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rXTM-169 OpHrHHaJIeH HaY<JeH TPY,l1

KHHETHKA HA PACfBOP AlLE HA IIOBPIIIHH-
CKMTE OKCII,lUI HA 1ffi.JllIKOT (JYCC146) BO

XJIOPOBO,lJ;OPO,lUIAKHCEJIHHA

T. rp'IeBl, T. CTa<IJHJIOB2,K. BaCHJIeBa3

;TeXHOJlOlllKO-MeTaJlYPlllKH .paKYJlTeT, YHHBep3HTeT "KHp1tJl H MeTo.aHj"', CKonje
.HHCTHTYT3a xeMHja, npHpO.aHO-MaTeMaTH'IKH .paKYJlTeT, YHHBep3HTeT "KHpHJI H

3 MeTO.aHj",CKonje -
.HHCTHTYT 3a py.aapcTBo H MeTaJlypmja, Py.aHHUH H >KeJIe3apHHua "CKonje", CKonje

lfCnHT}'BaHa e KHHeTHKaTa Ha xeMHCKOpaCTBopaJhe Ha
nOBpIlIHHCKHTe MaTaJIHH OKCH,l1H,C03,l1a,l1eHHBO aTMocrjJep-
CKH YCJIOBH BQ npOl.(eCOT Ha TOnJIO BaJIaJhe Ha <JeJ1H<JHH
JIHMOBH(lYC C 0146),BOXJIOpOBO,l10pO,l1HaKHCeJIHHa (1-8%,
0,25-2,3 M), BO TeMnepaTypHo nO,l1pa<Jje0,l160-80 °c.

flOK8)/(aHO t; co nOMOIlIHa nOTeHl.(HOMerpHCKa OKCHJ!D-
pe,l{yKl.(HCKaTHTp8l.(Hja co Ce(S04 3,l1eKa xeMHCKHOT COCTaB
Ha OBHe OKCHJ!H O,lU'OBapa Ha Fe , a Cpe,l1HaTa ,l1e6eJIHHa
H3HeC}'Ba OKOJIY 12 !lID.

KHHeTHKaTa Ha xeMHCKOTO paCTBOpaJhe Ha nOBpIlIHH-

CKHOT FeO, CJIe,l1eHa npeKY cn~-'Vp~rjJoTOMerpHCKO onpe,l1e-
JIYBaJhe Ha KOJIH<JHHaTa Ha Fe -JoHHTe BO paCTBOpOT, 3a-
BHCH npOnOpl.(HOHaJIHO 0,l1 KOHl.(eHTp8l.(HjaTa Ha XJIOpOBO-
,l10pO,l1HaTa KHCeJ1HHa; eHeprHjaTa Ha aKTHB8l.(Hja Ha npo-

l.(eCOT (EaJ H3Hec}'Ba 20 - 37 kJ/IDoI (3aBHCHO 0,l1 KOHl.(CH-
Tp8l.(HjaTa Ha HCI) H npOl.(eCOT e ,l1HrjJY3HCKH KOHTpOJIHpaH.
flOK8)/(aHO e ,l1eKa rpaHH<JHHOT ,l1HrjJ)'3HCKH rjJJIYKCHa npOTO-

HHTe 0,l1paCTBopOT KOH OKCH,l10TcooJUlercTWBa H~lfp3HHaTa
Ha "KOHCYMHpaHHTe"npOTOHH(FeO + 2H = Fe + H2O)
a npeCMeraHHTe Bpe,l1HOCTHHa ,l1HrjJY3HCKaTaKOHCTaHTa
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124 T. Fp'lcB, T. CTa,pHJlOB, K BaCHJlCB8

DIL+ (6,9'10-5 3a 60; 1,1'10-4 3a 70 If 1,2'10-4 cm2s-1 3a 800q
J{oopo cc corJIacYBaaT ..c1}jIlfTCpaTypHlfTC BpCJ{HOCTlf

Bp3 OCHOBaHa J{06lfCHlfTC pC3Y.!ITpaTlf npCJ{JIO)/(CHaC
CJICJ{HaBaKlfHeTlflfKa paBCHKa 3a npCCMCTYBaJ:bCHa J{c6c-
JIlfHaTa Ha paCTBopCHlfOT OKClfJ((FeD):

L = 420'CHcrr'exp(-23.000/RT), #m

KllJ{C:CHc/- mol dm-~' T- s; R = 8,314 mor1K-l If T - K

YBO,l(

IIpoUecoT Ha OTCTpaH}'Balbe Ha MeTaJIHIUe OKCHJJ:H (C03J].3,lJ,eHH BO

npOIJ,eCOT Ha MeXaHH'lKaTa H TOnJIHHCKaTa pa60Ta, KaKOH co KOp03Hja, rJIaBHO

BO aTMoe«j>epCKH YCJIOBH) OJ].MeTaJIHHTe nOBpllIHHH e OC06eHO Ba)l(eH npouec.
Toj npeTXO)J.H Ha nOHaTaMOIlIHHTe nOCTanKH Ha Kop03HBHaTa 3allITHTa Ha

