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A Study on Flow Rate Properties and Optimal Selection

of Nitrogen Membrane Module of Hollow Fiber Type

Jong-Do Kimt - Sang-Su Lee* and Jeon-Ha Kim#*

Abstract : The gas separation technology using membrane is widely used to refine
various gases in many industry fields and recently is being applying in CO2 recovery
technology. In the gas and chemical tanker, nitrogen generators for inerting, purging
and padding are on board and most of them have membrane modules of hollow fiber
type with long life and vibration resisting properties. Because a membrane module is a
key component accounting for 50% of total manufacturing cost of nitrogen generator,
adequate selection for it is an important problem. In this paper. the flow performance
coefficient based on dimension and specification data of membrane module was
relatively selected to compare nitrogen generating capacity of module and various

performance tests

about the selected PARKER 8ST6010 membrane module were

conducted. As a result, the useful coefficient and basic data in selecting a membrane
module were achieved.

Key words : Membrane module(#l% 25), Hollow fiber(F34b, Nitrogen generator(dz
WAl 7)), Gas separation(ZF2=¥2), Performance test(Xd%5418)

= ol el RES e FFAMHoIt AL F
A 71A EEet BEE oelCH,), *i(Hz)
3 zH zE Botola sl ¥ FE(He), FA2(02), AANy) 59 7M2E
st AeAgoa g =2 FEscd HEHIT Qo HILde 7\1—?
ot} xae dH 2w st dig R CO, AF7ed A8AA
£57 9E Foke 7Ax woklAe Rew A7yt 98] IR o
Jol AgEE b gud PO BAAE AdH dddez by de

TAAzHEFe) et 7] Al A F-3HE E-mail:jdkime@hhu.ac.kr, Tel: 051)410-4253)
—7‘ PR RN e Bl R e et v O

" EANL A

gaelddz Yoj st 4] A7 A6E, 2008. 9/ 915



112 AZEE - o

o H
e
i,
>
ol
L)
R
30
=

(gas carrier and chemical tanker)&
st=el EE3 AFgWAE A3 ouy
(inerting), 3 (purging), 3 (padding)<l
52 Z2E A Aok 2ae A FAe
(cryogenic), PSA(pressure swing ads-
orption). ¥ & ¥ (membrane)2| 3714 W4o g
AAEL Ay FAHALE Wy ZAE(plant)
3} =lojopstn® F FIHE AL, PSAWAES
SAA 7 Zgel

o, wepd @) Aol 4257 9l

Ho

o
oo

o

fl

fr =2
>

oo

i)

Rl

T 30

)
ok i)
o
£ 5 ot Moo
2 Mo ol M1 gL P
2 = > i

L

2

RO
EL
[l

o oot o

fu
X,

% i |o
=
0 o
Mo O fr 2 [o Ml my gy o -

916 / TxutdAA Y P EHEA A328 A6Z, 2008. 9

WA FFA 712 E2ve] 99E 7hds] 29
EH 2R &2 AZRE SFTA RS 452
ZIA 7 FHE o 1A FHEETE wE VA
FEAE FHee 9 2E9S B3 FHEHL
& 57 =9 ZAE £E9E FHekA ket
FH43A He Aotk Fig. 1(a)e &F3717
s 548 W7 Fofl SAste 71AES
FAEALS HAEy EREE7F wE FARE
Hy — HO — Oy — CO; 59 22 EElge
B3 BHstA Hi RS Er =W Npe £89
S £33 ¥ 182 Fig. 1(b)E &34 1
Aol dg dH SEMAH sl 2E BAFE

s N

Permeate

Gas separation membrane

Outer side
dense

Fiber wall
porous

Pressurized air

Slow Medium Fast
Ny, Ar, CO CO,, O, H,0, H,, He

Retenate

(a) Principle of gas separation

(b) Microstructure of hollow fiber by SEM

Fig. 1 Separation principle and micro-structure of

hollow fiber membrane'!
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Table 1 Specifications of Membrane module
. Size(mm)
Model Capacity /Weight
A 6.9m'/h 0139x736
(N2 98%-Tbar) 5.5kg
44m'/h
B (N, 98%-13.8bar) | #20071.800
o 5.2m'/h 2165%1,160
(N2 98%-T7bar) 12kg
D 0.78m'/h 295%1,050
(N2 98%) 5kg
0.36m'/h
E (N, 99%-6bar) 990%830
Table 2 FPC by model
Model Calculation FPC

