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Static calorimetry is a powerful mean in research and development of industrial materials.
However, it has not been previously applied so much, because of the complicated handling of
calorimeter and the lack of knowledge of the calorimetry. In this article, the fundamentals of
static calorimetry correlated with the basic thermodynamics and the development of the recent
calorimeters were reported, and the application examples to the four different fields of the research
and the development of the industrial materials were described. In regard to an application of
calorimetry to surface chemistry, basic principle on the heats of adsorption and immersion, and
several examples for characterization of porous solids by the adsorption microcalorimetry were
introduced. Various types of calorimeters as conduction, isoperibol, and adiabatic calorimeter
have been widely used for the development of industrial materials and the quality control of
cement in the construction field. Significance of biological wastes recycling and microbial activity
in high-moisture biological wastes were described. Heats of mixing measurements for various
kinds of binary mixtures containing fluorobutylmethylether, which were carried out to find the
more effective solvent as the rinse of industrial creaming process, were explained.
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Fig.1 Construction details of the practical use
calorimeter; (1: motor, @): heat sink, 3): air
bath, @) joule heater, (®): container, (6): vessel,
(@: stirrer, (®: thermo module, 9): air fan, (0:
circulation pipe, @D: heater of thermostat, @2
cooler, @3: thermometer, @: power supply for
calibration heater, @: adjuster for baseline,
1 precision thermo controller, @: amplifier.
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Fig.2 High sensitivity microcalorimeter attached to

vacuum system;® (D calorimeter units, 2): outer
heat sink, 3): main heat sink, @): plug, ®:
vacuum chamber, ®): valve, (7: thermostatic
container, ®: vacuum gauge, (9: vacuum pump,
@0: flexible tubing.
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Fig.3 Thermal power output from the measurement
of the radio active source '*C using the high
sensitivity microcalorimeter.®
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Fig.4 Differential heats of adsorption of water on

mesoporous silica FSM-16 at 298 K. Keys: @,
the first adsorption run; O, the second run; A,
the third run.”
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Fig.5 The profiles of the interaction potential between
a n-hexane molecule and pore walls of ACF.
The abscissa, z, stands for the distance between
the hexane molecule and the center plane of

the pore. Pore diameter: ——, 0.7 nm;

09nm; ———, 1.0nm; —-—, 1.1 nm.!D
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Fig.6 Differential heats of adsorption of n-hexane on

ACFs at 298 K. Keys: A, pore diameter is 0.7
nm; O, 0.9nm; @, 1.0 nm; [, 1.1 nm.1D
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Hydration of C,A(Formation of AFt)
Very early hydration of C,S

Hydration of C,A

- _t . Hydraiion of CsS
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C,5:Ca,8i0; C,8:Ca,Si0, C,A:CaAlLO, C,AF:CaALFe,0.
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Fig.7 Rate of heat liberation against reaction time for primary hydration of cement. Points; #;: point of maximum

reaction rate caused by the main reaction of the hydration of alite, #: starting point of main reaction. Shorter

t1-t; indicates rather quick reaction.
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Fig.8 Dependence of reaction time for hydration of
cement on conductivity of salt contained in the

cement.

5.3 MEFEREICH T ZFIA
5.3.1 <wZX3>71)— NEMEORSE

A Y D ORI KFEIZ LD 2> 7)) =+ D
W A2, vy U7 e EmE 2 > 7)) — b
HEHfIEA Y PEDOS VI 2 ) — N T, ZOMEEE
ANWEE %0 327 1) — FNEROTREEARFNEIZ X )
EHL, SRERIIIMVRIRI X 0 EHIE R D O TRIMNIEED
L, FEISFEEDSERL, OUENWDRET L, 20
BEOCENBEIRE, 3> 27— bOIAEZ N EXE5

154

TOEELMETHL, TDHI 7)) — b OWiEAS
(L TOERLE FROEIWIEE 20, MEBIZD 7250 122
R PFH I N TS, THIZEY, KRV FT 2~
Rt X ¥ ML RIREL AV N H B WIIH 7RO
EEA T 7R HWIEREY A v N e EDBREE N TV,
SfEt X FORISE

