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Annotatsiya: Volfram - surma kristalli kislotaning ion almashinuvi va uning o'rnini
bosuvchi M*, H* shakllarining termolizi jarayonida strukturaviy o'zgarishlarni o'rganish olib
borildi. Termogravimetrik va sifatli rentgen fazali tahlil ma'lumotlaridan foydalanib, volfram -
surma kristalli kislotasi va unga asoslangan birikmalarning termolizi 300 dan 1150 K gacha
bo'lgan keng harorat oralig'ida davom etadi va surma modifikatsiyasining murakkab oksidlari va
WOs 0'z ichiga olgan fazalar aralashmasi hosil bo'lishi bilan kristalli suv molekulalarini olib
tashlash bilan birga keladi. Ishning magsadi bu birikmalarning strukturaviy o'zgarishiga
gidratatsiyaning ta'sirini o'rganish, ularning issiglik muvozanatini va ion almashish
xususiyatlarini o'rganish kabi masalalarga garatilgan.

Fd-3m kosmik guruhi doirasida volfram - surma kristalli kislotasining strukturaviy
xususiyatlari rentgen-diffraktsion tahlil ma'lumotlari asosida (Ritveld usuli) takomillashtirildi va
uning o'rnini bosgan M*, H* shakllari va tegishli metallarni piroklor tipidagi strukturaning
kristallografik joylashuvi bo'yicha to'ldirish uchun model taklif gilingan.

Fizik-kimyoviy usullar yordamida olingan birikmalar tarkibi, strukturaviy buzilish va ion
almashinuv xossalari o'rtasida korrelyatsiya o'rnatildi.

Olingan natijalardan kelib chigib, piroxlor tipidagi tuzilishga izomorf bo'lgan volfram-
surma kristalli kislotaning gidratlangan birikmalari 1020 K gacha issiglik bargarorligini
saglaydi.

Kalit so‘zlar: volfram-antimon Kkislotasi, gattiq eritmalar, tuzilish turi piroxlor, ion
almashinish xususiyatlari.

TEPMMUYECKOE PABHOBECHUE U HOHOOBMEHHBIE CBOMCTBA ®OPM

M (H30)1-x\\WSbOs - NH20 u ero 3amenureseit M+, H+

Annomayusn: Ilposedeno ucciedosanue cCmpyKmypHviX U3MeHeHUll npu UOHHOM OOMeHe
B0IbPPAM-CYPOMAHOU KPUCALIUYECKOU KUCIOMbL U mepmoauze ee 3ameuwjarowux gopm M+,
H+. Ilo oannvim mepmozcpasumMentpuiecKkoco U KaieCcmeernHoco peHmeeHOd)as’oeozo aHaauza
MepMOaU3 BOAbPPAMO-CYPbMAHOU KPUCMALIUYECKOU KUCIOMbl U COCOUHEHUUl HA ee OCHO8e
npomexaem 8 wupoxom unmepsane memnepamyp om 300 0o 1150 K, a cmecu ¢a3, cooepacaujux
CNIOJICHbIE  OKCUObBL CYpbMAHOU Moouuxayuu u WOs, conpogodcoaemcs nymem yodneHus
Kpucmajilmu4ecCKux MOoJaeKyi 600bl. Heﬂb pa60mbz - U3yueHue e6JaAUAdAHUA eudpamauuu HAa
CMPYKNMYPHbLE USMEHEHUS IMUX COQOUHQHMIZ, Usyderue ux menjioeoco bananca U UOHOOOMEHHBIX
ceoUCmS.

B npocmpancmeennoti epynne Fd-3m ymounenvl cmpykmypHvle c80UCmEa 801bHpamoso-
Cypr}ZHOIZ Kpucmaﬂﬂuqecmﬁ KUucjilomsl Ha OCHO6AHUU ()aHHbzxpeHmzeﬁocmpmeypuoeo aHaaiu3a
(memoo Pumeenvoa) u 3anonnenus zameweHHuvimu Gopmamu M+, H+ u coomeemcmeyrowumu
Memaniamu Co2NAcHO KpUCMANI02paAdUUecKomy pacnoioNCeHuo CmpyKmypa muna nupoxiopa
npeolodCcena MoOelb.

