US 20240229178A9

19) United States

(12) Patent Application Publication

10) Pub. No.: US 2024/0229178 A9
8) Pub. Date: Jul. 11, 2024

HIRAOKA CORRECTED PUBLICATION
(54) NITRIDING TREATMENT METHOD FOR 30) Foreign Application Priority Data
STEEL COMPONENT
Feb. 17,2021  (IP) ceoevvcirrcccerc 2021-023129
(71) Applicant: PARKER NETSUSHORI KOGYO C . .
CO., LTD., Tokyo (IP) Publication Classification
(51) Imt.CL
(72) Inventor: Yasushi HIRAOKA, Tokyo (JP) C21D 8/02 (2006.01)
(52) US. CL
(21) Appl. No.: 18/546,438 CPC ..ot C21D 8/0257 (2013.01)
(22) PCTFiled:  Feb. 16, 2022 &7 ABSTRACT
The invention is a nitriding treatment method for a steel
(86) PCT No.: PCT/IP2022/006065 component including at least two nitriding treatment steps,
§ 371 (©)(1) ie, a ﬁrs.t nitriding treatment step in which a nitri.di.ng
2) Date: ’ Aug. 15. 2023 treatment is performed to a steel component under a nitrid-
’ g 1 ing gas atmosphere of a first nitriding potential, and a second
nitriding treatment step in which another nitriding treatment
Prior Publication Data is performed to the steel component under another nitriding
gas atmosphere of a second nitriding potential lower than the
(15) Correction of US 2024/0132985 Al Apr. 25, 2024 first nitriding potential, after the first nitriding treatment
See (22) PCT Filed. step. The first nitriding treatment step and the second
See (86) PCT No. nitriding treatment step is performed at a temperature within
See (30) Foreign Application Priority Data. a range of 500° C. to 590° C. The first nitriding potential is
a value within a range of 0.300 to 10.000. The second
(65) US 2024/0132985 Al Apr. 25, 2024 nitriding potential is a value within a range of 0.253 to 0.600.

\ 21 — — 27 = ) | l-ss

Ew::f“\“““;::?‘i \\2 = 4‘7{ j 30 4
10 1 L =N
E]; e —~@ T e I
, il if e e :[1: xlli
L !1 ;F » '7; é 1l 1
PN N

H
N [



Patent Application Publication

Jul. 11,2024 Sheet 1 of 9

FIG.1

US 2024/0229178 A9

13
y
!]:
|
N
Before Loading | Loading Nitriding Treatment Oil Cooling
Furnace Temperature 550°C 550°C 100°C
Time {min) - - 240 80 15
No{L/min) 70 70 70 - -
NHa(L/min) 80 80 Controlled Controlied -
AX{L/min) - - Controlled Controlled -
Total Gas Flow _
Amount(L/min) 160 160 160 160
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Temperature Raising Nitriding Treatment Termperature Lowering
Furngce Temperature] ~ 350°C | ~ 550°C 550°C ~ 400°Ci~ 100°C
Time {min) - - 240 80 - -
MNoL/ min) 40 - - - - 20
MNHa(L/min) - 40 Controlled Controlled |Controlied -
AX(L/min} - = 20 30 30 -
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FIG.6

First Nitriding Treatment Step Second Nitriding Treatment Step Used ldentification! Thicknsss
ise sl of Roirhade
Gas Flow Amount Gas Flow Amount Steel Result of of

Type Phase  {Compound
i Time [KNG NHz | AX Nz | Total [Tedsy Time i KN] NHz | AX | Total (XA Layer

‘min)i SCM440 ¥’ 154m
Example -2} 500°C [540min} 0.6 | Controlled | Controlled | 70/ min} 11800/ min} 560°C 80rnint 0.5 | Gontrelied] Sentrofisd | 1600/ min)i SCM44G v’ Bum
G°C 420minl 7 i Controllsdi Controlled | 700/ min} 1866/ min) min)i SCrd el Y 124m
G°C {240mini 2.5 | Controlled ] Controled | 700/ ming 1600/ mind} 550°C 160mini §.3 | Canirolad] Sentrofisd i SCM415 ¥’ 124 m
C ) S450 7
in)i SCM415 Y §um
(i)t SCr420 v’ §im
H Cortrotied ) 1800/ min)i SCM415 ¥ 13um
Controfied | 16001/ min)t S45C ¥’ 134 m

Example1~1: 500°C [540min} 10 {Controlied | Cortralled | 760 /min [1800/mirg} 500°C I80mini 0.8 | Conrolied| Sontrolied] 1500

Examplet-3152 F0°C 180mini 045 Controlled | Controtied

Example!-4} 55

S0 Ra0ming 2 {Controlled | Contralled | 78{1/ ming |1800/min)} 550°C 160mini 0.3 Dastrollad| Dontroled
550°C 180min

Examplel-5 5um

Example! -6} 550°C {240mint 1.5 | Controlled Controlled | 700/ min} H Gontrotied
Example1-T1570°C [180mini .7 { Controlled | Controlled | 700/ min {18060/ minl} 570°C 180eminif.;
Example]-81580°C [ 20mind 1.2 | Controlled i Controlled | 70/ min} 580°C 160mini0.:

Example] -8 550°C {1 20minl 1 {Controlledi Controlled ] 700/ min} {18001/ min)l 530°C 160mini02531Co

fart| Controtfed

Ggg?ggrg‘t‘f@ 500°C 540ming § {Controlled] Controlled] 700 i |186(/rin) 500°C [80rmini0.

%3;‘33{6;1’;’? i50°C [240min 2.5 Controlled Contralled | 70U/ min} | 1560/ mi)) 550°C [B0rminy 0.25
FoTRaIaivel 580°C 11 20miny 1
rative N

SCM435, v+ | 11pum
SCM415] vra | 12um
SCM415E y'+a | 13um

S45C ¥ 13um

5 {Controlled] Controlled§ 700/ min} [180(/mirg] 580°C |60mi

S0°C 1 20minf 1

fad Gortrofies

odi Contralled | 00/ mir 1600/ mirgl 380°C 160min

ag] Gontrofis
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FIG.7

First Nitriding Treatment Step Second Nitriding Treatment Step Used ldentification! Thicknsss
ise sl of Roirhade
Gas Flow Amount Gas Flow Amount Steel Result of of

Type Phase  {Compound
i Time [KNG NHz | AX Nz | Total [Tedey Time i KN] NHz | AX | Total ’ (XA Layer

Exampled~1! 500°0 500min /min)l SCM440 Y’ 15um
Example2-21 560°C [500min} 0.6 | Controlled Controlled | 50{1/ min} 11200/ min)} 560°C [80mini 0.5 | Contrelied] Sentrolied | 19001/ min)i SCM440 v’ Bum
3 520°C 180mini0.451 Cortrolied ] Controfied | 100 min)i SCr420 Y 1Zum

Example?~41 550°C 1210min) 2.5 | Contzollad| Contralled § 500/ min} [1200/min)l 550°C 180mind §.3 1 Contralisd| Controlisd i SCM415 ¥’ 124 m
) S450 7
in)i SCM41E Y §um
SGra20 7" Sgm

H Cortrotied | 1000/ min)i SCM415 ¥ 13um
Controfied 1 100G/ min)i - S45C ¥’ 134 m

10 | Controlled | Controlled | 500/ i} 11260/ mird] 500°C I60mini 0.8 | Sontrolled| Sostrofied | 106(:

Exampled-31 52

0
G°C13%0mint 7 {Conteolled] Conteolled { 500/ min} [120(/min
i)

Example?-51 55070 12 10mint 2 {Controlled] Controlled§ 500/ min} [1200/min)] 550°C 160mini 0.3{antraled] Sontrolied 15um

H Controfied} 16(

Example2-6] 550°C 12 18minl 1.5 | Controlled Controlled | 500/ min} 11200/ mirl 550°C 80mini 0.310
Example2-71570°C [160mini 0.7 { Controlled | Controlled | 500/ min} 11200 /mim)} 570°C 180rmind0.271 Controlied] Controfied | 1000
Example2-81580°C 110mint 1.2 | Controlled{ Controlled ] 504/ min} 11360/ min)} 580°C 180mini0. 7810
Example2-81 590°C 1110min 1 {Controlledi Controlled] 50/ min} {1200/ min)} 530°C 160minif.253
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%;’gﬁg{;z”{s 500°C (500minf i Controlled] Controlled | 00/ reing {1260/ min) 500°C 180rmini0.
%i;’,&g{;ﬂp& 550°C 12 10min 2.5 | Conteolled Cortrolled | 500/ min} |1260/min)l 550°C 180rmin0.28
({)c{»ggar 51 580°C 10minf 1.5 {Controlled | Controlled | 500/ smin} 1260/ mir)] S80°C 180min

ot S R
gomperative! saoC 1 10minf 1 |ontolld| Conales

SCM435] v+ | 11gm
SCM415] v+a | 12um
SCM415L y+a | 13um

S45C ¥ 13um

fad| Gontrofied

500/ min} {1200/ min)} 580°C {60min
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F1G.8

First Nitriding Treatment Step Second Nitriding Treatment Step Used ion} Thickness
se onl Thickness
= - Fome Floms Ao i : of
Gas Flow Amount Gas Flow Amount %t;e; Compourd
g ime [KNi NHa | AX | Total [Twennl Time [KN| NHg Total Layer

Example3~11 500°C 1540min 10 | Contralled  Controlled |1 600/ rin) 500°C 16Cmini 0.8 | Gontroled
Exampled-21 500°C 1540min 0.6 | Controlled | Contrallad |1 60(1/ minl 500°C 60mini 0.5 { Conrrolled

