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or zern, then Wright had proved that #(20)<< 185,
Chowla proves that v(20)< 161. A further paper

on the same subiect by Chowla is to be found
in Quart. Jourr. Math. (Oxford), Vol. 6, No. 22,
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Industrial Outlook.
The Industrial Manufacture of Absolute Alcohol—II,
By Jean Caupin.

IN a previous article! an account was given

of the azeotropic process employed for the
dehydration of agueous alcohol. Thig pro-
cess, as employed for the first time in France
in 1923, congisted in sending alcohol of about
95 per cent. strength obtained by the ordinary
process into a second independent apparatus,
wherein, by employing benzene as entrain-
ing liquid, absolute alcohol of 99 -8—93 -9 per
cent. strength was obtained.

Recently, however, the researches of
Guinot, the inventor, have rendered possible
the mannfacture of absolute alcohol from
weak fermented liguorsg in & single operation
instead of in two stages as was carried out in
former vears. At first sight, the above
improvement appears to he impossible of
attainment owing to the fact that, whereas

in the ordinary process of rcetification of:

alcohol, the concentrated aleohol is drawn off
from the top of the column and water collects
at the bottom, the reverse is true of the
azeotropic process, viz., the last traces of
water present in the alcohol are carried to
the top of the column and absolute alcohol
collects at the bhase. This incompatibihity
is, nevertheless, eagily resolved in practice,
because the alcubol of high strength which

Y Curr. Sci., 1935, 3, 383,

colleets in the upper plates of the concentra-
ting column of the rectifier serves ags an
effective barrier owing to its ebullition point,
which permits the addition of supplementary
plates where the entraining liquid c¢an work
without difficulty for removing the last
traces of water,

It will now he easy to examine an<d appre-
ciate the scheme shown in the sketech of the
equipment employed 1n industrial practice.

The fermented wash enters the c¢olumn A
and descends from plate to plate getting
eradually exhausted at such a rate that the
larger part of the water collects at the base.
The alcoholic vapours heat up the column C
and then undergo concentration in the column
B. In the upper part of column B where
the entraining liquid is introduced, the
vapours present are similar in composition to
that of the ternary mixture of water, alcohol

and entraining liquid. The vapours are
condensed in D and the liquid produced

enters the decanter N where it separates
into two layvers. The upper layer which is a
mixture of practically anhydrous alcohol
and the entraining hiqmd returns continually
fo the top of the column,

Between  the zone  contaning o high
proportion of entraining ligunid and the zone
in which coneentration of alcohol is effected,
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there is found a range of 4-5 plates contain-
ing alcohol of high strength (98-5-99 per
cent.) mixed with a little of the entraining
liquid. A suitable quantity of mixture is
sent into the column C which i1s heated at the
surface, and in which by eontinuous distilla-
tion it is possible to drive out completely the
small quantities of water and entraining
liguid present.

The absolute alecohol iz drawn off at the
base of column €', which is kept heated by
the vapours arriving from column A. The
quantity of heat Furnished during the exhaus-
tion of the weak alcoholic liquors is found to
be sufficient to effect the concentration.
The remarkable advantages of the method
outlined above c¢onsists 1n (1) absolute alcohol
can be manufactured In a single unit and
at the same price as rectified alcohol, and
(2) dehydration ig easily effected awith 4 per

cent. of head products as againgt 10 to 15
per cent. in the ordinary rectification.

Further, the recuperation by an easy
method of the vapours of the entraining
liguid and aleohol permits keeping the loss
of benzene below 0:04 per cent. This last
improverment is of great importance for- the
development of the process, because the
most 1mportant outlet for absolute alcohol
is in its use as motor fuel with admixture of
petrol.

It is essential, however, that in case of war
and menace of blockade, the industry will
not come to a standstill, if the special entrain-
ing liquids cannot be 1mported.

It is easy to demonstrate that with a
minimum sgtock of benzene, a country like
India can produce considerable quantities
of absolute alcohol by the azeotropic method.

The total consumption of petrol in India
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in 1931 was 72 million gallons. Admixture
of 20 per cent. of alcohol with petrol will
permit of the utilisation of about 14 million
gallons of aleohol which could be produced
from 7 million maunds or 250,000 tons of
niolasses.

