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Mlcrostructures and Plttlng Fatlgue Properties in Soft-Nitrided Steels
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Synopsis

The microstructural changes in several soft-nitrided steels have been examined by using electron probe microanalysis
on cross-section samples and the X-ray diffraction method combined with a polishing technique from the sample surface.
The compound layers, including porous layers near surfaces, were characterized into following cases : (1) In the case of
fused bath soft-nitriding, the compound layer was mainly e-phase, and the porous layer including M;0, and y’-phases.
The y'-phase increased with depth. The e-phase lattice constants distinctly decreased with depth. (2) In the case of gas
soft-nitriding, the compound layer was mainly e-phase, and the porous layer including M;O,. The e-phase lattice
constant changes were smaller than in case (1). (3) In the case of ion nitriding, the compound layer was mainly 3’~phase.
a-Fe and e-phases existed near the surface region. The e-phase increased with depth. The pitting-resistance was poor
for the steel with thicker porous layer as in case (1). The reason was discussed with reference to the volume expansion
according to the formation of -, -, and M;0, phases.

® B B, 2O IR RO SRR I L 3 & UK
W TS B BE T - 7,

BEERT Y oY OB, AL, B LOER 25 L7, BEEEIE L TSI AR 30 5 Tk
IR, BRUEEEAUNS { By F 3 S B E Y LT, SUEmEANER S NB & ) 1ok - 720, Bl
FEELHTIWEIRD N T 5B, kD LEOER FEELTIE ONHARDAERWAREBE @
BEHANT & L CREBEIC S 1T X AR A, 4 KCNO St T 5175 SEIkes( %, @ NH, 7
DETEHLE £ ERFEDRLEE b 725 L, e 2 LRSS 2 (RXAR) D2RA LT 5 7 RIKES(L,
FEREN S BEEBRAECEFHENT NS, Lol, % @ N, & HOBRATRE TS R2dizik ) AL T
N T A0 AL CIEIB 91 123K 2 & 1 223 AT A A VELE (77 XeSHbE) S99 LN 5.
KTk B 7-hBIBE K E {, WEICERENLEH T SNk HFECEE N ST, SRS
HREE R0 L LR L b o7, 20T, TR S L B LA AN B, — IR EIRREDOR A L,
F B 72 TSI IR T 5 T TP N T 0 FEEIE L STOKGEE T 5 = L0 HBLTE 4 & {, 12



P120 /BEEMEISE RECWEBOMBRNE#REE Y 72 I8t

RIEATIHC LA T HEEEDS BT TH 5.

ERDOLAMIBITER T 5 R —F RBOIRESE L
DT B & - TRE B 2 L I35k 181
BNTWEYE, By F o 7RHE L OBRICOWTIRE
SNIHIDA e, FIT, HERD 53 A LT BIEH
we(l, A RIS, 4 F Bk BNTSRMEEY, K
MO R B rIcT a2 L bic, EvF ik
& DRLEIZ DWW THRET L7,

p-1 # H

7T0Mg iR CiEgitk, i L 7-Es o b2mas 2
B RITRY, IO A BRI, BE sl (1223
K), BiRL (943K) #iT-720b, FE1ROe—7—F
v F BB L, 20k, BIRISRT LI %,
BAES TS R R fE L 72,

F1R HEMOLES (Mass%)

Table 1 Chemical composition of steel (mass%)

C | Si |Mn|Cr|Mo|sol.LAl|Pb | V
0.2510.2710.90 | 0.970.20| 0.058 |0.11|0.09
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Fig.1 Schematic diagram of roller pitting test
Slant lines: touching parts of rollers

Roller B Unit : mm
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p | Fusedbath MOCN® 853K x 14. 4ks—>WC#
soft-nitriding

p |Fusedbath MCN® + Air 843K X 21, 6ks—OC
soft-nitriding

3 | Gas soft-nitriding RX® : NH;=6:4 863K X 14.4ks—0OC®

4 | Gas soft-nitriding | RX? : NH; : Air=4.8: 4.8 : 0.4 | 843K X21.6ks—>0C?

