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Abstract

To further i mprove -tObei ge@dl bt pyhef cmacaoné
ki netic parameters andéedpyproddyucts doifs tproil byuptrioop
and Chlorella vulgarmeg(&@vWVmhmetwere anhadyseds
pyrolysis gas chromat ogagCapnyh.ena6A spesctirtos
showed that with the increase of the PP an
pyrolysis weight | oss of C.Vsdeere&oseaparbd
with the experimental and theoretical valu
solid coke and the totadpyaoliysasi werensigmy
reduced, which indicated that¢t tdheriengvatshan
pyrolysis pGQ/cMS sr.e sTuhlet sPyshowed that when t

and the final pyrolysis temperature was 5(
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hydrocarbon yi el

d had the Dbesytrpysymserdgi <Lt iVc

and PP promoted the formation of aliphatic
and Mail |l ard reactions, and hindered the
compounds, acids and oxides.
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1 Introduction

Wi t h t he continuous gr owt h of popul at i c

i ndustrialisation, the problmenrst aolf mdlolbwatli c
are becoming increasingly serioug.1,I2t] i s wur
At present, bi omass is considered as an e
environment al protection and economic dev
generation biomass, mi croal gae is the most
resouue etso dmany advantages, such as short
effici enCdyst osrtargeengcapacity, high oil produc

envirgnmmednpty r ol ysi s of mi-cirloail gaa teclipmnoldood
great applicati-onl pryppealt by 46604 Sti)doi gh vy
hi gher ahle(aetH W gB872.. 15MJ / Wlgi)l e only a small am
and har mful r(elsh8dvd &leanwhi bendTeng et al . [
t he pyr®HIyoriel loaf Tvhuel graersiusl t s showed that th
mass ICbs ewvel boacrciusr r e6d0 Oat, 1a9n0d t he sol i d r esi
with the increase Hofwepyrrgl ytshies phreoatuictg orna to
i n tboelbie hindered due to the I ack of hydr

resulthnoxygehignd nitr-ogpkn Asnaenesuln, th

bi-ooil is strongly corrosive and shows high
81 .

| n oridmeprr otvoe t he quality and yield of mic
research wor k has been carried out . For
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hydrodeoxyagrenampoove tdoel qbgl iptryomot i bg o mi

deoxygenation anadwedenmi,t raifncat hygm.or oden IS
hydrodeoxygenation process, I ts safety rec
whil e catalytic pyrolysis has some shortcol

compl ex catalyst pr epuarreast,i oann da neda soyp ed eaat ci toin
cat al-lylsjt. [I9n r egemod!| wseiags shasxsobeen widely u
gual ity of pyrolysis fuel due to its advant
strong synergi Btoingt edLBcia€hedr c&&hysicso of

bamboo peRinpgansgheldilchrtoawgsaeshownyrtoHatsitshefc
mi croal gae and peanut shel/l can significan
i ndi vi duaTlhepyrraotliyosiosf. bambhbgaehwps 4a4nad, mt be
best synergistic effect.-pyrthelinCeitsemad!| d 14]

kitchen w&3ti & B@A/TMESY. The results indicat
pyrolysis temperature ranges,ofanndi ctrhoea | agpapea I
pyrolysis activation energy decreased whil
Duan et al . [Fply5r] o I sytsuidsi eodf tnhiecrcooal gae and we
t hatpycol ysis promoted the deiotxnidfadtfé¢ atni, o nd e
products 8ahd pgdudede derivattovids, aanndd ftahtet
obt ai neidl bhaod a high <calorifXice vat ual ([356
i nvestigated the effect of pyrotliyesi entemp
mi crowpveotbtgsis of scum and microal gae. Th

bl ending ratio and poyirlolaynsdi sartoemagd rcast wrr eo dfuc
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and 550 , respectivel pyrbdhgssynefgesaeimc aefdf
became more obvious when the effective hy
hi gher than 0. 7.

