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Improvement on Age Hardening Properties and Creep Rupture
Strength of P-Containing Austenitic Heat Resisting Steel due to
Various Cooling Procedures

Mitsuyuki KOBAYASHI, Masaru YAMAMOTO, Ohmi MIYAGAWA

Takuro SAGA, and Dai FujisHIRO

Synopsis:

The effect of cooling rate from solution temperature on the age hardening properties of a P-containing
austenitic heat resisting steel was investigated.

Little difference in the age hardening properties was detected between a water-quenched specimen and a
air-cooled one, while at a slower cooling rate as in furnace cooling, the aged hardness was lower than that
of a water-quenched or a air-cooled specimen.

Transmission electron microscopic examination revealed that in specimens aged after water quenching or
air cooling very fine precipitates were formed in uniform dispersion almost independently of dislocation
of which density would vary with cooling rate. The cause of this very fine and uniform dispersion of pre-
cipitates will probably be attributed to P contained in this steel. It will be also assumed that this inde-
pendence of nucleation on dislocation leads to the quench insensitivity of this steel. On the toher hand, it
was detected that in a furnace-cooled specimen precipitates were already nucleated during cooling from
solution temperature, and these pre-formed precipitates affected appreciably the dispersion of precipitates
formed at subsequent aging.

On the basis of above results, two step cooling process from solution temperature was investigated in order
to obtain high aged hardness as well as marked grain boundary serration. It involved following processes:
(1) furnace cooling through a higher temperature region where grain boundary serration due to coarse
precipitates occurred markedly but precipitates were not yet nucleated in the matrix, and (2) subsequent
air cooling. This two step coolmg process resulted in a marked age hardenability of the steel during aging.

It was found that the creep rupture sterngth of this steel was improved significantly by the above heat
treatment; e.g. 1 000hr rupture strength reached to 28~29 Kg/mm? at 700°C..
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Table 1. Chemical composition of specimen.
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Table 2. Effect of cooling procedure on the Vickers
hardness of solution-heated specimens.

Solution temperature (°Cx 1 hr)
LCooling procedure

1050 ; 1100 | 1150 | 1200 | 1250
Water quenching 193 195 | 188 183 173
Air cooling 191 188 181 178 175
Furnace cooling 1951 194 | 194 | 194 188
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Fig. 1. Effect of cooling procedure from solution

temperatures on the short time tensile pro-
perties of specimens solution-heated at 1050
~1250°C.
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Photo. 2. Transmission electron micrograph of the
specimen furnace-cooled after solution
heating at | 200°C, showing the chara-
cteristic ‘Butterfly’ shape of the image
contrast in austenite.
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Fig. 2. Effect of cooling procedure from solution
temperature on the hardness of specimens
solution-treated at 1200°C and aged at
600°C, 750°C.
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Photo. 3. Microstructures of specimens cooled with
various rates after solution heating at

1 200°C and aged for lhr at 750°C.
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Photo. 4. Transmission electron micrographs of spe-
cimens cooled with various rates after so-
lution heating at 1200°C and aged for lhr
at 750°C.
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Photo. 5. Electron diffraction pattern. in the speci-
men solution-heated at 1200°C, water-
quenched and aged for lhr at 750°C,

showing parallel orientation relationship

between My;Cg (faint spots) and austenite
(intense spots).

