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Abstract

Project Code: MRG4780154

Project Title: Development of an energy storage prototype based on chemisorption technique

Investigator: Wipawadee Wongsuwan, Department of Mechanical Engineering

Faculty of Engineering, Chiang Mai University

E-mail Address: Vibhavavdee@yahoo.com, Wipawadee@dome.eng.cmu.ac.th

Modular Chemical Energy Storage (MCES) based on chemisorption, using
sodiumsulphide-water working pair, was developed its design as module. If was compacted
and composed of reactor or adsorber, evaporator and condensor. The system was tested in a
laboratory to guideline its application for waste heat energy storage. The variables that
influence system performance were evaporation temperature, heat source temperature, and
binder of sodiumsulphide salt, to consolidate reactive bed in the reactor e.g. conventional and
conductive graphite, carbon fibre, organic starch, and calcium-hydroxide. The tested results
showed that these substances could enhance better reactive bed consolidation. The reactive
bed would have higher thermal conductivity. The MCES system had coefficient of
performance of heating (COP,) between 1.00 — 3.47, and its energy storage capacity was
increased; specific heating power (SHP) about 2,254 W/kg and volumetric heat production
(VHP) about 7,896 kWh/ms. In theoretical study, the mathematical model of MCES was
solved by computer programming. The simulated results were validated with tested results. It

was found that the model is well applicable.

Keywords: Modular Chemical Energy Storage, Solid Adsorption, Sodiumsulphide-water,

Thermal energy storage, Experimental study
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NI

1.1. Tavfivinnsdse uazanudranasilym

139UgamnNITNUAZAIAIVUWNIALAY §IUd0INITTVUHNEALATIZUUEITY
anuseu myssanufouazldaaslnauanidfouauian dauuwnaéiugﬂawnwa%au
e lesihdindaanwdeloin  wasiheuanwieduin lasszuunaaanufon
sne=dmalods infauiinaeld aauauan wazlusrenisesivoanindas vaslna
%au‘ﬁﬂa’aﬂﬁyumﬁf:ﬂ?‘iﬁwﬁamumﬁaag’ wiafiBuniunasanutaniios (Waste heat
source) mMsinasnnurasianls vldlasdessszuudenauainuiandaan
(Waste heat recovery) 1ué’ﬂmmzqﬂﬂszﬁuamﬂ'§smmm%”aw,mmm6] INEI0EN LASDS
guanmeaioulasldanuiauainioleds uazLﬂ§QJQuﬁﬁﬂain&ﬁaqaﬁﬁ(3%91 IGE
NUILABTA, 2539; FUNT UATATAZ, 2546)

wintrsnmfidsasfisnnuian sumslawssnuluszuuduglusdnalndifes
lailgszpziia@sine nMsasaunadsnu b3 lszUUAUTAINRINU  (Energy  storage
syﬁem)%uﬂuéaﬁnfhkanwuﬂﬂiﬁﬁ513ﬂdaﬂﬁﬁwéhwnﬂﬂ@aLﬁaoI@ﬂﬁi:uuuamﬁauﬁ
Foamsldwasauluszozafidsly InaznululssnugamnnITNIIANAIUAZ YW
Wnludszindlng lasawizgaannisudiuaimisuaznanusas wiaududliusuuas
T59menuna

sruumahanufouiisdansuanldUszndlng saunnazeanuuuidugnynd
waniasnarnuson laguani s uainusonssniniuoinaInuIaIneT Wsa 329
fafurednad nindasmaiuinswdsnuidnendonisazanluglanuiausuda
(Sensible heat storage) L% S9LALYNToU athilafiowansszaulugdanuiouunives
madasuaniuzdromalulaimadaniung laun szuvszsunssnuwsuuldasians
Lﬂﬁmuamwuz(Phasechangenuﬂeﬁm)%%aawﬁﬂwéhwnnnnﬂﬁﬁ%UNﬂﬁuuuéau 9
TEWINIBURAINUAD L% TTUUQATN (Absorption system) UAZIznINVBILTINUIND
21 izuug@"ﬁlﬁg{iLLi_liszm’lWLLa:LLullLﬂﬁ (Physisorption/ Chemisorption system) %G
mydaasldaudinlngsznulwnaluladvasdrsdszine wazdvlala@nisiiunld
Uselamiminlasinludszinelng uwiinasawdsasuiitheludszanelng (newd, 2545;
NWILNLIA URzALY, 2541; NWILNUTA WazAt:, 2545; Kiatsiriroat et al., 2001, 2003;
Tiansuwan et al., 1995, 1997)

nmsfnsanszuonsnaslumsianufeuisnavanldlng szuumadend
iaulannfaszuugadunaiail %aﬂawu%auaza:auiﬁuwuuazﬂwsqquﬁﬂﬁéalizuugﬂ

Fugunsa ki duunasanusandathasdsniusruuang uazdsldvinanuiinlasande
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M3 uRLeE sz Idee sruuiwanzaudenisldenlulssenn
DAFNANITNDIMIIUAZAATIANTINNBATHIBLIIUTY ﬁﬁhusl,myﬁaamsmiﬁﬁmm%au
wwvlddatfias uazdasmsmavinenuduiiusas
i:uuLﬁu%'ﬂmwé’omuuuu@@%’uﬁ@;mig@‘fuﬁ'umiﬁﬂmu‘ﬁwmn%mU 81NN
Lﬁaﬂﬁwﬂﬂﬁmmzauﬁm:ﬁuqnmgﬁLLa:ﬂ’%mmmm%auﬁ@Taams 52UV
sznauais (1) Lﬂ"’if'aa@@sfi'u (w31 fnaod) ﬁmﬂlumsgmaaLL%@ﬁ@@%’Uﬁwmaoms
Maulilusugasznitsvasuduazing (2) LR3I TR TN (3) LA
ALUUUBEITR9H %qmﬂuﬁmiv‘hmﬂuama:auqamaammua:ﬁ"ﬁmag anufoud
azawmUIWE’&@;@WB’Uagjilugﬂwé’wmmﬁﬁsamiﬂa@ﬂa'aUaaﬂmlﬂumm%amﬁa
daan3lfinu uvszauanuiasuuuiadianugluniazaunasnugs afauiy
TEULQATUNINUAN WiosruuflFanuiendudansannuionanmalauuaniue
ﬂﬁ]fgﬁmzuuﬁ’]mﬁuﬁ”auuazmwLﬁuﬁﬁmi’naﬁ‘h%mUiuﬁaa@]m@ FIUNINL
duszuugada 1u szuugafuuuuiging GAX & minenarstuiSeulasuisn
N.Y.Gas 98981031 (Phillipe 1999; Fiskman, 1996; NYGAS, 1999) wanaindiussm
Yazaki corporation (Yazaki, 2003) ’i)’mﬂizmﬂtﬁﬂuﬁvlﬁff@ﬁ’mmUi:m_l Aroace double-
effect chiller-heater ﬁlﬁ%é’ﬂm‘:g@%ﬂum‘sﬁwmm%”auuazmnwLﬁumuﬁu TR rATLY
azauwé’ammﬁaﬁwmm%aul,l,a:mml,ﬁﬂ@ﬂl‘*ﬁ%é’ﬂﬂ'ﬁg@sﬁ'umal,ﬂﬁ (Chemisorption
energy storage) a¢ldWaimnogsdaiiiosan 30 Dudrluedrsdszine wazludagduimas
ﬁ]:ﬁmwamlm%awwﬂmﬁlﬁafﬁmu'nUg&ﬁﬂd@ﬂﬂ@ (Fraunhofer ISE, 2003) u@ludszine
”Imﬂmsﬁm:mLﬁmﬁ'm:uu@@sﬁ'mmuﬁgmm ﬁmﬁ'mﬁ'mzuug@éﬁ'mmumymw
(Physisorption) uazagjluszau®asl[jidn1e (Tiansuwan et al., 1995, 1997) IUIAVDI
winsdautnslnauazdamsiuiiaaniinn waziianududounsauaaslunisldom
é’aﬁ?mﬁalﬁmsﬁ'@umqﬂmnﬁﬁu%’nmwé’amu I@]ﬂl*’ﬁ%é’ﬂmsgﬂsﬁ'umomﬁﬁ
ﬂ’)’]&lLﬂugﬂﬁiiNN’méd%ﬁ ;ﬁ%’u%ﬂ@ﬁ%wﬁ'@umﬁmmwaaqﬂmniﬂi:mwf: NAROLII
Tnyudanafiansldonuiimanzay L'ﬂ"aLﬂuLLuamﬂuﬂﬁW@umizuuLﬁﬁgﬂ%awwrﬁ"ﬁﬁ
ol Lﬂmmwé'ﬂmawm‘ﬁﬂ%uﬁ%aLﬁumsaammuLLaz%'@a%“NéTuLLuuqﬂmniLﬁu
TNWINRIIH Wﬁmmgwé’amuﬁ%ww:go fuwaiindasminufiaanistas Tnwlding
La=A=AIN DausTousiadiniane uasnanzaamslfaauanutan :NunaInIuToudis

wawesrzuukialerhvatlisnugamunIsauazsaianszwialng
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Tanuszasn

Imomif':ﬁ&jaLﬁumiﬁ'@umLLam@aam:uug@ﬁj’umaLﬂﬁﬁﬁé’ﬂwmuﬂu
lugaduisznaudie dugaduniodnial  dawiszmouazduaivuiuluge
denmin e lfiluwumwimslumseanuuuszuuifuinsnasnuanuouida Tag
aanLLuuﬁuLLquugammmLﬁnmaas:uuLﬁu%'ﬂmwé'amum%%é'ﬂmsgWﬁ'umamﬁ
mnffu%@a%”wLLazmaau"q@qﬂmfﬁ@Tuqu éﬁ%%ﬂﬁﬂﬂ’]mﬂﬁmmzﬂfymﬁﬁ@%ulu
MIAUSNEINE 3914 el N A I N UREIA LT aRAIL S WS D UAEING I
WL TIUDINMIRAUILIENAFOULUDTIRBINNATRAAFATVBITLUUQATY
GINENINE I TT U N ANTTULAL FNTINNETBITZUY

MIELHRIUITY lagRUAKLENE1TE9DILAZNUNIBLONEITNIIITINTA
Lﬁmﬁmzuugmsﬁ'mmmﬂﬁ Uszananadayanimasaudjnsal ﬁl“ﬁ’@]’miﬁwm
Tadgusalne-1in (Na,S/H,0) Lﬂu@]’awv‘hmuimm’i%’aﬁshum WAWILUUF R84
mendaraasuazlisunsuiofiuao sanuuulugauazgaguninininasey las
winnslginaluladfidludszine %’ﬂaﬁ”ﬂﬂugaLLaza@ﬁz\ﬁ"gﬂqﬂﬂiﬂimaaumuﬁ"l,ﬁ
panuuu ¥ Tuiesd jiidn1339s naseu inudaya TiesziuazinTolna ayUna uaz

LiJ’%smL‘ﬁmJNaﬁﬁmmﬁuﬁagamsmaamzuugwﬁbmamﬁmaamu’i%‘ﬂﬁmum

1) ﬂ'@umLLa:maam:uqufﬁmwmﬁﬁﬁé’numzLﬂqugaé'uﬂszﬂamT’m G
durlalfniol dauriszine uazdruaivuiu lugadoiu ivaldeanuuuszuy

LUITNEINAINY

2) aanuUUALLUUTNQATMIALANTITTULALININAINY NlEnannsgadung
a . ' a o ca o
wilszwinganImnsladouda lwdnui

L v U o et =) { =) J
3) ﬁmﬁmaLLa:maau"g@qﬂmzﬁ@uLmu fnsuansunadauszdymninadulung
LALSNEINEIINW LN aLT NI IR RN NRIINHINNLREIAN N TaWN 9|0
YBULYAVBINITIVY

1) siwlugaguninhiivinmnasnusmaidn - Afenuaansalunenyiau

a8N9tas 1-2 kWh
2) ahuuazlznauginiallaslfinafianitsuazyinldludszinealng

3) myiagmnpiiiafiwimmaimMItnumaNuTawIzIaNNRIFUAENBKEN LB

"l&ilﬁqﬂmzﬁi’mummzuu LLaz"L@Té'ﬂwmzqﬂmniﬁLﬂuﬁmmuaﬂ’muﬁﬁa

o a 6 & A A
4) LUUINRINA AR RATLT WUy Lumped parameter model LRZHIDWINTUN

o 4 an {
ﬂ’]iﬂ’]%ﬂmsl,%ﬁu{'l&l@]ﬂl aagﬂ‘m\imzu AaNNENNINT
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5) ﬁmsmmzﬁﬁﬂmmaaLma'amﬁmi”auﬁaLﬂsiﬂluliooﬁuq@m'ﬂnﬁmm@Lﬁmﬁa
ieN L'ﬂ'aﬁﬂmUwaﬂ’lsﬂszqﬂ@l‘l‘*ﬁizuuazauwéTamuﬁﬂi:ﬂauéﬁwmzﬂuga
~ ada v
suiiguiIsIvY
ANNNITNUNIBLANFITANIDINHIWUN agﬂ"l,él”’j’mﬁaaﬂLmuml,ﬁu%'nm
NRINULULLAL mmzﬁé’ﬂumztﬂuiugamuﬂ@Lﬁﬂ Feiredanivinlddsulenusesuy
939 Iw@aﬁa:ﬂszﬂauﬁw Lﬂ%aagwﬁ‘uﬁaﬂg‘jmrﬁ LAIDIVTL R LAZLATDINIL LI
= A A A AN o . ° o ' aA &
Falafigndsznaufindanun be (Moving parts) ¥inl#inasdanisdsznay AAAILAZQUA
o dl v s {d‘ 9/3: vV ;A v o a = Aada v e 1 n:?
TN L‘WalﬁUSiQ’J@lqﬂizﬁdﬂ‘ﬂvL@@th ARApdLiwwaIdeIsivy aa6ia b
1) ﬁuﬁmanmiﬁnaaLLamumuLaﬂmimﬁ"mmwm6]Lﬁmﬁmwugwﬁmmu
LANLNILGY
2) ﬂi:maNa"ﬁagamsmaaum‘%aagwﬁ'uu’%aﬂgjnmi ﬁl*’ﬁﬂmiﬁﬁmﬂmaw
a8 INA-110 (Na,S/H,0) Lﬂ%@jﬁﬁﬁﬂdﬁﬂ%ﬁﬁ%’ﬂﬁmum
3) ﬁuﬁummmauﬁmmﬁmmawﬁaL%ammﬁ”amaauﬁuﬂg’jﬁ‘%mmaamig@%u
o £ ' Aaaa . o [
4)  dudaniauduvinil )iz (Reactive bed) maamsgmﬂmﬁﬂwmimﬂu
a 6 d' v J [ n' wAa A v
UfnInk Lwaiﬁwﬂ's'}uﬂogﬂmﬂmu LTI R MENTALTIANNTBL
5)  eanuuulugazeIUUAUALANNEINUNINAT (Modular Chemical Energy
Storage, MCES) uazgaguUnisiminageuszuugady dmiunydiflaifiuazd
myUSudsuvind jiseud (MCES 1 uaz MCES 2) lagutumisldinaluladf
Fluszinalunissasie
6)  2aNLUUTLULATBILANUREUANNTaUAHITUNNTINNAINBIRFIU T
maaizuug@sﬁ'umomﬁ
7) fﬁ'@aé‘”ﬁaLLazaﬁﬁm@aqﬂmzﬁmaauﬁ'smu (MCES 1, MCES 2 uazin3as
dl v dl v v a wa a w
wanifauanuion) aui laasnuuuliluiesd fidnsias
8)  vnamauUUNIAN uTuiindays Tianziuazinsning
9)  WamLUUTaaInIamamansiazlUsunsuiNanmsyinmangAnssnaedsuy
10)  NNUUUIIABINHARAMEATN LA Waw lUTUNTUA It FyLaduuas
WA URAM I WA UNANTNARELITIVITTUUQATUNNILAL]
1) syduazSpuifisuiunanisnesauiinuluianadnsss
12)  FWENANSAUTABINRINUIETZUY MCES lunsianmnanusauiiagan
ﬁnﬂkaomqma’mmsw lagdsdsnnuaminaseuluiasdjuang
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uNn 2

255HNIINIVY

ASIAUNRIIIWNI9LAE (Chemical Energy Storage, CES) fia n1siAuaINu
Joulugtvesdjiseall (Chemical Reaction) aiiANUNAINUIIANTIINMTALNWIINY
WHILREWAINUFNER  N1ItialJiTealseninsanIasduuasansfiimu asnanisssng

g J 1 1 g; 1 v a aaAa &
wuﬁwul‘ﬂm:mnmimamLLazllaaUﬂmmammmim@ﬂgmmaanm FI38N

[
aaa =

UAseidn Y§nsenansauian (Exothermic Reaction) &unstasuudasnnuan
uwazgnndvesdjisenvianmslinasnusuniblumsiaoiuszsenitsgamainun

9 U

vujizeniu Bundy Ujismgeanuiau (Endothermic Reaction) Taiiangmwnniigs

IWldasasdusanundnass laslgunnldiniiaewial jiTen damuismansniians
ol lnala

2.1 UssAnszuu R UASAINE 9T

FUUAUSAIINRINUANNTan uUadu 3 uuu Ao STuLRERUNAINMlALENAY
mﬁ?ﬂizﬁgmwi”aumﬂmnﬁuqm%gﬁﬁaiﬁmwﬁauﬁuﬁa (Sensible heat storage)
sruuszauanusanlaganduanufounanmI ouanius (Latent heat storage) w3ald
fﬁ@;ﬁm‘&"wamuzvlﬁ l38N31 PCM (Phase change material) Was3zUURZRUAINTOL
wuuLadl (Chemical energy storage)(Zalba et al., 2003) %aﬁayamaamzmummmu
anuiau nanmsvinw uszdradninisldnuldaylilas Wongsuwan et al. (2001)

suvszauanuianiuueiiondoU fAsonaddoundvld Salsznaudnl s
AALAZANUANUTOU Ufsenafazifnidasiumiuanuazaiienuszszniniasdsznay
d9rfia F99z18adanazaunasululSunann msé?aéfumaagj’luanfmzl,l,@m@i’mﬁ'u
% VBIMAITUANT %38 Ba9udnuinT Semrndulssinnnasiazazaindemsleem
LazdaInIlinnaTuTIies miﬂszﬂaumwﬁ@ﬁﬁﬁﬂﬁﬁ%mﬁuﬁ Sandnagedn gans
Yi1971% (Working pair) Aa1 71119 UzU5zNaUaI8A19ATURIBA QAT
(Absorbent/Adsorbent) iU THiN91% (Working substance) M3LaaNaN TN UaIwiUTE oL
L8z USUT NS I B IN I RE AN sgaduiianuziduveunad uazisnsldnuuas
%'ﬂmsazsjdmﬂﬂ’hmsg@sﬁ'uﬁﬁamuuﬂwuaam’ﬁa

mMIgaguuLiaiu 2wy @a MIgATUNIMENINLAZMIQATUNILAL) GRIRRY
Lﬂﬁﬁ‘*ﬂ"aﬁmoﬁlﬁmmwgmﬁaﬁam‘hwaﬁ'ga uwazaanIneanuuylszuuuazgunyaiil
PAANNZaTald ssgaduanaduunlasn 2 wuy fa a138un3d  (Organic) uas

A A 6 . A ! A A 6o A A9 o
81389uNn38 (Inorganic) TawuinansafunIgiwininfe balan (Hydrated salts) 71144
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Wuws3vinen ﬁqumw%auqammml‘*ﬁﬂiﬂﬁ‘*ﬁﬂﬁ%mﬂ%mULLﬁLL@imiLﬁuazau
WaIUIIRaHiaE (Lane, 1986; Dincer and Rosen, 2002)
sruufunasuanuTaumaad Wufiswlaadrounsnans LLazﬂs:qﬂ@ﬂ"ﬁﬁuama
nern9lnanslsEing wusiaeswes Huang et al. (2004) l3Aunsasnuuufimans s
Pa9uAINUTOU dudInigunnaagafuazauion A ANAU LAz QARDH
gaudulInnmaeniwsasssiinuniadjnsal tiu 38379 uazlididns 9 lasluns

v
Aa 2

@1@1@1:1qﬂﬂsmﬁlumsmaaulmmﬁﬁb LLﬁ(ﬂd@i‘iEﬂ 2.1

Feactor
Ol tank #1
il tank #2
Evaporator/
Condenser
il pump
Thermostatic bath
Water punp
Ome-way
L electro-valve
0 Three-way
electro-valve
Tm ],'h 10 Thermmostatic

LY -
N 15~ = s et

2
valve
12 Computer

e L

S0 - Chth

" Tev or Teon

31l 2.1 LqusTomiamﬁ'aqﬂmﬂiﬂﬁmaawao Huang et al. (2004)

2.2 NalnNIIANIRTITLUURUALANNAITUNIILAN
NI IR BIT UL A UREEUNASI wMae i lEnannsrasiuanuon
N19Lad (Chemical Heat Pump, CHP) G’fiaﬁ]zﬁﬁmu@;ﬁuLmdﬂﬁmm%uﬁﬂs:ﬂauﬁaﬂ
1) amnnie9n 3 1z Ao
n. ﬁ%dqm%{}fl@‘i‘ﬂ ( Low Temperature, T,)
U, ﬁ?dqm%{]ﬁﬂ’mﬂm\‘l (Intermediate Temperature, T_ )

a

. TIYMRYNEI (High Temperature, T,)
2) ANUABLANGIINY 2 T=0U Aa
N. TIANAUE (Low Pressure, P) az

2. FHANUAUEI (High Pressure, P,)
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>

ﬂizmumﬂﬁuwﬁamumamﬁ ﬁ’]&l’]iﬂLLﬂdﬂitU’Juﬂ’]iaaﬂvLﬁL‘ﬂu 2 TN (ﬂx‘i‘ﬁ
1) ﬁ?dazau%%mi@@mw%u (Storage or Endothermic Mode) RITGEEEY

wé’amulugﬂmadﬁuﬁzmﬁ TagnIv AN NI RIaALTIN D2 Ll

2) 9lB9un3anisanenIu3an (Discharge or Exothermic Mode) Ufjf3enas
U Qs v L5 U v t&‘ ]
o UNAULALEINIINRIIUAIINTauaaNNT LazazaTIa13uunlna

(Regeneration)

na N lwnIINwIaITIuLY 3 2 129 Aa

(1) 224 Adsorption/Production i:ijﬁ’;waoﬂﬁgmeﬁ'ums LATBITZLRBAZA LT

o a 6 o o 3 a A ;; a [
Audjnsal  DaazvihlianpiilueIasszinadias uazluafoiiuas
el jAsonaiisznivdigaduniduinie uaz Mavesdigneadulu
Unsot tiamsnuanusawandjisen

(2) 773 Desorption/Regeneration Je®IN9BIVDINTIANLURIT ﬂﬁﬂiﬂiﬁ]zgﬂﬁﬂﬁ
v J U v o v =) 1 g
FOUVUINNURGIAINTDUEY ml%qmﬁgmaumumsg@mu (Adsorbent

A' J & dl' 1 1 ¥ a 6 dl' a K d' a
bed) \WNIH TILATBINIVLUMITABLINNLLU NI Woamn)NnIganazing
mumnﬁuﬁ:sx‘v\dwg}'msﬁwmﬁ”ﬁsﬁ‘ﬁ%amsﬁﬂdmm@aaﬂmﬂmamﬁwx"lﬂ

AU AT I UL

nmstiuInsianuTanlasardodjisetafuuudaunsula (Reversivle
Reaction)  uUfjfissnaiilsznaudis UJTeuuugauasaawasnuauion
(Endothermic or Exothermic Reaction) lagfimsiasuudasmaeiilufiemefiaim
NN

UjAsonafifmdasiunuanuazaianuseszninaslsznaudsrfianu
FasadansiusnmnssnwldiiuwlSumunn  nszuawmswasusdasnelu
sroufusnswasnuanuiaumand  sunsauseaduaunsegnsnaesil
(Huang et al., 2004)

