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Abstract

This study is concerned with the separation of binary mixtures in the fractional batch distillation under
various conditions of Holdup to charge ratio at constant reflux ratio.

The rate of separation is defined as the rate of change in the still composition with respect to the operating
time elapsed. Under proper assumption a theoretical equation relating the still composition with the operating

time was derived as;

HRIﬂ x:.(l — x:) + #'?5 1;[:., s ‘J'(Rzl)ﬂ

xs(l - Is.) - s,

The equation was compared with experimental results obtained with two binary mixtures, i.e., Benzene-
CTC (carbontetrachloride) and Methanol-Ethanol, in a Oldershaw-type batch distillation apparatus.

Consequently the equation was found to be substantially agreed with the experimental results, especially,
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for the Methanol-Ethanol system. For the benzene-CTC system the equation tended to agree with experimen-

tal results.

Meanwhile, holdup ratio was found experimently to have two counteracting effects on the separation of

binary mixtures. Namely, in a series of experimental works, as the reflux ratio was increased above the

critical reflux ratio the effect of increased holdup ratio become increasingly unfavorable to sharpness of

separation. At reflux ratio below the critical reflux ratio the effect of increasing holdup ratio was favorable.

For the Benzene-CTC system (30 plates) the critical reflux ratio was 9, at the Methanol-Ethanol system was 2.
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Table 1. Summery of Sample Charged

Batch fractional distillation of 30 vol % muc in binary mixtures with different reflux Ratio and Holdup-to-charge Ratio
(Holdup ratio, H%)

Ammount of J Ammount of
:Sample | the Sample }éig:p Reflux ﬁ:f;g%: Sample ' the Sample }}%(;It(iisp Reflux A‘E:?aggve
No. Charg:ecc%, Sr (H%,) Ratio Volatility, ag, No. ; Char(gceg, Sr H% Ratio Volatility, ag,
A—1 g 700 15.1 9 1. 125 B—1 600 17.3 2 1. 6843
A— 2| 900 11.8 9 1.125 B— 2 900 11.6 2 ”
A— 3 1, 400 7.6 9 1. 125 B— 3 1, 400 7.4 2 ”
A— 4 i 750 14.1 6 1.125 B—14 1, 200 8.6 1 ”
A— 5 950 11.2 6 1.125 B—5 1, 050 9.9 1 ”
A—7 1, 300 8.2 6 1,125 B— 6 980 10.6 1 1. 6843
A—9 700 15.1 3 1.125 ‘ B—7 1, 300 8.0 9 ”
A—10 100 11.8 3 1.125 | B— 8 1,100 9.4 9 ”
A—11 1,400 7.6 3 1.125 B— 9 900 11.6 9 ”
A—12 700 15.1 12 1,125 B—10 1, 300 8.0 5 ”
A—13 1,500 7.1 12 1.125 B—11 1, 000 10. 4 5 ”
A—14 700 15.1 15 1.125 B-—-12 600 17.3 5 "
“A—15 1, 500 7.1 15 1.125 J
Legends: A = Benzene — CTC*(= Carbontetrachloride) System
B = *Methanal — Ethanol System (to be designated as MeOH~EtOH)
* myc = more volatile component
:methanol~ethanol @ benzene~carbontetrachloride 2| E A ol2A &%, 94 reflux ratio 3} o
SHRARE EARLM ol REE Table 1014 1+ A holdup ratio (H %)% 7.1~15.1 99124 #3504
shshsh 2ok, Fom 2452 Mee/min 05 AR $442
293 HARE (S $E & Holdw &bl jt o,
& H%= e on £ reflux ratiod] A 6.9~17.3 % Fig. 2,3,4,5, 3 72 o8& 2438l A =A%
A AT DA BIEHA of A still pot o] mwcsE 2,9 WiHE vheha

SFe Wiss & Ko ® standard refractive- Aolwl, odwl, holdup ratios] Felizle) AAE
index o} HIRRES MR HEhig(Fig 1)& EE & v}ehdl Aolw. Overhead product 9] moc 5% zp

gl AN Ree) WEE ST o Azl @& Wshap VS.6)E Fig. 7~116] 54
. :

22 AYAHE v nA By dste] 2 Fig. o]
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AT28 C

¥°" I MEGH- ETON

i:' L racrion veon? . i 2] curve & E-A o x A},

gu 4 No holdup A1¢] curve & A% 3l7] 5] Smoker

g:: - w;?:zs::;‘;.:cm : 5].%__ O] £5}ed 46118 myc e w x 9} o] R
o8 £-VOL. FRACTION CT¢ 4 distillate -04 %‘E .l‘D-q] 5’;1—}&] data = Table 2(@‘”5‘-\‘)9}
T: , . A A . ] 7ol TF3lg m, Rayleigh A& o] L3te] A 7td] wa
fr “neraacrive mocx =93 BAE Table 302 o] 435tk

gt#l MeOH —EtOH 2 4 &4 o] =) s}o] holdup ratio

Fig. 1 Relationship between Standard Refractive-Index
£ 8~17.3% 2 WA 2 FFEEE 20,07 ce/min
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Table 2. Comparison of calculated Overhead and Still pot compositions by Smoker eq. and Graphic method for
MeOH - EtOH system, a = 1,683 no Holdup.