0
Exampled-31520°C 420minl 7 iControlledi Controlled {18001/ min)l 520°C B0min| 045 Controlled | C
{

edi 160{/min}] SCM440 T’ 134m
1601/ minii SCM440 ¥ 7 im

lod{ 16601/ miny] STr420 ' THum
Exampled~4i 550°C 1240min} 2.5 § Contralled | Controlled 116001/ min}l 559°C I60mini 0.3 {0ontrollad | Contralisd 1800 /min}} SCM415 ¥’ tTum
Exampled-5i 5507 1240minl 2 {Contralled | Contralled {160/ min)i 550°C 16Cmin 0.3 { Controlled | Contralied | 160/ min}}  S45C s T4um
Exampla3~8i 550°C [240min| 1.5 i Contralled | Gontrolled 18001/ min{ 550°C I60min} 0.3 Contvolled | Contratied 1600/ min}} SCM4 15 T’ S54m
Exampled~71570°C [180minj G.7 | Controlled  Controllad {1 60{1/ min}l 570°C i60mini0.27 | Cortrolled | Controlied | 1600 /min] SCrd20 ¥ Bim
Example3-81 580°C 1 20min| 1.2 | Contrelled i Controlled {1 6001/ min)] 580°C I60mint0.26 1 Controlled | Contralled | 1600/min}} SCM415 ‘s 12um
Exampled-8{ 590°C H20mind 1 {Contralledi Controllad 116001/ min}l 580°C i60mini0.253i Contralled | Controlied | 1600/} S45C ¥’ 124m

1800/ min}} SCM435] y+ao | W0um
wrolled] 1600/mind} SCME1S| v+ | T1um
1800/ min}] SCM4I5 | v+ | 124m
160/minjl  S45C ¥ 12 um

?;“pgi’g;? 500°C [540min} 8 { Contrelled  Controlled 118001/ min}| 500°C 180mint0.25} Controlled
&L B50°C 1240mint 2.5 | Controlled | Controlled | 180(/ miny] 550°C 60mini9.25] Controlled
580°C 11 20min] 1.5 | Controlled i Dontrolled 11 60(1/ ming 580°C I60mini 0.2 { Controlled

arativel onoe :
%ﬁg’ﬁp{e(sﬁ’f 550G 2ming 1

18001/ ming] 530°C 160mini 0.2 { Controlled
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F1G.9

First Nitriding Treatment Step Second Nitriding Treatment Step Used ion} Thickness
se onl Thickness

s Fi ) Gas Flow Amoun j ' o
Gas Flow Amount Gas Flow Amount %t;e; Compourd

Layar

Tmatey Time [KNE NHz 1 AX | Total [Taeds Time (KNE NHg
Exampled~1! 500°C1500min 10 | Contralled  Controlled |1 200/ rrin) 500°C 16Cmini 0.8 | Gontrolled {0

Total
fed | 100/ min}} SCM440 e 4um
100/ mint SCM440 ¥ 7 im
e 1000 /min}} SCrd420 e ttum
ed| 1000/ min}] SCM415 ¥’ tigm

00/ min} 345C Y’ 1 B8um
1100/ min}} SCM418 T’ Sum

Exampled~21 500°C 1500minl 0.6 | Controlled | Contrallad |1 201/ minl 500°C i60mini 0.5 { Cantrolled

Exampled-3{ 520°C 1380minl 7 {Controlled i Controlled |1 201/ min} 520°C 168mind .45 Controled {C

Exampled-4i 550°C 1210min 2.5 { Contralled} Contralled [§ 2001/ minil 559°C 160mini 0.3 { Contralled {©

Examplad-5{ 550°C 210min) 2 {Contralled | Contralled |1 2001/ min}{ 550°C 160min} 0.3 Contralled | O
[

Examplad~8i 550°

210mini 1.5 Controlled i Gontrolled 112001/ i} 550°C 160min} 0.2 Controlled | G

Exampled~71 570°C {160min} G. 7 { Controlled | Controlled |1 201/ min}l 570°C 168mini 0.7 1 Controlled { Gomrolled | 100(1/mird] SCr420 ' Hium
Exampled-8i 580°C H10min 1.2 | Contrelled | Controlled [ 2001/ min)] 580°C 160 mini0.268 1 Controlled | Controlied | 1000/min}! SCM415 ‘s Ttum
Example4-8{ 590°C H10mind 1 {Controlledi Controllad 11 200/ mindl 580°C I60mini0.253i Contralled | Controfied | 1000/ i)} S45C ¥’ TtTum

%ﬂg}gg@é‘.‘? 500°C [500min| © | Controlled | Controlled 112001/ min}| BOO°C 180min{0.25 Controlled {Conrofied | 100 /mind] SCM43S | 7'+ | 10um
Egﬁg;j@‘rf 550 {216min 2.5 { Controlled § Controlled {1 2001 /min}{ 550°C 60mintf).25 | Controlled | Controlied| 1000 /mind} SCM4TS ] v+ | Ttum
Eomparativel sane 1.5 Controlled} Controlled {1 2041/ min}] 580°C 160min} 0.2 i Controlled | Controlled | 1000/ i)} SOM4I5 | v+ | 12um

Exa
%";Q@gieiﬁf 5O0°C 1 i0ming 1 | Contralled Controllad {12001/ min)] 580°C 180mind 0.2 Contralled | Conirollad ] 1000/min}] - S45C Y | 2um

110min
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FIG.10

First Nitriding Treatment Step Second Nitriding Treatment Step Used Thickness
ise R

Gas Flow Amount Gas Flow Amount Steel Bha Co QE 4

Fype ase sompound

of Time KNG NHg | AX | Total e Time 1 KNT NHz | AX | Total (XRD) Layer
Exampled~1] 500°C 1500min] 10 | Controlled |500/min}] Variable | 500°C 180mini 0.8 | Controlled 1500/ min}| Variable | SCM440 v’ 18um
Exemple5-2{ 500°C [500min] 0.8 | Cuntralled {500/ mins] Variable | 500°C [60mini 0.5 | Controlled 1500/ min}| Variable | SCM440 v’ Bum
ExampleS-3| 520°C 1380miny 7 | Controlled {56(1/min}] Variable | 520°C 160mini 0.45| Controlled 1500/ min}| Variable | SCrd20 b
2 10min| 2.5 1500/ min} Variable | 550°C [60mini 0.3 in)i Controlled | Variable | SCM415 v’ 124m
21 0ming 2 | Controlled {500/ min}] Variable | 550°C [80mini 0.3 | Controlled 150/ min)| Variable | S450 ke B5um
0°C 210min} 1.5 | Controlled {50/ min}| Variable | 550°C [60mini 0.3 | Controlled | 50(l/min}| Variabie | SCM415 ¥’ am
160mini 0.7 Variable | 570°C 160mini 0.27 | 500/ min)] Dontrolled | Vawiable | SCrd20 ¥’ Sm
Example5-8]{ 580°C 110min) 1.2 | Contolled {56(/min}| Variable | 580°C |80mini0.26| Controlled §530(/min}| Variable | SCM415 7’ 134m

ExamplaB-8]880°C H10min] 1 i Controlled |56(/min}| Variable | 580°C 180mini0253] Cortrolled 150( min}| Variable |  S45C e 123um

124m

Exampla5—4]5

Example5-5{ 550

Exampleb-8

Exampleb~7

50{/min}] Variable | 500°C [80mini0.25] Controled | 50(/min}| Varisble | SCM425 | v '+a ttum
Gomparative | 5once b1 50{/ming] Variable | 550°C [60mini0.25] Controled 1500/ min}| Variable | SCM4IS | 7v'+a 12 4 m
VE 1 580°C [ 10min Yariable | 580°C [80min 0.2

'${B80°C 11 10min] 1 | Conteolled {56(1/ rin}] Variabie | 580°C |60mini 0.2 | Controlled | 50/ min}| Variable | S45C v 134m

Tammaraive 1o ;
EomBAEEYY | 500°C {500min

3 Con

1 Controlisd | Variable | SCM415 | v '+a 134m
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FIG. 1

First Nitriding Treatment Step Second Nitriding Treatment Step Used [dentificetioni Thickness
Jse e e

Gas Flow Amount Gas Flow Amount Steel Ri?;l: N C,‘,ﬂci{ﬂun“i

Type Faase APAPDUNG

imelKN! NHa | AX | N2 | Total AX | Total {XRD) Layer

Examplef~1i 500°C [540min) 10O | Controlfed 150(/min}i Contralled | Variable} 500°C 160min

sy Time

1500/ min} Variable | SCM440 v’ 15 m

Exampleb~2i 5000 540mint 0.8 § Controlled [50()/ min}i Controlled | Variabla] 500°C 180min H500/mind Variable | SCM440 v’ Bum
Exampleb-31520°C 1420minl 7 Controlled [50(1/min}i Controlled | Variable] 520°C B0mini .45 Controlied Variable ] SGr420 v’ 1Zum
Examplef-4} 550% i Controlled | Variable! 550°C 160min 4} Varigble | SCM415 ¥’ 124m

C 1240min
(9

Examplef-51 550°C 1240min S0/ mingi Controlled | Variable| 530°C i60min 500/mindt Variable | S45¢ ¥’ 151 m
ExampleB-61 550°C {240mint 1.5 Contralled {5001/ min}i Controlled | Variabla 550°C §0min ed 1500/ minl Variable | SCM415 v’ Sum
Exampleb~71570°C [180mini 0.7 {500/ rmin)] Controlied § Cartrofled | Variable] 570°C 180mini0.; il Gontrofied | Variable | SCr420 e Gim
Example8-81 520°C 11 20mini 1.2 Controlled {3001/ mindi Controlled | Variable ] 580°C 180mini0.] HEO0/min) Variable | SCM415 ¥’ 134m
ExampleB-81 580°C 11 20minl 1 | Cortrolled [BO(I/ mindi Contralled | Variable] 530°C I60miniB 55 Controlied 500/ min) Variable | S45C ¥’ 134 m

GComparative G
s Tis00°c

S40mint O 1 Controlled 1500/ min}i Controlled | Variable] 500°C 160mini0. ed 150! /min)j Variable | SCM435 v+ | 11um

xarmpleS—
%‘;}‘f’g{gg‘;j’ 550°C {240min} 2.5 | Gontroled {50{1/ main}i Controlled | Variable] 550°C 180rmini0. 261G {500/ min)| Varieble | SCM415] y+ar | 124m
%i;i;&; 0 RB0°C 11 20mid 1.5 1500/ min)| Controlied | Controlled | Variable] 580 |50min Cotrolied| Variable | SCM4151 y+o | 134m

Comparativel ponas

Eamping-41 020°C [120ming 1§ Cortrolled 300/ mind Controlled | Variable| 580°C (60min irlied 500/ min} Variable | S45C o 134um
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NITRIDING TREATMENT METHOD FOR
STEEL COMPONENT

TECHNICAL FIELD

[0001] The present invention relates to a nitriding treat-
ment method for a steel component which comprises at least
two nitriding treatment steps.

