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Effect of alkali metal on gasification reaction of coke with CO; and steam

Ping WANG*, YuWU, Hongming LONG, Zhanxia DI, JiaxinLI, Rufei WEI, ShucaiYU
School of Metallurgy Engineering, Anhui University of Technology, Ma’anshan, Anhui 243002, China

Abstract: The effects of K/Na on the gasification reaction of coke with CO; or steam were studied by self-made
gas—solid reaction device. The results showed that the effect of K/Na on coke gasification reaction with CO; is
stronger than that with steam. While the content of Na in coke increased from 0.045wt% to 0.727wt%, the reactivity
index of coke with CO; and steam increased by 23.17% and 14.35% respectively, and the coke strength decreased
by 27.55% and 18.31% respectively after reaction. With the increase of K/Na content in coke, the apparent start
temperature, severe reaction temperature and apparent activation energy of coke gasification reaction with CO; and
steam were obviously reduced. While the content of Na in coke increased from 0.045wt% to 0.727wt%, the apparent
start temperature of coke gasification reaction with CO, and steam ahead of 170 and 20°C respectively, and the
severe reaction temperature ahead of 165 and 80°C respectively. While the content of Na in coke increased from
0.045wt% to 0.326wt%, the apparent activation energy of coke gasification reaction with CO, and steam decreased
by 22.56 and 9.26 kJ/mol respectively.
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A0SR TR S BT B o) BRI 23.17% 0 14.35%,  J N J5 £E R B 40 Il BEAIK 27.55%F0 18.31%. FEH K/Na & &3n, £ErS
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HnE) 0.326wWt%, FMIEALBE S BRI 22.56 F1 9.26 kd/mol.
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B, T B PR, S S AT D e R AR A
FL T COp HM AN [H] £ KoO H2 5K Ak B, R K0
HIEAAE R, I SR 2 0 25 1 0, B T 3 K
K AE B T T e BT RS CO, IR ZE RN
Wi, &5 SR W IN S A 0 R THT SRR 2 14 .

ARG R S P IR R B R I K JE, idb CO;
PR, H s S AP B RAR RS & AUk
B TR BRI, 2EOEP N 77 A KR K Z&IR. #8050
BT R R, RS CO MK MG, Btk
I, PRSI R, HIKERURBEFE IR
R 8 FLAE  FLBR R AL R AR EL 5 CO2 OB fE 1S K.
TSR T Ik 5 /K2R COp [ B IV 17 22 3¢
AR 5KZER B E R S COy [N 2~7
W, mET R R ZE K ZE /DN, lwanaga IO N
1150 C MER 5/KZERIIR ML S COy MR 5T
FKIl, 1700°CH & HERK N A TR

H AT 78 2 405 CO,p XK 254 3K 287500 &
B R BRI, K ZEVRN B AR R B

Wi Jz COp F7K Z&VART A IR 25 10 7[R It R 2. ARSI
W T R A B K/Na £ R S COp FZKZE VR R B 1)
SRR, SAER. SR, 454 KINa SFAAL RN
FUGIRFE . B SR B A s RS AL B RIS, o B T
K/Na {4054k 5B A3

2.1 MRS
SR i I A R 8 S s LA R EE A A P v e A, L
TAb e R InR 1 s, KRR 2. Rk
Al No(4hE 99.999%) . WS /& COL(4H 5 99.99%) K
P BURERI AR A J] A7, KONZRTEIK, KoCO3 A1 Na,COs
053 Mt st (B 25 4R Bk 22 lGR A BR A 7).
F1 EROTUHIHER
Table 1 Results of industrial analysis of coke

Component Fixed carbon ~ Moisture Ash  \olatile S
Content/wt% 84.31 0.89 1282 125 0.72

