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    Differential Thermal Analysis under the Decreasing Mass Condition

                       Atsushi SATO*and Hiroyuki SASAKI*

                           (Received September 10,1975)

               Atheoretical treatment of the DTA for the heterogeneous reaction

            accompanied by the decreaSe in the mass is presented. The basic

            equations for mass and heat balance are solved simultalleously by

            means of the numerical integration, and both the behavior of the

            DTA curve and the effects of various parameters on the numerical

            values of the integrations are investigated, and compared with the

            conventional results of the reaction with no changes in the mass. As

            aresult, the shape of the curve doeS not vary essentiaIly and the peak

            height falls only slightly. Although the area under the peak represents

            the sum of the total heat of reaction and the additional change in the

            sensible heat of the reactant during the reactiol1, the magnitude of the

            latter term is usually small enough to neglect。

                                 1.Intro(luction

   Differential therrnal analysis(DTA)is widely used for the quantitative determina-

tion of the heat of reaction calculating the area under the curve. This method is

effective only for a transition of a crystalline lattice, whose mass is held constant

during the reaction, and there is an abundance of literatures on the subject■ ～3). In recent

years, DTA has been applied to the heterogeneous reactions which evolve gases, such

as the thermal dehydration of clays4～6), the decomposition of coa17・8)and the pyrolysis

of polymers9～15). DTA applied to these reactions have been restricted to the qualitative

or semi-quantitative characterization, since the reactions are accompanied by the

decrease in mass and the base lines are drifted in the DTA curves. In such cases, a

sample cell with a lid has been used or the reactant has been diluted With an inert

substance enough to neglect the change in mass, however the DTA still has poor

accuracy for the quantitative analysis.

   In the present paper, the DTA curve for the substance accompanied by the decrease

in mass is analysed by solving a couple of the fundamental equations for the reaction

rate and the heat balance simultaneously. Also the effects of several parameters of

reaction kinetics and of heat tranSfer upon the relationship between the area under

the peak and the heat of reaction are demonstrated. These results are compared with

those under the constant mass condition, and the diluent effect of the inert substance

is discussed theoretically.
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   2．Fund－amenta1equations of DTA und－er－the d－ecreasing mass conaition

   When a samp1e materia1is p1aced in a ce11and the reaction is initiated by

supp1ying heat from the fumace to the cen，the reaction starts with the evo1ution of

a gas as shown be1ow．

                                     Heat

          L1qu1d（or So11d）Reactant   一一＞Gas

Atypica1DTAcurveandaheatingcurvearei11usキrated－inFig．1．Asthereaction
proceeds，the base1ine of the DTA curve begins todrift fromthe reference temperature，

T．to the fumace temperature，T∫．Therefore，in the fo11owing ana1ysis，the furnace

temperature is to be substituted for the reference temperature，and the difference

between the furnace temperature and the samp1e temperature，（丁仁丁）is to be termed

“differentia1temperature”＊．

   Prior to the ana1ysis，the fo11owing assump－

tions are to be apP1ied．

（i） The reaction takes p1ace on1y in the1iquid

      （or so1id） Phase， and the evo1ving gas，

     under90ing nO auxi1iary changes and not

      affecting the residua1 samp1e， is exhau－

      sted rapid1y out of the system．

（ii） The reaction is of m－th order as to the

      unreacted fraction of the samp1g，and the

      rate constant has an Arrhenius type de－

      pendency on temperature．

（iii） During the reaction，the properties of the

      samp1e，such as，the heat capacity，the

     heat of reaction and thekinetic parameters

      （activation energy，order of reaction and

      frequency factor） are he1d constant．

（iv） During the reaction，

      are he1d constant，i．e．，

（V）

昌

differe－1tial temperat凹re

  hma㏄temperature  、’

referen㏄temperature 。’

日・mpl・t・㎜p舳t… 、・’

