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Table 2.1 Materials used in this work.

Nominal Bend strength at Relative

. o Density . Size
Material composition room temperature 3 3 Density
(mass %) (MPa) (<107 kg /m") (%) (mm)
Tungsten — \yc. 94, Co: 6 32000 14.9 - 10%10%2
Carbide
h-BN h-BN > 99.993 32.5 1.93 82.5 5*%5*3.5
Table 2.2 Commercially available brazes used in this work.
. . o .
Braze Grade Nominal composition (mass %) Thickness
Ag Cu Ti (mm)
1.68%Ti TKC-710 70.26 28.06 1.68 0.1
1.25%Ti TKC-711 71.07 27.68 1.25 0.1
Table 2.3 Laser brazing condition.
Pulsed YAG Average Output (kW) 0.134
Pulsed YAG wave length (nm) 1064
CW LD Output (kW) 0.02
CW LD wave length (nm) 808
Pulse frequency (Hz) 100
(1™ side) 0.6
2" sid 1.0
Scanning speed (27 side)
(mm/s) (3" side) 1.0
(4™ side) 1.0
Laser beam diameter (mm) 0.5
Fig. 2.1 12, SBHERLRIL O 2773, FEHEE LS 100mm ¢ DFEZET v

YR—DH Iy LT, BB EEIZIEH A SET T AR TR TS, 2Ok
AT A TR [E BT AEREL R T D, REHEE D=8, #26 A st
LT 1.2MPa OIEEITHT2, 728, REIOXF vy 7 HEITAI T > TvZeny, k%
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Fig. 2.1 Schematic diagram of laser brazing.
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Fig. 2.2 Relation between bottom temperature profile of the WC-Co plate

and laser output.
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Fig. 2.3 Relation between bottom temperature profile of the WC-Co plate

and laser heating time.
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Fig. 2.4 Schematic diagram of shear strength test.
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u=oco ['(1+1/m) (3)

ZIZT, T BEBUILL T o IoIcERzsns,
I'(x)= j:e-’zx-‘ dt (x>0) (4)
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Fig. 2.5 The bottom temperature profile of the WC-Co plate during

laser brazing joining.
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Fig. 2.6 Cross section of h-BN / 1.68%Ti  Fig. 2.7 Cross section of h-BN /
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interface (enlargement).
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a) SEM image
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Fig. 2.8 Map analysis of h-BN / 1.68%Ti braze interface.
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Fig. 2.9 Cross section of h-BN / 1.25%Ti braze / Fig. 2.10 Cross section of h-BN /
WC-Co interface. 1.25%Ti braze / WC-Co interface
(enlargement).

a) SEM image

Fig. 2.11 Map analysis of h-BN / 1.25%Ti braze / WC-Co interface.
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Fig. 2.12 XRD profiles of the interface of h-BN / WC-Co joint

lazer-brazed by Ag-Cu-Ti active braze filler.
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Fig. 2.13 Interface observation of h-BN / 1.68%Ti braze /

WC-Co interface using Scanning Acoustic Microscopy.
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h-BN
1 : '|
Braze
a) Appearance of a specimen b) Scanning Acoustic Microscopy
Image

Fig. 2.14 Interface observation of h-BN / 1.25%Ti braze /

WC-Co interface using Scanning Acoustic Microscopy.
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Failure probability (%)

Fig. 2.15 Cross section of h-BN / 1.68%Ti braze

interface after shear strength test.
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Fig. 2.16 The Weibull distributions of shear strength test of h-BN / WC-Co

joint made by laser brazing with Ag-Cu-Ti active braze filler.
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h-BN ¥R 72 Ag-Cu-Ti A9 OMFUHEE, BHFIEIZEVHIE LT, Table 3.2 |2
R, Ty IR ORE 2 OO Ag-Cu-Ti A4:& h-BN FEE W, 7RhAsk
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L CAIM DED 1/3 FRE LD IO LT, 2, Bl 0 A3 90°LL EDZRTIE,
Pefilifa 2 IEAEICIE 357280, AOM D BEATRERIRY KELTDEEHIT, Hfilif 0
23 90°LL T DRIZI VT, h-BN AR ORI 7=A08 23T A -2 870, Fefk
70l M 2 E CEHEINTT H7OTHSH, h-BN O REFII(R,)IE 1.2um T
0%, ZAUE h-BN O3B E KL, Z2HOKLEE LT ThHD,

Table 3.1 Materials used in this work.

Nominal Bend strength at . . .
. . Density Relative Size
Material composition room temperature (x10°kg/m')  Density (%) (mm)
(mass %) (MPa) & y (7o
Tungsten . 94, Co: 6 32000 14.9 - 10%10%2
Carbide
%9 ()%
h-BN h-BN >99.993 32.5 1.93 82.5 22,@215

40



Table 3.2 Tentatively made brazes

. ) Table 3.3 Laser heatng condition.
with different Ti contents.

