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Increasing the Solubility of Pentane
in Rigid Foam Systems
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INTRO[)UCTION

The substitution ot (‘FC II or IICFC III h hy pentane in Pl.‘
rigid biam produetion. has determined the neccssity tu dcv elop
new prudtiets and nesv rnas hines tu ohtain stahle emulsiont
polyols/pentane.

[ii .ichtesc this,ihe researeh was insol‘vedin Lesung new poiyols,
new silieone surt‘aetants. new emulsit‘> Ing additis es and in the
tot mutation optirnisation hy using new emulsion systems

1 nost i mpottant conipames insulued in PU raw material
iroduction developed 1)055 pioducts ‘mainlv new poiyots tnd
Ii e s s ii co ne so r tacta nts 1 10 ohiai ii helle r performance in
pruduetion: nteanst hile also most important machines produser
(‘uinpanies deseloped new s sterns fot an easy md safe handling
ii Peilt ‘inc

lndustrs and machine produrers have also ‘tudted md des eloped
satetv devices tu feed. meter md crnulsmfy pentane into the
polsnrethane sIems,

1 hose des ices utilise the ernulsion tcchnology (hecause of bw
oiuht1itv oi (25 farndy). tu add the requcsted quantity ofC5 in thc
pol>‘ol strearn hv meint ot static or dynamic maKels.

1 bis ecnis In be t dc niost altar live ss a> and is the st idel used
rechnulogv in laminalion panels production. in i efrtecrlltion
panels lind in appliance industty.

\esettheless the los solubility otC is until noss a bug problem:
hie eniulst‘iis (‘ipoIy1iR Ii ‚ e not an high si:ihilit>, thc> hase
dill iculties [0 hccuntrolled and cisc processing problems herause
ii dc dii tRotts 1“ nalitt hin 1 sohle “nils‘. in

t‘his ‘tests sscIl nhlssn in l,tm‘n,iti‘n. ‘s bete unt ihlecinuls,‘,i,s
‘.ield 10 ihaj cellilar silos lorC, t 1 upen ells, tu los ot (‘ ‚ this
‘T‘Ust t‘e ‘‘ton ‘sCrsI‘H 0,111!> redus ne he n‘on! ot (‘ .sil‘
‚i11ses1Uent 1 notease ot ihe densitv

isis kulI known don in applianocs ss bete. usine in piodus 11,01
‘dc Ii‘, ‚1l,k“,‘,ltank ‘a ltcue‘lic tcqursled ciitarieis id je It,,ttte

5 1 0 k.ponc ott alten 1 bete tue r i ‘hls‘ms ot Ph 1r‘ scp tu ah on
i1 toV leinpei ‚totes, )r tot lang pci md ii si md by tot Ing the
iithts and the v eekends

Ihis phase s‘pat.Itui‘ti san ur also in the pi ges ot the plant
s‘isiOg 1 lot 01 problems Cis h Linie .11 the hr‘gmning (it 1w
l11‘‘ltR 111111
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lud mli i he pol y‘ ‘1 . ontai ii n g pent inc shon Id he re e inu Isii led.
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PURPOSE

rhe aim of this paper is tu present a w iy tu ohtain completcI
humogcneous blend of pentane in poi‘ois.

[he pu rrne o t he re Stift h tu hi C .1 ‘ot till tin tod ii,

emulsion. in order tu Intintaln he .ibilttv ot the blend tor i bog
period of urne.

fhis kind uf blend permits tu ss ork in the same w .i sse v. ttrked
with CFC 11 in the past. and sstth l1(FC 141 h und now

These homogeneous solutions pentaite/polyol cornponents . arc
ohtained using a special produet soluhle in pentane and in a wide
variety of commune polyols tor rigid toarns. whtch acis is a
vehiele to ineroduce more pentine in the polsot component

EXPERIMENTAL

The research involsed a wide number of interesting produets,
hetween thern the best eharacteristics regarding the “solution
effect‘ of the pentane in polynis. were fouiid in thc folloing
produet.

This product is named Kyrane 20 AS. and presents the following
technical charactcristics:

Formula: proprictary blend of aleanolamides

aspect

OH number

flammability point

Viscosity at 25°C

amber liquid

420±120 (mgKOl-1I g)

more than 150°C

1. I00±lOOmPas

Specific gravity at 24/24°C 0.980±10020

Because of its high OH number, this product does not affect the
final characteristics ofthe feam and shows interesting processing
properties, like the capability tu incrcase the reactivity of the
System and tu reduce the amount of silicon surfactant.

