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production of commercially acceptable propylene oxide products, it was noted that cer-
25 tain polyurethane foams based on polyether polyols derived from such commercially
available propylene oxide compositions would sometimes collapse sven though the
raw materials employed in the production of such polyurethane foam product, including
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30 The foam coliapse was attributable to the presence of certain nonvolatile impurities
present in the propylene oxide starting material employed in the preparation of the po-
lyether polyol. Hence, even after the obtaining propylene oxide which meets commer-
cially accepted specifications, the uitimate commercial acceptability of the propylene
oxide was unpredictable due to the presence of these nonvolatile impurities which led

35 to unacceptable polyursthane foam products exhibiting unstable foam rise, foam col-
fapse, and/or substantial internal blow holes. This is attributed to the nonvolatile impu-
rity, namely, poly(propylene oxide) {PPO), which has a molecular weight of at least
50,000. This impurity can make the propylene oxide unsuitable for making polyether
polyols to be used with an isocyanate in the manufacture of acceptable polyurethane

40 foams in certain formulations.
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t he anount ofpalysmethanefeam.to acceptable | evels. Again, the purifi- 35 cation
was of the propylene oxide itself and not of a formed pol yether polyol.
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been formed. SAKpant matgsial. The adsorbent materials included activated carbon, charcoal and at-
25 ftapulgite, either In granular or powdered forms. The quantities of adsorbent to be used
per unit volume of PO to be treated are estimated at from about 0.001 to about 0.01
grams or more of solid adsorbent per gram of propylene oxide, with contact times rang-
ing from about 1 to about 15 minutes, temperatures of from about 10 io about 100°C
and pressures ranging from atmospheric to super-atmospheric.

Another process was described in United States Patent No. 5,235,075, to purify propy-

lene oxide containing an unacceptable quantity of PPO. The process comprises con-

tacting the propylene oxide with a diatomaceous earth for a time and under conditions

sufficient to reduce the amount of contaminant to acceptable levels. Again, the purifi-
35 cation was of the propylene oxide itself and not of a formed polyether polyol.

Accordingly, it would be advantageous to provide a method for purifying a polyether
polyol of non-volatile impurities after the polyether polyol has been formed. While the
prior art purifies the propylene oxide prior to forming the polyether polyol, the propylene
40 oxide may still be contaminated before incorporation into the polyether polyol. There-
fore, if the polyether polyol was purified, instead of the starting components, there
would be a less likelihood of contamination leading to unstable foam products. Further,
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30 BRI EF DESGCHUItRTI ON OF THE SEVERAL VI EWs OF THE DRAW NG Ot her advant ages of
the present invention will be readily appreciated, as the sane be- cones

better u rs 1 Bg. det aj rkRLion when
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1 is a cross-‘oladile ‘G‘Rﬁﬂm@quf@“mmﬁsr@" ‘F%V&P‘@Pﬂtén@ch@éMleﬁﬁﬁx'f rom an
' ide. This helps to ensure that there is a less likelihood of contamination of the poly-
sther polyol and will result in the polyurethane foam having increased stability. Further,
the method according to the subject invention purifies the polyether polyol without suf-
25 fering large material losses during the purification and filtering thereof and allows for
the purification of polyether polyois on an as needed basis depending on the formula-
tion requirements and/or demonstrated performance.

30 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

Other advantages of the present invention will be readily appreciated, as the same be-
comes better understood by reference to the following detailed description when con-
sidered in connection with the accompanying drawings wherein:

Figure 1 is a cross-sectional schematic view of a polyursthane foam formed from an
uncontaminated polyether polyol in an open-topped container;



uncont am nat ed pol yet her polyol In an open-topped container; WO 2005/095489
PCT/ EP2005/ 002175 4 Figure 2 is a cross-sectional schematic view of a
pol yuret hane foamformed in Com parative Exanple 1 froma contani nated

pol yet her pgbyalscdgs Ng an Inpurity present therein; 5 [lgur atop
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in Exam ple ggf 8 chiskishi Dnémbiieview 8f & Bdivur ﬁéﬂ)ﬁﬁ‘_ﬁn' In"?.":uo?ﬁ?p o
schemt o' AP RDAE e T e e 1+
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Cr ogs. seotd ortdascHE AT wrimelir§h B it pbian IR et onfite HBErFBE o ¢
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with comrercially acceptable PO that has not been urposeful ly
cont ani nat ed, Figre 71isa tapschamaticyview of tha peliurethane faam ipmsedinGampagative Bxng
shipment or sim@@e. The subject ‘invention has purposefully contaminated the
poly- 40 ether poiyol as an illustrative exanple and is not neant to be
imti ng'20 Figure 8 is a cross-sectional schematic view of the polyurethane foam formed in Ex-
ample 2 with a purified polyether polyol; and

Figure 9 is a top schematic view of the polyurethane foam formed in Example 2.

