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Appendix A

EXPERIMENTAL DATA

Part I Data of Equilibrium Concentration

Data Nos | gm of CHz0008 /., Srryrpyc | &1 of G000 /0 of m0
| 4 0.1168 0.1347
5 041560 Usalis
: & 1h3& 0,2262
4 042153 0s2352
% 0.3347 @207
6 0.1354 041796
; 0.17k46 Qu2239
3 - 0.217h 042569
9 0.2506 0.3109




Part II Physical Properties of MIBK-Water-Acetic Acid

MIBK 0H3000H2(0H3)2

Solubility : very slightly soluble in water
Density + 0.8277 gm,  at 30°¢
Interfacial Tension : 10.3 dyne/cm

Acetic acid (CHBCOOH)

Solubility : infinity

Density 1,048 gm %o

Water Density N gm/cc at 30°C

Solubility : Very slightly soluble in MIBK



Part III Experimental Runs
Experimental run No.1 Total cycle time 13 seconds

Volume flow ratio (H/L) HZO to MIBK 0,693-0.714

vo%ii%?grgate Vol. Concsof acetic acid Controlled cyclic period
R H.0 | 51
e e | 5 Hp0 MIBK MIDK | MIBK H_0 B0
No phase ratio flow 2 2
: e inlet|outlet | inlet | outlet coales
(1it (llt/hr) H/L i flow coales
74%) ) {gm/cc)(gm/cc)(gm/cc)kgm/cc) taae) (sec) (sec) (sec)
1 12 16,8 | 6,714 | 0 [0.0965 | 0+0854 0.0135 1 75 1 8,5
2 15.40 | 22,00 {0,700 O |0,7028 | 0.0854 0.014% 1 7.5 1 8.5
3 | 18,10 | 26,00 [0.696| 0 |0.100010.0854 0.0162f 4 7.5 1 8.5
by 16.90 | 24,00 0,704 ! © |0.,099 | 0.,0854 0.0162 1 75 1 8.5
5 19,60 | 27.60 | 0.71 0 |0.1028 ] 0,0854 0.,0162 1 7+5 1 8,5
6 20,80 | 30,00 | 0.093 | O [0.1118| 0.0854 0.0144 1 7¢5 1 8.5

8



Experimental run No.2 Total cycle time

18 seconds

Volume flow ratio H,0 to MIBK 0.85-0,859

voﬁﬁ%rgate o Conc. of acetic acid Cont‘;‘ol.ln:* eyclic period
run | B0 MIBK flowo H,0 MIBK MIBK MIBK ) 1.0 H;0
N5, | PURY RNBRE | watie lhijeh outlet] b e 1 et g | aeslen P |[riees

(it ) it ) B/L (gm/od) (B /cop kBt /gt lamyc (sec) (sec) (sec) (sec)
1 18,20 | 21.,40| 0,85 | © 0.0837|0.084510,0126 1 755 1 8.5
2 18.80 | 22,00 | 0.854| © 0.0880| 05084510.0135 1 2e5 1 8.5
3 19,60 | 23.00| 0.852| O 0,0865/0.0845[0.0126 1 7.5 1 8.5
4 20,60 | 24,20 | 0.851} O 0.0865|0,0845|0,0117 1 75 1 8.5
5 22,00 | 25.60|. 0.859| O 0.0855(0,0845|0.0108 1 705 1 8.5
6 22,80 | 26.60| 0.857| O 0.0865{0.0845(0.0117 1 745 1 849

a8



Experimental run No.3 Total cycle time 18 seconds

Volume flow ratio H20 to MIBK 0,98=1.,02

Vol.flow rate

Controlled cyclic period

(1it/hr) Vol. Conc, of acgtic acid
Run | H;0 | mMIBk | Flo¥ H,0 MIBK MIBK MIBK 7,0 H,0
ratio

e phase |phase inlet Joutlet | 4Anlét |ottlet flow | coales flow coales
(lit/hr‘(lit/hr) H/L (gm/cc)(gm CO)(gm/cc:(gm/cc) (sec) (sec) (sec) (sec)

1 20,00 2,00 | 1.00| © 0.0827 040864 {0,0117 1 745 1 8.5

2 20.60 | 21,00| 0.98| © 0.0827 0:086%[0.0099 1 e 3 1 8.5

3 22,00 | 22,00 1.00]| © 0.0827}.0.0864)0,0117 1 79 1 8.5

It 23420 | 22,00 | 1.,02]| O 0.,0790| 0.0864 10,0117 1 75 1 85

5 23,60 | 23,20 1,02| © 040755 0.0864 10,0108 1 745 1 8.5

6 24,00 | 24k,00{ 1.,00| 0 0.,0817 0.086410,0117 1 7¢5 1 3.5
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Experimental run No.5 Total cycle time 18 seconds

