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Costa Rica I, :\lexico 2, Panama 2, Urugua�' 1, United 
States 88 (10 of which are located In the United States 
possessions), Trinidad I, Tobago I, Andaman Islands 
2, Burma I, Hong Kong I, China 5, Hawaii 5, Japan 2, 
Dutch East India ii, Rnssla in Asia I, EgYlJt 2, Mo­
rocco 2, Mozambique 2, and Tripoli l.---{::anddian Engi­
m�er. 

THE VTILIZATIO); OF WASTE INDIA RUBBER.* 

By 'VAVfEP. F. REm, F.I.C. 
To the chemist there Is ill reality no waste; it is 

simply a matter of expediency whether and in what 
way any substance shall be utiltzed. The waste prod­
uct of one Industry forms the founaation of subsidiary 
industries, and it not infrequently happens that the 
by-product replaces its parent or beeomes the mainstay 
of the manufacturer. In this connection, some of us 
('an still remember the time when coal ta-r was an 
objectionable by-product, difficult and costly to dispose 
of; the chlorine products of the Leblanc soda process 
J'ender competition with the ammonia proeess possible, 
and we have explosives manufacturers erecting soap 
works for the sal{e of the glycerine which was formerly 
poured down our sewers in €'normolls quantities. It 
is, in fact, a rare occurrence that a new indUstry is 
startpd without the production of some by-product for 
which a use' has to be found. 

It is not oftcn that th€' ii1dustry ]Jroducing the by­
product Is the only outlet for its own waste, as is the 
case with india rubber. In this instance, practicillly 
the whole output becomes, sometimes in a very brief 
Sllace of time, a waste product. In some c:ase&, as with 
motor-car tires, mpchilnical dpterioration takes place 
long before chemical changes Ca\l8e disintegrat'ion; but 
in others oxidation of the material renders it unfit for 
its original \l\lI1J08e. 

-

Forman�' years, espe'cially while abundant supplies 
of crude rubber were obtainable at moderate prioes, 
little attention was paid to wastR 1'lIbber. although as 
early as 1846 it was recognized that such waste might 
be utilized with advantage, and Parkes laid the founda­
tion of the aHl:aJine method of recovery. Of late years, 
however, there have been remarlmble develop�nent.s in 
the India rubber industry. 1'he increased dQrnand, 
mainl� due to electrical progress and improved meth­
ods of locomotion, has nlGre than equaled the immedi­
ately availahle sources of supply, and the result has 
been a considerable Increase in price. The total l'lro­
duction of rubber last year was a.bout 68,000 tons, and 
the increase In the allnual output hils been about 
15,000 tons in five years. As bea.rlng upon the quality 
of the mat€'rial, it will be interesting to ascertain the 
chief sourcps of supply. Amerl�il easily leads the way 
witli a production of 42,ROO tons, of whioh 41,000 tons, 
Oi' nearly two.thirds of t.he whole quantity Harvesfed, 
is credited 1.0 Brazil. �!uch has been said and written 
lately about the productioR of rubber in Mexico, and 
considerable amounts of American capital have been 
invested in "Gllayule" rubber; bnt last year the wbole 
production of Mexico only amounted to 200 tons, so 
that the quantity of this low·elass rubber is not yet of 
importance. It has been calculated that only about 
:100,000 tons of the shrub "parthenium argentatum" 
from whlcl'l "Guayule" rubber Is extracted are avail­
able, and, with a yield of 6 per cent of rubber, this 
quantity would only produce abtmt 18,000 tons of 
rubber. 

Africa comes next as regards quantity, the OHtput 
being 23',400 tons. The Congo Free State is here the 
largest jJrodt\cer, having brought 4,500 tons into the 
market. In view of the methods by which this rubber 
is obtained, it can scarcely be expected that the pro­
duction will be materially increased hi tbis district. 
Germany is devoting much attent,ion to rubber in hjlr 
African colonies, and will soon be prodUCing plantaiton 
rubber. 

