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Preparation and decarburization characteristics of Si0,-Al,0;
composite aerogel modified by potassium carbonate

GUO Jingnan WANG Yanlin GUO Baihe QIAO Xiaolei WANG Xiaofei
GUO Jinrong JIN Yan ™
(College of Electrical and Power Engineering, Taiyuan University of Technology, Taiyuan, 030024, China)

Abstract The preparation of potassium carbonate modified SiO,-Al,O3; composite aerogel, the
carbonation characteristics of K,CO; and the decarbonization characteristics of the regeneration cycle
were studied. Using a fixed bed reactor to study the effect of loading rate on CO, adsorption. Analyze
the microstructure of samples combined with SEM and BET. The results show that during the
Na,COj; alkali fusion and sintering process, the Si—O—Si and Si—O-—Al bonds are broken, the
crystal structure is destroyed, and the covalent bond of mullite is transformed into ionic bond of
nepheline. The orthogonal test uses the specific surface area of the aerogel to determine the best
calcination system as follows: 900°C, 60 min reaction, and 0.5 Na,CO; addition ratio. The more
K,COj; loading, the fewer K,COj; active sites can be attached to the surface of the carrier. When the
load is 30%, the maximum CO, adsorption capacity is 2.86 mmol-g". Excessive K,CO; will block
the pore structure, destroy CO, diffusion, and reduce diffusion and utilization efficiency. The volume
percentage of mesopores decreased from 94.21% to 89.32%, indicating that the active component

K,CO; was mainly filled in the mesopores. After 10 cycles-regeneration tests, the CO, adsorption
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capacity of the adsorbent decreased by 10.49%, the pore structure of the adsorbent was stable, and
the decarburization performance was excellent.
Keywords  SiO,-Al,O; composite aerogel, CO, adsorption, carbonation characteristics,

microscopic characteristics.

A ) R L A A SRR ) R, ARl CATT (T 558 A5 BT ) AR SCBUHiE 23 A, 723 26 4, TSR
CO, HERC ABREAE 2.4% A3 K SRHEINU. v [ Bk HE O 75 42 R 7, St fER A e A s, o) 22 i 4
BRAE e B AT B S P,

i <53 7 i T A R B S0 ARG JRLIBE B A < b CO, AR BN R BE ARG W RS 5 CO, S A e | e {4
1R T RS YR DR S P 2H 3 0 22 AL AR 3T L AR A B R RS SR AT S ARG G HG v i R
A AL A AT OB W B ) CAMSA) B I B 25 B 7 25°C I AT 35 6.97 mmol-g™ M. A JE I Jf 77 B I -
T AR AT B, (ELA B ) 2 N7 T A AR, A5 RS A o 590 7 Bk R A 2 i DR P P s A e 2 T 5 0 A 3 S
W, HEHP R SO, 5 CaO RN AR CaSO, Jotk 2L, il CaO A 2L F i T I, WM BEFEAR!. ¢ T LA
BREE TG VEZH 73 1) CO, W2 I AR BT T, MR AR AR ], [ A7 06T T — ZR 9 I il e
PEWFSE, UL 1 AIFSE R I, BR AR R L 5 IOWL A5 1 R 3k | BILBHOR B8 125 A0 AR B2 &, B PR B R T 3245
PUERTT, B A M RE A 2 AR R .

R 1 K,CO, SWR M CO, W HHERT 1L
Table 1 Comparison of CO, adsorption capacity of K,COs-based adsorbent

