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On the Sliding Wear Characteristics of Borided Steel Surface

Yoshio SHIBUYA, Yoshiaki IMAZAWA, and Kazutoshi KUWANA

Synopsis:

A study has been made of the sliding wear characteristics of boride layer formed on S45C steel by
boriding. As compared with the unborided S45C steel, the wear resistance of boride layer was very
large in sliding velocity region between 0.1 and 4.5m/s. It was on a level with the wear resistance
of SKS3 in sliding velocity region between 0.1 and 1.0 m/s, and it was larger than that of SKS3 in
sliding velocity region between 2.0 and 4.5m/s. In the wear characteristics of boride layer, the
oxidative wear was preferentially observed in sliding velocity region between 0.1 and 1.0m/s. The
maximum wear rate was observed 1.4 or 20 m/s in sliding velocity and in this region the mechan-
ical wear was observed. It was considered that the melting wear was caused in sliding velocity
above 3.0m/s. The metallic debris caused by sliding wear with borided steel-low carbon steel was
produced even in the slow sliding velocity of 0.1 m/s, and it increased with the increase of sliding
velocity. It was considered that the wear loss of boride layer was largely influenced by the metallic
debris contents produced with sliding wear of borided steel-low carbon steel, The oxide that were
produced in the oxidative wear region restrained the adhesion between frictional surfaces. It was
confirmed by the X-ray diffraction that the oxide consisted mainly of Fe;O, and a-Fe,O;.
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Table 1. Chemical composition of specimens. (wt%;)

C Si Mn P S Ni Cr W
Low
Rotor carbon steel 0.07 0.50 0.33 0.009 0.011 0.024 0.016 *
S545C 0.43 0.26 0.68 0.009 0.009 0.05 0.11 *
Stator :
SKS 3 0.94 0.20 0.95 0.010 0.009 * 0.96 0.46
* Not analyzed.
Table 2. Boriding method and :condition.
Boriding temp. . . Depth of perme-[Boride hardness |Matrix hardness
and time Cooling Boride ated boride pym [Hv (0.1 kg f) Hv (10kgf)
Immersion 900°C x3h AC Fe,B 80 1 600~1 800 188
boriding 4 (010} 4 4 7 301
Powder o
boriding 850°C x4h B Cx* FeB+Fe,B 80 1 600~1 800 195

* Blast cooling

a: FeB+Fe;B layer surface,
Photo. 1.
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¢ : Fe;B layer OQ sample surface.

Scanning electron micrographs of borided steel surface.
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Fig. 1. Relationship between wear rate and slid-

ing velocity of various specimen on the
wear test.
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Final load : 2.1kgf, Sliding distance : 387 m.

Photo. 2. Optical micrographs of wear surface of FeB+Fe,B layer.
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a:0.6m/s, b:1l.4m/s, ¢:3.0m/s, d:4.5m/s

100y

Final load : 2.1kgf, Sliding distance : 387 m.

Photo. 3. Optical micrographs of wear surface of Fe,B layer AC sample.
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Fig. 2. Relationship between wear volume of
stator and final load of various specimen
on the wear test.
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Stater—~A {01 03 06 08 10 14 20 30 45
FeB+Re,BBO O © © @ O A A A
FeBOQG |O © © © @ A A A A
FBAC (0 @0 © ¢ o 'BlH A A
SKS 3 @ o0 O A A A A A
S4EC A A A A AN A A AN A

A: Sliding velocity (m/sec)  SKS3,$45C:850°Cx1h0Q, 150CxhAC

Q:0xide+Metallic debris(verry little), (D:Oxide (iarge)+ Metaliic debris (small),
@:Oxide(medium)+Metallic debrisimedium), [1: Oxide(smail)+ Metaliic debris(large)
A:Metallic debris.

Final load 2.lkgf, Sliding distance 387m.

