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ABSTRACT The wetting behavior of Ni-Fe—Cr—(14-—29)Ti (mass fraction, %) alloys on SizN; was
studied by the sessile drop method. The results show that on the condition heating at 1493 K for
10 min n vacuum, the alloy's wettability on SisM, is improved by increasing the Ti content. When
the Ti content is high up to 24%—29 %, the corresponding wetting angle reaches 27.3°. The element
Cr accumulated at the interface of Ni-Fe-Cr—{24—29)Ti alloy/SizIN; and a complex quarternary com-
pound of Cr-Ni-Fe-Si formed, The reasons of the improvement of wettability by Ti addition were
analysed. The activities of the elements Ti and Cr can be increased by replacing Ni with Co in the
Ni-Fe-Cr-Ti alloys. The composition change resulted in different transition structures composed of
layered interfacial reaction products, which have remarkable effects on the wettability and the inter-
facial bonding. After the composition adjustment, the wetting angle of the Co-Ni-Fe-Cr-(14—20)T}
alloy on the SizN4 reached 20.0°, and the strong bonding between the SizN4 and the brazing filler was
obtained.
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I BTSRRI EE ST

ESMEFFRET RS SR, REmtaH
RELBERUFELSE Au, Pd, Pt, Ag-Pd HEMEE
5, B B R SRS L BT 650 C R E B RE
Tt B0 BBy L FERRTERMR 41Ni-34Cr-
25Pd il Au-{33—35)Ni-{3—4.5)Cr-{1—2) Fe-{1—
2)Mo FERHTEL. [ FIRT—R4FEI 35 BE) Sialon/Sialon %
B S HRAE M EERE 700 © W H 1 300 MPa
BLE B SRRy M R T A TR .
7} Sialon FF A0 S5 EHEMRE BRI Sialon P
T E— RSN, BAMNEE RS ERESR P,
{3 Bl FE—FhEF 414748 SiaNy/ Incoloy909 (Fe AR A
&), BBAELTE 650 CRETREMERS. HhEE
BHEBETE B, HREeeHFmEETER Au
MHEEMRRE, REES. EREESFHT SRFEE
FREWR, RSB, {HiFHX SNy BR
EEBITEREBERNLR. WREH N-Cr-Si- TI,
Ni-Til®l B Co-Til®l o444, HTFEETE Ti 58
HhpERTE N Co BT RRBENLEWTRER
Ti B B8 Ti & B X E B e R RN
PR Bt L X S 4 LA RS 3 SiaNy BRI E %
B SCER [10) BFE T Ni &4 4% Ni-Fe-Cr-Ti(Si, B) #
Al O; FERIREE, E%KARE & SiaNy BB
18 BB EOT R LIRS, ok, Fe-Ti Z4 444
AT SiC pEay s 1Y, T e SiaN, P EaEREE
FEER.

31t T Ni-Fe-Cr-Ti % Co-Ni-Fe-Cr-Ti(Si,
B) BHEEBRSE 4 &dE T Or fEREiET
mA. ;£E Cr, Ni, Co #H FRIES & E&FaER
P, MATTE Fe MIEN T 4 & FHE TIRIERH
foiEE (10121 Si, B WHHATE. ELHRTEMHEEES
1 SisNs % LEEE TRETTR IH—STHEF
7 5 L T 4R (L S R S R

1 ERAE

FHENEEESRETNE A&7 1493 K @##F
Tt SigNy MEMMEEA. ERFERA Ni-Fe-Cr-Ti
£ R Co-Ni-Fe Cr-Ti{Si, B) £4 & TR FiHis:
B EREMEEAITTE AR (200300 B) HFE L,
HMEAHS. BEMASKARAERNKAR 4 mm
fEER & &k, HAEHHR 80100 mg. HAME
R ES B2 Ni 99.6%, Fe 99.0%, Cr 99.5%,
Ti 99.2%, Co 99.2%, Si 99.0%, B 99.999%. SizN,
R-t# 12,7 mmx12.7 mmx4.7 mm. @S xis1E+
PiEfE 1493 K BFETASEZTEREY 1.1x107%2—
1.6x1072 Pa. JEI08TFHR— G A0 LA 35 80 e R L A
BEEER Y nHctRR A SRERELERE S
s EHSHEZREMEEEE M.

FRERSNSE (DTA) NEEEE (ERREHE)
BIMETHERREE. @AM EE - Wi (SEM-WDS)
MES &5 SigN, i R SRSB4 SHMNE
MNHAEH, AKX THEYTRE S, ddaEiE
(EDS) B4 T FEHEEME BT
2 ZERGRS5TE

HHER Ni-Fe-Cr £4 &F8 48, EHERE
WA REE R Ti, RA SR RIERy g, &%
n#E 1 HTHREMN=ZFFAFAE T BEMGE (A2 A,
B, C), T B4 klS SiaNy ZMHEETHRES
A BERESHENEERESE TIBFX & Ti &%
EREER A fI B, SR TERALAT FEElE, HES
Ht B E S SiaNy BR AR 540 R KA ™
S RERARE S, MAENF, SERA A HEURR
{cohesive fracture), 2L R EEE BT &% Ni-
Fe-Cr-Ti £A &% & Ti B&HEM. A &3 SiaNg #9780
BAEEE, SMEE R HTE Ti 888
ME& & C B SipN, MEMEEARIE (2739, &
BHEEEE M T SisNg b

