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A Calorimetric Study of Heats of Mixing of Nickel or Cobalt Alloys

Yasutaka Icuanl, Yaesuyuki Tozaxki, Mitsuo Kakizaxi,

Shiro BaN-vA, and Tasuku Fuwa

Synopsis:

The isothermal calorimeter previously reported was improved particularly by changing the heating system

to the molybdenum winding heater.

These improvements made it possible to measure the heats of mixing

of nickel or cobalt alloys at 1450 to 1 550°C under a controlled gas atmosphere.
It was also observed that so called “Newton’s law of cooling’ was applicable to the calibration of the calori-

meter at such higher temperature.

The maximum heats of mixing of the Ni—-Cu and the Co—Cu systems were 1 035 and 2 310 cal/g-atom,

respectively,

And the Ni—Cu system is considered to be the regular solution.

The heats of mixing of the

Ni-Co system were very small, and this system could be treated as an ideal solution.
The errors of those heats of mixing were estimated approximately as -+ 159%,.
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Fig. 1. Molybdenum resistance furnace for
calorimeter.
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Fig. 2. Calorimeter assembly.
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Fig. 3. A typical example of the measurement
(Xni t Xcu=4%4:6, 1474°C).
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Table 1. Experimental da},‘iy‘a of liquid nickel-copper alloys (1 475+15°C).

Data by the cylindrical molybdenum heater under 3~5 mmHg argon

.. ; ] Heat transfer ] Heat capacity of the! i

L S T
NC-1 1 0.299 1 15 W —16.17 fc‘gﬁ‘;‘fmn 0-Cose 48.78 815
NC-2 | 0.3% | 15 | —19.13 | o000 50.57 1005
NG-3 | 015 14 | —13.68 2-0008 47.11 755
NC-4 0.100 14 - 6.10; 0 oo ﬁ 48.04 380
NC-5 0.48 17 ~15.56 | 0008 | 46.35 1065
NC-7 0.599 14 —16.86 - oo 52.22 1120
NC-8 0.698 12 ~10.04 0 o08s | 70.13 1015
Data by the mol)rﬁdenum windiné heater under | atm argon ‘
N G-9 0.797 12 — 8.19 0-0069 34.27 550
NC-10 0.897 10 — 4.6 o oae 36.16 330
NG-12 0.800 12 — 7.65 0 ooss 48.04 710
NGC-13 0.398 14.5 | —10.36 o-oor 46.75 845
NC-14 0.202 15.5 | — 7.87 0-oors 40.71 580
NG-15 0.103 125 | — 6.17 008 43.96 430
NC-16 0.298 155 | —11.62 9.0082 46.39 905
NC-17 0.699 14 ~10.36 2. oore 46.26 825
NC-18 0.601 15 —11.66 0 ooE 44.98 935
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Table 2. Experimental data of liquid nickel-cobalt alloys (1 340+ 5°C)..

. ] Heat transfer Heat capacity of the] .
Heat No. Composition bmix. Aooma,x. coefficient, & calorimeter, W Heat of mixing
At fraction Co sec C cal/g-atom
1/ sec cal/deg
NCo-1 0.492 (6) (—0.25) 0.0067 47.22 (65)
NCo-2 0.690 12 —0.62 0.0064 52.71 87
NCo-3 0.302 (10) (—0.39) 0.0076 40.37 (38)

( ) unreliable

Table 3. Experimental data of liquid cobalt-copper alloys (1561 1-7°C).

.. ] Heat transfer Heat capacity of the .
Heat No. Atcg-ma?cfgl%lu t”;é'é' '/mo“&m' coefflcient, & calorimeter, W Heat IOf mIxing
. ac 1/ sec cal/deg cal/g-atom
Mixing 0.0078
CGCu-1 0.300 10 —41.32 calibration  0.0069 39.86 2 149
CCu-2 0.395 10 —51.03 0-obse 30.66 2152
CCu-4 0.701 17 —49.79 0 s 30.35 2095
CCu-5 0.600 1 —44.17 00081 36.85 2 248
CCu-6 0.800 12 —43.95 FaR e 32.67 1934
CCu-7 0.200 12 —35.19 8:8838 37.41 1773
CCu-8 0.908 10 —28.25 8:883; 31.73 1373
CCu-9 0.104 16 ~18.67 0.0072 30.34 738
CCu-10 0.503 14 —52.36 0008 34.01 2330
CCu-11 0.069 13 —15.63 8:88§é 34.30 756
E T T T L} v T
<300}
& e Present study 1540°C —e— Present study 1561°C
%200 — — — Predel and Mohs 1507°C X Dokken and Elliott 1200 °C
2 2400} . |
E 100 - = e 'YL \
S ~ - - 'Y ~ ~ s 2000p ° b
ﬁ P L4 S~ E
Lo . L < Y
0 02 04 06 08 10 S 1600} N
Ni XC Co u. P
° 2 1200
Fig. 5. Heat of mixing of Ni(1)-Co(l) alloys. £
s 8ot J,
1050 cal/g-atm T&H 5. FHMIRETORFZOREGET E
I
1200°C i 43 %5 M.G. Bentz ¢ J. F. ELLiOoTT®, 35 400 x1
XY R. N. Dokken & J. F. ELuioTT®) Dff, 1455°C 0 , ) ) K
28135 EL-KHasaNnD 50 (f, X 5ic B. PREDEL [ c(:: 02 OAX os 08 Ic:)

