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Abstract

Microencapsulated phase change materials primarily composed of paraffin and paraffin-graphite
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composite phase change materials were incorporated into foamed concrete to produce two types of
phase change foamed concrete. The compressive strength, thermal conductivity, pore microstructure,
and thermal storage characteristics of the two types of phase change foamed concrete were tested and
analyzed. The results show that an appropriate amount of phase change materials can enhance the
compressive strength of foamed concrete, with a more pronounced effect when using P-G material.
The thermal conductivity of foamed concrete initially decreases and then increases with the addition
of both materials, with foamed concrete incorporating MPCM showing better overall thermal re-
sistance than that with P-G material. Incorporating phase change materials endows foamed concrete
with a certain thermal storage capacity, directly related to the amount of material added.
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1. 5|15

BT, FRIFAEFEN G ORE R 1 E KRR S &1 40%LL B[1] [2]. HAiEid 75%H# 56
FER THEBE A, HAABI IR &3] BN MELEINAR AW, REREFY S, s
217 95%LL b, SRR, SARAE I RIEE KA, B E A AR R A FE L R I B R IR E KK 2
3 f5[4]. ML TEFEMIX BRI AAERIE AN E, LRFREREE, (HEE SRR, o™
X 5 2R3 I AR T TR [S ], SHRFT AT AUAMORL, (B RS ER B AR S IR B R A 1 CRIR R T
iR R 2 P A R R IR AR

it R B 2 = A Ik R T 3 — oy U A YR R TR A B SR P A M e S s A SRR . 2R
ZE[6]WF U HE VR TR LI R RIFRIRR R RS, RN 2R . Be s ), w3 T8 smw st
BRI o 53— PP U R A I NAR A R, (RS B — e B ARIhRE. H AT O K & R AR
RN F g st . Tk e[ 738 AR AP RE R T HbR o] DO =08, Jlb = IR Sl . AR S ik
A DAGE & A B K 212 50 R IE R IR A H 1. Zhang [8125 K HHAS MR 2 W da 55 B T-Hb Ak b, Mg 7 —
FRARASRE (A, FRAK T REBE G EHuE &, b T @A REFE. Kishore [91d X 36 [ 22 /N 7 (AR AR K
AT EUERF 7T, Wi T AASAPRIAE RS AR i (B E A, I IHE 24 0 AR AR AR AT DAk B 2 1174 R
Feo SB[ 10PK AR BIA BRI TRV, iR S AR EPRAC, 108 T B A fR IR R # ke .

FHASMA BRI R Z 0, A AN R B S T B A s S oA 2 o A AR AR PRI T 32 R T 50
AR, SRR A — R ERAR A AIRE, B NI IR L P A e R . S O R IR T 2 Rt
B, FESNHIRBER AT E A . SRR AR ZIEGABMEME NS, RS, 5
PG IR R SS AR N AEE, AR BT, TERELARTE | um F 1000 um (IERTURGHE . Zou [8]4%5 H L1 ¥
HERI R EAR 2.5 um R IR AR TE, Yu [11 P IE )\ S/ 25 e Wt S R MU FEAR AR REHB N3,
REMSELUT B 3 A . B AR — PP R B3R, AR AR A s B AR B TR 1) R 28
REUR BRI R AR, BRI K IR F LR A, R B4R F 57 1B AR AT RS
V50 A [ 1255 FFY 5 R P8 0 PP 77 ) o T A R o B R IR A AR AR AR, A B — s AR
RE I AMEL,  FEAE E B RIS H I FUE Y 85%.
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DL L2 203 B T AR 5 1) & e SR B AR AT, WA A R B N TR VR Gt
LRI LB o AR SOk AR E )\, T SR B SR AR 5 R R R OR [ (A,
W B N R RE L, HRAE A R . TR, AW RIRE L 10 S R WS IR 1
VR s TR S S TAR  h  HA T E RR 5 Hfi
2. RSN
2.1. RIEHHR

ASEES P FH A EMEFE: PO 42.5 SFIERERR HK e K K. AR SRR RN, 7 H
RET A AAG IR AT RIS e R ALI, 7 B R R A TRHEA R A ). A
AR #E(Microencapsulated Phase Change materials f&ii#% MPCM), &%t g2 E+ )\ Ehl i, 7~ H L
T M R RE A TR A & . 185 (paraffin)- £ 55(graphite) & B AH A BHP-G), A& 22 LA 550 B A i il
B PEETT MR R A A A . M AR R ZE(MPCM)ALA I - 1 8258 AP RLP-G), TR 1,
BAAEZHNE 1~2.

