
, , 

. , 

. / 

. " 

• r 

• 

. . 

, . 

RNC~\~ 
~~ 

. . 

R~w~ .. 
" 

\ . 

.. 



ROYAL NAVAL CORDITE FACTORY 

ACETONE FACTORY 

Holton Heath 

Dorset 



I 
, I 

I 

,j 

DANGEROUS ENERGY PROJECT ARCHIVE 

SURVEY REPORT 

Royal Naval Cordite Factory 

Acetone Factory 

Holton Heath 
Dorset 

NBR No: 
NMR No: SY 99 SW n 
NGR: SY 9455 9042 
Hob UrD: 1116956 

July 1996 

Investiga ted by Wayne Cocroft 
Report by Wayne Cocroft 

Photography by 

(c; CrowlI copydght.RCHME 

umbridge office: RC HME, i:lroukla nds , 24 Broo kl ands Avenue, Cam bridge , CB2 2BU 
'rei: U1223 324U 10 Fax: U1223 311 203 e-mail: C tmbridge@rchm e.gov. uk 

Headquarters: RCHME, Na tiona l Monuments Reco rd Ce ntre, Kcmble Drive, Swindo n, Wiltshire, SN2 2G Z. 
TcI: 01793414600 Fax: 01793 414707 e-mail: int"o@rchme.gov. uk World Wide Web: http://www.rchme.gov.uk 



CONTENTS 

Summary 1 

History 2 

Description 3 

Site archive 4 

Sources 5 

Primary 5 

Public Record Office 5 

Factory drawings - held on site by DERA July 1996 5 

Secondary 5 

Appendix 1 6 

List of RCHME photography 

Appendix 2 

Copy of Nathan, F L 1919 'The manufacture of acetone' Journal of the Society of 
Industrial Chemistry, 38, 271-282 

Figures 

Plan of surviving remains of Acetone Factory 

Section through Fermentation Vesse l 



J 

·1 

SUMMARY 

The Acetone Factory (SY 9455 9042) lies within the boundary of the former Royal 
Naval Cordite Factory (RNCF) Holton Heath. It was constructed either in late 1916 
or early 1917 to manufacture acetone, using an innovative type of biotechnology known 
as zymotechnology or fermentation technology. This technology had been developed 
prior to the war on the continent and also by a team at Manchester University which 
included Chaim Weizmann - the future first president of Israel. He left this team and 
while working on his own discovered a bacterium which could ferment a starch source 
(initially maize) directly to ethanol, acetone and butanol. The first purpose-built plant 
for tbe manufaCtLlre of acetone Llsing this process was the plant built at the RNCF 
Holwn Heath. The solvent acetone was required in large quantities for the manufacture 
of tbe explosive cordite. 

During the 1920s, with a reduced requirement for explosives, less acetone was needed. 
Also by the late 1lJ20s the chemists at Holton Heath pioneered a new solventless process 
for the manufacture of cordite which dispensed with the need for acetone. The plant 
probably ceased work in the late 1920s and was partially demolished in 1934. 

Most of tbe gruLlnd plan of the plant may be traced and a number of components 
survive. These include the footings of the granary to the rear, six out of the original 
eight reinforced concrete fermentation vessels and the Cooker House - converted in the 
1930s into workshops, offices and stores. 

RCHME RNCF Acelune Faclury 
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HISTORY 

During tlle Great War acetone was re4uired in large quantities for the manufacture of 
the propellant explosive Cordite MD, where it was used in the incorporation process to 
ensure the gelatinisation of the two principal ingredients of cordite, nitroglycerine and 
guncotton. Prior to the war Britain bad relied on imported acetone, and home produced 
acetone made by the destructive distillation of wood. 

An alternative source for acetone lay in the infant science of biotechnology through 
zymotechnology or fermentation technology. In the years immediately preceding the war 
the Synthetic Products Company established plants at Rainhalll, Essex, and Kings Lynn, 
Norfolk, to produce acetone using a micro-organism discovered by Fernbach at the 
Pasteur Institute . Neither factory lived up to the expectat ions of backers. A team 
based at Manchester working on the same problem included Chaim Weizmann , the 
future president of Israel. When he left to work on his own, he identified a bacterium 
which could fe rment a starch source directly to ethanol, acetone and butanol. After first 
approaching Nolie l's, in early 1916 he was sllmmoned to the Admiralty and directed by 
Winston Churchill to work the process up to an industrial scale. Research was moved 
to the Lister Inst itute in London and a pilot plant was created at J & W Nicholson's gin 
distill e ry at Brolllley-at-Bow, Greater London. The first purpose-built plant to exp loit 
the Weizmann fJrucess, using maize as a starch source, was constructed at the RNCF 
Holton H eath . ConstrLlction of whic h probahly hegan in late 1916 ur early 1917. 

Later in the war pressure from German U-boats restricted the supply of maize to Britain 
and in 1917 experiments were made to substitute art ichokes as the starch source. Even 
more mysterious at the time was the request by the Admiralty for school children across 
the country to collect acorns and horse-chestnuts for the Director of Propellant Supplies 
at the Ministry of Munitions, destined for this plant. 

Elsewhere in Britain, two distilleries were converted to use the process and further 
plants established at Terre Halite in Indiana, Toronto in Canada and at Nazik in India, 
and were apparent ly modelled on the Holwn Heath plant. 

After the end of the Great War reduced requirements for cordite lessened the need for 
acetone. Also during the late 1920s the RN CF pioneered the development of so lvent less 
cordites which dispensed with the need fo'r this expensive and volatile so lvent. The plant 
was redundant from abollt the late 1920s and a series of hi stor ic photographs record its 
demolition in 1934. Howeve r, the Cooker HOLl se survived as it was converted to 
workshops, offices and stores, functions it retained when the factory was converted into 
a Naval Materials Laboratory in the 1960s. 

RCHME RNCF Acelone Factory 2 



DESCRIPTION 

The Acetone Factory plant remains partially intact, situated between the bases of two 
gasometers and a railway embankment. It was roughly rectangular in plan, comprising 
a number of components. To the rear, adjacent to the railway embankment, was large 
granary 35m by Wm initially constructed to store maize. Its remains may be traced as 
concrete floor slab. After the demolition of the Acetone Factory, probably in the mid-
1930s, the floor slab was reused fur a motor transport maintenance shed . At the western 
end Cl raised vehicle inspectiun ramp was co nstructed. The slab was also roofed with a 
ligbt metal st ructu re at this date and a ser ies of small concrete piers were constructed 
to secure uprights, the size of scaffold pole. This too had been removed by the time of 
survey. 

From the granary the maize was taken to the Cooker House at the eastern end of the 
plant. It is a double storey steel framed structure with brick infill. A drawing, helel on 
site, prepared in 1035 when the huilding was co nverted to a workshop sbows that it had 
a raised central clerestory. Internally were six cookers in whicb the maize was reduced 
to a mash. From the cooker hou se the mash was moved, probably by sealed pipes, to 
tbe fermentation vesse ls. The aluminium fermentation vesse ls were housed in circular 
reinforced concrete tanks, the woodell shu ttering for whi ch is visib le on the ex ter ior of 
tbe tanks. Each vessel is 11.5m in diameter; six of the original eight of tbese sLlrvive. 
The floors of the tanks were raised off the ground on concrete pillars probably to aid 
beat retention, the sub-floor space apparently being a sealed area. Around tbe lip of 
a number of the tanks was Cl narrow groove probably to hold the lip of the tank or its 
lid . This groove has been lost on a number of the tanks where it appears that attempts 
have been made tu demolish the tanks using a pick axe. The use of reinforced concrete 
in the fabrication of chemical plant at this date was unusual, and is even rarer as 
surviving field 1ll0llLlnlent. 

The facil ity was also inllovative in the lahoratory-like sterility which it introduced into 
an industrial process, as remains evident in the careful jointing and sealing in tbe 
surviving pipework. The plant was sited conveniently close to tbe factory boiler house 
for a supp ly of high-pressure steam necessary for sterilisation. The arrangement of pipes 
on the tanks followed a standard pattern comprising a large bore flanged elbow pipe 
connecting tbe exterio r of tbe tank to the floor of the tank. This was probably Llsed for 
moving the lllash in and out of the tank . Above the large pipes and above the floor of 
the tank were four smaller pipes with f1anged ends. These were perhaps lIsed to admit 
superheated steam or for moving the s()lvents produced in the process. It is uncertain 
from studying the field remains if the process involved moving the mash from tank to 
tank. 

