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The meth ods used to de ter mine the gold con tent in the technogenic ob jects of gold min ing
were an a lyzed re gard ing their non-ho mo ge ne ity and com plex ity of chem i cal and min eral
com po si tions.A pos si ble ap pli ca tion of the neu tron ac ti va tion anal y sis with the use of the cal i -
for nium source of neu trons for de ter min ing the con tent of fine-grained and ex -
tra-fine-grained gold in the technogenic ob jects, in clud ing the bot tom-ash waste of en ergy
pro vid ers, is con sid ered. It was dem on strated that the chem i cal com po si tion of the sam ple af -
fects the neu ron flux dis tri bu tion in the sam ple, which can es sen tially dis tort the re sults of the
neu tron ac ti va tion anal y sis. In or der to elim i nate pos si ble sys tem atic er rors in ves ti ga tions of
the ef fect of the sam ple min eral com po si tion on the re sults of the gold de ter mi na tion us ing
the neu tron ac ti va tion anal y sis were car ried out.  Namely, a large mass of rock (3-5 kg) was
loaded into an ac ti va tion zone us ing four ma trix types such as sil i cate, car bon-con tain ing,
iron-con tain ing, and ti ta nium mag ne tite. It was shown that there wereno sig nif i cant dif fer -
ence be tween the dis persal of the fluxes of ther mal and res o nance neu trons emit ted from 252Cf 
dur ing ac ti va tion of the gold-con tain ing technogenic sam ples with dif fer ent min eral com po -
si tions.
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IN TRO DUC TION

With a de crease in the num ber of rich gold-bear -
ing plac ers con tain ing coarse free gold, an in ter est in
pro cess ing of dumps of the old de pos its [1, 2] as well
as in other technogenic sources in clud ing the bot -
tom-ash waste of the en ergy pro vid ers grows steadily
world wide in clud ing Rus sia. A con sid er able con tent
of gold is pres ent as fine-grained and ex -
tra-fine-grained frac tions in technogenic ob jects such
as con cen tra tion tail ings, silt-de ten tion bas ins, par -
tially over bur den rocks, mines tech ni cal fa cil i ties, bar -
ri ers, and cur tain walls. Ap prox i mately 75 % of all
gold re serves are as so ci ated with grain sizes of the or -
der of 0.9-0.001 mm [3]. The wastes of en ergy pro vid -
ers are of the ut most in ter est as they in crease the en vi -
ron men tal load and gen er ate a need to in volve such
sources in the pro cess ing with re cov ery of valu able
com po nents, in clud ing fine-grained gold. De spite the
fact that the fine-grained gold is un evenly dis trib uted

in slag its con tent can reach 0.015-1.76 g/t. Such el e -
vated gold con tent (0.14-0.546 g/t) [4] is pres ent in the
prod ucts of mag netic frac tion.

A high con tent of the fine frac tion in the
technogenic ob jects of gold min ing is be cause of a
less-ef fi cient me chan i cal clean ing of tra di tional meth -
ods. At pres ent, the max i mum size of ef fi ciently ex -
tracted par ti cles of gold is 0.5-0.25 mm; gold with
grain size of <0.1 mm is prac ti cally not ex tracted on
sluices, whereas that with grain size of <0.03 mm is
not de tected at all by me chan i cal clean ing [5].

Con sid er ing the spe cial fea tures of technogenic
ob jects of gold min ing, char ac ter ized by both high
non-ho mo ge ne ity of gold con tent [6] and non-ho mo -
ge ne ity and com plex ity of chem i cal and min eral com -
po si tion [7], the best method for de ter min ing the gold
con tent should be se lected.

The as say test is one of the most com monly used
chem i cal meth ods for de ter min ing gold con tent. This
method is based on the ca pa bil ity of mol ten me tal lic
lead to ac tively dis solve the pre cious met als thereby
pro duc ing the low-melt ing al loys [8]. A cupellation
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pro cess was em ployed to sep a rate pre cious met als
from lead. Al though this method has high sen si tiv ity
(up to 0.01 g/t) and proven pro ce dure, it has not al ways 
proved op ti mal when han dling ob jects such as
fine-grained gold.