MX -n,G +n,G «2& o MX . (n, +n,)G +n,4H, (2.1)

desorption
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a v dql = o 6 :/ & g; v o
TunispiazlFlaaousa e uaz il a1 IaId wLasa13i19% 1nT
=) aAana ‘é e aAaa 1 . .
ViedfATeued Sawasnudizendidn 300 kJ/mol of Sodiumsulfide (Boer et al.,
2003) suMIVaIUN3enuaadlaasit

adsorption

Na,S, +5H,0,,) «smmm—> Na,S-5H,0, + 4H, (300kJ/mol Na,S) (2.2)

desorption

Uit oillud §seuundaunauls (Reversible Reaction) wasanufils
i Uazvinlansasdu (Na,s -5H,0) udagthdunfaimusd (Na,S uaz H,0) lu
AamanauniuwdleUsaslindadueiinufisosu  udjisonasanuion
(Exothermic Reaction) ¥inl#ddasnasinuainusanaanyn aunsasiiiananasan
st ldss lomile

*m.mLﬁu%'ﬂmwé'amumw%auﬂizﬂauﬁwaqﬂmzﬁﬂé'ﬂ 2 #% Aa

1) 1@309UANTAE NUITTIRITAATURIAFNTAIAY (Adsorbent or Reactive Bed
q a

dl o aaa A
LWBY]’]TJQﬂ'i&I’]Lﬂ&I

(2) 139 IzrnIaInIaIn UL NilnTuzLIIIasinarine  (Working

. o { .
Fluid) Ssaziimaifsusaueldanseninsvaanaiuazle

sshinuazlnaegznivgdniniduusniudiuiiass lasindaiugu
mymanavhauluidazisnazemsifad jisogaduwszasans

ATEUIBANIIULATEIYINTE LAY (Evaporator) BWAasLATEIAIULLY

=1 a J a 6 a aaa
(Condenser) a:uau@;avl,a - YBILARD LNATY LLa:Iuﬂgmmﬁ]xm@auqamaaﬂgmm
2RI AND-VaINTI WAL 1a-UaIRAET LT wn1THUTHWLTILALIRT oL THWAN Y
panndl lasmunsnusainauasuudasldlu Clausius-Clapeyron Diagram &3

au@gmzmwmwﬁﬂaLLaxqmvx{]ﬁlmwu Ao

In(P,,) :_%+§ (2.3)

NFNMIN (2.3) AIT B UULHBD AN NAUFNANTZAIN ANG e
(P) uazgannd (1) luanizmivhaueds 9 ldasgl 2.2 TagseuDasinend
FBITZAUANNGY Ao ANNAKEI (P,) WazAMAGUG (P) uaz 3 AU RN
AT, T usz T, Lmuuamﬂu@hawaadmné’uqm%gﬁuaumuﬁz&auﬂuﬂﬁw
log VBIANAK FVRITLLEW LIV LLamam;amawaammLLazvl,aluLﬂ‘%aoﬁ’mLm
LAZLATEINILUI UazLEN S/G LLamam}amawaauf‘ﬁoLLaz"medNaﬁénguﬁga

gavluUfnsol
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In(P,,)

Ph \/3/

]
=

CONDENSOR SOLID-GAS
= REACTOR

LG

Pl | \ 2'\

!EvAPORATOR SOLID-GAS
REACTOR

Ti Tm Th

gﬂﬁ 2.2: uNwNi Clausius-Clapeyron (Wongsuwan et al., 2001)

1n3d 2.2 efmensinueesmafed jiseuaiiluduaauds 9 ldaad

1)

%

1
A o

Tuaauil 1-2 anufounszaugaunnien (T,) iU Evaporator 1inlsith

a & Aa

= o [ ¥ ! aaa J '
mamsmmmzmﬂnmﬂLﬂu"l,a ngﬂgmm m@ﬂgmmmmzmn

= o co o v ra & a & @ A |aaa
lo@puesa IWanus ‘nﬂ%ﬂgmmuqmvx{}wgwumnmwmauwﬂgmm
P o 4 v da XX
ANgaand (Evaporator 3c@aLlU Ny Reactor) TinMNIah (T, ) NiNAYWH

a:gnﬁﬂﬂlﬁom

2

Tuaauil 2-3 anufaunszaugunnigs (T,) dudjnsalinelsimie

f13uean WaINNWRAA M (Condenser Az6aldny Reactor)

& P o @ ' S A a &
YO WUN 3-4 Iﬁﬂjqwsau@avLﬂ%uvLﬂuqﬂﬁq@aaﬂu’]ﬁ]’]ﬂwﬂ(ﬂﬂmm Qﬂ

g9 lUaunsinlwiaIasa UL

Tuaauil 4 -1 lashndvid jasenulodouda induazgnaiseanan
nmMssaswusziianiuuiulu Condenser nansiluvasnad lnassns
iy wathnaua g lwadaly

> °

APINIMIINNUIBITZULQATU azﬁumnmnﬁ@mig@sﬁums (Adsorption)
niwdunszuawnmslidainuion (Heating)  ielsssvhonaanainiwiu
NITUIUNIIALRIIQATY (Desorption)  lasansriawazgnaluiunaiiiu
paunaniulilumrusifvuaznszviwnisgarisidunisinliszuugaduiin
dad (Cooling)  lanldvaslnalundaifufiufnanl szuvierinauasuiging
NI 9 ‘ﬁ'"l,ﬁﬁﬁms?mmmﬁﬁ,wé‘ﬂﬂ’ﬁﬁmﬂszqﬂmﬂ%mulﬁmﬁ‘u
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23 AE1II9
maienlfnuvasgarsiinm uFedaman wIzgaTinuLdazgazdl
sudduandinuaanty dnsuznisifadjiserindud jAonganieaiuainuia
gnzfirunzaalunisrieu msﬁ'@ﬂs'amia%umuqﬂﬂmi @14 9 Gagassnilefle
ﬂ'auﬁfﬂ:ﬁﬁmﬂﬁaﬂ‘l,%@jmsﬁwmﬁf'u 9 'l lFudaly ﬁagmﬂ%ﬂmﬁwmaas:uugwﬁﬁ
@9 9 %alﬁﬂ'miﬁ'muﬁLmﬂ@mﬁ'uaaﬂvlﬂ waa9 L3 lwansng 2.1
sruntluenudewad Tagld SrCl, — NH, 1udan3vi1eu 919nnuiaeued Huang

et al. (2004) S‘fjavléfﬂsztqm@TLL'Umi’maamaﬁlaumam%ﬁmmmi‘aumﬁ (Thermochemistry
Kinetics) W8I uWginTsuvnanaemaas (Dynamics) °11aaﬂﬁmnﬁmugmmﬁmaaﬁ"’]sﬁ-
YIUTI (Fixed Bed of Gas-Solid)

mﬁLmﬁzﬁgﬂmeaoqmﬁgﬁﬁﬂi:mm’Luum%ﬂﬁmaq%gmnmigﬂsﬁu INNANIT
fﬁ'maawuhﬂs:ﬁw%wamsmmﬂu‘?amlaaﬁ'aﬂmaﬁvh@iaﬂﬁﬁ‘%mfuﬁwa‘f{ﬂLau@iaﬂ%mm
NARA M TIAaTunInae lagdninavessnsinnuian (Thermal Conductivity) fiflda
Usmnomdasmeiiifiadunsne dasdannnin 15 wm'K' awlufsasiing sauen
fu1lsrAns MIthamnauson (Heat Transfer Coefficient) s:%dwmﬁaﬁ%@iaﬂﬁﬁ%mﬁu
wisweslnyol laodaaildrannnin 800 Wm K’ FeaziinadadSununias ol
ﬁy'mumm:gﬂLLuumimzﬁnwaoqmwnﬂﬁimm%’ﬂﬁ

ﬁ%m%'uglimﬂsnﬁywﬁ'a"lw&ﬁ'uﬁﬁ IINNIINARBUFULULVES SWEAT 71l d
ﬂﬁsfﬂqmauﬁaﬂ’ldqmﬂwaﬂ’lam‘g (Thermodynamics) LRZAAUFTAT (Kinetics) maog]'
§19Y97% (Working Pairs) 'laun dudssdninisshainafon (Heat Conductivity)
Hudn T,@ﬂé’ﬂi&mwaamiaﬂﬁg\iqﬂmtﬁuazmiuﬁﬁ;mig]wffuaﬂu Adsorber L&A b3l
31 2.3 uaz 2.4 MuAOY

U 2.3: ansuzvaIMIIaaIgUnIninInasad (Bach, 2001)
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U7 2.4: myuImeansnuluiaIadgady (Bach, 2001)

uanmnﬁuﬂ'ﬂﬁﬁmu’i%‘yLfﬁad@Tuluﬂﬁiﬁ'@uu’muug@sﬁ‘ummmwﬁ”aumﬁ 9
andgranmsdauwnauldvasljisenad Wumsﬁﬂwuﬁmﬁ'umﬂmaﬁmua:qmauﬂ'ﬁma
goMWamaas lag Boer et al. (2002) Anwnlassaie qusuddnisgmunnaaans uas
§0IUVBIGF1TYIU Na,S - H,0 Aldnuluszuoduenuoued Tagadumeaiiaues
RD, TG/DTA, 90%aauina? wazanuaula

gﬂwﬁﬂimﬁbﬂﬂmaamﬁaimﬁszffa"I,Wﬁ A8 Na,S-9H,0, Na,S-5H,0
w8z Na,s-2H,080duinafiafiosuan fa1n1sauaiaasiunisdotiioen
(Dehydration Kinetic) 61 &1 Na,$ -1 H,0 Lilwwadi liiafios laswuiunadia XRD
%meﬁaqmawﬂ'a pasmaAsuuiaianiug lagdranuganuienveslizenluns
foheananindelmdsudalnd de Na,$ - sH,0(s) = Na,S -+ H,0(s) + 41 H,0(q) 4
AH,(298.15K 1bar) fientvinnu+ 300 kimol™ wiadaidu 3.84 MJ/kgy, s nI8
1 KWh/ kg, Towdi 1 Tua vaslodoudalus (Na,s) mmiﬂ@@sﬁ'uifﬁ (H,0)'l¢ 41
Tus B9ty 1 kg 289 H,0 W4 1 kg Va9inFouWs (Dry Salt)

Wongsuwan et al. (2004) @n®IMIMIRNIIOULDBITZULLALANSaUULLLAN
Soulall I@]ﬂﬁmﬁﬂwﬁ'aVLW@TLLau{ﬁLﬂuﬂ'msﬁﬁmu LLa:l%awsmawlunWSﬁaﬂ%ugﬂﬁa
wnT LN g ﬁé’mwahu@iwe] NANIIANEIWLIN fidasdrunan 1/3lasnas szuud
m’mmmmluﬂﬁg@sffu"lﬁﬁﬁq@ LLazmiLﬁuqmﬁ{]ﬁmad"lm{ﬂum‘%'aas:mﬂdawa‘lﬁms
g@%’mﬁ@"lﬁﬁ%u F2UBAAI N IAUANWAINUGIFALINY 2,713.59 KWhim®  wazdn
fulszantaussnus (COP) fldvinny 1.334 agnd lsnaudidszrutdyrmananias

WAZNI %&JI‘HJZUU‘Y]@ FOUAWLHAININMTIA q m‘Vqu] inda ?(’WI@ PR
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A o = A = (% Ad a
13NN 2.1: TaaaLﬂjﬂULﬂUUiz']JULﬂuwa\‘]\jqu'ﬂqﬂLﬂNﬂLﬂ@%qﬂ

ﬂ’]iﬁ’lﬂﬁﬁ%mluu@ia:ﬂmi (Riffat and Shankland, 1992)

qm%g“ﬁ ANUTEUD DY AMUAWILU b AN
Aanvlfizen \Rau MIQaTy YDINRII WAII
(°c) (kJ/kg) (kWh)

CaCl,- CH;0H 63 1,622 256 solid bed

CaCl,-(4-8)NH; 60 2,354 350 solid bed

SrCl,-(2-8)NHs 62 2,378 231 solid bed

Na,S-5H,0 54 3,120 673 solid bed

CaCl,-2H,0-(0-6)NH; 70 2,348 56 solid bed
H,SO, -H,0O 38-324 1,400 100 solution
NH;- H,O 50-80 - 58 solution
NH;- NaSCN 78 1,281 65 solution
H,O(sensible heat) 45 - 51 water

o A 1 (3 [
2.4  RYuNANAADNIIAVASANNAIG
Tadpuasnanmandasihannasandslssdndnanisiialisenaiuaznis

WNUTNINRAN N U095 (Ter-Gazarian, 1984)

(1) m3dewnau lauasufnsen WunanmsAunasnunmaail (Chemical Energy

= aaa A v 2 [ (% 1 6 =
Storage) I@UlumammgﬂgmmmmaaUauﬂau"l@amoaug‘sm waz bu i
aaa £ = A a dl Qs =Y aaa J
Uinsenanaaes wistneamadaswidasatsaasmsinad)nsena

(2) danmufedjismlddrmiuazdoundy dasgadunasulininwe

nuaNuaainy laaanuidlunmsiad fisemslddrsnduszdaunsy
musnlrasslisen (Catalyst) Ta'ld lasdasmaiadjitondaslianss
Washnau lu sl

(3) mImuaw szaasliljizoiausznyalalasainiuauissaLfie 1w
—_— q q

IFdsaAseniunuenniaiied nsnugugMmniuazaua

(4) auFzaINluMIINY Wl ATenRan mein leaansaial isen

Faunavldieslas lidasldaasdfizen3undn Non-catalyst Reaction

(5) anulaaang msmﬁﬁ]:ﬁaaﬂaa@ﬁ'mnﬂms@mﬁwLﬂuﬁmmmiﬁgﬂ%ﬁ
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6) UszEnTnnwaesadssUanTouazaam It

a3 isenazlian

aaa n‘ J o 1 aaa ¥ 1 dll o 4
Ufisenngedu dusslitenazdasmeangn wazldudssnwilagnin luls

Tnal

a v

AR TN TALNAIN WU N ANT 9 sunsaaTldaddadesueiudazin

YAINIAUNSINUIADURAS LI AIANTIN 2.2

N7 2.2 ToRTADUVBINIIFLHUNAIWULILGN § (Ter-Gazarian, 1984)

FLUULNLNRINY . L.
. 3 FLUVNUNGINH | TTUUNUNEIBUULY

ATWANI UL WUDANTDU 3 L.

: . RGP RIGOPIAR ANNsauLall

RURE
AN @ @i GA)

o A a @
WAINUNFYLFY N dunand %ag
ann T N N 89
21uMILTI U e Tidnamennu)
NANIENUGD » » PR
P 1aid 1aid U19aTainauaTe
RIuIAnaN

dl v =3 v =3 v
mMItafandne \anias \anias lalna
walulad e e £981N

25 uumﬁwaaamamﬁmmam%

o a ¥ { o a & v & v
LLUU'&]’]&E]GY]'N@]ELW]?HBW]% 1‘1?1,17\‘1 EW]’]%’]UWQ@]ﬂ?iNitUUﬂNﬂ’)’miﬂ%Lﬂﬁ TIF D

NININDITIUNINIRUAIENS LAzl UNIIANNTaUIINNY lasanduiuLdtaadlagsiy

WaITLVY (Lumped Parameter

Aud ludymash

2.51.

Model)

ANAAFIVNTHIWUULINNDINWATRAFHAS

UL B UARNNITANUTUNIS LG AL F AL

(1) mmé’uﬁ"ﬁsﬁﬁmuma@%’umsgﬂeﬁ'uﬁé'ﬂumnﬁmﬁu

2) mmé’mnm’auﬁ@iﬂﬂﬁﬁugmﬁ

@) amnndlussgaduiduriiuaaaandnsal

(4) mwm;ﬂ’nu%aw,l,azm‘sﬁmawﬁ”aumaamsgﬂsﬁ'uvl,&iLﬂuﬁaﬁ%’uﬁuﬂ%mm

SVINRAN U
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5) VLsJ'ﬁmm'Wsﬂaumﬁm?ausl,uum‘*ﬁ'mwmigij’u
© LImMIoalananuTawIINNIIW LHadaNaaIINNT MAaTaIANwEININ

2.5.2. ANNAANINTDB

(1) 2D41NAN3QATLENT (Cho Soon-haeng and Kim Jong-nam, 1992)

dT
((mCP)m + (mCP)s + (mCP)b + (msCP,WX(t)))E =
_nsAHrm_'_(me)o(To _Ti)+mstW(Te _Ts)m (2.4a)
dt ’ dt
Lﬁa Cpbs Cpms Cpss Cpw ﬁa Fi']ﬂ')'?l]i]‘ﬂ']’]ll%’a%‘ihLWWZTQGNW?NﬁNﬂﬁﬂifﬁ:

LNROLAZINANAIAU

AH, Ao Launatuandszasnmsiialisen (kd/mol)
= a 6 A = s 6
My, My, Mg Ao wevasaInsuUnIol uazinfalodsuds lwe (g)
m, fa  aanmynavesihuuaslauanuian (g/s)
A a dll o :’ s 1 v AI v
To T Te Ts A8 amngiivesaiesriiszing hiiudolauanuiouiueu

wazfiauudasll wazansgadu awau (K)

v v a s d a é/
INFNNIT (2.42)  WIENIEIwdausaInNTauFNAETIRiaw
lasIn9893:UD LazwatuInnsrndefannuseuainmaialjiseniad
warta lliduanuiousudavesssdislananuion uaznaigariisaiy

ﬁ”aué'wci'mzwj'ma’ﬁﬁ’muﬁumsgwﬁ'u

(2) PULLNANIIANYENT (Cho Soon-haeng and Kim Jong-nam, 1992)

() + (), + (), +(mcs X0 =

dx(t ,
n,AH, % + (mcp)0 (T, -T) (2.4b)
IINFUNIT 2.4b) LATAIRNNEVDINIUNLALITRINUAIMNTOUINNIT

adJitenadanduiunszuiunisgaduss uazwakanuiauduiazninms
ﬁfmuﬁ'umi@@sﬁ'mzvlzjﬁmimn FowluSudu (t=0) vasgumIf (2.4a) uay

(2.4b) Tevsit
GowluSudu; T,(0)=T, (2.5a)
x(0)=0 (2.5b)
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asugldINnaNTG qm%gﬁmaamsgm%’uﬁqmﬂﬂﬁﬁw N

U

=h.

Te
a a o eda X a, d o | @ &
ﬂiwqmwa@]ﬂmm‘ﬂLﬂ@muwﬂ’]ﬁu@lul’ﬂqﬂﬂﬂuﬂ

2.5.3. ANAAVAWAIAAT

RS

aw@;mauma@ﬁﬁ 2 3‘1JLL1111<3E| Phenomenon-Bases/Intrinsic LLaz Global

= ac AN o o ' ,
Model mlummwﬁ"l,@Lﬁansl'*ﬁgﬂl,l,uuaumil,l,uu Global Model tiNauaadLilen

aphansinuzlasrivvasdangnisol lasuuudisesdlassasrouandrann

lunivasuaizas Smsvdisendounauvesfionuveiuds (Gas-Solid

o o = a Qs { a J
reversible reaction) LuudaadltlumIdmImmdSINMEIHRaA NIRRT

auuwIsauaslnaol (Degree of Advancement) MLIaN@nde N, x(t) lag

[

aNAUNUDIaN3LILAUR (The Arrehenius Law) a9%

) a%m%’unszmumsgmsﬁ'u (Adsorption Process) (Azpiazu et al., 2003)

dxd_it) =k, eXp _%a(t) J1- x(t)]Ma

(2) §WIUNTZUIBNTAY (Desorption Process) (Azpiazu et al., 2003)

ax(©) _ B o
it =k, exp( RTS(t)j [1-x(t)]

Woulaisuduaasaunin (2.6) uaz (2.7) fa t=0, x(0)=0
fMuTuanansanslananuian

(1c,), (7, -7,) = <AL T.)

(2.6)

(2.7)

(2.8)

(2.9)

Asananwuiaunislauszninmigadurdiuninl jnaniganste

TananuTan

254, gNA[NINET

awmiam;amamsszijmsﬁﬂmuuazm‘sg]@]sffu (Sakoda and Suzuki,

e A

1984) 3%

S dx(t) N dm, 0
dt dt

(2.10)
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4 = g a [ a g 4 € o A 04
WIAKLIN AD 8AINMIINALTUNIAN N LATWIKKAY A 9AIINNT
AARIVBIRIINNIY LLﬂzﬁ&lﬂ?iﬂ’)’]&lgwﬁuﬁfﬂ’lﬂﬂ’lﬁN%B%LLQZ’%&%?I’]@@]%

[

(Temperature Gradient and Kinetics) a9tk

d_T:_(TS—TC ]dx(t) 2.11)
dt 1-x(t) ) dt

2.5.5. NM3UNTRIMUUIIA0INIATRAFEAS
guMIA (2.7) uss  (2.9) anlglumsdwismied x uaz T 284
wuusaaslasialy (Global Model) TagmsuiaumMInInIsaanmansiazns
dplauanusauaiugnuly
MIMANTINUEMIINNUBITTUVAFULLLLIAE azandbauns
Tumsdwimesdali %aizqimﬂﬂ'ﬂé’uﬂs:%w%mmmlumsﬁwmw%au
(Coefficient of Performance for heating; COP}) #W131Naav&IhIzHning
Nfemwnaamﬂm”auﬁvl,ﬁmnm:mumsg@sﬁ'u (Qagsorption) anuSaudiszung
INLATOIAIVUUN  (Quene) Lmzmm%aumﬂmﬁzmUmm%aumnm%'mgm
Ful U9 IWE LU (Quoging) TUAMMTBUATBIRAUTzDL UM IANBANT
QAT (Qinpur)
Q adsorption T Quns + Qcooling
Qinput

mwm;*‘uaomnﬁu%’nmwé’amm:ﬂ@ HATNIILALNRIIIBAINY

COP, =

(2.12)

Fouduwiz 2 61 LeUA NMIRZFNNRIUANNTOWI LN (Specific  Heating
Power, SHP) ﬁwmmmﬂmww%auﬁvl,ﬁmﬂﬂizuauﬂﬂigmﬁumsﬁaﬂwa@mmm
NANHVBITYINTALNIAVBIENIAATY LAz MIINBANNTBUABLITNAT
VBITTUUQATY (Volumetric Heat Production, VHP) fwmldananuaui

"l@"fmnns:mumi@@sﬁ'umsﬁa 81301930891 n308 (Wongsuwan et al., 2001)

Qussorp
SHP — adsorption . W /kgadb (213b)
cycle ads
Qadsorption . 3
VHP = =25rtn - j\Wh / m (2.13a)
reactor
d [ a £ o @
|8 COPy, Ao sudszAndaussanslumsvnanusanuesszuy
Mage fo  WIRVBIRILULABNTS NG (kg)
Qagsorption 19 waamu‘ﬂLﬂ@muiuﬂszuauﬂﬂsgﬂsnuaws (kJ/min)
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Qeooling o wasnulunszuiumInastduszuy (kd/min)
A % I o .
Qeond A2 WAIIUIINNIAILUUUVBIENTHINY (kJ/min)
Qinput Ao wasnunelinuIzuy (kW)
toyco Ae  IzpzMIURTY (s)
=3 a 3
Veactor As  Uswnasvesdfnsal (m)

2.6 n3lgUsdamiszuumiusnsnason
FTULALINENWRINURINNTOLTIWLE 2 wiing (Zalba et al., 2003) fig
(1) m‘nﬁuaza&lm']m”auﬁ@Taomimmsﬁwmm%"auﬁga Waldsunsning

WRIINUBEN LHTIALT?
2)  m3tlosruauton (Thermal protection) fidasnisannsinaNusouDoIss
g@%ﬂﬁﬁﬁ

maiszuufivshews s ezt sl dssins nnnsliws s las s
snenagns lusruunda Wi fiviauelas Kato uaz Yoshizawa (2001) wuiniiaaw
duwlleReslfszuuifunsndsnuivinnwduiniude iResaundsauluszuy
naalWAazAuTansIn (Cogeneration) BadLAdassudarmauaznialasinilsfala
WL uLARIWR 9974 (Diesel enginelexhaust gas boiler) LaziimIvitauiuunzvsaly
doLiioq é’agﬂﬁ' 25 s’f}a@;miﬁwo’mﬁaumﬁﬁwaan%ﬁuazm{'} (Magnesium oxide/water)
5:UU@T\m§mmmsnazawwﬁaomlumamwmTaamsVLWﬁIw‘i'ﬂugﬂmimﬁézdﬁu LRZQZ

