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INFLUENCE OF SILICON, NICKEL, CARBON AND CHROMIUM
' ON THE PROPERTIES OF VALVE STEEL CONTAINING 202 CHROMIUM

Naomichi Yamanaka, Dr, Eng and Kunto Kusaka

Synopsis:

The silchrome steel has been widely used for exhaust valves in the motor industry. How-
ever,recent experience has indicated that the products of combustion of leaded petrols
exerted a rather marked corrosive attack on it, and that when such petrol was used, a steel

containing higher chromium should be used.

To investigate the influence of Si;, Ni, C and Cr on the properties of 209 Cr valve steel,
the authors measured the critical point, the sectional diagram, the quenched and tempered
hardness, the TTT-diagram, the retained austenite, the dimensional changes, and the mecha-

nical properties at elevated temperatures.
The results obtained were as follows:

(1) The critical point was raised with the silicon and the chromium content, and lowered

with the Ni addition.

(2) The hardenability increased with the nickel addition, and decieased with the Si con-

tent.
duration.

The TTT-diagram showed only the pearlitic transformation within any reasonable

(3) The quantity of the retained austenite after air-hardening from 1050°C increased with

the nickel and the carbon content.

The silicon content up to 2°89 increased the amount of
the retained austenite, then more silicon addition decreased this amount.

This retained

austenite decomposed at 550°C and resulted in the volume expansion.
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(4) The full hardness was obtained by air-cooling from 1050°C, and .the austenitizing
temprature for obtaining -the maximum hardness was lowered with the silicon - content, and
when the silicon content was as high as 3°3%, the steel was not hardenable. ‘ T

The hardness after 44h. tempering at a temperature between 600 to 750°C increased with

the silicon, nickel and carbon content.

(5) As the carbon content increased, the tensile strength increased. The impact value de-
creased at room and elevated temperature. The impact value was increased with the Si content
up to 2°3%, then decreased with more silicon addition, and also the nickel addition more

than 2°19 decreased the impact value.
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Table 1. Chemical composition of steels tested.
Chemical -composition (%) Ac Ar " Al;"

Steel No. : — - { °C) 1 . °C) ‘(100\) C

c | si l Mn| P | S Ni | Cr|Cu . , X 10mn)
1 T | i ! .

HCRK—1 | 0°78 | 0-48 | 043 , 0-010' 0°008, 1762 | 19°04; 0°20 | 725~820 305~ 140 | 200~
— 21078 | 0°97 | 0°40 | 0°004 07008 1°62 | 19°39| 0°23 | 730~830 300~130 | 190~
— 31083 | 1765 | 0743 0011, 0‘016: 1°67 '34é 0*17 | 785~875 700~670, 320~160 | 180~
— 4 0°86 | 2°34.: 0747 . 0-012: 0°002, 1°66 *67 0°16 | 815~930 715~670, 380~265 | 175~
— 5 0'86 i 2°76 . 0°45 * 0"0l4 0°003, 1°63 *50 0716 i 850~970 850~725 165~
— 6 .0782.1.3°30 . 0:46 ; 0°010, 0°003. 1‘62,,71,6,14,7]{ 0°14 | 940~ — o l 150~
— 7 . 0°84 ,2°25 0°48 0°015 0°012: 0°15 | 19742 014 | 885~975 910~780 '(750~650)
— 8 0°83 i 2°18 0°-47 0°018 0°008 1°07 19’39; 0°15 | 860~950 800~720 125~
— 9 085 l 2°18 ' 0°45 - 0°013 0°008 2°10 | 19°37| 0*16 | 780~900 825~725, 210~50 110~
—10 .0°85 | 2°29 , 0*50 ' 0°008 0-002Z 3°20 20'61! 0°15 | 715~840 210~110 | 110~
—11 0°€5 | 2°13 | 045 0°0l5 0°007 4°31 | 2034 0"14 | 610~810 110~ 70~
—16: 0*54 | 2*05 | 049 t 0°010 0°014, 1°50 | 19°34. 0717 | 860~1000 660~625, 195~100 | 160~
12 0°64 | 2°16 | 0°49 ; 0°010 0°0I5 1°50 | 19745} 0°17 | 865~940 | 670~640, 220~140 | 190~
—13 0773 | 2°18 | 0*47 : 0°011j 0~0Ol4 153 | 19°45| 016 | 830~930 735~665, 240~165 185~
—14 ,0°95 | 2°19 | 0°45 4 0°009: 0°008 1°54 | 19°48| 0*15 | 815~915 = 725~625, 275~220 | 185~
—15 . 1°05 | 2°43 | 0*44 ! 0°011 0°014 1°52 | 19°31] 0°15 810~915 . 770~630, 290~200 | 160~
—18 : 0°85 |.2°13 i 060 : 0°013 0°013 1°57 | 17°88/-0°17 | 805~%00 710~625, 315~200 | 180~
—19 1 0°83 | 2°26 i'0'46 ' 0°014 0°016 1°55 21"53-‘ 0°15 | 890~ 720~675, 150~110 145~

