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Abstract : Thermally-induced phase separation, TIPS, process was applied to the binary blends of
nylon 12 and nylon 6 with Poly(ethylene glycol), PEG. having various molecular weights. Structure
control of the membranes prepared from those systems were performed. Phase separation tempera-
tures of the melt blended samples were determined by using a thermo-optical microscope. Interaction
parameters included in binary pair were evaluated from phase separation temperature using Flory-
Huggins theory. The chain end effects of hydroxyl group in PEG on miscibility were considered by
using binary interaction model and Massa Plot. Droplet size variation depending on the diluent mole-
cular weight were determined under a certain quenching depth by using a thermo-optical microscope.
It was confirmed that the droplet size of the TIPS membrane could be controlied by changing mole-
cular weight of PEG. The size of droplet was controlled effectively by adding block copolymer compo-
sed of nylon 6 and poly{ethylene oxide), PEO to the blend of nylon 6 and PEG, while it did not work

on nylon 12 blend with PEG.

Zeo|of 418¢ #M33E 19944 59

)’-AA—‘Q‘]

347



A

o
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Table 1. Materials Used in This Study.

. MW Densify ‘
Materials . (g/cm’) Source
Information .
at 20C
Nylon 12 M,=12,500 1.102 Aldrich
M, = 50,500
Nylon 6 M. =16,500 0.8872 Kolon
M., =60,000
Nylon 6- @nylun: 20,000
b-PEO Mp[{() = 6,000
PEG 200 M, =200 1.127 Junsei
PEG 400 M.. =400 1.128" Junsei
PEG 600 M, =600 1.128 Junsei
PEG 1000 M. =1,000 1.101>  Polysciences

4Data from Merck Index ;
b Density was calculated by group contribution method.2!
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Fig. 1. A schematic diagram of thermo-optical micro-
scope and image analyzer system to measure the phase
separation temperature.
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o] AR/ SN Ao 2t 2 PH ARERY
B A2 Ho] dojA droplete) F7]E optical mic-
roscope(Nikon, OPTIPHOT-66) % digital image
ol g3t A dstdch @ty oY 8§
A5 20C/ming] £x2 YA quenching depth 7} g
w7} Wz}ale] 1 quenching depth& §-2) 81w A
Azt whE droplete) =ir)o] WEE BFEEFc
A7 Alte] g $ droplete] Z7)7h tlo]%
A ke Wel A71E WY droplete] 27|
+F3k5ich. 3ol o) & droplet®) 7|8 ZH =
T bR o2 AL Azl @0 H(SEM, Hita-
chi, model S-510)& A&-3lch, 43S quen-
ching depth3lol| A droplete] 2717} Hao =gk
F AHES 29 opAlE FH(acetone bdth)Oﬂ
FYste n¥A AHIE FEFCER 2
Azt HMAE FE53 F ANESE IA éli
(liquid nitrogen) 3t A kst SEMo g2 332hs}
o ¥ droplet 715 F438tAh
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Fig. 2. Experimental phase diagram measured under
the condition of 10T/min of cooling rate of blends of
nylon 6 and nylon 12 with PEG having various mole-
cular weights.
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tropy @32 A9E 4 Aok, & UCST AEL B
o)== ¥ == combinatorial entropy &3 & WAHS
o] 1 F-zlafo] Gr-& 4% entropy &V} F 713171
o) Mg SMAE A Bdnvl We
2ol A vhdg o]§ ), Nylon 69 4HE 198
nylon 12 Edizof wigtd i @ (flat) sk,
Nylon 6] §ako] 60% o]4tel Yl =<} nylon 129
o] 80% o3l L'%“‘Oﬂ’\i‘“ -7 Ay
A @tz ol Ahte] ol dell nylon 69 278 3}7}
Yo7} wiitoluh, Rk e Eakel FMAE
AHE-3t9&d nylon 69 Eil=o A¥el Shvt
dleof viste] cha ettt Table 1o
Ueld vlel 7o) nylon 69] Exjgko] nylon 12H.v}
1A o} nylon 6 B#l o) 412} combinatorial ent-
ropy A7} vtk @ﬂ]r nylon 62} PEG 9] 78 4]
nylon 129} PEG2} 4§ Aol vls) vimcks: How
4w 4= 9lty. Nylon 12 2 nylon 62 PEG9}2]
2329 A4 Z(phase behavior) & 1 # o] 3|3}
zyzre) qiiate} PEGE- (ko] 848 v wsl]
A I AR AFUE o.16.17
o] &-3td &kt Flory-Huggins o] &-& 7
A 8-9] 9t A (compressibility) ¥ Z3H59
|

nylon 12

Flory-Huggins o] 2-&

S BA)ELY] ufioll AA aE=) ;6_6]—%
AZsh=A] o )3k hak (LA
2L} o] o] FEof ofdte] HolA
i Ry ST ot
H dotr s Fasth
the] R3g & gtol <& Gibbs 2H el x]e] ¥
3 Ag,¥ olefeb ¢o] combinatorial entropye}

noncombinatoriale] & © & 3f& Hc,
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Table 2. Molar Volume as a Function of Temperature
for Each Polymer

