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Research of bonding technology for porous aluminum
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Fig. 1-1 Materials categories [1].
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Fig. 1-2 Example of porous metal structure [12].
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Fig. 1-3 Schematic image of direct foaming of melts by gas injection [14].
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Fig. 1-4 Schematic image of sintering-dissolution process [20].

Fig. 1-5 Appearance of porous aluminum fabricated by sintering-space-holder method.
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Fig. 1-6 Example of stress-strain curves of porous aluminum with different densities [25].

Fig. 1-7 Effect of relative density upon compressive plateau strength for porous aluminum

[27].
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Fig. 1-8 Aluminium foam sandwich (AFS).

Face steel sheet has been peeled off to make the pore structure visible [31].
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Fig. 1-9 Difference of heat exchange performance between PCM and PCM/Porous

aluminum hybrid.
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Fig. 1-10 Macrograph of cross-section of aluminum foam sandwich: (a) brazed using pure

Zn, (b) brazed using Zn-2mass%Al sheet [54]. Red arrows indicate filled pore.
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FT2E AIIMHALSI RESMERH W55 fickiF28EA6Es
LT CRIST 7 41 EBOBE

2.1 ¥S

B1ETIE, F—FRATAI=v a2 BRHE~ERT 272010, SBEEATEE LS
LRGSR 2 W & 2 AR AL ECH 5 2 L 27z, £/, (kD256 37
ftcid, &BEHEAERIZATEEZ DS, WHAR—IFZATAI =Y L0Gl2FRELTLES
EWIHIHEDR D o T, AWETIR, F—TFZATAI =7 LEBZIRRDOT L I =7 L
MeEEaT 57201, TAzv aAtoBEAHEMe LT KWICAHHIN TS 55T
WCEH L [1-5] o kD A 5T, #HEATHM O LR L d—TICAIMERYED
BTy FMERVED, TAXY =299 =X 55 0o kEELI RHLNT
w5 [67] o 2025 fTHMECIE, MEEE T r 2 XM T v 20 lf) 05, A
FHCHRET 2RHES A WEL 22 X5 HIHT 2 0 I3REECH o 72, WHEZWRICT S
Lex, IEFICHECA S MTHAMEIZ W2 FEBEZ LN S, BEEOMEIL Y X5
WL IMERET 2 2 L IINEECH VRAL D 5, T2, MHICHEIL 7225 5 M ERE
TLFENEZEZONDH, AEEME HE RGP L F 2 O NHENTIERd o7,
Tz, SN 5 MIFEARNITIZIZTT X CTRRL L IREN T 5 720, BREIZRREIC X 55
LOFEEZINHT 20 RRETH 572, 22T, TTEARCRET 3HHOBZMEIC
HHHVTRE 722 5 5 T M B 2 8RET L 720 B8 bk 2 8050 il < & Tl 2 g6 3 2 ik
L0, BARKCERBINIEER, ~ 7 ol EEE R L 2o, HoARoE S
GEAHR) 12 & o THEICHIEINTRE & & 2 72, Figure 2-1 ICHERD A I fiF & DiE W &
[ e N

A5fHcBT aiED 7 7y FMOMA [8] 26, 25M& L THwbNE Al-ST &
SMDT 4 FZEEEMT 2 &, MARICHKET 2HAENH L, EBETIEHENS <
Y, AIMERTEET A5 MR EFT 2HKBMEEI N Tz, KL lFZ BRI
HHL, 307 A ZBPEBEHEMEHIET 2 2 & ©, BHNREM & L TRz
Filoo, K MELRBHEZMECE2LEx7Z, L2, FTA4AFBMETE 2 AR
DSBS L, BAMEHERT 2 08WEIC R 2 B0 H 572, Tz, PIRENREE T,
WHEOWINIC X Y BB OMENKT T2 e amEancsy 9], 71 HF=E
VLT E D LD SN OMATEAMET L, AESLRMIEIICH L TRIREZHF T &
TEAZRELTCLIIBELE D7, TD0, TI7AFEIC X ZMFHE~DmE%
HIEIC T 2 BB DB D 572, £ T TARETIE, 59 HH Al-Si ZAEMIcE T 37 4FRBIC
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L 286N LOMETE~ORE LA LI L, REAEMAFEIET 222 HE L
7LC [10] o

Conventional Brazing

Aluminum
Liquid Metal Bond
(excess) (Large)
Fiter — — /
Heat
Aluminum
Liquid Metal Bond
Filler (unutrm) (ununiform)
N = A ar—>
Heat

Our New Brazing

Heat ’ PO

Liquid Metal Bond
I (small) (small)
=S =) /
131
/

Al-Si based alloy

Fig. 2-1 Differences between conventional brazing and our new brazing.

2.2 KEH®E

2.2.1 35 {tH Al-Si R&&M O/EH

REBICHE L 725 5 T AlSi Raeb (Uk ALSI M, LIES) OAaefk % Table
2-1 IT/R9, DC #di, ZAMTELE, MR, Epsest, SRmfETo& TREZRET, &
HHE 0.2 mm, HI2 FAEOEIERZER L 7z, 74 REOFEXZHL L ICT 272010, %
13Xk [8] #5B Iy A FE% 3 KEICE(LI 7, F/2, WEIZETTEF—D 0.2
mm & L7z, 72, HFEME LT, HWE0.05mmD A3003 7 V=7 LEEMERHEL 72,
A3003 %D Al-Mn Z&Ei, BRI 23 I O 729 2 5 RIS B\ R 2 4B
®F, 2077y 7 ZDEHZHEL L 720, 35 MR O.OMPHFEM & LCT—i%
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PICHWSL N TWS, KREBTIE, HieaEZaENoEEIcFREAB TS 720, F—
FATNIZTLTIERL, SAVIEFOTAI = LESMEMETME L7,

Table 2-1 Chemical compositions of Al-Si based alloy sheets

Alloy Si Fe Cu Mn Mg Cr Zn Ti Al

Al-2mass%Si 1.9 003 001 <001 <001 =001 0.01 0.01 Bal.

Al-3mass%Si 29 004 001 <001 <001 =001 0.01 0.01 Bal.

Al-4mass%Si 39 005 001 <001 <001 =001 0.01 0.01 Bal.