No co ntemporary drawing sh()w ing the fermentation vessels has been found to confirm 
the original arrange ments \vithin the plant. A series of ph()tographs taken in 1934, when 
the plant \,vas partially demolished shows that the tanks we re originally hOllsed in a tall 
steel framed hl'iel< st ru cture . It s origillal extent may be traced in as edges concrete 
flooring visible ar()und the tanks. 

Durillg the Secollll World War the surv iving co ncrete shells were modified to create 
refuges or air-raid shelters. This work involved breaking two openings into the sealed 
basements, to create an ent rance and emergency exi t. The openings appear to have 
usually been made where the large bore e lbow pipes were positioned. Other 
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modifications included the installation of steam heating pipes and electric lighting. The 
interiors of the tanks were also partly filled with earth to improve the overhe ael 
protection. 

Site archive 

A small number of plans and elevations of the Cooker House, elating from the lY30s, 
were held on site in July 19%. Copies of photographs showing the demolition of the 
Acetone Factory are deposited with the National Monuments Record . 

This report is th e result of a field investigation by Wayne Cocroft and Bernarel 
Tbomason in Jul y IlJl)6. Phut()g raphs were take n by Mike H es keth-Roberts in 
September IYlJ4, Job No.94 / IlJ7h. 
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APPENDIX 1 List of RCHME Photography - September 1994 Job No.94/ 1976 

BB94/16939 

BB94/ 16940 

BB94/ 16941 

BB94/16942 

BB94/16943 

BB94/ 16944 

BB94 / 16945 

BBtJ4 / 16tJ46 

BB94/ 16947 

BB94/ 16940 

BB94/ 16949 

BB94 / 16950 

BB94/ 1695 j 

BB94/ 16952 

Acetone Fermentation tanks, view from south 

Acetone Fermentation tanks, view from south (colour) 

Acetone Fermentation tanks, northeast tank 

Acetone Fermentation tanks, north east tank (colour) 

Acetone Fermentation tanks , location view 

Acetone Fermentation tanks , detail of entrance 

Acetone Fermentation tanks, interior showing concrete supports 

Acetone Fermentatiun tanks, narrow gauge pipe beneath tank 

Acetone Fermentation tanks, narrow gauge pipe beneath tank 

Acetone Fermentation tanks, detail of large bore pipe 

Acetone Fermentation tanks, view into tank from above 

Acetone Fermentation tanks, detail of top rim 

Acetone Cooker House, inte rim from east 

Acetone Cooker House, view frolll east 
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for a great number of years, and only in recent 
years had been taken off. He had been in America 
at tlle time when chrome leather had been put on 
the free list. The remova l of the tariff had 
~dversely a fi'ectcd the American industry, and the 
German leather was coming' in in large quantities. 
'l'he Engl;sh tanner had had a real difficulty in 
ltaving to compete ,.-ith the cheap labour of Gel'­
many OD. the one hand, and 1112 highly orga nised 
production of America on the other. These had 
been severe difficulties to face in aD open mar,keto 

Dr. KEAl\'F. said tha t ma ny interes ting points ha d 
been raised in the disc11ssi rm, including the problem 

as to whether it was be~t for a mun to go to hi " 
college before he entered th.:- works, or v ice ven li , 

There were great advantages in both directions, and 
it seemed that with the right man it did not ma tter 
very much which way he went. Another point ha d 
been as to the lack of appreciation of the chemist 
by the manufacturer, and the lack of apprecia tion 
of the manufacturer by the chemist, and the lack of 
encouragement of resea rch on all sides. It was th e 
same in other industries. He thoug11t everybody 
was pretty much to bla me. We must all make up 
our minds to pull together better in the future than 
in the past. The war had shown what could be 
cffected by co-operation; in a National reconstru c­
tion we had to carry into science and industry the 
co-operation we had followed during the wnr . 

CONFERENCE ON RECENT DEVELOP­

MENTS IN THE FERMENTATION 

INDUSTRIES. 

, In the afternoon of Thursday, July 17th, a Con­
ference on Recent Developments in the Fermen­
tation Industries was held at the Goldsmiths ' 
Hall, the chair being taken by Sir James J. Dobbie, 

The CHAIRMA~, after touching upon the early 
history of fermented beYerages, recalled the state­
ment, which was probnbly substantially true, tha t 
no nation or tribe had been discovered which did 
not use a fe rmented be\-erage of some kind. Chinn 
and Japan produced sake from rice, India and 
tropical Africa had fermented palm juice, the Zulu 
ll.nd other South African tribes made beer from 
maize and millet, while in Central Asia and the 
Russian steppes fermented milk or koumiss wns 
in general use. 'l'he vast extent of the fermenta­
tion industry engaged in the manufacture of these 
alcohOlic beverages might be gathered by a perusal 
of the official returns of our own and other 
European countries, the United States, and thc 
prinCipal British dependencies. From these it 
appeared that the a,verage annual production of 
wine was about 4500 million gallons, requiring for 
Its manufacture over 30 million tons of grapes. 
Of ~er over 6000 million gallons was produced, re­
quirlDg from five to six million tons uf grain, 
Spirit amounting to oyer 450 million gallons of 
pure alcohol consumed about 5,000,000 tons of 
POtatoes, over 4,000,000 tons of grain, aud about 
2,000,000 tons of mola flses , syrups, and grapes . 
These figures referred only to the fermented 
liquors subject to fisca l control In the countries 
mentioned, and if those produced in other coun­
tries, such as India, China, and Japan, were in­
duded, the totals would be greatly increased . 
Notwithstanding tlle enormous production of tbese 

fermented liquors it was curious that their manu­
facttIre, even ill the most civilised countries, stilI 

, , ~elY:' folIOWed ' the empirical methods of thousands 
' , __ ,: Y,ea;rs' ago', · It 'was only in quite recent times, 

. ;fi.UtlnIy ~w1ng to t;he work of Pasteur and his suc­
,~rs, that the ' chemical and biological factors 

volved in the processes employed had begun to be 

, tmderstood,and,' as yet. only a small portion of the 

wine and beer produced was manufactul'ed under 
efficient scientific control. It was ' more than a 
thousand years since the alchemists had succeeded 
in extracting spirit or alcohol ill a comparatively 

dilute form from wine, and the use of alcohol except 
for medicinal or drinking purposes was quite a 
recent development. The invention of the Coffey 
stllI and similar fractionating apparatus had made 
possible the production on a, commercial scale of 
alcohol of sufficient concentration to permit of its 
use for lighting, hea ting, solYent, and many other 
important industL'ial purposes. The yeast industry 
was na tura Ily close ly bound up with the production 
of akohol, which , inoeed, Wl1 S in many cases only 
a by-product of yea st ma nufacture. During the 
war t he quantity of yeas t produced from a given 
quantity of grain ha d been doubled without any 
considerable loss in the a mount of alc0hol pro­
duced . InCidenta lly it might be noted that the cost 
of industria l alcohol had been redu ced by ahout 
one half owing to the concurt'ent p:-oduct ioll of 

yeast. Ethyl alcohol might now be produced from 
such compounds as ethylene a nd acetylene or even 
from its e lements; but so fa r these processes had 

not proved successful on a manufa cturing sca le, 
and the time still seemed fa r dis tant when the pro ­
duction of alcohol would cease to be the prinCipal 
fermentation indust ry. The manufacture of other 
importa nt commercial products, such as a c-e t ic acit], 

dependent on fermenta tion methods, had only qui te 
recently been subjected to cont rol on scientific 
principles, and the ra nge of the " fermenta tion 
industries" would be extended as the resuJt llf re­
sea rch . Before the wa r the manufacture of but vl 
nlcohol had excited much i!l(C' rest in conneCtioll 
with the product ion of ar tificial rubber , a nd. ti nder 
tIl e stimulus of wa r, the lll,~ nufnct,ure of neetone 
had become a na tional coucern of the fi r~ [ iUl Jlo r­
tnnee_ 

THE MANUFACTURE OF ACETOXE. 

DY COL . SIR FI1 ED t:111C l\'ATH!,X. 

Professor Louis in 11is presidentia I address re­
ferred to the work done during the wa r in con­
nection with the production of acetone, a nd I pro­
pose to give a very brief historica l re tro~p(;c t rl ll Ll 

to ment ion one of the new processes which reali sed 
considerable supplies. I will lea ve ~lr . . \ mos Gill, 

who is much better qua li fied tha n I nm, to den l 

with the bacteriological n>' pect's of th," ma nufa cture 
of acetone by fermentn tion, 

The British Service px plosiye, cordite, is a 
gelatinised mixture of nitroeelllllose a nd nitro­
glycerin with a percentnge of mineral jelly; till' 

solvent used for gelatini siug the earlier \'ari (' ties 
of cordite is acetone. 