I B Y AVOFEFETHETH HNATM IZBWTIE, RA
J7za v 7)) — b ERFRCHAL S 5 SRR E R 2 1
LTV D, RO SHREHI ORI IZRA 25 %47 o
MEOBFEIE, HKEZOIRIE L% Hli§ 5 72
DI EIRBERBEFT DR D AKEROAMES X R
VB RIS B 2 & TH LWAPEIBIZS 2 T REIC LTV B,
%P, TOMIZ, BEEHE, SFEHE B L THiIC
BB L 7 ALFIRRIAN R AE R 257 2 7 & 7 8 L SR
THDIZHETD,

5.4 REEE~OFHA

BEEWFI T O A ¥ N OFLEAILFFEICB L O
AN ZMES A LTV b, BEEY O+ A~ MEFE LT
OFIHEABERT 5 L BFHLEINL, 7Vt —bEd
LI TIAT v ahERFIAT S L B E OA
RICE DBESENE L S, EBEHLDEELTDHRDI—F
A+ ORIEAHEIH S NERE A S L 22wy TOBR O
(A RERI BRI DL > TB Y, ) fWEEH A HW L L7
BB L IREIN T VD9 F72, BKEEL T
Kt 2 v b TIE—EIRE TRD S 7 bk & i LT O
GO FEIRBGNE B S 25 % KD TS S-S 5 )5S
JIS THESN TS, LaL, ZOFEICLBKMETIE

Netsu Sokutei 33 (4) 2006



TR BAENE DI — TR E DFEAR LTS - BIZE~OIBH -

FEORE A~ L7 OMRE ZFHIE T & 2 v $72b
b, WEEHT COKNAPELTHY, WEEHE LT
(&, WIS & B BB 2 o

6. B%¥ - RIENEHFDICH
EMREEN EHNRE LT
A2 KRR MERICERE ENDISHA

6.1 REHUMEEDOVLEM

B E OB RF RIS ENELY L5 72010z d
DERETRDHEML, ZIUCMEE L T—H 720 A S
ENDAEARBELERZ TWVDE, ZOLOBERHZL5ARY 2
VARZAN (HER) LL, THEED#EGNT L AIEELDOD
Ve e &R e L GRIEICTEERIET 5 2 L2 X - CHll
HREMEELZ IR TE S, 20X BRI M, Hik
B BB EITIIRIC I F &, [LFIE ORI £ 2+
FEOMEMENE 2 IR L, Akl ORI 2 fE R 2
72D CTEETH b,

6.2 LR MU & ZEEMREM SRR

FH 5 AR e AR DA £ 5 3
VARA MU, YRS & RO AU L
HITHR I - ZEb a1 S EDRETH B T
IAHCRBUILY, RESLADREIHRITO~80CE TL
55 7208 & T TV B TREMED & 2 JEE e
WEF DIEWAE 5 T ) A2 X B BERORLAL,
GO, & L CKRGAEIC L BHMED FFIHER,
=T = Tk EICRRAT 2 AR E L C—RICFR S
NTW5E L) B 5,

6.3 EKDMEIOWEN DR

K5 AR MRS KGTH Y, FEIT85 %
PLEDKGHBEENT VD, TDLOEKSEMOREE
TEEEDTEWE D L, BREOHEIE T TIEEO B VIR
WERATIEIRT % 13T F LWIREEIZIE v, SRR Y
T 5 720K IR BL O E B E LTHRY 7,
e BAKED/ NIV F 2 7 (bulking agent, 7K53FREE
BLOWEALH) Z2RAL, 50~70 % BREOKGIHTHEL
TaAYEAMLEIT>TWD, 2NvE sy 7825 )%
AL TWADIIAARZTCIER L, RILEOET
b, ZOFEERD N TH L, THEMEM L1358
) BROEWEFIHT 5720, NVx I EAFTE
v, b LI AFREER RS FEIEL, Zomaiday
RAMEEAT) DML B ds 22NV F Y IO A
FHEHTH->ThH, NF 2 FHORAICE ) UIER
TAMPERIREETLE ) RED D Do M2 TIRMIZIE
INIVER TR B &) EMIIES IR TE R %

