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TABLE II 

Perform8nce of Commercinl Extrection Ecuipment 

Type 

Mixer­
Settler 

S,pray 
'Column 

Packed 
Column 

Perforated 
Plate 

Koch 
Column 

Baffle 
Column 

Bubble Cap 
Column 

York-Scheibel 
Column 

Podbielniak 

Luwesta 

Liquid Capacity H.E.T.S. 
Both Streams 

cu ft/sq ft-hr 

50-250 

~0-150 

10-200 

10-200 

60-105 

.50-100 

20,000 gal/hr 

3,800 gal/hr 

ft 

Approx. 1 

10-20 

5-20 

1-20 

2-7 

4-6 

8-20 

1-2 

3-20 

3-4 

PlAte Efficiency 

% 

75-100 

30 

20-75 

5-10 

5-10 

80-100 

Von Berg, R. L., and H. F. ldlegcmdt: Liquid-Liquid E:xtraction, 
Chern. Engr .. , 59, 6--" 189-200 (1952). 
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investigatioM 

Virginia Poqteobn1c 

_ ..... "w~ counterclU"'rent flow in a horizontal tuDe 

Acetic 6cid-W'!tecl,1Ie-frichlometblDl- 011"0 .. (31). 

""".'IiIlV,", ot the mus velocity on the overall aae. 

~raQ8Jrer coefticient, ui~ the s1'stem acetic acid, water, 

1.1,2-trichloroethantlhfhe results obta.ined. from in­
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mass velocity 

17, 900 Ji.iV~;;"D 
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.lv~nt tilrtJ m"l~ per hour per 8qtJ.&h toot 

per unIt tl{i~~eentr~t.1Qn d.1tterenc.,1n mol. 
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4= diam,$PtGr 'Of t,llbe; Q~ length of 1,nte:rtace p¢'jr-
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Rew #'! R.lnolda nu.~l~r ot ,~~te,r phll$~, dll~f;tnsiQnlele * 
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TABLE III 

Physicr.l Data for NOrInBl Butyl Alcohol 

Molec~lar weight 74.1 

Boiling point, °C . 117.0 

Spec ific gravity a.t 25 °C . 0.810 

Viscosity at 25 °C, centipoise . . . . 0.894 

Refractive index at 25°C . . . . 1.3990 

Solubility ofn-butanol in water, wt % 7.35 

Solubility of water in n-butanol, vrt % 20.27 

. International Critical Tables, Vol. III, pp. 112-13, 
McGraw-Hill Book Co., New York, N. Y., 1928. 
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TABLE IV 

Physical Properties of Water 

IvIolecular weight . . . . 18:0 

Boiling point, °C . . . 100 .. 0 

Specific gravity at 25 °C . e . .. . .. 0 .. 9970 

Viscosity at 25 °C, centipoise . . . . 0.8937 

Refractive index at 25 e.c . . . . 1.3333 

International Critical Tables, Vol. III, pp. 10-11, 
IJ!cGraw ... Hill Book Co., New York, N .. Y., 1928. 



TABLE V 

Solubility Data for n-Butanol And Water 

Temperature Weight Fraction n-Butanol 
Butanol Water 

Phase PhAse 

°C wt% wt% 

5 00.38 9.55 

10 80.33 8.91 

15 80.14 8.21 

20 79.93 7.81 

25 79.73 7.35 

30 79.38 7.08 

35 78.94 6.83 

40 78.59 6.60 

50 77.58 6.46 

60 76.38 6.52 

70 74.79 6.73 

80 73.53 6.89 

90 69.90 7.90 

100 66.90 7.20 

110 62.40 10.50 

120 54.00 16.10 

International Critical Tables, Vol. III, 
p.338, McGraw-Hill Book Co., Inc. , 
New York, N. Y., 1929. 
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TABLE VI 

Refractive Index ~ for the System 

n-Butanol-vJater at 25 .:£ 

Volume of Pure 1veight Fraction Refractive 
Components Pure Components Index 

~vater Butanol Water Butanol 

ml ml wt % wt% 

50.00 0.00 100.00 0.00 1.3320 
50.00 0.50 99.10 0.90 1.3329 
50.00 1.00 98.40 1.60 1.3339 
50.00 1.50 97.60 2.40 1.3347 
50.00 2.00 96.90 3.10 1.3354 
50.00 3.00 95.40 4.60 1.3369 
50.00 4.00 9h.00 6.00 1.3384 

0.00 20.00 0.00 100.00 1.3969 
0.15 20.00 0.92 99.08 1.3964 
0.30 20.00 1.83 98.17 1.3962 
0.45 20.00 2.72 97.28 1.3959 
0.60 20 .. 00 3.58 96.42 1.3957 
0.90 20.00 5 .. 28 94.72 1.3952 
1.20 20.00 6.93 93.07 1.3943 
1.80 20000 9.95 90 .. 05 1.3932 
2.40 20.00 12.96 87.04 1.3920 
3.00 20.00 15.69 84.31 1.3907 
3.60 20.00 18.22 81 .. 78 1.3892 
3.87 20.00 19.50 81.50 1.3879 

Eargle, J. C.: The Effect of Phase Velocity on the lJlass 
Transfer Coeffic'ients of Extra.ction and Correla­
tion of Mass Transfer Coefficients Using the 
Systems n-Butanol-Vfater and n-Butanol-Acetic Acid­
lrfater in a Horizontal Tube Extractor, p.. 90 .. 
Unpublished l-I. Sc. Thesis, Library, Va,. Poly.. lnst., 
Blacksburg, Va., (1951). 
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TABLE VII 

Physical Properties £! 1,1,2-Trichloroethane 

Molecular weight . .. .. .. 

Boiling point, °C . • · .. .. · • · 
Specific gravity at 25 °C · · .. • · 
Viscosity at 25 DC, centipoise · • 

Refractive index at 25 °C · · .. .. · · · 
Solubility of 1,1,2-trichloro~thane 

in water at 25°C, wt % .. . · · 
Solubility of water in 1,1,2-trich1o-

roethane at 25 °C, wt % · . · · • .. 

International Critical Tables, Vol. V, 
p. 216. McGraw-Hill Book Co., Inc., 
New York, N. Y., 1928. 

133.4 

113.5 

1.431 

1.061 

1.4687 

0.44 

0.11 
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2. 

3. 

4. 

5. 

TABLE VIII 

Phlsical Properties £! Acetone 

Molecular weight • • • · · · · 58.0 

Boiling point, °C · · • 56.5 

Specific gravity at 25°C . · · 0.792 

Viscosity at 25°C, centipoise 0.319 

Refractive index at 25 °C • . . • · · · · 1.3356 

International Critical Tables, Vol. III, 
pp. 218-19. McGraw-Hill Book Co., Inc., 
New York, N. Y., 1928. 



TABLE IX 

Refractive Indices 2! Acetone-Water Solutions 

Concentration of Acetone Refractive Index 
25°C 

wt% no 

0.00 1.3323 

25.90 1.3501 

45.50 1.3594 

51.50 1.3614 

61.70 1.3626 

maximum - 73. 50 1.3632 

76.30 1.3632 

87.96 1.3621 

94.90 1.3596 

100.00 1.3555 

International Critical Tables, Vol. VII, p. 68. 
McGraw-Hill Book Co., Inc., New York, N. Y., 
1928. 



TABLE X 

Properties ££ Acetone-l,l,2-Trichloroethane Solutions 

Acetone Density Viscosity Refractive Index 

gm/ml 
25 °C 

wt % centipoises nn 

0.0 1.4316 1 .. 016 1.46$7 

10.5 1.3212 0.910 1.4498 

20.1 1.2337 0.799 1.4343 

30.1 1.1521 0 .. 677 1.4210 

40.6 1.0771 1.577 1.4079 

49.3 1.3980 

50.9 1.0140 0.509 

60.6 0.9588 0.456 1.3871 

69.1 0.9158 0.411 L.3796 

80.0 0~8643 1.3698 

89.1 0.8226 0.347 1.3630 

100.0 0.7840 0 .. 319 1.3556 

Treybal, R. E., L. D. Weber, and J. F. Daley: The 
System Acetone-Water-l,1,2-Trichloroethane, 
Inc. Eng. Chem., 38, 817-21 (1946). 



