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B R BORR BB B 24 (HDPE) . & Ei% & 4 Mao-Bell B & NI A KK, ABFEEHE
BANELE ., (1) HDPE + H,O(KF L 1:5) , &R A B HZ 1.4mm, FEE N 1mm K] A5
WA VEEE, RERFLZEN 1.0mm, SeAERERFL RS A =/ N HDPE #£5 , BRZERE fn FL 80—
BT ATR, REAERILPEWEIEAK, & LERME. AAEAaVEBENE. ik
BB EES p=0.5GPa(tE 1(a) FI/R ). (2) BG4 A HDPE, 5% A A4 WA Af T
HH 0.6mm, RENEHE 0. 5mm, FFHFLEL 0.35mm. FEMA HDPE )5 , JAA —4E

(c) After heating (d) Depress to let gas out

(PE : Polythene; R: Ruby; C: Solid residue)
B 1 RZHESKR NSRS HBAARIER
Fig.1 Micrography records of hydrous pyrolysis process of polythene
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A B CRLAR 2 20pm) , & EERSINE . MIAETRE KT p = 0.9GPa,

G, F YAG HEEEBOER MM R ZERER . BEKR 1.06pm HEERBMERERRC
BRES b B EZR K 30 ~ 80pm (AT BB A AR B BE K/, AT AR MBGRE ). &K
SEI R BN EIR 20K I Y BEAE 15 4T B (fk 1T BE AL IR AR T 700°C , H AR IX 48R R BE 3 e B IR
F 100C) , AR B REFABMRZHEERRAEIF M EEZLT B REE;ZH T EASE
B B 7K 28 BURR AR, FERE N R B Y Ky B B N = (B 1(b) () BT ) o SE T A
HARABRNRATERBEECARANS TR, FEFEZSHSKERNRBEMEN =YY BBZL.
AR R B ZEMEEE  FOARKGEEL, RERSENREEEBRKYAFLE, ME
SOETRRACREMBAE (E 1(c)FiR). AEKMELEFIE RN EBY 8T, e e &
K B9 SE IR B CHNABE AR MG HIE T 800°C) , th g VR A AR W) B A A, (H R AR R W 1Y &
BB L&KL 55 s B AT (R34, PR AR = v 2D, PR 6 ) ROk B & | SE IR 58 U AT A
LBWARY BREE,BBRB KRB (S KNLRES) ., MRATEENE, &K E
BES p=1.5GPa, KM MBIFERE 3R AE/KMLRES p=1.8GPa, HIMHHFTH 2 £5,
2.2 BEA R ENR

HERAM BEE AN X BRAELEARGEBENENREFHTH. M He-Cd BULH
441 .6nm PR BB RAER B A R  MARLEMBEHERERBHN AR L CLRER
2y 30pum) , K 72 4 B 9% Y6 #E A WDP-500 B [ 3h 45 1 21 24X, 4 6 J5 i R456 Ty £ 34 &
BWE S HHOK, HBITENIC R EIERIE . BT R456 RO AHE7E/N T 500nm K
X 815 5 FWIAEH ™', B AT 50 3 0 566 B K X U2 R 520 ~ 750nm. 5 P H#13K
L2 B 55 b I RE T B AR 45 AL BT 9 6 63 1 % #0 0 vk B R LA, AR AR O 3R BT AS B A 9 O ok
WK ERAE B AT EOERERE RN K, B B85 R R T X R RS X 86 1T
FHEHILMIR , A B TR AR X 358 (8] 56 /Y 25 5 . 538 A 25 U 5 4 W A FE J 4 R A B 1 ¢
S, FERFTI A LB E AN REREA N —RERMNEL, RULKREG T &N AL G
KHBE TR BIRIBAFGRE RN LK 7 i #ad 722 o [ B MR T 2 . &K
SC AR FE A B IR 2 A AR, SR B BB R BRSO AR B B AL U
AR5G SR PR RAT , B EEATE R . MAESKM LI F , AT ShERAL 5L E00E , Bk 6 5C
i, ERRAY N B E IO ARE; HBRZMEE, LR RN, ERZNNEBEA
T, EEEFATH RN /NAREET . B 2(a)y HDPE + H,0 S5, 78 FF 46 IR A
PBE A JE R S WK ER AL B 2 6 63 5 B 2(b) S 4l HDPE £ 5 G 10 8 e ekt . B
R E R SREERN Lo
2.3 KAGENK