Netsu Sokutei 33 (4) 2006

155

HAHEEARE V. TNHIZEERNA T YAZRTHY,
HALCAHBEEMEL CIHENELTCLE YD TIE R,
HIIZIE 7V T = VIEREME 7 20 & L72Z BB D B A
7= FRHEIT 572 BT, R 2GR S AR IE
ELTHHENDERETH D, D0/ F v I % M
Wi EBERGMEOFE ETIRA MEETRRIZT S
LV RO THE L WIEZ I 5 2 E AW % 5 THL
b

C TR DRI NIV F v T A ISk
MROF E a2 RA MUBZIES L Z LDTEETH
B eV IR TH Do SRELIKGIREIZB 514
A R A BRI 2 & o TR L7z,

6.4 MEBLUHE

AW RBEGEAT R L CEE RSB CEL S [B5 ]
7z, HOB2 S 2 FIRTEEZL, KirE#40 % £
THZMEL, ZAUZRESE pH BEME (pH10.01) &ML,
FIpH10 IZFAR L 720 4 — b7 L—7fE (121°C, 15 min)
&0 NI L7oth, ey (GEMAT A VAT —A)
ISR T2 g T L 720 SAUSIERIK Z N LEEHC
FEFKIHATEFESD £ 9 20°C, 12 MR L 76k, I3 v K
A MUA % & AT 2 A HIEHIMER 0.5 ml 2 RNt
B b #m 2 l5E L 7ce sURREEARI 03 2 K3 0
wILE, 55722590 % TS5 %M 7T EBHIHET L, K280
FOMER L 72

3 VRA MY & A A PO VR A ZE 2= A
B RAMEBEBEIZL DR L7z VR A PRV,
3 YRR MEDFEHZIEFHE R MR R0 HERICL 72
Pl s A Iz, BOBEIC L D70 CE THR
L 1ERIREEEARSE L 22ARES g \ZIEk45 mlZiNz, RE
DI A Y& o TR L 72 B2 O UM B & TR
L L7z
BElEIESE - Y Ry v FRIp O — =5 —
SCM-12 ((#F) M) #Mf L7z ZOZEFHL12 55
FIREAEASTTRECH 1), MR 2R 12 1, FRUERURIAS 28
12 OB > TBY, ko T b mEARRICD
WCHGET 2 5o, B2 ETRAIRIE OZE) I & 5 BiiiE
J A RO BRBREDAOZLII TR SN, Sl
DML RET D %o BEHILAEIIZ 7O —FEEY 2
—UHFRHENTEY, #iEE))I3428.4 mV K-1 Th b,
JEIEIZRANGE 250V (&%) ~100mV (&R £C
2B THRETH LN TE B, BEHEROSERIZ20C
—5ET, EERANGE | mV TllliE L7z,

6.5 EBRERBLUER
T CHIE R & B AL DK% Fig9 1R,



0.02
'™
-~ 0015
g
S 001 *
E 0.005T
01 2 3 4 5 6 7

t/h

Fig.9 Change in voltage due to microbial heat emission.
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Fig.10 Dependence of specific growth rate of compost
microorganisms on moisture content of biological

solid wastes.
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{FBME(1)+ n-Butylmethylether(2)}, a: {FBME(1)+
n-pentane(2)}, Il {FBME(1)+ 1-Pentanol}, O:
{FBME(1)+ Ethylene glycol monopropylether(2)},

A {FBME(1)+3-Pentanone(2)}.

