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M MeTo~Mj", CKonje

Co Lien tla ce OIIpetlenMBflMjaHMero Ha HajBalllHMrellapa-

l1eTpM BO npOLleCOT Ha Kopo3Mja Ha HMCKO jarnepOIlHMOr qeflMK

JUS C 0146 BO xnOpOBOtlopOtlHa KMcenMHa (KOHlleHTpaWfja Ha

KMcenMHara , 2~10%, reNlleparypara, 303-353 K, KOHlleHTpaWfja

Ha cPepojOHMTe, 0-10%, M Xl1tlpOtlMHaNM"lKl1re ycnOBM) 6ea npe3e-

l1eHM 6POjH11 I1cnMrYBana co nONOIH Ha: rpaBMNErpI1CKM, clleKrpo-

cPorONeTpl1CKM 11 eneKrpOXeNMCKM NerOIlM.

Bp3 OCHOBa Ha llo6MeHMre 3aBMCHocrM~~

3Mjara, OtltleflHO 3a ceKoj llapaNerap, tl06MeHa e cnellHaBa

CYNapHa paBeHKa:

v = 1,52.1017 cf,6 exp(-98.000/KT) .. 190 C ,-po OCl ~
Fe

g/m2.h

Y B 0 .11

OnWTO e n03HaTO ~eKa Bp3 op3MHaTa Ha Kopo3MjaTa Ha MeTanMTe BD KMce-

.nM BO.!leHMCpe.!lMHMHajro~eMoBJlMjaHMeMMaaT KOHUeHTpaLlMjaTaHa KMCe./IMHaTaM

TeMnepaTypaTa. llpMToa, BO Hajro~M opoj CJ1Y'IaH,Op3MHaTa Ha Kop03MjaTa Ha

MeTanMTe e, r~BHO, onpe.!le~eHaco Op3MHaTa Ha KaTO.!lHaTa,BO.!lopO.!lHaTa,peax-
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30 T. rp'-leB 11 tJP}T11

UMJ'a: 2H+ + 2e ; H. 5p3MHaTa Ha BonoponHaTa peaKUMja npM naneHa KOHueHTpa-
2

UMja Ha BonoponHMTe jOHM BO cpenMHaTa, rnaBHO, 3aBMCM on BpenHOCTa Ha BOno-

ponHMOT npeHanOH KOjWTO on cBoja CTpaHa 3aBMCM on: nOBpWMHCKMOT COCTas Ha

4enMKOT, oc05eHO Ha C BO Hero, panaBOCTa Ha nOBpWMHaTa, TeMnepaTypaTa M

npMCYCTBOTO Ha npyrM jOHM BO cpenMHaTa. AHODHaTa peaKUMja KaKO nen on KOpO-

3MBHMOT npouec BO KMceJlM BoneHM cpenMHM ce onBMBa co norO.neMa 5p3MHa, on-

HOCHO npM nOManM BpenHocTM Ha npeHanOH. Toa Moxe na ce cornena on BpenHoc-

TMTe Ha Ta<j>enoBMTe Koe<j>MUMeHTM 3a KaTonHaTa, onHOCHO 3a aHOnHaTa peaKUl'lja

KOI'I 3a xene30, onHOCHO 4enMK 'BO KI'ICeJlM cpenMHM M3HecYBaaT: b ; 100-160
k

mvlneK., ba ; 40-80 mVlneK. [1-3J.

B.nMjaHMeTo Ha KOHueHTpaUMjaTa Ha HC 1 BP3 5p3MHaTa Ha Kop03MjaTa Ha

'-IenI'lKOT 5ewe cneneHO BO KOHueHTpaUMoHo nonpa4je on 2 no 10% Tex. HC1 (0,55-

2,7 mol/dm3) M BO TeMnepaTypHMOT MHTepBa.n on 303 no 353 K.

Bo nMTepaTypara nocTojaT MHory nOnaTOLlM 3a KOp03MBHOTO onHeCYBalbe Ha

xene30TO, KaKO 1'1 Ha pa3HM BMnOBM 4e.nMUM BO xnopOBonoponHa KI'ICenMHa KOM

Metyce6Ho ce pa3nMKYBaaT, r.naBHO. nopaDM: BnMjaHMeTo Ha nOBpWMHCKMOT COCTaB

Ha MeTanOT, onHOCHO nerypaTa, Ha4MHoT Ha nOBpWMHCKa nonrOTOBKa npen eKcne-

pMMeHTOT, CTeneHOT Ha panaBOCTa MTH.

Toa Moxe na ce CorJlena M on HalUMTe npenMMI'IHapHM McnMTYBalba Ha 6p3M-

HaTa Ha Kop03V1jaTa Ha 'Je.nMKOT JUS C 0146 BD 6% HCl npM 353 K. OBMe I'IcnMTY-

Balba 6ea HanpaBeHI'I co nOMOW Ha rpaBI'IMeTpVlCKVlOT M cneKTpo<j>OTOMeTpMCKMOT

MeTOn KOM nOKaxaa penaTMBHo n06po cor nacYBalbe BO rpaHMLlI'I on :!:5%, KaKO WTO

Moxe na ce 3a6ene)!(Vt on Ta6e.naTa I, coceMa Manl'l pa3nMKM BO xeMMCKMOT COCTaB

Ha pa3nM4HMTe "napTMVI " on MCTI'IOT 4emlK nOBenYBaaT no 3Ha4MTenHi1 npOMeHI'I BO

6p3MHaTa Ha Kop03MjaTa. f1pMToa, Tpe5a na ce HarnaCM neKa naneHMoT XeMMCKI'I

COCTaB He ceKoraw ce COrJlaCYBa co nOBpWMHC'KaTa KOHueHTpaUl'lja Ha eneMeHTI'ITe

KojawT0, na~, on csoja CTpmm BO roneMa MepKa 3aBI'ICM on Ha41'1HOT Ha TepM1'I4-

KaTa, OJ]HOCHO MexaHWIKaTa npepa50TK KOT.

