DI RECTI ONAL FLEXI BI LI ZATI ON OF -EXPANDED THERMOPLASTI C FOAM SHEET FOR ng
TEMPERATURE | NSULATI ON, Ri gi d.:¢l osed cel | thernnplastrc f oans have be tﬁr%ﬁ?\k’
extens+Ver as thermal |nsu1at|ng materi al s bgcause of [ight ‘wei ght, good
conpreési ve strength and 5 high |nsulat|ng values. ‘However, their rrgrdrty

and inelasticity are adverse factors for ‘application to. curved sur f aces =
such as pipe lines and cylrndrrcal or spherical tanks. Cutting piece '
fit or custom nolding i ncur added fabrication problens and costs. 10
if such foans are forceably applied to a curved surface, the closed c8 _
structure is often cracked or broken resulting in loss of 'insulation val ue.
U.S. Patent 3,159,700 describes a process for directional flexibilization

of 15 rigid plastic foam sheets: by partial. conpressron or crushing of an
‘expanded foam sheet in a direction generally nornmal to that of desired
flexibility. The process.is designed to introduce winkles into the cel

wal | of the plastic foam without rupturrng the foamcells or 20 causing
significant |oss of conpressive strength i n ot her drrectrons By repeating
the process in a drrectron ' _

DIRECTIONAL FLEXIBILIZATION OF EXPANDED
TEERMOPLASTIC FOAM SHEET FOR LOW
TEMPERATURE INSULATION

Rigid closed cell thermoplastic foams have
been used ekténsively as thermal insulating materials
because of light welght, good compressive strength and

5 h;gh_1n§ulat1ng values. waever, their rigidity and
‘inelasticity.are adverse factors for application to
curved surfaces such as pipe lines and’'cylindrical or
spherical tanks. Cutting pieces to fit or custom
molding incur added fabrication problems and costs.

10 Yet, if such foams are forceably applied to a curved
| surface, the closed cell structure is often cracked or
broken resulting in loss of insulation value.

. ' U.S. Patent 3,159,700

descrzbes a process for directional flexibilization of

15 rigid plastic foam sheets by partial compression or
crushing' of an expanded foam sheet in a direction generally
normal to that of desired flexibility. The process is
designed to introduce wrinkles into the cell wall of
the plastic foam without rupturing the foam cells or

20 causing szgnlficant loss of compress;ve strength in
other directions. By repeating the process in a direction



-2- substantially at right angles to the first, two- di recti onal
flexibilization can be achi eved g|V|ng a foan1product whi.ch can assune-t9 a

LI

l'imted degree a conpound curvaturg. Such-propertiés are particularly - .

valyagle for 5 rigid foamsheet T “be used for | ow tenperature insulation
of %".p i.nes, tanks, and other large vessels for the transportati on and -
sto‘aai(ﬁ Iom/tenperature fluids. Furthernore, such flexibilized pieces or

sheet™s~of expanded foam are readily. assenbl ed by the spiral - 10 generation

tec““'%ﬂb&tﬁhtﬂ&lg?taﬁ S;gﬁ%taﬁblas295 €He Fhgs tholladrebBisonal4, 017, 346.
However e transpartation.and storage of

re
|IQUIde&PP§Fég 52?“ gp@ag§n3c§F§8§8n9&vaH| gﬁ@hpﬁgdPF uid nitrogen 15
denandwbich kaphessumegtoearlimitetadegree aatempoapdrcuruature3|on whi l'e
retai ning conpressive strength adequate for field application and use Cel
wal | cracking and rupture nmust be reduced to a_m ni pum _Accordingly,.

woul d be deS|rabFBCPOPEPBﬁFGéeEOar& PHRtRERLIATLIESVALRRRARWAPEN: (1) can be
eass | y rigidi €damosheetr todbeunbede fordlbhetefipekatiuie Sasulatibs bent

shape; of plpellnes, tanks, and other large vessels for the
' transportation and storage of low temperature fluids.
Furthermore, such flexibilized pieces or sheets of
~ expanded foam are readzly assembled by the spiral
10 generation techniques of Wright U.S. Patent 3,206,899
and Smith U.S. Patent 4,017,346.

~ However, insulating requzrements for the
transportat;on and storage of liquid petroleum gas
(LPG) and cryogenic fluids such as liquid nitrogenr
15 demand even higher long term resistance to water-vapor
transmission whzle retaining compress1ve strength
adequate for field applicatlon and use. Cell wall
cracking and rupture must be reduced to a minimum.

Accordingly, it would be aesireble to provide
20 a synthetic resin foam which: : - _

(1) can be eas;ly appl;ed to a curved _
surface and then heated to secure the
bent shape;

'~ '(2) has improved flexural workability and
25 _ : resistance to cracking, breaking or

. tearing;

(3) maintains effective, long term com-
pressive strength and insulatrng

: _ properties necessary for low temperature
30 o ~ storage and transport of liquefied
-natural gas and cryogenic fluids; and



(2) has inproved flexural workability and 25 : resi stance
to cracking, breaking or tearing; (3) nmaintains effective, Io-o-\ern1con}
QreééLve strength and insul ati'ng properties necessary for | ow

30 . storage and transport of 1iquefied natuga
cryogenic fluids; and. - - 3 - (4) has high creep resistance-a
crack resistance in biaxial directions essemtizal to tolerate heavy | oads
under cryogenic storage conditions. 5 It. has now been di scovered that
flexibilized, rigid plastic foam sheets wi th inproved.el ongation and water
vapor barrier properties parti@ll alﬁqs dﬁ.glr arleept Mesliskancepandt dnating
cryogeni c insulation can be. 10 é%?g Qéﬂ&ﬁﬁbi%&&ﬁ&ea§EQEt§an

f oal V|ng care

certain expanded, cl osed-cell ully selected structural
~and physical properties including ®Rfseatial éﬁpéﬁ@ﬁﬁﬁmeNBPévprE?ﬁﬁcHPP?’
- the invention pl‘ ovi des process cryogenj,c storage conditions.

5

and -

It has ncw'been discovered that flexibilized,.
rigid plastic foam sheets with improved elongation and
water vapor barrier prope:ties particularly desirable
.for low temperature and cryogenic insulation can be
10 prepared by mechanical compression of certain expanded,
closed—cell;foams having carefully selected structural
and physical properties including age after expansion.

More specifically the invention provides process
15 for the'fiexibilization of a rigid, closed-cell
' thermoplastic resin foam sheet having a generally rec-
tangular shape defined by the three-dimensional rec-
tangular coordinates X (length), ¥ (thickness) and %
(width) and ¥Z, Xz aﬂa_i? planes normal thereto by
20 partial crushing of thé foam sheet in a direction normal
to that of desired flexibilization, the process
comprising the steps of: (A) taking a freshly:
expanded foam sheet having (1) a bulk density of 20—100
kg/m for two-directional flexibilization or 20-60 kg/m
25 for one-directional flexibilization, (2) an anisotropic
cell structure oriented in the ¥ axtal direction with an
average y cell size of 0.05 t0 1.00 mm, and (3) a ¥
-  .axial compressive strength of at least 1.8 kg/cmz; (B)
compressing said foam sheet within 0.1 to 240 hours of
30 expansion in a short confined compression zone to form
a directionally flexibilized foam; and thereafter (C)
recovering a directionally flexibilized foam having
(1) anisotropically wrinkled cell wall
- structure with wrinkles oriented in
35 . the direction of flexibilization;



15 for the flexibilization of a rigid, closed-cell thernDpIastlc resin
f oam sheet having a generally rec- tangul ar shape defined by t he -
t hr ee- di nensi onal rec- tangular coordinates [err] (length), [err] N
(thi ess) and [err] (width) and [err], [err] and [err] planes*norna

t he by 20 partial crushing of the foamsheet in a direction normal -

t hat’ desired flexibilization, tﬁe4process conprising the steps of: (A)
taking a freshly expanded . foan1sheet having (1) a bul k density of 20-100

kg/[err] for two-diregtjonal. erX| |, i 0- g/[err] 25 for

one-directional flexi Bﬂbl)l z &R (%fl&ng;ﬁggoie‘l’og gég ? structure oriented

in the [err] axial d|rectlanammmhdaﬂna#haagaipérd}reetiOBSZK.d! 0.05to

1.00 nm and (3) a axial c gs§%¥&5%&&ﬁ%g%ﬁeg§8§%°&§ﬁ§t 1.8 kg/[err] ;-
Tto

- (B) compressing said foam sheet wth ours-of 30 expansi on

in a short confined conpre§§P@ﬁt%9H§'to forma diréectionally flexibilized

foam and thereafter (C) rec erongsa-durechmgnahay flexibilized foam

havi ng (1) anlsotroplcally kIe% w?lh structure with winkles

oriented in 35 Pre RPof flexibilization; - 4 -
(3 a higher elongation at rupture in the :

.direction of flexibilizatlon than in
"other directions; —ané—
10 o (4) a Y-axial water vapor permeabillty of
" not more than 1.5 g/m .hr by the water
method of ASTM C-355, e
(5) a bulk density D and Y-axial average
|  cell size y satisfying,in the case of
15 _ L a one-directionally flexibilized foam,
the formula -17 log y + 43»D3 -3 log ¥
+ 20 or, in the case of a two-
directionally flexibilized foam, the
| formula -75 log y + 55% D) =5 log ¥ +
20 _ - 20. ' |
The resulting flexibilized foam has improved flexural
workability and crack resistance particularly desirable
for'low temperature insulation. Indeed with a sub-
stantiallyhclosed-cell polystyrene resin foam having a
25 bulk density of about 20 to 60 kg/m>, flexibilized foam
- with a ¥-axial water permeability of less than 1. o
g/m .hr by the water method of ASTM C+355 can be -
obtained which is stable and effective for long-term
1nsu1atlon of cryogenic storage tanks. '

30 In a preferred exbodiment in ctep (B) the foam -
sheet is compressed wlthin 0.25 to 240 hours of
expansion.

o Iﬂ'another aspect the invehtionaprovides.one?or'
two-directionally flexibilized, closed~cell thermo-
35  plastic polystyrene resin foam having a generally



(2) average ceII sizes [err] and [err] neasured in the axial directions
[err]# {err] and Z satisfying the follow ng conditions: 5

y = 0N95- 1.0 nm- and [err] and [err] 1.05; (3) a higher elongs
rupture in the direction of flexibilization than in other direct ‘
10 . ' (4) a [err]-axial water vapor_perneability of not nore
than 1.5 g/[err].hr by the water nethod of ASfﬁI§-355 and (5) a bulk -
density D and [err]- axial average cell size [err] satisfying,in the case of.

15 r.ﬁ.arre%P\ §Eahlelf BE@XbE}' Ehéeéhrﬁ@%iﬁéﬁ‘s{&ié&” a -17
Iog [err] + 43 [err] D err , e. case t wo-
directional l'y flexi Q=R FEE Xt Ko Foﬁﬁél&n ?5158§§°P1551¥%er11%¥§¢] -5
I'og [err] + 20 cell wall strd@@ur@h&itﬁswkﬁhkmeé|Qﬂlbhéldﬁﬂeéeﬁ@hhﬁﬁ

e, exural vl e A cead bea 8155 BRI IA ST 0
pol ystyrene resiin f qeraneg\they faaRbnotbhkkidgnbeen obmabeaseQOimotEE)Y-
:kg/ [err], fl exi. bi i Zgd 109 Phickness) direction and having |
: (1) in the case of a two~-directiocnally
flexiblllzed foam a bulk density of
20 to 100 kg/m or, in the case of
10 _ a one-directionally flexibilized foam,
’ a bulk density of 20 to 60 kg/m>;
(2) average cell sizes X, y; z measured
in the axial directions X, ¥, Z satisfying the
following conditions: _
15 - ¥ = 0.05 - 1.0 mm, and
y/x and y/z 2 1.05;
: (3) The axial elongations at rupture (Ex,
Ey, Ez) satisfy the conditions: Ex>» 1.8 Ey and Ez <

20 (4) a Y-axial water vapor permeability of
not more than 1.5 g/m .hr by the water method of ASTM
C-355; and

_ (5) a bulk density D and ¥-axial average
. cell size § satisfying, in the case of a one-direct- |
'25  iocnally flexibilized foam, the formula =17 log ¥ + 43)»
D 2» -3 log ¥ + 20 or in the case of a two-direction=
- ally flexibilized foam, the formula =75 logy + 552
D) =5 log y + 20. )
The present invention also consists in a flexibil-
30  jized thermoplastic resin foam whenever shaped from a
' generally rectangular foam of the invention.

Referring to the drawings, Figures 1A, B, C and
2A, B, C are photomicrographs (magnification: 50x)
35 ' of the one- and two-directionally flexibilized foam of



with a [err]-axial water perneability of less than 1.0 g/[err].hr by the
wat er nmet hod of ASTM C-355 can be obtained which is stable and effectives::
for long-terminsul ation of cryogenic storage tanks. 30 In a ‘=&
' =] enbodinent in step (B) the foam sheet is conpressed within 0.25 -
'rs of expansion. In arotder aspect the invention provi des one-or

gftionally flexibilized, closed-cell thernmp- 35 pl astic

pol yst\Z¥ene resin foam having a-generally - 4a - rectangul ar shape

defined by the three-dinensional coordinates [err] ‘and an ani sotropically
- winkled cefl wall structure with winkles in the direction of’
flexibilization and nore highly winkled in the [err] 5 plane the foam
not having been conpressed in the. Y- axial (thickness) direction and having
(1) in the case of a two-directionally flexibilized foama bul k density of
20 to 100 kg/[err] or, in the case of 10~ a '
one-directionally flexibilized foam a bulk density of 20 to 60 kg/[err];

preferred'Examples_l23 and 223 of the present invention
showing __i:he closed cell structure as viewed in the X~, Y-

and Z- axial directions defined in Figure 3.

As shown in Figures 1 aﬁd 2, the'flekibilized
fdaﬁs of this ihventiqn axé ghﬁracterizedbe an aniso-
.tfopié cell_wall'strﬁcture £n ﬁhicﬁ the wriﬁkles in tge
cell wall are directionally orieﬁted. ;?hﬁs for the

one-dimensionally flexibilized foam of Pigure 1, wrinkles

in the cell wall cbserved in the X-~axtal direction



(.2) average cell sizes [err] neasured in the axial directions [err]

satlsfylng the follow ng conditions: 15- . ]=0.05- 1.0
and' [err] and [err] :1.05; (3) - The agggl el ongati on upture (Ex
\Fﬁ) satisfy the conditions: Ex >1.8 Ey and Ez < 8.3 E

(4) a [err]-axial water vapor perneability of not nore than 1 5 g/[err] hr
by the water nethod of ASTM C-355; . and (5) a bulk density D and '
[err]-axial average cell size [err] satisfying, in the case of a
one-direct- 25 (rmgunélyADIexebsigﬂffhéaumaytfswénruhﬁnitﬁdsé(np{ezvdd-+

43[err] D [err 3 e e t al
fIEX|b%I|z£d fL%ﬁ]t%gg %o%ﬁél%ﬁggtg# é{%é£f%&€§52€§$&#é%¥? %éﬁk@ [eyﬂ
+ 20. The preseFReri thentvondimenst k!sfl¢3%b¥l¥§$®|f°a@w

t her mopl astic resmsf agg) &@ﬁ@fﬂﬂ slepe e 1,901 €4 GpR ot 10 |i-é:’éfélafﬁi& ar foam

2 e’ phot om & ogPaBRLALrALARFEEaRe ofFLNERS 2a edf (26, a1 C%{‘d ee

- two- d|rectlonalEyaktellBitezﬁﬂoﬁoenlgnre ZB)

Because of the small size'and polyhedral
shape of the foam cells, it is difficult to express
thehistrihution and location of such wrinkles accu-

10 rately in terms of cell structure. For simplicity,

' such distribution is parametrlcally observed and
described in terms of the three-dzmenslonal coordinate'
system of Figure 3. For a typical sheet of extxuded
thermoplastic foam, the coordinates dimensions X, ¥ and

15 Z correspond to the iength in the machine or extrusion
direction, thickness and width of the foam sheet,
' respect;vely..