ﬂa@ﬂa’aUmm%auaaﬂmslu*’li’mmmﬁaamﬂﬂﬁwgﬂﬁﬁa 177 KW §aaua0danI9i19%

i H,0 > <€H,0
Mg(OH). 1) [ @ MgO ﬁ
dehydration _ hydration 1 ——
senyaraunon| N pvan N
% '
Exhaust gas  — Exhaust gas Jacket
Poler iy D Electrical L coolant
o0 = output
Fuel - Standard
= = D‘es".' output
20 Engine
Generator

gﬂﬁ 2.5: MWLRAITZUUHA MTHILAZANNTIUIIN (3) TEU UV ALALANNR IS
1 U a o :’ t=§ | o
(b) SzLUVRRZRNBANNIAN (1) ﬂgﬂmf MgO uaz (2) natnuinaaduwansrinan
(Kato and Yoshizawa, 2001)
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Bn@10819 A8 TTUURTANNE MR BaNLUUEIMSUAIWNoN Y 1T uTTuUNanY
$auaNNEIRLEINRATAIUAUT LU AUS N NS s wuD L DAL e o s W e ain
(Na,S/H,0) lugansrinenu s:uuﬁwmm’mﬁ'ui’g%’mﬁﬂmwuLﬁuLLuué'@"Laﬁiﬂﬁ R134a
(et é’agﬂﬁ' 2.6 Wiaualay Riffat uaz Shankland (1992) G9a1NMsANEINNI
mmﬁuauﬂ%ymﬁUuﬁuﬂmiﬁw’méuﬂ WUIN gjmﬂsm,awsfi‘aVLWﬁLLa:ﬁ’] (Na,S/H,0)
Iﬁ”ﬂ"}ﬂ’nmﬂumuﬁu%’nmwé’amugaq@ LLazlﬁﬁwqnmgﬁLﬁuﬁmm:ﬁummsﬂmﬁau
mﬂﬁq@ 2UUAINENUTENaUEIY 3 BAURaN Y Aa
1) fmsunasnusidoniag tlesnaanusauliiueiasinszing (Evaporator) 189813

#ANLEH (R134a)  UWAZUWEN&IIN191% (H,0) aaﬂmﬂdmg]ﬂsﬁ'umaaﬂﬁﬂmi
(Reactor) lug29na1 934

\ A ' o = A ' ' o A o
2) §IULATDIAIVLUL (Condensor) VadanIvNANNEuTIztenda lWlRiaTasrinany
jau (Radiator) twavihanuavgumsluthu dnuldudlusnzinuaiauriasih

' a & a aaa a A v P :‘ A o
3) suzasdfninldsaninaljAisaliNaaisanuian iasaniinszineaniaias
szt lasuanusauaInaIaInIuLRYa93I)Insia i R134a  Livaany

AMNTAUULRZ TN U AN ULATIINAN N TAULT U UTIINA1IA

Valve
Hz? ——— ] ><F—o0
Expansion T
valve
Solar air ’
heat R134a Radi
eater X adiator
— g1 Tl
{' Compressor vy
! Reactor/Evaporator Evaporator/Con
! densor/HEXx

gﬂ‘ﬁ 2.6: LEWAWLEAINITHINIUTBITZUUAIUVITZUULAUINENWR I ULULANNT DY
LARLAZIZULYNANULBLLLEA 10 lagandunaIIwIIRaNa s InIuaaINWNade
Riffat Llae Shankland (1992)

o o o g o o o w A o
fnsulssinaasan szuuummmmmﬂizqﬂ@ﬂ‘*ﬁﬁlumimmmu [N LT
am‘luTsamuq@m%mm a1ANINWNaNduRIalIInIy ﬁﬁ‘szuuwﬁmvlaﬁm%ﬁﬁauag
i uazdasmaiiuihiouludsrwalnanzdugmnpindasmaduszsziaamuiu &

& Wd‘ =1 0/ ed YV o v : 1 v A v
anudwldledNazeanuuuszuuAuTAEINAIBIRYnaNTaunsd s wIal e au
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WanSIFofiad aantalusrnusssndalainniendoduin vieaanisldemu
puUnsallianuiowain (Auxiiary heater) luiu3duves Mehling et al., (2003) ld
ﬁnLauaNamﬁ%’mmsﬁ,ﬂu@amaa‘szuugﬂﬁ‘u%@iﬁLiTﬁﬁ'uﬁmumaaﬁ'&ﬁwﬁﬁmmﬁﬁu
amwnni (Stratified water tank) WUAEINTALRNEN NS AL A EUNAINUAN N T B LaZT
IwasinfouduszanmwiAndwld wonaninsssinefiadesrinseIneveI T ULLAY
Snuwasousansainanlgrianudwlaaas e mafuazsuanuiuianisvinle
NTENLEURY (Vegetable cooling) adluanuiduvad Kowata et al. (2002) w3amIvinlw
oM uieLiuas (Bekenhus, 2000)

A2 UNI0NUULTEUULAUSN WA 99 WU Bellecci Uz Conti  (1993)
mm‘maammuiugmﬁu%’nmwé’wm (Modular thermal energy storage) I@ﬂl*’ﬁa@;
PCM Iu@aﬂs:namﬁ’qUﬁaﬁgﬂﬁamauﬁ’;ﬂm:uanﬂmaﬁﬁumLﬁumug{uﬂnmﬁ"mﬁu
(Coaxial cylinder) ﬁaadﬂaixmwﬁaé’hluuazmzuaﬂﬁmuam}uﬂuﬁmﬁ;mi 284 l%a
dromanuianaz lnariumasiule uaziiansuanidsuenuianasoanatdnsesria
(3U7 2.7)

Phase change material
(PCM)

Heat transfer to fluid

Heat transfer fluid outlet

Heat transfer fluid inlet

gﬂﬁ 2.7: Qﬂﬂ‘itﬁlﬁﬂ%’ﬂmwé’amml,w Modular ﬁl%i’a@;mﬁﬂuamuz
(Bellecci LLaz Conti ,1993)

ﬂ’]iLﬁummmmm‘Luﬂ’mhmmmw%au’l,uqﬂmzﬁﬁu%‘ﬂmwéT«nu lagldvia
fersuduiifionann uasilnuisonanaTuiile3si (Abhat et al., 1981: Morcos, 1990;
Sadasuke and Naokatsu, 1991; Costa et al.,, 1998;Velraj et al., 1999; Isamail, 2001)
38mygug laud miﬂi:ﬁ;miéﬂﬁumuﬂmaﬂﬁﬂIam (Metal matrix)(Hoogendoom and
Bart, 1992; Khan and Rohatgi, 1994; Tong et al., 1996) wiamavnasgaduiiu
asdsznavvain g lasaSedgaduliuulassinuniWe (Graphite matrix) fiflu
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=} a ai 1 Adg n' 1 o v 1 a e d'
anmaianyinanla AHasRNAINITINANNTaNLa e A USUT IMNAIINT BN R RN LAY
FIRNNzEInSUMIaasn 1z du subcooling luwanindalatanladle (Mehling et al.,
1999; Mehling et al., 2000, Py et al., 2001) \iaaanuunudazlugaldfifdniszauuas
NSUIANUTOUNALE? mmmm@'m%awmyiugatﬁﬁﬁaﬂﬁmﬂumgmw 2199z 11813
g]@sffuluamwmﬁa%ﬁmamﬁuﬁ%a@hwﬁ@ﬁu UNAIBEN m‘saammﬂﬁﬂﬂugamm
pUnInlazaunaIN UL NuTaududENUTzNUAI PCM  Namasdu (Zalba et al,
2003)
d' v 1 [ A =3 > A

ma@aomimuwaamﬂﬂu@amamsmwmmuaanmn‘[uga a13LaanaanLUL

Tvaadlnadiulanainusonlrnamwewln ﬁ%aﬁmuaﬂmmﬁa@@ﬁfi‘uﬁw Tuaswiazuag
dﬁ o ? ) 1 o
Wongsuwan WazAe (2546) T9lTlaaunga tWauwaziin (Na,S/H,0) Wugansrinnu
WU mﬂlﬂ”lamsﬁwmuvlmmu@”mlumaoLﬂ%aag@sﬁ'uﬁLflwiamanszuaﬂaaa%'ulu
AN HTLIING a:wu%’umaaszé’uqm%gﬁﬁLmﬂ@mﬁmaaé’agwﬁ'ﬂuﬁwmsgwﬁ'vﬁw
uaasindinInzanogmngiin lisiiawe szninafedjitensznitemariaunue
gmf)ﬁ'u é’aﬁumsmné’agm%’u Fa9dN I DINITENEaTa9 o’ IV LaTNIFINY
o aa

ANNTaUNG

Tamainot-Telto uaz Critoph (2003) lawawlugazadaiasgadunlianivau-

A & ' ° A ° o o o VA a <
LLawIwLusLﬂu@msmmu LRZRRIINIIW ARG 2 LUUAIEN LUULIA lNAN1IRaas

o o { A o ' . [

AU u,amvlﬂmgﬂﬁ 2.8 Tidsznaudlsvia Stainless Steel (SS) mmmaumuquﬁﬂma
12.7 mm UKW 0.25 mm LLazg1? 600 mm I@ﬂﬂiiﬁ}‘%’u"nad Monolithic carbon Néa

R ~ v . o Aak , A &
wuuHIasI T luNa IR i anTaumaNuTaunat Iz rI1U8an SS uazAITUaK

& ) A A v & A ° A

mamaommau’l,uiugamu Generator A8 40 g aﬂmwuadiwg}mﬂmmadmszmU/Lmaa

' g \ A ° A = = =
AWK (Evaporator/Condensor) smLﬂummmsgmsmommLﬂuLLaﬂmuﬁ wah
Taqiiafins (Inert material) N30 PTFE n3snszuanlaliszning Generator uaz

Evaporator/Condensor LNailaann3sanainanusanszningns (Adiabatic section)

Monolithic carbon layer _ Steel tube , Inert material\
= - :

Generator Adiabatic =~ Evaporator/Condenser
section

U7 2.8: mwatsihsveslugaielasgaduuuuiugweanuuulay
Tamainot-Telto Lz Critoph (2003)

Tamainot-Telto W&z Critoph (2003) VL@TﬁwméTmmmzuugm%u lggansviau de
ANsUau—tanluLie I@aﬁmsﬁwmuvl,magﬁ'mlu SNEMHIVBIGWLULLLIaantTw 2

s A
fNFTUCAD
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Iu@aﬁmwmzﬁﬂ%uﬁmuamﬁmﬁummmmmlumimalmmw%au é’agﬂ'ﬁ'
2.9 LLazmwrthamvl,ﬂugﬂﬁ 2.10 uaz 2.11 a3vagfiiisaduuuy Lfin type %ﬂu@aﬁv
a:ﬂs:nauﬁaﬂugaaaaé’u Al dmgﬂsﬁ'uﬁﬁmﬂ'h Generator UAzRIBUIIINIININ
a@ﬁuﬂ%uagﬁl,ﬁﬂu%mﬁ'w (55 mm x 27.5 mm) %1 0.125 mm  328=HIITZNINIAT 1
mm (26 A3UGBHN) TEUERNITERIYIERe 27.5 mm WMENTINTEIRTUINNNTsWIN
284 Generator &8IBUIINAWDY 75% mﬂwamsﬁﬂmwudﬂu@aamé‘u@;uuuﬁaaaﬁ
mm:amiamsaﬁ”wLfluiug]a"gﬂ Golsznaudis 2 U§eeid 16 Img]ag]' HURa U
ialfaansarnanudnldasnsdaiiiasf 1.5 kW wszmssvheanuidusiinie 0.6
kWikg 28481390 UnIaaTua uasfigns=antaussaus (COP) 1flu 0.5 tamnyil
Lmdomm%aul,ﬁaamUﬁuﬁ‘;@jmsﬁwmmﬂu 100 °C

Monolithic carbon layer Steel tube Inert material
I N (T
I~ (R

[T

L

Generator Adiabatic Evaporator/Condenser
section

3 2.9: mwaai’mdwwaa‘[ugmmuﬁﬁﬂ%n (Tamainot-Telto W&z Critoph ,2003)

Generator Adiabatic section

Condensor/Evaporator

31]"7'1' 2.10: mwdmuamiug}aﬁmmu (Tamainot-Telto tLaz Critoph ,2003)

PMNHANTANBINLIN ﬁuLLﬂUi:UU%‘I@]GE‘ULLUUﬁ 2 ﬁmmmm:aulumiﬁaﬁw
J = o o W dl ¥ o [ v 1 1 dl
41nnan I(ﬂﬂl]ﬂ’]i‘ﬂ’]ﬂ’]%ﬁﬂﬂﬂ% LW@I%@’]NW?E‘I‘Y]’]Q'J’]NLU%VL@QUWG@]@L%Q\‘]“H%"I@ 1.5 kW

o a £ | @ @ a o ] o e
ANRNUTLRNTRUTIIDUS (COP) wnnu 0.5 lﬁqmﬁgwlumiamﬂwumﬂa’ﬁmmum’mu

100 °C
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Modular1-0.0 *  Modular2-0.125 * Modular2-0.3

. iGenerator .

|
|
:Ik _ Adiabatic section

-iCondenser/Evaporat

___ FReceiver
n

gﬂﬁ' 2.11: mwéfmmmwugm%’mwugi (Tamainot —Telto and Critoph, 2003)

nstszgndlfszuugadulunisihanuieufisnauanld (Waste Heat Recovery)
. ) y . v .
iiaualas Haije et al. (2002) TadnsnainanuTauianlisugamnnIsunauan
a ni 6 6 U a s a
I#lunszuaumania Mlszinauusasuaud lasnsdszyndldnannisgadulasnannis

28y Heat Transformer Lﬁi’]\‘]"ﬂ’]ﬂﬁﬂ’)’]&l%ﬂ%ﬁﬁﬂﬂiiﬁﬁ’]%@ﬁﬁﬁ‘lﬁﬂii&llﬂ%’ﬂo’l%’]uu’m

Uvzumh 110 ﬁn:ga@iaﬂ ﬁqm%gﬁag}is:wﬁw 50 -200 °C  29161NIZLIWBAT Heat

a

Transformer N9LARNBIALNIZLIBANTFILATIEREDUNAL (Reversible Synthesis) a2
n3zuIUN1IUENluEnNa (Decomposition) 189 NH; 8ana1nlaianazad MnSO, uaz NiCl,
Tagonszeulwainusoufis (Waste Heat upgrading) nngunniizanm 150 °C RN
W 240 °C flenuan 33 bar  NMITNMLINITARSWUIT U ENTN 33 % e
nszunuwmsinenuienionauanllnsiuuy Heat Transformer mnaLad uaad lilugd
2.12
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MP steam

LTS /-——— HTS /,_—_\\

e

Unloading

Process

Stream
S S
HTS /.——\\ LTS l/-———\‘
é Leoading é
RN A

Cooling
Water

Eﬂ‘ﬁ 2.12: WHBAINWNIZUIWNIT Chemical Heat Transformer (Haije et al., 2002)

#anandt Haijle  1e¥in338330AL Bach (2001)  I4e N ILANANNAMI LU B
WA lumbsAunasnuaNnNsaunltluenas laslsinfalawase (Salt Hydrate) was
I3

a . J o é Al o dld
NI (Paraffin) Ll]uﬂ 1IN PINNTNAUILULFAI ammuﬂumiﬂ’muﬂmm

uaﬂmﬂﬁﬂmz;ﬁﬁmﬂ'a"lﬁﬁ'wms:uu SWEAT (Salt-Water Energy Accumulation and
Transformation) tWalszgndllunudunisvienaiu (5-15 °C) lasarduanuian

AIRIDAMNTAIUN LANIINNTLVUNEN IWH LAz AN WIIY ﬁqmﬁgﬁﬂs:mm 80 °C
LLa:ag;aLﬁuﬂwsLLﬁﬂmumLﬁmﬁumsﬁmm’au (Corrosion) lagnagaumyUsunmaaIned
(d‘ A d' % I o g; [ a 6
wasnnunzanlunisiedau Wald  Epoxy LﬂumNmumsm@msluﬂgmmmaa‘szuu
SWEAT é’auamvﬁﬁagﬂ 2.13 Gauaadlasstngaadlansnidunalr3a9sunsiafauaad
& A o A & A o & v =
Epoxy 1u°q@qﬂnsmLLaﬂLﬂaﬂumﬂmau"uaaﬂgmmwalvsqﬂmmﬂummamamiﬁnm

AW M Ulﬁﬁﬂ’]’)zﬂ’]iﬁﬂd’l%ﬂ%d

UM 2.13: AnwaeATUNlARaUaE Epoxy 3a9gUnIniuanilasunnuion
(Bach, 2001)
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~ a 4 o o A o oA [ ' o
ammmwlﬁwgmwmmys]nuﬂmm@amauﬂu I@mmaﬂug}aﬂi:ﬂaumu

A o A ° A ' . @
LATDINATULAZLATBIVINTLLNUUAZIAIBIMILUUNATUTA (Rainer et al., 1999) 1’11(;‘]&’15
° ' ~ o & . ' ' A o o ~
AuTEnieglalaninuin (Zeolite/water) mwamamwaﬂugammuam"l@mgﬂw
2.14 Lﬂumam:uaﬂqtyzyﬁmﬂmm@Lt??umugluﬁnma 150 mm WLaz81? 800 mm UL
3; dl' Y s 1 A 1 1 d'd a
NWULLIWTU (Perforated guard plate) LiNailasnunsudssiseninimasdunliomnni
LL@]ﬂ@iﬂdﬁ%LL@ia%ty’l@llﬁﬁﬂ’lifi’lEJL‘Y]SJ’JM‘:WJ"]{‘IE%’J%@@]@@%ULLazd’mLﬂ%a\‘iﬁﬁzmU/Lﬂ%ad
AU ULTIAIQAT Fla'lati (zeolite pellet) maaguuqﬂﬂsgﬁuamﬂﬁsmmm%ammu
wnsowdutug uszgniudisazunslanziveilasiumsgyidudigady Taia3advi
5zmzllm%amuLLuuﬁaamLuulué‘ﬂumzLﬁmﬁuqmﬂ%mg@sffu 17aT8IRITENLNAINY
Sawwa lan u,at:ﬁﬂ;@LLNuLLmuauLﬁail'aﬂaummaﬂvli” nmyaanuuuEwivinlwinadaniy

vznay azAnINTzuui il suniafaun (moving parts) Lag
ap

Heat transfer medium circuit

(Adsorber/Desorber)
Zeolite pellets T3
- Sres
Pessiinisie
Adsorber/ X
Desorber plates \ %*— Metal mesh
. . L) -r}l
(or gilled pipe) Ve yos 00 % L Vacuum Vessel
e =
\_) \__/ Guard Plate
_—
Evaporator/ :
Condensor | et
plates <:-“._
N

Heat transfer medium circuit
(Evaporator/Condensor)

gﬂﬁ 2.14: mwamadmmaﬂuga Lﬂ%aogwﬁ'ull,ﬂ%aaﬁﬁ:mﬂ/m‘%aamuuuu
(Rainer et al., 1999)

ﬂ'mﬁmh:‘ﬁﬂ%mwmms:uugﬂsﬁ'u mm‘mﬁﬂ@Ua@qmﬁgmmﬂ@ms:%’mma
L’%&lﬁumsg@sﬁ'u (Adsorption)  E13HULTNFAINATY WRZTIINT FREITHNIY
(Desorption) 88NINNAIQATL FaonaldsUsznaunay g lugaidneunu (Rainer et al.,
1999) éﬁgﬂﬁ' 215 Ssfivanun 8 luga min"]ULﬂﬂ?ﬁM%ﬂ%ﬂ:Nﬁ%Lﬂ%ﬂd@@%ﬂ (Adsorber,
A1-A4) LLa:m‘%f'ao@@sﬁ'uma"Lém‘s (Desorber, D1-D4) Umaztfiniunmasnua3asriszing
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mauwiaﬂuga (E1-E4) Aziiansansinanuson e unm 1a389nuuiuadueas
luga (C1-C4) azfimnvdmmanuiaudngalnasiiu inahanuiauaenluldlselond
¢a'l

HTM Circuit (Condensor) HTM Circuit HTHE
(Ad-/Dasorber HTM Circuit (Evaporator)

Useful Heat ri __._J ;l__ — "'"'}7 -['—‘—7»7 wy

\il :21 [H%J E[ﬂ\f«iﬁz[iims AT

Condensor HE MSE k:i [D

<
Y |
WY

kd:MG Evaporator HE

U7 2.15: MIsanuuudaiTenlugaragady (Rainer et al., 1999)

Medugarnsuaslasinsawalngdlignsalludnumelugadlddmiunms
NUINWANUTIRndanaangnia (Seasonal storage) laglinannisgady (3uni
Na,S Salt Water Energy Accumulation and Transformation system (SWEAT) ‘ﬁvl,ﬁ%"i.lmi
fanslwuisasuand uazdfiunslaslasesnisianszning Delft University uaz ECN
(Beijer and Horsman, 1993) I&Jg]a SWEAT iJuviarmalduiiugauinatds 0.2 m uazgs
1.7 m udazlugamuninannuianld 5 kwh uazanuiduld 3 kWh s?j'am&mnﬁﬂug}a
wanoauudsznavliiwniuldnas o uwurlildaanuenuiaunuuddasnis

awnﬁagawﬂaﬁﬁuﬂﬂsaaﬂLuanudﬁgﬂwsaﬁLﬁuﬂzawﬁaLﬂuwsoﬂizuarlI@ﬂ
uuuﬁﬁaaaﬂwoﬂfﬁmﬂﬁamgﬁﬁhaziﬁrﬁaﬁwuﬁquanssuuazaaﬂuuuiugaLﬂuuuuaaaﬁa
a9luINuvad Tather et al. (1999, 2000) é'f}a?iﬂwu,ﬂ‘%aa@@sﬁ'ml,umiam@maaﬁﬁmaﬂm
dﬁyvnﬂaﬂu%éuﬂ%aﬂﬂuéﬁuﬂu,ua:ﬁﬁdgm%ﬂﬁlﬂuﬁﬂai&fﬁﬂﬁauéﬁuuaﬂ

weNaNTl Zhang and Wang (1999) uaz Zhang (2000) léWamuuudiaasnia
adadaasgasdaauuwiviauazsead Aaaunsaldiinisnisaigmnainuonutazaas
i:%iwoﬁd@@%ﬁﬁhaﬁiﬁﬂaﬁuluuuaﬁﬁaaaawnwaﬂﬂiﬁnﬁﬂwudﬂwaﬂwiﬁﬁuwyuazwanﬁi
NAsaIFaanRoInue wazinmstisinanufeuluswasadunnnitluuuivie Siseandas
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a

AL U Wongsuwan Wazatwe (2546) ﬁwummu@m@i’]wmqm%nu (Temperature

U

gradient) 1mmwiaiz%dnmsgmsﬁ'u

2.7 a@mnmsmu%’sﬁtﬁmﬁ’aa

sandelmdsusalnaiusii Lﬂ%ﬂﬁﬂiﬁﬂdﬁ%ﬁ‘lﬁﬁﬂﬂﬂiLﬁuwé’aomﬁhwazﬁgﬂu
SEUUQATUNILAL) dsznauiuindusmsinudimldie qmﬁgﬁﬁl‘%’lumsﬂﬁﬁ'@msﬁ
Anldgennin fa Uazanm 70 °C vnltluduaanwesn1s Regeneration §18130%1107
WARIWSIUNAUN LT WRIULEIaNTAas niounssnnuiownioltan 9 wldle
%umuqﬁmtﬁ@m 5 PaITUUIALINIINAIY anInaanuuulinnasdlsznauninny
dugaifoanu sz Wazaandamstafening LazMIANEINIILAUNSINUIINTA
=i leea wla s M RNS I HD B IT WL
mseanuuvludnsme Modular e Wi Energy density geuazmmsmﬁw’%aam