BACKGROUND ART

[0002] For a steel component such as a gear used in a
transmission for an automobile, a high pitting resistance and
a high bending fatigue strength are required. In order to meet
such requirements, a carburizing treatment and/or a nitriding
treatment are known as a technique for reinforcing such a
steel component such as a gear.

[0003] For example, JP-A-2013-221203 (JP application
number 2012-095035) (Patent Document 1) has disclosed
that, in order to improve a pitting resistance and/or flexural
fatigue strength of a steel component, it is effective to
produce an iron nitride compound layer having a y' phase as
a main component on a surface of the steel component by a
nitriding treatment.

[0004] In addition, JP-B-6378189 (Patent Document 2)
has disclosed a nitriding treatment method including a first
nitriding treatment step in which a nitriding treatment is
performed to a steel component under a nitriding gas atmo-
sphere of a nitriding potential for generating a nitride
compound layer of a y' phase or an ¢ phase, and a second
nitriding treatment step in which another nitriding treatment
is performed to the steel component under another nitriding
gas atmosphere of another nitriding potential lower than that
of the first nitriding treatment step resulting in deposition of
a y' phase in the nitride compound layer, in order to suppress
variation in mass production. Specifically, a gas nitriding
treatment performed at a temperature of 600° C. using two
types of gases, which are an NH; gas and an H, gas, is
described as an example. More specifically, at a temperature
ot 600° C., a range 0f 0.6 to 1.51 is adopted for the nitriding
potential in the first nitriding treatment step, and a range of
0.16 to 0.25 is adopted for the nitriding potential in the
second nitriding treatment step.

Prior Document

[0005] The Patent Document 1 cited in the present speci-
fication is JP-A-2013-221203 (JP application number 2012-
095035).

[0006] The Patent Document 2 cited in the present speci-
fication is JP-B-6378189. Summary of Invention

Technical Problem

[0007] The present inventor has further studied the nitrid-
ing treatment method disclosed in JP-B-6378189 (Patent
Document 2), and has found that, in a temperature range of
500° C. to 590° C., setting the nitriding potential at the
second nitriding treatment step to be higher than 0.25 is
more effective in depositing the y' phase in the nitride
compound layer.

[0008] According to the present inventor, the action (reac-
tion) in which the y' phase is deposited in the nitride
compound layer is affected by both the nitriding potential
and the furnace temperature. In a temperature range of 500°
C. to 590° C., if the nitriding potential at the second nitriding
treatment step is set to be 0.25 or less, an a phase which is

Jul. 11, 2024

lower in hardness than the y' phase is also deposited. This
results in an insufficient pitting resistance and/or an insuf-
ficient bending fatigue strength.

[0009] The present invention has been made based on the
above findings. It is an object of the present invention to
provide a nitriding treatment method to be performed in a
temperature range of 500° C. to 590° C., which enables a y'
phase to be deposited in a nitride compound layer in a
suitable manner and thus achieves a high pitting resistance
and a high bending fatigue strength.

Solution to Problem

[0010] The present invention is a nitriding treatment
method for a steel component, including at least two nitrid-
ing treatment steps, i.c., a first nitriding treatment step in
which a nitriding treatment is performed to a steel compo-
nent under a nitriding gas atmosphere of a first nitriding
potential, and a second nitriding treatment step in which
another nitriding treatment is performed to the steel com-
ponent under another nitriding gas atmosphere of a second
nitriding potential lower than the first nitriding potential,
after the first nitriding treatment step, wherein the first
nitriding treatment step is performed at a temperature within
a range of 500° C. to 590° C., the second nitriding treatment
step is also performed at a temperature within a range of
500° C. to 590° C., the first nitriding potential is a value
within a range of 0.300 to 10.000, the second nitriding
potential is a value within a range of 0.253 to 0.600, a nitride
compound layer consisting of a y' phase, or an ¢ phase, or
mixture of a y' phase and an ¢ phase, is generated during the
first nitriding treatment step, and a y' phase is deposited in
the nitride compound layer during the second nitriding
treatment step.

[0011] According to the present invention, since the sec-
ond nitriding treatment step is performed at a temperature
within a range of 500° C. to 590° C. and the second nitriding
potential is a value within a range of 0.253 to 0.600, the y'
phase can be deposited in the nitride compound layer in a
suitable manner while an a phase, which is lower in hardness
than the y' phase, is inhibited to be deposited therein. Thus,
a high pitting resistance and a high bending fatigue strength
can be achieved.

[0012] In the present invention, for example, the first
nitriding treatment step and the second nitriding treatment
step may be performed in sequence in a same thermal
processing furnace, which is a batch type of thermal pro-
cessing furnace; three types of gases, which are an NH; gas,
an AX gas and an N, gas, may be used in the first nitriding
treatment step; a nitriding potential during the first nitriding
treatment step may be controlled to be close to the first
nitriding potential by changing an introduction amount of
each of the NH; gas and the AX gas while keeping a total
introduction amount of the three types of gases constant; two
types of gases, which are an NH; gas and an AX gas, may
be used in the second nitriding treatment step; and a nitriding
potential during the second nitriding treatment step may be
controlled to be close to the second nitriding potential by
changing an introduction amount of each of the NH, gas and
the AX gas while keeping a total introduction amount of the
two types of gases constant.

[0013] In the above control manner, the effectiveness of
the present invention wherein the first nitriding treatment
step is performed at a temperature within a range of 500° C.
to 590° C., wherein the second nitriding treatment step is
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also performed at a temperature within a range of 500° C. to
590° C., wherein the first nitriding potential is a value within
a range of 0.300 to 10.000, and wherein the second nitriding
potential is lower than the first nitriding potential and is a
value within a range of 0.253 to 0.600, has been proved.
[0014] Alternatively, in the present invention, for
example, the first nitriding treatment step and the second
nitriding treatment step may be performed in sequence in a
same thermal processing furnace, which is a one-chamber
type of thermal processing furnace: three type of gases,
which are an NH; gas, an AX gas and an N, gas, may be used
in the first nitriding treatment step; a nitriding potential
during the first nitriding treatment step may be controlled to
be close to the first nitriding potential by changing an
introduction amount of each of the NH; gas and the AX gas
while keeping a total introduction amount of the three types
of gases constant; two types of gases, which are an NH; gas
and an AX gas, may be used in the second nitriding
treatment step; and a nitriding potential during the second
nitriding treatment step may be controlled to be close to the
second nitriding potential by changing an introduction
amount of each of the NH; gas and the AX gas while
keeping a total introduction amount of the two types of gases
constant.

[0015] In the above control manner as well, the effective-
ness of the present invention wherein the first nitriding
treatment step is performed at a temperature within a range
of'500° C. to 590° C., wherein the second nitriding treatment
step is also performed at a temperature within a range of
500° C. to 590° C., wherein the first nitriding potential is a
value within a range of 0.300 to 10.000, and wherein the
second nitriding potential is lower than the first nitriding
potential and is a value within a range of 0.253 to 0.600, has
been proved.

[0016] Alternatively, in the present invention, for
example, the first nitriding treatment step and the second
nitriding treatment step may be performed in sequence in a
same thermal processing furnace, which is a batch type of
thermal processing furnace; two types of gases, which are an
NH; gas and an AX gas, may be used in the first nitriding
treatment step; a nitriding potential during the first nitriding
treatment step may be controlled to be close to the first
nitriding potential by changing an introduction amount of
each of the NH; gas and the AX gas while keeping a total
introduction amount of the three types of gases constant; two
types of gases, which are an NH; gas and an AX gas, may
be used in the second nitriding treatment step; and a nitriding
potential during the second nitriding treatment step may be
controlled to be close to the second nitriding potential by
changing an introduction amount of each of the NH, gas and
the AX gas while keeping a total introduction amount of the
two types of gases constant.

[0017] In the above control manner as well, the effective-
ness of the present invention wherein the first nitriding
treatment step is performed at a temperature within a range
of'500° C. to 590° C., wherein the second nitriding treatment
step is also performed at a temperature within a range of
500° C. to 590° C., wherein the first nitriding potential is a
value within a range of 0.300 to 10.000, and wherein the
second nitriding potential is lower than the first nitriding
potential and is a value within a range of 0.253 to 0.600, has
been proved.

