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Abstract: Dehumidification systems have been developed for the various applications, especiaily for the production of
dry compressed air. Compressed air producing system attached with dehumidification unit have advantages such as high
reliability, low error ratio, comfortable working conditions, etc. Conventional dehumidification systems have several
economical drawbacks like high electric cost, high cost of adsorbent and it is not environmentally friendly system because
freezing agent like a Freon has been used. Membrane dryer is emerging system which have economical advantages and

environmental merits.
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Fig. 1. Pipe line damage.
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of compressed air at 100 psi.
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Fig. 3. Effect of pressure on moisture-holding capacity of
compressed air at 100 °F.
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Table 2. Amount of Saturated Vapor with Different Temperatures(g/m’)

=H(°C) 0 1 2 3 4 5 6 7 8 9
90 420.1 433.6 448.5 464.3 480.8 496.9 514.3 532.0 5503 569.7
80 290.8 301.7 313.3 3253 337.2 3499 362.5 37.59 389.7 404.9
70 197.0 204.9 213.4 222.1 231.1 240.2 249.6 2594 269.7 280.0
60 129.3 135.6 141.5 147.6 153.9 160.5 167.3 174.2 181.6 189.0
50 82.9 89.96 90.9 95.2 99.6 104.2 108.9 114.0 119.1 1244
40 51.0 53.6 56.4 59.2 62.2 65.3 68.5 71.8 75.3 78.9
30 30.3 32.0 33.8 35.6 37.5 39.5 41.6 438 46.1 48.5
20 17.3 18.3 19.4 20.6 21.8 23.0 243 25.7 27.2 28.7
10 9.4 10.0 10.6 11.3 12.1 12.8 13.6 14.5 15.4 16.3
0 4.85 5.19 5.56 5.95 6.14 6.80 7.26 7.75 8.27 8.12
-0 435 4.52 422 3.95 3.66 3.40 3.16 2.94 2.73 2.54
-10 2.35 2.18 2.02 1.87 1.73 1.60 1.48 1.36 1.26 1.16
-20 1.067 0.982 0.903 0.829 0.761 0.698 0.640 0.586 0.536 0.490
-30 0.448 0.409 0.373 0.340 0.309 0.281 0.255 0.232 0.210 0.190
-40 0.172 0.156 0.141 0.127 0.114 0.103 0.093 0.083 0.075 0.067
-50 0.060 0.054 0.049 0.043 0.038 0.034 0.030 0.027 0.024 0.021
-60 0.019 0.017 0.015 0.013 0011 0.0099 0.0087 0.0076 0.0067 0.0058
-70 0.0051
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Table 3. Properties of Various adsorbent
%
= .. " " Activated Alumina Molecular
2 Silicagel(2 2] 7}) JEINERIN Sieves(3H3 A 2 20| E) Sorbead WS
. Miy/n [(ALO:3)12(S8i02)19 | Silicagel(97%)+Activated
J = J _ 0 _ 0
BrEE S0 - 98% AlOs - 99.8% 27~30H,0 Alumina(3%)
HF 22 2.6 1.1 -
F AU S (kg/m') 720 800 720 -
I
[keallkg - Deg] 0.22 0.21 0.18 -
AT
21U
(keal -1 - Deg] 0.12 - 0.506
NEE 0.44 0.71 0.61 -
Bl
]ﬁs“ g 600 260~330 480 -
(m'/g)
Wt s (kg) 25 85 9 -
WEA4(0) 250 650 600 .
AALECC) 150180 175~250 200~320 131 ~216(166)
10% 9.0 8.7 204 -
HNEELY
TE
2&1’:’%5 40% 25.0 16.0 21.8 -
80% 38.0 22.8 224 -
=A°C) -70 -76 -80 -80
Z2Hol $x9ak
T‘\E"] =] "l‘g‘ S . _ _
1A% % %) 40 13~15
A F FERY S ; ]
/R X (%) )
cgol oS Aol B AAH 7 - vhEo] o) |- FEFFo] e £37][ AW LRI} ol w3
$ 21 F440 +4 @ B0t 0 QSIS 2 FHF| g0l Wk
e S F64] A A% |- vEEs 20 99 4] £ 28 - Silicagel 7 W3 F
e 7 opslel 4% F18| M W B 4 Qo |- QuHOE wad 28 A AR Rt $4
o2 AEHA g8 |- AUEE 65% oA & EFI txe 24| sith
ool 48T | AR AS

