PF 57856 1 Method for producing foaned slabs Description 5 The invention
rel ates toP& §7858ess for producing foam nol di ngs from prefoaned foam
particles which have a polynmer coating gnd al so foam nol di ngs produced
therefrom and their use. Expanded foans are usually obtained by sintering
of foam particles, for exanple pre- 10 foamed expandabl e pol ystyrene
particles (M@ for predpengidnadl sygbsopyl ene particles (EPP), in closed nolds
by neans of steam In order for the foamparticles to be able to undergo
further expansion and fuse together well to formthe foam nol ding, they gen-
eral |y haveebeariptionpri se small residual amounts of blow ng agents. For this
reason, the foamparticles nust not be stored for too long after

prefoam ng. Furthermore, owing to 15 the lack of after-expandability of
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steam can be enclosed in Ii 1e interstices between the foamparticles. 35
produce new foam moldings.

WO 00/050500 describes flame-resistant foams comprising prefoamed polystyrene

20 particles which are mixed with an aqueous sodium silicate solution and a latex of a high
molecular weight vinyl acetate copolymer, poured into a mold and dried in air with
shaking. This produces only a loose bed of polystyrene particles which are adhesively
bonded to one another at only a few points and therefore have only unsatisfactory me-
chanical strengths.

25
WO 2005/105404 describes an energy-saving process for producing foam moldings, in
which the prefoamed foam particles are coated with a resin solution which has a lower
softening temperature than the expandable polymer. The coated foam particles are
subsequently fused together in a mold with application of external pressure or by after-

30 expansion of the foam particles as usual by means of hot steam. Here, water-soluble
constituents of the coating can be washed out. Owing to the higher temperatures at the
entry points and the cooling of the steam on condensation, the fusion of the foam parti-
cles and the density can fluctuate considerably over the total foam body. In addition,
condensing steam can be enclosed in the interstices between the foam particles.

35



PF 57856 2 It was therefore an object of the invention to renedy the

di sadvant agpess7geat i oned and to discover a sinple and energy-savi ng process
for producing foam nol dings having a ugiformdensity distribution and good
mechani cal properties. 5 W have accordingly found a process for producing
foam nol di ngs from prefoanmed foam particles, wherein foam particles which
have a pol KRS théraldrd8n BRI MEEMIENtoRdS FométyARe larsadoéhta?gég%@hﬂonea Bggabsence
of steam foam particles, it Is possible to use expanded polyol efins such
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foam pagti o 40
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here by means of single or nmultiple prefoam ng in a pres- sure prefoaner or
conti nuous ,prefoaner. 20. A preferred pro s _caonprises the st
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such as 38itw-efrihe foam pariiclesis\genk Mg 9B kadm®.inrefBrabty fram arto 4P pimt e
having a ngad; ddl‘ér‘?rom 8 &ed f?élrd”tiété]ﬁurﬁe%ﬁ%cédrﬁﬁhc% Wwith B PRUSOBERMDUNE S Of
fromO0.1 to 10% by weight, in par- ticular from2 to 8% by wei ght, based on

EPS, ah® are known from for exanple, EP-B 981 574 and EP-B 981 575. 35 The
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to the desired density by means of hot air or steam in a prefoamer. Final bulk densities
below 10 g/l can be obtained here by means of single or multiple prefoaming in a pres-
sure prefoamer or continuous prefoamer.
20
A preferred process comprises the steps
a) prefoaming of expandable styrene polymers to form foam particles,
b}  coating of the foam particles with a polymer solution or aqueous polymer disper-
sion,
25 ¢) introduction of the coated foam particles into a mold and sintering under pressure
in the absence of steam.

Owihg to their high thermal insulation capability, particular preference is given to using
prefoamed, expandable styrene polymers which comprise athermanous solids such as

30 carbon black, aluminum or graphite, in particular graphite having a mean particle di-
ameter in the range from 1 to 50 pm, in amounts of from 0.1 to 10% by weight, in par-
ticular from 2 to 8% by weight, based on EPS, and are known from, for example, EP-B
981 574 and EP-B 981 575.

35 The polymer foam particles can be provided with flame retardants. For this purpose,
they can comprise, for example, from 1 to 6% by weight of an organic bromine com-



t hey can conprise, for exanple, from1 to 6% by weight of an organic brom ne
com PF 57388658856 ound such as hexabronocycl odecane (HBCD) and, if
appropriate, additionally from 0.1 to §.5% by wei ght of bicunmyl or a

per oxi de. However, preference is given to using flanme retardants, in
particul ar hal ogen-free flane retardants, exclusively in the polyner
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20 To ‘xﬂoatwﬁWeea’nqaodqmmthomtwniﬁcanﬁlysinmsmgblh@str@gtlsmd:’lh\stmmmy!cammnds such
as spraying,. Sdi pping or wetting the foamparticles with a polyner solution
or pol ymer spersion or drum application of solid polyners or polyners
absorbed on solids in custonary m X- ers, spraying apparatuses, dipping
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meation chromatography (GPC) is preferably less than 400 000 g/mol.