W 1) K,CO; f it/ %owt W i 2% 1 A% CO, MWt/ (mmol-g™) E = DTN
Adsorbent K,CO; load Adsorption conditions Conversion rates CO, adsorption capacity References
30 60°C, 1% CO,+9%H,0 — 1.95 [8-9]
K,CO,/AC 20C, 0.5%
30 CO,+1.8%H,0 - 0.87 [10]
K,CO4/AC1 30 A 89.20 — [11]
3 CO,+15%H,0 :
K,CO4/AC2 30 60°C, 15% 87.90 — [11]
CO,+15%H,0 :
30 60°C, 1% CO,+9%H,0 — 1.93 [8-9]
60°C, 18%
K,COy/ALO; 24.5 CO,+18%H,0 9520 - [12]
20, 0.5%
30 CO,+1.8%H,0 - 118 [10]
K,CO,/MgO 30 60°C, 1% CO,+9%H,0 — 2.70 [8-9]
33 70C, 5%C0,+10%H,0 78.20 — [13]
K,CO5/5A 20C, 0.5%
30 CO,+1.8%H,0 - 0.34 [10]
20 20°C, 1% CO,+2%H,0 88.62 1.32 [14]
K,CO4/SG 60°C, 15%
30 CO,+15%H,0 18.80 — [11]
K,CO5/Si0, 30 60°C, 1% CO,t9%H,0 — 0.23 [8-9]
K,COy/Z10, 30 60°C.. 1%6CO+9- - 1.73-1.87 [6,15]
11%H,0 73-1. )
K,CO,/DT 19.1 60°C. 18% 33.90 — [12]
CO,+18%H,0
K,CO,4/TiO, 30 60°C, 1% CO,+9%H,0 — 1.89-2.05 [8-9]

A F 2R AR AR B OO PR 5 ), KoCOs B 28R 1A RIS, (5 187 RF 750 ke XL 235 0 R g [ % PR 4 0 2 2807
BEBR . P, 5 A — b A R A IO 1 R A L, B 2R M4 4 KoCO5 il B R CO, W
AR LA 1 e 0 S I o 59 A I — v e R T A AL R AR Ak 2 AL R, TR
B L Ak | bR 2 A S A Iz R . A AR A A DA AT AR A i KA o AT R A B VR T
L e T ALK 744.50 m?> g ') Guo 45 H] TEOS Ay fitt U il £ ik 55F 5 171 8 K,CO5 MW B 571, CO, M Fff & T
ik 1.32 mmol-g !, SRR AL REAE U4, L TEOS FIAT MLESERAE Ry i e 1) ik 5040 JROAN AR AS i iy L7k
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KU H iR AFFE AL R TR CO, e, Joik i R e I U

BRI T BR AR BB O B ATt R HE R R Tl R R 2 —, EEAR2E RS Sio, M
ALO5. X EENS F FHIEAT A 4 —on R & EEIR L £ ALk 483.23 m> g !, HLALA AL 1.87 em® g5 B
BB AR 43 1) L 7S F 5 e Jg do R T T T Sy 3R T SR ) B S10,-ALO; B G BRI LY 2 T AR 430
114 m> g, 183 m>g'; T BEAECY FFH RIK 45 Si0,-ALO; B A BEM L R AR/, U 44.47 m* g™

BRELIR BRI CO, A BERR 575 M 241 2 M 56, R o0 00 B 2R A i) 45 | SR 2 Al 22 BE AR L LAy M
FRFEFRRZEE R, B Si0,-ALO; B & HEM 71 4 KyCO; 1B IR AL S N WX AH X 4/, HLERA REAS
e BT, ASCE R K Si0,-ALO; & &S EEK . K,CO, Tkl bk, 466 4 i 38 F—
&, HIFE CO, MR, B 58 AR IR TR CO, WA R, 7485 W R 550 st di el o S AR ERMILEE, Ry A I Jd i
FRALIRE .

