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Steam Co-gasification Characteristics of Wheat Straw Black Liquor Char and Petroleum Coke

WANG Guijin"'?, YUAN Hongyou', GUO Daliang', ZHOU Zhaoqiu', YIN Xiuli', WU Chuangzhi'

(1. CAS Key Laboratory of Renewable Energy, Guangzhou Institute of Energy Conversion,
Chinese Academy of Sciences, Guangzhou 510640, China; 2. University of Chinese Academy of Sciences, Beijing 100039, China)

Abstract: The steam co-gasification experiments of the wheat straw black liquor char and petroleum
coke were conducted in a thermo gravimetric analyzer and a laboratory-scale tube furnace at 850°C,
respectively, By using the gas chromatography, X-ray diffraction and scanning electron microscope
analytical technologies, the interaction characteristics of the wheat straw black liquor char and
petroleum coke in co-gasification were analyzed based on the properties of thermal mass loss,
gaseous products and solid residues. The results showed that synergistic effects between the black
liquor char and petroleum coke occurred during the co-gasification process at 850°C. Compared with
the weighted average of the two samples in separate gasification reactions, the gasification reaction
rate was improved by co-gasification, moreover, the gas quality and energy efficiency were both
improved as a result of increasing gas heating value and carbon conversion. The catalytic effect of
Na,CO; on petroleum coke gasification and inhibition role of petroleum coke on Na; CO; loss became
more significant as the petroleum coke mass fraction ranging from 25% to 75%, and the melting
phenomenon of gasification residual solid was suppressed, when the mass fraction of petroleum coke
was 75% in the mixture of the wheat straw black liquor char and petroleum coke.
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Table 1 Fundamental analysis of the black liquor char (BLC) and petroleum coke (PC)

Proximate analysis (Dry basis), w/%

Ultimate analysis (Dry basis), w/%

Low heating value/

Sample
Volatiles matter Ash Fixed carbon C ov N S Na K Cl Si (MJ - kg™!)
BLC 10. 95 58. 90 30.15 31.82 0.62 26.58 0.38 0.90 27.60 3.49 6.69 1.92 7.13
PC 9.03 0. 36 90. 61 90.71 3.07 3.30 2.22 0.70 — — — — 35.01

1) By difference

BB RAMESYRSAN BLC 5 PC T4
MERBESY, HHEE WS H KR 75/25. 50/50 A
25/75, 4rHiick MIX-31, MIX-11 f1 MIX-13,

1.2 XRRES5HZE

FAEE NETZSCH 42 7] STA449F3 # [&] 4 #4
SHATASCIREURE M i TG-DTG M4k, W4l N, fE R
S, WE 40 mL/min; FEFEEK 8C/min; HiEE
KE| 850CH FFIHBEAKES, KFE S mL/h;
850°CHHM 1 h; HKELEAERHAEL 30 mg,

BERPRERKKMAZTREBSHAENE 1 PR,
AP KFPHE AEBEARL 50 mm, KF
1100 mm; & FHH R 310S REEMW, FHokE R+
k100 mm X 25 mm X5 mm, B AR (3.00+
0.01)g, N, 8 S, WE 250 mL/min, 5% 4t
K, WE2mL/min, KLNIEF 850°C, {5 & afH
12 min, RAHKEZEBRESA=EHSIE, #H%X
B Agilent /A ] 7890A RIS ALK FTESH

4. R 22 PANalytical 28] X’ Pert Pro MPD #
X FHEMHNEENBRKEEGY M, FRAH
A Hitachi 23 &) S4800 7 31 68 T & 15 45 W00 H: 1%
WIS .

