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Abstract

Generally speaking, the preparation of FGM-blocks, especially in the metal-metal
nitride systems, by the method of powder metallurgy requires an extremely high temperature
and high pressure. But, in this work using a ductile nickel metal or an aluminum ultrafine
particle, the FGM-blocks were easily prepared by powder metallurgy at a lower temperature.
In the system Ni-NiO and Ni-Si;N,, a mixture of a metallic powder and a non metallic
powder whoes contents were gradually changed was pressed in a steel die under a pressure
of 200-320 MPa. These green compacts were heated at 900-1573 K in controlled atmosphere
under null pressure. In the case of Ni-AlIN and Al-AIN syetms, a compositionally gradient
mixture of a coarse metallic powder and an aluminum ultrafine powder were pressed under
200 MPa in a steel die followed by heating at 873-1473 K in flowing nitrogen. In this process,
the metallic ultrafine particle was reacted with nitrogen into metal nitride, but the coarse
metallic powder did not react with nitrogen. Thus, the FGM-blocks of metal-metal nitride
systems were completely accomplished. The FGM-blocks of Ni-NiO, Ni-Si;N,, Al-AIN
and Ni-AIN systems prepared by this method were characterized by their properties and
were used in joinings. The joining of metal/FGM/ceramics, metal/FGM and ceramics/
FGM were completely accomplished at 900-1573 K.

1.2 AN &

3T, Ni-MgO»?, Co-MgO®, Fe-MgO?, Cr-Al0:" 7% ¥ OMEANE, K& PInEES
BiTo7z0 N6 DEEFOTR O EEOBEYS M0, ALO, & & £EEBEE DL LI LT
Lo Tn3b, #OBERGEEEHIC L - T, ERWEMERREER TS 0T, whER
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R



214 Fia =

1 Ni-MgO #&4#, NiO-MgO ss#iZ FGM Th 5,

BIOHBDTH S, Ni & MgO & OFEOMBERIC X, 1 IrREN3 & 512 MgO-NiO
EREFELEL, TNERMEGEFED insitu TSN FGM ThH D, Wb 2 FERED 72\
EHEHSESRE L TR BEEOBRICFSEL Tnd, LrLass, MgO-NiO &XREEE
ENiEREEDREIRZVDOZFERETH 5D T, ZOEHAOLED =12 Ni-NiO ZD FGM %
AW2HEIZLE->T, LY EehlEflBEadkesEs L 2HNE LT, £/, AIN L &ELSE
EOEAW, £B-AIN RO FGM ZHWw3HEE2HK L L, Ni-AIN & U AI-AIN %O FGM
BB AT o 1o —IZ, £ T 3 v 7 AR EEEEY 2 &1 FCM OB 3ER, BE2EL,
BARIBEIEIT & B FGM B A DIERIZA S TR n s, KFFe T, HMEBHEEEDK & 75 Ni
ERPT — 27 T AR I VER L IGEMI 2 WS 2 XD, MRBEEI X 5 FGM Bk
OB IMER, FIMETHRRIC R 572, BT, EELEREIC X > T AIN SR & ORI 2
THIEDABRIC ST, £, ZOFERNISENIZAIEELE AIN £ 2EBAL, KA, B
THOTERL, Ni€BXIiZ Al&B L AlEBm2EAL, KA, 2FEHSe2H LWAKT
HY, ELERICERETHLDT, LY%ELeE FGM A2 EllTt& 3, Z0K, NifE,
Al BN OB KR EFHWT IS DZE(LEFLE AlLBHB ZIBEEINS L 5T, Al-
AIN R KU Ni-AIN R OMERMEREM R 2 F8 32 Z LN TE 3,

2. RBRH &

2.1 Ni-NiO %3t U I Ni-S;N, 5

COWMARTIE, €EBELT Iy 7 AREEMEL L THW:, £hoDREYOHEE % EH
WL &R T, AREL3mm Oy ) ¥ 57—« 54 AFT200MP OFEH DT CTHREL I, 20
Y —rearNy b&I57T3K, Ni-NiO R 7 VT T, Ni-Si;N, RIZEFEKMHDRMET
BLIFC L > TR L T2 2D X D UTHERLL 72T5% FGM OHAR % F1 5 72 12, el % 72 1%
FEWTIHIIC DT SEM, EDX, EPMA Fi2 & DR, #iE2i# 7z, < OMHR FGM & SikE/E
& DS #1373~1673K, ZEXFE721d Ar KIRHFOFRETITb ¥ 72,

