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SUMMARY

The initial objective set for this project was to identify a
range of anti-corrosion finishes for rubber-to-metal bonded products,
that would withstand the periods of exposure to the salt spray test
required by the sponsoring manufacturer's customers. Preliminary
research showed that the range of finishes used were capable of meeting
the customers requirements but the phosphate and sealant finishes used
for over 45% (volume) of production were failing to meet the
requirements imposed on them. Having determined that the phosphate
and sealant finishes could not easily be replaced the objective became
to ensure that these finishes achieved their potential resistance to
the salt spray test.

A literature survey is presented, covering the salt spray test
and the heavyweight phosphating of mild steel. The work then concentrates
on three areas, the preparation of the metal surfaces for phosphating,
the phosphating solution used and the phosphating plant used.

Preparation of the metal surfaces for phosphating was found to
be inadequate. The work of identifying and installing a machine capable
of the required cleaning action is described.

Organic materials leached from the rubber sectionsof the products
were detected in the phosphating solution. It is suggested that these
materials interfered with the phosphating reactions. The work of
identifying and introducing a more suitable phosphating solution is
described.

These changes resulted in the phosphate and sealant finishes
meeting the customers salt spray resistance requirements, and the
performance of the finishes in an atmospheric corrosion test also show
a corresponding improvement. To ensure the consistent production of
the required quality of phosphate and sealant finishes the purchase of
a fully automatic phosphating plant is recommended.

The sponsors attitude to anti-corrosion finishing is discussed

with reference to the business environment in which the company
operates.
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CHAPTER 1

INTRODUCTION

1.1. Products and markets

The work presented in this thesis is concerned with the anti-
corrosion finishing of the ferrous metals in the rubber-to-metal
bonded products made by Metalastik, a product group of Dunlop Polymer
Engineering Division, Leicester. These rubber-to-metal bonded products
are used to combat the effects of noise vibration and wear in every
branch of engineering. Three sales departments service this market,
and in a typical year each department accounts for the following

percentage of Metalastik's total sales volume.

Department % of total sales(volume)
Automotive 56
Rail and Marine 15
Industrial 29

A few typical products are presented in figures 1.1 to 1.3 to
give an indication of their variety, in both physical size and use.
For a more comprehensive view of the uses of these products, Allen,
Lindley and Payne's book, Use of Rubber in Engineering (1) should be
consulted.

The large percentage of automotive sales combined with the
environmentally exposed mounting positions of the products used in
that market indicates one of the major inputs into this project was

to be the finishing requirements of the automotive customers.
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Extractor fans

Key

A — Double-U-shear
mounting

B —Barrel coupling

Compressor

Figure 1.2 Examples of rubber-to-metal bonded

products supplied to the industrial market

-26-



ixdew |les  3yy o3 pa||ddns s3onpoud papuoq |e3Bw-031-49qqns jo sajdwexy €| oanbig

Peuaeg )
NOISN3dSNS AHVONOD3IS
INOODVLIW-HIV NUSYTIVIIW

Buljunow yasimpuesg — g

2U0DBIAN 1Y —y

- 27 =



1.2 Manufacture

In this section a brief overview of the manufacturing processes,
at Metalastik, relevant to the project is presented, with emphasis on
the areas of direct relevance to the anti-corrosion finishing of
these products. The processes are presented in a schematic flow
diagram in figure 1.4 under three headings:-

(i) Material preparation

The production of the rubber compound and preparation of the

metal sections.

(ii)Bonding and curing

Assemblage of the metal sections and the rubber compound to

form the product.

(iii)Finishing operations

The clearing, mechanical and anti-corrosion finishing operations

carried out after bonding and curing.

1.2.1 Material preparation

There are two clearly discernable routes in materials

preparation, the production of the rubber compound and the preparation

of the metal sections.

1.2.1.1 Rubber compound

Rubber compounds are manufactured on site. The ingredients used
vary according to which compound is being made but would typically

include:-

..28...
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Material Parts by weight

Rubber 100
Sulphur 2.5
Zinc Oxide 5
An accelerator 0.5
A filler 50
An antidegradant 1

1.2.1.2 Metal preparation and adhesive application

This stage has important ramifications for the surface
condition of the products, at the later anti-corrosion finishing
stage. The metals, which are bought in, are cleaned either chemically
or by a combination of trichloroethylene degreasing and abrasive
cleaning prior to application of an adhesive coating. The adhesives
are proprietary materials, similar in appearance to paints,
specifically formulated for bonding rubber to metal. The application
methods used result in adhesive being applied either selectively when
only the metal surfaces to be bonded are coated, or non selectively
when all the metal surfaces are coated.

(i) Chemical cleaning

The metal sections, loaded on jigs or in baskets, are carried by
an overhead conveyor and immersed in the solutions showed
schematically in figure 1.5 . The first two tanks contain alkali
cleaning solutions to remove the soils from the metals. A water rinse
then prevents drag over of alkali into the fourth tank containing an
acid pickle for removing any light oxide contamination. The metals

then pass through a rinse, followed by a solution containing chromic

=30 =
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and phosphoric acid for conditioning the metal surfaces. This method
of cleaning is usually followed by non selective application of
the adhesive, by dipping the metal sections in vats of adhesive.

(ii) Trichloroethylene degreasing and wheelabrating

The metal sections are degreased by immersion in a tank of
trichloroethylene vapour, then mechanically cleaned by blasting
with G12 chilled iron grit (wheelabrating) and finally the
degreasing dip in the trichloroethylene vapour is repeated. This
method of cleaning is usually followed by selective application of

the adhesive by hand brushing or spraying.

1.2.2 Bonding and curing

Shaping, curing and bonding, of the rubber to the metal
sections is achieved by the heat and pressure of a moulding
operation. Three moulding methods are used at Metalastik. Firstly,
compression moulding in which the rubber & metal sections are
placed in the cavity of a mould which is then closed and loaded
onto a heated press. Secondly, transfer moulding in which the
metal sections and a pre-shaped rubber blank are placed in cavities
connected by transfer holes in the mould. When loaded into a
heated press, the closing action of the press causes the uncured
rubber to be extruded through the transfer holes to fill the
areas between the metal sections. Thirdly, injection moulding in
which the metal sections are loaded into the cavity of a mould
contained in a press. When the mould and press are closed pre-

heated rubber is extruded into the cavity.

-0 e



Curing and bonding is quickest by injection moulding as
preheating the rubber reduces the time required to achieve

the moulding temperature.

1.2.3 Finishing operations

1.2.3.1 Removal of excess rubber

Any excess rubber, such as spew pips or flash, is removed
by hand trimming or buffing. The amount of flash varies with the
moulding method, injection moulding usually producing the least.
At Metalastik a large proportion of the products are manufactured
by either compression or transfer moulding. These require a
substantial amount of wire brushing to remove the flash, particularly
products that were non selectively coated with adhesive, as the

flash bonds to the metal.

1.2.3.2 Metal manipulation

As the rubber cools, after moulding, it contracts. In parts
whose metal sections are constrained from relative movement to
accommodate this contraction, as in bushes such as that shown in
figure 1.6 , the rubber-to-metal bond comes under tension. To
relieve this tension and put the bond under compression the
outer metal can be contracted by a swaging operation, and/or the
inner metal expanded by a drifting operation. Both operations
require the use of lubricants which are removed as soon as
practicable to prevent deterioration of the rubber. The lubricants
are removed by loading the parts into wire baskets and immersing
them in a solution of alkali cleaner, then a solution of rust

inhibitor on a plant known as the Revel Degreaser.
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1.2.3.3 Anti-corrosion finishing

The anti-corrosion finishing facility at Metalastik
produces the following range of standard finishes:
Temporary protective oil finish
Thin coat of paint(== 12 um)
Thick coat of paint(= 25 um)
Phosphate only
Phosphate and oil
Phosphate and stain
Phosphate and a thin coat of paint
Phosphate and a thick coat of paint
The individual processes by which the finishes are applied,
are discussed in the following sections.
(i)  Phosphating
Metalastik has two phosphating plants, one manual and one
automatic tipping basket. Each immerse the parts in a solution
of alkali cleaner, then after rinsing in water and conditioning
in a dilute solution of oxalic acid the parts are immersed in a
heavyweight zinc phosphating solution. The parts are then rinsed
and immersed in a phosphate sealing rinse prior to drying in warm
alrr,
(i) oil
An oil finish is applied both as a temporary protective
finish to the bare metal and also as a sealant over phosphate
coatings. The parts are loaded into a wire basket and then

immersed in a tank of oil.



(iii) Stain

A resin based black finish is used to seal phosphate
coatings. The parts are loaded into wire baskets and immersed
in a tank of stain.
(iv) Painting

Parts are painted with an Etch Primer Finish (E.P.F.) by
three methods. Firstly, there is a dipping process where the
components are loaded onto the hooks of a conveyor which dips
them in a tank of paint, then carries them through a warm air
oven to an unloading station. A single pass through this process
produces a thin (=212 um) paint film on the component. Secondly,
there is hand spraying where the components are placed on
rotatable tables in spray booths. Paint is sprayed using pressure
pot fed guns until the required coating thickness of paint is
achieved. Thirdly, there is automatic spraying where the parts
are placed on rotating turrets, and pass through an oven heated
to 90°C before being presented to a pair of fixed spray nozzles,

which apply a thick coat of paint in one pass.( =25 um).

1.3 Interface between the project and company

In addition to the normal IHD supervisory group (2,3) the
author had a guidance group at the Division consisting of
Mr. Brentegani, General Manager, Mr. Reed, Technical Manager, and
Mr. Hopkins, Technical Laboratory Manager. This group met every
six weeks to discuss progress and is an indicator of the level of
interest shown in the project by the Division.

During the course of the work numerous changes occurred to

the managerial infrastructure at Metalastik. The chain of command



changed, several people changed position and several new people
became managers. This affected the project in two ways:-

The chain of command and the people through whom the author had
to implement work changed, several times in some instances, and
in addition Mr. Brentegani's replacement, Mr. Thompson, took
over the Divisional guidance group. In view of these changes,
where memoranda are referred to in the text, the position of

the sender will be indicated.

1.4 The original aim of the project

Metalastik's original objective for the project was:-

""To identify a range of anti-corrosion
finishes for ferrous metals in rubber-
to-metal bonded products that will meet
customers specifications and other
requirements''.

1.4.1 The history of anti-corrosion finishing at Metalastik

When Metalastik started trading in 1937 bonding of the
rubber and metal was achieved by electroplating a thin layer of
brass onto the metal section and subsequently moulding the rubber
in contact with the brass plate. Under the influence of heat and
pressure the rubber cured and bonded to the brass plate. This
use of plating meant that the exposed (unbonded) metal surfaces
of the product were plated with brass which, provided subsequent
manufacturing operations on the metals did not severely damage the
plating, offered a degree of corrosion protection. Products that

required better protection had a coat of petroleum jelly applied.



No other anti-corrosion finish was required on a large scale
until 1947 when a part for the Austin A40 required a phosphate
and stain finish. To meet this requirement a manually operated
phosphating plant was installed and proprietary chemicals were
bought from Pyrene Chemical Services Ltd. The surfaces to be
phosphated were debrassed, processed through the plant then dipped
in a black resin based stain finish and air dried.

No further changes occurred until 1962 when the first
specification covering anti-corrosion finishing was imposed on
products for the new Morris 1100 car. The specification required
a phosphate and paint finish, so a Stein Atkinson dip plant was
installed for the application of the paint film. Some hand spraying
equipment was also purchased to supplement capacity and Goodlass
Wall's Black Universal Primer paint was purchased for application
by both methods.

The most dramatic change to anti-corrosion finishing was in
1965 when Metalastik changed from using plating to adhesives for
bonding. Metalastik had been using adhesives on a small scale since
1953 following advances in adhesive technology in 1950 that
produced a range of adhesives at least as good for bonding rubber
and metal as brass plating (4). |In 1965 brass plating was
discontinued and adhesives were used instead. A new plant, which
became known as 'C' plant was purchased for applying the adhesives.
It consisted of a chemical cleaning line followed by up to three
dip tanks for applying multicoats of adhesive. Equipment for the
application of adhesives by spray was also purchased.

This change to adhesives had a major affect on the anti-



corrosion finishes offered by Metalastik as the products no
longer had at least a coating of brass on exposed metal surfaces.
Products entered the metal finishing department with the exposed
metal surfaces in one of two surface conditions:-
(i) An adhesive coating damaged by the production methods

to expose large areas of metal (see 1.2.3.1).
(ii)Bare mild steel contaminated with handling soils.

However, the only change made to metal finishing was to use
a Goodlass Wall paint more compatible with the adhesive it covered.
No attempt was made to clean adhesive residues off products prior
to phosphating metal surfaces, as it was felt that the adhesive
residues provided a measure of protection and the phosphate coating
would develop to protect the areas where damage had exposed metal.

Two further machines were purchased for use in the metal
finishing department. In 1967 an automatic phosphating plant was
purchased to replace the manual phosphating plant. However, when
the plant was installed it was found incapable of processing
relatively large or small products and the manual plant had to be
kept in operation. To supplement the capacity of the paint shop
a Binks Bullows spray application machine was purchased, on which
parts loaded on rotating turrets passed through a preheating oven
and then in front of two spray guns. Except for some changes in
the materials and combinations of finishes used no other changes

were made prior to the commencement of the project in 1977.

1.4.2 Synthesis of the project's aim

Introduction of anti=corrosion finishes in response to

customer requirements led to the lack of an overall finishing



policy. Over the years, the number of specifications customers
imposed on finishes increased, and difficulties began to arise

in meeting these specifications. The combination of these factors
led to Metalastik proposing this project.

The first stage of the project was to determine whether
Metalastik had interpreted its problem correctly. The anti-
corrosion finishing requirements of the customers were discussed
with the Managers of Metalastik's sales departments. This led to
the following categorisation of customers:-

(i) Industrial

With one exception these customers do not impose specifications

on the finishing of Metalastik products. Either Metalastik provides
a finish from the standard range or supplies the products with a
temporary anti-corrosion treatment.

(ii) Rail and Marine

Generally the same applies for these customers as for the industrial
customers. Occasionally special requirements arise but these are
small orders for large products that are treated in a special
manner for metal finishing.
(iii) Automotive
The automotive customers stipulate the finish to be applied to
Metalastik products and impose specifications that each finish must
satisfy. These specifications take the form of a general
description of the finish and the quality assurance tests it must
pass.

This broad categorisation was confirmed by discussions with
the Manager of the Product Design and Development Department, and

also by examining all the customer specifications, relating to metal



finishing, held by Metalastik. Other than one specification from
Massey Ferguson and one from the Ministry of Defence, all were
from automotive customers.

Although these specifications,particularly those covering
paint finishes, require a number of quality assurance tests,
Metalastik only uses the time to the appearance of corrosion
in the ASTM B117 salt spray (fog) test to assess its finishes.
This was because the ASTM B117 salt spray (fog) test is required
by almost all the specifications imposed on Metalastik finishes
and it was felt to be the most difficult and important quality
assurance test to meet. The salt spray resistance claimed for each
of Metalastik finishes is presented in Table 1.1 with the
resistances required by the customers specifications covering that

finish on Metalastik products.

TABLE 1.1 The salt spray resistances required of Metalastik finishes

Hours resistance to the salt spray (fog) test ASTM B117 = 73#

FINISH Claimed by | Required by Automotive customers
Metalastik —Erﬂ';—mri-r| A i —uAﬂmrr"mr T HRYSLE

Temporary protective 16 - - - "
Phosphate only Hirk - - - - -
Phosphate and oil Rhh 24 48 20 - 48 - ¥z
Phosphate and stain  *#&# 16 56 20 - 48 24 T2

Thin coat of paint 16
PAINT
FINISHES|Thick coat of paint 36

Phosphate and a thin

coat of paint 43 48

Phosphate and a thick

coat of paint 96 72 - 100 96 -l4brx| 96 96

* Where more than one specification is imposed on a finish the highest and lowest salt spray resistances
required are guoted.
##% This specification covers one product only, therefore the lowest and highest salt spray resistances
required on the other products supplied to this customer are also quoted. L
#%% Al| the specifications covering these finishes require a minimum true phosphate coating weight of 7.5 gm
(B.S. 3189 Class 1A).

2



From Table 1.1 it can be seen that there are two groups
of finishes that do not meet all the imposed specifications.

The first group, paint finishes, contains only one specification
for Vauxhall. This requires a salt spray resistance of 144 hours
for a paint finish, when Metalastik only claims 96 hours for its
top paint finish, however only 1 product was being supplied to
this specification.

The second group contains the specifications which cover the
finish phosphate and stain or oil. While Metalastik only claims
16 and 24 hours resistance to ASTM B117 respectively for these
finishes, the customers require between 20 and 72 hours. A survey
of the finishes supplied on the products manufactured at Metalastik
revealed that approximately 45% by volume of Metalastik's products
are supplied to the automotive market with either a phosphate and
oil or phosphate and stain finish, and that 60 to 70% by volume
are supplied to various markets with a finish based on a phosphate
coating.

To ascertain whether this situation was likely to alter
substantially, the automotive customers were visited to discuss
whether any changes were likely to the finishes or salt spray
requirements imposed on the finishes required for rubber-to-metal
bonded products. The automotive customers all indicated that there

were no plans for changes to these products.

1.4.2.1 The alternatives to phosphating

The first solution to be considered was the possibility of
a replacement for the phosphate finish. To assess the feasibility

of this, phosphating and its possible replacements were compared

-42 -



using the questions shown in Table 1.2. A yes answer to each
question has a poor rating of -1 and a No answer a good rating
of +1. Considering each question in turn the reasons for rating

a yes answer as poor are given after the table.

TABLE 1.2 Evaluation of the alternative finishes for the rubber-to-metal products produced by Metalastik
* |f the answer to the criteria is YES the finish is rated poorly at =1, if NO the finish is rated well at +i
RITERIA
FINISH- A B c 1} E ¥ G Total KEY *
Rating S

A = Would the finish require application
Zinc(sheradizing) |-1 -1 -1 =1 =1 +1 +1 -1 prior to bonding ?
Zinc(galvanizing) =] +1 =} -1 -1 +1 +1 =} B - |s the finish likely to attack the

rubber-to-metal bond ?

Zinc(electro=
plating)applied C = Would the finish fail to impart the
prior to bonding =1 +1 =1 -1 +1 =1 +1 =1 required surface characteristics 7
Zinc(electroplating D - Would the finish require changes to
applied after to product drawings 7
bending +1 =1 -1 -1 +1 -1 +1 =1

E - Would the finish require the
Zinc(mechanical dimension of the product to be changed 7
plating) +1 +1 -1 =1 +1 -] +1 +3

F - Would the finish fail to cope with
Zinc(spray) +1 +1 -1 -1 -1 -1 =1 =3 the inner bores of bushes and other

recesses 7

Phosphate and 0i1l
or Stain +1 +1 +1 +1 +1 +1 +1 +7 G

Would the finish rely on the skills

of the operator ?
High temperature

stoving paint =1 +1 =1 - +1 =1 +1 -1
Paint +1 +1 =1 = +1 =-1 =1 -1
Powder coating =1 +1 -1 -1 +1 -1 +1 =1




A. Would the finish require application prior to bonding ?

Any finish that requires processing temperatures in excess
of 120°C is rated poor as it would have to be applied to the metal
sections prior to bonding to prevent damaging the rubber. This
would require expensive long term changes to the moulding and
finishing facilities to avoid damaging the anti-corrosion finish
on the products.

B. |Is the finish likely to attack the rubber-to-metal bond ?

Any finish that might attack the rubberto-metal bond is rated
as poor. Where a finish can be reformulated to avoid this problem
(for example changing the solvents used as thinners for a paint)
it is considered in its optimum condition.

C. Would the finish fail to impart the required surface

characteristics ?

For parts such as bushes, which push fit into a housing, the
automotive customers prefer the surface properties imparted by a
phosphate coating plus stain or ocil. All single application finishes
other than phosphating have to be rated as poor against this
criterion,

D. Would the finish require changes to product documentation ?

To replace phosphating would require Metalastik and its
customers altering the documentation on a large number of products
supplied both as original equipment and to the spares market. As
the automotive customers estimate each alteration costs in excess
of £500 any finish other than phosphating has to be rated as poor
against this criterion,.

E. Would the finish require the dimensions of the product to be

changed ?
There is an allowance of 25 microns on surfaces to be

FP. .



phosphated which have to meet tolerances. Any finish producing
a coating thicker than 25 microns js rated as poor due to the
changes to components that would be required to meet these
tolerances and also the alterations that would be required to
ensure that the threads of fasteners were not blocked.

F. Would the finish fail to cope with the inner bores of bushes or

other recesses 7

Finishes that cannot easily coat recessed areas such as
the inner bores of bushes are rated as poor.

G. Would the finish rely on the skills of the operator ?

Finishes that would be applied at Metalastik but which could
not be easily automated are rated as poor due to the difficulty
of ensuring the quality of the finish under shop floor conditions.

The difficulty of replacing phosphating can be seen by
considering the total rating achieved by each finish in Table 1.2.
Phosphating has the best rating and a good margin exists between
it and the next best rated finish. To ensure the product mix
manufactured by Metalastik was not likely to move away from the
products requiring a phosphate coating a list of the products that
accounted for 80% of the volume of work phosphated, which were all
for the automotive market, was sent to the Marketing Department and
a sales forecast requested. The department was unable to provide
individual forecasts, but stated '"Providing Metalastik maintains
its competitiveness, sales of these products will continue at

approximately their current levels''.



1.4.3 Redefinition of the project's aim

The original aim of the project to identify a new range of
finishes to meet present and future customer specifications was
not completely correct. Work was in fact required to improve the
existing middle range finishes to meet existing specifications,
otherwise the project would be working towards meeting a relatively
small number of future orders requiring high levels of anti-
corrosion protection from the weak base of a system that could not
meet the large number of orders requiring medium levels of
corrosion protection.

Therefore in the following work the phosphating of rubber-to-
metal bonded products is investigated with a view to meeting the
salt spray resistance requirements of the specifications covering
the phosphate and stain or oil finishes. The specifications covering
these two finishes only require that the phosphate coating weight
is above the minimum value for a heavyweight phosphate coating,
exhibits no visual defects and when sealed achieves the required

number of hours resistance to the salt spray test.



CHAPTER 2

LITERATURE SURVEY

2.1 Phosphating

Phosphating is the reaction of phosphoric acid solutions
containing metal phosphates and usually modifying agents plus
an accelerator with metal surfaces converting them to an
insoluble integral layer of inorganic metal phosphate crystals.
The resulting coatings are classified according to their weight
per unit surface area. The British Standard covering phosphating,

BS 3189, gives the following classification.

Class Coating Weight gm-z
Minimum Max imum
1A and 1B 7.5 ¥
2 4.5 7.5
3 1.5 4.5
b 0.2 15

A comprehensive coverage of the subject phosphating can be
found in Guy Lorins book (5) Phosphating of Metals, which has
been extensively drawn on in this work. However, as all the
specifications covering the finishes phosphate and oil or stain,
that are referred to in Table 1.2 require a 1A class of coating
this review will be limited to the development on mild steel
surfaces of a class 1A phosphate coating by immersion in a

phosphating solution.



2.1.1 Equilibration equation for a zinc phosphating solution

Zinc phosphating solutions are based on orthophosphoric
acid, formula H3P04, a tribasic acid for which the series of
salts for a divalent metal M would be:-

M(H,PO,), MHPO,, MB{P%)2
primary phosphate secondary phosphate tertiary phosphate
For zinc Salmon and Terry (6) describe 5 zinc phosphates,
two primary, two secondary and one tertiary:-

(i) The diacid primary phosphate Zn(HzPOA)2 2H3P04

(ii) The primary phosphate dihydrate Zn(HzPOhbgHZO

(iii) The secondary phosphate monohydrate Zn HPO,, H,0

(iv) The secondary phosphate trihydrate Zn HPO, 3H,0

(v) The tertiary phosphate tetrahydrate Zn (Poh)2“H2°

3
0f these only (ii) and (v) are stable, the tertiary phosphate

tetrahydrate occurring in nature as the mineral hopeite. Under the

influence principally of temperature or a rise in pH a solution

of the primary zinc phosphate will dissociate to form the

secondary and tertiary salts and free phosphoric acid. The overall

equilibrium reaction and two intermediate equilibrium steps are

given by equations 2.1, 2.2 and 2.3 respectively.

3Zn(H2P04)2 = ZnB(POQJZI + 4H3P0& 2.
Zn(HZP%)2 w2 ZnHPO,, - H4PO,, 2.2
3ZnHPO,, = Zn3(P0h)21 + H3PO,, 2.3

The deposition of phosphate crystals on a metal surface is
based on the principle that if a metal M is placed in contact with
a primary phosphate solution it will react with the free

-8 =



phosphoric acid present as shown in equation 2.4.

M + 2H Fps! = M(HZPOL‘)Z + H, 1 20k

3 2

The consumption of free phosphoric acid increases the pH
of the solution and shifts the equilibratium in equation 2.1 to
the right causing the precipitation of insoluble tertiary
phosphate at the metal/solution interface.

To prevent hydrolysis causing the precipitation of tertiary
phosphate throughout the bath a certain amount of free phosphoric
acid must always be present. The amount required increases with
increase in the solution temperature. However, the more phosphoric
acid that is present in the solution the longer is the time
required to shift the equilibrium in equation 2.1 at the metal
surface which results in more metal being consumed as shown in
equation 2.4. Therefore phosphating solutions are designed to
contain just sufficient phosphoric acid to maintain the hydrolysis
equilibrium at the working temperature.

Although this describes the basic principle of a phosphating
solution an explanation of why the phosphate crystals precipitated
at the metal/solution interface should bond to and cover the metal
surface requires closer examination of the processes occurring at
the metal surface. For this the role of an accelerator will be
considered simply as an oxidising agent, and the processes will
be considered in two stages acid attack then nucleation and

growth.



2.1.2 Acid attack

The first stage is the acid attacking the metal. U.R.Evans
(7) describes the essential features of acid attack, but of
importance here are the processes occurring at individual points
on the metal surface. The anodic and cathodic reactions which
characterise acid attack on the metal can be regarded as localised
and corresponding to differently polarised zones, with metal
dissolution taking place at anodic sites and hydrogen evolution
at cathodic sites. The process can be considered schematically
as shown in figure 2.1.

Figure 2.1 Acid attack on the metal

Metal Solution
Metal .
Me©| dissolution  Me® - xe — Me** Anodic 2:5
/ zone
i o e e o e e
Cathodic
zone
26
e| Gas 2
evolution xH30 + Xe — §H2 + xH20

In the ideal situation a metal would etch uniformly over its
surface and the zones would be continuously alternating between

being anodic and cathodic.

2.1.3 Nucleation and growth

Until 1965 there were two separate theories regarding the
nucleation and growth of phosphate coatings. One involved

nucleation and growth principally at cathodic zones and the other



principally at anodic zones. Both theories relied on the
alternation of the polarity of the zones to explain the

deposition of a phosphate coating over the entire metal surface.

2.1.3.1 Cathodic theory

W. Machu (8) suggested that crystal nucleation localised
principally at microcathodic regions. At these regions a fall in
the acidity of the solution at the solution/metal interface
results from the acid attacking the metal. This causes the
solution to approach a pH at which precipitation of phosphates will
occur. L.0.Gilbert (9) reported this process could occur at pH
values 4.05 to 4.90. Combining the equation for phosphoric acid
attacking iron 2.7 with equation 2.1 gives equation 2.8 .

2Fe + hHPO,  —  2Fe(H,P0,), + 2H,1 2.7

3Zn(H2P0h)2 + 2Fe — Zn3(P0h)21 + 2Fe(H290,4)2 % 2H21
2.8

Machu (10) had to subsequently supplement this theory as
it could not explain the existence of a phosphate layer rich in
iron between the phosphate coating and the iron substrate, first
suggested by Tyvaert (11) and then confirmed by Saison (12).
Machu supplemented his theory by suggesting the existence of

L]
"active centres'' on the surface of the metal which:

"were formed by points or projections of

microcrystals of the metal surface where
unsaturated and very powerful atomic bonding
forces can come into operation. Thus the
microscopic seed formed initially at the
cathode would be iron rich'.

The author's interpretation of this is as follows: Before a

chemical reaction can take place the reactants involved must be
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raised to a state of higher potential energy. They are then

said to be activated or to form an activated complex. This
process is shown in schematic form in figure 2.2a. Reactants

and products are both at stable potential energy minima; the
activated complex is the state at the top of the potential energy
barrier.

Figure 2.2 Energy barrier surmounted by a system in a chemical

Reaction
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(a) Reactants at stable (b) Reactants in a higher
potential energy minima energy state than

potential energy minima



If the energy level of one or all the reactants is increased .
the activation energy required to raise them to the state of
higher potential energy is reduced, as shown schematically in
figure 2.2b. Therefore if there are sites on the surface of a
metal immersed in a phosphating solution where metal atoms are
in a higher energy state than the surrounding metal atoms, the
activation energy for the phosphating reactions will be lower and
the reactions will preferentially occur at these sites. These
""active centres' will occur at grain boundaries where there will
be atoms at energy levels above their ground state as a result of
having unfilled electron shells. '""Active centres' will also occur
as a result of deformation of the metal causing twinning and
dislocations, both of which will be areas of metal surface in a
higher energy level than the surrounding metal surface.

According to Machu, as these areas will be nucleation sites
for the phosphate crystals, he suggests the first phosphate crystals
will be phosphates of the base metal, iron. Then his proposed
reactions would deposit zinc phosphate crystals over this iron
rich layer. The number and distribution of these active centres
would govern the distribution of crystal nucleii. A large number
of well distributed nucleii would produce a good fine phosphate
coating and conversely a small number of poorly distributed nucleii
would produce a poor coarse phosphate coating. Therefore the
surface condition of the metal is of prime importance. Consequently
the surface treatments applied to the metal prior to phosphating

affect the phosphate coating produced, for example:-



(i) Deformation operations on the metal - would produce

dislocations and twins on the metal surface, all

nucleation sites of high energy.

(ii) Cleaning of the metal surface = would remove

oxidised layers and soils, improving access to

the potential nucleation sites.

2.1.3.2 Anodic theory

Wulfson is cited by Cupr and Pelikan (13) as being the first

to suggest that crystal nucleation and growth is principally

an anodic phenomenon. |f an element of surface is under acid

attack as shown in figure 2.1 the addition of the constituents

of the solution would give the situation presented schematically

in figure 2.3.

Figure 2.3 Acid attack in the presenceof the constituents of the
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Anions P043_ from the solution approach the anode where ions
from the metal have been released into the solution as a result
of the acid attack. The solubility product (M2+)3(P0“3—)2 is
rapidly exceeded thus resulting in the formation of insoluble
tertiary metal phosphate. As the metal ions involved could be
either dissolved iron or zinc from the solution this theory allowed

for the presence of an iron rich phosphate layer under the

phosphate coating.

2.1.4 Rationalisation of anodic and cathodic theories

V. Cupr and J.B.Pelikan (13,14) undertook work to evaluate
the two theories of anodic and cathodic nucleation and growth.
They immersed steel test panels in a phosphating solution and
withdrew specimens at regular intervals between 15 seconds and
15 minutes and noted the structure of the surface. The following
observations were made:-

(i) From the moment of immersion in the solution the
surface becomes covered with a passivation layer
ranging in colour from clear irridescent yellow
to deep violet. At this stage some areas remain
unaffected but formations of a nodular type appear.

(ii) As the time of contact with the liquid increases

the nodular masses become more numerous and very
rapidly become nucleii for crystallisation.

(iii) Later crystals appear initially grouped in zones
between which passivation of the metal is at its
max i mum.

(iv) Finally the crystals spread and coalesce, enclosing

passivated microsurfaces between crystalline zones.
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From these observations a theory was evolved involving the
ion ZnPOq# at the anodic and cathodic areas on the metal surface.
The ions resulting from the equilibrium equation 2.1 are

i, - - -
Zn(HzPOQ)2 = ZnPOh + HZPOh + 2H 2.9

2.1.4.1 Anodic zone
The ZnPOh " jon reacts with iron atoms to produce
mixed Fe - Zn phosphates.
Fe + 2ZnP0,” — Zn,Fe(P0,), + Ze 2.10
The dissolution of iron from theanodic zone produces soluble
ferrous phosphate.

2+ = -
Fe +H,P0, — FePO, +2H 2.1

The accelerator in the solution(oxidising agent) converts this
to insoluble ferric phosphate which is precipitated from the
solution to form a sludge.

Fe POL'- ~e - [FePO,{ 2.12

2.1.4.2 Cathodic zone

At microcathodic surfaces the decrease in acidity associated
with the increase in concentration of ZnPOh- ions allows the
solubility product of Zn3(POL})2 to be exceeded, causing its
precipitation.

02t 4+ 22nP0," = 20, (PO, ) i 2.13

However, in this reaction the accelerator has an essential
role to play. Considering the acid attack stage shown in Figure

2.1, charge transfer between the zones polarises the metallic



surface which leads to the movement of ions at the metal solution
interface. At the cathodic surface a high concentration of Zn2+
and Fe2+ cations develop forming a dielectric layer at the
interface. However this zone will be permeable to H® ions which
will prevent the metal ions from closely approaching the metal
surface. The role of the accelerators (oxidising agents) is to
react with the H' ions and hence allow the metal cations to
approach the metal surface, thus allowing reaction 2.13 to occur
causing deposition of phosphate crystals.

In addition the HZPOk- ion from equation 2.9 can react with
the Zn2+ ion to regenerate ZnPOh- ions

2+ = = -
Zn + H,PO, ZnPO,..i +2H 2.14

2.1.4.3 Initial reactions at the metal/liquid interface

M.J.Bigeon (15) extended Machu's theory of active centres by
assuming that a metal surface activated by the presence of such
centres would be oxidised on immersion in the acid medium, leading
to the formation of ferrous oxide. This oxide would be rapidly
attacked by the free phosphoric acid.

2H POA + Fe0 —'Fe(HZPOQ)2 + H.0 2.15

3 2
2H3Poh + 3Fe0 — Fe3(P0h)2 + 3H,0 2.16

This would favour the formation of an iron rich phosphate
layer underneath the phosphate coating itself. Additionally the
formation of an oxide layer would prevent acid attack of the metal
causing a decrease in hydrogen evolution. This effect combined with

the previously discussed role of accelerators (2.1.4.2) would



explain the observed decrease in gas evolution with increase in

immersion time in a phosphating solution,

2.1.5 Accelerators and modifying agents

D.James and D.B.Freeman (16) indicate the principal difference
between various zinc phosphate processes lies in the selection of
the accelerator system and to some extent the use of coating
modifying agents. Although the paper quoted refers to lightweight
zinc phosphating processes, it is suggested that the statement also

holds true for the heavyweight zinc phosphating processes.

2.1.5,1 Accelerators

The nitrate/nitrite accelerator system used in the phosphating
solutions in this work is the most widely used system for zinc
phosphating processes (16). The nitrate has to be added to the
solution and is present in the form of salts with metals such as
sodium, zinc, nickel, manganese, calcium and ammonium. Zinc nitrate
operating as an accelerator in the solution undergoes the following

transformation (5).

L et 2H,0 = Zn(OH), + 21"

+2H3P0h + Zn(HZPOH) + 2H20



Apart from its reactions as an oxidising agent it can be
seen that zinc nitrate provides a reserve of zinc ions which
can reconstitute primary zinc phosphate by reaction with free
phosphoric acid. Although the nitrate ion is transformed rapidly
during processing its progressive disappearance from the solution
is less rapid than that of phosphate because at low values of pH
(between 0 and 3) the nitrite ion will disproportionate and
regenerate nitrate ions.

H+

2

N

I

NO.. 4 280k 4 - H.0 2.18

3NO 3

It is often necessary therefore to use two solutions with
quite different nitrate contents for the initial make up (IMU) of
a phosphating solution, and for replacement (R) of chemicals in
the solution during use of the phosphating solution. The roles of
the accelerator at cathodic and anodic surfaces are:-

At anodic zones iron is dissolved in the ferrous state with
a reaction rate V1.

Fe®i = 20w 'F&TT Wi 2.19
this becomes soluble ferrous phosphate as shown in equation 2.19.

At microcathodic zones nitrate is reduced to nitrite with reaction

rate V2.

ot
5 ¥e & T 0 V2 2.20

NO
The ferrous ion will react immediately with the nitrite to
form a ferric ion, which will be precipitated as insoluble
phosphate and form a sludge.

FePOh - e — FePObl 2.21
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The microanodic and microcathodic reactions are
characterised by different rates, which depend on the conditions
of equilibrium and temperature of the bath. Two cases may arise -

(i) VI greater than V2 (iron side)

Ferrous ions are produced in such amount that there is
insufficient to effect complete oxidation. A phosphating solution
in this condition becomes increasingly enriched in ferrous ionsat
a rate proportional to VI - V2 and is said to be '"working on the
iron side'.

(ii) V2 greater than VI (nitrite side)

Due to an excess of nitrite, ferrous ion is absent from the
solution, as it is immediately oxidised and precipitated as
sediment. In this condition a phosphating solution is said to be
'working on the nitrite side'. |If it is necessary to work a
phosphating solution on the nitrite side where V2 does not exceed
VI continuous additions of nitrite in the form of sodium nitrite
can be made. This can be achieved by continuous dropwise addition
of a solution, or by regular addition of the salt.

However the amount of nitrite present must be optimised
otherwise in baths of high total acidity the sodium nitrite can

rapidly decompose.

-

NaNO. + 3HT =(NO

2 3 %
HZO + H + 2NOt 2.22
3Na+
The nitric oxide will be converted to nitrous fumes on contact

with air.



2.1.5.2 Modifying agents

The only modifying agents relevant to this work are nickel
and amino polyacids.
(i) Nickel

Nickel was first added to a phosphating solution to reduce the
processing time required to achieve a phosphate coating and
produce a smoother crystalline coating. Chamberlain(17) reported
that the presence of nickel caused a 20% increase in the weight
of phosphate coating deposited. The mechanism by which nickel
achieves this is not clearly understood. Guy Lorin (5) suggests
that nickel plays a part in the formation of the sub layer to the
phosphate coating, however microprobe analysis (5) has cast doubt
on this theory as nickel has been detected in the actual phosphate
crystals.