Volume flow ratio 0.811=0,39

Vol.flow rate Conc., of acetic adcid Controlled cyclic period
(1it/hr) Vol,
Run H0 misk | flow Ho0 MIBK MIBK MIBK H,0 H,0
phase | phase akLo inlet|outlet finlét outlet [ Tlow coales flow coales
lo.
5 . PZH/1,
(llt/hr)(llt/hr)H/ (gm/cc)(Sm/cq)(gm/ccg(gm/cc) (sec) (sec) (sec) (sec)
1 14,16 | 1646 0,853 0 ]0.,0695 : 0,0846[ 0,0108 1.0 Sl 13 Te3
2 14,92 | 17.40 | 0,857 0 [0.,0675 | 0.0864 0,0117 1.0 Sokt 1o 73
3 15,08 | 18.60 | 0.811| 0 |0.0685 o.ossﬁ 0.0117 140 SBelt 1e3 73
L 16,20 | 18,20 | 0,890 0 10,0675 | 0.0864 0.009 140 ekt g 53 73
5 16.94 | 16,854 0,847 0 |0.072 o.oBGﬂ 0.009 1.0 8ot 15 ZsD
6 19.26 | 22,00 | 0,875 0 |0,0685| 0.0846 0,0108 1.0 Bl ted Pe3
!
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Experimental run No,6 Total cycle time 13.2 seconds

. Vol.flow rate
(Li%/hr) Conc.of acetic acid Controlled cyclic period
Vol.
e H O /
Run [ 2O | MIBK | £10w 2 FLEN MIBK MIBK H.0 H,0
) ¥ o
: phase | phase ratio&inled)?UtIEt inlet |outlet| . flow coales flow coales
o. l‘ = III | 1
( 1t/hr)(llt/hr) H/L E%/cq gm/cc)(gm Cc)(gm/cc) (sec) (sec) (sec) (sec)
1 19.091 39000 0-49 0 0.101 O|082 0.0396 0.9 50? 0’9 5.?
2 |21.818 | 35.454 | 0.62 0 |0.0737| 05082 |0.,0342 0.9 5.7 0.9 5.7
3 | 24.545 [ 31.909 | 6,77 0 | 0.11% 10,082 | 0.0296 0.9 Be'? 0.9 5¢7
b | 27,273 | 28.364 | 0.96 0 | 0.091 | 0,082 - 0,971 049 567 0.9 5¢7
S 130,000 | 24,818 | 1.21 0O | 0.081 [0.082 | 0.0117 0e9 Be?7 0.9 5e7
6 |32.727 | 21.273 | 1.54 0 | 0.,0699| 0,082 | 0,0072 0.9 5e? 0.9 5.7

68



Experimental run No.7 Total cycle time 11,8 seconds

Vol.flow rate

Conc.of acetic acid

Controlled cyclic period

(1it/nr) Vol.
KU HO | MIBK | flow 20 TN Mk | mimx H,0 5,0
No. (f::se )(f:ise )rati° inlet foutlet [/Axle® | outlet [\ flow | coales | flow coales
/hn /hr’ H/L (gm/cc)(gm cc)(gm/cc)(gm/cc) (sec) | (sec) (sec) (sec)
1 {18.305 | 39.661 | 0,46 0 0.108 | 0,082 06,0405 0.8 5.1 0.8 Sel
2 |2L,407 | 31.729 | 0.77 0 0.103 | 0,082 | 0.026 0.8 561 0.8 L%
3 |27.458 | 27.763 | 0.99 0 0.074 0,082 10,0135 |7 %0.8 5e1 0.6 5e1
b 128,983 | 24,407 | 1,19 0 0,074 | 0,082 | 0.0099 0.8 5 0.8 5.1
5 130,508 | 23,797 [ 1.28 | 0 | 0.086 | 0,082 |0.0153 | 0.8 541 0.8 5,1

