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Viscosity—temperature characteristics of coal and coal blending
BAO Jinyuan' ,FENG Changzhi' ,DAN Shulin', LIU Zhen® , FANG Xinhui’, AN Haiquan®

(1.CHN Energy Yulin Chemical Industry Co. ,Ltd. ,Yulin 719319, China ;2. National Institute of Clean—and—Low—Carbon Energy ,Beijing 102211, China)
Abstract: The viscosity—temperature characteristics of coal ash have an important influence on the stable slag discharge in the entrained
flow gasification process. The viscosity—temperature characteristics of Xiwan coal , Xiaobaodang coal and their blends were studied using a
Theta high—temperature rotational viscometer. Combined with the ternary phase diagram analysis of ash components, the coal proportion
suitable for entrained flow gasification technology was determined. The results show that the slag of Xiwan coal is crystalline slag,and when
the temperature is lower than the critical temperature T, ,the viscosity of the slag increases sharply, causing difficulty in slag discharge. By
Xiaobaodang coal is added to Xiwan coal ,the acid—aluminum ratio and silica—aluminum ratio of ash gradually decrease,the ash composi-
tion changes from yellow feldspar to calcium feldspar,and the ash slag form changes from crystalline slag to glass slag,and the optimal sili-
ca—aluminum ratio is 2.35-2.97 ,the acid—aluminum ratio is 1.05-2.08 and the calcium—iron ratio is 0.70—1.98. With the content of Xi-
aobaodang coal in the blended coal exceeding 30% ,the temperature difference corresponding to the ash slag in the viscosity of 2.5-25.0 Pa - s
is higher than 100 °C ,and the slag type change tends to be stable. At the same time,the gasification process requires that the critical tem-
perature of ash slag T, is not in the temperature range of corresponding temperature when the viscosity of ash is 2.5-25.0 Pa - s in order to
ensure the stability of slag discharge, therefore, the ratio of the coal blends of Xiwan coal and Xiaobaodang coal suitable for entrained
flow gasification applications is 3 : 7 or 7 : 3.
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Table 1 Ash composition of the experimental samples
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S5i0, 26.21 29.83 31.64 35.26 37.06 38.87 44.30
AlLO; 12.82 13.24 13.45 13.88 14.09 1430 14.93
Fe,0; 13.42  14.08 14.41 15.08 15.41 15.74 16.73
CaO 35.82  30.99 28.58 23.75 21.34 18.92 11.68
MgO  3.57 3.12 2.89 2.44 2.21 1.98  1.30
TiO, 0.52 0.55 0.56 0.59 0.60 0.61  0.65
SO, 4.79 4.52 4.38 4.11 3.97 3.84 343
P,05  0.02 0.05 0.06 0.09 0.10 0.11  0.15
K,0  0.23 0.53 0.68 0.98 1.12 1.27  1.72
Na,0 0.74 0.85 0.91 1.03 1.08 1.14  1.31
MnO 0.28 0.30 0.31 0.34 0.35 0.36  0.39
SrO 0.28 0.29 0.30 0.31 0.32 0.32  0.34

BaO  0.67 0.94 1.08 1.35 1.49 1.62  2.03

Bit 9937 99.29 99.25  99.17  99.12  99.08 98.96
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Table 2 Results of viscosity—temperature properties of the experimental samples
TiH XW  XW:XBD=8:2 XW:XBD=7:3 XW:XBD=5:5 XW:XBD=4:6 XW:XBD=3:7 XBD
S/A 2.04 2.25 2.35 2.54 2.63 2.72 2.97
R 0.79 0.96 1.05 1.27 1.39 1.53 2.08
T,5/C 1307.1 1255.2 1250.6 1297.7 1309.9 1330.1 1394.5
Ts/C 1249.7 1223.4 1 208.4 1236.7 1246.6 1262.8 1315.7
Tyo/C 1202.6 1219.1 1185.2 1 188.2 1 194.0 1207.0 1252.6
T)5/C 1180.6 1216.6 1169.9 11722 1171.1 1178.4 1220.4
Tyy/C 1168.3 1213.6 1159.6 1166.7 1160.4 1159.3 1199.2
Tys/C 1159.3 1210.8 1150.3 1 164.7 1155.4 11453 11833
T./C 1257.0 1223.0 1104 1164.0 1152.0
(Ty5=Tss)/C 147.8 44.4 100.3 133.0 154.5 184.8 211.2
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Fig.3 Equilibrium phase diagram of coal ash distribution with blending of Xiwan and Xiaobaodang

0.49 TR G R B I IR A WA BRI R
FEPE o XTI RUDE T Y v B R T T A 3 Y IR
Ca0/Si0, [t , AT LAMER & W KB TE A B8 s
2.4 AEELLREER XRD

FHEEMRE | RHIR M i FE ETT XRD 43T, A
A B FL IR B XRD 23 M an &l 4 s,

A ——— i XBD
) XW : XBD(3 : 7)

