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WEBIZOWT, HEFAEOMAEPIBAIRYD, MIIATIEBMHEIRED
S ROEREHIE LNl 2 A T5EMAMAERIIIR - HESHT
WE. REOFGEEMEEZORED LD ITIXHEAEEY O IR 5 B
SHOM EZORBIMNERLETHDN, s EoBEE2ELr LR
B ABEHEEHENCHRBABRFILALTGDATELT., BMTRICBT %
Vi DWilE « AT R T DEMREREEMICBETINE -FHERZLALALER
WORBIIRTHD. 22T, AMETRBMBEEBLICHEEBBRON T PO T
Ju—Fz2n, BRSO EZEPLLEHABRIERR S CIZEEEN O I
EZBENICTHREZIT - .

WHRBRIZBVLWT, ~BRICHARIBREVTABIOAKETN R ZBMRT S, &
NORRMOFENERVBILEDICHRELPBLETHS. Z2 T, #IGE&OHT
bAKEBLIUOBAZHMLRTVHAH(Cu-NiZELE). BXY, idEohTH
BWRBRIZBIIMEPFEAERSILTVRVEILZ BRI ELEHTY —
8 (Cu-Sn-Zn-S REBVCB VW THM T RO ELZRHAL .

T, FERABRIZOVT, EERIZBL TR LA b HFRIZB W TAE
FEEOBmOEREEO TEABPPHEIATLS. LEALARES, BHAD &M
(CAC406)IZ MM It fF iR ERA AL VWD ITEMEFEICHELTBEH T, TENL
ERBEBIZEBAEEREBRLTVAN. 22T, HRAFHAEO N T H WL
FREGHOR VR Z rBRSELEH 7Y —FHHWHITEHL, #ERkREETIRE
ERTRBRPOLEHWHOSREEO LB THEECOVWTHEAERZT- &
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AKX lZ 6 Erbomlcnd. B 1IERFmTDHY, B 2EHBEIBTZAOHS
EOREVWHRBELGPOORHT A CHET IR 2iTok. 8 3 BT, mith 2z
BSELEH 7Y —HHOBILYHBKEZH AT ILODERNMEZEDI LD
i, MILHIERBZCLESTHAEEOREBLCHLGTOREBREORZEITONT
et Lz B 4RmTREILZIBRSELZR 7Y —HFWHOBBHI N ICET S

RRORS 2T, B 5 ETREAEHZIBRSELH T Y — & 8 O & H %

ChETHBRISOZEZOWTHRMLE. B 6 HEKMMTHY, AFZEIC X
>THRLNTEHRZREL .

2R HAWOWBMBEE BT IBMITADEY
—RIZHAEBRIIKETNARLBETNRAZRMLLT VD, AFHOLAIET =Y
TNVORETKAEZRICLBICEMRT S, BEHPIZEBEMRL TV KREZ, G
REICHE A DBRERZE LI WP TEIED, A Iy bhizttah, #AR
a2, £, BABZHEBEIKFICHRIEME L THEWITEAFALTLES., LER

T, RELEMZHUETICRINOAKEBLIVOBREOREPILETDH S.
ZIZT, ABRTRBAMBHh»OKELBEAZNHNIICKRET S5 HK L L T Cak
7797 RARCXDIEENLRMT R 2l AT

ZORE, CaF ZAL 7 7y VALKV BLGEMZEZHKE T DI LETHT RAH
BRI NE. KT, CaF,-Si0, 7 7 v 7 A, CaF,-Si0,-AlL,0; 77 v 7 A B X
VCCaF, 77 v 7 ADMRPBErok. £, hEEBMEZELS T3 L THAR
BIRBm ELE 612, A= 7HMPIZCaF, ZIRGTD5IT & THT AR
B bl ZOBMIRLGFEI T Iy 7 RLIEMZRETDILEIA> T
BRWHOERITHLTHOEH WL Z LATELI LHERIND.

B3 mMEIBSIELHT Y —HIEOGALYIE EIC RIE S oA E
W AE IR R R D YR

JIS H5120 CAC411 IX Cu-Sn-Zn-S RO 7V —F#WMTHVH, E¥ B L LT




WEEBPRDENDZ AV T REDOKHYBBBPETFONDS. COAEPENTE
Mt EMZ R THBIERIEDPE - CTB LTI LBREITFOLNDI I LI D
CDHEEDOHALYDOEEBRZASLPIZTAZILIIEETHS. ZoWikmo
AR EREERRKLEFERRLO —EEHHIZIIEPAMOLNT WS A, ik
MOBREBRERIZLETHAFREDOHBIZOVWTRARNTHS. £, HEE
FORAEMDORAERICEL TR, Wik EREEKRERY A PEXBRILHTD
5LEHRHINTWVWDA, Cu-Sn-Zn-S REE DALY O E P& & %% h Ok
BRLOBEREIMOLATHARWY., ZIZ T, AETIX Cu-Sn-Zn-SZEE&EDH ALY D
BEABRICEAZEITHEDORANEEBI BB TOBEROBE LRI L .
ZOME, WMAEVWOERKIEZWANHELENLEIRRISEERY, EW»EH
MRS ERo. ZTOXEBERIEPORBRIGICER T SHE A MmMWHEEIZ 0.5~
1.0K/ls THAZ LMo h ok, . BHVTOBEBRERLILI LB L
ERIMRIEPRES N, MAEVMOBRZIT LV FIFAL PRELBZRFRERD
TeEHRHLEPr LR

BAw M EIBISEREH TV —FH O &R EEEITB I D 5E &

B BT B W T, Cu-Sn-Zn-S R & & D Fit {b ¥ o & [ 8 BT B E 3 85 ¥ o iy Al
EE2RELEMBE A EELHD ERRBAEWPERLSINDI I EHAHPL L,
¥, Cu-Sn-Zn-SEAE T T WM TH DAL Ot i 5 < o B3k AR E
b, — M ICEKEEFERERBMANCAEEOERMEEL IRV E 2L
Cu-Sn-Zn-S ZA BT EEHI N A CIT< <, WA D Hol & i U T8 ki1
DREELAFVWENFENS., LA2L, 2O658ZaLHM 7Y — &l a8k
BIZELTEHBEHALELZCODVWTORGERIEETHS. 22T, AETRIR
Cu-Sn-Zn-S RO FEMHEI N Eic OV T AL .

ZORME, Witz or@mIEEH 7Y —HFHEWEBSNNEIE S, BEL
ENICERMFEEPITONTVLIEMEMEEFELL ETHDII LB LR LR .
ZORH. HALWEZIBRSIELEH 7Y —HHAREWUEEO LB TRES G W S
Zaibhbd, ¥, BERYOTHMHOKEEE N EEBINIEICEELZ RIFTL
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MRIZBWT, HGWoBEEHNEIZODTHRH L, BB R ODEHMHEOEE
BEEEHAECREZRIELTVWSI A REZEBLE. ERICHVWES &

BELZLERAEETHIEDOEBMBBRICBOTRARRIEHPELEH, ZOHTY

JE 1

i OS2 DEMHERMEPRH T 520, REOBEBAIZE%T LR
RINETOBEBTOLDLIBREOEMAPEFT S, BEHNIZIEMEEL D DR
EECROTEREBTELDS, MM KIEZRFREDEEIZ L MO FELEIT XD FEEE
NAECRTVEMHEIZETDIETIRIDREVWEREK T ZHE T 5 7 %EEH
NHAECRVWEHEEINDS. T2 T, ARTIEMESKIGITEH L, & EH H

ChiEFTRERER L L.

ZOMER, Cu-SRERIEMRILZATHIECRIMEBINAEILFTNVIEAHL R
Lol £k, MikWzowSEEHm 7Y —FH8H O & E & DSV H
LT, ZOAGOBMMBEFRERMEA RN LR, Cu-Sn-Zn RO M E KD,
PO, Cu-S RELZERMMRIGZALTWVWEZ LR ENPEZL LN, kK E
NHEBHBEREOMBROVWTR, BHEBERIPIL IR D L EERLMK
IR ESNDIZ LI OMBEFINERZIEKTTIODLHERINDI B, 5%OD
SORDIHNEAPLETHS.
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1-1. sSREEHYORESL - £ EE
WEBIROLELSPOBESINBOEAGELELTHNLONTEBY, ZOREBIX
#7000 AEDL R EE bR TWS Y ko i, A, RE, BHE, g%
B EEHEYHRL L, EHPROBFEVWRLERREMOIREINTEY, TOK
BERBROHBERDBTHONIEMIZILETS 2. Z0X5TRAEED R
WS POREINTOVWEHBIRE, PTNVIZTAEERLTHEAPDDE
KRB ARDRI L, BREBEIHKRIVKENI L, FRAEB TH D DI
i LTCORBEPEDPoRLILREPETFOLNS. HRICBIZHECHEY
DREEMIRUEPHELVWEBRSSRESSITORHEZTRETIHEINTHLZ &
PONLPALTETHRARmMTHHMINTVWEDIIHL, EREME TITTE
HMMELLTOMAEEHMOREPAWML, RITX b EEMSN Lo EEEL
¥ ok 1800 EHDHAEERIZNINtTHo W, EEEMBITEERDOI M
HMEAKRELSARY, 19K RIZIFZS0FtZBITVS Y. MERIKIFLER
TRWVWED, 2BV FA 70 TBY, SMHOEERIIHB I EAEE
BELUYA I NEHOBOEF LR D. 20064EDH DR AERERIT 2,200 5t (2D
5B, VYA 7 MMM LUNTHY, BEBOTEEIEMLTHSE Y. AHER
MOHEBEMLLEI LT, WORBEMOM LY A 7 VDD OHME Y
2T ALNBZRERBLEDS, SISO AGEEEHOLEERIPRY. HRHIZBT D
B L ORA SO EERIZ 3305t (2011L4F))TH B DiITxt U TEEYA WS
SHMEOEERIZ St QLI RETHY ©, FRNLEKD 2~3%ICHBER
W, Eh, WA e RETIENMEIT 255 £ (2005 ) HIBEE AT VS
DX, EAEOMRAEHEY TS IZBRAMINITH Y, 1995 F D EERZ 1002 F 5 &
2005 4E 13 90 TH B ¥,




1-2. Hffioghmé RHE

B AN EE RO N OB EIM AT, A (5e 0 -5 4B )oK R ER S
HIZKE 19954E% 100 £ §5 & 20054ETIX 67 E KEKMEFLTWS Y. &
hooRWicH LT, BAFSEESEDHE Ok, THEAENOEAL, TH
MEOEK], TAMARIPERFERNTHLIEHEL TS, SHic, ERAMN
AWM ERLE LT IO ERPELW] , TEMEARIBPZLV] Z
LEZETFTVS. BRPOBEATHAEDIZIEHEMERDOM®IL & HEESS O
MALB RO ONEZN, BRIZCBIT S 800U LOMSEIMHEBR B 204 LL F D h/h
ETHY D HEWHABRHOBIESHBEOREVAE LB L THLLI &R
RERMEALBR->TWVSD.

WAEEHEMOEREEMIZONT, FE - RHERKEHTETEIHESEOMECMK
FEOEDEERMOM ECETIMENBACITDODRATVER Y, WA&EHY
DXL E&# 553 JIS H 5210 @ CAC406(ft X # % : Cu-5mass%Sn-5mass%zZn
-5mass%Pb)ICBE T 5 AEBHEB L O EEREMON LT T3 HERXIFT L AL
RV, BBREEMRT A I =T LAEGEHEY O BN I B W T B OB bR
BomERLHEERMBOKMIZETLIWMELBLVOIRHLT, #HAEEHEDITH
TOHMBZEHROMMIZIHLIEZEALLND.

