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A SHORT HISTORY OF MINERAL PROCESSING'

Crushing and grinding of ores and their beneficiation by washing away gangue minerals has been practiced
since ancient times. Primitive crushing was done by hand pounding the ore with a hard stone then by using metallic
hammers. The mortar and pestle was mechanized using a lever and when the size of operations increased in the
middle ages, the stamp mill was introduced. The grindstone played an important role in grinding of ores. Panning
for gold and hand sorting of minerals were two old methods of separation, now gave way to modern techniques.
Flotation started in the middle of the nineteenth century by using oils to collect the mineral particles and float them
on the surface of the aqueous slurry. It was only in the 1920s when it was discovered that organic compounds were
affective floating agents. Textbooks written by distinguished engineers such as Rittinger, Rickard, Pryor, Taggart,
Richards, Gaudin, and others contributed to the recognition of this field as a new discipline to be taught in Universities.
In Russia I.N. Plaksin devoted his studies to the theory and technology of hydrometallurgical processes, concentration
of minerals, and the history of metallurgy.
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Introduction. The ancient Egyptians knew
already that it would be easier to melt an earth rich
in gold particles than another which is poor. As a
result all efforts were made to enrich the gold by
washing away the light gangue minerals (Figure 1).
Another ancient method for enriching gold particles
from a river stream was by means of fleece, hence
the Greek myth of the "golden fleece". The present
day Georgia was known in ancient times as Colchis
and was a center for gold working. It was known to
the ancient Greek as the land of Golden Fleece.
The use of special cloth to catch gold particles was
also described by Agricola in his 1555 book De Re
Metallica (Figure 2).

Figure 1 - Beneficiation of gold by washing.
An ancient Egyptian wall painting

Figure 2 - A woodcut from Agricola's De Re Metallica
[1556] showing the use of fleece for concentrating
gold particles from a stream [Book VIlI, page 331,

Hoover's edition 1912]

In the middle Ages, when trees in Europe were
cut on a large scale to supply wood as a fuel for the
smelting furnaces it was realized that, to economize
the consumption of wood it would be necessary to
remove as much as possible of the gangue minerals
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from the charge to the furnace. Hence more effort
was directed to beneficiate the ores. The most
important ores treated at that time were those of
copper, iron and silver. In fact most of the silver
was recovered from lead ores. To enrich an ore in
its valuable minerals it was necessary to crash it
into small fragments then pick up the mineral values
and discard the valueless minerals. Hence crashing
of ores became the first step in beneficiation.

In the early years of the schools of mines,
teaching of mining and metallurgy, and sometimes
geology and mineralogy were usually taught by the
same professor. Also, the tendency was to teach
courses related to the exploitation of mineral
resources. It was Peter von Rittinger (1811-1872)
at the Schemnitz School of Mines in the Austrian
Empire who first taught the subject of mineral
dressing and wrote specialized books on this topic.
Robert H. Richards (1844-1945) in USA was the
first to organize a mineral dressing laboratory at
Massachusetts Institute of Technology in Boston and
published a series ofbooks onthe subjectthat started
in 1903. However, the first chair in mineral dressing
was founded in 1919 at Columbia School of Mines
and was occupied by Arthur F. Taggart (1884-1959)
who authored Handbook of Ore Dressing in 1927.
Mineral dressing continued to develop when Antoine
M. Gaudin (1900-1974) taught at Columbia (1924-
1926), Utah (1926-1929), and Montana (1929-1939)
before joining the MIT in 1939 (Figure 3). Most of
the topics of mineral beneficiation, however, were
divided between chemical engineering and
metallurgy books until recently that the subject
became well defined and an independent domain.

In Russia, Igor Nikolaevich Plaksin (1900-1967)
(Figure 4) devoted his studies to the theory and
technology of hydrometallurgical processes, the
concentration of minerals, and the history of
metallurgy. He created the modern scientific
foundations of the hydrometallurgy and extraction
ofnoble metals from ores, theoretically substantiated
the process of amalgamation, and proposed an
efficient method for increasing the productivity of
the cyanide process.