According to statistics, China produced |
and it is expected that the wrbsetre opfl asitsihc sb
205[017,. 1At] present, the treat ment met hod:
il ncineration, composting, mechani cal and c
wi || cause soil pol l ution. I ncineration
composting widelt eegaoirlayt i oau odT hger oaurnusnait reqg ,

mel ting and extrusion processes of mechani

chemical and physical pr opeArtt itehse csoammpea rteidm
chemical recycldsing,, carmrchcaoamsvegsl oplyaesnearcgy
product s [ 20] . Chen -peytr odalysj 281]of s ttuodbiaecdc ot

polypropylene (PP). The results showed t ha
the activation enermggadadi des, dula¢ dbaloehiaf
coke obt piymed ylsy scmf pinecone and plastic
pyrolysi sBualrane[t2 2a]l.. [ 23] ipvestiygasedft pe
and PP -Db8C.TGAhey f owapnydr otl tyasti st bhd o he t wo
attributed to the fact that when PP mel ted
decomposition of biomass, which i mproved t
reduced the net carbon &leise w wWa® 6sftiru.da cedli t i o

t hepyrmol ysis of bi omass (such as bamboo <ch
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andorn) cowhbhd¢ h -rhiydh oweste plastics. The 1 es
Il ntroductioni oo Wvaydtreogphasti csi oinntcooulhido ma
| mprove the yield of aromatics and inhibi
decarbonyl ation and decarboxylation react.i
reaction, which increased the H/C ratio of
deoxygenation and thus i mproved the cal orif
YuanMagetd a29] [2dund that HDPE prommtded t he
Chl orel |l &urviud ggatylr®ilry s¢c e process and al so p
bi osnsa pyrol ysi s,Eaawhddd m hriebd uceedd tthhee f or mat i or
ket ones, furan groups and aliphatic hydroc:
volatiles and aromatic hydrocar bon-s. Dai &

pyr sl ywyd§i PVC and microal gae. The results st

contai ni ngc oaamtdaionxiyngge nor gani ¢ compounds in
significantly, while the contents of ar oma
signi fincgan& ITyangTaet al . [ 3p2y,r 03l 3y]s irse poofr tLeDdP Et
mi croal gae increased the gas yield-and | ow
andc®ntaining compounds in the | iquid was

t he dehiyam,eoxpyelmigng and hydrodeoxygenation r
which increased the yield of hydroearbons.
pyrolysis of algae and pl astic -diald. t he pot.

The nat uH/eC odndilglhw O/ C ratios of plastic

hydrogen and enrichment of oxygen in micro
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140

el ements in pyrolysis feedstock. Al so, It

compared tsosthmé pyrasltycs al one, which can e
and shorten equi pment l'ife. Among all wa st
proportion and contains nearly 14 wt. % of

best hydrodpeomasppraleysios [ 34]. So f-ar, only

pyrolysis characteristics and interaction
been published, so it is necessary to carr
PP and GCsevd wesr erauaw mat erials, and the effec

on the pyrolysis characteristics and produ
PyGC/ MS. At the same ti me, the theoretical
Ki netic werreancedamnemxar ed t o r epveraoll ytshies.i nt er ac
2 Experimental materials and methods
2.1 Materials

Chl orell aCVV) gawass purchased frAlngaYunnan
|l ndustry Technology Co. , Lt d. (China), and
New Material Co., Ltd.(China). C.V and PP w
size (|l egmw .t Hann orAdCer to obtain a wvniform I
wi t te.PVY ratios of 1:0, 3:1, 1:1, 1: 3 and
stirred for 20 min wuntil the colour of the
and ultimate analysis of C.V and VRPiwere c:
Marco Cube el ement al analyser, respectivel

Table 1 Proximate and wultimate analys
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160

Ul ti mat é( wtn.a%)y Proxi mat wAn &)y HH

Samp

C H o~ N S Vol a AstMoi st Fixed « (MJ/
c.V 48. 7.135. 9.0(0. ¢ 65. (8. ¢ 7. 7: 17.62 21. ¢
PP 85. 13. 0.30. (0. 99. (0.1 0.0 0.00 46. 1

AAi r dr iPdgdlmsfi seHed gbhaesri sh.eat i ng’ Caalcuuel actne dd r vy
by difference.
2.2 Co-pyrolysis experiments (TGA)

The pgool ysi s experiments of PP and C. V
t hermogravi metric analyser (STA 499 TGA) .
testedrum. ebltdr sampl e was heated at a heat
temperature to 900 . Nitrogen with a purit
was used to maintain an inert atmosphere.
2.3 Pyrolysis product analysis ( Py-GC/MS )