ZOXS e, SEEHEMOEMMHE NI L TRELEBRIAHNL XS
ELTVS. MLEHERDL W CACIHDLEAAETLHETH S PbOHENIEH
S, HEMIZ PhOEHAREIESNBDO LD THDS. FiT P XA R DK
T 20 BELTHEHTAEDIC Pb OFBMEZMHETH2LELHBI KD S
N T D, 1992 48 (T B AR 1 BR B (WHO) 2 TR Bk b oD $i i 1% 0.01mg/L BL R &
TE2ORLELV] ERELE VB LY, EESKEHEBLTHZY —A
EOMEPBE->T. Uik, BEZ oM7Y —#AG&E&rPME-HESIHL, Th Z
TEHLTWEZEHSGEEDONENIEIRER LR - .

1-3. CNETOWAEHYICEHITLITR
WEEEWIZETIPEE LTI, HRIVEFEDOGHRELE X O &M%




BT 2MESPPLTHD, THIZTLAHFHSLE D EWHICHTINENLEAT
Hol. ThHFXEEERSLMMOMEBRAZ Y 2 —L LTHEHEATHS Y.

1990 AERIZAR D LHH THEREZLSITH 7Y —WAEEICB T 2B ERE D
WmlZ. 87V —HABRIREL DI TS SHHEIARBITTOND.

—OHEIEHEWHEETERNICENREZIBIEEHAETDH 5. #l 21X, Rohatgi
LREGEBHICERBR2ENML, BL2zHEITLIILTRERZBE I ¥,

BB F LT OIMICHET S LEWVS FET, P~ BBzl LT
LA LESOFETR ZINOEKIEOHVEMHICENZ IR SE DI
BRELRPo. NG, ToOBEBZELGPICER - B ET D ZnOoXWEH» R
Mb e AEL, BN FLEb B LETHTIZDEE L, Zn O X KIE Z il 1
THZLETHMEIMNLTOLERZIBESEDZZLEEBEHLTVS . LirL,
B oWAHn 7YY — AR HETHEPEBICRIEDEMALIZEE> TER
WES5THD.

TOHOA ST ER TH ¥ X Nz Federalloys ® (© The Federal Metal
Company)T®» 9, Cu-Sn-Zn-Pb &&H D PbORDLDYIZBIiZHERMLEELETH S.
COEEBHOREICTHIENPMAS N, VT X - XKEOMEBIKTH S CDA
(Copper Development Association)® C89831 B L N C89833 & L THH I TW
5. LHPL, 2OGECBVTRERNBIZBIIHERMOEEZ I &M
Wt TH D=0 DMBEELZEATWVWS. HAENTIZCACOIBIAH RO LK
2 1mass%) & CAC902(Bi & AR D LR A 2.5massw)BR B OAEE& L L THRIKIL
INTEBY, ~WTHEHEATVNS. SHERZZIDOEEPOLRRELEASELLT
Ni Z#& ML =& (CACONBIMbN TS

ZEOHOE®IE Bi WMAT Se ZMLEAETHD, kKEHIZBWTIZ
SeBiLOY & % Wi EnviroBrass EIEIENTWVWS. TZOLEBICHET I ERSE &
Uik, Bhilivk & BEMROOPERT IS B 3 2 i "0, B it ML b o &% b RE B L 12
B s 2%, olBIcRETAMPD TEOBBICHET ZHE 2 28
HY, RO EBREDLZVWALETHS. LI L, TOHEIE Federalloys 1T X
THEXRBOEEZ P RVHE, HETLRLELTHMLONATNDS Se 2ALLEDHIC




FEAEEHIATLRL.

WOHODO&®EX, Cu-Zn-Si ROEETHD, HHELWVWHI LDV RBHHMTDH 5.
LERHO=ZD2DHEHERFIKRICTHREIBE > LEAETHLIN, ZTOHEEFIHEAT
HESNEAETHY, SizAL «cMBAEEPTIBMT T L THEERVLEES
Btk EZmn L EasE L TMLOATVS. LAL, KEBXA—ZLLT
HHI2BACRMzoe—Yavyau—Ya vy iclERD S.

HOHOAEBIECU-SN-ZniZ SZHRMLEEETH Y, Wik E&EEPITH K
EEDBLTHEN, BROEEBIOCKEIEZM EESEEAETH B T,
COHEEBIE, THHTHIHALYWDR AL POR B XD L@ & HWEE-
AOBICHLEISTRETH Y, midmE D R E . 7= W AR R A
W, BERAPEEBRATHDZ &b CACL06 R Bi AV Hll,Bi-Se A D
T HRBEB ) DHERTHY, MHEIRPREIIHEERMBECIZS W
Ftkz LT 3.

M7V —@ESEUNOHAEHEYME L TREBANRASEORESM LA T
% MALATBOE NE W RIZT B W TIE 200048 12 & B Ik @ 72 ¥ 12 500 K 0 M E
BEBEIRLTWS. THETO 500 EDEMIIE Cu-25massuNi TH - =D
2%t L CTBIFE TIX Cu-20mass%zZn-8mass®%Ni A EH I N TN 5.

DED XS5, L 204EDBIZHLVEEOMAELEAICRY, HlRFN
EHTHUEMHECERBHEBEESR TV, L2AL, idE0WETEOMER
OHICETIMERT - FTHESNTVWEID, BRITEBICBIIHHORE -
WA RIS D Hefi e EBGE R MBI T ARIE - HRIZIZLEALERVLO BB
THd. WEEEMITHTINE -HEOMBZEZARZ L, T LA LNERBR
EOBBIZBONTEME - HRETHID, WASEMELZOREO D ITIX
MEEHEDOTHBIEKCHEHBEEFNOm L ORBIMENLETH 5.

1-4. BIROEW
M@ Tl _RZzX S0, MEEEMEEZOHE - REOLEDITEK, idE&EDH
2EP LEMNBHRSCHREENON EXALETHDS. £2 T, AHETERE




fREBEBIUOHEERROR PO T 7u—F o2 L TREHENOM L2 H
L, frETHREERZH- 2.

WHRBABRIZBOT, ~BRECEBRBOWHASGIBETIRABIVOKZTN A 2%
LR T AR N, R EDRIEEH RIZE L A LWL WD v h 29w
LTWD KK, BEMICHBEIZELIWBATDIED, ATy b TXIE
RV HARMERD. h, BEIRERBEFTHBIEHE L THEMITELFET S.
INHLDORMBZAECDODRMEZIETIANEDLILD, REALEWEZRET S
CREINLDOREPDLETHS. 22T, HAEEDOPFTOLAREZHMBLOT VL
HEl(Cu-NiRAB)TOWTHAT R o zfiok. ¥k, i hTH
BRBRIZBIIMEPFEAERINL TRV ZITBIELEHT Y —
B (Cu-Sn-Zn-S RAE)TOWVT, G0 RMEZ RESELT HHMMITAIEFET
WHEBEXAOBEZHAL .

PFEBBIZOVWT, EERLCBOTHHALL L2 L HFHWHOEWEEE O T E
eI TnDs. RELRLGIF, EWMEE XML &R U THEEELS
A, FEBRBOUEDPRAEINDILEDODTHS. L2ALAEEL, ftkoilizo X
P HEO28MHEMHAEETH D8 AD H 8 (CACA06) I M W I 47 i #PH 2
JENWTDIcEMEEEIc@E L TELT, TENREREEICXDZEEIBIEB S
TWRW., ZZT, HHEZAHAGEOh TOLEIKLFAREBM O WEILY 2 77
BMIEEH 7Y —FHEZEHL, EAAGETRAELNTEIRILroLFHOEM
OB TREIZOVWTHAZITo 2. HENIZIE, G082 REE
G752 hEZymAadEogE2NALL. Sk, G0 EERED
OEOTHDHEMEBNIEITOVWTHAL .

1-5. RE@X DB

AKimXiF6emPLoMEIND. B1IHEIFPWMATR)THY, HB2HTE, BA
ZAPHNETHIAMWBHBPODOBRAT AT 2B 2T, # 3 T, b
itz ok s Ei 7Y —&F#OGALY 26 E T 57z 2 A
RO, MALMERBIZKBFEITHANEREDZEBSIVCBLHPORKRDOPVEIC




DVWTHaLEZ B 4RETREAEYZIBRIELHRT Y —H# OB T
DVWTHAZITY, B 5 HETREMAHZIBRSELH T Y —F 8 O & B H
CRIETHBRIEOZEZOWTHRA LEZ. B 6 HEMMTHY, KPFEIT X
>THRLNIEHRRZREL .
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Table 2-1 Conditions of melting and degassing of cupronickel.

. . . CE[P::Al:O_:.
C osition of flux Melting temp. | Covering time i
omp of fhx. K of flux, min g
(mass ratio)
non-de gussing - -
5
CaF>-15mass%Ca0 1633 10
15
CaF--25mass%ALO; 1543 15
10 0:10
CaF -4 7mass% S0, 1513 15
30
CaF,-42.8mass%$i0-2 3mass%ALO; 1493 15
5
10
15
1:9
CaF-
- 1691 28
3:7
15 55
73
1:9

CaF--42.8mass? 5105-2.3mass%Al 0,




Temperature, C
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Total amount of melt : 3.5kg Deoxidation with
. - 0
Approximation Pure Ni  Cu-15mass%P alloy
1300,
& 4
o | Casting
= Y
2 5 Suction
5 |
= Y
Y
0 51, . 96 9899
Time, min.
Fig. 2-8 Melting process of cupronickel (non-degassing).
Total amount of melt : 3.5kg Deoxidation with
Approximation Pure Ni  Cu-15mass%P alloy Flux
1300°C / =5, 10, 15, 30min.
v
| Casting
Suction
{ Suction
| v o Y
: .
*+—— Pure Cu :
0 Time, min.

Fig. 2-9 Melting process of cupronickel (degassing).
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Fig. 2-10 Suction process of cupronickel into silica tube.
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Fig. 2-12 Shape and size of open permanent mold.
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Fig. 2-14 Schematic diagram of the setting position
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RERERGHRBRE2IT oK.
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Fig. 2-15 Measurement position
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N of counting number of
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h J
35 permanent mold casting.
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Fig. 2-16 @) Schematic diagram of position of sample bars

for measurement of apparent density
from the open permanent mold casting.

b) Shape and size of the sample bar.
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Mvasetine = M1 - Msampie...(3)
Vvaseline = Mvaseline / pvasetine = (M1 - Msampie) /pvasetine ---(4)

T Z T, pvaseline S EMEDORBBIZBITBZITRY VOEETHS.

WIT, RFEIT Fig. 2-17T AT X7 BR2RELLE. ¥42bb, RKNHOILZ
FEoEzEE, Zo LM kzANE NV E— T —ZEWE. XT
YLVAxy bTHoREENZEBD TMWEHET ELHOP»ZTIZO5 L, ENL
EkhichbdEoEdMzHELE. RiIT, VEY V28 AGLERABR T %
HEmMmCERE, kEME VY V28 A LERABRRAEOKbPOES M; Z2 Il E
L. 98V V28 A LERARFOKBPTORERS MIEG)RDLEBED A5,

M’ = M3-M;  ...(5)

Eolk, VYV vEBALEXBRF EHEBEOKkOBERWEB LT RY V2

BAELEABRAFOBBEVEZERZNORBITMADLEEY LD,
W=M;-M=M;+M,-M; ..(06)
V =W/ pwater = (M1 + My - M3) / pwater (7
TZT, pwater FWMERF D KIBIZBF SHMAKDOEETH S .
LEDR>T, dBRADOEPITEE Dsampie F(B) XD LB &5,
D’sample = Msampte / (V = Vvaseline) = Msampie /(W / pwater = Mvaseline / Pvaseline)
= Msampte /{(M1 + M3 - M3) / pwater - (M1 - Msampie) / Pvasetine} ---(8)
¥, ABPOHTAKBERZORDEBY LS.
Veas= (V - Vvasetine) - (Msampte / Dsample)
= (W / pwater = Mvaseline / pvasetine) = (Msampie / Dsampie) ---(9)

Z :vcv DSampIe &i%ﬁ%ﬁﬁ@fggﬁ%&ﬁf%é

2-4. HEBLUVER

2-4-1. 2B REGHR

P RGBT T 2 R RERGABRFERICL > THRLONLEXRKO
RRIZRIET 77y 7 ZOWMEREOREZ Fig. 2-18 1T, B i & 8 8k & 3L Bk i
T ORBREREGHBFHERCI - THLNLERBORBIZRIET 7T v 7
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Covering time by CaF»-SiO: flux, min
10 15 30

Non-degassing

Covering time by CaF»-CaO flux, min
5 10 15

Lining agent:

AI203 only

Fig. 2-18 Influence of covering time by the fluxes
on aspect of defects of cupronickel castings

in open permanent mold.