Elements (mass %) Pulsed YAG Average Output (kW) 0.134
No Ag Cu Ti Pulsed YAG wave length (nm) 1064
1 72.01  bal.  0.00 CW LD Output (kW) 0.02
2 7149 bal 0.28 CW LD wave length (nm) 808
8 7153 bal 0.41 Pulse frequency (Hz) 100
4 71.34 Dbal. 0.63 (1* run) 06
5 7121 bal 085 (znd run) 1.0
Scanning speed i
6 71.07 Dal. 1.25 (mm/s) (3" run) L0
7 7090 bal 1.28 (4" rum) Lo
run .
8 70.26 Dbal. 1.68
Laser beam diameter (mm) 0.5
9 70.15 bal 2.26

10 69.61  bal. 2.80

fift F L7= B fib A4 0 B 25 8 o 46 Bl Fig. 3.1 a)ld, BUX % Fig. 3.1 bR,
Ag-Cu-Ti A5%F& h-BN Hiti B 22 F v "—NIZEvhL, ekt 3.7x10™Pa LA
TERDIDIZEZEPER LT, ZD1%, BEAOM Ol R LK) S0K RV 1023K £ T
BEZEANEL, BEZEHEREHIEE 99.999% D Ar HABHAY A7)V 2 ik 4 [BAT-7-1%,

Ar FRPHAR T 123K ISH-R LT, 2l ORE Iy N O 227 n—S 7R
? latm O Ar FXHKUZTEmBLT,

A R E OWAEEAZBLEE T 5720, WLONDOREEKEHZ AT NI
TEIWTL7-1%, WIRRE(LPED =R AR ICHLDIA 22, SR T 8~10 IRefH 2T ChE
{b&E7-, Wi B2 H OFREMIFEE 21X, #120~1200 @ SiC (i KA EERRZ2 S ONTRIER
3~lum OL G AYERE L,

WrimBlgs, JTCR SR NTHE s ST I2IE, B e —T ~AouT 4%
(AAREFHRASHE JIXA-8621MX, UL T EPMA)RLTNIHMUN X #RETLEE
(Bruker AXS # D8; X #Ji CoKa)z FV 7=, #24 Fi OfE da il & R & 57280, %
/N X BB E O3 A— 221X S0um ZFE LT,
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Sample

/ Heater

Viewing port ® Vacuum
Chamber
TMP
T T
RP
LI
a) Appearance of the contact angle b) Schematic diagram of the contact angle
observation system observation system

Fig. 3.1 Contact angle observation system used in this experiment.

322 BEEIATEBL —F T =0 DO AT R ELRYE/ AW D2
Bhi s

FEERIE, 3.2.1 Hi& R h-BN, Ag-Cu-Ti &AM Z T, B2 ETHALED
D EFHR DB G 42 LTz, MEHE ORI D FERZ Table 3.1 31T Table
3.2 1T,

h-BN, A8 725 ONTHBRIEA A 5E00E, 7R AZES 10 25 OB S i 21T-

TR TR L T, BIERITHEL T, BB AT — ¥ RITEEG @R #EL, 20

FIZES Imm @ h-BN Z#E, &51220 EIZ Ag-Cu-Ti 4855 &y hLiz,
UL, BG4 2 T EFIRRIC T D720 Th D, AKX % Fig. 3.2 IR 7,

ZOWEEORBIZEL 100mm DOF ¥ N—HIZEY L, FroN—H%E 10'Pa
LU FIZEZE PR L7214 99.999% 0 Ar CRE#LT-, ZOEZEHER/Ar B A7V %,
AT E BT DRNIEIL 3 BILLEMDIRLT-, AHFFORRIZIX, SL/min Ot &EIZT
Ar H AT ¥ N—NITHE LT, Fig. 3.2 (2”9 EHIZ h-BN OFMFE % 1 JE4 589
2, L=V Z@8i A4 FICIRE Lz, L—YINEGR% Table 3.3 (TR”7, 728, B —
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Specimen stage Thermo couple

Fig. 3.2 Schematic diagram of laser heating.

High-speed camera

Fig. 3.3 Setup of the high-speed camera for observation of the braze droplet.
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3.3 EBER
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AOITHI60° LBl fA 2 RL TN =, — 5, bIIRTING, TixzagaT5RE0%E,
Pefil 413307 LA F Ot A2 R LTz,

a) 0%Ti N b) 2.80%Ti

)

Fig. 3.4 Contact angle between Ag - Cu ( - Ti) braze and h-BN melted at 1123K for 2.4ks.

h-BN

Fig. 3.51Z, 1123K (23135 h-BN & Ag-Cu-Ti A9 kF DHEff 4 I I AE M 12D T
R Ti USHIER 0%DAIM O 4, BT 160782 R TRV, REfikTT
PEIX RSN o7, Ti IRINEEOEEIN S, HEfilf O TN IXBAE L7220, HAEI72
Pl A 23 LI RO SRR CIELND X272 572, Ti IR 2.80%D5E, AIOM DA
Rl 7o R U CHE i A I8 A 2R LT,
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Fig. 3.5 Time dependence of contact angle for Ag-Cu-Ti braze alloys at 1123 K.
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Fig. 3.6 (ZIRRlE DR R (B EHERIRRE) OHil M 1OV TO FERAE % Nicholas
5D 70%Ag-28%Cu-2%Ti A5 h-BN (x4 28l Il E ik R Ve ORT,
AHFFETHE 70.15%Ag-27.59%Cu-2.26%Ti AODEHiE Ar XA TOD 1123K
(BT AMIEEIL, Nicholas HD 1x10~Pa OEZEHh TOMIE RS B ICI1T5 1100K &
173K OFEROHFRICALEL TRY, FREDOME TH-o7z,

