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Development of a Top-Loading Type Adiabatic Calorimeter
with a Refrigerator
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We have developed a top-loading type adiabatic calorimeter with a refrigerator, which works in the temperature range 20-300
K. This calorimeter has following four features, 1) no uses liquid nitrogen and liquid helium for refrigerant, 2) enables us to measure
the heat capacities and enthalpy relaxations under stable state for a long time at lower temperature region ( < 77 K: liquid nitrogen
temperature), 3) reduces the time required for the sample setup (within ~ 10 min) 4) enables us to set up samples at liquid nitrogen
temperature (77 K). The heat capacity of an empty cell was measured in a test experiment. The imprecision of the heat capacity
measurement was +0.8 % at 20-30 K, *0.4 % at 30-120 K, and %0.2 % at above 120 K in the present.
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Fig.1 The overall photgraph of a top-loading type adiabatic
calorimeter with a refrigerator, (I): main body of cryostat, (I):
measurement system (adiabatic control and measurement of
temperature and input energy) (III): pumping system
(mechanical pump and turbo-molecular pump) (IV): compressor
of the refrigerator.
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Fig.2 Schematic drawing of the cryostat; gray color area: inner
vacuum cylinder, white color area: outer vacuum cylinder, (I)
center stick, (II-1) hermetic seal connectors, (II-2) lead wires
path connected with hermetic seal connectors, (III) radiation
shielding disks, bellows, (IV) outer adiabatic shields (IV-1):
block, (IV-2): outer, (V) inner adiabatic shields (V-1): top,
(V-2): side, (V-3): bottom, (VI) sample cell, (VII) radiation
shields, (VIII) vacuum exhaust ports, (IX-1) first stage of
cooling head, flange, (IX-2) second stage of cooling head, (X)
tank for conduction gas, (XI) thermal conduction wires, (XII)
flange, (XIII) bellows, (XIV) thermal anchoring block.
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Fig.3 The photograph of the sample cell under construction.
(I) cell cover, (II) Platinum resistance thermometer, (III) lid of
thermometer room, (IV) thermocouple sleeve, (V) main body of
sample cell, (VI) heater wire.

Netsu Sokutei 42 (4) 2015

HARPUREFID) (300K T 110Q) IX, B b/ — L5
DOIRFEF RV — (Bl X < [EE Lz, AR L
T U AERE 293 K, 0.1 MPa D5 F AL
N—FENCE AL, #HAE, NV DAFERKTET, 77
VU EED 0-V T EEE, B N—DHEIDE 12
ARKOWPLTIEDBERIZ O-U L I RBEIZHEND LI
LCiTo7=, B L Top & DIREZEZ I D EVES &,
BRI ARV Z — (VI R < [BEE L7z, B0 S—I,
Wi —/L KD Top DIEIZT FATH L TCEE SN TN D,

EIERR(V)DARIEITIE, 24 Qm DT VA )L —H —
WREB Nz, B— 4 —BOBPEIZX96.7QTH -7, b—
Z—OuEE, RICE D BRXTWD, REESRIEA~Y T
LEBEFHEK N T, fBtE AT vy sttty —
NLTIZRRIL, B X —RAT 4 v 7 ORIZMVFITThHE
A NS—IZTY T 5, BAREKO e —Z —#H5E 0 %
ZTHRRT, N—AF v 7 =SB —L R Top £
THIELCTE 2V — FRRICHEOEI D Bz 5,

3. EEIILDRRE

TARNERE L TEARGHICANY D LATA (S 0.1
MPa, IR 290 K) 721F &3 A L7282 /L OEE &% JIE
L7z, MIEREEHIHIL 20 K 205 300K Th - 72, BAEEH
EXFBF R TIT o7, BAREEY 1 sGlET 2 & EOEE
A, BIERARIEE D 20K T0.5K Th o717, HIERE
NE L R DI LI > TH LT8R EE DL blE & KT T
&, 300 K AHETO 1 b= OEEE(EE, 25 K T
ot

50
s
s

40
TH Y g
L™ 20 {5

10 g

0

0 50 100 150 200 250 300 350
T/K

Fig.4 Heat capacities of the empty cell.
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Fig.5 Deviation plot from the smoothed heat capacity curve of
the empty cell.

R E LTIE, TOFNAF R N A—F—ff o 7= W
I O 22 R h 2 o bhTuninz & &, BRED
ABDPEN ) EL TETCWVWARNWZI LITHDHEEZTWD,
TOMPE LT, LFORWMBZET b b, 1) BsoRE
TRUZ bOBEEHRRELIELTH L, 2) HFEICHT-
5 R 7 N TEEMRHRINTHRWNWI L, 3) 250 K 2L
L OBEIRRE CIREN TR D RIS D Z &, WiEIEIR
DFIENRT A —H — 3L DT> TWDHEDT, 4 Th &
DEVEIE L EEDT — & 2 H2BRL THWDRWTH D,

4. FEO

ARFFETIE, B Ny 7 e —F ¢ o Z AR B
FEB¥E L, REto® v bOHEAEEICIT 2D 2 L,
20 K 705 77 K OIRE#IFHCH BRHEBIBVRIEZ R T X
HIEDN, HERNPOAVWLNTWAEERIZAES L B D
B TH D, 22 LDOT A NERTIE, EROWEEE
FHEITBEDRTEIOENER L o7, BMEHT AED
FREE & W BB O i 72 S & NS 2 E NS B ORE
Th b,

# O

ZOWFBEIE, FAEEBIERAE OV AR — Mk v Eii Sz b
DTHD, 7 TAFAX v bOFFHEBIORYEICHT=-> T
I, B RS ARIR BRSP4 RE) OWF A B — BB IX,
R K, ARHEEFIR, WEW —L RBLUOREE LD
FEICIE A X B ok ERIKICBHERIC R - 72,
LabVIEW & HW2BGIED 7 v 7T ATB L TIE R LT

B

ERFICHE T I v 7 AT OB ZEZ, WG
a2 b — TN TCIIMSIATEOE N E BT A ZEET
DFEARBIRMHIC, FEEERIC OV THEKF IR ZEAT
DINEEHIRICH S 2 W eidniz, ZoRxEvcons
D2 \EHHR L BT ET, £/, FEOHESEZE X TV
72120, R ZFR BB AR ZE R} o Hh s e v 2% 212
U OMREZT B OIS L LT E4,

X

1) Y. P. Handa, R. E. Hawkins, and J. J. Murray, J. Chem.
Thermodyn. 16, 623-632 (1984).

2) 1. Tsukushi, O. Yamamuro, K. Sadanami, M. Nishizawa, T.
Matsuo, and K. Takeda, Rev. Sci. Instrum. 69, 179-184
(1998).

3) H. Hikawa, M. Oguni, and H. Suga, J. Non-Cryst. Solids 101,
90-100 (1988).

4) E. F. Westrum, Jr., G. T. Furukawa, and J. P. McCullough,
Experimental Thermodynamics, edited by J. P. McCullough,
D. W. Scott, Butterworths, London, (1968), Vol. 1, Chap. 5.

5) BAERE-BAoHT N K7 w7 GB 2 WD, BAZJE

aE, U, BT (2010), 552 FH 2

Netsu Sokutei 42 (4) 2015

134



