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FOREWORD

In 1938 Dr. Roach surveyed the whole field o f  plant injection work 
and gave details o f  the technique used by himself and others in 
Technical Communication N o. 10.

Since then not only has there been a persistent and increasing 
demand for the T.C. and for relevant information, but also con< 
siderable advance in technique has been made by the workers in this 
field.

By now» therefore, under normal circumstances the bureau 
would have hoped to bring the whole subject up to date by a further 
comprehensive survey, but this the stress o f  war has prevented.

Hence, it has seemed reasonable to do the next best thing, 
namely, to offer the present paper by Dr. Roach and Mrs. Roberts, 
in which they describe the improvements in technique introduced 
by the East Mailing team since 1938, as a useful addendum to the 
information given previously. The paper considered as an interim 
survey, should, it is thought, fill the gap until such time as a fuller 
survey is possible.

The Bureau is most grateful to the authors and to the Editors o f  
the Journal o f  Pomology for permission to reprint the paper and make 
it readily available at a low price to those interested.



FURTHER WORK ON PLANT INJECTION FOR 
DIAGNOSTIC AND CURATIVE PURPOSES

By W. A. R O A CH  and W. O. ROBERTS 

E ast M ailing Research Station, Kent

T h is  communication describes improvements made in plant injection methods since they were 
descrit)ed in detail (Roach, 1938, 1939) and includes experience on a wider range of plants, both 
in this country and in South Africa. A brief note on the results obtained has already been 
published (Roach. 1940). The methods elaborated are now in use in many parts of the world, 
but the present is not a suitable time for making a comprehensive survey of the recent work 
of other investigators ; this is deferred until after the war. The present account is written as 
an addendum to the earlier papers, to which page references are given.

I. INJECTION FOR DIAGNOSTIC PURPOSES.

Concentration of solutions.— Responses have been obtained on a number of different kinds 
of plants with the following solutions, but it may be necessary to modify them» e.g. when work 
is done on new kinds of plants.

N 1% Urea.
P 0 -5% Sodium dihydrc^en phosphate.
K • 1% Potassium chloride.
Ca 1% Calcium chloride.
Mg 0 -5% Magnesium sulphate.
Fe 0-025% Ferrous sulphate+0*025%  (by volume) sulphuric acid.
Mn 0-025% Manganese sulphate-j-6*025% (by volume) sulphuric acid.
Zn 0*025% Zinc sulphate4-0-025%  (by volume) sulphuric acid.
Cu 0-025% Copper sulphate+0-025%  (by volume) sulphuric acid.
Ni 0*025% Nickel saIphate-f-0'025% (by volume) sulphuric acid.
B 0-1% Boric acid.

High grade chemical reagents are quite satisfactory. The sulphuric acid is added to the 
metallic trace element solutions to prevent all risk of precipitation by hydrolysis. This has 
been a serious inconvenience in respect to  the ferrous sulphate solution.

A. I n TERVEINAL LEAF IN JECTIO N^^. R oach,.1938, p.* 18; 1939, p. 168).

Further experience with t^is method has confirmed t l i  conclusion that a response may 
be detected more rapidly by it tj^an by any other m khod. In  ^n experiment by B. N. Lai (1944) 
at Mailing,a response to iron Ifras observed in tlie Soya b ^  two days after injection. The 
method as originally described ha5, however, two seripus [drawbacks: it calls for delicacy of 
manipulation and it cannot be used in windy weather.-,,:' '

The apparatus described below (Fig.' f)- has msi^e manipulation easier, has removed the 
tendency for the contrivance to fall before the absorption is complete, and has increased, its 
resistance to wind. The improvertients consist mainly in the replacement of the long, relatively 
heavy, glass tube by a short, light one, made of cellophane, and the use (in one method) of a 
chisel-ended scalpel to make an incision of exactl)^ the right width, the lips of which consequently 
clip the Alter paper wick and hold it firmly.



Construction of the appUance.—The cups for bolding the liquids to be injected are made 
from cellophane drinking straws (those without a decorative strip of tinsel). These are obtain­
able in several distinctive colours, which may if desirable be increased by marks in waterproof

On McKon) fro n t(••1 «cc.ti«in)

Apparatus f«r4bterveinal injection. Side and front sectional views of one form in nse are seen in (a) and (ft). 
I t  b  drawn to 4 k  solid in (c). The mannfacture of the other form is illastrated in (cf). I t  is seen in  the solid

in («), and ( / )  is a sectional view of it  in use.

ink. If each colour or colour combination is used for a particular solution the little cups may 
be used a number of times without cleaning.

The straws are cut to  the required length with the apparatus illustrated in Fig. 2. The 
straws are slid along the guide A, through the hole B in the vertical piece of box-wood C up 
against the stop D. which can be adjusted to gjve different lengths of straw, the length being



read on the protruding end E  of the stop. A new safety-razor blade is m<Ninted inside the 
wooden slide F, the component p-arts of which are shown in b, c and d. These components are 
fitted together so that the bottom edge of the middle part, shown in c, occupies the position 
shown by the dotted line in d. The safety-razor blade is held in a sloping position by two 
dowel pins G and H protruding from the side-piece shown in d, passing through the holes in 
the blade and through similarly lettered holes in the middle c and the other side-piece b. The 
three pieces of wood are held together by three nuts and bolts, J, K, L. When in use, the blade 
is thus held tightly against the side of C. When the slide is moved towards the straw 
along C the blade passes across ho3e B, cleanly cutting off the protruding length of straw without 
denting it, and it is caught in a suitably placed shallow box.

To lessen the tendency of the liquid to be drawn out by capillarity along the leaf surface 
when the underside is hairy, the rim of the cup is protected by a thin layer of 'paraffin wax 
(Fig. I ,  a & b). The layer is applied by heating a littte of the wax on a horizontal sheet of glass 
over a steam bath and dipping one end of each piece of tube into the thin layer of melted wax.
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Fig. 2.

(a) Guillotine for catting cellophane drinking straws into leng^s suitable for injection caps. (6). {c), {d), details
of F. iÊ or detailed description see text.

Discs to form the bottoms of th(; cups are cut from sheet cellophane with a leather-cutting 
punch of slightly greater diameter than that of the tube, a piece of card being placed between 
the cellophane and the brass block jigainst which the cutter is pressed. Into the non-waxed 
end of each bit of cellophane tube is squeezed a drop of collodion* and the tube is then placed 
over one of the discs so that the collotiion may seal the .two together, thus closing the end of the 
piece of tube and forming a little cup. While the collodion is still liquid a filter paper wick is 
placed in the cup. When the cup is dry the tip  of the wick is hardened by brushing it with a 
little dilute collodion. This soaks in and hardens about 2 mm. of the wick. Instead of a filter 
paper wick a cotton one may be used. For that purpose the cups are allowed to dry, ordinary 
unmerc«rized mending cotton is drawn up through the bottom of the cup with a very fine 
darning needle (Fig. i ,  d, e, f ) .  The cotton is cut off just below the bottom of the cup and a 
little longer than is necessary above. Collodion is squeezed over the bottom of the cup to secure 
the thread and seal the hole ; it is also smeared over the protruding end of the thread, leaving 
about 2-3 mm. untreated above the rim of the tube. When quite dry, the hardened end is

^ An adhesive sold in convenient tubes and known as Durofix, is suitable for this purpose.



' sharpened to a point by cutting slantwise with a razor blade, as shown in Fig. i  (d). which also 
shows how several of such tubes may be provided with cotton wicks at one and the same time.

Both types of cup can be filled with the required liquids by using an ordinary dropping 
bottle with a slender delivery tube.

K a l^ ls  (Fig. 3, A and B) are made by breaking a suitable piece from a thin safety-razor 
blade of the Gillette type held in parallel-jawed pliers and cementing it between two flat wooden 
spills with collodion. A number may be clamped between boards to dry overnight, after which 
collodion is run around the joint between the blade and the wood to strengthen it.

