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DEVELOPMENT TESTS OF AN EUTECTIC BRAZED JOINT OF ZIRCALOY-4/5US304

Kazuo SHIMIZU, Masaharu YAMADA
Katsuyuki ARA and Masayuki KITAMURA™

Department of Reactor Engineering
Tokai Research Establishment, JAERI

(Received April 9 , 1984) '

This study was conducted for the purpose of developing a
zircaloy-4/5US304 joint using an eutectic brazing technique.
Various fundamental properties of the joint specimens were
examined through mechanical tests (tensile tests at room
temperature and 300°C, bend tests, burst tests), a thermal
cycling test in an autoclave, metallographic tests, and electron-
prove X-ray microanalysis tests. The results showed that the
eutectic brazed joint has a good corrosion resistance in
pressurized high-temperature water and steam. A fairly strong

joint could be produced by adopting a tapered-surface contact and

Jpr—

by controlling brazing-temperature and -time. As a result of
these, it has been concluded that the eutectic brazed joint can
be used for attaching an in-core instrumentation senscor to, for
example, a LWR fuel element.

Kéywords: Zircaloy-4, SUS304, Stainless Steel, Eutectic Brazed
Joint, Tensile Test, Burst Test, Bend Test, EPMA Test,

Autoclave Test

* YAMARI INDUSTRIES LTD, NO.5-24, I-CHOME, MISHIMAE, TAKATSUKI,
OSAKA, JAPAN
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6 =EESIREE T0.2% A7y FiHTETIRO 3 %E min .

P0.2%A 7y FIRHALER 3 BE, min

Table 6 & Table 7 K EEFIRABROCHERE TS, 28 H L bMKBEFILRBESE TH
mte FoNELEBATHI, JIE®RER32~80ke/ mm? (SUS3048HMD62~131
%) Lifsd, MUS0%T, BREMNCHARIMERSLZ I EDRbh sl N~z T &,
vuho AR LEESE L IRETE R, B°F—YEATIE, glkEERT 1 ~332
kg / mm? (SUS304BMDI16~544%) EHABHICLAE/ ST Y FBEL L -/, 1007
— LS TEL T, B1REMFORBRA THEIR®EH271 ~37.4kg/  mm? (SUS 304
M odd 4~61.3%) L7 vFEBKED oD, BABCEBEAMAEL 725 2 KA
{‘m%ﬁ%ﬁﬁmi%I%Ef;ﬁﬁzbs‘?,g.8~41.3kg/mm2 {(SUS30488D65.4~67.7%) L7175 D,

TIE—RRNBEALARL .

Table 8 K SEAIERBOMBERT, 4557 —VEAOKRF IS THLE %A%T@%u
EFNOD02%A4A 7y FIHHIEI41 ~15.6 kg mm?, 3IiEEE$23.2~24.0kg mm?, T
4.0 ~8.5%BTH-1o CHIEFLT, 10°0F —~EASDEBRRRIT XTI VA vl — 4B
HTHE L, FRo00.2% 47 €y FIHAR15.6 ~16.6kg mm? 5IHRMEZ22.5 ~23.0kg
S mm? BN IABTH -1,

Photo.6 ~ Photol0 R & BisER B OXBF OABEEFRT .

4.3 HiFHE

BIFEER (X JIS 2 2204 IC#EM L T Figl3icmd & 5 gk - TEolmFEB R Z28/EL
TEE L7, 6% — S (RBFEL1~E5) BXUW0F—#E (BBRAF1~F5) &
L, AR14mm, AR5 mm, £ 200mm OFBAMERICMIL .