2.2.2 35 EBAE

Ak Al-Si M3 X OCHFEMZH VT, Fig. 2-2 R TRIRORABA 2L 72, =
0.2mm @ Al-Si#M#0E 16 mm, EX 70 mm iYW L, _—2# & L7, iRE 0.05 mm O
HFEMZIE 16 mm, KX 300 mm FREICYUIRT L 72, aAr— MimT#EZEL T, 74 v
BX 5mm, 74 Y¥yJF 25 mm, FLmiEZEEE 03 mm o7 4 YEBRICMIL, £
60mm (LYWL CT7 4 v Me Lz, 74 MR I Ic—2AMZREL, THICZD
M, 18 16 mm, JEX 1 mm O~<—ZF & D 3#) 50 mm £ 27 v L 2B & 3%
BEL, A7 v L RAEURM OMmEGICEY i bzl LR b 2o, AT v L 28R
MEzBEEST 52 8T, R=AML 74 M EEENCEE L, BEDMI IT—2e
74 VYMBET L WREOR/NRICED 72,

MAL Tl %, 7 vtk 7 7 v 7 2 GREMbEE, SIE4H FL7) % 5mass%
BURRICIRE L, 343K OEIRME T 600§tk L 72, 2Dk, FHAHIES 5 HF (/=
0y 7 7L—yY V) EHG, ERFHKTTI3K, 180s DA ) M E{T o7z, &
DI, HEFRFHXPOMERIREZ 50 ppm LAY, #Emi%z 323 KUTICEHLZ, FhoiR
fE% 873~883 K ICHEHEL, HERH KA L 2BV EN D2 873 K2 K /T kAET
180 s 5 L 72, & Al-SidficoE —oD 3 5 (B Z1ERL L 72,

Base (Al-Si based alloy sheet)
(Width16mm, Length70mm)

S

Fin (A3003 aluminum sheet)
(Width16mm, Length60mm)

5mm

Fig. 2-2 Schematic image of a brazing test piece.
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2.2.3 BEP X UHEGE

ol s L OTERE OG-l T2 LT IR T, (FRL 22 5 MR % K& 20 mm 2
FECUIRT L, WA AN RE AW 2 BETE 3 L) TR U RBIRICHEYIALR, T DR
29 (B 1 oico % 1 SBEHAY v 7L BRI 7=, BigEg, T2 ) —Hs X
N7 HRMERLCHEEEL 2, Z0%, 77 —KiK (HNOs:2.5%, HCl:1.5%, HF:1.0%,
H,0:95.0%) ICHIET 20 s ZiELCz v F v 7 2L, H¥HEMEE ol Lz, 74 VH#
LR—ZAMBEA L TWREMNE 19y S VIico & ZHETE L 72, M s sig s
b, HRMNT Y 7 b (Image] [11] ) Z#HVTEATNRE S 2HIE L CHEAMZGHEL 72,
HHbR & OMIERI % Fig. 2-3 (a) I0R T, AR I WL 74 Ly MickIT 2, MW
JD REBRDILDL 2 HEBEMRTHEY, ZOoRIZHE L, £/, AU CHHEMEER
iR EH G, X—=2AMOLEEEME L ClE % iHb L 72, ZEEOHIEF % Fig. 2-
3(b) ILmRd, R=ZAMDOTHOWERD 5 b, REEZ KSR E 51 %, JTTOBRIR
FHEL, Wi oKD X —2AMAHEI T B & IR & o Bk A E{ER AN 7 b
(Image]) THIE L TEEEZRKD 72,

L B(I?hdi'hgjlength%

Fig. 2-3 Measurement examples of (a) bonding length and (b) deformation amounts.

%72, 29 e o &BHME N ZBRT 2720, HPEMBIICX 2 2 0BHE 1T
o7z, AlSI MOEM %, W% L RO TIETHES LT vy 57 v 7 %247, Ik
AT — Y CKEBERTEL, MS-TPS) ICEXE L, MENL 7228 &6 F e 2 - v Tl L
Too MR, MBART—YHNEZT ATV ERSRIC L, 72, 793 K T 180 s TA
BICMAAL, HEEEEED 793K 205 873K £ TiX 017K /s D#HETHIEL 72,

23 BRBIUVEER

2.3.1 BEAYB X UWERYE O Tk

Figure 2-4 1€ Al-Si M & L T2 5 £ L 723l O Wi A BmMETsl R 2 "3, 74
FEBEMT 2 Ldbic, BAMRI L X—AMOLESENT 2RISR S, 5
I RER A o ETHi%Z AT v L ABNRM CEE L Tl & h s, WHOKRERNICK >
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TAL-SIMB 7 4 VIHHICHI EFEINTEBLZEE X IS, Figure2-5 ICEAGEIR X IC
KIET T4 FREBOFEYRT, 74 FE 2massWBIlB T 7 4 V& =M i3$
BfEGI N7 4Ly FPREKINTEY, 74 FZBEOWMICEWEAETE X IZERIIC
HEL Cwiz, Figure2-6 IKERICKIETT 74 FRBOWELRT, 74 FED 2mass% T
ZIFE A EEIEL D3, 3mass®Lh TR E LSRRI N, 72, 3massWld I
TREWED NI Y XBRED o7, TOMEI L, BREMS L2 ET, ATRERIR Y
AR I ZMERT 21T, 74FE%E 2mass®ll b 3mass% A OHIFH & 3% D A EY)
ThHdHEHEZLNT,

Al-2.0mass%Si (b) Al-3.0mass%Si Al-4.0mass%Si

i

Fig. 2-4 Cross-sectional optical micrographs of the brazed test pieces made of the Al-Si
based alloys: (a) Al-2.0mass%Si, (b) Al-3.0mass%Si, (c) Al-4.0mass%Si.
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o
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Fig. 2-5 Effect of the Si content on the bonding length.
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Fig. 2-6 Effect of the Si content on the deformation amount.

232 BEAROSBHEBENLLEEA =X L4

Figure 2-5 B3 XU 2-6 ITRT X5 1C, FARBEOBIMCEWEAMESH EL, MNATREE
KT L7z, Z0EIIE, 74 REOZLICK Y, 25 [HINERRC R IS4 3 5 iH
BOZM L2720 EZ 005, 5 ) MM ich R Ic s ET 2 HEZIIES 5 2 &
ZREECH %23, FHHIRER D DHEETE 5, Al-Si 2 JLRFHHRER (Fig. 2-7 [12] )
ICTRINDS &EB Y, Fig 2-5 B XU 2-6 T L 7 Al-2~4mass%Si I T, 873 K i
HEREU Ech Y, WHL a-AIHOEEFFHECH 2, Z 0 TIE, CZOFERL 7
AFBDPLVIZ ORI GRS b, 7AFEL, TIOFHICX > Tk 873 K
ICB T 5 PR DOBAfR & Fig. 2-8 IR, 7 ARENF R 5 & & b IR E
MREQICHII L T Y, AEBRICSTHRPIcRET2RHEELHEML - ZEx o5,
¥ 72, REBRSFEMHFICE TR, # 2.5masslh Eo 7 4 FECMEBEIE T LA, 20
T A FRETREX 2 b BH T N7 PEREER IR 20% TH o7z, iEo T, KREBRSEMFTIR
1 20% AT O PR CHNIE T RINE 2 F 32 L FE 2 bk, KiTh9E[9]2
5, Al-Cu &% FRaRBIC IR B ER CHlRBER 2 1T - 72 BRI, AR X v 10 K2
FEEWIREICE W TABICHEESNMET T2 bl I T d, KfFE sk X 5
BAEI G 2 CTnin gy, PAERMIKEICE T 2 2 mEET & wo HRIIEE E 25
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N5, WHRORIEICOWTIR, A8, &EMHl KPEERLSICL o TZ KT L%
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Fig. 2-7 Equilibrium phase diagram of Al-Si binary alloy [12].

