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1. Background

Soloiee ‘More than 90% of the world’s primary energy generation is consumed or wasted thermally.
Thermal energy storage has a broad and critical role to play in making energy use more sustainable for
heating and cooling, solar energy harvesting, and other applications.’
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1. Background — research status
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2. Materials and cycles —

O Complexation reaction:
Mo X (NH3), +(Mm—n)NH; < M X, (NH3),,
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O Clapeyron equation:

Table 1. Theoretical value of complexation reaction for halide-ammonia working pairs

NO.

O 00O NOGOUL B WINR

e e
vi b W N = O

Reaction

PbCl,(NH3)g.3 5
NH,CI(NH;)s
BaCl,(NH3)go
SnCl,(NH3)4.55
PbCl,(NH3); 5.,
CaCl(NH3)35.4
SrCl,(NH;)g 4
CaCl,(NH3),.,
ZnCl,(NH3)g.4
PbCl,(NH3);.1 5
PbCI,(NH3); 54
MnClI,(NH;).,
ZnCl,(NH5),.,
CuCly(NH3)s 33
FeCl,(NH;),.,

AH/

(Jemol-1)

34317
29433
37665
38920
39339
41013
41431
42268
44779
46035
47290
47416
49467
50241
51266

(1) Taa=AH /(AS —R-In pe, ) (2)
AS/ E,

( Jemol-1eK-2) Tsa (°C) (kJ-kg1)
223.76 52.05 586.12  ® High temperature
207.90 55.10 1650.8 halide (T¢,>150°C):
227.25 72.35 1447.1 MnCl,; “
229.82 75.64 307.91 =
230.27 77.98 17681 o Middle temperature
230.30 92.82 1477.9 .
22880 1016  1829.4 halide(90<Tg,< A&
229.92 1053  761.59 150°C): CaCly;
230.24 126.6 657.07
230.89 135.5 82764 & Low temperature
232.50 140.7 85.020 halide (T.,,<90°C):
228.07 158.5 1507.2 o
230.24 1685  725.85 NH,CL ,»{
230.75 173.4 635.73
227.99 193.9 1617.9
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2. Materials and cycles — Cycles establishment

O Single-stage sorption cycle and resorption cycle (Fig. a~b):

For the heat charging process(A-B), T,> T., or T, 4. For the heat discharging process(C-D), T.< T, or
T, ., the heat output being transferred to the user side.
O Multi-stage cascading cycle (Fig. c):

Heat charging process includes the desorption stage of high-temperature halide (A-B), T, >T.,, and the
desorption stage of low-temperature halide (C-D), T, > T., ;. However, the heat discharging stage only involves
high-temperature halide adsorbing ammonia (E-F) , T. < T, ..
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3. Experimental test — System construction
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O The experimental system includes three temperature controllable sorption beds, a temperature controlable
working ammonia tank, an ammonia supplemental tank, eight temperature measuring points, four pressure

measuring points.

O During the sorption process, ammonia can enter the shell side of the sorption bed from the circular hole of
the outer cylinder and it can be adsorbed by the sorbents after passing through the wire mesh and pore plate.

Ammonia flows out in reverse during desorption process.

22

850

Siliconeoil | |

> @8

Silicene oil

5 R

Sorption

Desorption

|
Ammonia

Structure diagram of sorption bed

Layout of overall test system
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3. Experimental test — Working procedures

O Sorption/resorption cycles (Fig. a): (sorption stage A) AV3 and AV5 keep open; (switching stage B) AV3 or
AV5 valves are closed; (preheating stage C) ammonia valves keep close; (desorption stage D) AV3 and AV5
keep open; (switching stage E) ammonia valves are closed.

O Multi-stage cascading cycle (Fig. b): (sorption stage A) AV3 and AV5 keep open; (switching stage B) AV3 or
AV5 valves are closed; (VinCl2 desorption stage C) AV5 and AV7 keep open; (preheating CaCl2 stage D)
ammonia valves closed; (CaCl2 desorption stage E) AV3 and AV7 keep open; (switching stage F) ammonia
valves are closed.
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Schematic diagram of overall test system - e

Note: all valves are closed by default. Working procedures 7115
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3. Experimental test — Performance evaluation
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The input and output heat power of the sorption bed are expressed as Egs. 3-4.