Tihis produetion of aleohol can be assured
with 30 factories, each producing 2,000 gallons
per day. The quantity of entraining liquid
required for the starting of all these 30
factories will be roughly 6,000 gallons. The
logs of entraining liquid will not exceed one
gallon per working day for each distillvry and
the annual loss during the production of the
total requirements of alcohol will only be
0,000 gallons of entraining liguid.

This quantity is not sufficient for the
establishment even of a small factory for the
production of the entraining liquid in India
because a small stock will satisfy the require-
ments of many vears. The above explana-
tion will, therc¢fore, eliminate the adverse
criticisms regarding the azeotropic method.

We give below the cost of production of
rectified alcohol, absolute alcohol by the
First Technique (transformation of 96 per
cent. 1nto 99-8 per cent.), and absolute
alcohol by the Fourth Technique obtained
directly from fermented waslh.

Approxrimate cost of production per gallon
of (1) Rectified Spirit, (2} Absolute alcohol by
the First Techrigue, and (3) Absolute alcohol by
the Fourth Technique.?

Basis of Calculation :(—

We will take for our basis of caleulation
the following, which are actually those that
prevail in India:

Crushing capacity of the Sugar Factory :
400 to 600 tons. |

Capacity of the Distillery : 750 mauands of
molasses, t.e., about 1,500 gallons {minimum)
of alcohol every 24 hours, 200 working days,
making an annual production of 300,000
gallons.

Price of molasses Re. 0-4-0 per Bengal

maund.

T'uel : wood at Bs. 7 a ton.

1 15. of wood gives 2 Mhs. 8 oz. of steam,
i.e., price per Ib. of steam i3 Re. 0-0-0-24.

We shall assume that the steam will be
supplied by the boilers and the water by the
pumps of the Sugar IFactory.

(1) Cost of obtaining a gallon of Rectified
Spirtt 1—

2 The writer has, from actual experience in India,
confirmed these figures,
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1. Blllldl]’lﬂ‘_ and Plant: about 1 ]
_RS. ]87,500,'1;:} be redeemed
in 10 years, i.e., per gallon.. 0 1 0

2. A maund of molasses ought to

give two gallons of aleohol.. 0 2 @
3. Consumption of steam : starting

from fermented wash to ob-

tain rectified alcohol : 38 Ibs.

at Re. 0-0-0.24 per ., ie.,.. 0O :
4. Chemical prnducbsp .. .. 0 g g 'Ii’g
5. Labour and staff : 9 men and

3 Indian chemists .. .. 0 0 3
6. Overhead expenses (Insurance,

fire, interests, upkeep, office

expenses) . .. 0 0 4

Total expenses per gallon of
rectified alcohol . .. 0 4 4.85

- The cost per gallon is about four annas
siX pies.

(2) Cost of vbtaining a gallon of Absolute
Alcohol by the First Technique ;—

1. Cost of rectified alcohol .. 0 4 6
2. Consumption of steam, starting

from rectified alcohol Lo ob-

tain absolute alcohol: 13 Ibs.

of steam at Re. 0-0-0.24 por

1b. .. .o .. 0 0 3.12
3. Loss of alcohol, i.e., the differ-
ence between the quantitv of
alcohol that enters and that
which comes out of the de-
hydration apparatus: 0.15
per cent. at Re. 0-4-6 a
gallon . . .« O 0 0.08
4. l.oss of carrying liyuid (Benzol) :
0.01 per cent. at s, 3-7-0 per
gallon . . .. 0 0 0.28
5. Plant : about Rs. 50,000 to be
redeemed in ten years .. 0 0 3.20
6. Staff : 2 men - .. 0 0 0.20
7. IRoyalties, about 0 0 5.50
Total price per gal. .. 0 6 6.38

i W el —

- The cost per gallon is about flve annas six
pies.
(3) Cost of obtaining a gallon of Absolute
Aleohol by the Fourth Technique :—

Same consumptlion of steam as for rectified
alcohol.

No loss of alceohol,
same staff.

Ar a result of which the cost price is the
same as that for reetified alcohol.

