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ABSTRACT: The sol-gel derived CuO/CuAl,O, oxygen
carrier was investigated in N, surroundings in a fluidized bed
reactor to test its oxygen release properties. The results
illustrate that the Cu-based oxygen carrier release oxygen at
774, and the oxygen concentration increases with the rise of
temperature. Then six coal chars were tested in the reactor to
clarify their performance for chemical looping with oxygen
uncoupling (CLOU). The operation temperature and the
volatiles in the chars greatly affect the reaction process, that is,
higher volatile and higher temperature lead to faster carbon
conversion in the chars (considering the time needed for carbon
conversion of 95%). However, higher volatile results in lower
CO, capture efficiency. Both of the CO, capture efficiency for
chars from Gaoping coal and Dong Huantuo coal are higher
than 99%, while the CO, capture efficiency for Shengli chars is
less than 95%.
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1
Tab. 1 Analysis of components in the fuels

1% 1%

Mar Var Aar Fcar Cdaf Hdaf Ndaf Sdaf

2.25 10.69 20.62 66.44 90.04 354 1.90 1.24
8.62 4159 35.47 14.32 48.33 4.11 0.85 0.48
246 26.18 27.27 44.09 53.12 351 1.03 0.85

20 min 2.98 8.03 25.53 63.47 65.72 1.35 0.93 0.35
60 min 155 7.57 23.16 67.72 76.52 0.46 0.94 0.33
20 min 6.59 8.41 23.15 61.84 84.83 1.25 1.05 0.44
60 min 1.95 8.01 28.38 61.66 68.69 0.56 1.06 0.48
20 min 6.15 11.49 25.15 57.21 70.34 1.00 0.84 0.15
60 min 6.36 10.33 38.39 44.93 53.53 0.97 0.74 0.46
2
2.1 -
25 1000
3
774 0O,
0,
50 min XRD
Cu20 CUA'OZ A|203
O,
N, 100s
(o)) 4
4005s) 0,
0O, 850

2% 950 (o)

10% Cu N,



17

11
12 1000 S
! \ 60
P 774 1800 < |
X 8 T 1
Y 1600 -
i I‘ \\ 30:
4 \,0 1400 i
i Y2 15[ 0 10 20 30 40 50
1 \ -
b {200 i \L
ol- 1/ SN 0 ; -
: - 0 100 150 200 250
0 20 40 60 80
s Is
3 —850 CO, —80 H, —85 CO, —885 H,
. o —900 CO, —900 H —925 CO, —925 H
Fig. 3 Oxygen release determination ? 2 ? ?
—950 CO, —950 H,
20 5 20min 850~950
CLOU

15¢

1%

10

ol_850, , , ,
0 100 200 300 400 500
Is
4
Fig. 4 Oxygen release profiles under various temperature
2.2
CO,
H, CO 0.15%~0.21% CH,
0
5
20 min CLOU CO;, H;
850~950
130s ( CO;,
) Co, 35%
CO;
35%~65%
H,
02
H,
CLOuU
60 min CLOU
6 5
20 min
800s CO,

Gas product profiles in the CLOU of 20 min
Shengli char under 850~950

Fig. 5

0
CO,

0O,

1%
1%

CO;
0

2000
/s

0 1000

850~950
CO, O,
Fig.6 CO, and O, concentration in the gas products for
the 60 min Shengli char under 850~950

6 60min

2.3

CLOU
CLOU Xc
&)
J Vi ©)(Ceo () + Ceo, (1) + Co, (D)l

C7 rtow (1)
4 Vs (1)(Ceo (1) + Ceo, (1) + Ceyy, (1))t

tO ttotal



33

18
30
DHT-60 60f DHT-20
&\o L
20 40+
S 20t
10 I
0
0 100 200 300
0 : n n n
0 1000 2000 3000 4000
Is
—850 CO»60 —900 CO,60 —950 CO,-60
—850 CO,20 —850 Hy20 —900 CO,-20
—900 H;20 —950 CO»20 —950 Hy-20
7
(DHT-60 DHT-20 60min  20min)

Fig. 7 Gas concentration patterns for the reaction of Dong
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GP-60 45) GP-20
g ¥ 3
6.
S
O 4_
2.
(0] Y e St sciericm
0 600 1200 1800
Is
—850 CO»60 —900 CO,»60 —950 CO,-60
850 CO»20 —850 H,20 —900 CO»-20
—900 H;20 —950 CO»20 —950 Hy-20
8
(GP-60 GP-20 60min 20 min)

Fig. 8 Gas concentration patterns for the reaction of
Gaoping char (GP-60 and GP-20 refer to the char
preparation time, 60 min and 20 min respectively)

S V() t mL/s
Ceo, (1) Ceo® Cen, ® t
CO, CO CH;, %
( dXc/dt ) 950 20 min
CLOU
9
CLOU CO, CO
CH4 CO, CO CH,
0~1.0
dXc/dt  0~0.065s™
20 min