2 DR D Fig. 2-1910T, B BY 8 b SR i 12k 2 et iR i 88 5 Al R
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Fig. 2-20 2R F. A< BEAINTVWILIEIALRBRESINEXRBETHY, <
JuBBRICBWTHARMBPHERASI NG Z P o0 EARPERINTL.
7797 ALEDBBERTIA =V 7HROMKZ 2L S & 2Bk, s
M EHBELTRAETPBIALT VDI D. £, BERKNINY
mydicoh, BEABTOWY, TRDODLHTARMBOBAPHERINE. L
L,CaF, -Al,Os 7T v 7 2 &M LIk B TREEM &k ITHl 2 e i A % ¥
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Non-degassing

CaF>-CaO flux

Can-A1203 ﬂux

Can-Si02
-Al:Os flux

CakF-: flux

Lining agent: Al,O; only, Covering time: 15min | 2°™™ |

Fig. 2-19 Influence of composition of fluxes

on aspect of defects of cupronickel castings

in open permanent mold.
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CaF: flux

CaF,-Si0,-Al,0; flux

Lining CaF::ALl.Os=3:7

Lining CaF::Al:Os=5:5 | Lining CaF::ALOs=7:3

Lining CaF::ALOs=1:9

20mm|

Fig. 2-20 Influence of composition of lining

Covering time: 15min

in open permanent mold.

on aspect of defects of cupronickel castings
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MRINL. BRI DA ZIT> Y& (Fig. 2-19), CaF,-Si0,-Al,03 75 v 7
AT 15 ZHBLERBRFOEAMyHPRLBEHALTBY, EHIEDODT 2T
bNBZDA LR, EBLHEBIXOIT A =V FJE % 11> L& (Fig. 2-20),
FA =V 7 HIOME % CaF,iAl,03=2:8 % L < I& CaF,:Al,03;=3:7 & L, CaF, 7 7
YOI AT 15 HBEBLEABRAIORAERTIIARLBPILTEBY, 77 v 7 R
XIAamETRaEIBPR LMD L TWE CaF,-Si0,-Al,03 7 7 v 7 AT 15 45 #k
BLERABRRFEFABRETH - .

2-4-2. BEWEAMER

BB ESMEERABRAFOI 7 oM RET 77y 7 20 BERMOKBE 2
Fig. 2-21 12, BA GRS EA BRI OI 7 o MlBc kR ET 77 v 7 ZAOMB DK
W Fig.2-2212, HBEREERRTIOI 7 o llfic RiEFTE22EFEF7M=V7
AOMBEOEEEZ Fig.2-23 122787, WFNORBHFIZBWTLHTARMEED
NP2 RPERSINL. £, i Fig. 2-15 - LEMBBI R M EITB W
T, #EQUERE ), CaF,-Ca0 7 5 v 7 2 TS5 8@ LR, CaF,-AlLOs 7 5
Y ATISHELERABA, CaF, 77 v 7 AT I5 A E LERBRA B L O
FA =V T HIOMB % CaFiA1,03=1:9 & L CaF, 77 v 7 AT 15 sy L = ik
BAEICIIEYR— A (EE 20um L EOFTZARMBBER N, o H TiX
REIhEhok. £, 7997 RARLIDIBBESLTA =V 7HIOMKZE1L
SEHEABIE, LB ERLTEY SRV EBIF~Y A, 7070 —
R—=NVBOBP»PHEES NI,

2-4-3. x40 Aa—FKR—LELEBARLE L OB K
PRGN ICB O SHME YYD~/ uTo—FK—LHL7
ST ADKENBEDOEBRE Fig.2-24 28T, 77y 7 ATHEEITo ik
BT, musHBhe Rl T~ 07 a—-F—VEEWEEICHED> LT
B, EHlELDELNELSBEoTVWR I LRSI hE. £, EFMN
BEMTBiIco0, ~f Z7u7o—F— VB L, gEEM 1550
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Non-degassin Covering time by CaF»-Si0: flux, min
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Fig. 2-21 Influence of covering time by fluxes on microstructure

of cupronickel castings in open permanent mold.
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Fig. 2-22 Influence of composition of flux on microstructure

of cupronickel castings in open permanent mold.
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Fig. 2-23 Influence of composition of lining on microstructure

of cupronickel castings in open permanent mold.
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Fig. 2-24 Relationship between number of micro-blowhole per unit area

and covering time by flux on open permanent mold castings.
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Fig. 2-25 Relationship between number of micro-blowhole per unit area

and mass fraction of CaF2 in lining

on open permanent mold castings.
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Fig. 2-26 Relationship between amount of hydrogen absorption

8)
and temperature on copper and nickel.
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BUODIUAIPTFEEL Ty 7 ZAOHERN L OBKRZ Fig. 2-27122-F. BT
HIE I HEEE 0T THMLEDBIZ, 15T —HB#AP, 2L THTEM
LT3, 779 7Rk dEZIToildBA TlE, MM & il
TR PFHEEPEML TSI LAMAINE. £, ENERM 15 70854,
CaF;-Si0,-AlL0s 77 v 7V ATHBELEABRNORP T HEESRLH ML T
L2 LB EERASINTL. AP UTEEOEMITARMBOBAZERT SED
CaF,-Si0,-Al,0; 77 v V ATHELEXBRFOTARMPE GBI LTS
TEhERINE.

e EEA R CBIFIRPTEELEDIDET A= THIbhD CaF, ®
HMALOMBRE Fig. 2288 T. A=V 7AOMEEZELSERERABRE TR,
AR LB L TEPITIEEIHML TSI BRI NE. £ &,
FA =V T HIOMK%E CaF,:Al,03=1:9 & L CaF,-Si0,-Al,03 7 5 v 7 AT 15 %
HELEABRIFORPIHRENRRIMMLTBY, 77y 7RIk ETH
PIFBEEPRLBMLTWE CaF;-Si0,-Al,0; 75 v 7 A THELERBR N &
g L THLRBETSH - 2.

2-4-5. BREBLERAANE L OB K

Wl AR hOBERE 7Ty 7 ADOBERR L OBRZ Fig. 2-29 1R Y. B
FEREBKERBIODETHENL, ZoRBAHMMAEONE. 757y 7 AT X
SHBERToRAB TR, A HELEELTRKRFOMBTBREZELIH ML
T AU bBREBLMAS L TWLEDIX CaF,-Si0, 77 v 7 AT
B0 MBELEABRABLTCaF, 77 vy VAT I 0 HBELERXBFIOATDH -
.

Wl hoBERLEZDETA =V AT CaF, D#I & L DBBEZE Fig.
230 ¥ FA=v oMz ALl BOS <F, AR &L
MLBERPBPL TSI LAERSINL. LAL, 4=V 7HIhoD CaF,
DEHELEOMIZHERHBERZELNT, —HMABTREI®BREARESZHE ML T L.
FA=Z VT HIOMB % CaF,:Al,03=1:9 & L CaF, 77 v 7 AT 15 @ L ik
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Fig. 2-28 Relationship between apparent density

and mass fraction of CaF2 in lining

of cupronickel castings in open permanent mold.
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HoBFEPELWMAPLTEBY, 77y 7 ARXDIBBETHRERI WAL T

h&,

CaF,-Si0, 759 v 7 AT 30 B LERBLEHUERTLIBEERBASLT

2-4-6. HAGKHEELBRELORAR

HARBBLEBERLEOBBZEZ Fig.2-31 1237, Kbz LTdH DM Z
OD7uy bOHENEZREL, Bl Ty ey ML T, #ER
X 150 TH 5.

AR EABEETRZZELEALEERLEVED, AR b o H 2R K
RIZEBDbDLARED. KoTHMIZIAKZREZFIENEZELLRD LD, |
Fig.220 k5 2iifMaBNMWIZHALLE. Thitltd & CaF,-CaO 77 v 7 X
BXWCaF,-ALO; 77 Yy VAT R Z T ER, 77y 7 AL D HE
BERIA 10 ZU T THoHARBL T, R HE KL TH R EKE
FWALTOVIPEBERITWEMLTBYAE Fig. 22 TRLELI R AKERE
FRBERDOELLPALZVWEVSIHKEZABK TSI LEHETLRY. L
L, CaF,-Si0, 75 v 7 B X O CaF,-Si0,-Al,0: 75 v 7 Z & AWT 15 bl L
WHENEZHRBELESSCBOL TR, WA LERLTHTAEABRES LV
BERRILICHALTEBY, RARLBEBZEBIAALZIEE LS. i,
FA VT hIC CaF, ZIRALEGATRIEFICIKSBAZELRBRERENT
whetEzbND.

2-4-7. 739V ANBEHLEBRAZAHRLEDOERK

77y 7 AMBEMNRIT KD AR 2 Table 2-2 1R 9 . JBEA R % BRI Al
# Fig. 2-24~2-31 ORI RP»OMEGMNITHMLUZ. BRI THKT D &
CaF,-Ca0 77 v 7 ATHEBLELSG, M A RBZFLAEELNR» o
CaF,-Si0, 77 v 7V ATHELELAE, 15 ZHBELEABTRMEEPELI R
h, BRBULRHBEHERZELS T2EERTAREN LT I2HMAELL L.
CaF; 77 v 7 ATHELELSG IS5 DU EHETDIILETHRTAMRABEL N
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Fig. 2-31 Relationship between gas volume (n=6)

and oxygen content (n=3) of cupronickel specimens.

Table 2-2 Effect of flux treatment on degassing of casting condition.
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Covering time | mass% CaF; in lining
Flux .

by flux,min | 0 [10[20(30( 5070
5 X | —| —| — | — | —
CaF,-CaO flux 10 x | —m|—] —| — | —
15 X | —| —| —| — | —
CaF>-ALO;5 flux 15 x | —|—] —| —|—
10 O|l—|—|—|—|—
CaF»-S10, flux 15 x | —m|—] —| —|—
30 O|l—|—|—|—|—
CaF>-S10,-AL0O3 flux 15 Olo|—|—|—|—
5 X | —| —| — | — | —
Cal> flux 10 X | —| —| — | —|—
15 AlOA|[O©|O|A
Non-flux — | x|=|=|—=|—

©: Excellent O: Good A\:

Acceptable X: Bad
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7797 AMETHKET S L, CaF, 7T v 7 X, CaF,-Si0, 77 v 7 AB LT
CaF;-Si0,-Al,03 7 7y ZJ ATMARAMBRBEONL. AHEHLET T Yy 7 R
DI5b, SIOIFEBETTI v I X, AL W7 FT vy 7 X, CaOIRKEHR_ET T v
JATHD. BUEDT7 Ty JATHBROZHET DI LETKEDRERB IV
EAZREDOHEL TR THE2D Y, BUBILW TDH S S0, 28AET T v
JATEDVBOWBRTZAGELRRONELEZOND.

