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Effect of Nitriding Temperature and Compositions on Diffusion
Layer’s Hardness in Gas Nitrided Low Alloy Steel Containing Chromium
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Low alloy steels containing chromium, JIS-SCM435, DIN-31CrMoV9 and JIS-SACM645, were gas—nitrided at 773 K, 813
K and 853 K under several nitriding potentials, where the compound layer was generated at almost the beginning of the nitriding.
Their hardness profiles and nitrogen distributions were characterized in the nitrogen diffusion layer. A linear relationship
between the hardness increased, AHV, and nitrogen content in the diffusion layer was detected at each nitriding temperature in
the steels. Their linear constants K were given by the Arrhenius type equation as a function of nitriding temperature in the steels.
The hardness increased in the diffusion layer was demonstrated by the Orowan bypass mechanism for CrN platelets in DIN-
31CrMoV?9. The linear relationship in low alloy steels can be represented when the total volume fraction of precipitates such as

CrN and AIN is less than several percent and their average particle size is less than 20 nm.
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Table 1 The chemical compositions of test steels (mass%).

Steels C Si Mn Cu Ni Cr Mo A\ Al
SCM435 0.36 0.21 0.79 0.14 0.07 114 015 — —
SACM645 044 029 0.28 0.18 0.12 143 015 — 097
31CrMoV9 0.32 0.25 0.61 0.23 0.09 2.28 0.19 0.1

Table 2 The gas—nitriding conditions in the present study.

Temperature, Time, Nitriding Potential
T/K t/ks Ky/atm~1/2
853 3.6,7.2,12.6, 18 1.2
813 7.2, 18, 36, 72 3.0
773 18, 36, 72, 144 4.5

Table 112779, JIS-SCM435 #i & DIN-31CrMoV9 $i3,
FEHHTCED Cr e N TN 1% & 2% EHL T 5.
JIS-SACM645 1%, 1.4%Cr & 1%Al O 2 FHEOZE(LY
BMILFEEEEL TS, CNOMOEEH D ¢ 20 mm X 6
mm ORBHF ZERL, HELEAT-/2. T7abb,
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Table 3 Standard samples for the quantitative analysis of
nitrogen concentration.

Nitrogen

Steels concentration Remarks
[mass% ]

7S8367-9 0.0044 Japanese Iron and Steel Certified Reference
Materials'¥

S45C 0.296 Nitrided 20 pum foil for 2 mass% Si added S45C

2.0 mass % Si . steel at 813 K for 72 ks under Ky=0.1

1S8370-1 0.417 J apanese ]Eron and Steel Certified Reference
Materials!¥

S45C 0.743 Nitrided 20 pm foil for 3 mass % Cr added S45C

3.0 mass% Cr ’ steel at 813 K for 72 ks under Ky=0.1
Nitrided 20 um foil for SACM645 steel at 813

SACM645 1.120 K for 72 ks under Kx=0.1

ﬁ D f: .

3. £ B & R

3.1 R EAMSEER

Table 2 IZ 5\ THEALIREE T b A LIRF R OF VK H#E,
F7bb, 773K-18ks—Ky=4.5, 813 K-7.2 ks—Ky = 3.0,
853 K-3.6 ks—Ky =1.2 TH AZALALIE L 725 O & BEEH W
T ONF B EMAR T Fig. 1 1TRT. WTFhoOKETE,
KEICIIW—HEIDETBHIBHINTED, MECE
b4MIC k- TERBALN S, #4um~10 um B X5
WRIN5B. Lo T, (LEWREIEIL I 15 OZE/ IR
RIZEL TS, 7z, {LaWEIE, SACM645 #iIC 5\ T
— R A PR N BT AR DRBDOOLNHHDD, <
7B AT =)V CREMER S FF TR S & At
B, EBIC, REBRGEHOHAAN T, EARFHECHRESZE
b L T Fig. 1 & MERICHIM R & AT 2 R - 7o F EHiHf
DI > TEEBBOREAEL, RbbawRENE<
TH% 28 um (853 K-3.6 ks—Ky=1.2 TH AL LI L 7=
SCM435 §f) Kifi T V0, BS540 O HFEm W EE 0.05
mm £ 9D b 20 um L EALEWRAT LN TWS Z L A6
L7z,