When de ter min ing the con tent of the fine-grained
and ex tra-fine-grained gold in cases where the small
par ti cles of metal are closely as so ci ated with min er als
hav ing dif fer ent com po si tions, the clas si cal meth ods of
gold anal y sis, in which the acid or as say de com po si tion
is as sumed, can re sult in sys tem atic er rors be cause of
in com plete metal re cov ery [9].

Khanchuk in ves ti gated the sig nif i cant ef fect of
such sys tem atic er rors on the re sults of gold de ter mi -
na tion [10]. This study showed that meth ods de ter min -
ing the acid or as say de com po si tion of sam ples yield
low con tents of pre cious met als, whereas non de struc -
tive meth ods pro vide val ues that are higher by an or der 
of mag ni tude.

At pres ent, stud ies are per formed aim ing at both
im prov ing the meth ods of as say test of gold at re duced
en ergy con sump tion and la bor in ten sity [11, 12] and
in te grat ing cupellation test with other phys i cal anal y -
sis tech niques, such as atomic ad sorp tion [13]. How -
ever, data of the mod i fied as say test of gold do not re -
solve the in com plete re cov ery of fine-grained gold,
which re sults in a sys tem atic er ror in the ini tial stage.

Atomic ad sorp tion spec trom e try anal y sis has
wide-spread ap pli ca tion in the de ter mi na tion of pre -
cious met als in the tails re main ing af ter leach ing of ores
and ore con cen trates [11, 14]. A phys i cal base of this
method is ra di a tion trans mis sion within the range of
190-850 nm through a layer of atomic va pors of the
sam ple. As a re sult of ab sorp tion of light quanta, the at -
oms pass into the ex cited en ergy states. With these tran -
si tions in the atomic spec tra the res o nance lines, char ac -
ter is tic of a given el e ment, com ply and the op ti cal
den sity serves as a mea sure of el e ment con cen tra tion.

In gen eral, this method is unique be cause of its
high ab so lute and rel a tive sen si tiv i ties, sim plic ity,
high se lec tiv ity, and lit tle in flu ence of the sam ple com -
po si tion upon the anal y sis re sults. How ever, the ma jor
prob lem is the need of sam ple trans fer into so lu tion,
which com pli cates the pre lim i nary sam ple prep a ra tion 
and re duces the speed of anal y sis. In or der to elim i nate
the anal y sis er rors re lated to in suf fi cient sam ple
representativity when work ing with the technogenic
ob jects of gold min ing, which are non-uniformin re -
spect of both gold con tent and min eral com po si tion, it
is nec es sary to trans form gold from a large sam ple vol -
ume to the so lu tion, which can con sid er ably re duce the 
speed of anal y sis and in crease its cost.

The emis sion spec trum anal y sis that ef fec tively
de ter mines the com po si tion of plat i num-group met als
and gold in the sam ples of sul fide cop per-nickel ores
with high con tents of cop per, nickel, and iron has at -
tracted much at ten tion in the re cent years [15].

In the emis sion spec trom e try, the units based on
dif fer ent types of dis charges such as di rect-cur rent

arcs, arc dis charges of power cur rent, spark dis charges 
and high-fre quency dis charges with in duc tively cou -
pled plasma, and ca pac i tive dis charge are widely used
[16].

In ad di tion to sev eral ad van tages of this method
such as high sen si tiv ity and pos si bil ity to de ter mine a
large num ber of el e ments there are a num ber of  lim i ta -
tions. One of the most pop u lar meth ods of dis charge
based on in duc tively con nected plasma re quires a
long-time sam ple prep a ra tion and ex pen sive equip -
ment [17]. An ap pli ca tion of the dis charge on graph ite
arc is char ac ter ized by a high level of back ground sig -
nal, which, to gether with a poor reproducibility of re -
sults and the pres ence of the cyanate ion bands in the
spec trum, and does not al low us to use the vis i ble re -
gion rich in line to the max i mum ex tent [18].

