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BREFEEMBICSVTIHKBRRICATUHE A REBOLOIC, EREHBOE
ENBEOREELESATINSG. —F BRECSTEOREMZLVSEICRET S0
2, BELLELFERTHAMBBEILELL >TSS, &z, TXA0KRY FMEEERE
FMIBVTIE, BBOBEZLIVERBICHOEREICT I LEBKICBFIRILY—ZHD
FTAHIZLEAROON, BEETEAMOFREZ64EHOBERMHOERANLEEND. &5
S1F, SEEHKICETIBUABBLLETE, BB Z2EATIERECNEZTOAEEE
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BERBHME L THRATRER—SAMBLELT, B, R—FRF7II=HLNEES
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—ZRFLI =V LOFREMC[AEKOBEEMIELBISATE ST, EELHH
ELTOBRBHMFMEI A TREC, TXASESHMELTHATI-HEEIX MY
REGREAZRLTWVS. Ff-, R—SAMBEIHEOEBHHOL S ICEMERTHEE
BHELTOBREPCRMEZABTILETARTHY, REXROBEMHLEDOEAESEIC
FOTEMMBEDNHMEZRETES. ThbL, FERBOTL—LEEBHE L TH
AENTULLPERHORBIZKR-—SAMBERTEL:, BEESHER-SEEHEE
&N, SROF-LGEEBME L THEEINS.
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I, RBILESYOERREICETAREBEAMHAT I LICL-T, L SOM
RIPINF—ZBOTHULLTEIENTRETHY, FLERRGIEBHMICRTT 5
BHIZ, R—FAMPORERMLBO TEBMT, IXMCHLEEROSTVVITOELRTH
5. THICIE, COEHRGIERISHIOREE (TYVH—4) O—BIOHFEMBLTR
BEFETDHIILIZELT, REMNECEREL TEMRBDHHR—F LT B LA ATHE
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BAMBIZLSHCERRED-HD IO RAEHORBILE—DODEME L. E5IC
TOERARERRSIEDTOLRELT, JL—LBEMHME LTIEMNAINSHE
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21 LI
AETIE, 2ARMBICED AREKRENBROBRESHEREEFB L7+ —LHEOR
BITHEWT, fAE S[AMRKRIZRIZFT Al & NiMEROESL, RMBFOFMNE, TV
Hh—HEEEYE NBASHEHK NMBAEREOXEZHAELE-REREZBRETS.

22 REBHZE
221 [RHE#MERE T h—H R

Al & NiBIROERAL, REBFDFIMEOZERAETIE ABRKE NIREKEDESLGE
BLEIL)E 1/13~5 L LTREE LRI, HBBMFIEZABERESEWVNT 0~20% & EEL
THEMLE. 46, BHORRBESERIVRFEESREBITHBDIERYMET S TIC & TiB,D
BRELLE. EhOoDOREMERE, TESMTTELRNE 15mm OEODIZFEL, FL
A(E7:200MPa)Z BN TER 15mm, S &#15mm OEMEREERILT-.

TIHh—YREEGEOEZERETIE, AIMKE NIRKEDESLLE 45 HREEILL)E
LTRE LE-MRIZ, RRBBFIZ Svol%RMLE-. ThoDREMEE, TEHTTELR
ZE25mm OEOPIZFTFIEL, TLRAEFAWNT, FhFhEHFEH%E 100MPa, 200MPa,
300MPa [ZE{E L, EMEEEER, 623K IZELL, ERE 25mm, & 25mm O E#HE
L BLELERE Fig.2-1 ISRTEEZRAVFLL LB 623K, #LHLE 4
DEHBTITof=. THIC ER20mm OB LY LEEM SR E 40mm ZHI8 L, BEE20mm,
RE40mMmOT) h—H9%HERLT-.

MBFHER, MBEEOEZBRETIE, AIMEKRENBKEZELLTHEDESLICHE
L. HRBAITHS TiNKRE B.LCHMAREMRBEAREDORAKIC, TiB, & TiIC A 5v01% &1 S
LICHEL: FAEDREBHICK>THRITRES LK 1209 ZMHEKDAEDhIZF
EL, 400MPa TERE#ML, ¢40mm, HZH 32mm OABEMEFEHER L. COFE
Az EO®k, HHELAEZRALT, 500°CTHHE LML 24757, M LAZIZERARY
LT, a>7+HE (ELy bB) (Zo40mm, F4 ANREIXO10mm OFEFTmSF 1 X EALY,
BELEIE16 &L MELHMEEFRENO10mMmX50mm DXE XYL, T hH—
H&LT.

2.2.2 SHMEIZ £ BEHBOER & 5HE

(1) R omanska
FRELETUD—HEANTHRIEERICE ZRBOERERA L. MBS REFNRA
A—CEELREREBEBRENIC T h—YEREL, SHMBICEZRBICE>TRE
EBELE. BRESROMBEERTREL, Kbk BELIMBEELELIOTEFA
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(2) BEAIE

EMED T Y —oBERR, EMEOER, B3hofhkEzERd. FHBROEENHE
RAEERD, TOLNAORDT-. ERLUERESHEE AMERICESEREL, Fig.2-2
ZRTESICPAFATREICK > TREBOKBEEHAIL. 51T, RIENTRITEST
LizeRELEEBORBORBESEICEIYRS, RABEELBET D EITEYRBREK
KOSAEC)EEH L. T, BEATEEQm)LEbE THEH L.

(3) KA KOEETE

R LEREOMEERET 5012, YI7A 0Ny —ITk YL, YL
MiEE RS v+ —(FRI&E 600dpi) THER YA, EREFTY I ()74 O VR Image
Ruler 2000AP)Z2 AN T, AEN - EEZIL L FOESNSEEIILOFABREBHREREL
f-. ThOOMEAD, LLOARL LEERTEEE LTAREdr xBR-ABRER ?)
b BELOEELALERER OAOEREAMLE((@HE+ 1) x2)E LTHEL,
SEHEICAME & AE LS TEE L TEEMNICHME L f-(Fig.2-3).

2.3 EBR#ER
231 BHHKESL - RRBFAMEBEOZE
(1) 7+ —LEFE

Fig.2-4, Fig.2-5 (&, EEORATIILAN)RURRBFIOFMEDEWVIC K HEEY
HOBETHD. FPEPORSEILLIZ13H5 1 EFTOHEETIE, LWThoRREFOFMD
BICLTHHBOLKREFLET, ABEAOBRKLFTY—THD oo n5H. HABOD
BETELLIE 3D 4 OEETIE, RBEFFMEOEMICEEL, [AMREIRECEL
Lf-. RBBFBEFIMOBAIHABMKECL2EELFET, AHNBOKRFAIFEHRRETY,
SHY A XITLLEMHY—THD. REBBFNE 5%FMNT DB ICIAHLELELSAT, A
HAOTABITEML, RKERLDDERAV A XL RE( Loz, SHICREHMFIDE
FEMT 3 ERANDSNERESABREISN S RHOEEELLL 5 DBEICITHMIL,
BWoELLLEDIENRELE.
(2) K[AL=E

Fig.2-6 (X, fEREORBDRAE(%)RIZTTRREFDFTME(vol%) REHMKESL
DBEETHD. RBBFIFMEOEMEL DI, VTHORKESEILLICEVWTRAE
FFEFEREL, FLTETFTTRERANARLND. HBRBFBEFMORHTIE, BREAE
(X 50%BI# (=5t L, FEEMBIFLRME 5%, 10%DIHE TIE, JAKFLEL 80%FIK ZEMK
FRoENTE. RBPF 20%ETHEMTHERARTETL, 60%UTICHEIEA
Shot-. T AN DBRESLZ 3AD 4, HBEFIOFMEL 5% 5 10%0 LLERH)
IZEWVERTIEERAE 80%MEELY, ChiTEMEERO—RUAERTHD, BXE
EO030UTEVNSEEL—BT S TLEMBECEVLTE KOLEITELKSIZED



1TUTFIZAY, BMERDBEELAIN OFEILL)RUEBRBMFIOZENEE RIS, £,
REMFIOBME LBIZ, BARAEER/ONIFEHMKESEITZA U vy FRICEBHT S
EmAah-ot-.
(3) KALMK

