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t he pol yeb*hﬁfnepéﬂar)ﬁﬂt flexi®pyurethane foams, of two classes of compounds, each in itself known for use
in other contexts as a suitable ingredient for some types of polyurethane foam-forming reaction mixtures,
can significantly increase combustibility properties of flame retardant polyurethane foams.
The first of said class of compounds are flame retardant polysiloxane-polyoxyalkylene biock
45 copolymer surfactants known per se of the formula

(CH3)SiO(CH:,SiO)3[(CH3)ZSiO]_75$i(CHs)s |

CH,CH,CH,{OC,Hg)o{OCsHs)15.50CH,
50 .
the surfactant is used at a rate of from 1 to 2 weight percent, based on the poiyether polyol.
The second compound used at a rate of from 0.4 to 2.0 weight percent, based on the welght of the
polyether polyol is dipropylene glycol.
The combinations of the dipropylene glycotl and the surfactant are indefinitely stable and, as such,
55 produce a homogeneous product which may be shipped and stored until needed.
The foams produced in accordance with this invention can be used in the same areas and for the same
purposes as conventional flexible foams designed for use in applications when their response to flaming
situations is of importance (e.g., in cushioning materials, mattresses, and automotive interior parts).

50 Expenmental

The foams used in evaluating this invention involve the followmg components and formulating
technique:
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them arg¢ conventional conpounds such as amine and tin catalyst ’Ubl oW ng
agents such_as water and trichlorofl uoronet hane, and surfactant Less
usull |y, perhaps, :ot her conventional Qd%2i338& such as flame retardant
agents (eg., Thernolin-101) may be present. 40 The pr gasdht ii&\ég‘gt ion is
baqu upon the unexpected di'scovery that the use together, 1n the. '
prepar ati on of NAX@wPolyelt Br-dianh sédoedanbhgirpel palyatt hane foans, -of two cl asses
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CH2CH2CH2( OC2HR,, 20 OC3H5) 18. 5 OCH3 50 the surfactant is usg%]at a rate of
froml to 2 wei g?'u? percent, based on the polyether polyol. e second
conpound used aNIAR ArivieCcatllysf AQON(D biend 6f 2. 0 wei ght percent, based on the
wei ght of ;st he pol yisite.N-diadtyddmindgetiiiptherpy | ene gl ycol . The conbi nations of
t he di propyl ene gP{Z®IN-gimathylpraingiginpxydathane!. andedipiepdsrieni tel y jable and, as
such, 55 producegé{"‘ﬂormgeneous product which may be shi ppg'z and stored
until needed. Thsb@PG8.44 oduced in accordance with this igygntion can be
used in the same areas and for the same purposes as conventional flexible
f oans desi gned Auwrottibranmettmpel| | cat i ons when their response$6® fl ami ng

situations is qof inportance (e.g., in cushioning materials ttresses, and
aut onoti ve i nt erfSPMpAriErgsnt s%'g“%?i)eri nental The foans usedvfrﬂe%eval' uati ng

this inveption kin¥g)ieng diyag fol | owi ng conponents and fornul ghddag techni que:
65 2 10 Weight ‘i n grans Nl AX Pol yol 16-46 (A secondary hydroxyl polyol
havi ng a hydr oxXipl fhumtixture of 8a et rcolylete Bijsosvepase prry 5 | ycerol with
et hyl' ene oxi de and® ptopfrieiengpdijsgaypnate - 325 Thernol i nl{i‘i'"r%tefjl ane '
retardant_additive of the o art index of T10

Foams were prepared by the following procedure:
(a) A cardboard container was charged with 350 grams of the polyol.
{b) Varied amounts of the “Thermolin-101"* were added to the polyol and dispersed therein with a

spatula. - .

{c) A combination of a varied amount of the surfactant and a varied amount of the dipropylene glycol
was added, via a 10 em® syringe, to a mixture as produced in (b) and was dispérsed therein with a spatula.

{d) A baffle was set into the cardboard box containing the mixture produced in (c).

(e} 9.33 grams of water and 0.70 grams of the amine catalyst were added to the mixture obtained in (d),

without express dispersion. .

{f} 56.0 grams of fluorotrichloromethane were added to the mixture produced in (), without dispersion.
“{g) The cardboard box containing the mixture obtained in (f) was placed under a drili press. The

‘mixture was agitated for 15 seconds at 2700 revolutions per minute, _

(h) 0.788 grams of stannous octoate was added to the mixture obtained in {g), utilizing a 2 cm?® syringe.

