QH“y) Designation: D 2766 — 95 (Reapproved 2000)

Standard Test Method for
Specific Heat of Liquids and Solids

An American National Standard

This standard is issued under the fixed designation D 2766; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone} indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope Rioo

1.1 This test method covers the determination of the heaR 10 000

capacity of liquids and solids. It is applicable to liquids and
solids that are chemically compatible with stainless steel, thax
have a vapor pressure less than 13.3 kPa (100 torr), and that dat oo
not undergo phase transformation throughout the range of te
temperatures. The specific heat of materials with higher vapor
pressures can be determined if their vapor pressures are kno
throughout the range of test temperatures.

1.2 The values stated in Sl units are to be regarded as th%
standard. The values given in parentheses are for informatiorAEz
only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is thepg
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-AHC
bility of regulatory limitations prior to use.

€

2. Referenced Documents AHy

2.1 ASTM Standards: AH,
D 1217 Test Method for Density and Relative Density
(Specific Gravity) of Liquids by Bingham Pycnometer

F
: w

3. Terminology d
dg

3.1 Definitions of Terms Specific to This Standard:

3.1.1 specific heat-the ratio of the amount of heat needed Vr
to raise the temperature of a mass of the substance by s
specified amount to that required to raise the temperature of afic
equal mass of water by the same amount, assuming no pha%

change in either case. NC
3.2 Symbols: N
C
N

T: = temperature of hot zone, °C, AH,
T, = initial temperature of calorimeter, °C, R
T = T;- T .=temperature differential, °C, K

R, = resistance of nominal @ standard resistor,

10 000

3.3 Units:

resistance of nominal 10Q-standard resistor,
resistance of nominal 10 0QQ-standard re-
sistor,

emf across nominal © standard resistor,

emf across nominal 10Q- standard resistor,
emf across nominal 10 00Q-standard resis-
tor,

time of application of calibration heater cur-
rent, s,

total heat developed by calibration heater, cal,
total heat effect for container, mV,

total heat effect for sample + container, mV,
total heat effect for calibration of calorimeter
system during container run, mV,

total heat effect for calibration of calorimeter
system during sample run, mV,

total enthalpy change for container changing
fromT;t0 T,

total enthalpy change for sample plus con-
tainer changing fronT; to T,

total enthalpy change for sample changing
fromT;t0 T,

calorimeter factor,

weight of sample corrected for air buoyancy
density of sample at;,

density of sample af,

total volume of sample container,

volume of sample vapor &t ;,

volume of sample vapor &t

vapor pressure of sample &t

vapor pressure of sample &t,

moles sample vapor dt,

moles sample vapor &,

moles sample vapor condensed,

heat of vaporization of sample,

gas constant, and

heat of vaporization correction.

3.3.1 The energy and thermal (heat) capacity units used in
this method are defined as follows:
1 cal (International Table) = 4.1868 J

1 This test method is under jurisdiction of ASTM Committee DO2 on Petroleum
Products and Lubricants and is the direct responsibility of Subcommittee D02.11 on
Engineering Science of High Performance Fluids and Solids.

Current edition approved Aug. 15, 1995. Published October 1995. Originally
published as D 2766 — 68 T. Last previous edition D 2766 — 91.

2 Annual Book of ASTM Standardgol 05.01.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.

1 Btu (British thermal unit, International Table) =
1055.06 J

1 Btu/lb °F=1 cal/g °C

1 Btu/lb °F =4.1868 J/g K
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3.3.2 For all but the most precise measurements made with
this method the rounded-off value of 4.19 J/cal can be used as
this is adequate for the precision of the test and avoids the
difficulty caused by the dual definition of the calorie.

Oven thermocouple

Drop trigger

Cap

Oven

Ceramic tube

Steel tube liner

Sampte cell

Bottom plug

Oven control thermocouple
Connecting tube
Foil-covered Transite cap
Retention cage
Copper-constantan thermocouple
Dewar flask

Insulation

Outer can

Glass stirrer

Heater

Transite base

4. Summary of Test Method

4.1 The enthalpy changd&H,, that occurs when an empty
sample container is transferred from a hot zone of constant
temperature to an adiabatic calorimeter at a fixed initial
temperature is measured for selected hot zone temperatures
evenly spread over the temperature range of interest.

4.2 The enthalpy changAH-, that occurs when a container
filled with the test specimen is transferred from a hot zone of
constant temperatur&,, to an adiabatic calorimeter at a fixed
initial temperature is measured for selected hot-zone tempera-
tures evenly spread over the temperature range of interest.