R e e IR FE BT L TE S R FE G 15 EANE HR R HE, DR Fe B BT R i HE R 1
SR KB ki (SEhr B S S S AR, R ER B /N ER BTSRRI TR B
Bk), HERSH,CMESS P CH, H,.CO, EHNHERME. BHEE, EXFEHME TN
£, L SRR Y 2R HORE B (A E 1(d) FTR) . AESSMBREEHERN 0.4mL X
R EA SC-4 BISH A% E CO, H, & & ;)5 BB 1mL <& A HP-5890 Il B AH 63
W CH, FRERE, TERBEREEMNEHERETRRYHER. BAEFES0H(S)
Flo
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B2 mERALEHMIELEE

Fig.2 High pressure in situ micro-fluorescence spectrum
3 HBRREITR

HDPE + H,0 L R KPR SAH IS ERME 3 fix. NEHATE W, RESE™
Y FEH CH,.CHs CH, CyH; . C3Hy . i-CyH g\ n-CyHyo CoHg s Fo ' CH, MI¥REE X B = A IRME
9 10000 f5 LA £, iR E S = K 92% ; CHa\ CHg CiHy = R R bE SR 4 4 o B B /Y
99.6% ;B SE/NT 0.3%. FRAEIHEHEN NG R, E>™ Y+ HH Co, H, HEik
,Co, KERNSSHTEENIF/UL BT H, HESERENAE, REMNLELERSX
=Y b H, BREE. BET CH, S/AKEB/KEY, BN B3 TR RARE
CH, KA WFBIBIEH¥IME,
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3 HDPE+H,0BEBRELRRERSESHEEIESTER
Fig.3 Hydrocarbons gas chromatographic result of reaction HDPE + H,0

4 HDPE LB M BREFY M SHEE T ERME 4 . NEFAEL, ERIE™
Y)EEH CH,.CHs.C3Hgi-C4H g n-CyHyo, R i CoH, .\ C3H . CoHg 55 58 5845 42 ; L CH, ¥
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B4 HDPE HiREZBRBERSESHEEESTER
Fig.4 Hydrocarbons gas chromatographic result of HDPE high pressure and high temperature pyrolysis

g MPGE R P BB TIE B EEHMIOOLENRA R HEEITER, RLHZ R
HRHM ARKSRHBERE R, RSRZHMAE N BREGTOL, RBRRMY A 3 b 5
PRI . SEIR AP E 7 BB IR B TSR TR ARG K o HDPE + Hy0 LR /K i B A9,
WEE BT, TR, RAR SR — P R SR MR N9+ CH, & &
KEFERE 2%, XBRAKTRER AMERLE Y HA L BNERERFE, RE
R BTE H, 377, B T R A e R T 58 £ I Fed , HEIR i T SR A 1 b RE A 3 AL
Mo SAKLKHE CO, £, XRKEES SUERMIKA FIESE . 7 5h, KB4+ E 5%
AR CHINE 1(c) BiR), I BEARERY B EA KT, 914 #EW N - A BB TE R K, & W
ELRBEXGTRKOEFEERZHESKBELEERSHMLB RN . 5F/KEEAMAXE, A
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C.H.O.N.S, &8 JEHF . FH LEFHRERFEMERRD, TRET2H [ R TR (1
B=fR Hh [ BIFRBIBITE C EESMAAEMRSE L (B 70% U ), IR 8 F 8K E X
) 16 ~ 20 MRE T, XF B T RBERE N RAY . BZHTERE—FBRIEFHIER
KE st MM T THREBENSHERASZ HEMARZKHEFEGHNRBERSELRER,
EOXMFR | ATREFESERGTHEENEMEST -ENSEME, HELREN, T
BEREEIRERBLEES, FKEEANTREABMRAIK TR, WO FRIES YT
Ao
BIBSARCIES SR, THMT RN BR KBRS S KERF &8RN

