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Effect of Cooling Rate after Solution Heating on the Mechanical
Properties and Age Hardening Properties of 21-12N Steel

Mitsuyuki KOBAYASHI, Ohmi MIYAGAWA, Takuro SAGA, and Dai FujisHIRO

Synopsis:

The effects of various cooling procedures from solution temperature, i. e. water quenching, air cooling
and furnace cooling, etc., on the mechanical properties of 21-12N steel before and after ageing were

investigated.

It was found that the tensile strength and 0°29% proof stress of specimens before aging were not
affected by the cooling rate, whereas the maximum hardness was obtained after water quenching.
The ductility and the type of fractures after solution treatment were also affected by the shape of
grain boundaries as well as by the amount of grain boundary precipitates formed during cooling at

various rates.

It was also found that the age-hardening characteristics changed appreciably with cooling proceduré.
According to the transmission electron microscopy the remarkable hardening during high-temperature

aging after water-quenching was attributed to

the fact that the high dislocation density resulted in

large amount of fine precipitates of M,3Cg which are formed mostly on dislocations.
(Received May 15, 1971)
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Table 1. Chemical composition of the specimen.

Element = C sSi Ma | P S | N N | Fe
wt % 0-19 072 | 116 | 0025 0004 1042 2172 02  bal
Table 2. Effect of cooling rate from solution temperature on the hardness
of specimens solution-treated for 1hr at 1200°C.

Cooling procedure Number of the Total number of Mean value of Standard deviation

specimens tested _ points tested hardness of the hardness
Water quenching 10 100 206 4
Air cooling 10 100 190 3
Furnace cooling 10 100 190 3
(Hv : 20kg)
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(a) Appearance of fracture parts (X 2)

Photo. 1.
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(b) Microstructures of ﬁacture parts (x270)
(¢ ) Microstructures near fracture parts (x270) (6/7)

Effect of cooling procedure on the fracture mode at room temperature of specimens
solution-treated for lhr at 1200°C,
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Fig. 1. Effect of cooling procedure on the tensile

properties of specimens solution-treated for
lhr at various temperatures.
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Fig. 2. Tensile properties of water-quenched, and
furnace-cooled specimens at clevated tem-
peratures.
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Fig. 3. Effect of cooling procedure on the hardness
of specimens aged at 600°C and 750°C.
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1 200°C-1hr. Cooling procedure after
(b) air cooling, (c¢) furnace ccoling.

Photo. 4. Microstructure showing precipitation of
of Mg3Cg type carbide on matrix dislo-
cations of the specimen solution-treated
for 1lhr at 1200°C, water-quenched
and aged 100hr at 600°C.
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Photo. 5. Microstructures of specimens solution-treated for lhr at 1200°C and aged at 700°C;

(a), (b) water-quenched and aged for 30hr and 100hr, (c), (d) air-cooled and aged
for 30hr and 100hr respectively.
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Photo. 6. Microstructures of specimens water—
quenched (a) or air-cooled (b) from
1 200°C and aged for 100hr at 703°C.
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Photo. 7. Electron diffraction pattern showing para-
llel orientation relationship between MyCg
(faint spots) and austenite (intense spots) .
Specimen was solution-treated for lhr at
1200°C, water-quenched and aged for 100
hr at 700°C.

Y A
o

s

y < PAS -l %
Yy W ¥ R
g kL0 i
S50 PN

e e T v-;;_&ﬁ 3"

Photo. 8. Microstructures of specimens solution-treated for lhr at 1 200°C, and aged for

1 000hr at 600°C, showing “precipitate free zone” in (b) and (c).
(b) center of the quenched specimen,

quenched suriace,

(a) near the
(c) air-cooled specimen.
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T3, L LAFEENIE LN D EILIRENS X
0:01~0-19%, BETH® D, C, NBRFREFEILLREED
WE2TBHLEETHIE (C+N)EEH 2 at% 15
LARHOBESBEREFLIIC RN 55F 4 1/20 BE
LEE~ADHF ST R W L5,
DERABOT R L2 TET BENL FORELE
2 %. M. MesHu 5Dz X % Lilid CThRasd oTiao
HETARNEE MRV L3 A FRD L0, BH
EES 70000°C /sec K BWETERIES L, T
I ARELSANBEE LIL DI L 6% 80% offfi#
MASERED Hifz. Fic R Mapcin 5V AB DRI X
D Al BEGRP A DIFLT 2 L2ZRVWHL, ZOR
E & LTARERUOTHIC X HEEMEBE DB KL quenched-
in jog #HIFTW5. RBET TV MEFEDOE
BTRAEFER A E VO L, AERTIEI6S &
WOKELBEITH DT L, E HIF — 27 A M
BISTEHEANE <, DPBMGRENSKE S E LR E
T LD AEROBEICIE SRS LRAHUT L2 FE
L, ORI ERD Al © Au OEBROBA X DA X
WEBXTINTESS. 0L 3 BABITRICES
ERBEOMINE$TIC Photo. 2 15ds 1 T — %R L
fEBDTHB. Pad e