Before the war the ma in sonrces of aceton e 
were the United States a nd Austria, in w11ich 
countries it was produced from ac-e tate of lime 
mnde by treating acetic neid with lime. Acetic 

acid itself is obtained by lhe destructive distil­
In tion of hard woous in iron retorts. 

Austria ceased to be n source of ace tone when 

war broke out a nd th e VUitcd Sta tes beca me the 
only source of supply, th e quantity produced in 

this count ry being praeticn l\y negligible as com­
pnred with t11e large and ra pidl~' in<;reas ing re­
quirements of this solyent fOI- the manufacture 

of cordite, and la ter on for aeroplane dope . 
Steps were therefore taken to augment the 

American output from acetate of lime, and in 

addition a contract was placed with a firm who 

adopted a process for making acetone from vinegar, 

but although the process proved a success up to a 
point .the yield was poor and the price was very 

high and it was eventually abandoned_ 
T~o other methods of producing acetone formed 

the subject of much experimental work. Both were 
catalytiC processes; in one alcohol and in the other 

J j 
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[July 31, 1919.. calcium carbide were the raw materials employed. The former process, Jlllggested by Dr. Perkin, was worked out by Messrs. Joseph Crosfield & Sons, of Warrington; the latter process was the result of experiments conducted at the McGill University of Montreal, and was worked by the Canada Electro Products Co., of Montreal, the calciuill c:lrbide being suppIled by the Shawinigan Water and Power Co. Acetone waR successfully produced by both these firms, but when the requirements of ·acetic acid for aeronautical purposes became vel?, large it was necessary to stop the process, whIch was ·a three·stage one, at the second or a.cetic acid stage to provide the )1ecessary quanti­ties. 

Yet another process for the manufacture of acetone is that known as the Weizmann process. In the spring of 1915 Dr. C. Weizmann, of Man­chester University, brought to the notice of the Admiralty his laboratory experiments on the pro­duction of acetone by bacterial fermentation from maize 01' other substances conta ining starch. The process was generally similar to one which had been in operation on a small scale at the factory of the Synthetic Products Co. at King's Lynn since e:uly in 1912, but In this case potatoes were the raw material employed and the bacteria were those of Prof. Fernbach . Unfortunately many difiiculties were encountered In working the process at King's Lynn on a manufacturing scale nnd ,ery little ncetone was produced. Steps were taken to carry out large-scale experi­ments on the Weizmann process, for which purpose semi·manufacturing scale plant was fitted up at Messrs. J. & W. Nlcholson's Distlllel"V at Bromle,­at-Bow, and at the same time arrangements were made to carry on research work under Dr. Weizmann at the Lister Institute. The List.er Institute research work and the ex­periments at Messrs. Nicholson's Distillerv which were conducted on a gradually i·nc;easing scale, proved that the process, if carried on under proper conditions, would produce acetone on a manufac­turing scale, and it was decided by the Admiralty to erect a plant at the Royal Naval Cordite Factory for the prodnction of acetone by this pro­cess. The factory was duly completed and acetone was made very satisfactorily so long as raw materials were ayailable; damaged rice was mainly used. 
It was also decided by the Ministry of Munitions to ndapt some of the spirit distilleries for the pro­cess, and three in London and three in Scotland were selected. The distilleries at Bromley-at-Bow and at Ardgowan, near Greenock, were the first tn be completed, and the difficnlties encountered at the start were being snccessfully overcome when It became necessary, owing to the shortage of grain, to nbandon the mannfacture of acetone by this process n t the distilleries. 

The failure of the Synthetic Prodncts Co. to produce acetone in any quantity from potatoes resulted in their King's Lynn factory being taken over by the Ministry of Munitions and led to . the substitution of grain for potatoes nnd to the use of the Weizmann bacteria . . These changes had good results and a satisfactory output was ob­ta ined. The factory, however, was a small one nnd manufacture from grain was stopped early in 1918 as by that time the acetone requirements were of less importance than the conservation of grain for food purposes. 
The use of horse chestnuts having been sug­gested as a source of acetone in view of the · fact that they contain a considerable proportion of starch, experiments were carried out nt the Lister Institute which indicated the probability of horse chestnuts being suitable for the purpose. Arrange­ments were therefore made to collec~ horse 

chestnuts .. during the autumn of 1917. When a start was made with them at King's Lynn on a factory scale, the difficulties attendant on their use became apparent, but these difficulties were in a fair way of being got over when it was decided to close down the factory. 
It was, however, established tllat for the suc­cessful fermentation of horse chestnuts the follow­ing conditions are essential :-(1) The nuts must be of good quality; (2) they should be dried to a moisture content of not less than 1%; (3) they should be ground to as tine a meal as possible; (4) the meal shou ld be as free from husk as possible 

The manufacture of acetone by the VVci zluunn process attained the greatest success at the r,lCl:ory of British Acetones, '£oronto, Ltd., in Canada. During the early part of 1916 the directors of Messrs. Gooderham and 'Vorts' Distillery and of the General Distilling Co., of Toronto, generously offered to place their plants at the disposa l of the Ministry of Munitions for the production of chemicals during the war. The plants were ip­spected by officials of the Imperial Munitions Board of Canada, and seemed to offer most of the necessary apparatus for the successful ca rrying out of the Weizmann process on a la rge sca le. An engineer, a chemist, and a bacte riologis t . who was specially trained at the Lister Institute , were sent out from England to organi~ and carry out the work from the technical side. Colonel Gooderham and his son placed their se rvices at the disposal of the Ministry and acted throughout as manager and assistant manager respecti,ely; the success which wns attained was in great measure due to them. The plant started to work iu January 1917 and continued in operation until the signing of the armistice. At the start there were nine fermenting yessels. encil of 30,000 gallons capacity: seven more were added in the early part of 1!l17 and six more in 1918, making 22 in all, and an output of nearly 200 long tons n month was reached. 
In view of the large requirements of solYcnts generally, due to the increase in the output of aeroplanes, steps were taken townrds the end of 1917 to provide additional supplies of acetone in the United States. With this object Colonel Gooderham visited America, nnd in due course re­ported to the British War :'I1ission on the advan­tDges of the plant of the Commercial Distilling Co. at Terre Haute, Indiana, for conversion for the manufacture of acetone by the WeizlUann process. As a result the plant was purchased enrly in 1918 and converted Into an acetone factory. In the spring of 1918 it was decided by the United States authorities to acquire another distillery for the same purpose, and that of the Majestic Distil ling Co., also at Terre Baute, was purchased nml its conversion started. The Commercial Distilling Co.'s plant co=enced production in May 1918, that of the Majestic Distilling Co. in Novem~r 1918. In the fermentation of maize or other substances containing starch by the Weizmann 'process, acetone and butyl alcohol are produced in the proportions of approximately one part of acetone to t"'·o of butyl alcohol. 

As butvl a lcohol had only a restricted · use both for war and industrial purposes, experiments were \ started by Dr. Weizmann in order to develop a process for converting normal butyl nlcohol into methyl-ethyl-ketone which, in the pure state, is equally, .sultable as acetone for the manufacture oLcordite.:.. The process, wWch was a catalytic one, was ·,worked· out on a laboratory scale and promised · to. give good · yields. .:: .An experimen tal plant was erected at .Toronto early in 1917, and as a result of the operation of this plant a suitable type of large scale catalyser was evolved. Samples 
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. GILL . ...:...THE ACETONE FERMENTATION PROCESS, 

made 1:0 enable tests ·' in·· the manufacture of 
these tests being quite ltiI3fiictl)ii" 3. il&'.~vlflf!(jlec.idE';d ' to 'e'rect a large scale h6we"'er, only commenced :%1ltc$esE~riIl~;~ratt10~ : just before the signing of the ~: ~ ; ', . 