TA=V MR THETDE, 4=V 7H OHMK%Z CaF:Al,05=1:9,
CaF,:Al,03=3:7 B X ' CaF,:Al,03=5:5 & L =5 Tl CaF,:Al,03=0:10 £ D %
BEH A EBRM ELE. Thd 3HOTA=V ZEERBWTHRY X% RBE
PolLBHUZEZAZTHD. A=V IHOMMBMZENLSIELEDZDE~NDELEK
CERGETEIIA=V I7HONBE Fig. 2-32 TRT. T4 = 7 H OHMER
CaF,:Al,03=3:7, CaF;:Al,03=5:5 8 & T CaF,:ALO3=7T:3 DHFHIZHONT, 321F
BEEHMIZE OO BREBHICENEZ LEGR CaF, 75 vy 7 2 TH 5.
FA=ZVITHBD CaF, DENEIZE > TE3D2FF7A4A=2V7DREBIERESRR
D, BHBHBETA=ZVIBEFELTVEDETFIA = 7HIh D CaF, O # &
20mass L FOHBAETDHY, oL TREBEMRBAROBRDTTI A =V 7D H
WLTLE-o>TWAS. Hify Fig. 2-5 T CaF,-ALO;REBHZRLEDS, ThZx A
% & CaF,-25mass%Al,0; TH: i % 7 Ul A 1493K (1220C)%ZE =T 28, Z B4
D MK TIE kA E ER L CaF,-50mass%Al,0; T Bt Tl 1873K (1600°C) % i
ABDTEDHDL. 2D, FA=V MDD CaF, DB EBRWH T DIEO>NnT
FA=ZVITO@MBRIEALIA=ZVIIDPEALRLTSRDED, #iT CaF, &
WimELDEMBBAIAWRETERMEMTEZIZL LR, BMAARKIEA LD
BZoTWwWdeEEZXZLNS. LEALAERL, BWRBKROBHTTT A =V 7 H
HEBLTLESDTHLENETOEMTHAIREOBR T ARIEAEI > TWDB Tk
WIZ, A=V 7RI CaF, ZIRALZESLH T CaF, 77 v J A THEZ 1T -
EORDEGEEFABREPZNU LOBRTABRENRLTVWE EEZLND. 12,
FAZVITPEFELTOVESZHFIZBOLWTL, BGEmMEZIDELIEL TNV S,
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Fig. 2-32 Appearance of graphite crucible after casting.
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Fig. 2-33 Schematic diagram of graphite crucible

in degassing by CaF2 flux and lining.
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WDHDYPBEZRFTTTAL4vDITA =V ZTHIIFHBMLTWS. CaF, 77 v 7 R I2 X B
AR DBZDIFEDOHKXKX%Z Fig. 2-331C2R°F.Fig.2-33hIZELTRT AT S
FAVTRIFZVIRETA=ZVITHIPIELTWDL DT, R{FFICT CaF, O
HEPMITB I LI D. i Fig. 2-5 X0, /M LV & CaF, D i#I & H
Wms s AT ER TS, HEMEEID L CaF, ORI AR EWIE S & K
LT LEAPERSIPTHD. TZORD, AT T7F7A4A L THEDPRIEL T A
=V THOHE LY LIRS RBDZILTHAMLTILE-REEEZONS.

2-5. INFR
AMEGB PO KKLBELERETDIHEEZRFL, BB POHTZADEH I

DVWTHANLEHE, B FTOZ LWL LR T

) BREREERBRFICELT, ~Z ol RITk > THW L & &8T5
CREBRFTARMDY, ¥, I70fB Lo THAIARRIERI L.

2) CaF, ZHEAR 7 7 7 AL L DB BNRMEZRESTDHIETHRARAHRS b
Ay ABELNTL.

3) CaF;-Si0; 75 v 7 &, CaF;-Si0,-Al0; 75 v 7 ZAB X W CaF, 75 v 7 (T
XDOWMBLZBVTHTRAMRPEL L.

4) A=V I HBIZ CaF, ZIRAET AL THA R R ERTIZHMABES
nik.
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# 3 E
WMILME DB SETLHBT7 I —FHO
MAEHERIIRETHAEE LBEFRAEORR

3-1. #%& =

JIS H5120 CAC406 ARICRRSNDIMAVFHMBI AL TRMTER ED KN
DEBECHEHEINATHS. LAL, Pl TR XS, I ANKITHERT
HRTHHZLEEINTRY, ZoHIHANTHIPEBIEENATETNS. Th
FTCIRMABESNTELER 7Y —EWHICEZHOREMELTBI R Se ZHRML L
W7V —HWHEDHD. LrLAsBb, Bi BLXD Se 3F/AHLKETHY, KiT Bi
BFECHEBORMEME LTEEINDIZ PO RE”RKHOALXMIE I TO
MEPFELETD. —Fh, hoREWE L THILY %2 5B & & 7% Cu-Sn-Zn-S % &
ZYV—HWHEBFAREBPEHASIATORY. 2OHEZUT, AR68LEHT
5. AREAMAEYZRAEEBERTHIMHDOT FIF7 A4 FPHIZEKRSEDSZ
ETHRZRBEETBY Y, MESEOM LIZHFH LTS D &5, Bk
FHMEFEBRCEEBBEERED Fy 7T LA —ORHERELTWS Y. &
=, AR A 4A1E 20094 10 4 20 HIZ JISHB120 CAC41l A& & LTRIEEh Y,
SBROMMHIE KRB INDS.

ARAGEEDOHALW X, Cu-S R D HE L E R &b R IZ K D kT D BRIK D 6
ke RERIBRIBICEYBHTIHFROBIBICRHITES Y. ZoOHit
MRS EEOHENE, BEOEE, Ot Erizxdesrdbh, #E
LTREFAREE 2G5 ML R MM TERS N EZRRO ALY %
THMEEDILENDD V. LA LAENS, Cu-S RITHE W THELE R MR &
ZERKBRIEOFHLERBEEIVWIKLIAEDT D, ZEL THRRORBILY Z
SHREEDZICEHABOERBREZNO»PICTIILRIEETHS. WEKH ¥
F, ARAEPLENBEE T IHEIBHREP»SOFAICEIIEE LR EMES
BAETHY, MWHBETIHAZIZORE LA ZEDRVEAETHI I LER
L, — 5, oD FERTIEImAEEZM LY &ALy #&2Z ML Z




45

BYMOLBRMEERBRRLZDOT, MILDWOBRBERRBICAIZETHEANEEO BB IZO
WTIRRMHATHS. £, Maruyama b I, AR A &0 Zn & H R D 4mass%
ZHWADE INSOERBEP LR, HRRIEPELCRL TSR Lzd@EG L
TV, FARETE SN AEHRPLIBRDLBELGHICHET S Sn0 B ZnS D%
R A PR, ZnSERBEPEMT S LERZL TS, ZoEhL2, #AEh
DHALM OB AR ICETIMEE LTIE, RN EZ2BERDD V. b
WAL DO LR EERKRERY A PIBRILHTHDEELL, BB FENMRAIITKD
ZOZEMEZRL TS, ARABRCOHKRIEPIREIDIROE, BLb O
MEBPECRDIEAEKRERIBILDR FABMULTHERIEAEI DT
K BRDELEBADODNDD, AREGEOHRILVWOBREVEEBLGHhOBERELOH
BRiFMbNA TRV,

ZIT, ABRTRARAGEORILYOREBBRICEZITHMOGANEESB X
OCBBHPOBEROYVEZHOLPIZTHIILZHNELE. 2O5EDWHHLOD
WMAEE L RBLEEORERM2ZELIE, BEBRBICAZTEELRD
.

3-2. EB& A&
3-2-1. EB&F B

ERFIEDO 7o —Fx— % Fig. 3-1 1287, ()NOBTFRERLTEDOEF
X 7R —%xrd. B -HETEIMNEEDORLDIEADO GO~ L
B OR IO BIZ OV TAHABBRELCHMEMMBI R RS2 Tok. £
e, BrOE&RIFcBVLWTER 21> 2.

o

)

3-2-2. AMEEH &L
3-2-2-1. MY ENBESIELLHBT) —FHRHORBERREBICRET
MAREDOLE
AEBRIZBWT, HEH MK IZ Cu-4mass%Sn-3mass%Zn-0.5mass%Ni-0.6mass%S

L, 2R % 3.0~8.0kg, HE A AMEEIX 1473K (1200C)& L & B
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Chemical analysis

Thermal analysis

(3-2-3)

Microscopic observation
(3-2-5)

A

(3-2-4)

y

Electrolytic extraction

(3-2-6)

Fig. 3-1 Flowchart of property evaluation in CAC411 alloy castings.

Total amount of melt
:3.0~8.0kg
Approximation
1150C

Deoxidation with
Cu-15mass%pP alloy

Temperature, C

+—— Cu-Sn-Zn-Ni-S alloy

Pure Sn

1200°C

Casting
Y

Time, min.
Fig. 3-2 Melting process of CAC411 alloy for research on sulfide shape.
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FeELlLT ARG8Ty b, U HEMOM Sn (99.9mass%) B K Ot i
Il ™ Cu-15massuP RE&EE&ZHWE. 4=V Z7HICBETAVIF (=Y b —,
AL-D)B X CauaAf X vy Y A(HELRS:, R/ =Ty 72 40)0REMZHEN
L.

AREGEOWWMBRE Fig. 3-2123 T . 74 =V 7 (DD FREM)Z ML 2B
05 DIFE(6~15 %)% 30kVA HHBEFEFNITRD, €D D5 DIFITEk L (S45C,
45x200mm)Z AN, TN ZmHEFEEF TNRATDIILITED, 22EF0%
BeExzeifrolk. Zok, oz OVHL, AR50 A4 Ty b, # Sn,
Cu-15mass%P REEEDIHIT D DIFICH ML T M L 2. Cu-15mass%P B & & D
BRMEME THEXRGEZARTHELT, BBomibzMxkz. £, —#oD
Bk TIX 200kVA & JE DA S 2 F W TH 200kg O G BZ2BR L 2.

Cu-P RREEBICTHES, MAxOHRITELG LE. NHE DR WS (IR
BB UEB IO 7 ub-Uravy AR X%z Fig. 3-3 T,
REBCIRBABR r e (IR B SEFESRE)DBIRB X’ ikz Fig. 3-4 12, Y=
BERMIE I — T4 v 73N z8BILIEEHER)DOBIRB XY EZ Fig.
3-51C, MEEAMYEFENOBIRB XTI HEZ Fig.3-612, 274 7 — LMD
BIRB X O Z Fig.3-712, 77 VR EEE M DOIBIRE X U~k 2 Fig.

MR B R R)OBIRE XK 2Z Fig. 3-9 xR 7.
¥, Fig2-12 IZ R LA A B OTIRBRSERR)ITLEEEZIT > . 8
BMEBIOHEMER - RIEZEBE I D5 L THY O G b O mNEEZ L
b ARMBEKRER, O VEHKER, BEKRABRAIFHE&EE, >z
PR, MEBEAMYEBEBITCLATA Ny —AERIZEZ7a X L-T L A LJIS
KBz ALRZ. £k, HRMAHEBEEB X TCHE O R W BRI
TR, S TABREBIVCRBBAZAEI LI LTLHANEEZzELSE L.
B LEBMAIZ BN X 7L — (B F TV EBN)ZBRE I ELARBER T L
—)BICTEFLVREY FHOKRMN)D 2 M, &M PR ERXEE, 75C
(348K)3B & TF 120°C (393K)D 3 Fii & L 7=.
Fig. 2-12 B X O Fig. 3-3 AR THKEMIZIIABESOHADOLEDIZH KL ¥




(1)Fig. 3-3 Shape and size of non-tapered

open permanent mold.

(—)Fig. 3-5 Shape and size of shell mold.
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Fig. 3-4 Shape and size of permanent mold for stepped test piece.
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Fig. 3-6 Shape and size of self-hardening mold.
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Alumel. . Chromel.

(—)Fig. 3-9 Shape and size of
permanent mold

for chemical analysis.

b4 Specimen
/ P

(«<)Fig. 3-7 Shape and size of
mullite wool mold

for thermal analysis.
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Fig. 3-8 Shape, size and sampling position of # A specimen

by furan resin mold casting (JIS H 5120(1997)).

AerksaHBnzezaMo LicE@ELE. BGHABMXKL Y TOBRB L O Tz
Fig. 3-10 TR T . RV v HITIZHBE AP EHEY O b .0 B X OB RE T (5 BE
2o 5mmD 28, bLLIZHEMO b L, ERO 124008 B X O 8k RE TP (85
PH5MMO3MITMET DI ICHABREHATESL5EmMITLE. BHH
MRV T LERBEHoBAK%Z Fig. 3-11 TR T .

