Ne 3/2022

O‘zbekiston
ompozitsion
ateriallar

[Imiy-texnikaviy va amaliy jurnali

- . - »

| W S e S e S

- - >

Y36eKCKHI HayYHO-TEXHUYE€CKUM U MPOU3BOACTBEHHBIN XKypHaJI

KOMHOSPII_[I/IOHHIJIE MAdTEPHAJIbI




Xumus u q)ﬂ3ﬂKOXl/lMl/lﬂ KOMITO3MIIMOHHBIX
MATEPHUAIOB 1 HAHOKOMIIO3UTOB

Komnosunnonusie matepuainl Ne3, 2022

YaCTHI[ TIOCJIEe [UITMTEIHHON KHCIOTHOW 00paOOTKM MOHTMOPHILIOHHTOB KapakanmakctaHa MeHSIETCS He
3HAYUTEIILHO, YTO TOBOPHUT O 00JIee BHICOKOM CTAOMIIBHOCTH 3TUX MOHTMOPUJUIOHUTOB K TEPMOXUMHUCCKOMY

BO3JICUCTBUIO

Key words. Filler, modification, composition, composition, adsorption, technology, dispersion,

nanoparticles, magnetic stirrer.

In this article, the influence of thermochemical modification on the physicochemical properties and
structural features of bentonite clays of Karakalpakstan has been studied. It was found that after 300 min.
exposure to 13M nitric acid, the micromorphology of the sediment of clay particles of bentonite clays of the
Muynak deposit changes in a similar way with similar changes in the bentonites of the Turtkul deposit. The
microstructure becomes more chaotic, the connectivity between ultramicroaggregates worsens, and the size of
individual visible structural elements decreases. However, it is worth noting that, in general, the nature of the
interaction of particles after long-term acid treatment of montmorillonites of Karakalpakstan does not change
significantly, which indicates a higher stability of these montmorillonites to thermochemical effects.

Axmamxkanos Capaopoek

- IOKTOPaHT, TaIKEeHTCKOro ToCcy1apCTBEHHOTO TEXHMYECKOTO YHUBEPCHTETA

AXMaIKaHOBUY
HckanneposB Axmen - I.T.H., mpodeccop, AekaH, TalIKeHTCKOr0 TOCYAapCTBEHHOTO TEXHHUUYECKOTO
Maxcer0aeBuy4 YHUBEPCHUTETA
TemabaeBa JibMupa - I.T.H., mpodeccop Kadenpsl «EcTecTBeHHBIX IpeaMETOB», TamIKeHTCKOTO
Yoaiinynaesna rOCYJJapCTBEHHOI'O0 TPAHCIIOPTHOIO YHUBEPCUTETA
Amunos lyxpart - K.T.H., TEXHUYECKUH JUPEKTOP «bUPUHYN PE3UHOTEXHUKA 3aBOIM
CupaukoBuY
UDK 669.531.66

RUX FERRITINI ELEMENTAR OLTINGUGURT BILAN TIKLASH JARAYONINING
TERMODINAMIK JIHATLARI

B.T. Berdiyarov, Sh.T. Hojiyev, J.B. Ismailov, M.M. Gapparova

Kirish. Rux keki kuydirilgan  rux
boyitmalarini sulfat kislota bilan yuvish bosgichida
olinadi va taxminan 20% atrofida rux hamda
qo‘shimcha ravishda indiy, kadmiy, qo‘rg‘oshin va
mis metallarini 0‘z ichiga oladi [1]. Rux keklariga
ishlov berish birmuncha qiyinligining sababi
shundaki, uning tarkibida kislotaga bardoshli
shpinellar turiga mansub—ferritlar va silikatlar
mavjud. Rux ishlab chigarish keklarining
kimyoviy va mineralogik tarkibi murakkab
oksidlardan iborat bo‘lganligi sababli ularni qayta
ishlash yo‘llarini topish rux metallurgiyasining
dolzarb mavzularidan biridir [2]. Masalan, ruxli
kek tarkibidagi rux va temirning katta gismi rux
ferriti  (ZnO-Fe;03) shaklida bo‘lib, mineral
kislotalarda erimaydigan va magnitga
tortilmaydigan birikma hisoblanadi [3]. Shuning
uchun rux ferritini alohida rux va temir
birikmalariga ajralishi uchun rux keklarini gayta
ishlash yo‘lini topish metallurg olimlar oldiga
go‘yilgan muhim vazifalardan biri hisoblanadi [4].

“Olmaliq KMK” AlJda rux ishlab
chiqarishning  keklar  ko‘rinishidagi  sanoat
chiqgindilari katta miqdorda yig‘ilgan, ularni ishlab
chiqgarishga jalb etish kombinatga asosiy xomashyo
boyitmalardan, flyuslardan va  energiya
xarajatlaridan  foydalanmasdan metall ishlab
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chiqgarishni sezilarli darajada oshirishga imkon
beradi [5].

