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The Performance Investigation on Nano Carbon-Modified Lithium Hydroxide for
Low-temperature Chemical Heat Storage
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Abstract LiOH-H;O nanoparticles supported on grapheneoxide (GO) and carboxylic multi wall-
carbon nano tubes (c-MWOCNTSs) were facilely synthesized by a hydrothermal process. The pivotal
thermophysical property of nanocomposites was characterized by scanning electron microscopy (SEM),
transmission electron microscopy (TEM), X-ray powder diffraction (XRD) and thermogravimetry-
differential thermal analysis (TGA-DSC). The as-prepared sample of LiOH/nano carbonexhibited
higher rate of heat release than pure lithium hydroxide and showed a greatly enhanced thermal
energy storage density, especially for LiIOH/GO. In addition,the introduction of GO also improved
the thermal conductivity of composites. The research expandedcarbon materials’ scope of application
in the thermal storagefield and proposed the new concept ofdesigning rationally nano carbon-based

composite materials for low-temperature chemical heat storage.
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B R R AR B oK & IO R KA FT T,
SAFKMHEERFERAINE S, MMUBES
B RA S R EBFRIRG M RS, THEE
B Bl & RA /DR MR E B S ST T4
PR RN ER AR N EENE L.
AR T RARRRKE, mHRER,
SRR BRI RS E & AR R,
e B ) mgrerde U RESH LR ERSRE
ZIEERFEMF R RFHINA . RAKES
A SN2 S GOR B SR AT R BURDR
AR BRATEHE BRI RE T &4 GO KUK o
MWCNTs FEAHAE & U B B LA BT R
B, GORBBAEARAZEE 1, ReEsi
R N 1 O E N 2 A R -V 3
EHBRTEEEM. B—hH, A2E Rk
BAAE/NRT i 8 B o SRR R M RE D7
BERT. Hlb, AXEEZERENFEREGH
BRI &7, TR RIEERET LioH
BARE AR ER, ERAFRERKPREN TR
AL B R R AR .

1 sEge sy

1.1 GO KiFHrHIE

GO Zd#ti Hummers ¥ 20, fiRREBMR
A5 (325 H, Alfa Aesar) HJRBHH%&. BE, &
B3g AR, MASHE 30 mL HySO4. 10 g K2S204
M 10 g PoOs BIBEHE AR, 7E 80°C YA A [B1 i K B
4.5 h, INYLHNEZRE, MEBTFKERE.
. BT, BRNERITEANAGE, A 120
mL ¥ H,SO4 1, FFFEMRT 20°C MyvksKik H 4218
A 15 g KMnO4. RIBAWFE 35°C MR M 2 h
J&, TN 250 mL FEFOKRRRE, 4REEtidt 2h, MY
JEIIA 700 mL £BF/K, BARFMA 30 mL H,0,
W (30%), IO Ha00 WG, IWRBIETATH
&, PYESEE, A LEW, BA 1L H,0/HCl
VYK (10/1, v/v) TR SEOK . BB EREIMEA S
FRBE TR, EFIECY 8 o/L MW, &Eir—
JAEB =Y pH H 2.

WATERIMEL A BEARHE 2 h, BRIRE™
¥ GO, GO MIRETAN 1 mg/mL, BT LT
VBT ASBTE B 30 em(FE 77 cm), FREX 0.117 g
EDTA #1 8 g BCESBAH, MA 400 mL DI /K, ¥
KVEWE W, 5 10 min; KBEHTREH, H DI K
WIS =R, BTN ETEHF 0.117g EDTA i
KW, BIKBEERE 10 min, FEFENKESERE,

HBEHEFT DI K&,
1.2 c-MWCNTs BY§I%&

DI AL A MR, 1 Fe-Mo/Al,O3 H
A2 B X A ST R & MWC-
NTs, BALBMT

1) ¥ Fe-Mo/Al2Os B F&AH, BAKTEER
PR ASEF, M 50 mL/min HFEANRAR, IF
P X F| 550°C;

2) AL B Na: 25 mL/min, Hz: 25 mL/min,
£ 550°C T R4 30 min;

3) AR B H Ny: 50 mL/min, ¥E AP FHE
ZF 700°C;

4) AT E K Na: 50 mL/min, Hy:10 mL/min,
WAL A MA: 20 mL/min, 7E 700°C F XM 130 min,

5) IAERE A Na: 50 mL/min, ##IZE 100°C
KT, Bt MWCNTs #RHE.

