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Abstract

Chemical heat pump for thermal energy storage was investigated. MgCl, -6NH; was selected
as a high temperature material to reduce the storage temperature compared to the system using
NiCl, -6NH, previously reported. Liquid ammoniate NH,NO, -nNH, was also selected as a low
temperature material, because the dissociation of liquid ammoniate is relatively fast even at low
temperatures. The present chemical heat pump system uses the following reactions;
High-temperature reaction:
147°C
25°C
Low-temperature reaction:

MgCl, - 6NH, (s) MgCl, -2HN, (s) + 4NH, (g) AH = 51.9 kJ/mol-NH,

o
4.9 (NH, NO, -1.5NH, )( 0)+ 4NH, (g)<g—°§— 4.9 (NH, NO, -2.3NH,) ({)
AH = —32.0 kJ/mol-NH,

A bench scale system with the reasonable capacity of 700 kJ was built up, considering the results
of small scale experiments. NH,NO, (1325 g), charged in a low-temperature vessel made of Pyrex
glass, was ammoniated at 0 °C until formation of NH,NO,; -2.3NH,. The low temperature vessel
was connected to high-temperature one (280 mm in length and 50 mm diameter, made of SUS
304) holding MgCl, -6NH, (480 g in total weight in 5 vessels). At the heat storage stage, NH,
gas generated from the high-temperature vessels by heating at 147 °C in a silicone oil bath was
successfully abosrbed by the liquid ammoniate within 8 hours. At the heat-releasing stage, the
reaction of MgCl, -2NH, with NH, proceeded in the high-temperaturé vessels, which were im-
mersed in a water bath, whereas the NH, was generated from NH,NO, -nNH, at 0 °C. The flow
rate of NH, gas was well suited for NH, absorption with Mg salt, and the reaction was completed
in 2 hours. The amount of released heat was calculated from the temperature increase of the
water bath. The recovered thermal energy was 440 kJ amounting to 63% of the ideal value 700 KkJ.
Similar results were obtained even after 20 cycles of operation.

Key Words:  Solar energy storage, thermal storage, chemical heat pump, ammoniates,
magnesium chloride, ammonium nitrate
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MgCl,~NHj;-NH, NO; %4 3 A ve — b # v 7iC & B E#h

NTVBIC b DHOT, BMES-ATH TN SH)
BIEFITDITNOHBRTH B

LS L L1, #EorEa 28mne L,
(kﬁ 168°C

&M NiCl, - 6NH; (s) &
2

o

NiCl, = 2NH; (s) + 4NH; (g) AH, (1)

{EEM : 2.3( NH, NO; » 0.9NH,) () +4NH; (g)
0°C
= 2.3(NH, NO; * 2.66NH;) () AH, (2)
0C
—  EE —

T

TRINBRIEEMAEDOE X I A ve—r RS
ZERL, INDPEEA, BEAOBREEEZHICE
5709 NHy HRDENEDATIFEI¢ A AR L
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%(E (HREAESN0KI))IKBVTS, <7274 v
IRy — 7 —DANOHBE N ELE LT, BENKD
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Lic. ¥/, TOELZDFEHAEIIB kI T, 20D <
DR LEER O CDEIREL LGP /. TOYRT
LOFEHMIBERANCHEIRD 7 v =T EROTH
5T EITdH > Te. —MBIRRANIKIR W 2SS ERE
DBEVEVIRESD 5. RINEESETNEIEE,
BB KIS E R A D, HEDEEE & L TDOE
1373 1 %, BHCHED O KIGEN & iR fvE
DRIGBIC L ZEE EFITIZEAER L, BEEEF
A LUBOEOH LidAalgEL 785 . e LT,
NH, NO; * 2. 65 NH; (32, = 4 — X< NHy A
RAEfREESHE, D NH; /&2 & NiCly + 2 NH; & D
RBSUSET IR LT, Bo[EI A AgRic L:.
i, TOT7vE=T{LYIBHEIETD 57.0RDIE
sk <, NH; OB HELE#E TR AE2 5
EZELIDEELONI. LLEXS, TOVR
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BEAVEELTSH, KB X vF-DERICIIDXL
ETEALEEZOLNS. 22T, APFETRCDIEER
flicEED T v =T ER VS L0 D B 24D
LED5, SRAOEREEL T 5729, NiCl, -
6 NH; A ZRAME AR VET C A2 HRE L