950SL-20

950DHT-20

(dXo/dey/s™

E9 FEELET 950 CHRExaIEE LIRS

Fig. 9 Carbon conversion speed for different chars

under 950 °C
1.25~1.5
CLOU
20 min
8.03%
8.41% 11.49%
H, CO
5 6 20 min
H, 0.15~0.21% CO
60 min 2
CLOU CO,
20 min
H,
850 H, 2%
900 950 H, 5%
H;
Ho
CO,
Cco,

CLOU CO; 10



19

CLOU

11
CO, 400
= 300 00 JEE
60 min (GP-60) E P20
=
_ - i & 200
(DHT-60) (SL-60) 20 min 3 E -
(GP-20 DHT-20 SL-20) x »\’\‘
+
(GP FG  SL T e o
[18]) 860 880 900 920 940
co, RNERE/C
95% E 11 20 min FEPRREELERD 0.95 BRI AR E
CO, 20 min Fig. 11 Time for 0.95 (?f carbon converted in
the 20 min char
CO; 95%
CO, 88%~95% CO,
\"éy .
CO;, -
= a
ﬁ O/Z/ie/ﬂ/b
1007 o © o o9 GP-20 i
9Br 0o 0.00 : : : : '
§ 9% : : : : : 860 880 900 920 940
e ) KRR/ C
Eol T T A A T
O A T B 12 20 min EERBELE Y 0.95 B THELE
© 9 b . Fig. 12 Average conversion rate for 95% of carbon
88 i i i i E i E i ' converted in the 20 min char
¥ e ss5585 9 4 cLoU
o % > & % 7 950
( ) (1000 )
10 950 CO,
Fig. 10 CO, capture rate for various fuels under 950 2.4
6
Xc=0.95 13
0.95 to.05 CLOU
Xcavg ( 13(a))
X CuO CuAl,O
xCavg =—= (2) !
t 20000
850~950 toos 3~5um
Xcavg 11 12 13(b) CLOU
850 1um
380s 950 CLOU
1/2 to.05 CuO CuAl,04
1.5~3.0 Cu,0 CuAlO, Al,0;
2.5~45



20

33

(b) 950 6 cLou

13
Fig. 13 Oxygen carrier microstructure

3
CO,
1 - Cu
CuO CuAl,O, CLOU
CuO  CuAl,0O4 CuO
CUQO CUA|QO4 CUAlOz
Al, O3
2
CO,
3

[1] XiongJ ZhaoH Zheng C etal An economic feasibility

(2]

(3]

(4]

(5]

(6]

(7

(8]

(9]

study of O,/CO, recycle combustion technology based on
existing coal-fired power plants in China[J] Fuel 2009
88(6) 1135-1142

[ 2009 29(29)
35-40
Zhang Ligin Song Qiang Wu Ning et al Study on
pollutant ~ emission  characteristics from  oxy-fuel
combustion of coal with recycled flue gas[J] Proceedings
of the CSEE 2009 29(29) 35-40(in Chinese)
Mattisson T Lyngfelt A Leion H Chemical-looping with
oxygen uncoupling for combustion of solid fuels[J]
International Journal of Greenhouse Gas Control 2009
3(1) 11-19
Moghtaderi B Application of chemical looping concept
for air separation at high temperatures[J] Energy &
Fuels 2010 24(1) 190-198
Li Z Zhang T Cai N Experimental study of O,-CO,
production for the oxyfuel combustion using a Co-based
oxygen carrier[J] Industrial & Engineering Chemistry
Research 2008 47(19) 7147-7153
0,-CO,
[J] 2010
31(3) 527-530
Wen Yuanyuan Li Zhenshan Zhang Teng et al
Experiments of 0,-CO, gas mixture production in a
fluidized bed reactor with Co-based oxygen carrier[J]
Jounal of Engineering Thermophysics 2010 31(3)
527-530(in Chinese)
Shulman A Cleverstam E  Mattisson T et al
manganese/iron  manganese/nickel  and manganese/
silicon oxides used in chemical-looping with oxygen
uncoupling (CLOU) for combustion of methane[J]
Energy & Fuels 2009 23(10) 5269-5275

[J1 2011 31(35)
90-96
Zheng Ying Bian Guan Luo Cong etal Investigation
on the preparation and oxygen desorption ability of
different perovskite-type sorbents[J] Proceedings of the
CSEE 2011 31(35) 90-96(in Chinese)
Rydén M Lyngfelt A Mattisson T CaMngg75Tig.12505 as
oxygen carrier for chemical-looping combustion with
oxygen uncoupling (CLOU) — — Experiments in a
continuously operating fluidized-bed reactor system[J]
International Journal of Greenhouse Gas Control 2011
5(2) 356-366

[10] Mattisson T Leion H Lyngfelt A Chemical-looping with

oxygen uncoupling using CuO/ZrO, with petroleum
coke[J] Fuel 2009 88(4) 683-690



11

21

[11] Leion H Mattisson T Lyngfelt A Using chemical-looping
with oxygen uncoupling (CLOU) for combustion of six
different solid fuels[J] Energy Procedia 2009 1(1)
447-453

[12] Azimi G Leion H Mattisson H etal Chemical-looping
with oxygen uncoupling using combined Mn-Fe oxides
testing in batch fluidized bed[J] Energy Procedia 2011
4(1) 370-377

