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BanasHuua, PyaHuuu u xenesapruua ''Ckonje', Ckon je

YBoA

nDOueCOT Ha OTCTpaHyBawe Ha MEeTanHuTe oKCcu an (CO3AaAeHM BO npo-
UECOT Ha MeXaHMUYKa M TOMAMHCKAE nopaboTka sy Ka@xKo un co KODO3Mja,
rnaBHo, BO aTMOCheEDPCKwU ycnoaw) O0fA MeTanHuTe NOBpPWMHU e ocobeHo
BaXeH npouec KOJ npeTxXxoan Ha NOHaTaMOWHMTE NOCTanNKu 3a KOpO3noOHa
3awTnTa Ha MeTanute. OBUEe nocTanku (@ocmaTMpawe, HaHecCcyBawe Ha
OpPraHCKuM npeBnaku, XeMUMCKO WU ranBaHCKO HaHecyBawe Ha MeTanHu npe-
BﬂaKM) BO roneMa MepkKa 3aBuCaT OfR KBANMTETOT.HAa naeegysawe Ha
AeKanupaweTo ¥ UENOCHO OTCTpaHyBawe HAa NOBPUWUMHCKUTE oKCuvan u
PaMHOME pPHO “Harpmaysawe” Ha MeTanHaTta nospuMHa (CO MUHUMENHO

co3gaeawe Ha MMKDOHepaMHMHH).

liTo ce opmHecyBa 40 NpoUeCOT Ha OTCTPaHyBawe Ha METanHu oKcuau

OA YENUUHU NUMOBM KOW NoHaTaMy, rNaBHO, CE& KOPUCTAT BO MalWWUH-
ckaTta uHayctpuja (6poporpanbata, asToMoBunckaTa MHaoycTpuja, npo-
M3BOACTBO Ha anapaTu oA TH. ''‘6ena Texnuxa' uTH.) Toj, 3a cera,
Ce M3BEAYBA Ha ABA HaUWUHA: MEXaHMUKN (neckapewe) u xemucku (age-
Kanvpawe BO MUHepanHw kucenuHuw, HC1 n HZSOA’ BO MPUCYCTBO Ha
MHXMGUTOPM nNpu noeuweHn TemnepaTypu of 70-95 OC). Ynorata Ha
MHXuburtopurte BO OBOj npouec e ga ja ceepaT Ha MUHUMYM KOpPO3MjaTa
Ha MeTanHaTa noBpumuHd (CO PacTBOpPawe Ha MOBPWUHCKM TE okcuaun) a
€O TOa M nojaBaTa Ha AONONHUTENHW MUKDOHEDPAMHUHMU. OEUE XeMUCKU
cyncTaHiunm (rnasHo OpPraHCKW: anudaTUUHU U apoMaTUMUYHW KOM COAPKAT
AaMUHO, aMUAHU, KapOOKCUAHW, XUAPOKCUNHU, TUO U KapPBOHUNHU dyH-
KUMOHAaNHW rpynu) umaar cBOjecTBO pa ce apacopbupaar Bp3 '"umcTaTta'

MeéTanHa noBpwWMHaE HO He ¥ BP3 OKcupHaTa (a3a.
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3a eduKacHo waBeayBawe Ha NpouecoT Ha aexkanupawe og ocobeda
BAKHOCT € 0CO3HaBaweTO Ha OCHOBHWTE UMHMTENU: KOHUEHTpauujaTa
Ha xucenuHaTa, BPEeMETO Ha TpeTMaH, TemnepaTtypaTa Ha pPacTBODOT,
XuapoaMHaMukaTta M chN. Kow BNujaaT Bp3 OBp3vHaTa Ha XEMUCKOTO
pacTBopawe Ha MeTanHmTe okcman., Cexoe HEKOHTPONUPAHO OTCTpa-
HyBawe Ha NOBPWMHCKUTE OKCMAU MOKE [a NPefAnM3BMKa HEKBanNMTeTHa
Kopo3uoHa 3awTuTa (nNowa aTxes3mja Ha 3awTuTHaTa MpeeBnaKa W nNo-
HaTaMOWHO KOPO3MOHO fgeflyBame Ha cpefguHaTa: BO3QyX WNM pacTBOpOT

noaA 3awTUTHaTa npesnaxkal).

