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Heat Transfer and CO, Gas Flow in Thermal Decomposition of

Calcium Carbonate

Kiyoshi SAWAMURA, Takeaki MURAYAMA, and Koichi HIRATA

Synopsis:

A mathematical model was developed for the decomposition of calcium carbonate sphere.
The first two processes are chemical reaction in the reaction interface
The other two precesses are heat transfer between

model involves four processes.
and CO, gas pressure flow in the product layer.

This

gas and particle by radiation and convection and conduction of heat in the product layer in the heat

transfer process.

The weight-loss during the decomposition was measured by thermo-balance and variations of tem-
perature were measured at center, surface, and the other points of spherical particle during the decom-

position of limestone in CO, (1 atm).

Applying the measured values to the proposed model, four transport parameters were determined.
The distributions of temperature and CO, pressure in the spherical particle during the decomposition
of limestone were predicted by using these parameter for the model, and the rate controlling process

was discussed.
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O, ZOW 1 OFETKkDK Ar BXOCLDETH
5. kOBRERFERRRTEDLINS.
k=0"2x10-34+2-36x10-5(7T 4 —1 183)
DEXE2OHERFATS.
50T, (10)' A»b
}ZT= 9/{43702(TS—TG)}

-+ (25)
(12)" K b g AR E

ceeaeeeen (26)
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® First method / / T 08f " 15=1000%
x Second method x ;° - /,(" @ =5N1/min
5 06 /,,“"' =1"15¢cm
1’5} " e y ’/I' Experimental x
=z 04p /,’ Calculated —— , —-—, — - - -~7
3 y ,{f —— Mess and heat {#;:first method )
%=950%C ozl g‘ ~-— Mass and heat (/7 second meth-
! /)’(I —— Mass od]
- T A F ----- Heat { /= first method ) ,
g / j off : : :
v % < /x
g 1ot % i
8 % s | 000 1
- ]
£ 9 Z L
2 & £ 980 .
3 | ] ] s
o F i £ £ 90 .
= osf [ I g
= 5 4 I § 940 4
4 [ g I
X f i 5§ 920 1
¥ / %= 1050 s .
]
#=1000%C" 500 ' ' '
o L 1 0 20 40 60
1173 1198 223 1248 1273 Time (min)
L=(Ta+T)/2 (°K
! T ) Fig. 12. Comparisons of theoretical curves with
Fig. 11. Change of the value of & with experimental value.

temperature.

XoT, EEIE @, f,Te Ts, Tr) #EATHIEMR
¥5. %, (IDX»H
k=g (Ur=1/r)/{4n(Tr—Tg)} ---oreeen-(27)

XoT, FDOELEHE 6, f. T Ts, Tr) Z{FEAT
NIERES. kr & Ts OFRE Fig. 10 itk & Th @
Bi{%#% Fig. 11 125k Uiz, Fig. 10, 11 TXAIIE 2D
FHETKD hr BXCADETSHS. hr OEREE
EHEEEBICERLTWSR, Te=1260~1300°K ¢
AMIZERLTVWS., Thii, BEHOEENRASR
DD EEILNS. MDOEXRWFIELDOVTWS
P25, ZHIIIEHER ¢ DIERES & & B ERELDTH
5. BIOHETRDI b DELHVKRELLDTWD
2%, THIXE1DOFETHE, ABIV kr 13—FETH5
LIRELTKkDIA®D, FBIC b BFOBESAHT
DFHDEEZRL TS Z L2, Ts FHERERE K
HoNDH, EMLRICHRERE Tr 25k05 2 E23H
Mzl (POBERLT LIRISKRERE T W.)
KBV, BBEIEERMCETLTVWS 2, BE
HHOLELHBEROUR LHECEELRELTWBLE
Eis FOBRBIC LS. ADOEIE, FRBERIST,
LOEMNKEL, ZOFETKRD FOERERTEK
V. Zhil, IERET ¢ KON TR &3kd D Z & HEER
E&TRALTWS.