ε

 initiation t8mperat1』re fumace temperature or time

Fig．1Endothermic DTA curve under
     the decreasing mass condition

                         the heat transfer coefficient and－the area of heat transfer

                           the samp1e ce11is considered to be a sha11ow cy1inder．

      The reactive substance is we11stirred，as done in thβ1iterature of Borchardt and

      Danie1s酬，and with such a system the tempera｛ures of the reference and the

      samp1e are a1most uniform．This permits the system to be described by a fi干st－

      order differentia1mode1．

   Reed，et a1工7）．，descrived the way to effect the kinetic parameters from the DTA

curves by so1ving the equations for the reaction rate and the heat ba1ance when the

temperature distributions in the ce11s are neg1igib1e．’In the present work，the additiona1

assumption（i）being taken into a㏄ount，the equations of interest are

 ＊In such a situation it is imp1ied that the referentia1substance is not a1ways necessary，but in practice it wou1d be

unfavorab1e to some extent in view of the common mode rejection（CMR）that the differentia1thermocoupIe is insta11ed

between the samp1e ce11and the fumace wa1I．

                                       （2）            Memoirs of Chubu
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          榊隻界一肌（・／一・）十・∬）多ヂ         十
                                                         （1）

          一a（劣mθ）一・…（一町）（差）m
                                                         （2）

          Tア＝K彦                                                         （3）

As a tentative assignment，the furnace temperature is assumed to be eIevated from

0．K．Thus，the initia1conditions are

           オ＝0 ： T＝0， m＝mθ                   （4）

It is convenient to introduce the foI1owing therma1parameters

          α＝cクωo／ん4，β＝oカ／1△∬1              （5）

and to transform the fundamentaI equations into the dimen§ionIess equations，as Reed

et a1．did in their work■7〕．

         け隻1一（l／－1）一・砦    （・）

         ド考一／〆”・lm   （・）

          θ∫＝θプτ                              （8）

The initia1conditions are

          7＝0：θ＝0，ψ＝1          （9）
where，

         ｛           θ≡βT，ψ≡…1m／mo， 7三。／α

          ε≡β（万／児）， ζ≡α・Z，θ〃≡α・βK

（Henceforth，the variab1es wi11be referred to in terms of the basic quantity from

which they are derived．For examp1e，εwi1I be ca11ed the activation energy，θ〃the

heating rate and so on．）

∫is＋1or－1，depending upon whether the reaction is exothermic or endothermic．

Rep1acing time，τby the furnace temperature，θアas the independent variab1e

          ψ岩一θ！毒θ一鳴     （・・）        ｛

          山1嶋一／・一ε・θ・ψ・     （・・）

the initia1conditions

          θア＝θ＝0，ψ＝1            （12）

The nonsteady heating curve of the samp1e materia1prior to the initiaion of reaction

is evo1ved by integrating Eq．（10）to the exc1usion of the reaction term

          θ＝θrθタ（1イ1ア／1’∫）          （13）

In case ofθ》θタ，θis apProximated to（θグθ〃）and then it is found that the differ－

entia1temperature between the fumace and the reactive samp1e materia1coincides

with the dimension1ess heating rate．Thus，in performing the ca1cu1ations，the initia1

condition is taken at a temperature measured just prior to an obsgrvab1e departure of

the DTA curve from the base1ine，θ。．

          θ／＝θ。十θン，θ＝θ。，ψ＝1        （14）1

τntegrating Eq．（10）from the initiation of reaction to infinity gives

                                    （3）



 96               Atsushi SAT0and亘iroyuki SAsAKI

          ／二ψ・1－／二、。。、θデ・1／一中    （1・）

   The second term in the right hand side of the above equation co土responds to the

dimension1ess tota1heat of reaction and is eva1uated to be＋1or－1，depending upon

whether the reaction is exothermic or endothermic．The first term in the right hand

side represents the tota1heat transfered and correとponds to the area under th6peak．

