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Development of Carbonitriding Processes Combining Vacuum
Carburizing and Atmospheric Pressure Nitriding

Kenta TSUJII, Yukihiro HAYASHI, Ayumi YAMAZAKI and Kenta HAYASHI

Synopsis

Regarding surface hardening for structural steel, carbonitriding is carried out to improve wear resistance and rolling
fatigue. For the carbonitriding treatment, there have scarcely been any reports on vacuum carburizing-based carbonitriding
treatment. The presumed reason for this scarcity is the difficulty of nitrogen intrusion under reduced pressure. Thus in this
study, after vacuum carburizing, nitriding under atmospheric pressure was performed in a separate room. In addition, the
residual ammonia content inside the furnace was controlled in an attempt to achieve a treating method that would ensure
stable distribution of the required nitrogen content. This resulted in the following conclusions: 1) By increasing the nitriding
pressure, the nitrogen content in the steel rises even without adjusting the ammonia flow rate. 2) By adjusting the residual
ammonia content, the nitrogen content value in the steel can be controlled. 3) In this process, variations in the nitrogen
content in the furnace and the nitrogen content among different batches remained within £0.05%, meaning that stable nitrogen
content values can be attained. 4) Based on the above, a carbonitriding treatment process enabling mass production was
developed. This heat treatment process can achieve a higher surface nitrogen content than nitriding under reduced pressure,
and can attain stable quality levels.

1. ¥ 8 Bl RS 2 L D, O, BRI R EHIMC X B 2 &

b SR, RIIAEA L T, TLZER R GRS

ABEHII R E S ML B EERGORTLLE 555 2 L ATEIUL, FERROAY v MCA, %
CBVT, BEELE D I, BEIENAGOE BRI L SRR Eh S OMEES S NS LI

HOWMIEFTME L BO - WIGE, BIZELHE N TH FFEINLY, BERFERENRN—R L LIRRBZELIIZO
N5, BREFEZWLIEIE, BREICNH, TAIZLDEESE WL, INFTHERFANITILAE R, ZOHE &
1) DT, TNETHRARREN=-AL LTTbR LT, BETTEERPHEHICREALIZS VI & —K
TEMBENIFIEAETH L., — T, EZRERITNH ThbHEHEEND?.

W EEH O FEALOSE L IG5 2 & THM O T/, REIZERICHMIZ—%F 8O NH, % it 3 AL

20244E 9H 27H A+
* 1 KA SRR B e T 28 AT (Corporate Research & Development Center, Daido Steel Co., Ltd. )
% 2 KRR SRS ERAS A 3355 (Machinery Division, Daido Steel Co., Ltd.)



80 BRI FosEE 2 S 2024 4

DYEr, WHNy FETERBEEIZL LR TV EVD
ML H DY TR, BREEFROMM OEFIRE %
KDDL 720, IFNOKRY NH, iBEOHI#HC, 2
fLRT vV (Ky) ZHIHT2 L ICX2BKIZE
TOL AREORIDITONLTVE Y. Thd, B
|2 A L7z NH, DK IZFRNTHSELTLE H 28
(R (1), T8 - 725558 NH, 23R 2 FUS O fit
WMLy, X Q) 1o THMMICEREIRAT A7
DTH 5.

2NH, — N,+3H, (1)

NH, — [N]+3/2H, (2)

HE- T, BEISITFRNOFRE NH, 7 A5 E 258 <
BETHEEZ SN, NH BEfI#EO L 2iRETax
ADHIENE, b O EFIRE 2 AERUHIE T 2 720 121%
VIHTHDHEEZOND.

—F, HABRBEUBHIIBNTY, FHREICZES
BREEOESOENELRTVEVIRELDHDL. 2
DIESD Z I T AERIRFIZB T, V—r T2
FER NH, FHEPZEAL T 5 7280, B2y — 2 BT
WEICL)EERABICEDIEL TV LD LRI
5.

ZCTAMZE TR Bk LM A OFRE R RS B 7
B, MIENZNEIMT LNy TSR D, ok
2 & B HUBEOIT E KA HH 2 mER OBEER RIF%
v, BiRtBEEr ZTNENHNETERT L 2L T, L
HEEORENE -T2 T2, Bk EIFEOUHIES
RS D L E DI, BEROKY NH, BT 7 1 —
BNy ZHI§ 5 2 LT, R 2 EBRIBESMELE
L THEONALBLERERIFE N— A& L7 )53 OMsT
AT DOTHET L.

F72, FERT v R % IV CULER L 72 BB o) Bk E
DFFAED FER L 72DT, P THET 5.

