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Calorimetric Study of Heat of Mixing of Copper Alloys at 1120°C
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Synopsis:

An isothermal calorimeter was newly designed and constructed to measure the heats of mixing of alloys,
in expectation of expansion of the study at steelmaking temperatures.

The calorimeter consists of a cylindrical molybdenum heater with slit, calorimeter block, and isothermal
Jjacket made of beryllia, which is a good thermal conductor. In order to check the accuracy of the constructed
calorimeter, copper alloys were applied to measure the heats of mixing under low pressures of argon(0.1-5.0
mmHg) at 1120 °C. The temperature of the isothermal jacket was controlled within+40.1 C at 1200 °C,
and the difference of the temperature inside the isothermal jacket was negligible. Assocalled “Newton’s law
of cooling™ is valid for heat transfer form the calorimeter block to the isothermal jacket, the obtained data
can be calibrated reasonably.

The maximum heat of mixing of the Cu-Ag and the Cu-Sn systems were 970 and —1 430 cal/g-atom res-
pectively, and the heats of mixing of the Cu-Si system were exothermic up to 0.2 atomic fraction of silicon.

The error in the heats of mixing was estimated approximately as 389%.
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Fig. 1. Calorimeter assembly.
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Fig. 5. Cooling curve of Cu-Ag alloy

(Xcu : Xpg=9:1)
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Table 1. Heat transfer coefficients and heat
capacities of calolimeter.
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No. E coefficient Heat capacity
fi

(n 0.0056 sec-1 | 45.50 cal/deg
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Fig. 6. Calorimeter assembly.
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W, 2 et HIREHO MBFEO W/W, %
1/10 LI T L7z 38 1 w2 WO AEE B E R Es
L KBEZ LA LTEERENLAE L, BohliEfAo
BEXNL Fig. 6 0X S BETH L XD HHIH
REEDTILENTES. BLILOWTRIREER, FiE
BBROTR, KEX<L55L, FRBBEBHATE L
TELRUFREB S IVBELERER»SMIILT
RIFTHZ LTI W/We=1/20 552 LMTES.
(W=40cal/deg, W,=800cal/deg) ZhicX b, &
SR E, SOBORIR, sESAKAOEBOUBI X B

FIRBEDIRE 6y DE(LHEREEA L /e 572, (10)
Rz (1) Ko X S5 BB ICETE 5.

_4Q=uq&ML—%y—ﬂﬂ%”'w—ﬂom."an

(1) ROBHDOE 16, 8 2 EBIER R OIR -
HItROMITL Dskdohs. bbb (11) Rix (1),
4 RESEL VW it b,

6-1-4 ZhEiREE

BEFOBMEEOREICE, ADADO X > CBRT v
¥—haT oA L. Lk LEASERIEI
BFHIRFIC XD BELIE L~ 20sec LINTRT T3
P, COBEBEEHGTL2ENEHEREIC S VTHKBT
HEFHEIE 120~240sec # ¥ 5. FIERIZOHEF O
BEZLIIRA 0°0CEECELTVWADRIMNLT, &
FELRITHEEZRLIEL 5°C THE. ZOXS5K
MEOEBRENRIERE, THbbLERITX 5HHZL
{2 +HHRLTWSERET VL, REOETHARE
HNH 5. BREILEWT lsec BlictidT 2884 3%
—REIT L, BURARERT (fean.) LIV 5E, kD (6)
RICR LA 40=(=E tea11.) & (4Omax. +EA() ED
Bif%% Fig. 11 2R3, ZORICE VT Zh 5OBE%S
EMTRIND L LREFOBMBEVPBEDEH*
ZFLEBTI—FETHEZ bbb, IhXhERiFE
OBEBEREVNERERREH AN CTHICEHTHEZ &
MR I Lr LSRRI VEBELY LTSI, €8
BRI O R B LT NERBMEOHBIZL D 1sec
BlicgtiacE 2B IER ML, TERLTREaRIC
WESTBLS55BVETHS.

