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Two-Dimensional Montmorillonite Nanosheets Encapsulating Paraffin and Its Temperature
Regulation and Heat Storage Performance

WU Limei, WANG Ye, LUO Mingyao, LUAN Yi, GE Yiran, TANG Ning, WANG Qing
(School of Material Science and Engineering, Shenyang Jianzhu University, Shenyang 110170, China)

Abstract: The phase—change energy storage materials are used in the field of building insulation to achieve a purpose of transferring
peak temperature loads and reducing building energy consumption. Well-dispersed two—dimensional montmorillonite nanosheets were
prepared, and the energy storage material-paraffin was encapsulated via the adsorption on the surface of its pores (cavities) to form a
thin shell structure. The effects of paraffin concentration and cetyltrimethylammonium bromide concentration on the montmorillonite
nanosheets and their encapsulation were investigated. The thermal storage properties of the phase—change energy storage composites
were analyzed. The phase—change energy storage composite material was applied to the building insulation board, and the mechanical
properties and heat storage and temperature regulation performance of the phase—change energy storage insulation board were
examined. This composite material can effectively improve its thermal resistance, delay the appearance of peak temperature, and
improve the comfort of the indoor living environment, while maintaining the mechanical properties of the insulation board. This work
could provide a guidance for the development and application of novel building energy-saving materials.

Keywords: two—dimensional montmorillonite nanosheets; paraffin; phase change material; thermal insulation material
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FiEPARE NN, #RIE T PW H CTAB HIKFEZLL
XA MR A PERE I R AL, DASRAR s ik e
2D-MMT/PW A f# R A PRMILAL I i) £ T2,
FHXF 2D-MMT/PW TERZAK S BR A CRIUGAR H 1 3
PEREREAT T HH9E. &5 R IR, 2D-MMT/PW E &4
REEA RiFmgsmise e aiiaett, sevsclin
FEVEAE ff B R, P m TR IEAR O FABH, S
RESRAL T I A AR

1.1 Eéet

MMT, EZWI MRS A, PHE A HRE
FOA 80 mmol/100 g; CTAB, 4h#réli; PW, 1AM
26~30 °C; IKIIHII, BEL 3.3, LB HCN 26%:
Waky, EEROTARIRBEA, KAt 0.3~120.0 nm
(P42 dsg=17.66 pm, doy=60.73 um, dy;=79.27 pm);
Ak Bk, HERUSE 80~100 kg/m®, Kife 1.5~

4.0mm, WKE<10%.

1.2 HEHE

1.2.1 SRR GUK A ] % B 'E 200 mL
WEEN 15 /L 1 MMT BB N BERrH, H7E 60 C
MR, K HI-6A BIWLfi iR 24 ho
MMT ¥ 2 5 RHGE AR HH 7E-20 °C 21 N ¥ Uk
24h, SRIGTE 20 C Ttk 24 ho BRI 52 4] MMT
TSN FE I GO, In#E 60 °C, HdkAT
FAEFE 0.5he RS L 5 000 r/min [¥)33 & B0 5 min,
IEW R EFE AN 2D-MMT.

122 2D-MMT/PW HAEfERe R A BRI 3%
AN[EHRE ELFREL CTAB 1 PW, YA T 20mL To/K 215
Wk 1R HECE MRS ERS 2D-MMT ¥
WA FFIE 60 CHMF FREII9HE 2.5 he FidETE s,
L 10 000 r/min FEHE B L 10min. K5 B0 5520 T
JZREATRN LGI-10 LA THEPLF, E2 T4 24h,
SAFHIRI R A 2D-MMT/PW AHAS ik RE S SR

T 1 AEEPW)S+REE=ZFERIRCTAB)RIKELL

Table 1 Paraffin wax (PW) to hexadecyl trimethyl ammonium bromide (CTAB) concentration ratio

. -1 . .
Concentration/(g'L ™) Concentration ratio

. -1 . .
Concentration/(g'L ™) Concentration ratio

CTAB PW (PW:CTAB) PW CTAB (PW:CTAB)
2.5 7.5 5:15 7.5 2.5 15:5
4.0 7.5 8:15 7.5 4.0 15:8
5.0 7.5 10:15 7.5 5.0 15:10
6.0 75 12:15 75 75 15:15
75 75 15:15 75 10.0 15:20
10.0 75 20:15
123 FARREARMEE  HEECN 3.3 kI REFHESEEE .