The an;sotrop;c wrinkles in comblnatlon w1th

the propertles of the formulated resin form;ng the cell
20 walls membranes, the cell size and shape, and the foam

density are important parameters of the flexibilized

foam. Also such physical properties as axial elongation

at rupture and water vapor permeability provide fairly

accurate indication of the type, location and distri-
25 Dbution of the anisotropic wrinkles.

Synthetic Resin Foams )
The present invention is greatly influenced

by the properties of the initial expanded foam sheet or
planks. Thus the synthetic resin foams used herein
- 30 must be of substantially closed-cell structure and
' include foams expanded by extrusion as well as those
molded from expandable beads. However, most preferable



- 4b - preferred Exanpl es 123 and 223 of the present invention show ng the
closed™cel | structure-as viewed in the [err] , [err]- and Z- axi al
di.rect¥ons defined in Figure 3. As shown'in Figures 1 and 2, the -
flexibilized foams of this invention are characterized by an ani so- troprc
cell wal'l structure in which the winkles in.tge-cell wall are
directionally oriented. Thus for the one- di mensi onal | y flexibilized foamo
Figure 1, wrinkles in the cell wall observed in the [err]-axial direction
-5- (Figure 1A) are airgnekteasiby-ézpandeédafoahdseards of eubistantdfldy | -
and [err]-axial directi ' £ e FOr n |
flexibilized foam %E gg Efbggé g?%P %ﬂgué§? é%;%giéﬂgaﬁ}dﬂ% qﬁp@%éik
[err]-axial and 5 [eﬂﬁpsaxyalCﬂﬂleéi?%ns¢?¥?§%$ HU$Q§RF98§ t3%h thermad

[err]-axial di rect'OQe(szuheeZthrBeﬁﬁueer@faé{s@n@ra-lItrfet ZyrAne Hid Weedmal

shape of the foamcellsg, it is di.fficul |str|but|on and
| ocati on of such2wi AR ggreggcgsegoin |ﬁ2‘<$e 'hitjo‘?hf St ructure. For
simplicity, ' '

Suitable for the method of the invention are
synthetic resins mainly composed of styrene, vinyl
‘chloride, vinylidene chloride, methyl methacrylate or

- 10 nylon including copolymers thereof and physical blends
of these resins. Preferable for the present invention
are resins containing as a major component styrene or
a styrenic monomer such as o ~methyl styrene and o-, m-,
p-vinyltoluene and chlorostyrene. Also usable are

15 copolymers of styrene or styrenic monomers and other

monomers copolymerizable therewith such as acrylenitrile,

methacrylonitrile, methyl acrylate, methyl methacrylate,
maleic anhydride, acrylamide, vinylpyridine, acrylic
acid, and methacrylic acid. B |
20 - | |
However, more preferable for the present
invention are polystyrene resins consisting essentially"
- of only poiymerized styrene and, most preferable poly-
- styrene resins containing 0.3 percent by weight or less
25 of residual styrene mohomereand'o.s to 1.5 percent by
' weight of styrene oligomers, primarily dimer and trimer.
Polystyrene resins containing such quantities of styrene
monomer and styrene oligomer provide expanded foams
having particularly uniform distribution of density and
30 - cell size as well as_lmproved resistance to repeated
' éompression. Foams from such polystyrene resins are
especiaily well suited for one- and two-directional
flexibilization. The foams of the invention (other
: than thoséiprepared by'the process) are made of
35 ' polystyrene.



such distribution is paranetrically observed and described in ternms of the
t hr ee-di nensi onal coordi nate system of Figure 3. For a typical sheet of ~
_ aded t.hernopl astic foam the coordi nates di nensions [err] and 15 ﬁe¢r];
fo) ﬂnond to the length in the machine or extrusion direction, thickness
nd it h of the foam sheet, respecyiwely. The ani.sotropic winkles in _
conb ation with the propertles of the formilated resin formng the cell 20
‘wal | s menbranes, the cell size and shape, and the foamdensity are
i mpor t ant par arrﬁ‘berimparbveheohlghnessl,l zuubenamyﬁbe(bl;emﬁecbhqsmal
propertie 0 n r rmeability
prop §“Q:Py%§(&:‘?ur meZs0BAZbira Paixﬁx&?iﬂﬁéi i“’a%&&e& QT HE

provi de fai ate 1ndica g ocation and distri- 25
bution of SyW&esnafseroprdyReriRpEion sy nFRELRRT Rethe FRERECIME present

}nvent ihonrle%iﬂl’sle@ﬁa be_rll_ﬁlléﬁﬂﬁﬂdwhthtBﬁhﬁfopelirmeﬁsf oéotm'aghruélal gépande?
oam shee us t nt he sin foans, used herein mus
be- of oubihen ALEsBle, BERPEaFLSY, PRCERS S ENERA CFORIAS R Abanded by
extru5|onaﬁyensdlyasfﬁbatednolded from expandabl e beads. However, nost
pref erabl e

Selection of Foam Sheets:
" To achieve the desired flexibilization and
10 properties essential for. 10w~temperature 1nsu1at10n _
requires careful selection of the initial foam sheets
- and control of several . important properties prior to _
flexibilization. Thus it has been found essential for
the present invention that the synthetic resin foam
15 have (1) a bulk density of about 20 to 100 kg/m for
- two-directional flexibilization, and about 20 to 60
kg/m> for one-directional flexibilization (2) a
Y¥-direction cell size of about 0.05-1.0 mm, and (3)
a §-axial compressive strength of at least 1.8 kg/cmz.

20
To examine the interrelation of foam density
(kg/m ) and cell size (mm), especially Y-axial cell
'size y, a group of flexibilized foams having varied
foam densities and ¥-axial cell sizes were evaluated
25 for ¥-axial compressive strength as a parameter of
creep resistance, i&axial and Z-axial tensile strengths
as parameters of breakage or rupture resistance of the
foams in use, variations in the X-axial and Z-axial
tensile strengths as parameters of the uniformity of _
30 performance of quality, and ¥-axial thermal conductivity.

Typical results given below in Tables 1 and 2
and based on an overall evaluation from a series of

tests indicate that foams of the present invention must



-6 - are extrusion- expanded foam boards of substantially r|g|d .
closed-cell structure. Also inportant is their density, cell size, —~—
qonp&ﬁssion strength, and ther'mal resistanrd@e which in turn depend on é;’.
synthetic resin 5 pol yners used in naking the initial foans. SuitabKeZ}or

the met hod of the invention are synthetic resins mainly conposed of _
styrene, vinyl chloride, vinylidene chloride, nethyl met hacryl ate or 10

nyl on i ncl udi ng, ¢ on s t her.eof Si bl f3these resi ms.
Preferable for g}ﬁn p?é%m‘gﬁ 4%&5& ﬁ%%éﬁ& dﬁ[&a?ﬁq/f?g 1a8VET Fo1Y _
conponent st yrecelbrsizetof €hiS rimn e muc&ndasa\{emalg]e- cellRylsigeyr ene and
O o b VI YL ESLUED G AR et IS W G0 Mods yalezadig Lhe coaRal yTer s
of styrene or styrenic ‘nonone ot her nnno rs co o meri za

therewith such saeuwejlmﬁt‘m%edrﬁ%%ﬂ%%ﬁ o, Cm}tlﬁyhaaépgl she et hyl
net hacryl at 6, nmaor sy diekecfaodedefinivialy @ispdised adehyl theaci d,

and net hacryl i Y r e It r on
-are pol ystyren??%%ﬁs&%% %g Jer"!s)sgretﬁrg &birl onq'ylp% %erglaggé s?)g?%
and, nost pref ey/&bbeingobf-fremyk.d0eta dsOns corﬁ%lﬁhm@"@r@gsemﬁﬂ- §9lie| ght
or Iess 25  ofgigei gl oSt nthd FiERixcdell 0.5 thel balddcecBeti¥en

the dimensional stability, linear expansion coefficient
10 and the tensile strength tend to be lost.

COmpresslon Flexzbzllzatzon
5ynthet1c resin foams hav:ng the required
bulk density and anisotropic cell structure and size
can be_flexibilized by compression in one or two axial
15 directions as described in Nakamura U.S. 3,159,700 to
provide the high water'vapor_barrier and other properties
desired for low temperature and cryogenic insulation.
. . However, carefully controlled conditions are required.

Figures 4 and 5 show schematic diagfams of
20 suitable compression equiphent'of flexibilizers. 1In
the flexibilizer of Figure 4, there are provided infeed
rollers 1, 2 and outfeed rollers 3 4 spaced longltudl-
nally from each other. The flexibilizer shown in
Figure S is provided_wzth infeed belts 9, 10 and outfeed
25 belts 11, 12 which are also spaced longitudinally from
each other.  These paired rollers or belts hold the
expanded'foam_securely.- The reference numerals 5, 6 in
Figure 4 and the reference numerals 13, 14 in Figure 5
indicate foam holding pressure means which should be
30 controlled accurately because the foam will undergo a
significant thicknesswise compression if the pressure
. is too strong. o |



wei ght of styrene oligoners, prlnarlly dinmer and trinmer. Polystyrene resins
cont ai ni ng such- quantities of styreene nonomer and styrene ol i goner provide ..
equnged foanms having particul arly =8 form di stTibdtion of density and S
cel ¥ Nze as wel | as i nproved resistance to repeated conpression. Foans .
ch pol ystyrene resins are especially well suited for one- and
ectional erX|b|I|zat|on The foans of the invention (other than

t hose pgrepared by he ess I To |nprove:
t oughneéss, 'rubber ’@{%1&’3’ 1?%;%&0% gfée ne(r%sFy% &%2%50 yrrerl zation
or addeoﬂnmfemesqwcm afamq)cmwemhmmmnd:dmt&eedoh@m egoi ng resins

may be hlendef Wi LLL P YorBesstd LN ENRS 12ngiithAidRdl rabl e properties
of the styrene resjns are -not adversely effected Selec$|o of Foam Sheets

To achi liFresidenrin &he 1930 B’Iqq"ﬁ%ﬁ Fhe, ipfpgd essential for
| ow senMisXiexr= o:ﬂmems.on xoz:m:dm o athel pa:dsmtu mmvdntulm,i nitial foam

TS B T S oSN AN, A T i
tudlnal (x-ax1al) dlrectlon. Then if des1red,_
one-directionally flexibilized sheet can be sub;ected
to compression in another direction at right angle to

10 the longitudinal direction, namely, in the lateral
(Z-axial) direction to provide a more flexible sheet
which can assume a cdmpoﬁnd_curvature,

As noted, the flexibilization conditions must
be carefully selected and controlled. Particularly
15 important are: ) - '
(a) _seleétion of_expanded foam plans having
. uniform quality throughout the sheet;
(b) minimum aging of the foam planks after
expansion;
20 ~ (c¢) short compression zone; and
(d) stepwise compression‘for'flexibilized
foams with larger elongation.

, A uniform qual:.ty for the initial expanded foam .
-sheet -is very desirable ,: since the foams are mechanically

25 cogpreseed for flexibilization one-direction at a time,
‘axis by axis,e.g., X-axially first and then Z-axially,
while being held squeezedly ¥-axially. Thus it is most
preferablethat the foams have a minimm variation in

. mechanical properties, especlally compresszve strength
30 throughout the sheet. :



the present invention that the synthetic resin foam 15 have (1) a bulk
density of about 20 to 100.kg/[err] for two-directional flexlblllzatlon
and sdut 20 to 60 kg/[err] for one-directional flexibilization- (2) A7~
[err]-direction cell size of about'0.05-1;0_ﬁmp-and (3) a [err]-axi
conpressive strength of at least 1.8 kg/[err].:- 20 To exami ne the
interrelation of foamdensity (kg/[err]) and cel | size (nMm, . especka
¥err] axial cell size [err], a group of flexibilized foans haV|ng varled :
oamdensities and [err]-axigl _cell e.eval uated 25 .

[err]-axial conpressive stre%?h %“atﬁféﬁ’eam{ BADARUR, %ﬁmr%%ll%q aﬁfter
[err]-axial and [erextrasiah OEnexpmstqmragtdﬂbeégrpaf&ﬁﬂelmlblﬁtma-lsage or

TPt axiar rens: | Shovhlis! PRGEeLd #2fq 6| A6' BRScEIntaSrumtidr A2 and
s;as p S Q e _uni-for

performance of qualf ngéna ' [ EPR -SaRRAeS 1pgesh °Eoﬁ8’ﬁ¥%‘i‘?ni"§)¥gf%/;ﬁzfgal

resul ts gi ven bel owime Balfbee flexibilimatitmsdad Gheaapparatis of, Higwrieon

froma series of tesuerendbsiﬁsté&'afoé %[Eezofv ke Bheseot a:m/emanpn mist 35
have a bul k denS|ty of abqut 20 g% err gvera
_ elo ngatlon propertles P arly 1mg

orLant in the use
'of the foam for low temperature and cryogenlc insulation.
These results 1nd1cate that the foam should be flexl-
10 blllzed whlle fresh shortly after initial extru51on,
i. e., within 10 days (240 hrs) and preferably 3 days
(72 hrs) or less. Indeed, 1n-11ne flexlblllzat;on
- shortly after foam extrusion, ng., after about 0.1
hour to allow for cooling, may be advantagebus.

15 By control of the compression conditions,
~ foam sheets ranging from 10 mm to 300 mm in thickness
have been flexibilized without significant loss in-
' ?-axial'compressiVe strength, water vapor barrier
. properties and other desired properties. For sheets
20 thicker than about 35 mm the flexibilizer of Figure 5
'~ is preferred. Compression of foam processed with this
flexibilizer can be controlled by the spacing between
the infeed and outfeed belts. For best results, the
compression distance D should be about 300 mm at the
25 maximum, and preferably 200 mm or less, with a com-
press1on duration of at least one second ' Line speeds
of 5 to 40 m/min can be achleved w1th good results.

For thicker insdlation, flexibilized sheets
can be laminated in desired configurations using a
30 small amount of an adhesive'applied sporadically to
minimize the effect of the adhesive on the properties
of the laminated foams. .«



cell size-of 0.05to 1.0 nmand average cell size ratios [err] and.[err]
1._05.re preferably the foans shoul d be constructed substantially of.

cel | |ng the 5 major axis theredlmore definitely disposed al ong th‘e,x
[err s with the axial average cell axial size ratios [err] -and [err].

bei ng%gf from 1.10 to 4.0. If the average axial cell size ratios [err] and
[err] eXceed 4, the bal ance bet ween the di mensi onal stability, |inear
expansi cogef [ .' : ens| ) to be {ost.
Conpr es%ﬁé’ = 2 att%q’ the required bulk

density and ani sotquxbedeiza‘lstomcﬁaﬁ@tmﬁl iezeicurish@q ieved | i zed by

conpres idh r@ptdﬂ%@% esAriwed i n Nakanura

us 3 %)8%% to prowé(/jﬂe) ﬁtﬁd&ﬁcmter vap bafiril er alﬁd ot her properties
desi red 9Btentad t"é‘ﬁ’ﬁé’f firdR e FAY STALL | satﬁ’brF MBWR*r, careful ly
cont ol | el ks i oS micm]:;emea]eeh the Uirstegriztyd oF Sty fowenmat i ¢ di agr ans

f
19I e>2<f)b| F‘%’J’Iié‘flbé& %%reéﬁi %@gyel%gr%row Lio?ﬂl %ee%gﬁﬁ elrg ELhe2 and

out f eed imsukaticn andprater |'VIRAX RATTIRN RroRextiash &inge The
f 1 exi bi | {g&" rediRVWeils Faﬂé”\ﬁer'éylsmﬂpvaﬁ@%aﬁﬁ dlryna@kélel ts 9, 10 and

OUS1o Snand e e VAriaFbe LS €150 S0P Lt dautin) lgg Trom eoen
- 10 such wrinkles accurately in terms of cell shape and
structure. However,.the Y-axial water vapor permeability
of the flexibilized foam indicates cracking or breakage
of the cell walls. Also the percentage elongation at
rupture in the three axial directions is a measurable
15 parameter of the extensibility, location and distribution
of the wrinkles. Typical results are given in the
Examples, and particularly Tables 3 and 4.

