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Preparation and Thermal Performance of Nano- Graphene Oxide /Mirabilite
Composite Phase Change Materials

CHEN Fenglan', LIU Xin', TIE Shengnian', WANG Chang'an'*
(1. New Energy Photovoltaic Industry Research Center, Qinghai University, Xining 810016, China;
2. School of Materials Science and Engineering, Tsinghua University, Beijing 100084, China)

Abstract: To solve the problem of the shortened cycle life of phase-change latent heat storage due to the large subcooling degree and
serious phase stratification of mirabilite phase-change materials, a graphene oxide/mirabilite composite phase-change material
(GO-MCPCM) was prepared with Na,SO,-10H,0-Na,CO;-10H,0-NaCl phase-change composite as a matrix and graphene oxide (GO)
as additives. The microstructure and properties of GO and GO-MCPCMs were characterized by scanning electron microscopy,
transmission electron microscopy Raman spectroscopy, Fourier transform infrared spectroscopy, X-ray photoelectron spectroscopy, and
thermogravimetry-Differential scanning calorimetry, respectively. The results show that the O/C ratio in oxidized graphene oxide is
increased by 65.75%, the structural defect level is increased from 0.224 to 1.088, indicating that the oxidation—treated graphene has no
agglomeration phenomenon and has good hydrophilicity and compatibility. The crystalline phase transition temperature of GO-MCPCMs
is 23 C, the degree of subcooling reduces to 0 ‘C, only sodium sulfate decahydrate releases heat, and the crystalline hydrate is
Na,SO,4-10H,O with a grain length of approximately 2 cm. The maximum latent heat of GO-MCPCMs crystallization at a mass fraction of
0.075% is 156.7 J/g, and the attenuation rate of the latent heat of GO-MCPCMs crystallization at a mass fraction of 0.075% is 4.3% after
500 solid-liquid cycles. Therefore, the addition of GO can improve the thermal stability of the mirabilite composite phase-change material,
and graphene oxide/mirabilite composite phase-change material prepared has a good thermal cycle stability and a long service life.

Keywords: modified nano graphene; improved Hummers method; mirabilite composite phase change materials; structure and thermal
property; cycle stability
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0.72 °C, HACAR R S AH AR A ) P A AR UL P A AR
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1.1 #HmblE
L1 GRS A S0 ] 2% DA K A 380
(Nano-G) A Ji kL, KA it Hummers 72 il 2 40K 41
b S M (Nano-GO). PRI : 7 AlFk=E 3 g W)
Nano-G [4l (i & 53 0)>95%] K28,0s+ P,0s(43 T
an e TR G, AR )E MR AR R DI 12 mL HySO4,
BIRAGIRR R PEE, 78 80 CHI/KIBEHINE 4 h.
SRIGIIN 1 L 280K AGRE . k. Peik, fJaRIH
ToK CBEHEAT WRGE AT, 45 B IR 2 7 7R L A
80 CZAF NHE 20min, . 76 RIRTF R 177 5
I 80 mL ¥ HoSOs, A HHHR A - TREFIKK
%, AR RO EZIKINEETINA 5 ¢ KMnO,,
BRSSP . PR A S 25, KM 2h. BiJS,
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JEIAN 14mL. BE/R 73404 30%01 Hy0,. FIH HCI
W HCI K R =110 R BT 8. Vs, H
)RR RIS R SO, BRI EHE R 1)
AN AT IRIER & A B IR A K AT
HIHE, L5 DHl&RREPRES A B0
I 30 mL [ ZER/KAE H o Bl S, 8
PO 2 he SRIEH I BIF AT A R T8 28 he
P AT R ERBEHLEREE 20 min, HZ N 400 r/min, 75
Fl| Nano-GO.
1.1.2 gk A SB35 5 A AR 1
% WAERIR YUK E AN A 4% (Nano-GO)/ P2 il
BG G MR

1) DAASR L VE Fi B 75 ¥ Na, SO, 10H,0:
Na,CO5- 10H,0 Jii & Hh=9:1 T-hgIE &= A M2+ Bk
FONFA, BUZMAZME 10g TEMF, BInE
IECN 4% R Bh IR, TR BN 4% 1) %
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FIBIRD, 1E 45 CHAMF MR AR, B
5mL Z&TH/KAT HAHAR AR SRR o 56 i i, R4S
AHAZFE 5 1Y NapSO4- 10H,0-NayCO;3-10H,0-NaCl =
TCAHARM BMA R, I NFES PCMSs.

