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DEVELOPMENT OF AN ALGORITHM FOR IDENTIFYING ORE
DISSEMINATION FUNCTION

Annatation. The work is devoted to one of the mineral exploration field for processing - identifi-
cation of disseminated function. The purpose of the work is to develop a methodology for deter-
mining the impregnation function according to the known size classes and the distribution of
grains according to the content of valuable mineral in the size classes.

An algorithm for determining of the impregnation distribution function by size classes is pro-
posed. Having performed the classification of the crushed product according to size classes the
content analysis of the valuable component in each size class is further analyzed, which allows
determining the intergrowths distribution function in each size class. It is shown that the de-
pendence of the impregnation distribution function on the size distribution function of the
product is nonlinear.
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Introduction. Most metal-bearing ores and industrial minerals con-
tain valuable mineral or metal in a small amount, the valuable mineral being
embedded in a host rock as a multitude of intergrowths or disseminated
throughout it as impregnations. So most raw ores require treatment of some
kind to produce a salable product. Any processing process begins with testing,
which consists in isolating part of the array (sample), preparing it and meas-
uring controlled properties. The main purpose of testing is to obtain the nec-
essary information about the test product [1]. The patterns of testing depend
on the values of mineral processing characteristics and on its texture and
structural features. Thus, the object of dressing study is the processing fea-
tures. To search for these patterns, it is necessary to know the mineral tex-
tural and structural features and the most probable value of the content of a
valuable mineral. Therefore, the urgent task is to determine the dependence
of the processing characteristic variability in the size classes.
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The study of minerals for processing involves the identification of the
impregnation function [2]. Usually this is hard work with a microscope. If a
scanning microscope with computer signal processing is available, then such
work is not difficult [3]. However, in this case, it is necessary to perform sev-
eral scans of various sections and then perform averaging of the calculations.
Not every laboratory has such scanners, since these devices are expensive
ones.

More operative method for determining the impregnation function is
proposed based on the determination of the size classes and the distribution
of grains according to the content of a valuable mineral in each size class.

The purpose of the work is to develop a methodology for determining
the impregnation function according to known particle size classes and grain
distribution by the content of valuable mineral in the particle size classes.

Formulation of the problem. Prediction of mineral processing indi-
cators is associated with a large preliminary experimental work to determine
the texture and structural features of ore. For deep processing it connected
with a dissemination of a valuable component, which is characterized by the
size distribution function. The identification of this function is associated
with a labor intensive process of thin section examination with a microscope.
There are scanning microscopes for this purpose, but they are still very expen-
sive and justify the costs only for the study of polymetallic ores. For this rea-
son, in enterprises where one type of mineral is being dressed, an indirect
value is used, which largely depends on dissemination. This is the so-called
dressability or processing. The study of ore varieties for dressability involves a
test for grinding, which is carried out in laboratory mills. For this, a sample of
a certain mass is placed in a mill and crushed until an obtained product gets a
given grinding size, for example, 95 % of the class 0.05 mm. Then this
crushed product is subjected to separation on the analyzer and then the en-
riched product is analyzed for the content of the valuable component. The
value of the valuable component content in the ready product is got, which
serves as a guide for the expected indicator of the concentrate quality. Thus,
one integral value is obtained. The task is to obtain the function of the
growths distribution in the crushed product. However, it is possible to extract
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intermediate indicators from the obtained results, which directly characterize
the processing ore properties, for example, impregnation dim, the distribution
intergrowths function and open grains of the ore and nonmetallic phases.
Research results. A preliminary visual examination of the thin section
of the ore piece makes it possible to determine the maximum impregnation
size dimma. In accordance with this value, grinding is performed to a given

boundary maximum particle size, for example, to medium particle size

- d . . :
d =%, or 100 % particle size — dimmax. In the last case, the largest class

has open ore grains, and the smaller classes — even more so. Thus, it is neces-
sary to grind so that each size class has an open fraction.

Having completed the classification of the crushed product by size
classes (d;), then we coduct the fractional analysis in each size class. Thus we
have distribution functions of the intergrowths in each size class

F(dim)=F( al.j /d;). As a result, the content of the open ore fraction in each size

class becomes a known quantity.
In [4], it was shown that it is theoretically possible to determine the
content of an open ore fraction in a certain i class of particle size using the re-

lation:
Cor(d)=0a,(1 ——dc.i" )AF (d,)AF (dim,) €))
im,

where d; - the size class; o, — the content of valuable mineral in the initial
product; AF(d,), AF(dim;) - increments of the particle size distribution
function and dissemination distribution function, accordingly.

The distribution functions are determined by analyzing the crushed
product. In this relation (1), in the simplest form and in the explicit form, the
relationship between the values of the size and dissemination classes is visi-
ble.