BEBIRABR I R O 8kiE H R B % Fig. 3-12 12 7. A A DML &
MLGBZHPEDRREDIZ, bFAMNT—NRY =T ZHWTHOEGHEZRD
k. S, BHPRARLTOV IS RBAMAELS RS X 51CHE T o6
ZOTTHRELL. Sk, AZAPEBRREVWOSHEDO P LITMET D XS
CHEEFEZHAL .
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115

Fig. 3-10 Shape and size of

refractory brick

for sprue for thermal analysis.
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Mullite wool

sleeve \\

Permanent mold
for stepped bar

/

Pz
150

&

210

100

[

Fig. 3-12 Schematic diagram of the setting position

of permanent mold for stepped test piece.

(«)Fig. 3-11 Schematic diagram of the setting position of sprue

for thermal analysis and open permanent mold.
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3-2-2-2. MitYEnHEEEHR T ) —FTHOEEREICRET
BEFOBRREOLE

AREBIZB W T, HEMBIEX Cu-4mass%Sn-3mass%Zn-0.5mass%Ni-0.6mass%S
&L, &WMRE 4.0kg, HEESAAMREIX 1473K(1200C) & L. WM MR &
L T, # Cu (99.9mass%), #fi Sn (99.9mass%), #fi Zn (99.9mass%), #fi Ni
(99.9mass%), Fe-50mass%S & & B X OB H D Cu-15masswP & & %2 H»ik.

AROGEOWMBRZ Fig. 3-13 TxRT. FA =V 72l LBHD5DIE8
)% 30kVA B A K FEEFE NIZID, 2D B DIFITH O (S45C, 945x200mm) % A
N, GHABEEEF THRLPRATIETMATDIILIZEYD, 2D0FD0%HEE
Zifrol. ZTD%, $koZzWl YL, # Cu, # Ni, # Sn, # Zn, Fe-S HEDIHE

THODIFIHMU T L, Cu-15mass%P REA 4 THEEE L 7=. Cu-15mass%P k&
EOHRMEME THELBROZ AR THELT, WOz z 2.

BB, BEEAE L THWS Cu-15mass%P REAEIX, IO P OERMER Z 1
ZNHmbic LT 0.05massvhe b Ko imml, oMy L%k —
502@F oM M UHEIGR (IR BRI X Oy o i &8 (F IR
R EE SRR ITEG U, BBk B e B2k )IT AT & (2-3-3) It TR LEZD D
L, T BRI AT (3-2-2- 1) I TR LEDLDER —-THD. ik, &
RPRZDZDERZHFNICRLBERFEZIT- L. BWHRRIFHEIX Cu-P & &K M
FLAR(055),10457,2047,30 & L. Wiz 30 wRMRF LEkE 21T o &k, M
CHHNIZEDIEERLPOERMED 0.06massn e 22 X 512 Cu-PAE%E MHER
hnU e L PR, BEiE R AT o T2

3-2-3. lLER D DD

i $8 Fig. 3-9 1T § ey o b < B ~ B U 72 30RE 2 2 2% J5 1) 12 B0ORE E 58 2
b 35mm ONLETYK L, o B & L. Z2oWmmicown Tk XE 217
W, TR AFXF—GBBEEXBRoMEEI DL A FTF T A % —I1SX-3202 (H
ABFW)] ZHWTIEER DI Z2irol. 2V A —&Z—F ¢7mm & L k.
T, WEEBArohLilas, FROI2OFMLIIRD 3ADOEF 45T
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Total amount of melt : 4.0kg Deoxidation with
Cu-15mass%P alloy
Approximation /
use¢ o ] I —
10min,
20min

Pure Sn
Pure Nl Pure Zn
Fe-50mass%S

30min>.

Temperature, C

\ y
Cast. Cast. Cast. Cast. Cast.

Time, min.
Fig. 3-13 Melting process of CAC411 alloy for research

of deoxidation effect.

TV, TOFEHMEE oL Lz, 72720, =3 /VF — i Bla i X o
BEBTIE, ZMLHERZE->TIESNE, ZnEB LT SEHAHEE S L < IEH DI
SNEHERTHPRETHS. 22T, SnBEXFZniZ 20T, Tz BEEWN
CEAASERZREBEMOMBIZH L T XX —I5 #8130 Xt o br & 2 H
WTHHL, TOMRPOMEBRZMERTEII L THE XM RZLBRL,
IFNE/ERTRLEABRLE. £, SEZOVWT, SEZERERNICEILSEZRE
BMORBIZH L TZRAF - BAEHE X MO EEB LG C- S [T
E TEMIA-920V(HE 5 RAEFTEH) ] ZH W TN L, TORE? L REKZ M
M DT ETHEXBMIMMREZRE - RERKETHORMRICERL, Zh2
smeAal.

¥, BT #(3-2-2-2) It BV THERLEZRKBIZTOWT, B wb &8~ 8 ib
LB o9 bkl mic il R A 5 50mm 47 & THBR 2O W L, B %
BEomHARABELE. ZLT, A bhomEREZBEK - 2 KNy HEE
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TEMGA-620V(UR 3 B EF®)] ZH W THELE. —MoBEIHIZHWS
BEREIN gz L, 3oz HYy, ZOEHHEEZIFMEE L L.

3-2-4. B EE O
i 48 Fig. 2-12 B X ' Fig. 3-3~3-7TIC AT HMEFEMZHWT, $f:xh A2 5 D
BiEEZMELE. MEMBIZOWVWT, &8iX 1/4 8, tho @Rk 1 & L E.
ZFOTF—ZD5L, mBEREMDS 573K (300C)ETHOTF—XIZO>WVWT, #
BB Y 7 b EHWTRATH OB ZITo. ZOMH Hk&iX, WFIH
(t)- 8 (T) M fR, W T (t)-4% 2 (dT/de) ft i, W7 18 (t)- — 6 i 4o (d2T/de?) ith it 38 & OF
BER (O)-%F 5 REOHMMZZNZ MR L, Fig. 3-14 1258 T X 5 2 & ih i b o 4
MR EZERERELTDIHETHS. Mool
Bl B o dh it D 55 &1 D T 2L & B D i IR O Az E

IWOHEBIZE—7 BB, ThbDm e @-IRBE (MR ZBAIITH R L

BRAUEPRD BN E,

PR WY NS E )

TEARRBEBIOLEEMZIE LE. BB hORMEE IR XL SITREL
. Mo wmEhfo —f#l%z Fig.3-15 I8 7. TOABIIWAHARITBNT, 2
HMOBEAKMZRTIEBHRESATVS VY HH OB HIZHE o-Cu D
i, TORBILBRIEEZFHMRIETDH D, A IZE = O BB H I
T D, MAEMORBEBIZOBHBEPEDIETICREDIEEZLOND.
ZTT, FHIBAEE CR(K/S)IX, Fig.3-15 TR 35 - O i 2 Bl bk 2 & [H
B4 v (b) D W PR — ¥y 20 5 Bl A o0 28 il AU E T O WER (At(s)) Kk OV E % (AT(K))
PHoAXNZEZHVWTRD 2.

CR=AT/At (1)

3-2-5. fABER

HHERBICBWT, BV REFOMMEZ LA MBE TR LE. £, W
MIZBRINDW DR OMIEE 2B BEHITICED kD, S sEH
WrhomAEH I EBEBE LY IEATHIZ LD 22D WA Y 7 b
[FVS for windows (F A A —®8 +LXMW)] ZHWT, WAMHKFY 726/ 5
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Example of thermal analysis curve

o CQ— (DCooling curve 7

S F—— -

£ \,\ (T-t) ]

©

s | - '

ﬁ . N N N 1 " N . N 1 . . . . 1 Iy
Time s

@Differential curve GSecond order  @Contribution ratio
(dT/dt) differential curve curve (r2)

(d2T/dt?) o

‘;

s J B

¢ Transformation start
® Transformation finish

Correspondence between wave shape and
points of transformation start and finish
® : Point of most steep slope ¢ @

@ : Convexity peak & and concavity peak ®
@ : Twin peake ®

Fig. 3-14 Determination method of transformation temperature

from of thermal analysis curves.
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Start of solidification

Start of sulfide formation
A T: Temperature range

/ of sulfide formation
I ' | '

S0/ /Ty / 2)-
E ( e _ A T i
= 12000 b CR=FT -
= 1000F: | . i Endof -
2 - H sulfude formati on 7
OF iR 1+ 1t 1t
2 E N i Inflection point of dT/dt .
2 o5t NN =
£ -10E N\ | :
— | Second release of latent heat .
= -1.5 [ First release of latent heat E
[ ! 1 | ! , ] | | ] N

0 200 400 600 800

Time, s

Fig. 3-15 Cooling curves during solidification of CAC411 alloy.

NHZHAPEE AT FTALD, MW EEMMBOBEROWNE2ZBMEE L THSF
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AR E @R AT

M A ST 2.7um LN OB
InszMirolRALE. MHIBEOD
C= 100 x 4nA/1? . (2)

T, CIEMEE, AZFEILY 1 DO EmM?), | ZHEAEDOFHMEmMTH 5.
HMOMBERS 100 THY IR KOEEZRDS. WEZ 6 B TV, O FEH
ZHRALWOMEE L L.
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|
- Direct currgnt )
T source circui
Specimen (+) | ~Pure Cu foil (-)
T
SR

Eleétrolyte (0.3N sulfuric acid - 5% sodium citrate)

Fig. 3-16 Schematic diagram of the setting for electrolytic extraction method.

3-2-6. BiL¥ O E # b

i 48 Fig. 3-8 IR T 75 v BIEHRMICHEELERBD S I ERBRAF O D
AWMLY T 32 M WT, BaE YT BEERAB25HIEHZRD
ML BEMEEOBKAK%E Fig. 3-16 IZ 1373 . MK &L LT 0.3NFifE-5%2 =
viEF PV U AKBHREZEHWE. BRkzlBAr, dmzMMBE L L, EE2Z
0.5V, iz 02A THMEAEZITo=. ABRAFEIHABO r2 ffEXI VOV IHBL
. BMREEMBE®, REPBEAEL, E—F—ERBIZHILDLPERINSE =D,
BHWZEE L, R 2RI UL, B LUERAEIEHMAK THEDY R L LSRR,
T TEBL, ZRSEL. SIS EwRIEHITOWT, SEM i THifb ¥
BRROBIEZIT o T2,

3-3. BWRBLUER
3-3-1. AN D1 FH K

AE&EDILEHM K % Table 3-112 /8% . Sn B IX HEEHM L 0 4%z xf LT 2.7~ 4.8%
ERD, Zn BRI HEME O 3% LT 2.0~3.7%& ok, Z4dH ok
ZBWT, BEHIZHNWERROIHPELCLZZ L3 Aoz,

Table 3-1 Chemical composition of CAC411 alloy casting (mass%).

Cu Sn n Ni Fe S
bal. 2.7~48 20~37 02~1.1 <0.5 0.53~0.69
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3-3-2. MEHOBRKRELVARBEICKREIITAANREEDZE

5 WA BR OB A (R ok R B B Bk B BB R O R B M B ML AR &2 Fig. 3-17 (T,
B O 73 B < Y (R T 0 B Bk B ) 8 5 SR oD O 2 B B ML Rk & Fig. 3-18 1T,
HBEDRWHBERM (7 o h-D)va =y ARG R O e 2 B M8 2
Fig. 3-19 (T, RE¥BOIR BB A &8 (5 IR 18 80 B % B ) 8k 5 5 R D e 27 B 0 85 il ik
% Fig. 3-2012, AT A by — VR, MEAMEEFERS = LR, BXOT7 T
VR R B LR O K R B M B LR & Fig. 3-21 02 R . ML R o IR £ o M AS
WAL THY, KEBPIRZIZTBLTVWEIZLEAPERTES. MIkLWORZI IS
B ERBE TS, A4 My — A EERIZHEELEABTIIHRERD, &
MEEPHLSBRDEMIEMORNBEL/NSKBRDI LRI D, mA#HEHBE
Y, TUVRIA PHOBMHIBRELPRAADO FHARBEE XY GIKTFTLESLA,
WAL ER OB HIZIREL R3O THRAACVWOLERBLEMT L EHERINDS.
Tl ANHEEPESR-LEI LT, HMILWHABRETEZLIMNBAPELSRLIDT
WAL DB+TICHETETRESIBNSKBR-oLLEEZLND . WO b
BRI NIHALY DOBIRIE Fig. 3-17~3-20 D X 5 72 @y A3 23 3 W 85 8 Tk
MBIZE <, Fig. 3-21 DX S R mAMEER BV TREIARD D2 VWEAERIT
ERTHILARADOLNL. FRiIZ, MARAEORLEVWAT A Py — LR IC
BE L BiIcBnwTiE, 77242 —-RomitmbEDLNE. TOXKH5%H
BEThuvitwRERRIBZEoTEBRLEb D EEZELZL NS 2.