:PsJ~:;,~~t~;:JJ~l·~·~f :~l-.t~I~',j· · durilig the war, especia lly ' the United States, have p+,ovp.d that ' be produced " successfully on a large "'lirif,,·,,ttlrinQ' 'scale by the fermentation of sub-stan'Ces ' starch. The process caI?-not, . "however ' be as a commercial one like ly ·of' be1rig ;capabIe of competing with t~e prodUction of,acetone by the destructive distillatlOll of wood, beCa:usc · of .. the relutively high ('ost of the raw mnterial and the fact that the production of every parf .'ot. acetone involves the produ~tion of two parts .ot .butyl alcohol having very little .value fo r 'industrial , purposes, at all events at the prcse nt : ·~t~: ~·" " , ., 
" ; ~~i6:)iCi.ETONEl FIDRMENTATION PROCESS , ~. ; .<.' ::. ;, :AND ITS TIDCHNICAL APPLICATION. 

..... ,(: BY AMOS GILL. B.se., A.Le. 

. ' The 'm'rcrb-organism used by Dr. C. WeizmaIll1 for 'the ' production of acetone and butyl alcohol trom cereals containing sta rch is a bacillus of the long rod type, which is stained readily with ca rbol fuchsin, but only lightly with methylene blue. Spore formation takes place by slight expansion O(:tlieorganism in the centre and consequent t rans· pal:eIi.~ .. · the final spore being oval in shape, with onlY . the envelope. taking the stain. Spore forma· 1;,\99-.' j:Jl,!!:es';.place at an early stage when conditions ~~ta:ble, and in a young culture the presence llril ... . _ ';~ ·!~~~.er~ble .n~mber, of sporing form s is ~' . . ' _~'iti'~ bi~4 si~: ' ~a vigorous culture spore . tlon'!:Wn'l not take place much before the l.ip.se:;Ot~~4 hOU1;S: " . .. f;-;'l"~~':<mIff¥.iit,loilof the bil.dutia in the laboratory d~(:ii(Ot. 1mf,iln'.;lfuy ·' ~l't cOnditions ; other than tM~'.r~~l; ,, !tO, r :;1iIicterIol~ '''l. -' wotk . . Growth ~~£11ff'~<\ialiC@!ftr~·i~,m~I~(t that which ~S ·P:tiM..1;p:10~t ; 1're(,[~entll: , be!DSt ;~% ' 1;D~lze mash. Ma'.1iY'·:6,~PtB have beeIi. .maae'Tt:OprOdoce a Blllt­a~Jf~Ud ;meillum. It vi,as' PoBl!ltile. to ' rear colonies OK·a ' solid .medium niade up' by iidding 2% of agar to partially fermented maize mash. This, however, was not 'always successful, a good deal depending upon ' the condition of the maize mash, especia lly with regard to acidity. The most suitable mash for this purpose was one which had been fermenting about 10 or 12 hours and had reached such an acidity that 1·0-1·2 c.c. N / 10 sodium hydroxide was required to neutra lise 10 C.C. of the ma sh. At the factory in Toronto, A. E. Gooderham has pro­duced a medium which he says gives excellent reBlllts with the Weizmann culture. The recipe is as follows: To 1000 C.c. of wort of sp. gr. 1'008 add 1% of gelatin, 1% of ca lcium carbonafe, and 2% agar. Hea t gently, filter, sterilise, and make up' into tubes. Use for shake cultures .and in making dilutions use an old culture c~ntaining 8J)ores. Vegetative forms will not grow on this medIum , but spores g i\'e ri se to large colonies of healthy bacilli in 48 hours. Attempts to prepare plate cultures wit.h this medium have been unsuccessful. 
The application of the process on a factory scale presents many interesting points, and a few notes on tile general methods employed may be of interest. 
The first important point Is the preparation of a regular supply of good culture for the factory. In practice samples of about 10 c.c. were taken from cultures which were known to be in good and 

,igorous condi.tioIi 'and were put into thinner con­stricted tubes andaJlowed to sporulate. The t ube was then drawn oot to a capilla ry just above t he cotton Wool, evacuated, and sealed ofl'. In case tubes of spores have to be carried from place to place it is convenient to seal ofi' at tile constricti on, so that there is no cotton wool plug. This is rathe r inconvenient when opening the tubes. An a lter­native method of keeping spores is to put them down on to the sterilised sand (freed from lime, iron, and carbonates by boiling with hydrocilloric acid and washing till neutral) . About 2 c.c . of liquor containing spores is dropped on to the sand in a sterile test tube and the plug replaced. 'I'he sand is then dried in vacuo, the tube being sealed when the sand is complete ly dry. This method has tile advantage of preserving the spores in u dry sUite and thus eliminat ing the possibili ty of decay of the cell wall through contact with the acetone lJ nd butyl a lcohol in the liquor. Spores a re sup­posed to keep indefinitely on sand ; bu t this state· ment must be taken with a certuin amount of reserve, since it is no t more than 3 years since the method was introduced. With reference to the preservation of spores in their own liqu id, I ba \'e ra ised a culture which gave satisfactory results , both in the laboratory and in tile fa ctory, from a tube which had been kept for eighteen months . In sta rting up a culture for the fadory, 2-5 c.c . of liquor containing spores was inocu la ted afte l' pasteurisation into about 100 C.c. of sterilised 5 ~~ maize mash. In case of sand cu ltures. the wilole contents of one small tube were used. The tube was placed in a deSiccator, which was evacuated and then put into an incu bator kept at 37° C. The preparation of the sterile maize mash required con · siderable ca re owi ng to the tendeney to form cakes or ba ll s of maize mea l, whicil might contaiv an unsterile core. The most reliable metbod was to mash the maize with warm water until tbe re ",e re no lumps, bring to tbe boil in an open \'esseJ, and tilen "tube out" and steri li se for 2 hours at 2 atmospheres pressure. The mash IllU~t be we ll stirred during the" tubing out" operation in orde r to secure an even distribution of the maize ski n. which coutains the proteins and is necessarl' fo r fermentation. With glass apparatus and com'para ­tively small ' amoIll1ts, 2 hours at 1 atmosphere , 01' 1 hour at 20 lb. will probably yield a sterile mash, but on the large scale 2 hours at 30 lb. was found to g ive the best results a nd this wa s adopted throughout the proc-ess for the sake of uniformity. The object of pasteurising the liqu id conta ining the spores is to kill the vegetative forms , which would immedia te ly germinate but g il'e rise to a weak culture. Vegetative forms ha ,e been known to persist fo r as long as s ix months, a lthough at the end of that time tiler were Y(~ n' unhealth y ill appearance. 
S igns of germi na tiOIl nsna lIr appear afte r a bOll t 24 hours a nd the ma sh is generally fermenting vigorously by the end of 48 hou rs from the time of inoculation with spores. At thi s stage the culture generally has an irregu lar a ppearance and con tains llla ny " invo lut ion" forrus, wilich, ilowe\·er. dis· appea r on carrying over the cul ture. The method used for" carryi ng o,er" was to remove about 1 c.c. f rom a \'igoronsly fermenti ng cul ture tu be and inoculate this into anothe r tube containing about 100 c.e. o[ steri le masil, the inoculant being introclJl('ed nt the b0ttom of th e tu he. The contents of tbe tube a re then incuba ted, prefe rably in a vacuum, since the B.Y. is essenti a lly nn anaerobic baci llus. After a further 24 hours ha ve e lupsed the culture is again ready for carrying over. 

After 24 hours tile organisms should be uniform in length and staining power , and will have arra nged themselves in groups of four or five, 
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parallel lengthwise. These groups are formed by 
the . organisms dividing and slipping past each 
other: In the earlier stages of the fermentation 
many chains of organisms, end to end, a re found. 
The prese'nce of chains after about 24 hours is a 
sign of a sluggish fermentation, caused by lack of 
motility on the part of the bacilli. In a 24-hour 
culture there should also be a few spores, or 
sporulating' forms, but the presence of a large 
number is a sign of bad physical conditions, and 
this will probably be confirmed by determination of 
the acidity of the mash. A normal culture at 
24 hours should require about 4·0-4'5 C.c . of N /10 
sodium lJ.ydroxide to neutralise 10 C.C. of tlJ.e mash. 
I slJ.a ll refer to tlJ.is acidity later. 