A 6.9%(7/7)=(0.0113/0.0113) 6.9

B 44x(7/13.8)=x(0.0113/0.0884) 2.9

C 5.2x(7/7)x(0.0113/0.0248) 24
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Fig. 2 P & I D test

Membrane module g

Flow meter :

Fig. 3 Experimental setup for flow test
Table 3 Instrument and specification for test

Instrument, Specification
1.38Nw'/min, 11kgf/cn

Compressor | (x; 1 01ys-GSS11)

. Pressure g 16 ar{Allsensor)

ransmitter

Temp. A 1A0Y
transmitter 50~100C (Allsensor]
Alr 0~150m’/h, Thermal mass type

flowmeter (DIELEN-VARIOMASS]
Oxygen sensor |0~25%, galvanic(CITY)
A/D converter |16ch. 250kHz(NI]
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Fig. 5 Nitrogen and feed flow rate
Table 4 Efficiency of nitrogen generation
<unit: %>
purity(%)
£ "l 99 | 98 | 97 | 96 | 95
Pressure(bar
8 17.7123.7130.9| - -
7 17.2123.5]30.6 [ 34.7|394
6 17.6 | 24.4130.135.0]39.0
5 1591224295 |345|39.2
Average 17.1123.5]30.3(34.7|39.2

920 / gl Aol

Bsks]=] A3RA A6z, 2008. 9

ol gt ol A da LR L] A

=%
G HFol ANHADE AEAT doks A

FHEE F70e dE Adagre d3e) s
A& GotR7) $étd TbardlX ZHE §F 2
2EEE 4 (6)d st FHF79 Adaek
& AR, ©1E AA SRS vad AHE
Table 59 uvetdth &2 SAUE 712
72 3 Aot}

SEEE 239 Aok AW, WLE LS

or

3% o= S o

10090M o1& wH F343
71& 3
9

Rugp

N
1o
X,
[
Fiy
Gt
L
RS

ek Ay

gL
)
2
il
o X
ok
N
i
)

(i ru

],
FEE A3 8 HaeEst e s of
PHOE o ZHE 5E 1

Table 5 Oxygen purity prediction of permeate air

Nitrogen purity(%) | 99 [ 98 | 97 | 96 |} 95
Measured

Oxygen purity (%) 25.728.21295(30.7]|32.3
Predicted

Oxygen purity(%) 25.2128.1129.0|309|332
Error(%) 19104 | 17|07 | 28

8.3barell X A e TUE 4HEAES A%
= H

H
HAFd=d, ol &7 SAFF] olE/F

o 87 wEolnh

F & ko) AHel geol w=d 97
AASA S A2 S0l Y 1o
JANE Lol GEatEs s
SR delol AeaEn ARAAE 5