Qin ':Qin _Qloss :mf G (Tf,in o fout) (kloss fin +b|oss) (3)
Qout l:Qout +Qloss :mfcf (Tf,out fln) + (kloss f,in T bIoss) (4)
Thermal energy output density:
Lyis
E..= ZQout '(t)/ my, . (forsingle-stage sorption/resorption cyle) (5)
i=0
Lyis
E..= ZQM '(t) / My, o (for multi-stage cascading cyle) (6)
i=0
Thermal energy storage efficiency: E= iQout 't)/ iQm '(t) (7)
Maximum temperature lift: AT '=MAX[Q,, '(t)/ (m.c,)] (8)
Effective discharging time: tys =t (1fQ,, (t) >200W) (9)

8/15



Background

Materials and cycles
Experimental test
Results and discussion

Conclusions




4. Results and discussion — Sorption cycle
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4.1 The input and output heat power characteristics of various cycles
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Output temperature & thermal storage power:
(a~b) MnCl,-NH, cycle, (c~d) CaCl,-NH, cycle

Point 1: p,.4<P.s, @Mmonia valve closed,

Point 2: p.,>P,s, desorption reaction occurs;

Point 3: ps,>P,s, @mmonia valve closed;  ® NH,CI-NH, cycle
Point 4: pp.4<P., SOrption reaction happens.  is proved invalid.

€ The sorbents and the metal of sorption reactor are
heated by sensible heat before opening the ammonia
valve for desorption reaction.

€ The maximum output power of MnCl,-NH; and CacCl,-
NH; cycle with output temperature at 40°C can reach over
1100/900 W, while the maximum output power is lower
than 400 W with output temperature at 100/55°C.

€ The effective discharging time is over 40 min and 30 min.
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Output temperature & thermal storage power: (a~b) output/input power of

MnCl2-CaCl2 cycle, (c~d) MnCl2-NH4Cl cycle, (e~f) CaCl2-NH4Cl cycle 10/15
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(e~f) CaCl2/NH4CI-NH3 cycle
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€ The charging phase is composed of two stages:
resorption between halides and desorption of
middle/low temperature halide.

€ The maximum output power and effective discharging
time of MnCl,/CaCl,-NH; cycle are around 700 \W and
45 min, which are both greater than those of
MnCI,/NH,CI-NH; cycle.

€ The output power of CaCl,/ NH,CI-NH; cycle is not
sensitive to the variation of output temperature
(Tor £ 55°C). Its effective discharging time even
increases from about 65 to 90 min (40°C<s T, <55°C).

sor—
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4. Results and discussion
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4.2 Cycle performance with MnCI2/ENG-TSA sorption bed as the output side
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4. Results and discussion

4.3 Cycle performance with CaCl2/ENG-TSA sorption bed as the output side
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4. Results and discussion

4.4 Overall evaluation of various cycles

¢ CaCl,/NH,CI-NH, cycle has absolute advantages on Uy
over other cycles.

@ CaCl,-NH, cycle will be the optimal choice considering
EOut; gand ATmaX l(Tss,des :950C and TSS,SorS SOOC))1 and
inversely for CaCl,/ NH,CI-NH; cycle.

& MnCl,-NH, cycle is the optimal cycle (T ges =175°C),
except for with T < 80°C.

B el - .

Mn_ MnNHe  MnCa-Hg| MCRENG-TSAas fhe outputside ¢ MnCl,-NH,CI cycle owns the largest&
Tss,des (°C) 115 125 135 145 155 165 175 145<T <175 °C and 40<T

Eon z z z z = z = ( ss,desm Ss,sor
/\ Trmax’ §_ é_ i g ‘;_ .: .:

tais = S % - o 4 | ®
Tessor (O) 20 50 60 70 50 % 100 € MnCl,/CaCl,-NH, cycle owns the largest

E:ut . C C 6 ‘: : .: Eour ATrex @and longest tdiS (Tss,desS 165°C).
A\ Tmax’ ® ® ® » - - -

tais » » » ® = = »

Overall evaluation of various cycles based on E_;, &, ATmaX and t .. 14/15
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Resorption cycles and multi-stage cascading cycles can widen the working range for heat
source temperature. MnCl,/CaCl,-NH, cycle exhibiting obvious merits over MnCI,/NH ,CI-
NH; cycle.

For low-temperature heat source (< 90°C), CaClL/ENG-TSA sorption bed as the output
side, the effective discharging time of CaCl,/NH,CI-NH; cycle can reach up to 60 min.
CaCl,-NH, cycle will be the optimal choice with the maximum thermal storage density,
efficiency and temperature lift of 400 kJ-kg, 0.39 and 2.0°C.

For high-temperature heat source (115 <T < 175°C), MnCL/ENG-TSA sorption bed as
the output side, MnCl,-NH, cycle is the optimal cycle (165 =T < 175°C), with the
maximum thermal storage density, efficiency and temperature lift of 420 kJ-kg, 0.51 and
15.0°C. MnCl,/CaCl,-NH, cycle (115 T, < 165°C) owns the largest heat output density,
temperature lift and effective discharging time of 140 kJ-kg, 10.0°C and 31 min.
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5. Conclusions
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