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reziume

Seswavlilia arsenopirituli madnis
natriumis hidroqsidis xsnarSi gamotutvis
procesi damJangvelad wyalbadis zeJangi-
sa da ozonis gamoyenebiT. dadgenilia gamo-
tutvis procesis optimaluri pirobebi:
CNaOH –3-4 mol/l; ф = 3-5 sT; FeAsS:H2O2:O3=1:3:3;
n=750-800 br/wT.

sakvanZo sityvebi: gamotutva, natriumis
hidroqsidi, wyalbadis zeJangi, ozoni, arse-
nopiriti, radikalebi, amoRebis xarisxi, po-
tenciali.

saqarTvelos ZiriTad oqros sabados,
romlidanac oqros amoReba amJamad mimdinar-
eobs, madneulis oqros kvarcituli sabado
warmoadgens, Tumca oqro feradi liToneb-
is madnebSic moipoveba, romelTa adgilze
gadamuSaveba oqros warmoebas gazrdida qve-
yanaSi. erT-erT aseT madans canis arseno-
pirituli madani warmoadgens, romlis hidro-
metalurgiulad gadamuSavebis SemTxveva-
Si SesaZlebeli iqneba qveyanam ara marto
oqros damatebiTi raodenoba, aramed iseTi
mniSvnelovani produqtic miiRos, rogori-
caa liTonuri dariSxani da misi naerTebi
[1]. liTonuri dariSxani da misi naerTebi
farTod gamoiyeneba saxalxo meurneobis
sxvadasxva dargSi -  kerZod naxe -
vargamtarul teqnikaSi. es ukanasknelebi
Tavis mxriv gamoyenebas hpoveben teqnikis
iseT mniSvnelovan dargebSi, rogorebicaa
radioeleqtronika, mikroeleqtronika, laz-
eruli teqnika, mzis batareebi da sxva.

dariSxanis da oqros Semcveli sulfi-
duri koncentratebi da samrewvelo gada-
muSavebis narCenebi maTi teqnologiuri
mdgradobis gamo ZiriTadad pirometa-
lurgiuli meTodiT gadamuSavdebian, rom-
lis drosac mtvrisa da airadi gogirdis
dioqsidis warmoqmna xdeba. gamonabolqvi
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airebis gawmenda rTulia, Zviria da zogi-
erT SemTxvevaSi arasakmarisad efeqturic.
gogirdis dioqsidi sawarmodan aTasobiT
kilometrze vrceldeba da globalur mavne
zegavlenas axdens garemoze. amasTan dakav-
SirebiT mTel msoflioSi didi yuradreba
eqceva sulfiduri madnebidan da koncen-
tratebidan liTonebis miRebas hidrometa-
lurgiuli meTodiT [2,3] ],romelic uzrun-
velyofs garemoze mavne zemoqmedebis Sem-
cirebas.

samuSaos mizans warmoadgens dariSxan-
Semcveli nedleulis, kerZod canis arse-
nopirituli madnis  gamotutvis procesis
Seswavla natriumis hidroqsidis xsnarSi
damJangvelebis - wyalbadis zeJangisa da
ozonis damatebisas.

kvlevis obieqts warmoadgens canis
arsenopirituli madani, Semdegi ZiriTadi
SedgenilobiT, %: Бs -44,12; Fe - 34,73; S -19,49;
Ag – 40g/t; Au -4-5 Т/в. nedleulis gamotutvis
procesis maRali efeqturobis misaRwevad
Zalzed mniSvnelovania damJangvelebis swo-
rad SerCeva.

wyalbadis zeJangi da ozoni Zlier
damJangvelebs miekuTvnebian. isini gamo-
tutvis procesis dros iseT usafrTxo niv-
Tierebebad iSlebian rogorebicaa wyali
da Jangbadi. ozoni didi xnis ganmavlobaSi
misi maRali koncentraciisa da siZviris
gamo samrewvelo masStabebiT ar gamoiy-
eneboda, Tumca axla axali tipis energodam-
zogi ozonatorebis Seqmnam metalurgiaSi
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misi gamoyenebis rentabeloba gazarda.
ozonis garda gamotutvis procesSi sxva
damJangvelis gamoyeneba ozonis xarjs da
procesis xangrZlivobas mniSvnelovnad
amcirebs.

