eI

Bolfam > D 77 X< A BV B G RS Bt 15

B Technical Paper

WMODT 7 AT ZEICE T B BRRE DT AR

SRS S

Prediction of Nitrogen Distribution in Steels after Plasma Nitriding

Yasushi Hiraoka and Koichiro Inoue

Synopsis

This study attempts to make a simulation of plasma nitriding that can apply for commercial steels. Steels added with silicon,
chromium, molybdenum, vanadium and tungsten based on JIS-S40C were nitrided at 773 K for several times under the conditions
of whether the compound layer is formed or not. Afterward, the nitrogen concentration of these steels were measured by electron
probe micro analyzer and the microstructures were observed by optical microscope. For deciding the surface boundary condition
of diffusion layer, total transferred nitrogen changed by nitriding time, Py, (partial pressure of ammonia) and alloy elements was
calculated from the mesured nitrogen-depth profiles. Then the reaction rate constant K which decides the amount of generation
of alloy nitride per unit time were calculated as same method as the former report used by the nitrogen-depth profile of steels at
773 K. The alloy nitrides were considered to be CrN, Mo,N, and VN at 773 K. The simulation that considers these transfererred
nitrogen, reaction rate constant of alloy elements and the composition of alloy nitrides can predict the nitrogen concentration
distribution in diffusion zone at given nitriding temperature, time, Py, and composition of alloy elements.

Furthermore the incubation time of the formation of compound layer was comfirmed in some nitride conditions and steels.

The formation of compound layer after incubation time was comfirmed at the time when the most surface nitrogen concentration
in diffusion zone is larger than the nitrogen concentration decided by component of the steel. The thickness of compound layer
related by nitiriding time were mesured by optical micrographs and then the rate constant of compound layer thickness was
calculated. The thickness of compund layer can be calculated considering the incubation time of formation of compund layer in

steels and the rate constant of Py .
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fb&¥7. Zors, MARXHTAREL1: 4 THNIE
T Y EZT 5 Py=26 Pa, 213 T®NIXPy,=52P,
F724:1 THIUE Py =104 Pa L LR, £iLTH. 7Y
HOVELILER, (kD T T A ELIED L S %A
T RIS X B HAIA OMELTIE R <, BALEE O

Table 1. Chemical composition of steels (mass%).

C Si Ni Cr Mo \ W
JIS-S40C 0.4 0.2 0.1 0.05 < 0.01 < 0.01 < 0.01
Steel A 0.4 0.99 0.1 0.05 < 0.01 < 0.01 < 0.01
Steel B 0.4 0.2 0.1 1 < 0.01 < 0.01 < 0.01
Steel C 0.4 0.2 0.1 2.99 < 0.01 < 0.01 < 0.01
Steel D 0.39 0.21 0.1 6.01 < 0.01 < 0.01 < 0.0
Steel E 0.4 0.2 0.1 0.05 1.49 < 0.01 < 0.01
Steel F 0.4 0.2 0.1 0.06 3 < 0.01 < 0.01
Steel G 0.39 0.2 0.1 0.06 0.01 0.5 < 0.01
Steel H 0.39 0.2 0.1 0.06 < 0.01 0.98 < 0.01
Steel | 0.39 0.2 0.1 0.05 < 0.01 < 0.01 2.99
Steel J 0.4 0.2 0.1 0.05 < 0.01 < 0.01 6.09




BUIIERINEBLVEE 2 > TiTb b, 2721, RERE
WAL Tl 22N A 7 AEE TR IUE, A 4 SIS
L DHALERA OIREE FASRIY ) A AREIEH L. 4
0] D 4 FE B CIIBLERA OIREE LA IZIFEA LR SN
T, FORTERELFE L THA I & FAEFICL Y EE
B ORIR A AT VHERR L T 5. T 90 VvaEfbik,
10 mm X 10 mm X 50 mm £ & O3Bk F g8 A & 4
Wi col i L, P BAMEEHARELEE, EPMA IC X 5
SERIRESMIE, TR R Z XHEYT (DT
XRD) {ll5E % it LLEWiE OHLK % #HT L 72. EPMA
X 2EFERFEOWEIX, REHEICLVROEY.