20
To coat the foam particles, it is possible to use customary methods such as spraying,
dipping or wetting the foam particles with a polymer solution or polymer dispersion or
drum application of solid polymers or polymers absorbed on solids in customary mix-
ers, spraying apparatuses, dipping apparatuses or drum apparatuses.

25
Polymers suitable for the coating are, for example, polymers based on monomers such
as vinylaromatic monomers, e.g. a-methyistyrene, p-methylstyrene, ethylstyrene, tert-
butylstyrene, vinylstyrene, vinyltoluene, 1,2-diphenylethylene, 1,1-diphenylethylene,
atkenes, e.g. ethylene or propylene, dienes, e.g. 1,3-butadiene, 1,3-pentadiene, 1,3-

30 hexadiene, 2,3-dimethylbutadiene, isoprene, piperylene or isoprene, a,B-unsaturated
carboxylic acids, e.g. acrylic acid and methacrylic acid, esters thereof, in particular alkyl
esters, e.g. Ci.10-alkyl esters of acrylic acid, in particular the butyl esters, preferabiy n-
butyl acrylate, and the Cs.i0-alkyl esters of methacrylic acid, in particular methyl
methacrylate (MMA), or carboxamides, for example acrylamide and methacrylamide.



esters, e.g. Cl-lo-alkyl esters of acrylic acid, in particular the butyl
esters, priFEr8E8 y n- butyl acrylate, and the Cl-1o-al kyl esters of

met hacrylic acid, in particular methyl grethacrylate (MVA), or carboxam des,
for exanple acryl am de and net hacryl am de. PF 57856 4 The pol yners can, if
appropriate, conprise from1l to 5% by wei ght of conobnoners such as
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20
The polymer dispersion is prepared in a manner known per se, for instance by emul-
sion, suspension or dispersion polymerization, preferably in an aqueous phase. Itis
also possible to prepare the polymer by solution or bulk polymerization, comminute it if
appropriate and subsequently disperse the polymer particles in water in a customary

25  way. The initiators, emuisifiers or suspension aids, regulators or other auxiliaries cus-
tomary for the respective polymerization process are used in the polymerization; and
the polymerization is carried out continuously or batchwise at the temperatures and

pressures customary for the respective process in conventional reactors.

30 The polymer coating can also comprise additives such as inorganic fillers, e.g. pig-
ments, or flame retardants. The proportion of additives depends on their type and the
desired effect and in the case of inorganic fillers is generally from 10 to 99% by weight,
preferably from 20 to 98% by weight, based on the additive-comprising polymer coat-

ing.



desired effect and in the case of inorganic fillers is generally from10 to
99% by wei §rt5785@referably from 20 to 98% by wei ght, based on the

addi ti ve-conprising polymer coat- ing. BF 57856 5 The coating m xture
preferably conprises water-binding substances such as water glass. This

| eads to better or nore rapid filmformation fromthe pol yner dispersion and
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hydr oxi des, netal salt hydrates and netal oxide hydrates, as additives. 25
Foam particles provided with this coating can be processed to produce foam
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amounts of flame retardant since the flame retardant in the polymer coating is concen-

trated on the surface of the foam particles and forms a solid network under the action

of heat or fire.

20
The polymer coating particularly preferably comprises intumescent compositions which
comprise chemically bound water or eliminate water at temperatures above 40°C, e.g.
alkali metal silicates, metal hydroxides, metal salt hydrates and metal oxide hydrates,
as additives.

25

Foam particles provided with this coating can be processed to produce foam moldings
which have increased fire resistance and display a burning behavior corresponding to
class B in accordance with DIN 4102,

30  Suitable metal hydroxides are, in particular, those of groups 2 (alkali metals) and 13
(boron group} of the Periodic Table. Preference is given to magnesium hydroxide and
aluminum hydroxide. The latter is particularly preferred.