Al though par tic u lar dis ad van tages of some
sources of dis charge can be min i mized by se lect ing an
op ti mum source for spe cific an a lyt i cal task, it is not
easy to elim i nate a num ber of gen eral lim i ta tions of the 
method such as the high la bor in ten sity of the anal y sis
and dif fi cul ties in iden ti fy ing multi-el e ment spec tra
[19] which can be come a crit i cal prob lem when treat -
ing the com plex in the com po si tion of technogenic ob -
jects of gold min ing.

As an al ter na tive, one can use the nu clear-phys i -
cal anal y sis meth ods to avoid the sys tem atic er rors in
fine-grained gold anal y sis [20-22]. In par tic u lar, the
use of in stru men tal neu tron ac ti va tion anal y sis
(NAA), in which the cal i for nium source of neu trons is
ap plied, is prom is ing [23]. This method helps de ter -
mine the gold con tent in the sam ples with masses of up
to 300 g, thereby elim i nat ing sam ple representativity
[24].

How ever, it should be noted that the technogenic 
gold de pos its are highly com plex and het er o ge neous
from the chem i cal view point, and the na ture of in ter -
ac tion of neu trons with dif fer ent el e ments is es sen -
tially dif fer ent. De pend ing upon the chem i cal com po -
si tion of the sam ple, a sig nif i cant change in the
neu tron flux dis tri bu tion in the sam ple can dis tort the
re sults of NAA. In or der to avoid pos si ble sys tem atic
er rors, the ef fect of ma trix com po si tion of the sam ple
on the NAA re sults was in ves ti gated in the de ter mi na -
tion of gold in the technogenic ob jects with the use of
NAA.

MATERIALS AND METHODS 

The ex per i ments were con ducted on the NAA
unit with the cal i for nium source of neu trons char ac ter -
ized by an ac tiv ity of 1×108 per cm2s.

The ex per i men tal set-up and pro ce dure of the
unit are de picted in fig. 1, and a de tailed de scrip tion is
pro vided in [23]. 

The unit in cludes an ac ti va tion zone and spec tro -
met ric com plex. Ir ra di a tion of the sam ples un der con -
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sid er ation takes place in the ac ti va tion zone, and the
spec tro met ric com plex mea sures the in duced ac tiv ity.
The ac ti va tion zone con sists of a cen tral chan nel with
the source based on 252Cf and six ver ti cal ir ra di a tion
chan nels of up to 16 cm in height and 6.7 cm in di am e -
ter, which si mul ta neously ir ra di ate up to 36 car tridges
with the height of 2.7 cm and the max i mum sam ple
mass of up to 300 g. In the ac ti va tion zone, max i mum
den sity of ther mal neu trons, Fth = 9.3×106 cm–2s–1 as
well as res o nance neu trons Fepi = 0.43×106 cm–2s–1 can
be achieved. De pend ing upon the ex pected con tent of
gold, the time taken for ac ti va tion of sam ples was
24-64 h, while the cur ing time was 1 day.

The spec trom e try block is based on the com plex
SKS-50M in clud ing the ger ma nium-lith ium solid-state
de tec tor with an en ergy res o lu tion of ³2.2 keV in the
gamma line of Eg = 411.8 keV of the radionuclide 198Au, 
and the ab so lute ef fi ciency of reg is tra tion of this line is
0.25 % at the de tec tor vol ume of 80 cm3. In ad di tion, the 
spec trom e try block in cludes the im pulse sig nal pro ces -
sor SBS-75.

With an ap pa ra tus con tain ing the afore men -
tioned pa ram e ters, a gold de tec tion limit of 0.5 g/t was
achieved.

