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ABSTRACT

Vacuum Insulation Panel(VIP) has the lowest thermal conductivity among present insulations. It is
composed of envelope, core material and getter. Aluminum film is usually used as the envelope of VIP, and
it is important component to decide the useful life of VIP. In this research, the thermophysical properties
of incombustible fiber glass core VIP were investigated with the possibility of its architectural applications.
The results of this research can be summarized as follows: 1) The thermal conductivity of 20mm-thick fiber
glass core VIP is resulted as 0.00177W/m-K, which means that 20mm-thick VIP can meet all the reinforced
insulation guideline and it can be used in any envelope of any region in Korea. 2) As a result of the test
of incombustion and gas toxicity, fiber glass core VIP was suitable for incombustible material. 3) As the
test result for the long term thermal conductivity, fiber glass core VIP was found out that it would keep
above 10 times insulating performance than polystyrene foam and glass fiber. 4) To meet the thermal
transmittance of 0.12W/m’K, limited-combustible insulation of expanded polystyrene foam and phenolic
foam should be used respectively as thick as above 280mm and 170mm, incombustible VIP can meet the
same insulation level with 20mm thickness. 5) The price competitiveness of incombustible VIP to meet the
thermal transmittance of 0.12W/m’-K was about 1,500Won/m2 higher than that of phenolic foam.

Key words: Vacuum Insulation Panel, Thermal Conductivity, Incombustible Material, Thermal Transmittance,
Architectural Application
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22 &YW H2IHXPS, Extruded Polystyrene Foam)
20184 9 1¥4A= AF=E9] U= dopdA 7| Fol o&w Rewe 9as /19.-488 Aoz
et wel 9r)d A el e oy X Z0IAA Y3 AFoR, AE ZY2EHAES U
5o 9ddA FAE TUh 5 @A sy Ets T M BE XPSE Edh 2214 AEe =y B2 )
AL 220mm, FTH2AHFL L 190mm, A5 S wd o] 48k o Aol By S AW
220mmE AR&-3to] o it} Aol EAoltf, “UPegel &, dd=ge 53
w3 20199 8Y 6UAE AdE AZEo] wy-ura} 0.027W/mK, 1% 0.028W/mK, 2% 0029W/mK, 3%
T2 5 7ol #e ] wE AEQY v RE 0.031W/mK= H]=w R 23HT} v
A = FEAARRE doF sk WH7F 5oiW
g o] oy AXZE SyEr So] §7]4 gog 2.3 FelM FGlass Wool)2t ofu| 2 (Mineral Wool)
A= A kAol FHokskar, kAol Hojd 77 Al YA dd A2 48K, 64K, 80K, 96K, 120K
A A gddgdo] o= oksl T A Alwdlokst A= TIPS &by, nuEE 135, 25, 359
= A7) Qltk o] g3 AstolA nvdAe] 8o dd 6 24K, 32K, 40K= “u}”cg o Z3ht},
A2 A HimFo] drdujoto g RztEo] AFES] o shAloll st 548 AYa glon, {4 = 350C,
AAZ Fo] Hg=o] gor}, L wimE dAA NN 1+ [ EE-2 600C7HA =AM 4= QT
HRMEZQD X ELusto| ot VA oo s WEHT
+ JTBC E.E(JTBC, 2019)el o]o], gk HA1 3]l A = 24 ZZ <8|EHE(PU, Rigid Polyurethane Foam)
B AEANA HEE LS A dets FE(NEASAL AHEE0] 0.023~0.025W/mKz T A Fo] gojr}
3], 2019)S Bl Ao oA B By Algshs gd A2 PURN LR o) A7
dd 5ol mlg- Hojg AFaA A= ol At A Exjo] Fow FaJE o] AAES Hol= upo] 9)
o] B3t AFAIF/go] Hojzltks WS Ay 9l oy A= dFoe F2 A3 dxs () AlFdt
o}, FHtolE Ao GAA TS AEASs A A WA 2 UsAS B 3hA] Al X199l MEA
7o gt dduds 9@ AlFstal AlF-S (HASH o] AlQb7k27) WHAEhE A7 QL
g e AIAEA A8 FAAE ALst] AFgE
L& =2 7ol /EE At g A S 2 B 25 H=Z(PF, Phenolic Foam)
Aol JMFEAAZE AAadd HE=Ha Tt HEFA S WHEste] vE E7g§}xg A2 g
mepa] 2 =i B4 S Ad 24 e o] FEAGE AU Yt EHEEL 0.019W/mKE
Aol AFA A§ 7teAS HENR A St 714 dadA T dgdsol 7 Holuth 90%eld =9
u| A 7] 22 o] £ Closed Cell T-Z°]t}.
2. FQ chdNEe EM IE A 15 TG EAA LESU st =) 7EX] o)
AZETE ATFATENEA €, 20199 F s SAL
2.1 H|E® 2 2IHEPS, Expanded Polystyrene Foam) 3] 2] AFSAA favt o] Folz T Aot}
g o] Hojuhal, Ao w uky AlFAdoe] ¢
Seab, A3 70T AFES 4 otk e 2o Aol oF 2.6 MeAL & AR (Low-Emissivity Hybrid Insulation)
st A Al Eo] A o] FE7Fr EAE f9e] 9l AWAL B3 A ALY gd A e dd Y E
th EPS @ A= vl =y 153 2502 3 Uxd A} ApA ol A-gsho ZA TdHA] Yol HEo] HhalEY]
w2} 15 30kg/m o], 235 25kg/m' )4}, 335 20kg/m' o] S FHE Ao, YF IV Wk dFuE vt
43 15kg/m'old oz BEsla glon WErl S42 o FTHWALE 0] 0.032 Al 23 AAES 97% e 5=
gty dHEgo] e EXNS by 9l dAESS o, ZeddilFs A7, sl vheold 59 ¥
0.031 ~0.043W/mK7} 4| = ZFe} Mwo] we} thErkH 71 13 difFel o g Adshs 23t vk
9, 2017). Aual B3 dd A s HE GdAd 2A2EF 2 FEA
1) @ebdisha A58k} 34 (yckwon@halla.ac kr)
2) (F)z@lEdolE 7194 (supervac3@gmail.com)
Vol.10 No.3 / October 2019 — 924 —



