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ABSTRACT

The evolution of the popular and important techniques of differential
scanning calorimetry (DSC) has now progressed through two decades of develop=-
ment and application. DSC has brought to the scientific community many time-
saving analytical procedures as well as the ablility to accurately asslgn many
thermophysical properties of materials,

The development of the technology associated with the construction and
manufacturing of DSC sample holders and microfurnaces has been a continuous
one, However, the ever-increasing degree of computerization of the DSC
technique has led to improved hardware performance and awesome data storage,
manipulation, and reduction capabilities.

This paper will review the development of the differential acanning
calorimetric technique from the early 1960's to its present atate,
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Thermal analysis in general and Differential Scanning Calorimetry in
particular, Is one of the fastest growlng gnalytical techniquea, Applications
are found in virtually every industry. DSC is used for baslc remearch and
quality assurance. This wide-spread growth and acceptance of the DSC technlque
iz a reault of the evolutionary development of both the analytical instrumenta-
tion and data handling devices. The instrumentation can petform the most de-
manding applications and yet are easier for laboratory personnel to uae,

The development of DSC 1s particularly impressive. Since there has been
considerable confusion in the literature, it should be noted that DSC, as
referred to here, is of the thermal null, direct differential power messuring
type, The power compensation DSC was introduced by the Perkin-Elmer Corpora-
tion in 1963, The Perkin-Elmer DSC=1 enjoyed immediate success in studies
previously possible only by classical calorimetry, such as the determination
of specific heat, as well as for quantitative studies in established DTA
applications. 1In addition, because of the low thermal mass (approximately
1 gram) of the dual furnaces wsed in the Perkin-Elmer design, the sample
temperature could be rapidly changed to higher or lower levels or maintained
In precise isothermal control of better than a few hundredths of a degree,
Such control and flexibility in the manipulation of the sample temperature
made possible applications unique to the power compensation design. One such
application which remaine uynique to the power compensation DSC ia the study of
the isothermal crystallization of polymers.

A distingushing feature af a power compensation DSC is the presence of
two independent temperature controlling circuits, as shown in Figure 1. The
"average power' circult controls the preselected temperature program rate
vhile the "differential power" circuit adjusts the power balance in order to
compensate for temperature differences that arise between the sample and
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reference furnace chambers due to thermal activity af the sample material.
Morecver, the power compensation design consists of en independent sample
furnsce and reference furnace. This dual furnace design allows for che
differential power compensatien between sample and reference chambers, By
contrast, heat-flux type DSC's comsist only of an average power cireuit and
a single, large mass furnace.
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For all its virtues, the
early power compensation DSC
did have its design limita-
tiens. Furnace construction
was complex, conslsting of 15
individual components includ- s
ing a stainless stee]l body and ¥
support, a platlpum reslatance éff |
temperature sensor, a michrome a-é; |
heating element, several thin - pranm i LI n;'-:‘m:[
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insulation, and layers of zold i &%
foil for thermal diffugion, %
All of these components wefe

mechanically .crimped together
in a very tight sandwich. For L rn
chemical, physical and wmechan-

ical reasons, this configura= snrraycs senemsTn [/I
tion limited the useful upper

temperature range to 500°C. e b B e e toTrimeter

In 1972, the comAtruction of the dwal furnace cells was extensively re-
designed to conaist of only 3 different materiels; a platinum-iridiem alloy
for the body amd support, pure platinum wire for both heater and sensor
elements and pure alpha~alumina for electrical insulation, Thase components
are joined together by electron besm welding, which provides a strong joint
without adding extraneous material, This design provided fmproved parformance
while extending the uppar temperatura rangs to 725°C, 1In addition, the furnace
cells are mounted in a wmaasive aluminum heat sink which markedly Improved
cooling performagce. The DSC sample holder design will ¢ool from room tem-
perature to =273 C in less than two minutes when using liquid nitrogen ecolant.

This sample holder was first used in the Perkin-Flmer DSC-2, 3 top of the
line instrument introduced in 1972, The DSC-2 featured unprecedented heating
and cooling tates of more than 300PC per minute, near perfact baseline re-
peatability, sensitivity to 0.01 milliicalorie per second, temperature accuracy
to 0.1 C and calorlmetric accuracy to 0.5 percent. As such, it remained the
premier instrument in the marketplace until it was replaced by the DSC 7 in
1984,

Clearly, the next area requiring improvement was In data handling. Early
D5C's used an-'analog recorder as the output device. Initial attempts of
improving data handling used punched paper devices and desk-top calculater
systems, These systems left much to be desired. The fizet major advance in
data handling was the introduction of the Thermal Analysis Data Station {TADS)
by Perkin~Elmer in 1980. (Figure 2) The TADS 1s a modular wlerocomputer con=-
sisting of a Central Processing Unit (CPU), Videa Diaplay Unit (VYDU)} and Alphs-
numeric keyboard. The CPU contains B4K of memory with an additional 32K
available for graphics and uaer interactive command entry. Also Iincluded are
two 5-1/4 inch double«sided floppy disk drives each having greater than
165,000 bytes of memory, One drive may be used for program storage and the
other for data collection. Date is perymanently stored on the floppy disk.
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The VDU is 2 12 inch monitor. The detachable keyboard containe the full ASCII
chargeters as well as a separate mmmeric keypad for entering numeric dats and a
cursor keypad for interactive cursor routines, All programs make extensive use
of the 48 uset-programmable function keys for single keystroke entry of many
program commande. While the TADS is fully programmsble by the user in BASIC,
the system iz supported by an extensive standard software library (Table 1}.
The atandard 1ibrary contains programs to select operational paremeters for the
analysis, optimize the DSC curve, perform standard caleuylations and visually
comp#re two thermal curves, In addition, to meet the growing areas of applica-
tions, 2 series of specific advanced caleulation programs have been developed.
Programs are available for the determinatfon of the kinetic pasrameters, ad-
vanced peak analysis of complex heating and cooling curves, determination of
the abaolute purity of erystazlline compounds, analysis of isothermal data, and
the determination of specific heat, The TADS truly advanced thermal analysis
into the computer mge. The TADS can be used with either the DSC=4 or DSC-2,