1 igﬁ%ﬁﬁj\(]ﬂxperimental section)

L1 MR &

W2 o6 550 ol AR PR AN 1] 1 s BRI IR AR A0 R : (1) €K S Na,CO; #2 el 7 iR A B D3k
b, BRI TR IR s (2) 44— 8 VR B2 Eh IR B BB ), W6 19 HE4% 40°C [ 50 min, #5053 125 F i
s (3) TN UK B AP 5 min, Z0 % B &, FFBERCS N S B2 % 5 50°C /K& 4k 24 h TP iRz
BEWE, BEPR 8 h e L1 )2; (4) B AR 128 2 K,CO5(0%., 10%., 20%. 25%. 30%. 40%) SEEEER IR &
a2 B TR, FIR R RIS R 12 h TR (S IRA WA 100°C HE4F 12 h BLER
FERR RS K, ZJ5 300°C DR gk be 2 h BRI 45 58 .

et A s

g HC]l l Calcined product

Muffle furnace

/ Oo oo - : o] } ()
3 m W BETEas
Fly ash ) Na,CO; LA Magnetic stirrer
O Oven l K,CO; WLEE B 24
B ) Wet gel Gel Ageing

L[S e et &

B 1 B A R
Fig.1 Preparation flow chart of adsorbent

1.2 BRfRfE IR R4

— FRE R E S B S 10%—15% CO,. 8%—17% K26 /it O, Bd SO, Fll NOy LA Kok
B Ny 2 Y. AR S PR A SR EE, A CO, K Z8 S AR TR FE 3350 10%, N, ¥R 80%, /A&
500 mL-min "', i 5 RGEANE 2 i, CO, Fl N, B AR L, 28 57 & it 1145 i 7 B2, /K280 Series
UK R LRI 4, 5 CO, Al N, IR G #F ATRAHE. IR TR L S2000 CO, Ak Sy
A, FEH T 5 AT CO, W — 3K, SO A5 3R, 10 ik 36 B - HEA 78 35015

K FH B A7 o I B R BRI B i g (mmol-g ) . CO, 5538 5 (% ) BF 5 W B 790 i o 4, 4 90 2 et
(1) A1) HATHHR (G JRARAE T80 -

q= TO/T(loOO/mvm)L’ O(C,—Cy/ 1 -Cy)dt (D

c
n=51><100% (2)
2
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K, C, C, AT T CO, WRIE, %3 O AAALIH A 2, mL-min'; ¢ S )2 W B (8], ming m A & 52 IR
BREENG B R, g3 T NN IR, Ks Ty MAXT R 273 K V,, MR R S AR EE R AR TR 22.4 mol L.

’ 1442 2 4t Temperature control system l

|:] I:l I:] R =
O 4 (M| O 0 Gas mixing
i tank ‘
O W P D |:|
bﬁ%ifﬁ%ﬁ‘Mass flowmeter Adsorbet > .
— 52000 O,
RS BT

REERE

Condensing device

G EHanr

Series M+ EKZE

Series I Metering water pump

B 2w Re K
Fig.2 Carbonation reaction system

1.3 &1k

AR ] Tescan Mira3 3 & S5 454 LB 21T SEM IR, 545 W BT 7] 1) 2 T fOWE 355 SR N, 1
I - 150 A5 X 490 o R O 500 R AT N 0 A - 8 B 93, A B ML A 452 T 2k, R MR RS 791 FL B 5 A S AR 3 o
BET 75 2 & BIH S35 00 2 HE il LU R Th1 AR | L FL A RS A S AL BR &5 4 2 Bk A 0 M s SR Ar 22 E3 Y
XRF A, AT 470 R 140 0 i e i 3R A5 AL 2 41 B SR ] DX2700B 24 XRD IR ASCH AR 25
H AT BT

2 ZER 58 (Results and discussion)

2.1 Si0,-ALO; & A B il & S e 5
22 XRF MR A BER 0P R AL A 4 N 26 2 JT 7R, EE RS>l Si0, Al ALO,, i i KL & 24 M
86%, ib S A /R A5, Bk B BRARARIR, REER SR E R, BENEAE AR I AR AR SRR B A R
F2 P ORI R B R SE LT

Table 2 Chemical composition of fly ash from pulverized coal furnace

ETRSY B Y%
Main ingredients Quality score
SiO, 50.26
AlO; 35.88
Fe,04 6.00
CaO 2.43
TiO, 1.54
K,0 1.35
SO, 1.11
other 1.43

