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The effect of tri(l-chloro-3-etoxy-propane-2-ol) borate on the properties 
of rigid polyurethane-polyisocyanurate foams

RAPID COMMUNICATION

S u m m a r y  —  T ri(l-ch loro -3 -eto xy -p rop a n e-2 -o l) borate (I) w as obtained b y  
reaction o f tri(hydroxyethyl) borate and epichlorohydrin . Reaction product  
w as applied  as fire retardant for preparation o f rigid p o lyu reth an e-p oly isocy ­
anurate foam s. A s  the (I) content w as increased from  0.1 to 0 .4  o f the chem ical 
equivalent, the com p ressive strength, oxy g en  index , residue after com b u stion  
and content o f closed cells rose but brittleness, softening point and w ater  
absorption  decreased. H ow ever, (I) presence does not influence explicitly on  
the fo a m  apparen t density. T h e results o f our stu dies sh o w e d  that ch lo- 
roboroorganic co m p o u n d  [C h B O C , (I)] is generally u sefu l as an ad d itive  to 
im p rove the properties o f rigid PU R -P IR  foam s.
K e y  w o rd s : rigid  PU R -P IR  foam s, fire retardancy, tr i(l-ch lo ro -3 -etox y -p ro - 
p a n e-2 -o l) borate, properties o f foam s.

T h e rigid  p olyu rethan e foam s are the best heat-insu- 
Iating m aterials. T h erm al conductivity, in W /m ° C ,  for 
p o ly u reth a n e  fo a m  is w ith in  the range 0 .0 1 9 — 0 .026 , 
w h ile  for m ineral w o o l it is 0 .042— 0.052 and for foam ed  
p o ly sty re n e  0 .0 3 1 — 0 .036  [1]. Increasin g d e m a n d  for  
polyu rethan e foam s is the reason w h y  m an y research 
w orks are un dertaken  w ith  the aim  to im prove fo a m s' 
properties. T h e present studies are concentrated m ainly  
on flam m ability  reduction and increasing the m ech an i­

cal strength and therm al resistance o f these plastics.
M o d ific a tio n  o f the fo a m  p roperties a im in g  at re­

d u ctio n  o f its fla m m a b ility  affects the fu n ction al p ro ­
perties o f  the fo a m . T h e  attem pts are u n d ertak en  to 
fin d  su ch  a co m p o sitio n  o f su bstrates, w h ich  w o u ld  
a llo w  to obtain  the fo a m s w ith  red u ced  fla m m ab ility  
w h ile  their m ech an ica l and  other p roperties sh o u ld  be  
u n ch a n g e d  in co m p a riso n  to the fo a m s w ith o u t fire 
retardant [1— 7].

O n e  o f the w a y s to reduce polyurethane foam  fla m ­
m ability  consists in increasing its cyclic structures and  
cross-lin king density. M o re  and m ore interest is focused  
on  m u lti-h y d ro x y l fire retardants containing chlorine, 
fluorine and  nitrogen. C hlorine is applied  for quenching  
the radicals responsible for p o ly m er burn in g. The de­
tailed m ech an ism  o f borate action as a fire retardant is 
u n k n o w n  b u t it is su p p o se d  that it form s borate glass  
d u rin g m eltin g  at h igh  tem peratures. This borate glass  
acts as insu latin g layer protecting the contact o f an air

w ith the bu rn in g plastic [8— 11]. The aim  o f our w ork  
w as to obtain boronorganic c o m p o u n d  containing chlo­
rine and to stu d y  an effect o f its variou s am ou n ts on  the 
properties o f PU R -P IR  foam s.

T r i ( l - c h l o r o - 3 - e t o x y - p r o p a n e - 2 - o l )  b o r a te  
[В (О С Н 2С Н 2О С Н 2 С Н О Н С Н 2С1)з, (I ) ]  i.e. r e a c t io n  
p roduct o f tri(hydroxyethyl) borate w ith  epich loroh y­
drin w as u sed for foam  preparation.

