wo 2015/179221 A1 | I 00N OO O A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/179221 Al

26 November 2015 (26.11.2015) WIPO | PCT
(51) International Patent Classification: (74) Agent: KENT, Christopher, T.; Finnegan, Henderson,
B32B 17/06 (2006.01) F16L 59/065 (2006.01) Farabow, Garrett & Dunner L.L.P., 901 New York Aven-
E04B 1/80 (2006.01) ue, N.W., Washington, DC 20001 (US).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/US2015/030961 kind of national protection available). AE, AG, AL, AM,
. . AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Filing Date: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
15 May 2015 (15.05.2015) DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(26) Publication Language: English MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(30) Priority Data: PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
62/000,742 20 May 2014 (20.05.2014) Us SD, SE, SG, SK, SL, SM, ST, 8V, 8Y, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant: IMERYS FILTRATION MINERALS, INC. . L
[US/US]; 1732 North First Street, Suite 450, San Jose, CA (84) Designated States (uniess otherwise indicated, for every
95112 (US). kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(72) Inventor: WANG, Bo; 160 Hercules Avenue, Lompoc, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,

CA 93436 (US).

TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,

[Continued on next page]

(54) Title: MINERAL COMPOSITE VACUUM INSULATION PANEL SHEETS

(57) Abstract: A composite core material for use in vacuum insulation panels may in-
clude a fibrous insulating material and an inorganic particulate material, A method of

or silica.

I
=

R S S A S KR

4 making a composite core material for use in vacuum insulation panels may include de-
positing a layer of fibrous insulating material to form a fibrous core, and applying an
Inorganic particulate material to the fibrous core to form the composite core material.
A vacuum insulation pane) may include a composite core material including a fibrous
insulating material and an inorganic particulate material. The vacuum insulation panel
may have an R-value greater than or equal to about 30 per inch of thickness of the
composite core material and may have a density after evacuation of less than or equal
to about 17 lbs/ft>. The fibrous insulating material may include fiberglass or mineral
wool fibers. The inorganic particulate material may include diatomaceous earth, perlite,
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MINERAL COMPOSITE ¥YACUUM INSULATION FPANEL SHEETS

CLAIM FOK PRIORITY

G001] This PCT International Application claims the benefit of priority of

fr—

LS. Provisionai Patent Application No. 82/000,742, filed May 20, 2014, the subject

matter of which is incorporated herein by refarence in its entirety.

DESCRIPTICN OF THE DISCLOSURE

i

[0G02] The present disclosure relates to a mineral composite vacuum

also relates to methods for making

(D
]

insulation panel sheets. The present disclosus

mineral composite vacuum insuiation panel shests.

Background

10003] acuurn insulation panels may be used io insulate and regulate the
temperature of buildings and iemperature-sensitive equipment, such as cryogenic

storage tanks. Vacuum insulation panais may include fiberglass cores; however,

obtaining a desired thermal resistance (R-valug) may require many layers of fibergl:
making the fiberglass cores expensive to produce. Fiberglass panels may also lack
mechanical strength because relatively short fiber lengths do not entangle sufficienily to

withstand applications of force. Long fiber lengths may also lack good mechanical

618
=

i

trength because voids in the entangled fibers may compress and allow for deformation

73]
[49]

J

of the fiberglass panels. Thease voids may also compress over fime, which may result in

decreased therm ormanca.

'CS
u'
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[GO04] Metallic films and foils may be used io increase the mechanical
strength of a vacuum insulation panal; however, meiallic films act as heai conductors

through the panal. At metal film thicknesses sufficient to obiain good mechanical

4

preperties, the heat transfer properties of the films may significantly reduce the

=

affectiveness of the fiberglass core
[0005] It may be desirable to produce 3 iiber-based insulation panel, such

as a vacuum instlation panel, having impreved mechanical properties. 1t may also be
desirable to provide a vacuum insulation panel with improved thermal resistance

properties at a lower cost. it may also be desirable o provide a core material for

3

vacuum rmulatlan pariaiz having improved thermal resistance and improved mechanical
proparties, such as density
SUMMARY

1600g] In the following description, certain aspects and embodiments will
become evident. It should be understood that the aspects and embodiments, in their
broadest sense, could be practiced without having one or more features of these

aspects and ambodiments. It should be understood that these aspects and
embodiments are merely exemplary.

[0007] According {0 one aspect of this disciosure, a composiie core
material for use in vacuum insulation panels may include a fibrous insulating material
and an inorganic particuiate material.

[GOU8] According to ancther aspect, a method of making a composite core

matenal for use in vacuum insulation panels may include deposiiing a layer of fibrous
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insulating matenal to form a fibrous corg, and applying an inorganic particulate material

h

iorous core to form the composite core material,
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o
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According io ancther aspact, a vacuum insulation panel may
include a composite core material including & fibrous insulating material and an
inorganic particulate material. The vacuum insulation panal may have an R-vajue

graater than or equal te about 30 per inch of thickness and a density after svacuation of

[0019] According to a further aspect, the fibrous insulating material may

[0011] According lo another aspect, the inorganic particulats material may

inciude at least one of diatomaceous earth, perlite (including exparded perlite), tale,

kaoclin, calcined kaolin, vermiculite, mica, feldspar, paivgorskite, nepheline zvenite,

silica, atiapulgite clay, bentonite, or an alkal earth metal carbonate (2.q., calcium
carbonate, barium carbonate, or magnesium carbonate). The silica may include natural

silica, such as, for example, natural amorphous silica.