[0018] Alternatively, in the present invention, for
example, the first nitriding treatment step and the second
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nitriding treatment step may be performed in sequence in a
same thermal processing furnace, which is a one-chamber
type of thermal processing furnace; two types of gases,
which are an NH; gas and an AX gas, may be used in the first
nitriding treatment step; a nitriding potential during the first
nitriding treatment step may be controlled to be close to the
first nitriding potential by changing an introduction amount
of'each of the NH; gas and the AX gas while keeping a total
introduction amount of the three types of gases constant; two
types of gases, which are an NH; gas and an AX gas, may
be used in the second nitriding treatment step; and a nitriding
potential during the second nitriding treatment step may be
controlled to be close to the second nitriding potential by
changing an introduction amount of each of the NH; gas and
the AX gas while keeping a total introduction amount of the
two types of gases constant

[0019] In the above control manner as well, the effective-
ness of the present invention wherein the first nitriding
treatment step is performed at a temperature within a range
of'500° C. to 590° C., wherein the second nitriding treatment
step is also performed at a temperature within a range of
500° C. to 590° C., wherein the first nitriding potential is a
value within a range of 0.300 to 10.000, and wherein the
second nitriding potential is lower than the first nitriding
potential and is a value within a range of 0.253 to 0.600, has
been

[0020] Alternatively, in the present invention, for
example, the first nitriding treatment step and the second
nitriding treatment step may be performed in sequence in a
same thermal processing furnace, which is a one-chamber
type of thermal processing furnace; two types of gases,
which are an NH; gas and an AX gas, may be used in the first
nitriding treatment step; a nitriding potential during the first
nitriding treatment step may be controlled to be close to the
first nitriding potential by changing an introduction amount
of one of the NH; gas and the AX gas while keeping an
introduction amount of the other of the NH; gas and the AX
gas constant; two types of gases, which are an NH; gas and
an AX gas, may be used in the second nitriding treatment
step; and a nitriding potential during the second nitriding
treatment step may be controlled to be close to the second
nitriding potential by changing an introduction amount of
one of the NH; gas and the AX gas while keeping an
introduction amount of the other of the NH; gas and the AX
gas constant.

[0021] In the above control manner as well, the effective-
ness of the present invention wherein the first nitriding
treatment step is performed at a temperature within a range
of'500° C. to 590° C., wherein the second nitriding treatment
step is also performed at a temperature within a range of
500° C. to 590° C., wherein the first nitriding potential is a
value within a range of 0.300 to 10.000, and wherein the
second nitriding potential is lower than the first nitriding
potential and is a value within a range of 0.253 to 0.600, has
been

[0022] Alternatively, in the present invention, for
example, the first nitriding treatment step and the second
nitriding treatment step may be performed in sequence in a
same thermal processing furnace, which is a one-chamber
type of thermal processing furnace; three types of gases,
which are an NH; gas, an AX gas and an N, gas, may be used
in the first nitriding treatment step; a nitriding potential
during the first nitriding treatment step may be controlled to
be close to the first nitriding potential by changing an
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introduction amount of one of the NH; gas and the AX gas
while keeping an introduction amount of the other of the
NH; gas and the AX gas constant; two types of gases, which
are an NH; gas and an AX gas, may be used in the second
nitriding treatment step; and a nitriding potential during the
second nitriding treatment step may be controlled to be close
to the second nitriding potential by changing an introduction
amount of one of the NH; gas and the AX gas while keeping
an introduction amount of the other of the NH, gas and the
AX gas constant.

[0023] In the above control manner as well, the effective-
ness of the present invention wherein the first nitriding
treatment step is performed at a temperature within a range
of'500° C. to 590° C., wherein the second nitriding treatment
step is also performed at a temperature within a range of
500° C. to 590° C., wherein the first nitriding potential is a
value within a range of 0.300 to 10.000, and wherein the
second nitriding potential is lower than the first nitriding
potential and is a value within a range of 0.253 to 0.600, has
been

[0024] Herein, the one-chamber type of thermal process-
ing furnace means a thermal processing furnace which does
not include a chamber for a cooling step separately from a
chamber for a heating step like in the batch type of thermal
processing furnace (see FIG. 1) and in which both the
heating step and the cooling step are conducted to only one
chamber. A pit type furnace (see FIG. 3) and a horizontal
type furnace (see FIG. 5) are common examples.

[0025] In addition, in the above respective inventions, it is
preferable that a time for which the first nitriding treatment
step is performed is longer than a time for which the second
nitriding treatment step is performed. According to the
inventors finding, by performing the first nitriding treatment
step longer than the second nitriding treatment step, it is
possible to adjust a thickness of the compound layer after the
nitriding treatment to a desired thickness.

Advantageous Effects of Invention

[0026] According to the present invention, since the sec-
ond nitriding treatment step is performed at a temperature
within a range of 500° C. to 590° C. and the second nitriding
potential is a value within a range of 0.253 to 0.600, the v'
phase can be deposited in the nitride compound layer in a
suitable manner while an a phase, which is lower in hardness
than the y' phase, is inhibited to be deposited therein.

[0027] Thus, a high pitting resistance and a high bending
fatigue strength can be achieved.

BRIEF DESCRIPTION OF DRAWINGS

[0028] FIG. 1 is a schematic view showing a structure of
a batch type of thermal processing furnace to be used for a
nitriding treatment method according to the present inven-
tion:

[0029] FIG. 2 is a process diagram of an embodiment of
the nitriding treatment method according to the present
invention in a case wherein the thermal processing furnace
shown in FIG. 1 is used;

[0030] FIG. 3 is a schematic view showing a structure of
a pit type thermal processing furnace (one-chamber type of
thermal processing furnace) to be used for a nitriding
treatment method according to the present invention;
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[0031] FIG. 4 is a process diagram of an embodiment of
the nitriding treatment method according to the present
invention in a case wherein the thermal processing furnace
shown in FIG. 3 is used;

[0032] FIG. 5 is a schematic view showing a structure of
a horizontal type thermal processing furnace (one-chamber
type of thermal processing furnace) to be used for a nitriding
treatment method according to the present invention:
[0033] FIG. 6 is a table showing nitriding conditions and
treatment results of examples and comparative examples of
the present invention;

[0034] FIG. 7 is a table showing nitriding conditions and
treatment results of examples and comparative examples of
the present invention;

[0035] FIG. 8 is a table showing nitriding conditions and
treatment results of examples and comparative examples of
the present invention;

[0036] FIG. 9 is a table showing nitriding conditions and
treatment results of examples and comparative examples of
the present invention;

[0037] FIG. 10 is a table showing nitriding conditions and
treatment results of examples and comparative examples of
the present invention; and

[0038] FIG. 11 is a table showing nitriding conditions and
treatment results of examples and comparative examples of
the present invention.

DESCRIPTION OF EMBODIMENTS

(Example of Object to be Processed (Work))

[0039] An object to be processed (a work) is a steel
component. Specifically, it is a steel component consisting
of a carbon steel component used for a machine structure or
an alloy steel component used for a machine structure, such
as a gear used for an automatic transmission. For example,
aplurality of cylindrical ring gears or a plurality of bottomed
cylindrical ring gears are mounted on a plurality of stages of
jigs, placed in a flat state in a case (described below), and
subjected to a nitriding treatment.

[0040] Preferably, the steel component is pre-cleaned to
remove dirt and oil before being subjected to the nitriding
treatment. The pre-cleaning process is preferably, for
example, a vacuum cleaning process for degreasing and
drying by dissolving and replacing oil or the like with a
hydrocarbon-based cleaning liquid and evaporating it, an
alkali cleaning process for degreasing with an alkaline-based
cleaning liquid, or the like.

(Structural Example of Batch Type of Thermal Processing
Furnace)

[0041] FIG. 1 is a schematic view showing a structure of
a batch type of thermal processing furnace 1 to be used for
a nitriding treatment method according to the present inven-
tion.

[0042] As shown in FIG. 1, the batch type of thermal
processing furnace 1 includes a loading section 10, a heating
chamber 11, a transfer chamber 12, and an unloading
conveyor 13. A case 20 is configured to be loaded into the
loading section 10. A steel component as an object to be
processed (work) is configured to be contained in the case
20. The maximum gross weight to be processed is 700 kg.
[0043] An inlet hood 22 having an openable and closable
door 21 is attached to an inlet side (left side in FIG. 1) of the
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heating chamber 11. The heating chamber 11 has a retort
structure, and an outer periphery of the retort structure is
configured to be heated by a heater (not shown) so that a
temperature in the furnace (chamber) is controlled to a
predetermined temperature. A plurality of types of gases for
the nitriding treatment are configured to be introduced into
the heating chamber 11 while being controlled as described
below.

[0044] A fan 26 is mounted on a ceiling of the heating
chamber 11 to stir the gases introduced into the heating
chamber 11 so that a heating temperature for the steel
component is made uniform therein. An openable and clos-
able intermediate door 27 is attached to an exit side (right
side in FIG. 1) of the heating chamber 11.

[0045] The transfer chamber 12 is provided with an eleva-
tor 30 for raising and lowering the case 20 that contains the
steel component. A lower part of the transfer chamber 12 is
provided with a cooling chamber (oil tank) 32 in which a
cooling oil 31 is stored. An outlet hood 36 having an
openable and closable door is attached to an outlet side (right
side in FIG. 1) of the transfer chamber 12

[0046] The heating chamber 11 and the transfer chamber
12 may be the same processing space, and a configuration
for air-cooling the thermally-processed steel component
with a gas may be employed. Alternatively, the heating
chamber 11 may be divided into two chambers, and a
two-stage nitriding treatment as described below may be
performed in the respective two chambers.

(Operational Example of Batch Type of Thermal Processing
Furnace)

[0047] In the thermal processing furnace 1 as described
above, the case 20 that contains the steel component is
loaded into the heating chamber 11 from the loading section
10 by a pusher or the like. After the steel component (the
case that contains the steel component) is loaded into the
heating chamber 11, the plurality of types of process gases
are introduced into the heating chamber 11, and the process
gases are heated to a predetermined temperature by the
heater and stirred by the fan 26 (for example, rotating at
1500 rpm) so that the steel component loaded into the
heating chamber 11 is subjected to the nitriding treatment.

[0048] FIG. 2 is a process diagram of an embodiment of
the nitriding treatment method according to the present
invention in a case wherein the thermal processing furnace
1 shown in FIG. 1 is used.

[0049] In the example shown in FIG. 2, before a steel
component (work) is loaded into the heating chamber 11, the
heating chamber 11 is pre-heated to 550° C. in advance.
During this pre-heating step, an N, gas is introduced at a
constant flow rate of 70 (L/min), and an NH; gas is intro-
duced at a constant flow rate of 90 (L/min). That is to say,
the total amount (flow rate) thereof is 70+90=160 (L./min).