fz. THbH, 90°-~150°COLEIEVEEICE T %

ERMMFsnamEE LT FHERLD MeCl,,
NiSQ, , CuCl, , MnCl, 7 v =7 {tMHBE S
f.zcT, £ NS EZNEN NH,NO, « nNH,
LHAEDETNID VR F LEED, I Avke —
FEYTE L TORIGEEIC DO THEN. £ D-ER,
HOBRENTHL L MM S hicdid MgCl, « 6 NH,
(BRERE  147°C) TH-1DT, ThERHVTN
VTR —VOEE (BEREAETOOKS) ZERL,
ZDER, WEEHE . 1B, oL BRI
D7 VE=TAHEERDT v E =TI EMLED
Bl I A nve— b RYZTEIEEOOBICHRS L
NiCly » 6 NH; ZHW/c D ZROTHICIEI RY S
AN/

2. IMNEEBICLZEBANYMEDER
2.1 INBUEBDRE

K1, aBAMEOBEME L GERLIC4AED T
YEZTORIGE 1 KE FICE T2 2RRES X
DR E R, ChoDT VE=TIEZNTh
AR T =744 NH,NO; « nNH; 2 L4 544
bETrIAvE— By FEERLILEE, Thbs
BB SIS LI, ROFENEDAH T, +RI3RIERE
oo TIEEIT a5 120, BIEROCERLE
HOEEFU/NIDT I Ave — b BV TEEERHNT
EBRAEITE -7 COEBOKBERDEER 0°CEL,
ZADOEND LR 1KEET S E, BIRICTR LIcK
51iC NH,;NO,; « nNH; @ n32.65%50.90% TZAL
IVBCENTES. 22T, RIEROHEAESHEE
SR MgCl, « 6 NHy 2 W72 BAIC OV TR
L, RDEIICHB.

ZiE M : MgCl, » 6NH; (s) &MgCl, » 2NHj; (s) +4NH; (g) @3

EER : 2.3( NH, NO; < 0.9NH;) (0) +4NH; (g)
< 2.3(NH4 NO; = 2.65NH;) (0 (4)

- &R < R

2.2 FESEMNMEORGHE

SEMYEE LT MgClL %9 x10™8kg, NiSO, %
1.56%107%kg, CuCl, #1.3x10 %kg, MnCl, % 1.2 x

x£1 SRMEO G
Reaction T (0 ot
at 1 atm (kJ/mol-NH,)
MgClze6NH; =—— MgCl,°2NH; + 4NHj; 135 51.9
NiSO,e6NH; —= NiSO,*4NH5; + 2NH,3 129 61.1
CuCl,e6NH3; =—= CuCl,°¢2NH; + 4NH; 124 56.9
MnCl,e6NH; =——= MnCl,°2NH; + 4NH; 87 49,0

KB rnvF—

Vol. 15, No.2




e - iR - FHEZ  KH B

107 2kgflVy, TN ENSBEAIRKIEESS 1Ly 7 X
728, AE28m, EX200m) FICHEE L.
1o, ARRBISUSESE O%4 Ly 7 245 28300 m1 3F
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WEERIGSE.. T LT, B8, HAEKEORIEES
SRS EDEEE /L SRDI-. 158, TDES
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> 7.

1 icERRICB T 28BS EM 7 v =7t
DARDET AT, B8, It nsnrvye=
T tERhO 7 v =T A1 MgCl, -
nNH; O nOff) LEEEDRZRAERLTHS. &5
BAYE OMBGREIC DWW T, TDEHNEEEER
2HREBLTRIEIR[EEZBRTCEEE (MgCl, -
6 NH; : 145°C, NiSO, * 6 NH; : 140°C, CuCl, -
6 NH; : 110°C, MnCl, « 6 NH; : 100°C) iIZE D 7= .
TEOL, IN6X0FORE THERM5ZEM D
OHtiE I NS NH; 2N L 73730, ZDES
B 1SGEL EIcies . 1licRLizk ST, MgCl, -
6 NH; (3 4 BT3B DR L 7205, 5 BfLIE, 4
R (1388% (MgCl, * 3.5 NH, ichEY) &b, 4
fRiZC LI EEE 7. RIC NiSO, « 6 NH; ©
23T TICITB SRR L. L, 2omE
13100% 53 i L THMDPIEIC AR THES D NHy L
WHE T, COANIOYHEDERTHS. £,
CuCly » 6 NH; TiI 4 BRITTTBBAR L1205, 5
R LARE D3RR IIB2HFEE T NI E AR I3 % 75
Mot THUCK LT MnCly + 6 NH; (3 4 B <93
3L, 5 TCTOMBERITIZFI0%ITEL 7.
L& C OB DOSRIRE Z100°C & D YE D 4 1R I8
BICHANTEDP -7z, DT &b, SRR R
5FR0DTiE MnCl, » 6 NHy " bEiafiimEg s L
FTLENRTHWEENZ B,

