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STUDY OF ADSORBED WATER ON CLAY (PART 1)

——the measurement of its entropy by TG-DSC apparatus—

By Sakuro Muravama and Yoskiaki Fukuo

Synopsis

This paper described the results of experiment carried out by TG-DSC apparatus in order to
measure the heat of evaporation of water adsorbed on clays. A small quantity of sample powder,
18.0 mg for Osaka Nanko Clay or 12.2 mg for Osaka Umeda Clay, was put in a Al-pan: in the
size of 5 mm diameter and of 3 mm depth and was set on sample holder of the apparatus alongside
of Al-pan in the same size which contained the a-Al;Os powder as reference materials. About
10 mg of distiled water was poured into clay sample and was evaporated at room -temperature.
After the cease of spontaneous evaporation, both pans were heated at the rate 1.25°C/min up to a des-
ignated temperature and were held at that temperature until the decrease of weight was not reco-
gnized on TG record. They were heated again to the next designated temperature at the same rate
and, also were held at that constant temperature until the stop of weight loss. Such procedures of
heating were continued up to about 150°C. Corresponding to each rising stage of temperature,
DSC record showed the endothermic peak curve. Since the peak area was accepted to the amount
of heat required to the evaporation of water mass indicated by respective weight loss on TG-record,
evaporation heat of adsorbed water was determined at each stage of temperature and then, the incease
of entropy due to the evaporation could be estimated from this evaporation heat divided by mean
value of constant temperatures before and after heating. In comparison with the entropy of normal
water at 1 atm pressure, refered to the ice at 0°K, the result was that adsorbed water on sample
clays had negative values of entropy at all mean temperatures.
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3 72 WIShbhDRE & AZMFESE (Thermo-couple) Ik > THRILL, 2~y L a—4— gL T, BAER
BloREPHMME L H~X > &7 5 HEdREHMT (Differential Thermal Analysis) TH 5, TDREH
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vimetry) TH b0 RV EE > TOBXE RN, MBICE $72-> TREKOEREZE T LERRD
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KENTEETIREVHE. HEAOHEOBERNRIPEDIIICLTECE 1. 27, EBAEOHE
Hid, EESREFH > TH~NT. TOKRE, LEK7
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WiC, BEET%RO DSC EHH (FELAF—ERTHOIDE TV >TN5E) 2T, chiEHE L1,

870 r T T
tmg){(mcal/sec)
; EVAPORATION OF WATER
Room temperature 29.4 *c
051 B
S
S
&
- 04t 4
(=]
=
B
;
(%)
0.‘! i 1 il
200 400
TEMPERATURE
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the spontaneous evaporation distilled
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DEE 16.00mg 22 LE[\T, Hi+EkH 1245°C © 18.0omg TH 3 T EAHE Lz, BRT TEBLIL
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Fig. 6 TG-DSC record of Osaka Nanko Clay obtained by stepwise rising of temperature,
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Fig. 7 TG-DSC record of Osaka Umeda Clay obtained by stepwise rising of temperature.
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1.25°C/min QFRET 614°C FTHAL, CORELRERELESSHRBRIOMIBDONILBEIETHEL
720 COMDERBLEIZIK 5.2mg TH 7o 20T, RUABEFE 1.25°C/min T 79.0°C T LS, 5tk
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REL: DSC R AV ERETH A COLINEBRILHEBL CLBIARTHETHD, KEDOKELLT
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WEB-TWE, ELY-T, 61.4~79.0°C B L1 79.0~100.1°C RITIIRIME S5, MOBEXMTIR
RO &5 ICEBBBELET DT, chifgic L Te—7EEEELE 0Kk, HERKELT
Fig. 2 th 60° & 150°C & DEDEMED. 426 %A L, HEL DN, F—7DEICELRBTH S,
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1L, ERUKEENSR, AERMAERT 3D ICHREROILLE 304519, T CRELT 60.5°C
THEERAOLI 205> THEFBIE LIcHEBE->TOEKETTH b, £OEVD, ZOBEETTO
DSC fifgid, Fig. 6 & 5T, RAMICHEBEAICKE (M- TOE08ELN5, T, 140.2°C P ET
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Fig. 6 520 d 7T IORSNAEAIL, EETICEBIT ZREE(IESLBTIENTE S, LI DIE, Fig. 1
THONBKIIC, AERATT RAEELHRFLZRD TH 2 MRIAST Oring Ik > THEEEIN, —DOHEHAZE
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LT, KEREG-HREKEEIL Smg BETHO, Z2OEKKEII /024, 22.41x(5 mg/18 g) x (373/273)
=8c.c BELAKONE LG, COXBEOHHZEMOENL, KBEERNOENTRLEARE (1KELAK
T)UKEINDEEZTHLODOTH B, Lichi-T, Fig. 6 5203 7 OREBE/LIZT~NTIKRETD
EEEMEHBTENTE, 2LTE—FEREOBKRRETRERDOELOEC > THROHS, RO
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DE¥OHEREI BT 2MNEBRELSICARI L EDCLELZRIL, XRTI20PBEEKTHDI-FHE
HAFHNTH B 5, BRIESKD 22 Mollier BRAFOCTHEANICHE X3, 1KFE 100°C P+
DOBBEIIOVTS, BERRFALTH 3, Fig. 6,7 TH 11 - ZRBXEORERIZI~T 1.25°C/min
ThHO, CORQEDIEIXNRETIROBARINSOCEAEEZ L, COREREREBNICE RO
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i, 1SHE - 100°C iIZ BV THERTNEHKEKE LTOKIEELEBREVLD, Fig. 6,7 TAONBELHic, Hl
EREHT 100°C LI LR BN T HEELERBLEZRL TS, 140°C DL TOEBRLR ST FEEDE
fEELTBAINBICLTH, 100~140°C FTRAFOERE LEZUBENLWEBRDTH %, BE5<,
WE KD entropy HSEEKIC S HNTIEL, ZEHKL T entropy OFNKEKICIEE L0 IWIRTEIELTH
375705, AERROHHIANF-EZELIERILVIBRAIKBETOTNEDTH S,
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Soe, Voe, poe 1ZENEN, $120DIBED entropy, (hF, IWERF VY » VTH D, BEKCETIHS
FHIBEHE