For a good comprehension uf how K tane 20 A.S werks. and ei
itstieldofapplications, itcanbe seen in thefollowingtables some
cxarnples of formulation for a variety ef applicattons . among
which the continuous larnination panels productinn, the
discuntinuous panels production and the appliances production.

These formulations arc hased on different polvols widely uscd in
Europe.

Fhe‘e examples show ob ourse only a restitcted appiftatlin ot
t .me 2t) A S von e tu cnn siler 1‘ lt \ c hLll ne5l ‘od

‘oluhibit‘s ol pentane in almost iii the polobs we ested esen n
bIt of tsther triak not rncnttoncd in this aper.

In? Itt ‘tut iti‘n rcptricd bis hc?t ic—t‘b in I,it‘rtto‘‘. ‘:i

mdc: x the tir‘1 1 .Uiis In Iu‘ir. i iI a. :ltns r‘prt‘dit inc
dc irne5hataeteristics s ohtained ii lobt iatorv test

(jeier,ilbv speakine se .iti utirin th ii insrcalno the .lrnnui lt

ne in ‘Rt! ne tu 1.‘ nr .ic ne tOtint &0 tn ne n

jetten. his Hij‘sitn? tc! is Jcris tel nr Tl.IICi ‚iRn it

i ing uni 5 a smal 1 imt int ot K 1ne,

the itt in twcen the :it°unt ‘1 Kci.,i,e md the tin ire 1
lIlie in nbutitn is. lt r° ts s i?tit

1(X) 100 tor e‘scbopenL ne

X) ‘I tor ormiIpcnl.iric 0! 1
‘5 ntanc

Chat means, for eximpic. that adding 21) parts hv ss eight of
Kytanc in a common formnbation tor appliance. we c.m hase 21)
parts by weight of cycbopenlane eornpletely sobuble in the same
formulation, or. alternatiseI, 10 parts hy sseiebt of normal
1n?nfle or lttt

1 he fiinib peir ob Lomponents ire ct‘mp1eteb homogcneous md
normall‘s keep their stahubits tor a tong ttme also at bw storage
ternper:iture. these final ‘13“ cotnporients min he easily emubsified
st ith more pentane f vou ueed liw er densit toam%.

We report in the t‘Ilow ing 8 Tihbes examples of difterent
formulations tor rigid team. Double Band Lamination,
discontinuous panebs produt-tion ‚und domestuc apphanec.

‚\ll these formulations cmtaln pentane. so their appropriite
handbing hecause of the tbarnmahi bity characteristics, and satety
procedures must he the same adopted with pure pentane.

EXAMPLE 1 DBL PRODUCTION

Formulation for panels produetion via DBL. hased on Caradolt
L.P 530.03. aromatic polyol hy Shell Chernical.

30.00

IhR hlend is cnmpletely hotnogeneous, stahbe and has not phase
Separation until 0 C

Viscosity at 25°C

Specific gras itr at 2424 C

200 mPas

-° .030

CR( DE MDI t 110 index), phw = b82.00

Rektut tt tiorjcteri-.t, hs hand nt \ .11 25 (‘

cream time

FO,\\1 ([L\R.\CTERISTTCS

i 1K ‘ ins

2) ho irs it 1 )(t C ins ir s id 11100

23 huurt ii 21 11 ‘ ‘

[birne churasteristies: Nurnetl al blume pread ritings uf lire
bis itie,: no‘- arc 0(11 nt.?nled t . c tect hiiai. isp5scntsd by

CARADOLx LP 530.03

KYTANE 20 AS.

WATER

L6900*

CATALYST

FLAME RETARDANT

normal PENTANE

Parts by weight

Speeialties Silicnne Surfactant

80(X)

20(X)

3.00

1.00

2.00

IOMO

146.00

I‘aJk‘r )6 f1a‘e
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Ins ins ithe rate‘ III Piel .icUial hIe cond 11005‘ I‘lanie ch IIILterl‘tIcs. (ilIfletkal Ilanic spieaI rarnns ot ire
elssilications ire lot iteiiijd tu reileet hai,uds )tesruitcd 05LIi4
ihR 1 ans ‚‘ther material under a twd hie Ci t Ist

