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Fig. 1

3'P-NMR spectra of polymers A, B and C
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Table 1 The reactant quantity used to synthesize poly[ (hexafluoroisopropyloxy), _, (trifloroethoxy) , ] phosphazene

A B C
Polymer
(18.33 g) (17.29 g) (15.86 g)
34.28 22.85 17. 14
HFIP g g 2
. (0. 20 mol) (0. 14 mol) (0. 10 mol)
Sodium 6
4.90 g 3.26 ¢ 2.45 g
. ) NaH g g
hexafluoroisopropylate a (0. 20 mol) (0. 14 mol) (0. 10 mol)
THF 100 mL 60 mL 50 mL
THE 99.14 ¢ 110.16 ¢ 115.67 ¢
(0. 61 mol) (0. 68 mol) (0.71 mol)
Sodium 14.69 16.32 17.14
thifloroethylate NaH 008 el T8
(0.61 mol.) (0. 68 mol) (0.71 mol)
THF 100 mL 140 mL 150 mL
23.66 ¢ 23.66 ¢ 23. 66
PDCP 8 8 &
PDCP (0.20 mol) (0.20 mol) (0.20 mol)
THF 200 mL 200 mL 200 mL
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Fig. 2 'H-NMR spectra of polymers A, B and C
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Fig. 4 DSC measurement result of polymers A, B and C
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Fig. 5 X-ray spectra of polymers A, B and C

Table 2 Characteristic property of poly[ (hexafluoroisopropyloxy), _ -
(trifloroethoxy) , ] phosphazene A, B and C

Polymer A B C
2-x 0.36 0.28 0.19
T,(%C) -20.21 -42.83 -43.41
Crystallinity 29% 25% 33%
M, 5.07 x10° 1.49 x10°  2.69 x10°
2.2 REVMESIERE

FAE 75 73 1 B0 UM 5 PR RE B S 40 2
A, BB A 7 i 28 P S IR 5 AR Y
TR I3 B R . X TR E gl RN L, P AE
AR/ INIBCHR T B RE B 1) 45 440 HIRE 338 R T g 1%
R WO 5 UM R B P2 B PERERT, th T P (E
JETE T 2 SRS I E A, DR e A s 1
P,/P, WHCAE, Bz AR A HOR SR AE. L3k
RN [5) B B ) SR 5 Wy ) SO I
T 2R AR 20°C I B8 2 R, IHRKESE SR IR 3.
3 ILHNAE T SCHR T R = S BRI 30°C I
RSB B R —E R TR 2 3 PSR
PRiZs i 28050 3 YRR 24 T b Sz I 5E Jim B
P2, 3 Y i iR 22 A 10%

M, AT R B R [ (ST AL,
(=HOHEHE), I RARAS A T I (BB R
PERERCR — 3 £ A FEWRNE LT OF B A R iy 2k
AR A A — A BCR 2, Rl g CO, BB UMERE
WA —REREE /D, X AT BEE 1 T 7N 905 T 4R
FAgZ = H L EIEXT CO, A7 i W B fil R B
AR I ERL. 3 A DA Hh s T L2k 30 o JBCA B ) B

REBESE—ERBRE L EmSURNEE R ER
HWC Y =R ESE S S TR T AL U
Fefoh 9.7 1, 0,/N, (53 B R ECHh 2.6, AR 46 3¢
Bkt AN B AR 2 ~3, BB R
P BRIK 107 KR — R AR AT 7 B G & A bR
FHMNREY C 1Y Hy/N, ik REGLE] 5. 8,8
AT AEREARS T EI H,. REGY B W
CO,/CH, ¥%F 2565 11.5, He/CH, %3 &%
IRE] 4.7 FE KRR G AL TN KRS [ A
Jr i R R HARGF N AT 5. REW A M5
SEBOTIAE] 85, [RI, He/CH, w45 2 Bk #
4.0, 2 —FRA A& i M RER S I
SRS B AL

Table 3 Gas permeablity coefficient of polymers A, B and C (20°C)

PTFEP!'?)
Polymer A B
(30C)
Py, (barrer) 20 9 7 15
Py, (barrer) 27 21 19 35
Pey, (barrer) 21 10 26 19
P, (barrer) 100 114 124 200
Py (barrer) 85 47 41 —
Py, (barrer) 49 44 43 63
Q0y/N,y 1.3 2.3 2.6 2.3
QCo,/CHy 4.8 11.5 4.8 10.5
OHe/CHy 4.0 4.7 1.6 —
o iy, 2.4 4.9 5.8 4.2

mol+m-m~2-Pa~!-s"!

% 1 barrer =3.35 x10 ¢

3 #it
R FH 075 PATF IR Ak ot AR T R LR X

AN =R (1: 35155107 ) AT RAZ I
PR, 3 A3 o {H 2 1.64.1.72 F1 1. 81 /Y 3
PR [OOSR, (RS, B
% 38 A0 I B 53 0l A - 20.21°C, - 42.83°C Al
—43.41°C ,FEH 44 5.07 x10°,1. 49 x 10°
12,69 x 107, 33 Fift Y5 HOAC: 8 W M e B — A Q3
YR =9 BRI 45 i AL, SR B 8 R EE
] — B g, 2 H BT UARS & RBUL KRN RS
kL, 0,/N, H,/N, . CO,/CH, He/CH, i # 5
BRI, TR & 4, B R S RIR AT
R R AR N S )
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SYNTHESIS AND GAS PERMEATION CHARACTERIZATION OF
POLY[ (HEXAFLUOROISOPROPYLOXY),_ . ( TRIFLUOROETHOXY) , |-
PHOSPHAZENE

YAN Mimi, HAN Yu, JIN Jianbo, LU Yin

(Faculty of Life Science & Biological Engineering, Key Laboratory of Applied Marine Biotechnolog of Ministry of Education
Ningbo University, Ningbo 315211)

Abstract Poly[ (hexafluoroisopropyloxy ), _, ( trifluoroethoxy ) , ] phosphazene with different substituent ratios
was synthesized. The final substituted polyphosphazene products were purified through the THF-benzene
precipitation to remove impurity. > P-NMR was used to assure the purification. The structure of this polymer
was characterized by 'H-NMR,FTIR ,XRD,GPC and DSC. Gas permeability coefficients of N, ,0,,CH, ,CO, ,
He,H, in these polymers at 20°C were measured by the permeate gas pressure method. The trifloroethoxy group
showed more competitive substitution than hexafluoroisopropyloxy under same nucleophilic substituted reaction
condition. The x-value of three different poly [ ( hexafluoroisopropyloxy ), _. ( trifluoroethoxy ), ] phosphazene
products were 1.64,1.72 and 1. 81 respectively. The glass transition temperature of these polymers were
-20.21°C, —42.83°%C and -43.41°C ,and the weight-average molecular weight were 5. 07 x10°,1. 49 x 10°
and 2. 69 x 10°, respectively. These polymers showed higher gas permeability. Its permeability coefficient of
N,,CO, and He were 20 barrer,124 barrer and 85 barrer respectively, and the selectivity coefficient of CO,/
CH, and He/CH, were 11.5 and 4. 8 ,which showed great potentiality to be applied in natural gas industry. In
addition , the selectivity coefficient of H,/N, was 5. 8, the permeability coefficient of H,was 43 barrer, which
also showed special potentiality in ammonia synthesis industry.

Keywords Polyphosphazene, Poly| (hexafluoroisopropyloxy), _, ( trifluoroethoxy) , ] phosphazene, Synthesis,
Gas permeability