TABLE XI 

Limiting Liguid Solubility ~ f££ ~ System 

Acetone-Water-l,1,2-Trichloroethane 

1,1,2-Trichloro- Water Acetone Refractive 
ethane Index 

wt% wt% wt% 25°C nD 

99.89 0.11 0.00 1.4683 
94.73 0.26 5.01 1.4588 
90.11 0.36 9.53 1.5404 
84.65 0.59 14.76 1.4416 
79.58 0.76 19.66 1.4338 
75.72 0.99 23.29 1.4285 
70.36 1.43 28.21 1.4218 
67.52 1.44 31.04 1.4178 
64.17 1.87 33.96 1.4139 
60.06 2.11 37.83 1.4088 
54.88 2.98 42.14 1.4032 
48.78 4.01 47.21 1.3972 
43.88 5.00 51.12 1.3927 
38.31 6.84 54.85 1 .. 3888 
31.67 9.78 58.55 1.3829 
26.39 13 .. 35 60.26 1.3792 
24.04 15.37 60 .. 59 
23.20 16.63 60 .. 17 1.3792 
20.71 19.31 59.98 1.3758 
15.39 26.38 58.33 1.3695 
10.00 34.96 55 .. 04 1.3672 
9.63 35.38 54 .. 99 1.3672 
6.77 41.35 51 .. 88 1.3652 
4.35 48.47 47.18 1.3626 
2.18 55.97 41.85 1.3601 
1.72 61.11 37.17 1.3578 
1.17 66.58 32.25 1.3543 
1.02 71.80 27.18 1,,3518 
0.92 74.54 24.54 1.3501 
0.78 80 .. 40 18.82 1.3460 
0.70 84.94 14.36 103430 
00 65 87.63 11.72 1.3412 
0.52 94.66 4.82 103362 
0.44 99.56 0.00 1.3328 

Treybal, R. E., L. D. Weber, and J. F. Daley: 
The System Aeetone-Water-1,1,2-Trich1oro-
ethane, Ind. Eng. Chem., 38, 817-21 
(1946) • 



TABLE XII 

Ecuilibrium Tie Line Concentrations f2r the System 

Acetone-~-12lI2-Trichloroethane 

Water Phase Trichloroethane Phase 

Trichlo- Water Acetone Trichlo- vlater roethane roethane 

wt% wt% wt% wt% wt% 

0.52 93.52 5.96 90.93 0.32 

0.54 92.05 6.51 89.32 0.40 

0.68 85.35 13.97 78.32 0.90 

0.73 82.23 17.04 73.76 1.10 

0.79 80.16 19.05 71.01 1.33 

1.00 73.00 26.00 60.85 2.09 

1.02 72.06 26.92 59.21 2.27 

1.04 71.33 27.63 58.21 2.40 

1.11 69.35 29.54 55.48 2.85 

1.17 67.95 30.88 53.92 3.11 

1.60 62.67 35.73 47.53 4.26 

2.10 57.00 40.90 40.00 6.05 

3.75 50.20 46.05 33.70 8.90 

6.52 41.70 51 .. 78 26.26 13.40 

Treyba1, R. E., L. D. Weber, and J. F. Daley: The System 
Acetone-Water-l,1,2-Trich1oroetha.ne, Ind. Eng. Chern., 
38, 817-21 (1946). 

Acetone 

wt% 

8.75 

10.28 

20.78 

25.14 

27.66 

37.06 

38.52 

39.39 

41.67 

42.97 

48.21 

53.95 

57.40 

60.35 
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Tbe tour •• rie. of teete perform.don 

1,1,2-trichloro.tbane-aceton...."at.r were 

.,811.. 
w1t.h the 

water rate being oonstant tor e&en series, bu.t v&J'7iDl 

from approJdftlately 4000 to 22,000 pounde per hour per tqUtU'e 

too'tt, to,!" tbe tour ser.!.es of teste. trichloroethane 

pha.e flow rat •• varied trali approxima.teq 7000 to 31,000 

t)CI:unae per hour per toot tor each series of test.a. 

t •• t. p$rtormed on the aystem l,l,2-t:-lcbloXIO-

ethane-uetone-water wer. d01U, the trichlo.roetha.he 

ph... eaturated wi ttl water, the water pbaee flat-urat«l 

witb trichloro+ltilane:. acetone, wn.1ch was the Iclute, 

Va. in the t~1chlo'tOethsn. phde to appNXjmat.ely' 

five per cent by we1ght. 

!be extraction. tel·t.apertomed an 'botb $78'88 'vere 

done atappronmately 2, ·0. Aleo, the calibration curves' 

tor anal¥sifi of aampl .. uaing the dipping refractometer 

Abbe reh'actometerwl"G determined tor u..e a.t o-C. 

atom., oED. • !be overall aU'lIS traftBter coeffi-

cient on the n-butanol md the water ph.... we,.. < 

calculated eachtest1n the senos plotted againet. 

the 110\11 rat.e of each phase to .ow the eftHtot VU7Uls 

ph ... velocltie.. fhe ratio flow rate of the 
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TABLE XIII 

}.~htF.r; ala 2! ~str'lct.ion 

lJr St~rege Tunks 

Ma,terial for Feed Trutl:s 

1teD ~cmtity 

Lumber 24 it 

.Jteel cylinders 3 ea 

Natal stra.p 12 it 

Glass tube 5 ft 

Nuts Lf;C Bolts 4 ea 

Nuts ~,n'j Bolts 12 ea 

.H,~t€ri[-l io:r .301v':nt. 

WatF.r tron}'. ea 

lank st;::md 1 ea 

1 aCt 

~ight gage v~ives 1 pr 

Glh;.';s tube 1 ea 

Uoacription 

2-inch x 2-ineh,softwood 

9-eal1on capacity, stainless 
steel, oval shaped 

~-inch st~;el, 1!32-inch 
thick 

J/6-i:,ch a.d. 

}-inch 
steel 

" x 6}~-inch, 

~':-inch din. x 2~-inch, 
steel 

30-gallon, eylin:lrical 

L~-lnch dla.'Tleter, met(jl 

., 

:-inch scr~\., t:TD6, 6-inch 
ster:1, deal type ~ieston, 
10 to JOCoC. range 

~~-inch brass ,t.:J.pa fitting, 
angled with drain-cocks 

5!B-inch o.d.) x 44 inches 

Pipe, 'l'ubing, V(~lvcs, and r'ittini~3 for Tenks 

Jtopcocks 10 ::'8. 

Tees 8 f;B. 

J aa 

6 ea 

Adapters 11 ',(1 

Tubing 45 aa 

Gas jets 3 en 

NiHlles 6 ea 

deduc. :)usbi ng 6 ea 

:teduc. coupling 2 aa 

ElOO\flS 12 aa 

Unions 4 aa 

Valves J ea 

2 eEl 

Fipe 21 ft 

JIB-inch o.d., cOi·por 

JIB-inch o.d., cop~er 

'-in.ch . stnndard gelv. iron 

31B-inch x J/B-inch x 
i.-inch ~frpT, galv. i r'on 

3lB-inch NPT X 3!~lnch 
carper tube 

J/:',-inch, a.d., copp{~r 

JIB-inch NIT, hle-ck iron 

i;-iach x l~-inch 
st·:a.ndz.ro galv .. iron, NPT 

1 inch X k-inch, s~d .. galv. 

'.. h ].. ~ ~-.dlC x .... -U1C.}, 

ett;ndard galv .. iron 

1-inch standard galv. iron 

~tnch sthndard galv. iron 

~-inch, bronze, globe type, 
plug seat, rising stem 

~-inch, bron~e, gate tJ~e, 
ri 5i ng st,em 

i-inch I"€lvaniz~d iron 

.:.tupplier 

New River Lumber 
Blacksburg, Va • 

USA-Corp 
Chicago, Ill. 

USi-.-Corp 
~h:icago, Ill. 

Fisher 3ci~ntific 
Silver Jprings, Md. 

l~oland Co., Inc. 
Roanoke, Va. 

Nol~nd va., Inc. 
Roanoke, Va. 

Nol.::.nd Co., Inc. 
i1Q[,noke, Va. 

Chem. Engr. Dept. 
V.P.l., Blacksburg, Va. 

Weston lnst. ~o. 
Newark, !~.J .. 

Noland Co., Inc. 
Roanoke, Va. 

Fisher Scientific 
Silver Springs, l·id. 

Noland Co., Inc. 
.rf. T~ oanoke, va. 

Nol:>nd Co. t Inc. 
r1oar:oke, Va. 

~~oland Co., Inc. 
l1oan",l'b '7~ 

\..ir~O, i o. 

r~ol&nd Co., Inc. 
Roo.nol~e, Va. 

Noland Co., InC. 
Roanoke, Va.. 