HiTRBOEHRBLUTOBRD TH S,

1) HTARER . BEIRER X7 AREH-0

@) B atBRAHE: D JIS Z 2248 IHES ATV A Mk
T REBOERS Table 912, F7., HBE%OAEZ Photo 11~ Photo 131278 9 M &R
HARBE L L LREARTHY, HADEKBBEAESUS 3 0 4 FHMBITEL 2o B
AEEFOBOEEIL SV T, 55— SEATR2~ P, 420~550kgTH - DKL, 10
F —NEATIEI6~395, 600~Ti5kgTdH - 7o,

Hikthyod B e GRATEAL oS,

..._4_
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Zo8b,

WL
M ==

W:EbHE, L A/ /ONRE
MERREoORE KT -4 PERANTELoN S,

o= g(di-db

ds : HEAE, & FAEHE
Plboskic &L Offidi=5mm, do=14mm, [ =98+28.5% 2=156mm, y = 7mm & WD
@%ﬁkbfﬁﬁ%®%ﬁﬁﬁ%ibkm%®%%.MF—N%%Q%QM,&A~%Am/
mw,w?fﬂﬁéw%ém,m4~ww@/mw,f@@,ﬁiﬁ@mﬁﬁﬁxbéfﬁk
TnfE Lo,

4.4 IN—Z PHBR

N—z FRERHE Figldiemd £ 54T S BARBA (G1~G3) LI0F —EEHER
B (RBEH1~HS5) KoV TiTok. REHSEARMYom, AELmm OHAMRECT
I L%,

N—ZPRBOFERUTOEAD TH 5.

(1) -v— % b REREE . KERBRE (LARKEBED

2 EhEt . 500kg cm?J] 1S 1#& 7w FooERE AR
(3) HEREM CER
4) HEBAHE AR

Tmmmwﬁwzbﬁﬁ®%%%,$t,Pmmn&?Mm&mﬁﬁ%@ﬁﬁﬁwﬂﬁ%ﬁ
4+, 2FBRILBBILAREAT TEL, 457 —REAOBEREFARFELELATHE LA
2, 1055 - NEATRARBIN L LREOHLTH - 120

MR ra, AEt OBREMR™ (rad>t) MNE Pad 2 24 OB LT f@KRATS
Z bt b,
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t

ol =

C®ﬁ%mmfw_zhﬁ%ﬁ@ﬁﬁ@ﬁ%ﬁmmﬁ%%ﬁbto%@%%,ﬁ%ﬁﬂﬁé'
@mwﬁ,Mﬁ%&ﬁmﬁm/mﬁ&ﬁﬁﬁmxéﬂﬁv#ﬁﬁjﬁtmmﬁb,m%—ﬁﬁ
Tl AR 4 RHEFKERS| REE & FREED FOo40kg, mmiEBA BELE -,
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4.5 <=HER

HIRREOHAXKICE L TEHEBRLERE L, 2HBAREUTOL S BEHERL

(1) 7oz (0.5 pFT) ICk3BERAPE

(2) SUS3040&ERxy Fro

T F | HeS0s(1) + H:049
T oy F v JHER L 10sec
3 vasoA-—4AnibkFEyF s
xyFvsiE HF + HNOs + H: O
(10%) (45%) (45%)
Ty F v 7R 10~ 30sec

Photo.16 & Photol7i~n vy v — THLWTH - 7 - ELEARAKOLZESHOEHEE
T, EEESE 200 BECEITY LA, —4BHMAERL s20TE>TWE, 1Y
KEUMBL BB L, BELBR, BRBLIUSEAKMBORSHEBICAE - T o, BB,
SHBERE L L TLIEORBEOYE, TLI T INLIHBERRBCLILERT Y 7 V7%
LT& %, Photol8t Photoldlic ¥ wvo = (k¥ x o F v /7 OFBEIKLIBFEGOREV %
Td. VBB F AL VLI Ol — A BMERKRICERESRLRASIN S,
LD EMSEBEALBIIARBIEEATO 2L B0 5, '

Wit —b s L —THBEDRFA 7 LT R VN BROSHEMEFE T v F /OB E ORI
P T EORICEI LTV { % Photo20~ Photo 23R g, £EBOEEB20emBET, 1k
By, F U SRE - TARCEANETL, SUS3I4BMEDEREDPRESLLLEINLDT
He, HPREHETLRENTE S, QL EM5, HEHsOSHERES SICE, 10~30
WhR O o F v I TRAETHHEEDN %,

