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1.1 #H=

1.1.1  #E&#EHComposite Material) D i 35

"B A E (Compostie material)" & V5 FHED b — A LD I D bR HAR
ENBTHAIN?XFERBY MRS, R EoBE» LIS
HHEITHY, BEEERENTHATY,

Composite Material: A material made from two or more physicaily different

constitutions cach of which largely retains its original structure
L ER SN TR IERICIREHIA LM BN Z OIS, Zo kS itz
FaTnHE, FIATHMEEREMAEAL, ThIZL > TRERMEZH- T
WHBRFEt, BAEMEIEEX LN DD, ARCTHRYHE S EEMEL
HHALMMIBRETHAS. 22T, ETEHAMBOERLNAMIZT D &N
HigH v, XERERRITHD E[2-4], UTFTOESRERBEZMANDZ &I
Lo THHETERIICAM U EBERTMEIC LD L) THDH (FRICTHEE) .

+ It must be man-made.

- It must be a combination of at least two chemically distinct materials with a

distinct interface separating the constituents.
+ The separate materials forming the compositc must be combined three-

dimensionally.
« It should be created to obtain properties which would not otherwise be

achieved by any of the individual constituents.



AL TIHINODERESTERT, B2 OEBRERN, TOMOENRE
FHMTHE LNV EZ R L, 2L L TELR-MEL T2
HE L CALMNZBE SN MEI 2 L TBEAEME LR LIz LTV,

1.1.2 BEMEIO SR
1.1.1 TEHELEEHEMESL, TORBERZEIZHE-2TEY, LViEEML
SHEITOLENRGD. FOSEFELLTUL, B (= FY) vy 27 R) 0OfF

B LU, LM DOIBEZ KA L TOBT 2 HES—BRPTHD. LUTIC
TDFWETRT,

(a) B4 (Matrix) OFEIZ L 5 2538

- f ¥ R B A 5L (Polymer or Plastic Matrix Composite) -

BT, ELAKEHENTOABEOEEMETH Y, —IZ FRP ( Fiber
Reinforced Plastics) & /=1, CFRP ( Carbon Fiber Reinforced Plastics ) & FE(Ih
HZEbHEW., TAI=ZULLD HERLS, #ED LB E BIEL TR
Eh, BAETHANY a7y —0RT 14—, 8%, IVTITT7DV ¥ 7 ME
WK ERERTWS.

- & B BH G 88 (Metal Matrix Composite: MMC) -

PR, iR oM B2 BRI E LT, &R PIZ R eHHE x o idsaqk
BT ZHHMSERBROMBTHS. TOAME, = ) v 7 2 & LTHEE
BTHHETNI=OL, FFy, TR0 LERHNLGNRDZ EEV.
PAFEMINIE, AR—2A vy PO ERA SRR o C#EHERIE T LI =T A



D X DN HEEBHE R B OBREN TR TH > 78, HETIRES I v 78
Fif{k MMC IZBET 2R L BEAICIThIL TV 5.

-7 v 7 EEEME (Ceramic Matrix Composite) -

MEELE L TEN R RTET I v 7 20O EMILE AL LTS
ENTVDHIHMETHD. @mBboBBE LT, WHRFHEaicks s
7 v 7 FROSAL[S], B XD 2T 0T vV 6], BBEITFIC L
575 vV EERREBOT A7 Ly v a  [T)ERETHND.

- &R ML & EA G ¥ (Intermetallic Matrix Composite) -
ERELAEY L IFEE S L TORARBIR IR TWEA, Zoduciiil
HESBMIEHZLICLY, BRCOBEBE({LE B LEgENEDd sh T
WH[8]. i, BT I v EAEHMEE REIZ, AR EME LIRS

fThhTna.

(b) AL DIZHEIZ L 5438

- 53 #5384k ( Dispersion strengthened ) -

SRPICY T I A —F—DOBERFE RIS Z Licky, Gz
DE =2 T L > T, MBOEIET % i 5 ML IE % 5479).

- KL F3R{k. ( Particle-reinforced ) -

&/, 7 Iv 7R, EREELEHPICE pm D6 um BEOKE X



ORF &2 DBEED T LITLY, ME, BRISH, WE, 8t 2V-—7
LA, g2 EEE5 2 &2 AR E LTV DHB{LERE.

- R kAL IR ( Discontinuous-fiber-reinforced ) -
BAMHOR S L1 LT, SV Rk Ciikd 211k TOBED
ZICINVEHE-~ Y v 7 AOREBIWG %8 L CH#EICRES N D0 T
MAER 2%, HDBMAMELLT THLIBEEITIX, HHE~DIS T EEREIIT
big,
- I FEHEHETR L ( Continuous-fiber-reinforced ) -

v )y 7 ADENOERE T, HEAICHEME TR L TWAIIE. Bl
LM T2 AT 50T, EOBBHMEEITEAAI[0)TTRI T, #i

BeE T c B 2T Ui & 2BV REE % R~

1.2 &BESESHEE Y ot X B3 5 SO

EREGEH B ORE ST LT, EEELRBIBECKITE S0, LTIEE
NENOFHEIZ DN TR R T

(a) AL
- YRS -

PEBAE BRI bRk 2 R FENH BN, FlERBEEERFICE D L, F39,
TRIGERMER: N MBERMY, ZhiceB 75 X~ BEHT A 61280 S



Y74 =L — 2G5, ZO7Y 74— — 2B L, BMEL i
TEELVEAME R RET D HETHAH(11-13]. ZoFkE, Tiodig
FBHEORMEHEAME 2 RET DIV ONE HETHY, KPS
MEHRUEIZITAVC bR,

- FIRIG Ik -

ZOFHER, 6Ky FTUVAE, BERBLUB LIESEBA =T
B2 TEICHETESD. Ay ML ABERSRHKEE T I v 2 ZART &
ZRELIEZODOERY b LA EROCTEILRIEY 2 HETHDH[14]. B
FARDEERZ R TED LW ORENH D, KR UH Lk, @RpE,
TIIvIRFOREMKEERARBICIIHL, ARNEEBIZLEE, *
DEFHLHLETD> 7atXATHD. iETHY, AWM 5
DTENFERETH B[15-17]. Ah=hrTuaf 7k, BEwEs Ah=
ANT aA T HHITEY, MLRFEEHIC< M) v 7 XBIZERY A
ATLEWY, ZO%ERy 7V E Y E{EIET 55l Cdh 5[18-20]. #4
R F DA FRETH D, RIF2EHAOMEESG LRSS, KRS0
B, TMETHB.

) HEAR

—
oy

-BEHBHEBRIE(TANT v 7 A -

IOFER, EHEOPTLROEARNRFETHS. v ) v 7 28K
EHPTHEML, 22087 Iy 7 ARTEHEML, BEEE2ITORF20E
RPICBAESEDFETHDH[21-23). HWICHEL oA THY, K4
PEMFIRETH HD. KT, v MU v 7 AMOBIMEONE, REFSICHES



HEEE SO AT ) Z LN BEERRTHD.

-aryRFY A MNE-

PlziE AlSi B REDOEERE FERKEIC L, wtEo&s Bk EikE
D~ Y w7 AT Iy ARFERM - HEL, BRI FERAS
EOHETHD. MTFOH—NBERDIZENRHE LNV ST RmEZHRTS
VDD D.

- GRS -

WHBEETE 7 Iy 7, T4 A D—DFY) 73 —L%FHOE
WL, BBIIENZNTC, TV 7r—bth~, BBRERIEHFETH
5[24-27]. WO ENTRETHY, BEHEOLCR S TEALENT
WHHETHD.

- in situ 1 -

HE, SEAMERESEASEMT A0 TR, = M) v ANETHE
AR SEDHETHD., v ) v 7 AR TILERIGEZ AW TER SHE S
LWL, BRI FOSGBPRE TOEERENNEOLNRD LV -4
e LTWD. ARRFEE LTH, Lanxide 7B+ 2[28], XD 7ot
A[291H38 5.



13 @REESHEOXEEY ~O'EH

EREEEMEORKRNLAAEZIEST D LLUTOL 212425]3].

“EVE *E VO ELIR A

WS TRV L WA LR B S

BT R *FU N ARAR S o> BT il
B O

IOXIRMMREENLT, FIZBBE, FHHEEIE~OBHI RIS
NTWD. BT, TERNO~OBABNIZ W TRHBLICR T

(a) BB~

BRERE, BLIUKRKREROEH L Vo806, RARICH L T,
BRANABE LTV, BEEOEDOFREL LT, TAI=19 4,
FEARKREND LD RBEREERT 2 08T on 5. #lx i,
Vr—vO—8, BLBT YT ry 2l T A=y AR, TPy
NRNTeaRryF4rray RZF¥ o84 31,321%,2 7Ly Y —aElER
WCEBREET VI =T AER[B3EHAWEFRSH S, & O LV HBREE
TTOFANRAENRD L5 2BEIE, BB THHIBEBIZELRD
Rt 2T 2 0EXH Y, FEMERERICHA SRS D, 3 RAEMN
Bt EhTn3.

-RIAT % T FHRA~DBEA -

SH, FIA4A7x7 bRIZERENAHBE LTI, 12E#EI DL L



RoTWD. LrLEss, KEMOBEREFRTIE, hiBEkiaz L
LY, KIGIZCEFMEROEBAAERE 250 T, EAEMEOREMA?HRFX
NBELTHD. Fie, 7aXF v 7 be@BRATHZLICEY, HER
LD LHBEERTELHDOT, RBLIETIHLIZLNTES. IHIZT B
NFG 7 h~OBEEMBOBEBRIZES AV v MET ¥ 7 MEFEHEA B—
RINO)ERTIRENLHLHALNTHS.

157 || E 2
= (5 e e

L= ¥ 7 hDOEE, Ro=FF7AT7 %7 FOHWNR, p=%K, Ri=
RS A T4 7 FOWNE, E=WR8, g=8DEE

ERXDGRAEGEA ©— R 8% BT TR RO A TH
L. Yipbt, WiliERE R EISES T EIZXVEEEA E— FORMEE [
LSHLTENAETHDS. T, #SOLMIERIT 240GPa TH Y, #
TN =T LADEIL 280GPa THHZ b, T/ I=y AOERAPHR
Eh, JRAE - WIEEXSIZAMELTETAI =y AERBEAMEIOFERSRIAE
NAHTKTHS.

- VR EA~DE -

VY ¥~y Hayashi %[34]i%, T3 FiHE (ERE 3um, 7 ALY
M 33) & PAN FRkFEMHME (H 7um, 7 A7 Mt 15) #HVWTY Y~
F—Tuv D54 F—8EWEb L. FICT7 I M 0 TR,
IRBGHRAEIC L VWA ED NI EEFANE LTS, T LDk
OEET A F— ALV ¥ —T oy 7 L LT 50%0@E&{LEiE
L TW5.



R by FIXEBETE, Fo—Frxor P MMC X b o2l
L, 2t b7y Z7Z2PLICERALTWS. VA MBS IL&REE, 7
RTBIOV Y HEEHECHRILT D Z Ll ko Tl Om L2 ER L
[35]. WERHR=LIRPEVI = ARG EBNTWEDR, FLizy
L MMC M3 52 Lick b, fEEEMEOM LI L5 sy oiER,
BLUOEA P rOBERY EBOMXTICMS ffitkm L2 EBR LT 5.

(b) FH MM B~ D

FLZEBA~OBEMEIOMEAIX, FRP 2% 1940 ERICATZSAT VY o &
7 OBEREL LT, RIEHEREHE B29 12V b7 JEpilic i % 389736,37).
MMC DOFHIMEH B~ DB BRI, A=A % MR a it
MILT VI =D AR @PRBENZFHEBT L ENTEB38]. Z08
&, R ETAI =0 AMORISEMHEIT D20, R o ik i 3
A=T AT BRENTVD . S 6 ITEBPMEE R Lol i Tidnl,
FHERRLBELEEASLL LT TE Y, BERE I (Coefficient of
Thermal Expansion: CTE)%% 0 T#H 28 bR X 72(39]. T FHigss
TIERBADBRAT 28 & L2 EoOREENHEL L (-160°C~93C) ,
ETOP TR L D5 THEOELEBOMGEI T E2LERHH1-DTHD. *
ZTADCIE 28277774 b7 7A4/8—k, IED CITE 2 b o8 L &
MAHAEDLEDZLIZEY, CTE2 0IZHVMEL L= T 7 74 R 7 7 A 73—
MILEAMEN S ER IR TV S,

INMLOFEE LTI, A=A L= Dz P Uiisy it Vs
ERLBNREZRIFICERENDHGTO, V5774 MEHEBILIE &
DERAPRE SNBEDTNDH[40]. £, WAL LT, ZhETE
FRINTWDI = I VERELTHENN 12 THLIF ¥ 2lEHT5
7% SiC ##EsIL Ti HEMEOMRBIZET 2 RITBEAIITOR TN 5.



eiZL, FZUPHEBCENTHLI-OWMEE ORIGHENZELL, F4 8
BB L U TREHMRE M Lz SiC OB LITbh b L, BERR
0BG % il 2 Z & MBI e o TV B [41].

14 & RIEEEMEMFE O RBE

Boll H8F ORI, MBHOXT 2 BYER—B L L b LR Y, fERE
MENTVEEERED L EOICE VR (LIRE, HHEttER) SYEL X
NOBGENL. FIZHIRTORMEZER IR B AT, ko His{L
WEIL, WBEWEETEIE LT LE S hERATE 2. i,
IOEIRBRET CORBAEAMBHIT AT RE L, £, EEIC
EREEEMEE S I v 7 BRESHMEOLREZRECBEEE LTRT L
FigA[2)iZR & 212720, HAEMBHISRT COLEWEMELZ MR 52 &
PHERRCE D, LinLadi s, MEMENT, A%, BHEMC T 2R
LA L TV D eIz, £<OBE, BILEABRTREETHY (Hilx
i SIC/Ti 72 E[43]) , REAIGIC L Y BMIMEE LSRR R X 20ig
Bbddr), RuibUSICBET 2MATIES LORMBRFEOFELH
VYD ENBETHAD.