- : : § - -

— 37 —



552 % z

Fig. 1 (3% 63KKPITEE AN 14 O@E»
RUTC DT, K (A) 12 C 0°8%, Cr 19°5%, Ni
1°5% %IEARKSE LT Si 2L U 1284 T Si
DWINMTONT Ac AW EHL, $72S13°3% TRE
FELLE 85, 1100°C Ll EOKE T35 CREEEDS
QITIET S 2DRBRE A — 257 7 4 bpsagicEms
HIDT, HIBHSADEI SV HLLB UL T 3. &
72(B), (C), (D) Zzh&FN Ni, C, Cr 2Z{rw L
DI GOEEELETR LI DTHS.

gop B btect o i

B) Esrect of s

——‘-—l——‘_l__‘.—(_p
70087 300 7600 00 7200 70 X g5 T Ty i T

(0) Eysect of Cr

) Efpect of €

Rockwell ¢ hardness

8

wd A

0. 86 900 1000 1ig0 1200 J308 2 700 30T 3T 008 1100 1200 1300
Quenching temperature, T

Fig. 1. Hardness after water-quench from

various temperature. - :

Fig. 2 B&IREICS NV TRET A0 BURSITs X 13
¥ Si, Ni, C, Cr O#EERLIZdDT, HMbhdxFl
AFBAMEHGTIC X DTk 12 Ac BB Th 3. CORER
TENE Si DM ONT a+r+n K320k
HLUE NI O BBEONTHR T35 C &hbh
B. ETLCOMNE atr+y KN BL AL &R
WMzoa5>ThED, Cr OEMITE ST 4 FFRIC adt
Ty KPR EIRARCO 317 A@EEBH B.

(3) {EiR%HE ‘

Fig. 3 (A) &, /MgtH % 1040°C X 1 h hpstig 700°C
RO IIER I T EIREEA B T OME RS 2 2 2 Triaa

UZOWEZL 2128 OTRENIRE L 12RO LHE

OBFRSEZTRULIZDTHB. et iid Si offi
b DIIZAEBHIAIX 10mn T %25 Si OHEMNIC L b 4E
WIS BIS 5. 72 Ni 0°159% O 3 013 ZAEEA
oImn Té3H35 Ni QBN o>N TERRIRIICEE S
5. Ni 2°1% ® HCRK-9 Zis TIid ZAEEEIART O

BAZE B 5 B
C o W C e 5
(g5 i85 1 (5 o5 3
. (4747
—_—

N Y

AV -

@

% S/
v (G s 4 (5 5 o
2 0 85 20 15 08 20 15
§/200-- T L

100} - Ay
1000} -
00} x
ool
7004

05 05 07 08 09 J0 7 o
% ¢ % Cr

tary

Fig. 2. Sectional diagram.