Figure 1. MPCM (left) and P-G (right)
1. MPCM (£)5 P-G (B)

Table 1. Some parameters of (MPCM)
F 1. AEETEHREMPCMBISH

Fbt AT FHAR A R FHAR R/ C BT Fi42/um
2 R R E+/\JE 28 170 2~5

Table 2. Some parameters of (P-G)
F#2. AE - AREAHETMEEP-GOBIEH

ity vy AHAZ#A R FHAR IR E/C kT
£ 1E+)\kE 28 150

2.2, KR E

ASCEG P I SEER W A 4 AKUeif R AL AReiiedl. ArdEtEiR R IR, WA Bot
FRAEEE T 5 LFA467 WOL A0 7 58 (H 7 Regulus8100)55 .

2.3. ETRKRBELHEE

(1) MR IR ZE AR B L) % 42 MURIEA) 1.5 g/L, Faifli] 0.4 g/L, 50°CHIKE BRI, FIH
RMMIER IR MR IR 3 FREUKIEF MPCM,  IIAZKVEE R BEHENL, Hi4E 2 min. 7K/
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3 min, REINEARBHE 3 min SERJETEABLE, FEARHETRI AL T IR 48 h JF BTN TR FE T,
Fredp 7d Ja B BEAT HUR SR B, Bl I 2. i RSP IR K AR B L, 5 300 mm * 300 mm
* 30 mm FIFRAERSE, ARl USRS WA 3.

(2) Arsk - e R RUHAR IR BE ) o FR MR 4 BRBUMORE, AR IR IFI(D).

(3) il g AR, AR RS R 1773 M T 3

Table 3. MPCM foam concrete mix ratio

R 3. MPCM SRR B LB AL

ZH 5] yiidan KB/ (kg/m?) K/ (kg/m?3) LI /(m?) MPCM/(kg/m?)
0% MPCM 0.5 600 300 12 0
3% MPCM 0.5 600 309 12 18
6% MPCM 0.5 600 318 12 36
9% MPCM 0.5 600 327 12 54
12% MPCM 0.5 600 336 12 72

Figure 2. Tests the compressive strength

2. Wik ERE R

Figure 3. Test the thermal conductivity spe
3. M AR

Table 4. P-G foam concrete mix ratio

F 4.P-GEKEELO AL

45 KR KIB/(kg/m?) 7K/(kg/m?) M /(m3) P-G/(kg/m®) K/ (kg/m?)
0% P-G 0.5 600 300 12 0 60
3% P-G 0.5 600 309 12 18 60
6% P-G 0.5 600 318 12 36 60
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9% P-G 0.5 600 327 1.2 54 60
12% P-G 0.5 600 336 1.2 72 60

2.4. MEEEMR

FEIERNTE JG/T 266-2011 CATREE L) XHAFEATHUR RN E, 5 R4 100 mm x 100 mm x 100
mm, Z5EMNEGERN 2 mm/min. I EA R TR ARG T 1 SR i B SR X AZTEARI A AR 25356
WSE o FATARADRAE AR R EE L BT IR, AT RO i, BRaRl “ AR, HA BIR R,
TIPSR AR, WA N R B A IR AT, I SR AR VLA TR Ut e PR DRl M B R 8 AR

3. RIEERS O
3.1. MO

A AL FEA BRI MPCM) Z AME A FL R AR, AT EOIR, Kife 2~5 um. ERAFAERAE
HRVF N EEARIRIE R A R — AN RINERIE, BAR 5~80 um, W1 4. HEREGE, R
il 2 I R P R AR AR AN R HL BT, (AR IR TR B rh 2 UM SRS AAAE, I 5, i oamd
PRIRES L TE, WAl LUE 2RO B S A T

P EHT= 200KV SignalA=SER Mag= 200KX WD= 82mm

Figure 4. Aggregate state of phase-change
B 4. HERRERES

0 — -
— EHT= 200kV  SignalA=SE2 Mag= 500X D= 6.6mm

Figure 5. Broken aggregated phase change microcapsules

5. IR RESHEMRE
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P-G A B WA R M R, HEEARRITTRAMIEA N, Z57 10K, B EIRR, AR
REHCR T B T P-G MRS, WK 6. K 7.

