HYRTHRTX
AU RN

DSC @ﬁlf- BroE R

Moo =

BB &

DSC onitf¥ e+ 5—LHERY Gray DfAV7z 2 0D RE X ed e\ C Bl R 3
UGB O D HFV o, WBMITRD oD T 2 R AGT, —HtRho £F 0
HUMEE Y BB L. £ LT £O#R> 650 DSC-20B AN X h H45EELE
FHBER X\, Heuvel 6K X 5 TRETHS & ShofiiBHILUC, X Y REAGEE

WADHBZ Ehbhoiz,

1. Lo
DSC (FREETEAMRE) X KRBOMNIEER Y

HEMC M S b OBEL LT bOLEL bR
%Y, DSC iRJREL LT 2 20 MiE%HF » TV

5, 1oipfEte LCOMETH Y, 1012 B
e LCofifith s, HIEHHRZLOWEF—2D
FBic > TH{ Offfifie b x s LRI h 5,
oL, §i#HoDBEN O LOBRERBER LT
e 5 7cdizid DSC HROF - EET I LHD
A ENBDBII,

DSC & LTHIRIA T\ 5 BB o fEREER
Rz 5 T3, §65 512 () BiREfFF#EoL 0
PEALTWDH, Zo%EO FHFEEL Perkin-
Elmer 0¥ h & T3,

Perkin-Elmer k@ DSC pEHLiz o\~ Tix O'Neill
90 35 L t¢ Perkin-Elmer #9112 X » THNHA T
%, Gray® it h HOFEY b ki< RNRRRIEOR
Db DR —REEEE R LT3,

EEMic DSC AV THSBIE 2 Ticv, TR
OFFETL OHATHBL R30I~~~ 2F5{ D
HETH 5, Brennan B3I~ IR TCO~2—~2T
4 v OB X RO KRGl 5 MEREIZX 5%
DEL, ThY¥BELTR-294 v ¥iEET5HE
¥R LIz, Guttman &7 2zfrBiHo DSC FHiz
B D=—29 4 vORERIET 5% b0 LR
RT3, Bl EDOHIEIE DSC R idte LTS8
ATHRYEHE LT SBACILETHS,

Heuvel 6% {3 Gray®? o—ftR% i sBho~

BRS04 8 1258 A
SHEAPIZBEGLETH MAGXREXRSE 7-3-1 (F11Y)

— 306 —

—RFA4 y~DOEBYELBRYBE, IORBRK
OURDORBOMBERFLLBR LR L E v 2,

Gray OROFBIICY » T SO DEEH MR T
3, KARTIREL HDOEROR>IEIR HERT

— SRR, ~—274 voHfisEiziz Heuvel
X - TR AU D T 2 SR BETILHD
HBTELR LI, T TR L2 DSC 2 5r84E

- Fi3io DSC-20B B CH h, Hbix Perkin-Elmer §

DSC mhATE X 5,

2. BN

Perkin-Elmer #31LMBIERTHo DSC ixikH
e e hThBENL Licevkv 2R, B
FAFTRT 0T A SR HBIHUBOBR B
Tha, RFZSEENEVBE, Mkr & —itF{—
BETLEST50, REENELSEFs SI2E—

S, nce

Holder Holder

Heater I

Thermo- A=pli-

couple . oT fier

%emvratuzc I

RO 4

Recorder

Fig. 1 The block diagram of DSC
TR R6E



Sample

, Holder

Referonce

Fig. 2 Schematic dfagram of the DSC holders

HEEL RSB, COREENRMThDL, Wl
ROABARHE ZXHOEBIZL D, CORESEYT
{TE SRR HDF~ (BREfERS DSC) HEFH
MATHP B Th 5. CORBRTHOFBEEN
F+— P ERBBEL R AURG I h, CORHIK L
> TREDOMIEBSE< LR,

Fig. 1i24# L& DSC o@ss®Td h, Fig. 21X
5% LOCRBEBOMBUHEBRTHS, 2T
R AV BRRRBIXTO X 55c8sky & » TL
B, ,

C, = (BB PARIESY) OMAR (cal/g°C)
C, : LWMRHABOBMAER (cal/g°C)
Chs : BV F O SE R (cal/gC)
Chr : U800k v & DEVER: (cal/e°C)
To : SHBEE (C) .. -, .
AT : Fiskw Y HOBES (C)
Te : R L URBEBORE (B XURE
FBOBERE— L RE) <)
T, : BHERNEBRORE (O
T, : BB 7 OREE (°C)
Thr : %HEMHR L & DEEE (C)
Q. : REBBE» RN H 1 S ~OMB IR
" (cal/sec)
LIMERNEE » & Ll 7 ~0 BB
REEE (cal/sec) A
Qy. : BBk 7~ BETHRSHEE (cal/
sec) - : ‘
Qyr : HMPkw ' ~D METHMMEEE (cal/
sec) ’
Qq : SHBRTAHPHEHE (cal/sec)
Qae : BPHHIR V22 BIHS~ ORBHRIE
" (cafsec)
Qar : LHERIR L & 5 BB~ DB IHAEE
(cal/sec)
Ro: REVAEL v S BHIOMEY (sec’C/eal)