For work in the field it has been found convenient to carry the various items of the apparatus 
in a box fitted so that each dropping bottle occupies its own compartment in a row and has 
opposite it two compartments, one for each type of its distinctively coloured injection cups.

O 1 c m . <

F i g .  3 .

Scalpels suitable for diagnostic injection. A, front, and B. side view of chisel-end scalpel foi* interveinal 
injection. C. front view of scalpel for leaf-stalk injection.

B. L eaf-stalk injection (cf. Roach, 1938, p. 27 ; 1939, p. 180).
This is by far the most generally useful of all diagnostic injection methods. It is at present 

in routine use  ̂for testing the effect of essential elements singly and in combination, and many 
thousands of injections of this type have been done. Experience has proved the desirability' 
of carrying out the test with each solution at least in quadruplicate. Usually about a dozen 
elements are involved, which entail about fifty injections. Water injections should also 
included.

Consiructian of apparatus.—The apparatus found most convenient is shown in Fig. 4, 
A and B. and two methods of using it are illustrated in Fig. 5, A and B. Apparatus shown in 
Fig. 4, B is for use with smaller leaves.

For lightness, tubes are blown from the thinnest walled quill glass tubing. These are 
obtainable from Messrs. C. L. Muller. 6  Parton Street, Red Lion Square, London, W .C.i.

A suitable length of lead wire is held against the tube in a spring clothes peg. ’ Collodion is 
applied to the bottom of the lead wire so as to stick it to  the tube ; a little more is applied to 
the m ve  near-the open end of the tube. While the collodion is still liquid two turns are made 
round both ends of the tube with thread, which is then covered completely with a layer of
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collodion. When dry the clothes pejj is removed and collodion is applied along the whole 
length of lead wire in contact with the tube. In this way the exterior of the whole contrivance 
is left quite smooth and without projections which might scratfh the leaves in a wind. Finally, 
a thin band of melted paraffin wax is painted round the inner rim of the tubev This tends to 
prevent the liquid from running out of the tube, even when it slopes mouth downwards.

O’ot5'cli.a-T»7^lre»*
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F ig . 4.
Cups for Icaf-stalk. injcctioQ A for larger and B for smaller leaves.

For slender leaf-stalks the single coil of the wire shown in Fig. 5, A is sufficient to bend the 
stalk down. Stiff leaf-stalks can be bent down by using a piece of *025 in. diameter lead wire 
attached to the basal knob of the tube and w^th its other end coiled around the stem of the  
plant (Fig. 5, B). Both for maximum speed in working and for minimum damage to the plant 
the wire should be twisted as little as possible.

The type of scalpel found most convewent for leaf-stalk injections is shown in Fig. 3, C,



It is easily held iri the mouth, or even stuck to  the moistened underlip, between operations, 
and its lightness is a distinct advantage in use.

A s already pointed out (Roach, 1938, 1939), the reliability of a diagnosis made by the 
leaf-stalk injection method depends on how closely the distribution of the improvement (if any) 
in leaf colour (and sometimes the growth increase) corresponds with expectation based on 
experiments with dyes, and on the degree of likelihood of a similar distribution of colour variation 
occurring naturally. Hence before starting such injections on a fresh type of plant it is necessary 
to do a sufficient number of experiments with dyes and to make a survey of the naturally occurring

F ig . 5 .
Method oi attaching injection cups to the plant stem. The method shown in A is used unless the leaf-stalk

is too stiff, when the method seen in B is used.

variations in colour and size, which might be mistaken for the result of the experim ent; shootS 
with leaves showing such variations must, of course, be avoided.

In such plants as the apple, the distribution of injected liquids may be predicted within 
narrow limits, and there are aU stages between this type of material and the aubergine, in which 
the distribution is so variable as to  make this-type of injection usete& for diagnosis. There are 
similar differences between species of plants in respect of the degree of variation in colour and 
size of the leaves. The degree of variation in the leaves of a  given plant depends largely on the 
degree of uniformity of the soil.

C. S u m m a r y  o f  e x p e r i e n c e  w it h  v a r io u s  p l a n t s .

Extensive injection work has been done for the most part on relatively few kinds of plants 
but enough has also been done on a number of other kinds to suggest the most hopeful methods 
to try on them. The following notes summarize our present knowledge. The plants are 
arranged alphabetically.



Apple .—Frequent references have, been made to methods suitable for the apple (Roach, 
1938, 1939). The leaf-stalk metho<i is the most generally useful. The commonest type of 
distribution of injected substance has already been described (Roach, 1938, pp. 27-29; 1939, 
pp. 181-1S3). The only really commonly occurring divergence from this pattern is one in which 
the two leaves immediately above ami below the injection point respectively do not become 
permeated. In a recent experiment with i  per cent, acid fuchsin on the variety Lord Derby, 
in which 100 shoots were injected, the first leaf below the injection point in 10 shoots was free 
of dye, an(J in one shoot only were the leaf below and the leaf above this point free of dye.

Apricot.—The distribution resulting from the injection of a  regular shoot of the apricot 
with dye solution by the leaf-stalk method is similar to that shown in Fig. 19, Roach, 1938 
and text Fig. 17, Roach, 1939. Judging from thft small number of shoots injected, it would 
seem that shoots in which the arrangement of the leaves is irregular is somewhat common. 
These must be avoided, because they give unpredictable injection patterns.

Aubergine.—Dye solution injected into the aubergine by the interveinal method moves 
freely, and even medium sized veins do not form definite barriers to permeation, but the method 
seemed worth trying. The plants used were unusually healthy, however, and no response was 
obtained to mineral injection. The distribution resulting from leaf-stalk injection was irregular 
and this method appeared useless for diagnosis. *

Broad Bean.—See Hill and Roach, 1940, pp. 518-520.
Cape Gooseberry.—A few experiratints carried out late in the season with vigorous Cape 

Gooseberry plants below deciduous fruit trees in the Western Cape Province, South Africa, 
suggest that this plant would lend itsedf to diagnosis by the leaf-stalk method, and that the 
first, second and third leaves above the injection point become permeated sufficiently imequally 
on their two sides to  be useful fpr di.ignosis. Strong colour responses and obvious growth 
increases were obtained. Shoots in which the arrangement of the leaves is not quite regular 
must be avoided. Although not of g:reat commercial importance this plant is nevertheless 
worth testing as an indicator plant, especially for diagnosis when the fruit trees in the same 
plantation are not in growth.

Citrus.—A few experiments were carried out on orange trees between the seasons of growth 
flftsh. These suggested that the leaf-stalk method is well worth trying on trees making vigorous 
growth. An abnormal type of shoot common on trees between growth flushes must be avoided, 
because leaf-stalk injection of them results in a general distribution of the injected liquid through­
out the whole shoot. These shoots are easily recognjzed because their leaves are small and 
become progressively smaller from the base of the current year’s growth to the tip. The 
experiments done on normal shoots suggest that the distribution may be predicted with sufficient 
accuracy for diagnosis. The commonest type of distribution corresponds closely to that given 
by the pear (Roach. 1938, p. 33 ; 1939. p. 188). Citrus leaves often become bleached in sunlight 
and this must be borne in mind in making k diagnosis. No positive response was obtained in 
any of the few score injections of nutrient s carried out during a visit to the Union of South Africa, 
but none of these was done under the best conditions for getting a response. Experiments 
under better conditions, i.e. when the trees are making vigorous growth, are therefore highly 
desirable.

Coffee.— See Roach, 1938, p. 35 ; 1939, p. 189.
Currant.—See Roach, 1938, p. 33 ; 1939, p. 188.
Gooseberry.—See Roach, 1938, p. 33.
Gousblom (Arctotis).—Work was done on this plant (Compositae) because it is a self-sown 

cover crop commonly found in some of i:he orchards of the Western Cape Province and it is in 
vigorous growth when the fruit trees are leafless. The pattern resulting from leaf-stalk injection 
resembles that of the apple.



Guava.—Experiments with dyes only have been done on this plant. Interveinal injection 
results in the permeation of the area without any dye crossing the bounding secondary veins. 
^Leaf'Stallc injection gives the same distribution as in coffee and the Hydrangea.