REFRAE RK P LI W4 53 55K A7 (AlsSip0y3) AT & (SiOy) FATE. H T 1) i 1A 52 17 3 PEAIR,
R FE PRI R A o1, 5 EEAE i AR A T A RO BEA T BB e 45 15 A AL B, K RO ORI TR Y L SR
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A1 8 F B YA 58 (NayCO, ) 28 il bR 45 S NS 48 By 18 T R I L A1 (KN [ALSiO,4),) 2 2 B HI AR,
B i BRI PR A R AL 00 7

A Be 25 1 AL 2 RO 55 S10,-AL Oy 5286 BRI Y S B . 380 5 5 MW BRI 8 45 T35 1 B 1Y) 3
PUEA SO E | S P ) ARG 8 T B A9 Ao 2 e B o B2, i FL B 45 4 3 6 19 Si0,-AL,05 &2
BB, AR SCIE ] Si0,-A1L,05 B 45 UBEIE Y He 2 th B Dy i 3 AL ROCR AL 25 B9 6 A, BT =R =
IR IESSIRE Lo(3°), A5k 3 I 4 Fow.

Fz3 HFKFFHE
Table 3 Factor Level Table

K&
K- Factor
Level SR/ G S TR /min BB IN A5/ (m K - mBRTR99)
Temperature reflex Reaction time Alkali addition ratio
1 800 60 0.5
2 850 90 0.6
3 900 120 0.7

® 4 EIRE Lo(3°) Rtk 2253 #7
Table 4 Orthogonal test L9 (3°) and range analysis

ESES
g5 factor HeRmA/ (m® g ™)
Test number SR /°C 2B R] BRI LE A1)/ (m K : mBITR M) Specific surface area
Temperature reflex Reaction time Alkali addition ratio
1 800 60 0.5 274
2 800 90 0.6 143
3 800 120 0.7 202
4 850 60 0.6 219
5 850 90 0.7 215
6 850 120 0.5 231
7 900 60 0.7 239
8 900 90 0.5 209
9 900 120 0.6 276
K; 206 244 238 —
K, 222 189 213 —
K; 241 236 219 —
R 35 55 25 —

F 4 K RS R AR Z FE A K AR, RR B XHR IS F bR s madk K R ik 22,
R I K, Fmiz S8 i 0 B P G IR S0 8 A 5 i B K. W 25 e BT SR s, S MR U A8 485 0 1R 1 2% P
2 EUAEHI g BN s 1) > 5 0 et BE>B0S A0 b9, 50575 1 TR R AT L REAESZ M St 25 25 51, A
TR S S B 45356 4 - 900°C . W 60 min, Na,CO, %A 4] 0.5.

P A B be = 1 5 ROK S AR S R, W AE e B A R AN B 3 R, ROK B A AL 5 S ROk A
( AlgSi,0y3) Fl SiO,, Bf 4 B2 45 % 1L J5 AlgSiOp5 Al SiO, XF iy A7 5 06 47 0 55 H ZE il K, &4
( KNa3[AISiO4],) X I AT 5 W 57 i M B J . 156 WA & i B Na,y,CO; 3 fk e iy ik #2 1, Si—O —Si,
Si—O—Al PIEEWTZL, FAH S5 #8 B SR, Sk () LM SRS A o 75 A 1 T, Pk B AR R AL 15
FIFEIME AL, T IRAE = 425 (6] 32 73413 1) KNas[AISiO,], ZLREEHICY, 2 Si0,-AL,05 B & B A i %
AR
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x v AlgSi,Op
X KNa;[AlSiO,],
0 Sio,

lOI20I3OI4OI50.60I70.80.
200(°)
B 3 XRD fiif g
PRSI S B B T IR UK XRD
Fig.3 XRD diffraction pattern

2.2 BRI B R A B IR Ak R

AR I K KoCOs G128 B e A48 s 1l B2 T il £ Si0,-AL,05 & A A B8 M il g £ 26 780 R BfF 751, i o
CO, AR [ B 58 AN [R) T 2R A% 1 T ke ek R R o 0] P e P e R, 485 6 R WU 35 S RO AR 4, B
MR I 750 52 o AL

(1) fa#tkne

R ADLIR M 8 4 b AAE 60°C . 10%C0,+10%H,0+80%N, 47 &5 18 F HEAT B IR AL i 56, WF 5%
10%., 20%. 25%. 30%. 40% T 25 T #FEM 59 CO, Mgk fE, 25 R &l 4 F1 5 Fk.