Vo). 35, No.§, 1975

Ro : kw7 L SHBE DMDRMER (sec°C/eal)

RSF: 3% (1) R X » Tk Mo (4T
S OMET I RET B AR (secT/
cal)

Q=Qs~Qr=(Trr—Tar)/RSF )]
Gray 69911 Ry 1K Z{ FOREY KiflCE,
RSF 3§ R, mi~T /IS RiHCE, RAFBAD
R R, t:ﬂa.t&fcm-esbkoﬁﬁo?r:. BBt
DRMEALHEE h (cal/sec) ¥R (2) Dx5e@b L

'fCo
== +(G-C) Ty
+ReCi(D,—Q)) 1))

cZ (e Tp B0 so 79 Aiﬂ&'@ Ty Tn.
Tie BEEIH TV B, &2 Tk Gray ick 5H0
2oDEELRERV B2 T o,

REEBE & yﬂﬁo B IERT (3) (4) -eﬂ
bEhds .,

G=(T-Twd)/Rs ' @

Q,=(T,~Ts)/Rs. ON
%#wf;o%m«om%m&umm%tﬁafhw
TRbEND, -

Gor=(Thu—To)/Re ®

Qur=(Tn—To)/Ra (®
3y yv:owco ?&!&I&t (7) (8) nX 5 -3 2%
hb,

Qi=—Qs—QutCre Tt Qus )
é =—éjr—éa+CM'Tm+éur ®

¥, 6Rﬁ%ﬁ’t‘0£aﬂ1§ii (9 (10) TtRbZ
ha.

i=Co il ©)

—37—



Q

IV + V

Temperatura
or
Time

Fig. 3 The thermogram of DSC

.......... - lcasuromont
of fecdback
| Hoat I- ' power
Thereo-
kAL Amplifier
gl COntroler

B aT | x 20000 | Recordar I

@ Standard

voltage

generater

' Fig. 4 Schematic diagram of the power control circuitry

0=C,-T,+0, (10)
W, 3), (), 9 LU (10) KX » (A1) XA
Bh5,

h=,~Q+(Cs—C) Tha—CRSF-Qy

+Ca'Ro(Qs"Qr)'l'(ct"cr)'Ro'Qr (11)
TR CRPHICE L RIBCIE Q50 2345%
R\ oh3,
h=Q,~0,+(Ci~C))- Tns—C,RSF-Q; -
+C*R(Q,—-Q>) 12)
), (M) BIVG) XX (13) XAdYbh B,
Q.c—ér=-o.l+.(.ciu-chr):i‘u
—CM‘RSF'QJ-I-RSF'Q,/RG (13)
N IRTOYS LB ShTVB0TC, Th

=0 35, (12) XV (13) R h (1) A
fiohs,

h/F=— -C C,—C,
/. ?I"'[CM I ar)+( e )}

X The/F—(ChypsRSF+C,-RSF
e V-2

— 308 —

+C,+Ry—C, RSF-Ro/Rs)-Q,/F
i oeae/ Ra)Qsl
—C,+Cp,*Ro*RSF.Q/F 1

z =k, F=(1-RSF/R,) T» 5,

Fig. 8133 (14) oFDEHL DSC ¥~ /I 4
EOHBERLIDDTHD, BRBHTRBELI </
SPERBCIE Q=041 &ih, &2l R
ENampo sy, AEERRSIUCERFICL -
TRED2~-2F 4 viEL, REOMBEL (Fig. 3
REBMELOMNTIh T 3) PO MM E I
h=(1+0+WM+V+V)-F ©Bbh 3, N+V 2
£ cx, C, NEAEWRTFEORAII~—-2T4
R LOMROF — 7 I 2R BAR HB & 7
3, HEO h OIERILF OMSSEE k55, ch
RN ERGRYAVTRD B ENTES,

~—27 4 vERETHHRE, I, VXUV T
by, B, V, VAREE S, MICoWT
X Brennan 5%, Guttman &%3s X Of Heuvel 6%
R bBOTE o CikikbikY, VEIUVIL, #
ELOWE TR OMER C, XFLLERSTH. &

IRARGSEE



< (-]
. .
~N w

°o
v
-

Foedback powor (ocal./aec.}

10 20 0 40 (ov)