Hop.—See Roach, 1938, p. 35.
Japanese Plum.—The leaf-stalk method is the most useful one for this plant and 'it gives 

the same distribution as in the common plum. Care must be taken, however, not to use shoots 
developing from adventitious buds on old wood, because leaf-stalk injection on such shoots 
results in permeation of the leaves of practically the whole shoot; no leaves became perjpeated 
on one side of the midrib and not on the other.

Fig. 6.
The distribution o{ liquid resulting frum the injection of a lupin leaf through a cut leaflet tip.

Loquat.—Experiments with dyes only have been done on this plant. The extreme hairiness 
of the loquat leaf does not interfere with interveinal injection because the hairs are not easily 
wetted. Dye solution injected through an interveinal incision permeates the interveinal area 
thoroughly, and, in addition, enters a band near the midrib nearly reaching the leaf tip. Com­
parison must therefore be made mainly between one side of the leaf and the other and not 
between contiguous interveinal areas. The effect of a high concentration may be seen by 
comparing the interveinal area containing the incision with the one on the opposite side of the 
leaf, and the effect of a lower concentration by comparing most of the injected half leaf with 
the other half. Leaf-stalk injection brings about the permeation of leaves of the whole shoot 
and can therefore be used for experiments in which a unit of this size is desired.

Lupin.—The leaflet-tip method of injection has been found to be applicable to a number 
of types of lupin grown as cover cTops in South Africa and in gardens in this country. A typical 
result of injecting dye is shown in Fig. 6. The effect of injected nutrients is usually seen in the



shaded and black areas. Leaf-stalk injection tends to result in the second leaf above, the ftrst 
and third leaves below, becoming peqneated on the proximal but not on the distal side. Limited 
experience with this method suggested that it is worth trying as well as the leaflet-tip method. 
The leaf-stalk one is the easier to carry out.

Peach.—The leaf-stalk method of injection is the most useful and gives the same pattern 
as in the apple.

Pear.—See Roach, 1938, p. 3 3 ; 1939, p. 188.
Plum .—The leaf-stalk method of injection is the most useful and gives the same pattern 

as in the pear.
Potato.—Experience in the field since the publication of the paper by Hill and Roach, 1940, 

has proved the most useful method to be one in which the stalk of a leaflet halfway along a leaf 
is immersed. This results in the leaflet above and the one below becoming permeated, more 
heavily on the proximal than on the distal side. Slight eftects appear to have resulted 
occasionally from ’the injection of water into a few leaves by this method.

Raspberry.— Ŝee Roach, 1938, p. 30 ; 1939, p. 185.
Rose.—The leaf-stalk method is the most useful and gives a similar pattern to that in the 

apple.
Soya bean.—See Lai. The interveinaj method is the most useful.
Strawberry.—See Roach, 1938, p. 26 ; 1939, p. 179. ^
Tobacco.—See Lai. Both the interveinal and the leaf-stalk methods are useful.
Tomato.—See Hill and Roach, 1940, pp, 506-512.

IL INJECTION FOR CURATIVE PURPOSES.

A. I n j e c t io n  OF l i q u i d s  (cf. Roach, 1938, 52-60). •
The method illustrated in Fig. 7 has been found satisfactory for injecting large trees. A hole 

is bored through the bark just down to the wood with a sharp |-inch  Irwin bit. The hole is* 
continued into the wood with a sharp J-inch similar bit. Into this hole is pushed a cylindrical 
plug of hardwood |-inch  diameter, tapered at one end to a little less than |  inch and bored to

ReseTvoi-*-’
’t

Fig. 7.
M ethod lo r  lead ing  liquid  in to  th e  in jection  hole in  th e  tree -tru n k  o r  b ran ch  to  be  injected.



take the nairow-bore rubber tubing (such as is used for bicycle tyre valves) leading to the reser­
voir. It is important that the boring be done by a genuinfe Irwin bit, kept clean and razor sharp, 
otherwise the cut edges wiU be r ^ e d  and a good )oint with the plug will be impossible, nor 
will the hole heal rapidly and cleanly. The degree of plugging of the cells in the wood next to 
the bark is not found to slow up absorption appreciably except when there is only a thin ring 
of living wood, e.g. in a plum tree affected by Silver Leaf disease, when the method described 
earlier should be used (Roach, 1938, p. 53)-

B. I n j e c t io n  o f  s o l id s  (cf. Roach, 1938, p. 68 ; 1939, p. 217).

The advantages of injecting a solid instead of a liquid are that little apparatus is necessary, 
the handling of volumes of liquid comparable with those required for spraying is avoided, and 
the process is completed in one operation. The use of the solid method became essential when 
it was found that cherry trees commonly absorbed little or no hquid (Duggan, I943)- most 
serious drawback to the sohd method is the amount of mechanical damage done because of the 
necessity of having so many holes in the trunk. Thus, about ten times as much wood is removed 
in making the holes for solid, ̂  is necessary for liquid injection. Bennett's (1931) recommenda­
tion amounts to a hole of J-inch diameter every 3 inches of circun^ference of trunk or branch.
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Calibrated rubber band foi* spacing holes for injecting a  tree w ith substances in tablet form. The band is 
wrapped round the tree and the line nearest where the beginning overlaps the other end gives the number of

tablets to  be inserted into each hole.

This exposes the wood to risk of invasion by disease-producing organisms, and it must be reduced 
to.a minimum. It has been found that any reduction in the number of holes results in incomplete 
distribution of the substance throughout the tree (Duggan, 1943).

The aim of the method now to be described is to encourage rapid and clean healing of the 
holes. The essentials are a clean cut and the prevention of contacl between the introduced 
solid snbstance and the bark. The spacing of the holes around the trunk is most conveniently 
done by wrapping round it a rubber band (such as shown in Fig. 8) on which a mark has been 
madci every 3 inches, first securing the end of it with a pin and stretching the band slightly, if 
necessary, to make the first mark coincide with another one. Against this latter mark will be 
found the number of grm. tablets of substance to be introduced into each hole. To save using 
tablets of j a i l e r  size to  get the exact dosage for each hole when the amount comes to an odd 
half gm. it is permissible to use the whole number above and below alternately. It is important 
to note that if branches have died back the amounts injected must be reduced.

A hole of |-inch diameter is bored through the bark just down to the wood and is continued 
into the wood with a ^-inch bit using the same'centre (Fig. 9. A). As before, it has been found 
essential to  use Irwin bits kept clean and razor sharp. A cork of ^-inch diameter at the smaller 
end and ^ inch long is placed in the end of a metal tube of ^-inch internal and |-inch external 
diameter, and externally bevelled at the other end. The solid is obtained in i  grm. tablets 
(lighter ones for smaller trees) and the requisite number are placed in the tube (Fig. 9, B). The 
tube is now inserted into the hole in the bark until its bevelled mouth presses oh the margin of 
the hole in the wood (Fig. 9, C). The end of a plunger jJrovided with a handle is now placed



against the cork and pushed home, driving tablets and cork into the hole in the wood (Fig. g, D). 
The length of the plunger protruding from the handle is exactly the same as the length of the 
tube measured along the inside wall. The outer end of the cork, therefore. lies flush with the 
surface of the wood and forms a platform over which healing takes place rapidly. Holes bored

W o o d

Co-rk H era l I'ubc
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F i g. 9.*

Sectional drawings illustrating method for injecting a  tree with substances in tablet form. A, Shows hol« 
bored through bark and wood. B, Metal tube with cork and tablets in position. C. Tube inserted in hole 
in bark against the mouth oi the hole- into the wood. End of plunger ready to  push cork and tablets into 

hole in wood. D, Cork and tablets pushed home into hole in wood.

•  The implement here described can be obtained from Edward Oritl'm, West Mailing, Kent.



in the winter or early spring heal during the succeeding summer and are barely visible by the 
autumn.*

Curative treatment has so far been done mainly on large trees. For small trees the 
si*e of the hole must be suitably reduced (see Bennett, 1931, p. 7, Table 3). For trees 
with soft bark the apparatus shown in Fig. 36 (Roach, 1938) makes the neatest holes.

