
OTS: 60-11,897 J™5 2991 

20 July I960 

ON THE TECHNICAL CLASSIFICATION OF METALS 

- USSR *■ 

by V. A.  Pazukhin 

Reproduced From 
Best Available Copy 

P      F     !>?■       Cir.     _ 
■■■•' y> ''■'■ [■■i'i k    P3;;]p'ra  »_ 

1 f i 

At 

Distributed by: 

OFFICE OF TECHNICAL SERVICES 
U. S. DEPARTMENT OF COMMERCE 

WASHINGTON 25, D. C. 

Price: $0.50 

Ü. S. JOINT PUBLICATIONS RESEARCH SERVICE 
205 EAST 42nd STREET, SUITE 300 

NEW YORK 11,  N. Y. 



JPRS: 2991 

CSO: 4066-N 

ON THE TECHNICAL CLASSIFICATION OF METALS 

/Following is a translation of an article writ- 
ten by V. A. Pazukhin   in Izvestiya Vysshikh 
Uchebnykh Zavedeniy — Tsvetnaya Metallurgiya 
(News of Higher Educational Institutions — 
Nonferrous Metallurgy), No. 1, I960, pages 

57-63^7 

Of all the elements encountered in nature, about 
seventy which display the set of characteristics embraced 
in the conception of metal and metals generally find appli- 
cation in our life. The imperative necessity for their 
classification has therefore arisen. 

It must be acknowledged that D. I. Mendeleyev's 
table of elements is the only scientifically substantiated 
classification of metals. While irreproachable from this 
aspect, it is not suitable for everyday economic, industri- 
al and technical usage. Life itself has long since dictated 
the need for such divisions as ferrous and nonferrous, or 
chromatic metals, as we colorfully began to name them after 
the Revolution. Such a division was still satisfactory a 
half century ago when only the basic nonferrous metals — 
copper, lead, zinc — were smelted in any large quantities 
and aluminum, nickel, tin and some others were smelted in 
modest amounts by present standards. But even then the 
names — noble metals, junior metals, and others — were in 
use. In our time such terms combining various metals — 
arising spontaneously — have become greater in number, be- 
cause among the nonferrous metals the number is ever-in- 
creasing of those metals which have an industrial import- 
ance growing almost with every passing year. 

In 1948 the Technical Terminology Committee of the 
Academy of Sciences USSR published the bulletin "Technical 
Classification of Metals," the result of prolonged work by 
many of our prominent physical metallurgy specialists. In 
the bulletin, however, the problem of the classification of 
metals in themselves and not of their alloys was not solved, 
since only the division of alloys was developed and only 
the conception of the purity of metals defined. This was 
undoubtedly necessary, and therefore its merit is appreci- 
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ated bv everyone who deals with metals. But a technical 
?latsificI?ion of the metals themselves is also no less nec- 

essary ^e
ü|> wh^ls said ln the bulletin in this connect- 

•»on. "TVnendini: onrthe name of the basic component (base;, 
an'meSlfarfd^vided iSbo two kinds: black (ferrous) metals 
and chromic (nonferrous) metals." The nonferrous metals 
Se those in which the »basic component is «V»J*a^Jßlon 
element with the exception of iron (P-1^).  This division^ 
has been adopted as one that was formed historically by vir- 
S£ or ?he exceptional importance iron has for our entire 
existence. Throughout the world in fact, about 14 times 
more iron is smelted than all other metals taken together, 
aSd in aSnual output iron is of slightly less value than 
all other metals. „       , .  ,f ,. in the classification of nonferrous metals, it is 
said- "The chromatic (nonferrous) metals are divided into 
Separate kinds of metal depending on the basic component 
The separate kinds of chromatic (nonferrous) metals are ar- 
ranged in the ascending order of the atomic number of the 
chemical elements that are the basic components " In other 
words, a classification of the nonferrous metals is wholly 
lacking in the bulletin, while their listing in the order 
indicated is proposed and even the division of them by 
SoupTof the periodic system is thus not recommended  The 
incompetence of such a capitulation before the difficulties 
of technical classification is clearly evident from the 
following lines: "The absence of intermediate groupings 
(between genus and species) of chromatic (nonferrous) metals 
causes a series of inconveniences. The existing groupings 
of chromatic (nonferrous) metals should be admitted unfort- 
u^a?e iS view of the variability, indefinite^ ss and chance 
character of the classifying criteria. Referred to here 
are the terms: "precious metals," ,,n^le^ta^'the

ä^^n 
metals," "rare metals" and "junior metals.  In the ^lletin, 
?hele names are scrapped because it is essential to observe 
unity of the classifying criterion and to solve the Problem 
as a whole for all kinds, and not by means of the gradual 
fusion of separate kinds of metals. This matter is con- 
sidered hopeless inasmuch as apart from the  atomic number 
there is no single criterion for the technical classificat- 
ion of nonferrous metals. _ 

