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A11pendix VIII -6 ( cont 'd) 

Pe Pe.r X RK .j.. c Sh ShJ:_ " ------· 
320 80 0 0 0 .036 152.5 

.00125 .117 31.69 35·9 

.0025 .161 21.19 25.3 

.00375 .194 17.00 21.1 

.005 .222 14.66 18.9 

.0075 .268 12.09 16.5 

.010 .308 10.75 15.55 

.0125 .344 9·96 15.2 

.015 ·378 9·h7 15.2 

.0175 .lt11 15·5 

.020 . 8.93 16.0 

.0250 ·510 8.65 17.6 

.030 ·576 8.39 19.8 

.035 .640 7·85 21.8 

.040 .698 6.89 22.8 

4oo 100 0 0 0 .036 152.5 
.00125 .117 31·77 36.1 
.0025 .161 21.35 25.5 
.00375 .194 17.26 2l.h 
.005 13.59 18.1 
.0075 .269 12. 17.3 
.010 .311 16.7 
.0125 . jlt9 10.85 16.7 
.0150 .387 10.lf9 17.2 
.0175 .426 10.27 1'7.9 
.020 .464 10.13 18.9 
.025 ·541 9·89 21.6 
.030 .616 9·19 23.9 
.035 .682 "(.72 24.3 
.OltO ·735 6.00 22.7 



Appendix VIII -·6 ( cont 'd) 

Pe X RK 

1000 250 0 0 

8000 1000 1 0 

___ t ______ c ______ ~-----s~j-
.0005 
.001 
.002 
.003 
.005 
.007 
.010 
.012 
.015 
.0175 
.020 

.. 025 
.030 
.035 
.040 
.0445 

0 
.00125 
.0025 
.00375 
.005 
.0075 
.010 
.0125 
.0150 
.0175 
.020 
.025 
.030 
.035 
.040 

.078 57·5 

.105 37·5 

.145 26.0 

.178 22.5 

.228 l9.ltl 

.280 18.68 

.360 18.44 

.419 18.32 

.500 16.ln 
·554 12.62 
·590 9~00 
.646 6.21 
.699 5.68 
·730 5.29 
·767 4.34 
·79~ 3.6o 

.036 11+6. 53 

.119 50.92 

.185 1!9.37 

.263 49.17 
·370 36.16 
·398 15.70 
.45~· 14.99 
.499 11.11 
·538 10.55 
·572 8.76 
.603 8.27 
.657 6.8ol~ 
·702 5.74 
·740 4.91 
·773 4.24 

62.5 
41.9 
30.1+ 
27 .1+ 
25.1 
26.0 
28.8 
31.5 
32.8 
28.2 
21.9 
17.6 
18.9 
19.6 
18.6 
17·5 

152·5 
57.8 
6o.6 
66.8 
50.75 
26.1 
2-(. 5 
22.2 
22.8 
20.5 
20.8 
19.8 
19·3 
18.9 
18.7 

178. 



Appendix VIII- 6 ( cont 1 d) 

RK t c Sh s~_ 
·-------·----------~-----=---·· 

Ne>,rman 0 .001 .109 28.69 32.19 
Equation .002 .146 22.31 26.13 

.003 .177 18.39 22.33 

.005 .224 13-94 17.98 

.007 .262 11.49 15·57 

.010 .309 9.28 13 .1+ 3 

.015 ·370 7.21 11.4~ 

.020 .419 5·98 10.29 

.025 .460 5.14 9·52 

.030 .496 4.51 8.96 

.035 .528 4.03 8.)5 

.oho ·557 3.61+ 8.22 

Kronig and Brink 0.0 .001 .161 53·30 63 .1+9 
Equation .002 .225 35-49 45.80 

.003 o 2c{2 2'{. 25 37 .1+1 

.005 .340 19.61 29-72 

.007 ·393 1:) .86 26.i3 

.010 .lt56 12. 61+ 23.24 

.015 ·539 9.60 21.17 

.020 .603 7·76 19.57 

.025 .. 656 6.1~8 18.86 

.030 -701 5·51 18.46 

.035 ·7lt0 1~. 75 18.22 

.oho ·T73 4.11 18.09 



Appendix VIII-7 

Effect 9LY._i scosi t.x__Rat~ulation 'l':Lme _!.___..!9_£ 

Hadamar~t~~a.11lh:.es t~. 

It was sho•,m in Equatior1 III-r(, that the dimensionless 

circulatj_on time, T 

Brink (58): 

8J.~ _ _!)__g_l~) . according to Kronig and 
Pe 

where q ( §) == 3. 26 for S == 0.1 at Pee let Number = 1000. 

The Kronig and Brink co-ordinate ) = 0.1 is equivalent to the 

streamline (j}j =- .. :_?~ 
l+X 

at G == 90°, this st:c-eam1ine cuts the radius 

at R 0.16 and 0.985 

Viscosity Ratio = /li Multiples of . Circulation Tirr.e 
---------~--__.1:!.9-damard Jel~i~X.. __ (dimens3.onless) _ 

0 1 .0261 
1.5 .0175 
~~ .0065 
8 ' .0033 

2 1 .0783 
1.5 .0525 
4 .0195 
8 .0099 

180. 
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Appendix VIII-8 

Physical Na.ss Transfer into Drops with Hamielec Velocity 

Profiles at Viscosity Ratios of 0 and 2 at Reynold Number = 60 

Pe X RK t c Sh ShJ -------- ---
1000 0 o.o 0 .036 146.53 152.5 

.0005 .orr8 59· 53 64.5 

.001 .106 42.10 47.2 

.002 .11+9 34.20 1J0.2 

.003 .187 32.57 40.2 

.005 .262 31.99 43.5 

.007 .346· 31.63 48.5 

.010 .h16 19.02 32.6 

.0125 ·500 11.50 23.0 

.0150 .543 10.24 22.4 

1000 2 o.o 0 .036 146.53 152·5 
.0005 .0'{8 58.80 63.8 
.001 .106 4-0. 61~ 45.5 
.002 . ])+9 31.59 37·2 
.003 .187· 29.11 35·9 
.005 .257 2'{.56 37.1 
.007 ·327 27.02 ho.6 
.010 .423 22.56 39.1 
• 0125 .490 16.47 32-3 . 
.0150 ·538 13.33 28.8 
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Appendix VIII -9 

Variatlons of Sher>wod Number w:i.th Pec1et Number for l'l.i<:lss 

Tra.nsfer vrith Simultaneous Chemical Reaction 

Pe PeJ X RK t c Sh ShJ --... ---·-- ------
0 0 0 10.0 .oo .036 146.53 152.03 

.00125 .117 31.90 36.13 

.0025 .161 21.41+ 25. 51~ 

.0050 .220 14.80 18.96. 

.0075 .262 12.01 16.28 

.0100 .297 10.39 1h.78 

.015 ·350 8.56 13.17 

.020 ·391 7 ·52 12.31+ 

.025 .424 6.84 11.8.:3 

.030 .451 6-37 11.61 

.035 .lJ-711 6.02 1Lll6 

.040 .494 5·75 11.37 

4oo 100 0 10.0 0 .036 146.53 152.03 
.00125 .117 J2.13 36.37 
.0025 .159 21.89 26.oh 
.005 .21B 15.76 20.17 
.0075 .263 13. 51~ 18.36 
.01 .301 12.47 1'( .81~ 
.0125 ·336 11.91 rr.92 
.0150 .369 11.59 18.36 
.0175 .401 11.41 19.05 
.020 .1+33 11.29 19.91 
.025 .495 11.10 21.96 
.030 ·552 10.5l 23 0 5'( 
.035 ·599 9·51 23. 71.~ 
.040 .636 8.33 22.85 
.0438 .656 7·59 22.07 



183. 

Appendix VIII-9 (cont'd) 

RK t c Sh 
--~---------.... _ ..... ____ ShJ 

Danckwerts 1 10.0 .001 .108 28.74 32.23 
Nodification of .002 .146 22.45 26.27 
the Nevman Equation .003 .175 18.62 22.58 

.005 .221 14.35 18.h2 

.007 .257 12.03 16.19 

.010 .29.9 10.01 14.28 

.015 -353 8.18 12.61+ 

.020 ·394 7.14 11.79 

.025 .428 6 .!~ 7 11.37 

.030 .455 ).99 11.00 

.035 .478 5.6lJ- 10.81 

.040 .498 5·37 10.70 

Danckverts' 10.0 .001 .160 53·51 63.70 
Nodification of .002 .224 35·911 ~-6.30 
the Kronig and Brink .003 .269 27.91 38.18 
Equation .005 ·335 20.55 30-90 

.007 ·385 17.02 27.66 

.010 .443 ]_l~ .05 25.23 

.015 ·516 11.37 23.lq 

.020 ·570 9.82 22.8h 

.025 .612 8.80 22.70 

.030 .647 8.06 22.81 

.035 .674 7.51 23 .0~-

.o4o .697 7·07 23.33 



Appendi x VIII -9 ( cont 1 d) 

Pe PeJ X RK t 'C" Sh sh.r_ 

2000 500 0 10.0 0 .036 146.53 152.03 
~00125 .116 37·29 lJ.2.19 
.00250 . 164 31.08 37.16 
.0050 . . 255 29.91 l.~o .15 
.0075 ·354 29.15 45. 15 
.01 .4JO 19.25 33·79 
.0125 .1}72 12.95 21+. 52 
.0150 · 503 12.03 24.21 
.0175 · 533 11.90 25.50 
.020 .562 11.10 2).32 
.025 .604 9.hl+ 23.80 
.030 .639 8.90 24.67 
.035 .666 8.16 21~. 47 
. Oi+O . 690 7·79 25.12 
.0438 ·10l.f. 7.44 25.15 

4000 1000 0 10 .0 .oo . 036 1~6.53 152.03 
.00125 .119 51.17 58.05 
.0025 .184 49.61+ 60.81 
.0050 · 324 37.02 54.77 
.0075 ·387 17.69 28 .87 
.010 . 439 17.0~ 30.35 
.0125 .478 13 . 57 26.02 
.0150 . 513 13.08 26.86 
.0175 • 51+2 n. 56 25.24 
.020 . 568 11.16 25.80 
O'Y • c..) . 610 9·98 25.59 

.030 • 6llJJ. . 9.16 25.76 
. . 035 . 672 8.57 26.11 

.Ol+O .695 8.10 26.54 



Appendix VIII-10 

Variations of Sherwood Number v:L th Peclet Number for Jl1ass 

Transfer I·Ti th Simu1taneoe1s Chemical Reaction 

Pe PeJ X RK t c Sh ShJ 

0 0 10, 000 200 0 .036 146.53 152 . 5 
.00125 .110 38·33 43 .1 
.0025 .140 30 .82 35 ·9 
.00375 .158 28.1+6 33 ·9 
.005 .170 27 . 39 33 .0 
.0075 .183 26.51 32 .4 
.010 .190 26.20 32. 4 
.0125 .193 26 .. 07 32.4 
.0150 .195 26.00 32 .4 
.0175 .196 25 .98 32 .1+ 
.0200 / .197 25.97 32.1+ 
.0250 .197 25 .96 32.4 
.0265 .197 25 .96 32.40 

320 80 0 200 0 .036 146 . 53 152 . 5 
.00125 . 109 . 38.46 1.3 .2 
.0025 . li+O 31 .05 36 .1 
.00375 .157 28 .77 34 . 2 
.005 .169 27.78 33 · 5 
.0075 .183 27 .02 33 ·1 
.010 .190 26. 78 33 -1 
.0125 .193 26.69 33 .1 
.0150 .196 26.66 33·3 
.0175 .197 26 .65 33 ·3 
.0200 .193 26.64 33·3 
.0250 . 198 26.64 33· 3 
.0300 .199 26. 61+ 33 · 3 
.0350 . 199 26 .64 33·3 
. Ol+OO .199 26 .64 33 ·3 
. Ol~25 .199 26. 61! 33· 3 

1000 250 0 200 0 .036 146.53 152 .0 
.0005 .076 60 .37 65. 5 
.001 .10 l~ 3.14 118 .0 
.002 .129 34 .47 39 .6 
.003 .148 32 .08 37·7 
.005 .172 30.82 37 .2 
.007 .188 30 . 59 37 ·7 
.01 . 203 30 . 54 38 . 3 
.015 . 214 30.41 38 .7 
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Appendix VIII-10 ( cont ' d) 

Pe PeJ X RK t c Sh ShJ ------
1000 375 0 200 0 .036 146.53 152 .0 

.0005 . 076 61.03 66 .0 
(1. 5 x Hadamard Velocity ) .001 . 10 h lJ .• 4o 49.4 

. 002 .130 36.61 42 .1 

. 003 . 150 31.1.84 41.0 

.005 . 178 34 .19 41.6 

.007 . 199 34 .13 1+2 .6 

.01 . 219 33·93 lf3.h 

.015 . 229 32.83 42.5 

1000 1000 0 200 0 .036 11f6. 53 152.0 
.0005 .076 68 .08 73.8 

(h x Hadamard Velocity ) .001 . 100 57.04 63 . 5 
.002 . 138 5h. 51+ 63.3 
.003 . 171+ 5Lf.45 66.0 
. oo4 . 205 54.lh 68.0 

' . 005 . 227 )+9.14 63 . 5 
.007 . 244 l.f2. 67 56.5 
. 01 . 256 l.l2 . 44 57 -0 
.015 . 264 b,]., 9£3 5'1 . o 

Danclnrert s I 200 .001 .098 . 38·75 42.93 
Modificat:i.on of .002 . 129 30.84 35·39 
the Ne1-rman Equation : .003 .147 28.00 32 .85 
(43 t erms in the .005 .169 25.85 31.. 12 
series solution ) .007 . 181 25 .09 30 . 63 

. 009 . • 187 24.76 30 . 47 

. 010 .190 '24. 67 30. Lfl.f 

D<:m ckHerts I 200 . 001 . 098 37·95 h2.06 
Modiftcation of .002 . 129 30.06 34 . 50 
t he Kronig and . 003 .148 27 . 22 31. 93 
Brink :E~quation . 005 . . 169 25.07 30.18 

. 007 . .181 24 . 31 29 . 68 
·'' .010 .190 23.89 29 . 48 

.015 .195 23.70 29.44 

.020 .197 23.66 29 . 45 

. 025 .197 23 . 65 29.45 

. 030 .197 23.65 29 . l.f6 

. 035 .197 23.65 29.1.16 

.040 .197 23.65 29 . 46 



IX Appendices for Experimental Section IV for 

Studies of Phys i cal Mass Transfer int o Dr ops 

/ 



188. 