Veltage of the ctandard voltage generater
Fig. 5§ The plot of feedback power and
voltage of standard voltage ge-
nerater

//////// [I[L]] e - soomics vover

c : Reat capacity
of the holder

Ty, * Terparaturc
of theo holder

6

Holder Tyt Asbient
Temperature
Therzo- — Heator
couple .
R, 3 Thoromal rcsistance
ar to the surroundings

™

Fig. 6 Schematic diagram for determing
Cp and R,

ik (thermal lag) S RHM AP OBEEN (res-
ponse lag) KX 5T ~=2J 4 YR BB H 25T
B2 25 Ch 5,

8. N5A=-20F%

Eo#rhiz DSC WK (14) ooV LIVV
DHORZH DL OREL BT 5B RSF, Cy,,
Chrs Cov Cru Ray Ro RIs EDfi% 53 SHENRD 5,
LFoRE:, LBREERAIHtv -T2
», v ~Fifo DSC 7 v 7 Li# SFifo DSC
WEBoALSTHARMNTIMCH B, &E, LR
O#BERRELS XIS RSF (i3, &% o0BH+
5 DSC #{fio RSF (i3 kiz i\, L
L, —ROBEROWT, ZOHEHTHH 5 LER.
EDTTHVR, '

3.1 RSF ofizx

&gl DSC oEEriREEE OBt Fig. 4 2o X
5TH5. BT HDT v A n 2 o2 B
Rubh Tl b, HEB~oBEERE Ho A 11360000
SR Ihicctichsd, CORRTRO X VAT
REHOR O ERRERERE X » TERAaTEY

Yol. 36, No. &, 1975

Voltage meter

995°0
oounysyIcy
voltage
nator

2 ¢

.
14

A source of

dc power
Fig. T A circuitry for determing R,
and Ch,
1000 [
L
soo [ ¢
- L]
§
-g 600 [
H
§-4oo B
3
&
3200 |
. 2
.0

[} L}
50 100 200 300 400 .
.Muilibr‘m: Tenporature (°C)
Fig. 8 The polt of supplied power and
equilibrium temperature in ‘the -
holder

. ﬁéf%ﬁﬁﬂﬂ%m&ﬁﬁbf:o
BEAREDRER~ORITLFTRV, Th (15)
itk'.g'a'ﬂikb'c RSF %R,

QF=AT/RSF (15)

k., QF BMBRAO PEHEE (cal/sec) TH
%, Fig.5 R nBEREHRAIO T » P EFEL
2o SOT Ty HEIRFREHBRFLYRL, £OHE
& RSF=0.543x10°(deg+sec/cal) A1} 511,7,_,

3.2 B, oW

Ch 33X Co %TET 2V DSC %M
OB EN S AT Fig. 6 ©RTX5h%%2 B
Lz, COROBMMEIL (16) RTRHLELD,

QF=Cy+ T\ +(Ta—~T.)/R, (16)

—309—



Table 1 The experiment for determining R,

Run No. Temperatg{:e of holder V, (volt) Vs (volt) Cnéﬁt;;:lt.e;ise%?v)ver
1 116 3,654 0.1034 161. 2
2 195 5.195 0.1459 323.3
3 238 5.951 0.1664 422.4
4 207 6.965 0.1935 575.0
5 365 8.070 0.2226 766.5
6 308 8.616 0. 2368 870.6
7 51 2.038 0.0518 50.0

Table 2 The experiment for determining Cj

Cins | Tempetatuse | o) OF. Ry + Ty—Th|

0 18 5.5657

15 87 5. 247

30 141 4.913

4 178 4,595

60 205 4.277

7 2% 3.951

90 238 3. 664
105 249 3,332
120 257 2.996

V1=7.145 volt, V2=0.1982 volt
Calcurated power=604, 3 mcal. /sec.
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A theory for the analysis of DSC measurements

S. Takeyama and T. Yoshida

A generalyzed equation for describing the performance of a differential scanning
calorimeter (DSC) has been derived from the energy conservation and heat transfer
equations without two assumptions which were adopted by Gray.

Using several parameters which were determined experimentally, the relative
importance of terms in the generalyzed equation was compared each other, and a
spciefic performance equation for the Shimazu DSC Model (DSC;-20B) under the ‘
experimental condition was shown as follows: |

h=—(1—RSF/R.)+*Q,+(Cs—

C,)* T'ny—(Cry*RSF+C,-Ry)+Q +const.

A new term C,.,-RSF-é s was found to be more significant than the term C.-Ro-é ,
which had been shown to be important by Huevel et al.

(Department of Reaction Chemistry, Faculty of Engmeenng, The University of
Tokyo, Hongo, Bunkyo-ku, Tokyo 113, Japan)
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