140
-------- ¢ Nicholas
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Fig. 3.6 Original contact angle data for Ag-28Cu-2Ti drops on h-BN * and
70.15Ag-27.59Cu-2.26Ti drops in this work.
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Fig. 3.7 Dependence of final contact angle on Ti content of Ag-Cu-Ti braze

alloys at 1123 K.
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PHZIESHK 2~10pm (20722 Ti SOSEPBIEES VT, Ti iNINER 2.80% D6, S
FOSEIE 0.63% D5 LR L TIEL /2o TWAHEEBIZ, AOMMNTIED > THA L
Tz,

Fig. 3.11 (ZHfib 4 e 3Rk PO 0 LA B 375, h-BN / Ag-Cu-Ti A8 57>
SEEALT- REIR O W I AT R 2R T, Ti USINER 0.63% D54, Ag-Cu H Sk 23
B, VO Ti 28 Cu ERICHEIKIZ AL TWD, — 5, Ti BINR 2.80% D4,
B2 D Ti AV S SRS LT Cu LRICHEIKIC /0 A L Tud,
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Fig. 3.8 Map analysis of Ag-Cu-1.28%Ti braze
alloy / h-BN interface (edge).

a) SEM image |

[

e

Fig. 3.9 Map analysis of Ag-Cu-1.28%Ti braze alloy /

h-BN interface (central area).
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a) SEM Image

2.80% of Ti

Fig. 3.10 Map analysis of h-BN/Ag-Cu-Ti braze interface after contact

angle measurements.

d) SEM Image
_dnfermetallic
< ] ;

2.80% of Ti

Fig. 3.11 Map analysis of bulk of Ag-Cu-Ti braze away from h-BN/braze

interface after contact angle measurements.
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Fig. 3.12 XRD profile of samples at interface and bulk braze after contact

angle observations.
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ZNAIM OERIBEE D DH OB T E 277, ey MEIZIIHCIR Th o7
AIMFOTCIRIE, TERLE % OWRIT DI ADNDITERIRICE L LTz, F-ZF DR
DM ITEA ThoTe, MEDNEIT T DI 2N T, KiIE o) ~ DITRTEIC

a) heating profile
1000 S S
PN
900 A
oo | b 9 AN

d) ]

Temperature (K)

00 At T2nd! Brd | 4th
SCD nun :run:’:run- runi
200

0 10 20 30 40 50 60

Time (s)

Fig. 3.13 The change of the droplet shape during laser heating.
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Fig. 3.14 a)lZ Fig. 3.13 |\O/R L7z ilkBh2 0 Y6 R PRSI 235 o, b)IZEREO
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? SEM &h>0lE, AWM D& R IIRE R TH BN NI ANERL, a)lidsifd
KiFIROERIINT AN R T AR RS TNDZEN DT,

Fig. 3.15 |2, Fig. 3.14 b)D st N O IL KRB N [k IZ 3515 5 EDS
XD B Ba T, a)D SEMIGICEITH7L —F— R OFE TIE, b)lorRd
FIT Ag DA B IR E D72, ¢), IR T I Ti Z2HNT O DA N %L72o
TNDLZENDD T2, T2 IR LIZ Cu lZBIL T, b), d), o) LT DL, Mibi/n
A DRI SN0 5T,

Table 3.4 [ZHAIMMARIZ I T HINEGE T REOFUVEIZ DWW TR, Ti HEESIN
DAL, WEENDEKIZOIRREO FEEEFE L7z, Ti iIIER 0.28%~0.85% D51,
AR h-BN _ETRIVEN > TNedyo72, Ti TRINER 1.25%~2.80%DH5 5, A4
I% h-BN _EIZ0RIED-THY, Rifadai itz rLTz,

a) Optical microscope image b) SEM image

Fig. 3.14 Appearance of the laser heated specimen using 1.68% Ti braze shown
in Fig. 3.13.
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Fig. 3.15 Map analysis of surface of Ag-Cu-Ti braze using EDS after laser
heating.

Table 3.4 Wettabilities of droplet during laser heating.

No 1 2~5 6~10
Ti content (%) 0 0.28~0.85 1.25~2.80
Wettability Not wet Not spread Spread
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Fig. 3.16 (T Fig. 3.15 OWrinBLZ3 3 ONC[RISHIIC 31T D EDS (XDt 70 Hrifes R
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a) SEM Image

'

Fig. 3.16 Map analysis of cross section of Fig. 3.14 using EDS after laser heating.
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4.1 ¥E

%2 EORRIY, Ag-Cu AOMITTEMM I EL T Ti BIRINSH - TiIRD A58 %
FAWAZEIZED, h-BN LA &EZL —V T L — U ZIEIC IV EEA T TEDHTE
BRLIZ Y, E, 5 3 EOMRLY, A96&1TO ETEE LD h-BN ([R5
PEIZDONT, Ag-Cu-Ti &AM O Ti sINERIKAFHEEZ DN T D728, AIMOF
AIHEE P THD 1073K~1173K O HIMETHD 1123K (2B HEHEETD
PEfl A E 21TV, Wi a0 n R i b NSl il E 2 FE L, ARz
72< L% 0.28mass% D Ti ZIRINT 52 LK, FkEi7eiZfit g DR T RIBIo2E, £
7o, TAUTITEES RSB ARS8 O A BB EZ R L TERY, K8
DA RRATAED F T B AL O T i & 2 | T4 A DMEE T 45 2 &% 2 OB R A7 &
EHICHDMNZILZ Y, SBIC, L—F TOMBFRINEEI TS A DA D28
DWTEIRE I ATIZL DB ATV, BELDAIMBE O ZERIZ OV THERA
1Tolz, TORER, U—W & HWIZERRINEADS S, A58FE h-BN OdahtEaik
FFBH7201Z1F Imass%Lh_ED Ti IS LBEIZ 72 AT LB E 5T,