In or der to in ves ti gate the ef fect of the sam ple
min eral com po si tion on gold de ter mi na tion us ing the
NAA method when a large mass of rock (3-5 kg) is in -
tro duced in the ac ti va tion zone, four types of ma trix
(sil i cate, car bon-con tain ing, iron-con tain ing, and ti ta -
nium mag ne tite) were used. The con tents of ma jor
macroelements of the stud ied ma tri ces, ac cord ing to
the X-ray flu o res cence anal y sis (XFA) data, are pre -
sented in tab. 1.

Stud ies on neu tron fluxes were con ducted us ing
ac ti va tion de tec tors (gold foil hav ing an area of 1 cm2

and thick ness of 0.5 mm), which were placed in the car -
tridges filled with rock un der con sid er ation. A zone of
neu tron field con tained from 3 to 5 kg of the rock un -
der con sid er ation (de pend ing upon its den sity) to ful -
fill the ac ti va tion chan nels. The spa tial dis tri bu tion of

the fluxes of ther mal and res o nance neu trons was ex -
am ined by the cad mium dif fer ence method; there fore,
ir ra di a tion of the ac ti va tion de tec tors was per formed
in two ways: with and with out cad mium fil ter. A
0.7-mm-thick cad mium fil ter was used to ex clude the
flux of ther mal neu trons and to iden tify the res o nant
part of the flux. The mea sure ments with each type of
ma tri ces were made 6 times as in case of the ac ti va tion
with and with out the use of  the cad mium fil ter.

Data of chem i cal com po si tion ob tained us ing
XFA (tab. 1) and ref er ence data on neu tron ab sorp tion
cross-sec tions for el e ments were used to cal cu late the
av er age cross-sec tion of neu tron ab sorp tion by the
ma trix el e ments of the sam ple as fol lows

C
i

n

i i
=
å

1
s (1)

where Ci (%)  is  the con tent of el e ment in the sam ple,
si – the neu tron ab sorp tion cross-sec tion for this el e -
ment, and n – the num ber of el e ments the con tents of
which were de ter mined us ing XFA

RE SULTS AND DIS CUS SION

Gold de ter mi na tion us ing NAA was cer ti fied to
be used with sil i cate and alu mi no sili cate sam ples [25].
Be cause the technogenic ob jects of gold min ing dif fer
in their chem i cal com po si tion, there is a need to de ter -
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Fig ure 1. Ex per i men tal set-up and
pro ce dure of the neu tron ac ti va tion
anal y sis unit

Ta ble 1. Chem i cal com po si tion of ma tri ces (mass per cent)

Ma trix
type Sil i cate Car bon-

-con tain ing
Iron-

-con tain ing
Ti ta nium
mag ne tite

Fe 0.432 ± 0.022 1.003 ± 0.055 31.19 ± 0.39 45.31 ± 0.25

Ti 0.128 ± 0.020 0.009 ± 0.003 3.432 ± 0.052 4.337 ± 0.056

Al 6.760 ± 0.064 11.02 ± 0.088 – 1.855 ± 0.049

Mn 0.018 ± 0.004 0.021 ± 0.003 1.524 ± 0.064 0.552 ± 0.006

Si 33.54 ± 0.29 18.40 ± 0.152 0.710 ± 0.018 2.349 ± 0.077

Ca 2.198 ± 0.049 2.224 ± 0.069 5.121 ± 0.218 0.602 ± 0.022

C 2.107 ± 0.052 28.08 ± 0.320 – –

O 47.23 ± 0.317 34.30 ± 0.295 53.69 ± 0.520 43.62 ± 0.419



mine gold con tent in rocks with dif fer ent chem i cal
com po si tions.

In or der to de ter mine the ef fect of min eral com po -
si tion of the sam ple on NAA re sults, four types of ma -
trix were used, whose chem i cal com po si tions are pro -
vided in tab. 1. This is ex plained by the fact that these
types  of ma trix ap pear fre quently in the technogenic
ob jects, while the char ac ter is tics of in ter ac tion of neu -
trons with these ma tri ces are dif fer ent. Lighter el e ments 
(e. g., car bon and sil i con) have rel a tively high neu -
tron-scat ter ing cross-sec tions, while heavier el e ments
(e. g., ti ta nium and iron) are char ac ter ized by their rel a -
tively large neu tron ab sorp tion cross-sec tions, which
may sig nif i cantly af fect the av er age cross sec tion of
neu tron scat ter ing and ab sorp tion for the sam ple with
macro con tents of the el e ments un der study.