LA OHT HAREEI T B IR W WD BT
. X ZTRAOPTHIRES SO FLS #ANS &
», BRI X5 ERETFRMBBRE TRk Tk
H % Photo. 4 WRT. Thihd ke, EHté
HRNICIEE BT MBS E L TR 0, Eimsit
AT 2 H X D0 MENMTH S TbbRERE
R SO MOGEE &G L, HTHIOSEE D
T HNITREEE XSRS, T LTI SDHY
WHIPRREF R R L B & MuCe O HmTH D,
F—AFFA b ERTHRMEMRCH D Z &13 21-12N g
RLZDEFEPD MpuCs 2T T24 -2 5734 FMADE
SLFEECHDH. £O—pFl% Photo. 5 R T.
3.3 ZERMRMNEBICLZ Y -THEEEONE
BT X S HIR SV IO X S KEWCH D WIEN
BE AL Cr-Ni & — 2774 METRERCRED
LIFET B LRAS D FFSMELTEV 7 ) — T4
EAZLNEMD, —HFEWEEERK L W»E SV T
EOTHEERRINELENSE BD. LI THRROU Iy
7 & RRFC B VRS bt & 5 B 72 Fig. 7 iR
T X S BN ER A (T Of. T bbiEltIRES
1200°C iz & b Z jBEEIc 1 hr {§4% U724 1 000~500
°C OfiE D 4 OIRE (5 BHIRIRE) ¥ TIFS Ltk
ELEL, Ehic 750°C TERENBEEREED 2 5
5 3 OBEFheTk ok 0k 57k AEE2 BSH
WIEFLZ LT %. Fig. SREMEA L E £ O
X X OF DB X 2T 2 b i S ERshiEiE &
ZREIEIEE L OBGRERLALDDTHS.

INEZ 5 BB S BIEREN TR 5D
T 750°C fHiF % TR 5 2 pic il L 750°C (i

Solution heating

Furnace cooling

Aging

Air cooling

Temperaturg

Air cooling

Time —

Fig. 7. Schematic representation of ‘two step cooling

process’
360 T T T T T
lmac 1 200° x 1hr £S 1 000% ~500C~AC
I~ l 750°C x 3hr aging
340 P\ - Ex T xS x —F
waQ ] — T
~ 320
o
=4
(@)
o
~ 300
5
0
E x
€ 280 —
& )
5 1. /
2 260 Fc 1
(7]
:1—, =
2
L
S 200 Fc ——
o) S
p.3
180 |——r] 4
—
\ 7 x \ x/
AC | T
160 1 200°C x Ihr ES | 00O ~500°C +AC -
| | | | | A
1200 1100 100C 900 800 700 600 S00 RT

Temperaturz from which cir cooling siarts (°C)
Fig. 8. Hardnessafter two step cooling treatment
of specimens solution-heated at 1 200°C.

75 & Hv=20 8 2 i LT Mo g ic—
W45 L5l D. — 750°CorEEhE 3 i13(¥750°C
BA_E o 72 BHIAIREE Claskds #1228 AL vy Hv =340
BEDEWMELZTT. UL, LEBBIEE LT T
TFasoT 700°C b &, Hv=60 wh B ES KX
HER 2R LESHoOBECIEEELL LS.

S PSS FIERIC X B &, Photo. 6IZ 77§ X Iz 900°C
DELSHEBIBET T T FEEM L DI bbb F
LWRR O 79 7T LT w5 . Lch>T 1200
°C EER b 750~900°C ¥ TIFH L OHBZES L
B FSCICET 2 BEOR RO o ¥ oL K
MRl i3 LA S LVWEVWEDEE SO,

— 47 —



866 & &

® 58 &£ (1972) 7 5

Photo. 6. Microstructure of the specimen furnace-
cooled to 900°C and then air-cooled after
solution heating at 1200°C (x 600) (7/8).

Photo. 7. Transmission electron micrographs of
specimens solution-heated at 1 200°C,
furnace-cooled to (a) 750°C or (b)
700°C, respectively, and then air-cooled.
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Photo. 8. Transmisson electron micrographs of spe-
cimens soluticn-heated at 1 20¢°C, furnace-
cooled to  (a) 750°C or (b) 700°C, re-
spectively, and then air-cooled and aged
for lhr at 750°C.
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. 10. Effect of pre-strain before aging on the
hardness of specimens solution-heated at
1 200°C and aged at 800°C.
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Fig. 11. Precipitation diagram of CRK 22 steel at

various cooling and heating prcesses. a
~d or e~g represent cooling or heating
curves at various rates respectively. A
or B indicates the precipitation starting
line at cooling or heating process respe—
ctively. C shows the line below which
coarse zig-zag precipitates are formed at
grain boundary during cooling.
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Fig. 12. Relation between dispersion of precipita—
tes and aging temperature-in aged speci-
mens after solution heating at 1 200°C
- followed by various cooling procedures.