Reflux Overh?a. d Still pot ;zmposition , Reflux ‘ Overh_e? d Still pot co;nsposition
Ratio Composition . Ratio composition -

zp Graphic Method l Smoker Eq. ‘ Zp Graphic Method l Smoker Eq.

1| 0. 7000 0. 4440 l 0. 4410 5 0.9990 | 0. 2920 ‘ 0. 2916
0. 6000 0. 3480 : 0. 4076 0. 9000 0. 2500 | 0. 2468
0. 5384 0. 3000 0.3 0. 8000 0. 2090 ‘ 0.2078
0. 5000 0.2715 0.2717 0. 7000 0.1730 ‘ 0.1736
0. 4000 0. 2040 0. 2048 0. 6000 0. 1430 \ 0.1425
0. 3500 0. 1740 0.1742 0. 5000 0. 1160 0.1143
0. 3000 0. 1460 0.1454 0. 4000 0. 0880 0.0882:
0. 2000 0. 0950 0. 0923 | 0. 3000 0. 0660 | 0. 0640
0. 1000 0. 0470 0. 0441 0. 2000 0. 0412 0.0414
0. 0500 0. 0220 0.0216 0. 1000 0. 0200 \ 0. 0200
0. 0250 0.0111 0. 0106 C. 0500 0.0110 ‘ 0.0099
2 0. 7000 0. 3280 0. 3297 0. 0250 0. 0050 { 0.0049
0. 6577 0. 3000 0. 301 | 9 1. 0000 - i 0. 3000
0. 6000 0. 2590 0. 2627 0. 9999 - [ 0.1626-
0. 5000 0. 2030 0.2058 0. 9900 - ‘ 0. 1600

0. 4000 0. 1540 0. 1559 0. 9700 0. 1600 0. 1561
0. 3000 0. 1111 0.1112 0. 9500 : 0. 1540 ] 0. 1518
0. 2500 - 0. 0906 0.9000 | 0.1470 | 0.1417
0. 2000 ' 0.0710 0. 0709 i ; 0. 8000 0.1222 0.1222
0. 1000 0.0340 0. 0339 0. 7000 0. 1041 0. 1042:
0.0500 0. 0160 0. 0166 | 0. 6000 0. 0880 ! 0. 0870
0. 0250 0. 0082 : 0. 0083 {‘ 0. 5000 0.0708 “ 0. 0708

5 1. 0000 - | 0. 3000 “ 0.4000 | - ‘ 0.553

Table 3. Calculated values for MeOH~EtOH Mixture, 5 Reflux ratio 30 Plates, 30 Vol9% in Charged.

Fraction of . A}i}oqnt of Elapsed
xp g Zp—2xs ?D—I:;? f ;’El;itx_i; log W gﬁ;grign:lin }Bri%ﬁ?:d Distillate ’ 'g;:?l:) 6

Still pot, W 4 (=DfXSF)
1.000| 0.3 0.7 1.4285 0 1 0 o 0 0
1. 000 0. 2921 0.7079 1.4126 —0.0112 —0. 0048 0. 9890 0.0110 | 14.3 0. 7150
0. 999 0. 2916 0. 7074 1.4136 —0.0119 —(), 0051 0. 9883 0.0117 ‘ 15.21 0. 7305
0.9801 0. 2823 0.6977 1.4332 —0. 0251 —0. 0108 0.9754 | 0. 0246 31.98 | 1.599
0. 950 0. 2684 0. 6816 1. 4671 -—0. 0452 —0.0196 ! 0. 9559 0. 0441 57.33 - 2. 8665
0. 900 0. 2468 0. 6532 1. 5309 —0.0775 —0.0336 ‘ 0. 9256 0.0744 96,72 4. 836
0. 800 0.2078 0. 5922 1. 6886 —0.1402 : —0,0608 0. 8694 0.1306 | 169. 78 8. 489
0. 700 0.1736 0. 5264 1. 8996 —0. 2015 —0. 0874 0. 8177 0.1823 | 236. 99 11. 8495
0. 600 1 0. 1425 0.4575 2.1857 ¢ —0.250 —0.115 0. 7674 0.2326 302. 38 15.118
0. 500 0.1143 0. 3857 2. 5926 -0, 3323 —0. 1442 0.7175 0. 2825 367. 25 18. 3625-
0. 400 0. 0883 0. 3117 3. 2082 —0. 4077 —0. 1770 0. 6653 0. 3347 435.11 21. 7555-
0. 300 0.664 | 0. 2360 4. 2372 —0.4981 @ —0.2162 0.6079 0. 3921 509.73 | 25.4865.
0. 200 0.0414 i 0. 1586 6. 3051 —0.6172 : —0,2679 0. 5396 0. 4604 598.52 29,926
0. 100 0.02 ! 0.08 12. 50 —0.0184 —0. 3553 0.4413 0. 5587 | 726, 31 ‘ 36. 31
0. 050 0.0099 0.0431 24. 9376 —1.0074 —0.4374 0. 3653 0. 6347 528.11 ‘\ 41. 2555
0.025 0. 0049 0.0201 49, 7512 —1,1941 —0. 5184 0. 3031 0. 6969 905. 97 | . 45, 2985

