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.on the Secondarﬁr' Hardening of 13 ”Cr Stainless Steel.

Yuzo Hoso1

Synopsis: : , .
 The secondary hardening behavior of “‘ausformed’ 13 Cr stainless steels was investigated.
Steels were deformed by rolling at 450°C or 650°C in the metastable austenite condition prior
to martensite transformation and subsequently tempered up to 550°C. Secondary hardening
did not appear clearly in the ausformed and tempered specimens when the amount of
deformation was increased, while it occurred in the conventionally quenched and tempered
specimens at 450°C. By measuring the change in a half-value breadth of X-ray diffraction line

with tempering and  extracting carbide electrolytically from -heat-treated steels, it was’

assured that this phenomenon could be explained by one of the following two reasons. (1)
Precxp1tat10n process of carbide was accelerated by plastic deformation of austenite matrix
before quenching and precipitation temperature was lowered to a low temperature, then it
followed that softening of martensite by tempering would be cancelled by this accelerated
" precipitation hardening. Or, (2) hardening due to lattice strain produced by plastic defor—
mation was so high that hardening due to precipitation would be covered with it.

Effects of austenitized temperature.'and deformation temperature on hardening were also
studied and discussed.

»2, 3OHIFTEDD X VEEEREAEMICT
ﬁ%éﬂ@hh%%#ﬁ%MTV
13Cr $ERANER L O
WL E kT3 &75§%ﬂf“ohf\/\%1°>b>

I, #
13Cr % WERGEF — ZFF 4 b OREEIC I\ TERM:

mj

LARYHPRREEZSLTES e

Z OINT ARV CoHEND, Zackay® £z Xk

5) J. Hormarer: Stahlu. E1sen 77 (1957) Heft

DIk

400°C ffkﬁgisvvt_A
EHEISEO
WET, T— 27 5 — 3R LBz D2
WL OBRTF 5L ﬁ@WXhWEL@%At%%%&é

* RIS 4 A AKBEAR
SRR T

mf%i




WEERES — AT F 4 MY B BEMTY 13 Cr S0 KBTI 23 THE 941

T E BRI o o

AEELC OBR A S IR L Bk T Bt e
LT AISI 410 B35 08 420 B2 7 o L 2 %AV
T A=A T 4 MUBE, ILEE, TR 5,
VI TR LI S LT RRAI L OTH

2. ERXER, BTN B SRR L TR

ALY DEFIC OV T & IBHEEAS T
II. RBHEANBIUORRAE
FEBOCAE L 72RNT 410 Bl KON 420 WX F LA
SR (BT 410 #USR, 420 BUGMEWET) WY TS5 C &
DRI H2BD 13Cr 0T, FBd{bFEHKS ik Table
1DEEHTHD. ‘
EERHEE, 410 BUROEEVE A — 25+ 4 MUEE

- & LT 900°C, 950°C, 1000°C %3BUN, ‘&7z 420 BUSH

DEATE, 1000°C, 1050°C, 1100°C ZBAK. b
DIBEETE ZAPFFED L LS WEE LD TH S DL
LOEET 1hd—27734 MELEDD, 450°C 55
VA E650°C I PRIF L I IC A U 3mn fRj9FFL TR
BEER L RBEC L2 b R bIC LT,
Wi TEZ S5 2 THEAN L. Thd oo K
VIR RIT ThEE L TBREA — 2574 PRTE
BIRVBAR LD, —FEBORDICHRE L Tiho®

CHEA— 274 MUSBBEANOEEE L, FhHE

FIIT X VA LD v — PO E % Fh
Fh550°C £ TORRL 21TV, W kicks XET
FEYES OELE O . '
PlEoRBERZEE LD b, #Xkd0RE
Ao T 10% HCl 7 v a — DR CER (BIRBER0°015
amp/cm?) U TR{IEMWZHE L, 2B XE (CrKe)(E
Frafiinw, FRIGZEFFLT Cr ROZ{LE
FRR M OFEELER L. BFHEMEC X 5HEE
TeF v~ JRBZE V) MEZ V.

III. 8 B & B8

(1) F=27F4 MuEopE

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

. Steels C Si - Mn P
410 | 0°13 | 0742 0°41 | 0012
420 0°37 0°33 0°52 0+018

Steels S Cr Ni Cu

410 0°014 12°32 | 030 0*18
420 0+017 13°50 | - 0°16 0°19
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Fig. 1. Effect of austenitizing temperature
on the as-quenched hardness of type-410
and-420 steels. Q and N stand for as-
quenched and ' liquid-nitrogen-treated
conditions respectively.’
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Fig. 3. Change in hardness of types-410 and-

» 420 steels with tempering temperature..
Austenitizing temperatures were 950+
°C for type-410 steel and 1050°C . for
type-420 steel respectively.

Steels were treated in liquid nitrogen -
after quenching and subsequently .
tempered. ‘ '
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“Table 2. Yielding percent of extracted carbide

from the type-420 steel austenitized at

1050°C.
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Table 3. Percent of Fe and Cr in extracted
carbide from the type-420 steel

austen1t1zed at -1050°C.

Deformed Deformed Deformed
to 409% atlto 40% atito 50% at
450°C 650°C ~ |650°C
before before before
quench |quench |quench

16°6 17°7 197
13°5 15°0 17°0

Conven-
tional
quench

Fe 20°4
Cr 108

(a) Undeformed (b) Deformed to 40% at

450°C prior to quenching
Electron microstructures of type-420
steel, austenitized at 1100°C, quenched
into oil, treated in liquid nitrogen and
tempered at 450°C. X 5200, film replica
shadowed by Ge.
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and tempered at 350°C.
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Tw 5.

(b) Austenitized at 1050°C, rolled to 40% at 450°C, oil-quenched

and tempered at 350°C

(c) Austenitized at 1050°C, oil-quenched and tempered at 350°C.
‘X-ray diffraction lines of .the electrolytically extracted

Fig. 4.
residues of type-420 steel.
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On the Mechanlsm of Graphltlzatlon of High-Carbon Steel.
(Study on the graphitization of high-catbon steels-—II)
(Late) Naomichi YAMANAKA and Kunio Kusaxa

Synops1s
Several expemments have been made in an effort to reveal some of the fundamental factors
_-which play a role in the graphitization of pure high-carbon steels deoxidized with aluminum
~ and silicon. The authors suggested following mechanism for graphitization of high carbon

steel.
(1) It is.considered that the graphitization proceeds by the nucleatlon and growth’ reaction.

In order for cementite to decompose into graphite and ferrite, nuclei must be formed.
The growth of graphite nodules takes place by the diffusion of carbon atoms through
the ferrite lattice.

(2) "It is considered that these nuclei- may be formed by decomposition of unstable
cementite,. and tlhe rate of nucleation depends on the form and composition of
cementite. Nitrogen-and carbide-forming elements such as chromium, manganese,
‘tungsten and molybdenum make cementite stable. Alummum, silicon, titanium,
zirconium and .boron tend to make cementite unstable and promote graphitization
through its role as a scavenger for nitrogen. A small amounts of tin and arsenic

. make a steel highly resistant to graphitization. ‘

(3) Graphite forms more rapidly in steels after quenching to martens1te of cold working

than after normalizing or annealing. It is considered that the strain -added to
~ cementite particles by prequenching to martensite and tempering or cold working
wotld tend to decrease the stability of cementite. -
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