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New Methods for Heat Capacity Measurement

at Ultra High Temperatures
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Several methods such as the direct heating pulse (intermittent) method, the high-temper-
ature differential-scanning method with triple cells, the laser autoclave technique and the high-
speed cooling method are described for the heat capacity measurement of both metallic and ce-
ramic materials at high temperatures above 1300 K. The principles, instrumentations, recent de-
velopments and some experimental results of the two new dynamic techniques at ultra high tem-
peratures above 2000 K i.e. the laser autoclave technique and the high-speed cooling method

are mainly discussed in detail.
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Table 1 Summary of various kinds of methods for the
precise heat capacity measurements at high tem-

perature above 800 K (excluding the drop

method) .
Methods Objective materials Temperature
Metals Ceramics range/K
Adiabatic intermittent
heating method O O T=<1050
(Nernst method) "
Adiabatic scanning O [@] T= 1000
method?
Laser flash method® O O T=1000
Direct heating AC O X T=3000
method ¥
Direct heating pulse [@] O T=1600
(intermittent) method*
High-speed direct [@) X T=1500
heating method®
Laser autoclave O PN T=1800
technique”
High-temperature
differential scanning O O T=1500
method (triple-type)®
High-speed cooling O [@] T=1700

method®

Note ; O ; possible, X ; not suitable, A ; probably needs several improvements

G /iK' mol™

TIK

Fig.1 Heat capacity of UO; at high temperatures mea-
sured by various authors. 1: Grgnvold et al.V) ,
2: Fredrickson and Chasanov'!, 3: Ogard and
Leary'?) , 4: Hein er al.'¥ , 5: Affortit and Mar-
son'¥) , 6: Szwarc!® , 7:Kerrisk and Clifton!®’,

8: Ralph and Hyland!?”, 9: Bredig'® .
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Fig.2 Block diagram of the direct heating pulse

calorimetry.
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Fig.4 Schematic view of the new DSC apparatus. A:
thermocouple for program control, B: sample
cell, C: adiabatic heater wall, D: Ar gas, E: pro-

gram control heater wall, F: coolant.
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Fig. 5 Block diagram of the temperature-sensing sys-
tem. A: isothermal plate, B: empty side, C: ref-

erence side, D: sample side.
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Calibration Constant, k
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Fig.6 Calibration constant k for heat capacity mea-
surements. O: experimental values,
nominal expression.
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Fig.7 Perspective drawing of the laser autoclave
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technique.
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Fig.8 Schematic set-up of the laser autoclave technique involving pulsed multi-beam laser heating under pressur-

ized inert gas atmosphere, six-wavwlength pyrometer,

levitation.
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Fig.9 Heat capacities of nominally stoichiometric UO:
in the solid (X) and liquid states (O) mea-
sured by the laser autoclave technique above
7500K and those in the solid state (@) taken
from a critical review of literature data.
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Fig.10 Schematic diagram of the high-speed cooling

calorimeter.

Fig.11 Optical system of the six-wavelength pyrome-
ter with silicon photodiode detectors. A: py-
rometer, B: supporting frame for glass-fiber bun-
dle, C: sixphotodiode detectors. 1: objective lens,
2: fixed aperture stop, 3: aperture mirror, 4:
condenser, 5: mirror, 6: relay lens, 7: reticle, 8:
eye piece, 9: angle finder, 10: glass-fiber bun-
dle, 11: interference filter, 12: silicon photodi-
ode detecter, 13: zero adjustment dial.

FEWIZL —HF—F— b7 L= THEOZR LRI
EThY, (1) MR 2000 KLk, @) BEfB&
DHRREDN S L £ 5 3 v 7 OWAD, (3) BER (£
10 %OEET), WAE L REL R, @) HET 0B
PAT) L (5) Jeimh GREAREL) TRETAILLL
7oo L L7ehss, s l3Effizmsmo L —¥—2Hv
WY AT LD o L EE (Z) THHIEREEHL
7o BRABE b IT-> TV A BRGHEERARIT OBRE
%FmJou%To%@%ﬁ%ﬁ%ﬁttﬁ&ﬁ%&ﬁ%@
Y% %% Fig. 11 1R