Comminution. To the modern mineral
processing engineer crashing of ores takes place in
large jaw or gyratory crushers that can handle
thousands of tons per hour. Similarly grinding is
conducted in huge rotary equipment charged with
steel rods or cast be attended by may be one worker
who will only be watching atelevision screen in his
control room to make sure that each equipment is



Peter von Rittinger
(1811-1872)

Robert H. Richards
(1844-1945)

Arthur F Taggart
(1884-1959)

Antoine M. Gaudin
(1900-1974)

Figure 3 - Pioneers of mineral processing

working. How did the ancient people crush and grind
ores when there were no electric motors and no
robust equipment conceived or builtto do such work?

Crushing. Rocks are crushed mainly by impact.
The most primitive form was holding a hard stone

Figure 4 - Igor Nikolaevich
Plaksin (1900-1967)

VcTopusa Hayku

in the hand and pounding the rock containing the
valuable minerals (Figure 5). Archeologists have
found many such stones. In Agricola's time, the ore
was pounded with bats until the desired size of
particles were obtained (Figure 6). Metallic hammers
were also used by primitive people. The mortar and
pestle is still used in everyday life (Figure 7).

The application of the principle of levers helped
save some of the human effort. An ancient Chinese

Figure 5 - Pounding
the ore with hard rock

Figure 6 - Pounding
the ore with bats

Figure 7 - Mortar and pestle
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drawing shows the use of a lever to facilitate the
operation of the mortar and pestle (Figure 8). A
painting by Thomas Baines at Port Elizabeth Library
in South Africa depicts a group of workers crushing
ore particles using a granite boulder that is being
balanced once to left and once to the right by two
workers sitting on a tree trunk mounted on the top
of the boulder (Figure 9). The method was also
illustrated on a postage stamp issued by Botswana.
When the size of operations increased in the middle
ages, the stamp mill was introduced in which
numerous pestles were powered by a water wheel
(Figures 10 and 11) or by horses.

Figure 8 - Chinese drawing shows
the use of a lever

Figure 9 - A granite boulder that is being
balanced once to left and once
to the right to crush ores

Figure 10 - Principle of the stamp mill
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Figure 11 - A stamp mill used in
an amalgamation plant [Diderot]

The stamp mill is closely related to the recovery
of gold by amalgamation, a process now obsolete.
The crushed ore leaving the mill was allowed to
flow over an inclined copper plate covered with a
thin layer of mercury. Large gold particles were
immediately captured by mercury forming amalgam.
From time to time the plate was wiped clean by a
cloth, the amalgam recovered was saved for future
distillation, and a fresh layer of mercury then
introduced (Figure 12). Naturally the health hazard
associated with handling of mercury and the
amalgam resulted in abandoning this technology.

Figure 12 - Amalgamation table

When the stream engine was invented it replaced
both. The modern crushing equipment was invented
in the second half of the nineteenth century. The
jaw crusher (Figure 13) by Joshua Hendy Blake in
1858, the gyratory crusher (Figure 14) by Gates in
1883.

Grinding. In many cases the crushed ore
particles are not sufficiently small to permit liberation
of the desired mineral so that separation can be
achieved. Decreasing the particle size is usually
conducted by applying a shearing force. A recent
photograph taken in South America shows a boy
grinding some material by balancing a small millstone
by his hands (Figure 15). The technique was
unproved by allowing the mineral particles to flow



Figure 13 - Jaw crusher

Figure 14 - Gyratory crusher

Figure 15 - A boy grinding material by
balancing a millstone by his hands

Figure 16 - Millstones mechanized
by the circular movement of an animal
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between two horizontally laid grindstones, one on
top of the other. The lower millstone has grooves
on the side touching the upper millstone. The upper
millstones can be rotated manually by a handle while
the lower one is stationary. A hole is provided in the
upper millstone to allow introducing the ore. The
grinding action takes place between the two
surfaces. The ground material falls from all sides
and can be collected.

The movement of the millstones was also
mechanized by the circular movement of an animal
as shown in Figure 16. The technique was developed
furthers by having two millstones rotated at the same
time (Figure 17). The equipment was re-designed
by modem engineers and was described in chemical
engineering textbooks in 1940s (Figures 18 and 19).