R. Mons® |z L B RESN TS, ZhH6DEDH
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BER-= v LB LhAD = v 7ov DIEREEVEBEIE L
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R i LIS /NS A ER T L, XbIcEkE
ERTHAD Xeu=0.4 i THhTWw5. L LES

Cu
Fig. 6. Heat of mixing of Co(1)-Cu(1) alloys,
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Fig. 7. Heat of mixing, f(Xc,) function,
partial molar heat of mixing of Ni(l)-

Cu(l) alloys.

and

Table 4. Calculated heats of mixing, partial molar heats of mixing and activities of nickel
and copper in liquid nickel-copper alloys.
Composition AGM Ains dFcu Activity at 1 500°C
At fraction Cu cal/g-atom cal/g-atom cal/g-atom

axi Gy
0 0 . 0 4140 1.00 | 0
0.1 370 | 40 [ 3350 0.91 ‘ 0.26
0.2 660 t 170 | 2650 ; 0.84 ‘ 0.42
0.3 870 | 370 2030 0.78 i 0.53
0.4 990 ; 660 1 450 | 0.72 j 0.61
0.5 1035 ; 1035 1035 ‘ 0.67 | 0.67
0.6 990 1 490 660 0.61 0.72
0.7 : 870 2030 370 0.53 0.78
0.8 li 660 2 650 170 0.42 0.84
0.9 : 370 3350 40 0.26 0.91
1.0 0 140 0 0 1.00
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Fig. 8. Activities of nickel and copper in the Ni-Cu
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Fig. 9. Heat of mixing, f(X¢,) function, and
partial molar heat of mixing of Co(1)-
Cu(l) alloys.

Table 5. Calculated heats of mixing and partial
molar heats of mixing of liquid cobalt-
copper alloys.

Composition 4HM Heco AdHcu

At fraction | cal/g-atom | cal/g-atom | cal/g-atom

Cu

0 0 0 12 500

0.1 1010 210 8 340
0.2 1670 670 5670
0.3 2050 1210 4 020
0.4 2250 1750 3000
0.5 2310 2310 2310
0.6 2 300 2 500 2170
0.7 2220 3240 1780
0.8 1 960 5290 1120
0.9 1310 9630 380
1.0 0 17 500 0

¥, Fig. 6RT X SCHEMADHE X D 280 s
50, BVIRGEE R TSRS IEE DTS, £
T, f(Xcy) ZOWTIRED X 5 ITEDEYIT Xen=0.5
DML F I 2 >DOETERD L.
0<Xcu<0.5
S(Xca) =12 500—13 000X, + 13 000X2,
0.5<Xcu<1.0
F(Xcn) =17 500— 33 000X, + 33 000X2,
ZOMEX VS T VIREE, WO T VIRABEZEN TS
EENFNRD I S0, T HOEE S FERpC Fig.
9 35 X 8 Table 5 iR
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0 <Xcu<0.5 :
AHM =12 500X cq — 25 500X3, + 26 000X2,
—13000X¢,
dH co=25500X3, —52 000X, +39 000X4,
AHco=12 500—51 000X, + 103 500X 2,
— 104 000X3, +39 000X¢,
0.5<Xc,<1.0
AHM =17 500X ¢y — 50 500X 2, +66 000X2,
—33000X%,
AH co="50 500X%, —132 000X3, +99 000X},
AH cu=17 500— 101 000X, +248 500X 2
—264 000X¢, +99 000X,
AFRIZDOVWTIIRLRO X 91z Dokken r ErviorT i€ X
5 Xgo=0.05 FCOBEBRHBOMEDLI DY, HEKR
THIBHBOT KT B a0 FORS & VEAENT 80004
3000cal/g-atom TH 5 Lt HEENTWVDE. —FHEMNAE
kT SERAFBRCE T BT N bOERS € R
&Y 17 500+2 600 cal/g-atom TH D, FFoLThit
12 50041900 cal/g-atom Tih 5.
4-2 RIERE

