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Temperability of Mn-Cr S'pring Steel.

Manabu UeNo, ITku UcHIYAMA and Akihiko HosHINO

Synopsis:

The temperability of the Mn-Cr spring steel,

namely the behaviors of the carbide and

the mechanical properties going through a process of tempering are studied in this report,

and the results obtained are as follows:

(1) In the case when the tempering parameter T(C+log t) is introduced, the hardness is

decreased linearly with tempering parameter up to 500°C.
(2) From measurement of X-ray line broadening, it is suggested that the hardness is

dependent upon the lattice strain of ferrite.

(3) By the tempering above 500°C, the alloy elements such as Cr and Mn concentrate
into the carbide phase; and there is a remarkable fall in the hardness that is caused by the

removal of the alloy elements from the matrix ferrite.

So, it is possible to conclude that

the factors affecting on the hardness are the crystal strain of a matrix ferrite and also the

content of alloy elements in the ferrite.

(4) The shapes of the carbide formed during tempering does not affect the hardness, but

the ductility and the fatigue strength.

(5) The yield-tensile ratio takes a low value in the presence of an excessive lattice strain
of ferrite; and, with rising of the tempering temperature, this value is increased gradually as

a result of disappearance of strain.

However, it tends to be decreased by growth of carbide particles with further rising of

tempering temperature.
450~500°C.
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Fig. 1. The effect of the time and temperature of
tempering on the hardness. '
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Fig. 3. X-ray line breadth
versus tempering temperature.

CERLK By

HEDEDUNT LEFLTCNEH, 7 HHEED L5
WHUBLLZEABLEEREL TS '

3. RitoTMRLSE

2 h) v s REFALIRTCOEETREOTEZAD
7o 0°2N HCl+5% citric acid 7Kigf#H THRILED
DEMBGUET oo/ ERE Fig. 4 Rl BT
L TR LN D Fe, Cr % XU Mn OfbS
Wiis®R X b Cr/(Fe+Cr+Mn), Mn/(Fe+Cr+Mn)
ERHLT= M) v 22/, Thbb7: 74 bFOD
Cr 5KXU'Mn £§F &+ LT Fig. 4 CHEHKETRL, —
FRILmiC oW CIaEEH D C, Fe, Cr 3 X0 Mn D
EHEEZRAL LHESHIT Lo TROERICEHZTRL
7.

ERIBE IR OB A1 Fig. 4 »5HLK XS
CHRILMHAR IV T7 2 94 bhD44TE Cr, Mn &
FEREIA—-27 74 PEREOTHREERCTEFOELL
CEFREINT 74 bhOBERTE, BREHBTS
B ELITHEOYRHIIBERIRAE DS 450°C WET 5 £ TIE
EAERTEET, LAEBOCIDBREECRATREI—
FIRRERTWwW5. A, HuLteren!D [T X33, Z0OX
5 e BSTRILHEIARTOR{L% paracementite &
v\ para-équilibre ZLIRABICH D LV DTV 525, B
FRIREEAS 450°C 2 ¥ % T < MIVEEETTHR DI D
KEWFEE T Thh paraéquilibre X ¥ orthoéquili-

9

8

7 C

S~ "

fod
S
86 u
S /
35
h ¢ -
i /L~
s4 -
< i 7 Mn
= —— Carbide
E 3 -~~~ Matrix /
§ J
“2

] J//

=St = ol -i::
i S "Cf@' i
, [ s s
300 400 500 600 700 700x100h

Tempering temperaturé (4]

Fig. 4. Alloy element contents in the carbide
and in the matrix.



Mn-Cr ~28OBERBEICOWT . 1889

bre TBHALETS. FLT Cr ZXU Mn. &HiT7
=254 b X DRIbRA~ EIRRBE TR OTWwHDT
5. FRO X 5 CEFREBTCHIRARBIL LA
Br&2 T\, Fig. 4 10k Ti, 300°C OEIBBER TR T
LA C 45 Bt FesC ObFYE L VEZ LN
HEX VL 8% #MADTNID BRI B ERITHE
2T, XDk Fe:C OCEHE 6767% 1Tl <23,
Lo LEEIICI 6°7~6'8 T—5Efls & VEBiL DX
LEB s RICWHAHMMTLADAREETHS
X 5 AT B R L SRR T OB AR E
n, = LUCEERICCREIRET ORI CAHEM
BWLEDTL B EFEALNS. Fig. 4ITk\T, KHH
BRI R D& & TR EH BII—EEITEN <
B DOFEEIRAE (orthoéquilibre) Tl AES @ Cr,
Mn %7 =74 b X 0@EHELELHPCEEL T30
BRLPTHS. LOEETHED7 =74 b XD OEH
i 550°C BIETIIFEICAEL Lo TH Y, WEZEL
LEERBEROD LETFEOELPB T O 550°C LIET