. (i) The mixture produced in (h} was agitated for 8 seconds at 2700 revolutions per minute, at which

45 ~Ppoint the entire amount of TD! was rapidly added; the agitation was continued for an additional 7 seconds.
~ {j} Immediately, thereafter, the mixture was poured into a 3566x365x305 mm parchment-lined cake box
supported by a metal frame. '
¢ {k) The foam was allowéd to remain in the box for at least 3 minutes (This is to avoid the dense ridge
“¥ that will appear if the cake box is removed from the metal frame when the foam is green
3%-50 i (1) The foam’ was then cured for 15 minutes at 125°C.
I _ {m} The foam was then cut. " . . :
'Rise, ‘breathability, and burning extent were measured. The terms ‘rise,’” “burning extent”, and
“breathability” used in the Examples below have the following meanings: '
. ' Rise—denotes the foam height. Rise is directly proportional to surfactant potency.

: 55 Burning extent—denotes the burned length of a test specimen of foam measured in accordance with
ASTM D-1692-68 and California Bulletin 117. The flammability of an MVSS 302 foarn is proportional to its
burning extent as measured by this test. C o

Breathability—denotes the porosity of a foam and is roughly proportional to the number of open cells
in a foam. Breathability is measured as follows: A 50x50x25 mm piece of foam is cut from near the center
go ©Of a bun. Using a Nopco Foam Breathability Tester, GP-2 Model 40GD19, air is drawn through the 25,4 mm
portion at a pressure differential of 1.27 mbar less than atmospheric pressure. The -air flow is parallel to
direction of original foam rise. The degree of openness of the foam (or foam breathability) is measured by

air flow and is designated as standard dm®*min (cubic feet per minute).
_ The following Examples illustrate the present invention. Unless otherwise specified, parts and

g5 bercentages are on a relative weight basis.
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nominal , for mul.a (CICI—lZCI—lZO) 2P(=0) | HOCH2CH20P( =0 OCH2CH2A ) In to
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r

0. 7\6 St.anp E%‘?s%l% in-101, 16 parts fluorotrichloromethane, 2.95 paits water, 0.2 parts NI in

Fl uorotri ﬁ—g ,Qfﬁ%ii@éaﬁmous F:)ctoate, and 39.5 parts DI, In ExFa)mpIe 1, Fiame%etardﬁﬂ%ﬂaiﬁ?éavfi ame
r etardast prassinf MCL.APérts and in example 2 in 1.8 parts. Varied 25

Di propyl ene I‘lg bgtbcﬁxamples,. the dipropylene glycol content was graduated as indicated in/givei Tatlles Dhe ( A
m xt ure ofMEertigrogesature i pl) casae was P& 43P at e and 20 Wt % 2, 6-t ol yl ene

di i socyanat e ' gyl ated to an index of 110 30
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. The data indicate that, at a surfactant level of 1.3, dipropylene giycol concentrations of 0.8 parts t0.2.0
35 Pparts significantly improved combustibility properties of the foams embodying them.

TABLE 2
Example 2 1.8 parts surfactant
« Dipropylene glycol 0.2. 0.4 06 08 1.0 15 2.0
_ Cream time (s) 12 12 12 12 12 12 12
Rise time (s) 133 134 132 133 134 131 133
a5 : :
Top collapse :(mm) 3.556 5.08 . 5.08 508 5.8 5.08 5.08
' Height of rise (mm) | 266.7 269.24 27178  266.7 266.7 26416  269.24
so0 Breathability (cb.ft/min) (4.25) (4.25) (3.74) (3.50) {4.0) (3.50) (3.75)
dm¥min . 120.3 120.3 105.8 99.0 113.2 99.0 106.1
Density (Ibs/cb.ft) L (1.21) (1.22) {1.23) (1.23) (1.23) (1.24) - (1.24) .
s kg/m® : 19.38 19.54 19.70 19.70 . . 19.70 19.86 . 19.86
55 '

" Flammability test”

- MVSS 302 (avg. 3 samples) S S

. Buming extent (mm), 330 330 330 330 330, 21336 6858
so Extinguishing tirine (s) 132 141 133 141 141, 77 . 153