2) HEREEE DTN E A AR R IR 30 C
PLE, 23 Al mAAS [R5 & 43 %0(0.025% - 0.050%
0.075%- 0.100%)[] Nano-GO, 23 15 min /14
I, FAE 100 W DI A ED 60 min, LR
ER AP o B E 1, FRIRGOK B A S0 1 4]
%, 437 Nano-GO/T: i % & A #1748 £ kHGO-
MCPCMs). % ik PEHI43 GO-MCPCMs 737
1L AFESD PCMs-1. Fff PCMs-2. #£ i PCMs-3 Al
FE i PCMs-4.

WK 1 ke GO-MCPCMs [ % L 2R E K.

—>Ox1dat10n Ball milling

Ultrasound

i 4

Melt by heating at 45 'C
Ultrasonic dispersion

GO-MCPCMs

Bl 1 b GO-MCPCMs fil # L2 /R K
Schematic diagram of the preparation process of
sample of GO-MCPCMs
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FIH ISM-6610LV A 49 i # 7 & il 5% .
JEM-2100F 2437 5 ¥ A48 . D-max2500PC % X
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1%+ ESCALABX ML IhfE X HL&JeHFREIE1 4>
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MARIEFE 20 °C . FIFA TPS 2200 %4 Hot Disk #4i %
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S FZS DR 2 it P AR v i, AR 2% A
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Fig. 1
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Nano-GO/ 7 fiff 3 & A A0 A8 MR #E 2R A e pE )
RUF - K GO-GSPCMs £ i B T A A I 2% il 7K
BAE T, W B SRR P N IR 45 C (A
TIERREE), ARy 30 408, #AThEN
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ATHEA, RECEKER . FEi Nano-G HFE
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WE B G Hummers Vi 25 B i Nano-GO HA B
PRI 2 E o B RE ff Nano-GO H SRR A — A
TYE) SR IE, 2 S AR RN Ly, @it
5 Raman Y6l D W65 G W3R L In/lg 3k o] LAY
Lp 347 € v MR SCk[20145 2 (D) A1) I
AT TARSL, b ECNBOGRERE 532nm. AFE 1
HESERGH n/ls, BEE Lp BN, SR
FACAL BRI (AR S Nano-GO B 25 B B B K TR
AL i Nano-Go
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G
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Table 1 Calculation of defect density of samples

Samples LD2>< 104 /nm? npx1 0 2/cm™
Nano-G 31.2 1.72
Nano-GO 6.43 8.28

Nano-G
1,/1,=0.224

Intensity

,1;‘ \ ,v;:'.
T /1088 I\?nO-GO

1 000 2000 3000 4000
Raman shift/cm™

K3 FEM A Raman Y6

Fig.3 Raman spectrum of samples

Kl 4 LS Nano-G FIIFE 5 Nano-GO ] XRD
W, FHE 4 LIRS, RS Nano-GO(002) ffiT 5 g
EREE 20 v 11.8°4 4, i W7 B804 S5 OB S T
GER R AR, EACABRAT AT A S50 1 J2 (R BEAE K,
JZIA]FE B R 0.695 nm B K F 1.631 nm, 15845
(LR IARNE K, & AR R R i N B0 2GR E,
B B IE KM, IX 5 TEM HRAESS RIEA
—H.

(002)

Nano-G
Nano-GO

Intensity

(002)
Nt . (004)

e
g

1 1 1 1 | 1
10 20 30 40 50 60 70

200(°)
B4 FEAETXRD i
Fig. 4 XRD spectra of samples
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I 5 TTLAE Y, BB 3 430.44 cm ' 4 58 11 55 1)
I —OH AR IR, 2 855.07 cm ' I
292523 em ' 43R AT SRR IL GO B R R 1 (1
C=0 B MZEIRENIE, 1724.50 cm™' y—OH #1)
25 iRz, 1580.60 cm ™' A1 1402.03 cm ™' N 5245
RGN LIFIEN C=C B 4ikahig, LA MN
OB JE AR A S5 M5 OR R T C R A R 7S TG 3R
Ighte, S90RABGHE, 9PREN A SBmRT
B LrA., RE. BENSE R, Mg
T ESUEGOR A S5 05 ST 2 S S A AR M MR R A
SEEREN.

Nano-GO

Nano-G

Transmittance/%

140203 }°
i 580.61 724.50 \
292523 53430.44
1 000 2000 3000 4000
Wavenumber/cm™!