(ii) Amino poly-acids

These compounds began to be used as modifying agents for
phosphating solutions shortly before 1955. M.J.Bigeon (15) suggested
the use of nitrilotriacetates and ethylenediamino-tetraacetates
while W.Machu (18) emphasised the effectiveness of ethylene diamine
tetraacetic acidThe addition of these complexes improves the
functioning of a phosphating solution in respect of reduced
formation of sediment and increased coating weight. |t may be
assumed that the action of amino-polyacids is related to their

complexing effect.



Ethylene diamine tetraacetic acid (EDTA)

HOOG: = CH2 CH2 - COOH
/N-CHZ-CHZ—N EAHA‘
HOOC - CH2 CH2 - COOH

At pH 2 th exists in equilibrium with ionised forms in the molar

ratio.
AH, : AH3 : = 0.55 : 0.40 : 0.05
for a pH slightly above 2.5 this ratio becomes
- O
AHh : AH3 - AHZ = 0.27 : 0.45 : 0.28

Since the changes in pH at the solution/metal interface are

considerable the metal complexes formed are variable.

2.1.6 Summary of phosphating reactions

J.Cournot and Guy Lorin (19) summarise the basic reactions in a
phosphating solution in the manner shown in figure 2.4.
Electron-microprobe analysis of coatings (5) has shown that
phosphophyllite can be a plate like crystal and hopeite a needle
like crystal that generally lies in the plane of the substrate
metal. Hopeite is precipitated preferentially in highly
accelerated phosphating solutions, while coatings consisting mainly
of phosphophyllite crystals result from solutions containing a low

concentration of accelerator.



Figure 2.4 Summary of phosphating reactions
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2.1.7 Preparation of the metal surface for phosphating

2.1.7.1 Cleaning the metal surface

The metal surface must be in a condition that facilitates
both the first stage of the phosphating process of acid attack,
and the development of nucleii at the areas of high energy
suggested by Machu (2.1.3.1). The cleaning methods available (20)
are acid pickling, alkali degreasing, solvent degreasing and
abrasive cleaning. The actual combination used is chosen to
counteract any negative effects imparted by operations on the metal

surface such as heat treatment or mechanical deformation.

2.1.7.2 Conditioning the metal surface

After cleaning the parts are usually rinsed prior to
phosphating to minimise the amount and effect of contaminants
carried over into the phosphating solution. To aid the rinses in
this function and also to control the coating weight of phosphate
deposited, additions can be made to the rinses.

G.W.Jernstedt (21) suggests the use of a collodial suspension

of insoluble titanium salts and describes such a suspension as:
1

Disodium phosphate 1 =020 gl-
Titanium L= gl_1
pH 8 -8.5

An alternative is the use of oxalic acid (5).

2.1.8 Treatments applied to the phosphate coating

2.1.8.1 Conditioning of the coating

The phosphate coating produced consists of crystals

separated by pores. According to Machu (22) these pores represent



0.5 to 1.5% of the phosphated surface area. These pores, which are
potential corrosion sites can be blocked off by treating the
phosphate coating with a conditioning solution. One such solution
contains chromic and phosphoric acid. The chromic acid is believed
to react with the metal to seal the base of the pore, and with the
phosphate crystals to fill in the pore to some extent, as shown
schematically in figure 2.5.

Figure 2.5 Conditioning of a phosphate coating with chromic acid

Key
1. Base metal

2. Phosphate crystal

i ‘P
> BVASAVAN
Ml Passivated metal surface %
1

P4 Blocking off of pore

The health risks associated with chromic acid, covered by Burges
(23), have led to the development of solutions for blocking the
pores that do not contain chromic acid. One such solution based on

tannin is Parcolene 85 supplied by Pyrene Chemical Services Ltd.

2.1.8.2 Further reaction with the coating

The coating can be improved (24,25) by treatment with such
processes as Endurion,a final dip in a boiling solution of
stannous chloride and other ingredients which impregnates the
pores of the coating with a tin complex. This seals the pores and
improves the corrosion resistance of the coating both on its own
and when used with a supplementary finish. However, Endurion is
little used in this country due to the expense and difficulties
associated with its use.
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2.1.8.3 Drying of the coating

It has been suggested (5) that an improvement in the protective
value of a phosphate coating, that has been conditioned in chromic
acid (2.1.8.1) can be achieved by heating it above 100°C for

several minutes.

2.1.9 Supplementary finishes over phosphate coatings

L.F.Spencer (26) classifies the use for phosphate coatings

according to their coating weights as described in Table 2.1.

Table 2.1 Classification by coating weight of the uses of

phosphate coatings

Coatingzueight Description Use
g/m
15 Light phosphating | pretreatment for painting
1 to 7 Medium phosphating | pretreatment for painting

or in conjunction with a
lubricant for use in cold
deformation of metals.

10 to 40 Heavy phosphating for use with sealants as
an anti-corrosion
treatment.

According to R.F.Drysdale (27) medium and heavyweight
phosphate coatings are not normally used as a pretreatment for
painting for three reasons. Firstly, the heavier phosphate coatings
are thicker (5), and due to the porosity of the coating a greater
amount of paint is required to completely cover the surface than
would be required with a lightweight coating on the same surface.
Secondly, the thicker coating causes sinkage of the applied paint

film, leading to difficulties in gloss retention. Thirdly, a paint
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coating over a lightweight phosphate coating has better
adhesion properties than if applied over a heavyweight coating.
This is of importance if the finished article is likely to be
damaged in service, or has to be fabricated further after
painting.

However if these considerations are not important Drysdale
(27) indicates a heavyweight coating to be an acceptable

pretreatment to painting.

2.1.10 Corrosion resistance of phosphate coatings

The protective value of a bare phosphate coating is very
limited and corrosion tests are normally carried out on the
phosphate coating and a supplementary finish. Commonly employed
accelerated corrosion tests include the salt spray test, humidity
test and water soak test. The most commonly employed salt spray
test is that used in this work, continuous exposure to 5% salt
solution at 35°C according to ASTM B117-73. With painted panels
the usual practice is to make a scratch down to the substrate
before exposure and the results are in terms of the spread of rust
from the scratch. Additionally for painted panels and also for
panels dipped in an oil or stain sealant, breakdown is measured in
terms of surface rusting. While there is much argument over the
relevance of the salt spray test to actual service exposure, it
is the test most specified by manufacturers (5).

Al though the author found references to the salt spray
resistance of paint finishes over lightweight phosphate coatings,

little definitive work was found on the salt spray resistance of



the phosphate and oil or stain finish. The author suggests the
relative amounts of work published on the corrosion resistance

of these types of finish reflects the importance attached to
their uses. Taking the car as an example the phosphate and paint
finish is used on car bodies and is easily visible to the potential
purchaser. Therefore a lot of work has been done and published on
improving the corrosion resistance of this finish. The phosphate
and oil or stain finish is used on components which are generally
not easily visible to the potential purchaser, therefore less
importance is attached to the finish and less work has been
published on the corrosion resistance of this type of finish.

Nevertheless improvement in the protective properties of
the phosphate and oil finish is evident from figures given by
W.R.Cavanagh (28) according to which phosphated steel with oil
protection showed a salt spray resistance of 24-36 hours in 1940,
48 hours in 1950 and 72-96 hours in 1960.

Pyrene Chemical Services Ltd., indicated that a phosphate and
stain sealant finish would now be expected to achieve 72 to 96
hours. According to Spencer (26)a zinc phosphate coating of
2~-5 gm2 coated with an air drying paint could be expected to achieve
between 100 and 150 hours salt spray resistance. Therefore the
finishes used by Metalastik could reasonably be expected to meet

the salt spray resistance requirements indicated in Table 1.2.

21.11Coating weight curves

A phosphate coating has not achieved its full protective
properties until the phosphate crystals have coalesced, when the

coating is said to have completed. The immersion time required to



achieve this can be determined by plotting a coating weight
curve, i.e. the dependence of the weight of phosphate coating
deposited on a metal on time. There are three coating weights
of importance, the true and addition phosphate coating weight

and the weight of metal lost. The addition coating weight is the
difference in weight of the sample before and after phosphating.
The true coating weight is the difference in weight of the sample
before and after stripping the phosphate coating off. The weight
of metal lost from the sample during phosphating is given by
subtracting the addition coating weight from the true coating
weight. The weights in grammes are then divided by the surface area
of the sample in metres to standardise the coating weights to
grammes per square metre.

The ideal curve for the true coating weight is presented in
figure 2.6 where the time to completion is defined as the time
taken for the curve to reach a constant coating weight. After
completion the graph fluctuates due to alternate dissolution and
deposition of the coating. The variability in the characteristics
(29) of the mild steel specimens can also lead to different
phosphate coating weights on nominally identical specimens. This
has led to some workers (30) presenting coating weight curves in
the form shown in figure 2.7.

In figure 2.8 the addition coating weight and weight of metal
lost curve are superimposed on the ideal true coating weight curve
from figure 2.6. The metal loss curve reaches a constant when the
phosphate coating has completed to the extent that no bare metal
is available for acid attack. As this constant will therefore

occur at approximately the same time for both the weight of metal
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Change in weight, in gm"2

- +yg

Time immersed in minutes

Key
—— True phosphate coating weight
- - - Addition phosphate coating weight
------- Weight of metal lost

Figure 2.8 The corresponding addition coating weight and metal loss
curves superimposed on the ideal coating weight curve

shown In figure 2.6



lost and true coating weight curves, it also occurs at the same

time for the addition coating weight curve.

2.1.11.1Potential /time curves

There has been some work carried out on the analysis of
potential time curves for the phosphating of metals. Covered in
detail by Walter (31), this technique involves making the specimen
to be phosphated the anode of a cell. The change in potential of
the specimen with time, due to the reactions developing a non
conducting phosphate coating can be measured against a reference
calomel electrode. This technique allows the construction of more
accurate coating weight curves from which more detailed information

can be obtained (32).

2.2 The salt spray (fog) test

The corrosion tests commonly used to assess sealed phosphate
coatings include the salt spray test, humidity test and water soak
test. The specifications in this work require the coating to be
exposed to the salt spray test.

Salt spray testing involves exposing suitable samples to a
fog or mist formed by atomising a solution of sodium chloride under
controlled conditions. One of the first accelerated corrosion tests,
it has undergone substantial development work since it was first
published by Capp 1914 (33), and is now covered by several national
standards including DIN 50 021, BS AU148, and ASTM B117-73. In this
work the standard used was ''"The salt spray (fog) test ASTM B117-73.
(A review of this method will be presented comprising of two

sections, firstly the work done on the basic factors of the test
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and secondly a critique of the test in its current form).

2.2.1 Basic factors

The standard ASTM B117-73 is reprinted in appéndix 1. An
impression of the number of changes the test has undergone is
gained by comparing figure 2.9 which shows a salt spray cabinet
conforming to the current standard with figure 2.10 which shows

the salt spray cabinet in use at the National Bureau of Standards

in 1924 (34).

2.2.1.1 Temperature inside the cabinet

Since the rate of most chemical reactions in aqueous solutions
depends on temperature, the importance of controlling the
temperature of the test has long been recognised. In 1924 Rawdon
(35) suggested the temperature of the test should be standardised
at 3o + 1°C, and in 1928 (36) warned against use of the test over
a widely varying range of temperatures. Subsequently Mutchler, Buzzard
and Strausser (37) suggested that a temperature of 35 + 2°C could
be maintained in a test cabinet without cooling equipment in the
summer and with heating equipment in winter. For inclusion into
the test these limits were modified to 35 + 1.1 or =1.7°C and a

method of heating the test cabinet included.

2.2.1.2 Temperature and humidity of the compressed air

The importance of controlling the temperature and humidity
of the large volume of air used for atomising the solution to
achieving a uniform temperature within a test cabint was pointed

out by Waldron (38). The air needs to be heated to a temperature
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Figure 2.9 A salt spray cabinet conforming to ASTM B117-73
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above that of the cabinet to compensate for the drop in
temperature of the air as it leaves the nozzle orifice and
expands to approximately atmospheric pressure (Joule-Thomson
effect). The air also requires passing through a water tower to
ensure it has a humidity equal to that of the fog in the cabinet,
otherwise evaporation will occur within the cabinet with an
associated cooling effect.

In the specification, these two requirements are met by
stipulating the compressed air is passed through a humidity tower
heated to a temperature determined by the pressure of the air. To
ensure that the water tower consistently works effectively there

should be automatic control over the water level it contains.

2.2.1.3 Sodium chloride solution

(i) Sodium chloride content

Capp (33) originally used a solution of water saturated with
salt, but subsequently changed to a 3% solution to avoid the problem
of salt clogging the spray nozzle. Finn, Rawdon and Grossman (39)
recommended the use of a 20% solution. However, Waldron (38) indicates
the use of a 4% solution was widespread until 1932 when a 20% solution
became generally used. A principal objection to the use of the 20%
solution was the tendency of solid salt to deposit either on the
specimen or around the spray nozzle and interfere with the test.

This behaviour was attributed to the improper functioning of the
apparatus, by Mutchler, Buzzard and Strausser (37), because the
atomisation air contained an insufficient amount of water vapour and

caused a dry fog to be sprayed. Data (40) indicated that the



results from tests using a 20% solution were less affected by
fluctuations in test temperature than the results from tests

using a 5% solution were. However, data presented by May and
Alexander (41)showed the corrosivity of iron and steel specimens

by a 3% solution to be greater than that by a 20% solution.
McMaster (42) subsequently presented a graph which showed the
dependence of corrosivity of a salt solution used in the salt spray
test on its salt content. This is reproduced in figure 2.11 and
clearly shows the peak activity results from a salt solution
containing between 1% and 5% salt. Consequently the current solution
requires a solution containing 5 + 1 weight per cent salt.

(ii) Recycling of solution

In the test cabinet shown in figure 2.10 corrosion products
from the test specimens would build up in the salt solution as it
was continuously recycled during a test. Therefore the
constituents of the solution varied both during the test and also
according to the types of metal under test. Work in 1925 (43)
showed this caused inconsistencies in the test results and it was
recommended that the test cabinet should be redesigned to prevent
the recycling of solution. The current standard requires that the
recycling of solution should be prevented by the design of the
cabinet.

(iii) Purity of the sodium chloride

An early investigation (44) showed simply that the purity of
the salt used affected the corrosivity of the salt solution, and

a recommendation was made that 99.8% pure salt should be used. A
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later more detailed investigation (45) into the effect of metallic
impurities on the corrosiveness of the salt solution led to the
stricter requirement used in the present standard:- no more
impurities than 0.3 per cent on the dry basis, not more than 0.1
per cent sodium iodide and substantially free of nickel and copper.

(iv) Purity of the water

Waldron (38) suggested that the solution should be made using
distilled water to prevent any large differences in the composition
of the tap water affecting the test results. However, if the tap
water did not contain a large amount of dissolved solids it could
be substituted for the distilled water. The current standard still
allows the use of tap water in place of distilled water, provided
the tap water contains less than 200 ppm solids.

(v) pH of the sodium chloride solution

Waldron (38) stated:

"It is believed that the corrosion of most

materials in this test will be only little

affected if the solution is maintained within

a narrow pH range at the neutral point."
Darsey and Cavanagh (46) in an investigation of the effect of
solution temperature on pH found that after raising the temperature
of a solution, based on tap water, from ambient to the test
temperature of 3508 and allowing it to stand for some time the pH
increased from 6.9 to 8.7. This was suggested to be analogous to
the difference in pH caused by saturating distilled water with
carbon dioxide. Therefore the rise in pH of the salt solution was
attributed to the loss of carbon dioxide caused by the rise in
temperature of the solution lowering the solubility product. In the

current standard there is a stipulated pH range for the solution,

and the pH of the sprayed solution has to be tested.



The importance of controlling the pH of the solution can be
seen from the simplified Pourbaix (47) diagram for iron presented
as figure 2.12. The figure shows that at a potential of 0 volts as
the solution pH falls below 7 the specimen enters the corrosion
region of the diagram and as the pH of the solution rises above

7 the specimen enters the passivation region of the diagram.

2.2.1.4 Positioning of the test specimens

The importance of the angle of exposure (44) of the test
specimen in the salt spray test is demonstrated by figure 2.13
which shows the variation of the corrosion rate of specimens with
their angle of exposure. The corrosion rate is a maximum between
150, and 850 to the horizontal and drops off markedly at angles
outside this range. The current standard requires specimens to be
exposed at angles between 15 and 30° to the vertical, or as agreed

between the purchaser and supplier.

2.2.1.5 The fog

An investigation (43) into the reproducibility of results from
the salt spray test revealed a large variation in the corrosion rate
of nominally identical specimens in different parts of the same test
cabinet and between nominally identical specimens in different
cabinets.

The difference in the results from different parts of the
same cabinet was suggested to be due to the difficulty of producing
a uniform density of salt fog throughout the cabinet.

This led to variations in fog settling rates and corrosion
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conditions in different regions of the cabinet. To improve the
uniformity of the fog density changes to the fog production method
were suggested. However as a uniform fog density throughout the
cabinet could not be guaranteed, it was recommended that the
specimens should be periodically moved around the cabinet as this
would ensure that each specimen was subjected to an average of the
corrosion conditions within the cabinet.

The lack of standardisation of the atomising conditions and
type of atomiser (spray nozzle) was blamed (48) for the discrepancy
in results between different cabinets, as cabinets could be
operating with widely different fog densities and consequently fog
settling rates. Darsey and Cavanagh (46) showed that a change in the
fog settling rate affected the corrosion rate of specimens, and
McMaster (42) subsequently reported that the trend was for an
increase in the fog settling rate to increase the corrosion rate
of specimens.

Darsey and Cavanagh (46) also reported that there was a
critical atomisation pressure, for a nozzle, at which an abnormal
increase in the corrosivity of the fog occurred. This peak in the
corrosivity was shown to be avoided if fluctuations in the pressure
of the air supply to the atomiser were controlled to within 0.007
bar.

The current standard takes account of this work by stipulating
a maximum and minimum fog settling rate that must be achieved at a
site nearest to and farthest away from the spray nozzle. The only
requirement regarding the design of spray nozzle in the standard
is that it should achieve the stipulated fog collection rate. The
standard stipulates the range of air pressures, to the spray nozzle,

which are permitted and advises that either the critical air pressure
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of the nozzle is determined and avoided, or the air supply to
the nozzle is fitted with a pressure regulator to prevent there

being a critical air pressure.

2.2.2 Critique

Much of the early criticism of the salt spray test was due
to the lack of standardisation of the test method. This allowed
test cabinets to operate over a range of widely differing corrosion
conditions causing variations in the results obtained. Even after
the first standard had been issued in 1939 (49) after a
questionnaire (50) in 1942 it was reported that

""eonsiderable variation exists in current salt
spray techniques'.

and

""from the replies it is apparent that uniform
control of operating temperatures, positions of
test specimens, fog density and air pressure
is not accomplished by most users. It should
be pointed out, however, that variations are
possible even though the test is performed
in accordance with ASTM B117=41T. Thus it would
appear further standardisation may be necessary''.

The investigations carried out to standardise the test have
produced a great improvement. However the present standard is still

open to the following criticisms.

(i) Failure criterion

The standard indicates the information the supplier should
pass on to the purchaser regarding the results of the test. However,
the failure criterion that should be applied to the test is
deliberately left to mutual agreement. While it would be difficult
to standardise the failure criterion, as the test is used for

assessing a variety of specimen types and base metal/coating

-83 =



combinations, guidelines would be useful. Guidelines would help

to prevent the situation where coatings are required to exhibit

no defects after a set period of exposure. This requirement strictly
applied can cause test specimens to be failed due to small areas of
rust developing where damage has occurred to the specimen during

its preparation.

(ii) Calibration of fog droplet size

Efer (51) suggests that an atomiser produces a fog made up of
droplets of widely varying diameters. These droplets settle at
different rates, the larger heavier droplets near the atomiser and
the smaller lighter droplets away from the atomiser. He suggests
that this effect combined with 'flyaway spray' caused by the large
volume of air required for atomising the solution causes different
fog settling rates within the test cabinet. Thus by virtue of their
position in the test cabinet nominally identical samples could be
exposed to different fog settling rates and give different results.
He suggests firstly that the problem could be alleviated by
including the requirement in the standard that at least 90% of the
fog should consist of droplets of a diameter between 1 and 7 um.
Secondly, he suggests the problem could be solved by using equipment
that produced an aerosol rather than a fog. An aerosol through the
uniformity of the diameter of its constituent droplets, and
relatively low air requirement would give a more uniform fog
settling rate within the test cabinet.

(i7i) Use of the test

The standard covering the salt spray (fog) test ASTM B117-73

points out that the test is designed primarily for use in quality



acceptance work. Much of the criticism directed at the test has
resulted from its use for corrosion research. La Que (52) in an
article which was strongly critical of the test's use for research
stated:

'"The salt spray test is useless as an instrument

of research, but of possible worth for inspecting

different lots of the same product'.
In many of the published replies(53)toLa Que's article the use of
the salt spray test for quality assurance was indicated to be
acceptable but a necessary evil. In this work the ability of
certain finishes to withstand the salt spray test is assessed.
Comparisons are made only between the results for specimens with
the same finish, and the test is not used for predicting service
life or for ranking different types of finish. The aim of the
work is to improve the salt spray resistance of the finishes phosphate
and oil or stain to a level where they can meet the salt spray test
requirements imposed by the automotive customers. Therefore, the
test is being used in its acceptable form, that is for quality

purposes.
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CHAPTER 3

EXPERIMENTAL METHOD

3.1 Test panels

Mild steel test panels were purchased from Sapcote Engineering
Ltd., Leicester. Two sizes were used, panels 25 cm x 2.5 cm x
0.015 cm for the determination of phosphate coating weights and
panels 15.3 x 10.2 cm x 0.015 cm for the evaluation of finishes.
Although these panels were of a lower quality than Goldseal test
panels that are produced by Pyrene Chemical Services Ltd
specifically for experimental work, they were more robust. This
facilitated their being cleaned by the actual industrial cleaning
processes in use at Metalastik. This was preferred to using test
panels, prepared to a standard that could not be achieved in the
factory, to assess finishes that would ultimately be produced in
the factory.

However the following process was adopted as the standard
method for cleaning test panels to ensure that the results from
tests could be compared. The panels were immersed in alkali
stabilised trichloroethylene vapour at a temperature of between
35 and 40°C for two minutes, then blasted with G12 (British Standard
2451) chilled iron grit for ten minutes using a Tilghmann wheel-
abrator, followed by a second immersion in the trichloroethylene
vapour for one minute. The panels were then stored in a
dessicator until they were used, or for four weeks after which they
were reprocessed if the nanels were not used aftéer being reprocessed
once, they were discarded, as were panels that had been used in a

tesit.
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3.2 Selection of products for testing

When products were required for tests they were taken from
batches of products that represented typical production at the

required stage in the manufacturing process.

3.3 Cleaning of products to be tested

When products selected for testing required cleaning they
were wheelabrated with G12 (BS2454) chilled iron grit for 10

minutes using a Tilghman Wheelabrator.

3.4 Phosphating

Three sets of equipment were used for phosphating, the manual
and automatic phosphating plants and laboratory equipment. The works
phosphating plants theoretically contain phosphating
conditioning rinses(see 2.1.7.2 and 2.1.8.1) as part of
their sequence. However, the conditioning rinse prior to phosphating
is not maintained by the operators, and the use of chromic acid in
a post phosphating treatment has been discontinued because of the
health risks (2.1.8.1) associated with its use. Therefore for the
basic work aimed at improving the quality of the phosphate coating
the phosphating sequence used was that actually in use on the
shopfloor. All the sets of equipment contained the basic process
shown in figure 3.1. The figure shows processing consisted of
alkali cleaning followed by rinsing in cold water twice to prevent
carry-over of the alkali chemicals into the acid phosphating
solution. Phosphating was followed by three rinses to ensure
thorough cleansing of the phosphate coating after which the specimens

were warm air dried. The immersion times in each solution are
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presented in Table 3.1 and are identical to the immersion

times used for production. The volume of each solution is also
shown in Table 3.1 for each set of equipment. Thermostatically
controlled steam coils were used for heating the manual and
automatic phosphating plants, and the laboratory solutions were

contained in thermostatically controlled water baths.

TABLE 3.1 COMPARISON OF PHOSPHATING PROCESSES

Solution Tank volume(litres) Immersion time
(minutes)

Manual plant | Automatic plant |Laboratory

Alkali cleaner 141 659 3 4
Rinse 71 309 3 1-1.5
Rinse n 309 3 1= liuh
Phosphating

Solution 1135 1135 3 6
Rinse 254 254 3 ==
Rinse 254 254 3 1= 1.5
Rinse 254 390 3 =005
Warm air dry = = - i




3.4.1 Alkali cleaner

Alkali cleaning was carried out using Pyroclean 19 a
proprietary immersion alkali cleaner supplied by Pyrene Chemical
Services Ltd. The solution was maintained between 85 and 90°C at
a chemical strength of 55 - 60 points (0.6 Kg of Pyroclean 19 per

1000 litres of water = 1 point).

3.4.2.1 Determination of alkali pointage

The pointage of the alkali solution was determined by
pipetting 10 ml of the solution into a conical flask, adding
approximately 25 ml of distilled water and several drops of methyl
red indicator. The resulting solution was then titrated against
0.1M hydrochloric acid until a change from clear to red indicated
the end point. The pointage of the solution was given by the

volume of hydrochloric acid used in the titration.

3.4.2 Rinses
The rinses were kept clean by frequent cleaning out and where
possible a fresh water supply was used to overflow the rinse

continuously during use.

3.4.3 Phosphating solution

Phosphating was carried out using either Bonderite 181X or
Parco 95 zinc phosphating solutions, both being proprietary
processes supplied by Pyrene Chemical Services Ltd. The chemicals
for both solutions were supplied in two pack form, one pack for
initial make up (IMU) of a solution and one pack for replenishment(R)

of the chemicals in a working solution (see 2.1.5.1).



There are tests (5) available for determining the concentration
of each chemical in these phosphating solutions. However in order
to interpret the results of such tests, specialised knowledge of
the solution is required, which the suppliers were unwilling to
disclose as they were proprietary chemicals. Therefore when
necessary the suppliers were asked to carry out a full analysis
of the solution and comment on the results. The tests used in this
work were only to determine the amounts of chemicals required to
replenish the solutions. The test common to both the Parco 95 and
the Bonderite 181X solution will be described next and the other

control tests will be covered later.

(i) Total acid pointage

The total acid pointage of the phosphating solution was
determined by pipetting 10 ml of the solution into a conical flask,
adding 25 ml of distilled water and several drops of indicator
phenolphthalein. The resulting solution was titrated against 0.1M
sodium hydroxide until a change from colourless to pink indicated
the end point. The pointage of the solution was given by the volume
of sodium hydroxide used in the titration.
(1 litre of Parco 95 per 1000 litres of solution = 1 point)

1.5 litre of Bonderite 181X per 1000 litres of solution = 1 point)

3.4.3.1 Parco 95

Parco 95 is the trade name for a heavyweight immersion zinc
phosphating solution which in this work was operated between 82 and
88°C with a total acid pointage between 38 and 42 points and an
iron content between .25 and .35 points.

(i) lron content

The iron content of the solution was determined by pipetting

- =



10 m1 of solution into a conical flask, adding 5 ml of a solution
of 50% phosphoric acid and 50% sulphuric acid. The resulting
solution was titrated against 0.02M potassium permanganate until a
change from colourless to pink persisted for 45 seconds indicating
the end point. The iron content of the solution was then calculated
using the following equation.

The percentage ferrous iron content = volume of potassium
permanganate used in titration X0.056.
(An addition of 0.6 kg of powdered iron = + 0.05%)

(An addition of 0.63 litre of Hydrogen Peroxide = -0.05%)

3.4.3.2 Bonderite 181X

Bonderite 181X is a medium to heavyweight immersion zinc
phosphating solution. In this work the solution was operated as a
heavyweight phosphating solution by the use of a proprietary
additive chemical based on ethylene diamine tetraacetate,known as
Additive 3 and supplied by Pyrene Chemical Services Ltd. The
solution was operated between 64 and 68°C, a total acid pointage of
67 to 73 points, Additive 3 pointage of 7 to 10 points and
maintained on the nitrite side by additions of sodium nitrite in
the form of Compensating Solution 2 supplied by Pyrene.

(i) Presence of nitrite

The presence of nitrite was ascertained by dipping a strip of
starch iodide paper into the solution. A change from white to blue
indicated nitrite was present, no change indicated that an addition
of sodium nitrite was required. |f the test indicated an addition

of sodium nitrite was required 1 to 2 ml of Compensating Solution 2



was added per litre of phosphating solution and the test repeated
until a positive indication of the presence of nitrite was
achieved.

(ii) Additive 3 pointage

Before determining the Additive 3 pointage a check was carried
out to ensure that nitrite was present in the solution. The pointage
was then determined by pipetting 10 ml of solution into a conical
flask, adding 25 ml of distilled water, 2-3 grams of urea and 5 ml
of a solution of 50% sulphuric and 50% phosphoric acid. The
solution was then heated until just boiling, allowed to cool then
titrated against 0.02Mpotassium permanganate until a change from
colourless to pink persisted for 45 seconds. The Additive 3
pointage was given by the volume of potassium permanganate used in
the titration.

(0.7 litre of Additive 3 per 1000 litres of solution = 1 point)

3.5 Determination of phosphate coating weight

As discussed in section 2.11 there are three weights of
importance in the phosphating of metals, the true and addition
phosphate coating weights and the weight of metal lost during
phosphating. Determination of the true coating weight of samples
is a destructive test and could not provide information on samples
to be used for any purpose other than determining coating weights.
For samples to be used in corrosion testing the addition phosphate
coating weight was determined, as this would be expected to give
an indication of the quality of the phosphate coating. The dimensions
of test panels and products were determined using vernier calipers

and a micrometer screw gauge.
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3.5.1 Addition coating weight

The addition phosphate coating weight is given by:

A.C.W. = Change in weight during coating gm_2

surface area

3.5.2 True coating weight

To determine the true coating weight of phosphate on a
sample the sample was phosphated, weighed and then the coating
stripped off by immersing the sample in 1 molar hydrochloric
acid inhibited with 20 glg1 of antimony trioxide to prevent attack
of the base metal. The panels were immersed for four minutes, dried
and weighed, then immersed for further periods of 30 seconds until
no significant weight loss occurred. The true coating weight is

given by:

T.C.W. = Decrease in weight during stripping g[rn-2

surface area

3.5.3 Metal Loss
To determine the weight of metal lost during phosphating
both the addition and true coating weights had to be determined

for the sample. The metal loss is given by:

ML o045~ AC W am,

3.5.4 Coating weight curves

To determine coating weight curves a set of panels were
phosphated (3.4) with the phosphating solution immersion times

altered to 1,2,4,6,10,15 minutes and then further increments
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of 5 minutes until the curve achieved a constant value. To
facilitate the comparison of curves they are presented with a

single line rather than in the forms discussed in section 2.2.1.

3.6 Extraction of organic materials from phosphating solutions

A 100 ml sample of solution was transferred into a separating
funnel, 100 ml of dichloromethane was added to the funnel which
was then sealed and shaken vigorously for two minutes. The contents
of the flask were then allowed to settle. The two immisible liquids
separated and the dichloromethane fraction was run off into a
weighed evaporating dish. This procedure was repeated twice using
the same sample of phosphating solution. The evaporating dish was
placed in a wamoven to prevent the evaporating dichloromethane
from cooling the dish sufficiently to cause condensation to build
up. After the dichloromethane had evaporated, the evaporating dish
was reweighed to determine the weight of non-volatile organic
material extracted.

The two methods used to try and identify the organic
materials were firstly thin layer chromatography and secondly

infra red spectroscopy.

3.6.1 Thin layer chromatography

A sample of the extracted organic material was dissolved in
dichloromethane then small amounts of the liquid were spotted onto
the bottom of a Polygram sil G precoated plastic sheet (Camlab
Cambridge) using a capillary tube. Samples of known organic
materials were produced for comparison with the unknown material

by two methods.



(i) The known organic was dissolved in dichloromethane and

spotted onto the sheet using a capillary tube.
(ii)The known organic was added to a fresh laboratory

phosphating solution, the solution used then the

dissolved organic materials extracted (3.6). The extracted

organic material was then dissolved in dichloromethane

and spotted onto the sheet using a capillary tube.

The sheet was then maintained in contact with a solution of
100 parts by volume of toluene, 1 part acetone, 5 parts ethyl
acetate and removed when the liquid had nearly reached the top
of the sheet. The level to which the liquid had climbed was
marked and the sheet allowed to dry. It was then examined in
daylight and U.V.light and the distances travelled and colours of
any visible spots were noted. The distances were then converted

into retention factors (R.F.).

3.6.2 Infra red spectroscopy

A sample of the organic material was dissolved in
dichloromethane. Using a capillary tube small amounts of the
liquid were transferred onto one of the salt plates of a cell
from a Unicam SP200 infra red spectrophotometer until a thin layer
of the organic material had deposited. The cell was then closed,

transferred to the machine and a spectrum produced.

3.7 Supplementary finishes

3.7.1 Black stain sealant

A proprietary black stain sealant P41 supplied by Pyrene

Chemical Services Ltd was used (3.7.3) at a solids content (3.7.5.2)
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of 10 - 12% by weight.

3.7.2 0il sealant
A proprietary oil finish Astrolan 23/20/11 supplied by
Astor Chemicals Ltd was used (3.7.3) at a solids content

(3.7.5.2) of 18 - 22% by weight.

3.7.3 Application of oil or stain by dipping

Both these finishes were applied by dipping. The solutions
were kept in air tight containers, stirred and the solids content
checked before use and discarded and replaced with fresh solutions

every four weeks.

3.7.4 Paint

At Metalastik two paints are used. One paint is a high build
formulation applied by spray and is formulated to give a thick
coat of paint. The other paint is applied by dipping and is

formulated to give a thin coat of paint.

3.7.4.1 Application of paint by spray

Crodabond a high build etch primer finish supplied by Croda
Paints Ltd was applied using a Bink Bullows Model 230 spray gun,
supplied with paint by a pressure vessel. The paint was maintained
at a flow time of 28 to 36 seconds (3.7.5.3) and applied at an
atomisation pressure of 2.91 to 3.45 bar. After application the
paint was allowed to air dry. The paint film was then examined to
ensure that it was free of runs and sags and that the average
thickness of the phosphate and paint film was between 25 um and
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30 um. Samples that were to be compared were, as far as possible,

sprayed at the same time.

3.7.4.2 Application of paint by dipping

Goodlass Wall etch primer finish supplied by Goodlass Wall and
Co.Ltd. was applied using the Stein Atkinson dip plant. The paint
was maintained at a flow time of between 50 and 60 seconds
(3.7:53)

After application the paint was warm air dried. The coating
was then checked to ensure the paint film was free of runs and sags
and that the average thickness of the phosphate and paint film
exceeded 12 um. Samples that were to be compared were, as far as

possible, dipped at the same time.

3.7.5 Tests on supplementary finishes

3.7.5.1 Coating weight

The sample was weighed before application of the paint and

after the paint film had dried. The paint coating weight is given

by:

P.C.W. = Change in weight of the specimen grn-2

surface area

3.7.5.2 Solids content

The solids content was determined in accordance with BS3900
Methods of Test for Paints part B2 Determination of volatile matter

and non volatile matter.



3.7.5.3 Flow time
The flow time was determined in accordance with BS3900
Methods of Test for Paints part A6 Determination of Flow Time,

using a B3 cup and the break point procedure.

3.7.5.4% Film thickness

The film thickness was determined in accordance with BS3900
Methods of Test for Paints part C5 Determination of Film Thickness

using method No.5 and the permanently magnetic class of instrument.

3.8 Corrosion testing

3.8.1 Salt spray testing

Salt spray testing was carried out in a cabinet that was
operated according to the American Society for Testing Materials
Standard ASTM B117-73 except in two respects:

(i) the cabinet did not have a device to
automatically control the level of salt
solution in the reservoir. Therefore as
the solution level dropped the head between
the solution and the atomiser increased
possibly causing a decrease in the volume of
solution sprayed and consequently a decrease
in the fog settling rate.

(ii) the cabinet did not have a device to auto-
matically control the amount of water contained
in the humidity tower. This could lead to

fluctuations in the temperature and humidity



of the compressed air used for
atomising the salt solution (see 2.2.1.2).

To minimise the effects of these two shortcomings the two
levels were maintained by frequent manual additions during periods
of use. At the start of this work Metalastik agreed to purchase
a new salt spray cabinet that met the requirements of ASTM B117-
73, however, the cabinet was not purchased.

The test panels were exposed at an angle of 3U°C to the
vertical, with the side to be tested parallel with the flow of
fog. Test parts were exposed with the maximum amount of surface
area exposed at an angle between 15 and 30° to the vertical and
parallel with the flow of fog. In view of the shortcomings of the
test cabinet both the test parts and panels were moved around the
cabinet during the period of testing to ensure that they were all

exposed to closely similar corrosion conditions (see 2.2.1.5).

3.8.1.1.. Inspection of samples

During testing all the samples were inspected at 16 and 24
hour intervals. At the inspections the samples were washed with
distilled water, dried in a gentle stream of compressed air and
then two aspects of the samples were evaluated. Firstly, at each
inspection the surface or surfaces of the sample under test were
examined for signs of corrosion breaking through the finish.
Secondly, at each 24 hours inspection the painted samples were

subject to a paint adhesion test.
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3.8.1.2 Appearance

The samples were left on test until the first significant
signs of base metal corrosion appeared. A small number of large
corrosion sites or a number of small corrosion sites were
considered to be significant, but if only one or two small
corrosion sites appeared that could be due to imperfections on
the specimen,these were ignored (see 2.2.2.2). On the appearance
of significant signs of base metal corrosion the time elapsed since
the test had begun was noted and the sample was rated according
to the scheme presented in figure 3.2. The average size of the
corrosion sites was rated according to Chart B and the frequency
of their appearance according to Chart A to give a 2 digit rating.

