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To all whom it may concern.

Be it known that I, Groree W. FREIBERG,

a citizen of the United States, residing at St.

- Louis, Missouri, have invented a certain new
and useful Improvement in Processes for
Producing Acetone and Butyl Alcohol, of
which the following is a full, clear, and
exact description, such as will enable others
skilled in the art to which it appertains to
make and use the same.

This invention relates to the production
of acetone and butyl alcohol by fermenta-
tion, and has for its main object to provide
a process wherein the fermentation of carbo-
hydrate material or carbon compounds read-
ily transformed into neutral substances such
as acetone and butyl alcohol, is effected by

" bacteria which may be widely distributed in
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nature and not heretofore discovered.

Prior to my invention the production of
acetone and butyl alcohol has presented nu-
merous problems and difficulties, for-ex-
ample, special treatment of the mash to be
fermented was necessary; fermentation
could be accomplished under aerobic condi-
tions; the bacteria used were of restricted
habitat and the bacteria employed possessed
the characteristic of either always liquefy-
ing nutrient gelatine or (in other instances)
of never ligquefying gelatine.

T have discovered that neutral substances
such as acetone and butyl alcohol can be pro-
duced by fermenting carbohydrate or car-
bon compounds readily transformed into
such neutral substances, by means of bacteria
classed as anaerobes that miay be rather
widely distributed in nature, are capable of
forming large resistant spores, and do not
liquefy nutrient gelatine, which anaerobes
I%lave named “Bacillus butylaceticum” and
which will be hereinafter more clearly de-
scribed. The E)I'ocess is an anaerobic proec-
ess, but special apparatus is not necessary
for the exclusion of air from freshly boiled
and cooled mashes, or from mashes or worts
which have not absorbed air (oxygen) to
a degree which will -affect the normal ac-
tivity of the bacteria, since when inocu-
lated with an active culture of these
anaerobes, the excessive evolution of gases
resulting from the fermentation maintains
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anaerobic conditions within the mash. In
my process special treatment of amylaceous
mashes with “degraded yeast” or other or-
ganisms is not necessary to render them
fermentable.
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The bacteria used in my process may be

secured by employing the usual bacteriologi-
cal technique. The isolation of these bac-
teria is facilitated by destroying, by means
of heat, undesired nonspore forming or-
ganisms, or all vegetative cells or organisms
forming spores which are only slightly re-
sistant, by adding a substance such as grain,
soil, etc. to sterile boiling Water, the boiling
being discontinued shortly.or immediately
after the addition of the material. Or the
substance with which the bacteria may be
associated may be suspended in water
and the suspension heated in any man-
ner which will destroy vegetative cells,
as, for example, heating at about 75° C.
for fifteen to twenty-five minutes. An-
aerobic cultures are then made from the
above suspension of bacteria, in proper dilu-
tions, in a medium such as nutrient agar
containing a small amount of carbohydrate
such as dextrose, lactose or starch and incu-
bated at about 36° C. Upon the appearance
of colonies or small gas bubbles in the me-
dia, transfers are made from these colonies
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or gas areas into any suitable media, such as .

potato media and incubated at about 36°
C. 'The resulting cultures serve as a source
for subsequent cultures for further bacterio-
logical examination of the purity of the
cultures and for the determination of fer-
mentative qualities. However, the method
of isolation may be varied in accordance
with individual preference.

In testing the fermentative qualities of
various organisms, media consisting of po-
tato, rice, maize, etc. may be em loyed.
A convenient method is that of adding 0.5
to 1.0 c. c. of the resting culture to be
tested to tubes containing about 10 c. c. of
potato or maize media Which has just been

sterilized. The inoculation of the hot media

immediately after removal from the steri-
lizer serves the purpose of killing all or
many forms in the inoculant other than re-
sistant spores and-also provides a medium
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anaerobic to a degree which facilitates the

_growth of the desired organisms. The in-
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- the vegetative rods
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oculated tubes are incubated at about 36° C.
for twenty-four hours, or until fermentation
is evident, after which flasks of sterile cooled
media may be inoculated, or sub-cultures
may be made into other tubes, which, after
about twenty-four hours, may serve as in-
oculant for tubes or flasks. The flasks may,
after about twenty-four hours, be utilized as
inoculant for larger quantities of mash, or
may be permitted to ferment to completion
for the analysis-of products produced.

- Following the inoculation of media with
spores, the culture goes through a growth
stage during which the organisms multiply,
whicl, in turn, is followed by a growth acid
fermentation stage during which carbon di-
oxide, hydrogen, volatile acids and a small
amount of non-volatile titratable acidity is
produced. This stage is in turn followed
by the growth alcoholic fermentation stage,
during, which the acidity declines, neutral
products such as acetone and butyl alcohol
are formed in abundance, large quantities
of carbon dioxide and hydrogen are evolved
and the non-volatile titratable acidity in-
creases slightly and gradually. This is only
a very general account of the progress of a
fermentation of an untreated mash of po-
tato or maize.