Nol.rmd Co., Inc .. 
Roanol<:e, Va. 

Noland Co., Inc. 
ltoanoke, Va_ 

Noland Go., Inc. 
Roanoke, Va. 

Noland Co., Inc. 
Roanoke, Va. 

'No land Co., Inc. 
Aoanoke, Va. 

floland Co., Inc. 
Roanoke, Va. 

tloland Go., Inc. 
Hoanoke, Va. 

Noland Co .. , Inc. 
Hoanoke, Va. 

Noland Co., Inc. 
Roanoke, Va. 

Noland Go., Inc. 
Roanok~, Va. 



Item 

Gla.ss pipe 

Flan{--"t::s 

G&5r:ats 

Nuts and Bolts 

Steel ~~L~te 

. 'ipe 

,;Ol~er ~':.:retm 

~'i ~ {,les 

V lves 

,;ock 

Gb;;}e:, is 

i:'lywuod 

Cl£.f.1i '5 

Clw:ips 

:lode 

L~mher 

;' l'eSSu.re :1egul. 

j\lr Com~ reS50r 

Jteel c~'lL .cter 

Garbo::"s 

Carboys 

~)toppers 

Rod 

3trap 

T;·~LE XIV 

h[~teri.nls 2.I Construct-tQl1 .f.2r Horizontal ~, 

0upports, Air Supply ~ Cor:ta.iw~r5 

Materi'l :01'" };ol'izont,<il Tube 

~1U:~nti ty 

2 ea. 

4 eo. 

J en 

1) ea 

1 sq ft 

1 ft 

1 sq ft 

5 ea 

4 e~ 

1 as. 

2 SCi ft 

H<..,t·.::ri:::il for l'Ui~,C .:)uJ..;::'ort 

1 ea 

4 iJ!i 

8 ea. 

4 eo. 

30 ft 

Air ,.Ju;:ply :~qlu}JT:",er.t 

1 ca. 

1 ~a 

1 ea 

:;or,ta~riel'S 

3 aa 

3 co. 

J ea 

1 ft 

2ft 

Ds,;cription 

1 '· , ., . ;1-lr.cr. in3,i.de d~QD\eter 
4. ft oVI-;r.r,d.l-flared ends 

3-h01e c.lwninum 
3/8-~ leL u01t bore 

Black rubber-l\-ir;c:t j .d. 
1 'b-il~ch thickt~e9s 

~ilumj.!1am, heXUEOn:ll haa' 
,-i:.d· x J/e.-i: ch 

c<.:.rbon at:;el, 3 I16-inch 
U:3 ,;d in end fl~,nf.es 

3td.-l -inch, 
Hl&.ch ron 

;3 ::he"lule 4(: 

16 r::e.ih, li.ght ·, .... "'i::'l,t 
'ls('d for calming s,."::r:::tions 

6-inch x ',-j.: cb, black 
iro:;, s,~r ~.~. 4(; 

-i .ch brc)r] ?e body, ner-j(! 1e 
:, :t:.~ . ' -.. 0 De, .:-i-, 1. : ,;" S +, em 

-i.LCh bronze body, plug 
tYTe, 8cr~w~d erds 

1/16-inr.h tLi:;k, sof~ :~';).l"'k 

12 ft x L~ ft X 3/8-ir;ch 

utilit.y, rubber sleeved 
3C L'CW clt~,~ps 

S::::CI~:~i t~,!] c cln.rIlJs 

solic! st'~',~l, IP.-irlch x 
) . 'd' .. ~-lncn l<.:.meuer 

2-i~ ~r x 2-ineh softwood 

;()' °Ct:~ 10:-:, :~ ~.'U s '3 lx)(i~.", I:1 t;.g 

;rd stan stc,1'11.os3 steel, 
n:--1Qn (~iaph., for inlet 
p;",sluro;s :xp ~,o 150 !:si 

I:lod·~l 120-511, 300 r.p.m. 
,',1:<.:'0 c.i l' compre;.;s 

9-,~l;illon ca.r;aci t,V, stainless 
steel, oval sh~~(d 

5-gallon I~ apaci ty, glas s 

l2~-gallon capacity, ~lass 

Number 11, bL .. cl: rub;'er 

3lB-inch solid steel 

~-inch steel, l/l6-inch 
wall thickness 

.;)uPi: lier 

vorn.ir;g Gla::5s liorks 
Corning, N.Y. 

Cornin~ Glass Works 
C")rnin.,~, N.Y. 

Corning Gla.ss ~';orks 

Corning, N. Y. 

Corni r,?: Glass ~fork& 
\~o~nL!1g, ~; ........ 

Nolaul Co., Inc .. 
. ~cmoke, Va. 

Noland Co., Inc • 
?i.O < no i< e, V c: .. 

~;ol' nd'::o., I w;. 
Ho : n:J > e, \r &. .. 

Nol~ n'l ::0., :;)C II 

Roano kp., 'J;;:~. 

[;oV,nd Co., Inc. 
!u'")9.r101:e, Va. 

Nol"'nd Co., Inc. 
Roanoke, f/a • 

r'~Ol~Ild "::0 flo, ln~. 
t'(.-: . .-, n~) k e, \"r a • 

NE 'd ~U vel' Lumber 
dluctscmrg, Va. 

r'iJ}l'~r ·.::cient ific 
dilver c)rri!1;~s, Md. 

fisher Srientific 
,:ji 1 ver Jpring;;" !.~:l. 

1 ~ . ., I No 8JL Vo., nc. 
ItoF-noke, Ve. .. 

I1e'.: iii vp.r Lumber 
!51:s ck s hu :'f;, Va. 

GOilor-low '::;Or~,. 
2100 ,~rch :3t. 
Phil~.d., Fa. 

3orrowed from 
sc:lt. sFray aq). 
eL or:: .. De;.)t .. 

U~)l~-0(')rI) 

";bicc~oJ Ill. 

Fis~:er Scientific 
Silver 3rrinp;s, Hd. 

Gener~l ~hem., Co. 
NeW' York, ]'oJ ~ '! • 

Fisher Sci~~ti~ic 
Jilver 3prinp-s J ~~d. 

I';olc:nd::::0. , Inc. 
Roanoke, Va. 

NoL=:.nd Co. t Inc. 
£tonnoke, Va. 



Item 

iron 

Tees 

ile~ltlc. coupling 

~educ a: 

ileduc. bU3hing 

Vat :~:S 

l.pe 

Pipe 

Copper 

tGrs 

t!3 

vrifJce 

T'ub3.ng 

Valves 

Valves 

t4Dt' Or'!'let e rs 

!11~ ~.!::: r·~~"~~J~.' :~ t t-:~,rs 

N9rcury 

f1at"f:;rials of Gonstruction: 

Tl.ibt!}g, Pipe, V c".lves and Fit,tinRS 

Quantity 

10 ea 

4 ea 

.3 ea 

b. ea 

6 ea 

8 ea 

2 ea 

l.~ ea 

.~c ft 

ft 

12 ea 

20 ea 

4 of;. 

4 ea 

20 ft 

ft 

Ii:. ea 

Ilj. ;:;8 

4 ea 

2 ee 

25 Ib 

De scri ption 

~-inch x 2-inch, sta:d&.rd 

liS-inch .x std ... 

x 1-inc:h X 
*'~ 

3/8-irrch x , ata" 

o .',-: i .... ~~ X _),' <,;,-.... l.; .... H, 
\ 

std. 

nell x , std. 

],:-inch , , 
rluf!, 3f;,:t" ri 8i~ fr ',em 

nch, stJr~··:d(~~~d scrl~ 40 

, l' 'n"'}l st' "'d""y'.4 ~" ... - ",,,,1_., ~ fJ':'.-.i..i ~ ,~.( 

;t-i.nch x 3/$-inch 
copper 1..UDe 

N'PT x 
tube 

Et;~ndard se!; .. 

o"ifice, GOFper 

o ., cOI,'per 

'J /}."-il'\,"'h I) /'" "'ocnpr .... }, . ......, ., •. 1-;., 'IIo.W J"':: .. ,,.,t 

L-inch, }v'or!"'e, 
l~i si 1 :is stt,rn 

3 /8-inch, b;'onze, ne;"'dle 
stem 

Heriam, 20-inch 
I/10-inch divisions 

,~-in_ch, sc:'ew tyre 
6-inch st. t~rpe 
vieston, ranf.::e 

Supplier 

:t~oland Co .. 1 

• J 
. to ::.:,.. ... 10 k e, V iJ, .. 

vo. , " 
~/ ~~. 