2 HRBVRTHERR
Table 2 Composition of coke ash

Component CaO SiO, Al,O3

MgO K20 Na,O FeO TiO,

Content/wt% 3.04 48.57 32.92

1.17 0.62 0.43 6.52 1.70

22 LWREEHE
2.2.1 AN 4 A R ) A
BEREFEBONE 1 Pz B il R A3 & (5
HEZREEASENWFAEE)SH, JE77-0.095 MPa
T A 20 min, FTAERIR T TE N G AN R
JE (2wt%, 4wt% 1 6wt%) ] Ko,CO3 5 NaCOs i& i, J%
VEVR IR T4k S A 20 min, SEEE R, fERRERSE
TTRUE 12 h ALV TS o BN R IR AR,

Vacuum gauge

é —| Valve

Connecting

vacuum pump

Treatment cylinder

Bl 1 AR A %R
Fig.1 Schematic diagram of experimental device for
alkali adsorption

A &R & &R ERE RS, A OPTIMA
5300DV HLUEFE A 55 B TR R LI (ICP-OES, £
Perkin-Elmer A &)/ #r H AR sifx K 1 Na & &, 1=
AR (B 5 AR S o I I A5 ), S5 Rk 3.

# 3 TR K/INaiRE THFIERD KINa BEREEREH
Table 3 Content and enrichment times of K/Na in coke
with different K/Na concentrations

Alkali solution Content of K/Na

concentration/wt% in coke/wt% Multiple
KoCO, 0 0.066 1
2 0.514 7.79
4 0.797 12.08
6 1.178 17.85
NaCOs 0 0.045 1
2 0.326 7.24
4 0.727 16.16
6 0.994 22.09

2.2.2 FERISAL SN
SRS RE E WL 2 Fos, AR R VAR 500 mm,
42 80 mm, EERERE E 100 mm. B EL4E 21~25 mm [
BOREER, 120°C FTHE 4 h. ¥ 200405 g FEIR TN X
Riggr, LA 10 C/min R IR 2 Limin No /3. 1A
FI| 520635 15 (900, 1000, 1100, 1200 °C)J=1EHR 30 min, ]
HUiE 5 Limin S8R (CO, 8K Z87R) OB 2 h,
SEAGEE RN No 2. SEBE 2 R ARG 2 min id3k 1
AR TR, THEAERIETE x(%), AT
X(%)=(mo—mt)/(MoC)x100%, 1)

FH, mo AR HITHE R T R (Q), me Mt 2R R ST (),
C A v ] 58 B 15 5 (Wit%%).
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Fig.2 Schematic diagram of experimental device for coke gasification reaction

2.2.3 FE IR SN R s N e N

ML 4 A 9 [ 7 M 45 % (Coke Reactivity Index, CRI)
K¢ SN J 3 B (Coke Strength after Reaction, CSR)i{5 /7
1% (GB/T4000-2008), T 1100°C F k47 £ 5 S AL S M.
LU A A U ARRE, HERRRREE, THEAER I RN MERR
. WG EERION | BURG S AT SRR SR, R
A 20 r/min, FIA]Y 30 min, S2IG4E oS B SEI6RE
aEEAT IR Ay . FREE, PRI RN R

FEIR (1 S SVEAR L CRI(%)THEL A0 T -

CRI(%)=(mo—mz1)/mox100%, 2

A, moRRN 2 hJE B R FIR A R ().

FEIR N 58 CSR(%) T W1 T

CSR(%)=(m2/m1)x100%, (3)

o, mp R SR R R KT 10 mm AR IR TR (Q).
2.2.4 FEIRSAL BB G R B

HUE A%E 5~10 mm Y £E L 150040.1 g, LA 5°C/min
HRFFETHR, AR S COz UK ZUR NI i
R, FFELEA 4 Limin CO, B/KZEIR, LERYS CO,
AN JE A CO B A 3vol % fl i FE A s 3 B
S UERER, RMERSH CO E&ik 97vol%Ht