From Tables 3 and 4, it will be obvious that
the foams contemplated by the present :|.nvent:r.on must
20 have a Y-ax:.al water vapor. permeab:.l:.ty Py equal to or
smaller than 1.5 g/mz'hr to prevent or minimize deteriora-
tion in thermal-insulating properties over long use.’
More preferably, the water vapor permeab:.l:.ty should be
1.0 g/m ‘hr or less.

25 In addition to the Y-axial water vapor per-
meability of the flexibilized foams;_the elongations at
'rupture in the three axial dzrectlons are useful '
parameters of extenszbillty, locatlon and dlstrzhutlon
of wrinkles and suitability for applications involving

30 such severe conditions as encountered in liquid nitrogen
storage tanks. Evaluation of the variations in the
f-axial and Z-axial elongations at rupture shows the



ekpanded foantsécurely The reference nunerals 5, 6 in Figure 4 and the N

MblChv8h0U|d be 30 controlled accurately bet2ause the foamw Il u
significant thicknessw se conpression if the pressure - is too st .
-9- In operation the infeed rollers or belts are driven somewhat faster
than the second (outfeed) pair SO that the foamis conpressed in the -

I i tudinal di t, 5 |
or bl ts. Accor oV LoEmiRY BEEBR, SREEBREPEITY ERFRUARTUE hkfogn O OT°
conpr essed firstwhmlahaheOngangeuﬂnn!+a$@elr;haxnal)cdnductiwmﬁy1¢m¢h|f
desired, the Onetg.in%g‘rikgﬁé’tlsylﬁls&xb?' Ehéfﬂaihfﬁéuf%:.x??hﬁfﬁ:

conpression in anot irection at ngltudlnal
di rection, nanelff°ﬂnmPhétPEPePHF°F2t§9PaFft8FrEE?l%ﬁg?G BESVRREeH nore

fl'exi bl e shees wii-akiaanlaadsue Alsoppeppdgeriigatests 468 abdet, -1m°c
CLoxi bl Lzation CanilhbRss PH3k BReCBrREH' HYsi8tERbe o tne ALk vith

Part|cularly 15 1
used as thermal-lnsulatlon for liquefied natural gas

and nltrogen_tanks.

The preferred polystyrene foams exhibit

10 excellent properties as crYogenic insulation even
without cladding reinforcement. Their bendability and
thermoformability are particularly advantageous for
field construction. To minimize multi-axial strains of
the foams after application or to improve thermal |

15 properties, two or more such foams may be bonded to
form foam logs with biaxial extensibility. Also, they
may be clad with metal foils or they may be combined
with synthetic resin films hav1ng high gas barrier
propertles.

20 éynthetiélresin'foams'of the
‘present invention =~ can be applied to small-
-diameter pipes by adjusting the extensibility of the
foams in the bending direction in accordance with the
pipe outside diameter and the foam thickness. Other
25 tests with 114 mm outside diameter pipes confirmed the
applicability of the one- and two-dimensionally flexi-
' bilized foam sheet to.a_vériety-of curved surfaces
‘including pipes and cylindrical and spherical'tanks
‘regardless of curvature.

30 : Such tests are representative of the bendability,
applicability to curved surfaces, cryogenic insulating



electlon of expanded foam pl ans having uniformquality t hr oughout the
» (b) m ni mum agi ng of the foam planks after expansion; 20 g
'ort ~conpressi on zone; and (d)=l-epw se conpression for: erX|b|I1z£d
fo.-- W th |arger elongation.. A uni formquality for the initial expanded
.foan1qheet-|s very desirable  since the foans are mechanically 25
conpiessed for erX|b|I|zatron one-direction at a time, axis by axis, e.g.

[err]-axially first and,th err]-axia mhlle bei n d squeezedly
[err] - axi BFPRRE '-i?n‘?s° . %? %‘e%l ‘tﬁ?’gﬁqﬁ/e a nini nun
vari ati onprabmilhrumloﬁrsxpchtfmsesmmad.y tdmrf]a;uhnelmedangt h 30

t hr oughou #gEH éﬁg: gﬂg? ' after .
extrusmnk?)%ﬁ%x%gﬁ?}o re%&geefore‘# exib zat on |s %vn I'n F| gures 7 and

8. As desevehREior 3t foamaweducts.  FhA% AF8 Lecrming o‘rncé%ﬂ‘aﬁwllyengt h
of 5 ginempefedst aexthethabtinsulatidte fpainspaftdtipn eafd wer e

evaluated for YolSE YREOT BB EoFd S5k $8Be foods, and for
~ exterior walls of bulldlngs. ‘These foams provide |
effectlve thermal-insulation that can be applzed eas11y
- to such structures in the fleld.,

10 ' The present invent1on will be further illus-
trated by the following preferred and reference examples
using the procedures and tests described below. Unless
otherwise speczfled all parts and percentages are by

weight.
15 Polxstz;ene Resing

- The polystyrene resins used for the extruded
foam sheets were selected from commercial stock after
analysis for residual volatiles (primarily styrene and
ethylbenzene) and oligomers (styrene dimer and trimer)

20 Dby gas chromatograbhy-using a flame ionization detector.
For the oligomers, the resin is dissolved in methyl |
ethyl ketone, the polymer precipitated with methanol,
and the'supernstant'liquid analyzed. These resins had
an intrinsic vzscos;ty of about 0.83 measured in toluene

25  solution at 30°C.

Extruded Foam Sheets _

" The polymers were expanded into a rigid, sub-
stantzally closed-cell foam w1th an extruszon—foamzng
system composed of a screw extruder, blowxng agent _

30 blending feeder, cooler and board-forming die. More
specifically, a mechanical blend of 100 parts of the



el ongation properties particularly inportant in the use of the foamfor |ow.
t enperature and cryogenic insulation. These results indicate that the fgass
shoukerbe flexi- 10 bilized while fresh shorijlge after initial extrusipg
i.e., within 10 days (240 hrs) and preferably 3 days (72 hrs) or |ess.
| ndeed, in-line flexibilization shortly after foam extrusion, e.g., af
about 0.1 hour to allow for cooling, may be advantageous. 15 =
control  of the conpression conditions, foam sheets ranging from10 nmto
300 mm i n t hi cknespolystyzesen resdn, bi2 pasttsnioth@iiflemeniretaxdantossdi n

[err]-axial conpregsay sty AN @bt W ¥ ntRNVatAd isClcdpitanablsty #ag ot her
desired properties, For sheets 20 thicker than_about. 3

flexibilizer of Fiyife the exfadar &3 s 70 B a5 ‘Z’ﬂgptr‘*g?égs@&"w th-
this flexibilizer twre ef iihledcdi flndrvmetimtieymethiyle chlorddentsed and
Sun! o 2e1 = S0 ubaping b, e BAERYRA Sdatish il b
pression duration ndell RERERUXShe coRl@el tq jafe exfaasion temperagureniof can
0% e e b S T8 € i Wk na iy bl 224 s
ggﬂes?ve applied smaﬁ#ecil:‘,l’v:q @ %J | Z %@%%&°%F%%t&§ﬁgg?’§§%ona?he
properties . controlled so that the foam was about 110 mm x 350 mm
10 in cross-section and the axial cell size ratios ¥/X and
§/Z were about 1.1 to 1.25 and 1.1 to 1.17, respectively.
The ¥-axial cell size and bulk density D were varied in
the range of 0.07 to 1.6 mm and about 21.5 to 77 kg/m°,
respectively. Foams'lighter than about 21 kg/m3 were
15 subjected to secondary expansion by exposure to steam
at 100°C for 2 to 6 minutes. The resultant foams have
-a bulk density of about 15.5 to 20 kg/m>. Analysis
showed essentially'no'loss of residual volatiles or
oligomers in the extrusion process.

20 Directional Flexibilization
' Skins were removed from the freshly extruded

foams to obtain skinless foam boards about 100 mm x 300
mm in cross-section and 2,000~4,000 mm in length.
These foam'planks were mechanically compressed for

25 flexibilization in the of X-axial direction and then
for two-directional flexibility in the Z-axial direction
using the equipment shown in Figure S. Typical conditions
for the compression process were: - o




of the | amnated foans. Fl exi bilized Foam for Low Tenperature |Insul ation
XNt i zation essential herein is achieved by the controlled introduction
'fSHn:otropically oriented winkl es=19=the foamcell walls in a manner &,
.QSpfes not unduly weaken the integrity of the foamor crack the cell
and cause | oss of thermal insulation and water vapor barrier
properties. Since the foamcells are very small and have pol yhedral
shapes, it is very difficult to .define the |lacation of 10 such winkles
- accurately in terns of _.cel'l shape apd structure. However, the [err]-axial
“water vapor pef@taBi PREGrer CORRLEPFRAPR | i zed foam i ndita8%% cracking or
breakage of thePlamk| thatknessAl so the percentage el ongeed ammat rupture in
the three axi a}n.dif L PPSd, .heasurabl e 15 paranet f he :
extensibiIity,i?g%éﬁféﬁfgn é?éfributipn of the mminkl%éfg%VBPtal results
are given in thefesdfieptfeedngpeediratiariy Tabl 25/2hml 28/%% om Tabl es 3
and 45 it willcoappessdos &igtahde hoans contenpl at ed dyp thye present _
i nvention nust 20 {see€ Pifgeré]syxi al water vapor perneability Py equal to
of smaller than 1.5 g/[err].hr to prevent or mnimze deteriora-

Compression duration: . 3.6 sec.

‘Cycles of compressions: o . l - 3

Test Procedures - S |
0 . The resulting flexibilized foam planks are
- then evaluated by standard test procedures. Individual
test results are rated on a general scale as:

- Good (GO) . : --'Desired.or target foam quality
'~ Passable (PA) == Conventional foam quality
15 - Unacceptable (UN) -~ Below acceptable foam quality

and then an overall composite evaltation.rating is made
on the scale: '

Excellent (EX)  -- Rated Good in all tests
Good (GO) -- Rated Good/Passable in all tests
20 Passable (PA) Rated Passable in all tests

Unacceptable (ﬁN) -= Rated Unacceptable in at least
' one test

(1) Foam Density ,
_ Standard test samples, normally a 50 mm cube
25 or a 25 mm x 100 mm x 100 mm sheet are cut from the :
center parts of the skinless foam board and their weight



tion in thermal-insulating properties over |ong use.- Mre preferably, the
wat er; vapor perneability should be 1.0 g/[err].hr or less. 25

In" ad™ion to the [err]-axial water vapor pex6- neability of the
flexibilized foans, the elongations at rupture in the three axial
directions are useful paraneters of extensibility, |ocation and
distribution of winkles and suitability for applications involving 30

such severe conditions as encountergd in |iquid nitrogen storage tanks.

Eval uation of  the({Fhranditpkne, (o ] dejermingd and [&H'] &i%"éll&?(gat i ons

?t r ua{tqulr e 'SEOWS ¢dbcul atd® - f1om fﬂiéﬁd\%&ﬁgé hef et Qeist Ithined peddivenis .t he
oam whil e the c e r).-.axl her - YRR tinme
reflects | oss of- gr%’%#ﬁétﬁ%ﬁ%@'ﬁ o%ae]rrﬂ]éa(s?#gﬁ r%}estftﬁg@-tu Sor pti on

after prolonged use under 5 [err]-axial |oads. Al so, cryogenic tests at .

about [err] and [erpdnsiwyy Jdvei S LS < 8% HINS ne Be d as

t hermal -i nsul tiof %or li'quefied natural gaswd derddiagen tanks. The _
preferred pol ysty Qe foans exhibit 10 excellent properties as cryogenic
i nsul ati on even ' o - ' :

provides a useful measure of foam uniformity:

Rating - ___Demsity Variation

Good ' == <10% variation in density
Passable | - 10-15% wvariation

10 Unacceptable - >15% variation

(2) Average Cell Size and Shape
The X-axial, ¥-axial and Z-axial average cell
sizes X, ¥ and Z in terms of the coordinates of Figure 3
" are measured by the method of ASTM D-2842 using nine
15 specimens cut in the prescribed manner. Then as para-
meters of cell shape, the ratios of the ¥-axial average
cell size ¥y versus X-axial and Z-axial average cell
sizes X and Z are calculated. | ' "

_Thé average cell size variation provides a-
20 measure of foam uniformity on the following evaluation

. scale:
Rating - - Density Variation ; .
Good == <35% variation in cell size
Passable == 35-45% variation

- 25 Unacceptable - >45% variation



wi t hout cl adding reinforcenent. Their bendability and thernoformability are

part'l cul arly advant ageous for field nstruction. To mnimze multi-axial®

strggngs of the foans after applicatiof or to inprove thermal 15 '\-.é/

prles two or nore such foans may be bonded to formfoamlogs wth
\3— exten5|b|I|ty Al so, they may be clad with netal foils or they may

be conbined with synthetic resin filns having high gas barrier properties.
20 (3) c%ﬁ{i;,_kggéle,é Sipergtys of the present invention

can be applied to small- -di angter dj usti | the extensibility of
the foams in the b&cﬁ‘?ﬁ]mqu&ﬁ%r?‘ﬂpr&;f@é’géin B & cb‘g out'si de

~di amet er ﬁmintén:licmaﬁ hnn:lenmndaﬁdepaﬂemesami wandh speamemut si de ]

di anet er P il én%%h '

T wo- di rren’g# ﬁ%f&éﬁ%ée)f?éj .2%34 %%és eets(ﬁ va%ﬁeestta curved sur faces
i ncl u8i ngl%'p@semk%ﬁﬁcﬁﬂmt% igpacGard widh ASTH, iﬁ’d—l

curvatur E’.r.'he?01-:esul1.::.ng averide (cunpredsi v Wi idee e?vfal'&im:elwndabl lity,

appl i cabi I | tt/h fé’ﬂé"? ngsusrc.l:a ces, cryogenic i nsul at i ng - 13-
Reting Average Compressive Strength (Lg’/cmz)
_ Good - . f-axials: 2.2'_" ' X-axial: _1.1'_"
10 Passable ~ ¥-axial: 1.8-2.2  R-axial: 0.9-1.1
' Unacceptable  ¥-axial: <1.8 - Xeaxial: <0.9

(4) Tensile Strength and Variation
From a skinless foam board, twelve 50 mm

cubic spec:.mens are cut in a standard pattern. In

15 accordance w:.th ASTM D-1623 B, each spec:.men is sub-
jected to x-axia.l tensile strength test with a jig or
loading fixtui'e attached to each end. The measured
strengtls sl through 512 are averaged and the tensile
strength variation is calculated as follows:.