7
7

5]
T

—

0 10 20 25 30 40
K,CO5 load/%

4 [RGB IR R SR

Fig.4 Cumulative adsorption capacity of adsorbent with different loading

Cumulative adsorption of CO,/(mmol-g™!)

(=3

08

0.6 -

CO, penetration rate/%

02

0 - 1 1 1 1
0 200 400 600 800

t/s

B 5 A EEE WG CO, ZrEihk
Fig.5 CO, breakthrough curves of different loading adsorbents
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8i0,-A1,05 & & B ZAAXT CO, 1M B2 frefEK, 4 0.68 mmol-g™'s 78 10%—40% 1L I, B 1L
ALY 7 LR N G 2 R R R 5 A C O, W B B ST 18 TR el /N B8 3, 7E Tz O 30% I ik B K,
4 2.86 mmol g™, BRIRALTERENL K, Ui CO, AMERT 221 it K,CO5 YL 7 R R S LR

L 10% B E) 30%, 1 P4 73 KyCO; B i 22, Aie i SO (] 1F B J7 1) #6477 . 3% P4 53
FE N B — E FE B, CO, W B A K2 0TI /N , 33X 2 T T KyCO5 T 4R A R T 19 43 A © 28 3K B 1 FDIR 2,
K,CO; 1 2 B 22, SRR 1T AT BT KoCO; 3 PR AL 5 C 8 o B, 17 1R 2 2355 O B0 4 ik ik 81 4 0225
Al i i K,CO5 T8 3R ZEALAS 1, IR CO, I /2, PR AR KoCO5 B4 HEA A FI AR s AR, 1E8k
b s b, SRR A KHCO; A= i P, ANFI T B i 64T

HH R 25 A5, []— INF 2 (0T, R O OS2 R 700 A0 ot I e P R A 22 . WL AN ) 97 288k A R 571
CO, B ML, [Fl— M 2], 30% T gdt T o (AR, WM CO, Zd i F i I, WM BCR e ft, 5 &
TR 48 R R — 2

(2) oML

S M W RS 700 0 Bl A 1) FLBR 45 M S B R A e R M AR . B BSLAARRR L AR HE AL FRAED. 2 61 48
1t DA 10% 39N 40%, N W B 28 0 T e, L 35 T BRI R AR FLAR BRAR NS T Bl 4R A 140 e s /b (An 3 5
JIt7R ), TRl E KoCO5 A G 808 MR B 5] A4 FLBE 2 ' R il ), 2 Py A 8 A v, Ko C O, 23 KA R 36 71 2
PR FIFLER . e f 5 I A SRS FUT B L R AR Z, FHLARAE HALBR = s R, in=k (3) Fhm:

Z=SyVy (3)
Hoh, S, AR BET LR ER, m> g™ V) AR5 L FL A BLUE L, em®-g .
RS OAIFGAE LA 25
Table 5 Structure parameters of adsorbent pores with different loadings

BETH. & FY ERLARY AL /nm L

AR AL BV %

K,CO, 1 #/% (m>-g™") (em’-g") Relative pore volume
. . Average pore Pore py T~
K,CO; load BET specific Cumulative pore . . AL ML KAL
diameter richness Z . .