Fig.2-7 & Fig.2-8 I%, EHBOBEGBTICLITEFTHEOLERTHY, EILMEOMIE
HEGRE)EARERE)OBRTHS. AREX1ISESCIEERICENEKRTHY, E
ANAMRTIX0.91, EZAKTIL0.61DEF LS. Fig.2-7 X, RBBFIOFMEE 5%IZE
EL, AINi RERLLZZEZR -HHOEGRIRETHD. HBTRTELORTE(CD
WT, BRMALE AUNI 3 3 DIFE TIE, ARUELEAEVERIZSH L, BKMEIEH 8mm
2% of=. FRITHL, MFRMAELLLE 35 4 L#EMEHKIZ, BABRNECHEEIENS
MY, SHICHSAERES 1mm H S 3mm OMMVLWTIAEZ 1=, —F, HEOBKOL
Tl WFhOMBE/LLICHL, AREIZ0.6 M5 0.8IZERTE &M -1 BD
PISEFVREFEHEZRLTNS. FHEOLEBEM SN DL S ICERBBROBNESE
5%ICEE L TWAEEICITMKERELLZ 3 /D 4 I2FLSE, FHHRLYAERE 3mm
HIE—ELTY, FHYABERIOOELL5EANHS. Fig.2-8 (X, MFRMEEILLE 4
ICEEL, RRBMFOFMEBEALFHOEGBFIERTHD. BBTRIEILORETE
[Z2D0WWT, HRBFIE 10%ETHEMTSE, [SAVAXIEKRELLY, F-F02H LA
{EL2TLEDAbLMY, 20%ETEMTEE, KAY A XEF/NEL< o=, FHE
L 1mm AL S 2mm, 3mm Bl &ML, |REIZ2mm EHBB T ELRDM . —F,
DK OVNTIE, BFIEFNOD 02 i 0.8 L, 5%FRMAKTIEEIZ 06 1D
O8DEHEICHMLT, AMKELS. FLT, 10%FMHARTEEIZ06H5 0.8DFEHE
ICHaMLTLSDISH L, 20%FMBRIZELNNSLCHY, 02~08 [TIEL AL, F
BRAUABKGRANEC BT LRSI o=, EHAREOLELN D, REMBFIOFMES
SAMKICKEVWGEEBERIFTIELNACHTHD. RBBFBERMOCEMLBE D15
BIZEZEDHHBLEL B TLEDOASMY, £, FRUBRLGKANZ LD, RBH
BIFIDFMEIL 5%H 5 10%DFHEEICKAERITE > & LERBITENC EPERTE -,
(4) HBBRBRRUMERS

Fig.2-9 [(CRBBAFMEZ 5%ICEE L, MERMBLLANIHD, FhEFh 3, 35 4T
HHRHDO SEMERETYT. TRTORMBVTHRBEESRREIEC>THEY, T~
VORATHS ANIEE, LWOIDHEOBEMNEREIhf-. EDXERIZEY” A" DEKRE
BAMET R VI RO ANBERETES. £1- “ B” OREHHIE" A" OEFFE LN
TARDGELNIANZCRE SN, Nirich BEBRIESYDONABHEEZOND. A
I, C" OFREHIEa-Al HLLIEITRALRES M. Fig2-10 12, FEHHOERYDOREE
Z X#EH (XRD) [T& > TIT>=#ER%RT. XRD O#ERIE, SEM THREIh 1= AbNi,
NiAl;, a-Al DEHOE—I LB FELNT-. FEHEREMEIL AN BRENZE RE A
DE—IHBNRECHEBZIENBERLTE-.
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AN KRR ENLLHIIRARORAMRICKEVGZEBERET LA Eh
X AN R7+—LHEAN_XLIZBEAGERHDEBDNS. A-Ni RT+—LHHEREED A
A=A LI, RESRKICEY, MERPICEBLIKE - BE - RRGENHRELGY, £
DHRIZEYRBEILIHEEIAZEVSHDTHDH[1,2]. Ni, AL TIRRIZLTHhD, &g
T+ BKESARCRESARDBESHELTLALAERSh, LHMLEGH S, AN
RIABESRL I Al DRRAITE(933K)IZ, DFY Al ZBRL TV AREBICREAZLSD, D
B TIE N K, TiMXOREEE LD, FRBRRETHIENEAILND. &
L TLVD Al IZEEKED Ni EOBHERGIZEY, BRBEARKITETL, ETT5H. £0O:
&, REBSKAETCHBESBRICEICER A MRISBRESINEARIZEISHERDNS.
UEDOSHIZEY, BMEMAELE AN X 1305 1 OBETIE, AHOKAEMES, KA
MREFH—THEENTM 1. Al BHENDLND, RBRETEIHRAOEND
B EREEZON D MFRMAMLLLANI X355 4 DEETIE SARFEEY,
SHAURELEH—THI EADM o=, ChIFA SHENER, RBRETLHIHRENS
(ot eEZOND. LHALLGHLS, AINERENLLAN S BZ S EHBEIWSFL
{tEotz. THIZA QOEAEZ, XM N OBHEY, BREERIGEZECLIZAO
BRIOHH o118, RELEAROELFED LIz Tz, ERIC AN FORBES K
HOEILFELL . Al & N DBREBEARRGICEZRLEERORIGRMECTY, REEHO
BREBICSTIRHADOTIMERITEAN:ESD, KAOERPEELISC(RL LS
Abhb.

Iz, MERMEHELLA 3 HD 4 OBFETSEET &, [AMRICRIET HRBFIFHM
ENEEEPLNTHSD. RHEBHELTT & BC ORGET Al & Ni DRISEDE 5 15
THD1=8, RRPBFEMELEMT S L, BRREERREBHOAHRBOEREST LY,
Al & Ni BIOBBESRRICEREL, REHTXOELE(HDE. E6I5, BLRBRICEK
YREPNBERKEORHEENEZ 520, [AOERPLEELLPLTVRRELGS. —
5. RBBFIIRICEICTC, TB, WV ot F I v I AMHMFEERSE S RRHMAID
FMBHEE, A Q7+ —LEECAVIHERALOEOOHFOL S TREZR-LTL
BEEZOND. BHEBOLREELLICFEMBICSHLTERLEBBLGES I v I ART
M, HHEPOREMELRSEARISRELETRZRHNBICBOTHELIENTES
=8, PEOFMETLRAER, [AMKANMRERLIEZLEEZADNSD.

232 FUh—vEEEFHOZE

(1) 7+ —LOKEEHRE

Fig.2-11 X, U Hh—YEKBEELXER HEEH% 100MPa, 200MPa, 300Mpa & %1t
LERMOBETY OBEETHS. THMEH 100MPa DIFE LR RTREERONEE
L, #ALEBPBVTLRERAY A XABFRY—ITHZ I ENBEESh-. ThITHLA



f2[£ 51 200MPa, 300MPa D HHEHEHESEMNITH—RaT E5 A”DM . &1, [F
$E 7 300MPa OFEBHI MM ESH 200MPa D & Y, KLY A XHBKELHEBZZEAE
gant-.

Fig.2-12 1%, U h—YEHKEE % 623K, BHEHN%E 100MPa, 200MPa, 300MPa [ZZ
ELIE-EHOBEYINEETHS LWThoEHEHILLEMIZHKEAL, ERETHOEME
ELIZKRAY A XDEMMEZETHD LD h 1=

Ff=, Fig.2-11 & Fig.2-12H0'5, LTV H—H@EBEATE, BREENEE L 623K
DIFET, EBEEABVELAMIZKEVLGRALADHEL TSI LS o1,

Fig.2-13 &, L LTI h—YHAZXFAHOBMETI OEETHS. BEEELNRL
THHAEHR TV A RAZTHOMETELLR, HLELTYH—HHEHARIZET
H4 X 10mm BIEOKAHLEMNT 3 Z &9 o 1.

(2) [FLE

HEHAMDOKRAEE Fig.2-14 [ZFRT. TUH—YHMEEEEE BETH%E 100MPa O
HIHAMABREERINFELLD, SAEIL 66%EHIN, FRUNOBRBEELIZS
WTRARAHOK[ILEL 0%RIERELDZ I ENIM T
(3) [ELHEK

Fig.2-15 X7 ) h—YmiRBERR mMIEEH%Z 100MPa, 200MPa, 300MPa & ZE{t L
EHOBERBENICLSEEFMOBRTHY, wILHEOEBEELREEE) & ARMEGHE
HDBEZRTHD. BEEIMMKECLIIODATRAOKIIEMLTHEY, SAMNKEL
BHERMNR NS, BREH 200MPa /S 300MPa (2184 5 &, FHRLABERIL 2.
8mm M5 3.0mm (ZiEML =AY, FHAREL 0.64 Hh5 0.58 (TEET L. Fig.2-16 £
) W —Y Rz RE 623K, BEH%E 100MPa, 200MPa, 300MPa & it L - D E &£
ML HEEFEOBERTHD. REENNKRELLBICONTREVRAKAEZ 218
AAR LGNS, FHHRLUAERIIEBEAOEME £HI23.5mm, 3.6mm, 4.9mm & &N
L=, —A, FHAREEZEFLEFN 059, 0.59, 0.55 &% Y, FIEH 200MPa DIES (=
[FH oL HBIMERR L. ¥£1-, Fig.2-15 & Fig.2-16 (213, kA% %HT 3 100MPa
BREFHEOSEBERE, RLTVH—YEEENT, REERESEE, 623K LH3 =20
HOBEGBITHEREZLEEKT L, WThIBEREASCLBIZDATRADODANEA
Y, KIS XHAKRECRY, FHRLAEREEML, THARERXETTIEANE
bhtz. Fig.2-17 3, HLEL T h—YHERAOESRBFIL 32 EEFMORETH
5. [HORMIIENY, FHRLUABRLS525 &4 Y, Fig.2-15 B U Fig.2-16 (TR L 1=
AMEER, RLBIMETHEIZ NI T
(4) HBERER

