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PREFACE

The author has attempted to give in this volume a brief but com-
plete survey of the Rubber Industry. The production of crude rub-
ber, including the methods in use for collecting both wild and plan-
tation rubber, are carefully described as well as the processes in use
for coagulating and curing the crude rubber.

The manufacture of numerous inorganic fillers and their proper
use in rubber compounding are given in full as well as the various
processes employed for fabricating rubber goods. The apparatus
used in all parts of the industry is fully illustrated and described.

The chemical and physical properties of the latex and rubber,
including the production of synthetic caoutchouc, are fully discussed.
Chapters have also been included on the chemical analysis and phys-
ical testing of rubber and its compounds and the various theories of
vulcanization.

While the attempt has been made to present the technical fea--
tures of the subject in a scientific manner so that the volume will be
of value to students of this subject, it is believed that a large part of
the volume will be of interest to the non-technical reader. Both
classes of readers will no doubt be interested in the attempts to point
the way for the future development of this most important product.

1 A DR

Akron, Ohio, '

Petirdary. 1, 1921.
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The History of Caoutchouc

Before starting this series of chap-
ters, it seems to me both necessary
and interesting to take a brief glance
into history and obtain a little knowl-
edge as to when and by whom this
important article of commerce was
first found. It is my purpose to
deal principally with the rubber
industry as it is at the present time,
vet to omit mentioning the discovery
of this substance would be unfair
to the pioneers, and would also render
a work of this nature incomplete.

It has been stated that the first
reference to rubber ocecurs in the
work of a Spanish writer of Madrid
in 1536, but M. L. Tillier points out
that P. Martyr d’Angliera in 1525
published a description of some rub-
ber playing balls seen by him in
Mexico.

Another Spanish writer deseribes
the same article as made ‘‘ from a
black resin, obtained from a tree
called by the natives Ulaquhnil.”” In
this connection it will be well to state
that in parts of Mexico and Central
America even to-day the Castilloa
elastica is known as the Ule tree.

According to Morris, the first
record of india-rubber was made soon
after the discovery of the New World
by Columbus. The Old World rub-
bers were still unknown. Columbus,
on his second voyage. noticed the
inhabitants of Hayti playing with a
ball made from the resin of a tree.
It is interesting to note that the game
which the natives played with these
balls is still played in these regions
and in fact, modern explorers have
become aware of the presence of rub-
ber yielding trees simply by observ-
ing that this gathe was being played.
Antonio de Herrera Tordesillas, a
Spanish historian in 1601, in his
‘“ General History of the Voyages

and Conquests of the Castillians "’
while speaking of the conquests in
Mexico, mentions certain trees which,
when punetured, yield a milk which
becomes converted into a gum with
a very fine smell.

Father Xavier de Charleroix of
the Society of Jesus, 1682-1761, de-
seribes the Batoa, a species of ball
of a solid matter but extremely
““ porous and light. It soars higher
than other balls, falls to the ground
and rebounds higher than the level
of the hand which it quitted. 1t falls
to the ground and rebounds once
more although not to such a height
this time, and the height of the bound
is gradually diminished.”’

‘Whatever the date may be which
marks the first recognition of this
important article in civilization, we
at least must give eredit to the Span-
ish and Portuguese explorers of the
West Indias as being the first to ob-
serve it and record it in their litera-
ture.

The French were the first to make
any secientifie study of rubber bear-
ing plants. The Academy of Science
of Paris in 1731 sent an expedition
to South America under the guidance
of La Condamine and Bougner. In
1736, La Condamine sent back to the
Academy a resinous mass under the
name of ‘¢ ecaoutchouc’ and this
information :

“There grows in the province of Es-
meraldas. a tree called by the natives of
the country ‘Heve’; there flows from it.
by simple incision. a liquor, which
hardens gradually and blackens in the
air. The inhabitants make flambeaux of
it, which burns very well without wicks,
and gives rather of a fine light. . . .
In the province of Quito. sheets of linen
are coated with it. and are nsed for the
same purpose as we use waxcloth. e Ly
The same tree grows along the banks of
the Amazon and the Mainas Indians call
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the vresin which they extract from it
‘cahuchu’ (pronounce caoutchouc). They
make boots of it, which do not draw
water, which after being blackened by
heing ]19[(1 Jn the smoke, have all the ap-
1¢c¢m—nce 0£ ‘l(iltliél‘ :They coat earthen
wolds in ‘tlfe Stape *0f a Dbottle with it,
- .ud.-\y-hez} the sresing, lnh-lmldened they

~ . Famm{mt 1 .Inoi(i Aang-fored out the pieces

t1110u<*h the neck and mouth ; thus they
get a nonfragile bottle, ecapable of con-
taining all kinds of liquid.”

He also mentions a peculiar use
whiech one of the tribes made of
this india-rubber:

“The use which is made of this resin
by the Omaguas, in the middle of the
American continent, on the banks of the
Amazon, is still more singular; they
make bottles of it in the shape of a pear,
to the neck of which they attach a fluted
piece of wood. By pressing the bottles
the liquid which they contain is made to
flow out through the fluted piece of wood,
and by this means these bottles become
real syringes.”

That is the origin of the name
givenn by the Portuguese to the tree
which yields this resin, Pao de
Ciringa (syringe-wood), and of ser-
ingueiros to the resin collectors.

At this point La Condamine had
to give up his pursuit of this peculiar
substance and devote his time to his
own profession, for he was a doetor
of medieine and an eminent natur-
alist. At this time lie came in touch
with Fresneau, the Freneh engineer

located at Cayenne, who scemed to

grasp the importanee of this sub-
stanee and took up the work where
La Condamine had abandoned it.
After great labor and hardship he
sueeeeded in finding these trees and
notieing how the natives proeceeded
to obtain this resin, he sent the fol-
lowing eommunieation to Lia Con-
damine:

“They commence by washing the foot
of the tree; then they make with a bill-
hook. longitudinal Dbut rather oblique
incisions which should penetrate the
whole thickness of the bark, taking care
to malke them, one above another, so that
the flow from the top incision fallg into
the one underneath, and so on until the
last one at the bottom of which a leaf
of the Balizier (an American reed) is
placed, which is made to hold the liquid
by potter’s earth. so as to lead the juice
into a vessel placed at the foot of the
tree.

“To utilize the milky juice of the trees
which T have mentioned. a mold is made
of potter’s earth. according to the shape
of the vessel which it is mtended to make,

and, to hold it more conveniently, a
piece of stick is inserted in the place
which is not to be coated with the milky
juice. An aperture is thus secured
through which the potter’s earth may be
afterward expelled, by introducing water
to soften it. Any oune mold being shaped.
polished, and softened with water, it is
coated all over with milky juice by means
of the fingers, after which tliis coating
is exposed to a dense smoke, where the
heat of the fire hardly makes itself felt,
keeping constantly turning it, so that the
juice may be spread equally over the
mold, and taking good care that the flame
does not reach it, which would cause the
milky juice to beil, and thus to form
small holes.

“As soon as a yellow color is seen,
and this first coating is no longer tacky
to the fingers, a second layer is applied,
which is treated in the same way, and
so on with the other coats, until it is
judged to be sufficiently thick, and then
it is kept longer over the flame so as
to evaporate the whole of the moisture,
until but the elastic resin remains. :
With this juice and linen sheeting, tar-
paulins, pump hose, divers’ clothing, bot-
tles, sacks for containing campaigning
biscuit, etc., may be made, without fear
of this material imparting any bad smell;
but all of these things can only be exe-
cuted on the spots where the tree grows,
as these juices soon lose their fluidity.”

In 1762 the French botanist Fuset-
Ablet started for Guiana and two
years later he published ‘¢ The Flora
of Guiana,’” and in this he deseribed
a tree whieh he called Hevea Guyan-
eNnsis.

In 1798 James Howison determined
the name of an elastic gum vine, the
species which later on was called
Urceola clastica. This tree was the
ehief source of supply from the Idast
prior to the introduetion of that from
the Ficus clastica. 1t was diseovered
on the island of Penang. While
clearing a way through the jungle
with cutlasses, the blades Dbeeame
covered with a juice which hardened
and had the appearance of india-rub-
ber. The source of this juiee was
found to be a vine about as thick
as a man’s arm, whieh ran along the
ground for great distances, rooted
at its joints and also elimbed the
highest trees. It was thought to be
a speeies of ITevea, with which it is
often confused even to this day. This
juice was also used by the natives
to waterproof different artieles.

It is reported that in 1755 the King
of Portugal, having heard of the






CHAPTER II

Rubber of the Amazon Basin

As stated in Chapter I, the French
were the pioneers in obtaining exact
information in regard to the South
Ameriea rubbers. It was the expedi-
tion of de La Condamine and Boug-
ner, from the Paris Academy of
Science, in 1731, that sent the first
reports dealing with rubber in Peru
and Brazil back to the Bastern World.

In 1736 de La Condamine sent
home samples of rubber, and referred
to the faet that in the provinee of the
Esmeraldas there oecurred a tree
called by the natives Hevea, and that
they obtained from it a milk white
liquid, whieh gradually hardened and
blackened in the air. He also men-
tioned fhat in the provinee of Quito
the natives eoated linen with this ma-
terial, and that the same tree grew
on the banks of the Amazon; also
that the natives made water tight

boots from it, which had the real ap-

pearance of leather, after having
been blaeckened by means of smoke.
1Ie goes further and says that the na-
tives made some moulded goods from
this material. From his writings we
find several of the terms still in use.

I mention this simply to give some
idea as to the length of time eiv-
ilized man has been aequainted with
this important substance, and in what
condition and state of development
he found it. ]

In the beginuing it is well to de-
fine a few of the terms which will be
nsed and deseribe briefly the labor
eondition which prevails throughout
nearly all of the Sonth Ameriea rub-
ber regions. <

Thus far very little of the vast ter-
ritory bearing these rubber produe-
ing trees has been even explored, to
say nothing of their being available
for tapping. Tt is estimated that there

are at present 300,000,000 virgin
trees in this territory.

Tracts of this rubber producing
region are obtained by individuals or
companies on lease from the state,
and the working of any area which
has not been surveyed by the state is

Fie. 1

punishable under the law of theft.
The number of leases and snb-leases
is considerable. Trom the report of
the Commission of Economie Expan-
sion in Brazil during the year 1906-
07 there were organized fifty-two
such companies with a eapital of two
millions sterling. These concessions
are termed seringals, and are usually
computed aceording to the number
of estradas running through them.
The estradas ave paths running
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through the forest in sueh a way as
to lead past from one hundred to one
hundred and fifty trees. Sometimes
the trees are some distanee apart, but
generally they are found in groups of
from two to six.

The seringuciro is the name applied
to the one taking care of a seringal.
The seringueiros arve mostly natives of
the states of Ceara and Maranhao.
Due to the high death rate and the
great number of desertions, it is nee-
essary to provide about eighty labor-
ers for a seringal on whieh fifty could
actnally do the work. One serin-
gueiro is supposed to take eave of two
estradas after they are opened up and
put into operation.

The eost of finaneing a seringal is
rather high, as Sandmann has esti-
mated it costs about $25,000 to put
into operation a seringal of one hun-
dred estradas, that is, from 10,000 to
15,000 trees. This will buy the outfit
neecessary, cut the paths, build the
huts and faetory, and also allow for
a little ineidental expense.

The patrao, the owner or sub-owner
of a seringal, very seldom finances his
own property. He obtains the ad-
vanees from the large dealers and ex-
port firms at Para and Manaos, They
are termed aviadores. Thus it will be
seen that the financing is really done
by the aviadores, and they lhold a
mortgage on the patrao, who in turn
mortgages the labor of the serin-
gueiro.

The average vield of a six months’

season of an industrious seringuciro
is about eight hundred pounds of
rubber. When he has paid his ad-
vanees to the patrao there remains a
profit of about $250 to $300. This is
hardly suffieient to support his fam-
ily at the seat of operations during
his absence on the seringal. 1t is for-
tunate for him that the streams and
forest furnish fishing and hunting al-
most suffieient to support him, but
beeanse of the poor way in which the
food is prepared and the unhealthy
elimatiec eonditions, there is mueh
sickness and the mortality is high.
The oeeupation of a sertnguciro is not
an enviable one.

Varieties

In the Amazon Basin we find the
order of Euphorbiaceae, the most im-
portant genus of whieh is the Heveq,
and here we find many different
species, the most important one be-
ing the Hevea brasiliensis, the species
from whieh the widely known Para
rubber is obtained. This species is
found over a‘large part of northern
South Ameriea but prineipally in the
areas watered by the Amazon and its
tributaries, in the states of Para,
and Amazonas, in Brazil. This is the
speeies from whieh the Eastern plan-
tations have been largely propagated.
It is a large tree, in its natnral state
often attaining a height of one hun-
dred feet and a diameter of forty
inehes.

There are several varieties obtained
from the Hevea brasiliensis.

F1¢. 2—RUBBER GATHERERS DRESSED FOR A HOLIDAY
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We find two main regions in which
Fine Para is prepared, the ¢¢ Islands”’
at the mouth of the Amazon River;
and the ‘¢ Up-river ’’ regions near
and above Manaos. ‘¢ Islands ’’ rub-
ber is generally known as ‘¢ soft-
cure,”” and ‘¢ Up-river > as ‘‘ hard-
cure.”’

The scraps of rubber adhering to
the bark of the trees and coagulating

Frg. 3—TaprriN¢ WILD RUBBER TREES

cups are compressed into irregular
forms and sold as ‘‘ Negroheads.”’
““ Up-river Negroheads '’ are gener-
ally ealled ‘¢ scrappy ’’ and ¢‘ Islands
Negroheads ’’ are called ‘¢ Sernam-
by.”” There is another variety- of
negrolhead, the Cameta, coming from
a district of that name in Southwest
Para.

This same species supplies from the
Provinee of Matto-Grosso, in Brazil:
the Matto-Grosso, Fine and Entre-
fine; Matto-Grosso, Virgin Sheets,
and Matto-Grosso, Negroheads.

From Bolivia we obtain Bolivian,
fine, medium and coarse; also Mol-

lendo, fine, medium and coarse. These: ©

are also obtained from a species of
Hevea.

Trom Peru we get Peruvian (fine.

coarse or scrappy), likewise of the
Hevea.

From Eecuador we obtain a new
species, the Sapium, several varie-
ties of which are: Eecuador scrap,
sansage ; Esmeralda sausage, Caucho
blanco, and Caucho negro.

Confused with these last two we
often come in contact with a variety
known as Caucho Balls which is of
the Hevea brasiliensis.

During the last quarter of a cen-
tury large quantities of Caucho have
been found in the distriets of Obidos,
Tocantins, Xingo, and Tapajos rivers.
This supply is likely to be exhausted
due to the fact that the natives gather
this latex by euntting down the tree
and then bleeding it. e

There are some seventy varieties of
the Manihot rubber but we shall call
attention to but two, the Ceara and
Manicoba which grow in a relatively
poor soil and at altitudes where most
other rubber producing trees cease to
exist. The bulk of these rubbers come
from the Province of Ceara, Brazil.
There is some difficulty in collecting
this latex due to its rapid coagulation.

The mnatives allow the latex to
coagulate as it flows down the tree
and then peel it from the bark. It
sometimes runs down onto the ground
and is canght in a leaf formed as a
receptacle. The result is that the
Manicoba rubber varies a great deal
and contains a large amount of for-
eign matter. When this rubber is
properly prepared, however, it is of
a very good grade.

The Micandras oceurs on the upper
Amazon and some are of the opinion
that it is used largely in the making
of Scrappy Negroheads.

A rubber of the species Hancornia
is also found in Brazil and is sold
under the name of DMatto-Grosso
Sheets, Mangabeira, or Pernambuco.
It is -of medium value and rather
large quantities of it are used.

The above enumeration does not
include all of the varieties of rnbber
from South America but it does cover
the most important ones.

Two Methods of Tapping

All of the South American rubber
comes from trees and is obtained by a
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system of tapping of one kind or
other. We shall consider two general
methods.

1. Felling of trees.

2. Bleeding by puncture or inci-
sion, tapping.

3y the felling process it is possible
to obtain only the latex which is in
the tree at the time of its ecutting.
The method is a destructive one and
is only practiced now under two con-
ditions.

The trees found in Peru, when once
tapped are attacked by insects and
the death of the tree results, while if
this tree is eut down there springs up

er the incision was too deep and thus
impaired the life of the tree, and got
injurious material into the latex, or
too shallow and thus obtained a poor
vield of latex.

From these incisions the latex flows
down the tree until it comes to the
rope and then on down the groove
whieh the tree forms with the rope
until it reaches the lowest point where
it is collected in a suitable receptacle.
The latex making this journey down
the tree collects moss, wooden debris
and other impurities and these are all

I'16. 4—SMoKING CAOUTCHOUC

from its stump several sprouts which
grow very rapidly and in a short time
a clump of trees exists where there
was but one originally. In the seec-
ond place felling is allowed where it
1s necessary to thin out the forests in
order to make the estradas.

Several different methods of tap-
ping are in use. The Arrocho
system was one of the first to. be
used in Brazil, and was accomplished
by binding a rope obliquely about the
Hevea, the knot being high up on the
tree. Above the ligature, ineisions
were made with any sort of tool the
operator happened to have, a butch-
er’'s knife, pruning hook. or entlass,
and the seringueiro cared little wheth-

IF16. 5—NATIVE COLLECTING THE IATEX

later found in the rubber. In addi-
tion to getting poor rubber the serin-
gueiro would often neglect to remove
the rope and the tree would die of
strangulation. This process has beeri
practically abandoned.

