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ABsrRAcr 

The Deltatherm dynamic adiabatic calorimeter is described. The operation and 
calibration of the inst~ment are discussed and its application to the dete~~na~on 
of the C, of several meta?s and the dII of several dehydration reactions. The accuracy 
and precision of the caIorimeter are about &- 1%. 

iXRZODUCTiON AND THEORY 

AIthough it is a convenient technique to use, quantitative differential thermal 
analysis (QDTA) has a number of disadvantages when compared to dynamic calori- 
metry’*= .The usual relationship used in QDTA is 

mAH = KA 

where nz is the mass of the sample, dH is the heat of reaction of the system, A is the 
area of the curve peak, and K is the calibration constant3. The determination of K 
is the main source of error since it varies with the thermal conductivity of the system 
and hence the temperature. Small errors in the evaluation of K introduce much larger 
errors in the AH values obtained. In general, heats of fusion, heats of reaction, and - 

other thermochemical measurements, can be determined by QDTA with a precision 
and accuracy of about _CS to -I_ 10%. 

To obtain a higher order of precision and accuracy, say & lo/o, some type of 
a dynamic calorimeter must be employed for the measurements. A number of these 
instruments have been described, perhaps the most sophisticated is the differential 
scanning calorimeter @SC) described by Watson ef aIe4 and O’Neiil’. Other calori- 
meters have been discussed by Speros and Woodhouse’, Thomasson and Cunning- 
ham’, Sherwin*, Solomons and Cummingsg, and more recently by Hill and Slessor lo. 
The IililI and Stessor calorimeter is a rather interesting one in that heating and temPera- 
ture control is done by means of focused radiation from projection lamps. There are 
several excelfent reviews on dynamic calorimetry_ The general area of microcaJori- 
metry is reviewed by CaIvet and Prat ’ 1 while the entire area of calorimetry, including 
applications and inst~men~tion, is discussed by Wilhoitt2, 
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T?te Delmherm adiabatic cdorimerer 

The Delt.a&xxn calorimeter has previously been described by Doscht3, The 
calorime:er is a constant beating-rate type in which the sample chamber is heated at 
a constant rate, any departure from which is detected and applied to it as a correction 
factor. The temperature difference between the sample chamber and its adiabatic 
enclosure is detected by a differential thermocouple whose output is used to automati- 
cally vary the power applied to the sample, thereby maintaining adiabatic conditions. 

The spec%c heat of a suktance, CP, is defined as 

where q is the amount of heat required to raise the temperature of mass m from r, 
to Tz _ Substituting the e&t&al equivalent for heat, 

4 = k,P2 @I 

into Eqn_ (1) and rewriting in d.ifTerential form, 

k,Y dt c,=- - 
0 M dY 

(3) 

where P is the power, t is the time, and k,a constant. Rewriting Eqn. (3) for a constant 
htiting rate, dZ&[df. the specific heat becomes 

(4) 

Hence, the specific heat of a substance is directIy proportional to the electricai power 
input to the calorimeter since k3 and m are constant for a given system. With proper 
calibration, k3 can ‘be evaluated so tbat the C, of a substance can be calculated for 
any temperature. The advantage of the constant heating-rate mode the conventional 
constant input power type of system is that the power curve gives the variation of C, 
directly with temperature without fust computing the reciprocai of the heating rate, 
Also, the former type of system provides data having a kinetics significance due to the 
constancy of the heating rate. 

The calorimetet 
A block diagram of the calorimeter is shown in Fig. 1. The temperature dif- 

ference Between the sample and the adiabatic enclosure is detected by the dif5erent.M 
thermocoupIe TCl. The vohage output of TCI is amptied by a chopper stabilized d. c. 
amphfier whose output controIs a sohd-state power driver which suppLies up to 4 watts 
of power to the heater, HI_ The difTerentiaI tern- is aIso recorded on one 
channel of the muKchannel recorder to indicate the extent with which adiabatic 
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Fig. 1. Block diagram of the I)elmthem cdlorimctcr system. 

conditions are being maintained in the adiabatic enclosure In general, adiabatic 
conditions are maintained to within &O,O!i” after dynamic conditions are established 
in the calorimeter (above SO-75°C). The power input to the sample chamber is 
measured by a HaIl effect muhipher watt-meter and is continuously recorded on 
another channel of the recorder. The main furnace heater, H2, is controlled by the 

electronic constant rate programmer; heating rates from 2 to 20°C per min are 
available. The temperature of the calorimeter is detected by thermocouple TC2 and 
is recorded on the chart 50°C intervals. 