e DR L CoXEiREHE, EFELEO AT Ay
TEEH OV —THEELTL—F—F =7 V-7

Netsu Sokutei 23 (2) 1996



HEinAs s

ETHCTVWEHDITHARTaY Y b ehoTHEY, 7
TANNY FVERDHS Z N TEBLDEMIEL S
Lo TV 5, BBIEEFEEIL] msec MHTH 5, 8%
NERRFEE R B O LED O BRET ¢, BRI
HETICER R B L, IIBME % %0 BAE T HIh
DFEED 5 DEIHEA BIHHEHE 40 mmiIETE £ 300 mm)
DEAMEIZBVZET 74 /5—=32 FIU (EZ10 mm)
BRI Y — LT BREE (500~ 1000 nm) KRR
“EHAI L, BURLEREIRE L AR M OB TREL,
BREICZNS SO REOMB CABTE L RO LEETH
%o COFETYH, BIBROLV—H—F—rrL—THEnL
IHTRLZ (1) BLU @) REFUEE, G5RB
UBEEOMOEABGN (FER) tHVWIaEELt
ELTWVD, T, BEEBHEY NEERSRTE
RV THRET 2 FEZ BB ICHENT 2, BE L @R
Planck-Wien DRH, 3) IZ#SWTHESITON 2,

JB (7», T) = Ci A5 exp (—Cz AT ) covvereenens (3)

22T A T) BERKOXDTS v 2 X, MLEE, C
& CIIBSTEY, TIHEREYE T, EBOREEMET
ZORBPLOKT T v 7 X 138EEEe (\, T) ITEIEL
X @ okd1%5,

Jr@, T) =€, T) CiA~5 exp (—C2/ ATY)
=Jg (7\., TR) e (4)

CITTRIZTNHERERETH ) THEEETH S, EB
I, 74 M4 —FORDEEV A, T) 251352
CiTh Y, BEEIIIRE L CRRICIRET 2 BIEA KA
W) ZRVD EROBUERRATE Y 70,

2150F Xy -
¥ ot N 1
R | AN ]
2100F y -
- .‘ﬂ . -
0.01 ~0.02
/sec

Fig.12 Time dependence of temperature (cooling

CUI‘VC) .

Netsu Sokutei 23 (2) 1996

V()\,, T) =40) Jr OM T) eeerevernnniiiiiiinenien, (5)

SHREBHEOBRREIFEZZ NI L VERER TR
S, KRXO LS ISREOMMTHDa kb AV TRUT
&5,

In 8(},, T) = a+bA oeeececmrermmminmneiiiiiiieeinaes (6)

IhoD @), 5) & 6) XpbkRD 7) X*EL,

In VA, T) A5/ AQN) = (C2/ AT) +a+br-- (7)

A7) 22BEOBERL L MIERLTER LD,
1/ =2) In VR, T) A5 7 AQ))

—In (V,T) A5 7 A ()]
=Cy/ (TMAy) +b

ANERIST L TREBISEO RN TE, B/ Sum
WL THRBETHRE D, (6) & 7) Ko baEsrEiT

Ine, T) = In(VADA /AQ) + (C, AT) - )
LD, Teel, T) 2SR EHOTEREHEI RT3,
e(T) =/e(A,T) A-5 exp(—C/AT) dA 1/ A5 exp CCo/AT)dA
ceveeeeeeees (10)

AN O, BHEELEFREIRESR ThhoT
WAETNVIT U HAEAERESY VS RF VT T2k > Tik
EL7e 8615, ZDXIIZLTEZA A) DEEHNT
BRY Y TRT o0 Th—E (EE) BEICLEER
BT, BH¥Y VAT V5 S OBERE, HiRkE, &5t

200 T T T T T T T 1 T T

Cpldkg™ 1K™
2
T

® :Ya.A.Kraftmakher |
3 ¢ :calculated values |

100p 1 Il Ll | PO W NPT B P | .—
2050 2100 2150
K

Fig.13 Temperature dependence of the heat capacity
of the tungsten lamp.



21501 T T T T T T
i J
& 2100} ]
1 N 1 1 ] 1 1 1
2050-—75 0 20
X/ mm

Fig.14 (a) Variation with vertical position of the tung-
sten lampof measured temperature T.
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