F)I\ 41u2 Iiss (fl
\I ?4) i«ei‘rr —

II emaI cm drn.tis 15 piiial .1 11 ( 1) u240 \\ n K
l)ls 31112 rIjs B3

Flielinal inducusits niin ii (1 (r3— \\ rn K)ui esperience in his ield ss pi OdUL e oine nilnon ii) spiare -
nielels per ear ol iiiianiiou J_iniinaing panels is th llesble
‚ieiiigs oh lohn hk‘ss u is cii n-penline (. rontil us hat ihe risc -
0 thane 1(1 \ S epresens a gond ssas tu teduec pi‘hlens in [X\MPLE3 P)IS(‘ON FINt ‘O[SI‘ANOJ SPROT)U(‘TI()Nj‘IocesslnC. sshen stin ue hich nantit‘s ii) pmlane im iis-

I‘oiiitilatioii 01 disSOIitiIIUh)Us pinelsprodurtion hasedi \coliensit\ (‘din

3 50, ‚hlOlflatIC pil\Oi Or ‘\ico ( heI cal\Ve ha e had di reduc t Ion 0 t r na Re cc 1 lorm ‚1 ii ‘n ‚ he
mix ing s alss a good and nos‘s ss e ran ntrodue mmc peltane
inoiiri,iiiniiLiiiinihan ‘,eused tornicils . ssith ieductonoi ssater .—\RC0I_ 3750les ei. lallhda s iltic md eost.

K\TANE 20 AS. 20(10

WATER 3 00I‘X\MPI.E 2 DBL PRO! )I.TCTION
L 691)0*

‘ 00Ionniiiation quite similar 0 the presious one. ‚ssith an enhanced
CATALYST 0 Xi)quantit‘, ol niirmal—pentarie in solution.

FLAME RETARDAN‘F 30.00

(‘ARADOL 1 .P 530.)) oh1)) normal I‘ENTANE II) 00

KTANE 20 A S. 4000 parts hy weighi 45 80

(L CEROL 0.00

WATER 00 Os) Specialties Silicone Surlactant

1. 690T“ 1 00

(‘A‘I‘-\[ YST Ths hlend is eompletcly homogeneous. stahle and has not phase
Separation until + 10 C.

ItAME RETARDAN1‘ 0.h0

nnrni,il PLNT\NE 20.11))
‘v ISCOSIty at 2( = 20 rnPa sparis Es ‘s‘seight 164.00

. .
Spechic gras y at 24123 ( = 105))

Osi Speeialties Silicone Surfactan

CR[D[i MDI (121) indexI phw 205 (10
Uhis Elend is ronipletel hninogeneoiis. stahL and has not phase
separation until + Ii) C. .

.
-Reachon charactcristics hy hand niX‘ o 2 (

SQl isit‘s dt 2 ( = 50 iiiPii s

QIClfl] time
Speci (je cra‘s lt‘s dt 24/21 1‘ 0090

pci Urne

CRt DL \IDI ii IIid\) phss 20(100 irre IRe dcnsit

R irhOl h.i,i‘s tun‘s h‘s 1111k! (uI‘s ii 2 1 ()\N1 (‘I-l,\RACTl:RIS‘Fl(‘S

1 1) nicitsional StahlitS

13 hin ii ii ‚ (‘ (ei ii ii ii 1 7

3 hin 1 1 1

1 inC h iIlcteIisliCs iiIneikII 11 lilie s[if in (inC‘s ot ille
i.Iil. atilils hIn‘ 0‘) lIiIr‘iiICI to Ii‘) Je t iii7,(‘i prn“ e‘iir‘d 1‘.10 \\T (1I.\R.\(‘ 1 IRIS!!) 5 1 n‘ ((1 dOS (liEd iiiiteiil liii in ist nil lId ((lii 11111(s)

1) ‘ rat- ihtils 1 \l ‘s-4

iii rar naliati,i 2 1‘‘ DIN )h)2 (‘J.s I)
1 hin, it u11 In l‘ai 5 allitlidll J 1

‘ 1 in mal (‘indistIsos )iiiiil ii 1) (‘ 1 12 S iii K

• Sfi 1‘ ‘,
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iX.\NIP1 .E4 1 )ISC‘()NTINI ‘OLS P.\NILS PROI)UCTION

1 M iLit on tor discontinuou panel produuion ‘s ith enhaned
hr k f 11 iin t.n dies hasJ n 1 ot 13 2 1. t lame

ie.Jjnt r‘‘1‘‘1 h S‘Is :1 S A

Fhis blend i‘. eornpletels homogeneous. stahic and has not phase
separation until + 1O C.

