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W OE. AL EA P EERG A LXK — B 6, KA BNi82CrSiB( BNi-2) 4F #H4F 12 £ 0Cr18Ni9 T 44K & 4, 7t %
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T8 BPR IR B D] HE K, AR K ] R RS K B A A MR e . SF R IRE Y 1 050 °C, fRIR B I 4 10 min, 32 B ] R
20~50 pm, P A AT EHEE LD HALEN P RUNERZ AL LB LAY, TR EREE.
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Vacuum brazing 0Cr18Ni9 stainless steel pipe to itself with
BNi-2 filler alloy
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Abstract; Focused on the application of special-shaped joints, OCr18Ni9 stainless steel pipes were brazed using
BNi82CrSiB (BNi-2) as filler alloy to form a bell and spigot joint. Influences of cooling-down velocity, brazing
temperature, holding time and fit-up gap on the microstructure and mechanical property of joints were investigated.
Results indicated that the fit-up gap had a great effect on the joints due to the special structure of pipe joints, when
the width of gap is only 5~10 pm, it is difficult to fill the lap to form a complete joint and the strength of joints is
low, but if the gap is too large up to 250~300 wm, large amounts of brittle phases formed in the brazing seam as
well as micro-cracks. Cooling velocity almost made no difference on the microstructure, while the joints cooled at
15 °C/min present lower strength than that furnace cooled. Increasing brazing temperature or prolonging holding
time, the maximum gap increases and erosion of the matrix can be observed, but both parameters have few effects
on mechanical property. When the two pipes with the fit-up gap of 20~50 wm were brazed at 1 050 °C for 10 min
and furnace cooled, no eutectic phases and intermetallics appeared in the seam, and the strength of the joint
reached the maximum.
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K OCr18Ni9 ANEHINGE R RF 4 BEpF i
150 H % BNi82CrSiB ( BNi—2) My A NEF KL, 20 B
$15x60 mm* HELASNE $10x1x80 mm BRI |
G15x13 mm* B ELRAN S $10x1x20 mm’ ¥ 4K W&
AR 12 R AN H S0 UL 1. SFAR T, 4T
VS B ) S 2 AR 0 A AT B R 7S S BE 10 min S5
BT NE SAMETRE 1 B85 IR IR A R4S

FIH BNI2 TR I PR 422 1 Ab. SR )5 45255 i 4 10 15
PERFE KB AE VAF-30 B B 5T 0 rh R4 T4T
S B LA 15 °C/min THE E 450 °C {435 30 min,
DUEERREH B RS 45 5700 78 248 &, F-LL 20 °C/min T
TR 900 °C {41 30 min, fHIRFEZ 5], 2 )5 LU
10 °C/min [543 T 22 4 KRR, PRI ZE SR s fa]
5 LA 15 °C/min 3BV I EBE D 2, TSRS 1Y
FL55 N 6 x107° Pa.
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(a) J1 271 R

B1 FREEKERE

VBT RIS (0 2 ZURE SV R BT EF A T Y 5 1l )
T¢I AUTIE RS 0.5 wm 19 & WA Hl % 5
2 SRIGTE OLYMPUS PEM -3 4 AH i o 55 F W 5%
EPESESES, F-# F FEI Quanta 200F #4944 B, 5%
WA ) (RN FLF U ) , IR 1T EDS REil
AT 3 45 AH LS. FIF InstronS5569 J7 REIR 6 HL
YT M FE i SR AT R0 AR5, o B 2 3k 1 0 2
PERE.
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BRI EE 1050 C, fR iR 10 min, [A] B 20 ~
50 wm, 2351 LA 15 °C/min ¥ 2 400 °C J5 B v F0
1 050 C AR5 AR ¥ I s ST 45 42 3k 1 Bt i 41
LUEERAETR) (DL 2) 359 3 AN DR R . B 3K
X T4 B s 7 X AT 4% o0 25 T e [ 1K B 41
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T4 ST S0 DX D) e RE A ) ST RN 2 20 5
A, EEEEE R & R LA Y. SF4EIX Y EDS
I Hr 4 B 75Ni, 6.70Fe , 5.93Cr, 12.37Si (at.%) , o]
EFEETPLO X F M Ni, Cr, S ZF H A ALY Ni 3k
AR ZY A A e e 3 A 2 sk & R T ik &
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T ZH 2S5 43 BT T Fn P Al 2007 NI R L 456
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W3k s B AP A0 7 2K
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B2 1050 CRE 10 min SUREEEAHEHELRE
2.2 FHRBENELAREHRIE