Table 4. Gas Permeability, Diffusivity and

Calendared PVC(Non Plasticity, at 25°C)

solubility of

Table S. Performance Example of Gas Fluoro Membrane

Gas Px 10" Dx 10’
He 2.05 28.0
H; 1.70 5.00
Ne 0.39 2.50
Nz 0.012 0.038
Ar 0.012 0.012
(0] 0.045 0.118
CO, 0.157 0.025
CH4 0.029 0.013
HO 275 0.238
Kr 0.008 0.004

P : Permeability coefficient ;

D : Diffusion coefficient ; cm?/sec

S : Solubility coefficient ; cc(STPYem® - cmHg

qHFl, A 14 A

A1 %, 2004

cc(STP) - sec - cmHg

Kind of Permeation speed(Q)
$x 10’ membrane High permselective gas
0.073 Component separation membrane

0.34 gas (Medical use oxygen enricher)
0.157 N 0.14
0.312 O 0.56

1.0 H 1.9
0.384 He 1.4

6.27 Ar 0.38

227 Cco 0.19
1,155 €O 2.3
0.725 CH 0.22

CHy 0.21
H,O 30

[Note] Data :

Measured value

Q: [Nm3/m2 - hr - atm]
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Fig. 9. Permeability of polyimide hollow fiber membrane
(single-fiber)[6].
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Fig. 11. Shape of membrane (a)Plate & Frame Type (b)Hollow Fiber Type (c)Tubular Type (d)Spiral Wound Type.
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MM denotes milion

=FEED Sl Conversion
300MMSCFD m = ft X 0.3048;
110psig kg = 1b X 0.454;

SATURATED @ 100°F

kpa = psi X 6.89
m* = ft3 X 0.0283:
T =(F-32)/1.8

|
*
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_l b pisg
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L] 1]
{ ]
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Fig. 14. Off-shore natural gas dehydration.
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Membrane DryerE $4102

High purity
130T Alcohol!
125, €= 77.3wt% Water Condenser E = 99.5wi%
Module
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2 j 3.4kg/onG
4 130T 130T Evaporation toweer
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—
_ Condensor
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Fig. 15. Dehydration process of ethanol-water mixture.

Table 6. Comparison of Dehumidification Methods for Compressed Air

15

Operating method Adsorption method

Cryogenic method

Absorption method

Membrane method

Dehumidification degree High Low Low Medium ~High
(Dew point) (-30~-50°C) (0~-20°C) (0~-30°C) (-20~-40°C)
Equipment area Large Large Large Small
Operation, Maintenance Ordinary Ordinary Difficult Easy
Equipment scale Medium ~Large Small ~Large Large Small ~Large
Separation system Adsorption Cryogenic Absorption Permselectivity
Main apparatus Tower, Tank, Refrigerating machine, Tower, Tank, Membrane, Filter,
Heat exchanger, Heat exchanger Heat exchanger, Vacuum pump,
Blower pump Heat exchanger
Energy Consumption Medium Large Large Small
(kw/m*/hr)
7}akch, 9} stainless steel pipe2 TE0jZ g Mo ok
@ Asahi Chemical industry Co., Ltd.: flourocarbon hydrogen chloride®} Z2 =4 7]A7} fluorocarbon
ZZA (24 714 AEs 2H hollow fiber T}e] o] FUH, 22 FZF7|qt =7
Asahi Chemical Industry:= self-manufactured fluoro- & B3} 3EE o oie AFoE ZYEHR1

caartbon FAE ALLEA ZFALE VA EE S-S A
ot = g o) RF T4 V1A Az Al2He] I
d 59lt}h. o] fluorocarbon hollow fibere 270} £l
microns®| X F7|7} 44 micronso]t}h. o] g S=ul7j

A7 27 mm¥} Zo] 627 mm

_q] E}'O] E}Beli E’—O:] L

O w&E IA 71A7)
chlorides =3 -30°C(s=%- &heF : ¢F

oz
AE2 4 Ar}h. Hydrogen
35 ppm)oi Al -65°C

(7 g 2k 4 ppm)7EA] A|E 715 Sk ol feed
gas o} Q- L 3~9 Kofom ’Golal 52 1~3 L/min

o2 Adoh o] S4 71 dzx A2"gE wEA
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