B WA AR L 1:4:8 HIF RIS, R
J3-5 BUOK PRSP SRR RE IS 5], i 28 BB Bt e o
JEEEM R SRR BRa DL 101 B R IR AR
A1, IMNASTA & E 1 ) 2D-MMT/PW AHAZ fif i
S0 BN 100 mm> 100 mmx100 mm £ 250 mmx
150 mmx100 mm fE A1, FHH 2D-MMT/PW i
BB HN 0% 2% 5% 10%. 15%. K
YES-2000 BUJE F7HL, LA 2:1 AR b R 28 R, it
WS, 7E 80 ‘C 264+ T 7797 24 h 733 100 mmx 100 mmx
50 mm 1 250 mmx150 mmx50 mm A28 K 2 Bk
AR (2D-MMT/PW-PL). [ GB/T5486—2008
CTCHLAE Joit 4 A0 ] R 36 77925 DU A A CR R AR T
JE. PiirsefE. 20 GB/T10303—2015 (k2 Ek
FAIAGH D) PIARAE, A AR GRORAR T AR
TE B ARIRAR AN T 15 cm AELL 300 W HIXT HIASADL K
FHOGHR ST, R testo 885 ZLAMMIEAL T S AR IR M N

1.3 RIEFE

KH D8 Advance ! X HHERATHHU(XRD), TE
30mA 40 kV R 724 1) Cu-K, 58 5 3 Wr Ak 25 44
SRTAIEIPE . f#FH Nicolet is5 Y Fourier ZZ 41 4h ik
A(FTIR) LA S S e B i R A 55 A e ] %
F Merlin 4434 FE ¥ AR (SEM)TE 10 kV hig f
T KRR R MESEAT /07, R X-Max N20
BYREE A (EDS)X FE i (1 0 2R 21 i e B st AT 0 #r
K H DSC-Q200 A 2R3 ## S H (DSC)XT ¥ i AR AH
AREE . AR RVERATIE; @ik TG-209-F3 #
FHMHRS(TG) TR b (1 #f e PN L A T I E

2 GRSk

2.1 HETMEEEASVMRIEARRA
K] 2 4 PW Hil CTAB ¥ LU AN [A) 2544 1 1) 45 1)
2D-MMT/PW ] XRD ##, S F1(001)[H #7450
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20 9 7.16°, 1R¥% Bragg J7#E 2dsinf=ni (FiH: d N
FEIEEE; 0 NS A AN X K, 1=
0.154 nm; n NATHF R EL n=1) 7T LU H MMT [£1(001)
T AR A 1.23 nm; Sl PUMERE . AR
TEIAFE 7 BL B S, 3R13 ) 2D-MMT 1))z H]
FEIEINE] 3.64 nm (20=2.42°). XK AF it E
DA van der Waals /3 Fl# B 73X 28 5945 ) 7344209,

TENUBRIE A FA R ARG i FE . MMT [1)2
[ 7K o F o R A MR AR AR K R )2 5 J2 2 [R1 1)
R, SET 2 ANESN) MMT # 2 8] 1 8] 1
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Fig. 2 XRD patterns of PW, CTAB and 2D-MMT/PW with
different concentration ratios
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X PW Il CTAB ¥ % LA R 2644 T i1l 4% 1) 2D-MMT/
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Fig. 3 FTIR patterns of PW, CTAB and 2D-MMT/PW with
different concentration ratios

% 2D-MMT #4577 SEM 73#7, 45 R 4a
Fi7n, 2D-MMT EEZ28 5 nm, J5FZ1°4 400 nm,
ELH B B K B 4 2D-MMT/PW B & 41
AT T SEM-EDS 43 #7, Wil 4b 7~ . PW. CTAB
1 2D-MMT M EAFH R EE—E, RF208 10 um
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Intensity
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Energy/keV
O

(b)

Element Mass fraction/%
C 36.4
O 33.6
Mg 1.4
Al 6.2
Si 18.1
Ca 0.2
Fe 1.0
Br 3.1
Total 100.0