¥ 1 Ni-Fe-Cr-Ti % Co Ni-Fe-Cr-Ti(5i, B) £HBH B SialN, BEAMEEETRER

Table 1 Experimental results of wettability of Ni-Fe—Cr-Ti and Co-Ni—-Fe-Cr—Ti(Si,B) system alloys on SiaNy (heating

conditjon: 1493 K, 10 min)

Alloy Composition, mass fraction, % Liquidua Wetting Interfacial
code Ni Fe Co Cr Ti 55 B temperature, K angle, deg fracture type
26—34 Balance - 11—21 14—20 - - 1411 2 67.4 Cohesive fracture
26—34 Palance - 11—21 20—24 - - 1429.3 42.5 Cohesive fracture
26—34 Balance - 11—21 24—29 - - 1476.6 273 Good adhesion
Y28 20—26 Balance 6—13 11—21 20—24 0.6—3.6 0.3—2 1454.2 58.2 Adhbesive fracture
Y2144 6—12 Balance 26—34 11—21 14—20 0.6—3.6 0.3—2 1450.4 20.0 Good adhesion
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BLIAHT=HEEmERERFEaEREsr &
2 H&& C(Ni-Fe- Cr-{24—29)Ti) 5 SizN, HERE
MO AR BT E Ti, Cr, Ni, Fe fyEA 4. 7T, 4F
BRI E Cr mEH SN, mRAEE (EEH 13.4—
21.5 pm) #THH. HFEF-THWESL TENL Fe i
EHHHEESHT B, BEMFEEP, N TRy #E
BES5TE Cr BALHHF, ML R Fe ) LR BEHE SiaN,
e FEE. 7EH SN, REEEMFRE L ETiE
5E Cr, Ni, Fe KLGE LIRS BB FE 4. #

-~ {EBIEEIE (X (EDS) o % SisNy FEay Lk
TTRAEESN. FFRIMNE 2 Brn. B30 [6] 5
t. HAE 1072—103 Pa, B 1473—1523 K # sk
RIFLSE SiaNy BRI H R 988 ( SigNy —38i+1N).
F 2 MERNERE, ETRESLHENELE Cr. Ni,
Fe G, SigNg otk Si R FibadXT EEe
Cr-Ni-Fe-Si Mtibk &4 (WFE 2 a ER b X)), b
SigNy 7 s N R-FHRZHE Cr, Ni, Fe M (a
EE b XFiiz N oENFE), MEF#HIE Si;N,

B1 && A Y251 Y21-44 % SialNa BB HEEINR A
Fig.1 Photographs showing wettabilities of alloy A {a), alloy ¥28 (b) and alloy Y21-41 {¢) on SizNy

B2 Ni-Fe-Cr—{(24—29)Ti &% / 5iaNy FEMMNHAEH RTHE Ti, Cr, Fe, Ni (I 4

Fig.2 Microstructure of the Ni-Fe—Cr—(24—29)Ti alloy/ SizNy interface (a) and area distribution images of elements Ti
(b). Cr (¢}, Fe (d) and Ni {e)
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FERENE TIEFSZRERN (ERE c 1d REE
FHEMBITE T N MEE). WIS SRS, TIN R
—Fig B M LY. B EREE Ny 8 Fe-N, Cr-
N, Si-N, Ti-N Z{ 444, TiN firdEE HEE AG®
BiE 14, ERERE (1493 K) F, M SisN, o
B N BFES Ti e, R TIN. RE c BRI d X7
HEyaHE TN ERETREY. Ti TERAKE
BTHE Or, Ni FHEMR M SNy REESR. ENR LA
0. Ti RS BAHE N F o Ni-Fe-Cr-Ti £ 4544
HEAEPEESEEY. Ti 2BMINET Ti+N-TIN
AR FIHETT. WTTIESI T SisNg 9 MBI B &It
omeER, WMRET S&% SNy HHBRFE
BE.

M2 55 C5Si3Ng FELEREMEES EDS B4R

Table 2 Composition of different zones near the interface
between alloy C and 3i3N4 in Fig.2a by EDS

(atomic fraction, %)

Zone Si Ti Cr Fe Ni N

a 18.06 0.29 4892 10.14 2258 -
b 12.10 0.41 2277 4042 24.30 -
[ 533 3933 1Ta1 1871 9.35 10.16

d 2.93 54.59 B.52 9.07 8.30 15.59

MFEFHELE Ti fERE,. & Ti B8N, d280
MEtEal A, EHHRH TR S Y28 & Y21-44,
HFE&PHE T BEEMERKA KT HRFEELE Cr
% Ti A EEEMEE. WTFHEites$ Y28, §3F
&4 BMa. FiEE/M Co RFFER Ni {E Ni+Co By &
BERENMM HFES Y214, HEFEE AWM, W
AT SFEE NI SBENM Co, MHEHET VR NI %
3HHTR Ti M Cr E)LRARER THERE, W\
HLEHETLAAN, £ Ti #1 Cr #FREEERH
HEHERE NisCo—Fe pINUTEMERA. S IKAF#
GEFHEF—ESENTEFe Y FEECr K Ti S
EHEFERENEERNEN. FENERA RS S8
HIE% (SRR SE Y21-4 MBS ) FHTES T
= Cr f93&HE.