MeTaJIHTe. OBHe nOCTanKH (<t>oc«t>aTHpafbe, HaHeC}'Bafbe Ha opraHCKH npeB-

JIaKH, xeMHCKO H ranaaHCKO HaHeC}'Balbe Ha MeTaJIHH npeBJIeKH) BO roJIeMa

MepKa 3aBHCaT OJ].KBaJIHTeOT Ha H3BeJJ.}'Balbe Ha npOIJ,eCOT Ha OTCTpaH}'Balbe

Ha nOBpllIHHCKHTe OKCHJJ:H H paMHOMepHO "HarpH3}'Balbe" Ha MeTaJIHaTa

nOBpIlIHHa, OJ].HOCHOMHHHMaJIHO C03J].aBafbe Ha MHKpOHepaMHHHH.

IDTO ce oJ].Hec}'Ba J].OnpOIJ,eCOT Ha OTCTpaH}'Balbe Ha MeTaJIHHTe OKCHJJ:H

OJ]. 'IeJIH'lHH JIHMOBH, KOH, nOHaTaMY, rJIaBHO, ce KopHCTaT BO MallIHHCKaTa

HH)J.yCTpHja (6poJ].orp3,lJ,6aTa, aBTOM06HJICKaTa HH)J.yCTpHja, npOH3BOJ].CTBO Ha

anapaTH OJ].T.H. "6eJIa TeXHHKa" HTH.) Toj, 3acera, ce H3BeJJ.}'Ba Ha)J.Ba Ha'lHHa:

MeXaHH'lKH (Haj'lecTo neCO'lefbe) H xeMHCKH (T.H. J].eKanHpalbe BO MHHepaJIHH

KHceJIHHH, HCl i H2S0 4, BO npHCYCTBO Ha HHXH6HTOPH, npH nOBHllIeHH

TeMllepaTypH OJ].70 J].O95 °C). YJIoraTa Ha HHXH6HTOPOT BO OBOj npouec e

rJIaBHO, J].a ja CBeJ].e Ha MHHHMYM Kop03HjaTa Ha MeTaJIHaTa nOBpIlIHHa, a co

Toa H nojaBaTa Ha J].onOJIHHTeJIHH HepaMHHHH H J].a ja HaMaJIH nOTpo-

IIIYBa'lKaTa Ha KHCeJIHHaTa. Toa J].ejcTBo HHXH6HTOPOT ro oCTBap}'Ba co cBojaTa

MaKCHMaJIHa aTcOpnIJ,Hja BP3 "'IHCTaTa" MeTaJIHa nOBpIlIHHa, HO He H BP3

OKCHJJ:HaTa «pa3a. CnopeJ]. TOa, OJ]. oco6eHa Ba~HOCT e OC03HaBalbeTO Ha
npoueCOT (MexaHH3aM, KHHeTHKa H CJI.) Ha xeMHCKOTO paCTBOpalbe Ha nOBp-

IlIHHCKHTe MeTaJIHH OKCHJJ:HKaKO OJ].TeopHCKa TaKa H OJ].npaKTH'lHa rJIeJ].Ha

TO'lKa. CO Toa ce J].06HBa3T H OCHOBHHTe OJ].HOCHO,OnTHMaJIHHTe napaMeTpH

Ha npoueCOT, KaKO: KOHueHTpauHja Ha KHceJIHHaTa, BpeMeTO Ha TpeTMaH,

TeMneparypaTa Ha paCTBOpOT H XHJJ:pOJ].HHaMH'lKHTe YCJIOBH.

HeueJIOCHOTO, OJ].HOCHO HeJ].oBOJIHO ICOHTpOJIHpaHOTo OTCTpaH}'Balbe

Ha nOBpllIHHCKHTe OKCHJJ:HMO)l(e nOHaTaMY J].a npe)J.H3BHICa H HeKBaJIHTeTHa

Kop03HBHa 3allITHTa (JIOllIa aTXe3Hja Ha 3allITHTHaTa npeBJIeICa OJ].KOj H.na 6HJIO

BHJJ:).
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KHHemKa Ha paCTBOpalbe Ha I10BpWHHCKHTe OKCH,l(If. . . 125

EKCIIEPHMEHTAJIEH ~

MepeaaTa 6ea BprneHH Ha CTaH)].ap)].HHnpHMepOIJ.H Ha HHcKojarJIe, -
pO)].HHOTqeJIHK (JUS C0146) co )].HMeH3HH70 x 15 x 3 mm BOHCI co KOHIJ.eH-
TpaIJ.Hja0)].0,25 do 2,3 mol dm3 (1 -8%) TeMnepaTypHo no)].paqje 0)].60 - 80°c.