Hmmm&RMa%MW%ﬁﬂﬁéﬁﬁW%%ﬁly%VVM@&T%LT@%Lt%E%
T, HRABOESIHBLM T, RELHFT220EB»roBRENTVILLICHER S,
Photo26~ Photo.29ic10°F — BB ERBEF T v 7 v 7 (WIOBE) & THL MO
EEILARVERT, HRESES 2B OERENTSHI &0, BHE, R, BRE
BIUTFHI VS MOV THOBESE» LM LY, LOIBHIERICILIBENR
HFHoOREGHRT, BRTHE, 2BDYL, Yol - 4ARMREVESATOLm, S
US 20 4fMIcECEBHBum OREITH D,

EEAS ] mmBELBEOESICT - NEASETLO LB OREHE I X » THERIC FE0 B
EHLREER,S LR EREECHELTLE-T, TO#RE, EoRNAOLHRERORK
PP 1B LHESATV S, B SESE—REFL AT mm, 107 —ESGHAEEHER
HoOBEOESHEICk 32 HEBOEDEY % Photo. 30~ Photo34itRd ., CHHLOEEEZRS
LESHACHLCE, LABOEREORENENELMEAL LAMNNEDL S K> T
BAERELHRD, BEOXEAFETRGELCNHTD, BEONEARMLITH > THETHR LKL
HaTWw{BarsdtrscBbnsd, HEMIOHEIFEIHEL K-c0E, FHEEFL R
BEDHENG mm &R EL, SHRBBHLNAETIIRSELPLILIRIZEUEL

— 6 —
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HEHE (B -7/mfcth, SEHENALZ Ly CE2REITAATE LELABRNORANEDOS
HWEAHIC LD R BHEN LAY EEbN S, BONBMECTHUR L0, MARKD
BREBHEOGS L VBN LD EBbNE, —F, BLESTH-> THABBOERAEEH
—BTHVEAHH BN, ChiF—~SMIBESRTAT, EABNRR2TEOAL -
hHEEbND, FB2RAFTRIDEEZHAT A0, BEEENET 6L EEH» 7

46 EPMAEE

RSB AL RROATRELANILHIKEPMARL BEES KOERSHT
24T - 7. '

EPMARBER, BB NEESEXEINERX — 650E%EH L. BTHROMAEEL
215KV T& 5. Photo35~Photo 42ICEH A (BAK LEAHF) OBRETT. MENE
% Zr, Fe, Cr, NiTh b, HEBOESZ 200m BETH S, ZId#RETL YA
OA M EhE D ENED LNV, Fel CrigSUS 30 4 BMbiclb~TREDDEL,
o EELTO A, NIKBLTR YL A BB DI 5RTHELAP LR LTS, &
BBIrONTESIEL (RS EHS ) Photo 3t R IRDERIITZTT - /e
ZOERA TablelliKRT, Yo —40LHFSUS 304 XOEMEEIHRODITH
GBRZAES (80.82) 25D T 5.

5 ® R

St 4—4ESUSSCANERAIBLIAEARTFIORRAESHAEFRNMRCLD
ﬁé,%W%ﬁﬁﬁ%,m%%ﬁﬁﬁﬂ&@%ﬁﬁﬁﬁ%%%mb,MF®;5Q%%ﬁ%B
F QB

(1. F—"BLEAIEEIRELH S,

9 A—trrr-—TREDEYA 7 VER (RS 300°C, 85kg/cmZ, H A 7 — 1200
B OEE, SESFRKNTORERORLNL I LEVPHRESNI.

3 mEAEBRECELTE, 7 BATRE YL oA ORBALD LB OHD,
SHRBEIKES NS Y ERBEE L s, 105N ESTREARELDPPHIERT
@%ﬁ&~%?£otu%ﬁm%ﬁﬁﬁﬁ?m,%%—Nﬁé&ﬁw@ﬁfﬁﬁ%fm%
L#=28, 10°F —~EEERAReT YV of — 4 BMRITHEL .