Appendix IX-1 Mcasm·ement of TeTminal Velocity of Dispersed Phase 

The terminal velocity of falling drops vras measured photo­

graphically by an open flash technique, us i ng a Strobotac. The Strobotac 

i s a strobe1ight 1vi th a variable flash rate , normally used to measure 

r otational speeds . 'I~1e accuracy i s :_ 1%. 

Tne apparatus is shmm schematically in Figure IX-1. The 

Strobotac was placed to the rear and above t he nozzle . The camera was 

focused in front of t he apparatus and the shutt ers were held open. Tne 

drops were photographed ,,ri th the room lights off and. vri th the Strobotac 

providing the only source of light . 

Hence , a picture showing a series of images of a single drop 

f alling i n f ront of the camera -vms made . An example is shovm in F i gure 

I X-2. Knovring the flq,sh rate and the magnification factor, the d_rop 

velocity vw.s found b y measuring the d.isto,nces beh·reen the images of 

t he drop . 

I 



of Falling DrOJl'-> 

Stro1Y2Hght. 

0 



190. 
Figure IX-2 Stroboscopic Picture of a Water Drop Falling in Paraldehyde 



Appendix IX-2 

. Tomoda' s method ( 95 ) was used to determine the acetaldehyde 

control. The compound v.'as alloVTed to go through a series of reaction, 

as represented by the following equation:-· 

CH3CHO + NaHso3 -:>- CH3CH-9H 
S03Na 

Na2so3 + C02 + H20 + CH3CJIO 

~ NaHSO., . J 

Finally, the sodium sul.fi te formed, -v:as ti tratcd with iodine solution 

fmd the equivalent a'Uount of acetaldehyde >·ra.s then estimated. 

IX Procedu-re 

l) Place the sample in a 250-·ml Erlenmeyer flask, containing cold 

water and 5 mls of 2of:, sodium bisulfite solution. 

2) Let stand for ten minutes. 

3) Titrate -vrith .02N iodine solution. 

4) After the blue end point is reached, add an excess of sodium 

bicarbonate, and continue titration to second end point. 

IX Calculation ------·' 
% Acetaldehyde by wt 

= Iocline titre x 22.() x 100.0 

191. 
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C<tlibration curves were made for Bausch and Lomb Dipping 

Hefractometer , using Prism A. An initial curve was made for refra ctive 

index versus vreight percent concentration of solute in aqueous s olutions . 

Saturation concentration of the solute Has found by first measuring the 

refractive index of the saturated solution . 'I'hen the solution was 

diluted until the refractive index fell 1d.thin the indices for known 

solution . Flno.lly ,the calibration curve vra s extrapolated t o the saturation 

conc entration. 

The calibration curves 1vere plotted in Figure IX- 3 as percent 

by weight concentration versus · scale r eading on the Re fractome ter . 

Charts are available to convert these r eadings to refractive indices 

if desired . 
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Appendix IX-4 

Physical Properties of Systems Studied for Mass Transfer 

Continuous . p Initial 
System ... .-a Drop Solute Cone. ;0 Temp • 
(Saturated with Water) grr-./_ c r;_. poise 1:_ by Wt. gJEL cc. ~.c. 

E-i:.hyl Acetate 0-9070 0.0053 o.o 0-9982 20 
1.6 0-9990 
3-7 0-9988 
5-4 0-9968 

Butyl Lactate 0-9926 o.o483 o.o 0-9982 20 
1.7 1.0014 
4.2 1.0021 

Paraldehyde 0.9960 0.1425 o.o 0.9982 20 
2-85 1.0096 
5-75 1.0126 
9.4 1.0149 

Cyclohexanol 0.9510 0.128 o.o 0-9957 30 
0.9 0-9998 
1.78 0-9997 
2.65 0-9995 

Saturation Cone. 
Solute in Hater 
ojo by Ht. 

7-92 

5·35 

13.0 

3·59 

f-' 
\2._ ..... . 



Appendix IX-5 

SysteM Initial Drop 
Drop Rt. 
Cone. ern.. 
% by '\'lt . 

.. 
Ethyl 0 94.631 
ltcetate 
-H2o 

75.582 

53.143 

30.457 

7.231 

o.o 
1.6 ~4.631 

Physical M,.ss Transfer De.ta 

Drop Time-Sec. E~<it Efficiencies for 
Avg. +~- ~ (;::' Cone. Regressed Data - l-~05~ ··) 

% by ~vt. E'.i' EM 

9.50 0.026 5-95 6.20 o. 757 0. 701 
5.90 6.00 
5.90 5.85 
6.20 6.20 

7.61 0.025 6.10 5.90 0. 768 0.714 
5-90 5.80 
6.00 6.00 
6.00 6.00 

5-35 0.014 5.40 5.60 0.674 0.599 
5.60 5.60 
5.60 5.55 
5.50 5.55 

3.09 0.016 3.60 3.70 0.495 0.379 
3.60 3.80 
3.80 3-70 
3.90 3· 70 

. o. 78 0.016 2.15 2.05 0.263 0.094 
2.30 2.20 
2.20 2.10 
2.05 2.15 

o.o 0.0 0.187 0.0 
9.57 0.028 6.20 6.20 o. 724 0.668 

6.20 6.20 

Drop Rad-~m. 
A _,_. '"'fx) vg • ..:.. '.o5;;:;,' 

0.134 0.0009 

0.135 0.0011 

l-' 
\0 
\Jl 



Appendix IX-5 (cont 1 d) 

System Initial Drop 
Dr op Ht . 
Cone . em. 
ofo by Ht . 

.• 
Ethyl 1.6 75 . 582 
Acetate 
-H20 

53 . 143 

30 . 457 

7. 231 

0.0 
3.7 94 . 63J-

75 . 582 

53 .1)+3 

30 . 457 

Pr~sical Mass Tr~~sfer Data 

Drop Time - Sec. Exit Effic iencies for 
Avg . ·+ c<(:::) Cone. Regressed Data 

::::. v. o5'"' '" % o:r wt . ET EM 

7. 61 0 .018 5 .90 5 .90 0 . 686 0 .622 
5 . 90 5 .90 

5-37 0 . 021 5. 30 5 . 40 0 . 578 0'. 492 
5.40 5.1+0 

3. 04 0 .013 4.00 4. 20 0. 421 0 . 303 
4.20 ~- . 35 
4 .10 4 . 10 
4. 35 4 . 35 

0 . 73 0.015 3. 10 3. 00 0 . 231 0 . 07)+ 
3. 15 3-15 

0 .0 0. 0 0. 169 0 . 0 
9.50 0 .022 6 . 20 6 . 20 0 . 588 0. 498 . 

6.10 6 . 25 

7-53 0. 021 . 5 .90 6 . 00 0 .546 0 . 447 
6 . 00 6 .05 

5 . 28 0 .023 5.l+5 5.60 o . ~-28 0 . 304 
5 . 50 5 .60 

3.10 o ;o14 4. 80 4. )5 0 . 297 0. 14l+ 
4 . 85 4.95 
5. 05 5 .05 

Drop Rad- cm . 
Avg . :.t.otf> C"X) 

0 . 136 0 .0012 

1-' 
\.0 
0\ . 



Appendix IX-5 (cont'd) Physical Mass Transfer Data 

System - ·.+-· .., Drop Drop ~l'ime-Sec. Exit Efficiencies for Drop Rad-er;. J.U~v~a.t. 

Drop. Ht. 
. 

Avg. +t s(i) Cone. Regressed Data r-) Avg. :!:_t,
05

sp: 
Cone. c1n. - .05 o/o by Ht. ET -;;' 

r{o by Wt . 
"'"'M 

... 

Ethyl 3-7 7.231 0.73 0.013 h.65 4.65 0.199 0.024 
Acetate 4.45 4.55 
-H,-,0 

r.:. 
l:..45 4.50 

o.o 0.0 0.0 0.179 o:o 
5. 34' 94.631 9.54 0.027 6.20 6. 30 0.404 0.388 0.134 0.0011 

6.50 6.L!-O 

75-582 7.64 0.019 6.20 6 .. 20 0.328 0.310 
6.25 6.10 

53.143 5-37 0.017 6.00 6~00 0.239 0.218 
G.oo 5.90 

30.457 3-13 0.015 5.80 5.80 0.148 0.125 
5.80 5. 75 

7.231 o. 79 0.015 5.45 5.50 0.056 0.030 
·5-35 5.ho 

0.0 0.0 0.0 o:o27 0.0 

Cyclohexanol 0.0 94.631 31+. 22 0.156 1.95 2.00 0.552 0.415 0.156 0.0020 
H 0 2.05 1.90 - 2 

1.90 1.95 
2.08 2.10 

75.582 26.70 0.212 1. 70 l. 70 0.488 0.331· 
1.60 1.55 
1. 70 1.75 

I-' 
\.0 
-...J . 



Appendix IX-5 (cont'd) Physical Mass Transfer Data 

System Init:Lal Drop_ Drop Ti:ne-2ec. Exit Efficiencies for Drop Rad-cm. 
Drop Ht. Avg. +t s(X) Cone. Regressed Data Ave;. ::_ t_

05
s (X) 

Cone. a:n. 
- .05 % by '1vt. ET -;;> 

% by vlt • 
.wM 

. " 

Cyclohexanol 0.0 53.143 19.41 0.184 1.55 1.50 o. l-tl2 0.233 
-H2o 1.53 1.45 

1.60 1.65 

30.457 10.75 0.100 1.25 1.30 0.336 0.133 
1.20 1.20 
1.30 l. 38 

7.231 2.34 0.013 0.95 0.90 0.258 0.032 
0. 75 0.80 
0.90 0.90 

0.0 0.0 0.0 0.23 0.0 
0.9 94.631 33.66 0.122 2.38 2. 35 0.531 0.375 0.153 0.0016 

. 2.30 2.23 
2.35 2.35 
2.35 2.30 

75.582 27.38 0.081 2.16 2.16 0.474 0.299 
2.14 2.20 
2.08 2.03. 

53.143 20.24 0.111 1.93 1.97 0.407 0.211 
2.05 2.15 
2.10 2.05 

30.457 11.36 0.056 l. 72 l. 78 0.340 0.121 
1.95 1.90 
1.95 1.93 

f-J 
\.0 
OJ . 



Appendix IX-5 (cont'd) P:.>1ysical Mass Trnnsfer Data 

Sys~em . Initial Drop Drop Time-Sec Exit Efficiencies for Drop Rad-c:rr. 
Drop Ht. A\.rg. +t ?(x) Cone. Regressed Data Avg. +t s(x) 
Cone. em. - .o % by Ht. ET EM - .05 
% by wt . 

.• 
Cyclohexa.'1ol 0.9 7.231 2.38 0.018 1. 52 1.52 0. 271 0.029 
-H20 1.58 1.55 

1.65 1.63 
o.o 0.0 0.0 0.249 0.0 

1. 78 9)+.631 33.73 0.042 2. 75 2.75 0.531 0.410 0.158 .0017 
2. 75 2. 70 

75.582 26.58 0.085 2. 70 2. 70 0.486 0.353 
2.65 . 2.65 

53.143 18.88 o.ol.~o 2.50 2.50 0.420 0.269 
2.50 2.55 

39-457 10.59 0.057 2.40 2.~-0 0.338 0·.167 
2.40 2.45 

7.231 2.34 0.019 2.20 2.20 0.239 0.043 
2.20 2.23 

o.o 0.0 0.0 0.206. 0.0 
2.67 94.631 33.60 0.076 3.18 3.18 0.531 0)~39 0.156 .0009 

3.23 3.23 

75.582 26.69 0.048 3.10 3.15 0.486 0.351 
3.13 3.13 

53.143 18.93 0.041 3.05 3.05 0.420 0.247 
3.05 3.10 

f-' 
\C 
\C . 



Appendix IX-5 (cont'd) Physical Mass Transfer Data 

System Initial DroP. Drop Time - Sec . Exit Efficiencies for Drop Ra,d- em. 
Drop Ht. Avg. :!:t.05s(x) Cone . Regressed Data Avg . :t.t.0 fCX.) 
Cone. err.. . %by wt . ET r.:M 
.% by Wt. 