EXPERIMENTAL

P reparation  o f tr i( l-c h lo r o -3 -e to x y -p r o p a n e -2 -o l)  
borate

38 .8  g (0 .2 m ole) o f tri(hydroxyethyl) borate and cata­
lyst BF3  in ethylene ether in a m o u n t o f 2 .5 %  w / w  w ith  
respect to the total am ou n t o f the rest o f com p on en ts  
w ere in trod u ced  into a th ree-n eck ed  flask  (250 cm 3) 
eq u ipped  w ith stirrer, reflux con den ser and  th erm om e­
ter. E pichlorohydrin  in a m o u n t o f 55.5  g  (0 .6 m ole) w as  
introduced into the flask un der con dition s o f continuous  
stirring at tem perature o f 5 0 °C . T h en , tem perature o f re­
action w as risen to 10 5 °C  and  synthesis w as led at this 
tem perature for 2 hours. A fter this tim e, tem perature  
w as risen again to 1 20°C  and reaction w a s  led  for 1 hour  
m ore. The initial turbid  an d  cream y so lu tion  becam e  
transparent and p a le -y e llo w  d u rin g  the reaction. 86 .23  g  
o f product (I) w as obtained and a co m p o u n d  w ith  for-
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m u la : B (O C H 2C H 2O C H 2C H O H C H 2C l)3 w as identified  
as its m ain  com p on en t.

The borate obtained w as characterized b y  the fo llo w ­
in g  p rop erties: d e n sity  at 2 0 °C  —  1 0 3 3  k g /m 3 (ISO  
8 4 5 :1 9 8 8 ) ;  v is c o s ity  at 2 0 °C  —  1 6 5  m P a  • s (IS O  
2 5 5 5 :1 9 8 9 ,  B r o o k fie ld  D V -I I I  r e o m e te r ) ; h y d r o x y l  
n u m ber —  503 m g  K O H /g  (xylene m eth od  [12]); m o ­
lecular w e ig h t —  469  (by ebu liom etry) [13— 15].

T h e prod u ct w as an a lyzed  b y  IR spectroscopy (KBr 
technique, range from  400  c m '1 to 4000  c m '1, a Vector 
s p e c tr o p h o t o m e t e r  p r o d u c e d  b y  B ru c k er) a n d  b y  
]H  N M R  (G e m in i 2 0 0 0  sp e c tr o p h o to m e te r , V arian , 
200 M H z ) .

IR spectroscopy con firm ed the presence o f the bands  
characteristic for B -O  (1325— 1315 c m '1), ether (1270—  
1200 cm ’ 1) an d  h yd ro x yl (3600— 3000  cm "1) grou ps as 
w ell as for C -C l (750— 700 c m '1) bon d .

N M R  analysis sh o w e d  the fo llo w in g  chem ical 
shifts o f  protons w ith respect to H D M S  as standard (in

p p m ): 2 .4 8 0 — 2 .5 1 6  (6 a to m s -C H 2), 4 .5 2 1 — 4 .5 8 9  (3 
atom s -O H ), 4 .0 3 5 - 4 .1 8 8  (3 atom s -C H ) , 3 .384— 3.632  
(6 atom s -C H 2), 3 .650— 3.853  (12 atom s -C H 2).

E xperim entally determ in ed  properties sligh tly  vary  
from  theoretical ones since the obtain ed chloroboroor- 
ganic co m p o u n d  w as not pu rified . The c o m p o u n d  con ­
tained sm all am oun ts o f  unreacted substrates.

Preparation of rigid PUR-PIR foams

T h e foam s w ere obtained in laboratory scale b y  one- 
step m eth od  from  the tw o -co m p o n en t (A — B) system  at 
the equilibrium  ratio o f N C O  to O H  g ro u p s equal to 3:1. 
The com p on en t A  w as obtained b y  precise m ixin g  (1800  
rpm ) o f R ok op ol R F -55, catalysts, fire retardant —  A n ­
tib la ze  T M C P , su rface active a gen t, w a ter  and  ch lo - 
roboroorganic co m p o u n d . T h e com p on en t В w a s O n gro - 
m at 20 -30  (Table 1). The tw o  com p on en ts w ere m ixed  
and poured onto an open  m etal tray. T h e resulting foam s

T a b l e  1. The compositions of the reaction mixtures used to prepare rigid PUR-PIR foams