The rubber derived from Asia and Polynesia is esti­
mated at 1,800 tons per annum; but this quantity will 
Jlrobably increase rapidly within a few years, ana no 
doubt "plantation" rubber will in time displace "Para" 
from its premier position as regards quality. Some of 
the rubber sent to. ns from plantations in the East is 
of excellent quality, quite equal to the best "Para;" and 
very free 'from Impurities; but many of tho.se who 
grow the rubber are not. sufficiently informed as to the 
requirements of the user, and there is .here a wide field 
for the trained chemist., as compared with the chemical 
inventor who has not been trained. It is estimated 
that trees already planted should, in about ten years' 
time, yield some 25,000 tons of rubber per annum; but 
too little Is known of the Influence of climate, soil, and. 
diseases of the trees to malw this a reliable estimate. 

The great bulk of rubber produced is of good quality, 
and, If it went into. consumption In the state of purity 
in which it is received by the manufacturer, the aver­
age quality of the waste would aIso be high. Unfortu­
nately, however, substances of the most varied proper­
ties are added during the process of manufacture. 
Mineral matters of various kinds sometimes make up 
the greater part of tha weight of What is sold as india 
rubber, while the rubber Itself is largely replaced by 
substitutes, generally consisting of some form of solidi­
fied 01I. One ingredient, however, Is common to nearly 
all forms of manufactured rubber, and it is tbis that 
has proved t.he stumbling block to most Inventors who 
have endeavored to utlUze rubber waste. I refer to 
the sulphur t'tsed tn vulcanizing, part of which enters 
into chemical combination with the rubber, and which 
is very difficult to ex!)€'l again without -injuring the 
quality of the material. Vulcanl7.atlon Is at present a 
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necessity, for no other process has yet been discovered 
which renders rubber so inert to. c.ilanges of tempera­
ture. Once the vulcanization has taken place, how­
ever, the cut surfaces of rubber will no longer adhere 
to each other, and the material cannot be worked into 
a homogeneous mass. It is probably the sulphur that 
is the cause of the disintegration of rubber, beCause 
crude rubber will keep for a number of years without 
deterioration. Here is a piece of crude Para rubber 
sixty-five years old. It was bought in Glasgow in 1842, 

weighs one ounce, and cost 28. 6d., and is llractically 
in the same state now as then. The other piece of raw 
rubber came into my possession in 1861, and is also in 
quit� good condition. The best sample of vulcani7.ed 
rabber I have met with is a red rilbber stopper now 
twenty years old; but, as you will observe, it has be­
come quite brittle outside, although still soft inside. 
:'><early all old vulcanb:ed articles contain traces of 
sulphuric acid, due to the gradual oxidation of the 
free sulphur, and this is probably the main cause of 
the deterioration. Rubber which has become brittle 
through age cannot be regenerated by any of the pro­
cesses at present in use, and is practically valueless. 
In many cases, however, rubber articles have to be dis­
carded long before chemical disintegration sets in. 
Motor·car tires and sho€'s are worn Ollt by attrition, 
sometimes in a very short time, and yield valuable 
mat&ial for the industry we are discussing. The 
inn€'r pneumatic tubes of bicycles and motor cars are 
the best wast€' available on a large scale; but, as they 
caB be utilized by grinding and mixing with fresh rub­
ber without undergoing any chemical process, they 
command a relatively high price. Manufactured rub­
ber contains mineral matters of various kinds, Imown 
as filling materials or compounding materials. The 
IUOSt frequently ug'ed are calcium carbonate, calcium 
sulphate, magnesium carbonate. magnesia, barium sul­
,Viate, zinc oxide, litharge, white lead, china clay, 
French chalk. and lithopone. 

In re�erating rubber, it is not necessary to remove 
all of these; but their presence naturally diminishes 
the value of the product obtained. Perhaps the most 
troublesome impurity in rubber waste is fiber derived 
from the 1'abrics which so frequently form the basis of 
rubber goods. In a motor-car tire, for instance, there 
may be eight or ten thicknesses of fabric in about half 
an inch. The best method of removing fiber is the 
mecbanical one, as this does not dp.teriorate the quality 
of the rubber. The whole mass is ground into a coarse 
l}()wdel' whioh is then exposed to a current of air by 
means of which the fibers are removpd, and the rubber 
is l\,lft behind. The separation is only j-Jartial; but the 
remova-l of the fiher is generally complete enough for 
practical plll1loses. 