THBERORESHE b, RENDEE LZEL W
(Fig. 12k ). o &iC, 72 & 2i¥ 750°C BB e
DWTHD E, EHHIE Fig. 11 X 0L X STh
Bugh, s T70bbLRENRE X 0 KV-§9 670°C Tt
H#Wa2d CiE CHOWHIE4E Ukns 750°C oreihig
BEET D LasDoTInX d@Esy Lo
(& 750°C T DRFEHEDHT MW DB 7 BLEE L X, fnEk
ERIT AL <R T DR WEERMM O 670°C Tto
SEE, Tihbb 670°C ToORFORBSEEY L 0
HThs LRFICFE U BEERMO 750°C To4HEg
EmX B bDIMRTHS. LnbiBvmrby
CEDENZ 0D, FMEORBESEECK LTt
HIDFHHIRAE D EMBIEF T K EV T &b 5. 700
°C % 800°C BghD AW DWW T b LB H O SEER &
NELSFLXSXCEET S ELMBTES.

SE ROV THNS. 600°C KR DIBE T
PFEA TIPS PRFENRE X DX 502 BHuviy 730°C
TAFHIR LD D, ZORETHTEASIEE S5 5 600
°CRIEZEORBESEUE K LT, Zd 730°C Toif
HOBERKE L, THE » XEERM L v L
DEESHEL L VHELD. L L, 600°CKEhhic
AP WITHS S DItk I 505, rix 730°C T
DEERIMORBESTE o LD HEL D, Zhi4el
FtRieZEx B» 5 730°C LUF OREEHEE OB-EITI,
M ORESE I RIBEOBEERSIHOSEE X v
HTHo, 2»2 730°C TOHME o X VEELD. —
Fs BEEHBEESS 730°C Ll 725 & fFilhiy 730°C
THHEASHE & 5 7D ICREBIAT O 5 8RB 13131 730°C

— 5] —



870 % r =W

® 58 £ (1972) M7 =

IEDHDOTHBHDITH L, BIEE CORIFOHEER
TR DVHTHE» 5, BHMEORBESEEIL e XD HE
L b, FERCRE CRESHRE T OE BRI ORE S|
EXhEER5.

ZD k5w CRK 22 Ao X S i HEEO K E W
DOEFEHE b % UCld, IBHURE» SO@ iR
vy LIRFSHIR EE ~ D INEETRIC 351 5 BRERhaT o #7 S A3
JEFIT IR AR T LEBRTRETH LS.

F#iz o X 57 CRK 22 goir ik & BEx v
T, TZERSIMEIC >WwWTH 2 X 5. Fig. 8 5 X UFFig.
1l O R»G, IBERILIRED» SIES LTHITHMSR A X
D LB SISV LIKETHZ ik h—
i D7 2K LZIERBROE VISR, 2 b b
T EMBHLITIL DN THIZHIIRA X D ETIREAH
WA ESRSETWREWIEERTLIOTHS. T/20F
ARALIREE D> S GANC I Lc & EH IR R o &
ZALT B ook ki & 25, T DIRALHILFig.
11 o C &7c b, THRLTOMHEM £ TR LCEE
R R He o o b T s L/ d. dhifRG L
WA LFILIET S5 L, WEDOHBELPICEBRNTEE
LT3, ZORdAIMC v OBEH LR OERE
WG EADHBEME TEHEAL, TIrbESRLV LI
IKE Licts, BRI 7o L X2 TELVWRA
Do S F L EBWEYEERRRIC 2605 2 LAAE
L TH5. WHABHIFICRHbL i CHAA X
DEWEREERCH D LS A —2F F 4 MNBEE TR
CRK 22 $icfR 5T, FTC OB TFETH D, T
DI X O TEVESIEESY 55 2 LB TE D LR
Wy ) — THEFEE O ESHTE S,

5. ¥

& PHIKFHIMTE Lorishili{kit s 1 > CRK22 g
DV R O e B PR ShEE (LA I 3 L iE s
BEACIRED SO 42 OW S RO ZE LT L, EE
OFEGEFIMEMEL ST X 0, MM EBEES
THELL. FRINbLOFREDILCLT, < hi
) — FTHERGEE & &S ICEH VSRR 5 5700 D8,
MEFEEFFL2C L. o ERIBRX T 2ED
EENVTHD. :

