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Improvement of Mechanical Properties by Internal Matrix
Reinforcement in Bronze Processed Nb,Sn wire
—Internal Matrix Reinforcement by Solid Solution Strengthening Mechanism—

Yoshimitsu HISHINUMA"'* 7, Akihiro KIKUCHI ", Hiroyasu TANIGUCHI >,
Hidetoshi OGURO™, Satoshi AWAJI™ and Takeo MUROGA”™

Synopsis: We approached the internal matrix reinforcements using the Cu-Sn-Zn and Cu-Sn-In ternary bronze alloy matrices. After
Nb;Sn phase synthesis, these ternary bronze alloy matrices were transformed into (Cu, Zn) or (Cu, In) solid solutions having much
higher mechanical strength. J, degradation due to the transverse compressive stress on the internal matrix reinforced Nb;Sn multifilamentary
wire was evaluated. No J, degradation was observed at approximately 100 and 150 MPa, which values were much higher than the
conventional bronze processed Nb;Sn wire. We found that the internal matrix reinforcement was effective for suppressing J, degradation
due to transverse compressive stress.

Keywords: Nb,;Sn, Internal matrix reinforcement, ternary bronze alloy, solid solution strengthening, compressive stress
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<74y MEBIRICH b BRIAREOREA LR
% [EBE B Rl A S8 (Intemational Thermonuclear Experimental
Reactor; ITER) @ b+ 1 4 ¥ V%Y (Toroidal Field; TF) I 4 )V
2HLY L/ 4 F (Central Solenoid; CS) I 1 Wi, ZH D
Nb,Sn FERE BRI L 72 — TN A4 v ar Yy (CIC) ik
WCTHEBEENTWEY, 2 L THAE, ITER DRD AT v 7
& 7% 5 A (DEMO) Ok aHGE A RIZHEA TV S,
DEMO (2815 5 KEGBRE 2 £ VikEHE, FEAMIC ITER
TR SN Bl 2 B S N AR O M S b 72012,
Nb,Sn #2355 1 Ml ORI FMR & 7 2D RV &
ZZTwh, 72, DEMO ORMEE I £ )V OR%FHEREIZ,
ITER DALAR L D R E Ll & KBmAERINTED,
FHETLEBEIPITER LD FHELIRELL R LETPHE
Nb, €07, ITER OFEGFEIICTHEL LTHRiS
72 Nb,Sn MO “FEEHREL” IRBOMIERE L 2D L #
2o,

Z3H %D NoSn ML, A5 B&IEBbEWmIc s IR,
Nb,Sn AEZEARIYIH M B TH 5. T TIZHMSNT
W5 X9 IZ, NbySn #iAF OERFLEGE (1,) FREIIRERMIY - 24
BOFTARIZE > THELLHILT 57, ITER OFEHH I T
Tife 58 S 7172 Nb,Sn #idf 12 Tk S N7z CIC EfRDHERES AL
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&, BERICHEAET A EMIIICE IR O3 AENNAF
RERTHHEEZZ LN, BREIEM X 2845k kS
AENDOIF R EETH 5,

Nb,Sn #ibF OEEREILIL, T TR OB O 12
LT Ta)B, CuNb &4, s Ll aad 5\ i Nb-Ti-
Culb&Wz misak & LTS3 2 s BB sh sy,
T3 CuNb AEHITRIC X o TR R AEMAR M LA %
ENTEZ, LALBDS, IS ORI % R Rk
D—HE LTNE$ 5 &T, X7 Nb,Sn 8 fzE - R
DI X B ERFEREE (J) FEOKT, H2WI3EN - &
R REMNE &2 R LITHDOR V. KL,
INE TOREM Z Wz mmELTlid R, BHoEHRE
L7283 LWESRELOFEBLZ BIC LT, MM BEROR
BREEALZ X0, LA W% 0 Nb,Sn Al 2 Mkt BER 12 C 1
35 “WE~ M) v 7 2R OB EBG L7z, 22Tl
DT, NbSn#MICBIF 570 v A0 ERFEH % Figd 12
MY —MENZE 7T e Y XgETid, 7 a X (Cu-Sn) AR
Moo Sn LD Nb 7 4 F 2 v b EDBOIEHIGIZT
Nb,SnHDAE L TW5, LT, Cu-Sn&&B4Fid, NbySn
AHAE LA AR D Sn AR L7z Cu HICHERET 5, D
T, 70 AEEII NS AHERKD/ZDD Sn F ¥ )T
ELTORMEMLTEY, NbSn HERBICITELMN - 34
W2 EAM S OMOEENZITE A L\ IZ, 2D Nb,Sn
HUER . DG 4R & flihb & U CHRE S 5 2 L A5 1
Thiuk, JFESPERNLERSOMNELZHEZ) 2L
% <, Nb,Sn M O FEIRIELDTRETH 5 EEZ T,
T/, WE~ MY v 7 2RI, S E TOMM ORER
OEERLIIZ T L R\\W20I2, FEmELIC X 58k a
AMNDOLAZHHITHEDEEZ LN,