4.3 The net enthalpy change per gram of sample is then
expressed as an analytical power function of the temperature
differential T'. The first derivative of this function with respect
to the actual temperaturd, ;, yields the specific heat of the
sample as a function of temperature. Actual values of theK —
specific heat may be obtained from solutions of this equation '
which is valid over the same range of temperatures over which
the total enthalpy changeAH , were measured. L

NEXOTOZZEAR——IQTMoO®> .,

5. Significance and Use

5.1 The specific heat or heat capacity of a substance is a
thermodynamic property that is a measure of the amount oft
energy required to produce a given temperature change withig
a unit quantity of that substance. It is used in engineerin% _L
calculations that relate to the manner in which a given system
may react to thermal stresses.

6. Apparatus

6.1 Drop-Method-of-Mixtures Calorimeterconsisting es- ¢ __|
sentially of a vertically mounted, thermostatically controlled,
tube furnace and a water-filled adiabatic calorimeter. The
furnace is mounted with respect to the calorimeter in such a ¢ , Resistor 1-Q precision typé
way that it may be swung from a remote position to a location 6.5 Resistor 1004} precision typé
directly over the calorimeter and returned rapidly to the remote 6.6 Resistor 10 0009} precision typé
position. The_ Samp'e.comai.”‘?r may thus be dropped directly 6.7 Amplifier, zero centered range, linear response with
into the cannme_ter with a minimum transfer_of radiation frorr_1 reset ranges to include25 punVz= 100 pV, =200 uV, =500
fu_rnace to calorimeter. Details of construction are shown |r{)/’ +1000 pV, and=2000 pV: with error not to exceed
Fig. 1. +0.04 % of output; with zero drift after warm-up not to exceed

6.2 Sample Container-A stainless steel sample container +0.5 pv offset within which drift will not exceed+0.2
with a polytetrafluoroethylene seal suitable for use at tempergsv/min. Equivalent instrumentation with different fixed poten-
tures up to 533 K (500°F) is shown in Fig. 2. tial ranges is acceptable provided the same overall potential

6.3 Potential Measuring Device§two required), potential ranges are covered.
measuring device capable of measurement of up to 1 V with a 6.8 Strip Chart Recorderwith nominal 25 cm chart+5
precision of 10°V or a potentiometer assembly with sensitiv- mV, zero center.
ity of at least 1 pV or a digital multimeter with equivalent 6.9 Binding Postslow thermal emf-type, with provision for
sensitivity, range, and a minimum of six digit resolution is guard circuit.
acceptable. A direct reading digital temperature indicating
device may be SUbStItUted.for the potential measuring device 3Models 9330/1, 9330/100, 9330/10K manufactured by Guidlines Instruments,
for the purpose of measuring the temperature of the capsulg: 103 commerce st. Ste 160, Lake May, FL 32795-2590. Equivalent instru-
while in the tube furnace. See Fig. 3. mentation is acceptable.

FIG. 1 Specific Heat Apparatus
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Stainless Steel Plug container to a constant temperature in the vertical tube furnace.
TFE-Fluorocarbon Washer Monitor its temperature with the copper-constantan thermo-
couple that is fitted into the center well of the container. While

the container is equilibrating, adjust the temperature of the
calorimeter by cooling or warming it as required to bring it to

a temperature just below the selected initial starting point (Note
4). Adjust the thermistor bridge so that it will have zero output
Stainless Steel Sample at the selected initial temperature. Any changes of this bridge

Chamber setting will require recalibration of the system. The amplified

output of the thermistor bridge is displayed on the recorder
(Note 5). As the calorimeter approaches the selected starting
temperature, the output of the bridge becomes less negative

\M/) and approaches zero (the starting temperature). Just before the

output reaches zero, determine the temperature of the capsule
by reading the output of the copper-constantan thermocouple to
the nearest 1 pV (Note 6). At the moment the calorimeter
temperature passes through the selected starting temperature,
swing the vertical furnace over the calorimeter and drop the
6.10 Rotary Switchlow thermal emf-type, with provision sample container into the calorimeter. Return the furnace

FIG. 2 Specific Heat Sample Cell

for guard circuit. immediately to its rest position. As the calorimeter warms,
6.11 Thermistor Bridge* adjust the potentiometer bias to bring the recorded temperature
6.12 Thermistor 4 trace on scale. Record the temperature until it resumes a nearly
6.13 Thermocouple copper-constantan, stainless steellinear drift. Then determine the total heat effect, measured in

sheath, 3.2 mmi in.) in outside diametet. millivolts, by taking the algebraic sum of the initial and final
6.14 Power Supply24 V dc. potentiometer biases and the extrapolated differences in the

Noe 1—Two 12 V automobile batteries in series have proved satisi€Mperature traces (Note 7). In order to determine the exact
factory as a power supply. They should be new and fully charged. energy equivalent of the millivolt change measured during the
6.15 Power Supplyconstant-voltage, for potentiomefer drop of the container, it is necessary to perform a heater run.
6.16 Standard Cellunsaturated cadmium type, for potenti- This run 1s madg after cevery drop as the calibration of the
ometer’ system is a function of the size of the heat effect as well as of
' the water content of the calorimeter. Since the rate of energy

