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(Mn(Ac), 1 Fe-S) B, WML FT-IR #EEPXNE C-0, C=C
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CO-LIQUEFACTION OF COAL AND POLYPROPYLENE
IN SUPERCRITICAL WATER

ABSTRACT

The phase behavior during co-liquefaction of coal and
polypropylene (PP) in a fused-silica capillary reactor (FSCR) was
observed under a microscope. It provided evidence for the selection of
experimental conditions for the next experiment. The co-liquefaction of
Yanzhou coal and PP in supercritical water (SCW) was carried out in a 50
mL batch stainless steel autoclave reactor. Polymer ratio (0~50%), the
ratio of water to reactant (20:1 and 30:1), reaction temperature (360~430
°C), reaction time (30~120min), and the use of different catalysts
(Mn(Ac), and Fe-S) were used to inVestigate the effects on the conversion
and yield of oil and gas (O+G). The vapor products and the aqueous
products were collected and analyzed qualitatively by FT-IR and HPLC,
respectively. The co-liquefaction residues were analyzed by FI-IR and
TG. The co-liquefaction mechanism of coal and PP in SCW was a
preliminary investigation.

The phase behavior of the co-liquefaction of coal and PP in SCW in
the FSCR was investigated during the heating, reaction and cooling
stages. The phase behavior of coal and PP interacted with each other in

the process of co-liquefaction. PP swelled at 134.4°C and intenerated at
203.6°C. The gas bubble was generated at 203.6C and gathered at 248.8
C during heating. The oil phase (i.e. yellow liquid observed by
microscope) emerged at 380°C while the oil phase separation occurred at

147.1°C and then became a trail of opaque droplets at 38.7°C or ambient
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temperature. The phenomenon did not appear in the process of coal
liquefaction or PP liquefaction. The above results demonstrate that PP
promoted coal liquefaction as a hydrogen donor in SCW. It provided
evidence for the selection of experimental conditions for the next
experiment.

Hydroquinone, resorcinol, phenol, paracresol and orthocresol were
detected in the aqueous phase by HPLC. The vapor phase consisted
mainly of CO,, CHy, and C,Hs, which was collected from the headspace
and analyzed qualitatively by FT-IR. The co-liquefied residues under
different reaction temperatures were analyzed by FT-IR. The results
indicated that the peak of the C-O bonds and the C=C bonds in the
aromatic ring decreased with the increasing reaction temperature and
these bonds became weaker with the addition of catalysts (Mn(Ac), and
Fe-S). The raw coal and the co-liquefied residues were analyzed by TG
and the results indicated that the mass loss of the raw coal was higher
than that of co-liquefied residues.

The co-liquefaction of coal and PP in SCW was carried out in a
batch stainless steel autoclave reactor and the results are shown as
follows: The conversion and the yield of O+G increased with increasing
polymer ratio, increasing reaction temperature and prolonging the
reaction time. It was also found that the ratio of water to reactant at 20:1
created a better conversion and yield of O+G than 30:1. The optimal
conditions of co-liquefaction in SCW are: a polymer ratio of 50%, the
ratio of water to reactant at 20:1, a reaction temperature of 420°C, and a
reaction time of 120 min. The maximum conversion and the yield of O+G
were 70.92% and 69.11% under the conditions, respectively.

The effect of the same conditions on the conversion and the yield of
O+G with the different catalysts were investigated in the batch stainless

steel autoclave reactor. The results indicated that the catalysts Mn(Ac),
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and Fe-S improved the co-liquefaction, and the time became shorter for
the maximum conversion and the yield of O+G to be reached. The
conversion and the yield of O+G increased with increasing reaction
temperature and prolonging reaction time. The optimal conditions of
co-liquefaction with catalyst in SCW are: a polymer ratio of 50%, the
ratio of water to reactant at 20:1, a reaction temperature of 420°C, a
reaction time of 45 min and using the Fe-S catalyst. The maximum

conversion and the yield of O+G were 81.65% and 75.71%, respectively.

KEY WORDS: supercritical water; coal; polypropylene; co-liquefaction
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G K S PP LA (R S A BB R S F= R R, 72 SC00 VI I P 7 8 SR
WHIBMALE, MSEITHBARNNE. RN, EERAEEEERNETH
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CREBERET, EAHABASESSRATHLERERBRNEE, HH
FRITRIE P Ko T EHITE BTV BR B4 1N 3 TR R B AL BBV B /)
SFBAFPH I ERREETH/CL, EEARE R AR .

21 RREFBUBARARBTE

18 H BB & R Friedrich Bergius & B FFTE 19135 HiE T &4, 7E19314E3K
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T, TEMBREL.

ST, BEEIGOR TEIER A, OmikFE E R B
REZERAELILE, RET RELHE) LRAERNYS, RERBEHEL
HFIT ARSI, ORI AP HSRER SRUNEEmESH, T8

T Tl K22 R 224 5



KSR A ERRIG TR AR

[, T EEE S ERANED, £ H70MPal%}30MPa; @R T LT
RHRERK.

Y
A

Bk o S B Ht
2=
B 3¢ S B B
BE R R

B

E2-1 #EIGOR T ™
Figure 2-1 The process chart of IGOR™!
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Figure 2-3 The process chart of NEDOL™
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Figure 2-5 H/C ratios of various hydrocarbon sources
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Figure 2-6 Dependence of liquefaction yields on coal rank (carbon and oxygen content)’
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Figure2-7 The mechanism of coal swelling
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F2-1 NREFRIERE (W%, daf)P

Table2.1 Liquefaetion performance of different catalyst™”

BUFIRE ‘ N o

Tt o, TEWAURBImm  THP B dafi% WP dafi%
THER 0 - 79.1 29.14
3 3 <6.12X10% 96.6 59.0
3 3 ~1.0X%107 97.5 67.0
By 3 <6.12X107 97.6 © 617
%Ky 3 ~1.0%107 98.7 72.5
BRBREY 3 ~1.0%10° 97.4 70.0
KRG 3 <6.12X 107 95.3 55.7
RRFEGH 3 ~1.0X10° 98.5 70.0
EEEY 3 <6.12X10? 93.6 61.3
HEERY 3 ~1.0%107 98.0 68.7
PRI pP i 3 <6.12X 107 92.5 57.0
PRI Jr 3 ~1.0X10° 96.2 63.6

BIEE AL, BT HREEEBA R R RO SRR BRRH
REAFIME SEUNE. RRBUAEEGRATY. T EBELFED S5
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RESILI B B ALERMCE . Priyanto %1% TFe. Mo, NiZ&REfI 4
WEWLR, ERMEFESOC, FIHREEISMPaZH TR K, FeMoNifE4LH
WE LR, P AR B REIAT 7%, BT K 40 7] (o 7 7 T PR R A A

