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High Temperature-Resistant Membranes

Sung Soo Kim
Dept. of Chemical Engneering, Kyung Hee Univ.

ABSTRACT

Basic studies for developing the materials of temperature-resistant membranes were performed.

Heat distortion temperatures (HDT) of the selected polymers were measured by using an

apparatus manufactured according to ASTM specifications. HDT of each polymer was 124° C
for HDPE, 167 C for PP, 187 C for nylon-11, and 176 ‘C for nylon-12. Onset of HDT of

each polymer was 100 C for HDPE, 150 C for PP, 160 T for nylon-11, 160 C for

nylon-12. These results were satisfactory in terms of their usage as temperature-resistant

membranes. Basic studies of thermally-induced phase separation (TIPS) process were

performed. The scannig electron microscopy study showed that the sample formed the open

cell structure when they were subject to the slow cooling, and formed the lacy structure when

quenched.
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L o] g °o]&¥ F A V& MEe AF3I
Aol & F 7|&FFo|t}

olE E4¥ T o AHWEoR P
Aol MEA AAH dEe AL, MY
F3% AR ag gl G334 o] &% B
g Aol 7I€ AHA WHE H3Hd
A HeFy g FF AYY, agln ¥
(e de] T FHE Z2 7] dEe
AEAGES AR PSS S4A A
o BT AAH, FAH o5& FETE +
goerz o g FAH Fat d¢ 2
HIZES FAF AAYHY EF2H9 g
7HS3EI Je FA RE3Ho Y dA &
sty 54L& Ad nPAse] 4 2
¥ 1L vl A5 AT ' F A

A ZHF Aol BHe] 158 ¥ 3
AA ] AHEHT e GBI 2EAEHFE
AukH o 2 solvent castinggolgtn HELE
F4 ¥ (wet inversion method)s]| <3}
Azsa G, Solvent casting®e] 9%
DEAY AxrEe 1%y T34 2 A9y
£ 2 T 2EAGITHY Az 99
A YAAHA Hgeld. ey Te] e de
A AR 2EE A9 49 Az
e Ag2e AzEEY 24 2 FY7t &
FEd. =F UGy, dsed 2 JE4gel H
Ad £A4EFE 7H 7% ZERE ¥
ko] AR o solvent casting®e] HE&
Y, dF 2B HFET §9j9 Hd
A Age g A7t 3 . dEA o]
A7 A YolME solvent casting® ol
g% ¥R thFoe] J¥Yol Ay &
A+t

Solvent casting 3¢} H& ol 1YW ¥

2

A ey Azr|E2A £49A 2 A
(melt spinning and cold-stretching, MSCS)e]
Q. MSCS #4& nRA%Y A=TH
2 &HE AHSEA g EEF Pydg A
322, solvent castinggo] 21 Q& AR
T4 29 €A dAE o= Ax I8 ¢
4 U

aygy MSCS #Ao2 Axd nEALe
%o g3 d 2 g vAFY Arst i
oA n ThfRe] 7]F2y) 4 BYge FIE
Z3o] oFen, g 7FA7EE (pore
size distribution)7} WH= ¢k}, MSCS
o8 ¥ YAt3ty] (blood oxygenator)yd ¥AE
2]7] (plasma separator) §¢] H&3}¥L o,
qAG Ao B2 &38 £ F Y& AL
2 gHA

kA HIo olzy FHLHWA uEX,
UAEA nER, HIEd zEA L g
S84 2EA 5 HEAH 2 W3Ry Fol &
4 TEAE 242 3o, FY%Fo] I3 ¢
T8¢ 434 EA 2T AXFTHY 1o
L7HI J. ole] ¥-gFHA HiA Fdv]
2 FARA E FHol df= AEHAY
(thermally—induced phase separation, TIPS )
o g% 4Fd nEA %Y Ax 7o)
e,

