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FE: TR W OLEAE A A4 TLP ¥ USSR A AGE RPN, SRABAN A 23T AT BT IR DD6 A SR &4,
SAHET W IGENEAE B SR SR R RE AR . 5 R, & W ATRE DD6 A5 5 S IR e [ i RE R 4212, 7E 1220 °C
ETHR 120 min J5 A ] SERCEIREE R, AN W ATRINE U 27770 B 4D E Cr, NI W BIML &40, asin W ot R )5 #4%
i EBAEAEYOIR W, Cr FNi A9, 5748 30 min J&5, AN W EPRLITE i ny AR s vhRE R, BEE TR A] O FE K, BRRET R
B3k IR R I AR, B W APRI R AR R TA S W ATRL, R RAE SE AR S, W TR X E A
H BRI, SRS W AR DD6 B 508 4% 1000 °C 1Y & IR SR A 1] 34 3] 639 MPa, 29 EEA TR BEFEFRITI 90%.

BIFF S (1) & W EFRE DD6 MR IREEF IR LA S W AFRIGEE, 78 1220 °C 4742 120 min A 58 & 1R SR .
Q) W TE xR LA RALEA, KA W EPRHY DD6 #24% 1 000 °C = iR5RE T i5 639 MPa.

KEERE: AAEIRS 4 W IOLE; 518 BREZY mEvERE
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Effect of tungsten on microstructure and mechanical properties of nickel-
based single crystal superalloy TLP diffusion bonding joints

ZHANG Yongzhi, WANG Wei, HUANG Zhengqin, HUANG Jiahua

(AECC Commercial Aircraft Engine Co., Ltd, Shanghai, 200240, China)

Abstract: Two designed Ni-based filler alloys were used to join DD6 single crystal superalloy to investigate the function
mechanism of tungsten in the TLP diffusion bonding process of single crystal superalloy. The effects of tungsten on the joint
microstructure and mechanical properties were investigated. The isothermally solidified process of brazing alloy containing
tungsten conducts slowly. After brazing for 30 min, the joint of brazing alloy without tungsten exhibits higher elevated temperature
strength. With the extending of holding time, the elevated temperature strength of both joint increase obviously, where the increase
value of joint for brazing alloy with tungsten is higher. It indicates the strengthening effect of tungsten on the joint after isothermal
solidification. The elevated temperature strength of DD6 single crystal joint at 1000 °C reached 639 MPa after brazing for 120 min
with Ni-Cr-Co-Ta-Al-W-B brazing alloy, which is 90 percent of DD6 base material.

Highlights: (1) The isothermally solidified process of brazing alloy containing tungsten conduct slowly, which completes isothermal
solidification after brazing at 1220 °C for 120 min.

(2) The element tungsten illustrates strengthening effect on the DD6 single crystal joint, thus the elevated temperature
strength of the joint at 1000 °C reached 639 MPa.

Key words: single crystal superalloy; tungsten; brazing; microstructure; elevated temperature property
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PL Ge Bt BENFEE T E, H Ni-(20 ~ 23)%Ge
&4 % PWA1483 il Rene N5 B4 Fh i A7 4T M5 &,
FEAG 55 X I T A o 4 2 L R B T Sk R A
[ 80% ~ 90% L fif F Ni-Mn & £ 4T k1 15 &2
Nene N5 B Gy i, 165 X b 8 A H UG EIL &9,

o IR S L W RN PR B HEAT A
W, i B 7EETR P & 2 1%, {If DD6 B 54T
PREEIUR 1E 980 °C 15 ISR A 5 3 807 MPa!'”,
KR Ge, Mn il Pd 5 C R &% B /E N EHEITTE
Ah, S8 W, Mo 5L T 21 & i 2
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TEMERERIAL b BT A | 3, S AR L, )
SR FH A WORLR & W 195 R0 6T R, 4T R L)
Ni F3EAK, BEMBEIE LR, AL TafEN y5®iboo
£, Cr, Co ST 2 AR VAR A 0 2 32 5 ek i i
PERE. SCrb BRI X P RNEF ST AR 4% DD6 1
AR A INE, W B TR B Sk MO 2 4 S v
WRPERE B, I HT WK ETRHEE 47 B4 5%
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W

RS

RIS FH A A 180 AV R RS 4
DD6, 15 [n] & [& 57 il 4 H A2 15 mm 9 DD6
B, AR WL 1. SR K AE D) ENR &
{3 EL T DD6 H i [001] 5 1] )1 i 4 o5 S ik
FE, SRR AR T AR B8 R LA A WA b AR AT B,
R 0 T 7 S A s 0 2 57 174 £ DA KR 2 (] B,
TATCK PR A G PR 15 min.

