HWAHAK KONGHAK Vol. 26, No. S, October 1988, pp. 503-508
(Journal of the Korean Institute of Chemical Engineers)

dol4x] MEES s Ca(OH)./CaO7|

Jte T WSAE

o|Z-0|E5-H BE"

*»}:Lokvw Fe sstgeta
(198813 4% 209 A4, 1988 d 74 30 =)

Overall Rate of Reversible Thermochemical Reaction by Means
of Ca(OH),/CaO Reaction Cycle for the Thermal Energy Storage

Soo-Kag Lee, Jong-Ho Lee, and Hasatani Masanobu*

Korea Institute of Energy and Resources, Daedeok Science Town, Daejeon, Korea
* Department of Chemnical Engineering, Nagoya University, Nagoya, Japan
(Received 20 April 1988; accepted 30 June 1988)

2 o

ok 780K Ax R vlid & &xol4 d-AE & Fxoz ofhgrt e 4 o AL A -
I kAol 3-8 AddEigiet, &

Ca0O+ H,0=Ca(OH), + 104, 2k]/mol

71 whA AL 7} Hoaks] w)ek A S *l—%o}@l %4 w3 sol Asled 7|23l B o] wlEA}

o3¢ ATsgrh W3 Aol 4371 FEEIE o714 ALY 37 BARLE TAR Hof
cadee Agss, & Bl e e AT B4 (TGA)E Aadle] A28l 529

300-900um, W5 403-689K, 457 5% 4. 2vol, % o|ake] AHslolA e AyAset %
92 192 valeh & d7el AWEAHAAE Ca0 WAe] bl et 2w, Ca(OH) el
$ubgFolE Ca(OH), Y749 d%o) ASl FA8% & 4 sk,

L o

Abstract—For the purpose of the thermal energy storage at relatively high temperature around 780 K, the follow-
ing gas-solid reaction cycle including both an exothermic(hydration) and an endothermic{dehydration) process was

chosen;
CaO + H20 = Ca(OH), + 104.2 kJ/mol

This reaction cycle was studied from a fundamental point of view concerning overall reaction rate by using a micro-

thermobalance equipped with a steam generator.

Concentration profiles of steam within the reactant particle are numerically calculated based on the diffusion
model of steam proposed here. The calculated results showed fairly good agreement with experimental data which
were obtained by using a thermogravimetric analysis (TGA) with the reactant solid particle size under 900 «m, the

reaction temperature 403-689 K and steam concentration under 4.2 vol.%.

It was found within the range of experimental conditions employed in the present study that the reaction rate for
the hydration of CaO decrease as the particle size of CaO pellet increases, but it is not a function of the particle size of

Ca(OH); pellet during the dehydration of Ca(OH);.

503



504 o] 47}

3 2L g o8- (3 F9)s= Fdwel Ut

o] Folj4 o ol Adg o
Az zto] ofeiPn], TEAHORZ JEHZZ AL 4
S shdol oo}, ol thalg W de A
o] 3}at Fodgjolrt, o] oé“d—% Ag3
of 2 7}x] uhg-Alel] gtk o

2 el 3tat ""éu

*“3} ahgEolAl FHrkxl AHE kA o Ca
(OH;,/CaOA 713 dstst uhg-g wlsleivi{2],

CaO+H,0=Ca(0OH),+104.2k]/mol

o] HFSAIE Fdol o|&slr] #3 AT+ Ervin
[3], Kanzawa S[4]ol o3& Zodddelel 7z =2
Halstead 5(5], Samms[6]el i3} &4y 525 &
4 ook, =g o] Wk AlE et Fdo 2% FA o
2 Matsuda 5[7]o 93t ahikg £x4, o %[8]
o ogk zhgkzAelA Ca(OH), F¥a wke- o
519, 10Jell 9fal 7] 2d77F F3=Uct, oL 7
2975 EciZ sl B8 F94A levelel gt A
¥+ Matsuda, Hasatani 511, 12], Fujii 5[10]
of ofsf oi-Fsli Qlek, et o vkgAlZ} Bk 24
Az AHEE A, YA (Gum olsh Rk o=
Age] & Qo] ALY wifol ARl whE vk
SEEAQ AR 85 glov kA e A

L Abeol

ubebx] 2 oA Ca(OH),/CaOAlel 719 o
38} vhgell tig 7[xAF2A Alg A HE vks
Ags 3 “&-o—’ér—‘?—"ﬂ gl )48 Bk A= 1A
o] Frtoll w2 whEA pAM £F7] Bkl o
Feg nas] wuzl g

A obe 4

2, 0] 2
-1, Bpa WA D
Matsuda 5[7]2 =|4I#}t (5um ©|3h) & AH&3t
Ca0®] 43k W Ca(OH), &ukgol whslo] o}

sistast H262 HIST 19884 10

I E A

23} 2e

xe 8

i TR dAske 25 vl2dks
ki

(elementary reaction)& x2{sle] grain =lo] ¢

& USEEAL Frslol
Ca08] 4815
k,
v Cao+H,o=Cao-H,o*ﬁCa ©OH), ()

sea $Xa _ K/t
dé — 1+k,/k,

Ca(OH),9] EL*I‘”"T
== Ca(OH), «——CaO H o*—’~Cao+H,o (3)