This rating system was originally devised by Champion for
assessing the number of pits, blisters and flaking areas that were
present on electroplated and anodized corrosion specimens. |t was
used in this work because it gave a better definition of the
appearance of specimens after testing than the recommended standard
ASTM D1654-74. Evaluation of painted or coated specimens subjected
to corrosive environments, or the standard ASTM D610 Evaluating

degree of rusting on painted steel surfaces.

3.8.1.3 Adhesion

To test the adhesion of the paint film the finish on the
surface under test was scribed through to the bare metal using a
blade of 25im thickness, to produce the pattern shown in figure 3.3.
Before the start of the salt spray test and at 24 hour intervals

during the test the following procedure was carried out. The area
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CHART A: Number CHART B: Size
1

L 2 Minute
Moderate 2
number g Very-small
3
1 ®  Smal
Very L
few ] ® Moderate
: Considerable 5
number . Considerable
2
Few :
: 6
6
L
Numerous g
3 '.
Small 7
number ! Very

B3 &4 L%
A Very
4 numerous

large

Figure 3.2 System for rating the appearance of corrosion on

the surfaces of samples
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surrounding a scribe line was gently dried using tissues and
compressed air, a piece of sellotape masking tape was applied over
the scribe line (using an India rubber to apply even pressure) then
sharply stripped off. The distance paint was removed either side
of the scribe line was measured in four places and an average value
calculated. The adhesion of the paint film was judged to have
failed when the average value exceeded 2 mm, or a general loss of
adhesion was detected in the area surrounding the scribe line. This
test is an adaptation of ASTM D1654-74 Evaluation of painted or
coated specimens subjected to corrosive environments. The two major
changes were firstly to use several scribe lines to allow an
assessment of the variation in adhesion of the paint film with
duration of the test rather than simply assessing the adhesion after
a specified period of testing. Secondly, instead of rating the loss
of adhesion a simple pass or fail standard of 2mm was taken because
this was the criterion mainly applied by the automotive customers.
This adhesion test, an adaptation of ASTM D1654, evaluated both
the general adhesion of the paint film and the resistance of the
finish to corrosion creepage from a damaged area. For this reason
plus its simplicity it was used in preference to other more
sophisticated adhesion tests such as that described by Bullit and

Prosser (54).

3.8.2 Atmospheric corrosion testing

Atmospheric exposure of test panels was used in preference to
in-service exposure of test panels or products for the following

reasons. The required test panels and products were not available
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until this work was near completion. Therefore insufficient time
was available for the type of comprehensive test programme (55)

the author suggests would be required to allow realistic comparisons
between the results for the finishes.

However, an atmospheric test of the finishes allowed test
panels to be exposed under exterior corrosion conditions and
although an atmospheric test is usually carried out in multiples
of one year (in order for the panels to be exposed to complete
seasonal cycles) comparisons between specimens exposed for shorter
periods are valid provided they are exposed concurrently in the
same test.

As comparisons were only going to be between the panels
exposed in the test and no specific assumptions with regard to in-
service life were to be made from the results, only one test site
was used. This was the roof of the factory at Evington Valley Road,
Leicester. The rack was fixed in an area free of overhangs and
discharge stacks, with the panels facing south at an angle of 45°,
The test panels were fixed to the slats of a wooden rack as shown
schematically in fiqure 3.4. Tacks, insulated from the panel to
prevent bimetallic corrosion contaminating the panel, were used to
mount the panels. Care was taken to ensure the panels were fixed
such that no strain was introduced by the fixing method and the
positioning of panels was such that the drainwater from one panel
did not impinge on any other.

The top and bottom centimetre of each panel was blocked off
with insulating tape to prevent edge corrosion products running

down specimens and causing contamination(56). Panels were exposed
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as produced or with diagonal scribe lineson the panel, as shown
in figure 3.5, produced using a ruler and a blade of 25 um thickness.
This pattern of scribe lines was used to allow a single assessment

of the adhesion of the paint film at the end of the test.

3.8.2.1 Inspection

The panels were inspected every four weeks for general
appearance and for signs of corrosion creepage from the scribe marks.
The appearance was rated according to the system shown in figure 3.2.
Any obvious signs of corrosion creepage from edges or scribe lines

were also noted.

3.9 Examination of phosphate coatings

Scanning electron microscopy was used in preference to optical
microscopy for examining the phosphate coatings, because of the
greater depth of field a scanning electron microscope offers.
Representative areas were carefully cut from samples for examination.
These were mounted on studs and connected to earth using small
spots of silver paint between the cut edges of the specimen and the
stud. The specimens were examined using a Cambridge 150 scanning
electron microscope operating at 25 KV detecting secondary electrons.
The electrical insulation properties of the phosphate coating
caused problems due to electrical charge building up on the specimen,
and affecting the performance of the microscope. When this occurred
the problem was alleviated by spraying the specimens with an
electrically conductive coating that was known not to cause artefacts

in the surface structure.
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3.10 Preliminary experimental work

3.10.1 Salt spray cabinet

In view of the importance attached in the literature (see 2.2.1.5)
to the fog settling rate in the salt spray test, the relationship
between the atomisation air pressure and the fog settling rate for
the cabinet used in this work was determined. Eight fog collection
devices of the type described in ASTM B117 -73 were placed in the
cabinet in the positions shown in figure 3.6. The cabinet was then
operated for 24 hours at each of a range of air pressures and the
fog collection rate determined. The results in Table 3.2 show that
with the exception of positions 1 and 2 in the cabinet there was not
a large variation in the fog collection rate with the atomisation air

pressure used.

TABLE 3.2 VARIATION OF THE FOG SETTLING RATE IN THE SALT SPRAY CABINET

WITH THE ATOMISATION AIR PRESSURE USED

Atomisation air For collection rate
pressure (bar) at each fog collection site Average
=i
(ml hr ')

0.966 1.81 1.3 |45 18 4.8V V.5 1461 126 1.6
1.104 A< W o e SR ST 8 sty P 1 Bl S i) 1.6
1.24 V8T 1 b 1.6 9.6 PUGE k1561 1.5 1.63
1.38 Tt 57 1SR 1 8T8 .54 1.5 1.56




spray nozzle
(1) l (2)
X X
(3) (4) (5)
X X
(6) 7) 8)

Plan view of the interior of the salt spray cabinet

Key
( ) Identification number

x  Position

Figure 3.6 Positions of the fog collector devices in the salt

spray cabinet
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With the exception of positions 1 and 2 there was also not a great
variation between the fog collection rate in different parts of

the test cabinet at constant atomisation air pressure. The fog
collection rates achieved were within the 1 to 2 ml hr-1 required

by the standard ASTM B117-73 for all the atomisation air pressures.
However, it was decided to operate the cabinet at 1.38 bar because

at that pressure the average fog collection rate was closest to
1:5%n} hr'], exactly in the middle of the 1 to 2 ml hr-1 range
allowed by the standard, and there was also the least variation
between the fog collection rates in different parts of the cabinet

at that pressure. In addition it was decided not to place any
specimens in the areas shown as positions 1 and 2 in figure 3.6 due
to the higher collection rates that occurred in those positions

which was possibly due to flyaway spray from the spray nozzle. During
subsequent tests two collectors were kept in the cabinet to ensure
that the fog collection rate did not alter substantially from 1.5

ml hr-] and the air supply to the cabinet was fitted with a regulator
to control pressure fluctuation to within 0.007 bar and avoid the
possibility of their being a critical atomisation air pressure
(2.2.1.5). In view of the substantial work already reported (2.2) on

the salt spray test no further calibration work was carried out.

3.10.2 Coating weight curves for a laboratory solution of Parco 95

Panels for coating weight determinations (3.5) were phosphated (3.4)
using a laboratory solution of Parco 95 (3.4.3.1). The true coating

weight curves are presented in figures 3.7 to 3.9 for solution
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temperatures of 82, 86 and 90°C respectively. All the curves show
the same trend of a steep initial gradient, with a constant

coating weight achieved after 4 minutes phosphating.There are
slight differences in the values of the coating weights at which
each curve becomes constant (see 2.11) approximately 20.5 c_:;m.2 at
82°¢, 18 gm-zat 86°C and 20 gm_2 at 90°C. These slight differences
are not a linear function of temperature and are suggested to reflect
slight differences in the panels used. These results show that a
phosphating time of six minutes was sufficient to achieve a
complete phosphate coating, and that variations in the solution
temperature between 82 and 90°C would not markedly affect the state
of completion or weight of the phosphate coating deposited.

The corresponding addition phosphate coating weight and metal
loss curves are presented in figures 3.10 to 3.12 for the solution
temperates 82, 86 and 90°¢C respectively. The metal loss curves show
that dissolution of the metal panel had virtually ceased after two
minutes immersion, although the true phosphate coating weight did not
reach a constant value until 4 minutes for each temperature. Therefore
although little acid attack on the panel was occurring after 2 minutes
the phosphating solution was still returning to equilibrium and
depositing phosphate crystals until approximately 4 minutes. The
constant values reached in the metal loss curves are approximately
7.5 gm-2 for solutions operated at 82 and 86°C but 5 gm-2 for the
solution operated at SDOC.

The addition phosphate coating weight curves follow the same
trend as the true coating weight curves, at each solution temperature.

After a sharp initial gradient, a constant value is attained after
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approximately 4 minutes immersion. The constant values reached are
13 grn_2 at 8200, 12 gm_2 at 86°C and 45 gm-z at 90°C. Because there
was some experimental variation in the addition coating weights when
the addition coating weight was used to ensure that panels for
corrosion testing had received a reasonable phosphate coating, only
panels with addition coating weights greatly different from the

band 12-15 a_:;m-2 were rejected.

3.10.3 Effect of the coating weight of P41 stain finish on the corrosion

resistance of the phosphate and stain finish

The phosphate and stain finish was expected to show less
resistance to the salt spray test than the phosphate and oil finish.
The phosphate and stain finish was thus used to assess any
improvements in the protective value of the phosphate coating, which
had the advantage that testing times were much shorter. Therefore it
was decided to investigate whether the resistance to the salt spray
test of the phosphate and stain finish depended on the coating weight
of stain applied.

Twelve test panels were phosphated (3.4) using a laboratory
solution of Parco 95 (3.4.3.1). Batches of P41 stain were then
prepared at percentage solid contents (3.7.5.2) of 8.4, 9.6, 10.8 and
11.6, and three test panels stained (3.7.1) in each batch, the coating
weight of stain determined (3.7.5.1)and then the panel salt spray
tested (3.8.1) and evaluated (3.8.1.2).

Figure 3.13 shows that the coating weight of stain deposited on
a panel decreased approximately linearly with the decrease in the
solids content of the stain used. However, the results in Table 3.3

show that over the range tested there was no relationship between the
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Figure 3.13 Coating weight of stain finish deposited as a function

of the solids content of the stain
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coating weight of stain on a panel and its salt spray resistance
as all the panels took 72 hours or more to fail at failure ratings
of 4.1 or 5.1 irrespective of the coating weight of stain on the
panel .

Therefore the stain was used as received with a solids content
of 10 to 12 per cent, and when the coating weight of stain deposited
on test panels for corrosion testing was checked (3.7.5.1) only
results outside the range 4 to 6 gmn2 were considered unsatisfactory

and the panel rejected.

TABLE 3.3 INVEST IGATION INTO THE RELATIONSHIP BETWEEN THE COATING

WEIGHT OF STAIN ON A TEST PANEL AND ITS SALT SPRAY

RES | STANCE
Coating weight of Resistance to the Rating at
stain salt spray test failure
(gm-z) (hours)
3.5 88 b1
4.1 72 b1
4.5 72 5.1
556 88 4.1
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3.10.4 Use of a standard specimen in the salt spray tests

A standard specimen was included in each salt spray test, as
a control, to assess whether the corrosion conditions in the test
cabinet were normal. The standard specimen was a laboratory Parco
95 (3.4.3.1) phosphated(3.4)and stained (3.7.1) panel, which the
results in section 3.11.3 had indicated should withstand between 72
and 88 hours exposure to the test before breaking down. Any test
in which the control panel failed to withstand 72 hours exposure,

were rejected and repeated.
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CHAPTER 4

PREPARATION OF THE METAL SURFACE FOR PHOSPHATING

k.1 Cleaning methods

Critical to the development of a good phosphate coating is the
condition of the metal's surface. At Metalastik there are principally
two production routes (1.2) prior to anti-corrosion finishing,
either wheelabrating fol lowed by selective application of
adhesive or chemical cleaning followed by non selective application
of adhesive. After moulding there is a subsidiary branch to each
route of a metal manipulation operation which caters specifically
for bushes. This operation causes the metal surfaces to become
work hardened and although the products are alkali cleaned
immediately afterwards, traces of lubricant contamination usually
remain. As summarised in figure 4.1 these routes cause products to
arrive at the metal finishing stage in four categories of surface
condition, each of which may be exacerbated by the presence of rust
if the products have suffered long delays between the manufacturing
stages. However, the problem of rusting is not considered here as
a short term solution to the problem, acid pickling, was already in
existence. In the long term Metalastik was changing the shopfloor
layout to a system based on Group Technology (57), one of the
advantages of this being a reduction in the time products spend on
the shopfloor and are hence at risk of rusting.

To prepare each category of surface condition for phosphating
requires a combination of cleaning methods (see 2.1.7.1). In Table
k.1 a matrix is presented of the soils making up the range of

surface conditions and the possible cleaning methods. Each cleaning
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method is considered against each soil and awarded 1 point if it
is capable of removing it or 0 points if it is not. Solvent
cleaning is not considered as an option due to the presence of the
rubber-to-metal bond.

Table 4.1 Matrix of cleaning methods and soils

Cleaning Methods

Soil

acid pickling | alkali cleaning| abrasive cleaning

Lubricant
contamination 0 1 0

work hardened

surfaces 1 0 1
adhesive
residues 0 0 1

Table 4.1 shows no one cleaning method is capable of dealing
with all the categories of surface condition and the only combination
of two cleaning methods capable of coping with all the soils is
alkali and abrasive cleaning. However, the only routine cleaning
operation prior to immersion in the phosphating solution was alkali
cleaning which Table 4.1 shows to be capable of dealing with parts
in surface condition category 1 only. Therefore to determine the
percentage of products for which this cleaning operation catered,
the percentage of production arising in each category of surface
condition was determined. To simplify this work a Pareto's analysis
was carried out on the products that were phosphated. This showed

that 23% of the number of different products phosphated represented
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78% of the production volume. The production route for each of

the products contained in the 23% was found from the manufacturing
records, and the category of surface condition of each product

at the anti-corrosion finishing stage could be determined by
applying this information to figure 4.1. Table 4.2 shows the
percentage of products that arrive in each category of surface
condition.

Table 4.2 Category of surface condition of the products that make

up 78% of the volume of work phosphated

Category of surface condition

1 2 3 4
No. of Products 16 14 5 13
Percentage 33 29 11 27

Table 4.2 shows that the routine alkali cleaning operation prior

to phosphating could only deal with the 33% of products arriving

in surface condition category 1. It is suggested that this

situation arose because the adverse affects of two of the
manufacturing processes on the surface condition of the products

to be phosphated were not recognised. Firstly, the work hardening
of the metal surfaces caused by the metal manipulation operations
was not considered to be deleterious to the development of a
phosphate coating. Secondly, the presence of adhesive residues was
not considered to be important as the phosphate coating was expected

to develop on the areas of exposed metal, which combined with the
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corrosion resistance of the adhesive residues to provide a

reasonable level of corrosion protection.

L.2 Comparison of the existing cleaning method with the optimum

cleaning method

Samples of products representing each category of surface
condition in figure 4.1 were obtained (3.2): Six of each surface
condition were phosphated (3.4) using Parco 95 (3.4.3.1) and
stained (3.7.1), and a further six samples were wheelabrated (3.3)
phosphated (3.4) using Parco 95 (3.4.3.1)and then stained (3.7.1).
The samples were salt spray tested (3.8.1) and evaluated (3.8.1.2)
in two representative batches. The addition phosphate
coating weights of the samples (3.5.1) are presented in Table 4.3.
These results show that the samples in surface conditions 2,3, and
L achieved a significantly higher coating weight when wheelabrated
prior to phosphating. While the results for category 1 do show
an increase in coating weight for those samples that were wheel-
abrated, this is not considered sufficient to be significant as
the wheelabrating operation could increase the surface area of a
sample (5).

The salt spray test results of the samples are presented as
one set in Table 4.4 as the duplicate tests gave virtually identical
results. The results for the products representing categories 1 and
2 show no difference in performance between those which were
wheelabrated prior to phosphating and those that were not, both
having a failure rating of 4.1 at 72 hours. The results for the

products representing categories 3 and 4, however, show a marked
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TABLE 4.3 COMPARISON OF THE ADDITION PHOSPHATE COATING WEIGHTS

ON THE DIFFERENT SURFACE CONDITIONS

Treatment Surface | Mean addition
category* | phosphate coating o
weight(gm-z)

1 10.99 w22

Phosphated 2 6.29 1.03
3 12 0.79

- 1.73 0.51

Wheelabrated and 1 14.66 1.76
phosphated 2 12.48 1.66
3 L.74 0.23

4 5.72 0.6

%

see figure 4.1
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TABLE 4.4 EFFECT OF THE DIFFERENT CLEANING METHODS ON THE SALT

SPRAY RESISTANCE OF THE STAINED PHOSPHATE COATING

Treatment Surface Categofﬁ Salt spra¢ *
resistance Rating at
(hours) failure
1 72 4.1
Phosphated 2 72 4.1
3 16 7.4
El 16 7.4
Wheelabrated 1 72 G211
and phosphated 2 72 b1
3 72 Lo
4 72 4.1

* Typical result representative of the products tested.
** See figure 4.1.
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improvement from a failure rating of 7.4 at 16 hours when
phosphated and stained only to a failure rating of 4.1 at 72 hours
when wheelabrated prior to phosphating and staining.

Products representing category 3 showed a marked improvement
in phosphate coating weight, because the wheelabrating removed
the adhesive residues and allowed a phosphate coating to develop
over the complete metal surface. The improvement in coating
weight that occurred as a result of wheelabrating products within
category 2 resulted from the abrasive removal of the work hardened
surface layer (2.1.3.1) that had resulted from the metal
manipulation operation. A combination of these two reasons resulted
in the products within category 3 showing an improvement in coating
weight as a result of wheelabrating.

The identical salt spray test results for products in surface
condition category 1, whether wheelabrated or not, confirms
alkali cleaning, to be sufficient for this category. Category 2
products also showed identical resistance to the salt spray test,
wheelabrated or not, indicating that the work hardened surfaces
do not prevent the deposition of a complete phosphate coating. The
lower coating weight on the unwheelabrated products, however, suggests
the work hardening results in the formation of more nucleation sites
on the metal surface causing the coating to complete more quickly
but with smaller phosphate crystals and consequently a lower
coating weight. The marked improvement in salt spray resistance
shown by the products in surface condition categories 3 and 4 must
therefore be a result of the wheelabrating removing the adhesive

residues. It is suggested that the adhesive residues interfered
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with the anodic/cathodic reaction mechanism (2.1.4) by producing
small chemically inert non conducting sites on the damaged
metal surfaces. This would cause the development of a grossly
porous phosphate coating with consequent poor corrosion
resistance.

The benefits of wheelabrating can be summarised as shown in

Table 4.5.

Table 4.5 Benefits of wheelabrating prior to phosphating

Category | % of product Coating weight corrosion resistance
types
1 33% no change no change
2 29 improved no change
3 11 improved improved
4 27 improved improved

An improvement in the phosphate coating weight would be
beneficial in decreasing the problem of internal Quality Control.
A thin phosphate coating causes poor retention of the black stain
and consequent visual defects which often leads to a refusal (by
Q.C) to despatch products. As it was the addition phosphate
coating weight that was measured, the results indicate that the
improvement in true phosphate coating weight that could be
expected for categories 3 and 4 would bring the products up to the
755 gm-2 minimum coating weight, required by the automotive

customers specifications listed in Table 1.2. The associated
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improvement in salt spray resistance for these two categories
would bring them up to and in some cases in excess of the salt
spray resistance requirements of the same specifications. As the
products investigated represent 78% of the volume of work
phosphated and were all supplied to automotive customers both
aspects were of importance.

The first method to be considered to achieve this improvement
was to eliminate the causes of the categories of surface condition

2.3 and 4.

L.2.1 Adhesive residues

Adhesive residues result from the non selective application
of adhesive to the metal sections as described in section 1.2.2.
To apply the adhesive selectively to the metal sections of these
products would mean changing from a relatively low labour content
dipping operation to either labour intensive manual, or specialised
automatic, selective application techniques. This option had
already been investigated by Metalastik as a way of reducing the

amount of adhesive wasted by the unnecessary coating of metal

surfaces not to be bonded. However trials had shown that the increase

in labour costs and the wastage of adhesive involved in the

selective application methods combined to far outweigh any savings.

4.2.2 Work hardened and lubricant contaminated surfaces

These two conditions result from the metal manipulation
operations carried out on bushes. To remove the need for the
operation would require high pressure moulding to maximise the

volume of rubber injected into the product, thus minimising the
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subsequent shrinkage of the rubber after moulding. However,
work by Metalastik has already shown that although this method
could reduce the shrinkage stress, the reduction is not
sufficient to obviate the need for the metal manipulation

operations.

4.3 Options for achieving the optimum cleaning method

As the causes of the surface conditions could not be removed,
possible ways of achieving the combination of alkali and abrasive
cleaning were considered. The possibilities were either to purchase
a wheelabrator and introduce an extra cleaning operation, or
replace the existing Revel plant used for degreasing products after
metal manipulation by a plant capable of simultaneous abrasive
and alkali cleaning. This latter option was chosen as it had the
following two advantages. Firstly, the Revel plant was due for
replacement and it is simpler to justify the replacement of an
existing operation than the introduction of a new operation.
Secondly, the products in categories 2 and 4 are bushes and would
automatically be processed through a replacement for the Revel
plant. Only products in category 3 would require the extra operation
of being processed through a replacement for the Revel plant to be

justified.

L.4 ldentification of machine required

In this section of the work the author was responsible for

the technical evaluation of the processes and Mr. N.C.Constantinou,

Production Methods Engineer was responsible for the production
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engineering aspects. Four companies were asked to offer processes.The

companies and the processes they offered are listed in Table 4.6.

Table 4.6 The cleaning processes offered by companies

Company Process offered
Dynajet Ltd High speed jetting of solution at
products.
Flowfast Ltd High speed jetting of solution at
products.
Osro Ltd Vibration of products in a slurry of

abrasive particles and degreasing

solution.
Abrasive Developments Vaqua D process:-
Ltd. Blasting of products with alumina or

glass beads in a degreasing solution.

The processes offered by Flowfast and Dynajet were not taken
further as they did not offer the combined abrasive and alkali
cleaning action required. The processes offered by Osro and Abrasive
Developments Ltd were assessed by sending samples of products
representative of the worst surface condition, category 4 for
cleaning. After cleaning the products the two companies packed
them in air tight bags containing silica gel and returned them.

The products were then phosphated (3.4) using Parco 95 (3.4.3.1)
stained (3.7.1) and salt spray tested (3.8.1). Table 4.7 presents

the addition phosphate coating weights and the salt spray test
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results (3.8.1.2) for the products.

The results in Table 4.7 show the products cleaned using the
Abrasive Developments process achieved a higher average addition
phosphate coating weight of 6.33 gm-2 compared with the average
value of 4.24 gm-z for the products cleaned using the Osro process.
The salt spray resistance result of the products cleaned using
the Abrasive Developments process is correspondingly better at an
average value of 72 hours rating 4.1 compared with 24 hours
rating 7.4 for the products cleaned using the Osro process. This
difference is suggested to be due to the superior cutting action
of the Abrasive Developments Vaqua D process (58) promoting a
coherent phosphate coating by removing more of the adhesive
residues. These results led to the Osro process being dropped from
consideration.

Little difference is evident between the average addition
phosphate coating weight of 6.33 gm-z and salt spray test result
of 72 hours rating 4.1 for the Abrasive Developments cleaned
products of the average addition phosphate coating weight of 5.72 (_:|rn-2
and salt spray test result of 72 hours rating 4.1 for the same
category of product alkali cleaned and wheelabrated, see Tables
4.3 and 4.4. Therefore, as the Abrasive Developments process was
able to cope with the worst category of surface condition, which
incorporated all the soils associated with the other surface
conditions no further definitive testing of the process was carried

out.
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4.5 Purchase of the machine

Although the Abrasive Developments Vaqua D process had been
identified as capable of cleaning the products, to try to avoid
the situation of purchasing from a monopoly supplier attempts were
made to identify an alternative supplier. However no alternative
supplier of a combined degreasing and abrasive cleaning process
was found. The Production Methods Engineering Department then
discussed the size of machine required, its purchase price and
running costs with Abrasive Developments. The author's involvement
in this side of the work was restricted by internal politics
within the company and also by commitments to the other work
reported in this thesis. The following cash flow analysis was
then drawn up, comparing the cost of alkali cleaning followed by
wheelabrating with the cost of the Abrasive Developments machine.
A number of assumptions inherent to this type of analyéis were
made, some of which were:

(i) Constant sales (revenue)

(ii) Constant product mix
(iii) Constant prices and costs

Cost savings associated with purchasing of an

Abrasive Development Vagua D machine

Running cost of alkali cleaning and wheelabrating 0.81 p/lb
Running cost of Abrasive Developments Vaqua D machine 0.42 p/lb
Cost saving per 1b = 0.81p = 0.42p = 0.39p

Weekly production 28 tons

Cost saving per week = 28 x 2240 x 0.39p
= £244

Cost saving per annum = £11,468
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Sale of old machine = zero assuming scrap value =

removal cost

CASH BENEFIT

Cash outflow £ Cash inflow £

Assuming asset is depreciated at 20% with zero scrap value

Total savings = 5 years x 11,468 = 57,340

Purchase of new machine 20,000

Purchase of associated

loading and unloading

equipment 7,000
27,000 57,340
- 27,000
Gain £ 30,340
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A report was distributed which summarised the benefits of
improving the cleaning products received prior to phosphating,
and presented the cash flow analysis for the two methods of
achieving this improvement. The report recommended that the best
course of action would be to replace the Revel degreaser with a
Vaqua D machine from Abrasive Developments.

The report was accepted and the Works Manager, General
Manager and Divisional Director completed the necessary procedures
to allow the order for a machine to be placed. While waiting for
the Abrasive Developments machine, an extra operation of wheel=-
abrating products in categories 2,3 and 4 prior to phosphating

was introduced.

4.6 Commissioning of Abrasive Developments machine

The machine was ready for delivery in the last month of the
1979 Financial Year. When the Production Methods Engineering
department inspected the finished machine at Abrasive Developments
works several faults were found, however the machine had to be
accepted immediately for the capital expenditure to be associated
with the 1979 Financial Year. Consequently after installation the
machine was not operational for approximately two months, during
which time it was altered. The author then issued the internal
company documents attached as appendix 2, which detail the machine,
its operation and maintenance. In addition, the author trained the
operators who were assigned to work the machine. However when the
machine was ready to be officially 'handed over' to the production
department the shopfloor workers union went into dispute with the
company over the annual wage negotiation. This resulted in the
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machine being 'blacked', as one of the sanctions imposed was

a refusal to work any new machine. This dispute lasted approximately

two months after which the operators were given a refresher

course in operating the machine and it was officially handed over.
Figure 4.2 shows the machine in its final form on the

shopfloor.
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CHAPTER 5

PHOSPHAT ING SOLUTION

The results in Chapter 4 show that a Parco 95 phosphate coating,
produced on a properly cleaned surface using laboratory equipment,
when stained achieved 72 hours or more resistance to the salt spray
test. The next step was to determine the resistance to the test of

a stained Parco 95 phosphate coating that had been produced on a
properly cleaned surface using works equipment. In this work test
panels with properly cleaned surfaces were used to assess phosphating
solutions, because as a result of the work reported in Chapter 4

the majority of products phosphated in the factory would be properly

cleaned.

5.1 Comparison of phosphate coatings produced using works and

laboratory equipment

Nine test panels were phosphated (3.4) using Parco 95 (3.4.3.1)'
and stained (3.7.1). Three were phosphated and cleaned using the
manual phosphating plant, 3 using the automatic phosphating plant and
3 using laboratory equipment. The panels were then salt spray
tested (3.8.1) and evaluated (3.8.1.2.). The results in Table 5.1
show that the panels processed using works equipment (the manual and
automatic phosphating plants) failed after 16 hours exposure with a
failure rating of 7.5, while the panels processed using laboratory
equipment failed after 72 hours with a failure rating of 4.1. The
large differences between the times to failure and the rating at
failure indicated that there was a major difference between the
phosphate coatings, the only other variable had been eliminated by

staining all the panels in the same batch of stain. The cause of the
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TABLE 5.1 COMPARISON OF THE RESISTANCE TO THE SALT SPRAY TEST OF

PARCO 95 PHOSPHATE COATINGS PRODUCED

IN THE WORKS WITH

THOSE PRODUCED IN THE LABORATORY

Treatment Salt spray resistance Rating at failure*
(hours) *
Laboratory equipment 72 4.1
Manual phosphating
plant 16 7.5
lAutomatic phosphating
plant 16 7.5

* Typical result representative of the panels tested.
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poor phosphate coatings produced using the works equipment was not
immediately obvious as both the automatic and manual sets of
equipment had deficiencies and also suffered from poor maintenance
of the processing solutions. The possible causes of the poor
phosphating were:-

(i) Substandard cleaning of the metal surfaces to be phosphated

Infrequent dumping and renewal of the alkali cleaning solutions
caused contamination to build up on the surface of the solution. As
products or specimens were withdrawn from the cleaner their surfaces
would become contaminated. This contamination would prevent access
of the phosphating solution to the metal surfaces, inhibiting the
phosphating reactions.

(ii) Chemicals dragged over into rinse tanks, causing substandard

rinsing

Some of the rinses were fed with fresh water by a spray bar
at the top of the tank, as shown in figure 5.1. This caused the
fresh water to skim across the surface of the tank and over the
weir to the drains failing to renew the main body of contaminated
rinse water. This could have caused inadequate rinsing of corrosive
residues on the phosphate coating, lowering its protective value.

(iii) Failure of thermostats to maintain solutions within the

required temperature ranges

Solutions were often outside their recommended optimum
temperatures because of defective thermostats.

(iv) Shortening of immersion times

Inadequate control over plants and operators often resulted in

products not being processed for the specified times.,
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Figure 5.1 Inefficiency of using a spray bar for replacing

the water in a rinse tank
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(v) The use of live steam for heating solutions

This practice could result in the transfer of chemicals from
the steam supply into the heated solutions which might then
interfere with the phosphating reactions.

When test panels were phosphated in the works equipment it was
ensured that the possible causes of poor phosphating associated with
the defective equipment (iii) and (iv) were avoided. As the remaining
causes were associated with the nature of various solutions the
following experiment was carried out to identify the defective
solution.

Using the laboratory phosphating equipment, a series of test
panels were phosphated. One set of three panels was phosphated (3.4)
using Parco 95 (3.4.3.1) in an all laboratory sequence. Further sets
of three panels were phosphated using the sequence with one works
solution substituted for a laboratory solution.Each solution was
substituted until all the solutions shown in figure 3.1 had been
used from both of the works phosphating plants. The panels were then
stained (3.7.1), salt spray tested (3.8.1) and evaluated (3.8.1.2).
The results in Table 5.2 show that poor corrosion resistance was
evident only when the works Parco 95 phosphating solutions were
substituted for the laboratory Parco 95 phosphating solution, failure
being at 16 hours rating 7.5. All the other combinations produced
test panels which lasted 72 hours or more in the salt spray test, at
failure ratings of 4.1 or 5.1.

To ensure that chemical depletion of the works phosnhatina
solutions, due to being overworked, had not occurred, samples of
both works phosphating solutions were left to stand for 1 day and

7 days. After checking the total pointage (3.4.3) 3 panels were
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TABLE 5.2 RESISTANCE TO THE SALT SPRAY TEST OF PARCO 95 PHOSPHATE

COATINGS PRODUCED USING LABORATORY EQUIPMENT AND WORKS

SOLUT IONS
Treatment Salt spray resistance | Rating at failure®
(hours) *

A1l laboratory solutions 88 4.1
Works solution substituted
into sequence
Works alkali cleaner (M.P.) 72 4.1
Works alkali cleaner (A.P.) 72 b1
Works rinse 1 (M.P.) 96 4,1
Works rinse 1 (A.P.) 88 4,1
Works rinse 2 (M.P.) 88 L.
Works rinse 2 (A.P.) 88 5.1
Works phosphating solution

(M.P.) 16 7.5
Works phosphating solution

(A.P.) 16 7.5
Works rinse 3 (M.P.) 88 4.1
orks rinse 3 (A.P.) 88 5.1
Works rinse 4 (M.P.) 96 4.1
Works rinse 4 (A.P.) 72 b1
Works rinse 5 (M.P.) 88 4.1
Works rinse 5 (A.P.) o 4.1
Key A.P. = Automatic phosphating plant

M.P. = Manual phosphating plant

Solution numbers - see figure 3.1

* Typical result representative of the panels tested.
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phosphated using the laboratory sequence (3.4) with these
phosphating solutions. The panels were then stained (3.7.1), salt
spray tested (3.8.1) and evaluated (3.8.1.2). The results in Table
5.3 show that the panels phosphated using the solution stood for

one day failed after 16 hours with a rating of 7.5 and the panels
phosphated using the solution stood for seven days failed after 16
hours with a rating of ¥ 7.5 ¥ 5.4. There was a slight improvement
in the failure rating after seven days standing but the failure time
remained the same at 16 hours indicating the problem was not

chemical depletion.

5.2 Variation of the salt spray resistance of the Parco 95 phosphate

coatings produced using the manual and automatic works equipment

Three test panels were processed (3.4) through both the manual
and automatic phosphating plants twice a week for a period of six
weeks. The panels were stained (3.7.1), salt spray tested (3.8.1.)
and evaluated (3.8.1.2). The results presented in Table 5.4 show that
the panels generally failed the salt spray test after 16-24 hours,
with a rating of 7.5. However panels processed on the manual plant
did show a notable change in corrosion resistance on day 22 of the
test. This improvement coincided with the complete renewal of the
Parco 95 phosphating solution in that plant. This result indicates
that the Parco 95 phosphating solution, when first made up in the
plant was capable of producing an improved phosphate coating
approaching the corrosion resistance of a Parco 95 phosphate coating
produced using a laboratory phosphating solution. However, as the
subsequent results show the corrosion resistance of the phosphate
coating decreased rapidly with use of the plant, Complete changes

of the phosphating solution were rare as, due to the cost of replacing
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TABLE 5.3 THE EFFECT OF RESTING A WORKS PARCO 95 PHOSPHATING SOLUTION

Time allowed | Plant solution | Salt spray resistance| Rating at
to rest taken from (hours)* failure *
Manual 16 15
1 day
Automatic 16 7.5
Manual 16 % panel 7.5 £ 5.4
7 days
Automatic 16 % panel 7.5 % 5.4

* Typical result representative of the panels tested.
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a complete solution it was usual to decant off a phosphating
solution into holding containers, carry out any necessary cleaning
out or other work on the plant, then return the solution and top
it up with 1.M.U. chemical. Therefore the majority of production
was processed through old solutions and consequently received an

inferior phosphate coating.

5.3 Coating weight curves for a works Parco 95 solution

Coating weight curves were produced (3.5) using the Parco 95
(3.4.3.1) solutions on the manual and automatic plants. As both
phosphating solutions exhibited the same trends only the curves
for the manual phosphating solution are presented in figure 5.2.
Comparison of the true phosphating coating weight curve in this
figure with that for a laboratory solution of Parco 95, operated at
86°¢, presented in figure 3.8 indicated the following differences:
(i) The initial gradient of the laboratory solution curve is

far steeper than the initial gradient of the works solution
curve.

(ii)The time to reach a constant true coating weight is substantially
different. The Parco 95 laboratory solution reaches a plateau
value after approximately 4 minutes at 86°C, whereas the works
solution took 25 minutes at 88°C.

(iii) The metal loss curve for the Parco 95 works solution
reaches a constant value after 25 minutes, compared with 4
minutes for the laboratory solution.

(iv)The true coating weights at which the curves become constant
are substantially different at 48 gm_z for the manual solution

2

and 18 gm  for the laboratory solution.
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Comparison of the addition phosphate coating weight and metal
loss curves from figure 5.2 with their corresponding curves for a
laboratory solution shown in figure 3.11 indicated similar
differences.

Although all the curves exhibit differences, the addition
coating weight determination, that was being used (see 3.5 and 3.10.2)
to check that the phosphate coating on panels for testing were of
acceptable quality gave no indication of any problem. This was
because, as figure 5.2 shows, after six minutes immersion in a
works Parco 95 solution the value of the addition coating weight
was 15 gm_2 which was within the acceptable range of 12 to 15 gm-2
(3.10.2). This reflects the limitation, of using the coating weight
deposited on one sample in a set immersion time, for quality control
purposes, that it only gives a snapshot view of the coating weight
curve, and does not indicate whether the curve has achieved the
constant coating weight normally associated with a complete phosphate
coating having deposited.

The coating weight curves for the laboratory Parco 95 solution
indicate that the phosphate crystals nucleate and coalesce more
rapidly on a metal surface immersed in the laboratory Parco 95
solution than when in the works Parco 95 solution, At
this stage in the work there appeared to be two possible explanations
for the differences between the two solutions:-
either (a) that a thin phosphate coating having deposited and covered

the metal surface, the phosphate crystals continued to
grow by some form of hydrolysis reaction (see section 2.1)
or (b) that the phosphate crystals were taking longer to coalesce

and cover the metal surface. Accordingly while the
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phosphate crystals were nucleating and growing to cover
the areas of bare steel at which acid attack would be
continuing, the phosphate crystals already present were
continuing to grow away from the surface, leading to a
complete phosphate coating of high coating weight.

