B Bl WA E&EMES TR w22, No.??
207?24F ?H RARE METAL MATERIALS AND ENGINEERING  ?2?2??2?9?9?  20??

DOI: 10.12442/j.issn.1002-185X.20240125

Hf (& &3 K4800 & & | ITHBIZ T
PR Eaoakl, RER?YS gAY 2823 29 Lyl

CARICRFEMRIRE S TR %0, L5 110819)
CrERER S BT T E %t eIE 0, 15 TR 10016)
CrhEREb BTN MRS 24 P A%, 0T PR 1100161)

WEHAR T Hf &SR K4800 43 A & sl S AT IR . 455K, K4800 Fl K4800+0.25Hf HiFf 5246 A4 7F 800°C.
850°CA AR NHIR A A NS B, SEAhsh /% 2RI FF S 26 R, (2 K4800+0.25HF & 4 E AL HIHAIIIE Z (800°C/20h
4 0.0265g/m? h, 850°C/20h >4 0.0617g/m* h) kT K4800 44 (800°C/20h Jy 0.041g/m? h, 850°C/20h Jy 0.0669g/m? h) . Fiff
I A G A E B RN R 5 WA ZE MR, SMEALE DL 1) Cr05 N 3, H4TE Cr03 AN E R HTE /b 280K Tio,,
WAL E A SRR ALOs. (HBEE G4 HE &8 M Owt.%3E 13 0.25wt.%, 800°CH#%\{k 1000h 5 Cr,03 4Nk,
JE PR FE 2.71um /MBI 2.17um, 850°CHZS %4t 1000h J5 M 5.83um Jik/ME] 4.09um. EPMA 73 Hr 25 RE ], Hf i K4800 &
&AL BT L HIO,, {48 AL O, 15 HFO, J I i ik ALO, [FIAE K, ST ALO, Fl HFO, I F 4% Cr¥* I #hy #uk
R, WET Cr0 AZEER . Kk, HE HF B InA B T35 K4800 & & Hidiabikhg.

EERERE SR G S K4800 &4 Hf MG 4&th: miREMITN:

REESES: TGL78 XMfRiRAE: A XEHS: 1002-185X(207?)0?-0777-0?

El A SR T ER R . RIS R et
AR B (B TR e B2, RS R EIHL. Tk
IR EHL AT T T R AR, SEaEsk, BB
TRARBARMPOERIE, SR IR M B8 22 Rz 8 T
fa LR MPRHE B R IR B B RIF L& PERE .
BB R A S LA LU R A & v ) RS B
DA% LU 2 il & S AR AR P RO SR 2, ORI
RENHLFI LT TSRS EA LR R ) A E R 2 1
MR, B RSN E IR S, REMRZE RSP
S A T P R R, LR R KR ST e v R
T4 g IR AR iR B L SR 650€ 2 /5 2] 700 LA
b, BRA TR 800 . Jyiii /& %K 1 IR AR I
BR, BT —Fh K4800 MR FIR G 4. A S ERST
TR R ERZIRE . NS SR 2 AR 5 B A AE
FH, B = A ) v il A A v A o T i A R R O
HREZ O, Rikg BERART R K800 & &P
e PERE, 9 KABOO & 4 7K )44 _E1X B A $2 fE BR 18 1k 468 -

BEERA S PUEAEGE E E R T A,
B &I EANE RS E I E B Xt R N HOE % 2% )
RS, KEMAERYW, Wbt nE a5
REfEEEESNREERPe. mHrRERR
AL RE P B F B B e Pfeil KB, 25 AR — )

U2 4Fs B EA: 2023-27-27; USBIEMFE HEA: 2023-27-7?

GOAT T REMIAR, HRE “TEHTRBN” X —H
oo “UEMEICEMN” EBUEAL T T AR BRI
P : (1) WEMETCRIINR T S AL I L, ik
PR, I8 4 YT A I R A A
MRS AR (2) ML RBRIRED E K%,
IFi e e AU B RIS A ) 45 5 T HE 1R st e R
—H, XER G SPUEE R R R, B,
B-NIAIHFf & & fE A R, HF S75 5 w5, PS4
JE T AN B B AR AL Z PR R R 5T 1)
HfO,, #RESMEALZE RS, B, dRhnid &
MR ESHTR A& SRTENE, Rk, &
hnid & (2%wt) (1) HE 28R Ni-Cr & 45840 2 451, 1§
FERIBUEERRS, A S PR T R,

HTEESRE SRS E4, WEANAESNTERA
%z, —@Ed AT, AREGESHATERE TIERK
AR HAER, FIEAFERESRPTEERZRBK.
BIEHFT, MARTF R K4800 & 44 mniR AL RE AT
Fi, KT Hf W EEENAT NI AEE. Hik,
AR TAEE A58 T KA800 il K4800+HF & 4:7E 800°C-
850°C 7 SRS N A ALAT I, @it o W ik sl 1 2%
Mk =R RAES . SNBSS, 1
BT Hf X &EpiaEaermyleE, NEEm RS