Figure 17 - Mechanized millstones

Figure 18 - Another version
of mechanized buhrstone
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Figure 19 - A modern version of mechanized
buhrstone

The millstone is a high strength quartz sandstone
eontaining a small amount of elay or limestone as a
binder. Itis usually eut into dises about 2m diameter
and 30em thiek; it weighs about 2 tonnes. A eentral
hole is perforated through whieh a long log is
mounted, and is then driven by animal power.

The millstone is usually eut into dises about 2m
diameter and 30em thiek; it weighs about 2 tonnes.
Figure 20 shows the partition of the pieees in the
quarry, workers preparing the millstone, eutting it,
sliding it out of the mine, and finally transporting it
on a horse-driven ehariot.

A primitive way for grinding ores was introdueed
in Mexieo by the Spaniards in 1557 in eonneetion
with the amalgamation of silver ores. A heavy stone
was dragged around upon a eireular pad paved with
stones and eharged with the ore. It was eheaply
eonstrueted and worked by animal power It was
known as arrastra.

The modem grinding equipment, i.e., the ball mill
(Figure 21) was invented in Germany by Bmekner
in 1876.

Separation of minerals. Panning of gold is
probably the oldest way of separating mineral
partieles by gravity (Figure 22). The attraetion of
iron partieles to a eertain kind of a naturally-
oeeurring roek near the village of Magnesia near
Izmir in Asia Minor was also known sinee aneient
times. However, itwas William Gilbert (1544-1603)
the physieian to Queen Elizabeth I, who deseribed
this phenomenon as magnetism and the naturally-
oeeurring roek possessing this phenomenon, as
magnetite. With the diseovery of eleetromagnetie
induetion in 1831, it beeame possible to have strong
magnets eapable of separating magnetie from non-
magnetie minerals.
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Figure 20 - Quarrying, cutting, and transportation of
grindstones from an 1806 German manuscript



Figure 22 - Panning for goid

Flotation. Flotation is now the most important
mineral beneficiation method. Froth flotation as
practiced at present was preceded by many attempts
to float minerals using certain oils such as pine oil:
certain mineral particles dinged to the oil layer which
is lighter than water, hence it was floated. For
example, the process used by William Haynes in
England in 1860. At the beginning of the twentieth
century it was recognized by Elmore in 1904 and
Sulman et al. in 1906, that the use of large amounts
of oil was unnecessary and even objectionable and
that the replacement of some oil by air as the buoyant
medium was more advantageous.

In 1909, Greenway, Sulman, and Higgins
advanced the art through their discovery of soluble
frothing agents such as ketones and alcohols, which
permitted still further reduction of the quantity of
oils formerly required for flotation. From 1913 to
1922, flotation may be said to have first attained
commercial success, particularly in the United
States. The first commercial plant of importance

Figure 23 - Ore sorting in 1500s
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Figure 24 - Ore sorting in 1900s

Figure 25 - Arthur Redman Wilfley
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Figure 26 - Shaking Table

being that ofthe Butte & Superior Company placed
in operation in 1913.

A wide variety of oils, such as wood and coal-
tar creosotes, were used as collectors in conjunction
with frothers, such as pine oils and rosin oils, for the
sulfide minerals. It is to be noted that all these
collectors were of indefinite chemical composition.
Bulk sulfide concentrates were recovered as much
as it was not possible to separate sulfide mineral
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from another with the known flotation reagents of
that era. The modem era in this teehnology may be
marked by Perkin's diseovery in 1921 of the
effeetiveness of definite ehemieal eompounds sueh
as alpha-naphthylamine and thioearbanilide in
promoting the flotation ofsulfide minerals. This was
followed by the diseovery of Keller and Lewis in
1924 that water-soluble xanthates are effeetive
flotation agents (Figure 27). Sinee then other
discoveries followed such as the use of cyanide as
depressant for pyrite and sphalerite in alkaline
solution, etc.