KICHEFER OB EZ R THD &, KEIZBSO T, EEEOREO KR
£, HBFEEHOBBEMEHIN T2 =—X@ZHP LTS, o8& %
2T, iRt B Advanced composite materials)Z i ® &5 L0, 1R
WVEERRTCOMMMA TR, L RMARBEAME 2 RRIZT B (Cost effective
application) & Vo fo BARDIRIE & 2 < R 51 [44,45), BWHEIC L DR Fi1k
BEEMBOMNET ot A 2MET I LOBRENNFERBEIALTNS
(Fig.2[44]). LnLAeAte, (RERE LTHMLHE~ b ) v 7 AR OELM,
RLF 82— 43 I K OR B BOGIE & DSOSk CHRE L LTR
ENTEY, WRTEOIMMEEET MBI EBI-DOBRENEIEENT

-10-



Specific Strength, o/ MPa/Mgm-®
CD

-
o
o
o

800 |

——aMe
Al-MMC

CFRP: Carbon Fiber Reinforced Polymers
GMC: Glass Matrix Composites
GCMC: Glass-ceramic Matrix Composites
CMC: Ceramic Matrix Composites
MMC: Metal Matrix Composites

CFRP C-C: Carbon/Carbon Composites

Ti-MMC W
\ \W c-C
Sialon\ SiC__—

300 00 900 1200 1500 1800
Temperature, T/°C

Fig.1-1 Specific strengths vs. temperatures for the
application of metal and ceramic matrix

composites[42].
H"?h Monofilaments | < *1 Diffusion
Y Bonding
Continuous Fiber
= : - > Powder
§ Whiskers Metallurgy
Discontinous Fiber
Fiber Blanket Spray
‘ &
Low Particulate | % | Liquid Metal

Fig.1-2 Reinforcement, processing and costs of metal-
matrix components for automotive applications.

-11-



WHORBIKTHD. Tz s, HEMEO RN T L iRECERLE
Hifd ECHELMBEL Z2->Ts. Z0L51, HAEMEEEZRL~ES
B oI,

o HLWE Tt A%

o FEBG DT

S VL ET

o UL OHAE - HlH

o HEOBIOIER
B WA - H L TITY Z L EEM RS TX S,

1.5 AGm 30 H i1y & ik

ARICTHL, AR KD 70 2 = 0 LI FS b A MBI oS 7 o+
ADRIE L, REHROMYT = LRIZB TV 5, Bifix TC, dRT&x~
L0208, IVIEWGHE COBEMBIOBME LR 51013, KHEEC L3R
E7EADMBEELED D EAREBELEZTVWAENLTHD. = O,
B - WHH OO, WL ORISIC &3l o9, KTFo
Byt & Vo e R RGIRR T AMBEORT N EE IR - T B. 7
T, AWMXPTE, ETEMTAI=vAh~DtET I v RRTHEE
HET, REBRRIS L O T o BEMCETIEANRMREPEL - L 237
HTCND. £, ENENOMBHI W THRE, M, v 7S gy
OBREMEE ZJE L, RFEAEOREIMEERE L. 2L T, Wi
DDHLTHONIFERE T4 — RNy 45281080, LOBET, LY
R RO BN B LN o 2 MR+ A LR AL L.

o, KX TH, g/ BEM7L = AMRERSOBEX BT, &
ST AMEREREERD DO T 45— B ERICET ATELERY



FoTD. REHRE - XX —EHNE WS Lok &SRO R
ERT DI, MOREBMEE LT AI =y AOERABRIFTERATHS
2, HEMEEEZTAI =0 LATEEHRITLE D Z &1, WA, (!,
DX MOETHELWY. £FIT, TAIZULEHSIICHEND Z & NEHIZ
HEORIRETHY, ZODIIEN-ESES L UHEARELH T8/ 7
WIZ T LEEERRLEL IR TWE. FLT, Z0L) REAES, K
DLERESIIEASE L, 5 TRVWEBSICT I =y AR AVRR(LE
ER L TOIEROBEAMBI LA D ENTES. ARITIE, Lok
NEERRGT, HERETEVEEEAGONDI 7 4 T— A4 (K4
JB) FBRT IO, SEERBT I =T LBORGHS LML, T
=T LABEHROKER EToOHAMAIZRITT RS EORE LY O
PICTHIERZBHE LTS,

AL, 8EMLARD, TAEROECIY TV 5 A LTI M

HWIZRT.

BLED, FwmTdhy, EEMBoER, »8, HAG, MRogRz L
il T, WEEC L DR LGRS 7' e & R B D PP o
MERL, AL TR E S WEOMEMNTZNAMIZ T2 L2 L L.

%5 2 T3, Silicon Carbide (SiC) # & U® Zirconium Carbide (ZrC) $iF D
BTN I=U AGEP~OGBEB L/ ESROBIEOMBE L LT
Z, WFODBHICRIETEBELTRZORBIIDVNTHRLTWS, £,
RIF DY) —HtECBE L Th, RmBRIcE LzMEE LTERY By, £
DFERERLTND. E6IZ, Valk, V alGRIEHRIFOEBT VI =D
LPADGFBETZOWVTHE LR ERL, R OME IR 5 1
¥MZRIETHRBIZOVWTRLTWA.

-13-



EIETIE, THI=VLAEEPIIRILT Z » (TIC) HFE RIS EHE
BME OB EE LEFERERLTWD. TA I =0 A5
It BAE S TiC R REEEC S F o8, MM LE L ORIz OV TR
LTW5A. =, BE@EELEE~ MY v 7 2(AIMg)B LU, THE{LE 4
< kU v 2 A(Al-Cu, Al-Cu-Mg)~ TiC %I - & ok X, 4E - Yo /7 £%%
ME L, TICHFHEAILOMREFE LIRSV THENTNS.

AT, BT V=7 AO[Ti,BNEAMKET ~D B RBEZER
RELOEDRIZAELD insi BUSE R LT, TiB,AIN B FH{ET VI =
UABEHMEIERET A ot A ERE LTS, J I T, BEEE, B
FENFOIEIBLL, MBS, EOYILFHEREL B L T, BRENZER
B L THEOR I EARRZMAE R LTS, T, MBI OEE S % H
LT, RMWBELOT D OBREEH A~ A O I >V THRL
TWD.

5 RTIE, TiOKLF, Ru WP LEmM7 VI =y AMORGZHAL
T, Wkt KUK FHBT NI =0 AEEMEERET 570X
DNWTHE LIERREE LDHTVND.

BEWETIE, FFLLTAI=UARTA RAIB, or AIB)L DRI TAL
% EiRE OIS (BBEARKIS) 2AWT, TiB HIiFA#7AVI=0 A
, DEr Rz FAF—TBRIHZERT A e X2 BELTNS. 22T
i3, @R A CERUSOMTE LOEEMERE T ot A ~DEAICELT
MELEBREZELDTVD, &6, BONIHEINT LI =T L EEKE
AR E R &L LTADTHE Z L HRL TN AS.

-14-



FTETE, SEEETO, TAIZUAREOBAICETLI TS 2%
E, EHROBAME LI ONDE,/ TAI=T L EGRERDLIZOHD
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IR FEALT IV I =T AEEMEE, KL BIC b & D DY BEAE T
DRIFTHHIAI, ZRIREMNTETHY, i, FhHMHH
THHIERERFEHMELTHE TR S, X511, MBI H £
THHDT, BHEICL->TH 22 BE, FE o X ERT
WETLHIENABETHY, TEMNICEIX MWW HETE S8
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BRERBETE, 3 I v 7 2T/ EBHMOBLYE M
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EERERISICEIDBTFHRESHALD, BELILHT S
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AV B P A U B MA DY RE L.
DEDZ ExWESTBLLDIZHE,
1 IRBRBIEICE->TRF /<MY w7 ZBRIGEANE T 2 =

&
2 WF /2 bV 7 AMRIGEMETEDL L) URER % R
g5 &

BENBHMTHSHEELEZONS. UEOBA» S, KHXTEE
LiJ W #E SIOOBLUNaVaVial kBRI TOBERT IV
IZUVLPANDAHBARRS SEBHNFOLBEHAEMNE L 2.
IS, SICB LU VI L(@ZOKNFE PR T, B
FRBEBPICTER2ICRBATAEITICETAIEMAEMEL, TR
ABFMIZEITEETHEBMOKELEEE L .

2.1.2 X DFE

TEBEWMMNESET HICOoN, TOEMITHIETE 5 BE#HMH,
BN EEEETAHHOBBENEIT N TS, @BEN
FRABBAEEEM BRI DERE BTl sEE 28 - 7
MBELTHHEZIATLE. BETHORNXIL LI, COHESH
BOREERED MABEELBIUBHMEICKITES. NTFA%
WKL 5IRMmERNEEDOFHMIEWRFST B2, 0.01~0.1pm
BEOWMMUEK T2 —IIHBIBEIENEHTHE. EBS
(11, aR®F 274 v 7HEICLD SICH FiEL AlESHH
DRGEZ A A, BALENS0%DFIZH FOERINRBRLRADY
MONTORMBEBRLIIENTEEIEERELTLS. L
LEPSIDOHANFRE—FHENESTCEL, WELEOM
LA onDN, MU, GIRBEE D> 2 BEAOEE N FOK
BELHPRCUEBIEODNETLTWLS.
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HEHEREBHECIIVMEBRNEZTL2 8B E, " RCBAMER /L
TIv 7 AMOBHAHEBHF TCRVESNE B EARRE L2 R
AMoPDHETERTDIIEPLETHDL FOLODFED—
DELTHRFEEOLANTRDLA TS R TRESIEDH
ELTH, M v 7 REOBNERRGRER PR T REICH
BI5HER], BERIZILIVRTRBEOMFHESNAERYRL Y
HE[3], EHISIC/AIRERVLIE ST, SICRLFRAI OB FE % R
EL, TAHMIZUAtOFELENE, SO #REZPEMLTLE
YSFHEENRETOLAIN, WThicH LR TORQAEBEITR D -
HOFTEPLBECRY), MBELBRETHEHBERETED L
SBEHGHEBEORAVARDbDRLTLEY . —F, BEMomhntk
HEOLS —DOFBRLLTHEBIEASLELTERMT S HEDL
MEE TS, ZERLE, BHEBRBLEICLY SiIC/AL HAaHH
OWMEXRABT NI =T LERIC AT bd Imass%i L <
LE, SICHFORARNYMT S L 2@l LEMNM4], TO—
HTHNY T AL SICEDRISHEDFEEICIR VO T SICH T 237
RTHMBLTLEY Vol b @BE S TV B[5].

TOEN RERBEEEICANZHBECHETLINELELR
INTW5B. SiC/AIRIZOWWTHD L,

4Al + 3SiC — AlC; + 3Si (2-1)
WWEDREICELD ALC; BHES TH H DT, AlLCy DAERKIZ &
DREOLIEHESLENSHD. J. A Cornie H[6] 1X SiC KL 1+ F#

H IR SIOHIEEEY, it Al-Mg BWEIZHMT 5 Z
Ll EERAE CRAICFAT L,
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28i0, + 2Mg — Mg,SiO, + Si (2-2)

A BLTAECRAL R AR ST TALCDAEREB VT WS, 1=
BRBIL Y 3 A EMT B L In ko TALC R AER LA 725
ZEbHEINATWB[T].

2.1.3 HAAEICB Y 5 S £

BEMBE= M) v 7 2/ BIEMBOEERERIZL > TH
DTEOHENETDICRBBETELILOTHY, D DITIEH T
SEBHMTREZBEBAMENELONDI Z EBLELRMEF L 2oTL
H. M L EMEEEMERIEMRL, fEFETIHREETH, Bh
VxFERTIARTFICRROSFEEHOZIIALE —-NH 5.

Yoo ! W - R ATABR T XX~

Yoo ! M - KMATERH =NV T -

Yo ! EM - GHERAEA BT XX~
IRLORTMEHHBHZTRZALFY —HTAS o 2ARENTE L&,
Fig.2-1 2"+ Lo, EMo#EmMmAE2 0 &L LT Young D,

71\' cose me -Ysl | (2-3)

MEYIMLDZEBRMENTEY, Btz oW THEMEITR S &
ERCHZIDOIDHEERANWTERBETLIZEN BN THS.
Wik, S HMBEOKEBIFEL, F4OHEEBITOOMEIZL-T
KOLHSENFahs.
bR (60=0) KELPBEAKRLZER>TENLDIES
BREMNL (00<0<90°) @ BEHhRZHBEEPICBRITS»,
Hho2foMrBEERERDBE
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8 >90°

e

Fig.2-1 Schematic drawing of a liquid drop lying on a
solid surface.
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fTENL (900<0<180°) @ HEEMPEEKICFAF LERE
FLT,IN6DOENKAELAEBEOHFEZy Z2HOTRT ER
OIS,

LN ALE W, =y vy v ¥ (2-4)
ﬁiﬁ?‘%nﬁgg’ : W i— Y sv Y sl (2'5)
’ﬂ"“f%ﬁ%h{t%ﬁ P W, = 4 sv+ Y v Y sl (2'6)

BAMBOBEEROTCREFLZENLEBEIEDIZIREREN, I
B EELREIT LTV ZENEECTHS. 0Lt
i b by W BRELS y 4 BASVWETHORIZTEW. T4
bh, BiAMB2RETIRBCRBEXEZITRIELEDL, v
RYIETEED LI RBEALLBBEEMTRHEIVEEZS
had., &6, BEABICRKIEERBRELCLDZ LIZEY Yy |
DIMAIE T 2420, Bhttrmbd 3 b0t Exbhd. =
FL, ZORIGERMIZE > THEBIELMBENBET T2 L %
ZB LR E R0,
RICHTOEGE~DOBITLEHENEOBFIZODWVWTIRRZ. 8 F
DB ~OBIN, BB/ MT/ BEAHMORET AL X — 0%
kB EZSL. 2FEL, EFVOEM{LoD, MMFHOME
R, BB OKMERERT 3. Fig.2-2 LRT EHIZ, ¥BRO
BRAR KL F S IBICE & X(O<X<2R)E T BE L REEE XD, %
QBB OEBVIB LY, RERGS)REL TR,

\'/ = tX*(3R - X)/3 (2-7)
S = 2nRX (2-8)
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Direction

Vacuum Vv

Yov Solid

Fig.2-2 Schematic drawing of a solid particle
incorporating into a liquid phase.
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ThdH. TITHFPES X T THEEPICEET I EORE T
D xR F— D EAL(AE) T,

AE  =2nRXY, - {27RXY,, + T(2RX-X*)71.}
(2-9)

= ®X{2R(¥s - ¥sv) + (2R-X)7V10}
ER B Lo TR FIZERT A NEVIAEZ X THSLTHKD L
AT ZENTES.

F = '2E{R(Ysl - 'st) = (R = X)YW}
+ ngX* (3R-X) (ps - pr) / 3
+ ng(2R - X)?’ (R + X) (ps - pv) /3 (2-10)

ZIZT, ps,pLpviFENENREME, HMH, KHOBELYERT.
o, FE 2, SHIZEHEZR AW EIAERZ2RT. Lo T, K
FREEHBPITEAL T W< B oM E B (a)id,

a = [-27{R(Ya - ¥sv) - (R - X)710v}
+ ngX* (3R-X) (ps - pL) / 3
+ ng(2R - X)> (R + X) (ps - pv) / 3)/(47p.R*/3)
(2-11)

EHETES. TICRLEHERERZ S LT, 1073K TO SiC/
M Al ROTF— 72 HWTHTREANMEEZHAELAKER S
Fig.2-3IcRY. ¥/, s Va2 EBRXELIE CMEELHEAE
LEBROAKCART. MEEREMABHEP~BAT I A%

AT HREICL Y,
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Acceleration (cm/s?)