Fuinlalasdne mﬂmsﬁ.ﬂug]amﬁhftmﬂizﬂauﬁ'wﬂum&mw%aLfluué”aﬂ F
panuuUNIAnYasrasnatuimanuau szniiluganievdon ielWimnzaudanis
iUl s aunasnuanunasnnuouiadeld

szuuLﬁu%'ﬂmwé'aa’ml,mumﬁaﬂﬁmwﬁamuamm"’]wazga RUUALANNZNATA
I Aufitonas azainuazlfonuwing saiuumwnemsissimanzay da mswawgUnIol
Lﬁu%‘ﬂmwé‘ammmug@sﬁ‘umoLﬂﬁﬁgmmmﬂﬂwga 138n31 Modular Chemical Energy
Storage (MCES) auisznaudie diugady siuszinauazdiuaiuuiuasugaludd
I@ﬂg}'msﬁwmuﬁmaﬂaﬁal,ﬂﬁa"lal,mml,anfﬁ AUg L AU AN B R TTAULTZUUNS
o) lagWawwuudnasinendaasaid1nIunsInszuan Lﬁaﬁﬁmﬂqmwgﬁua:
DATINNIRERUUAZNITINUWAIY

gmsulsznalnelédmssSudfineanise Lﬁaﬁ'@umﬁmmuqﬂnszﬁﬁu%’nm
aNuTaunuUANTawall wneldlasanTIs UM RN ENTTARE AN TENIINUIAUAS
ausaulnszuunsdnauion o MAITIIAINIINLATEING ATEIAINTINANEAS
wIngaoslng Tasluszozusn mnraswdsofidwanwuin leinseanuuy &
LR WAL L8 89N 19N AR EA 30095 UULAUANNT o WN9LAT Llanaaasuasfine
aNTWavITaENg 9 fifldoddulszantnmaianusen mitamanuiouuazda
mmﬁ@ﬂﬁﬁ%mmadmié”'dﬁmmzmiﬁwm é’ﬂwmwaamsmsqmﬂﬁalﬁLﬁ@ﬂﬁﬁ%mVL@T
ﬁﬁq@ %aﬂﬁ]ﬁ;ﬂ'm:uuLﬁuazaumm%“aumamﬁLﬂuﬁmaﬂamﬂ%ﬂu@mﬂszmﬂ W6 Lk
Ussnalne dslinuanuisamasnudiannsin
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3

=)

n

I Aada v
TLUHUIDIVY

sdauitasuasinaueluunit Uszneude ToazBuavastuaoumadiiunms
398 qﬂﬂ‘mi EEGIE ARG in3asiiada mwmm*’q@qﬂﬂ‘mimaau mnagauidiasin uas
dunannInagaulagazifon maas:umﬁu%’nmwé’amﬂ@wé’nmigwﬁumamﬁ 2
uyy A8 MCES 1 uar MCES 2 s 'ldfsszuulianusannuaiurinszwevaiviaany

Saunal amzuug@sﬁ'umomﬁ

® V)

3.1 STUUNAFBULNUALANNAIINWLUULAN MCES 1
3.1.1. NMWLEAITZULU MCES 1

JYUUNAROU Modular Chemical Energy Storage (MCES) imswawiln 2 3iuuy
JULULLIN (MCES 1) Wunseanuuuussaiduuuuliuinsol wTosnruumn uag
Lﬂ%aaﬁﬁ:mmﬁmamlugﬂﬁ 3.1 32UU MECS 1 QﬂaaﬂLLmJLﬁalﬁﬁamsnuzmsﬁwm
Aa A o & o & a &£ o @ a A 'Y
na I@waﬂumzmwgmmm] drznavuszdaasdrvdsznaudranlunwide twali
ﬂi:vﬁﬁ'mﬁaﬁlumﬁmwmmaau Lﬂ%aamuLL'uluLLﬂnaaﬂLLazagﬁﬁLLﬁuagaﬂdﬁtﬂ%aoﬁw

¥ \ & . { =

LAY uaﬂmnﬁs:mmﬁw’maqﬂmtﬁmamﬁmﬂm'] MCES 3uuuuf 2 (MCES 2) 44
2NENNDI AT 3.2

guUnsnimInaseufiuaadlug 3.1 daznauds 3 dundn da Ujnsal (Reactor)
4 & ' A9 o o A a Aaaa a ' ' ° A a o &
ﬁmLiJumuﬂMUﬁﬁgmigmuu,az‘nm@ﬂgm‘mmmzmwﬂmiﬂ’mmﬂaﬂm@UmaVLWQ
ez ﬂﬁmtﬁaﬂé]’aagﬁmnuq@ naadN D wiATaIAILWI (Condenser) LLa::@Tma'Nq@
\JuiaIadszing (Evaporator) V‘imﬁwﬁmsgmiﬁwmu (1) waztianmsszwmeilalasy

@ ° = ' ° Aaa o ) @ {
anuauldlossrinu Sazialewluvljiteefiiuasgaduladouda lndnussg
meludfnsal

A ' Aa A ' €0 o o
N 32  usesmwdsvesszuUNnIUsznauFenszninsgdnaaldagidn

daunn (Assembly) uazdsznaunuguniniiaiu Gzuulianuiauuasszunsanuson)
a o o A ' ¢ o Ao o Aa & A
Foufesudn uazglfn 3.3 uaasnwdisvasgUnininaniiuawinuad (Unval 1a3ad
AIVUUL LAZLATIINTEMAY) F1RTUALRUINTARAINA LAz TNl uATUSUAANIINS
el suraIz1IrinuuazaITans lawanusan mnﬁ'aﬁ'nms"[ﬂﬂ'aqﬂmtﬁ%é’n VAN
Ihanuiautazszuaanusounul fnaot to3aevinseiny LazlaToInIuLIL LEAINIIUN
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31 3.3 qﬂmtﬁ%é’nmam@maau i 1) Uhnsol 2) aTa9nanuin

waz 3) LAveerinTsing

V8
== ': (\
P A
1
i Rpagtor .
1 : V9 v
< P Q
V7 P V10
s—| ¥
1
1 ! A 4
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V3
A Vi1
V1] V2
% o
1
Oil tank 1 Oil : C.:ondenser
@ tank 2 .
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ol
Dk]wz > Vi3 Do E
ol
1
va @ L

Evp

c A
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Lo

Water tank
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= 6 a g: A a 6 di ]
‘5’1Elazl.aU@ﬂ']?ﬂ@ﬂLLUUQﬂﬂ?M'ﬂE‘m“ﬂ\‘] 3 fv ﬂgﬂim LAIDIAITILLTLTL LR

a o o &
LATRNINIICLAY QN

1n30k (Reactor)

Ugnyohdusruniiadjitonseninanialadouds IWanusin e
™ é aaa Q/ kg a
\nRalodoNaa bWe baLasa (Na,S.xH,0) T3l jAsergaduniaaiiiduidu
ﬂﬁﬁ%mﬁauné’u‘lﬁ Wmﬂﬁﬁ‘%m"lﬂﬁw%ﬁ'ﬁmﬁ@mimﬂmm%"amaamig@eﬁ'u
AanNN1 hazwIngawnaunani1saiuazaaslianusandll Aa tiatian1vin
UJA313e1inanie Na,S (mig}@eﬁ'u) AU (migﬂgﬂeﬁ'u) azlaanuTanvas
ﬂ’]i@@]ﬁfﬁ_l (Qags) BONAN ’Lumaﬂa”uﬁ'umﬂidmm%auﬁamimﬂmigmﬁffu (Ques)
Lﬁﬁvlﬂa]zl,ﬂumm@ﬂﬁ'uﬁzﬁwaam]'mmﬁalugﬂmaﬂaﬁwﬁa:gﬂﬁuaaﬂm
ﬂgjmtﬁﬁmig@jmigwﬁ'ugﬂaammuaf_mdﬂaJ Ivdanwumiiluvia
g o = A Aac A A o a & o
73INITUAN ﬁmmmﬂugﬂmewuiummwmﬂmmad Ufnsolianlan: auau
i A o ' o . A a &
\6& (Stainless Steel) INal¥nudanisnansauvadnsanatatiaduiilu by product
SLRME R ﬁLﬁumug{uﬁﬂma 5 cm g9 35 cm mulufaairiazmwa 2.54 cm g9
30 cm 1a1:3W1a 0.5 cm Magvay wwaiduwrianisiduuad laindnuazaanain
Ujnsnd ﬁgﬁmﬁﬂ@mau (Perforated  tube) L*ﬁa‘l%‘”vlaﬁnﬂs:ﬁnﬂgl,ﬂﬁavlﬁasha
209 LATNAZUNTIFLAKLAR YW@ 100 mesh ﬁmauﬁaﬂaﬁﬂdﬁﬁa‘lﬁmﬁamgﬂ
v { % %) =1 J v
Wuwnsanszuan ke Lﬁﬂdﬁ]ﬁﬂLﬂﬁaIGﬁLawmaﬂﬂﬁﬁanwmuﬂmmLLa:LLa:mugﬂVl,@
el LLamszsaEJ’MhU‘i‘]aaﬁuvl,aﬂﬁmi@@%u%‘ammiﬁuﬂuﬁamuauvl,aﬁﬁ"lﬁ
A BUWINNT At I9LUBEI LARINIINDaALITN AN laLNanN T RUnRIINaFAL
d' Y o v o a 4 s d'
ANLULNIINARAIN bATNHALA b anwarpeIlnioiuandazin 3.5
mifhslmmm%’awﬁﬂg&ua:aaﬂmnﬂﬁﬂmf lFvindndralanainusan
& % A a & % a 6 Aa o Z/ Lo %
duaanans lagaanuuuidfandnsunisduuandinyol ndviashinduwd wag
Va1 inunaan Lazfaadialadniaas Wi tAaLl T uaILNWAITLAEIAITNTD W
panpiigadmitlalaihnndfnaal dousaslug 36  lasszninedimsl
Awsawnulnyol wazn1sszuneaNTanaana Nl oot azanduszuunIs
a Y o o & a v & & o o a
"vaansmmaomumaumaimU"L%msmmﬂmmumuumLLamlugﬂ‘n 31 UAy
3.2 %'m@]a‘?vl,wWwa:gﬂLﬂ@luﬁaalﬁmm%ﬂ@Umaﬂuaé’wﬁwlumimuqu
N LLﬂfxﬁ’]ﬁﬁ@%ﬁ]:gﬂﬁ’]ﬂ@ﬂﬂLﬁmmuﬁéﬁU‘L‘hﬁ‘u@uiuﬁwmsﬁamm%"au
a 6
aanandfnInk

JUN 37 udz 3.8 usasnmwdsveslfnsainainniiuaminuds uas

q

1 v a fd‘a g; e :/ e v & v s A‘y 1
m‘wmmnﬂmuuumaaﬂgmmwmmlummuuum GﬁﬂﬁlzlﬁLﬂaﬂﬂJﬂﬂLﬂﬂ@]ﬂ
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probe i ldimeludjnsniieTagunninuldsuuladlusmzlalavesisasms
iUz Uy MCES 1

LAIBIAIULLKY (Condensor)

LﬂéaomuLmul,ﬂumu'ﬁLﬁ@ﬂ'ﬁmuuﬁmaamsﬁwmuvl,mf’]ﬁgﬂmyaan
ﬁnﬂﬂg’jmrﬂ@ﬂLﬂ?iwamu:lilummmm LRZIZLIEANNITABITNNITAIL LI
sanlUTaprinnasiiu druva9mainia (Condensate) fitinannmsaruusinazlna
aoma:awvﬁﬁmuﬁﬁzmmﬁ’md'}aq@

IeasmuuinaenuuUethsinadurionsinszuen 2 o4 vhanlaves
LALLARLTWIY YiauanTidudugudnany 5 cm wasviali 2.54 cm &4 30 cm 649
Lm@alugﬂﬁ' 3.9 WAz 3.10 MITLNEANNTaRINIATasnI LRzl Ti Rl Tu
sz “?'ivl,vsaL°1T1LLazaaﬂﬂhuﬂamaL"ﬁmazﬁamaaaﬂé’agﬂﬁ' 3.9 uaz 3.10
ﬁnﬂmwdmmuLLu',mzagjszm’mﬂg’jﬂsfﬁuazm%aaﬁﬁ:msl ANLATBIAILILIUT

ﬁmmuushuamﬁogﬂﬁ 3.3

LAIBINI2LE (Evaporator)

Lﬂ’%mﬁﬁ:maJLﬂuqﬂﬂitﬁﬁLﬁ@mmﬂﬁ'uuamu:maamigﬂ@@sﬁ'u )
nwaswaniule Aenuaudinitenuauusseime (Vacuum pressure) lag
AU BIANNA AT T azﬂxua;Jiﬁ"umﬂﬁﬂmsﬂsznauLLa:@iaszuudwmmm
muqumi%"avl,mvlﬁauﬁ"lmu LaTRINNTOAI NAaananTzuL laaLNesla
(Vacuum  technique) ahuf:ﬁ]zﬁmﬁﬁﬁLﬁumsﬁﬂmuﬁgﬂmuLmummﬂmu
aruwsin temsszmndunlelusimiensinen (Phase) dald lovhiszineas
"Lmﬁau%u"lﬂg?ﬂﬁmtﬁﬁuULLioaam?hLLazmwﬁu@hﬁmdNLﬂéaaﬁﬁszL%ﬂLLaz
UFnsol ilelvin§isendusussgaduniolul fnaol

insaarhszmpasnuuu il snwoeluionsonszuan anlaneauan
LRLTWAY viauaﬂﬁl,aé?umuguﬁﬂma 3.81 cm §920 cm SN W UDILAIITN
izmml,améﬁgﬂﬁ 311 uazm3lianutantueiesrinssmeazandesindudne
Iaumm%”auﬁmsﬂuﬁaﬁﬁ m‘saﬂéiv'uﬂ‘%f'aoﬁws:mUluﬁam{maméﬁgﬂﬁ 312 @9
AUNOEHUINNIRI Vacuum  luszuu@ne iazdasmunToszneldfianudu
LLazqm%nﬂﬁ'éué’aﬁ@‘i‘ﬁ andereaufiianisinenuuiisiurisneld udiiies
Tadnalumuinaluladnsaissiuinszine ﬁﬁaéfaa"lﬁ%’unwﬂ%uﬂ;a@ia"lﬂ 9
fanuanuunwiaslumiszine ildganpiivinzimegsdis 40 - 60 °C gﬂ*ﬁ'
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INTERNAL TUBE FOR
(WORKING FLUID)
OD 15 mm

l I FLANGE WITH SCREW

t STAINLESS STEEL NET

PERFORATED TUBE

350 REACTIVE SALT

TREAD CONNECTON

als‘&

50

< »

A ' ' a ' a 6
31]7] 3.5: mwamomULLa@aaﬂHm:maamuﬂgmm

250
= =
Iy o =)
% REACTOR
INLET I ] ]
PIPE [ |
450
N\
EXIT
PIPE
v
ELECTRIC HEATER @Fﬂ DRAIN VALVE
(TO EMULATE HEAT
SOURCE)

U7 3.6: nadaasUfnalludsansioinanaian

WaEILAG: Drawing Insreniuiadiuas (mm) nng
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! i i
3UN 3.7: mwihsdmnsainiuawinud

a4 ) : -
Eﬂ‘ﬂ 3.8: ﬂ’]‘WLLﬁ@\‘]ﬂ’]Ell%‘llaﬂﬂdﬁ’liﬂ’]mﬂﬂ’n%ﬁ@%

—» 15 «—
50
) TREAD CONNECTON
o = el
t = INTERNAL SS TUBE
OD 25 mm

COOLING WATER SS
TUBE OD 10 mm

BRI

Eﬂﬁ 3.9: AMWLRAILATAIAILLUL
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= . a & A .
Eﬂ‘ﬂ 3.10: MMWANYLRAINITIAAAILATDIAILILL L

50
= GLOBE VALVE

é HEATING WATER SS

TUBE OD 10 mm

il

P o a o
Eﬂ‘ﬂ 3.11: MMWAAVINNURAILATDINITELALY

50

=

FILLING VALVE

EVAPORATOR
300 200
WATER

E] ECTRIC
HBATER

& a & 4
E‘l]‘ﬂ 3.12: MNURAINIIAAAILATDINTELAL
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31.2. @191ad

fILANRANEMILITUL MCES  fa ga1319u Usznausie a1sgady
Ietun indelmduudalnalainsa (Na,S.xH,0) Siiloans Na,s Uszanms 35 % lag
WReN 289159N MERCK o931 3.14 UazENIONQAT Ao ﬁﬂﬂé"uu’%qw’ﬁf (Distilled
Water) nanannisslanaseussuay (Binder) 2 wfia Lﬁal,ﬁuqmauﬂ'alums
dhoimanuiauluurinansgady da unslWd (Graphite) é’agﬂﬁ' 3.15 uazidule
A3uau (Carbon Fiber)

wuloasuaniisiniiadudu LLa:gﬂﬁwmﬁmﬂuéf?mﬁﬂe] Fusz 5 mm

Aaunsunuinfalmidvuda W dagi 3.16 ganansiafiang laud dudiolon
AMNITDOW (Heat Transfer Oil) 3%a PTT HITEMP 500

e S e R S R R R

gﬂ'ﬁ' 3.14: RILOLALNTA WG LaLaTa (NayS.xH,0)
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gﬂ'ﬁ' 3.15: \#ulaa1suan (Carbon Fiber)

4 A& o
3.1.3. AN

A A oA o & o @ A o = o P
wsesliadafianudndudmivszuy Ssdeaiudayaminaseuiiaily
AenhanTInuzvedrzuy wuvgaduiideyanmmasevdidrdny ldun gunnd

AMNAW LAZAAIINIT AR mﬁ@qmﬁgﬁﬁﬁomsémmLa.wna;@ﬂ’m@iﬁ'umsdm

U

©

wiaunutufinwalasiniasdufinua (@330 3.17) lavldietasiioTacad

1) waslufiiwasuuudsen (Hg Thermometer)

2) sewnasluadidla (Thermocouple) Tia K

3) 3asiufingminn il (Data Logger) B%e TSUS Model TDL K 002

fniumriaanuauazlfinainnnuau (Pressure Gage) WULFQYYINA
a93LN 3.18
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gﬂﬁ 3.18: LNAIAANVUAK

3.1.4. adnsaidsznay

qﬂﬂmiﬂs:ﬂawmﬂﬁas:uulﬁﬂmﬁau 211 ’Lumamsmmmig@eﬁu LRZIZUU
lkanuduniaszuinanuian o1 lutranisgadu erinnisaenuuy 83ouay
Usznau gunintindny 3 @ ldud dinaei, 109N ITIAY Waz LeTasaruuvn Goudas
Lan 'ﬁ’ia"lﬁaammuu,am%"mqﬂﬂmil,a%w Lﬁav‘iﬂﬁi:uuﬁﬁmuvl,ﬁazmamdmi UL
wadeumanit laur srsidudreTeunnuian, srsindraleunnuion, seindu, M3
davsuuilusindwuazsin, MIAITULFYAINA 48 sfiaﬁagaé’ﬂmm:ﬁhmeaaqﬂmfﬁ
Usenou Seseialil
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1 & o 1 a Aa 3 . o &)
aneainaglonanaianustamijnsal (Thermal oil bath) Janwasiin
nynszuanyhanlanzauauas Bidudugudnats 20 cm §9 45 om Yinwihi
uyrphiuinelauanuawdaduazldnnuiaunndnanl vSmduasves
] a g: a 6 2 (- 6

814 AaasaniaaiauTeu w1a 1000 104

1 [ 3’ % 1 U . A A
mamumwumﬂfaumwsau (Oil storage tank) &laawm@miq A IUA
‘]Jii"g 20 waz 10 8QY mm@uﬁumuquﬁﬂmo 30 ez 20 cm E\’](G 30 cm ﬁw’mz?fd

AR V‘imﬁwﬁmsﬁ;ﬁﬁﬁum glawAINNTauNRILAs IMaNAUAINIINDINIA WA

Aa g:yl]n 6

Gaasnudnisl  waztomamywiswihduiolananuion

v 1 ] v
D9UN (Water bath) viwrhfldanuseunuiadasszine lapdaaduralansle
Auiau AUTmduans ansusianlanzauauaalaoiiduiiuguinaig

254 cm N 30 cm

Pasirainwuazifawn (Oil pump and water pump) LHawywIBwINTLUAZIN

ARTUMIIRIalraNNTan Lay naalduIzuL

taga N6 (Vacuum pump) 8% Rubinair Cool Tech. §wiutszuulid

ANNAUEININIANNaRLUITEIME lagldanmenialuszuy LLa:"ldmiﬁmﬂ@TNagj
meluwszuuaanly 931" 3.19

LAIBIDABINE (Air Compressor) §1MIUNMINAFOLIAHTIVDITZLL

RRLITIED I-i-lh
oW
s |

3N 3.19: Tugggme
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3.1.5. MIDNUUUNIINAADITEUU MCES 1
B T I VI Y o o °
m‘m@aawmmﬁﬂuwumgﬁmimmwaas:uug}@sﬁu ﬁﬂ']’mﬂ']ﬂ’l']d']%gﬂﬂ'ﬁﬁ%@

lovszaugaangii 3 szau ldun aanpliundsanufeudniunmasaigady (las

2
A o

qmﬂgumifumﬂaumm%ﬂu) RN TUREITZUIIANUTEUFINIUNTQATY (lag
qmmﬁm{wﬁudmiaumﬁﬁau) LLazqmeﬁmaam‘%'aoﬁﬁmﬂwﬁwmsg@sﬁ'u wonanil
fagninualasszazia11a4igans (Cycle time) Bneay Fadewlymavhouesszuuln
AN398NUULMINATOL LRAIRIATIGT 3.1

A1314 3.1 ﬁﬂ"l’)%LLﬂz“ﬁ'Nﬂ’]iﬁ’N']%ﬁl“ﬂ%ﬂ'ﬁaaﬂLLUUﬂWiﬂ@ﬁBUiZUUQWﬁ’U

FNITNINNNH PARINITR U
aqmvsgﬁ"uaoﬁﬁﬁudwiaumw%u

U uaIgaTy 80 — 100 °C

PRI R IL T 2530 °C

qm%gﬁmaom‘%aaszmy 45 -60 °C

qm%{]ﬁmadm‘fwﬁialﬁﬂmﬂ%aamuLLu',u 25-30 °C

szozavasmaialfizenlulfnyal 30 — 60 W7

é s ™ o 0/ [ 1 s v 1
m‘m@aaU%magﬁmiﬂﬁmmmaas:uugmm wiadn 4 B299an VL@LLﬂ

1) 4199 1 Production Phase (Reaction Phase) isaglaiinainiasadszive 7

nugunnuiuanidnluvihd jisoduladoudalng maluiiasiiu (Oil
jacket) wasUjnintusrgiiiudnslananuiauiadsnnuianaaniinizuy
lasdfisenazdugailiogunnivesasgadunolulfnsalasn Maunsany

AUVAITZULILAIN A LT

2) 9799 2 Cooling Phase I%ﬁwﬁ'umﬂIauﬂawu%’auqmmgﬁ@‘hﬁamm{aumn

Ufinaal vldlignmnIaaaiaunah

3) #2471 3 Regeneration Phase lftisiudnnlouanuiougmngiigaliany
v A & A ' o :/ a e [ a
Jouwndnaol ialamaihawihesnnnlmfsudalng lasgungiivesans

a & A £ o A "y Y
ﬂ']UI%ﬂg]ﬂimLWNgﬂ“ﬂ%LLGZﬂx‘]ﬂLNavLﬂuﬂaaﬂ%N@LLﬂ'J

) PN . R [ Ao & [
4) 123340 4 Cooling Phase 1’11%’1&]%1']’1UIQ%@’JWN?B%Qm%{}m@n@]ﬁﬂ’l’mi@%ﬁnﬂ

Ujnsnfean inalilignnpiiaaamaimslaiiaen
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ﬁagaéﬁLLﬂiﬁ%ﬁﬁ'ﬁUﬁi’@iummmm leun

=) A Q =) g: Q Q =) =3 {
wandl SalagnIfaadansda (Sensor) vadnasluailaziia K 7

gl
o ] 1 2’ dll ) 2’ U = a 6 Aa
funriedne 9 lwlatiesasinszine,  shdeu,  lmdsuda lWauSiom