Bl kESSUXBREESHKE
Fig. 1 Flow diagram of experimental apparatus for
steam gasification
1—Injection pump; 2-—Gas flowmeter; 3—Electric furnace;
4— Temperature controller; 5—Steam generator tube;
6—Thermocouple; 7—Sample boat;
8—Condenser; 9—Gas sampling point;

10—Gas collecting bottle; 11—Water bottle
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TG ,w/%
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TEHE N 21.56%, 7 715°C MfiE & B 14 DIG &
(—0.84%/min); PCREE R 5.57%, REHEEE
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43 mALLL B b Na, CO, 54 P12 18] BBk 31K B
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B2 BLC# PC 2 HkFESSUA TG-DIG B4k
Fig. 2 TG and DTG curves from the separate steam gasification of BLC and PC
Reaction condition; T=850C, r=1h
(a) TG; (b) DTG
uBLC; oPC

BRAGE JRSR R A2 R LR = (1) ~ (5
i, BERFIRMAER CO. CO, il Na XK, H{H
BEMARE.

Na, CO; (s) +C(s)—(—COONa) + (—CONa) (1)
(—COONa) +C(s)—(—CONa)+CO(g) (2)
(—COONa) +C(s)—>(—CNa) +CO,(g) (3)
(—CONa)+C(s)—>(—CNa)+CO(g)  (4)

(—CNa)—>Na(v) +C(s) (5

R FEXF 850C (M mind ZfE, FHEA
KESHFTRMARM. £ 80CHEBH 1 LA,
BLC 4% E R % 58.12%, 7 95 min, 108 min
135 min Z 4 4 % B 3 1 4 DTG ¥ (— 1. 83,
—2.45fM1 —1.13%/min), KABRLBEEEE R
B S WBERMK 2.32%; PCRERNA
48.35%, ¥ DTG {H K —0.81% /min, &£
46.08% ., FEAKESRAKT B, RENFEER
R (6) ~ (D FFR , _

C(s)+H,0(g)—>CO(g)+H, (g) (6)
H,0(g)+CO(g) =CO, () +H, () N

Fi, BLC =4 T 7 95 #1 108 min B} Z| Y
DTG ¥, PCHAREN —-BESNE#HTT. Hs, BLC
7 135 min B ZIH B 1 4~ DTG ¥, XFRERH T
Na,CO; HFLHIEMIENRERRIE. % 850°CHE

EBEEM, BLCHRUERRY EEA Na,CO, F X
VLIS REEE ., XA REE TS N, AIKEBESER,
A 4 B Na,CO;, 5 ALO, IR & & K, W
K@ PR,

Al; O, () +Na, CO; () =~2NaAlO, (s) +CO, (g) (8
2.2 BLC 1 PC k&S £ S1L K TG-DTG & #7

B 3 24 BLC 1 PC K ZESR IS AL TG-DTG #h
£ . BLC fl PC KFES LS idBH TG-DTG 53+#7
LRESMACESESN TE 2. Kb, ZBEIR
BV RS R, MBCFYENEAR % E BLC
MPCZEGFEMEMFEANKZGT, RIE_Fan
SALET 9 TG-DTG #£k, B FIR G L mF
BImmER,

B3 ME2ATH, EFBE SSOCHTRS,
ST F AL E A, MIX-31, MIX-11 f1 MIX-13
KRERHLBMAES P MT 5.02%, 9.55% F0
5.87%, DTG ML KEEAFBE MR, X
RER NayCO; 5 PC KA T H#MER R M (W
KDO~GH . 7 850°CEHE 1 h HAERKAKA
SR, X TFmMACFEME, MIX-31, MIX-11 #
MIX-13 k R ML B M 45 3 E b —4.59%.
+8.87%M+25.80% ., FESIWH, DTG K%
BERAEARBEEM: WBAEH, DTG &K
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B3 BLC# PCAKES#LSAH TG-DTG #£k
Fig.3 TG and DTG curves from the steam co-gasification of BLC and PC
Reaction condition: T=850C, t=1 h
(a) TG; (b) DTG
u MIX-31; @ MIX-11; A MIX-13;——Experimental value; - - - - Mass average

Time / min

#F2 BLCHIPCKkESESLITEDS TG-DIGC HITLRES MR EHE

Table 2 Experimental value and weighted average of TG-DTG analysis from BLC and PC steam co-gasification