There are, however, some materials in which the 
fiber is so inUmately incorpomted with the rubber that 
it cannot be serlaFated by mechanical m€'ans. In such 
cases, the grinding is continued until the fiber is 
rednced to a powder which remains in the reco.vered 
nIbbeI', or the fiber is destroyed hy chemical means. 
The chemical reagents used differ according to the 
nature o� the fiber. Vegetable matter is destroyed by 
treatment willi an acid, ge'nerally sulphuric acid, or an 
acid salt, followed by h!lating. The decomposed fiber 
can then be washed out, together with such mineral 
matter as Is soluble in the acid used. For the destpuc­
tion oli aniJnal fiber, such as wool, an alkaline solution 
i1> preferable, followed by drying and subsequent wash­
ing. Although india rubber is less acted upon by both 
acids and alkalis than the fibers with which it is mixed, 
yet there is always sufficient aetion to deteriorate co.n­
siderably the quality of the recovered product. In­
numerable attempts have been made to recover rubber 
by dissolVing the waste in a suitable solvent; but most 
of these have failed, owing to the fact that v\'\l�anized 
rubber becomes insoluble in the usual solvents for raw 
rubber. It will swell in many liquids; but will not 
dissolve until such a degree of heat is applied that the 
rubber itself is decomposed. Vulcanized rubber can be 
converted into a homogeneous mass by superheating; 
but this causes a decomposition of the rubbe. itself, 
and, although tbe product can be used in allmixture 
with fresh rubber, and has even great cementitious 
powers, it is very deficient in elaFlticity and tensile 
stren!!;t.h. Many of the variptips of recovered or regen­
erat.ed rubher in the market are in reality overheated, 
while some are overworked. 

There are many liquids which will lixiviate part of 
the free sulphur from the vukaniz( d mat€'rial; but. in 
most cases their use involves a permanent deteriora­
tion of the rubber, which still retains the bulk of the 
free and practically the whole of the combined SUlphur. 

Last year M. A. Tixier, a French chemist, made the 
interesting observatio.n that vulcanized rubber was 
completely soluble in terpineol. Upon this fact, a pro­
cess for t.he re!!;enel'ation of waste rubher has been 
based, the ]latent specificat.ion for which was recently 
published. (Fr. Pat. 370,619, October 19, 1906.) The 
rubber, whether vulcanized. or not, is reduced to pulp 
and digested with twice its weight of terpineol in a 
closed vessel fitted wit.h an agitator. The temperature 
specified is 100 deg. to 150 deg. C. The solution thus 
obtained is agitated with four times its volume of ben­
zene. Insoluble impurities subsid€', the clear liquid 
is decanted, and the bem:ene distilled off. The rubber 
is then precipitated by the addition of alcohol or ace­
tone. Regenerated rubber obtained in this way resem­
bles the natural product more than any other kind that 
I have seen. It is very viscid, and will hcand a large 
admixture of neutral mineral substances. It can be 
revulcanized and possesses considerable power of re­
sistance to chemicill reagents, This latter Quality 1s 

vrobably due to the fact that the method of prepara­
tio.n eliminates the resinous impurities of the rubber 
which are most readily attacked by acids or alkalis. 

In spite of the poor quality of the rubber recovered 
by the old processes, the trade in this article is con­
siderable, especially in the United States. No less 
than 10,600 tons of waste rubber was imported into 
that country last year. The recovered rUbber exported 
amounted to 380 tons, of which Great Britain took 211 

tons. Our home production of recovered rubber is con· 
siderable, but official statistics are not available. 

Waste rubber is sorted into about a dozen different. 
grades, which vary in price according to the quality 
of the rubber which they contain and the greater or 
less difficulty of extracting. 

BACTERIA IN CHEESEMAKI:\'G.* 
By PROF. H�;Rln;RT W. CONN. 

Ix regard to the relation of micro-organisms to 
cheesemaking, we know as yet less than about their 
work ·in buttermaking, and the practical applications 
have hitherto not been extended. It is certain that 
the telation of bacteria to many problems of cheese 
ripening is very intimate, and that further studie.s 
will disclose facts that we do not now know. It is, 
also, fairly certain that practical applications of bac­
teriolog�' to cheesemaldng are sure to come, and many 
phases of this industry are to be modified in the not 
far distant future by new discoveries. Already some 
practical results have been obtained, and the present 
:ime is seeing a large knowledge both obtained and 
]lractically applied to cheesemaking. 

