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APPENDIX A.1

DETERMINATION OF RANDOM PACKING EFFECT

Type of packing : 1/2~in. stainless stcel raschig-type

rings.

N o T /) T 1iter/hrw
ch. em/s | 1/ht.p/m. & i 5 ' 3
125 randon packing
0.37 | voldres| 25y 25.2 | 25.6
 0.50| r2/687300 | 2315 | 23.6 | 23.2
1 | C.73 | 12.6¢ Lk 22.8 23.2 | 22.6
lhiQaeeae ol oo @) | 21,0 22,6
Sty padllnE
ORB T Tab] 22 25.5 2L.8 26.0
p.0% 9206 20 lazat spdal 2%
! Oez3. ) 12.6) by} a3y 23.6 2.6
o3} 12.6| 85.7| 22.6 5 22.6 22.6
!
; i




APPENDIX A.2

FLOODING CHARACTERISTICS

Type of packing : 1/2-in. stainless stcel raschig-type

rings.
a £ | af E 48 Bt Ty 1iter/hr.
em. [p/m | cm/s gl/hr — ? 2 § 3
22 | 075 Vfl2a6 |06 | 19.8 | 19.0
| 30 | 1.00112.6 | 20.2 f 20.2 20.2
2 wy | Vup 126 | 22,5 | 20.2 | 21.4
85.7 2.88 4 42e6-b 26.0 | 25.4 | 24.8
22 |¥33Q] 12.6 | 1945 19.0: § 13
20| 1.50. 1126, {= 19.6 19.0 19.3
3 Pl e kdanh UiRsheiry19:0 | 19,0
8BS 4,29 L 12.6. f-24.8 234 1 2ui
!
22 | 1.47 [ 12,6 | 17.9 | 17.9 1749
30 | 2.00 | 12.6 | 18.8 % 1747 16.6
. ? b | 2,93 {1276 | 17.9 §‘18,a 18.4 |
| 85.7 5.71 | 12.6 ? AT P
! '




Type of packing :

FLOODING CHARACTERISTICS

APPE

NDIX A.>

1/2-in.plastic raschig-type rings.

7L

a - af T P Fd,liter/hr.
Clle o/m | cm/s | 1/hr 1 2 -
22 |0.73=FE3>.9 B2y | 20.2 | 20,2
30 |1.00°P7F6 N20se | 20.2 | 20.6
g wy | 1,52/l 2 | 21.4 | 21.6
85.7 | 2.86/ Y il \300% | 27.2 | 29.3
22 | 1.10 [SEeg 17.9 | 20.2 | 20.2
30 | 1Re=—at 1940 92 | 20.2
5 Ll | 2. b a6 2o | 21.. 2144
85.7 [3@aRInNIplgn)Ivenne 27.0 | 27.8
82 b 167 1 1246 16.6 16.6 17.8
30 bR00 | 12.6 1% 19.0 | 19.0
o it aue% ] 2.6 15.8 1950 o} 19.0
gem b9y 19,6 | 26,01 26,9 1T @%3
;




APPENDIX A.L4 75
EFFICIENCY DETERMINATION
Type of packing : 1/2-in.plastic raschig-type rings.

Extraction factor 1hil2

ro |7y | at ba bt a1 x o o meR|oBEE
1/h {1/h | c/s lemJo/m | meg/l | mg/1 % %aAVECT .
272,86 | 95.18 | 65,11
Uel3 22 | 599,20 1101.5% | 63,61 | O30
266.51 | 69.81 | 73,51
g 0 126651 | s2.49 | 69.05 | 7142
12,6 | 2.0 2 25%.82| 50.76 | 50.00
147 W | 253562 57.11 | 77.50 | 78472
241,13 1 38.07 | 84.21
2:86/ / R xditne i} 51.73 | 67,18 | 22+ 7°
g .7 | 571171 76.92
1210 | P 7 | b2 | 82.05 | 19049
2t P Ll L2 | 81.58
e g %0 | 253.84150.76 | 80.00 | 80+7?
12.6 | 2.0 5 222.09 |.31.73 | 85.71
2V20N B G 5 72 | 81,45 | 85498
e W2y A 6.35 1 97.06
429 1 P27 ou1.13 | 19,08 | 92,11 | T4
215.75 | 25.38 | 88.24
Laly? 22 | 541,17 | 50.76 | 78.95 | 83-60
215.7= | 31.73 | 85.29
2.Q0 301 ou1.13 | gyone | 81.58 | 8344 |
12.6 | 2.0 b 215.75 | 19.04 | 91.18
2435 bt 541,13 | w2 | 81.58 | 89438
203,06 6.35196.88
57211 B5% 22814 | 12.69 | oy ny | 9906
! ; |