The pyrodyctC¥apid PP wer e -GG/aMSy.z eT hbey FPyy
GC/ MS was composed of the pyrolysis instrur
gamass spectrometer of Shimadzu Company of
heating rate of 10t hd mfsi, nalndt enrap enrt ati inreed fad 1
pyrolysis experiments of C.V were conduct ec
500, 600 and 700 ), and found that the be
mi xtures of C.V ands RRC.w:tPhWP i fif: €r, e MBt: 1r,a tl :
used as f eepdysrtod cykssi sf cart ¢500 0 with an injec
GC col umns walB® RthmM2 0. 2M) .u The col umn oven te
was maintained at 40 mp froat e onfi ng f/oril ro wted

held for 5 min. The sample was injected at

8
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Il njection mode with a split rm@atiwi ¢f gho: 1,

purity helium (99. 99%I|(EWwastuoea) oams islad icaar r

was used i n MS with aannde ntehreg yt el nepveerla toufr e7 Ow:

MS scan r abn0gle mvazs, 3a&bnd the scan time inter

speed was 1666. The peaks were identified
spectrometry | ibrary and Iiterature.
2.4 Kinetic method

The vyasniasl of pyrolysis kinetics hel ps toc
degradation process, reaction mechanism an

CoaRedf ern method was mainly wused 2f6dr bi om

and the®edmeés derived based on formula (1):

da

E:kf(a):Aexr{- E/(RT)|f(a) t
= Voo Wi [ 2€
\No'Wf
b=d—T -3
dt

Wh e Uies ctomever swobea t heeinitiaWimasdeofmatsise
of the s aMplse tahte trienmeai ni ng mass of the sam
tis the rdasttbe abmelTuset hempatatoconestant

chme cal rfe(a)t;(ﬂ.-ia&ni,s the reaction rdcchani sm

E
expr eskspged. as:

By integrating equation (1) and substitut
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gda A1 4 E§ n g
Gla)=n—F==—nexmpe —dlt 4
@) i@ " p %ERT%'
By usingRéettieeCopamet hod, it is transfor me:q
d—a:éexpge E & a) [ 5€
d b ¢ RT=

Wh e Aies t-Brppnenthkiasl tfhaec troergct i ahsatcthevat.i

reacti ’®nsogdaey al gas cohisst atnite (pBy r3oll4yJs i(sK -

temper abiug et, heanhdeati ng rat e, K/ mi n.

Wh en¥ 1,
& In(l-a)g @ARY, 2RTo@ E .
InzZ—"23=1In %- 6
§ T2 H EEe E  RT

Wh enx 1,
M _ (1. 10 o
el- (1- a) "¢ eAR% 2RT@ E -

" Ty U

1-n) o §Ec E o RT
|l n ge®RBEHEIasl ,muw2c h Iseos st hteh afni rls,t term i n t he
CoaResdf ern equation is almost constant. For
lines-l o®T nYyerTyrdandd 4 mOPPU™(Db)]} versus 1/
(n£ 1) can be plotted,A amaidt et f Blagqgauamclgentadg
calculated from the slope and intercept.
2.5 Synergistic effect calculation
Il n order totHaritrmteer antailyrs e@pfyr©l Ysamsd PR
synergistic effect was calculated as the di
t heoreticapyrval wsigso:fweda h't | os s, reacti on

relative peakuatr)e:ca of the pr

10
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YaiF¥exp.-mcml . mi x - g
Yeal =mfexYex p *Xpwexp. pp T o
Wh e KceanXhby epresent the mass percentages of
respecdxih8Wyparpe the experi mental valwues of
Yexp. &Nt a1 .anfxe t he experi ment al and theoretic
respectda vepobyiLtiThe and Ynegeaet iexgppreakeds agf d
synergistic effects (promotion or inhibiti:
3 Results and discussion
3.1 Pyrolysis of C.V and PP for weight loss characteristics

Fig. 1 spogwel yBéscdG and DTG curves of m

PP in different proportions at a heating r
and Table 2 that the individual weight | os:
i n Itihteer ature [ 11, 19]. According to the T
process can be divided into three stages.
was sl owly evaporated, and the sample was i
orgaraitda er and | ow volatile components when
DTG curve was sl ow. I n the second stage (2

74. 18%, which was mainly due to a series of

i ncl udiamrdg oxdydcat i on, dehydroxyl ati on and
polysaccharide and | ipid components. The f
283 °C, which indicated the decomposition

second peak at 3d3e8c oM@ osndi oat eed tihei ds. |

11
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231

232

233

234

235

236

(535~900 ), the pyrolysis reaction was r e
The weight |l oss was mainly due to the dec
temperature and t he sdloawr fgasganauv o loant iolfe ss nsaad «