06



Experimental run No.8 Vary fraction open of

Totzl cycle time 18 seconds

H, O to MIBK flow

2

Vol.flow rate

Conce. of aecetic acid

Controlled cyclic period

(1it/hr)
Run Yol
“20 MIBK | #ow H20 MIBK — — - 5
No. phase | phase . i 2 2
= Wit ) inlet joutlet | inlet Joutlet #low cosles Plow ooales
/hr /hr H/L (gm/cé(gm/cc)(gm/coﬂ{gm/cc) (sec) (sec) (sec) (sec)
1 2043 26,5 | 0.76 0 (0,103 | 00844040234 1ol 768 1.0 748
2 205 264 | 0.78 0 |0.099 10,081 {0,0202 1e3 78 141 7¢8
% 20,0 26,0 | 0477 0 (0,083 | 0,081 10,0144 Tal 7e8 12 748
L 204 263 | 10,97 0 |0,081 0.081 ] 0.0135 Te1 78 13 78
5 2041 26,0 | 0477 0 |0,0665| 0,081 ] 0,0095 140 7¢8 1okt 78
6 20.5 26.5 | 077 O |0.077 | 0.081| 0.0117 0.9 7e0 15 78

L6
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Appendix B
SAMPLE OF CALCULATIONS

1« To Determine the Composition of Feed

. _Ya Xa

S

5 .
Yo/ A
\ % 7 &
ot
b l *b
—_—
Bince concentration input of feed = 0,081 &AL pos e a?ld
cc of solution
Density of acetic acid = 1.048 gm/cc.
Density of MIBK = 0.8277 &

. "+ Volume of acetic per c.c. of solution = 0,081/1,048 c.c.

a i ; 1 0,081
e o« Volume of MIBK in 1 c.c. of solution = 1- .03 éeCh

e ) 0,081
o o Veight of MIBK in 1 c.c. of solution = 0.8277(1- o8 ) gm.

»
= 0.76 g.
Weigt ic aci
o Weight of acetic acid _ _ 0.081 _ 0.106

.
~J

Weight of MIBK b 0.76



J'.;..
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To Determine the Output Condition of Raffinate

"

Since concentration of raffinate output = 0,014k gm acid

CaCa

o'« Volume of acid/c.c.of solution = 0,044 CoCs

1,048
«"+ Volume of MIBK in 1 c.c.of solution = 1-(0.014k /4 ou8) c.c.
«'s Wt of MFBK in 1 c.c. solution = 0.8277(1-0.0144 /4 ol8)gm.

= 0,81 gn.
o's VWit.of acetic acid 2y, = 0.0144 = 0.0176
Wt. of MIBK 0.81

To Determine the Input Condition of Extract Phase
Since there is no acetic acid in water.

. Jeight of acetic acid

Weight of ‘water

To Determine the Output Condition of Extract Phase
Since concentration of output of extract = 0,083 gm/c.c.
« « Volume of acetic acid/c.c.of solution = 0.083/1_0h8 CeCo

+ +» Volume of water in 1 c¢.c. solution

I

1-(0.083/1.048) CeCh

+ » Wt.of water in 1c.c., solution 1(1—0.083/1 o4  Bm.

0,921 gm.

n

« o Weight of acetic acid N _ 0,083
Weight of water 0.921

n

0.0901
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5 To Determine the Number of Ideal Stage

From p-4 = 0.00
a
x.b = 0.0901
¥, = 0.0176
¥, = 0,106
#
N = log x.b ™~ J{bv
*
X - X
a a i ENTET eee SRR ik s &
# xw *
Llog %/ 7\ Ta
X G XK
a
s * N
1og |/ Yo" Y
Ioo= ¥
a a.
or . N . \ A B
2 Y
Iog e
A
[=h a

Equilibrium line and operating line are ploted by using wt.

of acetic acid/wt, of MIBK as ordinate, and wt. acetic/wt. of H20

as abcissa. Assume equilibrium line and operating line are straight

‘; as shown in graph.

*

Then we get x 0.1312

X = 0,02
a

Substitute in (4) obtained

s - 0,090
log 0.1312 0.0901
0.02 - 0,00
N =
0.1312 - 0.02
log
0.0901 = 0.00

3422
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To Determine the Number of Transfer Unit.

From equation; the number of over all transier unit

NTURg

NTUR,

i

I

)

Il

= 1n

/y - X%
D Wy My, L
v - X £ €
W'a a/m
11
(1 - EJ

diffusion coefficient

m Ef/Pf

wt, of a/wt.of H

20

wt. of a/wt.of MIBK | at equilibrium

1

Slope of equilibrium line

wt.of solute
wt.of solute
20,0000, 921
26 ,000x0,76

1.25 (slope

free water (gm/hr)
free MIBK (gm/hr)

18420 gm/hr

It

19240 gm/hr

of equilibrium Line = 0.8)

18420x1,25
19240
141967
. [0.108 R Y.
L0.0176 1.1967 10,1967
= 4
(1 - 77527

3.6612



7o

To Determine Height of Transfer Unit

Since, Height of column =  (NTUR )(HTURO)
. HTUR, - Height of Column
NTUR,
- 39
~ L E6612

= 10.65

96
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