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Abstract—The effect of the temperature drop by phase (ransition on mass transfer in pervaporation module and the
phenomenon of the apparent concentration polarization by the change of flow rate were discussed in term of the heat supply
ratio defined in this study. The heat supply ratio indicates the relative amount of heat supplied from retentate for phase tran-
sition of permeate. With experiments, the mass transfer was decreased with increasing of the feed temperature and the heat
supply ratio because of higher temperature drop. As the feed flow rate was decreased, the temperature drop was increased
and the mass transfer was decreased. This phenomenon has a similarity of the concentration polarization in the case of other
mermbrane processes without phase transition. It was shown that the effects of the temperature drop on mass transfer were
not negligible from the comparison of the proposed formular for the concentration polarization.

Key words: Temperature Drop, Phase Transition, Mass Transfer, Pervaporation, Heat Supply Ratio, Cut Ratio, Concentration

Polarization
1. M B A shA| 2}o)7} el Aolr). ole|gt FAre wEe) 4
v BEE 2R gy} ek A e Sy

abgae] w7) glal AL 7hH I ThRelAl: lahs

Ho| ulze} F3hwoly

i sl WISl e webd] olo) ol L e

2 wprh Ao} el FaEas)l A wEel z@%%zm s—v

o5& F2 vhe] SAel 2a Tt ghe wolFar olch A
o2 AeiEel FREE shiel glol F7hab T shiel glo] O
bt AR velit ol, ART Qe 2 el Aol Fash
aew el dskef o1 & et elo] A 2
T ek olsh Pl A wg o 53l 2
FABHE sl el 162 SAs)

Fay 2= uro.
- %‘AE}’ =

£ dAdnde] of 2 FFA e wl#

’(H)’,]

T E AR SEE R E D ET e R ES
s g Fue UgeldE WA vehbs @4elrh Rau-
tenbach S[1jo] AEZ 2 = olielo] = ohg o] 83F Fo] Fujzur

A3lolla] what 2w kslr) S-12K A X Jonde-S v 13tk v} e
o, ol Swrdshs 2z lel utel debdon fo] i
Z7}5H% ¥odct 1 3 9 E X Rautenbach[2]9] =F-ofl 4+ oljii#]

A g ol 43 HALEALE Fal mE) £EFIE 253 vt gl
ch. Zelt Aol wxka wak ohiel Adbel BRY $YAE ¥
8l ok glojo} b= A S 7HA I qlrh



798 vl olHy - &

E Aol e St d d
TFHE Heted st en, Aol dite] ‘%%EJE%‘H]
e QTS HEdct okl A48 TR R EAAE
T AYE Foll 22 Aabe} v 7] E3pgdct

2. 0| =

sopRele B4 £99 SAL HEwAel 2
o] o117} BashA ek, °l°ﬂ 2ot 4ol oﬂLﬂxl—%
H 33 sl chol, 25 UL gl 2 3 -%
o5 Zg b B 71X wbyel el BRY 4 Utk = %
Esjshz Qe Fotelpementc)®] ol sh B AehE Ap
= A F(retentate)e] oA o] olm 71 o] §a}rarfol
2} Felo)d 4 sieh. cheoll A 2t 7Sl tiak A& sheieh.

2-1. RO RRE] IFW= PF

e Bo] Suaked] Bag AR S ANl Uy ¥
Fura) ek oAb sk Afolna ohee] eiR|gA| Aol
4 4 gle}.

PCJ AT, =-PAH, 48]
o714 Pl Fxjole] £ 0] AT ko] Lxfolrh 27|14

9] slgalwste FAslde. C79 AH Zb7) oo vy
(heat capacity)®} ZHte (heat of vaporization)e|c}. whels] =hajche]
gt#o] 10mbarE 5-XE of E-o] 35 A9, AH+= 596.4 cal/g
Blelzz Al (N2YE] AT = o]2H 23 < -600K2| gh& z=
ok e Al S 2qdAtelld 2EI FEAo 2 Ve o
Hukg alal o] # e 2wy whAskA]: ¢3=ch. Rautenbach[l1]
= 5-12K9) %7kt qlvky Hpsled oo, fgol ni$ ke A
$-o) of 12K A 59 25755 A&l

2-2. HipongE Zgs AR
Eade Ealo] 2 o) P9 F oA E AR 527 9l
e AFde g e Fguks A4 o diuA] R Ae] rlgstct.

p/FCSAT, =—PA, AH, 2

oj7]4 Fi 2gele] fola Ae Frhme] ddelch wehd &
9] gl Aol 2 Atel ATZ ohg-3) o] Fi=irt

AT, = PAp A 3)

pfF Cf

A (1)elA AHS} C,9f v]7h mi$ A4 AT, 3R Y Adbe 2e,
A 3l e ek Pol F5% Fol ul7} atol ATZHE AT, kR
£ ol AX ztelx|Al g Helrh & £of, FFHY 75E 20
kghro 2 1m'e] PHg 2= Fa5dehg 43l oehes &
$3ke 7%, 53 2Y2r) oF 05kg/m'hr AE7} Fopd, z9Eke]
257Fshe Al Bl el oF 24K A& Fejal Aol Aolrt.
Lxyste 2z e g 5 9dx)El, AA 2 Fg -
olux] wWstell o 1 z=zofM A Gl sl FaiAl ghrct 23

= o}
iWE

2-3. Sz I FH|

$lollA] AFE S A5 YA FaEE 2l dolvr]
FE Aglo] 7, AMZE AFA T2 Fzke] U oh]x] o
ZHE JURS Fihtel 2t g xMatA "ot gela] 25y

a2t R34 Rl6Z 19961 123

£ r="f L PC) AT, =— PAH, (4)