¢-MWCNTs M#l & FHE#T: ¥ 1 g
MWCNTs DA BEESHE, SRS MMA 100 mL 9 mol /L
WREER, 7E 140°C THEERIR 2 b, RI5LIE., %
%, 110°C T+ 12 h,

1.3 K#ZEHE GO/LiOH LK <-MWCNTs
/LiOH

¥ 42 mg LiOH-H;0 (300~400 pm, Aladdin,
Ltd.) fOAZE] 40 mL ¥ EH 2 mg/mL # GO =5
& MWCNTs KIEW T, RS EEWAL 2 b,
RIEH BB EAE 100 mL ¥R R 248 K
N3E9 105°C fRIE 12 h, HARRHFIZE. BER
HF R 24 h SR ESHBETAEAN, TR
FEX P A Ar EERRFRA, F 150°C THEEL
2 h, KEEEHHESER R &4 TR AZE] 30°C,
RIGLL 2.55 kPa 4r FRHKZER 5 H#IT 10 min
60 min KK R,

1.4 SMFRERIEREITH

KHHABFICEAFR JEM - 2010 Bl
% ST T B MEE Zeiss A F#Y Merlin &
SR SRR R FEITME T, XRD EIEH K%
{d I fEE £ & 52/ 7] (Bruker)D8-advance X 52845
S, AT B A k. R HZAH L
AT Z-5000 B FF IR TG IT E G R b
REERBTEEMT. SRERNERE 30°C MEMH
T RN TR (LFA 447 Netzsch Instruments
Inc), ENHERIEM EFEME NETZSCH AR £ H
STA 449C I E - ZHMT U LEMe, IR
4 7 No AT, BL5 K/min 3R M 303 K F
RE 443K, K, FERMEAER 5~10 mg, N2 #
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i (B 2(e)). HUFER, FEFRBS EIEEL I RAE
R AlSH LIOH-H,0 7 GO L thik &k 27.9%.

4 20 mL/min,

2 R Gk

2.1 KR/ SR LEESHENRTIT

ME 1(a) B XRD EFTLATEMWE &, &
B X STV RATS 20 FRER Y&, 30.1(011),
31.9(101), 33.7(220). 35.0(130) iK% 37.0(—121)
(JCPDS 25-0486), JEHA T Br& ML & G AR E 54
LiOH-H,0 # C. ;\ - MWCNTs/LiOH-H,0 #§ XRD
I ST R R B RE R BRI Bt (B 1(b)). B
4h, B 1(a) ASEE (002) I 106° ALBET
23°~24°, X ZFEAEKBEEG RS REF, W4 GO
LR ET B Y, i c MWCNTs HRE%&
R,

‘ I GO
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B 1 (a) GO/LiOH-H20 5§ GO LK (b) e-MWCNTs/

LiOH-H20 # XRD 3£

Fig. 1 XRD patterns of (a) GO/LiOH-H20. GO and (b)
¢-MWCNTs/LiOH-H20O

Hi SEM By (B 2(a). (d)) FTLAEH, A3CHI &
iy GO P4 SRR A B ILZE ), LIOH-H,0 /Y
FBFFRAERABRBERE VB RIE, SRHN
ey GO MtLgmE (& 2(b)), LA EEE]
HARTE 5~10 nm BIHRGRIOR I ST ARTE GO &

= A e Chmr===d B
B 2 (a) GO, (d) GO/LIOH H20 5 SEM EZLELE (b) GO.
(¢) GO/LIOH-H;0, (c) c-MWCNTs, (f)
¢-MWCNTs/LiOH-H;0 #§ TEM E#
Fig. 2 SEM images of (a) GO and (d) GO/LiOH-HoO; TEM
images of (b) GO, (e) GO/LiOH-H20, (c)c-MWCNTsand (f)
cMWCNTs/LiOH-H>0