APPENDIX A.5

EFFICIENC

Type of packing :

Y D&TEH

RMINATION

76

1/2-in.plastic raschig-type rings.

bBxtraction factor 7.11

b e ] THdD £
1/h | 1/h | en/s | enf p/d mg/1l | mg/1 % Baver.)
234.80 | 114.2 | 51.35 |
BAE3 L ey saiche ) 1inie | sien g 7130
; 12480 [ 107.. | 54.05
It MV 23080 107.9 | 54.05 | 5405
V%
st R o 23 B804 76.2 | 67.57
TR S hesiieod-a6.2 | 67,57 | 67+57
231,80 | 69.5 | 70.27
241,10 33.0 | 63.17 3
110 221 202,10 | uo.5 | 62.85 | 63-01
260.20 1-38.8 | 65.87
Fa i 1 254,80 |_76.1 | 67.57 | 66:72
Gt B 3 272.90 | 95,2 | 72.10
=25 gt s | 2u.65 | 73-38
272.90.1,,:50.8.] 81.40 _
hedd T P2 228,40 | 358.1 | 83.33 | 82-37
215.80 | 69.8|67.65|
Vedtr 221 225.3 | 6.6 70.43 | 6904
3 251460 | 57.1 [ 75.43 |
€6 5 148 b 228.40 | uy.n | 80,56
2931 | ¥ 1 228.40 | 4.y | 80.56 | 8056
228.L,O 7/89] L):/\/n_—js o
2?1 B oog.u0 | 31.74 96,11 | 8472




APPENDIX A.6

EFFICIENCY DETHERMINATION

77

Type of packing : 1/2-in.plastic raschig-type rimgs.
xtraction factor 3,56 k . . -
Fc Fd af ai L Iin [out 5 o i ‘“ff.
i/h | 1/h | em/s | cd o/ml mg/l | mg/l % Jsaver.,
342,66 | 203.06 | 40.74
0.73| 1221 591,89 | 164.98 | 13,48 | 2+
342,66 | 171,33 | 50.00 |
et g Ll : 30} 305,58 1 126.91 | 58.33 | 2417
’ k= BL2.66 | 1727.67 | 4315
3 ! 3 =2 Q
1.47 YAy 28 1.1%9.60 | 56.00 | 22+08
L 4 5_()\5.31 “7]-:/’3 1:9006 _
2,56 | P57 319,28 | 158.64 | 50,00 | #7+23
242,66 | 177.67 | 48.15
o) '
Yt 22t zo5.0%| 171,73 | us.08 | #8412
_ _ 36% 311 164,98 | 50.94 _
1.50 St/ 33 | 1.5.08 | 192
b § D 3 336431 | 171,33 | 49.06
2.20 Y § 255,07 4 47523 | 42.08 40. 57
) ) 323063 158-61-] >U.98
429 1185 517,28 | 133.26 | 50.00 | PR
‘ 323.62 | 171.%% | 4,7.06
32%.62 | 164.93 | 49.02
'O . [9} ey o) O.
s baus] 0 L b Eain e vseads geean | 0
_ 304,58 | 164.98 | 45.83
2432 bl § 299,28 | 158.64 | 50.00 | 47+92
310.93 | 126.91 | 59.18
L3 2 ©
571 | P57 291.89 | 133.26 | 54.35 | -7




APPENDIX A.7 78
EFTICIENCY DETERMINATION
Type of packing : 1/2-in.stainless stcel raschig-type
rings.