Y: 860dyn/cm Y. 600dyn/cm v,.: 400dyn/cm
Yo 2620dyn/cm Y 2620dyn/cm Y. 2600dyn/cm
Ye: 2470dyn/cm Y..: 2470dyn/cm Y..: 2470dyn/cm

(SiC/ pure Al system)

Fig.2-3 (a)Acceleration of a SiC particle incorporating
into molten aluminum and its dependence on Yj,.
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Acceleration (cm/s?)

¥,- 860dyn/cm v,: 860dyn/cm v, 860dyn/cm
Y 2620dyn/cm Y- 2000dyn/cm Y, 1500dyn/cm
Yo' 2470dyn/cm Y., 2470dyn/cm Y. 2470dyn/cm

(SiC/ pure Al system)

Fig.2-3(b) Acceleration of a SiC particle incorporating
into molten aluminum and its dependence on ;.



1 RLFENXSEVEFYEY, REBHERHZ ANV —OREEZMHRF
5z ¢
2. W BIVP v 2ETEHDIZEICEY AROIZHFHIRA
ERRAIE S I A O i
DZEIPALNTH D

2.2 EB kL
221 EAMBRE oA

THAWI=ZgLhHDBWVWETAI=ZULEEOBEME LUK F O
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TELLZIEAHBERABRETEZMOBL, 70 I =27 AHBIKC
MA T, REHE (Fig2-4PTHES2) LMY T 7oBHm R
PRBFERAELICERTL, SQOBMoTFTREIT R, £FO%,
ZEHEPEILIIBRTL, R2EBESERm EIZENT 2 &0, B
2% (Fig2-4FT&S3) 24 L, TVITHEHNTTHHE %
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1. Aluminum-wrapped carbide particles
2. Pushing rod :
3. Window
4. Pressure gauge
5. Holder for addition
6. Heating coil
7. Magnesia crucible
8. Molten aluminum alloy
9. Inlet to manometer
g J—
3
g
vl 1
— I “‘!!!Ell /”_'41

1 — —Ee-to vacuum

5~ 9IS — pump

6—8]| \||8

) o
! 8
| 9
/&r-—»a»)-e ‘:fg—_

Fig.2-4 Schematic drawing of the induction furnace.

-30-



KTHERBL, SICHNTDAZREABL, HETHI LKL EL
7o

2.2.3 SIiC,ZrC B FRABMONE, A&8KE X ORMN

Wi, I FREABMI, FMI>0TidEdd 50, Skt
MICHBBEXNEFAL, BEIOBGREOKRIENLE X-Y L2
— KRBT HIELLL>TERD. HELBEOHABME, 5
WBICANIEFEFRAICTES UL, RIS, 2OHASEABILYIN -
B L, EPMAIC L > TH 742 Hd & CRMmEIGH O L IR ®B %
MELL COLRICEY AN FHEMNEIEHEELESHE Vv, Tsic:
17.7%, N a, Va, VI aliEBRAHKF:95%E L, T ELT
T a-SiC(99~93%SiC: 20um L F), IV al& & JE k{L¥ D TiC (0.8
~1ipm), ZrC(1~3um), V a &KLY D VC (1.9um), NbC (1.1pm),
TaC (2.3pm), VI a REALY D Mo,C (3.4um), Cr,C, (7.5um), WC
(0.8um)fL F 2 B W7o, i, 7V I =7 LT #6I8 (99.75%A1),
BmaHFEELTIHE, Mg Hi&E (99.9%Mg), Zn: #li € I8 (99.9%Zn),
Si: A1-24.3%Si & &, Sn: i &8 (99.95%Sn), Ti: Al-5.01%Ti & <&,
Cu: # € I8 (99.99%Cu), Pb: #i & B (99.9%Pb), Bi: #i & &
(99.9%Bi), Li:Al-18.5%Li A& 4, Ca: #i< /% (99.8%Ca)%= H M/,

23 EBERBIUEE
231 BTNV IZILAPRAD SICHE LT ZIC N FREATOEX

KRBERBECLAIBETNDES I v I ANTORAT D ®
ZEMELULHER, HTFRBEPICEALTOL(BREBIZENT
WRICRTLINIEPFORBIIAOIODPNTHEHAT A EDBHL D
N AR Al

o BBIIHEMTEHEEDLSTLOHRKIKRDK
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e WHPTITEA, UK
he3RPEOHNFOEESE Fig.2-5 IZEAMIITT. KRIZ

SiC/Al ZHBICH T AIRARME NS IRBEON FHRDOR

{LDMIE % Fig.2-6 1l d. ChiZIhiTREATHRIKDHR F

R EMOBBICESHMOVEIRFERNICIHA LTSI D

HomMTHD., £, MRMERNICEEN AN FRECHEBRFH

OFBBIZELHTWHMU, MFORANMIZIIZIETIHEFNIIEK

A E -, BBMICBLYTE. —FH, BEBEF~ORAR FHLE

BHEELAMIBLTHS, 5 —FERHM()EEBT IETERIELE

AEBTHIHN, Z20%, BHEIIHERKLTEIREFVICES.

CODEIICHFOBEEHEF~ORBATHREKIIHLIZTEDN

HZDTHENEL, HPE2BEOFEWM(HATETHhoBOERKE

THIELNDLII ERP O o/, LEMN-T, HFRAT D

FARBRKRDEIIIEZDIENEYTHS.

1. W, BN, 2RDPBEERNTEDIIBEETICEA
TEOTREL, FFHIMICHEhIRBETYOTHIZ
LENL VY - L RELEKT .

2. MAMIZHNIARBEON FORMOKZBEEDICHEML,
ZOMNFVRRMEZERT S LKA S.

3. BREM(tH)AERABT S E, BIRHENAEEPRICIDAT N
5.

— 77, SiC/Al-0.5mass%Mg %, ZrC/H 7 IV I =T LFRICD2WT
bRABOWMEEITHE R, Fig.2-7,8 X737 LI, Tho
OHBE LN TFONBEHIIIRETHLAILENHAOHLTH S,
T, BBPTIKBEALTLWANTRAROHHBEFOERGIE, B
WHEXINTUVIRERBEICKLS SIC/AIEEDRNEE[8) L
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Unincorporated Particles.

Partly-wetted Particles bound by
molten aluminum(agglomerate).

Completely-wetted Particles dispersed
in molten aluminum.

Fig.2-5 Schematic drawings of particles in three
different forms.
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100 | C

Ratio of SiC, in each phase (%)
S S 8

o

N
o

O SiC in powder phase
A SiC in agglomerate
@ SiC dispersed in melt

0 50 100 150
Stirring time, #/s

200

Fig.2-6 Dispersion process of SiC particles into liquid
aluminum at 1023K. |
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100 } |O SiCin powder phase

o | | A SiC in agglomerate
< @ SiC dispersed in melt Y
S 80 ¢

<

=

o,

=

9 60
v )

5

90. 40 +

n

S 20|

8

I5

2 g

0 20 40 60 80
Stirring time, #/s

Fig.2-7 Dispersion process of SiC particles into liquid
Al-0.5mass%Mg alloy at 1023K.

-35.



100 |

80 ¢

O ZrC in powder phase
A ZrC in agglomerate
® ZrC dispersed in melt

60 |

40 t

20 ¢

Ratio of SiC in each phase (%)

0 200 400 600 800
Stirring time, #/s

Fig.2-8 Dispersion pmcess of ZrC partlcles into liquid
aluminum at 1023K. |
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RULTWS., Zo%HE»6, RIFARBEHEPICRALTWLS Tut
AREEROBAMENXEORR IR TWVWBE I ERREPS
N, F, BRRELHRICRESZWRIGT, KEDP OB RE
ORBFEELMEZMELLER, Fig.2- 9 RT LI FRENT
TCHBRERBEBVWTRETA LS RIEDAERKEICER S 5 5% 8
PREEND. ZOBER»L L, FEHICHB O TR 2R &R 2 I0H
NTWABZERTRBEENRD. £, ZOEEREOEEELE N
ETDI LI TR FREACETINMZEHAOICHMT 2
TEMWTEAL.

232S8iC,ZrChi L BT VI =0 b & O

SICHAD W ZICEDOE T I v 7 ABFHBEBPIAIBEAL,
FFE~ M) v 7 ZARBKEEGTHEOTEET I v I R/
BHMCREREALET T DI ENMERYTHDL. ZNETD
SICOBEMTNVI=U A~OENMD DV IE SIC KL 4y BOZ
B KA E[9,10], SiC/YE B o B S il BOS ICK &
KEHFETHDZENALMTHDB. Thbb, RUFRZEAMEEES
=iz, SICH FEA TCORICTFT LI R SMEIE BN b iz
AU, BHRRTFTREVERAGCBER T DI LNEETHD.

SiC— (Si) + (C) (2-12)
FR#MT7TAI=gLaR, SICHFE2EMLEBEAICIE, @K
WRTRIGHEITL, BEMAGBERIALF—-NETL, Hh

MARESNDIZLEREZLND.

4A1+ 3C— ALC; (2-13)
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Q . 0 j
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Fig.2-9 Relation between temperature of the melt and
the ratio of incorporated particles during melt-

stirring.
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IOHE, OQXOREHARKBICL Y I —FR Bk I, Z
DERLELTOXORIEN V2 ZF S REX N, IEHEEN LY IEL
HbobhbdZ lickhsa., L, 212 TCTH_ELHE, 0 ALC
BB THAZ LA BMONTEY, Fo4AREFIMHHOELIZ A
NBHELOTHY, ALCGAER ZMHE LRV SIC/AIMOERIZOWT
OHFRGEELZINTWBH[8,11].
—H,ZDEHEEZXDHE ZICOFP AT IEOK I RT 4 MR
NAEL, EHEABH T2 LICLYEEBATGE B X LF—
DET, DWTHRNFRERABES 2D,

ZrC— (Zr) + (C) (2-14)

MTAI=g AP BBALL ZIC K % SEM & v TH
£+ 5L, Fig2-10 R T IO BHALELMBAERL TR,
IOLEYMEEPMAETRBWVWTERSNMET R, Z0OLkE
BZAL TH D LR MR TERL., ZOZENL ZICHFE2T WV
U ALABBEPTIZEMLEZBAICE, ORI LOT LD 2 RIE%E
BLT ZICHTONMEIGOXPN—@MEILHBmBLAEITL T
W ¢E2bhn5.

3A1+ (Zr) — ALZr (2-15)

UEDZ NG ZICKTFRMOBAEITII DV a =y b, SiCH

FEMTE YV BB RNTEMe)EEBIZHEMT N
HOREAT L) RILAVAERKRKIGEZBELTO,@XD (Si)
(Z)Z LV ELHEBT A LTIV TrOsMRIGEZREL,
B RERYBIENTEDLLEZLDND.
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(a) Reaction product (Al;Zr)

(b) Zirconium carbide

(¢) Aluminum

KFig.2-10 Scanning electron micrograph of the cross-
section of ZrC/Al system.
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mMe + n(Zr) or n(Si)
— Me,Zr, or Me,,Si, (2-16)

233 ZrCSIC KT RABRICE LIET vV ay, Pra=y Aok

Fig.2-11 {2, ZIC R U SiICR FRABMICB LIEF3T v U a Vif
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Fig.2-11 Effect of silicon on the incorporation time of
SiC and ZrC particles at 1023K.
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Fig.2-12 Scanning electron micrograph and X-ray
images of ZrC/Al-11.6mass%Si system; (a) SEM,
(b) Al image, (c¢) Zr image and (d) Si image.
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Fig.2-13 Effect of zirconium on the incorporation time
of SiC and ZrC particles at 1023K.
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Fig.2-14 Effect of magnesium on the incorporation
time of SiC particles at 1023K.
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Fig.2-15 Scanning electron micrograph and X-ray
images of SiC/Al-5.0mass%Mg system; (a) SEM,
(b) Mg image and (c) Si image.
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Fig.2-16 Standard free energies of silicide formation.
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Fig.2-17 Acceleration of SiC particles incorporating

into (a)pure aluminum and (b)Al-2mass%Mg

alloy at 973K.
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Fig.2-18 Scanning electron micrograph and X-ray
images of SiC/Al-1.0mass%Zn-5.0mass%Mg
system; (a) SEM, (b) Mg image and (c) Si image.
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Fig.2-19 Effect of titanium on the incorporation time
of SiC particles at 1023K.
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Fig.2-20 Scanning electron micrograph and X-ray
images of SiC/Al-10mass%Sn-2.0mass%Ti
system; (a) SEM, (b) Ti image and (c) Si image.
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Fig.2-21 Effects of zinc and copper on the
incorporation time of SiC particles at 1023K.
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Fig.2-22 Scanning electron micrograph and X-ray
images of SiC/Al-5.0mass%Zn system; (a) SEM,
(b) Zn image and (c) Si image.
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Fig.2-23 Effects of lead, bismuth and lithium on the
incorporation time of SiC particles at 1023K.
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Fig.2-24 Scanning electron micrograph and X-ray
images of SiC/Al-0.5mass%Pb system; (a) SEM,
(b) Pb image and (c) Si image.
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Fig.2-25 Scanning electron micrograph and X-ray
images of SiC/Al-0.5mass%Bi system; (a) SEM,
(b) Bi image and (c¢) Si image.
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Fig.2-26 Scanning electron micrograph and X-ray
images of SiC/Al-3.0mass%Li system; (a) SEM,
(b) Al image and (c) Si image.
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Fig.2-27 Result of Auger analysis carried out on the
reaction product of SiC/Al-Li system.
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Fig.2-28 Excess surface concentration of magnesium,
lead and lithium in molten aluminum at 973K.
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Fig.2-29 Effect of titanium on the incorporation time
of ZrC particles at 1023K.
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Fig.2-30 Scanning electron micrograph and X-ray
images of ZrC/Al-3.0mass%Ti system; (a) SEM,
(b) Al image, (¢) Zr image and (d) Ti image.
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Fig.2-31 Effects of copper and zinc on the
incorporation time of ZrC particles at 1023K.
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Fig.2-32 Effects of magnesium, calcium and lithium
on the incorporation time of ZrC particles at

1023K.
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Fig.2-33 Scanning electron micrograph and X-ray
images of ZrC/Al-3.0mass%Mg system; (a) SEM,
(b) Al image, (¢) Zr image and (d) Mg image.
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Fig.2-34 Scanning electron micrograph and X-ray
images of ZrC/A1-3.0mass%(Ca system; (a) SEM,
(b) Al image, (¢) Zr image and (d) Ca image.
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Fig.2-35 Optical micrographs of the microstructure of
SiC/Al-3.0mass%Mg  system, (Incorporation
time: 40s). (a)Additional stirring time: O0s.
(b)Additional stirring time: 50s. (c)Additional
stirring time: 180s.
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Fig.2-36 Optical micrographs of the microstructure of
SiC/Al-3.0mass%Li  system, (Incorporation
time: 30s). (a)Additional stirring time: Os.
(b)Additional stirring time: 90s. (c¢)Additional
stirring time: 300s.
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Fig.2-37 Effect of additional stirring time on standard
deviation of the number of SiC, in a
100umx100pm grid; (Al-3.0mass%Mg matrix).
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Table 2-1 Binding energies of several carbides|20].