Suitable metal salt hydrates are all metal salts in which water of crystallization is incor-
35 porated in the crystal structure. Analogously, suitable metal oxide hydrates are all
metal oxides which comprise water of crystallization incorporated in the crystal struc-



al'um num hydroxi de. The latter is particularly preferred. Suitable netal

salt hydrapPes78s6 all netal salts in which water of crystallization is
incor- 35 porated in the crystal structygre. Anal ogously, suitable netal

oxi de hydrates are all netal oxides which conprise water of crystallization
i ncorporated in the crystal struc PF 57856 6 ture. The nunber of nol ecul es
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of suit@able netal salt hydrates are magnesi um sul fate decahydrate, sodium
sul f at e decahydrate, copper sul- fate pentahydrate, nickel sulfate
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hydr at es ags h)fdaéteggmﬂrﬁrﬁcw X%@H@HOXI de hydrate and preferably zinc oxide
hydrate or boron trioxide hydrat A preferred polynmer coating can be

obtained by emtting from40 to 80 parts by weight, preferably from50 to 70

parts by \Aﬁirﬂmrgoﬁmam@@él%ng &'&ﬁas #éd&@l@halwbrwhmoraexéﬁwthawbﬁﬁé of
from40 to 90%

g@ ‘% era'&d/ from50 to 70% % ght, from20 to
60 part® bgenped é‘Pff"“'ab MUl 1Rridad. 36 cap bsdoparanple,p Sb’m sogitMa wat er

gl ass pom%fdltnﬁ‘ﬁegﬂmﬁaﬂﬁﬁcﬁﬁurﬁ%élﬁ% oPEIan% fnsOoMB Q% By, Ny?éﬂi?ﬁ lepreferably
from1l to 25% by I ght, from5 to 40 parts by wel ght , preferably

from 10 toalgmlrwm lellgnyl W§|ugmscaraﬁ|ura tﬁ@mlymeyanadlum chromium, manganese, iron,
cobalt, rhodium or iridium.

20  Suitable metal oxide hydrates are, for example, aluminum oxide hydrate and preferably
zinc oxide hydrate or boron trioxide hydrate.

A preferred polymer coating can be obtained by emitting
from 40 to 80 parts by weight, preferably from 50 to 70 parts by weight, of a water glass
25 solution having a water content of from 40 to 90% by weight, preferably from 50 to 70%
by weight,
from 20 to 60 parts by weight, preferably from 30 to 50 parts by weight, of a water glass
powder having a water content of from 0 to 30% by weight, preferably from 1 to 25% by
weight, and
30 from 5 to 40 parts by weight, preferably from 10 to 30 parts by weight, of a polymer
dispersion having a solids content of from 10 to 60% by weight, preferably from 20 to
50% by weight,
or by mixing
from 20 to 95 parts by weight, preferably from 40 to 90 parts by weight, of an aluminum
35 hydroxide suspension having an aluminum hydroxide content of from 10 to 90% by
weight, preferably from 20 to 70% by weight,



di'spersion having a solids content of from 10 to 60% by wei ght, preferably
from20 to PREOP8ESy weight, or by mxing from20 to 95 parts by wei ght,
preferably from40 to 90 parts by wei ghty of an alum num 35 hydroxide
suspensi on havi ng an al um num hydr oxi de content of from 10 to 90% by

wei ght, preferably from20 to 70% by weight, PF 57856 7 from5 to 40 parts
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of a novable punch. In general, a pressure in the range fromO0.5 to 30
kg/cnR2 is set here. The mi xture of coated foam particles is for this
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nol di ng. Theé I'S confl I'n accordance wt desired geonetry of
t he foam b@dnyposﬁrmcedergme)peﬁed imold. édpecidsing thtvtremldaﬂheéoarmpalmhlesaeesl red

density of 1T HeBnch e bR s6fdontthe IOTLAREEE Ssoddind snPossi bl e
touseasmp 5. artl cular ?r?o

conpl i d&t edhgemumbraf the mbetsticembéiag reziviesd dihyg fbmcpartmmstare ]mq@abyt mernesof

i nt roduced glyt he el i m nate undesirabl e voi ds.

Conpacti on s %ogﬁpgv%g)rm t%? OS%W’B% by shaki ng of the nold, tunbling

noti ons or ot her SUI table neasures. 20 To accel erate bondi ng, hot air can
be injected. int d. or the nold ordi ng to 1he
hvent §on. e T i rardByee T atreianon b SeRied Secoieiy ol FRISHAREEY. T8 ubi o
constit uentd%egﬂa‘e dfiiie dppendRpintat s, Idighéﬂeﬁll‘ﬁd decm@my prthé fitbresmeldiegWathed out and
ter can formi nters ice ed heat

t S n e$I
P et OB 58 PR s, T ppsee Bk SR rstahos 510, Earias Y Hbheo) o
The hot ai rcagé of Mera'@Intblicatell @eometiies, iPLHIIRS feREYAN A BSAPSI Yhdwticids L 0 a

temperatur (?ntlrorgiutcgde [ngtoatrr]'ngeemcf;lgi cz;rrpd ?noth}sowalyzglucmnatg rure'tzjeesrlr%%)ageyvofldrso @or%'\%a}:t?ongc%%

be achieved, for example, by shaking of the mold, tumbling motions or other suitable
measures.

