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Figure 1—Method of Mining Nitrate Ores with Power Shovels

Technology of the Chilean Nitrate Industry1
Location and Nature of Nitrate Ore Deposits

THE
coastal range in northern Chile rises abruptly from

the ocean floor. Between this range and the lower
slopes of the Andes lies a desert, or pampa, varying in

elevation from 4000 to 9000 feet above sea level. The
nitrate-bearing lands lie mainly along the western side of
this desert on the eastern slopes of the coastal range, not in a
continuous strip, but intermittently over an irregular belt
some 400 miles long from north to south, and 5 to 40 miles
wide. The deposits actually worked are at elevations be-
tween 4000 and 7500 feet and are grouped in five main fields
inland from the ports of Iquique, Tocopilla, Antofagasta, and
Taltal.

The sodium nitrate, along with other soluble salts, occurs
for the most part as a cementing material in the outwash
sands and gravels which form the eastern slopes of the coastal
range. At the lower edges of the slopes the nitrate deposits
in some places extend and merge with ordinary salt deposits
lying in shallow undrained basins.

The physical occurrence of the deposits is such as would
be expected from a surface deposition in mixed gravels, sands,
and clays, showing every variety of aggregate, hardness of
cementing, and grade of salt. Close study has shown some

degree of conformity of occurrence with surface features,
such as local drainage systems and severity of washing by

1 Received January 22, 1931.

Editor’s Note—The text of this article will appear as a part of a

chapter on “The Chilean Nitrate Industry” in a forthcoming American
Chemical Society Monograph written by members of the Fixed Nitrogen
Research Laboratory and edited by Harry A. Curtis. The discussion of
the technology of the industry and description of the Guggenheim process
as applied at the Maria Elena plant have been supplied by the Anglo-
Chilean Consolidated Nitrate Corporation, of New York.

the infrequent rainstorms, but on a smaller scale deposits
are quite erratic. Regardless of the primary origin, it
appears probable that the nitrate was collected in an inland
sea. Later, owing to tectonic movements and changes in
climate, this sea evidently deposited part of its nitrate along
the shore lines. Eventually the sea was probably drained
into the Pacific Ocean. But few deposits would be laid
down on the eastern shore because the drainage from the
Andes would redissolve the nitrate, or cover it with a thick
coating of alluvial débris. During the deposition of the ni-
trate, and continuing until today, the nitrate ore bodies have
been leached, transported, and concentrated or lost by the
occasional rainstorms or cloudbursts that fall on the nitrate
pampas.

In general the harder cemented material in the deposits
is overlaid by barren overburden of loose aggregate, which
varies in thickness from a few inches to several feet. The
thickness of overburden shows a general conformity with sur-
face features. The harder cemented material itself varies
in thickness within the same range as the overburden. Its
grade of sodium nitrate varies from almost nothing to almost
pure nitrate. It is usually slightly stratified or slabby. The
higher grade hard material (above 14 per cent) is not easily
distinguished from material of somewhat lower grade, as the
considerable quantities of other salts present much the same

appearance as nitrate. The higher grade hard material is
called “caliche;” the lower grade, “costra.”

There is usually a fairly sharp separation between the
deepest hard material of commercial grade and a loose under-
burden, though occasionally the ore of commercial grade
shades off into both overlying and underlying hard, barren
material with no plane of separation.

The soluble salts which cement together the sands, clay,
and stones, in the mixture known as caliche are the nitrates,
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chlorides, sulfates, iodates, borates, and perchlorates of so-

dium, potassium, calcium, and magnesium. The chemical
analysis of the salts of a typical caliche is as follows:

Sodium nitrate.....
Potassium nitrate..
Sodium chloride... .

Sodium sulfate.....
Magnesium sulfate.

% %
17.6 Calcium sulfate..........
1.3 Sodium iodate........... . 0.11

16. 1 Sodium borate........... . 0.94
6. o
3.9

Potassium perchlorate. .. , 0.23

Depending upon the relative proportions of the sulfates pres-
ent, their double salts may occur as darapskite (NaN03.-
Na2S04.H20), glauberite (CaS04.Na2S04), bloedite (MgS04.-
Na2S04.4H20), or polyhalite (K2S04.MgS04.2CaS04.2H20).
The occurrence of darapskite is rare, sodium nitrate usually
being present in caliche as a simple salt.