(1-X,)% P-P,) (@

k,
dX k,/r
A Al a4 _ L &
= g 1+k,/k, 1- X) Pe-P) @

oh =3 YA d e bt 42 240, WY o 45

2-2, &3 vissy

2-2-1, 7|1 %A

A, SEzANM A el T2 CaO pelletd
Az B212 3o}, CaO pelletd] A1F Aol 4=
7] Sapubg Al ohgs) ke Ao g vehd 4 9l

Ce _1 8 20Ce o
28 ~ 7 or Del 5 )T (5)
F,=f(C, C, T etc) c,.,%ﬂ ®)

=0,0=r =1y, C,=0,X,(i =d, h) =0,
Cs=Caqo 7

AAZA 1) 820, r=0; 3C,/9r=0
1) 820, r=r,; aC,/ar=
k,
- D.., C.—-C) (8)

714, T, ksl o8l A4 =E £A48E }T
yeble] grain 29 A2 sy Al (6)ez A=
o}, 28]l Cy, 1, Desy Coor ko Coo = 22 5271 ¥
=, pellet SA4olA wb7 uldke] Az, §a 24l

T, 2AL 27 ¥=, FAAHASE 4 bulk FF7|
£ vehich, =3 4 (5)F i, & Ca0 +3hkg-2, +
I Ca(OH), ¥1ks-& A E 7o A5},



dolvixl ABE A% CaOH)/CaOA 2 714 52 Ug4= 505

2-2-2. ®& SbAl4e] A3t
$& 244 D,v dubeos ATE, €9 34
24 33} 7o) ZAE 4+ 9o 4],

—&ep 1__1 1
D= - D., D,~D,. +DA~ (9)
Knudsen #8414, Dags
D,=9700a¢T/M y0 (10
olef, AEEY W74 a:
— £ 1- & 1/3
a—ao(eo) =) (1

ofch, =@ ¥ab HAAL, D, i R
Hirshfeld 5-[13]oll &3 Aoz 38 4 9},
0.028YT?* Mgy + My, /2 - My,oMy,) 12
p d.o - Nan

o7l P, o, M, T 2zt Ao}, 48 A4,
Exigk, Ades 2 Jeiiith, H,0-NAd g3 &%
AL, 0, 2083 (14) 248 olaieh e Alaalg
Tt

D,.=

T-503 T-503
1000 1000
+1.0596 13
2-2-3. A58 Wt
Pelletd Al3%, €& dbgo] Aagol et A3}
&, X $42A olelst AL Aoz 38T 4 gl
o},

Q,=1{1.2082 (

) —0.7843} (

€(Xt)=1" (1"50) (I—fc'xi+7'fc'xt) 14
Wo/ﬂx
1, f=
R fc (1 "Wo) /Pmeﬂ +Wo/Pn (15)
')'= (pR/Ml)/(pp/Mp) (16)

A7\ 0 W Wb 774 alxet 27| FEEe o
Ehile, &2 P, R % inerte WH-5-44%, 1323
3} inert 24¢ velln gich, = A% EAALA
2
T

%, ke ohet e Aoz 7T 4 o4l

Sh=2+0.6Re'*Sc'* 1Y)
3.4 H

2 79 AR Fig, 1o =45 ule} 7o)

Matsuda $[7]°] AH3% TGAE AHgslod 4=
% 248, WA, 2% $8EAY Ast: w57}

oaH -
‘

Fig. 1. Schematic diagram of the experimental
apparatus employed.

B : Balance N : Needle valve

C : Njcylinder R : Ribbon heater

F : Furnace S : Sample holder

H : Heater T : Temperature

K : Moisture content measurement point

measurement V : Triangular valve

M: Flow meter W: Cooling water
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Table 1. Physical properties of the calculation

employed
Item
M
Ca0 2.24 0.59 56.1
Ca(OH), 3.48 0.165 74.1
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Fig. 2. Effect of particle size on conversion yield
during the hydration. of Ca0 with steam.
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NOMENCLATURE

a  : radius of pore within particle [m]
Cg : concentration of water vapor {mol-m~%]

Cg~ : concentration of water vapor in bulk fluid
[mol-m™]
Cs : concentration of solid reactant [mol-m™]
Dy : effective diffusivity of water vapor (m%s™)
Duc : Knudsen diffusivity Im%s™]
Day : molecular diffusivity (m%s™]
D, : particle diameter [m]
fo . initial volume fraction of solid reactant in par-
ticle [-]
K; : mass transfer coefficient on the external sur-
face of particle (ms™]
K; : reaction rate constant [min™']
K; : reaction rate constant [m-min~']
M : molecular weight [kgl
P : dimensionless partial pressure of water vapor
(-]
P, : Prandtl number (-]
R. : Reynolds number (-1
R, : gasconstant [kJ-mol™-K™]
r : radial distance from the center of particle [m]
r, : radius of particle [(m]
r,  : radius of a solid grain [m]
S. : Schmidt number -1
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S» : Sherwood number (-]
T . absolute temperature [K]
W : weight of a sample [kg]
X; : conversion of reaction [-]
€ : void fraction within particle at X=X {-]
Q1p : Diffusion collision integral (-]
o : density [kgm™]
Y : ratio of molar volume of solid reactant to solid
product (-]
8 . reaction time [s] or [min]
1% . Lennard-Jones potential parameter [nm]
r . tortuosity factor (-1
Subscripts
e : equilibrium
i : d(dehydration) or h (hydration)
j . jth species (j=1-4)
P : product
R : reactant
o} : initial
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