10 pm
L EHT=1500kV WD=135mm  Mag= 800X Signal A= SE2 2R

Figure 6. Graphite-paraffin stereotyped
E 6. A% - ABERMR

40 pm
|L| ENT=1500%V WO=135mm  Mag= 200X Sigral A= SE2

Figure 7. Graphite-paraffin stereotyped
7. A% - AERMR

BN T A FAR SRRV R VR T U B FE s e W R TR R S LI R . KD
M ATIE DL, DA ST ) S

X MPCM 4, BEE ARSI, HEHIEE L BWAEAE — e . BEEBEYN, <
FURSTIEHETAL R, BEd, KANVALRST &, LB R . UABINEE B8N 3%, AR
SN, A AREE RS, SAURERBRR . JBER 6%, BEA/NSIL S LD, SFLETE, S
LA EIIE . MIBEN 9%, 2% /NERSHEILVTHE R, [ALBEERERE, BSANEIRAEZ
FOUW BRI, AR RSIVIRFHORIE . MPCM FHAEMEHB BN 0% 6% 9% 12%[1 A TR EE -
WO, L 8.

YT P-G 4, B P-G MEHNEBIN, ANFSE TR BT R I RO & L A 5 MPCM
ML, BE P-G BEMIGM, KEALSH SR, SAUBZHAFEEME, SILEEREEEK, H
AR AR HXFT MPCM 413K, At P-G MEHIBEZ D, [ELFIRS KM A # LR35 5],
JGENRILHAA R B . A P-G MEHS 2RI & LRSI 9, fKikCh P-G MEHS &
A 0% 3% 6% 9% 12%) BT HR o
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Figure 8. Pore distribution of foam concrete with different MPCM contents

& 8. F[E MPCM B &KX RELSILNHIBER

ERPa ISR WOTITmE Mee gEx Sgwins sty SO

Figure 9. Distribution of pores in foam concrete with different P-G material contents

9. 7FE P-G MEHEERAKRBRLSILNHIER

P-G H LA R B SRR (B INA 5%, BRALIESE 13 ]0F 0 R DL iR TR 48 Dby AR A 20
BT RARMA G R AN, BT ISP FLAR AR AN . B R B AR BT RO BRAR, B TR R
PRI T $E5R TR S 1, IS TR BT SBURIRIR SR BT, (ERRAA2], SRRt
R G S

3.2. EREREERE S

XA FARZE R AN [ 35 B I PR TR e T EAT DU SR BE M X, 701 5 L AN LU 3 P2 5 PR A A2 A S
IR R I 10~11, BLEE[14]550F T8 LRI B 40 e 5 BT 6 2 FLRR 6 10 3 KT eIk o AR ST B Al
AR R R i AR YRR B = FLBR R /INRI A, JE TR S MR 95RE
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Figure 10. Relationship between compressive strength and the amount of phase
change material

B 10. UERESHEMRHSERNXER

-~ = MPCMZH.
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Figure 11. Relationship between specific strength and PCM content
11. EERESHTEMRHEENX AR

X MPCM A &, MPCM MBI F T3 58 5T s e, EURIFIE — B AR i Tk g+
Pie B3 REME LA ), 51N B o PS8 RO Rl X S E PRI REM o EU iR S R 4R B AR S R AR S
R PO SR 5 R LLAE, AR SRR moRifEtR. o SMRMBKNSERR, WL
1. FEEZ R, HRIERE L R EZ R, £3EN 6%, HWERER K. /£ MPCM
6%Inf, LSRR, MR TR EE BB R AR R U . EEANBIN MPCM (IR IRR B L 9 1R
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T 144.4%, WSREHRE T 139.7%. MSEIGEE R AT, E&EMB I MPCM A RT3z .