ozoni da wyalbadis zeJangi mJava gare-
moSi sulfidur mineralebs Jangavs ele-
menturi gogirdis warmoqmniT, xolo tute
garemoSi sulfiduri gogirdi sulfation-
ebamde iJangeba.

arsenopiritis Jangvis SemTxvevaSi ozo-
ni da wyalbadis zeJangi wyalxsnarebSi iseT
aqtiur damJangvelebs warmoqmnian rogore-
bicaa OH., HO2

.
 radikalebi da O3

-. tempera-
turis aweva am procesebs ufro aCqarebs.
ozonisa da wyalbadis zeJangis erTdrou-
li gamoyeneba sareaqcio aris JangviT un-
ars amaRlebs, radgan icvleba damJangveleb-
is Sedgeniloba da Jangvis procesisis meqa-
nizmi. cnobilia, rom tute xsnarebSi ione-
bi katalizur gavlenas axdenen ozonis Tvi-
TdaSlis procesze, romlis drosac ufro
Zlieri Jangvis unaris mqone OH. radikalebis
generacia xdeba Semdegi reaqciebis mixed-
viT:

O3 + OH- = O3
- + OH.

warmoqmnili ozonid ionebi aseve iSleba
OH.  radikalebis generirebiT:

O3
- + H2O = O2 + OH. + OH-

am reaqciebiT miRebul OH. radikalebs

SeuZliaT monawileoba miiRon, JangviT pro-
cesebSi.

rac Seexeba wyalbadis zeJangs is damou-
kideblad ufro susti damJangvelia, tute
xsnarebSi misi potenciali Eo

(H2O2/OH-)=0,88v.
utoldeba. gamotutvis procesSi ozonTan
erTad monawileobisas misi JangviTi unari
sagrZnoblad matulobs [4,5].

eqsperiments vatarebdiT organuli mini-
sgan damzadebul erTi  litri moculobis
mqone, gamaTbobliT da sareviT aRWurvil
cilindrul reaqtorSi. suspenziis areva
xdeboda TviTregulirebadi Biosan MM-1000
tipis meqanikuri sareviT, eqsperimentis dros
wyalbadis zeJangi wveTwveTobiT minis sawve-
Taridan, xolo ozoni ozonatoridan mTe-
li procesis ganmavlobaSi miewodeboda sus-
penzias. eqsperimentis msvlelobisas wyal-
badis zeJangis da ozonis damateba sareaq-
cio areSi erTdroulad xdeba Zlieri are-
vis pirobebSi. orive damJangveli suspenzias
siRrmeSi miewodeba, ris Sedegadac reaqto-
rSi mduRare Sris msgavsi nakadi warmoiqm-
neba, romelic droSi yavisferdeba rkina(III)
hidroqsidis warmoqmnis gamo. gamotutvis
procesis dros рH mniSvneloba 10-12 far-
glebSi meryeobs. suspenziis dawdobisa da
Fe(OH)3 mocilebis Semdeg vaxdenT xsnareb-
is gafiltvras, filtrati ukve gawmendili
xsnaria, romelic ZiriTadad natriumis ar-

sur. 1. arsenopiritis madnidan dariSxanis gamotutvis xarisxis
damokidebuleba xsnaris temperaturaze

CNaOH–2 mol/l, t -3 sT, n=400 br/wT
1-damJangvelis gareSe; 2- H2O2 damatebisas; 3 - O3 SeberviT.
2-damJangvelis gareSe; 2- H2O2 damatebisas; 3 - O3 SeberviT.

qimiuri kvlevebi
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senatebisa da arsenitebisagan Sedgeba. miRe-
buli xsnarebidan elementuri dariSxanis
amorebas vaxdenT eleqtrolizuri meTo-
diT.

Seswavlili iqna sxvadasxva parametre-
bis gavlena dariSxanis amoRebis xarisxze.
sur. 1. naCvenebia temperaturis gavlena ar-
senopiritis madnidan dariSxanis amowvlil-
vis procesze. rogorc suraTidan Cans tem-
peraturis gazrda garkveul zRvrebSi
dariSxanis gamotutvis xarisxis zrdas
xels uwyobs, Semdeg ki gamotutvis xarisxi
mcirdeba.

kvlevam aCvena, rom dariSxanis amowv-
lilvis xarisxi damokidebulia suspenzi-
is arevis siCqareze, (sur. 2.). rogorc sura-
Tidan Cans optimalurad SeiZleba CavTval-
oT 750-800 br/wT-Si, ufro maRal siCqareze
vibracia izrdeba da misi regulireba gar-
Tulebulia.