EKCNEPUMEHTARNEHR [EN

MepewaTa 6ea M3BPWEHM HAa CTaHAAPAHW NPUMEPOUM OA HUCKO jarneHo-
pogeH uenuk (JYC 0146) co amumenaum 70x15x3 mm Bo HC1 co KoHueH-

3

tTpauuja oa 0,56-2,2 mol dm ~ (2-8%) Bo TemnepaTypHo noppasje

on 65-80 °c.

Ep3avHaTa Ha XEMUCKOTO pacTBOpawe Ha MeTanHWTE OKCUAM OAHOCHO,
GpaMHaTa Ha xKopoaujaTa Ha '‘uncTa' MeTanHa noBplKMHAa Bea crnepeHu
rpaBUMETPUCKM, cnekTpopoTomeTpucku (cnopes cTaHAaparaTa deHaH-
TpoOAMHCKAa MeTOoga) KaKo M CO MOMOW Ha aToMcKaTa ancopnuuoHa

cnexTpomeTpuja.

PE3YANTATH W AUCKYCUJA

BpsuHaTa Ha XeMUCKOTO pacTBopawe Ha xenea3Hmte okcwuau (HajMeCTO

FeO-Fe ,O -Fe ) ApUcCyYTHU BP3 NOBPWMHATA Ha YENUKOT, npej nnos

O
374 273
yecoT Ha paexanupawe, Cn. 1 (kpusa 2), jacHo yxaxyBa Ha nocTo-
ewe Ha fABe nofgpauyja; NuHeapHo A0 okony 30 s u napabonuuen npe-
MUH KOH FpaHMuUHa BPEAHOCT Ha KOMUMUMHAT3E Ha PacTBOPEHWOT OKCUA
(opHOCHO KoORMMUMHATa HA Fe- jOHUTE KOM npeMuHyBaaT BO pacTBOPOT)
)
sa Bpeme T1>60 s. Bo pajeHuTe eKCrnepuMmeHTanNHU yCnosu (80 “C #
6% HC1), Cn. 1, noueTHaTa 6p3uHa Ha pacTBOPake Ha MeTanHuTe
2
okcnanm usnecysa okony 4500 g/m°-h (cmeTawo Ha re). Bo ucTure
cnosyw GpawMaTa Ha kKoposuja Ha ‘'yucTa'' meTanHa NOBPUMHE y, go
3 3
npucycTso Ha urxubuTopor OWENE, 5 em /dm , Cn. 1, wpusa 1, us-

2
wecysa 20-40 g/m  -h v Mowe pga ce 3aHeMapy BO cOoHOC Ha npeBarTa.
OKE e
¢ a T a ' ofi H Tpana: u >> 4 a o4
o Tca ce noTepayeBa pjexa, Cg eAHa CTP Kop kop.

Apyra cTpaHa fexa vrxuburtopoT ce agcopBupa camMo Bp3 MeTanHarva
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Cn. 1. Bp3uHa Ha pacTBOpawe Ha MeTanmuTe OKCHMAWU Ha UEeNUKOT

(kpusa 2) u 6psunata Ha Koposuja Ha ''umcta'' MeTanma nospumHa
o

(kpuea 1) 8o 6% HC1 (npw 80 C) v u npucycteo Ha UHXUBUTOpPOT

OWENE (5 cm®/dm>)



17 G-
a He M BpP3 oKcMAOT. [paHuuHaTa BpeagHOCT Ha pacTBOpeHaTa KOoAUUUHA
MeETaned OKCKMAKZ 3aBuCh 0O HerosaTa ne6enMHa OQHOCHO OfO BpeMeTpae-
BhETO Ha M3NOkYBawe Ha UENMWUHWOT NUM Ha aTMOChepCKM YCNOBKM KAKO

M Of NPUCYCTBOTO Ha KOpPO3UBHM daktopu (SO HC1, 803,,H2$ M ap.).

