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CORROSION-RESISTANT Fe-B - C ALLOYS

Y po0oTi BUBYEHO BILUIMB CTPYKTYPHM €BTEKTHYHHUX i eBTEKTHKO-NIEPUTeKTHYHHUX cIjiaBiB Fe—B—
C Ha ix kopo3iiiHy cTilikicTh y KHCINX i HeliTpansHUX ceperoBumax. Omip Koposii BUBYaIM rpaBimMer-
PHMYHHM i NOTEHHIOCTATHYHMM METOAAMH 3 HACTYNHHMM JOCJHIIZKeHHAM 3PYiiHOBaHOI NIOBEPXHi 32 a0mo0-
MOT'010 ONTHYHOI T eJIEKTPOHHOI MiKpocKoIii. YcTaHOBJIEHO, 110 WBUAKICTH KOPO3ii Y BOAHMX PO3YHHAX
3pocrae 3a HactynmHow mnociaigosuicrio NaCl—-Na,So,—~CH;COOH—->HCI—-H;PO,~»H,SO,~HNO;.
BigHocHO HU3bKUIi onip KOPO3ii J0C/TiIZKeHUX CNIABIB MOSICHEHO MePeBAKHUM PYHHYBaHHAM Mixkdas-
HHUX I'PaHULb MOy MiXk nepBuHHUME Kpuctanamu Fe,(B,C) i neputexTuyunoo dasoro Fez(B,C). Kpim
TOro, Kopo3iiiHa cTilikicTb 3HHKY€ThCS 3i 30iIbIIEeHHsIM BMicTy eBTekTHKH Fe—Fe3(C,B) y cninaBax Fe—
B-C. Iloka3aHo, 1m0 onip Kopo3ii MoKHA MiABMIIMTH B pa3i 30iiblIeHHs BMicTy 60py B criiaBax 10 5 %
32 MacoI0 32 PaXyHOK 3MEeHIIIeHHsI 00’ €My eBTeKTHKH i yTBopeHHs OopuniB Fey(B,C) y ctpykrypi. Bopuan
3aj1i3a MalOTh NiABHIIEHY KOPO3iliHy CTiliKicTL 3aBASIKH MOABi HA X IOBEPXHi TOHKOI 3aXHCHOI ILIIBKH
OKMCJIiB. 30inb1IeHHs] BMiCTy 00pY TAKOK CIIPMYMHSIE 3POCTAHHS NEPEHANPYTH KATOXHOIO (BOAHMIA po3-
ypH CH;COOH) ii anogHoro (iHmi po3unHn) npoueciB. I3 mogoB:keHHSIM TPUBAJIOCTI BUIPOOYBaHb KO-
Po3isi yIOBiILHIOETBCA Y 3B’AI3KY 3 HAKOIIMYEHHSIM IIPOAYKTIB peakuii Ha HoBepxHi 3pa3KiB.

KorouoBi cioBa: 3ami30-00p-ByTJIenesi 3aii3Hi CIUIaBH, MIKPOCTPYKTYpa, IMIBUIKICTh KOPO3ii, Kucii
Ta HeWTpabHi CepeloBHUILA.