Proving of Ore Bodies

In a preliminary reconnaissance, test pits are sunk at
widespread intervals for a rough confirmation that the area
is commercially exploitable. In the more detailed examina-
tion, on the results of which the purchase price is based,
the area is covered with a sampling screen of test pits at 100-
meter intervals.

This part of the technology of Chilean nitrate has until
recently been in a very unsatisfactory state of advancement.
The older method consisted of sampling through a very
small pit, 8 to 12 inches in diameter, too small to allow either
an adequate sample or a record of the nature of the ore to
be made. The prime sample was then subject to sorting by
the sampler, who rejected pieces with the intention of making
it conform with his judgment of the ore that would be hand-
sorted from that mined from the area. Finally, the analyti-
cal method in ordinary use was inaccurate.

The great
amount of both re-

connaissance and
control sampling
work done by the
Anglo - Chilean
Consolidated Ni-
trate Corporation
in the past few
years has put ni-
trate ground sam-

pling on a sound
engineering basis.
The accuracy of
the present
method for predic-
tion of tonnage and
grade has been
proved by the nor-
mal mine schedul-
ing sampling at the
Maria Elena plant
covering the more
than 20 million
tons of ore that
have been mined to
date for that plant.

The present method, briefly, is the opening of regularly
spaced pits through the ore large enough for a man to work
in, and with vertical walls. The sampler cuts an even groove
about 2 by 4 inches and sectionalizes his samples according
to visually apparent changes in the character of the ore, with
no sample section greater than 50 cm. in depth. Each sample
is ground entire, before reducing in amount; the reduction
of the sample is properly done, and the old inaccurate analyti-
cal method has been replaced by a rapid accurate method.

Partial View of Maria Elena Plant, Anglo-Chilean Consolidated Nitrate Corporation

Notes made at the time of sampling record the depths and
characters of overburden, ore, and underburden. These,
combined with the laboratory returns, provide a complete
working picture of the test pit as a sample of the area to be
worked. This procedure, in spite of the generally erratic
character of the ore, has proved very accurate and practical.

For estimating the contents of a large area, a sample screen
of test pits at 100-meter intervals is fine enough for a high
degree of accuracy, as is indicated by probability considera-
tions and proved by actual mining operations over a large
area. Mechanical mining, however, as does every operation
of this nature, requires day-to-day scheduling of ore for as
much as a week ahead and a prediction of tonnage and grade
over relatively small areas. A supplementary sample screen
on a 20-meter interval thrown somewhat ahead of current
ore excavation is sufficiently fine to allow prediction of daily
tonnages and grades well within the limits of variation ob-
tained in any other operation in open-pit shovel mining in
spite of the notoriously erratic occurrence of nitrate ore.

Mining Methods

Until the development of the Guggenheim process, the
mining of nitrate ores had received very little expert atten-
tion, and a survey of current mining operations showed all
sorts of policies in mining, ranging from very poorly super-
vised, promiscuous high-grading of properties to careful,
well-supervised operations obtaining the best recoveries
consistent with the grade limit imposed by the extraction
process in use. Even in the last-mentioned cases, however,
the possibilities for development of improved mining methods
were not very great because of the restriction imposed by the
economical grade of ore.

Hand Mining—
The method then
in use, and still in
use for all plants
except the Maria
Elena plant, is
one of hand min-
ing and sorting.
In only a very few
instances among
Shanks process
operations is there
a preliminary
stripping of over-
burden. The
usual first opera-
tion is the sinking
of a 6-inch hole
through the ore
into the underbur-
den by means of a
hand drill, small
charges of explo-
sives, and spoons,
followed by the
springing of a

cavity in the un-
derburden large enough to hold the charge of black powder.
This large charge lifts the ore from the underburden and leaves
it broken into large blocks. There is then a secondary blasting
 with dynamite, and a final breaking with heavy sledges to
about 8-inch pieces, the size shipped to the plant. The
broken ore is sorted and that judged of suitable grade stacked
for shipment. The stacked ore is loaded by hand into mule
carts, trucks, or rail cars, according to the equipment avail-
able and the accessibility of the body being mined.
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Power House

The work is done by two sorts of labor: drillers, who
sink the holes and do the primary blasting; and miners or

sorters, who do the secondary breaking, sorting, and stacking.
In the more careful and conservative hand mining, opera-

tions are usually arranged along a transportation line, re-

sulting in a sort of working trench face that advances across
the nitrate field. In the less
conservative operations the
“eyes” are picked from a field,
resulting in no regularity of
development of the field.