6. BRREICAUEEEOHLE

Fig. 12 = CO, # xiEE 1000°C, & 5NI/ min
OgEOsRR G X CIREZE Lo ERIE & 5HE
EOHEER L. B1OAETHLRK it KX
OEZER L TEHRE LICBEE, SRREHEIIEEALE
BlfE & —F Uk, [REZEbdhiR D 5 A2 REhiRIT & Traix
Vs, BEEED/ S - —HLTWS. Bl
FETKDR EBIUESDFETKkDR by OIERH
ALTEHE LBE, RFRERE (s HEMERIES
— Lok, SRS IO REREDERE
DFNBKREL, k OEORERCTFLEORK MM H 5.
Tr=—%E st EVTC, FBORDLTHE LLGE iR
Eehig B 42 EBIE» S5THS. F72, [BEZEehED
FIGHHEIRE tr OEE{E» LOTHBEE T VTK
V. FFRERE s 13, NHFOBROREMHEE L
BELDEDERR . Tr=—F Lk E, CO, #2AFE
EBXTRNORDOHTEHE LB E, SFREBHRITE
BIfE & KI5 —F L7cds, B LA ThbL5TH5.
Tr=—% L LR HHMAT, ~ny CO, H2AFEDLE
LD WE S 7B, EREEoThibL23EH5
hz, EEORDOR, HBWiE, COFAFEER LN
RNABRORDOLZEZEBLTHELTLEI L2 xkw
THHY. Lol, kEZE, BHFMCEESEREDOH S

— 10 —



FRAKOBYBIZE T 28 B8 L CO, ¥RoKh 1073

BEIEO X S5HEEE, ~Nvs CO, FRERHBHND
IBESHBRBARAE LNV CELL ZEBTREINEDT
WEDOBREZER L REFRLALER L Bbh

5.
kb, MEOHEREVT ko ks kOEE LT,
Thxh, (22), (24), )Xzl LoHEs IR
EoMORREEHE LER, ke ks, EHX—FD
BELIZEALEDLLE» Dk X2T, UWTFosET
VX, ke, ks, k hr (BBl OFETELNE ) B4R
IREEDRSE L, Z#E CO, iihoW50BREEE
L7zcRZFEHA L.

Fig. 13, 14iz SigRihis OEANE L SHEEO AR
7. Fig. 13 By 2mBofE, Fig 14 A A REOH
ELRLTWS. 3N/ min OBSISLTHEN, W
THHIEREELHEER I K LTV,

7. BEBEBOKEH
LOGRBRIGC BT 5EBE L CO, FAELER IV
FHHhORERELRITT 51D, kickdEE S
A—REFERL, 4BEBTRLAFET, KSRECTHT
5 CO, HRE pr BXOGEBFMEE peq DHBERED

-0 T T

T
xé«,@'@z‘oégyﬁ o . ®
o8t M : .
T oA ‘/'
06} X 4
~ g #=1000°C, = 115cm
5 ﬁz; / Experimental value
o 04 P X GNI/min #A=461x10> 4
< o © S5Ni/min A= 455%107
5 g & 4NI/min A =414x10°
o 02 *é@/ ® 3INI/min A =293x10° ]
?,‘/ Calculated value (oal/emt.sec-degl)
0 P 1 ) i
0] 20 40 60 80

Time (min)

Fig. 13. Comparisons of theoretical curves with
experimental value. (Effect of flow rate)

)?( I/. [
xrxx .)
~ o8 7 /.*’ o
< s ]
s o6l f ,".' /@/@/G/a’@/ -
g J
s X .
D gl ¥ © o x Experimental value
g o4 g".'/ /@,@/9/@ X 1050°C 6NI/min
S 5o k4 o0® ¢ 1000C &NI/min |
i ® 950C &NI/min
e” . . — Calculated value
e}
(e} 20 40 60 80 100

Time (min)

Fig. 14. Comparisons of theoretical curves with
experimental value. (Effect of gas tem-
perature)

