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Fabrication of Composite Filler Metal by Melt Infiltration

Ji-Tae Kim

Department of Materials Processing Engineering,Graduate School
of Industry Pukyong National University

Abstract

The aim of this study i1s fabricating of composite filler metal (CFM) by a
combination of selective laser sintering (SLS) of stainless steel powders
(RapidSteel 2.0) and liquid phase infiltration of Ag-28wt.%Cu alloy. Porous
stainless steel body with inter-connected pore channels was fabricated by
SLS, binder decomposing and densification processes. By the direct contact
infiltration, the narrow inter—particle channels of the porous body were
completely filled with the Ag-28wt.%Cu alloy infiltrants. During infiltration, the
dissolved elements of Fe, Ni and Cr from the porous body were solved into
copper solid solution phases, which consist of eutectic structure of composite
metal matrix,

The S10C/CFM/S10C joints, which have narrow clearance gaps between
them up to 10 micrometers, were joined successfully by self-feeding of filler
metal from the matrix of CFM. The CFM kept its original thickness and
micro-structure after brazing. The tensile strength of brazed specimen was
higher than 30 kgf/mm2 and showed a typical ductile fracture mode in the
CFM. The experimental results on the self-brazing behavior of CFM would be

applied where there are some requirements to join net—-shape complex parts

together with large faying surfaces without adding extra filler metals.
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4% A FH(melt infiltration)2 3AY9HeE Nz Jd4d B2
tt2d A (porous body) o3z iz F&
A Z(MMCs, metal matrix composites)?] AzHoez & &gdx o A
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ary attraction)o] 93l FEFHHE B olAE AY ENY X 2 galg
Aghol A7) wWEol e

Aol 23 Heojn S AAIY #FAE SEIEE CFMY dig o
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a8y B dAFe 44 dFE9 CFM A4 Adas 28 Bdea #3
Foll CFM ApAl9] 43 A9 Wgrt gle AQ d4A9 7154 53 4
Q9 F<(net-shape functional composite filler metal)?] A= 7IsAE& A
stEle Aot ol AR oslo ARERE FIHE AYSEFTLR
1A APAEE #3RE g ADE B opdE, AYESd FEAN
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B AFoE AT F58DY AE5F2H U (rapid prototyping) 0.8 F2
H1o 9= A=A Folx AAWY(SLS, Selective laser sintering process)® Mo g2
2HdE 2 2 AREAE e o]F &HEdte oFA A FHA(porous pe
rform)& AZF¥ch T22ln Ag-28%Cu & tFAQ 2HAI2 A
A BFEAA F%714 FF AU FECFME AZ33th CFMe B o]
AS FEF}?) Y3l AF F= 2dolA g S10C/CFM/S10Ce HEA=A
ZAE]T o|lE T A= ddAFTS FEEA.
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2 AgoA dF3d 422 AFAE AxE] Asld AHEE T2 DTM
o] A¥E RapidSteel 2.0U**o|t}, o] F&-& HFYA A7t 30me) T+
o] SUS 316=HQtel 27 £33 g e] e Edo] EF=oiglio) SLS
o4 CADel 28] Aoj=E CO, #HolA Wo| 23 £Y Fo zAH" =
o7} FHol FEELE dAMAHLE AFAAH(Figure 1A) ALA4Y H9A
HEo] Frh SLS HAA 2HAE 2% EEYAES AH FAHEA @
3 Zguiz Ao o, o]RA AFEE d¥] HHAZ "green part"s}
gch, B Age] AMSd A9 AFF R DTM SLS 25000 i,
Figure 1BE o¥] APAE 4223 33 2Edax JHEA sado)r)
oq7|A 2H AR 2= LYl 4 8L ¢ FEve ¥ AAHD, 2
Az~ B Ya7le]l 2ZdE thFde] 4FA +2& & & ok of 1 o
H A8gA = 1150T, 1 atm®?] 5H, + 10N.o] EF7t2 EY7]0lM A &
A fAEE 22U, Jdu] JPAE SAZ S Y3 SF0g 2g
& 9ol FY% stz FRAEE Utk tFd 2d AgAe dug
Avjsta veolgd FAg vz 1008 2FAoF 53X& s AHE
AHgste 2XE A7 oFF AEAY 71F 98E&L F 37.5%010 0 wa
A SLSell o3t Alzd 28Rl £%o v 4YAE 248t 71F
Eo| 3a¢3 o A2 ddd o d APAE AT 5 UG B AF e
AbgE SLSe] dn] g 2 oA 24 AF8AE DTMUSA, Austin)olA]
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Fig.l. Fractured morphologies of (A) a green part fabricated by selective laser
sintering (OTM, SLS 2500) using stainless steel powder—polymer mixture and (B) a
porous stamnless steel body, which was decomposed of polymer binder and sintered
for 3 hours at 1150°C in 5Fk + 10N; mixing gas.
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4% AFEHOE MMCsE AFALZ Axsy] dstds AdA9 §4
£+ FFA(nfiltrant)®] §3ET Folok dtv], 94 AR APA o=
AERE T AFA ¥go] gQojof ok aja JFAYG A5A }53
o EE i, WA S AV|H Golol ARA A& FTF ER
7b Rt £ AgdA AFAR AHEH Ag-28wt.%Cu a9 3L 7
80T o t}2),