Whereas，the1eft hand side tem represents the change in sensib1eheat caused by the

decrease in mass during the reaction．This term can be integrated using the simu1ta－

neous measurements of both DTA and TGA（therma1gravimetric ana1ysis），and then

this integrated va1ue is subtracted from the peak area to effect the tota1heat of

reaCtiOn．

          3．Fund－amenta1eq皿ations for the d－i1川ent effect

   If the samp1e is di1uted with a substance of the same specific heat，and the

fraction of the di1uent is termedφ，then the equation of heat ba1ance becomes

         ㌧／（・一φ）ψ・φ／路一θ∫毒θ一（1一φ）嚇  （1・）

Taking the same amδunt of the di1uent t6the referentia1ce11and its temperature

being represented byθ。，the heat ba1ance飾r the referentia1substance becomes

          嶋一θ守      （、7）

Subtracting Eq．（17）from Eq．（16）gives

          （・一φ）ψ鶉、一φ午一θク毒θ一（1一φ）鳴 （・・）

Integrating

          ／二ψm・φll一ユ三φ／二十、。、θ中11一・／1帥  （・・）

The first term in the right hand side of the above equation corresponds，to the peak

area of the DTA curve and－represents the heat transfered－per unit amount of the

reactant．The second term is the dimension1ess heat of reaction．

        4．Fundamenta1eq皿a廿。ns under仙e consta．nt mass condition

   The same caIcu1ations are performed for the reagtive samp1e mder a constant

mass condition in order to compare with those under a decreasing mass condition．

The equation of heat ba1ance becomes

          m一θ仁θ一∫帥        （20）
          助  θタ  m！

in p1ace of Eq．（10）．As for the referentia1substance，the equation of heat ba1ance

becomes
          δθガ θ仁θ・
              ＝                        （21）
          卿  θ夕

                              、
In this case the area under the peak is eva1uated by

               θグーθ          ∫           oo
                  ．aθ∫
           θO＋θ’∫   θ∫

and is found to be equa1to the dimension1ess heat of reaction，（一5）（see Appendix）。

                                   C4）           Memoirs of Chubu
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5．Numerica1ca1cu1ations of the fundamenta．1equations

   The set of Eqs．（10）to（12），Eq．（18），and the set of Eqs．（20），（21）can be so1ved

by anaIytica1methods，providing the non1inearity inθis removed；otherwise，one must

resort to mmerica1techniques．In this paperthese mmerica1methods are adopted and

among these，the authors performed the successive ca1cu1ations with use of Adams－

Mou1ton method，one of the predictor－corrector methods，which has re1ative1y sma11

ca1cu1ation time．Since the fundamenta1equation（20）has an decreasing termψin

the denominator，the so1ution of the equation is inc1ined to become unstab1e and come

to diverge as the reaction proceeds．In order to prevent from diverging，the increment

of the su㏄essive steps of the ca1cu1ation must be reduced severa1times，Eqs．（15）and

（19）are integrated numerica11yusing thetrapezoida1ru1e at eachstep of the su㏄essive

Ca1Cu1atiOn．

   The a㏄uracy of the mmeriρa1so1utions is examined by comparing with that of

the integrated va1ues．The standard deviation of the soIution is 士O．3x10－2against to

the tota1heat of reaction，i．e．，1．

   A11the ca1cu1ations are performed for the case of an endothermicreaction（8＝一1）．

The initiation temperature of the造action，θ。is determined as the point where the

va1ue of the reaction rate becomes－appreciab1e，e．g．，一帥μθ！＝0．2x10－2．

A Facom270－30digitaI computer at the Computer Center of the Chubu Institute of

Techno1ogy was used for the ca1cu1ations．

6． Cha．racteristics of lDTA curves

   The responses and sensitivity of the curve to systematic changes in the various

dimension1ess input parameters were investigated．Severa1sets of prob1ems were so1ved

in which a11of the input parameters for a given set were he1d constant except one．