SUMMARY.

Improvements in the appliances hitherto developed by one of the authors and his collabora­
tors and used for plant injection with liquid for both diagnostic and therapeutic purposes and 
with solid materials for therapeutic purposes are described in detail and fully illustrated. They 
include the reduction in weight of the small containers employed for interveinal and leaf-stalk 
injection by the substitution of cellophane for glass. Special tools for making the cellophane 
cups are described and illustrated and the sources from which the requisite materials can be 
obtained are mentioned.

Brief notes are given on the experience gained both in this country and South Africa in 
the use of injection methods with twenty-five different kinds of plants, including fruit trees 
and bushes, some forage plants, hops, potatoes, tomatoes, tobacco and a few others. Paged 
references are given to information contained in previous papers on the subject.

In connection with injection lor curative purposes, an improved method for the injection 
of solids into a tree is described and figured. It consists In drilling a small hole through the bark, 
continuing it at a slightly decreased diameter into the wood, introducing with the help of a metal 
tube and plunger the necessary chcmicals in tablet form into the wood and sealing them there 
with a cork disc, over which the l)ark readily heals. B y this method a minimum of mechanical 
damage is done to the tree.
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has appeared m the Market Orati-er for Oct. 14. 1943. PP- 12-13 and for Oct. 2i .  p. 15. since this paper went to  press. r  r  r
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The consumpiion of rubber in our country has been increasing at an 
average rate of 12% per annum over the last ten years. In spite of this, the 
per capita consumption of rubber in our country is some 0.35 lbs. as com­
pared with some 21.6 lbs. for the U.S.A. This sig-nificanfiy illustrates the scope 
for increasing the consumption in the years to come.

Based on an estimated per capita income of Rs. 466/- per annum by 
1970-71 (Rs. 363/- in 1964) and various other considerations of estimated 
demand for the finished products, it is now felt that the total new polymers 
required by the end of the 4th Plan may be some 1,50,000 tonnes. The quan­
tity (rf reclaimed rubber might be around 20,000 tonnes. Table No. 1 shows 
the break-up of total polymer requirement by end products. As will be noted 
from the table, the production of ty r^  has been estimated at some 5 million 
units. Table No. 2 showii the detailed analysis erf' this requirement of lyres. 
Doubts have been expressi;d regarding the demand of tyres as some feeling 
exists that the requirement of tyres by that time may be around 7 million units. 
However, the present indi<:ations do not corroborate this figure and a produc- 
tion of five million tyres seems more logical. If it is granted that the new 
polymer requhement by 1970-71 will be some 1,50,000 tonnes, it is then neces­
sary to analy.se how this demand for new polymers can be met. Basically, w'e 
must consider the polymers which are widely used in .some of the leading 
nations of the world. These polymers are Natural, SBR, Butyl, Polybutadiene 
and Polyisoprene. Obviously, the choice will be restricted to these polymers 
tor our study.

NATURAL RUBBER :

T he availability of natural rubber from indigenous source is visualised 
at some 75,000 tonnes, leaving a deficit of 75,000 tonnes to be met either fully 
by synthe'Jc rubber or by a combination of natural and synthetic. Therefore, 
every effoit should be made to fill the gap by local pmduction of synthetic 
rubbers. It is now appropriate to examine each type of synthetic rubbers and 
conclude how best the synthetic rubber production be planned to meet the 
demand and at the same time ensure that no idle capacity exists.

SBR :

As IS well known, this polymer has been called the worJthorse of the 
industry the world over. Fortunately, a SBR plant with a capacity of 30,000 
tonnes per annum exists, however, the fact that larger quantities of SBR can 
be used, consideration should be given to this aspect of increasing the availa­
bility erf indigenous SBR.

Table No. 3 gives che estimated SBR consumption by end products from 
which it will be observed that a minimum of 50,000 tonnes of SBR or 33% of



the total new jx)Iyinei can be used. The visualised percentage of SBR consum­
ption is consideretl most realistic. We have already achievetl a usage of some 
25% and ii is expected that during the year 1967 some 30% SBR usage can 
be ^tablished. In otiier words, the projected consumption of SBR is in fact 
based on the present pattern and should leave, therefore, no doubt regarding 
the possibility of 50,000 tonnes being consumed by 1971

It is necessary' to analyse whether this quantity can be produced. The 
requirement of Styrene for producing 50,000 tons of SBR will be approximately
13,000 tonnes. This quantity can be produced readily from Benzene that is 
expected to be available in larger quantities both from the coke ovens and 
petro-chemical sources. The Butadiene requiretl will be approximately 35,000 
tonnes and presently a capacity of 25,000 tonnes of Butadiene from alcohol 
sources already exists. The remaining 10,000 tonnes can be had from some 
of the pro{x>sed petrc^-chemical complexes.

This now leaves a net deficit of 25,000 tonnes w'hich is to be filled in 
by the other three synthetic polymers stated above, viz.. Butyl, Polybufadiene 
and Polyisoprene, and Spccial Purpose.

BUTYL :

The outlets for Buiyl are many. However, judging from the present 
Butyl consumption the world over, it will be safe to confine the application of 
Butyl mainly to tubes and to a lesser extent for cables. The demand for poly­
mer for automobile tubes may be around 7,500 tonnes whereas for bicycle 
tubes, some 4,000 tonnes.

As all the bicycle tube production cannot be converted to Butyl, it is 
estimated that only 2,000 tonnes of Butyl will be used for this application, 
making a total requirement of 9,500 tonnes. In spite of the fact that the raw 
materials for producing Butyl rubber, viz.. Isobutylene and Isoprene will be 
available in sufficient quantities, a Butyl plant cannot be justified in view of 
the limited demand. Therefore, the logical approach to meet the Butyl 
requirement will be to import this product. The Butyl manufacturing capacity 
the world over is utilised only upto 65% and if imports are considered, the 
requirement will be only to the tune of some 5,000 tonnes per annum, as the 
remaining requirement for m anufaauring tubes can be met by other polymers.

POLYBUTADIENE :

Table No. 3 shows the estimated consumption of Polybutadiene by end 
products.

The introduction of PB as a stereo rubber had a very interesting history 
and based on the data now available, it appears reasonably certain that the 
various difficulties encountered with the use of PB have been largely overcome 
and that with the passage of time, the quality of PB can also be improved. It



is interesting now to study tlie various important features of PB before accept­
ing the fact that this polymer can be used in our cx>untry. As shown in the 
table based on the present world pattern of PB consumption, some 90 to 95% 
of the PB produced in India will be used in tyres and the remaining quantity 
for non-lyre applications.

The relative merits and demerits of PB are certainly warranted at this 
stage and hence the following analysis

Amongst the outstanding advantages of PB are (i) High Resilience, 
(ii) Improved Crack Resistance, (iii) Improved Wear, (iv) Mileage at High 
Speed, (v) Resistance to the Effect of Oxygen, (vi) High Filler/XDil Loading.

On the question of demerits, we have the problems o f ( i )  Low Tack' 
(ii) Low Wet Traction, (iii) Cutting and Chipping, (iv) Difficj.jlt Proces­

sing.

T he details on the above are listed below from which it will be observed 
that by and large, the problems encountered with in the use of PB have been 
overcome.

T he raw material required for producing PB is basically Butadiene and 
for a 20,000 tonnes plant, a similar quantity of Butadiene is required. Sufficient 
quantity of Butadiene or Butane will be available from petrochemical sources 
to support this production.