TAZRZECHS R L EMAMO B ETET 27201, FidD 5 5 SRR ©
N — 2 OWIHBEE 2K L 72 b D % Fig. 2-9 1R d, EAMICHET LSO ES
RO 2720, BAHL LN 2R L, WIThorfFRICEVWTY, Hiko
B E, BRSBTS BIZK E Nz, Figure 2-9 TR L2 iR IZ, —RICOWIHEIZE
TH2, HEFOLEICHEWTHHEMIMRT 23RS OREL 2HRICBE I N,
ZD7®, TNZNZXTTCEERR S KBk cH 2 L HIMT L 72, B MHOBEEZ XD
FELABIET 27200, Al-SittoREN MTHBIZEG ZILK L 72 D % Fig. 2-1012R 3,
KHICRT X5, MR, B I CHIROHE MHIZ 7 2 7RO EFEMBETEK L T,
Figure 2-11 iC Al-Si ¥ O VR 22 Wil © EPMA 547 ic X 3 7 A F= v v v VR E2 R,
TARBRE X OCRIRICEL L Cw 2 2 RS N, hp s, 55 fHngkic#l
RINMPRE L ORIRDHE MIE, B2 EEE L 2B & iz a-Al & 7 4 FE#f
BT 225K 2 LMD —HTh o7z, Z OLEMMOIHIE, 2 5 (Bt o
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Mol Twa eEz2oN5, T74abb, 55 MIMEER IR ICERIR D #AE &
JER DWAHBEEE L TV 2 E X b b,

50

30 r

10 |

Liquid phase fraction (%)

0 | | |
1 2 3 4 S}

Si content (mass%)

Fig. 2-8 Effect of the Si content on the liquid phase fraction calculated by Al-Si binary

phase diagram at 873 K.

Fig. 2-9 High magnification cross-sectional optical micrographs of the Al-Si based alloys
after brazing: (a) Al-2.0mass%Si, (b) Al-3.0mass%Si, (c) Al-4.0mass%Si.
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Figure 2-9 107 L 72 % 4 B0 Al-Si Mo MBI GRS 5, Pk o RGO iRtk 2
WA JBALAR, A T 1 X > CHIE L7, B B%E S 03 Mk o5 Mo
SIS LT B a-Al MRS a-AL T H7a L, 8 & @8 L 7 Ik o St S it
BT L 72, % DRER % Fig. 2-12 1R T, 7 4 FRAS 01T L, PR O 3G R
EREIC RN L 7. 73, FIRO SO TR, Fig 2-8 107 L 7 PHRRIEIE X
SN WA LTV, ChUE, MR HEA L HehIc 13, BRI & R O FERIA B
BRHE O WEH I KIS 3 2 PR 0 SE R L 2 HE L T e 8B 2 b s, Giko sk
MO O WTIE, 72 ZHBOHAIC X - TlE, Ho5a-Al 2 BHET 2005 o -
Al D KR AR 720, BOAX 2 HECTETRETE Adr oz, 7L, BRI
HUAZET 2 S BT, 7 4 BRAS L IE UHIK A LRI & LT 72,
ZNb DR X UHA O S RELERO RN 2, RSO RIER 2 & o 7 4 4 Bk &
B D B & AT T 3,

DIEDFEEFERS S, 59 HMERICERIR B X CBIR OB AR AE L Tz 2 L AURE
NiR, EOXICRELEPEFAHATH 72, 22T, 59k o&Elssls
Z DB L 72, BEHBNREGEIC 30T 2 L E M BB %5 % Fig. 2-13 1/~ 9, Figure 2-
13 (@) IREN 3B X9, FEMHBEEELUTD 823 K Tld, 74 TR AL Twi, L
2L, HERE A2 7- 858 K (Fig. 2-13(b) ) £ TMENT 2 &, 7 A FBh 1 &l AICERIR
ST AT 2T A ER S iz E 72, IHICRHITRT X 5 IR I Rk 5
LR LTINS, T 512 863K (Fig. 2-13(c) ) F-omzhafkii+ 5 &, BRikes X O
WOWMPBHEL Tz, 2%k, WHPRLNZE > THRICR > TLE -7 08I%
BHREETH 57 ULDOFERSL S, A FHICHEL T2 7 4 FBRTE2Emic, BRikic
WD FAET 5 2 MR I NIz, 72, BIROWHD Abe CHET L 2 LRI
7z

Fig. 2-10 Magnified image of liner and circular eutectic structures of the Al-Si based alloy

after brazing.
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Fig. 2-11 Cross-sectional (a) backscattered electron image and (b) Si mapping image

analyzed by EPMA of the Al-Si based alloy after brazing.

N
1

Area fraction of the circular
eutectic structure (%)

i
=

1 2 3 4 5
Si content (mass %)

Fig. 2-12 Effect of the Si content on area fraction of the circular eutectic structure.
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Laminar-shaped Laminar-shaped

Fig. 2-13 In-situ observed images of the microstructure of the Al-Si based alloy in heating:

(a) 823 K, (b) 858K, (c) 863 K

WHABRRICFRAET 2Bl e LCld, BT AL ¥ —2R/MET 5 X 5 ICiFROG
DSAHED 72 @ & S PRI A RE S, ARETR IC 3 T 2 AT AR IR A B L EE D N F v
ZICX B W) EERNARNH R EREZONDE D, KEBRTIZZD AN =X LDMEHIC
TE 5 T\, RS @ AT 70 IR A) B S B LR O AL 12w C U, BRI
WS I BT BRI Z DIREDE D B L E 2 N5 720, BEEIRDOED T EH» S
BRI OIRFEZHEE T 5 2 L SN EECH 5, AMELOEREIF O & EMAMEE 2 X VFEL <
fRIH 9 5 7201 ld, FHRNZGFiE L ERN G FELZM Y ZE2T 7n —F R 0ELEEZ 5,
—F, WHBBERICTET 2HEE, 2ok e, b o CREL 7%
HEEZOLND, I T, Al-SiMoD 5 5 HmEig o iR O & SRz, ~— 7 — KR
(HBF4H,0O = 1:30) % H W7z (L CRETE (L &, Rt 7 4 v &2 — %l L CHEE
I CBIZ L 245K % Fig. 2-14 10”3, fmfiZ Lica-AlfHoa v b 7 X FAZfLL
TEY, av 7R FORL S a-AIHOERBEREARTH 2, 72, MHiks X UHRIRIC
BoBIEIN2IOPEMTH D, BBEBILEOREICLY, FMHIEMLY bR
CEHEINTWEHICEERVETH %, Figure.2-14 205, FEEALFICHTIS L CTRUR D
THABEE L TE Y, FEERFICH o TR FAE L 72 2 L M MER S iz, Z OB HIEU
Te#Ezond, AMEHZ HI2 FHE D=9, 25 M MEAR ICERSSEL, 2 OBk
REBERCAE LRI ED O, KA LO7 4 RRESHM AT 2, Mx <, MU Rm=T
AINF—ILCEIYV2 P 7RLDZAAF=E, LED 2 finb, KHRICH > THRHE?
FELEZEEZOND, IThDOREHME ZEKAYIC Fig. 2-15 I & B 7=,
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Fig. 2-14 Grain structure of the Al-Si based alloy after brazing