+,11:(". 
lWEn1o};e, 

.j Inc" 
H.o5.noke, V,s .. 

Go", tnf:. 

P;" 

Nol'nd ,'''1 ,.".. 

vO., .LDC .. 

vall' 

nd 
H·o B.no k E- , 

. , 

N81&nd 0, Inc. 
ilof.no ke, "/ a. .. 

Cc~, Inc. 
Ho e.noke, V 2: • 

(;'0 .. , Inc !Ii 

i~olL:nd ";0., Inc .. 
~~ ~iO 1'~ f:; I 

Inle.nd 0U1T:ol:r 
s\;:;, I,! * ~( '" 

'} cksbn.,ng, 

",'J ~, Inc .. 
, 'it!, 

_, Inc. 

Nole,nd Co., <II 

Va. 

Nol:nd Co., Inc. 

If'!st .. 
Clevelf:nd, 

~\Iestern • Go It 

NevJ('.rk, 

sher 
3prin, s, 

" \Ie~ 
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oalibration data, experimental data, and the reault. 

obtain$(! duringtbi& Inveatllation are pro.anted the follow-

ing $ection. 

retra.etoa\$ter 

14 and 1S t 

oalibration ourve$ tel' the dipping 

~:V--Illamm n-butanol-wa,trer are shewn in Figures 

Tbe oalibration OU1"'1"$ tor tbewater 

qltam. 1,l,2-t"lcbloroethane-aeetone-wa\er tor the 

·~ii-':V".i~" retraotometer aN "hown 16, cali-

t.J1.-"".""'.o.n< curve flor the tricbloroethane 1,1,2-

trichloroethane-acetone-water used 

are in Figure 17, page 90. 

the the overall tuUS tnulster coetfic1«lt for 

tbe n""'Dutanol-watel* at 2S 0(;, in a horizontal tube enraotor 

UJiing oocurrent tlow masa veloc1:tl •• ar6 in 

Tabl. page 93. CUReS obt.ained overall au8 

tran8t$:r coei1tticient O~l the water the n-butan,ol pbaae 

were againet the varying mass .eloeltiee of watv 

at three a-butmol ~S'a velociti.. ar:e sbO'Un. 1a 

19,pag& 94. curves when the overall mas. 

tranafer coetticd,entll on _tor the n-butanol phaeea 

we" plotted mUG velocitie$tbe n-butanol 



J~lot.t1og. the 

the 

the overall maA 

~'t1I"~a?"#I!~ 1,1,l-t.r;f,chloroethane­

extractor WilLa« 

overall 



He! r t:lC tQl~te tor -------

water 

wt % 

100.00 O@OO l't ",,0 

9B.29 1.71 16 .. 

97.01 ~~ .. 99 19.57 

95.4S 4. 51 

91".~ 5ol~ ..30 



25 

23 

21 

« 
~ 
(f) 

19 a: 
a. .. 
(!) 
z 
0 « w 
a: 
w 17 
..J 
« 
0 
(J) 

15 

13 

o 2 3 4 5 

WEIGHT PER CENT N-BUTANOL 

FtGURE 14. DIPPING REFRACTOMETER CALIBRATION CURVE FOR 
o 

SOLUTIONS OF N BUTANOL IN WATER AT 25 C. 



TABLE XVII 

Dipping Refractometer Calibration Dat;; for Prism "B" 

and l:-iixtures of ~iater in n-Butanol at 25°C 

n-Butanol 

wt % 

100.00 

94.98 

90.98 

84.01 

79.82 

\\rt % 

0.00 

5.02 

9.02 

15.99 

21.18 

Scale Reading 

77.43 

73.20 

70.65 

63.31 

55.53 



75 

70 

c 
CD 
: 

2 
!a 
~ 
0.. .. 
(!) 65 
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c( 
1.IJ 
a: 
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en 

60 

55 

o 2 4 6 8 10 12 16 18 20 

WEIGHT PER CENT WATER 

FIGURE !~. DIPPIHG REFRACTOMETER CAL.IBRATION CURVE FOR SOLUTIONS 

OF WATER IN N-8UTAt-IOL AT 25 °c. 
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TABLE XVIII 

Dipping Refractometer Calibration Date for Prism n 

and r\l~ixt lire s in Tvvater Saturated -------
1,1,2-Trichloroethene at 25°C 

\iater Acetone Scn1e Reading 

wt % wt % 

100.00 0.00 14.14 

99.01 0.99 15.46 

98.20 1.,80 16.92 

97.10 2.90 19028 

96.14 3.,86 21,,03 

95.14 4.86 23.05 



24 

20 
=« 
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::2 
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Q. 
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C!) 

18 
~ 
0 
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...J « 
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WEIGHT PER CENT ACETONE 

FIGURE 16. DIPPING REFRACTOMETER SCALE READI~G FOR WATER 
. 0 

SATURATED WITH 1,I,2;TRICHLOROETHANE AND ACETONE AT 25 C. 



TABLE XIX 

Calibration Data for the Abbe Refractometer for Use ---------- --
~ Mixtures of Acetone in 1,122-Trichloroeth~ne 

Saturated wl.th water at 25 °C 

1,1,2-Trichloroethane It'cetone Refractive Index 

wt% wt% 

100.00 0.00 1.4676 

99 .. 23 0.77 1 .. 4662 

97.71 2 .. 29 1.4636 

97.25 2.75 1 .. 4629 

95.42 4058 1.4596 

93023 6.77 1.4555 



x 
w 
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z -
UJ 
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ex: 
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1.4600 
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1.4550 0 2 4 6 8 

WEIGHT PER CENT ACETONE 

FIGORE 17. REFRACTIVE INDEX OF Itl,2,TRICHLOROETHANE SATURATED 
WITH WATER AND ACETONE SOLUTIONS. AT 25°C. 



Test 

No. 

1 

2 

3 

4 

5 

TABLE YJC 

Specific Gravity Determinations f.£r: Ni:xtures 

of n-Butano1 and lrJater at 25°C 

n-Butano1 Water Specific Gravity 

wt% wt% 

100.00 0.00 0.8100 

94.98 5.02 0.8210 

90.98 9.02 0.8253 

84.01 15.99 0.8398 

79.20 21.80 0.8430 
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0.800 0810 0.820 0.830 0840 0.850 

SPECIFIC GRAVITY 

o 
FiGURE 18. SPECIFIC GRAVITY OF N;"'BUTANOL AND WATER SOLUTIONS AT 25 C. 



Test 11me stre811 'reap 
No of 

Test 

min 

Total 
lfttigbt 
of Exit 
strellllls 

" 

Exit Ph ... 
Flow haWII 

Ib/hr 

Dipping 
Befncto_ter 

~~:-." .• IScale Reading 

• 

Entering 

XXI 

"Exu" e+ C'lJl!!:! '!!l2 R';lll M for ~ Xntu 
n-Butanol !BS "ter 

Area of interf8e~ 1 . 00 aq ft 

Croaa-aectiOD&l arell of .. ch phu. : O:006J.2 sq 1't 

Len1.ng 

! 
L 

n-Butano1 'ater D-Butanol Weter Dipping n-Butano1 Watel' 
Re1'ractolll8tor 
Scale Reading 

wt % 1I01/hr mol wt % rl % 

o-Butano1 later 

mo1/hr mol/hr 

< 

Material Tranefered 
N/Q 

, n-Butano1 ... ter 

lIol/hr lIo1/hr 

• 

Aritlmetic Mean 
Concentrat-ion 

Difference J1.-e... 
n-Butenol later 

It .. a Tl'tllleCer 
Coefficieut 

I 

n-Butano1 later 
" 

j L----8~---6~~Bu-ta--no-l~-7-0~-------L----------------L---~63-.41----------~84-.~3~0---~1~5-.~70~------------~--~63~.~3~8------8~4~0~25~---1~5~.~75~----W.--.-~~----------~--~----------~~----------~~~--~ 
Wllter 60 l:l .20 0. 0 100. 00 11.. 00 0. 35 99 .65 

f 
I 

! 12 Butanol 63 . 36 84.20 15. 80 
Wate r I ~. 13. 86 0 . 20 99 .80 

! 
I 

9 

18 Butanol 6,960 51.2 8,360 63.68 81, .50 15. 56 0 . 5815 0 . 1.425 62.49 84.15 15 . 85 

5 

lf1l1ier 5,120 37.5 !6 130 13.20 0. 0 100.00 I 0 . 0 2 . 0831 13. 80 0 . 30 99 .70 

