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Fig. 1. Schematic diagram of hollow fiber spinning.
1. Metering gear pump (Polymer dope)

. Metering gear pump (Internal coagulant)

. Double needle spinneret

Coagulation bath

. Take up roller

. Flushing bath

. Hollow fiber loop
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Schematic diagram of tube-in-orifice spinneret,
A. Bottom : 1. coagulating fluid : 2. spinning
solution : 3. inner tube : 4. spinneret body.
B. Section : 1. spinning solution entry : 2.
coagulating fluid entry : 3. tube-in-orifice.

=

Fig. 3. Double tube - in - orifice spinneret.
1. first dope (inner layer),
2. second dope (outer layer),
3. bore fluid.

Fig. 2.
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Table 1. Hollow Fiber Membrane Production Method and Materials,

Nozzle type Tube - in ~ orifice Se}:i;ate Common
ollow . othod | Natural Forced injection Connection Foaming
Spinning method suction Gas Liquid
Nylon 66 Polyester
Polyester - Polycarbonate, -
Melt PP Polyvinylidenefluoride PE,
Melt PP(heat treatment /
spinning streching)
Cellulose acetate (CA),
Platicizer - Nylon 6 - - -
Ethyl cellulose
Dry - - CA CA -
Aromatic polyamide PAN, PVC,
Dry-wet PMMA, Polysulfone PVDC, CA,
Solution - Polybenzimidazole, CaA -
spinning Polysulfone, ?MMA,
Polvacrylicacid
PVA, PAN,
Wet - | PVA Collagen, CA, - PVA
Viscose rayon
#2/0f A127d 335 1988 5¢ 215



Fig. 4. Electron micrograph (200X) of Amicon’s
Diaflo hollow fiber, Ultrafiltration “skin”
faces fiber lumen (internal channel,) Cylindrical
substructure opens progressively outward.

Fig. 5. Double skin ultrafiltration hollow fiber membrane,

(Asahi Chemical. I, D=0.8 mm)
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Table 2. Examples of Hollow Fiber Membrane Modules
for Ultrafiltration,

Manufacturer Polymer Water flux | Cut —off
(m®/ m? day.atm) | M.W.( X 10°)
Amicon, Romicon |PS, Dynel 1~6 1~100
Asahi Chemical PAN, PS 1~7 3~50
Berghof, Nuclepore] PA 0.25~6 2~50
Nitto Denko PA 5~12 10~50
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Table 3. Hollow Fiber Membrane Modules for
Medical Purpose,

Manufacturer Commercial name ﬁ:l:s;s* l\::::i:;e
Amicon Diafilter HD, HF| PSF
Asahi LAM~10, 2.0 HD Cuprophan
medical PAN-15 HF  |PAN
Plasmafro AP —-06M, 0.5H] PS CA
- BO PSF
Bentley SD-1 HD Cuprophan
BOS, CM BO PP
Berghoff - HF Polyamide
Cobe HF-130 HD Cuprophan
Cordis-Dow | Duo—Flux C—DAK HD Cellulose
13, 25
ENKA - HD, HF| Cuprophan
- PS PP
Extra— Tri EX-1 HD Cuprophan
Coporeal
Kuraray KF-101 HD EVA
KF-1N, 1IN HD Cellulose
Plasmacure SA, SB, SC | PS PVA
Sartorius Hemofilter HD, HF| CTA
- PS CA
Senko medi— - PS PE
cal Co,
Sumitomo - PS PSF
Teijin TF-15 HD Cellulose
- PS CA/ acryl
Terumo Clearance TH—15 HD Cuprophan
- PS CA
Capiox [I BO PP
Toray Filtryzer B—2 HD PMMA
Filtryzer B—1 HF PMMA
Plasmax PS—05 PS PMMA
Travenol CF—-1,500 HD Cuprophan
Bard HF —4,000 BO -
Mera Merasilox HSO BO Silicone

*HD : hemodialysis, HF : Hemofiltration,
PS : plasma separation, BO : blood oxygenation,
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Table 4. Hollow Fiber Membrane Modules for Re-
verse Osmosis,

Manufacturer [Commercial-namq Membrane materials | Si

Dow Chemical | Dowes 4K, 20K CA 6 1ch

Du Pont B-9, ~10 Aromatic polyamide | 4,8,10 inch

System Co, NS-200 Sulfonated poly- -
propylenealcohol

Celanese - Polybenzimidazole -

Monsanto - CA -

Toyobo Hollow Sep CA 8, 12 inch
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Table 5. Commercial Scale Hollow Fiber Membrane
Modules for Gas Separation_25

Manufacturer Memb.rane Operating Application

material pressure
Monsamto Silicone / PSF | high, low CO, H,, 0, N,
A/ G Tech, - low, Vacuum, {COQ, O, N,
Generon(Dow) | Polyolefin low 0, N,
Cynara (Dow) - high CO,
Du Pont Aromatic high H,

polyamide | high

Ube - H,
Union Carbide | Sulfonated PSF | high C0, H, 0, N,
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