3.2 BEoH

Table 2 O F AL LM TR L =15 OILBUE BE S Ak
F4 Fig. 2 1IC7R 9. SACM645 #f o> 4 IR [ il O #& 5 % &
E, WO L 0.05 mm frE TRET HILEE RO
BEX (LT, 0.05mm B &M 1E, SELRFEICHK S F1E
E—EHETH S, F/, EREOHEA L &I S 2
HWmL, MMORSTHRAOHE 77 57 A Vb T%.
N B IREB AL B OMESHE R S 5 MR, G885
BEOHERKE V. flziE, 773K TH AL L /2 &
= ORI 51 2 L BEOMHEOE W% Fig. 2(a) (d)
(g)® 0.05 mm i S CRFEL TAD L, SACM645 A % b
P E AR & < (]9 1050HV), &I 31CrMoVI #il T V) (¥
800HV), Z L T bWLEA/ NS\ VDH SCM435 8l (59
680HV) Th 5. —77, IEBESIE, B LEOK & Wik
FENES L I BEBNCH S (BEEH 0.3~0.5mm).

FALIRIE OB O\ Tid, SACM645 #ll % 611 Fig. 2



g 4 5 I AGALAMB L 7= 7 B A EHISE SO TR S 12 FUE SR & &8 OFE 255

SCM435 SACM645 3 CroV9

Fig. 1 Microstructures near the surface of gas—nitrided steels in the cross section.
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Fig. 2 Hardness profiles in the diffusion layer of (a)—(c) SCM435, (d)—(f) SACM645 and (g)—(i) 31CrMoV9 nitrided at 773 K,

813K and 853 K.
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Fig. 3 Relationship between increase of hardness (AHV) and nitrogen concentration (Cy) in the diffusion layer of (a) SCM435,
(b) SACM645 and (c) 31CrMoV9.
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Fig. 4 Relationship between In (Cy/AHYV) and 1/T of the
steels gas—nitrided at 773 K, 813 K and 853 K.
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Fig. 5 Carbon concentration profile for 31CrMoV9 steel gas—
nitrided at 823 K for 36 ks under Kx=3.0 atm /2.
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31CrMoV9 nitrided at 813 K for 36 ks. Deviation from solid and
dashed lines is of correlation coefficients with 0.98 and 0.94,
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A AT L 72 7 0 LSRRG SHO PR S 12 RUE T SR & 680 OFE 257

%, BERIGT Aoy, D 1/3 ThbHEL, R(4) BB LN
Aty 1E, doy=247, OBIFRA % VT L 72, Fig. 6 ICHE
KOMEBBBREI r Lt B REL WL ODhDOHEFITD
WO S CEFRREE L OBIRE IR L SR A R R
A ZOBECOWTHEEL, ILEE OGS Ji 1 2R
IR LT, B S & ERRE ORI DR SN S P ORGE b
fT-7-. Fig. 6 ICKiF % r=10nm, f=1nm OFEOFHE
fE 4 (Fig. 6 [ )%, Yokoi 590> 823 K-18 ks TH ARk
{LZALABE L 7= 3% Cr iRl O JL#E TEM Bl R % &
FZICL/cdDTHY, BHRIRE & Aoy ICEHH OB R
»bn, EHIE(Fig. 6 FO) DE X ITEV. Yokol 5191,
CrN DR FH A ROV THHBBROBEEROA N O F
KELTEY, BHELEET—X Tldk\wvw. 22T, HIEiE
DRKENVEEZONDEI X2 5L, #t=0.5 TEHRIHE
LI T HERPEONS (Fig. 6 BA). ST A L
L7z Cr & HEESMOIBUE O CrN RLFid, fek@Eo
FTRKEVLDOF20nm BEORITHABY. 22T, K
PR FEZ r=20nm & L7255 IOV THRHPIZV T
RLUJz. SEBRFE 20 nm CHBEA RN T 5. K
FHAXD—ETHNIL doy IZEEXR 21l 57
O, BBEEROFGEHRCIGHREBR TH - Th, doy (214
NS EREEL2 L b IR R 2 R 25, Fig. 6 IR 4515
BRTE, WINLER & OHBREOMREIT 0.94 DL E
ThO, BREE L Ao, OFR & ZTHMIBEARMBE D 37
D, D%, BREENEL LT EHBRKIT NS R
D, ERRE L Aoy OBBERILOBRETIKEL LS
B, AEEEMILEE I B 5 CrN 2 AIN OFRMERERIT IR
KTHEXHHETHY, PR TY A AP K S 10~20 nm,
JEX0.5nm #RE L /2BE, ERRE L do, OFIZEART
AT E LT ERE S w-> TWb.