B pa0oTe n3y4eHo BJIHSIHHE CTPYKTYPhI 3BTEKTHUYECKHX M 3BTEKTHKO-TIEPUTEKTHYECKHX CIIA-
BoB Fe-B-C Ha MX KOppPO3HOHHYI0 CTOHKOCTH B KHCJBIX H HeHTpaiabHbIX cpegax. CompoTrusiieHHe
KOPPO3HH OIeHHBAJIM I'PABHMETPHYECKHM M IOTEHIHOCTATHYECKHM MeTOJAMH C IOCJeTyIOINHM HC-
cJ1eIOBaHNeM Pa3pylIeHHOIl NMOBEPXHOCTH € NMOMOLILI0 ONTHYECKOHl M 3J1eKTPOHHOH MHKPOCKONHH.
YCTaHOBJIEHO, YTO CKOPOCTh KOPPO3UH B BOJHBIX PACTBOPAX pacTeT B cileAyIoNIeli nociaea0BaTe/IbHOC-
™ NaCl—-Na,So,~»CH;COOH—HCI-H;PO—~»H,SO,—~HNO;. CpaBHHTEe/IbHO HH3KO0E CONPOTHBIIE-
HHe KOPPO3HH MCC/IeI0BAHHBIX CIJIABOB ObLIO 00BSICHEHO MPEeHMYIIeCTBEHHBIM pa3pylleHHeM MesK-
(a3HBIX rpaHuMIy pa3iena Me:xay NepBHYHBIMH Kpuctasiamu Fe,(B,C) m nepurextuyeckoii ¢asoii
Fe3(B,C). Kpome TOro, KoOppo3HMoHHasi CTOMKOCTb CHH)KAETCSI € YBeJIHYEHHEM CONEPKAHUS IBTEKTHKH
Fe-Fe3(C,B) B ciiiaBax Fe-B-C. Tloka3aHo, 4T0 CONMPOTHBJICHHE KOPPO3HH MOKeT GbITh MOBBIIEHO
NIPU YBeJHYECHHNH COoJep:KaHus 00pa B cI1aBax 0 S Bec. % 3a cueT yMeHbIICHHUs] 00beMa IBTEKTHKHU U
o6pasoBanus 6opunos Fe,(B,C) B ctpykrype. Bopuasl :keiie3a 06.1a1a10T OBbILIEHHOH KOPPO3HOHHOM
CTOHKOCTBIO BC/IECTBHE NMOSIBJICHUS] HA X MOBEPXHOCTH TOHKOM 3aIIIMTHON NJIEHKH OKHCJIOB. YBeJu-
YeHHe coep:KaHHsA 00pa Takike BBI3bIBAET POCT NepeHANpPsKeHHs KATOAHOTO (BOAHBI pacTBOP
CH3;COOH) u anognoro (ocraisHble pacTBOpbI) nponeccoB. C yBelnueHHeM BpPeMeHH HCHBITAHMIA
KOppo3Hsl 3aMe/JIseTcs 0,1aroJaps HAKOIICHHIO POAYKTOB PeaKIUU Ha OBEPXHOCTH 00pa31oB.

KumoueBbie ciioBa: xene30-00p-yriepoaucTsie sKele3Hble CIIaBbl, MUKPOCTPYKTYpPa, CKOPOCTh KOp-
PO3UH, KHCIIE U HEHTpaJIbHBIE CPEIbL.

The paper introduces a study conducted in order to evaluate the effect of the structure of the eu-
tectic or the eutectic-and-peritectic Fe—-B—C alloys on their corrosion behavior in acid and neutral media.
Corrosion resistance has been investigated using gravimetric and potentiostatic methods, followed by
light and electron microscope examinations of the corroded surface. The results have shown that corro-
sion rates in  the aqueous solutions increase in  the  following  sequence:
NaCl—-»Na,So0,—~»CH;COOH—HCI—->H;PO,~ H,SO,—~»HNOs;. The relatively low corrosion resistance of
the alloys tested may be connected with interfaces between the primary Fe,(B,C) crystals and the
peritectic Fe;(B,C) phase failure. Besides, corrosion resistance decreases with increasing Fe-Fe;(C,B)
eutectic content of the Fe-B—C alloys. Raising the boron content of the alloys up to 5 wt.pct could in-
crease corrosion resistance due to decrease in the eutectic volume and the formation of the iron borides
Fe,(B,C). Iron borides owe their corrosion resistance to a relatively thin surface oxide that provides a
barrier between the borides and the aggressive environment. Increase in boron content also enhances
cathode (CH;COOH aqueous solution), or anode (the rest) process overvoltages. With testing time pro-
longing, corrosion slows due to the accumulation of reaction products on the specimen surfaces.