Extraction factor 14,22

I TR TRt T O o | 5] B
1/h | 1/h | cm/s | ewl p/m mg/l | mg/1 % %aver.
' 158.64 | 88.C4 | 44.00
0.73 22 1 228.44 |107.87 | 52,78 | 4839
152.29| 76.15 | 50.00
baily 01 222009 11,22 | 18,57 [ 4929
Lpeiny o > 145,95 | 4442 | 69.56
1eb? | L EEN 295,95 | 82.49 | 61.77 | 65:67
139.60 | 38.07 | 72.73
2.86 1 8571 209,140 | 69.80 | 66.67 | 69-70
w60\l 50.75 | 63.64
1 1.10 1 122 8503.06 | 69.00 | 65.63 | 6464
23264150 11 | 57. 14
1.50 30 | 203.061188.64 | 56.25 | 9670
12.6 | 2.0 > 126.91 | 36,07 | 70.00
2.20 Hht 209,40 | 76,15 | 63,64 | 6682
114,22 1 25.36 | 77.78
423 1 P57 203,06 | 57.11 | 71.88 | 7483
114.22 | bL 2 | 61.11
1447 22 | 203.06 | 88.84 | 56,25 | 75+68
_ 95.18 | 31.73 | 66.67
2.00 301 196.71 | 82.479 | 50.06 | 62:37
12.6 | 2.0 L 95.18 | 25.38 | 73.33
230 bt ysg.6n | 38,07 | 76,00 | TH67
76.15 1 12.69 1 8%3.35
2711 P3N 197.67 | 38.07 | 78.57 | 80+95




APPENDIX A.8

EFFICIENCY DETERMINATICH
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Type of packing : 1/2~-in.stainless stecl raschig-tyre
rings.
Extraction factor 7.11

v 1 boae fadr | v .. Bie. ] mer.
1/h | 1/h | em/s | e p/i] mg/1l | mg/L % %aver.

260.2 | 142.8 | 45,00
Rav e 22 | 503, 1 | 110.2 | 13,75 | #4358

25255871 153.3 | 47.50
1.00 3 1196.7 1 95.2 | 51.61 | 49456

12.6 | 1.0 g phiwntae6.9 | 47,37
1o 47 Mt o631 01,5 | 50,00 | 4C-68

/h bt 3 NN86.8 | 63.64
2.86 1/ Bo.W950,1 | “76.2 | 60,00 | 6182

241.1 1 120.6 | 50.00
1.10 22 | 1ay.0| 95.2 | us.28 | M1

2284 1 107.9 | 52.78
T, 301 o7l -5 ] 53.57 | 23+18

12.6 | 1.0 . 212:6.1 10i.7 | 50.75
2:20 1 | Eh | qon ol 82,5 | 53,57 | 7210

209.4 | "82.5 | 65.61
he29 B5.7 171.3 | 60.3 | 61.81 | 62+ 7]

209.4 | 2.0 | 56.06
1.47 22 | 164.9 | 69.8 | 57.69 | 96-68

203.1 | 82.5|59.38
Rk 30 | 158.61 63.5 | 60.00 | 27+69

12.6 1 1.0 b 196.7 | 82.5 | 58.06
2.93 b ) 152,31 59.6 | 60.80 | 2782

196.7 © 63.5 | 67.74 |

5,711 B5% 1n6.0 | uhen | 69.57 | 68+66




APPENDIX A.9

EFFICTIENCY DETERMINATION

Type of packing : 1/2-in.stainless steel raschig-type

rings

Extraction factor 3,56

1

£ b Lint PELE Tolley 1 B Eff. | Eff.
1/h| 1/h { cm/s fem | p/m| mg/1 mg/1 % %aver.
368,00 | 266.50 | 27.58
0,73 22 | 298,21 | 222,09 | 25.53 26456
249,00 | 241,15 | 30.90
1,00 30| 291.89 | 209,40 | 26.26 | 2725
12.6 1 0.5 & 255,00 | 215.75 | 39.28
tel? L/t 599 .20 | 196,71 | 29.55 | 22
329,97 | 215.75 | 34.62
2.86 | 657 299,20 | 190,37 | 31.82 | 23+22
317.28 | 209.40 | 34.00
Lpha 22| 599.20| 203.06 | 27.27 | 30-64
310,93 | 215.75 | 30.61
1R 30 | 272,861 190.37 | 30,23 | 042
12,6 1 0.5 5 298.24 | 190,37 | 36.17
2,20 | | bh) oc6.51 | 177,67 | 33.33 | 370
285.55 | 158.6L4L | 4h4.bh
4e29 | B57 260.17 | 152.29 | n1.46 | #2497
279.20 | 177.57 | 36.36
147 22 | 560,17 | 190.37 | 26.85 | 210!
266.51 | 190.37 | 28.57
2.00 30 | »53.82 | 196.27 | 25.00 | 2679
12.6 1 0.5 B 260.17 | 177.67 | 31.71
2+93 bh | 553,82 | 197,67 | 30.00 | 0-86
209.40 | 152.29 | 27.27
5071 | P57 241.13 | 190,37 | 21.05 | 2# 16
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APPENDIX B