Resu1ts are shown in Figs．2to7．In the figures the so1id1ine represents the DTA

under the decreasing mass condition，whi1e the dotted curve under’the constant mass

condition．The numerica1va1ues chosen for the kinetic parameters are representative

of the pyro1ysis of poIystyrene，as shown in the 1iterature■8），and the heat of

po1ymerization of po1ystyrene was chosen for the numerica1va1ue of the heat of

reaction．On the basis of these va1ues，the parameters were changed within the fo11ow－

ing rangeS．

           ε： O．3×102～0．4×104

           ζ：  0．1×10■4 ～0．1×10■o

           m： 0．5x100 ～0．1x101

           θ〃10・1×10’8～0・1×101

   The effect of varying the frequency factor，ζ，by two orderざ。f magnitude can be

・…i・Fig．2．A・ζi・i・・・・…d，th・・・…i・・hift・dt・th・1・ft，≒・dth・p・・k・fth・

curve rises．Variation ofεhas an effect upon the DTA curve 6s shown in Fig．3．

Again，both the1ocation and shape of the curve are affected，but．the dependence is

                                    （5）
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inverse to that observed forζ．It is found in these figures that both so1id and dotted

curves have a1most the same1ocation of the peak．Therefore，the dependence of the

1㏄ation of the peak upon those parameters，ε，ζis considered approximate1y identica1

to the resu1ts of Reed，et a1州．一Thus，it can be seen that an increase in ε affects the

peak1ocation to approximate1y the same extent as a decrease in1nζ．

    Variation in dimensionIess heating rate has a re1ative1ysma11effect〇一nthe1ocation

of the DTA curve（Fig．4）．Asθ〃is increased，the curve is increased，the curve is

shifted s1ight1y to the rigtht，and at the same time the peak height increases．

    A variation in the therma1properties of the system（α，β）affects a11three of

the previous1y mentioned input parameters．Since bothζandθタvary1inear1y withα，

it is expected that as α is increased，bothθタ and一ζ rise and that the peak height

rises，whereas both effects on the1ocation of the peak are canceued with each other．

Therefore，the Iocation of the peak is he1d constant with the variation in α．This

corresponds to the situation of varying the heat input rate under the constant heating

rate．This behavior is observed in Fig．5whereαis varied by one order of magnitude．

   The effect of varyingβ，by two order of magnitude，on the DTA curve is dem－

onstrated in Fig．6．Since bothεandθ〃v平y1inear1y withβ，it can be seen that the

1ocation of the curve is shifted to the righ‡and the peak height rises，as β increases．

In Fig．6the sca工es of both abscissa and ordinate are increased by each one order of

magnitude，depending upon the increasingβ．Thus，it is observed that the shape of

the DTA curve is f1attened and the sensit王vity of the DTA fa11s asβincreases．In case

ofε＝0．4×104，there fomd no peak in the curve under the decreasing mass condition，

and onIy the drifted base1ine is observed．This corresponds to the1arge amount of

the sensib1e heat change compared with the heat of reaction．In case of the dotted

curve，the peak is appreciab1e but its height is very sma11compared withθタ．Since

the sensitivity and the reso1ving power of the DTA apparatus are extremeIy 1ow in

such a case，it is suggested that the DTA shou1d have Iitt1e va1ue．

   The effect of varying m on the shape of the DTA curve is shown in Fig．7．

A1though the1ocation of the peak remains near1y mchanged，the peak height increases

significant工y with decreasing n．The curve begins to be f1attened out as m increases，

but as the reverse is the case，the curve begins to have a sharp Peak．

      7．Comparison with the resu1ts und－er the constant mass condition

   Au the above resu1ts are compared with those under the constant mass condition

（as shown by dotted curve in a11figures）．In every case，the differences between the

both resuIts are very smaII，and especia11y in the region of the smaIユva1ue ofβ（Fig．

6），both curves coincide fair1y we11with each other．The effect of the various para－

meters upon the differences between the peak heights mder the both conditions is

tabu1ated in TaIb1e l．The peak height under the decreasing mass condition is a1ways