- l 

Cyclohexanol 2.67 30 . 457 10. 82 0 . 053 3.00 3. 00 0 . 338 0 . 141 
-H20 3.00 3. 00 

7.231 2 . 37 0 . 020 2. 95 2 .90 0 . 239 0 . 34 
2.90 2 . 90 

0 . 0 0 . 0 0 . 0 0 . 206 0 . 0 

Paraldehyde 0.0 94 . 631 24 . 22 0 . 536 8 .1.;.5 8 . 35 0 . 6~:4 0 . 508 0.300 0.0059 
-H"O 8. 35 8 . 30 c. 

75 .582 19 . 51 0.282 7-95 7.95 0.601 0 . 4l.J-9. 
7.80 7 . 70 

53 . 143 ll.~ . 89 0 . 138 6 .90 6 .90 0 . 541 0 . 366 
7. 10 7. 05 

., 

' 30 . 457 9 . 45 0 . 159 5 .90 5.95 0.456 0 . 249 
6 .00 6 . 00 

7. 231 2 . 42 0 . 058 1-:- . 25 1+ . 25 0 .328 0.071 
4. 20 lj. , 30 

0.0 0 . 0 0.0 0.276 0 . 0 
2.85 9l-t . 63l 22. 61 0.187 9 . 30 9 . 30 0 . 632 0.507 0 . 265 0.0077 

9 . 25 9 . 25 

15 .582 18. 56 0.113 9 . 05 9 . 00 0 . 603 0 . 469 
8 .90 8 . 85 

1\) 
0 
0 . 



Appendix IX-5 (cont'd) 

S:srstem , Initial Drop 
Drop Ht. 
Cone. '2:1".. 

~s by wt . .. 
Paraldehyde 2.85 53.143 
-'1-( 0 -·2 

30.457 

7.231 

o.o 
5. 75 94.631 

75.582 

53.143 

30.457 

7.231 

o.o 
9.4 94.631 

Physical Mass Transfer Data 

Drop Time-Sec. Exit Efficiencies for 
Avg. .-!:_t.o?(X) Cone. Regressed Data 

% by lvt. 'li' EM .,~.:;r,-, 

.1. 

13.95 0.150 8.30 8.30 0.539 0.382 
8.30 8.35 

8.61 0.105 7.30 7.35 0.440 0.250 
7.25 7.1+5 

2.27 0.074 6.05 6.05 0.303 0.067 
5. 75 5.80 

0.0 0.0 0.253 o.o 
22.18 0.320 10.05 10.05 o.6o4 0.507 

10.20 10.15 

17.80 0.115 9. 70 9-70 0.541 0.469 
9.8o 9-65 

13.24 0.138 9.15 9-15 0.481 0.382 
9.15 9.25 

7.98 0.052 8. 70 8. 75 0.397 0.250 
8.60 8.60 

2.05 0.059 7.50 7-55 0.246 0.067 
7-~·5 7.60 

. 0.0 0.0 0.179 0.0 
21.04 0.192 10.95 10.90 0.452 0.365 

11.00 11.15 

Drop Rad-.cm. 
Avg. ."!:~o5s(i) 

0.243 0.0080 

0.230 0.0055 

J\) 
0 
f-' 



Appendix IX-5 (cont' d) Physical Mass Transfer Data 

System Initial Drop Drop Time-Sec. Exit Efficiencies for Drop Rad- em. 
Drop Ht. Avg. ~t.0~(x) Cone. Regressed Data Avg. ~t~0;S(x) Cone. ern. % by Wt. ET El\1 
(Jl by Wt f.E_.:_ • 

Paraldehyde 9.4 75.582 17.12 0.238 10.85 10.80 0.388 0.292 
-H20 10.70 10.75 

53.143 12.70 . 0.415 10.65 l0.65 0.313 0.205 
10.65 10.55 

30.457 7.10 0.120 10.25 10.25 0.238 0.118 
10.25 10.20 

7-231 1.79 0.059 9-95 9-95 0.160 0.028 
9.90 10.00 

0.0 0.0 0.0 0.136 0.0 
Butyl 0.0 90.0 74.44 0.610 4.60 4.60 0.865 0.819 0.234 0.00)+7 
Lactate 4-.60 4.60 
-H20 

70.0 61.35 0.590 4.25 4.27 o. 799 0. 730 
1.;.. 30 4.30 

50.0 45.75 0.355 3.68 3.65 0.671, 0.558 
3.60 3-50 

30.0 27.18 0.269 2.73 2. 76 0.513 0. 345 
2.60 2.50 

7.0 5.88 0.086 1.80 1.85 0.316 0.081 
1.60 1.65 

o.o 0.0 0.0 0.256 0.0 
1.7 90.0 83.55 0.384 4.45 4.~-0 0. 763 0.684 0.208 .0025 

4.45 4.50 
i\) 
0 
i\) . 



Appendix IX- 5 (cont'd) Physical Mass Transfer Data 

System Initial Dro.e Drop 'Iime - Sec Exit Efficiencies for Drop Rad-cm. 
Drop Ht . Avg . . =.t:o!f(x) Cone. Regressed Data Avg . :!:t~ofCX) 
Cone. em. % by 1Nt . ET EM 
% by Wt . .. 

Butyl 1.7 70.0 67. 25 0. 325 4.10 4. 15 0. 649 0. 532 
Lac t G..te 4. 00 4.10 
- H20 

50 .0 47.21 0. 462 3.65 3.60 0.535 0. 380 
3. 70 3.60 

30 .0 28 . 39 . 0.062 3.10 3.15 0.421 0. 228 
3. 25 3.30 

7.0 5. 8~L 0.055 2. 75 2.60 0. 290 0.053 
2. 85 2.85 

0.0 0.0 0.0 0. 250 0.0 
4. 2 90 .0 78 .60 0. 555 4. 85 4. 85 0. 556 0. 456 0.203 .0039 

4. 85 4. 80 

70 .0 63 .13 0.995 J.: . • 75 4. 75 0. 504 0. 392 
4. 75 4. 75 

50 .0 43 .11 0.140 L~ . 65 4.65 q.i.J35 0. 307 
4. 75 1+. 75 

30 .0 25 . 38 0.096 4.60 1+ .60 0.348 0. 200 
4.60 4.60 

7.0 5. 34 0 .01+9 4 . ~-5 J.: .• i+5 0. 226 0.051 
1+.45 4.45 

0.0 0.0 0.0 0.184 0. 0 

f\) 
0 
VJ . 



Appendix IX-6 Correlation of Paysic~1 Mass Transfer Data 
for Percent Transferred. vs Drop Ht. by HLTRG Analysis 

System. D~op Correlation Standard Degrees 
Cone. Error Freedom 

% by Ht. Estimate 

Et hyl 0 -- y = 1.479 + o .o8l1-x - 0 . 405 x lo-5x3 0 . 18556 37 
Acetate, 

y = 2.668 + 0 . 054x - 0 .189 x lo-5x3 1.6 0.10743 21 
H20 

y = 4. 456 + 0.0096x + 0 . 238 x lo - 3x2 - 0 . 164 x lo- 1x4 3. 7 
' 

0 . 08399 20 

5.3~ y = 5 . 409 + O.Ol 03x 0 . 08167 18 

Cyclo- 0 y = o . Sl~o + o.01205x 0 . 09419 30 
hexano1, 

0 .9 y = 1 . 571 + o . oo8x 0 .08041 30 
H2o 

l. 78 y = 2. 152 + o . oo865x - 0 . 256 x lo- 4x2 0 . 02927 17 

2 .67 y = 2. 892 + 0 . 003211-x 0 . 02164 18 

Paralde - 0 y = 3. 591 + .0976x - . 7699 x lo- 3x2 + 0 . 2877 x lo -5x3 0 . 08662 16 
hyde, 

y = 5. L~l8 + 0 . 0'724x - 0. 336 x 10·· 3x2 2.85 0 . 08878 17 
,- 0 
~ 

5 . 75 y = 7. 048 + o . 0729x - 0 . 8172 x 1o- 3x2 + o.T-1-129 x 1o-5x3 0 . 07591 16 

9 . 4 y = 9 . 89 + O. Ol20x 0.07761 18 

Butyl 0 7 4 y = 1 . 363 + o .o46x - 0 .1358 x 10- x 0 . 09312 17 
Lactate, 

I 1.7 y = 2 . 606 + 0.0207x 0 . 0741~5 18 
H,.,O 

l y = 4. 408 + 0.0069x - 0 . 248 x l0-~·x2 c: 
4.2 0 . 02909 17 

Hot e: MLTRG = Iviultip1e Regress i on 
f\) 
0 



Appendix IX-7 

System Drop 
Cor.c. 

% by vlt. 

Ethyl 0 
Acetate , 

?.:20 

Cyclo ­
hexanol, 

H 0 ... 2 

Paralde­
hyde : 

H
2

0 

Butyl 
Lactate , 

H2o 

1.6 

3. 7 

5. 34 
' 

0 

0.9 

J. . 78 

2.67 

0 

2. 85 

5. 75 

9 .4 

0 

1.7 

LJ .• 2 

Correlation of Physical Mass Transfer Data 
for Percent Transferred ·..rs Drop Tj.m.c by H.LTRG .Analysis 

Correlation 

y = 1.429 + o.8464t - o.oo4o5t3 

y = 2.671 + 0. 5382t - 0.00186t3 

y = l-t.2~62 + o.o846lt + o.o26l4t2 - o.177 x l0-3t4 

y = 5. 325 + o. l49t - o . oo2~5t2 

y :: 0.8464 + 0.0333t 

y = 1. 561 + 0.0225t 

Y = 2. 158 + 0.0242t - 0. 2039 X 10-3t2 

y:: 2. 894 + 0.00909t 

y :: 3.664 + 0 . 2 ~-7t - 0. 896 X 10-4t 3 

Y = 5. 389 + o. 234t - 9.121 x 1o-3t3 

y = 6.998 + o. 284t - o.o12t2 + 0.25 x lo-3t3 

y = 9. 865 + 0.0546t 

y = 1.523 + o.0318t + o.4ol x lo-3t2 - o. 493 x 1o- 7t4 

y = 2.61 + 0.0219t 
). 2 

Y = 4. 415 + 0.00776t - 0. 325 X 10-~t 

Note : Ml.TRG = Multi:9le :Regress:'con-

Standard Degrees 
Error Freedom 
Esti mate 

0. 1866 37 

0.10·40 21 

0.08502 20 

0.0744 

0.0899 

0. 0769 

0. 0303 

0.0215 

0.0858 

0.0872 

0.0773 

0.0685 

0.0817 

0 .0737 

0.0307 

17 

30 

30 

17 

18 

17 

17 

16 

18 

16 

18 

17 
[\) 
0 
\Jl 



Appendix I X- 8 

System Dr op 
Cone. 

%by Ht. 

Ethyl Acetate 0 
- H20 

1.6 

3. 7 

5 . 34 

95% Probabil-i..ty Range for Nor mal Distribution 
.:. l. 96S¢c) for Physical Mass Transfer 

Dr op Avg. Exi t Degrees Replicate 
Ht. Cone . Freedom Standard 
em. % by l-it . Deviation S(x) 

94 .631 6 . 025 7 0 . 151 
75 . 5E32 5 . 963 '7 0 . 092 ' 53. 143 5 . 314 7 0 . 088 
30 . 457 3. 715 7 0 . 104 

7. 231 2 .163 7 0 . 085 

94 .631 6 . 20 ? 0 . 001 ...) 

75 . 582 5 .90 3 0 . 001 
53.143 5 . 375 3 0 . 050 
30 . 1~57 4 . 206 7 0 . 135 

7. 231 3. 10 3 0 . 071 

94 .631 6.1·38 3 0 . 063 
75.582 5 .988 3 0 . 063 
53. 143 5 -538 3 0 . 075 
30 . 457 h .942 c: 0 . 102 .I 

7. 231 4 .542 5 0 . 092 

91.~ . 631 6 . 35 3 0 . 129 
75. 582 6 .188 ? 0 . 063 ...) 

53 . 143 5 .975 3 0 . 050 
30 . 457 5 . 788 3 0 . 020 

7. 231 5 . l:.25. ? 0 . 065 ...) 

Cone . 
95% Probabili t.~; 
Range ± l. 96S(!) 

0 . 287 
0 . ]_ 75 
0 .167 
0 . 217 
0 .162 

0 . 0019 
0 . 0019 
0 . 095 
0 . 257 
0 .135 

0 . 120 
0 . 120 
0 . 143 
0 . 194 
0 . 175 

0 . 245 
0 . 120 
0 . 095 
0 . 038 
0 . 1235 

i'.) 
0 
0'. 



Appendix IX-8 (cont ' d) 

System Dr op 
·Cone. 

cfo by Wt. 

Cyclohexanol 0 
- H20 

' 

0. 9 

l. 78 

2.67 

95% Probabilit.7 Range for Normal Distribution 
. ::_ l. 96E(x) for Physical Mass Transfer 

Drop Avg. Exit Degrees Replicate 
Ht. Cone . Freedom Standa..rd 
em. 'fa by Ht. Deviation S(x) 

9l-t . 63l 1.99 7 0.0786 
75 . 582 1.667 5 0.0753 
53 . 1)+3 1.547 5 0 .07l2 
30 .1+57 1.272 5 0.0694 
7.231 0.85 5 0.0753 

94 .631 2. 326 7 0.0475 
75 .582 2. 128 5 0.0621 
53 .143 1.042 5 0.0811 
30 . )._~57 1.872 5 0.0979 
7. 231 1..575 5 0 .0554 

94 .631 2. 738 ';;) 0.025 ...) 