BEBIT D L EAADED LHERLRBTLLAT

DIBEL L TRERICET T 5EAND 5D THEETR
DFRACHFE~DREL IR FRE EOCHEECEE TS
ZEBELHTH B, s

XC paracementite 5 X(f paraferrite HiTkl)
% Cr, Mo €6 8REIEVCELVWLOTHOREHI
b 5F, VEEEIARICE VT Mn O R{EMh~DiRE
EEOHNCr XD BATHY, ZHETZ =74 bho
SE&TEEEEF LTI RIG LTS, Lin LERHIT
u@lbwabti7KCr@%#mk%¢«®%%§
BATHERDEERBIIS LD, —FH7 =294 bpT
13 Cr #8 Mn X D{&< /5. ZOBGEIRKTEICD
W TIREWIDERTHE Y, Cr ol 28, Mn
X 11 ffCH->T Fig. 4 X H700°C X 100h BERIC KT
EETEDRILMPOEERLET = T4 RO ED
tba ks & —F L% R L orthoéquilibre IT:EL
VBT ERRLTVA. & OFMAC T O Mn Dl
E£OE VG & LTRURILDERTETH 2T HiRE
BHEREN Z L DD TH Y A. Miceer!Y D Fe,C
SRR TR TORTHA»DIHATES. VWE FesC I
DNTHEL2SE—HADCRFILIE 3Fe BB HET5
75, 2D C-Fe RTMRIE—RTAaJBIZEC X% &191
A+ 2:06A TH%. Mn #» Fe,C fpd Fe BT EE
ST 5 F; FesC rh T Mn EIAIRIIFEY AT FesC

Do iR BD LR DT O Fe [RF L bERT

5H0EEz5N5. L L Cr iBL Tl FesC A

Photo. 5. X-ray diffraction of the carbides
isolated.

DOEAIRDS 2006110 CTaH Y, Lich2>TREF Cr/Fe
~03r Bz kY C-Fe RFR@OREDI91A
OBFEICOLEBERFEIFTHDT, TORTROHERL
DEZTMnD 137D, TOFERELTIDXSK
HGSEL 5 LHAIINS.

7rds, Bt Cr, Mn &8 235 sR{LHOF
BEBPTREINTVWEDTH2T, RILMEIGHELLTL
H—FICETLTVWEWL 2 SELORILHPTOA
SRFEBITIIHYOEEREL TS LB,
BEARIC BT D27 ¥ A MEREY S EERLEC X
DERILIEITH L, Th¥dHEERET FesC L7 fE

 BEEEETET R LIIEMTH B RTORETES

RILMOBFESHRE SN TED, ¢ 5V RILDHS
ENTHE. TNLRIEHOLFERIT FernsC TRE
n, #Dizd FeslC DCEEE 6°67% KV ELLD L
%xbhb. Photo. 5 KV Tik Fig. 4 DRILAHOD
(LSS HTIC B L B ORERIBEEIC X 5 RE SIS 2L
ZoRd. 700°C X 100h #ERIC X 5 orthocementite (X
5ol d FeC iETh D, Tt ORI Sl
KRTHDOTEHMIHFETHD. Lo LERERESE
T B Licas > TR QAR IR ICERE 3R 28
B I T LR OB EZ R T 5. £ L T450°C LA

| TORRTELN GBI TIARRIMRERS & &£ 52T

50THY, —fIC FerC » (h-k'1) ©F5 (h-k-0)

— 19 —



1890 % & & %8 47 £ (1961) F14F

OEHE E I L THEHELSY & 5T, Z OFER
Jack® %2 MarioN, FAIVRe'™ {Z X % & Photo. 4 (a)
ORI HRULA L S LRTIRTHRILZ X 53D TH
5 ERIEHLTYV 5. EHFROILL D RRE R OTR—
BB oMM TH 5 & & LSMTKIBER TS5 5 KL
WMORTEEMEINCZL X 91T FesC oo C E2355HW
Z L HifgE&n 5. Photo.5 TEBRILH, e XV
BItoRIFEE R L T—HT 0B ERRIH, &
KEB R OEIF T Feol 1ML TV 545,
D e BBV L EHFMAEZE ST —Fae K i,
TWRITEHIRILID L U < 1d FesC ORFEL M X ) @E
R EDPEUFRERANCIE FesC EEX TEX AR VWEEZ
5h5.

