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Abstract: Through mechanical-mixing method, the oxygen carriers were
prepared with phosphor gypsum (PG) as an active component and bentonite
(Ben) as an inert support. In order to improve their reactivity, PG-Ben
oxygen carriers decorated with Ni,Cu,Fe were prepared by mechanical
mixing —-impregnation method. The physical and chemical properties of
these oxygen carriers were characterized by X ray diffraction and N,
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absorption —desorption measurements. The reactivity of these oxygen
carriers in coal chemical looping combustion was performed in a fluidized
bed reactor. The results show that the reactivity of the decorated oxygen
carriers is improved as its surface area increases and Ni—-PG-Ben oxygen
carriers exhibit better performance than the others. The reactivity of Ni—
PG -Ben oxygen carriers is enhanced by the increase of impregnation
increment. The volume fraction of CO, is above 80% in 12 cycles. The
carbon conversion rate decreases from 0.114 min® in the first redox test to
0.077 min™ in the fifteenth redox test. The performance of Ni-PG-Ben
oxygen carrier decreases because of the generated CaNiSi,O; which does
not have catalysis effect and the loss of Ni which can catalyze the process
of coal gasification.

Keywords: coal; phosphor gypsum; chemical-looping combustion;
oxygen carrier; fluidized bed
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(PG) ,
(Ben) PG-Ben , !
, Fe,0;,CuO NiO Fe- 1.1
PG-Ben ,Cu-PG-Ben ,Ni-PG-Ben , 4 (PG) 1 , CaSO0,-
, 2H,0 78.07%, Si0,
o Fe,05,ALOs F, o
Ni-PG-Ben , , 100~
Ni—-PG-Ben o 200 pm , 2,
1
Tab. 1 Chemical composition of PG
H,0 CaS0,-2H,0 Si0, P05 Fe,0; K0 ALO; MgO F

/% 12.2200 78.070 0 7.148 0 0.457 0 0.093 6 0.049 5 0.033 4 0.019 0 0.140 0

2

Tab. 2 Industrial analysis and element analysis of Qujing lignite coal

1%
/
(MJ-kg™)
C H N S 0]
14.6 12.6 34.2 38.6 51.80 3.70 1.30 0.20 16.00 19.34
, ( 40 kV, 100 mA,
) , 3 0.02 (°)/min, 10~90°,
, PG-Ben . Fe-PG-Ben ,Cu-PG-Ben :JSM-6700F
Ni-PG-Ben 4 o : , JEOL )
, 8.0kV, INCA X ( Oxford )
o 4 o
Fe(NO3);+9H,0 ,Cu(NO3),+2H,0 \Ni(NO;),-6H,0 N, - :ASAP2020
, , Micrometrics , -196 C
o , ° N, -
DJ-40 QC-180 ( plpo 0~0.25 , BET
) o (Brunauer—Emmett—Teller) ;
90 °C 24 h, 950 °C BJH (Barrett—Joyner—Halenda) ,
3 h, ) o
98~180 pm o 1.3
1.2
: D/max-2500/PC X , 1 , ( N )\
Rigaku , Cu , Ka , A 0.154 06 nm, N . N
3 o , o
Tab.3 Preparation conditions of PG-based complex oxygen carriers o
PG-Ben N 6:4
Fe-PG-Ben N JFe0s 6:3:1 . ;
Cu-PG-Ben \ .CuO 6:3:1 ’
Ni-PG-Ben N NiO 6:3:1 ’
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Fig. 1 Experimental setup of coal chemical looping combustion
51.2.80.1° CuO ;
4 20  37.2.43.3.62.9° NiO
Tab. 4 Experiment conditions , 3
o N, -
o 4 5.
, PG-Ben
/(g min™") 0.55 /(L-min™) 0.4 063 mz/g, Ni—PG—Ben
2.10 mYg.
Ig 34
Ig 1 ’ ’
/°C 900 /°C 900
/min 30 /min 30
1.4
1) Xc(%).
12 } . V (@cot@co, +@cn, )dt
Xe= 2 dman x100%, (1)
ot ,min; V
,Lipi CO.CO, CHy)
) % 3 My
> 85 Pt 2 X
, %, Fig. 2 XRD patterns of complex oxygen carriers
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5 Ben 88.35%, 3
Tab. 5 Surface area of complex oxygen carrier particles , Cu0 NiO
PG-Ben Fe-PG-Ben Cu-PG-Ben Ni-PG-Ben s NiO
/(m’g")  0.63 1.98 1.19 2.10 CuO o
4
’ 4 o 4(a)
© PG-Ben
’ © . CO.CH,
2.1.2 , H,
4 ’ , PG-Ben ,
PG-Ben 3 ) Fe,0s
’ CuO CO, °

3. : P= 4@@—@ 900 °C ,Ni-PG-Ben

,CO, 10 min ,
26.74%, CO, 3 , H

PG-Ben ,  NiO

PG-Ben °
6 4
CO, o ,PG—Ben .
Fe-PG-Ben ,Cu—PG-Ben Ni-PG-Ben
3 CO, PG-Ben 90% ;4
Fig. 3 Carbon conversion over different oxygen carriers as function 67.53% |
of time 75.71% .75.49%  81.64%,
(a) PG-Ben (b) Fe-PG-Ben
(¢) Cu-PG-Ben (d) Ni-PG-Ben
4

) . Fig. 4 Gas concentration with different complex oxygen carriers in chemical looping combustion )
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Tab. 6 Combustion efficiency and CO, capture efficiency of ) Ni
different oxygen carriers in chemical looping combustion
s s
1% CO, &% Ni s >
PG-Ben 67.53 82.82 o
Fe-PG-Ben 75.71 92.73 2.3 Ni-PG-Ben
Cu-PG-Ben 75.49 99.98 ’
Ni-PG-Ben 81.64 99.97 "o Ni-
PG-Ben , 3
PG-Ben , Ni—-PG-Ben 15 o 7.8 Ni-PG-
, o Ben 15
2.2 NiO Ni-PG-Ben ° 7 ,
2 ,
o o
5 , 1 0.114 min™'
o , NiO  PG-Ben 15 0.081 min™',
, NiO °
, 10% NiO
s 0.114 3 min™', 6 CO,
H, o , S5 min
s s
7
Fig. 7 Effect of cycle times on carbon conversion rate
5

Fig. 5 Carbon conversion rate as function of

different impregnation increments

6 CO, H,
Fig. 6 Variation of CO, and H, concentration as function of

different impregnation increments
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Fig. 8 Effect of cycle times on average gas concentration
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Fig. 9 SEM images and EDS patterns of Ni-PG-Ben before and after cycles
, CaS0,.NiO CaNiSi 0
, ,Ni
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3
1) PG-Ben
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Fig. 10 XRD patterns of Ni-PG—-Ben before and after 15 cycles
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