[0050] Then, a steel component (work) is loaded into the
heating chamber 11. At this time, the door 21 is opened, and
thus the temperature in the heating chamber 11 is tempo-
rarily lowered as shown in FIG. 2. Thereafter, the door 21 is
closed and the temperature in the heating chamber 11 is
heated again to 550° C.

[0051] During this loading step as well, in the example
shown in FIG. 2, the N, gas continues to be introduced at the
constant flow rate of 70 (L/min), and the NH; gas continues
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to be introduced at the constant flow rate of 90 (L/min). That
is to say, the total amount (flow rate) thereof continues to be
70+90=160 (L/min).

[0052] Thereafter, a two-stage nitriding treatment is per-
formed. Specifically, at first, for example, a value of 1.500
(an example of a value within a range of 0.300 to 10.000) is
employed as a first nitriding potential, and a first nitriding
treatment step is performed at a temperature of 550° C.
[0053] It is known that a nitriding potential K,; is repre-
sented by the following formula using P(NH;) which is a
partial pressure of the NH; gas and P(H,) which is a partial
pressure of the H, gas.

K, =P(NH;)/P(H,)*?

[0054] In the first nitriding treatment step, P(NH;) i.c. a
partial pressure of the NH; gas in the heating chamber 11 or
P(H,) i.e. a partial pressure of the H, gas in the heating
chamber 11 is measured. Then, the introduction amounts
(flow rates) of the process gases are subjected to a feedback
control in such a manner that a nitriding potential calculated
from the measured value is brought into the vicinity of the
first nitriding potential, which is a target nitriding potential.
[0055] Inthe example shown in FIG. 2, P(H,) i.e. a partial
pressure of the H, gas in the heating chamber 11 is measured
by a heat conduction type H, sensor (not shown), the
measured value is analyzed online (so that a nitriding
potential is calculated from the measured value), and the
introduction amounts (flow rates) of the process gases are
subjected to a feedback control. Specifically, the N, gas
continues to be introduced at the constant flow rate of 70
(L/min), but the introduction amounts (flow rates) of the
NH; gas and an AX gas are respectively increased or
decreased while keeping the sum amount of the two gases to
be 90 (L/min). That is to say, the total amount of the three
gases continues to be 70+490=160 (L/min).

[0056] In the example shown in FIG. 2, the first nitriding
treatment step is performed for 240 minutes. Thereby, a
nitride compound layer consisting of a y' phase, or an &
phase, or mixture of a y' phase and an & phase, is generated
in the steel component.

[0057] Subsequently, for example, a value of 0.300 (an
example of a value within a range of 0.253 to 0.600) is
employed as a second nitriding potential, and a second
nitriding treatment step is performed at a temperature of
550° C.

[0058] In the second nitriding treatment step as well,
P(NH,) i.e. a partial pressure of the NH; gas in the heating
chamber 11 or P(H,) i.e. a partial pressure of the H, gas in
the heating chamber 11 is measured. Then, the introduction
amounts (flow rates) of the process gases are subjected to a
feedback control in such a manner that a nitriding potential
calculated from the measured value is brought into the
vicinity of the second nitriding potential, which is a target
nitriding potential.

[0059] In the example shown in FIG. 2, P(H,) i.e. a partial
pressure of the H, gas in the heating chamber 11 is measured
by the heat conduction type H, sensor (not shown), the
measured value is analyzed online (so that a nitriding
potential is calculated from the measured value), and the
introduction amounts (flow rates) of the process gases are
subjected to a feedback control. Specifically, the introduc-
tion amounts (flow rates) of the NH; gas and the AX gas are
respectively increased or decreased while keeping the sum
(total) amount of the two gases to be 160 (L/min).



US 2024/0229178 A9

[0060] In the example shown in FIG. 2, the second nitrid-
ing treatment step is performed for 60 minutes. Thereby, a
y' phase is deposited in the nitride compound layer.

[0061] After the second nitriding treatment step has been
completed, a cooling step is performed. In the example
shown in FIG. 2, the cooling step is performed for 15
minutes (the case 20 is held in the oil bath (100° C.) for 15
minutes, the oil bath being provided with a stirrer). After the
cooling step has been completed, the case 20 that contains
the steel component is unloaded onto the unloading con-
veyor 13.

(Structural Example of Pit Type Thermal Processing
Furnace)

[0062] FIG. 3 is a schematic view showing a structure of
a pit type thermal processing furnace 201 to be used for a
nitriding treatment method according to the present inven-
tion.

[0063] As showninFIG. 3, the pit type thermal processing
furnace 201 includes a bottomed cylindrical furnace wall
211 and a furnace lid 212.

[0064] A fan 213 is provided on a lower (inner) side of the
furnace lid 212. A rotation shaft of the fan 213 passes
through the furnace lid 212, and is connected to a fan motor
214, which is provided on an upper (outer) side of the
furnace lid 212.

[0065] A retort 221 is provided inside the furnace wall
211. A gas guide tube 222 is provided further inside the retort
221. An outer periphery of the retort 221 is configured to be
heated by a heater (not shown) so that a temperature in the
furnace (in the retort 221) is controlled to a predetermined
temperature. A case is configured to be placed into the gas
guide tube 222. A steel component as an object to be
processed (work) is configured to be contained in the case
20. The maximum gross weight to be processed is 700 kg.
[0066] A plurality of types of gases for the nitriding
treatment are configured to be introduced into the retort 221
while being controlled as described below. In addition, the
outer periphery of the retort 221 has a cooling function by
a blower (not shown). When cooled, a temperature of the
retort 221 itself is lowered, and thus the temperature in the
furnace (in the retort 221) is lowered (furnace cooling).

(Operational Example of Pit Type Thermal Processing
Furnace)

[0067] In the thermal processing furnace 201 as described
above, the furnace lid 212 is opened, and the case 20 that
contains the steel component is loaded into the gas guide
tube 222. After the steel component (the case 20 that
contains the steel component) has been loaded into the gas
guide tube 222, the plurality of types of process gases are
introduced into the gas guide tube 222, and the process gases
are heated to a predetermined temperature by the heater and
stirred by the fan 213 (for example, rotating at 1500 rpm) so
that the steel component loaded into the gas guide tube 222
is subjected to the nitriding treatment.

[0068] FIG. 4 is a process diagram of an embodiment of
the nitriding treatment method according to the present
invention in a case wherein the thermal processing furnace
201 shown in FIG. 3 is used.

[0069] In the example shown in FIG. 4, after a steel
component (work) has been loaded into the gas guide tube
222, the inside of the retort 221 is heated to 550° C. During
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a former half of this heating step, an N, gas is introduced at
a constant flow rate of 40 (I/min). During a latter half of this
heating step, an NH; gas is introduced at a constant flow rate
of 40 (L/min).

[0070] Thereafter, a two-stage nitriding treatment is per-
formed. Specifically, at first, for example, a value of 1.500
(an example of a value within a range of 0.300 to 10.000) is
employed as a first nitriding potential, and a first nitriding
treatment step is performed at a temperature of 550° C.
[0071] As described above, it is known that a nitriding
potential K,; is represented by the following formula using
P(NH,) which is a partial pressure of the NH, gas and P(H,)
which is a partial pressure of the H, gas.

Ky=P(NH;)/P(H,)>?

[0072] In the first nitriding treatment step, P(NH,) i.e. a
partial pressure of the NH; gas in the gas guide tube 222 or
P(H,) i.e. a partial pressure of the H, gas in the gas guide
tube 222 is measured (alternatively, a partial pressure of the
NHj; gas in the exhaust gas or a partial pressure of the H, gas
in the exhaust gas may be measured). Then, the introduction
amounts (flow rates) of the process gases are subjected to a
feedback control in such a manner that a nitriding potential
calculated from the measured value is brought into the
vicinity of the first nitriding potential, which is a target
nitriding potential.

[0073] Inthe example shown in FIG. 4, P(H,) i.e. a partial
pressure of the H, gas in the gas guide tube 222 is measured
by a heat conduction type H, sensor (not shown), the
measured value is analyzed online (so that a nitriding
potential is calculated from the measured value), and the
introduction amounts (flow rates) of the process gases are
subjected to a feedback control. Specifically, the introduc-
tion amount (flow rate) of the NH; gas is increased or
decreased while an AX gas is introduced at a constant flow
rate of 20 (L/min). In this case, the total amount of the two
gases is also increased or decreased.

[0074] In the example shown in FIG. 4, the first nitriding
treatment step is performed for 240 minutes. Thereby, a
nitride compound layer consisting of a y' phase, or an &
phase, or mixture of a y' phase and an & phase, is generated
in the steel component.

[0075] Subsequently, for example, a value of 0.300 (an
example of a value within a range of 0.253 to 0.600) is
employed as a second nitriding potential, and a second
nitriding treatment step is performed at a temperature of
550° C.

[0076] In the second nitriding treatment step as well,
P(NH,) i.e. a partial pressure of the NH; gas in the gas guide
tube 222 or P(H,) i.e. a partial pressure of the H, gas in the
gas guide tube 222 is measured. Then, the introduction
amounts (flow rates) of the process gases are subjected to a
feedback control in such a manner that a nitriding potential
calculated from the measured value is brought into the
vicinity of the second nitriding potential, which is a target
nitriding potential.

[0077] Inthe example shown in FIG. 4, P(H,) i.e. a partial
pressure of the H, gas in the gas guide tube 222 is measured
by the heat conduction type H, sensor (not shown), the
measured value is analyzed online (so that a nitriding
potential is calculated from the measured value), and the
introduction amounts (flow rates) of the process gases are
subjected to a feedback control. Specifically, the introduc-
tion amount (flow rate) of the NH; gas is increased or
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decreased while the AX gas is introduced at a constant flow
rate of 30 (L/min). In this case, the total amount of the two
gases is also increased or decreased.