Binding Enecrgy
(eV)
C »> 3 C =2 2. 0O
3
| |
> Mo =2 C 2. 1
W C 2. 1
v C 2. 6
fan]
> N b C 2 9
T a C 2 9
- T i C 3 3
>
S
Z r C 3 7
S i C 3 O
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Fig.2-39 Scanning electron micrograph and X-ray
images of Nb, Al and Mg for NbC/Al-
5.0mass% Mg composite.
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Fig.2-40 Scanning electron micrograph and X-ray
images of V, Al and Mg for VC/AI-5.0mass% Mg
composite.
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Kig.2-41 Scanning electron micrograph and X-ray

images of Ta, Al and Mg for TaC/Al-
S.0mass% Mg composite.
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Fig. 3-1 Effect of processing temperature on the
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Extruded

Fig. 3-3 Scanning electron micrographs of the as-cast
and the extruded TiC/Al composites.
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Fig. 3-6 (a)Scanning electron micrograph and X-ray
images of (b) Ti, (c) Mg and (d) Al for TiC/Al-
Smass% Mg composite.
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LEOIEVEEE, ETFTLTWS. Yo 7 RIZH LTI Fig. 3-8 1254 &
9 |Z Eshelby OB {EYNIEIZ L0 HH U7l & i R — Bk R4, ¥z,
N, EREECSEORIZIZITLFARICHD LT 5. Fig. 3-9 2R LT
HFHAED SEM &2 6, V (=221%DFBB O BAREN AR —Z 2> TWH 2 &
MBPALNTHD. ZOLIRKFDY T AY—, HEOEMRIZRY T,
MEERTO—ERERS. £, BITOZ T AF—E, V (=21%0OREHIH
HPmEAITH o272 TiC BIFN TN I =0 LFERRI G U H & TR
SNTZHDTH H[19-20].

3.4.2.3 Al-Cu, AI-Cu-Mg Z& &~ 0 TiC B F 73 DL

v b Uy 7 AL LT ALSI A4t & 0 AI-Mg A4 % 16 L 7= 581013 TIC
FHBICE DME, Yo S EE LI ERT B LRI B ML T KIC,
B HELE A& T 5 ALCu B ek L UALCu-Mg A%~ U v 7 2 & LT,
53y s KT B BROPE O LB B 0 E 2 RE L.
ALCu BRI GP /— E 712 0 40 & DL BB HHRIC & 0 7 0 S =2 A
L Hik LTI, RIS EHT B L 510D, £fe, FRHCTH
(LEBIE LT 5D THEMERET 5L 510k 5B, UL, KTt
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Fig. 3-8 Young’s modulus of TiC/Al-Smass%Mg
composites and predicted modulus calculated by

Eshelby’s method.
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Fig. 3-9 Microstructures of TiC/Al-Smass%Mg
composites. (a) Vi 6%, (b) Vi: 12%, (¢) Ve 17%
and (d) V¢: 21%.
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BEMBO= ) v 7 XL LTEZEEHA, FTHBEO LS 2R & OERI,
BEMEHIB T 28T v 7 2RTOLOMLBK L EH L THY, —ok
IREEFET M) v AL LTHGWEEEIIET I v 7 RRTHERER
FEEADNERT B0 EHLCTHILERDHS. 5L, EFIvs %
B BORDETHREME LT,

1. BARZRREOMIEIC L 2 B HRF OGN 08 A

2. BT Iy s ARTOEWVEMERC LB Rom -
DZREFEFTLILENTED. ZALOHEESEZLT AlCu ZAEICEIT S
TIC KL F DS BHDRERE LRI OV TERT. FHRE D Al-Cu 4%~
MU w7 2L LTHEMBOBBOME 2 0E L- iR % Fig. 3-10 127
Fhiz g, SoRmEEZHL, <Y v 7 2OME L &8 B513 Y,
TR T HHEMBOBILOES VI 25, IEL, YU r/RIZL
T, SAORMBOREELE T, oFR &R <P 17~22GPa FRED -4
#~ L, Eshelby IBIZLVER LY 7RO ERE(8MPa) & bl LT b 1
KR W— &R,

DL, BEAUNZEZF L ORESH LT A S RICB LT,
< MUy 7 ABRTHBEREOGERZTHoTH, €7 I v 7 RRFHIIC L
0 ERTD. LA LAKE, SECHELCH, SINROMINICHD, 20
ERETRED L.

wiZ, Al-Cu A& L[EHRIZ, Al-Cu-Mg %~ M) v 2~/ R0
ABMBORE®AE LR % Fig. 3-11 1579, Zhud, Al-Smass%Cu %
BEHEL LT, w72 ULORMEER, 0, 05, Imass% & B{L €T, Ftk
FEHAILIHERTHD. MBI KITET TiC b TS BOBBI/ P E WV E VI
M2, Al-Cu ZLYV bILIKHHEILR>TWS. /XL U AOTMEA
Imass%lZ 72D L EFTHDHN, MEOHIET CERDOLND.
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Fig. 3-10 Mechanical properties of Al-Cu alloy and
TiC/Al-Cu composites.
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ZOE A Cu-MgRAEEw b) v AL LIEHEITIETICRLF 7 /U
LAMED EFIFR o N ot ZOBEHBAE LT,

1.

2.

Al-Cu-Mg RIZHTHHRIZED <~ Y v 7 2B G ORENR &S 2o
TEBYRFOBTIIEEOR L2 B2 EAHEETHLZ L

BEIT RS TiE, &7 I v 7 AR FOFEIS B R
FHEZHZ L LBESNTEY21), HAMIZBET 5= b Y v 7 AME
A, A CHEROBAIL L TWigwv= b Y v 7 ZHEIZ < H 8RR
a3 TholeZ b

BEREZBENDD, WTR LR OEE R L TWiRWo T, FRIEZM#EHT5
AT E AR HITO T ENRUETHS.

358

1.

FERTNI =B~ ) v 7 AL LT TIC RITHBESHE 2GBTS
HEIC R VRUE L, MPEOBBEER ZME L TU PSR RERE S

TiC/Al BA MBI UM, $FEMIC BB ftE e Rm Lo, 8E
MEHZIIEANEFELED, MLHLETS 2TV RAZITL
AMEMETS.

Al-MgAL-Si ZRAEEIZ TICKFE2 BT A LICLVHME, Yo 7RED
Wil bT 5. £, TOLRBIEZI~I RO A, VY arORMECE
IEEAEREEZ T,

TiC/Al-Smass%Mg A HEHES | 3EIEEE 400MPa, —HRIFTU 10% &5 &
AT TRBESEE 2 R

TiC DOBRLAHA 20vol% R E F TIE, B FHEEDm EIZHFY, YU rE,
02%iit 77103 LR 2. =L, KREREGED 20%REICLD LBEHOH
MBS R VEEENRAREL 2D, TORR, 2O FNERL2EDT
BEERSRBIAEAL L TIC B FaBR R —ICRY, GVHBRERELR
IR 72B.
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TIC/AI-Cu ZHAMEITH, Yo 7 REGARM OB T 20, M
EICE LTI, SRIMEORNE & b R EAMAT S,

TiC/Al-Mg-Cu REEMEHI Y Vo FRIR O, FIEREICE
WTH~ MY v 7 R ERBRETHY, MFHHICEBILIER bR,
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FHAE

G in situ S LEIC X D TiB, AIN/AL & 44
Bl ®lE 7 v & R EHTER L O BE R

4.1 &=

BEEET o 2L BT I =y ARESHE O T, BB
LNTZWEIZL T, BHOMNM, EME N EORPE B THEERNICH
BT Y 74 —bB~N@ET D, LENR-T, HWEBMEIEHE LT VRS
BAERBDRIZBOTHH B OBEAEAwE L 2 5[1].

—7, ZOXRIMERE L ITHRENTBEES RS EFE LT, K
BHHEWES, b LBEMECESLHRBPICREIED, reactive
infiltration & Wb N 2B ELEHFOH R LBED LN TWSD. 2,
D.CDunand %3, BTNV I =D AMZ=v T LTI HALOYM B2 IR
EMRKOFEREEEEMSET, = AT I F A FiUT AL KT % 530K
SHDHZ LERARE[2]. T, BEHEOWRFBIZBWTHEEZ, TAI=0h
B =31 FALGC:),FZ U BILOT NI =y AEORIGEFIA L TER in situ
BRIEIC LD FF o — A R(TIOKLF 38T VI =7 MEEMEHE g T
EHTEEHELTWVWB[B]. ZOHEORKBL LT, MBI THO®EA
ERFTRETH D Z &, MILHEFESEOBWERRIEOND Z &, W
HEEEBATRETH D L Vo oD DR R EBETEZ LW TE 5.

& ZATHENRBIZBNTL, EMENLBIIHO—2L LTH bD
EEZOND. —IC, SHEERES ~ORAHEDEED =D DEME 1 P
R TRDLINB[4].

2y, -cos@

F,

P= (4-1)
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ZIZT, ¥ o 0 BENTNEHEOREERNB L UHEMAZRT. il
hydraulic 2B L Wb A LD THY, KX TEZBEIND.

r:%w%¢tﬁﬁbtﬁmw¢%
g EHMEPOERRTO@EE
3 d-e
" 6-A-(1-¢)

4-2)

L, dRLFOVRIE, « BMEREOERE, 1 BREFEHTHSE. OHR
W EATEME ) P, 0=90° 2B L TREEZRET DD, HB0EZ
NEYT DD, TOPRESTD. Thbb, BEMOBEMAI/NIN (4
<90° ) REBIITIIE, EHENCLVEGIXEZET I 2% 5
ZERWSENTHDL. —F, GRTZAI=UALES5 Iy s AOMEDET
X, < OBFEITHEMAD 6>90° OFBIZH D ENENEL[5,6], AidO
EOICEME N L TEREEATIRENE LS. 2L, Fyi 5[0
WEC LN, 1B3BK TOELAYRBN)ER ETOBEMMT VI =T LD
HEALAIZIZIE 0° &722Y, BN &7 A=y AOROENMEIIEBD TREFT
HY, WHMTNI=U LD BN BIREP~DOEBHEENHFHFTES. L
L3, BN IZT7 VI =v bt DORISHENREL, BTV I =0 5L Eib
THE, FTERCHMLTLEST. £ TAT oA TIIRERBETICF
YUoRBAL, FHIURTA NTBIEEREED I LERAR. £ITH
W Tix, £ BN & F ¥ UMERNPLRIBEWMKEH, ZOBKEF~
BRT7NANI=ULADBRENETEETOED. ZOR, Aot ATR, &6
WD in situ B,

Ti + 2A1 + 2BN — TiB; + 2AIN (4-3)
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&ibéﬁ,%ﬁbtTmﬂmUﬁMNﬁ%&%ﬁ#%?wiiﬁAﬁﬁﬁ.
MEOREZ AL D.

o, ZOT ot AOKMERBT 3 XANBAICE T, BEBIC i
situ OSEATOEDZ LIZEY, 73 =0 Mo REHE L OBER 54
DI ENAEEL RS, HlxiE, nvly AL LTHERBYBZINRL T
I=ULAROWEIZE, RAMELLZIEL T ERMUETHY, A=
VLDREDAZHHALL LD LW I B ORBNZEN TV H[8,9]. Ln
LA 6, EEH mm, §E X4 800-1000Hy FRE & W\ 5 #2174 5, #fihl
HEOERBH LWL S THS. AT, HENER T utR Iz LT,
SRACHE BRI ABMER D Z LT L BT = 7 ARTT ~O IO 1K
b AT

4.2 B J7 1k

421 EMEESRE T ut 2

AL TIE, FHRE 10 p m OB RO BN ¥kl L ORI TR F & (-
“dumy FERA L. EFFF¥ M RBIVU BN WK+ ERIL T
BN:Ti=1.04:1(F NV 2:1) B XS ICREE L, VEIBEALICLY 10 MR
BE Lz, WBOABRMRE L Z NIk in site BUSEITHO® 5 ZRER O
WMEX % Fig. 41 1277, HPRTEY, ALO; BUY v~ % (N
13mm) OTEIZ, BNBLIUBF ¥ U ORAMAKI0g 2 BN TMLE. =
DEFORKRBDEREIT 0% Th o1, KIZ, BEVKBGO LEIZHET L3
=0 LAy b (MK 99.99%, #Eft 15g) 2@ L, Zhod Bepntid
WAL, TVIVERRERAATRET CHBBEHEIC L M L.
ARHIRE N GREFRE (1473K) $ T 1200s THIR L, 1473K T 3600s (R
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Fig. 4-1 Schematic drawing of the experimental
apparatus.
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Lo, F7-, RAEHERAHRLSNE, T3 =9 A0BE /A U-HHE %2
L, ZOMBTOTAI =g MREE S - TREHEE & L7, 3600s O
Frigid, REZHRPTHA - BESEZ. 2%, A AHEAGEY
L, BEHEIZH->TOIN L. Wm0 %, £&5%E FHEMSESEM)B &
U X BRET(XRD) S HT 36 /8 12 £ 0 MR BLER 3 & USUSE R O 44547 &
Tof. k7, A4 70y h—ABEEHZHOCRB OB SHE2RE L.