[0012] cording o yet ancther aspect, the fibrous insulating matsrial may

be a first layer of the compaosite core material, and the inorgaiic particulate material
may be a second laver of the composile core matenal overlaying the first layer. The

second laver may be a spray-coated laver spraved over the first layer

ate material

within the fibrous insulating material. For example, the |

-
3
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[0014] Accordina te a ier aspect, the method may include hiydropulping

> insulating m:

[QO15] According to still ancther a

ba enclosed in a fiim enclosure. The film encles

film enclosure mayv be sealed to form a vacuum insulation panel,

\[i)

[0G16] According to vet another aspect, the vacuum insulation panel may

have g thermal resistance, or R-valus, graater than or equal to about 30 per inch of
thickness at a vacuum pressura of about 2x1 0 Torr. For example, tha vacuum
iiisulation panel may >y than or equal 1o about 35 per inch of
thickness at a vacuum oressure of about 2107 Torr, greater than or equal to about 40

Torr, greater than or egual

te about 45 per irich of thicknass at & vacuum pressure of about 2x107 Torr, or greater
than or equsal to about 47 per inch of thickness at a vacuum prassure of about Z2x19 e

Torr.

[0017] According to a fuither aspect, the inorganic particulate material may

have a top pariicle size (dg) of less than or egual t¢ about 100 um, such as, for

e L1675 e
ut 70 um, less

example, less than or equal o about 80 pm, less than or squal to sbou

than or equal to about 80 pm, less than or equal to about 55 pm, less than or eguai to

p)
!

about 50 um, less than or equal to about 45 pm, less than or equal to about 40 ym, less

um. less than or equal 1o
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10018] According to vt ancther aspect, the incrganic particulats material
may have a median particle siza {dsg) of less than or sgqual to about 55 um, such as, for
example, less than or egual to about 40 pm, less than or agual to about 30 um, isss
than or eque! to about 25 pm, less than or egual to about 20 pm, less than or equal to
about 15 prn, less than or equal to about 10 um, less than or equal io about 5 um, or
less than or equal to apbout 3 um. According to a further aspect, the incrganic
particulate matenal may have a dsg ranging from about 1 pm to about 80 pm, such as

for example, from about 5 pm to about 35 pm, from about 10 um te about 30 pm, from

about 16 pm to about 25 um, from about 20 pym to about 30 um, from about 3 pm o
gbout 1& pm, from about 5 ym to about 15 pym, from about 5 pm to zbout 10 um, from
about 3 pm tc about 5 pm, from about 1 pm io about 5 um, or from about 1 ym to about

[0019] According io another aspect, the inorganic particuiate materiai may
nave & bottom parlicle size (dys) of less than or equai to about 206 pm, such as, for
xample, i8ss than or equal to about 15 pm, less than or equal 1o about 10 um, less
than or equal to about 5 um, less than or equal to about 3 um, less than or equal o
about 1 um, or less than or equal o about 8.2 pym. According to some aspecis, the

[

inorganic partictlate material may have a bottom particle size (d+) ranging from about

iy

0.5 pm to about 20 um, such as, for example, from about 10 pm te about 20 um, from

about 5 um to about 15 pm, from about 5 ym te about 10 pm, from about 0.5 pm o
about 5 gm, from about 0.5 um fo about 3 pm, from about 3 um to sbout 5 um, from

about 1 um to about 3 pm, or from about 0.5 pm to about 1 um.

[}
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According to another aspect, tha inorganic particulate material m

include a poreus inorganic particulate material. According o a further aspect, the
inorganic particulate material may have a meadian pore diameter less than or equal to

aboul 5 um, such as, for sxample, less than or equal to about 3 pm, less than or egual

to about 2 pm, or fess than or equal io about 1 um. Accerding to another asneact, the

carticuiaie incrganic material may have a pora volume of less than or equal to about 5

Aam,

i as, for example, less than or equal to about 4 mlig, less than or equal fo

about 3 milfg, or kess than or equal o about 2 mil/g.

(0021] According o vet another aspect, the inorganic particulate material
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gter than or equal to

greater than or equal to ahout 225%, or greater than or equal 1o about 250%.

[0022] According to still a further aspect, the vacuum insuiation panel may
have a density after evacuation of less than or equal to about 18 Ibs/ft®, such as, for

/it°, less than or equai to sbout 14 bs/ft°, less than or

P

i lbsite, or less than or equal to

another asped, the vacuum insulation pansl may

have a density before evacuation of less than 10 ibs/ft’.
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equal to about § Ibs/ft”, less than or equal to about 8 IbsAt, less than or squal to about
Ibsit® less than or aqual to about 8 ibs/t®, less than or equal o about 5 los/fi”, or less
than or equal 1o about 4 [bs/t.

[0024] According to another aspect, the ratic of fibrous Insulating material

to inorganic particulate material may be greater than or equal to about 50:50 by weight.

