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Development of Slim and Translucent Vacuum Insulation Panels

Part3- Experimental study on a manufacturing process to suppress
pressure increase after sealing of Translucent Vacuum Insulation Panel
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Abstract

This paper is the third report that aims at developing translucent vacuum insulation panels (TVIPs) to contribute

retrofitting insulation for windows. In this paper, the authors constructed an apparatus applying the pressure-rate-of-

rise method to establish a manufacturing process that suppresses pressure increase after sealing TVIP. As the result, 31

conditions that can be suppressed to less than 1 Pa at 30 minutes after stopping vacuuming were obtained. After

estimating the additional costs, it would be better to prioritize extending the heating and vacuuming times rather than

adding getter agents. Finally, the TVIPs were produced in the process that suppresses pressure increase and measured

its thermal conductivity. As a result, the thermal conductivities of the vacuum layers were reduced to less than 0.011

W/(m-K), which is the lowest value in previous study.
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Figure 1 Production process and cross section of TVIP
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Figure 2 Concept diagram of gas emission volume

quantification by pressure-rise-rate method
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Figure 3 (a) Schematic diagram showing evacuation of TVIP,

(b) pressure measurement in TVIP after vacuuming

Figure 4 Appearance of experimental apparatus
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Figure 5 Basic configuration of TVIP
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Table 1 Experimental conditions

1. Vacuuming (Standard: 8h(8h)

time 2h(2h). 4h(4h), 16h(16h). 24h(24h). 48h(48h)
. Heating 70°C(H70), 115 C(H115), 50 C(H50),
temperature  [No heating(NH)

3. Getter agent [No getter agent (NG). Round getter company A (G),
[Paste getter (Pg), Round getter company B (Rg),

Square getter (Sg)

4. Pre-vacuum  [No pre-vacuum drying(N), Core material(C).
drying [Envelope (E)

5. Coating INo coating (N), Organic polysilazane for envelop

(OE), Organic polysilazane for core material (OC),

IAluminum deposit for core material (AC)

6. Type of core [Standard: ABS frame (S), Polypropylene frame (P)
material

7. Location of

getter agent

Standard: Place getter agent upstream side of

[vacuum pump (S). Place getter agent downstream

side of vacuum pump (DS)

8. Reinforcement(Standard: 2 glass plate (S). 2 biaxially oriented PET
plate (P). 2 acrylic plate (A). 2 Polycarbonate plate (PC)

8h-H70-G2-N-N-S8-S-S

tt TITTTTT

1 2 3/45678

Number of getter agent
Figure 6 Coding of conditions in the experimental results

(The numbers correspond to Table 1)
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Table 2 Type of getter agents

Inside material Outside material
Round type (G) ET;;.OS’g}CaOZ.?g}COﬁ‘; Stailess steel

Past getter (Pg) |Unknown (Probably CaO)  [None
Round type (Rg) Bali0.15g/Ca02.7g Stailess steel
Square type (Sg) BaLi/CaO Total 10g Synthetic paper

Round type (G)  Round type (Rg) Powder getter (Powg)

