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OBHM nyreM XGJIHM ffa ce

npocp. ffp CBCTJiann JIyKnh, peffoBHOM npocpecopy
cpaKyjirera y HOBOM Cany, Menropy OBOF pajja, na

noMohn OKO ns6opa TCMC, peajimaijuje eKcnepiiMeHTajiHor flejia pa%a H
HHTepnperaLfHJe pe3yjiTara. Flocedno joj ce saxBaJbyjeM na
nperjieffy pyKonnca H myseTHO KOPHCHHM cyrecrnjaMa.

Flpocfj ffp ffparocjiaBy TleTpoBtthy, peffoBHOM npocpecopy
cpaKyjirera y HOBOM Caffy, mecpy Karejjpe 3a

<pH3HKy KomjeH30Bane Marepnje HncTHTyra 3a cpH3HKy, ua
OKO HHTepnperaifHje pesyjirara, Kao H KOPHCHHM cyrecrujaMa Koje cy
na no6ojt,waH>e KBajiHTera pa/ja.

Mp COH.H CKydan, Mp &eflopy CKy6any H up JKejbKH Lfse/nh,
na Karefjpn 3a eKcnepHMenraJiHy cpH3HKy KOHfl,eH3OBane

Marepnje MHCTuryra sa cpn3HKy, na yKasanoj noMohn OKO caBJiat}HBan>a
HcnHTHBaH>a H TGXHH+IKOJ o6paffn pesyjirara.
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1.

1.1. Onurra ceojcTBa

AMopcbno (cxaKJiacxo, HeKpncxajiHo) cxaite je cneuncbHHHa,
MexacTa6HJiHa cpaaa, Kojy He KapaKxepnme MHHHMyM yHyxpamite eneprnje.
Hbera KapaKxepnuiy npeKHflH cxpyKxype KJiacHHHor HBpcxor cxaita H jacno
pasBHJene noBpniHHe.

MHKpOCKOnCKH, aMOpcf)HO CXaH>e KapaKTepHIIie KpaXKOJJOMCXHO

ype^eite cxpyKxype, OJJHOCHO oftcycxBO xpojjHMeHSHOHajme nepHojjHHHOcxH H
BCJIHKH 6pOJ HCSaCHheHHX XCMHJCKHX BC3a. J^yjKHHC BC3a H yiMIOBH HSMC^y ItHX

ynyxap OCHOBHHX jej^HHHii,a rpa^e oHcxynajy ofl KOHcxaHTHHX

ype^enocTH nyror jjoMCTa, xaoTHHan pacnope3 axoMa H
axoMCKHX rpyna, O^HOCHO yaajaMHH pacnopeR Haj6jinacHX KoopflHHau,HOHHX
ccjaepa y cxaKJiy, je y npBOJ anpOKCHMaii;HJH Kao KOfl TeMHOCTH. Taxo^e,
HsoTponHocx y ojjHocy na onxHHKe, ejieKxpHHHe H MexanHHKe ocoSuHe
yKasyje na CUHHHOCT aMopcpnux Marepnjajia ca xenHocTHMa. Me^yxHM, Mnora
Apyra cBojcTBa, Kao mxo cy BHCKOSHOCX Koja xeacn 6ecKonaHHocxH,
enacxH^HOcx, Kpxocx HJIH xspfloha, yxasyjy Ha xo jja ce auop^pna MaxepHJann
Mory cMaxpaxH HBpcxHM xeJiHMa.

Ha ocHOBy ejieKxpHHne ^poBo^JbHBOcxH aMop^HH MaxepHJann ce
Ha:

• aMopc|3He MexaJie HJIH Mexaima cxaKJia
nojiynpoBOflHHKe

^OJIy^poBO^HH^H ce Aaite Mory ^o^eJIHXH npeMa CBOM
cacxasy Ha:

cxaKJia
cxaKJia (chalcogenide vitreous - CV)

• aMop(|)He nojnynpoBOHHHKe, HHJH je cacxas anajioraH cacxasy
y KpncxajiHOM cxaa>y

cxaKJia rpajje 6op, ajiyMHHHJyM, CHJIHI^HJYM H c|3occ|)op H osa
cxaKJia, aKO y ce6n HeMajy npHMeca cy

cxaKJia rpajj;e cyJI4)H^H, cejieHHflH H
ejieMenaxa IV H V rpyne ITepHOAHor cncxeMa, a y KOMSHHaunJH Moace 6nxH H
Behnna flpyrnx ejieMenaxa. J],BOKOMnoHeHXHa cxaKJia cy xnna: A!V-BV HJIH Av-
BVI; xpoKOMnoHCHXHa: AV-BVI-CV" HJIH M-AV-BVI; HexBopoKonMnoneHXHa: M-
AV-BVI-CV", HJIH join cJioxeHHJa: AIV-AV-BV11-BVI2-CV", r«e je M- SHJIO KOJH
ejieMCHX riepHop;Hor cncxeMa ejieMenaxa, Hajnemhe Mexaji; Alv-Si, Ge, Pb; Av-
P, As, Sb, Bi; BVI- S, Se, Te; CVI1- Cl, Br, I.



IIocToJH H noflejia na ocnoBy MOfleJia npejj,CTaBJbaifca cxpyKType
aMopcJ)Hor cHCTCMa. IIpeMa xoj nojjejm nocToje nerapH rpyne aMOpcJ}HHX
CHCTCMa H TO!

• CHCTCMH KOJHMa ojjroBapa Moden HeupeKudne iupodiiMeHsuoHcuiHe
Mpexe ca cxaTHCTHHKH pacnope^eHHM H 6es peRa opHJeHTHcanHM
o6jiacTHMa KpaTKOROMeTHor ype^eaa.

• CHCTCMH KOJHMa ORroBapa Moden neypefjenux cnojeea moneKyna HJIH
uonuMepnux nanai^a.

• CHCT6MH KOJHMa oflFOBapa Moden zyciuo uaKoeanux auioMa.
• CHCTCMH KOJHMa ojiroBapa Mode/i

AMOpc|3HH nojiynpoBojj;HHii,H ce, renepajmo, Mory p;o6HTH na

-xjia^eH>eM H3 pacTona
-KOHjjensauHJOM H3 racoBHTe <|)a3e (npn TepMHHKOM HcnapaBaay,

npa>KK>eHbeM Kpos racose HJIH pacnpiUHBaiteM)

y SaBHCHOCTH OR (J)OpMe H HaHHH3 Ha KOJH CC HCKpHCTaJIKH CHCTCM

npnnpeMa, HOCTOJH noflejia na: cHiaKno HJIH 6anK H tpunMoee.

cy MacHBHH ysopun, KOJH ce j^oSnjajy xjia^en>eM H3 pacxona.
OCHOBHH u;HJb, npHJiHKOM CHHTeTHcafta je j^a ce y npouecy xjia^eaa onysa
XOMOFCHO H H3oxponHO CT3H>e pacTona, TJ. p;a ce OHeMoryhn cjaopMnpaite
KpHCTajiH3aii,HdHHX KJiHLi;a H oflHrpaeaEbe npoii,eca KpHCTajiH3aii,HJe. OBO ce
nocTnace 6p3HHOM xjia^eaa, Koja je AOBOJbHO BejiHKa /j;a OHeMoryhn
noKJianaite MaKCHMajine BpeflHOCTH 6p3HHe oSpasoBafta KJIHUC H 6p3HHe
pacxa KpHcxajia, y o6jiacxH rfle je npou,ec KpHCTajinsaunje KOHKypenx

aMopc})Hor

1.2. MoryhnocTH npHMene xajiKoreHH^HHx cxaKajia

BCJIHKH 6poj HcrpaacHBaK>a nocjieflH>HX fleii,eHHJa je noKaaao Aa HOCTOJH
uiHpoK cneKTap cTaSHJiHHX 6HnapHHx HJIH cJioaceHHJnx

CTaKaJia. IIoKasajio ce ,tja ce yrjiaBHOM pa^H o
nojiynpoBojjHHHHMa.

cxaKJia HMajy HHS HOBOJLHHX ocoGnna y
MoryhnocTH HJHXOBC npaKTHHHe npHMene. Y TOM cMHCJiy cjiejj;ehe ocoSnHe
xajiKoreHHjj;HHX nojiynpOBO^HHHKHX cTaxajia cy OR snanaja:

• cjia6a oceTJbHBocT ejieKTpoHCKHX cBojcTasa HPHJIHKOM yHomeita
npHMeca, HITO He nsncKyje seoMa CTpore saxTese y norjie,o,y HHCTohe
HOJiaSHHX KOMHOHCHTH,

• BejiHKa cTaSnJiHocT na RCJCTBO joHnsyjyher spaneaa,
• pejiaTHBHO jeflHocTaBaH TexHOJiouiKH nocTynaK Ro6HJaita,
• xeMHJCKa CTa6njiHOCT y o#Hocy na Behnny arpecHBHHX cyncTaHii,H.

XaJiKoreHHjjHa CTaKJia TaKo^e Mory HMaTH ocoSnne snanajne sa
anjiHKau;HJy, KOJe cy CBOJCTBCHC RaToj rpynn MaTepnjajia:



cxaKJia Ha 6asn xejiypa ( M-As-Te-X, rjje je M-
Mexaji X-flonaHA 30 5%[1]) oA^HKyjy ce TSB. S-HeraxHBHOM
flHcpepeHLnijajiHOM oxnopHomhy, cjiHKa 1.1. Oea oco6nHa HX HHHH
anJiHKaTHBHHM y eneKxpoHHUji, OJJHOCHO xexHHH,H npeKHflaaa H
MeMopHcatfcafl].

1.1. UleMciiucKu upuKas saeucHociuii zycuume ciapyje od JCIHHHC
UOfbCl 3CI UpOU36OfbaH CUClTieM CO S-HeZClUUl&HOM

xanKH dpiviMOBtt, KOJH ce Ao6njajy
flBOKOMnOH6HTHHX H BHUieKOMHOHeHTHHX CHCTCM3 (HHp. As-S, As-Se,

M-Se(S)-I HTfl.) HMajy oco6nHy cJDOTOHHflyKOBaHHX H3MCHa
cxpyKType, OAHOCHO cjDopMHpaaa cpoxossnuca. Ooxosannc je
npahen npoMenoM HHsa napaMexapa, KOJH KapaKxepniuy OBy c})opMy
xajiKoreHHjjHHX Maxepnjajia, Kao aixo cy KoedpnuHjeHT ancopnu,HJe,

npejiaMsaa, rycxHHa, MHKpoxBpjjoha HXB.[2]. Hs xor pasnora
xaHKH CJJHJIMOBH HMajy npHMeny y HspajjH JIOFHHKHX

Kona, ^H<|)paKij;HOHHX pemexKH, Kao MaxepnjajiH y Kceporpac|DHJH,
xojiorpacpHJH HXA.

• XaJiKoreHHflna cxaKJia CHCXCMS As-S, As-Se, As-S-1, Sb-S-I HX^.
noKasyjy edpeKXHBna aKycxo-onxHHKa cBOJcxBa. npHMeayjy ce sa
MOAynai^HJy JiacepcKor spaneita nyxeM ABOJHOP npeJiaMaaa HJIH
3H(ppaKij,HJOM cBexjiocxH na 3BynHHM xa^acHMa.

