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Study of cyclic CO, Greenhouse gas Capture by Calcium Oxide

with hydration treatment
Student: Yulin Tai Advisor: Hsunling Bai
Institute of Environmental Engineering
National Chiao Tung University

Abstract

Due to that fossil fuel combustion causes increasing atmospheric
concentration of €O, and  induces manmade /greenhouse effect, the
decrease of anthropogenic CO, emissions has gained worldwide attention.
The CaO-<eyclic capture is one of the promising CO, capturetechnologies
which has the advantages of low sorbent purchase cost and high fresh
sorbent capacity. However; CaO is also. suffered from severe decay in
sorbent capacity during.cyclic adsorption. In this study, the modification
on CaO as well as the adsorption-desorption-regeneration process to
enhance the uptake capacity and reversibility were been researched. The
Ca0 is modified by either metal addition or hydration process. The result
showed that low-temperature steam and liquid water hydration process
are promising to improve sorbent CO; adsorption capacity, While, steam
desorption  at 850C could enhance the ‘CO, “desorption /rate, The
reversibility test. showed that after the deterioration of CaO sorbent, using
the 300 °C . steam could reactivate the CaO and the CO, adsorption
capacity was the same as.the fresh sorbent again. From SEM and BET
results, the main reason for the decay of CaO ‘adsorption capacity is due

to pore volume of larger pore size (>100A) was decreasing.

Keywords: CO, capture ~ calcium oxide - sintering ~ chemical looping ~
greenhouse effect, global warming
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450°C » e Lin et al. (2006)57%7 7 » 33 > & F R Z X R ok &
g PR ¥ - HRBKETER TR F AR R L e

Manovic and Anthony (2007)#= ;j Bor o BX5E 20 T AR 2 (8 eh

§ 1447 200°Cenig it T o R 30 A TR
f“ﬁig“j{ ’ );? ]

400~500°C i » -k %
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£ 2-4 Aok B EERE AT 2 R

Adsorption Adsorption
References Hydration Hydration Analyze _conditions__ Cyclic capacity,
operation conditions System Desorption numbers g CO,/g
conditions sorbent
20% CO,,
K N | 500°C,
uramoto et ormal temp. 25 min
al. (2003) ! (Liquid-phase) TGDTA - _2on 6 0.47
900°C
in N2
Sun et al. 0 temp
(2008) /-m 15 0.31

-

600°C, 10 min
6.0MPa stear
mixed with

Horizontal-tube

Kuramoto
al. (200

0.74

§ s
N A 1 ZTIN

B r o kEmAF o

EERREa
IHRGEA L)

ST TN
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FZIx RER2EHE
31 F§inde
El?kléjkpi pi/nhﬁiﬁ fﬁd Qﬁ’k?‘}—- g;,é"’}l-_gﬂ.
BRI F R MR A B A Il B
Bk SLiplE s TR },?J%i Y R
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32 RHKA 2 BE
AT AR ZFHREE BB RRIT
FHRA
1. = § it @A 5 R (AGM4000-2000-1-2-1) » £ & % % » Taiwan
F P R T90/45 %5 > Lower Detection Limit: 1%
i

Sample Flow Rate: 120 arity Error: <2%

3 ¥ 48(Alum 0xide):98% » Alfa Aesar, USA

7 A% (Methanol): 95% » § A @ % > Japan
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33 HHHA

AT 2ZFUALIF 4 T APz LE iz 2 2
;2 [Chen et al., 2009]3& e 7 > @ 2 H 4 H I B F @wrgin 4 0 Hik
¥ e A4 B 32 47 0 LB 8 12g 50§ 1 45(Ca0) #-31 4 ~ 250ml
2 33 -k 22 100ml 90" fE(Methanol) » 4% % #-4 R & 7% 3 75°C e i
e URBT - ]

P AT

e JIL 2 R A% % ~ 110~120°C

500°C % i 4 6
TP B IR R R T s ke ED | T e
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Y e AR KABE

DI water + Methanol
v
75 °C#E 1/ eF
v
110~120 °C & 312/ 6F
v
500 °Cég)E 6/ 05
v
900 °Césra2 N0
v
HERE
v
R4z ~ i 3B £16~30
mesh [

B 3:2 § 4%+ % i £2(Chen et al.42009)
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B4Rk

