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Preparation of porous polymers by environmentally
friend process in supercritical carbon dioxide
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An experimental study on the preparation of monolithic porous polymers by environmentally friend process in
supercritical carbon dioxide has been carried out. Polymerization mixture composed of a cross-linking monomer,
initiator and functional co-polymer was charged in the reactor with sapphire window. After the system was
purged with a flow of CO, for 15 min, the reactor was pressurized with liquid CO; up to 100 bars. The reactor
was isolated from and placed back to the system via quick connector for shaking until the mixture had become
fully homogeneous. The reactor was then heated and pressurized to the required reaction conditions and left
overnight. After cooling and CO, evacuation, the polymer was removed from the reactor as dry, white, con-

tinuous monoliths.

The effect of experimental conditions on the physical properties of porous polymer was systematically ex-
amined, and it was found that monomer content had a major effect on the physical properties of the polymers.
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Fig. 1. Schematic diagram of experimental apparatus.
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Fig. 2. Reactor and porous polymer monolith produced.
The material conformed closely to the internal
dimensions of the reactor and no noticeable
shrinkage was observed.

Table 1. Summary of selected polymerization experimental conditions

Monomer | Initiator (AIBN) | Before mixing Reagt.lon Regctlon Venqlgnon
Monomer Con. (vol%) | [monomerx0.02](g) | [T(C)/P(bar)] conditions Time conditions
' ' [T(C)/P(bar)] (hr) {T(C)/time(hr)]
5 0.066 22/100 50/310 20 40/24
10 0.132 22/100 50/310 20 40/24
20 0.264 22/100 50/310 20 40/24
30 0.396 22/100 50/310 20 40/24
40 0528 22/100 50/310 20 40/24
50/155
50/200 20
50/250
TRM 50/270
50 0.66 22/100 12 40/24
16
50/310 20
24
20 35/24
60 0.792 22/100 50/310 20 40/24
70 0.924 22/100 50/310 20 40/24
. 10 0.132 22/100 50/310 20 40/24
TRM-MAA(SD) 50 0.66 22/100 50/310 20 40/24

321



AAG-FAF- VAN DA F N
Bg7) o) EEREE A PEYeR A Fse apAde aFAd 9 §AEE 29
2% nEAE AHoR st SAT A4S 7 A COl wEe FiHoeE Aty wEbd wIFd)
A & go, # dFdAE ANTRNE S o v 2 Agolt Age 18R 4 27
32 &3 quick connectorE ©)-&3te] Br7E = U} AP oz A dojdd A Bl Ao 9
dA FAFARREH Bt BHLEFRS TR AN Fu BIAEHY 1A AAE0] N2 AR
¢ ¥ A BARE BAE AN 249 Felel o) AP 299 monolithE AN AT, AT
H84 LEA moolith® 4= F AU A7He Cooper 79 A7 Zzgte 2 AAsE
Rolth,

31 9%A sx9 A%

Fig. 32 #§4 ¥ d34 1EA monolith®] EW
AElS SEMo g #zg A#E viepd Aolth Fig.
3¢ 29 g#4 9 F%7t Z748e ©eh monolith
2 3A3tn Y 13 YA 37]7} ZtopA AL,
o] ALHAE AL #FYE F Yvh @AY F
7} 30 vol%E 2 Fig. 3(a)—4 e & 12
A2 FAR ARY AFFZE 7MAR, B
227 70 vol%E &2 Fig. 39 BSo& o}
e 14 JAsY AFgor olFojA e AL
T ‘»’l‘?}

N?—f‘mi‘-—-—'

o
=2

ol AHEd DA BEHE
COell A &ai=e H9d <+
°ﬂ/‘1 AHEE TRM ©FAE 247
=7} 371 ‘fﬂf°ﬂ T s A
JeA, o) 2193
5 \:x T COZOHL- 7']-’]

FN

COp st Aol i) B8 14 Ao Aol
FPUSe ASED. o2 Aol YAE] 433
ks Aol AFO A9, 23 $E 14
2 20 B 2y B34 27
3 298 QRS Aold 340
#2404 9REe) ek

1A

9FH Y = ¥t AAHE LEA monolith
o] B4 miAe Y& Fig. 49 Yeugdeh. BET
HRAA X e gFA v FFL YEn
QE Fig. 4T 2E, 9ZFAY F27t 40% °)5
d di= vxAEY A9 GFS VXA ot o
olate]l oM E wEAe BTyl FUASR
monolithd] V] EHH o] FA3] F7isle AL &
At} o3 A& ‘%%*iﬂg] TR FHESE
Aste nEAY A *F:Tﬂﬂ Jdsd, && 14
AR e} w A g 7]%% gAdste] =& HEHEAHE
THA H7) gEQ] Ao At
Fig. 4(b)dl= 3/‘ = 282} monolith®] 714
A Zmd mX) &= iﬂ TE WH3le A4FE e
W %ieh Fig. 4(b)a W, gAY X7t 70 vol%
7t B WAAE et MRS J1AA A=t
Z743e & § gl ol a9 FRrt 7
A EE monolithe] 2F o] x|dsjA dxrt 5
7bsh7] WEQ Aoz s E 2 g}
BAEE 2EA monolithe] & F+Fo) nlx
GFA Fx9 4L el ¥ Fig 4(c)
BY @A wxrt FUMETE &0 §4Y
738 #Aste 74° a4 gtk o] AE @
A =7} FVEFE AYEE L2 monolith
Y7t F7tEedA 719d3le Ao s dc

32 489 9%
Fig. 5 339 4+

LS
e

lo o O, mlm rle

Wt APEE o

(a)

(b)

(©)

Fig. 3. SEM images showing the internal structure of porous polymer monoliths produced in supercritical COz at
different monomer concentrations(30°C, 310 bar). (a) 30 vol% (b) 50 vol% (c) 70 vol%.
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Fig. 4. The effect of monomer concentration on the
physical properties of porous polymer mon-
oliths produced in supercritical carbon dioxide
(50°C, 310 bar).
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Fig. 5. The effect of reaction pressure on the physical
properties of porous polymer monolith produced
in supercritical carbon dioxide(50°C, 50%, 20hr).
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Table 2. The effect of co-monomer on the physical
properties of porous polymer monolith pro-
duced in supercritical carbon dioxide(507TC,

310 bar)
Homo-polymer | Co-polymer
(TRM) (TRM+MAA)
Surface area (m%/g) 157 98
Solvent absorption(%) 221 220
Hardness 84 92