75 . 582 2.675 3 0 .0289 
53 . 143 2.513 3 0.0250 
30 .457 2. 413 3 0.025 
7. 231 2. 208 3 0.015 

94 .631 3. 205 3 0.0289 
75 .582 2. 128 3 0.0206 
53 .143 3. 063 3 0.0250 
30 .457 3.00 3 0.000 
7. 231 2.913 3 0 .025 

Cone. 
95% Probability 
Range ± l . 96~) 

0.1l.t95 
0 . 1430 
0. 1355 
0.132 
0.11+3 

0.0903 
0. 118 
0.15)+ 
0 .186 
0. 1055 

0 .0475 
0.055 
0.0475 
0 .0475 
0. 0285 

0 .055 
0 .0391 
0.0475 
0.0 
0. 0475 

1\) 
0 

-..;J . 



Appendix IX- 8 (cont !d) 

System Drop 
··cone . 
%by Ht. 

Paraldehyde 0.0 
- H2o ' 

2. 85 

5. 75 

9. 4 

95~~ ProbabHi ty Range for Normal Distribution 
:: L 96S(x) for Physical Ivlass Transfer 

Drop Avg Exit Degrees Replicate 
TJ.L. 
. u.lt .. Cone . Freedom Standard 
Cr.J • % ~:v- \vt . Deviation S(x) 

94 .631 8 . 363 3 0.0629 
75 .582 7. 85 3 0.1225 
53. 1~-3 6.699 3 0 .1031 
30 .457 5.963 3 O.Ol.J-79 
7. 2Jl )_~ . 625 3 o. oL~os 

94 .631 9.275 3 0.0289 
75 .582 8.95 3 0.0913 
53 . 143 8. 313 3 0.0250 
30.457 7. 338 3 0.0.354 
7.231 5.913 3 0.1601 

91+ . 631 10 .113 3 0.075 
75.582 9 . 713 3 0.0629 
53 . 1)_1-3 9 .175 3 0.0500 
J0 . ~'-5 7 8.663 3 0.0750 
7. 231 7. 525 3 0.0646 

94.631 11.00 .., 0. 1080 :> 
75 . 582 10 . 775 3 0.061+6 
53 . 11+3 10 .625 ') 

j 0.0500 
30 . 1~57 10 . 238 3 0.0250 
7. 231 9.95 3 0 . 01+09 

Cone. 
95% Probability 
Range ± l . 96S LJf) 

0. 120 
0. 233 
0.196 
0 .091 
0 .0775 

0.055 
0 .173 
0.0475 
0.162 
0 . 304 

0. 11+25 
0. 120 
0.095 
0.143 
0.124 

0. 206 
0.124 
0.095 
0.0475 
0.078 

rv 
0 
(;:) . 



Appendix IX- 8 (cont' d) 

System Drop 
··cone. 

'fo by Wt. 

Butyl Lactate 0 
- H20 ' 

1.7 

4.2 

" 

95% Probability Rar..ge for Norma.1 Distribution 
_::: 1 . 96S(X) :fer Physical Mass Transfer 

Drop Avg. Exit Degrees Replicate 
Ht . Cone· Freedom Standard 
em. ~fo by Wt. Deviation S(x)" 

90 . 0 4 . 60 3 o . oco6 
70 . 0 4 . 28 3 0 . 0245 ' 
50 . 0 3 . 608 3 0 . 0789 
30 . 0 2.648 3 O.l20L~ 

7. 0 1 . 725 3 0 . 1190 

90.0 4 . 475 3· 0 . 0408 
70 . 0 4 . 088 3 0 . 0629 
50 . 0 3. 638 3 0 . 0479 
30 . 0 3. 20 " 0.0913 .) 

7.0 2.75 3 0 . 1181 

90 . 0 4 . 838 3 0 . 0250 
70.0 4 . 75 -:> 0.00 ..) 

4 . 70 50.0 ~ 0 .0577 ...) 

30 . 0 4 .60 3 0 . 0006 
7. 0 . 4 . 45 3 0 . 0008 

Cone. 
95% Probability 
Range ± l. 96S(~) 

0 . 0014 
0 . 0465 
0 . 150 
0 . 229 
0 . 226 

0 . 0775 
0.120 
0 . 0913 
0 . 135 
0 . 22L~ 

0 . 0475 
0 . 00 
0 . 110 
0 . 00114 
0 . 00152 

f\) 
0 
\0 



Appendix IX-9 Analysis of Variance for Mass Transfer Data 

Source Degrees Variance Calcid 
Freedom s2 (x) F 

System: Ethyl Acetate, H20 Initial 3 8.03 922.75 
Cone 

Variables 
(l) Initial Drop Cone Drop Ht 4 26 . 34 3,026 . 8 

o%, 1 . ~%, 3-7%, 5 . 34% 

(2) Drop Ht - em Interaction 12 2. 24 257.71 
94.631, .75.582, 53.143, 30 . 457, 

7.231 Error 88 0 . 009 

System: Cyclohexanol, H20 Initial 3 11.097 3,139 . 81 
Cone 

Variables 
(1) Initial Drop Cone Drop Ht 4 1.440 407.50 

'-, o%, 0 . 9%, 1 . 8%, 2. 65% 

(2) Drop Ht - em Interaction 12 0.1777 50 . 28 
94 .631 , 75 -582, 53 . 143, 30 . 457, 

7.231 Error 84 0 .0035 

Tabulated 
F .05 

2. 71 

2 . 47 

1.87 

2 . 72 

2 . 48 

1.88 

Total 
number 
Data 

108 

104 

rD 
~ 

0 



Appendix IX-9 (cont'd) 

Analysis of Variance for Mass TTansfer Data 

.. Source Degrees Variance Calc'd 
Freedom s2 (x) F 

S:,rstem: Pe.raldebyde, H20 Initial 3 52.982 8,919.973 
Cone 

Variables .. 
(1) Initial Dron Cone Drop Ht 4 19.528 3,287.685 

od 2 8"-% 5 75d 9 4d ;0' • ,I 0' • I ,o' • fO 

(2) Drop Ht - em Interaction 12 1.123 189.053 
94.631, 75.582, 53.143, 30.457, 

7.231 Error 60 0.0059 

System: Butyl Lactate, H,..,O Initial 2 9.417 2,028.03 
c. 

Cone 
Variables 
c- ~ .L, Initial Drop Cone Drop Ht 4 5.350 1,152.07 

o%, 1. 7%, 4. 2% 

(2) Drop Ht - em Interaction 8 1.092 235.11 
90.0, 70.0, 50.0, 30.0, 7.0 Error 45 0.001+6 

Tabulated 
F.05 

2.76 

2.52 

1.92 

3.20 

2.57 

2.14 

Total 
nw.'TI.ber 
Data 

8C 

60 

r\) 
;-. ..: 
;....> 



Appendix IX-10 

EM Data Ca~culated Relative to EM at 7 em Drop Height.Drop Time t 
~alculated Relative to Drop Time for 7 em Drop Height 

System Initial Relative t 0.5 Relative System Initial Relati"l;e to. 5 
Drop ~ Drop Time EM Drop Drop Time 
Cone. Sec. Cone. Sec. 
~ b~r wt. ofo by Wt. 

Ethyl 0.0 8.72 2.95 0.67 Cyclohexanol, 0.0 '31.88. 5.65 
' Acetate , 6.83 2.61 0.685 24.36 4.93 

4·.57 2.14 0.557 H20 17.07 4.14 
H20 2.21 1.49 0.315 8.41 2.90 

0.0 0.0 0.0 0.0 0.0 

1.6 8.84 2.97 0.641 0.9 31.28 5.60 
6.88 2.63 0.591 25.00 5.00 
4.64 2.15 0.452 17.86 4.24 
2.31 1.52 0.247 8.98 3.00 
0.0 0.0 0.0 0.0 0.0 

3.7 8.77 2.97 0.486 l. 78 31.39 5.60 
6.80 2.61 0.434 24.24 4.93 
4.55 2.14 0.287 16.54 4.06 
2.37 1.54 0.123 8.25 2.87 
0.0 0.0 0.0 0.0 0.0 

5.34 8. 75 2.96 0.369 2.67 31.23 5.6 
6.85 2.62 0.289 24.32 4.93 
4.58 2.11~ 0 "10 1

• •-./'-' 16.56 4.07 
2.34 1.53 0.098 8.45 2.91 
0.0 0.0 0.0 0.0 0.0 

Relative 
EM 

0.396 
0.309 
0.208 
0.105 
0.0 

0.357 
0.279 
0.187 
0.95 
0.0 

0.384 
0.324 
0.237 
0.130 
0.0 

0.420 
0.328 
0.221 
0.111 
0.0 

f\) 
1-' 
f\) 



Appendix IX-10 (cone d) 

EM Data Calculated Relative to~ at 7 em Drop Height.Drop Timet 
Ca~culated Relative to Drop Time for 7 em Drop Height 

System I.nitial Relative +0·5 
v Relative System Initial Relative t0·5 

Drop .M Drop Time ~ Drop Drop Time 
Cone. Sec. Cone. Sec. 
%by Wt, %by Wt. 

· Paraldehyde J o.o 21.80 4.67 o.470 Butyl 0.0 68.56 . 8.29 
17.09 4.14 o.4o7 Lactate) 55-47 7-45 

H20 12.47 3-54 0.318 39-87 6.31 
7-03 2.65 0.191 H20 21.30 4.61 
o.o o.o o.o o.o o.o 

2.85 20.34 4.50 0.472 1.7 67-71 8.24 
16.29 1~.04 o.431 61.41 7-84 
11.68 3-~-2 0-338 41.37 6.43 

6.35 2.52 0.196 22.55 4.76 
o.o o.o o.o o.o o.o 

5-75 20.13 4.50 0.474 4.2 72.26 8.5 
15-75 3-97 0.391 57-79 7.6 
11.19 3-34 0.311 37-77 6.15 

5-94 2.44 0.200 20.04 4.48 
o.o 0.0 o.o 0.0 0.0 

9.4 19.25 4.40 0.347 
15-33 3-91 0.271 
10.91 3-30 0.182 

5-31 2.31 0.092 
0.0 0.0 o.o 

Relati,:e 
H' 
41 

0.803 
0.706 
0.519 
0.287 
0.0 

0.666 
0.506 
0.345 
0.185 
o.o 

0.426 
0.359 
0.270 
0.158 
o.o 

I\) 
1-' 
w . 



A~pendix IX-11 Correlation of Regressed P~ysica1 Transfer 
Data into the Form~ vs t2, by VlliTRG Analysis Using,Relative EM Data 

System Drop 
Cone. 
~by Wt. 

Ethyl 0 
l;.cetate 

•r 0 .L2 
1.6 

3·7 

5-34 

Cyclo- 0 
hexanol, 

H20 
0.9 

1.78 

2.67 

Paraldehyde, 0 

H20 

Butyl 
l:.J.ctate, 

H20 

2.85 

5·75 

0 ).j. 
.,;• 

0 

1.7 

4.2 

... 

Correlation 

y = - 0.0227 + 0.2628x 

y = - 0.0277 + 0.2232x 

y = 0.0021 + o.0586x2 

y = - 0.210 x lo-3 + o.o422x2 

. y = - 0.876 x lo-3 + o.Ol25x2 

Y = - 0.567 X l0-2 + O.Oll4x2 

y = - 0.1814 x lo-2 + o.o214x2 - .1621 x lo-2x3 

y = - 0.126 x lo-2 + o.0135x2 

y = 0.1325 x lo-4 - .0369x + .0561x2 - 0.5692 x lo-2x3 

y = - 0.0215 + 0.1066x 

y = 0.8397 x lo-5 + 0.0545x + O.Oll3x2 . 

y -2 2 0.3945 x 10 + O.Ol795x 

y = 0.0221 + 0.0119x2 

y = - o.4417 x lo-2 + o.848 x lo-2x2 

y = - 0.975 X 10-4 + O.Ol0~x2 - 0.5172 x lo-3x3 

Note: ~lliTSG = Multiple Regression 

Standard Degrees 
Error Freedom 
Estimate 

0.0505 2 

0.0451 3 

0.0291 3 

0-7343xlo-3 3 

o.4717xlO -2 
3 

. -2 
0-7925xl0 3 

o.6094xlo-2 3 

o.1787x1o-2 3 

o.1726x1o-2 3 

0.9903x1o-2 3 

O.l948xlo-2 3 

o.6628xlo-2 3 

0.0313 3 

0.9786x1o-2 3 

o.4317xlo-2 3 
1\) 
1--' 
+=" . 
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Appendix IX-13 Correlation of Physical Mass Transfer Data 
into the form ln (1 - Et) vs Time by ~~TRG Analysis 

System Drop Correlation Standard Degrees 
Cone. . Error Freedom 

of by Wt. Estimate 

Ethyl 0 -~ y = - 0.2025 - O.ll56t - O.Ol539t2 + 0.156 x 10-3t4 0.07016 36 
Acetate, 

y = - 0.1933 - o.o9075t - o.oo8718t2 + o.673 x lo-4t4 1.6 0.03099 20 
H20 

y = - o.l416 - o.o8o31t 0.0421 3-·7 22 
' 

5. jl~ y = - 0.00673 - 0.05179t 0.04174 18 
'· 

Cyclo- 0 y = - o.2470 - o.o1589t 0.04398 30 
hexa."lol, 

0.9 y = - 0.2662 - O.Ol404t 0.04748 30 
H20 

1.78 y = - 0.2452 - O.Ol55t 0.02988 18 

2.67 y = - 0.2813 - O.Ol38t - 0.976 X 10-7t4 0.04569 17 

Paraldehyde, 0 y = - 0.3173 - o.o3159t + 0.136 x lo-6t4 0.01605 17 

H20 2.85 y = - 0.2721 - o.03707t + o.4029 x lo-6t4 0.01604 17 

5-75 y = - 0.235 - 0.03117t 0.02391 18 

9·4 y = - 0.1216 - 0-0303 0.0303 18 

Butyl 0 y = - 0.3844 - o.4o8 x lo-3t2 + 0.213 x lo-7t4 0.03365 17 
Lactate, 

y = - 0.3207 - o.oo439t - 0.1037 x lo-3t2 1.7 0.0413 17 
H20 

4.2 y = - 0.2293 - 0.00754t 0.0505 17 
1\) 
I-' 
0\ . 