[0078] In the example shown in FIG. 4, the second nitrid-
ing treatment step is performed for 60 minutes. Thereby, a
y' phase is deposited in the nitride compound layer.

[0079] After the second nitriding treatment step has been
completed, a cooling step is performed. In the example
shown in FIG. 4, during a former half of the cooling step
(until about 400° C.), the same control as in the second
nitriding treatment step is performed for the introduction
amounts of the process gases. That is to say, the introduction
amount (flow rate) of the NH; gas is increased or decreased
while the AX gas is introduced at a constant flow rate of 30
(L/min). During a latter half of the cooling step (about 400°
C. to 100° C.), the N, gas is introduced at a constant flow
rate of 20 (L/min). After the cooling step has been com-
pleted, the furnace lid 212 is opened, and the case 20 that
contains the steel component is unloaded from the gas guide
tube 222.

(Structural Example of Horizontal Type Thermal Processing
Furnace)

[0080] FIG. 5 is a schematic view showing a structure of
a horizontal type thermal processing furnace to be used for
a nitriding treatment method according to the present inven-
tion.

[0081] A horizontal type thermal processing furnace is
basically a furnace in which a pit type thermal processing
furnace is oriented horizontally. However, as shown in FIG.
5, the fan 213 and the fan motor 214 may be provided on a
wall surface of the furnace wall 211 facing the furnace lid
212, instead of on the furnace lid 212.

[0082] The other structure of the horizontal type thermal
processing furnace is substantially the same as the pit type
thermal processing furnace explained with reference to FIG.
3.

(Operational Example of Horizontal
Processing Furnace)

Type Thermal

[0083] In the horizontal type thermal processing furnace
as well, the furnace 1id 212 is opened, and the case 20 that
contains the steel component is loaded into the gas guide
tube 222. After the steel component (the case 20 that
contains the steel component) has been loaded into the gas
guide tube 222, the plurality of types of process gases are
introduced into the gas guide tube 222, and the process gases
are heated to a predetermined temperature by the heater and
stirred by the fan 213 (for example, rotating at 1500 rpm) so
that the steel component loaded into the gas guide tube 222
is subjected to the nitriding treatment.

[0084] The process diagram shown in FIG. 4 is also
applicable in a case wherein the horizontal type thermal
processing furnace is used. Specifically, the heating step
(introduction manners of the process gases are different
between a former half thereof and a latter half thereof), the
first nitriding treatment step, the second nitriding treatment
step and the cooling step may be performed. After the
cooling step has been completed, the furnace lid 212 is
opened, and the case 20 that contains the steel component is
unloaded from the gas guide tube 222.
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Summary of Effects

[0085] According to the embodiments of the present
invention as described above, it is possible to obtain a
nitrided steel component including an iron nitride compound
layer which has a y' phase as a main element (main com-
ponent) on a surface thereof, regardless of whether a batch
type of thermal processing furnace is used or a one-chamber
type of thermal processing furnace is used.

[0086] The steel component obtained by the respective
embodiments can achieve a sufficient pitting resistance and
a sufficient bending fatigue strength because a nitrogen
diffusion layer and a nitride are formed in the inside thereof
to reinforce the same and an iron nitride compound layer
rich in a y' phase is formed on the surface thereof.

[0087] In addition, compared with a carburizing treatment
and a nitrocarburizing treatment, the nitriding treatment
according to the present invention is performed at a tem-
perature not higher than the austenite transformation tem-
perature, so that an amount of strain is small. In addition, a
quenching step, which is necessary for a carburizing treat-
ment or a nitrocarburizing treatment, can be omitted, so that
an amount of strain variation is small. As a result, a
high-strength and low-strain nitrided steel member can be
obtained.

(Supplementary Information about Temperature Range of
Present Invention)

[0088] In the present invention, the temperature of each
nitriding treatment step is 500° C. to 590° C. It is said that,
when the temperature of a nitriding treatment step is higher,
the productivity thereof is better. However, according to the
inventor’s verification, if the temperature of a nitriding
treatment step is higher than 590° C., an amount (degree) of
hardening is reduced and an austenite layer is formed on the
surface. Thus, it is preferable that 590° C. is the upper limit.
On the other hand, according to the inventor’s verification,
if the temperature of a nitriding treatment step is lower than
500° C., a formation speed of the nitride compound layer is
slow, which is not cost effective. Thus, it is preferable that
500° C. is the lower limit.

[0089] In addition, when the difference between the tem-
perature of the first nitriding treatment step and the tem-
perature of the second nitriding treatment step is smaller,
variation in temperature of the steel component (work) is
also smaller, which can inhibit variation in nitriding quality
of the steel component (work). Specifically, the temperature
difference between both the nitriding treatment steps is
controlled to be preferably 50° C. or less, more preferably
30° C. or less.

Examples 1-1 to 1-9 and Comparative Examples
1-1to 1-4

[0090] For a plurality of cylindrical ring gears (whose
steel types may be different), using a batch type of thermal
processing furnace 1, a two-stage nitriding treatment was
performed according to the conditions of Table 1 shown in
FIG. 6.

[0091] In examples 1-1 to 1-9 and comparative examples
1-1 to 1-4, a first nitriding treatment step and a second
nitriding treatment step were performed in sequence in the
same batch type of thermal processing furnace 1.

[0092] In addition, in the first nitriding treatment step of
each of the examples 1-1 to 1-9 and the comparative
examples 1-1 to 1-4, three types of gases, which are an NH;
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gas, an AX gas and an N, gas, were used, and a nitriding
potential during the first nitriding treatment step was con-
trolled to be close to the first nitriding potential (K,,), which
is a target nitriding potential, by changing an introduction
amount of each of the NH; gas and the AX gas while
keeping a total introduction amount of the three types of
gases constant.

[0093] In addition, in the second nitriding treatment step
of each of the examples 1-1 to 1-9 and the comparative
examples 1-1 to 1-4, two types of gases, which are an NH;
gas and an AX gas, were used, and a nitriding potential
during the second nitriding treatment step was controlled to
be close to the second nitriding potential (K,,), which is a
target nitriding potential, by changing an introduction
amount of each of the NH; gas and the AX gas while
keeping a total introduction amount of the two types of gases
constant.

[0094] In the examples 1-1 to 1-9 and the comparative
examples 1-1 to 1-4, the respective steps explained with
reference to FIG. 2 were performed before and after the first
nitriding treatment step and the second nitriding treatment
step.

[0095] InTable 1, an identification method for a phase was
performed based on an X-ray diffraction pattern obtained by
an X-ray diffraction measurement from a surface of a steel
component in accordance with a 26-0 scanning method
(MiniFlex 600 made by Rigalku, Cu tube, 40 kV-15 mA).

[0096] Inaddition, in Table 1, a thickness of the compound
layer was measured as a thickness of a surface compound
layer from a tissue observation result of a cross section
which was cut in a depth direction of the nitrided steel
component. It is preferable that a thickness of the compound
layer rich in the y' phase is 4 pm to 16 pm. When it is less
than 4 um, i.e., too thin, the fatigue strength is not suffi-
ciently improved. When it is more than 16 um, a porous
layer in the compound layer which may be an origin of
fatigue crack is too thick, which deteriorates the fatigue
strength.

[0097] As seen from the result of Table 1, in the control
manner using the three types of gases in the batch type of
thermal processing furnace, the effectiveness of the present
invention wherein the first nitriding treatment step is per-
formed at a temperature within a range of 500° C. to 590°
C., wherein the second nitriding treatment step is also
performed at a temperature within a range of 500° C. to 590°
C., wherein the first nitriding potential is a value within a
range of 0.300 to 10.000, and wherein the second nitriding
potential is lower than the first nitriding potential and is a
value within a range of 0.253 to 0.600, was proved by the
examples 1-1 to 1-9.

[0098] On the other hand, at a temperature within a range
of 500° C. to 590° C., when the nitriding potential in the
second nitriding treatment step is not higher than 0.25, the
comparative examples 1-1 to 1-4 have proved that an a phase
which is lower in hardness than the y' phase was deposited,
resulting in an insufficient pitting resistance and an insuffi-
cient bending fatigue strength.

Examples 2-1 to 2-9 and Comparative Examples
2-1to 2-4

[0099] For a plurality of cylindrical ring gears (whose
steel types may be different), using a pit type thermal
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processing furnace 201, a two-stage nitriding treatment was
performed according to the conditions of Table 2 shown in
FIG. 7.

[0100] In examples 2-1 to 2-9 and comparative examples
2-1 to 2-4, a first nitriding treatment step and a second
nitriding treatment step were performed in sequence in the
same pit type thermal processing furnace 201.

[0101] In addition, in the first nitriding treatment step of
each of the examples 2-1 to 2-9 and the comparative
examples 2-1 to 2-4, three types of gases, which are an NH;
gas, an AX gas and an N, gas, were used, and a nitriding
potential during the first nitriding treatment step was con-
trolled to be close to the first nitriding potential (K,,), which
is a target nitriding potential, by changing an introduction
amount of each of the NH; gas and the AX gas while
keeping a total introduction amount of the three types of
gases constant.

[0102] In addition, in the second nitriding treatment step
of each of the examples 2-1 to 2-9 and the comparative
examples 2-1 to 2-4, two types of gases, which are an NH;
gas and an AX gas, were used, and a nitriding potential
during the second nitriding treatment step was controlled to
be close to the second nitriding potential (K,), which is a
target nitriding potential, by changing an introduction
amount of each of the NH; gas and the AX gas while
keeping a total introduction amount of the two types of gases
constant.

[0103] In the examples 2-1 to 2-9 and the comparative
examples 2-1 to 2-4, the respective steps explained with
reference to FIG. 4 were performed before and after the first
nitriding treatment step and the second nitriding treatment
step.

