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LR SRR, 7 HI B0 W I 7 2 b B H TG
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1 LI ERH

1.1 EeFIH&E

Ph ZrOCl, - 8H,0 FITE/K CaCl/EH EE, R H
DUTE T 48 F0 32 5t 1k 1 55 Ca0/Zr0, i AL ), FR L
9.6675 g ZrOCl, - 8H,0, HECHilH 0.15 mol/L M %
W, LWEUK R UTTER], W pH 9, =il TR
4 h, BRfk 24 h, ¥EEBRZ: C1, 110 CHEF, BRI
1.1654 gJo/K CaCl,, FCHIM 0.6 mol/L Y CaCl, i
AR (EEEEE R TR 0.35 £ 1), BRI, 110 CHt
T, ED R R 4 h, BFEE, BIHIS Ca0/Zr0,
PARFR (SEBRN A5 45 EE /K 2 0.15 £ 0.85).
1.2 EAFIRAE
1.2.1 X-HZA7 4 (XRD) B 0 ) AR 2 R &
¥4 ) AE 75 [ Bruker D8 Advance % X 5 £ A7 SN 32
17, MRS, Cu ¥, Ko 585TE, 20 JE K 100 ~
75°, FHHER K 12°/min, KK 0.01°/s, TAEHRIE
FTAER S35 4 40 kV . 40 mA, A=0.154 178 nm.
1.2.2 35 (SEM) RS RIS, kL
KN 5B E i 3 B FEL 2 A& 4 77 ) NOVA
NANOSEM-450 BU494# o+ W B A7 W58, s+
BB B L R 5 KV, SRR 5000 £
1.2.3 figi /3 #r (EDS) FE S B 0 K 41 e i 55
[ FEL 23 72 72 NOVA NANOSEM-450 % fig it /3
BEASGHA T,
1.2.4 N, AR IR W B - B3 RS A N, W R
RS IR 2k . L 2 T A K L AR A8 fL 3 i BELSORP-
max [T S PRME BRHASGIEA T 52 43 BT, 1 2l 10 E
AN BT, DN RTRE L AE 200 °C R EH A543 3 h, 7E
76.47 K(WA) 514 T 17# & Z WM, BET it

B R, BIH LB LA
1.2.5 ZDA6IE (FT-IR)  FERAYLLAIDGIE K i
FEERKAHMHE/R Nicolet 1S10 %I e B b 25 # 21 41 56 1% A%
WMiA%, >k A KBr JE Rk, B FE 55 KBr % 1 @ 100
) I EE R A S, F R 32 Y/ min, P KGE
ST M 4000 ~400 cm™.
1.2.6 CO, )7 FHR ML (CO,-TPD) FE b I 2R 18
BRPE T8 i 26 B 42 9% AutoChem 11 2920 4> [ zhfk 2%
W BFHSCIAS:, 45 0.1 ¢ BEEVEA AT U B, T 700
CHISHF AT 2 h, 5 2 T BE R 2% 5
RHIE 30 CHHIZE CO, B, 485 m < H
0.5 h, SRR P BRI CO,, HeJF Lk 10 °C/min
fRIH R THE 2 1000 °C, JH TCD #6:31 CO, MRS 5.
1.3 XWREEHZE

EFHATYERD ( F BT Si0,) VR i Ak 5 4
B, #1.00 g CaO /ZrO, EARBARALFIF 170 g
ATYERD I S A T A S A b DL N MR K
(BE/RESTIL) « 4.0 CFC-12, 25. 0 H,0 (g), H4
M N, SO A R MR S T NaOH 5 9 W Wi, Ak
AR TR B3k B s OB 45 30 min J5 SR AR,
SRAE AR FH A 3 - 0 1 56 A AT 1 R
MM (SRR WL IR 1) L AR K R R
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Fig.1 Flow diagram of CFC-12 catalytic hydrolysis experiment

CFC-12 B AL FF CO, /= R EAN, HFH A
mr.