20
To accelerate bonding, hot air can be injected into the mold or the mold can be heated.
According to the invention, no steam is introduced into the mold, so that no water-
soluble constituents of the polymer coating of the foam particles are washed out and no
condensate water can form in the interstices. However, any desired heat transfer me-

25 dia such as oil or steam can be used for heating the mold. The hot air or the mold is for
this purpose advantageously heated to a temperature in the range from 20 to 120°C,
preferably from 30 to 90°C.

As an alternative or in addition, sintering can be effected with the aid of microwave en-
30 ergy radiated into the mold. Here, microwaves in the frequency range from 0.85 to

100 GHz, preferably from 0.9 to 10 GHz, and irradiation times of from 0.1 to 15 minutes

are generally used.

When hot air having a temperature in the range from 80 to 150°C is used or microwave
35 energy is radiated into the mold, a gauge pressure of from 0.1 to 1.5 bar is usually

generated, so that the process can also be carried out without external pressure and



As' an alternative or in addition, sintering can be effected wth the aid of
m crowave d&tF5WB6ergy radiated into the nold. Here, microwaves in the
frequency range fromO0.85 to 100 Gz, prgferably fromO0.9 to 10 GHz, and
irradiation times of from0.1 to 15 mnutes are generally used. Wen hot
air having a tenperature in the range from80 to 150C is used or m crowave

35 ener gy ivdthoathealiéiflg tHéthIdﬁkﬁoﬂﬁé%olcﬁ Th@Ugterrar @@swre geherbfe@Bylhd niio 1.5 bar

i s usuall y ener at ed, . so at the process al so carried out Wi t hout
ext er nal 8 O& FRlat pvply Emperafpres lews @W&E?rﬁé’aﬁl’? s\Je rERRN S ee ol d.
The inter n@aswaﬁanufmeg@a@mb@@béﬂyerttrh@néelvesc‘arscaf\@gewoﬁgoﬁ@mhgtolfm@lfwaﬂnl gh

tenperatures allows the foamparticles to expand further easily so that
they can fPeEidesdRafdiion insanglubpationyigthedolmer spating: Bisiragyitsdn E"Wé”ﬁeb“am

particl &S 'sﬂc@l‘i’éﬁvbé’rﬁ‘tﬁe%&rﬁ%H&Hs@éépﬁ@a%@%%@c@@ﬂaﬁ%ndﬁgﬁiﬂeﬂﬂold'@éh%
results in the inter 5 stices between the Toamparticle E earin

accel er at e thisgasepo beradditenallychaatedas @ﬁcﬁb%%@Vﬁchy raeangiipthed 'P%fe'heat ed as
described ahoy§nby nmeans of a heat transfer nedium Double belt units as
are used for produci ng pol yurethane foans are also suitable for 10

cont i nuous production of the foam nolding of the invention. For exanple, the

pre- foameg gyl tfé?t]q} %%?é‘hmﬁé?i 1# égﬁﬁcnﬁ@[)olg@re&laﬂﬁ?%nﬁé’ﬁr‘e'd“éboéiﬁt{aglreggI t he

| ower of two propriate ave per ons, and
be pr od@ssegntimudus qprod umlmmofuhe trempmektingoof the invertiomeFarl eXagiples thehpreh cone

t oget her t ous.. fo oar [ t t he

by ocecs, 1 HeRhER HIECEAT B o R 07 PRthucorinJAENAPAE R ifhay " s &

resul t of mtarbeﬂtbewmlclmdmt;f approprigie, drmeqbeﬁm ahhbetpmdessechwm bnhe

i nterstices petween am par,ticles disa fter cur.i one,

cone £1 noodPRbbEEhredior B Re R Fos St BREBhe el b Prodis® Foh it or wean

t he belts deam bbardlsemtonemomnherarwtﬂemomblmewammfethetw@mm@hwa béleﬂB W th
tion i.n the foampartigcles fo rther

hot air, _or ve radj a- Whi .
or et d8 " el BrGerEE Sncesa iR i teuR EmbbseEadhact Tantls: ned.
It is alsognasné tnt@sttdescb@memahé foant paticlentisaniuas. Ater akathdeiie addont he
process. The thickness, %égth and wdth of the fﬁ@_‘m boar ds c n vary within

wi de |i i t dindpigp baard g ‘Pﬁt@'B by abetRersgmodinante NG SIENG Rtween inechels €8BI . The

thi ckness qfe depecdrizgdht BRGEHDEIS car Purtihkiigh¥a ZoneMith HoP af @P midRbwiVeeatliaabl ¥
from10 to 300 mm The density of the foam nol di ngs neasured in accordance
wi th DI N 53i@pdn whichdistogm Rarticles foam further. Here too, the interstices disappear and a

20 continuous board is obtained. It is also possible to combine the two continuous em-

bodiments of the process.