BfRe 50N, RIGHRWEIRE fr 3 IR TFEMEE ts
DORRRFE{LE KDz, TFig. 15 1T tg & ts OFRRFET{LY
Fig. 16 (T pr & peoq DGR L OBAHRE R L. Fig.
15 O EMBTADOES>TIE tr BIU ts BEFL,
ts & R DEFXDF DL, s & tg DENRKE V. T
DT ErD, TOEGOZEBE TR, T - REEE
BURPIS KR E VW b5, Fig. 16 0 A4 Tl
IR BE peq B ERELTEY, &RBOLERE LB
FFA CO, HATNOEFABKEL LY 20hbb T L
ZRLTWS. Fig. 15 oftElifgo B 05 Tl b§
PTRBEH5 tr PETL, —F, s B ERELTWS.
B D& T, ts—tr AL, to—ts MR LTV
5. 2L, bo—ts 13 ts—tp LHETHLERLKEY
DT, TOESTIE, EREHF - FAEROEEMER A
&<, 4jk CaO BNEEUEASNAEL LD o2b 5% 2

1020 T T N
: x  Experimental
| 000 to — Calculated
X XXX *
X
~ 980 % ]
& x )
S R eyt
< = min X
o 960} s 930 | m=115em, T
%’ o 928 !
5 Lozo3 oy x
g a0}/ "~ o2eh Time (min) | TR, i
& WX 2 %t XX
|
920 c ] D
900 ’ ' '
0 20 40 60

Time (min)

Fig. 15. Comparisons of theoretical curves with
experimental value.

20 T T T T
% = 1 000°C
I'8F @ =4NI/min .
%= 115cm
I'6 A s
E . | |
R - c D
a .
12 r ]
10 Z -
08 1 1

1 1
0 02 04 06 08 0
Conversion 7 (=)

Fig. 16. Prediction of pressure at reaction interface
during decomposition of limestone.
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LpMERICE 5. Fig. 16 OB OMATIE, pr W LR
LTWHD peq WD LTWD. DS TIE, peq—
pr DBELS LTWBH, pr—pe EDOK/PEAFE» L, T
4y CO, # 2FEA R X OWRIBR T, {LERIGH
FMBREVZ EMNHEBTE 5. Fig. 15 ofE##0C
DESTIE, tr BhThrTHRIEBLEALTERY, I
ts ERLTWD. ZOWG T ts—tr BEML, l6
—ts BEPFELLTED, MTHREHEEHRPKEL LD DD
BT EMHE|ITES. —F, Fig. 16 o CoI4H Tl
PRy Peq EDITHEMLTED, 45k CaO BHREL LD
£ CaO BN CO, # ARNOEHSEML T35 Z
LRI E NS, Fig. 15 OoFtEiifEO D 0% T3,
tr, ts LB ERLTWS. ZOWHTH ts 1T tc LiX
FR-FET, MTF - mAREREREERTELw T
LM%, —7%, Fig. 16 ODODERSGTIX pr,feq H°
ERU tr—p6 £ peq—pr DFBKRELLDPTVHD
T, (LERSHEHIAK E < 725 DO bh 5.

Doz tZ, LI T 50D, BRI
WY BEHE OB S THBRAL I Lc. CO 4 2 F4
X ORAGER OB > WTi, (5) ROATHH
»h, (B)EABELND.

1 To("o—") (TR+TS) /1 \2 TRPeq
- , (2
Far ks N ke @8,

28X oHDDOEET, Thih, 4ik CaO g CO,
HAFRIAER, LERGEREEDb L, £idix CO, #
2G4 B L OMAIVER ORI KLY, 28R s
B DT & & D ITHBRIPZELL, ERD250D
BREOIEFIOBIE AEEINELTE L EEEDLLT
W3, 2O0EPIOM ML AE SR, 28)XER0%
EHE l/ky TED Z LT X2 TkES. BBE AR
Wik, (I3)RXADSE» L, 2X»ELND

1 ro(ro—7) 1
P k hp (29)

