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I. INTRODUCTION.

Considerable has been written on the principles of rectification and
the theories of distillation,yet there is a lack of information concerning
the operation of commercial or semi-commercial types of reétifying stills. It
was the object of this investigation to supply data with respect ﬁo the per- |
fomaneg of an experimental rectifying still in the chemiecal engiiieering labors -
_ . ;
tories.

In this investigation two questiens were considered; first,what qual-
ity of distillate may be expected with various mixturés of aleohol and water
charged into the still?; second, what effect Qill varying the rate 6f digtil=-
lation have on the quality of the distillate when the same concentration is
used for each charge? It is believed that the data obtained concerning these
probiems will be helpful in seeuring the most advantageous operation of the
still consgidered.

II. THEORY OF THE RECTIFYING STILL.

That two migcible liquids of different boiling peints may be separa-
ted when a mixture of the two is distilled,depends on the fact that the
composition of the vapors arising from the liquid differs from that in the
liquid from which.they are evolved. Thus when a mixture of ethyl alcohoel and
water is distilled,the vapors contain a larger proportion of aleohol than the
liquid wﬁieh is being boiled. By making successive vaporizations and conden~-
sations it is possible finglly,te get a vapor which becomes increasingly
-richer in alcohol until a censtant béiling point mixture is reached. Since the
vapors arising from a eqnstant boiling point mixture have the seme composition
as the liquid,further separation of the two eonsﬁitu;nts by distillation is
impossible,

Separation by dietillation may be carried on by a series of vaporiza-

tions and condensations using a simple still, or the process may be performed




in one digtillation by using a rectifying still. A rectifying still consists
~of the following principal parts: the kettle,the rectifying column,the deph-
legmator,and the condenser.The rectifying column consists of a seriss of
boiling plates placed one above another supplied with intakes for the recep~
tion of vapor from the plate below and with pipes conducting the overflow
liquid to the plate below, and it is here that the successive condensations
and vaporizations are carried on.

The'operation of a rgctifying still is esgentially as follows;Vapors
containing let us say X per cant of alcohol rise from the kettle through the
empty column to the dephleguator where they are condensed.The condensate is
retufned to the top plate of the column whence it flows toward the kettle,
£illing the boiling ﬁlatea as it descends. Aaawning'the composition of the
liquid in the kettle to remain constanﬂ,vapor containing X per cent of alcohol
is now couing in contact with liquid containing the same per cent of aleohol.
But such a ebndition cannot last because the equilibrium liquid for vapor con-
taining X per eent of alcohol éontains a smaller proportion ef'alcoho;, and
the vapor in equilibrium with a liguid containing X per cent of alcohol must
contain a larger proportion of aleohol. Consequently & heat interchange takes
place during which some of the water in the vapor is eondeﬁsed and some of the
alcohol in the liquid is vaporlzed This results in a new liquld somewhat weaker
in alcohoi and a new vapor somewhat richer in alcohol. This process is repeated
in each boiling plate of the column,and the vapors leaving the top of the
colunn to enter the dephlegmator contain only a small proportion of' water.

The dephlegmator is a partial condenser maintained at a temperature
which will allow only the most volatile vapors to‘pass through it into the eoil
coﬁdenser.In the partial condensation whicb occurs in the dephlegmator,a larger
Proportion of the water is condensed than of the aleohol. The residual vapor

rich in alcohol then enters the coil condenser and appears as distillate,




The condensate from the dephiegmator ig returned to the colunn and flows
“toward the kettle.On éhe way down it loses moet of its volatile constituent
and has it repiaced by the heavy constituent of the ascending vapors.
'III. CONSTRUCTION OF THE STILL. | ' o ;
| The rectifying still operated in this problem was a Lumus Experi-

mental 8till,It consisted of a ten;gallcn kettle,a rectifying coluun tweilve
chambers high and eight inches in diameter,a water tubebdephlegmator,and a
coil condenser.
IV. OPERATION.

