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In an a t tempt  to explain how the calibration factor o f  a heat flux DSC cell depends both on the 
standard utilized and on the experimental variables, a s tudy has been undertaken of  the entire DSC 
trace. 
This report deals with the second half of  the peak and shows that,  other  experimental  conditons 
being fixed, the peak area increases with increasing heating rate. 
This accounts for the observed decrease in the calibration factors with increasing heating rate. 

In previous work concerning the calibration of a heat flux DSC cell 
[1 ], it was shown that, contrary to what is. usually believed, the calibration 
factor depends on the standard utilized as well as on the experimental 
variables (e.g. heating rate). 

To understand both the reasons for and the modes of such a relationship, 
a study has been undertaken of the entire DSC trace. The first results of this 
study, concerning the baseline and the first part of the peak (as far as the 
peak maximum), have already been published [2]. 

The second part of the study is now reported, dealing with the second 
half of the peak. It will be shown that, other experimental conditions being 
fixed, the area of t h e  second half of the peak increases with increasing 
heating rate, leading to lower calibration constant values. An explanation of 
why different calibration factors can be obtained with different standards 
will be given in a later paper [3], in which a relationship will be proposed for 
the dependence of the measured signal on the physico-chemical properties of 
the sample. 

It was shown in [2] that, at the beginning of a DSC run, a temperature 
difference arises between the sample and reference holders as a consequence 
of the differences in the thermal capacities of the sample and reference 
systems. During sample melting, this temperature difference increases with 
a rate of change depending both on the experimental variables and on the 
instrumental constants ([2], Eg. 19). 

When sample melting is over, the following relationship must be fulfilled 
(see [2] for symbols and definitions); 

(dQ/dt)saF =CPS1 dTsaF --  TShaF--TSaF (1) 
dt R3 + Ra 
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where: 

(dQ/dt)SaF = h e a t  flux on the sample system when melting is over (i.e. 
during the return of the peak to the baseline); 

Cpsl -~- heat capacity of the sample system when all the sample is melted; 

TSaF and ZShaF ---~- sample system and  sample holder temperatures during the 
return of  the peak to the baseline. 

It was shown in [2] that the differential heat flux on the sample holder is 
determined by the temperature difference between the reference and sample 
holders. As the same temperature difference produces the same differential 
heat flux, the heat fluxes on sample and reference holders can be related in 
the same way, no matter whether the temperature difference is increasing 
(first half of the peak) or decreasing (second half of the peak). 

Then, taking into account Eqs 6, 11 and 12 in [2], we can write: 

(dQ/dt)SaF. CpSh + Cps __/3 (CpR + CpRh) -- TRhaF--T-ShaF + 

Cps ,R 2 

TRhaF --TShaF (2) + ~ ( C p s - -  CpR)+ 
R 

From Eqs (1) and (2), and taking into account that [2] 1/R = l/R1 + l/R2 
and that Cvsh = CVRh (the cell is symmetrical), we get: 

d T s a F / d t  = U p s ~ U p s  1 " [fl+ (TRhaF--TShaF)/Rl(Cps + Cps h) ] (3) 

From Eqs (1) and ( 3 ) :  

R1 (Cps + C p s h ) +  (R3 + R 4 )  Cps 
TSaF = TShaF. -- TRhaF �9 

Ra (Cps + Cvsh) 

Cps (R3 + R4) 
- t3Cps (Ra +R4)  

R 1 (Cps + CVSh) 
(4) 

Differentiating Eq. (4) with respect to time and solving for d(TShaF--Tsa F )/dt, 
we obtain: 

d(TShaF--TSaF)/dt = (Ra +R4)  Cps 
- -  [d(TRhaF--TShaF)/dt] 

R 1 (Cps + Cpsh) 
(5) 
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Putting (TRhaF--TShaF) = AT, from Eqs (5) and (3): 

Cps  
dTShaF / d t  = f l ( 'Cps /Cps  I ) + A T  

R 1 Cps1 (Ups + CpSh) 