X ETEDESRABROFHOBEED LTHLHLH
CF Broabic, 26 X301, 66 %300, 166 x301 o 3
BORDOREL D7 21-12N §OFE % 1 200°C x 1hris
LA LT E 2ok /. ME|EALE X4
HEE L EFHEAOFEPRFOBE DO P.OHTHS.
FofER% Table 3 ITiRd. sk 26 BXUC 66 D
HEAFIIE O H Lo 5% HE COMDIRER F&2i<7
DY BT o~ TCHALTELEA{T DI, DK
BB ERBRE OTELREWVIZE, Thbbagny
HBPREEEBERCEREIEL<L>2TwE.

B G HRIic kT BR RN D OBE~ OB L%
2 b 5h, BRBELECELIASESTVWERZLN

Table 3. Effect of specimen size on the hardness
of the specimens solution-treated and
aged.

Speci : i Vickers hardness

pecimen | "
size | As solution treated : Aged at 750°C
! from 1200°C : for 100 hr
20 %300 | 191 . 210
¢ %301 L 9 J
6¢ x301 | 203 ; 227
164 x301 212 ; 240
(Hv: 5kg)

LEFAH L BEHMEILN5 &, RERWBEIBEEENT
W B R OWERE AN AT I o b T IR 3 IEE
LWZ ENDBAT, MAVHMIEE LT EREL
XlswEFzobnsd.

5B, BAEDIFBERT X D RN EBR OB S EFRLEE 3T
LTIRABOT AORESRE IR E L, KEMOBED
BVOREELTZOEIBNEHOTHOBEEERXS
n3. AbiidRoHRcEs e, 0L 5 maHEOM
BEABEORTEEYBIITL, 3 pBRMXIiEd
FOEEEYBXITX RV, COFERE LTETE—T
Ez2b6N5ZEERLKKSOHETCHEERGS (16
¢ x151) EBBERIAMS (166 X110 1) O~ EEC LD
WHNEEOMETH S, 1 200°C B3 F bAGs & B &
4L, WEESERA o Hv 206 oxb LT, BIERERE O
KT Tl Hv 195~200 EETH b, 2242wt &
DHEERTFIRRBF OB Bl in vy, LrLERED
FIRAERA T RO R D iR EIERIC T T LWyl
EOT TS, & LIET 5 & BRILREETIRIA D X
5 TR DT RIBE LM J1~ DI D B R IEE
BT, EE(LKEDT IERERE NT b BRI
X DIERIEREES L DARE LT WD L S Th
%. .
4-2 BFUEEESMCEIETSNEEORE

RSB LA Ic B TET BRI LIEE > S OB INEE O
HER S EZOMMMEOMECFEEINS LFE BN
5. WAMEROMES E LT D) BERTFRE, 2)

WBIZFLIRE, 3) RAIEE, 4) MR EBH
FhNndH, ZODLIBERFIRECHEEIHLTHLTH

55 1L, RFFHmITEEA RSB EZE Ly
THA 5.

ZNTE TR LA DIERMBEOREZE 2 T
BB, ENEBEEOREEZEZ 556, BORTEFELT
W BIRRL_E R RAT i AR S D 0
LB —RCHT P NREL BRI B 2 &
W2WTHE CAaaN'ORHERHNCHFE DT WS, Thitth
WEIRNLIT X AR —BApOEE Mo BKRR TE5 %2 bh
5. “

Np=vN'BL exp(—AFp/kT— dF*/eT)
ZZT v, N, L, dFa, 4AF* 3xhThiEBETF, B
Prtafitd 7o b DRFE, BAARED- D DERSIOE X,
PRELD 7D DIEMIE = 2V ¥ —, EALE~DEER D2
DOEMALT AN E —TH D CORX O RE—ERK
BN E LA L, BEMEESRKSWEEAE
{75 5. .

Tl I TH— AR DOEE L= ¥ —%
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Table 4. Effect of cold working on the hardness
before and after aging at 750°C.