&1 DD6 2RAEESREMBHRULENRS (RESH, %)

Table 1 Chemical compositions of single crystal DD6 and Ni-based braze alloy powders
R Co Cr Al Nb Hf Mo Re w Ta B Ni
DD6 8.5~9.5 3.8~4.8 5.2~6.2 0~1.2 0.05~0.5 1.5~2.5 1.6~2.4 7.0~9.0 6.0~8.5 — N
SF-1 9.0~11.0 9.0~18.0 3.0~6.0 — — — — — 2.0~5.0 1.0~4.0 &

SF-2 9.0~11.0 9.0~18.0 3.0~6.0 — —

— — 4.3 2.0~5.0

EFRLR B AT HY Ni-Cr-Co-Ta-(W)-B (K &4
&, KA Ar EIEHI AR, 28 0.1 mm 0 5528
%, SE-1 4R B W, SF-2 &4 4.3% 1 W, Hifth
TLE T EIEAMME, R HZEHR S (differential
thermal analysis, DTA) Il & SF-1 [#¥AHZH 1 105
°C 11 130 °C, SF-2 £F B W AHZ 2 1110 °C Al
1 140 °C, ¥4 DD6 £ #4 2 [B] it 45 4% ] Bt 42 ] 7%

100 pm Ff SRR AL D R AR RE . BT R R 5
KER TR A B THREE A B, (HEPRHAE LR A
BEAE () BT 56 B L7 (RN, P R A LS 4T
SR, DL 10 °C/min B3 2 M #AE 550 °C, fRil
15 min {HEFRF P RRE 25 4% &, L4 10 °C/min [
HRNNFAZE 1050 °C, PRI 20 min B PR 5578
4% X IR BE A, Bt S LA 15 °C/min 83 4



100 B

%45 %

AR 1220 °C, {7-1& 30 ~ 240 min. S5
g e ELZS BEANVIR T 4 % 107 Pa, XHR S KRR
AT RAL 3, B A BRI BE R 1120 °C x 4 h, 78
% +870°C x 32 h, Z5¥.

i i Zeiss Axio Imager M2m 27 i Sl B Wl 2%
YL % Y T 4 21, il ZEISS SIGMA 500/ JEAL
7800 4 HL AR ML E AR 4% 10 U ZH 21 556 —AEAR, OF
XF JCER 4 A FAHZH #1720 BT, SR GNT100/200
T TR 37 A 3 5 HILF B ASTM E21 ( Standard Test
Methods for Elevated Temperature Tension Tests of
Metallic Materials ) A5 X AR ELFEHETT 1000 °C
fe PR R

2 AR5i®

% SF-1 #l SF-2 47 KH{E 1220 °C 4F 4% DD6
B IRRE, sk BAH G N 1 TR, £T RN
SERE M IE AR T AR AR IR, AR WSS F W] W B
2. 7F 1220 °C {53 30 min J5, SF-1 f54% fl SF-2
KREE AR B S IR, #IE LT 3 AR
()R DX, ZE ST R DR B BEAT BHE 0P BOR A,
[ A S T TV P 45 T R AR BE R BEVE R R R AE A
HYH SPR R RREIE TER B B Y E, 48
U ARST R REM A R BRI T Ak, BEAE b By
MOCRBEABARER R, BB FRIE TR
B R, M S THE, S4B SR AL T 4R AP SE S
ok V5 1, 31/ S T B ) A4 O HfEBE, {H 30
min (15T A5 B B AN JEE DL foff A0 2 S0 ol 56 U O [, A
Uk, KEggrfLOR AR SEREERE X (athermally solidified
zone, ASZ), P EEAF 1 ARLE R S IREE[E X (isother-
mally solidified zone, 1SZ), % il #E [ X 5 JF 25 R Bk
[ DX 55 T 35 A, () 45 I B [5] IX 5 DD6 B4 A 1
T, R 30 min AYEFARERAIAS JE DA AR A% 58 055
TELEE [, T 6T BE A AL T R B T R WA S  E Y
B 7 1220 °C {435 60 min J5, SF-1 JE U142 5
BER 0 RO, R IR A 5 R P B S
5y, ELREE 43 i S8R BE [ X 4, SF-2 JE i
JE4E 5 R 30 min AHRL, 15K 50 BUAE TREE [, fA7E
A S )l 25 IR R ] X SR B 1 X, HL 5 R S i
5 7E 1220 °C {536 120 min )5, SF-1 F1 SF-2 4T
BEFERRAEIE /D A AW, RN BHR 4% 5 Rt
ANFEAERA S0 LT, SRR A SRR 2 8] IR
Feoy, BIFPER R R S B A 8 i T AR EE .