But this not at all so. In its time, actual life 
and not merely some committee required that iron be distin- 
guished from all other metals. The same kind of imperative 
need late- ga?e rise to the other names of the various groups 
Sftettis-located above. We use all these names and 
easily understand what they mean fundamentally. Instead of 
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rejecting the technical classification of metals, it is 
therefore necessary*5 insofar as possible, to make precise, 
comprehend, and supplement the division of metals into 
groups that has already arisen* 

if we turn to other sciences, to zoology, for example, 
we see that the orders which combine, let us say, the 
family of mammals, are distinguished not by a single char- 
acteristic of structure> but by many applied in sequence. 
Is it not right for us to do the same for the orders and 
groups of metals aö well, notwithstanding what is said in 
the bulletin about the possibility of classification by 
one characteristic only? Then every order will Include 
varieties — isotopes; the species — a set of a given 
metal's isotopes; the genus — sorts of its varied purity; 
and the family — commercial grades of metal or the natur- 
al alloys with its marked predominance as the base. 

Essentially, not one characteristic, but two — 
practice and industrial importance — are also employed in 
the bulletin in the isolation of ferrous metals, i. e. iron 
and its alloys into a special group, why cannot we also 
proceed further in this way, grounding the division of 
metals into groups not by one but by several characteristics 
which are employed in a series, after having put at the 
basis the two characteristics indicated above, inasmuch as 
these very criteria are confirmed by life. 

The classification of nonferrous metals which has 
been adopted by life and has found reflection in the names 
of books, journals, chairs, specialties among metallurgists, 
research institutes, industrial combines and factories gives 
grounds in the first place to distinguish the following 
groups of metals: heavy nonferrous metals, light metals, 
noble metals, rare metals. 

Following the second criterion, the industrial im- 
portance of metals, this division can be well grounded, 
supplementing it with several more groupings. 

Proceeding from these premises, the author in 194b 
already proposed a technical classification of metals, 
while this work was not published, it became known to many 
metallurgists. The profound changes in metallurgy during 
recent years have required a revision of this classification 
which in corrected form is offered to the reader»s attention 
with necessary explanations. 

Under heavy nonferrous metals we all understand first 
of all copper, lead, and zinc. Throughout the world annually 
approximately two million tons each of these are smelted, 
i.e. more than other nonferrous metals taken together 
(without aluminum). Their smelting is also sharply predomi- 
nant in our country, This group fully meets the next, third 
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criterion of classification, the geochemical, or predominant 
form of occurren.ee in nature. These metals are smelteü, in 
fact, chiefly ^rom sulfide ores in which they are usually 
encountered complied in various compounds and ratios. Ac- 
cordihg to this tsame characteristic, nickel must be included 
in the same group as one of the most important industrial 
metals, although it is smelted less. Finally, the unfail- 
ing accessories of these metals in mines and metallurgical 
reductions, cobalt and cadmium, should also be Included in 
the group of heavy nonferrous metals. The specific welgnts 
of all these metals are, by the way, more than seven, a fact 
which also justifies their common name. 

In the third group of light metals, i.e. with low 
specific weight, we class first or all aluminum, the world 
smelting of which is now approximately one-and-a-half times 
greater than that of copper, lead or zinc, without even 
mentioning other nonferrous metals. Magnesium and alkali 
metals are included in this group because, like al™**™ 
as well, they are smelted by electrolysis from saline melts. 

Resemblance of metallurgical reductions, the fourth 
criterion of the classification (applicable also to ™e 

Soup of heavy metals), is here quite distinctly manifested. 
By this characteristic, calcium and beryllium should also be 
included in the group but they are produced also by metallo- 
thermic means while calcium Is at the same time volatilized 
In a vacuum. Produced by the latter method are all barium 
and strontium, and sometimes magnesium and the rarer aiKaii 
metals. Apart from resemblance in basic metallurgical re- 
ductions, the light metals are situated side by side Jnthe 
periodic system and are related in geochemical character- 
istics 

*The fourth group is .junior metals. In it we class- 
ify, according to the primary criterion, industrial Import- 
ance, the metals which are smelted in substantially less 
quantities than are the basic nonferrous metals, but have 
an important though also subordinate significance In lite. 
All of these metals are of low-melting-temperature, while 
their oxides are readily reducible — a fact which makes 
the methods of smelting them from ores similar. They are 
related geochemically, since even tin from the sulfide poly- 
metallic ores acquires ever-increasing importance in our 
country. Cadmium and cobalt are often i*01^0 *" ^is 
group. I think that this should not be done. Cadmium in 
nature is encountered only dispersed and, as was Indicated, 
is derived as a secondary product of the reduction of poly- 
metallic ores. Cobalt, it is true, forms agglomerates in 
nature and is often connected in the ores with silver and 
bismuth, but the means of reduction of even such ores differs 
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Technical Classification of Metals 