surface area volume Microporous Mesoporous  Big hole
10 153.9782 0.3639 8.4944 423.1600 0.2130 93.0500 6.7370
20 110.7819 0.2749 8.9543 402.9385 0.3338 94.2127 5.4536
25 96.6573 0.2695 9.9113 358.6302 0.0988 92.7080 7.1932
30 90.4104 0.2626 11.2873 344.2894 0.0282 90.8132 9.1586
40 85.2602 0.2254 9.5784 378.2618 0.1780 89.3174 10.5027

Xof A [6) 67 280 2% A2 T R B R4 ot A AT IR N R B - 58 A a0, % 5 R B 5] L B2 45 R AR [ I 0 2%
o it - Tt S 457 i 2 AN LA 20 A i Ze B AT 20, S5 2R AE
WLEL S10,-Al, 05 KA S Bk I T BT 750) W52 5t BT 25 Ui 2 (UL I 6), A4l TUPAC I Prafify 5 1 FH Ak 2
G20 -8, JB T IV ALV AR IR AP0, R Z LR A B B SI A T A FLATRL, A RT3k CO, 1EAL
Bt P 8RR 6, L 570 2880 VR A 790 1 PR AT 457 00 28 - A4 D i A8 Ak, 156 3 70 280 S8 M FL 45 1 52
i 458 /)N

280
210

140

Adsorption capacity/(cm®-g™!)

70

1 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0

B 6 AN 7] 7 e A T 70 A2 O 25 i £
Fig.6 Absorption and desorption isotherms of adsorbents with different loadings
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7 RANTA) Gk T R A FLAR A A R 2R, FLARI A1 A 7E 3—50 nm Z [A], 2 A FLATD R
O3 KAV AR B b 2 1T RRURI Bb L 2SR 0 W o 70— 7 ik o] DAL B 206 A6 a5 o5 — i, (s R
4y KoCO5 B0 B 5], T CO, 23 T5 K,CO; BYHEfi, 1 HERRIR AL S0 BT, FLAR A5 i & i
AT At L, BE RSN, e @4 T T IR, PR 242 T 5 WA, FLAARFL A &k
AN AR N 10% 38 2] 40% B, A FLATFLARFRE 43 LB 94.21% B3 89.32%, KALIMFLIATR
A3 5.45% HEANE] 10.50%, PB4 5 K,COy FEEIFEAEN L ; SEHFLAR R BT A LN i L
5 ZIHUABIZ L, BEAFLARXT LEFLAS R/, RALARXT LU FL ARG A, (- 1L AR Hh I K 3.

0.10
~ ——10%
£ 008} ——25%
e 30%
oy ——40%
g
2
< 0.06
g
°
>
2 0.04
o
<)
j=5
9
5 0.02
= ;3/-
0 | v 1 1
0 50 100 150 200

Pore size/nm

B 7 AE] R I R R LA A 2R

Fig.7 Pore size distribution curve of adsorbent with different loading

(3) FWMIES

[l 8 ANl KyCO;, B 2k it MB35 SEM FIURIE &850 530 23, Si0,-ALO; B & BB A4 (5] 8a)
FE B, FLBRES M FE 24 K,CO; Tdlii M 10% (5] 8b) 343 20% At (&1 8c) , ikifL BRI i &
i, KoCO; 32 2 35 75 UKL (] 45 B B — 5 43 A L, [6] B K,COs5 & 4 LA € /N J0RE 2 A 7 38 14 36 T
K,CO; fi#fi i M 25% (8] 8d) 4k S i 25 30% (1] 8e) B, Wiz B 571 2 T phy /)N 00R 3 B 7 Bl ELIF 4 A8 A5 5
INECE, I T MO T AR RIS, i K,CO5 2045 B g 3950, A5 AUk 1) R R w3 i, 5
B/ B0 S5 B 2538 — B Ak, 2R R IR A7 AR @ SoRDIR Y 2, 1T e T AE A B AR
BT FE SRR BN B T AT &R B T AU R 25k A (A FeCly, KC14F).