BlE, 4, Cu RGEMENTBT 2REN RLED
1 DT 5 EEEERZHV2NE~ b v 7 2RI
& %3 L\ R EE NbySn #ibF O W REPE 2 2> TV %,

2. EAEBILICKBRERR ~ ) v U AFHEDRE

2.1 CuBRIcHIT BERRILEEE

— MR, Cu REBMENI B 2 AT 7 s LA (2,
FimtbL ORI L2 1 Lo & LT, FEmIL® 2 I3 ik
% EVFAET B0 BT, FREMRALIE, EERAICE <2
SHONTBATH Y, FHél (Cu-Sn) R (Cu-Zn) % &

Conventional Bronze Process

; (Cu,Sn)
(~1%Sn)

Fig. 1 Principle of the “Bronze process” in the Nb;Sn wire.

T4 58% 35 2023 4F

XA TRALRRRE LS & o THMEREE AN 3 N2 REN G
&EThHHEFZ D BEmIiE, SEMEENICIZIEER
AHHIC A L - BAAE oK Ll & OMEEHICL - T
MILENDZETHY, FIHHEEOE 5L BET
BEHEIEA O DB N X BT O AR T
WX BRI (v 7EMY) OZLTHIITE %,

R. L. Fleischer (¥, Fi%x ® Cu R ICEEIIBIT HIETE
BRI D 2L % BE A LA 12 B 1) 2 I E TR OR)
PBELTEHALTVS, 1at% RN 7720 s onE#
BT 5 Cu RTZTTHE SO RERIRE OB % Fig.2 1278
TV, R o, Cculfi e WHETFHORTFH A XD
ALK o THELBEY (6) EAMESR (65) 2 2DHF DM
ZRLTHY, FEERLCBOTIIMEEOELS L) L E
BORGORPREVEEZLEND, LT, BEKRED
Bm=g, WEICHEMICHm KA T A EER L, L
Lahss, WEICEOBERINED BAI121E, BEm b
BB A2BEILROMPIEZORY Tldev, 20,
Cu B 4\2 B 2 B IZ IR EC R O RIN & 2 %
EORELPEETH L I EHRBINT VD,

2.2 =nRERICKDZIAFT M) v I AFERORE

Ty ZRFERAMI BT B B RS & 2 NEE b
v 7 AR, Nb,Sn AR R O R BRI B A TRIL N
FCTHLBRICEVHH AL, T L TEOHEEITHRIC
L BEERDTES 5 L THRETH S L E X T\ %, Fig3
27 B Y ZFEICBTANE~ b v 7 AMEOEH RS,
WEE~ 1) v 7 28R T, Nb,Sn A ICE 595 Cu
O Sn, £ LT Fig2 \IRd &9 Zfli 4 o ALK T & 72
LIWEITTHE DT 5 =0 R G &2 MR & LT
T 5o WEDOT T Y XL EFBRIZ, BMMBIZTND 74 7
A Vb EZTEREAM O OIEFBOEIZ & - T Nb;Sn tH23 4
I ND, TOB, WHILEIZ, SMEEMIZEREL Cu stk

160 =T

R. L. Fleischer, Acta. Sn
Metallurgica, vol. 11, March, In
100 |- pp.203-209, 1963 / .
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20 "Ni
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Increment of the Solution hardening

Fig. 2 Increment in yield strength of metal Cu alloy having
various 1 at % additional solute elements" .
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Internal Matrix Reinforcement

Fig. 3 Principle of the “Internal matrix reinforcement” in the
Nb;Sn wire.