[ Conversion of CFC-12] = ([ CFC-12], -[ CFC-12],,)/[ CFC-12], x100% (1)
[ Yield of CO,]=[CO,], /([CFC-12], -[ CFC-12], ) x100% (2)
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2.1 fEUFIRIRAE

2.1.1 ALY XRD RAE XS HEALRIFEA ] I

REBER) XRD T A B, ARG ] A Y CaO/
ZrO AT B AT S e BEAT AR B 22 57, (ELAYT S
AN BB A —E R YGRS, 800 °C X% 4E
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XRD i, ZrO, LAY 5 M AT B AR 1 A7 7R, Bl
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i W CaO LATCEILATTE.

2.1.2 ALK SEM £AE SRR R R B
() CaO/ZrO, MEALFIBEAT SEM 43 M7, i i 3148 i 53
AL DU O AR B A A B R D 5, 25 SR A
3R, HHIEN 3 ATHL, 5 e I B X i Ak R 9 A
ARKFEM. FE 500 C N K5 1 A Ak 70 UL RO ST A X
P50t B AR OW AR, R b TR 3 = B

& 3 AR SRR Ca0/Zr0, JEALFI Y SEM E
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Fig.2 XRD patterns of CaO/Zr0O, catalysts after

calcination under different conditions

Fig.3 SEM patterns of CaO/ZrO, catalyst after calcination under different conditions
(a)500 C; (b)600 °C; (c)700 C; (d)800 C
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2.1.3 fEAEFIAY EDS FAE XHELFIAY EDS 43 Hr
B, B A CaO/Zr0, fEAL I RS A% (0) , 45
(Ca) F%E (Zr) 3 FpoCE, WA HMIGEFLE, EDS
REIS A R (CL) T &, XU Ve LR o8
G AR, 5 XRD Z R —3K.

2.1.4 HEALFAG N, IR -t B 2 fE 5 IARTEKE
BEIREE T CaO/Zr0, 9 N, W BT B R AIF 45 5. AR 4

TUPAC Zp2bnife, M 5(a) Al A1, &HREM Y N, I
BAF- 8 B 25 Tl £ 35 R IV R AR 2k, 2 R R 2 HAr
A AL RHFAE. 7E p/p,=0.7~1.0 JLFEIN, FE
i S AEAE I P N O A0 BRF [ 5 2, T 05 g oy H2
RIMIFER 7648 8 B AR XS TR 1R & A B anas e 3R,
BEE B IR B TH R, CaO/ZrO, T 5 BR B A B
FEXS A B, e IR be B 1) 7 v 2 ik Ak
FIFFLARIE K.
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Fig.5 N, adsorption-desorption isotherms and pore size distribution of CaO/Zr0O,after calcination under different conditions

B 5(b) 45 T RES BFLER 20 A th 8. RS FLAR
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TR T A R R e T B e 1 7 Y ) B 4

R R IR, LA LRSI A T35 1.

MR 1 A, TR bt B AL 590 ) b 3 i
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K bEl BE I, A A 7R B L 2 T FR LS L A 2 1
WL TR S, LR b TS Xl T
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Table 1 Surface areas, pore diameters and total pore volumes of catalysts after calcination under different conditions

Calcination temperature/ °C. Surface areas/(m” « g™')
500 96.69
600 51.73
700 33.53
800 17.60

Pore diameters/nm Total pore volumes/(em® + g™)
4.05 0.311
6.94 0.253
9.21 0.203
14.10 0.173
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Fig.6 FT-IR patterns of CaO/ZrO, catalyst after

calcination under different conditions
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Wi, 2361 em™ Bt A2 S S b CO, 4R PR
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2.1.6 ALFIAY CO,-TPD FAE B 7 AL
IREEF Ca0/Zr0,Hy CO,-TPD [&. & "] LI H fr
AREGAE 70 C LA H BRI (o 1) | oo DR
IFai A LB 19 CO, BRI, X R ZrO, 1) 2% 1T Bk
P, HBE R TR, CO, B R B 5 ik
/(N 0.589 88 | 0.295 84 mmol/g) H. It B I 11t {37
B IRIER T 1% 3), KA CaO Fl CaO-Zr0, 1Y
CO, BRI, | F Ca® ML PR Zev /N, IE K
Ca-O-Zr Z5HRT, S E O L F B it — 4 2
, BT Ca¥ B A Zr0, IS, Ca—0, 0—Zr,
Ca—7Zr $8 & AT WU, 1T 52 ) 28] 42057 ) PRl Ay e
FrEmBEER MM, W RRAR T FEAARDL E