Figure 27 - Mineral particles
that adsorbed water-soluble
collectors cling on air
bubbles and float

Figure 28 - Irving
Langmuir
(1881-1957)

The theory of flotation was first advanced by
Irving Langmuir (1881-1957) (Figure 28) in 1920 as
an absorption phenomenon on the surface of the
mineral and the adhesion of the mineral to the
bubbles of air forming a froth. Langmuir graduated
as a metallurgical engineer in 1899 from Columbia
School of Mines. He conducted graduate work under
Walther Nemst in Gottingen, Germany then taught
chemistry at Stevens Institute in Hoboken from
1902-1909 before joining the newly established
General Electric Research Laboratory in
Schenectady, NY. His work at GE was concerned
with adsorption phenomena. Langmuir was awarded
the Nobel Prize in 1932

The theory was elaborated further by L.J. Christ-
mann of the American Cyanamid Company in USA
in 1930. Application of flotation to non-sulfides has
been increasing. Satisfactory results have been
obtained in the treatment of mineral phosphates, of
cement rock, of cmde salines (such as potassium
ores), and also ofimpure fluorite and barite. Another
field of application of flotation is to the making of
high-grade iron concentrates from low-grade primary
ores and the cleaning of coal.

Flotation was always conducted in agitated tanks
(Figure 29). The suggestion to use columns in
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flotation was proposed by P. Poutin and
R.J. Tremblay in a US patent issued in 1967. It was
in 1980 when columns were installed for the first
time at Mine Gaspe in Quebec, Canada. It was
found out that two columns: one 45.7 cm and another
91.4 cm replaced 13 stages of cells in a molybdenite
circuit. Few years late, the copper industry in Chile
adopted column flotation cells in some of its
operations and since then their use became wide
spread. The major advantage of the columns is the
absence of moving parts hence they are nearly
maintenance free (Figure 30).

Figure 30 - Flotation column

Solid Liquid separation. At the beginning of
the twentieth century, cyanidation process became
widespread worldwide. Hundreds of thousands of
tonnes of ores were treated by a solution of sodium
cyanide to extract gold into solutions. There was a
need to separate the pregnant solution from the
gangue minerals. The invention of the classifier in
1904 and the thickener in the 1906 by John Van
Nostrand Dorr (1871-1962) (Figure 31) was the



Figure 31 - John Van Nostrand
Dorr (1871-1962)

solution to the problem. Now these equipment are
huge, well constructed and fully instrumented. These
inventions had a huge impact on mining and beyond
by hastening the transition from intermittent to
continuous processing. Dorr began his career in the
laboratories of Thomas Alva Edison at the age of
16. After graduating from Rutgers University he
worked as an assayer, and metallurgist in the gold
mills of South Dakota and Colorado.

Mineral processing and economics. Rich
ores usually will first be exploited because the
economics will be favourable. Such ores, however,
have been practically exhausted and the metallurgist
is now faced with ore deposits containing low metal
content from which the metal has to be recovered
by economical means. This became only possible
as a result of the discovery of efficient ore
beneficiation methods. This resulted not only in
treating ores at an unprecedented high tonnage but
also in treating deposits that were not considered
ores some years ago. For example, in 1900 copper
ores treated in a beneficiation plant averaged 600
tons/day at a copper content of about 2%. In the
1980's a copper ore beneficiation plant processed
about 100,000 tons/day at a copper content of about
0.5% (Figure 32). Today, the size of flotation cells
has increased (Figure 33) and the size of the
processing plant increased even further. The
engineering problems associated with material
handling and control can well be imagined.

MNcTopua Hayku

Figure 32 - Increase in size of flotation cells

Figure 33 - Changing in the copper industry
due to improved mineral processing
technology
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TyliHpeme

