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Gas-phase dehydrohalogenation of 2-chloro-1,1,1,2-tetrafluoropropene
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(1.Xi’an Modern Chemistry Research Institute, Xi’an 710065, China; 2.State Key Laboratory for
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Abstract: A series of magnesium fluoride-based catalysts (M/MgF,) modified by different metal ions (M"") are
prepared by equal volume impregnation method and their catalytic performances are investigated in the gas-phase
catalytic dehydrochlorination of 1, 1, 1, 2-tetrafluoro-2-chloropropane ( HCFC-244bb ) 2,3, 3, 3-
tetrafluoropropylene ( HFO-1234yf ) , a new generation of environment-friendly refrigerant. It is found that both

to make

dehydrofluorination and dehydrochlorination reactions occur on the pure MgF, catalyst, with dehydrofluorination as the
main reaction. More importantly, the dehydrochlorination selectivity to HFO-1234yf is only 8. 8% ,and the selectivity to 2-
chloro-3,3, 3-trifluropropylene ( HCFO-1233xf) is as high as 87.7%. The catalyst modified by AI’* exhibits higher
activity ,however, the un-expected dehydrofluorination selectivity to HCFO-1233xf increases to around 90% over the
catalyst modified by AI**,although.The dehydrochlorination selectivity to HFO-1234yf over 3%Fe/MgF, or 3%Zx/MgF,
catalysts increases,but still less than 20%.High dehydrochlorination selectivity can be achieved over the Mgk, catalysts
modified by K or Cs halides,reaching 76. 4% and 86. 6% respectively,however,the activities of these catalysts are lower
than the pure MgF, catalyst.The structure and surface acidity of prepared catalysts are characterized by means of XRD,
NH;-TPD and N, physical adsorption measurements, which are then correlated with catalytic performance. The results
show that decreasing the surface acidity of catalyst can benefit the dehydrochlorination of HCFC-244bb.

Key words:
magnesium fluoride-based catalysts

2-chloro-1, 1, 1, 2-tetrafluoropropene; 2, 3, 3, 3-tetrafluoropropylene; dehydrohalogenation;

Mar. 2018
- 105 -

1,1,1,2-DU% 2 %% (HFC-134a) & H /i & &
KA A2k 2 PRl v ), R AT (GWP) =ik
1430, & it &g 5 | S 2 BRAZWZ | 36 1 | R B 45 0 AH 4k O F
GRBR LA, G4 GWP (B KA A5 A ]
JE B RS R e e JEEE . HAT,2,3,3,3-11
SN (HFO - 1234yf) B B (1) IR AR 1 Rl (R A TH
FEWE(ODP) i 0,GWP {EH M 4) , ¥ 5 HFC-
134a FH3T, W] EL 3 FH T BUA 6% R G0, 80 08—

FREMEHIA I R, 4596 HFO-1234yf 145 I
R R AL T e s, o i B Tl Ak v
JIRE B E IR L 1,1,2, 3 -0 N R okt =20
AR,
+3HF
CCl,=CCICH, €1 —~~=>CF, CCl=CH,
HCFO-1233xf

+HF —-HCI
5 CF,CFCICH, ——>CF, CF—CH,
HCFC-244bh ~" HFO-1234yf

rfs BH#A:2017-10-21
BT H . BRARR2EH4 (21503161)

EE BN SUOIRME(1992-) , B WA BF 9% 7 16 & f Ak 2 di A B, 1542320290@ qq.com; 81 (1963-) , 5 M- #9852, 1A S0, F

WAL A A, 38 IR &R N | 1ujian204@ gmail.com,,

&

a7



- 106 - A AL T

Hrh 453 5 2-4-1,1,1,2- V0% N % (HCFC -
244bb) KM HCl A 8 HFO-1234yf &% B4k 1%
OHEBES ) BBE HCL R4k, HCFC —244bb 38 A %
A HF RVt RE, G55 2 B O BRI A
AEAEH BT (20 9°h 61.3 kJ/mol 55 58.5 kJ/mol ) ,
72 boE LSS 2k B HCL & B HFO -
1234yf' %" A0, SR i A SR A IR AR I, T
LA TR 14 SN R FEE A R S BURURHA Ak, TR e & R
A3 AL )l HCFC - 244bb &5 50 i HCL 724
HFO-1234yf b2 126 i % 2 v iR A5 figf e 1 B 8
[)