BT, WangZ 4% T B (A8 3R ARS O, /ZrO, i A F X A28 1 b L A4 1
W, TR R I AT AL G IFeSER 3 Fe-S+SEALFIE B B MM~ %,
TERAL R NSO /Ze0 BE IR B S L I BRSR . REFBRTOE .. B
HEBBERS R b K 45 TR B4R B ikaa™,

FRAE (R AL T2 I P F AR AL A SR B W R4S, i R SR o) |

12 T Tk KRR -2 A7 4 3C



.5 5 A P AR I TRk o B SLAL T 5

HF-BF;'*), HF-TaFs'", CF;SO;H/ML Ak 260" 7£100~350C . R E RN
SRR E FRIERPE AN, ARATRORASCR I T L, BT 4
FEREALFI T AU E AR A58 B BR B K 20 T 4549 R B0 5L B4 . Haenel %7
B R AL 52 SUB L S AR 4 AL TR0 R A e BRI R RS, B
350°C. SnCL™) ZnCLMEB MM 5 R R S —FHEENERE K RELH,
HHEFEMNAERUBR RS NEOTETNROER, R, 28xERELTE
ESrUANEELILES R avane MY liSE

(5) TZ5%

RE BB RIERER R TR T RIIRETLARN D TR &
%, BRERE. RN ARSI RRER. BRSPS BRI

TR, 4R R R R SE R (B — S, R B A = AT
T, SR B TFRARRES TR R E T MERRI.

(6) RAm

ik 5 R —FIHCHERIIEE, RkERA B OB RR R &, B
BEOHE BRECEENEENE, e EERERE, KHs
W B R SR SRR, SR R ek e T RAR B,
B AE AR RRA P ) 1 SRS AR ) 5 O RS 7 BB BT
FAREAAATE, BEENETRE, RAGERRERER.

LiZUS\E 715 B FE SMPaFR S e AL WHEIE, 7E460°C R RUEE 46 F /83 T
SRR, SharmaB B SR 5 BRI R 440 T 350, BF
NF PR M EELOREZ —, JERBURE R I AR G 7 HL R
R AR . CWE SRR R R AT SRR, TR
FERM BN TREE, BRANELERNMSTEHBE. Gun
w8l 5 175 AR 6 2 BB R AL R, RILER VR TR
R O B A, B L AR LE, TN SR F R BT MR FELE MR,
X P BT H, B 5 3T T AERAER.

5 BRI AR I T B A R AL E B kT, MR R Ik
KRR T WAL R BT SR BB K . Palaniraja™BF T 76— EALBR S AR

WL TP RS 224018 3 13



5 RIARETE RIS TR 1 SRR R

PR PGS BRI SER A , B AR BRI AT KK PR AL I RN
EHFER. EMEEHRT ELEBUAREERNE, RIERNEL
WERREAFMBFISHE S, DAESES TR, FERLBHEILRE
7% L.

222 RN EBRRIAR

ERPBEBACHLIE NN - B M P 55 A B AE ML AT SR AR B R A W A
KR M BB, BRNGEEN, EEEEFEP5HE RS SR LR E
HURZ TR, B AR, (BRFIAS SEAETES B hErlrRty,
AT i PE2-8. McMillenE PSR H T LSRR HE RS 5 T HER
AR H R RAT AR A, W29,

P2-8  SREALHLE: BAURTUAE B TERUR A g™

Figure 2-8 Conventional mechanism: H-donor sclvent stabilizes thermally generated radicals 82

M2-9 WHAMEEKER: BF5IRES B

Figure 2-9 Solvent mediated hydrogenolysis: solvent engenders bond scission

CurranF W BRI IR i S R A PR R N A AR B R R, RS
IEREAMEG G, BRRERBRLTY, SR ERTHEREN, REHERR
Fa R AR ERRIF. RNTRALT

A

[82)

R-CH:-CH:-R'—— R -CH:"+R’-CH2" (2-1)
R-CH:-+R'-CH: '+2H—-—A——->RCHs+R'CH3 (2-2)
R-CH:*+R'-CHz*—- R -CH:-CH:-R' (2-3)
2R'-CH* ->R'-CH:-CH:-R’ (2-4)
2R -CH2* - R -CH:-CH:-R (2-5)
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B SRR EFERBIRT K BT R

1 SRS M R LB SR /b, — e 4R W AR S IR
BRI ME2- 1057, EEERRIE RS, PRbRAMAhL—, B
BER B R P A A SR B MRS ATIRGE, B TR TR T HE
PRI ARERS, BHEAERENE T A hE™E, F,
WH L R E R B E R 2, RN EEES, FER
R RITRE . AdesH M IENARE T WA (PP) SHSMAAR LFEME
Z¥ (PE) BBHF.

v

Rpg | 1 |

gpipmy " BEERA— BEAHEES <> T;,
> S5 -

CH 210 BEBRBUEHHEERER

" Figure 2-10 The schematic diagram of co-liquefaction of coal and plastics
BSOSEARLIK, BEEEMTROMAEMUREIEAT T P RNER,
T — RIS BRB TRANER, MEES, BIHERN
LRI AR, B, F A B2 S SRR I SR A R Tt —
SRR, BT, BEAREILIE D2 ) SRS S FREARA G AR
A, |
WellerZ " 810 sy B I AR RS AL IFE TR R4, R
e XuBPMERELR R E U KRB RS R AN, KH AR
AR TATH. B AT — 0 R, %W RO TE A B 35 RI80K /mol
5 B 1241238k /mol .

2.3 BieRkPREEZRILHRER

2.3.1 @lnfKeret

MG (Supercritical fluid, SCF) & FiZ IR AR AL 7E I S8 & A 7 77
U ERIT ARSI AR AR BE T G FRRAE GREREHER
FEMHEHRA), AP RRARLE 2-11.

RBIE TR R —Fh IR RR R S U, ERIR RS TR
MATSEAER, FREGTIRAEE (T) &, EAMEDHAREEEAE

WHT Tl K228 -2 A7 3 15



K5 R R IR K T BT R

. LBIRF AN, BX2EFRERE, BIRFKLEST KRG EFHE
# RIS, HARE LA 2-11 IR SR 5S4 A R LB Lk 2207,

\\\\ |

A8 s A8

llﬁi H-Jﬁ

K P,

By T

A 2-11 A FRRARCD
Figure 2-11  The statechart of pure matter

N

% 2-2 SCF 554k Mtklffhd ik i i
Table 2-2  Compared the transfer property of SCF with gas and liquid®?
SCF

- RIER. EE) WIR(EE . EIE)
- , Ter Pe Ter 4P
FE/(g/em’) 0.0006~0.002 0.2~0.5 0.4~0.9 0.6~1.6
$iBE/(mPass)  0.01~0.03 0.01~0.03  0.03~0.09 0.2~3.0
7B R $ (cm’/s) 0.1~0.4 0.7x10°  0.2x10° (0.2~2) x10°

M 22 AEN, BISFR RS EEEERETHRMEK 2-3 M E
%, B5WARIRIE, SCF AR 550 3 EA T OSMHDE, (8 HBHEE
PABEE, §HAEN TRE5REZIE. Fik, SCF MEEBREEBER
WA, ERAFASTEDRT BN, KEREEARE TR,
BT SCF MR — 1

By B B BB R SCF LA R0tz —, B SCF FE A MR ik
HERRS B, M SCF M ARES BT RDY. |

IKEG FE ) AP =22.1MPa, IGFHEE374.2°C, 552 F Hp=0.315g/cm’.
4R R B R R W 57 A AR RIS R X, SR BE AR A0 T 7 e ot
FRAIIR . B RN B E OB (B e U211, 5 Tk
AL, ISR, AR . FERM. A R s S R SRR,

16 WL Tl K28 22418 3



K5 R FE IR T K P SRR

AEAMFEEARRRIGRSE, R2-350H T E REFRH T nFSEARESE.
£23 WAMEMISREE. BB

Table 2-3  Critical and dissolvability parameters of some matters®**”!