The method of hand min-
ing briefly described above is
very crude and wasteful, but
recent developments in min-
ing practice make it entirely
out of date and it need not
be discussed further. The
modem operations in this
line, initiated at the Maria
Elena plant, are now being
incorporated in the Pedro
de Valdivia plant, which will
start production around
the middle of 1931, and will
soon be extended to a third
plant.

Guggenheim Process—As has been pointed out, Shanks
operators are prevented from attempting any radical de-
partures from the older method of hand mining, since the
minimum economical grade of ore that they can process is
around 15 per cent, and with their remaining reserves it is
requiring increasingly severe sorting to maintain a grade
better than this. With the development of the Guggenheim
process for treatment of nitrate ore, and the ability to proc-
ess low-grade ore profitably, it becomes possible to develop
and use mechanical methods of mining. After preliminary
tests made in the field late in 1925, the Anglo-Chilean Con-
solidated Nitrate Corporation introduced mechanical mining
methods into its operation and has since developed and ex-

panded them so that the ore supply of its Maria Elena plant is
now entirely mechanically mined ore. This operation ranks
in size probably among the first five, and certainly among the
first ten, shovel mining operations in the world.

Mining practice as developed for the Maria Elena plant
may be briefly described as follows: The nitrate field being
exploited is developed in a regular manner through a system
of semi-permanent main haulage lines, and supplementary
temporary movable haulage lines along the working face,
with their corresponding electric and air-supply lines for
traction, shovel, and dragline power and air drills. A unit

for each working face consists of two electrically driven ex-

cavating machines especially constructed to meet the prob-
lems peculiar to nitrate mining; one a dragline for stripping
the overburden, the other a shovel for loading out the ore.
The breaking of the ore is done by a drilling and blasting crew;
the supplying of empty cars and taking away of loaded cars,
by the general mine transportation system.

The first operation is the drilling and blasting of all hard
overburden, followed by the stripping of overburden by
the dragline, which backcasts the overburden onto the ground
already exhausted. Other drilling and blasting crews then
go into the stripped area and break the ore. The shovel
follows and loads out the broken ore into 30-ton ore cars for
shipment to the plant. Operations proceed in this sequence
for the whole length of a working face, covering a strip about
13 meters wide and of the order of 1.5 to 2 km. in length.
Upon the completion of such a cut, the ore-car track is shifted
the width of a strip by the dragline and a new cycle begins.
These operations are shown schematically in Figure 1.

Power for shovel and dragline operation and for the elec-
trified transportation system is supplied from the central
Diesel power plant; air for drilling, from a central com-

pressor station. Mine explosives are now manufactured al-
most entirely at the explosive
plant operated as an adjunct
to the mine. This plant in-
cludes the largest black-powder
plant in the world.

The general trend in all min-
ing practice has been toward
the mining of larger tonnages
of lower grades of ore because,
though large-scale equipment
is necessarily less selective
than small-scale equipment or
hand methods, the economies
in its use more than offset the
disadvantage of the decrease
in grade. This is the direc-
tion that the Chilean mining
developments have taken, the
average grade of run-of-mine
ore mined by shovel being 8
to 9 per cent. The inclusion

of lower grade ores that are not mined in ordinary hand-
mining operations and the avoidance of large losses of fines
so produced more than double the amount of nitrate that
is recovered from an area.

A major economy resulting from shovel mining is the re-
duction in labor per ton of nitrate produced to less than a

Leaching Vats

Power Plant
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sixth of that required for hand mining. The corresponding
reduction in capital expenditure for housing of labor more
than offsets the expenditures required for mechanical mining
and transport equipment.

Methods of Manufacture

Shanks Process—The Shanks process for manufacture
of nitrate has been in use with only minor modifications for
about fifty years. Although a large part of Chilean nitrate
is still manufactured by the Shanks process it is inherently
an inefficient and expensive process and, since it is being
supplanted by a newer process, it will be described only
briefly.