S FE VAR TR TSR B RO LU SR R A A — R SALM A B SRR S ALEE R 5
—JiTHi & MPCM M EFAS B I 2 14 B0 VLA TR 4% - PR 5

A ALEE R RS AL ARG DU IV R VR L PR SR . RAL A RIS AT, RALEERRE, TRAIREE
THPUERE R . MPCM MEERTDEE, SAKEHEGRGRSMMERER, KEFRESEE -
BEFERT, MPCM A2 57K, HARRFFIERIEROR, 8] “WRER” MIEH, (RaRE: L 5% b e s
5. WO T4 RKE, 51 MPCM MRS FLBER R, /NS 5 EERRAR . BT LAAIXAN T
KL, MPCM 5 EHOK, YA TR BE L (5 B R0 LL 3 B el K

MPCM LA 5 1) 2 PR RERE M YA VR L DU SRS . MPCM B2 DL “RESR” MENF1E, 4
FIRAT, REE5 /0. BEE MPCM #MEHS B NS &1 MPCM 2 5 SUKALESSRIAL FK TR A, HikRE
HEE 2 MPCM, ZIERT “RER” BRIESRAME, B KEMIREE, JHRBEE 5 MeE, Mimndt
JEHRIE . MOXATTHERE, MPCM RIS EHOK, R IR I (0 55 5 A EL i )

PR A PR 30 VA T g ) 5 B R e o A S (1) o i DLVEL R VR e R B R R FEAE I AN DR R AR S
5 MPCM (15 8 K RA 2 I s il 45 1, M RAFERES R, SRS TaTm AN R . ik
BERE )R, KR8], BAT @R, N UES LB “RES” MIREARKZ, NS IL
BE 08 A BRI . ISR I0 BRI, MPCM MRHA BB BAE 6% 4 .«

¥ P-G A S, BE%E P-G BRI, R ILGREHBE 2 N, 4505 P-G 4UR A M
BN 10% B0 BE A FIAS [F] EL 5 1 P-G AkE, 1 10 7140, 78 RSB SEK, ASIAEAE A RHE:, 58 /N
FABIRHEIR AR IR, BT IR G IR 2 B AT A TR e 1 ) B

P-G 4IRS T 150 5HAE M RHE B R B35 MPCM 4R, ZpE#E P-G MEHIS
T, SRR LR AR AR . LSRR R R AR WA F T M. — T2 P-G MR A 8 H —EK
SRS, P-G B INE S FLEETE IR E , YR IREE LR, S — T TEREE P-G MRS, 1K)
SATEINBIS), KA, SILBEA ISR R, R IRE LR K.

FH DA _E X PSR Ie Be A i b, T AR PR A AR IR 0 s BEAF . MPCM UTEB R 6% 4
AR R5RE, P-G AMEB R KA. HEMENBEKT 6% P-G APt REES T
MPCM #..

3.3. BRREOH

SRABUETEM MR RMERE R B bR (REMERE 2 ZoRE S H AKX T 0.12 W/(m*K), =&
BERBEAL R T A8 R U ELR AR 0.05 W/(m*K) [15],
A Sz LB A A A B MPCM Al P-G HIRIREE L& 7 H SR AR, FIEWE 5-6 flE 12,

Table 5. Thermal conductivity of foam concrete with different MPCM dosages
5. T MPCM B EiKRELHSARY

MPCM = (%) FHAT(W/m*k)
0 0.3588
3 0.1608
6 0.0689
9 0.0599
12 0.1402
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Table 6. Thermal conductivity of foam concrete with different P-G contents

6. INE P-G BEHKEBRLINERRY

P-G BE(%) SR AH(W/m*k)
0 0.3512
3 0.2077
6 0.2166
9 0.2722
12 0.3691
m MPCMZH %4
o P-GLHHE
0. 40 MPCMZH U\ & i 2k
] —— P-GHH A2

0.35

0.30

SHAREH (WM - K)
o o o (e)
S 50080y
1 1 1 1

0.05

o 2 4 6 8 012
HAMEHEE ()

Figure 12. Thermal conductivity as a function of the amount of phase change
material

H 12 SHRMSETHHSENER
AASHOVRIRIEE L 0 S5 R ECBE A MPCM (195 B I e K, 04 2 5 L0 2.1 ViR i

fiE. WEEER()
Y =0.0051x> —0.0788x +0.3567, R> = 0.9993 (1)

BROZ R BT E, RSB RN 7.73%0 WG /N FHRAECN 00523 Wm*K. 4 MPCM &1
4.082%~11.368%2 [0 FHARBUNT 0.12 W/(m*K), HA B IFRRE R
P-G HE DRI, BEBENE K SRAPERE T &, BEREChQ2)
Y =0.004x* —0.0469x +0.3387, R* = 0.9381 Q)

FIZ BT, EBEN 4.60%, SRR HR/IMEN 02118 W/m*K.