W4 TJ/C P/MPa oo (glem®)
=5 -140.7 3.77 0.328
Cco, - 31.1 7.38 0.466
H,0 374.2 22.1 0.315
C,Hs 321 4.87 0.205
CeHe 289.0 4.90 0.302

C¢HsCH; 318.6 4.11 0.292

CH;0H 239.4 8.09 0272

C,H;0H 240.7 6.39 0.276

1000

1 . \ \ \
100\ 250 500 1000 2500 5000 10000

800" |MPa\ MPa MPa MPa MPa MPa  MPa
T N T
r | A\ s\ RERHE
T/C .
400
200
0
| I i i
0.0 0.5 1.0 1.5
T

Bi2-12 KHBRE-FEH
Figure 2-12 Temperature-density(T- p ) diagram of water

232 BiRFKPERUMFRER

F SCW B & A FT B £ R VAR E R WREE TR, AT
PEARECA, TOEAMHIAE & RNMRE, MOBRERIFMINER. SRRES
HIREYESEHL, RUFT SCW BRMAT R R EMBRILEL BEAFAT AL —.

MatsumuraP B 5T T #5547 4 BRI K P 0T R8, STRER R
W5 A BRI R AP B ORI T S b F R T B 0 T AL =)
B%. Taghiei FCMGHEFIAR M AXT LLRFRLRILBR, RIVEIEFAKF
YRR A= R TR I 5 P AR (R P R (R A= 2 NG S K R R
ARSI AL ORI RN R AR 55 T R,

ARBAREERECHE (PS) I F KB, HIRRYA PS BT

WL Tl R 24703 17



HERREERISTAK P RAHFR

SERBRUAE —EMHFEIER, 7ERMER 420°C, RN 60min k38 KL
% 62.3%, HEFAFEER 430°C, KA 60min i BB A S FEE 43, 6%,
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BERABERIE A BT

¥=E SBRHBERE

31 KEEEHRSRE

3.1.1 LIakiR
ASLIRAIATMGE, HEHETE B FERERTTRETE 80CH

HPFRIMEE, FHEKRPEH. ALRFARTE PP) BT ELHL

TRBERATEEHL S AR, FERESITERIE 3-1, KRYRPHE

FBTHAREA] . MR 3-2.
R ' o 231 BHEOTER
Table 3-1 Analyses of coal sample

TAvs3Hr (w%) TCEBHT (W%, daf)
23 A T 4 =y > 7 = T L
Aad Vad FCad
18.23 35.16 4461 7179 522 135 089 2075 0387
*EB

32 AERABPEANER, MR

Table 3-2 Main materials of experiment

s o &R Hg HiRg et

1 ECf 5874k 500ml =97% HERNEARAERAH
2 LS S K4t 500ml =99.0% EHHERMZAFFRA
3 %® Sy ¥t >97% B AL TR

4 [t ZiRTER >99.8% WMETEERAR

5 ol ) AL =98% EHARRALEATNERA
6 BRI s / E AR RAERA R
7 (745 2l =98.5% L IRHEL THRAE
8 & HTAE 296.0% WP EATAAERAF
9 B4 PR 299.0% FREXMCTHRAH
10 AEBHE T5P300665 0.3 mm ID % @ Polymicro Technologies

WERBTERRE  0.665 mm OD

3.1.2 LHIE
ALRE-ERFRRFARERNEKETHT, RNEARA S0mL,
B 3-1 s, EERKEHRE KK LR 3-3,
BT EATRUERRE (B 3-1)  BRMAREHERNE (FSCR) |

WHL Tl KW 2618 3 19



SRR TR P SRR R

@ E (Heating & cooling stage, Instec) . TEZ MG I BHME (Leica) . A
REMEESH: TSP300665 (ID: 0.3mm, OD: 0.665mm) . FSCR S5 Y S8 4Ax
e 0% 3-4.

93

BRI N

B 3-1 SREEH
Fig.3-1 experimental apparatus L
1. pressure gauge 2.sampling valve 3. K-type thermocouple 4. temperature controlling instrument
5. heating furnace 6. reactor '

233 KRB -WH

Table 3-3 Main apparatus of experiment

F5 %RELK PR S AR
) EEE BB S0mL, HitET) SOMPa, RER-GEEES
- WINEME 450C HIER R A
2 I A 220V, BRI 250V /
3 H(E K& BUHEEN AR AR
LA ARRES

4 REEHE B W 0~60MPa, HERH 0.4 & g

R34 BAERNELRAHE-HE

Table.3-4 Equipments of experiment in fused silica capillary reactor
F5 B S £ R
RS DM2500P & MbiZ & R ok ;

L REERG H 4% 10X, #8 5/10/20X #H Leica

2 AnE L % INSTEC

3 B8 %;ﬁ;i? (1)50 % [ INSTEC

s RuE BE: XTZE AR

HE 10X, 8% 0.7~4.5X

20 L TP K2 247 83



RS RFEERB IR OB R

.
|
L ,
1-AE: 2-BHMERR; 3EHRAEE, 4-BEH: S-REEME; 6-8BRE; 7-A%IE%

H3-2 BEAEEAERNELRANEER?

Fig.3-2 Schematic diagram of the experimental flow!'®™

3.1.3 EUFIEE

Fe-S H kISR FI B AT A (AR I A B . FerS 24 11, FROAR 4 SUFRER
T —E B 15w%[ Fe(NOs)s SR 15wi%%) NayS ¥, MUK Fe(NOs);
Rl N8 VR INE — B HEH £, 7 100C A4 FHTEE M. Fe-S fILH
MHEEN 1w, LR, ¥ 20g FEEFEL 10ml HFE.