TIPS 33L& nEAY &&8FS 3=
LA TEAE v)-¢ ARA BN F
= B2A (diluent, ¥F-& latent solvent)s}
TEZE  melt-blending 3 TaF
single-phase 9] £<4& WEIL ol HIE
oto] Y2 JPF F, /1A & AAY
WZtA1e]l  wet  polymer-rich  phase<t
polymer-poor phase2 TAHE ET9E
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two—phase systemo 2 JAFIHE dose W
Wolt}. o]m polymer-poor phaseg X3 31
e HHAE HIF FEARZ FEHE o
BHo] 3EA matrix WA void’b H3, 2
27 DEA matrix AAHSZ gFAo] ¥
ag 79,

TIPS 49 B4 4 nE¥AA Hd& o
g4, Wy, € 714 Fol HYdEMx
HGH fof 242 o] solvent casting &
A feho] BIFFHIAE LFAEEL 2 A
2 AR F g B AF9ME HWEdol
G498 DREAXAE Jhed 7HEEe 5%
2424 polyolefin A nER} FAA Y
polyethyne (HDPE)$} polypropylene (PP)£,
polyamide A ZEX}E nylon-117} nylon-12
& Ztzt Ade3gct. Polyolefin A mEA=
AA® foj7t 1ol solvent casting®ol <
T 2AY 242 o]8E & AAeY, WL
FAZA gAY, W3y £ JHFR Fol
Hou o3 AFRolA FHoR AHEH
ole: gl Aok

Polyolefin A 2A1% E3] HDPES} PP= 3}
FHog of$ AT JHFAHel HFEE HE
A 2Aed. BF HYAHL 244 A=
2 HDPEY PPE o34 ¢& AX {U& o
hijel FHE VIS T8 EY FH ¥
s 544 73 Aok gEbd TR v
L BH EF JAE HEFAA ESA U=
SE7)A JEF SF7A 3 B35 wPe] v}
T3 olgge BAHE  olgd  Ho
Ichikawa” S| o3 Add PP F3AH
(hollow fiber membrane)& ©]&-3 ¥Jit3}7)
(blood oxygenator)e]t}.
A 2A

Polyamide 7k d  nylon-113

nylon-12& XYy 242 d7 AHEH
€ nylon-6nylon-6,6 o vl&A Wdd 4
dol ZA HAX FoWA Uizdy ZAo]
AA FFE AxAot. F¥ FFEd
A%  nylon-113} nylon-6%}
nylon-6,68.tF ¥l WA drolx AAAZA o7
7HA ZREIPEAAHQ] x5t NdEE v £
ATt 29 & A& AANHL A

nylon-12+=

II. Al o
SN
B2 dFdME  dERI3FEFHIAY
HDPE®} PPE, Aldrich#t¢] nylon-113

nylon-12& A}&34tt. Table 134 Table 29
= 4z B Q794 AHE€ polyolefin A <
polyamide A ZE¥ALAY B 71A] F8 43
o] 295} g,

Compression moldingOf| 2{%t AjTd4 xf|&}
a4

£ A7 TIPS 3824 939 &4 A
A% HDPE, PP, nylon-11, nylonl2 & o
Wdg, daitd 2 V1AH HAE A
A%, Fred S. Carver A}9] hot press
(2646-54X)& AMg3< Fig. 13 & ZF9
TERL A AWE compression molding ¥
Yoz AP Fig. 19 molds ASTM
D882 o] ¢]A, stainless steel plate (sus 304)
g AA=Z 39 AZHAT o] mold & AHE
3 AxHE LEA AHE AFEAS FAZ
HEXREH 5 % olvolA 0.5 mm o]H, A
B 549 parallel & 589 Zdole 50 mm,
3-89 ollleA Fo] 10 mmrt H A
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Table 1. Physical properties of HDPE and PP
Properties HDPE PP

Tensile strength (MPa) 18.6-30.3 35.5
Tensile modulus (MPa) 1380
Elongation to break (x) 100-1000 varies
Heat deflection temperature (° C)

/ 4.5 Kg 65-93 101

/ 18 Xg - 55
Melting temperature (° C) 130 164
Water absorption, 24hr(x) - <0.03
Structure [-CHCHz-1n [-CHCH(CHz)-1a

25

Fig.1 Mold for preparatin of specimens by
compression molding

QY. ¥ parallel § RE9 width to
thickness ratio & 20°]t}.