CcaQ.

l00msssmsiee 222 -, ] S ———————
—=—C\V

1
0
oy TR
80} —— C.V:PP=1:1 ! | :
'/ % —eo— C.V:PP=3]

)

—v— C.V:PP=1:3

S | TrTTT" —+— C.V:PP=1]
ol PP _1r —+— C.V:PP=1:
= 5 Lo (} —+— PP
0 r —
= 401 o, 0.4] &
\-\'\ﬂ\‘\'\'\' 0.6

250 300 350 400 450 U

20t e e . | :

200 400 600 800
Temperatur e/

200 400 600 800
Temperatur e/

Fig. 1 TG and-pTT® IlcywrivsesofofC.cvo and

rate.

Compared with C.V, the pyrolysis weight |
and its DTG curve only had -m30si g.nilftisawmdi gn
| oss rate and maxi mum weight | oss were sigr
ThikBectause PP has a high content of the vol
in that pyrolysis temper@aymuoley siasngsehoweédk tD
first sitlddge )( 2@ mainly the pyrolysis of C
pyyseli s weight |l oss in this stage was signif
addition of PP promoted the pyrolysis pro
tempef86jHewever, the53@condwasagmas (UYL OPP

reacti on. The DTG curve showed that t hhe add

12
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241

242

243

244

245

246

247

248

249

250

251

252

253

254

temperature of PP pyrolysis weight | oss i
phenomenon was that the smal/l mol ecul es or
of PP pyrolysis reacted with the residues

while the pyrolysis temperature [B7] PP incr

Table 2 Pyrolysis characteristic parameter

,Sampl o/ tn/ N Dn/( %/ ) Resi due

FC. VEF P1 P, P1 P2 (%)
1:0 197 384 - 514 0. 3' - 22.97
3: 21¢ 339 489 513 0.2:0. 8 15. 29
1:1 23¢ 337 48€6 514 0. 1:1. 6 8. 04
1: 3 21 334 485 515 0.112.6 6. 25
0:1 19 - 481 507 - 3.0 5. 48

T, the start temperatur ex )W i Ine wehieg hcto nlvoesrss i
tm: the temperature whil et:t htehewefiigrhal |toempe
obtained by theDnwutheéenbaltgest meehghdt | oss |

It can be seen from Fig. 2 that PP obvi ol
220 to 400 , and i mproved the weight | o5t
was an obvi ousbestyweeerngitshha ce xgdreichent al val

vad.u This phenomenon was possibly due to th

C.V to a certain extent, which made it mo
resulting i n the pyrolysis weight | oss r
tempesai 6t ed to | ower values. I n the tempe

the increase oWgrPaPd ue IXliywngc raantgeod from negat
Il .e. the positive synergy between them chart

reasomhatast he smal | mol ecul es of PP mel t r

13
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256

257

258

259

260

261

262

263

264

265

266

267

268

269

C.V at the initial stage of PP pyrolysis,
pyrolysis and a shift of PP pyrolysis temp
tempeeawas higher than 48Windi ¢thetedegapDsE
synergistic effect, which was mainly due tc
bet ween C.V pyrolysis residue and PP. As a
PP anpgyCoNMysis coke, and the coke could pr
monomer or di mer , while PP could provide

decomposition of C. V.

100

a - - EXPCP31
——CALC:P 31
8ok - - EXPCP 11
——CALCP 11
- - EXPCP13 | ~
%\o 60l ——CALCP 13 §
5 =}
k= 2
=2 40} =
2
20
0 1 1 1 1 1 1 1 1
200 400 600 800 200 400 600 800
Temperaturel/ Temperature/
Fig. 2 (a) experiment al -paynrdo |tyhse osr ec

and (b) weightwWdifference
3.2 Kinetic analysis of co-pyrolysis reaction between C.V and PP
The kinetic reaction par gpmetodrys i asf aC.eV sa
i n Table 3. Whenp)r &l yannald ,PPt lwee rtee mmper at ur e
i nto three sections. Therfithet pywol gecsti oh
the third section was the main pyrolysis t
cal cul at irRend foefr nCareettshod i n Tabl e 3, the pyr

and PP was 1. It can be loeaen wialsateatsher p yi
14



270

271

272

273

274

275

276

277

278

279

280

281

282

activation energy of 40.09 kJ/ mol, while t
with a higher activation energy of 351. 13
mi xing ratio of PP increasedefrggmod tdhmel.,
showed an increasing trend. Compared with
calcul ation activation energy,pyrolwasi § oafn
C.V and PP was significantilnydilvowleuralt hpaynr otlf
Duringpyhel ¥x®i s process Fivd mME.idhicfrfeasenc d rlmer
64.56 kJ/mol to 81.80 kJ/mol with the mixi
This phenomenon may be causen pgaksheomvth
activation energy plane producepyrmal yaiter a
process.

