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Abstract: Experiments have been conducted to investigate synergistic effects and mechanisms of the Alaskan subbituminous coal/polypropylene (PP).
Coliquefaction of coal/PP gave the synergistic effect in yields by 17% compared to independent liquefactions of coal or PP at 430 C. To analyse
coliquefaction mechanisms, the second and zeroth order kinetic models were developed for coal and PP conversions respectively. When the models were
simulated to fit coliquefaction results, those represented results successfully with the correlation coefficient of 0.99. The amount of tetralin needed to
liquefy unit mass of coa I( 8) was also calculated using the developed model. According to the calculated results, B increased from 04 to 1.0 as the
coliquefaction temperature increased from 410 C to 470 C. This indicated that tetralin lowered the molecular weight of oil produced, and this
phenomenon was recognized by the GPC analyses. Furthermore, it was found that tetralin prohibited the liquefaction of PP when coal was not added.
On the other hand, tetralin was believed to act as a hydrogen—donor solvent to coal rather than prohibit PP liquefaction during coliquefaction. Therefore,
the liquefaction rate of PP increases and synergistic effects in oil yields are mainly due to the increase in PP liquefaction during coal/PP coliquefaction.
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Table 1. Proximate Analysis of Coal Sample (S9] : wt %)
Coal Rank FC HO VM ASH
Alaska Subb.C 3691 12.10 4307 792

* as received basis

Table 2. Elementary Analysis of Coal Sample (2%} : wt %)
Coal C H N (6] S
Alaska 59.50 489 0.79 3469 0.13

* dmmf basis
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Figure 1. Schematic diagram of the tubing-bomb reactor in a
fluidized sand bath.
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Figure 2. Forward sequential solvent extraction procedure for
product distributions.
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Figure 3. TGA analysis of the PP sample.
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Figure 4. TGA analysis of the LDPE sample.

& AN

guin o2 Mee 350 T AEAA &8s ¥ A3t Azty
T 450 T oldolM coking Aol Uehtes ez dAAIT
(12). 880 2% o1& PP LDPEY F#H¥3E TGAR 243
A7 (Figure 3, 4) G23= 400 CAAN ®EAHog AlF5 o] 500
TAA 245E Aoz vehgon 430 T 450 TollAel 4£3)
A5 LDPES uls] PP/t & Ao eyt meks Heks pp
%= LDPE 9§ FF A uhg2TE Agdsze PP E&
LDPES] g8 =2 793l 400 WA 450 T w2 FAs}
Aok

$A Aetsl PP T LDPES 5 H3A] 43lge 45adE
237 9jste Mgk +PP £ Y +LDPEE 4 go 2 & 1
ZAHE 1:0,2:1,1:1,1:2, 0:18 24 3U} v32% 430
ToAME tetralin® F7181A LAY dml A7MAZH o 450 CToll
AHE tetralin® %< 4 mL WA= 8 mL A7 A7 087 435
g AYPAZ

2843, Figure 5, 60 Uehd ule} 2o 430 Toll A tetralin 7|
A7MNd e dged) Feade detuA ggon Hest pp &
+ LDPE £%29) 9olA PP =& LDPES 2& Zeiag) g
o] Z7le¢E dgtgo] F/heH Tk 28, tetralin 4 mL H7HA
of Metz} PP Bt LDPEY] 3§43l ey Sefrdo] g5
sol Wl Zz 1752%, 1521%9) dsanE Jeldl ole g 2
7} (Figure 5, 6)% tetralino] Aety} Fetrelo] FFAZN 44 &

dol g% F& e gv)vh



g3 FZ=2gAd TEASA FsEd ¢ 81T 745

90 L coal + PP
(3 coal + LDPE

Yield (wt. %)

e

H 1:1 1:2 Only

2 B P or LDPE
Coal/PP or Coal/LDPE

Figure 5. Coliquefaction results with the ratio of coal mixture to
tetralin as 1:0 (T=430 C, t=30 min, (coal +PP) or (coal +
LDPE) 4 g, tetralin 0 mL).
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Figure 6. Coliquefaction results with the ratio of coal mixture to
tetralin as 1:1 (T=430 C, t= 30m in, (coal + PP) or (coal +