Compression moldinge] ¢} ZLEAAE A
zd @A Z aRX2A d}eg 0°C2
ZAE AF LBUAAN 2443 Tt JAFAF
gozxd ANIUE FW3d. Compression

Uie] 71¥E 348 7 =9 53
AFoA AYE nylon-117 nylon-12 §
olEo] Z3E amide bond= A FEHH
9 7FsAdo] vlg 2B =, °]EE compression
molding ¥7] Aol WE=A] AFAXA|AG &
o}

ANHAZHN AFAZxE T nEALAES
hot pressoll loading 37) #Ao] hot press W<
238 2719 platend] =& molding3tnz}t 3}
= 3849 melting pointd FHI}E 2R
pre—heating3t9dtd. Pre-heating® hot press
9] platen $¢] TEALAE Al¥ moldst #
A loading3ttt. Sample-loadingo] E4A
Zul2 hot press?] plungerE ¥ $AIAH 2719
pre-heating® platen zte] A& Jtsd &
F8a o] XA ojv] HAHE platend]

i
A7h 4EE BHHT oW, BEY AW
3
e
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Table 2. Physical properties of Nylon-11, Nylon-12

Properties Nylon-11 Nylon-12
Tensile strength (MPa) 54 52
Tensile modulus (MPa) 1730 2200
Elongation to break (%) 330 250
Heat deflection temperature (° C)

/ 4.5 Kg 149 140

/ 18 Kg 54 51
Melting temperature (° C) 198 178
Water absorption, 24hr(x) 1.1 1.55
Structure [-NH(CHz)16CO-1a [-NH(CHz)1;CO-1a

£ loading® TEALAE meltingA| 7t}

Hot presse] loading® ¥ 271 meltings
2SS BAF F, hot press plungerE ¢ 10
tond] <¢FPeg 2-3 B} EALAYE
compression molding®3tt. Moldingg€ 4
¥ 10 tond] ¢FHE 2di2 FAT FeAM
platend] 7} E<& Adsta platend] FZ4
T& 423 molding® TEAXA7 FE3
A& 97tA plateng ¥ A7 F ZEAA
HE 49 #F  nEALAYS e
compression molding®] #¥ ZEF =HFEL
Table 3o YeEldd}.

-
o

e
x

A2 X ME 9 &

aRER2AAe] JIAFE BAH}E By F9
e YL x (heat distortion
temperature, HDT) &#&¢] 129, HDTE 1
BRaA Y Atz vi$- dHE A& &

=t HDTE 2EA2A 448 58 &
Fejolr R BYEL AR 2 ¢
gt

#3d F49 ASTM DI6374] med mER
2A e HDTE nEA Al®e 50 psi (345
kPa)9} tensile stress& 7}& defo] A AH
Zol7} ¥y Ao ulH 2 % extension F-&
shrinkage & 2x& 7l € AFolA
T 2dEAR 9399 ARR A48 1R
24 €9 HDT &3& & WY ZAE 4
3td, ASTM D1637¢} <A, HDT &4 #AX
& Fig. 29} o] Azsgd.

Fig. 2¢] 2E partE2 stainless steel2 Az
HAd. WA Fig. 19] moldz Az mEA
A8 & Fig. 2014} #o] stainless steel tube
¢ fixed grip# movable gripe} A }AH.
Grip®] LEAAHF HIe Wol& scratch&
Fo] A ¥ ZL Y tensile stressT Q13 AW
o] gripe.Z2%H dlidingsA ¥=& 3H9d. o
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Table 3. Conditions for Compression molding

Condition Hot press Compression
Melting | Pre - Heating Molding
/ Point
(° C) Temp. | Time Prs. Temp, Time
Polymer (° C) | (min) |(ton) (° ) (min)
HDPE 130 170 10 10 170 3
PP 164 210 10 10 210 3
Nylon-11 198 230 10 10 230 3
Nylon-12 178 210 10 10 210 3
et 1= thermocoupleg o] 43 &8 FUd.
» olf 1¥ ztAo= bathe 2%} stainless
scch ”':d’““" tube W9l 2% % reading pannel?] indicator
{ — & 99 Wit 48ss HDT 2% $ad

thermo-

couple sample

band
heater
weight

iemperature oil bath ip

- controller
anchor

Fig.2 Apparatus for measurement of heat
distortion temperature

202 steel wireg F3tq, AW JpA =
tensile stress2A 50 psi o HFE= 28 A
Hol| Z&AIRAG.