EKCITEPHMEHTAf1EH ~Ef1

ITpHMepo~ Ha qeTIH4HH TIHMOBH 3a HcnHTysaThe

CVlTe I'Icnlnysalb8. 3a Bnl'ljaHl'leTO Ha O)j.L!eJlHI'ITe napaMeTpl'l Bp3 6p31'1HaTa Ha,

Kop03V1jaTa Ha 4e.mIKOT (CO MCKnY'-lOK Ha OHl'le 3a BnMjaHl'leTO Ha Xl'lnpOnI'lHaMI'I4KM-

Te ::'c_nOBI'I) 6ea Yl3Bel1YBaHVIBP3 npl'lMepOUI'I on 'ieJ1M4eH nl'lM (JUS C 0146) Lt06MeH

BuI I. Chem. Technol. MacedonIa 9 (1990)



KOp03HBHO Ot!HeCYBaH.e Ha 'leflliKOT... 31

Tatiena I

3aBHCHOCT Ha 6p3HHaTa Ha Kop03HjaTa Hao'leflliKOT
JUS 0146 BO 6% HCl ot! COCTaBOT (80 C)

no npoueCOT Ha TOnJ1OBaJ1aH.eBO Jl{eJ1e3apmluaTa"CKonje" OJ! CKonje. OBMe npM-

MepoUM 6ea co J!MMeH3MM 70x15x3 mm.

npeJ! ceKoe MepeH.e OBMe npMMepoUM 6ea TpeTMpaHM BO aueTOH (3ap8.l1MOT-

cTpaHyBaH.e Ha nOBpUJMHCKM npMCYTHMTe MacHoTMM), nOToa BO KOHUeHTpMpaHa XJ1O-

poBOJ!°POJ!HaKMCeJ1MHa (3ap8.l1MOTCTpaHyBaH.e Ha MeTaJ1HHTe OKCMJ!M), a Ha KpajoT

npoMMBaHM co Tonna J!eCTMJ1MpaHaBOJ!aM aueTOH.

3a YTBpJ!YBaH.eHa BJ1MjaHMeTOHa XMJ!POJ!MHaMM'IKMTeYCJ10BM BP3 6p3MHaTa

Ha Kopo3MjaTa 6eUJe KOpMCTeHa poTaUMOHa J!MCKOBa eJ1eKTpoJ!a, npM UJTO ilMCKOT

6eUJe HanpaBeH 0J! MCTMOT 'IeJ1M'IeH ~M (npe'lHMK 7 mm) nOCTaBeH BO TeJ1e~HCKM

J!pJII:a'lco npe'lHMK OJ! 16 mm. 06pa60TKaTa Ha 'IeJ1M'IHMOT.J!MCK npeJ! ceKoe MepeH.e

ce Bpmewe no MexaHM'IKM naT co a6pa3MBHa xapTMja .110 rpa,qal.\Mja 360. nOTOa

eJ1eKTPO.IIaTa ce npoMMBallfe co TOfiJ1a BO.IIaM al.\eTOH. I3aKa. nO.llroTBeHaT8. .IIRCKOBa

eJ1eKTPOJ!a cJ1YJII:eweM 3a eJ1eKTPOxeMtlCKtlTe Mepelia Ha 6p3t1HaT8. Ha Kopo3t1jaT8..

rnac. xeM. TeXHon. llaJtelloHHJa 9 (1990)

np06a 6p. 1 2 3 4 5
EJ1eMeHT,%

v ,g/m2.h 130 200 330 450 550-580
KOp

C 0,080 0,110 0,080 0,082 0,134

S 0,012 0,012 0,011 0,011 0,021

p 0,019 0,020 0,020 0,019 0,015

Si 0,010 0,010 0,010 0,010 0,010

As 0,053 0,044 0,005 0,006 0,005

Sb 0,001 0,001 0,001 0,001 0,001

Mn 0,425 0,428 0,443 0,426 0,378

Cu 0,063 0,067 0,065 0,064 0,070

Ni 0,076 0,078 0,077 0,076 0,042

Cr 0,011 0,011 0,011 0,011 0,027

Ti 0,001 0,001 0,001 0,001 0,001

V 0,001 0,001 0,001 0,001 0,001

Mo 0,001 0,001 0,001 0,001 0,001



32 T. rp'1eB H tlPyrH

PaCTBopH

CHTe HCnHTYBaH.a 6ea BpUJeHH BO XJlOpOBOllOpOllHa KHCeJlHHa co KOHLleHTpa-

LlHja 011 2 110 10%. 1I06HeHa co pa3pellYBaH.e Ha TeXHH4Ka KOHLleHTpHpaHa KHCeJlH-

Ha, OllHOCHO KOHLleHTpHpaHa KHCeJlHHa co p.a. 4HCTOTa H lIeCTHJlHpaHa BOlla. $epo

jOHHTe 6ea 1I01laBaHH BO paCTBOp KaKO FeClz'4HzO (Merck, p.a.).

CHTe HcnHTYBaH.a 6ea BpUJeHH BO CTaKJleHH KeJlHH co lIBojHH SHlIOBH H Tep-

MOCTaTHpaHH npH lIalleHa TeMnepaTypa.

KeTOl1H Ha HCnHTysalbe

Bo oBoj TpYll 6p3HHaTa Ha Kop03HjaTa Ha 4eJll1KOT BO HCl, BO HajroJleM

6poj CJlY4aH. 6eUJe CJlelleHa co nOMOUJ Ha: rpaBHMeTpl1CKI10T (3ary6a Ha Maca) 11

cneKTpO~OTOMeTpI1CKI10T MeTOll. 3a Taa LleJl 6eUJe KOpl1CTeH CTaHllapllHHOT ~eHaH-

TpOJlHHCKH MeToll. I1MeHo, ~epo jOHHTe 011 Kl1ceJlaTa Cpelll1Ha no 1I01laBaH.eTO Ha

OnpelleJleHO KOJlH4eCTBO ~eHaHTpOJlI1HCKa CMeca (~eHaHTpOJlHH, XHlIpOKCI1J1aMI1H 11

OLleTHa KHCeJlHHa) rpallaT Fe ( I I ) -~eHaTpOJlI1HCKI1 KOMnJleKC co LlpBeHo 060jYBaH.e

KOj nOKaJKYBa MaKCHMa.nHa eKcTHHLlHja npH 508 nm.