Appendix IX-14 

System 

K1 x lo- 1~ Calculated from ln (1 - ET) = -3KrJt 

a 

Drop 
Cone· 

1:_ by Ht:.:.. _ __:.o. ___ 2;::..-___ . ~4 ___ .:.6=--_ __:.8 ___ _,9~ _ __..:_t sec. 

Ethyl 
Acetate, 

0 51..6 76.8 88.8 73.8 19.8 27.4 

1.6 40.9 55.6 64.5 61.9 41.6 23.3 

3·7 '36.4 36.4 36.4 36.4 36.4 36.4 

·----""5. 3 23 .1 2~,.:1-~ 23 .1 23 .1:___.:;;2;;.,;3...;..;•1:::.,__ __ 

0 5 10 __ ..:..20"'----"3::..o.O__ 35 

Cycl.ohexanol, 0 8.26 8.26 8.26 8.26 8.26 8.26 

1.78 8.16 8.16 8.16 8.16 8.16 8.16 

2.67 

Paraldehyde, 0 

0 5 10 

31.60 31.52 31.05 29.77 27.24 23.09 

32.80 32.60 32.60 32.30 31.60 31.40 

5·75 25.30 25.30 25.30 25-30 25.30 25.30 

t sec. 

_2.1~ 17.75 17.75 .!.7·7}_17.75 _ll..12 .. ...1..7·75 --

Butyl 
Lactate, 

0 5 10 20 60 

0 0 3·17 6.29 12.20 21.30 23.80 
·' ' 

1.7 3.04· 3.76 4.48 5-91 8.76 11.65 

4. 2 5 .10 5 .10 5 .1.0 . 5 .10 5 .10 5 .10 

t sec. 
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Appendix IX-15 

Physical ~ass T~a..'!sfer Study Data by Hamieiec (93) 
for Transfer into \-later Drops from Water-Saturated Continuous Phase 

System Temp. Drop Drop Satura-:.ion ET Er.i Relative Drop Relative 
deg.. e. Re. No. Diam Cone. EI'1 Time Drop Time 

em. ojo by ITt. Sec. Sec. 

Ethyl Acetate, 25.0 470.0 -258 8-73 0.0 0 
0.298 0.298 0.6 

H 0 0.448 0.449 0-151 1.4 o.8 2 
0.594 0-595 0.297 2.2 1.6 
0.685 0.686 0.388 3·3 2-7 

Cyc1ohexano1, 25-0 2.3 .282 4.15 0.245 0 
0-395 0.20 5-2 

H20 0.505 . 0.34 0.14 16.0 10.8 
0.561 0.42 0.22 22.0 16.8 

25-0 6.4 .434 4.15 . 0.20 0 
0.295 0.119 J.O 
0.403 0.254 0-135 13-5 10.5 
0.493 0.366 0.247 29-0 26.0 

ru 
~ . 
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Appendix X-1 

Physical Propercies of Systems Studied for Mass Transfer with Chemical Reaction 

Continuous Continuous Phase Initial Dispersed Phase Avg Drop Terminal 
System _,.-o ~ NaOH /' _,..u Radius Velocity 
(Sat'd with Water} gm/cc poise ::roTinali ty gm/cc. poise em. em/sec. 

(+ 1%) -- ~---

Butyl Lactate 0.9926 0.0483 0.506 1.0623 ·9150 .162 +.004 2.50 
1. 545 1.0219 .109 ~.003 1.98 

Ethyl Acetate 0.9070 0.0053 0.506 1.0219 .0150 .134 +.002 9-54 
0.998 1.0433 .0129 .128 +.002 9·77 
1.975 1.1756 .01)0 .124 +.002 13.90 

K = 91.8 cc/mol sec for reaction rate constant for Ethyl Acetate - NaOH system 

!\) 
I\) 
() 



Appendix X-2 

M<.tss Transfer idth Simultaneous Chemical R'eaction Data 

System Initial Drop· Drop Time-Sec·. YBss T4a~sferred Drop Rad -·. em. 
NaOH. Ht Avg. .tt.05s(i) X 10-' mol/cc Avg. :.t.05s(i) 
Drop em. 
Cone. 

Normality 
Ethyl 0.506 90.0 10.84 0.036 6.45 6.62 0.'134 0.0020 
Acetate, 6.73 6.88 
Na.CH: 
H2o . 70.0 8-33 o.o44 5.98 5-98 

6.18 6.23 

50.0 5-99 0.054 ).28 5-22 
5-49 5-47 

30.0 3·57 0.024 4.08 4.40 
4.38 4.60 

7-00 0.81 0.013 2.49 2.38 
2-93 2.67 

0-998 90.0 10.00 0.035 5·72 5-53 0.128 0.0016 
5-73 5·90 

70.0 7·97 0.033 4.84 4.71 
4.47 4.90 

50.0 5.61 0.042 3-70 3-90 
4.01 4.15 

30.0 3-25 0.029 2.73 3.06 
3-02 3.20 

7-0 o.83 0.021 1.79 1.95 
. 1.72 1.90 r\) 

r\) 

1.51 f-' . 



Appendix X-2 Nass Transfer with Si:nultaneous Chemical Reaction Data 

System Initial Dro:p Dro:p Time-Sec. !<!ass T4ansferred Drop Rad- em. 
NaOH E' krg. .:.t.-05s (x) 1-) 

-"G X 10- mol/cc Avg. .:!:_t.o5s,x 
Dro:p C1U. Acid Complete 
Go~ c. Quench Reaction 

Normality: Acid Quench 
:Butyl 0.5 90.0 42.60 0-333 5.88 5-75 6.97 7.08 0.162 0.0039 
Lactate, 6.18 7-53 6.63 6.62 
i\'rnf';~..r 
.!.~c .. ...__,.:.).' Complete Reaction 
H20 70.0 35-38 0.239 ·5-35 5-64 7.06 6-57 0.161 o.oo46 

5·87 5-51 6.06 6.20 

50-0 25·39 0-353 5.88 5-78 6.32 6.31 
5-53 5-39 6.16 6".39 

30.0 15.27 0.162 5-77 6.30 5.86 6.18 
5-57 5-87 6.12 6.13 

7-0 2.84 o.o64 5-54 5.88 5.88 5-52 
5 .61+ 5.66 5-77 6.23 

1.5 90.0 48.83 0-976 15-72 16.49 16.88 17-17 
16.60 16.67 15-76 16.61 

Acid Quench 
0.109 0.0034 

70.0 36.60 1.025 16.25 16.93 16.94 16.87 
16.31 16.60 16.58 16.46 

Complete Reaction 
0.113 0.0051 

50.0 28.81 0.362 16.65 16.31 16.29 15-76 
16.1.;-3 16.55 15-79 15-71 

30.0 16.56 0-353 16.22 15.47 15.51 15-53 
16.22 16.08 15.42 15.47 

7-0 3-07- 0-053 15-59 15-96 14.60 ]_4.88 !\) 
i\) 

15-56 15-76 14.42 J.4.75 1\) 



Appendix X-2 

System Initial 
NaO}I 
Drop 
Cone. ----Normality 

~th:;rl 1.975 
Acetate, 
NaOH: 

' H2o 

Sodium 2N 
Acetate, 

+ 
H2o 

Y~ss Transfer with Simult&~eous Chemical Reaction Data 

Drop Drop Time-Sec. Vass T~ansferred Drop Rad-cm. 
lit Avg. :.\05s(x) X 10- mol/cc Avg. ::~05s(x) 
em. 

90.0 7.18 0.045 5-41 4.83 0.124 0.0019 
4.10 3-98 
4.41-t 4.85 

4.61 

70.0 5-58 0.043 4.94 3·53 
3-91 3·94 

50.0 3·97 0.045 2-73 2.44 
2.76 2-35 

30.0 2.34 0.029 2.31 1.68 
2.22 1.67 

7-0 o.65 o.o11 0.30 o.o 
0-33 0.0 

50.0 3.'93 0.022 0-75 0.74 0.123 0.0027 
0.77 0.83 

30.0 2.34 o.o48 0.66 0.58 
o.65 0.75 

7-0 0.61 0.039 0.31 0-34 
0-37 0.43 

r\) 
1\) 
w 



Appendix X-3 

System 

NaOJ.-I Soln 
in 

3u-':.yl 
Lactate 

NaOH Soln 
in 

Ethyl 
Acetate 

Na Acetate 
Soln 

l.n 

Ethyl 
Acetate 

Multiple Regression A~alysis for .Correlation of ~~ss Transfer 
With Reaction Data for mol/cc x lo-4 Transferred vs Drop Height-em 

Drop Correlation Sta.~dard Degrees 
·Cone. Error Freedom 

Estimate 
X 10- X lO-

0.5N NaOH Y = 5.657 + 0.8759 x 1o-8x4 0.42152 18 
(Acid) 
0.5N HaOH Y = 5-739 + O.Oll4x 0.25197 18 
(Alkali) 

y = 15-548 + o.ol87x - 0.1321 x 1o-7x4 l. 5N NaOH 0.29643 ,~ 

-I 
(Acid) 

y = 14.394 + 0.0354x - 0.1415 x 1o-7x4 1.5N NaOH 0-33425 17 
(Alkali) 

0.5N NaOH y = 2.074 + 0.0853x - 0.385 x lo-3x2 0.1835 17 
(Alkali) 

lN NaOH y = 1.512 + o.o469x 0.18057 19 
(Acid) 
2N NaOH y = 0.040 + 0.0532x 0.4724 22 
(Acid) 

2N y = 0.256 + 0.0154x - 0.2016 x l0-5x3 0.05520 9 
NaAc 

Note: 
1) Term Alkali refers to system where addition NaOH soln added to effluent. 
2) Term Acid refers to system where effluent quenched in acid solution. 
3) y x lo-4 to obtain mol/cc transferred. 

1\) 
1\) 
+:-



Appendix X-4 

System 

I~aOH 

Soln in 
Ethyl 
Acetate 

Multiple Regression Analysis for Correlation of Mass Transfet 
With Reacti9n Data for mol/cc x lo-4 Transferred vs Drop Time-sec 

Drop 
Cone. 

0. 5N NaO:H 
(AL~al_i) 

l.l"i NaOH 
(Acid) 

2N NaOH 
(Acid) 

Correlation Standard 
Error 
Est:i_mate 

x 1o-z.;:- xJ..o-=4 

Y = 2.093 + 0.7093x - 0.0267x2 0.18325 

y = 1.)12 + o.4187x 0.19295 

y = .0135 + o.6773x 0.4864 

N.B. Terms Acid and Alkali - to indicate method of analysis. 

Degrees 
Freedom 

17 

19 

22 

f'J 
1\) 
vl 



Appe:ndix X-5 95% Probability Range for Normal Distribution [! 1.96S(x~ 
for Mass Transfer vli th Reaction ..; 

System Initial Drop Avg Exit Degrees Replicate Standard 
NaOH Ht Cone ffster Freedom Deviations S(x) 
Drop Cone. c~. x 10- mol/cc x lo-+ mol/cc 
Normality (Acid) (Alkali) (Acid) (Alkali) 

Butyl Lactate, 0.5 90.0 6.335 6.825 3 0.817 0.236 
70.0 5-593 6.1+ 73 3 0.220 0. 44~t 

NaOH, 50.0 5.645 6.295 3 0.226 0.099 . 
5. 878 6.073 0.308 0.142 30.0 3 

H20 7.0 5.68 
" 

5.60 3 0 .ll.J-3 0.293 

1.5 90.0 16.37 16.605 3 0.437 0.608 
70.0 16.523 16.713 3 0. 31~. 0.230 
50.0 16. ~-85 15 . 888 3 0.149 0.269 
30.0 15.998 15.483 3 0.357 0.049 
7.0 15.718 14.663 .... 0.181 0.199 .) 

Sodium Acetate, 2N 50.0 0. 773 3 0.1382 
30.0 0.66 3 0.0698 

H20 7.0 0.363 3 0.0512 

N.B. Terms Acid and Alke.li - to indicate method of a.YJ.alysis. 