For example, the ratio of fibrous insulating material to inorganiz particulate material may

be greater than or equal o about 70:30 by weight, greater than or equal to about 75:25

by weight, greater than or equal to about 80:20 by weight, greater than or equal to about
85:15 by weight, or greater than or egual to about 90:10 by weight.
10025] According to still another aspect, the inorganic particulate material

adsorb gasses or vapors in the vacuum insulation panel, such as, for example, water

i

According to ancther aspect, the R-vaiue of the vacuum insulation

pane! having a composite care material may increase over time. For example, the

value of the vacuum insulation panel having a compaosite core material may increase by

pt

"‘t

greater than or squal 1o abaut 10% 44 days after evacuation, by greater than or equal to

{“

about Z0% 44 days after evacuation, or by greater than or equal to about 30% 44 days

1’“)

after evacuaiion.

EBRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 shows an exemplary vacuum insulation panel including a

compoesite core material.

o
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having composite core materials.
16029] FIG. 3 shows the density of exemnplary vacuum insulation pangis

having comgosile core materials.

gy
.

0030] FIG. 4 shows the change in K-value over tims of exempiary

vacuum insulation panels having composite core materials.

et

0031] cording to seme embodiments, a fiberglass-mineral composite

e

may be used io form a core for vacuum insulation panels. According o some

embodiments, a compasite core material for use in vacuum insulation panels includes a

D&
[0032] According to some embodiments, a method of making 2 composite
core material for use i vacuum insulation panels may include depositing a lay

fibrous nsulating material to form a fibrous core, and applving an inorganic particulate

material ic the fibrous core to form the composite core malerial.

{0033 According to some embodiments, a vacuum insulation panel ma
inciude a composite core material including a fibrous insulating material and an

iculate material. The vacuum insulation panal mayv have an R-value
greater than or equal to about 30 per inch of thickness at a vacuum pressure of sbout
“ Torir and a denisity after svacuation of less than or equat to about 17 b/,
[0634] According to some embodiments, the fibrous insulating material

may include at least one of fiberglass and mineral weol fibers.
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[0635] Although certain embodiments may be described in terms of
fibzrglass, it is undearstood that other fibrous insulaling materialg, such as, for example,
mineral wool, glass wool, stone wool, ceramic wool, or fibers derived from minsral wodl,
glage wool, stone wool, or ceramic wool may be used. Accordingly, any insulating Tiber

may be used as the fibrous insulating material, such as, {for example, inorganic fiber or

[0036] Tre fiberglass may include aither short fibers or longer fibers, such

techniques similar to conventional paper-forming techniguss, such as, for example,

ply of the entangled glass fibers,

.'\.

draining the slurry through a headbox to create a

bodiments, the sheet or ply may be drained through a mold

e of the sheet or ply. According to some smbodiments, a binder
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or matrix, 2uch as a resin or polvmer mairix, may be added to adhers ths fibers

togethar
[0038] According to seme embodiments, an inerganic particulate material

containing both the fibrous insulating material and the inorganic particulate material.
The incrganic particulate material may include at least one of nat
diatomaceous earth, perlite (including expanded perlite), tale, kaclin, calcined kaolin,
vermiculite, mica, feldspar, palvgorskite, nepheline syenite, zilica, attapulgite clay,

——s s

carbonate, or magnesium carbonate). Clay or hydrous materials, such as, for exampl

13

kaolin, vermiculite, or attapulgite clay, may be dried, calcined, or dehydrated prior to

composite core material. The silica may include natural silica, such
as, for example, natural amorphous silica. Natural amorphous silica may include
processed or modified amorphous silica, such as, for example, described in U.S. Patent
Application FPublication No. 2012/0048145 A1, assigned to the same assignes as the

presant disclosure, the disclosure of which is hereby incorporated by reference in its

[0039] Farticle size characteristics described hersin may be measursd by

ticle size distribution analvzer. The Microtrac laser particie siz
distribution analyzer provides measurements and a plot of the cumulative percentage by

waight of particles having a size, referred to in the art as the

i0
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[0040j According {o some embodimeants, the inorganic particulate material
may have a top particle size {dg} of lese than or equal o about 10C pm, such as, for

thar or egual to akout 60 pm, less than or equal io about 55 |
about 50 ym, less than or equai to about 45 um, iess than or equal 1o sbout 40 pm, less

than or equal to about 35 um, less than or equal to about 30 pm, less than orequal fo

about 28 umi, or less than or equal ia about 20 pm.
[604 Accgnding to some embodiments, the inorganic particulate material
may have a median samcte size {dsp) of less than o equal to about 50 ym, such as, for

example, iess than or egual ic about 40 pm, less than or squal 1o about 30 um, less

bl

b

than or equal to about 25 um, less than or equal to about 2

A
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about 156 wm, less than or equal 1o aboui 10 pm, less than or equal to about b pm, or

less than or equal io about 2 um. According to some embodiments, the inorganic
particulate rmaterial may have a median pariicle size {dsg) ranging from about 1 pm to
about 50 pm, such as, for example, from about 5 pm to about 30 pm, from about 10 pm

8]
(7]

o

to about 20 um, from about 15 pm 1o aboui 25 pm, from about 20 pm to about 20 pm,

from about 3 um to about 15 pm, from about 5 um to aboui 15 pm, from about 5 pim to

m, from about 3 um to about 5 um, from about 1 um to about & pm, or from

m
(' ¥
&
=
(‘""
'S.,.

out 1 um io about 3 pim.