IIoTeHIJ.HoMeTpHcKaTa THTpaIJ.Hja, 3apaLJ.HYTBp)].YBaae Ha xeMHCKHOT
COCTaBHa nOBprnHHCKHOTOKCH)].(no HeroBoTo paCTBopaae BO 200 cm3 6%
HCI* 1 npH 80 °c 3a BpeMe 0)].5 MHHYTH),6erne BprneHa co nOMorn Ha 0,2 mol
dm-3 Ce(S04h BOnpHCYCTBOHa cnperaTa Pt-3aCHTeHa KaJIOMeJIOBaeJIeKTpo)].a
(3Ke). Co OBaanOCTanKa ce onpe)].enyBa BKYnHOKOJIHqeCTBOHaFe2 + jOHHTe BO
paCTBopOT OTKaKOnpeTxO)].HO rpaBHMeTpHCKH Ke ce YTBp)].HBKynHoTo KOJIH-
qeCTBO Ha paCTBOpeHHTe MeTaJIHH OKCH)].H.Ep3HHaTa Ha xeMHCKOTOpaCT-
Bopaae Ha )l(eJIe3HHTe OKCH)].H6erne CJIe)].eHacneKTpolf>oToMeTpHCKH(cnope)].
CTaH)].ap)].HaTaIf>eHaHTpOJIHHCKaMeTo)].a) KaKOH co npHMeHa Ha aTOMCKaTa
anCOpnIJ.HOHa CneKTpOMeTpHja. qeJIHqHHTe npHMepOIJ.H 6ea TpeTHpaHH co
XJIOpOBO)].opO)].Ha KHCeJIHHa co BOJIYMeH Ha paCTBOpOT 0)]. 120 cm3, BOCTaKJIeHH

KeJIHH co )].BOjHH SH)].OBH,TepMOCTaTHpaH Ha 60, 70 H 80°C co TOqHOCT 0)]. :::to,1

Qc. Bo o)].pe)].eHH BpeMeHcKH HHTepBaJIH (1{}-240 s) npHMepOIJ.HTe 6ea BaLJ.eHH

0)]. paCTBOpOT, a TOj aHaJIH3HpaH cneKTpolf>oToMeTpHcKH 3apaLJ.H YTBp)].YBalbe

Ha KOHIJ.eHTpaIJ.HjaTa Ha If>epojoHHTe. Toa, jacHo, npeTnOCTaBYBa pa60Ta

ceKorarn co HOB qeJIHqeH npHMepOK (3a ceKoja eKcnepHMeHT:lJIHO )].06HeHa

TOqKa 0)]. )].HjarpaMHTe npeTCTaBeHH Ha CJIHKHTe 2 H 3). OBaa nOCTanKa 6erne

nOBToPYBaHa H co TpeTMaH Ha e)].eH HCT qeJI~eH npHMepOK BO IJ.eJIHOT

BpeMeHCKH HHTepBaJI ()].O240 s), O)].HOCHOco 3eMaae npHMepoK 0)]. pacTBopoT

BOo)].pe)].eHH BpeMeHcKH HHTepBaJIH. OB He )].Be nOCTanKH )].aLJ.oaMHOry 6JIHCKH

pe3YJITaTH. .
YqeCTBOTO Ha If>epo jOHHTe, npOLJ.YKTH Ha Kop03Hja Ha qeJIHKOT, BO

BKynHo YTBp)].eHOTO KOJIHqeCTBO MO)l(e )].a ce 3aHeMapH, rJIaBHO, 3apaLJ.H
BHCOKHOT COO)].HOC Mefy 6p3HHaTa Ha paCTBopaae Ha OKCH)].OT H OHaa Ha

MeTaJIHaTa nOBplllHHa (VOKc!VKOp),KOj BOOBHe YCJIOBHce )].BH)I(HBO rpaHHIJ.HTe

0)]. 10 )].0 30 (3aBHCHO 0)]. TeMnepaTypaTa H KOHIJ.eHTpaIJ.HjaTa Ha HCI).

* 1 H npHCYCTBOTOHa 1 cm 3 0.11KOMepQHjaJIHHOT HHXH6HTOPQwene 3125 -Qwecker Chimica
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PE3YJITATIIH~CKYCHJA

YTBp~HB3ILe Ha COCTaBOT Ha nOBpUIHHCKHTe OKC~H Ha 'IeJlHKOT

IIoTeHUHoMeTpHcKa, OKCH,lJ.o-pe.!{)'KUHCKa THTpaUHja Ha paCTBOpOT

(200 cm3 6% HCI + 1 cm3 Qwene 3125) no paCTBOpalbeTO Ha MeTaJIHHTe OKCH,lJ.H
b~ 'IeJIH'lHHOT npHMepOK co nOBpIIIHHa O,D,24 cm2, CJI. 1, OB03MO)l(yoa

onpe,D,eJIYBalDe Ha BK)'nHOTO KOJIH'leBCTBO Ha lfJepo jOHHTe cnope,D, paBeHKaTa:

mFeH = Vck. . Mee4+ -J . APe, (mg) (1)

Ka,D,e'IIITOVCKnpeTCTaByoa BonyMeHoT Ha paCTBOpOTO~ Ce(S04)2 BOcm3 BO
eKBHBaJIeHTHaTa TO'lKa, MCe4+ npeTCTaByoa KOHueHTpaUHjaTa Ha OBOjpaCT-

BOp (mol dm-3), f-IfJaKTop Ha paCTBOpOTonpe,D,eJIeH co THTpaUHja Ha CTaH,D,-
ap,D,eHpaCTBOp Ha FeCl2 aAPe e aTOMCKaTaMaca Ha )l(eJIe30TO.

