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Abstract: Co-Al-W superalloy is strengthened by a ternary compound y'-Co;(Al,W) phase with the precipitation
strengthening on y-Co matrix of novel Co-base superalloys. In order to research the welding performance of
Co-9Al-7.5W (mole fraction, %) superalloy on the 304 stainless steel by TIG cladding, and the friction coefficient of
Co-9Al-7.5W cladding layer superalloy mated with SiN ring was investigated by THT07-135 type friction and wear tester
and SEM, which compare with cobalt-based Stellite 6 resistant alloy at the same conditions. The results show that TIG
welding Co-9Al-7.5W superalloy optimum parameters are that the welding current is 100 A, welding voltage is 12 V, heat
input is 10.3 kJ/cm, the surface hardness of 7.5W cladding layer superalloy reaches HRC53.1. The wear mass loss of
7.5W cladding layer superalloy increases with increasing wear time. The wear mass loss of 7.5W cladding layer is
slightly larger than that of Stellite 6 alloy, but the friction coefficient of 7.5W cladding layer is obviously smaller than that
of Stellite 6 alloy. The average friction coefficient of 7.5W cladding layer is 0.471. But the friction coefficient of Stellite 6
alloy is 0.531. The wear resistance of 7.5W cladding layer is better than that of Stellite 6 alloy. The 7.5W cladding layer is
mainly oxidation and abrasive wear, but Stellite 6 alloy mainly occur delamination and abrasive wear.

Key words: TIG cladding; Co-9Al-7.5 W cladding layer superalloy; friction and wear; mechanism

EEWHE: 2009 FEi EREER “PEEZ 067 T BB H (0901ZBB066); Hl 4 H AR L5 B B I H (099RIYA018); 2N TR A5 44
RS TR 78 BT H (1001ZCX009); 24 MHEE T K 24 1R HIF i3 3h 3k 4% B 70 H (X1001XC021)

Yrks BER: 2011-07-09; 1&iTHER: 2012-11-20

BEMEE: BRAK, Bd%, Wil Wif: 0931-2973717; E-mail: xiatid@lut.cn



1020 A G A R

201344 H

iR B RAFHIPTSR A AR5 TR
R RS ST, W SRR L e . A
GOUTERRAHLERA N, IS arh y oAl 2 2 et
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7'-Cos(ALW)AHXS y-Co HEA4 S 21) [ 35 F YT vE sk A0 A
HBY, Co-Al-W A5 45— il i Bl P AT B 5 1 vy
TR TAEYERE, A S BOh I L L R ol
P AR SR 0 N — i S 4.

FRENK Il KURZWF5¢ &I, b i £ 4 (0 inf
BEVE B 5 SO SR AT K. R VR G
A S-S SR BRI R, W) A
RAEIEPENE BB R ST R 5 AR . 2R o)
W FURBN R OGBS SR E N R, I
AN RS SR ER iy <221 R TUE SER =l AR N €68 Y
TSN TE B s mORL TR R 5 U A% O R 2 B AR
H, 42, SesEG a8 EVERE. Bk Stellite &
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£ G R B P RED 1,
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HESE Co-9AL-7.5W < ESEPERE JHEIRZ 7.5W 54
15 SIN (G BAC 2 P R4 BE 4L 1k R EAT T 0F5%,  IF S AH
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Table1 Technology parameters of TIG welding

ANEFNEAR TIG HEE Co. Al. W G4 SRR MY
#1(0.98 um, ZH 99.8%), #81(3.59 um, ZHSE 99.5%),
Hikr(4.5 pm, 40 99.0%), 4% Co-9AI-7.5W(FE/R 7344,
%) B lCEL o | METTLER AE240 Y Bt 1~ K P FRECK
Kili B2 QM-1SP4 17 RN EREEN LR BLERBIEL 1.3:1,
34 300 r/min, BREE 3h). KRG Cov ALL W
KA 3721 My IR AECRG 45 RV B AAE S HT IS . BRAIR
WG VER) 304 ANEANIE R b, W FEL 3 mm.
B I K R R AN AR TN T4, 4 200
TR 2 h, AR EIEEH. H TIG JIEEAYHN
FAR EHESR Cov AlL W IRAIAIA SM A I EAL 11
Bh 2.4 mm, MR T 250 1 5.

% 2 A F g e (0 X 966 (EDXRF) X}
HESRIZ 7.5W Ba 2 i as R . Rk I8,
L& 4 8 BE K 70 B 75W R R HE R R
Co-9AL-7.5W(EE/R 3L, %)tz T Stellite 6 24
b2 %45 € 1.57.Mn 0.30.Si 1.00Ni 1.60.Mo 3.26-
Cr 28.70. Fe 4.20. W 3.90. &k Co(Jiii 34, %).
BHEIRE 7.5W 54T d 24 mmX8 mm BRIk
Ff, H 1200 5 S ARRPACET BE I 9000 5 & T P s b
H KQ-250D i Famveiamse, TG &H. HEE
JZ7.5W 54 A Stellite 6 &4 FIELEEM KL K d 6 mm 1]
SiN [ ¥4, 7F THT07—135 MY =il AR B 4 AL 3k
TTEERESLN . S 46 PF: =i, BEEREAR R=4 mm,
LRIEFE v=20 cm/s, AT F=5 N, JEHEHTE] =30 min.

