HWAHAK KONGHAK  Vol. 41, No. 3, June, 2003, pp. 292-300

T84 MEK 22|18 HE4 E22(9f AAH| st SEMEA S
o8 ¥ 0|2 1E

305-764 A #4 F5 220

*FHBlstd T g3 )ea T

305-600tAA #4725 100
(20033 2¢ 108 A4, 20033 5¢ 74 AY)

Mass Transfer Coefficient on Membrane Contactor System for Separation of MEK
from its Aqueous Solution Experimental and Theoretical Aspects

Hyo Seong Ahn, Yoon Jin Oh, Soo-Bok Lee* and Yong Taek Lée

Department of Chemical Engineering, Chungnam National University, 220 Gung-dong, YuseDagj@wui305-764, Korea
*Advanced Chemical Technology Div., Korea Research Institute of Chemical Technology, 100 Jang-dong, Yuseong-gu, Dagj&orea05-600
(Received 10 February 2003; accepted 7 May 2003)

[=] (1]
I =

Sk f7] g Z9] shel MEK(methyl ethyl ketongF S8 o2 R s 22 Hojuks of-gsfo] Haslal
7 sten, b HEA Bl gRjel gtk of E@ AR 22 B4 A AFE ekt st 57 22 A
A0 4AE v, A4 PVDF £87HE A ol gatsion Eowt B Yo d4dEe w5 £ AA% Sh
4*(Sherwood number) Re(Reynolds number), Si-:(Schmldt numbeg] #AAE XA HE o &5 v £ AEE F
slo] A4t of TAA S ARl BUSH AR Ao FE54] EEuto g S A MEKE Fgskzt g

(<3|
z

¢

2% o84 32 B AR AFE A 384 934 Bl A¥ 3H) U 494 32 24 2Y A5
7] A% e EEAGOM, MEK £ Y A7E D450 484 32 BL 4G AF @2 9 & U9k o[ 8=
2 B A AR YA B A AF GBS 2o AP HeTE WellA vlad 4 AN AAY F ek

Abstract — MEK(methyl ethyl ketone), one of major volatile organic pamunds(voc), was separated from its aqueous solu-
tion using a flat membrane contactor. The overall mass transfer coefficient was analyzed theoretically for the membrane con-
tactor utilized and it was compared with the overall mass transfer coefficient observed experimentally. A correlation equation
of Sherwood number was determined in terms of Reynolds number and Schmidt number for the concentration boundary layer
which might exist on the surface of the commercially available porous PVDF membrane installed in a batch type apparatus.
This correlation equation was determined experimentally from a separation experiments of phenol by a supported liquid mem-
brane set up in the same apparatus. It was applied to estimate a theoretical overall mass transfer coefficient of MEi¢ through t
membrane contactor installed in the same apparatus. An experimental overall mass transfer coefficient could be obtained from
the equation which was derived to describe the MEK separation phenomena in the batch type membrane contactor. The the-
oretical overall mass transfer coefficient was in good agreement with the experimental overall mass transfer coefficient in a
sense that they are in the same order of magnitude.
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Fig. 1. Concentration profile for phenol separation.
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Table 1. Specification of batch membrane cell

Volume of each cell

Contacting area of membrane

Main body material
Flange material
Impeller

250 ml
11.34cm
PE, PTFE
aluminium
PTFE, diameter(d)=4 cm

sl5t5 st M 41 X35 2003

68

24 A FLEARAGATE 48 4 3= 500 rpm(revolution per
minute 2 IR B FE2 TR ZEek vhe 9 AT
AT Fgo Ao A RE A, BH3. @r&em FAsES
& A MEK % Ad%50] $sivt &7 dodecangt 2,2,4-
trimethyl pentang 571402 A18-5le] 28-S =a5l9iT).

3-2-5.%4

AR ARRE SR HE e APl AeE HEe 4
HPLC(YL 9300, YoungLin, Kore& A-8-5t¢ 221515121, Nova Pak
C18(60A, 4pum, Waters, USAF ZH o7 A2-319t). Acetonitrile
50v0l.%, 2 50vol.%] E3-8--L 5 mimirg] F402 tho] ol5Ato.
2 AL, 20p¢] AlE A)F T (sample loopy AHE-EHATE

MEK?] &% 242 GC(M600D, YoungLin, Kores§ AH&-5t51.o.1,
PORAPAK Q(80/100 mesh, Hewlett Packard, U.S&JZ-H-2 A&
3le] FID(flame ionization detector &7 2 413193t} o] 5o g
ALg-g A2 F42 30miiming F-45190n], 98] 2ux
100°CellA] 10°CH 1227F Ad<5A1A 220°C7HA] &4 & 327
sHeE 2R adisto] ARGt FU719 REE 200°C, AE719 &
= 250°CE Agste] AME-EslTh.

