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A system is described for obtaining differential scanning calorimetry (DSC) 

data under reduced (to 10 microns) or elevated (to 1000 psi) pressure. Applications 
iilustrating vapor-liquid equilibrium, competitive reactions, relative oxidative stability 
and pressure induced reactions are discussed. 

IXXRODUCTION 

Differential Scanning Calorimetry (DSC) is a technique which has gained 
remarkabIe popularity in the last five years as one of the more valuable thermal 
analytical methods. DSC can be generically defined as a differential thermal anaIytical 
method in which the ordinate value at any given temperature (or time) is directly 

proportional to the differential heat flow behveen a sample and reference material 
and in which the integrated area under the measured curve is directly proportionai 
to the total differential caloric input. The term “Scanning” implies that usualIy the 

temperature of both sample and reference is varied during the run at some known 

function of time (usuaIIy linear). Because of its quantitative nature and the increased 
need for numerical vaIues in thermal analytical measurements, DSC has to a large part 
replaced conventional DTA techniques. A second factcr, that of ease in sampling 
handIing, further increased the utilization of DSC, even in those areas where quanti- 
tative data were not necessary. This came about because, by design, in DSC, the 
differential thermal sensors must be located external to the sampIe container in 
order to obtain quantitative results. This resuhed in a simple sample container, 
unencumbered by the need of a temperature sensor in direct contact with the sample, 
which greatly faciiitated sample preparation. 

Commercially availabfe DSC units offer a great deal of fiexibility in varying 
the temperature, heating rate, atmosphere composition and thermal history imparted 

to a sample in order to obtain a compiete thermal-ener_gy profile under varying 
experimental conditions. Their pressure and vacuum capabilities, however, have been 
Iimited to working at pressures close to ambient and at reduced pressures down to 

approximately I torr. 
The only way of achieving higher than ambient pressures was to encapsu!ate 
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the sampIe of interest in a hermetically sealed container and to allow the pressure to 

build up as the temperature was increased_ This method had the severe limitaticn 

that pressure was uncontrolled and depended soIeIy upon the vapor pressure of the 

sample at any given temperature- 

Since the ability to vary pressure, as well as temperature, has far-reaching 

application in elucidating thermaI behavior of materials, it was the purpose of the 
work described in this paper to design, evaluate and apply a Differential Scanning 

Calorimeter module capable of operation to elevated and reduced pressure limits 

far in excess of anything presently availabie. 

DESCRIPllON 

The resulting unit consists of what is, in effect, a regular Du Pont DSC Cell’, 
encIosed in a specially designed pressure housing, complete with all necessary valving 

and plumbin g_ This unit is shown in Fig_ I, 

Fig. 1. Pressure DSC Cell. 

30th the top and cylinder are removable by simply unscrewing the three bolts 
with the fingers- NormaIly only the top is removed for Ioading and unloading samples- 

No tools are utilized in assembly or disassembly to completely avoid the possibility 

of stripped threads, erc.. which would compromise the structural integrity of the 

enclosure. Any resistance encountered in loosening the bolts is an automatic indication 

of residual pressure and an instant danger warning signal. “O”-ring seals set in 
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grooves in the top and bottom portions of the enclosure seat against the side wall 
of the cyIinder and increase their contact as either pressure or vacuum is applied. 
AI1 fittings are of high-pressure type and a special hermetically sealed gIass-to-metal 
feed-through is used to provide eiectrical connections. 

The assembly is designed to operate at a maximum working pressure of loo0 
psig and to attain a vacuum of under IO microns with a good pumping system attached. 
A Iarge safety factor is designed in to prevent any possibie failures. The cell, vaIving 
and connections are diagrammed in Fig. 2. 

i?adiafkm !XeId 

Pressure VesseI 

Fig. 2. Block diagram-Pressure DSC Cell. 

The supply gas (connected to a tank regulator set at 1000 psi or underj enters 
the cell through the input connector and is controlIed by the input control valve. 
This valve is a medium-thread (7 turn) high-pressure needle valve and is mainly 
used to regulate the rate at which the cell is pressurized. The incoming gas enters the 
ceI1 directIy through a hole in the baseplate, and floods the entire internal voIume of 
the endosure. A spring-loaded safety vaIve is in the supply Iine between the valve and 
baseplate and is set to open at 1200 psi. In addition, a pressure gauge with a maximum 
range of 200 psi is also connected at this point. 