The present method of tapping in
this region has been described by a
great many different writers. Chapel
and Carrey have probably given the
best deseription. The seringueiro
gets his outfit all together which con-
sists of a machado, a small hatchet
with a short handle and a blade
only 3 centimeters wide with a
sharp cutting edge of about 5 centi-
meters, the bueket for earrying the
latex, and the tigelinhas, small cups
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whieh are hung at the different in-
cisions.

With this equipment the scrin-
gueiro starts out about five o’eloek in
the morning to operate on his es-
trada, whieh begins at his hut and
after its ramifications leads back to his
hut again: He takes with him his ma-
chado and tigelinhas. When he comes
to a tree he ecleans away the rubbish
at its foot, cleans the bark, and then
begins to tap the tree. With a
single cut of the machado he incises
the bark, so that the latex flows out,
being careful not to wound the tree.
After several ineisions of this kind
have been made in each tree, he places
a tigelinhas under each one to collect
the latex and then moves on and
repeats the operation on the next tree,

Some of the colleetors make V-
shaped incisions and others make ver-
tical ones. Whichever method is used
should be practiced regularly on the
tree for it has been found that by
using irregular tappings the tree will
yield regularly only for a year or two
and will then dry up and cease to
give any latex.

A seringueiro is able to operate
about fifty trees a day so if his
estrada eontains one hundred and
fifty trees he divides it in sueh a way
that eaeh tree is tapped every third
day. If his estrada contains one hun-
dred, then cach tree is tapped every
other day. After he has tapped his
fifty trees he comes into his hut for a
little rest and a cup of coffec.

This has consumed about three hours
and he now takes up his balde, or tin
bucket, and revisits the trees whieh
he has tapped, pouring the latex from
each t#igelinhas into his gathering
bucket and turning the tigelinhas up-
side down on a stiek near the foot of
the tree. This is done to prevent its
being filled with water and eolleeting
impurities, as it rains every day dur-
ing this season of the year.

The period of collecting latex is
from the later part of August to the
first of January. After all of the
latex is gathered he returns to his hut
and the remainder of the day is spent
preparing the rubber from this run.

Latex is the liquid eontaining the

rubber which exudes from the tree,
but is not the sap of the tree. It may
be thought of as analogous to the milk
of mammals, which it 1s often ecalled.
the ruabber corresponding to the but-
ter fat, and of course must be sep-
arated out. The proeess of obtaining
the rubber from the latex is called
coagulation.

Coagulating Latex

The workman starts a fire in his
fumiero, a kind of furnace sur-
mounted by a short ecomical pipe
whieh will deliver the fumes so that
they do not spread too far afield. He
then fills his fumiero with the fuel
which has been carefully seleeted and
ignites it. The best fuel for this pur-
pose is the nuts of the wrucuri. Some
wood is mixed with these to keep
them burning, and also to eonserve
the supply.

As soon as the smoke is given off
abundantly the cauchero takes a
paddle and holds this in the smoke
from his fumicro until it is covered
with a layer of carbon. This is done
to prevent the rubber from sticking
to it. He then dips the paddle into
the latex at his side, allows it to drain,
then holds it in the dense smoke until
it assumes a yellow tinge.

The rubber is eoagulated almost
immediately and the mother liquor
exudes and is evaporated by the heat
of the fumiero. When this is domne,
the first layer is complete and he
again dips the paddle into the latex
and repeats the same proeess, thus
building up a biscuit of rubber with
one thin layer npon another and each
one coagulated separately.

When this biseunit has attained a
weight of ten or eleven pounds he
frees it from the paddle by eutting it
down in the direction of its axis and
is now ready to begin over. These
biscuits are still moist and to dry
them, he places them in the sun for
several days. They are then ready
for the market under the name of
Para Fine. The size and shape of
these bisenits varies considerably in
accordanee with the way they are
made.

The cauchero often takes a pole
about seven feet long and supports
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this over his fire by placing one end
i a loop suspended from the roof of
his hut and holds the other end in his
left hand., with whieh he keeps it
turning continually, while with the
other hand he pours a small amount
of latex over the pole which is in the
smoke. By this method the same
grade of rubber is produced but in
larger biseuits, averaging about forty
or fifty pounds. This is the method
of coagulating the latex of all of the
Paras, and it is undoubtedly the vir-
tues of this process which has given
the Para its enviable position in the
rubber trade.

There are two reasons at least for
the exeellence of this rubber: first, the
smoke has a large amount of earbon in
it and we know this substance pos-
sesses energetic antiseptie properties;
seeond. in the produets of distillation
of the uricuri nuts there is a eonsider-
able amount of ereosote which also
possesses the same property. There-
fore we have a double protection
against fermentation and decomposi-
tion of the nitrogenous matter present
i rubber coagulated by this method.

The Manihot latex is eoagulated by
natural heat. As was stated hefore,
the seringuciro obtains the Ceara and
Manicoba by tapping the tree with
long gashes as high up on the tree as

he ean reach. The latex is very thick
and eoagulates
before it ever
comes to the
ground. He
allows it to re-
main two or
three days or
until it is dry,
when he de-
taches it and
either rolls it
up into a ball
or folds it
back and forth
upon itself,
Without fur-
ther treatment
it comes into
the market as
Ceara Scraps.

There anre
three grades
of this rub-
ber; the first
quality is a
blonde rubber
whieh is eollected at the beginning
of the season; the second quality is
darker in color, and is collected
later on when the rains have begun
to fall; the third quality is that
which is aollected at the foot of the
trees and is full of earthy mate-
rial, often as mueh as 50 per cent.

Fi16. 7—BALL oF RuB-
BER AFTER SMOKING
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This rubber always gives off a
strong smell due to the eareless treat-
ment in its eolleetion. Naturally this
is a higher grade latex than that from
the Hevea, and it is a pity that more
eare is not exercised in its prepara-
tion.

A chemical means of coagulation
was proposed by Strauss for use with
the Hancornia latex. It consists in
pouring into the latex a solution of
potassium alum when coagulation
takes place immediately. The rubber
is then allowed to drain for about
eight days, then divided into small
pieces and sun-dried for a month
when it is ready for market.

Due to the rapid coagulation. we
find enclosed latex all through rubber
made by this proeess whieh not only
eonstitutes loss but which further fer-
ments and produces a bad odor; we
also find pockets filled with the alum
solution which has a very injurious
effeet upon the rubber. As a result
this rubber deteriorates with age, and
it often has a loss of as high as 60 per
eent, 'There are three grades of Man-
gabeira, and the one possessing a
red eolor sells at a premium.

This alnm proeess has been dis-
placed in certain regions by sulphurie
acid, but this does not remedy the
objections already mentioned, and of
course it has no antiseptie property.
To eorreet this, a solution of common
salt has been used but it leaves too
large a quantity .of water in the rub-
ber. A soap solution has been used
but this, in addition to having the
same objeetions, aets very slowly.

The juices of some plants and
elimbers have also been employed, but
the difficulty of obtaining these and
the fact that they introduee more
resins into the rubber has resulted in
their eondemnation.

The above comprise the more im-
portant methods of eoagulation which
are in use or have been used in South
Ameriea, the best one being the
smoking, and it is worthy of mention
in this conneetion that this is the
method which de TLa Condamine
found the natives using in 1731.

One thing whieh consumers of rub-
ber are very anxious to have is uni-
formity, and there are several factors
which tend to produee a poor prod-
nGHs

First, if the trees have been im-
properly tapped, that is if the
seringueiro has cut too deeply and
piereed the eambium, some of the sap
of the tree will enter the latex and
impair the rubber, making it tacky;

Seeond, when in gathering the
latex of ome speeies is mixed with
that of another or even with that of
a tree that is too young;

Third, earelessness in gathering
and ecoagulating. The most uniform
varieties therefore are the Hevea and
Manihot.

The following table gives some idea
of the relative loss in washing:

Fine Para (hard or soft)... 12 to 20 per cent
Negroheads™ . ..o 3 i ulhyder. 49 20 to 40 per cent
Manicoba ....... .t 00 ik 28 to 30 per cent
Matto /GTossd: .* . % sl Saioh 15 to 30 per cent
Mangabeir oyt T R 30 to 35 percent

To give some mnotion as to the
progress made in the produetion of
rubber from South America, the fol-
lowing facts are interesting :

In 1825, less than 30 tons of rubber
were exported; in 1830 there were
156 tons; in 1840, 388 tous; in 1850,
1,467 tons; in 1860, 2,670 tons; and
in 1897, Brazil alone produeed 21,260
tons.

From 1909 to 1913, the vearly aver-
age was between 39,000 and 40,000
tons. The May, 1917, issue of the
““ World’s Rubber Position ’’ gives
the following estimate of the world’s
production of rubber in 1916:

Plantation .. . 152,650 tons
Brazilian ... . 36,500 tons
Other sources 12,448 tons

To show the ratio of plantation to

Brazilian for several years the follow-
ing data are significant :

Plantation Wild Rubbers
Tons Tons
TYQR-. . o N e 8,200 40.800
ORI A e L LA 14.419 39,730
PRI 122 W e 28,518 42,410
B8 R P et T 47.618 39.370
TOIAL 5, T IS 71,3850 37.000
TONS ¥4 .20 Sl ..107.867 37,220
1916. 52.650 36.500
19157, .223.000 52.628
TPLEE. T e S e 188.000 40,629

-1 B RP s 9 358.000 41.635



CHAPTER III

African Rubbers, Including

Varieties

The larger part of the African rub-
ber trees are oi the order Apocyna-
ceace, of which there are many gen-
erae but three of these produece the
majority of the rubber. These are
Funtumia, Landolphia, and Clitan-
dra. The rubbers are all more adhe-
sive but less elastiec than Para.

Of the Funtumia just one species
18 regarded as of commerecial value
and that is the Funtumia elastica.
The gums from the other species seem
to be very resinous and the natives
are thought to use some of these to
adulterate the better gumns.

The rubber from Muntumia clastica
when freshly coagulated has a pecu-
liar sheen to the eut surface and for
that reasom 1is sometimes called
‘“ Lagos silk rubber.”” The main
vavieties of this rubber are what ap-

Fie. 7—Taprring FUuNTUMIA TREE
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Those from Madagascar

pear in the trade under the names of
Gold Coast Lump, Ivory Coast Lump,
Niger Niggers, Benin Lump, and some
Congo and Cameroon.

The tree grows best in the provinee
of Uganda and the tropical regions
of Africa. The tree often attains con-
siderable proportions, in fact trees
have been found having a circumfer-
ence of eighty inches and a height of
one hundred feet, a tree as large as
the Hevea.

This rubber is now being obtained
on the plantation scale by several com-
panies in Uganda. As a plantation
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proposition it has threc advantages
over Hevea. Ifirst, it grows more
rapidly; second, it yields a larger
amount of latex for a small number of
tappings; third, it is able to withstand
a eomparatively long drought.

The trees recover rather slowly
from the wound made by tapping,
however. Another great objection is
the faet that the tree has so many
branehes. If planted only a few feet
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apart it will braneh down into the
lower regions of the trunk thus pro-
dueing a dense bushy mass. A tree
standing alone branches from the
ground to the very top. Of eourse
these branehes interfere with tapping
and it is found that when they are
removed by pruning they heal very
slowly and show bad sears for a long
time.

Dr. Christy suggested the planting
of these trees very elosely together
and then thinning out later. This has
lelped eonsiderably.

The tapping of the Funtumia is
done only two orv three times a year,
but it is tapped from the ground up
to the first branches, generally a dis-
tance of fifteen to eighteen feet.

The tapping is of the herring-bone
type but must be done very earefully
and must also be very shallow. Dr.
Christy also suggested that a ehannel
be ent in the bark just deep enough
to earry the latex and that the flow be
started Ly means of a prieker.

This method gives about twiee as
much latex as the Sehulz-im-Hofe
method, whiel eonsists of vertieal in-
cisions about four inehes apart and
extending from the ground up to the
branehes. It has also been found that
if the prieking be done slowly, by
beginning at the bottom of the ehan-
nel and taking several days to eom-
plete the real operation of tapping.
that a better grade of latex is obtained
and also a better yield.

This rubber was first thought to
be one of the speeies Kickzria and from
the Kew Bulletin of 1890 we notiee
the following statement:

“In  September, Kew received from
Captain’ Denton, C.M.G.. two pieces of
the trunk of the T.agos rubber tree. each
about ten inches to a foot in diameter.
scarred with the marks of the rubber
gatherers. They were sent as the ‘female’
rubber tree. a name, we learn, that is
locally applied to the Nickria africana.
Jenth, It is thus distinguished from
Holarrlhiene  africana, quite a different
plant, which is fancifully called the ‘male’
rubber tree. The later is also an Apocsu-
naccous plant. but not known to yield any
rubber,

“ Should the new rubber Kickria con-
tinue of commercial value. there is no
doubt that it will eventually he possible
to establish plantations, and thus make
the industry a permanent one. 1t has

always been seen that. owing to the climb-
ing habit of the Laadoiphia, which have
hitherto yielded African rubber, it was
not practicable to cultivate them in regular
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Fre. 9—SwaAHILI CLIMBING METHOD

plantations, as they require the support
of other plants, and when once tapped.
many years should have to elapse before
they would be fit to yield anctheir ecrop.
With the Kickxria these practical AQiffi-
culties disappear. Acecording to Chalot.
Kickxia africana, has been lately found
in Gaboon. Specimens have been meas-
nred whieh were one meter in circum-
ference and twelve to fifteen meters high.
Each tree is estimated to yield annnally
awvithout any injury.”

Wright however, in his Cantor
Leetures, 1907, points out the error
of the Kew observations, for he says:

“Fuuntowie. 'This genus has lately be-
eome Lknown as a source of rubber in
Afrien. It is still much confused with
the genns Kickria, and it is as well
to again point out that Afrien does not
possess a single species of Nickxiu of
value as a rubber producing plant. The
four species of Kickzie acknowledged by
Stapf. are found only in Java, Celebes,
Philippine Islands, and DBorneo.

“The genus Funtwmie is partly African
and is represented by three species, I,
clastica, Stapf., I'. africana, Stapf., and

P, latifolin, Stapf.  The species of im-

portance in Africa is F. clastica, Stapf.
Its oceurrence has been recorded in
Liberia., Gold Coast, Ashanti, Tower
Nigeria. Camervoons. Mundame, rench
Congo. Congo 1I'ree States, Uganda,
“The rubber from this species is very
valnable. possessing when properly pre-
pared from eighty to ninety per cent of
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Fiec 10—Tarrinc A Rupeer ViNE

caonutchone.,  Funtumia clastica has Leen
described as a free with a eylindrical
trunk which attaing a height of one hnn-
dred feet: sometimes the tree ocenrs more
abundantly in loeal areas, and out of an
area of about fifty-four square miles as
many as one mwillion seven lmdred and
sixty trees have heen estimated to oce-
enr.

The Mauihot Glaziovii hias been in-
troduced into British Central Africa.
In regard to the advisability of this
projeet we find a diversity of opinion,
some thinking it will prove a fine
plantation speeies and others raising
great objeetions to it.

Before taking np the Landolphias it
is neecessary to define some of the
terms which will be used in deserih
ing these rubbers.

Bann: The most eommon form of
ribber eoming from Afriea. 'These
balls vary in size from an inch or less,
known as ‘“ Small ball,”” up to four
inehes or more in diameter, and
known as “ Targe ball.”’

TH1MBLES : The natives make these
by eutting the rubber up into small
eubes, whieh are sometimes ealled
““ Nuts,”” as for example “ Ambriz
nuts.”’

Lusmr: A very eommon form of
these rubbers consisting simply of
large irregular pieces which often be-
come stuek together in transportation.

Frage: A form of lump whieh is
very soft and is used in frietions.

Pasre: Praetically the same as
flake.

Strips: Made f[rom lump rubber
by cutting and pressing before it is
sold.

Burrons are made in the same
manner as strips with the exeeption
that they are in small picces.

Biscuirs and Oysrrrs: The same
as buttons.

Nigeers and T'wisr rubbers: A
form of ball:

The Landolphias ave all ereepers or
vines, yet attain econsiderable size.
Often vines are found having a diam-
ter of six inehes. There are several
speeies of himportance, the Landolphia
Owariensis, Landolphia Heundeloti,
Landolphia  Thollonii, Landolphia
Sphaerocarpa, and the Landolphia
Picrrei. The last two are found
largely in Madagasecar.

The rubbers from this species re-
ferred to in the trade are, Red
and Black Kassai from the Congo
region ; Upper Congo balls and Equa-
teur also from the Congo region;
Virgin Sheets and Pinky from Mada-
gascar ; Sierra Leone Niggers, Twists,
and Cake all coming from the Sierra
Leone and southern rivers; Conakry
Niggers, Soudan Niggers and Twists,
coming from Frenech West Africa; the
Bassam Niggers and Twists likewise
the T.ahon Niggers come from the
same territory; Liberia Lump, Hard
[lake and Soft produeced in the
Sierra Leoné distriet; Aecra found
on the Gold Coast and eoming into
the market graded as ‘“‘Prime,’’
‘“ Seeonds,”” ‘‘ Thirds 7’ and lower
arades of “ IMlake and DPaste’’;
Gaboon, probably the best known
Flake; Lapori, a Congo rubher and
represented by Balls, Strips, and
Cakes, some of the Balls being very
elean and good. From Angola we ob-
tain Loanda Thimbles, Niggers, and
Prima, also Angola Niggers. There
are several grades coming from the
port of Mozambigue in the form of
Marbles, Balls, Spindles, and
Sausage.