PR AH SR () T IR B S AR AR B B AR, FR R I IR R B R A . AR R BT B
AAHAE A RL SRR BN, KB SIAREOR, BEEMLMEHSE NI SRR BN T
WO AT, Bl AR5 I AL R R L SRS 5 dl s T8, SAUAEES S, R
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FLEEARJE . KPR IMFBERE 2, R KA ER L, "WERAIIERZRN, 3mSR RE0E K,

Jit AR i) i > B LT
M AL S8 B K & i 26T LAE Y, P-G AR S AR B A= T MPCM 4, At MPCM 2 F%)

ST R BT R B AR o (EE P-G MPRHI R B E /N T MPCM 41, T BL 4 AR KL
3.4. HERFRRBTRBEAITHERE RS

IR Z AR IR

BTN

100.00 nm L\\
o, \\ — E£10 nm

.//'/ w
4(/L\‘\\\\ 50.00 nm
5.

SOOnm/

Figure 13. Phase-change foam concrete closure model

13. HBTEFRE R EAER
o S —E O V)

Figure 14. Temperature control chamber

B 14. =R

FEHFESE16]HIE “ D3R BIREATSRES, RRI450. MASMRHRERE L 5EE — R 2 i B 22 R B il
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TR RERETE /N, W DLSE A (O 4ERE S IR EERRE . Chen S5[17]48 HHAHARRE Rl 7R A #IAEE, BRAKT =
P BRI BE A8, T AR 1 SRR BRI ) o A ST 1 B PR, AHARRPR DL E 45 AN
JHEN R EE L, SRR IAEE SIS PP, AR RE N A TR IR T KW AT PEREAT A

DEFUES PR, WL 13, BRI A% TR S AR ST LRI . PR AR IR TR e 0l %
LS AR, M EHBE DRI 0% 3%, 6% 9% 12%. KRR E TR i, WEBRAAREN
50°C, SRR AL RESRAER B N AR, ARG, RISRAER Y 10 $RICEE, B AR
BT 10°CHY, SKIRER. iR I 14, HORAESCRE 30s REE—KIREAE R, SCIRRTK 450 7341, 2
K 5 A A PR E AR AR 2 2 R AR

3.4.1. #&in MPCM 4

MPCM 8N AR Py it BE AR 2, DL 15 MBI AT DU, AN IR AS AR AR 7Y 15
AL 2R — 2T I 2, T TC VS R I IR A TR 2 PR B, 5 0 MPCM (155 Xof I8 F k3 AR A o
2k, 1 25°C~30CZIm#HA —EMIEEEL “G7 o 15 28°C A A A P 3R B b TF B B — & iR
FHIE EE FARIR B B BE G, B AR SRR BTN AR N AT R0, TSRS P I P AR A AR I B H AN AR

BIA M B R AE B2 AR AR S, 2 — 8 R E A, CRRET &, ERE N R
M S BEBAER AR RFIR S, B T &R . IR 2R 7E 28°C e A Rl 3R B i 5 AR 58, B Ik
GRAR 2 ARy 5 XN “IREARAL G o XF 28°C 2 A7 I THIR BRI iR B R B 28 Ak i 6347 204, I
16~17. TEHREZSA0 G W w00 B AR A i 2 il B 2k, 0t T 02 4 B 0 0 T 40l B 20 (i 305 P i 28 11
RUE SN “CTREER G TG USSR s, P s 2 A XIRRN “UR ARG 7 o RN [FIF AR AR A4
B, ARSI EE X (8] A [ #2058 B S B KA AT RE AN, (ER TR sl 5 S5 R AU AR AR ], T DA
e T “UREAR G I XS AEAR (i B AR X (). an ] 16~17 fTzs, MPCM 2 FHEARAZ X 8] Ay
26.6C~28.9°C, FEIRAAFIX[]A 27.1°C~24.9°C . FH 58 BAH 2% X )3 A8 Ak BT 5 PR B TR) SR AL PP AN 35 F4 R
71, WS 7. IHTLUE HBEE M RS BN, 7E 26.6°C~28.9°C_FFHHH RIS 27.1°C 43
24.9°C, FrRIRTIGERAG, REEML “ G B, BIAE AR,