Fig.2-18 XA 200MPa T, BHBEER, 623K L5720 F) A—HRUHEL
HLTUH—YEEO SEM BE%ERY. BMiEH 200MPa THRSEEEED TY h—HI
BRRLOHENAT+ATHIDIH LT, REBE 623K DT h—HEHIEEESE



LTV, Ff-, BEEEG2BKDTYHh—HRBICREFT ARALERESAE. Ch
SIZxL, MLELTYI—HFEYRCELEL, ABICEETIRAKXIFEAERLN
ot
(5) BE

FANOBREEECEVTL TV h—YEBEHOEME LHIZ, RILENELLY, F
MELAREEAKRECHIERANESA. COBBRELT, BREEALKRELLGSL,
FYH—HOEILHBENARECHY, FARICEIRENBTRET 5HXHNEANNEICH
FREMLHECRY, SYBVREHINRHEABICHALCLCENSESFZ NS, Fig.2-19
ZIE& T H—HORUNBEERT. BRITRTESIICEBEAICONTHEREEN EMT
BT eI ot FDORH, TUVH—HEHEEEICELLALE, BRZEAH 100MPa,
BEEEEREORENDLS(C, 2EMICHATELVNILELEROND. —7h, BEES
DiEmE LIz, SADHKERRT ZEHARENET—BEBLAGY, FLELGLE
AARSH. £, BULRBEAICEWT, BEEEFE( LD L, [AXORAL R
Y4 X0EMT 2EANR O, COBBE LTIK, ABEEAERMND 623K ICLR
+3&, BERALTOEHRICLYKSEITTREL, BRICIIMEKRLTOHELED, B
KRTOREEUN—BHC LY, BIEHENBICKE(E2IzEFEA BN D, Fig.2-18 O
HEND, RMEETRO Y H—HEIRERTOBENTHAIH LT, RHBEE 623K
DTN H—HEHIBREHEELLTVIONASNS. MLELITUD—HEERTUD
—4(Zx L, Fig.2-18 ISRT LS ITRLHEAEILL, AMIHRETHIRAIEFELA LG,
of-1-8, RBORESHAEZELABARICHALAOON-HERISVFEYHHIAER
LB ENEALOND.

2.3.3 MBFHES - MBEEDE

(1) MBFERIZLSEE

EME T A—H T, BRESERGEFEIOEEEZZTVT(, RAFEKTRIE
EAERALEL 2,3 ChEIRKEPOBENLOIC, RISHICEHMRREICREZHE
=S EMIEMEEZIEODTHIEEZOATNS. FITHHLIVD—YERESD, 7
LIV ERSP CHESRREESZRT I EICEY, EOLIUEEBNHIDMRETL
f=. ALK & Ni RO MERES EILLE (AIN) % 3 & L, REBFI £ REERDAMIC Svol%
EHBESICHEMLEBELIYD—9FEL, BEAKZEATNRARBRZT 2. 7L
SUBSHSTEASPTHRESHERGEZFELE-HAHORSIHFAOMEZ Fig.2-19 12, +
BHHOME% Fig.2-20 27T, SAREEFNFAKEFTIT2>/=HDT R2%, 7iLIY
FEERSPTTo30M 95%TH-o1-. -, EREFICLYVERTIAORIOKRESE
1mm R CHEESMIC LI-#E2 % Fig.2-19 (R AMME), Fig.2-20 (FEFARETE) IS
REIZR L. COEXXBO—BEDES S 7 1-2mm OELAERZHORAOHE,
ZOROET S IH 2~3mm OHELAEZEHO[AOEE, TORA 3~4mm £E>TL



. BFIHITORBHEEEZRLTVS. ZORL L, KEDTMRETo=HBDOA,
FILTUBEKHR T EABIY NI VEABEEOTAKN SV EA/DME. M,
EFNETLAHRLAERORSAAKEOTHIEIKRE R 3.49mm, 7L T > h 4.56mm TH
2. #EAMEEOFEHIEIKRTEAN 3.32mm, FI T hH 3.83mm TH-ot=. Fi-, 7
WIVFESP THRREEREEFELEEHELEORMETFEE Fig.2-21 ITRT. X
[P TIT 2B ETILTUSRERPTIT 2 EHHOFNEFNDOEILEIZIERRED Al A
BRINz. COXRRG A OEFIRBEZTAThEBEIN:. -, BEIETEELEEL
£h, KRPT1065°C, 7IToHTI1035CTHY, BERGI+HICRETNSEER
bhd. [FE HUAER CILBOAOBRELEALEZT, KEPTHRESHERE
EFRTDIEICLY, hTELMELIZEZ7ZALIZVLEBEORIENHLL, BES
BRGIZEHHBMANBOFKAEZMRL, [ARNNSLZEALHZIEEZONS. O
DESICTLIZVLERICLYREEMERL, [ARENESLEEZN, LERIGBEEKIT
REP T2 EBRICBVTH7ALTIUERASKT TIOAEREERLCESIZECY, B
BFEhD &FELC, [SAEAOEEEILZVLDESS5 LH#RSHhS.
(2) MBEEIZL D5

E#ET I h—YTIE BEERREEFERT 5B T, EMEE 200°C~500°CT 1 B
BPRITLHCELICIURAEZFIHTES. TREL TREBBOEDS DEAKE L,
FRIZEYESDENFEDL, RBMALLORHM TRAEL 40%DEE & 52 LNHE
ShTWLB[23) EMET VD —YIEIMBEEICETHLEBT, BVNBAEETIXFEAL
EALGWI EADA-TNS. ZSITHRETEIHHMEL TYH—YITHELNT, MEBEEHN
BEZ5EZTRALI-. REMKESL (AN % 3 £LT, %BBAERAZLORABIC
5vol% e H L SICL, IBRE, EH, hTEIBELETL, ZILSZHLBEITYEIET,
®10mmx50mm IZYIRLz2DET) h—H &L=, TOT) h—H EmMEBEE 180°C
/min TR L3 &, 20°C/min THRL, A -HAMHEEERBITIZL538A1%
DEER T % Fig.2-22 ITFRT. [IALEF TN ENMEBEEDELOFRE A 92%, MEBEED
CBOEES 90%THo. [ARIZIFEAETITLRLA, MBMEEOEBOEHOSITIS
AEARZVFIZHMLTWEIELNDNS. £, REEBEOLE % Fig.2-23 [ZRT. K
IWHERIES 5 Al OBLS (660°C) M5 RIGEIZ & YIREAH 1000°CLLEETEAY, %A
MNIEESD. AHSh, BEREEREH S AN OEREEEETH S 860°CIZH Y, kKRt
Al DREET S 660°CETHANSNS. EEBEEEEL EICH BRI 58, Al ORALL
LIZH>TULARREA 207, MBEREORVFEH L YBOEBIIRL. Ok S(2mit
BEOCEVNVEAMTIIARKEFEEOEETH LM, KRS A NEET 2 ETOEMAR
<, [APEELPTUVREICHE->TVWSDTHS. UEDLSLEHEMNS, MBEE%L
BCTAELITE>TRABRDRENW I+ — LN TELEEZLND.



24 £&OH

Al & NiDOBESMEKICT & B.CHRERRBFIE LTHFEML, BUEERBLETY I74+—L4
DOLEMBIZEY, AN RIA—LEBRFEERTH5TOELRICE T, AIHBERE N X
OMFEELE (AIN), RRBIFMEXOFMNE, T)Hh—vEHZE NRFEK, mMEGEE
ARAMRIZRIFTEEICODVWTHEL, UTOHEER-.

o MFEALAIN BN INGS 45 DEETREIAENE QY [AMERKS LR
IZ¥—I2h%. Fh&V AIBXREZC, £z& PECHENT 5 a0 RaEMIE
Y (RAYRY

o FHEBIFIE LT (Ti+B4C) % 10VOIBFETHEMT B LICL>TRAKMNER, K[AY
A ZXRKECHY, KSABKRLABISESIS ZERGMh o1z, LA LEAS, FEBF
DFMEIE 20%FETEZ DL, RESERBICLIREBRAETET, HHARDE
HENER #RELTEIARTLEL ABKANEN-REEGY, KARMETL,
SAMKLTRY—I2H 5. -, RRBPHORBE+HICR-EEHTDEEDL2
VOl% UL DFMEIHETHSZ EnbhoTz

o TYUN—HOBBEANKRELLLELEAHNE - FAVAANKECLS. ABEELNS
(hdE, SRAEABMLEL, [SAY A INEMT IERANRLAF. BMLELTY H—
YEEEIEIER T h—HEREEER, TUH—HERIBESEILEL, REBICEET
ARAZIEFEAE LGS

o TFLIH, KERPTHMRERZITLHER, [SARICRKEFLAEERENGNI LLD
hot-. SUBRODHEFARNLFER, 7T hTmBAERSELHHAOAELN, KKH
ThEFaLE-BHELYIRAENKEL LGz, ThTAORBEMTILEZ SEM
TR-ECA, RRIG A, RSN EHBEIGEVEIRSNT, BIELPTVTILS
SHLBRENSRESHEFICRIEL, RAERNRT I LICEIYRRPTHRESHRIGE
FHRLE-BHOSARINECHE. ERERTY H—Y TEFEEHARTHSIT LT
BESICLATAE FEaASELTOAGLS, BELTYH—Y TREXEEDE
LWhs, KEFTHLRIFLGHREMNFGONT].