The Clitandra are widely distrib-
uted throughout Afrieca. They, too,
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are vines and flourish in great num-
bers on the Gold Coast and the
Congo. Their rubber eomes into the
market largely as Lower Congo in the
form of small eubes.

In the above we have not mentioned
all of the varieties of rubber whieh
Afriea furnishes but we have tried to
call attention to the representative
classes of rubber now in use.

Coagulation

Coneerning the ecoagulation of these
African rubbers not a great deal is
known, in faet we do not know how
some of them are obtained by the na-
tives. Therefore we shall deseribe
methods in use with the different
genera rather than with the different
speeies.

The latex from the Funtumia is
eoagulated by boiling and this is the
method employed by the natives.
They sometimes use a fusion from the
leaves of Banhinia reticulate to faeili-
tate the eoagulation by heat. This
rubber when properly prepared is of
a high grade and possesses great
strength ; for that reason we have the
methods used upon the plantations.
From the Kew Bulletin we get an idea
of the two most general ways:

“There are at present two Kkinds,
namely, ‘the cold process’ and ‘the heat
process.” The cold process is chiefly prac-

tised by the Fanti men introduced from
the Gold Coast. A cavity is excavated

V ol

in the trunk of a fallen tree so as to
form a cistern of the capacity necessary
for holding the milk collected during
several days. Into this the rubber gath-
crers pour the milk, after straining it,
from day to day until it is quite full.
It is then covered with palm leaves and
left for twelve to fourteen days, and
sometimes much longer, depending on the
season, until most of the watery portions
have either evaporated or sunk into the
wood.

‘ After being kneaded and pressed to-
gether, the rubber thus obtained has a
dark brownish color, with the inner por-
tions of a slightly lighter color. Such
rubber is kunown locally as ‘silk rabber.

‘“The heat process is the one generally
adopted by the natives of Lagos. This is
much simpler in working, as it disposes
of all the milk collected at the close of
each day. After being strained the milk
is placed in a vessel and boiled. 'The
rubber begins to ecoagulate almost di-
rectly the heat is applied and after the
boiling is over is removed in a somewhat
sticky condition owing to being burnt,
and of a Dblackish color.

“It is pointed out that the heat pro-
cess, though simpler, impairs the quality
of the rubber, and is calculated to injure
the industry. It is probable that if the
lieat process were somewhat modified the
results would not be so injurious.

* An experiment was tried at the Bo-
tanic station to coagulate the milk by
heat, but not applied directly to it. The
result was much more satisfactory. The
rubber came off a milky white color, and
after being pressed it was clean nnd firm
without being sticky.

‘“The history of this new rubber in-
dustry in Lagos is full of interest, and
illustrates the wonderfully rich resources
in the vast forests of West Africa. It

5

F1c. 11— COAGULATION OF LLATEX AND PREPARING SIEETS
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shows also very clearly how largely these
resources can be developed by judicious
and intelligent action on the part of the
government.”

Obtaining and Coagulating Latex from Vines

The methods used by the natives
for eoagulating the latex from vines
are very diverse. The following
methods are therefore nsed on both
the Landolphias and the Clitandras:

It is said that the Red Kassai is
obtained by smearing the latex over
the body and the natural heat evapor-
ating the water the rubber is stripped
off. The collecior after tapping the
vine colleets the latex in his hands
and smears it over his body, then pro-
ceeds to his hut where he removes the
rubber in little bits and makes them
into balls. Sometimes after tapping
the hand is placed against the inecision
and the latex flows down the arm and
after coagulation this is stripped off
like a glove. By ecither one of these
methods the carthy matter is absent
but is not absent from the rubbers
putreseible matter.

The Black Kassai is obtained by a
proeess of boiling and smoking.

The ** Ball ’ rubbers are obtained
by bruising the vine. In some loecali-
ties as the latex exundes, some salt solu-

tion is poured over it by means of a
shell. This eoagulates the latex and a
little lump of rubber is drawn off,
and by keeping the bruised place
moistened with the brine the rubber
1s drawn into a thread whieh is wouund
around and around the original lump
as a nueleus.

Very often the natives will start
five or six such places and then re-
treat.-a few steps and wind all of
these threads into one ball of con-
venient size to hold in the hands.
They make large balls of rubber in
this same manner by taking the ball
when it has become too large to wind
in the hands, and lying on their
backs, supporting it on the stomach
and continning to wind it with the
hands. The salt solution as we
know is a good antiseptie and there-
fore this rubber does not as a rule
develop foul odors, but it does con-
tain large amounts of occluded water
and brine which are objectionable.

Perhaps the most comnion way of
obtaining the latex from vines con-
sists in eutting them down and bleed-
ing or allowing the vine to dry out
and then removing the rubber by a
process of maceration.

The method mentioned above of

F16, 12—DRYING THE SHEETS OF RUBBER
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cutting down the vines and ereepers
whieh produce rubber and then bleed-
ing them is very wasteful for a large
part always remains in the wood. To
overcome this the Madagascar Rub-
ber Company, Ltd., has put into op-
eration the following method :

They cut down the vines and
erecpers and allow them to dry when
the rubber which they contain rapidly
coagnlates. The dried material is now
fed into a machine which grinds it to
a pulp in the presence of water.
After leaving this machine it goes
through several machines called
‘“ agglomerators > which bring the
particles of rubber together and at
the same time wash away the wood
fibers. This process has effected quite
a saving in rubber.

Another method of eoagulation by
- natural heat employed by the natives
consists In tapping, after cleaning
away the debris from the ground.
They then allow the latex to collect in
the sand .which removes part of the
water by filtration, the remainder
being evaporated by the heat of the
sun. The native returns later and
gathers up the lump of rubber with
all the foreign matter which adheres
to it and then delivers it to the buyer.
This method - is very much preferred

by the natives for it requires about
the least amount of labor of any
method known to them.

The rubber obtained by this care-
less method not only contains the for-
eign matter which it naturally picks
up and which the native purposely
adds, but also pockets of oceluded
latex containing nitrogenous matter
which putrefies and not only injures
the rubber, but gives it a nauseous
smell. This method is used largely in
West Africa and to some extent in the
Congo and Angola.

A method also used in the Congo
consists in tapping the vine in several
places, one below the other. At
the lowest one the native fixes a leaf
in the form of a trough whieh will
conduet the thin stream of latex out
into a collecting receptacle. The leaf
is generally made secure either by
means of clay or partly coagulated
rubber. The collecting receptacle has
a hole in the bottom which is care-
fully corked np. When the latex has
ceased to flow there is added to it
four or five times its volume of water
and it is allowed to stand. The rub-
ber then comes to the top in the form
of a semi-solid cream.

The native then removes the cork
from the orifice in the bottom of the

F16. 13—PREPARING OF FUNTUMIA .RUBBER



AFRICAN RUBBERS, INCLUDING THOSE FROM MADAGASCAR 17

container and draws off the lower
iiquid. This contaius the majority
of the putrescible matter. The rub-
ber is then removed to wooden eon-
tainers where it is exposed to the air
for some time, depending upon its
condition. The native judges from its
appearance when it is ready for
kneading. If it gets too hard for this
it is eut up into small parts and is sold
as ‘¢ thimbles.”’

This method is open to the same
eriticism as the others; namely, the
putreseible matter is enclosed in
poeckets where it decomposes and pro-
duces a sickening smell.

The proeess of using potassium
alum is in vogue in Africa in just
about the same manner as in South
America.

Citrie aeid has been used with the
jiatex from the Landolphias but it has
been ecompletely replaced by sulphurie
acid in Madagasear. Limeé juice has
also been used in a few localities.
These all have the same objection
that they eoagulate too rapidly and
thus eneclose some of the latex.

The properties of these Afriean
rubbers may be summarized as fol-
lows: Gold Coast Lump, from which
Strips and Buttons are made, is a
very good grade of rubber. The
Flake, however, is generally wet and
has a bad odor. Ivory Coast is also
a good rubber. Niger Niggers at
first were very poor, suffering a loss
as high as forty to fifty per eent upon
washing, but they are coming into bet-
ter repute at present.

Benin is generally very dirty and
has a very bad smell. Congo econ-

tains bark and water, likewise pock-
eted latex. The Red Kassai is the
best rubber from Congo possessing a
high tensile strength. The black is
not as good and does mnot ecome as
clean.

The Sierra Leoue comes in several
grades containing bark and grit but
low in moisture. Equateur is a much
esteemed rubber. Bassam Niggers if
i the form of small balls are good.
Lahou Niggers are about the same.
Liberia is wet and a more or less pasty
rubber. Acecra varieties are of a fair
rank.

Gaboon is coagulated by an un-
known proeess. It is very bulky but
will take the form of the container
in which it is shipped. It runs very
high in moisture. The Lapori is a
variable rubber as some of it rumns in
good elean condition and some con-
tains fermented milk.

The Loanda is gradually disappear-
ing and its place is taken by Angola
Niggerheads. The Mozambique 1ub-
bers are sold largely in the Liverpool
market where they are in demand.
The Pinky from Madagasear is a very
good rubber, but, due to the reckless
methods of obtaining- it, is liable to
become extinet.

From the following table showing .
the loss in washing one may obtain
an idea of the relative values of these
African rubbers.

Red and Black Kassai and Equateur, 6
to 12 per cent: African Niggers: (Sou-
dan. Conakry, Sierra Leona, Niger), 15
to 40 per cent: Madagascar Pinky, 1S to
20 per cent; Madagascar Niggers. 40 to
50 per cent.



CHAPTER 1V

Central American Rubbers

When we refer to the rubber from
Central America we generally in-
elude the territory where we find the
Castilloas growing. This ineludes,
therefore, not only Central Amer-
ica proper, but also Colombia, Eecua-
dor and Venezuela, in faet, terri-
tory north of the Amazon ineluding
Mexico. In a previous chapter we
wmentioned eertain  rubbers from
Ecuador and Colombia, but now we
shall call attention simply to the rub-
ber obtained from the Castilloas.

The rubber balls used by the na-
tives in the game whieh Columbus and
the early exploiters found them play-
ing was of the Castilloa variety.

Varieties

This rubber tree found native in
Central Ameriea and Mexico is ealled
Castilloa lactiflua, in honor of Cas-

Fic. 14—MEXICAN RUBBER GATHERER

18

tillo, a Spanish betanist who died in
1793 while preparing the flora of
Mexieo. Lactifiue means flowing
milk, distinguishing it from other
trees from which the milk exudes but
does not flow freely. The tree gen-
erally is called Castilloa clastica. It
is a significant faet that at one time
there was more Central Ameriecan
rubber used in the United States
than there was of Para. It

I'1c. 15—TAPPING CASTILLOA

does not possess the strength, tough-
ness or elasticity of Para.

The varieties of rubber from this
region which are more or less familiar
to the trade are Guayaquil sheet,
coming from Ecuador and Colombia ;



CENTRAL AMERICAN RUBBERS 19

there is also some Guayaquil and Car-
thagena strip, some in the form of
sausage, and some designated as No.
1 and No. 2; their production is on
the decrease at present. .

A grade referred to as Mexico
comes from Vera Cruz, Tabasco and
Baraca. Guatemala furnishes a rub-
ber bearing the same name. These
rubbers are rather inferior in qual-
ity. It is thought that they are
mixed np with cheap molasses, as
somme are very tacky.

Nicaragua sheets and several grades
called West Indies, which never fur-
nish any rubber, along with Nica-
ragna scrap are familiar rubbers
from this territory. The Nicaragua
rubber is generally quite dry but
rather dirty. The Greytown scrap is
considered about the best rubber
from this distriet.

In order to encourage the produec-
tion of rubber the government of
Nicaragua gives a premium of ten
cents for every rubber tree planted
where the number does not go below
two hundred and fifty planted for
each person. The ftrees must be
planted sixteen feet apart.

Virgin or Virgen comes in the form
of strip and sheet and slab. It is
obtained from a different tree than
the others mentioned above and is
used to a great extent in the manu-
facture of hard rubber.

Guayule is a rubber from this sec-
tion unique in its growth and pro-
duction.

The above comprise the rubbers
which we shall consider in this arti-
cle. The better grades of Centrals
shrink from 25 to 30 per cent. and
the remainder from 30 to 40 per cent.

The method of obtaining the latex
in use in Central America consists
in puncturing rather than tapping,
the tree heing punetured higher up
than is the custom in the case of any
other species we have considered.

In order to coagulate the latex the
native wuses some very primitive
means. For instance, he sometimes
adds to the latex the juice of the
‘“amole ’’ vine. Often this is car-
ried out in a hole in the ground.
One pint of amole juice, which 1is

TF1c. 16—CoacuvraTing Wit VINE JUICE

alkaline in reaction, is added to one
and a half gallons of latex. In a more
modern way, after adding the juice
the whole mass is heated to between
165 deg. and 175 deg. Ifahr. DBy this
method they are able to obtain sheet.
The part which dries on the tree
and is pecled off is called serap.

The Coyuntla juice is an astringent
in nature which will coagulate the
rubber if the weed which contains
it is used to whip the latex.

The natives in some places pour
the milk from the tree onto mats.
where it is allowed to dry or evapo-
rate,- then when the rubber is sep-
arated from the mat a sheet results.
Several of these sheets arve pressed
together and are then ready for
market.

Another method similar to the last
consists in pouring the latex out onto
the long, palm-shaped leaves of the
Oja blanca which they have dried in
the sun.

‘When the leaves have a coating
of about a quarter of an inch they
are piled one above the other and
pressed to remove moisture. The
strips are then separated from the
leaves, packed into slabs and are
ready to be transported.
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A very conunon method of coagula-
tion in Central Ameriea is doubling
the volume of the latex with water,
then allowing it to stand. In a short
tiine the rubber eomes to the top in
a ercainy consisteney. ‘When homo-
genous enough it is removed, and in
some localities is plaeed in the sun to
dry, while in others it is run throngh
between wooden rolls whieh press out
the excess water. It is then placed in
the sun for about fifteen days to dry
still fuether. 'T'his rubber suffers a
loss of as mueh as 50 per eent, as it
contains so much oeeluded water and
uncoagulated latex.

All of these rubbers as prepared
by the natives are not of the quality
which they might be if more care
was exereised in their production

Rubber is now being produced from
the Castilloa on a plantation scale at
different places. 'I'o get an idea of
these plantations, we shall deseribe
the indnstry as we find it in operation
by the La Zacualpa Rubber Planta-
tion Co.

The development of the industry
i Mexieo is told in a little book.

““ Rubber, What It Is and Iow It
Grows,”” published by the above
company. In deseribing this rubber
business we shall therefore use ex-
tracts from this work.

The lands in Mexico suitable for
the produetion of this rubber arve lo-
cated in the states of Vera Cruz, Ta-
baseo, and Chiapas, for the elevation
above sea level should mot exceed
five hundred feet. 'The low lands
along the coast are the best, where
the soil has a great depth formed by
the deposits left by the overflowing
rivers,

Land for a plautation is generally
seleeted whieh has a virgin fores!
vatlicr than land whieh has heen un-
der eultivation. It must be eapable
of perfect drainage and yet pro-
teeted from overflowing rivers. In
the above mentioned plautation
there are over ten thousand acres of
trees, averaging about four hundred
trees to the acre. 'These trees attain
a height of fromm forty to fifty feet
and a diameter of about twenty
inches.

The Castilloa begins to blossom

Fic. 17T—PREPARING RUBBER oN OJa BLANCA LEAVES

SPREADING TLATEX oN TEAF

PresSSING OuT MOISTURE
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F1c. 19—PREPARING RUBBER ON OJA BLANCA LEAVES

REMOVING RUBBER SHEET

when it is between five and six years
old. Before blooming it sheds all of
its leaves, this taking place between
January and April. When the seed
i1s ripened the tree puts forth new
leaves.

The planting of these trees is very
interesting. The land is first sur-
veyed into tracts of thirty-three
acres, meluding avenues and streets:
the roads runming north and south
are called avenues and are named.
while the ones running east and west
are called streets and are numbered.

The land is eleared by ecutting
down the forest, and is then burnt
over. It is then staked out to allow
four hundred trees to the aere, and
at cach stake a mound of earth is
made and the rubber seed planted,
whieh germinates in from eight to fif-
teen days and grows quite rapidly.

After planting, a great amount of
work is required to keep the natural
vegetation from choking out these
tender trees. After about two vears
the tree requires very little atten-
tion. The tapping begins when the

THE FINISHED SHEET

tree is between five and six years old.

The old method consisted in mak-
ing a V-shaped incision in the tree
and placing a leaf under this to
serve as a funnel and conduet the
milk into a hole in the ground made
at the foot of the tree. This hole
was lined with green leaves. In a
short time the latex coagulates on
the edges of the incision and stops
the flow. This is removed as often
as neeessary until the milk ceases to
run.

To tap twelve trees and obtain
their full quota of latex is regarded
as a day’s work for one laborer.
When the flow has stopped the tap-
per earefully removes the leaves con-
taining the latex from the hole and
pours it into his gathering recepta-
cle. It is a very wasteful method at
best. When some of these trees are
first tapped the milk will spurt out
some distanee. just as though it were
under pressure in the tree.