(29) ROAIFE | HTHW FNEEEEWRET, 58 2 Tk
FintAEEEH YR LTV 5. COH 2FAER LT
MmuBRE L FRC, B#ABEERTCRV T, RoMHE
K R E XV, SRBRIGOETE LDCELTS. 2
SOOI LK E X, Q)Xo EIORER]/
by THIBZ itk oTELRS. HUEDXSICLTEK
HizEER % Fig. 17, 18 ¥, Fig. 17 iTix CO, # 2
RE 1000°C, HApE 3~5 NI/ min OEGTICEEZ
Rl MESETEC O, BESRBOEISEDS L
SBELER T, B TIRAREEET & F N {EEER
LD I AN Db D E BMES FRREI~ B8 LTw
5. Fio, CO 7 AFEA L XVRIARTE, EEER

EOES DRI XY, HFNOEESHSRAL S
Eftie, ToBEVWRETWS. Fig. 17 RiT X5
mESETICoh, 45k CaO BR CO, # AFhikin
PHEL LD Tv 5B, HENAEWIEE, BEBERRTE
EEZ BN, WHFREmMRBELS, WEaXPhWBEIE
b, L»de, RIEFMEER T 1EbLLEV
DT, {LERIGEEER ke OEIIZHE D EBTLVH
MFREMBENE < L 04 CaO BOEIHRE TaH
Tl B L ks OENREL R Y,CO, ¥ AMmEIREHE
s, X2T, mMENEEE, £k CaO FRN CO,
H AR NS B z &3 E 2 bhs. Fig. 1813
HAIBE OB BIETHE SR Lic. T RREIE
Wi E, BEaR TR, RMFRARBEEER SRR
ZEEBIEI O XN AN b B 8555, B RERAI~E
BLTWwa. LK tg=1050°C DiFE, HEatDRZHE»s
AKELRBD, EROXKNDODANIHEEPRKRE LK
SRERACF>LDOLEZLNDS. COFTARLER X
UHAIVBR T H REEABWIE Y, 45k CaO BAA
AMAIBETS N E L a2 Twd. HARENPEDLDOTH
FIGCREEER, TR EEbohvicd, {RERIGHE
EEH ke DEIZHE IV ELLV. LI L, HFHROD

0
L3
(&}
S
v . .
oz 06 —— 3NI/min R
A 4 NI/min
“§ 04+ —-— 5NI/min i
=4 ,_—:"‘\\
= /:9’;/, AR N
v o2} -
o .-
= /’f’
0 ) I | |
Io ¥ 1 1 T
AN %, =1000°C /)
AAY ’/
T 08 \ %#=115cm /;,/ -
@ HGR \\\\ ,;/ GAR
5 o6 N B
2 S
? 04 ; //’/ \\\ 7
0 . il > \\\
2 /7 N
g o2y 2 X\ T
- ;, \\\\
o 7, N
O
I 0 1 1 1 |
0 o2 04 06 08 0

Conversion 7 ()

AR : CO; gas flow resistance in the particle,
C R : Chemical reaction resistance,

H AR : Heat transfer resistance in ash layer,
HGR : Heat transfer resistance in gas filin.

Fig. 17. Contributions of each process.
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Conversion 7 (—)

o - : : :
LN Sssaa #
wcm-\\\\, “““““ -l
Lc, \\ CR /
B The—
"

7 06F —— 1050%C 1
S I 000°C

L

“‘g o4l —— 950°% i
g —

g o2} — AR
= ‘/ T SN N
=

O Y i I’I
T Y @ = 6 NI/min Y
<~ 08F \\\ s=risem -
8 \\\ /’/
c I HGR\ — HAR
5 96r N i
g \‘/ >
—_ <, N
5 04 |- V% R i
w /// N
= Y N
S 7 3
— 02 - /// \\\ .
bS] N
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0 1 | A\

f 1
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Conversion 7 {-)

AR : CO; gas flow resistance in the particle,
CR : Chemical reaction resistance,

HAR : Heat transfer resistance in ash layer,
HGR : Heat transfer resistance-in gas film.