2 i)

Bo iawuoT cnyuaj,nosefke UCNMTyBawa NoKawaa fekKa oOBaa BPEefHOCT ce
2

Asu¥n BO rpaHuuu oa 6,5 po 8 mg/om® (cmeTtaHo wWa Fe203) OOHOCHO

11-13,5 um Fe203.

bpsunata Ha pacTsopawe Ha Xene3HMTe OKCUMAM FNaBHO 3aBUCH Of KOH-
UeHTpaym jata Ha XNoposogopogHaTa KucenuHa, BpeMeTpaeweTo Ha nNpo-
yecoT, TemMnepaTypaTa Ha PacTBOPOT KaKo M KOKUeHTpauyujaTa Ha FeZ+
(ogHocHO Fe3+) jornTe BO pacTBOPOT. BoOo noHaTaMowHWMTE UCTIMTyBawa
HanpaBsen e obua Aa ce cornepaaTtT cuTe OBME BRM jaHWUja M Aa ce yKaxe
Ha BawHOCTAa Ha HUMBHOTO agenysawe. 3a Taa uyen bewe ynoTpebena me-

TopaTa Ha NnaHupan excnepuMmeHT 3a agobusawe Ha nuHeapHa perpecu-

OHa paBeHnKa,

BavjaHueTo Ha KOHUEHTpPauumjaTa Ha XNOPOBOAOPOAHATa KUCENUHA #u TemM-
nepatypaTa BO NWHeapHWMOT pgen Ha Op3uHaTa Ha pacTBopane Ha MeTan-
HuTe okcuau (10-30 s), B. Cn., 1, Hewe McNuTyBaHoO cnopedg norope
cnomeHaTaTa nocTanka, Tabena |.

TaBena |

Nnad MarTpuua ¥ peanHa MaTpuvlya Ha E€KCMEPUMEHTOT

Ep. Ha ®axtopu-npupoaHa ckana Kogupasu tvakTopu OyHkuuja H& oQromop

o 2
npobBa Xl/s XZ/CHCII% x3/ c X, X, X, x5 v, (mgFe/cm’) B

10 2 65 - - - 0,342 0,320
2 30 2 65 + o+ - - 1,000 0,689
3 10 8 65 + - + - 0,896 0,928
b 30 8 65 s+ - 2,551 3,040
5 10 2 80 + - - s 0,425 D,k0%
6 30 2 80 + + - + 1,490 1,182
7 19 8 30 + - + + 1,064 1,310
I 30 8 89 + + + + 3,612 3,113

Cropen nosmararae nocvtanka /1, 2/ pobBuerne e cnepdaTa rvxeapHa pe-
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rpecunoHa paBeHKAa:

y. = 1,407 + 0,6813x1 + 0,6584x2 + 0,183ux3 + 0,33hx1x2 (1)

1

(Bo omBaa paBeHka Xy, X, M ¥, Ce NPUCYTHU KaKo KOAWPaHK daKTopu) .

04 KOja MOXEe Aa ce 3aKknyum gpexa, onbpaHuUTe MHTEPBANM Ha npoMe-
Ha, BpeMeTpaeweTO Ha MpouecoT (XI) M KOHUEHTpauujaTta Ha Xnopo-
BOAOpOAHATA KUCeNuHa (x2) MMaaT CnopeannBO BNUjaHue BP3 npoue-
cot {cnopea BPEAHOCTUTE Ha COOABETHMTE KOEDUUMEHTH) a TemnepaTy-

paTa (x;) noManKky HarnaceHo BAujaHue.