I8 E R B s B T s R 5K ZR VR R N B AR
CO/H, & &1L 1.5vol%I IR EE e B B B P AR TR
BASH COM, & &8ik 48.5vol%It (R )5 i Z & b5
.
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31 WEBEXMERSUENTIN

ANIA] K/Na & & £ R 7E 1100 'C R 5 CO FIK 7K
RS ME 3 FioR. HER %, B K/Na & &3
o, FEIR AR B E IR, fERT K &5 H 0.066wt%
WA 1.178wt%HT, fERE CO, M S Z H 28.65%
B4 59.97%, SUKZRAMRMN S B 59.44%1
4 84.86%, “ALF ) HFAER 1.55 A1 1.43 5. FER
f Na & H 0.045wt%H & 0.994wt%lf, 5 CO, 3K
IR P S A 5 Hil - 28.65% 36 2 65.79% . H
59.44%38 %% 81.72%, “SALZSH & JF AR 2.30 Fi1 1.37
& ATRUEH, R EKERPANWRNE TS CO, 1)
S, BE KINa & 8380, MRS CO, 8K 2R R
SAER BN, HZEER/DN; KNa d£ERYS CO, 8
IR ISR N AR AR R, BRI CO, ML)
LA 5T 0 B 0k 5 7K 287U B R .
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Fig.3 Effects of K/Na content on gasification rate of coke reacting with CO2 or steam
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3.2 WEBIERSULEENF M

AN[H) KINa & & AR 4E 1100 °C R 5 CO, Bk 7815
SIS A2 4 s, B A, KINa & &,
FERE CO, BUKZEIR ML ER AR, FER 5 CO,
SSEIR AN 6 — R AE SN FF AR I Bz v, i S SR A T3
/N, X T K/INa Il TR 5 CO, AL B
[2(4)102,  Js W FF A o A 33 256 H T S SR P 7 e
[FR20, Bl SORCEAT, AR R BRI N /INFLT R RAL, R
NSRS B R Rl LR AN, N HRPH 288K,
SATE TN, R 5 KR IRR B S TE AT
15 min Bk 2K, X2 TR 5K 2RI RV E

Z4[30(5), (6)]M, RS SRS IEFRAAE, K
JEASUR NEFEKZEIR, FRIR T SRR IOV R /K 28R E
B, HRAERETZI, 2K R SO B )5,
FEIR 5K 2GR R NORZ 5K ROV EAT, R
LR K, RN B R B ) L R AR, N
PRI

C+C02->2C0O, AG=162790-167.8T J/mol, ()

Ce+H20—>2CO+H,, AGn=266600-288T J/mol,  (5)

CO+H20(¢>CO2+H2, AGn=—29490+26.8T J/mol.  (6)

1.2 | Coke reacting with CO, 1.2 L Coke reacting with steam
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Fig.4 Effect of K/Na content on gasification reaction rate of coke reacting with CO or steam
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Fig.5 Relationship between Ink and T~ of coke reacting with CO2 or steam fitted by shrinking unreacted nuclear model

3.3 WEBXERSUR BT IEEL RN

A B T AR TE AL 2 T AR TR AL A BT R
REE, &R NVAME SRR RAL. Wi i H R K &=
4 0.066Wt%, Na 2 &4y 0.045wt%), 2% KCO3 I AL FE
S BRI (K & Bl 0.514wWt%) Al 2% NaCOs IE AL FE
IR IR (Na & Bl 0.326Wt%) 5 CO, BR/K 72875 S M [ 22
MEARE AT LLAR, W] — o A2 B e sl 4 Jeg o A
NLfIEEIE. fEIR 5 CO MK Z&VR B AR SIS 22 FL I 4
AR A SN, 5 AR R S AZ IS AR R AR S, J5

£, KoCO3 Fll Nap,COs ¥ i AL Ji5 A2 IR 7E 900~1200°C R

AT SN, Ko SE I8 E s FH — AN ] 3 e v Mckewan

JIRE[A(T)A B, RGN R FH K, ] Arrhenius

2 56 o A [0 (8) A1 (9)] i H & M I M iE b BE Ea
(kI/mol)91, 25 5L L] 5 FI5K 4.