THE ATEAA) AHH Aol B AT
Table 1. Required U-value of Regional Building Envelopes in Korea(revised on Sep. 1, 2018) (Unit = W/mK)
Building Envelope Hegion (l/%eggirgrll*l %gglg)dr}*% Ige(g;grllirf* Jeju Island
Adjacent to Outside Apartment House | less than 0.150 less than 0.170 less than 0.220 less than 0.290
Exterior directly Others less than 0.170 less than 0.240 less than 0.320 less than 0.410
Wall Adjacent to Outside Apartment House | less than 0.210 less than 0.240 less than 0.310 less than 0.410
indirectly Others less than 0.240 | less than 0.340 less than 0450 | less than 0.560
Roof Adjacent to Outside directly less than 0.150 less than 0.180 less than 0.250
Adjacent to Outside indirectly less than 0.210 less than 0.260 less than 0.350
Adjacent to Outside Floor heating less than 0.150 less than 0.170 less than 0.220 less than 0.290
Floor of directly No floor heating | less than 0.170 less than 0.200 less than 0.250 less than 0.330
lowest floor | Adjacent to Outside Floor heating less than 0.210 less than 0.240 1 less than 0.410
indirectly : ess than 0.310
No floor heating | less than 0.240 | less than 0.290 less than 0.350 less than 0.470
Floor Slab with floor heating svstem less than 0.810
Adjacent to Outside Apartment House | less than 0.900 less than 1.000 less than 1.200 less than 1.600
Window directly Others less than 1.200 less than 1.500 less than 1.800 less than 2.200
or Door Adjacent to Outside Apartment House | less than 1.300 less than 1.500 less than 1.700 less than 2.000
indirectly Others less than 1.500 less than 1.900 less than 2.200 less than 2.800
Entrance Adjacent to Outside directly less than 1.400
Door of
AD}?(I)‘EQeGHt Adjacent to Outside indirectly less than 1.800

* Gangwon-do(except Gosung, Sockcho, Yangyang, Gangneung, Donghae, Samcheok), Gyeonggi-do(Yeoncheon, Pocheon, Gapyeong,
Namyangju, Yijeongbu, Yangju, Dongducheon, Paju), Chungcheongbuk-do(Jecheon), Gyeongsangbuk-do(Bongwha, Cheongsong)

** Seoul, Daejeon, Sejong, Incheon, Gangwon—-do(Gosung, Sockcho, Yangyang, Gangneung, Donghae, Samcheok),
Gyeonggi—do(except Yeoncheon, Pocheon, Gapyeong, Namyangju, Yijeongbu, Yangju, Dongducheon, Paju),
Chungcheongbuk—-do(except Jecheon), Gyeongsangbuk-do(except Bongwha, Cheongsong, Uljin, Yeongdeok, Pohang, Kyeongju,
Cheongdo, Kyeongsan), Jeollabuk—do, Gyeongsangnam-do(Geochang, Hamyang)

x#x Busan, Daegu, Ulsan, Gangju, Jeollanam-do, Chungcheongbuk—-do(except Jecheon), Gyeongsangbuk-do(Uljin, Yeongdeok,
Pohang, Kyeongju, Cheongdo, Kyeongsan), Gyeongsangnam-do(except Geochang, Hamyang)
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Table 2. Reinforced Fire Safety on Insulation Application according
to the Enforcement Ordinance and Regulations of Building Code