Mn(Ac), fE B HIER 2.50/L M90S & R

32 RREMERRFHEHN

32,1 KEHMERE

5 PP BN ER FER RVEE. RNEE. &7, BUASEENE
W, A%k EEERLE PP B OKARTRLBLEN, SE5LTREE
MISERRtEo, EBRNER (reaction temperature). KNIIA] (reaction time).
KA _(watef/reactant)\ ¥k (PP) BINE (polymer ratio) FIHE LTI
(Mn(Ac), #1 Fe-S) %lﬂ?ﬁﬁﬂﬁﬁﬁ*ﬁ’—? PP LA R =R NE
32.2 KU KA

AW PEEEE R BE (PP BME. KA. RGBS, RN
], EHTEWT:

(D KMRE

ATREER LA BHIA, BHEE BRI 360C430C 2. &
WA MRS ERRERNEEETE, BESH K RAGRBNE, FEENEE

WAL Tl R 2247 %3 21



BES R R EBIG T KT HILBUHAR

BRaTEd, RIERNEEREELICZN.

(2) RRZE (A

[ REE 1B R4 = T A A T (K SR IS4 R, IR 4 3R B 4 R B

(3) KAk

KA LERR KB RERSERNFRE, BSWHRRRMERE, AL
K KHBINE K 24.0mL.

(4) %K (PP) #NE

¥R (PP) HINERTE PP 5WRHIMEE (F+PP) HIREH (w%), H
PP SRR IMERE, WERTERIENRRAE (PP,

3.3 XBTE

33] BEERNBXRRKENSEERREURE

AXRRERE. BEAMTETY, WERNONE, &0 8EFEE
RS R, RGN EanE, FUSREE FES W8t
BRI B K% PR B R R0 T T B 22,

| SREFRUF, BARRKLEE OB EIE K EERIE )% 45MPa,
BT RE RN SEIAL, U REL ST R, SRR
20, MFEREEAE 9%, WHASEITEN R, NRXRERE KA
SRR EFEAN, REASREEE, BAEFN R TS ER
RASEHRL.
332 BBRESMHE

EFRIRAER S, HE. BEE PP). H4L# (Mn(Ac), B Fe-S) FI
Atk — SR BRI\ T FE R R 287 £5 % 48 BB MR R
#, SHRRGEIE, AR ERERRE R R RERETE+1.0
C), MR LRI R LA R ANV R, IR I E R
B RRESEH W R R R R R R . RERHE, HEM
M, IR TRER Y (G) ETFE, SRMRKKATS
SRS (THF) S, FEGRIEESRA THF 4 5RER
W2, ASHEMREEEHIE, BFESRPMATINE (0), W THF

22 WL Lk K20 226 18 3



5 RN IRT KR R ICTA

HRA R E SRR EE (A+PA), B THF fhIRKE R L 788 08 THF
G2 E] A+PA, THF A¥@¥ie OhE, P Bz LA 3-3.

|

o ,___'V!w___,_‘ Analyzedby Y P S
) \ (
anu:d phase | ;~M~FT5!& »{ Gaseous | 1 Solid }
h Lo phd v Wogs st R \
e i Soxhiet extraction with

2 ‘co CH., CiHe | n-hexane (24h)

T O e

o v '

.‘NA E-J - e f‘”—“_

T \ Soluble(ol!) { Insoluble |

& ——— | Cossay

Soxhlet extraction with |

R A THF (24h)

" hydroquinone, resorcinoi, phenol, | SR
paracresol, orthocresol o

'io'ub%e(A+PA)

Analyzed by
FT-R

K33 Wi Ua BiniEE

Figure 3-3 Separation procedure of liquefaction products
33.3 ﬂﬂ&&%ﬁ&

AR PP LERENS S K PRIHBAAT K, B BEAR M R SRR 3L
WAL R R 5P R . THE T 5 TR R (daf) RIELH
SESUNEREEEILE (Conversion®%), THF AJ%IE CHEAE ) b7 TR I K I
m&>meMXﬁfa%ﬂm€ﬁ@<%%ﬁ% ) BIFEE (A+PA%). &
HALE (Conversion%) M E R+ EFE (A+PA) FEZ EANMRTE

(0+G%), WH AKX AN 3-1, 3-2 F13-3,

w1 A
Conversion(i4) = h‘f;fﬁgggﬁ% x100% (3-D)
THF A IE SR E Y (3-2)
PA(® %
A+PA(%)= e x100%
(3-3)

O+G(%) = Conversion(%)—(A+PA)%
3.4 SHHHE

ALRBEMKIIR, %6 B CHISER 5 X ACH = PR e RORH €
(HPLC), AR A E R HRAIDEE S (FTIR) JORBRARES

23

WL TP K248 22 1830



5 KU FERB IR T K P 3L R

FT-IR 247, RLUTAA.
34.1 KEEYRSH

ALEABRT RPN G EETIHFRERRERLLTE, BEES
FRE— BN AR REhEAE N6, TRAYRETSEE—
BE Rt E, Hit, NSHENTRRIEAKEE P EBRED RER, F
FARRBA G (HPLC) PO (R B R KA AT e e 0. T4
RGBSR, BEREASAMEN: C18 RAGIE, KM K
270 nm, VRBHHENFEERUK, HEE/K=60/40, R 0.6mL/min. 2TV ESI
B, EBTHER.
3.4.2 SHEEMS I

SHFPERET AEERHRIIEE (AVATAR370) 1EEH 2.
343 HENH

AT RO, SRR SRERITRESN . RESR R
#3: SHIMADZU DTG-60H #AE 7347 (¢, THEE 10°C/min, N, Fi & 4 30 mL/min,
MEHZ 1000C.
3.44 BILHENSH

AT FARBACE AR, R T 5 FHE R BRI
(AVATAR370) {EEH 41T .

35 WRNEASRA

351 RER

AR S LB S PP 7L TR PSS RS, BRPUbimiLss it
REFYBENENRE, HERENIRLR N, RN R R LF
FIFRET — 4004 R. FAT, Wang W SHIRIBEME LA 4SS T K
RRE, MEIREMFERRRRAL .
3.5.2 MRS

WA R N FHE 400~500C, HALREENBRBITERE N 430C, 4%
HrRRE]L SRR EERRN S 2, FAREREEE T —SrE.

WRAEEBME RS (FSCR) M ABIS FK TSGR T —Fh B OB

24 RN N Tl = VA7 DS



5 RABTERR K T 3L R

FB, BET HI FSCR R MBI MRS, AREX RNF=HAT
GELEREN, BRNMFEERNERES, FNERRENUTE, FREH
T ATFBREATEZUHANR.

FEf, HE#S5EK (PP) B RENENFHRLTEIME, Eik
R PRANFW,

HFIT Tk K2R 218 5 25



5 RRIBTEB I FK A B SR A

FOUE RERAAEEERKERERLGESHR

41 XRREREXR A

4.1.1 KWEFET
RREATRT MR SRR TSRS R EET

B, BATRVRIESL T4 BAE RN AT B0,
412 HESHERERNE n ’

(1) FEREIE
| OBWEBRAEEAE (0D 66Sum, D 300pm) 1~2em K, FSEEER
REEE R BB S,
 OF RSB, FAEARERNG, RAMGE R G AT SR
RERBTKRE, RERENTEEAGRE. ARG BT ERGRE
MBREHWHR, HSREN, BOERIRIES)BE,

@M. PPKVEHBAE RN SR REE A (8000rmin), A EHK
BRSHEHFARNEENARK, BREL (8000r/min). BHOEHNERE
SRR A B AR BRI AR RS I 4-1.