Ha TOj Ha'lHH npecMeTaHoTo KOJIH'leBCTBOHaFe2+ H3HecYBa: 11,6x 0,20
x 0,95 x 55,85 = 123,1 mg. O,D,,D,pyra CTpaHa, rpaBHMeTpHcKH 6eIIIe YTBp,D,eHO
,D,eKaBK)'nHoTo KOJIH'IeBCTBOHa paCTBOpeHHTe OKCH,lJ.HH3HecYBa: 123,1/160 mg.
p = 0,7694, IIITOco roJIeMa TO'lHOCTO,D,roBapaHa CTeXHOMeTpHCKHOTy,D,eJIHa
Fe DOFeO (0,7773).

E,V/zke

0,9

0,7

0,5

0,30 10 15
V/cm30,2 MCe(S04)Z

CJl. 1. nOTeHIJ:JIoMeTf,HcKa THTpal(Hja Ha 200 cm3 6% HCI (+ 1 cm3 Qwene)
H npHCYCTBO Ha Fe + jOHH J!o6HeHH co paCTBOpaJbe Ha nOBpIllHHCfHTe

OKCHJ!H(160 mg) OJ!lfeJlWleH npHMepOK co nOBpll1HHa OJ!24 cm .

5 20
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MO:>Ke.lJ,ace KOHCTaTHpa.lJ,eKa HajBepojaTHHoT COCTaBHa nOBpllIHHCKHTe

Fe-OKCH.lJ,H e FeO. npHTOa, Tpe6a.lJ,a ce HanOMeHe .lJ,eKaKOJIHqeBCTBOTO Ha «Pepo

jOHHTe BO paCTBOpOT, K:lKOnpoJ],yKT Ha Kopo3HjaTa Ha qeJIHKOT, MO:>KecoceMa

.lJ,ace 3aHeMapH BO .lJ,aJ],eHHTe YCJIOBH (npHC)'BCTBO Ha HHXH6HTOP H BpeMe Ha

TpeTMaH O.lJ,5 MHHYTH), 6H.lJ,ejKH Toa H3Hec)'Ba OKOJIY 0,3 mg, .lJ,06HeHO BO

HCTHTe YCJIOBH 3a qHCTa MeTaJIHa nOBpIlIHHa.

O.lJ, .lJ,06HeHHTe pe3ymaTH, KOHllITO npeTCTaB)'BaaT cpe.lJ,HH Bpe,l(HOcTH

O.lJ,5 Mepalba, MO:>Ke.lJ,ace npecMeTa H CJIe.lJ,HaBa .lJ,e6eJIHHa Ha OKCH.lJ,HHOTCJIoj

cnope.lJ,paBeHKaTa:

mFe2+ .10-3.104 123,1.10
LFcO= A .0 777. = 24.0777.57 = 11,6pm, PFeO "

(2)

KaJ],eIlITOmFe2+ e BKYnHaTa KOJI~HHa Ita «Pepo jOHmw YTBp.lJ,eHaco nOTeH-

QHoMeTpHcKaTa THTpaQHja (mg), A e nOBRIlIHHaTa Ha qeJI~HHOT npHMepOK
(cm2) H PFeO e rycTHHaTa Ha FeO (g cm" ).

O.lJ, .lJ,Pyra CTpaHa, Bpe,l(HOCTa Ha nOTeHI:\HjaJIOT, Ha nOqeTOKOT Ha

THTpaQHjaTa (3a V=O), CJI. 1, O.lJ,0,332 V(3Ke), HCTOTaKa, YKa:>K)'BaHa HCKny-
qHTeJIHO MaJIOKOJI~eCTBO, O.lJ,HOCHOKOHQeHTpaQHjaHa «PePHjOHH BOpaCTBO-
pOT. HMeHO, cnope.lJ, HepHCTOBaTa paBeHKa H Bpe.lJ,HOCTaHa OBOjnOTeHQHjaJI,
.lJ,06HeH e COO.lJ,HOC Fe2+!Fe 3+ = 1,35.103.

nOHaTaMollIHHTe HcnHT)'Baaa 6ea HaCOqeHH KOH YTBp.nyBaaeTO Ha
KHHeTHKaTa Ha npOQeCOT Ha xeMHCKOTOpaCTBopaH.e Ha nOBpllIHHCKHTe
:>KeJIe3HH OKCH.lJ,HKaKO iPYHKQHja O.lJ,KOHQeHTpaQHjaTa Ha XJIOpOBO.lJ,OpO.lJ,HaTa

KHCeJIHHa H TeMnepaTypaTa.