Exterior Finishing Insulation Requirements
related to Fire Safety
Application target of
exterior finishing
materials for the

Major Revision

Limited-combu

Enforcement . . stible or
. protection of fire spread . .
Ordinance of incombustible
o was broaden to the . .
Building Code o . insulations
. buildings over 3 stories
(enforced since should be used
and above 9m and .
Aug. 6, 2019) . . as exterior
buildings with . .
loti-structure I insulations for
D k 18 buildings above
lot on the ground floor. ,
- — 3 stories and
Enforcement Exterior Finishing
. . above 9m
Regulations on Insulation should be and buildings
the Evacuation limited-combustible or with &

and Fireproof incombustible.

piloti-structure

Construction However it can be .
Standards of fire-retardant if it is pa:;rhkmg lot é)n
Buildings installed as suitable for eﬂiz;un
(enforced since the protection of fire ’

Aug. 6, 2019) spread.
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S 152 29 WA FFY TS Table 33 2

Table 3. Required Thickness of Insulation to meet the revised insulation

and fire safety standards for Central 1 Region (Unit : mm)
Insulation Type | Grade | Grade | Phenolic
Building Envelope Ax B Foamp#*
Adjacent | Apartment 290 55 130
to House
Outside Oth 190 225 120
Exterior directly s
Wall .
Ad] acent Apartment 150 180 90
to House
Outside
indirecﬂy Others 130 155 80
AdJaceqt to Outside 20 260 130
directly
Roof d Outeid
jacent to Outside
indirectly 155 180 0
) Floor
Ad]acept heating 215 250 130
to Outside
Floor of dj_recﬂy No ﬂOOI‘ 1% 230 120
lowest heating
floor . Floor
Ad] acept hea tlng 145 170 0
to Outside
indirectly No ﬂpor 135 155 80
heating
* Grade A : Glass Wool 48K, 64K, 80K, 96K, 120K
wx Grade B @ Glass Wool 24K, 32K, 40K
Mineral Wool 1, 2, 3
s#% Thermal Conductivity of Phenolic Foam is
0.019W/mK
Table 3014 % % gl%ol, FX1A9 9] 97]d] 24
W3k gEFe oue) Ag, £RATOl duE G
el “Vhite] 8K ol el feld, WEEe g,
HEES AFE S g A S/l wel 220mm, 255mm,
130mm o]d& Mokds & = Slth
4. DS NITHEA chAx D
deshs B F b GaEgol Be Aedy)
(VIPs; Vacuum Insulatlon Panel )= E“FL ZHQQ 2]5]

2 ?-*35101 AL, ?_‘r%‘*é%
s A 2§ Aol
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® Fim @ Getter ® Core
Fig. 1. Constitution of Vacuum Insulation Panel

ATULA] AAE SelmFers, FEAUL Fol
F2 AbgE 3 gon, oisAe] Fu f7 % R he
5o Adstel A0S Hhshach Wit op

g gel e lmbar 459 5
A7) Wl AAE AFEAAT FRA
L AR A HEstel Aol

‘|Qr

S x| AAEE AYA
B9 S o] g3te] WAl A4S FX gk

stolHZet AAE AR e TdAle] dAEE
2 0.0018W/mK, =427 AAE AHge AeadA=
FHEE 0.0045W/mKS 2t3 ok J3dA A= A A2
QA BT EAYTS AYar glo] Aol et Bt

2 feEa ot

4.1 Fumed Silica &A™ Z=EHFARY
=r] A 212l Fumed Silicas A A& AFg3ko] W=
AFadIAqz F2 g ddAz wo] AMgwar )

Fig. 2. Vacuum Insulation Panel using fumed silica as core
material
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Fumed Silica A AE A3 AFdGdd A= ol A
= OCI®F sl ALt &53ka

Fig. 3. Various shapes of Vacuum Insulation Panel according to the

applied conditions

Construction

Fig. 4914 & ==
g, W g, ¥
ATk

2 Passive House®] 9|3 9 =

=
)
i\
e
)