EJleKTpOXeMHCKI1Te onpelleJlYBaH.a Ha 6p311HaTa Ha Kop03HjaTa 6ea 113BellY-

BaHH BP3 BpTJlI1Ba 1II1CKOBa eJleKTpOlla KaKo 11 "Ml1pHa" Fe eJleKTpOlla BO CTaHlIap-

lIHa elleKTpoxeMHcKa KeJlHja BO nOTeHLlHOlll1HaMH4KI1 YCJlOBI1 (1 11 5 mV/s). KaKo

nOMOUJHa eJleKTpolla cJlYJK12eJe nllaTHHCKa ~ollHja co nOBpUJHHa 011 OKOllY 15 cm2 a

KaKO pe~epeHTHa-3acHTeHa Ka.nOMeJlOBa e.neKTpOlla.

PE3YflTATM M nMCKYCMJA

BnHjaHHe Ha KOHLleHTpaLIHjaTa Ha HCl H TeMnepaTypaTa

Blll1jaHHjaTa Ha KOHLleHTpaLlHjaTa Ha XJlOpOBOllopollHaTa KHcellHHa, KaKO 11

Ha TeMnepaTypaTa BP3 6p311HaTa Ha Kop0311jaTa Ha 4elll1KOT MOJKaT Hajll06po lIa ce

corllellaaT 011 Cll. 1 11 2 H Ta6eJlaTa 11.

MaTeMaTI14KaTa 06pa60TKa Ha rpa~l1'iKI1 H Ta6ellapHO npHKaJKaHI1Te pe3Yll-

TaTI1 nOKaJKa lIeKa 3aBI1CHOCTa Ha 6p311HaTa Ha Kop03HjaTa Ha 4ellHKOT 011 KOHLleH-

TpaLlHjaTa Ha HCl. npH KOHCTaHTHa TeMnepaTypa. MOJKe lIa ce npHKaJKe co nOMOUJ

Ha paBeHKaTa:

v = A CB
KOp HCI . g/m2'h

Bull. Chem. Technol. Macedonia 9 (990)
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Cn. 1 3aBUCHOCT Ha 6p3UHaTa Ha Kop03ujaTa Ha qeflUKOT 0146
oa KOHUeHTpa~ujaTa Ha HCl BO OTCYCTBO U npUCYCTBO

Ha HeKOflKY KOH~eHTpa~u Ha UHxu6uTOPOT Qwene

rnac. xeM. TeXHon. HalteaoHHja 9 (1990)
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TafJena 11

Bpe/1HOCTU Ha 6p3UHaTa Ha Kop03ujaTa Ha 'leflUKOT 0146 BO

3aBUCHOCT 0/1 KOHueHTpauujaTa Ha HCi U TeNnepaTypaTa

Kane IUTO A 1'1B ce Koeq,I'IUl'leHTI'I, aCe naneHa BO m01/dm3.
HCl

Tpe5a na ce Har.naCI'l lIeKa ropHaTa paBeHKa 3a 5p31'1HaTa Ha Kop031'1jaTa e

n051'1eHa 3a paCTBOpl'l Ha HC1 KOI'lIUTO He conp><aT Fe( II) jOHl'I, OnHocHO

I'IHXI'I5I'1TOp.

Koeq,I'IUl'leHTI'ITe A 1'1 B 0.11 ropHaTa pageHKa ce npl'lKa><aHI'I BO Ta5e~aTa Ill.

TafJena III

Bpe/1HOCTU Ha KOe$M~eHTUTe A U B 0/1 u3pa30T 3a 3aBUCHOCTa Ha

6p3UHaTa Ha Kop03ujaTa 0/1 KOHueHTpauujaTa Ha XflOPOBO/10pO/1HaTa

KuceflUHa 3a pa3flU'lHU TeNnepaTYpu

'-Tnac:--xe~n. MaKeAoH"ja 9 (1990)

TeMnepaTypa v g/m2.h
KO p

OK
2 4 6 8 10 %HC1

303 2,75 4,00 5,72 6,44 7,45

313 6,90 11,56 15,72 19,22 22,16

323 20,98 28,67 31,48 47,34 53,93

333 67,61 77,78 10 1,34 112, 49 128,22

343 218,00 260,00 456,72 550,40 663, 10

L= 333,72 470, 12 542,30 633,32 80 I, 06

-

T, K 303 313 323 333 343 353

--------- ------
A 3,93 10,67 27,78 81,64 -300, 30 441,83

B 0,62 0,71 0,57 0,40 0,71 0,50

Koe<l>I'IU. Ha
0,997 0,999 0il62 0,980 0,967 0,987KopeaUl'lja -



36 T. rp~eB U apyru

BpeDHOCTHTe Ha Koe~HUHeHTOT B, KOjWTO npeTCTaBYBa peD Ha KOp03HBHHOT

npouec Ba ODHOC Ha BODOpODHHTe jOHH, ce DBH~aT Ba rpaHHUH OD 0,4 DO 0,73 H

YKa~YBaaT Ha KaTODHa, ODHOCHO MeWOBHTa KOHTpOoOa Ha KOp03HBHHOT npouec. OD

DPyra CTpaHa, OBHe BpemIOCTH D06po ce coroOacYBaaT co pe3YoOTaTHTe Ha nOBeKe

aBTopH 3a Kopo3HjaTa Ha HHcKojaroOepODHHTe 4eoOHUH Ba HCl 11-8/.