(1)

D
€

t%

Rasudameuanvastneot wszihdudalonanusanlusrsingu lag

v ]
o ]

a o A 1 Q 1 tﬂq’
fansnduniadng g asdalud
1) Unsol Gaay 3 32AU Ao Ul NAIUATANN TTAUAT 3 GILALY UaY
Aa 6 o A a 6 o ] o
meludnaol Meamaumisalvasdinant 2 drunis LATTINIAIA
IANA 8 GLLAY
2) 8191 Ua81auANNTEN HAGIANLUIAT 2 TZOU IIMNWIITAT
2 U UAZUINUNIIUAZEDN TINIAIAVIINUG 6 FAIURIES
A o A EVod o ! A g v . 1a &
3) LA3RITELAL mmvbﬂmuuuﬂauwvlamﬁlzvlmmgﬂgmm

4) 1AIDIAILLUK AAAILSIUNILTILEZNI90NTBIE AR DL

(2) ANMNAUVBITZUY 1FLNTAANNAY (Pressure Gauge) 81UANNAUINNLNT
% % 2 a & A a { ° { o o o % :/
FANNNAU TIRAAINUSIIAATBININTZNEY 1N TAANNAWINAIVD bt

Unsol uazenuanwnsludfnsainounssnainmaialfizen

@) Yinmasihnwinfigngaduludjnsailuudazipans Jalasnisans

USUN NN R e Ll AT TL RO D FUAALARZI NI NIV
q

3.1.6. MINadgauIzuy MCES 1 Lﬁa\‘l(;f%
NITATTNUISVUINDNIINARDULU IO W N VUADUAIN

1) BFNNNTLATINNT T U 09ITULQATY Iﬂmmsqmi@@sﬁuaﬂu

Ufnval
2) hazuudnsildidugmanme
3) mm:l,ﬁmﬁ'u*ﬁm’%f'ms:msﬁws:uﬂﬁlﬂuqrytyﬁmﬂ
4) msgimé"uz%'m%'uLflumsﬁ'm’m
5) TWawienuneiasszmslaslduaaialuirlianufonunsnssii

Fuand e TzRe I

6) ﬂa'aﬂvl,am{wslﬁlfiﬁvl,ﬂﬁﬂﬂﬁﬁ%mﬁumigwﬁ'ﬂuﬂﬁmd

7) Lﬂ@ﬁuﬁﬁﬁumﬂiaumwm?amﬁalﬂﬂwuﬁUuu'%nmﬂﬁmtﬁ

8) lanuauuridfnsoliiausnlerhesninmsgady lasardeuaaia
Wi nasauurivhdunelananu e
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2

9) wywInwimdaiduuiiinialasniuuiu tvearuululatiignld

U

2an

10) AawiawanazgniiulifiaTasriszmne

¥ o = a o g
°IJE]qﬁla"ﬂ’]LWW&I%ﬂ’]iL@IiUﬂJiz‘UUN@N%

1)

LAYUURITQATY ARUABATVEIUNFNULATING 75 NN (30 %) LNAa
T dudalne $1u2% 175 NTY UIWENTIN 250 N5W wiuII9aslu
Ugnsnk

rzuu i dugey
Anwiaugmangil 50-60 'C Uszanms 4 21309 Lﬁavld"lm‘fﬂﬁ@mﬁwa%ﬂu

gima ansnulianusanuiljnsollassindutislon

QAT
naseumINlaslizuvagmeldanizgyyinia 24 Talus

%

MINARDULDAIAY VIUaah At

° = & - o a & a ¢ &£ &
virzuudugyainmeanseiasvinssiwouazdnyal Jananuniaas
qﬂmmﬂl’? TwanusauszautwnasnuiaTasrinszive lagldinSausuns
d 4 o & o A & ' a
TasasaNaszvatinlwnaroidnle a1 uanazl NN B LE19TIALSIAUISY

adn 11815281 s 60 W

a 6 & ' a 6 = 3 Z’ ¥ o aaa a

Lﬂ@]’l’]ﬂ’)ﬂuizﬁ’n\ﬁﬂgﬂ‘i‘MﬂULﬂ‘iﬂd‘ﬂ’?izt‘ﬂEl Elﬁlau’]m’]mﬂgﬂsmﬂums
a a 6 o a J ' 3 A

g}@sﬁumﬂluﬂgmm ANUAKYDITTUULNNAUDE19TIALT LaztUfeuula

28T 9 AUNITNIAIN (Uszunth 60 W)

Panainu lusmsidoaiunyuwdswidudinlananuiouduiieds
anwianandjiseneliaanatsdaiios iNadasnunmnyaszinyas

Un3en usznastdude ludmiuiaa 60 wif
UufinanuaunautaznaInagay Uunasiiiwaaannisiiadlnseny
GRELLE T

drzuuliidugyoinia anawldanuteuuidfjnsotlasldindudns

q

Iaumm%”auqm% ndl 80 °c 1w 2 Tlae

mguﬁﬂuﬁnﬁumUIaumm‘i”amﬁumqmﬁU%Lﬁaﬁdmmiﬁ”auaaﬂﬁﬂﬁ

FEUULE WA
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ARADWNIINANDITLUL MCES 1

3171, @31380UIANIVIT UL laglTduruuiniaaaainianiln

q v v a
szuvean Ysasfiald 24 Talus dufinenuau
] a A A [ a a & o Z’ G ]
3172 damunaluatilanaadauTiimdjnsal deidudislaunany
Jou dnaaldn Lazdueg LTNULAI89 Data Logger
3.1.7.3. mim%ﬂmjmiﬁnm
1) lo@ousa INANUETHES
a ) Y a < o ! A o
o UAMIITALNTA A LARZLBLA TINUBATFIRNTNNUA
o WRNLNARBLITLALNTA INGANURITHEN (Binder) A Tusuas
nuliidiu usnaasgaduasiuljnsninensurinldiiie
s1sianuadRNanunInIUnInt
2) 189 Marinnu
o umphnauadlumauz U3unas 100 mL
3.1.7.4. @eauljnsainuSinuduuugazesganasay nyuwinasd i
A93LN 3.20 uaz 3.21
o 1 a 6 A o v &
3.1.75. Mazuuvassndfnisiuaziatasiszineldidugyayima lay

v

\Danda 1, 2 waz 3 (Gsuaasluguil 3.4) vszuuliidugyima

q ¥ v
'

=4

laslddugmanme dszanm 10 wifl (Qunsznianuauain)
3.1.76. DA 3 uazadaduasdugyannme TuinanuauuedIssuy
3177, Dadudeguihdudislouwanauiendnlddgrshduvesdjnaol
a & o o & A a S o N &
laaidands 7 uazdSuszaunanienyuidowihdu lasitand

8, 9 108 IINT MaTadNNWI e lawaNTow

v
2

3178 U Heater s19iduaaslfnsol avamnniils 50°C - 60°C

9 U
o s o =8 & LA o < = Aaa
\alain (Dehydrate) TufinamaiudisuduannIznafisgmung i
@a9nNTMLIaN Uszanmh 3-4 TalN9 1a Heater waz tuiinuuang
Tananusan

A

3179 \Detluimaafuingliiasasaiuumin T015Na 5 aLawE
3.1.7.10. ﬁﬁszuu‘lﬁlﬁuaﬂ@w&qjuﬁUuﬁﬁﬁumﬂamﬁu wmzﬁ"&qmﬁgﬁ

maoﬂﬁnszﬁmﬁmﬁuqmﬁgﬁﬁad (qmugﬁmﬁ) %1980 1 T2l
3.1.7.11. V‘mzumaamuﬂﬁmnil,l,azl,ﬂ'%aoizmylﬁl,ﬂuqmutyﬁmﬂ

[2 ' '
a o L g

3.1.7.12. L@lM%’]ﬂﬂ%L“ﬂ’]vLﬂeL%Lﬂ%a\‘iﬁﬂizL%?J 100 mL uaziile Heater 1879

v ]
o A o

A Narinszne latin Anuagunnil 50°C - 60 °C 1ufn
guannil  aunznIfsgunniindainis wazdaaslwz1Ivinen

Wwaalszunm 60 w1



3.1.7.13.

3.1.7.14.

3.1.7.15.

3.1.7.16.
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Wandr 2 wweliledud Ui jAsedussgadunielu
Unsol daeuldvind i3 30 w3e 60 wift Tarar 2 usaia
Uuimaatdn tvaaauusiwlain lalaving §izen

a S o ) ' P <
e auniunans lananusauea bl Uszunm 60 w1N awnTENg
AMRANAIN
3 Q
\la Heater Nufjnsnilasasamnndli 80°C (90 °C wia 100 °C)
asze lashdnving §Asen T6aan 120 wifi
AININARaITT INaLRUUFNIIZNTNARDY VL@TLLﬁqmﬁqﬁﬁdwﬁﬁ
ATZLAR e qmﬁgﬁmaoﬁwﬁudwiau%au LREIZHUZLIRINITNN

Uiz ludfnsal

37 3.20: anwnizveslnaal

U7 3.21: Mmifeasdfnsalidniuszuy
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318, MIATTRHANITNA§BUSLUU MCES 1
Toysgungiivaslmdondalnd g3vhawih Usinaszesinfimaslu

inTaarhIzng wazanuauszuulugisnmasey lésunshemshuasdiuim

A9 aeduans  MldmasaSouiioudssdninwiugegdnsalanuus

A LL@:I%Lﬂuiay]aluLLuuﬁﬁaaamaﬂﬂ@lmamiﬁaﬁ’]mmammuzmaoizuu

do'l

(1) MU AELUaINEIIHARBATIININAFEY

(2) ﬁﬁguﬂizaﬂ%{ﬂ’ﬁﬁ’]ﬂIauﬂ’ﬂ&J%ﬂ%iz%’iﬁdﬂﬁﬂiﬂiﬁﬂ@@LLaﬂLllﬁlUuﬂ’.l’m%/au

futhaudnelauanufon
@ fudsrAntansnusiiemsthanuson (COP,)
) @NMINUNIINIBANMUTDUI NN (SHP)

(5)  AMNRINITDLUMTINENAINUANNToUGLUTIAT (VHP)

® [V
3.2 STUUNAFDULNUACANNAIINWHLUULAN MCES 2
J2UU MCES 2 "l@i”%’umsﬂ%'uﬂgamsaammummmu MCES 1 wWalwyzuud
& - . .
RUTIOULADIUN  lagasuwiAanisaanuuuluaneuel@ginw  Aaszuy  MCES 2
o a & A, oA A o A , ~ [ =
Usznaudis Ujnsod (Reactor) NdatTaulutuifinuiaiasniuuis Faumanuie3al
321 (Condensor/Evaporator: CD/EV) slué'ﬂwmzl,ﬂwgmﬁmﬂ%a Modular tNaaINw
o o % a £ ] v o
NENAIAVAINITAANLLLU ﬁauﬂsmﬂﬁammuzLLa:mm’]mﬂumnﬁmnmwmmugu
ARDAIWINLFDNITVNLVUIATZU UL NN TANG I
' ° d ) o s ' o A
ﬂmsmmuﬁlﬁaﬂhﬁa \NRaLTAUNTA WA-11 (NayS.xH,0/H,0) LEwdsIn &4
91FENITUIUNITAATUULY Chemical Adsorption U%N1%3 11283 JN387
Hydration/Dehydration mﬁmwﬁomumsg@‘fuguﬁaLﬂ%ﬂmﬁﬁuﬁug}'miﬁu uazlTR1Y
o :/ é I3 o dlddl = Q 1 Q a 6
mmumfmﬂumaa"lmmmuqu@ I@wmsﬂsuﬂ;amuwawaomi@muluﬂgmm
J ] Aaaa ‘ﬂl U 1 A = s 6 [
Iumwugmmuﬂgmm Lwaa@maqamnlumsﬂs:gmaaimmma"lm TagnINNAL

NIWEY (binder) UazaNILEINNaLTUUTIQUaNTA (additives) Bude

=) ; 1 s Aan

321 wwrAansanIdunnilnsen

nnnsAua TN IWITBNDITes MItugdasasdulmaninialadoy
dalWarinlasnn Lﬁaamnmﬁa‘[smﬁslwffavlwmmmvuﬁé'ﬂwmmﬁ’]mnﬁaﬁmnjuuaz%’u
o o A o & & A o A A \ & % &
ddludeung eveauiranduvsswdsnguunadondadonldmuniulld e1atu
sulasmIanuuniivesdjninilasassussld Epoxy (Hudatszanu (wdlian Epoxy ot

c? A ] U a dl' Z/ % a 6 @ gﬁ ‘3 1
prnuazimdfasdnlddne) uazazlidgywiFesihninvesdJnyal dsnun1stuguviu

Uf)7i38n (Reactive bed) WIaLyina AL (Adsorbent bed)
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Tnaudsuit %’aﬁauﬁumiﬁugﬂlﬁﬂumaaw‘ﬁa (Consolidation) 1#al# Reactive
bed mmmifugﬂLa’ﬂumaﬂizuaﬂvléfmﬂiuﬂﬁﬂitﬁgﬂmamzuaﬂ Stainless Steel la8N3
NENLNA e lLANTA AN Y Additive Waz Binder °?imm:auﬁﬂﬁﬁugﬂﬁua:mﬂluﬂﬂs
fnolanuiauazaNsa

PNNMIFUATIUALNATEL Additive AU Binder AAINRAILAILAZARUFINHFY
ﬂsfmg’jflmuwauﬁﬁﬁqwﬁﬁﬂﬁmmauﬂg‘jmnﬁf (Reactive mixture) sunInas3Lladldd
ﬁq@ Usznauale i lnduuusiiausanlad (SGL  Conductive Graphite), uilaaiu
(Organic Starch), uazans Additive unaidealaasanlas (Ca(OH),) lasasnsnualdsy
msmLLa::Namﬁuﬁaum‘smmﬁugﬂluﬁa Stainless steel laanumziiuuriansinszuan

(RN %G Lngmaﬂmammm 811 é’m%’ulﬂaﬁw NI

322 @vaUsznaunrinljisen (Reactive bed consolidation)
INNNINARAURAINAIUFIBNINVAY  Reactive bed adlai@uusa lWe 1w
& & o Aa .
mmsmugﬂLﬁJumamzuan"l,@msﬂuﬂgmtﬁmaﬂs:uaﬂ Stainless Steel lagnN1INEN
inRalaaauaalWany Additive NU Binder 71laawATLAzNaRaUIURAINRANLAD LA
) = ° o ' o af ) Aa A P
WAUEIBNEN G99y IAnITanlanulanazAINNTa el Unngidunsunangany
Imanani§iisen (Reactive mixture) mm‘mmgﬂa%ﬂﬁﬁﬁq@ sznauaiy

1) Salt: \nfalodsuaa lng (NayS.xH,0) ﬁﬁ%ﬁﬁﬁﬁ’]i@ﬂ‘fﬂ (Adsorbent)

@ o & , g 3
NUFIINNIU ﬂjqwﬁquLuuLﬂaﬂﬁﬂTZqu 2500 kg/m

2) Graphite: 813 Binder WiatNaNNaIINTalumsanslauanusen lawd
Conductive graphite (ﬁ]’]ﬂil%i?ﬂ SGL Graphite ﬂs:mﬂwaiﬁu)

AMURBLYL 800 kg/m3

3) Binder: 813 Binder Lﬁ'amimgﬂmaa Reactive bed baua uilssin
(Organic Starch) Gyazsnansnlmindelodoudalwe uas
ﬂmVLWGTLm:Lﬁ'mﬁ'ul,l,azﬂagﬂvlﬁ ANNRwILLBLITIN U TE U
2000 kg/m’

4) Additive: aIsTuNaL UL InuENTR WIa Additive tWaTIMIIMEZAD
& o o ¥ 4 \ . . g = Aa
uazudaduazgaduinnduaglu Reactive mixture Taidusandl

paddsznauafuTIue laun waatdulaasanlod (Ca(OH),)

AMURUILUULTZIN DL 2000 kg/m'
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&< o { £ . i & o @ < o '
ﬁ’]i@]d@]ul;ﬁaﬂ’]imugﬂ Reactive mixture 13 4 @3 vL@]i‘]Jﬂ’li‘N@l’N@]’lﬁJa@li’la’Ju

Salt: Graphite: Binder: Additive lurinensu 1w 24.3/ 74.9/ 4.1/ 8.1 w38 3: 9.25: 0.5: 1

(asu1a) uazlidanainlasuia (mass fraction) L 0.22, 0.67, 0.04, 0.07 AINEGL ¥in

v aaAaAa 1 { 3 g: g; Qs
lﬁmmauﬂgmmﬁmm%mLLqu@mo{Eiy 1,302.3 kg/m ﬁnﬂuuﬁ’]i‘ﬂﬂ%&l(ﬂi@]iﬂﬂ’]iﬂ@

[ ] ° & ' . [ | '
LLa:Na&muﬂaumimmmugﬂum Stainless steel "L@anummﬂmmamaﬂ‘szuarmma

(ﬁﬂ’]iLﬁ]’]zg@idﬂﬂ’N@I’mLL‘H;’JFJ’]’J) fnsulilatindu lasdSunasvesvanienszuan fe

3 ° [y o { ' . . I3
185cm  ldwiavesndelmdoudalndnaglu Reactve  mixture  1ilu 24 g

Tasseanmh Lazaa3INVad Reactive mixture Y3zunmh 111 g

3.2.3

YBADWNITLAIYNNAFDUIZUL MCES 2

Usznavdnsol (Reactor) 713l Reactive mixture U8 NUFIWLATBINILBUUD
AILTINALLATBININTLAY (CD/EV) lasdaaiinal Swagelok TUa % “ ATINANY

6 o Id U A o A R A A U 6 ] Y %
(MaINTudasini3vin support  tialdiianazitlatalainsznardantranin
wazimunaqlng) lastadansnuaiiu Stainless Steel (SS) 9NL3 1N Swagelok
AanunInnaatlfunladiiy lagnImarauLINiNTHaAINLE1I8% Reactor LAz
CD/EV 1% 300 mm L¥inni

’ﬂ@gnﬁﬁmﬂmwm Reactor LazNewilatagiuaad CD/EV lasgntarsgiuuas

CD/EV 2:H32UUNaLazINaD E%m%'uLaumiv‘hmwmﬁuﬂizﬂaua;Ji@ﬁ”w

A . . A A o ' '
\TandazUL Water jacket (tNan1suanidfsuainuiauszniniansanalauaing
Sou (311) AUTEUL) 1WAUEIU Reactor ez CD/EV lagaanuuy Water Jacket 1#
\uwuunaadsznauldaazli 3.22

|

Ta21d19:1119 Reactor uaz CD/EV LiNavszuudu CD/EV TWidugyyime

\TUNAUNTBNTEI Reactive mixture Launns Desorption  fefitluat, lavi
wazfafildairuuiu lasnisnyuidoussdiolauaiiusou (1) W1u Water
jacket 789U Reactor AUNITNIQMANANIIVES Reactor U3zu1mk 70 - 80 °C
& { A Y A d A a
nnsuaIzreumlisunlasgungil (IWgunpiiasiiszazniiuaziuaaad)
wazrimsianaielaans (Desorption/Regeneration) aaﬂmﬂﬂﬁmﬂiuam’ﬁ
@ a o a S o A
azlwadhgaiuves COEV vmduanunywidswihdolauanuiauwieszuny
ANY3aUN CD TAMmmaBuaILukYL nuuTanan

izmﬂmiﬁgﬂvla'aanmﬂ Reactor NI&IWNAILLULES lIAIULLIL CD aanaw

v o v g; d { a o g/
2ENY LLE\]’J‘YI'ﬁz‘U‘.UELﬂLﬂuqtyiy’]ﬂ']ﬁﬁﬂﬂidﬁ%\‘i WNOLAIBUMILANE TN (W)
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lunTdnanIvineu (1) #N139a81398N9IN&I CD/EV (Suction) lasily
gyn1@ (Vacuum pump) wWa'laanauas non-condensable gas aanhl uas
Mrzuuliidugyaima 1niugaasrinauin (De-ionized water) 9INMTUE

a dl o v 1 v v 1
anutTinmndwmld wenewldldenmedhgszon)

@a@1 Thermocouple 7daldNALTZUL Data logger LNatiufingmunniNd U
@19 9 (N1ITD9 Reactor, Whi184 CD/EV, thanslauanuiausiiiiuazsiaan

Water jacket 196114 Reactor Wae CD/EV, NHHIAULHLAZE19U8IIN82 Swagelok

i aseuilasdulasliszuy MCES  #¥i1914aATU2937 (Desorption LAz

Adsorption)

(i) 729 Desorption WL InutiFauLing Reactor water jacket LAZRHILWIN

\Buidng CD/EV water jacket lavingnidaanann Reactor ldaauuuulu €D
(i) 729 Adsorption nywswinLaw (Welduunasanuiangmnnidn) g
CD/EV water jacket wazwyuiiswinszunaanuiaungungiivsssmendng

87% Reactor 1a1in13z3z1%4837n EV VLU@WB’Uﬁ'UTGM@UN%’ﬂM@ﬁLu Reactor

10) W@3pNNILUANEATNT MazadanTanslananuian

324

aunInfisznauszuy MCES 2

1) 10389 MCES 2 ﬁ'ﬂszﬂauﬁwﬂﬁﬂmi M8 Uz LA3BITNIHREAILTINAL
LS aIMILLIL

2) farinfou (FuHUgUINAN 25 cm A2NEH 28 cm ﬂ’J’lﬁJﬁg‘ﬁ’] 9.8 L) & nsuls
anusaudnsnl wazmeludaasiniaasiniwmwe 1 kw WIDUTANILAY
ANl

3) dainaoLin (U UEUINA19 40 cm §9 40 om ﬂ’J’]SJﬁ;‘ii’] 25.1 L) #1930
gAMNTanlfnant

4) Farinl¥anuo ez sz U AN Lo RERTULAS a9 TR LAZLAS B IR LY
(Furugwdna1g 30 cm §9 30 om mmﬁgﬁ’l 14.1 L)

5) durhszunsanudan 2 @ Geesludsimaaiiungosds d9az 1 0 (1°ﬁﬁu
wndentutiuansdan)

6) Jutihfanuuudauainasmouan iwa Venz Super power TW19 ¥4 U393

7) Lﬂ%ﬂdﬂ%ﬁﬂ‘ﬂ’%la (Data logger) ﬁﬁa Task Instruments

8) ranauNIaaTdmMILINULATYSzNNaKATaYa N Data logger 89 Task
Instruments %Gmmmm“ﬁayavlﬂLﬁuﬁuﬁﬂLLazLLa@GNa (Monitoring) Taun

“inanauiILaaT
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3.25 nYaanttuunIINaaadscul MCES 2
= a A o , AV e
1) ﬂ’]iuuﬂﬂﬂﬂqm%ﬂuu‘ﬂ 8 QLA qqﬂ Y2 4N VL@LLﬂ

2

- ihdhslouanusauimaduaznieanaad Water jacket 2841fnval 2

ALAU
- T_hw,i Uaz T_hw,0 THMINLIIAATU LAz
- T_cw,iuaz T_cw,0 TMMIQATY

- thanslawanuSeuiinnadnuaznisaanuad Water  jacket  U@ILAIDS

AVULUW/ATBINNTERE 2 GRS
- T _hw,ev,i Waz T _cw,ev,0 ﬁ?dﬂﬁig}@ﬁffu 155}
- T_cw,cd,i 4az T_cw,cd,0 TN IQATL

- anNIAIT89 Water jacket I wUnaod (T_srct) 1 @unis uae
oanNARITBY Water jacket MadnuLaIadssinainradniuun (Ts,
@

EV) 1 éUAUI

- qm%nﬂﬁvlam‘sﬁﬂmuﬁﬂ@ I ANRITAIVIANIIAT UL WLRZAIUEIIVDIINE

(T_vapor,u Waz T_vapor,l) 2 @1

2) HRUABATINT WavadansEnalanaNTaunen Reactor Waz CD/EV a9l
Uszunae (1 L/min %38 0.3 kg/s)