RICK 2 [T i3 EGBIRICH 1 2 ERAIME & NH,
EDRIGDRETAERT. 158, KEiRAMEDRK I
IEATDERE I CTH S . iz, KEMOKIRT v+
=7 1t#h 5D NH; ORHEEE I LIBT OB 5 5
+571E DT, INLOFREIENETNDEDT v E
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LEESEMNT v==T{PHOT =TIt CRESIG)

Amount of NH; per one mole
of salt (molar ratio)

2

=7 DRINEEZTRLTCWBEEEZ GND. SEDRIRR
JMCE VLT T/ MnCly » 2 NH; ORIGRIZ
4 BREIARR42% LIEF IR FE E—E L2, Thbl
ERIBEETT LIS 57, 2D EHS, MnCl, -
2NH; 3&RfE E LTREA RN &b -
7. 51T, CuCly, » 2NH;icBWTH, 5 EHDK
JORIITT% EHBHHE S, RIGEH100% < 72 5 i
B0 ORRIZET 5E FEI N/, THITHLT,
MgCl, * 2 NH; i3 4 Befd T86% , 7 B§fdl T96% I
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BoEFHREINS.
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3. BBz MgCl, « 6 NH; ZBW RV F R 4
=V RFLICKBER - HEESHE

3.1 RUFRT=IVYRFLDERE

Lt & it MgCl, « 6 NH, AEEMMEE LT
BLTOB LRSI, Lo, PMUOEET IS
BOMENTE 7. 2T T, MgCl, » 6 NH,
EZHWIZVYR T LOBE

— 5 RS T 5 0REREFI U RBUL L 7 E (G

, WEBEERERL EORBET

BERIC OV TR AR EZHOTERETE -7z,

9, BIERE AR, REULL 72T i X D I&ERNIC
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IKBRERW.. 378b5L, nOFEHEZ/NIZEEDE
Lo EED.

{EEBM : 4.9(NH, NO, * 1.5 NH;) (L) +4NH; (g)

2 4.9(NH, NO; * 2.3NH;) (£) (5)

MgCl, » 6 NH, 321g (3.37®v, HHREHE
700kJ) % & imfIRIGE (A4 E50m, & X280m, SUS
304%) SAICHTTHREL, dlvcRIGER LoD 7o
¥, BESmMDRAF YUVRRF— VA v ¥ a5 (3254
v Va) A LL? M, REAORIGER (B
2x1078m, NA Ly 7 RAFREEET 5 23) T
13 NH,NO; 1325g (16.6%) 2K L1z. T DIE
BABBORABAE 0 Cczb b, REATHES LIE,
NH; 228N L CRIFRED T v =Tt & L
7.

BEARICIERAGEEZNS Loy ) a vt
(B KF -54) 2ANIBR/ICAN, BIFAA
E—=F9 —iCX>TAAWE140°~180°Cicinz LT
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¥ 1KET, NH; OFED 2 X107 4nd/min L FIC
stcd %, MgCly « 6 NH; OARIZIZIZK o7& L
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7.
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Wi A Sshic Af, v 720 TERAID S5 NH,
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FE L.

3.2 EE, MEEH

13 UHIC NiCl, « 6 NHy DRIEREE % 140° ~ 180
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DT, UTCOBRETERL.

R 3 ICEBABEEDOFERD—F A RT. Ricid4 A v
NZDIRE, NHy R REB L VROENE2ZNThHh
BERICSKT L TR Lc. & CMRIZFRERE » 5120
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R, EREI~D NH; i (RIGEREE) #EmL, &
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KIS > 72D SR T, CDE X NH, REDRE
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HBEDT, INES->TERKT E LK.
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NH;, MnCl, « 6 NH; @5 5, MgCl, « 6 NHg 28
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2HRAT, N5 NICl, « 6 NH; %A W [E i
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