Table 3 Pyrolysis kinetic parameters of i

Samp Tempera Wei ght Ee «/p A Eae Ec 4
- T % (kK m&l =~ mi'h (kK mél («k mdl
_ 197-348 58. 70 50.32 6.87x 10 0.9954
C:E/:' OP 348420 18. 95 39.22 4.52x 10 0.9980 40.09 40.09
420514 22. 35 1398 1.28x 16 0.9801
216-350 36. 67 33.68 9.96x 10 0.9951
C3V:: 1P 350461 26. 50 8.43 2.99x 16 0.9813 52. 8 117. 4
461-513 36. 83 104.00 9.20x 16 0.9812
' 238370 23.90 3595 1.29% 16 0.9814
C:E/:' 1P 370458 14. 12 7.95 6.12x 16 0.9813 114. ¢ 194. ¢
458514 61. 98 169.86 4.10x 16 0.9817
' 217-347 9.95 44.04 6.2x 10 0.9811
C:E/.' SP 347-456 11. 27 9.77 1.18x 16 0.9746 190. ¢ 272.1
456515 78. 78 234.68 1.20x 1063 0.9864
' 197-304 0.31 4.62 5.56x 16 0.9969
COV:' 1P 304432 0.16 8.47 2.26x 10 0.9936 349.! 349.°¢
432507 99.53 351.13 1.89x 16! 0.9886

15
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290

291

292

293

294

295

296

297

298

3504 —=— EXp
1 —e— Cal

79.81kJ/m1J|

|64.56kJ/m

100-

Apparent activation energy(kJ/mol)
S
i

a1
o
1,

o

0.00 0.25 0.50 0.75 1.00
PP comppsition(%o)

Fig. 3 Activation energy of PP and C.
3.2 Properties of liquid products (product distribution table and content variation
diagram)

3.3.1 Effect of pyrolysis temperature on p°

As can be seen from Table 4, the pyrolysi
of oxygenated compounds (acids, alcohol s, |
(aromatics and aliphatic hydrocarbons), an

oxygeoampdunds showed the highest amount,

furan and ketone(produced by the decomposi
phenolic compounds (formed by the decompos
acids-chdionmmgabkcoand esters (produced by es
decarboxyl ation and decarbonylation of tri
al kanes, ol efins, toluene, etc.) wer e t h
hydrocarbons mainbwpgeneiranedf byi phdsdand

of sugars and aromatic hydrocarbons from t
16
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300

301

302

303

phenyl al anine in

composed of 1indol e

pyrrol e,

pyri di

asparagine [39].

ne

mi ecroonatlag anel nmgr octoempnosu.n dMi twr

der idexztoimpeosiftoomedfby rity

and ami de derivat

Tabl e 4 -diilstcompdumdsoiprkresented

Groups Compounds Formula  Compounds Formula
Toluene CrHs Benzene, pr oper CoHip
Ar oma
Styrene CgHs Benzene, propy!l CoHi
hydroc
p-Xyl ene CsHio Benzene, pentyl CuHis
ns
Et hyl benzene CsH1o TDN Ci3Hie
1,-tbeptadi ene CrHa2 1,-Hexadecadi ene CgHao
D-Li monene CioH16 Hexadecane CieH32
1, -Mecadiene CioH1s l-Hept adecene Ci7Hza
1-Decene CioH20 Hept adecan Ci7H3s
3-Undecene, 3nethyt Ci2H24 I-Nonadecene CigH3s
) ] Dodecane CioH2s 1,19Icosadiene CaoHas
Aliphati ]
1-Tridecene CizHos 3l cosyne CooHss
chydr o
(2E)3,7,11,15Tetramethyi2-
ns 7-Tetradecyne Ci1aH26 CaoHao
hexadecene
1-Tetradecene CiaH2g Henei cosane CooHaz
Tetradecane CiaH30 Henei cosane Co1Haa
1,1,3Trimethyl-2-(3- )
CisH3o 1,23-Docosadiene CooHaz
methylpentyl)cyclohexane
Pentadecane CisHzo Tetracosane CaaHso
Pyrrole CsHsN 4-Ethyl-2-methyt1H-pyrrole C/H1aN
Aziridine, 1-etheny CsH/N 4-Met hyl cycl ohex C/HisN
Pyridine CsHsN Benzyl nitrile GCgH/N
4( MY r i mi dmertom' CHN,O | ndol e CgH7/N
1HPyrr anee hy3 CsH/N Pyrrelt é2y-t¥8 me-2 h y CgHisN
|l soval eroni tri GCsHeN Benzenepropaner CHgN
Pyr i dmertehy I3 CeH/N I ndoimet hgl CoHgN
Nitrogenous ) 2-Ethyl-3,4,5trimethyt1H-
Pyrroteme2hvl CesHoN CoH1sN
compounds pyrrole
) ) CieHa3N
| soamyl <cyani d CsHuN Hexadecanamide o
Pyri detnleyl 2 C7HoN Heptadecanenitrile Cy7HaaN
Oxygenated Fur f ur al CsH40; Cedr ol CisH260
compounds Fur furyl al coh CsHsO, He xhay dfraor nes ol CisH30

