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ABSTRACT

KEYW ORD
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The present study was carried out to assess the basic material properties and thermal behavior of light-weight AHo 2 &
foamed concrete panel mixed with PCM (Phase Changing Material). To do so, this study fabricated light-weight ojo|a 2%
foamed concrete (1.0kg/m3) in pre-foaming method and mixed it with PCM micro capsule of 1-dodecanol and

melamine to examine its physical and thermal properties. The results confirmed strength reinforcement effect by proper
replacement ratio of fly-ash, which is an industrial by-product, and PCM. In addition, it found out that PCM-mixed

Foam Concrete,
Phase Changing Material,
Micro-Capsulation

light-weight foamed concrete had time delay and temperature reduction effect within the range of PCM phase transition
according to the rise of outdoor temperature. It was also observed that the insulation performance of PCM-mixed A CCEPTANCE INFO

light-weight foamed concrete was more dependent upon thickness than PCM replacement ratio.

Received May 21, 2014
Final revision received July 29, 2014
© 2014 KIEAE Journal ~ Accepted August 1, 2014

1. M2

(==

)

oy 2] Aok Q7o) A& 2 dsto] A=l 7H 523 9

7o) A olgolget, 3
ZollE AY=TE SN Hot a&2 ot 54 v A A% A=
AA ZA AR QlojA] A 9] &2 (Phase Transition Material)

T FE-EIARE o] 83t 7]EEo] L E I TP, o] 2gt
A= FA AR EE FAT 5 ULE 5to] o 2] A &
85U S AEFHEE AYL Q). E5] FAIT RESPo{ ok sh=
ER7 5 A lojA o] et A4 ofuiz] RE AZAA] &
2 F5 ¢ Fat e av]solgt g 4 QU

S ERAEE 54 AHEs17]00 o8] &Y= AF Q1o
Wz gong WA 5o E4gt A5 AlelehH Yty 2o}
7F Qut Fx2Eof Hs) W}, o]nf] -2 H-8-K(heat capacity)S 7t
EARE e A5 Qe Nz Qs ERAE Y7} 9
BEoh g 22 2abg fA6k obge o] 2Tt R
AL EE= A7 A 9A 7] Hol A 2 9E foto] Y 2ot
TN § Al 7)o st A H o2 st B S B8
otH o] A FUSAIE 4= gl At A AT 229
oA Fde] ot ZHHE ot o dE SEFET AAH

pISSN 2288-968X, elSSN 2288-9698
http://dx.doi.org/10.12813/kieae.2014.14.4.133

20950 ke 98 e ¢ 4 glon, AHsiel Folols o
7} Wisla}7) 9 S LA E A8 S40] k. 2 A4 9]
eEsle] et A2 A o] L5 wste] ARalE 74AA BRA
Ao| LRSS 714A71 T Tt U A RS AL 4 Ak
B AAE 712 5o o|EaE Aulst 208 =Ko
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A28 4= Q1% = Phase Changing Material(©]3} PCM)= X 31H 7
F 7| ZZIYEY 7 AH EAZ gt 7124 AFE HAe.

2. ATz % Ny

2.1. AHeA=

1) PCM
o] AofA= AEEEA st gAete g =4

of1l, HE7o] w2 -7l ol 8ot o BA EdEA |
2l 27} B =& 1B} Aok o] ottt Ao AHEE AlE
AL 55740]22C~26T Q1 = E7h o ¢ =2 Aokg 1- 7S
(SAMCHUN, 98%) & 57} 4 A glo] AH&-t3tt. HAjoll AH&-H A
oFE-2 Welyl(Aldrich, 99%) ¥ EELH|Sko] E(Aldrich, 35~37%) 5
olgatgon F ZAA| = A obA| EAt(Junsei, 99.5%)& AHE-0F
o T35 Mg S = A EYH ARSAIA = /3 SSMA(syntesis
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Fig. 1. Principle of the interfacial polymerization in micro-capsulation
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Fig. 2. Schematic diagram of the reaction apparatus for micro-capsulation