1

, _\ /
=< ¢ &4

N2

1A AR, 2-BHEE, -AERAE (TSP040150)
Bl4-1 BB 4t

Figure 4-1 - Self-made miniature sampler
OBEAE AR — SR KA R T A R, BREAEH K
REENTATIRSR, FERERERHTAE 1R R0,
OHIFIF MBS RIERA SR MEREHMRR, BRI NENEN
VEAMEEEE (R o
(2) Mg
Ot & FRE BMBERME £, FSCR RBBERS WA,

26 WAL T R# B 2083



BERABTER IR KT KSR

ON ML EHBENELMNAS, RERGHERHENFSCREEME,
AR A B BAE AR . B B AR R PR B RFHE R, WTAGREREM
PPER, ZER MG R AARA AL, RIS T RGN & i e

QR RMERFETASBREE, BTRELAAEREEEEER,

4.2 KRER5E

HMENE S PP 2ERBIG S K P RSE AL R N R AR RO AN R L
RHAMAZN, BHEIELSE MR PP ZERIE 5K+ BB AR ZS
470, A3HIET FSCR (a) « FSCR (b) #I FSCR (¢) . FFE5ERN FSCR
i 4-2 R, 7E FSCR (a) HEAHE. PP FK; FSCR (b) PEAHAK;
FSCR (¢) 34 PP FK. ¥ FSCR 4 BIEAAE B MAET, RETHE/FFER
HE r=10C/min, WERNELE 380C, KMH A 60min. MR, KR
AL RS RAH EHBNE, H AR FREVIC AR BR8] R
R RIAAIT A, BRI RLE 43,

I 4-3 FizR, TEMPGEFEYI, FSCR (2) MM PP &AERE, 5HE
KRR EARILTE . B B 134.4°CH, FSCR (a) 1) PP FF AR 1SR,
LR AT E 203.6'CHY, PP ARREAEIR, BIFH>4E/NUE, ZRBHESHAL
ERYRPIET B . ST FSCR (b) AIFSCR (¢) , MBEAE| 134.4CHY,
FSCR (c) #) PP WH4R/ERIAEI B; ZIRAEAE] 203.6'CH, FSCR (b) D
PEAEREISW, YIRS PP AKPAESIT AMELW. HiREIEE] 380°CHY,
fEFSCR (a) MBS PP IR T HEMRAEMRY), HIEILHE
KSR F FSCR 75—y #, XFELMEE FSCR (b) 1 FSCR (o) #F, #
HRIBALRT PP R A A A B MR EHRYE, FSCR (b) P
B RAL S B I R A BH B B 4K, FSCR (o) *F PP FERUEREAS, HARR
PP 7= 4 KB /NI T AN Az s). B, #7ERS PP 3tRiLd
EH, PP SEAHE W, H PP RMINIAR TR AR BT H R R~ &,

REEREHRERZZER, AMNEHEEIENEIRN, HTRRER
r=10C/min. FSCR (a) FEEBRYRZHRD, ZLiEEEZE 147.1°CHf FSCR

(a) PRECBRYAN Y, BRAEHMREHEEBRENEE L, HHER
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PRER PGB R T SR

JEE PR AR M 38 22 3 R AL AL IR AL FR K B AR I eI 8 FAR TR, 55 E
R E LA R L R —F . {HZE FSCR (b) 1 FSCR (¢) 3 & HILXA
H%, VL8 PP N INA A TR N (34T o

Vapor Phase Liquid Water PP Sample Coal Sample

Silica Capillary PP Sample

Pl 4-2 A e A Rl A DB A0 S S

Figure 4-2  The final FSCR samples from the co-liquefaction experiments

- D R — |
o TR e SO
35C 134.4°C 203.6C 248.8C
Heating

25min 60min
Reaction at 380°C

_—
L=
~

360.4°C 308.0C 1471°C 38.7C
Cooling
(a) #. PP AIK: (b) HERAK: (c) PP AIK
I 4-3 7£ FSCR F1R5 PP ILHAL. SERMEBALAN PP SR AL ) M A 1 72
Fig.4-3 Photomicrographs of the phase changes in fused silica capillary reactors (FSCRs) were
observed during heating, reaction and cooling
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WS R A I T K P R3S A

43 X¥)GH

FFIFSCRM B M SPPI A AR, BFRURIL: HEPPILRLIERED
HARMAT TN, SEFMNI3442203.6CH, PPRERREREL,
i, BRFRESIREN. ARNMEFEXR380CH, KSPPRABRLEE~EN
EMHEEHRYA, RNEGRELEEREI4.1CH, FEmRYFEMNKFH
HFRERERALER MR ECERENEE L, HEREKRK/NRHEE
Hi %, (BTEM SR FIPP B ORAL B R BIIX AN S, HLBAPPRIVR INAE
[RBERER LR SPPRINRMER, AT —FELRFFNEFRMR T K.
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BERNEEBIR KT RILBUTR

F1E RE5RWAERBRAKPHEBURR

BIGFRAETARRBATER LA —FREREAR, —L2alP%Rg
FRUERTHARBRMENER, KABERKPIARREAFARESST R
R, Kershawl It #BIG 557K 4 % R T AL OB B T BF9L, RIUBEZERRIG Fk
REEERTERIGA PRERTOEAE, AENERETKBRN. FEEEE
TUHRERRE, AREEHETE, KHF BRI EMERR RN S T &
ﬁ&%ﬁﬂz—wEWﬂ—%$%@%$ﬁﬁﬁﬁ%7Eﬁﬁﬁﬂ%ﬁﬁﬁﬁﬁ
MM T—REER (REZHE (P) M, RpEEs (pC) M. BRHE (PP)
U2 mwt R T ZEER (PBT) "Bl BxE_HMZ R (PET) M,
%mﬂﬁ(ﬂﬂm\%Z%GEﬂmUﬁ%%@Wﬁ%$@OMMMmJW
IR T RS A ERTERIN K R IR RINAT A, RILF R MR IR =4
R, FNFEDRN.