1—(1-x)M3=kt, (7

k=Aexp[E«/(RT)], (8)

Ink=InA—Ea/(RT), 9)
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K, K R SOE B (minY), A SRR T (minY), T
AR E (K).

R4 ERE CO gk FE R R ARV ELAE
Table 4 Apparent activation energy of coke reacting
with CO2 and steam

Reaction Apparent activation Frequency
gas Coke type energy, E/(kJ/mol) factor, A/min~!
CO, Raw coke 149.30 5.41x10°

K 0.514wt% 124.98 8.07x10*
Na 0.326wt% 126.74 9.08x10*
H,O Raw coke 107.95 2.22x104
K 0.514wt% 95.25 1.13x10*
Na 0.326wt% 98.69 1.65x10*

& 5 158 4 AI%, K,COs/NaCOs AL 5,
R 5 CO, BUKZRR M IR RE PR, 5 A4
b, K &8 0.514wt%ak Na &5~ 0.326Wtd% )£ %=
55 CO2 [ M7 fREAGRE 43 Il FEAIK T 24.32 1 22.56 kd/mol,
5K ZR N A RE 2 I BEAIC T 12.7 F119.26 kd/mol.
LRI, A2 CO, J B 4 2 WL i A4 e PR ATl 82 L
B KRR R, KINa ik 7R S s, H

70 CO, —o— —=— o
| = Steam—o— —0— o— |
60 - \ 460
sl e
L . 1
40 | D\
. ]
i 430
30 - g ]
— TTT—— 2
20 T H N B B

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Content of K in coke/wt%

Coke reactivity index, CR1/%

Coke strength after reaction, CSR/%

XHEEIRE COp SRS I AL A FH B 5.
3.4 WEBMERASHEREAEI

FE R IR R R P EE R 1) OB 1 45 2 (CRI) A
IS Ji5 58 5 (CSR)ZR 7. HH I 6 R A1, 24 K 5= M 0.066Wt%
B INE] 1.178Wto%H , £ 5% 5 CO, b CRIFE I T 27.94%,
CSR FEIK T 24.98%, fEIR5/KZIRXMN CRI T
19.59%, CSR B#{% T 20.19%. Na & & M 0.045wt%3 i
F1] 0.994wWt%f , £k 5 CO, [ M) CRI 340 T 30.15%,
CSR [#MIK 1 37.66%: £k 5/KZ&RIME) CRI ¥hn T
17.20%, CSR F#{ T 21.68%. T K/Na fi:fb HE5 [ v
AR 5 S A BAE S BRI A AR, K
SERERERMEA. MR, Na SERIEM
TE BN ERRE R #5164, %ltﬂ’%ﬁﬁ}ﬁ%ﬂ@ﬂﬁﬁiﬁ”&
3N G AT, HHUERT AL, BE K/Na S8, MR
RN VEFRECR BTG, RBEIREE 2T B,
K/Na xR 5 COp IS AE FH RT3 Ak 57K 28
IR B R PREAGAE .

7o €O, —— —m— ., 170 ¥

ES Steam —0— o/ 1 %
& 60 J60 =
< 1 g
T 50 / 150 8
< | -
S 40| 440 %
3 | s
j=2]
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Fig.6 Effects of K/Na on coke reactivity index and strength

S

< 100 -

2 L

&

> 80

(%]