The thickness, length and width of the foam boards can vary within wide limits and is
limited by the size and closure force of the tool. The thickness of the foam boards is
25  usually from 1 to 500 mm, preferably from 10 to 300 mm.

The density of the foam moldings measured in accordance with DIN 53420 is generally
from 10 to 120 kg/m3, preferably from 20 to 90 kg/m3. The process of the invention
makes it possible to obtain foam moldings having a uniform density over the entire

30 cross section. The density of the surface layers corresponds approximately to the den-
sity of the inner regions of the foam molding.

The process of the invention is suitable for producing simple or complex foam moldings
such as boards, blocks, tubes, rods, profiles, etc. Preference is given to producing
35 boards or blocks which can subsequently be sawn or cut to give boards. They can, for

example, be used in building and construction for insulating exterior walis. They are



from10 to 120 kg/ nB, preferably from20 to 90 kg/nB. The process of the
invention PREES6 t possible to obtain foam nol di ngs having a uniform
density over the entire 30 cross sectiorg The density of the surface |ayers
corresponds approximately to the den- sity of the inner regions of the foam
nmol di ng. The process of the invention is suitable for producing sinple or

conpl ex foqjﬁrﬂmlaﬂ&@%eraﬁlyQEeG%sl@@ﬁldﬁer 6 Jsrsmoin sHIRI%ich détBentd) 1Bf Exas- et cC.
35 boards or b

Preference is given to producin ¢ ocks whi ch can subsequently
be sawn or RTYciurg| 'O%J'?}@Qrﬁfé‘?’s%ﬁboﬁ Whieh arg psedies Hig ‘@,”SE‘éCt'GBé’BC?‘HStB[ﬁgI di ng
and constr ygtyaeenduges i nsul ati ng exterior walls. They are PF 57856 9
particularly preferably used as core | ayer for producing sandw ch el enents,
for exam ple structural insulation panels (SIPs) which are used for the

construgti %rﬂ“:][ar ]§6§§|b‘l‘>é Me&%are Blétléf@ﬁﬁﬁg'éfﬁ:%m & éd:%;ﬂét%melﬁpﬁ 'Wéb&errﬁﬁ%té’}r e

pal l ets nmade o oam as a replacenent for wooden pallets, ceiling panels,
i nsul at ed csflingipABS'S, instiAied eonainers, mphimhemesiVieen Iovided witfrdlametreiar- dant ,

t hese are j .t f i . 10 Exanpl es: Preparation of coating
m xture BI :adai'gtgéagﬁtézgéso\fgﬁaetﬁég éa?gag%tmder (Portil N) were added a little at

atinme while stirring to 15 60 parts of a water glass solution (Well ner
sodiumsilicate 38/ 40, solids content: 36% density: 1.37, nolar ratio of

Si 2: Na20 = 3.4) and the m xture was honogeni zed for about 3-5 minutes. 10
parts of0 arExamp@sat e di spersion (Acronal 5790, solids content: about 50%
wer e subsequently stirred in. 20 Preparation of coating m xture B2: 40 parts
of water glass powder (Portil N) were added a little at a tinme while
stirring tdPrepérafian dfcoafinggmintireB1gl ass sol ution (Wel |l ner sodiumsilicate
38/ 40, solids content: 36% density: 1.37, nolar ratio of SiO2:Na20 = 3. 4)
and the m xture was honogeni zed for 25 about 3-5 minutes. 20 parts of an
acryl ate dispsars efrwdtécglasipovi® QPosibN) dere addezing little alt @Lim® Gie wirtiag to

subsequently stjrred in. Polystyre oam particles density: 10 1) 30
panda o SRy Aorse AT AEn Belyet Sonaficais 3bieoEURs plitadt 96, ba
si ze of thRnsRW 13T, ehdla fatid .of - STOANEID =V@5) anetramBaureovds BEMBYdnizedl forbout
18 g/1 on a continu- ous prefoaner. After an internedi ate storage tinme of

about 4 hoAbeut Brd iKitesy JRprts pf-an acrylate dispersion (Acronal 5790, solids” content:
about 50%) were subsequently stirred in.

20  Preparation of coating mixture B2:

40 parts of water glass powder (Portil N) were added a little at a time while stirring to
60 parts of a water glass solution (Woeliner sodium silicate 38/40, solids content: 36%,
density: 1.37, molar ratio of SiO2:Na;O = 3.4) and the mixture was homogenized for

25 about 3-5 minutes. 20 parts of an acrylate dispersion (Acronal S790, solids content;
about 50%) were subsequently stirred in.