The new method of tapping we
shall take from the book referred to
above. ’
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“ The hulero, or rubber gatherer, is sup-
plied with a tool invented and perfected
on La Zacualpa Plantation, consisting of
a stout handle, twelve inches long, at one
end of which a U-shaped sheet of steel is
fastened; just forward of this U, the
curved portion of which is sharpened to a
keen edge, a metal finger is depressed
more or less as desired by an adjustable
screw which runs through the handle;
and the ‘set’ or ‘adjustment’ of this fin-
ger, which slides over the surface of the
bark as the tool is drawn across the tree,
determines the depth of the cut made by
the U-shaped knife which follows imme-
diately behind the metal finger.

“A deeper or shallower cut may be
made according to the size of the tree
which we are tapping and the thickness
of the bark; and we can effectually
guard against cutting through the bark
and into the wood of the tree. The latex,
or rubber-producing milk, flows in veins
in the bark only, and is entirely distinect
from the life sap of the tree which flows
between the bark and the wood. It is im-
possible to avoid cutting into the wood
when the machete is used, and it is from
the machete’s too deep cutting that injury
to the tree results.

“With our perfected tapping tool a
smooth continuous channel is cut across
the tree’s trunk and a canal is made which
cannot fail to conduct the latex to a re-
ceptacle placed to receive it; while the
succession of hackings made by the ma-
chete are often out of line and much of
the latex flowing along the cuts leaves the
line of travel and is lost.”

The method of treating the latex

on the plantation is quite different
from the wasteful and dirty ways of
the natives. The exact process of co-
agulation is kept secret, but after it is
coagulated the rubber is washed
through a modern washer, sheeted
and hung up to dry, then by means
of a hydraulic press these sheets are
made into solid blocks of about twen-
ty-five pounds each, when the process
is complete.

In Mexico a shrub is found which
produces rubber and is not known to
grow in any other locality. A care-
ful study of this plant has been made
by Franecis Ernest Liloyd, Professor
of Plant Physiology, Alabama Poly-
technic Institute, and from his ac-
count we get a good idea of this par-
ticular rubber plant. It bears the
name Guayule (Parthenium argenta-
tum) and flourishes on the Chihua-
huan Desert.

It was discovered by J. M. Bige-

Jow in 1852, while attached to the

Mexican Boundary Survey, and
was first deseribed by Prof. Asa
rubber was first obtained from it by
the natives by chewing the bark and
then collecting the rubber together in
a ball,

This method of getting the rubber

F16. 20—DEXSE GROWTH OF GUAYULE
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F16. 20—\ GUAYULE EXTRACTING FACTORY

dates baek a great many years. To
substantiate this belief Professor R.
H. Forbes furnished the following
information : '

“The lump of rubber, a portion of which
I recently handed you, was found in De-
cember (or thereabouts), 1909, at the
west end of the Santa Cruz Reservoir and
Land Company’s dam, 14 miles west of
Sasco, Ariz. C. O. Austin, who was pres-
ent, states that this ball of rubber was
contained in a small olla with articles of
stone Dbelonging to the older prehistoric
ruins of the country.

“The find was made at about three feet
below the general surface which was
formed by the off-wash of an adjacent low
mountain. No traces of houses on the
present level of the land, according to Mr.
Anstin, were visible. One other ball of
rubber was found here, and is now in
Col. W. C. Greene's collection at Cananea.
I regard this find as genuine. as Mr. Aus-
tin is familinr with Salt River Valley
ruing and his statements are confirmed
by others.”

Beeause of the resinons content of
this plant it burns rapidly, and large
guantities of it have been used in
Mexico as fuel in smelting.

About the first move to utilize this
rubber was in 1888, when a eompany
sent an agent into Mexico with in-
strietions to obtain some of this
‘“ rubber bark.”” He earried out his
orders earefully and had shipped to
New York 100,000 1b. of the entire
shrub. The freight on this large
amount of wood so diseouraged this
ecompany that further efforts to obtain

this rubber were not undertaken im-
mediately.

In 1902 a faetory was built at Ji-
muleo for the extraetion of this rub-
ber. A little later a large factory
was built at Torreon by the Conti-
nental-Mexiean Rnbber Co. Since
this several large faetories have been

built for extraeting the rubber out of
the shrub.

The methods used for extraetion of
this rubber are interesting, for they
are different from any mentioned
thus far; something like it was out-
lined in econneetion with the Lan-
dolphias, however.

The methods differ beeanse the
rubber whieh the plant contains ean-
not be removed by bleeding, for it
exists as rubber in the cells of the
plant itself. There are two gen-
eral methods which have been and
are being used. The first consists
in dissolving the rubber by means of
chemiecals after the shrub has been
subjeeted to preliminary grinding.

The other method consists in ag-
glomerating the rnbber meehanieally
after it has gone through the prelim-
inary grinding. This method has just
about been abandoned, as it is impos-
sible for it to compete with the
mechanical method. The first process
consists in extraeting the rubber from
the ground shrub by means of naph-
tha. The resulting solntion is then
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fosiey
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F16. 21—UPPER FLOOR IN GUAYULE FACTORY

partly distilled, after whieh alkali is
added. This holds the resins in solu-
tion and the rubber separates out.

In the other method the shrub is
pulled up root and all and brought
to the store houses for a short period
of seasoning, as it secms to work
better after such treatment. TIn the
more improved process instead of pull-
ing up the shrub it is cut off at the
ground, and this allows it to send up
sprouts, which in time will produce
rubber.

From the store houses it is taken
and washed to remove dust and sand
whieh would adhere to the rubber

and inerease its speecific gravity. It
is then passed between eorrngated
rolls, running differentially, which
cut the shrub and grind it at the same
time. X

The mass is then passed into a peb-
ble mill, the charge generally con-
sisting of one-third its volume of
pebbles, one-half of water, and from
six te eight bushels of shrub. The
mill rotates at the rate of thirty
revolutions to the minute for from
ninety minutes to two hours, when
there results a fine pulp mixed with
little particles of rubber.

This is separated as well as possi-

IF16. 22—Trorc1ts To CoLLECT EXTRACT FroM PLANTS






CHAPTER V

Rubber Plantations and Their Develepment

‘When we consider plantation rub-
ber our attention and thought are
directed to that produced in Ceylon,
the Federated Malay States, Dutch
East Indies, Borneo, and the Pacific
Islands. In this chapter we shall con-
sider the establishment and mainte-
nance of the rubber business in these
areas.

The tree which is now almost exelu-
sively planted upon these plantations,
and thus furnishes the rubber, is the
Hevea, the descendant of the tree
which was first found in South Amer-
ica.

It was Herbert Wright who in 1834
suggested that it would be profitable
to plant some of the best species of
rubber produeing trees in the East
and West Indies, for even at this time
Hancock, who was experimenting with
rubber, was having difficulty in ob-
taining the crude rubber.

The real plantation industry as we

know it, however, dates from the
work of Sir Joseph Hooker, director
of the Royal Gardens at Kew, Sir
Clements Markham, connected with
the India Office, and Collins, Cross
and Wickman, who made excursions
colleeting material.

In 1873 Collins obtained some seeds
of the Hevea from the Amazon region
and took them to Kew. In 1875 he
collected some from the Castilloa and
after many trials and hardships sue-
ceeded in landing these at Kew. In
1877 he obtained more seeds from the
Hewvea and no doubt some of the trees
in the East to-day are direct descend-
ants from these seeds.

In 1876 H. A. Wickman, who was
living in the rubber region of the
Amazon, was commissioned by the
Indian Government to obtain a sup-
ply of Hevea seeds. The Govern-

ment of Brazil was opposed to the
shipping of these out of the country.

Wickman fortunately had the op-
portunity to charter a large steamer
which had given up her cargo and
was about to return empty. This he
did and with the aid of all the laborers
he was able to get he started out to
collect the seeds. They suceeeded in
obtaining the supply and the eargo
was passed as one of ‘‘ botanieal
speeimens.’’ Tt contained many thou-
sand seeds. These were also taken
to Kew, and when planted only about
four per cent germinated.

Although the Indian Govern-
ment financed the undertaking they
selected Ceylon as the proper place
to carry out. the experiment. The
prineipal nursery for trees in Ceylon
was located at Henaratgoda. Dr.
Trimen was in charge of the gardens
and in 1881 the first flowers were seen
upon these trees.

In 1884 there were over one thou-
sand trees there but in 1885 the num-
ber was considerably reduced owing
to the necessity of thinning out.

In 1893 over ninety thousand seeds
were distributed to planters in Cey-
Ion, Malaya and elsewhere.

Trimen made the first experiments
on tapping planted rubber trees in
1888 and came to the eonclusion that
a big profit could be realized.

To show how the industry has
grown the following figures might be
interesting :

Ceylon

Tn 1890 about 300 acres had heen
planted ; in 1900 about 1,750 aeres; in
1904 about 11,000 acres;in 1906 ahout
100,000 acres, which in 1912 was in-
creased to 230,000 acres and in 1913
showed an acreage of 235,000 ; at pres-
ent 250,000 acres have been planted.
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Fi1c. 23—HEVEA SEEDLINGS READY FOR PLANTING

Malaya

In 1897 about 350 acres had been
planted; in 1906 about 100.000 acres
were under cultivation ; in 1912 ahout
620,000 acres had been planted. This
showed a further increase in 1913 to
667,000, and is still growing.

Notice how rapidly the industry de-
veloped in Malaya.

In Java there arc probably about
150,000 acres planted, and in Sumatra
about 70,000 acres.

A table showing the production of

rubber from Ceylon and Malaya is

mteresting :
CEYLON MALAYA
YEAR. EXPORTS. EXPORTS.
Tons.
1906 425
1907 1.036
1908 1.665
1909 3,340
1910 6.500
1911 11.000
MR ey E LA 18,956
1914 50,404
1915 79.415
1916 111,394
1917 153.024
191S. ) 140.659
1919. 3 : 240,109

This gives some idea of the great
business which has grown up so
quickly.

Now we will trace more in detail

how these large plantations have been
established.

The Hevea was found to grow in a
belt which is included within ten
degrees of the Equator, provided
there was plenty of moisture. Al-
though it flourishes best on the low-
lands, it is found giving good returns
at an elevation of twenty-five hundred
feet. It will grow in comparatively:
dry distriets if it is protected from
the wind, but of course the growth is-
slower and a longer period of time
is taken before it is ready to produece-
any rubber.

As a general rule, we might say:
that rubber could be produced on:
almost any soil in the latitude of’
Ceylon up to an elevation of two thou--
sand feet, provided the soil receives
at least seventy-five inches of rain-
fall a year. It is found that Hevea
does best upon soil where virgin for-
ests have been removed.

Planting Rubber Trees

Before planting, therefore, a great
amount of work must be dane to clear
the land. This is done by ecutting
down the trees and underbrush and
then burning it over when it is dry.
In some localities, the stumps are re-
moved by means of dynamite. It is
found best to remove all dead wood
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and not allow it to rot upon the
ground, for that removes the in-
creased danger of the young trees be-
ing attacked by white ants and root
diseases. After this land is cleared,
it requires a vast amount of labor to
keep down the weeds whieh imme-
diately spring up.

Large nurseries must be established
to supply the plantations with plants
which must be at least a year old
when set out. The selection of the
site for the nursery is an important
matter. It must be close to the fields
where the plants will be used and it
must be in rich soil with plenty of
moisture and protected from the
winds. It is not always an easy mat-
ter to find sueh a site.

‘When planting the seeds, plenty of
roomn must be allowed for the plant
to grow. Generally seeds are placed
at a distance of no less than six by six
inches. Several times the actual num-
ber of plants needed should be raised
so that only the best may be used.
That is the great disadvantage in the
method of planting seeds at stake
where the plant remains whether good
or bad.

In the Malay States they often
plant the seeds in individual baskets
which are later taken to the planta-
tion with the seedlings and planted
without disturbing the plant in the

least. This has the same objection
as the method of planting at the stake.

The same area should never be used
over as a nursery unless it has been
thoroughly dug up, limed and then
allowed to remain fallow for some
time. This is done to destroy all the
insect pests.

Planters have learned to realize
that great care should be exercised in
selecting the seed. When a breeder of
cattle is desirous of producing beef
cattle he selects the largest of his cat-
tle to produee this strain, and, by con-
tinued selection, hie arrives at the de-
sired result. 1If, on the other hand, he
wishes to build up a fine dairy he se-
lects the ones from which he gets the
largest amount of milk, and, by eon-

‘tinued seleetion of this sort, arrives at

a different result. So it should be in
the selection of seed to produce the
rubber plantation.

In the past the planters have
striven to obtain their sceds from the
oldest trees regardless of whether
they produced muech latex or not, and
it has been found that trees will vary
as much in their yield of latex as cows
will in their production of milk. It
is, therefore, best to collect the seed
from the trees which produce the most
latex, everything else being equal.

It is not an easy task on a large
plantation to pick out a tree here and

Fi1c. 24—WEEDING YOUNG RUBBER
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there and then collect seed from these
trees only. So it has been recom-
mended that certain areas of a planta-
tion be set aside for producing the
seed for future plantations; that
these trees all be tapped in the same
manner and at the same time and the
vield of each tree carefully kept.

After ascertaining which are the
best trees the others are cut down
and their stumps are drawn out.
When the time for produeing seed
arrives the tapping is stopped and
the seed allowed to develop and is
then collected. In this way only seed
from the hest vielding tree will be
used and thus futnre plantations
should produee more rubber than the
present ones, which have been propa-
vated from seeds taken from the oldest
trees regardless of vield.

As to drainage there are two dis-
tinet kinds. In the Malay States the
ribber is planted on the low allnvial
deposits where the water level is only
a foot or two below the surface of the
soil ; while in parts of Ceylon and
other territories the trees are planted
upon steep hillsides.

In the first ease the water must be
removed to a river or the sea, and this
is effected by a system of eanals cut
throngh the plantations. This work
sometimes is done by the govern-
ment before the land is leased or sold
for plantation purposes, but generally
it must be done by the promoters
themselves. In some loealities the
canals must be very frequent, in faet
between the rows of trees, and the
trees are really planted upon the
carth throwi. ont in the digging of the
canals. '

I the second system drains are not
cut so that the water will be removed,
for the natural slope will take eare
of that, but in such a way that the
water will he removed so as not to
wash away the soil so rapidly. To do
this small ditches are eut aeross the
slopes with a gentle fall and are ear-
ried along until they enter a natural
ravine. The number of such drains is
dependent upon the slope of the land;
of course the steeper the slope the
shorter the distance between them.

Trrigation has been little praetieed

as the few attempts thus far made
have been failures.

The number of trees to the acre has
been a mueh debated guestion, some
contending that best returns are ob-
tained from three hundred trees to
the aere and others elaiming as low
as fifty, and between these Limits we

find every eonceivable number recom-

mended.

If the trees are planted 12 by 12
feet apart we find three hundred to
the aere; if 30 by 30 feet apart then
fifty to the acre. 1f the trees are
planted eclose together, during their
early years of tapping they are not
crowded and of eourse more trees are
produeing, but as they get older and
do beecome erowded, then their yicld
when it should have inereased will he
found to deerease and the advantage
is in favor of the trees farther apart.
It is generally thought at this time
that 150 trees to the aere give the
best results, though we have not had
enough experimental data along this
line as yet.

The planting is doue in holes about
a foot- and a half deep at least, the
larger the hole the better. In some
places the holes are made and the
ground loosened by the use of
dynamite.

When planting, the ground is
tamped in tightly around the scedling
and in some places they are stumped,
that is the whole top is eut away leav-
ing just a stump. The roots are also
cut off short and the tap root is
severed. This planting is done dnr-
ing the rainy season, and even then
the young trees are mnlched to pro-
teet them in case of drounght.

The trees grow very rapidly. In
Ceylon a Icvee will grow from six
to nine feet a year during the first few
vears and its girth will inerease at
the rate of three or four inches a
vear. The greatest growth takes place
after the third year until the hranches
become very thick: then it grows
more slowly,

In the Malay States the growth

-is more rapid and a four ycars’

growth there is equivalent to a five
vears’ growth in Cevlon. Some trees
mm Cevlon that are about thirty-six
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vears old have attained a height of
eighty-five feet.
Cultivating the Land

The weeding which follows the
planting is a vexing problem to
the planter. A great deal of it of
necessity must be done by hand.
Some harrows drawn by oxen are
used but the systems of drainage and
unevenness of the ground makes it
almost impossible to use any of the
modern machines which recommend
themselves for such work. There-
fore large numbers of coolies are em-
ployed to remove the weeds.

As soon as the job is completed
once they must turn right around and
2o over it again, for it becomes a
very expensive operation if the weeds
once get the start of the weeders. It
is necessary to remove the weeds not
only because they choke the young
;eedhnﬂ‘s ‘but in case of a drought
*they rob the trees of the moisture
which is imperative for their growth.

While the trees are young and of
course non-productive it has been
suggested that some other smaller
crop be grown between the trees.
This practice is called ‘ intercrop-
ping.’”’ Tea has been raised and also
coffee. Indigo has been recommended
and at first thought seems reasonable
as it is a leguminous plant and thus
collects nitrogen from the air. But
the synthetic indigo has driven the
natural product out of the market.

Many are of the opinion, however,
that intereropping is a bad practice,
as it cheeks the growth of the trees
and what is gained from the inter-
crop is lost when it comes to the main
industry, the production of rubber.
When an intercrop is cultivated and
then dies as a result of the trees’
shade it must all be cleared away so
that it does not furnish a center for
the development of fungus diseases.

The use of artificial fertilizers is
believed to be advantageous. Potash
has been found to produce a better
growth in the tree and also seems to
help the renewal of bark where it has
been removed in tapping.