AR T EARFSE T MgO i B ALFI 1 |
W AT & B, 2R MO 78 IV A B
SE SRR N MgF, ' (i Ab RS54 4k &
AWMU FEUVIGETE N, BT, B F R TR
IR R E AR AR B MgF, N ER AR BFSE AR
BPE 4 8 B T (AP Fe™  Zr™ KT, Cs™) ot Pk X
MgF, fHEAIZE 2 5 Ak 1 R 14 5% i B A, 38
I 4l % v b 2R RS AL B R TR —Z JT B R AL
e R T R N A B N Al T AT
100 m*/g FIFRALEE" , Wl FAVE A BB 0 11 Ak 3 Ak
&, #JH XRD .SEM-EDS . BET NH, -TPD % F-B¢
X T AR 7R 10 4T R A, 6 H A AL HCFC -244bb

SR A U AT AT TR

(3% 104 )
HLVR B BE (3. 162x107° A/em?) 5 A%, Ho 1 6 7% v B
(9 143 Q-cm?®) Tk, Mt id i fe b

S 3k

[1] AAR%, BRIG, Db ik, 4. B i -9 & & I IS v e AT 5T
[J]. % 545 ,2013,35(10) :1-4.

[2] Refaey S A M, Taha F A, Hasanin T H.Passivation and pitting cor-
rosion of nanostructured Sn-Ni alloy in NaCl solutions[ J ].Electro-
chimica Acta,2006,51:2942-2948.

(3

[

Anicaia L, Peticab A, Costovicic S, et al. Electrodeposition of Sn

and NiSn alloys coatings using cholinechloride based ionic

liquids—Evaluation of corrosion behavior| J].Electrochimica Acta,
2013,114:868-877.

[4] Liu Jun, Yang Shuai, Xia Weisheng, et al.Microstructure and wear
resistance performance of Cu-Ni-Mn alloy based hardfacing coatings
reinforced by WC particles[ J].Journal of Alloys and Compounds,
2016654 :63-70.

[5] s, S5, 7 SCME , 56 25 T B Y00 v b e B T ol
Ni-Mn @R[ J]. R A ,2017,46(3) :66-71.

[6] kA, £, EIA, %4 Fe M Mn B9 Ni30Cu70 [ 7544 F s

FE 38 HBFE3H

1 SCIEEH

1.1 EEFHEE
1.1 FACEEEARG ) &

COHEDN 3 RIS E-F iR F- R UNL
12.82 ¢ Mg(NO,),-6H,0(0.05 mol) f1 5.5 ¢ K2
2000 AR T 50 mL 2 R TG (0,05 B I
TR G AR T 60°C Jetig T BEFE R B 10 ¢ &
PRI (0. 2 mol, JTT it 4340 40% ) Tié N 2 Fik
B kSt 6 b 5 TP R, FER
F 90°C EZSHEFE b T A5 2R EE I, T F 150°C 4k
LT 12 h A5 sk i AR LA
112 53R FALEE A AEAL ) 64 ) &

SR 1T A5 AR FRUR T 5 i 4 B 280080 S Ak B i Ak
I, BARAEIRN /35 R B 0. 28 ¢ KF-2H,0.0.46 g
CsF .0.97 g ZrOCl,-8H,0 1. 12 g AI(NO,),-9H,0,
R S AR K 0.1 mol FRILEER K
FIA LR A A 5 TR TR SR,
FEF 90°C T4 8 h, I J5 £ 400°C K5k 5 h KRG
T3 AL BRIC A MgF, (R HABZH 73 ) |
3% Al/MgF, 3% Fe/MgF, 3% Zr/MgF, 3% K/
MgF, 3% Ba/MgF, 3% Cs/MgF,, LA FA#AL7]
Zeat e B RO JE A5 B 40 ~ 60 H IR, DU

R

TS PERTTE [ T]. 40 240, 2009,45(11) £ 1390-1395.