[0042] According fo some embodiments, the inorganic pardiculate material
may have a bottom particle size {d4q) of less than or squal to about 20 um, such as, for

example, less than or equal to about 15 pm, less than or equal to about 10 pm, less

11
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about 1 um, or less than or equal 1o about 4.5 pm. According to some embodimants,

the inorganic particulate materiai m ranging from

o)

OF

m
(D

about 0.5 pm to about 20 pm, such a sxampie, from about 10 um to about 20 pm.

from about & pm to about 15 um, from abeut 3 um to about 10 pm, from about 0.5 um to
about & prm, from abowt 0.5 um to about 2 pm, from about 3 um to aboui 5 um, from

about 1 um to about 3 um, or from about 5.5 um to about 1 um,

[0643] Aecording to some embodiments, the inorganic particulate material
may include a porous incrganic particulate material. According to some embodiments
the inorganic pariiculate material may have 3 median pore diameter less than or equal
te about & um, such as, for example, less than of equal 1o about 3 um, less than or

egual to about 2 pm, or less than or equal to about 1 pm. According to some

empodiments, the particulate inorganic material may have a pore volume of less than or

less than or equal to about 3 mifg, or less than or equal to about 2 mifg.

[0044] According to some embodiments, the inorganic particulate material
may have a watar absorption of greater than or equal to about 106% bv weight of the
dry inorganic particulate matetial, such as, for example, greater than or equal to sbout

120%, greater than or equal to about 150%, greater than or egual to about 200%, or

quai to about 250%.

s
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{0045] According to some embodiments, the fibrous insulating material

may have a fiber diameter less than or egual to about 20 um, such as, for example, less

-o-

or equal to about 10 um, less than or equal to about 8 um, less than or equal to

r2
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&)

about 5 um, less than or equal to about 3 pm, less than or equal o about 2 pm, or les
than or equal to about 1 um.
[004€] According to some ambodiments, the inorganic particulate material

may be applied to the fibrous insulating material using a spray msthod. For example,

particulate material ento th
particulate material over the fibrous core. According to some embodimants, the

incrganic particulate material may be apolied to the fibergiass by spraving a solution

containing the inorganic particulate material onto a fiber

of incrganic particulate material may promotes intermixi
inorganic particulate material. According to some embeodiments, the inorganic

pariiculate material m:

particulate material at substantially the same time as the tibrous insulating material may

promote dispersion of the inorganic particulate material throughout the fibrous insulating
material. Az a rasult, the inorganic particulate material may be coexilensive with zome

or all of the fibrous insulating material layer.

m-x

[2047] he inorganic particulate material may, in some embodiments,
include a pinder. The binder may Tacilitats adhesion between the inorganic particulate
matenal and the fibrous insulating material. For example, binders may include, but are

not imited to, silicone-hased binders, inoraanic binders, and organic binders. According

to sorne embodiments, the inorganic binder may be a silicate-basad binder, such as, for
example, sodium silicate or polassium silicate. Use of an inorganic binder may prevent
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the formeation of volatile organic compeounds after the composite core material is sealed

ir & vacuum insulation panel. Formation of volatite organic compounds imay reduce the

vacuum level of the vacuum insulation panegl, thersby de

time,

[0048] The composite core material may be dried prior t6 sealing the core
in a vacuum insulation panel. Drying the composite core material may facilifate
avaporation and release of water vapor, volatile organic compounds, and other gasses

encicsure. If the composite core is not dried to remove water and other compounds that
could form vapors or gasses within the vacuum insulation panel, the R-value of the
vacuum insulation panel may be reduced because of the decreased vacuum creatsd by

the vapor.

[0049] The composite core maierial may, according tc some
embodiments, include a more than one tayer of fibrous insuiating material, more than
one layer of inorganic particulate material, or both. For exampie, a first faver of
morganic particulate material mav be applied over a first layer of fibrous insulating

“,"
T

mateiial. A second layer of fibrous insulating material may then be applied over the first

tayer of incrganic particuiate material, and a second layer of inorganic particulate

materiai may be applied over the second layer of fibrous insulaiing material. According
to some embodiments, the inorgariic culate matarial may be applied to one face of
thie layer of fibrous insulating material or to both faces of the fibrous insulating material.
[GG50] According to some embadimenis, the inorganic particulate material
may have a density less than or equal to about 10 ths/#t°, such as, for example, less

14
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may act as a “getter” material. For example, the inorganic parliculate maierial may
adsorb gasses of vapors in the vacuum insulation panel, such as, for example, water

o some esmbodiments. the R-value of the vacuum

insulation panel having a composite core material may increase over ima. For

example, the R-value of the vacuum insulation panel may increase by greater than or

yvacuum insulation panel 10 may include one or mere composit

having, for example, a fiberglass laver 14 and an incrganic particuiats

Accerding to some embodiments, incrganic particulate matsr
onto, incorporated into, or intarmixed with fiberglass material i4. Compeosite core

=
]



WO 2015/179221 PCT/US2015/030961

polymer layer, c layers, or two or more polymer layers. The mulii-

taver film may include a laminated structure
[0054] Suitable polymer films may include, but are not limited g,

tetraphihalate polvester films, polytetrafluorcethylens films, polvimide films, flucrinated

ot

ethvlene propylens films, polyvinylidens chioride films, polyethylens films. or copolymer

Fa

films containing one or more of the listed polvimers. Suitable metal films may includs
aluminum films, silver films, gold films, chromium films, nicke! films, stainless sizgel films,
or atloy metal films containing one or more of aluminum, silver, gold, chromium, iron, or

nicksl.