Fig. 18. Contributions of each process.
RESAAEIT ZBEC X DTARE LB, HAEER
BWEE, e xiE Ta(=(Tr+Ts)/2) WEEW. O
728 permeability ks O{ESRL D, HAOFHEE
EREL S, 20D, FREECX>T, REREC
BF 5 CO; E pr WEVWEAL, {LERIGHEERREL
L. HNABEPBEWIZE, ks DIEBRKE VD5, 4% CaO
BN CO, #AmhikbiahE<is.

HBEOEPI L CO, W ARA B XN OEHOK
NIEBRIER S LOBITER» SO F0X SieE xS T
EDBTEDL. FISHTHITIE, SEmICiREIT/X w3,
Fig. 3 (b)iwRd X SwwhLiEER R L. Fig. 15
OFEMETD BoRS TRESATIRE R, bTHrT
BHLBTHE2THS. Fig. ¢ (N, 2P TOEER)
T, RSP REHEESRET L TwS. Zhbor
Lo LERSBIM (Fig. 15, 16, 19 o BicfE%+25.) T
EBERLO LD BEIEH, PR DRIV ENTHES
ho. Rty (Fig 15, 16, 19 oD Y $5%.) @
FOG RERED LR ERISIHREORACAE S R E
DOHEHROBPIZ L 5D EEXOND. FGREOEEE
BT DL, RISCRELRERSE L TT4, s
NHBEXRGTRRINS#EBLY b0, NERA
BEXR AT D EEL NS, 45 CaO EBaEL

0103 05 07 09
"6 T T .
4k % =1 000°C !%:U— B _
@ =4NI/min o ——
T %51 15cm I '/2 3 4
L et | ossf- P
r ; bl Time (min) |
NS c | D
Q -0 ) 1 =
R YA
¥
08 7
06 I 1 L | . |
0 10 20 30 40 50 60 70
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Fig. 19. Relation between —4H-5/q and conversion

time.

LB iced, Ak GOy HADMHGEEIET L, prIE
7B &, BOHSEEMET T3 L EDEEY
Ezbhnnt, Fig. 15 OFtEER X OBIEETRGEE
HiZsWe, RIGREREEAER LTS, Fi,
Fig. 16 T, RIGHEMTIE pr—pc XU peq—pr DIHE
DFE, X OEMOERICH B T L HTHE, chb
DEBCXBHDEEEZLRE

Fig. 19z —4H-n/q OFBZLEFRLE. (12)
Rk T —4H 7 BRIBCEDREEETHD, &
DEEVE, CO, 24k L OMh ORI XE Sh
5. (12)XoFDE2EBEHATEDL LE, 2%,
BOWRE R3S XOTRERR W & &, 485 boBhoft
WL ¢ ZIRBGRE —JH- 0135 LV, (—4H 7/ g =
1) cpdl &, BEEgii s CO, 7 2F4 1 X UN
OEMOGIEREC METEHRRFALTHL EFE LN
5. —dH-n/qg>1 QL X, BEEEDEHEL, 3
BIORERTHEET 5. 2oL X1, ZEEHEZENT
BHLEZONDG. —4H -2 /§<] Or XIS H
B RS D@ BB OIRE LRI A S h, REGHE
ERBOWMMEE LTS5 &, Bz inrs CO, #
AFEA B X OTEN OIEPL BB BRI LR TR T
bdHLELZLNS. Fig. 19 ® A, B, C,Dixxrhzh
Fig. 15, 16 © A, B, C, Dz LCw%. Fig. 19
R XS, ADWSTE—dH-n/q¢ OfEIE 1 X D/N
IV, ZDESGTIE peq—tr I X UMLERISEEER
ko DIEANS W7D, SR X B BEGEE 25 &
DEBEE X DS Vi, REREERE tr S EEL
TW5. BOBHTIE—4H 2 /q OEERHLTHCTHS
BlLXYREW. —F4, Fig. 15 O EilED B OISy
T tr BOTHTRDERETLTWS. CORST
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W—4H-n/g OEZIFEAETTHELVWS, 1XD#E
St BEmMBED s, Fig. 15 0 Eigo C o
BT tr BbTHATRPEBEFLTWS. Doy
Tix—4H n/q OfEX1 X Y/~Xv. Fiz, Fig. 150
HEdHET R B ERLTWS. DLk iS5, BO
WS TR, bThixd HERERLS. A, DORSTI
CO, # Z2%4k XFhOEHH C TR DIEHUH
RITHD Z EBbnrDb.