0%MPCM
3%MPCM
50 6%MPCM
9%MPCM
45 4 —— 12%MPCM
40
~ 35 ]
O
0] 28.3C
5, 25.6CC
20 1
15
10
T T T T T T T T T T T T 1
0 5000 10000 15000 20000 25000 30000

BFiE (s)

Figure 15. Temperature curves inside the model with different MPCM dosages

15. N[E] MPCM 12 ERR B ERRYE E L (L HhZk
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30
29 ] 28.9°C
~ 287 .;
[@) '
1 27 1 .4:
g = 26.6°C
n
26 I‘i = O%MPCM
: e 3%MPCM
s 1™ —A— GRMPCM
v 9%MPCM
* 12%MPCM
24 T T T T T T T T T T T T
0 500 1000 1500 2000 2500 3000

ifE (s)

Figure 16. Temperature curve at the “step” of the heating section inside the model

16. HRRNFRR “GM” LEETLHL

—&— (0%PG
31 7 & 3%P-G
] —A— 6%P-G
_I v 9%P-G
307 - 12%P-G
29
06\ 28
1 27
LE
26
25 24.9°C
24

19000 19500 20000 20500 21000 21500 22000 22500
I (s)

Figure 17. Temperature curve at the “step” of the internal cooling section of the model

17. RENFERER “BN” LBETHHL

Table 7. The time taken by the foamed concrete with different MPCM dosages to heat up and cool down the “step”

7. T[E MPCM 2 ER)EFKERLEFRMER “GM” FrAAE

MPCM B&/% 26.6°C~28.9°C it i i [Fl/s 27.1°C~24.9°C fIr I 18l/s
0 180 240
3 420 390
6 630 810
9 780 1050
12 1440 1260
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£5 Loy W, AIABEA MPCM ARSI, WK TR EE L 1 & HEE 1B i 5 . BRI 3RATAT BLR i 58
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Figure 18. Temperature curve at the “step” of the internal heating section of the
model
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Figure 19. Temperature curve at the “step” of the heating section inside the

model
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Figure 20. Temperature curve at the “step” of the cooling section inside the
model
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Table 8. The time taken by the foamed concrete with different P-G dosages to heat up and cool down the “step”
52 8. 7°E P-G #ERUKRERTAEFRMER “BM” FTARIE

P-G B &E/% 26.5°C~30°C i I8/s 29.4°C~26.8°C it FI5} al/s
0 330 270
3 870 480
6 1890 930
9 1350 840
12 1320 1020
4. &g

FHAH AR i FE(MPCM) R - 7 58 58 BUMRK(P-G) -5 1R A TR Bk 1 25 & 1l 46 AH AR VL TR TR B 1, 0 L
WAL PURMREZ. PRAMEEETINK, JHE@RME T AT ISR, [ELITLe.

(1) BIARAS AR e OB ATR B L RO AE . MPCM. 450, SR VRt b 1) SRS 22 0
N ATES], SSLEEIRE SN, B0 P-G, RO A O BOR A B

(2) MR RIRFERESE Bt — B AIBREE, JIRIREELKILL IR REE MPCM BRI, S K5 .
P-G IR EE 08, B P-G MBS IR R K

DOI: 10.12677/hjce.2025.144092 864 TARTH


https://doi.org/10.12677/hjce.2025.144092

IRl 55

(3) HAAZIEIRIREE T (1 3 AR BBEE AR R Se /NS R, B IR R B 3 . MPCM it

RIS SRR B LT P-G IR EE L.

(4) PFAHASAPRITINN, (EEIRIREE LA T & A AE . MPCM YRR EE L 1) 3 #viE J1BE%E MPCM

B E M. P-G KRR L ERGE 55 B RAMBAY &

PIFEIR R B LA g R A A4, Ao 3 2 5 N R R /0, MPCML TR BEEAL T P-G iR BEL.

E&UH

VLA KR QI 2R R SCHRE I H (202310225637).

