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( SUMMARY >

Purpose &
Contents

® Research Purpose

- Development of environment-friendly micro/nano foamed material for
constructional material using rapid prototyping (3D printing) and supercritical
fluid technologies

e Research contents
In order to obtain high quality core materials for construction, the development
and incorporation of rapid prototyping and supercritical fluid foaming technology
have applied and the possibility of size and configuration controls.
— Detail contents focused are:

1) analysis of material properties and selection of specific polymer

2) inhomogeneous nucleation and cell growth mechanism analysis

3) effects of process parameters in supercritical fluid (CO2)

4) fabrication of 3D porous structure via rapid prototyping (3D printing) and
supercritical fluid technologies

5) measurement of mechanical and thermal properties to explore criteria as
performance indicator: thermal conductivity (transient thermal conduction
methods), mechanical strength characteristics (ASTM D3330)

Results

e more than four ale international papers (SCI(E)) and 1 patent application

Expected
Contribution

® acquistion of fundamental technologies for hybrid foaming

Keywords

supercritical nano-foam rapid material eco—foam

fluid prototyping property
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AAREs S0 ZeE RIISE29 A sstEs2 2400 fIot D3 Y =20
g HeMd 2ZAH(Fourier transform infrared spectrometer, FTIR, Thermo
Scientific(USA), Nicolet 6700)& AtZ5tA 1, ATR(attenuated total reflectance, ZnSe/
diamond window) 252 650 — 4000 Itz HeLIE 323 AHGHH AISOIA2H HAE
= 8 cm™' OICt. Ol FTIR &A= Michelson 2HEHIE JIBOZ 510 HAM &%, &

= 2 PHAF ABEHS SHOIHW 20t 8 s = 2H UK AEHOA CHE Ol X
AlE2 MOIEEHAN 20Lis A WX HatE Wtegez2ZM It e E25E =
& 24ote AO0ICH R HgZ=2 0 =LA S=UZ LIEHHLD 012 o
HXl= Hel &I =20 OIZZ& AOIHIAM 4 A4sZ=0] UL TetAd 0l &0
= st ASHESO 22 LEL D X8 &AM 227220 Ot &erdltt. 0 g
Ao AHEHZ2 HP =S&HMA iAol 2Jtsotdd, 0l S84 =0 Sol od 32
A= zESHELZ &0lot=0 I® sEottt

2.3.4 JIHZE 5F

A=rad S AEHS JIAHE =245 ZHotold| ol =8 Alg, 2= AEsS A Aot L
JIAHAY 2 =8 MU= 2ts HE AIEII(UTM, LR 50K model, LLOYD)E AIE5HY
O AYZ 82 XA 42 AMEZS NMAESIH AIE2 XEMGIUACEH 22 AIEHAN 22
lE 5= ASTM #AS JIELZ =3#oIUCHASTM D638, D6272, D695).

3.4 2 ¥ FE

3.1 AH=&a 2 OlM+E

4= =&Ho)| o Z=Hlist SEMa AIHS FHHES dHsd FAEE0E2=2 100
B, 10,0008H, 30,0006H, 50,0008 =CHotd Fig. B20I LIEFSHCE.

ANES HRUM= Cst 2712 &3 A4(0IE)0] 2EZ 2ESHD A= L2 20
D ACH, HIWAE M2 2o D2 JIXIM(polymer matrix)It &3 Z2(0IZ)S SAHM
N S8 Z201E)2 8406t JAs X2 2E0| ZEHIJULH 53 H(OIE) At0l2 =
A HEH 2to] Zef2 ASotH, s 28802 das FActe A2 LIEtRH

S MZEAl ArZESt Z0H Ol ASHEFADE SN 2 A(D|X) 4&5tD SEst Xelti= bl
wE 2 HEE2 Ille &3 Z40I1E) &2 3019 53 H(OIE)0| THAGHH 84dotes
WO Z LIEFSCH JIERF JIE AOI0l= Fig. B2(b)OIA & %= Us BIA 20| LI=AAH
e XTI Ol=8 JtuHes ot RHELd=ES RAlote 9= o= A

SHIAM2 WMAH '&=E FA MX 80l&H  (Field Emission Scanning Electron
Microscopy, FE-SEM, SUPRA 55VP, Carl Zeiss, Germany)S O0I20ct0d 21, Ol

SEM OIDIXIOA & X 2 A ad: MNEE 26HJ| ol Java J|EH O|0IX 224 0l
Imaged (NIH) & Morpholib J TH2IXl 2t0IE2i2IE 0IZ26I%LH B A XNAES 164
Plof 2+ XA & HOHZ 100 M Olate & HHHNZ =HOIQULH SHE g JE
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XM AIEGAE #EEI0F HX2H, HELSHE ZUHUE rodl BR0s BEHO F==2
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Fig. B3 Size distribution of cells and

its probability density function for
freeform foam of PLA (saturation te-
mperature @ -20°C, foaming temper-

ature @ 20-80°C).

Table B1 Probability distribution para-
meters of pores in PLA via 3DP and CO?2
foaming

Lognormal probability distribution

mean variance mu sigma
Dia.[nm]
528.7 0.05546 —-0.73893 0.42917
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Fig. D2 DSC curve of the samples. The black one is raw sample, the red one is the
sample after sorption, and the blue one is the sample after foaming process.