Bps ocHosa Ha oBaa paseHka u nopgpaTtouuTe op Tabenarta | AobueHu ce

N KBaHWTUTATUBHU DABEHKU:

mo=-1,72 + 1,26.10 %7 - 2,5-]0"3cHCl + 2,45.107%7 4 1,11-10'2rchl
(mgFe/cmZ) (2)
I = -4 69 + 3,4u-1o'zr -6,8-10 3¢ + 6,68-1072T +
Fe203 HC1 ’
+3,303-107%zc (vm) (3)

HC1

CO uMja NOMOW MOXaT A& Ce MPecMeTaaT KOMWUMHUTE Ha pacTBOPEHMOT
2

oxecun (Mspasen wkaxko mgFe/cm” ) ogHocHO HeroeaTa aeSenuda (Bo um)

KaKo OyHKUMja Ha HaBeaeHwTe napameTpu (HO CaMO BO AafeHUTE MH-

TepBanu Ha npoMmeHa).

Bps ocHoBa Ha TemnepaTypHaTa. 33BMCHOCT Ha 6pauHaTa Ha pacTBOpawe
npecMeTaHa e, OPMEHTAUMOHO M BPEHOCTA Ha eHepruMjaTa Ha aKTUBauu-
ja Ha oBoj npouec, Ea = 23000 J/mol. Bo cnopepnba co noHanpeg on-
pepeneHaTa BpeAHoOCT Ha Ea 3a Kopo3ujaTa Ha uenmkoT Bo HC1 BO uc-
TOTO TeMnepaTypHO M KOHUeHTpauuoHo noppauje /3/ koja uaHecyera
65000-80000 J/mol, MOKe fa ce KOHCTAaTUMpa f[AeKa XeMUCKOTO pacTso-
pawe Ha METanHWMTE OKCMAM MMa faNeKy NOHUCKa eHepruja Ha aKTuBauu-
ja opHocHO TeMnepaTypHOTO BfAMjaHWe BP3 OBO] Mpouec e MOManKy Ha-

rnaceHo.

Bupe jku BO MHOYCTPUCKM YCNOBM NMpouecoT Ha fAekanupamneTo Ce u3se-
AyBa M BO NPUCYCTBO Ha Fe(II) jOHMU (npouyKT Ha pacTBOpaweTO Ha
OKCUAUTE M KOPO3MJaTa Ha YenuKoT) UMja KOHUeHTpauuja ce ABUMH

BO rpaHuuu opg 3-12% Tex. F02+, 3aToa BO NoOHaTaMOWHWTE UCNUTyBamwa,
cricpea MeTopnaTa Ha nnaHupad ekcnepuMmenT, Gewe 3eMmen npeasug u

oBo ] napameTap, TaGena 1.
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Tabena ||

Nnanw MaTpuMuya M peanHa MaTpULa Ha EKCMNEPUMEHTOT

Bp. Ha GakTopu-npupogHa ckana KogupaHu dakTopu SyHkumja Ha oarosop

npofia xl/s x2/ch1% XJ/CFezf% X, X, X, X, v, (mgFe/cmz) Y,
1 90 2 3 + - - - 3,220 3,190
2 240 2 3 + + - - 3,600 3,720
3 90 8 3 + - + - 3,670 3,310
4 240 8 3 + + - 3,840 3,880
5 90 2 10 + - - + 2,980 3,425
6 240 2 10 + + - + 3,970 3,740
7 90 8 10 + - + 3,630 3,770
8 240 8 10 + + + + 3,820 3,880

Aypn u ma npe nornea e ouurnegHo, Tabena !1, pexka BO ucnutysa-

HUOT BpeMeHcKM uHTepsan (90-240 s), ce Haorfame BO nogpauyjeTo Ha
rpaHMuUHaTa BPEepHOCT Ha pacTBOpaweé Ha NpUCyYTHuTe okcuau, Cn, 1,
Kaje WTO CuTe OBUE HaBEAEHU MapaMeTPpM Ha NPoOUecoT ManKy BAujaarT