The fol low ing pos si ble sources of the sys tem atic 
er rors of gold de ter mi na tion us ing NAA based on
252Cf were con sid ered when a large amount of sam -
ples, widely dif fer ing in their com po si tions, was in tro -
duced in a neu tron field for ma tion zone:
– change of neu tron spec trum due to dif fer ent neu -

tron-scat ter ing cross sec tions, in par tic u lar, ac tive
neu tron scat ter ing by lighter el e ments, and

– change of neu tron flux with re spect to neu tron ab -
sorp tion by heavier el e ments pres ent in the sam -
ples.

The neu trons of two en ergy groups (res o nance
and ther mal) are in volved in gold ac ti va tion, but their
in ter ac tion cross sec tions with the sub stance are es sen -
tially dif fer ent. The ef fect of ma trix com po si tion of the 
rock on dis tri bu tion of fluxes of ther mal and res o nance 
neu trons have been in ves ti gated. The ob tained re sults
of the spa tial neu tron flux dis tri bu tion for dif fer ent
ma tri ces are pre sented in figs. 2 and 3.

On the ba sis of the data ob tained on ir ra di a tion of 
the ac ti va tion de tec tors in the sam ples with dif fer ent
ma trix com po si tions, the fol low ing con clu sions can
be made.
– De spite the con sid er able amount (3-5 kg) of rock

in tro duced in the zone of neu tron field for ma tion,
the flux of res o nance neu trons, de pend ing on ma -

trix type, does not change, which would ex ceed
the sta tis ti cal er ror (fig. 2). Con se quently, dur ing
ac ti va tion of gold by res o nance neu trons, the na -
ture of ma trix of ir ra di ated rock has no ef fect on
the re sults of gold de ter mi na tion.

– The ther mal neu tron flux does not prac ti cally
change when pass ing from sil i cate to car bon-con -
tain ing ma trix (fig. 3), but de creases al most twice
at the cen ter of cuvette with a vol ume of 100 ml
when pass ing to the ti ta nium mag ne tite ma trix
(fig. 3). Be cause the max i mum de crease in the
ther mal neu tron flux will oc cur at the cen ter of
cuvette with a sam ple, for ac ti va tion of the bulk
sam ple, the de tected ef fect will man i fest in a lesser 
ex tent. When the bulk sam ple was ir ra di ated 20 %
of gold ac ti va tion was per formed by the res o nance 
neu trons, on which, as noted ear lier, the ab sorp -
tion has no sig nif i cant ef fect. There fore, the mea -
sure ments car ried out with two sam ples (sil i cate
and ti ta nium mag ne tite) with masses of 50 g each
and the same quan tity of in tro duced gold be ing at
the  cen ter  of  the ac ti va tion chan nel at a height of
6 cm from the base, for ac ti va tion in the midst of
sil i cate rock, showed a dif fer ence of 10 % when
de ter min ing the in duced ac tiv ity of gold (fig. 4).

It was as sumed that, when pass ing from sil i cate
to ti ta nium mag ne tite ma trix, a change in neu tron flux
is re lated to ther mal neu tron ab sorp tion by the nu clei
of iron and ti ta nium pres ent in the sam ple. The de -
pend ence of ther mal neu tron flux mea sured at the cen -
ter of cuvette on the av er age ma trix ab sorp tion
cross-sec tion is pre sented in fig. 5.