&E 3k

(1]

(2]

(3]

(4]

Akeiber, H., Nejat, P., Majid, M.Z.A., Wahid, M.A., Jomehzadeh, F., Zeynali Famileh, 1., et al. (2016) A Review on
Phase Change Material (PCM) for Sustainable Passive Cooling in Building Envelopes. Renewable and Sustainable En-
ergy Reviews, 60, 1470-1497. https://doi.org/10.1016/j.rser.2016.03.036

Vanaga, R., Blumberga, A., Freimanis, R., Mols, T. and Blumberga, D. (2018) Solar Facade Module for Nearly Zero
Energy Building. Energy, 157, 1025-1034. https://doi.org/10.1016/j.energy.2018.04.167

Barzin, R., Chen, J.J.J., Young, B.R. and Farid, M.M. (2015) Application of PCM Energy Storage in Combination with
Night Ventilation for Space Cooling. Applied Energy, 158, 412-421. https://doi.org/10.1016/j.apenergy.2015.08.088

Ding, L. and Ye, H. (2011) Comparative Analysis of the Effects of PCMs and Insulation Materials on Energy Saving in
Buildings Located in Five Typical Cities. Acta Energiae Solaris Sinica, 32, 508-516.

ARAR, ROCTE, BEER, 25 MEORIEM XA B EHUE Bt A R IR SR ST AR [T]. B ER, 2021(S2): 80-
85.

R, TR, FEEE. WRIREE T TN HBURT]. TREEL, 2019(1): 26-29.

gk, TR, SN, AR ASRIIETT RE @SN B A SHT R R [I]. B BA AL, 2019, 47(9): 54-57.

Zou, G.L., Lan, X.Z., Tan, Z.C., et al. (2004) Microencapsulation of N-Hexadecane as a Phase Change Material in
Polyurea. Acta Physico-Chimica Sinica, 20, 90-93. https://doi.org/10.3866/pku.whxb20040119

Kishore, R.A., Bianchi, M.V.A., Booten, C., Vidal, J. and Jackson, R. (2020) Optimizing PCM-Integrated Walls for
Potential Energy Savings in U.S. Buildings. Energy and Buildings, 226, Article ID: 110355.
https://doi.org/10.1016/j.enbuild.2020.110355

B da. AHASERARAH AR R AL BRI 73 [D]: (Rl A8 3], WA AR 580 kR, 2021,

Yu, W., Meng, Q. and Tong, H. (2023) Effect of Microencapsulated Phase Change Material on Thermal and Mechanical
Properties of Mortar. Journal of Building Materials, 26, 215-220.

E A, TR AR E ARSI AR A 5 b S I AT PERIE FE0]. BB AR KL, 2005(2): 58-59.
FRALIE, M2, HE%, %5 AR RS S5 s TR - M A R L FLA RIS [I]. TR T, 2021(8): 137-140.
BUTE, WEKHE. VORI 5RE R SAEH AL, T, 2010(9): 124-126.

Wang, Y., Zhao, J. and Su, W. (2023) Study on Preparation and Thermal Conductivity of Foam Concrete Inorganic
Thermal Insulation Materials. Journal of Functional Materials, 54, Article ID: 05101.

R, RRTT, N EEMARMRHE SR A GRE YR RE BRI ST L)), EHUECAR, 2016, 47(11): 983-986.

Chen, P., Jiang, D., Xu, Y., ef al. (2023) Research Progress of Phase Change Material Selection and Energy Saving of
Energy Storage Wall. New Chemical Materials, 51, 207-212.

DOI: 10.12677/hjce.2025.144092 865 TARTH


https://doi.org/10.12677/hjce.2025.144092
https://doi.org/10.1016/j.rser.2016.03.036
https://doi.org/10.1016/j.energy.2018.04.167
https://doi.org/10.1016/j.apenergy.2015.08.088
https://doi.org/10.3866/pku.whxb20040119
https://doi.org/10.1016/j.enbuild.2020.110355

	不同封装技术的相变泡沫混凝土力学和蓄热性能
	摘  要
	关键词
	Mechanical and Thermal Storage Properties of Phase Change Foamed Concrete with Different Encapsulation Techniques
	Abstract
	Keywords
	1. 引言
	2. 试验概况
	2.1. 试验材料
	2.2. 实验设备
	2.3. 相变泡沫混凝土的制备
	2.4. 性能测试

	3. 试验结果与分析
	3.1. 微观分析
	3.2. 抗压强度试验结果及分析
	3.3. 导热系数分析
	3.4. 相变泡沫混凝土保温可行性试验及分析
	3.4.1. 掺加MPCM组
	3.4.2. 掺加P-G组


	4. 结论
	基金项目
	参考文献