Fig. 3. Stereo microscopic observation results of
wear debris produced with wear test.
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Fig. 4. X ray diffraction patterns of wear debris
produced with sliding wear of Fe,B layer
OQ sample-low carbon steel (a) and
FeB+Fe,B layer-low carbon steel (b).
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Fig. 5. EPMA line analysis results of wear debris
produced with sliding wear of borided
steel or S45C-low carbon steel. (Final
load 2.1 kgf, Sliding distance 387 m)
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a:0.1m/s, b,c:0.6m/s, q: 1.0m/s, e,f:1.4m/s Final load : 2.1kgf, Sliding distance : 387 m.

Photo. 4. Scanning electron micrographs of wear debris produced with sliding wear of
FeB-+Fe,B layer-low carbon steel.

.Im/s, b:0.3m/fs, e: Final load : 2.1kgf, Sliding distance : 387 m.

Photo. 5. Scanning electron micrographs of wear debris produced with sliding wear of
Fe,B layer AC sample-low carbon steel.

c:0.6m/fs, d:1.0m/s, e:1.4mfs, f:2.0m/s
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2:0.1m/s, b,c:0.3m/s, d:0.6m/s, e:1.4m/s,

f:2.0m/s

Final load : 2.1kgf, Sliding distance : 387 m.

Photo. 6. Scanning electron micrographs of wear debris produced with sliding wear of
Fe,B layer OQ sample-low carbon steel.

a:SKS3, 0.1m/s, b:SKS3, 2.0m/s, c:S545C, 0.1m/s

Final load : 2.1kgf, Sliding distance : 387 m.

Photo. 7. Scanning electron micrographs of wear debris produced with sliding wear of
SKS3-low carbon steel and S45C-low carbon steel.
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HLUTWBTHA S LHEINS. iz Fe,B B AC
MofRkEHEY~T 1.4m/s T FeB+Fe,B D
Photo. 2, b 3 K Ci37e  —iERLEBEREL R Lic. &
T BR OB O CRT L 91T, T OENSERE
KhBEbR T B EELS. Ldm/s DLETHORS
(LALIEER & 0 BRI TS, 2.0m/s TRIEWH B

%X Db bh, 3.0m/s THhTrRDLR%.

FRALMph o1t b T EERE ISR S L Qw5 EE2 bR D.

FeB+Fe,B Bx XUt Fe,B B ACHOBKEFREELT
FEES: 1.4m/s ThBat Fe,B B OQ #MDLiuk

2.0m/s THol. ZDX 51 Fe,BEB OQ M7
K — 7B FhicEEL, TROEE L4m/s @Bl
% FeB+Fe,B [BAEAEEIL, £MAMEE CH DDk
L Fe,B B OQ i, MM EERE & L EERE D V723l
Eh, ThuBERLTOWLEEZS.

FeB-+Fe,B 8 DEEIL, W11ix FeB BOBERETH S .
FeB (3Fe,B L v EREE TH B 0, X HMEFEMETH

B LEx N, MLEREER CIERERIMOE 5 (LA
OESEEESERICC. Lnd Ldm/s DRCinEERE
RS WEREET. Zhuk FeB FRIGT, Fe.Bic
FEREIEHAME LT\ 319, FeB LFe,B OBEFRICETIA

EUBW, Fuobh, Sh bl EERCEEY RIS T

BT EbELLRA. Photo2, ¢ & d CREMEDE
LB EREICES TS bhs. Sk d TR, W
 %mlOﬁL<kDéE%? HERBREBELTHD