25
DETAILED DESCRIPTION OF THE INVENTION

The subject invention provides a polyursthane foam and a method of purifying poly-
ether polyols of non-volatile impurities for use in forming the polyurethane foam. The
30 method includes the step of providing a crude polyether polyol. The term crude poly-
ether polyol refers generally to a polysther polyol that has the non-volatile impurity pre-
sent therein. The crude polysther polycl may or may not have been formed from the
commercially acceptable propylene oxide (PO). For the subject invention, the non-
volatile impurity has been added to a polyether polyol formed from the commerciaily
35 acceptable PO to demonstrate the negative effects of the impurity and to demonstrate
the success of stabllizing the polyurethane foam. Itis to be appreciated that the sub-
ject invention can be practiced with commercially acceptable PO that has not been
purposefully contaminated, but has become contaminated since it was purified during
shipment or storage. The subject invention has purposefully contaminated the poly-
40 ether polyol as an illustrative example and is not meant to be limiting.
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(EOQ), as wel! as in the finished polyether polyal be they PO/EO random or biocked co-

polymer and can typically be separated using standard techniques. However, it was

discovered that polyether polyol comprised of a mixture of EO and PO as a block or -

30 random co-polymer contained significantly higher levels of high molecular weight impu-
rity. Itis to be appreciated that the impurity may include a mixture of the high molecu-
lar weight PPO and PEQ. However, for clarity, the subject invention will be described
as addressing PPO, without intending to be limited thereto.

35 A polyether polyol, known to contain PPO due to intentional introduction for reason of
experimental evaluations or suspected to contain PPO evidenced by foam instability is
contacted with an adsorbent for a time and under conditions sufficient to adsorb sub-
stantially all of the non-volatile impurities onto the adsorbent. The amount of adsorbent
used is 0.1 to 5 parts by weight based on 100 parts by weight of the crude polyether

40 polyol, preferably from 0.5 to 3, and most preferably from 1 to 1.8. The quantity of solid
adsorbent employed per unit volume of polyether polyol to be treated will vary not only
with the sfficiency of the solid adsorbent to absorb impurities, but also with the amount
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carbon ( NER Tcfesriehfhl Sntific Company, Nuchar activated carbons, products of West Vir-

ginia Pulp and Paper Company, and products of Darco Division, IC1 AMERICAS, Inc.
llustrative commercially avallable carbons Include Type CAL granular carbon (Calgon
Corporation) and NORIT R 0.8 granular activated carbon (NORIT Corporation).

30 Attapulgite adsorbents employabie in the purification process of the present invention
are available from Engelhard Minerals and Chemicals Corporation. The grades of Atta-
pulgus Clay normally recommended for contact purification are 100/UP Mesh RVM and
200/UP Mesh RVM. The finer grade 200/UP RVM is normally used unless higher rates
of filtration are required, in which case 100/UP RVM is used.

35
Another suitable absorbent is diatomaceous earth, which is known to those skilled in
the art to be formed from a sedimentary rock of marine or lacustrine depesition, and
consists mainly of accumulated shells or frustules of hydrous silica secreted by dlatoms
(microscopic, one-celled, flowerless plants of the class Baclllarieae). However, in

40 chemical terms, diatomaceous earth is primarily formed of silicon dioxide, albeit in a
different physical structure than typically encountered. Impurities typically include other
aquatic fossils, sand, clay, volcanic ash, calcium carbonate, magnesium carbonate and



30 Attapul gite adsorbents enployable in the purification process of the
present invention are available from Engelhard M nerals and Chem cal s
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25 impurity.

Those skilled in the art, prior to the subject invention, may not have undertaken the
purification of the completed polyether polyol, presented in the subject invention be-
cause of the potential losses of the purified polyether polyol and it was not advanta-

30 geous. However, it has been surprisingly discovered that the larges losses of the puri-
fied polyether polyol do not occur when the filter media is reused. To prevent large
losses of the purified polyether polyol, the crude polyether polyol is pre-filtered through
the filter media prior to contacting the crude polyether pelyol with the adsorbent. As is
standard practice for forming the polyether polyols, additional components are used,

35 such as MAGNESOL® and perlite, during the formation of the polyether polyols from
the starting components. These additional components are filtered prior to adding the
adsorbent through the filter media. The pre-filtering is preferably caried out under a
pressurg of 0.7 to 3.5 bar (10 to 50 psig), preferably from 0.7 to 1 bar (10 to 25 psig),
and more preferably from 0.7 to 1 bar (10 to 15 psig).