Hoprigate]l TR 1x9el 9y d#HAFE 7]
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Product Information product Features  Superior insulation Performance

Thermal Conductivity Compari
For passive house (U-value 01 5W/ i)

EFS
0.036W/mK

o

}wmm
0.0045W/mK

y

— XPS
= 206mm—= 0.0 1w/

Aerogel
0.015W/mk

Polyurethane Foam

0L025W/mi

Fig. 5. Required Thickness of Insulation to meet the thermal
transmittance of 0.15W/m2K

Fig. 5% ®¥, d#5F & 0.15W/m’KE 2ZA7]7] ¢
3 Fumed Silica A A& A3 113G A= 30mm, ©ll o]
24 Beg71S 100mm, H=H B3-S 240mm7F A8

e} =
= AL Ak

=

4.2 Fiber Glass AN ZZchAEX
421 2mxfel =E(Fim)

AeedAe] A== 452 /M 7= Dry
=
h

=
FFAAA SRR
B 5 A FE L AE AUAA wDA) 5
At Fo@ 482 A
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& zhggit) vpx o 2 [DPEE AlE<] 3}
W BE BES AAN DPHS sl A
2 BEHA RES golFe 48S

422 Fiber Glass AlZi(Core Material)

A Z AF2EE Fiber Glass: 7127 ¢] &< A
S-F3h, Aol FA= 3 ~ SumlE T o]
A AAZ HEdS o 53 I F
Azl Feir,

3™ 10%9F DA 90%S Egtsle] A=t Al
ARSI 3AHE AP EE o] AFAE A X
S 950 BES FANATE 9 B
ddsES =ol7] Sl AHgETh

]

423 HE(Getter)
A= Aol 257 714 2 7 52 8

A2 AF Hes FAANATE AFolth CaO 80%,

1Ta s

Fig. 8. Getter of Vacuum Insulation Panel
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Fig. 9. Test result of Thermal Conductivity of Fiber Glass Core
Vacuum Insulation Panel

Fig. 9¢] A& A3 2 X ¥ Fiber Glass A A 33 E A
o] dAEES 0.00177TW/mKYS & 4 vk webA
Fumed Silica AAE AH&3 A& o dA
0.0045W/m-Kell H]3l| 28] o)< TEA
= ¢ Ak

Table 4= Fiber Glass A A& A& HaTE A9

A=Al SA4& BolFa Stk

L
off 12
Mo 2

Table 4. Thermophysical Property of Fiber Glass Core Vacuum
Insulation Panel

Thermophysical Property SUPER VAC
Core Material Fiber Glass
Thermal Conductivity 0.00177W/m-K
Density 250~ 300kg/m’
Thickness 20mm
Working Temperature -80~100C
Fire Resistance Incombustible Material

Fiber Glass A F3ddAe] dHAE=g9]
0.00177W/m-Ko| =& 20mm F71¢] 7ged o] oA3t
< 113m*K/W=2 ddae] Ao 2% 0,088W/m™ K]
AFES IS F o] TH1HY] 7)ol Wt F5
g ojmal x| 5o A¢FE 71521 0.150W/m”KolatE
TP & F vk wEb S RE A A58 BE
Byl o)y vddv|ES wET S Q)

Sl
Fig. 102 AZANUYAAFES 3 98 dAFE
0.12W/m*KE 7] 93 4
glass AA FFHdae} A=

[e]
=
B2 2% 459 A8 575 vl
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SUPERVAC
0.00177W/m"K

20mm

EPS

0.034W/m’K 280 mm

Fig. 10. Insulation thickness to get the thermal
transmittance of 0.12W/m?-K

W B2 i) 1/149] A= &
o

O O o)y X~
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o
Z3 355 olok sui(d, 208 B 3
=
&

5 ( s BB st WA V)
D)ol o7 A Arlste] AR s ekt
= AldS A AIFA 4= Table 59F 2t

Table 5. Constitution of Test Specimen

Test Name Incombustion Test Gas Toxicity
No. of Specimen 1 2 3 1 2
Size Of Injameter| 45 | 45 | 45 |L220%W220|L220+ W220
Specimen
(mm) | Height | 50 50 50 25 25
(23£2)C, (50+5) %
Curing Period 48h,
staying onstant(0.1g)

constant-temperature
oven (40C) 24h,
desiccator 24h

LHI Journal
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Table 5914 & 4= 2l xo] & A8 A|A 3719} 7}
273 AlEE AE 20 E FH[EFATh
o] Al#H 4L 0.1mm Aluminium Film + 25mm
Fiber Glass + 0.lmm Aluminium Film Zt}.