Ycemanosnena koppensiyus medncoy cocmagom COeOUHEeHUl, NOJYVHeHHbIX Qu3UKO-
XUMUYECKUMU — MemoOdMu, CMPYKMYPHOU  paA3yNOPSOOYeHHOCMbI0 U UOHOOOMEHHbIMU
CBOUCMBAMU.
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Ha ocnosanuu NOJIY4EeHHbIX pe3ylbmamoe YCmaHoe6J1e€H0, Ymo eu()pamupoeaHHbze
COCOUHEHUSL BOJIbOPAMOBO-CYPObMAHOU KPUCMALIUYECKOU KUCAOMbL, U30OMOPOHOU CMPYKmype
AUPOXIOPHO20 MUNA, COXPAHSIOM mepmudeckyio cmabunvrocms 0o 1020 K.

Knrouesnie cnosa: 6016(hpamo-cypoManas KUCioma, meepovle pacmeopbl, CIpYKmMypHblil
mun nupoxiopa, UOHOOOMEHHbIE CEOUCMEA.

THERMAL EQUILIBRIUM AND ION-EXCHANGE PROPERTIES OF
M (H30)1xWSbOs - nH>0 FORMS AND ITS SUBSTITUTES M+, H+

Abstract: A study of structural changes during ion exchange of tungsten-antimony
crystalline acid and thermolysis of its substituting forms M+, H+ was carried out. According to
thermogravimetric and qualitative X-ray phase analysis, the thermolysis of crystalline tungsten-
antimony acid and compounds based on it proceeds in a wide temperature range from 300 to 1150
K, and mixtures of phases containing complex oxides of antimony modification and WO3 are
accompanied by the removal of crystalline water molecules. The purpose of the work is to study
the effect of hydration on the structural changes of these compounds, to study their heat balance
and ion-exchange properties.

In the Fd-3m space group, the structural properties of tungsten-antimony crystalline acid
are refined based on X-ray diffraction analysis (Rietveld method) and filling with substituted forms
M+, H+ and the corresponding metals according to the crystallographic arrangement of the
pyrochlore-type structure. A model is proposed.

A correlation has been established between the composition of compounds obtained by
physicochemical methods, structural disorder, and ion-exchange properties.

Based on the results obtained, it was found that hydrated compounds of tungsten-antimony
crystalline acid, isomorphic to the pyrochlore type structure, retain thermal stability up to 1020
K.

Key words: Tungsten-antimony acid, solid solutions, structural type of pyrochlore, ion-
exchange properties..

KIRISH

lon va proton o'tkazuvchanligi yuqgori bo'lgan materiallarni sintez gilish sohasidagi yangi
ishlanmalarning rivojlanishi tahlili [1-4] shuni ko'rsatdiki, so'nggi yillarda kerakli xususiyatlarga
ega bo'lgan, yangi kashf gilingan birikmalar soni yatarli darajada ko’p emas [5-10]. Shu munosabat
bilan, hozirgi kunda an'anaviy qattiq elektrolitlarni modifikatsiyalash sohasidagi ishlarga alohida
e'tibor garatilmogda. Modifikatsiyaning eng keng tarqalgan usullaridan biri tuz va ko’p valentli
metalning yuqori dispersli oksidi bo'lgan kompozit materiallarni olishdir [5,11].

Yaxshi o'rganilgan istigbolli ion almashinuvchi materiallar tarkibiga kristalli yarimsurma
kislotasi (YSK) asosidagi birikmalar kiradi, ular past haroratli kompozit ion almashinuvchi
membranalar yaratish uchun ishlatilishi mumkin [11-15].

Ishqoriy eritmalarda va tuzli eritmalarda proton guruhlari to'liq bir va ikki valentli metallar
ionlari bilan almashtirilishi mumkin [14-16]. Bunday holda, kristall panjaraning strukturaviy
parametrlari o'zgarishini, bunday tizimlarning issiglik muvozanatini va ularning ion almashinish
xususiyatlarini aniglash kerak [19].

