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AN ADTABATIC CALORIMETLR FCR THF DETERMTHATION
OF THE SFECIFIC HEATS OF CASTING RESTNS

Prepared by:

R. W. Werfield, P. Donovan and M. C. Petrne

ATSTRACT: This report describes an adiabatic calorimeter, with
tenperature corttrolling and measuring instrumentation, which

haa been developed for the determination of the aspecific heat of
casting resins as a function of temperature over the ranre ¥°C
to 160°C. Results are presented for a mmber of typical casting
resi;.. In some resins changes in specific heat valuos are
observed vhich are indicative of second order transitions: ,\

Chemistry Research Department
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This report desoribes the design, calibration and use of a adlabatic
calorimeter used for obtaining the specific heats of casting resirs
as a funciion of temperature. Sample data are presented for a number
of resiis. The valuags of specific heat obtained by this ingtrument
are to be used in calculating the heats of polymerization of casting
msina. This stucdy was done under project N10,-1-56 as pari of a
general resin investigation program being ocarried out by the Non-
Metallic Materials Divisiou of tha Naval Ordrance Laboratory.
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AN ADTABATIC CALORIMETER FOR THE DETERMINATION
OF THE SPECIFIC HEATS OF CASTING FESING

INTRODUCTION

1. A knowledgs of the specific heats of casting resins is necessary in
predicting temperature rises during polymerisation in applications
involving the use of a casting resin in the encapsulation of temperature
sensitive electronic components. Specific heat data as a function of
temperature are important in calculating both the heat of polymerization
and thermal diffusivity of these materials. In addition, such data are
indicative of changes in the thermal, electrical and mechanical
properties at elevated temperatures and appear to ba related to the
second order transitions of these resins.

2. Very little work has been done on determining the thermal properties
of synthetic resins, and a systematic study of the thermal properties

of casting resins has not been previously undertaken. Dole (refesrence (1))
and co-workers have detemmined the specific heats of a few synthetic
resins including polyethylene, and styrene has been studied by Ueberreiter
and Otto-Laupenmuhlen (reference (2)). The need far sirilar data on
casting resins has become highly important as the use of these resims
rapidly increases in ordnance applications, often wnder high temperature
conditions.

1. The heat capacity of a material may bs defined as the quantity of
heat necessary tc produce a unit change of temperature in a unit mars

of the material. The specific heat, Cp, of a material is ihe ratio of
its heat capacity to that of water at 15°C. If a quantity of heat In
calories, 7, is required to raise the temperature of M grams of material,
maintained adiabatically in the calorimater, from T to T,, the average
specific heat of the material between T, and T, may'te cafculated by
msans of Equation (1):

Cp = Q 1

L. A calorimeter has been constructed for the purnose of determining

the specific heate and heats of polymerisation of casting resins. The
design of this instrument is based on the maintaining of adiabaticitly
betwsen the resin sample in the calorimeter vessel and the calorimeter
wall during the determination of the specific heat of the resin. The
taapersture of the meain sample 1s increased contimiously by means of

an smbedded resistance coil which is connected to a source of power,
Adiabatic conditione are maintained by electrically hcating the
calorimeter wall slowly so that the wall temperature is within 1°C of

the terperatire of the rwein sample at all times Aduring the determination.
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S5« The calorimator described here was designed to obtain engineering
data. More emphasis has been placed on obtaining the data with a
minimm sxpanditurse of timae than on the highest obtainable accuracy.
The calorimete; has besn so constructed as 0 be versailie and aimpls
in oparation and can be operated by a single techniclan. The data
obtained are accurate to within 5%. The use of this instrument in
obtaining heats of polymerization will be descrived in a subsequent
reprrt. This work is part of a long term study of casting resins
being undertaken in an effort to obtaln a basic understanding of the
properi.ios and poclymerization characteristics of these compounds,
Other reporva nave already been prepared on the electrical properties
of these resins (refarences (3) and (L)) as well as on test methods
(refersnce (5)) for studying the properties of casting resins.