ﬂ\P;L l»(i:g‘_/'-*?*lu v'U f”/?]pé‘ ’ 115? q+ -4‘3%11‘3?)3 £l J\ﬁ%ﬁi
T3 40 4ol 3-3 977 0 #U0d P RERJIL S S S ARE » - T
5 l5emz 7 & F ’ﬂ%‘”ﬁﬁ’]‘iﬁﬁ'?ﬂ%%ﬁ%a ' d

Raw

2 2

powder £

M L 4
R S
TS AR e B RS K 3NN B
25C)eng § > BACIRARF OFRT o B3 B RpiEeT R T 850CH
M- PP AR FOORBE TR RJILZ (S B ERE I P HRE
B & B 5 200 ~ 300 ~ 400 ~ 500 ~ 650 £2 850°C > fRfsi » R & F 48

=1 f;é_c}'»

frovde fext A sedr &

@@ -
8 0

» H & £ eh
Eﬁ%ﬁmuﬁ

8% ¢ i > 500ccm(latm,

(500cem # #F + -k zZ7 1ImL /& i -K/min)i& » F &
AE

& dadF 60 ~48 0 LHRFERIL B I 650C > T3
32

E
B F WER D

N



15% CO, ~ 6% Oy ¥ 79% Ny 5 » £ #-F 483 » % #4127 27 60 A
e o MR A N F B - F CRERY - F MR BT
% (AGM4000-2000-1-2-1) 1 ;] » & 2 A4t — = > & I I d
A o

342 § FemE SR EA AR B

RS L

;:‘l:‘é‘ »‘ 2 e 5 2 3 E] r—_é"]"—‘i—"-%
500ccm(1atm, ‘ e T de B T SN BN IV
= 1~1.7~25mbL % 8 /K j € LT R R T -

F VAT RBIE DU

344 s R FX W 2L P
Fib Rk E AR e R PR %Y > LR TRA T EF
FRETTEHMR G PRI H A RPE O RE ARG E R § &K

AT E A B 5 500 cem(latm, 25°C)¥ 2.5 mL ;% A& -k /min(latm,
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25C) @ MRis AW * 3 PR PR BE 3 - PR g o R
MHPER A B 5 1553060 A48 0 AEFRME o TR 2 F VR
AT RRIE N WY 2 F Rk R g R A

345 RFEAWERIGHF M ERHFRS Far 4 2 B

R R ETRE 4 R M o AR AL T ] 32 2 4Rk & 0F

L iT% iz

VA AR e S T % i : L g
A - s PR E L A4 R A5 5 61016 A48T
BB R A B R RG2 RIE -
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# 3-1 FHF SAp M3k 75k

A+ Fik
W AR A %8 4#(16~30 mesh > ¥ 1.19 mm~0.59 mm)
ZE® (g 8.5+0.1
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354 REME

3.5.1 ## ;' &+ B He& (Scanning electron microscopy, SEM)
AT 2 A B F ke o2 Hitachi S-47001 B f247 & 85 5

Fa T+ BEMHR-SEM)E ¢ 2 FRpAFRY w2 FFHTFH

Hes(FE-SEM)iE (7t &% & ) fi 4 47 o
SEM 2_ Ja T8 441 # 4 » 2% &k ¥4 TIRERBREL A

OB E A ol , SR ity T B 2 3

3RS = o : \ ER A

i # BET i
%\'\iﬁfé\#’? ’ ] 2 ‘ m 2 @
% R

}4 BET » f23 » 7 RO SHE AT A 5d L35 IS
zZ vk afg cBET Zig* R 2 St (e 2 A B A2 2 K &
FatH A R e - R F F RSB F o Rt oG
i PR &ETEY EF o RRE LA % P HFEREFTRF RIL

X
T gTRE o R o R A fesigang f8E
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Peristaltic p

Steam |
generator | |
—————
e R
b
I —
— —

Bl 3-3 Rl ek E
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Fri FEmREFEEH

41 3 FRR2KEEF P M 4TH COpx 2 P

AL GE 2T A N R R MAT AR R TR
7-k & 1% (hydration) ¥ Ji& » 2 = 387 & 2 % 4p#ER £ B0 p2 K
EASLF AL ERMF B3 BV BF BN (3 N 41, 4-2)40

T j"",_ﬂ’fqu"’ ¢

3.2 k504 0 A 4
: 214 SERE B B

%

j:ﬁ'j Z2_vR PR
§ilrgpags g VR - AP 2k & T B
g AT BB R E T B B AT (580%) T iF R . B

£ 5 d W 4-1(0)80% 4 2 CO# % 2 2 CO® B R F T 4
B fercFiEET o 4 ::g,fgx;rtﬁ;,w'ﬁ;jﬁ“zéf “F iR AR @
ATARAETE Y SEFF REAR L 0 d 20002 850°C 0 = F AR
2 R R bo§ RS T R L R B BT U B R R