Ushbu tadgigot ishi ham ayni shu
muammolarni yechishga qaratilgan bo‘lib, bunda
tarkibida 15-20 % rux saglagan gidrometallurgik
chigindilarni oltingugurt bilan 500 — 700 °C
haroratlar intervalida ko‘machlash orqgali uch
valentli temir oksidini selektiv tiklab, so‘ng hosil
bo‘lgan ko‘machni magnitli ajratish usuli bilan
ajratilib temirga boy magnitli fraksiya hamda ruxga
boy kuydirilgan konsentrat olish usuli taklif etilgan
[6]. Olingan temirli boyitmani po‘lat ishlab
chigarish yo‘naltirish bilan, hosil bo‘lgan ruxga
boy kuyindini gidrometallurgik gayta ishlash
jarayoniga  yo‘naltirish  orqali  chiqgindisiz
texnologiya ishlab chigilgan [7].

Tadgigotning magsadi “OKMK” AJ rux
zavodidan hosil bo‘ladigan chiqindi-keklarlarni
kompleks gayta ishlash texnologiyasini ishlab
chigishdan iborat.

Tadgigot obyekti va  metodikasi.
Tadgiqotning obyektilari sifatida OKMK Rux
zavodining chigindi-keklari tanlangan bo‘lib,
ularni  gayta ishlashda mabhalliy tiklovchi-
sulfidlovchi modda sifatida elementar
oltingugurtdan foydalanilgan.
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Rux ishlab chigarishning keklari, texnik
oltingugurt va tadgigot natijasida olingan
mahsulotlarning kimyoviy hamda moddiy tarkibini
o‘rganish magsadida Davlat geologiya
go‘mitasining “Markaziy laboratoriyasi” davlat
korxonasida tahlil gilingan namunalar olindi.
Mineral moddalar mass-spektrometrik analizator
(ICP-MS) yordamida va Kimyo-texnologiya
institutida yuqori samarali energiya dispersiyali
rentgen nurli floresan spektrometr NEX CG
RIGAKU yordamida tahlil gilingan [8].

Rux keki va texnik oltingugurt sistemasida
oqib  o‘tadigan  kimyoviy  reaksiyalarning
termodinamik giymatlarini aniglashda
ThermoBase-2.15 dasturidan va ularning Ellingem
grafigini tuzish magsadida Microsoft Excel
dasturlaridan foydalanildi.

Termodinamik tahlillar izobarik-izotermik
potensiallarning (Gibbs erkin energiyasi) haroratga
bog‘ligligini hisobga olgan holda o‘tkazildi. Gibbs
erkin energiyasining o‘zgarishi (AG) umumiy
holda quyidagi formula yordamida hisoblab
chigilgan:

AGreak = AHyeak — ASreakT (1)

Bu yerda: AHrea — tegishli
reaksiyaning entalpiyasi, kd/mol;

ASrak — tegishli kimyoviy reaksiyaning
entropiyasi, J/(mol-K);

T — sistemaning absolyut harorati, K.

Reaksiya muvozanat konstantasining (Kw)
haroratga bog‘ligligi quyidagi formula bo‘yicha
aniglandi:

kimyoviy

AG
Ky = e T )
Bu yerda: R — universal gaz doimiyligi, R =
8,31696-107 kJ/(grad-mol);
Km — tegishli kimyoviy
muvozanat doimiyligi.
Olingan natijalar va ularning muhokamasi.

reaksiyaning

Rux ferritini oltingugurtning turli
konsentratsiyasida tiklash jarayonining empirik
tarkibga asoslangan  kimyoviy tenglamalari
quyidagicha:
2ZnFe;04 + S=2Zn0 +4FeO + SO, (3)
ZnFe;04+ 5S = ZnS + 2FeS + 2S0; 4)
Reaksiyalarda ishtirok etgan  barcha

moddalarning termodinamik giymatlari standart
sharoit uchun hisoblab topilgan bo‘lib, ularning
giymatlardan  chiqgarilgan  xulosaga  asosan
haroratning ortishi (3) va (4) kimyoviy
reaksiyalarga qanday ta’sir ko‘rsatishi orasidagi
bog‘liglikning tegishli matematik ifodasi tuzildi va
ular mos ravishda quyidagicha ko‘rinishga ega:

AG™1=296,924-0233-T (5)

AG', =264,490 - 0,667 - T  (6)

Hisoblab chigilgan (5) va (6) matematik

ifodalarga asoslanib, reaksion sistemada harorat
har 100 birlikka ko‘tarilganda har bir sulfidlanish
kimyoviy jarayonlarining sodir bo‘lish ehtimolligi
aniglandi. Olingan natijalar 1-jadvalda tagdim
etilgan.