• Xa;iKoreHHflHa cx3Kna Ha 6a3H cyMnopa H cenena HMajy BHCOKy
xpaHcnapeHUHJy y HHc|)paLi,pBeHOJ o6nacxH. J3,oflaBaH>eM npHMeca
Moryhe je nocxnhH H HesaBucnocx HHACKca npejiaMan^a 03
xeMnepaxype sa oApe})eHe xajiacne flyxHHe eneKxpoMarnexHor
spaHeita. OsaKBH xanKoreHH^HH MaxepnjaifH Mory ce npHMeitHBaxH
y cxaSnnHHM OHXHHKHM ypeijaJHMa, y o6;iacxHMa CBCXJIOCXH 33 Kojy
je j;axH MaxepHJa^ xpancnapenxaH.

CxaKJia nexoKOMnoHCHXHor cucxeivia Ge2oAsi4(SxSe|.x)52Ii4, Koja cy
y OBOM paAy, HMSj'y peajine MoryhnocxH 33 npaKXHHHy npHMeny.

npHMCHa HcnnxHuaHHX cncxeMa Gasnpa ce Ha HH'jy



"EW9XOHO
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2. CnOCOBHOCT XAJIKOrEHHflHHX CHCTEMA 3A
OOPMHPAIbE CTAKJIA

2.1. YTHijaj MCTajiioaijHJe xeMHJCKe

OosHaxo je fla Hajsehy cnoco6HocT sa (popMHpatbe cxaxajia HMajy
XCMHJCKH eJieMCHXH H Jierype KOA KOJHX ce eesa ocxsapyje npexo jioKajrasoBaHHX
eJieKxpOHCKHX napoBa - KoeaneHWHa eesa. KosajieHXHa Beaa je xaKolje ocnoBHa
KapaKxepncxHKa ejieMenaxa ca nojiynpoBOflHKRKHM CBojcxBHMa, xe ce aaxo

eJieMenaxa cnoco6nHX ^a rpa^e craKJia H e^eMCHaxa ca
KapaicrepHCTHKaMa y nepno^HOM cncxeMy

npaKTHHHO noKJianajy.

cnoco6HOCT 3a o6pa3OBaH>e cxaxajia y
HMajy Jierype ca cxexHOMexpnjcKHM O^HOCOM KOMnoneHaxa. Ca noBehaiteM 6poja
KOMnoHenaxa y Jierypn H>HXOBa cnoco6Hocx Ka (popMBpaay cxaxajia pacxe. IIIxo
je Behn 6poj KOMnoHenaxa xo je seha Moryhnocx c|)opMHpaiba
cxpyKxypHHX

y xajiKoreHH^HMM JierypaMa MOXC flohn 30 H3paxaja JOHCKCI xeMHJcxa Besa
Mel)y axoMHMa. Osa Besa snaMaJHo cnnxcaBa cnoco6Hocx xajiKoreHH^HHX irerypa
Ka o6pa30BaH>y cxaKajia.

flpyrn c})aKxop KOJH oxex<aBa dpopuwpan,& cxaxajia y
CHCxeMHMa je Memanusai^uja xeMujcKe eese. JJoK je Snxna o^jiHKa KOBajieHXHe
B63e cxpora ycMepenocx Beaa, MexaJiH3au,HJa ce Hcno^aBa y AejioKajiH3aD;HJH XHX
B63a. 3ejioKajiH3aii;HJa Besa y npocxopy npahena je pa3Ma3HBapteM xajiacnnx
cpyHKijHJa ycnefl nera ce ojiaKiuaBa nperpynHcaBaite KOMnoneHaxa cxaKJia y
KpHXHHHoj oSnacxH xeMnepaxypa H ysehaBa ce cnocoSnocx pacxona Ka
KpHcxajiH3au;HJH. TaKO Ha npHMep, KO^ SnHapHHX cHcxeMa apcen - cyMnop H apceH
- cejien cxenen MexajiH3ati;HJe XCMHJCKC Beae je MajiH mxo noxsp^yje HHH>eHHi];a #a
KOfl K.HX nocxoJH BeJiHKa o6jiacx c[)opMHpaita cxaKJia. To HHJC cjiynaj ca
CHCXCMOM apceH - xeJiyp, r^e nocxoJH SHa^ajHHJa fleJioKajiH3ai];HJa XCMHJCKHX Besa.
CxaKJia oBor xnna Mory ce ^o6HXH caMo npn HarjiOM KaJteity.

3ejioKajiH3au;HJa xeMHJCKHx Besa, a caMHM XHM H H3MejfteHa cnocodnocx Ka
^jopMHpaiby cxaKajia ycjioBJbena je xeMHJCKOM npHpoflOM axoMa H itHXOBor
ysajaMHor eJieKxponcKor flejcxsa. HpH saMenn ejieMenaxa nexspxe, nexe H mecxe
rpyne nepHo^Hor CHcxeMa eJieMenaxa, y carjiacnocxn ca ysehaiteM cxenena

XCMHJCKHX Besa no pep;y Ge— >Sn— »Pb, As-^Sb-^Bi, S-^Se— *Te,
30 Harnor cKHXcaBaita cnocoSHocxn 3a o6pa3OBaifce cxaKajia, a o xoMe
H yMaifceaa o6jiacxH (popMHpaiba cxaKajia Ha cjjasHHM AHJarpaMHMa[3].



C o63HpOM fla ne nocxoje noysflane Mexope 3a oueny 6poja KosaJieHXHHx H
JOHCKHX B63a, Kao HH cxeneHa MexaJiH3ainije KOBajienxKHX B63a, osaj npoSjieM ce
pemaBa je/niHO Ha ocnoBy KBaJIHXaxHBHHX nope^eita.

2.2. AMop(pHH CCJICH

y cxaKJiacxoM cxaity CCJICH ce floSHJa sarpeBaiteM 6nJio Koje aerose
KpncxaJiHe MOflHdpHKauHJe Hsnafl 220°C H HOXOM narjiHM xJialjeiteM pacxona.
AMOPCJDHH cejieH HMa xeMnepaxypy OMeKmaBaita oft 40°C. HnxensHBHa
KpHCxaJiH3auHJa ca o6pa3OBatt>eM xeKcaronajme MOflndpHKauHJe oflHrpasa ce y
HHxepsajiy xeMnepaxypa o^ 50°C AO 90°C.

npcxenoBH H JiaHUH, a xaxo^e H JiaHujH 3axBopeHH y Kpyrose
cxpyKxypy aMopcpHor cejiena. Ona je y OCHOBH onyBana cxpyKxypa XCMHOF

cxaaa. Rpn 3axBapan>y Jianana Mory ce oSpasoBaxn KpyroBH ca cxo H BHUIC axoMa
cejiena. O^HOCH JiaHau,a H npcxeHosa y cxpyKxypH aMopdpnor ce^ena 6nhe
pasjiHHHXH y 3aBHCHocxH 03 xeMnepaxype 03 Koje saBHCH 6psHHa
pacxona.

KajtenoM aMopdpnoM ceJieny nocxoje npcxenacxn MOJieKyjin cejiena
cxpyKxype Sen H oflpe^en npou;eHax pasMaKHyxnx cnnpaJiHHx JiaHaij,a

Seni. npn o6nHHHM ycjiOBHMa cejien je najcxa6HJiHHJH y xeKcaronajiHoj
dpopMH. fleo XHX Jianaua Moxe ^a dpopMHpa cjioacene JiaBHpHHxe ca
jiaHau;a ynyxap cxaKJia flajieKO 03 noBpuiHHe. Ha xaj na^HH cpopMHpajy ce
npenpeKe 33 Hocnoije HaejieKxpHcaH>a. OpenpeKe Kao H UHKJiHHHe cxpyKxype
SjioKHpajy HocHoi^e HaeneKxpHcaita H Mory cjiyxcnxH Kao H3Bop nojiapn3ai;HOHHX
nojaBa[4]. OsaKBa cjiOKena cxpyKxypa cenena napo^nxo je ocexjtHBa na
xepMHHKy oSpafly Koja ^OBO/I,H 30 ypet)eK,a rpa^e ca npeJia3OM U;HKHHHHHX
cxpyKxypa H JiaBHpHnaxa y Kpncxajiny xeKcaronajiHy MOAHcpHKau,HJy.

KpHCxajiH3au;HJe aMopdpnor cejiena pacxe ca
xeMnepaxype.

2.3. CHCTCM apceH - cejien

H3 oSjiacxH o6pa3OBaH>a cxaKira 3a osaj CHCXCM jj,o6njene cy Jierype
cacxasa AsSex r^e je 0.8 < x < 20[5]. rTofl,au;H o o6^acxn dpopMHpatfca cxaKa^a osor
xnna oaxH cy y pa^y [6]. KapaKxepncxHKe OBHX aMopdpHHX Jierypa 6nxHO cy
o^petjeHe Bpe^nouihy x. Flpn ca^pxajy apcena MaaeM 03 40 ax. % y cxpyKxypn
cxaKJia npeoBJiaflasa CCJICH y o6jiHKy noJiHMepHHX naHau,a H npcxenoBa.
CxpyKxypne je^HKHme AsSei.5 6:ioKHpaHe cy o6HJiHHM npncycxBOM cejiena.
je ca^pxaj apcena y cxaKJiy 40 ax. % H BHUIC, o6pasyje ce npocxopno
aMopdpHH cKejiex y KOMB npeoBJia^asajy xpHronajine cxpyKxypne jeflHHHi^e AsSe3/2
H xexpae^apcKe AsSe4/2.



3a CHCXCM apcen - cejien KOJH caop>KH 30 10 ax. % apcena BHCOK cajjpxaj
cejiena ycjioBJtaBa nannany cxpyKxypy KapaKxepncxHHHy 3a ejieMCHxapnn CCJICH.
Ca noBehaaeM y^ejia apcena jaBJba ce noBehan 6poj As-Se sesa, a ca itHMa H
ojjroBapajyha npoMena KapaKxepncxHKa cxaKana.

2.4. CHCTCM apcen - cyMnop

CyMnop no CBOJHM H3OJian,HOHHM cnocoSnocxHMa cna^a y jjHeJieKxpHKe.
CyMnop KOJH y o6;iHKy nape HMa npocx MOJiexyjiapHH cacxaB, y
KOHAensoBanoBaHOM cxaity je snaxno ycjio)KH>eH MHoroSpoJHHM cxpyKxypno-
XCMHJCKHM xpanccpopMauHJaMa. OcHOBHe, najcxa6HJiHHJe MojjHcJjHKaijnje cyMnopa
cy ocMOHJiaHH npcxeHH Sg (Sx) H 6HpaflHKajiHe jiannane cxpyKxype -Sn - (S^) KOJC
KapaKxepnuiy cacxaB na BHCOKHM xeMnepaxypaMa. IIpH HH>KHM xeMnepaxypaMa
cyMnop je HajcxaSnjiHHJH y cJDOpMH npcxenacxHX Mojiexyna Sg.

CHCXBM apcen - cyMnop HMa rpamury o6pa3OBaH>a cxaKJia y oSnacxn o#
AsSi.i? AO AsSigj [6]. CxaSajina cxaKJia fl,o6HJajy ce y o6jiacxn 03 AsSi.i? flo
AsSs.4. CxaKJia Soraxnja cyMnopoM CKJiona cy pacxaKJtaBaH>y ca o6pa3OBaH>eM
cjioja KpncxajiHor cyMnopa. CxaKJia OA AsSi.25 AO AsSs.oo cy cxa6nJiHa H
HepacxaKJbaBajy ce npn cnopoM XJia^eay pacxona. CxaKJia OR AsS4oo AoAsSig.oo
npH cnopoM xjia^eHby pacxona pacjiojasajy ce na cBexJio-acyxn ropa,H cjioj ca
nocxeneHHM npejiacKOM na xaMHO-u;pBeHH HHJKH cjioj KOJH je ocnpoMameH
cyMnopoM.

