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Abstract

Polyether ketone (PEEK) has been widely used in membranes because of its excellent thermal stability, chemical resistance,
and significant mechanical strength. However, the melting temperature is very high, making it difficult to find suitable
solvents. Therefore, in this study, PEEK and benzophenone (DPK) were used as diluents to prepare a membrane with ex-
cellent mechanical strength and chemical stability using the thermally induced phase separation (TIPS) method to compensate
for the shortcomings of PEEK membrane preparation and achieving the highest performances. The optimal membrane manu-
facturing conditions were confirmed through the crystallization temperature and cloud point according to the polymer content
through the phase diagram. Subsequently, the morphological changes of the membrane, influenced by the polymer and diluent
content, were confirmed through scanning electron microscopy (SEM). Additionally, the membrane thickness tended to in-
crease with higher polymer content. Tensile strength and DI-water permeability tests were conducted to confirm the mechan-
ical strength and permeability of the membrane. Through the previous characteristic evaluation, it was confirmed that the
membrane using PEEK had excellent mechanical strength and permeability.
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Table 1. Sample Designation of Polymer/Diluent System

Sample name Polymer : Diluent
20 wt% PEEK 2.0 : 8.0
25 wt% PEEK 25:175
30 wt% PEEK 3.0:70
35 wt% PEEK 35:65
40 wt% PEEK 4.0 : 6.0
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Table 2. Effect of Polymer Concentration on Crystallization Temperature
of PEEK/DPK Mixtures
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Table 3. Effect of Polymer Concentration on Cloud Point of PEEK/
DPK Mixtures

Polymer contents Crystallization temperature (°C)

Polymer contents Cloud point (°C)

20 wt% 272.35 20 wt% 282.85
25 wt% 274.08 25 wt% 279.85
30 wt% 276.84 30 wt% 277.85
35 wt% 277.30 35 wt% 274.85
40 wt% 280.09 40 wt% 272.85
——PEEK_40wt% 290 Fypp—
PEEK 35wi% W costalization temperature

PEEK_30wt%
PEEK_25wt%
PEEK_20wt%

Heat Flow (mW)

T T T T T T T
240 250 260 270 280 290 300

Temperature (°C)
Figure 1. Crystallization temperature for each polymer ratio of PEEK
and diluent mixture.
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Figure 2. Phase diagram of PEEK/diluent mixtures via TIPS process.

£N9] cloud pointE 132231 Table 39 S E cloud pointE L}
ERA T Table 3004 a2} ko] F71ge] wt cloud point7h
282.85 °CollX] 272.85 °CE A3 4TS & + UL o= 3
A7) shafo] W-g4= yiE-Ael PEEK 9 3]44]Q] DPK Alo]<] AF
zhgo] ok A cloud point7} 2 202 E1E 4= JIUTH36].
% cloud point®} A3} 2EE o] &35t cloud pointE ©|olF
< binodal line, A3} &5 E o]o]F A4S crystallization line
ERfo] Figure 20 4 HEEE =33t
TIPS 378N T2 JAl-AA, Az i2)7t EAlgc). 34
-MA el AN TRAR SAA7E Wbl QE AtElrt o
A= Zlo)a, AN FEel o] G FAsE FAqo] Wz Alof| 11
E2pe} BAA7 7 o2 Ao g AHRE|7t dojuk= Aol AH
3 A A AAsie FAo] EAste] Hlolid gl A4 st
L ERRlo] A%d AERLE UEhA Pk ol 4 sk olst
Me le)eg gl 2o 2 s} A] al-o AR 7} WAk,
A FE oPdelME -9 A7t LS "t Figure 2014
PEEK 9] 557} 32.2 wi%, =57} 277.13 °CollA] Hlo]mg 2ls} 2
e wRle]l Aake AFe]l EAsk=t, o] ARE & = 322
wi% olstellA = H-of el e} a1 A7k B Lol =H,
322 wt% OPdollAE 3o AREe]rt dojubAl "k A4 2=
oF whe oA wiko] Alth® o] F-0%]#] ¢k, cloud point®.t}
W 2RO E AHRETE dolu whe Alxsh] ok weEbA
PEEK 2] o] 32.2 wt%, 277.13 °C o)/dell A egd= Q1 Fajuks A
Z28 7 Uvhs 2E FRISIITH3TL

o dk N fol

HU 2 o

AZF g Pelvhe SEMe ol BERA A4S Askle

v 2ok ¥z ol FE2E Figures 3-50] YERNITE PEEKS] 5

Appl. Chem. Eng., Vol. 35, No. 3, 2024



218

PEEK 20wt%

AIS2300C SEI WD =150 200KV X50K _10pm AIS2300C SEI WD =150 200KV X 50K _10pm,

PEEK 35wt% PEEK 40wt%

AIS2300C SEI WD =150 200KV X50K _Topm AIS2200C SEI WD=15.0 200KV X50K T0pm

PEEK 30wt%

AIS2300C SE| WD =150 200KV XSOK _T0pm

Figure 3. Morphology according to each polymer ratio of PEEK and diluent mixture (x5000).

PEEK 20wt%

AIS2300C SEI WD =150 250KV X T0K _5pm [IAIS2300C AIS2300C SE| WD =15.0 200 RV X 10K _Spm|

PEEK 35wt%

PEEK 40wt%

AIS2300C SEI WD =150 Z50RV XT0K _Spm AIS2300C SEI WD =150 Z00KV XT0K _Spm

PEEK 30wt%

AIS2300C SEI WD =150 Z50KV XT0K _&pm

Figure 4. Morphology according to each polymer ratio of PEEK and diluent mixture (x10000).
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P
PEEK 25wt%

T

AIS2300C SEI WD =150 200K

Als2y 150 200K

Figure 5. Morphology according to each polymer
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Table 4. Thickness and Porosity as a Function of Polymer Ratio

Polymer contents Thickness (pum) Porosity (%)

20 wt% 90 50.15
25 wt% 112 46.56
30 wt% 122 43.57
35 wt% 130 35.10
40 wt% 145 25.59

N
S
1

Porosity(%)
b
1

304

254

T T T T T
20 25 30 35 40

Polymer Content(%)

Figure 6. Porosity for each polymer ratio of PEEK and diluent
mixture.
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Table 5. Tensile Strength According to the Polymer Ratio of PEEK
and Diluent Mixture

Polymer ratio Tensile strength (Mpa)

20 wt% 8.10
25 wt% 6.54
30 wt% 20.09
35 wt% 27.49
40 wt% 55.34
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Figure 7. Tensile strength according to the polymer ratio of PEEK and
diluent mixture.

Table 6. Permeance of Each Polymer Ratio in DI-Water

Polymer ratio Permeance (L/m’h bar)

20 wt% 3918.17
25 wt% 3817.85
30 wt% 3779.62
35 wt% 3551.27
40 wt% 3311.46
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Figure 8. Permeance of each polymer ratio in DI-water.
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