(A 1030°Cx1l— 700 isothermal transtormed
i Hovk-7

47 A7,
\ /\"f’f‘\g
V'«\A-fzcg;ﬂ:-zw
\
Yoo
BL, e, . -F\
1 2385 0 w8 071 72 5 W o 49 60
 Holding time, mn
® :
so0— Y —
. (4] } Y, \ 50
800 7 Lxel
- e e Kl
iz . N
600} ¢ 086% SIS IS
ONES SRR
N | /7 fod 1 i)
¥ 1 ¢ oy a2\ N
S W LAY
| # % v IR
l;\\: 200 af 49°C ,‘gb ‘:“.‘
\ By 7 a
200 H o8 5 ! 5
M \ 1
100} Pa—
/ 10 102 /0? V7K -
2 T
Time /2 5”141,) 040/ 2 5,./[' 7

Fig. 3 (A) Hardness change by 700°C isother-
mal transformation, (B) TTT-diagram.
DR, REIDEI DEESERL T 45 chug
r—aty ZHLITI O THOCH I 8 CriliEmynB b LT
A=R7 T4 MHARRE LB DBHAOBRB T AT o5



’

20% Cr £ B 8 © W % ' 553

4 MTEETAEDEEZILND.

Table 3 (B) {3 HCRK-4 {22 TCHE, Hilck
CEPIRIC X b EIR AR KD 10 O TR C R
% U BRI b SL. RO 400°C
LUTF DiB I (R #1514k U T & OB ED —fl 2 17
LOTHAH. DG ZEAEDRMAZ BRI L 2
Tk rgER»2 S AREITRE U . T745b Hihil a 38402
IREHT L b 1040°C & b 22 U 1286 OEFs Nz T
C O ITi 95°C IIgIRERE 2 AT 5. iR ¢ 131040
°C k hiES L IBAT 7156~600°C iz Ary ZRER —EF
A1 & b 250°C iR ZE 2T 5. did 1040°C
X b 900°C 2 TZEHHEC ORI Tmn FRHEC LR
FEICES LIZ4 OT Ar id 670~630°C jc—ERk4 U250
°C IBIELRE 2 5. Tz bl 1040°C & b 300°C
| 2 TansisC OIRENIC S0mn RFRIE LT DT 95
°C IthpRZER £ T 5. CNLOfERL D e, d OF
B OEA I ERLERED 250°C WK EHTADIX, —F
A4 MRS B roaty BREO—HGETICE D A~
2754 bhOCr I8 Cr REMSZELLT Ms &df
ERLELOEEALNS. i

(4) BEAMEBIOEEA —ZX7 54 b

R % 850~1100°C & bidndrdc & NG U THERE
2 iflE U T hSsidg & 256 & ORIICE 3 UV IEEEIZRYD
5Nisols. Si W i 1050°C & TR
LT 1100°C TABULKT S 205 Si @ELL3IT
SN TREHBEDOS 5N 35 ABEDN K8 ) 887
3. CAUZ Si OBINCONTERGAA — R 7 74 ot
M3 A EELLNS. Si A 3°3% @ HCRK-6 1T
BTt a BERICESO TR HFET s DT SEILL L
{72 %. Ni Oty HCRK-7 1T TIZELEED /N S
WD NRBEDIR L TR TSEILL Q. R
Ni PSS 0B LEE A — AT F A FASHEINT B IoDEE
FBENEL LB EAMCHEIZINT S 5. Fig. 4i13%

BEEICK LT Si, Ni, C, Cr oM 2RLIZ3OD

Th5.

Fig. 5 (A) ik 10¢ x50 gl % 1050°C Zupik, Wk
Gl b (H=2000x V257 oK) P+ —R7F
FA P EPHEUIERTHS. Si O EFIZONTE
B — 25 F4 MIgsucimL, . Si 2°7% TiAE
70 Si 3% LAETABCHEAT B, E£70 Ni O
FoTHAMTEEF— 27 F4 bidtdmd 5. CO
HO3dDREEA — 27 74 M Eayens C ot
wONTREIHEMT 5. M (B) @Rk 3588
F—RFF4 rOELEKDIZEDT, BEA—~AT F

& 980 air codat
x 2 ”