3a cxpyKxypy cncxeMa As-S BajKH fla:
• Koa cxaKJia ca yneinheM apcena 30 13 ax.% y Mpe>KH cxaKJia Kojy rpa^e

cxpyKxypne je^HHHi^e ejieMenxapnor cyMnopa cxaxncxHHKH cy
pacnope^ene cxpyKxypne je^HHHij;e cyjicpHfla apcena

• cxaKJia ca y^euiheM apcena 03 13 j^o 22 ax.% HMajy MHKpoxexeporeHy
cxpyKxypy ycjieji, aconnjanHJe cxpyKxypnnx jeaHHHU,a ncxor xnna

• cxaKJia ca 25 ax.% apcena (AsSs H 6jiHCKa no cacxasy) HMajy Jiannany
cxpyKxypy

• cxaKJio cacxasa As2Ss ( 28 ax.% As) HMajy npocxopny cxpyKxypy Koja ce
cacxoJH OH xexpae^apcKHx cxpyKxypHHX jeflHHHija

• cxaKJia ca 30-40 ax.% apcena HMajy cxpyKxypy o^pe^eny xpnroHajiHO-
paBHHM cxpyKxypHHM jeji;HHHi];aMa AsiSa-

2.5. Aiviopcjme jierype SSex

CyMnop H cejien ce y xenHOM cxaity Memajy jeflan ca ^pyrnM y SHJIO KOM
o^HOcy [7]. y cxaKby nape OHH o6pasyjy MOJieKyjie xnna SSei [8]. Y
KOH,o;eH3OBaHOM cxaifcy cyMnop H CCJICH Mory o6pa3OBaxn pep, qspcxHx pacxsopa
[9, 10], a xaKO^e H xeMHJCKa jeflHK,eH.a [11, 12, 13].

H3 uejiOKynne aMopcJ^ne o6jiacxn CHCxeMa ceJien-cyMnop (03 SSeo.42 AO Se)
[6] AoSnjeHa cy cxaKJia xpn cacxasa: SSeo.vs, SSei.5 H SSe2.5. CxaKJia cacxasa SSei 5 H



SSe2.5 flo6HJena cy y nponecy cnopor xjia^etfca, #OK je cxaKJio SSeo.75 Ao6njeHO
KaJt.eH>eM Ha Baa^yxy. ITpn cnopoM xjia^eiby pacxona cxaKJio cacxasa SSeo 75 ce
pacjiojasa, JJ.OK ce KajteiteM ea Baajjyxy nocxeneno pacjiojasa npn xeMnepaxypH
ofl OKO 40°C.

CxaKJia SSei.s H SSe2.5 Ao6njeHa npn cnopoM xjia^eity ca^piKe
MeiiiaHe cxpyKxype cyMnopa H cejiena.

2.6. CraKJia xnna Ge20As14 114

2.1. npeflcxaBJba o6jiacx aMopcj^HocxH y cncxeMy Ge-As-S-I[14]. Ha
CJIHD.H 2.1. 3Be3flHu;oM je osna^ien rpaHnnnn cacxas cxaKJia H3 cncxeMa
Ge2oAsi4(SxSei.x)52Ii4, KOJH ce naJiasn y paBHH xpoyrjia (Ge2oAsgo, Ge2oS8o, Ge2olso) H

oSjiacxn aMopcJjnor cxaita.

GeS,

Ge,QSa

Ge,0As

Asl.

CnuKa 2.1. Odnaciu aMOpdjHociuu y cuciueMy Ge- As- S-I.
IHpadjupaHe o6naciuu upedciuae/bajy o6siacui aMopdoHociuii. Ypaeuu Cupoyzjia

, Ge2oSfio, Ge^olgo) uynuM nunujaMa cy uoeyHenu upaei^u dyyc KOJUX je yiuepfyen
OMOpdjHu KapaKwep, a dyw ucupeKudamix Kpucuicuimi KapaKiuep [14].

C o63npoM Ha HHK.eHHu;y fla ce npojeKU,nja OBC xaHKe na 6oHHe cxpane
xexpaejipa najiasn y oSjiacxn aMopcjonor cxanja onroBapajyhHX xpOKOMnoneHXHHx



CHCxeMa, MOKC ce saKJbyMHXH Ra ce HcnuxHsanH cacxas Hajiasn y o6jiacxH
aMOpdpnor cxa&a, yflajteH 03 rpaHHHHe noBpuiHHe KpHCxan- cxaKJio.

TaKoi)e, y cncxeMy Ge-As-Se-I nocxojn pejiaxHBHO BejiHKa o6jiacx
aMopdpHor cxaita [2] Koja HSJiasn Ha GOHHC cxpane As-Se -I, Ge-As-Se H

Ge-Se-I [15], cjiHKa 2.2.

y o63Hp f(a o6a cHcxeMa HMajy seoMa CJIHHHC o6jiacxn
aMopdpHocxn H #a o6a rpannqna cacxaea cHcxena Ge2oAsi4(SxSei.x)52li4,

H Ge2oAsi4Se52Ii4 npuna^ajy OBHM o6jiacxHMa, JIOFUHHO je fla H
j'a cyMnopa H cejiena y cncxeMy naje aMopdpno

Ge2 0Se s o

Ge2oAs80

CnnKo. 2.2. O6ncicui aMOpcpHOciuu cuciueMa As- Se - /, Ge- As- Se a Ge- Se-1

MaJia xeHAeHijuja Ka KpHcxajinsaquJH osor cncxeMa nocjieflHu;a je
Hacxajan-a BHiiie ^BOKOMnoHeHTHHX H xpoKOMnoHenxHHX je^Hiteifca (AsXI, GeX2,
AS2X3, r^e je X = S, Se) pasjiHHHXHX cxpyKxypa H HHCKHX xeMnepaxypa xonJteH>a.
riope^ xora, y cwcxeMy Ge20Asi4(SxSe1.x)52Ii4 Mory ce oneKHBaxn H
axoMH S HJIH Se 36or HecxexoHMexpHJCKOr cacxasa cxaKJia.



cJDOpMyjia [16] 3a HapanyHaBaite MHHHMajme 6p3HHe
xjiahetta ( vk ), npH KOJOJ join yseK flOJiaan flo oSpasoBaita cxaKJia HMa o6jiHK:

2.1.

je C- KOHcraHTa pasMepe, R- ynHBepsajma racna Koncxanxa, Tt - xeMnepaxypa
TOHJbeH>a ysopxa y KpncxajiHOM cxaay, r\ KoecpHUHJeHT BHCKOSHOCTH npn Tt H V-
sanpeMHHa ysopxa.

Ha ocHOBy 2.1. CJIC^H fla HHXC xeMnepaxype xonjbeHba H BehH Koe(j)Hii;HJeHT
BHCK03HOCTH pacTona ycjiOBjtaBajy MaH.y MHHHMajiHy 6p3HHy npn KOJOJ je
CHHTCTHCaHH MaTCpHJaJI JOUI yB6K y KpHCTaJIHOM

Cse ose KapaKTepncTHKe cncxeMa Ge-As-S-Se-I cy OMoryhane ^a ce
cHHTesa cxaKana xnna Ge2oAsi4(SxSei.x)52li4 H3BpuiH y npouecHMa KacKa^Hor
sarpesafta H narjior xjiaheaa (TSB. Kajfcen>a) na Bas^yxy. nojiaane ejieMeHxapne
KOMnoHeHxe cy 6njie BHCOKC HHCxohe (99.999%), a ^exajtH BesaHH 3a
xeMnepaxypHo-BpeMencKH flHJarpaM cHHxeae cy ^axn y pa^oBHMa [17, 18].
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3. CTABHJIHOCT CTAKAJIA THIIA Ge2QAsl4(SxSel.x)52ll4 Y
XEMHJCKHM PEAFEHCHMA

3.1. KapaKxepHCTHKe npomeca pacrnapau.a xajiKoremiflHHx

MHoroSpojna eKcnepHMeHTaima HCxpaxcHBaiba HSBeflena Ha
cxaKJiHMa yKasajia cy Ha BejiHKe MoryhnocTH npaKTHHHe

OBHX cxaxajia. Ra 6n ce MOFJIO roBopHTH o peajmocTH OBHX oneKHBaita
noTpe6Ho je HSBpuiHTH H HcnHTHBaita Koja 6n noxasajia KOJIHKO cy osa cxaioia
CTa6HJina y ognocy na BJiary, KHcejinne H 6ase, IIITO je ca
npHMCHJi-HBOCTH y pa3JIHHHTHM ype^aJHMa H3y3CTHO 6HTHO.

HocTOJe flsa xnna pa3rpap;H>e cxaKaJia y arpecHBHHM
ucuupa.K>e(eKciupaxo6aK>e) u paciueapan,e.

npoi^ecy Hcnnpaiba y pacrBop npereJKHO npenaae o^peeHe KOMnoneHTe
H OH KapaKTepame HHTepaKii,HJy cxaKana ca BO^OM u KHcejiHHaMa, OCHM ^2^2-

3a pacTBapanbe craKajia Hajneuihe ce KopHcxe sarpejaHH KOHU,eTpoBaHH
pacTBopn 6asa ajiKajiHHX Mexajia Kao H pacxBop c^JiyopoBo^OHHHHe KHcejinne
HiFi. XHflpoKCH^n ajiKajiHHX MexaJia cy jaKH arencn 3a craKJio H y BO^H cy
noxnyHO ^HcocoBaHH IIITO je npe^cTaBJbeHO jeflnaHHHOM 3.1.:

MeOH -> Me++ OH" 3.1.

y BOjjeHOM pacxBopy cpJiyopOBOflOHHK ce nonauia Kao cjia6a flBoSasna
UITO je npHKasano peaKii,HJOM 3.2.:

H2F2 -> H+ + HF2-^ 2H+ + F22' 3.2.

Flpoijec dei<auupan>a unu nazpusaj-ba je cneipijaJiHa o6pafla noBpuinne
xejia y u;Hjby:

oSpasoBaiba sa^aror pejbecpa, oflCTpajbHBaita noBpuiHHCKor cjioja naKOH
noBpiiiHHCKe o6pap;e HJIH HHiiiheita noBpuiHHe ysopica, jep axoMH

H npHMeca Ha noBpuiHHH ysopKa npn xepMH^Koj o6pafln Mory
ynyxap yaopxa H ^a Hsasosy Tpajne npoMene

KapaKTepHCTHKa Kao IIITO H caMe neHHCTohe na noBpuiHHH 6HTHO yTHHy na
e^eKTpOC}5H3HHKa CBOJCTB3 HOJiynpOBOflHHKa

npHnpeMe noBpuiHHe sa MeTajiorpacpoca ncnHTHBaH>a npH neMy ce Kao
noBehan>e onTH^Kor KOHTpacra H3Me^y pasjiHHHTHX

noBpuiHHe. To oMoryhyje ^a ce nocMaTpaH>eM nofl MHKpocKonoM
CTeneH xoMorenocTH, cpa3HH cacras, CTpyKTypa flejinha, nojasa

- H
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THHOBH npoijeca HarpH3aH>a ce npeMa HaMHHy flejioBaita Ha noBpuiHHy
na: XCMHJCKO, ejieKxpoxeMHJcKo, xepMHHKo, JOHCKO H 6ojeno HarpH3aite[19].