B

4, Zat 9

A7 T B3 @S0 BRAlY FE WakE Fig. 4 v



SgoVY MEK 218 554 Re)n A2de] o Bageie: 243

12000

® strip phase
O feed phase
g 10000
D
£ [o]
2 8000 A o
[
=1
:'9 Qo
-
© 6000
c ° o]
2
E
£ 4000 - 4
8 °
C
[=3
© 2000 4 .
[ ]
0 T T T T T
0 1 2 3 4 5 ]
Time [hr]

Fig. 4. Concentration change of toluene. temperature=2%, impeller
speed=500 rpm, impeller diameter=4 cm.

EREE
Fig. 48] 4431 2518 2 (1P thiste] slojxl 317 Sete) it 2
FwE 3091900, o] % o F e Ful Aol A8t

42, BiE 22| NEES S8 BUMY NTBAY 4 B
s 2ol A9 Boie] Ssh Rer B Scr #4149 45 &) b
& AYa] AANE 9A A (129 4FPL Koo kg A Blelok

> ro
~

ek, elvh ue) FRERADAS K& 4 (79l 28 Aol
1

k2l Aol B et d=rake) 3he PVDF £alute] AzA1e] Millipore
W Zﬂ%ﬂ %—:'%(s:o.?)ﬂr 2ot 54 (5=120pm)= AHR3IA T, 2

Aozl FFE (1=3.058 AHE-3ITY.
x]x]@ﬂ\z}sq 5}z & 8o = A]»‘—lﬂ Tri-n- butyl phosphate(TBP)

ST,

v2
8(9 )T
Donow tep= 7-4% 10 % (36)
HrepVY PhoH
Venon= 0-285\4,%:1%H @7

_Q. 2

r1r

b= gule] A, Me Sle] A, Te dus, v
9] B9, Vi 429 gAFT et}

A AxE Asled dad 229 gy, B84 B4R &
TE[01E Fate] A =] 0174WO1VH 49 229 enimol
o]r, o] gk& 4 B7P) IYste] A& H)ize] & B g, 784.7 o
mol] 2, TBP %2 &) ﬁwﬁﬂf Dpnot e 7-403< 108 cn?/sz
< ¢ sdrh wEhA et WROA sz SREFADASF k=
1.4159< 107 em/s2. ARME I, B Al Kpe J2 8321004 4
2 2908 A8t T

A ke Kp 24 (12), (2), (14), (158 ARS8kl wmkr) &
tﬂsﬂrﬂl w2 A4 FAEAANDAT Koo iH =TF-EZHDA

NEFo 2R SHRE Rerel Serdl B4 vERd 4 9l

=l et =2 AT Dppoprpot= TBP et #=9] k)

7re wpr o m AkE 1.172<10°cm/sS A3 TH Table 2]
nE7] & sl e Sy A4 kS veERile s, wir) s
o tﬂh %aglgélzd_%}ﬁl 9] WElE Fig. 5 etk 2 A5

Ko/t 98¢ 7k vehlix sutade) s Ae 793 271 %
szﬂ 1,000 mgfg— ARt HE-e s

Fig. 34 B & 1%l wnb] 33 £28 ZVA7H 4 EF7

ol ol

S

X R —D

)

ol a2 207

Table 2. Sherwood number variations in terms of revolution per minute
(rpm)

pm Koverall [Cm/S] kaq,f [cm/s] NRe NSh NSc
100 3.2369x10"  3.2626x10* 2,961  111.35
200 4.9618x10"  5.0225x10* 5,922 171.42
300 9.3070x10" 9.5228x10* 8,882 32501 768
400 1.0733x1¢  1.1021x10° 11,843 376.15
500 1.4339x10°  1.4858x10° 14,803  507.10

14 4 [ ]

12 A
— o
“£ 10 4
g °
b s
3

fe
xs .