IfCDlrrYBaILa Ha KHHeTHKaTa Ha XeMHCKO paCTBOpaa.e Ha OKC~1fJ'e

PeaKQHjaTa Ha xeMHCKOTO paCTBOpaH.e Ha FeO BO XJIOpOBO.lJ,OpO.lJ,Ha

KHCeJIHHa MO:>KeMe.lJ,aja npHKa:>KeMe co paBeHKaTa:

FeO + 2HCI = FeClz + H2O (3)

Cnope.lJ, TOa, aKO re CBe.lJ,e Ha MHHHMYM KOJI~HHaTa Ha «Pepo jOHHTe,

KaKO npo.nyKTH Ha Kopo3HjaTa Ha qeJIHKOT, KHHeTHKaTa Ha paCTBOpaH.eTO Ha

OKCH.lJ,OTMO:>Ke.lJ,ace CJIe.lJ,H npeKY BKYnHOTO KOJI~eCTBo. Ha «Pepo jOHHTe BO

cpe,l(HHaTa. Bo HallIHOT cnyqaj 3a T~ QeJI e ynOTpe6eHa qneKTpoiPoToMeTpHv

KaTa «PeHaHTpOJIHHCKa nOCTanKa KOjaIIITO e nOBeKe naTH onHllIaHa [1, 2]

Cnope.lJ, pe3YJITaTHTe npHKa:>KaHMBOCJI. 2 H 3 MO:>K.e.lJ,a~ KOHcTaTHpa

.lJ,eKa6p3HHaTa Ha xeMHCKOTO paCTBopaH.e Ha FeO 3aBHCH KaKO O.lJ,KOHQeHTpa-

QHjaTa Ha XJIOpOBO.lJ,OpO.lJ,HaTaKHceJIHHa TaKa H O,l(TeMneparypaTa H .lJ,eKaKaKO

rnac. xeM. TeXHon. MaKe~oHHja 9 (1990)
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rpaHffiHa BpeLl;HOCTce Ll;o6HBaKOnH'IeCTBOTOOLl;oKony 5,5 mg Fe2 + /cm2, lIITO
COOLJ;BeTCTBysaHa BeKe npeCMeTaHaTa Ll;e6enHHa Ha OKCHLJ;HHOTcnoj OLl;oKony
12 p.m. 0Baa BpeLl;HocTLl;o6po ce cornacysa co HeKOHnHTepaTypHH nOLl;aTOllH
[3,4].

, ,

90 120
T/s

Cn. 2 H 3. Ep3HHa Ha xeMHCKOTOpaCTBOpaJ-beHa )f(eJIe3HHTe OKCH}1H
npHcyrHH BP3 nOBplllHHaTa Ha lJeJIHKOT(JYC C 0146)
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OtmrJIe,L(HO e ,L(eKa BpeMeTO HeOnXO,L(HO 3a ,L(OCTMTHYBaH>eHa rpaHH't-

HaTa Bpe,L(HOCT Ha paCTBOpeHOTO KOJIH'leCTBO OKCHJJ:(CJI. 2 H 3) 3aBHCH O,L(

KOHQeHTpaQHjaTa Ha HCi H TeMnepaTypaTa, TaKa lIITO npH 60°c (3a 6 H 8%

HCi) Toa H3HecYBa OKOJIY 90 S, ,L(O,L(eKanpH 80°C caMO OKOJIY 45 s. OBHe
HcnMTYBaH>a ce BpllIeHH BO MHpHM paCTBOpH, TaKa llITO BJIHjaHHeTo Ha XHJJ:PO

,L(HHaMH'tKHTe YCJIOBH (JJ:BH:>KeH>eHa MeTaJIHaTa nOBpllIHHa BO O,L(HOC Ha

paCTBOpOT HJIH 06paTHO) cHrypHO 6H ,L(OBeJIO,L(OnOHaTaMOllIHO HaMaJIYBaH>e

Ha HeOnXO,L(HOTO BpeMe 3a QeJIOCHO paCTBopaH>e Ha MeTaJIHHOT OKCHJJ: O,L(

nOBpllIHHaTa.

TIO'teTHMTe 6p3MHM Ha OBOj npoQec (JIHHeapHHOT ,L(eJI O,L(KpMBHTe

am/aT) perYJIapHO 3aBHCaT O,L(TeMnepaTypaTa Ha paCTBOpOT M KOHQeHTpa-

QHjaTa Ha HCi, na co HHBHa nOMOllI MO:>KaT,L(ace onpe,L(eJIaT Bpe,L(HOCTHTe Ha

eHeprHjaTa Ha aKTHBaQMjaTa Ha npOQeCOT, KaKO H pe,L(OT Ha peaKQHjaTa BO

O,L(HOC Ha HCi. KaKo llITO MO:>Ke ,L(a ce BHJJ:H O,L(CJI. 4, ,L(06HeHH ce JIHHeapHH

3aBMCHOCTH iog vp - 1rr O,L('tHH HaKJIOHH MO:>KaT, cnope,L( ApeHHycoBaTa
paBeHKa, ,L(a ce onpe,L(eJIaT Bpe,L(HOCTHTe Ha eHeprHjaTa Ha aKTHBaQHja Ha

npOQeCOT.