KBanxHxaxHBHO ce xeMHJCKa cxaSHJiHocx HaJHemhe H3pa>KaBa npexo
Mace yaopica nocjie oSpafle y arpecHBHoj cpe^HHH sa sajjaxa BPCMCHCKH

HJIH cejieKTHBHHM o^pe^HB3H>eM KOMnoneHTH Koje cy npeiujie y
pacxBop[20]. Osaj ry6nxaK Mace oMoryhasa ^a ce oflpe^H dpsuna paciueapan>a

Kao Mepa iteroBe XCMHJCKC cxaSnjiHocxH. Epsnna pacxsapaita HBpcxor
Moxe ce o^pe^HTH H npexo euepzuje aKuiueai^uje npejiasa nospuiHHCKHx

necTHi],a MBpcxor rejia y pacxBop npn HHxepaKUHJH ca HecxHij;aMa pacxsapana.
EneprHja aKXHBau;HJe ce fle^HHHUie cxenenoM ejiacxHHHocxn xeMHJCKHx Besa H
eneprHJOM BC3a necxHija ji;axor HBpcxor xejia [21].

Ka,o;a eneprnja aKXHBau;HJe HMa Ma^y speflHocx 6p3HHa pacxBapaaa,
eHa je npou,ecHMa ^H^ysHJe npo^yKaxa pacxBapafta HUH pearenaxa y cjiojy

TCHHOCXH y Henocpe^Hoj 6JIH3HHH HBpcxor xejia. YKOJIHKO je Bpe^nocx OBC
eneprHJe seha 03 E r> 40 kJ/mol, na 6p3HHy pacxBapaaa npecyflHO yxHne 6p3HHa
(J)H3HHKO-xeMHJcKHX peaKi^HJa na rpaHHii;H pa3^BajaK>a cj^ase. HHxeH3Hxex
MeuiaH>a pacxBopa HMahe yxnijaj Ha 6p3HHy pacxsapaaa caMO y npBOM cjiynajy.

H cxaKJiacxH nojiynpoB03HHu;H cy cxa6njiHH y o^nocy na
BO^eHy napy, Bas^yx H ymaBHOM ce He pacxsapajy y KHcejiHHaMa[22]. ITpoi];ec
pacxBapan>a y 6a3aMa MOXCMO no^ejinxH y nexnpH cj)a3e:

• flOBo})eH.e pacxBapana na noBpuiHHy Maxepnjajia KOJH ce pacxsapa
• HHxepaKHHJa pacxsapana ca HOBPLUHHCKHM CJIOJCM ysopKa, uixo je

najqeuihe jeflHocMepna cojiBaxaii,HJa jona, MOJieKyjia HJIH cxpyKxypnnx
je,o,HHHij;a pacnope^ennx Ha noBpuiHHH

osaKo 3o6njeHHX jeflHHHii;a y xenny c|)a3y
pacxBopenor Maxepnjajia ^ySoKO y pacxsop [23].

PacxBapafte xanKoreHH^HHX cxaKajia y SasaMa, y OCHOBH, ce
6p3HHOM xexeporene xeMHJCKe peaKii,HJe na HOBPIIIHHH ysopKa.
ysajaMHor ^ejcxsa HOBPUIHHCKHX necxHu;a HBpcxnx xejia ca pacxsapa^eM H
xHApaxau,HJa npo^yKaxa xor ysajaMHor flejcxsa Koje ce o^BHJajy npH pacxsapafty
HBpcxHX xena KHHCXHHKH cy noBesane ca npou;ecHMa flHcpysnje pacxsapana H3
pacxBopa Ka HOBPUJHHH HBpcxor xejia H ,n,Hc[Dy3HJe xHflpaxnsoBaHHx npo^yKaxa y
pacxsapan. KaKo npou;ec ^HcJjysHje (nexspxa cjiasa) ne yxnne na pacxBopJbHBOcx
xajiKoreHH^HHX cxaKajia, Meuiafte pacxsopa neMa yxHii;aj na Spsnny pacxBapaaa.
Ha ocHOBy eKcnepHMenaxa je yxsp^eno ^a je 6p3HHa pacxBapaaa xanKoreHHflHHX
cxaKajia HesaBHcna o^ HnxensHxexa Mematta pacxBopa, xe ce Moxe pehn fla ona
HMajy BHcoKy eneprajy aKXHBau,Hj'e[23].
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200 400 600 800 1000 y (ob /mi n)

CnuKa 3.1. 3aeucHociu dpsune paciueapai-ba CIUCIKJICI AsSu od
UHiueHsuiueuia Meiuan>a paciueopa y

AKO ce ca Er O3Haqn aKXHBainioHa eneprnja pacxBapaita, ca Ce

npefleKcnoHennHJajiHH KoecpHinijeHX, R ynnBepsajiHa racna KOHCxanxa, a ca T
ancoJiyxna xeMnepaxypa, xafla Spsnna pacxsapaita xajiKoreHHflHHX cxaKaJia H
eKcnoHeHi],HJajiHH o6:iHK ^ax je^naHHHOM 3.3.:

w = Ceexp(-Er/RT)

3 OBC peJiauHJe ce BHflH fla 6p3HHa pacxBapa&a xajiKoreHHflHHX cxaKaJia
xeMnepaxype. JIorapHXMOBaiteM ropaer H3pasa 3.3. flo6nja ce pejrauHJa 3.4.:

In w = B - A / T

cy A H B KOHcxanxe, O^HOCHO:

A = Er/R ; B = In Ce

AKO ce CHHMH saBHCHOCX 6p3HHe pacxsapaH>a
Moryhe HS Hara6a npaee ln=f(l/T), xj.
npasi^a, oflpe^HXH BpeflHocx enepraje

3.4.

3.5.

xeMnepaxype, xafla je
H>enor Koe<pHu;HJeHxa

3.2. Bp3iina pacTBOpJBHBocTH cxaxajia xana Ge2oAs14(SxSe1.x)52Ii4 y
KOH

3.2.1. IlpHnpeMa ysopana

3a oape^HBanje xeMHJCKe cxaSnjiHocxH cxaKajia OBOF cncxeMa KopHUihena
je Mexofla Koja 6asHpa Ha Mepeity npOMena Mace H noBpniHHe ysopKa npHJIHKOM
xpexnpaHba y arpecHBHoj cpe^KHH. Osa Mexo^a saxxesa #a ysopaK 6yne
npaBHJiHor reoMexpnjcKor o6jiHKa KaKO 6n ce MOFJIC JiaKo npaxnxn npoMene

ysopKa. y OB3M pa^y ysopi^H cy npHnpeMann y odjiHKy KBaflpa.
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Mel)y cHHxeTHcaHHM ysopijHMa oflaSpanH cy KOMa#H AQBOJbHe
ce flajta o6paAa cacrojajia y Gpynieity noMohy a6pa3HBa pa3JiHHHTe

Kpynnohe 3pna. Epymeite ce H3BOflH Ha craKJieHoj IUIOHH na KOJOJ je nperxoflHO,
KopHinheffaeM BOfle H npaxa a6pa3HBa, npunpetvubena nacra. Hajnpe je Bpuiena
rpy6a oSpafla (seJiHKa Kpynnoha 3pna), a HOTOM cJDHna o6paji;a a6pa3HBHMa HHJa je
Kpynnoha spna

J^a 6n ce floSnjiH npaBHJIHH reoMexpHJCKH o6jiHU,H (KBaflap), ca Me
napajiejiHHM crpanaMa, npmiHKOM 6pyiueKba KopHiuhen je oflroBapajyhn
flpxan KOJH ce cacxoJH 03 flBa KoaKCHJaJina UHJiHHflpa H npHKaaan je na CJIHLI;H 3.2.
y>KH, MacHBHH LjHJiHHflap npeHHHKa 30 mm npojiasn KpO3 iiiynjtHHy seher

npe^HHKa 60 mm. FIpeHHHK uiynJbHHe seher E[HJiHHj];pa ofl;roBapa
yxer UHJiHH3pa. ITpujiKKOM oSpa^e ysopaK ce Jienn noMohy

neyxpajiHor Jienxa (Cajion) na paBHV nospinHHy yxer u;HJiHH3pa. HaKOH
ysopax je oAJienjBHBan noMohy ai^eTona KOJH pacxsapa jienaK.

CJIUKCI 3.2. MeiuajiHii dpxan sa uapady ujiaHiiapafieaHiix. iuioHiiii,a

3.2.2. MexoAHKa MepeH>a

npHnpeMJteHH na naHHH onncaH y 3.2.1. KopnuiheHH cy 3a
3aBHCHOCTH xeMHjcKe cTaSmmocTH, OAHOCHO 6p3HHe pacTBapafta

craKajia THna Ge2oAsu(SxSei.x)52li4 o^ Me^yco6Hor o^Hoca S H Se Kao H ofl jaqnHe
BOfteroix pacxBopa 6ase KOH. MepeHba cy HSBpuiena na cacraBHMa ca x = 6, 18, 40,
46 H 48. JaqnHe 6a3a GHJIC cy IN, 2N H 5N.

BpSHiia pacTBOpa-HBOCTH

w =

je KOpHmhefteM

Am/MSAt I

je Am/ At npoMena Mace ysopKa Am 3a BpeMe pacTBapaaa At, M je MOJiapna
Maca ycjiOBHe xeMHjcKe je3HHHii;e, a S je noBpuiHHa yaopKa.

EKcnepHMCHT ce o^BHjao na cjieflehn Ha^HH: Hajnpe cy HSMepene noqexne
flHMCH3Hje H noqeTHa Maca ysopKa. MepeH>e flHM6H3HJa H3BpmeHO je ca
npeu,H3Hoiuhy OA 10° m MHKpoMerapcKHM 3aBpTH>eM, AOK je Mepeae Mace
H3BpmeHO noMohy anajiHTHMKe Bare Mettler B-6 ca raHHomhy OA 5-10"8 m. HaKOH
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Tora ysopaK je xpexnpaH y 6asH y BpeMencKOM HHxepBaJiy 03 10 s, a IIOTOM je
BaljeH HS 6ase H cxaBJtaH y flecxHJiOBaHy BOfly pajjH npeKHflatta xeMHJcKe
peaKijHJe. HaKOH OBOF ysopaK je cymen H IIOHOBO cy My Mepene Maca H flHMeH3HJe.
HocxynaK je HaKOH rora nonaBJtaH OKO flecexaK nyxa, npn neMy cy Mepeita
Hajnpe Bpiuena y Hajcjia6nJHM pacxBopuMa 6ase (IN), HOXOM y jannM (2N) H TCK
OHfla y najaMHM (5N). 36or Behe pacxBopJtHBocTH y jannM pacrsopHMa 6ase
onncaHH nocrynaK Hajnemhe HHje GHJIO Moryhe noHOBHTH Behu 6poj nyxa.

IloBpmHHa ysopKa je Ha ocHOBy HSMepennx
(b) H fleSjwme (c), panynara no qbopMyjiH 3.7.:

S = 2( ab + be + ac )

BHCHHC (a),

3.7.

3.2.3. ysopaxa

peayjiraxH yKasaJin cy ^a ce npoMene noBpuiHHa
ysopaKa Mory anpOKCHMnpaxn JinneapHOM, a npoMene Mace Bpjio 6;iaroM
eKcnoHeHti;HJajiHOM 3aBHCHouihy. Ha eKcnoHeHii;HJajiHy aaBHcnocx npOMena Mace
yKasyje, npe csera noHamaae ysopaKa y 5N Bo^emiM pacxBopnMa 6asa. Ha

3.3.a-3.3.3 #axe cy npoMene Maca ysopaKa y CBC xpn jannne 6asa.