JHTAC o
e (T [ e IEAC v
s e L X N YA
N RS- <4
a“, A~ L WAL by S
ar NPT <2
n J \u‘\//f._k
g I
§Jﬂ "
3 ( 7 R R M R R MV R VI
:&) % Si % Mi
. e e D e S0 bR A
3 P Lo
L= . A
$ o I - 3
X o o7 N .
40 .- ] T Tl —— [lﬂoac »“\JL
g [
ST I v Ry R T R/ R B TR
% C % Cr
Fig. 4. Quenched hardness.
A) Retained austenite 1050 air wn;)[ed
00 : E
§0r
6ot
= 40
g 2F
§ T
-~ Y L
§0"’.,. 0 7 Z 3 4
E a0l % Sr % M
ST
40}
ol "'—"\.
P - e L
05 06 07 08 09 r0 17 19 2
' % C % Cr
(8) Decoriposition of retained auvstenite
100¢
RO ppx-5
32 WF d~—o—bt—o—_,
S0t
Seop
X[ Hrk-4
_$40_ —a—a,
§ 20l HAK3  rewz
| == &~
33_ HiRk-1
0 u_ MRS, Y Y A\,
/0/1500'2‘ 209 300 400 500 !55?‘2‘ 29 300 408 K0 609 70
Tempering temp., C
Fig. 5. Effect of alloying elements on the

amount of retained austenite (A), and
decomposition of retained austenite (B).

4 R 500°C 3 TRERTIE & A LT LISVD, 550
CCHRILI DTRERKSHET S, 12120 NibH S
BEBEA — 27 A MINE DEE LIS D FRRLITL
{g5,

(5) HERWEEE

AEk B % 1000~1100°C Zewf% 200~800°C iz 1h -3
OREEXHIICHER U TREEE 2 52 L 72, -1040°C 22 D4
4. 300°C ZCTOWRETEERENE T 3h5 400°C
X Y iREIEE R LR 500°C TR,

— 390 —



554

&
EZS

& WABE B 5 B

2D BTk 5.

1100°C  Z25OFEicid —

WRE L 243 BIEEE 600°C it LET 5. Si DELE

it Ac AdELID

HIT 700°C LI EOEER TiEHI»

THEED LH9 5. Fig. 6 IZEREFE thig @—ﬁVzT

W LR 5.
(6) BEABERZARE

SME, MEREPEEL T 104 X 50

2D D, 1050

°C ESRAEENT 1h TORBMICERLTES S

hardness.

