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Table 2-1. Chemical composition of SK3 carbon steel.

[mass%]

C Si Mn P S Cu Ni Cr Mo

096 020 0.64 0.015 0053 0.14 0.07 0.16 0.01

Table 2-2. Properties of Si3Na.

p/103%kgm?® A/Wm'K' S/MPa Sc/MPa E/GPa  a/l10°K"

3.2 15.5 800 4000 280

0. Apparent density Sv: Bending strength
X Thermal conductivity  Se: Compressive strength



Mo rod

Stainless steel

Active filler metal

Fig. 2-1. A schematic illustration of jig for brazing.
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Fig. 2-2. Schematic illustration and photograph of jig for tensile shear test.
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Fig.3-1. Construction for brazing.
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(a) ©

I' l

Fig. 3-2. Photographs of the Si3aN4/Si3N4 joints brazed at 1173K using active filler
metals; (a) Ag-Cu filler metal, (b) Ag-Cu+Ti active filler metal, (c) Ag-Cu+Zr active
filler metal, (d) Ag-Cu+V active filler metal, (e) Ag-Cu+Nb active filler metal.



Fig. 3-3. Photographs of the Si3N4/Si3N4 joints using A g-Cu+Zr active filler metal;
(a) brazed at 1173K, (b) brazed at 1273K, (c) brazed at 1373K, (c) brazed at 1473K.
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Fig. 3-4. Relation between shear strength of Si3N4/Si3Na4 joints using
Ag-Cu+Ti and Ag-Cu+Zr active filler metals and bonding temperature.
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Fig. 3-5. Schematic illustrations of fracture positions of the brazed Si3N4/Si3N4
joint after shear test; (1) filler metal, (II) mixture of filler metal and Si3N4, (II) and
(IV) the interface between filler metal and Si3N4.
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Fig. 3-6. Optical micrographs of the interface in the joints using Ag-Cu+Ti
active filler metal; (a) brazed at 1173K, (b) brazed at 1473K.
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Fig. 3-7. EPMA micrographs of the interface in the joint brazed at 1473K
using Ag-Cu+Ti active filler metal; (a) secondary electron image, (b) Ti Ka

image, (¢) Ag La image, (d) Cu Ka image, (e) Si Ka image.
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Fig. 3-9. Optical micrographs of the interface in the joints using Ag-Cu+Zr
active filler metal; (a) brazed at 1273K, (b) brazed at 1373K.
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Fig. 3-10. EPMA micrographs of the interface in the joint brazed at 1273K
using Ag-Cu+Zr active filler metal; (a) secondary electron image, (b) Zr La
image, (c) Ag La image, (d) Cu Ka image.

SisNs (b) Zr La.

Fig. 3-11. EPMA micrographs of the interface in the joint brazed at 1373K
using Ag-Cu+Zr active filler metal; (a) secondary electron image, (b) Zr La
image, (c¢) Cu Ka image, (d) Si Ko image.
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Fig. 3-12. X-ray diffraction patterns of fracture surface of the joints using
Ag-Cu+Zr active filler metal; (a) brazed at 1273K, (b) brazed at 1373K.
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Fig. 3-13. Relation between shear strength of Si3N4/Si3Na4 joints using
Ag-Cu+V and Ag-Cu+Nb active filler metals and bonding temperature.

30



E AR L T Ww %,

[

X 3-14(a)iz Vs > #. (b)) NbB S5 # % v T I473KkTH#HE A& L
EFRABORBOAFHEHBMETETDH 3. WIhoHgasdb #FR
DIkEYBI > MO RBICBEBEXND. 5 5H/Si;N.R
HTWRH. VA5 MHMCBEHN Tum, NbAISMTEEHNI LI KIS
BBEBRZHh TWd, Zhos0ABODEPMAC K D2E &R %
K3-15BIUTRI-16ICznhZThrRT. (a) TAEE B ZIKE
T#®. (b)~(d)dX3-15m8V, Cu, Si. K3-16MBNb, Cu, Sid
HHEXRBTH D2, VEIUNDPOEHHEXRB IO, H3-141KR S
n2HFHKoltaYWEBSLPLOEALEZVEPCNPESEE L L
LD THDZIEDPDLDHP» B ChhHDEBHEPRPCRECUS b3 H» L
L. T hRAgCBWTOHLBRELZTHAEZRL TW e UL
T, VERPNPAREABRBMICIEIEATME I LAEYE DS ZWRKE
TH5HO5MPICERB T 2. —H., SisgN;ELERICE I VX
ZENbE LB SiodHmbBbRES NN HM3I-T(b)OTiRE OE