1ower than that under the constant mass condition．The variation of the three kinetic

parameters has a sIight effect on the peak height difference，but from the effect of

m on the difference，it is recognized that the difference increases s1ight1y with in一

                                     （7）



 1OO             Atsushi SATc and Hiroyuki SAsAKI

creasing sharpness of the peak．Whereas，the heating rate，θタhas a significant effect，

                      Tab1e1．Comp肌iso皿betweeIl peak11eig趾s

                     ・ff・・t・fζ（ε＝O．4×102π＝0．75θ二＝O．5×10一割）

                                             peak height

 ζ＝O．1×1014

    0．1×10■5

    0．1×10■o

effect of ε （ζ＝0 1×1014

     0，313xユO■8

     0，309x1O■3

     0，305×10－3

π＝075θ二＝01・10－2）

     peak height

  ε＝0．3x102          0，560×10一割

    0．4×102             0，600×10－8

    0．5×102               0，616×10’8

・ff・・t・fπ（ζ＝0ユ・ユ0～＝03・102θ二＝05・10’8）

                         peak height

    π＝0．5              0，310×10－3

       0，75                0，289×10■8

       1．O                 O．273×10’岳

・fff・・t・fθア（ζ＝O・1×10’4ε＝O．3×102に0．75）

                         peak height

θ∫＝O・1×10－8

    0．5×10－8

    0．1×10’2

0，650×10－4

0，313×10－8

0，600×10■3

and the difference increases marked1y with increasingθタ．However，the pumerica1

va1ue of the temperature difference is re1ative1y sma11and does not exceed the heating

rate，θタ．It is expected from the effect of m in that tab1e that the maximum difference

shou1d take p1ace at the most sharp peak condition，i．e．，at which the reaction has an

impu1se fmction of the reaction rate．In this case，the fmdamentaI equations become

simp1e and can be so1ved easi1y with such an ana1yticaI method astheLap1ace transfor－

mation．Under the constant mass condition，the equation of heat ba1ance coincides

with Eq．（20）exc1uding the fact that the reaction term is imposed at the initiation in

an impu1sive mamer．The so1ution becomes
       θ＝θアー（θタ十1）・一（θ∫Iい’∫）／θ’∫        （22）

Thus，the va1ue of the DTA peak is equa1to（θタ十1），whereas under the decreasing

mass condtion，the peak va1ue is fomd to be mity．Therfore，the maximum difference

of the peak va1ue between the both conditions is equa1to the heating rate，θタ．

             8．Ca1cu1ation of the止eat of reaction by i1■tegration

    The area under the DTA curve under the constant massconditiona1ways coincides

with（一∫），whereas it has the va1ue bigger than（一∫）under the decreasing mass

condition since the additive term representing the change in sensib1e heat is inc1uded．

The numerica1va1ues of the dimension1ess peak area are represented in the first

                                      （8）           Me血。irs of Chubu
                                                             Institute of Techno1ogy
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           Tab1e2．Integrated va111es ahd Peak a．rea