Polymer Molar volume(M,/density)
Nylon 12 50,500/(1.0698 — 5.67 X 10T)*
Nylon 6 60,000/(1.2108 ~6.24 X 10*T)*
PEG 200 200/(1.1183—7.526 X 104T)**
PEG 400 400/(1.1078 —7.926 X 10T ) **
PEG 600 600/(1.1143—~7.695 X 10T ) **

Table 3. Flory-Huggins Interaction Energy Density
(cal/cm®)

Interacting pair Bf Oppo="0.8) B(dprs=05)

Nylon 6/PEG 200 2.6437 3.3982
Nylon 6/PEG 400 1.4394 1.8196
Nylon 6/PEG 600 1.0466 1.3039
Nylon 12/PEG 200 26252 3.3112
Nylon 12/PEG 400 1.3581 1.7082
Nylon 12/PEG 600 0.9514 1.1950

Ag,=RT(0,In0,/%, + 0,n0,/7,) +Boyw,  (3)

o714 Te dhex, ¢ A o] 39 £&(vol-
ume fraction), vi= A¥ 9] &2 Fo(molar vol-
ume)oltt, Bd Byl BARS Und ohe g3t
Zon B A A ALR-Z LEAE

20 Ueh gt Noncombinatorial 3¢ Van Laar
Hey2 250} B Flory-Huggins 4848 A4
(interaction energy density)& t}ebdich, 4%
AHE-g] 2% 7} binodal pointol af&gtril 7hslg
S o A5AE AFe 3 27og PE AL
ch, o] AEA EFEANA AFAVAE A iskshs
22 Hyo iy FAM A gel g3t ¥
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Ap=Ap", A=A, (4)
o714 a9k Bi= FEAE el T S ulskil Ayt
obgfs} ol wHFL

b= RT(In 05+ (1~ ¥,/%,) 0y + Bo,”) (5)
A 20) 3 HEHA TRIAFe 19} 258 v Aol
ojsi A 21(5) Z3E dojut, nylon 12 ¥ nylon 6

Zz|m #A184d A3E 1994 54

9} PEG7tY) 45a¢ Asahe o) 2404 4
()& SAl Ag e dojx|iL o] AFHE Te-
ble 3o sokaf Edch. 4y 187 Flory-Hug-
gins 0|80 2HE T8 A5AE ASE vy
e 2xwol zAd) wal Wited ole EfE
tEda A R ol e S48719 FE el
o oA AFY 2x9} 29 oEANE Ve
ik, AojA 4338 Al4gh-E nylon 69} nylon 12
B thste] vlaws] ¥ of nylon 6 BA=9 A
AL AL nylon 12 A= AR &
okel Aa e ghg VERAITE ole PolA A5
ulel 7o) nylon 129} PEGZFe) A-&4o] nylon 62
PEG:te] AgA8T Fohe R vl

BoAgoA AME3s PEGE w27]7} hydroxyl
groupl 2 olFojA gle=d ol PEGZHY 43 &
Z (self association) ¥yt ofi)a}t nylon® 543 4
% 2+ &-(specific interaction) & Al o] Ez}itel
A g ago] g3k vl Aok, gedriof ofd A5 g
o] W3lE # A3l nylon vrE¢e st PEG wHET
A7be] HE AR AGE 1517] 93H binary inter-
action model®# Massa's plot& o] &38tgch, ¢
et #SRA e Y528 A= binary interac-
tion model'oll ©)3te] ol#fsl o] HFEHY,

B=By30, + By, — B12019, (6)

PEG *}%% ethylene oxide group(-CH,CH,0)
hydroxyl group(-OH)o.g2 P48 58 (co-
polymer) 24 7+5s8ld PEG2] wHEoh9 2l ethy-
lene oxide®} nylon 12 ¥ nylon 6 ¥hE-vhe] Alo]e]
oA Alggko]l Ak g itk A (6)ell A Byy,
By By
group, hydroxyl group-il¥-7},
group- il #k7he) 35 =g Al
A7re] AFEAE AZ23ES B nylon 69 PEGY)
Elal Aol E Aelo] ’;,z‘a 8 A52k By =0.32
cal/em® 2.2 nylon 12 Zdl=e] 0,19 cal/em®e] 3

Hol & ofo) &8 ‘i’.‘?\io‘ﬂ o] 3¢ Fig. 3° L}B}
Welvk, o]7e Table 32 & %€ nylon 68 PEG &

27} hydroxyl group-ethylene oxide
ethylene oxide
ojth, AlLte vk
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Fig. 3. The Binary interaction model showing the seg-
mental interaction energy density.
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& AFE Fig. 49 Yehiich. PEGY 2d7)
A7 AIAE nylon 6 BEA =2 A 52R AL
0.25cal/em0.2 0.1 cal/cm®®] nylon 12 A=)
3 @R thd Hkom Binary Interaction Mo-
del25H fx¥ ZAve} npa7kx2 nylon 6 Bdl
=7} nylon 12 =Rt} thh 2o AR oxs2
YER = 90] & & grh,