Critical Analysis of PB :

The consumption of PB, particularly in U.S.A., U.K., France, Canada, 
and Japan has been increasing rapidly. The significant increase in the PB 
consumption has been in U.S.A., whereby in 1965, some 1,30,000 tonnes were 
consumed and it is estimated that by 1970, the consumption may reach 3,70,000 
tonnes. It is therefore, evidernt that PB has now come to stay as an important 
polymer all over the world and its merits have been recognised. Of great im­
portance from the tyre point of view are the following merits which deserve 
special attention

1. Improved Wear :

The- most significant, property, of, this stereo rubber Ixas l?een the exceU 
lent wear resistance. Indo<^ as well as fleet tests have established that the 
tread wea^ for a 50:50 blend o£ P ^ N R  is^some 25 to  3 0 ^  less as against a 
100% NR tread taken as control. A higher wear index is obtained'-with PB 
treads even in eases of severe road conditions, particularly where the . wear T ate 
is higher aae to impact. - T-he following, table illustrates xhc po in tr.v ,;* :'



Tread Abrasion Average Miles/
Compounding Index Wear Index Mileagt-

100% Natural Rubber 100 100 99
70/ 30 N atural Rubberj  Pblybn tadiene 140 116 117
50/50 Natural Rubber/Polybjuadiene 153 136 134
30/70 Natural Rubber/Polybutadiene 127 128 128
100% Polybutadiene 145 142 139

It was also noted that as severity increased because of high speeds, cor­
nering, hilly terrain and more stops and starts movements, the r>uperiority of 
treads containing PB was more pronounced.

2. High Resilience t

The following table gives comparative figures on resilience, dynamic 
modulus and heat build-up. Trials were conducted using various blends of
PB and NR or SBR in truck tyres and the following 
details :

data illustrates the

s n n Pli
(1500)

Rebound % Raw Polymer @ 73°F 73 59 77
Cured Gum Stock Rebound %

@ 73°F 78 65 84
%  212°F 90 71 84

Dynamic Modulus PSI 57 83 103

The following data illustrates trials with various- blends of NR or SBR
and PB in truck tyres

Indoor Tes.ting Shoulder Temps
Control (100% Natural Rubber) 199
50/50 Polybutadiene/Natural Rubber Tread 190
25/75 Polybutadiene/Natural Rubber Tread and Body 185

H igh Speed T esting H igh Speed Failure Cont. a ir  @
95 mph

Control <100% N il) 0.1 hr. %  100 mph 200^F

50/50 Polybuudicne/SBR -

Xrcad 0.4 hr. @ 105 mph 197®F

50/50 Polyburadidne/SBR
Tread & 55% PB irt Body. 1.9 hr. @ 100 mph 192°F



Fleet Testing Shoulder Temp. °F.

Control (100% NR) Par
50/50 Polybutadiene/Natural Rubber Tread 4°F cooler
75/25 Polybutadiene/Natural Rubber Tread 7°F cooler
40/60 Polybutadiene/Natural Rubber Tread cooler

The above fleet tests were conducted with size 9.00-20 tyres fitted to 
the rear wheels. I 'h e  tA its were carried out in Texas a t the speed of 55 
miles per hour and at 15% over-loading. The indoor tests were on sizes 
9.00-20 and 10.00*20. For high speed testing, the passenger car size 6.00-13 
was chosen.

3. Improved Crack ResUtance :

During the experiments performed with blends of PB and NR in
truck tyres on Texas highway, it was observed that inclusicm of PB in tread
polymer improved crack resistance to a a>nsiderable extent.

Indoor Crown Break Cracking
Control Crown Break @ 2 hrs. @ 75 mph.
50/50 PB/N R Tread No failure @ 4 hrs. @ 75 mph,
25/75 PB /N R Tread k  Body - d o -
Same Tread 40/60 Body —do—

Indoor Endurance Test : (around 20,000 miles run)
Control (100% Natural Rubber) Severe
50/50 PB/N R Tread Slight
25/75 PB /N R Tread & Body Slight

4. Mileage at High Speeds :

This is one of the important considerations in designing fyres and 
choosing polymers for car tyres, as mileage is a function of rolling resistance. 
The popularity gained by radial tyres in Europe and now in the U.S.A., is due 
to their low rolling resistance. PB when blended with SBR was found to improve 
these properties and hence 50/50 blend of SBR/PB was found ideal for the 
passenger car treads. R(?sults cited earlier indicate that high speed perfor­
mance was improved 4 times when 50 parts of PB were blended with 50 parts 
of SBR in tread. Gasoline consumption of 35.1 miles per gallon was registered 
as against a figure of 33.6 using a blend of 25 parts PB and 75 parts of oil 
extended SBR.



5. High Filler/Oil Compoundg :

PB gives good results with high loading of biack and oil. Of course, 
at eveiy high levels the compounds register a fall in optimum pro]3erties. Com­
pounds can be designed with loadings of 80 to 100 parts of blacks like HAF 
with coiresponding oil levels of 50 to 70 parts. Such coni{x>unds are used for 
products like camelback. In U.S.A. such compounds find application in 
second and third line passenger tyres.

6. Effect of Oxygen : ^

7'he most important effect on a polymer is the chain scission due to 
action of oxygen present in the atmosphere. The effect is of particular impor­
tance in tr<^ical countries where the reaction proceeds with a greater speed. 
SBR tends to cross link while NR and PI degrades, as a result of chain scission. 
T he effect studied by measuring intermittent stress relaxation indicates that 
when the effect on PB under standard conditions of testing is plus 25 units, 
SBR (1500) is affected to an extent of plus 190 units and NR minus 130 units.

7. Low Temperature Performance :

PB has a much lower glass transition temperature than SBR or NR and 
therefore, the lively properties of rubber are maintained at lower temperatures. 
The addition of PB either to NR or SBR improves the low temp>erature p>er- 
formance of these polymers. Following table shov«j the Bell Brittle Points of 
various combinations of NR, PB and SBR, and PB

Bell Brittle Point °C (30’ @ 300°F)
Natural Rubber 100 75 50 25 0
Poly butadiene 0 25 50 75 100

- 5 9 -6 8 - 8 5 - 9 8 -  100

SBR 100 75 50 25 0
Polybutadiene 0 25 50 75 100

- 7 0 - 9 0 - 9 4 - 9 4 - 9 5

Demerits t

PB in its early stage of development could not make a good headway 
in tyre treads. The important reasons for this are as follows

1. Low Tack :

PB is known not to possess any tack. This made it impossible to find 
application in body stocks and also limited its application in tread compounds.



Due to lack of tack, the lime required to build the green tyre also increaseil, 
thus affecting the productivity. Tyres containing PB in bead stocks were found 
to sag and thus separating from beads. Though 60/40, N R /PB com­
pounds could be considered a> border line for adequate building tack, to im- 
piove on the slowing up of the tyre building, a recipe of Ih/Hh, NR./PB is 
often preferred today.

2. Low Wet Traction :

Treads containing more than 50% PB tend to make the tyres slippery 
on wet pavement. This wet skidding was noted to be very poor both on con­
crete and asphalt road surfaces even thov\gh this v/as later on corrected by 
increasing cured hardness and by giving higher carbon black loadings and also 
by bringing about changes in tread designs. Good results were obtained with 
high molecular weight oil extended polymer (Ameripol CB 441). But in spite 
of this the percentage of PB was limited and in miiny cases SBR percentage in 
tread was required to be high<T than 50%. Though 50/50, SBR/PB tread has 
given good p>erformance in tyre tests, because of the desire to have maximum 
wet traction resistance, most manufacturers reduced the PB content to 40/35 
and in some types of lyres to as low as 25%.

3. Chipping & Chunking :

This is the loss of small flakes or particles of tread or segments of the 
ribs of the tread. This problem has now been minimised particidarly with 
cobalt catalysed, high-cis-content PB and through improved compounding 
lechniques.

4. DifTienlt Processing :

it  is difficult to process PB without blending it with other suitable 
polymer.