0 20 40 60

t(s)

80 100 120

CJIUKO. 3.3.a. UpoMeua Mace ysopKa G2oAsi4SfiSe46Ii_,y eodenuM pacuieopuMa KOH
pasnunuiue KOHU,eHiupau,uje
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20 40 60

t(s)

80 100 120

CniiKa 3.3.6. UpoMena Mace ysopKa eodenuM pacnieopuMa KOH

60 80 100 1200

3.3.e. UpOMena Mace ysopKa Ge2oAsi_/Sj(jSei2l/jy eodenuM paciueopuMa KOH
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20 40 60

t(s)
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eKcnepHMenaxa noKasajra cy /ja 6p3HHa pacxsapaifca cxaicana
pacre ca nopacTOM janHHe 6ase, Kao H fla ce Spsuna pacxBapaita Moxe
anpoKCHMHpaxH (£>yHKii,HJOM Koja HMa eiccnoHeHUHJaJiHH Kapajcrep. Sanaxeno
nonaiiiafte y 5N BO^enoM pacrsopy KOH (cjraica 3.5.B), yxasyje fla je osa
KOHii;eHTpai];HJa 6a3e TOJIHKO BenHKa 33 HcnHTHBaHa cxaKJia, ^a ce He MOXCC
flOBOibHO npeu;H3HO npaTHTH npou;ec. To Taxo^e 3HaHH 33, yKOJIHKO 6n xpe6ajio
xeMHJCKHM nyreM npaBHTH pejtecJD na OBHM MaxepHJajiHMa, Tpe6ajio 6m
KOPHCTHTH cjiaSHj'e peareHce.

Ha CJIHU.H 3.6. rpacJDH^KH je npHKasano noBehafte Spsnne pacxsapatt-a
BOflenor pacxBopa 6a3e na npnMepy cxaxana cacxasa Ge2oAsi4S4gSe4li4

i4 sa t = 50 s.

0.0016
0.0014

~ 0.0012
(A

"E 0.001
=5 0.0008
£ 0.0006
5 0.0004

0.0002
0

S48

S18

2 4

jacina baze (N)

CnuKa 3.6. 3aeucHociu dpsunepaciueapavba od janune 6aae 30. CUICIKM caciuaea
,_, u

EKcnoHeHii;HJaJiHa saBHcnocx 6p3HHe pacxBapan>a 03 BpeMena ycjioBJLena je
sacnheaeM pacxsopa 6a3e y KOJHMa cy o6pal)HBaHH y3Opu;H. <&yHKij;HJa KOJOM je
OBa saBHCHOcx npe^cxaBjbeHa je j^axa je^Ha^HHOM 3.8.:

w = wo + AI exp(-t / BI)

KOHcxanxH WQ, AI H BI npHKasane cy y xa6ejin 3.1.
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Ta6ejia3.1.

at% S

S*

Sl8

840

846

§48

-—__&ewc. rastvora
parametri ~~ -- — .̂ __

co0 [mol/m2s]
AI [mol/m2s]
Bi[s]

co0 [mol/m2s]
A! [mol/m2s]
B, [s]

co0 [mol/m2s]
AI [mol/m2s]
B, [s]

CQO [mol/m2s]
AI [mol/m2s]
B, [s]

coo [mol/m2s]
AI [mol/m2s]
Bi[s]

'M^NiT- '
4 ??; - v •

0.00025
0.00007

745

0.00025
0.00013

797

0.00039
0.00008

470

0.00038
0.00021

489

0.00042
0.0002

589

^:<j£gJT-;c .s*.-> ,;Tisk. ^ * • >
1 ^";>f t- ,

0.00052
0.00026

383

0.00033
0.00043
493.5

0.00046
0.00044
439.9

0.00051
0.00049

328.5

0.00069
0.00036

339

•f'y^ *^>^H • ."
0.00098
0.00068

178

0.00063
0.00097

218

0.0002
0.0001

420

0.00072
0.00091

178

0.00098
0.0006

210

nonamaite OBHX Maxepnjajia Moxce ce oSjacnnxH na ocnoBy
HHH>eHHije fla ce H3M6HOM cacxasa Meita H yfleo noje^HHHX cxpyKxypHMx je^HHHija
y MaxpHii;H cxaKJia. riosnaxo je fla aMop4)HH ^BOKOMnoHeHXHH CHCXCMH AsaSs H
As2Sea HMajy no^HMepny JianqaHy cxpyKxypy [23, 24]. JeAHiteifce AS2S3 je
Hsrpa^eno 03 xpHronajiHHx nHpaMHflajmHx jeonHHi^a AsS3/2 KO^ KOJHX je csaKH
axoM apcena oKpyxcen ca xpn axoMa cyMnopa [25]. JeflHH>eH>e AsSI narpa^eHO je
03 axoMCKHX JiaHau;a y KOJHMa je csaKH axoM apcena Besan ca gsa axoMa cyMnopa
H je^HHM axoMOM jofla, a axoM cyMnopa ca jjsa axoMa apcena [26]. GeSi je
cacxaBjteH ofl xexpae^apcKHx cxpyxxypKHX jeonHHi^a GeS4/2 [27].

IIIxo ce XHHe XCMHJCKHX seaa, MO^CC ce pehn j\a je sesa Ge-S HBpiuha ofl
Bese As-S y nnpaMMflaMa AsSa/2 H Besa As-S H As-I y jiamjHMa As^S.
Hajjia6aBHJe cy Beae As-I y rpoJHOM je^HHDeit,y AsSI. To je pasjior iiixo ce OBO
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jeAHK>eti>e pacxsapa y 6a3HOM IN pacrBopy NaOH penaTHBHo BCJIHKOM 6psnHOM.
Taitot)e MO>Ke ce 3aKJbyHHXH Aa yBot)eft>e GeS2

cxpyKType

YBehaite caflpxcaja jofla goBOflH H flo ysehaita JOHCKOF yACJia y XCMMJCKOJ
B63H. Ha OCHOBV HHH>eHHU,e #a je eHeprnja aKXHBannje oflpefjena eneprajoM eese
qecxHna HBpcxor xejia H crenenoM anxoBe ejiacTHHHOCTH, Koje cy oner
nponopu,HOHa.JiHe BejiHMHHH iteHor KosajieHTHor yACJia, MO>Ke ce saKJbynHTH fla
he ysehaifce ca^p>Kaja jo^a yTHD,a™ Ha cMaiteite cxaSHJiHOCTH y o^Hocy na
pacTBOpe 6asa.

CraKJia cncTeMa As-Se cy CTa6njmnja y OAHOcy Ha craKJia As-S, a TO ce
oSjauntasa M3H>HM JOHCKHM KapaKTepoM xeMHJcKe Bese As-Se y oflHOcy Ha sesy
As-S, Kao H BehoM HBPCTHHOM npocxopHO TpoflHMeHanoHajiHHX AsSe3/2

cxpyKTypHHX jeflHHHua y nope^eH>y ca xpnroHaJiHOM JiaHManoM cxpyKTypOM
AsS3/2.

PaCTBapaHbe aMOpCJDHHX flBOKOMnOHeHTHHX CHCXeMa AS2$3 H

noBesano je ca cnocoSHomhy axoMa As, S H Se jja cJjopMHpajy anjone
cacxaBa Kao inxo cy: [AsO3JJ", [AsS]J", [AsOsS]"1", [AsO?S2]J", [AsS4JJ",

", [SeO3]J" H Apyra. HpBa exana y pacxsapaft-y OBPIX CHcxeMa je KHAafte
noJiHMepHHX B63a -S(Se)-As< H H3ABajaK>e MS noJiHMepnor MOJieKyna cxpyKxypnor
npcxena -S-As<j>As- KOJH cxyna y xeMHJcKy peaKij,HJy ca MOJieKyjiHMa 6a3HHX
pacxBopa. PacxBapaae y 6a3HHM pacxBopHMa MOJKC ce npHKasaxH cjiegehoM
peaKij;HJoM:

As2S3 + 6 KOH -» K3AsS3 + K3As03 + 3 H2O 3.9.

IloBehaifce 6pSHHe pacxBapaaa ca ysehaHbeM yAena cyMnopa y cxaKJiHMa
xnna Ge2oAsi4(SxSei.x)52Ii4 Mosce ce H oqeKHBaxH na ocnosy HHHbenHi^e ^a Be3e As-
S HMajy Behn JOHCKH icapaicxep y OAHOcy na Bese As-Se, H Ha ocnoBy eehe
HBpcxHHe npocxopno xpoflHMeH3HOHajiHHx AsSe3/2 cxpyKxypHHx jeftHHHua y
nope^eay ca xpuronajiHOM JiaHMaHOM cxpyKxypoM AsS3/2. Osa 3aBHcnocx 6p3HHe
pacxBapafta ofl y^ena cyMnopa y cacxasy cxaKana OBOF xnna npeAcxaBJteHa je na
CJIHII,H 3. 7. a H CJIHUH 3.7.6 3a BpeMe pacxBapaaa t = 50 s. Y cjiynajy IN Bo^eniix
pacxBopa 6ase KOH osa 3aBHCHOcx MO»ce ce ca saAOBOibaBajyhoM xaqnouihy
anpOKCHMHpaxH ca JinneapHOM saBHcnoiiihy, AOK KOA 2N xa xannocT je snaxno

FpeiiiKa MepeH>a Spsnne pacxBapaaa nponeftena je na 5-10%.
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4. CTABHJIHOCT CTAKAJIA THIIA Ge2oAs14(SxSe1.x)52I14 HA
IIOBHHIEHHM TEMnEPATYPAMA

4.1. KapaKxepHCTHKC xepMHHKe

JJanac nocxojn HHTaB HHS flo6po pasBHJeHHX eKcnepHMenxajiHHx Mexo^a 3a
xepMHHKy KapaKxepH3au,HJy Maxepnjajia. HCKC BeoMa noro^He Mefjy ftHMa cy:
AHCpepeHUHJajiHO-xepMHHKa anaJiH3a (DTA), xepMorpaBHMexpHja (TG),

xepMorpaBHMexpHja (DTG) H ^HJiaxoMexpHj'a (DT).

ananusa (DTA) je mnpoKO KopHmhena
Koja 6a3Hpa Ha ^HEbeHHini Ra je npen;H3HHM npahefteM XOHJIOXHHX

ec})eKaxa npn dpazwu xpaHccpopMaunjaMa H XCMHJCKHM peaKL(HJaMa Moryhe
6jiH»ce o^pe^HXH npnpo^y OBHX nojasa H Bpe^nocxH 3HanaJHHX KBanxHxaxHBHHX
napaMexapa. OBOM MCXO^OM Mory ce H3Me^y ocxajior o^pe^HXH spe^HocxH
xonjioxe Koja ce xpomn HJIH ocjioSa^a y xoKy XHX npoi^eca, Kao uixo ce y
H3BCCHHM cjiy^ajeBHMa Moxe npou,eHHXH H ca^p»caj neKe KOMnoncHxe y cjioacenoj
CMCHIH.

EcpeKXH xpaHcc|)opMau,HJa KOJH ce jaBjtajy ca HOBHiuefteM xeMnepaxype
necxo cy npaheHH npOMCHOM Mace. TepMOzpaeuMetupuja (TG) OMoryhaea ynpaso
npaheae npoMene Mace ysopKa ca noBHHiepteM xeMnepaxype. Y cJiynajeBHMa
Ka^a xpanccpopMaHHJe cjie^e Henocpe^no je^na 3a apyroM, HJIH ce nax Met)yco6HO
npeKpHBajy, xa^a je noro^HHJH Mexofl depueai^uone luepMozpaeuMeiupuje (DTG)
Koja 6a3Hpa Ha Mepetty 6p3HHe npoMene Mace. Ona CBOJHM eKcxpeMHMa yKasyje
Ha xeMnepaxype Ha KOJHMa ce npou;ecH o^nrpaBajy H XHMC OMoryhasa 6ojty

H HHxepnpexau;HJy npoMena.