Table 1 Several matrix compositions of the internal matrix
reinforced Nb;Sn multifilamentary wires in this study.

Nominal matrix composition (mass%)

Sample code -
Cu Sn Zn/In Ti
10 Zn Bal. 10.0 10.0 (Zn) 0.3
5.0 In Bal. 10.0 5.0 (In) 0.3
2.01In Bal. 14.0 2.0 (In) 0.3
16 Sn (Ref.) Bal. 160 | - 0.3

BRI ST 5o LT, CuREEARD Nb,Sn H
) LK T 572012 Nb,Sn Ml % I ICR#S 5
X9 HliEM E UCERT 2 L9 eifilE2E L L 7.

ARIFFETIE Fig2 TRL72 1at % @& 720 @ Cu FAHO
REARBREE DRI DE WD S, Zn JeHE L In JLE % FE R
bR T-E BB eEE Lz, $/2, Thoonkzad
=Jt% (Cu-Sn-Zn K UF Cu-Sn-In) & &% HH$ 2 B2,
0.3 mass % O Ti DM L72. TiAMNE, Nb,Sn A IS
BOTEBSETO 2 %UET 2720 TH 2, 0%,
Cu-Sn-Zn-(Ti) KU Cu-Sn-In-(Ti) =ICR A4 % 72 Nb,Sn
A2 A G B 7771 RO IE: 1.30) % 3 0E L 72
Table.1 [ZEE L 72PN~ ~ U v 7 2458 Nb,Sn #iAF 2B
5 ZIREEMR AR R T, Dk, BIEL M 2 RITRL
7210Zn, 5.0In €L TC2.0In ik & BRI 5o 3l L 784
WA CTHil O 7 1 » X3 Nb,Sn #ikF (LU, 16 Sn 3k &
BT %.) I2WT, Ar FFHAH T T 550 T X100 hrs +
650 C X 100 hrs O "B BLPE A F2 0 L 72,

3. PERERIEM OBMICE T B MimiEeE & EE

3.1 ZERBVNIBEOMRERT Uy 7 X#E38 Nb,Sn &4
DiHBrEREZR

TERBOLBIZ OB ZT0R T 0 Y XS OMEREZ ME)
5202, BF7u—7<A4 2707+ 54 % — (Electron
Probe Micro Analyzer; EPMA) % H\> TR REA BT TR I B U
BICELA & 3N L 720 EPMA (2 & 5 " BEBVILBL# 0 %44
=R 70 Y X4 F ML L 72 Nb,Sn Al 26 S50kt i
2B B ICHE i & Figd | IR T o Figd (a) LT (b) 1&, Z
NEN10Zn K 5.0 n B TH Do 10 Zn LT 5.0 In 30K
LB, ZREEHM T OIIFERD Sn TTEAND 7 4
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a) Cu-10Sn-10Zn-0.3Ti/Nb (10Zn), 7771 Nb filaments
WA :

Fig. 4 Element distribution mappings of the cross-sectional area
in Nb;Sn multifilamentary wires using Cu-10 Sn-10 Zn-0.3 Ti and
Cu-10 Sn-5.0 In-0.3 Ti ternary alloy matrices after two-step heat
treatment. (a) is 10 Zn, and (b) is also 5.0 In sample.

T AV MIHHLL, Nb 74 7 A ¥ b OJFHPHIZ Nb,Sn A2 A:
BLTWAZ LD 9h 5. 72, Nb,Sn A HEMLELEE
AR TUE, Cu & B RICEI BI04 L, WHITH
TH5H Zn X In OB BN ET & 12T LTz DL
FoZ eas, FUWEICEIX NbSn HAK ZHEST S &
%<, BULPRE b BEMICIHEITRAF 5 2 L T Cu EAEE
DN 53 5 LR Sz,

