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FE: TR W OLEAE A A4 TLP ¥ USSR A AGERALE, SRABAN A 23T AT RAT IR DD6 s &4,
SAHET W GENEAE B A S R ERR R RE AR . 45 R, & W ATRE DD6 A5 5 S IR e [ i RE R 4212, 7E 1220 °C
ETHR 120 min J5 A ] SE R IREE R, AN W ATRINE U277 7E B 40 E Cr, NI W BIML &9, ashn w ot R )5 1248
rhEBAEAEYOIR W, Cr I NiAEA 9, 5748 30 min J&5, AN W APRLITE i ny AR s vERE R s, BEE TR A] O FE K, BIRRET R
B3k IR R I AR, B W APRIE AR R TA S W ATRL, R SE AR B 5, W TR X g R
BRI, SRS W SRR DD6 S 508 4% 1000 °C 1Y S IR SR A 1] 14 3] 639 MPa, 29 B TR BEFEFRITI 90%.

BIFF S (1) & W EFRHE DD6 MR IREEF SRR LA S W AFRIGE, 78 1220 °C 4742 120 min A 58 & 1R SR .
Q) W TTE xR LA RALEA, KA W EPRHY DD6 #4% 1 000 °C = iR5RE T 639 MPa.
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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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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 EIEFI AR, 28 0.1 mm i 5528
%, SE-1 4T R B W, SF-2 &4 4.3% i W, HiAth
TR AR, ok H 2 Hr (differential
thermal analysis, DTA) Il & SF-1 [#¥AHZ A 1 105
°C 1 1 130 °C, SF-2 £F B W AHZ 2 1110 °C N
1 140 °C, ¥ DD6 £ #4 2 [B] 4 45 4% [] Bt 42 il 7%

100 pm Jf SRR AL D R ARRRE . BT R R 5
KER TR A B TRREE A B, (HEPRHA LR A
BEAE () BRI T o0 B EL 70 (A1, P MR A LS 4T
SR, DL 10 °C/min B3 2 M #AE 550 °C, PRl
15 min {HEFRF R 25 545 &, L4 10 °C/min [
HRNIFAZE 1050 °C, PRI 20 min BPR LM 5578
4% X IR BEH A, Bt LA 15 °C/min Ff 3 R4
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%45 %

ZBEFREE 1220 °C, {7-1& 30 ~ 240 min. S5
g e ELZS BEAVIR T 4 % 107 Pa, XHR S IR REHE
AT RAL 3, B A BRI R 1120 °C x 4 h, 78
% +870°C x 32 h, Z5¥5.

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 LB AR 4% 10 U ZH 21 556 —AIEAR, OF
X ICER G AT FAHZE B AT 73T, 2R GNT100/200
T TR 7 A 32 5 HIL B ASTM E21 ( Standard Test
Methods for Elevated Temperature Tension Tests of
Metallic Materials ) A5 X AR EAFEHETT 1000 °C
fe R I

2 ARE5i®

K SF-1 #l SF-2 47 BH{E 1220 °C 474 DD6
PARRIRRE, RSk WL S I 1 R, ST RN
SERE M IE AR T AR AR IR, RS F W] W B
2. 7F 1220 °C {53 30 min J5, SF-1 f54% fl SF-2
SREE AR MR B SR, #IE T 3 SRR
()RR DX, 70T KRB TR B BT RHE (L TE BB,
(B A TV P 45 T R AR BE AR BEVE R T R 2B
HYH SPR R RREIE TER B R Y H, (48
TR ARET R R IE S BRI EIE Ak, B b ) =i
SOTE I ABAHER R, FBORAHET R T R
B ERRAR, M S TS, S4B TR T 4R AP SE S
TR E [, [ A ST ER R e e s, 3 30
min (15T A5 B (B AS JE DL foff A0 4 S0 ol 56 U O [, A
Uk, KRagrfLOR A ESEREERE X (athermally solidified
zone, ASZ), ZPirRE#F AR LE N 25 TR BE [ X (isother-
mally solidified zone, 1SZ), % il #E [ X 5 JF 25 R Bk
[ DX 55 T 3 A, () 45 I B [5] IX 5 DD6 B:#4 AT
T, 2 30 min AYEFARERAIAS JE DA AR A% 58 55
TELEE [, T 6T REA AL R B T R R R R Y
s 78 1220 °C 1435 60 min J5, SF-1 21154 5
BER 0 RN, R IR A 5 R 0P B T
5y, EURSE 43 i S8R BE [ X 4, SF-2 JE i
JE4E 502 30 min AHR, 15K 50 AR TREE A, fA1E
A S )l A5 IR R ] X SR B 1 X, HL 5 B S i
5 7E 1220 °C {536 120 min Ji5, SF-1 H1 SF-2 4T
BEFERRAEIE /D A A, RN BHR 4% 5 Rt
ANFEAERA S0 LT, R B AR 4 SRR 2 8] BRI
FeAy, BIFPET R AR A P B A 8 i T AR EE .