EEWE: BEXAARFESTH (THS 52001314) ; EFREHERKEIER (IH S J2019-V1-0002-0142,No. J2019-V1-0004-0118)
E&EIY: AR, 55, 1999 44, Mk, RACKFMERIES TRES6, 70 110819, E-mailjglu22h@imr.ac.cn



27? WA SRR T2

Evek

B RTHEH R S

1 KA

KB A NP R KA800 REA 4, FEA &2l ik
4y (fisa%, %) A~: Cr 17.91, Co 9.63, Al 1.87,
Ti3.66, Nb 1.9, W1.62, Mo 1.95, C 0.11, B 0.012,
Ni RE. BFESELTERR P ERE, EEERERAR
T HE S D0 B 2 ol 0.4 F4E s, 145 b s
KA SRR, P HE WEEE S ES I RANT
0.00005 Fl 0.25, WH AP S & 470 Ml 44 9 K4800 F
K4800+0.25Hf. #4li HB 5258-2000 {4M & ik & 41
PRI 2 IR T7VE ) i, SR ER S kAT
K4800 FI K4800+0.25Hf & & Mmif A b szss . Wi
HE4T 1180°C/4 /NI .25 ¥ +1165°C/135MPa/dh. i ¥4 +1160°C
14h. 75 4+1090°C/2h. 4% ¥4+800°C /16h. 25 A I HAAL BE, 4R
JE TR T 10mm><10mm>2.5mm 3EE, 3RE T N
T~ ©2 @FLH T Btk 1 H 200080 4RFT B iR /S A
K5, RATKCREHATEAE G, HTEEHEE
4 0.01mm FPRE TR THACIN & S AR RS HHIRTE
1000°CH] =i v gk AT TiUks e, 4% (81 24h FR— X EH &,
2 K B AEAS KT 0.0002g FHESEHHRE . W
N G Be JE b, SR A KS E 08 0.00mg (1)
METTLER TOLE DO XS105 Dual Range i KF i
WHAFEEATARE, (EREMATE R, R A
b BRI AT iR A AL SR 5, 7E 800°CHN 850 °C S AL
i HME R %4k 20h. 50h. 100h. 200h. 500h. 1000h
Ja i, BAKMEDRES 3 N TATERE, SRR
G5 B E XS MARFE-H IR E R, Hod e, il
B S5 AR BETIN AL B h EAT R S A SER . B
D/Max-2550 X S £k fT 85X (XRD) #EAT R H AL ZE K1)
% E, RAMABEE (EDS) (1) S-4800 37 & S A4k H
Bt (SEM) FI[FRIN A& el (EDS) FIkiE (WDS) (1)
JEOL JXA-8530F i 1454t (EPMA) Hif 71 2 i Al A T 4
WER= AR, TESR . B o A RRE RS o

2. EREQ

2.1 Eshh=mek
K 1 2 K4800 55 K4800+0.25Hf 4 4= 7F 800°C.850°C
THEASE M 1000h [EMND) J12E LR . S5RKR, Pifh

A & A B 5 I R] 06 R th 3T S I A
AR, BIME S AR R R B A AL ]
MREK, FAEB R, FEEFAMESSANLE
WE, By HoERRERDN, FEESA N ER
W PEYEE 1 FTA, N HE J5, AE&rEiLE
/N . AR I BT, RS A B — S
f#, AEMENERTUCRAAR (2.1 FR:

AM™ =K, X t (2D

Horb AM R RE B AL AR B IE B, mglem?n RN
ZH, WAL Ky NER BEE R E L, mg” /(ecm® h);
t NEALIE], he Xt (2.1 WIAECEEYE, WS-

- 4
IgAM = ~lgt + ~1gK, (2.2)

Xt (2.2) 3N 1g AM-Ig t il 2k (1 KE sl b AT B A L kAL
&, GERWIE 2 Fizs . FTULE Y 1g AM A1 Igt 22 [T AUFF
FHEEHE, WG e AFERR T RS iy
BSHIER 1 PR,

# 1 K4800 5 K4800+0.25Hf & 4:7E 800°C. 850°CH A )5
YIIE IS
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temperature alloy n K,D(mg”/(cmz-n h))
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MR E S, RN HH =1 i, EBT)
P ZOEIR A, A NI A IR L, SR AR
R e 2B fi o R AR A AT BIER: =
n=2 I, SALsh 5 i SRR L, A E
S J7 A TR BIE BE, SRR A0 AR K e I A7 8 1 £ AU AL
HE YRS 2 n>3 B, EAsh ) R
R TR, n A RSB AR AL A A
HE 1 13, Fif&41E 800°CH 850°CH % LI¥ n fH
LR T 2, PrRAde S e 2 B TR A AL
INENS Rl



27? WA SRR T2 Evek

0.6F — K400 a| 141 — kaso b
—— KA4800+0.25Hf 1] — K4800+0.25H

1 I I I I I OO 1 1 1 1 I 1
0 200 400 600 800 1000 0 200 400 600 800 1000
Time,h Time,h
K1 K4800 55 K4800+0.25Hf 44> 800 850°C B A A3 124 M 2%