BEHEB AR BER—MEERNRA T, AN OFEESRYELE R
N, EERBRKD T RMRILB NG TR, N THREBRAR L
SRPESEEaREATRBENRETY . A REACERKTKFHRT
| ﬁEPSWﬁW%ﬁﬂmL%ﬁﬁﬂ%%ﬁﬁﬂ?ﬁﬁ%&¢%?%ﬁyﬁPs
EABAIEA, BTRAME (PP) 8 WC KT PS 1 H/IC, BULALRIEM PP
- EABRAL . -

ABFEERERBIRRKERTER (PP) #INE (polymer ratio). 7K/#
I, RN (reaction temperature). R M AS[A] (reaction time) R EMIES
PP HEMACKCRRIE M, [ R AR R S B A A AR B AR e 4 S
ik, X RNATERE RN, FRESBRRR AR, B
5REEHEBIR T KGR PRI TR AR RHE . B PP LA ERITF
JRR BUR B G BRI A, PR R A B A 7 B » TR R 2B R AR AL
T EUAMBIRL .
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BR RN, WAOEBIE, B SR R EESER, SHERT
85% I — R HR AT AR AL A= 4, R HLF TR RSB RERI E
Bl — ALRFAORME, REERTESTEHEEANTLI%, BT S

(2) RMEE

ALRHENFNEE R EFHT, A SomL, FREEFRABAEN
#, K WASEAE, FYXK HEESSHER, EENEEERSES, HiR
EH£1C. REATREEOLFER, FEis PP It KPR LA N
360~430°C ,

(3) RIESE

RN B ) A2 24 AR IR B SR SR RN B S B (R . A SE B AR

XN E)FE A 30 ~ 120 min.
(4) KMk

7 R LA 8] 60min, [ BUIELEE S 360~430°CA&LE T 4 BT KMIELEL Y 20:1

F130:1 A H B R F=2.
(5> 8K (PP) BINE

¥R (PP) BUNERIE PP RIMNAESYEIE (B+PP) FHENKE ML

ALRERE PP BMETEE A 0~ 50%.
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ERRIBALR S, H— g, BAS PP) MEMAKKMA
BERNET, BHERESMMET R, 3R EIE, B mitd
FERFREIEE GRERERIEL10C), MH— &1 RN 5 R B4 )
AERE, AAAREAHERE. RATETNEDEREEN RN ET
R B RE. YRNEAHEZEE, BERFWEE, TRERER]
WESERY (G) BFE, SNWRKKAECHEMTEA%E (THE) ¥,
AN E R R R IE TR THF 4 FIR KIRER 24h, 2HRABLEN NI, BTIE
CRTOMFEAM (0), WT THF THUFRAFHH FENEER (A+PA), &
#00% THF #iRMARERIBEE 2] A+PA, THF ANEY)E A RE .
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5.3.1 PP 0 & 33 SR B AL SR RO B2 0
ALK Rt R EE 380°CAT 420°C, RIVAIE 60min, 185K NS
(24.0mL), EZAE PP #MNE (polymerratio) (0%~ 10%-. 20%. 30%. 40%
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Figure 5-1 _Effects of polymer ratio on conversion and products yields (a) 380°C, (b) 420°C
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380CLMHTF, %4 PP HIMEN S0%I KB A HUEMRRM=F, 25N
61.05%F1 56.62%; 7R IEFE 420CHHT, 24 PP RIMEN S0%MIASIH/ A
WERMBAMSTE, 3K 70.76%F 59.11%. B2 PP RINEIXE 40%)5,
PP HUinE Ak it SR R IR, Em U R s, Xe
[ +h G724 A+PA BEEEREAL AR B AT AR RS, REGRAE 420C&HT
AL R RIS P R A T RS ) 380 C &M TR LR A= R,
SRERKN, TELERET, PPRMESF FRBMARNI#HT, FE,
FREARTHE PP IR ST, SEHE PP RIMEXIGRLIZW, &
Y PP i 50%fEA T — 3 SR i A K.
532 kAR LIRS PP B H R

ARSI BT RN BT ] 60min. K BIBINE — % (24.0mL ) 7E R MR E 360-420
CIEE R EZEA/MEL (water/reactant, m/m) (20:1. 30:1) S B IL AL
ERFY/BENZW, SRWE 52 R,

—e—20:1

70 - _A_3Q_:l__.,__..—"/./——/:~\‘.
p— —_ “// ‘
2 60
=
=i
wv
g 50
o
U L
40 /
A

303&0 ‘ 3:/0 ‘ 350 . 3;0 ‘ 4(|)0 ‘ 410 l 450 ‘ 4_’;0
Reaction temperature / °C
Bl 5-2 AERIK/AE T RNHR E X R LR BT

Figure 5-2  Effects of reaction temperature on conversion with the different water/reactant ratio

M 52 A4, 7ERMNEFE 360~430°CTEE N, MERNEBENTE, K5
PP SLIALETES L BHITI S, 1975 420 CTIA BB AREILE, E/K/MRHEL 2 2011
0 30:1 B AREEAL R HI K 70.62%F1 67.85% . A8 [F B J 57 18 BE 1 = 2 A 1] 4%
BT, KRR 2001 4T RIFACR KT H 30:1 4 TRIELE, HPEKE
B5 PP ABUERTEARNYRARTER, TEANRNAG, KEEBEE
EYIEHE R e & DB ECRA, FIRZERAE 2 PR B R SEEER
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Figure 5-3  Effects of reaction temperature on the product yield with the different water/reactant
ratic

B 5-3 AT, BEE RAEE KR, ERAESREE LT, £ RMNE
A Q0 CHE R B KEST=E, KRN 20:1 # 30:1 NREAMSFE S
B% 59.11%F0 54.57%, BKAIRHEL 20:1 AL RIS = R AE SRR TS
@Wﬁf?*/%ﬂtﬁ% 30:1 AT RS2, MIHHR 2R &S ETH
R, ZRETERNYKKKLER, EM PP &ENEINEEFT HIRrH
IR, FIR, SCW APAHABRIFIOERILE, FolERmmt D
% R A RARER, AR TAES B b 470, M
FIERBEMEEREE, FRo5EHEEMTELRERMR.

G EEBKHHIES PP 3B BRI S =R N, AU/
BHEE 20:1 AT —BLRAFTEMF
533 RECRERMERNENES PP ALK ROTN

AR B IAKARIE N 20:1. PP #INEN 50%, EEBIRFALER D RN
BfIE) (30~120min), RNARE (360~430°C) SHES PP SLiRAL#ILER K-8
RREM, ZRmE 5-4 F5-5 Biow.
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Figure 5-4 Effects of reaction temperature and time on conversion

i 54 TH, SREEEETANBIEREEN ZEAZR Y 360T),
B EEHE, 7ERBETE N 30, 60 F1 120min M FHEMIELEL 5N
62.59%. 65.58%FH 66.64% £ 380°CH 20 C RITBELRMT, FEE R LI K
T, SRR A ERT PR, BB REETE, SR T,
S RRHRAEY 420C, R 120min B, SERHLEERK, BARILEY
70.92%. HRSEESIKHEREELLEN, #UFRENE, BXELOT
s BB FARASS, KRR W BI0TE, e B BT AR
ek, IR S T A R T I, B SRR AT,
%%MT%ﬁﬁﬁ%ﬁﬁmmem%FE—ﬁ%m%ﬁﬁ,Wﬁﬁﬁ%%ﬁm
WG B B ATIAE R B B R . 524 DHR A B 430°CRY, 3t
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Figure 5-5 Effects of reaction temperature and time on the yield of O+G
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B 5-5 W5, BEERNEENFEARNN AN, BaEEESHS
BRTFR, EARNEETFHRRUNETK, BEEE8E TR, £RME
B 420°CHUR RERS (A 120min B, WA RXEEK, BAMSFEESY 69.11%.
i FHRS PP MO A BB, oL AR B R F R
EWRTE B EER T, W RN E T B RN T, RREE RS
UETHEARRE. B4 RMEFEXE 430 CHER BRI KR, W27
B B T, R MR A 77 R R A
RF, BEERNR RSB, BRI B h R A AR R R
B SRE R T R ELR I — 8 m,