4

ftelHl sz idchsnoBFZBEaRrEBDSOZW. 202k
B, RIEBx#HE T 22t e BEAYBEEL TWS O HHYEE
THELTWD. 28, BEAEBEEL1T3~14713KkcoEaRmO M
BEILE RICEEZ2RBRWT. ZHS5NHhih ol

M3-171. S>> 2HWEEAKILBY 2EZEAEHEL
SisN,BEBECEBRLEREBORE T tOoMERERLEDDTH
2, T2 TC. NbBS>HMZEMHWTILIT3IKE 213 1273KkT#E A L =z &K
Bt KRIEEBEMBIEFICHELL. Zo0o0EBEXRIWMETEL L > ke
Ti?» 5PV 5 TR, RIGBEOEXIEAREICHNL TR
FEHEHCHEM TS, V25 M08 468, RABEM100KERT
Z R RBGBE S 2unE ML TBY., KIBEBEOBRERITLAS
ISMOBAECHARXRTHEETH 32, Zrr > 2H VW EBAORE
Bid. 1173~1273KkCTRTi»>MnigatABELERMTHRRETY

31



Fig. 3-14. Optical micrographs of the interface in the joints brazed at 1473K
using active filler metals; (a) Ag-Cu+V active filler metal, (b) Ag-Cu+Nb
active filler metal.
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Fig. 3-15. EPMA micrographs of the interface in the joint brazed at 1473K
using Ag-Cu+V active filler metal; (a) secondary electron image, (b) V Ka
image, (¢) Cu Ka image, (d) Si Ka image.

(b) Nb La

Fig. 3-16. EPMA micrographs of the interface in the joint brazed at 1473K
using Ag-Cu+Nb active filler metal; (a) secondary electron image, (b) Nb
Lo image, (¢) Cu Ka image, (d) St Ka image.
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Fig. 3-18. X-ray diffraction patterns of fracture surface of the joints using
Ag-Cu+V active filler metal; (a) brazed at 1373K, (b) brazed at 1473K.
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Fig. 3-19. X-ray diffraction patterns of fracture surface of the joints using
Ag-Cu+Nb active filler metal; (a) brazed at 1373K, (b) brazed at 1473K.
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Fig. 3-20. (a),(b) Bright field images of TiN formed in the joints brazed at 1173K and 1473K
using Ag-Cu+Ti active filler metal, respectively, (c) selected area electron diffraction pattern
taken from area C in (a), (d) microarea electron diffraction pattern taken from grain D in (b).
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Fig. 3-21. (a) Bright field image of the interface between filler metal and
Si3N4 in the joint brazed at 1373K using A g-Cu+Zr active filler metal, (b)
bright field image of V3Si formed in the joint brazed at 1373K using
Ag-Cu+V active filler metal, (c) electron diffraction pattern taken from
area C in (b).
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Fig. 4-2. Optical micrograph and X-ray diffraction patterns of chromized coating layer
at various depths from the surface on a 0.96 mass%C steel formed at 1373K for Sh.
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Fig. 4-4. Optical micrographs of the interface in the joins; (a) non-treated,
(b) chromized for Sh.
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Fig. 4-5. EPMA micrographs of the interface in the joint without coating
layer on the steel; (a) secondary electron image, (b) Fe Ko image, (c¢) Ti
Ka image, (d) Ag La image, (e) Cu Ka image, (f) Si Ka image.
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(b) Fe Ka

