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Abstract: Two types of char were made through rapid quenching in liquid nitrogen (Char-Q) and natural cooling

in argon (Char-S). Systematic comparison was performed for the chars in terms of structure and gasification

characteristics measured in the micro-fluidized bed reaction analyzer (MFBRA), a well-proven isothermal reaction
analyzer developed by Institute of Process Engineering, Chinese Academy of Sciences. Char-Q had the higher

surface area but smaller average size of pores, while Char-S from slow cooling showed higher degree of

graphitization. Gasification tests in MFBRA demonstrated that Char-Q had obviously higher reaction rate, and
activation energy determined according to the iso-conversion method was higher for Char-S. Particularly, MFBRA

enabled the determination of activation energy not only for the overall C conversion but also for the formation
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reactions (a reaction system) of every individual gas component, thus allowing a rather comprehensive analysis of

the reaction nature. Consequently, in order to get the gasification characteristics close to the hot char intrinsic

nature, Char-Q should be used, while MFBRA provided as well a more effective instrument for measurement of

the differential reaction characteristics involving steam agent.
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Fig.1 Schematic diagram for char preparation experiment

1—gas cylinder; 2—mass flowmeter; 3—screw feeder;
4—-celectric furnace; 5S—quartz tubular reactor; 6—thermal couple;

7—temperature controller; 8—char collector
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Table 1 Proximate, ultimate analysis of Fugu coal and chars

Proximate analysis (ad)/% (mass)

Ultimate analysis (daf)/% (mass)

Item
M A A% FC C H N S (6]
coal 4.57 4.44 33.75 57.24 82.92 4.66 1.26 0.22 10.94
Char-Q — 8.72 5.98 85.30 86.34 0.51 0.98 0.16 12.01
Char-S — 8.64 5.75 85.61 87.43 0.61 0.90 0.20 12.86

Note: ad—air dry basis; daf—dry and ash-free basis.
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Fig.2 Schematic diagram and experimental facility of MFBRA

1—gas cylinder; 2—valve; 3, 8—mass flowmeter; 4—three-way valve; 5—water tank; 6—pump; 7—steam generator; 9—electromagnetic valve;

10—sample; 11—sample container; 12—quartz tubular reactor; 13—electric furnace; 14—thermal couple; 15—fluidizing medium;

16—pressure sensor; 17—condenser; 18—vapor-liquid separator; 19—dryer; 20—PMS
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Fig.3 SEM photograph of chars by using different cooling methods
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Sample  Sper/m’* g Spiwo/mc g Viw/ml * g D,/nm Table 3 Crystalline structure parameters of tested chars

Char-Q 6.769 3.675 0.008287 1.197 Sample doop/nm L/nm L,/nm N/nm

Char-S 5.013 3.073 0.007303 4.578 Char-Q 0.372 3.27 38.09 8.79
Char-S 0.409 34.72 91.42 84.80

Note: D,—average diameter of pores.




° 3452 -

T

L

65 %

Kl 5 45 HY T 2 EEAE 800~4000 cm ™ Vi I N H 4L
AR HTEE R, R LLE Y, 900~1300 cm™'
LI 2 O—H. 1500~ 1670 cm™! b & C=C
F13250~3500 cm ™' AL FIEESS O—H FIHIZE R SR
IR I, Char-Q #J5T Char-S. 454 XRD iHH

Char-Q

Char-S

_/\

|
3500

a
J’J\»]\J

| | |
3000 2500 2000

wavenumber/cm-1

K5 WA £ SRS NS KR FTIR K%
Fig.5 FTIR spectra of chars made with different

| |
4000 1500 1000

cooling methods
a—phenols O—H, 900—1300 cm™'; b—aromatic ring,
1500—1670 cm™'; c—alcohol O—H, 3250—3500 cm "

1.0
0.8+
o Char-Q-H,
o 0.6+
T m Char-S-H,
Gt
=]
< 041+
02+
0 -
I ! I | | I
0 20 40 60 80 100
t/min
(a)
1.0+
0.8+
o Char-Q -CO,
8“ 0.6 m Char- S -CO,
=
(=}
T 04
02+
0 .
L L ! | | |
0 20 40 60 80 100

t/min

(©)

H ARG SEOT LG, Char-S 572 A
HEE L 5AEERER L, mT Char-Q, K
Char-S 7ER IR, 7 FILEMHIL T 5 2 1945
Fro PRI RS BC R AT T A 45 A

RENHGK, FBURZDLGEMNAL, FBIKT P45

I -
22 FEKERSSMEFHE

6 NANEAE T PR g 5K R
850°C S A E SR (Hy s CO COL) RN A iR
FBR L AR B ] (1) A8 10 . SAIRSE 850°CHY, [A]
— % Char-Q [1) 3 F 54k (H,yw COL COo)IAHRT A=
JRFRI KT Char-S [ FEXT AR e s BRIL AL
KFE, BBFE—BFENZE Char-Q Fit g [ NI ]
LT

7 R AR 5K ZESAE 850°C AL AR L
SAEHaw CO COL) TR I Jiz 33 28 it AH %o AR e
AR, . SAGIRE 850°CHF, M 3 FiAE /SR (Hs.
CO. COp FH, [F—"EMNARET Char-Q
FEA NSRRI E KT Char-S ) EHE A
BRI SRR AR IR R, [F— kAL

1.0~
0.8
o Char-Q -CO
g 061 = Char-S-CO
Gt
=]
< 041
02+
0 -
| | ! ! ! |
0 20 40 60 80 100
t/min
(b)
1.0 -
0.8
o Char-Q -C
o 0.6 m Char-S -C
Gy
=]
= 04+
02+
o0k
! ! ! ! ! !
0 20 40 60 80 100

t/min

(d)

Blo PAKETTMER M COv CO)RIAMF LR AL, C FeAb APl A Y224 (850°C)
Fig.6 Relative yields of product gases (H,, CO and CO,) and overall carbon conversion varying

with reaction time for char-steam gasification at 850°C
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Table 5 Comparison of activation energy for steam

gasification
Method Source Sample 7°C E/KJ + mol”!
MFBRA this study Char-S 850—1000 172
PTGA this study Char-S 850—1000 178
TGA Ref. [31] XYCC 900—990 179
TGA Ref. [32] DI 800—1000 178
3 % i
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