PROPERTIES OF CHEMICALS US:D

The physical properties of chemicals used in water-~

iodine-carbon tetrachloride system are as follows:(BZ)
Hater Carbon tetrachloride

Density, gm/cm3 1.00 1.590
Viscosity, 20°C, cp 1.00 0.95
Refractive index 220°C 1.333 1.46
Surizece tension 72.8 26.66

(@20°c, dynec/cm.)
Interfacial tcnsion - 45.0

(@20°C, dyne/cm.).
Solubility@EOOC by 0.010(in CCl4) 0.080(in HZO)

weight
Distribution Coefficient of I, 89.6

for 20°C + 2%
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APPENDIX C

PREPARATION OF CHEMICALS USED

Preparation of the iodine solution

Preparation of an approximately 270 mg/l "
Weigh about 150 gm . of pure KI into a 2 liter beaker and
dissolve in 1 liter of wator. Add 4O gm . of pure I,(flake)
and‘stir occasionally until solution is complete. Dilute

in 250 liter of water in a stainless steel storage tank.

Preparation of 0.1 Sodium thiosulfate

Heat 1 liter of distilled water to boil in a beaker
covered with a watch glass. Boil for at least 5 minutes.
Cool, add about 25 gn + of NaZSZOB'EHZO and O.1 gmn . of
NaECOB' Stir uwntil solution is complete, tihen transfer

to a clear glass stoppered bottle. Gtore in the dark,
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APPENDIX D

HYDROPHOBIC PROPERTIES OF THE PACKINGS

Tt was considered necessary to measure both the con-
tact angles made by a solvent droplet on materials used
in this work, in a watcr environment and also that made
by a water dropnlet in a solvent environment.

Samples of the surfaces investigated were made
1-in. long and 1-in. wide for giass, 1-in. long and 1/2~in.
wide for stainless steel and 1 1/2-in. long and 1/2-in. in
diameter for plasticy contained in a 100 ml. beaker.

)

These contact angles wers measure . by taking photograpins

and making observations,

The results of thogsmeasuraments arc given in the
table below. It is seen that pltastic is more hydrophobic
than stainless steel. The negative sign for cos@1« cos@2
indicates that the surface is of a hydrophilic nature,
being preferentially wetted by the w~ter phase, whereas
a positive value of cos@1~ cos@2 in< .cates that the surface
is preferentially wetted by the solver phase(hydrophobic
nature).

Tater receding later advancing  c0S8;~ cOS9

(91, degrees) (@2, degrees)

GlaSS...... 136 20 "19659
Plastic.-owo ‘l"-: 150 1‘8:/)6

Stainless steel..3 129 taled?
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APPENDIX E
NOMENCLATURE

Amplitude of pulsation (cm)
Axial dispersion coefficient for phase i
Volumetric flow rate of phase i .(1/h)
Height of the transfer unit (ft)

\
Length of column (ft)
Number of transfer unit
Superficial velocity of phase i {cm/h)
Characteristic velocity ( Vg + _V _ = v, (1-¢) )
Concentration of iodine in contigagus phase (mg/1)

dy3, drop diameter, mean drop diameter,

% nyd*/En a3

Frequency of pulsation (pulse/min)
Slope of equilibrium distribution curve
Mass transfer coefficient
Concentration phase ¥y (gm/cm3)

Extraction factor (mFg/F.)

Fraction dispersed phase hold-up

* Subscripts

¢/

d

ow

e

Continuous phase
Dispersed phase
Flooding

Toluene

Water

Overall based on water phase
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