53 Al &z}

KOLAS A8 1571381 k=14 A &3k A
el o= ste] dolzl X-F A A A
A= Table 69F 2T}

Table 6. Test Result of Incombustible Vacuum Insulation Panel

Specimen No. e L
Test Ttem 1 2 | 3 |Suitability| Criterion
Rate of
decrease in | 1.6 | 16 | 1.8| suitable Leszotha“
mass (%)
Incombustion| Difference
Test between
highest temp. . Not more
and last 52 | 6.0 |7.6]| suitable than 20
balance temp.
(C)
Average action
Gas stop time  [13:0214:28] / | suitable [PO° han
Toxicity .. 9:00
(min:second)

Table 6914 & = 150, XEdd Aol gk BA4d%
AR} TR AR AT, BAARE A3 40w e
pig=a
6. 291 RBLIAM| HEHel Mg

6.1 2 rSHER e &I W74
T = F2 29 A (Film), A A (Core Material),
AE (Getter) = o] Fo1#] lom, a2l 47|44
T AHoR QAo o5 AFHETa B ¢ Utk
99 A= Nylon, VM-PET, Al Foil, LDPEE t}& 2
2 7bgate] IE R JAES FASEE vhEojxith
AaadA e Ar1agd S Adstes A d 42>
) =+2] ASTM (1484 (Standard Specification for Vacuum
Insulation Panels)e] 1t}
FRAAH7| AR S AL AGA G AT
Green InsulatorA}2] Supervac A&l o3t
3 Ay Fig. 113 2

QoA A
471224 A
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7E] /H

Thermal conductivity
(MW, m*K]
- o] (9% ) E= w o | oo

0 31 60 91
Time|[Year]

Fig. 11. Long term thermal conductivity of Vacuum
Insulation Panel

A2 = 37 A2 25 o] =
FToZ gddT AotEe Zo® yEiuth uiydd
7wl 9% E(Thermal conductivity)e] 57184
3 25\ o]& %7] dH%=&(Initial thermal conductivity)
o] oF oW FElE ML go| Tk S & T 3
S 0.0021W/mKel A
0.004W/mK= "o|x|7|744] ¢F 25\ do] A-lth= ofno]
o} 254 ol ARbAQl G Al x| 2 E ol A
FEHES 0.04W/mK)ol|l Blal oI 3] oF 108] o]/de] &
| A

Z7] ¢4

Fiber Glass A A& AFESH g ddA= 5420 &
&S 98l et wie HkW AT TS 26l
A vt A E sk, AT ATHS #desiy, d%
of AT E AUASFsl] Agolzio] s Tl
35 g AlZete] dgAEAdo] oA ghAlE =53t
I 9le], AFA HLo] A&EHoZ Frhrkal

Aluminum tape

e
Holder

Hanger
Fig. 12. Various fittings for easy attachment of Vacuum Insulation Panel
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IS AF Ao A=40el A go] X|&X o7
TVehe FAd Qo yud, ojud A4 2 oluE
A

Fig. 13. Vacuum Insulation Panel attached on the interior
side of a wall using T-bar

Fig. 14. Vacuum Insulation Panel attached on the exterior
side of a wall using Holder

Fig. 132 T-bharg &3l JAIJGEAE HA <9
o AXg Aol

Fig. 145 A Anpzhe] ejvhd Aol 23t
|Ho] AlETEHIL e FHS
IEEAE 1A 7IAL Tk

HU
lil
o
ff
nj
il
>~
>
oo 12
o
£

Fig. 15. Vacuum Insulation Panel attached on the ceiling
using T-bar

Fig. 15= T-bars &-&sto] A& Aol 4
2|3 Aot

L

Fig. 16. Vacuum Insulation Panel attached on the floor
using L bar and aluminum tape

Fig. 162> L bar$} &Fvn|gHol2E &-g3alo] vie
o AT AFHAANE HoFa 9}

63 =
3

SeiErel stz ye

AFTAAe] AAAAL L dofrr] 94
o] BrleE nieto 2 e ddAsat
H] W) B »}231, I A= Table 73 72t}

v

o méz off

al
20194 4
Ta7H4

Table 7. Price competitiveness of Incombustible Vacuum Insulation
Panel to meet the thermal transmittance of 0.12W/mP-K

Classification VIP PF board EPS 2 class
Thermal
Conductivity 0.00177 0.020 0.034
(W/mK)
Limited— Limited-

Fire Resistance | Incombustible combustible | combustible

Thickness(mm) 20 170 280

Total Insulation

Price(Won/m?) 62,920 77,7192 72,072
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