Travel Heat input/(kJ-cm ™ Elect iameter/ Arc length. Argon fl te/
Current/A Voltage/V rave SPejd’ ea 1npu (kJ-em ) ectrode diameter. ¢ length, gon f)vi/lra e
v/(m'min ) (approximate value) mm l,/mm (L'min )
90—140 12 0.07 1.03 2.4 3.5 8
R2 IR S S Oy
Table 2 Chemical compositions of substrate and cladding layer
Mass fraction/%
Alloy
C Mn S+P Cr Ni Co Al 4 Fe Mo+Cu
304 stainless steel 0.08 1.5 0.06 17.3 8.1 - - - Bal. -
7.5W cladding layer superalloy  0.059 - - - - Bal. 2.46 24.13 0.11 0.09
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21 HIEREERESETH
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AN, HEIRZHIUAAEING ; MU AT 140 A
B, e ™ R AT RIS . MR RN
12V, HEEHFRAE 100~140 A 2 284k, BIRERELkAE
WA 10.3~14.4 kI/em I, B HEREHLGRAOIE N, s
LRI, MEURIRRE . FAGE X T8 R AR RS,
PR RE AN R AR SEI 45 5 b, TIG HESR L T
CHBHONHEE R 100 AL IR 12 V, BIZLAERE R
10.3 kJ/em, BUINFHERR 2 5 REARG 00 6 455 i E i
Ufo 33 Bl S HEIE T 2 S50 S 2 4 R
MR 2

F 3 OMRE 75W A AR RIRRR
Table 3 Sizes and dilution of 7.5W cladding layer superalloy

Method Width/  Height/  Depth/ Dlll(.)ltlon/
mm mm mm %%
TIG cladding 978 4.23 1.98 32
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Fig. 1 XRD pattern of 7.5W cladding layer superalloy

(o))
S

N
(=]

N
(=]

Average mass fraction of element/%

[w)

200 400 600
Distance from fusion line/um

B2 JEARNMERE 7.5W & B R SR T R M0
Fig. 2 Microstructure(a) and elements distributions(b) of

substrate and 7.5W cladding layer superalloy
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Fig. 3 Morphologies of carbide and y-Co matrix of 7.5W
cladding layer superalloy
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Fig. 4 Microstructures of 7.5W cladding
layer superalloy: (a) Base metal and
cladding layer; (b) Cellular dendrite zone;

(¢) Equiaxed grain zone
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Fig.6 Microhardness of substrate and 7.5W cladding layer
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Fig. 7 Wear mass loss of 7.5 W cladding layer superalloy
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Fig. 8 Friction coefficients of 7.5W cladding layer superalloy
and Stellite 6 alloy
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Fig. 9 Microstructures of wear debris of 7.5W cladding
layer(a) and Stellite 6(b) alloys
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Fig. 10 Microstructure and elements distribution positions of

7.5W cladding layer superalloy

R4 M 7.5W A EEREIX T FR S
Table 4 Micro-area elements distribution of 7.5W cladding

layer superalloy

Mass fraction/%

Position
Co w Al (0] N Si

1 4544 2414 282  27.60 - -
46.92 2473  2.66  25.68 - -
49.15 2750 274 20.62 - -

2

3

4 49.21 2634 287 21.57 - -
5 4544 2396 266 2525 1.62 1.07
6

5298 33.69 260  9.89 0.48 0.36

XL 2 Ik 4, HEIR)Z 7.5W 4 W AT Al
TCEMPFH & REAANAKR, A Co TR BRD. &
SEEUIRE T R ER A AAGEE L, B Co AL
) CoO F1 Co304-.

BBV, BT Co MEIRMEE M, MIAS
SR EHGESLT) Coz04 Al CoO ALY, Al FI W T
R IEACYIRURIAE CosO4 1 Bl 328 W7 A A2 [ AH S5 W T
% Co,AlO4. CoWO, B IMAM . Ml 2 o4k
PRMEEALHI A, A 4h Co JURIRE I Al JTGHRIK
FEAG, AL JGEIETE BRI G, (HERUE R E 2Rk
Co [FEPEESAALAT AL [P 56, ALRT O JCH ISR
RIIIR A, AN O R B # A T s . 1%
fifi ALO; EALZ, HRBHIET O Al Co JLHEMHE—
P AR ) A B Y, g i e HE A
JZ 7.5W & G IR PR AR S RE T o

3 itig

IHERRIZ 7.5W G455 25 R B8 o O T30 M T 3%
AL 9 F10YRT 4, G G efi i BRI 5
A, ARG M. BEBSUERE AT, =
PR B R A AEAAER, A Cos04n CoO 1)
IR DS BB I e A RS 45 o [, S /b
TR KA, TERCRAN S TERA I 5T )
ALO; FA LA Gk A F AR B L S« 1T Stellite
6 A AU R i SR R AL, RS R
i, TR A G R R b T ok sl 4843 (1 9(b)),
B A A R AR J2 A0 1 [T A B L B A

Gl A 4 p-Co AR BB B AL
VIR TR AT A i R DX 3 i BE P e AR
SR EEFRKP, Co-AlW &G4&hAEItE W, Al
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1) 304 ANEEAEAR B TIG HEME 7.5W &4 1t
L3800 HEEEN 100 A, MR 12V, #d
A% 10.3 kl/em. BN, HEMEE 7.5W & 4 00 (1T
Y Ry IA HRCS3. 1.
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