Butanol 
•• ter 
Butanol 
Water 
Butanol 
We r 

68 . 
60 

65 .50 
0.0 

11 .. 701 

100. 00\ 

54.72 
14.19 
55 . 35 
14. 11. 
53. 67 
lJ. . 06 

85 . 40 
0.45 

86. 00 
0. 42 

84. 40 
0_)9 

14 . 60 
99 . 55 
14. 00 
99 . 58 
15.60 
99 .61 

c . ~eoo I 0 .0015 
0 . 00148 0 . 00570 

10 

J 11 

12 

14 

15 

16 

17 

18 

10 

16 

4 

8 

12 

) 

6 

9 

3 

6 

9 

5 

10 

15 

Butanol 
Water 
Butanol 
!fater 
Butanol 
Wa ter 

B1ltamol 
Water 
Butanol 
Water 
Butanol 
Water 

Bu~nol 
.ater 
Butanol 
Water 
Butanol 
Water 

65 
65 

72 
72 

70 
70 

Butanol 7Q 
Water 74 
Buteno1 
Watar 
Butanol 
W.ter 

3 Butanol 75 
Jt tar 70 

6 Butanol 
Water 

9 Butanol 

3 

6 

9 

3 

6 

2 

4 

7 

3 

Weter 

Butanol 
Wliter 
BUtanol 
7,et€r 
Butanol 
Wster 

Butanol 
Weter 
Butanol 
Water 
Butanol 
JI"tar 

Butanol 
lister 
Buta 01 
Weter 
Butanol 
Ja t er 

Butanol 
Water 

6 Butanol 

75 
70 

75 
70 

75 
70 

75 
." 

8 .285 
4,865 

7,500 
3,900 

7 ,900 
3.380 

7.940 
2,685 

5,4 ~5 
lQ,110 

3.760 
4,740 

6 L..5.0 
~~780 

8,520 
5,190 

8,11.5 
3,980 

104.8 17, 130 
43 .. 5 7,100 

116. 0 19, 000 
49.6 8. 130 

11e. 8 9,100 
39 . 5 6,440 

48.2 7,880 
89 . 0 14,500 

55 . 3 9,050 
69.6 11,370 

95. 0 
85.0 

125. 3 
75 . 3 

119 . 5 
58.4 

15,500 
13, 900 

70, 500 
12,470 

19, 00 
, 9 .. 500 

5$ .. 3~ 
1}..20 

68~7 
• 1Y.,ro 

64 .. 50 
U..20 

65492 
13 ... 20 

S5'/~ 
130'20 

62",,8 
U ... 20 

~7i 
13 ... 20 

62 .. 2~ 
lJ .. 2{) 

65~'> 
13,;20 

64"'5 
1~ .20 

62.n. 
13.20 

• 

, 
t 

85. 30 
0.0 

88.20 
0.0 

88. 10 
0 . 0 

88. 85 
0 . 0 

89 . 40 
0. 0 

87. 00 
0 .0 

87 . 00 
0. 0 

11. . 50 0 .78'15 
100.00 O.C 

I 
21 . 80 

100. 00 

21 . 90 1.1093 
100. 00 0 . 0 

!.1.15 
100.00 

10.60 1.3754 
100.00 0 .0 

13.00 
100.00 • 

13. 00 1. 3654 
1(,() . 00 O. C 

83 .90 16 .10 
. 0 100.00 

85 .32 14.68 0.5616 
0.0 100. 00 0 . 0 

86 . 55 13.45 
0 . 0 100.00 

1. 2760 
2. 3791 

0 . 6921 
2. eh77 I 

0 . 2401 
2 . 211,8 I 

55.02 
15.96 
55. 31 
16. 62 
55 . 01 
17.05 

65 .4 5 
14.73 
65.80 
21.47 
65. 69 
;;>2.48 

65. 35 
20. tlO 
65 .1;2 
H: . 78 
64.89 
91 . 21 

63. 66 
13 . ?3 -
64.00 

- '13 . :2 
0 .40 64. 62 
4 . , C81 15.1.0 

86 .18 13. 82 0 . 6427 0 . 1. (,(-

65 . 55 
13.78 
65. 35 
13 .87 
65 . 59 
13. tl8 0.0 100. 00 0 .0 3 . "66' 

83.50 
0 . 0 

83 . 70 
0.0 

86. 80 
.0 

86. 20 
0 .0 

85 .18 
0 . 0. 

84 . 78 
0 . 0 

83.)8 
0.0 

16. 50 
100. 00 

16;25 1 . 0659 
100.00 0. 0 

13.20 
1\ 0.00 

13 . 80 1.1.3 30 
100 . 00 0 . 0 

14. 82 
100. 00 

15 . 22 , • . 7270 

100. 00 0 . (' 

16. 6.2 l 
100.~ . .:. 

0 . e597 
4 . 7324 I 

"1 
0 . 8597 
4.732 

J. 576 
.. 3"-..... 

62 .00 
13 . 91 
62 . 55 
13. 91 
61 . 94 
1: .92 

f 

63 0 
15.67 

, 63 . 40 
~ . 78 
62. 49 
1.7. 78 

60 •• 5 
1 . 5'1 
60.55 
20. 19 
60.19 
~ . 