'The liquid distilled was denatured alcohol as furnished by Store A of
‘the University of Wisconsin; its specific gravity measured by the Westphal
balance at 15 Centigrade was .819. The kettle was heate& by a steam jacket.
All &iatillations were started with the rectifying column empty,and no vapors
were allowed to pass into the coil condenser until successive readings of the
temperature at the top of the colunn showed but emall variation. The water sup-
rly to the dephlegmatér was then decreased ,and part of the vapors were allowed
to pass on to tﬁe coil cendenégr. |

To study the fé&apion between the specific gravity of the charge and
that of the diétillate,rune wé;e made in which the concentration of the charge
was increased from .982 specific gravity to .885.

fin investigating the effect of the rate of distillation on the specific
gravity of the distillate,denatured alcohol-water mixturé éf 2937 specific-
gravit& was used.Runs were made varying the rate of distillation from about
six liters an hour to about thirty-five liters an hoﬁr.‘
V. CONCLUSIONS.

As a basis of conclusion it was arbitrarily decided that aleohol of =
.82 specific gravity be considered as aidesirable final product of distilla-

tion. Quality of the distillate wgagdetéhmined by specific gravily because

»




the alcohel contaihed & denaturant which mede expression in per cent alcohol

' ﬁnpradticable.

The curves on Plate g£~ show that no alcehal of .82 speéifie gravity

was @btalned in the runs operating with a charge of higher specific gravity

than .952. These curves also show that relatively little advantage is gained
in changing the gravity of the charge frem .937 to .904 ‘as Qompared with the
change in gravity from ,952 to .937.By in#reasing the éqnéentratién of the
aleohol fram‘.952 specifie gfavityyﬁav.957,ﬂheréfwe¥e’§é£§£ned for each one
hundredth decrease in specific gravity,2.07 liters more of .82 specifie
gravity distillate.By increasing the coﬁcéntratien of fh; éleehol from £ 937
sPecific gravity to ,904,there were obtained for each one hundredth decrease
in the specific gravity of the charge, 1.03 liters mer; of the .82 B?écifie_
gravity aleohpi.

The curves on Plate II show that varying the rate of distillation
hag little effect on the quantiﬁy éf .82 gpecifickgra§ity distillate obtained
fremVa charge of .937 specific gravity.Six and one half liters of .82 distil;
late were obtained with the rate‘of'distillation thirty-five liters an hour.
Seven and three tenths llters were obtained in distilling at the rate of gix
litere an hour.Although the slower rate of distillation vielded esn increase
in product of about twelve and one half per cent, this advantage ié greatly

autwelghed by the six hundred per cent inerease in operatlng tlme. Further~

more,Run 11 made at the rate of thirty-five liters an hour produced more .82
’apecifie gravity digtillate than did Run 12 operating at the slower rate of
‘twenty three liters an hour.The same condition holds as regards Runs 9 and 10,

The abnormally low yield of Run 12 is probably dué to the fact that the vapors
'ﬁere allowed to enter the coil condenser when the beiling_point at the top of

the column was 76.5?Centigrade. In other rune the temperature at this stage

was about 75 Centigrade.
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2:05

. Run No.1 Charge 18.9 liters ,specific gravity ©.982.
Time T-1 T2 T-3 T-4  Volume 8p.Gr. Total Total
fraction fraction voluue Sp.ar.,
9120 2.5 24 22 23 ¢ *

30 oh4 82, 39. a0

40 98:9  78.2 33, 223

50 98,9 1.9 67, 29,

92 .+« v+ .+ . .+ . ., Distillation started.

220 98.9 79, 155 78, 830 0.83¢9 830 0.839
10100 98.9 91.  83. 8. 1620  9.858 2450 0,85t
405 98.9 98 93, 97.5 1000 0.95% 350  .880

HO 989 98.8  95.5 98.5 950  0.957 Ahkoo  0.904
Run No.2 Charge 18,9 liters ‘éfeeifie gravity 0.975
1135 30,  31.5 35,  28.

