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ABSTRACT

A great nuniber of tailings discharged by nonferrous metals mines are compound mineral resources which
consist mainly of aluminiferous silicate and can be used as building matcrials and raw materials for light and
chemical industry, etc. Among others, the taillings with various kinds of micro-component metals and appro-

priate silicon and aluminum could be used as raw material of microcrystalline glass and new materials. It is an

advantageously scientific and technological field to put forward the utit n and development of tailings ow-

ing to the following advantages: utilizing mineral resources efficiently for the nonferrous metals industrial en-

and natural

raising the economic ben-

terprises, improving the land
efitand so on.
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1 INTRODUCTION

It has been confirmed by many scientists
and governments that the discrepancy between
supply and demand for mineral resources is
going to be increasingly serious, and the devel-
opment of new materials should become an
important research subject and main column
for supporting social development in the next
century. After ten years of research, the au-
thors have recognized that the tailings of
nonferrous metals mines are pragmatic, eco-
nomical compound mineral resources, and it
could be used as building material, raw mate-
rials for light and chemical industry and new
material as well. However it is necessary for
the development and utilization of tailings to

bine the hers, and facil-

(Manuscript received Oct.24, 1991 and translated by Yaxin

comprehensive

development and utilization

ities in the field of geology, mineral processing,
metallurgy, material science and engineering
concerned with nonferrous metals industry. If
so a new scientific and technological branch
will be developed at the junction between new
mineral resource and new material which
could be used for promoting the prosperity of
our nonferrous metals industry in the next cen-
tury.

2 CHARACTERISTICS OF NONFER-
ROUS METALS TAILINGS

A great number of tailings discharged by
nonferrous metals mines not only occupied
space, contaminated environment and con-
sumed a considerable amount of management
funds.but also resulted in serious risk of tailing
dams . In fact, most of the tailings are useful
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statistics, nonferrous metals tailings occupied
60~ 96% of the ores to be processed in
concentrator and all are compound mineral re-
sources consisted of aluminiferrous silicate
though vary in constituents and features with
ore deposits and their surrounding rocks. Its
mineral constituents are mainly quartz,
feldspar, sericite, carbonate, clay, diabase,
hornblende, garnet, felite, chloride and
residual metallic minerals. Its chemical compo-
sition can be devided into three categories:
silicious aluminum (SiO,>60% and AL,O; 8~
18% ) calsium-magnesium (SiO, 40% and
CaO+MgO, 1~31%); and ferric oxide and va-
rious microcomponent of metals (Fe,0, 8~
14% ; balance of Cu, Mo Ti, Ni, W, Sn, Pb,
Zn, Au, Ag, etc). Each category may contain
K. Na, S and other microcomponents Mn and
P. It’s fine particles (< 0.074 mm) usually ex-
ceed 60% . Their constituents and technologi-
cal features are favourable to be building ma-
terials, raw materials for light and chemical in-
dustry and new materials as well.

So far, only a few nonferrous metals
mines use their tailings to produce brick and
glass. According to a statistics in 1985, anual
output of tailings of 56 mines exceeded 4.9 mil-
lion tons, which occupied about 4666 hectores
of land, and the total tailings heaped ap-
proached 7,820 million tons. Actual tailings
are much more than the above figure and will
become more from year to year, so it is neces-
sary to be developed and utilized as soon as
possible.

3 TAILLINGS ARE ECONOMICAL AND
USEFUL COMPOUND MINERAL RE-
SOURCES

Besides residual microcomponent Metals

and sulphur, tailings contains mainly quartz,
feldspar, hornblende, garnet, mica and their
alternational minerals, e.g. sericite (hydro-
muscovite, illite). Aluminiferrous silicate min-
erals include kaoline, clay and chloride and
magnesium carbonate minerals consisting of
calcite and dolomite. Their chémical constitu-
ent is mainly Si, Al Ca, Mg, Fe and a small
amount of K, Na, Ti and sulphur oxide, which
is very close to that of raw materials for build-
ing, light and chemical industry, e.g. varnish
and filling (see Table 1). For example, raw ma-
terials for porcelain-ceramic consists mainly of
feldspar, quartz, clay, kaoline, calcium-magne-
sium carbonate; glaze consists mainly of lime-
stone (calcite). dolomite, zinc oxide, sodium
(potash) carbonate, boron acid plus the raw
materials for porcelain-ceramic mentioned
above. Raw material for glass contains mainly
quartz, feldspar, clay, fluorite. Raw material
for cement consists mainly of calcite, clay,
quartz, iron powder and gypsum. Colorating
agent contains ferric oxide, manganes
oxide, copper oxide, titanium oxide, cobalt
oxide and so on. The chemical component

of unburnt ceramic in one famous ceramic

factory are: SiO, 59.57~ 72.4, AL,O, 21.5~
32.53, CaO 0.18~ 1.98, MgO 0.19~ 1.8, K,0
1.21~ 3.78, Na,0 0.47~ 2.04 (wt—% ). The
chemical component of glass are usually:

Si0, 66.00~ 72.19, AL,O; 1.81~ 3.60, CaO 2.5
~ 10.44, MgO 0.60~ 2.30, K,0,+Na,0 13.21
~ 15.70 (Wt—% ). Therefore it is evident that
tailings could be used to replace many tradi-
tional raw material from the view point of
chemical components.