FBME & [i] U inc =5 DEgE, 7V o7 na
—IVEED LRI B ZNFIGEE Lz, ZORE, &To
RAEWI BV CAREZEHETENE (W2 %KL, BE
12 & o TEMICARERIBW A L7z HL, 1-% %
J =V EDREWE, HuE OB 2R RAE 2 505
e & HITBEDTE Uz x1 =0.5 1281 B HpE T n-7%
vy v EDREWD R AREL (1392.3 T mol 1), T
FLyZY)a—VE FOELIT—F ) EDREWIRD
INEHoTz (7225 T mol 1) o TS DREFIZDONTEER
T 5, B TORBWTHMIIAZEIZ DD, RAICK
o THIFEIRRE & 1) b 55\ WA B 239 72 1R S
NBZEIGERT S, E51Tn-r ¥ v L DIREWDIH
fDERAEY &V b AL EL2 K EWDIE, FBME —
n-~XY ¥ HCRERN 5 B0 T RAAHBLEHATER S Lk
W LR EN D, SR B L, n-RV T VLA OY)
BT TR E %% DT, Tl I 7- AU - — B
T FA AR S OB BRI LA BT S b, 2D
FESL BUN AR En- Y L EDIRAME Y NS
{pho =7, 1-_U ¥ )=V EDRGWIMIEEL TV
572012, xi=0.512B8F % H B lldn-_>v 5 2 L OREY
D BREL B RHFHELE L 2 h o 728513, T
UALAC BT B HoE D DIHEE T B & n-_V ¥ E DIRE
W ZZFEEOYFESTIREND, L2, n-XV ¥y~

Netsu Sokutei 33 (4) 2006

157

LOWREW LD bIERVIEEGECHISEEL 7201k, = b
E—BRAFNI LB DTH L, Thbh, n-Rv ¥k
N 1-_2F = VEFERF-BKRER G & 0 i A A
YEF L TWADT, FBME & 3—ED1-<> % J — V5T
LAMHEEHTE 2\ ZO720ICHSEEDISEL, =
b Y= IR 2 IRED T LT b b S D, 20
ZElE, ENVEEIUINE— (AwpH) OIHME200
W6 bW T, 1-]V % =)V Ofi (56.9kImol 1)
En->% D 26.4kImol-1) LXYbKkEL{, #LT,
FBME Offi (30.5kImol 1) &DEHREV, X512, fil
DORPEIE &L OB NTY, 1-_V ¥/ —VidiRdE
WHZRTZEDSBP SN TH 5,

E 512 Hob IS B T OS2 5l S %
72002, 14 FEHEOIREWIC O W TIREBOME %117 5720
FNHDFERNS, TIVH VT IV I — VED &R
SFEARFE T T VTN IED RFERIRA A G L7z, =
FL 7)) a—=)VI—TNVHEHIZOWTI, =F L rF 3
A RO T AN ((OH or -OCH;) D#EWIZL D
HoEENOHFG S TRHMEi L 72 2L T, ZNODHE
I3 2 Be 3 T D% 5% 5HI S 5 72 0\ R AU B
FAEAEVBRIILY S VY — (HuE®) 2, RENTOE
SR > 7V E— (AwnHi) b AvapH: DICHIE S 7213
B xE W CRED 720

ENSORREDS, ROKH %472, FBME HOEE ST
FNCBUT AT E 2T T VR NVEORFEREINE, &
W& BN IAZ L S AW H 5, LA L, FBME H
D7 ORI, EHOBN R LEE TR LS,
FIUIFIRFEROHEIN X 2 LET AV F— (AonH>)
EREFALT AN T~ (AvpH2) DT OBNIEANZ T
HTHDHIEIGERNT 5, £/, FBMEFCIZFL > 7Y
D=V IT—FVIZBITBITF LT &4 FEOHOB
13, BEER/NELT A, THIEBSTRMEERIZL S
TEILOMAETIE %, REGALEEG DI, &
WRAEZ I 7 UGBS -2 1ok » TaE R T
TWh EERSND, HEo T, REMITIIERE RNEEL
Edb, EHL, TF L) a— VI —FVO5 K
FATBIF BAKEEILD O A b F DIVEAOEIRIX, N
BINESLTHZEDNHONIZ R 5720 FIZINHDOFERE
MATIHE 5 &, 19FEOIRAMOHR TR d BU AR
FEALDNEVDIIZY TF L F) a—= VI AF LT —F
JV{CH3-(OCH,CH,),-OCH3} T - 726

RIS ZNS OHILZ PR - BEBEEARIICH L, ¥ 3584
ROMPIR R & FERR L7z FHMOD 72012, B 2 ANZE AL
PED/NENWSZFL V) a— VI AFIVIT—F %)
YAFNE LTHWSE L, AREAKE - ~T S
) AFNE LTHWGGED Y IFERE TV I HS



30
2 B 4
S® 2 F
§= 19
23
% ; 5| A/“
k3
ks
0 — L ae .
0 2 4 6 8 10
Concentration of the impurity / wv~—! %
Fig.12 Incidences of the stain. @: n-Heptane, A:

Diethylene glycol dimethylether.

