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Abstract
Introduction. Sample preparation is an integral part of the sampling technology. The process
flow scheme for sample preparation can consist of five or more stages associated with the
sample material size change and mass reduction.
Objective and preparation. In the course of preparation, the random sampling error increases
depending on the fineness and final sample mass selected at each stage during sample
reduction. A working calculation formula for the relative random error of the sample
preparation scheme is proposed. The formula includes a scheme coefficient calculated using
values constant for the sample: the density of the mineral containing a valuable component,
the component mass fraction in the mineral, the mineral grain size, and the valuable
component mass fraction in the sample. According to the developed preparation scheme, the
summands are written down, which are determined by the sample material size and the final
mass of the reduced sample. The summands calculated for each stage make it possible to
determine the contribution of each stage to the relative random error and change the scheme's
parameters, taking into account the processing capabilities of the crushing and grinding
equipment. Theoretically, all sample preparation scheme stages should make almost the same
contribution to random error.
Conclusions. Practical calculations of preparation schemes for 80 and 10 mm tin ore samples
have shown that the schemes developed in accordance with GOST 14180-80 are not optimal.
Changing sample size and weight by scheme stages made it possible to reduce random errors
in half-
Results. The sample preparation scheme was optimized to minimize random error.
By introducing other objective functions and restrictions, it is possible to optimize the scheme
to obtain maximum equipment performance or minimum energy consumption.

Keywords: sample preparation; preparation stages,; sample reduction; relative random error;
scheme optimization.

Introduction. Lump sampling at preparation plants results in large initial samples.
Thus, when sampling ore mined by the underground method at copper-zinc mills,
the initial sample weight is 480 kg, and at tin mills — 1280 kg, which is associated
with the following requirements: sampler bucket width must be greater than three sizes
of the biggest (d,,) ore lumps and a certain required number of point samples must be
collected.

The use of automatic on-stream analyzers is followed by problems in calibration and
readings monitoring, which also requires collecting large samples.

Initial samples from lumps require preparation to a size and weight suited for analysis.
Sample preparation schemes are multi-stage because of a large sample size compared
to the size required for analysis. In these schemes, the sample size and mass to which
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samples are reduced at each stage are assigned approximately, based on the processing
capabilities of the crushing and grinding laboratory equipment. Sample preparation is
important not only for prompt and commercial sampling of lump ore [1], but also
when using high-performance mass fraction analyzers at enterprises [2], both for
non-ferrous metal ore [3], and at iron processing plants [4] and gold beneficiation
plant [5]. Sample preparation is necessary for all sampling forms during the research
process [6], both directly at processing plants [7] and in laboratories [8].

Sample preparation also includes a process step that is usually performed by analysts,
namely, collecting a subsample: the subsample used directly for analysis [9] for any
type of analysis [10], regardless of the type of equipment used [11], including spectral
analyzes [12].

Research objective is to present alternatives for preparation schemes calculation
and logical optimization.

Theory. The general methods for calculating relative random sampling errors is
described in [13].

The relative random error of the sample preparation scheme P, is calculated
depending on the established final fineness d, at each j-th stage and the final mass of the
sample reduced at the j-th stage q;

P2

prep sch

db &
Z +> : (1)

3 b
J=1 q/ J=l+1 qjdgram

where dj is the sample material size at the j-th stage, mm; b is the impregnation nature
indicator, for ore b = 1.5; q; is the mass of the sample reduced at the j-th stage, kg;
dgmin is the grain size of the mineral containing the component being determined, mm;

.. are the stages where d > a’g o [1...k are the stages where d <d_ . K, is the
scheme coefficient, calculated using additional data on the sample by formula

3—b 5
Ksch — Kprep f 'pm B dgram 107 ,

o

where K 1s a coefficient that takes into account the quality of performance, K =2[14];

fis the graln shape coefficient, /= 0.4; p_ is the density of the mineral contamlng the
component being determined, kg/m’; B and o are the mass fraction of the determined
component in the mineral and in the ore, respectively, %, g/t.

For the calculated sample preparation scheme, K, is a constant with a dimension
that gives a relative random error in percentage terms when calculated using
formula (1).

The summands in brackets in formula (1) provide information about the contribution
of each stage of the sample preparation scheme to the final error. By changing the mass of
samples being reduced and the size at certain stages, it is possible to optimize the
preparation scheme.

The scheme optimization is aimed at minimizing the relative random error with
restrictions on the grinding equipment reduction ratio and performance [15].