DESCRIPTION OF CALOFPIMETER ANT' CALORIMETER VESSEL

6. The calorimeter used in this investigation consists of two
concentric cylinders separated by a 1.125% dead air space. The larger
outer cylinder 6.0" in diameter, is constructed of 0.125" thick brass
and closed off at the bottom with a 0.,125% thick brass plate which is
trazed to the cylinder. The smaller imer cylinder, 3.5" in diameter,
is bullt of 0.062" thick copper and is c¢losed at the bottom with
copper sheat 0,062" thick brazed to the bottom of the inner cylinder.
Both immer and outer cylinders are nickel plated to minimize radiation
lossas. The immer cylinder rests on a cylindrical piece of Teflon
1.375" thick and 2" in diameter. This block serves both to support
the imner cylinder and *o separate it from the outer c¢ylinder. The
averall dimensions of ¢he calorimeter are 6.0" in diameter and 8.0% high.

7. Wrapped around the outside of the inner cylinder is a thin layer
of ashestos. This servss to insulate the cylinder from the heating
coils which are then placed around the cylinder. This heating coil,
which serves to malntain adiabaticity during both the specific heat

and heat of polymerization runs, consists of #16 nichrome resistance
wire. The leads to this coil «re passed through a small hole O, 25"

in diameter in the outsr cylinder to the instrumentation which comtrols
the adiabatic jacket.

8. The top of the calorimeter comsists of two plastic covers. The
first cover, of linen base phenolic plastic, is screwed down tightly
into the outer cylinder and fits very closely against the imer
cylinder. Thus the inner cylinder is held in place by means of this
cover, which also serves to close off the 1.125" air space between
the two cylinders. The second cover is 0.75" thick and is conmstructed
of phenolic plastic. It is fitted very tightly into the first covcr
and serves to close the inner cylinder of the calorimeter. Two holes
0.125" in diameter are drilled through this cover and se wve to admit
ths thermocouples and the leads of the resistance coil. During a
specific heat determinaticn these holes ars closed by small pileces of
rubber which fit very closely apgainst the leads. Figure 1 shows the
calormmeter setup for a specific heat determination.

n
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9. For specific heat determinations, the calorimeter vessel (sample
holder) consists of a standard #1 can, 2.75" in dameter and L" high.
This is shown in Figure 2., The can, resistance coil, and thermocouples
are carefully weighed to the nearest gram before the resin is mixed and
paurad into the cell. A thermocouple (imu-constantan) is taped to ihe
inside of the can, halfway between the iop and botiss. A previously
prepared resistance coil of #16 nichrome wire, consisting of 22 turns
and having a resistance of about 2.5 ohms, is so suspended in the can
as to be in the approximate center of the can, raised from the bottom
of the can 0.05", This coll is made on a spring winding machine and

is 3.0" high and 1.5" in diameter. It is shown in Fipures 3 and L
belng inserted into the can. Before the coil is encapsulated by the
resin under study, it must be fimly held in place in the can. A small
Jig conslsting of a ring stand and three clamps has been found satisfactory.

10, Tmmedlately before the liquild resin 1s poured into the can containing
the suspended resistance coil, 2 thermocouple is placed in the geometric
center of the can and held securely in place by means of one of the clamps
on the jig., Care mmst be taken that this thermocouple is at the exact
center of the can and does not move before or during the polymerization of
the resin. If the coil is placed correctly in the can, the thermocouple
will be about 0.5" from tim resistancs coil. I¢ is this thermocouple which
will be used to mecasure the risec in temperature of the sample during the
course of a specific heat determination.

11. 1In the spec’fic heat determinations, heat is developed in the sample
so slowly that the entire mass of resin rises in temperature at a uniform
rate. Thus; the possibility of thermal gradients existing within the
casting are minimized. This has been checked many times by embedded
thermocouplees at different places in the resin and on the heating coil.
In addition, no overheating has been noted in the immediate area around

the coil.