b s

Square type (Sg) Paste getter (Pg) =
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0.1 l’
0.01 ! . !
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Figure 8 Change in pressure after vacuuming
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Figure 9 Change in Gas flow rate Q after vacuuming
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Figure 10 Change in number of getter agent and final pressure
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Figure 11 Change in vacuuming time and final pressure
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oo LA LS h, 27 04T, RIFMOIEZES| X, 70°C
UL ETORIBFIE, 7y & —H|ORE D 3 BR A MG 0
HTNDIEnD, 2O3BROMAGOENRHEET
HDHEERD. DI, HARBORIER COREGEL
BIEICECHD Z B LIz, —J, a7 Mkloa—
T4 TIEH AR EARETCEDL 0D, KELTHE
ORI FRARE TH Y, T A EE 1 KK 5 R
MESCE AT > & —HANFE & OBEE 2051370 <, ey E
R ETZ RS2 hode. £ic, AEIOFER CIIizEE)
DT & BT AR, AR 7 4 V2B HLTh 6, 4
WIZ AN THROBI O EZ S — /L L TR 7ok LE
7251 & T 5 F COEEDORMIC, EBRENOZER O
KREKGERE L TCLEIAREER b o7, 2070, &
TOMEINFEEICHE UTREO F EFHES| X 2 AT
D2 ENTEGAITE, BEZE5] & REROMBRERT, InEL
REEZIVEOLTZENTEHAREERDS.
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v B —Fl, BEZEEEE, FLZER| X\ H % H(Table 4) % 3K
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N7 L — b EEER T TRIE LI R E D) &
ZoRD, 2025 FFEREEOEREHEO B Z2 AN 31 M/kWh %
DT RO Tz A T ERE N EME 1114 =R R 72
HO 15 HE L EOTRE E LTS, 7y Z—AlT 18
HEYVOHEHATHL. BAITETHIScem ADOKM 1 5T
TVIP ZA{ER U254 CHRIE Uiz, &0 B2
25T OENMNE R % Fig. 12 (37T, b Ak
INETRD DIy X —RE, 50 °C TMENL 723 5 48 IRF
fEZe5| & L7- 48h-H50-NG-E-N-S-S-S ® 169 FH Tdh - 7=
FRE DTy 2 —HOFEED L WEIHTEME A3 5 <,
7y A =R O EME IR KESEELTWD
TEMAZD. T, INBNGRRPE 22| X iR D IER I
J 2B ME H O RIZHE A NS N2 & DMAE 2 5. Fig. 10
X° Fig. 11 CHREAREHECH 25| X FEE] QBRI X 2 £/ D
TR RIT T~ # —FIOBIN & A% Th 572, TVIP W
BSDIES & X0 T DS IMBARE R B 22 5| & B
DIEE B LI FRRW. 2. K2 A FTO TVIP O
FHIITF v X —HOa 2 MEEAHETH DL EEZ25.

Table 3 Conditions under which 1 Pa or less was achieved at

30 minutes after vacuuming

I.Vacu.um Heating Getter Vacuum
ICode ing titme| temperat‘uﬂgeﬂt lrying Others
[h] re[°C]
8h-H70-G2-N-N-S-5-5 3 70 |62
Sh-H70-Rgl-N-N-8-5-8 3 70 [Rel
Sh-H70 RgZ N.NSSS g 70 Re2
Sh-H70-Pg-N-N-5-5-5 3 70 [Powg
48h-H70-GI-N-N-SSS | 48 70 |61
8h-H70-G1-E-N-5-5-5 3 70 |GI  Envelope
8h-H70-G2-E-N-S-5-§ g 70 |Gz Envelope
Sh-H70-G3 E-N-S-S-§ 3 70 G3  Envelope
8h-H70-G4-E-N-5-5-5 8 70 |64 [FEnvelope
8h-H70-G1-EC-N-5-5-8 8 70 |g1 [Frvelope
+ core

Sh-H70-Rgl-E-N-5-5-8 3 70 [Rgl [Envelope

Place getter agent
8h-H70-Rg2-E-N-5-5-§ 8 70 [Rg2 Envelope dwniem S%de
8h-170 Rg3 EN 555 8 70 Rg3 [Emvelope
Sh H70 Reg4 EN S 5.8 3 70 [Red [Emvelope
8h-H70-Sg1-E-N-5-5-5 8 70 [Sgl [Emvelope
8h-H70-G2E-N-SDS-S 3 70 G2 Emvelope
4h-H70-Rg2-E-N-5-5-§ 8 70 |[Rg2 [Envelope
8h-H115-G1-E-N-S-5-§ 8 115 |61  Eavelope dpl‘“egetter agent