oD THSHD.
4.2 FE-EFEBM

Fe,B B OQ # & AC ¥ & CixBEREEICHHE o781
o\ BRI RIE TR IE S 0B, YK
B LERbihBRS, AMETHETLITHALD

gt nes, ABIROMH TR EBHETD KE S

m._@@ﬁmmﬁm%ﬁmbf@<,it@%ﬁ%»
%Emuﬁﬂfé% kktﬁb APFFEORPIRE D
&M%ﬁé@%mﬁﬁghk%<%@bkbtﬁ§?
5. ﬁ%ﬁ§#126@ﬂ4tfuﬁﬁﬁéﬁfhﬂ7®
M$3@Mé#Hvl%W&MM@@5k%E%ID@
ﬁgbému%%%%t COEFRRE LTHKRDOZ &
NELZ BB, 15 EWITRD TR 72D 7o 23
A LRV, LB o TR EOB A IS E T
Bz 5 (bt < O EHMBA Ule. B ECIRARA
DWEEIE U\, 135 (LA REH & R &
BEBHRTHY, B LKERD D COREHHLL
D Lo\, o OBENC X 0I5 LB o BERE R
B Lict#gsh sy, KRR 1BIORRTHHAK
e o&if CIE B I HENIE T & 7ew. FeB+FeB f§-
EREMT N0 BT 5B E 2.1, 3.2kef TILEE
g s AR BT 12.6, 18.9kegl DFHET
BE bR TACA U, 20 X5 B bds Tt
U, L2 EEENhins BB, BIewaissr
MEIF 5580 Lic & 5 B E CIMEmEOS AL
g S, X 0% OBMIREE, HDHWVIREED
HET2TWinEe X ) BRI  Inoic LR T 5.
—%, SKS3%2.1~6.3 kef CEBMMSEHCAET, B
HERD7< 12.6, 18.9kgf CTIREALWIEMGFCET
BER RS, & OBREIS F TR BRI RIE
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TERENOBER T CRFIATETRELER L T\ 5.
Zh LY, &BMORE, RUERRTRERERIC
FEERIETOTR LT EER LTS,
43 ERBHORIT

13 5 LA KR 38R T b T U BB, T
h#EE 0.1~1.0m/s TiL Fe,Op a-Fe,Op p3E4kiT
U, fiicBR, HB5iE Fe-B REMLH»AE LT
% AIREME S B 2 AR OTH IR T & e
note. B OBEROSE 0.5m/s OEHE TIXEE{LE
it Fe,Op ThH v, 2~4m/s TiT Fe,Op THAH? L
bhTw5b. KR TIIERS P B T ik T L
D3t pt 0.1~1.0m/s DORRILEFREGUIR CI1xB b, 4
i Fe,Of iF{Kc4d: U, a-Fe,Op 13 0.8 m/s IR
DIEFHE THE U T 508 FeOf 10 H~MRD TA L.
e DIz 5 (LAIRER & (KR T8 & D3N b BERECIHE
LTwbZ i, 0.1m/s OFEDTEVEE T BEREY
BB DA T, b Thc&BRIRRD bh, T
DIEEOHME b3 Licz & ThHAB. L
L 1.0m/s DT ¥ ClRBERECHEE 27, Bt
DEFFED BREREIC KE R LWL E2bR5.
FeB+Fe,B |8, Fe,B @ OQ M-{EREMDOLEH, &K
BERE R R R E COBERMIBLDIRD Tz
EAERESBH ThHh O, Lin LEFEE DO I\ Fe,B
& AC MixEARBEEELZ R THEE, 8L OZh U Lo
B (2.0m/s DL E) CHBEHRED ORI, 2Dz &
EREBETCBEYEIRELSFELTWEEEZDR
5. FLRAREBEEY TR TERE CSBR I EAELD
EWH T EY, TITREBECXAEBERENTENTHD
EEZbhb. £EWT EPMA 87, BEgZ X vE
BERI»DORELLLDOEEZ bh, B o Th
KEBHZEEEAE B 5D D TH D LH#EINS.
ABFFR D BEREAER CO BB RIRANEER D
TR, THED DTN FEEESIEM L, BN
H, TN0 B ok CERPZMICETT 5
feCH o, BALYDEERICE LT\ 5B a s
FRAN OREE R H 2 RENHT 22, BEH»r inl i
v, LB T S LBE LT o BESARBT
ETLIcEE2 bhs, BILWERLD I BESY B ¢
T, BLAGOLEERYTIY, HH50ET5, v
FOBBETHWE B Vb TN B0 KPR HE-BE
FENRAR oS TR Y XEER A L HEE, —
CEREENEVERYE L. 0o LB B
BIEHE LT B EELTEIBRYTHSH. T
ORI & & b SBPREASEINT 5 B3 5
DEYOBE L FBCEE OIS L b BE LT3