Vems

" DESCRIPTION OF TNSTRUMENTATION
Introduction

Temperature Measurements

12, In an adiavatic process, which by definition is one in which no
heat exchange takes place between an object and its surroundings, the
accurate measurement and control of the temperature is very important.
Many different methods have been employed in calorimetry for determining
the temperatures of the sample, the calorimeter wall and jackets, and
other necessary mezaurements. Among the more lmportant temperature
measuring methods are electrical resistance and meroury thermoneters,
thermopiles and thermocouples. These methods have been discussed by
Swietoslawski (reference (6)) and their use in adiabatic calorimetry
described in detail. In this work it was declided to use iron-comstantan
thermocouples for all the temperature readings. The range of the
msasurements and the fact that suitable calibrated potentiometers were
availahle reinforced this decision.
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13. The temperzture mesasurements can be divided into two {ypes.

n the first are the measuremente of the rise in teamnperature of the
resin sample during the srecific heat determinations due to the heat
imparted to the resin by the resistance coil. This rise in tempcratura
muet be determined very accurately. The second case consists of the
measurements of the calorimeter wall, the calorimeter jacket and vessel,
and the ovuter jart of the resin mass. These measurements need only be
accurate to within 1°C and, hence, can be measured by an ordinary
recording poventiometer.

The Brown Recording Potentiometer

1k. The measurements of the calorimeter walls, vessel and jacket, and
outor part of the resin during the specific heat determinations are
made by a Six Point Brown Electrunik Recording Potentiometer Model
#153X6LA6-X-L2, The details of its operation will be found in
reference (7). This instrument, which is calibrated for iron-corstantan
thermocouples, primts the temperature of six thermocouples on chart
paper as a function of time. In Figure 5 this instiument is shown at
the right. This recording potentiometer is used to measure the
temperature at various places within the sample and calorimeter and
will rapidly show any thermal gradients if present.

The Leeds and Northrup Potentiometer

15. The measurements cf the rise in temperature of the resin sample
durine the specific heat determinations are made on a Leeds and
Northrip Model #8662 Portable Precision Potentiometer. A complete
description of the operation of this instrument will be found in
reference (B8), With this instrument an EMF as small as 0.001 millivolt
may be measured. In a specific heat determination the EMF varies from
1,200 millivolt to about 8.500 millivolts. These are converted to
degrees Centigrade by standard tables (reference {9))}. Before use,
this instrument is carefully checked, the standard cell 1s checked,

and the galvanometer balanced¢. To avoid error, a reference junction

is naintained in an ice~water mixture in a vacuum flask kept beside

the potentiometer during the determination. A picture of the potentiometer
and vacuum flask is shown in Figure 6.

Comtrol of Adiabaticity

Introduction and Principle

16. In calorimetry the term "adiabatic" indicates that the temperature
of the calorimeter wall (jacket) i3 changed so that the tempersiure of

. the wall will be egual to that of the calorimeter vessel throughout the
experiment. Thus, the sample in the calorimetoer vesssl will neither
gain nor lose heat from the surroundings. In the calorimeter described
in this report adiabaticity is accorplished by the technique of heating
the jacket by means of the nichroms resistance wire wound around the
inner wall of the calorimeter, thureby keeping it at the same temperature
as the sample within 1°C.
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Instruments

17. The maintenance sf adiabaticity during a specific heat
determination is accomplizhed by means of a EZrown Ciroular Recorder
Model 151321. This recordsr monitors a thermocouple taped to the
wall of the calciimeter vessel and diffarentially connected to a
tharmocoupls taped to the inner wali of the calorimeter. These
bucking thermocouples are shown in Figure 7. If both of the thermo-
couples are at the same temperature the Erown Ciroular Recorder will
show a zero setting. However, if the calorimeter vessel increases
very slightly in temperature {less than 1°C) over that attained at
ths same time on the calorimeter wall, an EMF is set up in the
differentially connected thermocoupls cireouit. This EMF on being
recelved by the recorder activates a micro switch by means of a cam
gear on the center shaft of the recordsr., This completes a circuit
which then hoats the calorimeter wall. This circuit remains closed
as long as a difference in temperature exists between the calorimeter
vessel and calorimster wall. When the wall temperature has increassd
to the point that no EMP is set up by the differentially comected
thermocouples, l.e., both vesssl and wall are at the same temperature,
the mioroswitch automatically opens and remains open as long as there
are no temperature differences. A Variac has been incorporated into
the circuit to giva a fine control to the heating cirauit, thus
compensating for any temperature lag which may occur. The Brown
Circular Renorder may be describec as a mull balancing instrumant.
Several minutes after the start of an experiment, adiabatic conditions
can be attained by careful use and control of this instiumentation.
This can be shown by comparing the temperatures of the center of the
sarple with that of the calorimeter wall; being careful that both
temperatursz are measured at exactly the same time. The calorimeter
heating cirocuit and control circuit is shown in Figure 8.