In Shanks practice the run-of-mine ore is in 8- or 10-inch
pieces. This is commonly reduced in a single stage in small
jaw crushers to about l1/* or 2 inches. The fine material,
minus Vs inch, is screened out, but in only two or three in-
stances is it processed in a filter plant, the usual procedure
being either to discard it entirely or to load it into the boiling
tanks on top of the coarse ore. The loading of the ore into
the boiling tanks is usually done from slam, bottom-dumping,
hand-push cars, though sometimes from belts.

Shanks leaching is carried out in steel boiling tanks set
up on columns about 10 feet high to allow the tailings to be
removed from below. The
usual sized tank holds 75 tons
of ore, is fitted with steam-heat-
ing coils, a false perforated bot-
tom to aid in leach liquor circu-
lation, and two or three ports at
the bottom of the tank for dis-
charge of tailings. The extrac-
tion is countercurrent with
cross-downward percolation,
the temperature and nitrate
content of the leach liquor in-
creasing from tank to tank in
the series.

After loading with ore, a tank
is filled with the depleted leach
solution returned from the
crystallizers. This solution is
boiled for 8 or 9 hours and at
the end of this time the tank
is made the head of a series
of three other tanks and hot saturated liquor is drawn off
to the crystallizing pans. The saturated liquor is displaced
by hot, less saturated liquor from the preceding tank in the
series. The tank then passes through the succeeding three
stages of leaching, is subjected to one or two washes circu-
lated on the tail-end tank only, and then to a water wash.

Shovel

Unloading Bridges

The leached tailings are then drained until ready to empty,
discharged through the bottom ports by hand into small dump
cars, and hauled to the dump face. The time devoted to a

complete cycle of operations is about 36 hours.
In the Shanks method of leaching the mechanical action of

the boiling and the high tem-
peratures tend to disintegrate
the mass of the ore. The re-

sulting slimes are very detri-
mental to the leaching of the
nitrate, as they plug up the
pores of the ore, and to the
washing operations, since the
segregated slimes wash with
great difficulty. In order to
reduce the amount of slimes
formed, the crushing is made
relatively coarse. As a result
a considerable part of the ni-
trate is still undissolved or en-
trained when the tailings are

discharged. At the optimum
size of crushing extraction is
poor, even though the fac-
tors of sliming and size of
particles are balanced as well

as they can be.
In addition, the circulation of the leach liquors is unfavor-

able for good extraction, since in effect a closed cycle is
maintained only on the one head-end tank of the series, all the
weakest current liquor—that returned from the crystallizers—
being put on the fresh charge of ore. The remaining tanks
in the series theoretically amount to a washing cycle on
which the functions of a leaching cycle have been forced.
Further, it is universal practice to demand a heavy duty of
the leaching-tank volume; 50 tons of nitrate per year per
cubic meter of leaching volume being demanded in Shanks
practice, whereas the usual duty in the Guggenheim process is
only 8 to 10 tons per year per cubic meter, even though using
much lower grade ore. These are the main factors respon-
sible for the poor extractions obtained in spite of the high
temperatures used and the large amount of wash-wrater
advance allowed by the boiling and other rapid evapora-
tion.

The high cost of Shanks leaching is caused by the great
amount of fuel required, the poor extractions, and the small-
scale hand methods employed. The hot, nearly saturated
liquor is first run into a settling tank, where it is allowed to
cool a few degrees to its saturation temperature with respect

Drilling Caliche for Blasting
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to nitrate. In this cooling a small amount of chloride is
crystallized out. At the same time a coagulant, usually flour,
is added to aid in settling out the slimes suspended in the
liquor. When clear and cooled to the saturation point, the
liquor is run into shallow cooling pans and cooled to atmos-
pheric temperature. The mother liquor is drained off and
the cake of crystals allowed to drain for a day or two, then
shoveled over in the pan and allowed to drain some more.
While still carrying 7 or 8 per cent moisture, it is loaded out
of the cooling pans and piled on a drying floor, where it drains
and dries to its shipping moisture content of 2 to 3 per cent.
When ready to ship it is broken up, having hardened during
the drying period, the bags filled and sewed, and loaded into
railroad cars for shipment. All of these operations are done
by hand.