Figure 2¥ 8%354A9 AHF=E Yetdch 25X15X5 mm A7&
Hdd @4 gF3a HdFAY AFA(nfiltrant)?] Ag-28wt.%Cu ¥FE& F
7 o] & 20Wx50L<30H mm 27}¢} @AE7P (W EX] 4 10Wx40Lx25H mm)
o] @31, dFHY FEE AL £947] Aol & AHRE AMEElY A
g-28wt.%Cu FF71A 2HRAH 27 2D 44738 EFAUFS5CFME A
Z5dch o] W Ag-28wt.%Cu #a9 IAFAT AF AR FYE &
F FH0C99.7wt.2CwY AldE S(099.9wt.BAg)E AMEEIY YEHoto)
28 FEFAG-89)F AFXdn, fdos Aodle AREAT) o] W Ag-28
wt.%Cu a9 FUFE o34 APAY 7TE2RY AdY 28350
1.2902 8k 283 9507Ce] ot=2 7k FH7](0.2 liter/min)olA o
349 YA Ag-28wt.%Cu a2 AR HEAA 10A7 AT F 4
sqich o] W 4% HE %4 950T7AA 5C/min.o8 AH3| $2A7 )
B 299 g3 AE AR (direct contact infiltration)ZH 02 thEd A g
Ao FAa 2] WHo)Ag-28wt.%Cu TFF 71A Y CFME Az 4
A2k,



4. Alumine tuhe with sealing cover
. Heating eloments

3. Alumina boat

4. Carbon crucible with cover

§. Infiltrant

€. Porous preform

1. Thermo touple

8. Argon gasiniet

9. Argon gas autiet

Fig.2. Schematic drawing of the experimental arrangements of porous
body and Ag-28wt.% Cu infiltrant. The contact infiltration was carried
out at 950 for 10 hours in the alumina tube which was purged with
argon gas of 0.2 liters per minute to prevent unwanted reaction with

atmosphere.



3. 494% 2 12

3.1 ERAUEHCFMY mlA =

Figure 3& Ag-28wt.%Cu #8717 € el =7 £2d2 s CFMY
Mg detdla glen XA 9o 44 oste wEold 3
Aoz AAd 71F S T Ag-28wt.%Cu Tool AFHoz HFH
AEAHA AR FE571X EEASMMCs)e] 23 L WAt o] ZAAY
He] 1008] zAHFAlel 532E & EMFAZ sl HAg A, oFA
ARAe] F4& olfc ZHQEE Axte] HHLEL 625%71A Ag-28wt.%Cu
o] HAEL 35.2%, 181 7|AEd AFAY vjFAd 9§ ¢ 2.3%9
7] F(pores)o] #E =Y.



Fig.3. Microstructure of Ag-28wt.%Cu alloy infiltrated stainless steel
composite filler metal(CFM).



Figure 4= Ag-28wt.%Cu w9 AFA7I 32 42 JFAE T8 3
F5t7] A3 AFEIFo vz R Ao WMIEE SEM-EDXE 4 8}
aoFg Aol Figure 4A9 (a)= 72.7Ag-27.3Cu(wt.%) 249 FHEH ol
3 d=glo]EAte] Ag 14A[91.2Ag-8.8Culwt.%)] |t} Figur
e 4B9] 71X 24L& ()2 EAE =4 HHblack flake phase)ql Cu3l£-A)|

B

i, (b=

[85Ag-81.2Cu-5.7Fe-2.6%Ni-2.0%Cr(wt.%)]1¢} ()= HAE WA M white
phase)?] Ag 1&# [85.3Ag-13.4Cu -0.8Fe-0.5Ni(wt.%)]E o]Fod F
AzxAE Btk 283 49 FYAAE (e)e CFME 2F & o|FE =
B8 E#([76.2Fe-8.2Ni-13.4Cr-2.0Mo(wt.%)|olth. d71A AT A7}
033 JEA 71FE SHE W AFAANN &E9 Fe, Ni 2 Cr 4E9
PREL AE TS 4 A2 Cu n&Ad 8YHUAL, 9F] Fe
2 Ni2 @40 Ag ugAe] &PHJLH, ol F 24 AE o) M=
9 FPEAL FRER Gokth ol Ag-28wt.%Cu TEF2 IAFA 2H
a7t B2 4EA dE n8=0F Bes vedie, 2 A3 AFA Y )
Fol HA=HA g Ag-28wt.%Cu HFY AFA} @&HoRE FFE F