DI, Ag-Cu-Ti A4 & h-BN ED I HOWTIEZEDINBGEFEIZ L > TRE
SEALT 2720, [FRRICHES ZED RESEL T DI LN LSS, LAL, Ag-Cub
MK T D Ti IO EIZHOWT, FRIARIR M TOMFHE, 2N ETIZEZE
HCHIE L7225 V03 S STV B D A Tdh D, Nicholas 1%, AIN, BN, SisNg K&
W sialon DAIFHRFEIZ DWW TEBRIICHREIL, Al, Cu-5Ti, Cu-7.5Ti, Cu-10Ti,
Ag-28Cu-2Ti 72X DA% VY, miR T 15 AL CEZEAI LR oA
i PEOI 7 ik & E B A AR L TD *, Benko B, ¢-BN FHEIZH LT
{LZFRNCARTE MR Ag DT ZUHRILHE DTN LU E ZM5EL, Ti, Zr, HE 2300
L7z Ag B&lTbFRNTIEMEE 2D, AWWEIL Ti<Zr<Hf &) B3 5284 RL TV

6,7)

o

INHOMFFETIE, H2EHTHRAICMALIZ%, —EREICREZREFLI2R S
THRAE LA BT TNDTD, Ar FIHA TR R BINEAETTH
L—H T =T TIEDLA LTI, #8 Ra CORISEENCRERERDBAELD
AREMEDN DD,

ZZT, RETIE, h-BN SHEEBEGEORML —F 7L — 0 7128175 Ag-Cu-Ti
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BRAIMO Ti WINFAEAFEZ AL T D720, TEMERSEL T Ti 2RI
K 2.80mass%E THE &4 DIRINFRELTZAIMZAIEL, Znba V- i —5
T =T 7B R R Tz, TERILTCRUEHZ W T, Wik Blgs, ok ofr, #6547
[ DIEMIEIR A 725 DN A MR B2 E 2 FE i L7z,

4.2 EBRFE

TR WA BRSO RFE O FEMI A,  Table 4.1 33108 Table 4.2 (2~ EAE
4, h-BN 225TNZ Ag-Cu-Ti G@A9M L7, h-BN 1203, 5 2 X O 3
B THWo @M OBCRRS fh DA B R EL TRy P 7 L ZAFEIZIDERIL7Z,
S AT OLOEHE AL, h-BN OBFZEREKIE 4.4x10°K
Thb, TDI2, RETITEWZIRMRED 5.2x10°%K LHBRIIL, BUS o A%
T HZENFRETH LI L L, %Ik T 55 6 T CTOE G EGIHI LH~0 )5 H R
EEEICAI, 62 TR OE 3 BEFRIGBEAS% h-BN EOA MR E T 528
ELT-, BRMICIE, rRip& 7 neAc iGN =~ T V7 A SR o
ISO K10 %5k D & a i H LT,

Table 4.1 Materials used in this work.

Nominal Bend strength at . . .
. o Density Relative Size
Material composition room temperature (x10°kg/m’)  Density (%) (mm)
(mass %) (MPa) & y o
Tungsten . 94, Co: 6 32000 14.9 - 10%10*2
Carbide
h-BN h-BN > 99.993 32.5 1.93 82.5 5*5%3.5

Ag-Cu-Ti &&AH812E, &MY ELT Ti 2o K 2.80mass%E T
fli 2 DEIFEELTZES 0.1mm OHAROFNEAIM ZE LT, 7235, Ag & Cu Dt
TR L2 D I LTz, AL 7= A58 DA SR L0 EIZ i i 52 &85
1L 5728, AOMTFEZFEGERFEOK) 80%FRE L7220 IR LT,

h-BN, A8 725 NSRS A 500 E, 7R AZES 10 25 OB S R s 21T-
TR THIEL Thh, AOFITHELTz, i L 7o s AR IR 72 5 K912 v L,
AIM % h-BN LHEEE G4 T L DA, ZORBEOREZ BEZET v N —D
\ZBY L, AOM DB T-BRICEERNEN DN EDIC T 5728, 1.2MPa D) ) Tk
EHEEE Uz, sUEHTIEAE 100mm OF ¥ R—NIZEv &N, Fri3—HN%E 10!
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Table 4.2 Tentatively made

Ag-Cu-Ti

different Ti contents.

brazes

with

Table 4.3 Laser brazing condition.