8. 1B

FIRAROBMSEIC CO, # AFAE R X ORI
FESE 2 I XA IRAEEL LTETVEREL,
£ F A DOBAML ST ESTERIC DWW TRET LR
D EDHMREE .

(1) GO, H2AFAEB IV L ABEFEEEL &
A D E F T, BIKRAROBSFERIGITR T D50RER
7 BT TN IRE ORI T2 bE HaRERE LTy
5. z

(2) FBROEHT, KK, FHIERE LUMLE
KIS T BRI TH 525, BDORDDIRMIE, S5E
RS OHET & &EbiTET 5.

(3) EEMEHLE CO, W RFEAL I UHHIEOS
OB BIETRE R, HEPHE(C) T, 3EELY
EE 250, RIGEHA(B)TIX, HT 0 Tixd5HIMREE
DS, RS (A) B X ORISEI(D) T CO, &
AFLE B LOmHIEIRBKE Y. (ZL, A,B,C,D
v Fig. 15, 16, 19 @ A, B, C, Dic#is+5%.)

(4) RFACBESHIFET D70, WILIH
FABEIROEE L3, T ARESEW 1000°C
X1 050°C C{LZERIGHEMA K E L o7z, HEPLthix
HFANDBESMCHERFTIHZBF 1 bhb.

(5) Ny - HFRABERIUVSNVE CO, #HRAED
—FEDEEN, Tr=—%F LK E, FRORXD%H, D5
13 CO, HAFER IUTHMNOR DA TRITHATAET H
55, EhHMCIBEAERD Y, BARE LW TCO N
AEMNRL L X5 BBBR L EOBTEL TR, i
BTRLAEEFUVREIHTHS .

i{]]

= =
4, - FEERF [cm/ sec]
Ccao : CaO D EIVHEL [cal/mol°K]
Ccaco, : CaCOy D E IV ELEL [cal/mol°K]

ARy [—1
ko RREEARE [cal/ cm2sec®K]
ke BEZERE [cal/cm?sec’K]
ko WFRNBYBEEE [cal/ cm sec®K]
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ko (LRSS [cm/ sec]
ks : 4k CaO By CO, # = permeability
[cm?2/sec atm]
17k : BASEIRIE L [sec®K/cal]
1/ky : GO, # RF4 & XU TN ORI
[sec °K atm/cm]

myn : BVEE (thermal mass®) [cal/°K]
n : CO, # AFeA: (fiH) EE [mol/ sec]
par : (Pr+ps)/2 [atm]
Pac: (ps+pc)/2 [atm]
e BERAEIC KT S CO, E [atm]
Peq : AR SEEIE {atm]
pe: vy - CO, FE [atm]
¢ : BSEEE [cal/ sec]
R : [ EE [atm cm3/mol°K], [cal/mol°K]
7 RRISERONEE [cm]
ro : P FHE [em]
Ta: (Tr+Ts)/2 [°K]
Tg: (Ts+Tg)/2 [°K]
Tgytg: N7 - HRIRE [°K], [°C]
Ty, tr * RJGHEIRE [°K1, [°C]

Ts: Tr=—%RXM®D Ts OFiE [°K]

Ts, ts « FIF-REIRE [°K1, [°C]
Vo WA BENEE [ cm3/ sec]
AH : 58k [cal/mol]
6 : HAFIRDE S [cm]

po * #hoEE CO, TNRE

[mol/cm?]

pcao * Ca0 OEE [mol/ cm?]
pcaco; : CaCOy DHEEE [mol/ cm3]
0 : BUGRER [ sec], [ min]
€p : RHLR [-]