4 fTIE R, AT — RESLICF - EA L RCABM OSIRBE LD ORSVELAL
n, WFBREKELTREDITSHEI B0 -1,

6 KT LB — A FRBOSR, 107 —~EAURERRSTBRALTAGIERET ST
EBbir i, '

6 SHEBROER, 77— “EAERKTREREOBRIKLFHEL T,

) EPMARBORE, HREAHRIMOSLUEELD, sl —4HicSUS S
04 DASLTEHSEHLTE TR LD T,

e
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HEBEWE B2, BEENAEED TERFTTARTE LS &c;ﬁﬁﬁﬁﬁiﬁﬁﬁmﬁm
BKH LB Rs kb iBbhs, BORBMITHUR (N » D@, MAKD
MBS OERAL VBN EEbNSE, —F, ALESTH- TOHRBOBRASH
—RTHVEAYEH LD, LhRF—~"MIBENATHT, BEPTRETELALDL T
FWEEDLNL, BoRAGTRIOAFNRT 20, EOHENET 2HEER- 7,

46 EPMAHRER

it &ﬁﬁm%wéA%xiwﬁﬁﬁﬁéﬂmgtmePMAK&&E&%;U%%%%
21T -7,

EPMAZRBREIE, OUB I SEEXSINEEX - 650BEEH L, ETROIESRE
115KV T# %o Photo.35~Photo 421K B 44 (RO EESHT) ORMRERT. HEER
% Zr, Fe, Cr, NiTh b, HEABOESE 200im BETH 2, Zrdaft@BTH Y L0
oA RMEESTDESEHONE L, Feb CridSUS 30 4 BHHICENTRE DIz <,
PoEELTWS, NNKBLTR YV o4 BHBIL SXTHEDBHELBI LT 2, K
RBBICOWTS SIcs L RS %EHEN L7 ICPhoto 43I0 R T SR OE BT 17 = 7o
ZOESEA TablelliCFETo Y ud - 4DFHFSUS 304 XVEFEEVRODHICK
BBEBZrA KRS (80.82) 25T 5.

5 8 S

SLHEA—4ESUS3040RREAIIBLLIEGRFOMEEZRFEESMAMIIC S
D75, BEEEERR WEBEEABRSSOREFEAREERL, UTOL> THERME
Nni.

(1. F-~"BLEATIRELME»S 5,

O A—trL—TiRLBHYA 7 VAR (FESZ 300°C, 85kg/em?, Ay A4 7ov— 1200

B OfR, EEEEKDTOREBROBENL S T EBEESNI.

3 ZERSERBEEIEEL T, 45— A TR IO ORBELDEHEDHED, 2
SEBEIREL T YR SEE Lo o, 10°F— N EETIRBELDPPHLIERT
@%ﬁ&*ﬁf&otu%ﬁﬂﬁﬁﬁﬁﬁfﬁ,%?*Nﬁéﬁﬁ%ﬁﬁfﬁ%%TW%
L #-25, 10°5F —~EAfRARELTY v o4 - 4 BMBEITHEE L,

4) BTG, 457 —~SEA HICF - ES D RICESH OFRRELD SRS VELR
h, HFBREKELTRAATHH T LBb -1,

5 AFELZ - R PRBOBR, 107 —~BEARRARESSHATRIEAERT AL
b, ‘

6 SHBBROER, F— BEERAETHREEOBIR LI PE LT,

(7) EPMARBORSR, HREAPRZIMB0BLUEEEY, Jvhod-4RiSUS 3
0 4 DEETELLHLTE TR &b,
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Table 1 Composition of Zircaloy-4 specimen

Elements | Spec. |TOP |MTD |BOT.
. ” ‘
Sn- 1.20 - 1.70 | 1.52 1.53 1.45
Fe 0.18 - 0.24 | 0.207 | 0.215 | 0.209
Cr 0.07 - 0.13 | 0.081 | 0.082 | 0.089