ownstreat side
:l-]SH?O Rgl+Sgl ENS- | - é{gg;+ Emvelope
Sh-H70-Rg2-EN-SDSS | 8 70 [Rg2 [Envelope
gh H70-Gl-RgI ENS5{ I g; Envelope
Bb-H70-G1sSgl ENSS| 70 B Eavelope
s Sel
16h-H70-G1-E-N-5-5-§ 16 70 |G1 _ Emvelope
24h-H70-G1E-NS5-5-S 24 70 |GI  Envelope
48h-H70-GIE-NS-S-§ | 48 70 |GI _ Envelope
16h HT0 ReLENSSS | 16 70 [Rgl [Envelope
48h H70 Rel ENSSS | 48 70 Rgl [Emvelope
16h H70 Sgl1 ENSSS | 16 70 [Sgl Emvelope
48h-H70-Sg1-E-N-S-S-S | 48 70 [Sgl [Emvelope
16h NHRgl ENSSS | 16 70 [Rel Envelope
48h-H50-NG-E-N-S-5-§ | 48 70 [ Eavelope

etter
KB = AV —
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Table 4 Additional cost conditions

Cost Cost

(JPY) (JPY)
Heating 4h 3 |Square gefter (Sg) 200
Heating 8h 6 [Pre-vacuum drying 24h 65
Heating 115°C 8h 10 [Pumping 4h + 15min 9
Heating 16h 11 [Pumping 8h + 15min 17
Heating 24h 16 [Pumping 16h + 15min 33
Heating 48h 32 [Pumping 24h 49
Heating 50°C 48h 7 [Pumping 24h + 15min 49
IRound getter (G) 700 [Pumping 48h + 15min 97
Round getter (Rg) | 200

Additional cost [JPY]
0 1000 2000 3000

8h-H70-G2-N-N-5-5-8 1423
8h-H70-Rg1-N-N-5-5-5
8h-H70-Rg2-N-N-5-5-S

8h-H70-Pg-N-N-5-S-5
48h-H70-G1-N-N-5-5-5

8h-H70-G1-E-N-S-5-8
8h-H70-G2-E-N-5-S-5
8h-H70-G3-E-N-5-8-5
8h-H70-G4-E-N-S-5-8
8h-H70-G1-EC-N-5-5-§
8h-H70-Rgl-E-N-5-8-5
8h-H70-Rg2-E-N-5-5-S
8h-H70-Rg3-E-N-5-5-S
8h-H70-Rg4-E-N-5S5-S
8h-H70-5g1-E-N-5-S-8
8h-H70-G2-E-N-5-DS-S
4h-H70-Rg2-E-N-5-8-S
8h-H115-G1-E-N-5-5-8
8h-H70-Rg1+5g1-E-N-5-5-§
8h-H70-Rg2-E-N-5-DS-S
8h-H70-G1+Rgl-E-N-5-5-§
8h-H70-G1+Sg1-E-N-S-5-5
16h-H70-G1-E-N-5-8-5
24h-H70-G1-E-N-5-5-§
48h-H70-G1-E-N-5-5-5
16h-H70-Rgl-E-N-5-5-5
48h-H70-Rg1-E-N-5-5-5
16h-H70-Sg1-E-N-5-S-S
48h-H70-Sg1-E-N-5-5-§
16h-NH-Rg1-E-N-5-5-S
48h-HS50-NG-E-N-8-S8-§8

Figure 12 Additional cost for each condition
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Figure 13 Vacuum sealing machine equipped with heater
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Figure 14 Core material conditions of TVIPs
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Part3- Experimental study on a manufacturing process to suppress pressure increase after sealing of Transparent Vacuum Insulation Panel
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Figure 15 Change in thermal conductivity of the vacuum layer

B TVIP and single layer glass ~ ®m TVIP and double layer glass

2.0

L5

1.0

0.5

U-value [Wi(m *+K)]

0.0
E-2 E-4 E-S

Figure 16 Overall heat transfer coefficient
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