¢ AT T 7 KV T UER
[1355x% 10-12cal/cm2sec®K4]
¢ : FERELREL [—-]
X [:13
1) m, A EXLE, 26(1958), p. 458
2) C. N. SatrerrieLb and F. FEakes: J. Amer.
Inst. Chem. Eng., 5(1959), p. 116
3) i, £/, BE, BiF: k%I %, 25(1961),
p- 265
4) E: g2, 53(1967), p. 1179
5) AR, BH, #: BEE&B¥ L, 31(1967),
p- 103
6) A. W. D. HiLLs: Chem. Eng. Sci., 23(1968),
p- 297

7) R, #no, fE@, HREF: g #@, 53(1967),
p. 740



BIRAFROBMSRICE T 28BHE CO, ¥2Dih 1077

8) 0. Kusascuewski, E. LL, Evans and C. B.
Arcock (F3T1, &I, sF$ER): &BELE,
(1968), p. 346, [EZXE]

&t E]

(ER) ®=XxT BEHLAE

1) @¢ Tr=—%F L LAhRZ, EHOHLTELLC
ERTFTHDTIER V.

2) CO, 4E vs HEOCHMBREAVW T2 HE © g
BEBARELTBVWAES, ZERLA Tr LOEI L
3 b

(EZ&])

1) ©OC Tr=—%: LERIZ, EHROROLTER
TH5ZL, D53V PEBHORDOLTCIOBRRELER
THZLEBUTD. Tr=—E0OL£ENER T52L
i, SRIZEOSBBMEELERFEESSELWVWEWVLS 22
THhD. Tr=—ZF0&HTT, ERORDLTIOESR
RO T 5T 103, HBICX 5 BREGERE L EBEENS
LWEWS EHETTERTH LBk T 30T, #ik
LUHEOBBIIC X 5RABECHEN TS 2Bkt
5. ARZEHT, DABDEBRORCLORE2ER
TED. ZITR, BERSA-Z22RETHRLDIT,
Tr=—g LtBWi. Thdbb, CO, #¥AR4EL LUK
NEBOEEARSFTA—% 2K DBELSTIIE, Tr=—5%
L, CO, #ARAK LUK BROXEFHEBL, 20
BEASFA—FRRELE. £, EHBEOEE->
A—Z22RDDIFEITE, Tr=—% L L, ZHOXEH
BL, TOEE A —8%2KkD.

2) Fig. 16 TRT X 5I1T, HMEEITE & TRTW
A, IWEE, FEEE Tr ot EEEEABEE S X {—
BLTWwWS., RIS, Thi@soh sy, il

thermal mass RRIGRAEICEPFLTV S b LEELR
REDTHS5. LHL, ZOTF A, DETOHFHE D
EHBTBL, COSBAREILCEBLTVILEEX
5. !

(ER] FHAARF HHEILZE

1. BEEHOERERFE(EELL-F L F-)3-1
ZIRERLEE 2 £HIZ L & KE BhoTW3
5B, FTRIZEVWTELLOER & i .

2. BEEROBEKAFHERNORELEEICIT IO
P RBR2 [,

[EZ]

1) HEASRSA—211, 17 - FAEBEZREL L
FREETRoR. F, MK, ESEESER hc 257
ERE Tr D%, 4Kk CaO &y CO, # & perme-
ability ks 3 X OCHFANBEREEE L 2 (Tr+Ts)/2
OB, FrESNS - FRABEOHNBE L CEIFET
MWL .

2) EERERAETREI2TERY, ARESREER
EoEKET50BELWEELZORS. £/, BTWN
HEBHI, BEARREET HS50DEBHCH D
BREBITE, B e oEfEA #FE L, driving force & LT
chemical potential # AL THEERZ2M@rhIZk bk
W, T T T, 4£k CaO BN CO, # R permea-
bility ks AL, (Tr+Ts)/2 oML LTRE>
. MTFABURGEEELIZOVWTCLRKRTH B, 2
7 - HABEZFEHRLLTD, Eh, Th Ffh OEE
(Tr, (Tr+7Ts)/2) #FEBELLTH, FEHERITEEA
EEXDLEPORDT, ANy - FRAEBEZEHEL L
HERSF A —FEFEALTHI LS S.
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