The value Cor(d,) is determined by the analysis and represents an
open fraction in each size class: Cor(d,)=AF(a=1/d,).

During grinding small open ore grains are also formed from large im-
pregnations. As a result they move into a smaller class according to particle
size analysis. On this basis, the method of successive approximations begins
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the analysis with a large class, from which small fragments of the newly
formed class leave.
Based on theoretical assumptions in the largest sized class (which size

is dn) the amount of open ore phase is following

Cor(d) =, (1-—

JAE(d,)AF(dim,), (2)

m
where AF(d,) — the content of n size class in the sample; AF(dim,) - the
content of the impregnation class in the ore; ai» — the content of a valuable
mineral in the initial ore.

In this (2) equation the unknown quantity is AF(dim, ), which can be
determined as follows
Cor, / a;,

(- D )aF,)

max

AF (dim,)) =

3)

where Cor;, is the content of ore grains in class of size n (ore grain). However,
since the value of Cor; is less than expected, it also AF'(dim, ) turns out to be

less than the actual value. Since in small classes the Cor; value is overesti-
mated for the above reasons, the calculated result is to be adjusted. This is a
systematic error, a method error.

The neighboring lower class n-1 consists of an open fraction obtained
from neighboring large inclusions and from inclusions belonging to this class:

Cor(d,) =, (1= )AF(d, A (dim, ) + 4, (1 -~ )AF(d, JAF dim,
im, i

max

Then
d _ :
Cor(n—l)/ain _(1_ 1’:1 1 )AF(dn)AF(dlmn)
AF (dim, 1)) = i
(1-——"—)AF(d,)
1M max 4)

The next smaller class, i.e. the second from the end of size classes,
gives the ratio

d )
CO”(n—z) =a,,( _L)M(dn—z )AF(dlm(n—z)) +

im(n—1)
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vo, (-~ B2 YAF(d, )AF(dim,, ) +

im
d, _
+a, (1- d"—)AF(dn )JAF (dim,) .
l max
Thus,
d .
Cor(n72) /ain - (1 - l.n/lni_z)AF(dnfl )AF(dlm(nfl))
AF (dim, ;) = I -
(1-——"2)AF(d,,)
lm(n_l)
d ,
(1--—""=-)AF(d,)AF(dim,)
_ maxd
(-2 )AF(, )
m,

In general, the content of the j-th impregnation class is

- d

Cor, /0, =5 (1= )AF(d)AF (dim)

AF(dim,) = y o si=n,n-1,n-2,.1. (5)
(I-——"—)AF(d,)

m;

As a result, the dissemination distribution function will be obtained.
Let us evaluate the impregnation function for the initial data shown in
table 1. As a result of the calculation, we obtain the function shown in Fig.1.
Table 1
The initial data for the calculation of the impregnation function
di, mm 1 |05 [0,25|0,12 | 0,06 | 0,03
dim, mm 0,1|0,08 | 0,06 | 0,055 0,05 | 0,03

It was found that the disclosure indicators (in particular, the dissemi-
nation function) have clearly nonlinear relationships with particle size and
depend on many more parameters that must be set during testing. In particu-
lar, it was shown in [1] that the impregnation appearance of valuable compo-
nents depends on the structure type: rare grains, vein, layered and other tex-
ture formations. In addition, it should also be considered the distribution type
of the ore grains. All this imposes its features on the of indicator analysis of a
valuable component disclosure.
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Figure 1 — Dependence of the impregnation function on the size distribution
function of the product

Conclusions. An algorithm for determining the impregnation distri-
bution function according to size classes is proposed. Having performed the
classification of the crushed product by size classes, we analyze the contents
of the valuable component in each size class, which allows determining the
intergrowths distribution function in each size class. Then, according to the
established formula, the dissemination function is calculated by the size
classes. It is shown that the dependence of the dissemination function on the
size distribution function of the product is nonlinear.
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Po3po6ka anzopummy ideHmugpikayii pyHKYiT BKpanneHHa pyou

Po6oma npucssyeHa 00HOMY 3 HANPAMKIB OOCTIOXEHHA KOPUCHUX KONAIUH Ha 36a2a4ysa-
Hicmb — 10eHmu@ikauii pyHKYTi BKDANIEHHS.

