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548.5:549.3+549.454 2. OpnrHHajiHH nay'nin pali;

IHPHMEHA CJIOBOAHHX nOBPUIHHCKHX EHEPrHJA
KPHCTAJIA 3A H3PAlyHABAIbE PEJIATHBHHX
TEMnEPATYPA OBPA30BAIbA

ofl

AaHHJia Ba6Hqga*

y pajiy ce ;;ajv pedyjiTaTH npHMeHe c.io6o;(hhx noBpuraHCKHX ciicpiHja KpHCTajia (100)(111)
oSjiHKa 3a H3pagyHaBaH>e TeMnepaType nocraHKa, Ako ce nocMaTpa paBHOTOKIiia <})opMa KpHcrajia,
Koja je flaTa Gibs-Wulfovom TeopeMOM, h yBot)CH,eM 3aBHCHOCTH cjioSoflne noBpuiHHCKe enepi Hje 0;i
TeMnepType, Moryhe je hoShth H3pa3e Ha 0CHOBy Kojnx ce H3pa<iynaBa pejiaTHBHa TeMnepaTypa o6pa-
30BaH>a ;iaror KpHcraJiHor o6jiHKa. Hspa'ivnaBaiba cy npHMeH>eHa Ha Kpncrajic iiHpma (FeS2), ralieH H -
Ta (PbS) h cl)jiyopHTa (CaF2) (100)(111) o6jiHKa Kojn cy nocrajiH y xHflpo TepMajiHo M CTaAHjyMy. 11pH-
MEHOM nporpaMCKor naKeTa "SURFER™ flo6)Hjciie cy H3oTepme nocraHKa y 3aBHcHocTH ofl BejiH'iHHe
xeKcae;;apcKe h OKTae”apcKe hji>ochh.

K.hV'Me pein: cJio6o,iHa noBpuiHHCKa enepi Hja, TeMnepaTypa nocraiiKa, impHT, radieroiT, (})jiyopHT.
yBOfl

Kao iuto je no3HaTo (Babi¢ 1982,1984) Gibs-Wulfova TeopeMa je npHMeH-
jbHBa h Ha KpHCTajie Behnx jjHMeH3Hja. ¥ XHjjpo TepMajiHo M cTajpijyMy npn HeKHM
(p, T, C,...,) Bpefl[HocTHMa, Ha paBHOTe>KHy (popMy KpncTajia ojjpe~enor o6jiHKa
Moryhe je npHMeHHTH Gibs-Wulfovu TeopeMy. PaBHOTe>KHa (JjopMa KpHCTalia y
TOKYy pacTa, je oHa cJjopMa Koja HMa MHHHMajiny cjio6oj(iiv noBpiHHHCKy enepi Hjy
lipil HeKOj KOHCT3HTHOj 3aiipeMHHH KpHCTalia, OQJJHOCHO

Epov = Z YjPj = min. , (2); r«e je
Vk = const.

Yj - cjio6o;uia noBpuiHHCKa eHeprnja j ‘re (hkl) nJbocHH,
Pj - noBpuiHHa j-Te (hkl) nibocHH.

llpHMeHOM Gibs-Wulfove TeopeMe Ha KpHCTajie iinpHTa, rajieHHTa h 4>Jiyo-
pHTa (100)(111) o6jiHKa (cji. 1), j(o 6 HjaMo jja je

Py;iapcKo-reoJiouikH <j)aKyjrreT, H hcthtjt 3a MKIir, ByuiHHa 7,11000 Beorpan.



VS,
X = dn) (2); rre je

2 2Y (100)
X-BejimHHa OKTacjiapcKe iijiiocnn,
Y-BejiHMHHa xeKcaenapcKe nJtocHH

Y (iii)-noBpmHHCKa eneprHja (111) iubochh
y(i0o)-noBpuiHHCKa eHeprnja (100) njbocHH

llpeMa TOMe, BeJtH'iHiia OKTaejiapcKe nJboCHH je c{jyHKi;Hja oj( P(P=Y(m/Y(ioo))
h BejiHHHHe xeKcaejjapcKe iubociiH, ojjiiocho
X =f (PY) (3).