1 XW : XBD(4 : 6)
4
N, 3 1 XW:XBDG:5)
3l
. XW : XBD (7 : 3)
2 1
; f‘th‘l 3 1 Xw:XBD(@:2)

0 20 20 60 80
20/(°)
1—3K A 22— 3—E A 4—EE L

o

M4 SEME N XRD 247
Fig.4 XRD analysis results of blending coals

A A 4 AT%0L BR T XBD SRR (XW : XBD=
3:7) LIAN, HA IR e X A7 d iR A i, TR
XBD HEREME (XW : XBD =3 : 7) (i 81k 3 5
T, LA TR 760 Sy 9 e AN G i, L S 2 R A
YIBCNES B A B A KX F R Ay, HA
122

5% 2.3 AR s br e R —2,
3 4 i

1) VSR L2 45 i, iR e bE e 22,
I AREE T8 1257 C, JiR AR F G SRR, K
RN 2RI

2) 7 VU VAR S I 0 R 1 A 1 /N 2
Wi /NP 24 BB 0 154 T, YRR (%) U I TR 3 5 T P 44
A ) 3 B e A A L /IR Y R B A R T 30%
B, TR A0 I I 2 R DX 3k o R X A5 X
I 1) 68 T R T e A s AN Y R T A B
70% B 58 = s TR IO TE 28 R BB

3) BES HUAE 2.35~2.97 BRHK HL7E 1.05~2.08,
ML K 2.5~25.0 Pa - s B JRELERE A 2.5~
25.0 Pa - s XL AT BE DX ] & F 100 °C, KR
FEPE AT, ANl UK TR 1 2R AR 1L

4) ST BRI RN AE 2.5~25.0 Pa - s,
PR G PR 005 B 7 DX T P 5 P TS 5 /N > S TR
SErb VR YR BT B 0 B T T0% I IR S IR 4
RPN R AT, ToHEE KR, 45 A AL
PREEOR S TRIE /M S B i 70 80N 30% ~T0% 1,
TRIAERERE K 2.5~25.0 Pa - s NIRRT
TCHH s B 5275 5 SR, /R 21 5T = 0 BOK 50%



{0 <55

S L B TR AR S

2022 455 5

1 60% s, Hillfs F i
PR A

T HET Ty % 0 Y i B HAE
P, BAT—E I YRR E HEA 1 XU 5 25 7R

SR /N R R A BUIR T 209 B TRARE A 1l SR

E T(‘, T:E T2.5

Ty, TACERANE AR 2 e A 2 HE 2 R T

15, R AU

5) S5 G IRME PRI L A5 L R U R S

1%&716‘7131&“%%%1’5%*@%@%?&3#%!%‘%,‘/w%%tlﬂ
VOIS /MRS LB 3 2 7 807+ 3 B, K
SRR B B AR AR X R4 9E (> 100 C) , A F]
FAALYHEAE, b 2 FhECIE I BN AL, BLAh, X
FHAD AT S0 = A SR 72 72 % IR L 5
ORI L AT T, 38 2 BEARIRIE 1Y Ca0/Si0,
Lo, A B T HGE R A TR A

S % 3K ( References) :

(1]

BWRR TR BRI A5 TR S B 4
SR T]. bRl 5 H AR, 2018,24(2) 1 146-151.

AN Haiquan, ZHANG Zhongxiao, FAN Junjie, et al. Entrained

IR

flow gasification experiment by two—stage oxygen supply with high
ash fusion temperature coal[ J]. Journal of Combustion Science and
Technology,2018,24(2) ; 146-151.

FRE. AR AR R, S R[],
2021,27(1) :1-33.

TR,

WANG Fuchen. Coal gasification technologies in China: Review
and prospect[ J]. Clean Coal Technology,2021,27(1) :1-33.
RIFEAR, EBME, R R A, F. BT AR s

[J]. i8R AR 1 2019,25(1) :35-40.

GONG Zeru, WANG Xiaona, LYU Junfu, et al. Research on plas-
ma gasification technology of coal [ J]. Clean Coal Technology,
2019,25(1) :35-40.

AN H,YU J,FAN ], et al. Experiment study on entrained flow gas-
ification technology with dry slag by second —stage water supply
[J]. Powder Technology,2017,306:10-16.

FREE R W E E 4E. 6.5 MPa K AL 2 B Aspen
B SOl T]. BIES5E M ,2020,48(8) :13-17.

ZHANG Meng'en, LI Hongming, CAO Zhenzhen, et al. Simulation
and optimization of coal water slurry gasification with aspen plus
under 6.5 MPa[ J].
(8):13-17.

[ BB, R SAL B AR B R Yt
2010,30(S2) :17-20.
QIU Feng, ZHANG Na.

Nitrogenous Fertilizer and Syngas, 2020, 48

EFELT]. AT,

Discussion about coal gasification
technique and its selection of coal[ J]. Modern Chemical Industry,
2010,30(S2) :17-20.
BN S
2011,42(2) :4-6.