RICERE S O T EROFLIC HdA A K N ERFE BRI 44
LIZBRTANF — PRI A NF— L LTLETHEST
BTN TV B LI 2V T, BEDR, ERBMILIERD
FEER RV TORDRBREBEORBITIERD X 57

6§00 Y T T T T T T T
/
5001 R 4
v
400F // .
E
<300 /
o P
/ X 359cal/sec
2001 / a4 388 p
KT ¢ 365
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100 1
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40t KALIICC)

TFig. 11, Relation between 40 and
{AQmax.'*‘kA({)}‘
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MMODEEZIN>TVWS. BEEBRABTHROEROHA~
DRNEREEO DALY, NV )7 &4 M2,
+oHTEESEDS. B, BEERRCIIEERTO
BEXTEDIRILULATHORMEIY 4 HTFE2H
G LI DEELTWS. FAEROFETI/IUICX
LRK LML HMETIC X HRE L EZHE L, RH
hoE 0.15mm 2L, & 0.5mm L B&EEA
WTWw3. UL LENOSBRIINIRERRORE Hkx
BRIEBEPICEERRT AR ELEL, BT 54T
H5.

62 REREROER

6-2-1 & EIREER

e Lot e VIRGE (4HM) X D= VIR EE
(4HY, #7203 4HY) #RACTTEE (X2 &
vk 5.

AHM 4HM
f(X)) = XXy " X (=KD corerennne (12)
AHM : §3i55 & VIREER (cal;{g-atom)
Xp: BETEAORTFHE
Xp: 5&TLEBORTFHE
f(Xa) BiEwbes>s 4, B FFHEOMEERE X
BT 5ETHY, —ICERMIC (13) KXok S5TEb
Ehb.
S(Xa)=a+bX g +eXi+ -ooooeeees
a, b, ¢ : EF
BAE f(X4) PSEED & ZEUHIT regular solution, X4
O—k B & &ix sub-regular solution & ULTHEH
‘’HTZLPTES.

(1) #R-87%

RO f(Xag) % Fig. 1212777, KX D f(Xag)
P Xpg D—RR E 5 T L5, -85 1E sub-regular
solution & U CIRDIRD Z LM TE 5. 4HM, 4HY,,
AHE, WA FT IS Boh, TORD R/
Fig. 12 wiR¥.

4f(Xng) —4400—900X 5
AHM =4 400X, o — 5 340X ; +900X3; cal/g-atom

N ¢ )

cal/g-atom

4H¥, =5340X%,—1800X}, cal/g-atom
AHY, =4 440—-10680X,,+8 040X 3,
—1.800X3, cal/g-atom

MIRFEIA W CORDOES T VIRGET, AT TR
44404360 cal/g-atom TH Yy, R. N. Dokken 57,
FIRGY OEERIE LoE XEhFh 4000+£300cal/
g-atom, 3900 cal/g-atom, O. KuBascHEWSKI 513 D
HE{AVX 4200cal/g-atom TH5. FOHWHENES
Bix AR T 35404300 cal/g-atom THH, KR

59 OiEy: 3100 cal/g-atom, 0. KUBASCHEWSK1 519
DOFFEEY 4125 cal/g-atom TH 5.

(2) $8-5%

AWFEEER S M. G. Bextz 5% OEIEEIXESOH
EFPH 0<Xsy<0.12 TIEE XL —FH LTS, L
1O TEFROES EMBEEE kD DI, BEERS
ENRBBERDTEY, BESEWEEZELLNLD M.
G. Bentz 59 DE|EF RS 0<Xs,<0.12 OHFHIc
WTER LR ZOFR%E Fig. 13 X OORITT T