CALIBRATION OF THF CALORIMETER

18, Because the instrument is not absclutely adiabatic, it was
necessary first to determins the calorimeter constant or, more
correctly, the energy equivalent of the calorimeter. This constant
can be determined by carefully measuring the apparent specific heat

of a material of known specific heat as a function of temperature.

The difference between the actual specific heat and the apparent
specific heat 1s the calorimeter constant. The calorimeter constant
as uged in this report i1s a function of the temperature¢ and represents
a summation of the heat capacity of the calorimeter and any heat loeses
occurring during wis 2xperiment.

19. At the tims thi; work was conducted, there was no resin whose
specific heat as a function of temperature was reported in the literature.
Since it was adviaable to use a material of gimilar thermal propertiee
when oompared to casting resins in order to have a meaningful datermina-
tion, a survey of the literature for specific heat data on various
organic compounds waes made. The number of possible compounds was not
large. Benzoic acid hac long been used 23 a calorimetric standard in
both heat of combustion and specific heat standardizations. However,

5
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its relatively low melting point (122°C) limited its use, since it

was desired to make measurements to 160°C. The search of the
literature reveaied that this data was avallable only on succinic acid.
Tte specific heat had been measured over ihe Leiperature rTangs 0°C 1o
160°C (reference {10)). This material is a white crystalline solid and
has a melting point of 185°C. Therefore, i1t could be melted and cast
in the calorimeter vessel contalning the heating coil and thermocouples.

20, A study of the data shown in Figure 9 indicates that the apparent
specific heai is grsater than the actual value. Hnwever, the deviation
from the actual vaiue i1s a linear function of the temperaturse. The
value of the spacific heat of succinic acid us given in reference (10)
18 0.21)8 + 0.00 154T in the rarge 0°0 to 1A)°C, The aprarent spanifis
heat of succinic acid as determined by this calorimeter was f{ound to
be 0.253 + 0.,00174T. The difference between the real and apparent
cpecific heate is then 0,005 + 0,0002T. Since the apparent specific
heat is greater than the actual value, the term {(0.005 + 0.,0002T) mist
be subtracted from the measured value. The temperature, T, must be
the average temperature in the temperature interval considered., For a
600 second interval the rise in temperature may be L°C. This value

of the calerimeter constant has been established as the result of nmany
experimonts with succinic acid. Figure 9 shows the apparent and
actual specific heats of succinic acid as a function of temperature.

OPERATING PROCEDURE
Preparation of the Resin Casting and Final Setup of the Calorimeter

21. The casting resin under study is carefully weighed ocut, mixed,

and slowly poured into the calorimeter vessel which is held firmiy in
the jig. The catalyzed resin is slowly poured into the can and allowed
to fill the can to within about 0.125" of the top, care being taken to
insure that none is allowed to flow over the sides. Tt 1s important to
otaerve carefully that the resin completely covers the resistance coil,
leaving only the two lesads sticldng up through the resin, and that the
thermocouple in the center of the resin does not move during the
pouring operation and subsequent polymerization. In practice, no
trouble has been nxperienced, provided that all the operaticns are
conducted slowly and carefully. Figure 10 shows the calorimeter
vessel containing the encapsulated resistance coil and themocouples.

22. The casting should b%e cursd at a slow rate for a long period of
tims. This long cure reduces the possibility of cracking, volatilisa-
tion of the curing agemt (bubbles), or changing the position of the
center thermocouple. After gelation occurs, it is advisable to post-
cure the casting for 24 hours at 160°C. This post-cure will insure
that pclymerization is complete. This is an important point. If
polymerization were not camplete and some of the heat of polymerization
were ovolved during a specific heat determinatlion, it would serve to
ralse the temperasture of the mass of resin, This additional heat

would cause a aerious error in the calculation of the specific heat.