Bp3 ¢YyHKUuMjaTa Ha oArosop,

flo6ueHaTa perpecuoHa paseHka (4) wkako w uasepenuTe KBaHTHUTaTHB-

Hu paseHku (5 w 6) ro noTepaysaaT oBa:

Y, = 4,496 + 0,255x, + 0,146x, (%)
-3 -2 2

mo= 3,727 + 3,19-10 1 + 4,87.10 “c, ., (mgFe/cm”) (5)

L = 10,164 + 8,7-107 3¢ + 0,133c, (um Fe,0,) (6)

0p norope HasepeHnTe paBeHku (4=-6) ce rnepa peka KonueHTpaymjaTa
Ha ReZi-jouuTe He Bnujae 6uTHO BP3 ¢dyHKuujaTa Ha oarosop. Co or-
fep Ha penaTMBHO BMCOKaATa KoHUEHTPaunja Ha Fe2+—jonure (oa 30 no
100 g/dmj) 6pSMHaTa Ha XeMMCKOTO pacTBOpawe Ha MeTanHuTe oKcuau

Gewe onpepenysaHa cnopep rpasuMeTpuUcKaTa MeTopa.

BuU MHAYCTPUCKM YCNOBU nNpouecoT Ha ALKanNuUpawe Ha UENUUHWU NUMOBM

o6uuHo ce spuwn 8o U xagu,(npm wTo koHueHwTpauwm jaTa Ha HC1 ce
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ABUXM Bo rpaHuumTe opn 2-10% (Bo npeara kaga 2-3% a Bo yeTBpTaTa
7-9%) un F62+ jonu (op 3-12%) a TemnepaTypaTa Bapupa BO rpaHuuu
oa 70-90-°c.

CumynayunjaTta Ha oBoj npouec Bo nabopaTopucku ycnoeu Gewe uasegeHa
Taka [a uvenuuHwoT npumepok (70x15x3 mm) Gewe npeHecysaH oA uawa

Bo uawa (TepmocTatupanu Ha 80 °C) co 200 cm3pacTaop co HC1 (I ka-
aa-2%, 1l kapa-b4%, 111 xapa-6% mu IV kapa-8% HC1) no epHakew spe-
MeHCkM uHTepBanu oa 5 no 30 s, Bo cekoja wawa. NMoToa 6ewe cnexkTpo-
doTOMEe TpUCKM onpefenyBaHa KOHUeHTpauujaTa Ha Fez+-j0HM BO CeKoja

yawa. PesynTaTuTte op oBME ucnuTyBawa ce€ npuxkawaHu Bo Tabenata |11,

TaGena 111

BEpaunHa Ha xeMUckoTo pacTeBopawe Ha okcuauTe BOo HC1 (80 oC)

2
Bpeme Ha KonuuuHa Ha pacTsBopeH okKcug, mgFe/cm (um Fezo3)

TpeTMaH, s
pasno u Brk. | (2) 1t (%) 1t (6) IV (8% HC1) Bk yn#o

5 (20) 0,253(0,69) 0,515(1,40) 1,067(2,91) 1,512(4,12) 3,347( 9,12)
10 (ko) 0,469(1,28) 1,031(2,81) 0,996(2,72) 1,893(5,16) 4,389(11,97)
15 (60) 0,607(1,65) 1,548(4,22) 2,240(6,11) 0,693(1,89) 5,090(13,87)
20 (80) 1,000(2,73) 2,130(5,81) 1,346(3,67) 0,362(0,99) 4,838(13,20)
30 (120) 1,450(3,93) 2,814(7,67) 1,010(2,75) 0,242(0,66) 5,516(15,01)