3] M Ae] ¥21 9 Quenching Depthe) & 7} o)
2| & Droplete] z27)9] W&, 2%l nylon 12 %
nylon 69} oj&| ¥-a}ake] PEG] Ball =9} nlgkr}A]
2 o8] ZAe distd 15Ce] 73 F quenching
depthalell A} PEG Hxleke] ®alo] wE dropletd)
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Fig. 4. The Massa's plot showing the change of inter-
action energy density for blends of nylon 12 and
nylon 6 with PEG having various molecular weights.
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zer24E] A€ 15T 9] YA quenching deptha}
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droplete] =7 34421 PEGS) Exz}8ke] Z7}0)
et 271 Frtsivhl A o g FEHRe
& & e olHE AFE nylon 12 Hd = o
gt o] FEtsich, 3 A (D)oA ojefdt Ase
W52l a, B7F 0T 1410]9) g 7AW 53] o
=49 4 k. YA quenching depthe} FAF
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Fig. 5. Optical microscope photographs showing the phase separated domain for blends of (a) nylon 12/PEG
200(20/80), (b) nylon 12/PEG 400(20/80), (c¢) nylon 12/PEG 600(20/80), (d) nylon 12/PEG 1000 for quen-

ching depth of 15T (X800).
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Fig. 6. Change of phase separated domain size with

molecular weights of PEG for blends of nylon 12 and
nylon 6.
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Fig. 7. SEM photographs of the cross section of a membrane prepared from blends of (a) nylon 12/PEG 200,
(b) nylon 12/PEG 400, (¢) nylon 12/PEG 600 for quenching depth of 50T (X 1000).

quenching deptha}e]| A droplet?] =77 H¥ o =
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Fig. 8. Change of phase separated domain size with
quenching depth for blends of nylon 12 and nylon 6
with PEG 400.

L um

(b)

Fig. 9. Optical microscope photographs( < 800) sho-
wing the phase separated domains from blends of
(a) nylon 12/PEG 400=50/50. (b) nylon 12/PEG 400
/block copolymer=45/45/10.

E2({ #1841 H3% 1994y! 59

Nylon é} i 20%91 nylon 12/PEG 400, nylon 6
/PEG 400, E-=l=0d th3}e quenching depthe] &
7hell w2 droplete] 7719} F7Hg Fig. 8o) Liehy)
vk, A (D3 Q) 25E FEI A3 & de
A% 7h A Al 8 A Aol tsted quenching dep-
thi: ZS7HAz]el wheh droplete] =7 27l F
7Fsltt7k ofi= quenching depth ool ¥z Uge
aros skt o4 quenching depth7h %
shetel uwpet diel Hol WA B} 7 gite)
eakel FrbR QI AuAEe] FUke dud &
th. wbA quenching depths} 8]29#)9) -z
EHEE T ARGAL FHs) 2dFo RN

20 OH’

'H-L\

1

(3 iy

fw ieietel
Sdut.
FERA Asbel % A% ARte 7
Z W3} Nylon &% 50%% nylon 12/PEG 400,
nylon 6/PEG 400 Ealm=Alo) <472} 10%, 20% 9
PEO-nylon 6 gk',—g%é}z’ﬂg Eolate] s
A AEE B e

’} PEOS} nylon 63 44 %]

[ ‘KO
o opg

REE LR
Q13

1l

0‘

o] &sted #<tiatH o] PEGE 9] F2par& 6,000
olal nylon 62] H&12- 20,0000]%0c}, #v) g A H
1 o)A R ey skah

7hevel b siatal Al 3k AR EH

Aol whit droplete] “1/1e] Wshs 2A}sho] B o)
vkl droplete] #1715 Fig, 9%k 109] 712 uheh

Wtk nylon 12 #&fl-o] e Lol H7t
A, F-9] droplete] F17]ir Aol wWHto] gliont
nylon 6 irgro] el S EGAE WS A

droplet®] =1717} /b4 2] ~11umoll A “1 4 2] 1/10
A0l 1~2umA 7 A 74 ok Digital image
analyzer W) A4y el -23ta o] yvieke) wiet
droplete] #1719 W&# Fig, 110 vehyict, o}
ZvpA R nylon 126 thaked i Hrbelis Bl g3t
A 2] okoll WA glo) droplete] =7y W37} glglo
vl nylon 6 fallriel 719- droplete] =17]7F 7438}

i st mebs M9 ¢k vk Nylon 1

355



Fig. 10. Optical microscope photographs(X800) sho-
wing the phase separated domains from blends of
(a) nylon 6/PEG 400=50/50, (b) nylon 6/PEG 400/
block copolymer=45/45/10.
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Fig. 11. Average diameter of domains as a function of
block copolymer content.
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