IRAANEHF F7 GZE  stainless steel
tubed& 329 oil bathe] ¥o] bathe] &% &
bath& %31 9+ band heater$} oil bath W<

e FRLEE dFE 29 339 F¥xd
HAS 7

HDT £ 949 AFd2 93 A A% o
o ¥ 2 % extension & shrinkageE
o7lE exojdg. mEhN B dFdME 33
22 }e REAANEY ¥y A Aot 0
mme| B2 7] of# ¢]9 2 %<2 1 mme)
W3 o] reading pannel FolA ¢HA H9 L
T d3 ZEAAEY HDTZ 3o €9
£ 439 AIE Aug =2duz %9
AEARAH diztd 99k Ze HDT A¥&
3 3 wrE}d.

Yo MEE
U oA B

TIPS 302 ¥R G3%e Az
BA, TEA/ANA THARE THE F, o

Ok

Holl 22 Bap M=
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g Sl BE AF B4+
& Mettler FP82 hot stage 4ol €8 ¥i A 2o
82 melting3tad % 719 cover glass Apo]e]
A Bt Yo AL AE AxdH £ o Sumple !
2959 TIPS Fetg freonll3s] 2442 3 £ o Sumoies
Astel TIPS B ol Folgls A4S 5 - sunie
& AASYG . § a9
gaA7 AAY TIPS Boe] da 728 g
Hitachi S-510 A% AAANA (camning 3
electron microscope, SEM)& A43to] #33) F o . / :

ps

gtk TIPS Bote] @ @& H3tq TIPS
Hutg AN FA FoA freeze—fracturedt g
. TIPS 3% A|¥& SEM stube] 22¥x
gold-coating ¥ ¥ F&AE A}

II1. 2% 9% %

TYEY GEFY AAZA B AFAA A
9% HDPE, PP, nylon-11, nylon-12¢} J <
A EXE dolysgitt, ASTM D1637 A4l
gAY FAHTA e TEAAEE 0
psi9 AL Jtsk= Jhed, HDT &3 A
B Zo] 50 mm o] R 2 % extension F&
shrinkages] 3= RPPel7 1 mmelth
ot DREAAH 1 mme) WHE S 24A
= &g o} HDTE Hidh

Fig. 322 %-¢ Fig. 67}A & 479 43¢
24N W 7B 282 k) HDT &3 X7}
yetd g zZF a4 RBEF side] wE
shrinkage= ¥ojuUA] &x extensiondt Yo
wt B¢ Z+ 249 HDT= 25 3 18
Zte] melting point ZHAA FAA=H UG, os
< o]+2 HDT &34 #AAANA ZF niapA]
"M HDTE wd JF A2HQ 28R
9] meltinge] WA AN AlHo| HA AFY

70 80 90 100 110 120 130 140

Temperature (°C)

Fig.3 Heat distortion temperature of HDPE

3.0

o
O Sample 1

& Sample?

2.0

® Sample 3

Heat Distorted Length (mm)

0.0

130 140 180

Temperature (°C)

Fig.4 Heat distortion temperature of PP
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3.0

a
O Sample !
A Sample 2

2.0 1 ® Sampie 3 A

Heat Distorted Length (mm)

0.0 -8 * L T T T
130 140 150 160 170 180 180 200

Temperature (°C)

Fig.5 Heat distortion terperature of

Nylon-11
3.0

° /
—_ Sample 1
£ /
g & Sample 2 /W
£ 201 ® Sample 3 - ./ -
o
(=
Q .
-
T /
2 ! a
5 J
2 10 7
a B8 O
- /
i 7
) /
z o fo