4. BHEaHEH

Fig. 5 WWHERIBE S MM EIC R KETEHcow
TR LD, TOE Cr i BT =RE ks s
TV, LT Lh OERTREBEEE I L CER
TdHH 600°C LIETIXTIHIRREL LS. BE & HHN
HIEEE & OFEREGERLcOM Fig. 6 TH5. 3|
IRIEE I ERGERE & & b IO TE LT S Th Y
LEEEMICABIC L 2 DTHECE 13 A&k
5. LRLBERKFECI2TELLNTVABIENIC
EETETEI2TLE 26N THD, £ Cr Mn
DEX3KTEE7 T4 PRREBTLZLCEIVD
UL LKHEZMADY X250 THY, Mn icBL Tix
7 294 b Mn EliE R & HE L IILFIT 5 & S,
U320 TS5 3R b FHER & 7 0, RALAD P~ DYLEL
EEEET2ERT 5. SPRMELGREELOL, &
RECVIBEA - BER DB AITIE 85~92% ODfHAELNT
T WBED, BFEOKEVEHRKIIMETL, BELFILIS
BFPN LD OCRERFHRICE D TR MM 3. &
DITIREEDS EA T 5 ETHRILIWR OBSE, 7274 b
OEERBLIVCEETEOERB ITX Y E REWETT
5. $5J@ 450~500°C TOBERIZ X D 92% ODER LA
Bon7ss, E. Herzoe!® X% LERESLITD
PERILZ AR S 5 I RIL R S S 5 DAHE
hTHBH EMBRTVEH, Mn-Cr NI W T
450~-500°C TIIR{LMIIEHAS ML RAEETH S &
LR T IUERBR A OLERAEI A R 5 O TS
EarRlLesLl, FOdTBRIMET*E%T 5.
EFh—F CHRBEOKRTFEOHFEIBRICIIIFERS
LB TLOEEILND. HWHEROMU R X CHTEIR
HREIL Fig. SITRINTVH X 51T, 300°C R
WTREERZRL TR Y, BRIEED LI EoTHE

\“Lu EDE
2, 450 8
3 D @, % § 2
g s 403%
sy T TR s
o 430 3=
X 3
10 20
o b
E 09} .__AP-*-'qh-‘ﬁ\_ —— g
<08 7 Vield-tensile 'ratio i
200 \\\Q\ .
£ /80— 2
< ool N%
g NN
s MO e Py r
¥ AN
‘;:/20" O?,-z \\
I
X100
2 a0} \Qi\ <
S et 5
Tension impact A 60 53
/t’A’_._‘—-—n ————— —(—-—p,—,.’.‘,_ 450.5?&
2 =B
areld 7 40§§
ction of S22 Y3
Il(’a‘i‘"b e <30 ~§ K]
I'g = Pl 20 Eg,
J/ Elongation e~k Lin§S -
i«_gg-_:.’:::ﬁ’::;":-"‘ ]:ﬁa,‘tp‘l LrnPl"' §
300 400 500 600 700
Tempering temperature (C)
Fig. 5. Change of the mechanical proper-
ties with tempering temperature.
I 60 N
(imit 7»—"’"/ S08%
[ﬂ»nce =%
e oy
<
=, 305
o Yield-tenstle rati RS
2 ost e S
& -7 “.
08 =
200 °
180 >
160 .//

Tensile and yield streagth (G’
] S ey
3 &
T
N .
L .
%
£\ \%
=
1;‘ <3
i
-
=

o )

80 / 8
<4 @S-
Tension tmpact & E
-s.:(—-\:—l-mi— —xm e =] S 4350 .§ i
\ B PR
Sl B e \‘é,"
T~ . ]
. ‘& 1oL
& 5,8 S
-A\T\/a@qflé” - . ® VRS g
P L) 2§
[ e RS

Dy e T \ T1¢ g

Dpges = =x=Li S04 QN 3

i S 2§ R

20 30 40 50 60

Rockwell C hardness

Fig. 6. Relation between the hardness and

the other mechanical properties.