Fe+Cr| 0.28-0.37| 0.208| 0.37 | 0.208

Max. ppm
Al 75 <25 | <25 < 25
B 0.5 < 04| < 0.8 < 0.4
cd 0.5 < 04| < 0.4 < 0.4
C 270 <50 | <50 | <50
Co 20 <10 | <10 | <10
C u 50 <10 | <10 | <10
H f 100 81 80 82

Mg 20 <10 | <10 <10
Mn 50 < 10 <12 | <10
Mo 50 < 10 <10 < 10
N i 70 <50 | <50 | <350
S i 120 < 30 <30 | <30

W 100 < 50 < 50 < 50
U 3.5 < 1 < 1 <1
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Table 2 Composition of SUS304 specimen

first second

Elements Spec. experimental | experimental

making making
C (% x 100) Max 38 5 €
si (& x 100) Max 100 29 27
Mn (% x 100) Max 200 82 172
{% x 1000) Max 40 33 35
S (% x 1000) Max 30 24 22
Ni (% x 100) 800-1050 809 825
Cr (% x 100) 1800-2000 1823 1811

Table 3 Mechanical properties of Zircaloy-4 and SUS304

Yield strength | Tensile Elongation | Reduction | Hardness
Material (0.2% offset) | Strength of area
(kg/mm? ) (kg /mm? ) (3) (%) (HB)
Zircaloy-4 (JIS} Min 24 Min 42 Min 20
§Us304 (J1I8) Min 21 Min 53 Min 40 Min &0 Max 187
5U5304 first 26 66 66 74 143
5US5304 second 30 61 59 71 170
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Table 4 Physical properties of Zircaloy-4 and SUS304

Properties _ Zircaloy-4 sus304
Density_(g/cm3) 6.55 8.0
Melting point (°C) 1855+15 '1398-1454

Absorption cross ' 0.23 3
section (barn)

Thermal expansion 4.0 (20°C) 17.8 (0-316°C)

(x 10-6/°C) 6.3 (370°C)

Thermal conductivity 0.033 (20°C) 0.038 (100°C)
(cal/°C-cm-sec) 0.042 (400°C) 0.050 (500°C)
Young's modulus 9900 (20°C) 19700 (20°C)

(kg /mm?2 ) 7990 (370°C)

Table 5 Insulation resistance of the specimen of the eutectic

joint for thermal cycling test

Specimen Insulation resistance | Insulation resistance
No. at room temperature at 300°C
(ohm) {ohm)
F27 1.15 x 107 2.6 x 107
F28 1.10 x 107 2.6 x 107
F29 1.11 x 107 2.6 x 107
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Table 6 Results of tensile test on the first experimental
Zircaloy-4/5U5304 eutectic joint at room temperature
Specimen |Sectional |Yield strength| Tensile Elongation Fractured
No. area {0.2% offset) Strength position
(mm?) {xg/mm?) (kg/mm?) (%)
£l Fé6 93.50 - 8.0 0 brazed interface
@:Q F7 93.50 - 3.2 0 brazed interface
%Ei F8 93.50 - 5.7 0 brazed interface
jji.g F9 93.50 - 4.5 0 brazed interface
23| Flo 93.50 - 7.2 0 brazed interface
§ T1l 93.50 - 37.4 brazed interface
E.,Q, T12 93.50 - 27.5 . brazed interface
%5 T13 93.50 - 27.1 brazed interface
+81 T14 93.50 - 30.1 brazed interface
é-é T15 93.50 - 30.4 brazed interface
Table Results of tensile test on the second experimental
Zircaloy-4/5US304 eutectic joint at room temperature
Specimen| Sectional | Yield strength Tensile Elcongation Fractured
NG. area (0.2% cffset) Strength position
(mm? ) (kg/mm?) (kg/mm? ) (%)
jﬁ Al 134.4 29.1 33.1 0.5 brazed interface
E.% A2 134.4 28.8 33.2 brazed interface
%fﬁ A3 134.3 - 7.1 brazed interface
3J§ a4 ‘134.3 - 7.8 brazed interface
Q 8 A5 134.4 - 13.6 brazed interface
o
@'5 Bl 134.4 31.3 38.8 brazed interface
gmls2 134.4 34.0 41.3 brazed interface
%}? B3 134.4 29.1 40.0 brazed interface
o 3| B4 134.3 32.6 39.9 brazed interface
=L 134.3 32.4 40.8 . brazed interface