EXD, AEMILEEFIZ VT CrN % AIN O
BRRRKTEXHIE LSz, SEERICE T 50T
YA ARFA—TH-7c b LTh BT EEREE L AHV O
MUCARTEBIRR AL T 5. E7, AHV L 2E5E S OB
RO TREOBOHFAET HT ERHLL IR T. BT,
Fig. 3(c)IZ7=¢ 31CrMoV9 #id 813 K-36 ks DfEHICIn 2.,
7.2ks, 18ks, 72ks TH AEAL L /2B AEICOWTH AHV &
ZFRECNEOBEMRETHEEL, WIThOKEDHESZ
(4HV/Cy) & & Fig. 3(c) DFER LEREM SRR TH D,
AHV ¥» Cx OFATME D 813 K-7.2~72 ks O CHAZ T 5
T EERMERAL. Lieho T, 813K T7.2~72ks £ TH
@b L 7z 31CrMoV9 Sl Tid, ILEJEMNICHAES 5 CrN O
L7723 10~20 nm OHEIPATHEL T0H LD EEZD
N5. MoOERMCEEEICRT SR 794 X & OBRIT
THTHZH, AHV L EFRRBE & ORWELBIL T 51
12, IEEPO CrN B LU AIN ORERBPE XL FTH5H
2k, FENGOPRFEN 20nm LFTHAH T EH
S i 72 & IS T BN S,

5. #&

il

T AEALAB L 7= Cr G H KRG SMOIHENE & & SR



258 Bk & & %

B DB FRIC KUE I AL ABIR E & OB 50T 5
72, 773,813 38 LU 853 K D FIME TH AL L 72
SCM435 $il, SACM645 #i¥s & UF 31CrMoV9 #i o I ik /& e
SOAi B KUINRUB P OERRE 2 FHE L, B S L ERRE
EOBIREI S AT Lz, DTSk #ma R

(1) Al - FEEICSWT, IKHREPO S inE
AHV (=R O & — SR OO &) & SRk
B ORGSR bl £ LT, #lflEohilEE
Ky 3, mEOBKE L TUTICE L.

KPPM85=1 720 x 10~ exp < *—4(?7>
K§OM6529.277 x 102 exp ( —— )
K{oMoV9=1.627 x 10~ exp < ——37;,)7>

(2) 813K T7.2ks 6 72ks £ TORM L EALKEHETH
ZEE b L 7 31CrMoV9 SO E R YT & AHV & DR
it, CrN T & BEERLD /S A /S 2R A £ > B b B &
v, ZOFEWRFY A ABEE 10nm~20nm, E 0.5
nm ZRETHEICL > THEAMEEZ L SHPTE.
AHV Y SERIEE & OIS S LR R IREE O S F A
IR L THOZ T AIC4E, JEEE @ CrN $5 XU AIN Ok
EDPBXLTTHAZ L, TN bOFHR T 20 nm
DFTH5C ez d & <hs.
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