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Precipitation Behavior and 2-step Aging of 17-4PH Stainless Steel

Hideto KIMURA

Synopsis : The precipitation behavior of 17-4PH stainless steel, aged at 400~900°C for 0.1-4h, was studied to understand the strengthening effect of
mainly Cu and Nb. MC, M,C, and Cu-rich phases were identified through the x-ray diffraction of the extracted residue, the measurement of
electric resistivity, and TEM observation. Among these, the Cu-rich phase was most finely (around 20 nm) dispersed in the matrix, and was
supposed to have a dominating effect to strengthen the steel. The precipitation of Cu-rich phase was considerably rapid to start, showing the
nose of a c-curve with a shorter aging condition than 700°C 0.1 h, and the high temperature limit of precipitation being about 700°C.

The Cu-rich phase was supposed to have the largest effect for strengthening at the earlier stage of precipitation, which was clarified using

the tempering parameter separating the age hardening and the matrix softening by martensite recovery. A quantitative discussion, based on a
morphological study of microstructure, was carried out through the mean free path calculation for dislocation. Also, several combinations of
high-temperature and low-temperature aging (2-step aging) was tried for effective age hardening, and conditions for a better-balance of ten-
sile strength, hardness and ductility than the H900 heat treatment in JIS was obtained. The difference between single and double-step aging

was discussed.
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Table 1. Chemical compositions. (mass%)

rmbof ¢ S M P S N &G Cu NN solA
74PH|0014 048 066 0024 0003 469 171 41 035 0014 0077

0.008 057 049 0020 0002 597 152 04 - 0008 0.088
6Cu 0012 050 062 0022 0003 437 160 16 035 0009 0.126
0.012 049 063 0024 0003 430 160 31 034 0008 0.123
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Table 2. Identification results of x-ray diffraction for ex-
tracted residue.
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Fig. 1. Summary of electric resistivity of aged 17-4PH
steel.

MORER, FREFITV, E-TEoliE £ &858
FHMSEEEOBRLPRIZ & > TiT 5 72, BT FAMSEBIE
OB, L KO L 7Y HEETHfE L 72,
2.3 BAIEEMEIFHBIEORE

BB L T HRILOBIRIZ, FE L TE v F— ZHF
T LDOXEA» SRET L 72, —EBORMAFICEHL T, kg
BR&EHOEROGERRRA1T-> T, fREHEKL -,
7z, TRESLHEIC XSOV TR, BYIOoRL
P& %, IBE 400~480°C (1)), ¥IELBFR 1 ~SEFRE & L,
B HOBNBHRE(T) % Zh X D 30~70°CI&< (AT=T,—
T, : 30~70°C), ¥JEuBEM 1~168E@ & L=, WHNE§XT
Kepe U, B ORERERS & Mrdisait % 58 L 72,

3. #F

3.1 MBERE, BEBOHMHPOETLED

REWN LA XREITFERE, Table 2128 d, =
LT VYA BEOBREGE T 21T - 7248, —38HH
HDT 74 FOBEE RIS (dif203A%E),
Hi#r e UTREE X 72/, MC(ASTM#38-1364 © NbC)i5
X U'M(C (ASTM#17-128 : Fe;Nb,C)TdH > T, & i1t
MThsdLl s, RERGHTIITRTOMELLMTHE
oz, XBEHTIZE > T, CurichfHiZBRETELH» >
7o ZOMIECuR—Z2DEIBEEELEL GH, BFMIIC
FRLTBREL L THIETE b o722, Hriliic kX
SEIUETHEDENSE -0, ZOHEREY» S OfEFE L
OB ERE L7, 17-4PHBIC BT 5 R BT
TOWERORESSR% Fig. 112777,

BRI BUUEIRRE T O R PTRIEE (104 uQ - cm), HE
(7.9g/em®), SO LEWHIEQ.7 Q- cm), HE(9.0g/cm®)H
5, mMEN/=CuD > 53.6% (RFEE 3.2%) LT3
ERET S L, CaDEBEBIHES T83uQ cm, HE_MHE
L TP Cu-rich#HEK D T23uQ - cm, & 11uQ - cm D K

60

Fig. 2. Transmission electron micrograph of MC in
400°CX0.5h aged 17-4PH steel (thin foil).
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Fe K « ELEM. INT. WT% ELEM.