3) mInasaslasdSuilasy

(i) ganndvesihiouludaiednoainuiaulugie Desorption 2 fvda 85 °C
waz 95 °C

(i) gnnTvasiunadsanuiauluds iialwanuiaunuiaiasizimesis
Adsorption 2 @nda 35°C, 50 °C waz 60 °C

4) dramyingunpiuazdanmsiva lFlunsdwimnidn COP, SCP uaz
VCP S17LLAR I INTM TV U893 LU AT
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|3

A l
” |
Ve Dia = /2 u
ﬁ‘
-
Ch

T __ | IPIPE HEIGHT
0 MM, W/

/4,66 MM,

WATER JACKET |
500 MM. o

- H = 240 mm aIwugn

T "

gﬂﬁ 3.22: NMWBHIIIULRAIAN LT AITZULNAROY MCES 2

5zuuﬁ§@€?ﬂ ”uqﬂﬂifﬁswﬁau LﬁamimaauﬁﬂﬁaULLﬁaLLa@a@T\ﬁgﬂﬁ 3.23 119 3.26 17187
SWAC
W6
PIPE HEIGHT
300 MM,
400 MM,

WATER JACKET
H =240 mm

500 MM.

839
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] e

% A

4
|

(e

A ' ) a fo &2 o
Eﬂ‘ﬂ 3.24: J‘l’l‘wmULLa@lﬁ:UUWSaNi:UUﬂQNW’JL@lai‘].lwfm"lla%la
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31 3.26: Mwrsuaad Data logger
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326 2WADWNIINAFIUIZUL MCES 2

g: Q Q o Qs 1 ¥ &
32UU MCES 2 ﬁ"ﬂ%@]auﬂ"li‘ﬂ(ﬂﬁaﬂﬂ{]ﬁ]ﬂi“ﬂﬂﬂﬂﬂ‘i@@ﬂju“(}’mLﬂﬁ @x‘i@lavlﬂﬁ giN

PUADUNIINNUVIIYINI LU TINRTaunUszUU MCES 1 fia 1sznaueig 4 phase 7

=

nan Mluwata 3.1.5

A = a ! 3‘ &V d' a 6
mInaaasi 1: maespvlnsoilasnslaiussioduandnsol

(Regeneration/Desorption) laglginsaudslauainuian 95 °C

NINARAIN 2: miﬁ’mmaﬁqmwgﬁﬁﬁzmw‘h 35°C

MINaaasil 3: 19ININIAATUUIZMI EF1IAATY lagudazIpansmnua

U U
'

qmwgﬁﬁ,’]msf[aum’]u%auz%m%’umiﬁﬁzm51 50 °C uaz 60 °C

2
v o

uazgunn it Toudniuns Desorption 1 95 °C uaz 85 °C

U

ANAAL

PYUADUNINARDIN 1

1)

7)
8)

= g; v &, a 6 dl' o d‘
meﬁ:uumwml%Lﬂuqutynmﬂ (WUnyod usz LaFa9vinszinenaIos
AIVLLIHL)

11l Heater %aé’aszé’uqmwnﬂﬁ%ﬂ 95 °C WalwauTawnusintnalawaau
Jau (Heating water)

Lﬁaqzwgﬁvlﬁizé‘umuﬁaami L‘ﬂ@ﬂwyuﬁUuﬁmwiaumw%aumﬁa
Ugnyai

nudunndayagmngiivesdlnaal

A & = :’ ¥ . dl dll ]
Dadunywiswihszunaanuiau (Cooling water) 1LATaIAILUIIL

A ] a a 6R o] A 6 1 a 6 @ ~
Wanwudamnndzesdjnsalie 85 °C  andmsznindjnisiiuiaias
auuiulilazassnsignaseanandnsaiarvusulueiasaruwin 15aan
Uszanm 1 T lad

Tanarnivdniniuaziaiasniuuis ntunganIvinausedTzuy

ﬁuﬁﬂﬁagaqmﬁgﬁ AU LA Lﬂi’]zﬁwﬂﬂ’ﬁﬁ’]dﬂ%"ﬂ 233U

PYUADUNIINARDIN 2

1)
2)
3)

YansrsenisdniniuaziaIasvinseing
AT9ROUTTUUNWAMATB Iz dugyyIne

miﬁ;miﬁwmﬁﬂﬁnﬂ De-ionized water Y3816 28 mL
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4) Dadunywiswihldanuiaunnduivngunnindinuaundiniasii
21 dazanme 30 win
5) tuiindayagunnd duwim uardierinamIihinuzesszuy

v ]
a =

AUADUNIINARDIN 3

Peszuvihdislananusaundmitmsszuiganusonanesasdjnsol

N =

Isdszanm 30 51w Tansrszwivdfnsoinuieiosriiszing

A W

)
) Wenarznindjnssiiueiasizmsldifanszuiuwmagadumaiadl
)
)

\aszumihlianusauiiaissdjnsningunpiiiidnnua iweldansgaduean
ndFnsod litaadszanm 1 5alus
) 1 TaveuuinIzLNgaNNTanINNLATBIAIL L
) WanaszwiwdnsoinueTosnauuin anyszanm 30 wifl
a & ! a & o o ,
7) UanarsewinygnisinuinIasniuwiin
a g/ ¥ a 6 v =
) Waszuuhszuneanuioudfnaal Ioaadszana 30 wifl
) WeaTuigInIMIiauwMIgatunaall (Mg, MIgady, Mg
§IQadU uar MIszinsaNnuiauandjnaal) nyanisrnueszuy

10) ﬁuﬁﬂﬁagaqmvxnﬂﬁ FUI BRZIATITRNANTYNIUVBITTUL

3.3 ﬂ']iYIﬂﬂE]‘lJ‘I!ﬂLLaﬂLllﬁH%ﬂ%ﬁ&d%ﬂ%ﬁﬂdd?%ﬁ’]i:tﬂﬂ
g A & a o A A o A A o
uanandh INanNUFNYIAVIIBITY NSNS hAIaduantUaauaAINNTo

FERINNMATOY (ﬁlﬁmumm%’auﬁaLiJmamﬁ”’]sﬁ%’aﬂuq@m%mm) ;jmiﬁ'm’mﬁﬂu
LAIDINNTZLAEY ;ﬁ%’ﬂﬁmaaaaaﬂLLuuqﬂmtﬁLLaﬂLﬂﬁﬂumw%au fRITUFIBRTZ LR
lﬁﬁé’ﬂum:msﬁw’mmmzawﬁﬁlﬂfmmmﬂmmﬁidmm%”auqm%gﬁ@‘i’]é’m‘fmzuﬂﬁ
I@U*’q@maammmﬁagﬂﬁ 3.27 — 3.31 uazknui MCES @T’mviamm‘?aué’mamslugﬂﬁ

2 o A o ° ' \ & & a Py °
3.32 mmmwmauwaﬂmsmamaﬂﬁaowaimﬂtﬂuqﬂnsmszuuﬂ@ ﬂmﬂlumsfgmsm
anuLn lapuivaantiu 3 §IUran Aa §IWHNIZIRY 82% Adiabatic WA EIWAILLIIL
A o ° { ' o o
FIRIWATLLRYVTUNNINARAULNOUNWRIUYINIZREUDI MCES 16 uaziin1saanuuy

o A = o A a ' ° AN o &
sruutlauadtNan1Tuant U auaNTauNauaIgIniNIZRY Nan1INagaun laaztiu

v dq, v dl a g; a = ¥ ! o '
magaLuammwaaamwumm@m MCES ﬂfUiZ‘]JfUﬂ']i(ﬂ\‘]ﬂ’J']Ni@%luﬁ’)%‘ﬂ'ﬁu‘ﬂU@lavL‘IJ
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PUAIUNIING aa‘uq@ waniasuauIan VLG;I/LLﬁ

panuUY sivuaznaseuaNIIIUzIasTagdnIiuanilisuanuTaudmiy
1 o 1 v é U ™
saurhszimevasriaanuieu Smusadzynd liuzuUgafULLLAIY
v = v

Sau-tailla

' o v & ' a A o o
risnnuiaugneanuuuliidunuureouazaiudimaninashuazlsznayld
' X% o a Aa o =

ouazlddunud uaslansrnuenaluszaunis

nIvI9InTadtaIaduantdfouaiusaw Fanniaduainaraluwnig
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S r dt ( p)o(To |) S p,w(Te s dt
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A @ A a £ & .
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A)  AINIINUNAIIIWBINIE (Specific/Volume Heating Power, SHP/VHP)

VHP = S (4.42)
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SHp = atemin_ » W/kGado (4.4b)
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@) @) (kJ) (kJ) (W/m"K) | (Wim"K) ) | (kWh/m') | (W/kgag)

45 20 15 81.65 310.87 32.7-51.2 32.8-117.2 2.83 1,979 518

50 30 25 143.26 490.60 34.7-164.9 17.4-92.4 1.67 3,473 816

60 45 42 142.62 673.85 | 124.7-266.9 24.0-78.0 1.27 4,034 958
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T°C L w, | W, | Qu Q ges U U ges COP| VHP SHP
@ | @ | () (kJ) (W/m“K) | (W/m”.K) (KWh/m®) | (W/kg,y)
()
80 30 | 25 | 14326 | 490.60 | 34.7-164.9 | 17.4-92.4 | 1.67 | 3,473 816
90 35 | 30 | 188.30 | 601.96 | 36.5-63.6 | 15.3-38.1 | 1.27 | 4,565 957
100 | 43 | 40 | 110.69 | 804.86 | 35.8-54.8 | 11.1-321.3 | 1.12 | 2,683 1,041
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@390 4.3;  aNNFNNUTVIAES 9 IalRoullasTRalazda TR UYBIETNEY

W, | W, | Qu Q tes U4 U e COP, | VHP SHP
RIINFY @ | @ | (kJ) (W/m”.K) (W/m”K) G | kWh | (Wikg.g)
ms)

GP = 30% 33 | 20 | 218.94 |42754 | 17.0-342 | 46.3-106.1 | 3.47 | 5573 948
CF=10% | 25 | 23 | 2496 |468.45 | 12151371 | 416962 | 1.09 | 605 561
CF=20% | 25 | 23 | 7337 |466.19| 9.8-19.1 14.8-37.8 | 0.81 | 1,779 615
CF=30% | 30 | 25 | 14326 |490.60 | 34.7-164.9 | 17.4-924 | 167 | 3473 816
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ldaawsauannmaiadjisenfiadosaion 50 % vinlddraussnuzvasszuy
AA8Y LAZAINIALNRIUTUNIZAARIGILLTUNY mnﬁwﬂﬁﬁ%mﬁaugstﬁﬁ
daiflatatszoziaisanadam e liasiauunndudr ludailaansle
8191 A4 wﬁaammﬂu%aumﬂﬂﬁﬁ%mﬁmmmrhﬂIau"LﬂngﬁfaLLazﬁﬂﬁufhﬂIau

v J o v a t:il ‘3‘ Q
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— t60 min-CF 30

—5«— t30 min-CF 30

Heat transfer (kJ/min)
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Eﬂﬁ 4.20: MIUFULLAINRINUARATIININARDL LAt FaullaIseosian
msiynsead

FUTIOBLNIIAIUVBITZUL A 1.66 WAZ 1.004 LAZAINIILALNRIING
1wz Wiy 816 waz 1,544 Wikg,g, S1AIUNTHLLEIEN 60 waz 30 Wil

AU IAL

T 80

Reactive salt temperature ?C)
Heat transfer (kJ/min)
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time of cycle (min) - Heat 30 min-CF 30
Tsalt 30 min- CF 30

dl L e 6 1 a et 1 L v dl dl
3UN 4.21: aNUENNBT RN M) I VBIRINATULRLAWAIIBANUTD UL RBUULR
ANATININARDY LaTzazIaMISNaUisen 30 win
nymlgansnauEulonIuan 30 %
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Ell‘ﬂ 4.22: ﬂ']’]llallwuﬁaEJ’N(?"]E]Lu@ﬂiz‘ﬁ')']\‘iqm‘ﬁﬁumaﬁa’]ig}@‘ﬁu

LRZATNRIIIUAINT AU aaszuug]msﬁ'u

P o v 6 ' 1 A ai o aaa oyt a
ANINN 4.4: ANURUNBDIVDIAIANN 9 LﬂJi’JL‘.L]E‘]U%LL‘.L]E‘]xﬁzUZL’JQ’]ﬂ'ﬁYI']ﬂQﬂiU"I@@TULﬂll

Reaction | w, | W, | Qs | Qe U 4 U ges CoP, VHP SHP
time (@ | (g) (kJ) (kJ) | WIm’K) | (Wm’K) ) (kWh/m®) | (Wikg,,,)

CF 30 %

60min | 30 | 25 | 143.26 | 490.60 | 34.7-164.9 | 17.4-924 | 167 3,473 816

30min | 30 | 25 | 60.37 |563.87 | 69.2-232.3 | 15.9-130.9 | 1.00 732 1,544

NNWUEAIIININIINNIIULBITzUY CES Nviuadidaiitadny uaadng
31 4.22 ﬁlzLﬁudmﬂﬁaaﬂﬁmaauﬁé'nwmzﬂﬁwﬂﬂﬁoﬁ'u ﬁmu@aqmﬁgﬁmmm%aoﬁﬂ
FnpaIN 45 °C uazgunnizassnatiolaunnuiounfouudaslugig 80 - 100 °C
a;ﬂwamﬁﬁﬂmm@h COP 8z SHP é’agﬂ 4.23
ngy 4.23 AT 1A I NI A NTWRGOAIRNIIOUSLALNITLAY
e o d' A a A 6 dl' 4?‘ d'a
WAIBINWIZVBITTUUIINNFAAD THhAVIRNTHEN AB LATING Lo nNUAR
a aaa dl ; a s v J s Qs I3
°11aamsm@ﬂgﬂm’mmnmummsnm@msg]@énuvl@mﬂmu wazaaulyne biiln
gonnluazaulshiantwadesgafaszoziiainaifialjizen iwszdanie

a

iadfitenfiafinngaluaauiiauiniastininasey
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40 T T 1,800
35 | R o 1 1,600
30 + 1 1400
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- r ® ° ° ;’ 1,000 a
5 01 4 4 4 s 1e0 I
O 15 | * * . * 5
" . . L S 1600 o
10 ¢ . * a0 @
05 ¢ + 200
00 + : 10
@ 8 8 8 8 g £ £ 2 £ £ f
7o) Q o) o o o — « ™ rc'))
Tlr ",? “ﬁ ‘ﬁ’ cﬁ =] It It It 1l 3 &
@ @ @ — — 1l LL 6 6 % Jl Jl
e  COPh
Case Study e SHP

gﬂﬁ' 4.23: @1 COP,, laz SHP VOINNYANINAFDY

42. 3zUUNAFDY MCES 2

421 Naﬂ'ﬁﬂmaaunﬂsﬁugﬂLLﬁuﬂﬁﬁ‘%ﬂﬁ (Reactive bed consolidation)
NanTUTuLsuriul 5 (Reactive bed) ma:ﬂmﬁwsﬁ'a"LW@TwuhmuNauﬁaﬁq@ﬁ

ldmananlfnyat (Reactive mixture) mmmmgﬂa%ﬂﬁaﬁq@ Usznauaisg

1) infeladuudalne (Na,S.xH,0) Anunwwininfodszunm 2500 kg/m’

)
2) ®13 Binder fa Conductive graphite @2M3%RWILLK 800 kg/m3
3) ®13 Binder Ao uiln (Organic Starch) AW LKL TEU1D 2000 kg/m3
4) &3.&5N 738 Additive JasdUsznavasudiaug oid waadaylaasanlos (Ca(OH),)

AMNEWILUYTZIN DL 2000 kg/m”

ToURA AN BTUIUNIZVBY Reactive bed Gt

- @& (Salt: Graphite: Binder: Additive Tunsiiansn 1w 24.3/ 74.9/ 4.1/
8.1 %38 3: 9.25: 0.5: 1 (1A8N7A)

- danaulasuia (mass fraction) u 0.22, 0.67, 0.04, 0.07
- awsndfAsondamunwuiulasiaio 1,302.3 kg/m’
- 15wnasvasrieninszuan e 18.5 cm’
- NIRVBINRBLTLALNTA NG 24 g

- 478223 Reactive bed 111 g
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¢ A 1 o . .
422 wamsiznaldzfinain1siianau3angs (SGL Conductive Graphite)
. Ao, o A A & o & a o

813 Binder fidndunndinits fa nalud Taguzssddemaufindinisieny

TouveuriuaIgady Taglanagaunilug 2 wiia Uszianusndwni WauuusIsaen
' . oA . . e

wazdszlnnfges SGL Conductive graphite 993111191NUIBN SGL Technology Uisine
AN

aa £ ' %) A = %) & o &

’Jﬁm‘mﬂaaﬂ@wugﬂLmum‘s@ﬂmumnm‘maumaaImmuma"LWmumﬂWm
urmImeluvia slanaaTnaEMEUgRENa1d 1 cm 817 1 em MagURTIBRIABAATIINY
aunuiutamuanas  anuulianuieulasnishenuiauuazwiisianuiuliany
v { s v :/ = [ é =
Jou (wemuanas) NldTuanuienlasassnnaziissihdudndeniis lavaiuguamngl
audwlranuTan lilwian 100 °C Taglwanusoutszanm 4 w1 anwwaUaziALg Las

ﬁﬂqmﬁgmmﬁamaaLwiumsg@sﬁ'u (Ut NAY LAZE1Y) aﬂﬁmms:maqmmﬁé’agﬂﬁ 4.24

300

g —e—T top
o 2501 —=—T_md
% 200 —A— T _bottom
@

£

& 150 |

o

@

o

< 100

@

£

S 50|

©

<

0 5 10 15 20 25 30 35

Time (min)

U7 4.24: nawRpuudasgungiivesuriumigady infensuiunmIWduuusIine)

mngﬂﬁ 4.24 f,%'ammvl,ﬁ’jm‘%v;mﬁ'mmamaaLwiumsg@éﬁ'uu‘%nmﬁa@ﬁ'uﬁﬂma% Az
a QI J 1 = 0 a 1 £ 1 g
MDA ANTUBIITIATINIIUINIUEIUNA LTI UL UVDILYIUFIAATY (Adsorbent

bed) WU

J
A A

& ' & .
(1) E]EHMJ’]&ILW&I“U%BUWGS’J@L%’J%%QGQ@I]’]UI% 10 WA IMNBUITAARIDLITIALT

9 U
=

moludn 10 NN LazAas 9 aaRT

(2) aMATLITITE UK NATY UAZAN mamﬁumi@@sﬁu ﬁqmﬁgmﬁlwﬁumﬂ
33.2 °C 9UgIga 176.7 °C, 199.3 C, uaz 250.2 C

(3) I@maﬁ'mLL@?’;qmﬁgﬁ@ms:%’mﬁnmﬁwuuuﬁuﬁmﬂma LAZIZWINIRIBNAN

LRZAWANY Aa 8.0 “C WAy 15.8 °C
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gﬂﬁ 4.25 LLamm‘iLﬂEz"wuﬂammnmmaoNa@hwaaqmﬁgﬁ@haszijeﬁLmula
ATINAWURZATWBUG LA BE1ILAZATINANS @aamuwa@i’mzijqmwgﬁl,mdaﬂ’mﬁau
ﬁuqmﬂgﬁmﬁwaal,wiumi@@*ﬁ'u nydiflfindelmasuds Indnsuiun IS uuDTIsUa
wasiilonsunun IWduuianutouldaves SGL ssnaldadn Na@mqmﬁ{]ﬁizmwma
NANNUABUK (Tmid — Ttop) UALMRNNAI9TLNINEUANNUATINGTS (Thot — Tmid)
nydtlnTIWduuy SGL  conductive  wuindnlasiadsvasnadrsdnninnsdivasnilne
LUUBSINA uaasmytnalounnutawluiilones Adsorbent bed iialdnsnWduuuiin
ANUTBUITFINT

Lfiaﬁmsmma@mi:mwqm%gﬁLmdamm%auﬁuqmﬁgﬁhmaﬁ'm (37N 3
FunI9) VaIurUINIQady (T_source — Tadv_av) 13nuifiay 2 n3dl dnalddnacng
nydlEnIWe sSGL  dndnlasadodszanm 168 °C ugasindmsssninausanan
Lmdamm%aumﬂ'dLf:amaomsgmsﬁ'uvlﬁﬁﬂhﬂsﬂw@Ttmumsum

NNMIINWI AN TINANUTOUVDILYIUFIAATL W38 Thermal conductivity (k)
Tuwsiag WimK  dwmdunsdinsundelmasusalidiuniindrssasdszinn (Hauses
ﬂﬁWmmé‘wﬁuﬁﬁ‘uqm%gﬁmﬁwamﬁumi@@%u a:"LGT@Tagﬂﬁ 426 Teazdwlangng
TALAWINAT K maal,wiumsgﬂeﬁ'uﬁwamﬁ'u SGL conductive graphite ﬁlzgaﬂiﬂ@maﬁ'ﬂ 61
WimK lagdn k sasmansuiunm iWduuusisuanaglugag 75 - 281 WimK 188y 183
W/m.K) uagan k NSNaNNU Conductive graphite aglmm 146 — 301 W/m.K (Laﬁﬂ 244
W/m.K)

agﬂﬁdwmnﬂé‘lwmﬁmaa binder ﬁwalﬁﬁwwrsﬁwmmﬁ”aummf‘tamaatmum‘sg}@
Tunsauviul i3 (Reactive bed) annalWduvusssuaiunaiWduuuiienuian
axvlamainanedon () Rndwldde 33.5% uanandednsUiuaniwnsihnng
Sauud NINFNAL Graphite binder 838aut8lunmIusTINMIAANTauzadnfaloid ey
Ta WG mehymi‘*’ﬁugﬂLwiuﬂg“ﬁ%mlﬁdw%u



Temperature difference ( °C)

Temperature difference ( °C)
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50 | T 250
r A —<—— Tmid - Ttop ]
40 & Ao — & Thot - Trid -+ 200
i /g\q\\ —o— Thot - Ttop 1 160
30 A ; ---A--- T_source - Tads_av |
[ . A 7
[ ; J \ \ 1100
20 | ! * ]
: : / \ + 50
105 a4 1o
0 ‘ 1-50
0 5 25
Time (min)
6
M) N IWATIINAN
50 T + 250
[ —0—— Tmid - Ttop
40 | A —o— Thot - Tmid 1 200
IA/A\\\ —o— Thot - Ttop 1 150
30 | 3 \ ---A--- T_source - Tads_av | ]
- ‘ 1 100
20 | ]
? 150
10 - 1o
0 ‘ 1 -50
0 5 10 15 20 25
Time (min)

() SGL Conductive Graphite

_av (°C)

T _source - Tads_av

(°C)

T_source - Tads_av

gﬂﬁ 4.25: mquﬁsmuﬂmqm%gﬁem's:wm@hLmu',am Ul%LMWZ}@‘fﬁJ

UW-NA-89 u,azs:vﬁdwmemm%auﬁ'uqm%gﬁmﬁwaumumig@sﬁu
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400
—~ o SGL conductive graphite
X 350 - .g P
S O Standard graphite
= 300 -
x o “
> 250 - o 0o ©O
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S 200 s o °
3 oo o )
c 150 - B O B oo
3
< 100 - o
g o
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'_
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31]“71 4.26: mwé’uﬁ'ufs:mwmmsﬁﬁmﬁu%”auuazqmﬂgﬁL«a,ﬁmJaa