f(Xgn) =—8940—22 710X,
+267 900X2,
AHM = —8940Xs,—2 415X 2,
+100655X%, —89 300X ¢,
AHY, =2420X%,—201310X%,
+267 900X %, cal/g-atom
JHY, = —8940—4 830X, + 304 380X 2,
—558510X3, +267 900X ¢, cal/g-atom
F 7z 0.3<Xs,<1.0 DFIFATIIAEREER L 0, Fig. 13
CRTE S [(Xsn) EKD, WHEVREBEER.
f(Xsn) = —7 500+ 15 020X5,,
—7390X2,
AHM = —7 500Xg,+7 520X 2,
—22410X§,+7 390X ¢,
AHY, = —10+20Xs, — 22 540X %,
+44 820X3,—22 160X ¢, cal/g-atom
AHY¥, = —7 500445 040X, —89 735X 2,
+74355X%, —22 160X ¢,

cal/g-atom

cal/g-atom

cal-g®atom

cal/g-atom

cal/g-atom

S000 T T T T T T T T T

{cal /g atom)
g

4HM
. / AN
- D>

0 01 02 03 04 O5 08 07 G3 09 10
Cu Xag Ag

Fig. 12. Heat of mixing, f(X,g) function, and
partial molar heat of mixing of Cu(l)-
Ag(l) alloys.
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-6000r

P, (cal/g atom)
g

“
Cu

~5000

4H" 3R

- 4000~

. ant
Ml ==
§

&
g

-1000]

AFidn

. s N N N N N L 2
0 01 02 03 04 O5 065 07 08 09 10
Cu Xsn Sn

Fig. 13. Héat of mixing, f(Xsn) function, and
partial molar heat of mixing of Cu(l)-
Sn(l) alloys.

IR T O, HOE L& DS EVIRERIT L
hFh, 130cal/g-atom, —8940cal/g-atom X 7¢%.
ZIR B9 D&t 1T 740 cal/g-atom, —7 610 cal/g-atom
THhHs.

(3) R-H:FER

AFORMK f(Xsi) b Fig. 14 i F T X 51w 0<Xgi <
0.2 OHIFT —EEERT. LA OTHE-EHERRIE
W7 #0BH VX regular solution & ULTHERS T LM TE
%. Fig. 14 i 4HM, JHY,, 4HY, HFEEpCRT.

f(Xs;) = —19520
AHM — 19 520Xg; + 19 520X 2,
AHY, = —19520X ¢,
AHY, = —19 520+ 39 040X;
—19520X%,
7 BPEF 5B B3 1470°C CHR-EEROHROER X
BHAIEE XD kDTWE. HHEOEL Y EIEFE
BRICE T RO By EVMEEHE HETSE L, ©
—2050C cal/g-atom &7 b, KIS RTHD —19520
+1600cal/g-atom & X< —FHLTw5.

AHETIHATOBENSHERELNGTAI LI L DME
DBEZLNHH, FFOBRSNE TR 20
ppm THY, ZOEEE HRLOBLERET KER
DREHBACA D EPATED T L RHE LA LrL
DA HRIRE L HEMP OB VLE L DREBE KD B

CHT 1

RIS L DEEE T HRMOSEITH S UDMML

cal/g-atom
cal/g-atom

cal/g-atom

cal/g-atom

-2 T T T T
§
© f(Xsi )
2 - 20000) . . ° . R
E * ¢ .
£
1x
S 15600 i
i0 M
'i 4 Re;
.-
x
q-
2 |, -10000- -
s|3
3
"
=
- -5000F 4
AW
4R¢,
o .
) 005 010 ais 020
Cu Xg Si
Fig. 14. Heat of mixing, f(Xs;) function, and

partial molar heat of mixing of Cu(l)-
Si(l) alloys.

BRRAREL TR LENHD EERD.