5 | Ion nitriding N,:H;:Ar=0.2:4.9:4.9 843K % 28.8ks—FC"P

6 | Ion nitriding Ny :H,=5:5 843K X 14.4ks—FC"?

a) Mainly potassium cyanate, b) Mainly potassium cyanide, ¢) Endothermic gas,
d) Water cooling, e) Oil cooling, f) Furnace cooling
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Photo 1 Scanning electron micrographs of cross-section of nitrided steels
(a)Sample Nod, (b)Enlargement of a part of (a),
(c) Sample No.3, (d)Sample No.4, (e)Sample No.6
S: Surface, CL: Compound Layer, PL: Porous Layer,
DL: Diffusion Layer
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Photo 2 Elemental mapping of cross-section of nitrided steel No.1 by using electron probe microanalyzer”
BES: Backscattering Electron Scanning image, Pb: L« intensity, Others: Ka intensities
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Elemental line profiles of cross-section of nitrided
steels by using electron probe microanalyzer”
(a)Sample No.1, (b)Sample No.3, (c)Sample No.6
CL: Compound Layer, PL: Porous Layer,

DL: Diffusion Layer, GB: Grain Boundary of matrix
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Fig.4  X-ray diffraction intensities as a function of polishing
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(a)Sample No.1, (b)Sample No.3, (c)Sample No.4,
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Fig.6  Schematic diagrams of cross-section structure in nitrided steels

(a)Fused bath soft-nitrided steel, (b)

Gas soft-nitrided steel, (c)lon nitrided steel

S: Surface, CL: Compound Layer, PL: Porous Layer, DL: Diffusion Layer, CR: C-rich Region




P 126 ~EEEmENSE RE(CLEHOMENEEE E Y 7o O

AT

) =2 2N L Z Ik ) OB M OBESIER TR L
O 3 TWLDT, KM S LRGSO TR ) &
2 BERL T2 e 82 60Lh, 22T, Bz LTl
- 72 XHHHIFNGESTAE X O BESE L 72 85l o fs 1 i
= UV, RLERLz koo Tl Lo Rk 2 Fe lmol
@ BN DA LT Rehiz, #0d5 a-Fe lmol #5717
iy P THLDITH L, FHUITIE8.25% 8. Tdem?, 1L
P MyQ,TlE 14 . 85em® k70 1), My O DR LA e
SHNZIE T H L CREWZ 27z, Lo T, ik
DA BT R TORE LIS 2 L LT Lo
LS LS,
i, K7 ZMILS 5 LUIEITA & OEERIR ST LA (88
6 Xa)] &4 2L (586 Rib)] otk LT, i
PREAUITIIR—Z ARz L e MlE y MDA LTH Y,
ZD MDA LR WS A 2, Felmol &7:21) & J1As
8. 7dcm?®, ' HIH8. 33cm?E 5 %DMEERD MDA B
B 5123, KUK TOTHERAE D & 2451 A
W AR A E A LA 2 Bl T ey
F o R R LR KD B 2 BLh, AT
AL (88 6 Bc)] DEMZ L e MlE yHIDSHA L T2
W%, HEET L 2okt ol B HhEEInTH 5 e oy (0001 ihi
&yl (111) nioss s S: [a,/V2a,] % kbliid 2
&, BERIKEAEBIOSAE1.022, 4 7 S it

b fpm 1.0025 %0, 4 7 > 3L Jins et BUE T d - 72,
ETE @ =gl (rL) & ﬂ{—ﬁxg (tp) DEEC ]': ¥ ; ,;'Iflf 1 LI'TSSC/}V’ AT K e L =
HEZEBE T TER (A ks i’) ’):f - llll: !.I H@i< 5 eﬂicl‘:”y 'i‘“m{LL'(I e
. : Eﬁﬂ NO.]. ("_) : ?It*—l- ND.E, A %ﬁ*—'- NO.S, s :f‘/ 7‘}-]’[":5'@5'”_.%'{'_}'2.0 L‘l}\'[m"‘() i’..u\b#lé.
A 2 Nod,
O: =8 Nos, B s Nos, += =
C TR 4_1ME_=
Fig.7  Estimated pitting area (A,,) versus thicknesses of
(ajcompound layer {t) and (bjporous layer () Huthiasl, A 2EHl, A A ek SR ko
@ : Sample No.i, () : Sample No.2, A : Sample No.3, i ey S e 3. s dare s
A : Sample No.4, [J : Sample No.5, Ml : Sample No.6, TS AR LI > TRl iz 5 DS ST
Arrow: Spoiling OPIVE /) (TP SRR P T (| BT ol O S U LR N ) O

EH] O0-—>—EvFrIsBEoyF v J80 SEMZ [HE Narl
@ #=m, D BmE
CL :t&a¥E, PL R—2B, DL : HME
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