Guggenheim Process—The Shanks process is a high-
temperature process resulting in unavoidably high fuel costs.
The new process, usually called the Guggenheim process,
is a low-temperature leaching process. It is based on an

investigation of nitrate ore-salt systems carried out several
years ago by the firm of Guggenheim Brothers. The process
was developed through the semi-commercial stage in a small
plant built for the purpose near Oficina Cecilia in Chile,
and finally incorporated in the Anglo-Chilean Consolidated
Nitrate Corporation’s plant inland from Tocopilla, originally

called the Coya Norte, now the Maria Elena, plant. This
plant began production early in 1927, and has gradually been
developed to a demonstrated capacity of 600,000 tons of
nitrate per year. A similar plant with somewhat greater
capacity is now under construction. In view of these recent
developments the new process is of great interest as an im-
portant part in the technology of the industry.

In mechanical mining it is impracticable to ship completely
clean ore to the plant; some of the mixed burden or waste is
excavated and loaded with the ore. The ore of this barren
material, generally in the form of fines, is cleaned at the
plant as the first operation before crushing by passing it over
a grizzly, and subsequently cleaning the undersize of the
barren material by finer screening. The material rejected
in this way averages about ló per cent of the tonnage shipped
to the plant. The ore itself varies in size up to blocks of
about 5 feet in maximum dimension.

The sequence of crushing operations is shown in Figure
2, and is largely that of standard large-scale crushing practice.
The run-of-mine ore is dumped by a rotary tipple into a

hopper from which a large pan feeder draws. The feeder
discharges over the cleaning grizzly into an 84 by 66 inch
Blake type jaw crusher, which does the primary breaking.
This is followed by secondary breaking in 30-inch gyratories,
cone and disk crushers in order. The final product is about
6/s inch size. The fine material, minus about 30 mesh, pro-
duced in crushing, is screened out by vibrating screens. The
coarse crushing-plant product is loaded into the leaching tanks
by means of a mechanical loading bridge. The fine product
is separately treated in a filter plant.

The filtering of nitrate-ore slimes has gone through con-
siderable development at the Maria Elena plant. A number
of types of slime filters have been put through large-scale
tests, and the outcome has been the installation of a modified
Moore type of filter as best comforming to the peculiar re-

quirements of this work.

The flow of filter-plant materials as finally developed is
as follows: Dry fines and mother liquor from the leaching-
plant cycle are mixed in a small screw mixer and the sludge
is fed directly to the filter tanks. The filtrate is returned to
the leaching-plant cycle. The cake, when formed, is washed
with a weak liquor originating in the leaching-plant washing
system and then discharged wet and pumped to the tailings-
disposal dump. Carried out in this way, this operation is
very simple and efficient. A very high duty is obtained from
the equipment and costs are better than is usual in this sort
of work.

The coarse ore is leached in large concrete tanks holding
about 7500 tons of ore each. The filling of the ore into the
leaching tanks is done by a mechanical loading bridge; the
emptying of the leached tailings by two unloading bridges
that empty a vat in 8 hours. The tailings feed by gravity
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leaching Vat Conveyor

Figure 4—Leaching Operations

from the unloading-bridge hopper into the dump cars of
tailings-disposal convoys and are hauled electrically to the
tailings-disposal dump, which is a loop dumping face. In
this way tailings disposal is made a smooth cycle. The
general arrangement of the tailings-disposal system is shown
in Figure 3.

When a leaching tank is completely loaded with dry ore, it
is filled from below with a strong mother liquor originating
from the filter-plant filtrate, mother liquor drains from the
last tank in the series, and liquors bled from near the head
of the series. The liquor is then circulated downward on
the tank full of ore in circuit with heat interchangers in which
the liquor recovers heat from Diesel engine exhaust gas and
cooling water. When the temperature of the tankful of
ore and liquor has reached about 40° C., the circulation is
stopped and the tank is made the head of a series of four
tanks. From the head tank of this series a liquor nearly
saturated at 40° C. is pumped off and sent to the crystallizing
plant, which returns a depleted mother liquor at 35° C. This
depleted mother liquor is pumped over an evaporating tower,
then through the ammonia condensers, where it is reheated,
and finally onto the tail-end tank of the series. From the
bottom of this tank it is pumped over another section of am-
monia condensers and back onto the sec-
ond vat in the series, then through heat
interchangers countercurrent with the
Diesel engine cooling water, back into
the third tank in the series, and so on to
the completion of the cycle. The general
scheme of leaching operations is shown in
Figure 4.

