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Abstract— Tert-butyl alcohol(TBA) and isopropyl alcohol(IPA) which showed an azeotrope with water at atmospheric
pressure were dehydrated in a wetted-wall column by the diffusion distillation. The diffusion distillation process was made
up of wetted-wall column which consists of two concentric tubes and an inert gas layer. The liquid mixture introduced at
the top of column flowed down and evaporated below the boiling temperature and diffused through an inert gas layer with
different diffusion rate and then condensed at the plate which kept at low temperature. Experiments were carried out at
various evaporation side temperatures, and with various kinds of gases such as CO,, air and helium. The diffusion length
was varied by interchanging of inner tubes of different diameters. The degree of separation was presented by selectivity
and flux of condensed side. The selectivity was defined as the difference in composition between the evaporation and the
condensation side. TBA/water and IPA/water systems were found to show the maximum selectivity at 35 °C and 40 °C,
respectively. With increasing evaporation side temperature, the flux was increased. The highest selectivity was obtained
with carbon dioxide as an inert gas and the highest flux with helium. The selectivity and the flux were increased with de-
creasing the diffusion length. The experimental data were compared with the theoretical results.
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Table 1. Diffusion coefficient of TBA/water and IPA/water systems

at 0 °C
D,; cm¥s D, cm’/s D,/Dy, 1:TBA
air 0.07694 0.21519 2.79685 2: water
Co, 0.06170 0.17910 2.90276 3:gas used
He 0.26927 0.72342 2.68660
D,,=0.10170
air 0.08801 0.21519 2.44506 1:1PA
CO, 0.07099 0.17910 2.52289
He 030773 0.72342 2.35389
D,=0.11585
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o] 747} IPA/ZAIS A48t 27] el £2]71 2 Zolct

2-2. 2FU0IMS & X ST
2238 28 AgrsE Fullarton3} Schliinder[81= ©}2-3%
2L 714 A9 AL 2ARICH

Q) 52, 5= zat=e}

2) 29l Zo]o) wle} AL WskA] gect

(3) FYZAE HAAolY T ]‘74‘ ckrigd

@) 2139} L-ZH o] 7] AL A A o] gt
6) diFERALe] Lot U=

slsh e S} BArate] WRTAS] Aabareleld ol
cha sd 2 HshiolAe) TAALE ohest e Maxwelk
Stefan?] 2 2 %3 < 9led],

1 n x(u;-u)
Ao =g T @

i

& 7Aool W, x, s ZZE A3E-2] B1EHA ZRIA olluR|e}

E2 g7 2974 5olrh. Maxwell-StefanA] 9] &= A 25k vy
01] we} A3 [17, 18], -F-EAHAI a1 [19, 20], SF2As [21-23],
dHa[24]9} o] =ZA Wl /AR e 4= 9lch. Fullarton}
Schlinders G232 2R FA | o}E =10 A3 £
2% q&3ct. 22, 5§ 2oyl ZoxAY FH20} F713)
Al = FEy-e] 2 F3E ol wE WA Rl & 94
oA 7o 2 Ahistel EAAD oA EFEY =9 A
o] W3lmg )] Wzl e} o] & 3= FAAE =9)5}e
of g}

McDowells} Davis[25}= F344-2] olwislel| wg ZAWMILE
Fejshs EAFAIAF oA 2] A1E AL ©]E Fullartonz}
Schliinder®] A3}l v|w3lgdc). o] &L S o] oo g nE| F
FHFE 2L Q, 55 AsiA AA=Ee 932 Q', FUy
€ 52& QAY d943E Gyt 3t L9 Fohisl e
e 2 shE ot Zol vehliglt.

L'C,

E“IEI

- Q; — Q” (3)

71 AR 3 e 2zt FRRe) $3E Yehle] 2= 27

Bleedp] T2E Wl LS THE ol Fudolol o 79
(perimetric flow rate}2- v}epdic}. $-2Kof|x) 2] o] ws}e] o}
SEHBE o g} o] & 5 gledl,
dT, L,
LeCpe az =Q “@)

Lo Grsh T 2424 wiokel fh 9043 30l 22 vehisl

$5232) AARAA Poholl e AARE dake chest 7o) 2
ug 2esie] Akt
Q’=3H,N, )

714 H,, Nz 242 A% i9] o) 2928 Jepdich o4
) AJol| A} FEF ZHbol 2 & Hola]e] 257} Maxwell-StefanA] 2]
AAZZAE Fated AHEEZ Mol 83 iy x])$x)4]S 9]
3= 7ol "g s}

Kim S{261& A (5) viebd Az} 22 Aol 23 olufz] 4w
st g ERAD 23 AAHE LS wH st ohea e

HWAHAK KONGHAK Vol. 35, No. 3, June, 1997



346 o159 - 3]

A5} o) el mHE A Jokstgich.
Q"=3H, N, +h,(T'-T") ®)

714 hy= Ackermann RAJALES Vel T'S L&Mo) o
+ depic). o]e} 2 o) EAAG % dde P29
ol W& Aol ddo] 2 grog FA7} shssh %E—iéj}
e A5l oF 10% HE2 B uF2 Fx)5HA "ot o]= A
Astel] W3k dge] EAAD sy dohe YAdng 2
gel7] wiielnt. aEe, B xR FAHE A g
Aol7h && Atelle B4 s usE iR wes}
o] Fet. & AFellX = Kim Fo] At A5 o] g3} o]2Hl
& T8 vl