2.2 Ni-AIN RIETIC Al-AIN %

JEARE AL BB & THER O Ni #HASER, ALMRMEAETH 2, Al BB BEREFHITOT
— 77T ARETER L7 DT, EEIX ALERKG 7 & AIN B 3 0F&DREM TH %, %
NENOREE, AlEHE TFE0.2um, Ni HHAIF T 5 ~20,m, ALEKAK TS5 ~12um T
b, o DMEDEREELZBEIICELE YT, AEI3Mm OFIEIY ) > 5 — 54 2 T200
MPa DFES %0 CTRE L 72, ik & b EEOE S 531004m OBARBHETH 27 ) —> -2
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YRT MBI, DT —rea8y b 923K, 86.4ks [, BERETOLGETESIFI L
S THEAL oo BERERE 13 Ni-AIN 2 Ti31473K, Al-AIN 2 TI873K & L7z, Al-AIN iBH%
B L UHIIRD Ni B U Al 8 & 35 & ORUGH I3ERNIC TG-DTA R & D f#inTz, £ OfEHE
i, AIFAIN B BER EKG LT AIN 24U 258, RO Ni LU Al €BEB I35 0 135
BETHARERIGLEWIE, L2L, BB SN S Z L 2L 72, 2 OFHZIZ & D, Ni- AIN
& FGM Mz Al-AIN 5% FGM OBEBEEOEEMNTEE L e o 72, & 51T, Al DERIER

Al+1/2N,=AIN+320 kJ/mol (D

DEIWREN, BARIGTH 2 7:012, ZORIGH—EHETLEZT &, BRERGHKE(SHS=
self-propagating high temperature synthesis, BOABESHKFEE D E D) WKL - THESH EBM
¥ Al ORI EHET L, ThBEBE-AIN R FGM ORIAEOEERE 2L T2 49—
OHBTHD, 2D S UTERLEE-AIN % FOM MR 2815 fo i, BT, Sk
IZDWT SEM, EDX, EPMA, X-gEEr&C X VR, #EE2HEI

T U, M ALEHUS BRI 147K, BEREIFT.2~86.4ks THER & ¥ o5 B O
O X-HREE R &, FERERHET. 2ks TR AI O — 27 BB s, Al OBLREFT9TH S
7S, ERMEOBETRESTELLINTWS I EBS -7z, Rk, # ALBME & EEEE D873
K, BERSRFEIRG . dks THERS S ¥ BB O X-REHTER I Al OB R+ ThHE e RR LT,
UL, ZOEER A-AIN RICHEE s -0 TEE Al OFF R 4 52w, Ni-AIN £
TWEE Al OFFERMEL 2 50T, &k, ERHOBEGE2T > T AlBBE *TecElbsy
L9517,

BEFSR O AES I, Ni-AIN R Tld#f AIN, 72.2mol% AIN-Ni, 53.8mol% AIN-Ni, 30.
7mol% AIN-Ni, 15.1mol% AIN-Ni, #iNi® 6 &, AI-AIN R T AIN, 71.2mol9% AIN-
Al, 45.1mol% AIN-AlL 29.6mol% AIN-Al, 23.1mol% AIN-Al, #iAlD6EERKS & 5 1CH
Bl ZOFGM ZDWT, X-HREHTIC L 2FEFEMORE, JEFEMSE L SEM 2 X 2 #itlrim
OHHEEIZE, EPMA & X 2 MRS A ORER E%8To 1o & e, BBRFICIER L o B —H R o >~
R MZDOWT, SHERBOHEMSEE, MUNEE, SIFIRARE: £ ORE 21T 72,

3. BREIUEE

3.1 Ni-Ni0O %

Ni-NiQ R O#EEHMIE 60massy NiO LLEDOBE 2R IE, Ni & NiQO b ®ICESL
A, L GEFBHER AR BRIFICER L7z, 2O Ni-NiO % FGM # Ni & MgO & o4&
D7 47 —ELTHW, Ni/Ni-NiO FGM/NiO-MgOss/Mg0Q TREN S EEEREE I, ZO=
SRR IX1573K, 12h OFEESEHTI30MPa TH o7z, Ni & MgO & OBEBHES TIZ, =S
UERE DR EHES5MPa THo DT, KIBRKEES NI, VA4 TVERED 6 2 o11ick Y, B
b EL 729,

s8—= 4 £ MgO EOBEEIZZD Ni-NiO & FGM ZHWwici& i, Permalloy/Ni-NiQO FGM/
NiO-MgO ss/MgO TRENBEERER/ . L L, 2OHEEFRTIE NIi-NiO FGM/ NiO-MgO
ss DFREIZ Fe OB ER L, HEFET L ORH XN 72, BIBROFICEL U THEREIEL,
1473K, 6h DA T AU EE X910 MPa TH - 729,
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3.2 Ni-Si;N, %

Ni-Si;N, 2 D& 80 mass% Ni-SiN, MLEDOFHEIR T 13X FGM DEEf5131373K T2 T
Holz, LirL, Ni DFWIREETIE, 1373k, 5h D&M TRIFS FGM 2B LTz, B2 105
SNB LN & Si;N, EREFEL T, FicanE b BHEES T, EFOHRAM 2/HEE T X
727 2D FGM & Si;N, & D& %54, Ni-Si;N, FGM (50 mass% Si;N,) /Ni ® RiF s
2 fG79 FGM &M O Ni & Si,N, 2SEFAH# e 2 6 28 S h, HEBCHET 5 Si;N,
DISTIEIM E L THFE L Twb LHF 26N 5,