Flow to bonding interface
Si particle Grain boundary - =

Sphere-shaped liquid Laminar-shaped liquid

Fig. 2-15 Schematic images of microstructural change of the Al-Si based alloy in brazing.
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(1) 74 FZEOWMC XY, BEAMEIAMML, BAEMEML Tvi,

(2) FAFZEOBMICX Y, BRESEML, WABEIMET L Cniz,

(3) 2 fH AL-Si RAEMHICIE, Bim@lsE cMiRkEs X ORIk IcBig < h 3 il
WA ENTEY, 29 MBI IZERIRE X CBIROBAHISFE L2 2 & 28
NNz,

(4) 7AFBOBINC XY, 25 [HNEEE O FAFRIHR 2L, MikEs X CHIRD
AR R L Tz,

(5) A S fPINEAREIC, ERIROWMIE 7 4 FRT 2RI, BER OB (45 SRR % &
BICREL T,

(6) 7 A REOWIIC LY 25 (MOWMKEZL T2 LT, 25 fTRFICH S
ICFE T 2 PN R 2 R IC I RECTh 2 T L AR A NIz, BT,
17 aiciz s A FRF AR R RO A & S 5 2 &T, HEATRICHiG X
N5 % il © & 2 ATREME S RIR & Iz,
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FBIE AIMHALSI RAEMEHCIEZR—FATAIZT LD
BAICE ) 3 R[ALEEEL L BiEH 0 2H)

3.1 S

28 TlE, Al-Si RASMEE BRI 42 28T, RO A S AHMELL Y b iiHZ
ERICHIEETFREZR 2 5 MR 2 ZE L L, ot L WA QWS RETH 5 2 & &5
AEL 7o RETIE, 0591 ALST RASM (D& ALSi M, LIES) ZHv, =7
AT NI =Y AORAERMASTE R I, EMG (ReEME2 MR IcEET 2 MH
e 2B ons »pREET 2 2L 2 HINE L2[1], ChixAMEMEOT7 7u—FTdh
%

3.2 EEE

REFTIE, F—FRATA I L5 XEELRT V=T LR M (LU, 7o
= LREEHEA) 2ERLL, AlSiMERWRESEREZTo72, D70 —F v — |

% Fig. 3-1 10T, R—TFATAI=v LOEAERTIE, ASIMICX>sTHR=F AT L

12V LOKILE A TIE S 5 2 L K RBREAVATRESRGEL 72, 7V I =7 LFK

Beritt oA EECld, [ L B WHEMET VI T 2 HOBEIBIR 2 & L 72,

Al-Si based alloy

Porous Al Sintered dense Al brazing sheet
Balancing and mixing of Balancing of Casting
base powder (Al, NaCl) base powder (Al) (Direct tillmethod)

y y y
Cold compaction Cold compaction Hot rolling
v v v
Sintering Sintering Coldrolling
y y y
Cutting Cutting Intermediate annealing
v v
Leaching NaCl Coldrolling
I I

v

Brazing of porous Al

\ 4

Brazing of sintered dense Al

Fig. 3-1 Flow chart of sample preparation.
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321 F—F3RAT7AI=vLOER

AREBRCHER LR - ATV =y 2oF8jE2 3T 5, SfLERIC PCM % 73
LEEAEEME LTHWEZEZBELTWE 20, AR —F 2T L I=T 4
BERLL 72, 207, FRUTERTAI =Y LR E ZR—%—L 7% NaCl ¥R %R
HL, BEET 2 mRaEE (A R—9—i&[2]) ) MV, 20, K[IAEEZ 70%
& L7ze FATHISEI31C T, ARBFE & Rk D JFRL 2 Rl Vs 72 BRI ERS R~ — 3 — ik cHLE A3 A[
RE L WE TN TV B RIAKIT 70~90%TH %, AW TIZS S FRFIcERICftEn s 720,
HEIC X 222 H 3 2 B CRALEZ IIEK W EICERE L7z, 72, @ EMREHE
BRDONB Iz, TN =T LR E Tz, (FRFNEZ LI ICORT,

JFEP R TH B HE 99.9% D TV I =7 2K CHFFRIEE 20 um, St LA el
0.95 g &, HJE 95%d NaCl ¥k Chifg 330~430 pm, +4 77 4 352%EH) 1.80 g #ETK
FEcEYVELY, AT 600 s FEA L7z, 2D, NaClMER2MEE L CRILoRKE 328
BbooTLEo>0%fil720, MILZHVWTUEA L 72, BEMEZELRE 10 mm O MEIR
BRI AL, HASOMmGIC Yy F23E L, # 30 MPa O+ %2z TR L
oo ZOERME, BEEEE (A -T2 - T4, FIX<v) CHBELT, M
R ERERS % 1T o 72, BERESME R, SFNES (BZEE) 100 Pa LUF, fIEJ) 30 MPa,
ERARTETE 230 A, FiEEE 0.5 K/s, fREFREE 843 K, FREFRER 600 s & L CHEM A% 1
L 72, SERK L 72 BEREARIZEBHIC BN LT\ 2 720, Uil X OYIEIIN T X v &
fExFrREL, BEE8mm, M 45 mm ICHHB L7z, Z D% 8.6X10%s D F/KMEIC X b
NaCl #fpE L, F—FZATA =Y L %57,

ERIL 2R — 92T I =7 LDORILP e VEE[4| DR B X OS2 R+ 2 -0,
ARHBTIE D JE A AR E 2 1T o 7o WIHDECEBAMEIEIZ <lX, T THEROF -7 27
VI LEETIENC 2 pEIL, BT T R A B TR 5 X ) AR F U RBIIEIC
BoA AT, BHER L, =AY —B X7 200 L CHBEMEL -, 20%, a-Al
HEZnDAHOFE MR EZXANL CHET 220, 77 —KiK (HNO3:2.5%,
HCIL:1.5%, HF:1.0%, H»0:95.0%) ICH#iRT20siREL Ty F v 7 &L, S A
THIR L=, 25, BZER» WG Y 7+ (Image J [7]) ZHWTHR—=F AT L 3
=v 2 olg W (HERHAROER) CRMAIE PEZUE L2, 7/, FEURkcT, ~
— 71— K (HBF:H.O = 1:30) % M\ 72 [GfRmRA L% i X 0 G0k o 2RI I & 07 67 1K A7
U el tE & R oM U BB A2 TR X &, R CBaMME 2 L OSSR AR 2 8152 L 72 [5]
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3.2.2 TN =y NKIRBERM OER