N o  o f fo am
N o M ateria ls C h aracteristics, p roced u re U n it

1 2 3 4 5

1 R o k o p o l R F-55 P ro d u ct o f o x y p ro p y la tio n  o f sorb ito l L o h = 495 m g C h em ical

K O H / g  (N Z P O  "R o k ita " , B rz eg  D oln y, P o lan d ) 

A S T M  D  2849-69

eq u iva len t

1 .0 0.9 0.8 0.7 0.6

2 T ri(l -ch lo ro-3-e  tox y- P ro d u ct o f tri(h yd ro x ye th y l) borate reaction  w ith C h em ical

-p ro p a n e -2 -o l) borate e p ich lo ro h y d rin  (A c a d e m y  o f B y d g o sz c z , P oland) e q u iv a len t 0.0 0 .1 0.2 0.3 0.4

3 S ilik o n e  L-6900 P o ly s ilo x y a lk y le n e  co p o ly m e r (U nion  C arb id e
gC o rp o ratio n , U SA ) 4.6 4.6 4.6 4.6 4.6

4 D abco 3 3  L V 33%  so lu tio n  o f trie th y len ed iam in e  in d ip ro p y le n e
gg ly co l (H o n d ry  P ro cess, U S A ) 2.8 2.8 2.8 2.8 2.8

5 C a ta ly s t- 12 33%  so lu tio n  o f p o tass iu m  acetate in  d ieth y len e
gg ly co l (A c a d e m y  o f B y d g o sz c z , P oland) 6.5 6.5 6.5 6.5 6.5

6 A n tib la z e  T M C P T ri(2-ch lo ro -l-m eth y le th yl) p h o sp h ate  (A lb righ t
gan d  W ilso n , G re a t  Britain) 34.6 34.6 34.6 34.6 34.6

7 D istilled  w a te r C h em ical
eq u iva len t 0.7 0.7 0.7 0.7 0.7

8 O n gro m at 20-30 P o ly iso c y a n a te  N C O  g ro u p s, 3 1%  (H u n g a ry), C h em ical
A S T M  D  16 38 -70 eq u iva len t 3.7 3 .7 3 .7 3 .7 3 .7

T a b l e  2. Basic functional properties of rigid PUR-PIR foams

Foam
N o

A p p a re n t
d en sity

R etention  
resid u e , 
% after

com bu s-.. b) tion

O x y g e n
in d ex

V icat 
so ften in g  

tem p e­
ratu re J)

Foam  m ass 
d ecrem en t 
a fte r  48 h 
a t 1 2 0 ° C

C h a n g e  o f lin ear 
d im en sio n s in 

d irectio n  o f 
fo am  ex p a n sio n  

a fter 48 h at 

1 2 0 °C  e)

C h a n g e  o f
foam

v o lu m e  after 
48 h a t 1 2 0 ° C

C o n ten t o f 
c lo sed  cells 

(pores) 0

W ater
a b so rp ­

tion 8>

k g  • m '3 % % °c % % % %  v / v %  v / v

1 60.1 78.7 24 .7 19 2 .1 1 . 1 2 0 .10 - 1 . 1 3 83.4 1.8 0

2 6 1 .3 8 1 . 1 24.9 184 .0 1 .2 3 0 .10 -1.08 93.4 0.74

3 60.6 84.9 2 5 .1 18 1 .0 1 .3 7 0 .15 -0.99 9 3.3 0.75

4 59.9 90.5 26.5 17 2 .0 1.49 0 .16 -0.77 93.5 0.76

5 60.2 93.8 2 7 .1 169 .0 1 .6 3 0 .15 -0.78 93.4 • 0.75

a) A cco rd in g  to ISO  8 4 5 :19 88 ; b) A cco rd in g  to A S T M  D  3 0 14 -7 3 ; ''(A ccording to A S T M  D  16 9 2 -5 9 T ;d) A c c o rd in g  to D IN  534 24 ; A cco rd in g  to ISO  
19 2 3 :19 8 1 ,  A cco rd in g  to P N -IS O  4590 :1994 ; 8> A cco rd in g  to D IN  534 33 .
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w ere therm ostated for 4 hours at tem perature 12 0 °C  and  
season ed  for 48  h ours at roo m  tem perature. Then the 
fo a m s w ere  cut a n d  their basic fu n ction al properties  
w ere d eterm in ed  according to: brittleness —  A S T M  C  
421-61 and  com p ressive  strength —  ISO  844:1993 . Each  
type o f fo a m  w a s subjected to a d o u b le  control o f fo a m ­
ing. P U R -P IR  fo a m s w ere an alyzed  b y  IR spectroscopy  
(KBr technique) b y  u sin g  a Vector instrum ent (Brucker).