[0104] In Table 2, an identification of a phase and a
thickness of the compound layer were judged in the same
manner as those in Table 1.

[0105] As seen from the result of Table 2, in the control
manner using the three types of gases in the pit type thermal
processing furnace, the effectiveness of the present inven-
tion wherein the first nitriding treatment step is performed at
a temperature within a range of 500° C. to 590° C., wherein
the second nitriding treatment step is also performed at a
temperature within a range of 500° C. to 590° C., wherein
the first nitriding potential is a value within a range of 0.300
to 10.000, and wherein the second nitriding potential is
lower than the first nitriding potential and is a value within
a range of 0.253 to 0.600, was proved by the examples 2-1
to 2-9.

[0106] On the other hand, at a temperature within a range
of 500° C. to 590° C., when the nitriding potential in the
second nitriding treatment step is not higher than 0.25, the
comparative examples 2-1 to 2-4 have proved that an a phase
which is lower in hardness than the y' phase was deposited,
resulting in an insufficient pitting resistance and an insuffi-
cient bending fatigue strength.

Examples 3-1 to 3-9 and Comparative Examples
3-1to 34

[0107] For a plurality of cylindrical ring gears (whose
steel types may be different), using the batch type of thermal
processing furnace 1, a two-stage nitriding treatment was
performed according to the conditions of Table 3 shown in
FIG. 8.

[0108] In examples 3-1 to 3-9 and comparative examples
3-1 to 3-4, a first nitriding treatment step and a second
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nitriding treatment step were performed in sequence in the
same batch type of thermal processing furnace 1.

[0109] In addition, in the first nitriding treatment step of
each of the examples 3-1 to 3-9 and the comparative
examples 3-1 to 3-4, two types of gases, which are an NH;
gas and an AX gas, were used, and a nitriding potential
during the first nitriding treatment step was controlled to be
close to the first nitriding potential (K,,), which is a target
nitriding potential, by changing an introduction amount of
each of the NH; gas and the AX gas while keeping a total
introduction amount of the two types of gases constant.
[0110] In addition, in the second nitriding treatment step
of each of the examples 3-1 to 3-9 and the comparative
examples 3-1 to 3-4 as well, the two types of gases, which
are the NH; gas and the AX gas, were used, and a nitriding
potential during the second nitriding treatment step was
controlled to be close to the second nitriding potential (K,),
which is a target nitriding potential, by changing the intro-
duction amount of each of the NH; gas and the AX gas while
keeping the total introduction amount of the two types of
gases constant.

[0111] In the examples 3-1 to 3-9 and the comparative
examples 3-1 to 3-4, the respective steps explained with
reference to FIG. 2 were performed before and after the first
nitriding treatment step and the second nitriding treatment
step.

[0112] In Table 3, an identification of a phase and a
thickness of the compound layer were judged in the same
manner as those in Tables 1 and 2.

[0113] As seen from the result of Table 3, in the control
manner using the two types of gases in the batch type of
thermal processing furnace, the effectiveness of the present
invention wherein the first nitriding treatment step is per-
formed at a temperature within a range of 500° C. to 590°
C., wherein the second nitriding treatment step is also
performed at a temperature within a range of 500° C. to 590°
C., wherein the first nitriding potential is a value within a
range of 0.300 to 10.000, and wherein the second nitriding
potential is lower than the first nitriding potential and is a
value within a range of 0.253 to 0.600, was proved by the
examples 3-1 to 3-9.

[0114] On the other hand, at a temperature within a range
of 500° C. to 590° C., when the nitriding potential in the
second nitriding treatment step is not higher than 0.25, the
comparative examples 3-1 to 3-4 have proved that an a phase
which is lower in hardness than the y' phase was deposited,
resulting in an insufficient pitting resistance and an insuffi-
cient bending fatigue strength.

Examples 4-1 to 4-9 and Comparative Examples
4-1 to 4-4

[0115] For a plurality of cylindrical ring gears (whose steel
types may be different), using a pit type thermal processing
furnace 201, a two-stage nitriding treatment was performed
according to the conditions of Table 4 shown in FIG. 9.
[0116] In examples 4-1 to 4-9 and comparative examples
4-1 to 4-4, a first nitriding treatment step and a second
nitriding treatment step were performed in sequence in the
same pit type thermal processing furnace 201.

[0117] In addition, in the first nitriding treatment step of
each of the examples 4-1 to 4-9 and the comparative
examples 4-1 to 4-4, two types of gases, which are an NH;
gas and an AX gas, were used, and a nitriding potential
during the first nitriding treatment step was controlled to be
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close to the first nitriding potential (K,,), which is a target
nitriding potential, by changing an introduction amount of
each of the NH; gas and the AX gas while keeping a total
introduction amount of the two types of gases constant.
[0118] In addition, in the second nitriding treatment step
of each of the examples 4-1 to 4-9 and the comparative
examples 4-1 to 4-4 as well, the two types of gases, which
are the NH; gas and the AX gas, were used, and a nitriding
potential during the second nitriding treatment step was
controlled to be close to the second nitriding potential (K,),
which is a target nitriding potential, by changing the intro-
duction amount of each of the NH; gas and the AX gas while
keeping the total introduction amount of the two types of
gases constant.

[0119] In the examples 4-1 to 4-9 and the comparative
examples 4-1 to 4-4, the respective steps explained with
reference to FIG. 4 were performed before and after the first
nitriding treatment step and the second nitriding treatment
step.

[0120] In Table 4, an identification of a phase and a
thickness of the compound layer were judged in the same
manner as those in Tables 1 to 3.

[0121] As seen from the result of Table 4, in the control
manner using the two types of gases in the pit type thermal
processing furnace, the effectiveness of the present inven-
tion wherein the first nitriding treatment step is performed at
a temperature within a range of 500° C. to 590° C., wherein
the second nitriding treatment step is also performed at a
temperature within a range of 500° C. to 590° C., wherein
the first nitriding potential is a value within a range of 0.300
to 10.000, and wherein the second nitriding potential is
lower than the first nitriding potential and is a value within
a range of 0.253 to 0.600, was proved by the examples 4-1
to 4-9.

[0122] On the other hand, at a temperature within a range
of 500° C. to 590° C., when the nitriding potential in the
second nitriding treatment step is not higher than 0.25, the
comparative examples 4-1 to 4-4 have proved that an a phase
which is lower in hardness than the y' phase was deposited,
resulting in an insufficient pitting resistance and an insuffi-
cient bending fatigue strength.

Examples 5-1 to 5-9 and Comparative Examples
5-1to 5-4

[0123] For a plurality of cylindrical ring gears (whose
steel types may be different), using a pit type thermal
processing furnace 201, a two-stage nitriding treatment was
performed according to the conditions of Table 5 shown in
FIG. 10.

[0124] In examples 5-1 to 5-9 and comparative examples
5-1 to 5-4, a first nitriding treatment step and a second
nitriding treatment step were performed in sequence in the
same pit type thermal processing furnace 201.

[0125] In addition, in the first nitriding treatment step of
each of the examples 5-1 to 5-9 and the comparative
examples 5-1 to 5-4, two types of gases, which are an NH;
gas and an AX gas, were used, and a nitriding potential
during the first nitriding treatment step was controlled to be
close to the first nitriding potential (K,,), which is a target
nitriding potential, by changing an introduction amount of
one of the NH; gas and the AX gas while keeping an
introduction amount of the other of the NH; gas and the AX
gas constant.
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[0126] In addition, in the second nitriding treatment step
of each of the examples 5-1 to 5-9 and the comparative
examples 5-1 to 5-4 as well, the two types of gases, which
are the NH; gas and the AX gas, were used, and a nitriding
potential during the second nitriding treatment step was
controlled to be close to the second nitriding potential (K,,),
which is a target nitriding potential, by changing the intro-
duction amount of the one of the NH; gas and the AX gas
while keeping the introduction amount of the other of the
NH; gas and the AX gas constant.

[0127] In the examples 5-1 to 5-9 and the comparative
examples 5-1 to 5-4, the respective steps explained with
reference to FIG. 4 were performed before and after the first
nitriding treatment step and the second nitriding treatment
step.

[0128] In Table 5, an identification of a phase and a
thickness of the compound layer were judged in the same
manner as those in Tables 1 to 4.

[0129] As seen from the result of Table 5, in the control
manner using the two types of gases in the pit type thermal
processing furnace, the effectiveness of the present inven-
tion wherein the first nitriding treatment step is performed at
a temperature within a range of 500° C. to 590° C., wherein
the second nitriding treatment step is also performed at a
temperature within a range of 500° C. to 590° C., wherein
the first nitriding potential is a value within a range of 0.300
to 10.000, and wherein the second nitriding potential is
lower than the first nitriding potential and is a value within
a range of 0.253 to 0.600, was proved by the examples 5-1
to 5-9.

[0130] On the other hand, at a temperature within a range
of 500° C. to 590° C., when the nitriding potential in the
second nitriding treatment step is not higher than 0.25, the
comparative examples 5-1 to 5-4 have proved that an a phase
which is lower in hardness than the y' phase was deposited,
resulting in an insufficient pitting resistance and an insuffi-
cient bending fatigue strength.

Examples 6-1 to 6-9 and Comparative Examples
6-1 to 6-4

[0131] For a plurality of cylindrical ring gears (whose
steel types may be different), using a pit type thermal
processing furnace 201, a two-stage nitriding treatment was
performed according to the conditions of Table 6 shown in
FIG. 11.

[0132] In examples 6-1 to 6-9 and comparative examples
6-1 to 6-4, a first nitriding treatment step and a second
nitriding treatment step were performed in sequence in the
same pit type thermal processing furnace 201.

[0133] In addition, in the first nitriding treatment step of
each of the examples 6-1 to 6-9 and the comparative
examples 6-1 to 6-4, three types of gases, which are an NH;
gas, an AX gas and an N, gas, were used, and a nitriding
potential during the first nitriding treatment step was con-
trolled to be close to the first nitriding potential (K,,), which
is a target nitriding potential, by changing an introduction
amount of one of the NH; gas and the AX gas while keeping
an introduction amount of the other of the NH, gas and the
AX gas constant.