Z I

£ 60

QJ L

=

S 40f

o i Na content/wt%
5 20 —a—0.045
c

) [ —o—0.727
= b

S 0r

o

L P S S S NI
600 700 800 900 1000 1100 1200 1300 1400 1500

Temperature/'C

Bl7 Na

100 - Coke reacting with steam

Content of CO in exhaust gas/vol%

L L 1 L 1 L
1000 1100 1200 1300

Temperature/'C

600 700 800 900

BT FE R U S5 N Y S T i RE AT R 22 s 7 i P2 ) 52

Fig.7 Effects of Na content on apparent start temperature and severe reaction temperature of gasification reaction
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3.5 WEBXER SR AR FiRIEE IR0

TR Na AR R AR N B B IR IR FE 5
SN AR S Bl B AR 2K (4) AN (B) T 53K S BT 46 T
FELNEE 7 F15% 5 B, AT UL Na & &0 0.727wit%l1 £ 7%
5 CO, KRASAMIR NS, FHUA R BIRE N 760°C, A
FE(Na &5 0.045Wt%)FEAIC 170°C, A NI A
1260 °C, B JFAEFRAIK 165 C. 5K R ESM NI,
FFUE R MR E S 740°C, BRAEFEK 20°C, WA R BIR
FEH 1090°C, #JFAEFK 80°C. ATLIEH, HEREK
ZEVRSE 1R B SR U IR R A R I B B IR T S
CO. IS B Na Zr&EFm, FERE CO RV
FEUG IR 5N R B B A KBRS, Na xRS
COL A B B S U3 F8E 5 W B e 7 I P s i KT
X FE IR 5 7K ZE VAR SR

®5 ERSURNARTFHBEMNIIRLEE

SERRME SIBILERIXTEL

Table 5 Comparison of temperatures of actual start and severe
reaction with theoretical values of gasification reaction

Actual temperature/"C

Reaction Theoretical -
Apparent start Severe reaction

gas temp./C
Na0.045% Na0.727% Na0.045% Na0.727%

CO, 697 930 760 1425 1260
H,O 653 760 740 1170 1090
4 @

WA T AR & &) KINa SR 5 CO, Bi/K 754
RS, 133 DL 4518

(1) K/Na X} £k 5 CO, BK 8 VR AR N I AL AR
M, HEFIEREE, WMERE CO SR
TERR TR R SKZEIR R B E R, SR K&
& 1 0.066Wt%H N3] 0.797wt%, K5 CO, FIKZEIR
AR [ SEPEFEES I3 N T 23.05%F1 14.52%,
SN S5 B IR B AR T 21.4% 41 15.26%; 27 Na &
B 1 0.045wWt%H N3] 0.727wt%, R CO, FIKZEIR
AR [ SEPEFRE o B3N T 23.17%F1 14.35%,
S JE BE IR SRR T 27.55%F1 18.31%.

(2) KINa X} £k 5 CO, B/ 7815 I M. 1 AL 2R 5
MR, FERH K & 0.066wt%IsE ] 0.797wt%,
FEIR 5 COp FHZK ZE IR ML 5 K 2843 3l 386 K 54%/min
A 40%/min; £k 1 Na & 2= H 0.045wt% 3 jin 2
0.727wt%, £E7K 5 CO, FHZK ZE IR S WL R 5 K R S 6 73
5il48 K 50%/min Al 34%/min. % 5 CO, [ b 4k i
HAE R PFF I B K, R 5K 28R B S E 2
AR IR A SN RN IR RS S R 5200, AE KRS B
REPPET G, SR SR ZR K

(3) ik KINa &&EHIM, FERYE CO, FIKZER

SN B S AR B SR S i P R I N R TS AL e 1)
BEAG, SR04 S o) £ R ) SRR REE A A A FH ) B i
Al HExh Na &8 0.045wt%H N 0.727wt% £E%
5§ COp K ZEIR SN 1) W SB HFaRRRE 43 BRI 170 AN
20°C, WEUNLIR 43 ) B 165 A1 80°C. Na & & H
0.045wWt% 3 i F 0.326wt%, =15 CO, AI/KFRIR M
(2RI IE A RE 73 ] FEAIK 22.56 F19.26 kd/mol.
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