LDPE) 4 g, tetralin 4 mL).
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Figure 7. Coliquefaction results with the ratio of coal mixture to
tetralin as 1:1 (T=450 C, t=30 min, (coal + PP) or (coal +
LDPE) 4 g, tetralin 4 mL).
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Figure 8. Coliquefaction results with the ratio of coal mixture to
tetralin as 1:2 (T=450 T, t=30 min., (coal +PP) or (coal +
LDPE) 4 g, tetralin 8 mL).
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Figure 9. Tetralin conversion to naphthalene during liquefaction
with the ratio of coal mixture to tetralin as 1:1 ((coal 2 g + PP
2 g) 4 g, tetralin 4 mL).
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Figure 10. Coliquefaction results with the ratio of coal mixture
to tetralin as 1:1 (T =410 T, (coal 2 g +PP 2 g) 4 g, tetralin 4
mL).
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Figure 11. Coliquefaction results with the ratio of coal mixture
to tetralin as 1:1 (T =430 C, (coal 2 g +PP 2 g) 4 g, tetralin 4
mL), coal to tetralin as 1:1 (coal 4 g, tetralin 4 mL) and PP to
tetralin as 1:1 (PP 4 g, tetralin 4 mL).
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Figure 12. Coliquefaction results with the ratio of coal mixture
to tetralin as 1:1 (T =450 C, (coal 2 g+PP 2 g) 4 g, tetralin 4
mL), coal to tetralin as 1:1 (coal 4 g, tetralin 4 mL) and PP to
tetralin as 1:1 (PP 4 g, tetralin 4 mL).
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Figure 13. Coliquefaction results with the ratio of coal mixture
to tetralin as 1:1 (T =470 C, (coal 2 g +PP 2 g) 4 g, tetralin 4

mL).

Table 3. Correlations Between Calculated and Experimental
Results of A and Rate Constants of Coliquefactions

0. temp. | 410 ¢ 430 C 450 C 47 T

experimental | 0.3698 0.5460 0.6353 1.0468

g calculated 0.4306 05202 0.6521 1.0621
coal 0.99949 0.99037 0.94739 091839
! PP 0.99092 0.98326 0.99890 0.95970
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k2 0.01071 0.02142 0.04706 0.05472
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Figure 14. Correlations between calculated and experiments
conversions of coliquefactions.
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Figure 15. Effect of tetralin and naphthalene addition on the
liquefaction of PP at 430 C (t =30 min., PP 4 g).
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IAHE A2 F27 FFH AR AP B 29
E AAHE Aolth £ AN e GPCE olf3ld A329 H7F
EARE SHGOZN A4 4d T PP 22 TEAEF S
e AEAY 222 YL E BAstn LT 410 €
& 470 C, ¥HSAIZE 30 mine} M€ PP, 1:1 35932 g
AA3 =g vmena g

2 dTolA AMSd Aet PP 97 EAZE GPC 2AEH
27} 1500, 300,00001107 A% A3}, 410 C, 470 C 43hi9) &
A% 747 338~354, 121~1829) g vEbdt Agasege 7
3= #2 32 (major ring)7} benzene (MW =78) WA= benzo-
coronene (MW =350)[16]& 7<tet of & 4go] We A5z 2
AFe 2 Wi sgEch T8 410 T AF o vls) 470 T o
e £ o e e AU Rog yeton o= o
2E7t Asdd wel tetraline ZRE $AFA%I 2olA
(Table 3) A3H&o] AL 3} =7] B2 Aog wogch
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3.2.4. 3SYA| Msan