V1 1,5
N
E
u-
0)
E

>0-1,4
(J)
0-..J
I

1% HCL

3

1,0
6
8

2,8 2,9
1/T-103,oK

3,0

en. 4. 3aBHCHOCTHa 110<JeTHHTe6p3HHH Ha xeMHCKOTOpaCTBOpaJ-be Ha

)J(elle3HHTC OKCH,l(HO,l(TCMl1CpaTypaTa
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Bpe.D.HOCTMTe Ha nO'leTHMTe 6p3MHM Ha peaKI.J:MjaTa ce onpe.D.eJIeHM

cnope.D. MeTO.D.OT Ha HajMaJIM KBa.npaTM BO JIMHeapHMTO .D.eJI Ha rpa<pH'lKM

npMKa)l(aHMTe .D.MjarpaMM (CJI. 2, 3). Bo CMTe CJI)"IaM ce .D.06HeHM BMCOKM

Koe<pMI.J:MeHTMHa KOpeJIaUMja (noroJIeMM O.D.0,97).

ITpecMeTaHMTe Bpe.D.HOCTM Ha eHeprMjaTa Ha aKTHBaUMjaTa (Ea) M
<ppeKBeHTHMOT <paKTop (A) ce .D.a.neHMBOTa6eJIaTa I.

TAEEJIA I

BpeJ1.HOCTHHa eHeprHjaTa Ha aKTHBaQHja H fjJpeJaJeHTHHOTfjJaKTOp3a
npon:eCOT Ha paCTBOpaJDe Ha FeO BOHCI (60 - 80°e)

HaMaJIYBalbeTO Ha Bpe)J.HOCTMTe Ha eHeprMjaTa Ha aKTHBaI.J:~ja Ha

npoueCOT co 3roJIeM)'BalbeTO Ha KOHueHTpaUMjaTa Ha HCI KaKO M M3pa3MTO

HMCKMTe Bpe.D.HOCTM Ha Ea, OC06eHO npM nOBMCOKM KOHueHTpaUM", jacHo
YKa)l(YBa Ha .D.M<PY3MCKaKOHTpOJIa Ha nOBpIIIMHCKMOT npouec Ha xeMMCKOTO

paCTBopaH.e Ha OKCH)J.OT.ITpouecoT HajBepojaTHo 3aI10'lHYBa Ha rpaHMI.J:aTa Ha

pa3.D.eJI OKCH)J.-paCTBOp, co MHTepaKI.J:Mja nOMefy OKCH)J.OTM npOTOHOT, HO He

CMee.D.a ce 3aHeMapM M MO)l(HOCTa 3a e.D.HOBpeMeHa .D.M<pY3MjaHa npOTOHMTe BO
nopMTe M .D.eil>eKTHMTeMeCTa Ha OKCH)J.OT.CO Toa ce C03.D.aBaaT MO)l(HOCTM 3a

O)J.BHBaH.e Ha npoueCOT KaKOBOBHaTpeIlIHOCTa Ha OCH)J.OTTaKa M Ha rpaHMI.J:aTa

Ha pa3.D.eJI MeTaJI-oKCH.IJ.. O.D. .D.pyra CTpaHa, .D.M<pY3MjaTaHa npo.nyKTMTe Ha

peaKUMjaTa (FeZ + jOHM M HzO) O.D.nOBpIlIMHaTa KOH .D.JIa60'lMHaTa Ha pac-

TBOpOT, 3apa.nM BMCOKaTa paCTBOpJIHBOCT Ha Fez + , BO McnMTYBaHoTo pH

nO.D.pa'lje, He 6M Tpe6aJIo .D.anpeTCTaBYBa JIMMMTMpa'lKM <PaKTOp.

Bull. Chem. Technol. Macedonia 9 (1990)

CHCI Ea, A
% mol. dm-3 kJ .mor!

1 0,25 37,3 8,6. 103

3 0,83 30,9 2,5. 103

6 1,72 19,2 5,2.lOz

.8 2,30 23,0 4,8. lOz
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OJJ: 3aBHCHOCTHTe log Vp - log CHC), CJI. 5, MO)Ke JJ:ace onpeJJ:eJIH peJJ:OT
Ita peaKUHjaTa Ha paCTBOpaaeTO Ha PeO BOOJJ:HOCHa HCI. TaKa onpeJJ:eJIeHHTe

BpeJJ:HocTH (noBTopHO cnopeJJ: MeTOJJ:OT Ha HajMaJIH KBaJJ:paTH) H3Hec)'BaaT:

0,99 (60°C), 1,03(70°c) H 0,82 (80°C).