JAERI-M B4-081

Table 8 Results of tensile test on the Zircaloy-4/5US304
eutectic joint at 300°C
Specimen | Sectional |Yield strength Tensile Elongation Fractured
NG. area {0.2% offset) Streng%h position
(mm? ) {(kg/mm*®) (kg/mm*) (%)
2lc1 58.90 14.9 23.2 4.0 brazed interface
)
Teic2 59.06 15.4 23.6 8.5 brazed interface
1
.2 1cC3 59.06 15.6 24.0 6.5 brazed interface
g 4
Tg1c4 59.06 15.1 23.6 6.0 brazed interface
[ J— K
S3|cs 58.90 14.1 23.4 5.5 brazed interface
@_u D1 58.90 16.6 22.8 14.0 Zircaloy-4
%ﬂ% D2 58.90 16.5 22.9 14.0 Zircaloy-4
7| D3 58.75 16.1 23.0 14.0 Zircaloy-4
Q
p D4 59.06 15.6 22.5 14.0 Zircaloy-4
Table 9 Results of bend test on the Zircaloy-4/SUS304 eutectic
joint
Specimen Bended angle Max. load bending stress Fractured
No. (degree) (kg) (xg/mm2) position
E| El 2.5 435 63.6 brazed interface
E-g E2 488 71.4 brazed interface
&3] E3 420 61.4 brazed interface
jJ§ E4 550 80.4 brazed interface
<3 E5 465 68.0 brazed interface
E Fl 39.5 658 96.2 brazed interface
T D .
g F2 24.5 655 95.8 brazed interface
%Eﬁ F3 26.5 678 99.1 brazed interface
F8| re 16.0 600 87.7 brazed interface
o }
= F5 31.0 715 1c4.6 brazed interface
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Table 10 Results of burst test on the Zircaloy-4/SUS304 eutectic

joint

Scecimen Bursting pressure | circumferential Bursted Fracture
No. (kg/cm2) stress (kg/mm?)} position pattern
o ' ,
v Gl 265 34.5 brazed interface fracture
o :
gtﬁ G2 150 19.5 brazed interface fracture
2 C .
Jd M| G3 390 50.7 brazed interface fracture
=
§ H1 250 32.5 - brazed interface leak
5‘% H2 390 50.7 brazed interface leak
%Eﬁ H3 315 41.0 brazed interface leak
jJﬁ H4 340 44.2 brazed interface leak
= 3|5 405 52.7 brazed interface leak

Table 11 Results of guantitative EPMA test on

SUS304 eutectic joint

the Zircaloy-4/

Element & Line

Weight Percent

S1-Ka
Cr-Ka
Mn-Kua
Fe~Ka
Ni-Ka
Zr-La
Sn-Lg

0.19
2.84
0.94
11.67
2.46
80.82
1.08
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L
T L+a L+03 -T2
a +3
A %hB - B
A B begin at Ty
A @B B heat to T,
A wlLlst B |holdat T
TR
A d 5 B B cool to Ty

Fig. 1 Typical binary alloy system and eutectic brazed joint

made between its components
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WEIGHT PER CENT CHROMIUM
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2000 ] | 1 Il | 1 ! ] ] | Lt | : [ |
e REF 2
1850° x REF 3 Wy (1860°)
21 2~
1800 M2 ~ —
N ~
~ - il
\, --_9 59 . ,/ i
N , L T e” ~1630° 4
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Fig. 4 zirconium-chromium equilibrium diagram
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Fig. 7 Diagram of thermal cycling test
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Fig. 8 Specimen of the eutectic joint for thermal cycling test
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| Eutectic joint
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Fig. 9 Specimen of the first experimental not-tapered eutectic

joint for tensile test at room temperature

~ Eutectic joint

SUS304

Zircaloy-4

Fig. 10 Specimen of the first experimental 10°-tapered eutectic

joint for tensile test at room temperature
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Eutectic Joint
SUS304