Roughly speaking, traditional technolo-
gical products were made from varieties of
purified minerals. Our technological experi-
ment using various tailings demonstrated that
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Table 1 Chemical composition of nonferrous metals
Samp  Pattern of taillings  Si0, ALO, CaO MgO K,0 Na,0 Fe,0, TiO, ':“"' Note
et urn
P Cu 0.237
NI=2 Magneticnickleore 36.67 389 420 2725 031 041 1406 026 2138 0064 0157 992 ' O
By, o 6199 1789 148 171 488 0.13 448 074 594 Cu 0.10
copper ore
M5 prEormbyHte 6529 113 335 234 462 060 286 0843 110 0278 0.174 283 FeO 3.12
molybdenum ore
Mz POTPVIICCOPRCT 5o gy 4o 533 114 aes 214 1858 0376 207 0.106 0.028 234
molybdenum ore
Mi ::m'm"'ybdm“m 4751 804 1977 471 210 055 857 0547 1.55 0.098 0.648 6.46
Al Skamgoldore 4794 578 2022 797 178 090 574 024 017 642 Cu 0.10
Vein .
SETM s et 6115 850 7.85 201 198 002 438 0336 238 0.4 0262 6387
Hydrothermal K Fe sElE e fe Pb 007
P2 leadzincore ey LS L Ll 0.007 0.036 771 Zn 0075
S1-2 Granite 81.13 879 0.2 001 362 021 173 0.2 0.16 0.016 0.017 2.02
Fb-6 Feldspar quartzore 8586 640 138 034 0.99 0375 FeO 0.427
tailings comminuted to fine particles have usu- the sintered porcelain-ceramic product using

ally the same technological characteristics as
traditional burdens, and therefore could be
used for making the same products as tradi-
tional burden provided the amount of tailings
is properly adjusted. As a matter of fact

tailings are naturally imperfect burden, e.g. the
tailings added to burden of porcelain-ceramic,
glass and high strength cement could approach
to 35~ 72, 75 and 40%, respectively. Because
of tailings having been comminuted to fine
particles and mixed homogeneously and often
with catalyts / flux activity by its sodium,
potasium and microcomponent metals, when
they are used instead of traditional burdens or
added as additives, the alteration between
minerals, the technological properties and the
compactness of products are improved and the
sintering temperature of porcelain-ceramic and
the melting temperature of glass could be de-
creased by 100 C which result in saving energy
due to the existence of sodium, potasium and
microcomponent of metals. Tailings from dif-
ferent mines have different features, such as

the tailings of porphyritic copper ore displaced
a violet sand pattern, using the taillings with
high concentration of Fe displayed black ce-
ramic pattern; using the taillings containing
high concentration of sulphur displayed blue-
yellow ceramic glaze pattern. Because the
complexity of chemical component the disad-
vantages of burden mixed with tailings include
that, the requirements for sintering atmos-
phere and temperature and the technological
method are higher than that of traditional
burden, e.g. the temperature differentiation
required for the sintering of porcelain-ceramic
is only 20 C which needs the furnace and

i

1 method to be imp: d.
A lot of money consumed in mining and
invested in corresponding equipment and

facilites including crushing, comminution,

grinding, extraction and energy consumption
as well, can be saved when using tailings as
main raw material. According to an
estimation, the price of traditional burden

consisted of feldspar, quartz, clay, etc, was 10
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~ 20 times higher than that of the corre-

decomposition of calcium carbonate during

sponding tailings, and thus the pr ion cost
was also higher by 20%. Considering the other
benefits gained in utilization of tailings and the
improvement of product quality and the rais-
ing of production efficiency, economic profit
will be considerable.

The development and utilization of tai-
lings can also transform the mines into a com-
prehensive enterprise for both supplying non-
ferrous metals concentrations and building
materials, light and chemical industry raw ma-
terials, etc, and elongate mine duration, in-
crease employee and product, utilize equip-
ment and facilities effectively, improve eco-
nomic profit, protect environment against con-
tamination etc.

