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Over 2/3 of WWI battlefield deaths (out of 6 million) were caused by artillery.  Disease killed another 3 million.

The British alone fired 170 million shells, or more than one per second, mostly along their section of the static 
Western Front, which was no more than 150 miles in length.  This is an average of one shell every two minutes 

per mile of front – for 50 months.

The intensity of shelling increased throughout the war.  1.7 million shells were fired during the first week of the 
Somme offensive of 1916, more than had been fired in the first year of the war (1914-15).  1.1 million shells were 

fired in the first American battle of the war, Saint-Mihiel, in September, 1918 – on the first day alone!



cordite – British propellant and a shell supply bottleneck

Propellant = gunpowder.  By World War I, all combatants were using smokeless powders based 
on nitrocellulose and nitroglycerin, as opposed to black powders based on saltpeter (KNO3). 



cordite = 

nitroglycerin
glycerin from fats and oils

+ nitric/sulfuric acid 

guncotton (nitrocellulose)
from cotton + nitric/sulfuric acid

+ + petroleum jelly

Acetone is used as the solvent to mix the components of cordite into a malleable, gelatinous form
that could be extruded into “cords.”



Before the war, acetone was 
a byproduct of charcoal 

production by wood 
pyrolysis.  The yield was 

quite low.

1,000 kg of dry deciduous 
hardwood yields:

50 kg of acetic acid

16 kg of methanol

8 kg of acetone and “methyl 
acetone,” or a mixture of 
acetone, methyl acetate, 

and methanol



Acetone production by fermentation:  the origin of industrial fermentation

Acetone fermentation was discovered due to research on 
synthetic rubber production.  Before the war, rubber 

came from trees rather than from cracking oil.  Synthetic 
rubber could be produced expensively from other 

sources, as Germany was forced to do during the war, but 
was a shoddy substitute.

Another promising source of rubber was from newly-
discovered microbes that fermented starch to butanol 

and acetone.  (Later it was discovered that ethanol is also 
produced.)  This bacterial metabolism is now known as 

acetone-butanol-ethanol, or ABE, fermentation.

butanol, 60% acetone, 30% ethanol, 10%starch

rubber
tree



Acetone production by fermentation:  the origin of industrial fermentation

The “Fernbach-Schoen” ABE isolate was used by a 
company in Manchester to ferment butanol and acetone 

from potatoes on an industrial scale.  Although the 
process didn’t pan out for synthetic rubber – which, in 
any case, became abundant and cheap with booming 

Malayan production – the acetone attracted the interest 
of the British government with the outbreak of World 
War I.  The isolate, however, grew slowly under strictly 
anaerobic conditions, and the factory only produced a 

few tons of acetone per month while thousands of tons 
were needed.  A perceived shortage of shells contributed 
to the fall of the Asquith government in December, 1916.

butanol, 60% acetone, 30% ethanol, 10%starch

rubber
tree



Heat-resistant clostridial spores

Chaim Weizmann Clostridium acetobutylicum
“The Weizmann Organism”

Efficient aerobic fermentation of corn









ABE fermentation vats, Toronto Acetone storage tanks, Toronto

“Well, Dr. Weizmann, we need 30,000 tonnes of acetone.  Can you make it?”
Winston Churchill, First Lord of the Admiralty, upon meeting Weizmann in 1916

Within a year, ABE fermentation was scaled up.  Fermentation greatly supplemented inefficient 
wood pyrolysis as a source of acetone; about 20,000 tons were produced by this method, 

principally in England and at plants in Toronto and Terre Haute.  At the height of the U-boat 
campaign (1917), the government paid school children to collect acorns (“conkers”) in an 

attempt to use these as a fermentation feedstock in lieu of imported American wheat and corn.



Ramifications

Ironically, the British acetone crisis was caused by the distinctive recipe of cordite, 
which differed from the propellants of all other combatants.  Other propellants 

were variants of ballistite, which was gelatinized by collodion, or nitrocellulose in 
ether and alcohol, and was then flattened and chopped into flakes.  In late 1916, 
the British began using a similar composition, replacing insoluble guncotton with 
soluble collodion, thereby alleviating the demand for acetone.  However, British 
propellant maintained its characteristic stringiness and was still called cordite.

French Poudre B

An assortment of smokeless powders



Ramifications
As much as anyone, Weizmann, a 

dedicated Zionist, was responsible for 
the establishment of the state of Israel.  

British politicians were indebted to 
Weizmann for his contribution to the 

war effort; Weizmann himself suggests 
in his autobiography that the Balfour 

Declaration was a reward for his 
services.  This is plausible considering 
his cordial relationship with Foreign 
Secretary Arthur Balfour and Prime 

Minister David Lloyd George from 1915, 
and his persuasive and persistent 

Zionist agitation.  Weizmann founded a 
prestigious scientific institute in British 
Palestine and was appointed the first 
Israeli president, a largely ceremonial 

post (1949-52).
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