RESULTS A N D  DISCUSSION

T h e co m p ositio n s o f the rigid  P U R -P IR  foam s are 
presented in Table 1. T h e trade p o ly o l R okopol RF-55  
w as partially replaced b y  (I) and  the properties o f result­
ing foam s are presented in Table 2 and Fig. 1. The proc­
essing param eters o f these foam s becam e longer as the 
a m o u n t o f borate w a s increased. The starting, foam ing  
and g elation  tim es b ecam e lon ger fro m , respectively, 
15 s, 18 s and  35  s (foam  N o  1 w ith  no borate add ed ) to 
29 s, 37  s and  64 s (foam  N o  5 containing 0 .4  o f the ch em i­
cal equ ivalen t o f borate).

169 .0 °C  (foam  N o  5). Increasing the borate am o u n t in the 
foam  from  0.1 to 0 .4  o f chem ical equ ivalen t caused re­
du ction  o f foam  fla m m ab ility : the o x y g e n  index rose  
from  2 4 .7 %  (foam  N o . 1) to 27.1 (foam  N o  5) and reten­
tion rose from  78 .7  to 9 3 .8 % . A d d itio n  o f (I) caused d e ­
crease o f w ater absorption from  1 .8 %  v / v  (foam  N o  1) to 
a p p ro x . 0 .7 5 ± 0 .1 %  v / v  ( fo a m s  N o s  2 — 5 ) a n d  th e  
a m o u n t o f c lo sed  cells increased  fro m  8 3 .4 %  v / v  to 
9 3 .4 ± 0 .1 %  v /v ,  respectively.

C han ges in linear d im en sion s and the v o lu m e  and  
m ass decrem ent after 48  hours o f therm ostating at 1 20°C  
rem a in ed  practically  u n affected  (takin g into accou n t  
sm all absolute valu es) b y  the borate content in PU R -PIR  
foam s.

IR sp ectroscop y  o f P U R -P IR  fo a m s con firm ed  the 
presen ce o f the b a n d s characteristic for isocyan urate  
(1710— 1690 c m '1 and 1410 cm "1) and urethane (1740—  
1700 cm ’1) bon ds.

O u r studies h ave sh o w n  that (I) is u sefu l as an a d d i­

tive im p rovin g  the rigid P U R -P IR  foam s properties, in 
spite o f the softening poin t decrease.

C h em ical eq u ivalen t

Fig. 1. Influence of the amount of borate added to foam on: 1 —  
brittleness, 2  —  compressive strength of the foam

A n  a d d itio n  o f borate to the foam s has no effect, 
w ithin  the lim its o f m easu rem ent error, on  apparent d en ­
sity v a lu e  (6 0 .6 ± 0 .7  k g /m 3) in com parison  w ith  a stan­
dard  fo a m . N o  ch an ges in fo a m in g  process o f these  
foam s w ere also observed . Pores both in foam s w ith no  
borate a d d ed  (standard foam ) and w ith its addition  h ave  
the sa m e size  w h at p roves, a m o n g  others, that surfactant 
w as selected properly  and (I) had no effect on  the size  
and sh ape o f  pores.

C h B O C  in the foam  behaves sim ilarly  as a typical 
cross-lin king co m p o u n d  cau sin g the structure to becom e  
ordered. It favors the reduction  o f brittleness. A s  the b o ­
rate content w a s increased the com pressive strength of 
the fo a m  increased from  320.5  kPa (standard foam  N o  1) 
to 394 .9  kPa (foam  w ith 0 .4  o f chem ical equivalent o f  
borate a d d e d ); h ow ev er  the brittleness decreased from  
19%  to 5 .6 %  and softening poin t d id  so  from  192 .1 °C  to
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