/
///
0.0 b = o

130 140 150 16C 170 180 180C 200

Temperature (°C)

Fig.6 Heat distortion temperature of
Nylon-12

€ AYA B3 B4 g

HDPE = ¢ 100 C ¥2%g AN
ol WYPe] dor] AlFdHe] melting
pointe} ¢ 6 T A& & 124 T RIA
HDT7t &A= 2& polyolefin A¢l PP
& 150 T ¥24X49 93¢ Aoz 167
T 294 HDT7F 2394

¥ polyamide A2 WA nylon-11L& ¥ Y
AF2=7F ¢k 160 Teoln HDTE 187 T &
294 2493, nylon-12&= 160 T B2
A WYsEr] ARsd HDT7 176 T R2
A FZHUY. o|Fez B of aEALA
9] HDTE 3% ZEA9 melting points} v
T oS & £ 9o ¥H 9y AR
€& FHo2 B o nEx2Ae 44 49
o] Zxd 94 AHELX (continuous usage
temperature)24] HDPE:X= digF 100 C )3
2 A%}dE T3y, PP 7 9= HDPER
o 3t EAAM ASAELE 150 CTE A%
o2 Hotop @ Zeolg. Polyamide =
nylon-11& GHAI82=E 160 CE AR
I nylon-12& 160 C o]32 s Zo] nt
AY Ao AlsdY.

Azg TIPS nEAge] @dF=E PP ¥
Te F4HLR #EIHAY. PP/soybean oil
systemO 2R =3 o] @A +xE Fig.
73 Fig. 84 #&3d. WLE:=E ALY
Z+ (% 10° O3 F4937Z (quenching) F
A2 2 3P ed, ASYHdr B XY
@ T27F FAH A

B9 10° Co A4EzHE $3e E& PP
2ol 9dE A& Yzhe] wWE open cell TEXE
PgHel Ax, A49YZe =E PP/HYAH
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Fig.7 Cross sectional view of the membrane
slow cooled from PP / soybean oil
system (x300)

Fig.8 Cross sectional view of the membrane
quenched from PP / soybean oil
system (x300)

system & system¢} phase’t L-L 2¥3g =
e &3 HA PP-rich phase?} PP-poor
phaseZ AEIHEA AAddz & & Yt
o]F ZI phaset system®] wWHzto] ALHd
ozt R FHE get ojFIvrt By
PP A3} FHE& WiALDY olF system
nucleation and growth mechanisme] £]3}<
domaing& PYAHAEA PP ZAAZ}=

th o] domaine] 473t open cell& YA
i, Aol PP ARt Moz PAH, PP
spherluite’} A 439 open cell +x8 X ¥%
o w2t X open cell F2E ol xpet
z ¥&1 Fig. 73 & 7§ oz &
T Aot

FH W4xBE FEYHFoE AT AL
open cell 72 A¥ G HA o w4
3 PP spherulite® o]Fo]A =& 3T YN
9. ol@e FxE systemd] uE5YPZH| o
2} spinodal decomposition®} PP8] F3% 24
A7t Al doj A Fig. 834 Z& vlA
% spherulite® FAT}E Aoz B 4 g
=

—

v. 4

nex 225 Az AWNEQ IRE B

¥ (TIPS)FF 93 nRdd 39L& A
waEy] % 7|2EARE PG 2 4T

AME 715 RER FAA HEY, HE,
azja TIPS AR HFEd 7138 & HE
o F8 EARLAE TYX polyethylene
(HDPE), polypropylene(PP),
nylon-12 & 493
A7) 7k nEAALAY JEY HEE A
¥ heat distortion temperature (HDT)& &
Aztsict. HDTY &334 g ¥y Az
T AR B89 4 nEALAY] dALE
dAolA "FEAHA dAEAELE
usage temperature)© ATt
EH 2 dFdME TIPS 4202 Axd
EATLGY Gig AAQ@v|FH o s A
g4I FAPgezH, ArjdTdar HPg
aRAYG Azd g TIPS 34 =49 75
A€ AXRAT.

)
=

nylon-11

(continuous
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