Shu nuqtai nazardan, bu ishning magsadi proton guruhlari bir valentli metall ionlari bilan
almashtirilganda volfram-surma kristalli kislota va unga asoslangan birikmalarning strukturaviy
o0'zgarishiga gidratatsiyaning ta'sirini o'rganish, ularning issiglik muvozanatini va ion almashish
xususiyatlarini o'rganishdir.
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TADQIQOT MATERIALLARI VA METODOLOGIYASI.

H3OWSbOs - nH.O tarkibidagi boshlang'ich kristalli volfram-surma kislotasi kaliyli
antimonat-volframat KWSbOg ni H2SO4 eritmasida ion almashinuvi natijasida olingan [17, 20].

M(H30)1,WSbO¢ - nH>O (M* —Li, Na, K, Ag; 0.0<x<1.0, 0.0<n<2.0) tarkibidagi kristalli
volfram-surma kislotasining gidratlangan o'rnini bosuvchi shakllari (M*, H* - kristalli volfram-
surma kislotasi shakllari) kumush nitrat va metall gidroksidlarning suvli eritmalarida kristalli
volfram-surma kislotasi ion almashinuvi reaktsiyasi natijasida olingan [20].

Titrlash egri chiziglaridan kristalli volfram-surma kislotasining M*, H" - shakllarining ion
almashinish gobiliyati aniglandi [20]. Bunday holda, proton guruhlarini metall ionlari bilan to'liq
almashtirish eritmaning pH muvozanat giymatlarida sodir bo'ladi deb taxmin gilingan.

Namunalarni termogravimetrik tadgiqotlar 300 dan 1150 K gacha bo'lgan keng harorat
oralig'ida Q-1000 derivatografi (F. Paulik, J. Paulik, L. Erdey) yordamida uzluksiz isitish rejimida
o'tkazildi. Isitish tezligi 10 K/min, tortilgan gismi 0.1-0.3 g ni tashkil gildi.

Rentgenografik ma'lumotlari xona haroratida Bruker D8 ADVANCE diffraktometri
yordamida (CuKa - nurlanish) ko’p kristalli kukunlar uchun 26 diffraktsiya burchagi 10° dan 70°
gacha bo'lgan standart usulga muvofiq olingan. Har bir izotermik ta'sirdan keyin namunalarning
fazaviy tarkibini aniglash va olingan birikmalarning bir fazali tarkibini nazorat gilish uchun sifatli
rentgen fazali tahlil ishlatilgan.

TADQIQOT NATIJALARIL.

Titrlash egri chiziglari va gravimetrik tahlillarga ko'ra [17-20], M* — Li, Na, K, Ag uchun
H3OWSbOg - nH>O tarkibidagi kristalli volfram-surma kislotasi ion almashinish qobiliyatining ()
giymati nazariy hisoblanganga yaqin ekanligi aniglandi. Bu kristalli volfram-surma kislotasining
bir valentli metall ionlariga nisbatan yuqori tanlab olish qobiliyatidan dalolat beradi va
gidratlangan antimonat volframatlar M.(H30)1-WSbOsnH>0 (0.0<x<1.0, 0.0<n<2.0) da proton
guruhlarining metall ionlari bilan deyarli to'lig almashtirilganligini ko'rsatadi.

Olingan rentgenografik ma'lumotlari shuni ko'rsatadiki, volfram-surma kristalli kislotaning
M*, H* - shakllarining ion almashinuvi jarayoni strukturaviy o'zgarishlar bilan kechadi. Bunday
holda, o'rganilayotgan namunalarning rentgenogrammalari, H3OWSbOsnH>O (1-rasm, a)
boshlang'ich namunasi singari, difraksiya maksimumlarining (1-rasm, b-e) gat'iy belgilangan
ketma-ketligi bilan tavsiflanadi, ular kubik tizim (Fd-3m fazoviy guruhi) kristallari uchun
kvadratik shakl bilan qonigarli tasvirlangan. Xuddi shu nomdagi maksimumlarning shakli va
yarim kengligi eksperimental o'lchovlar xatoligida o'zgarmaydi.

