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Nitriding Behavior and Strengthening Mechanism of Ti Added Steels in a Rapid Nitriding Process
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Abstract

The nitriding process is one of the common methods for surface hardening, and consists of heat treat-
ment in a furnace for many hours. The nitriding behavior and strengthening mechanism of Ti added
steels in the nitriding process, which is applicable to a high temperature and rapid process such as the
continuous annealing of steel strip, were investigated. Cold rolled Ti added steel sheets were annealed
for recrystallization and nitrided in electric furnaces. Then the hardness distribution in the cross section
was measured. The sheets were hardened only near the surface. The maximum hardness depended on
the Ti content, and the thickness of hardened layer depended on the nitriding time and the flow rate of
NH,. Observation by means of electron microscopy showed contrasts due to fine disc particles with a
size of 10nm in diameter and several atomic layer in thickness, which were considered to be Ti nitrides
or Ti-N clusters. These contrasts were observed only near the surface. This suggests that the hardening
is caused by the small particles. The diffusion model of N that considered the precipitation of TiN was
used for the simulation of the nitriding behavior. The result showed that N entering into steel immedi-
ately precipitates as TiN, then supersaturated N diffuses to the inside. The simulation result agrees with
the experiment. The estimation of the amount of strengthening was carried out. It indicated that the
strengthening mechanism is mainly the precipitation hardening of TiN that could be Ti nitrides or Ti-N
clusters.

1. #

SOFRMMBILITH VSN DB E LCid, EMl, =ik, Btk
EPRENTH D, D40 THEIESS0CHEE O LR T
79 2D TE, LbBEARL EORIRSGILHD v &) i
W % 720V STV B, S LRI CIE R IZ gk L2
Cr, Al, Ti, Si%&%ZEGURAIa LYz Ak S TRmEMLL,
S OMIEEFESE, WBerE, WAEERLETREL M L SE5), 21k
PSRRI E L, FAMEER A 4+ v ELEe Ehd Y, B

Jll[

YA CRIEIIITON D OB TH 2, F72, BEITHONLHEE
ILALELE B 2 S B DAY TRl OIREETIrb N 5 Z L1k
BAETH D,

FH S O HE SR O SR L O FRE L ) BB MK
DOEEREIL A RET L, ST & Wiehesl 7 A > TR SIS 5
CEICE ) ERB RS, BRMEERE RO L2 LT
VMNERINESEAEMN A RE Lice TV M EIIATRRIA R E
THBHEOIS A VAL S CIZATH )Y, @HHT Y ME%
B &2 72D E RO EAE AN 5, LA L, Bk

*O o JIEBARTIZER EETER
AT T M R T 13 1
@ BRIRETZERT SR BT EED

T 804-8501
W

TEL:(093)872-2577

*O SENEARTZET AT RS TEES
& BT v A—TY v —
o (BR)HET 2 2 VY —F T = v — B AR

FEsE R



TiZR AN RS IS & 1 5 BEL BB & o LHE

JED LRI BTEIEIR AL L, FRICIHE A % EORBEDHHTEL
ho TIT, FELMILC LY K DA RRIL L CHll PRI 2 5
SEBHI LX), Sl komE A2z T 7> MEZIA R
SHDHIEHRERZT,

FEAHERESL T Oty FHRE ] O SR AL & L CTIEBHME R 5 O
=K LAEDIR EE b o 2R LB O ZZE) 12O THE ST
WEHDODY ) BABRENIOWTOMGIIEETHL, T2, 5
I - R EE A0 & 2 BRI OV T O MG A b v,
22T, RECCIEER - RS LB BT 2 FE OREEEZAL &
DELEBE R L, TOMIEEIC OV T ER L0 THET
%

2. EWAE

ARRZETIE, Zb)ike LTy 2z fv, KT OmRE
LRSS ATIOREE BT 572012, ] 1IRT TR £ %
L& 7o MEE D THR NI 80 2 381 & LTz, B
HERRIZRAT LTI AR < VAT (Tis) 1, e, i
L e LTI L Z2Tig 2 &TiE 2 55w zb ot Ez bh, 22
TUETi* =48 (N/14+8/32+C/12) LEH LTze 4 Ty P40
mmEIHELE L 7212, 40 mm/E, 160 mmiE, 200 mmE S 2L L
7R 1150CC 1 REHINEGR, 40—24—15—9—7—>5—>4mmD /T
HEA Y 2 — )V CHMEIEZ AT\, AT BT 2900C, $EIUREE
Z650C & LT 4mmEDBMEIER & (F L7z i MHEREILHE T ER
82.5% CTATvy, 0.7 mmIE DG IR Z (R L 720 & 747 HpBige
PN IX SR TR L 7 TRA DIV 5 S A O 45 B R AR & 726
OB EHDE LTELIIRY,

RGBT & 2 A0E, =D OBEE L 7SRRI A7 A g 4 AU
IZTAT = 720 FHERRBES LA TETR PR (25%N, + 75%H,, 1iti#1.25
m/min) H1T800C T60 s 1T\>, £ D%, FHZELPIBE L T
{L&AT 5 720 SLRBAURHLR O RN EEF N A R E L7z b
DE Iz, THRIEOFEIZOWTIE, #A, B, C&HWVTTIR
I %0.016, 0.025, 0.046 mass% & 28L&+, NH,DiTi# % 0.05 m/
min (NH,REE :3.8%) & L CTliE750C12T20, 40sTH7- 720 NH,
T (NHIREE) ORI DO WTIE, Z{EERIZ40s& L, iCE v
THE# 2 0.025~0.5 m/min (NH# L | 2.0~28.6%) & 42 R 725287 %
17> 720 FHRERBESE & BILDIEL/ ¥ — » OBAMZR 113K,

b DAL R O W AT A A kR R T T - 72,
FIEEEE OWIHEE 541X, WEI0gfOY A 70y 71— A28
Wz L7z,

FHBIEIS, BTSN X AT L 7)) 7 BIgE & TS
LB ORT 24T - 720 WEHIMCR UDZ VT, NH,Dii
% 0.05 m/min (NH,BEE © 3.8%) & L CILAETS0CIZT40sTH L E
fro7zb D&z, BHHIESIT, BET(95%) +BEFRER (5
%)M E 2y = MFBETSH 5. WIERICA Y 7 — ik

1000 LML L T T ™
[ Annealing time : 60 s ]
& 800 _ Nitriding time : 40 s h
3 L
5 600 -
s :
8 400
5 r Annealing Nitridi Air cooling -
200 | .
0 ....I....I,...l...nl...l..n.l...:
0 50 100 150 200 250 300 350
Time /s
H1 s LURETRICH T BRE/SZ— D

Example of heat pattern in annealing and nitriding process
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Chemical composition of steels (mass%)
C Mn P S Al N Ti Ti*
A 0.001 0.25 0.014 0.022 0.049 0.002 0.016 —0.028
B 0.001 0.24 0.006 0.006 0.034 0.003 0.025 0.005
C 0.001 0.13 0.006 0.006 0.025 0.003 0.046 0.024
D 0.004 0.15 0.011 0.005 0.067 0.0025 0.060 0.030
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Transmission electron micrographs showing fine precipitates observed

in the surface hardened layer. (a) Bright field image, (b) Selected

area diffraction pattern
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fine precipitates. Incident electron beam direction is parallel to <001>

direction.
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