W tel' '. 
9 Eu nol ~ >.J.55 ~ 8 .~.5 . 3S 1 6"7 

~~~~~~~~~~=;~~.=e=~~r~==~====~~:.~~~Sl~O~'~~~~~~;;~===l~h=20~==~~~~~~~,~0~==100=='~~~ C :c7 
.+- *t1 7,( 

"' . ~2 
e .19 

57 . 72 
:2 .42 
~. 
l~ 

• 

, . 

, 
1 
1 

i • , 

; 
i 

· 1 
f 

20 

21. 

22 

• S 

10 

J 

6 

9 

J 

4 

6 

23 2 

4 

6 

24 5 

27 

15 

:3 

6 

8 

2 

4 

7 

2 

4 

6 

BU nol 
.. ter 
Bu 1 
'ater 
BUUqc1 
Wllter 

Butanol 
later 
Butanol 
.eter 
Butanol 
Water 

Butanol 
Water 
Ilytano1 
W ter 
Bfitanol 
watel' 

70 
fA 

70 
69 

70 
69 

70 
70 

Bu~l ' 10 ,.tlrl' 70 
Eutanol 
lfa'tel' 
Butanol 
Iater 

Butanol. 
later 
Butanol 
later 
Butanol 
Water 

Butenol 
Water 
Butanol 
Water 
Butanol 
We tel' 

70 
70 

70 
70 

6 t l!). 
,840 

5200 
8, 450 

6, 060 
7,515 

5,700 
5,580 

6 ,500 
5,845 

5,270 
4,040 

6, ~C 
2,.1.05 

7,235 
1,505 

6,«'0 
1,280 

, 
• , 200 

124.0 

1.00.5 16.450 
124.0 20, 300 

125. 8 
12). 0 

143. 5 
126. 5 

46. 5 
35. 6 

100.5 
40.5 

136. 8 
28. 4 

20,500 
20,100 

23,500 
20,700 

7,600 
5,820 

16,390 
6,630 

22,350 
4,61.0 

2.3,800 

" 0 

62.10 
13.2 

. 
6l .46 
13. 20 

6;.. 60 
13 . 20 

62 .70 
1 J .20 

63 . 00 
13 . 20 

62 .66 
13. 20 

62 .1.2 
13 . 20 

62.40 
31.20 

61.67 
13.20 

(-,1 . 78 
13 . 20 

6 I 
13. 20 

63.00 
13. 20 

59.68 
13. 20 

60.70 
13. 20 

61 . 40 
13. 70 

• 
83 .~ 1 16.20 C. 6011 0 . 5052 
0 . 0 100 . 00 1"' . 0 1, . "105 

83.10 
0 . 0 

81, . 30 
0.0 

83.60 
0. 0 

83. 70 
O.C 

83.95 
O.C 

83.65 
0.0 

83 . 45 
0 . 0 

83 . 45 
0 . 0 

82.85 
0 . 0 

82 . 95 
0.0 

0. 0 

83~95 
0 . 0 

81.30 
0.0 

82.15 
0.0 

82. 70 
0.0 

82 . 70 
0.0 

16. 90 
100. 00 

~ . o.99? 15. 70 
100.00 0 . 0 

16.40 
10 . 00 

16 '" 1 . ~"C3 
• 7" 0 ." 

FlO. 

16. 05 
1 O.bO 

16.35 1. 5203 
lOQ. OO 0.0 

16. 55 
100.00 

0 .2716 I 
6 . 7CJ19 

16 .55 
100. 00 

1. 6137 1. ' 1"" 

lCO. OO 

16. 05 
100. 00 

18. 70 
100.00 

17.25 
100.00 

17.30 
100.00 

17.30 
100. 00 

0 .0 7.0J7C 

1.1401.. 
0 .0 

1.5144 
0 . 0 

. ~ 

C ("01 ~ . ' . 

t:.l.98 
15.::0 
61.78 
18.00 
61.62 
17.79 

60.80 
16.48 
60.17 
16.91 
61.CS 
16.9': 

6~.36 
14.83 
6) .~2 
14.62 
62 . 38 
14.40 

61 .40 
14. 59 
6 .62 
14.59 
61 . )8 
14.60 

61.81 
14. 58 
6O. a7 
14 .58 
61 . 88 
14. 50 

62. . )0 

• 
.70 

16.52 
62 .74 
15.87 

57 . 74 
18. 72 
59 . 50 
29.90 
59.45 
30.80 

58. 21 
33050 
58 . 00 
32.45 
58.4( 

• 0 

7i!.05 
1 . 30 

78 . 20 
1 . 60 

78 . 00 
1 .80 

86. 08 
0, 75 

86.40 
3. 60 

86. 30 
4.00 

86. 00 
3. 08 

86. m 
1.70 

85.60 
2.75 

84. 45 
0.05 

81, . 80 
0. 0 

85 . ]3 
0.95 

86.20 
0.30 

85. 00 
0 . 31 

86 . 22 
0. 32 

8 0 
;~, 

83.35 
0. 32 

83. 05 
0. 33 

84. 30 
1.B 

84.30 
1 .~0 

83 . 50 
2 .10 

81 .88-
2 .45 

a· .95 
3.10 

'11 . f9 
,3..l0 

80.10 
2 . 30 

79.90 
3. :;>5 

Su., 
;20 

82.50 
0 .17 

82.60 
0.19 

83.15 
2.~O 

82.95 
.20 

82 . 82 
2.. 15 

82.15 
1. 55 

Sl . 68 
1 . 70 

82. 35 
1 . 70 

8).40 
0.75 

83 . 50 
0. 65 

83 . 40 
0 . 55 

82.65 
0 . 65 

82. 84 
0, 65 

82 . 85 
0 . 65 

83.10 
0.65 

82.20 
0.65 

8),10 
0. 65 

83 .15 
'1 . 55 

83. 0 
1 . 52 

83 .'70 
' 1.25 
. 

79 . 90 
. 2. 55 
Sl . ~O 
6. 50 

81 .10 
6. 70 

80. 40 
7.00 

80. 20 
.90 

80. 
• • 70 

1l .95 
98.70 
11 .80 
98 • .t:O 
12.00 
98 . :<0 

13.92 
99 . 25 
13.60 
96 • .t:o 
13 .70 
96 .00 

1.4 . 00 
96.9 
13 . 9 \ 
98. : 
14 .40 
~. 25 

1505.5 
99 .95 
15 . 20 

100. 00 
li.69 
99 .05 

13 . ~0 
09. 70 
15. 00 
99. 69 
1) . 'i8 
99 .68 

16 .90 
99 . c-S 
If .45 
99 .68 
16.9 5 
99 . c-7 

15. 70 
98.25 
15.70 
98. t 
16. 5 
97. 90 

18 .12 
97.5; 

c .05 
96. <)0 
• . )1 
9f:.. 

19.90 
97.70 
20.10 
96.75 
1 ._0 
9'MO 

17.51-
99 . 0 
17.50 
99 . 83 
17.40 
99 .82 
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5,120 
• A • 

4'4 x 0.00612 x 0.,0 



.-,;;;;; ........... ~~ ...................... ~~ __ .... _. The ai, flow rates of 

the butanel and wate~ streas weN obtained in the following 

.. wel,ght tracti9n butanol 

stream, ~ 

lb mols/tw_ 



(15) 

of 

hr 

£i'Wl.",~C:U,A':!f~ weight 



water stream, tbe w~1lht 

the !ollow1n&equat,1on$ 

butanol 

(16) 



(11) 

in 



'. 

I 



weight of water 

Qel~.~mJl'leQ 01 the following etnlat:lOfl 

(19) 

I ... water .n'l~" ..... "n" butanol'stnam, lb mol./ha­

.. butanol butanol Itr_., lb mol,/Ill' 

n .... butanol 

18 



I !iIIli 

.. 
• 
lit 







Tbe o~eulat1Qn8 ufJod in d~tenrd.ning th~ value of Atl ia 

.1101\11 as t(110)1$. The samep:rcee-J.ur:c Wt!Ul~ also used in G$ter-

'~Cl .. the dlit.Fence in the amount 0' butano11n the 

water and the .lfDWltt of butanol required tor 

eaturatioll under the SUie oondltiona at the 

.teri,,~ end of the tube, wt " 

C· *' concentrati,Q,n 'Ot butanol iJ~ 'water at eatvatcd 

condj,t,1cn$, wt ;.« (page 48) 

'01 ,.coneentr~}.t1on of butanol 1n water.\ en'ering 

end ot tube) wt ~ 



• C*-

-!) -



• 
~ 

w 
,. 
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.lI!t<. (28) 

n 

mols/bp 



ratl,Sl' E~r of water 

water/hr 

water/en! tt 



in the 

flow the \riebl.roath •• 

following equation: 

.. flew tor trlchloroe\hM\ttpbales 

,. weight "",;rJ\,G>nJW:J'l~lIen.lI. ph •• , 

9 .. 





()2) 

t 



I'll. weight of th'~ acutant in the water etrGarA ~u found 

b7 ueicg the tollcn~ln.g eqUAtion f 

WH-O x 01 
.-~. . 

4'4 x 9 x IA 

QAH20 .. a.etone 1rl the exit water stre_. lb mol$/br 

WH
2
0 .. w9igbt of the water atre_,SI 

0AlIaO • concentrationot acetone in the water stre., 
wt_ 

e .. t,ime of test, br 

lilA ., m.oaculu we1,ht of ace\cne 

G
Ali2G

" 3,180 It 0.00" 
4S4 x 0.25 ,,58.08 

.. 0.0021 lb mole/hr. 



+ 

1b mols/l1r 

mals/hr 

·P,,",4"'''''''.l!!!h was no aClat(~ne 

t-hEli &eetone 

was detemined t.he 

1b 



triohloroethane phase into 

acetono in t.be exit wa.ter lloa,se. 

water pbaae was the~unt of 

Therefore, the m.ole of solute 

gcn!!!!~r!t!on olAtutse.1n the Sire.,.. fbe conoen'ra­

tloll of tbe acetone in. the tour atre._ were oonverted from 

w 

C1H
2
0 .. coneentrattion of acetone U the exit _\.~ 

au .. , lb mole lou tt 

CATel .. coneent:ration of acetone 

atn_, wt.;g 

w • avera,e density of ~b. exit water atream, 

11:»/0\1 It 



tr1cilloroetbane pM.e. were oalculated ue1hg 

IklWlt10lun 

AClnR20 ... (C:IH20 - CAllaO) .. (0· - CAH,aO) 
uS ,'d t & 

1ft (CAIH20 ... '111'120) (,6) 
... 4 b 

., (C,ATe'S" C,AIH
2
0) .. (OAITcIlH .. C ) 

In (,CATe/" ..) (31) 
•. w'! • 

) 

.. (CAITCI" CAtTeI) .. (CArreS -
In (CAlfCi .. ('8) 