Polystyrene foam particles | (density: 10 g/l)

30 Expandable polystyrene (Neopor® 2200 from BASF Aktiengesellschaft, bead size of
the raw material: 1.4-2.3 mm) was prefoamed to a density of about 18 g/l on a continu-
ous prefoamer. After an intermediate storage time of about 4 hours, it was foamed fur-
ther to the desired density on the same prefoamer. The prefoamed polystyrene parti-
cles had a particle size in the range from 6 to 10 mm.



ther to the desired density on the sanme prefoamer. The prefoaned pol ystyrene
parti- cl ePFigr#56 particle size in the range from6 to 10 nm PF 57856 10
Pol ystyrene foam particles Il (density:4d5 g/1) Expandabl e polystyrene
(Neopor (r) 2200 from BASF Akti engesel |l schaft, bead size of the raw
material: 1.4-2.3 mm) was prefoanmed to a density of about 15 g/l on a
continu- ous prefoaner. 5 Pressing with reduction in volunme: Exanple 1 10
The pol ystyrene foamparticles | were coated with the coating m xture Bl in
a wei ght  Pabystrese foam pariclesH| epsityrhegdoat ed pol ystyrene foam particles
were intr Oéuﬁsf%abrét Qoiﬁstyrsﬁé '(neomtmo%rﬁi Bﬂswhkm@ebaeehéfe%a difs 4PC and

pressed by neans of punch % of the original "volune. After curing at
70C for 30the new fegterlelhé %%&mmbweﬁ prgfoamest to @ndarstly ot aaut Ad sfond@ condinu-

condi tion Ph g JHEI% the nol ding was stored at ambient 15 tenperature for
a nunber o e density of the stored nolding was 78 g/1. Exanple 2
Exanpl e51 was repeat ed using recycl ed expanded pol ystyrene foam materi al

which 20 E’?&sﬁag%q‘gﬁﬁ&%hwvaa %8 gll and had been coated with the coating

m xture B2 iR rat 1:2 as pol ystyrene foam particles. The
density of the stored nmolding was 78 g/l. Exanple 3 25 The pol ystyrene
foampartlg EI were coated with the coating mxture B2 in a weight ratio
of 1:2 in The coated pol ystyrene foam particles were introduced

into a Teflon-coated nold and hot air (110C, 0.8 bar gauge pressure) were
i nj ect t fr ou cl os its, The foa rticl s ex furthe and
fUbed hged HEPONUTESRPAT RATHES! WEBCRoRF] B s SoERavERErs B o RGN ot ¢ or
5 mnutes. rgtR éondiih aafixkt, Tfhurddaeerd, pdlmyreﬁ@kdhnm amesaméeﬁtr@tuce@‘mwm
terrperature_for a nunber of gaalg E & I‘%‘e thegeflstored rm di ng was 45
g/ 1. Pressi'RieRPeFiehvIdyvhich Agd peen, peater 9 AU oRRfheresags by means of a purch

to 50% of the original volume. After curing at 70°C for 30 minutes, the foam molding

was removed from the moid. To condition it further, the molding was stored at ambient

15 temperature for a number of days. The density of the stored molding was 78 g/l.

Example 2

Example 1 was repeated using recycled expanded polystyrene foam material which

20 had a mean density of 18 g/l and had been coated with the coating mixture B2 in a
weight ratio of 1:2 as polystyre_ne foam particies. The density of the stored molding was
78 g/l

Example 3
25
The polystyrene foam particles || were coated with the coating mixture B2 in a weight
ratio of 1:2 in a mixer. The coated polystyrene foam particles were introduced into a
Teflon-coated mold and hot air (110°C, 0.8 bar gauge pressure) were injected through
closable slits. The foam particles expanded further and fused together to form a foam
30 block which was removed from the mold after 5 minutes. To condition it further, the
molding was stored at ambient temperature for a number of days. The density of the
stored molding was 45 g/l.

Pressing with hot air and reduction in volume
35



PF 57856 11 Exanple 4 The pol ystyrene foamparticles Il were coated with
the coati ngF@78b6Gire B2 in a weight 5 ratio of 1:2 in a mxer. The coated
pol ystyrene foam particles were introduped into a Teflon-coated nold and
hot air (110C, 0.8 bar gauge pressure) were injected through closable
slits, At the same tinme, the volunme was reduced by 20% by neans of a nov-
abl e punch. The foam particles expanded further and fused together to forma
foam block which was renoved fromthe nold after 5 mnutes. To condition it
further, tR&@Meedol di ng was stored at anbient tenperature for a nunber of
days. The density of the stored rml di ng was 45 g/l. Pressing with further
foam ng by_neans of m crowaves: npl e 5 The pol yste;'rene f oam partl cles