The presence of organisms which dilIer in thick­
ness from the norma l bacillus is to be regarded 
with suspicion. We ha,e found that in many cases 
the norma l organisms show great variation in 
length, but onl.I' in rare cases do they vary in 
thickness . Incubation at higher than normal tem­
peratures produces swollen forms, but in these 
cases the whole culture is affected. In the first 
generation or two from the spore ·tube, it is common 
to find <; in,olution " forms-swo llen and distorted 
in shape, but these usually disappear after the 
culture has been carried over two or three times. 
If not, the culture is rejected. • 

Assuming a culture to be normal in general and 
microscopic appearance and aCidity, one tube con­
taining a hundred c.c. of this is used for the inocu­
lation of a 3-gallon pail. The design of a suitable 
pail fo r anaerobic culture work under sterile con­
ditions is a difficult matter, and one which would 
prove perfectly satisfactory in use has not yet 
appeared. The pails in use at King's Lynn were 
easily handled, but had severa l disadvantages. 
The pails '\Vere made of aluminium and the mash 
was introduced through an opening in the top, 
which was closed by a 2-inch screw plug. One tube 
reached to the bottom of the pail, and the other 
ended just below t.he SU.rface . A rubber tube 
closed by a screw clip was affixed to the longer tube 
during the sterilisation, while an open rubber tube 
on the shorter served to let out the steam. An 
air filter was inserted in this rubber tube when 
the pail '\Vas taken out of the autoclave, and as it 
cooled down steri le air was drawn into the space 
at the top of the pail. In inoculating a seed tank 
from the pail the cu lture was drawn into the former 
by reason of the diminished pressure above the 
mash. There W2re severa l disadvantages with this 
pail. (1) Thcre was no thermometer pocket, so 
that the temperature of the mash in ~he middle of 
the pail was never known definitely. (2) In inocu­
lating the pail from a tube, the 2-inch plug had 
to be removed and the inoculant poured in. The 
pail was then shaken in order to mix the inoculant 
with the mash. This was open to two objections, 
viz ., that there was considerable risk of infection 
in inoculating the pail, and that on shaking the 
mash and inoculant together, some aeration of the 
mash took place, which bas been shown to be detri­
mental to the fermentation. (3) The 2-inch plug­
hole, while large enough to permit of infection 
entering during inoculation, sometimes prevented 
the thorough cleaning of the pail. (4) The inlet 
tube was liable to become choked during the 
inoculation of the seed tank and often cau~d 
trouble. 

In spite of these objections the pail gave more 
satisfactory results than others which were tried. 
At the distilleries a I-gallon pall was in use. The 
whole top of this lifted off, and there was con­
siderable difliculty in ke1:)ping the joint air-tight and 
so avoiding infection. 

A. Appleyard, of King's .Lynn, designed a pall 
which was very good from a theoretical point of 
view, hut in practice it was most difficult to 

manipula te. . It was sphericaL! 
was fitted with a pressure gauge, 
an outlet to be used for 
monieter pocket was also nl',nui;no-'l 

claimed for this pail were (1) 
could· be cleaned easily and 
corners in '\Vhich pieces of maize - .. 0-." ... ... >0-

perhaps ca use infection; (2) the 
be drawn in under vacuum, and 
tion proceeded a certain pressure 
tained on the pail. This would be 
in the inocu lation of t.he seed pot. 
conditions would be maintained. 

'l'ue main difficulty '\Vas on account of. 
bore of the inoculating tube, and in 
invariably became chokeq , It should 
make alterations to the tubes so as to ov'~rconile~ 
difficulty aud the adYantage of 
anaerobic conditions wou ld be a 

In the t.echnical application of the 
question of tb e pail culture is oue '\Vhich 
ful consideration-as this is the last 
la bora tory oe,elopmcnt. In all factories 
the process has been worked specia l care 
taken in securing sterility in the pails, as 
at this point is most se rious. As a 
factory routine it is useful to blow steam at 
,als through the pailS (after cleaning them). 
is not absolute ly necessa ry , but it is an 
precaution, which costs ,ery little, and 
does no harm. 

A 24-hour pail culture is ll Sed for the 
of a seed tank. At the King's Lynn facto 
seed tanks were steel ,esscls. with no enamel 
The use of these vessels succcs~fully exp 
idea that the organism would not "ork 
torily in contact with iron. The Dub 
duced into ~ome of the factories were 
a lu minium, and "ere certainly easy to 
keep clean, but a 900-ga ll on aluminium vessel 
Illade of ver, stout material. cannot be steril 
high pressu·re. ano in any case is costly. 
vessels which would wit.hstand 15 or 20 lb. 
could be thoroughly steriliseo and a lso 
advantage of '\Vithstanding a ,acuulll, so 
the mash entered it was not necessa ry to 
elaborate arrangements for filte ring air 
tanks. Even though the air "ere h,, 'rAr"Tl1,_ 

filtered in such cases, there was the d 
of aeration of the masb, which was proved 
detrimental to tbe fermentation. Again, 
cbar!jing of a seed tank under vacuum makes 
inoculation from a pai l an easy matter, all 
necessary being to connect. the tube and open 
va lft. . 

The preparation of the mash for the seed 
was ca rried out as follo'\Vs: 56 stones of 
ground Illaize was mashed with '\Varm water 
run into a cooker and the ,olnme made up to 
gallons. The mash was stirred all the time 
steam was passed in until the boiling point 
reached, a tap being open at the top to allow 
to escape. Tbis mash was kept at the boiling 
for an hour. to ensure that a ll t.he starch __ ~ __ ln". 

were brokell and a lso that all air ba o been 
out of the ¥essel. The pressure was then 
to 30 lb. and this was maintained for 2 
The final volume of the mash was 
1GOO gallons; it was divided equally 
seed tanks. being blown into them 
pressure, and cooled to ino C. on the way. 
cooler is an imtJort.ant part of the system, and 
the point of ,iew of fermentation mu&!; satisfy 
conditions. (1) The sterility of the. mash 
presened. (2) The temperature req uired 
orgarusm must be easily attained. (3) The 
must respond quickly when slight changes 
temperature of the stream of mash are desi 

The cooling system in use at King's Lynn 
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'. Erlm:ple ·.in: .d~sign, .but very effective .and had the 
great. advantage . of· being easily sterilised. The 
coolers were upright coils of copper pipe 2 .inches 
ill, diameter. Mash was blown in at the bottom of 
these and passed out at the top, and a stream of 
water flowed over them. Steam at high pressure 
could be : blown through the whole length of pipe 
Une and ·cooler. This was always done before the 
coolers were used, alld if at any time they were to 

. be· in continuous use, it was done at intervals of 
about 4 hours. In this case it had the advantage 
of cleaiing the cooler of mash which might be 
clinging to the sides; the time taken fo: this was 
soon regained owing to the increased cooling power. 
The coolers for the large fermentation tanks were 
exactly similar. 

Before charging a seed tank with mash it was 
sterilised by steam at 15-20 lb. pressure for 
2 hours, and a current of steam passed through all 
valves and cocks. All valves and cocks should be 
examined carefully after each fermentation, as 
siight leaks in these, especially at the seed tank 
stage of the process, may cause much trouble 
through the entrance of infecting organisms. 

The contents of a seed tank were inoculated with 
one pail o'f culture-this having been previously ex­
amined for acidity and for infection and general 
sta'te of the culture. At various factories different 
amounts of inoculant were used. We found that 
3 gallons was sufficient to use on an 800-gallon seed 
tank, and that the seed would be fit for use about 
1(l hours afterwards. 

The mash for the fermenting tanks was made in 
the 'same way as that for the seed tanks, ,but was 
usually· prepared so as to contain about G% of maize. 
The fermenting vessels were of 3000 gallons charge 
capaCity, and the cookers used supplied two tanks 
with mash 'at one charging. The cooking and steri­
lisation ot~hls 6000 gallons of mash was a problem 
requirlDg·careful, handling. 

Thet'e"are . three essentials for a good 'cooker: 
(1) the 'st1iTlng !artangement must be good; (2) the 
steam . .fnlets .muat ·be .well distributed; (3) an accu­
ratepreSirore'ga:ugeor-thermometer should be fitted. 
With · theSe conditions: satisfied, the mash can be 
thoroughly cook'edandi sterilised, • but with anyone 
of them missing the result is uncerta,in. 

The mash was blown over from the cookers to the 
fermenting tanks, through coolers similar to those 
in use for the seed tanks. 

The question of the amount of inoculant to be used 
has been the cause of much argument. Some 
workers assert that a system could be evolved 
whereby seed is fed by the mash rather than the 
mash fed by seed, and by this means claim to effect 
economy in time by effecting quicker fermentations. 
Others say that the smaller the amount of inoculant 
the better, arguing that, by introducing large quan­
titres of inoculant, considerable amounts of acetone 
and butyl alcohol are introduceq, and these have a 
retarding action on the fermentation. My experi­
ence at King's Lynn went to show that the best 
results were obtained by the use of 200 gallons of 
fleed on a 3000-gallon fermenting vessel-Dr about 
6J% of inoculant. A normal fermentation was com­
pleted in 30 to 36 hours, the end of the fermentation 
being decided by the cessation of gas evolution. 
At King's Lynn fermentations were rarely complete 
in less than 28 hours, but the Canadian workers 
claim to have completed large numbers in 24 to 
27 hours. 