Practical calculations. To prepare an initial sample weighing 1280 kg when
collecting samples from the 80 mm material, a five-stage sample preparation scheme
was drawn up, Figure 1, a, corresponding to the standard GOST 14180-80 diagram.
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a b
Initial sample Initial sample
Ginitiat = 1280 kg Ginitial = 1280 kg
C v @initiar = 30 mm C v initia = 80 mm
d; =30 d; =30 mm
R \i ' i R \i 1
q, =180 kg l C q,=150kg
Y C 3 y y
R y@=10mm R yd>=10 mm
c e~ 25kg C  a=30kg
R "d3=3mm R Vd3:3mm
=2k g:=5kg
Cy q3 g C &
= ds=0.5 mm
R § dy; =1 mm R ¢ 4
<—| q4 = 0.2 kg < ga= 0.4 kg
C v C v
R \ d5 = 0074 mm R \J d5 = 0074 mm
~ g5 =0.025 kg < gs=0.025 kg
v v
Relative error Relative error
Pprep =2.42% Pprep =1.6%

Figure 1. Designed — a and optimized — b schemes of 80 mm sample preparation (C — crushing,
R — reduction)
Pucynok 1. 3anpoeKkTrpoBaHHAas — ¢ U ONTHMH3UPOBAHHAS — b CXEMbI OATOTOBKH IIPOOBI KPYIMTHOCTHIO
80 MM (C — omepanus apobnenusi, R — cokpaierne mpoosl)

To determine K, of the scheme, the following was established: mineral cassiterite,
density p_= 7000 kg/m’, mass fraction of tin in cassiterite is 78.8%, mass fraction of tin
in ore is 0.67%, cassiterite grain size is dgrain =0.2 mm.

Then

~2-0,4-7000-78,8-0,2>'°-107

K
sch 0,67

=0,59
and relative random error according to formula (1)

L5 L5 L5 LS 3
P2re =0,59 &+&+3_+1_+% =
PP 180 25 2 02 0025027

=0,59(0,913+1,265+ 2,598+ 5,0+ 0,160) = 5,862%".
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Consequently, the relative random error of the pre-designed sample preparation
scheme P = 2.42%. Formula (1) makes it possible to determine the scheme’s
weaknesses (the summands in brackets). First of all, the poorly planned fourth stage
which gives a summand equal to 5.0, as well as the third stage which gives a summand
equal to 2.598.

Let us propose the following changes to the scheme: in the first stage let us reduce
the sample to 150 kg, in the second stage, reduce the sample to 30 kg, in the third stage,
reduce the sample to 4 kg, in the fourth stage, crush the sample to 0.5 mm and reduce it
to 0.4 kg. Let us leave the remaining values in the scheme unchanged.

Then

1.5 1,5 L5 1.5 3
P _gso[300 107 30 05t 0074 )
e 150 30 5 04 002502°"

=0,59(1,095+1,054+ 0,987 + 0,884 + 0,181) = 2,479%’

and
P =16%.

prep

This means that a new sample preparation scheme has been obtained with a relative
random error almost two times less than the designed one (Figure 1, b).

Another sample preparation scheme was designed for ore with a particle size of
10 mm, Figure 2, a. The scheme contains 3 stages. The ore is the same, so K, = 0.59,
the initial sample weight is 20 kg.

Let us find the relative random error of the designed scheme:

1,5 1,5 3
P2re =0,59 3—+1—+% =
prep 2 02 0,025-02""
= 0,59(2,598 +5,0+ 0,181) =4,59%";
P =214%.

prep

Judging by the large difference between the summands in brackets, it is obvious that
the scheme is not optimal.

Let us reduce the sample to 5 kg at the first stage, crush it to 0.5 mm and reduce it to
0.4 kg at the second stage. Then

P —059 i N 0,5" 0,074°

prer 5 04 00250277
—0,59(1,039+ 0,884 +0,181) = 1,241%”.
P =111%.

prep

As a result, a scheme was obtained that makes it possible to prepare a sample for
analysis with an error two times less than that of the designed one (Figure 2, b).

Discussion. Sample preparation schemes are drawn up individually at each
preparation plant; specialists are guided by the recommended GOST 14180-80 scheme
and analyze the capability of crushing and reducing samples using existing equipment.
This approach does not result in the best preparation schemes.
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To obtain schemes that are close to optimal, it is necessary to calculate the relative
random error of the pre-designed scheme using the formulae presented in this research.
After that, using the calculation results by stages of preparation, change preparation
scheme parameters so that all stages of preparation make an equal contribution to the
random error. Changes should be made within the limits of the sample crushing and
reduction ratios available for the existing equipment.

a b
Ginitial = 20 kg Ginitial = 20 kg
d initiat = 10 mm d initial = 10 mm
C v C y
dy =3 mm d;=3 mm
R v R v
C q1=2kg C g1=5kg
\ A \ —
R "d2=1mm R VdQ—O.Smm
< =02k ‘ =
C ! 9> g C ¢,=0.4kg
Ry d3=0.074 mm R @ =0.074mm
q3=0.025 kg q3=0.025 kg
\/ \J
Py =2.14% Py =1.11%

Figure 2. Designed — a and optimized — b schemes of 10 mm sample preparation (C — crushing,
R — reduction)
PucyHok 2. 3anpoekTupoBaHHasi — ¢ ¥ ONTHMHM3UPOBaHHAsE — b CXEMbI TOATOTOBKH MPOOBI KPYITHOCTHIO
10 mm (C — oneparus apobienus, R — cokpamieHue npoosr)

If all the summands in formula (1) are the same, then the scheme will be optimal,
i.e. leading to the smallest relative random error.