Ose Mexofle CBOJ nynn 3Hanaj noKasyjy XCK npn Mehyco6noM
KOM6HHOBaK.y H xafla OMoryhasajy /j(a ce H3BpuiH nyna

xpanccpopMai^HJe.

(DT) Kao jom jeflna Mexo^a 3a xepMHHKy
KapaKxepH3ari;HJy MaxepnjaJia 6nhe noce6Ho 6nxH onncaHa y norjiaBJby 4.2. jep je
xo Mexofla Koja je npHMeftena y OBOM pa^y.

Ha CJIHU.H 4.1. j^axH pesyjixaxn ^epHBaxorpacJjCKe anajinse
26Se26li4 noMohy Paulik-Paulik-Erdey anapaxype. Ocxajin ysopi^H OBOF

cHcxeMa HMajy anajiorHO noHamafte caMo ya KBanxHxaxHBHe paajiHKe 3a noje/jHHe
ed3CKxe[28].
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CnuKa 4.1. DTA, TG u DTG xpuee sa '1-1

Ca CJIHKC ce BH^H %a ce Mory O,E(BOJHXH #Ba xeMnepaxypcKa HHxepBaJia.
je ofl 20°C A° 580°C H y XOM HnxepsaJiy HCMa neMa HHKaKBHX npoMena na

DTG H TG, flOK na DTA nocxojH nex KapaKxepHCXHHHux xeMnepaxypa uixo
oflroBapa npoi^ecHMa:

• nonexaK pasMeKinaBafta cxamia (t'g=160°C)
• oSjiacx pasMeKiiiaBafta 30 nonexKa flejiHMHHHe KpHcxaJiH3au,HJe (tg=250°C)
• o6.nacx fle^HMHHHe KpHcxajiH3au;HJe ysopKa (tk=320°C)
• o6nacx ^aiber pasMCKiuaBaHba aMOp(pHe cjjase xoja oSyxsaxa H xaqice

xonJbeK,a HacxaJIHX KpHcxaJiHHx npo^yKaxa
• rpaHHua xepMHHKe cxa6HJiHocxH, xeMnepaxypa td=580°C osHanasa nonexaK

Hnxepsaji xeMnepaxypa 03 580°C «o 980°C je o6jiacx xepMHHKe
Je y KOJCM ce na KpHBaMa DTA, TG H DTG nojaBJtyjy BHmecxpyice
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4.2. j^HJiaTOMCTiicKa aiiajrasa

,n,HJiaxoMexpHJa cnafla y MCTO^C xepMHHKe aHaJinse. Ona y OCHOBH
npeflcxaBJta o^pe^HBaibe npoMena AHMeH3HJa ysopica y (pyHKLjHJH xeMnepaxype H
KOfl qspCTHX yaopaita 3a HaJBehu fleo xeMnepaxypnor oncera xa npoMena nyxime
ce MOJKC HapasHTH y oSjiHKy je^HaqHHe 4.2.

l = l o ( l + c t t ) 4.2.

1- flyjKHHa ysopxa Ha reMneparypH t [°C ]
lo- Ay*HHa ysopKa Ha 0°C
a- jiHHeapHH KoecJDHinijeHT xeMnepaTypnor uiHpeK>a HcnHTHBanor Maxepujajia

TepMHHKa eKcnaH3HJa HBpcxor craHba je
ocu(HJiau;HJa aroMa (MOJieKyjia) cxpyKTypne Mpexe. Beha Bpe^nocx Koecj)HLi,HJeHTa
a yKasyje na c^a6nje Bese HSMe^y cxpyKTypHHx jeflHHHi];a, O^HOCHO Ha Matte

ype^eHbe. C;ia6HJe Bese H3Mef)y crpyKTypHHX je^HHima yspoKyjy
ocxaKjbaBaita, OQHOCHO pa3MeKiiiaBaH>a.

Moryhe je o^pe^HTH ^sa Koec|)HLi;HJeHTa repMUHKe eKcnansHJe

ag - KOJH ce O^HOCH na nspcxy cpaay HeypeljeHHX MarepHJana H ycjioBjbeH je
noBehatteM cpe^fter pacTojaaa H3Me^y Hecxnija.
ai - KOJH ce oflHOCH na BHCKOSHO - njiacxHHHO cratfce H MOJKC ce npe^craBHTH y

a.\ ag + Aa.

Aa je nocjieflHua nocTenenor pacKHAafta XCMHJCKHX sesa H3Me})y
KpxKOflOMeTHor ype^eK>a H noBehaiba EbHxoBe

cyncxaHij;H OMoryhasa
xeMnepaxype xonjbefta, anajinse flecjDopMai^HJa npn sarpeBatty

onxepeheH>eM, KapaKxepH3au;HJy

Heype^eHHX CHcreMa Mory ce ^exeKxoBaxH xeMnepaxype:
nonexKa HUiHe3aBaH,a Kpxocxn Maxepnjajia

BHCKOSHO- rmacxHHHe H xenne
• nonexKa nyne c^JiyHflHocxH

Je^na OA OCHOBHHX KapaKxepncTHKa aMop(f)HHX xejia je «a npn
nocxeneno npejiase ofl HBpcxor, npeKO BHCKOSHOF y KanjbHHHO- XCHHO cxaae. Osa
xaHKe pasMeKuiasafta xejia npojiase Kpo3 o6;iacx pa3MeKinaBaH.a. 3a AQHby

o6jiacrH pa3MeKUiaBaH>a ycJioBHO ce y3HMa xeMnepaxypa noMexKa
KpxocxH, a 3a repay rpaHHi^y xeMnepaxypa HCHesaBaHaa noci[eflH>Hx
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3Haica MBpcxor cxan>a, Ha npHMep HcnesaBa&e saocxaJie cnocoSnocxH Ka
nospaxHHM flecpopMauHJaMa npH MaJiHM onxepeheitHMa. TeMnepaxypa
pasMeKiuaBaifca tg, Koja o3HanaBa no^exaK HaruiHX H3Mena cBOjcxasa y npouecy
sarpeBatta neuixo je BHiua 03 xeMnepaxype nonexKa HCHesaBaita Kpxocxn.

TeMnepaxypa pasMeKiuasaifca o^pe^yje ce Kao xa^Ka npeceKa
eKcxpanojinpaHHX saBHcnocxH cpH3HHKHX BeJiHHHHa ofl xeMnepaxype 3anaxceHHX y
oSjiacxH ocxaKJbaBajfca H BHCKosHo-HJiacxHHHOJ oSjiacxH. AKO ce sa o#pebHBaH>e
xeMnepaxype OMeKUiaBaaa Kopncxn Mexo^a ^HJiaxoMexpaje, on^a je xa
nocMaxpana (pHSHHKa BejiHHHHa npoMena ^yxHHe yaopKa ca xeMnepaxypOM.
Mepeae xepMHHKor HiHpeH>a 03 co6ne xeMnepaxype #o xeMnepaxype npH KOJOJ

O npOMene oSjiHKa ysopKa no^ ^CJCXBOM concxsene xe^KHHe noKaayjy
Harn6 npase pejiaxHBHe npoMene ^y>KHHe y (pyHKUHJH o^ xeMnepaxype.

4.2.1. JIpmipeMa yaopaKa

,D|HJiaxoMexpHJCKa Mepeaa aaxxesajia cy o^pe^eH o6jiHK ysopKa. YaopaK je
npnnpeMaH na Ha^HH cjinnaH OHOM onncaHOM y rjiasn 3.1.1. PasJiHKa je caMO y
XOMC mxo je OBJJC sa noxpe6e eKcnepHMenxa SHJIO Heonxo^no HanpaBHXH caMO

njiannapajiejiHe, HacnpaMHe cxpane, mxo OMoryhasa Mepnoj
a npen,H3HO npaxn npoMene ^HMensHja ysopKa.

4.2.2.

J^HJiaxoMexpHJCKa Mepen.a, Bpuiena cy xepMOMexaHHHKHM aHa^H3axopoM
TMA 7 " Perkin - Elmer ". TexHHHKe KapaKxepncxHKe osor ype^aja cy:

• ocexibHBOcx noMepaaa con^e je 3 mm
• onxepeheita KOJOM Mepna con^a flejiyje na ysopaK Mory %a n^y H 30

2500 mN
• xeMnepaxypHH oncer Mepeita Hj^e 03 -180°C 30 1000°C
• xa^Hocx ^e(pHHHcaK>a xeMnepaxype je 2°C
• BHCHHC ysopaKa Mopajy 6nxH y HHxepBajiy 03 1 mm 30 19 mm

axMoccpepa Moxe SHXH Baa^yx (Hajnemhe). aanox, KHceoHHK,
-^HOKCH^, apron, xejinjyM HJIH HCKH flpyrn HHepxHH rac

• 6p3HHe rpejan>a HJIH xjiabeita Kpehy ce y HHxepsaJiy 03 O.lVmin 30
lOOVmin ca KopaKOM 03 O.lVmin

• conjja 3a eKcnaH3HJy je 03 KBapijHor cxaKJia, y o6jiHKy uinnKe npe^HHKa
3.66 mm.

• xepMonap j e xpoMeji-ajiyMeji [3 0] .

ITpe nonexKa Mepeaa BpniH ce KaJiH6panHJa anapaxype. Hajnpe ce spuiH
xeMnepaxypCKa KajinSpai^nja, a HOXHM KajiH6panHJa BHCHHe H cHJie Koja flejiyje na
ysopaK. Ilo 3aBpmenoj KaJiH6panHJH 3a^ajy ce Bpe^nocxH napaMexapa npn KOJHMa
ce BpuiH CHHMaH>e. Y OBOM pagy sa^axo je ^a ce 3arpeBa».e Bpuin y HHxepsajiy
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TCMneparype OR co6ne na AO 300°C. Bpsuna 3arpeBafta nofleuieHa je na 3°C/min, a
con^e SHJIO je 10 mN. Xjia^eae je spuieHo BOAOM.

e

b

ce Bpme ayroMarcKH npn ^CMV ce pesyjirarn oejiexe
npeKo panynapa. 3a csaKH ysopaK cHHMafta cy nonaBJtaHa ORpefyen 6poj nyra
AOK ce He 3ana3H penpoAyHH6njiHocr pesyjixara. Ha cjiHKaMa 4.2.a-4.2.A Aarn cy
iiocJieAK>H y cepHJH CHHMaKa 3a csaKH ysopaK. Ha OBHM cnnMi^HMa Mory ce

o6jiacTH:

.18 -T—

JiHHeapne saBHcnocTH H3Ay»ceH>a OA reMneparype
Koja OAroBapa qspcxoM cxafty
ycKa o6jiacr pasMeKmafiaaa Koja ce najiasH Ha npejiasy H3 ̂ Bpcror y

CTaH>6

npH6jiHXHO JiHHeapne saBMCHocra ajiH ca HOBHM, sehHM
Koja OArosapa BficKosHO-HJiacTHHHOM crafty ysopKa

y KOJOJ AOJia3H AO RedpopMau,uje ysopKa HOA ACJCTBOM concrBCHe

Force= '10 mM

150.00 180.00 210.00 240.00 270.00

t ("O

CJIUKCI 4.2.a TeMuepaiuypna saeucnociu upOMene dyxcune sa ysopaK G^ '14



90.00 120.00 150.00 180.0030.00 270.00

t ("C)

CMIKCI 4.2.6 TeMuepaiuypna saeucHociu upOMene dyxune sa ysopxa Gj(tAsl4SlsSe3jI4

Force= 40

30.00 ~ fjCT.OO "90.00 "120.00 150.̂ 00 llbToO TlO.OO" 146.00

t ("C)

CJIUKCI 4.2.6 TeMuepaiuypna saeiiCHOcHi upoMene dyxune 3d ysopciK Ge^s.