AFTER, BAA 8GR —MTESEME,
“HBRFEE R MWEEFER RN RS ST,
R Y GO L HKEYELKIIER LE &M
IR, B —FRUTERNEH TR T
B&& N REKFETENZE, X2H THELE
BIHRTARE, BENRESTREN . E
RENKEH & EHEAFE, FrUEAn BT
LIOHH20 EytE—FrIE iR 2 a8k . Foh, ML
Bl 2 iy TEM B (B 2(c). (f)) TREH, R
I -MWCNTs HyRB RIS IR AR BN, (2
RAMFEBAERH BT, B 2f) fEREE L
ARERERRSEH . RITELHRELHINIETE
MWCNTs Rl 5| A S ZEA, R R
1% LiOH-H,0 $A8AE - MWCNTSs 3R1H . 7ERiRL
FERGUR, AT S R B AR BREE A R
KEPEEAST M BE B E S
2.2 PR/ EEMER EMHNLFEER AR

i

A5 ¥ LiOH-H,O 1 GO/LiOH-H2O Ry{K
EALZ S RAEREHEAT T 8. BB, WK 3(a) BF
7, LIOH-H,O #yEREEKLN 1460 kJ/kg,
KRS LM 60°C FFHERFFFIRT 98°C, X
HWRE LiOH-HoO 1K IR = % B & 377 T iy B T A
FAEW M. SRR HHAE KA A L 57
HfE, LiIOH 5 H.O MBIV RIEHRIE, 1
h LR 35%(& 3(b)). [FAEF, LIOH Fdh
1 hKE KL IEHIRERE S RS T 511 kJ kg, XAEH



12 #

BF B 0RE/ LA ET SNSRI & AR ET R

2515

)

o
o

Rletive mass change /%
DSC/(W/

80 120 160 200
Temperature /°C

(a)

10k

Rletive mass change /%

—1.0
200

80 120 160
Temperature /°C
()

& 3 (a) LIOH-H20, (b) &3t 1 h KERNISH LiOH, (c) &5t

= 40.0
U
on =
g -0.5 20
- =
Z 140 =
<
g —10}F ) %
4 1.5 &
E 2
~ 2.0
20— i L 1 2 1 ! 1 =35
40 80 120 160 200
Temperature /°C
(b)
0.4
100k i
= 102
S o« .
g T 0.0 22
S ' =
2 80k 02 =
= ()
g %)
0 04 /A
2 85F
5]
~ 0.6
S0}
I 1 I 1 0.8
0 40 30 120 160

Temperature /°C
(d)

10 min KGR E# GO/LIOH, (d) £ 10 min K& RN EH

c-MWCNTs/LiOH # TG-DSC fi£k
Fig. 3 TG-DSC curves of as-synthesized samples: (a) pure LIOH-H2O; (b) pure LiOH after 1 h hydration; (¢) GO/LiOH after 10
min hydration and (d) c-MWCNTs/LiOH after 10 min hydration

AFT LiOH+H,0-LiIOH H2 O FEFFEHBE R
RBNH.

& 3(c) ¥ GO/LiOH-H,0 E & # ¥ 10 min K
GG H TG-DSC MLk, fELIEHH S S /R
HERTHIL T, S BIRE N B T U R RE &
BEARCHIAR FH B 1980 kJ/kg, T -MWCNTs 1EiX
FE R EEE N 1253 kJ/kg (E 3(d)), ThEELATAK
AR SR RN T LiOH B9 7K & e B R 3
B, —JH, GO fFERBREERREHYARRIEE
HATR EK FREMERARERS, J—7
B, #F GO RWEAEMEAER 22, KA
#457K 5> 5 LiOH Bk — P 2f N R . [
£, BFEKERN MWCNTs A RIFEYL K> T 5
LiOH BRI Wt B ik A, #RT T HSR T A
AL A E T kA, BTA ¢ MWCNTs/LiOH
7E 10 min K& R J5 HERE & BEARXTBAR. 5,
SRIKKIPIRBRE AR T LiIOH-Ho0 Hy7KA# R UL
IIRETEE, DSC #h4k B3 ry i 58 X BUERT T X
— & (& 3(c). (d), HBE—#HZ, GO/LIOH-H,0

H PR AFAAX T LIOH-H0 BIREF T 27%, MM
c-MWCNTSs 1E N B T 2 S AR T8 B UY
N 1% 4), EARER M T - MWCNTs EEHI LT
BE AR R iy 2 P RE SZ 1A
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Fig. 4 Thermal conductivity of LiOH-HO, GO/LiOH-H0
and c-MWCNTs/LiOH-H2O
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