WIS, TEBESLIEE ORI BT S X MR (X-ray
Diffraction; XRD) 12 & 2 M & & F2hti L 720 X #i%, 3V
A—HI2T 100 pm fRIZHED S & T, $bHEH O A DRUINE
WAZHRST L 720 Fig.5 12 10 Zn KO8 5.0 In #AFHI BT 5 B
BUILIR 1% DR BER FEIR O XRD 27573 16 Sn i
i, WO 7 e s 2ERMTH Y, SRR Lz, S
%D 16 Sn B O BEFIZ, Cu HAHD (200) & HE SR,
16 Sn #EHTIE Fig L IR & )12, BMHIZ X 5T Cu-Snfy
SN OMED Sn DFEE L7z Cu HICHIZERR L 722 L 2RI
SNz —H, ZREEE V210 Zn KT8 5.0 In B0
Cu (200) M#T¥—21Z, 16 Sn ikt & Lt L TIKA BN >
7 ML TW72, Bragg OFEANC I E, ZomEFrE—r 37
MITEBDI R 5L BHRLTW5, 72, FigsD
A EEMNC 2 7 b L2/ BES TR H L 5 TS 20 & AR
b ONDIETERUL, (Cu, Zn) KT (Cu, In) BEARORT-E
BEIFIF—HL T, Dk EPMA JU° XRD O H )
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MF-XRD

Wire matrix region =l
(d =100 pm)

 after Nb,Sn formation fﬁa

Cu-Sn-In matrix

(5.0In)

1 i

! ;

! ¢cu(200)
i

Cu-Sn-Zn matrix
(10Zn)

Intensity (arb. unit)

F  Cu-Sn (Bronze) matrix

(a6sn) £

a7 a8 49 50 51 52
2 theta (.deg)

Fig. 5 X-ray diffractions of the wire matrix area in various Nb;Sn

multifilamentary wires after the Nb;Sn synthesis heat treatment”.

H.T : 550 °C X 100 hrs + 650 °C X 100 hrs

[ - Before H.T
g --- After H.T

Stabilized Cu
(Ref. OFC

Cu-16Sn Bronze :
(165n :

Cu-10Sn-10Zn
(10Zn

Cu-10Sn-5.0In
(5.0In

] 50 100 150 200 250 300
Vickers hardness Hv (9.8mN)

Fig. 6 Comparisons of Vicker's hardness between the various

Nb;Sn multifilamentary wires using ternary alloy matrix before

and after two-step heat treatment'”’.

5, 10 Zn KO 5.0 In ;B O AL, BJLIRAZICIE 2 (Cy,
Zn) LU (Cu, In) FERISHERBL TV EE 2 55,
3.2 EWNIBRIRICHT 2 IEMBMOEEZL
STXREER I E LTHW A Z & T Nb,Sn MA %12
BEMIEFERICHIERR L TW b 2 &2 5, B ofiiReE
FI L5 2 EHWEETE S Fige \[CHERA BT 5
LBILBRI RO E v — AWEOLZLZ R, ke L
T, TEfbsi & L5 L7240 (OFC) i+ 5 2
LT, MDY v h— AWEEE L7zo 10 Zn, 5.0 In KU 16 Sn
BB ABUHF OV v & — AL, OFC & L
THELLBEWiZR L, 2, Sn® Zn K In ICES
A5 Cu BEAHICREIE§ 5 2 812 X 5 s b RS L 72
T lEZTWDE, —F, BAIELEOY v — AR,

T4 58% 35 2023 4F

BALBLET & g L TR EZ R L7ze T 4Ud, NbySn AHA:
WD 72D 2 HIFITLEED Sn ILHEHE Sz
THbo 72, 10Zn K50 In REDO Y v /1 — AR,
16 Sn P& LIS L TR 40 % Bz R L7z, 2, 2
MLBLFE D Zn R In LR EFRAE L, RBEEKRE 2 L 72
72 TH b, MAT, Fig2 TRENEAERILEENTIC B0
HIWETEMOMERY v 7 — AMEOKE RN S, Zn THF
L0 b I LHOHDEERILEREIC L 2N~ MY v 7 A
I U CRIERIN R BEICETH L L E BN D,
ZDXHIT, Cu-Sn-Zn-(Ti) KT Cu-Sn-In-(Ti) =ITRE
4R ME D Cu-Sn It R 7 Y AEEITHWE Z L PIFT,
BILIZIITE v A — AT OFE (Cu, Zn) KT (Cu, In)
EAARICAZRE L, Nb,Sn Ml & EHEIICRET 5 X 9 2l
WA E LCTHERT 2 2 &0 WiIfFCE&, BAMALIEMEIC L 5
W~ MY v 2 ARRT AR TH L EEZOND,