45 85.6  80. 35, 16,
55 91.1  79.  78. 20,
2105 95.9 17,8 6a. 22,
2:117  95.5 T7.2  29.5 21.5
2:25 . + + 4 « + +« + « .+ . Distillationstarted.
2:30 97.8 T7.6 76, 5. 450  0.838 450 0.838
2135 98.9 7.6 T1.3 156 420 0.832 810 0.835
2:45  98.9  79.5 7745 1200  0.836 2070 0.836
2:55  98.9 B1.8 80, 66.2 600 0.845 2670 0.838
98.9 89.2 8. 67, 700  0.861 3370 0.843

Notet: T={ is the temperature of the kettle,%fgm—a,the temperature at the top of
the column, T=3,the tempera‘t.u:;'e of the outlet dephlegmator cooling water,

T-4, the temperature of the vapors entering the coil condenser, All are Centi-

grade,




Run No.3 Charge 18.9 liters specific gravity 0.970
Tine T-1  T-2 .T-3  T-h  Volume 8p.Gr.  Total Total
, . Lt . fraction fraction volume §p.Gr,

) 9355 2@05 ’240 100 1905
10 93,3 783 19
;éb 9809 %7-8 36!5 éOo
;36 9697 7é02 55'5 éi
" 118 133 Th

« + Distillation started.

150 98,9 78,2 76.5 77.6 1875 0.826 1875  0.826

11:00 98,9 81, 78.1 8. 2080 0.855 3955  0.851
10 98,9 92, 88.5 91,5 1260 0.871 5215  0.840
120 98,9 96,2 92.  95.2 425  0.935 5640  0.848

10 989 7.3 955 96.6 300 095 S9ho  0.85

Run No.4 Charge 18.9 Litere specific gravity 0.962

1315 27,  39.5 18.5 21.2
125 85. 8. 32, 7.5
135 95.6 T7.8 27,  19.8
45 98,9  79.3 27.5 20.5
155 97.9 T7. 26, 20,5
2:05  98.9 76.5 25.  2a.
5 988 76.3 13 515

2:20 . . . . . . . . Distillation started

2:25  98.9 76.9 75.5 76.2 1080  0.822 1080 0.822

135 98.9 78.3 76.5 T7.8 2725  0.825 3805 0.82%
45 98.9 90, 85. 88. 2350  0.856 - 6155 0.838

355 9809 96.5 9205 960 750 03927 6905 00846




Run No.5 : Charge 18.9 liters specific gravity 0.952

Time T=1 T-2 T3 T<4  Volume Sp.Gr. Total Total
. : fraction fraction volume gp.Gr.

8352 26,7 51- 19, 24;
8345 Sa,é 759 iz. 580
8555 8798 7705 40; 2605

9300  90.6 7. - 49,  2h.5

9110 95.3 76.5 21, 23
9:20 95,5 76, 12 . al.5
9130 96,1 76, 38,5 21.5

9s40  97.8 76  61.8 22,
9150 98. 76,  The8 69,  Distillation started.

10100 98,5 76,5 716. 75.5 800  0.820 800  0.820

10110 98.6 76.3 76.  75.6 310  0.820 1110  9.820
10120 98.6 T70.8  76.6 76, 930  9.817 2040  0.818

10350 9806 7702 77. . 76.5 775 69820 28‘5 00819
1040 98,6 7.5 TT.h 77 975  0.821 3790  0.820

10?56 98-6 78. 77-8 7701 700 60825 4490 0.821
11:00 98,6 8. 82, 8.5 1800  0.838 6290  0.826
M07 « « v v 4 . .. . . 180 0.856 640 0.8265

11:10  98.6 87.2 85.5 8.

11:20  98.6 95. ok,  88.5 550  0.880 7020  0.830
1130 98.6 97.2 96.  95. 260 0.924 7280  0.8%4




Run Ne.§ Charge 18,9 liters specific gravity 0.936

Time T-1 -2 T=3 T4 Voluse  8Sp.Gr, Total Total
. fraction fraction volume 8p.Gr.

9:00 21,1 17.5 11,5 17:5
10 79.8 19.3  33.5 15
120 82,2 78. 30,  22.5
30 972 T, A8 315
0 97,2 76,5 1.5 39.5
152 97.2 76, 36.5 lho.

1060 97.2  T6.7 8.3  52.5

10:00 97.2 75.8 67.8 6o. |
s . » . . . . . . . Distillation started.
120 97.8 76,  73.6 715.4
130 98,9 77.3  75.8 76.8 3125 0.815 3125  0.815

40 98,9 T7.9  76.5  77.3 1900 0.8195 5025  0.816

150 98.9 78.2 76.8" 772 1175 0.824 ‘;6206 0.8‘8
1:00 98,9  79.6 76.5  78. 90  0.8%% 7100  0.820

:10  98.9 89.6 82. 85, 2150 0.841 9250 0.825
120 98.9  97.0 93,5 97, 1025 0.918 10275 0.835

30 98.9 99, 95, 985 700  0.982 10975 0.8k




Run No.7. Charge 18.9 lLite 'ic gravity 0,904

SpGr

Time T=1 T=2 T=3 T=4
N ‘ Total

1:4 22,5 23,  13.5  19.8

4579, The 465 41,
55 85,5 7. 35.5 4.