1-jadval
Rux ferritini texnik oltingugurt bilan ko‘machlashning turli haroratlardagi Gibbs energiyalari giymatlari

Ne T, K T,°C AGTy, kd/mol AGT2, kd/mol

1 398 125 204,19 -0,976

2 498 225 180,89 -67,68

3 598 325 157,59 -134,4

4 698 425 134,29 -201,1

5 798 525 110,99 -267,8

6 898 625 87,69 -334,5

7 998 725 64,39 -401,2

8 1098 825 41,09 -467,9

9 1198 925 17,79 -534,6

10 1298 1025 -5,51 -601,3

11 1398 1125 -28,81 -668

12 1498 1225 -52,11 -734,7

13 1598 1325 -75,41 -801,4

14 1698 1425 -98,71 -868,1

15 1798 1525 -122 -934,8

1-jadvalda 398 — 1798 K (ya’ni, 125 — 1525
°C) haroratlar intervalida rux ferritini texnik
oltingugurt  bilan  ko‘machlash  kimyoviy
reaksiyalarining tegishli Gibbs energiyalari tagdim
etilgan bo‘lib, harorat ortib borishi bilan
reaksiyaning oqib o‘tish ehtimolligi ortib boradi.
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Buni Ellingem diagrammasi ko‘rinishida 1-rasmda
ham yaqqol ko‘rish mumkin.

1-rasmda tasvirlangan grafikda rux ferritini
texnik oltingugurt bilan ko‘machlash kimyoviy
reaksiyasini (2) matematik ifodaga va 1-jadvaldagi
erkin energiyalar giymatlariga asoslanib,
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1-rasm. Rux ferritini texnik oltingugurt bilan
ko‘machlashda oqib o‘tadigan reaksiyalarning
Ellingem diagrammasi
sulfidlanish ~ reaksiyalari ~ uchun  Dberilgan
haroratlardagi kimyoviy reaksiyalarning
muvozanat konstantalari aniglandi va bu giymatlar
2-jadvalda tagqdim etilgan.

2-jadval
Rux ferritini texnik oltingugurt bilan ko‘machlash jarayonining turli haroratlardagi muvozanat konstantalari
giymatlari

Ne T, K T,°C K1 K2

1 398 125 0,9401 1,0003

2 498 225 0,9572 1,0165

3 598 325 0,9688 1,0274

4 698 425 0,9771 1,0353

5 798 525 0,9834 1,0412

6 898 625 0,9883 1,0458

7 998 725 0,9923 1,0496

8 1098 825 0,9955 1,0526

9 1198 925 0,9982 1,0552

10 1298 1025 1,0005 1,0573

11 1398 1125 1,0025 1,0592

12 1498 1225 1,0042 1,0608

13 1598 1325 1,0057 1,0622

14 1698 1425 1,0070 1,0635

15 1798 1525 1,0082 1,0646

1,08

1.06

1.04 -

1,02 4

125 225 325 425 525 625 725 825 925 1025 1125 1225 1325 1425 1525
T,*C

2-rasm. Rux ferritini texnik oltingugurt bilan
ko‘machlash jarayonida muvozanat konstantasini
haroratga bog‘liq ravishda o‘zgarishi

2-jadvalgi  giymatlar va  2-rasmdagi
gistogrammalar ko‘rinishida tasvirlangan
grafikdan shuni anglash mumkinki, harorat 973 K
(700 °C) ga yetganda (4) kimyoviy reaksiya, ya’'ni
rux  ferritini  texnik  oltingugurt  bilan
ko‘machlashda  metall  sulfidlarining  hosil
bo‘lishida muvozanat kontantasi optimal giymatga
erishadi (Km=1,0354).

Rux ferritini texnik oltingugurt bilan
ko‘machlash jarayonining termodinamik va kinetik
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tahlili natijasi shuni ko‘rsatdiki, harorat ortishi
bilan reaksiyaning sodir bo‘lish ehtimolligi va
muvozanat konstantasi ortadi. Harorat 700 °C ga
yetganda reaksiyaning tezligi eng yugori giymatga
ega bo‘ladi.

Xulosa. Termodinamik tahlil natijalariga
ko‘ra, rux ferriti va texnik oltingugurt sistemasida
oqib o‘tadigan kimyoviy reaksiyalar orasida
limitlovchi bosgich — bu rux ferriti va texnik
oltingugurt molekulalarining bir-birida
diffuziyalanishi bosgichi ekanligi aniglandi. Bunga
bog‘liq ravishda rux ferritining texnik oltingugurt
bilan to‘liq ta’sirlashishida talab etiladigan harorat
973 K (700 °C) ni tashkil etdi. Ayni shu haroratda
barcha kimyoviy reaksiyalarning muvozanat
konstantalari yuqori giymatlarga ega ekanligi
jarayonning  kinetikasini  o‘rganish  orqali
isbotlandi.