Conc~95% 
Probability 
Range ( +l.96S(x) 
X 10-)+ mol/ CC 

(Ac:i.d) (AB:a1.i) 

1.55 0. )-+~-9 
0.418 o.8!-1.5 
0.429 0.188 
0.585 0.270 
0.272 0.556 

0.830 1.155 
0.596 0.438 
0.283 0.512 
0.678 0.0931 
0.344 0.378 

0.2620 
0.1325 
0.0974 

r0 
f\) 
0'\ 



Appendix X-5 (Cont'd) 

95% Probability Range for Normal Distributi-on t .::-_ 1.96S(x3 
for Mass 'ITansfer vri th Reaction 

System Initial Drop Avg Exit Degrees Replicate Standard 
Na.OH Ht Cone "'ster Freedom Devia~~ions S(x) 
Drop Cone. em. x l0-4 mol/cc ·x lo-4 mol/cc 
l'Jormali ty 

Ethyl Acetate, 0.5 90.0 6.67 3 0.0~-3 
· (Alkali) 70.0 6.093 3 0.093 

?-Tao:rr, ' 50.0 5.365 3 0.102 
30.0 4.365 3 0.123 

H20 - 7.0 2.618 3 0.165 

1.0 90.0 5. 72 3 0.150 
(Acid) 70.0 4. 705 3 0.190 

50.0 3.940 3 0.190 
30.0 3.003 3 0.201 
7.0 1.774 4 0.174 

2.0 90.0 4.603 6 0.526 
(Acid) 70.0 4.08 3 0.602 

50.0 2.57 3 0.206 
30.0 1.97 3 0.345 
7.0 0.158 3 0.185 

N.B. Terms Acid and Alkali - to indicate method vf analysis. 

Conc-95% 
Probc..b:i.li ty 
Range (~l.96s(x) 
x lo-4 rr:.ol/cc 

0.081 
0.177 
0.19)+ 
0.234 
0. 313 

0.285 
0. 361 
0.361 
0.382 
0.330 

1.000 
1.11~5 
0.392 
0.655 
0.351 

!\) 
!\) 
~ . 



Appendix X-6 Analysis of Variance for Mass Transfer with Reaction Data 

System: Butyl Lactate, Nu9H, H20 

Var:.i_ables · 
(l) Drop Ht. - em. 

90, 70, 50, 30, 7 

(2) Initial Drop 9onc. 
0.5N 0.5N l.5N l.5N 
(Acid) (All~~li) (Acid) (Alkali) 

Variables 
(l) Drop Ht.- em.' 

90, 70, 50, 30, 7 

(2) Analysis Method for Initial Cone 
0.5N 0.5:N 

(Acid) (Alkali) 

Variables 
(l) DYop Ht.- em. 

90, 70, 50, 30, 7 

(2) Analysis Method for Initial Cone. 
l.5N l.5N 

(Acid) (Alkali) 

Source 
s2 (x) 

Degrees Varian§e 
Freedom x 10-

Cone 3 

Drop Ht 4 

Interaction 12 

Error 60 

Analysis l 

Drop Ht 4 

Interaction 4 

Error 30 

Analysis 1 

Drop Ht 4 

Interaction 4 

Error 30 

665.06 

2. 70 

0.53 

0.113 

2.278 

0. 750 

0.185 

0.125 

1.224 

2. 730 

0.609 

0.101 

N.B. Terms Acid and Alkali - to indicate method of analysis. 

Calc'd 
F 

5,882.52 

23.87 

4.64 

Tabulated 
l''o. 05 

2. 76 

2.52 

1.92 

18.186 4.17 

5.987 2.69 

1.477 2.69 

"12.134 4.17 

27,067 2.69 

6.038 2.69 

Total 
Number 
Data 

so 

40 

40 

!\) 
f\) co . 



Appendix X-6 (Cont'd) 

Analysis of Variance for Mass Transfer 1vi th Reaction Data 

System: Butyl Lactate, NaOH, H20 s2(x) Tabulated 
Source Degrees Variange Calc'd Fo.o5 

Freedom x 1o- F 

Variables Cone l 1,080.09 7, 963.7 4.17 
(l) Drop Ht.- em. 

90, 70, 50, 30, " Drop Ht 4 0.440 .3.289 2.69 I 

(2) Initial NaOH Drop Cone.- Acid Method Interaction 4 0.410 3.026 2.69 
0.5N l.5N' 

Error .30 0.1356 

Variables Cone l 915.02 10,112.43 4.17 
(l) Drop Ht.- em. 

90, 70, 50, 30, 7 Drop Ht 4 2.87 31.772 2.69 

(2) Initial NaOH drop Cone.- Alkali Interaction 4 0.54 5-994 2.69 
0.5N l.5N Method 

Error 30 0.09 

N.B. Terms Acid and Alkali - to indicate method of analysis. 

Total 
Number 
Data 

40 

4o 

!\) 
[\) 
\D . 



Appendix X-6 (Cont'd) 

Analysis of Variance for Mass. Transfer with Reaction Data 

System: Ethyl Acetate, NaOH, H20 

... 

Variables 
(l) Drop Ht - em. 

90, 70, 50, 3?, 7 

(2) Initial NaOH Drop Cone. 
0.5N 

(Alkali) 

Definitions 
Alkali 

'lN 2N 
(Acid) (Acid) 

Excess NaOH added to sample 
Ester transfer found by back-titration 

Acicl 
Sample added to acid soln 
Ester transfer found by back-titration 

s2 (x) 
Source Degrees Variange Calc'd 

Freedom X 10- F 

Cone 2 4.297 49.707 

Drop Ht 4 26.595 307.62 

Interaction 8 2.067 23.913 

Error 50 0.0865 

Tabulated 
Fo.o5 

3.18 

2.56 

2.13 

Total 
Number 
Data 

65 

1\) 
u> 
0 . 
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Appendix X-7 

Mass Transfer of Ethyl Acetate with Simultaneous Chemical 

Reaction into Aqueous Sodium Hydroxide Drops Predicted by Various 

Models Modified by DanckHerts' Method. 

Initial Mass Transferred - mols/cc X 10_)~ 

NaOH Drop Drop 
Concentration Height Ne1-.rman Kronig and Handlos and 
Normality em. Equation Brink Equation Baron Equation 

2.0 90 0.7 1.3 7.3 
70 0.6 l.l 6.3 
50 0.4 0.9 5.3 
30 0.3 0.6 4.4 

7 0.1 0.2 3.1 
0 0.01 0.01 0.01 

1.0 90 2.6 3.9 11.0 
70 2.3 3.5 10.0 
50 2.1 3.1 9.0 
30 1.9 2.7 7.8 

7 1.6 1.9 6.1 
0 1.5 1.5 1.5 

0.5 90 3.5 4.8 11.2 
70 3.1 4.4 10.5 
50 2.8 4.0 9.8 
30 2.5 3.5 8.9 
7 2.1 2.6 7.5 
0 2.0 2.0 2.0 
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Appendix X-8 

Computer Program to Study the Variations of Diffusion Coefficients 

with 'Time During Mass 'l'ransfer vli th Chemical Reaction into Drops. 

X-8-A Introduction 

In the Experimental Section IV, existing models were found 

1mable to accurately predict the mass trcmsferred into drops, when 

the transfer process vras accompanied by s:i.mul taneous chemical reactions. 

This -vms due to :interfacial turbulence vrhich enhanced the transfer rate. 

Since the interfacial turbulence varied in :i.ntensi ty l·li th time 

and s~rstem, the resultant effective diffusion coefficients coulcl not 

be measured directly. Instead, the chanees in the diffusion coeff:i.d ents 

were studied vri th o. mass transfer model, using a computer. 

X-8-B Theory 

The ethyl acetate-sodimn hydroxide-1mter system vras chosen for 

the study. Since the drops of aqueous sodim1 hydroxide were found to be 

stagnarit, the model described mass· transfer vri th simultaneous chemical 

reaction into stagnant drops. The diffusion coefficient was varied_ in 

ma.gn:L tude untfl the pre,dicted mass transferred equaled the experimental 

amount, over a short period of time. This was continued until the 

variations of the diffusion coefficients over the entire drop time 1ms 

found. 
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This study \vas based on the follo~ring assumptions:-

l) Spherical drop. 

2) Resistance to mass transfer was confined inside the drop. 

3) All physical properties except tbe diffusion coefficient, were 

constant. 

4) The concentration profile showed axial and polar symmetry. 

X-8-C Model for Mass Transfer \vith First-Order Reaction 

Mass transfer v:ith simultaneous first-order reaction into stagnant 

drops is described by:-

' ac I I 

RK.C (X-1) 
~t 

where the effective diffusj_vi ty De, is defined as:-

De = D1 (l + B) (X-2) 

The coeffi.cient B is used to vary the value of the molecular 

diffusion coefficient D1 

where 

Equation X-1 is made dimensionless as shovm:-

R r 
a 

+ 

dimensionless radius 

(X-3) 

(X-3a) 

C ·c' di~ensionless concentration (X-3b) 
Cp I 

RK RK'a.2 dimensionless reaction constant (X-3c) 
De 

T dimensionless time 

vith boundc<.ry and initial conditior1s 



R = l c -- l 

c 0 

T~O 

T = 0 

(X-4) 

(X--5) 

The dimensionless mass transfer coefficients or Sherwood Numbers 

are calculated from the concentration gradient at the surface as shm-m: --

\There 

and 

Sh 2KLa 
De 

=- 2 dC] 
d R R=l 

The dimensionless mass transferred M is 
T 

M A Sh/ d1' 

2 T=O. 

A dimensionless surface area of the drop. 

(X-6) 

(X-7) 

(X-8) 

The experimental Sherwood Number Sh is calculated from:­E 

== de' 
dt 

(X-8) 

'·'here d0v' 1' s the slop<" of t,_tP l t · t f d · t .. _ r _ curve re a 1ng mass rans erre :per urn"' 
dt 

drop voLune 1 against drop time. 

Tne accuracy of the calculated Shenrood Numbers are ex:amined by 

comparison vith experimental Sherwood Numbers. The calculated Shen-rood 

Numbers \verc multiplied by De so that both mun1)ers are based on the 

DL 

molecular. cUffu.sion coeff:i.cient as shmm:-

(X-9) 
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X-8-C-1 Method of Soluti0!1 

Equation X-2 is solved by an explicit finite difference method 

as shmm:-

cone (I, 2) CONC (I+l, 1)[ 4_~ + ~T J + 
f). R2 R6R 

CONC (I, l) [ 1 - 2 6 T RK. b T ] + 
6R2 

CONC (I-1, 1) [6~ -6 T ] 
D.R2 R6R 

(X-10) 

whe-re CONC (I,l) is the concentration at point I, along a radius at 

time (T) and CONC (1,2) is the concentration at time ('r +6T). 

The concentration gradients required to calculate the Sher·.rood 

Numbers are found by differentiating the Lagrange interiJOlution of the 

concentrations near the surface, as shovn in Appendiz VIII-1. 

X-8-D Model for Mass Transfer with Second-Order Reaction 

Experimental results have suggested that reaction during mass 

transfer of eth;yl acetate into 21~ and lN sodium hydroxide may be 

re1wescnted by first-order reaction expressions. However, the reaction 

betvreen 0. 5~i sodiwn bydro:dde and ethyl acetate was of second order. 

The dimensionless equation deseribing mass transfer with simul-

taneous second-order reactlon j_nto stagnant drops is:-

~ 
(:)T 

ac:s 
-'ai' 

R (3H 

2 oc:s 
R oR- (X-11) 
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wher''' RY ~ ·~A RK a~B~ 
DLA 

1\.1\: a2cA~ 

DLB 

(X- lla ) 

(X-llb ) 

DLA and DJ-'B are diffusion coefficients for CA and CB , 

respectively and 

CJ¥ = 

CB~ 

The i ni.tial and 

l 

i niti?-1 concentration of reactant 

saturation concentration of B 

boundary conditions are 

T ~ 0 

T '-= 0 

A 

. (X-12 ) 

(X-13 ) 

These equations are solved by a method similar to that used for 

solving mas s t ransfer •1ith fi rst-order reaction i n the previous 

Sectio!l X-8-c. 
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X-8-E Program Li stin~ 

This progra.m studies the variations i n effect ive di.f'fu sivity 

with time during mass t ransfer of ethyl a cetate into aqueous sodium 

hydroxide drops vii th simultaneous f irst or der reaction . 

The input data ar e defined belovT) in the order of their 

appearance :-

J CONT T'nis is a switch to det erm:i.ne the initial concentration profile 

i n the drop . 

I f J CONT = l ) the in:ttial drop concentrat ion profile is 

calculat ed fro:n estimated end effect. 

I f JCONT 1- l ) the initial drop concentrat ion profile i s read in 

from a set of bj_nary input dat a cards . 

These data car ds are punched out at the t ermination of the 

progr an; ) so that calculating may be conti nued l ater . 