Osune pesaynTaTu rpaduuku ce npukawaHu Ha Cn. 2, op Kkoja Moxe pa ce
BuAaun Aeka pacnpepenbaTa Ha BKYNHO pacTBOPEHOTO KOMMUECTBO MeTaneH
oKCcufa BO ROEAMHUTE Kapau, 3aBUCUM OR BpPeMeTOo Ha 3appxysawe. 3a MHA-
YCTPUCKM YCNOBWM Of uUHTepec ce BpemuwaTa oa 10 u 15 s (BkynHo epeme
Ha 3agpwyBawe oa 40 u 60 s) kapge wTo ognyuysauxka yrora umaar |V
opHocHo Il kapa, BO KOM ce pacTBopyBsBaaT noBeke 0fj L0% op nospuwuH-
CKUTe okcuau, na cnopep Toa ocobeHo BHUMaHWe Tpeba paa ce obpHe Ha

KOHUeHTpaum jaTa Ha HC1 u TemnepaTypaTa Ha pacTBOpPOT BO OBME KafAk.

Bps ocHoBa Ha agobueMHTE 3aBUCHOCTM 3a Bp3auMHaTa Ha pacTBoOpaweTo Ha
MeTanHuTe okcuau, paberku (2) u (3), u npecmeTaMmaTa upeaHocT 3a

eHeprujaTa Ha akTuBaluja Ha npouecoT, AobueHa e paBeHKaTa (7) co
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1 1 1 )

1 11 [N iV kaga
[

{2) () (6) (8% HC1)

Cn. 2. PacTBOopawe Ha MeTanHuTe oKcuau BO NoepunHu Kapn 3a
[¢)
pexanupawe npu 80 “C 3a HEKONKY BpeMiwa Ha 3aapwkyBawne BO

cexkoja Kapa
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um_]a noMOW MOXE [a ce npecMmerTa 6D3V|H8Ta Ha pacTBOpPaAaweTOo Ha

METANHNMOT OKCURQ M3paseH KakKo Fe O ).

273

L = 520(c )O’8

el ©1-exp(-23000/RT) (um F8203) (7)

TpeBba pa ce Harnacm peKa oBaa paBeHKa (7) moxe na Ce NpPUuMeHwM
CamMo 33 NWHEAPHUOT Aen Ha KuHeTuukaTa kpuea (Cn. 1) u pexka 3a
no3HaTa pebenmMHa Ha OKCUMAHWMOT CINOj MOXE OpPUEHTAUMOHO fa ce

npecMeTa ONTMMaAaNHOTO BpPeMe 3a KBAHTUTATMBHO PACTBOPawE Ha OK-

cnpgoT.,
u3BoAa

CnepeHa e 6p3nHaTa Ha pacTBOpPawe Ha MeTalHUMTE OKCUAU HA HUCKO-
jarneHopoAHW uenuuu npu BUCOKM TemnepaTypu (65-80 °C) co crnex-
TpodoTOME TPUCKaE MeTopda, aTOMCKa ancopnuvoHa CnexkTpoMeTpuja wu
rpasuMeTpu ja. BnujaHueTo Ha pas3nuUuHUTe GaKTOPM, KAKOo WTO ce:
KoHLeHTpayujaTta Ha HC1, BpeMeTo Ha TpeTMaHoT, TeMmnepaTypaTa wu
KOHUeHTpaymjaTa Ha Fe2+—j0HmTe, Ha 0BOJ npouec ompeaenyBaHo e
npeky maTeMmaTuuka obpaboTka Ha eKcnepuMeHTanHMTe pe3ynTtaTu,
JobueHn ce HekKoNKy TpUOGAKTOPHU PErpecHMOHU paseHKM., EMAMpUCKaETa

pasenka (7) npeanoxena e 3a osoj npouec.
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The rate of metal-oxides dissolution on low carbon steel in
hydrohchloric acid at elevated temperature (65-80 °c) was
folowed using spectrophotometric method, atomic absorption
spectrometry and gravimetry. The influence of various parame-=
ters. such as: HCl-koncentration, time of tretment, temperature
and Fe2+—ions concentration, on this proces were determined on
the basis of matematical tretment of the obtained experimental
results and several three-factorial regression equations were
obtained.

The empirical equation:

- v,8
L = 520(Cu.,) .exp(-23000/RT) T (um, Fe,0,)

1

for the process was proposed.