In favéur of explanation (b) were three facts. Firstly, the
metal loss curve for the works solution shows that metal was
continually being lost until the true phosphate coating weight curve
reached a constant value after 25 minutes. Therefore there must have
been areas of exposed metal for the acid to attack until the coating
completed. Secondly, a problem frequently encountered with the
manual and automatic phosphating plants was that products immersed
in the works Parco 95 phosphating solution for the normal 6 minutes,
would become discoloured brown after immersion in the post phosphating
rinses. It is likely that this was a rapid rusting process occurring
at highly active surfaces (30,59) exposed by an incomplete phosphate
coating. Thirdly, the presence of an incomplete phosphate coating
on test panels phosphated using the works Parco 95 solutions would
explain the poor resistance to the salt spray test.

To test explanation (b) three test panels were phosphated (3.4)
using the two sets of works equipment, but with the phosphating
times extended to the times at which the coating weight curves for
each solution reached a constant value. These panels were then
stained (3.7.1) and salt spray tested (3.8.1) and evaluated (3.8.1.2).
A complete phosphate coating should tave been deposited on these
panels which when stained should be as resistant to the salt spray
test as a laboratory produced coating. The results presented in

Table 5.5 show that the panels failed at 72 and 88 hours with ratings
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TABLE 5.5 SALT SPRAY RESISTANCE OF PHOSPHATE COATINGS PRODUCED BY

EXTENDED IMMERSION TIMES IN A WORKS PARCO 95 PHOSPHATING

SOLUTION
Treatment Resistance to salt spray| Rating at
test (hours)#* failure *
Automatic plant 72 5.1
Manual plant 88 5.1

* Typical result representative of the panels tested.
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of 5.1. These results seemed to confirm explanation b.

5.4 Analysis of phosphating solutions

Samples of the two works Parco 95 phosphating solutions were
sent to the suppliers for analysis and comment (3.4.3). The results
of the two analyses were reported to be normal except that the iron
content was slightly low and the presence of organic contaminants
was noted. The suppliers could offer no explanation for the poor
phosphate coatings produced by these solutions. The concentration
of the organic materials in the auto and manual phosphating solutions
was then determined by extracting (3.6) the materials using a
suitable solvent. The extracts had a tar-like consistency and were
dark brown. The concentrations were .023 gl‘-1 and .028 gi-.I in the
manual and automatic phosphating solutions respectively.

To determine the variation in concentration of the organics
with time a completely new phosphating solution was made up in the
automatic phosphating plant. Samples were taken from the solution
periodically over a period of 4 weeks, and the concentration of the
organic materials determined. The results are presented in figure
5.3. This shows that the concentration built up rapidly to 0.035
gl-T after 2 days, then fluctuated and did not reach a stable value.
The failure to reach a stable value could be due either to
variations in the rubber compound and therefore types of organic
material passing through the plant, or due to the inaccuracy of the
technique of using a 100 ml sample to represent the average contents
of a 1135 litre solution.

However the initial rapid build up in the concentration of

organics does correlate with the rapid drop in the corrosion
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resistance of the phosphate coating produced using the works

Parco 95 phosphating solution (see 5.2), after a new solution had
been made up. Also the fluctuation in the concentration of organic
materials could explain the occasional marginal improvements in

the corrosion resistance of phosphate coatings produced using a
contaminated works solution, if there was a threshold value below
which the organic materials did not interfere with the phosphating
reactions. The suppliers could offer no alternative explanation for
the poor phosphate coatings, and agreed that it could be due to the
presence of the organic materials. Therefore it was decided to try

and identify these organic materials.

5.4.1 ldentification of the organic materials

The possible sources of the organic materials were:-

(i) The use of contaminated, recycled, water in the works

solutions.

(ii) The unofficial use of live steam heating on the plants,
transferring additives in the steam supply into the
solutions.

(iii) The solution leached out ingredients from the rubber
sections.

Sources (i) and (ii) were removed by having the live steam
heating taken off the plants, and converting the supplies of
recycled water on the plants to fresh mains water,however tests
showed the continued presence of organic material. The remaining
possible source of the organics was the rubber sections. In the
rubber sections the organics most likely to escape were those not

chemically bound into the structure, the extending oils and the
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anti-oxidants. Of these two it was most likely to be the
anti-oxidants, as some of those used were known to be water
soluble (60).

Using the Pareto's analysis discussed in Chapter 4 the anti-
oxidants used in 78% of the volume of work phosphated were found.
These materials, described in Table 5.6, were used as standards
in the tests carried out to identify the organic materials present

in the phosphating solution.

5.4.1 Infra red spectroscopy

Spectra were produced (3.6.2) of the organics extracted from
the automatic and manual phosphating plants. The two spectra were
nominally identical, and a representative spectrum is presented in
figure 5.4. This was compared with those produced (3.6.2) by the
materials listed in Table 5.6. The only material to show spectral
similarities with those of the extracted organics was C as shown
in figure 5.5 Comparing figure 5.4 and 5.5 most peaks occur
at the identical wavenumbers. However the extra peaks in the trace
for the unknown organics pointed to the presence of organics

additional to C.

5.4.2 Thin layer chromatography

Thin layer chromatography (3.6.1) analysis was carried out on
samples extracted from both the works phosphating solutions (3.6)
and on the materials listed in Table 5.6 by method (3.6.1(i)). The
spot colours and RF heights for C were also present in the organic
extract, as shown in Table 5.7. In addition there were five spots of
colours and RF heights that did not correlate with those of the

standards used. These results confirmed that C and other organics
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TABLE 5.6

ANT | -0X|DANTS

Code Trade Name Chemical Name
A Permanax BL Diphenylamine/acetone
condensation product.
B Permanax B Diphenylamine/acetone
condensation product.
C Permanax [PPD N-isopropyl - n'=-phenyl
p-phenylenediamine.
D Permanax 6 PPD N-1,3 dimethylbutyl-N'-
phenyl-p-phenylenediamine.
E Flectol Flakes 2,2,4 trimethyl =-1,2 dihy-

droguinoline.
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TABLE 5.7 SPOT COLOURS AND RF VALUES FOR MATERIALS ANALYSED

USING THIN LAYER CHROMATOGRAPHY

RF  Values
Material As received Treated(3.6.1.1| Colour of spot
extracted from (ii))
phosphating
solution c A
= - .06 Maroon
08 = .09 Yellow
i 15 = several with green
outer

* =19 = = Blue

.23 - .24 Yellow

<31 .31 - Mauve
% " .37 - - Yellow

.48 - .49 Blue
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were present in the solution. In order to identify the remaining
unknown organics, chromatograms of the materials in Table 5.6

were produced by method (3.6.1(ii)) to ascertain whether the unknown
organics were breakdown or reaction products of the materials in
Table 5.6. The spot colours and RF values for A analysed by this
method were also present in the organic extract as shown in Table
5.7. The spots marked with a * in Table 5.7 did not correlate with
those of the materials in Table 5.6 produced by both method
(3.6.1(i)) and method (3.6.1(ii)). However to identify the remaining
organics would have required broadening the experiment to testing
all the organic materials used in the rubber. In view of the

large number of organic materials used, and the time required to

analyse them the identification work was not taken further.

5.5 Duplication of the poor phosphating under laboratory conditions

The organics listed in Table 5.6 were added to laboratory
Parco 95 phosphating solutions to try and duplicate the problems
occurring with the works phosphating solutions. In each case a
sufficient amount of organic material was added to achieve a
concentration of 3 gI‘], as this would be well in excess of the
maximum concentration of organic material found in a works
phosphating solution. All the materials listed in Table 5.6 were
used as, although only materials A and C had been identified as
present in a works solution, other organic materials were still yn-
identified that could be related to the materials in the Table.

Each material listedin Table 5.6 was added to an individual
laboratory phosphating solution , and to determine whether the poor

phosphating was a result of two or more organic materials combining

-162 -



to interfere with the phosphating reactions all of the materials
listed in Table 5.6 were added to one solution.

Three panels were then phosphated (3.4) using each Parco 95
(3.4.3.1) solution stained (3.7.1), salt spray tested (3.8.1) and
evaluated (3.8.1.2). The results in Table 5.8 show that the
experiment failed to duplicate the poor phospahting as all the
panels failed between 72 and 96 hours with a rating of 4.1 or 5.1.
This pointed to theunidentified organic material in the works
phosphating solutions playing a role, either alone or in concert
with the identified organic materials, in interfering with the
phosphating reactions.

A further experiment was carried out to try and duplicate the
problems under laboratory conditions by phosphating (3.4) 40 typical
products using a laboratory solution of Parco 95 (3.4.3.1). Three
test panels were then phosphated (3.4), stained (3.7.1), salt spray
tested (3.8.1) and evaluated (3.8.1.2). However results of 72 to
96 hours to failure and failure ratings of 4.1, show the experiment
failed.

The phosphating chemical suppliers also took away a number of
products and attempted to reproduce the problem in their laboratory

without success.

5.6 Possible mechanisms of interference of the organic materials with

the phosphating reactions

The work has shown that the organic contaminants rapidly built
up in the works phosphating solutions, and at the same time the
corrosion resistance of the phosphate coatings produced using the

works solutions rapidly decreased, Thereafter the organic content
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TABLE 5.8 RESISTANCE TO THE SALT SPRAY TEST OF PHOSPHATE COATINGS

PRODUCED USING LABORATORY PARCO 95 SOLUTIONS TO WHICH

ORGANIC MATERIALS HAD BEEN ADDED

Treatment Resistance to salt spray* Rating at
test (hours) failure *
phosphating
solution containing
C 72 IS
A 88 5
B 72 5
E 96 4.1
D 72 4.1
All of the above 88 b1

* Typical result representative of the panels tested.
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of the works solutions fluctuated and the corrosion resistance of
phosphate coatings produced using a normal immersion time of

six minutes was poor while,the corrosion resistance of a phosphate
coating produced using extended immersion times was good. The

only abnormalities reported from the analyses of the solutions were
a slightly low iron content and the presence of organic materials.
In the lTight of this information it was decided to expand theory
(b) (see 5.3) to include mechanisms of how the organic materials
could be interfering with the phosphating reactions and causing
the deposition and coalescing of the phosphate crystals to take
longer.

(i) The materials were anti-oxidants, which could interfere
with the depolarisation of the cathodic sites by reacting
with the accelerators (oxidising agent). If the cathodic
sites were not depolarised this would prevent the approach
of the phosphating solution to these areas and prevent
the deposition of hopeite crystals (2.1.4.2). The phosphate
coating would then grow slowly by the phosphyllite crystals
in the anodic sites spreading sideways, forcing the
hydrogen off the surface, a process similar to that originally
suggested by Wulfson (see 2.1.3.2).

(ii) The organics present are complexing agents, which could
redissolve one of the phosphate crystals types as it was
deposited. The phosphate coating would then grow slowly, the
other crystal type spreading sideways by a process similar
to either the anodic theory suggested by Wulfson (2.1.3.2)
or the cathodic theory suggested by Machu (2.1.3.1)

depending on the type of phosphate crystal being deposited.

= |



(iii) As the organics were complexing agents they could
complex with the metal ions in the phosphating solution
at the metal/solution interface (see 2.1.4). This would
reduce the availability of the ions for the phosphating
reactions and would also explain the low iron content

reported by the suppliers (see 5.4).

5.7 Examination of the phosphate coatings

Rather than carry out a more detailed analysis of the
phosphating process using techniques such as the time potential
method it was decided to investigate the interference with the
phosphating reactions by examining the phosphate coatings using
the scanning electron microscope.

A set of coating weight panels (3.5.4) were phosphated (3.4)
using each works Parco 95 (3.4.3.1) phosphating solution and the
panels used for examination of the phosphate coatings using a
scanning electron microscope (3.9). Figures5.6 to 5.8 show the
phosphate coatings produced using the laboratory solution after
1,2 and 4 minutes respectively. Figure 5.6 shows that after 1
minute immersion deposition of the phosphate crystals had begun,
but areas of exposed metal were still visible. Figure 5.7 shows
that after 2 minutes immersion the phosphate coating had virtually
completed. Two types of phosphate crystal are evident, a thin
acicular crystal marked X and platelets marked Y which are hopeite
and phosphyllite respectively (see 2.1.6). After four minutes
immersion, the time taken for the coating weight curves of a
laboratory Parco 95 solution to achieve a constant value, the

coating was complete as shown by figure 5.8. This figure shows both
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the crystal types are well developed and there is no obvious
porosity. No major difference was evident in the phosphate coatings
examined when phosphating had been for longer than four minutes.
The micrographs of phosphate coatings produced using the two
works phosphating solutions showed the same trends and therefore
only one set of typical micrographs is presented here. Figure 5.9
shows that the appearance of the phosphate coating after 1 minute
immersion was similar to that of the laboratory produced phosphate
coating after the same time. The phosphate crystals had begun to
deposit on the metal surface but areas of bare metal are visible.
Figure 5.10 shows the phosphate coating after 4 minutes immersion.
This shows that unlike the laboratory produced phosphate coating,
large areas of exposed metal are visible as the phosphate coating
had not completed. Figure 5.11 shows the phosphate coating after
10 minutes immersion. Two types of phosphate crystal are now clearly
evident, but areas of bare metal are still visible as shown by a
higher magnification of the same area in figure 5.12. This type of
porosity was evident until coatings were examined after 25 minutes
immersion, the time taken for the coating weight curve for a works
solution (see 5.3) to reach a constant value. Figure 5.13 shows
the phosphate coating after 25 minutes, to be similar to the
phosphate coating achieved in a laboratory phosphating solution
after four minutes shown in figure 5.8. However, comparing the two
figures the phosphyllite crystals appear to be larger in the works
coating than in the laboratory coating, while the hopeite crystals
appear to be sparser and smaller, This points to the phosphyllite
crystals depositing on to the metal surface first and then

continuing to grow while hopeite crystals slowly deposit to complete
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the coating.

These micrographs confirm that the phosphate coatings produced
in works solutions, with the standard immersion time of six minutes
would be grossly porous. This porosity would decrease the protective
value of the phosphate coating and lead to the poor corrosion
resistance already reported for a works Parco 95 phosphate coating.
As both phosphate crystals are evident in the works phosphate coating
after 25 minutes immersion, and none of the coatings examined showed
any signs of resolution of the phosphate crystals the micrographs
disprove theory (ii) (see 5.6) regarding the interference with the
phosphating process. The longer time taken to achieve a complete
phosphate coating in the works solution points to either theory (i),
or theory (iii)or a combination of the two being correct. However,
theory (i) does require modification as the micrographs show that
the cathodic reaction is slowed down, not prevented, as the coating
does eventually complete with both hopeite and phosphyllite crystals
present not just phosphyllite crystals. This suggests the phosphating
solution had reverted to an unaccelerated solution of the type
originally patented (16) in which the phosphate coating deposited
very slowly without the aid of accelerators. However, theory (i)
alone is insufficient to explain the phenomenon, in that if the
organic materials were reacting with the accelerator, the amount
of accelerator available for containing the iron content of the
solution would be limited and a high iron content would be expected
(2.1.5.1). The analyses of the works solutions had however
consistently indicated a slightly low iron content and it is
suggested that this indicates there was a complexing effect of the

organic materials with the metal ions as suggested in theory AREH
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Therefore the micrographs appear to show that it is a combination
of theories (i) and (iii)that describes the process of interference
with the phosphating reactions. These theories are not taken
further as all the organic materials in the works solution had not
been identified.

The coating weight curves for the works Parco 95 solution and
for the laboratory Parco 95 solution are presented schematically in
figure 5.14 and 5.15. These figures show the regions of coating
weight deposition and completion together with the resulting corrosion

resistance of the phosphate coatings.

5.8 Options for overcoming the problem

The ways of overcoming the effects of the organic materials
that were considered were:-

(i) Phosphating the metals at some stage prior to bonding
the rubber and metal sections, to avoid contaminating
the phosphating solution with organic materials.

(ii) Dumping the phosphating solution when it becomes
contaminated and making up a fresh solution.

(iii) Continously filtering the organic materials from the
works solutions.

(iv) Decanting the solution into a holding tank and dosing
it with chemicals to precipitate out the organic
materials,

(v) Change to using a phosphating solution in which such
interference by the organic materials would not occur.

(vi) Changing to using a phosphating solution in which the
phosphating reactions would react with and 'neutralise’

the organic materials, and deposit a complete phosphate
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coating.

Option (i) was discounted because the phosphate coating would
become damaged by the operations involved in the moulding and
deflashing stages of manufacture.

Options (ii) to (iv) were discounted on the grounds of cost,
because of the rapid initial increase in the concentration of
organic materials, and correspondingly rapid decrease in the corrosion
resistance of the phosphate coating produced. A works situation
would require the complete solution to be treated or dumped every
two days.

Pyrene, the Parco 95 suppliers were contacted and they offered
an alternative phosphating solution they believed would comply with
option (v) or (vi), Bonderite 181X. As described in section (3:5.3.2)
this solution was to be operated on the nitrite side (see (2.1.5.1)
with an organic additive (see 2.1.5.2) to convert it from a medium
to a heavyweight phosphating solution and at a processing
temperature of between 50 and ?OOC.Pyrene suggested that Bonderite
181X might comply with option (v) because at the lower processing
temperature of 50 to ?UOC less organic material might be leached
from the rubber sections and in addition the solution is tolerant
to the presence of organic materials because it is used with an
organic additive. Furthermore, they suggested, Bonderite 181X
might comply withoption (vi)'s requirements because as extra
accelerator can be added, any accelerator lost by reaction with

the organic materials, suggested in section 5.6,could be replaced.

5.8.1 Laboratory trial of Bonderite 181X

To assess the suitability of Bonderite 181X as a replacement
for the Parco 95 phosphating solution the following laboratory trials
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were carried out.

5.8.1.1 Coating weight curves

Panels were phosphated (3.4) using the Bonderite 181X
solution (3.4.3.2) at temperatures of 56,60,64 and 68°C and the
coating weights determined (3.5.4). The true phosphate coating
weight curves for each temperature are presented in figures 5.16
to 5.19 respectively. These show that at solution temperatures of
56 and 60°C the coating weight curves do not reach a constant
value indicating the phosphate coating had completed until six
minutes phosphating. |t was not practical to increase the production
phosphating time to more than six minutes because it would increase
the cost of the phosphating process. Therefore a phosphate coating
completion time of six minutes meant solution temperatures of 56
and 60°C were not practical. At solution temperatures of 64 and
68°C the coating weight curves reach a constant value after two
minutes, a time compatible with the production phosphating time of
six minutes. Comparing the curves for these two temperatures with
figures 3.7 and 3.8 for a Parco 95 laboratory phospating solution
at its working temperatures, no major differences are evident.
Although the final coating weight achieved by the 181X phosphating
solution is slightly higher than that for the Parco 95 solution
this was not considered to be detrimental.

The metal loss and addition phosphate coating weight curves for
the Bonderite 181X solution are presented in figures 5.20 and 5.21
for solution temperatures of 64 and 68°C respectively. The metal
loss curves show that metal was lost up to an immersion time of 4

minutes, a slightly longer time than for a specimen immersed in a
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Parco 95 solution at working temperature, but still a sufficiently
short-time to be compatible with the production phosphating time of

6 minutes. However the constant values of between 6 and 7 grn-2

that
the Bonderite 181X curves reach are similar to those achieved by the
Parco 95 curves (see 3,10.2).lt is suggested that the longer time taken
by the metal loss curve to achieve a constant value in the Bonderite
181X solution reflects the different ways in which a heavyweight
phosphate coating is deposited by the two solutions. The Parco 95
solution uses a temperature between 82 and 88°C with moderately
accelerated phosphating reactions compared to the high level of
acceleration combined with an organic additive and lower temperature
range of 64 to 68°C used in a Bonderite 181X solution. The addition
phosphate coating weight curves reach a constant value of between

2

2 and 13 gm © after 4 minutes.

5.8.1.2 Examination of the Bonderite 181X phosphate coating

A test panel was phosphated (3.4) using a laboratory solution
of Bonderite 181X (3.4.3.2) and the resulting phosphate coating
examined using a scanning electron microscope. A representative area
is shown in figure 5.22. This shows the phosphate coating to have
completed at six minutes immersion. It also shows the coating
consists predominantly of the phosphate crystal hopeite as would
be expected for a highly accelerated zinc phosphating solution

X2, 1.6},

5.8.1.3 Protective value of a Bonderite 181X phosphate coating

Although the indications from the previous work were that

Bonderite 181X produced a phosphate coating with similar
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characteristics to a Parco 95 coating it was not known whether the

protective value of the finishes based on a phosphate coating would

be detrimentally affected by a change from Parco 95 to Bonderite

181X. Although the performance of a laboratory produced Parco 95
phosphate coating was not matched by the performance of a
corresponding works coating, it was the former performance that was
sought. Therefore the protective value of a Bonderite 181X
laboratory produced phosphate coating was compared with that of a
Parco 95 laboratory produced phosphate coating by preparing test
panels of each finish based on a phosphate coating. In the following
tests, six panels were phosphated (3.4) using a laboratory solution
of Parco 95 (3.4.3.1) and six panels using a laboratory solution

of Bonderite 181X (3.4.3.2),before the relevant supplementary
finishes were applied. Three panels were used in each of two duplicate
tests, however, as there were no marked differences between the
results from the two tests the results are presented as one set in
each case.

(i) Phosphate and stain

The phosphated panels were stained (3.7.1), salt spray tested
(3.8.1) and evaluated (3.8.1.2). The results in Table 5.9 show that
there was no major difference between the times to failure of the
panels at 88 hours but a slight difference in the rating at failure.
The Parco 95 and stain coatings failed with a rating of 4.1, while
the typical failure rating of the Bonderite 181X and stain coating
was 5.1. This difference is suggested to be due to the different
phosphate crystal structures. The platelet and acicular crystal types
that make up a Parco 95 coating provide a range of shapes and sizes
of phosphate crystal which pack together well as they grow out from
the surface. In comparison the single crystal type of the
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TABLE 5.9 COMPARISON OF THE RESISTANCE TO THE SALT SPRAY TEST

OF A PARCO 95 AND A BONDERITE 181X PHOSPHATE COATING

WHEN STAINED

ofa

Treatment Resistance to salt spray* Rating at *
test (hours) failure

Phosphated using

Bonderite 181X 88 5.1

Phosphated using

Parco 95 88 4.1

* Typical result representative of the panels tested.
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Bonderite 181X phosphate coating is unable to provide the same
range of crystal shapes, therefore the crystals are not able to
pack together so closely and cover the base metal as efficiently.
Thus the Bonderite 181X coating has more weak spots than a Parco

95 coating, leading to more corrosion spots. However, this
difference was judged not to be significant as both coatings were
able to meet the requirements of the relevant specifications listed
in Table 1.2

(ii) Phosphate and oil

The panels were oiled (3.7.2) then salt spray tested(3.8.1)
and evaluated (3.8.1.2). The results in Table 5.10 show that none
of the test panels had failed after 192 hours exposure. Testing
was halted at this stage as the coatings had easily exceeded the
requirements listed in Table 1.2.

(iii) Phosphate and a thin coat of paint

In addition to testing the resistance to the appearance of
corrosion the adhesion of the paint film was tested. The panels
were painted (3.7.4.2),then salt spray tested (3.8.1) and
evaluated (3.8.1.2)(3.8.1.3). The results in Table 5.11 show that
the times to failure and rating at failure were identical at
48 hours and 4.3 respectively. The times to failure of the adhesion
of the paint film were also identical at 24 hours.

(iv) Phosphate and a thick coat of paint

The panels were painted (3.7.4.1) then salt spray tested
(3.8.1) and evaluated (3,8.1.2)(3.8.1.3). The results in Table
5.12 show all the Parco 95 phosphated panels failed after 192 hours
exposure with a rating of 5.1, and the paint adhesion failed after

72 hours. There is some variability in the results for the Bonderite
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TABLE 5.10 COMPARISON OF THE RESISTANCE TO THE SALT SPRAY TEST OF A

PARCO 95 AND A BONDERITE 181X PHOSPHATE COATING WHEN

OILED
Treatment Resistance to salt spray test *
(hours)
Phosphated using
Bonderite 181X 192
Phosphated using
Parco 95 192

* Typical result representative of the panels

tested.
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TEST 5.11 COMPARISON OF THE RESISTANCE TO THE SALT SPRAY TEST

OF A PARCO 95 AND A BONDERITE 181X PHOSPHATE COATING

WHEN PAINTED (3.7.4.2)

Treatment Resistance to salt | Rating at Time to failure
spray test (hours)* | failure* of adhesion test
Parco 95 48 4.3 24
Bonderite
181X L8 4.3 24

* Typical result representative of the panels tested.
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TABLE 5.12

COMPARISON OF THE RESISTANCE TO THE SALT SPRAY TEST OF

PARCO 95 AND A BONDERITE 181X PHOSPHATE COATING WHEN

PAINTED (3.7.4.1)

Treatment Resistance to salt Rating at Time to

spray test (hours) failure failure of

adhesion test

Phosphated
using Parco 95 192% 5.1% 12%
Phosphated using
Bonderite 181X 192%% 5.1 1923%%
Phosphated using
Bonderite 181X 14 4% 5.1 L,8%%

* Typical result representative of the panels tested.

** Two typical results are presented for the Bonderite 181X

phosphated panels as each value represents 3 test results.
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181X phosphated panels, 3 gave a slightly poorer performance than
the Parco 95 panels failing after 144 hours exposure with a rating
of 5.1 with the paint adhesion failing after 48 hours. The other

3 gave an equivalent performance failing after 192 hours exposure
with a rating of 5.1 and a better paint adhesion result of 192
hours to failure,.

In terms of visual corrosion all the panels passed the
requirements of the specifications listed in Table 1.2. The adhesion
results for 3 of the Bonderite 181X panels were far superior to
the results for the Parco 95 panels, and 3 were marginally poorer.
Therefore a change to Bonderite 181X was judged to be acceptable for
this finish as well as the other 3 finishes based on a phosphate

coating.

5.8.1.4 Preproduction trial

Samples of several product configuratiorswere obtained (3.2)
and wheelabrated (3.3). Half of the samples were phosphated (3.4)
using a laboratory solution of Bonderite 181X (3.4.3.2) and half
using a laboratory solution of Parco 95 (3.4.3.1). The samples were
then coated with the four supplementary finishes, stain, oil, a
thin coat of paint and a thick coat of paint with normal production
batches under unsupervised conditions, No problems were found for
samples with either phosphate coating and no differences were

apparent when samples of each finish were examined visually.

5.8.1.5 Laboratory duplication of contamination with organic

materials

It had not been possible to duplicate in the laboratory the
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effect that the organic materials had in the works Parco 95
phosphating solutions. Therefore it was not possible to assess
in the laboratory whether a Bonderite 181X phosphating solution
would be similarly affected by the presence of the organic
materials. The only way to assess the system was to subject
Bonderite 181X to a works trial in one of the works phosphating

plants.

5.8.1.6 Critical path analysis of the work required for a works

trial of Bonderite 181X

A simple critical path analysis for the works trial of
Bonderite 181X is presented in figure 5.23. The lead up to the
trial included the need to obtain health and safety approval for
the solution and, permission to use the phosphating plant before
an order for the required chemicals could be placed. The three
stages of receiving the chemicals, obtaining the necessary repairs
to the phosphating plant and communicating information regarding
the trial to key personnel then had to be completed prior to starting
the trial. The final stages are shown as being the actual cleaning
out of the plant and making up of a Bonderite 181X phosphating

solution.

5.8.1.7 Health and safety aspects of using Bonderite 181X

Before pressing the case for a works trial of Bonderite 181X
approval of the solution was sought from the Dunlop Divisional
Health and Safety Manager. The need for this arose because the
solution would require regular additions of sodium nitrite a

chemical which had, where possible, been withdrawn from use when

-193-



uojanjos bujzeydsoyd xig|
91 |JMspuog 3yi jJO |eja] sy4oM 3yl 03 Jojdd pasinbas dioMm 3y1 jo sisAjeue yjed |esy3i1ag

€¢°G eanbig

uol4ewJo Ul
AJessadau
3}eJIUNWWo)

uoI4n10s [ jueyd
Mau

'3

jued
jueyd < 0} sJiedadJ s|eaway? -
Eocmm_u

1eAoJdde

L 3

dn ayel

asn 0} (—

INETES
8 UileeH

949)dwo) JapJdo

uoISSIWJ3d

s|eaway?
dAIRIBY [

-194 -



direct contact with a rubber was involved. Work has shown that
nitrite in contact with secondary amines under certain conditions
can form nitrosamines (61), some of which are potent carcinogens

in animals (62). After discussing the situation with the

Divisional Health and Safety Manager and the Scientific Adviser

it was decided that a consultation with the Environmental Health
Manager for the Dunlop Group was necessary. A memorandum (appendix
3a) sent to the Environmental Health Manager stated that whilst the
Division was pursuing a policy of preventing the use of sodium
nitrite-containing materials in contact with rubber, it was not
possible to find alternative materials in all cases. In the case of
the phosphating solution the risk involved in the use of sodium
nitrite was believed to be negligible for three reasons. Firstly,
the possibility of their being secondary amines at the surface of
the rubber was small, secondly, the concentration of sodium nitrite
in the phosphating solution was low, and thirdly, the conditions
prevalent in the phosphating solution would not be conducive to the
formation of stable nitrosamines.

In a reply to this memorandum (appendix 3b) permission to use
the Bonderite 181X process was given. Further consultation was
carried out with the Environmental Health Manager to ensure that
he was aware of the use to which the solution was to be put. Samples
of the solution were also taken to Central Research, Analytical

section, and permission to use the process was not withdrawn.
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5.8.2 Works trial of Bonderite 181X

A memorandum summarising the need to replace the Parco 95
phosphating solution, and indicating that a comparison of the
Parco 95 and Bonderite 181X phosphating solutions had shown that
they were interchangeable was issued (appendix 3c). The memo was
followed by a talk to the Production Managers on the work reported
in this chapter. After the talk the need to carry out repairs to
the plants before a trial was strongly pressed. A compromise was
reached whereby it was agreed to bring the automatic phosphating
plant up to the required standard, but repairs to the manual
phosphating plant would be held in abeyance until the results of
the trial were known.

After the talk a memorandum was received from the Works
Manager (appendix 3d) urging that a phosphating solution to replace
the Parco 95 solution should be introduced as soon as possible.

Sufficient chemicals were ordered to run the automatic plant
for eight weeks (appendix 3e). Shortly before the trial was due to
commence a meeting was held to finalise arrangements for the trial
(appendix 3f) and the necessary Health and Safety documents were
issued on a temporary basis (appendix 3g).

On May 19th 1979 a Bonderite 181X solution was made up in the
automatic phosphating plant and for comparative purposes a fresh
solution of Parco 95 was made up in the manual phosphating plant.
At the start of the trial, the repairs to the automatic plant had
not been completed, which caused the author to supervise the
operation of the plant for its use of two shifts per day, particularly
to ensure that the temperature of operation was kept between 64 and

68°C.
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5.8.2.1 Variation of the corrosion resistance of the phosphate

coating

During the first four weeks of the trial 3 test panels were
phosphated regularly using the works Parco 95 solution (3.4.3.1)
and using the works Bonderite 181X solution (3.4.2.2). The panels
were then stained (3.7.1), salt spray tested (3.8.1) and evaluated
(3.8,1:2).

The results in Table 5.13 show that the panels produced using
the Parco 95 solution dropped from a salt spray resistance of 72
hours with a rating of 4.1 to a resistance of 16 hours with a
rating of 7.5 after 6 days. Thereafter the panels produced using
the Parco 95 solution, typically failed at 16 hours with a rating
of 7.5, with occasional improvements to 48 hours resistance with a
failure rating of 5.1. The improvements did not appear to coincide
with any particular incidents. In comparison the panels produced
using the Bonderite 181X solution typically failed after 40 or 48
hours with a failure rating of 5.1 or 4.1, irrespective of the age
of the solution. The variations from this typical value were
improvements to a resistance of 64 hours or more with a rating of
L.1 or 5.1 or drops to 24 hours rating 5.1. Towards the end of
this evaluation the trend was for the higher corrosion resistance
of 72 hours or more, rating 4.1 or 5.1 to be maintained by the
panels processed in the Bonderite 181X solution. This is suggested
to be due to better control being achieved over the sodium nitrite
content of the solution towards the end of the trial. Two changes
contributed to this, firstly, thermostats were fitted to the plant.
These allowed closer control over solution temperatures, and in

particular prevented the temperature of the phosphating solution
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TABLE 5.13 VARIATION OF THE RESISTANCE TO THE SALT SPRAY TEST

OF PARCO 95 AND BONDERITE 181X PHOSPHATE COATINGS.

Age of solution Phosphated using Phosphated using
days Parco 95% Bonderite 181x*
Salt spray Rating at | Salt spray | Rating at
resistance failure resistance [ failure
(hours) (hours)

1 72 L1 72 L1
2 48 5.1 24 5.1
3 24 6.4 24 5
b 48 53 72 Lol
5 24 7.5 48 4.1
6 16 7.5 Lo il
10 16 725 48 b1
11 L8 5.1 Lo L1
16 16 1.5 L8 Bl
17 16 7.5 L8 L1
18 16 7.5 24 5.1
22 48 5l 24 5.1
24 16 7.5 64 5.1
25 24 75 16 4.1
29 Lo 5.1 64 L1
30 16 7.5 32 5.1
31 16 7.5 88 4.1
32 16 7.5 88 4.1
38 16 7.5 72 5.1
39 16 75 s 4.1

*Typical result representative of the panels tested.
Oy




exceeding ?UOC as had happened on occasions. Above 70°C sodium
nitrite decomposes (30) in a phosphating solution and on the
occasions the temperature exceeded ?OOC the Bonderite 181X solution
quickly changed to running on the iron side (see 2.1.5.1).
Secondly, during the trial it was found that twice daily additions
of sodium nitrite were required to maintain the solution on the
nitrite side. Additions of sodium nitrite were not made at that
frequency at the start of the trial as the Bonderite 181X solution
should have generated sufficient nitrite during use not to need
external additions (see section 2.1.5.1). During the early part of
the trial this resulted in the solution changing to running on the
iron side several times. The need for additions of sodium nitrite
is suggested to indicate that it was taking part in a reaction

that would not normally occur in a Bonderite 181X phosphating
solution. This reaction could be with the organic materials,
preventing their interference with the phosphating reactions (see
5.8). Further evidence in support of this was that when the Bonderite
181X solution did change to running on the iron side the phosphate
coatings produced were discoloured brown As a Bonderite 181X
solution running on the iron side deposits a phosphate coating by
similar reactions to a Parco 95 solution running on the iron side,
this could be due to organic materials, no longer being neutralised
by the sodium nitrite when they entered the solution, causing the

deposition of an incomplete phosphate coating.

5.8.2.2 Concentration of organic materials in the works Bonderite

181X phosphating solution

During the first four weeks of the trial, samples of the
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phosphating solution were taken twice weekly and the organic materials
extracted (3.6). The results in figure 5.24 show that the
concentration of organic material in the Bonderite 181X solution,
started at .0275 gl-1, which represented the Additive 3 content

(see section 2.1.5.2) and was part of the make up of the solution,
and subsequently fluctuated between .01 and .0475 gl~1. To ascertain
whether this fluctuation was due to variation in the Additive 3
content of the solution, or due to other organic materials entering
the solution, the extracted organic materials were analysed using
thin layer chromatography (3.6.1). The results of these analyses
showed no difference in the organics extracted from the solution

as made up before or during its use. This confirmed that either the
organic materials were not being leached into the solution because

of its lower operating temperature, or that the organic materials
were reacting with chemicals in the phosphating solution and being
precipitated as sludge. The fluctuations in the concentration of
organic materials in the Bonderite 181X solution is suggested to
reflect the disadvantage of making large daily additions of Additive

3 to the solution, instead of regular small additions.

5.8.2.3 Report on the works trial

During the period of the trial a memo (appendix 3h) was
received from the Product Design and Development Manager enquiring
about the validity of unofficial reports he had received of an
improvement in the quality of the phosphate coatings being produced
at Metalastik. However, it was not until the results reported in
the last two sections had been obtained that sufficient confidence

was felt to issue a report on the trial. The report attached as
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appendix 3j was then issued summarising the results, and indicating

that the improvement in the phosphate coating, resulting from the

use of Bonderite 181X, merited an immediate change to that solution.

The following cost benefit analysis of the change was included.

Cost benefit analysis of a change from Parco 95 to

Bonderite 181X

Accurate usage rates of the Parco 95 chemicals were only

available on a yearly basis as the amount issued from works stores.
The information on the additions authorised each day to the plants
was grossly inaccurate due to the unofficial additions made by
the plant operators. Therefore the following comparison was based
on yearly usage.
Chemical Costs
Cost of chemicals for a Parco 95 solution
Chemical Annual consumption kg Cost/kg Annual Cost Total
Parco 95 R 7,700 57p £4,389
Parco 95 IMU 1,162 57p £ 662

£5,051
Pyrene give the average consumption rates of chemicals as:-
Chemical Average usage rate in grammes used per square metre

processed
g/m*

Parco 95 2.5
181X 3.5

Therefore an increase in the usage of chemicals of 40% would be

expected on changing from Parco 95 to Bonderite 181X.
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Cost of chemicals for a Bonderite 181X solution

Chemical Estimated annual consumption Cost/kg Annual Cost Total
Bonderite 10,780 61p 6,576
181X R
Bonderite 1,136 61p 693
181X IMU
Additive 3 1,540 80p 1,232
Compensating
solution No.2 220 31p 68
£8,569
Increase in chemical costs £3,518

Cost of solution renewals
Parco 95 solution
Number of renewals  Hours per No. of men Cost per Annual cost
(1978) renewal man hour

15 6 2 £3 £540
Bonderite 181X
Estimated number hours per No. of men Cost per Annual cost
of renewals renewal man hour
required

12 6 2 £3 £432

Saving in labour costs £108
Cost of heating solutions
Tank Temperature using Temperature using Reduction Saving in
Parco 95 Bonderite 181X in Temp. £s/annum
Phosphating 88°C plus 70°C or less 18°¢ 2,445%
Post-
phosphating
Rinse 2 90°¢ 70°¢ 20°¢ 1,005
Rinse 3 90°¢ 70°C 20°C -
Saving on heating £3,450

* steam costed at £2.50 per 1000 1bs.
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Total saving per annum resulting from a change to Bonderite 181X

Increase in chemical costs £ (£3,518)

Saving on labour costs £ 108
Saving on plant heating £3,450
Total £ 4o

Thus even assuming a 40% increase in chemical usage the process
shows a cost saving before taking into account the benefits of
a decrease in production problems,a decrease in the amount of
chemicals wasted and an improvement in quality.