=

R
QO
D
\°



117

Ho Fow TG oT BT o RO gy e W OB RO W 5 W Loy
- —_— —_ o ; TO e iy .
FEZdg e 5T pEatT LS. SAER S0y “Z
F YT T ot W By Ol T o g T BE K o
& o B T mo N e | R
RHHFHH AR w BT VMR wm wgwe Fgw R
ﬁmcmam,mﬂﬂz:fmﬂ ﬂo_amp%zﬂw FOTT BRI =w gﬂ
T SEETe e ziefl diuz pg¥E T v
e ol o % EK m = T X g = G AR o = o o alt m RO Yy w0 .
T oo o ~ U ™~ To ANl .
s PPy <y TN Mg SGWIE kT e T T 0
I U ol W\M N RS oy & ™ .o Wﬂ o W,_., 1 X A] o 7T o i = w ‘.J;o T o= ol M_mm &
U o B S S R o v G . ARy o N
T ™ M m T o} — B2 " o= o B W R o N OmE o o o e nH P
A R T e NN S AN PR ERER g N H
. T oo Do oo oo g W T fe & o YT T o =y = mOE T N g w il o
S ALYt ST R RBER T RER G Pug D EEOF T yw ®
R s — ; o % % 3 il
me%_wr%ﬂo_ﬂmﬁm_rea_e%%7mﬂix ok om Mo S F w2 T ol
B S e TR EL T T oAy E A2 R W& X s
mmr%%%ﬁmﬁ%%wuﬂﬁﬂ R SN S R O Al F "
_MAO o= MT/V 7 ‘L.MM X0 A\u/ T & W ir \2) Y WM w Jo = M o oW. = w N _z‘.ﬁ. M 20 B % No ol
dl TO N Z‘*‘a
%%ﬂﬁ%%@ﬂﬂwéwgaﬁoz7%M%ﬂﬁﬂ@ﬂ4ﬁﬂ%%_$ﬁ i
s = oF Jo do %o 3 =T oW T F W Mo w o % %O w0 e RO =
" E T W Bl o dr N .WW oW Mo_,.ulu e Feed pressure[bar], N, fiowrate{m’/h]
%EW,% N 7ol,un,z€. _ _ _ _ 2 8 & ' ®© 2 4, o
w® W ﬁ%%% %aﬂﬂmﬁﬁmm 5 g S —
(v ] & o =
LR ZdNt wmere N £ | o
N ™ N - A = 3
fn_MW ey rEaIgl 3
M G 5 oa W T X 9 - = 8
W oo T - ! =
imﬁw_mmm Ro W om E s [l B £ 3
G T Ao = ok T _ = o 2 3 .
0| BTl &3 — < — @ I & 2
wr Y_u/l o © — ‘wﬂ_ . —AE — ‘Anﬂ _zrl LALUO = 1O-M - = =
o —_ T 2 e
m\unu 1H MEU‘_.&E ,..A_lzavlo,u_wmwl - 3 E
IS Jv..NOE H ™ oF = E @ F = ]
© & NE e T g £ < c 8
T - B 5 o o Ty 2 = g
pITG pHTT RelerE s m
srfe FT¥ew T4zau® s ok e
) %0 TS X N ol i 3 ]
= ‘—Iv” 0~ B o S E o 5
H%%?.%ﬁx%.%%ﬁwwﬂ%m m -l £ 2 e
< . o < E E3 s
P:]ﬂlovqéxam W%zo.lzrk " 2 EZ2 3
o) Lm = .A‘.ﬁ \m..m o T N ]:m 0 o0 ;a_l .Wo 0 ‘_o.._ . N b v | o
BRI L e R RS Ry B g T I I i T
ol A o oo e o ww 5 oy 3 B 9 8 8 & 8 8 8 8 38R
_ N [1eq] amssaxd paoy z
W T TH T RTh FTHEFTT M fo yund °N

‘el PSAC)

612~617. 2004.

L., pPp.

Aol sl ) A3R2d 6L, 2008 9/ 921

]

X

. A154 5

7
St}

Time [min}
Fig. 7 Variation of feed pressure, nifrogen purity and

flow rate by time



18 AEE - o]

hybrid AlZ="e] o g o]bsleka 4 34”7
S=7r 83| A st 3], pp.5T7~62, 2000.

(3] 3H3&, "EHHE o)E% FUIFE/E ¥ A
gr=uksts] A 153 AEZAY, pp. 121~134,
2002.

4 dF=E 94, U3 "TEA 74 2y
e §F, dFTEAFFIA A16W 4%,
pp.436~446, 2005.

(5] PARKER. N2 Generator, 2005

43 (&FH)

063U 124 19850 BHah oyt
J|EBem B, 1903~ 1907d 2
=

Kl 1o Kl

AAZSAAL U ZEHELAD, 20034
H-gix, (32T algiolad 2
ofuix|eiTolas IR 2004 126~
sH=elo| X728t g—zaow, 199811
3B~ SRSUHSD 7[BAIAH
FJspe TS, T HEOAL BAR

rﬂ_o

o T
OF : BO[NEH, 7I3siael 1Rs
P ESTRRINETE

Ol&ts (F48%5)

1962 92, 1985 Sh=alf 2ol
7|2t EA(EAR, 2007d s
CHstm 7| 2| Al Z EFD) 1AL
gh=s 2ty &t 7MA| %%’SFI'}(
oHd), 20009 ~sX, Gl Ak
Ol At

T

T>
%
W09 K

2

ZXs} (&)

19714 1084, 1007 Raichstm B
UT|AZ S BR(SHAN, 1999 F A
SHm HUIIABSBAL, 2000 7
MR YU AZETHLAY, 2005
U~ B, el A oI TNk

922 / @=viddAYel Y3t A ARH A65, 2008 9