[D055] According to some embodimants, the thickness of a polymer film

may rangs from about 10 pim to about 1500 um, for example, from about 25 pm (o

about 500 um, from about 50 pm to about 250 um, or fro

W”!

»m about 50 pm to about

160 um. According to some embodiments, the thickness of the mistal film may rangs

¥

from about 0.01 pm to about 0.2 um, for example, from about 0.2 pm to about 0.1 pm,

from about 0.3 pm o about 0.7 pym, or from about 0.3 pm to about 2.5 pm.
[3058] According o some smbodiments, vacuum insulation panel 10 may

‘m

released from composite core maierial 12 or that permeate through film enclosure 18,

such as through pinholes in film enclosure 18, For example, adsorbent material 20

=, palladium oxide, may alsc be used io reduce

..m»
i
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vacuum insulation panel, such as, for example, during sealing of tha fim enclosure.

According to some embodiments, adsorbent material 20 may instead be an absorbent

1aterial capable of absorbing gasses or liquids in vacuum panel encleaure 10.

g

:Q
(”‘L

Adsorbent material 20 may also have both adsarbent and absorbent properties

“,42»

1[

depending on the composition of adsorbent material 20 and the gasses or vapors within
film enclosure 18,

{00571 Film enclosure 18 of the exemplary vacuum insulation panel 16
may be evacuated and sealed with an airtight seal to maintain the vacuum. Depending
on the composition of film enclosuire 18, film enclosure 18 may be sealed by, for
axample, heat sealing, hot melting, laser welding or sealing, by use of an adhesive,
combinations thereof. Any method of sealing film enclosure 18 may be used, including
other methods known in the art.

[6056] Prior to complete sealing of film enclosure 18, cavity 22 containing
compaosite core material 12 and any other materials {e.g., adsorbent material 20), may
be evacuated using, for example, evacuation tube 24, Ongcs the desired vacuum

& obtained, the remaindear of film anclosure 18 batween svacuation tube 24

22 may be zealed, for example, at location 26 prior to extraction of

evacuation tubs Z4. Sealing film enclosure 18 prior to extraciing evacuation tube 24

can help retain the vacuum in vacuum insulation panel 10,
10659] According o seme embodiments, the vacuum insulation panel

having a composite core materigl may have a thermal resistance, or R-valug, greater
than or equal to about 30 per inch of thickness at a vacuum pressure of about 2x10°7

Torr. For example, ithe vacuum insulation panel may have an R-vajue greater than or

Py
e}
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equal to about 35 per inch of thickness at a vacuum prassure of about 2107 Torr,

; at & vacuum pressture of about
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2x10° Torr, greater than or aqual to about 45 per inch of thickness at a vacuum

pressure of about 2x107 Torr, or greater than or equal 1o about 47 per inch of thickness

at a vacuum pressure of about 2x19° Torr.
{00601 According 1o some embodimants, the vacuum insulation panai may

about 18 Ibs/t, such as, for

QD

less than or equal to about 15 Ibs/ft®, less than or equal te about 14 IbsAt”, less than or

E

less than or equal to about 11 lbs/t, or less than or equal to

10061] The addition of an inorganic particulate material to the fibrous

"*1

insutating material may improve the thermal and mechanical properties of core

materials for vacuum insulation panels. For example, the addition of inorganic

particulate materials may reduce the amount of fiberglass or other fibrous insuiating
material raquired to achieve a desired R-value. A reduction in the amount of fibrous
insulating matertal may lower the manufacturing cost of the composite core material,

and may also reduce the overali weight of the vacuum insulation panel. The inorganic

parliculate material may alzo improve the mechanical properties of the core material by,

th
[N

fore ~-='ss4rm,,fl’n increasing the density of the core material. Furthermore, the inorganic
particulate material may improve the properiies of the core material and corresponding

vacuum insulation panel by coating the fibrous insulating material fo provide a relatively

smoother inferface between the fibers and a fiim enclosure. The inorganic particulate
483
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naterial may mitigate protrusion of the ends of the fibers, which can pierce the fiim
enclosure and create holes in the film that allow gasses to enter the insulation panal
and weaken the vacuum over lime. Weakening of the vacuum may also decrease R-
value of the vacuum insulation panal and degrade iis effeclivenass over time.
[0062] According 1o some embodiments, the inorganic particulate material

material to adsorb gasses or vapers in the vacuum insulation

particulate material also acts as a getter material, ihe need for an additional adsorption

material may be reduced or gliminated. This may simplify the construction of the

P

vacuum insulation panel. The use of 3 particulate inorganic material that acts as a

particulaie inorganic material also functions as a getter material, the overall weight and

density of the vacuum insulation panel mayv be reduced.
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According o some sembodiments, the inorganic particuiate material

may increase the K-value of the vacuum insulation pansl through aging. For example,

pord

_‘T‘

the R-value of a vacuum insulation panel having & composite core material may
increass by greater than or equal to about 10% 44 days after evacuation. ror example,
the R-value of the vacuum insulation panel may increase by greater than or equal to

about 15%, greater than or equal to about 20%, greater than or egual to about 25%, or

o

greater than or egqual to sboul 20% 44 days after eyacuation.