o NEEREZ 180°C/min, 20°C/min TMRFAS LR MBREEZECTHILICK
T, ER#EFHEEDERE A NEETLIETORENRILGY, [ANBELYT
(Y, [SRAEORENTA—LIERS M-

L&k

1) /7#& &, cellular metals and metal foaming Technology, p221-225
2) TRiE ¥, FHEXFXRZFRR, EL#H3(2003)

3) EA X ; BEEXRFEXRFRIELTHN (2001)
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Fig.2-1 Schematic diagram of apparatus for extrusion.
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Fig.2-2Schematic illustration of the experimental
apparatus for the measurement of the
porosity. (Archimedes method)
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Fig.2-3 Schematic illustration of image analysis.
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Fig.2-4 Cross-sections of porous Al-Ni materials with addition of
foaming agent Ti and B,C
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Fig.2-5 Cross-sections of porous Al-Ni materials with addition of

foaming agent Ti and B,C
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Fig.2-6 Porosity of the combustion synthesized specimens as a
function of blending ratio of AI/Ni
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Fig.2-7 Cell morphology of the combustion synthesized specimens
as a function of blending ratio of Al/Ni with 5vol%Ti-B,C
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Fig.2-8 Cell morphology of the combustion synthesized specimens
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Fig.2-9 EPMA analysis of the combustion synthesized specimens
with different powder blending ratio of Al/Ni, 5vol%(3Ti-B,C)
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Fig.2-10 XRD analysis of the combustion synthesized specimens
(Powder blending ratio of Al/Ni (a) 5, (b) 4, (c) 3),
5vol%(3Ti-B,C)
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(a) (b) (c)

10mm

Fig2-11 Cross-section of combustion synthesized Al-Ni specimens
With different forming pressures of precursor at room temperature
(a) 100MPa, (b) 200MPa, (c) 300MPa

(a) (b) (c)

10mm

Fig.2-12 Cross-section of combustion synthesized Al-Ni specimens
With different forming pressures of precursor at 623K
(a) 100MPa, (b) 200MPa, (c) 300MPa
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Fig.2-13 Cross-section of combustion synthesized Al-Ni specimens
With extruded precursor (extrusion ratio: 4, extrusion temperature: 623K)
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Fig.2-14 Porosity of the combustion synthesized specimens with
different forming conditions of precursors
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Fig.2-15 Cell morphology of the combustion synthesized specimens

with different forming pressure at room temperature
(a) 100MPa, (b) 200MPa, (c) 300MPa
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Fig.2-16 Cell morphology of the combustion synthesized specimens
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Fig.2-17 Cell morphology of the combustion synthesized specimen
With extruded precursor
(extrusion ratio: 4, extrusion temperature: 623K)

Fig.2-18 SEM image of precursor with different forming conditions
(a) forming pressure 200MPa, at room temperature,
(b) forming pressure 200MPa, at 623K
(c) Extruded forming
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Fig.2-19 Cross section (longitudinal direction) and frequency
distribution (number criterion) of Al-Ni foams synthesized in
(a) air atmosphereﬂ(b) Ar atmosphere
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Fig.2-21 Scanning electron micrographs of the specimens
synthesized by combustion reaction.(in Ar atmosphere)

23



_ 08
\E ‘;;
E &
= 18]

o 04 .=

g E

e E

LC £
- 0.2 (:3

0

AT % R % 6 1 9 A0 A\ A1 aD Ak
Pore diameter, D/mm

(b)
! 1
O
v 0.8 08
£ o
=06 068
3 &
S 04 042
o =]
L 0.2 o.2§
0 0

AT % A 9 6 N D 9 A0 A\ AT 4D A
Pore diameter, D/mm

Fig.2-22 Cross section and frequency distribution (number criterion) of
Al-Ni foams made from extruded precursor heated at rates of

(a) 180°C/min (b) 20°C/min



1200

0

~

1 ‘aamedadws |

260 270

250

200

Time, t/s

1660°C

1200

0./l ‘aamesadwa}

2240 2260 2280 2300 2320
Time, t/s

2220

2200

Fig.2-23 Temperature profiles of heating rate

(a) 180°C/min (b) 20°C/min during combustion reaction

25



26



EI3E MomBRIZLLHECEEHRE

3.1 LI

F2ETREAMBIZLY, BEARREEFEL, Fa¥NERTL-HERERLE.
EEORRICEVTHRBREREZAALEZEBRMELADOEEOTHARINZ BN BN,
EDELIE, 2AMBTELGLS, BOMBICLIBEEBET—F2HEAL, 8FLL2ER
EEMEERT IHRTHD. T TAETIIACKEBE— FEZAALE AN RE2ERL
BYMIA—LEFRET D012, —BMBICLIRAEMERAEL-BELRET S,

32 ERAE

AR (<45um) & Ni#EK (3~5um), RBBIFIELTTIHER (<45um), B #
R (10um) ZEEICTH 30 MEA L. ESHMKRETH (400MPa) L7-i&, IH L
16, #H LBE 500°CTo10mm DA T MHELIZLY, FTUH—HEHERLE-. D
BHEL#MZ 150mm IZYEi LIz DE T U h—HY &L= COTYh—HE—EmeL, &
BREBRRLEFELTEORAHABEST LI Fig31 IZRT LS ICERARIERF (%
AA AT 4 AILEF, MU-1700D) DaAAJL (RFE 45mm, £& 70mm, &% 7) Otz
JA—HZHBALTRHREL, 200V 1I0ADHAIZE Y 7T oREKPIZS LN THEMEE
Tofz. —&8MBICKYMBELKTCREL, TORAIRGHEMBIBLEKICEET
HETHERIFICEIMBIEIEKT, SECREIGEBLEBATMREIESDT.

33 EERHERRUEER
331 ER7Y) h—Higiamas
(1) RRBAEICKIEE

BMXRESL (AN 245 & L, RBBFIEZHRBAREORK DD (2TiB+TIC) 10, 1,
3, 5 7, 10, 15v0l% B AKSITHFEMULIZME LTV h—Y E7ILI Y LBEBEDE
ERLCTHEDICHAEIL, ZLTUFEASPICEVTHBMBAICEY BEARRGEERZL
ERMOMESE% Fig.3-2, Fig3-3I1ZF/Y. CIT, BXESLE45LELTLADIED
THRE LI, ADOEIMEL ANI=3 THEIBE, ERBFOFMEE 10v01%IFEED
BITBOTERELZT2BONENERICKE(Lo>TLEY, E¥BLOBHIZLYMR
HUNFARETH 11O THS. FIT, KBMFIOZELRFATH-0I2, KRBF
DEZBOLTHRLELLEEETH D AINi=45 &L= [AEEZLELF-1D% Fig.3-4
IZRY. MESELIKAENSERBRNEZRZMT I LI12LY, EMBIB-SANTE,
[HESLFTEH NGNS, LHAL, RBBFOFMBLEOTLIZLEZHRIEH
FURONTLVEWEEZ SN D, HEBIFIZE 10v0l%FHM L F-BDORBARILE 53% & 12
YEFLTWLAA, FMBEOSAEOEETLERL TV THo1-. RBBFIES
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ST L1 15v0l%DJEIFR L &SI, KAE27%ETHA>TND Z &AL L REBA
EHOTCLICEBRAELRAOHRINEVNEEZI SN D.

Fig.3-5 B BN%I % 15v0l%RM L =SB0 P REDOHADORABEFRET L. RRED
Ti, B.CHEBEE N, Fi-, Fig.3-6 [CREBFIZHFML TLELEBE, 15v01%F
MLE-BHOEEBEE R L. MESTEZRA L, MBABEETOABBEVTERT
3. CHIZRGHAEMBFE TEHEELEDIETNREHK T TS0, AEFSHT,
BRAGEEOBREEE{EBELTLESL-OTHS. REBEEZRTLARBAFEHM
LTLANREHETIE BENATAZOICHBMAR AN >TLVS. HKEBIFIZE 15v01%FM0
LE=30TIE SRICAYTE, AERTHALTLS K BREMNAIATLE> TV, &
AT+ THHPRBTIHREMN 800°CEC EFTLASHMA>TLWENI EAHAS. Th
(EMBEM SIEBLTCELRSICEYRENLERT R, ZORHNIEMBIEHAIERLT
W<, ThIZEY, RBEFITHS T & B.CDREAT+HS, FrERREEL>TLE
S5LEZLNS.