Fig. 11 Specimen of the second experimental eutectic joint for

tensile test at room temperature

Eutectic joint
Sus304

Fig. 12 Specimeh of the eutectic joint for tensile test at

3g00°cC
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Fig. 13 Specimen of the eutectic joint for bend test
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Fig. 14 Specimen of the eutectic joint for burst test
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Photo. 1 High-frequency induction heating'apparatus
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Photo. 2 Autoclave for thermal cyéling test

Photo. 3 Specimen after thermal cycling test
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Photo. 4 Specimen after thermal cycling test

Photo. 5 Specimen after thermal cycling test
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Photo. 6 Specimen of the 45°-tapered eutectic joint for tensile

test at room temperature (Al-A5)

Photo. 7 Cpecimen of the 10°-tapered eutectic joint for tensile

test at room temperature [(B1-B5)
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Photo. 8 Specimen of the 45°-tapered eutectic joint for tensile

test at 300°C (C1l-C5)

Photo. 9 Specimen of the 10°-tapered eutectic joint for tensile

test at 300°C (D1-D4)
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Photo. 10 Specimen of the 45°-tapered eutectic joint for tensile

test at room temperature {Al-A5)

Photo. 11 Specimen of the 45°-tapered eutectic joint for bend
test (El-E5)
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Photo. 12 Specimen of the 10°-tapered eutectic joint for bend
test (F1-F5)

Photo. 13 Specimen of the 45°-tapered eutectic joint for bend
test (E1-E5})
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Photo. 16 Micrograph of the not-tapered eutectic joint after

electrolytic etching

Photo. 17 Micrograph of the not-tapered eutectic joint after

electrolytic etching



R

JAER]I-M 84-081

Phote. 18 Micrograph of the not-tapered eutectic joint before

chemical etching

Photo. 19 Micrograph of the not-tapered eutectic joint after

chemical etching for 30 seconds
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Photo. 20 Micrograph of the eutectic joint for thermal cycling

test before chemical etching

Photo. 21 Micrograph of the eutectic joint for thermal cycling

test after chemical etching for 10 secconds
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Photo. 22 Micrograph of the eutectic joint for thermal cycling

test after chemical etching for 20 seconds

Photo. 23 Micrograph of the eutectic joint for thermal cycling

test after chemical etching for 80 seconds
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Photo. 24 Micrograph of the 10°-tapered eutectic joint
{Brightfield)

Photo. 25 Micrograph of the 10°-tapered eutectic joint
{Darkfield)
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Photo. 26 Micrograph of the eutectic joint (Brightfield)

Photo. 27 Micrograph of the eutectic joint (Polarized light)
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Pheoto. 28 Micrograph of the eutectic joint (Darkfield)

Photo. 29 Micrograph of the eutectic joint {Interference

Contrast)
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about 1.2mm from the surface

about 0.6mm from the surface

near surface

30 Depth dependence of the eutectic zone of the specimen

Photo.

of the l0°-tapered eutectic joint
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Photo. 35 Composition image Photo. 36 Composition image
superimposed with superimposed wlith
Zr-lg line profile Fe-Ka line profile

Photo. 38 Composition image

Photo. 37 Composition image
superimposed with

Ni-Kg line profile

superimposed with
Cr-Ky line profile
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Photo. 39 Composition image

Photo. 40 Composition image
superimposed with

superimposed with
Zr-Lg line profile

Fe-Kg line profile

Photo.

41 Zr-Lg X-ray image,

Photo.
assocliated with

42 Fe-Ka X-ray image,
Photo. 39

associated with
Photo. 40
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[ Photo. 43 Region of the eutectic joint for quantitative

microprove analysis