NPRINT number of printouts 

NINT number of iterations before printout of r esult s 

NRI NC r adial j_ncren;ents 

B f actor to increase va l ue of diffus ion coeff j_cient 

DELB i ncremental ch<m[!;e :i.n B 

Al) A2) A3 ::: ooeffi cie~ts from correlat ions for experimental mass 

I 

transfer data with time 

Dl'HlE = incremental change in dimensionl ess time 

CNAOH initial concentrati on of sodium hydroxid e in the di spersed 

phase ) mols / cc 

RAD ::: drOJ) radius ) em 



CSAT solubility of ethyl acetate in water, adjusted for salt 

effects, mols/cc 

DENS. == initial density of the dispersed phase 

DIF~F molecular diffusion coefficient, crn2/sec 

REAC = second order reaction rate constant, cc/mol sec 

WM:OL 

CHEC!K 

mol cot, gm/gm mol 

tolerance on calculated mass transfer ,.,ith respect to 

experimental data, mols/cc 

The listing is as sho\vn in the following pe.ges. 
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· 11.8 H h;\ ft\0:\ 
I S~1 

239· 

F0RfRAN SOURCE LIST 

0 :tiGFTC 
C S 0 L U l1 C N Fd: i<'\ S S T R /\ t~ S f E .1_ ~~ I T H F I R S T 0 R DE R R E ACT I tiN I NT D 0 R 0 P \H T H E 

l 

2 
l~ 

10 
ll 
12 
13 
1 '~ 
15 
16 
17 
20 

21 

22 
23 
2 ~~ 

25 
26 
27 

30 
31 
32 
33 
3'~ 

35 
36 
'tO 

Lt5 

'~-6 
t, 7 
50 
5l 
52 
S3 
54 
55 

C 0 I F F tJ S I V i T Y , C H t\ w; I \J G \·/1 rl l ll AD U 
c 
c 
C ;{ [ P E ;\ T U F ~; fP K \-JI T H 2 H ;\lt\ 0 H , U S I N G S r \ALL E R 0 T H1 E 
c C DE = 1 • e lS USED TD DESCRIDE fHE ·v~LUE 0F EFFECTIVE DifFUSIVITY 
c 

c 
c 
c 
c 
c 

c 

c 

c 

c 

UIM[NSISH C(42,2) 1 R(42) 7 XXl200) 1 DE(42), BC0N(42), DE2(42) 1 

1 DE8[42), CEB2(42J, CB{42,2) 1 CNA{42) 
READ (51101) JCCNT . 
R E fl D ( '.) , l. 0 l )' riP R ItH , N I.Tf , \'! ~ I N C 
R\~l\D (5d02) B1 OEL3 
READ ('J.dO?l :\1, i\2, 1\3 
READ {5 7 102) OTI~E ·. 
REM> (S,tG2l Cf~,\F:H, !~;\!), CSJ\fv DE'-lS 
!{ L\ 0 ( 5 1 l. 0 2 ) D I t= F , R E ;\ C , \/1-: )(: L , C H [ C K 
~RITE (6,108) NPRl~T, Nl~T, NRINC 7 JC0NT 
~1:-{[Tf: {6,109) S, OELB, !,11 ::\?, J\3 • 
~~ i·~ f r 1: { 0 , 1 1 0 l D T 1 i·1 c , ·C N ,\ 'J H 1 R 1\ 0 , C S .1\ T 1 0 EN S 
~1 R I T E ( 6 R 1 l 1 ) U I F F , Ft i: 1\ C , t·!i·\ ;5 L 7 C H E C K 

SET TESf TI~E TG ~0 SEC 
C:\LL TI;·;SI:T{t:O) 

I iH T I'd. i-l;\SS = DErlD 
DEi'W == Al 
CSTA~T = DEND/CSAT 
hR1Ti (6,1.21) DUW 

Nl :::: 1 
1'12 = rn ... 1 
N3 ::: Nl -l 

CGt:FFIClEnTS 
LR ~ N;{f\!C - 1 
Lft2 = :·n 1 i',iC - 2 
L R -.5 •:-: 1M L' l C - 3 
uu~- -= ~m c.:c - It 
ORAD = 1.0/FL~Af(LRl 

Kt\01 1 Ii1 DR0P 
DZ 12 I= z,:,HUf·~C 

12 R ( I ) = · 0 ;~ /l.l) l:· F L ~ /\ T { I _::1 )' 
\; iH n: ' ( A 1 l 1. 6 L ( lH t\f), 0 r Pl f, CHI~ f·i) 

CCCFFICIUHS r;;R Cl'd_t~ !)F' LGC/\L SH NZ· 
Rl : OR;G~FLGAT(Lk2l 
R2- CRAD*FLCAJ(LR3) 
fU = L ~t 1\ U ::;: U>\ T { L! U< ) 
P/t = IU. ;!-;~2 
B 5 -·- H.l ::· ft 3 
f\6 - R2 -:.-:{ '::> 
'" n u ~~; 1 ·'o= -~ .. - 2 • l< c R 1 l· R 2 + ;{ 3 > ... c R 1+ + u 5 + B 6 > 
f\ i·: U r·, 2 - J o - 2 .. * ( L .. + R?. + R 1 ) + ( ;{ 2 + R 3 + !3 6 ) 
;\:1Ul·13 ::: J., -· 2.~,(1 .. + K.l -l- R3} + (Kl + ;{3 ~- B5) 



UllH II !<1i\T 1\D1\ 
ISN 

56 
~) -, 
60 
61. 
62 
63 
6ft 

65 
66 

c 
c 

67 
72 
17 

10tt 
c 
c 

105 
106 
107 
111 
ll.3 
ll 1t 
115 
116 
11-f 

c 
120 
131 
132 
l3lt 
1.35 
llt2 
l 1t 1 
150 
151 

c 
c 

152 
l'.i3 
J..5 It 
155 
156 
1 '57 
160 
161 
162 
163 
164 
165 
166 
16l 

c 
171 
172 

f·IL TRG 2i,l F0RTRAN SOURCE LIST 
SDURCE S L\ 1[1·\ENT 

AMU~4 = 3. - 2.*(1. + R1 + R2) + !Rl + R2 + A4) 
OEi·~l.- {!_.,- R1)~,(1.- RZ)*(l,.- R3) 
OEN2 = CU -- L)~·{Rl- R2}-:<-(Rl- R3l 
DE~3 = (R2- l.)*(R2- Rl)~{~2- R3) 
DEN4 = (R3- 1.)*{~3- R1}*(~3- R2) 
F 1 = ,\;'WI·'· l/DUH 
f2 = f\~·HJic\2 /DEN2 
F3 = J"l.:,lUt·:J/DEtJ3 
F'• - MlUi•ltJ /DtNlt 

UINJ\RY DECK H!PUT 0/\Tt\ 
iF (JC:!i'H .. EQ.ll G0 TfJ 20 
RE:\D !5l ((:!!,11, I= l,~F<HJC) 
READ {5J(TMAS, B, TIME, CeNC~ SHN0, DELB) 
G0 "H1 21 

INITIAL C0~DITI0N 
20 00 10 LT = 1 1 2 

OG 11 I :.:: l,LR 
11 C!f 1 ll == CSTi\RT 
10 C{N~l~C,LTJ = 1.0 ' 

THH = o .. o 
Tli-\[ = 0 .. 0 
T i'L\S = 0. 0 
ccr,;c = o .. o 
G0 TO 22 

LOC 2 
21 WRITE (6~105) (TIME, (C(l,l)1 1 = l,NRlNC)) 

OU 51 I = 2,N~INC 
51 DE{I} = (1. + Ul*DIFF 

DE(ll = ()[(2) 
WRlfE (62llDl (OE(l), I= l.N~l~CJ 
l>i\ZI TE ( 6, 106) ( SH>W 1 CfP.JC, ih H1AS) 
\·>'l?. [ T f { 6 r L2 0 ) lJ E L B 
hi'tiTE (61llJ) 

23 JCZNf = 5 

1 CW!lLlUE 
C.J\LL fHiTST(I) 

·'· 

2lt0. 



11 1 il 1i \·!J\T.\D:\ 
r s t~ 

l T~ 
1-(6 
1"1-1 
200 
201 
203 
20't 
205 
206 
20l 
210 
2ll 

212 
213 
2llt 
215 
216 

c 

c 

. - . . . . - ··~- ....... ~-· ~--·- -----·····- --~-·-··--. -·- .---- . -- ,_ ~ .. -··- -- -~----· 
·----~-·-_, __________ ....... - ----:....· .. ,~ •• <,.'__.,. ______ • _______________ :::_.-•• __ --~--'--:: __ - __ -_. ______ ;;_:.___::_ __ ~ __ ,___·_~, ______ _:_ __ • 

t·\L TRG 2i,i 
S D U R C E S T /\ r t: i-\ C: f-1 T 

IF (I.LT.O) G0 T0 91 
00 2 K = l'll'HNT 
f:LDSH = Slt,i0 
00 24 I = N2~NRINC 

24 Dt:{l) = (L + 13),~-DIFF 
DE U.Jl} = DE { ~!2) 
OE (l) == DE ( 2 l 

F0RTRt\N 

0 T == DE (; FU N C ) * D T H1 E I ( R A r-;-~. R :\ D ) 
CHcl·: = i1Ei\Clt·CNM5l:-~·Ri\D>:·R;\D/DE{f~F~ItH::) 
~J tl = C H Ui i: D T 
DUMl - OJ/(DClNRINCl~DRAD**2) 
OUM2 = Ul./(DE(NRINC)RDRAOl 

00 3 I = Ni1LR 
tH = DE { 1 ) * 0 U :n 
W2 = (0[(1+1) - DE(l-lll*DUMI/4. 
\D = C: E ( l } ~ D U :l: 2 I I( { I ) . 

S0URCE LIST 

3 C(I,2l = C{I+l7ll*(Wl + W2 + WJ) 
1 C(l-1 1 l)*{Wl- W2- W3) 

+ C!_I,l)*(l. 

C CCNC AT CEflTRE 
220 
221 

222 
223 
225 

226 
2r1 
230 

233 
235 

236 
23-l 
2 1t2 
2 1t5 
250 
2 1

) 1 
254 
257 

260 
261 
262 

c 

c 
c 

c 
c 
c 
c 
c 

c 
c 
c 

c 

c 

c { ~··l l. ' 2 ) ~ c ( il 2 ) 2 ) 
C(~RINC 7 2l = 1.0 

o;~ 9 I o: Nt,''liUlJC 
9 C{l:ll ~ C{I 7 2l 

2?. CG(ffi.\lUE 

G_,\LC DF i-;~iSS TR..i\:'lSFER:\ED 1 Fl\Gl-1 Sl! N0 
D :\ :W S U 1\ F !\ C c 1\ R E A = 't -~ J • l tt 1:> 9 = l 2 .. 5 6 6 3 7 0 't 
fH~ :JP V }; L :::: 1t * 3 .. t "tl 59 I 3 = 4. 1 1\IH '1 013 2 

2 1"::1 1\ S = H\ /\ S + 0 T -::- 3 • ltd 5 9 ? b * ( G L D S H -:- S 11 i'W l 
C 0l'! C = H\l'x S * C S t\ TILt .. 1 U u 10 0 U 2 ·}- D Hl D 

C:H\P.":.iUS0N \dT!l EXP 0,\Tt\ 

ITER = ITER + 1 
IF (NSl<TP.EQ4 1l G~:1 T0 60 
IF (CW.!C.GT .. FUtlCL,\'lL~.CW.1C2.LT .. FUi'JC2l G0 T0 32 
I F t C 0 n C • L T ~ HJ;\J C 2 • MW .- C \:PK 2 .. G T .. F U0K l ) G 0 T 0 3 3 

6 0 r; S K I ? := 2 
1F {C0NC.GT.FUNCll-G0 T0 5 
IF !GGi-lC.LLFU!lC2l GG_ HJ 6 
GiJ T D B ' 

OECCFL~R4TI0N 0F 03 FACf0R 
3 3 DB == C t' I 2 ~ 0 

Ga T0 6 ' 
32 08 = [;.[:,/2.0 

·'· 
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Hl H \·U'.T i\0.~ 
ISN 

c 
26.3 
264 
265 
266 
267 
270 
2l?. 
2T3 
271t 
2"75 
276 
277 
300 
302 
303 

c 
30'• 
305 
301 

c 
'310 
31L 
3H> 
32"{ 
33 1t 
3 1tl 
1> L , . ., 
.::1 1- ~: 

3'~3 
3SO 
355 
356 
360 
361 
362 
363 
36'~ 
365 
36() 
367 
370 
311 
3-16 
1s-03 
410 
lt 11 
416 
L~23 
ti"zt~ 

'~25 
lt-26 

lt27 
't30 

. -
•.:_•> • ·-- ..::••. ,_. __ .:_: .... :.... ~·~..:- ~ ~--=-~- .;~,'-.0.:..-•• •'-- ·.: ... ::-=: •::... ... .: •"-" ~·.:-·~-- • -~---: ·•· .-:;.,· ~ ;-..., ...... ~ ""' _.._. -~· L..i _,-, .~··.,___ "'· -,._· .>._;_ ""''"' •••""-- .'o• "•• ''·-- -'--" '-- • "'--• ,_...,:. ;,_~ •- __; ... o •"• ~- -~- ~- ... , "::,_ ... · ... ·,.. -"- _,_·....--: ·- •;. 