Too mueh nitrogen is a bad thing
as it tends to make the trees brittle
and also top-heavy. Nitrogen is

necessary for plant growth and is the
most expensive to supply to the soil
in commereial fertilizers. To obtain
nitrogen in soils which have become
depleted, therefore, they resort to
what is known as ¢ green manuring.’’
Leguminous plants are sowed broad-
cast over the freshly cultivated
ground. These plants as they grow
take up nitrogen from the air and
make it available for plant use. These
plants must be cut at the proper
stage, however, generally at intervals
of from four to five months.

As the trees grow larger there
comes the question of pruning and
thinning. Very little pruning is done
other than to remove the dead
branches or ones that are found low
down on the trunks of the trees which
have been planted far apart.

"Thinning presents a serious prob-
lem. Just what trees shall be re-
moved? Of course, the weakest ones
or those diseased should be cut down,
but this often breaks up the regularity
in the spacing of the trees. A careful
record of each tree should be kept and
those yielding the largest amount of
latex should always be kept, regard-
less of position in the plantation. Here
again all signs of the removed trees

must be destroyed.

Tapping the Trees

At the age of from four to six’'years
the trees have Become large enough to
be tapped and begin to yield a small
return. At this age the workers-go
through the plantation and measure
the trees to ascertain what ones are
suitable for tapping. . Any tree which
has a girth of eighteen inches three
feet above the ground is marked for
tapping. Trees of this size have bark
thick enough so that it will renew and
the tapping will not permanently in-

~jure the tree.

After the trees are selected for
tapping the operation becomes purely
a routine one. The laborer starts out
early in the morning and taps the
trees allotted to him, at this time plac-
ing the little cups in position to col-
lect the latex.

When the trees are through run-
ning, which is determined by sending
out inspeetors, the tapper then re-
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visits the trees which he tapped, tak-
ing with him two large enameled
buckets. Into the one he pours the
latex from the eups; in the other
bucket he has a small amount of
water in which he washes the eup and
inverts it beside the tree so that it
will be clean and ready for the next
day’s nse.

When this is done he takes his latex
to the central collecting station or in
some cases directly to the ecoagulating
house. This in brief constitutes the
routine life of a rubber gatherer.

The different methods of tapping
on the plantation have been studied to
some extent. There are two general
terms in use for this. ¢ Incision ’’ is
done by puncturing the bark, while
‘¢ excision *’ means the removing of
some of the bark.

Several ‘¢ incision *’ methods have
been used and are still in use. There
was at first a praetice copied after
the natives’ method, of making a
large gash in the tree. Later two
gashes werc joined together in the
shape of a V.

Then the praetice of pricking the
bark was tried. A good flow of

)

F1c. 26—MArkING TREES FOrR TAPPING

latex was secured and the recovery
was rapid, but it took too muech time
to perform the tapping and the latex
was diffieult to collect. The former
difficulty was removed when Bowman
recommended his rotating spur-
shaped prieker. A single stroke with
one of these tools would make a row
of ineisions running across the bark
of the tree. The latex was hard to
collect so they eombined this method
with the one of making a shallow
channel in the bark to earry the latex.
This however seems to injure the
trees.

In Ceylon they tried tapping by
use of the herring-bone system where
each rib was not a channel but four
ribs made by a pricker. With the aid
of a“tapper, the latex ean be made
first to follow into the central channel
and thus be collected.

Bamber suggested a method of inei-
sion which produees large quantitics
of latex. -Ile made two vertical chan-
nels on opposite sides of the tree;
then, beginning at the top, he made
transverse euts from one to the other
extending to the bottom. He would
skip a day then make his vertical
seetions an inch to the vight of the
original ones and tap the tree in the
same manner. This was repeated
until the whole eireumference of the
tree had been tapped. This method
has the objection first of consuming
a large amount of time; second, that
the trees when fully tapped must be
allowed a rest period; and third, that
a large amount of rubber coagnlates
on the tree and must be collected as
serap.

At present nearly all the tapping
is done by ‘¢ exeision ’’ methods, or
the removing of the bark.

The exaet time depends somewhat
upon the length of time given for the
removal of the bark. Kour years
seems to be the average time allowed
for this, although there is a common
belief that a longer time should be
allowed. But when four years is de-
cided upon, the circumference of the
tree is divided into four equal parts,
and each quarter tapped by the half-
herring-bone method. Tach quarter
then represents a year's tapping. To
preserve the symmetry of the tree the
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quarter opposite the one first tapped
1s tapped the second year and the
other two sections in suceessive years.

To mark the trec for tapping, a
horizontal line is marked around the
tree about four feet from the ground.
From this line just five inches apart,
if the tree has a girth of twenty
inches at this point, two vertical lines
are marked down the tree. Then five
inehes down on one line, a point is
marked and. when a line is drawn
from this point to the intersection
of the other vertieal line with the

F1a. 27--HALF-IIERRINGBONE TAPPING

horizontal one, it makes an angle of
45 deg. with the vertical ones. This
establishes the angle for cutting and
removing the bark,

The one vertical line is now made a
broad deep c¢hannel for condueting
the latex, and the other is made deep
enough to preserve the limits of the
year's tapping. Along the oblique
line, a groove is cut deep enough to
allow the latex to flow and not to in-
jure the cambiun.

That operation constitutes the first
tapping. On altermate days gen-
erally another thin slice of bark is
removed from the lower edge and thus
the process goes on until the season
of tapping is over and by that time
the bark has been removed from this
quarter of the tree. Great skill is
aequired by some of the workers in
this form of tapping. From the fol-
lowing table some idea of the amount
of rubber produced per aere ean be
gained :

Age ~——CEYLON.— —MALAYAN.—
of trees. Per acre. Per tree. Per acre. Per trce.
Lbs. Lbs. Lbs.

4 100 2
.G 150 1.0
.S 200 1.3
1.2 250 1.6
1.5 350 2.2
-10 1.9 400 2.5
¥ (This table is taken from the report of R, II,

.ock.

Coagulating the Latex

We shall next discuss the handling
of the latex which generally econtains
about thirty-five per cent caoutehoue.
This latex is brought into the place of
eoagulation either in large enameled
buckets on the heads of the gatherers
or it may be brought by them simply
to a eollecting station in this manner
and from there sent by a railroad sys-
tem to the factory for treatment.

The first proeess is that of eoagula-
tion.

The substance used to the greatest
extent for this purpose is acetie acid.
[t is said that 9934 per cent of the
plantation rubber is eoagulated by
this reagent. The amount to be used
varies considerably but fortunately it
may be used through quite a range
and noi impair the rubber.

Some omne has suggested that an
indicator like litmus be added to the
latex, which is alkaline, then add the
acid until it shows an acid reaction.
This has not been found to work
satisfactorily in the hands of inex-
perienceéd labor. Then too the latex
varies and in some instanees that
amount of aeid is not sufficlent to
cause coagulation as rapidly as
desirous.

The safest rle is to make - pre-
liminary tests on each bateh of latex
and thus ascertain just how much
acid is required to produce the best
vesults. No rule of thumb is found
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to work in all cases. Perkin recom-
mended the use of one part of acetic
acid to eleven hundred parts of latex.

The acid is first measured out and
then diluted .with water when it is
added to the strained latex and
thoroughly stirred, then allowed to
stand for a length of time depcndmﬂ
upon what form the finished rubber is
to be in.

It crépe is being made the spongy
rubber is removed after it has stood

about half an hour and is transferred

to a washing machine.

If sheet is to be made it is coagu-
lated in shallow pans. These are
allowed to stand until the rubber is
firm and can be removed in one sheet.
This generally takes several hours.
These sheets are then passed between
smooth rolls running at the same rate
with a stream of water playing over
them. This is to remove the traces of
acid which remain after the coagu-
lation.

‘When preparing crépe the washing
is done upon a machine which has
corrugated rolls and these run at dif-
ferent speeds. The rubber comes out
in a long lace-like strip which will
dry quickly and is then ready for
packing.

The drying is done by one of two
methods. The rubber may be hung in
an airy room, from which the light
must be exeluded, and allowed to re-
main there until it is dry. In moist
climates this takes a long period of
time. To shorten the time hot air has
been blown into these rooms, and thus
the drying hastened. Prolonged ex-
posure of the rubber, however, to a
high temperature often renders it
tacky.

As a still quicker method vacuum
driers have been used. Some manu-
facturers contend that the life or
nerve of the rubber is killed by dry-
ing in a vacuum. This, however, is a
debatable question.

The crépe after being vacuum dried
is then run through a machine which
you might say recrépes it, for the
vacuum drier tends to make it fluffy.
In some places in connection with the
slow drying process they have imi-

tated the smoked rubber from South

America by blowing the smoke from
burning green wood or cocoanut husks
into the drying rooms where either
the crépe or sheets may be hanging.
Rubber treated in this manner is
known as smoked crépe or sheet and
has been at a premium in the market.

Machines and methods for smoking
the latex directly have been patented
from time to time but as yet none of
these are used to any extent.

Block rubber is made by pressing
together either smoked or unsmoked
shieet or erépe. In this form it is
handled conveniently but when it
comes to the factory for use it must
be cut up, whieh takes labor, and then
too it may contain objectionable sub-
stances in its interior.

The highest gradeé of rubber is pre-
pared from strained latex and is
known as first latex rubber.

On the large plantations the serap,
that which is. coagulated upon the
trees- and colléeting reeeptacles, is
worked up ﬁlstr*onn maseerating ma-
chines, then w as]led»xand comes out in
a form of crépe: ’V\,hieh is graded ac-
cording to“its eo]oi' =

Y

g
Tree Dzseases«aud<0ther Pests

It is well perhaps that we should
call attention tq-some of the pests
with which the 1ubb91 planter must
contend. - B

The one that causes* most trouble is
one over which man has not much
contlol Dnamely the \\md Hevea
trees eannot be grown in wind-swept
districts unless the planter is able to
establish a barrier or wind break.

The animals which are a great
nuisance are clephants, deer, cattle,
pigs, monkeys, and poreupines. If
vou will observe this list carefully
vou will undoubtedly come to the con-
clusion that it would be a diffieult
task to fence against sucl a menagerie
as this.

Not mueh damage is done to the
Hevea by boring insects as the pres-
ence of the latex protects the trees
from their attack., If a fungus
growth should kill the bark in cer-
tain areas then some stinging insects
will attack the tree at these places.

A species of white ants. however,
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must be carefully watched for. They
attack the roots of the tree and then
eat out the interior. Their presence
remains very often unsuspected until
the leaves of an apparently healthy
trec all at once wither. They can be
diseovered by digging a small trench
around the tree and noticing whether
there are any passage ways leading
out to their nest which is always lo-
cated a little distance from their food
supply. The fumes of sulphur and
white arsenie will kill them.

There is a slug which scems to
flourish upon the latex of these trees
and often does considerable” damage.
Painting a band of tar about the tree
is sufficient to guard against this pest.

The greatest pests to the planter
are these of a fungus growth. Some
attack the roots, some the stem and
branches and even the fruit.

The fungi which attack the roots
are the hardest to deal with. Gen-
erally their presence is not discovered
until a few trees are blown down due
to the killing of the roots. All af-
fected trees must be destroyed aund
lime forked into the soil. This treat-
ment will kill the pest.

The diseases of the stem are called
canker. They are fungi which de-
velop under the bark and tend to
destroy it in such a way that it softens
and vots. As soon as it is discovered

it should all be cut away and then
the tree if allowed to rest will heal
over the infected area. This same
fungus will spread over the tree and
attack the seed pods causing them to
rot also.

¢ Pink disease >’ and ‘¢ die-black ”’
are terms familiar on the plantation.
The affected trees must be diligently
sought out and cared for when
detected.

Great care must be taken to pre-
vent the spread of any of these pests,
and if that is done promptly the task
of controlling them is not difficult.

Other Varieties of Rubber Trees

Some other species of rubber trees
have been tried in these countries.
For instance, Castilloa had been un-
der trial in Ceylon, the West Indies,
and New Guinea, besides in the local-
ities mentioned in our last chapter.

The Mannihot has been tried and is
still being worked to some extent. As
early as 1883 there were nearly a
thousand acres of it under cultivation
in Ceylon. The tapping is rather diffi-
cult and it has not, therefore, met
with any degree of favor from the
planter.

Funtumia has been tried on

plantations in Africa as we have
pointed out in a previous chapter.
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Ficus clastica, a rubber tree native
of Asia, has been planted in Java
and Dnteh East Indies but the yield
of rubber is so small that in some in-
stanees they have been eut down and
Hevea planted in their stead.

There has been a lack of uniformity
in plantation rubber in the past, and
strange as it may seem it is the fault
of the rubber manufacturers. The
planters are anxious to produee the
grade of rubber most in favor with
the ultimate consnmer. whose speei-
fications have been so often changed
that the plantation managers have
been at a loss to know just what grade
is going to suit the trade when they
buy their next eonsignment.

This condition brings to our atten-
tion more forcefully the fact that
the whole industry is still in the expe-
rimental stage.

There are those today who are of
the opinion that the plantations in
the East are not going to be able to
compete with the West in the future.
Also that when the large aereage of

planted rubber trees are matured and
come into full production there will
be so much ernde rubber on the mar-
ket that 1t will not pay a return suffi-
cient to justify the continuance of
the industry. However that may be
we know that eondition is not bother-
ing us at present.

The labor condition is becoming a
very serious question on these planta-
tions. A great many of the laborers
are imported from India and Java, to
sneh an extent that thiese two gov-
ernments are taking steps to stop the
emigration of their people.

The native of the Malay States is
not of mueh value in the industry.
He is too proud and lazy to work un-
der the direetion of a superior. If
some task is given him where he fecls
independent he will work fairly well.

The Chinese have been brought to
the plantation and they are somewhat
of the same temperament with the ex-
ception that they are more in-
dustrious and soon come to value too
highly their serviees.

IF16. 29—VAcuuM DRYING ON A PLANTATION



CHAPTER VI

Discussion of Colloids

Rubber belongs to one of those eom-
plex systems of matter known as col-
loids, which, because of their com-
plexity, have been left comparatively
untouehed while the more promising
fields were /being worked. Recent
vears have seen a ehange in this at-
titude, so that we are now in pos-
session  of theories which, although
investigators differ in their inter-
pretation, are very hopeful.

We are no longer held back by
Graham’s view that ‘¢ they (erystal-
loids and colloids) appear like dif-
ferent worlds of matter and give oe-
casion to a corresponding division of
the secience of chemistry.”” Physical
chemists are now unanimously agreed
that crystalloids and eolloids are not
different kinds of matter, but are
rather different states of matter—
that the same may be obtained in the
one state or the other depending nupon
the necessary physical conditions of
liomogeneity as opposed to hetero-
geneity. We may therefore define
colloid chemistry as that branch of
the science having to do with hetero-
geneous systems of small particles.
globulets, films, ete. A brief outline
of eolloids is in order.

For the colloid state at least two
phases must be present. That phase
which is divided and distributed (the
internal phase) is known as the Dis-
persed Phase; the external or eon-
tinuous phase as the Dispersing
Medinm. We may therefore postu-
late eight simple types of colloidal
solutions. namely :

Dispersing Dispersed

Medium. Phase. Lxample.

.. (7 e lmpossible, since
all gases are
miscible in all
proportions.

.. Clouds, mist.
. Smoke, dust.

3 . Foam.
Sl rideyr . . .- . Emulsions.
Jatauids . <. . DLW et roX. 8- Suspensions.
Nold . RS Voeere W - Pumice.
RROLiar s s e Lignid........ Some gels.
SOLE . yl L Solid.........Alloys,

Brownian Movements

Let us take a simple case of sus-
pension. If we throw a stone into
the water it sinks rapidly; broken
up it sinks less rapidly. This has
led to a statement that the rate of
sinking is dependent upon the size
of the particles, which is only true
to a certain point. If we go far
enough in our subdivision we come
to the point where the Brownian
movements in the suspension are
stable indefinitely, if other conditions
which will be explained later are sat-
isfactory. The Brownian movements,
so called beecause of their discovery
by R. Brown in 1826 (Phila. Mag. 4,
101, 1826), are just noticeable in
particles about 0.01 mm. in diameter.
Their nature may be readily observed
by stirring a very little of an in-
soluble fine organic powder, for ex-
ample, carmine, with water and
examining under a microscope. The
larger particles will be seen to have
a fairly regular oscillatory motion,
while the finer particles take a more
zig-zag course. Zsigmondy (Zur
Erkentniss der Kolloide, page 107)
gives the following figures for the
amplitudes of these oscillations for
gold hydrosols :

Diameter. Amplitude.
o
l-lél 10
10 3-4
35 1-7

(Of course, the amplitude and
velocity vary inversely with the vis-
eosity of the dispersing medium.)

These Brownian movements arve
usually explained by the Kkinetic
theory first advaneed by Ramsey

(Chem. News 65, 30, 1892), or some
modification, as being due to the
bombardment of the particles in sus-
pension by kinetic vibration of the
molecules of the medium. This ex-
planation implies that all the energy
possessed by the particles is derived

.
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from the medium ; on the other hand,
there is good reason to believe that
it may, at least in part, be due to in-
trinsic energy of the particles them-
selves.

Characteristics of Sols

Colloidal solutions are distinguished
from what we ordinarily recognize as
true solutions by the following char-
acteristies :

1—Osmotic pressure negligible.

2—Diffusion negligible.

3—~Conductivity of medium un-
changed.

4—Elevation of the boiling point
not measurable.

5—Depression of the freezing point
not measurable.

6—Peptized or pectized by various
salts, 1ons, electrical charges, ete.
(Graham suggested the use of the
word peptonize, which because of its
use in biology has been changed to
peptize to indicate the change from
gel to sol and pectize to indicate the
reverse change.)

