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Production of PUR and PUR'PIR foams with red phosphorus
as a flame retałdant

RAPID COMMLNICATION

Suńmary Two kinds oi foams: Po]yulethane (PUR) and Polyulethane-
-poltrisocyanuraie (PUR-PIR) ones 'ith red phosphorus as a flame retardant
wele Prepaled' As a blolving a8ent oŻon fuielrdlv n_pentane 1vith small
ańount of \Ą.a!el r\'as aPp]ied' The PURłIR foams showed beiter file resjs-
tance in comparison wiih PUR foams r.jihout deterioration of{unctional pro,
pelties' Effeci of syn€Igism fu ]oiĄ'elin8 of flammabilii-v lvas obiained 
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use of tvro chemical shuctures in}libiijng ihe flammability: red phosphorus
and isocyanurate dngs.
Key words: po1yulethane foam, po]yrjl€ihane-Polyisocvanuraie foam, flamc
leiardani, s1ow-burning Polymels, r€d Phosphorus, oxygen nrdex.

The main goa]s of cafyinB out lesealch exPelim€nts
wef€ to folm modified polyuleihane foams 1vith good
fire proPerties' So far, the use of ńgid po]vufethane
foams is lińited b},iheil high flammability' Anvsolutjon
of tltese problems will incr€ase their aPp1ications in ihe
hdustry lvhere si ci standards of flammabilitv are re-
quircd. Polyurethane foams is the most efficient insulat-
ing mat€rial' Any atiempl io reduce heat conduction by
furiher reduction of density r'ill cause a ńse j]] Iadiaiion
hansfer. Thermal conduciivity of polyurethane foam is
about 0.018 io 0.028 W/(m . K). Another matcrial used
as jnsu]aiion is foam€d po]ystylene' Thermal conducti_
vity factor ofpolyureihane {oam is two times lower ihan
that of pol),slylene' The functiona1 ploPelties ale ]rctieł

The prob]cm of oŻone d€Pl€lion, which ied to the
cstablishmeni of the United Nations Environmental Pro-
gram Protocol, also rcfered to as ihe Montreal Proiocol,
oliBlna]i}' I€quiled a complctc phase out of chlolo-
fLuorocarbon (CFC) and "soft" hydrochlorofluorocar'
bons (HCFC) as blo,,ving agenis before 2004. Neuhal for
ihe ozone layel are blolvhg atents based on hvdro-
fluorocarbons (HFC), carbon dioxide or pentane iso-
mcrc. Foams blovrn 1r.ith derivatives of peniane, ihird
Lę.lFr"oonblo'lr'8"Bc_ 5 llc\ r_d \atF. JrPPr''ron'
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mentally tuiend\r Thcy shol. ozone depletion potentjal
(oDP) equą12ę.o, 1o'" ,]oba]t'armin8 Potcniia1, ]o1Ą'oI
no toxicity,low thelńal con.]u.tivity (ł) and 8ood ph}''si
cal ploPelties of ihe l€su]ting foams [1]' A gleat disad_
varltag€ ofusint P€ntane and its deri\'aiives l€su]ts lrom
iheir high combusiibilitv, lvhich addiiionallv increases
ihe flammability of polyurethanc foams [2, 3]. Introduc-
in8 io po]yulethane systems ne'',v lcacijve flam€ I€taI
dants based on halogcn and phosphorus poll'ols [1-7]
and chemical ńodification of Polyurethane by inh.oduc_
int of isocyanurate rlngs (praciical solutions uscd
widely in USA), and also newly developed carbodi-
imides [8-10] vrill make polYuleihan€ foams highly
fireproof. Red phosphorus also ha.1 been knolvn as
a highly effcctive flame retardani in many polymeric ap-
p1ications for mole ihan 20 yeals' ]ts f1a e I€tarding ef_
lect reduces ihe formation of ioxic smok€s and thc heai
Ielease late' preventing the ouibleak ol ]arg€ filcs even
from small ignition sourccs. It has found its most impor-
tant applicaiion in the fla e retardancy of glass fibre
reinforccd polyamides (and also oth€Ipolymcrs as poly-
cth)'lcne, po1].propylene, high-impact polystyrene, poly-
beMothiazole etc.) lvhere iis high effjciencv at low load-
ing 8uaranteed the mail1tainrng of €xce]]ent apP]ication
plopeltics $'hi1€ obtaining the hithest flame proofing
chalactedstics' Holvevcł ihe use of flame letalded rigid
polyurethane foams (alone and wiih synergistic flame
Ieialdani systcms) lĄ'as not il1vesiigaied and noi re
poried in ihc lileralure. Authors sholv in ifjs paper ihat
red phosphorus together rvith isocyanrrraie rin8s in the
sff.rcture of the foam create also very effective fire re-
tarding system in the case of polyurethane foams. This
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finding incleases thc possibility ofmany applications €s'
pecjally in buildhg and mining sectors.