Cji. 1 KpHecraji (100)(111) odjiHKa.
Fig.l Krystall (100X111) foim.

3ABHCHOCT yink, OATEMNEPATYPE

3 aBHCHOCT HOBpuiHHCKe eHeprnje iijlociih oj( TeMnepaType Moace ce Jtain
cjienehHM H3pa30M (Babi¢ 1976)
Y() = (Tk - T)n (4), rije je

Tk- KpHTH'ina TeMnepaTypa 06pa30BaH.a uaTe MHHepajiHe Bpcre,
T - TeMnepaTypa, h
n - eKcnoHeHT KojH ce MO05Ke onpejiHTH.

Ako n03HajeMO lipejiiiocTH 3a y(tk) Koje Mory 6hth H3pa'iynaTe npHVeHOM
pa3JiHHTHX MeToj"a, Kao h BpejjHOCTH Tk Moryhe je HpaHynaTH 3aBHCHOCT

Y (hki)=Ff(T) npHMeii,yjyhH H3pa3 (4).



3ABHCHOCT y(W) KOfl n(HPHI’A, TAJIEHHTA
H OJiyOPHTA Ofl TEMnEPATYPE

Kofl impnTa y(in)—4733 erg/cm2 ;y(io0)=3155 erg/cm2 npn neMy je 3aBHCHOCT oji
TeMnepaType cjiejjeher oSjiHKa (Babi¢ 1984)

y(ioo) = (Tk - T)125 =(1014 - T)125
Y(iii) = (Tk - T)1287 =(1014 - T)1287 ()

rne je Tk=741°C=1014 Ky cHCcTeMy Fe- S

3a rajieHHT H3pa'iynaTe RpejiiiocTH 3a Mel)yc{)a3He eiieprnje H3Hoce:
Y(i00)=1707 erg/cm2; y(m)=2563 erg/cm2 (Babi¢ 1993). KaKO je KpHTH'iiia TeMne-
paTypa 06pa30Baita rajieHHTa 716°C=989 K (Brett, Kullerud 1967), 3a 3aBHC-
hoct noBpuiHHCKe eHeprHje 03 TeMiieparype f(06HjamMO0
i37

Y(ioo) = (Tk- T)L137=(989-Ti/1’199

Y(iii) = (Tk- T)1199=(989-T) (6)

y 1ra6. 1 jia-re cy Bpej(ii()CTH y(100) h y(111) kojj rajieHHTa y 3aBHCHOCTH ojj TeM-
nepaType.

TaSejia 1. BpejinoerH Y(ioo), V(iu) rajienma Tadena 2. BpejiHocTH Y(i00). T(Ni) <wiyo-
y 33BHCHOCTH 0,i TeMnepaType pHTa Yy 3aBHCHOCTH Oji TeMnepaType
Tablel. The values of yd00), Y(iu) °f gale’ Table 2. The values of Yag). Y(ui) of fu"
nite in function on T orite in function on T
TK Y (io0) erglcm2 Y (iii) erg/cm2 TK Y (io0) erglcra2 Y oii) erg/cm2
373 1485 2211 323 279 391
473 1214 1788 373 205 283
573 950 1381 398 169 231
673 695 993 423 133 179
773 451 629 448 98 129
873 222 298 473 63 82
973 23 27 498 30 37
989 0 0 523 0 0

3a ({)JiyopHT y(100)=318 erg/cm2, Y(iii)=450 erg/cm2 (Gillman 1960). KaKO je
KpHTHHHa TeMnepaTypa 06pa30BaH>a (J)JiyopHTa oko 250°C=523 K, to 3a
3aBHdiocT Me*ycl)a3He enepi'Hje njbocHH (100) h (111) oj( TeMnepaType jjo6njaMO

Y (i00) = (TK'T )L%:(SZS)-T):L
Y(iii) = (TK- T)1127=(523-T) 117 @

M3pa'iynaTe BpejinocTii 3a y(1d), Y(iu) KOA4>JiyopHTa jjaTe cy y Ta6. 2.