20 - 12

Z 8,
s i
_ o i=1 T 2
x-ax:Lal average tens:.le =2 —_— (kg/cm™)
strength '

25 . Tensile strength _ MWW x 100 (%)

variation - average strength

-Likewise, the z-ax:.al average tensile strength and
var:.at:mn thereof are measured on another twelve
specimens.



properties, and other characteristics required for practical use of suc
foans. . Indeed, the flexibilized foans of the present invention are . ,
signkf¥cantly inproved over prior art foam procigts. They are beconi ng
increasingly 5 inportant as thermal ‘insulation for transportation and
storage of LNG for cold storage of foods, and for exterior walls of
bui I di ngs. These foams provide effective thermal-insulation that can be
applied easily to such structures in the field. 10 .~ The present:
invention will be further illus- trated by the follow ref rred and

reference exanpl es R3EdRA¢t he procéE@Ei&lEmfgéﬁEﬁgﬁdescr Unl ess

ot herwi se specifiedgogéd! parts andlme c]eg; S are by wei giga¥% 15

Pol ystyrene Resins Jhe styrene r 20r the ext f oam sheet s
LY 37hs X 2%

wer e selected from st oc ysis for residual®volatiles
(primarily styrene ﬁndceenwabbmzene§ %ﬁﬂgécmgoners (styrerdQ¥ mer and
trimer) 20 by gas chronatography usrng a flane ionization detector. For
the oligoners, the resin is dissolved in nethyl ethyl ketone, the pol yner
precipitated wth met hanol , and the supernatant |iquid anal yzed. These
resins had an irgrinsic 05$cherqent Blongatids absRuptureén tol uene 25 -

sol ution at [err]. In accordance with ASTM D-1623B, the three
groups of 12 speclmens,.each a 50 mm cube, were subjected
to X-axial, Y-axial and Z-axial tensile strength test,
respectively, to determine their elongations at rupture
10 Gx, Gy and Gz, from which the percentage elongations at
rupture Ex, Ey and Ez were calculated by using the fol-
- lowing formula, respectively:

‘Percentage elongatlons Gi, Gy, Gz (mm) x 100 (%)
at rupture (Ex, Ey. Ez) - 50 (mm) U
15 Then, for the respectlve specimen groups, the average
~ percentage elongatlons at rupture Ex, Ey and- £z and
their varlatlons were calculated by the follow1ng

fbrmulas-
20 ' : Z (Ex, Ey, Ez)
Average percentage elongations _ i =1 : _ o
at rupture (Ex, Ey, Ez) :
Variation in = max. percentage _ min. percentage
- percentage _ elongation elongation x 100 (%)
25 elongation - average percentage

- at rupture _ elongation (Ex, Ey, Ez)

where max. and min. percentage elongations are;for_each
axis. ' ' '



(7ded Foam Sheets The pol yners were expanded into a rigid, sub-
@;J'

stdkd~yl |y closed-cell foamw th an extrusion-foan ng system conposed of~a
scr xtr_uder, bl owi ng agent 30 bl enelldg feeder, cool er and board-for My
die bre "speci fically, a mechanical blend of 100 parts of the = -14-

pol ystyrene resin, 2 parts of a flanme retardant and 0.03 to.0.1 part of a
nucl eator is continuously fed into the extruder with 12 to 17 parts of a
50/ 50 m x- ture of dichlorodifluoronmethane/ nethyl chloride as a 5 bl owing
agent. The,thernoplastic mxtyre_ is gneaded der pressure, cooled to an
ext r usi on ature of abodﬂ—i@ii%—%%ﬁ+¥5ﬂ¥ﬂﬂﬁﬁﬂéﬁghﬁﬁﬁgﬂﬁﬁﬁﬁihrough a
di e and eﬂ&auﬂed into a foam The extrus¢20%cond|t|ons were controll ed so
- that the fg about 110 mm x 350 nn% n cross-section and the axia
cell size ratlos Ierr and [err] were out 1tol1.25 and 1.1 to 1.17,
respect | veVacqeRtaRI®] “axial cell size *#RKbul k density D were varied in
the range of 0.07 to 1 6 mm and about 21.5 to 77 kg/[err], respecttively.
Foams ki g t [ er. ' N  ected, to secondary
expansfson %yé ex?)%‘?u?% {g fﬁk&‘, Eh{dutSEE de SHOISS'EE/EP SEE

Ez/Ey as further measure of the foam quallty.

(6) Thermal_Conductivity _
- A flexibilized foam board is cut into specimens
each 200 mm square and 25 mm thick. Each specimen is
10 then aged in a chamber partially filled with water and
held at 27°C. The specimen is secured in the chamber
about 30 mm above the water surface and a cold plate
cooled to 2°C by recirculated cooled water is brought
into tight contact with the top surface of the specimen.
15 After aging for 14 days, .the specimeh is taken out and
its surface is wiped 1ight1y with gauze. The thermal
conduct1v1ty A' of the aged specimen: is measured in
accordance with ASTM C-518 and the ratio of A' to the
initial thermal conduct1v1ty A of the speczmen before
20 agzng is calculated.

Rating Thermal Conductivity Change gA'ZA)

Good - : <1.07
Passable . ©1.07=1.12
.Unacceptable - >1.12

25 (7) Water Vapor Permeabzllty

Three circular specimens each 80 mm across
and 25 mm thick are cut from each flexibilized foam and



at 1000C foor 2 t0 6 mnutes. The resultant foans have a bul k density o
about -15.5 tqQ 20 kg/ m8. Analysis showed essentially no | oss of residu «
vot atidkes or oligoners in the extrusion procesgg.20 ~Directional R
Fl exi bil'i zati on Skins were renoved fromthe freshly extruded foans to B
obt ai n skinl ess foam boards about 100 nm x 300 nm-in cross-section and

2,000- 4,000 mMmin length. These foam pl anks were nechanically conpressed

for 25 flexibilization in the of [err]-axial direction and then for

t wo--di recti onal ' f| ghiebwatey vaporepprmepbikity dfrthei-speginenstis measured
equi prrent  shown in i GeeBraanc¥Pteh RSO £L855 h8ing"a1ELIPIEEShRBeP! OCESS
were:  -15- Agln%.bef%£§ conpression: . 1 dangIanf,

t hi ckness: - rom the measuremeps,thf;¥ahepcVaPepcRgrmeability is

12 mmin. |nfeed owaleadatededyr asing the £foll3Wifg foiala:5

Conpressi on di stance D. - 200 . nmm (See Figure 5):

Conpr essi on durgtionh tor van ' aﬁ'13£6 sec. Cyéles of conpressions:
- . ' : ter

1-3 ater vapor psrme i 1.Y = 5 (g/m®-nr)

where: G errenennnns changejin'specimen weight (g)

A cereniennns area subjected §o.water vapor
' : transmission (m“)

10 _ £ ceveveeee.. time in which the specimén weight =
changes by G gram (hr)

. For low temperatﬁre insulation{ a water vapor
permeability of less than 1.5, and preferably less than
1.0 g/m%-hr, is most desirable.’ ' '

15 ' (8) Cryogenic Tests g
g A. Three 20 mm x 100 mm x 1750 mm specimens
were prepared frcm_a flexibilized foam board and wound
around a stainless steel pipe 36 and their opposite end
. faces (¥2 faces) wersibutt-ﬁelded together as shown at
20 40, 41 and 42 in Figure 10. The the pipe specimens
were quickly immersed in a cryostat filled with lfguid
nitrogen so that all specimens were well under the
liquid surfage;l After being immersed for 5 hours, they_
were taken out of the cryostat and left at a room _
25 femperature for 5 hours. After 4 cycles of such treat-
' ment, the three specimens were carefully observed for
any visual changes including cracks, fractures or
_ruptﬁres. ' ' '

| Good- - ... No visible fractures or cracks
30 Unacceptable ... cannot wind without fracturing



-Test Procedures 10 The resulting flexibilized foam planks are
i¢(ren eval uated by standard test procedures. Individual test results are~.
]yl on.a general scale as: - Good (SR~ -- Desired or target f®em
iy Passabl e (PA) -Conventional foamquality 15 Unaccept abl e
--- Below acceptabl e foan1quallty and then an overall conposite
eval uation rating is made on’ the scale: Excellent (EX) -- Rated Good in
all tests Good (C{» Rat ed Go d/P ssable in all tests 20 -
Passabl e (PA) .- %t@?%éﬁs@' Flexi §du§§68'e5955|1é' (UN  --
Rate? Una&nﬂpﬂﬂbhﬂnlthﬂﬁkJ QQQFZUMEmh69udé1hnanmannsubngsuaﬁdardhtest
sanpl es 1 100 nm sheet are
cut from%ﬁ§§g§§1 4HE4§H§1mask| ess F§§#?EB§ 5¥gh§sthe|r wei ght :
-16- (Q) Paﬁ#;mmam@-r{garﬁqe detandrid @xesn O fhef edgesencach piecel ated from
t he ager a6 %@réa%sdp e HoURM Wth 1Phamdehicky pigioad on cal culated

by the foﬂconf%rmlng to Japanese Agricultural Standard) using a
commercial cryogenzc polyurethane adhesive (Sumltac
EA90177 produced by Sumitomo Bakelite Co., Ltd., Japan)
, ~ to the joint surfaces. The adhesive was cured by placing
10 the test panel under pressure of 0.5 kg/cmz for 24 hours
at 23°cC.

1. Cryogenic Test at =-160°C
Each cryogen;c test panel 34 is placed in a
. liquid nitrogen cooled cryostat box hav;ng an internal
15 temperature controlled to ~160°C + 5°C by controlled
addition, gaszflcatlon and dlffus;on of liquid nitrogen.
'After S hours, the test panel is quickly removed and
left at room temperature : for about 1 hour. This pro-
cess is repeated 4 cycles. After the last cycle, the
20 test panel is visnally checked for cracks in the four
- exposed faces of the foam specimen. Then one hour after
removal from the cryostat, the plyWood'covers are removed
with a slicer. Then a 10 mm thick slice of the foam is
cut from the top surface and a mixture of a surfactant
25 ‘and colorant in water is applied to the surfaces of
the cut foam to show any cracks formed therein.

2. Cryogenlc Test at -196°C _
For this test, a cryogenic box partlally filled
with a lzquzd nitrogen is used._ The plywood faced test |
30 panels are submerged in the lzquld nltrogen and placed
on triangular steel supports fixed to the bottom of
the box. A steel weight precooled in 1iquid.nitrogen



Dénsity variation = Max. density - Mn. den5|ty x 5 100

Avg. density provides a useful nmeasure of foamuniformty: Rati ng o N
Density Vari ati on Good - - <10% var<422+< on i n density Pas Py
-- © TI0-15% variation 10 Unacceptable. -- >15% vari ation ( .
Average Cel |l Size and Shape The [err]-axial, [err]-axial and [err]-

average cell sizes [err] and [err] in terns of the coordinates of Fi gure 3
are nmeasured by the, method pof. A 2842 usi n ni ne eci

the prescribed nanms P Paﬁ?éﬁ %’53 tpé?%e]of P Ia’éiﬁygp gFﬁ'és
the [err]-axial aveirmprsed fox 80 [mmqtese.r SFhdrertte deisti panel| disr ]takaenal
average cel | sizes év.fgoalnd"“l%ét?r 'Iﬁﬂ:e ?2:‘3: Jpe ?H%%rc"i‘zh'dei-' z¢€

vari ati.on provides measur e 3:]? oam uniFrorm the fo :
eval'uation scale; FER¥GRf ventilation. Aﬁ'eﬁfslltﬁpﬁﬁa“-rllna ithe éec;@gomg pro-

-~ <35% vari ai Olcéds (Rt Foue JiAnfstd Tycles, check3is!Bikaeatont isurfdze

- - 0,
Unaccept abl e arfci1 5149‘é/eax[ﬂaa.l:[ 'cornacks in the manner described above in
test B(1l).
Rating | - Observation
Good _ No visible damage or cracks
10 Passable Fine cracks

Unacceptable . Ruptures or large cracks

(9) Cryogenic Pipe Insulation :
A. Bendability Three pieces of flexibilized
_ foam 200 mm wide, 500 mm long and 25, 37.5 and 75 mm~
15 thick are bent to the curvature of a steel pipe 54
about 114 mm in outside diameter by applying a bending
stress Y-axially thereto with its Z-axis disposed in
parallel with the axis of the pipe 54, as shown 1n Fig-
ure 11. The spec1men is DPent until it is brought into
20 close contact with the outer peripheral surface' of the
pipe over an area éxceeding-the outer surface area of a
semicylindrical half section of the pipe (the section
above the center lihe A_? A shown in Figure 11).

. Rating | _ _ | ) __Observation
25 Good : - Bends 'easily without cracks -
- Passable | _ Bends with careful attent:l.on

Unacceptable ~ Breaks



-17- .(3) Conpressive Strength A total -of six to twelve 50 mm cubes are cut
from each foamin a standard pattern and each specinen is subjected to .-
corrpresswe strength test int 5 non- flexibilized direction i e
NW th ASTM D-1621. The resul tiT average conpressive strength is -~
ewa ed on the follow ng scale: Rating - . Average Conpressive
ag¥h (kg/[err]) Good - [err]-axial:.2.2[err]. [err]-axial:
=Tr] 10 Passable [err]-axial: 1.8-2.2 - Jerr]-axial: 0.9-1.1.

Unacceptable  [er g aﬁ}?émﬁoﬁnablllt eri‘ﬂe %éhblﬁ%e% (fbamlensi l e.
Strength apd Variation “From 3 h?j boar d, \/ﬁ ve -50 .mm cubi c

speci mensPLEEeS A6 Pept to khe| ontside, cyryagire, &*efilh ASTM D 1623
B, each spipe n®h abowumléemmtmﬁémeadimﬁetmﬂﬂrdmﬁh test with ajig:

| oadi '
?Lroaahl [er i(%?&ef eragergfioﬁn% ?ﬁéeh?%%? T&Fe r\e/gdr#é{ [ [serc;} cul at ed

as foPl ovaTe [BYR]oK-Ehe Futh\edgR o f cthe |Ripe ﬁ"er qametemagaq ¥]) strength
- 25 Tensi |6p§6§£‘lﬂéﬂi}h FLOMRY - t1d et NMine SA LR ighown Gh Fogusdr i ation

average Siﬁengfhe bent specimen 56 is then totally covered with
a- galvan;zed, 0.3 mm thick sheet iron 55 and the Opp051te_.
side ends of the foam specimen held with tenszonlng
10. bands 57. Then the covered speclmen 56 is placed in a
hot-air oven with the tensioning bands 57 down and
heated at 85°c for 45 minutes. After bezng removed
from the oven, the speeimen is cooled at room tempera-
. ture for two hours.' Then; the galvanlzed cover 55 is
15 removed and the gaps 58 and 59 from the ‘outer ends of
the foregozng markings to the intersect1ons of the
_center line A - A and the 1nner wall of the speczmen 56
are measnred and rated as follows-

Good - Average gap <5 mm
20 Passable -~ Average gap S-10 mm

.Unacceptable Average gap >10 mm

c. Thermal Insulat:.on 'rest P:Leces of flexi-
b:Ll:Lzed foam cut to a 37.5 mm X 200 mm x 500 mm size
are thermoformed as above in two layers and then cut

25 Z-axially to provide inner and outer semicylindrical
thermal _insula’tioxi covers for a 114 mm o.d. pipe. The
test cover'pieces are then fit to a 114 mm o.d. _'stain-
less steel pipe about 800 mm long with flanges' at each
end and secured with a i:ryogenic polyurethane adhesive.

30 The joints of the outer covers are staggered from those



% Vakiati on Good- 1.2[err] kg/[err] 24 <20% Passabl e
1.0-1.2 kg/[err] . 20- 40% Unacceptabl e <1.0 kg/[err] :
>40% 5 , (5) Percent Elongation at Rupture In accordance mnth ASTM -
D-1623B, the three groups of 12 specimens, each a 50 mm cube, were
subjected to X-axial, Y-axial and Z-axial tensile strength test,
respectively, to deoﬁrhhﬁelnnorrceVengatquseatqupsemtaqn)1S}$h€3reaat€§

from which the percgatgos Q' snﬂat tﬁméka&aw%wa%y@ é’f‘fbp Hri¥dthane

cal cul at ed by usi ng the fol - ng ornul a,” respectt vel y: "Percent age.
el ongations = &, Gpas C(nnffﬁﬁr pHaYs peknggyt %igovere Q}pfrﬁﬁ connected
100 (% 15 Then, torat beyogentet testshenenand gfblhed with aVEnalE nitrogen.

percentage. el ongat | 43 SheLUPLU" Gl LL] RO SLL] s B0EL 1G4 18 DAL ENEIET ©
-cal cul ated by the folToWwn
_ at -196°C for 6 hours. Thereafter, the liquid nitrogen
is dlscharged and the covered p1pe left for 12 hours at
- 23°C and 80% R.H. The foregOLng test cycle is repeated
four times while observzng the surface conditions of
10 the water-proof layer 66 including water ‘condensation

~and 1cing.

Lfkemﬁse the Z-axial average tensile strength and variation thereof are
measured on anot her twel ve speci nens. Rating - Tensile St r

The results are evaluated as follows:

Good No visible surface change
Passable ~~ Brief spots of moisture condensation
15 . Unacceptable Icing or extensive condensation

Immed;ately after the above tests, the water-
proof coating and foam insulation layers are carefully
‘removed and vrsually examlned for cracks using a colorant . .

- solution if necessary. '

20 Good | No visible damage or cracks
Passable Fine cracks
Unacceptable 'Rnptures or large cracks

Example 1 One-Direction Flexibilization
Using a commercial polystyrene resin containing
25 0.20 weight percent residual volatiles including styrene
monomer and 0.87 weight percent oligomers including '
styrene trimer (herein PS Resin A), a variety of foam
planks were prepared for one-directional flexibilization.



