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Table 1 The ratio design table of magnesium oxysulfate
composite cement(MOS-EP . MOS-EP/C)

B #fiMgO  MgO(ItE  MgSO, il AL A A
Hflwt%  50%)/g 26° Bélg Mg
MOS 0 450 450 0
MOS-5 5 450 450 22.5
MOS-10 10 450 450 45
MOS-15 15 450 450 67.5
MOS-20 20 450 450 90

1.4 Wi 5RAE

Bk iy AL 2% A B K °F (METTLER
TOLEDO,ME104) , Ml 54 2 > +0.000 1 g i i) {ff 5
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R2 AR B UK R IC L 7t 3 (MOS-EP-DD
MOS-EP/C-DD)
Table 2 Proportioning table for magnesium sulfide phase
change heat storage cements

B e e SeBs Ak

MOS 0 450 450 0
TESC-5 5 450 450 22.5
TESC-10 10 450 450 45
TESC-15 15 450 450 67.5
TESC-20 20 450 450 90

MR -5 ~ 100 °C, FHER#H %4 10 °C/min, 1<
JifEh 50 mL/min; F ] HCDR-S il € # BB SR
B, FIEEEVEEN 0.005 ~ 300 W/(m-K) ;% MOS
TECs.EP/C-DD #¥ fif: & Hi XRD-6000 (Shimadzu, H
A BIFFEHHAT 00T . LA Cu-Ka(1=0.154 06 nm) Jy
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Table 3 Thermal conductivity of cement with different EP .
EP-DD and EP/C-DD content

5 MeO 1Y FRARY FRAERY TR
tmﬁw (W-m™K")  (W-m'K™) (W-m'K™)
®  MOS-EP  TESCs-(EP-DD) TESCs-(EP/C-DD)

0 0.502 6 0.502 6 0.502 6

5 04123 0.452 3 0.589 5

10 0.203 1 0.389 0 0.622 5

15 0.101 0 0.301 5 0.7155

20 0.065 2 0.2311 0.5232




51 X I IR B A R B KR B AR R R M RE B AY 67
1.0 1.0
@ . £ ) EP-DD
081 EP-DD  0s- g tp/C-DD
E %
§ 0.6 4 § 0.6 4
o 0.4 4 . o 044 L =
E2 =
02 - & 0.2 =
. I N w :
0 5 10 15 20 0 5 10 15 20

BiE/%

B%

B 1 EP.EP-DD .EP/C-DD & X i S B /K e 5 FA R A 2 )
Fig. 1 Influence of different EP, EP-DD and EP/C-DD contents on thermal conductivity of magnesium oxysulfate cement
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TESCs- (EP/DD) 1) 3 # & %4 /3 i EP-DD 45 & 1y 3%
T R R 24 EP/DD 45 = M 0 34 fin £ 20%
TESCs-(EP/DD) AR 0.502 6 W/(m-K) /]
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BRFEAE S R B2 T R, {H i T EP-DD 5 MOS Y
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MOS [ T AR E . I, G R AR 2 2 A 5 3 R
(7K PR I SUAK BE RS RE, WA Z50NT 52 A A AL 1 ) k17
SR L A ORI A HLE AR EP 26 1R 5k
iy 7 X LR T S 5 L i8S EP/CL 4 EP/C T
f DD 54 A MOS 1, 5 MOS 3¢ %t bk & 88,
MOS-EP/C-DD HJ -5 #4 R BT B A B A, 1 2 b
EP/C-DD # g (iy3s in 38 1734 Ky #ads , % EP/C-DD
Bt R 15% B 358 TR, R 0.715 5 Wim-K) , 5
MOS FE K T 42.4% , YA 7E EP I 2E Tk 0 7

AT AT R g L PR B, R A SR B A R Y R A
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Kl 2(a)>hy 7 KF1 28 KK A[A EP-DD £ & X i
ALKt rEREZ A AR &, I T LR 7
TSI I Bt S B v I B B R BR B Oh 72.12 MPa, 28 K
14 5 24 77.38 MPa, 24 EP-DD # & H 5%. 10%.
15%.20% B, 78 7 K4 8T PR 58 B 4351k 68.21
MPa. 60.20 MPa.35.23 MPa.31.25 MPa, %f tt. MOS
REE, R T 5%.16.5%.51.1%.56.6%, 1
28 K i B R U k9 B A 70.24 MPa., 66.93 MPa,
48.88 MPa . 42.19 MPa, X}t MOS i£F , 5 5 4351 T
BT 9%.13.5%.36.8%.45.47%. Al LLEH, &
EP-DD 5 038 N, B 480 B 7K U8 i B o B 5 1A 2
TR, BB EIKF 15% 5, & POK IR R TR
JFE R MR BE T B, 2 A Rk 3 Y 3 22 Ji DX AT fiE /& EP-
DD ({40 8 B e I T A A Bk PR ik kAt K iy
FE Mk 2 R 25 e Ve R o6 FL T 2 i 25 R K TR
i EP-DD 1 in At 2 B0 FLBR A8 n . 28
KA SAUVEE B2 A A AR K e B R 3 B s 5 1 7 KA 4]
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Fig. 2 Effects of different EP-DD content on mechanical properties of magnesium oxysulfate cement at 7 d and 28 d
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Table 4 Comparison of the effects of different EP-DD
content on the compressive properties of magnesium
oxysulfate cement