Fig Symbols Ag Cu Fe Ni Cr Mo
(A) (a)Eutectics 72.7 | 27.3 - - - -

infiltrant (b)Dendrites 91.2 | 8.8 - - - -
(c)Flakes 8.5 81.2 5.7 2.6 2.0 -

@/ | Matrix =Gy 1853 1 1341 08 | 05 | - =
P

CEM  |FOTOUS 1 particles 76.2 | 84 | 13.4 | 2.0
body

Fig4. Microstructural and compositional of Ag-28wt.%Cu alloy infiltrant (A) before
and (B) after infiltration.
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Figure 5A% AFA7L 43494 AT AEe9 A5 29 SEM %3
olth, o 7]A Ag-28wt.%Cu Faol zHdZ s FTUA AAFAN &9
g &0 gREHYeH, By Fey e W A9 gisic @
H 950T oA 10A1F ¢ AFAS AFA A5 28994 993
AAYA £oz JAFAY £dukgo] dojd w3 Fole FEWA o 60m
Axo o}F FL F9 FAHUY. Figure 5BE FEA7 AdA9d =
&2 @o wF BgzaL Vet ARAE g 71EiA gtz ot

F2 AgA O H AFEATHA] ZF AFHAJSE HoErh
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Fig.5. (A) Microstructures of infiltration side of porous body and (B)

opposite free surface of CFM.
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3.2 S10C/CFM/S10C AgAe 3F % HF A

B oAge 718 /AdQ CPME TA3ke 1A 98 AFEALS FEST
93l A AFAZ A#E S10C BES HHAT. ol @A A
o Ag-Cu @=A7F 48 AH85 wiZolrt 8% AFYPLoR Axd CFME
9x9x5mm A7|E AdEn E3 vhEE3td 9x9x1.1mm A7IE "A A
a3ty Anlste] F7 1.0mme CFM AYES4< FWsig. a=ln 3
AdaRgl AA10mme) B89 S10CE do] 50mmez dusgth, CFMe]
oyl S10C 89 AFARL #12009 ALEE dAnjsta ol ELE A
st9it). S10C 883 CFME S10C/CFM/S10C £X4 2 =¥3tg ey, 2€H
AgA >ZF S 4ubde Aoz AR F A™OR JPEA
FHe Aol A Befjol A sgitt o] W HEH 2% AE HEte] CFMo
213 % Fo] S10C #E F Hwo CA €ddE FE38A. Figure 6AS
B A5 Al8d IF F5 B olA FA(vacuum induction brazing syste

mE BoF0, Figure 6BE S10C/CFM/S10C FEAe =9 /Agxo|d.
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I Thermaocouple

Stesl| bar

O (S10C)

o [eL:
. ' Ceramic

support

Fig.6. (A) Vacuum induction brazing system and (B) schematic drawing

of S10C joint assembly using composite filler metal.(CFM)
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S10C/CFM/S10C H#AlE= 830C, AFE 6.5X10° torroll A Zhzhel A
HHE 1, 30, D 60sec & B ]S ojuf Hyold 2% 830C 7}
LA 7He 40sec 289, FI BHoly ARt @ity AFHE
Aerata BE ol LA ettt Figure 72 B3 &% 8307,

)
1o
ol

AFE 6.5%10° torrol A} 30sec ¢ FA 8t HEE S10C/CFM/S10C
i gEAd 9 AL BRoFEn. 97M F4 1.0m=2 JHEE
49" CFMe FAS mAlzd L Hsgsha] gsten, 9258y dWxe A
AF& TFERlol CAMPeE 458 el 7IsE¢e & + Ao