The report was presented at a meeting of the Production
Managers. A memorandum (appendix ) from the Quality Assurance
Manager was the first reaction to the report in which it was
urged that the recommendations of the report should be implemented.
Shortly afterwards a memorandum (appendix 31) was received from the
Works Manager accepting the findings of the work and asking that

the recommendations of the report be implemented.

5.8.3 Introduction of Bonderite 181X as the standard phosphating

solution
A memorandum (appendix 3m) was sent to the Purchasing Department
advising them of the change to Bonderite 181X, and asking for a
meeting to discuss the changeover. At the meeting it was agreed to
use up the remaining stocks of Parco 95 in the manual phosphating
plant and continue using Bonderite 181X in the automatic phosphating
plant. Purchasing also agreed to negotiate with Pyrene regarding the

price of the Bonderite 181X chemicals, and a further memorandum
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(appendix 3n) was sent outlining the reasons for believing
the chemicals to be overpriced.

As a lever in the negotiations with Pyrene the Purchasing
Manager indicated to Pyrene that the Division would not change to
Bonderite 181X unless the prices were reduced. In order to convince
them he refused to order any further supplies of Bonderite 181X
until a price reduction was obtained. During the period of
negotiations the stocks of Bonderite 181X chemicals were finished
and the stage was reached when consideration was given to changing
the automatic plant back to Parco 95. However at this stage an
emergency order for Bonderite 181X chemicals was forced through
the Purchasing Department. Had the order not been forced through
the cost of the lost production on the automatic phosphating plant
and the cost of having to change the phosphating solution from
Bonderite 181X to Parco 95 and then back to Bonderite 181X would
have more than accounted for the first years savings resulting from
the reduction in price to 56p per kg for the Bonderite 181X Rand
IMU chemicals that was eventually achieved. This illustrates the
departmental attitude that exists within Metalastik, where each
department attempts to optimise its own function and is oblivious
to the costs and problems this creates for other departments.
T.McCrae (65) suggests this attitude is characteristic of
organisations facing acomplex and uncertain world.

The chemicals were made stock items and the Health and Safety
information re-issued on a permanent basis. A memorandum was then
sent to the Engineering Department (appendix 3p) outlining the
repairs required to the manual phosphating plant in preparation for

converting it to Bonderite 181X.
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It was not until March 1980 that the stocks of Parco 95
were finished. This was due to the large stock held, and disputes
outside the Division causing the introduction of a short working

week for a period.

5.8.3.1 Performance of Bonderite 181X in the manual phosphating plant

Three test panels were phosphated (3.4) weekly using the
Bonderite 181X (3.4.3.2) phosphating solution in the manual
phosphating plant, over the first four weeks of its operation.
These were then stained (3.7.1), salt spray tested (3.8.1) and
evaluated (3.8.1.2). The results in Table 5.14 show that the panels
failed the salt spray test after 72 or more hours with a rating of
5.1. The better performance of the Bonderite 181X solution in this
plant than reported for the early part of the trials in the
automatic plant is suggested to be due to better control over the
temperature of the solution, and the sodium nitrite content, being

achieved from the start of the trial.

5.8.3.2 Reduction in the production of discoloured phosphate coatings

The corrosion resistance of the phosphate coatings produced
using works phosphating solutions had increased as a result of
changing from Parco 95 to Bonderite 181X but it was not known whether
there had also been a reduction in the number of discoloured
phosphate coatings produced, For this assessment the manual
phosphating plant was used since it was more open to abuse because
of the degree of control the operator had over this plant. The
number of discoloured phosphate coatings was assessed by examining

visually at random 100 tote tins of products that had been phosphated
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TABLE 5.14 RESISTANCE TO THE SALT SPRAY TEST OF PHOSPHATE COATINGS

PRODUCED USING BONDERITE 181X IN THE MANUAL PHOSPHATING

PLANT

Number of weeks Resistance to * Rating at *
of using Bonderite 181X salt spray test failure
in the manual plant (hours)

1 72 5.1

2 96 Sl

3 72 5.1

4 88 5.1

* Typical result representative of the panels tested
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under unsupervised conditions,

The bar chart in figure 5.25 shows the number of tote tins
containing a percentage of defective coatings when the plant was
using Parco 95, and figure 5.26 shows the results of the same
study carried out when the plant was using Bonderite 181X. The
results show a dramatic decrease in the production of defective
coatings from 73 tote tins containing 90-100% discoloured coatings
when using Parco 95 to virtually no discoloured coatings when the

plant was using Bonderite 181X,

5,8.3.3 Assessment of the resistance to the salt spray test of the

finishes based on a works Bonderite 181X phosphate coating

To assess whether using the Bonderite 181X under shopfloor
conditions was causing any decrease in performance the following
experiments were carried out, assessing the finishes based on a
works Bonderite 181X phosphate coating. In each of the tests three
test panels were phosphated (3.4) using a works solution of
Bonderite 181X (3.4.3.2) and then the supplementary finish applied.

(i) Phosphate and stain

The phosphated panels were stained (3.7.1), salt spray tested
(3.8.1) and evaluated (3,8.1.2). The results in Table 5.15 show that
the panels failed after 64 hours testing with a rating of 5.1. This
result for the test was slightly poorer than that reported for a
laboratory coating of Bonderite 181X and some of the results of the
works trials but was sufficient to meet the customer requirements

listed in Table 1.2,
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TABLE 5.15 RESISTANCE TO THE SALT SPRAY TEST OF THE FINISHES BASED

ON A WORKS BONDERITE 181X PHOSPHATE COATING

Treatment Salt spray¥* Rating ats* Time to the*
resistance failure failure of paint
(hours) adhesion
Phosphate and
stain 64 5.1 B
Phosphate and
oi l T4l - -
Phosphate and a
thin coat of
paint 48 4.3 24 (2)
ko (1)
Phosphate and a
thick coat of
paint 144 - 1445

* Typical results representative of the panels tested

** These values are the times at which the test was stopped

not times to failure.
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(ii) Phosphate and oil

The phosphated panels were oiled (3.7.2), salt spray tested
(3.8.1) and evaluated (3.8.1.2). The results in Table 5.15 show
that the panels had not failed after 144 hours exposure. After 1h4k
hours the test was stopped as the panels had exceeded the customers
requirements listed in Table 1.2.

(iii) Phosphate and a thin coat of paint

The panels were painted (3.7.4.2), salt spray tested (3.8.1)
and evaluated (3.8.1,2) (3.8.1.3). The results in Table 5.15 show that
all the panels failed the appearance evaluation after 48 hours
testing, with a rating of 4.3. Two panels failed the paint adhesion
test after 24 hours and the third after 40 hours. These results are
virtually identical with those exhibited by the panels that had
received a laboratory coating of Bonderite 181X.

(iv) Phosphate and a thick coat of paint

The panels were painted (3.7.4.1), salt spray tested (3.8.1)
and evaluated (3.8.1.2) (3.8.1.3). The results in Table 5.15 show
that the panels had not failed either on appearance or paint
adhesion after 144 hours testing. After 144 hours the test was
stopped as the panels had achieved the customers requirements

listed in Table 1.2.

5.8.4 Alterations to Design Data Sheet 38

The results show that the change to Bonderite 181X had
achieved the desired improvement in the resistance to the salt
spray test of the finishes phosphate and oil, and phosphate and
stain, without any detrimental effect on the two paint finishes

based on a phosphate coating. Therefore it was decided to alter
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the information on Design Data Sheet 38 which gives details of
the finishes used at Metalastik. This design data sheet is used
by the draughtsperson to decide which finish is required on a
product at its design stage.

Table 5.16 shows the salt spray resistances claimed for the
finishes prior to this work, and Table 5.17 shows the new values
claimed.

The resistance claimed for the finish phosphate and stain was
raised from 16 to 56 hours, but not 64 hours or more as had been
achieved because 56 hours was sufficient to meet the majority of
customers requirements and raising the salt spray resistance any
higher could lead the draughtsperson to believe the finish was
better than the thick paint finish or nearly equivalent to phosphate
plus a thick paint finish.

The resistance claimed for the finish phosphate and oil was
raised from 24 to 48 hours. This figure was chosen because it met
the majority of the customer requirements listed in Table 1.2.

A higher figure could have been chosen as the results for phosphate
and oil coatings easily exceed 48 hours resistance. However as a
higher figure could lead the draughtsperson to believe the phosphate
and oil finish was better than a phosphate and heavy coat of paint
finish the figure of 48 hours was chosen. This highlights a
criticism of the salt spray test, that it does not duplicate in
service conditions, and unless the results are used carefully
misleading information can be generated.

The resistances claimed for the paint finishes were not altered

as the objective had been to maintain them at their existing levels
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TABLE 5.16 SALT SPRAY RESISTANCES CLAIMED FOR FINISHES PRIOR

TO THIS WORK
Basic component preparation
Organic coating applied None Heavyweight phosphate
(Hours)
N1 i i
Black stain - 16
0il 16 24
Paint finish (thin) 16 36
Paint finish (thick) 48 96

TABLE 5.17 SALT SPRAY RESISTANCES CLAIMED FOR FINISHES AFTER

THIS WORK

3 : ; Basic component preparation

Organicicoating appllec None Heavyweight phosphate
(Hours)

Nil = -
Black stain - 56
0il 16 48
Paint finish (thin) 16 36
Paint finish (thick) 48 96
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which were already capable of satisfying the majority of the
requirements listed in Table 1.2. Also as this work had concentrated
on improving the phosphate and oil or stain finishes further testing
would be required before sufficient confidence was felt to change
the salt spray resistances claimed for other finishes.

All the salt spray resistances claimed in the data sheet carried
the important rider that the values had been determined using test
panels and that allowance would have to be made for any
configurations such as crevices, joints or other corrosion traps
that might lower the ability of the product to withstand the test.

The new Design Data Sheet 38 is shown in appendix 4 where
a supplementary table that was attached to Design Data Sheet 38
can be seen. This table recommends the Metalastik finishes that
should be applied to meet the various customer specifications. Where
a finish could not be recommended, a note was entered to discuss
the requirement with a Technical Authority. The table had the aim
of making it easier for the draughtsperson to select the correct
finish for a product. This should prevent the use of the wrong type
of finish to meet a particular salt spray resistance as happened

on numerous occasions during this work.

5.8.5 Testing of products to ensure that the finishes based on a

phosphate coating, produced under normal shopfloor conditions,

are capable of achieving the salt spray resistances claimed

in DDS 38
On a random basis, samples of products that had received the
four finishes based on a phosphate coating under unsupervised

shopfloor conditions were obtained (3.2). These were salt spray tested
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(3.8.1) and evaluated (3.8.1.2). After making allowance for
corrosion that resulted from the products configuration (see 5.8.
L) lowering the ability of the finish to withstand the salt spray
test, the four types of finish were all found to be capable of

meeting the salt spray resistances claimed in Table 5.17.

5.8.6 Evaluation by atmospheric corrosion testing of the improvement

to the finishes resulting from the change to Bonderite 181X

If resistance to the salt spray test was used to rank the
finishes based on a phosphate coating, the order would be as shown

in Table 5.18.

TABLE 5.18 RANKING OF FINISHES BASED ON A PHOSPHATE COATING USING

THE SALT SPRAY TEST AS A MEASURE OF THEIR CORROSION

RES I STANCE

Resistance to the Finish Ranking
salt spray test (hours)

192 Phosphate and oil Best
192 Phosphate and a thick
coat of paint
72 Phosphate and stain
L8 Phosphate and a thin )
coat of paint Worst

However under the various types of corrosion conditions in
service a phosphate and oil finish would not often be expected to
give equivalent service life to a phosphate and thick coat of
paint finish. Similarly a phosphate and stain finish would not often

be expected to give better service life than a phosphate and thin
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coat of paint finish. Again this highlights a criticism often made
of the salt spray test, that its results bear little correlation
with the results that can be expected in service (2.2.2).

Therefore it was decided to ascertain the ranking of the
finishes based on a works Bonderite 181X phosphate coating under
atmospheric corrosion conditions. At the same time it was decided
to investigate whether the improvement in the resistance to the
salt spray test of the finishes based on a works phosphate coating
that resulted from changing to Bonderite 181X was apparent under
atmospheric corrosion conditions.

Sixteen test panels phosphated (3.4) using a works Bonderite
181X (3.4.3.2) phosphating solution were compared with sixteen
that had already been phosphated using a works Parco 95 (3.4.3.1)
phosphating solution. Four of each phosphate coating were stained
(3.7.1) four oiled (3.7.2), four painted with a thin coat of paint
(3.7.4.2) and four painted with a thick coat of paint (3.7.4.1).
Two panels from each set of four were then scribed and all the
panels were then exposed (3.8.2) on the roof of the factory from
August 1980.

After four weeks the phosphate and stain coatings based on
a works Parco 95 phosphate coating began to fail with the surfaces
exhibiting a rating of 4.1. After six weeks the phosphate and oil
coatings based on a works Parco 95 phosphate coating began to fail
the surfaces exhibiting a rating of 4.1. Figure 5,27 shows the
rack after three months exposure, The figure shows that the
phosphate and stain and phosphate and oil finishes based on a works
Parco 95 phosphating coating had failed completely, while no other

finish shows any notable signs of corrosion,
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These results confirm that an improvement in the corrosion
resistance of the phosphate and oil, and phosphate and stain
finishes had been achieved by changing from Parco 95 to Bonderite
181X. To date they also show that the change to Bonderite 181X
had not detrimentally affected the corrosion resistance of the
paint finishes based on a phosphate coating. To complete the latter
assessment and also to rank the finishes based on a phosphate

coating the test was continued.
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CHAPTER 6

THE NEW PHOSPHATING PLANT

At Metalastik phosphating is carried out using two tipping
basket plants, one mechanically activated referred to here as the
automatic plant and one manually operated referred to here as the
manual plant. The plants consist of a series of tanks containing
solutions. In each tank baskets are fixed sequentially down the
length such that on tipping a basket the load contained is
transferred into the next basket. The baskets are tipped in a
sequence that passes a load through each basket in turn.The time
products spend in each solution is determined by the number of
baskets in a tank multiplied by the average time spent in a basket.

In 1967 a case was made out for replacing the manual
phosphating plant, which criticised the plant on the grounds of
its age and technical deficiencies and recommended its replacement
with an automatic plant. However, when the automatic plant was
installed, in that year, it was found to be incapable of processing
certain product sizes because the sharpness of the mechanical
tipping action caused very small products to be ejected from the
plant and larger products to damage the plant. The manual plant
therefore had to be retained for processing these products. Attempts
were periodically made to obtain further money to purchase another
phosphating plant to replace the manual phosphating plant, but
without success. At the start of this project in 1977 the same
manual plant was still in use, and the automatic plant was 10 years

old, fully depreciated and in a poor state of repair.
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Shortly after the start of this project the new Works
Manager began to press the Production Engineering Manager to
identify a replacement for the manual phosphating plant because
of the number of defective phosphate coatings it was producing.

At that time this project had identified that both the manual and
automatic phosphating plants were producing defective phosphate
coatings. This showed that the poor condition of the manual plant
was not the cause of the defective phosphate coatings and it was
suggested to the Production Engineering Manager that work to
identify a new plant should be delayed until the cause of the
problems with phosphating was found. If solving the cause of the
production of defective phosphate coatings required any fundamental
changes to the phosphating process, these changes could then be
designed into the new phosphating plant. However, although a delay
to the work was agreed, further pressure from the Works Manager
caused early resumption of the work.

A project team consisting of a methods engineer, a senior
methods engineer and the author was assigned to the work. At the
outset it was intended to purchase the new plant in 1979, however
the purchase was deferred because the Division had overspent its
capital expenditure budget for that year. Sanction to purchase the
new plant was seriously sought in June 1980, by which time the
problem of producing defective phosphate coatings had been solved
by a change of phosphating solution (see Chapter 5) and the design
of the new plant had been altered to take this into account.

During the work to identify a new phosphating plant its
specification was gradually refined. In this chapter an overall

view of how the final specification was arrived at is presented.
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The personnel making up the project team changed several
times. Early in 1978 the methods engineer assigned to the project
team left the company and was not replaced until late 1978.
Shortly after the replacement methods engineer joined the team the
senior methods engineer changed jobs within the Division and left
the project team. Late in 1979 the replacement methods engineer
left the company and the project team consisted solely of the
author until early in 1980 when a replacement senior methods
engineer joined the team. Because of the number of personnel
changes in the project team the author enjoyed a greater involvement
in the shaping of the new plant's specification than might other-
wise have been allowed. Therefore except where certain areas of
work are acknowledged to others the author claims a major

involvement in the work presented.

6.1 Options

There were two options regarding identifying a new phosphating
plant for purchase. The first option was to replace only the manual
phosphating plant with a plant that would have to be capable of the
following: =

(i) supplementing the capacity of the automatic
phosphating plant.

(ii) processing all product types,both those types
compatible with the automatic phosphating plant,
(in order to supplement its capacity during periods
of peak demand)and also those types not compatible

with the automatic plant.

- B2



and (iii) providing the basic phosphating processes
common to both of the existing phosphating
plants plus the chlorinatingof the rubber
sections, and staining and oiling facilities
which were only available on the manual plant.

The second option was to purchase a plant to replace both the
manual and automatic phosphating plants which would have to be
capable of the following:-

(i) providing the entire phosphating capacity
(ii) processing all the product types
and (jii) providing the basic phosphating processes
common to both of the existing phosphating
plants plus the chlorinatingof the rubber
sections, and staining and oiling facilities
which were only available on the manual plant.

The second option of identifying a plant to replace both the
automatic and manual phosphating plants was chosen for the following
two reasons. Firstly, there would not be a great difference in the
price of a plant bought to meet the first option and a plant bought
to meet the second. The basic plant required would be the same, the
only difference being requirement(i) the capacity of the plant. An
increase in the capacity of the plant would not cause a large
increase in its price as it would only require small increases in
the sizes of the tanks and work holders. Therefore, the amount of
labour and materials required to make the plant would not be

substantially altered.
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Secondly both the manual and automatic phosphating plants
are old, fully depreciated and unsatisfactory in many respects.
Their age and condition can be appreciated by examining figures
6.1 and 6.2 which show the manual and automatic phosphating plants
respectively, Although as a result of the work reported some
improvements were made to the plants, the remaining major defects are

summarised in the following section.

6.1.1 Major defects of the phosphating plants

(i) The low level of automation allows the operators to
interfere with the phosphating process. Neither the sequence of
solutions used or the immersion times in solution, which are
both critical to the quality of the phosphate finish produced,
can be guaranteed.

(ii) The tipping action of the plants causes difficulties
with the types of products that can be processed, and also causes
products to strike each other sharply damaging the phosphate
coating. After immersion in the post phosphating rinses, the
damaged areas rust to give small rust scars.

(iii) The design, layout, age and poor state of repair of
the plants results in difficulties maintaining the processing
solutions in their optimum condition.

(iv) The low level of automation and open construction of the
plants exposes operators to the risk of chemical splashes and

necessitates their wearing protective clothing. Although such clothing
is provided it is seldom worn. In addition on one plant there is
exposed moving machinery in which an unwary operator could become

trapped. These facts have caused the health and safety inspectorate
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to comment adversely on the plants.

6.2 Type of plant required

A heavyweight phosphate coating is normally applied by
an immersion process, which limits the type of plant that can be
used to

(i) A tipping basket plant

The type already in use.

(ii) An overhead track plant

The products are suspended on jigs, which are attached to a
continuous overhead track. The track runs over the tanks containing
the processing solutions, falling at the appropriate point to
immerse the jigs in each tank of solution, and rising at the
appropriate point to 1ift the jigs clear of the tank and carry them
on to the next tank. The time products are immersed in a solution
is determined by the speed of the overhead conveyor multiplied by
the length of the tank containing the solution.

(iii) A transporter plant

The products are suspended on jigs or loaded into rotatable barrels,
which are attached to a work carrier. A transporter, running on
rails over the processing tanks, picks up the work carrier and takes
it to the required tank of solution. The work carrier is deposited
into holding lugs on the tank, immersing the jigs or barrel, and the
transporter moves off to service other work carriers. After the
appropriate immersion time the transporter returns and takes the
work carrier on to the next required tank.

Experience with the tipping basket type of plant has already

shown the tipping action causes problems (6 and 6.1.1). The
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disadvantage of an overhead track type of plant is the labour
cost of having to load products on to and off jigs. Therefore

the overhead transporter type of plant was chosen, as it offered
the low labour costs of a barrelling operation for the majority
of products, combined with the ability to deal with large awkward

parts by a jigging process.

6.3 Processes required

As the new plant would be replacing both the manual and
automatic plants it would have to be capable of the processes
already in existence on both plants. The manual phosphating plant
contains the basic phosphating process common to both plants plus
the rubber chlorination process and the staining and oiling
facilities. Therefore the layout of the manual phosphating plant
was examined as a possible basis for the layout of the new plant.
Figure 6.3 shows that the manual phosphating plant consists of
13 stages which can be considered as serving the following six

functions.

6.3.1 Cleaning and rinsing

Although the Vaqua D machine had been installed to prepare the
metal surfaces for phosphating (see Chapter Four) it was not linked
directly to the phosphating plant, as not every product processed
through it was phosphated. Therefore the products for phosphating
that are processed through the Vaqua D machine are at risk of
becoming contaminated with handling soils during their transit in
tote tins from the Vaqua D machine to the phosphating plant. In

addition products for phosphating in surface condition category 1
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Stage No. Description

1 Alkali cleaner
2 Cold rinse

3 Cold rinse

b Chlorination

5 Cold rinse

6 Condioning rinse
1 Phosphate

8 Cold rinse

9 Cold rinse

10 Conditioning rinse
" Warm air dry

12 |Stain

13 [Oil

Figure 6.3 The sequence of solutions in the manual phosphating plant
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(see 4.3) are not cleaned on the Vaqua D machine and therefore
do not receive any surface preparation prior to arrival at the
phosphating plant.

Therefore a cleaning stage would be required on the new plant
which would be accompanied by a double stage rinse, as on the
existing plants, to prevent alkali cleaning chemicals being

""dragged over'' into the subsequent solutions.

6.3.2 Chlorination and rinsing

Chlorination is carried out on products on which the rubber
sections have to be painted. Chlorination is carried out by
immersing the product in a dilute solution of chlorine in water,
and is usually (60) followed by a water rinse to remove any excess
chlorine. The chlorination process was originally built into the
manual phosphating plant because the majority of products that
were chlorinated were also phosphated. The manufacturing records of
the products that required chlorination were checked and it was
found that the majority were still subsequently phosphated. There-
fore a chlorination and rinse stage would be required on the new
phosphating plant.

Work within Metalastik has shown that chlorination of a
phosphated product, adversely affects the phosphate coating, there-
fore the chlorinating stage would have to be prior to the
phosphating stage. As on the existing manual plant the rinse
included in the chlorinating process would not be used for any
other work to minimise the possibility of carrying over chlorine

into any subsequent solutions.
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6.3.3 Conditioning rinse

This rinse was originally built into the manual phosphating
plant to promote a fine dense phosphate coating (see 2.1.7.2). It
is generally not used by the plant operators in order to increase
the output they achieve , and finish their work quota quickly.
However, it was decided to keep a conditioning rinse in the design
of the new phosphating plant and ensure that the operators could

not prevent products being immersed in it.

6.3.4 Post phosphating rinses

Metalastik supplies products with a phosphate finish to the
Ministry of Defence therefore the phosphating process has to meet
the relevant MOD standard DEF 03-11. This requires that an
accelerated phosphating solution is followed by 3 rinsing stages,
one cold running water, one warm running water and one hot static
water containing chromic acid (see 2.1.8.1).

Therefore the new phosphating plant would require 3 post
phosphating rinses,of the type described,in order to meet this
standard. Metalastik did not normally use chromic acid in the final
rinse because of the health and safety problems (see 2,1.8.1)
associated with using chromic acid. However during the course of
this project Pyrene Chemical Services Ltd marketed an additive for
the final rinse, based on chromic acid, called Parcolene 86, which
they claim is formulated to avoid the problems normally associated
with using chromic acid. Therefore it is recommended that this
formulation should be assessed for use with the new phosphating

plant.
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6.3.5 Drying

The drying stage on the manual plant is simply a warm air
blower designed to assist drying off rinse water on the products.
The new phosphating plant would require a similar stage, however,
in the light of the improvement in corrosion resistance that it is
suggested (see 2.1.8.3)occurs when a chromic acid conditioned
phosphate coating is heated to IOGOC, it was decided to ensure the

drying stage was capable of achieving temperatures of that order.

6.3.6 0il1 and stain

Although the oiling and staining stages are shown at the end
of the existing manual phosphating plant, the two operations are
not carried out as part of the phosphating process.

The options for the new phosphating plant were either to have
separate oiling and staining facilities or to build them into the
new plant so that the operations would be carried out as part of
the phosphating process. To avoid the labour costs involved in
carrying out the staining and oiling operations separately it was
decided to include the operations into the sequence of the new

plant.

6.3.7 Process routes required

The processes required would be:-
(i) clean, rinse, phosphate, rinse, dry and stain, oil
or no finish.
(ii) clean, rinse, chlorinate and rinse, phosphate, rinse,
dry and stain, oil or no finish.

(iii) clean, rinse, chlorinate and rinse, dry,
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6.4 Phosphating capacity required

Production engineering carried out the following analysis:

Volume of work phosphated January 1978 to September 1978

Manual Plant

Number of baskets phosphated = 7,782

Number of baskets per week 222

Taking 681bs as the average weight per basket the workload

produced per week = 6.74 tons
Automatic Plant

Number of baskets phosphated = 10,970
Number of baskets per week - 314

Taking 681bs as the average weight per basket the workload

produced per week £ 9.53% tons

The capacity required would be 16.27 tons per week provided
the product mix and sales volume remained constant. Marketing had
already indicated that the latter would be the case, provided
Metalastik retained its position with respect to its competitors

[see; Ah 201,

6.5 Companies asked to tender

The three companies asked to submit proposals for a new
phosphating plant that met the requirements detailed here, were
Process Plant and Chemicals Ltd., M and T Chemicals Ltd., and
Cannings Engineering Ltd. Both M and T Chemicals and Process Plant

and Chemicals offered an automatic or manual transporter plant,
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Cannings Engineering did not submit any proposals despite being

contacted several times.

6.6 Assessment of proposed plants

The quality criteria ranking technique was used to compare the

proposed plants. The following list of the desirable features for

a new phosphating plant was drawn up. In this comparison attention

was paid to the defects of the present plants (6.1.1) that had not

already been overcome by choosing a transporter type plant.

Letter

Description

Minimum possibility of operator inter-
ference.

Good control over solution temperatures.
Automatic control over solution strengths.
Automatic control of rinse cleanliness.
Ease of day to day maintenance.
Adaptability w.r.t. capacity changes.
Adaptability w.r.t. process changes.
Compactness.

Ease of handling.

Resistance to corrosion,

Emergency procedures.

Correct operation of oil and stain stages.

Safe in operation,

These were then ranked against each other, as shown in the

matrix presented as Table 6.1. Each of the criteria along the top

row of the matrix was compared with each criteria down the first
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TABLE 6.1

QUALITY CRITERIA RANKING

A B c D E F G H | J K L M
Al 2 1 1 1 1 1 1 1 1 1 1 1 2
B 3 2 2 2 2 1 1 1 1 1 2 1 2
C| 3 2 2 2 2 1 1 1 1 2 1 2 2
D 3 2 2 2 2 1 1 1 1 2 1 2 2
€13 2 2 2 2 1 1 1 2 3 1 2 2
Fl 3 3 3 3 3 2 3 3 3 3 3 3 3
G|l 3 3 3 3 3 1 2 3 3 3 3 3 3
H 3 3 3 3 3 1 1 2 2 3 3 3 2
| 3 3 3 3 2 1 1 2 2 3 2 2 2
Ja 3 3 2 2 1 1 1 1 1 2 2 2 2
Kg 3| 2 3 S 1 1 1 20l 2k 2R 2
13 3 2 2 2 1 1 1 2 2 2 2 2
O 2 2 2 2 1 1 2 2 2 2 2 2
Totals|

37 131 [ 30 [ 30 | 28 |14 416 |20 |23 | 29 | 25 | 27 ] 28
Key 1 of less importance

2 of equal importance

3 of greater importance
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left hand column of the matrix, and rated 1 if it was less
important, 2 if it was of equal importance and 3 if it was more
important. The totals for each criteria, shown at the bottom of

the matrix,give the following order of importance.

Ranking Description
1 Minimum possibility of operator interference.
2 Good control over solution temperatures.
3 Automatic control over solution strengths.
3 Automatic control of rinse cleanliness.
L Resistance to corrosion.
5 Ease of day to day maintenance.
5 Safe in operation.
6 Correct operation of stain and oil stages.
7 Emergency procedures.
8 Ease of handling.
9 Compactness.
10 Adaptability w.r.t. capacity changes.
11 Adaptability w.r.t. process changes.

The ranking indicates that ensuring the products received the
optimum processing was generally ranked higher than the ease with
which the plant could be operated, Each of the plants offered was
compared against these criteria in order of their importance. Under
a criteria each proposal is awarded one point if it meets the
criteria or no points if it does not. The results in Table 6,2 show
that the automatic transporter plant proposed by Process Plant and
Chemicals achieved the highest rating of 10 points., No weighting of

the criteria was required as its nearest rival achieved a
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significantly lower rating of 6 points, with the major differences

being in the lower ranked criteria.

6.7 Further work with the highest ranked plant

Having identified the automatic transporter plant proposed by
Process Plant and Chemicals to be the most suitable, further
discussions were held with that company to improve features F, C
and D of the plant. At this stage a report recommending the plant
for purchase was distributed within Metalastik, but no response
to the report was received. The project lay dormant for several
months because the capital to purchase the plant was not available.
Then interest in the plant was renewed and several more meetings
were held with Process Plant and Chemicak to refine further the
plant's specification. A further report was drawn up recommending
the plant for purchase.

In this report, attached as appendix 5, the cost of the three

alternative ways of continuing to phosphate products were presented.

Running costs per year

1980 1981
(i) Existing costs of phosphating £49,500 £56,925
(4.7 p/1b)
(ii)Cost of phosphating using new plant £34,800 £40,020
(3.32 p/1b)
(iii)Cost of having the products phosphated
by a subcontractor if for health and
safety reasons the use of the existing
plant was prohibited £116,000 £133,400
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These comparisons relate to a weekly phosphating requirement
of 9 to 10 tons. This requirement is lower than the 16.25 tons
estimated in section 6.4 due to production engineering carrying
out a revision of the work on the capacity required. A brief
description of the plant was included in the report,which is used
as the basis for the following description.
The proposed new plant consists of 14 inline process tank stations
and would be approximately 19.5 metres in length, 3.6 metres
wide and 2.97 metres high. An oiling station and staining station would
be situated at right angles at the end of the plant. The products
would be manually loaded and unloaded from the plant, but the
complete phosphating process would be carried out automatically(63).
Movement between stations would be by means of a single
bridge gantry transporter travelling on rails over the top of the
tanks. It would be capable of carrying either a self powered
rotating barrel with two compartments, or jigs for large products;
very small products would be processed in a miniature barrel
placed in one of the main barrels. At full production the plant
would be capable of 7 1/4 loads per hour at approximately 120 Ibs
per load.
The replenishment chemicals for the phosphating solution would
be added automatically using a metering pump, and a record would be
produced of the concentration of chemicals in the phosphating solution
using a conductivity probe (64). The automatic addition of chemicals
to the plant would ensure that the nitrite content was maintained
at its optimum level (see 2.1.5.1) and that large fluctuations in
the concentration of the other chemicals in the solution would be

avoided (see 5.8.2.2.).
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The conductivity probe could be connected to the metering
pumps to ensure they would only deliver chemicals to the solution
when the concentration of chemicals dropped below a set level.
The rinse water would be kept below a set level of contamination
by the use of conductivity probes to control the fresh water inlet.
The level of automation of the plant would allow it to be
surrounded by interlocked guarding to keep the operators a reasonable
distance from the solutions and moving machinery. Figure 6.4 shows
an overall plan of the proposed layout of the plant.

The report was accepted and senior management within Metalastik
have applied for permission to purchase the plant. However because

the total capital expenditure involved is in excess of £100,000

the purchase requires the approval of the Dunlop Group. At the time
of writing this chapter permission to purchase the plant was still

being actively sought.
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CHAPTER 7

DISCUSSION

7.1 Attitude within Metalastik towards anti-corrosion finishing

For some years prior to this project Metalastik had been
processing poorly prepared metal surfaces through an unsuitable
phosphating solution. This caused the production of poor quality
phosphate coatings which resulted in certain of the finishes based
on a phosphate coating being of inadequate corrosion resistance.

It is suggested that the reasons for these problems being tolerated
for some years can be explained by referring to the following two

behavioural assumptions that McCrae (65) makes about an organisation.

"(i) Organisations are coalitions of individual
participants. Strictly speaking the organisation
itself which is 'mindless' cannot have goals -
only individuals have goals.

(ii) Those objectives which are usually viewed as
organisational goals are in fact the objectives
of the dominant members of the coalition, subject
to whatever constraints are imposed by the other
participants and by the external environment of
the organisation.'

The coalition responsible for the running of Metalastik's
production facilities consists of the managers of the following
departments, Quality Assurance, Quality Control, Production Engineering,
Works Engineering, Production Management, Production Control, Technical
and the Works Manager. Within this coalition the dominant members are
the Works Manager and the Production Managers whose primary short
term aim is to meet production targets rather than standards of
quality. As a result, problems with abnormally large and unpredictable

reject rates at the moulding stage of production causing shortages

of products ready for despatch to the customer tended to cause any
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problems with anti-corrosion finishing that would cause further
shortages due to products being rejected by internal Quality
Control to be ignored.

It is suggested that this attitude of ranking the problems
with anti-corrosion finishing below the problems with moulding
and the need to despatch the products was further reinforced by the
following:~-

Firstly, Metalastik considers its expertise is in producing the
optimum design of product for each particular use, and then
manufacturing the best rubber formulation for that product. Anti-
corrosion finishing is considered to be the last and least important
stage in the design and manufacture of the products.

Secondly, the large number of specifications imposed by the 4
major automotive customers causes difficulty in assessing whether
anti-corrosion finishing is acceptable overall. To ensure Metalastik
finishes meet all the quality assurance requirements of these
specifications would require a wide range of specialised testing
equipment, a range that it is suggested would be more compatible with
the facilities of a paint manufacturer's laboratory. The large number
of specifications is due to each automotive customer writing their
own set of specifications, The reasons for a large company producing
its own specifications have been documented elsewhere (66) . However,
it is suggested that many of the specifications produced by the
automotive companies are only slight variations of National Standards.
This wasteful and confusing duplication could be avoided if as
R.Sagesser (67) suggests the large companies used the National
Standards rather than altering them and in addition co-operated

through such a body as the Society of Motor Manufacturers and Traders
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to draw up a common set of specifications. At first this seems
unlikely in the increasingly competitive business of selling
vehicles. However, as most major components of a particular type

such as these products, are bought in by automotive companies from

a relatively small number of suppliers it is suggested that as at
Metalastik, the same finish is being applied to meet a variety of
specifications, which negates the value of slight differences between
the specifications.

An attempt has already been made by the British Rubber
Manufacturers Association (68) to produce a common set of anti-
corrosion finishing specifications to which the rubber-to-metal
bonded products manufacturers will supply products. However, it is
more difficult for relatively small suppliers to impose radical
changes on large customers, and this is reflected by the fact that

these specifications are little used.

7.1.1 Change in the external environment

Considering the external environment McCrae refers to, it is
suggested that this was changing for Metalastik. Firstly, there was
the possibility that the European Economic Community would introduce
Product Liability Regulation. Although the following is an over-
simplification, basically such legislation would shift the emphasis
from a person injured as a result of an accident with a product,
having to prove the manufacturer guilty of some form of negligence
in the design or manufacture of the product, to the manufacturer
having to prove they were innocent of such negligence (69).

Secondly, the automotive manufacturers have become increasingly
aware of the anti-corrosion performance of their vehicles. This
awareness has been accelerated by the fact that several countries
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have been considering whether to introduce legislation regarding
the in service life that should be expected from a vehicle (70).
The lead was set by Canada who issued an Anti-Corrosion Code for
Motor Vehicles, (appendix 6). It is not legally enforceable but the
federal government have indicated that enforcement will be considered
if it is not met. The code required for the 1978 model year:-

(a) no surface corrosion for one year or 40,000 km.

(b) no perforation corrosion for 3 years or 120,000 km.

(c) no structural corrosion for 6 years or 240,000 km.
and by the 1981 model year:-

(a) no surface corrosion for 1} years or 60,000 km.

(b) no perforation corrosion for 5 years or 200,000 km.

(c) as before.

However the vehicle owner has to follow the vehicle maintenance
guide included in the code in order to benefit from the legislation.

These two changes impinged directly on Metalastik because in
1977 it was already supplying some products to the automotive
customers with anti-corrosion finishes which did not meet the
requirements of these customers specifications. Therefore should any
claim arise due to poor corrosion performance causing premature
failure, Metalastik would be in a poor position to defend itself.
It is suggested that these factors combined with the reasons given
in section (1.4.2), for Metalastik proposing this project to cause
the company to take a more serious approach to anti-corrosion
finishing. This change in approach combined with the positive
results of cost benefit analyses for changes to the phosphating

process to ease their introduction.
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7.2 Aim of the Project

As has been reported for other projects of this type (2)
the sponsor misinterpreted its problem. In this case the mis-
interpretation took two forms. Firstly, the project's original
aim was to identify a range of finishes for the products that would
meet the customers specifications. However,as the work has shown
what was required was not new finishes but improvements to the
existing finishes in order to meet the specifications. Secondly,
at an early stage in the work it was believed within Metalastik
that the problems with phosphating were due to the poor condition
of the manual phosphating plant and could be solved by purchasing
a new phosphating plant. Whereas the work has shown that there were
three key areas of work involved in improving the anti-corrosion
finishes applied to Metalastik products, and solving the problems
associated with phosphating. These are discussed in the following

three sections.