[13] Leion H Larring Y Bakken E et al
CaMngg75Tig 12503 as oxygen carrier in chemical-looping

Energy & Fuels 2009

Use of

with oxygen uncoupling[J]
23(10) 5276-5283

[14] Leion H Mattisson T Lyngfelt A Chemical looping
combustion of solid fuels in a laboratory fluidized-bed
reactor[J] Oil & Gas Science and Technology-Revue
d’IFP Energies Nouvelles 2011 66(2) 201-208

[15] Jin H Okamoto T Ishida M Development of a novel
chemical-looping combustion synthesis of a solid looping
material of NiO/NiAl,O4[J] Industrial & Engineering
Chemistry Research 1999 38(1) 126-132

[16] Zhao H Liu L Wang B et al Sol-Gel Derived
NiONiAl,O, Oxygen Carriers for Chemical-Looping
Combustion by Coal Char[J] Energy & Fuels 2008(22)
898-905

[17] ZhaoH LiuL XuD etal NiO/NiAl,O4 oxygen carriers
prepared by sol-gel for chemical-looping combustion
fueled by gas[J] Journal of Fuel Chemistry and
Technology 2008 36(3) 261-266

[18]

[J] 2013 19(1)
1-7
Mei Daofeng Zhao Haibo Ma Zhaojun etal Fluidized
bed reactor investigation of copper based oxygen carrier in
chemical looping with oxygen uncoupling[J] Journal of
Combustion Science and Technology 2013 19(1) 1-7(in
Chinese)

2012-08-26

(1986)

meidaofeng_2008@126.com
(1977)
CO,
klinsmannzhb@163.com



Extended Summary

pp.14-21

Experimental Study on Chemical Looping With Oxygen Uncoupling Using

Copper Based Oxygen Carrier and Different Volatiles

Contained Coal Chars
MEI Daofeng, ZHAO Haibo, MA Zhaojun, FANG Yanfei, ZHENG Chuguang

(Huazhong University of Science and Technology)

KEY WORDS: chemical looping with oxygen uncoupling; copper based oxygen carrier; coal char; volatiles; CO, capture

Chemical looping with oxygen uncoupling (CLOU)
has been considered to be very promising in carbon
capture and storage strategy (CCS), which utilizes
gaseous oxygen released from oxygen carriers (a kind of
metal oxide) to combust fossil fuels, producing nearly
pure CO, and capturing CO, with low energy
consumption. However, the carbon capture efficiency,
fuel combustion efficiency and fuel conversion rate in
CLOU are related with the type of fuel and the
temperature of the reactor.

Firstly, the oxygen release of CuO/CuAl,O4 oxygen
carrier is studied at various temperatures. Then, six coal
chars with different amount of volatiles prepared through
the GB method from Gaoping anthracite, Fugu
bituminous coal and Shengli lignite under 20 min and 60
min treatment time (signed as GP-20, GP-60, FG-20,
FG-60, SL-20 and SL-60), and the three coals are used
as fuels at different temperatures to study the reaction
property in the CLOU process.

In the temperature increasing process, the oxygen
carrier begins to release oxygen at 774 with the CuO
and CuAl,O, phases being decomposed to Cu,0O,
CUuAlO, and Al,O;. Oxygen concentrations under the set
temperatures (850-950 ) are referred to in the CLOU
tests to determine when to add the chars.

In the CLOU tests with different fuels, the reaction
time ty9s when 95% of the carbon in the char is
converted, and the average carbon conversion rate Xcayg
in this period, which are calculated as follows, are used
to illustrate the rate of reaction.

J; Vis O(Ceo )+ Ceo, (0+Cor, (D)l
© Vi OCeo )+ Coo, (04 Coy, ()
XC

Cavg = t

X

For example, togs and Xcayg for the 20 min treated
chars change with temperature increasing as shown in
Fig. 1. Shorter reaction time and a higher average carbon
conversion rate could be achieved under higher
temperatures, and for other coal chars the effects of
temperature are similar, indicating that the temperature
can accelerate the reaction between coal chars and the
oxygen carrier.
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Fig. 1 #y9s and Xcayg for 20 min chars at various temperatures

Although the temperature is positive to the
conversion of coal chars, the negative impacts of
temperature should be paid attention to. When the chars
are introduced into the reactor, they decompose to
volatiles and fixed carbon, and some of the volatiles
leave the reactor before fully react with the gaseous
oxygen in the reactor. This causes the loss of part of the
combustible gases (CO and H,) in the volatiles, and
further results in the decrease of CO, capture efficiency.
In addition, the effect on CO, capture is also related to
the volatiles in the coal char, which can be illustrated by
Fig. 2. The more volatiles contained in the chars the
lower CO, capture efficiency can be achieved. However,
the CO, capture in the reaction of each coal char is
higher than 88%.
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Fig.2 CO, capture efficiency for different fuels under 950
Finally, lower volatiles contained coal/char is
suggested to achieve higher CO, capture, and higher
temperature is advised to achieve a faster reaction
process.