MTONTBERE

— 40 —

TH5DTH 5. CHEEZLRD -4 —igk DBEIEL 2, Fig.8iz
LORERIIRLIZS DT, £722460F s T, S_i
I DHERESBICEEE b b Th (—0°01%) I
g . o o /100 # e N . .
b 27w, Si OEMCOWTIRMERIZ AL 5528 Si 373
3 % Tld +0"1% OZIEZ7RYT. Fz Ni OiEimcoN
g ’Wwfmm TRIBICEEOIMERIZABITKE LS. COIE
3 o™ 3 Bl +0°05% DIFE2RTHCDEL 2 Bi1ToN
L TRBICHHRRDG A LS 5. BERICE D Tid 500°C 2
37 TERESPIOEEE ICREICIREL 550°C RT
£ AMIZIET 55, 2 DRBRIBED L AL
r BHET 5. ‘
J0 .
oSG 200 0 G0 30 asO 20 707 60 50 . ””FD. o TR maa
o 1050°C air cooled g &
Tempering tenp.- C oz Olegth ctamge Woiareter otarge " o HORKA? 3y o
oif § r
Fig. 6. Effect of tempering temperature on e L AP Zé]TTf{FCﬁ-[f—DJJ"I‘”"
" the hardness after various treatments. *ﬂﬂ’_ﬂ‘ggﬁﬁg—ur‘w—-— 0?3—“—*'%“#['%
' 5% HRK-3 o
b Y HCRK-15
Wiz Fig. 7 (A) 13 1040°C Z554% 400~750°C iz EZ”;}T]T[?%[;T‘”J* ﬁq—[l—[l—li—[lﬂﬂ-ﬂ-m
L 7F _ﬂ_}_
o lh SopEERy: s O - -3 :
W) 0 air cooled, = IO % 60x15 PHEERHIIT §_b{;_ S of
Jeorme [ s om  HEREUSED o g
5 X“ \ .“ © L ” . - - - . -
>‘:> . BEREEEE & &40 Griid 3 m mnandd ”g;]_w_ﬂg%hm
. - N o vy L af
“ farer L\l [ EEOBFRERL U R o T T e
A:N. TZHADTHY, F . ' Tempering tenp, ¢ A Tempering tenp, %
M (B)ix 1040°C Fig. 8. Effect of tempering temperature
B 600~750 on the dimensional changes.
.°C T4 44h R (7) Bamptl
T -~ RrfBER 2 U 1235 1050°C ZEiy#k 700°C 35 L T 750°C T 2h LR %45
70 u/:/ 7 8 S0 WE & Si, DO L O IR AR 2 Fig. 9 iRd. 700°C 4 -
.
/ I 1 ! 1 L 1 11 i C 3 ~ N el 3 g]':
S 0 0§ 13 10 Ni, C, Cr B ReR#iRs, Mote 1T Si28% FTRELVEL
73 £/ ‘_; . 3 -
B) 445 Tempering after M40 air cooled 'f,—ﬁ%?]“bf é DT —— ©
[ \ o »B. RFFHER g4 . HEITAC
2 - it S e 4 . R | 40F ¢
SR R womEs st o 34 el
oy (./:,/';{ o--" & EWTYith ¥ 2z 3 o 130k
a 3<°,/*’ . a G30 w iajju G‘C‘Oﬂf;ﬁ{rﬁk E 120 o O3 |
S [ o 70 4 = T T /0F R eg e
E” T2 5 0 1 2 3 4. CERL, BRI s N — g
a0 % 5 d {LARFIDSK & 78 % ot | B!
g\ N b__a,—/-v-g . i 25+ u-\—r’;“\x L
2 S 25 S 3% HAET o o "\/z %
a2 TRy, WHOTETFT s A TERTTS
< L % 3 L T
e %. %7z Ni o X3,
P g 2‘»—.4%1»«253- P o aa]
05 06 07 08 09 /a 7 {302/ Tk oTC 4 EEE o P 4= _
%C a Cr B 07 2 34 / 2 ”3 40-5 06' 0'7/0'3009 1 //
Fig. 7. Effect of alloying ele- & < s 1% % i % Wi -7
ments on the tempered 3. KIZCODHH Fig. 9. Mechanical properties at room

temperature.



20% Cr 3+ Al 8 @ BF %

555

Teble 2. Mechanical properties at elevated temperature.
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STUDIES ON INDUSTRIALIZATION OF “MT” PERMANENT MAGNET (Iy

(On the Chemical Composition and Addltmnal Elements)
Tokushichi Mishima and Noboru Makino

Synopsis:

Today, applications of permanent magnet are increasing in various fields of industries.

The

magnet of excellent quality such as Alnico, contains a great quantity of rare materials such
as Ni and Co. During the World War II, research of permanent magnet was concentrated on
the discovery of substitutional alloy which possessed high coercive force without containing

any rare metals.

C ternary alloy and does not contain rare elements.

MT magnet was developed in the authprs’ laboratory.

This magnet is Fe-Al-
It has magnetic properties nearly equal

to 2 middle cobalt steel, and possesses comparatively high coercive force of about 200 Oersteds.

In this report, the result of basic experiments on optimum composition and effect of addi-
tional elements to MT magnet were described. First, the specimens of Fe-Al-C ternary
alloys containing various different quantities of Al and C were prepared to detect their opti-

mum composition.

magnetic properties in the region of 8°0+0°29 Al,

The experiment showed that these alloys presented the most superior

2°040"12,C, and its residual induction be-

came more than 6,000 Gausses, coercive force more than 200 Oersteds and energy product

more than 0°45X 108 Gauss-Oersteds.

Moreover 13 kinds of metals including Si,

Mn, Ni,

Co, Cr, Sn, etc. were added to the basic ternary alloy, and their effects on the magnetic
properties were investigated. Addition of small amount (0°5~29,) of Cu, Sn and Ni gave a

good effect on magnetic properties.

would come to unfavourable effect on the magnetic properties.

These elements, however, if added more than 3%,

It was appreciated from Fe-Al-C

phase diagram of 1200°C section that the range of optimum composition lay approxxmately
along a ‘‘tie line’” in the 7 field closed by 7+K or C field.
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