Cooling ‘Sc?lgcllrs\(fzo?f; Vickers hardness
e solution i . = ; . g
treatment ten(sol/:;l 1 Before aging 750°C x 100hr
Water qucnching{ 0 ‘ 206 ‘ 232
0o 190 | 214
Air cooling : e
1-65 | 200 | 228
0 190 | 211
Furnace cooling B e
1-80 205 | 222
(Hv: 20kg)

AFyw* L35 AF*/4Fyv* OfEii—fgic 0°15~04
HFZ 5 & Wb, Licsi-D TIRRL L~ DO Ok
BRBH O HRICL HRF LI KREL, BROFET
THEOENOE—EARIIIZLAERBI Y Z AW L
e B, LIS D CRAEESKE W EHEmo s
HEREICRS Vw25,

—J7, EBENTD My Ce BMFHMORE L~ D EE
HIZ DWTIE S K D|EHH DINTID, KM BT
HEFRD C LA I Nie. ¥ 2SR EgH T
X VIEEREEXHAI® 5L Table 4 WRT LS5
Kt L RBECE{LT S BRI Sk E,bK
B ORFEE SR D EVORARED X S icAdic ko
THIRAMBEESEML, 2SR LIS s biT
HOSHBEE LB DliedThE EFELLNS.

DEIW Fig. 4 1R L X 5 iCERhiREE 3RV g KRy
SE LI~ O EREO R EN K EL LB T EiTon
THEESTS. Lio Cann i@ L FIERIC X 57—k
RO D DEELT 2 F — AF* L iE—d ko
HOFEMLT 2V F — AFy* LD AF*/AFp* X a =
Gb2AF, /27272 & 72V GORAF, /2722 (1—1/m) DOEEET
a@PEnE & D IFFERCRERATS. 26, b,
dF v, 7, m 3 Zhi@t R, N~ 2~y b,
MHWOERKIC X 5 Ed = 2 v ¥ —Z5(k, B8 &Y
EOMORE = ANF—, X7V HTHB. D dF,
WEREEHBESMEL 513 &, ThbbinBRF 0@
EnfEmT s agcme, G b rin&iarhis
EOREERFEEZ L uwhr b, BRalx 4Fy ksl
LTHEAIT 5. L7odi DT AF*/AFy* VIRSShiRE O
Tt 2THES L, Fhiids—Emkic 5XC
AL E~OWHIRES &7 D, RAEEOFEE SRR
IMIEF LA ABEEZLRS.

DEEBAN X DG eI LORE IOV TE X
THES. Fe-Mo & IBTERBRITINE, #
FIHESEILXIBERTF OEE (R 2@8E 24 o
2, TLEEELGDE LT, LTOHEDOEENC X DEE
LClafiBi e 7a by, ThXEeimliof ek s@hssr+
5EEINTVAE. DX S RERFME E~OHTHIX Al
EEOVDLHA DT TaCd 2 MyCe? DT HilC >
WTHED BN, ZOHE, RTFEFLOERPERIN
TWw5b. T V. Ramaswamy® X NbC o#ftliz o
TZ DL S5 RIEME E~OIHIEGHEESR S L VWIE &
WAOT B LR WEL, ThE BRI ZEFLIRE DR
MTEBBDELTWS. ZOHEE, 20X 5 LiEMNE
ERPRIIEIES v # A ST 57080, FHmbs &
ATHB L —H O X 51TH 255, NEANT TR
EHHBEFRLTCH B EEZLSNS. L LIBEERILERCE
LTV BIER L~ I K 5, ZOIEME R
~OERITE L L THEETES LS TWSED.

REBROEEIABHM T AR D X 5 B EFLIRE
VRN E W EE X DD T 8 R, BTSSR,
Br5h DX S LERMEE EAOW HIXRD itz
&, ELIEHESTEPREL LD EEILRERES T 5
b b 5T, Table 3im Lz X 9 etk ons
& & DITEIEER» 2O TEL LR EMID,
WEghiB b b LT — AR ER AL D 5 03 22 FLIREE X
DEELEE PSS LETEEILND. A LARMC E
O CTEIRBEEO DGR & %5 2 Bh b, 600°C LI T
HiREoREREHTERVWEEbNS.