THN, ZOZLRETFE & HRRILImT LT
5. Us v 7EHBEAROFER 13 BT LR i ZL% T



MmCrﬂ#%@%%ﬁkObT 1891

L, ®BERCER—RCEERRIZED RV, BRAT
13 300°C EEORERE—RERMESICHEYL Tk

v, »x2T 200°C TOERTHELNDEMEEL VE
TL, BEARKEOHEIEL LS EHMLN TSI,
COXSBBRRINT Y ’I" R R OER R G H
WwhEG S5, GrRossMANNZD [T X 5 & Z DRERED
B iZ X 0 cohesive strength & yield strength X
DEDBNETL Y LInis2 TRETIC\ 72 5 F TOMEKZE
WOk BT EERLTVS. £ L THRILMOWH
#% cohesive strength % QI T X2 D CER
HERITLEHEL TS,

BERHDELT Té&%&%@?ﬁﬁfﬁéﬁ%é@ﬂ¢
¥ X OB R L OTIRZE b & X > TEIHfE EE
T5. BAMCEEREREA ST 55 BREEARORE
%% Fig. 5, 6kTLhH T DGERERIBE DR
P EEEPECE ST D ELNTE LT, 772400°C LA
TORRTIIbTPEROETLTWEMR—EEL Rl
TEEZBVEFETHD. £, ZOFERHETELN
FEIRU /o FEHFEEOL DL DB T & ITYIRERD
W EREBIRE SRR X2 T B T E DM
BHEMSMAMICERT AL ETHS. ZOX S S
MICERT 50T, SEEBEOEH LR LIATEY, &
BB REEHRMEOZELIIFEREEL Uy v FHEEORMK
THRBEOFHLIN/EEZRL TV S ERAIC K
TEREFHBEMETLTVSZ 213U v FEEORE
DEBREVDLEEZLNS.

Vv IREERBIC L OTEESRE Fig. 5, 6
R L. CORIC XD EBER XU FEME & Rk
LR R L TR HBERIBED 400°C LITOHEIIX

BRI ERICEO THMETETLTL . Lo

L # DS SR BB R E 22T 5. Fig. 5 03|
R & IR OS5 2k B N E X ORAL
(endurance ratio) 1% 400°C CALDEER TIX 30% 2
EE LB, 300°C OBAITIE 25% i ¥ THALSE
T¥5. Z0XS SRHCIIRETEIAEEREZ EL Tk
D, EFERERBTIEORDICEFHRMETLALE
2NN T VT o 4 NRIFRICHTH U 7oK R
LR ER TR TR BRREARERLRVEL L
LA AN S, ET5IEFRRCERAE—ER - RIL
MR E L ORBFEEVD X5 ETHRESERE L
EBbhD.

IvV. & Es

(1) BRI kﬁé@ﬁ*&ﬁ5w%}irm’ux

+logt) WKHAILTHAT 5. L L 550°C LAk T3
RILBBEITIED.

(2)  EFHEEMmmEE X v HrC 35 DL EORER
TOBEELREFESZERHEAF TH 5.

(3) 500°C LA EOEERI & 044553 Cr, Mn 2
RALDAR~OBERIED, 7254 FhOEE BRI
EOTHERVHUSLLUETT 2. SRAEECES T
BETIMETET, HrC 35 BT TR 7 = 514 FD&d
TFEERVBTENLEDTL 5.

(4) BRI IS>TELNRILDOEIRIIEE R E
WIXEE VA, His XOUEFRICEEE S 5.

(5) RBRILIBFESBRTHD EETTDHH, K
RETZLDEMHEOERERETS. LA LI ZIWER
RERLEET S LITHRILDOBREDOERETEZIBL

DFER 450~500°C TORERIC X Y REEIELNS.

(BRFN 36 4 6 A%

X [
1) L. BAcker, R. Bicor, E. Herzoc: Mém.
Scient., Rev. Mét., 58 (1961), 11~25

2) kB, &F, #HR: BEASRFERE 19 (1959),
336~340

3) J. H. Horromon, L. D. JAFFE Trans. Met.
Soc. Amer., Inst. Min., Met. & Pet. Eng.,
162 (1945), 223~249

4) K. W. Anprews: Precipitation in Steel,
(1959), 292~294

5) W. Seita: Diffusion in Metallen (1955), 56

~59
6) E. D. Hvam, J. Nurting: J. Iron & Steel
Inst., _(U.K.), 184 (1956), 148~165

7) K. J. Irvine, F. B. PickerinG, J. GasTon:

J. Iron & Steel Inst., (U.K.), 196 (1960),
 66~8l

8) S. T. Ross, R. P. SErNkKa, W, E. JoMmINY:
Trans. Amer. Soc. Metal, 50 (1958), 163~
183

9) F. E. WernNER, B. L. Avereacy, M. CoHEN:
Trans. Amer. Soc. Melal, 49 (1957), 823~
841