Fe K « 19.2 16.8 Fig. 5. Transmission electron micrograph of precipitates in
600°C x4 h aged 17-4PH steel (extracted replica).
CrKa 71.5 68.3 (a) Intragranular NbC
CuKa 3.6 3.8 (c) (b) Intragranular NbC and rod-like phase
Ni K a 9.2 10.5
CrKa«
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Fig. 3. Transmission electron miérograph of precipitates in (a)
600°C x4 h aged 17-4PH steel (thin foil).
(a) Intragranular Cu-rich phasé .
(b) Cu-rich phase+NbC (spherical) )
(c) EDX analysis (matrix+ Cu-rich phase), , NbC
g (ASTM no.38-1364)
fcc. ap=4.3
beam //[110]
(b)

austenite

(ASTM n0.31-619)
fcc. ao=3.5

beam // [211]

" o « Fig. 6. Selected area electron diffraction of precipitates in
h S Fig. 5.
Fig. 4. Transmission electron micrograph of insoluble MC (a) Spherical phase
in solution treated 17-4PH steel (extracted replica). (b) Rod-like phase
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Fig. 7. Summary of the identified phases in aged 17-4PH
steel.
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Fig. 8. Tempering parameter dependence of hardness after
aging.

Table 3. Aging condition, tempering parameter (7.P.) and
hardness after aging (4.1% Cu steel).

Solution Treatment| step 1 T1-T2 step2 |[T.P.(X1000)] HV

1040°C X0.5h |620°C X4h - - 18.40 311

590°C X4h - - 17.78 364

570°C X4h - - 17.37 380

550°C X4h - - 16.96 398

480C X1h - - 15.06 470

30C 450C X4h 15.21 485

50C 430°C X4h 15.10 484

50C 430°C X8h 15.14 481

50C 430C X16h 15.20 472

480°C X4h - - 15.51 475

450CX1h - - 14.46 476

30C 420C X1h 14,50 495

30C 420°C X4h 14.59 496

30C 420°C X8h 14.68 494

50C 400C X4h 14.50 480

70C 380°C X4h 14.47 482

70C 380C X8h 14.48 470

70C 380C X16h 14.49 469

450°C X5h - - 14.97 470

400C X1h - - 13.46 378

30C 370C X4h 13.57 407

50°C 420°C X4h 13.49 390
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Fig. 9. Tempering parameter dependence of hardness after
aging for several AT .

V) FDF— 2R TRT LI ALDEVEENRELND
LDNBD, Thbb, AT=30°COK, _EELBEIZE
AW DOE - Z{EIZHN490 T, —BEABIC kT3 —
2fE& D HV: 20 EEW,

AT LA ZBREMUE LD S 5

Cus : 4.1%, MBEKH | 450°Cx1 R >
420°C x4 0¥ ([$&tk=] &9 5)



Table 4. Comparison of mechanical properties after JIS
H900 and 2-step* heat treatment.

Heat Treatment Tensile Properties Vickers Hardness
0. 2XPS TS EL RA
JIS H900 : 480°CX1h 1231 MPa| 1355 MPa | 17X 47% 453
2-stept : 450°C X 1h—420C X 4h | 1332 1469 17 49 496
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Fig. 10. Tempering parameter dependence of precipitation
diameter of Cu-rich phase.
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Fig. 11. Transmission electron micrograph of Cu-rich
phase in 17-4PH steel step-aged at the condition
with A7=150°C in Table 4 (thin foil).

Table 5. 2-step aging condition with varing AT and con-
stant tempering parameter.

§.T. Step 1 AT Step 2 T.P. HV
1040°C X0.5h | 570CX8s 150C | 420°CX100h (15.28X10° | 471
480°C X 12min | 60°C 420°CX100h [15.27X10° | 497

450C X 1h 30C 420°CX100h |[15.27X10° 495

420°C X 113h 0°C - 15.28X10° | 512
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