T =y DERBER M OERFIEZ AT IR T, FREIRTH 2 #iE 99.9% D 7 L 2
=7 LR CEEREZE 20um) %, EFRHFET3.18g & VELY, EEE 10 mm o FRER RN
AHCE AL, 3.2. 1 EFEEBRICGHIEN B X BB 21T > 72 7 OFRBER IR O PREREE
% 843 K & L7z, FERKL Z2BEfGfRICi, JAPHICREIAAE L T 720, Ykis X UUIH
T X v EREEFREL, EE8mm, & 45mm ICHHEL 2, ZoERoFREL XL
HEAYHTELAER, M7=y Lo 2RI 20 E 1L 99.5%TH - 7=,

3.2.3 A5 ftH Al-Si RASM O ES

AREERIAHEF L 72 Al-Si M 0 &8 MK % Table 3-1 1</ 9, 52 HOEBHEREZSHL,
FAMEEMATEZm I T2 ¢ E2oN5 7 4EE (2.5mass%) & L7z, 2D Al-Si %,
DCIkIC X 2 #0d, EAEIELE, L, hEgest, SEmBELEZITv, SERE 1 mm
D HI12 FEICTERL 72, 5 5 il O 2 CEERICES ICETE L e\ X O RIEZ S
2EOEBELY OFEL L,

Table 3-1 Chemical composition of Al-2.5mass%Si alloy.

Compositon (mass%)
Si Fe Cu Mn Mg Cr 2Zn Ti Al
Al-2.5mass%Si 2.52 0.09 <0.01 <0.01 <0.01 <0.01 0.01 0.01 Bal.

Alloy

3.24 55 MEBTE

EAERICEVWTL, TA Iy LBRBERM B LR -7 27248 Al-Si #
%, BE 1 mm © A3003 7 2 =7 A58 CERE L ZBEERBM (LI, Jig &33%) &
1T Fig. 3-2 1Tl IR Il a B be 7z, £9, AlSiMEB XU Jig %, 1H 30 mm,
KX 30 mm icUIWi L7z, 2Dk 7 v{tW% 7 7 v 7 2 (Solvey #l) % 3mass% & L idl %
ERLL, UIWTL 72 AL-SiMic 2 7L — TR E AT 7212, 473 K DIEIRIE T 3600 s ¥2HE L 72,
IS OEME A DREIREET, Ef 05 mm DRT VL ARF—AHT 4 ¥ —%+
FICEEMTCEE L7z, RO ICE T, BEARE~DREMNNZIHS 5 720,
TAY—EBREL R TEEMTE2HRT L,
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DX HICHANTREBR Icx U<, FHAME A 5 i<, ERFMAHTs9
fITMEAZ T 572, A FHREZ, WHEOKEZIHL »IC3 2 HIYT 863 K, 873 K, 883
K ® 3 KU L X 72, %5 5 FHEEICE T 3 Al-Si Mo FERRMHE %2, Al-Si —JtR%
BEM[6] 55 7 2 DJFFECHEE L 72, 863K Tl#y 10%, 873K Ti3fJ 14%, 883K Tk
21%ThH o7z, A IFHREICE T 2R E 180 s & L7z, FHoEEE 2 5 TR
RE L, B ICEKE L @B ORED A 5 HRE L, 2o, 25 fHRE+3 K K
DHIFHT 180 s fREFL 7z, Z Dy, ERFHASXHOMERIREZ 10 ppm AT, TEaiz 213K
LITIcE Lz, Codlith %, &5 fHREIC & —oFoF Lz, 7, HEFER
D7D Al-SiFORb VI Jig % e L CaiE L 723llih %, 883K, 180s D& TMEA
L, WAHPEEL R WIRETIEL 2O R —-F 2TV I =y Lo RLEZL ZHAE L
776

Jig (A3003 aluminum sheet)
(BO0mmx30mm x 1 mm)

Porous Al
or sintereddense Al
(Diameter=8 mm,

Height=4.5mm)

Brazing material (Al-2.5mass%Si sheet)
(B0mmx30mm x 1 mm)

Cross-sectional
observation

Fig. 3-2 Schematic diagram showing the brazed samples (either porous Al or sintered dense

Al) prepared in this study.

3.2.5 Bi% - fHEGE

TEBL L 72 3Bk A % SRR L 72 1%, Fig. 3-2 ISR O T W 2 Bl 3 % 72 o 1Yl
L, 25RO FR—=F 270 I =9 L L FRICHTTHDEABEMERBIR 21T o 72, % DR,
A% CEE N ICSBEMABSTER S w3 Eif T, @BHEGRTEREI N Tn S
EHIE L2, 72, BDIOMIC X 2AAMELNEZFHLATAET 27201, EARIE»LD
FEEE X TN 2K —F 270 I =9 L0l W L RAKRILE P OZb % mifgigiTic X v Ml
TEL7 OB, X% 05mm, 1.5mm, 2.5mm, 3.5mm ® 4 /K#L L7, FrRfLE P
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DHEIEICHBWTIE, FE4/Kk#D XicBWWT, IE4.0mm, 55X 0.8 mm P % AR
L7z TR LR OBEE I XM 7 + (Image ] [7] ) &7z, &HIE T SRAEEIC
B35 flomEx, AEmME (3.2mm?) THRLTPEEHL 2,

X 5iC, WHHDOZEEN RIS 2123 % 729, Electron Probe Micro Analyzer (EPMA) % F\»
T D7 4 B FAE L 72, EPMA IC X BICHEMTICH W TIE, SEPBEMEBIR %O
VY TAEHMEL, v F v IrRiEIncuaniRETHT%2{To7%2, EPMA T, 5
AHEIERT EPMA-1610 % fve, AETEE 15.0kV i< T 10 pm Bk CHTE O fEE & 947 L 72,

T =T LERBEREMIC B v Tk, iR o e MBI 5 X O EPMA JTHRHTICN
Z, MEINEE~ D OB Bk 2 B 5 22103 % 72 ®, Transmission Electron Microscope
(TEM) #8l%¢% 17> 7=, TEM BISHRER %, Bl X 72 REE D EREi S B9 R
£l2> 5, Focused Ion Beam (FIB) Z A WTIEHLL 72, Z DR, » 5 12 0BIEHRE %,
WHOBEHIE Z 572 2 L AR I N AR IEHE 2 ORINL 72, 72, 2 5 fRTO#L
M BB % [RRR 1< W7 i G SR B AR O E 0 5 2 o BRI L 72, Bi%E L,
Scanning Transmission Electron Microscope (STEM) & — F CTf7 > 7%z, % 7z, Energy
Dispersive X-ray Spectrometry (EDS) i X 2 0HE~ v v v 7% Lt L 7=,