The organism Bacillus butylacetioum used
in the foregoing process is an anaerobe, posi-
tive to Gram’s stain, and forming resistant
The spores of these bacteria are
oval to cylindrical in form the smallest of
which average about 1.2 microns in width
and about 2.2 microns in length. Larger
spores up to about 2.0 microns in width and
up to about 3.0 microns long commonly oc-
cur. Vegetative cells in a fifteen hour old
culture of 5% maize in distilled water,
average about 0.4 to 0.6 micron in width
and about 3.0 to
length, however, being dependent upon the
age and stage of development of the indi-
vidual organisms, These vegetative cellg
are cylindrical rods with rounded ends, oc-
curring singly, at times in pairs or in chains.
Duriag the latter stage of the fermentation
svore formation begins by a modification of
into fusiform or spindle
In the center of the cell the
spore begins to develop. In part, or one or
both ends of the fusiform cells usually
stain ‘violet or blue with 1odine. " Towards
the close of the fermentation well formed
spores may be observed in the mash and
their number increases when active fermen-
tation has ceased. The dimensions of the
different forms may vary slightly under dif-
Terent physiological conditions and the vege-
tative; rods themselves may be slightly

shaped forms.

Oné of the distinguishing characteristics
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of this organism is its behavior in gelatine
media prepared in accordance with the di-
rections of the American Public Health As-
sociation, which directions it, of course, is:
understood, are in harmony with the bac- 70
teriological methods regarded as standard
for bacteriological cultures in all the prin-
cipal countries, When transplanting from
a fermenting culture of maize in distilled
water into nutrient gelatine having a reac- 75
tion of 4-0.5 to 1.0 with phenolphthalein
growth rarely takes place. If growth does
occur it is meagre, and there is no lique-
faction. In the sugar media neutral to
phenolphthalein  no growth -takes place. 8o
However, if nutrient gelatine is rendered
neutral to phenol red, 1. e., a hydrogen ion
concentration of about 7.0, moderate growth
usually takes place without liquefaction of
the medium. In sugar media neutral to 85
phenol red good growth is obtained with
much gassing, but it is not until an abun-
dance of growth has occurred and the solid ~
media, such as glucose or lactose nutrient
gelatine, has been broken up, due to the 90
excessive gas evolution and has become acid,
that the media become fluid in character.
When transferring from a maize culture
into gelatine media with the inoculating
needle, the fluid portion of the maize culture 95
should serve as the source of inoculent, i. e.,
the method of inoculation must be such that
there will be no noticeable adulteration of
the standard gelatine media.

A proceeding for the production of an ac- 100
tive fermentation and the recovery of the neu-
tral products is as follows: A small quan-
tity, say, a platinum loopful to 1 c. ¢. of a
pure culture of these bacteria in the resting
condition, and containing spores, is trans- 105
ferred to about 10 c. ¢. of hot, freshly steril-
ized potato media (say 209%) or rice or
maize media (say 4%). The culture is in-
cubated at about 35-38° C. for about twenty-
four hours, or until active growth and gas- 110
sing is evident. These cultures may be used
to Inoculate flasks of media (say 500-1000
¢. ¢.) or sub-cultures are made into tubes
similar to the first containing about 10 c. c.
of cooled media. which, after about ffteen 115
to twenty-four hours, may be used to in-
oculate large quantities of media in flasks.
The cultures are incubated for about fifteen
to twenty-four hours, when they may be
used as inoculant for larger quantities of 120
media, thus ultimately arriving at a fermen-
tation on a large scyle. Each transfer from
a fifteen to twenty<four hour old culture to
fresh sterile cooled media results in another
fermentation similar to the preceding one, 125
It is not claimed, however, that this may be
carried on indefinitely, even for a period of
one year, without impairing the efficiency
of the process, but a sufficient number of
transfers may be made -to assure the fer. 130
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mentation of large quantities of fermentable
carbohydrate-containing mash. In the fer-
méiitation of large quantities of mash the
fermentation may be started by adding the
inoculant to the vessel already containing a
suitably prepared mash, or the inoculant
may. be introduced into the vessel and a
small fermentation started therein with the
subsequent addition of suitably prepared
mash. The fermentation process is an
anaerobic process. Freshly sterilized and
rapidly cooled amylaceous mashes provide a
sufficient degree of anaerobiosis to maintain
satisfactory conditions. The rapid evolu-
tion of gas from an active culture also serves
to maintain anaerobic conditions within the
fermenting mash or wort. The mash or
wort may be made from grains such as corn,

barley, wheat, rice, etc. or substances con-

taining fermentable carbohydrate, such as
potatoes, either with or without the admix-
ture of other carbohydrates or carbon com-
pounds readily transformed into neutral
products such as acetone and butyl alcohol.