Mazkur jarayonni o‘rganishning ahamiyati
shundan iboratki, reaksiya natijasida hosil bo‘lgan
temir (I1)-oksidini magnitli usulda ajratib olinib,
magnitli fraksiyani po‘lat ishlab chiqarish uchun
dastlabki xomashyo sifatida berish imkoniyati
paydo bo‘ladi. Reaksiya natijasida hosil bo‘lgan
magnitlanmagan fraksiya tarkibidagi rux oksidi va
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sulfidlari gidrometallurgik tanlab eritish jarayoniga
yuboriladi. Bundan tashqgari, magnitga tortilmagan
materiallar ichida temirning ajratib olinganligi
tufayli rux va misning miqgdori ortib, ishlab
chigarishda samara beradigan darajaga yetgan

bo‘lganligi sababli ularni sulfat kislotada tanlab
eritish usuli yordamida ajratib olish mumkin
bo‘ladi. Bu esa chiqindisiz texnologiyani joriy
etish va atrof-muhit muhofazasini yaxshilash
darajasini oshirishga imkon beradi.

bo‘ladi. Bu metallar ham oksidlangan ko‘rinishda
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Maqolada tarkibida rux saglagan rux zavodi chiqgindilarini elementar oltingugurt bilan ko‘machlash
jarayonining borish qonuniyatlari va termodinamik jihatlari ko‘rib chigilgan. Tadgiqotda rux va temirning
kimyoviy tarkiblariga asoslanib, miqdoriy tahlil o‘tkazilganda xomashyodagi rux va temir rux ferriti birikmasi
ko‘rinishida ekanligi aniqlangan. Shu moddiy tarkibga asoslanib, rux ferriti tarkibidan uch valentli temir
oksidini texnik oltingugurt ishtirokida tiklab, temirni magnitga tortiladigan shaklga o‘tkazish usuli taklif
etilgan va jarayon oqib o‘tishining sharoitlari o‘rganib chiqilgan. Rux ferriti va texnik oltingugurtning o‘zaro
ta’sirlashuv mintaqalarida ro‘y beradigan kimyoviy hodisalarning mexanizmi va termodinamik asoslari ishlab
chigilgan.

KiroueBble cjioBa: HI/IHKOBI)II‘/'I KCK, q)eppI/IT UHKa, 3JICMCHTAapHas c€pa, BOCCTAHOBJICHUEC, ITPOILICCC
BOCCTAaHOBJICHHS, TEPMOJIMHAMUKA, SHeprus [ mb0ca, Temmneparypa.

B cratbe pPacCcMOTPEHBI 3aKOHOMCPHOCTU MNPOTCKAHHUA U TECPMOAMHAMHUYCCKUE aCIICKThI IIpolecca
CIIEKaHUsI OTXOJI0OB LIMHKOBOI'O 3aBOJia C JJIEMEHTapHOU cepoil. B xojae uccnenoBaHus, OCHOBAHHOIO Ha
XUMHYCCKOM COCTaB€ IIMHKA M KECJIC3a, KOJTWYECTBEHHBIA aHaIu3 MoKas3ajl, 4YTO LIUHK M KCJIC30 B CBhIPHC
HaxoasTCA B (bopMe COCANHCHUA (beppI/ITa HHUHKAa. Ha ocHoBe JAaHHOI'0 COCTaBa MaTCpHrajia MpCaJIOKCH croco0
BOCCTAHOBJICHHSI OKCHJIa TPEXBAJIEHTHOTO kKeJie3a u3 (peppuTa MUHKA B TMPUCYTCTBUM TEXHUYECKOI cephl U
nepeBoaa xKejeda B MAarnHuTHYrO (l)OpMy, HU3YUCHBI YCIIOBUS MMPOTCKAaHUSA MTPOLICCCa. Pa3pa60TaHLI MCXaHU3M U
TCPMOANHAMUYCCKUEC OCHOBbBI XUMHUYCCKUX HBJ’ICHHfI, MMPOUCXOJAIINX B obacTax B3aHMO)1€I>iCTBHSI (beppI/ITa
LIMHKA U TEXHUYECKOU Cephl.

Key words: zinc cake, zinc ferrite, elemental sulfur, reduction, reduction process, thermodynamics,
Gibbs energy, temperature.

The article discusses the patterns of flow and thermodynamic aspects of the process of sintering waste
from a zinc plant with elemental sulfur. In a study based on the chemical composition of zinc and iron,
guantitative analysis showed that zinc and iron in raw materials are in the form of a zinc ferrite compound.
Based on this composition of the material, a method was proposed for the reduction of ferric oxide from zinc
ferrite in the presence of technical sulfur and the transfer of iron into a magnetic form, and the conditions for
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