Elements (mass %)

Pulsed YAG Average Output (kW) 0.134
Pulsed YAG wave length (nm) 1064
CW LD Output (kW) 0.02

CW LD wave length (nm) 808
Pulse frequency (Hz) 100

(1* run) 0.6

Scanning speed (2" run) 10

(mm/s) (3" run) 1.0

(4" run) 1.0

Laser beam diameter (mm) 0.5

No Ag Cu Ti
1 72.01 bal. 0.00
2 71.49 bal. 0.28
3 71.53 bal. 0.41
4 71.34 bal. 0.63
5 71.21 bal. 0.85
6 71.07 bal. 1.25
7 70.90 bal. 1.28
8 70.20 bal. 1.70
9 70.15 bal. 2.26
10 69.61 bal. 2.80

Glass fiber

Beam head

Transparent quartz

glass plate
Laser beam
h-BN /
Braze
Tungsten
carbide
! ! H Laser radiation area
Specimen stage I I\ Thermo couple

Fig. 4.1 Schematic diagram of laser brazing.
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Pa LA FIZEZEHER L7274 99.999% D Ar CEHLL 7=, ZDEZEPER/Ar B2
%, AT EBMGT HRNCHRAR 3 [FILL EREVIRLTZ, AOfFOBRICIE, SL/min Ot &2
TAr HAZF XL N—N|ZHE L7214, Fig. 4.1 (279 X912 h-BN D4 &% 1 JE95
JoI, L EEBI A4 B Uz, b — T INEAGRA% Table 4.3 1217,

B O R OO E 2B 22T 5720, W OO RBH AR S A7 B R U ek
TUIMTL7=%, W IREELIED =R AR T DA A, FEIRIZ T 8~10 I[N CTHE
{b&ET=, W2 OREMIFEE 21X, #120~1200 @ SiC (/KA EERRZ2 S ONTRIES
3~lum DOEFEmA AVEREMH L,

WAL 2 D NS TEJBONTIIL, BT 0—T ~A707 FI7A4W (B RE R
S JXA-8621MX, LLF EPMA)Z HV -,

BB S OB A MERN L, B R EEMEE(A ;T 7Ty RS
HSAM220) & HE % 7 e ik g (R A th B R ERT . 4 —F' 97 AGS-5kNB)%
iz, B ABEERHFEHL Fig. 4.2 1R TR RIcEy hah, BBRICHE L7z, AL
7oAy RAE—RE 0.5mm/min Th b, HA MRS, B 5 BEMEIc 0 E
ENT-HEAEE CRAMEZRTHIZLICIVEH L, 7238, Ti IR 1.25%E
1.28%DAIMNZDUWNTIE, Ti IR HEL TWDT28, Ti IINER 1.25% D70k

A I BRI LD A PRI 22 S DN B AW BR IS VY, 1.28% D30k 2 Wt if

T~

l N

h-BN

Fig. 4.2 Schematic diagram of experimental setup for shear

strength tests.
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4.3 EBRFER
43.1 L—F T =V TEEMHICRIETAIOMH O Ti BINEOLE

Fig. 4.3 |2, B O G4 R mEEOREN R 707 74V %2 7R$, h-BN O
SR A INEAT ZBE, h-BN JEPHOK DL — RS HE AR E 3528 T, 21K
ELTRAFRMEADBGOND L7 BE SRR EL TS,

728, AOMHEO Ti IRINZRICEDINENF OFBRE A A S iR E O ZERIE, AOME
RGN RE TR ZENRNZ b DY, KREREBITIAHINT, 2 TOAM D
G B W TINBIZ LD AOMITIERLL TODZEN R TET,

HOK D Ti IR 0% DA, IERLT=AOM B A & HEAUTBEE L TV
DD, h-BN [ZITHEE I T o7,

A D Ti BN 0.28%~0.41%LL FOYA, Ti TN 0%DOH DO LFRIERIZ,
AL 7= A9 IS 4B L T O D, h-BN ll~D R E LA S50

o T A
W N

N

N SR

/

/

Temperature (K)

S g

AR JE N N (Y R S

30 40 50 60
Time (s)

Fig. 4.3 The bottom temperature profile of the WC-Co plate during

laser brazing.
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T, MERLL 72308k A O 2 A BT B 3Bk 28 Rl REZe i i O VERUI IR BT o 72,
—7J7, Ti IR 0.85%LL_EDBA, h-BN/Ag-Cu-Ti AOM /BTG 4 KR OB & 1E
A FHE ThH T,

432 BEARBEOWmBILE

Fig. 4.412, #:6% OREHZIIT 2 h-BN/Ag-Cu-Ti AH8 S O il AT ig R0
Ti IR OFEZ IR, Ti BRI 0.85% D4, h-BN A ORI Ti %< 1R
HLTWDHDD, h-BN ORFHIZRZEFRIZIEA T D E TITITE > TN EN, SEM
BIESE RO TN D, F1o, TINS5 L TODHEI T, FHXIIIIC Ag DR
FERME TFTLTWDIERDND, Ti TINFE 1.28%0D 4, Ti IRINE 0.85%DE4 LIt
2L C, RO h-BN OBHRALER T IZAIM DIFRAL TODERF25 Ag, Cu BLUTi
DHEIGATRE RS0, ZOREHZEITD h-BN EOFETO Ti ORIGEI, Ti
WIN=R 0.85% D6 L U TEL, EHEZAVMA TR > TS,

Ti WK 2.26% DA, h-BN EORHEIZIITD Ti ORI, Ti IR 1.28%D
A SR L TRERMICEL > TEY, ZORESHLEGFNCEIDIEL>E MRS T
WD, F72, Ag, Cu DIRELT, TidRINER 1.28%D A LB L TR FE M
BH5,