When leaching of the final tank is
complete, a fresh tank of ore is cut in
and the completely leached tank dropped
out of the cycle. The tail-end tank is
subjected to a series of displacement
washes to remove the mother liquor con-
tained in the tank when cut out of cycle,
the final displacement wash being salt
river water of an amount equivalent to
the water content of the final drained tail-
ings plus a quantity advanced into the
washing and leaching liquors to make
up for atmospheric evaporation and the

24-4B’Cenirifuqes
cmolio

quantity used as the displacement wash
in the filter plant. The final operation
is the draining of the leached tailings un-
til ready for excavation by the unload-
ing-bridge buckets.

The crystallizing plant in the Guggen-
heim process consists of a series of shell
and tube heat interchangers in which the
warm, strong liquor is pumped counter-
current to the cold, depleted mother
liquor, in this way refrigerating the strong
liquor and allowing the mother liquor to
be heated. The final refrigeration needed
by the strong liquor is done in a series of
shell and tube ammonia refrigerators. The
remainder of the plant consists of an am-

monia-compressor plant with condensers,
and Dorr thickeners for thickening the
sludge of nitrate crystals.

The warm, strong liquor is cooled in
the series of interchangers or recuperator
tanks from about 40° C. to around 15° C.,
dropping some of the crystallized nitrate
into the cone bottoms of the tanks from

where it can be tapped off, but carrying much of it in suspen-
sion. In the series of ammonia refrigerators the strong liquor
is cooled from 15° to about 5° C., at which temperature it goes
to a Dorr thickener in order to settle out nitrate crystals held
in suspension. The clarified, cold mother liquor is pumped
back through the recuperator tanks, in which it is warmed
to about 35° C. At this temperature it is pumped over an

evaporating tower, then over a section of the ammonia con-

densers, and finally returning to the leaching cycle. A flow
sheet of the crystallizing plant is shown in Figure 5.

The thick sludge from the recuperator and refrigerator
tank cone bottoms and from the Dorr thickener is centri-
fuged, and the crystalline nitrate thus dried is ready for the
final stages of graining and packaging.

The crystalline centrifuge product is briquetted and melted
in a direct-fired combination reverberatory and shaft furnace.
The molten nitrate is pumped directly to spray nozzles which
are specially designed to deliver an evenly sized pellet. The
chilled grained nitrate is conveyed to storage bins feeding
either directly to cars for bulk shipment or to automatic
bagging machines delivering an evenly weighted package.
The purity of the final product is 98.8 per cent, that of the
ordinary Shanks product around 95.5 per cent.

Yerhico/ Sump pumps

product
Saltire Concha

dear So/uHon from Ceninfuqes and 2o" Dorr Thickener

Figure  —Flow Sheet of Crystallizing Plant
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Power for all mining and plant operations is supplied from
a central Diesel engine plant. The waste heat from the
Diesels and from the graining plant furnishes all the proc-
ess heat with the exception of a small amount of auxiliary
heat for the granulating process. The fuel economy as

compared with Shanks operation is evident, since in that
process direct steam heat is employed to attain boiling tem-
peratures and the heat dissipated through boiling, radiation,
and from the crystallizing pans, together with losses in the
hot tailings, results in half the cost of Shanks treatment
being a fuel cost. Mechanization of operations has increased
the output per man employed in plant and service organiza-
tions over three times that obtained in Shanks operation, with
resultant economies in direct labor cost, in indirect labor cost,
such as welfare expense, etc., and in capital cost of housing
and public buildings. In addition to these two major econo-

Vol. 23, No. 5

mies, other important savings are evident in the new develop-
ments as briefly outlined above.