EXPERIVENTAL

Materials

The sysiems consist of components A and B. Compo-
nent A is a 8loup of substanĆes containing po]yols, cata
lyst' blowing a8€nt/ sulfactani and flame Ietaldani'
Three klnds of polyols were used (all Som Polish Che-
mical Compan)"'Rokiia").

- Rokopol LM-2 is an aromaiic amine sucrose based
polvcthcr polyol rccommended for production of dgid
Poiyurethane foams. Hl'drox)'l value !vas 478 mg
KoH/9.

- Rokopol RF551 is a general purpose polyether
Po1!.ol, on the base of modirjed sorbiiol; Iecomm€nded
for productjon of CFC reduced ritid po1yul€ihane
fo: *-' Hr droxr l r alue w.l- -l20 m8 KoH ó

Rokopol PT44 - is an aliphatic polyoxypropylenc
polyol. Hydroxyl valuc l!'as.l25 mg KOH/9.

ols. Hydroxyl value was approximately 80 mg KOH/8
and phosphorus conient 43.0-48.0 %.

Componeni B is polymeric dipltenylmethane -4,4''diisocyanate (PMDI) characterized by 31.47 % ot
NCo groups ancl funciiona]it,v equa1 2.55 (A1fa sysi€ń
il,l Brzeg Do1ny, Poland).

Preparation o{rigid polylrethane (PUR) and
Polyur€thane-Polyisocyanurate (PUR-PIR) f oams

The foams were oblained by one-state meihod from
ihe irvo-componcnt (A-B) system with isocyanatc indcx
equal 1.1 in thc case of PUR systems and for PUR-PIR
sysiems ihis indcx was 3. The compositions of ten pre-
pared foams are presented ln Table L The component A
lvas obtained by pl€cise mixh8 (]800 rym) of combina
tion of polyols, catatysi, blovring agents, sudactant, and
Exolit RP 652' In ihe comPonenl A the part of iheol€ii
cally estimaied quantity of red phosphorus was lrom
0 to 17 9d in boih PUR and PUR-PIR systems. The quan-
tity of himedzaiion catalvst was calculated to be in ex-
ccss of isocvanate. The surfactant quantity was two time

Table 1. The comp ositions of the reaction mntules used 1o prepare PUlt and IUR-PIR ioams
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As a.atalystPC m i. e.33 9'" s oluiion of 1,4-diazabicy-
c]o o.lJre /\ rro'] ' L .Pc) w.l' u_ed' Ą. _ h'mFr]7dLio-
..'ul)-l lor '.oCV._l''Jie irA. fC CA'Iś Ql \vl]"| d".
quaiernaIvańńoniumsalt(Nih'oi]EuroPe) 1vas aPP1i€d'

r-Penian (Fluka) as a blownlg agend and PC STABo
SN 55 as silicon based surfactant (Nitroil Europc) r'ere
also applied.

As a f]ame leialdani Exolit RP ó52 (C]aliano ĆharaĆ_
ieńzed by hydroxyl va1ue equal aPPloximaie]y 80 m8
KoH/8, based orr a specially tr€aied Ied phosphorus
(43 

'18 wt. 9:) lvas adclecl. Exolit RP 652 has been devc-
lopecl as a ilame retardant for polyurethanes used in
e]eĆtrica] apP1icaiions' Due to its high phosphorus con_
tent th€ ploduct i5 a vcry cffective flame Ielaldani' The
casior oi1calliel is Ćompatible wid1 a t'ide Iange ofpo1y_

hlgher in PUR-PIR formulations. The component B was
PMDI' The tlvo compon€nts (.as nixed and Pouied onto
an open trai'. Addiiionally I'UR and PUR-PIR foams of
reference wlthouiflame retardants (foams number 1 and
ó in Table 1) wele PIePaIed'

Methods of testing

Temperaiure of reaction was measured by ihe iher-
noconple type K.

Techno]otical iimes - stalt iińes, 8lovrth times and

t€]ation ijmes wele measrrTed by usint stoPwatch' Stalt
time 1Ą'as chalacterized as time fuoń mixing of the com_
ponenis to start of inoease in volume. Crowth time v,'as
measured for finish growth of volume for ftothcd foam.

35

'10

25

1.5

125
l

131.77

3112
355ó
2223
I1
15
't.25

l
20

119.71

27 23 23 35

3t t2 333
]] {5 1ó(-

]07 ó5 q5'58

19.16 35.00

22.21 40.00

1590 2500

32.31

36.92

t1

t5
2.5

1

20



688 POLIMERY 2005, 50, nr 9

When ihe foams had a hard srrface than lhe gelalion
iime lvas deiermined.