Ti WINHE 2.80% D54, h-BN EOFMEIZIITH Ti ORI, Ti SN2 2.26%D
BALIET DL, R Cha<BlB Ml 2RIChlzs TRENREL > TNDHIE
WD, £12, Ag DIRFEIX, Ti IR 2.26% 0854 gL TR FLTEY, Ti ©
BN EOES TIEZ OB M NEEICADID, — 77, Cu ORESAIL, Ag DF
A& Ui 7o FE BT R S3T, h-BN O EITFEEBRE, Ti OIREIE
Wy EEAR DI S D,

4.3.3 W AMWTERERERE ORI K OV i kLR S

Fig. 4.5 12, Y AWrRRERE OS50 Ra7= ¥, Ti ININERD 0.63%(No.4) Dy
&, BEAS MO a)lZiX h-BN 2MIEAEHELTEST, h-BN il bl 412
LT, —J5, Ti BN 2.80%No.8) DA, BlAA&MOME o)k
h-BN N IZH72> T EL T, Ti IINEE 1.25%(No.6), 1.68%(No.7)b [FIERD
ka2 L7,
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T10.85% Ti 1.28% T12.26% T1 2.80%

122 15.0KV X2,000 10 P6  15.0KV  X2,000 135 15.8KV  X2,000

Cu

Ti

Fig. 4.4 Map analysis of h-BN/Ag-Cu-Ti braze interface and their dependence

on Ti content.
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Fig. 4.5 Fractograph of specimens after shear strength test.

Fig. 4.6 (28 AWrakpts o6 5l b i Bl 2345 R & R D e R o s e b %
D Ti IRINRO AR, TiTNER 0.63% DA, Fig. 4.5 125X AE8 5y
IZh-BNIZIZEAEME L TR oz, ZOZ I, AR E CHlITL QW -2 l% R
LTW%, SEM BEIZHRONDEIIZ, o AIIHCRAEAE D h-BN 2538 L TWDES
SZIE, AOMEDEEE I Ti B L0 AL TWDZEN TG RDDOND, 78
B, SEM BEE|ZEWTC, BRSO h-BN LSO IZ RSN D86 ik Lo B
BE I, FBFEHUZ AW =R UHIE TH D, Ti i 0.85% D% 5% 0.63%&
[FIERIZ, B2E R EIZITEH I h-BN M E L THODH 00, B4 5 ChElrL T
72,

Ti WINER 1.25%E 2.80%DHE, Figd.5 o)BL O IR IO IEE 4 Am
MBEENZ h-BN #5 CAEUTEY, SEM B HE CRIE TEXHMEETIX, A8k
i iG TH D h-BN OFRENCIR AL TUVD, Ti DHESHTHE DD, ZOERSITIE Ti 05%
SIHLTWDZENDMND,
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T10.63% T10.85% Ti 1.25% T1 2.80%

143 150KV k2,000 10V 42,008 10

Ti

Fig. 4.6 Map analysis of h-BN/Ag-Cu-Ti braze interface after shear strength test

and their dependence on Ti content.
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4.3.4 TAWTREIZKIETTAIMHO Ti TINEORE

Fig. 4.7 \ZAOMH O Ti IIMZEEH /W8 B O BUK T2~ 9, BV BRI
A5 FEROIREE DY 873K LA RIZEIEET D&, Ti IRINRIZEHLL T, L
ETOAIMERNZIB W TAIRITIERLUTZ, Ti TN 0.28%LL EDOAIBFZ2H L
7ot I BAEEZ o SR IE R AR, AOMDERIL, H#26 FUmic
RERZERN AONI2NZEEMER LT, IHIZ, MNEGE T 1% O Wi SEM #1%2/EPMA
TLRIHTINOIE, WESDOAIM DRI, #26 R EICSHPERL TWhD2E, 726
[ONRSS Y B R o) i A TR AT A Nz =L VN TS g WA N2 oA By il

Ti WINEE 0% DA%, B G & ERIT LTI B ARz~ L7203,
h-BN (2L Tl e<bavian-7z, 2078, Ti RN 0%D A8 TILBEM A,
HiskeZamo7z, 51T, Ti WIS 0.28%L 0.41%DAHM & L7854 T, h-BN
(2R T DRNENEL, B BEA N TERN -T2, Ti IR 0.63%D A9 D5A 1T
AR EE DML, WO OFRER P58 B E 2 AD8F & h-BN O$ZE5 i Ci
B, ZELREOBEASREAER T LITTE ol BE L ESRE NS
IO, Ti IINERDS 1.25%LL EOYE ThoTz, ZNHOREIOLE, W o
AR B LD h-BN R ERS CREWTL, 2 O REI TR U Ch -7,

Threshold
12 *
[ .
10 :
.