Bu bizga quyidagicha xulosa chigarishimizga imkon beradi, ion almashinuvi jarayonida
o'rganilayotgan barcha namunalar kation almashtirgichning (kationit) kristall panjarasi
simmetriyasini saglaydi va kogerentli targalish sohalari hajmida sezilarli o'zgarish bo'Imaydi.
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1-rasm. Kristalli volfram-surma kislotasi havoda - qurug namunalari va uning
M*, H* - shakllari rentgenogrammalari: HsOWSbOsnH20 (a), Lio.so(FH30)0.10WShOs -NnH20 (b),
NaWSbOes NH20 (8), KWShOes NH20 (c), AgWShOe -NH>0 (d).
Termogravimetrik tadgiqotlar sifatli rentgen fazali tahlil ma'lumotlari bilan birgalikda
o'rganilayotgan barcha birikmalar Fd-3m kosmik guruhi ichida 1020 K gacha bargaror ekanligini
ko'rsatdi (1-rasm).

dm/dT, oma. en.

Am/mu, %

92 1 1 1 1 1 1 1 1
400 500 600 700 800 900 1000 1100

Temmepatypa, K

2-rasm. H3OWSbOe NH20 (0.0<n<2.0) tarkibidagi dastlabki kristalli volfram-surma
kislotasining termogravimetrik (T7") va differentsial termogravimetrik (DTI") termoliz egri
chiziglari.

Bu holda, kristalli volfram-surma kislotasining termal parchalanish jarayoni, uning o'rnini
bosgan M*, H* - shakllaridan fargli o'laroq, kengroq harorat oralig'ini, 300 dan 1150 K gacha
gamrab oladi - va olti bosgichni o'z ichiga oladi (2 -rasm). Shunday gilib, termolizning birinchi
bosgichida zaif bog'langan (adsorbsiyalangan) suv 395 K gacha chiqariladi va degidratsiyaning
ikkinchi bosgichiga to'g'ri keladigan intervalda (395-615 K) haroratning oshishi gidratlangan
suvni olib tashlash hisobiga namuna massasining (2 -rasm, TG egri chizig'i) pasayishiga olib
keladi. 2 -rasmdan ko'rinib turibdiki, DTG egri chizig'ida kuzatiladigan intensiv maksimum
termolizning dastlabki ikki bosgichida sodir bo'ladigan jarayonlarning bir -biriga mos kelishini
ko'rsatishi mumkin. Kristalli volfram-surma kislotasini 615 dan 695 K gacha va 695 dan 845 K
gacha bo'lgan haroratda qgayta ishlash (mos ravishda termolizning uchinchi va to'rtinchi
bosgichlari) strukturaviy suvni olib tashlashga olib keladi, bu gidroksil guruhlarining yo'q qilinishi
bilan bog'liq. Haroratning oshishi (845-975 K) Sb®" ning Sb®* ga gisman o'tishi va gazli termoliz
mahsulotlarini bir vaqtning o'zida olib tashlash bilan bog'liq bo'lgan gaytarilish jarayonlarining
paydo bo'lishiga yordam beradi.

MUHOKAMA.

Yuqorida ta'kidlab o'tilganidek, gidratlangan birikmalar (M*, H*-volfram-surma kristalli
kislota shakllari) dastlabki volfram-surma kristalli kislotasi bilan solishtirilganda termal
parchalanishning kam bosqichlari bilan ajralib turadi. Shuni ta'kidlash kerakki, (845-975 K)
harorat oralig'ida o'rganilayotgan barcha namunalarda gazsimon mahsulotlarni olib tashlash bilan
birga hech ganday bosgich yo'q.

XULOSA.

Shunday qilib, boshlang'ich kristalli volfram-surma kislotasi va uning M-,
H™ - shakllarining termolizi keng harorat oralig'ida bosgichli fazali o'zgarishlar bilan tavsiflanadi.
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Aniglanishicha, piroxlor tipidagi tuzilishga izomorf bo'lgan volfram-surma kristalli kislotaning
gidratlangan birikmalari 1020 K gacha termal barqgarorlikni saglaydi. Haroratning 1150 K gacha
ko'tarilishi, oxirgi reaktsiya mahsulotlarini - WO3 va murakkab surma oksidlarini o'z ichiga olgan
fazalar aralashmasini hosil qilish bilan o'rganilayotgan birikmalarning kristall panjarasi
simmetriyasining o'zgarishiga olib keladi.
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