Koe~HUHeHTOT A Ba Ta6eoOaTa I I I npeTcTaBYBa 6p3HHa Ha Kop03HjaTa Ha

4eoOHKOT Ba 1 m01/dm3 HC1 npH DaDeHHTe TeMnepaTypH (303 -353 K). BpeDHOCTHTe

Ha OBHe Koe~HUHeHTH (A H B) ce D06HeHH BP3 OCHOBa Ha eKcnepHMeHTaoOHO Mepe-

HHTe BpeDHOCTH 3a 6p3HHaTa Ha Kopo3HjaTa Ha 4eoOHKOT, cnopeD MeTODOT Ha 3a-

ry6a Ha Maca, a CO npHMeHa Ha nOCTanKaTa Ha HajMaoOH KBaDpaTH.Bo CHTe CoOY4aH

ce DO 6HeHH BHCOKH BpeDHOCTH Ha Koe~HUHeHTHTe Ha KOpeJlaUHja (0, 97 -0, 995) .

n03HaTO e DeKa co 3rOoOeMYBa~e Ha TeMnepaTypaTa Ha KOp03HBHaTa cpeDH-

Ha ce HaMaoOYBa BpeDHOCTa Ha BODOpODHHOT npeHanOH, ODHOCHO ce 3a6p3YBa BODO-

pODHaTa peaKUHja H CO Toa H Kop03HjaTa. KaKO WTO Mo~e Da ce BHDH OD CoO. 2,

D0611eHH ce 3aDOBOoOYBa4KH JlHHeapHH 3aBHCHOCTH Mety log !l -C
KOp HCI

KaKO H JIHHeapHH 3aBHCHOCTH log!l -T 3a cwre HcnHTYBaHH KOH-
KOp

6p3HHaTa Ha Kop03HjaTa Ha 4eJlHKOT KaKO ~YHK-

3a CHTe

TeMnepaTypH,

ueHTpaUHH Ha HC1. CnopeD Toa,

UHja OD TeMnepaTypaTa, 3a DaDeHa KOHueHTpaUHja Ha HCl, Mo~e Da ce npHKa~e

CO nOMOW Ha CJleDHaBa eMnHpHCKa paBeHKa:

log!l = A + BT ,
KOp

g/m2.h ,

KaDe WTO TeMnepaTypaTa e DaDeHa Ba K.

BpeDHOCTHTe Ha Koe~HUHeHTHTe A H B OD ropHaTa paBeHKa, D06HeHH cno-

peD MeTODOT Ha HajMaJlH KBaDpaTH, OD nODaToUHTe DaDeHH Ba Ta6eJlaTa 11 (cpeD-

HH BpeDHOCTH OD HajMaJlKY 3 Mepe~a), ce DaDeHH Ba Ta6eJlaTa IV.

Tanena IV

BpeaHocru Ha Koe~u«ueHTure A u B oa u3pa30r 3a 3aBHCHocra

Ha 6p3uHara Ha Kopo3ujara oa reNneparypara

----------

B.102 4,41

IKoe~HU- ~a

l Kope.naUH~-'

0,994

Bull. Chem. Technol. Macedonia 9 (1990)

C
2 4 6 8 10HCl

Te.%

--12,909 -12,224 -12,044 -11,892 -12,057A

4,24 4,22 4,20 4,28

---

0,998 0,988 0,989 0,989
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MHory 5J1I'1CKI'ITC BpeJ!HOCTI'I Ha Koecj>I'IUl'leHTOT B 3a pa3J1I'1'IHI'I KOHUeHTpaUl'l1'l

Ha HCI YKaJKYBaaT Ha MaJ10 BJ1l'1jaHVle Ha KOHueHTpaUl'ljaTa Ha KI'ICeJ1I'1HaTa BP3

eHeprl'ljaTa Ha aKTI'IBaUl'ljaTaHa KOp031'1BHI'IOTnpouec. Bo CJ1Y'IajHa BaKa KOM-

nJ1eKCeH npouec, KaKO rnTO e KOp031'1BHI'IOT,onpeJ!eJ1eHaTa eHeprl'lja H~ aKTI'IBaUl'lja

cnopeJ! ApeHI'IYCOBaTa paBeHKa:

v = A exp
[

-Ed

)KOp RT
g/m2.h

npeTCTaBYBa, BcyrnHocT,eHeprl'ljaHa aKTI'IBaUl'ljaHa Haj5aBHaTa peaKUl'lja(aKO e

Toa CJ1Y'Iaj).

CpeJ!HaTa BpeJ!HOCT Ha eHeprl'ljaTa Ha aKTI'IBaUl'ljaTa,KaKO 1'1OHaa Ha Koe-

cj>I'IUl'leHTOTA, 3a Kop031'1jaTa Ha 4eJ1I'1KOTBO HCI 5ernenpecMeTaHa, cnopeJ! I'ICTI'IOT

MeTOJ!, BP3 OCHOBa Ha 3aBI'ICHOCTVlTe log IJ
KOp

l/T, OJ!HOCHO BP3 OCHOBa Ha

BpeJ!HOCTI'ITe Ha Koecj>I'IUl'leHTOT B (Ta5eJ1a IV) 1'1paBeHKaTa:

r<J 1 nIJ

E = RT2L-ar)d

TaKa, Ha TOj 1!a4V1H L!05I'1eHVlTe CpeL!HI'I BpeJ!HOCTI'I, 3a UeJ10TO KOHueHTpaUI'ICKO

nOJ!pa4je Ha HC1 (Ta5e.na II) VI3a Te.1nepaTypHoTO nOJ!pa4je OL! 333 J!O 353 K
17

1'13HecYBaaT:A = 1.52.10 1'1 Ea = ~J8kJ/mol.