TG-DTG curves in
100—850°C and 0—94 min

TG-DTG curves at
850°C and in 94— 154 min

Sample Residual mass fraction/ %
DTG peak/ DTG peak/
Mass loss/ % (% + min—1) Mass loss/ % (% + min—1)
Experimental value 22.58 —0.94 (7107C) 51. 09 —3.02 (98 min) 26.33
MIX-31 —1.41 (96 min);
Mass average 17.56 —0.68 (715°C) 55. 68 —2. 06 (108 min); 26.76
—1.06 (135 min)
—4. 25 (101 min);
Experimental value 23.11 —0.96 (700°C) 62. 11 5 (10 ml,n) 14.78
—0. 88 (130 min)
MIX-11
Mass average 13.56 —0.51 (715°C) 53. 24 1. 67 (108 min); 33. 20
—1.00 (134 min)
Experimental value 15. 44 —0.70 (685°C) 76.59 —6.41 (99 min) 7.97
MIX-13 . P
Mass average 9.57 —0. 34 (715°C) 50.79 1. 28 (108 min); 39. 64

—0. 83 (133 min)

—J5H, BLC 1 Na,CO, X} PC BIK#ES S AL
FEHENELER, B HRMER O~ G
L OH~ADHM I FLIEEE.

(—CONa) +H,;0(g)—(—COONa) +H, (g) (9
(—CNa)+H,0(g)—>(—CONa)+H, (g) (10
2Na(v) + H;O(g)—>NaOH(s)+H,(g) (11)

NaOH (s) +CO,; (g)—>Na, CO; (s)+H,0(g> (12)

PCH A LS Na, CO; & A B #3F 5L IR i
MR ~GY, HFEBIAIESE £ K
—COONa, —CONa f1—CNa {F M H &, RE

HkFESRESRAERN (AR ~AQ1), #
BLCE5 PCKESRSESIEIEF, BT PCEH
SAEHERME, FUPCHEESBMREEHKR
MRMEREREHIER. E PCRESHD
#m, BLCX PCEUMEMALHMRAMEE. 7
b, PCHHEHEFEMTRMERMEREH, W
% T S4B E S BLC $ Na,CO, Z EHLEE W
EEMEPRB) T BERGYH PCHE
Sr¥iR e, PC X BLC S B AL 4R &k 69 3 &l 1B
FAmEE 8.



%4

BERBEAES AW EKESIE

901

2.3 BLCHIPCARESESALTSHK

B 4 24 850°CF BLC fl PC kK #ES LKA
WAEMER. BB 4R ATH, KESER
b= SR EEN H, . CO,. CO FIf &R CH, .
#£ BLC #1 PC LK B Sfbd, HPEAWSARd
BAEHBEZSR. BLCRA™SH H,. CO, f1CO
B FR 4> B 4 B 4 61.09% . 23.35% F1 15.4Y%,
PC 547574 H,. CO, 1 CO WER ¥4 9 H

@
100 }

801

60

40 f

20}

W/
N/
MM

AN\

o]
oy
Q

MI

>

-31 MIX-11 MIX-13

68.90% . 18.38%#1 10.32%. #F BLC f1 PC X
e o, X FmACEE, MIX-31, MIX-11
M MIX-13 =54, H, BRSBHLRES T
M6 2.12%. 3.71%F14.10%, CO, KR4 E LK
BB TFM2.59%, 3.70% 1 2.66%, CO (&4
B S E B EF5.06%, 8.23%F17.64%, X
WS d s, BLC fl PC WS 43R 24
HMSr, TRAMALZEE.

(®)

W/

MIX-31 MIX-11 MIX-13

B4 850CTF BLCH PCAESHSUTERNSEAR
Fig. 4 Gas composition produced from steam co-gasification of BLC and PC at 850C

(a) Experimental value; (b) Mass average
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Fig. 5 Gas heating value and carbon conversion from steam co-gasification of BLC and PC at 850°C
Experimental value; Mass average
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