Gas exiting the cel1 during purging enters tke sampIe chamber through a hoIe 
in the siiver lid, passes over the sample, through an orifice in the side wall of the 
sample chamber and down through a tube connected to the baseplate. This exhaust 
gas is controIIed by the output control valve, which is a fine-thread (14 turn) high- 
pressure needle vaIve, and passes out of the cell via the output connector. Control of 
gas ffow rate during purging is accomplished by use of this output valve. A flowmeter 
may be connected to a line from the output connector. Extreme care must be exercised 
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that conditions never exist in which the flowmeter could become pressurized, or 

expIosion may resuIt A pressure-flow rate correction must be made to convert 

readings made on the flowmeter, which vents to ambient, to velocities flowing over 

the sampIe at eIevated pressure. 
A third valve, labelled “cool control valve”, is connected internally in the cell 

to a point under the heating block outside of the sample chamber_ This is a coarse- 

thread (3 turn) stop vaIve which is used to rapidly release pressure from the cell 
after a run is compieted. Since it has the largest orifice, it is the point at which a 

vacuum system is normally connected to the unit. The term “cool” derives from the 

fact that. when not being used othenvise, this valve may be connected to a source of 
compressed air to ahow coolin g of the heater for rapid turn-around. This procedure 

is carried out with the top of the pressure housing removed. 

Under normal operating conditions the cell is first purged by opening the 

output and cool control valves and allowin, z 0 =as to flow for several minutes into the 

ceU1 through the input valve. The output and cool valves are then closed and the cell 

brought up to operating pressure. If compIete exclusion of air is desired, a procedure 

of alternate evacuation and IXing with the gas of interest may be employed. 

The input vaIve is normally closed after fillin,.. D This produces what is, in effect, 

constant volume conditions. During a run; as the tcmpcrature rises, the internal 

pressure will increase_ This is usuaIIy negIigibIe since a relatively small volume within 

and adjacent to the heating bIock actually achieves the temperature of the experiment_ 

If true constant-pressure conditions are required, an auxiliary regulator may be 

connected to the system (shown connected to the cool contro1 valve in Fig. 2) which 

wouId release a11 pressure above the vaiue set on the regulator. 

PEXFORMAXCE 

At ambient pressure, performance of the Pressure DSC is identical to that of 

a reguIar Du Pont DSC CcII. At eIevated pressures, there is some change in the vsiue 

of the calibration coefficient used in the calculation of energies from that found at 

ambient pressure. This variance is less than IO % over the entire pressure and temper- 

ature range (- 190 to 65O”C), and is probably due to the increased density of the gas 
causing a change in the therma resistance path to the sample. For maximum calori- 

metric accuracy it is advisabIe to calibrate the ceh (using metaI samples) in the pressure 

range of interest_ 

Baseline performance under pressure is estremely good, even at maimurn 
sensitivity. A typical baseline, run on two empty aluminum cups at maximum sensiti- 

vity, is shown in Fig. 3. 

When running under vacuum below 1 torr there is some loss of sensitivity and 
resoIution due to the increase in thermal resistance bchveen the constantan thermo- 

electric disc and the sample pan_ At temperatures under 2OO”C, sensitivity and resolu- 

tion equivalent to that found at higher pressures can be obtained by applying a thin 

layer of thermally conductive grease (similar to that used to heat sink transistors) 
between the disc and the pan. 
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RASEUNE-PRESSURE DSC 

Fig.3 

APPLICATIOXS 

The abiIity to vary pressure of inert or reactive gas in the DSC technique opens 

up a large avenue of possible applications heretofore not feasible. Several studies 
carried out in our laboratory are discussed here. 

ProbabIy the first affect which comes to mind, when one considers varying 
pressure, is the ability to shift the boiling points of liquids. Such an illustration is 
shown in Fig. 4. The upper curve shows the normal melting (122°C) and boiling 

BENZO!C ACID- PRESSURE DSC 

Fig- 4 

(251 “C) points of benzoic acid. The Iower curve, run at 200 psig in nitrogen, shows 
the unshifted meking point and the elevated boiling point of 378 “C at this pressure. En 

order to avoid sublimation and evaporation, and to insure equilibrium conciitions, 

the above samples were run in a smali hermetic&y sealed aluminum sample pan 

which had a small (-0.002 in) hoIe punched in the top to equalize pressure. 

Thermochim. Ado, I (1970) 42-39 
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The relationship beheen temperature and equiIibrium vapor pressure ihustrated 

above is, of course, given by the familiar CIapeyron-CIausius equation: 

It was decided to test the Iinear rehztionship between In p and I/T using the 

Pressure DSC Cell_ Since extensive pressure-temperature information is readily 

avai!abIe on water2 (i- e_ steam tables), the water-steam system was used. The pin-hole, 

hermeticcup arrangement described above was employed. A comparison of pressure, 

observed temperature and the steam table vaIue is given in Table 1, for values of p 

BGfUWG WINT’OF WATER AS A FWCTICN OF PfBSUfE 
-PRESSURE XC CELL 

IO0 

148 

170 

198 

231 

2% 

271 

286 

from ambient to 1000 psi. The same data are plotted in Fig. 5. Agreement with the 

steam-table data is excellent and theremarkable straight line slopeof the Iogp GS. l/T 

plot yields a value of 529 cal!g for the latent heat of vaporization of water which 

compare.& favorably with the accepted value of 539 caI/g. 