Keywords: boron-and-carbon-containing iron alloys, microstructure, corrosion rate, acid and neutral
media.
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Introduction

Fe — B — C alloys are commonly used because of their relatively low cost and good
physical-and-chemical properties [1]. These alloys, with appropriate phase and structural
composition, perform adequately at room temperature and in atmospheric conditions.
However, there is a very little information available covering peculiarities in corrosion
behavior of these alloys in the acid and neutral media. Although, alloys Fe — B — C, with
their chemical properties taken into account, show promise as good corrosion-resistant
materials that can be used as constituents of composite materials.

The present investigation aims to evaluate the corrosion resistance of
Fe— B - C alloys in different aggressive environments. By evaluating the effects of their struc-
ture of on the corrosion behavior, a proper indication of the alloys performance in various appli-
cations could be obtained and, hence, their use in such applications can be considered.

Experimental procedure

The Fe — B - C alloys were cooled at 100 K/s and contained 1.2 — 5.0 wt. pct. B,
0.2 - 1.2 wt. pct. C, Fe — balance. Corrosion behavior was investigated using gravimetric
and potentiostatic methods. The specimens were corroded in the following aqueous solu-
tions: 3 pct. NaCl, 3 pct. Na,Sos, 2N CH3;COOH, 1N HCI, 5N H;PO,, 0.5N H,SO,, 5 pct.
HNOs. Aggressive media were chosen in order to investigate corrosion processes pro-
ceeding with oxygen and hydrogen depolarization. Tests lasting 4 hours and 5 days in the
acid and neutral media, respectively, were run at 22 + 2°C. Silver-chloride electrode was
used as the reference electrode, the auxiliary electrode being one of platinum.

Table 1
Chemical, phase and structural composition of the investigated alloys
Specim Chemlca!,\::toprrgf osition, Phase Structural
en B — c composition composition
o, Fe — Fe; (C,B) primary vy,
No.1 12 0.9 eutectics Fe — Fe3(C,B) (20 — 25 pct.)
- primary vy,
No.2 2.0 12 eutectics Fe — Fe3(C,B) (40 — 45 pct.)
- primary vy,
No3 30 10 eutectics Fe — Fe3(C,B) (90 — 95 pct.)
o, Fe,(B,C), Fes(B,C) primary Fe,(B,C) (35 pct.),
No.4 55 1.2 peritectic Fe3(B,C) (45 pct.),
eutectics Fe — Fe3(B,C) (20 pct.)
o, Fey(B,C) primary Fe,(B,C),
No.5 50 0.2 eutectics Fe — Fe,(B,C) (30-35 pct.)

Model boron-containing iron alloys were tested against low-carbon steel (0.22
pct. C, 0.3 pct. Cr, 0.4 pct. Mn, 0.05 pct. Si, 0.3 pct. Ni, 0.3 pct. Cu, 0.05 pct. As, 0.05
pct. P, 0.05 pct. S, Fe — balance, by weight). Corrosion rate measurements were followed
by light and electron microscope examinations of the corroded surface.

Results

The following alloys have been used in experiments (Table 1). The structure of
alloys No.1-No.3 consists of primary austenite crystals and ledeburite alloyed with boron
(Fig. 1,a—c). Eutectics Fe — Fe3(B,C) and primary crystals of the solid solution Fe,(B,C)
surrounded with the shell of peritectic phase Fe;(B,C) are observed in the structure of al-
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loy No.4 (Fig. 1,d). With increase in boron content up to 5 wt.pct. primary crystals
Fe,(B,C) and eutectics Fe — Fe,(B,C) appear in the structure of alloy No.5 (Fig. 1,e).

The corrosion rates of most alloys under investigation are lower than those of the
reference specimen (Table 2). The corrosion rates in the aqueous solutions increase in the
following sequence: NaCl—Na,So,—~CH3;COOH—HCl— —»H3;PO4—H,S0,—~»HNO;. Al-
loys No.1 — No.3 show maximum increase in the corrosion resistance in 1N HCI and 5N
H3PQ, solutions. The corrosion rates of alloys No.2 — No.4 increase, especially, while test-
ing in 5N HsPO,4, 0.5N H,SO,, and 5 pct. HNO; solutions. Those in 3 pct. NaCl medium
only slightly decrease. Alloy No.5 is characterized by the minimum corrosion rates, which
are about 2 times (5 pct. HNOs) to 5.5 times (5N H3PO,) lower than those of the reference
specimen. Besides, for alloy No.5 the corrosion rates decrease in all the corrosive media.