LLﬁ%ﬁ’]i@@]‘fﬂJ NIHHNFUNUNT INA G TRAN

U
423 m‘sﬂsuﬂ‘gan‘ssu%%m‘sﬁugﬂfﬂzl Binder lLaz Additives
U A a [ 6 v 6 o q/‘} U 13 (=3 [
LLmﬁmmaumaaiénmwsﬁavl,wmnumﬂvxlm:mlwugﬂvl,@mymuﬂmu EANLGIN
1 Aaaa L 1 o = d' a v R v
LmuﬂgﬂimﬂﬂummsnmmLLazmumwam:ﬂszﬁ;aﬂuﬂgmzﬁ@ WlFNMINARDUNIN
‘V . e o A & . Y o &£ o o v
NU Binder #3a Additve @28% ﬁﬁammwﬂﬁwaaﬂumimugﬂ"l@ laglenasaunauny
. a . i = A aaa o I
Binder 91n&138un3e (Organic material) 99z laiifiadfAsonnuinfalmasudss lnduas
& Y ' o AN vo A A 9 @ A wa
arinduazlinansaw lagatalnlasunisiaaniimasauna wilanw \asnamaula
maamitﬂﬂwLua§%§aLéf%lyLLa:migWﬁ'uﬁ"nﬁﬂuag}ﬁ'um§aTmaﬂwﬁ'aVLWG]“LﬁLﬂuamaa
g o o £ [ A AA . . A [
uaﬂﬁnﬂumvl,@‘n@aawugﬂﬂumﬂmmszﬁam@ (Sodium Silicate) T4 ldiasnagay
Q J 1 = 1 Q -5 o v 1 ¥
nunsiugluvinansgaduraiiuninduduazlszaunadniioniugs TagaiainanInas
ﬁ’]&l’]iﬂﬂﬁ’]%ﬂﬁ%ﬁ’]g (Granular) 2898130 A%e0 (InRalmAuada lWe) uazsny binder
M duazuilean) liizendenule lasnssudt 2 wuu Ao (1) MInaNlasasILas (2)
nMsaunRIniawunLazassasuiwl §Asen danginlassuusaloidondamnalal
[-% 1 aana rd ‘3’ U 1 v L ¥ 1
mmmﬂ‘mﬂgaamwLmuﬂgﬂsm%aam‘smugﬂﬂ F9liidanldzyaatea ll
EEVRTIY o " a o & a wa = v A & \
uannidildnasauiin Additive Snddilguantfsiunisadoand Taatis
~ N 1 aana L J v &
IuﬂﬁiLLmqmmaaLmuﬂgmmmamimugﬂ@ fa sswaadonlaasenlad (Ca(OH),) T8
L g | v é o v 1 aaAana L J b v
snwaidunsirnanaudis Savhldaniweesuind JAsenain1stuzlasdn ki uas
ﬂagﬂvlﬁaﬂ'jﬂLﬁaVL@‘T%'Uﬂ’J’mﬁ”auLLa:mUm’nﬁau
A A & P o & ~ & 1 A A ~
AIHANAROUNINNA LRAIWAITIN 4.5 @95 DIt WINNaNFNINRa oA

&8 INGNU Binder Waz Additives NAaaLRanaNIrua ben N3 IWdwUL SGL conductive
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wilaosins uaz waadoulaasenlod alddmahenusen (k) Uszunm 250 Wim.K uazuyi

L A ' Aaaa J wdn:l' 1 dd‘
msg@mumaLmuﬂgmmmugﬂ"l@@wq@lumuwam 23NITUN 9

AN39N 4.5: NINAFOUNIINEN Binder Waz Additives NuLNAalmLAaua bwa

Nyt suunNIHE HANINAREL UAZRNILIAG
1 mﬁaimﬁw%ﬂﬂﬁﬁqw% (Pure indenzanedalasuanutan uszianson
Sodiumsulphide salt) NOILAIBENITALIW K I@mmﬁﬂ 250 W/im.K
2 LLﬂaﬁuu%qﬂ?; k lapiade 217 Wim.K
3 | nm ¢ SGL conductive + uilasin - ﬁwﬂs:quummuuauawﬁw k lapiade 502
W/m.K
- tdszauuulausiu k Tasiade 219 — 289
W/m.K
4 | wnRalmfougalng + o lndsssuen k laplade 183 Wim.K
5 | inAalo@uNga g + n3lWe SGL k lasiads 244 — 369 W/m.K
conductive
6 | ndaloduugalng + n3lWe SGL mgﬂ"l,ﬁﬁ%u udimeziwdunszanuazian
conductive LARBUAULBLALRIIVILYIT k Tapiase 239 Wim.K
Ufjisena38 Sodiumsilicate
7 | wndeloduugalng + n3lWe SGL Wonsurulaassnsvua Walvanuouiives
conductive + Sodiumsilicate wan lwaBueanunanuriud it k lanads
150 - 203 W/m.K
8 | indaloi@uugalig + n3nlWe SGL RAFIUNEN 6:1:1 LauNIn WUINENIHRNRFA LA
conductive + iyl dlanaudnruled asdldaudnansounasuag
gzanaNsanlaa
- gglianudon k lasiady 182 — 1977 Wim.K
_ grgmpnnuieon k lagiads 136 — 262 W/m.K
9 |ndelo@uugalig + n3lWe SGL NENlEAINEIU Graphite: Binder (Wi1937%):

conductive + uilsiw + uaatdunlaasan lae

Additive (waatgonlaasanlod) 1w

3:9.25: 0.5: 1 lagua %ugﬂi@]mvlsj%zlﬂifw lelw
anwiau 3 1pans wudidn k lasads 170 -
249 W/m.K




4-27

& &
424 'ﬂumaumwugﬂ Reactive bed

1)

2)

3)

4)

A a o ¢ & Ao & & a ' 2 A 'Y A
vasainfaladsndalng sefidnwunduniadunigu wenbudonadoinfauns
N lwaInAn AUNTENIRITAzLB A LﬁamLL@T’;msazﬁé'ﬂwmmﬁﬁmiﬂau‘émw’qu
NRUEIUNENNY 4 vasuvindfisen laun sat  enfelmdsudalid laiasa):
Graphite: Binder (wil98): Additive (waatBontaasanles) Tunsansy 1w 24.3/
74.9/ 4.1/ 8.1 W38 3: 9.25: 0.5: 1 (lawaa)

(1) wgun Wanuinfalolfungas anuansnduouauusn asvinliainmaw
& A o
nangLluien
& P ¢ & Ao < a ° o o
) nnnunauLaatdonlaasenlos Selanwaidunsdan ‘nﬂ%@@ﬁumlu
A ' = ' v a £
ndelddunil sunanazguitsBiiu
v > dj o Vo =1 ﬁl J | v
(3) garionsuuiadu Sz lidunaunisibwnnzanududuloves
o A v o ° ) A o v A a ¢ o oy A
uilaiualasuiin wazvinlwaiunauisnemasonsanintwazuilailon
& .,
sanInduzlldine
' v o a < & a o o a o & PR
UARIBNEN AT WA wN TN T wliatfon 89ne laanFuaan ey 0L ha 1IN
ANURILFND
uITadIuNaNadluljnint (Tubular Reactor) M3inIzuanINiag SS (Wailaaru
(% ' a % 6 (% U dl Id a
nInanieuseslmduadalvd) lasnisusndeaanzgasinastiinadunmadn
o gl ) = 1 =3 a YV & 3; P=1 1 = o )
fIUsN IR lasdursnani®euliduwunwnats annuasurananaanvinla
Aaduzasinasvinadszanm 1-2 mm
a v 1 = : 1 1
avaseuaNNTouioni ifldunay lnaiinaanan uazldinasemeaagnelu
wrindnsen

425 HAVDINILAN Additive (waatdanlansanlad)

ANNIINAFOLRANDFIRNFNADURINNILAY Additive WLI1 Reactive mixture 13

mmmmgﬂagj”l,@” ueitia lanasaulaznunaidonlaasanlodiiln Additive Wuin Reactive

mixture ﬁm’mLLﬁaLLazﬁnguﬂﬁwma LRZNARAUNAYEY Additive 627 lagawaanea L

(1) waunaaloaougalWd o lWd uileiu uazuaadonlaasenlad lusanain
lasdSanas 2:1:2:1 T
x X . _ . v &
(2) IU3UTUNUGIBET Reactive bed iHuurInTInIzUanIFURIBAUINAN % 2

wazg9Llszame 1 om D0 1AL
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v

(3) zunuldludnined uazfiaaunasluatidaiaiagunninimua 5 9a ldun

=S

neluiita Reactive bed 3 39, qmﬂgﬁﬁummzﬁmna% (BINIDLHUUUNULOF
LWENaaNILANUTORINNAZLNB1301) 1 99, WAz qm%{]ﬁﬁﬂuﬁﬂmaﬁ 4

a

(4) lhanuTeuanazifidny Reactive bed Jausziiufingmnni dnagunni
vasurindfisen ldldgainly

(5) 'v\q@mﬂﬁﬂ'nﬁammzﬁa"ﬁszmﬁﬁa Lﬂ%ﬂ’]iéﬂq&]%ﬁ:d Heating cycle Uag
MNEUFNBG I (3) 14 (5) Snwike Heating cycle

(6) Namsmaammmé’agﬂﬁ 4.27

—— T_low —&— T_bed_av —®— T _source

300
3 250

1 200

(oC)

i
o
o
T Source (oC)

T_bed

Time (min)
U7 4.27: mawfsuudasgunglivesurinl jiseinsuuaadonlaasanlod

a ]

gﬂﬁ 4.27 LLamlﬁLﬁuqm%nmaaLmumsgwﬁuﬁ 3 @RI LawA qmﬂgﬁmﬁm

U

mauffamnwiumsgwﬁ'u (T_bed_av), aqm%gﬁLm&iamm%’auéﬁmmLLNuLLaaLumaaﬁlﬁ
auTan (T_source) waz gaanniianludininas (T_low) %auamuﬂuaaﬁg%’mmﬂﬁ
anuaudassmmgalianuion sniulianuseulmiluipinsdely dunald
(1) undaanuiaugmnnigondn 200 °C mansndneanuTauliiriuagady
mely 3 Wi (mnfu%q@mﬂﬁmmﬁ”aumn@uﬁmm{wﬁu uiaFenITiIANL
TOUUALMIUHTIFNNUHBLEFLUANDE 991N T_low)
(2) dnalduriuaigadulamngiiginit 54 °c mulu 56 wifl mnfuqmwgﬁ
VBIUTIUEN QAT G'fiogaﬂd']qﬂmgfmaattﬂulﬁﬂawu‘?aul,lﬁn:ﬁaﬂa@aa@nu

qm%gﬁmamciulﬁmm%’au awvda 35 °C luszziian 18 wifidaun
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(3) Imqmu{]ﬁ@m‘szwjfm winansgaduiuuruliauiou (wasuanas) ag

luts 2.5 °C - 102 °Cc dwmiuipinslianuiauuin uazagdlutie 1.7 °c -

5.5 °C §mIuIgansnaad

a‘gﬂ"léf’j'] WHENIQATUNLANNNMINENRIIAATU (Sodiumsulphide Hydrate)

binder W&z additive NAALRBNNILED lﬁgmmu (Pattern) 289013818 laUANNTOUINNUAE

AMNIDU I(ﬂ ANITUIBNNTINANNUTDUUAZUHIIFNATIHARING LAZENITDRINIBANNUTDY

luuriusnsgaduldniolu 5-6 wifl uaasiurindjisennlddsunsuiuinfalodoadalng

dl o v v YV & 1 a [~3 g [ a wval
Mludysudrazauninazauanuionldiduatned uazaziiuinswasulud jnsalldd

426 HANIINAFDUININININI1WYDI MCES 2

NANINAFALTUL MCES 2 anuNuintauatuaa i lunida 3.2.6 luuni 3
lananmasauadsa kil
A s o A a ¢ A = o
MINassdn 1: M tanaziadug sanandnsol tvate3uuanuniow
lumnagaunsviwduipang mnﬂﬁﬂuuﬂmqm%gﬁmaaﬂg‘jmrﬁmmﬁam’]w
{ A a ? v o = 1 v v a { v
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Lﬁaﬁuq@mzmumigwﬁuﬁaL“?ﬁlwﬂs:mumimUm‘sgasﬁ'ﬂ%nmﬂs:mm 3 gl lag
UfnsoifeompRiAinein 50 °C 1iu 90 °C Mol 60 wri

mnfmﬂum:mumsmUmﬁ?@m}”uﬁﬂﬂszmm 120 w17 AzAwINlE1Ia1 Desorption
wunInInasasf 1 LLazqmvi{}ﬁ@msz%dnﬁﬁauﬁuﬁaéﬁuuaﬂmaaﬂﬁﬂifﬁgaﬂdﬂms
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Yameadag
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Touanuiauaiduasinie 85 °C rlilfimlunsaemigadulszunm 4 T2 la9 uae
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@ o a ¢ KL 9o a AR A o o o
331]’]8@]')'73\]56%%'7?-]Lﬂia\‘]ﬂgﬂim sﬁ\ﬂfﬁL?ﬂﬁLWU\j 30 ¥n ﬁ]ﬂauq@ag'ﬂﬂ?ﬂ’]ﬂ’]%



4-32

60 3.5
2 50 - " 1730 &
£ o5 g
g 40 ) 3
S +20 2
« 30 ©
(@]
o f —— T_hw,ev | T 1.5 g
2 20 —*— T_hwev.o s
03 T_sev T 10 g
GE) 10 dT_hw,ev 1 o5 0
e —X— dT_(hw - s,ev) .

O 1 T | \; I | ; I I T | \‘\ 1 Y A A | ; N | ;\ I N 0.0

0 10 20 30 40 50 60
Time (min)

gﬂﬁ 4.29: ﬂﬁWmSLﬂﬁﬂuqmﬂgﬁLﬂ%oﬁﬁ:mwaa MCES 2 ﬁqmﬂgﬁﬁws:mﬂ 50 °C

100
90
80
(G]
°— 70
o
g 60
g
g 0
o -
= 40 d
‘.9 L
8 K
3 30 W
o B
20 —*— T_hwii —=—T_hwo |
- T_s,rct T_vapor-u
10 —*— T_vapor-|
0 -+ i i i i — i
0 30 60 90 120 150 180

Time (min)

Aa

gﬂ'ﬁ' 4.30: ﬂi’]WmsLﬂﬁ'muqm%gﬁﬂﬁmtﬁmaa MCES 2 figani Desorption 95 °C

U



Evaporator temperature (OC)

80
o 70
5 60
c
()

2
S 50
(8]
g 40
©
e
o 30
3
©
g 20
£
8
10
0

gﬂ'ﬁ' 4.32: ﬂi’]Wﬂ’]‘JLﬂgUuqm%gflﬂﬁﬂitﬁ"ﬂao MCES 2 ﬁqmﬁgﬁ Desorption 85 °C

4-33

70

—— T_hw,ev,i

65

60

50

45

40

L

35 wmmu{wmmmmumpuiwmmmmw

3171 4.31

15 30 45 60 75

Time (min)

: ﬂiﬂWmiLﬂﬁﬂuqmﬁgﬁLﬂ%aoﬁﬁ:mwad MCES 2

ﬁqmwgﬁﬁﬁ“&umuﬁﬁ:mUL‘%&JGT% 60 'C

r T 310
g o -+ 305
M T 300
X |
{ T 295
+ X ]
F | —— T_hwii —=— T_hwo —+— T_vapor-u + 29.0
i T_s,rct T_cw,cd,0 T_cw,cd,i 1
| —*—T_scd ]
[ N - % 0 - % U - % N - % 0 - % U - % N % 0 - % U - % U - 285
0 30 60 90 120 150 180 210 240 270 300
Time (min)

Condensor temperature (OC)



4-34

NANIILATIZRANTIOULRI MCES 2 lunsvinau 2 fg%'ﬂﬂumimaaaﬁ 3
Uyngin COP, 1093 uL#HAD 1.50 waz 1.30 mMudeu Gslnaidasiudn COP heating 89
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AINARAIN 1-7:

- maneseuileilauwnasanudauldtivenmendu 1.0 kw uaz

- wdsHuaNNITITEUNAaN (% Voltage regulator) W¥iniu 30, 35, 40, 45, 50,
55, 60

MInasasfl 8 — 15:

- mneseuilediuiaswnasandanidanliiuonmeadn 1.5 kW uay
2.0 kW

- lasnasauanuisrsaunaas (% Voltage regulator) Winfu 30, 35, 40, 45,
50, 55, 60 Lﬁaizum‘ﬁw;jamazmﬁa

v s

ﬁagaﬁﬁﬂmualu@mwﬁ 46 agﬂvl,@]mﬁ

5@]5’1?’]’]51%&"1]ﬂx‘i8’1ﬂ’]ﬂ%%aﬂﬁzLLﬁLL%iﬂldﬂ’N&I%la%"ll’eN'Rll‘LIa%ﬂ%"ﬁ’)\‘i 0.01 — 0.09
kgls (36 — 324 kg/h) uazSataselszanne 0.05 kg/s (180 kg/h)

guniuTstmealusnizyiinInanataglugig 24.1 - 31.7 °C (1@fw 27.6 °C)

wnpfisuriszinevesviaanusauatlugag 10 - 30 °C (1@dw 23.4 °C)

)

gaunndaIuaIuuiuaglugg 27.5 - 504 °C (&8 37.1 °C)
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] 6€a 1 1 ° A J o ' % A o a & g
HugagUnInilidngenii 40°C Fvlunujluunvasvaanuiauiithanfaasde
fi1 Reynold Number (Re) Hf1agluz3 911 - 5440 ugasiraxmaiimylnaag
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Iur29371U13 80D 9129 Transition I@mﬁmmﬁﬂaglumam:mm 3245 Gl

F9INT MARLLL Transition

@1 Nusselt Number (Nu) @aduaaudslsiduasdurimlaaindn Reynold
Y o 1 s a Qg v

Number (Re) l#éuwindrdudszdnsnmmianuiausasarmeanslugagunaol

& 1 [l [} 2 1 1 g: = Qs

Tafenaglugag 22.2 - 52.4 Wim”.K azwuidmasaudsiue sinu

Li‘laﬂauqmﬂgﬁmmﬁ%uﬁmﬂizmm 34.0 — 71.5 °C WRINUAMNTOUNDNEN
u‘%nmd’mﬁﬁzmmé'i?aﬁ'lmmmﬂﬁ’lmmqﬂ’nﬁauﬁwLwnﬁmagjsz%iw 0.04 —
16.28 kJ
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(10) °g@wiamm%auﬁl*’ﬁl,qu@Lﬂ%aagmsffumamﬁﬁfu lesunivaanuuulwiluranuy
nyinszuan avvaziimdaluldiidungualavaygaldiinszusemalng
muaﬂwaﬂnauadmﬂﬁjuﬂa 399 8M13R9ANTAUIINNTE LR NATa WA LT

UNWLRRIANNTauALLE laa

v

aAN397 4.6: Nam'ﬁmswzﬁ ayaﬁnﬂmsmaauLﬁaszuuagluama:mé‘s

Mmoo Taw | Te | Teo | Tui | Tho Tome” Nu h Q,

No. o o o o o Tev 2
(kgfs) | (C) (C) (C) (C) (C) cc) ) (W/m .K) (kJ)
1 | 0.01 | 27.37 | 2065 | 30.86 | 48.95 | 39.52 | 672 | 1455 | 2223 | 287
2 | 002 | 2412 | 18.30 | 3470 | 43.97 | 3455 | 582 | 18.09 | 27.63 | 4.39
3 | 004 | 2779 | 27.35 | 27.47 | 3519 | 2745 | 044 | 2418 | 3694 | 0.9
4 | 006 | 2831 | 2482 | 33.69 | 4040 | 3310 | 349 | 2697 | 4119 | 4413
5 | 007 | 29.41 | 2650 | 33.20 | 38.72 | 33.20 | 2.91 | 2952 | 4508 | 4.20
6 | 0.08 | 24.87 | 2460 | 29.01 | 34.07 | 2862 | 027 | 3174 | 4848 | 0.08
7 | 009 | 2772 | 2655 | 28.92 | 35.85 | 28.90 | 1.16 | 3497 | 53.41 0.04
8 | 001 | 2495 | 17.35 | 4215 | 52.01 | 4242 | 7.60 | 1455 | 2223 | 0.33
9 | 002 | 26.87 | 22.04 | 3716 | 47.37 | 3716 | 4.83 | 1809 | 27.63 | 1.12
10 | 0.04 | 20.57 | 25.08 | 36.60 | 43.93 | 36.33 | 450 | 2418 | 36.94 | 185
11 | 0.06 | 26.15 | 22.65 | 33.60 | 41.70 | 33.61 | 350 | 2697 | 4119 | 186
12 | 0.07 | 25.35 | 22.10 | 33.36 | 41.52 | 3365 | 325 | 2952 | 4508 | 1.18
13 | 0.08 | 27.83 | 23.65 | 35.31 | 42.38 | 35.84 | 418 | 31.74 | 4848 | 224
14 | 0.09 | 28.72 | 11.31 | 34.60 | 42.62 | 34.60 | 17.40 | 3497 | 53.41 113
15 | 0.01 | 26.66 | 10.08 | 50.36 | 71.54 | 50.33 | 16.58 | 1455 | 2223 | 11.22
16 | 0.02 | 27.84 | 28.59 | 48.82 | 70.29 | 49.05 | 0.75 | 18.09 | 27.63 | 16.28
17 | 0.04 | 20.04 | 25.73 | 46.84 | 62.78 | 46.65 | 3.31 | 2418 | 3694 | 12.74
18 | 0.06 | 25.97 | 27.68 | 34.21 | 41.68 | 3442 | 1.71 | 2697 | 4119 | 455
19 | 0.07 | 28.75 | 27.68 | 33.29 | 4017 | 33.75 | 1.07 | 2952 | 4508 | 2.63
20 | 0.08 | 3076 | 28.74 | 4221 | 51.36 | 42.64 | 2.03 | 3174 | 4848 | 847
21 | 0.09 | 3168 | 29.39 | 4319 | 52.46 | 4452 | 228 | 3497 | 5341 | 1175
Min | 0.01 | 24.12 | 10.08 | 27.47 | 34.07 | 27.45 | 0.44 | 1455 | 2223 | 0.04
Max | 0.09 | 31.68 | 20.39 | 50.36 | 71.54 | 50.33 | 17.40 | 3497 | 5341 | 16.28
Avg | 0.05 | 27.61 | 2337 | 37.07 | 46.62 | 37.16 | 423 | 2572 | 3928 | 4.44
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4.4. n3RAN®INTTIE MCES nuszuulsssmanamnssa

szun MCES léduniseenuuuusznaseuluszdukes fianns iRavhnasusinus
pasrzunllFlumsrunonansifivsnswasnuluszaulnadu datu nydidnsnann
miﬁﬂwéﬁmumm‘?auﬁaLﬂﬁhmﬂiﬁtamuqmmv\miwm@Lﬁﬂﬁwm@ﬂma Aflunssnana
%”au‘ﬁ&Lﬂdﬂuqmﬂﬁﬁizé‘uﬂmnma 100 - 150 °C (¥30 120 °C lapiade) MAHATWEIH
NgezunlINUgARIWNTINIERINE 2,000 ~ 12,000 Mlday uwasiilszniaiwszuy
lassiutlszano 40% wé’amugfyL%ﬂLﬁauﬁ”'mmaQ’lugﬂwé’amummﬁ”au BafMnaT
ﬂs:mmﬂ%mﬁwmmwﬁaugmLﬁﬂaglugﬂmm%”auﬁaLﬂﬁhﬁ'waomm%"auﬁ%ar‘ﬁ"w%"au
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W% lasla1a93nans (Cycle time) 2g3eWing 30 — 120 wifl WUAETALAY
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1) MCES 1 (8728 750 g, 4311617 600 cms) fien CcoP,, 9EITNIN 1.0 — 3.47

2) MCES 2 (#78 333 g, U331913 190 cm’) R¢in COP,, Uszanms 1.50
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Lmdawé’amugﬂuﬂ%mmvlaimﬂ 3211 MCES @adnmInu lun1ifaadtias 15#adannszuudh
JSHP  uaz VHP @iauﬁwafﬁa %aa‘hmuh@a;;mq@ﬁéfaamsmnﬂs:qnm“lﬁﬁmzuu
QARNNNITUTWIANAN (WAINWTNFTzU Tz 0412,000 MJ/day) §1%3U MCES 1 fia 74
Iug]a LREIMIU MCES 2 LNgd 62 I&J(Z]GLYI"I‘I:I:H
v ¥ a ¥ = ' . L A ! a o
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A &
E;@]ﬁ’]ﬁﬂiilli@ﬂii&l’%xLW&JT%ﬂizN’]m 23.4% - 37.4%