GOST 14180-80 recommendations for calculating reduced sample masses using
the Richards—Chechott formula excludes this possibility [16], and factories use sample
preparation schemes developed without calculations [17].

When analyzing samples, subsample collection is an additional operation of the
sample preparation scheme. However, the introduction of the subsample collection
scheme in the calculation will allow to discover additional reserves for reducing the
random sampling error as a whole.
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Pacuer n onTruMm3anusa CxemM NnNoAroToBKHU l'lp06

Crynakosa E. B.!
'TIAO «PyconoBo», Mocksa, Poccus.

Pegpepam
Beeoenue. Iloocomoska npob seisiemcsi Heobxooumou npoyedypou 6 MexHoLo2UU onpobOBaHUsL.
Texnonoeuueckas cxema NOO20MOBKU NPOO MOJCem COCMOAMb U3 namu u 6onee cmaout,
CBA3AHHBIX KAK C UBMEHEHUeM KDYRHOCIU Mamepuaia npoosl, mak u ¢ yMeHbUuleHUueM MAcCol.
Llenv u noozomoska. Ilpu noozomoske nPo6 CIYYAUHASL NOSPEUWHOCHb  ONPOOOBAHUS
yeenuyugaemcsi. Mo yeeruueHue 3a6Ucun onm GblOPAHHbIX HA KANCOOU CMAouu KpynHocmu
Opobienust u KOHeuHoU maccel npobvl npu ee coxkpaujenuu. Ilpeonooicena pabouas gopmyna
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pacyema omHOCUMENbHOU CITYYAIHOL NOZPeUHOCIU CXeMbl NOO20MO8KY npob. B gpopmyny exooum
Kod(puyuenm cxemvl, paccuumuvléaemvlii N0 HOCMOAHHLIM O NPOObI BETUYUHAM: NAOMHOCIU
MUHEPANA, COOEPIHCAUfe20 YEHHBLI KOMNOHEHM, U MACCOB0I 00U IMO20 KOMNOHEHMA 8 MuHepaJe,
KPYNHOCMU 3epeH MUHepana u Maccogoli 0onu yeHHo20 Komnonenma 6 npode. Coomeemcmeento
paspabomanHoll cxeme nOO20MOBKU 3aNUCHIBAIONCSL cllazaemble, onpeoelisemble KPYNHOCHbIO
mamepuana npoobl U KOHEYHOU Maccou cokpauwjennou npobul. Ilonyuennvie npu pacueme
clazaemvle NO CMAOUAM OQiom B03MONMCHOCHb ONpedenumsb 6KIA0 KAHCOOU cmaouu 8
OMHOCUMENLHYIO CTYYAUHYIO NOZPEUHOCHb U C YYemoM MEXHONO0SUYECKUX B03MOICHOCHEN
OPOOUNLHO-UBMETLUUMENLHO20 000PYO0SAHUA USMEHUMb napamempul cxembl. Teopemuuecku éce
cmaouu cxembl HOO20MOBKU NPOObL OONIHCHBL BHOCUMb NPUMEPHO OOUHAKOBbIL 6KAAO 8 CYUALHYIO
nOZPeuHoOCmb.

Bu16oowt. [Ipaxmuueckue pacuemsi cxem n0020mosKu NPob 0106aHHOU pyosl KpynHocmuio 80 u
10 mm noxasanu, ymo paspabomannvie 6 coomgemcmeuu ¢ [OCT 14180-80 cxemvr me
onmumanbusl. Miamenenue kpynHocmu u maccol npobvl nO CMAOUAM CXeMbl NPUGETU K CHUICEHUIO
CTIYHATIHBIX No2pewiHocmell 6 06a pasa.

Pesynemamur. Onmumuzayuss cxemvl n0020MOGKU NPOObL 6bINOTHEHA C YEbi0 MUHUMUZAYUU
cayuaiinou nogpewnocmu. Ilpu esedenuu Opyeux yenesvix GYHKYU U 02PAHUYEHULl 803MONCHA
ONMUMUZAYUS CXEMbL C YENbIO NONYHEeHUs. MAKCUMANLHOU NPOU3B00UMENbHOCIU 000PYO08AHUSL
UNU MUHUMATILHO20 PACX00a JHEPUU.

Knrwuesvie cnosa: noocomoska npobwi; cmaouu Nno020MOSKU; COKpaujerue npoowi;
OMHOCUMETbHASL CAVYALIHAS NOSPEUIHOCIb, ONMUMUZAYUSL CXEMB.
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