3. RERER

3. 1 RFEMFERS

fUF1Y 7 AR O 6 7 B SR AL = Fig.1 ISR, &
KEHOABIZTRTNIA Y FETHL, 7V HNVE]L
Fefhid, Pw=26Pa, NA 7 AEH 420V, 713K IZT,
Steel A | 1.8 ks, Steel D, F, G & 10.8 ks, Steel J |2
WTIE 6.0 ks THLFEL 72, SIS DEMTIE, HFHHEM
BB S M b aE o ARIFRO bz v, £
72, DA IR L~ VT U A MRk e o T B,

3. 2 EXRERES

Fig.2 I3fCRM 212D\ T, Py =26 Pa, /XA 7 A
T 420V, 773 K 12 T Steel A 13 1.8 ks, Steel B (% 18

Plasma nitriding:7

Plasma nitriding: 773K

Bl L >80 77 X< A0 BT 5 2RI 70F B

ks, Steel C ~ Steel H {1 10.8 ks, & L T Steel J I3 6.0 ks
DEMFICTENBOEBRIBESMEZUWELHERTH
%. Steel C ~ Steel H 1 10.8 ks T[] —4ef CMLEL L T\
%75, Steel E ~H & B L C CrifRiL 7z Steel C, D &
R DT O M & <5 < 0.5 ~ 1 mass%
THD), SHITIEEESIEHS0 ~ 100 xm & &<
oTWh, SEMEOBEN X 5 EHIEEHMH DR
&, O Cr, Mo, V 7 Xa LMERTEE S OGN,
Mo,N'", WN' 722 & &&=t 2T 5 2 & A5
WEENTWa, HEOREIZZ ) Lty oih
CREOEBIC L VEE SN TWS Y. F72, SteelBD
HALE WG DO SN T WA, Si, WATRINE
NTW5 Steel A, TIZDWTIE, Bikd 5 X5 1be
@ asER LR <, @bt o OB #E 25 K OfH
RS A 720 IR TR L TW 5,

Fig.3 1 Steel D IZD W T Py, 2 & L& ¥/ L Eng
FIEESMOEIETH A, ORI, [F CHM K
GTLEEMFOENC L ) EBRIEEOHHITEL 5.
Py =26 Pa DL DR NI D W T A WG O A4 Bis3Ro
b7z, Figd |G e Z R T, LEWE O AR
WZDOWTIE, BERETF V¥ V2 AbEWEH R L 7w
FPH Y I L 2 T BB IS B0 X O A B
THHLERMERETERT A DOEELLN TS ",
L7255 T, RUELEHTH- THIMMHKICL - T
(&, F 72 CSb s b @412 L - TdfbaiE
PR T 2 REED D V), L DR S oMk S 5

Plasma nitriding: 773K

Fig.1. Optical micrographs of specimens after plasma nitriding, 773 KX1.8~10.8 ks, Py, =26 Pa, 420 V.
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Fig.2. Nitrogen distribution of specimens after plasma nitriding, 773 KX1.8~10.8 ks, Py, =26 Pa, 420 V.
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Fig.3. Nitrogen distribution of Steel D after plasma

nitrding, 773 KX18 ks, Py,,=26~104 Pa, 420 V.
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Fig.5. XRD pattern of Steel C after plasma nitriding, 773 KX72 ks, Py, =104 Pa, 420 V.
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mesured nitrogen-depth profile.
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Table 2. Appearance solubility limit of nitrogen in steels at 773 K (mass%).

1 mass%Si(Steel A)

6 mass%Cr(Steel D) | 3 mass%Mo (Steel F) |0.5 mass%V (Steel G) | 6 mass%W (Steel J)

0.1179 1.6546 0.1887

0.1409 0.1417

Table 3. Chemical composition of steels (mass%).

C Si Cr Mo Vv

Steel K 0.4 1 5.3 1.2 0.85

Steel L 0.97 0.9 8.3 2 0.2

Steel M 1.5 0.3 11.3 0.8 0.8

2 T
N ——
3 ——experimental | -==-Pxm3=52Pa
4 o —Py3=104Pa

A calculated
o

Nitrogen concentration / mass%

15

Distance from surface / mm
Fig.14. Comparison of the calculated and experimantally

mesured nitrogen profiles of Steel L after plasma
nitriding, 773 KX6~72 ks, Py, =104 Pa, 420 V.

o calculated(P y3=26Pa)
4 calculated(P yy3=52Pa)
° calculated(P yy3=104Pa)

Nitrogen concentration / mass%
f—

Distance from surface / mm
Fig.15. Comparison of the calculated and experimentally

mesured nitrogen profiles of Steel K after plasma
nitriding, 773 KX18 ks, Py, =26~104 Pa, 420 V.
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Fig.16. Relationship between thickness of compund

oy

Nitriding time /sec

layer of Steel D and nitriding time after plasma nitriding,
773 K, Py, =26~104 Pa, 420 V.
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Fig.17. Relationship between partial pressure of

ammonia and rate constant.
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Fig.18. Maximum nitrogen concentration of diffusion
zone before or after compound layer formation for Steel
K, L, M.
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Fig.19. Comparison of the calculated and mesured
thickness of compound layer of Steel K and JIS-SCM435
after plasma nitriding, 773 K, Py, =26~104 Pa, 420 V.
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