WEERTWZ ERFEREE L NS, BREBHOELE
BRI O TR LRSI ©4 U 5 S BRR ©
BAWMTH ) EFRRIFHETIRNDEIREZEALAD DR
RV Lo UHEEEBERFER iR ek &7ty
TRNERRD LN, REOMMBE LY. 20X
BT R Bele 2B BRI AW RO LI HEILE
BIC&7ouw. Loy LEZBRWERR OBEIC X b BERESH
L 7e2ichlER, @BBERSHEA I LHEZEIhS.

WREREL R TRE L Th U EO#EE & ClimEes
FOBBETZRE Fe,B B AC MEkEiz LA EFRE
Tho. BEDEZIBEEHO—MEM LR LR
SOBEELEILIS . ¥ B LBERESUR T4 U ok
BRI r»—BRE LTS BE5LDH 505F 5 bk
FEEREC BEE 7o 221350 B is o,

PLERRIET S &3 5 LA KRBTy B
FTh UARMEERBRIAESORE YN T 5% B %
LT3 DB WHETHS. £ LTERES I
H® 5 & BHENHEBREECTFSE LD EELD. It
Bix LR LERER CE BRI & SREREDY
A, TROEEOHEME & LB EAI L, &
BMESHEMTS. Z L TEEOEE TR LA ENHERE
Wi BREELIFEFE D, ChbIXEEORE
L COW e EBER R oBSBRA L, BB O
D HENEHLE L Te o ER, MR EE LoT\WiIREE
Wik EEEREEBR L EZLbRD. TOERER
DEBCHETTD. LB o TEEBhO&BH O LD
DEEEZLELS THIEREEL D ABRERTIRE L
MTEDLEHMEINRD. FTNDEEOHEME LD
SBEBOLD 2EEGPEMT 5 NEEERCA ) BER
PMETT 5 DIMEFMN & DBEBSIMET Lc®icd &
EZzbhb3.

5.

13 5 (LG KR RO 100% X BERERE D
WOKRE LR, AR ORE Tk OMBHEEC.

1) 132 5 LA &R ER ¢ S45C X hE LWLt
BEFEME AR L. ¥70 0.1~1.0m/s OMERK 1L SK
S3 L EREE,2.0~4.5m/s Tt O BN
L.

2) EE-EREEARL D, 35 bAEERT RASH
& 2.1kgf, TXpEEE 387m OHEE, TNOEER
0.1~1.0m/s O TIMILEREI EETHIEL
B 2R L. E70 1.4 B oviE 2.0m/s THRA
BREHIAL, 2 THEEERESEEACET, Thil
FoOEECRBEEERPEL VB ELELDRD.
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% L W %65 4 (1979) 4T

3) & D3 5 LTI R L BEEE AR ClLRBEE T2
133D bhvis s s EoEE T Fe,B @ AC #
ML TEREETH D, kic Fe,B B OQ #, FeB+
Fe,B BolRF THoTz.

4) i& 5 ARSI R T C U BB

T HEE 0.1m/s OEEETH 100% B Lot
THEDTERL —IBELBH E LTRS. TN E
EEDSEINT %1 Lichs WG B 0 B i in LIRKEREE
RTHER TG LA EEBR TR T
(AN

- X v BRI T £ U AR
B DOBmELINHT 52, £BEMENHEMT S AL
2P B {REIRL LEXDRD.

5) 13 5 {eBgR- KR EM TN TE UK BERH O
SR XARET ISR R X BLEREFEIK Tl FeyO,,
a-Fe,0p MELCilicIE a-Fe, ZOfi OER{LH TR0
b, MEEEEER T a-Fe REHFTH O

6) 135 (LA E-EERE B X D E D
e kb ERERTABCHENT . ‘

AR ERT BICH b —5, (&5 (LA, EER
Ko TTIHhT I oESHRMBEEEDN, WX
FOBMZRDOH 4 CEHOBEERLET.
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