There are many different kinds of cheese, and no 
two types are made in the same way, h:we the same 
hi8tory, or are ripened by the same agents. Each spe­
cial kind of cheese has to be studied by itself, and it 
is difficult to make any gene!'a� statement concerning 
the relation of mil:'ro-organisms to cheesemaking_ 
Moreover, it is quite certain that some of th� phe­
nomena of c.heesemaking and cheese-ripening cOP,cern 
other factors besides the growth of bacteria or similar 
agents, and we do not, as yet, know to what extent 
chee.se-rip€'ning is due to the growth of micro-organ­
isms. A few facts, however, are now well ]lroved and 
may be bl'iefly summarized. 

The relation of bacteria to cheese, if they have any 
relation at all, is to the phenomena of the ripening of 
the cheese. The green curd, when first made into a 
cheese, Ras no cheQse flavor, is hard and tough, and, in 
general, not an appetizing product·. It is, howev�r, 
ripened for a varying period, during which time the 
chemical nature is undergoing changes, atld -the cheese 
becomes more easily digestible and changes its flavor. 
It is the latter fact, the change in flavor, whieh is of 
the highest. importance in i"endeJ'ing cheese a favorite 
marl{et product, and in which in all probability micro­
organisms are in some d€'gree concel'ned. As yet, 
however, we do not in many cases lmow to what ex­
tent cheese flavors are aue t-o the action of b�teria. 

Il is certain, however. that in nearly all type5 of 
cheese the first phenomenon which occurs, and which 
appears to be quite necessary to all £ubsequent ripen­
ing, is the souring of the curd. lYe have already 
learned that this development of lactic acid is depen­
dent wholly on the growth of bacteria; hence, the first 
process of cheese ripening is bacteria growth. For 
this reason, it has become evident that to make a high­
grade type of cheese, it is necessary that the milk 
should contain a .sufficIent quantity of favorabJ.e lactic 
bacteria. We have already learned that there are two 
types of bacteria which produce lactic acid, one produc­
ing gas, and the other ]lroducing no gas. Cheese­
makers have learned to their sorrow that the presence 
of gas-producing organisms, in any considerable quan­
tity, is- fatal to the j)roduction o.f a good quality of 
cheese. Great quantities of cheese are entirely spoiled 
by the growth of the gas-producing organisms. These 
facts have been ap]lreciated only in recent years, and 
now cheesemakers are adopting various methods of 
checking the growth of gas organisms. Among other 
methods there is now being more and more widely 
adopted the use of Jlure cultures of lactic germs, to be 
added to the milk for the distinct purpose of cont.rol­
ling the souring as a ]lrelimInary to cream-ri]lening. 
Cheesemakers are to-da�' learning to control their rip­
ening by the 11IIrchase of lactic C'lIltllres from dpalers, 
and their inoculation into milk. This method has been 
developed in the last few years and seems likely to 
continue to extend widely. The inoculation of a large 
quantity of lactic bacteria hell)S greatly in holding in 
check the development of the gas-producing organisms, 
as well as of other bacteria which might produce 
trouble. Here, then, is the first practical application 
of bacteria to cheesemaking. 

IN EDAM ANll SOFT CHEESES. 

It is interesting to note that even before bacteriolo­
gists understood facts concerning the relation of bac­
teria to cheese there had been made a practical appli­
cation o.f the bacteria to the manufacture of one va­
riety, the well-known Edam cheese of Holland_ For 
quite a number of years it has been known that the 
manufacture of this cheese could be hastened and ren­
dered more uniform by the use of a starter added to 
the milk, known as "slimy whey." Thi8 is a whey or 
milk in which certain species of bacteria have devel­
Oiled IJntil there has been produ(:ed a decided sliminess. 
An addition of a proper quantity of this starter to the 
milk results in a decrease in the time of ripening of 
the cheese, and in a somewhat greater uniformity In 
the product. There Is no improvement In the type of 
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