H3PAHYHABAH>E PEJIATHBHHX TEMnEPATYPA
0BPA30BAH.A KPHCIAJIA nHPHTA, TAJIEHHTA
H OJiyOPHTA (100)(111) OOPMH

KaKO n03HajeM0 3aBHCHOCT Me”y4>a3HHX eHepraja koj( nnpHTa, rajieHHTa h
(DjiyopHmra 03 TeMnepaTye, H3pa3e 3a BejiH'iHHy OKTaejiapcKe iijlochh kojj iinpn-
Ta, rajieHHTa h (j)JiyopiiTa mo>kcmo iiainicaTH y o0 6jiHKy

3a hhpht X=(3/2 -V3/2 (Tk-T)0062)Y

sa rajieHHT X=(3/2 -V3/2(Tk-T)0062Y (8);
3a 4>JiyopHT X=(3/2 -V3/2(Tk-T)0064)Y
o™aKlie je
3a impHT h rajieHHT (Tk-T)0,062=(2X-3Y)/- V3Y
3a cJ)JiyopHT (Tk-T)°064=(2X-3Y)/- V3Y 9)

IIHpHT, rajieHHT h cJ)JiyopHT ce y pa3JiHHHTHM XHflpoTepMajiHHM naparene-
3aMa Mory necTO jaBHTH y KpncTajiHMa (100)(111) o6jiHKa. 3a H3paHyHaBaibe
pejiaTHBHHX TeMnepaTypa 06pa30Baita, ynoTpe6jbeHH cy KpiicTalin iuipHTa h ra-
jieHH'ra (100)(111) cj)opMii H3 Pb, Zn jie>Knurra Cpe6pemma Kojn cy paimje cKyn-
JbeHH TepeHCKHM pafloM. lInpirr h rajieiiHT ce napareHeTCKH jaBJbajy saje/ino ca
c(j)ajiepiiTOM h jic(})opMHcaiiHM KpncTajiHMa CH/iepina (Okil) (})opMH.

KpncTajiH c})Jiyopirra 3a H3pa'iyiiaBaite pejidthbhhx TeMnepaTypa 06pa30-
Baiia, (100)(111) c)opMH CKynjbeHH cy y Pb, Zn Jie>KHiiny PaBHaja. Bpoj KpncTajia
je HeuiTO cMaiben, jep y jiokhiii'l'v jioMiiiuipa (100) o6jihk KpHcrajia.

Cb3kom KpHCTaliy Cy iioji 6 HHOKyjiapHOM jiynoM y3 ynorpe6y MHKpoMeTap-
CKor OKyjiapa MepeHe BelJiH'iHiie OKTaejjapcKe h xeKcae/iapcKe njbocnn. Pe3yjiTa-
th oj*perHBaiba pejiaTHBHHX TeMnepaTypa 06pa30Baiba koj; nnpHTa, rajieHHTa h
c}jiyopHTa jja'rn cy y Ta6. 3.

Ta6ejia 3. H3pa'iyHaTe pejiaTHBHe TeMnepaType nocraHKa KpHCTajia nnpHTa, rajieHHTa h (})JiyopHTa

(100)(111) o6jiHKa.

Table 3. Calculated relative values of the origin temperature of pyrite, galenite and fluorite crystaU

(100)(111) forms.

nnpeHT (Pyrite) TadieHHT (Galenite) ojivopht (Fluorite)
X Y T°C X Y T°C X Y T°C
0,30 1,20 369 0,60 2,45 319 0,36 0,93 200
0,35 1,45 326 0,34 1,45 262 0,40 0,93 223
0,35 1,50 281 035 1,45 302 0,35 0,95 185
0,34 1,45 287 0,31 1,36 223 0,35 0,93 192
0,40 1,73 268 0,62 2,62 276 0,55 1,43 198
0,50 2,15 276 0,35 1,50 256
0,60 2,45 344 0,36 1,50 299
0,38 1,60 279

Pe3yjiTaTH jiarn y Ta6. 3, npHMeHOM nporpaMa "SURFER" KopHinheHH cy 3a



BejivHVHa  (111) n'hoCHM Dimension (111) planes

BejiHHHHa (111) njbocHH, Dimension (Ill)planes

Cji. 2. H30TepMe 06pa30BaH.a nnpHTa (100)(111) cfiopMcy 3aBHCHOCTHon X h Y.
Fig. 2. The origin isotheims for pyrite crystaU (100)(111) foim in dependance on X and Y.