2. RBRAE

2. 1 R

AWFZE T, MM & L T JIS-SCrd20H HH 24 o 14 %}
(020C-028Si-082Mn-1.1Cr) ZH\W/z. ¢30 mm D
FERERS % 900 CIZIEARFFRICZ2EG L, & SITHEMOIN T
12T ¢25 mm X 5mm OJEIRE L7

2. 2 BEMH
REBICHEH L ERESESMN % Fig. 1 1IRT. &
AR EE 2T O BVILIE 213K R R SR SRR o0 B 2218 e d
ModulTherm® % 272, 930 CORREY 2 — VIZTHE
BRI To %, 820 CE 7212850 CHOREEY 2 —
WICTRERTo ., REET 22— IVDETIIZ 1.5kPa
F72131013kPa & L, ENOFEELMHIEL 7.

i
S
N

Heating Carburizing Transport Nitriding Transport
J. 1 () J

1 1
+ NC pressure: 1.5 kPa, 101.3 kPa
+ NH; content control: 0.15~0.50 %

() sl
1 1
1 o 1
( 1 T T
! ! 820 °C,850°C ! !
1 | 3 : .
1 1 1
1 1 1 Qil
! NHg+N : Ne : quench
1 1
1

Temperature

! 38min ! ! 60 min~300 min
TC 1 HC NC

HC;OM'

. . 2 2
Load surface area: 2 m?, 10 m TC: Treatment chamber

HC: Holding chamber
NC: Nitriding chamber
OM: Oil quench module

Fig. 1. Carbonitriding conditions.

BEZEERPOEATAIZIICH, & N, %, #&Efoi
AAAIWZIENH; & N, % ZNEILH G, L% I
BEANEFERL. BEPIE, FHNORKRYE NH, EE %
AL > —TllE L, 58 NH, BE 2 —EMICfR>
X912 NH, & Z Gl L7z, #ss oSk gLt
AT A7, TR NH; S % 005 % ~05 % T,
M % 60 ~ 300 min ¥ TE LI/ & 51T, JIS-SS300
Y (0.12C-0.16 Si-0.51 Mn - 035 Cr) @ 50 mm X 50
mm X 150mm DF I =T 7 INVaeHw, ¥I-—-727
VORBEEZTLSES LT, Kbl FEksE) 2%
L35 T L BEFRESA DOEALIZOWT LA
L7z, F72, FitEoH 5, F U CHEERLE %
FEh L, WEH Ny FEOIES DX DFER L7

2. 3 RFRE ZERRESMAE

REERTIE, HEMEZFRNORRIZTD, HED4ME
W1 DFOREL 13y F4720) 5 DORERR = ZULH
L7z, ZNZTNORMORFEIRE, SERREZ HE R
kG 77 A= FENs AT (ICP - OES) (2 1 il
E L, FNREIZBT 5 EREREDIXS D X 2l
7z, FTz, BREZEWLEZORLDYT TN 6
H T O e SRk FE 40 AT, @8 3R FE 404 % Electron Probe
Micro Analyzer (EPMA) 12X O 4347 L 7-.



PR > BZE

2. 4 FEEYFEFEE
BIREEHOMEFME LT, WEOY v I 7k
OFliE L CEFOIHLru—5—Y v F 7 (RP)

AER A PN L 7o BABRSMRIL, BEMRTEIE % 3 GPa, T
N FEE 80 %, [HEEEE 3000 rpm & L, i

ATF (Automatic Transmission Fluid) % F \/‘“C%I'C%?%ﬁo
720020 1 EICFEE O 221 e o B & AR AN T2

D¢%Jmmxlmmm~mibt%,&ﬁbi05¥
NH; 2R 05 % CRKIZELI L, #1211 180 T x
90 min DHEFE LALHE 2 5206 L 72, RREEUBR A ISR LT
FKM25 005 mm OWHI 2356 L, REMS EZHiz 72

R CRBR A FEHE L 72, FHFMIIE SUI2 OFRE M % K
W7z,

F 72, NHy it OBERE LRtk ~o 28 % A+
L7128, BEBIUHE 4O NH, & CTRREZLE

EL, A ORECTHRELAZEBLZ. LREHREL
BoORBFOERBWH X, FLENEEDS 0.05 mm
DR, A 70V — A SHBEY B,
294 N (ZTHIEL 7.

3. WRBLUVEE

3. 1 ~ jja)'?o/a

Fig. 2 ISR B OFNIE N 2 BL 8 g7 L 2Dk

%?EFONWE%T@“ WMEE T O EF I, NH,
MEIXFAETH- T, MMEMERBEIHMT S
AR S N7z, SIUTFNET % 1013 kPa 12§ %
2&T, ALETH->THHFHNO NH, S EEEIML,
X (2) TEINDZBRESOUSHEED BN 722 &
NENTHDL LRI NL,

R 0.8
3 ® 101.3kPa
© 0.7 (]
S B 1.5kPa
<= 0.6 °
Q
gas
S 0.4 ®
g 0.3
= . .
0.2 =
& Nitriding temperature: 820 °C
5 0.1 Load surface area: 2 m?
(2} Nitriding time: 120 min

0.0

0 500 1000 1500 2000

NH; gas flow rate / L -h-1

Fig. 2. The effects of nitriding pressure on surface

nitrogen content.
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Fig. 3. The effects of the residual ammonia content: (a)

Carbon content distribution; (b) Nitrogen content

distribution; (c) Variations in the surface carbon

content inside the furnace; (d) Variations in the

surface nitrogen content inside the furnace (n=5,

center=1, circumference=4).
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Fig. 7. Effects of residual ammonia content on surface
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SCR420.
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