Thg'dqt_a indicate that, at a surfactant level of 1.8, dipropylene glycol concentrations of 1.5 parts to 2.0
parts significantly improved combustibility properties of the foams embodying them.
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(k) -The,foamwas allowed to remain in the box for at least 3 mnutes (This
S to avoid,the dense.ridge that will appear if the cake box is renoved

fromthe metal frane when the foam i sORe@BI8) The foam was thenlQured for
15 m nutes %;(ahpge;%‘%g‘é LC (M The foamwas then cut. Rise, breathability,

ang_bur ni ng "eX g5t ol¥Réss ERFRM! thckoant AEming rd¥Btionmistfre contdihbdn bdghrte KilaXIHolyol 18146,
"br eat habi | islopartd/eRendliR-101) €6 f26a Apdreichiebawhinayxastpaes wabrl ORparg NOOGAMIng Satalyst
Ri se- denot e#-1018226 partmsteenayia betodRe. sed 395 pdits BN Bxappig Sdhe fugpgiant was mseseftatt-2parts

t . 85and B BRMAle bine b, partse it arabient derpperaticy wag (ROMR) 26,8°C '
D o oo B EAoh o G P RSP B9 Pt R Asdioh FEERMEET
- 117. The flanmmability of an MVSS 302 foamadLg oroportional to its burning

extent as neasured by this test. Ekmeht habil.Bipays clefactk@s t he porosity of a

foam and res roughly proportional to the nunber of m%)gn ceI1I in 5f oam
Br eat habi |'i t yPiPePHiRraAc®ld as foPPows: % 50x58%25 ' P

: i ece & foariis cuf®
fromnear th r rgq;rger(spo of a hyn. Uskng a Ngpco Fgam Breags habiljsty Tesger,
GP-2 Model 4 10, alr is drawn through the 25,4 mm portion at a pressure
dif f erent jsal RBé tihedd) nbar | ess Bhan afi¥sphetrd2c pr d8sure. 1Phe ai 133f | ow 8%
parallel to direction of original foamrise._ The degree o penn of e
foam (or foafPbrdarRdBMity) | SHeasufél by \a ro‘\%Eand Fj‘ggdesigiéat ed Etz'aulsg
standard dmBim.n {f..CrH?i(rﬁ ) eet p%%m Nub@)zg Thisehe! | O¥a.H0 Bxepl eszdokh usteabe
the presepf invention. Uhl ess ot her wi se specified, parts and 65

per cent.ages @faathabllita (¢bftmainl ve vieb@ht 0689 s. (3.25) BEX&PEI| e 1.09hd 2(3.25) {4.00)
11 I'n both ofdm¥reise Exanpl es, t H&7oam'®%t ni nifoBeact™@®d ni X3k e c¥Wh ai neld?
100 parts N'AX Pol vyagl _16-46, 2. art ernglobn- 10150016 pRfts (124 (1.25)
fluorotrighl f’&f‘,ﬁ%t"ﬁ%ﬁé“?’ 2.95 paﬁgﬁﬁ waETg‘%F oﬁ%?%m%éwﬁm jwe Coiatl yS126.02
A-10, 0.225 parts stannous octoate, and 39.5 parts TDI. In Exanple 1, Flane
Ret ar dant SufFfamotability tesds present in 1.3 parts and in exanple 2 in 1.8

parts. | n botMVEkaplws 3 sameled)i pyl gl yeal. content gr adyat ed
i ndi cat ed_j n B ﬁ”.‘m)‘rhe arﬁg’F"gnt 5g7erﬁ)er at%(tl?'rse innstsall \(/:V%g'gs vvagb?éZG[eranr%]ac

(790F) . TRBLE,ihghfhing time (s 79 & ;s Bxgnple 1a  1.37parts 27
surfactant Di propyl ene gl ycol 0.2 0.4 0.6 0.8
1.0 1. 5 The data idigateChataaye '§¢rfpeta(ttg9vel of 1.3, dipropylene g_l_v_cog_%ncel'_xt?g_tgﬁnigf 0.4 party to2:0
12 patty significantly nprayed corphusiibility properties of the foams em odying them.
35
TABLE 4
Example 4 1.8 parts surfactant
Dipropylene glycol 0.2 0.4 0.6 0.8 1.0 1.5 2.0
40
Cream time (s) 12 12 12 12 12 12 12
Rise time (s) 136 136 137 . 138 14 140 141
45 . Top collapse {mm) - 5.08 5.08 6.35 5.08 5.08 5.08 6.35
- Height éf rise {mm} 27178 269.24 22.86 266.7 269.24 269.24 274.32
| Breathability (cb.ft/min) (4.25) (4.25) {4.25) (4.50) {4.50) . {4.50) (4.50)
50 dm?®/min 120.3 120.3 120.3 127.3 127.3 127.3 127.3
' Density (Ibs/cb.ft) (122) (125 (1250 {124} (124}  (1.24)  (1.25)
kg/m® 19.54 20.02 20.02 19.86 19.86 - 19.86 20.02

h 55 Flammability test
MVSS 302 (avg. 3 samples) :
Burning extent (mm) 210.8 144.8 111.8 76.2 76.2 55.9 61

Extinguishing time (s) 68 49.6 41.3 22 20 10.7 13.7

60 :
The data indicate that, at a surfactant level of 1.8, dipropylene glycol concentrations of from 0.4 to 2.0
parts significantly improved combustibility properties of the foams embodying them.