A

coating various minerals onto a layer of fiberglass shest substrates. Sample A included

-
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a layer of natural amorphous AF silica (ECOFLAT™) having & mean particle sizs of

about 3 ym. Sample B included a layer of perlite (HARBORLITE®R 200) having a

(CELITE® NPP™). For the control sam mplas, 800 g delonized water was used with no
mineral addition
{0085] Table 1 below shows the material properties of the inorganic

r3

ed to prepare each of samples A-C. The particie size
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distribution was measured using a Microtrac laser particle size distribution analyzer.

The pore diameter and pore volume were measured by marcury intrusion porosimetry

] 4

s AutoPore porosimeter and following the metnodoiogy set forth in

using a Microme
the instrument instruction manual.

[(066] Water absarption of the incrganic particulate materials was
measured by Celite test methad no, LO-412-351, “Water Absorption (Dry End Point).”
To measure the water absorption, § grams of dry AF silica (Sample A} and dry perlite
(Sample B), and 10 grams of diatomaceous earth (Sample C) were placed in 500 mi
porcelain dishes. Distilled water was added from a burstte at a rate of 1 drop per

second. The samples wers stirred during the addition of the water using a spatula

having a 4 inch blade so that each drop of water fell on a dry portion of the material. As
the sample particles became wet, they coalesced and formed small lumps of paste,
The lumps were kept distributed throughout the mass by stirring, with care not to use
pressure in the mixing. As the absorption progressed, larger lumps were formed, which

formed balls of paste. At this point, the rate and quantity of water addad was

decreased, as set forth ini the meathod. The added water then siruck the wet balis of
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naterial, which wers stirred t¢ bring them inte contact with the remaining dry sample

l‘

the

fsne il

I

VWhen all of the dry sample was wet and the resuliing paste tended to smear on

zides and bottom of the dish, no more water was added. The amount of water used
IR

during the process was detsrmined, and the waight percent of water absorbed was

calculated as set forth in the msthod,

Water

(um) Abs rpuun

Pore | Pore
Diameter | Volume
pm)

Mineral

& ::
&

=0
8

-
&

A (AF Silica) 8.5 1.45 1.92 17.14 -
B {Perlite} 5.0 2.54 549 44,59
C {DE) 4.8 245 3.83 2487

{e.g., AF Silica, perlite, or diatomacesous earthj in glass

water and stirring for 10 minutes. Each mineral soluticn was then transfarred to a boitle

Samples A-C and the control sample were dried in the oven at 120 °C cvernight.
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AF Silica | Perlite | Diatomacescus
(Wi} {wtle) | Earth {wt%)
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[D070 Before panel fabrication, the composite core sheats were driad in
the oven again. The dried composite core sheeats were then encased in a barrigr film.
The sncased panels were evacuaied and s=aled at a vacuum pressure of 2.0 x 10

Torr at room temperature. The pansls were then aged by sifting at room tamperature

t-t-

[0CG71] After aging, thermal conductivity was measurad using the t

ard Test Method for Using Heat Flow Mater

ermal Resistivity of Vacuum Pansls.” The

!.[l

thermal conductivity testing apparatus consisted of a 6.35 mm thick aluminum plate with

thermocouple. Digital DC power 1o the heaters was adjusted 1o oblain and maintain the
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[0072] The density in vacuum was determined by measuring the

and weight of the evacuated panels.

2
3
W
'—a
=
T
:
[}
=
w

[OG73] The results of the R-value and density measurements are shown in
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[0074] Table 3 below also shows the R-values and densitiss of samiples

A-C as compared to the control sample, which are also shown in FIGS. 2 and

Sample R perinch Density l!b.‘ft
at 2210 Torr at 2106~ Tur
Control 10.¢
A 18.9
g 13.9
- C 14.3

- )

[0075] As demonstrated in FIG. 2 and Table 3, each of samples A-C have

-~

E values greater than 30 per inch of thickness. Sarnple B has an R-valus comparable

to the control sample, and sampie A exhibits an R-value greater than the control

[0078] FIG. 3 and Table 3

control sample in a vacuum of about 2

i T)
L.A-
[11]
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samples A-C are greater than the
[G077] Asshown inFIGS. Zand 3, and T

vacuum insulation paneis can be created by 3

The compesite vacuum insulation core panels mas

fiberglass panels, bui may have increased densities.

m

provide better mechanical properties for the composite pansis, such as, for example,

increased mechanical strength or impact resistance. The composite panels may alzo

decrease manufacturing costs by reducing the amount of fiberglass n

the same thermal properties, such as R-valueg, which me
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C andg