£ 38 : hd
S |
~ 1
QL |

. | .
£ 6 ;
5 |
A |
g 4 T
,J: 1
2 |
1
2 % % i
0 . i
0 1 2 3

Ti content (mass%)
Fig. 4.7 Dependence of shear strength of laser brazed h-BN/WC-Co

dissimilar joint on Ti content of Ag-Cu-Ti braze.
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AOMELTIE, 52 B4 BOMBREZEEEX, FAWTREOLEVMELYS Ti ik
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52 ERIGIE

PR EHZ I, B A ALl T2~ T U7 UE RS 5L 1SO £l /0 %6 K10 A4
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Table 5.1 Materials used in this work

Nominal Ber;ii :gi)erﬁgth Density Relative Size
Material composition (x107° kg / Density
(mass %) temperature 3 ) (%) (mm)
° (MPa) °
Tungsten vy . 94, Co: 6 32000 14.9 - 10%10%2
Carbide
h-BN h-BN > 99.993 32.5 1.93 82.5 5*5*3.5

Table 5.2 Commercially available braze used in this work

Nominal composition

Braze Grade (mass %) Th(lrcllllil)ess
Ag Cu Ti
1.68%Ti  TKC-710 7026 28.06  1.68 0.1

Table 5.3 Laser brazing condition

Pulsed YAG Average Output (kW) 0.134

Pulsed YAG wave length (nm) 1064
CW LD Output (kW) 0.02

CW LD wave length (nm) 808
Pulse frequency (Hz) 100

(1% side) 0.6

Scanning speed (2" side) 10
(mm/s) (3" side) 1.0

(4" side) 1.0

Laser beam diameter (mm) 0.5
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X, Table 52 12773 HP E&BE LEKRSHONTROIG SR A58
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L7e, BBHINTRRZIE, W lE2a—T7 o 71T LTz, o TEM 30 AE
BT DRI, B RE AR E T DD E SR G EE I T — R i a—
T4 LTz, Fig. 5.1 12 FB-2000A O 8l % <9, TEM #8122, il (RS &[4
X HARE RS AR JEM-2010(001E & 200 kV)72 5 ONZ, JEM-2100F & H Mz,
%72, JEM-2100F TOGE1£3121%, Gatan ¢ Gatan863 Tridem %\ 7z, Fig. 5.2 IC
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EDS KNI D M ra 3Lz, ok Hricid JEM-2100F 1)@ B A F#k
A JED-2300T 2 /e, 43 e — 88356 Inm T D,
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Fig. 5.1 Appearance of the focused ion beam (FIB) system used in this work.

Fig. 5.2 Appearance of the Transmission Electron Microscope used in
this work (JEOL JEM-2010).
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53 FEBRER
5.3.1 U XBREPTIC L AEE T ORG S & fEHT

TEM B £ D, $64 TR0 X0 IE#72 S B A 15 O 550 X
BT LD E A F2Hi L 7=, Fig. 5.3 12 Ti 1.68%IMAIH % V=86 F i o X #
Bl R A", h-BN ° WC, AOM O FEE ) ThD Ag IR T8 —7DIF)»
I, Ti DZEADICH KT D~ DIFIENHEB TED, ZNHOE—2F TIN>OL[F
BT,

45 h-BN 1.68% Ti braze

Count (Arb. Unit)
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Fig. 5.3 XRD profile of the sample at the interface of laser
brazed joint of h-BN/WC-Co with Ag-Cu-1.68%Ti braze.

53.2 ZBEFEMEICILEE R mEI Rk O REEE R

Fig. 5.4 |2 FIB I LICE D826 FENODY 7 T & 779, Fig.5.4 2D
FEAGEIR DY Ag-Cu-Ti A4, LD B ATEDS h-BN Tého, h-BN & Ag-Cu-Ti 59
T HEZ AV A TV, h-BN OBRFEIZAIMBIRAL, BAEL TNDHIENRD
Mol FIBIZEOBCRITIN T U723 B o LA S6IcE kL%, ~(7uad 7
Y7 EATV, TEM Blgia EhiL7-,
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Ag-Cu-Ti Braze

Fig. 5.5 Bright field image of h-BN /
Ag-Cu-Ti braze interface (Low
Mag. ).

BEAEOWE TEM B85 IO\, Fig.5.5 [CHBREHMEEZ "9, AGERS A
h-BN, B BERLT. Ag-Cu-Ti A5 ThbH, AOMD, FimEfF A7 ET 5
h-BN O EH nm DZEFRIZHIR AL TWDERTD3 503D,

Fig. 5.6 |2, Fig. 5.5 HREBOILRBIEHERZ T, BORICAZ 58845373 h-BN, %
DA+ nm DZEFRIZAIM DN AL TODER D R BI5, Fig.5.6 I 6O R
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BRI A Fig. 5.7 (2R 7, h-BN(100))5D I KB FHILTWNDZEND
235, h-BN SO AT LM, TIN{200}° {220 2R K95 L5 2 B aHT ms
FAET D, T, BT ~Z—2 D725 TOARERTN A H5,

Fig. 5.8 1T, h-BN (002)[ENHALN R EFHE 474, AfDa " ARNERL
TS F L EROFIROER Sy, 725 NS Ag-Cu-Ti AHM HHIZHAC oy B 7k 1
73 h-BN T2, FrIZ i HDEROHRROE 53 1F, B s DO h-BN THHI LD D0
72,

h-BN  h-BN
(100) ( 102)

v
h-BN
(002)

Ag-Cu-Ti Braze : —

Fig. 5.6 Bright field image of h-BN / Fig. 5.7 Selected area diffraction pattern
Ag-Cu-Ti braze interface. from Fig. 5.6.

" h-BN{104}
¢ TiNg22)
. «—Ag{200}
TETINGTY
“— h-BN{002!