17
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304

305

306

307

308

309

310

311

312

313

Phenol CeHeO (Z2)He x adkoclen Ci16H320
22Fur ancar boxai
CsHgO2 9-Oct adlend e n Ci18H360
met-hyl
Fur ar,i metbhyl CsHsO I-Nonadecanol C19H400
CaoH3s0
p-Cresol C7HgO Oleyl alcohol , acetate
2
Coumar an CgHsO Phyt ol Ca0H400
Phenet hyB8 CgH100 Di hydrophytol C20H420
. . C21H400
2-Cyclooctenone CgH120 Stearic aci , 3
2
Phytol, C22H420
Cycl ohexanepr o CioHiO
R, R, R, (E)3,7, 11,
Hexanoic acid, CoHoO, 1Heptacosanol CoHs60
7-Tridecanone Ci13H260 Oct acosanol CogHs0
. . . C16H320
Carboxylic Tetradecanoic CiuHxO, nHexadecanoi c a
Acids ’
Ol eic Acid CigH340,
Accordi nggCt/aMSt demtRay of C. V, the distribut

of main compou

the analysis

hydrocar bons,

Tabl e 5

wa s

nds at

carried ou

oxygenated

t empersat ur

t

compounds,

Compati somposkibions

diffetestefHi nal Tppltoel

i n five cat e
nitrog:

from C.V pyr

300 400 500 600 700
Aromatic HKydrc 237 16.59 14.53 19.66 18.82
Aliphatic "Hgdr 17.98 7.83 24.53 12.17 12.13
Nitrogenous compounds%” 11.42 22.03 20.46 22.33 27.14
Oxygenous compounds¥%” 61.92 49.41 36.25 44.08 40.39
Carboxylic acids %~ 6.31 4.14 4.23 1.76 1.52
It can be seen from Fig. 4 that the peak
and aliphatic hydrocarbons) increased firsi
final pyrolysis temperature of C.V, and t he
at 500 The reduction of hydrocarbons at
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329

330

331

332

333

334

335

secondary <cracking of C.V and the formati c
trend of nitroegdan ovamsp obrses vierd.bilda was f ou
areacpntage ratio was 11.42% at 300 and
which was mainly due to the release of vol a
|l ed to the transfer of nitrogen el ements

Secomdthleycoexi stence of carbohydrates (acid
in the Maillard reaction, which caused th
(amino acids) and carbohydrates (carbonyl)

Therefonteent hef coi tr ogoeinl cfolmpootunatse si nb ebti we ¢

pyrolysis t eAmpiem @t uarceisds -( pyridine, i ndol
amides snitriles).
I n addition, with the increase of pyroly:

oxygemt ai piongmdsomincluding palmitic acid,
decreased signidorctaathiyng Tbempaxymgesn from C
mai nly alcohols, phenols, ketones, al dehyd:e
oxygen contaeamtmnednmbitdwasolptartl y due to dec
decarbonyl ation of carboxyl and carbonyl c
HO, @@d CO increased at high temperatures.
t hat t hceo notxayigneinrng comgdunfdsom nmC.tVh e ylriod ysi s
the | owest relative peak area percentage o

hydr oc arobuonnd sc o[mip0 | .
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S sof
S
IS
S 60} % % >
c
o
o 3
o =
2 40} %
©
o
i % § %
0
300 400 500 600 700