Table 4 shows a comparison of the R-values of samplez A

the control sample over various aging periods at room temperaturs. As shown in Table
4, the R-valus of the vacuum insulation panels containing AF silica (Sample A) and
periite (Sample B) increased with aging time, whereas the R-value of the control sample

o

P

decreased with aging

H

mple {3

T2 11318

f;"‘)

E-Value fmt:h VA ging

1 day 14 days 44 days

Control 57.8 32.2
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[6G79] A piot of the data in Table 4 is shown in FIG. 4. As shown in Table

4 and FIG. 4, the R-value of the controi sample decreased over the 44-day aging

ke

over the same pericd. However, the

than the control sample. After 14

iy
i

ay of aging, was

he R-value of

{0080] Yithout wishing to be bound to a particular theory, it is believed that

the inorganic particulate materials added o the composite core material may act as

"getiers” to scavenge gasses of vapors, such as, for example, nitrogen, ox

[
i
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water vapor, over time. This vapor or gas scavenging may occur as a chemical or

physical interaction with the surface or poras of the inorganic particulats matenial. The

action to scavenge a gas or vapor may help maintain or improve the vacuum of the

i

i
4

vacuum insulation panel, thereby maintaining or improving the R-value over time. For

! 7y

example, while samples A and B improve the R-value over time, sample C appears to

11‘:

maintain the R-value when compared to the control sample. Thus, aithough sample C

lower thar the control sample, after a relatively

may have an R-value thatl is initially
short period of time, the R-value of sample C was actually greater than the contro!
sampie, which may make the vacuum insulation panel more effective gver the life of the
panel.
[0081] Other embediments of the invention will be apparent to those

skilled in the art from congideration of the specification and practice of the exemplary

embodiments disclosed herein. i is intended that the specification and examples be
considered as exemplary only, with a true scope and spirit of the invention bsing

indicated by the following claims.
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WHAT IS CLAIMED 8!

1. A composite core material for use in 3 vacuum insulation pansi, the
composite core material comprising:

3

2. The composite core material of claim 1, wherein the fibrous insulating

materia! comprises at least one of fibsrglass and mineral wool fibers.

3. The composiie core material of claim 1, whersin the inorganic particulate

material comprises at isast ons of natural silica, diatomaceous earth, perlite, tale, kaolin,

calcined kaolin, vermiculite, mica, feldspar, palygerskite, nepheline syenite, silica,

4. The composite core material of claim 1, wherein

the fibrous insulating material comprises a first layer; and

the inorganic particulate materiai comprises a second laver overlaying the first
layer

5, The composite core material of claim 4, wherein the second layer
comprises a spray-coated layer sprayed over the first layer.

AN
I
>
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ol

. wherein the composite core
material is enclesed in a vacuum insulation panel a

at a vacuum pressure of about 2x10°%
Torr,

The composiie core material of clai

"".?

5, wherein the vac

uum insulation

5 an R-value greater than or equal to about 30 per inch of thickness

R A

The composite core material of claim

an R-valus greater than or squal

e

The composite core material of claim 8, wherein the vacuum insulation
panei has an R-value greater than or equal to about 47 per inch of thickness.

10.  The compoesite core =riai of claim 1, wherein the inorganic particul
materiai has a median particle size less

nan abeout 20 umi.

11, The composite core material of claim

. wharein the vacuum insulati
panel has a density after evacuation of lsss tha

The composite core material of claim 8, wherein the vacuum insulation

than or equal 1o about 12 bs#t®

i"m,“f:
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Ar-’h

13.  The composite core material of claim 1, wherein the incrganic particula

material has a density less than or equal tc about 9 lbs/ft°,

4. The composite core material of claim 1, wherein the inorganic particuiate

material has a density less than or equal to about 5 lbs/ft®.

15, The compos n the inorganic particuiate

¢
s

material has a median pore diameter less than or squal to about 3 pm.

8. The composite core material of claim 1, wherein the inorganic particulate

material has a pore volume less than or equal to about 5 midg.

17.  The composite core material of claim 1, wherein the ratio of fibrous

insulating material to inorganic particulate material is greater than or equal to about

50:50 by weight.
18.  The composite core material of claim 1, wherein the ratio of fibrous
nsulating matprsal fo Inorganic particulate material is greater than or equal to about
70:30 by weight.

19.  The compuosite core material of claim 1, wherein the inorganic particulate

material has a water absorption greater than or equal io about 130°

drv inorganic particulate material.



PCT/US2015/030961

WO 2015/179221

he inorganic particulats

ore matarial of claim 1, wherein tt

Z0 The composite ¢

maierial of claim 8, wherein the R-valuz of the

1. The compaosite core
avaouation

vacuum insulation panel i greater than or equal to 10% larger 44 davs after

of the vacuum insulation pansl.

22.  The composite core ma
vacuum insulation panel is g ger 44 days after evacualion

of the vacuum insulation panei.

g Vacuum

]

: A method of making a composiiz core material for uss i

-
.l

insulation pansl, the mathed comprising:
cofe; and

depositing a laver of fibrous insulating material to form a fibrou
e to form the

riiculate matarial to the fibrous co

applying an inorganic ¢

composite core material
24, The method of claim 23, wherein the fibrous insulating material comprises
: ss and mineral wogl! fibers.