2:00 86,  77.  39.5 45.5
(0 87.5 75.8 Lo, 52,
20 91, 75.2 40,5 52.6
30 91, 15, M. sa.

$35 . . . . e . e . + Distillation started

40 91.5 76, 75, 75. 1900 0.813 1900 0.813
150 96.7 76.8 15, 16. 2000  0.813 5000 0.813
5:00 98.9 78.  75.8 77.4 3780  0.818 7680  0.815

§17 98.9  90.8 &4, 87 . 5655 0.830 11535 0.820
120 98.9 93,8 87.5 90, 1200 0.870 12530 0.825
$30  98.9 . 96.3 91, 92. 300 0.924 12830 0.827




Run’ No.8 Charge 18.9 liters’ specific gravity 0.885
i‘ime T=1 T-2 -3 T=4 Volume Sp.Gr. Total Total
: fraction fraction volume §p.Gr,

9;05 22,5 25,5 4.4 22,

15 79,0 77,2 57.5  34.8

125 810 75.2 40,5 52.0

i35 83,0 75.0 42,5 52.5

45 85.0  Th.3 39.0 47,5

155 86,5 Th.8  37.5 51,
10:00  85.0 740 65.0 66.0 Distillation started,

105 86,0 Th.8 68.0 75.0 600 0.812 60 0.812
10 88,5 75.8 73.8  75.0 1700 0.812 2300  0.812
(15 91,0  76.8 75.0 76.0 2100 0.8tk Moo  0.813

120 97.2  77.0..75.2 765 1350 0.815 5750  0.8135
5. . . . ... 160 0.817 5910  0.814

30 98.9 77.8 75.5 76.5 150 0.816 6060  0.814

135 98.9 77.5 75.0 77.0 1300 0.818 7360  0.815
40 98,9  77.8 76,0 77.2 1800 0.820 9160 0,816
345 98,9 78.0 75.0 77.8 1500 0.824 10660  0.8175
150 98.9  79.0 76.0 78.5 1250 0.8% 11910  0.818
155 98.9 815 7165 8.0 970 0.841 12880  0.819
11:00 98,9 84.5 79.0 81.0 475 0.853 13355  0.820

105 98.9 88,0 81,5 82,2 290 - 0.860 13645  0.821




Run Ne,9 * Charge 18.9 liters specific gravity 0.937

Fime T-1 T-2 T-3 T=4 Volume Sp.Gr. Total Total
. fraction fraction volume §Sp.Gr.

2:10 22,0 25.0 22.0 24.5

2120 79.0 78.0 hk.0  26.8

130 88,0 78.8 30.0 27.0

40 88,0 76.1 52.0 38.8

:50 944 75,0 51,0 40,8
3:00 93.3 745 58.0 34,0

:09 . . ’ . » ¢ . ¢ . Dlstlll&tiﬂn started.

110 93.9 744 70,0 73.0

M1« . . 4 . . . . 25  o0.822 205  0.822
{5 . . . . . . . 515  0.8135 78  0.81%
120 944 754 73.0 76 360 0.815 1140 0.815

25 . . . . . . . . 500  0.8145 1640  0.8147

$30 96.7 76.0  73.5 75.2 | 556 0.815 1976 0.8145
S R 475 0.817 2hh5 0.815
1 97.8 76,6 Th.B8 76,0 600 0.8175 3045 0.816
45 . . . . e e s 500 0.819 3545 0,816
50 98.3 77.0  75.0 76.3 506 0.820\ 4ok5 0.817
55 . . .. Lo 520 0,820 4565  0.8175
4:00 98,9 77.3 75.5 76.8 656 0.823 5195 0.318

105 .« . . . . . . . 30 0.8 5545  0.8185
£10 98,9 77.6 76,0 77.0 410 0.824 2995 0.819
M5 0 0 e e .. 650 0.825 6645 0.8195
120 98.9  78.2 76.2 7.4 680 0.829 7325 0.820
35 . . . . . . . . s00  0.8% 785  0.821
130 98,9 81.6 78.2 79.2 45b 0.8375 8255 0.8215
i35+ .« . 4 . . . k5 0.848 8680  0.822




Run Ne¢,9 =~ continued-

Time T=1 T~2 T3 -4 Volune Sp.Gr. Total Total
. frection fraction volume Sp.Gr.