33 BEBIUEE

33.1 R=FRATAI=VLDA R

ELL 7e R — 7 A7V 1 = v L OWIADEAEMETBIZG % Fig. 3-3 IC/" 9, Fig. 3-3 (a)
1%, a-Al HBIEGRTH 5, HARGAMPITED 5T, o-Al D52 £ VEE L KfLDS
BEanz, e BEOREX L, 10 pm BE2 S 200 um BETH - 72, SILOKE 213 10
um FREEA 5 400 pm FRETH o 7o, KEFBISRE HVCIE 4.0 mm, & 2.4 mm O
o ERENT #{To7- & 25, SfLEIZ 69%TH - 7=, Figure 3-3 (b) 13 MAIHZ G T
Hb, wNVEENICIE 20 pm FRE O R AS AL ATER E LTz, 2, FEo 732
=y LROPIGRE L FETH Y, FRIRFEI L O R f kR L ko Tnwd 2 L%

NI,

25 fH TR (A5 TR 873 K) oilBih osM Bl s i Fig. 3- 4 (a) B
L) iciRd, Figure 3-4 (b) FIZERHITRT LI 1C, AIHIREIR-FZATALI=Y L
DIGIRBZEL L Tz,

873K T4 5 i L 7zikB i o e & FLHIE 65 o Wik Y - BEiER % % Fig. 3-5 IC/n 3, Figure
3-5 (a) 1T o -Al MBS TH %, Figure 1-10 1T L 7= & 9 it IC X 3 5 LOFEHIZAO
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bid, ALSiMEMWS C LIk 25 ILKREO MG RS R TE 2, 17EL, F—TF X
TN I =T LD NVEERHIA S S ATHTD Fig. 3-3 (a) 1T TH O AR MERICELL Tz,
Figure 3-5 (b) (35PN EIRGR CTH 2, #dbhint 5 5 1o Fig. 3-3 (b) iIclk~xTHKTH
572, R NVEOSBHMSEE CELTH Y, [IMEDEIRB I N,

Figure 3-6 I Fig. 3-5 (a) OEAREEILAL 72 GEEBIEGRTH 5, Al-SiMeK—7
ATNI=y LOBER EEZ T2 L5 kb (Fig. 3-6 OEME % & TREMED) 23K
INTEHY, BEMAL TS LHIBIL 7,

Fig. 3-3 Optical micrographs showing the cross-section of porous Al sample before the

brazing process: (a) observation for a -Al phase and (b) observation for grain structure.

Porous Al

Al-2.5mass%Si

Fig. 3-4 Appearance of porous Al samples: (a) before and (b) after the brazing process at

873 K. Arrows indicate deformed positions.
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Porous Al
Cellwall

Fig. 3-5 Optical micrographs showing the interface between porous Al and Al-2.5mass%Si
brazing sheet after brazed at 873 K: (a) observation for a -Al phase and (b) observation for

grain structure.

Porous Al

-.__L{_ s & g / 50“@,

Fig. 3-6 High-magnification optical micrographs showing the interface between porous Al
and Al-2.5mass%Si brazing sheet after brazed at 873 K. A solid line shows the metallic

bonding part.
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Figure 3-4 TR IN/ZR—T ATV I =7 LOIUHIC X 2 5FLIEE~ D EZFEL <
AT B 7200, EAEROWIHDEFBAMEBIERZ A\ C, HEANE» O OhiE X & F—
TFATN L= L0 WoOBFBRENE L, ZofHE% Fig. 3-7 IKnd, Al-Si Moflb
DS A FAE L Jig # VT 883 KT L 2 3lBkk Tld, Wik Xick b4 —ET
Hotl- (RHpoO7ay ), chid, KilEicid 883 K oMEicks\nTdh, F—JF 27
VI =y AHBHETIEES M ORAMEL(CE R I o/l L 2R T, —J7 Al-Si M
LA LFEBR T, Wik X2ovhEw (BEERmcEy) &, £k, 595 iREAE
BhE o7 (Kbod, A, OF7av ),

T HICHHICRABEZ (L 2 AE ST 2720, HAERH» b OFEHE X L /K fLE PO
BEME L7, % DkHE% Fig. 3-8 Ic/" 9, Figure 3-7 & [FEEIC, Jig % F\vT 883 K iT/l
AL7-3BA Tk, PRXICXOLT ETho7z, —J7ASIiMEEALZHBR Tk, P
T XA2/hE v (BERmEICEY) B, £/, 59 fHRESE WK - 72, Figure 3-7 &
ZHEA D, 873K X U883 K oFEimstt i, Pid XA 2.5 mm X U8 3.5 mm DALE IC
BOUTHRELWAL Tz, T, X K& (AR L iR ) (LE T
X, RILOAEHFOPGEIZ/NE {, FICEESTROIMEIELZ 2722 LR LT 5,
—F, X 2/hE v (BEAERTE» O QM) ALE T, SALO/KTFT7 M O UUE b i <
ST EERLTWVE,

Figure 3-7, 3-8 DRI, Al-Sitf2 bifa S N WMHOERIC X b, [ILFEEEL (B
RIICIZRIAL DI 2 EAFINEFREZFICEZ 572 2 L 2R LT 5, FErREER X
D, MEAREIC Al-Si MHIC AT 2WHIZ T 4 F% 8~10massWREE D L fEE S 27z
W, EPMA~y v Y 722X W 7 A ZonmEfEL -,

Figure 3-9 IZfKfF53 D EPMA = v v v 7R &, SUABAMEE I X 2 # @A EER 2~ T,
HAF PR B R, EPMA WTRICHITE 2 i L 7272, WIHTIR2 —E L T a8,
A Uil ointe 3 2888 cH 0, MBZL & uR oM 2 T e rlRE & kT L 7z, Figure 3-
9(a) A7 V=V LDTLHREFMTH 2, BEERHD»ODHHfIcLsT, K27 1=
7 LD NVBERIC—FRIC A L C 7z, Figure 3-9 (b) 137 4 EDICESHTH 5, 7,
TABIR=FTATAI =T LD VERICHALTEDT, 74F%D Al-Si M2 5
R=TGATANIZTL~BE L2 LR TE S, 72, BEARE2L 1.5 mm BEZ
TOMHTIE, 74 RIEEIX AL-Si A & FREORE (Middle Si i) cd b, & H i
5#) 1.5 mm~3.5 mm ORI TIEZN LY DL < (High Si #HI5), & o icEaRm
22 5%) 3.5 mm LA EOfEE TRz & A B I N7 (Low SifHIK), Z DFFERERE
SAHELZRRIEZZ OEBREER2 S 2T TRAHTH Y, KO T A I =7 LR BERE
MERWZ5 5 BRfE R 2 B £ 2 € 3.34 filc TEZLT 5, Figure 3-9 () 13 HFABAMER
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Ik B SRR GRTH 5, MEWALITEAEFmICEYy Middle Si fE TIIHKRICKE L <
Wz, EAEFRE2S 1.5 mm L EEEN S LI TH o 72,

8.2
£
I -
§
§ 75|
=
£
= 76t
7]
>
S 74t 0 883K (No filler)
g © 863 K
£ 72| AB73K
o
= 0883 K

. :

0 1 2 3 4

Distance from interface, X/ mm

Fig. 3-7 Change in the width of porous Al as a function of the distance from the interface.