[7] 3KFIM. 4300 Mn F1 Cr X Cu—9Ni-6Sn & 4 414815 1Pk RE A4 52 i)
[J]. LA (8w ,2003,24(3) : 112-119.

(8] 3k, Bk, X, 45 dL TRy sU% Ni-SiC 44K 5 92 1
AEAYRZIR [ )] R IEH A ,2017,46(6) :180-184.

(9] WAL, XIAH, Be/ 7 BT Ni-AL O, 526 55 J2 1 1 fr
S ()] AL SRR 2010,22(6) :526-529.

[10] Tzt BT, R AR i, 55 b Ui 5 B X 6 P 68 kR AR
RS [ ] ] BERHALE B2, 2012,33(9) :129-133.

(1L B DL AR ik e 2 008 45 85 1 F OB R A )22 465 1) 1 g
AN [ ] BEEHAAL 2441, 2012,33(8) 1 115-120.

[12] e PR URaL, w0k, 45 v 20 BE X A B k-l i 5 B2
s [J ] 2RI, 2010,39(5)  15-18.

[13] Ambat R,Zhou W.Electroless Nickel-plating on AZ91D magnesium
alloy ; Effect of substrate microstructure and plating parameters[ J ].
Surface Coating Technology,2004,179.124-128.

[14] Qin Luo,Zhong Wu,Zhenbo Qin,et al.Surface modification of nick-
el-aluminum bronze alloy with gradient Ni-Cu solid solution coating
via thermal diffusion [ J].Surface and Coatings Technology,2017,
309:106-113.

[15] Pheagdle, #OM 38, M 2205 55 90K Co-Ni-Fe & &2 TE 3.
5% NaCl T A I RE PR [ ) ] A7 B J A ) T, 2012, 41
(5):851-856.1



2018 F 3 8

1.2 BUFIRIE

X BT AR ATH (XRD) MA7E Empyrean %l X
SHRAT I LR AT, Cu ¥, Ko $8 SR, X SR K
A=0.154 18 nm, AL 2~90°, 4K K 0. 02°,
1 3E [E Micrometeristics ASAP 2020 %4 ¥R W% B |
HEAT A IR N, SR B 5250 R F BET 7 BRI T A
i LR T A, MR ETTE 250°C EL25 FHiAbFE 8 h, %
FHAT 24 Quanta 600FEG 137 & S 414 L 5% (SEM) X
HEAR TR 2 T T 55 00 47 000 5, ] B TR % 1) B 3 1
(EDX) XJAE a2 R AT e 1 M e e &4, AL
F [ AutoChem [T 2920 %Ak~ W Bl k4T NH, F2F
TR (NH,=TPD) W32, B 2 AF fr il 48 Ak 701 1)
PR 58 B 43 A SRR i
1.3 {ELFIBIESR

i 5 mL AEALFZE AN R 10 mm AL
TR N 45 v, A A AR R IR 2 I B 8 380°C I FR g
0.5 h J& , R 28 4% Ik HCFC - 244bb i A J
BEERGE, IHARARYT 300°C S AR HEA BN 4 b gk
A7 RN JERH 5 A Ak R0 A9 422 fal sF 1] 8 55 s, HCFC -
244b(92% HCFC-244bb .6.25% HCFO - 1233xf L)
B AL 3 ) AP 2T AR A AR 5T BT A3t

R ) 28 K e I kNS AL (9790 1T
R, WL AR S T AR A BR2 | AR 7= ) #4740 #T
35 %A : gaspro BAIEATERE (60 m, N4 0.32 mm) ,
AR EE Ry 200°C , HE4H IR 2 4 140°C, FID A3 I
AR 230°C
2 #RE5VE
2.1 EHUFIHNRIEER

) AL BE AL ) 19 XRD BN & 1 s

= MeF,

-
2: W .m .

R F/a.u.