Il were cokbeaolstyreneeam Partidrs 'l"d”ﬁf%?%at?%w&h\)\m 5‘]’&’“"96@'?‘ re g in apweighty

m xer. ghey da%eadferdz npéxfﬁ&w 16 Joat%@ Msttyrﬁﬂw@%a\ﬁ?bﬁmbl'&% RS GREbALBE® jrlo Bef | on-
coat ed nol Under the action of g@r pul sed m crowave radiation, the

f oam parti T@@M@sedemp@rﬁi@d\a@rt ﬂ.é@ Ca@eﬂ AITE GERSSHER) Wepe nictechthrenah bl ock.
To conditi BIB?éBIe EiHs LAVGhe sa&E3 'Emrﬂﬁgmg%é%' reau Sbysid% g fq? ERbv-

tenperature for a nunber o Sity the st ng was 45
g/l. The faumpwblmuﬁ@foram)parﬂalawwdbdtfurtaerdmmfusedmmﬁtmei tpH@rnbarfnamg t est

and do not 2o Wikl K ?&%J@dt’lﬂ&ﬁﬁhé ARGk CH n%ut Qaf]o c%_rqcﬁﬂ'orﬁft Q%%%‘?tr’ s

sel f -extingurshing and qui refent's urnin )
Sandwi ¢(B1 e reiding wahatarergahmmhienttwrmeratgrel fayerrmnwtmr@f pam:h]’deoﬂe‘nsmymfﬁe f oam

boar ds g@&@@gﬁ@g%ﬁd{sogﬁ boards havi ng di nensions of 600 x 100 x 100 nm

and a dens ed in the exanples were provided on both sides
with in each case a 50 pmthick | ayer of a pol yurethane adhesive. Steel

pl at es havin ath of 1 nmmwere |ied to the adhesive on each
side. The EB%@@P\V‘@%&H& %V\B%bi’@e@ﬂfé’fg‘ﬂ&g ¥%or 5 hours. To test the
burni ng behavior in the sandvm ch elenent, the elenent was fixed horizon- 35
taIIy EI surfaces above and bel ow) and a gas burner was placed under the

board arre of the burner was directed at the mddle of the
under si de of the board, PF 57856 12

The polystyrene foam particles Il were coated with the coating mixture in a weight ratio
of 1:2 in a mixer. The coated polystyrene foam particles were introduced into a Teflon-
coated mold. Under the action of multiply pulsed microwave radiation, the foam parti-

20 cles expanded further and fused together to form a foam block. To condition it further,
the demolded molding was stored at ambient temperature for a number of days. The
density of the stored molding was 45 g/l.

The foam moidings from Examples 1 to 5 do not drip in the burning test and do not
25 shrink again under the action of heat. They are self-extinguishing and meet the re-
quirements of the burning test B2 or E.

Sandwich elements having metal covering layers were produced from the foam boards
from Examples 1 to 5: boards having dimensions of 600 x 100 x 100 mm and a density
30 as indicated in the examples were provided on both sides with in each case a 50 ym
thick layer of a polyurethane adhesive. Steel plates having a thickness of 1 mm were
applied to the adhesive on each side. The adhesive was allowed to cure at 25°C for 5
hours.
To test the burning behavior in the sandwich element, the element was fixed horizon-
35 tally {(metal surfaces above and below) and a gas burner was placed under the board.
The gas flame of the burner was directed at the middle of the underside of the board,



the flanme had a height of about 5 cmand a flame tenperature of about 600C.
The di st &Fcer&6omthe tip of the flane to the underside of the board was 2
cm Testing of the burning behavior ingpcated that after the flame had
burned for 30 mnutes only a snall part of the polystyrene foam between the
metal plates had nelted. The 5 nmechanical stability of the board was

retai ned. tHégapelnagty heipt 0atouisctr@hd & flan@féhmpéthiré10f ab&Ric0e°C SThke
formati on was very s Conpar ati ve experi e of steam for

| i ght. ment 1 - Ué
foam ng: distRnERdrasyingdinaf éitflaneein tha ppderpids of thedioard was €™ t h t he coat i ng

m xt ur e BlrekfingoMBé Btining ithbgiofihditatéditiataftel theflambadirmierfopgd ituteene foam
particles were introduced into a Teflon-coated nold and treated with steam

by means &nlys? B! MFAdle Rolystysngapamgaptyeen s Bgial plades Bed msligAdihe The
mol di ng w@.%agak;ea &Ry P eheBilag WA réihedt PRE BollStyRinedBBh M nbEdmesRd ure for

a nunber of days to _condition it further. The dénSity of the stored nolding
was 50 g/ Idid matdgniteabmate {amatien was vemsh@: out by steam condensate and was
distributed nonuniformy in the nolding, which led to a density gradient
from the inside to the outside over the nolding. The burning tests

i ndi cated poorer flanme resistance in the surface region of the nolding. 20

Conparati \teo”w&wg?%rga%@?gaggoét% férqu\g;@%gd with the difference that the

punch was not™ nov action in imre and no conpression
t herefldre took place. The foamparticles in the 25 nold were conpacted by