7. Calibration input from the electrical heater is of necessity much smaller
than that encountered in the drop itself, it is not possible to
7.1 The enthalpy changéH., that occurs when an empty duplicate the heat effect of the drop exactly. Instead, adjust the

sample container is transferred from the tube furnace ata fixeg |\ 0 -0 o ¢ the calorimeter so that the bias of the potenti-
temperature into the adiabatic calorimeter is not a function On%mel?cer i such that an electrical heat effect of known sipze will

g!ffé?jngeorgeptc\ﬁg:eonn tr?e]: ;Sﬁlaizn;ﬂgetrh:rglgzﬁqégrpg;igﬁ%eccur over a range intermediate between the initial and final
. : -~ points of the drop (Note 8). During the heater run, measure the
heat losses occur as the results of both conduction and radiati

n ;
from the container during the transfer process, some heat urrent through the heater and the potential drop across the
also transferred by radiation to the calorimeter at the sam

geater by monitoring the potentials across standard resiRjors
time. The measured value AfH. as a function of temperature NdRy, o Measure the time interval of application of heat to
serves a dual purposeq)(it provides the value of container

the nearest 0.1 s, and determine the change in potential due to
enthalpy change that must be deducted fibk, to determine the electrical heat effect by taking the algebraic sum of the
A Hg (b) simultaneously it affords a correction term that

initial and final potentiometer biases and the extrapolated
. L initial and final temperatures.
cancels out the effect of conduction and radiation that occur P
during sample transfer. Note 2—If organic materials are to be studied, it is suggested that
7.2 The following procedure is used to determiil. at fifteen determinations oAH. made at roughly equal intervals over the

each selected temperature for each sample container over tffd'Perature range from 311 to 533 K (100 to 500°F) will suffice in most
ances.

. . Inst

temperature range of interest (Note 3): Bring the empty Samplél Note 3—The initial temperature is usually selected to be slightly lower
than average room temperature so that calorimeter drift due to stirring and
deviations from complete adiabaticity will result in a slow, almost linear

4 Available from VWR, Welch Div., Chicago, Ill., under the following catalog drift through the selected starting temperature.
number: Thermistor Bridge—No. S-81601; Thermistor—No. S-81620. Equivalent Note 4—Normally a 50 pV full-scale setting of the amplifier is used
instrumentation is acceptable. , and initial potentiometer bias is set at zero.
Available from Thermocouple Products Co., Inc., Villa Park, IL. Equivalent Note 5—Provided that an accurate calibration of the thermocouple is

insti tation i table. - . - . .
Inserlrilrger;j;grj’\ll\slv?fgerz:nu(:actumd by Instrulab, Inc., Dayton, Ohio, has beenmade prior to its use, it should be possible to determine the temperature to

found satisfactory. Equivalent instrumentation is acceptable. the nearest 0.1°C with accuracy. _ o ]
7 A cell of this type, manufactured by Eppley Laboratory, Inc., Newport, Rl, has Note 6—To compensate for differences in the initial and final rates of
been found satisfactory. Equivalent instrumentation is acceptable. drift, it is good practice to extrapolate both initial and final rates to that
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FIG. 3 Specific Heat Measuring and Control Circuit Diagram

point in time at which one half of the total heat effect has occurred. For thén the Preparation of Apparatus section of Test Method D 1217.
heat effect occurring after a drop, it has been found that one half of th*Repeat the procedure described in 7.2 for each temperature at
total heat effect occurs so rapidly that no significant error occurs i PR ; ; -
extrapolating the final drift back to the initial time. For heater runs, it isr\NhIChI Itis dtes.lred t_;_)hdetermé)ne th]cedvatlueL‘QHthor the f”:jedd il
necessary to make an empirical determination of the point at which ongamp_e container. e_ number o . _e erm'”?‘ Ion.s needed wi
half of the heat effect has occurred in order to perform a propeV@Ty In accordance with the precision required in the result.
extrapolation. Normally, a minimum of five determinations is needed over
Note 7—Thus, if the total heat effect of the drop is found to be 8 mV any given temperature range. Expected precision of five data
and a heater run will cause a change of 2 mV, the initial bias of the heatgpoints taken over the range from 311 to 533 K (100 to 500°F)
run should be set at 3 mV so the final point will be 5 mV. This procedurejg approximately 5 %. Ten data points taken over the same

compensates almost completely for the non-linearity of the thermistor. Th?ange should produce precision in the result approaching 1 %
error incurred if the procedure is followed is sufficiently small to be '

insignifican.t even if fairly large (for example, up to 0.5 mV) deviations  Nore 8—The foregoing procedure is valid for samples that are stable
from the mid-point are allowed. and that have a vapor pressure less than 100 torr over the range of

7.3 Repeat the procedure described in 7.2 for each temperigmperatures studied. A modified method for materials that have higher
ture at which it is desired to calibrate a given sample containeMaPor pressures is given in Annex Al.