KeHaepai 60C XblHbICTapAaH LWak apkblibl ycaTy MeH ycakTay XeHe OHbl GaibiTy exenri 3amaHHaH konga-
HbiFaH.KeHaepai XynbiHbl ycaTyaa Tac kemeriveH, keliiH Temip 6anfanapMeH KonMeH aTkapfaH. Keni meH kencan
MIHTIpEKNeH MeXaHWKanaHaplpblUIFaH, an opTa facbipaapia onepauus MacluTabbl yfalifaH kesge ycakray 3aybiT-
Tapbl casibiHFaH. JUipMeHHiH, Tacbl KeHaepAi ycaktaya eTe MaHbI3gbl pen aTkapFaH. ANTbiHAbI Hayaliaja Lwak MeH
naipgansl kasbanapabl KOIMEH ipikTey - eki ecki axblpaTy Tacingepi 6ontaH, keliiH onap kasipri 3amaH ajjcTepiHe
Xon 6eppaj. ®notauns apicTepiH KO/4aHy OH TOFbI3bIHLILI FacbIpAblH OpTackbiHAAd, MyHall eHiMAEpPiHiH KonAaHybl-
MeH MuHepas GefLleKTePiH Cy CYCNEH3UACHI - LWNamFa XuHakTaymeH 6actanfaH. byn agic 1920 xblngapbl opraHu-
KasblK KOCbIMIbICTapAblH, TUIMAT dhoTaumsanbIK Yok eKeHAir aHblKTasiFaH COH, kongaHblna 6actagbl. Aca KepHEeKTI
uHxeHepnep Rittinger, Rickard, Pryor, Taggart, Richards, Gaudin xeHe T.6. Xa3faH OKYy/bIKTapbl fbl/IbIMHbIH OCbI
canacblH xaHa gepbec neH peTiHAe Kenwlinikke TaHbITyAa 63 yNecTepiH KOCTbl, kasipri kesge YHuBepcuTeTTepae
OKbITblNaabl. Pecelige W.FlL.MnakcuH e3 3epTTeynepiH rmapomMeTaninyprusnblk NpoLecTepAiH, Teopuscbl MeH TEXHO-
norvsicbiHa, Nanganbl kasbanapdbl OGaiibiTyFa, METa/Typrusi TapuxbiHa apHaFaH.

TyiiiH ce3pep: naiifanbl kaz6anapipl eHaey, keH 6alibiTy, dpioTauusi, FbUibIM Tapyxbl.
Pestome

[pobneHne n pasmon pyag u nx oborauueHue nyTemMm OTMbIBaHWA OT MycTOW NopoAbl NMPOBOAWMANCL HauMHas C
APEBHUX BPeMeH. MPUMUTUBHOE APOG/IEHNE OCYILECTBAANN BPYYHYIO, U3MENbYEHNEM pyhbl TBEPABIM KaMHEM,
3aTeM C MCMOJ/Ib30BAHNEM MeTa/lIMYecknx MonoTkoB. CTynka W NECTUK BbiM MeXaHW3MPOBaHbl C MOMOLLbIO pblya-
ra v Korga B CpeiHEBEKOBbE MacluTabbl onepauuii yBenMUUInCh, G6biin BBeAEHbI B AeCTBNE APO6U/IbHLIE 3aBOAbI.
YXepHOoB urpan BaxkHyl posnb B pa3mosie pyad. MpombiBka 30/10Ta B I0TKE U pyYHasi COPTUPOBKA MOME3HbIX MCKona-
eMbIX 6blIM ABYMSA CTapbiMW MeTofamu pasfesieHusi, KoTopble Tenepb YCTYMUAW MeCTO COBPEMEHHbIM MeToau-
kam. Mcnosib3oBaHue MeTogoB dhoTauuy Havasiocb B CepefvHe AeBSTHAAUATOro CTONEeTUs C UCMO/Ib30BaHWEM
HedbTU AN c6opa MUHEPaIbHbIX YaCTUL, HA MOBEPXHOCTV BOAHOWM CyCMeH3uW - Lnama. ITO MPOM3OLLIO TOMBKO B
1920-bIX rogax, Korga 6bl10 0GHAPYXEHO, YTO OpraHMYEecKMe COefAMHEHUs] SIBMSTCA 3hGEKTUBHBIMK (PNOTaLMOH-
HbIMW areHTaMu. Y4ebHVKM, HanucaHHble BbigatoLMMUCS UHXEHepamu, Takummy Kak Rittinger, Rickard, Pryor, Taggart,
Richards, Gaudin, n gpyrumm BHECnM CBOI BKIaj, B MpU3HaHME 3TOM 06/1aCTM KaK HOBOW AWCUMM/IMHbLI, KOTOpas
npenogaetcsa B YHuBepcuTeTax. B Poccum W.hi. MnakcMH NocBATMA CBOM WUCCNELOBAHUSI TEOPUM W TEXHOMOMMK
rMOPOMETAINYPrMYeckMX NpPoLeccoB, 060ralleHnio NonesHbIX MCKONaembiX Y UCTOPUN MeTasllypruu.

KntoueBble c/ioBa: nepepaboTka NOMe3HbIX MCKOMAeMblX, oboralleHne pyd, oTaumsi, UCTOpUst Haykuw.
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