.4 #

28] NHAQ FA-L Fig. 19 23, 28 H5h-E Fig. 29} o]
09 e o]Foixrt. AL Wy upge AvdHAT e
2 Zo|7} 150eme] . 2] 732 36.1 mmo| o, R @S- o)
7Fedt=g wHEgich. WRRe A Ao 2|2 AL
z}z} 28.8, 254 222mmogitt. 28 EE, @ Alo]e] Aelql By
27be] £ 77} 3,65, 5.35, 6.95 mm A s tH27).

ubaae) ol Al e LA AT B Y7 27l
27 3 7)) LEAE At Fuve] 2EF 24sgc). Zu
Ho L2F 2 o R0 uigZe| zhe AAL o) 43}
of 4 o= & FFAh THFELS HZE o] 43l uppZEAel
L By 3258 BelEgy, Aele] 124 YAHES g
Aol Aol(weins FUoh FFES] 2EE gog =915
Aol QA& Fote] Qe L2 E2F = RS i)
U A A3 o A] EAL el FE Ao B
A Fdshe ddo] °—LJZ45‘J 25 FAF = UA g} SE5»

L

14

=)

¢

o

© 5B WH-2 WS FeiA 228 YA SR et v}

7| Fbyol 0 f%‘ > AR ol g5t 4

shute] ez ol m2 o) YHT Az A z
Reservior

Heat exchanger
Thermocouple
as vent
. Nl
Pump &
:
=
[
[ Thermocouple
Wetted wall column
Thermocoup} i J
T l Gas inlet
Recycle Cooling water
Unevaporated Condensate
feed

Fig. 1. Schematic diagram of experimental apparatus.
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Fig. 2. Wetted-wall column.

Table 2. Experimental conditions

Pressure(atm) 1

Evaporation side temperature(°C) 30, 35, 40, 50, 59

Feed flow rate(ml/min) 67

Cooling water temperature("C) 15

Inert gas He, air, CO,

43t 2A4E 2Pk FUA 2 he ERES AN}l

TERe 24E FA3E S oA HZE o] 43l Ae/AAL)
FAE 71AFe] ool vixs FIE doprr] sisA

oF S5 Alole] YIS I, LF, olaksbkaE who] 7}
o A3t Al FRAAEY R Axje)sly B ek
ol FellA i en, Al AA7F 3] zod A 24
3ted upRF o2 Ao} WA oAl st 717‘4]—4 - 3433%—7*
ol BA A E2lol] FgE T2 Y=g 2t -3
ot A3 2712 Table 20 vehl] Fic}. %‘!H—# -—%#——4 AL
7IA 22etE a2 g o] g3te] EAjsgir).

4. gt Y o

4249 TBAEAS IPA/SAE SAZFE st A
st Adue) B4 et ok AME©)E Bele AEE
Chehe} TRt o] e} £44elx o] TBAL IPAS] oyt
g SERBEF )

S=x"-x" YU

A (DelA e AL 12 42 AR VeIt E9as 9
T ARA R 29 $589 g 21978 AT go] Zo)
2 7% BAALUA S o] 4sle] 73}

d, -,

®

4714 4,8 d= 27k o) o) 9e) At o) X gL
ek,




2 Wk ©]83 TBA jwaterA|2} IPA [waterd|e] 24 347

0.60
——30°C
-~ —&—35°C
e —&— 40°C
T 055 ~7 %07
] —— 59°C
2
=]
5
© 050 |-
L]
=
g
=]
=}
<
g 045
=
g
o
0.40 L L .
0.50 0.55 0.60 0.65 0.70

Evaporation side composition ( x,')

Fig. 3. Evaporation side temperature effect on separation for TBA/
water system(s=5.35 mm, gas layer=air).
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Fig. 5. Evaporation side temperature effect on flux(s=6.95 mm).
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Table 3. Effect of feed flow rate on selectivity

Feed flow rate S S..
(ml/min) (TBA/water system) (IPA/water system)
39 0.0804 0.1197
49 0.0842 0.1227
67 0.0936 0.1417
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Table 4. Comparison of S, with S,

Evaporation Sep/Sca SexpfScat
side temperature("C) (TBA/water system) (IPA/water system)
30 0.1671/0.1480 0.1349/0.1502
35 0.1767/0.1579
40 0.1582/0.1605 0.1393/0.1624
50 0.1542/0.1525 0.1324/0.1552

Table 5. Comparison of experimental flux with simulation result

ezl BlAE

Evaporation N,,/N,,{mol/m’ hr) N,/N,,{mol/m’ hr)
side temperature(°C) (TBA/water system) (IPA/water system)
30 12.5/18.8 11.6/16.3
35 22.7/30.3
40 34.0/45.4 28.8/39.0
50 63.1/91.9 55.1/79.3
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Fig. 11. Comparison of calculated total flux and experimental data
for TBA/water system(s=6.95 mm, gas layer=air, T'=35 °C).
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: heat capacity [J/(mol-K)]

: diffusivities of binary pair i-j {m’/sec]
: Ackermann correction factor [-]

: molar heat of vaporization [J/mol]
: perimeter flow rate [mol/(m-sec)]
: molecular weight [g/mol]

: flux [mol/(m’- sec)]

: number of component [-]

: pressure [atm]

: heat flux [W/m’)

: gas constant [J/(mol-K)]

: annular width [mm]

: selectivity [-]

: temperature [K]

: molar average velocity [m/sec]

: mole fraction of liquid phase [-]

: mole fraction of vapor phase [-]

: distance along column [m]

N<x e Jue OWE ZZODFON

az|oja 2t
pu  :chemical potential [J]
v :atomic diffusion volume [-]

AEXL
' :evaporation side
" :condensation side

5=

1 :TBAorlIPA

2 :water

3 :inert gas

az : azeotropic composition
C  :coolant

cal : calculated value

L :liquid

exp :experimental data
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LM :log-mean

: total
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