{
270.00 300.00
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30.00 " 60.00 90.00 120.00 150.00 180.00 210.00 340.00 270.00 300.00

t("Q

CJIUKCI 4.2.1 TeMuepamypna saeucHOcm upoMene dyxime sa ysopciK G^oAs.^
44 1 '

= uzorak S48

.33 f-

E
B

.22 T

30.00 60.00 90.00 120.00 150.00
L

180.00 210.00 240.00 270.00

t ( "Q
CJIUKCI 4.2.d TeMuepaiuypna saeucnociu upouene dyxcune sa ysopciK G^o
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A BdouwAo BaxoAoHdii
tfO to H SH BXBH3fHnH(|>3OX HXOOHOH3EE Ao 9HBEB^Hdu •£•$> HHHITO Bf^

(13)0^93 8*

Ofr

8t,

0)879

[%V3] AxdoeA A
EdoiinAo

A Ao SHBEBSHdn HHhBH HHBOHUO BH SXBHAhBdEH Ao

BUHX BIDIBXO BE to H §» B<H9dHIH JOHdBSHHIf BXBH3fHHHC|)3OX

•HEBC|) foHhHXOBim-oHEOxoHa BdBaojtio Bfox HxoBirgo A Aandx BH BqraBxoou
BXH9JHBX 30 OHBO HBhHXHSCH 9f XBUAXOOU to HEBdp fOHhHXOBITU-OHEOHOHa BdBaOJltfO

nfox BXBdoEA BqisdHin jondBSHHir BXHafMnndpsox B'HBaH^adCo woxHirHd]j

•(HdAXBdsUWSX foHQOO BH B^dOEA KOHH)«Atf BO OHBdHWHOModllB 3f 0|)

°J BO WOH3XOHWOU B'HsdHm JOHdBSHHIT AxH9fHHHC|)OOM SBHCsf 3f HO

AaOHOO BH B '3XH9JHBX 3H9hAaOU OSBX BHaBdu XH3fHHH(|)3OX

HBBdBU'HBXO BH '30 HOXO]J -HXOBirQO fox A HO8Hdx BO BUBITSOU

30 Btt OXBX 'AaHdx BH BXH3JHBX 90 H8BXOOH HXOOHOH3BE 3HdB3HHIT

u HXOBKQO foadn A inijsh'siro 9f XBuAxoon -9dAxBd9HJV9x tfo
HXOOHOH8BE XHHgfHQOtt fO H^SEBITOU HlHQO'ti 90 AjOW S» A'HBXO

JOHdB3HHIT

'HHhBH

XlfHBXD y{ BdoiIMljfo

JOHdB3HHIT



KoecpHU,njeHX JiHHeapnor iimpetta y HBpcxoj 433311 ce Hesnaxno MeK>a ca
npoMeHOM cacxasa. Sanaxcen je H3Becxan nopacx OBOF napaMexpa ca nopacxoM

cyMnopa ,0,0 40 at.% H3KOH qera 6jiaro onafla. KoecpHUHJenx JiHHeapnor
y BHCKO3HO HJiacxHHHoj cpa3H noKasyje CJIHMHO

k
<£>
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T~
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Î .U
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E, m «l
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• • * ** ag

0 10 20 30 40
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50 60

4.3.1. SaeucHociu upoMene iiiepMUHKOz Koecpunujemua jiimeapHoz uiupen>a sa
(ttg) u eucKO3HO-unacmuHHO (a/) cu2an>e od cadpjicaja cyMnopa y ciuciKfiiiMa

uluua

4.4. 3aBHCHocx KapaKTepHCTHHHHx xeMnepaxypa
cyMnopa y cxaKjiy xnna G2oAs14(SxSei.x)52li4

J3,HJiaTOMeTpHJCKa Mepen>a oMoryhaBajy oa ce o,n,pe,n;e H TeMnepaxypa
pa3MeKiiiaBaH>a tg H TeMnepaxypa fl,edpopMau,HJe to,. Kao UITO je peneHO
reMnepaxypa pa3MeicmaBaH>a ce eKcnepHMeHTajino o^pe^yje Kao HapoHHTa
Ha KpHBaMa KOJC npe^cxasibajy xennepaxypne npoMene HCKHX CJJ

, uixo y OBOM cjiynajy npeftcxaBJba npoMena JiMHeapnor H3oy>KeH>a. Ca
npHKasaHHX na cnHKaMa 4.2.a-jj, xeMnepaxypa pa3MeKmaBaHba ce

o^pe^yje Kao ancuHca npece^He xa^Ke xanrenxe nocxaBibene na ^eo KpHBe Koja
ojjroBapa oSnacxH pa3MeKiuaBaH>a H xanrenxe Ha KpHBy y BHCKO3Ho-njiacxHHHOj
oSiiacxH.
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TeMnepaxypa /jecpopMannje tm o^pe^yje ce Kao ancijuca npecenne
xanreaxe Ha Kpnsy y BHCKOsno-njiacxuHnoj o6jiacxn H xanrenxe na Bpx

Kojer cjie/jH AecpopManHJa nofl yxnnajeM concxBene xe>KHHe.

PesyjixaxH cy npHKasann y xaSejin 4.3.:

TaQejia 4.3.

Yfleo cyMnppa
y yaopKy [at°/o];;

,D '' ' / '

18 , ,

40

46

48

tg['C] ' . •

225.4(4)

225.8(4)

231.9(4)

222.6(4)

217.1(4)

t« [PC]

257.2(4)

253.3(4)

272.5(4)

266.9(4)

255.7(4)

KopeJian,HJa OBHX xennepaxypa n cacxasa cxaKJia noKaayje
noHamaH>e KaKBO je sanaxeHO Ko,n; Koe(pnu;iijeHaxa JiHHeapHor

HcxoBpeMeno, npuMeheno je ^a cy ^HuaxoMexpHjcKHM MCXO^OM
HCIIIXO HHXC xeMnepaxype pasMeKinaBaita 03 BpeflHocxn Koje cy

H3MepeHe flepHBaxorpac}5CKH. Me^yxHM, osaKBe pa3JiHKe ce no npaBHJiy floSnjajy c
oSsHpoM p,a je nosnaxa HHHjeHHu;a ^a eKcnepHMenxajiHO flocxynne BejiHHHHe
saBHce KaKO o^ npHMefteHe Mexo^e, xaKO H 03 6p3HHe sarpesafta HJIH
xjial)eH>a[31].

Ha CJIHII.H 4.4. rpacpHHKH cy npHKasane npoMene xeMnepaxypa tg H tw y
H npou;eHxyajiHor yflejia cyMnopa y cxaKJiHMa xnna
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HHH>eHHU,a #a ce oea Kopejiainija He Moxce anpOKCHMHpa™ JiHHeapHOM
cpyHKijHJoM, KaKo ce TO penaTHBHO qecro aana>Ka KO^ xaJiKoreHHfla[32, 33],
yxasyje Ha TO p,a KOJ^ OBHX cTaKajia RoacoHOB Koe(j3HD,HJeHT nonpenne
fle^opMai^HJe HHJC KOHCTanTan, O^HOCHO ^a ce crpyicrypa CTaKJia paaJiHKyje 03
cTpyKType BHCK03HO-nJiacraqHe
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5. 3AKJBYHAK

Y OBOM pafly je HcnHTHBano ner yaopaxa eraKJia us
Ge2oAsi4(SxSei.x)52Ii4 ca rjHJteM fla ce yxBpflH yranaj saMene arena

cyMnopa CCJICHOM na xeMHJcKy cxaSHJiHocT H neKe xepMocpHSHHKe
KapaKxepncTHKe OBOF cucxeMa.

Y nHJby KapaKTepH3an,HJe xeMHJCKe CTa6HJinocTH HSBpiuena cy Mepeita
Koja cy OMoryhHJia oflpeijHBaite 6p3Hne pacTBOp^HBOCTH OBHX MaxepajaJia y
BOflCHHM paCTBOpHMa 6a33 pa3JIHHHTHX KOHI^CHTpai^HJa (IN, 2N, 5N).

pesyjiraTH yicaayjy ^a 4)yHKii;HOHajiHa sasHCHOcT 6p3HHe pacTBapaaa o
sa osa cxaKJia HMa BeoMa 6;iar eKcnoHeHL(HJajiHH Kapaxrep, IJITO je y CK^a3y ca
HHtbeHHijoM Aa °e 6p3HHa pacTBapan>a cMaityje y TOKy BpeMena 36or sacuheita
pacTBOpa. TaKo^e je yoneHo noBehaite 6p3HHe pacTBapaaa ca nosehanbeM
npou,eHTyajiHor y^ejia cyMnopa y cxaKJiHMa HcnuTHBanor cHcxeMa. IloKasa^o ce
fla je 5N Bo^eHH pacrBop KOH TOJIHKO BejiHKe KOHi];eHTpau;HJe 33 HcnuTHBaHa
craKJia ^a ce npou;ec pacrBapaita y iteMy HHJC Morao .IJOBOJBHO npeu;H3Ho
npaTHTH.

ncnHTHBaifca HSBpmena noMohy flUJiaxoMCTpa "Perkin- Elmer"
TMA 7, OMoryhHJia cy jj,a ce H3 ^oSHjene cpyHKU(HOHaJiHe 3aBHCHOCTH jraHeapnor
H3^y>KeH>a ysopxa o^ reMneparype, o^pe^e xepMHHKH KoeqJ3Hii;HJeHTH JinneapHor
uiHpeiba y cTaKJiacxoj H BHCKosHO-nJiacTHHHOJ 4^a3H, ccg H ai pecneKTHBHO, Kao H
TeMnepaxype pasMeKiuaBaita tg H TeMneparype flecpopMai^nje no^ yxHLi;ajeM
concTBene TOKHHC tffl.

EKcnepHMeHTH cy noxasajia fla Koec}3Hi],HJeHT ag HMa Bpe^HOCTH OKO
26'10"6°C"', a ^a ai HMa 3HaTHO sehe Bpe^HocrH Koje ce Kpehy 03 45.3»10"6°C"' 3,0
80.3»10"6°C'1. KoecpHi^HJeHT JiHHeapnor niHpeHba y HBpcToj fyazH pacre ca
nopacTOM yjjejia cyMnopa ^o 40at% naKon Hera 6jraro ona^a. Koe(j3Hi];HJeHT
jiHHeapHor iiiHpeHba Kao H TeMneparype pasMeKmaBaiba H flecpopMauHJe Kao
4)yHKu;HJe ca^pxcaja cyMnopa y MarepHJaJiy noKasyjy CJIHHHO nonamatte.

je yoMeno ^a ce Kopejiannja H3Me^y ag H ct| ne
anpoKCHMHpaTH JinneapHOM (pynKUHJOM Ha ocnoBy qera CJIC^H jja ce crpyKxypa

pa3JiHKyje oft crpyKType

41



6. JIHTEPATYPA

[I] C. A. KocxbiJieB, B. A. IIlKyx, "3jieKTpoHHoe nepeKJiioMeHHe B aMopdpnbix
nojiynpoBOflHHKax", HayKOBaa oyMKa, KHCB, 1978.

[2] A. H. Bopeii,, B. B. XHMHHCIJ,, H. JJ,. TypjmHija, A. A. KHKHHCIUH, JL F.
CeMaK, "CnoxHbie CTeKJioo6pasHbie xajibKoreHHjjbi", Bbicmaa uiKona,
JIbBOB, 1987.