4 TAILING IS A NEW RESOURCE FOR
NEW MATERIALS

New materials with new property and
new use are highly thought of all over the
world, and utilization of these new matericals
will be an important goal and mark of scientif-
ic and technological development in the next
century. Metalloid minerals with superior
property and new materials developed via
combining metals with matalloid minerals
have also widely developed prosperty and at-
tract the interesting of many scientists. The
tailings of nonferrous metals consisting mainly
of metalloid minerals and various metals in

have the ct istics of

compound mineral resources and may become
the resource of raw material of many new ma-
terials.

Our experiment revealed that microcom-
ponent metals existed in aluminiferous silicate
minerals have fair effect upon the product
property and production technology. e.g the

the calci
promoted by microcomponents Mo, Cu, Au, S
- and led the raw material to produce liquid

of cement using tailings was

phase ahead of normal time, decrease the
cohesiveness and surface tension of liquid
phase, and improve the feasibility of calcine of
the raw material; meanwhile microcom-
ponents existed in tailings can promote the
formation of Ca;AlO, and improve the intensi-
ty of cement and corrosion resistance, raise the
quality and production efficiency of cement,
when the other conditions remain unchanged.
In the light of experiment, the initial decompo-
sition temperature of cement burden with
molybdenum ore as additive was decreased 10
C and the yielding peak of free calcium oxide
decreased about 100 C , which demonstrate
that with the addition of Mo ore in cement
burden improves the calcination ability greatly
(see Fig.1). And according to production ex-
periments carried out in cement factories the
addition of tailings mentioned above improves
the operation and working condition, the
feasibility of calcination, and as well the prod-
uctivity remarkably.e.g. the productivity (t / h)
of d2x 8 and d 1.8 x 8 m vertical calcinator in-
creased 13% . free calsium oxide (fe,o) de-
creased 0.60—0.88, the strength of 3 d and 28 d
rose 6.25% and 7.2% respectively, coal con-
sumption diminished 50 kcal / kg; it demost-
rates also the tailings containing microcom-
pound Mo can be used for producing cement
instead of iron powder and gypsium and a part
of lime and clay.

Various microcrystalline glassed-granites
had been made by the authors using tailings of
different pattern of ore deposit, its product
properties were superior to natural rock mate-
rial (see Table.2).
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Table2  Comparison of some properties

icrocrystaline  synthetic Tatural Tatural
SropsHs glassed-granite marble marble sxanite
Moss Hardness 79 =3 F=) 57
Comp. str./ MPa 572 883 88.3-225.6 58.8-204.2
Anti-rupture str. / MPa 478-1313 213-314 127-167 147
Shock proof str. / J cm™ 245-373 206 19.6
Antidilation str. / x 107cm™ 61—77 80—260 50150
Moisture-absorption ratio / % <007 01 03 035

Microcrystalline glassed-granite is a newly
synthetic building material with superior phy-
sical and chemical properties such as hard,
compact, durable. homogenious, wear-resist-
ance, corrosion-resistance, natural veins, pure
colour, no fissures, could be cut into thin plate
and made into various shape via heat treat-
ment. Therefore it is widely used in luxurious
building decoration and underground con-
struction and under-water engineering in spe-
cial, and it is famed as the future building ma-
terial.

fewon %

07800 900 1000 1100 1200 1300 1400
T.c
Fig.1  Calcination temperature (7) of cement raw
material versas free calcium oxide (f,o)
1— no molybdenum ore tailings added:

2— molybdenum ore tailings added

Microcrystalline glass or glassed ceramic
is a polycrystalline porcelain-ceramic material
developed since 1970's which is produced by
combining inorganic material with metallic

material, and it has the common advantages of
glass and porcelain-ceramic, e.g. high tempera-
ture resistance, small dilation coefficient, high
oxidation-resistance and corrosion-resisting,
high mechanical strength, fair electricity insu-
lating strength and disruptive electricity str-
ength. So it.is widely used for luxurious build-
ing platform plate, under-water construction
material and deep-water container, liner of
huge ware in chemistry and food industry, in-
dustrial pipe and valve, durable high heat ex-
changer, special bearings etc; in addition it is
possible to produce electronic, micro-electronic
and vacuum tube assembly; and microcry-
stalline glass printed-circuit board, photoelec-
tronic material, heat protecting layer of
airplane and spacecraft, etc. In short, the using
of tailings develops a perfectly new technical
field which traditional materials can not com-
pete .

Up to now, a great amount of scientific
research has been done on CaO—A1,0,—SiO,,
Li,0-ALO;-Si0,, MgO-AL0,-Si0,, K,0—
MgO—-AL,O,-SiO, and another microcrystal-
line glass. We believe it is fairly favourable for
nonferrous metals enterprises to develop such
kind of new materials, and it is hopeful to
guide the comprehensive development and util-
ization of tailings.
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