(d

K 4 2D-MMT (a)fl 2D-MMT/PW (b, ¢)i] SEM #il EDS i
Fig. 4 SEM images and EDS spectrum of 2D-MMT (a) and 2D-MMT/PW (b, c)
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. HIEFE, M PW IRERIKE, 2D-MMT X}
PW Mgk EE D, SR RMIEAVERL MR,
W PW BRI i 2 AT . S8 PW
(S Pr AR/, ik RIEHE. Bl 5a h PW
TP AS ] 1] 46 1) 2D-MMT/PW ) DSC %k, 4
PW 1 CTAB WKL A 15:15 B AIAS kR &4
BEAA S KA VA 89.86 J/g, M A AR IR T
9 26.34 °C, LB PW [IKEEN 7.5 g/L, 1 RXT
CTAB ¥ & X5V #AAE I 52 i R4 JEA T IE 2

5b N PW WKFEZE%E . A[A CTAB K 41
T2 1) 2D-MMT/PW 1] DSC #i2k. P& CTAB
WREERSE N, W IE RN ERIES, 4 PW A

CTAB FIIRFELL A 15:8 I, B B KA HAVE.,
9 102.80 J/g, Xt RIFIARARIRFE R 26.48 'Co HJH A
IH458 CTAB & &/NT 2D-MMT JZ 8] BH & 7,
2D-MMT *f PW HE7GEbEE CTAB B3N
e #RM, CTAB MA &l KK, CTAB 7ikfE
2D-MMT R 2, X PW 1IEEH AR,
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6 9 PW 1 CTAB ¥ B LLAGIAS [5) 2 A4 T i) %
(1) 2D-MMT/PW 1] TG HiZ. PW M 100 CH4h 5
fit, TE 275 CHI5E45rf#, PW Al CTAB HIIKFELL
9 15:15 1 15:8 5, 0 BAAHH A () %5 . PW H1 CTAB
f£ 195~280 CItf, AR FE. B PW
Al CTAB [# it 2, 1HEASH PW Al CTAB ik
FELLN 15:15 I, 2D-MMT/PW H PW [ & &4 A
20%~30%; THWFEELL A 15:8 I, PW HEELA
35%~50%. 4 DSC HIRAMESE R, 9 PW 5 CTAB
WL 15:8 I, 2D-MMT (ISR EE iR

7 J9 PW JEAEHT PW.CTAB IR L 15:8
Z1F R % 1) 2D-MMT/PW FIASfk e SRR
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15:15 89.86 J/g 100
10F 8:15 47.86 I/g 20%
10:15 49.72 /g 80 - 35%
~ 12:15 51.37 J/g 1% 15:15
o < :
% o N:15 35.08 J/g 20:15 89.00 J/g *\ g 60y 15%
= —— £ 15:8
b  4of
T 8:15 47.861/g p=
10:15 49.72 Vg
12:15 51.37 J/g 207
o s g0 195-280 N cman
: . / - TS y——
| 15:15 89.86 Vg | . . . . W
0 20 20 60 20 100 100 200 300 400 500
7/C 7c
@ Kl6 PW. CTAB FIRFEELLAFEK 2D-MMT/PW 1] TG £k
Fig. 6 TG curves of PW, CTAB and 2D-MMT/PW with
w0l different concentration ratios
1515 W86)g 1E 40 CAM RGN/ 15 s 5, ZRTRE
— \ 15:10 10030 J e A e e
& 15:20 69,71 Vg B FEMMA 30 s B, EABBRIKA. W
g a\ 2D-MMT/PW EEMEHE 40 CIERFE RS —H
3 N N N ML ™ V. 2 |
2 I BEEUREE M, FARRIMRE, TR RE AR
3 15:5 6245 /g FaEtE R A, ik, 2D-MMT/PW & —F A4
15:20 69.71 1/ . N W o N N
15:15 gg_g(,]/g FeoE tEAI RS E MR G RL,  RERE A R B
—10 F I VilL M
15:10 10030 J/g 1k PW it -
0 20 40 60 80 100 T P e S .
c BT TR R E M, B8 N 2D-MMT/PW E 544
®) KR HIEEAR) DSC #iZk. 2D-MMT/PW 25