7.2.1 Cleaning of the products prior to phosphating

The cleaning that products received prior to phosphating required
improving, because no allowance had been made for the effects of the
metal manipulation operations and the presence of adhesive residues
on the surfaces to be phosphated. The importance of a clean substrate
for all anti-corrosion finishing processes has been reported else-
where (71).

After Metalastik had purchased and installed (see Chapter 4) a
machine from Abrasive Departments to improve the cleaning products
received prior to phosphating, it was learnt that two major

competitors, Avon Industrial Polymers Division and Perradin Ltd
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were considering purchasing identical machines for the same
purpose., Therefore it is suggested that the problems of preparing
the metal surfaces of rubber-to-metal bonded products for

phosphating were not peculiar to Metalastik.

7.2.2 Phosphating solution used

Although the phosphating chemical suppliers, Pyrene, were aware
that rubber-to-metal bonded products had a reputation for being
difficult to phosphate, they were not attempting to solve the
problem. |t was not until work at Metalastik identified that the
Parco 95 phosphating solution was producing defective phosphate
coatings that Pyrene offered an alternative phosphating solution.
Although at that stage several other phosphating chemical suppliers
were contacted, none had carried out detailed research into solving
the problems of phosphating rubber-to-metal bonded products.
Therefore it was decided to subject the Bonderite 181X phosphating
solution to trials.

At approximately the same time as Metalastik were commencing
works trials with Bonderite 181X, Pyrene suggested to Avon Industrial
Polymers Division, who were also using Parco 95 and experiencing
problems with the phosphating process, that a change to Bonderite
181X might prove beneficial.

At Metalastik the change to Bonderite 181X substantially
reduced problems with the phosphating process and improved the
corrosion resistance of the phosphate and oil and phosphate and
stain finishes produced under shopfloor conditions. It is believed
that Avon changed to Bonderite 181X at approximately the same time,

and achieved similar improvements with the phosphating process. At
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the start of this section of work Process Plant and Chemicals Ltd
who phosphate rubber-to-metal bonded products on a sub contract
basis, claimed that they had solved the problems associated with
the phosphating of these products by using an |.C.|. phosphating
solution. However, after noting the success of the Bonderite 181X
solution at Metalastik, in 1980 they also changed to using

Bonderite 181X.

7.2.3 New phosphating plant

When the changeover to Bonderite 181X and the improvement in
the cleaning of products were completed on the shopfloor, the
Quality Control Manager was asked to comment on the results. In a
memo presented as figure 7.1, he indicated that there had been a
significant reduction in the problems experienced with the
phosphating process, and that there was increased confidence in
the ability of products to meet customers anti-corrosion finishing
requirements., This shows that a new phosphating plant was not
required to solve the problems with phosphating. However, it is
recommended that to ensure that a good quality phosphate coating
is consistently produced the new phosphating plant described in Chapter
6 should be purchased to overcome the problems associated with

the design and age of the present plants.

7.3 Result of the changes

As a result of this project the situation at Metalastik has
improved to the stage where the salt spray resistance claimed for
the phosphate and oil finish meets all but one of the salt spray

requirements listed against it in Table 1.2. Similarly, the salt
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spray resistance claimed for the phosphate and stain finish meets
all but one of the salt spray requirements listed against it in
Table 1.2. The requirement that the two finishes are not able to
meet is the 72 hours required by Talbot. When applied to test panels
both the finishes did exceed 72 hours resistance to the salt spray
test but this level of resistance was not claimed for the finishes
for the reasons stated in section 5.8.4. When Talbot were invited

to discuss their specifications they indicated that none of their
suppliers could meet these particular specifications. It is suggested
that this indicates that Talbot have set the level of resistance
required unrealistically high for the finishes on actual products.
Therefore it is suggested that the phosphate and oil and phosphate
and stain finishes have been improved sufficiently to meet all the
realistic requirements in Table 1.2. Hence Metalastik products

meet all but one specification that it supplies products to. That
specification is the Vauxhall specification that requires 14k hours
resistance for a paint finish (see 1.4.2). However, as the results
in section 5.8.1.3 and 5.8.3.1 show, the phosphate and a heavy coat
of paint finish exceeded 144 hours resistance to the salt spray test
on several occasions, As stated in that section further testing of
this finish would be required before sufficient confidence was felt
to increase the claimed salt spray resistance. In particular, the
effect of varying the thickness of the paint film on the salt spray
resistance of the finish would require investigation as the thickness
of paint applied is under operator control, with no subsequent

Quality Control check.
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7.4 Future options for improving the resistance to the salt spray test

of the phosphate and stain finish

The phosphate and oil finish now substantially exceeds the

highest salt spray resistance imposed on it. Therefore it is the

phosphate and stain finish which is most likely to require

improving if, in the future, the automotive customers increase their

salt spray resistance requirements. There would be 3 possible ways

of achieving an improvement:-

(i)

(ii)

(iii)

treating the phosphate coating with a process such as
Endurion (see 2.1.8.2) before applying the black stain.
However, this process is expensive and difficult to
operate.

dipping the phosphated product in black stain, allowing it
to dry and then dipping the product in an oil finish that
would increase the salt spray resistance, without
redissolving the stain coating.

buying in the process that Oxy Metal Industries Corporation
of Detroit are developing to meet the General Motors
specification G.M.6174-M (see appendix 7). This
specification has increased the salt spray resistance
requirement for a phosphate and stain finish on fasteners
from 72 hours to 240 hours. To meet this requirement a
finish consisting of heavyweight phosphate, coloured

organic finish and oil is being developed.

7.5 Relationship between this work and corrosion prevention and

control in general

Ideally (72) the prevention and control of corrosion begins at
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the design stage of a product. In this work an improvement in the
corrosion resistance of existing products was required. This
improvement was achieved by the application of existing knowledge
and techniques in new ways. It is suggested that this work confirms
the statement in the 1971 Report of the Committee on Corrosion that
estimated £310m of the £1365m (1971 costs) lost annually through
corrosion could be saved by the application of the existing

knowledge and techniques of corrosion control and prevention (73).
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CHAPTER 8

CONCLUSIONS, RECOMMENDATIONS AND FURTHER WORK

8.1 Conclusions

1. The cleaning methods used to prepare the metal surfaces of
rubber-to-metal bonded products for phosphating, must counteract
the unique combination of soils on the metal surfaces, that
result from the method of manufacture.

2. The solution used for phosphating rubber-to-metal bonded
products must deposit a phosphate coating by chemical reactions
that are not subject to interference by any contaminants leached
from the rubber sections of the products.

3. At the sponsors factory, improving the cleaning methods
used to prepare the metal surfaces for phosphating, combined with
changing the phosphating solution for one compatible with rubber-
to-metal bonded products produced a large improvement in the
quality of the phosphate coating. The improvement resulted in
some of the anti-corrosion finishes being capable of meeting the
customers salt spray resistance requirements that they had
previously failed to meet.

L. This work shows that the salt spray test is a useful tool
for detecting large changes in the quality of the phosphate coating

used as part of a phosphate and stain finish.

8.2 Recommendations

1. In order to produce a consistently good phosphate coating
(which will form the base of five of Metalastik's eight standard

finishes) the phosphating plant described in Chapter 6 should be
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purchased. The high level of automation of this plant should
ensure that abuse of the phosphating process is prevented, and
also improve the safety of the working conditions for the
operators.

2. Metalastik should initiate a system to check regularly the
performance of the anti-corrosion finishes applied to the products.
3. Metalastik should send its full range of finishes to an
independent laboratory to be subjected to the full range of tests
that the automotive customers require. From these results it

could be judged whether further improvements are required to the

existing finishes.

8.3 Further Work

1. The effect on the protective value of the Bonderite 181X
phosphate coating of the use of an oxalic acid based conditioning
rinse prior to phosphating (see 2.1.7.2) and a chromic acid based
conditioning rinse after phosphating (see 2.1.8.1) should be
investigated. This work has not been carried out here for the reasons
stated in section (3.4). However, the work needs to be carried out
prior to the installation of the new phosphating plant to ascertain
whether the plant should be programmed to process all or only
certain products through these two conditioners.

2. The atmospheric corrosion test (see 5.8.6) could be
continued to assess fully the improvement resulting from the change
to the Bonderite 181X phosphating solution, and also to rank the
finishes based on a works phosphate coating in order of their
resistance to atmospheric corrosion conditions. This work could

usefully be extended to ranking the finishes by in service testing.
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This could be restricted to automotive service conditions, as
the largest proportion of products go for that use, and it
represents the worst corrosion conditions that the standard
finishes will be exposed to.

3. From the firm base of using anti-corrosion finishes
capable of meeting the customers salt spray resistance requirements
Metalastik could try to anticipate the future finishes that will
be required by surveying its customers.

L. The mechanism by which organic materials interfere with
the deposition of a phosphate coating could be investigated. Such
an investigation might give further information on the processes

occurring at the metal/solution interface, during phosphating.
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APPEND X 1

A reprint of the standard ASTM B117-73 Salt Spray (Fog) Testing.
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q b IﬂMERI(ANNMIDNN'
STANDARD

Standard Method of

ANSI/ASTM B 117 - 73
(Reapproved 1979)

SALT SPRAY (FOG) TESTING'

This Standard ix issued under the fixed designation B 117: the number immediately following the designation indicates the
r of oniginal adoption or, in the case of revision, the year of lust revision, A number in parentheses indicates the year of

ast reapproval,

This method has been

approved [or use by agencies of the Department of Defense to zp‘m Method 811.] of Federal Test

Method Standard No. 151b and for listing in DoD Inuex of Specifications and Sia o

1. Scope

1.1 This method sets forth the conditions
required in salt spray (fog) testing for specifi-
cation purposes. Suitable apparatus which
may be used to obtain these conditions is de- |
scribed in Appendix Al. The method does not
preseribe the type of test specimen or expo-
sure periods to be used for a specific product,
nor the interpretation to be given to the re-
sults, Comments on the use of the test in re-
search will be found in Appendix A2.

NoTE 1—This method is applicable to salt spray
(fog) testing of ferrous and non-ferrous metals, and is
also used 10 test inorganic and orpanic coatings, cle.,

especially where such tests are the basis for material
or product specifications.

2. Apparatus

2.1 The apparatus required for salt spray
(fog) testing consists of a fog chamber, a salt
solution reservoir, a supply of suitably condi-
tioned compressed air, one or more atomizing
nozzles, specimen supports, provision for
heating the chamber, and necessary means of
control, The size and detailed construction of
the apparatus are optional, provided the con-
ditions obtained meet the requirements of this

,method, i

2.2 Drops of solution which accumulate on
the ceiling or cover of the chamber shall not
be permitted to fall on the specimens being
tested.

2.3 Drops of solution which fall from the

specimens shall not be returned to the solution

reservoir for respraying.

2.4 Material of construction shall be such
that it will not affect the corrosiveness of the
fog.
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3. Test Specimens

3.1 The type and number of test specimens
1o be used, as well as the criteria for the ev-
aluation of the test results, shall be defined in
the specifications covering the material or
product being tested or shall be mutually
agreed upon by the purchaser and the seller.

4. Preparation of Test Specimens

4.1 Metallic and metallic-coated specimens
shall be suitably cleaned. The cleaning
method shall be optional depending on the
nature of the surface and the contaminants,
except that it shall not include the use of abra-
sives other than a paste of pure magnesium
oxide nor of solvents which are corrosive or
will deposit either corrosive or protective
films. The use of a nitric acid solution for the
chemical cleaning, or passivation, of stainless
steel specimens is permissible when agreed
upon by the purchaser and the seller. Care
shall be taken that specimens are not recon-
taminated after cleaning by excessive or
careless handling. .

4.2 Specimens for evaluation of paints and
other organic coatings shall be prepared in ac-
cordance with applicable specification(s) for .
the material(s) being tested, or as agreed upon
by the purchaser and supplier. Otherwise, the
test specimens shall consist of steel meeting'
the requirements of ASTM Methods D609
for Preparation of Steel Panels for Testing

' This method is under the jurisdiction of ASTM Com-
mittge G-1 on Corrosion of Metals, and is the direct respon-
sthility of Subcommittee GOLOS on Luaboratory Corrosion
Tests.

Current edition approved March 29, 1973. Published
June 1973, Originally published as B 117 - 39 T, Last pre-
vivusediion B 11T 64,
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Paint, Varnish, Lacquer, and Related Prod-
ucts,” and shall be cleaned and prepared for
coating in accordance with applicable proce-
dure of Method D 609,

4.3 Specimens coated with paints or
nonmetallic coatings shall not be cleaned or
handled excessively prior to test.

4.4 Whenever it is desired to determine the
development of corrosion from an abraded
area in the paint or organic coating, a scrutch
or scribed line shall be made through the coat-
ing with a sharp instrument so as 1o expose
the underlying metal before testing. The con-
ditions of making the scratch shall be as de-
fined in ASTM Method D 1654, Evaluation of
Painted or Coated Specimens Subjected Lo
Corrosive Environments,? unless otherwise
agreed upon between the purchaser and seller.

4.5 Unless otherwise specified, the cut
edges of plated, coated, or duplex materials
and areas containing identification marks or
in contact with the racks or supports shall be
protected with a suitable coating stable under
the conditions of the test, such as ceresin wax.

NoTE 2- Should it be desirable to cut test speci-
mens from parts or from preplated, painted, or oth-
erwise coated steel sheet, the cut edges shall be pro-
tected by coating them with paint, wax, tape, or
other effective media so that the development of a
galvanic effect between such edges and the adjacent
plated or otherwise coated metal surfaces, 18
prevented.

5. Position of Specimens During Test

5.1 The position ol the specimens in the
salt spray chamber during the test shall be
such that the following conditions are met:

5.1.1 Unless otherwise specified, the speci-
mens shall be supported or suspended between
15 and 30 deg from the vertical and preferably
parallel to the principal direction of horizontal
flow of Tog through the chamber, based upon
the dominant surface being tested,

5.1.2 The specimens shall not contact each
other or any metallic material or any material
capable of acting as a wick.

5.1.3 Each specimen shall be so placed as
to permit free settling of fog on all specimens,

5.1.4 Salt solution from one specimen shall
not drip on any other specimen.

Note 3 Suitable materials for the construction
or coating of racks and supports are glass, rubber,
plastic, or suitably coated wood. Bare metal shall
not be used. Specimens shall preferably be sup-
ported from the bottom or the side. Slotted womlen
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strips are suitable for the support of flat panels.
Suspension from glass hooks or waxed string may
be used as long as the specified position of the speci-
mens is obtained, 1l necessary by means of second-
ary support at the bottom of the specimens,

6. Salt Solution

6.1 The salt solution shall be prepared by
dissolving 5 = | parts by weight of sodium
chloride in 95 parts of distilled water or water
containing not more than 200 ppm of total
solids. The salt used shall be sodium chloride
substantially free of nickel und copper and con-
taining on the dry basis not more than 0.1 per-
cent of sodium iodide and not more than 0.3
percent of total impurities. Some salts contain
additives that may act as corrosion inhibitors;
careful attention should be given to the chemi-
cal content of the salt. By agreement between
purchaser and seller, analysis may be required
and limits established for elements or com-
pounds not specified in the chemical composi-
tion given above.,

6.2 The pH of the salt solution shall be such
that when atomized at 35 C (95 F) the collected
solution will be in the pH range of 6.5 to 7.2
(Note 4). Before the solution is atomized it
shall be I'ree of suspended solids (Note 5), The
pll measurement shall be made electrometri-
cally ut 25 C (77 F) using a glass electrode with
a saturated potassium chloride bridge in ac-
cordance with Method E 70, Test for pH of
Aqucous Solutions with the Glass Electrode?;
or colorimetrically using bromothymol blue as
indicator, or short range pll paper which reads
in 0.2 or 0.3 of a pH unit (Note 6).

NoTe4—Temperature affects the pH of a salt
solution prepared from water saturated with carbon
dioxide at room temperature and pH adjustment
may be made by the following three methods:

(1) When the pH of a salt solution is adjusted at
room temperature, and atomized at 35 C (95 F), the
pil of the collected solution will be higher than the
original solution due to the loss of carbon dioxide at
the higher temperature. When the pH of the salt
solution is adjusted at room temperature, it is there-
fore necessary to adjust it below 6.5 so the collected
solution after atomizing at 35 C (95 F) will meet the
pH limits of 6.5 to 7.2. Take about a 50-ml sample
of the salt solution as prepared al room tempera-
ture, boil gently for 30 s, cool, and determine the
pll. When the pH of the salt solution is adjusted
to 6.5 to 7.2 by this procedure, the pH of the
atomized and collected solution at 35 C (95 F) will
come within this range.

* Annual Book of ASTM Standards, Par1 27.

* Annual Book of ASTM Standards, Parts 22, 30, and
41.
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(2) Heating the salt solution to boiling and cool-
ing to 95 F or maintaining it at Y5 I for approxi-
mately 48 h before adjusting the pH produces a so-
lution the pH of which does not materially change
when atomized at 35 C (95 F).

(4) Heating the water from which the salt solu-
tion is prepared to 35 C (95 F) or above, to expel
carbon dioxide, and adjusting the pH of the salt
solution within the limits of 6.5 t0 7.2 produces a
solution the pH of which does not materially
change when atomized at 35 C (95 F).

NoteS The freshly prepared salt solution may
be filtered or decanted before it is placed in the res-
ervoir, or the end of the tube leading from the solu-
tion to the atomizer may be covered with a double
layer of cheesecloth 1o prevent plugging ol the nos-
zle

Nove 6—The pH can be adjusted by additions of
dilute cp hydrochloric acid or ¢p sodium hydroxide
solutions.

7. Air Supply

7.1 The compressed air supply to the nozzle
or nozzles for atomizing the salt solution shall
be free of oil and dirt (Note 7) and main-
tained between 69 and 172 kN/m* (10 and 25
psi) (Note 8).

Note 7—The air supply may be [reed from oil
and dirt by passing it through a water scrubber or at
least 610 mm (2 [1) of sunable cleaning material
such as asbestos, sheep’s wool, excelsior, slag
wool, or activated® alumina.

NoTe B—Atlomizing nozzles may have a “critical
pressure™ at which an abnormal increase in the cor-
rosiveness of the salt fog occurs. Il the “critical
pressure’ of a nozzle has not been established with
certainty, control of fluctuation in the air pressure
within plus or minus 0.7 kN/m" (0.1 psi), by in-
stallation of a suitable pressure regulator valve®
minimizes the possibility that the nozzle will be
operated at its “critical pressure.”*

8. Conditions in the Salt Spray Chamber

8.1 Temperature—The exposure zone of
the salt spray chamber shall be maintained at
B+ L - 1L7C (95 +2 - 3 F) The
temperature within the exposure zone of the
closed cabinet shall be recorded at least twice
a day at least 7 h apart (except on Saturdays,
Sundays, and holidays when the salt spray
test is not interrupted for exposing, rearrang-
ing, or removing test specimens or o check
and replenish the solution in the reservoir).

NoTE9—A suituble method to record the tem-
perature is by a continuous recording device or by a
thermometer which can be read from outside the
closed cabinet. The recorded temperature must be
obtained with the salt spray chamber closed to
avoid a false low reading because of wet-bulb effect
when the chamber is open.

8.2 Aiomization and Quantity of Fog—At
least two clean fog collectors shall be so
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placed within the exposure zone that no drops
of solution from the test specimens or any
other source shall be collected. The collectors
shall be placed in the proximity of the test
specimens, one neitrest to any nozzle and the
other farthest from all nozzles. The fog shall
be such that for ¢ach 80 ecm® of horizontal col-
lecting area there will be collected in each col-
lector from 1.0 to 2.0 ml of solution per hour
based on an average run of at least 16 h (Note
10). The sodium chloride concentration of the
collected solution shall be § + | weight per-
cent (Note 11). The pH of the collected solu-
tion shall be 6.5 to 7.2, The pH measurement
shall be made electrometrically or colorimet-
rically using bromothymol blue as the indica-
tor.

NoOTE 10 Suitable collecting devices are glass
funnels with the stems inserted through stoppers
into graduated cylinders, or crystallizing  dishes.
Funnels and dishes with a diameter of 10 ¢cm have
an area of about 80 ¢m’.

Note 11 A solution having a specilic gravity of
10255 1o L0400 e 25C (77 F) will meet the con-
centration requirement. The concentration may also
be determined as follows: Dilute 5 ml of the col-
lected solution o 100 ml with distilled water and
mix thoroughly: pipet a 10-ml aliquot into an
evaporating dish or casserole; add 40 mi of distilled
wiater and | ml of | percent potassium chromate
solution (chloride-free) and titrate with 0.1 N silver
nitriate solution to the lirst appearance ol a perma-
nent red coloration, A solution that reguires be-
tween 3.4 and 5.1 ml ol 0.1 N silver nitrate solution
will meet the concentration reguirements,

8.3 The nozzle or nozzles shall be so di-
rected or baffled that none of the spray can
impinge directly on the test specimens.

9. Coatinuity of Test

9.1 Unless otherwise specified in the speci-
fications covering the material or product
being tested, the test shall be continuous for
the duration of the entire test period. Contin-
uous operation implies that the chamber be

*Registered U. S, Patent Office.

* The Nullmatic pressure regulitor (or eguivalent) man-
ulictured by Moore Products Co, W oand Lycoming Sts.,
Philadelphia, Pa. 19124, is suitable for this purpose.

“It has been ohserved that peridic Muctuations in air

ressure of £ 3.4 kN/m’ (0.5 psi) resulted in about a two-
old increase in the corrosivity of the fog from a nozzle
which wus being operated at an average pressure of 110
kN/m’ (16 psi). Controlling the Auctuations within +0.7
kN/m’ (0.1 psi), however, avoided any increase in the
corrosivity of the salt fog. See Dursey, ¥. M. and Cava-
nagh, W. R.. “Apparatus and Factors in Salt Fog Test-
ing.” Proceedings, ASTEA, Am. Soc. Testing Mats., Yol
48, 1948, p. 15},
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closed and the spray operating continuously
except for the short daily interruptions neces-
sary 1o inspect, rearringe, or remove test spe-
cimens; to check and replenish the solution in
the reservoir, and to make necessary record-
ings as described in Section 8. Operations
shall be so scheduled that these interruptions
are held to 2 minimum.

10. Period of Test

10.1 The period of test shall be as desig-
nated by the specifications covering the mate-
rial or product being tested or as mutually
agreed upon by the purchaser and the seller,
Noti 12 Recommended  exposure  periods  are

to be as agrecd upon by the purchaser and seller, but
exposure periods of multiples of 24 h are suggested.

11. Cleaning of Tested Specimens

LELE Unless otherwise specified in the spee-
ifications covering the material or product
being tested, specimens shall be treated as [ol-
lows at the end: of the test:

I1.1.1 The specimens shall be carelully
removed.

11.1.2 Specimens may be gently washed or
dipped in clean running water not warmer
than 38 C (100 F) to remove salt deposits
from their surface, and then immediately
dried. Drying shall be accomplished with a
stream of clean, compressed air.

12. Evaluation of Results

12.1 A careful and immediate examination
shall be made for the extent ol corrosion of
the dry test specimens or for other failure as
required by the specifications covering the
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material or product being tested or by agree-
ment between the purchaser and the seller.,

13. Records and Reports

13.1 The following information shall be
recorded, unless otherwise prescribed in the
specilications covering the material or product
being tested:

13.1.1 Type of salt and water used in pre-
paring the salt solution,

13.1.2 All readings of temperature within
the exposure zone of the chamber,

13.1.3 Daily records of data obtained from
cich fog-collecting device including the fol-
lowing:

13.1.3.1 Volume of salt solution collected in
milliliters per hour per 80 cm’?,

13.1.3.2 Concentration or specific gravity
at 35 C (95 F) of solution collected, and

13.1.3.3 pll of collected solution,

13.4 Type of specimen and its dimensions,
or number or description of part,

13.5 Mecthod of cleaning specimens before
and after testing,

13.6 Method of supporting or suspending
article in the salt spray chamber,

13.7 Description of protection used as re-
quired in 4.5,

13.8 Exposure period,

13.9 Interruptions in test, cause and length
of time, and

13.10 Results of all inspections.

Nore 13 Il any of the atomized salt solution
which has not contacted the test specimens is re-
turned to the reservoir, it is advisable to record the

concentration or specific gravity of this solution
also,

APPENDIXFES

Al. CONSTRUCTION OF APPARATUS

ALl Cabinets

ALLL Standard salt-spray cabinets are available
From several suppliers, but certitin pertinent acces-
sories are required before they will function accord-
ing o this method and provide consistent control for
duplication of results.

ALL2 The salt spray cabinet consists of the
basic chumber, an air-saturator tower, a salt solu-
tion reservoir, atomizing nozzles, specimen sup-
ports, provisions for heating the chamber, and suita-
ble controls for maintaining the desired tempera-
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ture,

ALLJ Accessories such as a suitable adjustable
batlle or central fog tower, automatic level control
for the salt reservoir, and automatic level control for
the air-saturator tower are pertinent parts of the
apparatus,

Al.1.4 The cabinet should be of sufficient size to
test adequately the desired number of parts without
overcrowding. Small cabinets have been found diffi-
cult to control and those of less than 0.43-m" (15-
f1') capacity should be avoided,
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AL LS The chamber may he made of inert mate-
rials such as plastic, glass, or stone, but most prefer-
ably is constructed of metal and lined with imper-
vious tlaslicu. rubber, or cpoxy-lype materials or
equivalent,

AL2 Temperature Control

Al.2.1 The maintenance of temperature within
the salt chamber can be accomplished by several
methods. It is generally desirable to control the
temperature of the surroundings of the salt spray
chamber and to maintdin it as stable as possible.
This may be accomplished by placing the apparatus
In 4 constant-temperature room, but may also be
achieved by surrounding the basic chamber of a
jackel containing water or air at a controlled tem-
perature.

A1.2.2 The use of immersion heaters in an inter-
nal sali-solution reservoir or of heuaters within the
chamber is detrimental where heat losses are appre-
ciable, because of solution evaporation and radiant
heat on the specimens.

AL23 All piping which contacts the salt solution
or spray should be of inert materials such as plastic.
Vent piping should be of sullicien size so that a
minimum of back pressure exists and should be in-
stalled so that no solution is trapped. The exposed
end of the vent pipe should be shiclded from ex-
treme air currents that may cause Auctuation of
pressure or viacuum in the cabinet.

ALJ Spray Nezzles

Al.3.1 Satisfactory nozzles may be made of hard
rubber, plastic, or other inert materials, The most
commonly used type is made of plastic. Nozzles cal-
ibrated for air consumption and solution atomized
are available. The operating characteristics of a typ-
ical nozzle are given in Table Al.

AL3.2 It can readily be seen that air consump-
tion is relatively stable a1 the pressures normally
used. but a marked reduction in solution spraved
oceurs if the level of the solution is allowed to drop
appreciably during the test. Thus, the level of the
solution in the salt reservoir must be maintained
automatically to ensure uniform fog delivery during
the test.’

AL3.3 If the nozzle selected does not atomize
the salt solution into uniform droplets, it will be
necessary to direct the spray at a bulfle or wall to

ick up the larger drops and prevent them from
impinging on the test specimens, Pending a com-
lete understanding of air-pressure eflects, elc., it is
important that the nozzle selected shall produce the
desired condition when operated at the air pressure
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selected. Nogzles are not necessarily located at one
end, but may be placed in the center and can also be
directed vertically up through a suitable tower,

AlL4 Air for Atomization

AL4.] The air used for atomization must be free
of grease, oil, and dirt before use by passing
through well-maintained liliers, Room air may be
compressed. heated, humidified, and washed in a
water-sealed rotary pump, if the temperature of the
water is suitably controlled. Otherwise cleaned air
may be introduced into the bottom of a tower lilled
with water, through a porous stone or multiple noz-
zles, The level of the water must be maintained au-
tomatically 1o ensure adequate humiditication, A
chamber operated according to this method and
Appendix will have a relative humidity between 95
and 98 percent. Since salt solutions from 2 to 6 per-
cent will give the sume results (though for uniform.
ity the limits are set at 4 1o 6 percent), it is
preferable to saturate the air at temperiatures well
abode the chamber temperature as insurance ol a
wel fog. Table A2 shows the temperatures, at differ-
ent pressures, that are required 1o offset the cooling
ellect of expansion to atmospheric pressure,

A1.4.2 Experience has shown that most uniform
spray  chamber atmospheres are obtained by in-
creasing the atomizing air temperature sulliciently
1o offset heat losses, except those that can be re-
placed otherwise at very low-temperature gradicents,

ALS I'ypes of Construction

ALS.1 A modern Luboratory cabinet is shown in
Fig. Al. Walk-in chambers are not usually con-
structed with a sloping ceiling due to their size and
location, Suitably located and directed spray noe-
zles avoid ceiling accumulation and drip. Nozzles
may be located at the caling, or 091 m (3 ) from
the floor directed upward at 30 to 60 deg over a
passageway. The number of nozzles depends on
type and capacity and is related 1o the area of the
test space, A 11 to 19-dm’ (3 10 S-gal) reservoir
is required within the chamber, with the level con-
trolled, The major features of a walk-in type cabi-
nel, which differs significantly from the luboratory
type. are illustrated in Fig. A2. Construction of a
plastic nozzle, such as is Turnished by several sup-
pliers, is shown in Fig. A},

' A suitable device for maintaining the level of liyuid in,
either the saturator tower, or reservenr of test solution may
be designed by a local engincering group, or may be pur-
chased From manufacturers of test cabimels as an acceswny

A2. Usi oF THE SALT SPrAY (FoG) Test N ReseArch

A2.l The detailed requirements of this method
are primarily for gquality acceptance and should not
be construed as the optimum conditions for research
studies. The test has been used 10 a considerable
extent lor the purpose of comparing different mate-
rials or finishes with an acceptable standard, The
recent climination of many cabinet variables and
the improvement in controls have made the three
ASTM Salt Spray Tests: Method B 117, Mecthod
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B 287, Acetic Acid-Salt Spray (Fog) Testing,” and
Method B 368, tor Copper-Aceelerated Acetic Acid-
Salt Spray (Fog) Testing (CASS)." into uselul
tols for many industoal and militury production

* Annual Book of ASTM Standards, Parts 9, 10, and
.

* Annual Buok of ANTM Standards, Parts 9 and 27.



and gualification programs.

A2.2 The test has been used to a considerable
extent for the purpose of comparing different mate-
rials or finishes, 1 should be noted that there is sel-
dom a direct relation between salt spray (fog) resis-
tance and resistance o corrosion - other media,
because the chemistry of the reactions, including
the formation of films and their protective value,
frequently varies greatly with the precise conditions
encountered. Informed personnel are aware of the
erratic composition of basic alloys, the possibility of
wide variations in quality and thickness of plated
items produced on the same racks at the same time,
and the consequent need for 4 mathematical deter-
mination of the number of specimens required to
constitute an adequate sample for test purposes, In
this connection it is well to point out that Method
B 117 is not applicable to the study or testing of
decorative chromium plate (nickel-chromium or
copper-nickel-chromium) on steel or on zine-base
die castings or of cadmium plate on steel. For this
purpose Methods B2RT and B 6K are available,
which are also considered by some to be superior
for comparison of  chemically-treated  aluminum
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(chromated, phosphated. or anodized), although
final conclusions regarding the validity of test re-
sults related to service experience have not been
reached. Method B 117 s considered to be most
useful in estimating the relative behavior of closely
related materials in marine atmospheres, since it
simulates the basic conditions with some accelera-
tion due to either wetness or temperature or both.

A2.3 When a test is used for research, it may
prove advantageous to operate with a different solu-
tion composition or concentration or at a different
temperature. In all cases, however, it is desirable to
control the temperature and humidity in the manner
specified, and to make certain that the composition
of the settled fog and that of the solution in the
reservoir are substantially the same. Where differ-
ences develop, il is necessary to control conditions
so that the characteristics of the settled fog meet the
specified requirements for the atmosphere.

A2.4 Material specifications should always be
written in terms of the standard requirements of the
appropriate salt-spray method, thereby making it
possible to test a variety of materials from dillerent
sources in the sume equipment,

TABLE Al Operating Characteristics TABLE A2 ‘Temperature und Pressure
of Typical Spray Nozzle Reguirements for Operation of
. A Test aut 95 F
Air Flow, Solution
Siphon liters/ min Consumplion, miZh Air Pressure, psi
Height, [~ — > N
in. Air Pressure, psi Air Pressure, psi 12 14 16 ] ]
5 10 15 200 S 1w 15 2 Temperature, deg F 1na 17 n9e 121
4 19 26,5 31.5 36 (2100 3840 3584 5256 Air Pressure, kN ’m*
8 19 26.5 31.5 36 || 636 2760 3720 4320
12 19 26.5 3.5 36 [ 0 1380 300 3710 $3 9 110 124
16 | 19 26.631.5 36| 0 780 2124 2904 Temperature, deg € % 41 & 2
\ Aie Flow, dm*/min Sululmn:; ::1;umﬁ|on.
Siphon
H::‘“"“ Air Pressure. kN/m® || Air Pressure, kN/m*
34 69 103 13%|| 34 &9 103 13K
10 19 26,5 3.5 36 [[2100 830 4584 5256
20 19 2.5 3.5 36| 636 2760 3720 4320
L] 19 2.5 M5 0 L0 ¥ 3700
40 19 2.6 31.5 3 0 780 2123 w
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#— Angle of lid, 90 10 125 deg

| — Therm and thermostat for lling heater (Item No. ¥) in huse

2 Automutic water levelling device

3 — Humidifying tower

4 — Automatic temperature regulator for controlling heater (ltem No. 5)

$ — Immersion heater, non-rusting

6 — Air inlet, multiple openings

7 — Air tube to spray nozzie

8 — Surip heater in buse

9 — Hinged top, hydraulically operated. or counterbalunced

10 — Brackets for rods supporting specimens, or test table

11 - Internal reservoir

12 — Spray nozzle above reservoir, suitably designed, located, and haifled

12A — Spray noszle housed in dispersion tower located preferably in center of cabine

13 — Water Seal

14 — Combination drain and exhaust, Fxhaust at opposite side of test space from sprayv nozle (lem 120, but preferably in
combination with deain, waste trap, and forced dratt waste pipe (hrems T, 17 d 1)

16 — Complete separation between forced draft wastie pipe (Hem 17) and combination deiin and exhuast (Items 14 and 19)
1o avoid undesirable suction or hack pressure,

17 — Foreed draft waste pipe.

I8 — Automatic levelling device lor reservoir

19 — Waste trap

20 — Air space or water jucket

21 — Test 1able or rack, well below roof urea

FIG. A1l Typical Salt Spray Cabinet.

Note  The controls are the same, in general as for the
laboratory cabinet (Fig AL but are sieed 1o cire Tor the
H larger cube. The chamber has the following features:

# (1) Heavy insulation,
(1) Retogeration dooe with dop rail, or pressure door
2 with drip ranl, inward-sloping sill,
(4 L ow-temperature ausiliary heater, and
(4) Duck boards on floor, with floor sloped 1o combina-
3 tion drain and air exhaust.

FIG. A2 Walk-in Chamber, 1.5 by 2.4 m (S by & ft) and
1pward in Over-ull Size.

= 202 =
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FIG. A} Typical Spray Nozzle,

The American Society for Tfsm? and Materials takes no position re. the validity of an mmu rights asserted in
connection with any item ! in this dard. Users of this st d are expressly ad that determination of the
validity of any such patent rights, and the risk of infringement of such rights, is entirely their own responsibility.

This standard is subject to revision at any time by the responsihle technical committee and must he reviewed every five
vears and if not revised, cither reapproved or withdrawn. Your comments are invited cither for revision of this standard or
Sfor additional standards and should he addressed 1o ASTM Headquarters. Your comments will receive careful consideration
at a meeting of the responsible technical committee. which you may attend. If vou feel that yvour comments have not received
a fair hearing you should make vour views known o the ASTM Committee on Standards, 1916 Race St., Philadelphia. Pa.
19103, which will schedule a further hearing regarding vour commenis. Failing satisfaction there, yow may appeal to the
ASTM Roard of Dircetors.
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APPENDIX 2

Internal company documentation raised for the Vulcan Vaqua D plant

a - The General Manufacturing Specification document, which
describes the machine and how it should be operated.

b - The Solution Specification Sheet, which describes how the
solutions used in the machine should be made up and maintained
during use.

c - The Daily Additions Sheet, which describes how to carry out the

daily checks on the solutions in the machine.
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Product Cpecification Dept. Spec.No.180%2

General lManufacturing Opecification Sheet 1 of 6

Vulcen Vanual) Plant

Indez
1. Generel Description.
2, Solutions used.
3. Operating instructions
4. Emergercy stop buttons and interlocks.
5. Mointenance (Machine and solutions)

1. Generzl Description

This machine is designed for wet tlast cleaning bonded components,and is
capable of dealing with rusty surfaces,bonding egent residues and lubricent contamination.

The unit concists of a cabinet incorporating two sutomatic barrelling positicns
and one manuzl work position.

1.1. Automatic berrelling positions

Tnhe automatic barrelling positions are accessed vie. the left and right hand
doors of the cebinet. A processing berrel,driven by an externally mounted drive unit is
fitted to each dvor.When a barrel is loaded and the door closed  the barrel slowly rotates
while media (Aluminium oxide DSFA/114 1% a degreasing solution of DEFM/84A in water )is
blasted at the parts through guns,using compressed air. This is followed by & rinsing cycle
Both the blasting and the rinsing cycles are timer controlled.

1.1. kssccieted equipment

8.Sump - The base of each work area is covered with sections of perforated steel
sheet, through which used media drains intoa sump for recycling.

Capacity-65 gallons
Heating - 9Kw immersion.

b. Klarti Kla.nl‘ier unit- a tank ,linked by pipework to the sump,which coniinuously _
Tremoves oil and greese from the media.