Viscosity at 25C 170 mPas

Specific gravity at 24/24°C = 1130

CRUDE MDI (110 index), pbw = 183.00

Reaction characteristics hy hand mix: at 25°C,

cream time 25‘

gel time 1 22“

frec risc density 29.8 Kglmc

FOAM CHARACTERISTICS

Dimensional stahility

24 hours at 100 C linear Variation = +1 8 ‘

24 hours at 21) (‘ linear ariation = 0.6 ‘.

1 laine charatr nsties (Nument al Hame spread ratings ot {1re
Jassitications ire nur nrended to retleet haiards presenred 64
this or any orher material under aetual [ire conditions)

1 \l t-iS‘ Category 1

IMN 4102 (i:rss 132

‚ nduur.rrs ein ii it l(i (J t‘0‘4(l Wm K

1 \.\MPI. E POl YISO‘Y,\Nl R.\ 1 E PIR
PR( )I)( ‘( 1 ION

1 am ‘Litinn r‘r pi Ja an al pan.‘) n PIR. h d or:
1)5 . 1rornatlL pcc‘ ‘r h ( orm Sp\

This hlend is not humogeneous, and in some hours separation of
phase oceurs hecause of the sery bw compatihility of this
polyester polyoi with pentane; mcanwhile the compatibility of
normal-pentane m this hiend is increased a lot and the process is
cluite easy and good.

Viscosity at 25°C = 90 mPasec

Specific Gravity at 24/24°C = 0990

CRUDE MDI (300 index) pbw = 300.00

Reaction characteristics by hand mix at 25°C:

creamtime 15“

geb time 48°

free risc dcnsity 28.4 Kg/mc

FOAM CHARACTERISTICS

Dimensional stability:

24 hours at 100°C linear Variation = +0.8%

24 hours at —20°C linear variation = —0.4 %

flame characteristics, (Numerical liame spread ratings of tire
alassificationg arc not intended to refleet haiards presented by
this or anv other material rinder actual t3rc conditions.

1 ‘\I 5457 (Jtegor 1

D1N4102 ClassB2

1 her—nal Loniuc)rsrty ‘inoial ‚lt )li = 1) u244 \V/m K

hXAMPLE 6 POLYISOC‘Y,\NURA fh PIR
PRODCCTION

F)rnrI lanon trIl pane Is pr d ne tu ‘ii ifl I‘I R . hsed n Stepanpol
PS 31 2, polyester polyol by Stepan l.id.

ISOLXTER‘ 3153 5000

k°i T,\NE 20 .A 5. 5000

DABCO DC 193* 200

(‘.\TAI.YST 2 50

1 LAkIE REARDANT 3000

normal PENT \NE 30.00

parts hy weight 16450

* Air Produets Sibicone Surfactant

l\OL‘ El 2i 11) Ui)

Ks EA\h 21) .‘ S. 30(11)

GLYCI3ROL 10 IX)

\V \ FER 2 0))

1) \13C0 1) C 193* 2 00

(‘\TALYST 121)

[‘1 AME RETARD,NT 30 u0

normal PlNTNE 2))))))

parts hy ‘aerght 165 20

°Air Products Sibicone Surt‘actant

P iper 6 Poie 1
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(‘R l)F \I1)l o rIdex, )‘ss = 1 11)

ReaLtton h iaCte stts h lldnd mix 11 25 (‘

ere.1m tone = >4

pcI lInie 52

>ice nse densit> = 26 3 Kg‘mc

1 In hiend Is not hoinoeeneous, md in some Innirs separation ol
p 9,1 se 1 CCIII 5 ii iean s hie t he co m patt h Ii R cii normal—Pc ntane ii
9 s 90 id ( iii> 5. re ‚ised .iiid t he p oces i q uite eis) an d pci

Vi.osii t 25 Q = 85 mPasec

Specilic pras tty dt 24‘24 (‘ = 1) 990

(‘Rt 1 )E \1 1)1 ()0 index> phw = 288 0))

Re 5.1(00 charaeteiitic 9> h,uij mis, at 25 C

eie,im tilile 14

pcI tinte = 38

>ice itse dnsit) — 28 9 Kg/rnc

1 O.\M CIIARAC1‘ERIS‘fI(‘S

[)iniension.tl stahi lit

24 lonirs (Ii 1)1(1 C‘ litie,ir 5,iii,ItiOfl = 4-1.5

24 miii ii 2(1 C lineal 5 Lti,Ltiofl 1 1)

Ilaine liaicieiisiis (nnmeiical tante spread ratings of lire
1 isst >ie,ito ins Ire lt it 1 tttendcd in re Heut haiards presented 9v
his Ii ins >hei material nndei actnal lire conditions