Figure 8& S10C/CFM9 €A H4 me A A9z & e
CFM/S10C¢] EAlZIFC] 1lm AEE olF FL Figure 8A9 HEAWEE B
H CFMe FAE o]F+ 2HRIAEZ ESYAe S10Ce F2& A2 B
#Held 2zl AE&EE CFMe 7129 Ag-28wt.%Cu f&°l & &3
o]7} 433 AgEAL Holx ot Fig.8B= CFM/S10Ce EATFE o] 10
m LR §& FgolH, CFM9Y 7|A27H FF" Ag-28wt.%Cu &9
g5t ZARHE B 5 dvh 28 Figure 8C8F #o] CFM/S10Ce] B
Ao 20im AEE HWolA A$dE v|EFA 7]F(unfilled pores)o] #zF
Atk ol CFMe ZIAZREH 38 + A Ag-28wt.%Cu 59 4ol
wxsgr] MEoE oAACh WA B AYe) TM CEME AF&T 3
< AEEA 10m 7NA = CEME FA%e 7IAERH F39e A¥SS

(filler metal)22 Y& g HFo] 7I533 0

il
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Fig.7. Microstructure of vacuum induction brazed S10C/CFM/S10C

joint.

10



Fig.8. Brazing morphologies at CFM/S10C interface with different

clearance gaps.



3.3 AFAHA S E

Figure 9% %7 1.0mm<¢l CFM& A% SI0C/CFM/S10C BEAE 7t
T3 9% APH 2dg vhebdnh OF AFHERIS Z 2201 14A F3el
mel JFEERed, Instron 42049 AFAEIE AHEEY AL
(crosshead speed) lm/min.Z7 02 A|Qatch. AFA A Algg A EH
e AHAFLE 830C, AFTE 6.5x107° torrolld ZhzZhel AFEWSE 1, 30,
60sec =9t B oA

B o] AlTke] 30sec E 60sect! @AY A-Lole 72 39.8kgf/mi
2 34.2kgf/mre 2 ¥ A A BT olE AFEHY A oS
Figure 10A%} #o] A4YFE CFMY AAA Fa=Een, 71X 7 44
#33= AF AR 4AGE MMCse AT HE B3k 33 Bfold A
7t 1secl SIOC/CFM/S10C A§ AlgHY 2¢ AFAEE 15.7kgf/mi <F
Fog A SAFYeH, Figure 10B9t o] S10C/CFM2 HiAHAA
gagdn, SaAdol s v FA 7]F(voids)Ee] FAHYT ol HARX
ol Al FAAZEo] Frol CFME 7]1A 9 AL&o8 FFEHoF T FUESH
of HFof 7|Q1% AL E AT

1R



Joint with CFM

Parallel length| Radius of
Gauge . ) Remark
and diameter fillet
P=42mm
L=30mm R=15mm M9xP1.25
D=6mm

Fig.9. Shape and dimensions of tensile test specimen for S10C/CFM/S10C

joint.
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816C

S10C

s10C

Fig.10. (A) Cross-sectional microstructures of ductile fracture modes
in CFM of S10C/CFM/S10C joint and (B) fracture appearance on CFM/

S10C interface with large pores.
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4. 3 &

HaF golA 249y % AFPeR 2HRIAFEAAR F3E A
g-28%Cu g5 713 2% FYFECFM)E AZsla, 1% = Beo|Ad
SI0C/CFM/S10C F#4-ol tia AAEAHE AED 28 &7 ok

1. A9 go|x 2Z2FoZ AZHE ZHRIE2: 229 v3d £Z A

o] 71F AALEL o 37.5%0|%oH, A& JEkA] & GFAEHe] Ag-28
wt.%Cu $F AFAY 22 AYAE ASFA7I= YPe=E CFME Az
4 9l

2. Ag-28wt.%Cu @F9 AFA/ Zedg2 H¥A 71F& AT A
QYA ZRE 429 Fe, Ni @ Cr 489 dFEL CFMY 7R x=AE& 74
st 24 A\ Cu ngAo] £4=HAT. Tz A4 JFA7 A
A AEFA Qs E2F 4xte AR PA JAFE Aol BEH
At

3.2 239 zAolA S10C/CFM/S10C HAFAE AF % Byoldd 2
I, AY AFY CFM FAHIE fded S10C/ CFMe HEEM 10m
72 G35 s AFEAL Bk #W FA HFo] 20m FEER HlN B¢
o= CFMolA EFHE A4Ya4e 55 9% vFd 7]Eo] #2HJT

4. S10C/CFM/S10C AHAES AAANEE 28, 5T 44345 CFM AHA|
oA sterdE A9 30 kgf/mf 57 o]d9 2 IFAEE HERNATH

I

rOl
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5. oo AnzRE AFAF A5 ¥37 gle 5F A9 CFM Az
7PsAde dFHAT 22 CRM/ARAR A= decd 223 Adde
%2 CFME FAste 7IAZNH Ads FFHIF s FH ATdn
CFM2] 71219 AE&§ F& 7IUsE CFM AAY &4 A& Adste
A%AA A77F Fasit
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