A ME—=RIZTHE L7z, ZO8E, Figd21RL72L9
12, n-~NTF & TG A RS DA &2 R
BRICY IDRIELTZ, — ), VIFL YT a—LI AT
VI — TV % 75 A I TREH P ORI A0 w v !
BB ETIRY IDVTE L e h o720 TORRDSRE
FALD/NE BRI E) Y AR E LTHEYTH D Ehh
b

VLERHUCHB L7225, S5 OERD SIRGROHIE
FERIHED VT v AFN Y EE T IUL, Y IOk
BEMLCINZ D ENTELIEPHAL PR 572,

7.3 SEOFEERE

EIT BT B E B BT AT DS 2 L%
$, POBRMIEIZIRIT B HE-T, BEMEZ PLEL
72BII R T BT & DI OER TR 2 1RO 72\

8. 8V

LB, #840 L7z &9 (IR Bl e A9 2 S8 L
TV A DISEEIEIE & ZORT 508, REBORWARE
WES 208 5 L OB 5 L B OIRIEZ JA IR 0o
T B ULEDHBTETHD I DD b, LD
I BB ST L 72 DI BE ST 5 L5 2
b, L)L OBIEESHSENE ZEH SN D L
IR %o ARRIZ20054F 12 1 3 AR GUE AN
F 0 VRATITONIZEE A0 MBAE T — 7 ¥ 3 v T ORI
NEEF LDTBDTH 5,

—_

X

1) RV, [WE L EBRO T E | |, LR A,
p.43 (1993).
2) HAARfbFESH, [555 MEERILE#E] 6%,

oL, L3, p.89 (2005).

[ -

3) HARBMESS - IHBENZE 7 )V — 788,  [IeH
Boir] |, HPIZLHEHR, p.66 (1996).

158

4) HARZM G FaMm, [Heille -
71, & (1998).

WEET, [ SAERGERT O BI%S LM EIZE~DIGH ],
FORELTSEAT (2001).

EANE L, ARG, JRME, BGE 30(3], 103
(2003).

ARSI, SOEBER, HoowL, s M, R EUE
HlIZE 2751, 226 (2000).

D. M. Young and A. D. Crowel, Physical Adsorption
of Gase, Butterworth, London, Chap 1,2 (1962);
D.M. Y7, A. D. 7av )b, @, HIER, [7
ADYEIAE] |, BEEXE (1967).

A. Matsumoto, T. Sasaki, N. Nishimiya, and K.
Tsutsumi, Langmuir 17, 41 (2001).

R. K. The Chemistry of Silica, Wiley-
Interscience, New York, Chapter 6 (1979).

A. Matsumoto, J. Zhao, and K. Tsutsumi, Langmuir
13, 496 (1997).

BOEBIER, KFIER,  NRAM O, B R
T 7], HAMEFAHE, p.463 (2004).

WHBER, KPIERE, [ 2 v b oRFIIEHIE O
B2 R [ = =7 17 = DAV A I & N v e o T
p.69 (2004).

A&z > 7)) — b L2,
WERH S| (2005).
H. Ogawa and S. Murakami, J. Solution Chem. 16,
315 (1987).

T. Minamihounoki, T. Takigawa, K. Tamura, and
. Murakami, J. Chem. Thermodyn. 33, 189 (2001).
. Takigawa, T. Minamihounoki, and K. Tamura,
Chem. Thermodyn. 34, 841 (2002).