o) MOy 7HHUE TR 28 KdiE TRE

HBliwt%  SREE/MPa  %/%  HREE/MPa /%

MOS 0 72.12 0.00 77.38 0.00

TESCs-5 5 68.21 5.0 70.24 9.0

TESCs-10 10 60.20 16.5 66.93 13.5

TESCs-15 15 3523 51.1 48.88 36.8

TESCs-20 20 31.25 56.6 4219 4547
%5 KI[FEP-DD 5 B X S BE K IR BT PE RE R 52 I X 1L

Table 5 Comparison of effects of different EP-DD content
on the flexural properties of magnesium oxysulfate cement

o) fMgO 7RI W%% 28 KA TF%
eliwt%  BEE/MPa /%  SRE/MPa F/%

MOS 0 5.8 0.00 6.3 0.00
TESCs-5 5 5.0 13.7 5.6 11.1
TESCs-10 10 3.1 46.5 35 44.4
TESCs-15 15 2.9 50.0 3.4 46.0
TESCs-20 20 24 58.6 3.1 50.7

TESCs-5 19§t J& 3 J& 4 68.21 MPa, £if & GB175-
2007 FHRERR LR K PN T 62.5 I HERRUE, TESCs-
10 (3R BE K 60.20 MPa, 474 GB175-2007(
REFRER KUY Hh 52.5 AP FEbRHfE

& 2(b)A 7 KA1 28 K FANE] EP-DD 45 5 % Bt 4
BEAR U BTIT I RE R A B AR I NIRRT LB 7 R
4 10 et AL B K Dl R B T R B Ry 5.8 MPa, 28 K
WG M 6.3 MPa, >4 EP-DD B84 5%.10%.15%.20%
B, 7E 7 RIS T Brdrom 2435 5.0 MPa . 3.1 MPa,

2.9 MPa.2.4 MPa, X} [t MOS &A%, B 5w 435
BT 13.7%.46.5%.50.0%.58.6%. 7 28 Kt~
iAo A K 5.6 MPa.3.5 MPa.3.4 MPa.3.1 MPa, % [t
MOS B, 58 B 43 5 T 11.1%.44.4% . 46.0%
50.7%. 28 K& A &2 A A AS 7K U6 B BT 4otk 4 2 ws
=T 7 R bR R B R R,
RFRE R REFSY 7R 8 10% B, P om B2 KR
JETFRE . SIS R T R SE B M ) B
P B AR T A B K e i, RE B ER A
A S BT rom B i B B R B SRR e 2
] ) 8 4t B, P BUK TR IR ER N SS M BAL

Bl 3(a) Ry 28 Ktk A J5 e 0 7 B K 22 Bk A SEAH
ST 5 W MK R 5 AR AR K AN [R5 L R ik i
XTI . 4 EP/C-DD M N 5%.10%.15% .20%
fF, 78 28 KIS, HUEIREE A 72.34 MPa 69.35 MPa.,
54.24 MPa .47.59 MPa, %f lb MOS i+ , i 5 58 FE 43
BIRFET 6%.9%.36%.45%, TEB AR 15% 25,
P iR B A B R R Al 7 R K S TR A SR AR AR K
e WA Y U N SR SRS oA 2 S 737 Sa
SARARKYE, PR . XATREE R TS
R OE 2 2B IR S PUE R R O,
[ 45 B 4K, TESCs-5 . TESCs-10 (470 He o Ji7
4351k 72.34 MPa . 69.35 MPa, £ 4& GB175-2007(3#
FHRERR SR K U8 ) 62.5 14T He 3 B 45 4 ; TESCs-15
BB HE 8 8 54.24 MPa, £74 GB175-2007E FH f:
iz £ /K Ve ) Hh 52.5 (4T 5 B AR 1fE s TESCs-20 BT
JE38 B R 47.59 MPa, £54 GB175-2007 €38 JH £ fR 5
IKIE)H 42.5 BB SR AR
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Fig. 3 Effects of different EP-DD and EP/C-DD contents on mechanical properties of magnesium oxysulfate cement

3% 6 EP-DD EP/C-DD A[al 45 i % i S B K Y 1 A PERE (520 X LE
Table 6 Comparison of effects of different contents of EP-DD and EP/C-DD on mechanical properties of magnesium
oxysulfate cement

EP/C-DD#JE EP/C-DD#i 47 EP-DD #i/% EP-DD$i#f
=] 0,
i it MgO Hefl/wt% % /MPa 94} /MPa % i /MPa 9 FE/MPa
MOS 0 77.38 6.3 77.38 6.3
TESCs-5 5 72.34 5.7 70.24 5.6
TESCs-10 10 69.35 4.1 66.93 3.5
TESCs-15 15 54.24 35 48.88 3.4
TESCs-20 20 47.59 3.2 42.19 3.1