           ・ff…、・fζ（ε一0・4・102π一〇・75θ二一0・5・10’8）

                     ・…1・… ∫こψゴ1 －／：（1－1・）抑

101

ζ＝O．1×10■4           1．215          0．2162          0．2167

  0．1×10■5           ユ．195          0．1958         0．1960

  0．1×コーO■6           ユ．177          0．1779          0．1781

      ・ff・・t・fε（ζ＝0・1×10ユ5π＝0・75θ∫＝0・5×10．8）

                 ・…1・… ∫こψ・1 －ll（1－1・）卿

ε＝0．3×ユ02        1．152        0．1523       0．1526

  0．4×102         1．195        0．1958       0．1960

  0．5×102           ユ．236          0．2373         0．2378

     ・ff・・t・fη（ζ：O、ユ・10Hε＝O．4・102θ二＝0．5・ユ0－8）

                ・…1・… い・1 一∫：（1－1・）如

〃＝O．5              ユ．175          0．1746

  0，75             1．177          0．1779

  1．0             1．181         0．1814

    ・ff・・t・fθ∫（ζ＝0・1×ユOユ5ε＝0・5×102

               ・…1・… い・1

π＝1．0）

0．1744

0．1781

0．ユ817

θ戸0・1×ユO－3

    0．5×10一宮

    0．1×ユO－2

1．224          0．2250

1．24ユ          0．2421

1．248          0．2487

一∫：（1一州

0．2274

0．2424

0，249ユ

。o1umn of Tab1e2，and the integrated va1ue of the1eft hand side of Eq．（14），i．e．，

the change in sensib1e heat of the samp1e materia1，is tabuIated in the second coIumn．

This term can be modified with the integration by parts

           ／；ψm一一／1（1一州      （・・）

The numerica1va1ue of this integration is a1so1isted in the1ast co1umn．It is observed

in that tab1e that the difference between the peak area and the change in§ensib1e

heat coincides with the dimension1ess heat of reaction（1）within the error of the

numerica1ca1cu1ation．The effect of the varying kinetic parameters on the term of

the sensib工e heat is demonstrated in the tab1e．This term decreases s1ightIy with

increasingζand with decreasing bothεand m．These phenomena correspond to the

change in sharpness of the DTA peak as shown in the previous figures．A1though the

sensib1e heat term increases with the increasing heating rate，θ〃，this term is much

1ess than unity whenβis sufficient1y sma11．Thus，under thedecreasing mass condition

it is a1so Possib1e to estimate the heat of reaction direct1y from the area under the

DTA curve．When it is possib1e to measurethe DTA and the TGA simu1taneous1y，the

integration of the sensib1e heat term can be done（the1eft hand sid．e of Eq．（14）or

the right hand side of Eq．（23）），and gives more a㏄urate estimation of the heat of

reaCtiOn．

                                    （9）
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9．Tbe d－i1uent effect

   There are many1iteratures about the di1uent effect upon the DTA curve3’”I州，

and in these work the effects of the varying therma1conductivity and heat capacity

of the di1uent upon the area of the curve are investigated．Som6theoretica1ana1ysis

has been done mder an assumption that the1heat capacity．of the samp1e remains

constant during the reaction by introducing the di1uent■I肌）．In this section，the vaiidity

of the di1ution app1ied－to the samp1e whose mass decreases in the reaction is discussed．

                                       Fig．8shows the di1uent effect on DTA

O．O15

OlOl

㊦

O，O05

ζ＝O．1×1015
ε＝O・4×102 @    φ＝0，O
m＝O．75
θI＝O．1×1O－2
∫

                ／、  φ＝O．5
               ／＼

              ／  、

             ／   1

ノζ1二1に
   1．〇  一   1．1

Fig．8Di1uent effect

θア＝0・1×ユ0．8

1．2
  色

。urves，where the samp1e is di1uted with the

di1uent with the same specific heat capacity and

the手ractionsofthedi1uent，φare0．0，0．5，0．75

and0．9．Numerica1va1ues of the area and the

sensib1e heat term per unit mass of the samp1e

materiaI are tabu1ated in Tab1e3．The sensib1e

heat term is somewhat1arger than that of non－

di1uting case （φ＝0．O）， and increases s1ight1y

with increasingφ．As mentioned in theprevious

section，both of the integrated terms a1so

increase with the increasing heating rate．

   Thus，thediIutionmethodwhichis often used

tOta1 area

∫；榊・φ11

Tab1e3．Di1皿611t effects 011 peak area

   φ＝0．0         φ＝0．5         φコ0．75

ユ．178

0．1844

1，179            ＝I一．179

0．1844          0．1845

  （ζ＝0．1×1015ε＝O．4×102

φ＝O．5         φ：O．75

φ＝0．9

θ∫＝0・1×10－2 φ＝0．0

   1．180

   0．1845

π＝0．75）

   φ＝O．9

            tota1 area           1．200          1．203           1．204          1，204

            ∫；附φll ・・・・・・ ・・・・・・ ・・・・・・ ・・・…

                                            （ζ＝O．！x1015ε＝0．4x102 π＝O．75）

to prevent the drift of the base1ine is foundキ。 be unprofitab1e for the quantitative