The. maize masli before inoculation usually has an 
acidity such · that 0·3-{)·5 · c.c. of N /10 sodium 
hydrOxide is required to neutralise 10 c.c. of the 
mash.,' .After the fermentation begins the acidity 
of the ' mash rises graduaily toa maximum of 41>:-
4·5 ~,c. and then . begins to . fall, the final acidity 
l1J3llally. being' in the. region of 2 c.C. During the 
ferm~.n.tntlon a mlAture of approximately equal 

volumes ot :catb6tidio~idea~d hydrogen is evol,ed; 
the ma.Ximumiga;s 1ev.olution 'is reached some time 
after the ·maximUIIl' acidity. ' A sign of a good fer­
mentation is .the:sudden.fall in gas evolution. From 
a 3000-gallon fermentntiontank the total amount of 
gas evolved during one fermentation is about 9000 
cub. ft ., and at its maximum about 800 cub. ft. per 
hour would be evolved. This correspollds roughly 
with the · resUlts of the Canadian. workers, who 
calculate on about 5 cub. ft. per lb. of maize used . 

On completion of the fermentation the liquor was 
immediately sent over to the still-a double column 
continuous still by mair, Campbell, alld McLean of 
Glasgow. The still was fed from a wash storage 
tank. 'l'he object was to get the wash out of thi s 
tank fairly quickly, as e:-:periment has shown that 
after transference to the storage tank there was a 
loss of acetolle-partly due to evaporation, but more 
particularly owing to the decomposition of the ace­
tone and the increase of the acidity of the "ash. 

So much may be said to be a general description 
of the process work, without much reference to the 
difficulties which arose durillg the working. These 
I propose to deal with now. 

A great source of trouble and anxiety in the 
earlier days of the process was the repea ted slug­
gishness of the fermentation. This phellomenon 
appears after 4 or 5 generations in culture tubes, 
even when using perfectly pure cultures and grow­
ing under anaerobic conditions. Many disintegrat­
ing forms but very few spores are visible in the 
slides, and in the factory the fermentations require 
almost twice the normal time. Several methods 
were tried to avoid this difficulty. Dift'erent media 
were employed at intervals of one or two genera· 
tions. The one which I found to give the best 
results as regards re· invigoration of the culture 
was a mash made up to the strellgth of 5% total 
solids consistinO' of a mixture of 90% of flaked or 
ground rice and 10% of oatmeal. C·ultures grown on 
this medium had a very pleasing appearance, the 
organisms being straight, sharply defined, and in 
typical groups, and by carrying over for one or two 
generations on this medium the culture was cer­
tainly improved. Chiefly, however, it "as possible 
to preserve strongly fermenting cultures by dis­
carding tubes at Intervals and starting from an 
old culture containing spores, usually from three 
to six weeks old. This was done about twice s 
week. Iri two generations, starting from such a 
spore culture, a vigorous, rapidly fermenting cul­
ture is obtained. 

The question of suitable pails for this type of 
work was discussed earlier . . Aluminium pails were 
used in most of the factories, but in CanRda satis· 
factory results were obtained with copper ,essels. 
A distinct advantage in a pail would be a suitable 
arrangement for withdrawing a sample of the cul­
ture without exposing the rest of the contents to 
infection. In factory work a slide of the pail cul­
ture, with a record of the acidity, should be kept 

. until the completion of the fermentations for which 
that pail is responsible. As a rule the purity of the 
culture is always maintained up to this stage, be­
cause everything has been done in the laboratory 
under more or less ideal conditions, and it WRS only 
on very rare occasions that infection "as found 
before the seed tank stage. 

Throughout the account of the process I ha,e 
tried to emphasise the necessity for working under 
sterile conditions. This is admitted by all workers 
on the process to be a most important point, and 
experience shows that the success of the process 
depends almost entirely on the sterility of the condi­
tions under which it is worked. 

In factory workinz the infecting organisms fall 
into two classes ~ 11) Those which enter with air 
through leiky glands, valves, or cocks; (2) th~ 
which are present in the raw material and are not 
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exterminated during the sterilisation process. With regard to the first class, it may be said that after being used two or three times all valves ar.d cocks can be regarded as leaky, even though it only 
be to a slight extent, and it seems to be impossible to erect a large-scale plant which can be guaran­
teed absolutely gas-tight, so that the danger of air infection is always with us. The best guard against ,.his is to work the positive system. When not in use all pipe lines are kept under a positive steam 
llressure. This ensures the pipe lIne being kept sterile, and if there is any leak steam will come out and so prevent the entrance of infection. For the first two or three hours of the fermentation in the tanks at King's Lynn there was a possibility of air entering, because the inoculation was carried out under vacuum. All valves and cocks connecting to the open were cove red with cotton wool soaked in formalin , so th a t a ny a ir which entered would be cleared of bacteria in the passage through this filter. A.fte r the fermentation begins a s light gas pressure is kept on the tanks, and this effectively guards 
against any lea ks. 

Air infection may al so occur when the tank is opened for cleaning. Theoretica lly speaking, as long as the cu lture is kept pure any number of fer­mentations may follow each other in one tank, with­
out opening for cleaning, but in practice it is found tha t after t-wo or three successive fermentations the solid matte r which remains c logs up the outlet pipes, a nd time is lost. It is therefore advisable to have the tanks opened and thoroughly cleaned after every second fermentation . This opportunity is 
also taken for a thorough examination of all the valves and cocks, which -are repacked or r eplaced as required. Particular ca re must be taken to keep the manhole joint in good condition. We found that vulcanised a sbestos join ts ga ve the best results , the manhole being fi nally tightened when the tank was under steam pressnrE' . Afte r being opened the tank wa s sterili sed for 2 hours with stea m at 15 to 20 lb. pressure . Some wo rkers are inclined to COIl­~ider this excessive , but I think it is as well to regard the .extra sterili sat ion a s a matter of insur­ance, and if there is an error it is best to err on the 
safe side. 

Wi th rega I'd to the second class of infection, 
namely, o rga nisms present in the raw material , the o!\ly guard against t his is e fficient sterilisa tion of the mash , and this depends upon the s tate of the raw materia I and the type of cooker in use. T o begin with t he gra in sho·uld be thorougil ly mashed 
with warm wa ter. No a ttempt is made at this stage to sterilise the mash, but the object is to effect a thorough mixing so as to prevent balling or caking of the meal. I lllentioned earlier whnt I consider t o be the essentials of an efficient cooker. The actual cooking of the mash. as dis tinct from the sterilisa tion , is an important point. A mash may be brought r a pidly up to a high pressure and kept at tha t till it is perfectly s te rile and yet may not yield the best results. Mash whicb is overcooked or burnt does not provide a su itable medium for the organism. The Quick cooking of maize mash tend s to increa se the acidity of the mash, and high initi a l acidity is not fayourable to good fermentation _ At one t ime it was considered thnt ma ize ma sh with an acidity of more tha n 1·0 c.C. N/I0 sodium h ydrox ide to neutrali se 10 c.c . would prevent fe r­menta tion. but a lthough I do not agree with this, I know that slug~ i sh fe rmentations usually r esult. 

For example, it would be 
wort at this pressure without i

. 
sugars . . Again, in the sterilisatioil" of 
from horse-chestnut meal it was riot 
use such a high pressure unless the· 
guaranteed free from bark. In this 
pressures poisonous matter from the 
tracted a nd taken into solution, · and ' 
bad physical conditions. 

In practice it was found useful to 
in sterile fl asks . of mash before 
were incubated and examined .if 
fection appea red in the fermenting 

Usually the first sign of infection, 
successful fermentation, was the a 
of the fermenting mash . After a little 
we could tell by the odour of the mash 
fermentation was proceeding normally 
fl sa mple smelt sour, the acidity was 
und a microscopica l examination made . 
was only slightly infected there was 
rnigilt produce some acetone and butyl 
a badly infected tank rarely recovered, 
the acidity would rise steadily and 
" oil " was produced. An attempt was 
dia gnose the infection, and from the type 
ism it could be genera lly settled whether the 
was caused by unste rile ma sh or entrance 
sterile a ir . 