ZZT, iitwogEz L VLI FHAAETDILEHIT, A2 DORIKDGIL Y H
MRENERAXBOm2 S 75 kBB B8k & A ORHIT DWW T, Bk % o & fi# ft
Eiiok. 77 VRSB ER X VML AR O ZKRE 7MW G
(SEN%Z Fig. 3-22 2 7. (@R T XKOLT Y FI74 FROBAEMHBED
bhf. £k, AMRbMEIZEGND LS, BRP2AGHETPNL THE S HT
EXoBBRILHAPRDONLE. T DORALW T Fig. 3-21thizBWTIiX 7
FRAZ—RELFIRFROBILMITHL T D EHLEINDS. £k, Fig. 3-22 (a)B
LFOb)omiLkHmiEwmMhro MM LEBME LTHBELEERTHS Z &1




61

Diameter of open permanent mold, mm

Center

Horizontal position

Outside

L%

Non-etching 200 um L
Fig. 3-17 Influence of diameter of open permanent mold

on microstructure of horizontal section of CAC411 alloy

castings in tapered open permanent mold.

Lining agent (Preheating temperature)
N spray(RT) [BN spray(75°C)BN spray(120°C)

P TENES
NSRS

e

Acetylene smog(120°C

LN

Center

Horizontal position
Middle

O_utside

47 I ok

Material: FC Diameter: 40mm Non-etching 200 . m
Fig. 3-18 Influence of lining agent and preheating temperature

on microstructure of horizontal section of CAC411 alloy

castings in non-tapered open permanent mold of FC.
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Lining agent (Preheating temperature)

BN spray(75 C)|BN spray(120

(& )Acetylene smog(

o ..-\ . .
F Rl N S R
: . .

i

.

.

120°C

/ ®:. 2

. Ll e R L] ~'."__J";'\. e
"‘?.-4 . R Y &

- :

. &0

Center

Horizontal position
Middle

Outside

B D™ Rt
L as 2 S

00 um

Fig. 3-19 Influence of lining agent and preheating temperature
on microstructure of horizontal section of CAC411 alloy

castings in non-tapered open permanent mold of Cu alloy.
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Thickness of stepped bar casting, mm

N erL”
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Non-étchiné .ZOOunﬁ |
Fig. 3-20 Influence of thickness of stepped test bar casting

on microstructure of CAC411 alloy casting

in permanent mold for stepped test bar.

Mullite wool | Self-hardening
mold mold
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Fig. 3-21 Influence of mold material

on microstructure of CAC411 alloy casting.
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O, M RIBICX-oTERLERIELHTHDIEELZLOND. TV FTF7 4 FBIK
DOk bRDLNLEI b - KoMt EIrEHtRicKoTERLEZLEE
A b d. Fig. 3-22 (c)D b ¥ & ks M #R IR, Fig. 3-22 (d)IZ 0 & 9 L AR D &
THD. ZThDHOHALWIZATHE Fig. 3-21hIZBWVWTEMEBOMILHITH Y T 5
LEZOLND. F, TNHLORIEWIX, ERbhomIEY & EEILAEHE DM
DRBMZFANXF—=BPREVEDCHILHOEELY LDV OXRIRIZ/NS SR,
BRIk ok EBEZLND. 2O LPL, THULOHAEWITRELKISIZX >
TERLZBEHOMILM THDEE L DN S, Fig. 3-22 (d)D HAL W IZ Bk B Tk
RV EOIFEARTHLZOT, RIS THEKLEHR IO —BEEHEHEL A
RELHLIBFEMBIANUTDHDS. RILHEIHDOT  FF 4 PRIBRICERT S Z
Lo, TUVRTA FHEBOBRIZEVWEDOHRALMA O & 5> ARDOEILYIT
RolkWgkbEZErzohd.

10pm

Fig. 3-22 Three dimensional shapes of sulfide in CAC411 alloy casting

in furan ragin mold.




65

DEDRREY, dBoBimMEh CBHEINIBIEVWOBERIHETH N
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3-3-3. BRRHILUPERT 52 A HEE
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LW TED. T, MEBENP0~80DFEMH TIXWE ORI HBIEAEL T
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1O0KIs L ED X THD, HEMEED 05k/s L FTIMIBED 60 RIEL S,
DLEDRER? S, BAL Y O 45l 25 35 5 RS 5 6 I &b RS I 2 3 2 A A
JER 0.5~ 1.0KIsDHEHIZH D EHZELZDND.
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EREERABO I 7 o ki RIETHBLBE OB RFERBOEE 2 Fig.
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LD RPMNTED, Kz, REFRHFRA 3070 THETH S.
SR ER B ICBIT S MBLHEZEOB LR ESEILH OB E L OB %
Z Fig. 3-25 /7. BBHEZOMIBEIX 8T THY, BRRImALWAERL 2. &
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0 Open permanent mold (Copper)
A Open permanent mold (Cast iron)
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0 1 Ll
0.1

Fig. 3-23 Effect of coo
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Cooling rate CR, K/s
ling rate on degree of circularity of sulfide

in CAC411 alloy castings.
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GiRFFIFIIA 10 7 I EMHBERREBIZ/ANSSBRY 700 TFERoE. 20
BEIFHORB L LOICMHBERNS S Rok. WHRFIHFHARI R D LN
BAELLTMAEPRBP 7z —T 4 VT IRE>THATEIOT, B POWBLT
BEEAEMLELBZZOND. £, WHRHEMNBPI0THRB L ZRITHT
Bz Mz emiLBOMBEIZHY 87 ok, HEAlzZzEBMT 5L H
OCRBINICE > TERT SHAEMoEPEMLEEESZO6N0D. D EORR
POBEBTORNEEIES RZ2ERICHEELEBATLIMBAIA RGBS
CERERROBWIL P ERT DI LAWUL R LER - T,
SRGEERBICBIIMBLEZOBGRENRHEEBER S OBBKEZ Fig.
3-26 ITAd. WMEBAZEMLZER» CWHMRFERMA 20 77 TREHE O R
WEICBRERPRES oK. REFHE 30T THRERLPMALER, T8
Hi, Wb BEBLTVWLIBRIELYPARELDELEZLZDEEZONDS. T4
H, WHBRFPTOBABECRBHEBELBEBRILYDPOBREPEFELETILEE LD
nNd. ZINHiEzZnOXR SNOBERT DL, MAAWHPIRER TSI E2RKRL
TWwW3 Y. i Fig. 3-25 IR T X951, WHRHEBHAELS RS LHELDOM
BEPNELSBRoEZE2E, RO O#HE L FEIZ ZnO X SnO O 4 i & 25
MU, ENHPHRILVOKERHSEIEBEEZZLONDS. LIAL, BHRFEDIZIIZ
MEEICIDVBRBBILMIRAZICTEEITHL, R OEMIZK D BFABRIZ
eI mMT e PRIND. RENBE 30 7OWG b OB E XN EEEZOBE
CHBLTHEREIZLS, BRERBRLELYEIIPRVWEEZEZLLND. Fig. 3-25 8
XU Fig. 3-26 DFER XV, HEHEM O ICBVWTRELGTOBRERBHD L
b2 d, RIAAMOHBERINS SR, 2O LEPH, BIFEBHE
HPHMTBLE ZnOR SNODEFEPEMT B LHEZ SIS, —J T Fig. 3-26
CART IO ORCHBAZHETRMT DS LBARBIRBIIEMLEZ. ThEns b
DEILHORBRBIZEIDZbDEEZOND. BEALLT Cu-P 2R NT D
LIBHBERIWBAL, EEBIEWE L TLER Cu0-P,0s KT S Z &8
WEENTWSE Y. BMBEOMMRERE LV IOEABRILY ZH G 2 L
LBGRPOTEHL TS, REBEABMOBERIBESRILDIPBREBEL TR,
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Fig. 3-25 Relation between holding time after deoxidation

with Cu-P alloy and degree of circularity of sulfide

of CAC411 alloy castings in split permanent mold.
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4-1. ¥ E

JIS H5120 CAC406 ABICREXSINDIMAD HHIT - 2R S RGHFEHT
EHEINTVED, DR EREIHENPEETIRLELT MEERENEV ],
TEERIZSL 2], THANCBI 28R AMEBT IR HDI] REOME
MAEBHY, GREE~NOBERPRD O TS, LA L, 8t AD H &SR8
BWIZTHRELELS, BASHAFIIRREELTLES LLSHBERDE V. 2
DED, MAVHEMRIEREEZELEZEAETERVWESDLDATEY, HADY
HHAEEOERMBEBEBIZODVWTRZOHREBFLAEMESINLTLARY. —F, T
TR EZLBY, thofABFOmILIZED, LV 7Y —FHAHES L
TWVW3. Z0kED, AV HHOBFTEEISBEHALTWIZ LB PRINAS
ERD, MADHHOGRIGEALID LM 7Y —HFHOGREEIPLEL X
hTwd. L2AL, 7Y —HHOGAMEBEITHLTIRELAENESIIATES
b9, RlZ, HHIZ SZMAB T L TEHEHNELPUZETDIPIZOVTOHYE
TEETDH B

ZTT, AETRHEILYZIBRSEELEH 7Y —HROT, AR26568)080
PR ke, Rric BB A ZOVWTHALRE. S 5T, Bi R 7Y —F#, &
ADEWBIOEH OB PEGERFOBE B b & L k.

4-2. BEE N O RAEER

EHEFEORELMNERTHOHIHFENRICRETITNCHBAOPREZ, Al R
BEPIIRMIREEIRETLOBEDRDHIN, HEETOWRZELT
H2 STV ZNooWMBEICLDZ L, MARLBARRETIENEZ, BHOK
H - BB OETITHE BHENECEHMNmETHLIEEINTWDS. Z2LT, Y
BEHITHREINDIBRTHDLEE, WHT DI LEAMRT, FWiTslRIED
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BAET, TOBRISDPHEDOHREREEZBLITLES LHALBANELS.
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NoOBHIZFIEZLT, BEHALZEAELTLES. MEEFEEREI LS
HETRENPRETIBERBE TH S Stage 3OREBBILL 5. Thix, Bkt
FREGRMAPIESRDICONTEBIBRBIZ R AR 2O M IRERE~ LB
THZEMRHEBELTEZLONDS 210 WK B O S &5 4A kT RS
Bllh - AT 3270, RIEERBOAEL B L TEHMESEROVEBEBTHLEY
WP T EIhLTKRY, fiR, IhoREINEIIRLILEDTHD. o
T, BMEARERBAPIEIVEETIIEBEINNPHEBTIEMERKLS, Z0O
EHOBEBEHNIPECRTVWEEZEZLNATNS.

INEFTOMRCZEIIVAREGERZITEMTHIMALMBREID L EAMATH
D, FWEFEGE LRV EBME SR TS D — iz [ WL 77 5
PRNWEEDOEMBFEEHERIRVWVEDAREEZIMAD HH & iR L THEMEEE
kDM EEERIEVWEHMFINDED, AGRICE>oTREHLTLL —HimdA Y T
FHLWEMORNVWES THD. HER OIS W I A7 P & % E ek
LOBMBERAL, MKLFREGMEA VLT AREBESH L ZEZ LI W
EWSMICLE . LAL, XS RKE S EE S EET S84 TR
LEFEREGBBMBNELTHLEHEALTVILLHEELTVSE P, ARAEIRBWL
THLMEV L EAMATEIDIPEMKINICX D ECEEHEPEET DD, H
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Temperature

NN
| N
Stage 3 Stage 2

A Composition

Fig. 4-1 Theoretic model of solidification cracking

by eutectic binary phase diagram.