7—Optical characteristics showing
distinet heterogeneity.

The question of whether or not col-
loidal solutions differ from true or
molecularly dispersed solutions only
in ‘the size of the molecule has been
much debated. The writer feels that
the difference of opinion simmers
down to the interpretation of per-
sonal mental picture rather than any
real difference in constitution. On
the one hand, there are some who con-
ceive a particle as made up of a group
of molecules held together by un-
known physical forces, probably the
same as, or analogous to, electrical
forces; on the other hand, others con-
ceive the particle as a molecule held
together by much the same forces as
are the various atoms which in turn
are much the same as, or analogous
to, electrical forces. The latter ex-
plains the low osmotic pressure and
non-diffusion by the size of the par-
ticles, the low conductivity, and the
little influence on boiling or freezing
points to the relatively small number
of molecules in a given volume of the
solution.

Viscosity of Pure Water

Viscosity

oF 20%

Yo 100%. WATER
1007% 809,

©% OLIVE oL

F16. 30—OL1VE-O1IL—WATER EMULSION
Viscosity CURVE

The former points to examples such
as soap; in water, the various char-
acteristics of true solutions may be
slightly observable due to alkali pres-
ent either free or as the result of
hydrolysis, but they are negligible;
on the other hand, alecohol solutions
of soap behave perfectly normally in
every respect.

Still another case is that of olive
oil-water emulsions. Starting with
either as external phase, there is a
fairly gradual increase in viscosity
until we get to about 80 per cent
olive oil and 20 per cent water, at
which point the viseosity inereases
abruptly until it reaches a very high
point. This may be explained by a
chemical combination of olive oil with
water at this point. Looking at it
from the purely physical side, why
should not the two combine when
the other is in excess and give a
smooth eurve? Explaining, can we
not conceive of putting globulets of
oil in water or water in oil until the
point is reached where the external
phase is not sufficient in volume to
reach aronnd the internal phase and
a rupture must take place, the
medium constituting external force
to become the internal phase or vice
versa? The foree required to neu-
tralize the surface tension of the ex-
ternal phase and produce the rupture
would be amply sufficient to account
for the abnormality in viscosity.

Surface Tension

The condition of heterogeneity im-
plies surface at the interface. The
writer has found the following mental
picture very helpful in the interpreta-
tion of the phenomena.

‘We learned in our study of physies
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that every body of matter attracted
every other body ; this applies to the
smallest particle, even to the atom.
The extent of this'attraction is repre-
sented by the formula,

h.C km, m,

7
where
F is the attractive force,

m, and m, the mass of the respective
bodies,

r the distance separating the bodies,
k is the constant.

Because the mass of the earth is so
great and we are so aceustomed to in-
terpret it in terms of bodies separated
by mieroscopie rather than submicro-
scopic distances we are apt not to
appreciate its true significance unless
it is ealled to our attention. Upon
inspection, however, it is realized that
as r- becomes extremely small, even
though the mass of respective bodies
18 very small, the extent of this force
may become very great indeed, even
approaching infinity as r approaches
zero, which it probably does not do
even on the interior of the atoms
themselves. This force may well be
the foree which holds bodies together;
indeed, it may well be the source of
chemical valence.

The distance through which this
~ force may operate is very indefinite,
but the sphere limiting its radius of
action is at least larger than the par-
ticle itself. Other particles within
the sphere of attraction affect it and
are affected by it; those outside do
not. Let us then single out a mole-
cule in the interior of a liquid. It
exerts a sphere of attraction equal
in all directions. (In speaking of
this sphere of attraction, we do not
necessarily wish to imply a perfect
sphere. If the molecule happens to
be a chain structure, the sphere
would follow the general contour of
the chain.) Within this sphere there
will be other molecules, approximate-
Iy an equal number in all directions,
which in turn build up another
sphere, and so on until we go beyond
the surface. A molecule at the cen-
ter therefore has the same counter-
balancing attractions from all diree-
tions and the net force tending to dis-

place it is consequently zero, causing
equilibrium in the molecule.

These series of concentric spheres
are thus continued until we reach the
surface. The molecule on the surface
has many molecules within the sphere
of attraction on the interior, but rel-
atively few on the exterior. It is
consequently attracted to the interior
very strongly without -counterbal-
ancing attraction from the exterior.
The result is a high inward pressure.
Just as a high outward pressure must
be restrained by a high tension on
the container walls, this inward
pressure must result in a high sur-
face compression in the surface film,
which tends to cause the liquid to
decrease in volume. This surface
compression is ineorrectly known as
surface tension, and may be observed
when we ‘“heap’ a spoon with
liquid, or float a needle on the sur-
face of water, provided it is laid down
carefully.

Any inerease in surface is attended
by an increase of free energy at the
surface; conversely, decrease in sur-
face results in a decrease of free
energy. Disintegration, evaporation,
ete., require energy; agglomeration,
condensation, ete., give up energy and
are spontaneous. .Large drops and
erystals grow at the expense of
smaller ones.

‘We have no adequate means of
measuring surface tension. It may,
however, be considered in connection
with osmotic pressure, which, if it
acts In any -manner similar to gas
pressure, must require a restraining
force. What other force than this
surface tension can there be? And
sinee the osmotic pressure is outward,
there should be a lessening of the
pressure inward causing the volume
of the solution to be greater than
the volume of solvent, which always
happens. In the ease of some solu-
tions, the osmotic pressure is con-
siderable; the surface tension must
therefore be even greater.

Willard Gibbs pointed out the ob-
vious result of these forees; namely,
that there is no definite boundary
at which the one phase leaves off and
the other begins. True, the zone be-
tween that which is distinetly com-
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posed of the one phase and that which
is distinetly composed of the other
phase may be very slight; neverthe-
less there is that zone at every inter-
face where the two phases inter-
mingle, and where surface forces
come into play. The greater the sur-
face tension the thinner the zone, 1. e.,
the less chance to intermingle ; whence
it will be seen that anything which
tends to decrease the difference in
surface tension between two immisci-
ble phases will cause them to mix
more readily ; the converse is likewise
true. This is of great importance in
the selection and use of protective
colloids. Surface energy equals speci-
fic surface times surface tension.

From the picture drawn, it is evi-
dent that the center of the liquid is
under greatest pressure. In the case
of true or molecularly dispersed solu-
tions, the concentration should be
greater at the center, as is found to
be the case with, for example, most
inorganic salts. On the other hand,
where the solution is only apparent
(i. e., heterogeneity), as, for example,
soap in water, there will be a
greater concentration of the solution
at the surface. Increase in surface
coneentration will result in decrease
in surface tension and. viece versa.
Where we have this difference in eon-
centration between the surface and

the interior, we have what is known

as adsorbtion. If the surface con-
centration is in exeess, as is usually
the case, we have positive adsorbtion.
If such a solution is shaken with a
very fine powder giving a very large
surface (size of particles is not neces-
sarily a ecriterion, since, as in the
case of various blacks, the material
may be spongy and thus present an
enormous amount of surface in the
capillary pores) nearly all of the solu-
tion may be removed from the sol-
vent. Surface deficit must necessari-
ly be very slight, since the limit must
necessarily be pure solvent in thie sur-
face, which would give rise to nega-
tive adsorbtion ; indeed, even this case
may be regarded as positive adsorb-
tion of the solvent.

Adsorbtion comes to an equilibrium.
Thus, if a given volume of solution
of certain concentration is shaken

with a weighed amount of adsorbant
until equilibrium is reaehed and is
then diluted, the final coneentration
of the solution will be the same as
if the dilution had been made before
starting. This gives rise to the ad-
sorbtion equation,

‘;r; = ]l' (- ‘1‘
m 7
where
x 1s the weight of substance ad-
sorbed,

m the weight of adsorbant,
¢ the volume of the concentration
after equilibrium,

il
k and = are constants.

The question as to whether adsorb-
tion is chemical or purely physical
combination has been much debated.
Indeed, the discussion simmers down
to a matter of viewpoint. It seems
highly probable that both forces are
akin to electrical attraction and there-
fore may easily he the same.

Cataphoresis and Electro-endosmos

In no place does the phenomenon
produced by eleetrical charge play
a more important role. At the inter-
face between two phases there is al-
ways a potential difference. If a
liquid, say water, is placed in two
vessels eonnected by a ecapillary tube
and subjected to electrolysis it will
flow with the current; if finely
divided particles of an insoluble pow-
der such as metal, sand, ete., be sus-

‘pended in the liguid, it will move in-

stead. This phenomenon is known as
cataphoresis. If the flow is through
a semi-permeable membrane, it is
known as eleetro-endosmos. There
are three cases possible. :
1—The particles are poor con-
ductors and have slight tendeney to
coalesce. Such particles will move
sluggishly toward the electrode and
will congregate around it. Those
actually coming in contact with the
cleetrode will deposit a part of their
charge, but not all of it; the others,
being such poor conductors as not to
be able to transfer their charge, will
retain it, and when the current stops
will mutually repel each other as far
as possible, thus diffusing themselves
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throughout the liguid substantially
as before being subjected to the in-
fluence.

2—Particles which are good con-
ductors but have little tendency to
coalesce will move up to the electrode,
get rid of their charge and take on
one of opposite sign, after which they
will start for the other electrode.

3—Particles which are good con-
ductors with a tendency to coalesce
will move up to the electrode, dis-
charge, and be precipitated.

‘We have discussed the individual
conditions whieh bear upon colloidal
phenomena. We see that colloids are
systems consisting of at least two dis-
tinet heterogeneous phases, one of
which is extremely finely divided and
dispersed in the other and which is
more or less affected by Brownian
movements, depending upon the vis-
cosity of the dispersing medium. This
fine state of division gives rise to an
enormous extent of surface interface,
which, because of its nature, gives a
correspondingly large amount of free
energy in form of surface energy and
electrical energy. The activity of
this energy probably contributes the
Brownian movements and, in being

neutralized, gives rise to adsorbtion.

‘We can postulate the behavior of so-
lutions, that is, the eonditions of pep-
tization and pectization.

Sinee the formation of a large
amount of surface involves an enor-
mous amount of free energy which
is neutralized in part by adsorbtion,
we have a basis for Freundlich’s as-
sertion (Kapilarchemie 52, 154, 1909)
that adsorbtion tends to lower the
surface tension of the adsorbing
phase, from which it follows that any
substance which is adsorbed by an-
other tends to disintegrate and pep-
tize the latter. In making this state-
ment, however, we must bear in mind
that, since adsorbtion depends on the
surfaee and disintegration depends
upon the cohesion between the par-
ticles, there may be no apparent eon-
nection between the two. Thus the
same mass of porous material is mueh
more easily disintegrated than if it
oceurs in a more dense form.

Baneroft (Jour. Phys. Chem. 20.
85, 1916) has disenssed this subject

in detail. He says: ** We may have
peptization by a solvent, by a dis-
solved non-electrolyte, by an ion, by
an undissociated salt, by a colloid.”’

As we raise the temperature, ad-
sorbtion deereases, but the cohesion
between the particles also decreases;
thus glass, coagulated albumin, ete.,
are peptized by water, provided the
temperature is raised to a point where
the cohesion between the partieles is
sufficiently small to be exceeded by
the tendency to absorb the solvent.

One of the many examples eited
in the case of a dissolved non-elec-
trolyte is the action of sugar in pre-
venting the precipitation of ferric
hydrate when ferrie chloride is treated
with ammonia.

- OH~ o H* +

F1c. 31—Io~x CuURrvE

The action of ions is closely asso- .
eiated with their supposed electrical
nature. If we add a small amount
of an electrolyte to a solution, preci-
pitation takes place. Ions carrying
a charge opposite in sign to the dis-
persed phase are adsorbed more rap-
idly, thereby neutralizing the charge
which keeps them apart. Very soon
the place is reached where the charge
which keeps the particles apart is neu-
tralized, and instability results. Be-
yond this point, the adsorbtion of
the first ion varies but slightly with
increase in coneentration, but the ad-
sorbtion of the ion of opposite charge
increases until we get a correspond-
ing excess of the opposite charge and
consequent peptization by the salt.
In general, the action of ions follows
Schultz’s law that the higher the
valence the greater the influence of
a single ion. This rule is disturbed.
however, by the preferential adsorb-
tion of certain ‘ions.






CHAPTER VII

Colloidal Action of Crude Rubber and Its Application in Rubber

Manufacture

e

The latex as it comes from the tree
is a milky white fluid which in the
light of colloidal ¢hemistry should be
classed as an emulsoid in contrast to
a suspensoid ; nanely, a heterogeneous
system consisting of two distinet
liquid  phases. The dispersing
medium is water and the dispersed
phase cousists of globules of ca-
outehone ranging in size from lp to
2u.  This emulsion is made fairly
stable by the presence of -eertain
resins, albuminoids, proteids, sugars,
mineral salts, ete., whieh aet as pro-
tective eolloids.

This latex upon examination shows
pronounced Brownian movements.
As is the case in nearly all hydrosols,
the dispersed phase bears a negative
charge as is shown when the hydrosol
is subjeeted to eleetrolysis, when the
globules migrate to the anode region.
From this behavior, we may postu-
late that upon the addition of a
kation, these globules will tend to be
precipitated while the addition of
anions will tend to make the emulsion
more stable.

1t is quite possible that the
caontehoue itself in the latex is posi-
tively changed, but that it has ad-
sorbed enough of the protective col-
loids whiceh are negatively charged to
more than balance the positive effect
and thus give to the globule the effect
of heing negatively charged.

Therefore anything which tends to
destroy this proteetive eolloid, tends
to destroy the negative charge which
gives stability to the emulsion.

Let us now turn our attention to a
diseussion of the manner in which
these principles are applied in the
crude rubber industry.

e

Preservation of Latex

First let us consider the preserva-
tion of the latex where it is not de-
sired to coagulate it immediately. We
find the general practice is to add
ammonia. This was first done with-
out the knowledge of any scientific
reason as a basis for it ; now, however,
it may be explained by the principle
which we have just mentioned. The
ammonia introduces hydroxyl ions,
bearing negative charges and these
tend to increase the potential dif-
ference between the two phases and
thus inecrease the stability of the
emulsion.

Next, we shall endeavor to show
how these prineiples are applied in
the coagulation of latex. To do this
we shall divide the different means of
coagulation into the divisions: 1—
Mechanical; 2—Electrolytic; 3—
Dilution ; 4—Natural ; 5—Heat with-
out evaporation; 6—Heat with
evaporation ; 7—Chemieals.

In the mechanical ccagulation of
rubber, we simply take advantage of
the fact that in the latex there are
two distinet phases of different
density. Therefore by centrifuging
the latex, we arve able to effect a
separation. Rubber obtained by this
method compares favorably with the
rubber obtained by other means, but
the process is a tedious one and rather
expensive also.

The electrolytic method is one of
theoretical interest only. As the latex
is such a poor eonductor of electri-
eity, and the globules simply colleet
in the region of the anode, unless the
voltage is very high those in aetual
contact with the anode will be the
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only ones which will discharge and
thus precipitate.

Coagulation by dilution in a great
many cases produces unfortunate
results, while again it is used
to advantage. The necessity of
collecting latex out in the open
in a region where the preecipitation
is so abundant makes dilution of
the latex by rain water inevitable
at times. Such latex eoagulates in
much the same fashion as cream sep-
arates from milk which has been di-
luted. Then in the case of cup wash-
ings, the latex which has been
washed out from the cups is
saved. On a few small plantations
where the quality is not a considera-
tion, and in places where better meth-
ods are unknown, this method is nsed
as a regular procedure. The reason
for the precipitation undoubtedly lies
in the fact that the protective colloids
are more or less soluble in the in-
creased volume of the dispersing
medinm. When these protective col-
loids are removed, it results in the pre-
eipitation of rubber. While compara-
tively little is known as to why cer-
tain of these materials which make up
protective colloids are essential, it is
a fact that their abSence results in an
inferior product. Consequently this
method is by: no means satisfactory
and is not employed where its nuse may
be avoided. :

When the latex is allowed to stand
for some time, it will coagulate spon-
taneously. This is no doubt due
to the formation of acid in the latex
from causes which will be diseussed in
a later chapter. The acids which are
produced furnish the necessary hydro-
gen ions to cause the coagulation of
the rubber. Due to the fact that the
conditions cannot be or are not regu-
lated correctly, an inferior produect
invariably results.

If the latex is subjected to heat
without evaporation, we have a com-
bination of results similar to dilution.
that is.increased solnbility of protec-
tive colloids, and the formation of
acids as in natural coagulation, which
is probably still further complicated
by hydrolysis. This method of coagu-
lation is of little practical importance.

‘When the latex is evaporated by
addition of heat. coagulation results.

There we have much the same condi-
tions as in the case of heating without
evaporation, that is in the formation
of acids and hydrolysis but we have
in this method the advantage of uni-
form econditions snch as temperature,
tine, and also the fact that the pro-
tective colloids whicli are soluble can-
not be removed from the rubber.
Usnally, too, in the case of South Am-
erican rubbers, the process is carried
on in the presence of smoke which
contains various acids and alcoliols.
These tend to facilitate the coagula-
tion and at the same time inhibit the
development of bacteria.

The foregoing methods are all
primitive and whatever merits they
may possess are aecidental.

Coagulation by Chemicals

By all means the most important is
the coagulation effected by chiemicals.
The ones in most common use may be
classified nnder the following heads:
Acids, salts, alcohols and ketones.