6
5
4
3
2
1

20 :4':0 . 6'6 )
20/(°)
1—MgF, ;2—3% Al/MgF, ;3—3% Fe/MgF, ;
4—3% 71/MgF, ;5—3% K/MgF, ;6—3% Cs/MgF,
K1 &g EeE s e XRD J
M E 1 LA R 200 Ak Fr il MgF,
(R Bt U AT 18 Sl 4 21 40 4546 (JCPDS—41-1443) |
LA ORI ) JHC Al 7 PR AR | SR TR B A R R A B
FEIH T 0 o Al A L AT A MgF, . B AP

K . R EERELTIEK 2-8-1,1,1,2-UERIRSBR R SR MR - 107 -

Cs'J , FUAEE AT S s B it/ . ST B M Ak 7
s 1 s, R 1T LLE W, kR
1IN ZR B L AR B R 0 mT B e e R
o MgF, Y& AL, (8 Bl I B4 Ak 300 2 T AR K
$TF, Fe Zr Y51 AL MgF, Yok R F s o,
SRR LR AR [ AR K X Mgk, (145
¥ B TER KR, BEAh, WEE XRD iR &
PR CHE B TR RRIE AT 56 0 | 3R WA S 361 1Y) £ 380
i HAE MeF, R R HUEA .

1 SASEREATHILEE

WRL WEE Ek

TR s % R/ BY (m?+ (mmol -

nm@‘ gfl )’3}‘ g—l )@

Mgk, Mg(31.3)-F(61.8)-0(3.5)- 9.2 9% 0.147
C(3.4)

3% AL/MgF, Al(1.1)-Mg(28.9)-F(66.0)~ 87 120  0.128
0(4.5)-N(2.1)

3% Fe/MgF, Fe(9.3)-Mg(33.9)-F(68.4)- 123 8  0.091
0(1.3)

3% Zr/MgF, Zr(3.4)-Mg(26.4)-F(62.4)- 9.7 8  0.071
€1(0.2)-0(2.9)-C(4.7)

3% K/MgF, K(0.7)-Mg(25.5)-F(69.6)- 9.3 95  0.046
0(2.8)-C(1.4)

3% Cs/MgF, Cs(4.6)-Mg(30.7)-F(66.8)~ 83 115  0.019
0(2.0)

T DR A EDX 43 47 4 1 50 4 s @ ) i ok 2 X3 T
MgF, 111 FE 04 583157 ; @R A BET 13153548 ; @ %t NH, -TPD
JBE B R 3R A

AIEMHEAL I NH,-TPD 40 & 2 fros, &l
2 ATLLAE Y, Rt MgF, B9 NH, BRI £E 78 110~
350°C ¥ FEl N 3594 B SR RS 5, 3R BH 2 Tk or
il MgF, A7 75 Z2 R B (O BR P45, SR M, ME— Y
UL R BRFIEE (37 T 200°C 2247, B0k 2 L 3% 1f LA 55 R
o,

TCDIE S
w
(=)}
w

100 150 200 250 300 350 400
REE/C

1—MgF, ;2—3% Al/MgF, ;3—3% Fe/MgF, ;
4—3% 71/MgF, ;5—3% K/MgF, ;6—3% Cs/MgF,
B2 A @EEMF8 NH,-TPD &
iR 1M, 5IA AP Fe™ g, AL 0w
PR o 3 SR i 1o 5 T B 95 {H NH, JBE B e oo 47



- 108 - A AL T

fLT 180~ 185°C Ai Ay , R WR G B o B 1A KR A1
3% 7Zr/MgF, 3% K/MgF, | NH, JIit ffHig vcs E—
AR X R B (170 ~ 175°C ), 3 WA Ak 700 182 1
W, R R 2R T, M2 T, Cst ekt
J& MgF, A7) 2 AU G 1 B8 M 67 A7 7 (IR it
49 0.019 mmol/g) , BRI FEATH K .
2.2 EUEEELFIEL HCFC-244bb R KL S
REER