,. u • 

.. (CAITCE·' HCARO) - (CATCB .. HCA1H:tO) 
Jt '.' 1 I. I 1.2 . '.' ... J ........ I . I 

In (C1ITel .. ) 
$ 1 11 

* C!IH~O .. ccmc·entrati.on ot acatonein enter1n1 water 
~ ,bue \bat would. be in equl11br1l11 wi\b tile 

concan\ratlon of a.cetOlle In 'the en'hriDI 
trichloroethane phase, mols/cu It 



-concentration acetone in the enter1ng 
water lb -lsi cu it ' 

.. conc.ntratiOl& a.cetone 1ntbe leavina water 
pha,e. tha' would. be in- equillbri:m. ldth the 
Q·QlCent.rat1on of acetone 1A the lu.vlBg 
trl.chloroethMlo pbaso, lb molslcu ft. 

• concmtratioxl ot lioeto,ne the' ellt.er!.Jll 
trlehlo~'ban. phaee, lh:mol./eu. tt 

CAffl:l- concentration of acetone the exit 
trichloNGthane 'pha,e, 1b moll/e. r\ 

'* CAfeB 

.. coneent .. a;tlon of acetone the entering 
triehlortJ$tJtane pbaa. that, wc\\ld be 1. 
Equi11br1* with the aeeune in the 
entering -water ,phQ., 1b melefbl-

.. concentration of acaton.in the .nit 
tri,chloroethane phal. that _ul4 be 1ft 
equ11ibri~ \'dhb thecoflCentNtion of ' 
_eWAe 1rl tbe a1t wat.~ pnafJ'l, 
lb mol'/ au tt 

. Cn.,O .. conoent:raUon of aoetone 1n the exit w.tor 
2 phaae. lb_l./ eu " 

a- d1stributioncoettieien\ot acetone 18 water and 
conc.ao.~e in "t.bane 

trichloroe'hane .. acme. aceton .• in" wat.er 

ilClnU20 '.. ,a.ObIt?/l_&! .... 02 -1,p.01Mll.48 -O.OO'9!~ 
2 •. 3 10& 0.0",/1.48) 

(0.07 -- 0.(0599) 

• 0.0423 lb'W-ol.!ou ft. 

£ClftTCI .. (0.0714'" 1.4,8 x O.OOS99) .... (Q.0647 .. 1~48 x ~~ 2., leg (0.071.4 -1.48 :J(. 0.00599) 
If' It P.U 

(0.0647 ... 1.41 x 0) 

• 0.07)6 III _la/curt. 





the liJll.itatione 'lmtJO$\ii~ on \bitt I)artie~ 

this I"tiM. 

The dilouesion Qr certain points on tbe equipment, operating 

procedure, _'Q an~lcal followe. 

Dee rfbe bute equipment aueb as' the ro~M-

tube, storace tanka, su.pply -auipaent;t was the .same 

equipa_t tleed b," Bowman(;3). The changes in theeq,ulpnent t.hat; 

;;/S-1nch copper tubh'ig. Thi. 

oorrosion prob~_ me~ hI' the 

#quare fcot to 40,000 pounds pel!"' bov per aqure 

too\'* ehmi. W&a re~4md_ by previous In •• Dt1,ato:re 

horizontal tubs extracto.r. 



extract.ion tt.lba. waG 

. .' (,11 36) . 
!nvelitigaten' to eliminate 

fa •• betw$.n the two phisel, 

; faster . moving pbue ~ilich evr1~ . . 

ree;~~~~~bypr.noU$ 

dlatorti4)ll of t,M inter-

the effect 

onq aa indioators 

of t.h. flow rates and not as moalts for u(n~ • .nnn.~ the final 

check th. accuracy of mal~CI~lRt~e U'l1\:ll.Ca."E!Ifl that t.hey 'WeN 

, aJ.ltficlen\ll' accurate to be as olcott app~_tlorUJ of 

thetlowratee tor tbe w&t.er phu •• 

HWlftV.a J'lfJedlfl valws &'\&il'(iiD1j.ttu GC1:)~'r tUDing were u~ed 

pruv!ouaq be.n U$_ Oll 

Ii oalming eec~1on was provided 

extraotion tube. This was aec<Dpll$hed. 

entering enG of the 

addiDI a l/16 .. iDch 



length of 'between semple, 

wart detemined by calculat.ing ,required tor tnne com-

volume chmies ext~'1on tube at a p.n1eular tlow 

rate_ prellminary ~tb tnetUti7&ction tube m<U.oat,ed 

thai 

condj:U~M' bero" two vol\tlle chana'e. "'Oflpleted. Th. 

r@qulred tor 12 a.,-total thleper test W&$ tbe 

plGtte vu .... <.iU~t:!I cbanges 'Of ext;raction 

_Wtj~"'iUll'<.. the pertonumce of tM utraction \e.t, the inter-

faoe~'we., the ~l\O -'ae obsened bowupwar(1 ne'N* the 

e_'.,. tbe tube when the: be .. vier .~ceeded phaee flow 

rat. of 19,000 pow45 aqua" toot, aDQ the 11ght. 

flow r&te was 1.8$ than 10.000 ~r hour per sqq •• 

toot.Tbil ·bowlng effect ueuallT oecu~ wben the ph$8e fl_ 

rate d1ffer-:_nUal wae betveen9QOO 10,000 pound. per hour 

per 'quare toot. With ll1tertaee at Cetll;er tube, 

'bowing of til. il~tertue deerEtA8ed the 1nte~dial $ftab.tween 

phaaelh liowevet')i' believed tha\ the eblnge 1n the 

interfacial uea diG _taffect tbe maximum deviation of the 

results. 

1W"8&180 ·noted for test. pertoNetl at, appro.ld.mateq' 

equal flow ;rate$ exhihlted streamline tlowwhen observed 



perpendicular to the interface. 'rile waye tront8- w'sre observed 

wat,cbinc bit. of ineolubl,e aater!al bubbles of air that 

had collect.ed at the inter-taoe between the t1fil"O pbue •• 

Tne moat probable sourCf!\l of errors this 1nveatigation 

pnf.i_~lllJ. as they pcaseed t.he was the of the 

the e alm1ng plate l.n 

onevelceity ex(l~e$<1fJQ 

and when the slowel' 

JIVJli,'J,...:d:'V"Uit~ tube extf'actor.~;ben 

other by more thin two to one, 

pound$, per hour per 

square foet, wave motion was aleo ObS$rV8d interface. 

changed area of contact between the two pbases. 

I,'st«n n-butanol-water w&a affected more thatl the system 

1.1,2-trichloroetbane-ace\cne-water sinee the butanol the 

water tended to Corm a cloudy $muleionwhleh 8ta~ at the 

interface. 

A factor that could also aftect data obtained wae the 

t.em,peJ'!ature of the feed. temperature the wate,. in the 

storage tank could be controlled by turn1ns ateall into the tank. 

How.ver, it. was impractical to beat the butanol tNlks by thiG 

method. since ftO water added the butanol, n. 

previeion was made tor indirect Matins. 



~~,\h~* 'Of i\,Hsi!- \laC in tbts 

invest1f,ation W&$ de\ermination refract.ive lnaice$ of 

controlled to witbin 0.1 

the 'ijfa\er be.th while 

through tbe walla 

tbe temperature vv"'" .. ~""" 

COJ;ltl"OJ..,l1rll( the temperature of 

dipping refrac\Qm:et.er was aome­

lett off or the A..,w,..o 

solv_t. and triebler(hStthanG;sa:turated with water 1.8 

eolvent, wu recaamended Bowms:n.(7). 'fhe use of the sa.1t.l1I",&"t,elC:1 

carrier ftUA.vn.Llfi>< prevented. the t.ransfer of one into 

operation. It 'WafJ foun4exp$r1-the other durin« the ..... ."."lI':. __ .... "..,. 

mentalq in this 4l~ ~!f"'~~ """'j!!!.fIlUi.t4\i1l11 

trichloroetbane WH vWIl~"":HI'lj~49 

the aasumpt10n that _ . .,..:>:.""" .... 

imm15clbl~ c-au •• d $1 elTOr 

:1n the datemination of 



to wait~r of between 1, 

Discus.ion of Results ._. ~. u ' ..• 

ta.lou"sion of the r8eulte of this study will include 

eoument,es on the accurac;.r of d~t.a. and results, and on the data 

Qgl~&JJalliKl fertile $YfSte n-butaol-water; 

1,l,2-triebloroethans-acetone"'water. 

Accui7~l ot, nata an4ie.lll.ta. Th~ accuraoy of tbe data 

and results obtained. 

analy$is of tone EU'ii~lr·les obtained. T'he wigh1ng 

PU,~~<1ft:l:~ from the ext:raction tub. was accurate to 
within per cent of total weight. 

dipping retractometer, 

n-butanol-wat,er, 1flaS eallbrat~d 

11·t­

Kllown s~,plea prepared. by 

reading of the d1pp1ns 

butanol water, was 