40
After completing the pre-filtering, the same filter media Is used to filter the purified poly-
ether polyol and the adsorbent with the adsorbed non-volatile impurity. By contacting
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25 octylene-1,8-diisocyanate; 4-chloro-1,3-phenylene diisocyanate; 1,4-, 1,3-, and 1,2-

cyclohexylene diisocyanates.

The following examples illustrate the formation of the polyurethane foam, accordingto
the subject invention and [llustrating certain properties of the polyurethane foam, as
30 presented herein, are intended to illustrate and not limit the invention.

EXAMPLES

in the following Control Example, Examples 1 and 2, and Comparative Examples 1 and

35 2, a polyurethane foam was formed. The foams were formed, in each example, from a
polyether polyol A, PLURACOL® 1509 polyol, which is a sorbital and a glycine co-ini-
tlated polymer being all PO with EO cap and having OH no. of about 27.5 and a graft
polyol B, PLURACOL® 2145 polyol, which is an acrylonitrile, styrene graft copolymer
with 45% solids, both available from BASF Corp.



on a polyisocyanate to polyol basis, may range fromabout 20:1 to 2:1. Also
illustrative of the isocyanates which may be enployed are, for exanple:
toluene- 2,4- and 2, 6-diisocyanates or m xtures thereof;

di phenyl rretvp@? §isflesiss di 1 socyanate and 20 di phenyl net haq,% ?EP 05}3@1 cyanat e
or mxtures of the sane, the m xtures preferably containing ?) 0 parts
by weight 2,4- or higher, making themliquid at roomtem perature
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sanple of the PLURACOL(r) 1509 polyol. The solvent introduced to the polyol
sanple with the PPO was then renoved under vacuum W thout being bound by
theory, it is believed that the remaining conponents were the

hi gh- nol ecul ar wei ght Inpurity. This Inpurity 10 was diluted with solvent to
have a concentration of 7.3 mlligrams (ng) of Inpurity per mlliliter (m)
of solution. The solvent was tetrahydrofuran. Therefore, in 6 m of sol u-
tion, 43.8 ng of inpurity would be present. To formthe contam nated pol yol
A for Ex-



anple 1 and Conparative Exanple 1, 1200 grans (g) of polyol A was spiked
with 6 n. of contam nate having an inpurity concentration of 7.3 ng/m. 15
The following table listed the conpositional breakdown used to formthe foam

for each s and the resultant height and weig duced
foam WO 28‘83%@%‘3 PCT/ EP2005/ 002175 10 Tabl e 1: Fornmﬁqﬁngﬁ%ﬁﬁg
Pol yur et hane Foam Pol yol Character- Contrtg Conparative Exanple Conparative

Exanple [sti ol yol A- Hydroxyl 32 32 32 32 32
Nunber Pol yol?%";*%@@?&ﬁ&g@%%ﬁ'ﬁ Nunmber % solids, Polyol B 45 45

45 45 45 Resin solids, 10 10 10 15 15 desired Conposition, pbw Polyol A

77.8 77.8 77.|Boky6l Chéractér- Exaifiplel|i nker
1.4 1.4 1.4 Qehed - 4 Vater 08#) 08§ 0.08
0.08 0.08 1 108. 23

6327 ¢41.5 61.5
Rise $tability

108. 23 108. 23Palyd A> Hlydioxylo -
100 I ndex |sqNymberte 67.9 4

Foam hei ght, . HyaroaT Nyg—TM{A grans

Number

% solids, Polyol B 45 45 45 45 45
% Resin solids, 10 10 10 15 15
|desired

Composition, pbw

Polyol A 77.8 77.8 77.8 66.7 66.7
Polyol B 222 222 222 333 33.3
Cross-linker 1.4 14 1.4 14 1.4
Mater 5.4 54 54 5.4 54
!Catalyst A 0.08 0.08 0.08 0.08 0.08
Catalyst B 0.35 0.35 0.35 0.35 0.35
Surfactant 1 1 1 1 1

108.23 108.23 108.23 108.23 108.23

Total Resin

Isocyanate 61.7 61.7 61.7 61.5 61.5
100 Index
llsocyanate 67.9 67.9 67.9 67.6 67.6
110 Index '

Free Rise Stability

Foam height, mm 365 330 345 135 335
Foam weight, 560 552 857 N/A N/A

The cross-linker is NIAX® DEQA-LF, commercially available from Union Carbide. Cata-

5 lyst Ais DABCO® BL-11, Catalyst B is DABCO® 33 LV, and the surfactant is DABCO®
DC 5043, each commercially available from Air Products. The isocyanate is foluene
diisocyanate (TDI), commercially available from BASF Corp.