@ inorganic partic

25, The meihod of claim 23, whers
e of natural silica, diatomaceous earth, perlite, isle, kaolin,

comprises at least on
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calcined Kaclin, vermicuiite, miica, feldspar, paiygorskite, nepheiine svenite, silica,

attapulgite clav, bentonite, or an alkaii earth metai carbonats.
g }

26.  The method of claim 23, wherein applying the inorganic particulate

material comprises spray-coating the fibrous core with the inorganic particulate material.
27.  The method of claim 26, wherein spray-coating the fibrous core comprises

sprav-coating the fibrous core with a solulien containing the Inorganic particulate

material.

28.  The msthod of claim 23, further compriging:

%

hydropulping the fibrous insulating material prior to depositing the layer of fibrous

insulating material.

23, Tne method of claim 23, wherein depositing the layer of fibrous insulating

material and applying the inorganic particulate material occur at substaitially the same
time, such that the inorganic particulate material is dispersed throughout the layer of

fibrous insuiating material.

30.  The method of claim 23, further comprising:
anclosing the composite core material in a film enclosure;
evacuating the film 2nclosure; and

the

sealing

(T'

gvacuateq film enclosure 1o form a vacuum insuiation panel.

(C'.l

[
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The metnod of claim 30, wherein the vacuum insulation panel has an

¢ gbout 30 per inch of thickness at 3 vacuum pressure of

32.  The method of claim 30, wherein the vacuum insulation panel has an
&83 cuum pressure of

R-value greater than or equal to about 40 per inch of thickness at 2 va

about 2x10 Torr.

33. The method of claim 30, wherein the vacuum insulation panel has an

rthan or equal to about 47 per inch of thi

aim 23, wherein the inorganic g

{
75}
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aim 23, whersin the inorganic particulate material has

Taik

wedian pa

> yacuum nsuiztion pansal has a
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1y 30, wherein the vacuunt insulatio

requal to about 12 tbs/ft

g2, The mesthod of claim 23, wherein the inorganic particulale material hag a

o about 8 los/t’,

e

iensity less than or equal

38, The msthod of claim 23, wi ¢ inarganic particulate mate

>,
Wil

densily less than or squal to abou

. wherein the ratic of fibrous insuiating material to

ater than or egual to about 50:50 by weight.

i

ulate matzrial is grea

&
et
i}
o]
=
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e
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=
2
Fonad
3

41.  The method of claim 23, wherein the ratico of fibrous insu

particulate material is greater than or equal to about 70

ine ‘f‘]drl icp Lig
42, The method of claim 23, wherein the inorganic particulate material has
30% by weight of the diy inorganic

sater than or egual to about 130

water abscorption gr

pariiculate matenal.

43.  The method of claim 23, wharsin the inorganic particuiatz material is a

getter matenal,

44 The method of claim 30, further comprising:

[
5
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vacuum mnsulation panel.

45, Avacuum insulation panel comprising:

a composite core material including a fibrous insulating material and an inorganic

wherein the vacuum insulation panel has an R-value greater than or equal to
about 30 per inch of thickness at a vacuum pressure of about 2x107 Torr, and a density

of less than or eaual to about 17 lbsf

=)

46.  The vacuum insulation panel of claim 45, wherein the fibious insulating

material comprises at least one of fiberglass and mineral wool fibers.

47.  The vacuum insulation panel of claim 45, wherein the inorganic particulate
material comprises at least one of natural silica, diatomacecus earth, perlite, tale, kaolin,

caleined kaclin, vermiculite, mica, feldspar, palygorskite, nephealine syenite, silica,

tonite, or an alkal earth metsl carbonats.

48.  Tne vacuum insulation panel of claim 45, wherein

the fibrous ins es = first layer; and

the inorg

59
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42 The vacuum insulation panel of claim 45, wherein the inorganic pariiculats

malerial is dispersed within the fibrous insulating material.

20, The vacuum insulation panel of claim 45, wherein the vacuum insulation

pangl has an R-value greater than about 47 per inch of thickness ata v

of about 2x10™ Torr
51.  The vacuum insulation panal of claim 45, wherein the inorganic particulate
maternal has a meadian particle zize less than about 20 pm,

52.  The vacuum insulation panel of claim 45, wherein the incrganic particulate

material has a density less than or equal 1o about 2 s/t

53,  The vacuum insulation panel of claim 45, whersin the ratio of fibrous

insuiating material to inorganic particulate material is greater than or equal io about

54, The vacuum insulation panel of claim 4

material has a median pore diameter less than or equal t

55,  The vacuum insulation panel of claim 45, wherein the inorganic particulate
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56,  The vacuum insulation pane! of claim 45, wherein the inorganic particulats
material has g water absorption greater than or equal to about 130% by weight of the

dry inorganic particuiate material.

57.  The vacuum insulation panel of claim 45, wherein the ino ¢ particulate

material is a gstter material.

58.  The vacuum insulation panel of claim 45, wherein the R-vaius of the

vacuum insulation panel is greater than or equal to

oi the vacuum insulation pansl.

fad
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