Four annas six pies.
Remarks :—

From the commercial point of view, the
costs given above are perhaps excessive,
because they are based on consumption of
expenxive fuel and also that all the molasses
produced in a sugar factory ean be sold at
four apnas per maund,
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In & suecceding article, it is proposed
to discuss the very important question of
aleohol as a fuel for power-raising purposes,
and also to indicate the possibilities shown
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by the starting of the Distillery of the Mysore
Sugar Factory, Mandya, the entire plant for
which wag furnished by Ateliers Pingris et
Mollet-Fontaine Reunis, Lille, France.

Reviews.

HaND- UND JAHRBUCH DER CHEMISCHEN
Paysix. Edited by A. Fucken and XK. L.
Wolf, Volume 9, Part 2. (Molekul- und
Kristallgitterspektren. Akademische Verlags-
gesselschaft M.B.H., Leipzig, 1931L.)

This volume contains authoritative articles
by Reinkober, Teller, Mecke and Finklen-
hurg on the experimental methods of infra-
red spectroscopy, the theory of molecular
aud latfice speetra In the long wave region,
the band spectra of diatomic molecules and
finallv the structure of some special mole-
cules based on their spectra. In the article
on the infra-red spectroscopy, Reinkober
has given an acconnt of the various sources
of radiation, the different instruments for
receiving the radiation, the experimiental
methods eof the analvsis of the radiation
and the determination of wave-lengths in
it. Thizs account of the experimental
methods seems to be fairly comprehensive.
The theory of molecuilar spectra in the long
wave region has been dealt with by Teller
in a very clear fagshion. He has presented
the theory of the vibration, the rotation and
their interaction in the case of a diatomic
molecule both on the c¢lassical and quantum-
mechanical standpoints and also their acti-
vity in the infra-red and Raman spectra,
Next, the normal vibrations of a polyatomie
molecule, their symmetry properties and the
selection rules governing their activity in the
infra-red and Raman spectra have been
dealt with. The rotation of a polvatomic
molecule, the interaction of rotution and
vihration and the isotope effect in vibration
have heen algo treated. In the next article
on the lattice spectra, he deals with the
total reflectinn in the wvicinity of a region
of absorption and the vibrations of a linecar
lattice., He has pointed out the relations
that exist between thc spectra and other
properties of crystals. The article on band
spectra by Iinklenburg and Mecke contains
the methods of the photography and the
analysis of band speetra, the application of
wave-mechanics to a model with two centres,
the treatment of the nuclear motion and
rotation and the interaction of the rotation

and clectron motion in the model, The

symmetry properties of moleenles and their
band structures have also been dealt with.
The experimental results of band spectra
of diatomic molecules have bheen collected
and presented by Mecke in the next article.
The chapter on the struetnre of polyvatomic
molecules on the basis of their gpeetra has
been written by Mecke. The expressions
for the frequencies of the XY, type given on
page 353 requires modifications, In the
case of acetylene, there seema ta he no clear
reason as to why 6 (s} (inactive) should be
600 cm.~! except that 1t should interpret
the 1329 cm.-1 band in ¢ombination with
8 (a) which is 729 e¢m.! One may note
that the band in guestion can be interpreted
as w (a)—vyp (8), and the 5250 cm. ! band
as vy (@) +vy (8), which 18 in conformity with
Dennison’s selection rules. A theoretical
calcnlation of the frequencies based on the
valence force system shows that 8 (8)> § (a),
thus throwing doubt on the assumption
that o (s) is 600 ¢m. The split of v (@) in
(CBr, ohserved by Langseth may be explained
as due to the resonance v(a)~2v(s)-+05(s).

The volume containg clear articles by
authoritative persong in the subjects dealt
with,

N. S. N.
* * e
PHOTO-ELECTRIC AND DSELENIUM CELLS,
THEIR OPERATION, CONSTRUCTION AND USES.
By T. J. Fielding. (Chapman & Hall Ltd.,
London.) Pp. 140. Price 6s.

Next to the thermioniec valve the photo-
electric cell can claim to be one of the most
outstanding inventions of the present century
and has as universal an application as the
former. The advent of the talking pictures
and the more recent developments in tele-
vision has ereated in the general public a
keen desire for knowledge of this interesting
device. The host of books that have
appeared from time to time have failed to
mect this demand since they are very often
either foo techmical or at least demand a
fairly good scientific background.

This little book although very limited in
its purpose does justice to the intentions
of its author, namely providing a brief