Eaa=E—Eoc, Saa=S—Ste, Vaa= F— Vggrrrrrrerrrrrsereeeiiieesnnneeenninenesnnneenneess 5,6,7)
TE#EL, INORBEREFICKET 2 LRELLI. BhS5@WESE, (G,6,DEMANEL,
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BRIEEE Ve, ZORPL A VF—% F2 L L LD, COLREFBRILZDICHETRER, RELEL
DOBRIC K > T b b, Fig. 6,7 TRINAKRTIR, FETTIHICREINALLEEL S, RE DD
KMAonBBT 402 £T5&

dQos=d(Es+PVs)=dH>
THY, ¢O d0:x iF, ¥t ORE, REKOARELERS LUHNEBERORRICHELHRED BRTH
b, @RIKBTS g2t+g9p IKHET 2, FRICEBLTHEIREUTZOEE ne 3ELENEEZ 2L
dQe=d(E+ Ec?)+Pd(V+ Vi?)
=d(Eaa+ Ec2+ Eoe)+ Pd(Vaa+ V2+ Vo)
=d(E2+ PV 2y +-d(Eoe+ PVoo)+dEwa+t PdVaa
= dH 2+ dH oo+ TdSaa-+paddngg -+ ewworsseereereremimnsisseieesenee s (9)

ZZig, subscript G 3MMENAERIKETIEARTLHDDEETHY, superscript 2 BFAGERRMAZE KT
1HDRETH S, BERFMITRIBEEZEKZLNVEEZ 205, DREFALLHITELZT,

d01=d(E1+PV1)=d(EGI+E0r)+Pd( Veld Vor)=dH gl4-dHor----vaverevemeceininnnnn. (10)
He ZEKJEKERIDENE na & ns TERDES. WIFNDREKUKLFET 5 &,
Hl=n g +nglhg, H2=na2k 4 nglhs «eronrrreereomeeeiiinneeiiin it ciieeeni, (11,12)

L83, TTIC, ka ks ZENEN, 2BE, KEXZDENTVEANE—ThH B, T/, TNOOHTE Pa, Ps
D iz Dalton O4FEHID S

T o T T R OO (13)

E1ED, 2F—EDLE TCOMMBHERICBNTIE, CORIEEOADEREL S, ISICEREED S
72D, WEKOERPBEEER T THBIUDONELERWELLD . TOBRIZ, 44 P s E—ELIY,

dHGIZIIAd”Al‘i'ﬁSd”SIy dH62=}lAd”A2+ﬁSd”82 ............................................. (]_4, 15)
Ltzhs->T,
sz—dQ1=/lAd(ﬂA2—n,q1) +ﬁsd(ﬂsz—ﬂ51)+d(Hoc*—Ho-—)+ TdSad+#addnad """""" (16)

BEKEELEEER T THERIE S LS BIEL, dna OREKEEET TKERIC BRI ¥ 2 ICHBELKEY
DHRUDEZIBNEVSBIETHD, EPRBRFLERIREILIBALEZ S L, FEE « ZEB/C
LTMBT 3 NI BEICHEYET 2, RTRLHE, OX»S5ORES &, Th=T2 tHFE

(g247p—g1)@t=(Ca+ Cotay — C1— Crep-+ cum)dTa— Ladm --e-vvevreveerieiocieiiniininin, an

L1z, (16) RICBIWNT, drn2=dnst, dnsl=0, dns®=—dnqa L% %, d(Hoe—Hor) % (17) KOG DE—
RicmEehid, AL ANRE{REOXENRY,
hsdns®+ TdSuq—ppaa@ns®=—Ldm <+ cooeeremmminiiiiii (18)
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LEBTEB, 22T, sead RBEEKOEHENIY bab—Thb, mZKOFFETH -7-HDH nga T
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Fig. 8 Evaporation heat of adsorbed water on

sample clays determined from TG-DSC.
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Table 1. The values of entropy of water ad<orbed on clay sample calculated from the measurement
of evaporation heat with TG-DSC apparatus.
Osaka Nanko Clay

Range of temperature 61.4 \r 79.0 [ 100.1 | 109.5 60.

