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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 controlled 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.
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Table 1. Materials Used in This Study.

' MW DensiFy ‘
Materials . (g/em?) Source
Information 5
at 20C
Nylon 12 En: 12,500 1.102 Aldrich
M, = 50,500
Nylon 6 y,,: 16,500 0.8872 Kolon
«= 60,000
Nylon 6- M yion = 20,000
b-PEO Meio= 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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Fig. 2. Experimental phase diagram measured under
the condition of 10C/min of cooling rate of blends of
nylon 6 and nylon 12 with PEG having various mole-
cular weights.
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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 10*T)*
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 10" T)**
PEG 600 600/(1.1143—7.695X 10"*T)**

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

Interacting pair

Br(bpﬁu 0.8) B(¢pe;=0.5)

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,/%, + 6,1n0,/7,) +Bow,  (3)
4714 T

" ex, ¢ AL 1o 31 F&(vol-

+2} B.y](molar vol-
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gom B Ny AHE-3F w59 g Table
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Hefl®2 2310] Bi= Flory-Huggins A 324 A4
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ume fraction), vy ¥ 9] =4
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ell2Fo] Flofo} dic}, #,
=Au’ Api=Ap,” 4)
o 7|A a9k Bi= HEAeNe T A& ouldkal AppsT
ofgjet ol THFT
w,=RT(In 0+ (1= ,/%,) ¢, + Bo,’) (5)

A8 20) Wa shatA Rl 19} 25 b Ao
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Zz|oy #1184 38 1994 5¢
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Fig. 3. The Binary interaction model showing the seg-
mental interaction energy density.

A=o) 4524 A43o] nylon 129 PEGE A =0
Hldto thh &2 4] g wel AR npFviRE
nylon 6 B3 =9 A&z 257} nylon 12 E2A =9
FEE exET & ofE dYd £ 5 Ut
18]} binary interaction model & PEGA}| 2] $-3
(self-association) EHE 12 3R] 7] o] B
9 o 3G A o) 43S 4 Y8
2t nEAte} SMA S| Ealgke Ao 434
AFFER 745 Massa's plot?'2 3lc}. Massa’s
plotZ ¢do]Z nylon 69 PEGe] wrxizt A5z
€ AFHE Fig. 40l Jehidch. PEGY #thy]
A7 AAE nylon 6 BAE2] FE5A4L AFEe
0.25 cal/em®2. 2 0.1 cal/cm®2} nylon 12 Ealx o]
2 R oA %o Binary Interaction Mo-
del2%H =¥ Ao} w3722 nylon 6 £
=7} nylon 12 EA=BT} thh 2o ARy ox s
YERNE €9lo] & 5= Qi

3] XA ¥ag B Quenching Depthe) & 7} o
2| & Dropleto] 7)) #s}, 15 %}<] nylon 12 &
nylon 69} oj2] £x}ake] PEGY] Bl =9} nl3r}x
2 o2 249 digtd 15Ce] 1¥H quenching
depthalel A} PEG ¥x}eke] Wsle] w& droplet?]

352

o
¥

ﬂE .

»

E 0 nylon12 blend (20/80)

~ A nyloni2 blend (50/50)

2 34O nyloné blend (50/50)

F

[

[~]

8 27

1ol

L3

e

2]

g 1+

2

° 4

g 0.1 (cal/cm)

g 0 AN S SnSE M N N T
= 0.0 0.1 0.2 0.3 0.4 0.5 0.6

[l/Mnylu + I/Mr;g] x 100

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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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 15C(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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(c)

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).
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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.
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Fig. 9. Optical microscope photographs(xX800) 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.
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(b)
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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