Aver ggge percent age el ongati ons i =1 at rupture [err]

% V3 lon in max. - percentage m n. percentage percentage

el onlratfjon el ongation. - X2§OO (%9 25 elongation = .
avenag percentage at ruptdre el ongation [err] where max. and

m n. \p€rcent age el ongations are for each axis. - -19- Rating % -
Variation in Elongation at Rupture Good . <20%

"~ Passabl e -20- 40% Unaccept abl e - >40% 5
Al'so, it The eaRbiulsiba Eéh&!kibﬁstQ@r&abbﬁ%rglgga #8d §$AE¥ féa&urther

neasur e of theﬁLoanr ual it uct i vi z flexibilized foam
5

board i s ShgeY &Pnﬂﬂsxe éh EﬂolﬁnF§aﬁ§r egkion tRi ck. Each
.specrnenbmaklﬂensﬂc& afcdbonta2ahsniter 6pakyymrly Skihsdwatéh water and hel d

2 LET] xenlR S HEGTRACS o2 S ol gagcﬁggbsasafey, 3o above t he

wat er surface an ate-co Frecrrcu te cool ed water is
br ought board was cut 1nto three smaller pl s each 100 mm

-square and 4, 000 mm long.

Preferred Examgles 101-112 Reference Ex amples R101-107
' After ag:ng one day, the foam planks were

. flexibilized by compression in the machine direction

10 (X-axis) using the equipment of Fig. 5 and the typical
conditions described in the procedures above. The
flexibilized foam planks of the preferred Examples
101-112 were evaluated for densxty, ¥-axial cell sizes,

_ cell shapes represented by y/x and y/z, compresslon

15 strengths (¥-axial and Z-axial), X-axial tensile

' strengths. and e;ongatlon at rupture with the results
shown in Table 1. In these examples, the axial cell
size ratios y/z were in ‘the rrange of 1}06 to 1.25.

For comparzson other foams expanded from Ps
20 Resln A but 1ack1ng in desired foam characteristics
were flexszlized in a similar manner with results
shown in Table 1 as Reference Examples.



into tight contact with the top surface of the specinen. 15 After
for 14 days, the specimen is taken out and its surface is wped Ii -
Wk t.hmngauze. The thermal conductivity ‘A of the&ged speci men i s measured |ri
accordance with ASTM C-518 and the ratio of A to the initial thermal N
conductivity A of the specimen before 20 aging is calculated. Rating

Thermal Conductivity Change: [ere. Good <1.07
Passabl e ,..,ﬂ 07--1. 12 Unaccept abl e

>1. 12 25 (7) Water Vapgr er rreabl I|ty Three ci rcul ar speC| mens each
80 nm across and 25 nmt hi ck h & | ®xii mand

-20- the water vapor perneabi g'g %a@ rﬁen‘g |g) 3;

accordance with ASTM C- 355 us d| St I I ed water. Fromthe rreasurerrent S,

the water vapor perneability |s=cal cul ated by using the foll owi ng forrrula
5 Wat.er vapor perneabi I,J_‘tqy,,_, G (g/[err].hr) where: G
...... changeln specwnag‘mfelght (g)ﬁ“ d o d %reg %ubjectedto_
wat er vapor - -u 0o .
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transm ssi-on [err]. 10 t o time in which the specinen

ht" changes by G gram (hr) For ‘| ow tenperature insulation, a water vapor
B @ea&)iﬂity of less than 1.5, and preferably less than 1.0 g/[err].hr,wis .

desirahle. 15 (8 Cry c Tests A, Three 20 mm x 100 mm Xx
- 1750 mm speci nens were prepared froma flexibilized foam board and wound
around -a stainless steel pipe 36 and their opposite end faces ([err] faces)
~ were. butt-wel ge§ t oget her as shown -at 20 40,- 41 and 42 in Figure 10. The
.the pipe speci @ were quickly inrersed in a cryostat filled with liquid
nitrogen so tha Zpll, speg r@ng verg well under the liquid surface. After
béing i mersed 4= g hubs,Stheyp wre taken out of the cryostat and left at
aroom?25 te pature for 5 hours. After 4.cycles of such treat- nent, -the
t hree speci nens re carefully observed for any visual changes including

cm%au
=

cracks, fracture§|or ruptures. Good - No visible fractures or
cracks 30 3 94 Phacceptable cannot wi nd without fracturing
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-21- B. In another test, flexibilized foam speci- nmens 50 nmthick, 170-270
mm wi'de and 300 nm | ong were snoot hed by machining the top and bottg '
surfaces. After marking the [err]- and [err] #28s on the edges, eac , 1
was covered top and bottomw th 12 nmthick pl ywood (conformni ng tof3dpaifese -

Agricul tural Standard) using a commercial cryogenic pol yurethane aheg
(Sum tac EA90177 produced by Sum tono Bakelite Co., Ltd., Japan) to

joint surfaces. The adhesive was cured by placing 10 the test panel under

. re of 0.5 kg/[err] f ur. err]an L Loy i ¢, Tegt_ at-
Fgfffuéach cryoge%ig teLt pg%ggéS Rié;ﬁ?%f%da?nsgpv?qﬁ?dﬂﬁﬁp?dbbﬁé%%oled
cryostat box havi #gamnbuikedansitiest vaperplotted conrthe echaxt [Big] 6Aerr]
by control |l ed addiagagfstdttiel #cakian EGQrﬂééfééifns%ET%}¥P’C&ﬁﬁtééﬁEﬁEnates'

"After 5 hours, the test nel gui ckly  repoved and, at_room ,
tenperature for 5885?558%639.£$ﬁig°ﬁPO¥PE%%§°?§-?%Ek§$¥%PQ-E@%IQRJeCF§ter
the last cycl&f to€ Zbe preseptnihventionuaté ymaihleed ewtitioro £rvitite i thdde
four exposed face RReghl en. pon ' ey rom
the cryostat, the§8 ig%ggtégggFggag g?g%%éggﬂﬂftﬁag£§#¥%§éf?h%Tégbégﬁ%)rnn
thick slice of th@%s Eh PFegantsigvienkioropre marked Mmith Fi xture of a
sur fact ant ‘ -

As seen in Fig. 6A, the foams as intended by
the present invention must have such ¥-axial average
10 cell sizes ¥ and bulk densities D that fall in the
pentagonal domain definedjby five cdordinates_(l.o,
43), (1.0, 20), (0.05, 24), (0.05, 60) and (0.1, 60)
and, more preferably, in the tetragonal domain defined
. by the coordinates (0.8, 42), (0.8, 23), (0.07, 26) and
15 (0.07, 57). The bulk densities D and ¥-axial cell
sizes ¥y of thése'foams'Satiéfy the following formula:
-17 20g ¥ + 43 2 D 2 -3 2og ¥ + 20
(vhere 20 S D 5 60 and 0.05 S ¥ S 1)
and more preferably; | '
20 -1520gF +402D 2 -3 20g ¥ + 23
(where 20 s D £ 60 ;nd 0.07 s y s 0.8).

Example 2 Two-Direction Flexibilization
Using the same commercial polystyrene resin A
i _ and procedures of Example 1, a variety of foam planks
25 were prepéred about 110 mm x 350 mm in cross-section,
axial cell size ratios y/x and ¥/Z about 1.1 to 1.25
and 1.1 to 1.17, respectively, while the Y-axial cell
- size and bulk density 4 are varied in the range of 0.07
to 1.6 mm and 21.5 to 77 kg/ms, respectively. Those
30 foams Iighter than about 21 kg/m3 are subjected to
- secondary expansion by exposing them to steam at



25 and colorant in water is applied to the surfaces of the cut foamto
show_.any cracks forned therein. 2. Cryogenic Test at [err] For this test, a
iy genlc box partially filled ang od liquid-nitrogen is used. The pl ywobtd -
s ;est 30 panels are submerged in the liquid nitrogen and pl aced on
#gul ar steel supports fixed to the bottom of the box. A steel wei.ght

o€ooled in liquid nitrogen -22- is placed on the test panel top, and

the panel held inrersed for 30 nminutes.. Then the test panel is taken out
and | efinoac fornetEnpérnunnteEOresnéthngr1nndebu1hrdedsuegtofation. After
repeal LBgutgsl 8l 890,00xBYA3 .0 skEn G2k EQHbvaa FPLE guchoss check | s Tmde

for sur ace and inter crac the man escrl ove in test B(1).
Rat i ngthe foams to °EE§éPvétFBﬁnéS§§ foam board of abpeuti 3P| e damage or

cracksmhOx Bogsafl ¢n cross—secthhnﬁnarBQbGOLhﬂCSﬁpl €h. Ruptures’ or
e o TR -8k PhORE Brlinh" b hartcaPE] “BBibtbdsed " o0 P! o0 O
for flexzblllzatlon in the direction of X-axis first
and then Z-axlally by using the equlpment as shown in
Fig. 5 and the typical condztlons described above
including ag;ng for one day after extrns;on.

10 Preferred Examples 201-212; Reference EXamples R201.-206
As a result of the compress;on process,

' flexibilized foam planks. of the Preferred Examples
201-212 and Reference Examples R201-206 having almost
constant cell shapes with the axial cell size ratlos

-~ 15  y/x and y/z ranging from 1.2 to 1.4 are obtained. Then
these flexzbil;zed planks are evaluated by the standard
procedures with typical results shown in Table 2. '




f oam 200 mm wi de, 500 nm long and 25, 37.5 and 75 mm 15 thick are bent
t he curvature of a steel pipe 54 about 114 mm_n outside dianeter by/
appl yng a bending stress, Y-axially thereto WX its Z-axis di spose( % Lo
parallel - with the axis of the pipe 54, .as shown in Fig- ure 11. Thel\Z /"

specinmen is bent until it is pr@ught into 20-cl ose contact with the outer”
peri pheral surface of the pipa-@ver an area exceeding the outer surface B
area of a senicylindrical hal®%®ection of the pi pe (the section above the

center line A -"A shown in Flugﬁeglﬁ B8 ® 5 58 & 5 Q

Qoservation 25 GCood - -~ Bends easi I y Wt hout cracks
Passabl e . BendS@¥ith careful attention Unacceptable
Breaks =~ -23- B." Thernoformalgql ity The flexibilized foam pi eces are bent

to the outside curvature of thesteel pi pe 54 about 114 nmin outside
dianeter with its Z-axis digjn d al ong the axis of the pipe. Markings 5
are put on the cut edge of E‘u
2

_ |p§ %4 gi 3er°| gl on gp&gs&tgl y along the
center line A - A shown in Lg 20 The e;ntwspecmm st hen totaIIy
covered with ' 8
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“a gal vani zed, 0.3 nmthick sheet iron 55 and the opposite side ends of the
f oam gpecinen held with tensioning 10 bands 57. Then the .covered specjnen
56 i aced in a hot-air oven with tl3gat ensi oni ng bands 57 -down and hew#ed .

aft r 45 minutes. After .bei'ng renmoved fromthe oven, the specinen is
cool . t roomtenpera- ture for two hours. Then, the gal vanized cover 55
is 15 “removed and §lhe gaps 58 and 59 fromthe outer ends of the foregoing

mar ki ngs to the i
of the specinen 5§

Aver age gap <5 n%

rsections of the center line A- A and the i nner wal |
re YSYr ng, rated as follows: Good . '

52?: I%d'g'% Aver age gap 5-10 nm Unaccept abl e
Aver age gap >10 Thermal Ihsulation Test Pieces of flexi- bilized
foamcut to a 37.5 X 200 mm x 500 nm si ze are thernoforned as above ih
two | ayers and thergjcut 25 Z-axially. to provide inner and outer -
sem cylindri cal ,_;,I_*;eg mal insulation covers for a 114 mmo.d. pipe. The test

cover pieces ar@g nfit to.a 114 nmo.d, stain- |ess steel pipe about 800

P o . . . . . .
mm l-ong with fl an ab ench endoawrd secured wi'th a cryogenic polyurethane
adhesi ve: 30 Tgeﬁj i Ps=bf=t e Buler covers are staggered from those
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-24- of the inner cover. The entire section is then coated with a 2.5 nm
thick waterproof |ayer of polyurethane mastic. After 4 days aging, s
covered pipe is connected to a cryogenic test 432+ and filled witH
nitrogen. 5 The interior of the stainless steel pipe is mintai .
-1960C for 6 hours. Thereafter, the liquid nitrogen is discharged_asd the
covered pipe left for 12 hours at [err] and 80% R H. The foregoing test
cycle is repeated four tines whi observ t he ace conditions

t%e wat er - proof | ayer 66 |nclqﬁﬁ§£ I&ﬁ%dé?%séa'll%n ag,fhopm,dn F ie 2'
results are eval uatthe etm]floldermt:@md) are plotted on thel ehamtf a(femlgalnge '
Passabl e Bri ef 0 5 ngccent e

| cing or “extensive coﬁ%saﬁo&% mrte%aa{]'e%%% ]1 1(?\?3 iJ tia %@B

wat €r- proof coat i righrRPITSEIRA tRR I RARTAFANEING ﬂ&ﬂef@@WEﬁQGQ}mﬁaﬁnﬁyﬁlun&ed
visual |y exam ngd fay excslientsidif yovd dmMabl@ & iave mfaﬁkeae&a%tﬁ/o a8d

Unacceptabl e~ RuptH SRSV, S Passe%ba'eﬁ*@ﬁadr a8 e %re%%agls‘-

Flexibilization being marked w1th X.

As seen in the chart of Fig. 6B, the foams as
- intended by the present invention must have such y-axial
10 average cell sizes ¥ in mm and bulk densities D in
kg/m that fall in the pentagonal domain defined by
five coordlnates (1.0, 55), (0.25, 100), (0.05, 100),
(0.05, 26. 5) and (1.0, 20) and, more preferably, in the
pentagonal domain defined by five coordinates (0.8,
15 55), (0.25, 93), (0.07, 93), (0.07, 28.5) and (0.8,
23.5). :

In other words, the. foams contemplated by the
present 1nvent10n must have such a foam density D
_(kg/m ) and Y-axial average cell size y (mm) that
20 satisfy the following formula:

-75 20g ¥ + 55 2 D 2 -5 20g ¥ + 20
(where about 20 S D $ about 100, 0.05 S ¥ 5 1)
or more preferably; S '
-75 209 ¥ + 48 2 D 2 =5 %og ¥ + 23
25 . (where about 23 S D S about 93, 0.07 S ¥ $ 0.8).

Example 3 Flexibilization Time
o In normal practice, rigid thermoplastic foam
sheets aré aged for at least several weeks before use
 to stabilize the foam structure. During the development



Usi ng a comerci al polystyrene resin containing 25 0.20 wei ght percent
Lesi dual -vol atiles including styrene nonomer and 0.87 wei ght percent
u:}@oners i ncluding styrene trimer -88erein PS Resi-n A), a variety of fobnm
alNks were prepared for one-ditectional flexibilization.. -25- The '
_ usion conditions were controlled to give a foam sheet about 110 nMm x
350 Mmmin cross-section with a bulk density of about 21.5 to 60 kg/[err]. ..
Skins were renoved from each of the foans and the resultlnq foam 5 board

was cut afhtthe flexibidized foam For,FYPIenH d85R1ATIAR 41800 nm | ong.
Pref er r gghPEdoverbdl thht thef aigenoT Emméhmuﬁbﬂlfb@il Aftt ¢heagi ng one

Y et 1 e OF (CHPERRIGR B s helont BT SRRATY WBANGEREN T

condi ti culee (mm.lﬁm |ﬁoanh@qsnmmmﬁses above. The flexibilized foam pl anks.
of the preferred Exanpl es 101-112 were eval uated for density, [err]-axial

cel |
Strefgthe ([orr] - DRLAS San Shaet aehided (xR, pody ety ‘é‘a’{éﬁriff'eﬁgt s and
el ongat ifesidi A Wiid!lcathitd iﬁmdarﬂ:lt&smm and 100 mm thick
pieces, the effect of flexibilization time was examined
for both one- and two-direction flexibilization.
Typlcal results are shown graphically in Figures 7 and
10 8 with the A series belng one~directional (X-axial)
flexibilization and the B series being two-directional
(R-axial, then Z-axial) flexibilization.