2 dFe F2AQ 2L FFAFA AR FsEAY
wo|t}. wWalA decalin 3&-& $8to] ALtE etz PP 4zte] A
g2 48 T PPY BEAFA] Ak g AN F5EAHE
Fastna Q). Figure 119 126] Uebd vieh 2o} 430 T,
450 TAAM ZZ 308 2 2087 A Hebe] A= Hadt o
AL d Bot 2FAA Askgol 27t 750%, 9.03% otEet
9oul PPe A$E PPT A3AZiE o Bot 543 Sl 47
4050%, 40.93% A&atAch weby FEAs ¢ Fsade
PPe] A3tg 5ol FEF Aoz et o2d dZ: PP
DEdF A tetralin® PPe] A3E AsIAAT FTF YA tetralin
& Ngo] $AFdL4n d3g =2 PP U ASaH7L F
HAL ougth o] W tetralin® gl $4F T3 naph-
thalene0.2 AgsE Aoz dejx gIrH13] olzjd @42 tetralin
3} naphthalene®.Z PPE A7 vin 4847} Figure 1594 %
A vehdoh & 3593 A5 ast vehd B2 (tetralin 2 £
= 4 mL #7HoiA naphthalene®] PPoll thd d3tA s ax7} vln|
o] IS U

PP ©E A3 tetralin® PP2| %3tE Asgdch 1y 5
34 tetralin® Ajgtol £aFolEn) 4@E B2 Ppel U A
AaAe wusAch b2ty FFAsA PP d3tge FRHH
AxaRe Frike A0E Uehdt ol FF Yt FAolv
t) %] Figure 118} 120 ebd RAAF PP:tet.=1:1¢ A2
PP:tet. =1:29 7A$7} tetralin® %ol FUlEo g Bgo= &7
3 olgt e At veiywrh weld FEAsA] PPel tig
triralin®] 943} A EFHE Med] B A3 FAEH & wn|
HAL ¢ F Uk
4.8 B

B A7 ME Alaskadt o} A etn} PPol o& I FAAYEE
E3le] A5ad 9 B8TE 1E3nA sk geta s
7 %, tetralin $9% 2 A PP H| & W3AIY A3 E
S AN gen e AES A

1) ¥h8-2% 430T oA 3083 A4 tetralin 4 mL H7HE 4
g3 PP £+ LDPEY 593 dg & Fe2go 5943
o vls] 2z 1752%, 1521%9] 45a#HE UYetfion 450 CTAA
tetralin 4 mL ¥7}3 Aeks} PP == LDPEY 543 Ag =
= Zg2ago g3l b8 2z 1153%, 15871%9] 45EH#E
et £3, 43 PPl 35937 A€ LDPEY] 3593
o ula A&t H5ET UM o & ZFHE ek

2) Aetst PPl 93 FE5AstA Tz, Aee] Z$ e tetralin
o ol& 2214, PP9] A% 03449 W& ERde 93] HAER
o B gdgd 93 AMAFNE TEY} 2EEY WM 43
A3 & B33l ez PPY A ¢ BE ABAFIE 0990 &
ot =g B wdod NaydF dsle] A28 HE tetralin®
o] AR en 410 TAA 470 T2 w2 % A5dl wal 2 g
o] 043914 L0622 F71atn Ay¥Ase & Rsigich

3) ¥hS-2E 410 C, 470 TolA AAHE A3fo Fd £AFL
747k 338~354, 121~1829) @& uEtdth &, g%t okl
of e} Ao AEAS FA8 ol g gfdFdd o

F tetralin W& (8)0] 2T wet Fvleke 49 Ao,
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3 F

4 TEASA] ASEH7 Jehd BE (tetralin 2 B 4 mL 3
7Hel A naphthalene®} PPol thgh o3t A&7}t vju|gto] &<l
€9tk PP BEAFA tetralin® PP AFE At o o,
tetralin®] A3A L 20% oldolAet 12t FF A4 tetralin
& Neb $4FAL 8L 2 PP Ut AHEZRE 1|
o) sl walA PPe] Hslge FAHY FEAHA ASEFHE
Frde Ao yEygTh

A

B dA7: oz EALAHS F2ddae] g
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