3 AN R AR IR RE N PRI 10 min, 2 i ] R
20~50 pm FFRREEL I AL R PRl oL, Y
EFRRIRESN 1000 °C B, 7 4% e X H 3R Bk iy
SIBIEALA PR L S L 20, X R AT AR IR R AR, AN
FFEFHE T IR 55070 2 1) WO B A4 97 s 11
XF LG T 3 rh 25T 4% T B4 v ) it (B9 AR B2 A, AT
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METRRERETF 2 1100 °C B 4T 4% Hhob IXBR K
X B Ah ik UK F AR ICEL AL JLEI3(d).
EDS REIE 0T Bn, A X EETE N Ni, L&/ h
Cr JLE , A Si o, B XN Ni Cr.Si TCRIHFFTE.
UL PR TIE B BT A5 T B i T v, R P AT 88 N T R
)RR PR 4, B AR Uk AR ST RO Si oo
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(a)1 000 C

(¢)1 050 C

BN AR KR ZL, i B A PR BE R IR REAIR. D34,
XTI 3 BT 7R AN AT AR L T AT 4 s B 14 A 1
] B, BV B K1) B ( MBC) |, AT 14T K IR B A
T 1020 °CHf, MBC =20 pm;%F 4 EE R 1050 °C
i ,MBC =~ 30 pm; £F /5 E R 1100 °C B, MBC =
60 wm. FHUGAT L, BEEF KR T e, oo ) Bt i 4
K. AH sk G DR BT AR T B oo v 5 R A B A U ol B
A ERTFRRREE 1 050 °C T T S50 L.

(b)1 020 C

(d)1 100 C

3 AESFRIEERE 10 min gL A EAR

2.3 RiBATEITESLAREHRF I

& 4 JEFIRIRE 1050 °C AU a] 23 514 30
A1 60 min, 2EHCIA] R 20 ~ 50 m A9 4T 45 322 3k AL 1T 40
ZUR fr. i 4 FIE 3 (c) AT Y PR I E] ZE 45
A TR Sk P L R S5 R AR L R B 5 BT A TR
Fhim = B AR Al Fa A — B Bl PR TR I A ZE K 4T 4%
HIC R [ B B AR L S BN 5,
SR AT A R B 4 K, 4 R IR IS [R] 60 min B, MBC ~
70 pm. BRI, 3t 150 BH R T B (] 4, B4 ) £T R
PR IE R STE T8 FE R WG K e A R BT 4 S
SN DX A s .
2.4 EELEPEXTEESL ARG

BNi—2 4T RL X} 0Cr18Ni9 A 45 A9 iY 1 4% fik F7i
0 2 B K42 [RIBR T 36 1.5 mm, (HSEFR L 4T4%

(] B 4 /IR B B 3 ok ZH R DA e 42 S PR RE AR A
RIS M.

S s TAMEEREE 1050 °C, f-IREE] 10 min,
HERL BRS04 5~10 pwm F1250~300 um 4T85k 2
TUEHZR. ERCEBR N 5~10 pm B, LK 5(a) Fl(b) ,
BB RCAR LT 15 Bh AP 1 52 i, AE S I E R R 5
L R TE R BRAN I 5] | i 45 fe 2 T i PR R AT L
AR, Y AT R RE R AT M I AR B, JLEF 42 2 2145
FULIEL S (a)  EF4E PO X H Ni SE R, 42k
AU (H YT R TR ISR W 5(b)  NTETk
T BB SEHE AT 58 |, 4T 4% v B i e e i 7= A i B
AR . 38 2438 KR [E] PR & 20~ 50 pm A, BETE AL
RAFMEzk K 3.4 Frs. F— 2508 R i 1] i
iKE] 250~300 wm B}, 23 AN 5(c) A1 (d) Fr
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7. A TFREBCE B 5~ 10 pm A1 20~50 pm BFA4AT
SRS R 250, 7E2ETE ] B R 250 ~ 300 pum
ek (DL IET 5 (e) ), & 3 B bF A A= 3% 22 A
(A) EFgE b AR B 5K A R AH (B) FiJR
BYURAH (C) I HAEEF s i I KB R e, X 5
4 @ [B14k A s s 2 2 56 I P A T AT A PO A