Table D1 The crystallinity of each sample
Sample Crystallinity [%]
Raw 15.09
Sorption 13.48
Foaming 13.22
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Table D2 Saturated CO, concentration(Csat) and diffusion coefficient(D)

Tsat[’C] Csatlmg/g] D [107cm?/s]
-20 175.3 0.516
0 143.7 1.304
20 128.8 2.264
40 1124 4.083
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Fig. D5 The SEM images of the samples which were after (a) 3 min depressurization, (b)

1 s depressurization, (¢) 3 min depressurization and 120 °C foaming and (d) 1 s

depressurization and 120 °C foaming
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Fig. D6 The size distribution curves of the samples foamed at 120 °C after (a) 3 min

depressurization and (b) 1 s depressurization

Table D3 The cell diameter, cell number density and saturated CO, concentration of the

samples with depressurization time
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(a)
Fig. E2 The solid PET-PEN copolymer freeform fabricated by 3D printing technology (a); and foamed
structure after 3D printing via gas foaming process with postfoaming temperature of 40°C (b).
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DE2|0 (Kolon plastics, Kopla)Q &2 Z(true density)= 2 1.33 g/cm?® O|SiLCt.
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Fig. E3 Sorption kinetics of PET-PEN

copolymer.

(b) 1,500X

(d) 30,000X
Fig. E4 SEM micrographs of abrupt depressurized specimen for PET-PEN copolymer rod.

Box in (a) denotes zoomed-in area in (b), box in (b) denotes zoomed-in area in (c),

(c) 10,000X

and box in (c) denotes zoomed-in area in (d).
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Fig. E5 SEM micrographs of the freeform foam
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&£ Jt80otJ|2 Sttt 3D ZelHZ MOt 22 & HIEE R84y S AES IJl= 36
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density)= 2F 0.436 g/cm® OIACH.
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Fig. E9 Size distribution of cells and its probability density
function for annular foam in PET-PEN rod (saturation
temperature @ -20°C, foaming temperature @ 20-1007T).
Table El1 Probability distribution parameters of
pores in PLA via 3DP and CO, foaming
Lognormal probability distribution
median mu sigma
Dia.[4m]
3.512 1.2948 0.45741
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Fig. E12 SDT and DSC thermograms
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Fig. EI13 DSC thermograms of the
freeform foam PET-PEN specimen.
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Fig. EI15 Stress-strain curves for a solid

freeform foam of PET-PEN copolymer.
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Fig. E16 UTM(universal test machine) used
for mechanical strength measurement of
PET PEN copolymer.

Fig. E17 Experimental setup for thermal conductivity measurement for 3D grid
freeform structures of PET-PEN copolymer.
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HB
HB

Insulation
Insulation

Polymeric Foams, 2017
Polymeric Foams, 2017
Polymeric Foams, 2017
Polymeric Foams, 2017
Polymeric Foams, 2017
Present, SNU, 2019

Present, SNU, 2019

Polymeric Foams, 2017
Polymeric Foams, 2017

Thermal
Thermal
2013

source
2013

ok
39.39
49.5
32.5
97.9
143.1
0.435
0.286
331.875
325

o,
[ka/m?]
100
110
304
436
160
320
1245
1050

0.033
0.04
0.04

0.0734
0.0729
0.23
0.35
0.16
0.14

k
[W/m=K]

52.67
75.06

E

[Mpal

[Mpa]
2.21
1.3
1.98
1.3
7.18
10.44
53.1
45.5

PET-PEN=*grid
PIR.type3.spra
y&preform
PLAsheet

PUR.type1
spray&preform

Polymer
PVC

PET

SAN

PMI

PEI
PLA*grid
PSsheet

Table E2 Mechanical and thermal properties for typical polymer foams and polymers
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Fractal dimension and total porosity for SiC

Table F1

D

slope (R-square)
0.4421 (0.957)

range (um)

porosity(%)
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80

Specimen

M1

2.5579
2.3269
2.4669

0.1326-7.4351
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Partial Fractal Dimension
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Fig. F5 Fractal dimensions by dividing partial range for SiC

Table F2 Fractal dimension and partial ratio of pore for SiC

materials properties
Range 0.0984-0.2952 0.8856 2.6567 7.9701
M1 Dr 1.6521 1.249 1.4382 1.8029
Num. cell 3 5 4 2
Range 0.4463-1.3389 4.0168 12.0505 36.1515
M4 Dr 1.7073 1.0174 1.303 1.8216
Num. cell 2 6 5 2
Range 0.526-1.5781 4.7344 14.2032 42.6097 127.829
M10 Dr 1.9017 1.3886 1.1919 1.6391 1.9234
Num. cell 1 4 5 3 1
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Fig. F6 Model for SiC using Fractal Theory
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Fig. F7 Solid fraction in relation to the pore diameter for cement
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Fig. F8 Solid fraction in relation to the pore diameter for cement

Table F3 Fractal dimension and total porosity for cement

Specimen porosity(%) range (um) slope (R-square) D¢
cement A 13.36 0.0047-3.4051 0.0264 (0.9739) 2.9736
cement B 16.1 0.0056-4.7838  0.0317 (0.9736) 2.9683
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Partial Fractal Dimension

Partial Fractal Dimension
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Fig. F9 Fractal dimensions by dividing partial range for cement

Table F4 Fractal dimension and partial ratio of pore for cement
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(b) Normal cement B

(a) Normal cement A

Fig. F10 Solid fraction in relation to the pore diameter for cement
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Fig. F11 Pore size distribution for MMA-EA9
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Table F5 Fractal dimension and partial ratio of pore for MMA-EA9
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Fig. Fl14 Pore size distribution for polymer

foam

Table F6 Fractal dimension and partial ratio of pore for polymer foams

materials properties
12.5
Range -3.75(nm) 0.1124(um) 0.3371 1.0113 3.034 9.1021 | 27.306
p%gm_fr Dt 2 1.9802 1.1616 | 1.2434 | 1.9612 | 1.9999 2
Num.cell 0 0 5 5 0 0 0
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