Each of the examples were formed using the parts by weight breakdown, listed in Ta-
10  ble 1, under the composition heading. In the Control Example, the total amount of the
mix was 690 g. Of the 690 g, the resin was 424 grams and the isocyanate was 265.9 ¢
(at an isocyanate index of 110). Polyol A was used in an amount of 304.8 g and polyol
B was used in an amount of 87.1 ¢g. The surfactant was used in an amount of 3.92 g,



The cross-linker I's NIAX(r) DEOA-LF, commercially available from Union
Carbide. Cata- 5 lyst Als DABCO(r) BL-11, Catalyst Bis DABCOr) 33 LV, and
the surfactant is DABCO(r) DC 5043, each commercially available fromAir

Products. The zb‘%&g%gpat e is toluene diisocyanate (TDl), Cﬁ%ﬁ%}:oﬁl Lyparts

avail abl e from Corp. Each of the exanples were for Mo
by weight breakdown, listed In Ta- 10 bl ef4l, under the conposition heading.
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Hg to remove 4 iulraBss:E10 MMHPR rbinbfs 1 MACGNESOL®dnd peitfte BAhd thaRRferbY

dai i onal { Masnged tb&%‘ﬁ?ﬂﬁ%ﬁw& e e B P, ™

carbon, in arfoaaﬁq}lwaldﬂtenngs parts by weight based on 100 parts by weight of
pol yol A for about three hours. The polyol A was then filtered through the

filter cajge tihe(ifRY & altnétlitdatet vith &ctlai8d cdrBSn, PSh BBt ©F 1.5 parts by
weight based on 100 parts by weight of polyol A for about three hours. The polyol A
was then filtered through the filter cake to remove the activated carbon for 120 minutes
under a vacuum of about 6-10 mm Hg. The punf ed polyol A was then used to make
the polyurethane foam.

30
For Comparative Example 1, a 400 g sample of the contaminated polyol A was treated
with magnesol, perlite, and water, as known to those skilled in the art for treating poly-
ols, at 95°C for three hours. The magnesol was used in an amount of 1.5 paris by
weight based on 100 parts by weight of polyol A and the perlite was used at 0.2 parts

35 by weight based on 100 parts by weight of polyol A. The water was used at 3.0 parts
by weight based on 100 parts by weight of polyol A. The polyol A was fitered through
a standard paper filter for about 120 minutes under a vacuum of about 6-10 mm Hg to
remove the MAGNESOL and perlite. The crude polyol A was then used to make the
polyurethane foam.

40
In Example 2 and Comparative Example 2, the polyol A was known to have a high-
molecular welght impurity present therein and known to produce polyurethane foam



under a vacuum of about 6-10 nm Hg. The purified polyol A was then used to
make the pol yurethane foam 30 For Conparative Exanple 1, a 400 g sanple of
t he contam nated polyol A was treated w th magnesol, perlite, and water, as
known to t dIn the art for treating pon- ol t hree
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was filtered filtetng)ugh a standard paper filter for about 120 m nutes under a
vacuum of about 6 15 10 mMm Hg to renove the MAGNESOL(r)and perlite and the

wat er was str ' er cake
t hat was save for aé&""tl‘s’u Onaréﬁ?%&\ﬁﬂlsdiatgﬁgcéﬂ]lsregﬁh g‘?ﬂ%%&% HFﬁS ﬁa'jté l!%5;at ed with
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a vacuum of about 6-10 mm Hg. The purified polyol A was then used to make the

polyurethane foam.

25 For Comparative Example 2, the polyether polyol A was not freated with diatomaceous
earth. The polyol A was treated with magnesol, perlite, and water, as known to those
skilted in the art for preparing polyois, at 95°C for three hours, The magnesol was used
in an amount of 1.5 parts by weight based on 100 parts by weight of polyol A and the
perlite was used at 0.2 parts by weight based on 100 parts by weight of polyol A. The

30 water was used at 3.0 parts by weight based on 100 parts by weight of polyol A. Next,
the crude polyol A was filtered through a standard paper filter for about 120 minutes
under a vacuum of about 6-10 mm Hg to remove the MAGNESOL® and periite and the
water was stripped by known methods. The crude polyol A was then used to make the
poiyurethane foam.