6-2.2 JAIEREE

BIEFEEE, &RE, HiE FHROEME»LATLHRE
EDXSCERMCITHIT 2 »METH B0, DITM
ZRERE B F F0omKEER RO

EhE e BT 256, AR TE W/W, 2i3E 1/20
T sz &tk (10) K& (1), (4) XoITEBIL T
V5. BREDEE (10) ROBUOE 1 FizLtko 90%
Llb% EHTWBOTIO R X5 8% +£0.5%
LLFTHs. LrLBRECHE (10) RoGHoHE 11]
DEDLEIENEED 0% BEREKTT52L4d0,
INBRER I OTEHLNLBESORBEDRE L
5. ZOREZREREOBRHEN L LS, B LALER
TANVFE - DOBEF~ORNOARTLE, BEBEFTOER
BRPOLDOHHERELEECIVETBBELERD,
HEIOBREIC X VESN BB ROZEE) (12 cal/deg)

DERELSE. ol b4+2 8BET £5% BET
5.

SR RE DB HIEIRAEVL 1 120°C T £0.1°CCH 5
T EET 2B EGEE, REOEDIREZE(L 3°C
BETHHDT £53% LIFTHBHEHZELZLNS.

ZOMBIFESBORERS X OHRAIKDEE, BEHFD
Bitthag, MBloERIER, Hoh-F v — PORTICE
FHMAERD, BXCEWERS X dE IThTh
+1% LATFTHh 5.

DLESRET 5 EAMEDREL £8% UTTHHLE
Aohd. Ll 100cal Tl oBEZTLERT
BETH, Mt ERRKES RV HERE EL K
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5. LD TC A-B ZmRE5EDREHEPEET 5
& A, BT hFhoGiRERRTEBE KT I 55,
RARED B \VITEEE R TR T3 & OFEE I A
+35.
6.3 EHERE% 1500°C LI HCHALICBEORAES
AT 1200°C i fEicid s BEORLEE, R
EEDOBTE HENFESS Lchs, Ty SSEu iR TR
KRR T 5RO X S B ZE X B L END 5.
nEFEic>wWTix, =Y 770 08kL, EESI LI
LB DRBAMBEDOEE, HDWIIE[EDE
B BEIED TREL T 572D, MAFR ZTOLODE
E, THbLEMALHBEHOKFBAGEFHETELI IR
wEEEh, METH I EMBLETHSD. EREHEIRE
DEED UL EBIRMEE, BEY—FOMNPLETH
5. ILILHBRAEDLEBHCLDZFSHKREL LD,
EBEIH Newton OWHOR» L REGFTHZ LB E X
BIG., LizpsoT7ATr 1| SEOTC SR
5. B OEELEL TE5RFARLT B ED
{&565% L, BRI X HBBHOESEETIEILE
BH5. FRBEBRBCOVWTREMPEBEONE, b
TSR BEDOREMBZ 2V TORITHPLETDH 5.

7. &

GMBHRICT BT 568, BRAT JicBET 538
fHOHIEZ HWE L, EHECELOFE 1R E LU TE
B3t ogksh 8U4E B ORE F ORI KR T,
WD &5 khmefr.

(1) =977 RERREBAEC X 5MEWFELET 5
SRErRIBE SR R WEL, BEEMEIKE, FRo
REL—AAEL, FoBRBEcERTEL LY
TR L.

(2) $HMELEFORSBZNEL, BMEEOREE
HERRARR HEFE 5k Newton oBRHD
R SR e R AT

(3) 120°Cizs\WCHR-88%, H-89%, W-HER
DIREHZBIE L, £FONH € VIREERE KD

(4) BIERBEORTZTV, AMECHT ZEHE
EFRDORESHOBIENET £8% DNTH 5.

(53) X EREEA~D RO ES% 15HEL
7z

i

ATFE IR 41 F£ LD 46 I REREREIT LY
BASZEOMARBUTIIMERICI >THE2EL
OD—ETEFHMNTICEE TS L 2 b, COWE%R
AREIC LT T S 2 WA FATERH= 844t
H A S REMFH KN EHFEF oL K L\ E DO,
LEHLET. oo —Re LTFEET
LicZ &Tx L, BINaENamBiE=Hask c R
LET.
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