8. Procedure 9. Calculation and Report

8.1 Fill the sample container with a weighed amount of the 9.1 Calculate the value oA H, for each temperature as
sample. Make appropriate air-buoyancy corrections in detefollows:
mining the weight of the sample following the principles given Calculate the energy developed in the electrical heater:
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q-= 5[<Rloo+ Rloooo) E _E ] X 1/4.186 ) 9.5 Calculate the specific heat by differentiating the equa-
R, Rio 1o ' tion for AH with respect tol’. Obtain an equation for specific

Calculate the calorimeter factor: heat as a function dff; by substituting for the value & in the

@ derivative ofAHg. Use this equation to determine the values of

F = g/Ae, - . o
. . specific heat of desired temperatures within the range of
Calculate the total heat effect in joules (calories): temperatures covered by the experimental data. The use of
AH.=FAE, (3)  equations developed by this method for obtained extrapolated

Plot the experimental values AH versus the temperature in Values of specific heat is not recommended.

deg C. Use a scale sufficiently large to alld to be read to Note 9—If a sample undergoes a phase transformation at a temperature
the neares4 J (1cal) and the temperature to the nearest 0.1°Cwithin the range covered by the data points, a discontinuity will appear in

9.2 Calculate the value oA H; for each data point as AH, In this case the procedures of 9.4 and 9.5 should be applied

follows: separately to the data points above and below the discontinuity. Additional
data points may be necessary in order to produce a meaningful result.

F=d/ae Q) Extrapolation of a plot oA Hg values to the temperature at which the
AH; = F-AE{ (5) discontinuity occurs provides a means for determining the heat effect

9.3 Calculate the value d@ H, per gram of sample for each "Volved in the phase transformation.

data point as follows: 10. Precision and Bias

AH; = (AHr = AH /W ©) 10.1 Precision and Bias-Because of the complex nature of

9.4 Using the method of least squares analysis, derive athe procedure for the determination of specific heat and

equation forAHg as a function of the temperature differential because of the expensive equipment involved in the initial

T'. The form of the equation shall be: set-up of the procedure, there is not a sufficient number of

AH, =BT +CT? 7 volunteers to permit a cooperative laboratory program for

determining the precision and bias of this test method. If the

necessary volunteers can be obtained, a program will be
undertaken at a later date.

whereB andC are arbitrary constants given by the solutions
of the following equations:

SETAHY T =BT+ Cc3l o (8
11. Keywords
SIENAHYTZ =B 1T+ Cc2i T 9) 11.1 heating tests; specific heat
ANNEX

(Mandatory Information)

Al. PROCEDURE FOR DETERMINING HEAT CAPACITY OF MATERIALS HAVING VAPOR PRESSURES ABOVE
13.3 kPa (100 TORR)

Al.1 The following procedure must be followed in orderto  A1.3 Accurately determine the total volume of the sample
ensure that values df H do not include excessive amounts of container. Using this value and the weight and the densities of
heat liberated by the condensation of sample vapors. Thine sample aT; and T, , calculate the volume of vapor in the
correction described below is necessary only when the sampteapsule at the initial and final temperatures.
being tested has a vapor pressure greater than 13.3 kPa (100 V; = Vy— (Widy) (AL.1)
torr) at the temperature of tests. When the vapor pressure
exceeds 13.3 kPa (100 torr) for only part of a temperature
range, the correction should be applied only to those points that
fall into the high vapor pressure region. Al.4 From the values of; andV, calculated above and the

Al1.2 The vapor pressure of the sample must be known overdmple vapor pressures, determine the number of moles of

the temperature range of interest and at the initial temperatur\éaloor present aly and T, and by difference, the number of

of the calorimeter. The molar heat of vaporization may bemOIeS of vapor that have condensed. Assume that the vapors
determined from the average slope of a plot of the log of thé)bey the ideal gas law.

vapor pressure versus reciprocal of absolute temperature using N = N¢=N, = (PV/RT) — (P VJ/RT) (AL.3)

the CIausms-Qap_eyron relation. Temperatqre variation of the AL5 The correctionk, to be subtracted fromH, is then

heat of vaporization need not be taken into account. Th iven by

average molecular weight of the sample vapor must also b
known. If the exact molecular weight is not known, an K'=NXAH, (AL.4)
approximate molecular weight determined from the approxi- Al1.5.1 The magnitude of the correctio, can be mini-
mate chain length expected in the sample shall be used.  mized by filling the capsule as completely as possible. Care

V, = V;— (Wid,) (A1.2)
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shall be taken not to have an entirely liquid-filled system which
might rupture on heating.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).