．determination of the heat of reaction．Moreover，in practice，the sensitivity and the

accuracy of the DTA fa11considerab1y when the di1uent is added．

                             10．Conc1u砒ng remarks

    The DTA curve for the gas－1iquid（or so1id）phase reaction a㏄ompanied by the

decrease in mass is ana1ysed theoretica11y by so1ving simu1taneous1y a set of the equa－

tions for the reaction rate and for the heat ba1ance，and then the effects of severa1

parameters of the kinetics and the heat transfer on the behavior of the DTA curve

are demonstrated．By integrating the equations，the re1ationship between the peak

area and the tota1heat of reaction is discussed quantitative1y．These resu1ts are

                                      （ユ0）           Memoirs of Chubu
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compared with those obtained under the constant mass condition，anda1so the va1idity

of the di1ution is examined theoretica11y．Thus，the fo11owing resu1ts are obtained．

（i）The DTA curve mder the decreasing mass condition has near1y the same

     behavior as that under the constant mass condition．

（ii） The d－ifferences between the peak heights under the both conditions do not

     exceed the dimension1ess heating rate．

（iii）Under the decreasing mass condition，it is feasib1e to estimate the heat of

     reaction directIy from the area of the DTA curve．

（iv）The change in the sensib1e heat is eva1uated direct1y from the simu1taneous

     measurements of both TGA and DTA，and the tota1heat of reaction can be

     ca1cu1ated accurate1y．

（v） The di1ution with an inert substances has no profitab1e effect on the quantitative

     characterization of the DTA curve．

Nota．tioI1

λ：

○ク：

 亙：

△亙：

 尻：

K：

 m ：

 R：

 ∫：

 T：

 オ：

 m ：

 Z：

 α ：

 β：

 ε ：

  ζ：

 θ：

θタ：

 『． ：

φ：

ψ：

area of heat transfer

s・ecifiche`
aCtiVati0町やnergy

heat of reま。tion

heat transfer coefficient

heating rate

order of reaction

gaS COnStant

parameter indicating exo－or endothermic reaction

abso1ute temperature

time

weight of reactant

frequency factor

o〃。／〃λ

○カ／1△∬l

dimension1ess activation energy

dimension1ess frequency factor

dimension1ess temperature

dimensionIess heating rate

dimension1ess time

fraction of diIuent

fraction of unreacted reactant

一Subscripts一

ア：  furnace

o ： initiation of reaction

γ ：  referentia1condition

（11）
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   ApPendix

   Vo1d■）used the fina1point of the reaction as the1imit of the integration in their

work on the heat of transition of stearic acid，and did not adopt the tota1area under

the peak，as shown in Fig．9．

                                     The equations of heat ba1ance for the transition

ρ
  23

書

ε

雪

。

o13……

．雪

着
。

ε 3

毛

Fig．

Zer0．

peak

                             are Eqs．（20）and （21），and subtraction of Eq．（21）

                             from（20）gives

          f、、、、。、㎎。f、、、、、i、、、 一a（θrθ）一θrL∫・ψ

                                     ∂θチ  θチ  6θ∫

             ／       Integrating from the initiation to infinity gives

                                ／；十。。アθ1テθ∂1・一・

                             It is found c1ear1y that the tota1heat of reaction

                             coincides with the peak area．But if the upper

                             1imit of integration iS considered to be the finish－

      20     40     60mg Pomt of the trans1t1on，θ1s not a1ways equa1

                        min’ toθ、at that point．Therefore，the integration of

g DTA curve for transitionユ）
                             the1eft hand side of Eq．（24） does not fa11 to

Consequent1y，it is contradictory to eva1uate the heat of transition from the

area hatched－in the figure．
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