World Pattern :

W ith various difficukie> as mentioned above, the use of PB had been 
limited to certain levels only, even though it has some excellent useful properties. 
As a result of constant research, both in tyre te<Jmiques and nolvmer che­
mistry, quite a number of problems have now been solved. For example, 
chunking was one of the greatest handicaps in the use of PB in treads, but 
recent experiments of testing several American and Yugoslavian truck tyres 
under severe road conditions have indicated that chunking is no longer a 
problem with PB. The following table describes the performance of four 
types of tyres with combinatic^ns of NR and PB in the tread



Final
Mileage

Wear
(Miles/Mil)

Cut-Cracking
inches Chipping

Tyre
Conditions

100% PB 12,350 66.3 17.00 Slight O K

30/70-PB/NR 12,317 72.2 27.50 Nil OK
60/40-PB/NR 12,360 59.7 21.00 Slight OK
100% NR 4,017 49.5 20.50 Nil (Crown Brake

Faiied)

The suitability of PB as a tread material has thus been proved beyond 
doubts. It is interesting to note the comments of some experts on the PB 
usage in tyres in various countries of the work!

U.S.A. :

When the price of N'R was 35 cents a pound, there was a great incentive 
to use PB in truck tyres to replace NR. In passenger car tyres where beat is 
not such a severe problem as in truck tyres, SBR had replaced all NR, except 
that amount necessary for processing and building. Because of the outstand­
ing perfonnance of PB/SBR blends for abrasion and tread cracki'Jg rt- 
sistance, PB found use in passenger car tyres as a replacement for SBR in spue 
of the cost disadvantage in many cases, probably the lai-gest tyre use of PB 
is still in passenger car lyres.

Japan :

PB is mostly used for passenger cars and light trucks. Tlie PB demand 
for heavy-duty trucks, though negligible at present, is expected to grow signi­
ficantly in future.

V.K. I
Concerning the present pattern on the usage of stereo-specific rubbers 

in the U.K., our feeling is that the use of PB by the tyre manufa-rturers in 
U.K. has developed mainly because of the manufacture of this polymer by the 
Rubber Consortium in England (ISRC).

France :

Consumption of PB is relatively small in truck tyres although there is 
now a tendency to increase.

The simimary of successful PB in truck and passenger car tyres
by some important companies ot the world is given in the following:



TRUCJiO *-
( 1 9 6 5 )

Country T  n;ad
Truck

Side Wall Body Tread
Car 

Side Wall Body

U.S.A. 50^50 50/50 25/75 50/50 50/50 40/60
PB /N R PB/N R PB/N R PB/N€^ P B /N * PB/N R

Japan 10/90 10/90 -/lOO 30/70 10/90 -/lOO
PB /N R PB/N R - /N R PB/SBR PB/SBR -/S B R /N R

Canada 50/50 10/90 10/90
PB /N R PB/NR PB/N R

U.K. 30/70 -/lOO 15/85 35/65 -/lOO 15/85
PB/N R -/S B R PB/NR PB/SBR -/S B R PB/NR/SBR

From the discussion of various properties of PB given above, it is safe 
to say that PB will be a preferred pol^Tner for both truck and passenger car 
tyres. Becausf? of the processing diffiailties alone, the usage in tread is restrict­
ed to a maxiraum of 50%.

In regard to the non-tyre pro^lucts, we believe that cables ami belling 
can use upto 10% of PB. Another important application is in the manufacture 
of High-impact Polystyrene and considering the future ]>ossibiliiies of Poly­
styrene, some -500 to 700 tomies can be used in the country.

POLYISOPREINE :

Table No. 5 shows the estimated usage of PI by end prodiicts.

T he pnjsent consumption of PI the world over presents a relatively 
hazy picture. Despite the properties of this product being comparable to 
NR, the u^age has been restricted. It will be, therefore, desirable to compare 
PI Vs. NR. T he following ccmsiderations need careful study when comparing 
NR with PI

1. The Structural Purity.

2. T he Distribution of Non-cis Material.

S. The Average Moleculjtr Weight.

4. The Molecular Distribution.

5. The Gel Content.



The infra-red spectra of PI, NR and Balata indicated that PI was diffe­
rent frcnn NR in regard to its total cis content. The PI produced by two 
major companies, viz.. Shell and Goodyear differs in chemical structure. It is, 
interesting not only to analyse the similarities between PI and NR, but also 
equally important to know the specific diffeiences. This is very aptly describ­
ed by saying—“In fact, the characteristics of synthetic and natural jK>lyisoprenes 
are very similar and there is an understandable temptation to treat them as 
identical. However, this should be resisted, for the g;i*eater the similarities, the 
more imponaiii becomes the differences and these differences must be appre­
ciated if the true merits of the synthetic cis polyisoprene are to be realised”.

The following table gives the physical jiroperties of NR and PI gum 
compounds containing 50 pans of HAF

1 II I ll IV

Polyisoprene 100 100
Natural Rubber 100 — 100 •—
Stearic Aci<{ 3 $ 3 s
Zinc Oxide 6 5 5 5
PBNA 1 ] — —
MBTS 1 1 — —

Lecithin/TEA - — — —

DPG — 0.5 — —
Sulphur 2 2 2 2
liLE 25 — — 1 1
Agerite-HP — . — 0.2 0.2
HAF Black — — 50 50
Dutrex R — — 3 3
Santocure — — I 1
Modulus at 300% psi - — 2.330 1,975
Modulus at 500% psi 510 510 — _
Tensile Strength, psi 3,400 3,945 4,045 3,580
Elongation at break, % 820 870, 480 520
Yerzley resilience, % 90 96 78 70
Tear Strength (ASTM angle), psi 315 385 — _

Heat build up (above 378°C), °C — — 24 , 27
Shore hardness — — 65 65
Abrasion index,

Akron-Croydon (15® angle) - 87 ..
• I

85



From the above table ii will be observed that PI matches most of ihe 
physical properties of N R  both in the gum compound and the compound 
loaded with fine black. However, it is interesting to analyse why PI consump­
tion has not shown any significant increase in the last few years :•

1. I 'h e  PI prepared even from high purity monomer does not have green 
strength comparable to NR. It is observed that unciired PI compounds 
are comparatively soft and the low green strength in some cases results 
in difficulties in take-off from calender and collapse of extruded tubes.

2. In spite of good tack, attempts to use higher than 50% of }*I have not 
been successful since the separation from the bead occurs on standing 
due to the plastic flow of uncured c<Mnjx>unds.

3. In regard to the processing, it is obsen'ed that when mixing in an inter­
nal mixer, the compounded rubber is discharged in a gum form unless 
of course short bj'eak-down cycles are used.

4. The gum compounds of PI for which a considerable application exists 
in non-tyre products, show a tendency to reverse when over cured, which 
possibly can be iittributed to the absence of natural based proteinous 
material found in natural rubber.

Judging from the present trends, the non-tyre applications of PI are far 
more promising because —

1. PI has excellent initial colour and has a good stability even on exposure 
to ultra-violet light.

2. High degree of cliemical purity and freedom from contamination is 
obtainable.

3. Easy processing on open mills.

4. Excellent mould flow proi>eriies.

PI, therefore, has found large applications in non-tyre products.

Polyisoprene Production :

T he primary raw material required for producing PI is Isoprene. At 
the present time, three processes are available for protlucing Isoprene based on 
different starting raw materials. However, IFP and ihe SJ3 processes appear 
to be more prevalent.

T he IFP process is based on Isobirtylene and Forinaldehyde, whereas the 
SD process is based on Propylene. Both, Isobutyjene and Propylene, are 
expected, to be available, in v^ry.large qtiajjtiiies from ,tl^  Petrochemical Com­
plexes ajid .tp this, extern .fiitJiei- .of the-.tw^.,.processes can be used depending 
upon the kflow-how. .



Summary & ConclusiiHi t

From the above diMrussiom, it w ill be evident that w e have confined 
our scope to only N R , SBR, Butyl, PB, PI and Special Purpose Oil-resistant
rubbers. The Indian conditions are different from the average world pattern 
in two respects — (a) Predominance of truck tyres, (b) Availability of NR 
from indigenous sources. It is, therefore, in this context that future polymers 
for India have to be carefully selected, and obtain a judicious balance of all 
polymers wh^eby the entire indigenous production can be used keeping in 
mind the prerequisites for specific end products. In  order to arrive at final 
decision on the subjea, some broad considerations are necessary:

(a) Assesssment of the total polymd* requirement

(b) Availability of polymers based on present sources

(c) Selection of new polymers

(d) Cost of producing new polymers

(e) Inter-influence of one polymer on another

(a ) Assessment of the total polymer requirement :

As stated earlier, the total polymer requirement is conditioned by many 
unforeseen factors. However, for the purpose of this paper, a total new poly­
mer requirement of 1,50,000/1,55,000 tonnes by 1970-71 has been estimated. 
It is possible that this requirement may change depending upon I he various 
circumstances and particularly after the 4th 5-year Plan is finnly established.