(a) 30 min

(b) 60 min

(¢) 120 min

(d) 240 min(fItf%)

(€) 240 min(Ei )

Bl 1 R SF-1#1 SF-2 fFRH7E 1220 C FIERIBRE
Bt 1B DD6 (&L AL
Microstructure of DD6 superalloy joint brazed at
1220 °C with different brazing time using SF-1
and SF-2. (a) 30 min; (b) 60 min; (c) 120 min; (d)
240 min (low); (e) 240 min (high)
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B 54548k T E Cr, W Fl Ta 2550 £ 01k
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TIHBRALE W), SF-1 ST RHRGE R AR 2% Th.O AR i

Fig. 1
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min J5 KR4S S5 RM FURAC I 0, E2E TR
TR XN T KEERAEEY, WE 1e)
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B IX S W 1 2% 4 SR AL & 0 21T R S 4 B I
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Ta(9.62%) b &9, X & H T B 78 Ni H (1 % i 7
W/, IHCR] y-Ni BEM Y, SRR T W, Mo Al
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R SF-1 PR AN W, (BXEE S i rh, e
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DD6 FEEE AT AN IR 3 FioR, (e 5 4% rh B pi b
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G Wb Sk s oy HEAT RIS A AT, LR 3(b) A
&l 3(c), J B W(48.24%), Cr(31.14%), Ni(7.21%)
LG, W B R & T SF-1 J28Eh ik &4,
X B 5 3T R 4 DX RO 1R 8 S ST IR B A T
REREAHT LI 3(d) MKl 3(e), 5 SF-1 [ Rk 44
X [ BE A & W(36.89%), Mo(14. 74%), Ta(11.07%)
&%, Rk, SF-2 £FRHITE B i KR4 rh ik & b
S5 B A SF-1 18T AR [R], AEAE BEAF 1 3 45
BEXPPE R T #HIREYE W, Mo 1 Ta fb& ).

X} SE-1 1 SE-2 4FRHE 1220 °C 4F4¢ 120 min
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Fig.2 SEM and EDS of DD6 superalloy joint brazed at
1220 C for 120 min using SF-1. (a) SEM image
of joint; (b) bone-like compounds in the center of
joint; (c) EDS analysis of bone-like compounds;
(d) needle-like compounds in base materials
adjacent to the joint; (e) EDS analysis of needle-
like compounds
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Fig. 3 SEM and EDS of DD6 superalloy joint brazed at L& S0k TRI50
1220 C for 120 min using SF-2. (a) SEM image W L: 183~ i ,
of joint; (b) bulk compounds in the center of joint; 0 Reli® o - . : .
(c) EDS analysis of bulk compounds; (d) needle- 0 80.45 160.90 241.35 321.81 40226 482.71
like compounds in base materials adjacent to the 1 # d/mm
(d) SF-2X4EREIE LA

joint; (e) EDS analysis of needle-like compounds

SR SF-1 1 SF-2 £FEHE 1 220 °C 4742 DD6
An A 1000 °C = i P A 5 BE A1 5 i, 78
1220 °C 4745 30 min Ji&, SF-1 A54% e T 5 B 15 51
MHARFEFR (700 MPa) 1) 65% LA I, & T SF-2 £F
s TETHEIH ] 2E K 2 60 min J5, PIFETRHE 0
LA B 1T I) 4 25, SF-2 A5 4% v Vo B B e o
=, B ARG RR (700 MPa) 1Y 85% LA I 4k
SEFERATHNT ] 25 120 min, SF-1 1 SF-2 #24% =515
SR ARSEHE T, SF-2 £PRITIE BURE A% = T 5 B 24 (E

B4 XH SF-170 SF-24FH7E 1220 C £ /& 120 min
) DD6 (&5 L aRiE A i

Fig. 4 Energy spectral line sweep of DD6 superalloy
joint brazed at 1220 C for 120 min using SF-1
and SF-2. (a) joint brazed with SF-1 for energy
spectral line sweep; (b) energy spectral line
sweep of joint brazed with SF-1; (c) joint brazed
with SF-2 for energy spectral line sweep; (d)
energy spectral line sweep of joint brazed with
SF-2

ik BB H R FR (700 MPa) 19 90%, B & & T
SF-1 £F Kk 2 4F A [E]) 45 K 2 240 min B, PIFR4ER
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RHAEREAH L 120 min Y9818 TR, SF-2 454% &R
J&E S H g B BOR R AR (700 MPa) 1 75%, & T
SF-1 7}, 1220 °C 5F4 5 1 J1 2k Re 5 i i i 21
ARXT N, ZEBH 120 min 240 I AYET KRR a].
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Fig. 5 Elevated temperature strength at 1000 C of DD6
superalloy joint brazed at 1220 C using SF-1
and SF-2
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B R PR SE B B AR T, B W AT R4
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(4) % FH SF-2(Ni-Cr-Co-Ta-Al-W-B) 4T %} X}
DD6 . FHFE 1220 °C £F42 120 min 5, DD6 LA 4%
4% 1000 °C iR L A 2] 639 MPa, 2 B14 38
FEFRFRIF 90%.
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