HBBFNOREDA D= XLE LTRESNATLBRIDIL Ti & B.CODRIGIEET Al HVE
I+, AlETIiARIEL, ARTi&E43. 20 ALTI Ots (1350°C) FTLEMBE, TiEBC
ODRIEINEBEDEEZTVS. LALBE2ETLOLELSI B+ ARAE LERBICS
WTHEEIX1350°CETIEZELTULVEL. ChIZBAMICIZEBROLSG AR —ZXALDOK
EARETNDI LD, A& TIHFOEMBIRICEYBEREL, A-TiREMLEEMAE
BL, BHEOA ETINERTREEZLNS. Fig3-512HLT, AT XRRE TiORAY
OHIZ LHEEET, BERERICLIVERLEIOTHDEEZON, B,C LEORBET
CIEE->TUAL. COLSHERALRBPFIBEEEOLTL, ZOPNREBL AL
CERDAS. EMBEHIERBBFERMLULARTEREEAL TV, ML S hRE
CREHEEL, DREASEDOTELRBICEZBROBKDREEIC L HBENEL
BY, BABHEIN, BENALETEIETHATREW, REESISECTIEEOR
BARETNDEEZONS.

(2) PRBEICLDHE

WEORBEPRBICKRFABANBEINS. BIRLF—DORENSTHLEER
Shd. &I, BEOWEM] BVT, LEMBATHIRT I ETIAENENY, &
AMKIRELTVR S EABRESATWNS. UEDZEND, HIETREA+STHD
St-JEmEBER R Ry, RGHEEECIETAMPRIZILICKY, HEDHET
NBREBINDZENMBETES. £ THRIATIEFRBE S 200°C, 300°C, 400°C, 450°C,
500°C & Elba ¢, PRBECLIFEERF L. REHKEAL (AIN) 23 &£LT,
SEMBNFIE MBS REOREHT (2TIB+TIC) M 5vol%eEHd & SIzFEmML, MHEL, 7L
SSYLBEEEYEILE 69mm, EX 150mm OF Y H—HEF LT OBRAKPITENT
FOMRA A —4F (SINKU-RIKO,INC.) I2& Y FREBETH 10 2FRL, SRKSEEIFIC
SUBEMEB L. FRAFIAOBETTRL, BEMM-LYBECSEERASELRANBL
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FRELTICHBMBLAHOMETE# Fig.3-7, Fig.3-8I1ZR7Y. £, [ILEDOLR
EELDELDEFIQIIITTRT. FRETICLICLIBEONLERAERDOLENR SN
1=z1ZL, 500CTFRBEEZLITAZLITL Y, REDGENRPTULEFEIONEEINT-.
EEMLERIE LT, SIEORBERLC LS HEMERLT.

Fig.3-10 IZFFG L, Fig.3-11[2 200°CFREIT oI, WHMBL-HEOEREBRES
Lz RRBFBEZELILELAHOERLRHKIC, MBETEIMBAEHETEILICE
DENTLES CELNBBEIA. 2, PRBPTEBAFEMBIFEDOS~ERTE &I
FYBRBENENLY, RENF+HHTHYRFERELS. EMBGTEERDIEE(C &
SRENLLRY, BLBERIH, BENSTHICLRELEAETS. &5(2, Fig.3-7, Fig.3-8
DHEEREZR TH5 &, FMBIERITTFRERE 500°CORK LUSNIRIFICRALTLS. &
RBORBKELTHHLLONE THN DD, FEICEI->TRANKITNS. F2TM
RINOWELBS LEMBRORA LB EROE-hRBOSAELAEL, Fig.3-12
IZRLEz. SAHEEOKAETTREEZE 2000CH 5 400°CETLEIFR I EITLY, RAE
DHLMEEREIRoNGH >, PRBO[ARSIFREEELEBICERL, 450°CH
FPRTERRELGY 500CTETTH LM, FTREEDOTILIC & ZIEMBEE & choif
DRBREEREZE Fig.3-13 ITRLEz. CORMALHOMBESIZ, FPREEESLTEL
(C&kY, PREDBRBIZFRENT LY, IEMBIKITEIC 1000°CIEETHD. FRICE
YUPRBTORAVLABICTOIADILSICH>EERARA TS EEZLOND. J2T
200CFRET O TH LMBMBRASELHBODRBOFELREAHS &, HaABHD
TILBDORGPEFRE Fig.3-14 (TR LTz EMBIHRORA L-wILBRICIZEREN-MEL
KRGO Al BHHDITH LT, PRBPOFTELFEABYIZEEREIN-HEERTED Al
[CRREDN NS CHESIA:. COLSIZKRRIEDNIAHBZ EITE>THOLERRR
WHEILY, RAICELHO+HEREESIBREICIHELEVDELEEZLOND.
iz, ARORBBFELECLLAHOBEOL SI2, ABTIEAMNEL L LRERESH
TS, LML, ZTORKLAHEEEILETIEAIBNI AN, ORIEHZNBND L S (ZFEL
THEY, —EBRMLEESUBTANLEHOBRMICGHEL, BERISRENAEN 1S
EEMREOTULND. —ARRAMASITIT AT IXBRELERREO TIORY OHZHEELT
Wd. CHITEBEBICE>TERLEZLDEEZ LN, RIGEENEL, BEAT+H
THo1=ZEERLTLAS.

RIZ, 500°CFRET>THLIHHBMBEITL, REDEBEARP T E > -HEORIEH
RE LIS DRIAEFRE Fig3-15 ITRL:. GIELEBLE LEN > T-Ho0ED=
REFRZEREICRLIZ. CThhdobhdE 52, REHIEE LS ICIZMMA TR
Ntz Tz, 200CFRLEZZHOTELEEMAERAMLLSIT, RRED Ni A% K
Shtz. 612, ZORBHIMEELEN S -EHD-REFH % Fig.3-16 ITRL1-. K&
PERLTLENSEMDD LT, AN EABRREA:. BUVFREEDN-HIZ, BMEML
MTABNI N TEEEZONS. COT, COERERIS TS50, LT H—
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HEFNMERA A —DIFIZH LT 500°CT 1 BRREFL BERISEFELE TITIMY B L1zER
HORGEFHE 500CFROABBOREHIEE LI > T-EH ZLEBRD-HIT Fig.3-17
IZRT. T, TYUH—HHERIZHS LT S500°CTHELZT>TLADT, EFDEIZ A-Ni
HAERINATLAAENEAH IS, HEHLEOT ) H—VOHBEN-REFRE
Fig.3-18 IZiRkL1=. L T A—HOMEIZIXFEHMEKRTH S Al & Ni, Ti, B4C HiER
Eht=AS, AN #BIZA <, B LARBIC L ZERRIGEE TV AN EEZ DN S, 500°C
T 1 EREE LR OWEIC 38 S MNCERLRIC K YR LI ANIERS CBRESH
. BEDQZEMDEZ, 5000CENSENFRICLY, BEEMEBIZEY AN BAERS
h, REMNGETH0OZMEEL, dRBOFAFMHLTWEEEZLONS. TIT, U
TOHRESTER, FIMEAA—SIFERTHE L TY h—Y % Fig3-19 ISR EEREIC
FUREBL, Z0FEFEAA—JIFATHTALEEZEZFALT, BEEEREEZFEL
t=. Fig.3-20 I2FF & S IcH—IcehABESEBRGICKYREAL, BEEELETLHE
Bant-. KAEIR 2% THof-. DL, BLTFREEFSVETH SN, RIFEH
FELHFAEES BV EEZ NS, BEERRIGICKY, H—ICBLRAED AN &
SERELEYM I+ —LEERTZIZESVIRNEDTHS C LAERSL-. BEEHE
BEHIZ&2ERIA—LOERIZIEVIREBENBELN, FETRLELSILGEHR
MBIZLBFALILEND, FRESLBLELDIN, KBEOMBFEFIBENG, SHITRY
TH—LDEREEZ-H, COBDEERAICK ST+ — LERFERICIHFATE .