4-3. XBRA &
4-3-1. EBF I8

EBRFIHO 7o —F x— % Fig. 42228 7F. ()WOBTFREBRTEOXKF
Y 7B —and. W EETRBEEBENAKBRHER, AF4 Y - EEREB
KFOWaTIHHEHAHEELE. BAdh2h bz D v TH B85 Wil
BB RERfTok. £, MADHBLAMIF B TR Z2ITo k.

4-3-2. BREHBEARE
ARBTROFoLHFHAROHBEKAMBEE X CHIAALKE Z Table 4-1

ZaRT. 54X 5 MBI TARA 4 (CACLLL), B AV 75 (CAC406), Bi R 7V




74

— H i (CAC902), ARE&E&E»DH S ZBHWEHMTZY —FHH (BWS0) B X O &8

(CAC202)TH 5. 2R eElX 3.5kg & L .

WM LELT, SHEGEDOA

Iy b, #i Cu (99.9mass%), #i Sn (99.9mass%), # Zn (99.9mass%), #Hf Ni

(99.9mass%), #fi Pb (99.9mass%)FB L " e @ Cu-15mass%P RE& & %2 H W 2.

FA=v I MicER T AIF (= b —,

¥, R =TI RA)DOREMEMAL 2.

Weighing

Chemical analysis

(4-3-3)

Thermal analysis

y

\ 4

(4-3-4)

Macroscopic observation

Microscopic observation

(4-3-5)

(4-3-6)

AL-)B X Pauv A A1V #(HEI

Fig. 4-2 Flowchart of property evaluation in various Cu alloy castings.

Table 4-1 Nominal compositions of various Cu alloys

for solidification cracking test.

, Nommal composition, mass%o Castng
Sample , , .

Cu|Sn | Zn | Ni | Fe S |Pb| Bi| P | temp..K
CAC411|BalL| 40| 25 | 05 |<05]|058 | — | — |0.05 1473
CAC406| Bal| 50| 5.0 |<1.0|=<03| — |5.0] — |0.05 1443
CAC902| BalL|50 | 6.5 — — — | — | 1.5]10.05 1423
BWSO | Bal|50 |25 | 05| — — | — 1 — 10.05 1473
CAC202| BalL| — [31.0 | — — — [2.0] — ]10.05 1373




75

ZFN6 OB % Fig. 4-3, Fig. 4-4, Fig. 4-5, Fig. 4-6 8 X O Fig. 4-7 12 %
NENRT. FA=V T (DDOFREM)Z ML 2B 25 DIE(6 %)% 30kVA =
WFHBEFHNIZID, Z0D 35 DI1FITH L (S45C, ¢45%x200mm) % A 3, o5 )& ok 5
FTHRLAFRATZETHMARTIZLIZEY, 2030 %X ElTok. 20
®, BrLZWMYOVHL, ATy FPELEEM CuZz b2 FICH AL, HEIZIK
CTl o EHOMERBRZS2 DERIEXREMLTHEMLE., 2L T,
Cu-15mass%P RS Z W L e 2 17 - 7=. Cu-15mass%P RE& <& O k0 E A7 &
THBEMZ KRR THELT, BWHOBILZM A . Cu-P A& S IT TR,
BEEHNAKBRAER, BN HATA MY — A EREB XK 7 b e8I
Bl BEBNABRMHOEMEZ Fig. 4-8 127/ T . Fig. 4-8 1T 7~ 9 % [ & h ik B
HOEREEHM)IHESD YRE2BENNABRMOEMN 22 L ITHERL 2.
COEMBEBHNAKRHTO MO ERELAWEEOZHBITHERIND I &I
XD BBENMHGITEBBRISENPERBICREETDIISCR>TVD. TOHM
WD RS L & o i i EE & eE TN, H o b R B A ol H A B S B IR Pk 2 B A
T5. BEEINKRBHOER oA KRG EE L W BAME S % Table4-212R7 7. )
o Y B B 1 30mm, 50mm, 70mm, 100mm 3B X O 200mm & L. £, RN
MW AMEWNN T L TRENAZED D RIBIZETCLSTIL, ET
BEWE M BPEMEEEITERD LI L. BaHME ST Ed oK b5k
LT, £ZH 28mm, 45mm, 60mm, 70mm B X O 100mm & L. &8 ITIF®
MELTTEFLUVREY 2L, &R PEAGEE X 363K (90C)E L. #
THHMDOLT A T —VEERE X O o b & 83 aT 1 (3-2-2-1)Ic TR L &
bDEFE—-THD.

4-3-3. \EZEH 7 D7

i #8) Fig. 3-9 0T 9 o7 o #r 0 e B~ B 3E U 72 BlORE 2 2 88 05 180 12 BB 58 2>
b 35mm DOAETY W L, o etk & Uk, 5 b 07 ki i (3-2-3) & [ — &
L. EEL, =23 A F - EHE X fomEETE, RxKiTX-> TR
Snh, Znhk, SE, PhEBIXUB EFBRL L RXBDITHMS L, IEMHRD
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Total amount of melt : 3.5kg Deoxidation with
o Cu-15mass%P alloy
Approximation \ 1200°C
o IS0 Y
o
T
2
<
T
O
=
O Casting
a Y
+——Cu-Sn-Zn-Ni-S alloy

Time, min.
Fig. 4-3 Melting process of CAC411 alloy

for solidification cracking test.

Total amount of melt : 3.5kg
Deoxidation with

Approximation Cu-15mass%P alloy~. 1170°C

Sfusee T TR — T
£ oA

*3 Pure Pb Pure Sn

o

a,

5

= Casting

Y

*+—— Cu-Sn-Zn-Pb alloy and pure Zn

Time, min.
Fig. 4-4 Melting process of CAC406 alloy

for solidification cracking test.
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Total amount of melt : 3.5kg

Deoxidation with

Apprgximation Cu-15mass%P alloy
1150C

Temperature, C

Casting

Y
*+—— Cu-Sn-Zn-Bi alloy

Time, min.
Fig. 4-5 Melting process of CAC902 alloy

for solidification cracking test.

Total amount of melt : 3.5kg ~ Deoxidation with
Cu-15mass%P alloy

Approximation \ 1200°C
1150°C

OL) _________________________________________________________

5

2

<

e

)

Q.

g Casting

= \

~+—— Pure Cu

Time, min.
Fig. 4-6 Melting process of BWSO alloy

for solidification cracking test.
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Total amount of melt : 3.5kg

Approximation
1100°C

Temperature, C

*+—— Cu-Zn-Pb alloy

Casting

Time, min.

Fig. 4-7 Melting process of CAC202 alloy

for solidification cracking test.

Table 4-2 Corresponding condition of

distance between flanges and length of insulator.

Length, mm

Distance between flanges L

30

50

70

100

200

[ength of insulator /

[ 28

45

60

70

100
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Specimen

\

sul ator

|

|
B
-
&t
9.2

A 2 Insul /ator

Fig. 4-8 Shape and size of permanent mold

for solidification cracking test.

Observation of mictostructure

N\
— .

Observation of fracture

Fig. 4-9 Cutting positions of various test pieces of casting

of the permanent mold for solidification cracking test.
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MANHETHS. 22 T,Sn, Zn,PbBIX P BIIZDO2WT, &lwzBBENICTEL
SEHEREBMOABICHLTZRXAXF— BB ERLXBINEEBZH VTS
WL, ZOMBRIPORBREMER T I L THE X ROIMBERELERL, Th
EAEBAEEARLE, £, SIZOWVWT, SEZBBNICE L & & 7/ i B
ORABIZHLTZ I AT — BB ENE XU EEB X C - S Wb % E
TEMIA-920V ] (Hi 35 B AEFT M) ZH VTN L, ZOMBEL L HRERZHERT
5T LETHEXMOINAMREZRE - AR OMRICARL, Thz sk
AL

4-3-4. BT EA KR O B AT

Wi Fig. 3-T T TARTEATMMATA PY —VEMZHWT, $AADP LD
AR IR 2 2 Lke. WEmBE 1 & L. 8o dh it o b J7 ¥k 13 ail i
(3-2-4)b M —& L, AEHEBIOCLAEBBHERZREL L.

4-3-5. SNEE=R

Hi 48 Fig. 4-8 12T L2 BB AL B o & B2 8 i L 2RI D W TR
AABzER2L, SIhoREZFEMLL. To0&&, HIhdld—-gECTHRN
Rz THh2l], MIRBECTOIAABPEATEBEE L TR WnIKE
Z [T8a#nl, AP 2R CHEBE LTI REZ 2428 &ML Z.

4-3-6. HEBS L UVHEBER

B8 Fig. 4-8 I m T REFE S N AR O & 285 L =30k 2 5 0 m J O #L %
BEMRBA2RNT 3082 Fig. 4-9 12R7T. T0 5 b k6% iRk
DWNWT, ERBEMEBRB IV SEM MBS E2ITok. £, SEMAlMBILE L
W RFIZ EDXIZ X Dl D c KD oMk & N7z, 7, MBI
ZOWT, LR 2 L P M TR L
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4-4 HBRBELUVER

AEBRTHROVFE->T=@WMAEERXBOILEHMELE Table 4-3 TxRFT. 22T,
CAC411 I AR A 4, CAC406 I ¥ A D ¥, CAC902 X Bi R 7Y — Hill,
BWSO B ARA®L2D SZRWVWEH 7Y —&FHHl, CAC202 3 &HMA Bz Y. %
o, RREZy ¥ aids LT o By i3 & EH sl 0 o 68 o R b6 s 2 s 3.
CAC411-70 B L U CAC411-50 TS BB H TAL VWA, o B TR BB L Hh R
GHEEY ORBAGL N,

4-4-1. KR EE€HPDL SEZRVEHT) —FHAN
BrUORBABOEREE

AR A &M B (CACALL), A D HEMH (CAC406)B X TY Bi K7 Y —#
Wk BH(CAC902) D [l i St A7 I FE W PH X /D bk B "IT X W Z h 2 44K, 193K B X T
265K LIRS N TWVEH, XKRAEE»D S ZHRWVWEH 7Y — 7 K (BWSO)
DEBEEFEERBATZEEZHAHL TR, ZZT, £AREEPDH S ZRVE
W 7Y —HHABBWSOHODERBEZRIILE. XREELL SERVWEHR T
U —H ¥l (BWS0)D AT A b v — b § B33 S0 o 2005 b b #1238 1 5 R br i
RZFig4-10Zx-T. MPOny XM ABIZBITSBE FHIXE, np M u X
M, nppld “HWM X THD, IKBIZLIHTHS. By riiiRoLRBIZL 5 H
fhaix 2@l bk, B —F B Ol %5 EBE i T 1320K (1047°C)T
Hote. THIZ o-CutH O H) &L G BE b i EE &P B T & 5. B R TR I3 W
CREOLONRPo. £ T, hoHFHECOBEK T O BT KRz 5
B, BREBBROMMBAEDYVEMAPALOWMMITBIT T 5 b A 1254K
(BIC)Z2 BHEK T AR LE. ARGEEHP»L S ZHRUVEHT Y —FHH A H
(BWSO)D [l i fF IR S FiPHIX 66K & ZE 2 b 5.

B (CAC202)D AT A4 b v — b 8k 8§ & BUR o 8y b il #1281 5 f## b &b
Rz Fig. 4-11 a7, Ao RB LI EihRZT 4@HEDO N, B
— % H O I EEB B T 1187K (914°C), B “HH O M I BEAK T
MT 1187K (914°C), # =% H @ )i th s 13 I8 24 BH I 21 T 1155K (882°C), M %




Table 4-3 Chemical compositions of various Cu alloys

for solidification clacking test.