(a) 30 min

(b) 60 min

(c) 120 min

(d) 240 min(fi%A:5)

(e) 240 min(EF1%)

Bl 1 R SF-1#1 SF-2 fFRH7E 1220 C HIERIBRF
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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Fig. 1
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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
1220 °C for 120 min using SF-2. (a) SEM image

of joint; (b) bulk compounds in the center of joint;

(c) EDS analysis of bulk compounds; (d) needle-

like compounds in base materials adjacent to the

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

RH SF-1 Fl SF-2 £FRHE 1220 °C 4145 DD6 H.

A iR 91000 °C &y i i o B2 P 5 s, 78
1220 °C 474 30 min J5, SF-1 A5t4% = i 5 A 21 1
AR FEHR (700 MPa) B 65% LA I, T SF-2 4T
s AT AR E] ZE 4 2 60 min J&7, PR FRETRHE R
PLGEOR B Y] P 4R 5, SF-2 M4 i sm it s
=, INBIREM H R FEFR (700 MPa) [ 85% LA I+ 4k
SEAEETHR ] 2 120 min, SF-1 A1 SF-2 #24% 55k
SRIEARSESETL, SF-2 AFRLIT I UK A% = T 5 24 {E

(o) L FTHSF- LS

1400
= 1050 frne" A rHﬁ\ﬂ/\\ Ni K: 1085
g P
% 700 -
P Mo L: 316 Cr K: 558
E Ti K: 177 W L:162
CBRIBT L R e
0 1 1 1 1 1 1
0 8173 163.45 24518 326.91 408.64 490.36
#H B d/mm
(b) SF-1AREERRIGL A
(c) RETEL AR R SF-2414%
1228
Ni K: 1 054 T, i U Bk
%\' 921 Mﬂ”ﬂ\/—"‘wqw
B oe1al .
= Mo L: 437 CrK;3%5
i \
= 307k s
Wl 183 gl K150 2 ni
= Gl T R ™ e B K80
0 1 1 1 1 1 1
0 8045 160.90 241.35 321.81 402.26 482.71
TH B d/mm
(d) SF-2/R 45 REIE L T

B4 XHF SF-170 SF-24FH7E 1220 C £ /& 120 min
) DD6 (& #efE ke iE A N

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
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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

Xof B K 4 S ) A T st ] %) S A L 40 i
AR PERE, 44T 45 30 min B, SF-2 JR4% 14 124 PEfE
WEAIC T SF-1, T W BYES Nl SF-2 154% 45 R Bk
[ A PR R, LS5 o 11 DX 5 B A A7 7R B B i A
T, T3 T AR, B T AR R] Y A
SF-2 I 4% S IR e M 1 R RSk A T, JR4E SR 2 1]
FEOT I TCEY B P (0 AL R R I, WX ARAE
ELA IR S 1 [T SR AR AR, (o SF-2 KR 4% 1Y R i
JEB R & T SF-1 474,

TEET IR R, B T SF2 4T R A 5 & A 1Y
W ITE, ITREE X BEM AL 5 BER g Wik
HERR A il S A TR DY U2 D WOt R 1)
TERBE, W E RN T B ARG & s R
AEJ). WP 45 R R W1, W (R T B 7E v Al
yEE R R B Y R, SF-2 SR Y 25 R
S AR e T W BRI T B RS 41
VS FRE 1 59 BRI .

3 4

(1) 5AE W EF R L, & W EFEHHE DD6
B P S5 05 [ et PR AR, AE 1220 °C R 120
min 7 AR GE UAEIREEE, X T RRR T W BRI T
JREEH B ORISR 51 HER.

(2) A W BYET BT T B8 00 1 4 A7 AE B 40k
& Cr, Ni fl W L&), mdsin w oo R 512 4eh
FEAAAEHOR W, Cr F1 Ni L&Y, BIREFRI7E
B4 58 30 17 4% X UE B0 2% S 4H IR E W, Mo Fl
Ta fb&4).

(3) PR A 30 min ZEHK F 120 min, PIFP4T
B R PR SE B  B AR T, LA WAT R 4
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