(b ) Availability of polymers based on present sources :

T he NR production in India by the end of the 4th Plan is estimated to 
be 75,000 tonnes. As stated earlier, the requirement for SBR can be some 50,000 
tonnes and therefore, consideration should be given to increase the capacity 
of the existing plant from 30,000 tonnes to 50,000 tonnes. Assuming that it is 
possible to achie\e the estimated NR and SBR productions, the deficit will be 
some 25,000/30,000 tonnes. The import of Butyl, if continued as visualised in 
this paper, will be around 5,000 tonnes and a similar figure for special purpose 
rubbers is also estimated. This, therefore, leaves a net deficit of 15,000 to
20,000 tonnes which has to be filled in by a new polymer which can be either 
PB or PI.

(c) Selection of New Polymers t

As stated earlier, there will be a ^ o n fa ll of some 20,000 tonnes which 
can be met either by import of NR or a local production facility, either of PB 
or PI. TTie various consideraticms which go to estab li^  a new polymer have 
been discussed earlier and it is our be li^  that, considering the economics of 
producing PB and (he salient features of this polymer, this should be the 
preferred polymer for future.



Another importa.nt aspect in selecting a suitable polymer ^vill be the 
cost consideration. It is of course essential that the cost of a locally produced 
new polymer should not be prohibitive which would inhibit the use the produa. 
In view of the Petro-chemical Complexes planned during the 4th Plan, the 
raw materials for producing practically all the synthetic polymers discussed in 
this paper will be available. It is, of course, difficult to foresee the cost of 
such raw materials from petro-chemical sources as a considerable change in the 
cost of these complexes has already taken place after devaluation. I t will be 
erroneous to compare cost of producing such raw materials from petro-chemical 
sources in India with other countries, as after all, conditions are not compara­
ble particularly in respect of capital cost of the project.

(e )  l])ter>influeiice of one polymer on another :

In order to analyse this asf>ect, it is necessary to establish the details of 
the polymers which will be used concurrently. Depending upon whether PB 
or PJ is produ<^ in the country, the pattern of consumption of j>olymers by 
end products will vary. Tables No. 6 & 7 give a detailed breakup by end pro­
ducts where 75,000 tonnes of NR. 50,000 tonnes (rf SBR and 20.000/25,000 
tonnes of PB and PI respectively. It is realised that depending upon the final
polymers selected for production in India, the pattern of consumption of a
given polymer between tyre and non-tyre products will vary. For example, PB 
will have a greater scope lor application in tyres whereas PI will have a much 
greater application in non tyre products. SBR, tor instance, will have the 
flexibility of being used both in tyres and non-tyres. However, the present 
consumption pattern of SBR will change considerably depending upon the 
new polymer selected for production in India. Insofar as NR is concerned, 
the application in tyres will certainly be a very major one and it might amount 
to using NR on a seleaive basis, as after all, the quantity available is restricted.

An attempt has been made in this paper to analyse the future polymers
for India keeping in mind the various considerations. It is evident that
decisions have to be taken in the very near future in respect of ensuring an 
availability of 50,000 tonnes of SBR and an added facility for producing either 
PB or PI to the tune of some 20,000/25,000 tonnes. It is necessary to point out 
that 5;ome of the newer manufacturing plants the world over have the desired 
flexibility for producing PK or PI with almost identical equipments and in­
sofar as the raw materials are concerned, we do not foresee any difficulty in 
obtaining the same for producing any of the polymers listed above in requisite 
quantity. It is realised that th<; consumption of PB or PI in India in the 
past has been very limited. Depending upon the decision taken to jjroduce 
the various polymers, it is equally important to ensure that the new polymers 
have a ready outlet and that the consuming industry is not faced with technical 
difficulty, either in regard to the use of new polymers or the availability of 
other corresponding matching raw materials.



ESTIMATED RVBBER CONSUMPTION BY END PRODUCTS BY 1970-71 
(NEW RUBBERS PLUS RECLAIM)

Product
Estimated
Production

Nos.
Polymer 
per unit 

kg-

Total
Polymer

m.t.

Tyres-Truck : 
7.00-20 Size 55,000 12 665
7.50-20 „ 1 ,10,000 17 1,880
8.25-20 8,00,000 20 16,400

9.00-20 „ 14,70.000 22 32,400
10.00-20 „ 2,30,000 28 6,425
1 1 .00-20 & above 55,000 31 1,720
Passenger Car/Jeep 10,35.000 4.5 4,600
M/Cycle & Scooter 3,90,000 1.9 740
A.D.V. 2,50,000 6.5 1,625
Tractor-Front 55,000 5.0 275
Tractor-Rear 1,00,000 28.0 2,800
Aero & off-the-road 50,000 — 1,500
Tyres for export 4,00,000 — 7,000

Sub^total, tyres 50,00,000 78,030

Tubes for the above 50,00,000 1.3 7,500
Flaps 22,00.000 1.5 3,300
Camelback 16.000 m /t 60% 9.600
Bicycle Tyres 3,00,00,000 0.3 9,000
Bicycle Tubes 3,00,00,000 0.13 3,900
Footwear 7.00,00.000 pairs — 19.000
Cables 22,50,00,000 mti^. — 2,500
VV aterproofing 1,50,00,000 mtrs. — 1,160
Ebonites 400 m /t — 200
Hoses-Handbuilt 
Hoses-lead pressed/extruded )

— 8,000

Mechanical Belting — 7,500
Mechanical Non-Belting — 7,500
Battery Boxes / — 3.000
Latex — 4,500
Others — 4,000

TOTAI* 1,68,690
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ES'l'IMATEU SBR CONSUMPTION BY END PRODUCTS BY 1970-71
(B a s ed  o n  p resen t co n su m p tio n  pattftrn)

Product Estimated
Production

Nos.
Polymer 
per unit 

kg.

Total
SBR
m.t.

Tyres-Truck :
7.00-20 Size 55,000 12 480
7.50-20 „ 1 ,00,000 17 1,060
8.25-20 „ 8,00,000 20 3.950
9.00-20 14,70.000 22 8,100

10.00-20 „ 2,30,000 28 500

1 1 .00*20 & above 55,000 31 140

Passenger Car/Jeep 10,35,000 4.5 3,520
M/Cycle & Scooter 3.90,000 1.9 570
A.D.V. 2,50,000 6.5 1,250
Tractor-Front 55,000 5,0 210

IVactor-Rear 1 ,00,000 28.0 2,000

Aero & off'the-road 50,000 — —
Tyres for export 4,00.000 — 2,100

Sub-total, tyres 50,00,000 — 23,880

Tubes for the above 50,00,000 1.5 —i

Flaps 22,00,000 1.5 660
Camelback 16,000 m /t 60% 9,600
Bicycle I'yres 3,00,00,000 0.3 2,700
Bicycle Tubes 3,00,00,000 0.13 1,150
Footwear 7,00,00,000 pairs — 4,750
Cables 22,00,00.000 mtrs. — 625
Waterproofing 1,50,00,000 mtrs. — 600
Ebonites 400 m /t — 100

Hoses-Handbuilt 2,000
Hoses-lead pressed/extruded
Mechanical Belting — —

Mechanical Non-Belting — 2,250
Battery Boxes — 300

— 48,615



ESTIMATED POLYBUTADIENE CONSUMPTION BY 
END PRODUCTS BY 1970-71

Product Estimated
Production

Nos.
Polymer 
per unit 

kg.

Total
Poly-

butadtene
m.t.