At the completion of the fermentation the
neutral products are recovered by’ the usual
methods of distillation. Some distillates
may separate into two layers, the upper con-
sisting mainly of neutral products and the
aqueous portion underneath. These may be
separated by lnown mechanical means with
or without the aid of salt. Further purifica-
tion or recovery from the aqueous layer is
effected by distillation, ete.

In a fermentation of a mash of, say, po-
tato or maize not treated in any way, the
proportion of butyl alcohol to acetone is
about 2 :1. Although these are the main
neutral products produced, small quanti-
ties of other neutral products may possibly
be formed. The yield of neutral products
obtained from, say, maize, is about 33-35%
of the weight of the carbohydrate (glucose

- value).
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Having thus described my invention, what
T claim as new and desire to secure by Let-
ters Patent is:

1. A process for producing acetone and
butyl alcohol, characterized by fermenting
carbohydrate material by means of bacteria
which may be widely distributed in nature,
are anaerobic bacilli with rounded ends,
which form large resistant spores and which
do not liquefy nutrient gelatine,

9. A process for producing neutral prod-
ucts like acetone and butyl alcohol, charac-
terized by isolating bacteria which are anae-
robic bacilli with rounded ends, which form
large resistant spores and which do not
liquefy nutrient gelatine, and using the same
to ferment carbon compounds readily trans-
formed into neutral products. ’

3. A process for producing acetone, butyl

alcohol and other neutral products, charac-
terized by subjecting a substance such as

grain, soil or natural waters to such treat-
ment as to obtain anaerobes with rounded
ends, capable of forming large resistant
spores and incapable of liquefying nutrient
gelatine, and then using said anaerobes to
ferment carbohydrate material. )

4. A process for producing acetone, butyl
alcohol and other neutral products, charac-
terized by subjecting a substance such as
grain, soil or natural waters to such treat-

ment as to obtain anaerobes capable of form--

ing large resistant spores and incapable of
liquefying nutrient gelatine, transferring a
culture of said bacteria to sterilized media,
incubating said culture until active growth
and gassing is evident, and using the result-

ing cultures to inoculate large quantities of

media.
" 5. A process for producing acetone, butyl

. alcohol and other neutral products, charac-

terized by subjecting a substance with which
bacteria may be associated to such ‘action
as to destroy non-spore forming organisims,
vegetative cells and spore forming organ-
isms which are only slightly resistant, trans-
ferring to solid media, isolating anaerobic
bacteria which have rounded ends which
form large resistant spores and_ which do
not liquefy nutrient gelatine, and adding a
culture of these anaerobes to fermentable
media.

6. A process for producing acetone, butyl
alcohol and other neutral products, charac-
terized by adding a substance with which
bacteria may be associated to sterile water
or a sterile solution and subjecting the same
to heat so as to obtain spore-forming or-
ganisms, isolating therefrom anaerobes with
rounded ends which form large resistant

spores and which are incapable of liquefy-

ing nutrient gelatine, using the same to in-
oculate media containing fermentable car-
bohydrate or carbon compounds, and there-
after repeating the inoculating operation
with other batches of media of gradually in-
creasing quantities. p

7. A process for producing acetone, butyl
alcohol and other neutral products, which
consists in securing in the resting stage bac-
teria which are anaerobes, which form large
resistant spores and which do not liquefy
nutrient gelatine, said bacteria being derived
from substances such as grain, soil or nat-
ural waters, transferring a small quantity
of a pure culture of said bacteria to freshly
sterilized media, subjecting said inoculant to
heat to kill vegetative cells and promote ac-
tive growth of the spores, using the result-
ing cultures to inoculate batches of other
media, and repeating the inoculating opera-
tion until fermentation on a large scale is
arrived at.

8. A process for producing acetone, butyl
aleohol and other neutral products, charac-
terized; by subjecting a substance such as

70

75

80

90

100

105

110 .

115

120

125

130



- Y 1,587,507

grain, soil or natural waters to such treat-
ment as to obtain anaerobes with rounded
ends, forming large resistant spores and not
liquefying nutrient gelatine, and then us-
5 ing said anaerobes to ferment carbon com-
pounds readily transformed into neutral

products. ’ .
9. A process for producing acetone, butyl

aleohol and other neutral compounds, char-

acterized by adding the culture “Bacillus 10
butylaceticum” to a suitably prepared mash
of fermentable carbohydrate material.

10. A process for producing neutral prod-.
ucts like acetone and butyl alcohol, charaec-
terized by fermenting a suitably prepared 15

~mash of carbon compounds with the culture

“Bacillus butylaceticum.”
GEQRGE W. FREIBERG.