X 7= W) AT o3 A kB, RO E TR R
HFO-1234yf 5 2-%-3,3,3 - =A% (HCFO -
1233xf) , BeAh A A 45 0 5 HA gl =¥, i 1,3,3,3-
VUSEUN M (HFO - 1234yf #9167 9)) (1,1,1,2,2~
FLHNKE(HFO-1234yf N HEF F=¥)) (1-5-2,3,
3,3-PUg N BE( HFO-1234yf filpk HCL 7= 4)) DA K
R

ANFE AL EESE A AL 7 T HCFC - 244bb <A i
AL EUR VAR UNER 2 FiR, B— MgF, fiEfbi I
J7BF HCFC - 244bb AL 2R R 12. 5% , [ ) 238 h
0. 46 mmol/h/g, i HF ;=4 HCFO—-1233xf Sk F %=
Y GEBEMEIR 87.7%) . WSIN ALY Fe™ J& , AL T
PEA WA B (HR H AR ¥ HFO - 1234yf S £ 44
KAGENH B AL 15%, 7" K Cs* it )n
PEAL TS AR 30K T [, {H HRO - 1234yf #E$%
PEXRRIFR BE RS & R R4 J® KT Cs et s B
FRr=yrise ¥ 43 W8 2] 76. 4% 1 86. 6%, ik 4
R, 7E MeF, 8K 5] A6 4 )8 &+ v S8
HCFC-244bb St 8t HCL 2 W #2 , (] A 40 i
JBt HE P28 A

£2 SHEMENL HCFC-244bb iU ERNER

%/ HCFC-  HFO-  HCFO-  HFO-

AL (mmol-  244bb  1234yf  1233xf  1234yf

h™'eg™h) Hefk®R/ % A % W % 7R/ %
MgF, 0.46 12.5 8.8 87.7 1.1
3% AU/MgF,  0.70 19.5 5.4 92.3 L0
3% Fe/MgF,  1.38 38.8 13.8 85.6 4.1
3% Zr/MgF,  0.23 6.6 17.5 74.6 1.1
3% K/MgF,  0.13 3.6 76.4 0 2.7
3% Cs/MgF,  0.22 5.8 86.6 3.3 5.4

YT Cs BT AR = Mgk, Ak B HCL
EPEE 202 8¢ 1 H: B 3 X0 i 1 R0 1 B 1Y 52
Wi, AP 3 Fras, K 3 a] LB W AR T 1 K
HFO-1234yf BE£EME P2 R BE Cs BE IR 73 B 3 m
MG, H 2 Cs WY EEIR S BOBE 8 9% B, i Ak M g
AL, et Cs BEIR G300 9% , i, HCFC —
244bb AL AT 1K 15, 70% , HFO - 1234yf Y1

FE 38 HBFE3H

ik 96. 3% ,HFO-1234yf P23k 15. 1%,
20

— —
(=) L))
—
N N

HCFC-244bb#54L% /%
S
3
HFO0-1234yf/= 5%/ %

N o
£

4 6 8§ 10
CBEIRAYBU %
B3 AR Cs BERP A Cs/MgF, 1# 17

R RL M 66 B

2.3 RNER5TE
2.3.1 AEAH R & eyt

2 WA, 5IA AP Fe® G b H 3
TETFR G J31) S 488 R R AT, {H — 35 7E i fk HCFC -
244bb [ N FRIE PR B — MgF, Y458 25 T, 0
AT b T ARUOF A SR e HOS R F R I
41 ,3% Al/MgF, 3% Fe/MgF, |t K iR i it #l
55 F Mgk, , iX—%5 5L W% 75 1 NH, - TPD 32 iy 7544
PRI R 1 H5 4 5 B 1 R [R) R AN A7 76 3 Bl 119 56
%, #R1fi,3% Zr/MgF, 3% K/MgF, 3% CsMgF, [
R 2 12t 45 MgF, 34 MR TF B, 5 22 0 17 14 2 At
TR AT Pt 2 T R %8 T AL R R i A7 7E
Lewis F1 Brgnsted 2 Fi R PEAT , DA S Lewis BR P &
3 H AR AL A AL LT R B, ST ALY
Fe™ SR P BUME AR BURR 1 B R 5 R R B (A A
W2 Lewis W27 E B, DT 50 4 Ak 55 335 P 42
FET I HEWT Lewis IR 2 2 P o 14 70 0% 4 1) O 5