4(—CH,—), + 2nH,0— nCO, + 3nCH, (1)
MERR(DFTUER , KEESS THERN, WREYRHIE RS, R COo, WL RE
HETE, —FTH.RZLAEEHRBIERP,.CTETE 0EFHEM CO; 5 —T M, L H &
—CH,— 5 H4 A M, CH,o /KTER IR E E &4 T &4 Bk iR AT R 5 iz X (1) 32 459 ik
2H,0—>2H, + 0, (2)
ESKELE =Y F,c0, 5 CH, EFE S EHRE . RESET Co, 5 CH, HFTEK
ERPR-MEBHETH A EEHRBFEXWEE, C-O-HERF, —BAFEMLEZHT
CO, 5§ H,0 &5 £4&, B R4 T CH, #1 H,0 & F /&, CO, #1 CH, AR AE RN EER
plenl, EE EMEMm@REEAPRECEERRGE, ¥¥EEHM CO, 5 CH, #£HFRH

%89 DREE R B SRR EIY, FARAFELERMThE RN FER
2C + H,0—CO, + CH, (3)
BEEETITERERSHEEEAR: AGNp, T) = AGH1,T) + RTInf K £ AAER
B &0 T iZ WA 4 8% E . H,0.C0,.CH, =Fh A3 i = IR = B T iR BE{EL £ A SCHR[12]
R HEEE G ESRLEG TR AGH(1,298K) . AGY(1, T)EMNXEK[13]F&EE, 25 H
900K f{#F 873K, 1300K X # 1273K, WK 1 fin. WA LT E RN T B B B EE. &
BEH) AT R AT FRAT BB B InK, = - AGY/(RT). HHEMFFAEN p = 1GPa, i1 BE 43 7
29 873K 1 1273K, HBERMKR2Fir. NR2F L, BIRFME T RAMTER () K4 % &
FEIREETER, RASIRA M TR AT FAEAREXET, K5 NAE F T R b

£1 FEBEHHST H,0.CO,.CH, H, HEHEEREEE
Table 1 Free energy and fugacity parameters of H,0.CO,.CH,.H,

under different pressures and temperatures

AGY(0.1MPa, T)/(kJ/mol) s AGY(1GPa, T)* /(kJ/mol)
298K 873K 1273K 873K 1273K 873K 1273K

H,0  -228.587 - 198.131 - 175.839 68.10 103.90 — 167.495 - 126.694

CO,  -394.375 -395.771 -396.211 93.52 126 .65 -362.832  -344.970
CH, -50.739 8.499 52.434 94.96 126.81 41.549 103.688
H, 0 0 0 65.38 111.25 30.341 49.868

*  Calculation results.
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E#fT. BN HEHALEIERE , EKRKRKAIENIRT, SESELRMSHT CO, 5 CH,
RN, X 5 H LI R B 5K R A R CH, LSS R H—5.
%2 REABRRG)NEHAGETURETEEHHTEER
Table 2 Calculation results of free energy change and equilibrium constants of reaction(3)

0.1MPa 1GPa
p.T
298K 873K 1273K 873K 1273K
AGY/ (kI/mol) 12.060 8.990 7.902 13.707 12.098
K 0.005 0.290 0.474 0.151 0.319