Groups of meiais 
by technical 
classification Name of Metal 

Groups oy 
periodic 
system 

1. Ferrous 
2. Heavy non- 

ferrous 

3. Light 

Iron (steel, pig iron) 
Copper 
Nickel, cobalt 
Zinc, cadmium 
Lead 
Aluminum 
Magnesium 
Calcium, strontium, barium 
Beryllium 
Sodium, potassium 
Lithium, cesium, rubidium 
Tin 
Antimony, bismuth 
Mercury 
Silver, gold 
Platinum, palladium 
Iridium, rhodium 
Osmium, ruthenium 
Tungsten, molybdenum 
Tantalum, niobium 
Titanium, zirconium, hafnium 
Rhenium 
Manganese 
Chromium 
Vanadium 
Lanthanum, cerium and other 

lanthanides 
Scandium, yttrium 

Q. Semi-metal 
(semiconductor) Silicon, germanium 
v Arsenic (stibium) 

Selenium, tellurium 
10 Dispersed     Gallium, indium, thallium 
111 Splitting     Radium^ ^^ ^^ 

and other actinides 
Radioactive isotopes of 

other metals 

4. Junior 

5. Noble 

6. Refractory 

7, Ferro-alloy 
(ferrous) 

8. Rare metals 

VIII 
I 

VIII 
II 
IV 

III 
II 
II 
II 
I 
I 
IV 
V 
II 
I 

VIII 
VIII 
VIII 

VI 
V 
IV 

VII 
VII 
VI 
V 

II 
II 

IV 
V 
VI 
III 

III 
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sharply from that applied for the extraction of other metals 
of this group,. But, for Soviet industry, cobalt has para- 
mount importance as an accessory in the ores of copper and, 
especially, of nickel. , „  ^ .,-, 

The fifth group is noble metals. Gold and silver, 
the principal?metals of this group, nave from time immemor- 
ial been distinguished among the other metals available to 
people by their; brilliance, permanence and exchange value. 
With the discovery of platinum and acquaintance with its 
properties, it was naturally included in this group. After 
that, the other platinum metals were also classed here. 

The objection is sometimes raised among us against 
naming these metals noble, on the grounds that these ideas 
were formed from feudal relations and the social inequality 
of people from birth, and thus are alien to our way of life. 
Now, however, this conception no longer denotes among us a 
Privileged social position, without personal services, but 
ä combination of qualities that inspire respect and even 
admiration, as for instance, a noble deed. am   * Applied to these metals, the name "noble" underscores 
their brilliance and permanence in nature and everyday life. 
Gases of the zero group, which do not enter into reaction 
in general, are also; called noble  The name "Precious for 
these metals is no longer correct because the cost of very 
many metals greatly exceeds the price of gold.    . -,11Y)CTl 

This group also meets the geochemical and metallurgi- 
cal criteria of the classification. In fact, gold and plat- 
inum in nature are native and dispersed. Silver is an un- 
failing accessory of gold; although in dispersion the great- 
er pät is found in the form of sulfide, silver is almost 
always accompanied byi'gold. Mining by washing and their 
exaction as accessory minerals during the smelting of ores 
of heavy nonferrous metals allies them in a metallurgical 

Classed in the sixth group are the refractory metals,. 
If the metals are classed according to fusibility, wen «p 
tö palladium, which smelts at l,55f, the temperature of 
smelting rises more or less smoothly. Next Jn this list 
is the industrial metal zirconian which melts at l,pu , 
i e almost 200° higher. If the platinums which, by other 
c-haracSics, we£ previously classed in the noble group 
and if chromium smelting temperature l,800O) is excluded 
f-nom the number of more refractory metals, then eight metals 

remain in the ^ gpeat lnd stri?i lmPort- 

ance, but diminishing in the listed order from the most im- 
twyrtant tungsten to the hard-of-access rhenium, an unfail- 
ing access^S of molybdenum. Refractoriness, their marked 
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characteristic, is combined with their other properties: 
hardness, heightened resistance to corrosion, capacity to 
give very hatfdi durable carbides. The latter together with 
the hardness or the metals themselves determines their wide 
application 'in alloys, especially the hard and super-hard. 
By reason of their refractory nature, they are usually pro- 
duced spongy, then caked and most frequently smelted in a 
vacuum. They are located as a cluster in the periodic 
table. In nature they are frequently encountered together 
and, apart from molybdenum, usually in the form of combina- 
tions of their higher oxides with other oxides. 