The sil i cate and car bon-con tain ing ma tri ces
have in sig nif i cant av er age ab sorp tion cross-sec tions
of ther mal neu trons in con trast to the “heavy”
iron-con tain ing and ti ta nium mag ne tite ma tri ces.
These higher val ues of the av er age ab sorp tion
cross-sec tion of heavy ma tri ces cor re late with their
de crease of ther mal neu tron flux. The cal cu la tion re -
sults showed that two el e ments – iron and ti ta nium –
played the pri mary role in the ab sorp tion of neu tron
flux in the ma tri ces un der study. These el e ments have
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Fig ure 2. Spa tial dis tri bu tion of the res o nance neu tron
fluxes in dif fer ent ma tri ces: 1 – sil i cate, 2 – car bon-con -
tain ing, 3 – ti ta nium-mag ne tite, and 4 – iron-con tain ing

Fig ure 3. Spa tial dis tri bu tion of the ther mal neu tron
fluxes in dif fer ent ma tri ces: 1 – sil i cate, 2 – car bon-con -
tain ing, 3 – ti ta nium-mag ne tite, and 4 – iron-con tain ing



high neu tron ab sorp tion, and their con tent in the sam -
ple mainly con trib utes to the de crease of ther mal neu -
tron flux. Con se quently, it re sults in un der es ti ma tion
of gold con tent when us ing the NAA method.

A sys tem atic er ror of about 10 % is pos si ble in
gold de ter mi na tion by ac ti va tion of the ti ta nium mag -
ne tite and iron-con tain ing sam ples. In or der to elim i -
nate such er ror, it is nec es sary to re frain from joint ac ti -
va tion of the “light” (sil i cate and car bon-con tain ing)
and “heavy” (ti ta nium mag ne tite and iron-con tain ing)
sam ples. When us ing the sam ples con tain ing sig nif i -
cant amount of iron and ti ta nium, it is re quired to en ter
the cor rec tive fac tors based on pre lim i nary chem i cal
anal y sis of the sam ple us ing the XFA method. Abun -
dant ar senic pres ent in the arseno-py ritic sam ples and
rare earth el e ments can also sub stan tially con trib ute to
the ab sorp tion of ther mal neu trons due to their higher
neu tron ab sorp tion cross sec tions. There fore, the most
ac cu rate cor rec tion for ab sorp tion should be cal cu -
lated for all el e ments of the sam ple de ter mined us ing
the XFA method.

A lin ear re la tion ship ex ists be tween the ther mal
neu tron flux and av er age cross-sec tion for ab sorp tion
of the sam ple ma trix (fig. 5), which, in ac cor dance
with the re sults of ex per i men tal mea sure ments, is ex -
pressed as

F C
el

n

therm el el= - × × + ×å
=

111 10 4 71 107 7

1
. ( ) .s (2)

where Ftherm is the ther mal neu tron flux at the cen tre of
cuvette with the rock, sel – the ab sorp tion cross-sec tion
of ther mal neu trons by an el e ment, Cel – the per cent age of 
el e ment in the sam ple, and ( )s el elCel

n
=å 1  – the av er age

ab sorp tion cross-sec tion of ther mal neu trons by the ma -
trix com po si tion of the sam ple.

For ( )s el el×å = Cel
n

1  = 1.44 b, (1b = 10–28 m2) an
un der es ti ma tion of 10 % re sults in the gold de ter mi na -
tion us ing the NAA method, which is only at trib uted to 
the ab sorp tion of ther mal neu trons by the ma trix el e -
ments of the sam ple. Af ter de ter min ing the chem i cal
com po si tion of the sam ple by the XFA method and cal -
cu lat ing the av er age ab sorp tion cross-sec tion of ther -
mal neu trons, the cor rec tive fac tor for ab sorp tion of
neu trons by the sam ple el e ments can be de ter mined as
fol lows

K C C
el

n

el

n

absor el el el el= × = ×å
==

010

144
0069
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.

.
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(3)
The gold con tent in the sam ple with due ac count

for the cor rec tive fac tor for ab sorp tion of neu trons by
ma trix el e ments of the sam ple is de ter mined as fol lows

C
c

K
Au

absor

=
-

det

1
(4)

where CAu is the true con tent of gold in the sam ple, cdet

– the gold con tent de ter mined by the NAA method, us -
ing the pro ce dure de scribed [25], and Kabsor – the cor -
rec tive fac tor for ab sorp tion of neu trons by ma trix el e -
ments of the sam ple.