332 ER7Vh—HhRmaz

WEIZBNT, ERTYH—Y (150mm) ZiRERMEAIC& Y MBRREITL, FERBF
B TREENSAE RAFHREFIHELERLE. FETRKTYHA—SOPRE
ARRATRILE—DFREISRIGITHELETOREICENYEST, KARMEC G STz,
-, BLPHREETOEVIRICEYHDEBRANRRBEIN. TITEHXEATE, &
BAMNIZEYEZBBRIRNX—BEEPLTEKRT, RRITYI—YOPDLEFITHESR
DAL EBREL, MBERET o= EREHIFILYRAEITEVKEIZT 5K 5 ¢10mm
DOF I LBEEEYEILTULEWLELL 7Y h—4% 150mm, 200mm [ZEIET LIS
D%, KEPIZEVTNRERRETo1=. £, COERTEIT) h—YOPLmEERS
DOREABERIZE >THRBEN-BATNRZLLHT=. 150mm, 200mm OMBFEBSE 1=
HHEOBESE% Fig.3-21 IZR L. KAFEEZENAEHR 150mm DFEFH 86%, 200mm D
HEMNT73%TH-o1-. HEASEN LMD E ST, 150mm OEF TRFTRTORBLIY D
MEASE S EMBBORMODOBIDORANBIFTHSD. £-, NMBBIOREAHSERESL
A TMRAEZEDTNAEHIC, [RANBENS I EL(RFLERBRELLZ>TWNSD.
F1-, 200mm QOFEH TIIMBABHORAEHABRET CICMBZLEHTNS=HIZ, MR
BLOTADHFELEVLOD, MBI UM SEA-BAIFEELREL & S GEHERK
Etiot-. EX7T0mm DA LEFEALTLS e, 150mm OEMAIA AL HETNSD
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BB, #40mm, 200mm D TITH 65mm TH 5. FIEORE TIZa AL S IEMER
WETH 145mm H5. ULED T M5, MBGE EMBFEORDES L, FETOREL
FLT RIEDEEIZEYSERICTEDIN, EMBIRADEROE-OIZHLEMIBITRIL
F—HRYT REHNT+HHT, SAROBENVERELLZEEZLNS.

333 ER7YHh—HEmin

FEDChETOETIE, MABHL*EEL, BEEERGEHNALTHELAZLSE
FIESWICERT 5FETH - BLFTREBUVMRFHRBICE Y 150mm OFEO 7+ —
LIEIZEHILE=. F, CAETHBMBAICLI2BCERBRATORERLLTE T A
EFEEGEFEIREANPLBICENREZEHTMAONIATH>T-. T THRIETIE, mMEk
BOZEBBESEDHLT, +RLRERHERITER, FOREEHERHT I LEE
& LTmBRAREEITo1-.

BIEETERMLKLSI1Z, MKREAL (AN) % 3 &L, 2RBFE2HRESHEEOREIC
Svol% &AL SITHML, BRE E¥ BHEL, FLSZHLBEBEIEOEEORETO
10mm, && 150mm ITYIBL, FUh—H &Lz, MBOALEFCAETERLLED (W
ZF 45mm, K& 70mm, #E#7) ZHEAL, Fig3-22 ICRTLS(2TYHh—HOhih S H
FIZAANEREL, BREBRRGHBABELI-OEZRETILEBRICaAILERY EHI
BEISHET

COMBARICEYBONHEMEZ Fig.3-22 [TRYT. SAEIL87%THo71-. mME
AMUHABHEIOMBTHEEL-MRERRGHECEEL, MDA LHRENLIZINER
LEBAIIEVWTEEN+RICEAR > TG DNEICTHREERNATELE-C L THREDDERE
REAKRELLGY, BELGEIZEZHOIMIERLE. LHAL, MBEEZENT O LICL
UERZERAES D LICHYLIZ. Fig.3-22 IZCDRBPICE-=HOEREBEL Y.
RYUDOMBRBDEETHI2ODBENAETEVSAZAELTDITEENEMA->TNED EE
Zbhd CHhETOHRHTEISAROEL, FRERELELIBHICREEZEZLET
ROBERPERIIODPDOLTRATELIREFTTLERL, RETE5L5124 01

RIZ,Fig3-23 DL, MBS EBBEI LI L THONIHELEERTI-0IC,
FYBWEEREZMBLEAS—ERETMBRUBEBHSE-. 2/ LERE 45mm, E
S 25mm, ZE3HEFLL, 200V OA THEL, MEARRGHEEBATERELI-LRA
FFICBEZMmS . BEEES 6.0mm/s, 3.0mm/s, 1.8mm/s &TLESET, KAtk
HERELL.

ENETLOMBERTHEONRHMENOEE % Fig.3-23, Fig.3-24 IZRL-. RALEL
EFhEh, 6.0mm/s OFEA 74%, 3.0mm/s DEFA 77%. 1.8mm/s DREA 9B%TH
o2fz. FEENENOEREBRZRBICRLI-. 6.0mm/s TREBIELABIEIXE2— M
ROMBEBOBRRIEBEIZLEAATHITEN>TULEA, 5BY D=3 800°CidHhT-V
FTLALEN>TULVAEL. CAIEALSHBEHRENET E-LHICHBPLBTHZQ,
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QB TIXEFIIMEBICKZEBBRICLY, +RERGEERFOIGA>EFEZONSD.
3.0mm/s DRBTIX, BEBEE=ATEL,TWD. BRREHREN/EE>THOEAL
BHZDH, LPLEBAEOIS LAGLS, FOEZELBHEENMEVZEICEY, B8R
ERYTELCETHRELGBIIVBRESNE. 1.8mmis DRHTIE, BEEENETED
=01z, QRRITEEH 1200°CLULOFEREFETLERLTVS. AHRRTHEALTLEDIE
K 8 TH D=, 1200°CLLLIZHZZETOUNTLELY, AEFRARETH- - HLQ
YDBBEETEN =4, MBOASILEBBILETNSH, 3-3-1 DEBOMBED & S
IZREMNBEND LS IZIEE o s o=, LAL, [RADBETELIREINRS G2 &
&Y, BRLGRAENYORAERICHEFEEZA NS,

LEDESIZ, MBSAEBREBIEI L&Y, XFEEHSLEELT, 2HRERAS
B EMNTEETH-=. LHAL, KRASEKICHILEMERIEZL. —ERXETEE
EEHBEITTIE, H—HRAMRERF DI+ —LEFHRETIOFTEHETHLHETFESIISD.
S, —EERETEAVBHX MBS, REEEFELTHS, MBBEBBEE, HH
BEAHI—ENDEE (FIZIL6000C) ITELEHATBHIETL(LRE, SHIZHET
BEETSI CEICE > THRET IHENHS.

34 F&OH
—BmRIZEDANZERSERILEM 7+ —LORERY REMFE FPREE,
MBEE, BEIMBICLLIEEEZAEL. UTORRER.

o REBBIFIE%X 0~15v0l EFTELSIETRBMBICKIRAEHZRE LIER, AR
BFIEEOT LI ABMRE/ONG, T

o  FREEZE 200~500°CTITLY, MEBMBZITOMBR, FRETHILIZLY, FR
BEXFEFHILICEYRHTRBOMBBRIZREENLRL, PRBOFARLS LN
3. FORAEIIH 40~60%D/NEVWRATHRE SN+ —LEG o1z

o FREEZS00CETELTIHILICKY, RICHAMICERIEICE 5 AN B E
BLTLEL, RIEZEHIT, SARIBHRIET L.

e RR (150mm) J) h—HEhRBPTMRT D LISLY, BHAEEKISERLPLTC,
LAMICEFLREANGON. SHITERR (200mm) FYh—vEhRBPTMERAL
ETD, AMNEEMBIRODOBANTRELRGIZEY, [AENTHS.

o MBBEBBMSIEILICEY, EHREBVEEFEFTLRSIELILNTE, [AR
AERLE LHALGHAS, BELEEFTESIETNRLEFER EBELIBEET
Jh—HIREOANFEAL, BT EIHEE ARLGIRAEINMD I+ —L LG0Tz
St BEHZOBBEELERAETIE RERLEOHFEAKREVEEZILOND.
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Induction coil

Quartz tube
N _ Q@@@@@

37mm 45mm

Fig.3-1 Schematic illustration of the experimental setup
of induction partial heating.
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(d) 10mm

Fig.3-2 Cross section of specimens foamed by partial heating
with different amount of foaming agent.

(a) Ovol% (b) 1vol% (c) 3vol% (d) Svol%
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Fig.3-3 Cross section of specimens foamed by partial heating
with different amount of foaming agent.

(a) 7vol% (b) 10vol% (c) 15vol%

37



Porosity (%)

15 20
Amount of foaming agent (vol%)

Fig.3-4 Effect of amount of foaming agent on porosity
of patial heated foam.
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Low magnification

Fig.3-5 Scanning electron micrographs of the specimens
foamed by partial heating.

39



1400 S —

1200 - Heatedpart |-~ -
01000 F----- ~ Center part  |---------ooo o TTTE oo
NS
'.._

o 800 —---- ———- Non—heated part --
3
o
© 600 - e e 7 I
Q
5
B 400 [ e e
200 Lo ,,____________’_;._e-:‘_‘f'_-:f_ _________________________________
0 ===
0 200 400 600 800
Time, t/s
(a)
1400
1200 F----- Heated part  |---------—--p -
1000 F-—---- Centerpart |  §}
L

- -~ Non—heated part

s 800

5

®

g 600

£

(]
|_

400
200
0
0 200 400 600 800 1000 1200
Time, t/s
(b)

Fig.3-6 Temperature profiles in long precursor with different

amount of foaming agent during partial heating.
(@) 0 vol% (b) 15 vol%
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Fig.3-7 Cross section of specimens foamed by partial heating
after preheating at different temperature.

(a) Non (b) 200°C (c) 300°C

41



Fig.3-8 Cross section of specimens foamed by partial heating
after preheating at different temperature.