4.

*

2..

[} T T T T T

0 100 200 300 400 500 600

pm

Fig. 5. Variations of K, in terms of rpm.

A7} Fobel) o WAL Beute) FEE We 9AS we) &
83h AAFY FAZE Sl 7] HEe) .
) 5000 2 A3l SHERNBAG BaHE o] ek
B olzle AAF0] UT gl AYE v 550] 47 Fol
il T £71850] gABOR IAAOR elslol by
R 940) M2 oy FHoRNE 9 F7] X f
#99) 27 71k 0 SR RaASt 713 B 71400 4
A Hold g 4 AES 8] WE slow e,
Shs} Ret, Sere] Al g Uepd 4 (13 o
& okl Be)sk ol 857] 41¢ T 2o

A8 4 9

INNg, = Ina+bInNRe+%InNSc (38)

2] 38yl Al Aofzl Ng zhe tidste] Aelsid thda) 2t
INNg;, = bInNg+(2.2146+In 3 (39)
2 @IP) DA In NeZ xEO02 In NgZ y&0.2 3l j_aﬂﬁ
2 8|, 2 7172 5E AE bE, yE FHOTHE A a5 98
% 9tk Fig. 81 In Nge ™ In Ng2) Z3HZE vjehiich :LEHiA
71 &72HE A bE 0.958, v AHOZNE A<= a= 5.358<107°
o] 3hg AT o] FES o] E3te] B Aol ARgE 2] Y A
9] Sk, Rer, Serdl JaAs Ao2 vehld thgs 2.
Ng,= (5.358x 10°)NSPNY? (40)

4-3. 2uff A= 2¥
Sl

FAER[22]F B35t MEK/IE/R7] &uf Ao MEKS] tigte] 5
2 A%o] Hold Aom duirl 21K §7] fuls A sle] 2l A
5 I AR E A7) SeEY] dukdl £4-2 Table 3 &
sttt

HWAHAK KONGHAK Vol. 41, No. 3, June, 2003



298 obaA -

20

In(Ng,)

0 1 8 9 10
In(Ng,)

Fig. 6. Plot of In Ny, vs. In N, applicable in 3,000<N<15,000.

Table 3. Physical properties of organic solvents

Molecular  Boiling Density Viscosity
Solvents weight ~ point[°C]  [g/cm’] [cP]
Dodecane 170.34 216 0.750 1.508
2,2, 4-trimethyl pentane  114.23 98-99 0.692 0.502
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Fig. 7. Distribution coefficient of MEK in dodecane.
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Table 4. Theoretical mass transfer resistances

Organic phase L L L L
kaq Kka KDkor Koverall
Dodecane value 750.02 5369.85 1376.71 7496.58
% 10.00 71.63 18.37 100.00
TMP value 750.02 2333.94 438.33 3522.30
% 21.29 66.26 12.45 100.00

Table 5. Overall mass transfer coefficients for MEK separation by membrane contactor

Overall mass transfer coefficients, experimental [cm/s]

Organic — - Overall mass transfer coefficients,
ohase Initial concentration [mg/l] theoretical [cms]
500 1,000 10,000
Dodecane 2.0162x1H 3.1226x10 2.6035x10% 1.3339x10%
T™MP 5.4407x10* 4.4634x10 5.3243x10 2.8391x10%
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C : concentration [mg/cfh
D : diffusivity [cm?/s]
d : diameter of impeller [cm]
J :flux [glen? - s]
Kovera : Overall mass transfer coefficient [cm/s]
k :individual local mass transfer coefficient [cm/s]
M : molecular weight [g/mol]
r : revolution per second of impeller [rps]
T : temperature [K]
t time [s]
\% : volume of feed and strip side [én
v : molar volume [crifmol]
e
Nge  :reynolds number
Ng,  :sherwood number
Nsc : schmidt number
Je2jol~ Xt
) : thickness of membrane [cm]
€ : porosity
U : viscosity [g/lcm: s]
P : density [g/cnd]
T : tortuosity
[0] : association factor
OFH X}
A : solute
B : solvent
aq :aqueous side
or : organic side
b > bulk
f : feed side
S : strip side
1 s interface between feed solution and membrane
2 : interface between membrane and strip solution
0 > initial condition
c : critical point
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