Examples 5 and 6 . .
65 In both of these Examples, the ambient temperature was in all cases (78°F 25.5°C). The foam-forming
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Rise tipe (s) | 138 . 187 187 138 140

141 , : 142 Top col | apse (mMm 10 16 ©12.7 11. 43 1
10.16 ., 10.16 - 7.62 , 10.16 20 ht of rise (M 269: 2?4
266. 7 274.32 274. 32 274 9,06 266. 7 Breathability

(C ft/ mrem:tton(ﬁ]nx&% contai‘\éd 265) parts I‘(IAX 5@0{0! 16—(46 2(5))arts Th@\‘}nﬁ): 101, 16 (pzm‘.))luoro-

(4.70) dnfdcRiofomethane, 2.95 parts water, 0.2 pha¢NIAX AminelCatyst A-10, ardkdA¥7228 parts stanfi@@ oBtoate.
127. 3 IrBBxagnple 5, the Sl&fb@a@ VIS HD@H@I in \1.3( ants /apdh irf E>)ample 6in 1.8 ﬂ!‘ P2 1.22)

i ro | Iconta h drox l r ct with TDI durm the foaSmng
g-é \5%) 5 pra% ??ms%v %\2& small % Z lo rgov?:q?arw E z ch of |t ded in order
e 5% ex, makm er thar;L Id be w1t t gmzm presence of
- Fl ammabi |di dropyleRS b ly FebétidatV@is iddeR AABYLES Yeridd) obldhms ﬂ@reaﬁicﬂrﬂiml(dima those in
330 Exaldles 1 and 2. Hd@M@ver, this tim@ T9I4ndex wa9ahrrkcted to adcpuntSor the digkBplleh6 glycol in
Ext i.ngui gie farnulstion Themajor effeqtpfcorrecting thejigdex for dipropyligne glycol onthegphysical propertjes
67 10 of 15 R Vs 0o daem RgPthaliy-a surfactant |evel of 1.3,

di propyl ene gl ycol concentrations of Qagigparts to. 2. 0 parts significantly
i nproved conbustibility propegkinse f tlBgaftoairmacarbodyi ng t hem TABLE 2
Exanpl e . 2 1.8 parts surfactant 40 Di propyl ene gI ycol

0.4 15 Uprepylene glycg g 0270 04 10f 0 CHeamtirfe (s) 2.0
12 T2 17 12 _ 12 - 12, Hase 4l e
(s) Créam time ()5 1377 1Ry, 1’§3J'g %4 it
133 45 ToRisé @hleagse (nm 137 - 33H56 133 5.0830 . 5308 131 5. 08134
5.08 20 5. 08 5.08 Height of rise (

266. 7 269. 24
271.78 © Tomelgpse (mpye 7 7884 16889 269764 50 6% eat RIBi it F% cb. 1¥i n)
(4.25) Hg@%toc; ise (mn(nt?’L 074) 256.%3' 39)1.8 (4119 2743(3. 3% 5831 /) B/ mn

120. 3 113.2 99.0 06.1 Density
(1 bs/chs fts)eathabmty (cb(fﬂmiB)l) (3.611. 22)4.0) ( 1(32B) (2811. 23)2.2) (1(038) (048). 24)
(1.24) kgn@n¥min 1075 19188 110419, 5182 3370 26419 7™
19.70 19, 8(? 19 86 55 g‘l amn?pé |ty e”st %Zg 30% 2( vg. % )sanpggé)

: ( ) 1 (12 1 (124
Bur ni ng 99% beih™ 138° ] 938 1970 30 19.86 1870
213. 36,, 58 60 Exti ngui Shl ng ti rre 133
141 Flaﬂn&ﬂablmy test /7 15. 3 The data |nd| cate that at a surfact ant
| evel of 1M®$S %ﬁ;gvve $agmesly| ycol concentrations of 1.5 Qarts t7o ﬁarts
si gni fi caBeming; conbu®BPi bi | P32 pr opr% i es23BP thé ?%arrs1ézrﬁ)ody
them’ €5 4utinguishing time (s) 122 100 997 90 66 69

The data indicate that, at a surfactant level of 1.3, dipropylene glycol concentrations of from 0.4 to 2.0
parts significantly improved combustibility properties of the foams embodying them.