" d A T / d t  

C p s ( R 3 + R 4 )  
+ 

R t (Cps +Cpsh ) 

(6) 

The dependence of the reference holder temperature on time can be ob- 
tained from Eq. 1 5 in [2] as: 

dTRhaF/dt = 3 - TRhaF --TShaF (7) 
R2 (CpR + CpRh) 

By subtracting (6) from (7): 

AT 
d A T / d T  ~- [3 - 

R2 (CpR +CPRh) 
-- f l ( C p s / C P s 1 )  -- 

A T  Cvs 

R1 CpsI (Cps +Cpsh ) 

C p s ( R a + R 4 )  ( d A T / d t )  (8) 
R 1 (Cps +Cash ) 

and if Cps ~ Cps1 : 

R1Cps1 (Ups + CpSh) + R 2 C p s ( C p R  + CpRh) 
(dA T / A  T) = - . d t  

R 2 ( C p R + f P R h ) C p s  1 [R 1 ( C p s + C p s h ) + C p s  (Ra+R4)] (9) 

By integrating Eq. (9) between the limits AZmax, AT and tmax ,. t: 

R I C p s I ( C p s + C P S h ) + R 2 C p s ( C p R + C p R h )  

A T ( t )  = ATma x exp - R2 (CpR +CPRh)Cps1 [R1 (Cps+Cpsh)+Cps(Ra+R4)] 

�9 ( t - t m a x )  ] (10) 

Equation (10) holds only for t />  tmax and shows the law that governs the 
return of  the peak to the baseline. Here AT is measured on a relative scale 
and a AT(t )  = 0 means that the baseline after the peak is at the same level as 
it was before the peak. This can be seen with the aid of  Eq. (8)�9 When in 
fact the peak is over, d A T / d T  = 0 and from Eq. (8) one obtains: 

A T  A T C p s  
0 - - - - - 3  - - 3 ( C p s / C p s l  ) - 

R2(CpR + CpRh) R 1 C p s l ( C p s  + CPSh) (8") 
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If Cps ----- Cpsl it follows from Eq. (8') that AT----- 0, i.e. the baseline after 
the peak is at the same level as it was before the peak. In this case, ATfin = 
= ATm and, as shown in Eq. 9 [2]: 

a T f i n  -~- aT in  = 13 (Cps -- C p R ) R  

Substituting this AT value into Eq. (10) and solving for (tfin - tmax), we 
obtain: 

R2(CpR + CpRh)Cps I [RI(Cps + CPSh) + C P s ( R a + R 4 ) ]  
(tfin -- tmax) 

R 1 Cps1 (Cps + CpSh) + R z Ces (CpR + CpRh ) 

a T m a x  
�9 In (I  I) 

/3(Cps - CeR)R 

Equation (11) gives the time necessary for the measured signal to return 
to the baseline in the case Cps -~ Cpsl. The time necessary for the peak to 
return when Cps :/= Cps can be calculated by adding the initial AT value (see 
Eq. 9 in [2]) to the AT value calculated from Eq. (8'). 

Although the equation obtained in this case is slightly different from Eq. 
(11), i t  is important  to note that it shows the same type of  dependence of 
(tfm -- tma x) on/3. 

Some comments are now necessary on Eqs (3), (6) and (1 1). While Eq. 
(3) gives the rate of  change of  the sample temperature during the peak 
return, Eq. (6) gives the rate of  change of  the sample holder temperature. 
As AT diminishes during the peak return, it has a negative derivative with 
respect to time. It then follows that the rate of change of the sample holder 
temperature (Eq. (6)) is less than the rate of  change of  the sample temper- 
ature (Eq. (3)), and that the two rates will be equal when d T / d t  = O, that is 
when the peak is over and the baseline has again been reached. This is 
just that would be expected if it is taken into account that, differently from 
the sample holder temperature, the sample temperature remains constant 
during melting [ 2 ]. 