¥
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T F V4T A AR o
d 3 AR 41 BEom 0 F VAT ORETEH S - 2nER o Fpt g
SR EF ERREERF e v #8157 F 2 0 KRB DF BERPG
FIk & 5 a2 o =d Bl 4-1a)~ (b))% F¥T > g park
EiEd st Y S EF-REF BIER A 0§ VAR § R aEA R
ARZ > P A 650C 2 850 Cereeiing it Tr Henrgo § (b piiz g
i

T H R ulig al.(1995) 5% 7 4,
P B R & 450

450°C =i

o 20~40 A 2% J B 1000A" 2_ %4 > Hughes et
al.(2004)5%= g o Pk ndb i o TR 3 VAT 3 VAR
ST PR PRAT HE LA PR T o SRSV SR S F (AR AR~ AR
PR b 2R B 4-3 2 F 4 15 SEM RAp BT
EoR & EH er A 2§ 1t 4F-Raw powder (8] 4-3(a)) H 3 2147 %
AR SRR A Gk & Fr A2 § VAT () 4-3(b)H
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—&— Liquid phase, 75 °C
=3 08 | —O— Vapor phase 200 °C
a’ ' —w— Vapor phase 300 °C
S —~— Vapor phase 400 °C
S g6l —— Vapor phase 500 °C
% ' —{— Vapor phase 650 0C
= —&— Vapor phase 850 °C
3 —O— Raw powder
04}
=
(5}
o
N
O 02}
O $3%s
R R S s
00 i e ¥ SV P WSV VN
0 10 20 30 40 50 60

Time, min

Bl 4-1(a) 2 FBoKER RixH 50440 2 CO, & Fip 5§

05 F

04 F

03F
0.2
I 111
0.0

Raw  Liquid Vapor Vapor Vapor Vapor Vapor Vapor
powder 75°C 200°C 300°C 400°C 500°C 650°C 850°C

CO, Capture Capacity, g CO»/g CaO

R4-10) 7 F ok 8BRS 452 COmnt Rt i
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03F

02

CO, Capture Capacity, g CO»/g CaO

0.0 Raw Liquid Vapor Vapor Vapor Vapor Vapor Vapor

powder 75°Cc  200°C 300°C 400°C 500°C 650°C 850°C
Bl4-1(c) # b REJRARTH 3 it 4520CO, % £ 1 #(80% 14 2

CO, 44 1 72 5)

BJH Desorption dV/dlogD Pore Volume Distribution

0.12 } —®— Raw powder
—{— Liquid phase, 75 °C

0.10

0.08

0.06

0.04

Pore Volume (cm3/g)

0.02

0.00 :
10 100 1000

Pore Diameter (Angstrom)
Bl 4-2 R 4ot AL (Raw powder) 22 75°C -k & {6 2. 34 F R84 & (v v" 2R
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e ARG O] AR R B o BB T £ G B PR
FlAHR T #) rE AR > @ - b % SEM 2 PR AR B 2 F S kAR
2§ 4T d 4487 0 fFd 100nm 2 vt B % BRI X
oo BRIREEFRG TR H LIS 2R A ) g & 100~800nm 2

4

oo e 42 A0 100 A itk B 2 H B2k 0 @
LF'& IR )

T S SN F R

B

Specific surface area
(m’/g)

CaO-Raw powder 10 5
CaO-Liquid phase j » - 8.9 —_ 4
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3.0kV X20,000 WD 2.8mm

2,
2%

M

A

NCHUO02 0 SEM SEI 30kY  X50,000 WD28mm 100nm

Bl 4-4 CaO -k & 7% s 5 {2 22 SEM PBe 4p [l
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4.2 TRFER Z AT F R R T

mit2 Bl 4-1(a~b~o)in % Bom 0 8228 4B JE 850°C chif i
Mo~ R ET T CaO 45 CO T BpF 2 §let > e A0 g -
H erde PR TR AR A PE 0 850°C e 2 T A~ R T R T R

Figit ™ » H i@ * §
£ s
E R B SR e 3 bk o7 NEE FIE S E’*ﬂ&iﬁ
a & R

PR - § e AL
S RART O ARB NF FEF RS A R4
LR E s e h R TS B R DM § BT R
iﬁ‘ﬁﬁﬁfi’f:ifbﬁﬂiifk S FPRFEA e~ PR