o2 dASA FAAINHAN 2FA 7] & stillpot o] =Al%ts holdup ratio 8] ZFHEFAE THH
Wel z,9 W3lE Fig. 12~15¢] Jehigo. = Fig. 2~614 2w =z=FAze] ZHzge] =&t
overhead product #9] muvc x% ¥ 3L8 Fig. 16~19 still pot 9 muecx5E AFA7 AAA Rt F 3
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ratio of Hbkula] FAlo] glomz o] o] EA o] oA

Tubel 7o) still pot ] o] FEWMIE olo] A=
= 998 29tk (Fig. 2~6 2 Fig. 11~15)

& ¥ reflux ratio o] A z2&w Column & &3t
FEFF 4AAZL webA = eyl old holdup
ratio 7t Z7184F5E FH curve & kg AH, =&
reflux ratio = 244 o &= o] A 7re] A B
}, o] A% holdup ratio 7} 24 % overhead pro-
duct ] ZF curve & still pot o] ZFEE curve
Wat] wteh g o AL EEMRETAA 1
F5 244, still pot o] gle muve F= 7t column
Az oI Eein e vHolsa 449 refluxz o
g downflow o}o] By 2 EEHEGA JAdH
Aol 2} 47,

Ay o

5 % i

FRERET A 34 FHF49 2Hd=F 7
B3l 918k =14 holdup ratio & parameter 2 3}of
JRIEA ZHRRRC] w2 still pot 5] muc o] REEHE(LS
B3 B S #HHstz ol & Benzene~CClL % 3l
MeOH~EtOH #& A g=s HEieh H#stgdon
g, M5 KB A EH3F factor 2 &R holdup
ratio 9 FFEfe] el AT e RE 45
23 999,

1. Mathematical model & AR 3 ALd HET
24 holdup ratio & parameter 2 3}o] still pot Py
A8 mue o] HRIERERTC] B BMLE SEEEER &
Fehx HEiapihez FEe XL ddd Ao

Hyeln x,(1—z) +‘,l.(‘;(, i;s,ojifr_):ﬂ. <,,__YM ) P

x:(l_l‘sn) sy

a2 kikez Yoo AAAG APAE dla
} A3} overhead product 9] muc 7} Fwlo] A7 4
AgA et 2 dAg,

2. Reflux ratio 7} ¥&ul = holdup ratio 7} Z7} -

pok

rje

4+E. overhead product & mvc o] FEm L A Al
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F&3vr. & overhead product o SFEEEIET BN
t}, Critical reflux ratio ¢ A/ += holdup ratio 2] = 3]
e Fase A9 ok & F gt = oreflux
ratio 7} ¥-&w| & holdup ratio 7} Z713543% Bl i
i Zhagiet

3. oE EE A4E 93 #7422 holdup
ratio 2] £ F 7+ reflux ratio o fE#3},

4. AEHlA AT 308 AEEF column &
£3F MeOH~EtOH %eo] A 2] critical reflux ratio &
20]1], benzene-CCl, %olAE 94t} o] critical
value &= TSR 2 relative volatility of] =}g} #HE
@ ghol .

Nomenclature

CTC=Carbon tetrachloride

D=Rate of overhead product removal, cc/min.

h=Total holdup of MVC in the entire column, cc

H=Liquid holdup on each plate, cc

L=Rate of liquid flow, cc/min.

muvc=More volatile component

R=Reflux ratio., L/D

S=Liquid remaining in still pot, cc

t=Number of plate

V=Rate of vapor flow, cc/min.

z=Volume fraction of mvc in liquid phase

y=Volume fraction of mwvc in vapor phase

a=Relative volatility

f="Time, min.

X,=Volume fraction of mvc in total holdup, defined
as% Lj a,

Subseripts

av=for average

D=for distillate

F=for feed charged to still

n=for number of any plate counting from the still pot

o=for initial value when equilibrium has been reached
but before any product is removed (#=0)

R=for ratio

s==for still pot
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