BnHjaHHe Ha KOHueHTpaQHjaTa Ha Fe( JI) jOHHTe

CnopeJ! MHory jjOCeralllHI'I I'ICIHHYBa,.a, npVlCYCTBOTO Ha cj>epo jOHI'ITe HO

KI'ICeJ1V1Te paCTBOpVl 6V1THO ja 31'0.lIeMYBa 6p:JVI'taTa Ha Kop03V1jaTa Ha JKeJle30TO VI

4eJ1I'1KOT.DJ! Harnl'lTeI'ICnVlTYBa~a (CJ1. 3). MOJKe jja ce BI'IJ!I'IJ!eKa 3aBI'ICHOCTa Mety

5p31'1HaTa Ha Kop031'1jaTa VI KOHueHTpaUVljaTa Ha cj>epo jOHVlTe BO paCTBopOT, Ba

UeJ10TO KOHueHTpaUI'IOHOnOJ!pa4je Ha HC1. MOJKe peJ1aTI'IBHOJ!o5po J!a ce npVlKaJKe

KaKO J1I'1HeapHa.

KaKo rnTO MOJKe J!a ce BVlJ!VIOJ! Cll. 3, HaKJ10HI'ITe Ha 3aBI'ICHOCTI'ITe

v - C ,CO VlCK.nY40K3a paCTBOp co 4~, HCl, Ma.nKY 3aBVlcaTOL! KOHueHTpa-
KOp 2+

Fe

ul'ljaTa Ha HCI, na cnopell Toa 5p31'1HaTaHa Kop031'1jaTaHa 4eJ1I'1KOTMOJKe lIa ce

npVlKaJKe co nOMorn Ha CJ1eL!HaBa eMnl'lpVlCKapaBeHKa:

v =A+BC
KOp 2+ '

Fe
g/m2.h

3a Koecj>VlUl'leHTOTB, 3a CVlTeKOHueHTpauVlI'IHa HCl, e npecMeTaHa cpellHa-

Ta BpeJ!HOCT OL! 190:!: 10,

moI/dm3.

npVl IllTOKOHueHTpaUVljaTa Ha cj>epojOHVlTe e Lla!leHa BO

rJ1dC. xeM. TeXHOJ1. MdKe.QoHwja 9 (1990)
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Cn. 3 3aBucHocT Ha 6p3UHaTa Ha Kopo:mjaTa Ha 'ieJIHKOT 0146 all

KOHl1eHTpawrjaTa Ha <t>epo jOHUTe 3a HeKOJIKY KOH14eHTPaQItMHa HCl

Bull. Chem. TeeMo!. llaeedonla 9 (1990)
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O!l !lpyra CTpaHa, 6ewe nOKaJKaHO !leKa KOHueHTpal!l<,jaTa Ha .pe po jOHI'ITe

He BJll'ljae 61'1THO BP3 eHeprl'ljaTa Ha aKTI'IBaUl'ljaTa Ha KOp031'1BHI'IOT npouec, KaKO

1'1 BP3 CTeneHOT Ha 3aIDTI'ITa BO npl'lCYCTBO Ha I'IHXI'I6I'1TOp. BJll'ljaHl'leTO Ha .pepo

jOHI'ITe BP3 6p31'1HaTa Ha Kopo31'1jaTa Ha qeJlI'IKOT MOJKe !la ce 06jacHI'I co HI'IBHOTO

BJll'ljaHl'le BP3 6p31'1HaTa Ha BO!lOpO!lHaTa peaKUl'lja (HaMaJIyBa~eTO Ha BO!l°PO!lHI'IOT

npeHanOH) 1'I/I'IJlI'I co !ll'IpeKTHO Y'leCTBO Ha MaJlI'IOT npOueHT npl'lCYTHI'I .pepl'l JOHI'I BO

KaTO!lHaTa peaKUl'lja Ha KOp031'1BHI'IOT npouec.

BnHjaHHe Ha XH!lpO!lHHaMHqKHTeycnoBH

KaKO WTO Beli:e 6ewe CnOMeHaTO, I'ICnI'lTYBa~aTa ::<:. BJll'ljaHl'leTo Ha XI'I!lPO-

!lI'IHaMl'lqKI'ITe YCJlOBI'I BP3 6p31'1HaTa Ha Kop031'1jaTa Ha qeJlI'IKOT 6ea 1'13Be!lYBaHI'I BP3

pOTaUI'IOHa !lI'ICKOBa eJleKTpO!la. MCnI'lTYBa~aTa 6ea 1'13Be!lYBaHI'I
-1 -1

!lI'ICKOBaTa eJleKTpO!la O!l 0 !l0 4000 min (66,7s ).

HeKol'I O!l !l061'1eHI'ITe pe3YJlTaTI'I 3a 3aBI'ICHOCTa Ha 6p31'1HaTa Ha Kopo31'1JaTa

npl'l 6p31'1HI'I Ha

Ha qeJlI'IKOT BO 2% HCi. npl'l TeMnepaTypa O!l 353 K, ce !la!leHI'I BO Ta6eJlaTa V.

Taflena V

Bpe4HOCT14 Ha 6p314HaTa Ha Kop0314jaTa Ha 'lenMKOT 0146 3a
pa3nM'lHM 6p314H14Ha BpTene Ha 414CKOBaTa eneKTp04a BO 2%
RCI M 353 K BO OTCYCTBO M np14CYCTBO Ha 14HX14614TOpOTQwene

O'irw.ne!lHO e !leKa BO OTCYCTBO Ha KHXI'I6KTOp 6p3I'1HaTa Ha BpTelf>e (w)

3Ha'lKTeJIHO BJ1Kjae Bp3 6p3KHaTa Ha Kopo3KjaTa !l0 OKOJIY 1000 min-l (16, T 5-1)

npK noro.neMK 6p3KHK OBa BJ1KjaHKe !lpaCTK'IHO ce HaMaJIyBa.

rnac. xeM. TeXHon. KalteJ;lOHHJa 9 (1990)

v g/m2.h
ItOp

-1
W, S

Bo npl'lCYCTBOHaEe3 I'IHXI'I61'1TOp

2,5 cm3/dm3 Qwene

0 282 47,4

8.33 320 57,8

16.67 622 85,2

33,33 645 92,0

66,67 660 105.0
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Tpe6a J1a ce HarJlaCI1 J1eKa OBl1e I1CnI1TYBaH>a ce BpWeHI1 co npl1MeHa Ha

cneKTpo<l>oToMeTpVlCKVlOT MeTOJ1 a 3apaJIVl CI1MYJlVlpaH>e Ha VlHJ1YCTpVlCKVlTe YCJlOBVI VI