BT AT 10 R RS B R R R F R R AR
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60

50

40

CO» outlet conc. (%)

Time(min)
Bl 4-Spdmvkindf 24T 2§ § g4 Ca0 % it CO,

—e— N»:200ccm
—o— N»:300ccm
—w— N5»:400ccm
—>— N2:500ccm

a1
o
T

CO» outlet conc. (%)
8

—e— N»:200ccm + Steam
—a— N»:300ccm + Steam
—v— N2:400ccm + Steam
—— N2:500ccm + Steam
—o0— N»:200ccm
—0o— N»:300ccm
—v— N5:400ccm

NZ:SOOccm

Desorption Time(min)

W 4-6 KFTHTLF F it

o8 4 CaO %4t CO, 2 8

He

(Steam: 1 ml ;% 2 -K/min)

46

;1 8
Zo R

23

s



FPRIL R G R R o 250 43 ATT 0 F R KA AUT Y Sk
EARF > BMABAEWERM L D BER ST R R RD T2
BR(AF HK S 200C)% M F iR B (850C)pF » B B A% i MR
33248 - E 4T R2F RN 44977 0 AR R G FeniERT o §
R Ao Pl B AT R ZE RS SRR F R R S
RBfonfzneing @aieid 9Em o @ wotid R
%o oBis ik AR S AR
E RS IEES R A LY SECRURI S AREYZ T
B § A T - ey g el s 1t O,

L4 £ ¥ (0

1 896

=,

= p, (A (4-4)
p=1% A (Kg/m’), Q=iit & (m’/s), md), V=i (m/s)

195 Baker *t 1962 & #73 1 ATH 038 (2 4zt 4-5) w3t oA
- é‘{ TLEE}K\l;'E’i jLﬁgqu ”@:—T@" R _\‘tl T=F )%B:_lg, L_Hru,\ W&(K) P=
LER TR - § LRI GRS (atm, 7 F %VY)):
8308
log,, P,,[atm]=7.079 - —— (4-5)

T[k]

& latm 2 850°C™ » = § A eh T RE R X 5 48.0% o B 4-5 >
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B H AR § F TSR g MY &2 E D)0 % @ Chen et al.
(2009)38 3 2 F1E it T PER TR 0 AU B 0 Fon g
FRRPE B SR B2 @ 5 rF R REDB TR ER
TR - F PR AR T AE TR A RE BT R RIHR
EI) TR FRTEGE o d W46 BT o W R FET R F 1

b @ ks > N Bkt e § bR

A JE B BB & A § it : % # g 200ccm

B gp b il D% 4% =L 3 4

60% B % G, B
SR T

60%

(
Q
A
1
\ 2
)
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= e 2

4.2.2 -k Z& AR S B s 2 LR
Fi-kEF BHM AT L OPLERF A

% 500ccm £7 & 8 & 850°C » Wl s-k F T R

L Ay
B 47 S4EHI 3 $ R kit ok E 0 B e

CaO Mifif= & TRz U inf Mk R SO B5RBra¥ kEpAen

I A R N

- F VR R ﬂ [
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CO» outlet conc. (%)

CO» outlet conc. (%)

50 f
—e— Steam:2.5mL/min, N5: 500ccm
40 41';9 4 —m— Steam:1.7mL/min, N5: 500ccm
' —w— Steam: 1 mL/min, Np: 500ccm
33.4
30
20
10

0 10 20 30
Desorption time(min)

B 4-7 K 5T i £ 4 2 4 CaO 5o COp 2 58

60

61.7

—e— Steam:1.7mL/min, N2:200ccm
—O— Steam:1.7mL/min, N2:500ccm

0 10 20 30 40 50 60

Desorption time(min)

BOKETHEAT ~ F e R % CaO % COy i
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423 SRR FA W BB B

Wang and Thompson (1995)%%‘ d DXRD(dynamic X-ray diffraction)
2 TGA #F3 3 F 4 F i F B R 400~600Cenig 2™ > 3 » 2 £ § 2.
REAE-F bR BAe B EE R IRE > T FT CaO k7
Fosg 2 (F% 4 Fo g pF CaO-CO, § MKt 4233 i© CaO & CO,
2 g Bem N2 CERUA TR LIy SR & ST
PR~ K F AT A P o 5 A