5 FEA FT-IR i
Fig. 5 FT-IR spectrum of samples
K 6 NFEH Nano-G 1 Nano-GO 1] XPS . H
Kl 6a I UL, KA S8l EELERARCA C A1 0. M
2 2 B4 ] RIAR L AL B (PR i Nano-G 1) C J5i B 7K
SH0 95.78%, O JEFEE/RHCN 10.22%, ULEHFE
B RN AR AR Z2ad AR AL 3L S 1
Nano-GO ] C JiF 73 Hb5 % 60.13%, 1fi O JE¥ /R
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IEOEINZE 45.68 %, MR EEUE 540K
AR A E RN BT IS E S O J5
THIEEAION, HEx O MkEAE AT il A,

B & thZean i 6b Fis . W pos O M4 & Ref
3F, 45l C—OH (529.3eV). C=0 (530.8eV)fll

0—C—O(531.5eV), AtbJG O Ji ¥ 15 B Kl
B FR 2 LA U AR SE T IX — s, U
L FREAL JG IFE A Nano-GO H () C—OH iR
TREERE N, IR A SBIE MR R ) 5.2 £, A
SRR IE M B K M A A R

Cls
ol 02
03
Nano-G
2
5 Nano-GO Ols
R 02
Nano-G
Ol
03
Nano-GO
1 1 1 1 1 A L L L L
1200 1000 800 600 400 200 526 528 530 532 534 536
Binding energy/eV Binding energy/eV
(a) Full spectrum (b) Fine spectrum of O
K6 #Edhi XPS i
Fig. 6 XPS spectrum of samples
2 #H&P CHOKXPS HESH
Table 2 XPS fitting parameters of C and O of samples
Mole fraction/% Fit area/(CPS-eV)
Samples Mole ratio of O/C
C (6] C—OH(O1) C=0(02) 0—C—0(03)
Nano-G 95.78 10.22 10.67 3980.70 2753.59 1143.09
Nano-GO 60.13 45.68 75.97 16401.40 14203.90 21554.03

22 PARENAEH/THESSHETHRNEY

FHETHE AT

Bl 7 AFESD PCMs JRIGAHAS AR IN 5 mL
KT (L 72) /5 LK 76) IR Ao K] 7a AT 70
T LLE B, B0 5 mL 2K G %2 A AHAE A R
SERTEE T, T HZ4 500 WK E -G G H AR
FEILG T EAE . W0 S mL ZE KR I &
TIHUN 0.075%4 KA A 5805 FIFE & PCMs-3 HY
BT KIS NapSO4 45 k(i 7¢ Aim), KER
P 2 em, S5 E L SEM BB A (I 7d s ) W &2
F) VY8 AR B NapSO, 45 d K, 4] 20 A I &
Na,SO4- 10H,0 %5 ik .

K 8 kM PCMs Al GO-MCPCMs MZEIRE
150 C i it 72 A iy it s i e H i dh 26 . B b
Na,SO4- 10H,0 145 57K 2 7 56.0%°4 s 2430 B it 4
R 32.4 “CHY, 1245 /K URIN A NaySO, TE AR
BTHE SRR, ARYESCHR[23], NaSO4 10H,0

FEAE 70~80 City 1 IRTEMLRR 10 M5 fhK. HIE 8
ALAEH, RS PCMs F1 GO-MCPCMs 7£ 70~80 °C
Fe A TR B R  KIAF 58.3%, 42 [RGBl A &
TN IMZE VAR A T 38 G P iR 22, A
RELET NapSO,-10H,0 IR Ef R, Ui
Nano-GO/T= L A AHAZ M Bl Na,SO, 45 fm ik &
Na,SO04 10H,0.

K 9 24 Na,SO, 45 i A& ) Raman it . H I 9a
ATCLUE Y, & BT A AR MRMAR R S BR T
TEAEHEWEA R 450 em™ . 622 em ! T S—O
SRS BRI S—O AT fhikshissb, L0
BT NayS0,- 10H0 I3 1120 em ™' (B 9a Hibx
it 1 MR 9b Bia) A7 AR (I[SOL” T 1
S—O RATFRANGEIRBNE . TERE S PCMs-3 H H BLER
NaySO4 10H,0 —EUHIAH SRR IE AL, R H IR AR
AT BRIFRI[COS™ T SRR AR, B0k 2 iR
JRE) Na,CO5 10H,0 SALEN . BlifS )2 Nano-GO %%
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H, AEATERGSE, 41 Nano-GO/T iR E &
AHAE IR 45 A Na,SO4- 10H,0, 1 HEEANES
FHAR R RAE LS i R R NayS0, 10H,0 ik,

HEH B NayCOs- 10H,0. &ALEN. BiRb AR
I3 Nano-GO TE 1% A% i R BT A R, 58 M
1 %% 1) Nano-GO/T A2k & A AR A R 3 fif 34

¥

;