MAREEREREZRN, 52 Y28 3t SiaN, AR &
F 582°(R 1), MASSS SisN, MEREAEET HH
A2 (adhesive fracture), W B EEHN S S ESHE
ZEMRE L, N Y258 &% SiaNy #iEEsE
N FEE B BT, Co EFFHEE Y21-44 3%t
SisNy (B IHEMTES A KR, WEEHF

W 67.4° BE 20.0°, B HGREBS GFEERM
BAE. f9EEN S SREEELHRREITRE

[ 2 M S iTifie.

M3 T COr LTRSS e 1
Table 3 Dissolution enthalpies of Ti and Cr in different

melts [15]

(kJ/mol)

Melt

AHT;

ﬁHCr

N
Co

Fe

-~170
-140Q

-82

=27

-18

-4

Bl 3 HUIT/ER Y28 oot REE e A R K
5CE Ti, Cr, Fe, Co, Ni (4 4+, TIM. 7c¥ Ti #1 Cr
¥R ErM S &t SigN, RETHAEHE XALTH
BEHAEEESES. B EEASSRENFE ER
T—"% Ti. # Cr EMH. BEHE EDS ML
(R 4) ¥y, & Si;Ny, SHEEMRELEEZH=
ARSI EEEA, RN Fe-Ni-Co—Cr-Ti-8i
EREvrtYE (B 3a daX); Fe-Ni-Co-Cr-Ti £
KEeHR (B 3a b X) # Ti+TIN X (B 3a f ¢
K). 8%, L HEERMNREHTRTF SisNy 54
B REss. HERGSHERMREE SNy 5
R RETHEIMAEE.

Hl4 BTE8 Y21-44 5 S3N, /iR F EHW
. ARG WETH, X CriEZiMm SisNy ZEE
£ FHRERREELN 11.9 ym. %k 5 1 EDS 2HERE
Hl. Cr MERREAMH HEELH Cr (FeNiCo) 5i([¥ 4a
Fa R), HFXHELHTETE Ti, BHLEL SN
MetEtE W F Y28 &5 SiaNy AEERHNERETILS
MAHFAR. ME 4b T7ED, TE Ti I REEHEE
HA Ti §BREMRETIRMBEE RE\EST 2L
R, R SN, RE. 2WTFHHS&EEk LA
TiX (H 42 $ b ), EE2HMEH Ti+TiN, frld Ti
ERAHEATHHFE (C ) HREFEEESH
WEEEAER. XB M SiaNy FARE Ti egeiksn. BE
Fe-Co-Ni-Cr(Ti) i amELSET SiaNy 5
FRESZAEEHRELE S 5% Y2144 3 SigN,
MXFHMEEE TS e CEFEY, HEEME TIiER
PIRABEARERE. 2 TFRARER R ETHRE
FRRE L

Ed Y28 B Y21-44 f™ S &% SizNg B g
HREW, AN E L SRECT AR R TR YL LS
H, X5 EEBENEREES AT EELR.
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B3 Y28 &% (Ni-CoFe-Cr—{20—24)Ti)/SisNy ##EMIARNRTE Ti. Cr, Fe, Co. Ni #IE 3%
Fig.3 Microstructure of the cross-section of alloy Y28/8iaN4 (a) and area distribution images of elements Ti (b}, Cr [c).
Fe [d), Co {e) and Ni (f)

®;4 Y28 B SHNg REEEEE EDS @4 ik R
Table 4 Composition of different zones in Fig.3a by EDS

[atomic fraction, %)

Zone Si Ti Cr Fe Ni Co N
a 8.37 26.84 15.1% 22.72 17.52 9.36 -
b 2.80 29.47 15.06 23.75 15.81 10.01 -
c .12 73.27 0.37 0.41 0.19 010 25.53

H4 Y21-44 §4& (CoNi-Fe-Cr-[14—20)Ti)/SiaNy; BREMMMHAL ETE Ti, Cr, Fe, Co, Ni 9H &%
Fig.4 Microatructure of Co—N1-Fe-Cr—(14—20)Ti alloy/ SizlNy interface (a) and area distribution images of elements Ti

(B), Cr{c), Fe [d), Co {e) and Ni (f)
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Tahle 6 Composition of different zones in Fig.4a by EDS
{atormnic fraction. %)
Zone Si Ti Cr Fe Nij Co N
a 20.17 - 56.68 5.82 411 13.22 -
b 2.54 66.08 4.44 .+ 3.68 L.20 4,21 17.86
3 #&it [3] Maka M. Kubo M. Trans JWRI, 1987; 16{1): 83
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