A cross-section of the calorimeter assembly is shown in greater detail in Fig. 2. 
The taforimeter is mounted upon a cast ceramic pillar which can be inserted into 

the standard Deltatherm furnace. The adiabatic enclosure consists of a massive 
copper bhxk (A) enclosed by the copper covers (B), (C), and (0). Surface temperature 
uniformity in the inner chamber is about 0.1 “C at a heating rate of IO”/min and 

proportionately !ess at slower heating rates. The sample chamber (F) and its cover (F) 
are made of silver and are thermally isolated from the bIock by the ceramic pillar (IQ. 
The sample container heater (G) consists of an Inconel sheathed Nichrome wire 
resistance element wound in the form of a helix on the inside of the sample chamber. 
The temperature of the sample container and block are detected by Iconel sheathed_ 

Chromel-Numel thermocouple-s (I) and (I), respectively. These two thermocouples 
are connected together in a differential mode for temperature detection. The sample 
(H) consists of either a machined ingot of a solid substance, a packed powder, or a 

container for powdered or Iiquid sampIes. 

The sample may consist of a solid, powdered or liquid mate&L For machinable 
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Fig- 2 Cros-section of calorimeter. (A) Copper block; (B), (C), and (D), copper covers; (E) sampIe 
cIxztmbcrcover; (F) sample ch~~~ber; (G) heater; (H) sample; (I) thermocouple; @Q ceramic support; 
Q tiwxmocoupIc 

solids, a cylinder having the maximum dimensions of 0.35 in (in diameter) by 0.55 in 
(in kngth), may be employed. Non-corrosive and non-fusible (in the temperature 
range to be investigated) powdered substances may be placed directly into the sample 
chamber. For corrosive or fusible solids and/or liquids, a stainkss steel sampie 
capsule may be used_ The inside dimensions of the stainless steel capsules are 0.285 in 
(in diameter) by 0.520 in (in iength) and have a volume of O-6 ml. The sample is 
weighed out into the capsule and enclosed by means of a press-fit cover. 

Calibration of calorimeter 
The C, cahbrztion procedure consists of the defection of the ordinate of 

the chart paper in terms of calories per inch. The calibration constant, k3 [Eqn. (4)] 
is thus 

The procedure consists of first obtaining a U power curve”, at the operating conditions 
to be employed for the C, determinations, of the calorimeter and empty sample 
capsuIe. The standard C, reference substance is usually a machined ingot of met& 



DELTA-3n DYNAMiC ADlABAl?C CALORIMETER 185 

From the difference between the power curves for the standard substance and the 
empty calorimeter, the dP may be obtained and hence, k3. Using z-nickel, the 
calibration constants, at different ‘power settings, are given in Tabie I. The agreement 
between the individuai k, values was 22% of each other. 

Temperulore AP (in) cp (Is) Hear absorbed ks 
(“C) (4L7Kl (Cal) (callin) 

Porn??? = 2s% 
100 2.24 
200 2.46 
300 2.76 
400 2.51 
500 2.47 

Porn??? = 50% 
100 4.76 
200 4.97 
300 5.26 
400 4.69 
500 4.61 

0.1 I4 
o-z25 
0.138 
0.123’ 
0.126’ 

0.114 
0.125 
0.138 
0 123* 
0:126* 

0.815 0.364 
0.894 0.363 
0.987 0.360 
0.880 0.350 
0.9Of 0.365 
k3 (awragc) = 0.360 calfin 

0.815 0.171 
0.894 0.180 
0.987 0.188 
0.880 0.188 
0.901 0.195 
k3 (average) = 0.184 d/in 

*m =; 7.151 g; Ni(a), Cp = 4.06+7.04x 10 -3 Yand Ni(J), Cp = 6_00+ 1.80 x IO-3T1~; AT = 25X; 
heating rate, 5*/m& b&NickeI. 

The calorimeter was also calibrated for AHr measurements b;r use of a substance 
having a known heat of fusion, AH,. The standard substance used was pure tin with 
a AI& of I720 cal/g atom or 14.5 cai,I,lc_ The procedure consisted of first obtaining 
the power curve for the czdorimeter plus empty capsule, at the operating conditions 
to be empIoyed for the various investigations_ A known amount of tin is then sealed 
into the capsule and a power curve obtained as above. The fusion peak in the second 

curve is inte~ated by means of a planimeter and its area determined_ ?-he calibration 

constant, K,, is calculated from 

mAHt &=---z 
A 

caI/iIl= (6) 

where m is the mass of the sample, i3 g; d Hf is the heat of fusion of the sampIe, in 
Cal/g; and A is the peak area in in 2. The results of this calibration procedure are 
given in Table II whiie the power curve is given in Fig. 3. 

Heats of funbn and reaction studies 
The procedure was identical to that used for the calibration studies. Compounds 

studied included lead, CuSO, - 5H20, and BaCI, - 2H,O. Samples of pure copper and 
~~nurn were used for the G, de~~na~o~. 
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Fig. 3. Calorimeter power carve for tin; heating rate, S”/min. 