NLTRG 2tJ 
S 2 U R. C r: S T J\ T E 1-1 EN T 

CH;\i-lGE IN B F /\.C T ZR 
s ·n = B - Of:\ 

U:i·K 2 = C 0!'-~C 
K H I G H :·= K Iii G II + 1 
T:--L'\.S = El·;t~s 
D3 ~1 I = Nl,NRINC 

It l c { I 1 l ) = B c ~j N ( I } 
G0 Tg 7 

6 B = 5·+ DB 
Cf~iNC2 = C 0UC 
L0~4 ::: LG\i t- 1 
ri'~AS = EN/1S 
00 42 I = Nl,NRINC 

42 C{ I, tJ = ecr;n< I> 
G;J T0 7 

8 lTfll = KHIGH + L0H 

00 50 I = N2,NRINC 
50 DE2(I) = (L + f)}o:-DfFI: 

DE2(Nl) = OE2(N2) 
UJC 3 

· FORTRAN S0URCE LIST 

~·lRITE ( 6, U7) 
:~ R I T E ( 6 '1 1 0 1< l 

1 T E R i D T, D T H\F 

h R I T 1:: ( 6 I 1 0 5 } 
~-1 R I T E { 6 1 1 0 1 ) 
!iR.lTE 167119) 

( K H I G H , L 11 \~! 1 I T E i'~ ) 
!TIME, !CII1ll, I= l,NRINC)} 
c S!-iiJ·:·~ ·1 umc, ccrw ·1 PH{C l 
(FU;·.lCl, Flii~C;~~ lh Hl1\S; Ei-lASl 
DB · i·i :<.. I T E ( 6 , l 2 0 ) 

hP,ITE {6 7 173) 
W~I-fE (6,118) !DEli), I= l'~N~INC) 
W c{ I T f ( 6 , l ? 2 ) . ( DE 2 ( I ) 1 I = 1 'J n R 1 >l C ) 
DELB = DELB + 0.1 

l Ci;~H I NUL: 
G:? HJ 31 

91 f[ME = fiXE - DTIME*FL0~T{N1Nf) 
P~:;~C = Oo 0 
C0MP = Al + A2~TIME + h3*TlhE*TIME 
FU:.Jel = C/"WP + CGi·\P;:CHECK 
FU~~C2 = CZiAP - C0i·lP>:-CHf:Cl< 
S H\LJ = 1--JL DSH 
C.O;\lC = EH!\S!:·CSAT/4.1£\8790132 + OUW 
W~ITE !6tl30J KK 
WRITE (6,104} (KHISH, LDW1 ITEM, TIME) 
~-JrU T E ( 6 , 1 0 7 } ( S H i· l ::J ., Cl.l :·~ C 1 C G f'', P 1 P El <. C ) 
~·!i\'IfE (6,ll<Jl !FU~~Cl1 FU:·!C2: Bt H1i\S, G~AS) 
t·m. I T E ( 6 1 l 2 0 } DB 

31 vlfU n: 1 n < c < r, 1 1 , I = 1, r:R. n:c > 
i-n. I TE { -/ J ( fi.lt\S, H, T 1 \1E, CY-:\JC,. SHNO 1 DELB) 
STOP · 

1 o 1 F ;nuu r t J I ':i > 
1 0 2 F Z R J.i :\ r ( t1 F l 5 o 8 ) · 
101;- Ff!;{i·\i\T (l!!Or 2X, lMlllfGH·Ilc~~\TION =, IlO, 2X, l'JHL01i ITERi\THJN =t 

l I l 0 , n: 1 711 T G T t\ L = , I l 0 ) . 
105 FJi-l..l'·LH {lfiOr 2'1. 7 l?llC·~~lC GF ET!\C, 5X 1 7HTHlE IS, Fl0o5//(21F6 .. 3i) 
106 f(:~~i,;;\f (lliO, ?X 1 (liS!! 'HJ -=, F20a8: 2X, lghr·~f.\SS TRi\i~S t·HR/CC =, 

1 F 2 0 § 1 5 , 2 X , <] H C G E F F o = ., F 1 0 .. 4 , 2 X , 6 H Hll; S == 1 F l 0 .. 7 ) 

·'· 



l H H \·! 1\ T :\ D ;\ 
I Sf'J 

433 

1d7 
t1AO 
'~:'• 1 
lt'~2 

443 

444 
4't5 
1t'~:6 
11- 11- ·r 
It 50 
't51 
'~-52 

1~:5') 

;·r.oo900:: 

.... CUOCJQQ::: 

2~j. 

l-iL TRG Zll · F0RTRAN S~URCE LIST 
s;.::uRCE Sf!.\lEt·lEf~T 

101 H~Rf.i.YT (lH01 2X, -/HSI! ~~/J -=1 F.L0 .. 5, 2X, l8HC.'\LC f'L\SS 1·'0L/CC =r 
1 r: 2 o , 1 s '1 2 ~< , 1 l HE x f.l r/ ;\ s s ;-; u L 1 c c = , r 2 o • 1 s , 2 x , 9 H P :.: R c r: t l r == , F 1 5 ~ s 

119 F0Rf'uH (lHO, ZX1 ll!HJW LU<'If =, FZO~l5, 2X, llHLf\~ LHiiT =, 
l F l 0 ~ 1 '5 , 2 X , 3 H B = 1 F t 5 .. B , 2 X , 6 H n: /\ S = , F 1 0 • I , 2 X , 6 H f:J~ !\ S = , 
2 FlO.J) · 

1 0 8 F G ;~ :·.iJ'\T ( 11 i 0 ~ 2 X 1 8! F l P Fn N T = , 1 7 , 2 :< t 6 H N I IH -- , I ·r 1 2 X , 7 H N fU N C = , 
l 17, 5X 7 lHJCCI\if =7 17) 

109 F0RMAT (lHO, 2X, JHB =t F9.4? 2X, 9HDELTA B =, Fl?.8 1 ZX, 
l 12HLIR~ CGEFF =1 3Fl2.8J 

110 FCRi-l;,\f {1H0 7 2X 1 4-HDT ::::1 Fl2 .. 0-) 2X, 1 U!C~1NC i~t\01-l =, Fl2 .. 9, 2X, 
11 0 ! 10 I~ ;: P R Ml = , F l 2 • 9 , 2 X 1 6 H C S !\ T -= , F 1 2 • 9 1 2 X , 9 H D Dl S 1 T Y = , F l 0 • ·r 

1 11 F 0 :~ 11 !\ T ( l H 0 1 2 X , 6 H ~~ I F F c:.o , f 1 2., 9 1 · 2 X , 711 i~ E ACT = , F 1 2 .. 9 1 2 X , 1 ? HE f 1 

l C I,! G L ~ J T = 1 F 8 ., 1+ 1 2 X 1 2 1 H T 0 L E R /1. i l C E fJ :~ C\ L C R E S U L T S = , f 1 2 • 9 ) 
1 12 F 0 R 1·1·\T (11--iO ' 2 X ' Lr ll L 0 C l ) 
113 FCR:L'\T (1H07 2X, ttf!LiJC2l 
115 FCR~~T (lOX} 20F6.2) 
11 6 F G R t·i !-1 f { l h 0 , 2 X '7 6 H rn. ;\ D = , F 1 0 .. 1J , 2 X , 7 H D T I t-'1 E -= , F l 0 • 5 , 2 X , 

. 1 l l H C f1 E 1-\ PH::J D H1 E ;'l ) -= 1 F HL 5 l 
ll 7 f .Yi R (·\.\ T (ll i 0 , 2 X , t, H UJ C 3 , It X 1 6 HI T:.:. R = , I 1 0 , 2 X , !If! D T = , F 12., 8 , 

1 2X 1 12HDfiM~(SECl =, Fl2.R) 
1 1 8 F C ::z V ;\ T { 1 H 0 , 2 X , 8 i 1 r::: F f D I F F I I { 2 X , 1 0 F 1 l ,. ·r } ) 
1 2 0 F ~j :C·1 c\ T ( l H C 1 2 X , ttl-l DB = , F UL 5 } 
.l 2 l F ~1 R H '\ T ( 1 H 0 1 ~ X: , l. ~ ll r= ;·J D E F r !:.:: C f = , F 1 5 ~ El ) 
1 2 2 HJ: \!·! !\ T ( 1 H 0 r 2 X r .3 21 i E F F D I F F Ff~ R ;u:.: X T D f H', t nu~ N S F E!U I { 2 X , 

1 1 or: 11 ... 1 l > 
t23 F;.l~i·LH {lHOv 2X, <tOHtFr' DIFF FR/Ji·t DTlliE BtF;~fU: USED HiR C/I.LC) 
tzt, H5iU'::\T (lHO, z:<, 5lEHH ==1 IlO, 2X7 ~iHf,!:J2 =, IlO, 2XJ '5HNJ3 =, 110 
12') Fz;:>J':'\r {tl-!0, 2X, 6llTii-1c -:-.:.,FlO .. ~!, 2X, 6HC01·~P ==, F15~B, 2X, 

t 7!lfU>:Cl =, Fl5.e, 2X, lHl-UtK2 =-, f=l5.r3l 
126 H.:P,:-L\r (UW 7 ZX, 61iC:NC =, Fl.'.i,r17 2;(, 711KHIGH ~, Il01 2X, 5HUH-! -r 

1 I J. 0 J 2 ;-< 1 6 HI T!:: R .:::, ll 0, 2 X 1 ] Hi; :-= , F 1 ~5" 9 ) 
130 FOi"U"'•,f (lHO, ZX1 lflllT:\iJST LT rli·'SET1 1~X,, 1d-lY,K =., Il0//{4X, 

1 231-!~EPEAT 0F PRlVl~US O~T~ll 
E il D 

A S<u'TIJlle output ls gl vcn as follmrs:-

·'· 



."-1? .\I :'~T .::: . 10 Nii'>)f = 200 NRINC = ft. 

c = o.oooo DELTA 3 = 2.00000000 LIRA CCErf = 
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X-8-G Nomenclature 

a drop radius, em 

B ::: coefficient used in calculating De 

::: concentrations of A and B respectively, mols/cc 

CAo, CB
0 

= initial concentrations of A and B respectively, mols/cc 

c1 = concentration, molsjcc 

C~ = equilibrium concentration, mols/cc 

C = dimensionless concentration 

M 

M 

= 

= 

= 

= 

= 

= 

cl 
C¢ 
effective diffusion coefficient, cm2jsec 

molecular diffusion coefficient, cm2jsec 

= molecular diffusion coefficient for A and B respectively, 
cm2jsec 

mass transfer coefficient, em/sec 

mass transferred, mols 

= dimensionless mass transferred 

RK = reaction rate constant, cc/mol sec 

RKA = RK a
2CBo 

DLA 

= dimensionless rate constant for A 

RKB = &'<: a
2

CAo 
Dr,B 

= dimensionless rate constant for B 

r = radial distance, em 

R = r 
a 
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= dimensionless radial distance 

Sh == 2aKt 
De 

·- Sherwood Nm11ber 

ShE :::: 2aKL 

--r5J: 
= experimental Shenrood Nvmber 

t = time, sec 

T = Det 
~ 

:::: dimensionless time 



Appendix X-9 

Predicted Variations of Effective Diffusivity vrith Time for 

Mass Transfer of Ethyl Acetate l'iith Simultaneous Reaction into Aqueous 

Sodium Hydroxide Drops. 

Sherwood Number 
NaOH Drop Effective Based on 
Concentration Time Di~fusivity Effective Molecular 
Normality sec. em /sec x lo-5 Diffusivity Diffusivity 

2.0 0.0 l.O 150.3 150.3 
0.6 3.8 35-9 136.5 
1.2 9.0 17.7 160.0 
1.8 l!t.l 11.8 166.0 
2.i~ 19.0 8.9 169.0 
3.0 21+.2 7.1 172.5 
3.6 29.1 . 5-9 172.5 
4.5 37.0 4.7 174.5 
5.1 42.9 4.1 176.5 
6.0 51.3 3.4. 177.0 
7.2 65.5 2.7 178.0 
8.1 711-.9 2.3 175.0 
9.0 90.7 2.0 178.5 

l.O 0.0 1.0 150.3 150.3 
0.4 0.9 65.9 57.4 
0.8 1.5 39.1 58.6 
1.2 2.3 26.5 61.5 
1.6 3.2 20.3 61~.9 
2.4 4.9 14.1 69.0 
3.2 6.2 11.2 69.4 
4.0 7.7 9-3 71.8 
5.2 9.6 7.6 73.4 
6.0 10.5 6.9 72.2 
·r. 2 11.5 6.1 70.5 
8.4 13.8 5.4 75.0 
9.2 13.8 5.2 71.5 
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Appendix X-9 (cont ' d) 

Sherwood Nwnber 
Na.OH Drop Effective Based on 
Concentration Time Dif'fusivity Effective Mol ecular 
Normality sec . cm2j sec x lo-5 Diffusivity Diffusivi ty 

0.5 0.0 1.0 150.3 150.3 
0.4 1.5 48.8 70.6 
0. 8 3.1 24.0 7L~ . lJ-
1.2 5.1 15.5 79.0 
1.6 7.11- 11.3 83.0 
2 . 4 10 .9 7.3 79 .0 
3.2 14.3 5.3 75.0 
4.0 17.1+ 4.0 70.0 
5.2 21.2 2.9 61.0 
6.0 2~· . 3 2.4 57.5 
7. 2 26.2 1.8 48.2 
8.4 26.2 1.5 38.2 
9 .2 26.2 1.3 33 .3 

I . 



Appendix X--10 

Variations of Experimental Shervrood Number with Time f or 

Mass 'I'ransfer of Ethyl Acetate with Simul tan.eous Chemical Reaction 

i nto Aqueous Sodium Hydroxide Drops , 

NaOH Drop 
Concentration Time Sherwood 
Normality sec . Number 

2.0 181.0 

1.0 73 . 3 

0 . 5 0 . 101+ . 0 
0 . 5 100 . 5 
1.0 96 . 5 
"2.0 88 . 6 
4 . 0 73 . 0 
6 . 0 57 . 1 
8 . 0 1.1-"l . 5 

10 . 0 25 . 7 
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