Fig. 3. SSEM picture of I-Dodecanol with the melamin-aldehide polymer
& using vermiculite

of sulfonated styrene-maleic anhydride)S AF&-5199.2. ™ Gufdl &2
AN AxE F/FE ol8skth 1-EHl7hHsS 48l &

ofddst 3t & HAEE Wyl FAE FYsto] A0 Aol
A AHS o] dojU e E sto] who] 22444 vH3-S Polqlth &
g EFF2 PCMO] 7S AA Y| |- EH7leS FUAT AvS E

W 22 TSI 47 A - SEA9] A7)+ 13 pme]H,
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gl Ql 27+e] Ao A LR AL ¥E-g-o] YojubA Figure 17+ Z€]
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Table 1. Physical properties of foaming agent

Color V%zc}c));i)ty pH | sulphate (%) pf(r:relf(lflcg) S;;Zflllgc
Brown 20~50 7 0.01~0.1 -18 1.2~1.26
(Unit : %)
Water | Protein NaCl NH4CI CaCl MgCl FeSO,
36 32 10 1 6 5 10
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Table 2. Chemical composition and physical properties of cement

Lg.

Chemical | SRl g0, 1ALOY Fe,05 | CaO |MgO | SO &

composition

e
COMPOSIONT C ntent (%) [21.95[6.59 | 2.81 | 60.12 | 3.32 | 2.11 | 2.58
specific T Compressive Strength
Physical surfac% area | Weight Setting time (kg/cm?)
Properties (cm’/g) Start |Ending|3days| 7days | 28days
3.112 3.14 |4 hours|6 hours| 198 | 272 389

Table 3. Chemical composition and physical properties of fly-ash

Chemical composition Physical Properties

Chemical . : Fineness | Grain
composition 8i0; | ALO; | Fe0; | CaO | Weight (cm?/g) size

Content (%) 92.5 | 1.68 | 2.51 | 056 | 221 263000 1.36

2.2. Wi

FmEaelEe] Mge % 27l A2 AR strk 14 g

AL B9 AMEF L 2 ATA u18 WakiA A S shgon,
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At FAl ol A2 7HsAdol Jlene Fly-ash A ke ‘1}—
HoHE 2157 sl G2 SA 84 LA AEll M 71 2A
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Table 4. Mix Proportion of Preliminary Test (Part 1)