2 Ni-Si;N, % FGM 0—#, WHEHEL, RIGHERRE S,

3.3 Ni-AIN %

1473K, 12h O%&HT, M3 RS N3 X 5 2 BIFsE Ni-AIN % FGM %2872, SEM I & 5 #t
Wi T DRSS Oz EDX 12 & 2RO AT ORIER R S, M S>3, 242 AIN 0= »
Doy 7 ZAHNZ Ni B3 L T 2 /2 L, MBI Al & Ni BSHEHEICERRNICER L Twvw 3

B3  Ni-AIN 5% FGM Bk, JEMOmEiEd R,

Do 129, NikiF & AIN & OREO SEM 12 & 23Kk & EDX 12 & 2 9 E» 5,
RSB OEE % <, MHOEESED 51729, 20 &k X-REHTORE? 5 bR
ENTW3, MR & 2HENEEORLOEERBER T AIN SERINEOHEKIE KL & o s,
NIRRT ZENES B RBSBEREEREERZIERL TWwd EF 2 2%, iz, BRI X 2 RIERS
BOMEREEREIZ AIN 25 Ni & THEENZZ(EDEEZ SN, BB O FGM L->Twa &
E2%9 #ohiz Ni-AIN R FGM 2 &{EEEEM L EAET 5 I L1, Ni L K{ESE L O#ES
ThoHo, BECHETH S,
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3.4 A-AIN %

JEF SRS & O T OS2 B L 7
£ 22, AIN EFEDR WAL T AIN < b
Dy 7 250 Al 93558 U7 R TR L Tus
503, ALIZEE LT WERICH D, S 51,
Al TH1z AIN 23R F TV 59, i),
B AT WERAL T3 ALKIF T AIN 235346
L, 45.1~29.6 mol% AIN 247> % i
TIEAIN 2% M) v 7 Z BB L T35,
& 51z, BRSO 7z 2 AESTH I
sy, INEREEEFERIC, SEKEO
I - T b D EFE 2 5B, SEM 1T L 2 HEHE OREERLZ O EPMA 12 L %
RS FE OBIERRIC T T, AIN e AVHORE I IZE=MHIIEEY 3, AINFHE AlfHE O
HENHL D TH 5, FHNEEOHERRIZ AIN SEEIEWHERIE LKL o729 Z1id Al
B E VT WA D EMBREEOEEZ Db DMIMEN T &, BEEELMML K7 2NES ¢
THREINTVLBEILEERLTWS, 65T I OMERHEREMRZIEME Th 2 K7 % b EMO
SETCOLIRED MBI E WS 2w b, HRNEEOERWEAM S K 4 wRahd &5 k7
DB T TSR ENTE D, ZTHIZEIHRO SHS I HD X FEIICBENS FH T2 2 L bEEKEo—
BitleoTwd, ¥4 70v 4 vh—AEEORERME I AIN SHEORWERAL TIi3H AIN O
WEIWEET, BEEBFR A THL I ERRLTWS, —7, #i Al 00 CIIBEEIBE s R
729, TR Al ORIFUC AIN BDEEL TWA Z L L AlORHBETEESEE TV S 2 L 28ER
LTW3 EFEZ N5, MIEEREOEERRE I AIN 5 AlICE2 £ CEENTHDY, £ 3
v 7 A EEBOBERIC BT 2 BREBIG OFRLEDORRKERFERFROER THE I L 2%
2%k, ZOFGM BJIESERNME L THABET 2D TH 5, H517: AI-AIN % FGM %
Fe ##M LG T2 Z L RilA T, 2D FGM O Al S0 2 W L, Fe EM OWHER £ 2EL T,
BRI TI23K, 48h, Ar [IRFOEMETMEAL 720 ZDHEIC & D ELSRBEESEBIE SN,

4. € ¥ U

MgO &R - A48 123 SLN, L&E 64k L OESFRHE OB OWT, BEalic
SREWEL FGM 2 E%2 DL 5 2 EBNEHMEMKTH S Z £ #HH S iz L7z, Ni-NiO = FGM
A N Ni-SizN, % FGM OFESL & 2 DYMEIC D W THISE L, EEADIBHII DWW TRz,

T—2 7T AR TIESL L Tz Al EBI 2 AW T, R EEIc £ 5 Ni-AIN R0z AlI-AIN
% FGM OHIE 23 b, LR BEEEE 52, 215 D FGM 3IEME Th 2 K7 % b EFISF X
FTWLEMD BB &S Z LB EOREIED SIS Ik o 1o, X-IEEHF ORIz 2 1
Zh AIN, Al, Ni OADFEE S, AIN L8 L ORIGEIIBRESNT, AIN LB L OHEF
DHERR S N7 SIS O bRt U TEIcZ b L 72, 6> T, Th 5D FGM 132
FIETERAM E L TEYTH Y, &R L MOSEEM L OB RBEZICREIND T EBDT> T,

4 Al-AIN 5% FGM BeflifAk
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