TADE, BESC stsndard sofiwars Rbrary
MODIFY PARAMETERS  Displays and atiows modifcalion of the Cumsnt Lrogram paremeten

COMDITIONS Displays and alicws modificetieh o the curtent et-up condiiony

READ Displays tha cusrant analyzer #ard posmion

AEADY Selg up the Graphice Plotler 2 1er plajuing during data scquimtion

START Begins dala acquisbion ang storage

STOP Allows fer manual terminabon of data acquishon and storage

QUICK COOL T tea dala and ically cools the andly2ef to the Starting tamperatute

OVERRAIET Crvetirules the uppar fure it dunng dela

GG T ANALYSIS Activatas the ibey of progremy for analyzing gats

GOTGEETUR Hhe ibracy o1 progl fer emiling up, Bcg g I stanng data

CONTENT Diepiays tha Ties curmndly siored on the data dis on thae CAT

PLOT CONTENT Gengrates a herd-copy printaut of the s cumenily storsd on v data disk.

RECALL Ragalls and displayy prewously fon sala on the GRT

BAVE Biri & dmta lile on ™a tala dlsk

DELETE Dulgtns o dain ik from the dats disk

RESCALET Rascales tha mmparatna or img a8 1 user dalined limilx

SLOPE Charges the slope o ha curve duplayea on the CAT

¥ SHIFT Shifiz the curve iin the CAT alasg ihe 'Y S

RESCALEY Rascales the Y aus dspiay un the CRT

NORMALIZE N::fmabzes & Curve with reapact 1n e sampsa warght 127 eaay companson of ditferent dais
anls

RECALL 2nd CURVE Raczalis o pecend curve 1o the scneen {07 CoMpariscn with the 1t surve

COMPARE Bhades (n the difarsnces bebween two curves FO 5impib visd W COMpPanson

SUBTRAGT Sublragts o second curve irom 3 firs] cufws AN desplays the ditferenss

RESTORE ORIGINAL i & curvs 1k 4 11 wan ohgi y 310red Gri Wha diak

™ Analyzes the onsst, madptint, and chanpe in apacific hest of 3 (lens trarmifion

DERIVATIVE Calculates and displays the tirsl denvative of gny curve

PEAK Anakyzes pask arnda (AH), paak [Imits, onast erature, ared padic f any peak

PLOT SCREEM Qenarates x hard-copy printout of any scredn thapiey on the Graghics Platier 2

FLOT CALG Garm aten » fmd-copy pnatowt of any caleulation surantly disphiyed on tha SCreen

DETIONS Displays & many an the CAT of W cymently sclive tTunchon key with & aharl deseriphica of
sech key

RESULTS Digplays 1he resyils of any cakcuiabons parfermed and perrhiia & hard-¢opy printout &f these
resuite

Table 1

Most recently, the technique of DSC has been elevated to an even high
pinnacle with the fatroduction ¢f the DSG 7 in March, 1984. (Figure 3) The
heart of the D5C 7 is the PE 7500 Professional GComputer, s modular, high per-
formance microcemputer, This computer features 32-bit performance for fast,
accurate computing and data handling. Memory capacity is 1.64 Mbytes of
Random Access Memory (RAM) end 32K of Read-Only Memory (ROM)., Program and
data storage consista of two double«density, double-sided floppy disk drives
and a cholce of either a 10 or 15 Mbyte hard disk for massive program and data
storage, The PE 7500 has a full ASCII detachable typowriter keybeard enhanced
through the addition of 32 user-definable function keys (shiftable to 54).
Communication to and from the computer is provided by four integral R5-232C
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communicationa porta, Software-selectable communications permit the ports to
be configured for baud rate, atop and data bits, and parity. An Industry
standard TEFE-488 interface is available as an optiom.

The PE 7500 can algo be programmed in BASIC or FORTRAN, making the computer
ideally suited for data acquisition from other laboratory imstruments or a3 a
general-purpose computer. General-purpose software programs for word proe-
essing, spreadsheets, and database management are also available,

All of the software for use with the DSC 7 utilizes a "soft key" apptoach.
Soft keys, a recent development in the computer industry, are keys whose
actions are conatantly updated as the state of the system is changed. The BE
7500 ugea 8 soft keys, which are located just at the base of the CRT sereen.
The function of each soft key at any time 1s identified by a color-coded menu
of easy-to-understand prompts located directly above each key on the coler CRT,
When a soft key 1s selected, this menu is avtomatically updated, changing the
act{ion of each soft key to define the current state of the system,

For maximum productivity, the operating system used with the BE 7500
computer permits the system to be operated in a wultitasking mode, This means
that multiple instruments or tasks can be operated simultaneously and com-
pletely independent of each other. For example, an operdtor can run two
DSC 7's simultaneously and completely independent of each other and at the
same Cime plot out data; ot a tun can be in progress on one analyzer while
results and calculations are performed on the data collected from another
analyzer, Changing from one task to another requires only a aingle keystroke.

Power compensation DSC instrumentation has been advanced considerably
during the past 20 yesrs, However, just as impredgsive has been the advance in
the development of its applicaticns. It has been this growth in the use of
DSC instrumentation and the need for sophisticated analyses that has driven
the development of Ehe insttrumentation.

Figure 2, Perkin-Elmer D0SC-4 Differential Scanmning Calorimeter
and Thermal Analysis Data Station
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