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Precipitation Behavior of Wrought Fe-Ni-Based Alloy HR6W
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Age-hardening behavior of Fe-Ni-based alloy HR6W was investigated at the temperature range between 973 K and 1073 K. Two-step
increase in hardness is detected for the alloy at each temperature; the first increase in hardness results from the precipitation of M,3C¢ phase
and the second one corresponds to that of Laves phase. The TTP (time-temperature precipitation) diagram for the alloy is established based
on the results of hardness measurement and microstructure observation, where the precipitation of Laves phase is slower than that of M»3C¢
phase by three orders of magnitude and the nose temperature of Laves phase is above 1073 K. The M,3C¢ phase precipitates with plate-like
morphology along grain—boundaries at the early stage of aging, followed by the precipitation of Laves phase with granular morphology with
increasing aging time. It is found that the M»3C¢ and Laves phases are aligned under stress condition, due to their precipitation on the disloca-

tions introduced during creep deformation.
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Table I Chemical composition of HR6W used in this study (in mass% ).

Alloy Cr Fe w Ti

Nb Mn Si C Ni

HR6W 23.23 23.00 7.81 0.10

0.19 1.02 0.19 0.08 bal.
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Fig. 1 Age-hardening behavior of HR6W at 973 and 1073 K.
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Fig. 3 SEM SEI of HR6W aged at 1073 K for 3000 h.

WiB X Ty RRATIAIC DWW T, I - S Bl
BB 2B BTG SMFEE AT > 72, BERTRCIRAT H
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JE (Selected Area Diffraction Pattern: SADP) % Fig. 4 {2 /8 3.
HB, BFHEOAGNZ P VIEEAH y MR LT B =[011]
LLTBY, ELbBEEAICHEREMTLL TS, RIEFR)EL
ALFRRF 2 35 > THRORCIRAT I 13 & E 49 100 nm DL
RERT L. F72, MMRRAT YA ICH KRS %5 SADP ©
TR 5, LT ORZT S5, ORHL Bk
PRATHA O TR A y BEAHO {111) 1 L ICAE S 5. @
RCARMT A @ SADP (% y B Z R LB TH S Z &
AR OMEEE LD, fl2 X oMo (111} i
{111}, &EPATE %%, QORGRIRCIAT A H1 2R3 % 0] 97 5
HIL, oy Bk EHEEO=Z 50— MEICH D Z L
5, BMURCRAT A OB T BUI RIS LT3R e %
b, NS ZDDRMIE, MyCe ALY AT Ni B &4 b
CHFHT ABICBIS S WA M E — 5T 5171, o
5, PHRCIRAT WM IS MysC AL TH 1, y BEA &
MxCe RALIAH & D12 1X, HR6W IZBWT D (11 Dyosce//
(11, B L0 (IThsce/ /(TT1), OFEEHTIBIRA D2 b D &
Wi b 19).

Fig. 4 TEM DFI of M,3Cg carbides observed in HR6W aged at 1023
K for 10000 h, taken with B =[011].

Fig. 5 TEM BFI (a) and corresponding SADP (b) of Laves phase
observed in HR6W aged at 1023 K for 10000 h, taken with B = [001]
and g =200. Schematic illustration of the SADP, together with the in-
dices, is shown in (c).
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BT, RERFICIEE 2N R ) — 27 H3HIFEIC R
LNDH. ZORBIE, BCr 74 MRS % Cl4-
Fe,W DKM L Al —Tdh 2202, Z 0B X CEM T
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FIGHE B DO LM TH 5720, HMEBIEIZ BT Laves fHA A
MEICEBE I NP> 72D DL HEREINS.
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= AMMBEIZ 1073 K XD b ERICVETL2d0EEZ LN
%. 7$B, Fig. 112R L7z 1073 K (B B EERh i L ©
13, 1000 h & 3000 h DH TH S OUZE LI O SN b.
UL, MyCe AL B X U Laves HIZHE < S5 =75 H DM
OFHZRELTVWELDEEZSNLA, 1073 K/3000 h
RERY BB (Fig. 3) I2B W T, H=FH O HHAIZBIZE S
NTwiwv, KREEITBWT, MxuCe ALY B X OF Laves
MO D ) — XMEZ WML T 5 2 L%, 4H%OBETH
Hlwnwz b,
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Fig. 6 TTP diagram of HR6W, showing the precipitation start time
of the M»3C¢ and Laves phases in the matrix phase.
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K2 WS L. RETIE, HROW KRYZMILELF o % ki
FEEICB AHMENERET S L LT 5. HRGW D
1073 K I BT 5 BRIl BT, H—EBEOEY —
7S &R B SAETH 5 1073 K/3 h I ok
FEFEIZ BT B SEM IREF 15 % Fig. 7R T. [l —HR)
BULFLHE 5 SokI N (Fig. 2) T, B MasCe HALIIAR DKL
HNEMTRD LN HOD, TONHEEII/NSW., Zhi
L, Fig. 7R/ B EGE T, RS2 um O
WARFAZ o THFIE L, AR R B L 72 08 C Uk 7
#8100 nm F2BE D BGHIAL IR MyzCe b AL AH 2SR B EE (AT L
TW5, R E ZOWEE T, RESRIPIZ R MysCe B
LA RIS 2D DEEZ 5N B, MpCe AL
OFF I RIS T 5 973 K/10 h BRI 2B 5, #& Sk
FEATALIE T B MasCo AL A O TEM G HLEF 15 % Fig. 8 12
AT ek, BEHROAFHEIETB=[001] & LTS, #
ERRLIE 1D MysCe AL, AT BT, Kk
RARET 2 L IFRRICHTIT 2 2 23l TiitL .