4-3 BIRFAEOEITHF(CDNT

FRoo X 51z 1200°C T 1 hr gtk{bigZas L, 600
°C CEREMRES) LB OR SR EITE Ui K
75 LI Precipitate free zone (LLF PFZ ZOF.&) 23
Wb b, DXk 57 PFZ 1z Al 54k W%
eI N TV S22, 25Cr-12Ni-0-024C gHic >
WTOHREDH B, FLTCWThoEd PFZ 134
R RF ISR FITHERE L, T Okd R RMEoZE
FLIBED B L, WTHIGAT & SEafrBR A v LIkEsL &
BEABRFDI T AZ —MBT EBRWVIDEE ZBH5DT H
D, MEPRZ 570D 5 —EFEE EDZEILRED
METHD L b TWwa®,  Zhios LiaEhose
2 OIENTHHAT ISR R R I NG E L
K HRAMHEOBHEART RESET L, PFZ p38ibh
LHEEINTWBM,

S CHFEERIT IS WT Photo. 8 @ (b)) (c) »5H
B2 X O R ST OB A LIRS Bt vwicd,
AT A Hivic PYZ o[FA & ULCTidE & L TR A
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DEILBEDORILBEZI LND. F T TIHBERILBE» S
DOEHPIT R RA~FHET & 5 IO FIGEEY % EMBURY
VDb OTHE LALE DS, K, 2%, Fb#tx
nEh 3u, 30p, 255y THho THITH LAEER
W35 PFZ OEIIRKS, ZHEHFTiehsFngy 3'5
v, 0pThHh, FEMCIE PFZ R WX 5THh 5.
L7232 CRHEIC X 2 Lo F B IS xs# T
TE PFZ olFicSE L <, 24Tt PFZ o35
Wi h. FPENMICET S EEBEEEEEARRE X
DRTHY, EHRNOBREILIT ITRA~BEHL
TR T 52 EBRELE LS. DEORREX 0 KERD
Bad PFZ o4 A HEORF = IRE ORI
XOC—EHMAT B EMTES.

L2, anbo X 5 AR B\ CiEE{bicBeE
T HEERLR L DB DITHIC & b 7D TRAE Ushi o
HE ORI E D L EBBEVWDT, ZOX5KPF
ZoEBEBcRWTd Al &L, 8% D
FHEHL D2 ENELLNS.

5. # =

21-12N  fHO BRI B RSB LR 3 X305
HILRE» S OWHNEE ORE L 7. BohiiE
BoEDEERLTHS.

1) BERCIRE 2 5 OWHEE I AR L oo i
DL VIIHERRCE LVWEEZ R XITT. BBk X
R 600°C FREELAT O FRBRIRE CrlpaMERE A 2 1R
DT 5 &80, BOERT L, % orEiEtd ms
B h D SIEMMNR DD LS. ZhidBHad LT
LRIFFHEWCEI D25 v 9B FELEL 2T WhedT d
5. —HBENPRRAISEI S X 57 700°C Bl LoE
BT, FRMEEROMOTRK Y ZRT. ThFFES
MeRIFs AR o oSy oL
BN T 52 RELIBMET T LD EFEILNS.

2) BAEEIBELEEIC B 5 2, WHEREH
KEWIEXTDEREL LS. ZnExEE LTASOT
B X HDEMNEEOHMANFEEATH L EE25NS. L
7O TAE M 7e & CREEIERE» B AR [@a2 T
7 0 OWE AR H 5D BEERLEE 2 ET 5581
WBHIEEORIBMBE LS. Fi, O LI
B owThFREKTH 5.

3) Fi, BHEEVIEHEIFECRKELFELS
XE L, SEHEESKE WIT ERSIE R R E
RELRS. ZRRERUTTHRIC X > TENBEREA
L, T OEMECHTEDPFTHIT 572 0TH5. i,
DX 5 ERA_ B HIIAE IR F OB E NS K E \»ig

E, TiobbRINEES R WIZ EMMINCES L5
%, REERICAFMEIC 3 2 W s E O B IR SNR A
TS EFLL L5 LFEx 5N 5.

4) LEOWHEEOZEIRIMOFEROSRAS
KOWTHARICERD 5P, BIRTELOEE IS
v Fie, WIRIC BT LMY, KYREREDFEET
RAREMPB R DR E VD, B CRRHIEE T X 52
BEFEAERD LN LD, —F, BRI T HMHU,
O IBERILM DBE & ik, ERRERSE D FHH
AT HERTH ZREDEEZR L, KSHX k50
IR EH N EMFEE SN 5.

5) 600°C THRyZh L e, | KBS I VTR
BT L WaetT B4y (Precipitate free zone) #H3ER
DO, OREE SRR FHLOBEaFIETLIRE D
TFied ESWTHEE L.

b D DEBRERITH 1 & i KRk LA
B LU EFHEMBETEORE L LT Wi Wiclihl
i, BIOCHEOHRICHELZET 5.
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