IO 2848 23.46 81241 
10 2800 23.47 8.382 
IO 2912 23.47 8.060 
IO 2688 23.47 8.73 I 
5 2752 23.47 8.760 
5 2752 23.47 9.05 1 
5 2864 23.47 8.700 
2.5 2688 23.47 8.917 

A typicaI caiorimeter C, power curve is shown in Fig. 4. Three curves are 
shown in the figure: (u) the power curve for the empty calorimeter plus sampIe 
container; (b) the power curve for the calorimeter containing the sampIe; and (c) 
the JT curve. The dP in Eqn. (5) is obtained by measuring the distance between the 

Fig. 4. A typical caiorimcter C, power asrve. 
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The specific heats of copper and aluminum, at various temperatures, are given 
in Table III. The CP w$ues for copper are ir. good agreement vith the calculated 

Y&KS’“, especizUy at the higher temperatures- The values found for alutinum were 
4 to 16% lower than the caldated values with the errors becoming smaller at the 

higher temperatures. The reason for this large difference is not known. 

100 0.104= 0.094 0.188 0.224 
ZOO 0.107 0.095 0.253 0.235 
300 0.106 O-399 0.261 0.246 
400 0.102 0.101 0.265 0.257 
500 0.102 0.103 0.278 0.268 

Xalc. from C, = 5.41 f-1.50~ IOv3 Y- *Calc. from C, = 4.94t2.96 X lo-) Y. ‘C, data in cal.!g/oC- 

AH L>etermimtions 
The AH for the dekjdration of CuSO, - SN,O was obtained by use of Eqn. (6). 

The calorimeter power curve for the dehydration reaction is shown in Fig. 5. 
Copper sulfate 5-hydrate dehydrates by the following reactions: 

(a) CuSO, - SlcI,O~c) --, also, l 3H,O(c) -k ZH,O{I) 

w 2WOff) -+ 2~200 
(c) CuSO,-3H,O(c) -+ CuSO, - H,O(c) + 2H@(g) 
(d) CuS04- H,O(c) + CuSO,(c) + Hz0 

i . 
?r------- 

aT 
f ; /_ 

-,-._J ‘w_.’ 

,/-- ----~.____,,#‘i---- 

Fig- 5. CaIorimeta power curve for the dehydration of CUSOJSH~O. 

The curves in Fig. 5 were due to the above reactions. The first two peaks were due 
to reactions(a)-(c), while the last peak was caused by reaction cd). This is a well 
known system and has been studied by a number of investigators’5-17_ Only recently, 
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WendIandtl* has detected the presence of liquid water in this system [reaction (a) 
above] by means of ekctrical conductivity measurements. 

The AH vahes obtained for the dehydration reaction are given in TabIe IV. 
These values are given in kcal/mole of water and in kc&/mole of compound. The 
agreement between the values found here and the literature values is quite good. 

The calorimeter was also used to obtain the AH of dehydration of BaCl,.2Hz0. 
This compound dehydrates according to the reactions15: 

(a) BaCl, -2H20(c) -+ BaCf, f I-&O(c) f I-I&lo 

(31 Hz03 + WNd 
(c) BaCl, - &Q(c) ---, BaCl,(c) + HzO(g) 

The &rst peak in the power curve was due to reactions (a) and (b) and the second, 
by reaction (c). The AH values are given in Table IV. The AH values obtained were 
in good agreement with the literature vafucs. 

TABLE TV 

HEATS OF KEACITIOS Ahi/OR F!JSIO?Z AS D?ZIZR!.fI~ED BY THE DELTATHFKM CALoRIHETER fHUTI&iG RATE 

OF 5”/E.fXH) 

Sample Sam_,Ie rnas (g) Area (in’) Heat absorbed (ad) d H (cdkl 

Found Lit. 

cuso~-sH,o 0.777 18.18* 161.4 12.P 
6.03 53.5 17.2’ 

69= 71c 
CuS0,.5H20 0.760 17.60” 156.3 . 12.8’ 

5.92 52.6 17.36 
7oc 

#ISO+-SH,O 0.710 16.29= 144.7 12.7b 
5.60 49.7 17-P 

7w 
X3aC&-2H10 l-G57 12.26 108.9 25.2= 26.53= 
BaC&-2Hz0 0.835 10.43 92.6 27-I= 
Lead 1.503 0.944 8.38 5.6 5.5 

I.503 0.944 8.38 5.6 

‘First two peaks. %kaI~rnole of water. CKcaljmole of compound 

For a Al& determination, 
obtained are shown in Table TV. 
well with the reported values. 

CONCLWJIONS 

the fusion of Iead was investigated. The redts 

As can be seen, the results obtained agreed vfw 

As can be seen from the results reported here, the Deltatherm dynamic adia- 
batic calorimeter is a versatile and useful instrument. It is capabIe of operation in 
the temperature range of 50400°C. A high temperature version of the instrument, 
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capable of operation to a maximum temperature of 1200”C, is currently being 

developed. The calorimeter is stated to have an accuracy and precision for C, and/or 
heat of reaction studies of & 1%. It is anticipated that the calorimeter will be widely 

used for the investigation of various chemical systems, especially in the higher 

temperature ranges. 
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