Fig. 1. Microstructure of the investigated Fe-B—C alloys, x300:
a—No.1; b—No.2; c—No.2; d-No.4; e - No.5

Table 2
Corrosion rates of Fe-B-C alloys, g/sq m-hr
Solution No.1 No.2 No.3 No.4 No.5 ref.specimen
0.5 N H,SO, 75.6 91.9 113.5 221.6 48.6 140.5
1 N HCI 8.1 2.7 2.7 13.5 4.1 18.9
5N H3;PO, 32.4 70.2 102.1 129.1 27.0 1514
2N CH;COOH 4.1 2.05 4.8 14.1 1.8 5.0
5 pct. HNO3 91.8 127.0 118.9 118.7 81.1 172.9
3 pct. NaCl 0.115 0.065 0.085 0.09 0.034 0.12
3 pct. Na,SO, 0.26 0.20 0.31 0.61 0.19 0.3

The corrosion effect is the most severe in 5 pct. HNO; and 0.5 N H,SO, solutions.
Virtually, corrosion resistance enhances with decreasing Fe—Fe;(C,B) eutectics content of
the Fe—B-C alloys. The increase in boron content raises cathode (CH;COOH), or anode
(the other solutions) process overvoltages (Fig. 2).

More intensive corrosion processes proceed in the solutions 0.5N H,SO,4 5N H3PO;,,
and 3 pct. Na,SO,, and less — in the solutions 1N HCI, 2N CH;COOH, 5 pct. HNO3, and 3
pct. NaCl. Evidently, corrosion slows due to the accumulation of reaction products on the
specimen surface, which separate the specimens from the aggressive environment.

Discussion

The minimum corrosion rate shows Fe-B—C alloy (No.5). The corrosion resistance
of alloy No.1 is also quite high. Both No.1 and No.5 alloys are of less amount of the eu-
tectics (20-25 pct. and 30-35 pct. respectively) and, hence, of austenite in the structure,
as compared with No.3 and No.2 (95 pct. and 45 pct., accordingly) (Table 1). Besides,
austenite of Fe—Fe,(B,C) eutectics corrodes less than that of Fe—Fe3(C,B) eutectics. The
point is that the latter differs in a higher iron content and hoarser differentiation. The rela-
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tively low corrosion resistance of specimen No.4 may be connected with interfaces be-
tween the primary Fe,(B,C) crystals and the peritectic Fe3(B,C) phase failure.

Thus, raising boron content of the Fe—B-C alloys up to 5 wt.pct. can increase cor-
rosion resistance due to the decrease in the eutectics volume and the formation of solid
solutions based on the iron boride Fe,B. Iron boride owes its corrosion resistance to rela-
tively thin surface oxide that provides a physical barrier between the boride and the ag-
gressive environment. Boron also has positive effect on the corrosion resistance of ce-
mentite, which is particularly strong in the acid service environments.
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Fig. 2. Anode (I-1IT) and cathode (I'-III") polarization curves for reference specimen (I,I'), specimen No.3

(ILIT"), and specimen No.4 (IILIIT") in the following media:

a-0.5 N H,SO,; b-5N H;3PO,4; c—1 N HCI; d - 2N CH;COOH;

e — 3 pct. NaCl; f - 3 pct. Na,SO,
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Conclusion

Finally, the Fe-B—C alloys resist to nitric, sulphuric, hydrochlorine, phosphoric ac-
ids. They are also resistant to organic acids and acid salts. These materials combine cor-
rosion resistance with high mechanical properties: hardness and compressive strength;
they resist abrasive wear up to 400°C. These alloys are particularly suitable when used as
protective coatings in the iron and steel, mining, chemical and allied industries where ex-
tremes of corrosion and abrasion must be withstood.

1. Sukhova O. Fe-B-C alloys for high temperature application / O. Sukhova // Bulletin of DU.
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