a
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Fig.7 CO,-TPD patterns of CaO/Zr0, catalyst after

calcination under different conditions
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Fig.8 Effect of quartz sand on CFC-12 conversion
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Fig.9 Effect of calcination temperature on CFC-12 coversion and CO, yield
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Fig.10 Effect of hydrolysis temperature on CFC-12 coversion and CO, yield
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Fig.11 Effect of water vapor concentration on CFC-12 conversion
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2.6 BiREX CFC-12 4L R B850
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3 it

3.1 ZRERE IR B B AR CaO/ ZrO, [ 4B 2 A AL
Syfft CFC-12 1) RS AR ), oK A = 4 = 2 02
HCl, HF, CO,, AI/”#°4 CFC-13.

3.2 TEAR S S5 T AL R CaO/Zx0, i 1k 7 i
CFC-12 fAEM T 225600 . fEABSRI & 1.00 g, fi
IR BEIRIE 500 °C , ALK ff IR BE 400 °C, /K7
KUE 25%, BEfiiE 5 mL/min, &N &0 F
CFC-12 M54k 30T 15 5 95.80%.

3.3 CaO0/ZxO, B AARTRAME AL 75 S B g A LA L 7B
500 ~800 °CHREHEIEE Y, T Rk 5 T Bk
FNF L5 & A AR A PR Rl A A AR, TR I 3
AL Best i ; 500 CHY CaO il ZrO, ERE T i
T, Ca® V5T ZrO, S ML 5 Bl & 5 B2 IR EE 1 T v
HEALT A L A AL AL R B R Rk i
LR R BT s AR, Ak R TR iR B
B RLRAE /N B BE. CO,-TPD FAIE 45 2 W]
PR P rhC oA R, I L R AR b T 2 FRAIK
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Catalytic Hydrolysis of Dichlorodifluoromethane ( CFC-12) over
Ca0O/Zr0O, Solid Base Catalyst

REN Guo-ging', ZHOU Tong', LI Zhi-qian', JIA Li-juan', GAO Ji-yun', WANG Fang',
CHANG Yu’, LIU Tian-cheng'*
(1. College of Chemistry and Environment, Yunnan Minzu University, Joint Research Cenire for

International Cross-border Ethnic Regions Biomass Clean Utilization in, Kunming 650500, China;
2. Yunnan Technician College, Kunming 650300, China)

Abstract: CaO/Zr0O, solid base catalyst was prepared by precipitation supersaturation impregnation method. The
catalyst was characterized by XRD, SEM, EDS, N, adsorption-desorption, FT-IR and CO,-TPD. The effects of cal-
cination temperature, hydrolysis temperature, water vapor concentration and total flow rate on CFC-12 conversion
were studied. The results showed that the CFC-12 conversion could reach 98.50% by using Ca0O/Zr0, solid base as
the catalyst at calcination temperature of 500 °C , a hydrolysis temperature of 400 °C , a water vapor concentration of
25% and a total flow rate of 5 ml./min and the main hydrolysis products were HCI, HF and CO, and the by-product
was CFC-13. The characterization results showed that CaO/Zr0O, solid base catalyst was a typical mesoporous with
high purity. After calcination, CaO and ZrO, formed a solid solution. The calcined catalyst at 500 C had a high
specific surface area and pore volume. If the calcination temperature was too high, the catalyst would be sintered in-
to a block and the pore structure was destroyed. CO,-TPD characterization results indicated that the active center of
the catalyst was base and a high calcination temperature lowered its basicity.

Key words: CaO/ZrO,; solid base catalyst; CFC-12; conversion