4. [EREISTIENINT COBRAERIFEDOE(L

4.1 EMEISHENNT COBRERAESRE

Rl A R IAA S B 2 KSR O ARG LT,
ITER ICTHALDDOH L7 —7T VA4 AV v b (Cable
in Conduit; CIC) 2 B 3 % K1 CTHEFH#EA TV S,
CIC EAKIZ, FEAMIHEEL D Nb,Sn #ib & BN - Bz
ELEHET D Cufle IR N72N Y BV 2 g o
PRAN T A BTSRRI TAEZRCESNL, 208
A, Nb,Sn M OERELIZB VT, EM I X % EA
PEREDHLAEH S b, CIC EARH O Nb,Sn FEHEF 17
RS 2 G T MBS 28R & = 0, SERE
B O E R BRIEIING X o TIHAT 5057 H3H il f
WCCTIEMEIR I & L CTHEPT 5 2 L CNb,Sn A S
D HLT 5 2 RIS TwaY, 22T, Cu-
Sn-Zn-(Ti) O Cu-Sn-In- (Ti) =R EEZH W /2HE~ T
1) v 7 ZHHHR Nb,Sn fA ICDWT, ERES - RIS JTEN
TCTo 1 FEVEREG 2 TR L 7w - RIS I FIIN R T
O 1LE, BRI MR HIEFE BT i A R (S L
72t v ¥ — Ok & TTHV 720 Fig.7 (MG IED
IF o 1 e )7 OBREX & ARSI EIERE 1 e 7
O—7~0#REL Y b7 v TOBEEERTY, ERHIET (o)
X, SUSE DL /N—=12H 5 GFRP BOMHIET 2 L THE
MAZEIN SN E (P) KO & GFRP EOMEIE T &
DM OBFMERE (S) 25, UTFoRICTEH L2

o (MPa) =P (N)/S (mm®) = P/WD (1)

Z 2T, WX GFRP HEET- O (3 mm), D i NbSn ##
MOBETHL, 72, EMEIC L 2522 5T %
72O\ T\ GFRP AR T-% $te £ 9 1CHU) fF1F 72,
B, AL CIEBERME TS LEE2FEEL, -
HUTT 1.0 uViem OBERPFEA L2 BRMEE [ L EFR L7
Fig.7 (b) \Z/R3 & ) M EATHCY £HT & 7 EAEIS )
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Fn

Wire sample €= Width (3mm)

i Tap distance :
!

c Wire length

a) Measurement configuration

b) Wire sample setting
Fig. 7 Schematic illustration of the /, measurement under

compressive stress and a photograph of the sample set-up on the

1. measurement probe with the compressive stress application

. 11
mechanism'".

FIIOARAEE I e 70— 7% 18 T sE~ 7 4 » MIHHA
L, 42K, ISTOERBICTLHMEZFEK L7z, 3, A
BRHICBT S L (I,) 2, Z LT  ZIERISHTTO
IfE (o) ZWE L7z HEMISTEINS X % 1 FtE o %1t
&, Lo % I, TE- 72 B 1 (Lo/l,) W TEHMET 5 2 & 12
L7z

4.2 [EREISHENNNT COBRERIFEDEIL

FH =TGR A S % B & L7z NbSn Bl £ Eic BT %
JERBISITEDINC & % 1 F$1E D2t % Fig.8 127”59 o CuNb i
58 Nb,Sn A 12 BT 2 JEMISTIEIINC X 5 I FEEDOZALD
Fele e LTl TRy Yo 95 %I, (IS IFIE o 1, %
HHEIZLTS B IRFL7 1) 23 5N BIEMISTIIZD VT
ik, 16 Sn UK GE% o7 a v ZEEEM) TlEH 50 MPa ©
o720 =K, 10 Zn K 5.0 In B TIEZ 2108 100 MPa,
150 MPa L LD b, ZiRhEE&E ML L THVS S
& TS D ICEMRIS I X % 1 b oW 2 fEZE L 720
UL, Zn R In TR AITRE 5 2 LIT K HREE
DECFEEEATER L, 5 BEARAT Nb,Sn Ml 2 1
WP L e L TR L2720 L E 2 615, Tl
R L4 Z1L2* 5, Cu-Sn-Zn K U Cu-Sn-In = IR
BEEBMBAE LTHOWEE~ Y v 7 2HEAT ik
ThbHIEIRENT,