Capacity - 26 gallons.

¢. Settling tank - a small weiring tank designed to accept broken down ISFA/114
filtered out of the media.

d. Portable wet oyclone - for the removal of DSFA/11a from the media.
e. Conveyors - Two conveyors for loading parts- into the barrels.
2. Solution used
Solution S658 (Hazard B1A4)
Temperature 55 - 65°%

The amount of DEFM/84A the part required is calculated on the combined capacities
of the sump and Klarti Tank.

The emount of DSFA/11A the plant -equires is calculeted on the cepacity of the .
sunp,

= N PR ___I__l.%ﬁ_[_ i - _

DATF: 25.2.30 ‘
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Product Specification Dept. Spec. No.P1807%2
General Menufacturing Specification Sheet 2 of 6

3.0perating Instructions '

3.1, Start up procedure

Switch on

a, Water supply

b. Compressed air supply

¢. Electricity at isolator

d. Sump heater

e. Klarti pump

f. Machine lighting

8. Check that manual gun is secured to support arm.
“h. Switch on steam supply to conveyor cleaning tank.

Vedie pump i, If the plant is to be in continuous use press low then high buttons ,and
turn off pump only during breaks in working.

If only one station is to be used start pump as part of the loading sequence
of station and stop pump as part of the unloading sequence.

To start pump press low then high buttons.

The solution in the plant should be brought up to operating tmeperature before
processing is begun.

3.2. Automatic Barrel Processing

Either the left or right hand or both barrels can be used as required.Zach
barrel has separate control panels located by the door.The automatic barreling: position:
are not designed to cope with large parts. The load per barrel should not exceed 1201lbs
and should ideally consist of 60 to TO0lbs to ensure parts are cleaned sufficiently .

The following segquence is applicable to both stations. -
= 3.2.1 loading (Automatic barrel processing)

a. Open clips securing door.

b. Operate lever hand vaive to pneumatically open barrel door.

¢. Check that unload flap is closed and secured.

d. Check that the gantry mounted process guné are positioned to give coverage
to barrel contents. z

e. Push delivery chute into barrel opening.
f. Push Tote tin containing parts into cradle above conveyor.
g. Invert cradle.

h. After conveyor has finished delivering parts into barrel lower delivery
chute.

i. Operate hand lever valve to pneumaticaliy close barrel door.
Je Close clips securing door. =

k., Set process timer,

1. Set wash(rinse)timer.

m. Press Auto start button.

ISSUE |1 PJ H_,_L. _|_L

ICATE  [25.2.80
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Product Opecification Dept. Spec.No.P180%2
Ceneral Manufacturing Specification Sheet 5 of 6

3.2.2. Unloading (Automatic barrel processing)

The sequence has completed when the orange lights in both the process and the wash

timers have gone out.

3.3,

a.
b.
c.
d.

Open clips securing door.
Operate lever hand valve to pneumatically open barrel door.
Wheel a tote tin under the barrel.

Use the inch button to rotate the barrel until the unload flap is positioned

over the tote tin. ¥
Open unload flap.

Ensure all parts have emptied from the barrel.

Close and secure unload flap..

Wheel tote tin from under the barrel, -

For continuous running return to e. of 3.2.1 loading !Autumatic barrel
processing.

If finished with the barrel,operate hand lever valve to i:met:m:é.'b:’t.o‘a.].l;r1 @lose doo:

Close clips securing door .

Menual work station.

3.3.1. Loading (lanual work stetion)

(-
b.
c.
d.
e.
f.
8
h.
i.
J.
k.

Ensure media to gun and air to gun buttons are off.
Open clips securing door. ;

Manuzlly open door.

Detach hand gun from its mounting.

load component . '

Close door.

Close clips securing door.

Switch on window wash.

Switch on window wiper.

Insert hands into work gloves pick up gun and hold firmly.
With knee press mediz to gun then air to gun buttons.

N.B. To prevent damage to the viewing window ensure that the window wash is always
S switched on before the wipe.
As an alternative to hand holding,the gun can be left fixed in its mounting
and the part manipulated in the gun blast . However in this mode care must be
taken to ensure the gun is not pointed such that damage is done to the cabinet.
sswe (1 | w| | | | | ] | J_|
DATE | 25.2.80 ]
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3.3.2 Unloading (Manual work ctation)

~ 8. Press air to gun and media to gun stop buttons with knee.
b. Atach gun to mounting or put down component.
¢. Withdraw hands from gloves. :
d. Switch off window wiper
e. Switch off window wash. -
{. Release clips holding door
g. Open door
h. Rinse component with water if necessary.
i. Unload caqmponent
J. For continuous use return to d. of 3.3.1 loading (Manual work station)

k. If finished with the manual work station close door. -

1. Close clips securing door.

3.4. Shut down orocedure for plant

@, Close and secure all doors.

b. Switch off sump heater.

c. Switch off Klarti pump.

d. Switch off media pump.

e. Switch off machine lighting.

L. Switch off electricity at isolator.

8. Turn off compressed air.

h., Turn off water.

i, Turn off steam supply to conveyor wash tank

4. BEmergency stop buttons and interlocks.

4.1. Emergency Stop buttons

An emergency stop button is fﬁtted to each barrel control panel, which will step

the machine immediately when preossed.To restart the machine pull back the button

to its original positien.

An emergency stop button is fitted to each conveyor system,which will stop the
conveyor immediately when pressed.To restart the conveyor it will be necessary

to first pull beck the button to its original position.

4.2. Interlocks

Limit switches are fitted to the doors at each work position. Each switch prevents

the gun in that work position from operating while the door is open.

5. Maintenance

5.1. Machine maintenance

1.1

Dail

8. Check wiper arm and blades.Replace as necessary.

b. Check operation of window wash Jjet.Clean/replace ,as necessary.
c. Check abr;sive end air hose fastenings.

d. Check that work grids are undamaged, fitting correctly and ere free of
foreign matter.

T R 2 0 P T M D

25.2.80

=
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5.1.2. Weekly or every 40 hours

a.
b.

a‘
dl

:O
8.

As duily

When Klarti tank has been drained as part of solution maintenance procedure
dismantle tve piece on Klarti tank and check condition znd positioning of
Venturi jet.

Note: The correct positioning of the jet is vital to the correct operation
of the filtration tank. The end of the jet should protrude about 1/8"
3mm) over the centre line of the tee piece.

Check interlocks on doors.
Check air abrasive and by-pass hoses for wear or damage .Replace as necessary.

Check "gun nozzles,air jets and non return valve balls and seatings for wear
or damage.replace as necessary.

Check gun and by-pass adaptors for wear or damage.Replace as necessary.
Check gloves of manual station for wear and damage. '

5.1.3. Three monthly or every 500 hours.

a.
b.

c.
d.

As monthly

Remove media pump from cebinet and check top and bottom casings,impellor,
extension shaft,gland housing and flow back hose for wear and damage.

Check all electrical festenings.Lubricate door hinges and cetcnes.
Check barrel lining for wear or damage.

5.1.4. Six monthly or every 1000 hours.

b.

As every three months.Dismantle pump motors and check bearingsfor wear or
damage.Clean and lubricate bearings with Shell Alvania 2 Grease or similar.

Remove Tornado assembly from pipework.Disman.le and check top ,central tube
and orifices to bottom chamber for excessive wear.Replace parts,as necessary.

Caution:
IT using & very coarse abrasive continuously,the Tornado assembly should be
checked every 500 working hours. :

5.2. Solution Mzintenance

5.2.1. Daily maintenance.procedures are contained in solution specification.

Solution 5658 (Hazard Code 814)

5,2.2:Weekly or every 40 hours

5.2.2.1.Media solution S658

Change solution S658/81A4 completely by the following procedure:=-
To remove DSFA/11A from solution.

a.Stop media pump and switch off compressed eir

b.Open doors and thoroughly wash down cabinet interior.

¢.Close &nd secure all doors.

d.Place a suitable container below cyclone hopper.

e.Check hend valve at base of hopper is closed.

f.0pen lower hand valve on branch piece to the media pump.

g.Close upper hand valve in media delivery line from pump to cabinet.
h.Ensure cyclone unit is stable and will not tip. 7

1 |3

25.2,80
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5.2.2.1 cont. i. Press mediez pump low and hizh buitons,allow pump to run in high
speed for a few moments,'This will remove DEFA/11A from the sump to
the cyclone hopper.

J.Press pump stop button.

k.Open hand valve at base of hopper and drain hopper contents into a
container.

1. Repeat operation until cabinet sump is totally clear of old media.

N.B. The wet cyclone unit becomes less effective at separating DSFA/11A finer than
200 mesh.
m. VWhen the sump is empty of old media close hand valve in branch piece to
sump. ¥
n, Open hané valve in pump delivery line to cabinet.

To remove old Solution.
0. Turn off water supply
p. remove emptying out bung from tee piece.

q. Drain solution from sump.

r. Open drain valve on Klarti tank.

s. Drain solution from Klarti tank

t. Clean sump and Klarti tank.

u. Decant solution from settling tank.
v. Clear out settling tank

x. Make up a new solution of 5658/B1A.
Y. Turn on water supply.

z. Turn on compressed air supply.

2:2.2.2. Canveyor cleaning tank. :
a. Drain water from conveyor cleaning tank.
b, Replace with fresh water.

1 . ! |
DATE .25.2.80 .
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Instructions fto Production Dept. shdwn ultiﬂn heavy lines

HAZARD 814 . SPECIFICATION FOR SOLUTION Ne. S_ss8
INITIAL MAKE-UP USE Vulcan Vaqua D Solution
INGREDIENTS HAZARD | WEIGHT VOLUME WEIGHT VOLUME
DEPM 84 A 9 1lbs
DSFA 11 4 130 1lbs
WATER o 90 gallons %
BATCH SIZE _
MIXING PROCEDURE ¥ Fill sump ¥ full with
Soluf‘ion prepared in water. Add DSFA/11A and DEMM/84A. Then add .
suppliers/ working/ separate water until solution runs through overflow
container on batch/continuous .pipe and fills adjacent klarti tank. Wear eye
basis protection, non absorbent glovés, protective .
. clothing and face mask. :
DEPT./ PLANT INVOLVED : !
Make-up: Vulcan Vagua D & . i :
Using: # S
- Identification Col.code
TESTS REQUIRED BY PRODUCTION: TEST: . LIMITS:
BEFORE USE BY Q.C./Lab.: CONTROL TESTS Nos. ., lsee below)
SOLUTION MAINTENANCE Level yater to working level ;
Agitation None* Additionsw To raise strength by one point add
y oot 10 ozs DEMM/84A. Add 44 1bs DSFA/11A after
Pot- life - each shift the plant is used
P Spec. refy—oo2s :
|_T. oPeC Mely—TTTer forty hours use remove DSFA/11A from solution. Discard solution from

sump and klarti tank then clean both. Decant and discard solution from
uslnstpt% innl:, remove sludge and clean. Do not neutralize any solution with acid.
Wear eye protection, non absorbent glowes and protective clothing. Make up a fresh
solution of S658/B1A protection as above.

| Frequency FREQUENCY CODE

CONTROL ‘TESTS Method Lmits | gcA | Lab. 020 tests required
=0on Mmaxe-u

1| Pointage 101 10-16 ; 2 |2 =once per slfiﬂ

: : 3 =once per day

2| PR ‘ L mtwice per week

. S monce per week

3 i 6 wonce per month

& . Any other to be specified

ISSUE No | 1 |PJ DISTRIBUTION CODE

DATE  |14/2/80

# Including safety precautions
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VULCAN VAQUA 'D' PLANT
DAILY ADDITIONS

DEF/BLA.

AT THE START OF EACH SHIFT THE PLANT IS TO BE USED ADD 2 LBS OF
DEFY/PL4 (WHITE POWDER).

WEAR EYE PROTECTION, PROTECTIVE CLOTHING, NON ABSORBENT GLOVES .
AND A FACE MASK.

DSFA/11A

AT THE START OF EACH SHIFT CHECK THE DSFA/11A PINK ALUMINA CONTENT
OF THE SOLUTION AS FOLLOWS, .

1. Place a plastic measuring cylinder in the manual work position.

2. Switch on the media supply to the gun, DO NOT switch on the
air supply to the gun,

3. Fill the measuring cylinder by holding it in the edge of the
blast of media.

L. Allow the contents of the measuring cylinder to settle then

read off the level of DSFA/41A (pink alumina) at the bottom
of the cylinder.

THE DSFA/11A CONTENT MUST BE MAINTAINED BETWEEN THE MARKINGS

TO MAINTAIN THE DSFA/44A CONTENT ADD AMOUNTS ACCORDING TO THE
FOLLOWING TABLE,

INCREASE IN READING

REQUIRED ADD
1 L 1bs
2 g Y
3 f2. "
A 6
5 20 *
6 2 "
7 28 "
8 Al
9 % "
10 yo "

P. JCHISON
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APPENDIX 3

The memoranda issued in connection with the works trial of the

Bonderite 181X phosphating solution

These documents are referred to individually in Chapter 6.
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N THTTIN LI PCLYRICA ENGIMESRING DiVISION
To Mr A R Nutt. Manager Envirchental Health Research Centre.
From J F Powell. Technical Adviser P.E.D.
et JFP/LS
Date 21st March 1979 Ext 229

Use of Nitrites.

I attach copies of three documents relating to the usa cf nitrites, in
particular sodium nitrite, arnd would be glad to have your comments.

In brief, the documents are as follows:-

1/ Letter from Alfa Chemicals to our Mr Hopkins, indicating the
possibility of sodium nitrite reacting with secondary amines to
form nitrosamines, which are carocinogenic.

2/ Memo. from myself to colleagues, drawing attention to this letter,
and indicating the advisability of eliminating sodium nitrite
from our processes = as a reaction to the disclosure of the
hazard rather than on any positive risk basis.

3/ . Memo. from our Mr Johnson to colleagues, indicating the need for
sodium nitrite in a (new) process, and suggesting that the risk
is so small, if indeed present at all , that it can be discounted.

I have, of course, discussed this matter with our Mr Johnson, and we are
in agreement that our present "ban" on nitrites would bes difficull, if
not impossible, to substantiate on a chemical basis. It was, in fact,

a calculated,, over-reaction to Alfa's letter, on the assumption that

it would be fairly easy to dispense with sodium nitrite. This has
proved not to be the case and we need to take a more realistio view of
the situation, which is why your advice would be invaluable,

T ol

J _F Powell
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£ (o P R RESEARCGH CENTRE
To M J F Powell Technical Adviscr Polymer Engineering Division Leicester
From A R Nutt Manager — Environmeantal Health
- &
Dal2 19 May 1979 Ret  ami/as/60 Bt 2168

Use of Nitrites

Thank you for ycur letter on the sbove topic, and for the information from Alfa
Chemicals. .

The reaction between nitrites and secondary (and in sore cases tertiary) amines o
give nitrosamines has reccived considerable attention in the literature in recent
years. particularly becsuse nitrites find widespread use as food additives, for
instance as preservatives in cooked meat and fish. There have been a mumber of
attempts o detect and measure traces of nitrosamines in such foods, sometimes wit

positive (though very low) results. :

Enimzl experiments indicate that the lew molecular weight di-alkyl nitrosaminess
(particularly dimethynitrosamine and diethylnitrosamine) are potent carcinogens.
The di-aryl nitrosamines are either very much less potent carcinogens or are non-—
carcinogens. Diphenyl nitrosamine, used as a retarder in the rubber industry, has
been tested for carcinogenicity with negative reculis.

Secondary amincz have been detected in the vulcanisation products of compounded

rubker, though usuaily in very small amcunts. I note your comments on the improb—
ability that sirnificant quantities of nitrosamines would be generated by contaci of
pilicons emulsions contzining nitrites with compounded rubber and I agree with this.

Althovgh the possibility of any hazard arising from use of materials containing
nitrites is extremely remote, it i as you suggest prudent that where altermative
materials are ecsily available, these should be used. However, where nitrites
form part of a system in which they cannot easily be replaced, I do not think that
we wonld be justified in secking to ban them in the absence of positive evidence
that diallyl-nitrosamines are produced under practical worling conditions.

1 understand from Mr Johnson's letter that the most importani of your current uses
of sodium nitrite is as en addition to the new phosphating system (181x) uced to
4reat metal parts prior io metal-to-rubber bonding. It may be worth investigating
whether there is sufficient nitrite remaining on the treated paris to cause further
reactions, and whether thers are aay routes by which this nitrite could come into
contact with relevant secomdzry amines. Analytical Section ai Research Centre .
could no doubt help in investigzting this aspecti of ithe process.

-

It is my view that the prouosed process should be regarded as acceptable unless and
until it can be showm that +he theoretical chemical pathways leading to the production
of nitrosamines have come basis in the practical situaiion.

57
{ ] I\
0 ~ &7

£ R Mald
o TR

cc HBr X D Iliffe
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@ DI POLYMER ENGINEERING DIVISION

Copies to : Mr. A.J. Reed
¥r, M.R. Horton

To Mr. S. Hall - Mr. G, Hopkins
From P, Johnson :;'- :-GB";E“‘&
Ref  PJ/MAR Ilr: C.D. Keen
Date  11th April, 1979 LE;; Mr., T, Taylor

Works Trial of a new phosphating solution

Technical Laboratory has been investigating the abysmally poor corrosion
resistance of phosphate coatings produced by Metalastik,

Although a report will be available on completion of the work, an interim
summary of key facts is : = :

1) Phosphate coatings produced on the sutomatic and manual phosphating
plants exhibit markedly inferior corrosion resistance compared to a
coating produced in the laboratory.

Works phosphate and laboratory stain - less than 16 hours resistance
to ASTM B117
Laboratory " " " = 72 hours resistance to ASTM B117.

2) When examined by Scanning Electron Microscopy there ere clearly evident
'bald' patches in the works phosphate coating compared to the laboratory
coating., One type of phosphate crystal is missing from the works phos-
phate coating causing incomplete surface coverage of poor corrosion
resistance,

3) The presence of organic contaminants has been detected in the works
phosphating solutions, Anti-oxidants and anti-ozonants kave been
identified that must have been leached from the rubber.

) These contaminants are believed to prevent the formation of a satisfactory
phosphate coating in a Parco 95 solutidn. It is therefore proposed to
try another solution, 181X, that is claimed to be mcre ‘I:u].ormt to the
presence of orgamic ooutaminsnts.

5) A small scale comparison of Parco 95 and 181X indicates that any
difference between the phosphate coatings produced should not adversely ~
affect subsequent painting, staining or oiling operations.

Work required for a trial of 181X

Assuming no objections on health and safety grou.nd.s a trial of 181X is
planned to commence on May 21st using the automatic p.haaph.at:lng plant,

This requires the following :

1) Completion of the repairs requested to the phosphating plants by May 21st.
2) k complete clean out of both phosphating plants om or just before May 21st.
3) Make up & Parco 95 solution in the manual plant as normal.

L) Make up a 181X solution in the automatic plant.

Cont'ds icscnnsnsvnnt
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Effect of Production

No changes will be required to production methods or processing times.
However, the 181X solution does need closer control over operating conditions
and chemical additions than a Parco 95 solution. The closer control over
operating conditions can be achieved by completing the repairs required on the
phosphating plants and Technical Laboratory will lisise with Process Control
regarding the closer control required over the chemical additions.

In order to react quickly to any problem and minimise interference
with production, I will be working in the vicinity of the plants for most
of the 6 = 2 and 2 - 10 shifts for the initial period of the trial. As
the situation normalises, I will work as much of the two shifts as is required.

In addition, Pyrene, the chemical suppliers, are expected to send a
representative to the initial period of the trial.

To ensure the integrity of the trial, it is requested that I should be
able to give instructions directly to plant operators.

ACTION
Mr. S. Hall

To reply whether these arrangements are acceptable, A reply by April
20th would be appreciated, as I shall be away from then until May 14th.

Meeting

It is suggested that a meeting to finalise details should be arranged
- for 2 p.m. on Wednesday, 16t May.

P, Johnson

L e
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@EFNE@P POLYMER ENGINEERING DIVISION

To Mr P Johnson /

From M R Horton

Ret MRE/IEH

Date 20th april 1979 Ext 232
PHOS hi(¢]

Ref your memo of 18.4.79, please expedite introduction of solution to

replace Parco 95.
Report to me weekly on progress.

Th ou.

M R Horton

—
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PURCHASE REQUISITION N° "35864
FROM... T2ewsican | WABS DEPT. DATE .‘."/."1.133..
QUANTITY DESCRIPTION £
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To
Erom P. Johnson
Pt BJ/MAR

Date 14th May, 1979
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POLYMER ENGINEERING DIVISION

Mr. S. Hall, Mr. G. Hopkins, Mr. R.G. Iliffe, Mr. T. Taylor

Mr. C.D. Keen.

Ext 483

soluticn 181X.

In order Sh ¥¥wmilMy details and discuss any problems
regarding this §adal, would you please attend a meeting in Hr.
S. Hall's Offiemat 11 a.ms @B Wednesday, {16th May, 1979.

ohnso.
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s DTS2 POLYMER ENGINEERING DIVISION
Mr. S. Hall, Mr. G. Horkins, ¥r, R. Peurson, !ir. J. Powsll,
To Mr. T. Taylor, Mr. C.D. Keen, Mr. L. Airey
From  p, Johnson
Rel  pr/iaR
Date  47th May, 1979 Bt 483
PHOSFEATING — Works Trial of anew phoaphating solution = 181X
This trial requires the use of materials naw to Hetalastil, for
wnich provisional Hazard Warning Cards are attached.
If it is decided to adopt theae materials, they will replace
Parco 95 1MU (D04U) and Parco 95 R (DRCO) and the Hazard Warning
Cards will be issued at the appropriate tims.
P. Johnson
S et | ;
(:/3> Prs s o) ge i m: el POLYMER ENGINEERING DIVISION
To Mr G Hepkins cec Mr J Marsh lir P Jolmson
From D B Kenyon
Rat DBX/=4S
Date 29 June 1979 Ext

PRODUCT FINISHING STANDARDS

=1 have heard a number of encouraging but un-official reports relating to
the improved performance of our phosphating plant; does this mean that
we can increase the levels guoted for Salt Spray performence in DDS 33,
which are generally low in relation to customer expectation for this class

of finish ?

L e
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DUNLOP LIMITED POLYHER SNGINKERING DIVISION
To lir. M.R. Horton Mr. K. Wade From P. Johnson
lr. G.J. Midgley Mr. S. Wheeler
Mr. A.J.Reed Mr. R.G. Iliffe
Hr. G. Hopkins Mr., C.D. Keen
lr. S. Hall Mr. D.A.R. Stevenson
Mr. D. Kenyon Mr. T. Taylor

TSCHNICAL NOTS KO. BD

Works trial of phoschating solution 181X

Object

The Parco 95 phosphating solution currently used has been identified
as producing an unsatisfactory phosphate coating when used for processing
Tubber-to-metal bonded products. A works trial was carried out to assess
whetker an alternative phosphating solution 181X alleviated the problem.

Sumnary

For a trial period the manual phosphating plant has beer using Parco 95
and the automatic plant 181X. Comparison of the performance of the two
solutions using test panels has revealed that the phosphating solution 181X

produces a beiter quality phosphate coating under shop floor conditions than
the Parco 95 solution.

Although the 181X solution chemicals cost more and the usage rate may
increase, the savings on both heating and labour more than offset the increase.
In addition, there should be a decrease in production problems and an improve-
ment in product quality resulting from the change to.181X.

Conclusion

Subject to Health and Safety approval by Central Research, Metalastik
should change to using 181X in the automatic and manual phosphating plants.

P. Johnson

=B~
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)é) DUNLOFX : POLYMER ENGINEZRING DIVISION

To Myl R Horton Mr A J Reed Mr G J Midgloy Mr K Lade

From (mality Assurance Manager i ::: g !a!ogld.nl.

Ref  JIT/tw coMz P Johnson |
Date 30 July 1979 Ext
DHOSPHATING SCLUTICH

X have had sight of bx Jolmson's Technical Kota EDS7
on the use of 181X phoschating soluticn,

In view of tha problens wa bave from tize to tinme with
neating custoser corrozicn rosistance requirements (and
it is welcone to obeerve thae Pguality awaronass” content
of the Technien]l Kote) I would urga that wo convurt to
this cystem without delay. -3ile Note draws aittention

no-one eosild sea any pood reason

E
§
T
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;;»-\ TN O POLYMER ENGINZER'NG DIVISION
To Mr P Johnson / cc Hr S Hall
1L M= Mr R P Freeman
Fro:
e M R Horton Mr G J Midgley
Ret MRH/IEH Mr F Cowles
Date 1st August 1979 Ext 232 File

PHOSPHATING SOLUTION 181X

Thank you for your report and memo of 26.7.79.

I agree that we should proceed with the change from our present Parco 95
solution to 181X as soon as possible on both the automatic and hand phos-
phating plants.

Will you please arrange with Mr R Freeman for the provisioning of the
correct quantities of the chemicals required (at the right price!)

Will you please ensure that all safety, maintainance and control procedures
are implemented to ensure a proper operation of the plants.
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@ DN POLYMER ENGINEERING DIVISIOH:
7o Mr. R.P. Freeman i Copies to Hr. li.R. Horton
= . Mr. G.J. Hidgley
From P. Johnson Mr. G. Hopkins
Ref  PI/HMAR
Date 2nd August, 1979 Ext 493

CHANGE OF PHOSPHATING CHEMICALS

Attached is a report recommending that Hetalastik changes from
using Pyrene's Parco 95 chemicals to Pyrene's 181X chemicals and
additives in our phosphating plants.

As the automatic phosphating plant is already using the 181K
pPhosphating solution, I propose the changeover be done by : -

1. Ordering sufficient chemicals to continue running 181X in the
automatic plant.
3 x 65 kg. drums of 181XINU @ 61p/kg.
3 x 275 kg. drums of 181XR @ 61p/kg.
3 x 50 kg. drums of Additive 3 @ 80p/ke.
2 x 50 kg. drums of Compensating Solution @ 31p/kg.

2. Ceasing to order Parco 95 chemicals, and using the remaining
stocks in the Manual phosphating plant.

3. When the Parco 95 chemicals have been used, ordering 181X chemicals
for use on both plants,

I think a meeting would be useful to discuss =
a) Stocking level and ordering levels of the new chemicals
b) The possibility of a meeting between Pyrene and Metalastik

to negotiate lower prices for the 181XIMU and 181XR chemicals -
which, prima facia, are too high.
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%‘} DILDOF . POLYMER ENGINEERING DIVISION
o rs R.P. eman X Copies to Mr. G.J. Midzgley
ilra ﬁ.ﬁ. ?gﬁnson . Hr. G. Hopl-d.na
From P, Johnson
Ref  RP/MAR
Date 3rd August, 1979. Ext 493

Strength of 181X chemicals.

Although the price of 181X themicals is 61p/kg it appears to have
a lower level of phosphating chemical per unit volume than Parco 95
which is only 57p/kg.

This is true both for the IMU subscript chemicals which are only used
to make up a new solution after a clean out and for the R chemicals which
are used for the daily additions.

Total Acid Free Acid Price
points points | per kg.
1 ml 181 X IMU 67 15 61p
1al 95 IMU 83 21 5Tp
1ml 181 XR 8 agn 61p
1 ml 9% 95 20 o 5Tp
Points: & generally recognised measure of the sirength of a phosphating

chemical.

Total Acid: is when the free and combined phosphate chemical content is
measured (i.e., phosphoric acid and zinc phosphates).

Free Acid: is when only phosphoric acid content is measured.

From the sbove results it can be seen that the 181X INU chemicals
give a lower strength reading for both the Total Acid and Free Acid when
compared with Parco 95 IMNU. This means 181X IMU contains less. phosphating
chemicals per unit volume, yet it costs more than Parco 95 IHII. ;

Similarly, 181X R chemicals give a lower strength r-ading for both
Total Acid and Free Acid. than Parco 95R yet 181X R costs more. e

Unleas Pyrene can quote a significant difference :Ln the cost of N
manufacturing 181X and Parco 95, we would be justified in pressing for the
price of 181X to be reduced to the price of Parco 95, if not lower.

The following represents a more recent estimation of the usage of 181X
chemicals than that present in Technical Note BD97.

Compensating solution 2 =~ 2 x 50 kg drums every 8 weeks -

Additive 3 - 2 x 50 kg drums every 8B weeks

181X IMU - 2 x 65 kg drums every 6 weeks

181XR - . as for Parco 95. _

I would recommend that, until we have more experience of ruming 181X, the
stocks of the above chemicals should not fall below : - =

Compensating solution 2 - 2 x 50 kg drums

Additive 3 - 2x drums

181X IMU =N % kg drums

181XR - as for Parco 95.

P. Johnson
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é‘:}» DITNZLZIF FOLYMER ENGINEERNS CIViGITis
To Mr. F. Cowlss : Copies to Hr. il.R. Horton
Hr. G.J. Hidgley
From P. Johnson hr. S. Hall X
Ref PI/H:R Hr. G. Hopkins
Dale 2nd August, 1979 Ext 493.

IHaintenance of phosphating plants

Please fini attached Technical Hote BD97 which recoamends we
chance to using the 181X phosphating solution.

The report refers to the better maintenance required on the
phosphating plants to assure successful use of the new solution.

In particular: =

1. Thermostats = need to be checked regularly to ensure they
are maintaining temperatures in the correct
limitso

2. Ballcocks controlling water inlets - need to be checked
regularly for damage and efficient operation.

(The ballcock on the alkali cleaning tank F150 needs replacing
with a shorter version, as it is useless at the moment -~
(automatic plant))

Alterations to manual phosvhatinz plant for conversion to 181X.

The manual plant requires the following work done before 181X
can be used in it.

Fitting of thermostats

Bath No. Temperature limits
Alkali Cleaning batn F105 85 - 90°¢
Phosphating bath F111 65 - 70°%
Post phosphating rinse 2 F112 65 - 70°%
Post phosphating rinse 3 F113 65 - 70°%

Fitting of ballcocks
The phosphating tank requires a ballcock fitting to the water inlet .,

Water rinses - automatic and manusl plants
Rinses affected

Manual Automatic
Post phoasohating rinse 1 F125 Rinse 1 after alkali cleanmer F151
Rinse 1 after phosnhating F154

-

Cont'd.eevsasass?
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Contld. civevs

Currently ths fresh water inlets to these tanks are as shown
in the attach-d Figure 1 (spray bars or top pipes). As shown in
the diagran, the clean water largely flows straight to drains leading
to these rinses being badly contaminated.

I would appreciate your opinion on the feasibility and cost of
changing the rinse water inlets to the type shown in Figure 2.

2. Johnson
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APPENDIX 4

The altered Design Data Sheet 38, showing the supplementary table.
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) POLYMER ENGINEERING DESIGN DATA SHEET | y,, >z
s, ; - :
e DIVISION SHEET HMo. AR
DUNLOP LIMITED | - [METALASTIK] Np.OF SHEETS ! g
CONFIDENTIAL MUST NOT BE COPIED OR COMMUNICATED
DESCRIPTION
FINTSHES FOR METALASTIK CCMPONENTS.
General i

Current Metalastik finishes are designed to provide ’a limited range of anti=
corrosion coatings that will satisfy the mejority of customer requirements.

Finishes are designated 'Preferred' or 'Non-Preferred'.

Preferred Finishes will generally be available without restrictionm, although
certain exceptions may apply; for cxample, on large items restrictions may be
imposed by virtue of plant capacity.

'"Non-Preferred' Finishes referred to in this data sheet should be severely
resiricted to those corponent applications where a Preferred Finish would be
tztally unzccepicble and the use of a non=-preferred finish is considered to
be commercially viable. . ¥

Selt Sproy Resistance Data

Salt sprey resistance data should, strictly spesking, refer to the perfcrmance
of the finishing system applied unifermly to a test panel end judged apcinst
a particular set of failure criteris, In practice, perfcrrmance of the 24inizh
has to be judged on preduction commcnents against failure criteria whicr cen
vary from customer to customer. The geometry of the component car ‘ull'cct the
thickness of the finish and its behaviour on salt spray. hilst the qucied
data can be applied as it stands in most cases, it may be advisadble to c.eck !
out the salt spray resistance on production components having e typical standard |
finish, and tested in accordance with the customer's specification.

Sesssssasssssssnen

=gyt - - ST e
DATE //’,_‘/.. 18 11 c0 DRAWN | ,’!’j"‘i.’.‘_ e Ry Gry !_
ISSUE 2 3 CH'ID ; ey = = ;
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POLYMER ENGINEERING | DESIGN DATA SHEET | ro. 3¢ |
DIVISION SHEET No. 2 {
DUNLOP LIMITED A [METALASTIK] No.OF SHEETS 7 ”

CONFIDENTIAL MUST NOT BE COPIED OR COMMUNICATED

DESCRIPTION

v

PREFERRED FINISHES

Class 1

833 = Temporarv Protective

Based on Shell Ensis 256 Fluid diluted with an approvod thinner to render it
suitable for the application wethod, which is normally dipping.

This finish is similar to BS 1133 Section 6 Type TP2b.

| )
On Salt Spray Test to ASTM B=i17 = should withstand 16 hours without rusting.
The finish is normally fnirly sof't when first applied but has a tendency to
herden with sge. It will afford a reasonable degree of protection for a pericd
or approximately 6 montns’ under normal indoor storage ounditinna.
Should & permanent finish subsequently need to be applied, remnl of 533 would
be necessary and tais could be achieved using agueous alkali degreasars.
Gin'ss 2-

Etch Primer Finish (E P. r.)

Comprises a solution of special resins togather with a black pigmnt and & szall
amount of phosphoric acid, produces a semi-black matt finish approximately C,OCOL"
thick.

On salt spray test to ASTM B-117 should withstand 16 ‘hours without rusting.

- Application is ncrmally by dipping individually Jigged parts but spray epplicatior
is also feasible.

The finish can be auplied over metal surfaces previously coated with adhesive;

also there is no undue interference with threads. However, due to 'runs',
painting of accurately machined faces should be avoided. B

Class 3

Phosphate and Stain

Consists of a heavy=-weight phosphate mmrersion coating which is then sealed with
a black resin based finishs

The phosphate coating will normally conform to BS 3189 Class 1B.

After 56 hours salt spray testing to ASTM Bl17 the finish should exhibit no
significant corrosion.

Components for treatment should be free from adhesive, rubber residues and
significant smounts of rust and are subject to a preliminary degreasing cperanicn, i

-

DATE |22/%:/6 | 18 11 #0 oRaWN [ C.o” | 3, ‘
iIssue | 2 5 e —Tj_\_;ﬁl-— DESIGN DATA SHEET 3 4
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POLYMER ENGINEERING DESIGN DATA SHEET | o, =
C':') DIVISION SHEET No. 3
OUNLOP LMITED | - [METALASTIK] No.OF SHEETS .

DESCRIPTION.

-

CONFIDENTIAL MUST NOT BE COPIED OR COMMUNICATED

Phosphate and Stain (Contd.)
Processing is normally carried out in bulk on sutomated equipment aliliouga larger

parts may require individual handling. 1
NQON-PREFZPRED FINISHES

Class & ]

Heavy E.P.F.

Similar in composition to a standard E.P.F., but with the thickness increased to
prmride 0.0 " minimum coating thickness.

On Salt Spray Test to ASTM B=117 should withstand 48 houra without rusting.
Owing to 'runs' considerable interference irith threads can be expected.
013_13 I

Phosphsts ‘and E.P.F..

Consists of E P F applied over a huvy-waight phoaphata coating.
On salt spray test to ASTM B=117 should. withstand 36 hou.rs without rusting.

Conditions for phosphating are as before but for m:d.mm protection ahrasive
cleaning before phosphating is rocomnd.ed.

Class 6 p

Phosshate and Hesvy E.P.F.

Consists of heavy E.P.F. applied over a heavy-weight phosphate coating.

On salt spray tests to ASﬂ-ﬁ-ﬂ.‘l? should withstand 96 hours without rusting.

Owing to ‘runs' considerable interference with threads can be expected.

Class 7
Phosphate OnH -

Comprise. a heaw-ueight phosphate coating npplied over properly cleaned
metal surfaces.

No supplementary finish is applied and thus salt-spray reaistance is poor,.

This finish is normally limited to specific automotive applications.

DATE

ISSUE f z CH'KD | e

it sl i Rl DA | }fé?.— DESIGN DATA SHEET
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DUNLOP LIMITED

POLYMER ENGINEERING
DIVISION
[METALASTIK]

DESIGN DATA SHEET

SHEET No.

No.OF SHEETS

CONFIDENTIAL MUST NOT BE COPIED OR COMMUNICATED

DESCRIPTION

P

Claas 8

Phosphate and 0il

Col.'lprisas the 533 type finish applied over a heavy-weight phosphate coating.
After 48 hours salt spray testing to ASTM Bl17 the finish should exhibit no
significant corrosion.

Finish provides minimum interference with dimensiona.

Class 9
Zine Plating

A-zine coating applied by electro-plating processes to parts normally
pre-treated by grit blasting.

A relevant British Standard is 35 1706 whxch spcciﬁes alternative thickness
standnrda :

The coating ray be subuquently passivated to further 1npme corrosion
resistanca.

The standard of corrosion pretection is relntively high a.nd will depand on
coating thickness. 2
We no longer have intermal facilities for applying this finish und consequently
it oust be carried out on a sub-contract basis.

It should be noted thnt components having a si.gni!‘imnt degree of tension at .
the bond edge are liable to bond failure on zinc platinge.

Claes 10 - : _ .
Anti=Ozopant Paint P E.D Ref. $652

Comprises a blend of liquid anti-ozmnts which is pintad on te the rubber
surface and absorbed by the rubber.

The treatment is designed to provide additional protection by minimising the
effects of ozone cracking, thereby extending the fatigue life of critical
components where the surface rubber may be subject to tension stresses.

: —
DATE | 17.12.76 22 3 28 |18 11 30| orawn | M i = %
ISSUE | 2 E] 4 [cnko [arriidat RESIGH DATA ShERT T
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POLYMER ENGINEERING DESIGN DATA SHEET | 38
DIVISION _ SHEET No. 5

DUNLOP LIMITED | ° [METALASTIK] No.OF SHEETS 7

DESCRIPTION

_CONFIDENTIAL MUST NOT BE COPIEB OR COMMUNICATED

o

The following table shows the relationship between a limited range of finishes
in terms of the degree of corrosion protection offereds The first number refers
to the process number and the second to the number of hours salt spray resistance.