1 3(b) > 28 K A 5 ik £ 78 1 ik 22 Bk A L AH
A5 KB B I B B R AR A K PR AR Rl B m Hi T o
XL . 24 EP/C-DD W48 &8 5%.10%.15%.20%
B, 7F 28 RIRIAT , B4’ 4 5.7 MPa 4.1 MPa,
3.5 MPa,3.2 MPa, X} [t MOS &, bt 5 B 4351 T
K1 9.5%.33.8%.44.4%.49.2% , TEB LA ] 10% Z
Je DU ER ORI T . Rk K 2 Bk A
S TR PR BT AT o B S AR T B A (BRI Tk 2
A MK, FREBEMEZ. XTaEHh T2
AR M k)= BB TR A DU iR B wE
T, [R5 H B AR

2.3 HETKERRDE

P 4 SR A K ISR Y DSC MG Fis L 2
B SR AS EPOKIRTE 28 KRS Aot &

&l 4 (a) it S E K eI 1 DSC B, il LA
th B AR K R AE IR R U 3 AN R AR AR AR 156 H
MOS A SR HAfREUIRE , AN RARB AR, 5 4(b)
St B B TR A S AH AR B UK JE TESCs-5 ~ TESCs-

20 7 28 Rt HIJa i A 2k . nTLUE W B
A RA B A AR I, AR BEK e P
T R ORI R, R A B RSO AT AR AR
TRHGZWE AN, 24 EP/C-DD (K 5%.10%.15%.
20% I AL K 8.97 /g . 18.56 1/g.29.33 Jig .
40.89 J/g , Bk [E A 5 7.65 1/g . 16.23 J/g.29.32 /g |
38.21 J/g, [} TESCs-5 % TESCs-20 45 LR Y5l
20.81 ~38.74 °C, BE IR EETEF hy 4.56 ~ 19.85 °C, 5k
TEHETE I 8.97 ~ 40.89 J/g, BEENEHGEE H 7.65 ~
38.21 /g, ] LA H R B 4 AR K B ] 1 B 5
HOH WA TG BT, AT AR T A A
B 5 SR A AS A BHE T 3K

24 HEBRREATEFOKRENHLZEETESHT
Bt

Hi &l 5(a)H EP/C-DD #l MOS 4% [ 142745 £ ki
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Research on the Performance of Carbon-coated Expanded Perlite-based
Magnesium Oxysulfate Cement Composite Thermal Storage Materials

ZHAO Yuxin"**, DONG Jinmei'*, ZHENG Weixin"?, LI Ruguang'?, WEN Jing'?,
CHANG Chenggong'?, WANG Derong'*, LI Yuanrui'?>, AN Shengxia®
(1. Key Laboratory of Comprehensive and Highly Efficient Utilization of Salt Lake Resources , Qinghai Institute
of Salt Lake, Chinese Academy of Sciences, Xining, 810008, China; 2. Key Laboratory of Salt Lake Resources
Chemistry of Qinghai Province, Xining, 810008, China; 3. University of Chinese Academy of Sciences, Beijing,
100049, China; 4. Qinghai Building and Materials Research Institute Co. ,Ltd., Qinghai Provincial Key
Laboratory of Plateau Green Building and Eco-Community, Xining, 810008, China )

Abstract: The phase change latent heat storage technology has broad application prospects in the field of
energy-efficient buildings due to its excellent heat storage performance, which can improve the thermal
comfort of buildings. In this study, a high thermal conductivity magnesium-based phase change heat stor-
age cement was prepared using carbon-coated expanded perlite (EP/C) , dodecanol (DD), and magnesium
oxysulfate cement and its thermal conductivity, mechanical properties, microstructure, and phase were in-
vestigated. The results indicated that with the increased addition of EP/C-DD, the thermal conductivity and
heat storage performance of the magnesium-based phase change cement increased, while the compressive
and flexural strengths decreased. It was found that EP/C-DD physically mixed with magnesium oxysulfate
cement system without undergoing a chemical reaction. When the EP/C-DD addition reached 15% of the
MgO mass (TESCs-15) , despite the corresponding compressive and flexural strengths of TESCs-15 de-
creasing to 54.2 and 3.5 MPa, respectively, which were 36% and 44.4% lower than those of MOS neat
paste, the thermal conductivity reached a maximum of 0.715 5 W/(m-K) , representing a 42.4% increase
compared to MOS neat paste. Additionally, the melting/solidification temperature range was 4.56 to
38.74 °C, and the latent heat value range was 7.65 to 40.89 J/g. Therefore, it can effectively regulate indoor
temperature fluctuations as an energy-efficient and carbon-reducing heat storage material.

Key words: Carbon coating technology; Composite phase change material; Magnesium oxysulfate ce-

ment; Thermal properties; Mechanical properties