AMEC BT DREEOHEZ LA T HEF L LTR
DESCKRELHFTONS. F1LIRE (40max.00,0),
B (4 tmix.) OBEIERER EHDREERILARER
Ho. B2 CEEEHEORKE L D T HEBEIMN
NEWTON DB ENDIALARITHES LWV 5 RE, S LIRS
HDWIRBESTOBBFEREDN, IREELS KT E
L7zWifl] tmix. TRIEBHET T LV HEE, BXUZ
h ok &D7EE, WHEEROREZTHES < #EH
I EERLB I VEHCRTFSEE NS,

1 OEOBIEEERIIF LA LERTETSH D, I8
EOWEREIREFHEOTCEIL D, FHEEOH
s L URMSE B X530, X 5IKETENDOIETR
DR DIRELZRELTVHENESPILL B HONHE
N5, BEE 1550°C CL1I°C O NZEIfHInTE
NIFOBEFE RN KE VI DRIERRBINOF v+ — P LOR
PITOENIZ O ZOBHSD 1 THS. FBED

MITCBAEEORFRE~NY Y 72 v CiEE RO
R BRI CHETREAEOREREIZE/NMNITH I ST
BHLCEY, ThorSHETHREIRK 5% LR
fihs.

WITH 2 ORI DWW T AR Clllse L - BARE TR
W EBEEINDE = o -0 RRUSHD = o 4 u-
8%, T MERIEEWTES hi-llEE & R T
5, BRAKIBEZLIEEEX »+45c Newton OF
HOEDRICABENIES T2 2R L TS,

LB 2T INbER{ba it 2 M T 5700
7, M4 2V RIRETHEWERF LT O/ TOKER
#F LT Table 6 1RY. [EA 2 VDRECLD
IREZE LRI +£1.2°C, B #a%T L T 465 cal/g-atom
Thol.

PLESET 5 EAMEOMMET £15% LT THDH L
EIbBN5.

4-3 FEE, HAEEBESRICHUETIEEOMER

=y EETFR, IV MEETROREEREIET S
ZEmED, Bl LASREAERBETE AV
1 500°C Fi{£ D &R TORESEDAIZE SRR & &L 2 FE
L. T TAMEDOBMTH S RMIERE 1600°C T
DOFAEDREFME T TR Z PR T B 7 DITITIRD 5
FEZLLENRDD. TR, TELRETBHER
LIBHEEBEDIBEEZ/NSLTHZLTHY, TDk
DTV R E FER, T EORBE~NDOWRMHRE N ORIE
{5 X CERBENROME oRENEL Rz LT
H5. Wi, HRPCHLIBKIIVCBEEETOBEY H
LU THIRBRELTRL ZEBLETHS. 8k
LIEMERSGHEESHVEEIRCEDEFERY V7 E2E
COREMEDLNE T &, X RS DEDEELFER
PEETERLIRENLTHD.

5. &

(1) EkoBRHAZEY TF 0 VR RilbRE T
LIRPUFIC S, REUAERS & M@ SS 2T L:
ZhisHictk B L, 1 450~1550°C T4 7n ¥5 5 ¢ g 8l

il

Table 6. Heat change by mixing of the same metals.

: ¢ Heat transfer . ! ..
Heat i . Temp. tmix. F 46 i . H Heat capacity of the Heat of mixing
No. }( Mixing °C sec i °n5m [ coef’ﬁlc/xcszgct, k | calorimeter, cal/deg ﬁ cal/g-atom
NN-1 9 Ni-Ni 1475°4+15° 12 —0.67 0.0084 60.88 41
NN-2 Ni-Ni 1475°4+15° 12.5 1.95 0.0061 61.90 —127
NN-3 Ni-Ni 1 540°45° 12 1.06 0.0067 42.36 — 47
NN-4 Ni-Ni 1540°45° 8§ . . 0.58 0.0067 46.15 — 28
CC-1 Co-Co |1561°47° 8 ﬂ 1.69 0.0089 37.76 — 84
Average Y |{N!/n 1.19 65.4
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