[3] 3. A. BopHCOBa, "XHMHH CTeKJioo6pa3Hbix nojiynpoBOflHHKOB",
JleHHHrpaflCKHH yHHEepcHTex, 1972.

[4] A. H. HacJieaoB, MSB. AH CCCP, 5, 4, 470, 1941.; fl. H. HacjieaoB, E. H.
MajiwmeB, )KTO, 16, 1127, 1946.

[5] JL A. BaHflaKOB, 3. Y. BopncoBa, P. JI. Mrojuiep, 3CHX, 33, 2486,1961.
[6] S. S. Flaschen, A. D. Pearson, W. R. Northover, J. Amer. Cer. Soc., 42, 450,

1959.; 43, 274, 1960.
[7] M. T. XypaBJieBa, T. H. Hy^aposa, )KHX, 24,1, 28,1951.
[8] JI. M. Jlannna, B. B. HjuiapHOHOB, XHX, 3, 5, 1210, 1958; JI. M. Jlannna,

)KHX, 3, 1386, 1958; B. B. HjuiapnoHOB, JI. M. Jlarama, fl. AH CCCP, 114,
1021,1957.

[9] M. XaHcen, K. AH^CPKO, "CxpyKTypw ^BOJHWX cnJiaBOB",
MexajuiyprHs^aT, MocKBa, 1962.

[10] J. M. De Haan, M. R. Visser, Physiks, 26, 2, 1271, 1960.
[ I I ] JJ,. M. HKDKHKOB, B. H. CnacTJiHBbiH, "Cejien H cejieHH^bi", Hayxa, MocKBa,

1964.
[12] A. A. KyflpHBijeB, "XHMHH H TexHOJiorHH cejiena H xejuiypa", BbicmaH

uiKOJia, MocKBa, 1961.
[13] O. Foss, O. Tjomsland, Acta Chem. Scand., 8, 1801, 1954. (Chem Abstr., 49, 15,

9999, 1955.).
[14] B. B. XHMHHCU;, KsaHTOBaH ajieKTpoHHKa, 24, 84,1983.
[15] F. 3. BnHorpaaoBa, "GreioiooSpasoBaHiie H dpaaoBbie paBHosecHH B

xajibKoreHHflHbix cncreMax", HayKa, MocKBa, 1984.
[16] P. T. Sargeant, R. Roy, Mat. Res. Bull., 3, 265, 1968.
[17] C. P. JlyKnh, JJ,. M. FlerpoBnh, "CJIOKCHH aMopdpnn xanKoreHHAH", Fpadpo

Axejbe, HOBH Cafl, 2002.

42



[18] D. M. Petrovic, S. R. Lukic, M. I. Avramov, J. Mater. Sci. Lett., 5, 290-292, 1986.
[19] 51. A. YraH, "BBeflemie B XHMHK> noJiynpOBOflHHKOB", Bticiuaa uiKOJia,

MocKBa, 1975.
[20] C. P. JlyKnh, ^oKxopcKa flHcepxaijHJa, YHHBepaHTCT y HOBOM Ca#y, 1991.
[21] D. W. Bullett, Phys. Rev. B.,14, 1683,1976.
[22] T. M. OpJioBa, JI. H. TuxoMnpoBa, XOX, 35,1336,1965.
[23] B. B. XHMHHCIJ, KBanxoBaji sjieKxpoHmca, 23, 64,1982.
[24] A. H. FIonoB, H. H. Muxajies, C6. #00:. uex.R. Konqb., "AMOpqbHbie

nojiynpoBOflHHKH - 82", Eyxapecx, 208 - 210,1982.
[25] K). T. FIoJixaBi^B, B. M. riosflHflKOBa, B. T. Py6^oB, YO)K, 18, 6, 915,1973.
[26] K). T. LIojiraBijeB, MSB. AH CCCP, Cep. Heopmn. Maiuep, 11, 10, 1742,

1975.
[27] K). T. FIojiTaBijeB, Y$H, 120, 4, 581,1976.
[28] M. I. Avramov, D. M. Petrovic, S. R. Lukic, S. J. Skuban, J. Therm. Anal., 44,

1203, 1995.
[29] D. M. Petrovic, M. I. Avramov, S. R. Lukic, V. V. Khiminets, M. V. Dobosh, J.

Mater. Sci., 25, 3557, 1990.
[30] ***, YnyrcTBO 3a ynoxpe6y flHJiaTOMexpa "Perkin-Elmer", TMA 7
[31] S. R. Lukic, Z. N. Popovic, A. F. Petrovic, Z. Zivkovic, J. Res. Phys., 27 (1), 57,

1998.
[32] D. M. Petrovic, F. Skuban, S. R. Lukic, M. M. Garic, S. J. Skuban, Funct. Mater,

6(3), 478, 1999.
[33] F. Skuban, D. M. Petrovic, S. R. Lukic, M. M. Garic, I. Guth, J. Therm. Anal. &

Cal., 59, 877, 2000.

43



YHHBEP3HTET Y HOBOM CAflY
HPHPOflHO - MATEMATHHKH OAKYJITET

KJLYHHA flOKYMEHTAIJHJCKA HHOOPMALJHJA

Pednu 6poj (PEP):
6poj (HEP):

Tuu doKyMeniuai^uje (Tff): Monorpacpcica
Tuu sauuca (T3): TeiccxyajiHH inxaMnaHH MaxepHjaji
Bpciua pada (BP): J],HnJiOMCKH pa^
Ay wop (AY): Fopan IHxp6an,, 6p. floe. 216/96
Menuiop (MH): #p CseTJiaHa JlyKnh, peflOBHH npocpecop, nM<I>, HOBH
Hacnoe pada (HP): YTnii;aj saMene aTOMa cyMnopa ceueHOM Ha CTa6n^HocT craicajia H3

CHCTCMa Ge-As-(S, Se)-I
uy6nuKan,uje (JFI): cpncKH (hHpH^H^a)

(3Ff): CP
Vxce zeozpacfrcKO uodpynje
Foduna (W): 2002.
Hsdaean (H3): AyropcKH penpuHT
Meciuo u adpeca (MA): ITMO, Trp J3,ocHreja OSpaflOBnha 4, 21000 HOBH Ca#
(pusuHKU oiiuc pada(<PO):
(6poj
(6/43/0/4/6/24/0)
HayHHa o6jiaciu (HO):
HayHHa ducu,uujiuHa (HJJ):
FIpedMeiuHa odpednuu,a/K/byHHe penu (HO): xanKorenHflna craK^a, xeMHJCKa cTa6nJiHOCT,

TCMnepaxypa pa3MeKiuaBaH>a, TeMneparypa noneTKa AecJ3opMaii;HJe, xepMHHKH
Koec|)Hi],HJeHT HHHeapHor uiHpetta

ce (HY): BnGjiHOTCKa HncTHTyxa 3a cJ3H3HKy, flMO, HOBH
BUJKHU nauoMena (BM): HCMa
Hseod (H3): Y pa^y cy HcnHTHBane nexe KapaKTepncTHKe XCMBJCKC H

CTaSn^HocTH cxaKaJia xnna Ge2oAs]4(SxSei.x)52I|4. EKcnepHMCHTajiHa Mepeita cy
H3BpmeHa Ha nex ysopaica y HHJH cacxaB yjiasn 6 at.%, 18 at.%, 40 at.%, 46 at.% H
48 at.% cyMnopa.
YxspijeHo je #a 6p3HHa xeMHJCKe pacxBopjbHBOcxn pacxe ca noBehaH.eM
npou(eHxya^Hor y^ejia cyMnopa y cxamiy, Kao H #a 33BHCH ofl KOHi^eHxpau;HJe
parcBopa 6a3e.

cy KoecJDHijHJeHXH JiHHeapnor uinpeita y HBpcroj H BHCKOSHO-
J 4)a3H, Kao H xeMnepaxype pasMeKUiaBaita H ^e4)opMa^Hje

concxBCHe xexcHHe.
Yxsp^eHo je fla CBH OBH napaMexpn saBHce ofl cacxasa cxaKira.

upuxeaiuahba iuejue od ciupane HH eeha (MU): 15. 05. 2002.
MaiuyM od6pane (£O): 12. 07. 2002.
Mnanoeu KOMUCUJC (KO):

HpedcednuK: flp ^pa^ocJIaB ElexpoBHh, peflosaH npo^ecop nM4>-a
CBexJiana JlyKnh, pe^osaH npocj)ecop nM<I>-a

: pp JbnjbaHa HoHKHh, Banpe/;aH npocjsecop IIM4>-a



UNIVERSITY OF NOVI SAD
FACULTY OF NATURAL SCIENCES AND MATHEMATICS

KEY WORD DOCUMENTATION

Accession number (ANO):
Identification number (INO):
Documenttyp (DT): Monografic document
Type of record (TR): Textual printing material
Contents code (CC):
Author (AU): Goran Strbac 216/96
Mentor (MN): dr Svetlana Lukic, Full Professor FNSM, Novi Sad
Title (Tl): Effect of S atom substitute with Se on stability of glasses of the type Ge-As-(S, Se)-l
Language of text (L T)\n
Language of abstracts (LA): Serbian
Country of publication (CP): Yugoslavia
Locality of publication (LP): Vojvodina
Publication year (PY): 2002.
Publisher (PU): Authors reprint
Put/. Place (PP): Faculty of Natural Sciences and Mathematics
Phisicaldescription (PD): (chapters/pages/literature/tables/pictures/graphs/additional lists)
(6/43/0/4/6/24/0)
Scientific fild (SF): Phisics
Scientific discipline (SD): Phisics of condensed mater
Subject/key words (SKW): chalcogenide vitreous, chemical stability, glass transition

temperature, temperature of beginning of deformation, thermal coefficient of
linear expansion

UC.
Holding date (HD): Institute of Physics library
Note (N):
Abstract (AB): The paper describes results concerning the characteruzation of chemical and

thermal stability of some glasses of Ge20Asi4(SxSel.x)52l14 type. Experiments
were carried out on five samples with 6 at.%, 18 at.%, 40 at.%, 46 at.% and 48
at.% of sulphur.
It is established that the rate of dissolving increase with the increase of the
percentage of sulphur contain in the glass. The dissolving rate also depends
on concentration of basic solution.
Values of the thermal coefficients of linear expansion in solid and visco-plastic
phase and glass transition temperature and the temperature of the beginning
of deformation were determinated.
It was found that these parameters depend on sulphur content.

Accepted byte Scientific Board on (Asb): 15. 05. 2002.
Defended'(DEj: 12. 07. 2002.
Thesis defended board (DB):

President, dr Dragoslav Petrovic, Full Professor
Member, dr Svetlana Lukic, Full Professor
Member, dr Ljiljana Conkic, Associate Professor



FpeniKe npuMeheHe y pajjy HaKOH iirraMnajba:

Ha cxpaHH 13. y flpyroM nacycy yMecTO "ln=f(l/T)" TpeSa ^a CTOJH
"lnw=f(l/T)"

- na crpaHH 14. y nocjiefliteM nacycy yMecTO "5-10"8 m" Tpe6a ^a CTOJH
"5-10* kg"
Ha crpaHH 30. y (JDOpMyjin 4.1. ne^ocTaje HJiaH "9GeSe2"
na CTpaHH 31. y nocjie^H>eM nacycy peHCHHi^a "...Osa
paaMeKUiaBaita..." Tpe6a ^a rJiacn: "...OBa Tejia npH
npojiaae Kpoa oSjiacT pa3MeKUiaBaH>a..."
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