6
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23. After polymerization the casting is removed from the Jig.

The compiete calorimeter vessel i1s now weighed to the nearest gram.
The previously determined weights of the can, coil and thermocouples
are subtracted from the total weight and the welght of the resin
determined. Two additional tharmocouples are then taped naiiway up
on the sides of the calorimeter vessel, 180° apart. One of these
thermocouples 18 used to measure the wall temperature of the vessal,
the other is used to control the adiabaticity of the system. The
resistanca of the now encapsulated nsating coil is now accurately
determined on a bridge (Leeds and Northrup Test Set #5L30-A}. The
messured resistance at 25°C will inorease sllghtly with increasing
temreratura. To determine this change the resistance is measured
periodically as the casiing cools dosm from 160°C to 25°C in the
calorimeter. It has been found that a ¢oil having a resistance of
2,40 ohms at 25°C will have a resistance of 2.L5 ohms at 160°C. Two
leads of insulated copper wire are carefully soldered to the two
short (about 0,25" - 0.50") ends of the resistance coil,

2Li. The calorimeter vessel is then carefully inserted into the
calorimeter. In practice, the vessel has been allowed to rest on

a small piece of cork 0.5" thick and 1l.5" in diameter, which was placed
on the bottom of the inner cylinder. The leada from the two thermo-
couples in the resin, the two taped to the calorimeter vessel, and the
three taped to the inside wall of the imner cylinder are all passed
through the plastic cover of the calorimeter. In a simllar manner the
two insulated copper leads from the reslstance coll are alsc passed
through the cover, and small bite of rubber are used to seal the holes.
The top of the calorimeter is then pushed into place. This completes
the sealing of the calorimeter, and insofar as the actual instrument
18 concerned, it is ready for we. However, before a detsrminaticn
gzn ba made, the thermocouples must be connected to the temperature
controlling snd temperature messuring sections of the inaztrumentation
and the resistance coil must be connected through a precision ammeter
(westinghouse Type PY-5) to a constant source of EMF.

DETERMINATION OF THE SPECIFIC HEAT

25, After the calorimeter vessel has been placed and sealed in the
calorimeter and the thermocouples cormected to the proper instruments
(see Section TTI) a determination of the specific heat of the resin

as s function of temperature may be made. The source of power for

the heating of the sample is a 6-volt wet storage battery (Navy Model,
Lyons Storage Battery Co.). In practice, only two of the three cells
of this battery are used, the average delivared wltage being about

3.5 to 3.7 volts. The battery, heating element and a Westinghouse PY-5
precision ammeter are connsctad in series to heat the sample as shown
in Figure 8. During an experiment the EMF and the heating coil
resistance will chanpe slightly; however, thsss are linear ralationshipe
which can be accurately determined. The change in EMF is 2 function of
iim: rnd the change in recint nica ¥s a functlon of temperature. The
current is about 1.5 armps. and derrerasas sliphtly during the run. The
ammeter is read at 300-second intervals.

7
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26. Whils the run is in progress, adiabatic conditions are maintained
by means of the technique described in detail in Section ITI, 2. By
careful control of the adiabatic system (Section TIT, 2) the temperature
difference (thermal head) between the resin sample and ihe calorimstser
wall can be maintained within 1°C. The average initial rate of heating
of the sample 1s approximately 1°C per 100 seconds. The rate slows
down considerably with increasing temperature. A precision timer is
uged to measure the time intervals.

27. Readinps of the rise in temperature of the sample are made every
300 seconds. During the run the six-point Frown Recording Potenticmeter
which records the readings of the wall temperatures of both the

sample and calorimeter is constantly obsorved to detect any change in
the adiabaticity of the system. 1If any change should occur, it can

be quickly noted and corrscted. In practice, a large number of runs has
been made, and if care is taken, no difficulty will be experienced

in maintaining sdiabaticity.