‘We would naturally expect all acids

“ to have a coagulating effect in propor-

tion to their degree of ionie dissocia-
tion since they owe their power of
coagnlation to the concentration of
hydrogen ions. The question of selee-
tive adsorbtion plays no role in this
because the hydrogen ions are the
same regardless of their source.
Strong acids shonld therefore be bet-
ter coagulants than weak acids since
they possess a higher degree of dis-
sociation. Thercefore we should ex-
pect to find the highest dissociated
acids being used for the above pur-
pose. These are muriatie, nitrie, and
sulphuric acids. In actual praectice,
however, the first two are not permis-
sible.

. Muriatic acid. while it has the de-
sired coagulating effect. also has a
deletervious effeet upon the rubber.
This might be explained upon the
ground that as a halogen acid, it acts
upon the polyperene molecule at the
double bonds thus tending to form ad-
dition produets.

Nitrie acid also possesses a marked
degrec of coagulation but here the
strong oxidizing power of the acid
renders it unseless. Sulphurie acid.
however, is nsed quite extensively as
it possesses neither of the objections
which characterize the other two.
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The question naturally arises, why
should acetie acid be used in prefer-
enee to sulphurie? It must be borne
in mind that acetic, however, is by far
the strongest or most highly dissoei-
ated of the so called weak acids. It
furnishes, therefore, the necessary
coneentration of hydrogen ions very
nearly as readily as the sulphurie
acid. All of either acid must be com-
pletely removed from the coagulum.
Sulphuric acid must be entirely re-
moved by washing, and to remove it
completely requires prolonged wash-
ing, which experience has shown im-
pairs the rubber. With acetic acid,
on the other hand, it matters not
whether all the acid is removed by
washing since any that remains will
be volatilized and thereby removed in
the process of drying.

The other organic acids have the
two objections, first, that they are too
feebly 1onized and seeondly, that their
cost makes them prohibitive.

Under salts, those most commonly
used are sodiuin chloride, alum and
s0ap:

1f we apply the law of Schulze, that
is, that the higher the valency of the
kations in a hydrosol. the greater will
be its precipitating power, then we
should use those salts which not only
furnish a high conecentration = of
kation but also those which possess a
large valence. Of course, this condi-
tion may be disturbed by selective ad-
sorhtion.

We find sodiumn chloride is used
only where the more primitive meth-
ods are in vogue. It is an extremely
common substanee and consequently
was available for primitive experi-
ments. 1t aecidentally possessed the
property of being highly dissociated,
having the mecessary number of
kations to make it effective as a eoagu-
lant. On the other hand, where more
scientifie methods of reasoning have
been brought to bear, we find alum is
used more or less extensively. Then
we get a mueh higher electrical charge
with a small number of ions. Soap
has found little application as would
naturally follow from what has been
stated above, namely: it possesses a
very low degree of ionization and a
low charge on the kation.

The use of salts is in no ease de-
sirable beeause if any remain in the
rubber they will undoubtedly under-
go hydrolysis and the resulting prod-
ucts are likely to be detrimental to
the rubber. Their complete removal
is almost impossible even with exces-
sive washing.

In the use of aleohols and ketones
coagulation is effected, no doubt,
because these substances have the
power to dissolve the protective col-
loids and thus allow the rubber glob-
ules to coalesce. It is said that a
much better grade of rubber results
when either ethyl alcohol or acetone
is employed ; this being no doubt due
to the fact that undesirable substances
are dissolved out while the more de-
sirable ones remain in the rubber.

In the ease of Guayule, we are con-
fronted by a speeial proposition. This,
coming as it does from the shrubs, can-
not be obtained by the ordinary means
of tapping. The process is largely a
mechanical one, but the principles of
peptization and pectization are both
taken advantage of in this process.
The shrubs are macerated in pebble
mills and then digested with an alka-
line solution. This pectizes the rub-
ber and makes it possible to remove it.
After this it is precipitated. The pra-
cess is largely secret.

Application of Colloidel Chemistry

Next in order we shall diseuss it
few of the applications of colloidak
chemistry to rubber manufacture.

Considering mixing, we must first
call attention to the fact that in break-
ing down the rubber on the mixing
mills, we increase the surface. Inas-
much as the colloidal action of the
rubber does play a part in its be-
havior, the extent to which we in-
crease the surface by this breaking
down proeess will have a proporticn-
ate effect upon this action.

Among our compounding ingredi-
ents we have some materials which
have high adsorbtive power, others
which are comparatively inert, and
still others which are more or less ad-
sorbed. Consequently we may expect
a difference in the behavior of the
stock depending upon the order in
which the compounding ingredients
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are added. For example, let us take
a compound econtaining rubber and
sulphur, a highly adsorbtive material,
and a material capable of being easily
adsorbed. If the easily adsorbed
material is one that directly affeets
the rubber itself, the probabilities are
that it should be added first in order
that the full extent of the adsorbtive
forces between it and the rubber may
be realized. If, on the eontrary, the
highly adsorbtive material has been
added first, it would have no doubt
adsorbed the rubber and thus satisfied
or at least materially lessened the ad-
sorbtive foree whieh the rubber pos-
sessed.

It may be noted in passing that
there are a few materials which have
a great influence upon the physical
properties of the cured compounds
where they are used; and these sub-
stances have a high adsorbtive power.
As the most notable examples of this
phenomenon we may mention zine
oxide and lamp black. The latter is
one of the best adsorbents known and
has the property of increasing tensile
strength of rubber eompounds more
than any other substance. Without
exception the materials used in rub-
ber eompounding which have slight
adsorbtive power are practieally
inert and serve merely as fillers.

Of course we must not fail to re-
member that these materials which
we have mentioned which have a great
absorbtine power. likewise possess an
enormous surface due to their fine
state of division and their porosity.
On the other hand, the others are com-
paratively coarse and more compact.

The theory has been advanced and
has received considerable support that

the swelling of rubber in benzene may
be accounted for as follows: The
rubber possesses a more or less eellu-
lar structure. Therefore, when it 1s
placed in benzene, the solvent enters
these cells and adsorbs certain sub-
stanees theremn and thus produces
osmotie pressure, which distends the
individual ecells until they burst open
and then disperse through the solu-
tion. If this theory is correct, it nat-
urally follows that when the solvent
is evaporated, the vresidue should
possess different properties than the
original rubber. We know that this
is not true.

A much more reasonable explana-
tion may be found in our theory of
peptonization advaneed in the last
chapter. From this we would explain
the phenomenon of rubber solution as
follows :

‘When rubber is placed in the sol-
vent, the latter is adsorbed by the rub-
ber. The volume of the solvent ad-
sorbed causes the swelling of the rub-
ber until finally sufficient has been ad-
sorbed to break up the cohesion be-
tween the rubber particles and dis-
perses it through the entire solution.
When such a solution is evaporated,
the partieles remain unruptured and
will finally go back to their original
state. This is more in aeccordance
with what actually happens.

Furthermore, if the rubber has been
first broken down upon the mill, and
thus its surface increased, it will ad-
sorb the solvent more easily and give
a solution in a shorter time.

The role of ecolloidal phenomenon.
as it is applied to vuleanization and
to reclaiming will he considered in the
following chapters.



CHAPTER VIII

Different Means of Coagulation

While discussing the different va-
rieties of rubber which come from
the various sources, we have called
attention in each case to the methods
used in their coagulation. Some of
these have been primitive and most
have lacked a scientific basis. The
result of this has been that some rub-
bers from certain localities have been
very good and uniform while those
from other places are characterized
by lack of uniformity, and therefore
are expensive experiments most of the
time.

Of course, at present, the methods
of control are more nniform on the
plantation and as a result the rub-
ber from these sources is the most uni-
form found in the market. That leads
us to suspect that the wide variance
in native rubbers is oceasioned prin-
cipally by the lack of uniform meth-
ods of coagulation. This has led
men to investigate the different
methods in use, with the idea of try-
ing to find some more satisfactory
process than is at present known.
They have been guided by observa-
tions of eonditions which exist in
places from which the various grades
are obtained.

‘We know the rubber from the Ama-
zon to be the most uniform of any
wild rubber on the market. When
we observe the methods by means of
which the seringueiro eollects and
coagulates the latex from the Hevea
and thus obtains Para rubber, we
come to the eonelusion that the
process wherever and by whomever
used is one that will produce a uni-
form product. On the other hand,
when we observe the product from
Africa and notice the great differ-
ences even in the same grades, we
are satisfied in our own minds that
the methods used must be at fault.

47

The whole trade recognizes that we
have not at present any method of
coagulation that is entirely satisfac-
tory. This is very apparent when
we realize that even the method
which produces the most uniform
rubber of all, namely, the plantation,
is at present under severe criticism,
and chemists are employed to make
a thorough study of this whole ques-
tion in order to substitute a better
one,

This study is based upon certain
principles of colloidal chemistry and
it is hoped that by the aid of these
investigations we are going to be able
to bring forth something new and
better. We know that the stability
of latex from different sources varies,
and we have come to the conclusion
that this is due to the different size
of particles in the different emulsions,
to the electrical charge, and to the
presence of protective eolloids, ete.
Fickendey (Z. Chem. Ind. Kolloids,
1911, 8, 43) calls attention to the fact
that eoagulation in general consists
in the removing of the proteins or
peptones, which serve as protective
colloids, and then the neutralization
of the electrical charges. Upon the
addition of acid to the latex, we ef-
fect coagulation in all cases exeept
Funtumia. This latter fact has been
explained upon the ground that it is
a case of a peptone acting as the
protective colloid instead of a pro-
tein. However, Spence has shown
that the size of the particle in the
Funtumia latex has a great deal to
do with its stability also, for he re-
moved the peptone by treatment with
trypsin and no coagulation resulted.
(Quar. Jour, Reprints, 1907, 9, 5.)

The Brownian Movements are ap-
parent in the latex and V. Henri
(Le Caoutchouc ¢t la Gutta Percha,
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1908, 5, 2405) took advantage of this
to study the effects of acids and
alkalis upon it. He found that the
addition of acids greatly reduced the
veloeity of the rubber particles, while
alkalis had much less effect. When
the acid was increased, the particles
seemed to form in a sort of network.

This is interesting from a seientific
point of view, but its influence upon
the manufacture may be slight, yet
today we are also having it studied
from the manufaeturer’s side.

It was to study this problem from
this angle that Eaton and Grantham,
in the Department of Agriculture of
the Federated Malay States, started
on what might be called the first
scientific investigation of this subject
of coagulation and its effect upon
the rubber obtained for manufactur-
ing purposes.

The manufacturer had observed
the difference, which we find in the
mechanical curing of rubber from
different sources and in fact from
the same source. Some forms of
rubber from a certain plantation will
cure in a way different from that of
another variety from the same place.

Corresponding grades from different
plantations likewise show different
peculiarities in curing. This of
course raised the question as to what
caused this variance. It led some
men to think that in order to use
any rubber intelligently, one must
know the complete life history of it:
where it came from, how it was gath-
ered, how it was coagulated, how it
was treated after coagulation, what
form it was put into, how old it was,
and many more facts.

In the first experiment of Eaton
and Grantham, which appeared in
the Agricultural Bulletin of the
F. M. S, they call attention to two
facts.

(1) That in plantation rubbers
there is a great variation, but this
comes largely in the rate of cure and
not in mechanical properties, since
similar mechanical properties can be
obtained in the vulcanized material,
provided the correct rate of cure of
the rubber under specific conditions
is known.

(2) That this variation in rate of
cure or vulcanizing capacity is due
to some substance existing in the
latex, or formed subsequently, which
in the prepared raw rubber acts cata-
litically as an accelerator, and that
the rate of cure of raw rubber de-
pends on the amount of this substance
remaining in the raw rubber, which
again depends on the mode of coagu-
lation and preparation. In trying
to establish these, they selected what
they regarded as a set of uniform
conditions for determining what is
known as the ‘¢ optimum cure,”’ that
is, the cure which shows the maxi-
mum product of elongation by tensile:
strength. They cured all of their
samples at a temperature of 140
C. and took test strips every fifteen
minutes. The sulphur content was
10 per cent of the whole mixture.

The first tests were made upou
Plain Crepe and Smoked Sheet. Both
of these showed the optimum eure at
three hours. At this point they re-
ceived a sample of ‘‘ Byrne cured
slab,”’” and when this was tested out it
showed the ‘‘ optimum cure ’’ at one
hour and fifteen minutes. HHere we
have a rubber which cures an hour
and forty-five minutes more quickly
than plain or smoked sheets, and yet
is obtained from the same latex. Youw
may immediately realize what this
means to the manufacturer of today.

Here two questions presented them-
selves: (1) Was it due to the Byrne
fumes, or (2) the form in which the
rubber was prepared? They then
prepared what is known as a Byrne
Loaf (this is made by rolling sheets.
cured by the Byrne fumes around a
stick, thus building up a solid cylin-
der of superimposed sheets); this
rubber never completely dries in this:
form and has to be creped and dried
before vulcanizing. The results on
this loaf, and also upon pressed sheet..
showed the optimum results at two
hours and forty-five minutes. This is
practically the same time as that re-
quired for plain crepe or smoked
sheet, and therefore points to the fact
that it is not the Byrne fumes which
cause the variation in the rate of
cure.

A sample was then prepared by
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coagulating the latex in thin layers
in shallow pans in a smoke house
and thus superimposing further lay-
ers daily for a period of a week. By
this method a slab of rubber result-
ed, and when this was cured and
tested it came to the optimum test
in an hour and a half. In other
words, a rapid curing rubber had
been produeed, and we are almost
safe in saying from these two tests
that the rate of cure is due to the
form rather than to the fumes.
Further tests revealed the fact that
smoked sheets vuleanized more slowly
than plain sheets, and hence the con-
clusion that smoking has a tendency
to retard the rate of cure. We may
therefore call attention to the follow-
ing facts:

(1) Slab rubber smoked by Byrne
fumes or rubber ecoagulation by
smoke, by superimposing layers of
latex, cures much more rapidly than
plain crepe or smoked sheet.

(2) Unsmoked sheet cures more
rapidly than smoked sheet or plain
crepe.

Latex was next placed in a large
wooden box with movable partitions,
so that all might receive the same
treatment during eoagulation; then
from the coagulum the following
samples were prepared : ;

(a) Smoked sheet, which showed
its ‘‘ optimuin cure ’’ in two hours
and forty-five minutes.

(b) Smoked sheet, creped when
dry; this required two hours and
forty-five minutes.

(¢) Smoked slab, ¢‘optimum cure,’”
one hour and forty-five minutes.

(d) Unsmoked sheet, ‘‘ optimum
cure,”” two hours and forty-five
minutes.

(¢) Unsmoked sheet, creped after
drying, ¢‘ optimum cure,’’ two hours
and forty-five minutes.

(f) Unsmoked slab,
cure,”’ one hour.

The conclusions to be drawn from
these tests are that creping of dry
sheet has no effect upon rate of vul-
canization; also, that slab is the
most rapid curing form of rubber;
and lastly, that smoking will retard
the rate of cure on slab. To explain

¢ optimum

this behavior, two theories present
themselves :

(1) That the latex contains, in
addition to the caoutchoue, some con-
stituents which influence the rate of
cure of the rubber, this substance
not being precipitated by ordin-
ary coagulation. Consequently, the
greater the quantity of serum remain-
ing in the rubber, the greater will be
the quantity of this substance present
in the raw rubber. If this is the
case, the effect of smoking is appar-
ently the destrnetion of this sub-
stance.

(2) It may be, however, that this
substance does not exist in the latex,
but is formed from some constituent
of the latter. In this case the reten-
tion of the serum in the rubber would
appear to encourage the formation
of the catalytic substance. Our or-
dinary methods of analysis of crude
rubber, of course, will not reveal the
presence of these substances. For
instance, we determine the nitrogen
in the rubber and calculate it all as
proteins and this may be far from
the actual truth of the way the nitro-
gen really does exist. We do know
that certain amines have an accelerat-
ing effect upon vulcanization, and
it follows that perhaps some of these
proteins do decompose into amines,
and therefore the greater the amount
of serum left in the rubber, the
greater will be this effect. To
strengthen this theory, Eaton and
Grantham observed that we get slow
curing rubbers from latex treated
with preservatives, or from smoked
rubbers, which act in the same way.
JIf this change is caused by an enzyme,
then the same may be expected for
the preservative, or smoke would of
course kill it and thus produce a slow
vuleanizing rubber.

That this material is present in the
latex is also substantiated by the fact
that synthetic rubber is very difficult.
to vuleanize.

Another fact pointing in the same
direction is that air-dried slab is the
most rapid curing and also has the
most serum remaining in the rubber.

Fine hard Para is rather slow cur-
ing, due to the fact that the smoke
in coagulating has its maximum ef-
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TABLE 1
Latex, Acetic A|cid Coagulated

sxa'!bs Sheets
|
] 3] Ll |
Smoked Unsmoked Smoked Unsmoked
Air dried Air dried
|
Creped Creped l plalin cre;ied
134 hrs. L hr. 23{ hrs.  23{ hrs,
.
plain creped
!
234 hrs. 234 hrs.

Tizme REQUIRED FOR CURING VARIOUS KINDS OF IRRUBBER.

fect. The ‘‘ optimum cure ’’ requires
from two and one-half to two and
three-quarters hours.

The rate of cure of samples from
different states shows quite a vari-
ance due to many causes, e. g., dilu-
tion of latex, working of rubber,
thickness of rubber, smoking, rapid-
ity of drying, amount of coagulant,
ete. (Agricultural Bulletin, Feder-
ated Malay States, March, 1915.)