CON CLU SIONS

The in ves ti ga tions of the ef fect of ma trix com po -
si tion of the sam ple on the re sults of the NAA of gold
showed:

· lack of sig nif i cant dif fer ence in the scat ter ing of
fluxes of ther mal and res o nance neu trons emit ted
from 252Cf when ac ti vat ing the gold-con tain ing
technogenic sam ples with dif fer ent min eral com -
po si tions, and

· de crease in the quan tity of gen er ated at oms of
radionuclide 198Au in gold-con tain ing technogenic
sam ples due to ab sorp tion of the ther mal neu tron flux
from 252Cf by macro scales of iron and ti ta nium con -
tained  in  the  sam ple re sults in a sys tem atic er ror of
10 % in the neu tron ac ti va tion de ter mi na tion of gold.

In or der to elim i nate the sys tem atic er rors in gold 
de ter mi na tion re sult ing from the ab sorp tion of neu -
trons with the change in the com po si tion of sam ples,
the  tech nique  of  in tro duc tion of cor rec tions us ing
eqs. 3 and 4 was de vel oped and tested.

The ob tained re sults im proved the NAA method
for con trol of the fine-grained gold con tent at all stages 
of its re cov ery, in clud ing that in the pres ence of highly
ac ti vated el e ments, thereby in creas ing its ef fec tive -
ness and op ti miz ing the schemes of the fine-grained
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Fig ure 4. Dif fer ences in the in duced ac tiv i ties dur ing
ac ti va tion of the bulk gold-con tain ing sam ples:
1 – sil i cate, and 2 – ti ta nium mag ne tite

Fig ure 5. De pend ence of ther mal neu tron flux, Ftherm, on
the av er aged ab sorp tion cross-sec tion, saver



gold re cov ery us ing dif fer ent meth ods with re spect to
the technogenic ob jects, in clud ing those in the Far
East ern re gion.
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UTVR\IVAWE  PRISUSTVA  ZLATA  NEUTRONSKOM
AKTIVACIJOM  U  TEHNOGENIM  SIROVIM  MATERIJALIMA

RAZLI^ITOG  MINERALNOG  SASTAVA

 Analizirane su metode za utvr|ivawe sadr`aja zlata u tehnogenim objektima pri
iskopavawu zlata, u pogledu wihove nehomogenosti i slo`enosti hemijskog i mineralnog sastava.
Razmatrana je mogu}a primena neutronske aktivacione analize sa upotrebom kalifornijuma kao
izvora neu trona za odre|ivawe sastava fino-zrnastog i ekstra fino-zrnastog zlata u tehnogenim
objektima, ukqu~uju}i i pepeo snabdeva~a energije. Pokazano je da hemijski sastav uzorka uti~e na
raspodelu fluksa neutrona u uzorku {to u osnovi mo`e naru{iti rezultat neutronske
aktivacione analize. Da bi se eliminisale mogu}e sistemske gre{ke sprovedeno je istra`ivawe
uticaja sastava uzorka minerala na rezultate odre|ivawa prisustva zlata primenom neutronske
aktivacione analize. Naime, stena velike mase (3-5 kg) sme{tena je u aktivacionu zonu primenom
~etiri vrste matrica, kao {to su silikatna, sa ugqenikom, sa gvo`|em i titanijum magnetitom.
Pokazano je da nema zna~ajne razlike u disperziji fluksa termi~kih i rezonantnih neutrona iz
252Cf tokom aktivacije tehnogenih uzoraka razli~itog mineralnog sastava koji sadr`e zlato.

Kqu~ne re~i: neutronska aktivaciona analiza, fino-zrnasto zlato, tehnogeni objekat,
.........................kalifornijum, aktivaciona zona, fluks termi~kih neutrona