28. Readings of change in temperature of the resin sample are made
every 300 seconds zs are current readings. However, the time interval
uscd in the calculation is 600 seconds. This is to average out any
error over a longer time interval. ror exampls, both change in
temperature ( A T) and current (I) readings are made at 0, 300, 600,
900, 1200, 1500 etc. second intervals, but the differences in tampera-
ture used in the calculation are O to 400 seconds, 300 to 900 seconds,
600 to 1200 seconds, etec. The calculated values of specific heat
are, therefore, average values over the temperature interval.

29. The specific heat of the resin may be calculated by means of
Fouation (2):

2.
op= L Rt (2)
LIRS M AT

where I = the current in amperes.
R = the resistance of the heating coil in ohms,
t = the time in seconds.

M = the mass of the resin in grams.
AT = the rise in temperature of the resin in °C.

The constant L4.185 is the mechanical equivalent of heat in joulas per
calorie. The calculated values of specific heat are then corrected by
the calorimeter constantc< This method has tha advantage over other
methods in that the measurements are made continuously.

(¢ -]
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DETERMINATION CF Tilh SPECIFIC HEAT OF
10W PRESSURE POLYETHYLENE

30. After determining the calorimeter constent, it was desirable to
check the calorimeter and insisrumentation and the calorimeter coretant
against a casting resin of known specific heat. Unfortunately, such
information was not avallable for any of the thermosetting casting
resins, Howewsr, during the course of this work, Wunderlich and Dole
(reference (1)) presented data on the specific heat of low pressure
polyethylene (Marlex 50, Piilllins Petroleum Co.) in the temperature
range 50°C - 150°C. This thermoplastic resin melts at about 13L°C.
The increase in the apparent specific heat which occurs during melting
is dua to the heat of fusion of this materlal which has been estimated
at 66 cal/gm at 13L°C. by Wunderlich and Dole. About 90% of the melting
takes place ovar a 15° temperature range.

31l. Under certain conditions this type of polyethylene can be used

as a casting resin; for example, vacuum castings of this material

can be prepared by heating of the commercilally available pellets in

a suitable mold under vacuum at 160°C. Since this resin is very
similar in ite thermal properties to many of the common casting resins,
it was decided to use it as a check on the accuracy of the calorimeter.
I+ must be noted here thai the Marlex 50 a5 supplisd by the manufacturer
is completely polymerizsd; nc additional pclymerization tekes place
during ths vacuum casting operation.

32. A casting of low pressure polyethylene wontaining ths resistance
coll and thermocouples was prepared as described in Section V, 1,
except that the calorimeter vessel, containing the resistance coil and
thermocouples, was filled with the polymerized pellets and then heated
overnight at 160°C in a vacuum oven. Several refillings were necessary
to completsly £111 the vessal. When completely filled, ths casting was
alowly cooled to 25°C.

33. The calorimeter vessel was then placed in the calorimster and
connesiod tc both the temperature measuring and controlling instrumenta-
tion. The actual determination was made in exactly the same mamner as
described in Section V, Z, except that the run was stopped at 1L1°C.
This was done as a precaution, since the now liquid (ut very visocous)
polysthylsne might allow the resistance coil or thermocouple to movs
in the calorimeter vessel and cause short cirauits in the system.
Later sxamination showed that this had not occurred. During the
experiment, it was noted that in the region near the meliing point

the rate of rise in temperature =as very slow. Duringz the 500 sscond
interval in which msliing was completed, the change in temperature

was about 0.3°C. This necessitatad keeping the Variac so adjusted
that the w21l temperature was almost constant for about &0 gsscmda.
No difficulty was experienced during this experiment end adiabaticity

s madodalen o,
wao m'csintu.a.nud within lass than 1°C.
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3k. The results of the cpecific heat determinations are shown in
Tipure 11. Fipure 12 shows the same values of snecific heat vs.
teeratura plotted on a different scale, which shows the scatter

in Hth sots of data points. These praphs show that the results
obtained in this Lahoratory with the calibrated adiabatic calorimeter
are in excellent arrcement with the results of “underlich and Dole

in the temperature range 50°C - 141°C, The most important point of
arrecment is the fact that the results also agree during the melting
range. Tt will be noted that after melting, the specific heat rapidly
decreased to less than one cal./rm. °C.