(a) 30 min

X, ZEE Ni-Cr-Sifll Ni-Cr-B = TAHEIXS A B 1 C
FHIAT EDS BEIGS0HT, A5 A ULER 1, I S AH 38 B
T HABA B Rk op Oyt nl L B AR A sk
PR P 25 TC 180 B O ol X 48 o 47 0 0 o & 0
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(b) 60 min

4 RIEAFEREEGHFIEESAEAR

(¢) 250~300 pm

(b) 5~10 pm

(d) 250~300 pm

5 ARIEBHFFIEELFEAR

F1 FEEIRES 250~ 300 pm BIESLAREMBEATREE

at. %
fiE  Ni Cr Si B Fe Al REAH
A 7328 7.06 10.03 —  9.63 Ni(Cr/Si) [
B 7031 144 27.04 — 121 Ni, Si
C 2076 57.06 0.61 20.69 0.88 CiB+CrNi
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74 e A AE W AN A i v 8 B ST s A AL, DL IR
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JERAK. AT JR 4 Sk Brpiom i 5 H a1 21454 A5 fb —
2, BB /N Sk TP ORAT B SRR, HAT 40,
TN T AR 7™ 55, AR T8 DR, 55 4% I 7k DL RE R, AT
SRR PP BN BT AR IR R e s, — T 1
Fz Sk B RN XM B Dl B B, 00 — O T TR
1 100 °C B BEF iR & A K, PR RE AL, ATt 5
TR Sk b i AL

G3A R BUE IR A 1) B2 Sk 5 B R A5 il A2 S B
T B B M AT R A S R, 4
4 MPa7ZKJEF1 2 MPa “UEPRIE 5 min, £FE23L 21
SR SR, — 2D 04 Sk E 1T 30 MPa A9 7K ik
5, PR 20 min J5 & BB AR AT S 4. SR WIAA
TEBHT R 20~50 pm $ERC ] BRAS 2 55T 1542k
SER JIE R B 4 AR W AL 1 T 25K T 250 ~ 300 pm
[E) Bt ) 42 3 R R B S 80 7 T BB 2 2 i LA U of
FAPERE.

(b) W5 RIS
El6 $HIREIRHIRELME

R2 TRFBRIZSHMELREE

B BRI, BURER, O RERCRIB, SUETRE/
WIE-Y C min wm MPa

15 °C/min 1050 10 20~50 11435423
Rt v 1 050 10 20~50 1 465.4 43.0
Sy ks 1 000 10 20~50  1460.3+1.7
BEY S 1020 10 20~50 14434443
Rl b v 1 100 10 20~50 1381.140.6
Bild Ve 1050 30 20~50  1431.643.0
KEY 1 050 60 20~50  1448.543.0
Rl dr v 1 050 10 5~10 1263.240.5
Bl V% 1050 10 250~300  1494.0 £1.7
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1) EFRREEE T, A R T 4T 4% N 1Y JC 3R ) BE A
PN, (AT R IR o = iR 21 100 C Y, & 51k
BEAF T I i k. PR ek sf [) B 4 T 348 R 4T 4% e
KIGIBR AN 28 PRI T 4% 5 58 7™ A= 2440 B AR IR B ] 3t 4

Sy EAER )BT R A7 Tl & 205 3 X Sk 41 4L
M AN K.

2) BRI BROT T4 B3 Sk M R i K, 2 1]
BN 10 um B JG B AR TIE AT R 78 40 B0 0] B, 2%
BCEIBR AT 250 wm B, T 4% P 30 R S0 RK i i
PEAH.

3) BNi—2 4T 45 0Cr18Ni9 N M fefh: 1.7, . %%
BE[E] B 20~50 wm 1 050 °CARiR 10 min Bl H).
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