ST IEBESR[1]. SRR ST,

LI Lei, LU Wenxue, FU Jinjun. Requirement of gasification on coal
quality[ J]. Fuel & Chemical Processes,2011,42(2) ;4-6.
B, BRI R B AR R SR [ D] b s
FEIRL e K% (b ERHEBE TR BRI ) ,2018.
FIFA, FEEM E S BRI T].

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

TEEERIR 1 2019,25(4) :59-64.
WANG Fangjie, TANG Yulin, XIA Guofu, et al. Simulation study
of coal ash fusion characteristics of blended coal[ J]. Clean Coal
Technology,2019,25(4) :59-64.
WEN J S, MARCEL L, MARKUS R, et al. The fusion mechanism
of complex minerals mixture and prediction model for flow tem-
perature of coal ash for gasification[ J]. Fuel,2021,305.121448.
K. SRR R Rl R R R B SE (D] A
JE . ZE O TR ,2013.
VEIR, XU EZ, SR D, 4%, 15 85 L 2 M TR 6 fal B 286 1t 5 e 23 A
(J]. PEEALT R ,2013,33(20) :46-51.
XU Jie,LIU Xia,ZHANG Qing, et al. Research on ash fusibility
and viscosity—temperature characteristics of high—calcium Shanx-
in coal ash[ J]. Proceedings of the CSEE,2013,33(20) ;46-51.
VEIE. SRUER 5 R 5 TR R M SRS IR AT RS (D] 1
Mg AR AR HL TR, 2015.
LOLJA S A,HAXHI H,MARTIN D J. Correlations in the proper-
ties of Albanian coals[ J]. Fuel ,2002,81(9) :1095-1100.
BRI, PRART DXIRE B 0 A il P A A AR AT [ ]
BTG MR 2003 (4) :36-37,40.
WU Ruiye. Analysis of the changes of coal ash composition
and coal ash fusion characteristics in Shendong mining area
[J]. Shaanxi Coal,2003(4) :36-37,40.
HOE A MR oY R IR Rl R e B SE [D].
2007,13(5) ;24-27.

ERE PSS 3 N

DAI Aijun. Research on influence of ash components in coal ash
on ash fusibility [ J ]. Clean Coal Technology, 2007, 13 (5):
24-217.

A, R, A A RS R TR S K
WRFEL ). R, 2021,49(1) 1 11-19.
JI Hengsong, LI Zhengiang, ZHOU Yan, et al. The research on

IR 185 2ol A A

viscosity—temperature characteristics of the mixed slag of biomass
and bituminous coal[ J]. Journal of Fuel Chemistry and Technolo-
gy,2021,49(1) :11-19.

XA, JA 27 AR AR A5 TN I I il P X okl A5 1
W], A, 2017,23(3) :89-93.

LIU Shuo,ZHOU Anning, YANG Fusheng, et al. Effect of coal
blending on ash—fusion and viscosity—temperature characteristics
[J]. Clean Coal Technology,2017,23(3) :89-93.

CAO X,PENG B,KONG L, et al. Flow properties of ash and slag
under co—gasification of coal and extract residue of direct coal liq-
uefaction residue[ J |. Fuel,2020,264.116850.

LR, JEAR R IR i 45 i R R B 2 SRR Y [ D] L
IR 2015,

TErP . e R s SR 45 o S ORR ORE B R HLEE D] 1T
AR T R ,2017.

LU H,PENG B,GE Z,et al. The viscosity and crystallization be-
havior of slag from co—gasification of coal and extraction residue
from direct coal liquefaction residue at high temperatures[ J]. Fu-
el,2021,285(3) :119119.
53 A L SN U
Si0,-Al, 05 5 4 faf W
2021,27(4) :189-194.

FAIANER A2 4. R4S HEXT CaO-
SRR T )], AR

123



2022 4F55 5 HH

ik 4 4 H# K

%28 &

[24]

124

MA Fangru, WEI Bo, MAIERHABA Abdureman, et al. Influence
of S10,/Al,O5ratio on microstructure of CaO~-Si0,—Al, O; melt
[J]. Clean Coal Technology,2021,27(4) :189—-194.

XU RS HT, 2Bk, 5. A0 BT S5 B G I A il K R TR
FEPELD]. R T241,2012,63(4) :1217-1225.

LIU Tao, CHEN Xueli, LI Dexia, et al. Blending ash fusion and
viscosity — temperature characteristics of biomass and coal [ ] ].
Journal of Chemical Industry and Engineering, 2012, 63 (4 ) :
1217-1225.

[25]

[26]

KONG L,BAI J,Bai Z,et al. Effects of CaCO; on slag flow prop-
erties at high temperatures| J]. Fuel ,2013,109.76-85.

FH, EROR, R, A Tl R ik w85 IO ik A TR AR
R [T ], WO 225 H,2021,49(1) : 1-10.

WANG Meng, WANG Yibin, TAN Houzhang, et al. Effect of in-
dustrial ashes with high carbon and calcium — rich on slag-
ging characteristics of blending Zhundong coals[ J]. Journal of
Fuel Chemistry and Technology,2021,49(1) :1-10.