10) E. Aston: J. Iron & Steel Inst, (U. K) 192
(1959), 377~382

11) A. Hurteren: Rev. Mét., 50 (1953), 847~
867

12) 8, THR: BEXAEEFLEE, 19 (1955), 385~
389

13) L. Bicker, R. Bicor, E. HEerzoG:
Rendus, 251 (1960), 1388~1390
14) A. Micurr: Comptes Rendus, 248 (1959),
1528~1530
--t5) ‘E: ‘Bicxer, R. “Bicor,
scient., Rev. Mét.,

Comptes

E. Herzog: Mém.
57 (1960), 527~534

— 21 —



1892 & & 7

2 47 &£ (1961) HIAS

16) K. H. Jack: J. Iron & Steel Inst., (U.K.)
169 (1951), 26~36

17) F. Mariow, R. Faivre: Rev. Mét., 55 (1958)
459~-469

18) E. Herzog: Rev. Mét., 54 (1957), 23~56

19) G. DeLBarT, F. MaraTrRaY: Rev. Mét., 53
884~-896

20) M. A. GrossmanN: Trans. Met. Soc., Amer
Inst. Min., Met & Pet. Eng., (1946),
Tech. Pub. No. 2020

& Cr-Ni &+ — 2554 VDO BEE L
(8B Cr-Ni =257 +4 MEOHER-D)

BERELR™ - sk ek

Hot-Twist Ductility of High Cr-Ni Austenitic Steels.

(Study on high Cr-Ni austenitic steels—I)

Synopsis:

Fujio TsukamMoTo and Takashi Suzuki

The ‘“‘hot-twist ductility’’ of highly alloyed austenitic steels such as AISI type 309, 310
and 330 was studied. Effects of alloying elements, melting practices, and grain size of these
steels on the ‘‘hot-twist value’ at testing temperatures ranging from 1,000 to 1,300°C were
mainly investigated by torsion testing at a rate of 200 rpm.

Fully austenitic specimens showed twist value curves of a convex type at testing tempera-
tures, while two-phase specimens had much lower twist values than the former, nearly con-

stant through all testing temperatures.

With the former specimens, a transcrystalline

. fracture was observed at temperatures lower than that showing maximum twist value, while
an intercrystalline fracture was shown at temperatures higher than that.

In the case of type 310 steel, the higher the carbon content of specimen, the lower was
its twist value. On the other hand, the maximum twist value was obtained with 029 C

specimen in the case of type 309 steel.

This difference was attributed to the fact that the

ductility of these steels depended upon the stability of austenitic structure.
Besides, effects of Si, Ni, Cr, N and Nb contents on twist value were explained. Compar-
ing vacuum-melted with air-melted specimens, the effect of melting atmosphere was not so

clear than that of alloying elements.

Addition of small {quantity of Al improved hot-twist

ductility, . while addition of large amount of Al as well as B up to 0°01% in the form of Fe-

B much impaired ductility.

In the case of high-C steels, the increase of annealing temperature which resulted in
grain-coarsening decreased the hot-twist value owing to the increase of solubility of C atoms,
while no change of the hot-twist value were observed with very low-C steels. Therefore, it
was concluded that grain size itself did not affect the hot ductility.

1. ¥

—HRICA T v OB T R RS v 12
EETILNTE DT 52351 E Cr-5 Ni Ofitsa+
—RTFA PRAF UV ZFACE N TZOEAI VS L S
LS, 868, EESEOHMMIIEBSWTRERAELR
TWZ ERI<HLRTWS.

AT 2V ZAFOBB I THITIT VAW 5 DR FHAEE
TOBRRFCERBEBRBRENC & &, TRESBEWZ &
PEELSHMBETSHOC, 8HTEE ¢BES HEXR
ML EDEB LT OH—EN I W EBE S XL
TWwHEEZLNS.

ol

EREFII D B AMA, BE, ZWEE, mIEL
EL XD THEEINDD, BEEA—2F+4 MBI
IRETDNPREL, ERERBSKTEB L1 L<
MOENTWS. A7V U REAOBEEHICEET 55
EFHFEF L LR RSRILE & A EM T o= o5k
AbM, FIBCHLTRRSG X5 R X vEBRTY
=74 PEECTHER 2 ET 500 AR ERiEREE
LY, BRECHLTIIHEDD O ENRFVIS ST ER
ELY, Al, Ti, Ca 7 EDREBH B XUOHLETED

*OMT 36 F4AKEBEAITTRSE
O OHERGEIE

—_ 22 —