The lack of uniformity in these
rubbers is of great importance to the
manufacturer, for if by regulating
the preparation of the rubber from
the latex we are able to procure a
rapid curing rubber, then a great
deal of eost in the manufacture is
saved and a greater output is also
made possible with the same equip-
ment and number of men.

Eaton and Grantham have also
eonducted experiments to find the ex-
tent to which lack of uniformity in
the mechanical method of procedure
in the preparation of rubber from the
latex caused variation in the produect.
(Agricultural  Bulletin, Federated
Malay States, 111, 218, 1915, et seq.)
They found :

(1) That after the rubber has once
been reduced to a thin sheet, exces-
sive creping has little or no effect.

These conclusions were based upon
the results obtained from passing
different lots of the same rubber
through the ereping machine five, ten,
fifteen, twenty, and twenty-five times,
respectively. Excessive maceration,
however, does seem to have a slightly
retarding effect upon the rate of cure.

An interesting feature of the experi-
ment was shown by repeating the
tests on mixtures out of these
samples, made eight months later.
These tests indicated somewhat
slower cure in the sample ecreped
twenty-five times. This is particularly
interesting because of the apparent
recovery, which has been so com-
monly noticed after rubber broken
down on the mills has been allowed
to stand.

(2) That the use of more acid than
necessary to produce coagulation has
the effect of slightly retarding the
cure. The use of sodium bisulphite
has no effect.

(3) That samples of rubber from
the same latex were taken at different
stages in the preparation as follows:
a, Coagulated slab and allowed to.
drain; b, after rolling once; ¢, rough
crepe; d, thick crepe; ¢, thin crepe.

These samples were kept for twenty
days; then samples A, B and C were
made into thin erepe and all five
samples were dried, after which they
were componnded similarly and
cured. The ‘‘ optimum ecures ’’ re-
ported were: @, 1 hr., 30 min.; b, 2
hr.; ¢, 2 hr,, 30 min.; d, 2 hr.,, 45
min,; e, 3 hr.,, thus substantiating
their contention that each step of the
process seems to have a retarding in-
fluence on the cure.

Continuing on this line, they went
further into the effect of drying in
hot air driers up to 2 hr., at 150
deg. F., samples being taken prac-
tically as before and also a sample
being taken from the drier every
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hour. All of the samples, which
had been in the drier required 3
hr.,, 15 min. for curing or 15 min.
more than the time required for thin
erepe.

(4) That tests of the product from
the estate handled by the same
methods were quite uniform. One
interesting thing was indieated
through the course of these tests. On
two occasions the trees were per-
mitted to rest longer than usual be-
cause of rain for a whole day; on
another the tapping was late. The
quality of rubber obtained from
these snbsequent tappings was above
the average.

(5) That the following experiments
indicated the cffects of leaving the
coagulatum in slab form for ten days
before curing:

a Block prepared as usual on the
day following coagulation, cured in
3 hir., 15 min.

b Block prepared after leaving
coaguluom from some of the same latex
in the slab form ten days before crep-
ing, blocking and drying, cured in
1 hr., 15 min.

¢ Slab, prepared the same as B,
cured in 1 hr., 15 min.

Sodium bisulphite had no effect
when used in parallel experiments.
The mechanieal qualities of a were
also inferior.

By mixing proportionate amounts
of fast and slow curing rubbers to-
gether, the rate of eure may be ad-
justed to uniformity. They explain
the uniformity of fine hard Para by
the faet that a single ball represents
latex eollected day after day for a
period of months. In passing, it is
but fitting to note that many com-
pounders prefer to use a mixture of
rubbers in their stoeks so that the
variation in different lots of each may
be averaged and a more uniform
produect obtained.

An attempt has also been made
(Agricultural Bulletin, Federated
Malay States, TV, 1, 1915) under
the direction of Mr. Eaton to deter-
mine the influence of the nitrogen
content on the cure with the possible
view of regulating this factor to the

best advantages. Their data may be
summarized as follows:

Type of Rubber N2 C

ure
Smoked sheets........... 0.445 per cent 3 hr.

Smoked sheets after crepin 0.441 per cent 3 hr.

Smoked slab after creping. 0.451 per cent 134 hr.
Unsmoked sheet............. 0.423 per cent 234 hr.
Unsmoked sheet after creping.. 0.434 per cent 234 hr.
Unsmoked slab after creping.... 0.321 per cent 114 hr.
Thick smoked slab........... 0.425 per cent 114 hr,
Thin smoked siab............ 0.398 per cent 134 hr.
Thick smoked sheet.......... 0.400 per cent 214 hr.
Thin smoked sheet........... 0.416 per cent 3 hr.

Thick unsmoked slab......... 0.210 per cent 114 hr.
Thin unsmoked slab.......... 0.352 percent 115 hr.
Thick unsmoked sheet........ 0.386 per cent 213 hr.
Thin unsmoked sheet....... .. 0.394 per cent 3 hr.

Unsmoked slab dried externally,

results caleulated on 82.7 per

cent dry rubber........... 0.307 per cent
Sliced slab heated to 100 deg.

(@5 N Gl 8 M A S it 0.240 per cent
Dry crepe from slab (dried

without heating)........... 0.218 per cent

Results on the following data cal-
culated on the basis of the dry rubber
present:

Wet slab 2 hr. after pressing. .. 0.600 pet cent
Wet slab after drying thirteen

daYBOR~w LA rm e . L 0.324 per cent
Dry crepe from slab.......... 0.220 per cent
Wet crepe made immediately

frem wetdlab.. .o .. ... 5. 0.396 per cent
Above crepe when dry........ 0.360 per cent

‘We may summarize the above data
in the following conclusions:

(1) Among smoked rubbers from
the same latex the nitrogen content
is eonstant, although the rate of vul-
canization varies considerably be-
tween slab and sheet. Smoking ap-
pears to fix the nitrogen.

(2) Among unsmoked rubbers
from the same latex there is a con-
siderable variation in the nitrogen
content of the rubber after creping
preparatory to the vuleanization
process. It is small in the case of
rapidly vuleanizing rubbers and
larger in the case of the more slowly
vuleanizing ones.

(8) The low percentage of nitrogen
in rubber prepared as unsmoked slab
is attributed partly to loss in the
gaseous form during the superficial
drying of the slab, and partly to the
washing out of nitrogenous decom-
position products when the slab is
ereped prior to vulecanization.

(4) Since rapidly vuleanizing
smoked slab rubber contains as high
percentage of nitrogen as slowly vul-
canizing sheets, the actual loss of
nitrogen cannot be the cause of rapid-
ity of vuleanization, although it
would appear from the results of the
unsmoked rubbers that rapidity of
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vuleanization and loss of nitrogen are
in some way associated.

Eaton and Day (Agricultural Bul-
letin, Federated Malay States 1V, 350,
1916) have followed the change of
the nitrogen content through the dif-
ferent stages of handling the latex.
The results are summarized in the
accompanying chart. (Table II.)

The same coagulum, converted
directly to sheet and crepe, on the
day following coagulation contained
0.40 per cent nitrogen, or about twice
as much as the other.

In 1912 Whitby presented before
the Congress of Applied Chemistry,
a paper in which he made the claim
that the natural coagulation of Hevea
latex was brought about by a coagu-
lating enzyme.

Eaton and Grantham ecarried out
a series of experiments along this
line and came to the following con-

latex under anaerobic conditions is:
not constant, on some days complete
coagulation occurring and on others
much less ecomplete. This is possibly
due to a variation in the constituents
of the latex.

(4) That by the addition of various
sugars, coagulation under both con-
ditions always oceurs and is due in
their opinion to the fact that a
medium is formed more favorable for
the organisms, which produce coagu-
lation, and less favorable to those
produeing putrefactive changes.

In a previous article by these men
they called attention to the fact that.
an excess of acetic acid in coagula-
tion retards the rate of cure and upon
biological grounds it is explained that
the micro-organisms which produce
accelerating substanees are killed. To
investigate this point, some rubber
was coagulated with aeid and then

TABLE 11
Latex. (N: co'ntent 0.11%)

|
Wet coagulum 67 parts, by weight,
N2 0.15%

Preslsed

I
Wet coagulum remaining 50
parts N2 0.26%, which is
equivalent to 0.78% N2 on
dry rubber present.

N2 0.07%

and rolled after standing
six weeks to 19.1 parts con-
taining 0.209, N2 or an
equivalent of 0.239% N: on
the dry rubber present.

Washed, creped and dried
gave 16.4 parts of dry rubber
containing 0.199%, Ng2; the
loss here was probably me-
chanical due to the removal
of the surface scale which
had formed and which was
high in proteins.

|
Serum pressed out 17
parts—S. G.

|
Serum 33 parts (8. G. 1.009)
N: 0.06%

Held for 14 days with no
evaporation Nz 0.04%

|
Held for 60 days with no
1.011 evaporation N2 0.03%,

No further loss in Nj.

clusions (Agricultural Bulletin, Fed-
erated Malay States, Nov., 1915) :

(1) That this natural coagulation
of the latex of Hevea braziliensis is
due to certain bacteria which infect
the latex after coagulation. A

(2) That these are two distinet
types of organisms, one favored by
aerobic conditions, which tend to in-
hibit coagulation, and the other
favored by anaerobic conditions,
which affect coagulation of the latex.

(3) That the coagulation of the

soaked in alkaline solutious, thus pro-
ducing a more favorable medium for-
biological changes to occur. Slab
rubber was the form chosen with
which to carry out the test. The re-
sults were that the rubber cured in
about one half the normal time.
Whether this is to be explained upon
purely a chemical or biological basis
remains for further research, which
has been attempted at a more recent
date.

If the preceding assumptions are
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-correct that there exists in the rubber
:some substance which has the power
of decomposing into accelerating
-compounds, the question arises, What
is the period during which the change
in the raw rubber causing accelera-
tion of rate of cure takes place?
To answer this question, the two
-experimenters, above referred to,
coagulated some latex, then from the
coagulum removed a sample ereped,
«dried it in a hot air drier and
then blocked it on the same day
as coagulated. The next day a new
sample was taken from the original
-coagulum and treated in the same
manner; the following day another
sample, and so on until they had ten
samples taken in as many days. These
were then milled up and ecured,

ber after the tenth day and it will
remain constant after that time.
Even samples that have been aged
seem to retain their aceelerating
bodies.

In the above, attention was called
to the remarkable accelerating action
which alkalis have upon rate of cure
and it was suggested that this might
be due either to a biological effect
or to a purely chemical one. Eaton
investigated this point in the follow-
ing manner :

Samples of both fast curing and
slow curing rubbers were taken and
soaked in dilute alkaline and acid
solutions for twenty-four hours, then
milled, cured and tested, comparison
being made in each case against a
control sample.

TABLE III

Latex
Water
Protein
Carbohydrates
Resins
Mineral Matter
Rubber
|
Not coagu]alted. Lvap- Acrobic Fermentation.
orated rapidly over CaCl: | | | p
to avoid decomposition Coagulated by Anaerobic Fermentation. Proteins putrefy
-and retain all the serum. Acetic acid . Rubber liguefies.
Non-putrefactive. Noncoaguable.
Gave very fast cure rub- Amido compounds Hastens cure if used
er. formed which acceler- with coaguable rubber.

|
|
|

ated cure. The rubber
sometimes coagulates

spontaneously and is al-
ways coaguable by the

|
Rubber

|
E. & G. method
Left with some | of allowing moist
moisture in slabs to stand 6
:shipping. Aero- days. Anaerebic.
bic. Fast cure. I"ast cure.
Byrne process Slab
rolled up and

smoked while

drying. Anaerobic.
Fast cure

|
|
l
!

usual methods.
|

Serum

Iu‘\'aporatexl by heat

Protein precipitated

by hea
| i
Proteins decom- Undecomnposed
posed anaerobic- portion has no
ally has marked accelerating
acceleratin, action

action on slow
cure rubber.

Residue after removing insoluble protein evaporated
to sticky deliquescent mass and desiccated in vacuo.
Has decided accelerating action on slow cure rubber
and ig stable to putrefactive organisms. Not deter-
mined whether nitrogenous or not.

tested, and the following coneclusions
were drawn :

(1) That the rate of cure increases
until the sixth day and then remains
practically constant.

(2) That the greatest change occurs
in the first three days. It is per-
fectly safe, however, to crepe the rub-

It was found that the alkalis had
a marked accelerating action upon
the rate of cure, which was apparent
in both the fast and slow curing rub-
bers, while acid had a pronounced
retarding effect. These tests were
carried out with finished dried crepes
so that the biological effect was elim-






CHAPTER IX

Theory of the Constitution of Rubber

To determine the true constitution
of caoutchouc is no easy matter, as
will be seen from what follows. In
the first place, we must be certain
that we have obtained a pure sample
with which to work. The fact that
it belongs in that class of compounds
which oceur in the realm of colloidal
chemistry does not simplify our task
to any great extent.

It has no definite melting point, no
solution from which it may be erys-
tallized. Ozone does form with
caoutehoue an ozonide which is cap-
able of being purified and studied.
It was by means of this that Harries
came to the conclusion that there
existed a slight chemical difference
in the constitution of Congo caout-
choue and Para. (Annalen, 1913, 395,
211.) For some time caoutchouc has
been given the formula of C,; H; and
then on acecount of its analogy to the
terpenes it is written C,, H,; or some
multiple of this. Faraday and Ber-
zellus were in possession of this
knowledge.

The first important work along
this line was done by Gladstone and
Hibbert. (Trans. Chem. Soc., 1888,
53, 679.) They tried to obtain pure
rubber by dissolving it in ehloroform
and then precipitating it with aleo-
hol. Even this method seems to give
a sample whieh contains some oxygen.

They found upon analysis of a sam-
ple prepared as stated above that it
contained C = 87.46 and H = 12.00.
They caleulated upon the basis of C =
88.24 and H= 11.7 the formula C H,.

We are fortunate, however, in hav-
ing more evidence as to its formula
than that of analysis alone. The
usual methods of determining moleeu-
lar weights, of course, cannot be ap-
plied here, eolloidal solutions showing

very little if any osmotic pressure
and not obeying the freezing point
and boiling point laws of Roult.

Bary and Weidert (Compt. Rend.
1912, 154, 1159) assmined that the
molecule of caoutchoue was made up
of several nueclei of five or ten carbon
atoms cach. Then they tried to ex-
plain that the vulcanization consisted
in the union of an atom of sulphur to
each end of a chain of C, /H,, com-
plexes.

If this is true, then the (C,,H,;)n
has a value of nearly 2500, which
makes the molecule appear to be a
very large one. It is also apparent
that if we continue to vulecanize and
go on toward ebonite, before that is
possible, there must be a breaking
down of this large molecule that more
sulphur may add itself; or, in other
words, depolymerization must take
place. -

It does not seem necessary to hold
that the caoutchouec molecule is a
large one. We have two derivatives
whose molecular weights have been
determined, the ozonide and nitro-
sites, and these point to a carbon
content of ten and twenty atoms.

Some day we hope to find a solvent
which will resolve the ecolloidal ag-
gregation of a rubber solution into
a true solution and thus make the
direct determination of its molecular
weight possible.

We know that by certain manipu-
lations we are able to change the
aggregations in colloids and thus pro-
duce substances of different proper-
ties. This Harries did in the case of
caoutchoue (Annalen, 1911, 383. 157)
and he obtained three materials which
e designated as a, b and c.

The @ material is obtained by pre-
cipitation with aleohol. The b is in-
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soluble and is formed when a is al-
lowed to stand. The ¢ is an o1l ob-
tained from e¢ by maintaining a tem-
perature a little above normal. It
has been suggested that the caout-
chouc exists in the latex in the ¢
modification which is soluble in
ether. Harries extracted some from
the latex with ether and, upon stand-
ing, this changed over into rubber.
Weber had observed this and put
forth the idea that this substance
was a dipentene C,,II,, in the latex
surrounded by a protein which acted
as a protective colloid. Therefore,
when the coagulation reagent is add-
ed, this protein is removed and at the
same time the dipentene is poly-
merized for it becomes insoluble.
Henrichsen and Kindscher (Ber.
1909, 42, 4329) determined the
molecular weight of the hydrocarbon
from the latex by extraeting it with
benzine and determining the lowering
of its freezing point. This gave a
molecular weight of over 3000, and
they felt certain that the rubber
existed in a colloidal state and that
it was not a dipentene. In 1860.
Greville Williams distilled some
rubber at as low a temperature as
possible and, upon refractioning, ob-
tained two samples with boiling
points between 37-40 degs. and 170-
180 degs., respectively. The first
portion was mostly isoprene and the
latter was caoutchine, possessing
twice the vapor density of isoprene.
Bouchardat (Compt. rend., 1879, 89.
361 and 1117) found that isoprene
changed, when allowed to remain in a
sealed tube, to a substance having
a different odor. Then Wallach
(Annalen, 1884, 255, 311; 1885, 227,
292 1887, 238, 88) pointed out that
this substance was identical with
eaontchine and dipentene. Then Til-
den found that dipentene decomposes
into isoprene and this has been found
by Wallach to change into caoutchone.

Thus we may get the relations of
these substances as follows: Caout-
chone by heat changes into isoprene
and dipentene; dipentene in a red
hot tube changes to isoprene ; isoprene
spontaneously changes into caout-
chouc: in a scaled tube, however.
isoprene goes into dipentene. Other

fractions have been obtained and
studied, but few conclusions have
been drawn from that source.

We know that caoutchoue is an
unsaturated hydrocarbon, but th