As concerns Eq. (1 1), our interest is to see how/3 affects [tfin - tmax). To 
do this, a knowledge of the dependence of ATmax on 13 is in turn necessary. 
It will be shown later [3] that ATmax varies as/31/2 With this information, it 
can be seen from Eq. (11) that (tfm - t m a x )  varies as In (constant//31/2). 
Thus, the product ATmax (tfin - tmax),  which is proportional to the area of 
the second half of the peak, varies as ~i/2 In (contant//31/2); this means that 
the area of  the second half of the peak increases with increasing/3. 
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On the other hand, it can be seen from Eqs 19 and 20 in [2] that the more 
the experimental signal value approaches the limiting signal value, the less 
the peak slope becomes, as does the area of the first half of the peak. Now, 
as ATtire increases with /3 more rapidly than /XTmax, it may be concluded 
that the area of the first half of the peak too increases with increasing 
heating rate. 

Thus, with increasing heating rate, lower calibration factors are obtained, 
owing to the fact that, other conditions being constant, the peak areas are 
greater than those obtained at lower heating rates. Table 1 reports the cali- 
bration factors obtained for In, Sn, Pb and Zn at heating rates of 100, 10 and 
1 deg min-a 

Table I - Calibration factors obtained with different standards 

Heating rate, deg/min In Sn Pb Zn 

1.0 1.244 1.217 1.336 1.334 
10.0 1.201 1.208 1.315 1.330 

100.0 1.186 1.184 1.235 1.249 

The calibration factors are dimensionless. 

The decrease in the calibration factors at the higher heating rates is 
evident and agrees with our predictions. 

One more thing should be noted in Table 1: the differences between the 
calibration factors obtained with different standards depend on the heating 
rate. To explain this interesting behaviour, the role that the physico~chemical 
properties of the sample in heat flux differential scanning calorimetry must 
be discussed, which will be done in the following paper [3 ]. 
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Zusammenfassung - Die gesamte DSC-Kurve wurde untersucht, um zu kl~iren, wie der Eichfaktor 
einer W3rmefluss-DSC yore verwendeten Eichstandard und yon den Versuchsbedingungen abh~ingt. Der 
vorliegende Teil behandelt den zweiten Abschnitt eines DSC-peaks (yore Maximum an). Es wird gezeigt, 
dass bei Konstanthalten aller anderen Versuchsbedingungen die peak-Fl~ichen mit steigender Aufheizge- 
schwindigkeit zunehmen. Das wird als Ursache fiir die beobachtete Verrin~rung des Eichfaktors mit 

steigender Aufheizgeschwindigkeit angesehen. 

PE310blE -- ,/Inn yeTaHoaaeH~ 3as~caMoCXV~ Kaari6poBo,~Horo KogdpqbHI.VeteHTa TennoBoro nol'oKa 
s sqefiKe ~[CK Or cTa:-taapTH~ix H a~cnepHMeHTa.rm~mlx nepeMeHH~iX napaMeTpos, HsyqeHa nonHa~ 
3anHcb }~CK H3Meper~i~l. FIepBaa UaCTb npoBe~eHHoro Hcc~e~toBaH~ta y-a<e 6~ma ony6nnKoBaAa. HacTo- 
aMee coo6LtIeHrle xacaeTc~ BTOpOI~ HOfIOBHHBI l~lI<a H llOKaSaHO, qTO VlpH KaHOM-JIH60 ~HKCHpOBaHHOM 

aKCrlepHMeHTanhHOM yCnOBHH, r~otlia~r~ nnKa yBenHqI4saeTc~l c yBennqeHHeM cr~opocT~l Harpesaa~m 
~THM o6~scrtneTcn Ha6mo~aeMoe yMeH~tueHne KanH6poSOqHOrO KOgdpqbHtr~eHTa C yBenrlqeHrleM cxo- 
pocaTa sarpeBa. 
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