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Backgrounds

Coal gasification process
U Anefficient way for the comprehensiveutilization of coalresources

Coal gasification in H,0/CO, mixtures (Co-gasification)
U An important approach that allows for green, low-carbon, and sustainable
development
Catalytic gasification
U Areliable method that canreducethe energyconsumption,decreasethe capital cost,
andimprovethe energyconversion

Catalytic gasification in H,O/CO, mixtures in the fixed bed gasifier
¢ Reducethe amount of phenolicwastewater, limit the emissionof CQ, make full use

of the carbonsource
¢ Reducethe operating temperature, acceleratethe reaction rate, and provide’
selectivepathwaystowards production of desiredgases 5
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Porous structure of coal char
Dispersity of CaO on the char surface
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U Shedlight on the interaction between Caand Naon the reactivity of coal gasificationand

characteristicof charin H,O/CQO, mixtures
U Revealwhether and how sodiumcanpromote the synergisticeffect during co-gasification

with calciumparticipation




Experimental-Coal sample

Table 1. Proximate and ultimate analysis of WCW

Proximate analysis (wt. %) Ultimate analysis (wt. %claf)
M_4 A, Vaf C H O N S
10.3 4.1 32.7 78.3 3.6 170 0.6 0.5

Note: ad: Andried basis; d: Dry basis; dafy and asHree basis; *: By difference

Table 2. The ash chemical composition of WCW

Ash analysigwt. %)

SiOO FeO, ALO, |[Cad MgO SQ |NaO| KO Tio
19.6 4.4 6.6 |45.00 107 18 |22| 03 14

WCWecoald d High Ca and Na



Experimental-Preparation of Metal-loaded coal

Coal 1g:HCI(6 M)10 ml E]

i , > ——» WCWC
Stiring for 12 f [ °G] Filtration
\NC\NC 1 nHE(7 A NN1N ml Sty [—I

Table 3 Ca and Na contents of metdbaded coal samples

Coalsample Amountsof Ca Amountsof Na

CaWwCWD 1wt.% 0.25mmol/g” T

CaNaWCWDI 0.5wt.% 0.125mmol/g~ 0.3wt.% 0.125mmol/g~
CaNaWCWDII 1wt.% 0.25mmol/g™ 0.3wt.% 0.125mmol/g™
NaWCWD T 0.6wt.% 0.25mmol/g”




Fig. 1. Thermal gravimetric analyzer
(NETZSCH STA 449F3)

Rotameter Syringe pump
M > Deionized water
P Q\}:) E v Inlet thermo
. Steam L, Digital Tem.
— W Y generator ’_b Readout
[ | |L| _{Outlet thermo
= b
MFC 5
—» Heating collar
CcO,
N S > Trasferline
Thermal y Data
T=f(t
analysis —()b TGA » Acquisition

Fig. 2. Schematic diagram of TG system

Sample:Metal-loaded coal(10+ 0.5 mg; less than 0.178 mm
Gasification temperature800°C, 85®C and 900C(Heating rate:10°C/min)

Gas flow:200 mL/min

Gasifying agent100% HO, 100% CQand 66.7% kD+33.3% CO




Experimental-Data analysis

i Carbon conversion x = _Wo™ WM
WO- Wash
. . o dX/ dt
U Normalized gasification rat& K = —
g % mp K=In4/ D

U Experimental value oKduring coal gasification in }0/CQO, mixtures
Kcal = XKHZO +yKCOZ
U Reactivity difference between CAlaWCWDI and CatWCWD/NawCWD

DK :KCa- Na WCWD - | max{K Ca WCWIDK Na WCV\}D

U Reactivity difference between CAlaWCWDII and CatWCWD

*
DK :KCa- Na -WCWD - | IK Ca WCWI



Results and discussion-Coal gasification reactivity\\ ¥/

Combined effect of Ca/N

a during catalytic gasification
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Impact of Na on the synergistic effect
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Fig. 4.Gasificationreactivitiesof CaNaWCWDII at
different gasification temperatures
U Anobvioussynergybetweenthe CQ
gasificationand H,0O gasificationwas
—=— 900 1% Ca-0.5% Na-WCWM H .0 200 observed during co-gasification of
—e— 90C0°C 1% Ca-0.5% NaWCWM CO, 200
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Impact of Na on the synergistic effect

Table 4. Comparison of reaction rates for-GlaWCWDII and CaNCWDat 900°C

Temperature Gasification agents Coal sample K (mint) K, /K, DK (min?)

CaWCWD 0.669 T
100%HO 0.401
CaNaWCWD I 1.070 T
CaWCWD 0.350 T
900°C 100%CQ 0.216
CaNaWCWD I 0.566 T
CaWCWD 0.669 1.189
66.7%H0+33.3%CO 0.528
CaNaWCWD I 1.197 1.328]

U Thesynergisticeffect during co-gasificationof CaNaWCWDII is more obviousthan that
of CaWCWDat 900°C
U Sodiumpromotesthe synergisticeffect causedby calciumcatalysisat hightemperature

11



Results and discussion-Char characteristics

H,0+CQ

asified chars for Ca-Na-WCWD-II
Ko (1)

(2) (2)

P P

(1) Fig. 5.SEM images of partiallgasified chars for Ga
Na-WCWDII obtained in CQ H,0O, and HO/CG,
mixtures at 800°C

° U Ca/Na bearing phases on the
(2) surface of partially-gasified char in
H,O/CO, mixtures were well
distributed with uniform shape at
800°C