1.36 1.42 1.40 154 1.60 1.66 1.72 1.78 1.84 1.90 1.96 2.03 2.09 2.15 2.21 2.27 2.33 2.39 2.45 251 257

Cji. 3. H30TepMe 06pa30BaH>a rajieHHTa (100)(111) ([jop.MCy 3aBHCHOCTHOoji X h Y,
Fig. 3. The origin isothenns for galenite ciystall (100)(111) form in dependance on X and Y.



cJjopMH. Ha cji. 2 Jiai’je rpac{)H'iKH npnKa3 H30TepMH 06pa30BaH>a Kpnc'rajia iih-
pHTa (100)(111) c|)opMH, y 3aBHCHOCTH ofl BejiHTOHe xeKcae;japcKe h OKTaejjapcKe
njbOCHH. J”njarpaM Ha cji. 2 MO>Ke ce kophcthth h 3a oflpetjHBa&e pejiaTHBHHX
TeMnepaTypa 06pa30BaH>a h KpncTajia nHpHTa (100)(111) odjiHKa H3 flpyrnx Jie-
>KHiirra h MHiiepajiHsaanja.

Cji. 4. H30TepMe oSpasoBaiba cJ)jiyopHTa (100)(111) (JiopMcy 3aBHCHOCTHojX h'Y
Fig. 4. The origin isotheims of the fluorite crystall (100)(111) form in dependance on X and Y

Ha cji. 3, 4 jjame cy H30TepMe ofipasoBailLa rajieHHTa h c|)JiyopHTa taKot)e
(100)(111) cJjopMH Yy 3aBHCHOCTH oji BeliH'iHiie ~eKcaejiapcKe h OKTaejiapcKe
iijpochh. M obh jAHjarpaMH ce Mory KopncTHTH 3a ojjpet)HBaitc pejiaTHBHHX TeM-
nepaTypa 06pa30Baiba KpncTajia rajieHHTa nh cd)jiyopHTa (100)(111) c})opMH.
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APPLICATION THE SURFACE FREE ENERGY OF CRYSTALL FORM
FOR CALCULATION THE RELATIVE ORIGIN TEMPERATURE

by

Danilo Babic¢

In paper are presented results of the application surface free energy of the (100)(111) form, for
calculation the relative origin temperture. Calculation are applicated for (100)(111) crystall form beside
pyrite, galenite and fluorite crystall.

Key words: Surface free energy, origin temperatures, pyrite, galenite, fluorite.
INTRODUCTION

As is know (Babi¢ 1982, 1984), application of Gibbs-Wulfs theorem is possi-
ble on larger crystall. The equilibrium form of the crystall for some (p, T, C,...,) val-
ues in the hydrothermal solution is given with

Esvr = E YjPj = minimum (1); where is
Vk=const.

Yj - the surface free energy of the j - planes

Pj - the surface of j - planes

VK - crystall volume.

Applying Gibbs-Wullfs theorem on the pyrite, galenite and fluorite crystall
(100)(111) form (Fig. 1) we obtain

3 JSF(@ (2);where is

x © o 21100) _
X - dimension of the (111) planes
Y - dimension of the (100) planes
Y(nl) - surface free energy of the (111) planes
Y(ioo) “ surface free energy of the (100) planes.

aculty of ining and eology, Institute for P , ju ina , 11000 elgrade.