Chemical composition, mass%o

Sample — -
Cu| Sn | Zn Ni Fe S Pb Bi Al P

CAC411-200 | Bal. | 3.97 | 246 | 0.63 | 0.16 | 0.56 — — — 0.03
CAC411-100 | Bal. | 3.84 | 2.64 | 0.62 | 020 | 063 | — — — | 0.05
CAC411-70 | Bal. | 398 | 254 | 047 | 0.15 | D46 | — — — | 0.03
CAC411-50 | Bal. | 398 | 254 | 047 | 0.15 | D46 | — — — | 0.03
CAC411-30 |Bal.| 3.83 | 2.68 | 0.43 | 0.18 | 0.60 | — — — | 0.05
CAC406-200 | Bal. | 496 | 528 | 0.10 | Q.10 | — | 53.25| — — | 0.06
CAC406-100 | Bal. | 4.88 | 522 | 0.05 | 009 | — | 5318 | — — | 0.05
CAC406-70 | Bal. | 498 | 526 | — | 012 — | 516 — — | 0.06
CAC406-30 | Bal. | 5.02 | 5.28 | 0.03 | 0.09 — | 5.15 — — | 0.05
CAC902-200 | Bal. | 4.89 | 6.36 — | 0.06 — — 1.56 — 0.05
CAC902-100 | Bal. [ 4.79 | 6.44 — | 0.07 — — 1.54 — 0.05
CAC902-70 | Bal. [ 4.90 | 6.55 — | 0.07 — — 1.56 — 0.05
CAC902-50 | Bal. | 4.90 | 6.55 — 007 | — — 156 | — |0.05
CAC902-30 | Bal. | 4.79 | 6.44 — (007 | — — | 154 | — |0.05
BWS0-200 | Bal. | 4.67 | 2.64 | 0.44 — — — — — | 0.04
BWS0-100 | Bal. | 4.73 | 2.87 | 0.44 — — — — — | 0.05

BWS0-70 | Bal. | 4.83 | 2.80 | 0.47 — — — — — | 0.05

BWS0-50 Bal. | 4.83 | 2.80 | 0.47 — — — — — | 0.05

BWS0-30 Bal. | 4.73 | 2.87 | 0.44 — — — — — | 0.05
CAC202-200 | Bal. | 0.16 | 31.35| — — — 241 — 0.15 | 0.07
CAC202-100 | Bal. | 0.17 | 31.21| — — — 2.26 — 0.19 | 0.09
CAC202-70 | Bal.| 0.24 [31.42| — — — (219 — |0.19] 0.08
CAC202-50 | Bal.| 0.24 |31.42| — — — |1 219 — [ 0.19 | 0.08
CAC202-30 | Bal.| 0.17 |31.21| — — — | 226 — | 0.19 ] 0.09
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Fig. 4-10 Thermal analysis curves of Cu-Sn-Zn-Ni-P alloy casting
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a) Relation between time and temperature.

b) Relation between time and dT/dt.
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c) Relation between time ans d T/dt .
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d) Relation between time and r .
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Fig. 4-11 Thermal analysis curves of Cu-Zn-Pb alloy casting

in mullite wool mold (CAC202).
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a) Relation between time and temperature.
b) Relation between time and dT/dt.
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c) Relation between time ans d T/dt .

2
d) Relation between time and r .
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— 7 # AR (CAC902)IZ B W T, Myl bl 100mm Ll FTREDHNHLET, Hy
WU BE B 200mm TR EAHNBECE. ARAEPLSERVENRT Y — &
B (BWS0)E X OV # 8 ik B (CAC202)I2 B W T, Wik 30~ 200mm T4
HNHBPECE. Tk, TBRHENPELCTVLIABTIE 1 KAOBAPER SIS
DHTHDIH, BAHANLPELCTOIANTRARPEBAGFET S L0, k
PO RABEELTVDILD, THPLAAPEELTVDI LD LEB DN
A—VPBHEETD. TOBRAFEAENRE — LM B X O H o i i aE & o By Pk
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4-4-3. BEZINECEREIERXFEELEROLE
BEH NGB ORI PG LR BT3B T 2 W W3 AE I P & R o iR
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CAC202 | BWSO |CAC902|CAC406|CAC411

50mm |
Fig. 4-12 Appearances of various bronze castings

in permanent mold for solidification cracking test

(Length: 200mm).




CAC202 | BWSO0O |CAC902|CAC406|CAC411

. S50mm | |
Fig. 4-13 Appearances of various bronze castings

in permanent mold for solidification cracking test

(Length: 100mm).
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CAC202 | BWSO0 |CAC902|CAC406|CAC411

50mm | |
Fig. 4-14 Appearances of various bronze castings

in permanent mold for solidification cracking test

(Length: 70mm).
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CAC202| BWSO |CAC902|CAC411

50mm | |

Fig. 4-15 Appearances of various bronze castings

in permanent mold for solidification cracking test

(Length: 50mm).
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CAC202 | BWSO |CAC902|CAC406|CAC411

50mm | |
Fig. 4-16 Appearances of various bronze castings

in permanent mold for solidification cracking test

(Length: 30mm).
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411 | BWSO 406
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= O No cracking
> A Partial cracking
@200" A AL X X 1] X Complete cracking
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=
>
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b o AA A A
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Range of solidification temperature, K

Fig. 4-17 Relationship between range of solidification temperature

and result of solidification cracking test on various Cu alloys.

CAC411| BWSO0 |[CAC406

CAC902|CAC202

O : Area separated
after casting

10mm

(I

Fig. 4-18 Appearances of the fracture surfaces
of various Cu alloy castings in the permanent mold

with 200mm of the distance between flanges.
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O # B (CAC202)I2BWT, Tv F7A4 F ELicZEhZTh Pb B XUV Bi D1k
WBLHEELTVDILPHEATES. ARAERXKB(CACALIZBWVT D S
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(CAC902)3B X U s gl &l Bt (CAC202) L [l L TIMRAL WA AR, =D —DD#
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A& (CACLIIZB W T, BHIKMAE & B IK I Z N 2 Cu,S & Zns, B s




94

50 um

P
Fig. 4-19 Secondary electron image (SEI) and element distribution map

by EDX analysis on CAC411 alloy casting in the permanent mold

for the solidification cracking test (CAC411-200).
3 2
G

50 um

O 4
Fig. 4-20 Secondary electron image (SEI) and element distribution map

by EDX analysis on CAC406 alloy casting in the permanent mold

for the solidification cracking test (CAC406-200).

(—)Fig. 4-23 Secondary electron image (SEIl) and element distribution map
by EDX analysis on CAC202 alloy casting in the permanent mold

for the solidification cracking test (CAC202-200).
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50 um

Bi 0] P
Fig. 4-21 Secondary electron image (SEI) and element distribution map
by EDX analysis on CAC902 alloy casting in the permanent mold

for the solidification cracking test (CAC902-200).

50 um

O P
Fig. 4-22 Secondary electron image (SEIl) and element distribution map
by EDX analysis on BWSO0 alloy casting in the permanent mold

for the solidification cracking test (BWS0-200).

50 um
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WIERTHD. WA D HH A B (CACL06)IZB VT, BEE Pb 2R TH
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WHIEDB L BHFEEL TS LEEZOLND. AD HH(CACL06)D K 5 1T # fih i
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Cu-S —eiREK L L TR AAK SHADOEEMIZBITLTEY, LR
MR ERAFEET S, £, METHELEARA SR (CACLLL)D # K

Decision of composition | (5.2-2)

| '
Melting
| : |
Casting
S e S 1
Thermal analysis
(5-2-4)
Macroscopic observation Microscopic observation
(5-2-5) (5-2-6)

Fig. 5-1 Flowchart of property evaluations in various monotectic

Cu alloy castings.
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Fig. 5-2 Cu-S metastable phase diagram .
Cu-Sn-Zn-Ni-Fe-S-P
Sn/Z (g/g) =0.04, Zn/Z (g/g) = 0.025, Ni/Z (g/g) = 0.005, Fe/Z (g/g) = 0. Gﬂ Sage”
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Fig. 5-3 Cu-4.0Sn-2.5Zn-0.5Ni-0.2Fe-0.05P-S

metastable phase diagram (mass%).
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Fig. 5-4 Cu-Pb phase diagram
Cu-8n-Zn-Pb-P
Sn/Z (g/g) = 0.05, Zn/Z (g/g) = 0.05, .
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Fig. 5-5 Cu-5.0Sn-5.0Zn-0.05P-Pb phase diagram (mass%).




104

Table 5-1 Nominal compositions and casting temperatures of various

monotectic Cu alloys for solidification cracking test.

Nominal composition, mass%o Casting
Sample -

Cu| Sn | Zn | Ni | Fe S | Pb| P temp., K
BWS42|Bal| 40 | 25 | 05]<0.5]042] — |0.05 1473
CUS80 | Bal | — — — | <0.7/ 080 [ — | 0.05 1473
PB31 | Bal | 407|407 | — | — — | 30.9] 0.05 1443

Total amount of melt : 3.5kg ~ Deoxidation with
o Cu-15mass%P alloy
Approximation N\ 1200°C
O |1s0C e o
. |4
O
0 P
2 Pure Sn
8 ure
2 Pure Zn
= Pure Ni
& Casting
Y
+——Cu-Sn-Zn-Ni-S alloy

Time, min.

Fig. 5-6 Melting process of BWS42 alloy

for solidification cracking test.
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Total amount of melt : 3.5kg  Deoxidation with
Cu-15mass%P alloy

Approximation \ 1200°C

© |10

S

=

S

2 Fe-50mass%S

=

= Casting

Y

+——Pure Cu

Time, min.
Fig. 5-7 Melting process of Cu-0.80mass%S alloy

for solidification cracking test.

Total amount of melt : 3.5kg
Deoxidation with

Approximation Cu-15mass%P alloy~ 1170°C

Jfsoc T RS — T
£ A
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Fig. 5-8 Melting process of hypermonotectic Pb bronze alloy

for solidification cracking test.
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Fig. 5-9 Thermal analysis curves of Cu-Sn-Zn-Ni-S-P alloy casting

in mullite wool mold (BWS42).

a) Relation between time and temperature.

b) Relation between time and dT/dt.

2 2
c) Relation between time ans d T/dt .

2
d) Relation between time and r .
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Fig. 5-10 Thermal analysis curves of Cu-S-P alloy casting

200 600 800 1000
Time, sec.

200

in mullite wool mold (CUS80).

a) Relation between time and temperature.
b) Relation between time and dT/dt.

c) Relation between time ans dZT/dtz.

2
d) Relation between time and r .
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Fig. 5-11 Thermal analysis curves of Cu-Sn-Zn-Pb-P alloy casting

in mullite wool mold (PB31).

a) Relation between time and temperature.
b) Relation between time and dT/dt.

c) Relation between time ans dZT/dtz.

2
d) Relation between time and r .
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Fig. 5-12 Appearances of BWS42 alloy castings

in permanent mold for solidification cracking test.
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Fig. 5-13 Appearances of Cu-0.80mass%S alloy castings

in permanent mold for solidification cracking test.
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Fig. 5-14 Appearances of hypermonotectic Pb bronze alloy castings

in permanent mold for solidification cracking test.
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Fig. 5-15 Appearances of the fracture surfaces of various monotectic
Cu alloy castings in the permanent mold with 200mm

of the distance between flanges.
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Fig. 5-16 Secondary electron images (SEI) on various monotectic
Cu alloy castings in the permanent mold with 200mm

of the distance between flanges.
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Fig. 5-17 Relationship between range of solidification temperature

and result of solidification cracking test

on various monotectic Cu alloys.
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Fig. 5-18 Relationship between liquid fraction

before monotectic reaction

and result of solidification cracking test.
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Fig. 5-19 Result of solidification analysis by Scheil-Gulliver

simulation on CAC411 alloy.
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Fig. 5-20 Result of solidification analysis by Scheil-Gulliver

simulation on BWS42 alloy.
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Fig. 5-21 Result of solidification analysis by Scheil-Gulliver
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Fig. 5-22 Relationship between temperature and

solid fraction on Cu-Sn-Zn-Ni-S alloys.
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