P

B — N IEHBRIE I AT RS R A B RN T R R

CH,—C +2H, (4)
F. Ancilotto 25U fy B3 45 SR B, CH, #E /35 100GPa M T C—H W 3P R K M
YR R, T B4 R S0 2 B 3% 300GPa (9 E /1. L.B. Benedetti %5151y # JE S2 30 5%
B, CH, 7E 10 ~ 50GPa.2000 ~ 3000K &4 F RV AR T £NA AN FHRSH C—HEKR . &
ESHWHY C RFREEREN G, ERIEERA,CH, 4R AR(BERA)TERS
RIESRME. AMRFRZHBSKRMAERKEN CH, MARRBBRABMEEEZER
KL PRZBEAERT KERN CH,, RAELRARERMNGT CH, BBREFE, ]
M 2 R F T X — [, R (4) M4k RN B B AL CFE H BRI RS R R
3. WNERFPAIEH ,MERENIM, RN F BN H, 54 %8R NAEK CH,, %2 CH,
AMRTE R Hy FA 8B IRE AR AR T CH, MARSE ; T 7 X 07 88 2 &8 75 1) B % i 5 38 2 A8
RL.EET CH, BMEE. RS RESW/EHSBKED &4 T ,600CH CH, BIE K& 7
fift . 1000°C B CH, 4@ 584> 4k S1 B B i (40 1GPa B & ), W 600°C B CH, 4% o 45 Xf 314 ,
1000°CHf CH, BB UIEAE T Hyo BRI B S RIUGRIIER EM A RE, X T 5L B H) &k
MEEHNERE C—HEERK, S CH, ARFERSNERELRE. b RAERIH
R X I R P IS E TR CH, MR MR E &M, BAEX )R A B & ZAFEREK CH,
A3 2T BE 22 10 3h 1 2L (AL R B ), CH, A RAE R LA R, MBI R+ A X
FARSAFAEIR T PR A0 ) 28, CH, M AR EERH .

%3 REAEXWWEHETSHUREFEEHIHEER
Table 3 Calculation results of free energy change and equilibrium constants of reaction(4)

0.1MPa 1GPa
p.T
298K 873K 1273K 873K 1273K
AGY/ (kJ/mol) 50.739 -8.499 -52.434 19.133 -3.952
K, 1.956 x 10710 3,225 141.741 0.072 1.452
4 & it

(1) BREEFRMETRIE 5K, B CH, 3 R EESEHM CO, H, F, KWL
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RZmPMmtRAKERES ST R, ABUERE Hy, i CO, BE MR 0.

(2) MHEKGREKNRZFEHMERER, SREFETEERN™REH AL CH, A
F, ERERAYRL TR EKE LR PRSP~ R A K, B EEERY OB
KIS E5EMTREE VRS E WM,

(3) TS BHMBL T, HREESRMGT CH, 5 CO, TURET

(4) BARMIRN AL CH, 2R A B H, WS 2% 5&0F,BE C—H #ETRELEE
0, ANV AR SR AR 22 B 3 1 2 HL , CH, 3 REAF 7E o

A3 2R R4 RO YER R I E AR TR OT BRIt P R R TR AR UM R A R T O 4R A
T A 2 AR, I 7E i B b SR GEHE B, 7E M RN BT
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EXPERIMENTS ON REACTION OF POLYETHYLENE AND
WATER UNDER HIGH PRESSURE AND
HIGH TEMPERATURE

XIAO Wan-sheng, WENG Ke-nan, LU Guang-cai, WANG Ben-shan
( Guangzhou Institute of Geochemistry , Chinese Academy of Sciences , Guangzhou 510640, China)

Abstract: Hydrous and anhydrous pyrolysis of polyethylene under high temperature and high pressure was
conducted in diamond anvil cell(DAC) apparatus . Reaction phenomena can be observed by microscope and
be recorded by micrography during the experimental processes. At the meantime, in situ fluorescence
change can be determined under high pressure. Compositions of gas products were analyzed by gas chro-
matographic technique. It shows that CH, make up about 92% of the total gas hydrocarbon products, CO,
and very little solid residue were existed in the hydrous pyrolysis experiment. The results indicate that
H, 0 participates in the chemical reaction directly, offering H to hydrocarbons and O to CO, . Anhydrous
pyrolysis of polyethylene generates less gas hydrocarbons and much more solid residue than hydrous run.
Thermodynamic theory was used to discuss reaction mechanism in the experiments. Compared polyethylene
structure with kerogen, we infer that the ratio of hydrocarbons generation would be increased while H,0
exist in the organic matters pyrolysis processes.

Key words: polyethylene; H,O ; fluorescence ; gas chromatography ; thermodynamics