Tyres-Truck 
7.00-20 Size 55,000 12 115
7.50-20 „ 1,10,000 17 390
8.25-20 „ 8.00,000 20 3,520
9.00-20 „ 14,70.000 22 8,580

10.00-20 „ 2,30,000 28 290
1 1 .00-20 & above 35,000 31 90
Passenger Car/Jeep 10,35,000 4.5 1,540
MyCycIc & Scooter 3,90,000 1.9 245
A.D.V. 2,50,000 6.5 505
Tractor-Front 55,000 5.0 60
Tractor-Rear 1,00,000 28.0 250
Aero & off-the-road 50,000 — —

Tyres for export 4,00,000 — 1,400

Sub-total, tyres 50,00,000 16,985

Tubes for the above 50,00,000 1.5 —
Flaps 22,00,000 1.5 —
Cametback 16,000 m /t 60% 4,800
Bicycle Tyres 3,00,00,000 0.3 —
Bicycle Tubes 3,00,00,000 0.13 —
Footwear 7,00,00,000 pairs — 1,900
Cables 22,50,00,000 mtrs. — 250
Waterproofing 1,50,00,000 mtrs. — —

Ebonites 400 m /t —
Hoses-Handbuilt 
Hoses-lead pressed/extruded 
Mechanical Belting

—

Mechanical Non-Belting — —

Battery Boxes — 750

24,685 
or say 25,000



ESTIMATED POLYISOPRENE CONSUMPTION BY END 
PRODUCTS BY 1970-71

Product
E stim a te d
Production

Nos.
P o lym er
per unit 

kg.
T o ta l

Polyisoprene
m.t.

Tyres-Tnick
7.00-20 Size 55,000 12 1 0 0

7.50-20 „ 1 . 10,000 17 300
8.25-20 8,00,000 20 2,950
9.00-20 „ 14,70,000 22 5.610

10.00-20 „ 2,30,000 28 515
U .00-20 & above 55,000 31 140
Passenger Car/Jeep 10,35,000 4.5 135
M/Cycle & Scooter 3,90,000 1.9 75
A.D.V. 2.50,000 6.5 310
Tractor-Front 55,000 5.0 10

Tractor-Rear 1 ,0 0 ,0 0 0 28.0 140
Aero & off-the-road 50,000 — —
Tyres for export 4,00,000 — 1,400

Sub-total, tyres 50,00,000 11,685

Tubes for the above 50.00,000 1.5 —

Flaps 2 2 ,0 0 ,0 0 0 1.5 —
Camelback 16,000 in/t. 60% —
Bicycle Tyres 3,00,00,000 0.3 —
Bicycle Tubes 3,00,00,000 0.13 —
Footwear 7,00,00,000 prs. — 7,600
Cables 22,50,00,000 mts. — 1,250
Waterpi-oofing 1,50,00,000 mts. — 700
Ebonites 400 m /t. — „

Hoses-Handbuilt
Hoses-lead pressed/extruded
Mechanical Belting — 3,750
Mechanical Non-Bclting
Battery Boxes
Latex
Others 1,000

TOTAL 25,985



ESTIMATED POLYMER BREAK-t P BY END PRODUCTS (NATURAL RUBBER, 
STYRENE BUTADIENE RUBBER AND POLYBUTADIENE) B \ 1970-71

Product
Estimated
Production

Nos.

Kedaiin 
Q Natural 

Rubber 
m.t.

Styrene
Butadiene

Rubber
m.t.

Poly­
butadiene

m.t.

Total
Polymdr

m.t.

Tyres-Truck 
7.00-20 Size 55,000 185 365 115 665
7.50-20 1, 10,000 820 670 390 1,880
8.25-20 „ 8,00,000 12,430 430 3,520 16,400
9.00-20 „ 14,70,000 23,820 — 8.580 32,400

10.00-20 2,30,000 5,925 210 290 6,423
1 1 .00-20 & above 55,000 1,580 50 90 1,720
Passenger Car/Jeep 10,35.000 1,080 1,980 1,540 4,600
M/Cycle & Scooter 3,90,000 170 325 245 740
A. D. V. 2,50,000 375 745 505 1.625
Tractor-Front 55,000 65 150 60 275
Tractor-Rear 1 ,00,000 800 1,750 250 2.800
Aero & off-the-road 50,000 1.500 — — 1,500
Tyres for export 4,00,000 4,900 700 1,400 7,000

Sub-total, tyres 50,00,000 53,670 7,375 16,985 78,030

Tubes for the above 50,00,000 1,250 1,250 {5,000 Butyl; 7.500
Flaps 22,00,000 1,320 1,980 — 3,300
Camelback 16,000 m /t — 8,600 1,000 9.600
Bicycle Tyres 3,00,00,000 3,600 5,400 — 9,000
Bicycle Tubes 3,00,00,000 2,750 1,150 — 3,900
Footwear 7,00,00,000 prs. 8,200 9,400 1,400 19.000
Cables 22,50.00,000 mtrs. 1,875 625 250 2,500
Waterproofing 1,50,00,000 560 600 — 1,160
Ebonites 400 m /t — ■ 200 — 200
Hoses-Handbuilt
Hoses-lead pressed 4,000 4,000 — 8,000

extruded
Mechanical Belting 6,650 500 750 7,500
Mechanical Non-belting 1^500 1,500 — 3.000
Battery Boxes 3,000 4,500 — 7300
Latex 3,500 1,000 .— 4,500
Others 3,000 1,000 — 4,000

I ’OTAL 94.875 49,080 19,735 1,68,690



ESTIMAh :d  p o l y m e r  b r e a k -u p  by  e n d  p r o d u c t s  (n a t u r a l  r u b b e r , 
STYRENE b u t a d ie n e  RUBBER AND POLVLSOPRENE) BY 1970-71

Product Eatimated
Production

Not.

Natural 
Q Rubber 

^  Reclaim 
m.t.

Styrene
Jutadiene
Rubber

m.t.

Poly-
isoprene

m.t.

Total
Poiyraer

m.t.

Tyres-Tnick
7.00-20 Size 55,000 185 380 100 665
7.50-20 .. 1 ,10,000 820 760 300 1,880
8.25-20 „ 8,00,000 9,500 3,950 2,950 16,400
9.00-20 14,70,000 18,690 8,100 5,610 32,400

10.00-20 „ 2,30,000 5,410 500 515 6,425
1 1 .00-20 & above 55,000 1,440 140 140 1,720
Passenger Car/Jeep 10,35,000 965 3,500 135 4,600
M/Cycle & Scooter 3,90,000 110 555 75 740
A. D. V. 2,50,000 115 1,200 310 1,625
Tractor-Front 55,000 55 210 10 275
Tractor-Rear 1 ,00,000 860 1,800 140 2,800
Aero & Off-the-road 50,000 1,500 — — 1,500
Tyres for export 4,00,000 3,850 1,750 1,400 7,000

Sub-total, tyres 50,00,000 43,500 22,845 11,685 78,030

Tubes for the above 50,00,000 2,500 — . (5.000 Butyl) 7,500
Flaps 22,00,000 2,800 500 — 3,300
Camelback 16,000 m /t — 9,500 — 9,600
Bicycle Tyres 3,00,00,000 7,000 2,000 — 9.000
Bicycle Tubes 3.00.00.000 2,750 1,150 — 3,900
Footwear 7.00,00,000 prs 10,000 1,400 7,600 19,000
Cables 22.50,00,000 mts 625 625 1,250 2,500
Waterproofing 1,50,00.000 mts 460 700 1,160
Ebonites 400 m /t — 200 — 200
Hoses-Handbuilt
Hoses-lead pressed - 5.000 3.000 — 8.000

extruded
Mechanical Belting 3,750 — 3.750 7.500
Mechanical Non-belting 3,000 4,500 — , 7,500
Battery Boxes 2.000 1.000 — 3,000
Latex 3,500 1,000 — 4,500
Others 2,000 1,000 1.000 4,000

TOTAL 88,885 48.820 25.985 1.68.690