~

0->
01

.9 -1,4

-lO

-012 0 012
log C) moL/dm3

en. 5. 3aJJHCHOCTHa nOlJeTHHTe 6p3HHH Ha xeMHCKOpaCTBOpalbe Ha
)/(eJIe3HHTe OKCHjJ:HBp3 nOBpIlIHHaTa Ha lJeJIHKOT (lYC C0146) OjJ:KOH-

l(eHTpan:HjaTa Ha XJIOPOBOjJ:op°jJ:HaTaKHCeJIHHaH TeMnepaTypaTa

-016 -014 014

OBaa BpeJJ:HOCT Ha peJJ:OT Ha peaKUHjaTa BO OJJ:HOCHa KOHueHTpaUHjaTa

Ha HCI6H MO)KeJIa JJ:ace o6jacHH HJIH co JJ:BOCTeneHa peaKIJ.Hja Ha paCTBopaae

(npH UITO eJJ:HHOT CTeneH e H3paJHTO n06aBeH) HJIH co ueJIOCHa JJ:H<fJY3HCKa
KOHTpOJIa Ha npOIJ.eCOT.

OJJ: JJ:pyra CTpaHa, aKO cnopeJJ: BpeJJ:HOCTa Ha Ea ce YCBOH BTopaTa

MO)KHOCT, npH UITO JJ:H<fJY3HjaTa Ha npOTOHHTe OJJ: paCTBOpOT KOH MeTaJIHaTa

nOBpIlIHHa ja onpeJJ:eJI)'Ba 6p3HHaTa Ha paCTBOpaaeTO, 6H HMaJIe: .

(6D3HWi.Ha "KOHCVMHJ)aae' ) D +~+
( I -2 -1

)Ha H IOHHTe BO'noBp- = -r mo cm s
IlIHHCK~napeaKUHJa H u

(3a c:5- JJ:e6eJIHHa Ha JJ:H<fJY3HCKHOTCJIoj, 3a HeMeIlIaHH paCTBOpH, e YCBoeHa

BpeJJ:HOCTa OJJ:0,05 cm [5])

rJ1ac. xeM. TeXHOJ1. MaKe,noHHja 9 (1990)
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Ep3MHaTa Ha "KOHCYMMpaH>e" Ha npOTOHMTe e onpe,!J,eneHa BP3 OCHOBa

Ha eKcnepMMeHTaJIHO ,!J,06MeHHTe Bpe,!J,HOCTH, cn. 2 H 3 H Ta6ena 11 , KaKO H

HaKnOHHTe Ha nMHeapHHTe 3aBHCHOCTH, npHKa)l(aHH Ha cn. 6, ce npecMeTaHH

Bpe,!J,HOCTM Ha ,!J,M4>Y3HCKaTaKOHCTaHTa Ha H+ - jOHMTe. Ha OBOj Ha'lHH

,!J,06HeHHTe Bpe,!J,HocTH, Ta6ena 11, ,!J,OCTa,!J,06po ce cornacYBaaT co nMTepaTYP-

HMTe nO,!J,aTOQM[5].

800[

6 0
"I

V)

'i'

Q
+
:z::
:::: 4a
E:

'0 -
~

.0
60

-~Q.

2

0,5 1,0 1,5

[Wol0~ mar cm-3

2,0

CJ1. 6. 3aJJHCHOCT Ha 6p3HHaTa Ha "KOHCYMHpafbe" Ha BOJ(OpOJ(HHTe jOHH

BO peaKIJ.HjaTa Ha paCTBOpafbe Ha nOBplllHHCKHOT OKCHJ( OJ(KOH-

IJ.eHTpaIJ.HjaTa Ha HCl

Bull. Chem. Technol. Macedonia 9 (1990)
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T AEEJIA 11

3aBJfCHOCT Ha nOlfeTHJfTe 6p3JfHJf Ha XeMJfCKOTO paCTBOparbe Ha nOBpmJfH-
CKJfTe OKCJf)1.JfHa lfeJlJfKOT 0)1.Kmw:eHTaplfJfjaTa Ha HCI Jf TeMnepaTypaTa

Bp3 OCHOBa Ha J].06HeHliTe BpeJ].HOCTH 3a DH + , npeCMeTaHaTaeHeprHja
Ha aKTHBaIJ,Hja(D = Do exp(--Ea/RT» H3Hec)'Ba 27 kJ mol-I.

CnopeJ]. TOa, MO)l(e J].a ce 3aKJIY'fH J].eKa BO J].aJ].eHHTeYCJIOBH(KOH-
IJ,eHTpaIJ,HjaTa Ha HCI H TeMnepaTypa), paCTBOpafbeTO Ha nOBpIIIHHCKHTe
OKCHJ].HHa 'feJIHKOT e IJ,eJIOCHO noJ]. J].HcPY3HCKaKOHTpOJIa.