BO npVlCYCTBO Ha paCTBopeH MOJleKYJlapeH KI1CJlOpOJ1 BO KI1CeJlaTa CpeJ1I1Ha. 3apaJ111

TOC, ce 'lVlHVI J1eKa BJlVljaHl1eTo Ha XIIJ1pOJ1I1HaMlI'lKIITe YCJlOBII BP3 6p3V1HaTa Ha

KOp0311BHVlOT npouec Tpe6a J1a ce 5apa I1CKJlY'lVlTeJlHO BO npVlCYCTBOTO Ha KIICJlO-

pOJ10T VI HerOBaTa J1enOJlapI13aUVlCKO J1ejcTBYBaH>e BP3 BOJ10pOJ1HaTa peaKUllja 0J1

KOp03V1BHVlOT npouec. DJ1 J1pyra CTpaHa, jacHo e J1eKa 3apaJIVl HIICKVlTe KOHueHTpa-

UIIII Ha paCTBopeHVlOT KI1CJlOpOJ1 npll OBVle TeMnepaTYpVl HerOBVlOT TpaHCnOpT J10

MeTaJlHaTa nOBpWIIHa Mo~e J1a ce jaBI1 KaKO JlVlMIITllpa'lKII <l>aKTop [9].

EneKTPOXeMHCKH HcnHTyBaaa Ha op3HHaTa Ha Kop03HjaTa

Ha 'len.HKOT BO xnOpOBOJ10pOJ1Ha KHcenHHa

.L!ocera npe3eHTI1pallWre I1CnI1TYBaH>a Ha 5p311HaTa Ha Kop0311jaTa Ha 'leJlIIK-

OT BO XJlOpOBOJ10pOJ1HaTa KI1Ce.nI1Ha 5ea BpWeHI1 co nOMOW Ha MeTOJ1I1Te Ha 3ary6a

Ha Maca, OJ1HOCHO co onpeJ1e.nYBaH>e Ha KOHueHTpaUl1j,na Ha <l>epo jOHVlTe BO KOpO-

311BHaTa CpeJ1I1Ha. Co orJleJ1 Ha <l>aKToT J1eKa KOp0311BHI1Te npouecVI BO eJleKTpOJlVl-

TI1'lKI1 CpeJ1I1HI1 I1MaaT e.neKTpOXeMI1CKa npl1pona, HI1BHOTO nOKOMnJleKCHO COrJleJ1YBa-

H>e Mo~e J1a ce nOCTl1rHe co nOMOW Ha eJleKTpOXeMI1CKII I1CnVlTYBaH>a. DBl1e IIcnVlTY-

BaH>a, BO OCHOBa, I1MaaT 3a ue.n J1a ja onpeJ1e.JlaT BpeJ1HOCTa Ha KOp0311BHaTa

cTPyja VI KOp0311BHIIOT nOTeHUl1jaJl KaKO 611THI1 napaMeTpll Ha KOp0311BHVlOT npouec.

Toa, rJlaBHO, ce nOCTl1rHYBa Ha J1Ba Ha'lI1Ha: co onpeJ1eJlYBaH>e Ha nOJlapI13aUI1CKI1-

Te KapaKTepllCTI1KI1 Ha aHOJ1HaTa, OJ1HOCHO KaTOJ1HaTa peaKUllja Ha KOpo3V1BHIIOT

npouec co nOWl1pOKO nOTeHUl1ja.nHO nOJ1pa'lje, KaKO 11 co onpeJ1eJlYBaH>e Ha Bpe.Q-

HOCTa Ha T. H. nOJlapll3aUl1CKI1 OTnop (R J 3a MaJlVl BpeJ1HOCTI1 Ha aHOJ1HVlOT, 0J1-
p

HOCHO KaTOJ1HI10T npeHanOH (.QO OKOJlY :t15mVJ IIJlI1 co IIMneJ1aHCHII MepeH>a (f_J.

MetYToa, 11 BO J1BaTa CJlY'laja Tpe5a J1a ce onpeJ1eJlaT IIJlII J1a ce 3HaaT BpeJ1HOC-

TIITe Ha Ta<l>eJlOBIITe HaKJlOHII Ha aHOJ1HaTa 11 KaTOJ1HaTa peaKUllja Ha KOp0311BHIIOT

npouec: b 11 b .a k

HaWIITe IICnIlTYBaH>a 6ea BpWeHII CO nOMOW Ha BpTJlIIBa J1I1CKOBa eJleKTpoJ1a

('leJlII'leH J1I1CK co npe'lHIIK 0J1 7 mm) npll 6p311HII Ha BpTeH>e 0J1 0 J10 2000 min-1

(33,3 5-1) 11 npll 6p311Ha Ha nOJlapll3aullja 0J1 1 mY/so

Ha CJl. 4 ce npllK~aHlI KapaKTepllCTII'lHII nOJlapll3aUllcKII 3aBllCHOCTII 3a

onpeJ1eJJyBaH>e Ha KOp0311BHaTa cTPyja, OJ1HOCHO 6p311HaTa Ha Kopo311jaTa co npl1-

MeHa Ha BpTJlIIBa J1V1CKOBa eJleKTpOJ1a.