haki ng. diti it furth th |, di. t i ent
Cenper ot ur e i BHGES L wehe BB &I Boo e bty T AR s a0
g/l. Only rptin of 1:4dngl mixenalHeotoatdd pblgsti@amfpan tpattiokss ware iatbdueeddnto@M ng to
the | arge nterstiti ressive st rsgg%hh and t eq_%ll exur al

i l, vol u t he co

strength érrego'é'lc Pei ‘gﬂtaﬂ‘;‘ tr‘%‘%ﬂﬁd’ﬂ@ StRA™: B MR8 014 d19%6i§s it Q-RE3F oam
boia(r]I dis ][yégb@bresalfreEf&gﬁfﬁséc%ndQ'l&ieWFolﬂ!ingAudﬁt@E@Sﬁ*?thhe mowam? Wgs fstmah ]
nmol di ngs from pref oane oam partic , erein foam particles i,C ave a
ol yrB g ML S e s 6 =\ gf das ioebartan & Hgher The BrESutR dikce. o
steam 2. sidied PiokeiRS wad Bood/diThe doatifd daBphrtiyvhgsRidnodt g fesh Teheensaite
gener ated by redu_ci,n‘% , , . . . .

and was distribUted nonuniformly in the molding, which led to a density gradient from

the inside to the outside over the molding. The burning tests indicated poorer flame

resistance in the surface region of the molding.

20

Comparative experiment 2

Example 1 was repeated with the difference that the punch was not moved and no re-
duction in volume and no compression therefore took place. The foam particles in the

25 mold were compacted by shaking. To condition it further, the molding was stored at
ambient temperature for a number of days. The density of the stored molding was
40 g/l. Only point conglutination of the foam particles was achieved. Owing to the large
interstitial volume, the compressive strength and the flexural strength are significantly
reduced and the water absorption of the foam board is higher.



the volune of the mold. 10 3. The process according to claiml or 2, wherein
hot air | PA5I8E6ted into the nold. 4. The process according to any of
clainms 1 to 3, wherein sintering is effgcted with radiation of m crowave
energy into the nold. 15 5. The process according to any of clainms 1 to 4,
wherein a pressure in the range fromO0.5 to 30 kg/cnR is set. 6. The
process adiaingdi ng to any of clains 1 to 5, wherein the nold is heated to a
tenperature in the range from30 to 900 20 7. The process according to any

of claims 1 to 6, wherein expanded ol efin %a pr.ef oanmed parhlcl_es of
expandabl &- st ﬁ@'ﬁ‘ée%cf%?r'@g'éc' feagy 'd s frogRTEigeMmed feam pagiciep wheiel e s
accordi ng to dwam particleawhnichlhave a?polwdmrwanng:mammddmparrmresé.ws ired derived

fromrecycl ed fQQM AR HLSHER @g@aH{sed as foamparticles. 9. The process
according to any of clalns to 8, which conprises the steps a) prefoam ng

of expandabl e styrene pol yrrers to formfoamparticles, b) coating of the

f oam part iZ| eJheiprécess potoyding tsdbim It omhaseindbgipreasurp is garmrateabymedmmgsi on, c¢)
i ntroducti on @he Vdlgme epin@dndigam particles into a nold and sintering under
pressure in the absence of steam 10. The process according to any of clains
1 to 8 wherein the polynmer coating com 35 prises a polynmer film which
corrpr|1§)es Jan iThempgrzasss ac¢drding taeldimhdor 3, wWheisls hot ainds injectedrinte éhep@plsk ure in
the range from-60 to +60C. 11. A foam nol di ng obtai nabl e by a process

accor di ng 40 Y p?cgcegg %E%di%g Eooaﬁlspof claims 1 to 3, wherein sintering is effected with
radiation of microwave energy into the mold.

15 5. The process according to any of claims 1 to 4, wherein a pressure in the range
from 0.5 to 30 kg/cmzis set.

6.  The process according to any of claims 1 to 5, wherein the mold is heated o a
temperature in the range from 30 to 80°C.
20
7. The process according to any of claims 1 to 6, wherein expanded polyolefin or
prefoamed particles of expandable styrene polymers are used as foam particles.

8.  The process according to any of claims 1 to 7, wherein comminuted particles
25 derived from recycled foam moldings are used as foam particles.

9.  The process according to any of claims 1 to 8, which comprises the steps
a) prefoaming of expandable styrene polymers to form foam particles,
b)  coating of the foam particles with a polymer solution or agqueous polymer
30 dispersion,
¢) introduction of the coated foam particles into a mold and sintering under

pressure in the absence of steam.
10. The process according to any of claims 1 to 8, wherein the polymer coating com-
35 prises a polymer film which comprises an inorganic filler and has a glass transi-

tion temperature in the range from —60 to +60°C.

11. A foam molding obtainable by a process according to any of claims 1 to 10.