AN 4.7: Namsﬂsxqﬂﬁizuu MCES LNl ALTNEINAIIN WA THAN S

‘53UUI§GGW%Q(§]&W‘V&ﬂ‘ﬁ&J

Description Unit System performance
Energy input to plant MJ/day | 2,000 | 2,000 | 2,000 | 2,000 | 4,000 | 8,000 | 12,000
Useful energy MJ/day | 1,200 | 1,200 | 1,200 | 1,200 | 2,400 | 4,800 | 6,600
Operation time hr/day 24 24 24 24 24 12 24
System efficiency % 40 40 40 40 40 40 45
Energy loss MJ/day | 800 800 | 800 800 1,600 | 3,200 | 5,400

Energy input to MCES

High Temperature source C 120 120 120 120 120 120 120

Percent of loss to

waste heat % 50 50 50 50 50 50 50
Waste heat rate MJ/hr 17 17 17 17 33 133 113
Storage time required hr/day 6 6 6 6 6 6 6

Charged energy kW 4.6 4.6 4.6 4.6 9.3 37.0 31.3
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ixﬂﬂiﬁd@ﬁ%g@ﬁﬁ%ﬂssu (6ig)
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Description Unit System performance

MCES specification
No. of module (-) 9 4 5 5 19 74 62
Total Volume Cm3 1,759 2,226 3,162 2,883 3,518 14,072 | 11,873
Total Mass kg 3.08 9.47 3.00 16.95 6.16 24.65 20.80
Volume per module cm3 190 600 600 600 190 190 190
Mass per module g 333 750 750 750 333 333 333
Evaporation temperature °Cc 50 50 50 50 50 50 50
Adsorption temperature °c 70 70 70 70 70 70 70
Desorption temperature °c 90 90 a0 90 90 90 90
Desorption energy kd/cycle | 33,333 16,667 8,333 16,667 66,667 266,667 | 225,000
COP;, (-) 1.5 1.67 1.0 3.47 1.5 1.5 1.5
SHP W/kg 2,254 816 1,544 948 2,254 2,254 2,254
VHP KWh/m® 7,896 3,473 732 5,573 7,896 7,896 7,896
No. of cycle (-) 3 6 12 6 3 3 3
Cycle time min 120 60 30 60 120 120 120

Energy storage capacity
Discharged energy kJ/cycle | 50,000 | 27,833 8,333 57,833 | 100,000 | 400,000 | 337,500
Discharged Temperature °C 65 65 65 65 65 65 65

Improved overall efficiency | % 67.5 68.4 65.0 77.4 67.5 75.0 63.4
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Eﬂ‘ﬂ 5.3: NMILURYBLYRINRIIIUBINNNITNAFOULLI S LN UN UL LIRS

@13199 5.1: 1WIpuLney d1 COP, ka2 SHP 3nnNINasauuashuuingad

s AauL TN ANTTa ANNILALNRIIIBI NN
nagay (COPy) (W/KGap)
"13@1“7]' lfilauvlﬂj NINA[DI LWUUINRDI NINA[DN LULINRDI
1 Te =45 °C 2.83 1.183 518 839.64
Te =50 °C 1.67 1.617 816 883.37
Te =60 °C 1.27 1.734 958 1,109.53
2 Tr=280 °C 1.67 1.617 816 883.37
Tr=90 °C 1.27 1.362 957 884.48
Tr =100 °C 1.12 1.358 1,041 886.83
3 GP 30 % 3.47 1.809 948 972.00
CF 10 % 1.09 1.015 561 943.13
CF 20 % 0.81 1.038 615 848.39
CF 30 % 1.67 1.617 816 883.37
4 teyle 60 MiN 1.67 1.617 816 883.37
teyole 30 Min 1.00 1.042 1,544 892.625
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a3797 5.2: &7oufisuen COP uaz AMIALNAINUIBINWILGEN 9

e o COP SHP VHP

WY 2UU A8V ” (<Wikg) (kWh/mS)
Bach, 2002 ANLEW Na,S-H,0 - 0.6 -
Huang, 2004 ANNITDW SrCl,-NH, - - -
Telto-Critop, ANLE W C-NH, 0.5 14 -
2004
Wongsuwan, ANNITW | ZnCly(6/4).NH; | 2.04-2.51 94.6 -
2004
Wongsuwan, AN Na,S-H,0 1.334 - 2,714
2004
J2UU MCES 1 ANUTAK | Na,S-H,0 1.67 0.816 3,472
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Abstract

The paper presents the experimental work on a Chemical Energy Storage
(CES) package based on chemisorption of sodiumsulphide-water (Na,S-H,0). The
prototype was assembled by three major components vertically; reactor, condenser and
evaporator. A cylindrical reactor was placed in the topmost, and the lower part was a
condenser and an evaporator. Parametric studies were done on four variables:
evaporation temperature (45 °C to 60 °C), desorption temperature (80°C to 100 °C), type
and mass fraction of adsorptive binder; graphite powder and carbon fiber (10% to 30%),
and reaction time (30 minutes and 60 minutes). Evaporation temperature of 50 °C gave
highest reaction rate. The appropriate desorption temperature was 80 °C to 90 °C.
Carbon fiber mixing ratio of 30% and graphite mixing ratio of 30% provided coefficient
of performance for heating (COPy,) of 1.67 and 3.47, and specific heating power (SHP)
of 816 W.kg™ and 948 Wkg™, respectively. The CES package had higher performance
as compared to the typical design. To predict CES performance, the lumped parameter
models consisting mass balance, energy balance and kinetics of adsorption, were
applicable with R-square approximately 0.9.
Keyword: Chemical Energy Storage, Sodiumsulphide-water, Adsorption System

Experimental Study, Waste Heat Recovery.
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1. Introduction

Interest in the energy conservation by waste heat recovery and energy storage
has increased steadily. Because of energy price rising, it requires to use energy
resources efficiently. The waste heat from power plant, industrial process, diesel
engines, and commercial buildings can be stored in thermal energy storage system. If
waste energy is stored in chemical form, the storage system called Chemical Energy
Storage (CES). Energy recovery and storage using CES helps to reduce fuel
consumption and to increase overall thermal efficiency of industries.

CES, a class of solid chemisorption system, requires a reversible chemical
reaction between working pair (adsorbent and adsorbate/working fluid). Despite
chemisorption advantages, it still shows some drawbacks such as low specific heating
power (SHP) or specific cooling power (SCP) and coefficient of performance (COPy, for
heating and COP, for cooling). CES contains two phases, solid and gas, which adsorbs
or desorbs each other. The CES does not need liquid pump or rectifier for the refrigerant
and it is less sensitive to shocks and to the installation position [1].

Among various chemisorption processes of CES, reversible hydration of
Na,S.xH,0 and H,O showed high potential of energy storage capacity. The structural,
thermodynamic and phase properties of Na,S-H,O for waste heat driven adsorption heat
pump for cooling was investigated by Boer et al. [2] The heat pump operation is based
on the equilibrium reaction in Eq.(1).

Na,S.5H,0,, +AHr & Nazs% H,0,, +4% H,0, AHr=300klmol™ (1)

The SWEAT (Salt-Water Energy Accumulation and Transformation) system [3]
was based on the reversible hydration of Na,S having heat of reaction 3.9 ki.g?. A

typical SWEAT consisted of two vessels connected with a pipe, an accumulator



containing the sodiumsulphide-hydrate, and the evaporator/condenser of water. If waste
heat was supplied in the range of 80 °C to 100 °C, the sodiumsulphide-hydrate salt
decomposed to lower salt-hydrate composition and water vapor. Water vapor condensed
in the condenser and released heat of condensation to environment. Heat of adsorption
between sodiumsulphide-pentahydrate and water (Na,S.5H,0O) per kilogram of
adsorbent was approximately 3,120 kJ.kg™ giving energy density about 673 kWh.kg™
[4]. Kieng and Wang [5] mentioned that well bounding between the reactive salt and the
good thermal conductivity binders; e.g. graphite, carbon fiber [6], activated carbon fiber
(ACF) and expanded graphite (EG)[7] was proved to be the efficient approach to
improve thermo-physical property of the reactive bed. The existence of a second phase
(Na,S.2H,0) resulted in H, production and blocking of the condenser [3]. Bach and
Haije [3] conducted research on corrosion prevention by coating an appropriated
combination of epoxy resin with hardener on the heat exchanger. Prior to build up 10-
KW prototype, the experimental system was tested under long-term conditions to verify
its endurance [3].

Reactor design and heat and mass transfer properties of adsorbent bed plays
important roles on chemisorption performance. The compact adsorbent bed of zeolite-
methanol pair with enhanced heat transfer properties gave quick dynamic cycles [8].
Appropriated design of a compact package CES rather than typical design would give
practical integration to the existing waste heat recovery system. Therefore, this paper
presents the experimental results of the CES package in vertical design and its technical
feasibility of heat pumps based on reversible chemical reactions. The development of
CES system was directed to thermal energy storage application in industry. The package
was improved its heat transfer intensification within the reactor by mixing reactive salt

with binders.



2. Material and Methods
2.1. Description of the reactive bed

Sodiumsulphide pentahydrate salt (Na,S.5H,0) of lab-grade and distilled and
degassed water were reactants. Sodiumsulphide had high latent heat of adsorption as
compared to sensible heat. It was considerably non-toxic, low cost and widely available.
The water adsorbate was thermally stable in the presence of appropriate adsorbent, e.g.,
NaX (zeolite) and Na,S.xH,O. The corresponding temperature lift required by Na,S-
H,O pair was upto 50 °C, or even more, with generating (desorption) temperature lower
than 100 °C. The working pair was limited to a maximum generating temperature about
100 °C due to sodiumsulphide instability at higher temperatures. Boer et al. [2]
determined the vapor pressure temperature equilibrium and found that this working pair
is suitable for low grade or waste heat source. Waste heat sources could be stored in the
operation of CES heat pump cycle, and discharged to the target systems when needed.

The adsorbent bed of solid-gas reaction should have good porosity and high
thermal conductivity of porous media to ensure a fast kinetics and efficient heat and
mass transfer [9]. Appropriate binders was inserted to or mixed with the reactive bed.
The expanded graphite (EG) was normally used with CaCl, salt (CaCl,-NH3, CaCl,-
CH30H, CaCl,-CH3NHy) by various techniques. For example, CaCl,-NHj3 pair used
simple mixing technique [10]. Impregnation of aqueous solution of salt into EG,
dehydration and calcination was successfully done with CaCl,-CH3;OH and CaCl,-
CH3NH; pair [11-12]. Impregnation of aqueous solution of salt into compressed EG,
dehydration and calcination, was applied with a group of working pairs based on
alkaline earth-chloride salt and ammonia or methyl-amine; CaCl,-CH3NH, [13], MnCl.-

NH; [13-14], CaCl,-NH3; and BaCl,-NHj; [14]. Goetz and Guillot [15] mixed activated



carbon with compressed EG using resin as a binder. Research on effect of graphite and
carbon fiber binder to Na,S-H,O pair, has been never reported. Therefore, our work
used these two binders to enhance heat transfer in the working pair by simple mixing
technique.

The sodiumsulphide salt of 35% by weight from MERCK was mixed with
binders, to improve heat transfer characteristics. Higher thermal conductivity increased
system COPy, and rate of heat charging and discharging. The reactive salt was grinned
and mixed uniformly with binder before directly packed into the reactor. Two types of
binders were tested, conventional graphite power having 800 kg.m™ density and carbon
fiber. The carbon fiber was found applicable to three working pairs of chemical heat
pump system. In case of CoCl,-NHj pair, it was done by impregnation aqueous solution
into fiber and dehydration [16]. Nakaso et al. [17] inserted of carbon fiber brush into
bed of MgO-H,0O pair. The carbon fiber was used by formation of an intercalation
compound with MnCl,-NHs pair [18]. In this work, long cord carbon fiber was shopped

to 5 mm length, and then was simply mixed uniformly with the salt.

2.2. Description of the Experiments

The experiment unit of CES consisted of three major components; a reactor, a
condenser and an evaporator, fabricated by stainless steel type 304. The reactor was
placed inside a jacket of thermal oil transfer fluid as shown in Fig. 1. The reactor was
designed as tube-in-shell, which heat transfer fluid was circulated outside of reactor. It
was design to reduce drawback of the extended surface of heat exchange area that

increased thermal capacity.



The reactor had inside diameter of 50 mm and 350 mm length. Total mass of
reactive mixture, sodiumsulphide salt and binder, was 250 g. The evaporator inside
diameter was 50 mm, and its length was 200 mm. The condenser had 25 mm diameter
and 300 mm height. These three components were assembled together by thread
connector, and sealed by epoxy to prevent leakage. In Fig. 2, the CES package, heat
source and heat sink components are shown. The reactor was located topmost, then the
condenser, and the evaporator at bottommost. The experimental unit was aligned to
straight line, facilitating further integration and application to waste heat recovery
system. An external heat transfer fluid circuit allows heating and cooling of these three
components. Periphery components included two heating and cooling oil tanks, a water
pump, an oil pump, a cooling water tank, and two electric heaters for reactor and
evaporator.

In preliminary test, CES package was vacuumed to the suitable saturation
pressure of water about 2 kPa to 4 kPa. Distilled water about 100 g was filled into the
evaporator. Each cycle maintained same control conditions; i.e. flow rate of heat
transfer fluid during adsorption about 20 kg.hr* to 30 kg.hr and during desorption
about 30 kg.hr* to 50 kg.hr*. The reactor was regenerated by supplying heat to the
reactive bed at 90 °C for 3 hours to prepare adsorbent bed for series experiment on
energy storage and discharge cycle.

A cycle consisted of two periods, desorption and adsorption. During desorption
or charging period, the desorbed water vapor was decomposed from the reactor. Water
was then liquefied in the condenser, and condensate consequently transferred into the
evaporator. During adsorption or discharging period, water vapor evaporated from the
evaporator to be adsorbed with salt in the reactor. Heat of adsorption released by

chemisorption process was extracted from the reactive bed by heat transfer fluid.



Temperature measurements were done on reactor, condenser, and evaporator by
thermocouple type K, which connected to the data logger for monitoring and recording
using a real-time data acquisition system connected to PC. Inlet and outlet temperature
of cooling and heating oil was also measured. The accuracy of temperature
measurement was within 0.1°C. The CES pressure during each cycle was observed by
using vacuum pressure gauge. All measured parameters were analyzed to compute
amount of energy exchange during each step of cycle, and COPy, defined by a ratio of
stored to discharged energy. The other two performance indicators were SHP (a ratio of
useful heat over the cycle time), and volumetric heat production (VHP), a ratio of

discharged heat to the reactor volume.

3. Results and discussion

The experiments were conducted in various chemisorption cycles with the
working conditions (45 °C < T,y < 60 °C, 80 °C < Tyeq < 100 °C, 30 min < reaction time
< 60 min, 10% < carbon fiber mass fraction < 30%, and graphite mass fraction 30%).
CES performances were defined and compared by COPy,, SHP and VHP. Temperature
evolutions of the reactor in a cycle were shown in Fig. 3. A cycle time consisted of four
time intervals; chemisorption or reaction, cooling, heating and desorption, and cooling
again. Temperature variations at measured locations in the reactor had similar trends
except the topmost part of the reactor. Hence, heat transfer in axial direction of reactor
should be improved.

Type and mass fraction of binder influenced reactor temperature and
consequently its heat evolution. The operating condition was maintained at desorption
temperature and evaporation temperature about 80 °C and 50 °C, respectively.

Temperature variations in four time intervals, as well as amount of adsorbed water,



were small different. During adsorption period, graphite binder led to highest
temperature magnitude, followed by 30%, 20% and 10% of carbon fiber mass ratio.
Graphite contained larger porosity and reactive surface than carbon fiber. More water
molecule could be adsorbed with salt, and resulted in more heat of adsorption
discharged. However, longer desorption time was required in case of graphite binder as
compared to carbon fiber. Rate of heat desorbed/stored and adsorbed/discharged during
a cycle was depicted in Fig. 4. The heat generated during adsorption period and heat
required for desorption were not in the same magnitude. Larger energy released from
the CES in case of graphite binder, followed by carbon fiber having mass ratio 30%,
20% and 10%, respectively. Graphite had higher specific heat than carbon fiber, which
enhanced larger sensible and reaction heat of CES. Carbon fiber had advantage of high
temperature resistance, especially during discharging period. Reactive mixture having
carbon fiber binder would withstand to higher temperature of waste heat source, and
also better prevent deformation of reactive salt. System performance determined by
COPy, was about 3.47, 1.67, 0.81 and 1.08 for graphite mixing ratio 30%, carbon fiber
mixing ratio 30%, 20% and 10%, respectively. The achieved SHP was 948 W.kgags ™",
816 W.kQags *, 615 W.Kgags ", and 561 W.kgass *, respectively. The sodiumsulphide-water
CES performance depended on type and mass ratio of binder significantly.

The temperature profile and heat evolution of three consecutive chemisorption
cycles are depicted in Fig. 5. Desorption temperature varied by 80 °C, 90 °C and 100 °C.
The reactor temperature during desorption period obviously responded to higher heat
source temperature. Even though higher decomposition temperature was supplied, the
same magnitude of desorption heat was required. During adsorption period, reactive bed
temperature varied in the narrow range from 40 °C to 45 °C. The rate of heat discharged

during adsorption period was similar for three consecutive cycles showing reliability of



heat production by CES. However, large fluctuation of heat rate has seen during
desorption period because of mismatched between heat source and reactor temperature.
Unnecessary too high temperature source supplied to the CES meant degrading of
energy storage efficiency. Therefore, waste heat source about 80 °C was sufficient for
the CES based on Na,S-H,0 pair.

COP;, and SHP from twelve experimental cases are summarized in Table 1.
There were four variables; evaporator temperature, regeneration/desorption temperature,
mass ratio of carbon fiber or graphite, and reaction time. Increasing evaporation
temperature (Tey) resulted in lower COPy, but higher SHP. The influence of regeneration
temperature (T,) was also corresponding. Short reaction time gave lower COPy, but

higher SHP.

4. Performance prediction by simulation

A mathematical model of CES was developed as a lumped parameter model. The
model was based on three conservation equations; mass balances, energy balances and
Kinetics of adsorption. Energy balance equation during adsorption and desorption

processes are given in Eg. (2) — (3), respectively [19].

[(mCp),, + (mCp), +(mCp), +(m.C,.,) O('j_I _
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Kinetics equations for the gas-solid reversible reaction were applied to calculate the
amount of reaction product on radius direction of reactor or degree of advancement. The

principle was based on Arrehenius law. Eq.(4) and (5) are the expressions for adsorption



and desorption processes, respectively[20]. Expression for heat transfer fluid is given by

Eg. (6)
dx(t) LB |p e
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The mass balance equation is expressed by (7)[21]. The first term is generation
rate of reaction products and the second term is the consumption rate of reactants. The
temperature gradient and kinetics equation is given in (8).

dx(t) , dm,

=0 7
Pt dt (7)

dT __(Ts —TCde_(t) @®)

dt (1-x@t)) dt

The model was solved numerically using finite difference method. The
calculated results were temperature distribution and energy variation during energy
storage and discharge periods. The predicted degree of advancement, temperature and
power variations, were used to compute the cycle’s COPy, and SHP. The model was
validated by experimental results; i.e. pressure, temperature, amount of adsorbed and
desorbed water vapor. The temperature profiles of the reactor from simulation and
experiment were illustrated in Fig. 6. Both of profiles were analogous during heating
and desorption period, although during adsorption and cooling period, a bit difference
was observed. COP,, and SHP calculated from simulated and experimental results of
four experimental sets were summarized in Table 1. The consistency of influences from

evaporation temperature, regeneration temperature, binder type and mixing ratio as well
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as reaction time, on the COP, and SHP was recognized. The statistical R-square of
COP, and SHP was approximately 0.9 that was in acceptable level. Therefore,
expressions in Eq. (2)-(8) were applicable to predict performance of Na,S-H,O CES.
The CES could achieve COP;, from 0.81 to 3.47, SHP from 518 W.kg™ to 1,544 W.kg™,
and VHP from 605 kWh.m™ to 5,573 kWh.m™®, It has implied that the CES could
provide well energy storage density, and comparable to the other energy storage system.
CES based on Na,S-H-0 pair from the literature [3] provided SHP about 600 W.kg™.
Sensitivity analysis was carried out to compare the influences of four parameters
on COPy and SHP of system, i.e., evaporation temperature, regeneration temperature,
type and mixing ratio of binder, and time span of chemical reaction. The type of binder
and its mixing ratio was mostly affected the system performance, because rate of
heterogeneous reaction depended on the reaction surface. The reaction bed using simple
mixing between salt and binder could increase contact area between salt and water
vapor. Graphite binder resulted in better performance than carbon fiber. The effective
thermal conductivity of activated carbon fiber composite bed was lower than the
untreated bed [7]. The evaporation and desorption temperature effected CES in second
and third priorities. The reaction time played insignificant role on the system

performance.

5. Conclusion

A chemical energy storage package, using sodiumsulphide-water pair, was
fabricated and experimented. Three major components; a reactor containing reactive
mixture, a condenser and an evaporator, were assembled in the same vertical direction.
Waste energy could be stored during desorption period, and discharged during

adsorption period. The binder of reactive mixture helped to improve COP, and SHP.
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The graphite powder and carbon fiber were simply mixed with salt to enhance heat
transfer intensification in a packed bed reactor. Graphite ratio of 30% led to maximum
COPy. The carbon fiber had advantage on higher temperature resistance of bed during
charging period, but did not significantly improve performance. Increasing of
evaporation and desorption temperatures would increase SHP but reduce COP;. The
CES had potential to store waste heat at 80 °C to 90 °C, while the discharging period
required appropriate evaporation temperature about 50 °C. The CES was modeled based
on lumped parameter approach and solved by finite difference method. The model was

applicable to simulate the system performance within acceptable accuracy.
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7. Nomenclature

Cp specific heat (J.kg*.K™)

E activation energy (J.mol™)

AH, the enthalpy change during chemisorption reaction (kJ.mol™)
k thermal conductivity (W.m™*.K™)

Ko constant for adsorption/desorption processes

mass of substance or material (g)
mass flow rate of heat transfer fluid (g.s™)

N, mole of reactive salt (mole)

R the universal gas constant (8.31434 kJ.kmol™.K™)
S reactor wall thickness (m)

T Temperature (K)

X degree of advancement (Qw.Gads )
Subscripts

a adsorption

b binder

c Initial bed temperature

d desorption

e evaporator

Initial heat transfer oil

m metal case

0 heat transfer oil

p product

r reactant

S reactive salt, adsorbent bed

W water
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Table 1: Comparison of COP for heating and SHP

Figure 1: The schematic diagram of the reactor

Figure 2: The experimental set up of CES (a) Schematic diagram (b) Photo of
experimental set up

Figure 3: Temperature evolution in different part of the reactor of CES during its
heating/cooling processes

Figure 4: Heat exchange profile of reactor having different binder mass ratios

Figure 5: Temperature and heat profile of three chemisorption cycles

Figure 6: Temperature profile of reactor from simulation and experiment
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Table 1: Comparison of COP for heating and SHP

Coefficient of Performance for

Specific heating power

Test heating purpose
Experimental (SHP in W.kg™)
no. (COPy)
Condition
Experimental Simulated Experimental Simulated
results results results results
1 Te=45°C 2.83 1.183 518 839.64
Te=50°C 1.67 1.617 816 883.37
Te=60°C 1.27 1.734 958 1,109.53
2 Tr=80°C 1.67 1.617 816 883.37
Tr=90°C 1.27 1.362 957 884.48
Tr =100 °C 1.12 1.358 1,041 886.83
3 GP 30 % 3.47 1.809 948 972.00
CF10% 1.09 1.015 561 943.13
CF 20 % 0.81 1.038 615 848.39
CF 30 % 1.67 1.617 816 883.37
4 Reaction time 60 min 1.67 1.617 816 883.37
Reaction time 30 min 1.00 1.042 1,544 892.625
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Figure 3: Temperature evolution in different part of the reactor of CES during its

heating/cooling processes
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Figure 4: Heat exchange profile of reactor having different binder mass ratios
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Figure 5: Temperature and heat profile of three chemisorption cycles
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Figure 6: Temperature profile of reactor from simulation and experiment
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