KaKO WTO Mc~e J1a ce BVlJ1V10J1 OBaa CJlVlKa 11 0J1 pe3YnTaTI1Te npl1KazaHl1 BO

Ta6eJlaTa VI. KOp0311BHaTa cTpyja 11 KOp0311BHVlOT nOTeHUVljaJl 3aBVlcaT KaKO 0J1

KOHUeHTpaUVljaTa Ha HCI TaKa 11 0J1 XVlJ1POJ1I1HaMI1'lKI1Te YCJ1OBtI. Moxe J1a ce

Bull. Chem. Technol. llacedonla 8 (1990)
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1l0napH3lUlHCIUI SaBHCHOCTH sa KOpoSHjaT4 Ha
'ieIlHKOT 0146 BO xflOpoBOaOpoaHa IUIcemlHa
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Ta6e.na VI

EneKTpoxeNUCKU ucnUTYBaua Ha Kopo3ujaTa Ha genUKOT
JUS 0146 BD HCl co nONom Ha BpTnUBa aUCKOBa

eneKTpoaa npu TeNnepaTypa oa 333 K

3a6e.neJlal neKa no6~eH~Te BpenHOCT~ 3a KOp03~BHaTa cTpyja, onHOCHO 6p3~HaTa

Ha Kop03~jaTa Ha qe.n~KOT BO HCr (Ta6e.naVI) ce 3a OKO.nyDBa naTH nOMa.n~ BO

cnopen6a co OH~e n06~eH~ cnopen MeTonOT Ha 3ary6a Ha Maca (Ta6e.na11). OBaa

Bull. Chem. Technol. Macedonia 9 (1990)

C % (M) -E b b R j v
HCl KOP k a p KOp KOp

-1
mV/zke mV/neK. Q.cm2 A/cm2.10-3 g/m2.h"',S

0 495 122 69 9,10 2,43 25,25

4,17 492 100 75 8,70 2,54 26,39

2 (0,55) 8,33 488 105 76 7,70 2,87 29,82

16,67 471 110 80 7,10 3,12 32,42

33,33 474 104 77 5,70 3,88 40,32

0 470 103 56 7,14 3,10 32,21

4,17 473 98 52 5,55 3,99 41,46

4 (1,10) 8,33 473 - 63 4,47 4,95 51,44

16,67 467 - - 4,12 5,37 55,80

33,33 459 - - 3,60 6,15 63,90

0 478 117 84 4,55 4,86 50,50

6 (1,70)
8,33 480 102 80 4,13 5,36 55,69

16,67 472 104 86 3,80 5,82 60,48

33,33 462 101 84 3,35 6,61 68,68

0 470 110 67 4,32 5,12 53,20
i

(2,26)
8,33 457 - - 4,00 5,53 57,468
16,67 451 - - 3,26 6,79 70,55

33,33 440 - - 3,12 7,09 73,67

0 449 - - 3,86 5,73 59,54

4,17 440 - - 3,68 6,01 62,45

10 (2,86) 8,33 424 - - 3,46 6,40 66,50

16,67 425 - - 7,03 7,03 73,05

33,33 421 - - 7,19 7,19 74,71
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3Ha4~Te~Ha pa3~~Ka Mo~e, r.naBHO, Lla ce 06jacW>1 co pa3.nVl4HVlOTCTeneH Ha

panaBOCT Ha MeTa.nHaTa nOBpIUVlHa,KaKO VI IICj3V1HOTO B.nVljaH~e BP3 6p3V1HaTa Ha

BOLlopOLlHaTa peaKL(Vlja. VlMeHO, 3a e.neKTpoxeMVlCKVlTe Mepelba 4e.nVl4HaTa LlVlCKOBa.

e~eKTpOLla e nO.L!rOTBYBaJm co MexallV<'1KO no.llv<paILe LlO rpaLlal1V1ja Ha a5pa3~BHaTa

xapTVlja OLl 360, LlOLleKa npVlMepoUV<Te :"-1 HellV<TYBalJ,c cnopeLl MeTOLlOT Ha 3ary5a

Ha Maca (70x15x3 mm) ce norrrOTBYBmm co "P"TXOLlHO xeM~CKO TpeT~pafbe BO

TexH~4Ka HCl (oKo.ny 18%) npVl OKO.flY353 K, IIpV<WTO jacHo ce Llo6V1BaaT MeTa.nHVI

nOBpW~H~ co ro~eM CTeneH Ha panaBOCT.

OLl Llpyra CTpmla, BpeLlHOCTVlTeHa Kopo:mllIIVlOTnOn'HL(Vlja.n(Ta5e~a VI)

nOKa~ysaaT npasVl.nHo oLlHecysalj,e, OLlHOCHO ce aHOjlV<3v<paaT co 3ro.neMYBafbe Ha

KOHl1eHTpaQVljaTaHa HCl, KaJ(Q V< co :WOJlel"y"aJbeTO Ha 6p3V1HaTa Ha BpTefbeTO Ha

LlVlCKOBaTa, ye.nV<YHa e.fleKTpOLla. HaK.JICII>rre lIa KaTOLlHaTa, OLlHOCHO aHOLlHaTa

peaKL(~ja Ha KOp03V1BHVlOTnpouec (b VIb J,k " Ta6e.lla VI, 1l0Ka~YBaaT Bo06V1yaeHVI

BpeLlHOCTVI 3a BOLlopoLlHaTa peaKL(Vlja, OWloeHO peaKUVljaTa Ha e.neKTpoxeMVlCKOTO

paCTBopafbe 1.la ~e.ne30TO. Tpe6a Lla ee lIanOI"C,lIlCLlCKa BpeLlHOCTVlTe Ha OBVle HaK-

~OHVI ce rpacpVlCIKVI onpeLle.nysaHVI 011 t: logj :JaBV<CHOCTVlTe 3a pe.nanlBHO Ma.nVl

npeHanOHVI (OKo.ny200mV KaTOLlHO VI OKO.flY 100 mV almmlo). KOp03V1BHaTa cTpyja

6ewe r~aBHO npeCMeTYBaHa cnopeLl Stern-Geary-eBaTa paseHKa a HeonxOLlHVlOT

napaMeTap, R - 1l0.napVl3aL(v<oHv<oTOTIlOp, e onpeLle.nYBaH 3a BpeL!HOCTVI Ha KaTOIl-
p

HVlOT, OLlHOCHO aHOLlHVlOT npeHanOH LlO OKo.ny :!:15 mY.