3% AIMgF, 3% Fe/MgF, | EZ =)k HCFO-
1233xf, i H AR 728 HFO - 1234yf e BEE R 25 (1
Mgk, KA M3, tH, BRYETE 551 3% Zv/MgF, |
3% K/MgF, 3% CsMgF, |- HFO-1234yf % £MEA
HH I8 AR G, A B R 1 1) ARG T 38, 1 B 4 £k
F B R A Y 38 AN & T S HCFC - 244bb
i HF 207 % 42 2 Ak 0 38 e, ook 5% 1k A i
HCL YA 520, 3% R IFEAS SO, R PE 67 2 it
HE SO AT 1 s, AR A A 70 3 T 1R M o A
T HFO-1234yf BYIE L, FE— 204 D0 A 1 7] 26 1 7
BRI HE S B & Mo, PR Cs gl
S 4t SRR S 13k — o5, BGRB8 @ Cs 15T
ST S AL B HCL SO
2.3.2  EALF BB R AL AR T

JI56 T e SIS I 1 O SHE 2D 3R kg ke 1 B ( C—X) 1Y
W2 T Lewis B2 H O 50N by 2 196 1 Btk i 5 1) 37

[ S}
—
[



2018 F 3R BKEF BUEEELAIEL 2-8-1,1,1,2-MaRRSER U E RN IEEHR - 109 -

i, MWRT A R i (C—CL) HBR R
HE(C—F) ¥ 5 9 1% 1k (C—Cl: 340 kJ/mol; C—F;
490 kJ/mol )7, DAk, N ST ELBE HF J %, 7 5t
Lewis BRTE B AL 50, i e HCT 5207 0] 6 % 1 o &
() Lewis FRAEAL AL, Gnl&l 4 Fros, ARG 2
ANTRIEARTA] NHy 30 B 0 £ 457 25 S DA, A4 £ 550 7 5 5
118 3% Al/MgF, 3% Fe/MgF,>3% Zx/MgF, 3%
K/MgF,>3% Cs/MgF, B 7 i, H 3% Cs/MgF,
(R ARy 0, #% 88 FIRFRIE, DL 3% Al/MgF, |
3% Fe/MgF, A AEALFII, B HE JiE HCL 2 1 7 fig
2x[Ait % A T 3% Zr/MgF, 3% K/MgF, Jy 53Rtk
AL, AN e At Ak JIT 75 Al £ AH X AR 19 B HCL J2
i HE SR PRI A6 RE e T & 4 3% Cs/ Mgk,
SEATCIR P, e & A B HE B HCL ), 5K
br b, 7E 3% Al/MgF, 3% Fe/MgF, 3% Zr/MgF, I
Tl HCFO - 1233xf, 1M BRI 455 19 3% Cs/
MgF, 3% K/MgF, b F/=¥)°h HFO-1234yf, W4k,
RIS SRR AR REAS S5 PO R AL R oA
R 22 5, DR i Il R T 22000 2 O O AN 2 FUBE RE 1Y
R, [FIREHL /R C3 M FibE ke , HCFC - 244bb
A IR C—Cl 8% C—F Sa A Ak 770 2 1 4 05 fb e L
25 [V BH 25 S AS K, 9 I S 2 e LT 4 U 1Y)
FH, FET U, CLF 5N R AR 2 R A% )
V1825 5 A 751 2 T T 1 2 S 1) b I 1 P e
i T SR T L0 S U A B