A. One-Directional Flexibilization
' Figure 7A shows the relation between X-axial
15 elongat;on at rupture Ex-of the flexzbllzzed foams and
the aging perzod of the initial foam sheet after extru-
sion, while Flgure 8a shows the relation between water
vapor permeability and the aglng period befbre flexi-
bilization. It is evident that to obtain the improved
20 elongation and water vapor baxrier properties intended
by the present invention, it is necessary that the
aging period for the foams prior to compression flexi-
bilization be not more than 10 days (240 hrs) and more
preferably, 3 days (72 hrs) orlless.

.25 " B. Two-D1rect10nal Flex;bzlxzat;on
-~ Figure 7B shows a relation between the x-axlal
percentage elongation at rupture Ex of two-dlrectlonally
flexibilized foams and the aging time of the extruded
.foam planks. Note that aging affects the X-axial and.
30 Z-axlal percentage elongations at rupture substant;ally
equally. The initial fresh foam planks had a density



shown in Table 1. 1In these exanples, the axial cell size ratios | were .
in.-the range of 1.00.to 1.25. For conparison other. foans expanded PS -,
20 Res¥n A but lacking in desired foam charactgastics were flexi zed in-n
a simlar manner with results shown in Table 1 as Reference Exanples. :
-26- [ERR] X EzU : - -27- [ERR -28- Based on results as shown in

Table 1, the foam bul k densities were plotted on the chart Fig. 6A agai nst

the [err]-axial average cell sizesqerr]. The coordinates representing_the
f oam speci mens sat iaf yahent 127 &g/t s thickness of about 100 mm, and X, ¥-

and Z-axial average cell sizes of about 0.55 mm, 0.72
mm and .0.58 mm, respectively. After being cut to a
thickness of 25 mm, the foams were subjected to one

5 cycle of 37 percent compression 2—axially first and
then Z-axially at varied aging times. The Z-axial
percentage.glongations at rupture Ez ranges from about
80 to 90'percent of the X-axial percentage elongation
at rupture Ex. In Fig. 7B, the axial percentage elonga-

10 tions at rupture are repreSehtatively given as the
i-axial percent-elongatign at rupture EX.

Fig. 8B shows a relationship between the .
water vapbr permeability Py of flexibilized foams and
 the aging'pe:ibd of the material foams after expansion

15 thereof. The foam planks have the same density and
 axial average cell siZés_as those above. Test pieces
about 25 mm thick were cut and subjected to 20-37
percent compression applied one to three times in each
direction. The'resulting foams had an X-axial percentage
20 elongation at rupture Ez of about 20 percent and Z-axial
percentage elongation at rupture Ez of about 16 percent.

Again it is clear that to obtain desired pro-
perties, the foam should be flexibilized while fresh, '
i.e., within 10 days or more preferably 3 days of
25 extrusion and/or expansion. This applies especlally to_
relatively thin foams as represented by the 25 mm thick
'samples used in the preced;ng experzments The optimum
time within the range of about 0.25-240 hours will, of
. -~ course, depend on the specific propertzes of the initial
30 foam and the desired results.



mens not sati-sfying the objects of the present invention are marked.

X. As seen .in Fig. 6A, the foam3%s intended by the present inventen -
st/ have such [err]-axial average 10 cell sizes [err] and bulk densities
Dthat fall in the pentagonal domain defined by five coordinates (1.0, 43),
(2.0, 20), (0.05, 24),.(0.05, 60) and (0.1, 60) and, nore preferably, in

" the tet nal t 0.8, 42), (0.8, 23 '
(0e07e ;W&}%ﬁé '\{;BQP%Q&%%%JE; telseg D and %erg] axi al)cell

‘sizes [err] of theﬂ;‘m skax sfow ttespestatasiend nisslatiion 157 |og [err] +

43 [err] {id eility ref t[lﬁérﬂoa'fn%wedi? ;e?r,ab; relr%and005

of the present invention are marked with o, while those representing the
EDRD
;:'9

[err] 1) and m)re err] D[err] -3

-15
| og [err]the & "{aé\l%ﬂ VSR rﬁr%% Exanpl e 2
Two- Dsr echirfadd of lnHe ziatstnnaﬁjsomg the same comercial pol ystyrene resin A
and procedures of Exanple 1, a variety of f oam pl anks 25 were prepared.

about 110 nm x 350 nm.in cross-section, axial cell size ratios [err] and
[err] about 1A t One-Pireqtionally Flexibiddzed Feams Ryefenzed V- axial

cel |l size and hul Exampdies, 12lnld2 & |WQW%W% R3237126 1.6 mm and
21.5 to 77 kg/[err] respectlvely Those -

Using the same equipment and methods, flexz-
- bilizable foam planks were expanded from PS Resin A
10 under controlled condit;ons so that the resultant foams
had densities D in the range of about 22.5 to 51 kg/m .
Yfaxzal cell szzes y_1n the_range.of about 0. 07 to 1.0
mm and axial cell size ratios ¥/X and ¥/Z of about 1.35
. to 2 and about 1. 1-1'3; respeotlvely. Then the resultant
15 foam planks were cut to 100 mm square and 4, 000 mm - long '
_ and after. aging’ for one day were compressed x-axzally.
Typlcal propert;es 1nclud1ng water vapor permeability
for these flexibilized foams are given in Table 3.



36 foams |ighter than about 21 kg/[err] are subjected to secondary

expansi on' by exposi ng themto steam at -29- 100C for 2 to 6 m nut -
resul,t¥ng in a bulk density of about 15.5 to 28ekg/[err]. Skins ar Rt
removed from each of the foanms to obtain-a skinless foam board of a 00 “

nm x 300 nmin cross-secti oyand) 2, 000 nmin | ength. 5 These resulta

f oam pl anks are nechani cal | g &Bpressed for flexibilization in the '
direction of [err]-axis fir rd ] ?a I b§ l%i g X he equi pnent
as shown in Fig. 5 and the tsg g Iggﬁd%i%n? es’grﬁoe a oée?'%‘ncl udi ng
agi'ng for one day after extrusiop. 10 Preferred Exanples 201-212;

Ref erence Exanpl es R201- 204 b @l result of the conpr essi on process,
flexibilized foam pl anks of,BikSPr & a8r & &xEBef BH122R §n(£ Ref er ence
Exanpl es R201-206 havi ng agn$ onstant cell shapes with the axial cell
size ratios 15 y/x and y/z r ng from1l1l.2to 1.4 -are obtained. Then

t hese flexibilized planks ar | uated by the standard procedures with

typical results shown in Ta 0O 000 OO ® O 0 O O O
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0 and o,

pr esent

0 [ERR

TABLE 3 (Continued)

Percentage
Elongation

-31-

i nventi ory
and bul k densiti
by five coordlnates
(1 0, 20) and,

Thermal
Conduc-

Y-axial
Y-axial Water
Cell

Ref-
erence

'Cryo

. tivity X-axial qen1

Perma~
‘bility Py

at
Rupture
E

Cell Shape

[ ERR]

aver age cel

respecthyel
with X. As seen Fh3tle chart of Fig. 6B,

%§5q§|n kg/[erg?

Tensile Res;sb

with

Time

Size

¥ _(mm)

Example Density

/%" _y/2

sizes [err],

-32- Based,on typical

(1.0, 55),

2 hr

EX

No.

Strength tanc

(kg/m3)

referam
] oy

that fall
(0.25, 100),
i N the

in

]
=] (9 O 0D !D

0.5 Go Go

3.5 4.1
11.5 70.5
12.5 78.0
12.5 70.5
3.5° 4.0
12.1 42.0

2.02 1.07
3.3 1.08

. 3.48 1.09

0.52
0.52
0.52

28.0

R121

Go

Un
__Un

1.6
’ 1.8

45.7
- 48.1

R122
R123

Go

2.33 1.14
1,51 1.23

Pa

"Un

2.4

0.45
0.21
. 1-0

35.1

R124
R125

33.5
" 24.3

Go Go

0.35
2'2

Pa

Un

1.9 1.15

R126

* Ex - Excellent; Go - Good; Pa - Passable; Un - Unacceptable

results as shown in Table
he bul k densities D are.plotted on the chart of Fig. 6B against the-_
hi ch the coordi nates representing .
speci mens evaluated 5 as excel I ént and good in Table 2 are marked wi'th
whil e those eval uated as unaccept abl e bei ng mar ked

t he foans as intended by the

g §¥|al 10 average cell sizes [err] in mm
in the pentagonal
(0.05,.100),

‘domai n deflned_
(0. 05, 26.5) and



pent agonal domai n defined by five coordinates (0.8, 15 55),_(0.25, 93 1) -
(0.0%& .93), (0.07, 28.5) and (0.8, 23.5). In other words, the foans
cont &l ated by the present invention nust hav®such a foam density D _ :¥j

(kg/m) and Y-axial average cell size [err] (mm) that 20 satisfy the
followwng formula: -75 log [err]*+ 55 [err] DJ[err] -5 1log [err] + 20
(where about 20 5 D S about 100, 0.05 [err] 1) or nore preferably; -75 |og

_ _ D t 23 [err]
bl er ] about 65, 0 o7 Tert) 58%56%3 defoegPical eendF) 85 Mot 3k Lor 1
practice, rigid th@Pﬁéﬁlésttbefg exibibizedr foamcof f the presest Hrvention

weeks before use ! fustababe’d itekOREpSE! Yebhinihey o 1S dpne? aprey
-33- of the flexibilized fogn1for Xqﬂgn |nsulat| {hglt was cover ed

that the age of thd%¥%Er AfcHeFesrmine eV er Jrpred oh ASTM C-355.

erX|b|I|zat|on profoundly i nfl uenced the resulting foan1propert|es

5 Figures 1A, B and C are photom;crographs
(magnification: 50x) of the polystyrene foam of the
preferred example 123 showing closed cells distributed
as viewed in the X-, Y- and Z-directions shown in Fig.
3. Note that the flexibilized foams of the present

10 invention have a2 unique structural anisotropy in which
wrinkles in the cell walls observed in the ¥Z-plane
(Fig. 1A) are significantly fewer than those cobserved
.in the XZ- and %Y planes (Fig. 1B and 1C). Since the
foam cells are very small and have polyhedral shapes,

15 it is very difficult to express the distribution and

_ locations of such wrinkles accurately. However, con-

' sidering the relations between Ex, E and the Y-axial

P water vabo:'permeability Py with reference to Fig. 1,

these feiationships provide'fairly accurate structural

20 parameters of_the wrinkles including'their type, loca-
tion and distribution. Figure 9A shows the reiationship
between water vapour permeability'and the cell shape of |
one-directionally flexibiliged foams.

" B. Two-Directionally Flexibilized Foam: Preferred.
25 ' Examples 221-227 + Ref. Examples R221-225 -

Using the same PS Resin A, equipmght and
methods of Example 1 foam planks having the same cross-
_ -sections were extruded and expanded with a denszty of
0 27 kg/m or 50 kg/m ‘and Y-axial average cell size of
0.61 mm or 0.11 mm with y/X of 1.20 or 1.15 and y/z of
1.25 or 1.20. These foam planks were compressed for
flexibilization %-axially first and then Z-axially by



5 7 Usi ng foam sheet extruded from polystyrene resin A and cut. to
sgagdard 25 mm and 100 mm thick pieces, the effect of flexi b|||zat|0n tive
’: Yhixam ned for both one- and two- ard %'Ctl on flexibilization.  Typical et ;

ts are shown graphically in Figures 7 and 10 8 with the A series
be| ng one-directional ([err]-axial) flexibilization and the B series being
t wo- di recti onal '([err] axial, then [err]-axial) erX|b|I|zat|0n A

One- Di reqsﬂ%ltﬁ Qeiligrieiit! 1) JHSH G FIOE t%&i’xblt& | Fape! ween

[err]- aX|$ el ongatlon at ru ture the fle oams and the

agi ng per WW%@ {909 jofhex, 195 tiac luding theoT-agiiale Fi gure 8A
E h?WS t][llewatﬂxalpeméa&imt }[@ af \mwrtmﬁh 'ﬁi.iﬁl'dl%&-ﬂ@gt&b@.l@.@'e@g SerzbOd
efore evi at_to.obtain,the inprove
fOlis, g Hddied, MR THE citilads’ 180 3aR

el ongati on -and er_vapor t he present
i nven®i orkhemals qenduatimithas Nﬂilagmg:h@eﬂi-@enfadr anlder-am:alprl or to
conpr essicyydgentic Higfistairican e o Wind haReHR eks obeddvas) and more

_preferabl ays €ss.,. B.  Two-Drectional

Fl exi bi | éﬁﬁ‘:@ﬂ' éﬁﬁ% %%(ﬁﬁs?"ﬁ‘ A é"‘ﬁb&r? Bet ween the [err]-axial
per cent age el ongation at rupt ure Ex of two-directionally flexibilized foans
and the aging tine of the extruded f oam pl anks Not e that aging affects the
[err]-axial and : ' : S




30 [err]- éxi al ‘percentage el ongations at rupture substantially equally. The
initial fresh f.oam pl anks had a density -34- of about 27 kg/[err], SN

t hi cknéss of about 100 mm and [err] and [err=j40axi al average cell si ofr =~
“about~0.55"mm 0.72 nmmand 0.58 nm respectively. After being cut@ Y
t hi ckness of 25 -mm the foans were subjected to one 5 cycle of 37 n
conpression [err]-axially first and then. [err]-axially at varied aging
times. The [err]-axial percentage elongations at rupture Ez ranges from
about 80 to 90 percent of thel{drr]-axial percentage elongation at rupture
Ex. In Fig. 7B, the axial p gert age el onga- 10 tions at rupture are
representatively given as t -u rrl- axial opes cantm ebongat i en at cr gt ure Ex.
Fig. 8B shows a relationshi B B&ween 1. Sndl e? Fap8r per m¥hofl M yopY: of

flexibilized foans and the :3:5 per PodPoP the~mf e'F'l aI f o&ghrs~art e? ©

t-

expansion 15 thereof. The pl anks have the sane density and axi al
average cel |l sizes as those Test pieces about 25 mmthick were cut
and subj ect ed to 20- 37 percent corrpreSS| on aé)pl ied gne to three tines in

each direction. The resul tf ng oarrs%a@& eEr]oalglaI pelt‘?c t RS A
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20 elongation at rupture Ez of about 20 percent and [err]-axi al percent age
el gngati on at rupture Ez of about 16 percent. Again it is.clear that to.

0 ‘desired pro- perties, the foamghould be flexibilized while fresh,, . .
i vv_|_th|n 10 days or nore preferably 3 days of 25 extrusion and/or e
ex sion. This applies especially to relatively thin foans as represented

by the 25 nm thi sanpl es used in the preceding experinments. The optimm
time within the* nge of about 0. 25- 240 hours will, of course, depend on
~the specific pr.e rtles of thelnltlal foam and the desiréd results.