. Minamihonoki, H. Ogawa, S. Murakami, and
. Nomura, J. Chem. Thermodyn. 37, 1186 (2005).
[HFE-7100 i) | AR ) — T Asatt:

J. A. Riddick, W. B. Bunger, and T. K. Sakano,
In Techniques of Chemistry, Vol.2. Organic Solvents:
4 edition, Wiley-Interscience, New York. (1986).

BTN BT

5

—

0)

7

~

8)

9
10) Iler,
11)

12)

13)

14) [ x> FRME - B
15)
16)

17)

18)

T H S8

19)
20)

=
=]

£3

YR I ZE T AR ORFZEBISE B X OV R LS A8
THENBFETH DL, Bumit O kA L b
BETTFHEHEN TR VONHLTH L, ZOFHED
W R &[5 7280, 13 COIEIYE S HIE % B 0 HiAE
LREUDUTCHBIL, Tk O EFTRISEIN & MRl L7214
DU B~ OIGH & 5 L 720 SHALFA~OIGH & L Tlag
B - REBL O IR L WAE EVNE D S LB RO F v T
FN)E—=2are DL IT) e Lz, Bkt

Netsu Sokutei 33 (4) 2006



TR BAENE DI — TR E DFEAR LTS - BIZE~OIBH -

ADIEH E LT A > M Loff4 OREZM OIS & 5
PR, [EIREER B X OISR AYA < v
LNTWVE I EERBA LIz, BESHOIME LTEE
B O FEAI T & BUE 1S X 2 BRI TE E & iR 7,
WA TERGETTE~OICHE LT, 7V+a7FIRAF
N I—F VW3R CIRE RGO Y I E 25 C
WS, IREBT— 8 RREY ) AR EERZ LT
2 I DFRS T WG L EZIRDSTRE T H H T & kT,

| /NI3EA Hideo Ogawa

Al 17 PN SIS SRRV
Dept. of Natural Sciences, School of
Science and Engineering, Tokyo Denki
|| Univ., TEL. 049-296-2911 ex.3540,
FAX. 049-296-2960, e-mail: ogawa@
u.dendai.ac.jp

WIgET —= i, SEERsE

L T HLZ X B HRAT

MAAHZ  Akihiko Matsumoto

EREHATFE KRFWE T55%, Toyohashi University of
Technology, TEL. 0532-44-6811, FAX. 0532-48-5833,
e-mail: aki@tutms.tut.ac.jp

Netsu Sokutei 33 (4) 2006

WIHEL  Etsuo Sakai

FORTSERFA RS BB TP e A8 T4 8, Graduate
School of Science and Engineering, Tokyo Institute of
Technology, TEL. 03-5734-3368, FAX. 03-5734-2862,
e-mail: esakai@ceram. titech.ac.jp

W7ET —~ kL, SEAE,  ElEA IR

B D7 =R, TR, IR - HERVINGE

RN
FHbE KR 4 R 4 #F . Faculty of
Agriculture, Utsunomiya Univ., TEL.
028-649-5483, FAX. 028-649-5508, e-
mail: iwabuchi@cc.utsunomiya-u.ac.jp
WFeT —~ | FHED S AR EFRR
EDBEFE RN F 7 AD T A —F]
=) A 7V OWFE

AL AT = 2

Kazunori Iwabuchi

FFMKRZEZE Takashi Minamihonoki
VN=TRZT I TN TV AT A
(¥k) . Sharp Manufacturing Systems
Corp., TEL. 0729-91-0241, FAX. 0729-
91-1035, e-mail: minamihonoki.takashi @
sharp.co.jp

Wi9eT — =~ BRI ETESEE O
Wt 7 v FREWBHE &4
LDES ) FHYEE DRFFE

G L T = A, HIEKT

AIEET Seiichi Hagiwara

FRE T R 7O v T 1 THEE Y Y 7 —,
Tokyo Riko Co., Ltd.,/ Frontier R&D Center, Tokyo
Denki Univ., TEL. 0424-21-4982, FAX. 0424-22-8618,
e-mail: s-hagiwara@mx]1.ttcn. ne.jp

W7 —~ | BERER OB

B Bty ALOE