According lo Polish and internaflonal siandards the
following properties were determined:

- apparent densiiy - PN-92/C-890'16 (ISO 815'
-1988)

water absorpiion - PN-93/C-89084 (ISO 2896:

oxysen index - PN-76/C-89020 (ASTM D 2863-

RESULTS AND DISCUSSION

The polymels obtajned wele clralact€rized by change
of utility propefiies in cause of use flame reiardant in
comparison r.ith PUR and PUR-PIR foams. A1l proper-
ties are sholvn in Table 2.

The tecirnoiogical times are shorter in the case of
PUR-PIR systems (samples 6-10) and in the cases of
both kinds of foams for increase in the load of the red
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ofExolit RP 652 in PUR foams does not cause deteriora-
hon in the functional properties i.e.waier absorption and
foam mass decleńent.

With an incfease in Exo]ii RP 652 cont€nt a]so oxygcn
index of synthesized foam incleas€s Ivhat is sho(.n in
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phosphorus. Low apparent density was obtalned wiih
the addition of1% of lvatel as blowing agentsuppoltł18
n-penian' High amount of f1am€ letaldants and exc€Ss ol
lsoryanaie in PUR-PIR formulations caused increase in
d€nsitv to above 30 k8/m3. APptication ofhigh amount
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Fig' 1. The PUR foańs showed ]owel va]ue of oxyg€n
]nde\ aboui 2 u- t' !n.ll1 ti 'l_llR fo'ln -' Ądd,r o_i or
Exolit RP 652 has an ef{eĆt also on maximum iemPela'
ture of foaming process what is illustraied in Fig. 2. Tlis
teńpelature decleases wiih increase in Exotit RI ó52
anount' APaIŁ from the amouni offlamc leialdant influ_
ence, the maximum temperature of foaming is lorrer for
PURihan for PUR-PIR foams.

CONCLUSION

Foams combustion have been rcdriced bv applicaiion
of a brominc -free phosphorus svstem and isocyanurate
rings in the sEucture of Ioams. PUR-PIR foams arc lcss
flammablc ihan conveiiional PURfoams. The difference
in value of oxygen index of foams is aboui 2 units in
foams containing the isocyanuraic ńn8s favoul'

- For compadson of PUR and PUR,PIR foams pro-
pcrties ihe tested mixtures coniained ihe same quaniities

d:ą

śzu

Amount ofExo]it RP ó52. e

Fig' 1.lnfluence of anou t af Exalit RP 652 on aĄJłefi in-
dI". /ar\alruR' 1\p td fLr,_/.lR'2 -}jj'ł.'

Table 2. Basi. fun.tional prÓp €lties Ói lUR and rUn'PIR foams obtained
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of phosphorus flame rciardant. Differences were in the
quaDiiŁics of P]vtDl used'

- PUR-|IR foams obtatued (.ith red phosphoNs
sholv better functional properties than classjcal PUR

We can propose io use PUR-PIR foams obtained for:
h€at and coo1 insulations in heat clistTibution PiPclincs,
retuigeraiors, freezels, pavilions, kjosks,spray llrsulating
of buildings, automotive indusiry, airĆIafts and shiP in-
Lu..ne.. .po 
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W kolejnym zeszycie ukażą się m.in. następujące altykuły:

' T€olet-vczny nodct Polimelyzacji hip€rrozt;llęziorrcj' cŻ' ]] Srednl stoPren Polimeryzacji jlvskaŹ-
nik polidyspelsyjności (/'',].q')

Sj€cjowanie kaucŻuku butadieno'!Yo-akry1onih'y]o'!i'e8o disu1fid€ń teirajzobuty]otjulamu
Możli\Ą.ości l!"/kolz}'siania glicclyny l\' dobolze sk1adu pianko\Ą}'ch układów PoliuI€iano .]rch

Ana]iŻa wp}y]"''u składnikólv lvodnej dyspcIsji plastizo]i PVc na jej stabi]ność

Badanic Za]eżności czasu relaksacji Podlrrzncj w metodŻic 1H NMR od strukiury Po1idi ctylosilo-
ksanólr. i optyńalizacja Palametrów lejestlacji widm
Zmiany strtlktuly wlókicn dibutyly1ochityno1łych w Plocesie le8enelacji Ćhityny (/' d,l8')

Efcktvwność procesu wytlaczania a chaIaktelystyka dysz}' stożkowo walco$'ej głolviqr lĄryilaczaI-
ski€j

Badania plocesu Pu1$relyzacji m€todą ścinanja w stanie sla]ym l.warrrnkach różnych przepły-
t ó$' ścinających