Xl
CF
H b I
S
R H "”H o2 . X,=Cl
- o HFO-1234yf
U
/ \ X,=F
F F. HF0-1233xf

¥

El 4 HCFC-244bb Jit & b S 4E f4 7Rty
ML 1B IX

B IR A H AR < TR R R FE e %o A R AR R
AL R R R IO AL S T R BAR AP b T, B
SEE TR 46 X BRI A% 3 BT AR A R
B BCEEC I, F(p=7.0 eV) B ] T 15 BER
AV Zoe* S EE G SEI R BRI HE SO0 ; 1T MgF,
ARG AR R K Cs* I, 5 Cl(n=4.7 eV)
SEARE IR, T B UL A AR R AR e HUE

3 BBUBRENAIEE

A13+ Fe3+ Zr4+ Mg2+ CS+ K*
n/eV 45.8 13.1 17.4 32.6 10.6 13.6

IR ERAERSE VLR 2 BT T4 X0 BB FE A%
BRI i — A BISE

3 it

(1) R FH AR BUR 5t il 85 T AN W) 4 e 1)
ROV I, RAF LSRR, & R FER
PR T2 A3 5053 A, i 2 Sy v LR TET R (S ey >
80 m*/g) A LG5 (8 ~ 15 nm) HEALF, 3% Al/
MgF, 3% Fe/MgF, ZIfi R i AHXT#15 ,3% Zr/MgF,
A A B IR B T 3% Cs/MgF, 2 I iR i 4%
ET 0,

(2) %5 R 5 M/MgF, 4k 7] 4 1k HCFC -
244bb AL i T U B B PERE . 4SRRI SRR
PEAEAL AN 3% Al/MgF, 3% Fe/MgF, AL IHTE R
fHEP=Y) 0B HE @774 HCFO-1233xf; 1M 55 B P
HEALFI G 3% Cs/MgF, 3% K/MgF, 2R i Pk
B8 HFR™ 4 HFO-1234yf, Cs P 3L
FE 1 MgF, AL FI A HC1 Ve | e fd: Cs BEIR )
BR 9% , HCFC - 244bb ¥ 46 0] 3K 15. 7% , HFO -
1234yf PPEPE I 96. 3%,

S 3Lk

[1] Velders G J M, Reimann S.Preserving montreal protocol climate ben-
efits by limiting HFCs[ J].Science,2012,335(6071) :922-923.

[2] Tsai W T.An overview of environmental hazards and exposure risk of
hydrofluorocarbons ( HFCs ) [ J ]. Chemosphere, 2005, 61 ( 11 )
1539-1547.

[3] Mao W,Bai Y,Wang B,et al.A facile sol-gel synthesis of highly ac-
tive nano a-aluminum fluoride catalyst for dehydrofluorination of
hydrofluorocarbons[ J ]. Applied Catalysis B Environmental, 2017,
206:65-73.

[4] Lu M C,Tong J R,Wang C C.Investigation of the two-phase convec-
tive boiling of HFO-1234yf in a 3.9 mm diameter tube[ J ].Interna-
tional Journal of Heat & Mass Transfer,2013,65(7) ;545-551.

[5] Nappa M J,Lousenberg R D, Jackson A.Synthesis of 1234YF by se-
lective dehydrochlorination of 244BB . US, 8263817 P ].2012-09~
11.

[6] Mao W, Wang B, Ma Y, et al. Selective gas-phase catalytic
fluorination of 1,1,2,3-tetrachloropropene to 2-chloro-3,3, 3-triflu-
oropropene| J ] .Catalysis Communications,2014,49(5) ;73-77.

[7] Teinz K, Wuttke S, Borno F et al.Highly selective metal fluoride cat-
alysts for the dehydrohalogenation of 3-chloro-1,1,1,3-tetrafluorobu-
tane[ J].Journal of Catalysis,2011,282(1) ;175-182.

[8] Parr R G, Pearson R G. ChemlInform abstract: Absolute hardness:
Companion parameter to absolute electronegativity [ J ]. Chemischer
Informationsdienst, 1984 ,15(13) :7512-7516.

[9] Koch E.Acid-base interactions in energetic materials: I .The hard
and soft acids and bases (HSAB) principle-insights to reactivity and
sensitivity of energetic materials [ J ]. Propellants Explosives Pyro-

technics,2010,30(1) :5-16.H