The next, seventh group is the ferro-alloy metals. 
The concept of the ferro-alloys has already been fully 
formed, and it is superfluous to explain it here. Manganese 
and chromium are the most important metals in alloys of this 
kind. They are smelted in many millions of tons and the 
smelting of a large proportion of quality steel is based on 
them. To them has to be added vanadium which in itself is 
not utilized as yet and is little employed apart from steel 
in alloy form. But its value is extremely great and only 
the small prevalence in nature limits its application. To- 
gether with pig iron, steel and ferro-alloys, these metals 
are also called ferrous. In this group might have been 
classed a large part of the refractory metals, especially 
tungsten and partially, molybdenum, which is an addition to 
steel more often in the form of molybdate than ferro-alloy. 
Nickel is almost always added to steel in the pure form, 
granulated, and recently in the form of oxide like molyb- 
date. Nickel and other metals are therefore classed as re- 
fractory and should not be mixed in the ferro-alloy group. 

Classed in the eighth group are the rare metals 
which only in recent years have we learned to produce in 
pure form and which are gradually finding increasing appli- 
cation in our life. The resemblance of characteristics 
and conditions of occurrence in nature Justify this group- 
ins 

The semiconductors which acquire ever greater import- 
ance are classed in the ninth group. For them should be 
retained the ancient name of "semi-metals' which is met as 
early as M. V. Lomonosov. All seml-metals are located near- 
by in the periodic system. 

The dispersed metals (gallium, Indium, thallium) 
form the tenth group. InTt might have been included rhen- 
ium and germanium, rubidium and cesium, selenium and tellur- 
ium which have found a better place in other groups. All 
these metals are called also rare. Our classification does 
not have such a group on the following grounds: among rare 
metals were quite recently still classed all nonferrous 

- 7 - 



u 
o 
m 
ri 
O ® 

r*i* ***5 
a+3 * 

B ß O 
•ri «ri 

<D      -P 
£1 S3 Cg 
-P A O 

JS *H 
& 0 u 
© & «H 

«Ö to® 

r$ a) d 
■P e-f 

es o o 
€> ß 

s«0 «Ö 
&     o 

SJÄ 
®+» o 

B g-P 

* 
»» 
© 
}»Ä 
© 
H 
.© 
«o 
£-3 
M.   ' 

H 

ft 

O 

SO 

o 
■d o 
«H 
U 
$ P-s 

8   - 



of sSchafi?ouping induced, for example, Zelikman, Samsonov 
andSKreyn In°2£g book "Metallurgiya redkikh ^tallov^ 
(Metallurgy of Rare Metals), Moscow, 1954, to divide these 
Äs into five groups, roughly according 1» «g»»^ 
p-piteria äs in my previous classification ~ certain metaxs 
to which the last Chapters of their book are assigned not 
fLSng a placf in the groups. And there are no grounds to 
combine all these groups under a common name because the 
idea of "rare" as applied to metals is extremely indefinite 
aS variable? ?he recently rare uranium, for example, has 
PPfiqpd to be such for the last 10 to 15 years. C S   The lalt? elevehth group combines the radioactive or 
splitting me?Ss. They arfencountered in nature in exceed- 
ingly dispersed-form or also in the °™V°s±tL^^f*\rem%ll 
lein ores (uranium) and monazite scatterings (thorium). The 
tpSaration of them into a special group is Justified by the 
ve?f staking characteristic reflected in the group name 
This fifth criterion, radioactivity, «an be applied to the 
fissile isotopes of all other metals. The classing of these 
isotopes in the group is Justified by the special methods 
of working with them and the derivation of them from orfl- 
?nar? mSlls at the expense of atomic energy from the split- 
■Mno- of the basic metals of this group. S  The table of D! I. Mendeleyev (see the figure) where 
the listed Soups are indicated by varied shadings, clearly 
shows thlt the proposed technical classification corresponds 
£ the mainto the groupings of metals not only according 
tS thS criteria enumerated above, but also according to 
thai? mutual proximity in the periodic system, i e by the 
correspondence of their atomic numbers or the structure oi 
i-hMr» atoms  Hence, some resemblance of the principles oi 
tSf proposed classification with the Linnaeus classificat- 
ion of animals can be seen. 

Received 1 December 1958 

From the Editors 

in publishing the article "On the technical Classifi- 
cation of Metals" by Prof. V,-A. Pazukhin, the Editors think 
the idea about the matured need to create such a classifica- 
tion it  correct! Admitting that this problem is extremely 
complex, ?he Editors ask that readers comment in substance 
on V. A. Pazukhin'a proposal. 
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