(a) PCMs,before adding distilled water

7] NaySO4- 10H,0 HIWR TBFAS DL HC 4 7] 7. 1] 9a 1
FRiC 2 #5433 400 em ' AR AE SRR IK HoO )5
MR EE, WE % 1) Nano-GO/T iR &
AHAR R BL 4 A2 NayS04-10H,0. Bl PCMs-3
45 AR Hy0 8% NaySO,- 10H,0 5RiM2R, Al GEJR
DAL A2 17 B ) 2% 1R 25 s A2 A AR 8 60 R R AR R R R TR
T 7&K

(b) PCMs, after adding distilled water

(c) Na,SOy crystal of sample PCMs-3

K 7

(d) SEM photograph of Na,SO; crystals of sample PCMs-3

¥ 5 PCMs F1 GO-MCPCMs [ i JE 50

Fig. 7 Crystal topographys of samples PCMs and GO-MCPCMs

100

80

PCMs-4

60

Mass fraction/%

40

30 50 70 90 110 130 150

Temperature/ C

8 Fffh PCMs fll GO-MCPCMs [ TG ik
Fig. 8 TG curves of samples PCMs and GO-MCPCMs
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(IR R A 28 o P 10a ] %0, £ PCMs. PCMs-1+
PCMs-2. PCMs-3 F1 PCMs-4 %% RliE. B 43 5
27.6+ 33.6. 34.7. 33.2°CHI134.2°C, 455655
62, 5.7, 19.7. 16.5 CH119.8 °C, Nano-GO Hj]
SHR R TR AR AR R 4 Rk N 2 R
Na,SO,- 10H,0 [ 4 fih i & 2 32.4 CPY 2T,
GO-MCPCMs H1 1 fif #1451 Na,SO,4-10H,0 4= HB%
fi#, Nano-GO K5 | WhRIWHAA/ER, 1M Nano-GO
WK TiZE A BGOSR, RONEA 8
W BAWEATE, R TR 4 R
FE TR SR R R B I M A T B A0 SR AT B s e, A
P3P AR AR AR R T B AR AR R A S 1, A
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Raman shift/cm™

(b) Partial enlarged view of part marked 1 in Fig. 9(a)

K9 Na,SO, 455 Raman YGit
Fig. 9 Raman spectrum of various crystals of Na,SO4

- 1 2
= I L PCMs-3 /\
LE | PCMs
Na,SO,-10H,0
P A
Na,SO,
AN ul
500 1000 1500 2000 2500 3000 3500 4000
Raman shift/cm™
(a) Various crystals of Na,SO4
PCMs-4
PCMs-3
35

3.0 PCMs-2

2.0 : PCMs-1

Heat flow/(W-g™)
"

10 20 30 40 50
Temperature/C

(a) Endothermic curves of samples PCMs and GO-MCPCMs

o ————
156.7 /g

o 15080
"[ I V16261
| 15187 PCMs-4
. e PCMs-3

o 136.7 J/g
T -1 PCMs-2
= 2
5 3 PCMs-1
5 4 /
= -5
S —6F PCMs
= -1 . I . 1 1 L

0 10 20 30 40 50
Temperature/C

(b) Heat release curves of samples PCMs and GO-MCPCMs

K10 Ff& PCMs il GO-MCPCMs (1) DSC HiiZk
Fig. 10 DSC curves of samples PCMs and GO-MCPCMs

3 925 ‘CHI 35 CRASHS Nano-GO/T= i &
BB B GERB . R 3 AT, FEA
PCMs-4 4R} 1) #5275 AN [R5 I 5 A Fir i e
Nano-GO #5125 & A A AR M B} A A5 %
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Table 3 Thermal conductivity data of samples PCMs and
GO-MCPCMs with different temperatures

Thermal conductivity/(W~m" K™

Samples No.
25 35
PCMs 0.6101 0.628 1
PCMs-1 0.6340 0.7653
PCMs-2 0.6814 0.8680
PCMs-3 0.698 4 09125
PCMs-4 0.7011 1.0456

B 11 AFE S PCMs F1 GO-MCPCMs ) T— %% .
HE 10b A%0, FE4 PCMs. PCMs-1. PCMs-2.
PCMs-3 Fll PCMs-4 J& Gl HUE 7358 164.64 190.2
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Table 4 DSC related data before and after S00 cycles of sample of GO-MCPCMs
T/ C Ha/(g™) —Ha/(I g T/ C Hol(J-g™) -Hol(Ig ) —H. —(H,)
Samples No. G _H 1%

Before 500 cycles After 500 cycles el

PCMs 6.2 164.6 136.7 53 134.5 97.6 37.8
PCMs-1 5.7 190.2 151.8 10.9 189.4 129.7 14.6
PCMs-2 19.7 189.3 162.6 22,5 164.6 138.9 14.6
PCMs-3 16.5 181.3 156.7 233 167.8 149.9 43
PCMs-4 19.8 195.7 150.8 19.2 150.3 129.4 14.2
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