AkmyanbHicme memamuku 0aHoi pobomu BU3HAYAEMbCA HEObXIOHICMIO BOOCKOHA/IEHHS
MemoOUKU NPO2HO3YBAHHSA NOKA3HUKIB 36a2a4eHHS KOPUCHUX KONaauH. Lle nos'a3aHo 3 sesukow
nonepeoHbOi eKcnepuMeHmMasnbHo pPobomMoK 3 BU3HAYEHHS MeKCMYPHO-CMPYKMYPHUX O3HAK
pyou. OmpumaHa nepsuHHO BeNUYUHA BMICMY UIHHO20 KOMNOHeHmMa 8 20mMO0BOMY NpoOyKmi
CIYKUMb OPIEHMUPOM O/ 0YIKYBAHO20 NOKA3HUKA SKOCMI KOHUeHmpamy. [lpu enubokomy 36a-
2aYeHHI ye € BKpanjeHHAM UIHHO20 KOMNOHeHMA, SiKe N08'A3aHa 3 YHKUIED po3nooiay 3a Kpy-
nHicmio. Mema pobomu — po3pobka MemoOuKU BU3HAYeHHS (DYHKUTT BKpanieHHs 3a 8idoMumu
Kaacamu KpynHocmi 1 po3no0isly 3epeH 3a 3MICMOM 8 HUX YIHHO20 MIHepay 8 KAacax KpynHocmi.

3anponoHoBaHO an2opumm BU3HAYEHHA (YHKUIT po3no0iny BKpANieHHA 3a KAacamu Kpy-
nHocmi. BukoHaswu KnacugikyBaHHA nodpibHeHo20 nNpodykmy 3a Kaacamu KpynHocmi, 0ani
nposooAMmMb aHAI3 BMICMY YIHHO20 KOMNOHEHMA B KOXHOMY KAACl KpynHOCMI, uj0 003B80/IA€ BU-
3HaYumu @yHKYir0 po3noodiny 3pOCMKIB B KOXHOMY KAACI KpynHocmi. [lomim 3a BCMAHOBIEHO
opmynoro obyucamMb PYHKUIO BKpanaeHHocmi 3a kaacamu kpynHocmi. [lokazaHo, wo 3ane-
KHICMb (YHKYTT BKpanaeHHA 810 yHKYIi po3nodiny npooykmy 3a KpYynHICMIO MAE HeMiHitHul
xapakmep. Po3pobneruli anzopumm BiOPI3HAEMbCS NPOCMOMOK 1 003BOJNAE KOHMPOSOBAMU
AKICMb Npodykmis 36a2a4eHHs: 3 00H020 BOKY — Kepysamu SKICMi BXIOHOT CUPOBUHU, A 3 THWO-
20 6OKY — Kepysamu AKICmMio npoOyKUTi, W0 BUNYCKAEMbCA, BU3HAYAMU BUOIP pexumis nepepood-
KU, ycepeOHeHHAM KoHyeHmpamy. Pe3ynsmamu 00CniOx)eHHA MOXymb 6ymu BUKOpucmaHi npu
OYTHYT 36a2ayysaHocmi pyo HOBUX POOOBULY, NPU 3MIHT NOKA3HUKIB SKOCMI KOHUeHmpamy i X8o-
cmis Ha 36a2a4yBanbHUX abpUKax Npu He3MIHHUX napamempax cenapauii.

Development of an algorithm for identifying ore dissemination function

Most metal-bearing ores and industrial minerals contain valuable mineral or metal in a
small amount, the valuable mineral being embedded in a host rock as a multitude of
intergrowths or disseminated throughout it as impregnations. So most raw ores require
treatment of some kind to produce a salable product. The work is devoted to one of the mineral
exploration field for processing - identification of disseminated function. The subject relevance
of this work is determined by the need to improve the methodology for predicting mineral
processing indicators. This is due to the large preliminary experimental work to determine the
texture and structural features of ore. The primary value of the valuable component content
obtained in the ready product provides a guideline for the expected indicator of the concentrate
quality. At deep processing, this is a dissemination of a valuable component, which is associated
with the size distribution function.

The purpose of the work is to develop a methodology for determining the impregnation
function according to the known size classes and the distribution of grains according to the
content of valuable mineral in the size classes.

An algorithm for determining the distribution function of impregnation by size classes is
proposed. Having performed the classification of the crushed product by size classes, we analyze
the contents of the valuable component in each size class, which allows determining the
intergrowths distribution function in each size class. Then, according to the established formula,
the dissemination function is calculated by the size classes. It is shown that the dependence of
the dissemination function on the size distribution function of the product is nonlinear. The
developed algorithm is simple and allows controlling the quality of processing products: on one
hand to control the quality of input raw materials, and on the other hand, to control the quality
of ready products, to determine the choice of processing modes and averaging the concentrate.
The results of the study can be used to assess the dressability of new ore deposits for changing

ISSN 1562-9945 111



«CucreMHi TexHonorii» 6 (125) 2019 «System technologies»

the quality indicators of the concentrate and tailings at the processing plants with constant
separation.
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