Shipping
Almost all Chilean nitrate is shipped from the three major

North Chilean ports, Tocopilla, Iquique, and Antofagasta.
In the last two ports construction work to provide a harbor
sufficiently protected to allow alongside loading is nearly
completed, and plans have been drawn to construct a pro-
tected basin at Tocopilla. Until now, all North Chilean
ports have been open roadsteads and all shipping is still
done from wharf to ship’s side by lighters. With protected
basins making alongside loading of both bagged and bulk
nitrate practicable, and central control of production and
shipping, making large port handling equipment possible,
the shipping of nitrate should be improved considerably in
the near future.

Some Recent Engineering Applications of Rubber1
J. R. Hoover and F. L. Haushalter

The B. F. Goodrich Co«, Akron, Ohio

THE
wide variety of demands made upon rubber as a

material of commerce seem paradoxical unless it is
fully realized that the term “rubber” as used in

industry connotes, not a single substance, but a vast range of
compositions, each designed to meet the engineering require-
ments of some particular service, and each representing care-
ful development on the part of the rubber technologist in
order to secure the desired physical and chemical character-
istics.

The rubber manufacturer has facilities for selecting and
blending with the basic material a variety of materials other
than rubber, for processing and vulcanizing rubber com-
pounds to meet specific requirements, and for combining rub-
ber in commercial articles with almost every other type of
structural material. These facilities, together with the rapid
strides being made continually in rubber technology through
research, are resulting in new applications of rubber and
rubber structures to the needs of industry. Engineers are
constantly bringing more of their problems to the rubber
technologist, recognizing in rubber an engineering material of
fundamental importance, capable of being widely varied in
useful physical and chemical properties.

The efforts of rubber technologists to meet the needs of
various industries for materials and structures of unique
characteristics have resulted in a continual expansion of the
engineering applications of rubber. Some recent develop-
ments are described, with confidence that engineers will
visualize and suggest other new ways in which rubber may be
applied to the solution of industrial problems.

Rubber Bearings

The remarkable resistance to abrasion of soft, vulcanized
rubber, its resilience, its low coefficient of friction when wet,
its non-compressibility, and its ability to absorb shock are

properties which render it of outstanding value as a bearing
material in certain kinds of service. The success of rubber
bearings depends, however, not only upon the properties of a

unique engineering material, but also upon the Vulcalock
process of bonding the rubber to a metal shell, and upon cer-

1 Received March 6, 1931.

tain fundamental features of design. The fluted construction
shown in Figure 1 and the spirally grooved construction used
in vertical guide bearings (Figure 2) both provide waterways
essential to continuous lubrication of the bearing and the
washing away of abrasive material.

Years of continuous use have proved beyond all question
that rubber is better fitted for certain types of installation
than any other bearing material. Where lubrication by oil is
difficult or impossible, and where other bearings cut out owing
to sand or other abrasives, rubber bearings endure. There
are cases on record where they have outworn other bearing
materials, such as lignum vitae and babbitt, by as much as
ten times.

The highest operating temperature ordinarily recommended
for rubber bearings is 150° F. Special bearings have been
designed, however, for use at higher temperatures, in places
where loads are not excessive and where it is possible to work
out a satisfactory holding device for the special type bearing
required. Another limitation necessarily imposed is that
rubber bearings are not serviceable in contact with oils.

While water-lubricated soft-rubber bearings are most widely
known for their outstanding performance in marine service,
they have also been applied economically to industrial uses.
The installation of rubber bearings, for example, provides the
simplest and by far the most effective solution of three prob-
lems of deep-well turbine-pump operation—cutting of bearings
and shaft by sand and grit, shaft vibration, and lubrication.
In one case a deep-well turbine pump was required to handle
water containing 25 per cent of sharp sand. AJter continuous
operation for 144 hours at a speed of 1150 r. p. m., the shaft had
worn only 0.004 inch and there was no trace whatsoever of
wear on the rubber bearing.

Cutter head and ladder bearings on suction dredges (Figure
3), subject to rapid wear and heavy strains, have been re-

placed by rubber without increasing the bearing size. Verti-
cal guide bearings of tremendous sizes are used in hydraulic
turbines (Figure 2). Bearings 2 feet in diameter and 6 feet
long are not unusual. Rubber bearings in this service have
given years of continuous operation.

Babbitt and bronze bearings in the centrifugal sand pumps
used by a large mining company required replacement after