arsenopiritis gamotutvis procesze
natriumis hidroqsidis koncentraciis gav-
lenis Seswavlam gviCvena (sur. 3), rom sar-
eaqcio areSi misi koncentraciis cvlile-
ba did gavlenas axdens dariSxanis amoRe-
bis xarisxze, kerZod, ΝaOH koncentraciis

gazrdisas 0,5 mol/l - dan 3-4 mol/l- mde
xsnarSi gadmosuli dariSxanis raodenoba
mniSvnelovnad izrdeba, koncentraciis
Semdgomi zrda dariSxanis amoRebis xaris-
xze naklebad moqmedebs.

arsenopiritis madnidan dariSxanis amo-
Rebis xarisxze mniSvnelovan gavlenas ax-
dens suspenziaSi myarisa da Txevadis Tana-
fardoba. rogorc kvlevam aCvena misi Sem-
cirebiT amoRebis xarisxi izrdeba da opti-
malurad SeiZleba CaiTvalos 1:6-1:10 my:Tx
Tanafardoba, rodesac dariSxanis gadasv-
la xsnarSi maqsimaluria.

arsenopiritis gamotutvis procesze
natriumis hidroqsidis koncentraciis gav-
lenis Seswavlam gviCvena (sur. 3), rom sar-
eaqcio areSi misi koncentraciis cvlile-
ba did gavlenas axdens dariSxanis amoRe-
bis xarisxze, kerZod, ΝaOH koncentraciis
gazrdisas 0,5 g/mol-dan 3-4 g/mol-mde xsna-
rSi gadmosuli dariSxanis raodenoba mniS-
vnelovnad izrdeba, koncentraciis Semdgo-
mi zrda dariSxanis amoRebis xarisxze na-
klebad moqmedebs.

arsenopiritis gamotutvis xarisxze gan-
sakuTrebul gavlenas axdens procesis xan-

sur. 2. arsenopiritis madnidan dariSxanis gamotutvis xarisxis
damokidebuleba sarevis brunTa ricxvze,

CNaOH –2 mol/l; ф -3 sT; t – 60-650C;
1 -H2O2 ; 2 – O3
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grZlivoba, rogorc damJangvelis aseve dam-
Jangvelis gareSe. sur. 4 motanilia mrude-
bi, rolebic asaxavs dariSxanis gamotutvis
xarisxis damokidebulebas procesis xan-
grZlivobaze rodesac damJangvelad gamoy-
enebulia wyalbadis zeJangi.

sur. 4-dan Cans, dariSxanis amoRebis
xarisxze procesis xangrZlivoba did gav-
lenas axdens da yvelaze maRal mniSvnelo-
bas 97,5%, 12 saaTis Semdeg aRwevs, maSin
rodesac ozonis da wyalbadis zeJangis erT-

droulad damatebisas am procesi xangr-
Zlivoba sam saaTamde mcirdeba.

gamotutvis procesis intensifikacii-
saTvis Zalzed mniSvnelovania ozonisa da
wyalbadis zeJangis Tanafardoba da Sere-
vis reJimi.

rogorc ukve aRvniSneT, wyalbadis ze-
Jangis da ozonis damateba sareaqcio are-
Si erTdroulad xdeba Zlieri arevis
pirobebSi. orive damJangveli suspenzias
siRrmeSi miewodeba, ris Sedegadac reaq-

sur. 3. arsenopiritis madnidan dariSxanis gamotutvis xarisxis damokidebuleba
xsnarSi NaOH koncentraciaze, mol/l.

my/Tx=1/30, t – 60- 650C; фф -3 sT; n=750 br/wT.

sur. 4. arsenopiritis madnidan dariSxanis gamotutvis xarisxis
damokidebuleba procesis xangrZlivobaze.
damJangveli - H2O2; t –60-650C; n=750 br/wT.

qimiuri kvlevebi
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torSi mduRare Sris msgavsi nakadi war-
moiqmneba, am dros Jangvis procesis erT-
erT kinetikur faqtorad SeiZleba CaiTva-
los moriagire nivTierebebis Sexebis far-
Ti.