4.2.2 BFEEEDOHE

FRBBICHT DEGRELRBOBIEE OREIL, Fig 4-1 1TRTHR
BHERA 7 >~ EREICERT VI =0 AOBEF IR > T 3E DL
b, ZIDORENEZNETIHAL, BBEOLWHTORME L 6.
Z O, FMEMFOMMEE 10mm & L, SEHOREEF v — Mok L,
FERE BT DR HENEHEE 2 R L,

4.2.3 SREBST

FH2, BNBIXUT VI =y AOMTAE L DKIGERER L OF OPHAIR
B2REST D100, RERGWEIT o/, REHSPIZE, HBBE LT
[TiBN,AIIDE/VELH 1:12:4 L 2B LMK ERALIZ LD, £2, Zhll
SMZ b ELE D 7= 12 [Ti, Al]L[Ti,BN],[ALBN]D & 5 IZ 2 O B0 6 72 5 4%
BEWMEEERL, ZhEAMESH 1000MPa TEHLIELDOERWE. &
R 10K/min & L7z, 2k, WERT LI A AFBRST TIT- 1.
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4.3 ERFER B L &£

4.3.1 Mg %

EHRA AR, 3600s REFIZ L 0 1ERL L i< BBt o Rt o= &k
FHMH T H A Fig. 4-2 107, RPHEBETEC LT, BT LI=Y
LIBKEPIGERITIFE L TODZEBHLNLTHS. £, insitu £
LRI IR B 2 BT, IREMABOFIE L TV D25y #
L, LR ABITEA LR BN, FROBEME, 7TAoI0HARRS
PTHERLEZRBTORBTEL. ZRH0RBHZI SV THALES TOE
YDFE S XRD ST & VT~ =68, Fig. 4-3(a)B L QoI RT & 5
Z, R, TAIOTROBARPCER L ZRBTY insite BISICEY
TiB: BL W AIN BAER L TWDZ ENHRTES. 2B, RETHHEAW
KR DZERRD 10%THDZ LMD, FUSKTHIZEAGILERTV SRS
SRAGAH(TIB, AIN) DAL & BIT T 2% 3B &h 5. ¥/, Fig. 44 |2
RYEHRA AZRIRE H TER U723 o SEM 35 L 1 EPMA £5>5 TiB,
BLFITRIFRE um ORI IR TH BN, AN OFEITR FIR TR <, Bkt
FETHDZ LR TED. KIZ, ZOREMN 1473K ORFREICEEL
IO OEIFEAL LB LIFER, Fig. 4-5 1571 L 512, 1473K Bli
i (FREFEER0s) (2id ALTI DK & fEf (EETAGEKS) & BN (B
WBRHIRERSY) & BITIEBEICBUSHBtA LT\ = 2 & 2579 TiBy (1 G44H
BLTH#5) bROND. £O%, KIS TiBA BN 2RV ek 5 LT
1T L(Fig. 4-6), 1800s fRFEFIZIVT b ALTI B L USRKIS BN A BRI h 58,
3600s fREFTIL, IZITEERIEIERR T T NN ER o1,
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Fig. 4-2 Optical micrograph and a schematic
illustration of the cross-section of the in situ
composite.
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Fig. 4-3 XRD patterns of the in situ composite
fabricated (a) in Ar gas and (b) in N, gas, at
1473K. (Hold time: 3600s)
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SEM Al 1mage T1 image

B image N i1mage

Sm

Fig. 4-4 Scanning electron micrograph and X-ray
images of Al, Ti, B and N for the in situ
composite fabricated at 1473K. (Hold time:

3600s)




Fig. 4-5 Scanning electron micrograph of the in situ
composites held for 0s, 1800s and 3600s at
1473K.



Fig. 4-6 Scanning electron micrograph and X-ray
images of B, N and Ti, showing the formation of
TiB; around BN. (Hold time: 300s)
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4.3.2 iR ZEFAGTHTIC & D BUS B O fight

HRIZODWTT o ToREBSTOFER % Fig. 4-7 127”7 . [ALTiBNJZT
BTV I=YLD@MRATHD 933K HEICRBAE— 735 Y, ZTOHBVR
ME—I7BRLND. S HIZ, 1250K [HTIEn 2B — 7 NS h
5. %79, 933K DR EB LUORAO — 21X, BN #& L2V [ALTiH
DE—=7 LESHIELTVWEDT, ZNBIET NI =T MO L HWE,
FLTENICHEIFFTAIFA FERICLDHEAL— I THD L Bbh
5. BUSHIENCET D48, AT THDHH ALTI THDH0EH LTI
VDY, JBHRERP O ALTi OF NN 4:1 TH D Z &6 EfoE L= %I,
AlF+ALTI(s) & 72 D, WICA LN D 1250K fHE DB R — 7 i3
TiBo, AIN £ BUSIZEE D b D TH B A5, [BN,TiL[ALBN]DWTHDORTH,
Z OB ORI S22y, [ALBNR TiX 1250K 2B\ TF7 A3
2 AR E RS> TIRWBERFF U BEEENTE ST, E/-BNTI]TIE
FHUOPFELTS, THUMREHRETH D Z EBBASENE LR ER
THHEZEZLND. ThEL, [AITIBNIRCREMT VI =7 ACF 4
UHEREL, HELTOFZ N BN OBERLTWAZ EERELT
W5, TOBRIIALTIBNJRIZBNT, THALHMEROENMLE 1:1:1 £ LT
DTA ST AT > TOF F TN I A RAERICHE BEAL— 7 i3BHEIND
2%, AT D0 TIAS)DATHY, FEHELTOFZ UBHFEELRVOT
1250K fHiE TOFRME— 7 BB LN Il E b bR TE -,

4.3.3 B3% 7 o X O

FrowryBHRICRNOFEALEZ=ZAROBRBEN (MR O L, i,
THEUZIRA) THA L =mE T oRE ORSE{L % Fig. 4-8 (I3, Z O
Bz, BEOBEIIMERBOBEEI M 420K I EL- L X5 5.
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Fig. 4-7 Differential thermal analysis curves of

[ALTi,BN], [ALTi], [BN,Ti] and [AlBN]
systems.
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Fig. 4-8 Temperature of the powder phase in the
crucible as a function of time, showing a rapid
increase in temperature caused by a reaction
between molten aluminum and titanium.

-126-



7o, PERERORERERIL, BUSBUI LY ROBRBENESE 1670K |2 F T
ERTHIELEEFLTN D, FHEX TREASUSHSBIN S - BERIZEE,
¥J29s TH Y, @EEMIL34mm/s 72D, £, Fig 4-810 L, B35
FEORBE—I7&HIN, TOREHTILE. Zhid, BESIBEBICHED
BT VI=ULAROF Y REOHIMIEZ GO LM SN S, BFENMH
WBLEEHBTHE, TAWI=LAPOF ¥ BENMELS, FOEHTALI=
LEFZ o OMTEHEBERMEAEANRE LS, BESETT SR TT L
=2V LAPFEORENER LTS H0T, ZOME/ERRRLICRIESRIC
RHZEWEY, BBIIMAIRREC—0HBENMES B LEZ LGNS, &
Z T, Fig. 4TODTADWIZ L B ALTi-BN RDF Z 7 ) I 4 RAERRE G
DFMARAE &, Fig. 4-8 ORERICEE X CRE L2 i@ B MASR L (3h 72 0
DEVROGND. ZORKE LT, #1112, Fig 4-8 OREOBA T HM
EEREN D, C— 7 RERBHRMIZC T FTHIEREBEXHND. B2
Wi, TREBSYTAREHIARIES 1000MPa TERL L -ERHETHY, 7
WL =T DHRFE OB O, FAETNFZ o HDH 0 E BN LHEL
TWa. LEd->T, RENEUSRECEETIVUE, BURICSUS 2L,
& — 7 DIERZMMBRE 2R, —7%, Fig 4-8 ILRTEBOROESIZ
1%, Ti+BN BEMEK LICRE LT A I =T AL Ty NEMIZECE CHBD
n, TOBUIRIIERE CHR SN TREEMKBE~OBRELIETSD. Lib
L, SHIERICRSE, RRTU)TA =Y AERDRE, (ALOJAI fi
FISIZ X 2 EERIED AlO,ALO DA LIZE Y, LA « KM &
n, —KICEENRHETD. LMRoT, Fig 4-8 OBAICIE, FBRAL—2
DR 7 M AT &Il D,

¥, TEMAGWICINE, TN I= 0 ARIEEORKIIOBRE 7,
FHETVMIFTA FERIZED LD THD. Z0L&ED, EHHE ALT &
Hled L, ROERITZER, BEEETROLICELTS
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2R Ti+ 2BN + (3+x)Al

2% % © ALTi+ 2BN + xAl
ZIZT, x i X ABTIARICEE LRWRIROT VI =y LOELEERL, B
KIEDOERR(ERE T0vl%) 2 ER T VI =g ARFEHETHZ b, x
=4.Tmol L HETE 5. ZNMHIRE T, (BT 2 RFBHBIEIRE( T, )AKRK
MoRODLNS.

AH

T, T T
par 8], Co T +2[7Cp pdT + [ °C, 1 dT

T, T, Ty
+V,AH,, 0 + 10 C, ,dT +2 L_ ComdT +['C,r,dT =0 @)

712 L, Tw i ALTi O ARRE(1613K), Vo 13553895 ALTi OEIE, AHp I
AlLTI D53 AT — TiAl + 2AL ) IZPED> = A E—F{bERT. Zhic &
v, To=1420K DR, Vpix1.0&742 0, ROBLEIREL, 1660K & FEH X,
RBRFER L LB R W —Be R Y. B, BEEEICIE TIAIBAERKT S L)
ELTRBROHRE T8, ZOEESL, T=1660K L7420, [ UIEHE
Lbivd.

4.3.4 LRI x4 B BTN E

ATFFENC L, 1473K T 3600 FH{REFHOF ¥ i, BNDRB L DR
FEE LT TiBy &4 L, TN Z4 5 L., BAFMB AL &, #
Z I &AD K,

3Ti + 2BN — TiB; + 2TiN (4-4)
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D 1500K (24T B AG KL, -4459k) TH Y, QN TRLIERIED AG' D
i, -359.1kJ K v bRITKE V. Fh, FHLUERBEHTHILEEELT,

Ti(s) — Ti(l) (4-5)
AG’ = 18842-9.71T J-mol

Z HWT[10], RO

AIN + Ti — TiN +Al (4-6)

7 1500K TOERER B F A ¥ —FL AG’ RO, ZOH/IZH-47.5k)
7Y, AINED S TINBRETHS. LLids, EEZ@ARLiied
5EIICTi& BNZE/NE 32 & LTERVAZBARP TREZERL, 4
D ESESTEIT oI /ER, ARPIEREY, TB & AN OARTHY,
TINIZAERE T, BROFZ AT & LTHEFLE. L 25T, 1500K T
D(6)ED EHEE Ky DL 449 TH 0 [11], KEDOBERIERILT D.

a.. - a
TiN Al — 44.9 (4.‘7)

Ay Ay

ZZT, ANBLU TIN OIER ann, arndd 1.0 THY, TAI=ZTLBLT
F 5 2 OWER an, ar 1 Raoult BHELHED LRET D &, KDALY S.
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I=Na) _ 449

Y Ny (4-8)

L, NuBBBhOFF L DEANE, v RIEREBETHD. ZIT,
L.Svendsen E[1I2/IZ L DK EAWD LERMT VI = LR TOFZ U DEE
HEE, v '=15x107 LEHETES. W, ZOEEZHNTE)FA TN £
OFENEITT DO MERBEGPF ¥ o ENVFEN a2 RDD L, T
060 LALE72bd. L LAaRs, ZOMEBAERICKITHIEMTVI=U A
T P, & HITIL1500K TOT IV =0 APF ¥ U ERER B T
Blet, TOXIFY UBEEERIERTHILIITEY, LT
TiN & 9 b AIN 24T DA &L BT LN TED.

4.3.5 K14 o0 1% JEE 53 Ahi

AT AOER in situ ERIETER LICEEHETIE, #EICbRLE
Loz, BUVIBERERABIBNT, LrbHE~DOMoaEeEATRETH
5., o¥ED, Aol Tz AsRkmEEILERRATED.
T, BHOBESHINIE o TREIOME Oy A & BIE LR % Fig. 4-9
iR, RO BIIXEEOHEITHMIZR > TEL 2D, BEIKRT 54
WTEHIES TE v — RFENK 700 THY 7 I =0 LEMEE LTHE,
B TEWEELZRL, BHELEATRL TSI ENHERTED. B
REEZIToETNENORFTICRIT DM EBE LR, Fig. 4-10 (278
T L) ICHROBEISESIEY, TiBLAIN BAEWVESETHH LTS L
HSETMRPETEL., ZHRBBORBIZL b2V, HBHIRE O/ SV BN
MARSHBOERIZKENTL 5, ZOBSTOEERAEALELLD
EEZBNS. ZOX Y, HEROBRMEIZ LD REH TOMEN/EL 2o
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Fig. 4-9 Vickers hardness data of the in situ
composite, showing the hardness distribution
along the infiltration direction.
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Fig. 4-10 Microstructures of the in situ composite
showing a difference in particulate distribution
along the infiltration direction.
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Fig. 4-11 Vickers hardness data of the in situ
composite, showing the hardness distribution
perpendicular to the infiltration direction.
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FboLEZOND. Fi, HBOESNG Smm BEN/ZHH T, WHOR
E I & 5 [ O A 2 JIE LR, Fig. 411 IRt L o, H
HABEIZ LV Sy TOMBERE . TR, HROBEREIZE WS TodE
O EREEN BN LB E SRR TE 1.

404 1"[.] %:

FHBEV BN DORDIBEMKBEELEO LIZRELIZMTLI=T A
ETNACERLBERAAFER S, 4BK T ERFMERL (0~
3600s) , WRLT VI =D LEEROICEREYE, FORIZET S insih X
FERFUE L CR P LB R G 5 2 L 2 RA, UTICRTHERELS
T-.

LTI BBV EREBBRE T ONTNICE VT HERT LI =Y A
1473K,3600s (=3 DRFFIZ L o T, Ti,BN BAMKBHIZEZE L, in situ
BOGIZ L D B ToH 5 BN ZISITERICHAEL, TiBa 35 LU AIN 245K
T5H., L&, TiB K EE um ORFRTH DA, AINIZELTIERE
W, RKEXLBIZRETHB.

2 REBSTRAT oI RER, TAI =V AORMARETELERICF I LT
W = AMORIS 2R THWERE— 2, 1250K 155> 513 TiB,,AIN %
T HEEZONDIERIZDD R REAL— 7 BRRiahiz. £/,
B OBIEZ RIE SEAH 7D, BRELTOFZ O BRETHS.

3 AARBERML TICBWTIE, BR7LVI =Y LAOREMEKED ~DBEHE
X 3.4mm/s TH o 7=

4 BoNFHEMENT, BEICAMERL, REIZEEENEV O THEHE
REME~DISHREZ b 5.
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5

H R a2 E B2 2 H L 7= Boride,Oxide
i+ BEEEMEIORLE T 7 & X DT

5.1 #55

MECIREMT NI =V AL ERVREOBNMERRETHD Z &0 b,
BN, TVAl RIZHOWTEREMNBRZREB LV i siv BUSEFIA L THEHAHE
PELET AT o ARRELE. FLT, ZOHEICLY, MBROHTHE
MM RETRETH AT LB 6N L. AETHLI &4 X ARBMREY
FALTESMB 2 ET S Yo 22 MVED. KL, H#EETONE
LRABAE, AETRRIGHRE LTEARPL L, WEMICKE Loz
X HLTWAREBIRLTWAEATHS. Zhicky, LVERTHY
oty SRAREIC D L TFHREND L THS. Table 5- 1IZHRICE
FAEEET I vy AEROTRZAX—(AH)ERT. ThiZ L%
Ty I AERSETHAES, ERICH I IAX—AHHEND Z LW
LMTHD. T TRECTONETAI=ULEOBWEIGEEFIHL, &
BIZ, TNEHETAZ Lo THEMBIERE TS LR A0, Rk
BT, ISR RIS,

3Ti0,+6B+4Al—3TiB,+2AL0; (5-1)

PRIBTAZEI2LY, TiB, ALOVAl B&BEMEE in situ £RTHZ L
BRLD.
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Table 5-1 Heat of formation of various ceramics.

