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Co-thermal dissolution property of Shenfu coal and rice straw

ZHOU Hua, JIANG Qing-qing, PAN Chun-xiu, SHUI Heng-fu, LEI Zhi-ping, WANG Zhi-cai
(School of Chemistry & Chemical Engineering, Anhui Key Laboratory of Coal Clean
Conversion & Utilization, Anhui University of Technology, Ma’ anshan 243002, China)

Abstract: The co-thermal dissolution ( CTD) properties of Shenfu coal ( SC) and rice straw (RS) in 1-
methylnaphthalene (1-MN) at different temperatures were studied. It is found that RS gives much higher of
thermal dissolution yield (TDY ), suggesting its high thermal dissolution (TD) activity. But much amount of
gas is produced in the TD process of RS, resulting in the low thermal soluble yield (TSY). For the TD of SC,
although the TDYs of SC are much lower than those of RS, but the differences between TDY and TSY from the
TD of SC are much smaller than those from the TD of RS. CTD of SC and RS shows that there exists synergistic
effect which is the function of temperature. At 320 to 340 C, the TSYs have positive synergistic effect. The
experimental results are larger than corresponding calculated weighted mean values of the individual TD of SC
and RS. While at all the TD temperatures studied, TDYs give negative synergistic effect. The largest
enhancements in TSY of 7.9% comparing with corresponding calculated weighted mean values of the individual
TD of SC and RS are obtained at 320 C. The mechanism of synergistic effect produced in CTD was discussed
based on the characterization of TD soluble fractions.

Keywords: coal; rice straw; co-thermal dissolution; synergistic effect

RERAE P [ — IR BRI P — B A BRSOV R B S MR A rp I S
AIHBAE , TR R AR RE A B Tl 28 U HE I E 251 ﬁ)ﬁ?Tu PRI R I RE R AR X SR A%
RS2 R, ARBUR A I A B R R RIS IRREE . SCERER T 7R DU A ZR AR A
A SO, Ml NO, B/ HARBE =R g 5 Ak 0T RS P52 (0™ By us 0 7 4 A0 A0 5 I
P e E KA T E 0 a i i, ket — el R i 04 08 S 7 LA AR R
SALBOE TR Ik, S AR IE Lalvani %0 R0, 5 AR R B R A T ]
AL BRRAR T AT A BB HEUR, BRI A RO TS AR SRR AL R AN 1 R R A I
PORIRLEE RN, 2 8 TR B AR RS i, AR RS T AR A ) TR AT I 4
FHIEMD O, BREDWIR TR GRMMIE AR T 38 5 b AR RN AR AT 2 A e

Wi EE: 2013-08-19; fEEIBH: 2013-11-04,

BEEUA . EEKE MR R (973 7111, 2011CB201302) ; E%K HARFIAHE4 (U1261208, 21076001, 20936007) ; BHL#8H H
Fré& fE3H (2013DFG60060) .

BXZEH . /KIEHE, Tel/Fax: 05552311367, E-mail : shhf@ ahut. edu. cn,

ALY SCHL TR AT Elsevier {1 fFE7E ScienceDirect I 1 (http://www. sciencedirect. com/science/journal/18725813) ,



2 R I ¢ 5 42

WALLE BT He 0 T W% 2 B AR I BT 360 CACPE AT LUEE 5 X v M0 BE 1 34 7 i 472 %€ ik
SRR RERF OB BT AE S MBI 10% L L JE0 2 BRGSO A
N P ARG TR AF AR [ P BEXT A HOAbERE, R B0 11 L 28 4 20% NMP IR & 5 ) 76
PRI IR, MR & W BRI T T 360 CHE R B IICRA T 75% | i
SR RO RS B SE A S T b e ST A 0 A A R 1 R
SEE SRERT 2 [ 7E 40 25 00 0 0 DR RDRORT SR BIRAL SR T 1 360 T, ARSI B i R K4 )
R 4 AR RIS P A A T IF 5 R, 885 9 M AL B ) B L