Temperatur e/

Fig. 4 Producbi becempbuntdygy pfobduoed from g
di fferent pyrolysis temperatur es
3.3.2 Effect of PP on pyrolysis products o
As shown in Fig. 5, oh whspyoohdst bBapr bote
and PP was significantly diffecemtai rCi. Vg ha
and nictorndaggemi ng compounas,| Wwhiolme PP3 p32 Wl g

aliphatic hydrocarbons.
By comparing t hreoldy ssitsr i pruadd wont soff rpoom C. V/ P
pure sampl es, it was found that the conter
even at | ow PP blending ratio, and the rel
i ncreased with tge riatdroe aslidheofmaR b klearsdinn w
C and H contents, |l ow O content and no N el
the C/H ratio of mi xed raw materials was
hydrocarbons in |iquiaddptoduct tWas-freer ¢ad

CH-an<€H) released from PP pyrolysis could
20
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355

356

357

358

359

360

361

362

363

364

365
366

367

decarboxylation of protein and carbohydrat
in a significant increatse[ 4In] .alAtphtaitda cs eaampda
peak area percentage of oxygen compounds,

with the increase of the mixing ratio of P
PP inhibited t he conversi bot opr omagtaend c t hat
decomposition to generate hydrocarbons. T
i nhi bited the production of phenol, and th

carbohydrates to generate hydrodaobkhpgsen r e:

containing components. Nitrogen compounds
derivatives) was mainly produced by Maill a
sugars [41]. The addition of PP would prev

ofni trogen into gas-opfFpdaoctds finatégdl etdbt

nitrogen compounds in |iquid products.

Relative content (area%o)

100 A Nitrogenous compoun®d\J Oxygenous compounf&—] Carboxylic acids

XX Aromatic hydrocarbonfQXY Aliphatics hydrocarbons

N N N
ol N I
60 % %
40 %
: N D
1:0 3:1 C_V:p::-:;l 1:3 0:1

5 DistribubiodnpoeppredubtysCi v bhnd |

mi Xxing ratios.
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387

3.3.3 Synergic effect and mecha@hlsor e@If| & 1 gt
copyrolysis

From Fig. 6, it was found that the inter:
to promote the formation of hydr adcsar bons
products by comparing the experi mental and
pyrolysis products. Combing with the analy
and PP, it can be seen that the free radics
of protein and carbohydrates to form chain
the ratio of C.V/ PP was 3:1 (i.e. 75% of
oxygenated compounds (furans, ket ones, al d
and tadarec eemehn't of hydrocarbon formation wer
i nteraction between them significantly red
containing compounds and iTmd¢rse avaessd bteltea us @n
pyrolysis dfa PlParqpgew dam@unt o%dadnoorlsefiwmbsi cam
promoted the <cracking o f aromati c product
aromati sation reaction hydrocarbons. Besid
bet ween amino acgiadss,amdhdr eédnunciebd teed t he tr
bi-ooi |l . The increased amount of alcohol s wer
radicals from PP and the intermediates (est

the pyrolysis CafV dadr2Zahydr ates i n
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4 Conclusions

I n this 9pyuoyystilBe bedavi or,ctr ediicgdti oinb Kkti inc
of C.V and PP were studied. The conclusi on:

1) Tipgrodysis of PP and C.V could be mai

first stage was mainly C.V pyrolysis, and
sigriafntly with the increase of PP bl endi ng
range shifted significantly to a |l ow tempet

stage was mainly the pyrolysis of PP, which
ekttt was enhanced, and the weight | oss rat
further increased,;

2) The results showed that the addition
activation energy of t-pbgroéliystsCaovii BBdand
i ncreased the activation energy of the thi
|l eading role in determining the activatio
bet ween the experimental apygrtohgcastdiofalC. &
PP was 1:3 > 1:1 > 3:1, that was, when the
energy of the two had the best positive sy

3) - &/ MS analysis showed that when the f
500 , the peakofarreyadmpeoxiehpragdiucedi by C. V
the maxi mum of 39 -ply6%.l yvd¢heedn WHR hwaC. \c 0 PP c o
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promoted the deoxidation and denitrificati
the yield of hydteoadi bgng.at WoenwaBP 0b 75,

synergistic effect on promoting the for mat.
the formation of aromatic hydrocarbons, nit

aci ds.
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