4 (R RE Faee] Fastedl FUY £ oliA] Fold T
A A7E FRE oAu)E g oeka Helsial,
_Gam,

o= A (5)

Al (5)ell 2]#) AAYE]E= 3HE Rautenbach[1]el} 2J8ll cut ratio 2. % 2]
9l on] ¥ ol Fajgube] JA3Swox] dwsinlely A}

gahotel.
G A 3oz yE Fado] Fushed FH F U Fol
4 whbge] fAZE FAY olixe ulal 4T ok Thy

7} 7o) w4 ek

~f
aebai Abadolel Bagh ol %
4 odmighi] 0% lo] Hlod AT Heighe ek o
28 AFAOLVE AY TRVE A5 2T 0% 1o s o]
w)i= ATl Heighe ek meba $leld At Q) os) 4]
(6roZ Y ElS] AT o 72t chsh 7o) wpie] & & alch

ﬂd
o
o
> ok
i
2 g
[
2

4T,
o=t (5-a)
AT,
= T (6-2)
g Erlle] LwEE Ueld S8sh) dH FohE
YA Se] $oI3A e B ohe} YA 1T 5T
£ vehl FE gol EREe] x| e Aeke iec). 2 el

1 Tl FRseRe 9 RdLE A3€ ¢ oln 3

za4 59 shjel fe] ke vehd 4 glo} meh ng
°l SIc. eba] & QFlAE ol e FHE Asno] 3
shof Sloll Al Golg 5 <a} F AFHE F2 Rk

24, ZY=Z0] ME W= gaghl

Bzl zojoa] delwel Fej AT AR ToHSE TG
Me] Lol Saolr), 2YLEE Sl 94 o}zl -1 MWL S o
alod, &2 AAZA Y TR Fasld S3AEY Hg
o d8kg F= glxloir}. o]9} i*Ml R xe} el Hi=
Stdo ] Fdolsl=d "Weg o FFuE WEkAzIch Ui &
FolMe Yty os FutLry) ”H'r 27| @A hEwsr 32
2] 2 7‘3’% T 2RE 9 oo oA FFE wA o) 534
Zulbol| 4] dFgule WA 27 gl AFHo 2 Ve o
Heto] edup} 2t dojufraipel] o)) At wtepd 2o A
2ge] Fefell o8] of k& kA ot

2-5. DL 27
HEy Fazuly)e) M F-2F 2 AlFA Fabed Alo]
o} 4] W} A& Fig. 123 F thg3} o] F3ig}

L BT, . - T) =+ A, a0 P22 —Q %
m n L

ol714 me shbe} oA AFA} Aok ali= el Adolet.
PEYe| £E0] A9 me dvH o 1o} & vt 08 =



SRl Fajote] bl o3 Lxtalrl LR vlA= g 799

Q

///

Z+Az

Fig. 1. Heat balance for pervaporation.
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Fig. 2. Schematic diagram of pervaporation pilot unit.
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Fig. 3. Influence of feed temperature and flow rate on selectivity.
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Table 1. The values of P, and AE in Eq. (9)

Weight fraction of ethanol P,(kg/m’hr) AF(kcal/mol)
0.947 9.900% 10° 10.809
0.966 3.749% 10’ 13.926
0.977 4.920x 10" 19.359
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Fig. 12. Mass transfer coefficient along the longitudinal direction
with varying heat supply ratio.
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Fig. 13. Temperature profile along the longitudinal direction with
varying feed temperatures.

Table 2. The fluxes expected by Eq. (9) and calculated by Eq. (10) at
various temperatures(¢=0.3, Row rate=20 L/hr, AT,,;=7°C)

. Flux(kg/m’hr) ]
Temperature(C) Expected” Calculated® Ratio of B to A
62 0.0884 0.0566 0.64
67 0.1122 0.0685 0.61
71 0.1352 0.0790 0.58
76 0.1695 0.0935 0.55
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Fig. 14. Temperature dependence of mass transfer coefficient with
varying feed flow rate.
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Fig. 15. Temperature profile along the longitudinal direction with
varying feed flow rate.
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: surface area [m’]

: concentration [kg/m’]

: heat capacity [kcal/kgK]

: diffusivity [m’/hr]

; activation energy [kcal/mol]
: feed flow rate [L/hr)

H, : heat of vaporization [cal/g]

mmoOa >

(=5

h : height of channel [m]

1 : flux [kg/m’hr]

k : mass transfer coefficient [m/hr]

L : length of channel [m]

{ : width of channel [m]

m : number of membrane contacted with retentate in one channel
n : number of membrane

P :permeation rate {kg/m’hr]

Q - heat loss [cal/hr]
R : gas constant [1.987 cal/molK]
Re : Reynolds number, 2mpF/nhy [-]
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Sc  : Schmidt number, u/pD [-]
Sh  : Sherwood number, 2kI/D [-]

T : temperature [K]

w : weight fraction

y - vertical distance from the membrane surface [m]
z : axial distance from the inlet [m]

az2joja 22X}

0 : heat transition ratio defined by Eq. (5)

p : density [kg/m’]
[u] : heat supply ratio defined by Eq. (6)
U : viscosity [kg/mhr]

AHXL
b : bulk phase

d : downstream side of the membrane
f : feed

p : permeate

SHY X}

i - i-th channel

in : inlet

ex. :experimental

HL : heat loss

max : maximum

out

: overall
- outlet
: permeate
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