.!l06V1eHVlTeBpem'IOCTVI 3a KOp03V1BHaTa cTpyja Mo~eMe Lta rv< IlpeTCTaBVlMe

co nOMOW Ha paBeHKaTa:

j = A CB
KOP HCl

BpeLtHOCTa Ha KoecpVlL(v<eHTVlTe A VI B OLl ropHaTa paBeHKa,

5p3V1HaTaHa BpTefbeTO,ce IlpVlKa~aHVIBO Ta6e.naTaVI I.

BO 3aBVlCHOCT OLl

Tabena VII

Bpe~HOCTMHa Koe<PMDMeHTMTeA M B O~ M3pa30T3a 3aBMCHOCTa
Ha KOpM3MBHaTa cTpyja (j) O~ KOHDeHTpaDMjaTa Ha HCl 3a

pa3flMQHM 6p3MHM Ha BpTeRe Ha ~MCKOBaTa efleKTpo~a

f"ac. xeM. TeXHO". HaKe!OoHHja 9 (1990)

-1
0 8,33 16,67 33,33w, s

A.103 5,73 4,09 4,50 5,25

B 0,55 0,45 0,49 0,37

KoecpVlL(. Ha
0,978 0,953 0,968 0,944

I

Kope.naL(Vlja
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O'll'lrJlenHO e neKa spenHOCTI'ITe Ha Koe<!>I'ILll'leHTOT B ("pen Ha KOp031'1SHI'IOT

npoLlec" SO onHOC Ha KOHLleHTpaLll'ljaTa Ha HCI) ce 6JlI'ICKM no OHMe n06MeHM

cnopen MeTonOT Ha 3ary6a Ha Maca (Ta6eJla Ill). On npyra CTpaHa, M spenHOCTa

Ha eHeprl'ljaTa Ha aKTMsaLlMjaTa Ha KOp031'1SHI'IOT npOLlec, onpeneJleHa on

3asMCHOCTa log j ,- l/T, e MHory 6JlMCKa no OHaa onpene.r.eHa cnopen MeTOnOT
KOp

Ha 3ary6a Ha Maca.

Bp3 OCHosa Ha CI'ITe norope HaSeneHI'I I'IcnMTysa~a Ha 6p31'1HaTa

Kop031'1jaTa Ha 'Ie.nMKOT JUS (; 0146 vo HCI 1'13SeneHa e CJlenHaSa paseHKa:

Ha

v = 1,52.1017 CO,6 exp(-98.000/RTJ + 190 C ,
KOp HCI 2+Fe

g/m2.h

KOHLleHTpaLll'Il'ITe Ha HC1 M <t>epo jOHI'ITe so ropHaTa paseHKa ce na,QeHI'I so

mol/dm3, a KOHCTaHTaTa H = 8,:J11l J/mol.K,

Tpe6a na ce HaCJlaC>1 neKa flpenJlOOI<eHaTa KI'IHeTM'IKa paseHKa nOKaOl<ysa

oc06eHO n06po cor Jlacysa~e co eKcnepMMeHTaJlHO n061'1eHI'ITe spenHOCTM so

TeMnepaTypHMOT MHTepsa,1l 011 305 no 353 K 3a KOHLleHTpaLll'I1'IHa HCI on 4 no 8%,

on HOCHO 1,1-2,26 mol/dm3, M neKa ce onHecysa Ha np06aTa 6p. 5 on Ta6eJlaTa

1. Co M3seeeH 6poj nonO.nHMTeJlHiI Mepe~a Ha 6p31'1HaTa Ha Kop031'1jaTa Ha

npilMepOLlilTe 6p. 1 1'1 2 (Ta6e.lla I) 6ea n06MeHiI 6JlileKiI spenHocTM KaKO 3a penoT

Ha KOp03MBHilOT npoLlee BO On Hoe Ha KOHLleHTpallMjaTa Ha HCI (0,5-0,65) TaKa 1'1

v = A + B C (170-200),
KOp 2+

Fe

TaKa WTO r.llaSHI'ITe pa3JlI'IKI'I MOOl<aT na ee o'leKysaaT SO spenHOeTI'ITe Ha Koe<!>MUI'I-

3a BpenHoeTa Ha Koe<!>I'ILll1eHTOT B 011 paseHKaTa

eHTOT A 1'1spenHoeTa Ha E on ApeHl'lyeosaTa paSeHKa.a
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CORROSION OF MILD STEEL IN HIDROCHLORIC ACID

T. Grcevl, T. Stafilov2, K. Vasileva3 and D. Camovskal

In order to obtain more valuable data concerning the process of

scale-removal from a mild-steel surface, its corrosion behaviour in hydro-

chloric acid (2-10 w.%) as a function of some industrial relevant parame-

ters (temperatur'e,303-353 K. Fe2+ -concentracion, 0-10 w.%, and hydrody-

namics) has been studied.

The weight-loss method, spectrophotometr'y and electrochemical pola-
-1

rization curves (1-5 mV s ) wer'ousod to determ; 110the rate of corrosion.

Evaluating the obtained,

tions were determined:

oxper'imental, ,'"sults the following equa-

B

V = A [ 1
corr 1" HCl

v =A+I3C
con ~ 2 2+

Fe
lo! 'J = A + B T,,"rr 3 3

Activation energy (E) of the corTosion pr'ocess, determined by

log v - 1/Tcon plots and/or temper'atuI'l' coefficient B3 ranged between 9E,
and 100 kJ/mol.

Experiments "ith rotating disk electr'odes conf'irmed thesc ['elations

and enabled us to determine the influence of the ['otational spocd (or the

rate of solution flow in respect t.o the metallic sur'face) on cOITosion pro-

cess. Thus, in the range of 0-70 s-l (or' 0-1,5 ms-I) an maximum irroI'l,asing

factor of the corrosionrate of 2,210,1 was found.

Summarizing

proposed:

the obtained results the following equation was

v = 1,52.1017 [0,6 exp(-98.000/RTJ + 190 [ ,
con HC1 2+

Fe

Concentration of HCI and Fe2+ ions are given in mol/dm3, and the cUITosion

rate in g/m2. h.

2
g/m'.h
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