(a) 400°C (b) 450°C (c) 500°C
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Porosity (%)

100

0 100 200 300 400 500 600
Preheating temperature, T/°C

Fig.3-9 Effect of preheating temperature on porosity of
specimens foamed by partial heating.
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800
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Temperature, T/°C

Heated part
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] S D Non—heated part
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Time, t/s

Fig.3-10 Temperature profiles in specimens foamed

by partial heating. (Non preheated)
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Temperature, T/°C
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Heated part
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Time, t/s

Fig.3-11 Temperature profiles in specimens foamed

by partial heating after preheated at 200°C
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100

BO b

Porosity (%)

0 100 200 300 400 500 600
Preheating temperature, T/°C

Fig.3-12 Effect of preheating temperature on porosity of center part
in specimens foamed by partial heating.
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Combustion temperature, T/°C

400 — —e—Centerpart
200 —1{ =—M~ Non heatedpart |- s
0 1 ! I
0 100 200 300 400 500 600

Preheating temperature, T/°C

Fig.3-13 Effect of preheating temperature on combustion temperature
at center part and Non heated part.
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ALTi T’ Ni  ALNi  |ggm ALNi  ALNi 102 m

Fig.3-14 Scanning electron micrographs of the specimens foamed by
partial heating after preheating at 200°C.
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Fig.3-15 Scanning electron micrographs of reacted part
in the specimens foamed by partial heating after preheating at 500°C.
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Lm Low magnification

504 m

High magnification

Al
Ni
Ti
ALNi
ALNi;

I(Wm

Fig.3-16 Scanning electron micrographs of non reacted part
in the specimens foamed by partial heating after preheating at 500°C.
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10 min
(Fig.3-16)

504 m
Low magnification

1 hour

SWm
High magnification

Al
Ni
Ti
ALNi
AlL,Ni,

10u4m

Fig.3-17 Scanning electron micrographs of the precursor
after preheating at 500°C for 1 hour.
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Fig.3-18 Scanning electron micrographs of the precursor
made by hot extrusion at 500°C.
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Fig.3-19 Temperature profiles in specimens foamed
after preheating at about 650°C.
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Fig.3-20 Foaming behavior of self-propagating
high temperature synthesis.
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Induction coil

Quartz tube

- .

Precursor

RRRRRRR \

» ISOWOOL

70mm

Fig.3-21 Cross section of specimens foamed by center heating.
(precursor length (a) 150mm (b) 200mm)
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Induction coil

({ Quartz tube
0l0l010010'0 .

1

Precursor

70mm

1200 - N —

1000

(0 0]
o
o

Temperature, T/°C
(@)]
S
S

400
200
0

0 20 100 150 200 250

Time, t/s

10mm

Fig.3-22 Cross section and temperature profiles of specimens
foamed by half heating and moving for long precursors.
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0 50 100 150 200 250

10mm

Fig.3-23 Cross section and temperature profiles of specimens
foamed by continuous moving heat.
(precursor transfer speed = 6.0mm/s)
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(a)

Temperature, T/

0 50 100 150 200 250 300
Time, t/s

£ 1000 - ®
F === ()
E 800 b o BRI | ._ e, T e |
£
(b) 5 600
Q
5
S 400
R T
g ===—1— ——
0 50 100 150 200 250

10mm
Fig.3-24 Cross section and temperature profiles of specimens

foamed by continuous moving heat.
(precursor transfer speed (a) 3.0mm/s (b) 1.8mm/s)
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FA4E PEFMARBICISR—SRESHERDOMHER

41 [FL®IC

IA—LHMHOBBELREDBEMH~ADBEREZEZHEHE/NATATOHRA, ER
TIVHA—YORAVVETHS. TCT, AETRHEENIZEVLWTANI I+ —LEhZER
HOBARZEZHERL, TORAMKRERAEL-BRERET .

4.2 EBRA*
421 BREEBREK(TY Hh—)D %R

FHEIRE LT ABKRGEIE; <45 4 m),Ni BRFE;3~5umZFAL, SLHITREBRORG
REZHEMIELEHMT, FEBMAE LT Ti BREFIRE;<45um)& B,C HEREFIE10um)
EDREMERERAL. ABRERE N RDESLE%E 451 (E)LkL) ELTRELE:. #
MEBIZE>TERTIhLZERBEIELEMICHN L TERKT S TiB, & TiIC DRARIBRAEMN 5%
ICHEBEIITENTIOMEEREALE:. ChoDREEMKE, ABZAVTHRIZES
Lfz. COMKXEZAFKDAER (ER 25mm) OHIZFEL, 200MPa TE#HLFUH—
Y& Ltz Ff, RRIVD—HOREDE=-6HIZ, EEMKRETH (400MPa) L1-t,
H UL 16, #HE LBE 500°CTo10mm Oh T/ HHL LT h—HH4ERL-. =
DWHLHZE 150mm ([CHIEF Lz DE T h—H & LT

422 R—F AP EPERH LEDOEAHRER

ERLETUD—YZBRVTHERERICKIR—SAMHOER RS-, RIEARE
FIMHRA A —DHRRICTY H—YORBAR(T) Hh—ERBERESRICHKE, KEH
MIZERE) EREHERT -1 T, /14 T), 2BER(P42.5mm, ¢31.5mm)E%E
LESETHREL, RRICK>TRIEZF L L. REDBIERX FBEH S 473K E T 30K/min
THREL, 473K T1HEARFLI-OBHE U 823K £ T 30K/min THEL, 823K T 5 4
RIFLE-DSL, 5Kmin TRES . BEKIEIAr HRFTITo-. RFESROBKELD
ISzt L, ZTOFEFFRNTHAAL-. HHLUICKYERLERRTVA—YIE, Z
DTIVh—YE—BMBAL, RRERAREEFELTETORARHEIT L. MBAZX
EETNThOETEESETLS. &z, —HMBICKLYMBBHAKRIFEAL, TOKRL
ADRIGHIEMBHLEICEET 2 ETHEEFICLEMBEIHKIT, HRICREIGELL
BRI THRZLEDT-.

43 RERBRBSUEE

431 TV h—HDOHTOHE
F7, £R3LL, EREIBRATTU H—SOEHEHEE = &£ #%E & (Fig.4-1,Fig.4-2) TH
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MERET o BB OVLWTHEETEZ Fig4-3 IRY. MEZTORAEAL 88%, HE
ETORAEN 89% L VI HRRID, TVI—VOBRBFAEZEADLEITKIRAEA
DEBIIBVWEEZLND. T4 LELEBEATN 1.03MEE) 1.08(REE)THYEL
EIRoNGEH Tz, Figds-4 FRAFhENICH L THIAAERGEHS), AREMHE)Z T0
YELEREEDHAERLTVS. COBAOLBTREAKBEIZOVTHEYELFE
WA, HEAERORAOI S 7R EMBEZTOBANSVRIOSHLRESDES
FUBWIEADOM D, HLUABEROFEHELRLTATH, MEEDIHE 3.40mm, #HiE
ZDHA 3.95mm EVWSEHERETH >z, ThITRBREEROFKARKICT) h—YHEHETS
RICHULIHEEL>TEY, HEBETEENOEREEZZIIAYAIDNEIVLOAS
(BZERMIZHDEEZLND. COILEITKY, MAEEMODOLND K S ICHEEZDS
B, THIEEBELBSNROILD. HEEORSTIABLRINESNLH, HHTEH
CRONEBFELBIOESEE . O LhLLERBRARICEHUDZT)H—HDH
BARZ5. £ BEBEZTOMROH-H-HACRONDIMELBNE, KITERFT
Dh—HOUEISKANERICILOREhEEZOND.

432 NI TOERIZLDFE

NRATDBEREIZEZDEZEBFARDL=HI1Z, 51ZF 425mm, AE 1.5mm DX T 4 —JL/RA
TRIZE VN THEE & DKREE(Fig4-5) THRBRERZT o, FRL-FHHOEE% Fig.4-6 I
TY. RALEIL88%TH T A TRLOBEETORABLEVLVRILLLTHY,
N FIZEBRARADEEIIBNEEZOND. Figds-7 ITRAT 14—/ TRBEET
DERHMENRATRELOBBZORHOERENZEROLROREZRY. HAAEZ LAWK
EIZHEYEWNIAEL. LHAL, 714 LEESNS TATIZ0.96, BEHF/BTIE1.08 TH
ot ChRZEEEGE,ASEOND LS, /N TRABBOKAN /M4 TOHKRIZELY
BLOAShERHAELSDTNEEDIZT A LERICLEENTELDEEZALNS.

433 NRATRHIZEFE TV Hh—UBREFRADFE

RATRIZB TR TV HD—HREBEARAOEEEZARDL-HIZ, 4#F 42.5mm BE 1.5mm
D131 TRHE = (Fig.4-8) TORBDOMES Fig4-9 IZFT. Fho, /4 TREEE L HE
= OLBOEGRBITERE Fig.4-10127T. 74 LRI/ S TORERICL ZHBIZLY,
HMBZXTO0.96, MB=E=T1MM &>t T "M TRLTOTYA—YDOHTOHEBD
HEg&ERLESIC, HUAERIMEZOSEEOAIEEZDBEELIYL/INSVLRALES
CETIAEASHRAOHOMND. HEAEROFEHYITHEZ T 3.38mm, #&EEZ T 4.03mm
EREGZEBVDLERNT.