4:40 98,9 86,6 81.5 82,0 450 0.858 9130  0.825
3‘}4’5 ) . . . . '] . | ® 519 01869 9440 0’826

150 98.9  97.8 935.5 97.0 475 0.955  §915  0.8%0
,{55}__98,9_, 98.3 94,0 98,0 520 6.980 10455 0.85%

Run No. 10 Charge 18.9 liters specific gravity 0.937
8:48 22,0 23,0 17.0 20.0

9:00  85.0 77,0 37.0 40.0
10 93,3  T75.8 36,0 4.0
120 96.7  75.1  32.5 40,0

136 97.8 74.8 71.5  73.0

157 . . . » . . . . . Distillation started.

38 . v . . v w4 . 190 0.823 190 0.823
MO . . . . ..., 330 0,817 520 0.819

42 98,3 75.5 74,0  74.8

10 98.9 76.6 750 760 2025  0.813 245 0.8tk
55 . . 4w 4 . . 900 0.B165 345  0.815 |

10:00 98.9 77.3 75.8 76,8 @50  0.819  hass 0.816

05 989 . . . . . .60 0.820 4945 0.8165
110 9B.9 77.8 76.3 7.2 675  0.822 5620 0.817
15 . . , . . ¢ 0 e 700 0.826 6320 0.818
20 98.9 78.5 76.8 78.0 700 0.850 7020 0.819
I 580  0.836  $600 0.820
130 98.9  80.0 77.0 78.8 375  0.840 7975 0.821
35 . . . . . . . .20 o 8255 0.822

$40 98,9 87.3 80.0 82.8 775 0.858 9030 0.824




Run Neo., 1¢ « gontinued~

Time T=1 ™2 T-3 T4 Volune Sp.Gr. Total Total
: ' : fraction fraction volume B8p.Gr.

1045 . . . .. L., ks, 0.873 9455  0.827
50 98.9  96.2  91.0 93.8 360 6.914 9155 6.850
1:00  98.9 98.2 9.0 97.0 390  0.9566 10145  0.834

Run No,11  Charge 18.9 liters specific gravity .937

1125 23,5 33,0 18,0 30,0
1:35 82,0 78,5 45.0 31.4
45 90.0 76,2 45,8 41,
55 96.7 15.3 375 39.0
2:05 97.8 75.0 35.0 38.0
111 98.9 749 60.0 69.5 Distillation started.

12 0 . e e e e . ST 0.8235 575 0.823
b . . . . .. 1200 0.813 1775 0.815
15 98.9  76.6 725 76.0 610 0.815 2385 0.815
120 . . . . . . . . 3070 0.820 5455  0.819
125 98.9 85.0 77.0 81.8 2680  0.857 8135 0.822
330 0 . 0 e e e 1500 0.881 9635 9.833
:35.9 98.9 98,1 93.5 7.8 825 0.965 10460 0. 844

45 98,9 98.9 95.0 985 1150 0.990 11610 0.858




Run No. 11
Time T;l
3:40  28.0
50 83.0
4100 97.8
110 91,5
120 97.8
130 98.9
140 98.9

T-2

41.5
78.3
78.6
76.5
77.2
79.3
92.2

Charge 18,9 liters specific gravity 0,937

-3

14,0
35.2
24.0
71,0

75.6

7.0
88.5

Pl

28.5
52.4
25,6
74.3
76.6
78.8

90.0

151 98.9 97,3 92.6 96.3

Volune
fraction

Sp.Gr.  Total Total
Fraction Volume 8p.Gr.

Distillation started.

| 2925
4509
1900
725

0.8195 2925  0.8195
0.8245 7434 | 0.823
0.858 9334  90.830
0.9k 10059  0.834
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