Weight(Kg/m)
cC |we| w I 400 PCM
(kg/m)| (%) |(kg/m’) cP | Foam | .C W | Foam |(Cx%)
: kg) | (kg (9]
35 | 140 | 267.39 | 732.61 56 | 293
40 | 160 [ 28739 [ 71261 | | | 64 | 285
400 | 45 | 180 | 307.39 | 692.61 72 | 277
50 | 200 | 327.39 | 672.61 8 26.9
35 | 157.5 | 300.81 | 699.19 63 | 27.97
450 |40 | 180 [ 32331 [ 67669 | o | 72 [27.07
45 | 2025 | 345.81 | 654.19 81 | 2617
50 | 225 | 368.31 | 631.69 9 | 2527
35 | 175 | 334.24 | 665.76 7 2663 o
so0 |40 200 [ 35924 | 64076 | 8 | 2563 | 10
45 | 225 | 38424 | 615.76 9 | 2463 | 20
50 | 250 | 409.24 | 590.76 10 | 2363 | 30
35 | 192.5 | 367.66 | 632.34 77 | 253
sso |40 [ 220 [395.16 | 604.84 | ,, [ 88 | 242
45 | 2475 | 422.66 | 577.34 99 | 23.1
50 | 275 | 450.16 | 549.84 11 22
35 | 210 | 401.08 | 598.92 84 | 23.96
oo |40 [ 240 [431.08 | 56892 | | 9.6 | 2276
45 | 270 | 461.08 | 538.92 108 | 21.56
50 | 300 | 491.08 | 508.92 12| 2036
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Table 5. Mix Proportion of Preliminary Test (Part 2)
Fly Ash (k
o C y Ash (kg) Binder w Foam PCM
Designation (ke) % by by (ke) (kg) W/B Volume (%)
Replc. Volume Weight (%)
Control 500.0 - 500.0 250.0 0.500 59.1%
Control W/B ratio
FV10B50 450.0 10.0 36.5 486.5 2433 0.500 59.8%
st 1 FV20B50 400.0 20.0 73.0 473.0 236.5 0.500 60.5%
est 1.
® FV30B50 350.0 30.0 109.5 459.5 229.8 0.500 61.2%
FV50B50 250.0 50.0 182.5 432.5 216.3 0.500 62.5% ég
FW10B50 450.0 10.0 50.0 500.0 250.0 0.500 58.5% 30
fest 2 FW20B50 400.0 20.0 100.0 500.0 250.0 0.500 58.0%
est 2.
FW30B50 350.0 30.0 150.0 500.0 250.0 0.500 57.4%
FW50B50 250.0 50.0 250.0 500.0 250.0 0.500 56.2%
Varied W/B ratio
FV10B514 450.0 10.0 36.5 486.5 250.0 0.514 59.1%
st 3 FV20B529 400.0 20.0 73.0 473.0 250.0 0.529 59.1%
oSt FV30B544 350.0 30.0 109.5 459.5 250.0 0.544 59.1%
FV50B578 250.0 50.0 182.5 432.5 250.0 0.578 59.1% ég
FW10B490 450.0 10.0 50.0 500.0 244.8 0.490 59.1% 30
st 4 FW20B478 400.0 20.0 100.0 500.0 238.8 0.478 59.1%
S T Fwa0B466 350.0 30.0 150.0 500.0 2330 0.466 59.1%
FW50B443 250.0 50.0 250.0 500.0 2213 0.443 59.1%
2.3. A% Uy
o AP A REDNE MALE 9157124 A7 A
KSF4736 $&4 3 AT L2 E Hd 7|l Fetolr] S1sl 2 v
ol e 7| Z2A e o) R A 248 Salstelrt. 2 4%
Ho 7 il 71 715] Al e X A]6led
= KS7]E BLASTMY 12l efAste] A2 dAskalnt. (a)Apparent specific gravity (b) Flow test  (c) Flexural rigidity
DERERER
- AE7] H]F A9 (KS F 2459)
- A o] EF-FAIAIE (105+5) T Fo| A 4A AgFo] = wjj7}
7 Az %, QA el Aol D v wzteiel
& vjo] A st
. EZ0 HAE (KSF 4039) (d) Compressive strength (e) Heat insulation property
Fig 4. Test Methods
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2 A - QHHE ARESt] AlAA o 2Este] whet YRRk o
= ? o -
i WsHE Z4stko] 23t AR,
-GS = A9 (ASTM C 39) =T T
A= A (ASTM C 293) Al S 2 al Xt
- 4 s Adn nl
- A= A2 40%40*160mm O] A|FA|Z 0]-§-5kef 2| Abe] 3. 29Eh 3 1T
o] 775 100mm= 519, FAAE A Fstal o SHO F aora = § = (1o
. L } TAgglES z al 7AZ
og—oﬂ Uﬂi( OiIO)N/] o]"b_——'—“ ,S_ H—é—]_ —(—)—]_Oq é-_/\] o]—_]_’_’ }JEH 31- 75)‘%7"—'—"];1_ a-——"’] Ea'ﬂ —'?/%) = ]74]'—1 —'?/%) (1 \_74")
52 7o 9EAE A9 BAE AGL T 1 Figure 591 Lebi 217} o] 7| 2@ o] £ 0] Z29 whel A7
o BAA S AH o7l hote] BAAS HYSHAL W ek u B ANE W EAE] dhet §EA0] S7HHE Aoz o
ZHS 7MY o Stof, 515§ 7H TS ARESHH, SAA A= et HF-22] Al A oA 200~250mm H 9] QHofl A E 27}
o] uiZ (80050)N ] 315 &= & Afstote] 2] 515 HASHEE A B 00, T AW E S 600kg/m3 2] - THE 4]
& Tahglct 712t vl mstol B2% Frkgo] vlma| 22 02 3l 9,
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