-35- -Exanpl e 4 ter egnﬁatu“;lﬁy Cr|t§c§ S0 15w t enperature
insulation is t e;ablllty of the foamto-be an effective barrier to the
transfer of wat@rgivapor fromthe outer to inner 5 surface of the

insul ation. A Oe- Directional ly Flexibilized Foam Preferred Exanples

121- 132 + Refenepaie Exanpl es R121-126 Using the sanme equi pnent and net hods,
flexi- biIizabIezoampIanks wer e expandedfromPS Resin A 10 under
control l ed congi {%lons & 8h§ 8h§ rSs@ t ant fgags 5 5
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had densities D in the range of about 22.5 to 51 kg/n8, [err]-axial
sizes [err] in the range of about 0.07 to 1.0 nmand axial cell siz

[err 4nd [err] of about 1.35 to 2 and about 1-424.3, respectively. n
the resultant 15 foam planks were cut te 100 mm square and 4, 000 nm | ong- .
and after aging for one day were conpressed [err] axially. Typlcal N~
properties including water vapor permeability for these flexibilized f oans

are given in Table 3. -36- [ ERR] - 37- RR - -38- Based on such
typical results as shown in TA ée34 Fh@"ﬁl%&? Lh?eﬁO%%%n¢6fthh% breention

i nvention nust havemaswahavevapw&anﬁaneﬁbtertVapérlpérﬁﬁaEiIitfrrfrequal
' to or.smaller than 1.5 g/mz-hr_tO'prevent'or minimize -
deterioration in thermal-insulating properties over a
5 long period of use. More preferably, the water vapor
permeability should be 1.0 g/m -hr or smaller to secure °
a higher level of thermal-insulation. '

i os_
prak

For applications involving such severe con-
ditions as encountered in liquid nitrogen gas tanks and
-+ 10 for ensuring improved heat-insulating properties over a
longer period; the preferred foams of the present
invention must also satisfy the following conditions:

Ez 5 52 - Ez - L
8.3 2 Ex/Ey 2 1.8, 8.3 2 Ex/Ey ) 1.8

15 Ex + Ez < 12 Ey
‘where 40 2 Ex 2 12 and 40 2 Ez 2 12; and
Py S 1.0 o

Fig. 2A, B and C are photomicrographs (magni-
fication: 503) of the flexibilized polystyrene foam of
20 Preferred Example 223 showing the closed cells viewed
in the X, ¥ and Z directions shown in Fig. 3. Note
that the foam is characterized by structurally aniso-
- tropic cell walls. Those visible in the ¥2 and X¥ ,
_ planes shown in Fig. 2A and 2C are generally wavy only .
25 in one direction, namely in the Z-axial and- X-axial
‘directions respectively, but not in the Y—axial
direction. '

Such anisotropically distributed cell wall
wrinkles in combination with the foam density as well
30 as with the sizes and shapes of cells are important



| ower as detern1ned by the water method of ASTM C-355. 5

Qures. 1A, B and C are photom crographs (nmagnification: 50x) of the

f“‘tyrene foam of the preferred exaggle 123 showi ng cl osed cells Y
i buted as viewed in the X-, “Z-directions shown in Fig. 3. Nﬁie

at/the flexibilized foans of the present 10 - invention have a unique

structural anisotropy in which winkles in the cell walls observed in the

[err]-plane (Fig. 1A) are significantly fewer than those observed in the

[err]- a”%t&ﬁ'&:‘thrﬁh.aﬁﬁi'aﬁEtGrslBfa'&ﬁe1§)>amssbﬂ'cﬁheh?regéﬂtcm'S are very
lcult to express the

|1 d.h | yh e I s yer
3F2tr|gﬂtlﬁﬁygﬁggp%cgprgﬁg oP% %@ﬁ ﬁfPﬁﬁP@?téeeépaFE stiepshie, con-
si dering bb&weehaExoandbnzweeheEratEosndfthxxh&rpbreenﬁhgeater vapor

- permeab | eabnBietbhl o€ ShERRCel (e dy, |Eay R ahd] SLEQNEN fELREOV! P

fairly accurafe structura es I nc ing their
type, yfr ocXBPPFoRem&aBF%%FYb&‘PeGnreprgaeetgﬁhshéistﬁbutepataeﬂsm p ‘bet ween

wat er yapaare]pe&anabblfl Buchndrihries!.| sﬂ'%ﬂ?ﬂ?wi %Hn? @Fﬁdédfﬁi?%-d s
Exanpl es. Z1nFpoved. vRud] Sed0 Vel Sopheadilind We il 1 =
equi prrent mame I@Ht sﬁzmﬁﬂbianhﬂwn?f mammqmmne Cross- '
-sections fféﬂﬁ(ifi&fch@é]ﬁg expanded with a density of
10 gggle 5 Cryogenlc Insulation
A. One-D:rectlonally Flexibilized Foam
' Surprlsingly, an exper1ment has revealed that
when wound around a steel drum and heated at about 80°C
fbams_hav1ng the desired improved elongation propertles
15 ' and water vapor.herrier properties'can_be shaped to the
drum curvatnre and5can be fixed to that shape. sStill
the winding requires no large force and entails only a
minimum reduction in the thermalsinSulating properties.

20 Table 5 shows the results of experiments on.
still another group of the preferred examples of the
present invention and several reference foams. Since
these evaluation items are substantzally representatlve
‘of the bendab;lzty, appl;cabllity to curved surfaces,

25 adhesion workability, cryogenic 1nsulat1ng properties
‘and other characteristics practically required tc such
foams, Table 5 does give overall evaluat;cn for pract1ca1
applicabilities of such fbams._ '

30 Further, to minimize multi-axial strains of
the fbams after appllcatlon or to 1mprove the thermal-
-1nsu1at1ng properties effect;vely, two or more such
foams may be bonded_so that the resultant foam logs
show biaxial extensibility or they may be clad with

35 metal foils or they may be combined with synthetic

~  resin films havine high gas barrier properties.



30 27 kg/[err] or 50 kg/[err] and Y-axial average cell size of 0.61 mm or.
0.11 munwith [err] of 1.20 or 1.15 and [err] of 1.25 or 1.20. These f
planks were conpressed for flexibi lization [erg4=axially first and
[err[¥axial |y by -39- using. the equipnent as shown in-Fig. 5. T
foam densities D and other properties including the [err]-axial wateéef
perneabi lity Py of the thus bi aXiaIIy-erxi bilized foans are neasured.

Al'so, the changes in. Y-axial 5 thermal conductivity as well as the X-axial
and z-axial cryogenic res|stance at [err] and [err] are observed Typi cal
results are shown in Table 4. - 40- [ERR] - [ERR]
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-42- _Table 4 shows that the foanms of this invention nust have a [err]-axi al
' d por perneablflty Py equal to or smaller than 1.5 g/[err].hr.to
or minimze deterioration in thernal-lnsulatlng properties over\a, 5.
iod of use. More preferably, the water vapor perneability shoul
be 1.0.g/[err].hr or smaller to secwgy.a higher |evel of -
t her mal -i nsul ation. ~#0r japplications invol ving such severe con- ditions as

encountered i I|quﬁb=Q£trogen gas t anks and 10. for ensuring inproved

‘heat-insul ating propept@les @ q%lonQ§ & Ef, the preferred foams of the
present invent} on- | so satl the follow ng conditions: Ez [err] 52 -
Ez 8.3 [err] [EBy [eTr] 1.8, 8.3 [err] Ex/Ey [err] 1.8 15 Ex + Ez <

12 Ey where 40| [err] Ex ferr] 12 and 40 [err] Ez [err] 12; and Py [err] 1.0

Fig. 2A, B and C a} & Bndk oni grpar@phs ¢ gnd o i cation: 50x) of the
flexibilized pplystng @@ f 0P 20 #HBM&H’Exarrple 223 showi ng the

y
closed cells v ewsﬁuw# e [err], [err] and [err] directions show in Fig.
3. Note that qu foamis characterized by structurally ani so-
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tropic cell walls. Those visible in the [err] and [err] planes shown in .

Fig. 2A and 2G are generally wavy only .25 in one direction, nanely in the.

[erri:é%ial and ferr]-axial directions respectively, but not in the N
‘ ,.d*
Zotr I

[err]*axial. direction. Such anisotropically dié$=ributed cell wall

in conbination with the foamdensity as well 30 as with the sizes .
shapes of cells are inportant --43- structural paranmeters of the foans of -
the present. invention, in view of the aforenentioned rel ationship between

Ex and Ez, the ratios axj al .percenta | . t ure (Ex/ Ey,
Ez/ Ey) and Y-axial wat 5%&%‘“&2‘!"@%@1]& %%%&qqﬁez%rdesen the
distribution and directions of such wi nkles. Fi gure 9B shows the
rel ation- shi'p between y-axifg JbdimitidUe RYPRUMINNEARS Burved wairage
cel'l size relationghip of two-directionally flexibilized Epans.llg anpl e
5 Cryogeni c | nsul $8%%h such Gﬁemiﬂ’élﬁﬁ'orf-'é‘iilﬁpqﬁl&ﬁlbiqq PERSESER- “ADKRS, |
Surprisingly, an exekabilityamclhudiaie bendabilisy \amd Eoamadrid ixyst eald
drum and heateg aIpé%%%ﬁmgﬁgé]as cryogenic thermal-insulating materials,
selected foams, namely the foams of preferred examples
222-225 and of the references nzz;, R223-225 are appplied,
respectively, onto a steel pipe of about 114 mm in out-
side diameter as a typical representative of cylindrical
10 . pipes having a very large curvature. The foams were
sliced to a thickness of 25, 37.5 or 75 mm and.applied
in one, two or three layers to obtain an overall thick-
ness of 75 mm. The longitudinal and circumferential
seams of the semicylindrical foams sections app;ied in
15 layers are butted, while those of the foam sections 77
mm thick are shiplapped. o

The behdability, thérmofbrmability to tHe
‘bent forms, cryogenic heat-insulating properties and
‘crack resistance thereof are tested and .typical results
20 are given in Table 6.

~



f oans_havi ng the desired inproved el ongation properties.15 and water vapor

bar\fgh\propertjes can be shaped to the drum curvature and can be fixed:-to
thae. Still the wnding requi r_gg;no | arge force and entails onlﬁxg, -
niniwjﬁf eduction in the thernal -insulating properties. 20 - ' - Aable
5 shows the results of experiments on still another group of the preferred

t invention and several reference foans.” Since these
ubstantially representative of the bendability,
d surbaseso @ adhesic®w &G kapi | ity, cryogenic
and PP gﬁ%\F’act ePi A B Brdically required to
es give overall evaluation for practical

h foams. 30 _ “Further, to mnimze

the foans after application or to inprove the
ropex die® ofd ecti ved v.o bW pE giore such foans may be
ul t % 9 859 Hgs sﬁo%%PaRPa? RxtPnsibility or they

exanpl es of the grgs
eval uation itens{af
applicability tojcpm
I nsul ating prope t [
such foans, Tabl P
applicabilitiesf®f}s
nmti-ale'str@ 5
t hermal - -insul ng
bonded so that r

gigcum Diyécgipns

?
may be clad witfBp tal foils or.they may be conbined§wi th synthetic
resin filns havﬁ%g hL@h gas barrier properties. -44-4
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[ ERR] -45- [ERR| -46- B. Two-Directionally Flexibilized Foam To—=x »
deternlne the applicability to curved sur- faces such as pipings, Y
cyli drical or spherical tanks, workability |n%gud|ng bendability a
formability, and 5 perfornance as cryogenic thernmal-insulating mat
sel ected foans,. nanely the foans of preferred exanples 222-225 and of the
ref erences R221 R223- 225 are appplied, respectively, onto a steel pipe.of
about. 114 nmin out- side dianeter as a typical representative of
‘cylindrical 10 pipes having a very large curvature. The foans were sliced
to a thickness of 25, 37.5 or 75 mmand applied i'n one, two or three | ayers
to obtain an overall thick- ness of 75 nm The |ongitudinal and
circunferential seams of the senicylindrical foams sections applled in 15
Iayers are butted, while t hose of the foan1sect|ons 77
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i ck ‘are shiplapped. The bendability, thernoformability to the bent

f cryogeni ¢ heat-insulating properties and crack resustance t her eof-~
ar ted and typical results 20 are given in Table 6. [ ERR] A8y«
[ ER - -49- The synthetic resin foagg-of the present invention havi.

| arger extensibility in two axi‘al directions show excellent bendability,
t hernmof ormabi ity and applicability to pipes having snall dianeters. 5
They can be easily applied to such snall-diameter pipes and can be easily

thermoformed to their. bent shapes. Further, because of substantial freedom
from crack The synthetic resin foams of the present

1nventlon having larger exten51b111ty 1n two ax1al
_ directions show excellent bendablllty, thermoformabllzty
~and applxcabilzty to p1pes hav1ng small diameters.

] -They can be easily applied to such small-dlameter pipes
and can be easily thermoformed to their bent shapes.
Further, because of substant1a1 freedom from crack
formation in bending operation or under cryogenic _
conditions, the synthetic resin foams according to the

10 present invention can provide excellent cryogenic
.thernal-insulating materials free from moisture con-
densation even at -196°C which are generally applrcable
to pipes, cyllndrlcal and spherical tanks.

_ Although the reference foams conpressed only

15 xpaxiaily or Z-axially have satisfiable bendability and
thermoformabilzty, they are not entirely satisfactory
as cryogenic thermal-insulation because they may break
under ‘cryogenic 'conditions due to cracks spreadrng
circumferentially of the pipe or in other ‘directions.

20 Such cracks form because these foams do not have suf-
ficient extensibility to absorb stresses generated by
sudden changes between the room and cryogenzc temperatures.

Example 6 Thermoplastic Resin Foams
' The improved flexibilization'process is
25 applicable to a variety of thermoplastic resin foams,
both extruded and expanded.

A. Commercial PS Resin A is a thermally
polymerized polystyrene resin hav;ng an intrinsic
viscosity of about 0. 83 ‘dissolved in toluene at 30°C

30 and contalnlng 0.20 weight percent residual volatlles



formation in bendi ng operation or under cryogenic conditions, the synthgtic
resin foans according to the 10 ~present invention can pFOVIde excel | g4
cLyo'en c-thermal-insulating materials free fromnoi sture con- dens ﬁ
even [err] which are generally applicable t=®%i pes, cylindrical axf
spherical tanks. Although the reference foans conpressed only 15 X-axially
or Z-axially.have satisfiable bendablllty andtherm)formablllty they are _
not entirely satisfactory as cryogenic thermal-insulation because they may '
break under cryogenj ¢_condi ti ye gntially

of .the pipe or in o’t’h‘éf rf%cﬁ %Fg’ ﬁf%ﬂ%(@’iﬁﬁﬁr%cagﬁg ese f oans
do'not have suf- fla:l:smmans dndliding styzensirimerss s & epda wiitdy ofper

sudden changes bet\ﬁe_;gy .f] P Yhe DAY Cirl FEI Y %yr@ﬁmic@mﬁter
Ther nopl astic Resi ans, T

roved fl Z ro ess i
applicable to a varMytEmQ%éf?rrﬁprlgﬁ’P@’reﬁsﬁ# ‘H&h‘s% gr!.agwn
expanded. A Cognerih atabXe RESI rrdtlsmmtﬂmrmﬂ]w md]wmm:mﬂ silpstyzens

resim having an int V, Q.:.iéé @dﬁ{?a@e
30C 30 and cont ai n#%@f%&,zoﬁééféif-#éd er c%%?éjr esi du %j ﬂ:%lgl
: those conta:.m.ng O weight percent or less of residual
volatiles includlng styrene monomer and 0.5-1.5 weight
percent of styrene oligomers including trimer.




»

-50- including styrene nonomer and 0.87 wei ght. percent oligomers including

st e trimer. Blends with other polystyrene resins richer in residual-
st ~mononer and trimer were flexidgidzed with typical results show ¥
I.n e 7. For such thermally.polynerized pol ystyrene resins, preferted

resins for the flexibilized foans are those containing 0.3 weight percent
or less of residual volatiles including styrene nononer and 0.5-1.5 wei ght
percent of styrene oligomers including triner. [ERR] = -52- B. Instead
.of the polystyre@ f8pnms used in the foregoing exanples, two :
commer ci al | y- avaidabfie pol yvi nyl chloride foans (Kl éegecell 33 produced b
" Kanegaf uchi Chem eal sfCo. , %L . oamd Razlesel | Board[err] 5 produced by Fuji
Kasei Co., Ltd.) d3h rm'f’_ﬁglpﬁ’rﬁ h- &Pﬁate resi n foam ( made

experimental ly by E’li_- Dow ' | . -
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Limited) cut to 50 x 600-x 900 (nf), 25 x 600 x 900 (nmm) and 50 x 300 x 900
(mm; .respectively,. are com pressed under conditions typically given
aboye., 10 . The resul tant flexibili~2@¢ foans are tested an

eval uated with typical results shown in.Table 8. Thus, the present
invention is applicable also to foans expanded from pol yvi nyl chlor

resins including blends thereof wth inorganic materials, nethyl 15

nmet hacryl ate and the |ike r S t 0 a r u.:ihg- .
flexibilized foans. sati sfy é‘%ﬁlré’m??%%f k’ﬁ&%ﬁg&‘ﬁt %Wg PF§§ Lé A
batch of pref oarrecthﬁalmm lﬂemlpli'@ﬂ yoa commerc¢dmdilyyayailabdekg/ [err]
is placed in a 20 nyY Cridiand ol Qkikgecels®! 340psaaanda ypder
pressure of 3 kg/f,r qur sul ting foan1was a at _a oghﬂ#err @f or 12
hours. It had a d C'Siqyg%‘[ R ~vi Fﬁﬁ‘eﬁgﬁ Beckess ORZHE; | of
0.31 nm and [€8r] p:docmc&?i by FiljyieKased Oo.qulled.dr andua methiloneiths
central portion 2 c c o

sampl e was fl exi bsi x?i risﬁ -ax%ﬁ‘ﬂy Gydeo%}&béfg'gg?ﬁ%'?gé ﬂEEﬁE agf its
ori ginal vol une byk ij hEwh 88y/50 % 1600 % S9Gr 4mmdi h 28 mﬁpenxpﬁegs The

conpressi on was r eafhd:cw I 805 6ivod I(m breegb&am ,h@aréd0comLessure

| mredi ately after |ts appi. i etzl_ %%ndi-glons yp:.c ii%dgg.%%g agsovter.]e si ze of
350 x 350 x 262 ( i

10 The resultant flexibilized foams are tested
and evaluated with typical results shown in Table 8.
Thus, the present 1nventzon is applicable also to foams
expanded from polyvinyl chloride resins including
blends thereof with inorganic materials, methyl

15 ' methacrylate and the like resins other than polystyrene,
and the resulting flexibilized foams satisfy the
requirements of the present invention.