B 850°C e% i 2 T

CaO-CO, ot 2 gk ™ ¢ Flk i 2 Jr58m 35 1 » I fgLi o2 s@

M
(ﬂ

ptek o d B 4-10 v o SRR 15 27 30 A4 i A P AR
GhE B SRR 30 87 60 A ABET G AT AR 2 B S fd g
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PR EA R R L &2 PRSI F A G 2 AT
BSR4l Sirqpoksier e tar > HFFERTF L A
P2 @R 20 A4 RSEHET R AT E % CaO A
CO, 2 o) H4cfl 4-11 257 R Fl > d B 7 40 CaO & (7w g F P -
UMY s F R A A NS A A G 4T E R
fl > R R G 15 S4B pd (W4T E G S REAT R 0 L X A
3 fe L S 2
PERF G 30 4060 A AP H 4 G 7R S 2 s A E E ke ok o
' ok

| F 3

L
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30

—e— N2 (AD: 60min)
—m— N2 (AD: 30min)
—w— N2 (AD: 15min)

25

CO3 outlet concentration, %

5 10 15 20 25 30

Time, min

BL.4-9 7 Fe e BT 2l g (LA R R R P (S § O B

50

—&— No+Steam (AD: 60min)
—m— No+Steam (AD: 30min)
—w— No+Steam (AD: 15min)

40

CO» outlet concentration, %

0 5 10 15 20 25 30

Time, min

Bl 4-10 7 e BT 2 2 F kR R(F F HRkETH

LSS

B 55 1)
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® CO;

O H,0

Q
=
]
N

30

Bl 4-11 R Z T W7 57 2 B
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43 § 42 HHRL 2 a0 4 RGE
T F MRDOBERERHE AN RIEE EogHz E A g

FA85 2T ASER 32 2 An-k & (v s & 500 com(]
atm, 25°C)emE i T o Rt A 16 4 48 650°C 0 Mkt A 30 4 48 850
T kFEivgesssgz i 5 2.5mL & f&-K/min > # # w2 B (F
ST S A 3-10

431 -k i . B i 4 Rl

)}%r‘ %5
4-1 %>

b8 % 13000

@R RIGE S W 413 5 R R R T
FOATIOR 1S ARG ¥ DRRGRE 0 R B2
EF 16 BHRZGEH VRS ¥V F v R D - B A
-_!é_o

-

o B IRATR B B b TR 4T A AL TR R R
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0.30

mmmm CaO

0.25 —= CaO-DH

0.20

0.15

0.10

0.05

COy Capture Capacity (g CO2/g sorbent)

0.00 2 2 2
0 2 4 6 8 10 12 14

Cyclic number
r]4 12 _'ﬁ J\ 15}'@!##‘947 VLI%Q;K] Bb Lbﬁi
mL /%

(¥t iE 27 850°C, 2.5 i -k /min -K 77 +500 cem Ny 2% it 5 18)

0.30

0.25

0.20

0.15

0.10

0.05

CO» Capture Capacity (g CO»/g sorbent)

0.00
0 10 20 30

Cyclic number

Bl 4-13 CaO £ & 1 2 P 7k 3
(Gt F IS s mrgis TR S 0 £ E I E £ 300°C, 60min)
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e 2§ AT B Bk dek 43 407 0 F 4 CaO-DH e B

-~

W /(5 e BET b 4 6 f44 %] 5 18.9 2 9.8 m’/g» &% 548 15 = 7
Bis 0 CaO-DH FER 7 PR A G A4 » @S gB8 T % » &
GREMZHIE B AR FRIBD 249 mYgo H 3 F ATEL
CaO- @ Bl 4-14 5§ (“ 4020 F Bt g a S enitp M A R 2 8

RRETERLEMIE2ZF A iRt ic % 0 @ CaO-reactivated £ 7
e S A Ll v
Lok s inab | %} L 2 » CaO-DH %

5(a)) %
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Pore Volume (cm3/g)

0.20
0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

BJH Desorption dV/dlogD Pore Volume Distribution

—e— (CaO- Fresh

—a— CaO-DH

—&— CaO-DH-15 cycles
—v— CaO-reactivated

100 1000
Pore Diameter (Angstrom)
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432 R E4EE B H K EN SR G2 BIRS Ha 4 R
élg’%“ FARY A2 £ HRED 7 beferdly t4my e 2P OLI
et al.(2005)%2 Chen et al.(2009)4 || * ' fa4r2r 5 4538 (7§ it 47
THE 0 TS el AR Y 2 S 4R E 1 44 (CapAlOs;) éiﬁﬁ%“’
# 3  CapAli O3 - AR T EHF > 2 282 F VA2 F
2 (8] 3-2) ip * &

Ay R)

1/

b 2

Tr% 7% Chen et al.(2009)z ;.‘r

%Ea‘:iﬂ*féfﬁﬁﬁi ZFRE S AL O REES
hE PTG RIF 2L B 2 AR .