(NE $457 (‘alegor 1

DIN 4)02 (lass 132

1(1 ( 1 — >.0239 Vs,iit KIhei in,tl Cillid(it.tis itS >intijl ‚lt

1 \\\IPI 0 7 .\P151.1\NsCI IORNII.L.\ FI)‘

1 liiilillltiltii >lt 1)) Ii i‘ lt 1 Inc 1)11

1 l)o.s (h.,ii ft II se‘hei lll‘lll

h isid 1111 05, 11111 R\

lOr\M CHAR\CTERISTICS

Dimensional stahility;

24 hours at 101) C linear sarialion = +1.8

24 hours at —20 C linear ‘variation = —4) 8 1

Thermal eonductivity (initial all 0C) 0.0247 W/m K

.VOTE 1: lt is important 10 sav that this formulation is normal
penlane hased tor applianee, s Oh a very good Oam wilh bw cost
‘md izood lambda valuc.

Retter lambda salues ean he ohlaincd hy using c‘yclo-pentane
in slead 1)1 riorma 1— perU ‚i ne as in tuE bw ing e xa rnp le.

EXAMPLE 8 APPLIANCE FORMULATION

[-ormulation tor appliance produetion hased an ArcoP 3544,
Arco uhemical polyether polvol.

[his >leiid is oinp deR lioinllecneons.

separation tttttl 0 (‘

iS1tl5i>‘v 117 (‘

S>ledtlir (da‘vit (114/24 0

(Rtl)l \ll )I 05 indes, 1

>‚thle md >las 0111>1 5.‘

1>0 mRiisc i

1 >ii >‘lend is onipletek hontoeiieinis. siahle aiid ha ion phase
sepiraiton t,ntil>i„ II)‘ \\I9J1 PS U 51

k‘t 1\\f “1

1) \lR 1) D(‘ Pl 1

0 \ 1 \l 5 F

tl.A\lE/ RE. [‘ \R1) \\

tOT mal Ph NE \ NT

pils in iiCiil>1t

PitJu is St henne Snri,IL tanl

5 isnsits ‚lt 15 0

Specht. CrJ II> ‚lt 2 24 (‘

= 410 niPa,“,eu

1 (1)0

AR000‘ 3534 80 00

KYTANE 20 A S lot>)>
\SATER .00

1_ (19> l0 1 .0)>

(.\T\L‘t ST 2>1))

lo-PEN F\\E 10 (II)

parts hs sseight 1241>0

S)1L IlitiC“ Sl1COOC SUii1Ji1t
\ II< \\Ol PN >II ‘O 10

lv> 1 >NE 1>; \ 5 1))))

\ >II R hA)

1 (‘181‘ II>

>1 Xl SsF

050(1 >1 NE >NE >(tA)

>5 t.i clii ll >81

(>‘t Spt i.ttlii. Sihcimn Slit(il.t,ii(t

e,l 1)
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gel time
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Ktane 20 \ S ideIv inereasethe soluhilov ot peniane in most
of flic cominonlv used Poly ol s ohtaining completeiv
homogeneous systems. easy 10 process and with good final foam
charactenstics.
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24 hours at l0OC linear ‘ariauon = +2 2

24 hours at 20 C linear sarlatlon = —1 1 D

Thermal c)nductl\ tt\ initial am 10 C () tt240 ‘m K

FINAL CONSIDERATIONS ON APPLIANCE

The tormulations presented sith high uantity of peniane
completely soluble in polyol component, show outstanding
dvantages comparing to a standard formulation cyclo-pentane
hased as todirs wideir used:

CONCLUSION

Polr urethane rigid foarns hae heen ohtained tor a long tinte hy
using as blowing agents CTC 11 and FICFC 141 h in complete
solution in Polsol Component (iir B‘‘ (‘omponenu.

\ov adar s the s kick ied l‘t ‘r Oems f.mr nulailori in appltance.
ratt igerattun industrs panels, and contittuous lamm lti rig panels,
re using tor Cu loztcal teason pentane, tnorinal, tso or s.y In
r tjnC m. . hires ng aac um. an f p um Inc k nn a n tn h e. e
‘nte problem n 1‘luhmtit\ md n

‘ ‘ t ( 0 0 ‚‘; :

ii‘. ;:‚h“.t m‘I . s;s

‘P.-‘ i “mm k it mm m‘/, gru‘rv .6 u‘ o . .

‘1 1(110 tmoig
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