Orga nisms present in tile raw materia l 
~a ye ri se to st rongly acid fermenta tions, 
la rlv lactic acid fermentation. Certain 
tions from tile air produced no acid, but 
mu ltiplied rapidly in the maize mash it 
assumed th<l t they were starch devourers, 
the full Yalue was not obta ined from the 
l)y our own organism. 

The diagnosis of infection in a sample 
seed tank required considerable experience. 
us:!a l. in exnmining a sa mple from a seed 
hpffl re its use <I S inoculant , to note the gas 

I t iOIl and acidi ty. These. except when cocci 
those just mentioned were present, 
some guide. A stained slide was made, 
fuchsin being used ciliefly . In most cases a 
s lide. stained with methylene blue, was 
pared and examined. It was inadvisable to 
too deeply. since certa in common infections 
t.he carbol fu chsin stain very read ily and , 
ami nation. til e ~e showed up as deeply stained 
i ~m s, while the normal were stained 
In a lo-hour cultu re it is usual to find 
Ilumber of short organisms. These were 
suspiciously at first , but we found tha t 
they were young B .Y. 

A seed tank culture was rejected if there was 
definite infection present, or if in the 
the ma n 'Who exa mined it the culture did 
vigorous enough to carry ,thrOugh a 
mentati on. Thus it. will be seen 
orga ni sed factory the supply of seed 
be grea ter th<ln the maximum requirement 
nllo\, of the choice of the best and the 
of ~(,NI which. :1 lthough not definitely un 
in fE'ctc d. might break down in the fe rmenta 
tnnk . -

WlI pn infection is di scovered in anv seed ,essel~ 
fermentation tank it must be got' rid of at . 
e~ rli est moment. :1ccordlng to the circu 
It s ca nse should be ·im·estigated nnd 
prevent a recurrence of the trouble. Ve 

l!'or this reason the mash sbould be raised to the required pressure carefully, and the steam should 
be introduced at several points. stirring going on the whole time. In practice we found that sterilisa ­tion for 2 hours at 30 lb. wa s s'ufficient to produce a sterile mash. With other raw materials the best time and pressure must be found by experiment. 

have contained infected mash should be 
clennco and given extra sterilisa tion. 

In the technical application of a bacrprHll'IlI"-l'" 
process such as this efficient scientific 
throughout is necessary. The raw material \)~ examined for bacteria , and rllemica lly for 
and nitrogen. The latter 1s most 
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SeVeral of the early failures a't the distilleries were 
due-:to the fact that the grains were not put into the 
wort, and as a result the . organism suffered from 
nitrogen starvation. A similar state was arrived 
at'upon one occasion at King's Lyim. Upon investi­
gation it was found that the millers, in order to 
produce a fine meal, were extracting the maize skin 
containing the proteins. The fact that the organism 
can only assimilate the nitrogen in the form of pro­
tein was demonstrated at Bromley by Dr. H . B. 
Hutchinson and P. K. Stand ring. A method had 
been tried by which the wort was to be neutralised 
by lime after sterilisation. The lime was added 
by error before sterilisation, and in the boiling with 
lime the proteins were broken down, and a lthougil 
nitrogen was still present in the peptones formed 
the organism cou ld not assimilate it , and would not 
ferment the wort. Examination of slirles showed no 
infection, but. the appearance of the organism was 
exactly similar to that noticed in cases of proved 
nitrogen starvation. 

From the genera l examination of the raw materia l 
tlie method of cooking must be decided upon. For 
example, Egyptian maize Is very easily cooked and 
very good results are obtained owing to complete 
extraction of the starch in cooking. OIl the other 
hand River Plate maize requires very careful cool, ­
ing. The sudden change from White African mai :r.e 
to Plate maize was t.he cause of several failures. 
It was finally discovered t.hat in order to use River 
Plate maize successfully it must be yery finely 
ground and carefully cooked with a longer boiling 
period than ordinary maize, and if possible a 
fllightly larger amount of inoculant shou ld be given. 
With horse-chestnut meal a good many experimental 
cookings were carried out. As mentioned earlier. 
sterllfsation of the mash at high pressure extracted 
tannin and acid matter from the bark, which to a 
ccrtaJn extent poisoned the medium. In the labora­
t.ory sterlIlty could be attained by cooking at 10 lb. 
pressure for ' ~ :hours; but In the factory we had 
toralse the 'presaure t ,O' 151b. Later, great difficulty 
wlJ.s experlenced,'p'~ti~:piimy of the nnts were in 
bad and decayed ' corldlt1on~: 'and moulds were grow­
ing upon the exposed parts, '.ro a certairi extent 
these difficulties ',vere ;il.lltlclpated after examlnn tion . 
ot t.he nuts as they arrived. ' 

Sin.ce the raw .materl~I may vary considerably, 
both III the whole and ground state. it Is most desir­
able in a process of this type to iJave t.he milling 
done under control of the factory sta 11'. If not. the 
meal supplies should conform to a given sta nda rd 
of fineness, and each batch Rhou ld be ana lYsed 
hefore being used. . 

With regard to the sci('ntifi(' control of the pro­
('es~ work, the first part, namely. the inoculation of 
culhlre tubes and pails was always carried out by 
a qualified chemist, who also supervised the pre­
paration of the mash for thesc vessels. He also 
Inoculatecl. the seed tanks, and examined and pnssed 
all cultnres before they were used. '.rhere was 
always a chemist in charg-e of the process , and 
apn 1'1: frol11 tbe definite routine work he mnrle 
IIrrangemcnts nt his own discretion in case of diffi­
culties arising. 
. For example, the fermentation tanks were charged 
III a definite rotation and emptied in the snme ord er 
as a rule. Sometimes. however. there would be 
~lngr:ish fermentations. which (lid not fini sh a ccord ­
Illg to t.he schedu led time. In this case it was n 
question whether to hold up the following tu nkR 
and preserve the rotation, or to wait until thev 
finished . A microscoplcal examination of a slicl.e 
CU,ld detennlnatlon of the acidity of the mash or dis­
tillation .of a small sample for acetone and butyl 
alcohol content would give a fall' indication of 
f'~ether the . fermentation was nearing completion 
Q'r"llot., Also. the' np:lonnt of fermented liquor in the 
stilt -storage tank was b\ ken into consideration, 

bectiuse with a continuous still it was Inadvisable to 
stop it and re-start frequently : Such' questions at; 
this also involve the consideration of cost-whether 
it will be cheaper to lose the extra amount of pro­
duct, or to keep the factory waiting for It. ' This 
question of cost also arises in connection with 'the' 
la rge sca le distillation of liqnor with a' Iow ·Content · 
of " oil." If a fermenta tion has been unsuccessful, 
and has only produced a small quantity ot:' acetone 
and butyl alcol1Ol, it is probably more economical 
to send the whole lot to waste, since attempts at 
distillation usually upset tile temperature regulation 
of the still, and at best can only produce a small 
amollnt of the required product. 

So far I have not dealt with the question of a suit­
able arrangement of plant for this process except 
In mention that it must be one in which sterile 
conditions can be maintained. At H.M. Factory, 
King's Lynn, we were .fortunate in having a plant 
which was, in many respects, ideal- but during 
the working many impro'ements suggested them­
se lves. Probably the weakest point was the battery 
of cookers which were not desigued for the raw 
Illaterials Hsed by us. In setting up a battery of 
cookers for tbis process fOllr main points must be 
considered : (1) tile cha rging of the cookers, (2) the 
nclual cooking ancl. stcriIi >'lltion process, (3) the 
discharging arrangement. (4) the fermentation capa­
c it~' of the factory. 

(1) The best metbod of getting the mash Into the 
cookers is to mash it on the fioor above and allow 
it to run into the cooker. Methods of mashing and 
pumping- into the cooker have lllet with little suc­
cess, since most pumps do not seem to work well 
with uncooked Illai;r,e. It is advis..1ble to use open 
pipes as far as possible becllU se at this stage there 
is no attempt to sterili se, a nd in cnse of any f;tOP ­
page or block it can be easily rectified. 

