Polymer (Korela) Pulbished by the Polymer Society of Korea
982,

Vol. 6,

No. 3

Printed in the Republic of Korea

4 - 54 WAl o8] HMEE UEEA
OFMIEi 0| E S3AF 2holl et AT

ol
ya

HHEL - 0[HX -

BE‘.

BF4A 2 FGF

o

F 3}

(198213 19 1494 A4

A Study on the Cellulose Acetate Hollow Fiber
Membranes made by Dry-Wet Spinning

Myung Hwan Kim, Young Jin Lee and Sung Chul Kim

Dep't of Chemical Engineering, Korea Advanced Institule of Science &
Technology, Seoul 131, Korea

“(Received January 14, 1982)

T A% BAEE e Ao ohHolE §RosNy G4FE FTAY
Azage = Az FA wBE 2340 TR 2A4L ARG 94 9de A
Z 9.~ ol g ol E (Eastman Kodak, E-400-25)%& ot Ex} ZEobu] (60 :40 Z3kH])
Sy 7% FaNE ol WE WA AHEe 291 (spinnerette) & needle-
in-orifice 3§ o 2@ = F7o] zz} 0,5588mm, 0.9mm o]z} Zoli Imm 2] u}ZH-Eo =
e B2y GFewE FEE Y4 AT —%~"-§-o}u = %o E—obiEY ¥
o] s&o, g FEAE MHAY FRREA X AES G345 olFT
= 97 o] 450pm, 1] 7] 183pm ] g v} EX } Tz4 T %L F

EAAEA gz &, B7) Az AL WF %—""—“9] TR 24, 949 A=, 2
sz 9 L5 Wotd zAger AW ¢d5e DA 2453 5000ppm NaCl
S04 23,57 %o AGNE W T FIHe 0.4gal/ftday, DAL 0552 hE L&

to N{m m[o

“J F

ABSTRACT : Hollow fiber membranes for reverss osmosis were manufactured by dry-
wet spinning of cellulose acetate solution. The dope usxd was 27% by weight of cellul-
ose acetate (Eastman Kodak, E-400-25) in 40:60 by weight of formamide/acetone
mixture; the spinning was through a s'ngle hole needle-in-orifice hollow filament spin-
nerette. In order to coagulats the inner wall of the hollow fiber, water-formamide or
water-acetone mixture was usced as an internal coagulint, The effect of the coagulation
bath temperature, the air-drying time, the internal coagulant composition, the annealing

temperature, the stretch ratio, and the operating pressure on the hollow fiber
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membrane properties werz studied. The hollow fibsr mem-branes in this study were of

the asymmetric type with a structure compriszd of a dense selective outer surface

and a porous gelled substructure. And the fiber had outside and insides diameters of

450 and 188um, respectively., At an operating pressure of 23.5 atm, the permeate flux

was 0.4 gal. ft.~*day~’, with about 967 salt rejection, when charging with a 5000ppm

NaCl solution.
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- Dope Mixing Tank 2. Middle Storage Tank
4. Filter 1
6. Spinning Die

1

3. Gear Pump
5. Filter 2

7. Internal Coagulant Tank 8. Coagulation Bath
9. N. Gas 10. Take-Up Motor

11. Take-Up Roll

Figure 1. Process Diagram of Asymmetric Hollow
fiber Membrane Manufacturing
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1. N, Gas
2. Storage Tank PERMEATE
3. Test Module
4. Pressure Gaugs
5. Valve

Figure 2, Apparatus of Reverse Osmosis Testing
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Figure 3, Test Moule and the
branes.