CLAPEYRW-CfAUSIUS PLOT FOR t&O 

f x10’. DEG- K-' 
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The ability to shift pressure-sensitive transitions can be used to great advantage 
in the case where two thermally dependent reactions are competitive at approximateiy 
the same temperature. If one is pressure-sensitive and the other is not, or if there is 
a difference in degree of sensitivity, the reactions may be resoIved from each other 
by modifying the pressure. Such a condition is shown in Fig. 6. The upper curve is a 
DSC scan at ambient pressure in N, of a phenolic resin. The exothermic cure reactian 
and the endothermic vaporization of water in the system are competitive in the 
IOO-200°C range. The net ener,v change detected by DSC does not yieid significant 
information_ By raising the pressure to 800 psig? the water vaporization is shifted out 
of the phenohc-cure region and a two-stage curing exotherm is observed. 

CURE OF PHUiOLIC RESINS 
PRESSURE DSC 

1 I 

0 loo m 300 400 
TE.HPEfZANRE.‘C 

Fig. 6 

Another case of competitive reactions is shown in Figs. 7-10, for a sample of 
orange oil, an essentiai oil. In running DSC at ambient pressure in air, it lvas observed 
that sometimes the reaction seemed endothermic, other times exothermic and, at 
times, both. Fig. 7 illustrates four repetitive scans on identical sampIes. The same 
sample run at ambient pressure in nitrogen ahvays gave an endotherm at 182°C (see 
Fig. 8). It was felt that the lS2’C transition in N, was the normal boiling point of 

CAUFORNIA CfUlNGE OIL - PRESSURE DSC 

f 

t 
0 100 zoo 300 

TEWERANi?E.~C 

Fig.7 
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the oil, and that this transition, which appears in two of the four scans in Fig. 7, was 
ampetitivz with an exothermic oxidation reaction at the same temperature_ Increasing 

the pressure in nitrogen to 50 psig simply shifted the transition up to 249°C. indicating 

the behavior of a regular liquid-vapor equilibrium. This is shown in Fig. 9. Increasing 

the pressure in air, however. to 35 psig (Fig. IO) produced a large exotherm, starting 

at 125 :C, which supported the theory that a competitive oxidation reaction existed. 

Fig. 10 also shows a small endotherm at 260°C which can be attributed to boiling 
at the increased pressure_ 

. . 
0 200 300 

lEWEFfATCGE.-C 

Fig. 8 

WJFOlilllA OfW6E OIL - PRESSURE DSC 

1 :;- 

p= 
7 

L 

I 

I.Oc+lC 

The use of increased oxygen or air pressure to indicate relative oxidative 

stabilities of comparabte compounds is demonstrated in Figs. I l-13. These scans 
were run on three competitive automotive hydraulic brake fluids. Fig. I 1 indicates no 

significant differences between ambient and elevated pressure on one of these materials 

when run in nitrogen. The same was true of the other two samples. Some differences 

can be noticed in the scans of the three brands when run in air at ambient pressure 
(Fig. 12), but these diqerences are not signiiicant enough to discriminate between the 

samples. By raising the pressure in air to 600 psig (Fig. 13), all three materials were 
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shown to exhibit an exothermic oxidation, the onset temperature of which allowed 
us to rank the materiafs in order of oxidative SabiIity, brand 2 being the most stable. 

WJFORNIA ORANE OIL -PRESSURE DSC 

Fig. 10 

AUTOUOTNE &RAKE FLUID - PRESSURE DSC 

Fig. I I 

AUTOYOTWE BRAKE FLUID- PRESSURE USC 

Fig. 12 
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AIJTowmvE EffME FLUID - l?EssmE DSC 

A similar oxidativc reactfon occurring at higher oxygen partial pressures is 
illustrated in Fig. 14. This show a scan in nitrogen and three scans in air, at successive- 
ly higher pressures, of an automotive motor oil. The appearance of an oxidative 

XGTGR OIL - PRESSURE DSC 

Fig_ 

OAP PDLY’NRIZIUI~~~ -RIESSURE DSC 
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exotherm at approximately 23O”C, which grows in magnitude with pressure, is 
evident. It is interesting to note that a value of 232.2=C is given as the fiash point of 
motor Iubricating oil in the literature3. 

The final application study discussed here involves the use of pressure to 
produce additional reactions or alternate reaction paths, which do not appear to 
occur at lower pressures. Such an example is given in Fig. i 5. This set of scans shows 
the effect carrying out the polymerization of dially-lphthalate (DAP) during a DSC 
scan at several pressures. Significantly, as the pressure is raised above several hundred 
psi, the major exothermic peak tends to sharpen up and lnove upward in temperature. 
At higher pressures, first a shoulder can be noticed on the upper temperature side of 
the major peak (500 psig) and at still higher pressure (800 psig) several new higher- 
temperature peaks appear. These would indicate pressure induced secondary reactions 
either concurrent with or following the initial reaction, as the temperature is raised. 

The above are only a few of the many possible areas in which pressure DSC can 
be put to use. It is our hope that we have generated enough interest that others will 
attempt to put this new abihty to change q ,n old variable into practice. 
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