‘0 TABLE 6
' Example 6 1.8 parts surfactant
Dipropylene glycol 0.2 0.4 0.6 0.8 1.0 1.5 2.0
45 Cream time (s) 12—13 12—13 12—13 12—13 12—13 12—13°  12—13
Rise time (s) 133 129 133 129 130 136 136
: Top collapse {mm) 6.35 7.62 6.35 5.08 3.81 2.54 2.54
" Heignt of rise (mm) 2743 2743 2743 2718 2743 2845 2896
Breathability (cb.ft/min) (4.2) (3.7} (3.4) " {1.35) (2.0) 0.3) - (0.21)
dm®min 1189 104.7 96.2 38.2 56.6 8.5 b9
5 Density (Ibs/cb.ft) {1.22) (;l .23) {1.23) (1.23) (1.25) (1.24) {1.23)
kg/m® _ 19.54 19.70 19.70 19.70 20.02 19.86 19.70

. Flammability test'
" MVSS 302 (avg. 3 samples}

% Burning extent (mm) 330 330 330 330 330 330 236.2

Extinguishing time (s) 126 127 119 122 119 123 88

The data indicate that at a surfactant level of 1.8, a dipropylene glycol concentration of 2.0 parts
g5 significantly improved combustibility properties of the foam embodying it
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5 - 13,0 069 338 reaction m xtures contai ned 100 parts N AX Pol yol 16-46,
2.0 parts Thérnolin-101, 16 parts fluoro- trichl oromethane, 2.95 parts
water, 0.2 parts NIAX Ami ne Catal yst 8-069 388I° 0. 225 parts stannous 14
octoate. In Exarrple 5, the surfactant was present in 1.3 parts and in
Exagpl e 6 Vil parts. Since dipropylene glycol -contains active hydroxyl
groups, it W |A plo8sastor PhollicingDlandUéthraght BbIE PaYirétBand (IR G Scamirdg damtusLofFiame e
it is a snakdtardak eddities( aromatic |polwistnybretsl and \welvethdr) pahols, rigah 10t 2 tpercgnt of a
neéded i ns oPa@i'°¥a@eaﬁlvweikwqﬁé"‘ﬁtcmfa\rmertaﬁ spfiRetaRt angalkerp Q-4 tp 2 nt ofetiprppylene
woul d be wi SHERITPIFELYLAR YEIRY of R PHYREE RUEHGFMEACISF SN B Ehegt (retant haggre formula:

I nvestigate this index effect, il oeli&y.jjade simlar to those
in Exanples 1 and 2. However, tﬁ@%?%&sﬁg{%{ﬁi%éx 3%3 corrected to
account fer the dipropyl ene glycol in tHaHARRHM.QCitbhesOFhe maj or ef fect of
-.correcting e index for dipropylene glycol on the physical properties 10
of the foam"&é’éta'gpﬁ')é%rease in foam breathability. [err] Prop

TABLE 5 45 \afafren §9H§5tel7ung von flammwidrigen Polyurethan-Weichschaumstoffen durch Aufschdumen

‘ 15 eines Gemischs von flammhemmenden Zusétzen, aromatischen Polyisocyanaten und Polyetherpolyoien
sowie 1 bis 2% eines oberflichenaktiven Mittels in Form eines Polysiloxan/Polyoxyalkylen-Block-
copolymeren und 0,4 bis 2% Dipropylenglykol—bezogen auf das Gewicht von Polyetherpolyol—dadurch
gekennzeichnet, dal3 das oberfléchenaktive Mittel der Formel

20 (CHs)gSi0(CH3SiO)a[(CH3)2Si0]7SSi(CH3)3
C3Hg{OC,H,)20{0C3Hg) 15, sOCH,

entspricht.

25
Revendication

Procédé de production de mousses flexibles de polyuréthanne résistant 3 la flamme, par moussage

d’un mélange d’'additifs retardateurs de flamme, de polyisocyanates aromatiques et de polyéther-polyols,

30 de1a2% d’un copolymére séquence polysiloxane-polyoxyalkyléne comme surfactant et de 0,4 4 2,0% de
dipropyléneglycol—sur la base du poids du polyéther-polyol—, caractérisé en ce que le surfactant répond a

la formule:

(CH,3)3Si0(CH,Si0)g[(CH;),Si0);5Si{CH),

35
C3Hg{OC,H4)20{OC3Hg)15,s0CH;
40
45 l
50
: 55
60 _ .
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