Ceramics | —AHs(k]J) at 298K
1/2A1203 845
~AIN 318
1/4A14C3 52
S1C 73
- 5102 911
1/3S13N4 249
TiC 185
T102 944
TiN 338
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5.2 EBRFGE

AP TIE, Fig.5-1 ISR L7 0 —F v — MIit» TRBIOER 21T -
oo = b Y w27 AE725 Al-10mass%Mg & &%, M7 I =0 b ($iE
99.99%) Effie /R b (FUE 999%) FHEEIE LT, &ENHNEE R
WT, PTAIVFRRPTERIELELOR WL, £/, ZRiZE LA
Kix, VEIREGHE UREHE : 7 I R— =Kt 1:2) T 10 BERIES
LizbDa AV, TO, & B OREIE, KEA»SENL 12 (HRH
3.7:1) & L7, Boni Al-10mass%Mg A& L IBE¥H K% Fig.5-2 IZRT &
212, N 12mm, &S 100mm OF /LI FROZ o< B L, Fh

L7, BAERFHEE E TH 100K/min THIRL, TO% - EHME[RL, 3
M7 ALVI=Y AEEOBREMDEKE~DBRELIR L. (REFREX 1273K,
1373K, 143K OFIRAE L L, REFIFMIZ 60554 L7-.
ABERERIT, EFEMERLIOCEEREFRMESELANTTo 2. £,
LR OERRE, MEOSITIE, XB~sr7a7 54 F—%2 AT,
AFRTHWZRE A Ty b, BRI, MM D87 —
% % Table 5- 2 |Z;R 7.

53 EBRER

531 F¥t= Y v 7 ADWRE

Edward HIZ kB &, #7403 =0 LEEIL SIC KB P OEBE~I1LE
BLRVWZ EREEINRTWA. Zhiut SiC/Al ZoHAbA I 90° LITTH
BIZH b oT, BBEOBWRHERENIVBHITERD-DTHIEBE LT
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Preparation of Al-10wtkfg alloy B8 | Mixing of powders P

Induction furnace

lHeating, Infiltration' Temp. : 1273K~1473K

Induction furnace 1olding time: 60min
Atmosphere: N2

Cutting, Grindin

Observation of

Vickers hardness test &

the microstructure j

Optical microscopy
SEN, EPMA

Fig. 5-1 Flow chart of the experimental procedure.
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» - 1 Al,O, Crucible

' | Aluminum Ingot

[TiO,, B] L
Mixed Powder

Fig. 5-2 Schematic illustration of the experimental
procedure.
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NA4N

Table 5-2 Chemical composition of starting materials and
grain size of aluminum powder.

Chemical composition of materials (mass%)

mat. At Ti Ni Cc Ag Mg Cu Fe  Mn S;: Si Ca  Za  AlBu: B:0s TiO2 Ci B C N H O | mesh | otherdate
Al 199.99 0.001 ©.003 0.005
% Mg | 0.003 <0.001 99.97 000! 0.003 0.003 0.010 0.009
AKTi}| 9475 5.04 0.14 0.07
D203 0.01 0.001 0.005 <0.0! 001 0.005 299 <200 | amorphous
TiO2{ 0.01 0.003 0.007 99.9 -325 analase
T >99.1 0.010 ’ 0.019 0.001 <0.010 0.030 0.012 0.007 0013 04! | -350 PMP-350
L
§ B ! 003 0.005 001 01 005 0.12 0.08 99.5 -100 | hexagonal
8' AlD12 0.097 001 008 0.17 040 008 99 -200
Cu {0.001 <0.001 <0.01 99 0.002 0.0t 0.12 -325
Al ]99.83 0.15 0.02 see Table 2
Grain size of aluminum powder
Grain size | +149u [ #1054 | #T4u | 634 | H4d e | -dd u
%) 3.4 10. 4 7.6 1.0 | 65.6




WS} —7%, AlMg SERBEORBIEIER IR TS, £/, McCoy %
213, a3 RF v A MEICES TiB, FITHIET VI =7 AEEHBHUEIC
BT 5FERT, BREE (2~3mass%Mg) LU ED= 72 ARIMCL T
KEEABEDL, 61, RERESERIRD>ZLICEVEEENES
WWRHBZEFHELTWS. £, O31% L, MEBBELZHWT
SiC,B,.C/AI-Mg ZDBWHEOBRFIZEL T, ~ 72U LAOFRMI LY Rk
EREEL, BEMENMELEZLEELTWS.

UEDREZEE LT, KAEBRTH 1473K, BEBER T T 3600s #E521T
WERBEBREZITo. REVEKE LWHICRETARE~ M) vy X LTI,
BT AT = A d Al-10mass%Mg #HWTHEEL, v 72 9LBMc k5
REOAEEZHRFA L. TOMBR, MiTAI=0LbEFE~ ) vy 2 REL
HEid, REBRFETIHIZEALBERE LR A Al-10mass¥%Mg
BREBERCEEICITRRBERELE. TRbbe /R LDE
MLV RBEBKBE~DEBOBREPELRLTLRBZZEEZRLTVS. &
S>TERBEOERTIIFE~< b v 7 A& LTk Al-10mass%Mg &4 % W5
ZliZl7. 2L, ZOBE insitn FOSZ L0 AT 2 HE T ALO; Tit
72< MgALO, TH D Z LIZERE L2 TI R B 20.

532 FHROFRROUE

HNERE (T DHR4-6] TiE, FEHIEBHRT RICEHE L CRIEEIT
S2TW5. ¥£7z, BNTI ZOMEKBE~DT VI =0 AEBOREITERIFE
KDED, TV CFER, BETFTTOHHBLTHNAZ Enb, AFHETH
INODOFEAEKTEHLLNT, ThETNORBORBRREBE L. TOK
R, EEFATPTRBEEOBREZITT LER, 7L FREPE L UMW
JE F(ltorr ANTIRBEBDOEZEIZR Nz o7, McCoy[21%1%, 2 KR¥x+
A MEEZBWTO TIB/AI-Mg FOBEEILERT, FHEKE LTERT A EHE
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MUga, TAa o TABBROBE L L TRT O inE@ a2
BTRY, EBENEBT LI =ULIH L TERER THDDERELT
W5, (7, Aghajanian Hb, TV I U AGEE~O~ XU LAOTEME
ERHNAFZBROHRIZLY, TAIFRFEBE~NERT LI =0 h)H
RMNZFET D L2 BE LTV B[4].

5.3.3 G ARESINC X 2 Wr B BE 1R B o il i)

HETOLRULIELDICAFR TR O RIT\EOUSBEKREL, Zhz
FIH - I L 2R OBEMBERETI LV bOTHS. TZTEY, K
SIS L DROWME LABRRHEST D, AR ANV E—BTRTERMD
M LA an o L RE U T ABEIR B (Adiabatic Temperature, Tad)
bR LR % Fig.5-3 IRT. Figs-3 &Y, ‘

3TiO; +6B +4Al — 3TiB, +2AL,0; (5-2)

DORIEF OWrBYABEIRE X 3193K &5, ZO XS ICROBE LT, ¥K
JEe~ 1Yy ABHBOWMEEMLEL, BBOBRBEY*BRRITHEEIF
RBHDMN, HEVICHLHBTHDDOT Figs-3 1R+ 512, £l
ALO; RI-F (RlsX 2327K) , RO TiB, BiF (@R 3193K) BEMT D &
FTHREND. I ALO, BIFIZBI LTI Fig.5-4 (IR¥ X 512, Bk - BE
LEDEFER LEMEZEETED (BRI~ M) v 7 288 AlMg &4
D 7= DR 2408K D MgALO, AAERR LTV 3) . Z AR 755 k% i)
5 LRI EERBIC BV THRBRNOBEIC 2D Z L THH DD TROB
BRBERE LK TSI LERHD. Z0LHREBE—IZ, BEWEDIZ
BOGEERIRT D L& BRI E Lizkslegom L, WEBMREREZETSE
B EBNRALOND., £ZT, ZIZ T, MAD 1358K OFFK (Table 5- 2
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3Ti0246B+4A1—=>2A1203+3T1B>

-2000
Reactant ===~y i i
of TiB2
— ' 3193
g ! '
\E’i « ) !
i, ! !
— -3000¢ Melting point
< - 'of Al203 ;
> ' 2327K ;
= ' |
S ' Product !
5 |
- !
-4000+ E
- d: i
1473K Ta 319{4:

s

Y000 2000 3000
Temperature, T/K

Fig. 5-3 Enthalpy data of the reactant and the
product as a function of temperature.
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Ti02,B/Al-10Mg system

Fig. 5-4 Microstructure of the in situ composite,
showing clusters of MgALOj.

-146-



SH) ZRBEEE L THWRBEREBS - 2o, ERIBFEE FY v 2
AL LT Al-10mass%Mg %M L, {REFBERIZ 60 43 & L7, Sl 2 8m
LBWEEERD L, 43K TREERBETH LM, BBK BLO
1273K TIEE Ligh o7z, ZHusxt LERREEFM L8810 1273K 10
BOWTHOAL=ZXRRENEL, SFEMICEVIRBUENRFICRD LV
RKiflFohi. 2k, REoOMBICH>WTITHIRT 5.

534 HfkE =

5.3.4.1 TiO,, hep-B / Al-10mass%Mg Z & & 415k o> KMk £2

Fig.5-5 {3 TiO, & hcp-B (Table 5- 2 B) %MK & L TR L7 3k
OMBEETEZTT. (@Rl B8, O)ERE FTHoMMeRLTWS, B’
B L@ TIRZENHSIZ5ET LTWBE, FTEb) T~ 2 g o
FBLTWAEICBETESD, LALIZ o8 TRELNEALNS
2E, WEODREVRTR+ITHS.

Fig.5-6 (3R ZEV TR DRIGAERYOIMEE TT. Fig5-6(a) THRHE
BRCBEIN 54/ % SEM 83X W EPMA W EMSHTE21T - 1.
Fig.5-7T IR SEM BH, T IZULL A=Y, v XTI AL A—,
BEAA—VEY, TORISERDIT AMg-0 RILEMTHD Z L & Higd
ZEMNTE S, —7F, Figs-6(b)DBRIRERMIT Fig.5-8 OFTH#EA A —T &
WFELRTA RFTHD., FZT, ZORBHIOWTXBEIT 21T - IR
(Fig.5-9) , ZORENGTNVI=Y ADOE—7 OfIZ, TiB;, MgALO,; @
LN E— 2 MR I, ThOXBELD insin KU,

2TiO,+4B+2A1+Mg— MgAlLO,+2TiB; (5-3)
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Fig. 5-5 Optical micrographs of the in situ composite;
(a) upper part and (b) lower part.
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T102,B/Al-10Mg system

kN

e = AR Pﬁ, * ;.:,"

100 4 m

Fig. 5-6 Microstructures of the in situ composite,
showing the formation of in situ MgALQO4 and
TiB,.

-149-



Ti102,B/Al-10Mg system

(a) SEM ~ (b) Al image

MgAL204

(c) Mg image (d) O image

S8 : 5 N A N
. i

. -

43-1-.,{- 5 ‘ﬁg’ "
p B b [\ 4 Y

Sl VN il '

() M m
Fig. 5-7 Scanning electron micrograph and X-ray
images of each element.
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TiO2,B/Al-10Mg system
(a) SEM

TiB2

(c) Ti image _(d) B image

mmm () |4 M

Fig. 5-8 Scanning electron micrograph and X-ray
images of each element.
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Intensity

v TiB2
o MgAI204
20 4 60
20 /deg |

Fig. 5-9 X-ray diffraction pattern of the in situ
composite.
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CEVAERLIEEEZOND. |

Wiz, BRABMEKBIZHFHH A Z TN LS8 OMEER % Fig.5-10 {277
FIGRLIZE I R2BK B THESEIIH2IZET L, @KLl
MolBELIIRRY, R THTORT LRV, L, S
L ROMBWRBEREAE T3 20T, IGEEMETT D, Ibiz, 3
THTIIRIGT ¥ o BHFEEL TR L2 BT S ALTI BEEEIDO
T TiB AN RITHE T LTI LRSS,

5.3.4.2 TiO,, amorphous-B / Al-10mass%Mg & & # §H o KA RG] £2

R ORER DO, WIEBRBEIRE QK T, RICEHEDETEZHROT, =
CTCRAEMGE LOERCTH LR RIEYT. £0FEE LTE

o R HiT ORI

e ARa OTENT 7 AL
PETHIENTED. TITING 2 HEREIGERT A DA -V
IVILBRC L D Ao SR TF OMAME - TEAT 7 AMpE AT EORER,
Fig.5-11 IZR$ L 518, R—/L IVFTO X BR3P Tl hep-Rr o E— 7 M
BETEXDIN, 24 BEMIY U IEELAERT VKR TIE, hep-Ar DL —
IWNEL Y, TEANT 7 AMELTWS, 24 BFE S VB i L 72K T
Lt HTENT 7 AMELTWB EEZ HNDDS, AHFFETIX 120 BFH] < /L4
BriL-Ro Ky ERTEZEICLE. TOBEKEZNETO hep-R
gy ONRLEDERY Fig.5-12 (7T, R—/ I VLA i & el
¥y 13 Table 5- 212635 & 5 12-100mesh (JIS: H B & ~H{E-149um) TH B M
(Fig.5-12@a)), —hizxtL, IV v 7% LMK TIIRERZRENLOT
10um R & ML STV D (Fig 5-12(b)). £Z T 120 B U v /&L
RaoBREAG, TRETERUENH RFHEBE 1273K, W 60 47,
G THEHAMBERER L. TOMBEEY Fig.513 177, £
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TiO2,B Cu/Al—lOMg system
(a) }.E& ,,H»‘l.v T "f» it )

ﬁ_- N I

3 ;1 \-. -l 1"!‘" "* '-!-y ?‘r‘:". b

V. 407 et ‘F - AV vk A ey "

p "‘ﬁ S .s,-v Gkt Y Sl

‘i’--«o- e e A
v t,i‘ﬁ * ﬁkt 3- -;}E\ -4 * -y i

"~ PE T e L W B R A

% gty .
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Y b Y Saad™ 20 TR Ml R <~ i I

- -.;¢~*~ S LR ol o 8
-

- ‘ . O ".'_“

(b)

100 4t m

Fig. 5-10 Microstructures of the copper added in situ
composite.
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Intensity (arbitary unit)

e : Boron

T | T { T | ' 1 N

(a) Original boron powder

(b) 24-hour-milled boron powder

WW%

(c) 48-hour-milled boron powder _

26 /deg

Fig. 5-11 XRD curves of boron powder.
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Fig. 5-12 Scanning electron micrographs of as-
received boron and milled boron powders.
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T102,amorphous Boron/Al-10Mg system
| 3 . o) R o
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Fig. 5-13 Microstructures of the in situ composite
synthesized from amorphous boron.
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HIZEniE, 2o ALTIE RN AY, BUGHIZIERTLT
WBZ EmmmgeLTWa. Fio, M/ TiB, X MgALO, R FHMREE LA
BN TED.