0.75
O
0.7 M A 8_
0.65 |
L s 2 ¢
2
S 055 |
g .
< 05 0883 K (No filler)
S ¢ 863 K
— 045 } A873 K
0883 K
0.4 . .
0 1 2 3 4

Distance from interface, X/ mm

Fig. 3-8 Change in the porosity of porous Al as a function of the distance from the interface.
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x/mm (@) i i Fine grain

2.5 mm

1.5 mm -

Interface

Al-2.5mass%Si

Fig. 3-9 (a) Al and (b) Si elemental maps analyzed by EPMA and (c) the corresponding
optical micrograph showing the interface between porous Al and Al-2.5mass%Si brazing

sheet after brazed at 873K.

L EofERICEWT, [ALERD 2 2 VEEZEEZL &\ 5 72 [ALEEEZ L 35 X O Sk
HAACIZ, 74 RBEESFRED Middle Si fHICIREE TH - 7228, 74 BREIEV
High Si I CIIBHE Tl a2 o720 Z D10, T4 REETWMIC X % vV EE~DIE,

R A L 2 RALEEZ L & BRI A A CH 572, 22T, BMERTALI=V LM
KBEFEM 2 RILE 0 o Hffie 7 v & LCHY, WA OEE % ik L 72,

332 TaAI=vrBREERBM O 5 5 AERER

TR 727 v 3 =7 ZEeRBERS M D Wi e 22 SRR 815515 % Fig. 3-10 IZ/R 3, Figure 3-
10 (@) 1%, a-AlMBIRETH 2, a-AlHPLEE A A 2KTH Y, B RYE 3Bk
R ICBERE RN IR L 72 5L (b ©H %, Figure 3-10 (b) XAk b BIZERTH %,
Fig. 3-3 (b) @& VEE & [AARIC 20 wm FEEE OBl 2 At bR S TE R S LT 7,

A5 R (A5 fHFiRE 873 K) okl o /MR R % = 1z 1 Fig. 3-11 (a)
X '(b)ic/rd, Figure3-11 @ (a) & (b) 2Lk d % &, Fig. 3-11 (b) FICKHITRT L D
I, T =y LR BER M O R A A RILESE TR O vz,

873 K T4 9 fif L 7= iR i o Wi e - B ER{R % Fig. 3-12 127837, Figure 3-12 (a) iZ a
-AVMBIZEGTH 5, 5 5 fFRTD Fig. 3-10 (a) & 3R 7% ) BOEROE ZMHALBIER S
Tz, Figure 3-12 (b) I35 MNEEGRTH 2, 5 5 D Fig. 3-10 (b) 1T e~ THESAL
BHKTH -7z,
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Fig. 3-10 Optical micrographs showing the cross-section of sintered dense Al sample before

the brazing process: (a) observation for a -Al phase and (b) observation for grain structure.

Sintered Al — . Sintered Al

A4
gt

Al-2.5mass%Si

Fig. 3-11 Appearance of sintered dense Al samples: (a) before and (b) after the brazing

process at 873 K. Arrows indicate deformed positions.

Figure 3-13 IT{Xf5E D EPMA <~ v v v 7R &, JEEEEIC X 2 b Bl 2R
¥, Figure 3-13 (a) 7 VI =T LOJLRDSMTH 2, ARt S h, BHU7RRE
XA OLNDED, HELARZELFEML W 3EFTIZRE SN p > 72, Figure 3-13 (b)
T ARDILENMTHL, TARBT NI =7 LMRBEREM O FTEHICE L CEML Tw
7zo HUBEMTEECIX, 7 A RIFMEERHIC TRd EECOMLCTH Y, HT i 25 mm &
ETHotz, MEEDLHEN DR, 7 A RO E S IZHEIET Lz, B2 o 72 1
HoubitFEiE i, 74 ZEEAH»omE 1.5 mm BEF THFICHA L Tz,
Figure 3-13 (¢) I3 ARAMERIC X 245 R8I <H %, Figure 3-13 (b) I Tr 4 H#EAH¥%>
i L T LEICNIG LT, fEsRi&o 2t L <7z (Fig. 3-13 (c) ® Region B) .
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Fig. 3-12 Optical micrographs showing the cross-section of the interface between sintered
dense Al and Al-2.5mass%Si brazing sheet after brazed at 873 K: (a) observation for a -Al

phase and (b) observation for grain structure.

X/ mm
3.5 mm A mtered Al
2.5 mm A

1.5 mm -

Interf: T ve
niertace Al-2.5mass%Si

Fig. 3-13 (a) Al and (b) Si elemental maps analyzed by EPMA and (c) the corresponding
optical micrograph showing the interface between sintered dense Al and Al-2.5mass%Si

brazing sheet after brazed at 873 K.

3.3.3 WHBEERORE

Figure 3-13 (b) ISR L7277 A FoAild, WAHOBERERIC 13 [RiT2BE) 3 288 (&
HEE) | & [V NeBEis 2t SV 27 NBE) | 5722 L 2R LTWw5,
BEREE D i &, REBENII SV NEEI X Y bED o7z, 72, fBEELEFEO T 45%
AR R, REABHPES 57218 T, ZORMP OIERANV 7 ABHPEZ o722 b %
RLTWw3,
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ZORMEBEEX, 77y I AEHCEAIMFICEFE5)DENLYEY & LTHES
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Fig. 3-14, % 5 fit#4:® TEM #% 5 X ' EDS 73 #1fs % Fig. 3-15 1/~ 9, Figure 3-14 iC
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(a) Grid hole

1um! 1 um

Fig. 3-14 (a) TEM bright field image showing powder boundaries in the sintered dense Al
sample before the brazing process and (b-d) corresponding EDS elemental maps: (b) Al, (c)
Siand (d) O.

(@)

; :--Powde'{r :
“.boundary-:

1T um 1 um

Fig. 3-15 (a) TEM bright field image showing powder boundaries in the sintered dense Al
sample after the brazing process at 873 K and (b-d) corresponding EDS elemental maps: (b)
Al, (¢) Siand (d) O.
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3.3.4 WHBEA =X L

ER L7270 3 = v KRB IC B 2 EN R BH OB 2 b, F—F72T7 1=
v LB T D OE B E 5T 5, Figure 3-16 ICRMHA R =7 27V I =7 aNEH %
B9 2 ZH 2 EANICRT, &k, Fig. 3-16 TlX, F—7 A7 I=v LicL T Al-Si
M2t KE <, Al-2.5mass% M I I35 ICHTE DM EHiFF a2 b o & L TEAK
AR L 72,0

(@) (b) (c)
Porous Al
Powder boundary
r NP N o
k A Low
e Si
Low ) Cell wall
Si AN
Pore  High
Si