15. These resultc indicate that this adiabatic calorimeter compares
favorably with that of ‘funderlich and Dnle. These investiprators used

a calorimeter which is considerably more complex both in design and

in operation, and is used exclusively for specific heat determinations.
Their instrument is described in detail in reference (1l). Their
calorimeter appears to be slightly more accurate than the instrument
described in this report. However, the values obtained by the adiabatic
calorimeter are excellent for engineering purposes.

DISCUSSION OF THF. RESULTS

36. Plots of specific heat vs. temperature are shown in Fipures 13,

14 and 15. These plots are typical of those obtained by this method.
From a study of these plots several interesting facts are evident.
First, an increase in specific heat is noted with increasing temperature.
This is to be expected, having been previously noted by other investiga-
ters (references (1), (2) and (13)). Secondly, in Fifure 13 a dis-
contimuity is noted at about 60-70°C. This is the second order
transition point of the resin. This transition, on heating a polymer
from a hard, rlass-like state to a rubbery state, manifests itself

as a change in the temperature dependency of a large number of physical
properties. At this point a discontimuity occu== ‘5 uhe secondary
thermodynamical quantities, such as specific heat, thermal conductivity,
themal expansion, etc. As the temperature is raised through this
point, a change occurs, without latent heat, which results in larger
values of the secondary themodynamical ~uantities and a change in

the general physical properties of the material. In general, the
polymer becomes softer and somewhat rubbery.

37. This dscontinuity in the specific heat vs. temperature plot has
been noticed by Smith and Dole (reference (12)) and Gast (reference (13))
and interpreted in terms of a second order transition. Spencer and
Boyer (reference (1l)) have considered tle second order tramsition in
high polymers and pive an excellent discuscion of this topic. It will
bs noted in Fipure 1l that no second order transition is noted for
Epon 828 when cured with 12.6% of m-phenyleno diamine. This is not
surprising shen one comsiders the high heat distortion point, 150°C,
(roference (15)) of this resin system. The heat distortion point

and the second crder transition point are differcnt, although related.
The former is characteristic of the macro prupertis. of the system;

10
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the latter, of the micro propertiea. Another point shich must be
noted is that these thermosetting resin systems are all amocrphous
in structure, not crystalline. This means that the observed
temperature dependence of the secondary thermodynamical quantitias
will occur over a temperaturs range. This is shown in Figure 13
where the observed seccnd ordsr transition occurs over a B°C range.

38, The accuracy of a typical value of specific heat, as calculated
by the procedure of paragraph 29 is estimated from Equation (2).

The estimated errors in the various quantities appearing in Equation
(2) are tabulated below.

Quantitz Error
72 1.5%
R 0.u%
m 0.%
t 0.4
T 0.5%
Cp 2,82

The data obtained by thls method are reproducible and represent average
values obtalned by at least two determinations.

39, Comparison of the values for the specifi: heat of Epon 828 cured
with different amine curing agents is interesting. Epon 828 when cured
with diethylaminopropylamine tends to reach an approximately constant
value of specific heat at about 113°C, while the same resin cured

with m-phenylene diamins continues to show an increase in specific

heat at an approximately coustant rate throughout the experiment.

This latter system !s gsnerally considerad to be the most highly
crosslinked of the three systems. Epon 828 with Tris(dimethylaminomethyl)-
phenol tri (2-ethyl hexoate) shows a rather sharp second order transition
at about 68°C and then a slow but unifarm increase in specific heat

£411 160°C, Figure 16 shows the specific heat of DuPont 820-001 epoxide
resin. This resin contains about 15% of 5102 filler,

CONCLUS ION

LO. An adiabatic calorimeter has been constructed and successfully
used to determine the specific hests as a function of temperature of

a number of casting resins. This instrument 1s used for obtaining
engineering data and is accurate to within 5¢. It was found that

the calorinmeter could be calibrated against succinic acid, and low
pressure polyethylens was used to check the accuracy of the instrument.
The data obtainad on some of the epoxide rssins were indicative of

P

second order trensitions in the cured resin.
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CALORIMETER VESSEL WITH ENCAPSULATED COIL
FIGURE 10
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