FHAR T 1 7 1k M T 4 B PR A B AR IR, R S A
“HyperCoal” (JJE M) i 10 AEH I ARSI T RIS AE BRI EE (250 T/ 47 ) Ui, T2
RIS A 3 E AR A T R BT T R I, SR g T
ST 60% | JAMET 0. 02% (T HME MM MRFBESRTFTAE 1P HE28 (1-MN) F00 b A ) W e
AT DL ELHEE A KRR LA 2 v, S B GO O3B T oy et SR Lt T S
AL, Takanohashi %70 R I 1-H L 28 O % SN
F,7E 360 ~420 C XA 7] A48 [ A2 BE B 5 047 I Jih 1 1 *éﬁé{?u{;ﬂ
2, JEBX LI 5K T LLIKE] 60% UL A T R IR 4 5% R FAR ( SC)
UCIRR AN B 0BG Ty 0% T gt (RS, SORAMILITRG)  JOER AT R T
Kashimura %5 BF50 & B0, 2 BRS80S BERK o o e
oL HCI K {2 e A U M L g D Jeae o ARIRFPRYERE 200 B RifF2e 60 1
AR 42 360 C IS Wyodak Anderson fitqly - DHHTEIZE 80 TCHLATHAR 24 h TR EA
%EEH 43% ’é}%lﬁ% F 2 73% 1 63% . AR EARHY Z ilijfﬁiiiﬁf;%g;ﬂij Elf S jﬁg ff:;
BB Masaki 5 D502, s o o R T o
ZEMHP AN 20% N-F 3L2-0ik 18 Je B (NMP) J , 18

F1 HEFEMABTFHOILSIHFITESH

Table 1 Ultimate and proximate analyses of SC and RS

Proximate analysis w/% Ultimate analysis wy,./%
Sample "
M, Ay Vgar FC, C H N S (0]
Shenfu coal (SC) 5.2 10.3 31.8 57.9 80.40 5.25 1.20 0.47 12.68
Rice straw (RS) 9.2 20.3 65.8 13.9 48.83  6.90 2.44 0.35 41.49
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Figure 1

thermal dissolution in a flowing solvent
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Figure 2 Thermal dissolution of SC at different temperatures
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Figure 3 Thermal dissolution of RS at different temperatures
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Table 2 Comparison of TDY and TSY between the

calculation and experimental values for co-thermal

360

dissolution of SC and RS under different temperatures

Temp. t/C 300 320 340 360
TDY EXP 59.4  61.3 61.6 68.7
W/ % CAL 63.9 652 66.3 69.7
TSY EXP 30.1  37.6 27.4 27.9
W/ % CAL 242 29.7 25.3 36.5
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Table 3 Ultimate analyses and atomic ratios of TD soluble fraction of SC obtained from 1-MN at different temperatures

Ultimate analysis wy,./%

Atomic ratio

Temperature ¢/ C

C H N S (oM H/C o/C N/C
320 80.75 4.97 1.64 0.68 11.96 0.74 0.11 0.017
340 79.15 4.78 1.68 0.72 13.67 0.72 0.13 0.018
360 80.72 4.95 1.65 0.65 12.03 0.74 0.11 0.017

* by difference

&4 FWEIEL-MNBHPAERE TREWHTRESHAETFL

Table 4 Ultimate analyses and atomic ratios of TD soluble fractions of RS obtained from

1-MN at different temperatures

Ultimate analysis w ./ %

Atomic ratio

Temperature t/C

C H N S o H/C o/C N/C
320 67.01 5.80 5.57 1.17 19.30 1.04 0.22 0.071
340 65.67 5.78 4.96 1.75 19.88 1.12 0.25 0.065
360 66.78 6.12 5.20 1.25 22.00 1.03 0.23 0.067

" by difference
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Table 5 Ultimate analyses and atomic ratios of CTD soluble fractions of SC and RS obtained
from 1-MN at different temperatures

Ultimate analysis w ./ %

Atomic ratio

Temperature #/C

C H N S o H/C o/C N/C
320 78.67 5.83 2.63 1.43 11.45 0.89 0.11 0.029
340 77.82 5.66 2.76 1.27 12.49 0.87 0.12 0.030
360 71.51 5.36 3.51 1.61 18.02 0.90 0.19 0.042

" by difference
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