434 NRATOEDEWVIZKLHEE
TUh—YEERE 25mm I—F &L, 147, FUh—HEBEZTDKRET/\1 THEZ
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425, 31.5mm ¢ EZ-IGEORAMRKICRIZTEZEZRAE, 74 LR HEE #HHA
EZEOBRN LA, Figd-11 12,34 THE 31.5mm OHHOMEEEZRT. ZORH
DERAEIL 83%THY, /54 TOHEH 42.5mm DOED 88% &L YEFIRAFEXEL LT-.
CNEHEEREZATEOND LS, TUH—HOXREZI(ER 25mm)IZx L1 TOE
FEB1.5mm)BNE N8, /X4 TEEN 42.5mm OBIZIIBEIAGH > =HETHLINT
Er-HTHHEEZOND. T, ERBENERE Figd-12 ITRT. A TOEMME
KIgY, MERAKRECLG T EITEH>T T 4 LELD 0.96(/314 TERE : 42.5mm) &
0.89(/3A1 TER : 31.5mm)E VI B> TERN-. FIEAKRZL BB EITEY, &
SHITRHMWSFA LG S-IEEZRLTLS. HAAEROEHNIRL L SI1Z, HRAKE
{IE>1=1=12 4.03mm(/1 FTERF : 42.5mm), 3.87mm(/34 TEE : 31.5mm)D & 31
INEL TR BT ELHhnG.

435 /N TTOREHFM-KL %A
CNETORMEIMEEZ, REZICHHLLT, 2TFOREHEHITIRBIHBAICHEEL
-RRICRERNZBEAL, BEZHMEL T LML, BIIRKLERT 4 —ILf TR
RAFTIVHh—H LEAREDEMBASCBELGCESATETLES EVWSHBERANH -T2
oIz, EALEEZADLFARTOREHFHIB[EMTIILL, SZTIEESICLES
& 42.5mm R T 4 — LS TROBBIZT Y h—Y ERE L (Fig.4-13), BEHMIE/ 1 T
DRETITo. COFHTIT-HHOMEE Figd4-14 IZRT. £, "M FI2&BDE
EHHTRESRET o R LFARICK I EEFBHTORMZHELI-E% Fig.4-15 I
T RATICKZEERHTERLEABORAEL 88%THY, HIRTOIRESHOD
HAHELRLEETRYT. £z, ARE, T4 LBREEFAFh/ 4 TREEFBOFRHE
0.76, 0.94, fAIREEHMORLIL 076, 0.96 LBWIIFEAELEREL -, LH
L. HUAAEZEOFEYIE/ A TREHHOEF T 3.53, RAEEHEOE T 4.03 L&
RNz, ChIEFXTA—IUNRA TTOREHHORHOBEATEThOMNS & S51Z, /34
TOHBTRAINBNTLE L EOICTEEICHENTEEZ TS,

44 FL
A-Ni 274 —LOERARBIZRIZT TV H—YREFEZOZEXAEL, UTFITRKT

BREH/I-

e ARTVN—HOEMHMEE MESOREFEDEVIEARICEELERIFSLL.
T, 1 TOHE, /1 TRELEARICIIRELZRIFET, KT 80%LL LD AN
AVB—2 B9 Ir—LEERTEENTES.

e MHUAERIMEBEZLVL HEZDOESHAKRZTVRAYAIIADLDEZEHT HER
néHd.

e WMEBEZDHBETIUN—YREBFICRANBIN LS GBELGBAINTEOT. E
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BAOARRILEZEADEHMBEDESABELBARETEIT(NEEZOND. T, W
BZEDBETH, TVH—H LA TORESOLEELEHER IO TELT SICHADL-
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NATOHELHZHEE [HLMNEShTLEL S TRBOKARTERAVRAICLES.
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1  Thermocouple

//

Quartz tube

Infrared heater

Precursor Graphite crucible

Cu starge

IAr gas

Fig.4-1 Schematic illustration of the experimental setup
(vertical condition of pressure axis)
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Infrared heater

Cu starge
Graphite crucible

\

Ar gas_)

Thermocouple

Quartz tube

Precursor

Fig.4-2 Schematic illustration of the experimental setup
(horizontal condition of pressure axis)
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(b) =

10mm

Fig.4-3 Cross section of AI3Ni intermetallic foam
at precursor condition:(a)vertical, (b)horizontal
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Fig.4-4 Pore morphology distribution of A3Ni

101

vertical

horizontal

intermetallic foam at precursor condition:

(a)vertical (b)horizontal
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Graphite crucible

Steel pipe Thermocouple

Quartz tube

/

Infrared heater

Cu starge

Precursor

Fig.4-5 Schematic illustration of the experimental set-up
for synthesizing intermetallic foam in steel pipe.
(horizontal condition of pressure axis)
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(b) 10mm

Fig.4-6 Cross section AI3Ni intermetallic foam at precursor
condition:(a)horizontal in steel pipe, (b)horizontal without pipe
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Fig.4-7 Pore morphology distribution of
Al3Ni intermetallic foam at precursor condition:
(a)in steel pipe (b)without pipe
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Infrared heater
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IAr gas

Fig.4-8 Schematic illustration of the experimental set-up
for synthesizing intermetallic foam in steel pipe.
(vertical condition of pressure axis)
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(b) 10mm

Fig.4-9 Cross section of Al3Ni intermetallic foam
at precursor condition:(a)vertical in steel pipe
(b)horizontal in steel pipe
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Fig.4-10 Pore morphology distribution of
Al3Ni intermetallic foam at precursor condition:
(a)vertical (b)horizontal in steel pipe
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10mm

10mm

Fig.4-11 Cross section of AI3Ni intermetallic foam
at precursor condition:(a)horizontal in steel pipe ¢ 30
(b)horizontal in steel pipe ¢ 40
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Fig.4-12 Pore morphology distribution of
Al3Ni intermetallic foam at precursor condition:
horizontal in steel pipe (a) ¢ 30 (b) ¢ 40
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]
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Infrared heater

Precursor

Fig.4-13 Schematic illustration of the experimental set-up
for synthesizing intermetallic foam in steel pipe
(horizontal condition of pressure axis)
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10mm

Fig.4-14 Cross section of AI3Ni intermetallic foam
at precursor condition :temperature controlled by
(a)steel pipe (b)Cu plate
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Fig.4-15 Pore morphology distribution of
AI3Ni intermetallic foam at precursor condition:
temperature controlled by (a)steel pipe (b)Cu plate
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Table 5-1 Mixing ratio of ALTi, B,C
system

Al/B,C Ti/B,C
10 3

11

12

13

15

Wl Wl Wl W| W

17

Table 5-2 Mixing ratio of ALTi, B,C system

Al/B,C | Ti/B,C [ TiH, weight percent
10 3 1
10 3 2
10 3 5
10 3 10
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Table 5-3 Combustion Temperature (experimentally measured)
and Adiabatic temperature (theoretical calculation) of specimens
with different Al molar ratio

Al/B,C Combustion Adiabatic
Temperature Temperature
(°C) (°C)
10 Above 1700 1864
13 1530 1630
15 1460 1505
17 1375 1420

Table 5-4 Combustion Temperature of specimens made by Over-all Heating
with different TiH, weight percent

TiH, weight percent | Combustion Temperature (°C)
1 Above 1700

5 Above 1700

10 1558
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Table 5-5 Latent heat of reaction and Decomposition with different TiH, weight

percent

TiH, weight percent Heat of Latent heat of
Combustion Decomposition

(kJ/m3) (kJ/m3)
1 5749x 108 —136x103
2 5749 x 108 —277 X108
5 5749x 103 —715%x1083
10 5749 %108 —1510%x 103
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Fig.5-1 Illustration of the induction furnace

Al/B,C 10 11 12 13 15 17

U01}09g SS0I)

10mm

Fig.5-2 Cross section of specimens made by Over-all Heating with
different Al molar ratio
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Fig.5-3 Circularity of specimens with different Al molar ratio
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Fig.5-4 Average Pore Diameter of porous specimens

with different Al molar ratio
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X=10 X=11 X=12

TiC or ’l"iB2 : ; TiC o rTiB,

B

AlLTi 5mm

Fig.5-7 Microscopic view of specimens made by Over-all Heating
with different Al molar ratio (X=Al/B,C)

ALTi TiC or TiB,

Fig.5-8 Microscopic view of specimens made by Over-all Heating
with different Al molar ratio (X=Al/B,(C)
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Fig.5-9Cross section of specimens made by Over-All Heating with different
TiH, weight percent
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Fig.5-10 Circularity of porous specimens with different TiH, weight percent
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