B8 N[ i W B ) SEMBURETE 25 (x5000)
Fig.8 SEM particle morphology of different loading adsorbents (x5000)
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MRER 1 3K AR R 40% (P 86) G W B 500 3 1T, ok 7 19 K, CO5 T 3k (i FL 25 #3622, B3R CO, il 2.
AR A48 K 2 BALIE WO A I8 )5, KoCO, MR T A B K H AT R LR, ZALah s, fhdd e
K 30% ) L W B3R FIURL S0 A1 5 R 38 50, B S A0
2.3 kTR B R A4 B e R

ATE B 58 e A 2 A et 0 R O B RV B A5 )02 FH T SE PR I TR AR A A SOR I 3R i i 8 W o R R AT
10 YW B -5 AR A BRI 56, 38 i 500 mL-min™', 76 W B 9B 60°C . 12 B4R 80%N,+10%H,0+
10%CO, . FFA IR E 120°C , FRA SR AR R, WR5R % Rt CO, M Bt & BEAE A s AR b n ] 9
JIE 7. H L O WL, W o 710 BRI Rk B A BT R O I, 2 T R A R, 485 10 YR IR BA -
HEPEFRIE , CO, MR BfFE A 2.86 mmol-g ™' A3 2.56 mmol-g ', 47548 55 b ) W% o 308 SR, % I 551 - A= 2R m] 34
89.51%. X 10 YAE R FFA 5 A FE S HEATFLBRZ5 44 23 Br UL 2% 6, & B0 L 3R I B R LEFL A BRI B AN K,
ok BH T o] 8 W B SR S A RS , I PR iR i R 4

[\S} w
T

Adsorption capacity/(mmol-g~!)

Cycle

B9 LM B R BRI B e A f 26

Fig.9 Variation curve of circulating adsorption amount of potassium-based adsorbent

R 6 HEEMWFSIEIR LS B

Table 6 Changes of potassium-based adsorbent circulation structure parameters

BETL T /(m? -g™) ZRFLAR (cm® g™ Al JLfLAE/nm LB EER

BET specific surface Cumulative pore volume Most probable aperture Pore richness Z
30% 21t W5 B 51 90.4104 0.2626 11.2873 321.3945
1O AEEAFH A 85.3012 0.2263 9.7932 368.5217

3 458 (Conclusion)

(1) A6 Ay JEORE R FH i I - J vk 28 0 TR T 48R ) 48 FLBR 25 4 L 47 19 Si0,-ALO; B A R BEML. LA
Si0,-Al, 05 & A S BE I b 22 1 FR R M 5 38 b, 28 1F 22 1 56 1 5 B0 0 58 45 1% A 1) i A B b 7 B hy
900°C . JZ )i/ 60 min, Na,CO; 7N EL ] 0.5.

(2)K,CO; gk i M 10% 38 i3] 40%, L2 m BUR BEFLIRFLS A BT/, CO, 2T Wk b & 52 5t
HER G /NI R B, 1 3 R 30% B, CO, BRI & i K 2.86 mmol-g ™!, 5 CO, 25 R 45 IR
Fr—3.

(3) kil £, FRARF T Tl E K,CO, W PHEOL AT B8 i 95, TG PR 43 5 AR 0 42 fh ik B0 A1 3
it K,CO; T3 2 B FEALE5 0, BE IR CO, 7, B AR ORI A &% 76 RN ak B vy, 480K 3% 1 AR Al

KHCOs, AF T S # 47
(DN ALEIFLARFRE 23 e 94.21% AR F) 89.32%, B IR PEZH 23 K,CO3 EEIFEAEN L. Bk
bl R T AR LU AL 2R R W2 BRE SR — D T AT DS B B 22 S M A O — D T, S M4 43 K,CO5 1Y 43 A B

¥Y, AR TR ) AR R, AR R A S



3984 7N 54 1t

3

40 %

(5) 285 10 YW B - AR AR ER U, W RA R B9 CO, MR B et T B3 MR 132l 10.49%, [ Hsf K2 i 55) fd W 45

SBOFAR K AARKAA, BETRTE | TR B AR I BE R 4F.
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