5.3.5 REBSWT

ZOPUSFHRTIE, HMAERMIZED ETIEEZ ORGBERZ 26N D.
LT, EOAN =X L% BRATLIFEDOL DL L GRERGH 21T o712,
TRZEFAGIHTIZNE, Table 5- 2 IZHHRE A R L7=BmEZEMR L, RISGEARO -
B FICRT 5 ORI LS 1ER L.

(a) TiOx+Al

(b) hep-B+Al

(c) amorphous B+Al
()AIB+AHTI

{e) TiO;+amorphous B+Al

HEICTRA LB ES 1000MP2 THEMHEL, ER 4mm, 5 Smm O 74
IFHOENMICEED, TAIUCRBEKIP ToE L. EEDEIZIITERK

W7 29399, 7% By W -,

(a)TIO+Al R OOFER
ZITCHEI ARG

m@+§ﬁba§ﬁ@z+?? (5-4)
ThBHEEXBRD. ORI Figs14 7T/ 7HOE—2 ALY

-158-



070K LY BRI HDREARIETHD. “ORIEHRERRISTHL Z L3,
Fig.5-15 IZRTAMBMLBE L D7 Z 7 b LB TE 5. Figs-15 TR(S-
HDRISIZ EBERBITY 7 70(A)L Y, FUSBtEE Bbhd 1070K ({3
T 190kJ/mol ALO; TH Y, ZDOIZ L IIS()ARARISTHD Z L 8T
FRUT LTS, 920K (HEDOREME— 7 BIZ 743 =% ARy ROBARIC
L5bDEEZEZLNS.

(b) hep-B + Al &3 X U(c) amorphous B + Al D &5 R

£Y, hep- A EHOCTHEEIT>FEE, Fig.5-16 I RT L 510, X
ERE—27 L LTI 920K (HED T2 =0 AYKROEMIC L BB L
MR OBV, —J, amorphous-R 1 o #HWTRHE R {To = fER 2R
Fig.5-17 TR7 VI =0 AEMORIME— 2 OEH% 960K 18 THIM L — 2
CHRLND. Figs-17 IZEhiEZ O RISIZFEMBIE (A H+180k)/mol
AlB)) THY, ZOE—7BRa L7 NI=y AMORISIZE S E—7 (Al
+2B = AB)LEZ 65, ThdkY, TEAT 7 AR a i hep i A4
DAEEAR I LT A I = A L ORIGHENEEEZ NS, £
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Fig. 5-14 A DTA curve for [TiO,,Al] system.
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Fig. 5-15 Heat of formation of each reaction as a
function of temperature.
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Fig. 5-16 A DTA curve for [hcp-B,Al] system.
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Fig. 5-17 A DTA curve for [amorphous-B,Al] system.
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Fig. 5-18 Aluminum-Boron phase diagram.
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Fig. 5-19 A DTA curve for [Ti,Al] system.
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Fig. 5-20 A DTA curve for [AL,Ti,AlB;;] system.
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Fig. 5-21 A DTA curve for [ALTiOz,amorphous-B]
system.
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Fig. 5-22 Change in the microstructure of the in situ
composite during the holding at 1473K,

showing the formation process of TiB,.
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Fig. 5-23 Scanning electron micrograph and X-ray
images of Al, Ti and B for the in situ composite.

-168-



54 &8

PLE, RESSIE L UCHEBEE» O ANE ToBMEREELRMA L
BEMEAR T o RZONWTHEET L. KR TIHRAEW KR TiIO,B T
HYBEREOLODEAMKRLEM L. i~ FY v 7 22, A-
10mass%Mg % £ L7z, Figs-2 (R34 K 5T U308 &7 2 ¢k
RFFIBE 1273K) 35241049, Ty AGEEENEM LESH
KEH~DRELRIET D,
BFARBRIIINE THERTE /2,
. TiO, RT NI =Y A= R Y LB & BUS LT MgALO, %I
FEARL, Ti 2BHPICHHT 2161
2TiO,+2AH+Mg—Mgl,0,+2Ti
2. RovhFRTAI=YLAGEBHBLOGLT, PHkE (Trviz
LRI A F) BAEKT HER
Al+12B — AIB);
3. 2TCARLETAI=ULART A KBS TO, L W i &hie Ti & Ui
L TiB, # AT 51852
AIB | +6Ti—6TiB,+Al
EWVWI AT v T ERRET D I LIZ L > T MgALOKL T, TiB R FE4RT 5.
AP ROENMERFEE TR, ERRTOBEBIZKE 2 2ORMRH 1.
o MgALO, £ N2 ) OREBEIETH 5128, MgALO, K1 H3H
figF A LTz,
o TiB, ARFEIRRER o VR FORE S EBEFICIMLIZ. Zhid,
PRAERYO AB, BRER o VR FORBIZAER L, £OIHIZHR
RO TB, ZER LIZERTHD. Fied TiBy ARDIDITIE, OB
KD TiB, ZEALTO Ti OWLHALERD, T OHBEEKED TiB;
HARBEERESERT AR LRI
G 2 OOMERERRT SID,

-169-



AR O@AE - BEE R ST R EZ BN L, WEWREERE 2T
IHT.

B AR o ANZBUSHEORV#IRE LT ELT7 7 AR 2By, 4
F% TiB, AR % iz L 7=,

INODBEETIZLILLY, REMHZEOIIGT o ALH#IL,
R OBEEM B ZRET D Z LA TE .

55 WEE

B EEMEFEEIC L > THER Uiz, in sin £ ALOS,TiBY/ 7V = LS

MBI OMBREE &L A7 2 2 OWTRE LRERRO Z ERHA LML 22

.

1.

BTV X =T AEEO TiO,B IREWMKR~DRZE (RE 1473K, {RIFHFH
3600s) L2 ROV, Al-10mass%Mg &&EBEEZHWS Z Lizk
DIEESTH. T, TORIJRE 1273K TRBZEIARARTELTHDHH, M
R EDEBEPIZRMT A LI LV ERTHLRETDZ EMNHALNE
ALY il

TiO.,B IREIEK L Al-Mg BB L @ in sih BUSMTE D, HKIZEELK
MgALO, BI-F & BRIKD TiB, DAV I N, T bD4ERMIZ T o
TRREEELS L (1273K) , fIHWTEALT 7 X0 R AlB, 2 AV
HZLIZE IO BT DL OIS,

BA A BHYE o O SIS BRATA O 7= HREBST 21T - 12 5EHR, TiO, &
TN L=y AORISEMGREIE 1070~1150K, Ru & 7= LD
BUGBARIREE, T =0 LDEKREMEHDOK 960K, AB, &F¥ v
& DRGSR 970K THHBT 2 Z LA LN 7.

-170-



[1] GREdwards and D.L.Olsen: AnnuAl Report Under ONR Contract No.00014-
85-K-0451, July 1987

[2] J.WMcCoy, C.Jones and FE. Warner: SAMPE Q, 19(2)(1988),37.

[3] S.Y.Oh, J.A Cornie and K.C Russell: Ceram Engng Sci.Proc, 8(7-8)(1988),95.

[4] MK Aghajanian, M. A Rocazella, JTBurke, SDKeck: JMaterSci,
26(1991)447

[5] 3 TBurke, MK Aghajanian, M.A Rocazella: 34th Int. SAMPE Sympo.,
(1989),2240

[6] M.K.Aghajanian, J. T.Burke, D.R White and A S.Nagelberg: 34th Int. SAMPE
Sympo., (1989),817

[7] O.N.Carlson: Binary Alloy Phase Diagrams 2nd EdiTiOn (ed. Thaddeus B.
MassAlski), ASM Inter., 1(1990),124.

[8] T.Atoda, I.Higashi and M.Kobayashi: Sci. Papers ILP.C.R, 61,3(1967),92.

-171-



-172-



6=

TV =0 AL L D 77 D TiB, ki +
LAl 48 DRBES K

6.1 F5E

INETHKBLPTH > TEZHEMENT, ~ M) v 7 APCHIE R 2
BEoBESEDT LICED, P rg, BRIES, B L - RN E
A EEHDHIERFENE LI LOTH, LM LRAE, Ko X
D, BEOEELUAMCOESEOmM EE B ENRERETHS. Bl T
W= APICTIB, £7243 TIC WS 5 &, BB AR HHE X5
TENBESINTND[1-3]. $EAT I =0 AEEOBE I IR 214
AT LIZEVUTICRTEEENSEZEINS.

1. ®RAROBIE

2. BENMEILOXRE X, B, SHOKE

3. HMAItEEomE L

4. EMITFERARHM DL — 12 538U L D EALIREH RO K
5. #UIHIPEDM L

TOLE BN EDR L OF, MTHERCHMERE ChETHZ LN
ARELR2D.

FIZHAR LY, MEEREH{EOFED—2L LT, TiIC £/ TiB, &£\
ST RERPISMLIER 2 BT 57 I v 7 AR T2 RBWEIE TCERTHRE
£ TFOREEL, TNEEBUBMEAEGEL LTT A I =0 A5REHIC

-173-



HIMT BHENRD D, Z OB LHAE@OREREE LT, BRET
BT A= AEBIZTFF o BLUERn 07 v{LWtEEE % R EMN L
BT AFENRRENTHD. L, ZOHERXEENIIAERTI ALK
M3 272, BATEBOLRT, RETotADORERRDLNTWD.

AEE IR A R BUG 2 TR U 7 # SR AR LA TiB B2 7 VI =

LEGOWERRA IR L BRTNE, 22T, A7 ut20lEN%
Fig.6-1lZR 7. Bl e LTT7 /v 2 = LR T A R(ABy, £ AB)B L UF
ZUomRERG, FRATRUISEFRA LT TB R FEEHT 5.

Ti+LaB, - 1iB,+ 1 Al (6-1)
6 a

Q=279.4 KJ/ mol TiB, at 300K

Ti+ AIB, > TiB, + Al (6-2)

Q= 173.8 KJ/ mol TiB, at 300K

IS DRISIIIEFICE VIS BEBHT 5D TF o BLUETAI=Y A
BRI A NIBSWFKELIEMERIE L, FO—% KGR E F TN+ 5 L,
FOHBITRIEA R & 0 BB I IS EHE LTS, RIGRISTRL
&z, FISERBIET VI =T L E TB, THHDT, BREEGHKEILT IV
I=ULICHEEN TB K F, EHETAI= AR aBL T TiB KL F
WAL, Zo7atc i, fEh > xAX—HEDOD WS 1
TATTNI =y ARERNMMLEEEEZRETDIZLNTED. 361,
HIREABHI T~ TR R LR & &2 W 2 HEICEL T 5 O THEEKA
RV V=0 TaEATHDELNWZD.

-174-



Aluminum Boride

L
<
Q
=
Q
= ®
= £r
S £
o ]
= A
O -~
<
Fianl Products
> Reaction Zone

Pre-Reaction Zone

7
s

s

S

5
.
% }’;

//,’4

' Initial Materials

Y
7

Initial Materials Fianl Products

Fig. 6-1 Schematic illustration of Self-propagating High
temperature synthesis (SHS) process employed in this work.
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Table 6-1 Size and purity of materials used in this
work.

Element| Size(um) Purity

Alingo 99.99%

Alpowder) 74 99.81%
AlB12 74 99%
AlB2 | 74 - 99%
Ti 44 99%
Cu 44 99%
A1203 25 99%
TiB2 44 99%
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electron micrograph of the

microstructure for [Ti, AIB;;|/Al-Mg system.

-180-



2L, ZOFEIEH L TWARWAL—IARBEREEZHER LTV DO TR
BEB DGR AR ETH Y, FENGKORAE FEE L CBEEB~0OFM k4
EILE > THRAKRESEESh, BFHEORVWERERZELHH LM
TERMPo. TOFRESTEZT, ZIrLREEROTERERER L,
INZT7 =7 EBIZE Y MA LA Z KT D Z LIC Lz, &iinbid, TiB,
BEIZ IV 2 RBERRLAIREE, MREBEG AR 7 1 X35 L UM O iz v
BIE LI RIZHOWTHR~RB.

6.4.2 REBDH

R TiE, [TLABRJRAMKRZ 7/ I =g ARBICHEMLT, #MRE oG
WBEICEAE L SE. I TH, REASITEE LRV, ZORORIEH
REER L OBRBEFICOWTRE LR 2R, RERSIICE, KIZR
TABRDOREHREFEA L.

o [TiAIB,,All%

o [TiAll%

o [Ti,AlBp,,]%

o [ALAIB)%

I b ABRADRIZDOWTRERGT 21T - 2R % Fig.6-412 % L TR
T FRUCENE, UTIERTZERHLNTHS.

o [TiL,AIBp,AllRIZ, 890K(TiAl A RUG),930K(TiB, ARG HT Iz £

FNRAL— 7 BRH I

o [TLAIIRIL, 880K fiT (TiAl ARKKIS) (Z8EAE— 7 Rk Eh .

o [TLAIBJRIZ, F#E, WEAC—sLIZBRBEhRD o0,

o [ALAIB]RIE, 930K fHETOFT NI =7 ADFE Y — 7 OZ P &

nt.
FIZTRLEZ L D1, [TLABRIFRIE, 1273K AT O TS BEE L 72V,

-181-



15 , , . .

g r PiAlL
ﬂ?j 10 : ¢ & T1B2 :
= = s :TIAL -
=, - ]
- . .

b L ] -

Z  sF ]
a - . -

& -9 & . ~

= - ﬁ . ‘\ . A ]

IR L W Al . f AT

30 40 50 60 70 80
28 (deg)

Fig. 6-3 The XRD pattern of [Ti,AlB;]J/Al-Mg
system.
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polished

non polished

Fig. 6-S Scanning electron micrograph of the
combustion synthesized composite. (|Ti,AlB;]
system)
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AR (kJ/mol)

Ti,AlB12 system
(Ti+(1/6)AlB12 — (1/6)TiB2+Al)
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emeemRoaciant
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Temperature ()

Fig. 6-6 Enthalpy data of the [Ti,AlBy,] system for
the calculation of the adiabatic temperature.
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Enthalpy (kJ/mol)

Enthalpy (kJ/mol)
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Fig.6-7 Enthalpy data of the [Ti,AIB;,] system diluted
by metals and ceramics for the calculation of the
adiabatic temperature.
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[ Ti, AlB-30vol % ALO3

, ‘1
4 1 . .
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S L.} ' L
.
v ¥ o

polished

non polished

Fig. 6-8(a) Microstructure of the combustion
synthesized specimen. (diluted by Al,0;)
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polished
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Fig. 6-8(b) Microstructure of the combustion
synthesized specimen. (diluted by TiB,)
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T1,AlB12-30vol%T1
Qﬁﬁﬁf v

\Q"“J“ 5

polished

20 m

non polished

Fig. 6-8(c) Microstructure of the combustion
synthesized specimen. (diluted by Ti)
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30vol