Figure 1 Static oxidation kinetics curves of K4800 and K4800+0.25Hf alloys at 800 and 850°C (a)800°C,(b)850°C
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Figure 2 Linear fitting results of logarithmic relationship between static oxidation weight gain and oxidation time of K4800 and

K4800+0.25Hf alloys at 800 and 850°C
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Table 3 SEM/EDS analysis results of surface oxidation products in Figure 5(at%)

Mark Ni Cr Ti Nb Al Co 0
1 4,54 10.72 18.74 15.84 - - 50.16
2 2.77 26.17 15.50 1.12 0.48 1.09 52.87
3 22.51 38.74 0.44 1.78 - 1.15 35.38
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Figure 3 XRD pattern of K4800 and K4800+0.25Hf alloy after static oxidation at 850°Cfor 1000h

[5 4 K4800(a-c),K4800+0.25Hf £ 4x(d-f)800°CH# #5484t 20h. 100h. 1000h 53K H ™~ #IK) SEM K14
Figure 4 SEM images of surface products of K4800(a-c),K4800+0.25Hf alloy (d-f)static oxidation at 800°C for 20h(a,d),100h(b,e)and 1000h(c,f)
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Figure 5 SEM images of surface products of K4800(a-c),K4800+0.25Hf alloys (d-f)static oxidation at 850°C for 20h(a,d),100h(b,e),and 1000h(c,f)
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Figure 6 SEM images of K4800(a-c) and K4800+0.25Hf alloys(d-f) after static oxidation at 800°Cfor20h (a,d),100h(b,e)and 1000h(c,f)
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Figure 7 SEM images of K4800(a-c) and K4800+0.25Hf alloys(d-f) after static oxidation at 850°Cfor20h (a,d),100h(b,e)and 1000h(c,f)
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Figure 8The thickness of outer oxide layer of K4800 and K4800+0.25Hf alloy changes during static oxidation at 800°C and 850°C
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Table 4 SEM/EDS composition analysis results of oxide layer products (Figure 11) in K4800+0.25Hf alloy cross section(at%)

Mark Ni Cr Ti Al ) Hf Co
1 9.72 4.03 10.83 17.28 56.24 - 1.90
2 10.32 3.50 6.18 17.99 56.01 4.29 1.69
3 5.29 2.13 12.27 19.76 60.55 - -

10 K4800+0.25Hf &< 850°C A48k 1000h J& #UIHI AL JZ ) EPMA UGG R i) 76 3R 23
Figure 10 (a) EPMA image of cross-section oxide layer of K4800+0.25Hf alloy after static oxidation at 850°C for 1000h and the main element
concentration distributions (b)Hf,(c)Cr,(d)Ti,(e)O,()Al
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11 K4800+0.25Hf 4> 850°CH: A4 1t 1000h J5#iH Ak /2 (FMJE) SEM KR
Figure 11 SEM image of K4800+0.25Hf alloy after static oxidation at 850°C for 1000h (after corrosion)
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Abstract: As the thrust-to-weight ratio of the aero-engine increases, the turbine inlet temperature increases significantly, leading to a significant
increase in the service temperature of other key hot-end components.In the process of service, nickel-based superalloys need to withstand the
combined effect of high temperature, stress and environment, and the alloy surface will inevitably occur high temperature oxidation.High
temperature oxidation often preferentially penetrates along grain boundaries, resulting in micro-voids and micro-cracks at grain boundaries, which
seriously affects the properties of the alloy. Therefore, it is necessary to explore ways to improve the oxidation resistance of alloys at high
temperatures. In this work, the effect of Hf on oxidation behavior of K4800 nickel-based superalloy was studied. The results show that the
oxidation weight gain of K4800 and K4800+0.25Hf alloys increases with the extension of exposure time during static oxidation at 800°C and
850°C, and the oxidation kinetics curves follow the parabola rule. However, the initial static oxidation rate of K4800+0.25Hf alloy (0.0265 g/m* h
at 800<C for 20 h and 0.0617 g/m? h at 850<C for 20h) is lower than that of K4800 alloy (0.041 g/m?  at 800<C and 0.0669 g/m? h at 850<C). The
oxide layer of the two experimental alloys comprises an outer oxide layer and an inner oxide layer.The outer oxide layer primarily consists of
dense Cr,03, while the inner oxide layer mainly contains dendritic Al,Os;. However, with the Hf content increasing from 0 wt.% to 0.25 wt.%, the
thickness of the Cr,03 outer oxide layer decreases from 2.71 um to 2.17 um after oxidation at 800°C for 1000 h and from 5.83 pum to 4.09 pum after
oxidation at 850<C for 1000 h.The results of EPMA analysis indicate the formation of HfO, at the grain boundary of the oxide layer in the
K4800+0.25Hf alloy, promoting the formation of Al,Osaround HfO, and accelerating the growth of Al,Os. The presence of Al,Ozand HfO, at the
grain boundary contributes to reducing the outward diffusion rate of Cr** and delaying the thickening of the Cr,Os oxide layer. Consequently, the
addition of Hf enhances the oxidation resistance of the K4800 alloy.

Keywords: Nickel-based superalloy; K4800 alloy; Hf microalloying; High temperature oxidation behavior;
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