Accordingly, the dimension of (111) planes is function on P (P=Y(in)/Y(ico))>
and the dimension of (100) planes in case of the crystall grovvth, respectively

X =1(P)Y) 3)
DEPENDANCE SURFACE FREE ENERGY ON THE TEMPERATURE

Dependance surface free energies of the (hkl) planes on temperature, may be
given (Babi¢, 1976) with

Yhd) = (Tk - T)n (4), vvhere
Tk - is the critical temperature of origin
T - is the temperature .
If knovvn values of the g(k) which are calculated based on the different

model,and if knovvn values for Tk then is posible calculation of the Y(hki)=f(T) apply-
ing Egs (4).

DEPENDANCE ym) AT PYRITE, GALENITE AND
FLUORITE CRYSTALL FROM TEMPERATURE

For pyrite crystall (Babi¢ 1984) Y (ui)=4733 erg/cmz, y(100=3155 erg/cm ,Zand
Y(iu) =(Tk- T )U87= (1014-T)U87
Y(ioo) = (Tk- T)U25 =(1014-T)125 (5)
where Tk = 741°C = 1014 K in the Fe-S system.

For galenite (Babi¢ 1993) y(111)=2563 erg/cm2; y(loo)=1707 erg/cm2. Critical
temperature for galenite is 716°C=989 K (Brett & Kullerud, 1967) and for depen-
dance of the surface free energies on T,we have

Y(iu) = (Tk- T )U" = (989-T)11"
Y(ioo) = (Tk - T )ia3? = (989-T)1'1¥ (6)

In Tab.l are given the values of the Y(ui), Y(iooindependance on T.

For fluorite Y (ui)=450 erg/cmz, Ydoo)=318 erg/cm2 (Gillman, 1960). The criti-
cal temperature for fluorite is about 250°C=523 K, and for dependance surface free
energy on temperature, we have

Y(iu) = (Tk - T )U27 = (523-T)U27
7(100) = (Tk - T ~063 = (523-T)1083 @)
In Tab. 2 are given calculated values for fluoritecrystall independance on T.

CALCULATION OF THE ORIGIN TEMPERATURE FOR PYRITE,
GALENITE AND FLUORITE CRYSTALL (100)(111) FORM

Pyrite, galenite and fluorite in different hydrothermal paragenesis have offten
crystall (100)(111) lorms. How we know dependance the surface free energies on the



temperature for pyrite, galenite and fluorite crystall, we can wvvritte
for pyrite and galenite X=(3/2-V3/2(Tk-T)0062Y

for fluorite X=(3/2-V3/2(Tk-T)°4A)Y (8)
From (8) we have for pyrite and galenite crystall (100)(111) form:

for pyrite (1014-T)°°62= (2X-3Y)/(-V3Y) 9)

for galenite (989 _T)°'062= (2X-3Y)/(-V3Y) (10)

and for fluorite crystall (100)(111) form (523-T)0064 = (2X-3Y)/(-V3Y) (11).

Egs. (9), (I0) and (11) may be used for calculation the relative origin tempera-
ture of pyrite, galenite and fluorite crystall (100)(111) form, if we know dimension of
the (111) and (IOO) planes. For calculation the relative origin temperature we are
used pyrite and galenite crystall from Pb, Zn weins (Srebrenica), where pyrite and
galenite crystall are in paragenesis with sideryte crystalls deformed (Okil) form. Fluo-
rite are from Pb, Zn deposite Ravnaja.

Under binocular lupe, with micrometer ocular, we are measured X and Y dimen-
sions of the crystall. The calculated relative origin temperature for pyrite, galenite and
fluorite crystall (100)(111) form based on Eqgs. (9), (10) and (11) are presented in
Tab.3.

The values given in Tab. 3 application computer program "SURFER" are used to
plot the relative origin isotherms for pyrite galenite and fluorite crystall (100)(111)
form. Fig. 2, 3 and 4 show a plot the relative origin isotherms for pyrite, galenite and
fluorite crustall (100)(111) form.

Diagrams at Fig. 2, 3 and 4 may be used for determination the relative origin
temperature and other pyrite, galenite and fluorite crystall with different dimensions of
the X and Y.

Translated by the author
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