of 'water in butanol \faa also determined to within! 0.02 weight 

per cent of th$ total water present. 



calcul.ator 

that 

water ia ! 0.000, in 

.. - per cent. Sinee #ill 

triehloroethane 

deviation tor the calculated. value$ of 

the caloulation 

the 

the 

the 

the testa we:" performed 

18&8t 4.2 weilh\ 

e'\i!rUmlfJ at equilibrium equations whioh were 

to «etentioe tbe concentration differences were baled Oft the 
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~""'''I.'''itj''''' ~s a _""'tv,,"" ... · . .,,. .... .,... 

over ()f concentrations bei.ng used. prove the 

1'61io.1i1' of this a,~umptioll, a d!,fStribut1on cee! .. , 

f1eiflftt$ were calculat~ tltenty cent 

III, 57. tbe •• points 

Figure ti, ;·B, 1\ straight resulted. 

distr:H)ution coefficient 

waD correct. 

S> at_ n-Butanol-Wate.. The o,verall, mass-transfer 

coefficient. based on botb the bu~anol and the va.ter fi,lnts 

decrealed as the var1ab~e-ph&$e flow rate approached the 

velocity constant pha68_ increased as t.he variable-

pha.. flow rate uceeded.the velocity tbe constant .... pha •• 

tlow :rate. This mq be explainGd the degree of turbulence 

or at the intEiirf&CJa bet'W~.n the two phales. Tbe greater 

the velocity graaient acrou the tnt.ria.cet greater tbe 

lie!Ulet:lCY ott-he tastel*pbue t.o '):;!Ull along a portion 01' 

slower phase and cause turbulence at the interlace. How­

ever, as "b$ two phase. veloc1tie,. the velocit,. 

1~$d1eDt across the interface decrea$ea, the rollin I motion 

or turbulence at the interta.ce also decrttase •• 



graphs, F:lgure 19, page 94, sh(Yw:1ng ,th~; variation 

of.: -thel OV~l"'all, m..t.uss"'"'tran~tel'* coet!!.eientm baaed on the 'Water 

t1ltn, with Varyi,fl£h w&ter"'phlis~ flow rate, at. It butanol-pha.se 

};~lO'dIJ 3?ate at 19,000 to 23,8':10 pounds per hour per square toot, 

does 140t appear to conform. to the ,general deerE;ase and incNase 

of the tr-:Ltleter coettlcient ae the va,rylng,t water-phase fl.ow 

;rate approach". and exceede the constant, butanol .... ph.'o flow 

rate. Thie discrepanc,' 18 caused by thel1ndt of tbe' v\l.riable, 

wa:ter-pnaee flow rat~.' 'I~he rt~um value ot the water<!Wphase 

.flow rate was 20,000 pounds per hour 'p~:r fiqU$ . .¥-e toot, whicb 

~~16 th~ v"'lu'eo,t theconetant, butanol-phase flow r.te. ,I\.t 

this poiJ~t on, the curve, the value of th~ overall, mass-traneter 

oo@·tf:le1ont was at! minimum, therebJ showing on11 on. halt of 

the curve f&O$~ible t~i.thtbi$ type ot plot. 

At. t.helo'Wer 11nti,te of the varying butanol allna water-pna$e 

v$'loei,tieleome curves, 00 thE) other plots in. :r!gure19, page 94, 

&1$0 chewed only one M,lfQf the curve which would hav~ be~n. 

poesi't'l~ it $till lower ph9.eGflQw rate a had been used in 't.he 

lnve$!tilatlon. PhalSe flow ratell below 4000 ponnds per hQur 

pel' ifiK~'Ui(,re foot ~"ere not, stud l. ed eincemost oonl.'nercial 

applic~tion seldom uses flow ra.tes lower tllan tnt,. 
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A ""~""",.',~,-""', tests w.r$ a-,'''''''''''''''''''_'''''''''' at It.I'A1t..al''-nlt'UU!lI6 1~low 

ri.t.. of to hour squ~r. toot 

28,000 llOWldl 

tl!n'fct~""'A foot.. when plotted on 

94, no ind1ca;t;:1on rela.tedto 

ell"d all'lteady obtained" nor 

r'elatted individually. A ot' 

A'P1Pttalr to be 

Qt)i~erlfatlCtl. made 

_ ... ~I>e_ flew 

showed that t~;rCuleno. was presen" U;,UJI!"'2JrJ!r.Y \be teet., eo 

t_l.e pointe wve not used,. 

A\tspta made to correlate 

ratfl' and overall, ma8~-tran$ler o,o~ttlc:ien" weft _-

l\loeea.id. plots sbowing tbentio8 of the pba.. 1'low 

nte$ versus the overall, ,u'l,~l:liitil-ttria.rr"J.lIIU ooefficient.e 1ft, 

Illd 20, pace. ana 96, II atraight· 

11necould b. drawn t.:D1t'Oturll the pOint:8J J;lOWGVer, the vY"l>.,..""'fiil' 

nGt tall VG17 near reason ........... VlW "'Ie" 

The obaervat1on$ 

experimental wt>rk indicat.e that 

.. atee the magnitude 

than 

the perto~nee of 'he 

ratio 01 flow 

.V.l~Wi1~"" more 

fI)"-ip..i.a~irGJ.(;~n tor 



coefficients 

this 

nt'it~U'P~m~l't. flow. ~le!"~ the 

mtlt.il!f •• J"",'''''''"'I.:~ q those obtained 07 Eargle (11) whm 'Using counter--

:gar,le's 

toct 

&qua.re 

corX'fJlI8:poM$ to 

UU.l~V'l"~ to 

ma1t.r~(lfG or L"'laq.'tiia. 



... -

1 rothane-Aeeton.-Watte. The 

1,1 .. 2-

the 

plots to%' 

a.couraC7ot 



The curv •• on 

co efflclen, 5 

verW,$ 

OQ1UG.J.'"W, to the general ~ ... ~"' ........ 

plote of' overall. 

_~_."_._' ___ 1a·iehloroethane-pbae. 

ratee, 

atlc.'~~m;~A. and. 

::U"U'l~}'lIS:l~~e 'Ol the .... LilIlll1. ... 0JI..~.:. ~''';;;.'I'·1'· .. ,;i.~.oIi.li.lliU,'.,~ &1 

veloe 1t1 aPIJroaetlfie C(ll:lstant 

of tnt!) everaU, 

0.20 pounc1 hour 

per con.Q~nt:rat1on aitteHnoe A$.O 

wa1r..&!t-n:ruulfIi! veloclt, 1nc~easee 4000 to ;t;4undft 

hQur eQ.U4re foot,J 1ndicates that the wa:te.r film 1. 

the controll:L"1i tilm. for' the Th- c~,1ng of the 

trichloroetbane-pb.:1.68 rate of 7600 to 9200, 22,;00 

to 27,690 pound. per hour per Iquare footinora"8eQ. the 

overall, 1W3 .... t:r.u~t@r o~v 0.04 mol per 

hour per toot un1t concentr&.tion dUrere'ttce. 

R<. ...... ;t. """.... add! tional proof t.."le water film. cort'tt:rollinl 

Tbe ftAil.i~·U,~ii;.iJ on 24, ,V~~<G~ 10.1 

ehGwing ratio. of tbe .'!B#"'" ""''''' plotted q~~J.l'IUt 

overal)"" mu~-transter ooefficlents, are lrouped together 

1n~\ead. being ettrtml out ae withtbGl ."ats n-butmol-wat.-. 



tlowr~tef6 

~""<i'''' .... v .... " ..... f, ,.".., wera un.ucceeutul 

OQ$ftieitin'. 

$e._ 
the 

the 

are practio3.ll¥ 

Iii 

• 





reo-



per cent 







v. 

conelueiena 

this are ~. 'II'''''''''''I!~''''' 

f'Or n-butanol-wa\er, tM O'LI':tftF' ha~i"ll'it 

1,1,2-tricbloroeth •• -e.cetofte-water. 

transfer 'Of n-but.J!tmolot water 

an maide ~~B~'i#~.Ii~ of one 

water--phase tlow ~&te vas varied 

per h()ur 8Quue toot at a. t.arU)eh1tuJrifi 

the' following conclueicruu 

lit study of 

U'W.~''''lif,IVJ;i~iI'~ at~&C· 

•• var1. 

the 

pound. 

to 

~r&Qel.r of butanol tbe water tillt 

ora... &8 the velocity the butanol approaehee tbe 

velocity of tbe water the .in~ reached vMa 

the velocltle.· aM equal, 'hen increases tnm 0.01 te 

:I!WfO"1i6~ mols ~r hour too\. cmo_tnt-1on 

4itt.r$nce~ as bt.diuol-phaee tlow rate e.xceeda the water-

phae. tlow rate. 



decn.$... a$ the y.loc1t,- of 

velocity of the water 

tho 'points of equal 

from 0.02 to 1.5 _ ..... _' .. -

o.etc> 0.1 

toot 
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