REREY, ERNERE 420C, KMNEE 120 min HERSEELER
C70.92% WREE 69.11%. Hit, FEIERKERT, ELARERMERE, A
AERERRR B E, LA LIREHSAIE.,

53.4 {5 PP UMY SR RBLZENLINSH

(1) SHFYE R R IEE M (FT-IR)

W5 PP AL BRI E A SER S, IS RBRET FRES
EERERTT, PSSR SIRR A PR M SR AT, S5
RIE 5-6, Wi HIFESAEMEEHERIIMERILE, HBESHFEDTEER
734 CO,. CHy 1 CoHg %

| CH,

Co,

Transmittance / %

N i 1 i N i N | N 1 1 1 "
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers / cm’

B5-6 HSPPILRALSMYEEMZHRIS (FT-IR) #HE
Figure 5-6 FT-IR spectrum of the gas products of coal and PP coliquefaction
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Figure 5-7 HPLC of the aqueous products and the standard substance

ﬁﬁi#%@ﬁ%%¢@ﬁ$§%%%%ﬁG%m%mhE%%é%mh‘
AFRR RIS B AR KRBT, (B
BB E AR E T ERARLE, MMAYRETRE RN
a2, @ﬁ,T%%#ﬁ%mﬁF%¢ﬁ%%%ﬁiﬁ,mﬁ?%$m%
,%%ﬁﬂ%g%&ﬁéhaHﬂﬁ)&ﬁeﬁﬁﬁ
EEEBEEMTEMN, BHBEGEEEY: CI18 RAMERE, BN
et 270mn FEHHE N FEERIK, FEE/7K=60/40, JiiE 0.6mL/min. ¥ FIFFH
ESI ¥, EBETFUER. REFERRLREEREERETM, K5 PP M
WA EEAENE SR, MECH. X5 NTRASTHE, BHR
L & LB 5-7.
(3) BHRATREMEEMRRLICED
BEOENDAS TERBEHFE . EUFBIRETFAEL R R EY
FIRKE BT RS XG50 JE P IO K 20 74 R B 2R S KT TR BN T
A, FNERS S M8 N WEWHNZRERTETRBIEE B RE ™
Y, XEGRAEEE B MU, b BRI A SR N H ) SR 4
TR, 5 E & R ISR N4 T & B RSB I

5 PP LML B IR I IE © 55 H1 THE 4 B & IR 24h 5 F T 2EB K
WA, BB . BRIV 360, 400°C. 430°C, RIRTIEIHH
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60min FJMBALTHE T 5 FI RIS (Avatar-370) 2047, FIRTH
KRB ERIE NI, 4RI 5-8.

430°C

—"H\\\\~,,_———-——*-“’;58;;d‘—w~\&f-~\\\\/1f\-\
360°C '
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Transmittance / %
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Ei5-8 RIS AR R B4 AF TR f 41
Figure 5-8 FT-IR spectrum of the raw coal and the co-liquefied residue at different reaction
o temperatures for 60 min, 360, 400 and 430°C, respectively.

B 5-8 ATLAE B, 75 360 C 4R RNIAISER AL R I RN B B A e
BT 3100 ~ 3600 om” I HIHL— LT AOTLHE, R % R A L5
EREETE, WHEERA 360CAN T RNGLALRE TGRS AREE, T
B RNARE A 400°CHI 430°C &4 T RN AL TR F7E 3100 ~ 3600cm™ V5 B i
 REBEMEBEE. £ 360CEET R MR FRARRETERE 2900cm™
BRI BRI, 72 R BARAE 400°CHI 430°C 4 T B LR 72 10k
BRI, HHERE G60C) FTRNABEYSE — 2B IR
REMGE. NRRIERKINEE, KRB 2923cm” AR ER

N BB RE RS BT, 7 360°C £ T R AUSEHIL R
R EBAE R 1600cm™ A1 1500cm™ B HUBL T 9 B AR, IX 235 1
C=C BEMERAT= R, 024 RNEEEE 400CF, SRBILNIRE R
BRI R, 9 R D B A R TR R L 03T, R ek
STHRBATHRR NS TRy, NTTABIRE BRI E . 85 1000 ~
1200em” EENMHRERANEER C-0 8, FTEREHETOEH. BABLH,

beE RPLREE M, BT C-O BIBEIRENRE, B RS RN
BENTEEA R TIRLR BT, BB, BB IR TR
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HTWFE, R, KEFEYTHREDREERES.

54 AWNG

£ PP N8 (0~50%) K/HEIEL (20:1. 30:1). REHEE (360~430C).
RRATIE (30~120 min) 44T, HHT RS PP el FAKHHBAAT Y,
SRz

(1) 72 PP N 0~50%J5 M, KMATIA % 60min B, BEE PP HUNERIHE
i, 15 PP LML BB (L R R P REWTE I, YR R R R AEK, = PP
BB E 40%KT, PP BB MM EARKEWAHE, ERS/ R4
STV, FERMEE 380CEET, X PP RME N S0%RESIBAH RS
FMRFEE, 4BIH 61.05%F 56.62%; 7ERMEE 420CEHT, H PP HINE
o 50% M B BB A UEMBAMTZE, 750 70.76%H 59.11%. Bk, T
—H LB T PP BINE N 50% K B R A '

(2) 7ER B E 360~430°CTERE I, 7K/HkLEL A 20:1 B BB LR S
REAT KRS 30:1 £ TEAENRS%, BERMBRN 420C
HABIB R, BAEALR S BN 70.62%, HAMSZEN 59.11%. HEEEK
PR R AR L SR S PR W, EEUK/AIELEL 4 20:1 fEA T —H %
WRIIALE

(3) 7ERNESE R 360~430C, [T 30~120min A, BEE R NHEEH
EFFR N AR, SR RAERRSTEYLE LBE TR SR
BB RN K, SEMMSTEARAHEEE TR, ERNE
% 420°C, RNVRS(A) 120min A3 2B MU ENBRMSF, 254 70.92%
1 69.11%.