K5 ¥k HEAS %) 2D-MMT/PW [f) DSC il 2k
Fig. 5 DSC curves of 2D-MMT/PW with different concentration
ratio

<2 PW F1 CTAB KE LA [EH] 2D-MMT/PW K DSC #i#E
Table 2 DSC data of 2D-MMT/PW with different concentration

ratio
PCM samples MeltiAng Freez‘ing Latent heat/(J-g ")
(PW:CTAB) point/ point/ Solid-liquid ~ Liquid-solid
IS melting freezing
Paraffin 28.0 169.64
5:15 35.08 31.38
8:15 23.57 23.26 47.86 38.89
10:15 23.37 23.08 49.72 39.96
12:15 23.94 23.04 51.37 41.48
15:15 26.34 25.09 89.86 76.30
20:15 25.88 25.16 89.00 75.29
15:5 25.40 24.13 62.45 58.03
15:8 26.48 24.80 102.80 87.99
15:10 26.25 25.21 100.30 86.04
15:20 25.16 24.36 69.71 57.56

FHRHOWIEATE HE N 102.801/g, 4 20 INFAAH)
PEIRJEAE N 102.76 J/g, 28 50 YRKINAR/ A ENE IR 5 i
A TFFEE102.37/g, AHARERENIRD T 0.418%.
DL ESE SRR, 2D-MMT/PW &0k BEA BIFH
AFE VERIERAVERE, RS AR IR AR A R
SR A E
23 MHEEEEESMRIRAMEE

HiT SCIR I 0 &G AHAR AR R AR AN 2 R 1)
WA, WEW] 2D-MMT/PW E A KU 6k A fig
MEaENE, JEWIE T PW 5 CTAB WIStk E LA
15:8. Nk, BHBNMEBZIK 2 B IR,
X AHAR B2 22 B s GRa AR 0 1 REREAT T 7T

K1 9 2 2D-MMT/PW 8 i A [5] B il 4 1 L
R IPLEPLHT R, PRIRARR ST 258 100 mmx
100 mmx50 mm F1250 mmx 150 mmx50 mm. [EKkZ
BRA R PR ERE 2D-MMT/PW 1]
B =R nm b AS. PRIRAR BRI A PR R R
0.64MPa, PIHTHREN 041 MPa; 4EEMEIB A
5%Itt, FUESREN 040 MPa, HiHfTHEE )y 0.29 MPa,
SRIESHIRIET 37.5%M1 29.3%, AR L E K bx
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(a)PW40COs (b) 2D-MMT/PW 40 C 0's

(e)PW 40 C 30's () 2D-MMT/PW 40 C 30's

K7 PW 1 2D-MMT/PW [#8 5tIK &
Fig. 7 Ultra-depth-of-field images of PW and 2D-MMT/PW

1.0 0.50
1time 102.80 J/g 09} do4s
10k Endthermic 20 t@mes 102.76 J/g & oslk '
process 50 times 102.37 J/g § : — 1040 £
0.7
T 2 06 1035 %,
° 8 o
z i 2 05F 030 £
T il G 04f -
g g H025 E
= g 03r — > 5
2 g 1020 &
S o2t
Exothermic 0.1F -0.15
1oL process . . ‘ . .
0.0 0.10
0 2 5 10 15
L 1 . 0,
20 20 50 Mass fraction/%
e 19 RIS i 2D-MMT/PW {RIR I e 5 B4 9
K8 2D-MMT/PW HIHIEIR 2% Fig. 9 Compressive and Flexural strengths of 2D-MMT/PW

Fig. 8 DSC curves of heating/cooling cycles. of 2D-MMT/PW thermal insulation material with different contents
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{fE GB/T5486—2008 (oAU o 4 #auiil it 1k 56 J7925 )
PR PUHT 98 E 1 EL R (B 5 =0.40 MPa,  Hitdlt
BEFE=0.25MPa); UEEMEHBEA 10%M Hi k51
J£4 027 MPa, FtifrsmEoN 0.22 MPa, 555 T
BT 57.8%F1 46.3%, LA HUEDIHTHE LA R
Wi e EARE R . LR R T B R R A4 T
2D-MMT/PW & & WPRES AHAR CRIR AR AR} a] )
Tl . R LA e i 2 R s pH BABE,
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