[0134] In addition, in the second nitriding treatment step
of each of the examples 6-1 to 6-9 and the comparative
examples 6-1 to 6-4 as well, the three types of gases, which
are the NH; gas, the AX gas and the N, gas, were used, and
a nitriding potential during the second nitriding treatment
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step was controlled to be close to the second nitriding
potential (K,), which is a target nitriding potential, by
changing the introduction amount of the one of the NH; gas
and the AX gas while keeping the introduction amount of the
other of the NH; gas and the AX gas constant.

[0135] In the examples 6-1 to 6-9 and the comparative
examples 6-1 to 6-4, the respective steps explained with
reference to FIG. 4 were performed before and after the first
nitriding treatment step and the second nitriding treatment
step.

[0136] In Table 6, an identification of a phase and a
thickness of the compound layer were judged in the same
manner as those in Tables 1 to 5.

[0137] As seen from the result of Table 6, in the control
manner using the three types of gases in the pit type thermal
processing furnace, the effectiveness of the present inven-
tion wherein the first nitriding treatment step is performed at
a temperature within a range of 500° C. to 590° C., wherein
the second nitriding treatment step is also performed at a
temperature within a range of 500° C. to 590° C., wherein
the first nitriding potential is a value within a range of 0.300
to 10.000, and wherein the second nitriding potential is
lower than the first nitriding potential and is a value within
a range of 0.253 to 0.600, was proved by the examples 6-1
to 6-9.

[0138] On the other hand, at a temperature within a range
of 500° C. to 590° C., when the nitriding potential in the
second nitriding treatment step is not higher than 0.25, the
comparative examples 6-1 to 6-4 have proved that an a phase
which is lower in hardness than the y' phase was deposited,
resulting in an insufficient pitting resistance and an insuffi-
cient bending fatigue strength.

DESCRIPTION OF REFERENCE SIGNS

[0139] 1 Thermal Processing Furnace
[0140] 10 Loading Section

[0141] 11 Heating Chamber

[0142] 12 Transfer Chamber

[0143] 13 Unloading Conveyor
[0144] 20 Case

[0145] 21 Door

[0146] 22 Inlet Hood

[0147] 26 Fan

[0148] 27 Intermediate Door

[0149] 30 Elevator

[0150] 32 Cooling Chamber (Oil Tank)
[0151] 35 Door

[0152] 36 Outlet Hood

[0153] 201 Thermal Processing Furnace
[0154] 211 Furnace Wall

[0155] 212 Furnace Lid

[0156] 213 Fan

[0157] 214 Fan Motor

[0158] 221 Retort

[0159] 222 Gas Guide Tube

1. A nitriding treatment method for a steel component,
comprising at least two nitriding treatment steps, i.e.,

a first nitriding treatment step in which a nitriding treat-
ment is performed to a steel component under a nitrid-
ing gas atmosphere of a first nitriding potential, and

a second nitriding treatment step in which another nitrid-
ing treatment is performed to the steel component
under another nitriding gas atmosphere of a second
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nitriding potential lower than the first nitriding poten-
tial, after the first nitriding treatment step,

wherein

the first nitriding treatment step is performed at a tem-
perature within a range of 500° C. to 590° C.,

the second nitriding treatment step is also performed at a
temperature within a range of 500° C. to 590° C.,

the first nitriding potential is a value within a range of
0.300 to 10.000,

the second nitriding potential is a value within a range of
0.253 to 0.600,

a nitride compound layer consisting of a y' phase, or an &
phase, or mixture of a y' phase and an & phase, is
generated during the first nitriding treatment step, and

a v' phase is deposited in the nitride compound layer
during the second nitriding treatment step.

2. The nitriding treatment method according to claim 1,

the first nitriding treatment step and the second nitriding
treatment step are performed in sequence in a same
thermal processing furnace, which is a batch type of
thermal processing furnace,

three types of gases, which are an NH; gas, an AX gas and
an N, gas, are used in the first nitriding treatment step,

a nitriding potential during the first nitriding treatment
step is controlled to be close to the first nitriding
potential by changing an introduction amount of each
of the NH; gas and the AX gas while keeping a total
introduction amount of the three types of gases con-
stant,

two types of gases, which are an NH, gas and an AX gas,
are used in the second nitriding treatment step, and

a nitriding potential during the second nitriding treatment
step is controlled to be close to the second nitriding
potential by changing an introduction amount of each
of the NH; gas and the AX gas while keeping a total
introduction amount of the two types of gases constant.

3. The nitriding treatment method according to claim 1,

the first nitriding treatment step and the second nitriding
treatment step are performed in sequence in a same
thermal processing furnace, which is a one-chamber
type of thermal processing furnace,

three type of gases, which are an NH; gas, an AX gas and
an N, gas, are used in the first nitriding treatment step,

a nitriding potential during the first nitriding treatment
step is controlled to be close to the first nitriding
potential by changing an introduction amount of each
of the NH; gas and the AX gas while keeping a total
introduction amount of the three types of gases con-
stant,

two types of gases, which are an NH; gas and an AX gas,
are used in the second nitriding treatment step, and

a nitriding potential during the second nitriding treatment
step is controlled to be close to the second nitriding
potential by changing an introduction amount of each
of the NH; gas and the AX gas while keeping a total
introduction amount of the two types of gases constant.

4. The nitriding treatment method according to claim 1,

the first nitriding treatment step and the second nitriding
treatment step are performed in sequence in a same
thermal processing furnace, which is a batch type of
thermal processing furnace,

two types of gases, which are an NH; gas and an AX gas,
are used in the first nitriding treatment step,
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a nitriding potential during the first nitriding treatment
step is controlled to be close to the first nitriding
potential by changing an introduction amount of each
of the NH; gas and the AX gas while keeping a total
introduction amount of the three types of gases con-
stant,

two types of gases, which are an NH; gas and an AX gas,
are used in the second nitriding treatment step, and

a nitriding potential during the second nitriding treatment
step is controlled to be close to the second nitriding
potential by changing an introduction amount of each
of the NH; gas and the AX gas while keeping a total
introduction amount of the two types of gases constant.

5. The nitriding treatment method according to claim 1,

the first nitriding treatment step and the second nitriding
treatment step are performed in sequence in a same
thermal processing furnace, which is a one-chamber
type of thermal processing furnace,

two types of gases, which are an NH; gas and an AX gas,
are used in the first nitriding treatment step,

a nitriding potential during the first nitriding treatment
step is controlled to be close to the first nitriding
potential by changing an introduction amount of each
of the NH; gas and the AX gas while keeping a total
introduction amount of the three types of gases con-
stant,

two types of gases, which are an NH; gas and an AX gas,
are used in the second nitriding treatment step, and

a nitriding potential during the second nitriding treatment
step is controlled to be close to the second nitriding
potential by changing an introduction amount of each
of the NH; gas and the AX gas while keeping a total
introduction amount of the two types of gases constant.

6. The nitriding treatment method according to claim 1,

the first nitriding treatment step and the second nitriding
treatment step are performed in sequence in a same
thermal processing furnace, which is a one-chamber
type of thermal processing furnace,

two types of gases, which are an NH; gas and an AX gas,
are used in the first nitriding treatment step,

a nitriding potential during the first nitriding treatment
step is controlled to be close to the first nitriding
potential by changing an introduction amount of one of
the NH; gas and the AX gas while keeping an intro-
duction amount of the other of the NH, gas and the AX
gas constant,

two types of gases, which are an NH; gas and an AX gas,
are used in the second nitriding treatment step, and

a nitriding potential during the second nitriding treatment
step is controlled to be close to the second nitriding
potential by changing an introduction amount of one of
the NH; gas and the AX gas while keeping an intro-
duction amount of the other of the NH; gas and the AX
gas constant.

7. The nitriding treatment method according to claim 1,

the first nitriding treatment step and the second nitriding
treatment step are performed in sequence in a same
thermal processing furnace, which is a one-chamber
type of thermal processing furnace,

three types of gases, which are an NH; gas, an AX gas and
an N, gas, are used in the first nitriding treatment step,

a nitriding potential during the first nitriding treatment
step is controlled to be close to the first nitriding
potential by changing an introduction amount of one of
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the NH; gas and the AX gas while keeping an intro-
duction amount of the other of the NH; gas and the AX
gas constant,

two types of gases, which are an NH; gas and an AX gas,
are used in the second nitriding treatment step, and

a nitriding potential during the second nitriding treatment
step is controlled to be close to the second nitriding
potential by changing an introduction amount of one of
the NH; gas and the AX gas while keeping an intro-
duction amount of the other of the NH, gas and the AX
gas constant.

8. The nitriding treatment method according to claim 1,

wherein a time for which the first nitriding treatment step
is performed is longer than a time for which the second
nitriding treatment step is performed.

9. The nitriding treatment method according to claim 2,

a time for which the first nitriding treatment step is
performed is longer than a time for which the second
nitriding treatment step is performed.
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10. The nitriding treatment method according to claim 3,

a time for which the first nitriding treatment step is
performed is longer than a time for which the second
nitriding treatment step is performed.

11. The nitriding treatment method according to claim 4,

wherein a time for which the first nitriding treatment step
is performed is longer than a time for which the second
nitriding treatment step is performed.

12. The nitriding treatment method according to claim 5,

wherein a time for which the first nitriding treatment step
is performed is longer than a time for which the second
nitriding treatment step is performed.

13. The nitriding treatment method according to claim 6,

wherein a time for which the first nitriding treatment step
is performed is longer than a time for which the second
nitriding treatment step is performed.

14. The nitriding treatment method according to claim 7,

wherein a time for which the first nitriding treatment step
is performed is longer than a time for which the second
nitriding treatment step is performed.
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