Ag-Cu-Ti Braze

Fig. 5.8 Dark field image from Fig. 5.9 Selected area diffraction
h-BN (002). pattern from braze.
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Fig. 5.10 Bright field image of h-BN/Ag-Cu-Ti braze

interface and elemental analyses using EDS.
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Table 6.1 Materials used in this work

Nominal Bend strength at

Material composition room temperature D3e nsity 3 Size
(mass %) (MPa) (<107 kg /m") (mm)
Tungsten Carbide WC: 94, Co: 6 32000 14.9 10*¥10%*2
Single Crystal Diamond C>99.99 - 3.515 4*4%2

Table 6.2 Braze used in this work

Nominal composition

Braze Grade (mass %) Th(lltlilkrill;tss
Ag Cu Ti
1.68%Ti TKC-710 70.26 28.06 1.68 0.1

a) Single crystal diamond, b) Ag-Cu-Ti braze
¢) WC-Co base plate.

Fig. 6.1 Appearance of materials used in this work.
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t, BEAHAEH#140 KA THIE 2L, A T8I0/ AL LT, EAER
TS RLA AL 2 AT EUR b A D 4mmx4mm>2mm )& L, #4
21 Re=15nm D(100) % FHV Tz, 327 fn AR FRITIE, kO PCBN &2 e,
I L72A981%, Table 6.2 2R3 HP B4R LEKRASHROTROEESE
A (TKC-710 70.26mass % Ag-28.06mass % Cu-1.68mass%Ti; LL T, Ti 1.68%¥RMN
AIMERFL) TH 5,

R—=2M CTHLBHE A B LETIVIADRNIAIM e, BZEPER L, Ar TR
KR THIMTEIT, BRI 7=,

AEHERL S ORISR 2 T|ICFLIR LB Th 5, H£E 100mm ¢ DEZETF v
N—=DHNZ ey LTz, 3B R 2 B E T2 RED R TV DB I A 58 T A
WTEDLN TS, REHEE DT, #2E6 HmIZxL T 1.2MPa OIEEITS72, 72
B, BB OX v 7 HIENI T TR, REHE B ZEF v N —NER I v MM,
B8 F ¥ 3—N%E 107 Pa L FICHERL, FUE 99.999%0 Ar HAIZEDE 5
ANV, Bl 3 B IRU T2, AT EAT T2, AT H O Ar 7 A &3 5L/min
ThHD, L—PHIX, BHA ST A E B L TR A SR L T 85°D AT
R LTz, L—Y IR ETIv 7 AD B Z— 832551217 >72, FREHSA% Table
6.3 1T,

725, AOMYARIL, A HICAIM BRI BRICEEAS R bttt 30
ZRHIET A7, HEA I mAEOK 80%E/2AIIHEE LT, F7=, AN, 7

Table 6.3 Laser brazing condition

Pulsed YAG Average Output (kW) 0.134
Pulsed YAG wave length (nm) 1064
CW LD Output (kW) 0.02
CW LD wave length (nm) 808
Pulse frequency (Hz) 100
(1™ side) 0.6
Scanning speed (2" side) 10
(mm/s) (3" side) 1.0
(4" side) 1.0
Laser beam diameter (mm) 0.5
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Fig. 6.2 The cutting of a single crystal diamond specimen using

ultrasonic cutter.
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a) Appearance of the specimen

b) Optical microscope image after ultrasonic cutting
¢) SEM image after polishing
Fig. 6.3 Appearance and cross section of a single crystal diamond and WC-Co

dissimilar joining specimen.
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a) SEM Image, b)C, c)Ag, d)Cu, e)Ti f)Line analyses
Fig. 6.4 Map and line analyses of cross section of a single crystal diamond and
WC-Co dissimilar joining specimen.
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Fig. 6.5 Distribution of C, Ti, and Cu at the interface of a single crystal diamond

and WC-Co dissimilar joining specimen.
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Fig. 6.6 XRD profiles of a single crystal diamond and WC-Co dissimilar

Single crystal diamond

WC
Wo

(1) Diamond side

A
o |(3) WC-Co side Ii
wC
Ao WC A
Mol WL\ agh |
30 40 50 60 70 80 110
20 (degree)
(1) Diamond side,  (2) Braze area, (3) WC-Co side

joining specimen at the interface.
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a) Appearance of a specimen b) Scanning Acoustic Microscopy

image

Fig. 6.7 Interface observation of a single crystal diamond and WC-Co dissimilar

joining specimen interface using Scanning Acoustic Microscopy.
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Fig. 6.8 Appearance of a single crystal diamond and WC-Co

dissimilar joining specimen after shear strength test.

100



9.9 2
- 411
< 0 0
2 4 :
'—g 10 Io 2
Na) / _3 1
2 / -
o1 / 4 £
g //Ill -5 —
£ 01 / ﬁ
/ 1 8
0.01 S 1 o
1 10 100 1000
Shear stress (MPa)

Fig. 6.9 The Weibull distributions of shear strength test of single

crystal diamond and WC-Co dissimilar joining specimens.
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a) Scanning electron image, b) Backscattering electron image

Fig. 6.11 Difference between scanning electron image and backscattering

electron image of PCBN / Ag-Cu-Ti braze interface.
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Fig. 6.12 Map analysis of a PCBN / Ag-Cu-Ti braze interface.
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Fig. 6.13 XRD profiles of a PCBN / WC-Co dissimilar joining

interface using Ag-Cu-Ti braze.
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