xsnari droSi yavisferdeba rkina (III)
hidroqsidis warmoqmnis gamo. gamotutvis
procesis dros ð  mniSvneloba 10-12 far-
glebSi meryeobs. suspenziis dawdobisa da
Fe(OH)3 mocilebis Semdeg vaxdenT xsnareb-
is gafiltvras, filtrati ukve gawmendili
xsnaria, romelic ZiriTadad natriumis ar-
senatebisa da arsenitebisagan Sedgeba.

gamotutvis procesis intensifikacii-
saTvis Zalzed mniSvnelovania ozonisa da
wyalbadis zeJangis Tanafardoba da Sere-
vis reJimi.

sur. 5. naCvenebia arsenopiritis mad-
nidan dariSxanis gamotutvis xarisxis cv-
lileba damJangvelebisa da maTi Tanafar-

dobis cvlilebis mixedviT.
miRebuli Slami warmoadgens keTilSo-

bili liTonebiT gamdidrebul koncen-
trats, romelis ZiriTadi Sedgenilobaa, %:
Fe-4,11;  Α¾ -0,35;  S – 0,51;

Αg – 85,02 g/t; Αu – 20,05g/t. gamotutvis
Semdeg darCenili pulpa aRar saWiroebs
ganeitralebas, radgan SigniT tute gare-
moa da pirdapir eqvemdebareba cianirebis
process. xsnarebidan elementuri dariSxa-
nis miReba xdeba eleqtrolizuri meTodiT.

amgvarad, Seswavlili iqna canis arse-
nopiritis madnis natriumis hidroqsidis
xsnarSi gamotutvis procesi damJangvele-
bad wyalbadis zeJangisa da ozonis dam-
atebisas.

dadgenili iqna aRniSnuli procesis
optimaluri pirobebi: CNaOH–3-4 mol/l; Fe-
AsS: H2O2:O3 = 1:3:3; my:Tx = 1:6 1:10; t– 60-65 °C; τ-
3-5sT; n=750-800 br/wT.

sur. 5. arsenopiritis madnidan dariSxanis gamotutvis xarisxis cvlileba
damJangvelebisa da maTi Tanafardobis cvlilebis mixedviT.

CNaOH –3 moli/l, t – 60-650C, ф - 3 sT, n=750 br/wT.
1. FeAsS:H2O2=1:2 3. FeAsS:2:2:3=1:2:2
2. FeAsS:3=1:2 4. FeAsS: 2:2:3 =1:3:3
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STADY OF THE PROCESS OF HYDROMETALLURJYCAL PROCESSING
OF ARSENOPYRITE ORE WITH THE ADDITION OF OXIDANTS

T. TSILOSANI, I.KAKHNIASHVILI, L.CHKHIKVADZE, Z.SVANIDZE, G. GORELISHVILI
Georgian Technical Universiti

I.Javakhishvili Tbilisi State University
R. Agladze Institute of Inorganic Chemistry and Electrochemistry

The process of alkaline leaching of arsenopyrite in a solution of sodium hydroxide with the addition of hydro-
gen peroxide and ozone as oxidants was studied. Optimal parameters of the process of leaching are established:
CNaOH-3-4 mol / l; t = 60-65°C; τ = 3-5 hours; FeAsS:H2O2:O3=1:3:3; n = 750-800 turn/min.

ИЗУЧЕНИЕ ПРОЦЕССА ГИДРОМЕТАЛЛУРГИЧЕСКОЙ
ПЕРЕРАБОТКИ АРСЕНОПИРИТНОЙ РУДЫ

С ДОБАВЛЕНИЕМ ОКИСЛИТЕЛЕЙ

Т.А. ЦИЛОСАНИ, И.Б. КАХНИАШВИЛИ, Л.А.
ЧХИКВАДЗЕ, З.С. СВАНИДЗЕ, Г. Г, ГОРЕЛИШВИЛИ
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Тбилисский Государственный Университет им. И. Джавахишвили,

Р. Агладзе Институт неорганической химии и электрохимии

Резюме

Изучен процесс щелочного выщелачивания арсенопиритной руы в растворе гидроксида натрия с
добавлением перекиси водорода и озона в качестве окислителей. Установлены оптимальные параметры
процесса вычелачивания: CNaOH–3-4 моль/л;  t – 60-65 °C; ф-3-5 ч; FeAsS:H2O2:O3=1:3:3; n =750-800 об/мин.

qimiuri kvlevebi
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