(2) The filting s on the l'()oker should be such a s 
to eilable nIP oli'_'mtor to hn"'" c-o mplete and accu ­
rate cont rol throughout tbe moking. In makilJi! 
up the volume of ma sh. flu e allowancc llIust be mad!' 
fol' condellsation of stea m during the cooking, so 
that the final volume of mllsh is of the required 
strength. Tbe cooker Rhould be made of material 
capable of withstanding a normal working prel>' 
sure of 30 lb. per squa re inch, and should be fitted 
with a safety vah'e. It is advisable to have this aR 
high abo';e the mash as possible, since particles of 
iliaize are apt to get into It and cause steam leakag<' 
or prematllre blmving off. This remark also applies 
to the pipe leading to the pressure gauge ; a sma ll 
tnp ill this pipe is an ad.antage. RO that any mash 
which may have been carried up into the pipe lUa~' 
he let. out . The gnug-e it Re lf ~houlcl lx' fitted f'o ;j 

rigid s tandard. in order to he [rE'<.' froll! the e tl'ects 
of viuration. The steam iDlets Rhould be well flif; ­
tributerl a t the baRe of the cooker, a Lld for the 
cook ing I think it is lX'st to llse saturated steam 
at a so1newhat hi~her pressure thaD that required. 
Above a ll, a good stirring arrangement must bp 
fiUe(l ; it must be carefu ll~- desig'Lled so as to carry 
Ihe weight continuously for fairly long periorls. If 
!'lIe steam inlets are sloped . the stirrer should drl.e 
in the opposite (li rection. or there will be a tendency 
to form :1 core of undisturberl mash. An additional 
safeguard is ;1 the rmometer, so that the actual 
tempemture of the masb mll~' be recorded, as well 
as the ]Jn~;;sure. A sample cock is a lso a neceSSity , 
since it is a(l\'i~aIJl e to incubnte sterile Mmples of 
the mash ns control experiment s. 

(3) 'rhe best method of discharging the contentR 
of t.he cooker is bv the introduction of top steam so 
as to keep up the' pressure. The use of pumps for 
this part of the proceRs '1'0111(1 iDvolve extra risk 
of infection, /lnd there is also a tendency for the 
grains to stop the action of the pump. The actual 
di£charge pipe would lelld from the bottom of the 
cooker to the coolers. An arrangement must be 

H 
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provided a pipe connection from this on 'to the InocuJators and then OIrto the seed tanks. Every pipe In their works, from the time it was empty until it was used again, was under steam pressur~ They had found that it did not Increase the yield or give any advantage to cook the grain at anytWng be­
tween 15 lb. and 60 Ib" but with pressures a bove GO lb. better results were obtained. What the reason of this was he could not say. Four fermen­tet';, were used and each was filled in turn; that only took a few hours, but it gave the fertnent in the fin;t iel'll1enter a cha nce to start; after that, they did not have to reject a ny batches. Of course some fermenters were contaminated to a certain extent but. tlley did not run the product into the ~ewe; unl":;;,, the yield of acetone was below GO °1" of the 

norUlal. " 
Dr. REILLY said that during several fermenta­tions at the Roya l Naval College Factory they had attempted to separate the acids which were formed, But)·l'ic and acetic acids were not the only acids produced; [here was :l lso a sUlall Quantit.y of ,ulother organic acid whicll they had not succeeded in hlentifying, The acids were formed at first in Ille pl'Oportion of four pa rts of acetic acid to one of bntyric acid . cUter a few hours the proportion ' If butyric to acetic acid increased, until more butyric acid than acetic acid was prodUCed. Then, 

as fermentation proceeded, the proportion of acetic acid again rose. There was a ri sing curve of acidity for a certain number of hours, and afterwards It fell off; as it fell off, acetic acid was added to bring it up to the maximum again. It appeared that the bacteria or enzymes were actually able to reduce 
the acetic acidity in considerable Quantities. The percentage of acetone was Increased by the addition of acet.ic acid. If acetic ' acid were made by an ordinary fermentation process, for example, by souring cheap wines, the dilute solution could be pumped directly into the fermentation vat for con­version into acetone. In that way the yield of 

acetone was increased about 10t°i" and the buty ric acid production was normal. H~ doubted whether in peace time such a process would have an economic value. 
8ir FREDEnIC ~ATH'\I' sa ill he would like 1,0 endorse tlle stu tement made by Mr. Grant Hooper 

thn t they all knew pel'fectly well tha t Prof. Fernbach had been the first to produce a mixture of acetone anll butyl a lcohol from potatoes, Rut in the brief sketch 11e (Sir Frederic Nathan) had put before the Conference , he 11ad tried to avoid a ny­thing of a controversial na ture. 'He had stated as 
briefly as he could certain fa~ts as far as they conce rned the productlon of acetone in this country, (:an,)(la , and the Dnited States during the war, That. acetone had been produced by ,means of bacteria given to the Dopa rtment by Dr. Welzma=. The bacteria had been II sed in this country, in Canada, and the IT.S., and iu every case with some 
form of grain and not with potatoes. 

THE EMPLOYMENT OF MICRO-ORGANISMS IN THE SERVICE OF INDUSTRIAL CHEMISTRY. A PLEA FOR A NATIONAL INSTITUTE OF INDUSTRIAL MICRO­
BIOLOGY. 

BY A. CIHSTON CIIAP~N_ 

When I was invited to contribute to this Confer­ence a paper dea ling with the employment of micro­organisms in the service of chemical industry, my first impulse was to decline, on" the ground that it would be Quite impossible to deal adequately with even a small branch of so wide ,arid ' complex It subject within the limits of an ordinary' scientific communication. ' , ' ,,' :, " 
, A little reflection, however,sufficed to show 'that if the temptation to wander too fai: afielu ' were 

resolutely ' ~sted, there were one or two ' aspects of the matter of sp~ial importance at the present moment which might very usefully be brought before an audience such as this. 
It is, I think, abundantly clear that, uuring the period or reconstruction on which we are now entering, it will be necessary for , this country to strain every nerve to meet foreign competition, and to become as far as possible self-supporting. 
It is a truism that the wealth of a country depen,ls on its productiveness and, for far too many years and in far too many cases, we have been content to act merely as agents when we should have been manufacturers. The war has, I think, brought home to us the folly of such a course, and it behoves us to see that we never again become as dependent as we have been on other countries for so many of our vital necessi ties. 
As a branch of chemical industry, industrial micro-biOlogy has not received , in this country, tile amount of attention to whicll its importance en­tities it ; and in this paper I propose to ,refer merely 

by way of example to one or two of what may be called (for want of a better term) the fermentation' industries, which have been very seriously neglected in this country, a-nd which it should now be our duty to establish firmly on British soil. 
Of all branches of chemical science none, perhaps, has made greater progress during comparatively recent years than that 8ub-divisio,n of organic chemistry to which the term biochemistry is now generally applied. Including, ' as it does, within its purview a study of the chemical constitution of a vast number of natura lly occurring compounds, tllelr genetic relationships, tlleir modes of produc­tion, and the various transformations which they undergo in the living organism, it will be 'obvious that the problems concerned a re not merelv of intense interest, but are frequently of the 'very highest importance in their relation to chemical industry. 
Whilst any attempt to Liivide chemical processes and chemical products into vital and non-vitaZ­that is, to assume some special "vital force" operating in living organismf'-would be without scientific justification and could scarcely fail to act as a serious obstacle to progress, yet it cannot be denied that, in the great majority of biochemical syu;heses and transforma tions, we are confronted with chemical modes of activity of which, at present, we have but the dimmest conception. When we consider the wonderful synthetic pro­cesses accomplished by the leaves of plants under the stimulus of light, the format.ion of starch or of protein in the growing plant, the conversion of car­bohydrates into fat in the animal organism or by some of the microscopic fungi , or any of the numerous Instances of enzyme action, and compare the ease and completeness with which these com­plex , transformations are effected at orpinary temperatures with the drastic, clumsy and often wasteful syntheses of the organic l aboratory , we must realise how far we are still from understand­ing nature's methods, and how much we have to learn before we can hope to imitate them. 

To quote from the , late Professor Meldola : " When we can transform sugar into alcohol in the ' laboratory at ordinary temperatures by the action of a 'synthesised nitrogenous organic com­pound; when we can convert glucose into citric acid in the same way that Gitromyces can effect this transformation; when we, can build up heptane, or­cymene, or styrene, 01' when we can produce the naph1;4alene ' or anthracene complex in the ' labora~ tOryC;'by : the ',lnte'ractlon' 'of organiC compounds at ordinary' temperatures, then may the chemist pro­cIairii' wlth"'confidence that there , is no longer any 
mystery~ 1ni v1talt chemlstl'Y_" " , " " , 

iIt ' is', ttbe thatfwe"'are beglruiing to understand soriiething1of'the: 'n'a ture or; enzyme 'action' and that 
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