Fig. 7 SEM SEI around grain-boundaries of HR6W aged at 1073 K
for 3 h.

Fig. 8 TEM DFI of M,3Cq precipitates at grain—boundaries of
HRO6W aged at 973 K for 10 h, taken with B =[001].
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U B &G ok T 65 O TEM LB % Fig. 9 RS, dHbt
T/RT SADP &, fEWmB RO T EBEIIBWTELNED
DTH5. Fig. 9@ BLUTBL) IZFE—OBETH D, Kk
RaATEM () B LT (b)) DML, ThEh
e H b THog L7z, B, F1g.9(a) ZBIF 5 Mo
FERRLICR T 2 BFMOAG X7 M ViE B =[001], WX
7 FIViZg=200 TV, Fig. 9(b) Tl FHD#ESRIZ L

B=[110], g=111 £ LCTw5%. ETFTwFhoiHkiicsn
T, RIS TS K OERALB X T MpsCo AL A3F2
WHEND. FHSADPA 5, WTFHORSEIZBWTDH,
M3Ce FALMIAMNE RIS L CHAITHTH L T0 b 2 e
TN D, 2T, Fig. 9(a) B L () IZB W THRWEENC
TART LI, HER R SRR NN EMELZEIRD
MxC iRALWADSTRD 15 —77, Fig. 9(b) FDF W RENZ

TART LI MR > TFRROBEZHT S
MasCo AL D 7B SN D, DLEDOKFEL S, kR
BT B MasCo ALMIATIE, — 57 OF5 RL & B AITHT R L
B LM OFINCOARET2b0 L figsh 5.

ARWFFEN BV THEME L 72RO ¢, ik b BT
DO EWFETH % 1073 K/3000 h BEghA 2B 5, kiSkr

Fig. 9 TEM BFI of M,;Cs precipitates around grain—boundaries of

HR6W aged at 973 K for 30 h, taken with B =[001], g =200 (a) and
B =[110], g=111 (b). Red arrowheads indicate the My3Cy precipi-
tates within grains, while blue arrowheads are the M,3Cg precipitates
at grain—boundaries.
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I2BUF % SEM K E 5% Fig. 11 IR T, %238, HR6W O
ﬂ?l%g@Ll%k,W3m%nh@‘%%ﬂﬂxﬁf
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Fig. 10 SEM SEI around grain-boundaries of HR6W aged at 1073
K for 3000 h. Grain—boundary precipitates consist of the plate-like
region (yellow arrowheads) and granular-shaped region (red arrow-
heads) .

Fig. 11 SEM SEI of HR6W creep-interrupted at 973 K/120 MPa
for 2872 h.



Fig. 12 Magnified view of intra—granular precipitates observed in
HR6W creep- interrupted at 973 K/120 MPa for 2872 h.
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600 nm DMK T v FAROHT I O ZFEFATH N IZBERE L T
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7 ) —F R IZB T, MyCe ALY & Laves HIAH
WIZBERE U THRURICHTIN S 2Bl & LTUF oM 7 e+ 2
HEZOLNDL. T, O2 VU —7ERIC X KSR PICEEN
MEASIND, DL XEASINDEBOWAILF— DOfnfL
B SIET B 720, AR —F Y i I AE L EWIS
FATE B, DEIZ, @EREHIZE VT MpuCy ALY DR
B FACHTHI L, MysCo IALAHD ¥ 8 DIZ X D Rz 37X
DIEBNIEIT S, 22 THROW T, @) MpuCe ALY
HUZBT 2 WD <Y, MuCe RALMM O ES L O
MAABISPE, BRI E TN S W OREIZMINT 2.
@ Laves AIZHER_FASHTH L, MypCe BALWATO W 2 HLY
ARG BEEEMAIET S, LSOO Z#EL Z LI
EoT, 27— TEM TR % MyCe ALY & HUK 72
Laves M2\ ICBERE L CRURICHTINT 2 b0 2 E 2 Hh 5.

4. #&

il

Fe-Ni 2k & 45 HR6W @ 973~1073 K B &) BUL A 35 X OF
7)) = THEHIZOWT, #SHEL L ORI Z
o7z, REFZEICBVTHE LN EEZ L TICRIET 5.

(1) HR6W (ZB1F 2 KRN AL M <, RERDIREE 973~
1073 KIZHBWT, HM & BRI B0 2 ZBR ol
SRS NS, REITALEHARIC 30T 2 SRR R A D4 X 1
MNE MpsCo RALAH DT I L, KRR o f S 3401
13 Laves OB KIS 5. MysCe RALIAIZIE KO
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