Fig. 4-6. EPMA micrographs of the interface in the joint with coating
layer on the steel chromized at 1373K for Sh; (a) secondary electron

image, (b) Fe Ka image, (¢) Cr Ka image, (d) Ti Ko image.
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Fig. 4-7. Shear strength of the joints with and without chromized coating layer.
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Fig. 4-8. X-ray dilfraction pattern of fracture surface on the steel side

of the joint with coating layer on the steel chromized at 1373K for Sh.
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Fig. 4-9. Relation between shear strength and thickness of chromized layer in the joints.
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Fig. 4-10. X-ray diffraction pattern of fracture surface on the steel side
of the joint with coating layer on the steel chromized at 1373K for 36h.
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Fig. 4-12. TEM micrographs of the interface between steel and filler metal
in the joints; (a) non-treated, (b) chromized for Sh.
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Fig. 4-13. (a) Bright field image of TiC fine grains formed on chromized coating
layer in the joint, (b) microarea electron diffraction pattern taken from grain B in (a),
(c) dark field image taken by using 220 spot in (b).
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Fig. 4-14. TEM micrographs of TiN formed in the joint without coating layer
on the steel; (a) bright field image, (b) electron diffraction pattern of TiN.
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Table 5-1. Transformation temperatures of Ti-Pd base and Ti-Ni alloys.

Transformation temperature, 7/K

Ms Mf As Af
Ti-50at%Pd 800 792 846 863
Ti-48at%Pd-2at%Cr 704 694 739 765
Ti-44at%Pd-6at%Fe 589 565 601 624

T1-50at%Ni 343 317 352 379




h
i Steel Shape memory alloy
# Ag-Cu
B 2
& r' T1:0.02
"t S13N4
' 2" (mm)
-~ |

Fig. 5-1. Construction for brazing.
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Fig. 5-2. Relation between shear strength of the joint with the Ti-Pd alloy
and thickness of the alloy.
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Fig. 5-4. Weibull plots of shear strength of the joints with and without
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Fig. 5-5. Optical micrograph of the interface in the joint with the Ti-Pd alloy.
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Fig. 5-6. EPMA micrographs of the interface between steel and Ti-Pd alloy
in the joint; (a) secondary electron image, (b) Ti Ka image, (¢) Pd La image,

(d) Ag La image.
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Fig. 5-8. EPMA micrographs of the interface between Ti-Pd alloy and Si3N4
in the joint; (a) secondary electron image, (b) Ti Ka image, (c) Pd Lo image,
(d) Ag La image, (¢) Cu Ka image, (I) Si Ka image.
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Fig. 5-9. (a) Bright field image of TiC fine grains formed at the interface between steel
and Ti-Pd alloy in the joint, (b) microarea diffraction pattern taken from grain B in (a).
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Fig. 5-10. TEM micrograph of Pd-rich layer formed near the TiC in the joint.
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Fig. 5-11. (a) Bright field image of the Ti-Pd alloy in the joint after bonding treatment,
(b) electron diffraction pattern.
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Fig. 5-12. Shear strength of the joints with the Ti-Pd and Ti-Ni alloys
after tenth thermal cycle.
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Fig. 5-13. TEM micrographs of the Ti-Pd alloy in the joint after tenth thermal cycle
at 973K (a) bright field image, (b),(c) electron diffraction patterns taken from the
twins of vertical and horizontal directions in (a), respectively.
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Fig. 5-14. (a) Bright field image of the as-quenched Ti-50at%Pd alloy, (b) bright field
image of the Ti-50at%Pd alloy after tenth thermal cycle at 973K, (c) electron diffraction
pattern taken from area C in (d) (d) electron diffraction pattern taken from area D in (b).
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Table 5-2. Twin width ratio of the (111) twin plates in the Ti-Pd alloy before and after tenth
thermal cycle at 973K.

Twin width ratio

[ I [11 IV

6.14 5.25 2.70 4.00

Measurement 4.00 3.00 1.63 3.76

3.00 2.85 1.56 1.94

2.45 2.13 1.17 1.94

Average 3.898 3.308 1.765 2.910
Enami et al. (9) 0.77/023=3.35
Theoretical value (9) 082/0.18=4.56

I: As-quenched Ti-Pd bulk alloy, II: Ti-Pd alloy in the as-bonded joint, III: Ti-Pd

alloy in the joint after tenth thermal cycle at 973K, IV: Ti-Pd bulk alloy after tenth
thermal cycle at 973K.
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