(4) H5 PP SLBALB A=A 4 B A B AR AL A1t i
RAAR R AAT, ERRIKAETEEREDR, TERE R, XK.
St AA RS ST EERSH COx CHy & CHe % . BEERNIEE
W&, BAEREH C=C #. C-0 Bk, WHMERMERENTIE, K
RS T EADTRBRT S, KEFHEDRERES .
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S5 R ARETER G Tk P R ST R

FAE BERAHERIEFK h b3 R aiE
AL BENBNS R

REZBLREN—FEREE0RAT R, AN EEER0YELER
Mg, SERRRD FURNBRBENS THR. D TFYRRERRBLT
BYEE5R BB AT RRENRATY . HHEREREDZHEE %R,
RN R USSR ERENEW, Kb, BUAERSE LN
FRTEREEEEA.

EREEBERET, BEER R HE S S HARr A A RS S
ERARE N B AR RO R E . — BRI Few Niv Cow Mo, Ti Rl W %
EE &R AFREIBEIENELEE, TRESLE SRR T aH R
1 d BFRERPIE, WESSEEERM R ERME, NTE H, 5
PREERENE HRT, SHEREMEEBELSE, ERES TlR!>"), K,
Mo. Ni ZFLE LRI T AERSMMEE L, MEAMEFRAOBRS, B
XA, A3 BN A T A6 AT B BN SR AN S A LRI
fT, BRI ERRR. 2, R ER HERNERETREN
Gt Fe 5 S —RMEMREFEFHFRBAKR.

AR T EHFREBIG T KGR PEMILT] Fe-S A Mn(Ac), £ T RNIRE

(reaction temperature ) F1 % [ i [] (reaction time ) T4 5 PP SLik AL B R B0,
RIS AR AR R AR 5 L R 1 (8 B M AR AL SRS AT I E 04, BR R S8R
HERIGF KR PR RMRE, FHPHITHS PP B H R NALE.

6.1 BIERAPEEERABULR FEHOHT

AERYE L L EHERILR LM PP BINEN 50%FK/MIREL 20:1, FEH
REUFFLE (Fe-S Fl Mn(Ac),) FIZEMEMLFISAET R BLEBE(360~430C)RIK
IET[E] (30~120min) XfFLHBACKRRIZmW, 18EKDEE N 20:1 K& PP BinE
50%.
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62 TBAE

B YGHILE T, R HBINE. TR (PP). BALH (Mn(Ack
5 Fe-S) MZMARIMARNE . 4R NS BB MAET A,
FAASENE B ETIABEREEFEE (BERERIELLOC),
gt SRR RS A INAE L, AR REAE SR, RENET
BOEE ) B AR B2 BB IE . MRS M EZRIE, HENY
B, THA KRR (G) FFE, ENARKIIECHEN
PUSERKEE (THF) ¥Eit, N BRI ECkefl THE 2 AR KR 24h, 24
SREG L, WFESRTOIIAE (0), BT THF FHWHRAHE LN
RIUFES (A+PA), B THF HRMAMEAIREBE APA, THF F%Y)
RS SR ,

FESREEARRGAE. RUAE. BRI PP SHILE I
RPN . RGEILHATFA, SAP=40% 3 HPLC I FT-R 17
SeVEAMT, RN 5 BT FRIR ARG, HEHS PPt
WAL ST, RIS AR LRI R AL
63 KRERGHH

6.3.1 REGREXMES PP LU BRHFM

AKAELEL S 20, RBERS (] 60 min, PP BANE 50%H, ¥ 360~430°C
WAL Fe-S 1 Mn(Ac), X #E55 PP S AL B R EIm, FBAL B R R <7
HPE R MR R B Z 2 A B 6-1 71 6-2 BT

A 6-1 AT, (5 PP MRS RNRENAETIIE, SRN
BEEDKEEEFERER, AR AERm S ENEwEMNAE. £X
N 400~420CTERE M, RN Fe-S MEMFIR S ENFREKR, ERVER
420°C, RIHETE] 60min BRI AR KENE 80.93%, RAMATHE 73.74%. K
i BT AL R R R AR, KR BT R SR R R LR T
BT NEEDY, EURMEEY 430CH, FHREELEREK, X£H
A RNEENENAEIEE BER R S FBE LR SRR ALRE
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B 5 RRABTERIR Tk P AL B 5

RIS, Fe-S BEALHIEL Mn(Ac), A F AR TS PP 3LMAL, KRR Wk F
EAFTH Fe RTGESBET, CHERRINEN d BFRELHE, FHTR
MR TR, HERH PP AL REREE T, S8®RAH
BB G 6 BAE e IR PR
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Figure 6-1 Effects of temperature on conversion of co-liquefaction under different catalysts
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Figure 6-2  Effects of temperature on the yield of O+G of co-liquefaction under different
catalysts

3.2 R E)XHES PP LRI MR ARG
IKRLEE R 20, BEEL PP $ANE N 50%. #E4LF Mn(Ac), 7 Fe-S #inE X
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Kigm, WA 6-3 FE 6-4.
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i 6-3 FIME 6-4 TN, FAMEARIMTINYGE JREES PP - In
REMET MRS %, 7188 380 CRIFE 420CE T, Fe-S LA
L Mn(Ac), BEALFIRE LR RIF . A LA IR AN A (L B3R R SRR AL O 1 3 A
K, R aA B BRI E RS AW R M. ERE EATIE
#TF, RSB 380°C, EARMELAZETRBRN, &Y 120min &
BB R 62.42%, BAMSTTR 42.33%; MEARRERMET, 0 Fe-S
BEALFIR Mn(Ac), #EALFIZE R SRS 1] 90min SRBRREWESHIHN 73.0%H
71.14%, BRMSFER4 50 56.77%K0 55.86%. ERNEE 420'CHEMFTIRZ
t, EARMELAEETORBARN, KN 120min A EEIHEAEAE
71.84%, AWK 65.11%, ¥ Fe-S MAAFITER L, 45min ik B &k
1hE 81.65%, B ARMS=H 75.71%, R0 Mn(Ac), fEWFITE 60min & )& A#¥
1 77.55%, BRI Z 70.64%.
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ERRT TR AR B R ERAEE, MiRT 5 PP AT ENER
m%ﬁﬁzﬁﬁﬁ/ﬁkﬁzmd VI TSRS IR RE. EREHT PP HHR
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Figure 6-3 Effects of reaction time on conversion of co-liquefaction under different catalysts
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Figure 6-4 Effects of reaction time on the yield of O+G under different catalysts
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Figure 6-5 FT-IR plot of gas products in co-liquefaction of coal and PP with Fe-S catalyst
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Figure6-6 FT-IR spectrum of the raw coal and the co-liquefied residue at different reaction

Transmittance / %

|
|

" 1 L L . 1 n 1 i 1 n 1 i
4000 3500 3000 2506 2000 1500 1000 500

B 6-7 DL Fe-S MEALHI, RRNAIBES AL IR NS HOBIAL TR 18 B M AR 4T SN
Figure 6-7 FT-IR spectrum of the raw coal and the co-liquefied residue at different reaction
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Figure 6-9 Co-liquefaction mechanism for coal and PP
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