Al-2.5mass% Si

Fig. 3-16 Schematic diagrams showing the flow process of liquid phase provided from the
Al-2.5mass% brazing sheet during the present brazing process: (a) liquid flow on the
surface of cell walls, (b) liquid eroding along powder boundaries inside the cell walls, (c)

grain growth inside the cell wall enhanced by liquid phase.
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Fig. 3-17 Schematic images of (a—c) liquid film migration in the Al-Cu system and (d) the

resulting copper concentration profile. [11]
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77 ZD7=%, AH5FMTHEE%L 863 K & L, WHBEHROEHHEEZEHEZECELX5I1CL
77o 7od, Al-Si JCRESDOFHERREER [2] 1 X, Al-2.5mass%Si D 863 K iZk 1 %
EHEHRAHR I 10%TH 5, 72, 5 5 % 20, 60, 180, 600, 1800s 5 /K#E L L 77,

Jig (A3003 aluminum sheet)

/_(30mm><30mm><1mm)
e

Porous Al

or sintered dense Al
. (Diameter=8 mm,

Height=4.5mm)

Brazing material (Al-2.5mass%Si sheet)
(30 mm x30 mm x 1 mm)

Cross-sectional
observation

Fig. 4-1 Schematic diagram of the brazing test piece (either porous aluminum or sintered

dense aluminum) prepared in this study.
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J AT RALEE O MIE I I ERENT Y 7 b (Image J[3]) M7z, &HEIENRIEHICH T
AfLomtE%, HEmE (3.2mm?) TRLTPEEHL 72,

(@) & : i,
Region'1 - Regidn"Z'-_-."""'

Fig. 4-2 Representative microscopy images showing the measurement method for (a) liquid

migration distance (L) and (b) grain diameter near the interface (G).

43 FERBIVEE

43.1 SEMEBDOKRZEA

fEx D25 fMRRICE T 2 7 I =7 LRBESEM O EH&k%E Fig. 4-3 1IR3, 59
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2 5 AR O B AN IR L 72,
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1= U LBIRBER M DA S I X BRI SS Ic o L Tl Y, JetEMEG (Fig. 4-3
(d) CHBTBEINLZHAHEERE L CHIEL Tnlz, 20720, SLFEHEMEBIR O 2
¥ b 7 A+ OfEIEIE Al-Si M A EE) L 72 CH B L F X B,

Fig. 4-3 Microstructure change of the sintered dense aluminum (a) before brazing, and after

(b) 20s, (c) 60s, (d) 180s, (e) 600 s, and (f) 1800 s of brazing.

Fig. 4-4 (a) EPMA backscattered electron image and elemental maps of (b) aluminum and

(c) silicon in the sintered dense aluminum after 180 s of brazing.
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e D? 5 HREICE T2 R—7 27V =y Lo@EMfk% Fig. 4-5 1C/R7, Figure
4-5 QITRT X 51, A METOSBHMIZE—CTH Y, wABEOR R I TS -
oo 72, RALOERIZES X Z 500 um LLNTH o 7z, Figure 4-5 (b)- (DI, 5 5 fFRef]
DM CRILOHE RS L, A BRSNS Lz & 2RLTWE,

Fig. 4-5 Microstructure of the porous aluminum (a) before brazing, and after (b) 20 s, (c)
60 s, (d) 180 s, (e) 600 s, and (f) 1800 s of brazing.

Fig. 4-6 (a) EPMA backscattered electron image and elemental maps of (b) aluminum and

(c) silicon in the porous aluminum after 180 s of brazing.

57



Figure 4-6 13 % 9 {1Iff] 180s DS CEl I Nz K —F AT A I =Y LD 5 5 {5l
D(a) KFETHRE, (b) TLHI=ZvLBLV (o) 7AHFD~y €V 7R TH 5, Figure 4-
6 (QICRT L IiC, 7 ARFILFFHD L EEN u“#ﬁb“ﬂ\f:o B RERE 0 7 4 FiR
X, Al-Si Mo 7 4 RBREEERIFTH 72, HEARED OEEN -8 D 7 4 RIEE X
Al-Si ﬁ@*f/f RIRE LY dED o7, u_i(bﬁg@f%%#% % 5 fHEEE % 590°CIC{K T & ¢
HAEICHE VTS, Fig. 3-9 & L[AFRIC, Al-Si M2 b5 X 72 00H 23 VEEN % (B 5E Y
K_@@ﬁlﬂ’:; Lo b

4.3.2 WRAABEIFERE HENED X USRI OREZRL

TN LRKREBEREM B L UOE—F AT I 2y AT 3B L oz
LM E L, WSS T % 3fi L 72, Figure 4-7 (35 5 ([ richt3 3 L o2t % %t
B7uy b L7277 CTHS, MPICHBEMTRIN TV 2DIEPIHOY Y ILrEmETh b,
BIFICEMMTRT L IIC, TAI2v I RBERM B LR - A7 vIizva0lb 0
D7wy b EMRPREMER ZR L, EPEROMEZ X 0.5 BETH o7, THIZHHE
BEIBR B BFRANCHE S 2 2R L Twd, £ T, Fig. 4-8 T3 X 51T 5 TR ¢
OV T2 L 0Zftz 7ay b Lz, RIFICERTRTLIIC, LT ¢ D FHRIC
Il Tz, 72, EEMROEE X, R—F AT A IV LDIEI BT A= L)
KB X 0D 5 EREREp o7, THIEFE—F AT A I =7 LDIE S DSRHBEREE
B o722 LR EKT 3,

Ty I REEMBIONFR =T 270 2 =7 L0k T 354K HmITEE O£
G DIRFRZLZHE L, SR b8 %l L 72, Figure 4-9 1% 2 ffifHO ¥ v I %
NZENICEIT 55T cliend 2 GoZfbeNE 7Ty b L7 7THb, Gick
Wi, 2 DYy LD 7oy MCREREC >R o7, T, R VBEDRESAL
EICBEL TR T7AI =Y IMRERM S R =7 AT A I =Y LB FAROBHR K 5T
W3 ZEERT, T/, HUEROMEEZ X 015 BETH Y, WAL R WEHR T
HbH LRI NI,

58



100

E m Sintered dense Aluminum
: A Porous Aluminum
g 10
E ;.Jnlzlfﬂl_hp_lght _________________ O
% [ Slope = 0.5
c 1k
O
©
D
€ 01 ¢
O
-2
=)
—
0.01 ol crvwl ol
1 10 100 1000 10000

Brazing time, t/ s

Fig. 4-7 Logarithmic plot of liquid migration distance (Z) in the porous aluminum and

sintered dense aluminum as a function of the brazing time (7).
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Fig. 4-8 Liquid migration distance (Z) in the porous aluminum and sintered dense

aluminum as a function of the square root of the brazing time ().
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Fig. 4-9 Logarithmic plot of grain diameter near the interface (G) of the cell walls in the
porous aluminum and sintered dense aluminum as a function of square root of the brazing

time (o).
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Fig. 4-10 Local porosity (P) of the porous aluminum after various brazing times as a

function of the distance from interface (X).
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Fig. 4-11 High-magnification elemental maps of (a) aluminum, (b) silicon, and (c) oxygen

in the sintered dense aluminum near the interface after 180 s of brazing.
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Fig. 4-12 Local porosity (P) at X = 0.5 mm after brazing for various times as a function of

the grain diameter near the interface (G).
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