. C. A batch of prefoamed polystyrene beads
having a bulk density of 11.6 kg/m3 is placed in a
20 mo_ld,' and steam is heated for about 40 seconds under
ﬁressure of 3 kg/ 2. The resulting foam was aged at
about 70°C for 12 hours. It had a density of 10.9
kg/m> with X of 0.33 mm, ¥ of 0.31 mm and Z of 0.32 mm.
Three 350-mm cubes are cut out from its central portion

25 Dby means of an electrically-heated wire cutter.

- ' '~ One sample was flexibilized X-axially by com-
pression to 90 percent of its original volume by applying.
40 kg/cm2 pressure with a 50-téon press; The compression
was fepeated continuous six times by relieving the
30 pressure immediately after its application. The com-
pressed foam has the slze of 350 x 350 x 262 (mm) with
a denszty of 14.5 kg/m .



a density. of 14.5 kg/[err]. -53- The ot het” sanples were
.simlarly.flexibilized in two- and three- directions. Al were subjectedfo
"the standard tests and failed to neet one or nore of the desired resultqh_}_

cont Irated by the present invep- 5-s3-0n. Note dlso that none had the

req<§?§te initial foamdensity. -54- [ERR -55- [ERR] -56-

'The other samples were similarly flexibilized
in two- and three- directions. All were subjected to
the standard tests and failed to meet one or more of

the desired results C6ntemp1ated by the present inven-
5 tion. Note also that none had the requisite initial
foam density. : | | '



[ ERR] CLAI M5: 1. A process for flexibilization of a rigid closed-cell
t hetgtopl astic resin foam sheet having a 5 general ly rectangul ar sh

def ikfied -by the three- dinensional coordinates [err] (length), [err]
(thickness), [err] (width) and the [err] and ér"r] pl anes normal th by
partial crushing of the foamsheet in a direction normal to the direction-
of desired flexibility, the 10 process conprising the steps of: (A) '
Taking a freshly expanded foagpn gsheet having' (1) a bulk density of 20 to
100 kg/[err] for two- direcyithohl flexibilization or 20 to 60 jg/[err] for
- one- directional flexibilizgs g - (2)ganganisotyopic cell 15 Ystructure
oriented in the [err]-axial>d@r ct_i-omw’gh & average wcell wze of 0.05

to 1.00 mmand (3) [err]- asichg| conpréssove~st iengt h ofat | eddt 1.8

kg/[err] ; (B) Conpressingd f oam sheet within 0.1 to 240 %ours of
expansion in a short confing@thnpres- 20 sion zone to form :
directionally flexibilized foam and thereafter (C) Recoveri @ a
directionally flexibilized > © © ~ w
'3 N N O o o >
L] . . L] . ]y
S IN (2] O ~N < o °
S |m . ')
o B o~ 7
ns—-la g - N g "
u& L] . L] L] . m
B~ w VW N ™ <« 7
o |m Ay
=8 N N~ - ~
.=>4 . * L4 . . q;
o Dim M @ ¢ S o~ o
. O 2 _ i o
u ] : -
2 28l © W ©o n Py
O 0 L= O ~ O o~ 3]
) glﬂ ‘ 4 m o = - @
8 S . N - ST S ° §
@ & @ o &N u ‘™ 8
© g - N M ™ _-
u .
o v e N ®m © ™ g
a 3 gy 8 @ Ao« S 5
M ow ) > ™ e~ -l E-
o 8 o
L [~} : ot
e wn 0 o m wn Q
g =/ B SR - . &
g QF> e e - ]
2 3] _ _
& - g
-o 1
dm—ihﬁ m 4 i
-am-oos - O W ™ o
“H"N . . [} . . 0
€ OO~ N N = © () o
19 @ e
D _ -
. '?'
v ) -
EnE “ " ©
38 35 8% 2%
e © M _ -4 .
- - |
8- U LY g m '3
[ 3 > > D (7
0\1 (- - R - TR - 7 Ay n
[ ]
3 ' 3 U
o Y] -] >
~— N o ~ N
TR et © [ N m < 4 o
EQl W m m v o O] o~
. gz g N N NN % (1 —;
o Ay (4 ~



foam having (1) anisotropically winkled céll wall structure 25 with _.
wrinkles in'the direction of flexibilization; (2) average cell sizes [err]
and [err] neasured in the axial directions [err] and [err] satlsfylng
fol | owi ng conditions: [err] = 0.05 -15%"mm and 30

rrj.-and [err] 1.05;

(3) a hi gher elongatron at rupture in'the direction
| exibilization than in other directions; (4)

a [err]-axial water vapor
. pe ability of not nore than 1.5 g/[err]. hr by the water method of ASTM
C- 355, and 35 (5) a bulk density D and Y-axial average cel
58 - size y satif f

ing, in the case of a one-directionally flexibilized
foam the fornur 17 Iog [err] + 43 [err] .D[err] -3 logy + 20 or, in the
case of a two- dule tlon Ilzed fganr the formula -75 | og [err] +
55 [err] D [err u

err] + 20. 2. A process as clainmed in Caim
1 wherein the f nrsheet |s conpressed within 72 hours of its expansion.
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10_3. ‘A process as claimed in Ctaim1 or Claim?2 wherein the foam sheet
" is.conpressed in a-confined conpression zone not nore than 300 mm | ong. 15
4. \_A process as claimed in any one of the pgggedlng cl ai ms wherein the

t hernopl astic resin is pol ystyrene. 5. A process as clainmed in Caim4
- Wherein the 20 - polystyrene resin contains 0.3 percent by weight or 3
. of residual volatiles including styrene nononer and 0.5 to 1.5 perc

wei ght of styrene oligoners. 6. = A process as claimed in Claim4 or f

5 25 wherein the polystyrene resin foamis successively conpressed in the
l ongitudinal ([err]-axial) and lateral ([err]-axial) directions to give a
two-directionally flexibilized polystyrene foam sheet. 30 7. A
process as claimed in Claim1 substantially as hereinbefore described. 8.

A directionally erX|b|I|ged cl osed-cell foam sheet prepared by a process
as claimed in any.one = of the precedlng clains. - - 59 -
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9. A one-directionally flexibilized, cIdiggraEELk_LﬁnggpLastlc m
pol yrene resin foam having a generaILy ngul ar shape defi'ned by t he .-
thé%%bdlﬁEﬂSlona| coordinates [err] and [err] and an - 5 roplcaHHyfff
ed_cell wall structure with winkles |a|\“\ W“mn of o :
a

Wi
f1exi bilization forned by parti al CF%@PIHQ o] direction
t

normal to the direction of flexibill t he foan1not havi ng been conpressed
in the [err]-axial (thickness) direction and 10 having (1) a bul k
density.D O%nguép 60 kg/[err], (2) an anisotropic cell structure oriented
inthe [err[-axial direction with an average y cell size of 0.05 to 1.00
mm (3): average cell sizes x, y, z satisfying the conditions: [err] and

[e:r] nt1- 05nd (41 B, [erx] lladéééts Eﬁr ﬂéamaeltm@gt?bnrwﬂwel?wtof r7 7?h o
RS PO 3 KM - RN A e
i -axi al Savegegerably neczeangu;bar sthapey definfest by &helthiregy + 43 [err] -
er o3 | pkRhidnda Pooflitfhon X OB T espIRYLY (L or P 2o
rectangularZsNupétUbfanédtMG Yﬁe xzwand XN rpkaies alonmedy dihextedo [err] and
- an an'SOtroﬂycﬁhr¥ial crushing of the foam sheet in a direction
normal to the direction ‘of desired flexibility, the
10 process comprising the steps of:
(A) Taking a freshly expanded foam sheet hav1ng'
(1) a bulk density of 20 to 100 kg/m for two-
directional flexibilization or 20 to 60 kg/m for one-
directional flexibilization, (2] an anisotropic cell
15 structure’oriented in the ¥-axial direction'with an
average y cell size of 0.05 to 1.00 mm and (3) ¥-axial
compressiveistrength of at least 1.8 kg/cmz;
(B} Compressing said foam sheet within 0.1 _
to 240 hours of expansion in a short confined compres-
20 sion zone to form a directionally flexibilized foam;
and thereafter ' '
(C}] Recovering a directionally flexibilized
foam having '
(1) anisotropically wrinkled cell wall structure
25 with wrinkles in the direction of flexibilization;
(2) average cell sizes x, y and z measured in
the axial directions X, ¥ and Z satisfying the
following cgnditions- |

z = 0.05_-_1.0 mm, and
30 : y/x and y/z > 1.05;

(3) a higher elongation at rupture in the
direction of flexibilization than in other directigns;
(4) a Y-axial water vapor permeability orAnore
than 1.5 g/m .hr by the water. method of ASTM C-355, and
35 - (5)  abulk density D and Y-axial average cell



25 winkled cell wall structure-with winkles in the direction of

flexibilization and nore highty WWInk n "ﬂ r] plane, the foah1not
haﬁkng'been conpressed in‘the [err]- l lﬂﬂum u L) direction and hass
(1) a bulk density of 20 to 100 kg/[erF] fFn % he cdse 30 of a

erX|b|I|zed foam a bul k denSIty of 20 to 60 kg/[err]; (2) average b'
sizes [err] neasured in the axial directions [err]’ satlsfylng t he follomnng >
35 conditions: size6y sattsfyimgp. £ﬁithé_éhsenofuaiQnBWQineutﬂoaaﬂlyl 05;

(3) th ial el

((3021d| ti gngm aEXFeOQ?%kgBE;iQLQrEBé@ ‘gxt%ﬁxul;alfa%éfngﬁ]% axi aI :
wat er vapor perneabil Aeg Bf +nd® vk ﬁbr%h%kﬁﬁSQ.Qfgﬁ[§¥91 yat er
method of ASTM C 3§§ex§8‘ili§£d 2obi! ke KieNSd fiu T anyhs [ﬂigf Iy aws%s] y\uab,age

cell size y satisf ylng case of a one-directionall'y 10
flexibilized f8am ~fh °EOYnula +17 | og [err] + 43 [err]Derr] .

2; A process as claxmed in Claim 1 wherein the
foam sheet is compressed within 72 hours of its
expansion. '

10 ' _ . _

3. A process as claimed'in Claim 1 or Claim 2
wherein the foam sheet is compressed in a confined _
compression zone not more than 300 mm long.

15 4. A process as claimed in any one of the
preceding claims wherein the thermoplastic resin is
polystyrene. '

5. A process as claimed in Claim_4 wherein the
20 polystyrene resin contains 0.3 percent by weight or less
| of resxdual volatiles including styrene monomer and 0.5
to 1 5 percent by weight of styrene oligomers.

_ 6. A process as claimed in Claim 4 or'CIaim 5

25 wherein the polysryrene resin foam is successively
compressed in the longitudinal (X~axial) and 1ateral
(Z-axial) directions to give a two~directionally '
flexibilized polystyrene foam sheet.

30 7. A process as claimed in Claim 1
' substantially'as'hereinbefore described.

8. A directionally flexihilized closed-cell
'foam sheet prepared by a process as claimed in any one
35 of the preceding claims. “



-3 log [err] + 20 or, in the case of a two-directionally flexibilized fdﬁhr'

the fornula -75 | og [err] + 5 | og>y + 20. 15 11. A '
flexibilized thernoplastic rei"ﬂl"ﬂﬂuﬁ“ "Hl imed in Caim10 wherein the ./ -«
foam'i s two-directionally fl exi*bi ki zed.®n 26 12. A flexibilized pol ystyrene
resjn foamas clainmed-in any one of claim9 to 11 wherein the pol ystyrene.
25 sin contains 0.3 percent by WeP8ht or less of residual volatiles

in ng styrene nononer and 0.5 to 1.5 percent by wei ght of styrene o
o S ol OchiZa kB TR 55 Kok BRL 04 LR Bl ® oL 11
thernDpIastmelﬂetherhop&aehenepeﬂyshgpedefreala fogmrh&vimgazs clainmed in -
any one 35 . geﬂ fgl§§”§e%t5893§ar shape defined by the three
dimensional coordinates X, ¥ and Z and an anisot-
5 ropically wrinkled cell wall structure with wrinkles
in the direction of flexibxlizatlon formed by partlal
crushlng of the foam in a direction normal to the
direction of flexibllitx, the foam not having been
compressed in the ¥-axial (thickness] direction and
10  having (1) a bulk density D of 20 to 60 kg/m>, (2) an
.anisotropic cell structure orlented in the Y-axial
direction with an average y cell size of 0.05 to 1.00
- mm, (3) average cell sizes x, Y, 2 satlsfying the
conditions: ¥/x and y/z > 1.05; (4] a ¥-axial
15  elongation at_rupture (Ex) of 7-70 percent, and (5) a
¥-axial water vapor permeability (Py] of not more than
1.0 g/m2 . hr by the water method of ASTM C«355, the '
bulk density D and ¥-axial average cel;'size y satisfying
the formula -17 log ¥ + 43 2 D -3 log y + 20. d
20 ' '
10. A one-or two-direetionally flexibilized,
- closed cell thermoplastic polystYrehe resin foam having
a generally rectangular shape defined by the three~
dimensional coordinates %X, ¥, 2 and an anisotropically
25 wrinkled cell wall structure with wrinkles in the
direction of flexibilization and more highly wrinkled
in the XZ plane, the foam not having been compressed
in the ¥~axial (thickness) direction and having _
' (1) a bulk density of 20 to 100 kg/m in the case
30 of a tw0¢d1rectiona11y flexibilized foam or, in the
' case of a one-directionally'flexibilized.foam, a bulk
density of 20 to 60 kg/m3;
| (2) average cell sizes X, ¥, z measured in the
axial directions X, ¥, Z satisfying the following
35 - conditions: ' - | |



10

15

20

25

30

35 -

|

'§ = 0.05 -~ 1.0 mm, and
. §/% and ¥/% 3 1.05;
(3) . the axial elongations at rupture (gf, Ey,
Ez) satisfy:.ngthe conditions: Ex»>1.8 Ey and EZ?ASB Ey:
(4) a Y-axial water vapor permeability of not

not more than 1.5 g/m .hr by the water method of ASTM

-C~-355; and

*(5) a bulk'density D and ¥-axial average'cell
size § satisfying, in the case of a one-directionally

flexibilized foam, the formula -17 log y + 432D2>

-3 log y + 20 or, in the case of a two-directionally
flexibilized foam, the formula -75 log y + 55;l>z
-5 log y + 20.

- 11. A flexibilized thermoplastic resin foam as

claimed in Claim 10 wherein the foam is two-directionally

flexibilized.

12.' A flexibilized polystyrene resin foam as
claimed in any one of claims 9 to 11 wherein the polystyrene

resin contains 0.3 percent by weight or less of residual

volatiles including styrene monomer and 0.5 to 1.5
percent by weight of styrene oligomers.

13. A flexibilized thermoplastic resin foam as
claimed in Claim 10 substantially as hereinbefore
described.

4. A flexibilized thermoplastic resin foam
whenever shaped from a resin foam as claimed in any one
of Claims 8 to 13. '