For each of the above Examples, the processing conditions were the same and were
as follows. The temperature of the components was ambient temperature, 25°C. The
mixer that was used was a Dayton variable speed DC motor mixer operated at 100%
using a 3-inch German mix blade. The resin mix time was 45 seconds at full speed

40 and was mixed in a 1-quart milk shake cup. The foam mix time was 6 seconds at
2400-3600 RPMs and was then transferred to a 5 gallon payliner bucket, the mix was
poured for 12 seconds.



filtered through the filter cake to renove the diatomaceous earth for 120
m nutes under a vacuum of about 6-10 mm Hg. The purified polyol A was then
used to make the pol yurethane foam 25 For Conparative Exanple 2, the
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rate representation thereof. The foam has a foam height of 345 mm and a foam weight
of 557 g. Relative to the Control Example, the foam height has only decreased about

25 5.5% and the weight has only decreased by 0.5% in Example 1. The foam produced in
Exampile 1 is better than the foam produced in Comparative Example 1 due fo the im-
purity being removed from the polyol A. The foam has fewer internal voids than the
foam produced in Comparative Example 1. Referring to Figure 5, the surface of the
polyurethane foam is smoother, which is indicative of fewer subsurface voids and a

3C  more stable foam.

Figure 6 illustrate a cross-sectional view of the polyurethane foam formed in Compa- -
rative Example 2 that Is formed from a known contaminated polyol A. Figure 7 is a top
view of the polyurethane foam formed in Comparative Example 2. In other words, an
35 actual foam sample was prepared in accordance with Comparative Example 2 and
Figures 6 and 7 are an accurate representation thereof. The foam has a foam height of
only 135 mm, because the foam collapsed due to the presence of the impurity. Refer-
ring to Figure 7, the surface of the polyurethane foam exhibits large subsurface and
surface voids. -
40
Figure 8 illustrate a cross-sectional view of the polyurethane foam formed in Example 2
having the impurity filtered from the polyol A, Figure 9 is & top view of the polyurethane
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ure 9, the surface of the polyurethane foamis snoother, which is Indicative
of fewer subsurface voids and a nore stable foam 10 Wile the Invention
has been described with reference to an exenplary enbodinent, it wll be
understood by those skilled In the art that various changes may be made and
equi val ents nmay be substituted for el enents thereof w thout departing from
the scope of the invention. In addi ti on, many nodi fications my be nmade to
adapt a particular situation or material to the teachings of the invention
wi t hout departing fromthe essen 15 tial scope thereof. Therefore, It is
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The method as set forth in claim 3 wherein the step of filtering the purified polyether
polyo] is continued for a period of time of from 1 to 5 hours to substantially remove the adsorbent
and the non-volatile impurity.

:—rﬁ(

6. The method as set forth in claim 2 further including the step of pre-filtering the crude
polyether polyol through the filter media prior to contacting the crude polyether polyol with the
adsorbent.

7. The method as set forth in claim 6 wherein the step of pre-filtering the crude polyether
polyol is carried out under a pressure of of 0.7 to 3.5 bar (10 to 50 psig).

8. The method as set forth in claim 6 further including the step of filtering the purified
polyether polyol and the adsorbent with the adsorbed non-volatile impurity after contacting the
crude polyether polyol with the adsorbent through the same filter media used to pre-filter the
crude polyether polyol.

9. The method as set forth in claim 1 wherein the step of contacting the crude polyether
polyol with the adsorbent is further defined as mixing the crude polyether polyol with the
adsorbent.



pol yol is continued for a period of time of from1l to 5 hours to
substantially renove the adsorbent and the non-volatile inpurity. 6. The
met hod as set forth in claim2 further including the step of pre-filtering
the crude polyether polyol through the filter media prior to contacting the
crude pol yether polyol with the adsorbent. 7. The nmethod as set forth in
claim6 wherein the step of pre-filtering the crude pol yether polyol is
carried out under a pressure of of 0.7 ﬁ& 3.5 bar (10 to 50 prig). 8. The
met hod as set forth in claim6 further thcluding the step of filtering the
purified polyether polyol and the adsorbent with the adsor bed non-vol atile
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