T Gpoeatf £ Bardls 4T e ped o % 5 R RE S
&K(TGA)E #p| & s>t CO, P2 £ E % 1Y » A* TGA 82
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TR Ed afon g BaE > R HESHT LA R
(column)w. i iR3& 5 @ b f TGA ks gr h ek A £ 84 & 3
JORR R S A A B e 5 TGA ks iR g 5 40
cem(l atm, 25°C) > @ *FF 3 20 g Lk Seehin £ 5 500 cem(1 atm,
25C) B AX TGA (i Sieng Wi TR g2 Bmit 5 F 4> wd 3 %

i g AR > 74P TGA jesbenim T g 4k ik > # )&

ehil g PF R H R R S P B (R o

i REVRE Ay
i) é’ﬁF 1,@;3@

, #&iﬁ'].ﬁ ;.i‘ ’ 3 . aN T 7 F % ;

W YaYaYe Y WEET'S

v M RN

Specific surface area
(m*/g)

CaO-DH-15 cycles
CaAl- DH-15 cycles
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0.30

s CaO-DH
0.5 C—2 CaAl-DH

0.20

0.15

0.10

0.05

CO, Capture Capacity (g CO5/g sorbent)

0.00 . . . .
0 2 4 6 8 10 12 14
Cyclic number

B 4-16 Fivdiiar g ggpec fim 8 2 R oiti 4 1 R

0 BJH Desorption dV/dlogD Pore VVolume Distribution

—O— CaO-Fresh
—— CaO-DH-15 cycles
S 0415 + —&— CaAl-Fresh
™ —— CaAl-DH- 15cycles
15
£
5 0.10
(@]
>
o
£ 0.05
0.00 -
10 100 1000 10000

Pore Diameter (Angstrom)

B 4-17 § 4T 54n & Bea Ta (s 230 F A (5t )
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NCHUO02 3| Si 3.0kV X20,000 WD 26mm Tem

10
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4.3.3 B pPERF 2 PhIR At 4R

07§ R ETRR /N R R A AL A Y A 8.5
25 0 500 com(1 atm, 25°C) e £ T 0 BAFIE = LR R 6507C
T ekt 6+ 10 ~ 16 A 4(CaO-DH-6 ~ CaO-DH-10 ~ CaO-DH-16) » %. ¥if
5 30 248 850C > kEFAH e iR E 5 2.5 mL R & K/min> 2

# s ST SR 434

NP S
B § 4T
& X Yk R : : ‘ e L - CO, & 4 J& 7%
P

i i 4T T
Foow LR r PR
e Bl g CO, Sz AT E o BLE AR
e ] 4-20 £ % AE 7 > CaO-DH-10 ch= § i B84 %5 o 15§ b ™
"2 ARE

Bl 4-21 5 3 f&7 B E AF - Bk - g2 CO,
Arpocd Mo d B % AT 0 CaO-DH-6 sh § i gl f5 ' 22 i 4

iF e 85%11 F > & CaO-DH-16 £ CaO-DH-10 ey & sz 5 ”ﬁ
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2 ARE BT ORPER 10 & 16 A B TR OB E > FRF B G
P AT RO R 2 B g AR D 25%8 70%
AR Ao FAGHPEE kR 15%CO, 0 F i #4375 &
10.5%C0, » 3+ CaO-DH-6 i 4f 11 12.75%CO0, » #7101 £ & 3 &

HEACF ANEET o 1082 16 A 48% 3 &— LIRS H
5

F%
SR E R A22 B

’ L
R i B At -

T 5 7 pgchgfffg N

#% - @ CaO-DH-10 #0f T Fidhifa; - 7 4

AR
g % ’
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=
g 03r —8— CaO-DH-16min
S —{1— CaO-DH-10min
Tm\l —w— CaO-DH-6min
@)
@)
o 0.2}
2>
'S
@
©
@)
[B)
s 01 A
1<t
©
@)
[QV]
O
@)
0.0 : : ' '
0 5 10 15 20

Cyclic number

Bl 4-19 3 fr i ik R S TR 4 2 B

S

)

C

@

kS

=

(D)

T

>

o

e

4

o —&— CaO-DH-16min

8 02k —{1— CaO-DH-10min
—w— CaO-DH-6min

00 1 1 1 1 1 1 1 1
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