Sk
AL

polished

non polished

Fig. 6-8(d) Microstructure of the combustion
synthesized specimen. (diluted by Al)
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Fig. 6-10 Microstructure

Ti,AIB2 system

(Ti+AIB2

*TiB2+Al

TiB:2 mp

500 1000 1500

2000 2500 3000
Temperature (K)

Fig. 6-9 Enthalpy data of the [Ti,AlIB,| system for the
calculation of adiabatic temperature.

synthesized specimen.
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(T1,AIB12-30%Al)/Al
LR G LA

6-11 TiB, particles dispersed in aluminum.
(|Ti,AlIB;;]-30mass %Al system)
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Fig. 6-12 TiB, particles dispersed in aluminum.
(|Ti,AlIB;;]-S0mass%Al system)
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Intensity

Energy

Fig. 6-13 Energy Dispersive X-ray analysis carried
out at the inter-particle region of the cluster.
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Fig. 6-14 The binary phase diagram of Ti-O system.
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100 4 m

High magnification | Low magnification

Fig. 6-15 TiB, particles dispersed in Al-Smass%Mg
alloy. (|Ti,AIB;]-40mass%Ti system)
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Al-Mg alloy

Fig. 6-16 Macroscopic view of the cross-section of Al-
Smass%Mg alloy, clustering TiB,/Al-SMg composite
and homogeneously-dispersed TiB,/Al-5SMg composite.
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Table 7-1 Thermal and electrical properties of several
elements at room temperature.

wit | Al | Fe | Mg | Ti
Specific heat | cal/g deg ||0.215|0.106 | 0.244 | 0.124
atont Roatof | cayg 95 | 65 | 55 | -
ooty | @210 | 057 0.175| 0.40 [0.037
Peoed | wamm 1269 | 97 | 44 | 55
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g <90°

8 >90°

Fig.7-1 Schematic drawing of a liquid drop lying on
solid surface.
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W THREERAEOERIY, BAKFEFREEH, TAUICBBEAT, MgO
HMNTT VI =0 L e TR LB, BiLE, NER 35 mOA¥E TR
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. filler metal (Al-X) Substrate:Fe
Specimen{cylinder) Size:40 X50mm
Diameter:dmm Polished

Length:20mm -

| Sesslle drop method

Vacuum:1.33 X107Pa

Pre-heating
Temperature:573K Time:600s

Experimental temperature:773-893K

Dropping

Observation perlod:60s
l Measurement of the E

concentration of Mg by ICP

Measurement of
the initial contact angle

Effect of the holding time and — :
the content of alloying elements Observation of the Interface H

Fig.7-2 The flow chart of the experimental procedure.
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Table 7-2 Chemical composition of each material.

mass%
Al_Cu Si_ Mg Fe Ca B
Al 99.98 0.001 0.005 0.003
Cu 99.85 0.005
Si 0.22 98.9 0.38 0.13
Mg 0003 0.001 0.01 99.96 0.006
Pb 0.001 0.002 0.0025

Pb Sb S As Zn Sn Mn

Al

Cu  0.005 0.010 0.005 0.001

Si

Mg 0.006
Pb  99.98 0.0001 0.002 0.0025

Li: Al-18.5mass%Li
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Fig.7-3 Schematic view of the experimental
apparatus.
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Measurement by micrometer

I

ratio of height to width : 1.00

Measurement from photograph

ratio of height to width : 1.00

. : I
e )istortion rate : less than 100

Fig.7-4 Estimation of the distortion rate of the
telephoto lens.
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Measurement from photograph

Length :5.00mm

Measurement by Image Analyser (PIAS LA 500)

Length :5.00mm

| 1
mmmm Error by Image Analysis : less than 100

Fig.7-5 Estimation of the degree of distortion caused
by the image analyzer (PIAS LAS500).
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Fig.7-6 The binary phase diagram of Al-Cu system.
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Fig.7-7 Effect of hold time on the contact angle of Al-
Cu alloy on Fe at 893K.
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Fig.7-8 Effect of Cu content on the contact angle of
Al-Cu alloy on Fe at 893K. (r=3s)
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Al alloy reaction layer Fe

reaction layer 1 reaction layer 2

Fig.7-9 Microstructure of the interface of Al-
40mass%Cu alloy / Fe system held at 893K for
1200s.
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Fig.7-10 Effect of hold time on the contact angle of
Al-Si alloy on Fe at 893K.

-224-



Alomic Percsnl Magnesium

o 16 2 35 43 83 50 76 20 0 90
735 = - - : Sy S — o - .
560.452°C o

N 650°%C-

3604 b

i :

o s00d i
T YY) +50°¢ :
‘:- ; Al Mgy
.:: 430-:; ;-
) i i
= =\ z
T a06- -
E ¥

: AljMg, —e t

:

2002 -

1 b

5 i

] I3

: i

] E

160 = - - - y - : - - : -
¢ 10 23 20 10 50 60 70 80 80 100

Al Weight Percent Magnesium

o
—
f1i4]

Fig.7-11 The binary phase diagram of Al-Mg system.
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Fig.7-12 Effect of hold time on the contact angle of
Al-Mg alloy on Fe at 893K,
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Fig.7-13 Effect of Mg content on the contact angle of
~ Al-Mg alloy on Fe at 893K. (+=3s)
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Fig.7-14 Microstructure of the interface of Al-
3Smass%Mg alloy / Fe system held at 893K for
1200s.
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Fig.7-15 The binary phase diagram of Al-Fe system.

-230-



Atomic Percent fron
GOsG 8050 ¢.080 0.400
14

-

k]

o
Temperature “C

4
B

soo T (Mg) (Mg) + (aFe) 3
400 T T T T T 1 T T g T g
000 002  0.04 0.06 0.08 0.10 012 D44 0.16 0.18 020 022
Mg Weight Percent Iron

Fig.7-16 The binary phase diagram of Fe-Mg system.
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Low temperature

o Zn vapor
e Oxygen

Fig.7-17 Schematic drawing of the adsorption of
oxygen at the surface of molten zinc at
relatively lower and higher temperatures;
(proposed by K.Nogi[30]).
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Fig.7-18 The concentration of magnesium in Al-Mg
alloy as a function of hold time at 893K.
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Fig.7-19 Surface tension of aluminum alloys at 973K.
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Fig.7-20 Concentration of magnesium in Al-
35mass%Mg alloy as a function of hold time at
773K.
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Fig.7-21 Effect of lithium content on the contact angle
of AlI-Mg-Li alloy on Fe at 773K (+=3s).
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Fig.7-22 Effect of lead content on the contact angle of
Al-Mg-Pb alloy on Fe at 773K; (r=3s).
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Fig.7-23 Effect of bismuth content on the contact
angle of Al-Mg-Bi alloy on Fe at 773K; (&=3s).
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Fig.7-24 Scanning electron micrograph of the
interface of Al-35mass%Mg -Xmass%Bi alloy /
Fe system held at 773K for 1200s.
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Fig.7-25 Effect of hold time on the thickness of
reaction layers of Al-35mass%Mg-
0.05mass%Bi alloy /Fe system and Al-
3Smass%Mg-0.1mass%Bi alloy /Fe system.
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7.3.3.1 FIER I B LIET~ R AV BREMOKES

Fig. 7-26 /& Al-Cu-Mg & (2[4 5 893K, 3s ¥R S COEMMA L~/ R
U LORBEEOMFEEZRY. BIZRT L S IZ8IZ X9 5 Al-30mass%Cu D FHAHE
A1 132° THDID, <7 XU L% Imass%BMT 5 & 115° , 3mass%Hs
Mmd 5L 88 ~LFMAEIETICONTHAMAIRD LTS, Z0L3IC
3massfREDRMT L IRV U ADOPRIZBENRDIZ LBHELNTHS.

7.3.3.2 FIWBEMAICIBLIETE AT AR RS
FTTIZ323 RLAELDICEKIZHT AR EZ K E S &ET B, BX
7 A% 0.05massh’HEHMT B ENRNVEWVWIEREZB-OT, ELHED

M L& 1025 B#IT, Al-30mass%Cu-3mass%Mg B4 A~ A % 0.05mass%
WMURTERET) Z &EIC L. £RBEICSVTIX 893K, 863K, 833K
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Fig.7-26 Effect of magnesium content on the contact
angel of Al-Cu-Mg alloy on Fe at 833K, 863K
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il & L BIZhTIIEL LTWA. F/-, 863K TIX 893K & bbi#k L THHE
PRI H B, 833K Tl Al-30mass%Cu-3mass¥%Mg OHEfl A A% 123°
&, 893K T®D 78° , 863K T® 88° LEHBLTRE W, EAvR%E
0.05mass% AN L 7= i A DR THE DR KELL 2o TW D, ZORIZEALT
893K T 60s ¥ L 7= Al-30mass%Cu-3mass%Mg-0.05mass%Bi/Fe S & Bl% L
T-FE %, Fig. 7-30 \ZRY. $EE7T A I=vadhic 048 (ALCu) DHTHL
FARETH D, /o, 60s & FORFFFERIC b 2300 b3 i Tl 4
UGB L TWAH, ORI Fig 7-25 LB L TH S L IZIETH
SNoBfiLEZOND.

1.3.3.3 VA ADOLhE L LEIR K O BEER

3.3.2 TIX 713K O Al-35mass%Mg B&IZE X< 2% 0.05mass%iM{ 5 =
EDERICH T DML RESHET DLV ORREBL. T2 TEREHTIL,
IhE 23T, CAZAFMPRIZRETREOEEBIZOVWTHET D Z &
(Z L7z, Fig. 7-31 11 Al-35mass%Mg &1 B 2= 2 % 0.05mass%Hs00 L 7= B
OEMBIZB LETREORBORRERLTWAD. BREIIRR, #dhiahs
fif & 9. AT DI O THEARAIIMRIORIBR L & bIthbTc
WA LT LD 5. Z 2 TFig 7-31 @ 3s #Rif L 7B AUz >V TRl
WA, el HEfbfm % & VR L0 Fig. '7-32 THD. ZORLEIZIZ 73K
& 893K TD Al-35mass%Mg DA LRMFIZALTHD. Zhickd L,
Al-35mass%Mg-0.05mass%Bi {ZB8 LT, 773K TidiEfAIL 90° THA A, |
B2 EAT I ONTHEMAITHED L, 893K TIX73° 1223, ZOE% Al-
35mass%Mg DA LB L TAH D &, EXA-RAOFIMIRERIZ Y EMmA %
RESTHBHERHDLZ EHRDONSB.
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Al-Cu-Mg-Bi alloy on Fe at 893K.
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Fig.7-28 Effect of hold time on the contact angle of
Al-Cu-Mg-Bi alloy on Fe at 863K.
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Fig.7-30 Scanning electron micrograph of the
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Fig.7-31 Effect of hold time on the contact angle of
Al-35mass%Mg-0.05mass%Bi alloy on Fe at
773K, 803K, 833K and 893K.
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Fig.7-32 Effect of temperature on the contact angle of
Al-35mass%Mg-0.05Smass%Bi alloy on Fe;
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123° LHEFIEKRELAR>TVS. L LERY A% 0.05mass%ishd 5 &,
VA= AL, TORBEETICND BEAAO L2z 88° (ML T\wW5.
ORIV, TORIZOVWTHEATRARERIZIEDRNTHD L BT
ZENTED.

T OREEET B8, VI Yavoiskii 12 & HEM H BT ¥ — DR HKAF
PECEET 2 HE[34]2 2T 5. VI Yavoiskii 13 Fe-C S 2B 5 i H
FNAXF—ORBEERIFMIZE LT Fig. 7-34 Of R 2845 LT3, #igkiy, —
RRE) 22 & R UERIC, REN LR T2 LRBEEB R F—OHIETY
5. DFVAWAT HBATHD. L LFe-CRETIE, 272 &6 182K LT
DEE T, BENEHT 5 LR B BT R — O KT D60 % 7R~
LTWS., Zhidd2ob{ERBIZrEmEtHETthdz Vs, Fi,
P Kozakevitch (3 f# /KK OF A H B R AX—OIREERFMECE LT Fig.
7-35 IR THREHE L TWVWA35]. Fig. 7-35 o khuid, EFmlo&imAa
AR AF—RERBENZETOMEIIRE . L LIEEREEE H D%
FEULETR L, RERMMEWVIELYETEBR I AL —DEL/NE D END
BEHH LN, E7o, dyde DIEERIEYAICKE < BT, Fig 7-
IS IHMEFEMIBIGIUT & A EH BRIRVVKEIETH D AUZER LTE 2 hiE,
TSRS 2 0fOXKREEH B XX —DOREERFEELHRITLE
2FERY 5B, Hlx i PKozakevitch 1P D L 5 RE¥E®ERTAED
Bl LT Sn-Te B€&&EHIT TS, FAMIFEFIZEMELZ TR THINAX
WIRIEEAEEBE LRV, 2FED Zoflo L 5 IZEERAER IS VWEE
2, PRIEEEDER LZ2WVLOIZELTIO L REMNRHD LD L
Zzbd. VYavoiskii @ Fe-C &0 H|/2 EiMER TIIZ O X 5 2@
HBIELIDEZFIZEI bDTHDHENZD. LEER->TTAI=
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Fig.7-33 Effect of hold time on the contact angle of
Al-30mass%Cu-3mass%Mg-0.05mass%Bi alloy
on Fe at 833K, 863K and 893K (+=3s).
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Fig.7-35 Surface tensions of solutions of a surface-
active solute at different temperatures; (P.
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APPENDIX 1

Young’s Equation:

Ysv - Ys1 = YivcosO
0 : Contact Angle

Dupre’s Equation:

W, = Ysv + Yiv - Yl
W, : Work of Adhesion

From equations (1) and (2), we obtain equation (3).

W, = Yiv(cosO + 1)

-263-

(1

()

(3)



APPENDIX 2

Fick’'s Law

J:—D;w (1
ax
BC._G( ac)

*®_9(po™ 2
J ox @)

ox

J: Diffusion Flux

C: Concentration

x: Distence

D: Diffusion Coefficient

t: Time
When D is a constant, Equation (2) is written as follows.

S=Do ©

When Boundary conditions are given as follows;

t=0;C=C,
x=0;C=C,
x=00;C =C,

we obtain equations (4) and (5).

x
[P ST ol I — W
C.-C, M[Mw] @
erfX :wa e tdg (5)
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From Equation (1), we obtain equation (6).

oC
as=-D — di
D(ax)m t

S: Total quantity of solute atom

Combining Equations (4) and (6), Equation (7) can be obtained.

Dt
S=21/——~ Cc -C
ﬂ( EH 0)
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(SIC)Zifbit Bl & L THWEEAITIE, ALGIZREFEENA L) 2igHo Lo
THY, SRIERT D EMBHEEICEREE RIZT. VBRI H2 6,
BEOBERBECIRBVWTE, Yaty v /ol BN lfErad
HHMEIORIRIIREDOERIZH D LD Z EBA LN TE.
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