Basic component preparation

Orgunio coating
© type ) None . Heavyweight Phosphate
Nil : i

Black stain (3) @ 56
Soft film - 16 ® - 48
Paint finish (thin) =33 (& = %
Paint finish (thick) [(&) - 48 ® - 9%

_Miscellaneous Paints

Various single or multi-coat paint finishes nny be a‘pec:tiud for ‘specific
applications, esgs Ministry of Defence. Materials are narnlly to Customer
Specifications.

Technical advice should be =zought before agreeing the use of any paint finish.

Elegible Paints ! ;
- These paints, available in a strictly limited range of colours, provide a

measure of protection against oil and similar fluids when applied to rubber,
and limited protection against corrosion when applied to metal.

Rubber surfaces require pre~treatment to ensure good adhesion uhil.st mtale :
are usually phosphated.

Flexible pninta do not give adequate protection against continucus contact
with oil, for which application oil=resisting rubber compounds should be used-

i
Yapour Phase Inhibitors (VP 1)
Materials capable of inhibiting corrosion by their presence in the air surrounding
the component.

llocrmlly aupp].i.ed in sachets or pellets-which are placed in the package which
must be reasonably air-tight.

Protection ceases as soon as parts are removed from the paclage or by excessive
ventilation of same. . ;

Bl B e R ] gl T oes N DATA SHEET | 38
s i ae - i
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POLYMER ENGINEERING

DESIGN DATA SHEET

DIVISION SHEET No. 6
STVECIRVE [METALASTIK] No.OF SHEETS ?
| CONFIDENTIAL_I:&_U_ST NOT_BE‘ COPIED OR COMMUNICATED
DESCRIPTION, : oo o i Sletie ot ¥
Tne following table ah;uu which of Metalastik's finishes should meet both the
type of finish (e.g. paint or phosphate and oil/stain sealant) and the salt
spray resistance requirements of the automotive customers specifications. If
the finish indicated in the table is unsuitable the possibility of changing to
an alternative finish should be discussed with the Customer.
Quide to which Metalastik finish meets
. . .
Metalastik finish .
Customer Specification Number Class Number
LETLAND BLS22 MS02 Type B 6
BLS22 Ms02 Type C 3
BLS21 PSOl Stain 3
BLS21 pso1 0Oil 8
BLS22 QFQ02 -
BLS22 OFO03 6
= BLS22 QFO4 5
- BLS22 OF05 - A 5
(Truck and Bus) FP 1 .
(Austin Morris) | FP/1 6
(Triumph) PP222 .
PP223 6
PP224 (1
(Jaguar) JCF 103 6
*JCF 103/1 . >
EQRD ESEA M2P. 1005 . $ri "
PS M3 (old code ESF M3) P6 = A 8
" " p? - A 6
Sy " P8 - A 7
SIM2 P1014 A - 2 '
SIM2 P1014 B 4
SIM2 P9101 A 6
SN2 P1015 A 5
Contd. on Sheet 7
| Vo)
DATE 18 11 89 | bRAWN o -
T 1 -| e Ly DESIGN DATA SHEET 3o
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DUNLOP LIMITED

POLYMER ENGINEERING

DESIGN DATA SHEET | 38

DIVISION

~]

SHEET No.

[METALASTIK]

No.OF SHEETS 7

DESCRIPTION.

» CONFI!D_ENT_IAL MUST NOT BE COPIED OR COMMUNICATED

, Metalastik finish
Customer Specification Number Class Number
NAUXHALL P1/1 4

o P2/1 4
P4/1 6

P20 4

P25 6

P45 .

R10 .Class I and II oil 8

R10 Class I and II stain .

to meet these specifications.

-

.

‘@ N.B. Conmsult Technical Laboratory regarding a finish

[ 1SSUE

paTe 18-11 80

' [
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APPENDIX 5

Report recommending that the new phosphating plant should be

purchased

= 296/=



PROPOSALS OF NEW PHOSFHATING PLANT

CONTENTS

- INTRODUCTION

- COMPARISON OF ALTERNATIVES
AND COSTS

- DESCRIPTION OF PROPOSED PLANT

- COST OF PROPOSED PLANT

- SAVINGS.

SUPPLIERS DETAILED SPECIFICATION
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PROPOSAL FOR A NEW PHOSPIATI:IG PLANT

1.

INTRODUCTION

Current Metalastik finishes are designed to provide a
limited renge of anti-corrosion coatings that will satisfy
the majority of customer requireﬁents. There ere eight
standard finishes for lMetalastik components. Five of
these finishes require parts to be phosphated. It 1s
estimated that 60% of Metalastik parts by volume require
phosphating. i

Presently there are two phosphating plants in operation
one is manually operated, the other is an automatic tipplng
basket unit, The plants have been in existence for 33 and
13 years respectively and have no book value.

Present methods are labour intensive and the poor condition
of the equipment with inadequate control produces work of
inferior quality. No modernisation of these units is
possible since their design and construction provides

no opportunity to reduce the labour intensity or to

provide the strict programmed control of immersion times
and temperatures that are necessary to meet present
customer standards of protective finishes for Metalastik
components. 5

Recent reports from Quelity Control and Technical Laboratory
have indicated inecreasing cusﬁomer concern with regard to
the quality achieved by the existing finishing processes.
The equipment has also been severely criticlsed in their
failure to meet present Health & Salety stondards.
References made by the Factory Inspectorate indicate
imminent possibility of Improvement/Prchibition notlces
being dpplied.

=298 -



Upon carrying out an extensive review of a number of
suppliers, it 1s considered that the most appropriate
Automatic Phosphate Plant can best be provided by
Process Plant & Chemical Ltd. A quality analysis has
been carried out on the various equipment available and
has shown that the recommended machine satisfies the
quality criteria required.

An analysis of present phosphating requirements indiczates
that an'average of 9-10 tons of various types of Bonded
units require to he‘phosﬁhated per week. This will be
accommodated by the proposed plant in single shift
operating.
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2. COST COMPARISON OF THE ALTERIIATIVES

The alternatives available are to replace the equlpment
within 12 months or to arrange to contract the requisite

amount of work requiring phosphating to outside
suppliers within the next 12 months.

1980 1981
2.1 EXISTING RUNWING COSTS £49,500 £56,925
(‘Il.TOOP/lb. )
2.2 ALTERNATIVE 1.
PROPOSED NEW PLANT . £34,800 £40, 020
~ RUNNING COSTS (3.315p/1b. )
2.3 ALTERNATIVE 2.
CONTRACT WORK OUTSIDE £116, 000 £133, 400

(11p/1b.)

The above comparisons are related to 10 tons of
- bonded work requiring phosphating.

The additional cost of contracting out work during 1981
would be £ 76,475 over existing running costs.
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DESCRIPTIO! OF PROPOSED PLANT

The Phosphete Plant consicts of a series of inline process
tank stations covering 14 stages and is approx. 19.5
metres in length, approx: 3.6 metres wide and 2.970 metres
high together with a Lanolin oil station and a spirit
staln station situated at right angles to the main plant,
~unload end. :

The components loaded and unloaded manually only, with the
complete phosphating process being carried out automatically,
including movement, sequence and time aspects, the control
system being micro-processof based.

The movement between stages, hoist and lower cperations is
by means of a single bridge gantry transporter travelling
on rails over the top of the tanks. It is capable of
carrying either a self powered rotating process barrel with
two compartments or alternatively a baslket for large
components, very small components ﬁould be processed in a
miniature barrel and placed.in the main barrels.

At full production the plant is capable of up to 6 barrels
in process, with a capacity of 74 loads per hour at approx.
120 1bs per load maximum. '

The proposed plant will provide for the followinsz tyﬁes of
‘finish requirements.

1. Phosphate only

2 Phosphate and Spirit Stain
Se Phosphate and Lanolin oil
4, Chlorinate and Phosphate
5. Chlorinate only
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COST OF PROPOSED PLAMT

- DESIGN AND MANUFACTURE OF FLANT

DELIVERY, INSTALLATICN AND COMIISSICNING £ 93,000

-  ADDITIONAL MOTORISED PROCESS BARREL. 2,200
-  MTE ITICRO PROCESSOR CONTROL SYSTE! - 5,200
-  OVERHEAD EXHAUST CANOPY 2,750
- PHOSPHATE STRENGTH RECORDING SYSTEM - 2,450
- €O, FIRE PROTECTION EQUIPIENT 1,000
-  PHOSPHATE !ETERING PUHP SYSTEM 1,450
- OTFER ITENS DETAILED IN PLANT SFECIFICATION 3,950
-  CONTINGENGY FCR MODIFICATIONS | 10,000

— PROVISION OF SERVICES & FOUNDATIONS 211,000

CAPITAL TOTAL £133,000

- ADDITIONAL REVENUE EXPENSE RE RE-PAINTING AND
MODERNISING THE SFECIFIC SITE FOR THE PLANT “ 1.1.000

= RENMOVAL OF OBSOLETE PLART < 2,000

REVENUE TOTAL £ 13,000
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SUMMARY OF' COST SAVTIIGS

RUNNING COSTS -

EXISTING PLANT RUNMING COST £49,500

(2 x 8 Hour Shifts
PROPOSED PLANT RUN

" REDUCTION IN RUNNI

PROPOSED METHOD EXTSTING METHOD

2 MEN 1 = SHIFT 2 MEN 2 - SHIFTS
DIRECT LABOUR £ 9,200 £19,500 -
INDIRECT LABOUR 1,600 4,000
MAINTENANCE 1,000 2,000
INDIRECT MATERIALS
(Chemicals etec.) 7,000 7,000
POWER 1,500 2,500
WATER 1,500 ' 1,500
STEAM 10, 000 10, 000
ANCILIARY COSTS 3,000 3,000
TOTAL OPERATING COSTS £34,800 £49, 500
SAVINGS T OPERATING COSTS = £14,700
+ 10% for Saving MID 1980 = £16,170

Weekly Output 10 Tons

4,700 pence per 1lb,
/Day)

NING COST £34,800 3.315 pence per 1b.

NG COST = 1,385 pence.

=  20% REDUCTION
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SECTIOM A PLANT STRUCTURE _AND DASCFRAME

The process stages would be mounted on a channol section baseframe.
Transporter rails would be supported by means of vortical rail posts, these
boing bolted to the basoframe and braced from Lhe adjacent tank.

" SECTION B TANKS, FITTINGS, CONVEYORS, TIPPERS AND HOPPERS

All tanks would be manufactured from mild cteel plate (unless specified
otheruise) fully seam welded and provided with rim angle and fitted with -
base mounted fixing brackets.  Harness location saddles ond couch blocks

are included. An electrical pick up box for barrel drive would be providad.

.

Individual stage specifications are as follows:-

Stage Load . : o . :

This would be manufactured from rolled stoel sections to form an open
fronted framework to support the work carriers, it would be provided with
location saddles and couch blocks, barrel drive pick ups and inching button.

Stage Holding Frame

This stage would be manufactured from steel channel and angle section to
-~ form a framework to support a spare basket or barrel. It would ba

provided with location saddles and couch blocks.

This stage would allow one extra work carrier to be contained within the

plant over and above the full compliment of 6.

.Stage Alkali Clean

This tank would be Pitted with:-

Q. Drain outlet and valve

b. £ Weir and downpipe
C. Four side insulated with minaral woal
) iy -steel faced for protection
d. Thermostatically controlled mild steel heating
i coil complete with condensate fittings
B.. 100mm (4" diz.) vapour pressure thermometer and pocket
Stage Cold Water Rinse : : P

This tank would be fitted with:-

Stage

a. Drain outlet and valve
‘b Woir and downpipe
C. Water make-up tundish

Cold Water rinse

This tank would be fittod with:=

a. Drain outlet and valve
b. Woir and downpipse
C. Water make-up tundish
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Stann

Chlorinating Rinze

This tank would bo fitted with:-

a.
b.
Cs.
d.

Staqe

Flanged drain outlet and valve z

Woir overflow, flanged outlet and downpipe .
Water make-up tundish . .

$" (3mm) thick rigid P.V.C. lining on internal surfaces

extending through all outlets and over flarnge faces

Cold Water Rinse ' ' il -

This tank would be fitted with:=-

s

Stage

Drain outlet and valve
Weir and downpipe
Water make-up tundish

Conditioning Rinse = ; ; - et Lol

This tank would be fitted with:--

Be
b.

e.
d'
u.

Stage .

Tank would be constructed from stainless steel Grade 316
Four side insulated with mineral wool

steel faced for protection

Thormostatically controlled stainless steel heating

coil complete with condensate fittings

Drain outlet and valve

Water make-up tundish

Phosphate

These tanks would be fitted with:-

-1
b' .

Ce

d.

Stage

Flanged outlet and valve

Four side insulated with mineral wool

stesl faced for protection

Thermostatically controlled stainless stesl ¥
heating coil complete with condensate fittings : : "
100mm (4" dia.) vapour pressurs thermometsr and

stainless steel pockot

" (3mm) thick rubber lining on internal surfsces

extending through all outlets and over flange races

Cold Water Rinse

This tank would be fitted with:-

- Y
b.
Ce

Drain outlet and valve \ o
Weir and downpipe i * v
Water make-up tundish ;

Joont....
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Stage Warm Wator Rinse

This tank would bo fitted with:-

a. Drain outlet and valve

b. Weir overflow, outlet and valved downpipe

C. : Four side insulated with mineral wool
steol faced for protection

d. Water make-up tundish

B. Thermostatically controlled mild steel heating B
coil complete with condensate fittings

fo : 4" (100mm) dial vapour pressure thermometer and pocket

Stage Chromate Rinse

This tank would be fitted with:-

a. °  Drain outlet and valve ]
b. . Weir overflow, outlet and valved dounpipe
c. o Four sides insulated with mineral wool
steel faced for protaction
o de Water make-up tundish
8. Thermostatically controlled mild stecl heating
: coil complete with condensate fittings
f. 4" (100mm) dial vapour pressure tharmometer and pockst
Stace Warm Air Drying Tank

The unit would be constructed in the form of a framework into which
would be fitted a galvanised steel liner. The liner would be provided
with specially formed perforations to direct air flow into the work
carrier and be fitted with rim level recovery slots.

The, unit would be fitted qith:-

a. Outer frame insulated with Monolux

b. Interconnecting galvanised ductwork to link inner
liner and outer frame ‘ i S
Ce ! Heat exchanger
de - " Recirculating fan
2. 4" (100mm) dial type vapour pressure thermcmeter
. , Fresh air intake damper
Stage Unleoad .o

This would be manufactured from rolled steel section to form an open
fronted framework to support the work carriers, it would be provided with
location saddles and couch blocks, barrel drive pick ups and inching
button. Positioned within the frame would be a hopper to allow discharge
into tote bins or to pass to a lower portion fitted with deflector to
allow transfer by conveyor = ’ ;

Stage Lanolin 0il

Tho basic tank would be constructed from mild steel fully scam welded and
fitted with top surround together with base mounted fixing brackets. The
tank would be fitted with a drain valve and light gaugo lid.

"

-

/Eunt....
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* Component Tranafer System ; <

Stanno Spirit Glain Tank

The basic tank would bo ‘constructed from mild steel fully scam wolded
and fitted with top surround togothor with base mounted fixing brackets.
The tank would be fitted with a drain valve and light gaugo lid.

At this stage we havo included as an nﬁtionai extra Ce2 fire fighting
equipment which could be fitted to the rim of the tank. Furthermore, we

_have included for an exhoust hood and discharge stack. Due to the nature

of this solution, we would require discussion with your fire and safety
officor to ascertain whethar our proposal as shown on the attached drawing
ic accoptable, both for the siting of the tank and the optional extra.

At stage , unload, components would be unloaded into tote bins or
into a hopper. The hopper would he fitted with a two way back plate which
would direct the components onto either of two conveyor belts

The components would then be cﬁnuayad into a perforated mild steel bin
attached to the Lodematic tipper.

A hydraulic system attached to the bin would be ulitised to immerse this
in the solution. The bin would then be raised to allow the components to
drain, and then raised further and tippcd to unload the components uia a
hopper into tote bins. ;
The Lodematic tippar would be manually cocntrolled by a singlu hand held
lever complete with 20ft. of flexible hose, or electrically interlocked
into the overall control systiem.

SECTICN C. DRIP SHIELDS

'

Sloping covers would be provided between stages where appropriate to

" protect floor from solution carry-over during transfer of work.

"SECTION D. STEAM HEATING ' v

Wherot specified heating would be in the form of coils mounted on hangers
from the side walls of the tank. The feed to coil .uould be provided with
isolating valve, strainer and control valve complete with adjustable
control thermostat and pocket. A by-pass complete with isolating valve
would be fitted around the control valve. The condensate return pipe would
be Titted with strainer, trap, cightglass and check valve. The coil and

.hangers would be manufactured from materials specified.

SECTION E. SERVICES . . D

Each of the following services would be connected with suitable piping
terminating with an isolating valve. '

T Mains water with individual isolating valves
for all aqucous stages .
b. + Steam
c. Condonse

)tont....
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SECTION F. _ FUME EXHAUST SYSTCHM

Tank {op fumes ond vupour would be rcmoved by an exhaust system providod
for otoges 2,5,7,8, 9, 11 & 12. A lip exhaust duct fittod with damper
control would be located ncar the rim of each tank.

Tha ducts would be positioned between the tanks and would extend to tho

rear of the plant to connect into an exhaust manifold.

The manifold would terminate in a single .outlet to which would be fitted
an exhaust fan complete with drive motor. A locally positioned starter
for the fan unit would be provided.

»

- Stage 16 would have a galvanised exhaust canopy and framework above the

tank with a separate fan unit and locally positioned starter.

SECTION G. WORK CARRIERS

The components would be processed in horizontally immersed barrsls, five .
would be provided. g i

* The barrels would be constructed from perforated stainless steel to form a

cylinder 457mm dia. (18") x 610mm long (24")

The cylinder would be supported on stub shafts mounted in side members
welded to a support harness. The harness would be constructed from box

‘section fitted with horns to provide support from the tank rim and Lo

locate with the transporter flight beam.

A gearcd motor unit fitted with polypropylene drive pinion would be mounted
on tho harness. A polypropylenc idler gear would ba fitted betwsen the
drive pinion and a polypropylene ring gear bolted to the side of %the barrel
to achieve rotation.

The barrel cylinder would be provided with a centre division plate to offer
tuo compartments, each compartment being capable of containing a standard
tote bin of work. Each section of the barrel would be fitted with a spring
loaded lid which would be fully removable.. /

To mest the dutput suggested the machine will require a total of six work
carriers, therefore in addition to the five barrels we would provids 4
top hurnesses, 1 to be used in conjunction with the barreis and 3 available

- a8 sparas. This will allow inerchangeability of types of carriers

according to component requirements., The top harness will be designed to
allow you to fit either jigs or work bdskets of your own'design.

SECTION H. TRANSPORTER WUNIT

The transporter would be constructed from steel channels and box sactions
in the form of side frames supported and braced by cross beams to form a
robust and rigid structure. .

A captive flight beam constructed from box section would be supported within
the unit by chains and guided by rollers in the side frames. The beam would

bo fitted with pick up angles to engage with the work carrier horns on the
top harness.

/Jeont....
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SECTIDN H. TRANSPORTER UNIT (cont)

Power for hoist and traverse would be provided by two separate twin output
shalft motoriced gearboxos, ecach with fitted brake. The hoist movements
would be transmitted via. half-shafts and chains, the traverse via dircct
drive half-shafts. :

The transporter would run on tyres uheels, one pair would be fifted with
double flanges to guide the unit along the rails.

An electrical pick up box waﬁlg be provided to rotate the barrel during
transfer betucen stages.

Manual operation can be achieved by the use of a ! pendant! con@pol.
F11g1t beam travel and stage positioning would be controlled by limié suitches;

. The transporter would be fPitted with monitnr;ng suitchas to detect the
following conditions:- .

$ic : Displacement from the rails

~ b. Flight beam overtravel FMLE :
c. Presence of a carrier in a stage bafore lomering

" The occurence of any of tha above conditions will ravsrt the mach;ne to its
- manual state. :

SENTION T. CATENARY CRBLE SYSTEM - 4 .

Pover and signals would be fed to the transporter via a flatform catenary
cable. The cahle would be supported by trolleys which run in a formed
track mounted from the plant structure. A cable towing trolley would be
provided on the transporter.

SECTION J. PROGRAMME CONTROL EQUIPMENT

A reprogrammable logic system would be provided to control transporter
movements, the programme of which would be formed by diode pins inserted

in matrix boards. The machine will be equipped with 3 such boards to provide
3 slternative programmes operated by means of a key selection switch.

The sequence for each progromme would be as follows:-

a. Cleaning, phosphate ~ dry

b. : Cleaning, chlorinate, phosphate, dry
C. Cleaning and chlorinate

All gaéaa and logic fuﬁctinna are designed for industrial applications and
are of the high voltage, high noise immunity type with L.E.D. indication
facilities on indputs and outputs.

All components would be mounted in a cubicle situated close to the load
stage of the machine.

All stages would be addressed individually by moans of solid state proximity
switches which allow monitoring of the following stage to that being
addressed, to detect transpcrter overtravel.

el o i 3 Jeont....
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SECTION J.  PROGRAMME CONTROL FOUIPMENT (cont)

The fascia of tho control cubicle would carry tho necessary contrals to
opcrato the system togother with fault indicators and a numbar display
which would show the instruction being followed at any instant.

" The system would be pfotacted against any incorrect movement of the
trancporter which -would revert the machine to a manual state with tho
appropriate fault light illuminated.

SECTION K. ELECTRICAL ANCILLARIES § ] ; ’ -

All ancillary electrical items would be wired to local starters to which
the client would be responsible for connecting power.

~ .

SECTION L. SAFETY SYSTEMS

Emsrgency stop buttons would be located at convenient positions along the
plant, the load and unload stages and the control cubicle. The operation
- of any of these buttons would stop all moving parts and cause the machine to
revert to its manual state. .
The front and rear elevations of the plant would be screened by mesh
guards extending above the rail and below the tank rim. At the rear these
guards would be permanently fixed and at the front they would be removable.
The front guards would be pneumatically interlocked and connected via a
pressure suitch to the control system. The removal of zany front guard
would stop the transporter and would revert the machine to its mznual state.
" Additional fixed guarding would be provided around both stages 15 and 16,
this will include the conveyors. .
-Manual operation can be achieved by a pendant contzol located on the side
of the transporter. To safeguard against obstruction, this control must
be hung from the transporter for automatic operation.

The transporter is electrically interlocked so that traverse movements
ere only possible when the flight beam is in the top or botiom position
and hoist movements are only possible when the transporter is pousitioned
on stage. '

We require you to acknowledge that the safety systems specifizd meets your
* mapproval, together with the arrangement of exhaust and pussible inclusion
" of Co2 equipment as described previously. Any variation required should
be advised, in writing, prior to acceptance of our tender.

SECTION M. __ PAINT SYSTEM

All untreated stealw;rk would bs painted with a good quality primer
followed by two coats of a chlorinated rubber paint to BSS 2660 colcur
reference 7-080 electric blue.

SECTION N. DELIVERY
We would be responsibla for loading the equipment on to vchicles at our
Works and transporting to your nominated site. You would be responcble

for off-loading and conveying to its final site location. ;

" feont....
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SECTION O. INSTALLATION AND COMMISSIONING .

Following delivery wo would provide the sercvices of our installation
personnel Lo connect all sections of oquipnent of our supply. Following
this instullation you would be responsible for making connoctions to the
service points, supplying chemicals and charging the tanks with solutions.

The equipment would be fully tested and commissioned, following installation,
by our Electrical and Mechanical Engineering Staff. This does not _include
chemical processing test which is not our reupon51bility. We would, T of
course, offer our ascistance during wet commissioning in co-operation
with your named chemical supplier.

Exclusions

* ‘Any items not mentioned in our quotation are excluded from our supply.

In this category we list below some main items of equipment that are not
included in our quotation but which should be borne in mind when consider-
ing the scheme as a whole. a7 ’

a. Process chemicals y

b. Fume discharge stack(s) from fan(s) to atmosphere
c. Connection of services ]

d. Foundations and Builders Work . .
8. Power to ancillary starters

f. Off-loading facilities and conveying local to site
g. Lagging of steam lines
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APPENDIX 6

The anti-corrosion code for motor vehicles that was introduced

in Canada in 1978
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The Federal/Provincial Anti-Corrosion Code for
Motor Vehicles and the Owner Care Guide were
introduced by the federal and provincial Ministers
of Consumers Affairs in January 1978.

They were developed by a Federal/Provincial
Task Force in close cooperation with automobile
nanufacturers and importers and with the full
technical support and cooperation of Transport
Canada and the National Research Council.

The Code and Guide have been endorsed by the
Federation of Canadian Municipalities, and major
consumer groups such as the Consumers’ Asso-
ciation of Canada, the Canadian Automobile Asso-
ciation, and the Automobile Protection Association.

® Minister of Supply and Services Canada 1978
Cataloeue Nn. RG23-42/1978
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ANTI-CORROSION
CODE FOR
MOTOR VEHICLES

INTRODUCTION

Compliance with the Anti-Corrasion Code for
Motor Vehicles by vehicie manufacturers and
importers is voluntary, but it is in the long
term interests of new car buyers to purchase
only those vehicles which meet or exceed
the minimum provisions of this Code.

The Code establishes minimum levels of cor-
rosion protection which can and should be

ded for all new vehicles sold in Canada.
t is hoped that manufacturers will provide a
higher level of corrosion protection for their
customers than that specified in the Code.
It is suggested that any warranty provisions
relating to corrosion protection be examined
carefully to ensure that they provide at least
as much protection as suggested in the Code.

Vehicle owners must realize that maximum
benefit from the corrosion resistance of their
vehicles may be achieved only with proper
care and maintenance. The Code includes
Owner Care Guidelines which, when followed,
would provide a reasonable standard of care
for owners who demand durability. It is ex-

that these guidelines would form the
asis of normal owner maintenance of any
vehicle. < :

Owners who wish to further extend the dura-
bility of their vehicles beyond the terms set
out in the Code, should consider the applica-
tion of rust-inhibiting materials by recognized,
professional firms whose reputation is known
and which provide a comprehensive written
warranty.

As stated in section 9 of the Code, the appli-
cation of rust-inhibiting material by the owner
is not required in order that the Code be valid.

Where, through defect in the construction, de-
sign or functicning of a motor vehicle, corro-
sion affects or is likely to affect its safe opera-
tion, the vehicle manufacturer or importr is
obligated to give notice of the defect under
the provisions of the Motor Vehicle Satety Act
administered by Transport Canada. Nothing
in this Code alters the provisions of that Act.

In this Code:
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passenger car, bus, truck or multipurpose
passenger vehicle, as defined in the
Motor Vehicle Safety Act, having a gross
vehicle weight rating of 4536 kg (10,000
pounds) or less;

b) Model Year means the year designated
by the manufacturer or importer in the
vehicle identification number;

¢) Normal Operating Conditions means all
usual and reasonable conditions of vehi-
cle use anywhere in Canada; including
operation, maintenance and repair in
accordance with the reasonable recom-
mendations and conditions of warranty
of the vehicle manufacturer or importer;
prompt repair to professional standards
of any accident damage; and regular
maintenance of the vehicle in accor-
dance with the Owner Care Guidelines
which form an integrai part of this Code;

d) Component of the vehicle body means
any moving or non-moving component of
the vehicle, with the exception of those
components which form part of the vehi-
cle powertrain and cf the steering, sus-
pension, braking and exhaust systems;

e) Corrosion means the process whereby a
metal is destroyed by chemical or elec-
trochemical reaction with its environ-
ment;

f) Surface Corrosion means corrosion af-
fecting any readily visible surface area of
any component of the vehicle body, but
not including the vehicle underbody;

g) Perforation means the corrosion of any
metal component of the vehicle body
from one surface through to another;

h) Structural Damage means the corrosion
of any component of the vehicle body
which results in a weakening of that
component such that it may no longer
fultill its designed function.

The following requirements apply to vehicles
of the 1978 and subsequent model years, as
indicated;

a) Every new vehicle sold or offered for
sale in Canada shall remain free from
surface corrosion resulting from defects
in design, materials or manufacture for a
period of 12 months or 40,000 km, which-
ever occurs first, from the date the vehi-
cle is first put into service. For vehicles
of the 1981 and subsequent model years,

2
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the periods shall be 18 months and
60,000 km respectively.

b) Every new vehicle sold or offered for sale
in Canada shall remain free from per-
foration, under normal operating condi-
tions, during the first 36 months or
120,000 km, whichever accurs first, from
the date the vehicle is first put into ser-
vice. For vehicles of the 1981 and sub-
sequent model years the periods shall be
60 months and 200,000 km respectively.

c) Every new vehicle sold or offered for
sale in Canada shall remain free from
structural damage, under narmal oper-
ating conditions, during the first 72
months or 240,000 km, whichever occurs
first, from the date the vehicle is first put
into service.

The provisions of this Code shall apply only
to a vehicle which is presented to a dealer or
other agent duly authorized by the manufac-
turer or importer, for inspection for corrosion
at intervals of approximately 12 months from
the date the vehicle is first put into service.

a) Such inspections shall be performed at
no cost to the vehicle owner.

b) It shall be the obligation of the inspecting
agent to provide a copy of a written
evaluation of such inspection to the party
presenting the vehicle, including reason-
able repairs which the agent deems
necessary to maintain the vehicle's resis-
tance to corrosion.

If, following any inspection described in sec-
tion 4, the vehicle owner fails to have the
repairs referred to in subsection 4 (b) carried
out to professional standards in accordance
with the reasonable recommendations of the
inspecting agent and within a reasonable
period of time, the affected area or areas of
the component of the vehicle body shall no
longer be covered by the Code.

a) Where the necessity for such repairs
resuits from damage to the surface pro-
tection of any component of the vehicle
body, the cost of such repairs shall be
the responsibility of the vehicle owner.

b) Where the necessity for such repairs
rasults from a defect in or deterioration
of the corrosion protection of the vehicle
such that a minimum standard set out in
section 3 is not attained, the cost of such

3



repairs shall be the responsibility of the
vehicle manufacturer or importer.

6. A vehicle manufacturer or importer may
require that any repairs, the cost of which are
his responsibility pursuant to subsection 5 (b),
be performed by a dealer or other agent duly
authorized by him.

7. It is the obligation of the vehicle owner to
obtain and retain documentary evidence of all
inspections and repairs carried out in accor-
dance with sections 4, 5 and 6.

8. It is the responsibility of vehicle dealers, im-
porters and manufacturers to supply to vehicle
owners such information and reasonable
recommendations as will enable them to ob-
tain maximum ‘effect from the corrosion
resistance of their vehicles.

9. Notwithstanding section 8, no dealer, import-
er, or manufacturer shall require, as a condi-
tion of his obligations under this Code, that an
owner take any further action at his own ex-
pense beyond his obligations described in
sections 4 and 5 and those of normal owner
maintenance as described in the Owner Care
Guidelines.

10. The provisions of this Code remain applicable
to a vehicle notwithstanding any transter of
its ownership.

.1. In the case of any dispute arising between a
vehicle manufacturer or importer and the
vehicle owner regarding their respective
rights and obligations in relation to a matter
dealt with in this Code, consideration may be
given to the condition of the owner's vehicle
in comparison to other vehicles of the same
model and model year used under normal
operating conditions in the same geographical
location.

OWNER CARE GUIDE

WHAT CAUSES RUST

The two most common causes of rust to your car
are:

1. the accumulation of road dirt and moisture in
hard-to-get-at cavities and other areas under
the car;
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2. the removal of paint and protective coatings
on the outside of the car and underneath
through damage by stones and gravel or
minor accidents.

Several factors influence the speed at which cor-
rosion will occur:

1. The length of time various parts of a car stay
wet. Parts of the car filled with road dirt and
water remain damp for long periods of time
even when other parts are dry.

Particular attention should be paid to the
underside of the car and floor sections inside.

The floor sections stay wet because moisture
collects and remains under the floor matting.

Drain holes located at the bottom of the doors
get clogged with dirt, trapping water inside
the door and causing the door to rust through
at the bottom.

2. Corrosion will be accelerated in areas of
higher relative humidity, especially where
temperatures often stay above the freezing
point and where the atmosphere is affected
by industrial pollution, or where sait is used
for de-icing the roads.

Where parts of the car are covered with road
dirt containing road salt, corrosion will be
accelerated at a lower relative humidity than
if the surface were clean.

3. Increased temperature will cause an accel-
erated rate of corrosion of those parts of the
car which are not well ventilated to permit
quick drying.

4. Industrial poliution and the presence of salit
will also accelerate the deterioration of paint
finishes.

The foregoing identifies the need for every car
owner to keep the car and particularly .the under-
side, as clean and dry as possible and to repair any
minor damage to paint work and protective coating
as soon as possible. The need is more important
in those localities where road salt is used for de-
icing, the relative humidity is higher, air pollution
is present and temperatures regularly stay above
freezing. Southern Ontario, Québec, the Atlantic
provinces and the coast of British Columbia are
areas where rust is more likely.

REGULAR WASHINGS

Wash your car at regular intervals, and to the ex-
tent that weather conditions permit and appro-
priate facilities are available, at least once a week

3



APPENDIX 7

The specification issued by General Motors which raised the salt

spray resistance required for a phosphate and sealant finish to

240 hours.
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[ GENERAL MOTORS ENGINEERING STANDARDS [

CORROSION PROTECTIVE COATINGS
PHOSPHATE/ORGANIC/OIL TYPE; BLACK
GM 6174-M

1 SCOPE. This specification covers basic requirements for
a black corrosion protective coating which is produced in a
process consisting of zinc phosphate treatment, chromic acid
rinse or seal, organic coating, oven bake, water and oil emul-
sion post treatment, and air dry.

1.1 This coating is especially suitable for bolts, nuts, clips

and other small ferrous parts where above normal levels of

corrosion protection, freedom from hydrogen embrittlement
and decorative black color are desired.

2 APPEARANCE AND CURE. Coating shall have a uni-
form dense black appearance and shall be free from tears
and thoroughly cured. It shail not be oily or tacky to the
touch.

2.1 Where metric identification is specified separately on
Mdﬂmmﬁﬂmﬂ blue color takes pre-
cedence over black specified above.

3 THICKNESS. Coating in threads of threaded products
shall not have an adverse effect on normal installation and
removal practices.

NOTE: The maximum thickness of coating which may be
aprlied to threads on threaded products is limited by the
basic thread size. Where greater thickness is necessary to
meet the requirements of this specification, threads may be
produced undersize (before coating) to accommodate the
greater thickness, providing the finished product (after coat-
ing) meets all specified mechanical properties. Whers mech-
anical properties are not specified, undersizing is subject
to approval of purchaser.

4 CORROSION RESISTANCE. Parts coated to this speci-
fication and subsequently subjected to a detergent wash
(see 9.1.1) shall be capable of withstanding neutral salt spray
testing for a minimum of 240 hours.

4.1 “Acceptable resistance™ shall be as agreed between pur-
chaser and supplier. Generally, however, there shall be no
evidence of red rust or blistering and no change in color.

5 FLEXIBILITY AnD CHIP RESISTANCE. Coating shall
withstand the normal extension and compression of springs,
and the normal flexing encountered by spring clips during
assembly in the end product, without evidence of flaking or
loss of adhesion to basis metal. Also, it shall withstand
normal handling and storage conditions without chipping,
flaking or other coating damage.

6 ADHESION CHARACTERISTICS. Parts coated to this
specification shall show no evidence of blistering or other
appearance changes after exposure to humidity testing for
96 hours, minimum, and shall show no more than 3.0 mm
peel back from intersection of lines scribed and tape tested

immediately after a 10-minute recovery period following
exposure, and no other peeling in area under tape.

7 WEATHERING CHARACTERISTICS. Parts coated to
this specification shall show no blistering, peeling, cracking,
loss of adhesion, discoloration, or red rust after 1000 hours
exposure to the weathering test.

8 TESTING.

8.1 Neutral salt spray tenh; shall be conducted according
to GM 4298-P.

8.1.1 Prior to salt spray testing, parts shall be washed as
follows in a room temperature solution of tap water and
DuPont Rally Car Wash Concentrate or equivalent (5 mL/L):

(1) agitate parts in the solution for 30 seconds

(2) rinse in tap water

(3) air blow-off dry

8.1.2 When these coatings are specified for boits and screws,
the parts should be power driven into a nut or tapped hole
in a manner simulating a production assembly condition
in which the head of the fastener turns tight against a flat
surface, then removed prior to salt spray testing. Rating
of these parts should be done on the head and shoulder;
not the threads.

8.2 Humidity testing shall be conducted according to GM
4465-P (100 percent RH at 38°C).

8.3 Tape testing shall be conducted according to GM 9071-P
(C10M).

8.4 Weathering test shall be conducted according to ASTM
G23, with Type EH apparatus, The daily schedule consists
of twenty cyclic periods (20 hours). Each period consists of
light only at 60 %+ 3°C for 51 minutes and light with spray
at 7% 3°C for 9 minutes.

9 INSPECTION AND REJECTION. Shipments of mater-
ial against contracts or purchase order shall be equivalent
in every respect to samples approved by the purchaser.
While sampiles may be taken from incoming shipments and
checked according to this specification, the suppiisr shall
accept the responsibility for shipments meeting this specifi-
cation without dependence upon the purchaser’s insp=-~tica.

10 NEW SOURCES. No shipments shall be made by 2 new
source until a sample of the material which it proposes to
supply under this specification has been approved by the

' purchaser’s laboratory (uniess by special agreement the pur-

chaser elects to temporarily accept shipments on the supplier's
certification).

11 GENERAL INFORMATION. This specification first pub-
lished August, 1976; last revised January, 1977.

These -

‘wiather palsnts may or may aol be invelved. In all'cases, therviors, the suppiler shall be redwired to ssswme petent lisbility.

JANUARY, 1977
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