WIS, WEB~ MY v 7 ARRICB T BB BICE ORI

12

1.1 i
| '":\a"" 7;:_‘:3_ e

109% :ﬁé\z "‘:':"\i - 95 %I,
G F == R TR Tt
'::. NN N\
b 0-9 \\\ Yo \\\ \
- L 0 R
-:, 0.8 B NN \
— o y oo L
- L
g 4.2K@15T AN
2 07 g N
! AR
5 06f- O--50n i TN
z & —2.0In / *\

o5k A-—10zn , Bkl \ ]
V --165n (Ref.) Reinforcement [12] has

0.4 i * i
0 50 100 150 200

Compressive stress, ¢ (MPa)

Fig. 8 I, degradation by compressive stress in several internal
matrix reinforced Nb;Sn multifilamentary wires using ternary
bronze alloy matrices.

DWTHGET L7zo 10 Zn 7l & JBE L T 5.0 In i O H 03
FICTTEIII L CE Wit g sz, Zhid, Fig2
AR L2912, FEEMALEREIC BT In i Zn THK
LD HREICHRNLBEICETHL-0LEFEZ TV,
— T, Cu-Sn-In ZICHREBEETD In fHUKIZ X - T, EfHie
JTEINC X % 1, BB AR E CELL Tz, 2.0 In ik
BETIE, 16 Sn#EL L D b L ALIZIHIENE DD, 501n
AL DI L HIBIERE v, BERIEEEREIC X 2 NE~ b
Vv 7 AL, Cu-Sn-In ZICREBEEIZBIT 5 In ILEDH
BRPBEERNT A= THAHIEIRBEIN, ER
B~ b 1) 7 ZHlR = 15 5 121% 5 mass % LU E O A
HWTHDHLI ENgholzs

CuNb #iEEFRA O 1 4FPEE, MG N LT 16 Sn
AL FBRICHFICHILT 5B DD, CuNb EEHTRD 7
W16 Sn BB E L TR S N AEMICH D, AR
MM RN AL E S N7z LS & S BA OIS A S h
72 CuNb A &AM & L CHAICHEREL Twb 2 L 2R
B &, CuNb &4l No,Sn #ibf o &R bIoF 5§
L2FHED1OTHAHEEZLNS, —)T, CuNb b
D 95 %I, 3% 5N B LM ITIEF 100 MPaTH D), 5.0In
AELE D BH 50 MPafRWETH o 720 4F1Z, 5.0 In KT
1349 120 MPa O EHEIS ) F CHEMIG JTEVINET O 1, F8k %
FLTWSZ EIFREEERE G, 20X 912, 5.0 ik
1%, CuNb #fish & ik U CIEMIR I T T I, A5 bl zh 4
MBREL, L TEMSTIENINS X % I BB E DS
b EDIRMEE NI, CuNb FlREM B TR~ b Y
7 AREAAM T B B EMIS N X B 1 HLHHIR R o 2=
1%, Nb,Sn #bF O = AL 59 5 #li TR O BL iE A5 K
LTWw5 EEZ Twh, CuNb flislifit o6, CuNb &4
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DR B % BT &9 ICHCHE S L THEBA S IR IR O
ARMZBENIBETH S, L2L%EDH, NbSnHHiZ
FEM AR E DAL Cu MIOHIZAER L TE D, CuNb 5&%
TREE DAL Cu AHO PR ICELE L CH NbSn Ml & EHEMIC
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M7 4722 bRAD L) ITEMYEE O RV (Cu, In) [H
BRDITER S L, AR L 72K D% 4 D NbsSn 7 4 T A
¥ MITBU DB 7 PR R & U ORISR L7272
DI, L HEEHIRIRESRE L o7z b EZ T b,

F 72, CuNb #i#M OMMEEICICB VT, ZEfksio
—#% CONb A&ICEEWZ 5N TBY, ML <A
KL B LETELY, 20T, BRMERENLE
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—hT, ARTHMMELZZZTR 70 Y 582 V2N
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4.3 SHEDRE
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5 mass % PL D In HUE 2 #EFE L 2SS W HEZRFR D &\ Sn
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e InFROMICIEI N L= 7OlBREAET L7201,
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Fig. 9 Typical SEM images of the Cu-Sn-In ternary bronze alloys.
(a) is the Cu-14 Sn-5.0 In-0.3 Ti and (b) is also the Cu-14 Sn-
0.3 Ti alloys.
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