(1) BEALKRIEDS BR5E X BRI LIBE D O H)
WEOE R ZI A, BERH I, e, KEe
¥, EWHMOIBLLELS. FEMBRRKOBECHNZ
BT 5 OFES B ykED 75 kS i
», iz, KEHMOBEBEESM X VEVOR, At
FTHILEBDDEEZONS. B, OIS HBR

D

LREL, EHM, PEMOIRCETT 5. ZREHH
EENRB LW ST AT L8R A E AR e
LD THD.

(2) KRB LM 5 IETSMEE 0BT 21-12
NEHOHE & B 0, R BEE EOSILEE TIIREE)
A~ DBEENT LA L. Zhix PR X 2T
BRRILIAMT 3 L RO » L, 24 08kA
BEOTILITIHPEE XN W HTHE LRI S.

(3) S eAGA O BRNRERE V3 E BERLh T L~
TEL, MHEDEIRHEED LH & & ITRELD.
T 7S /K TRRESNIRE ~ OIMELER T, 47
HATERR S, ZhasEihrh ol o S X
MEAE X570 THD. Ld 2 TAHRIO X S 7l
DB ST R CVIREEhIE EE ~ D NS B & Rphilli /L
BEELEEYE 2 5.

ELERENM & S M OB IE A L5 &, §9730°C
DEFNERE #5 & L TIIRE S CREZRM, &
IROBFEN TSI O L HHE VRFNEE#R Y. Zaid
T BT TR ShIREE ~ D W EIETIR CI1F & A EHTHIL
T, LB oTRNC X >TEDBRECKT 5EE
O DR IEED 2 S B DIt L, FE Tl
Tt 730°C TR Z BT 730°C LT ORRYT
w4 20, 730°C LLLEORERhTIE 79 2 0dx
S OO SHECE X D) EELLN D!

(4) ZAE% 1200°C BEOBELIREY LFPET 5
&, BRI A UHATHYC XD TRESE Ll 2
FrREEL, 2V — THEBEESEATS. £ LTZ
OX SR ROD o 7Lz 900°C {iE T TOERIC
EOThHHicERESNRD. LoD THEILIRED S
900°C #iith % THEE (Bd) LB R@®E) 5L 05
RS A A ER TS L, ROy SLE
& BBV EEShE L 2 Hh, 700°C, 1000 hrs Y
— LSRRI 28~29 kg/ mm? (TiET 5.

b W ILDOFE L, AERCHNSHA/NUFE L 5T
BT UM T B O & LT eV B k2
THERED BT E e R LET.

X [3

1) g &, &I, d\%f; BR: gke 8, 56(1970),
p. 55 B

2) Rk, TN, R AR, TEF #k &8, 58(1972),p.751

3) A. G. ALvLten, J.. G. Y. Coow, and 4. Simon:
Trans. ASNI,;¢,~45(1954), p. 948

4) K. J. Irving, D. T. LLEWELLYEN, and F. B.
Pickering: JISI, 199(1961), p. 153

5) Wik, HTF, shiE: &k 48, 46(1960), p. 1458
6) Wi, BT, #AFE: g &, 46(1960), p. 1764

— 52 —



BaDBMECLLE P — 2574 HSMORDBEBLEL 2 ) —THBBAECSE 871

7) Wb, BTF: BE&BE¥4EEHE, 26(1962), p. 765 1) 4|, &/, & FRWHEBEHBEESUR
8) HTF, KiR, R, Fi#E: gL, 49(963), &, 4(1963), p. 38

p. 1906 12) &, @R, EB: BARELBHESFE, 2901965,
9) P. B. Hirsch, et al.: Electron Microscopy of p. 159

Thin Crystals, (1965), p. 330 [Butterworths] 13) &3, IR, £8, 5% BLAELBE¥SEE, 29
10) H. K. Harpy: J. Inst. Metals, 83 (1954-55), (1965), p. 166 | :

p. 337

— 53 —