Bp3 OCHOBa Ha J].06HeHHTe .nOJ].aTOIJ,H 3a KHHeTHKaTa Ha .xeMHCKOTO

paCTBOpafbe Ha nOBpIIIHHcKHTe Fe OKCHJ].HBO XJIOpOBOJ].opoJ].Ha KHCeJIHHa BO

TeMnepaTypHo nOJ].pa'fje OJ].60 J].O80°C e onpeJ].eJIeHa CJIeJ].Haaa paaeHKa:

L = 420'CHC\'Y 'exp(-23 OOOIRT) (umFeO) (5)

KaJ].eIIITOL npeTCTaBYBaJ].e6emlHaTa Ha paCTBOpeHHOTOKCHJ].eHCJIoj, CHC\ e
KOHIJ,eHTpaIJ,HjaTaHa HCI, mol' dm-3, Y e BpeMeTo BOs, OBa e THnH'fHa KHHe-
TH'fKa paaeHKa 3a npOIJ,eCOTHa xeMHCKOpaCTBopafbe Ha FeO BO XJIOpOBOJ].O-
pOJ].Ha KHCeJIHHa, CpeJ].HaTa BpeJ].HOCT Ha KOHCTaHTaTa Ha 6p3HHaTa Ha
peaKIJ,HjaTa, BO 3aBHCHOCT OJ]. TeMnepaTypaTa e J].aJ].eHa co H3pa30T: k = 420
exp,(-23000IRT) EpojHaTa BpeJ].HOCTHa ko OJ].420 npeTCTaBYBa cpeJ].Ha BpeJ].-
HOCTHa npeJ].eKcnOHeHIJ,HjaJIHHOTcPaKTOp,3a CHTe KOHIJ,eHTpaIJ,HHHa HCI, a
3a eHeprHjaTa Ha aKTHBaIJ,Hja (Ea) e YCBoeHa BpeJ].HOCTa OJ].23000 Jmor\
(Ta6eJIa I), Koja J].aBaHajJ].06pH COrJIaCYBaaa co eKcnepHMeHTaJIHHTe pe3YJI-

fJlac. xeM. TeXHOJl. MaKe,!\oHHja 9 (1990)

v '102 v"106
5

P DH + ,10

CHCI
p

F 2+ -2 -1 mol (H+) cm-2 s-l
2 -1

mg e cm s cm s

% m 60 70 80 60 70 80 60 70 80°C

1 0,25 1,28 1,54 2,76 0,46 0,55 0,99

3 0,83 3,65 4,75 6,88 1,30 1,70 2,46

6,88 11,0 12,0
6 1.72 7,20 11,15 12,8 2,57 3,98 4,57

8 2,30 9,13 14,05 16,40 3,26 5,02 5,02
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TaTH . Tpe6a J],a ce HarJIaCH J],eKa OBaa paBeHKa MO)l(e J],a ce npHMeHH CaMO 3a

JIHHeapHHOT J],eJI Ha 3aBHCHOCTa LPeO - i na cnopeJ], Toa MO)l(e co J],OBOJIHa

TO'lHOCT (oc06eHO 3a nOBHCOKH KOHu,eHTpau,HH 3a HCI) J],a nOCJIY)I(H 3a npec-

MeTYBaae Ha OnTHMaJIHOTO BpeMe 3a xeMHCKOTO paCTBopaae Ha OKCHJ],OT.3a

Taa u,eJI npeTXOJ],HO, cnopeJ], BeKe onHlllaHaTa nOCTanKa, Tpe6a J],a 6HJ],e onpe-

J],eJIeHa J],e6eJIHHaTa Ha OKCHJ],HHOTCJIoj.
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KINETICS OF THE DISSOLUTION OF SURFACE
OXIDES ON MILD STEEL IN HYDROCHLORIC ACID.

1
T.Grcev , T.Stafilov2, K.Vasileva3

The kinetic of the chemical dissolution of surface metallic oxides on steel

sheets (formed, mainl~, in process of hot rolling) in hydrochloric acid (1-8 w. %;
0,25-2,3 m), at 60 - 80 C, was studied.

It was determined (using potentiometric, oxido-reduction titration with
Ce(IV)-sulphate) that the chemical composition of surface oxides corresponds to
that of FeD with an average thickness of 12 :t 0,5,um.

The rate of dissolution of the surface oxide, followed by spectrophotometric
determination of the Fe2+ -concentration in the solution, is proportional to the HCI
concentration in the solution (Vdiss= kCHCI).The activationenergyof thisprocess
ranged between 20- 37 kJ mor1 (depending on the HCI cone.), and clearly indicates
that the process is diffusion controled. It was shown that the limiting diffusion flux

Bull. Chem. Technol. Macedonia 9 (1990)
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of protons (DH + ~+/ <5),from the bulk of the solution to the oxide-solution

interface, exactly corresponds to the ~uantity of the protons consumed in the
dissolution 'process (FeO + 2H + = Fe + + H2O). The determined values of the
diffusion coefficients (DH +):

6,9 '10-5 for 60°, 1,1'10-4 for 70° and 1,2.10-4 cm2s-1 for 80°) are in
fairly good agreement with recorded data.

Taking into account all these, experimentally obtained, parameters the
following equation for determining the thickness of the oxide dissolved, can be
proposed:

L = 420.CHCl T'exp(-23.000/RT), flm

where: C-HCl- mol dm-3; t - s; R = 8,314 mol-1K-land T - K
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