Hollow Fibar Mem-
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Table ]. Coagulation Bath Temperature Effect
Coagul- Swellin q Ea ] e
! g N Younz's Tensile
Z’il“té?rlllper- Ratio(wt.) ?IFC%”M' Modulus  Strength
ature °C Wet/Dry dyn/cm?® dyn,/cm?
6 5.18 Trans- 1,30X10° 9.21x<10°

parent .
20 5.25 Opaque 1.27 9.53
30 5.67 Opaque 1,07 10. 46
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Figure 4. Scanning Electron Micrographs of Cross Sections of Cellulose Acetate Hollow Fiber Memberane
(internal coagulant; 5g formamide, drying time; 3.85sec, bath temp.; 20°C, winding velocity;
3.8m/min).

(a) bath temp.; 6°C (b) bath temp.; 20°C

Figurc 5. Scanning Electron Micrographs of Porous Layer Showing the Influence of Coagulation Bath Te-
mperature(internal coagulant: 5% formamide, drying time; 3. 85 sec, winding velocity; 3.8m/min).
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Figure 6. Effect of Coagulation Bath Temperature
on Permeate Flux & Salt Rejection.

(i.c.; internal coagulant, t,; drying time,

T,; annealing temp., T,; bath temp., V;
winding velocity. p; operating pressure)

(a) drying time; 2.3l sec

Table [[. Air-Drying Time Effect

AZAZY] FAAY @ AW BAFL T
AARAD B gl & A
FARZA L] W2 BAEY Sk W ge

Drying Time §Ying - Thickness Mav
o wt./dry wt. Layer Vel.,, m/min
2.31 6.43 1.5—2.0 5.2
3.08 6.13 6.5
3.85 5,52 7.0
4,62 5.63 7.2
6.15 5.61 7.3
7.69 5,18 7.6
© 12,31 5,12 4—5 7.9

(b) drying time;12.31 scc

Figure 7. Scanning Electron Micrographs of Dense-Skin Layer Showing the Influence of Air-Drying
Time. (internal coagulant; formamide 5%, bath temp.; 20°C, winding velocity; 3.8m/min)
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Figure 8. Effect of Air-Drying Time on Permeate
Flux and Salt Rejection
(s2e Fig.6 for Nomenclature)
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Figure 9. Effect of Formamide Content in Forma-
mide-Water Internal Coagulant on Perme-
ate Flux(sce Fig.6 for Nomenclature).
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Figure 10, Effect of Acetone Concentration in Ac-
etone-Water Internal Coagulant on Ma-
ximum Take-up Velocity.

(see Fig.6 for Nomenclature)
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(a) Stretch Ratio=1.57 (b) Stretch Ratio=2.€4

Figure 11. Scanning Electron Micrographs of Cross Section of Spun Hollow Fibers Which Showing Me-
chanical Cracks (internal coagulant; 5% formamide, bath temp.; 20°C).

(a) Before Annealing (b) (b) After Anncaling

Figure 12. Scanning Electron Microzraphs of Porous Layer of Hollow Fiber Membranss (intsrnal coagu-
lant; 5% formamide, drying time; 3.85sec, bath temp.; 20°C, aanealing tzmp.; 75°C, winding
velocity; 3.8m/min).

178 Polymer (Korea) Vol. €, No. , June 1982



A g4 ] ¥ Azd AERox ofdHJE FFA

Table JJ. Effect of Stretch Ratio

Take- Stretch  OD  Tensile Young's Crack

Vlilf Strength Modulus
m/min Ratio pm  dyn/cm?® dyn/cm® Observed

2.0 1.01 680 8.81x10" 0,92%x10° No
3.1 1.57 530 8.40 1.24 Yes
3.8 1.93 450 9,11 1.34 Yes
4.5 2.29 430 9.81 1.37 Yes
5.2 2.64 410 10.62  1.44 Yes
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Figure 13. Effect of Annealing Temperature on
Permeate Flux and Salt Rejection.
(see Fig.6 for Nomenclature)
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Figurs 14. Effect of Annealing Temperature on
Permeaie Rate Decline with Time.
(see Fig.6 for Nomenclature)
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Figure 15. Flux Decline with Time at Different
Operating Pressure.
(see Fig. 6 for Nomenclature)
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