719. 0| 100.1 . 109.5| 121.2 78.
Mean temp. 2(°C) 70.2 89.6 , 104.8 | 115.4 ' 69.
Mean temp. 7°(°K) 343.4 | 362.8 | 378.0 | 388.6 | 342.
Total heat of evap. (mcal)| 143 138 64.6 54.6 96.
Mass diminution {ug) 150 90 37 23 100
Laa (callg) 953 1533 1746 2374 967
Ly (cal/g) 556.9 | 544.8 556.
4L|T (cal/mol°K) 20.7 49.0 21.
sp (cal/mol°K) 18.6 19.6 18.
saa=so—(4L|T) —-2.1| —29.4 —3.
Lag/T (cal/mol°K) 83.2 | 110.0
sy (cal/mol°K) 46.3 46.5 |
Saa=sv— (Laa| T) | —36.9 | —63.5
d(A) 17 ‘5 9 4 2 | 19
Abbreviation, L,:d: evaporation heat determined with TG-DSC, LZ,: evaporation heat of bulk

liquid water at saturation temperature,

— 9

sp: entropy of bulk liquid water at 1 atm,.
sp: entropy of supper heated steam at 1 atm.
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Fig. 9 Thermodynamic properties of bulk water at 1 atm pressure, refered to the ice at
0°K (from Dorsey).
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OB E UTERTEHNOTE N2, 100°C YTFOBMERDTRIBERT 58I, BEKELE, o
FRTRINTERBTERT AT TH S, Lzdi-T, 100°C LI FOBEICEOTIE, MEHERRE TR
L DER, T&E KD bulk water |2 5T, TDEIF{EL enthalpy IREEICH > LRI TE %, Table 1
RZDEZICH->T, TREMETOREEREICET 2R Loa & bulk water DR L, L D% 4=
(Laa—Lo) ZHE L2 HDTH %, CHREAOTREATHIE,

AL=(Laa— Lp)= T(ss— Saa)—(ss — $6)] = T(s6— Saa)

&7, WEKD entropy 25 bulk water (D entropy sp IT HNTIEL L >TWVWBEEEZ TN b, Fig. 9
13, 1K[HETICEF S bulk water ORIEHBME, BUBTELEECLUTHEINZ D THE5Y, Z0D
Rrs so FsED, sea=so—(AL|T) %58 T 5L, Tablel KA LN B KDIC, BDEIIE -1,
100°C PRI BOTIE, KiIGEBESKEBLL0T, TOBRELIED saa ICDO0TI, ss % Fig. 9 ok
EIBOWE so EBVT, CHRLOSEEHR L. BRIETHONLIEED, ALLADETH 2.

Table 1 |Ti3, HEHELOREKBE 4 OMEMEOMA TH VI, Chid, AKREEMETIRT 132.3°C
THARER 18 mg, ARMAK 1 T3 140.2°C T 122mg LEX, T LTO HEXERK%E 10 m?/gr
EIRELTHELALDDT, TOKBRTHUE L ERBBASTFRBEMDOF TR > 720N BEERL:
Mot D T ETH b,

F A& T~/ R T. Martine D& ticid, KEKOFRREDOEREREEBNT, BEKOHIEN
IV PO saa ZRIGERBEANINTO S, ZOHIIL, (saa—s)=—25cal/mol’K LW H{Ed Rl
b0 LML, (saa—se)=—60cal/mol’K & W HEMESBHETH 2 M EIDICDNTIE, d-EREFLETH
B85V EE-THE, DSC ©— /7 BBREFRRETRHALOOTIREL, TEEMTO FIIERHALR
BREEDTH B, RORVFPNTHRIBESINE AR, UOREADREMIESE BT, dng'=0 LEN
1T ETEAD ., COFREIL EEHMBELHER DR 5F MO E H D DEEKKEZDIT T compens-
ating heater [T X AMEABTHERINDZ VS EHRAEHOBEICLESHTE LN DS, FEEICTIE main
heater {Z K AMEBHABICEZ S b, dns! BETIHRVE FITIS Lo B/PDILKBRTTH S, BEERO
MASZHRERBOLZRICEDIILERDLN I E S - EREFL, HBIBERBORELE SFETLT, co%
EAHOTREK entropy 2 EREICHIETE 5 XD 43 BOWMELED 2,
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