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Tbe present packaqe was prepared to respond to tbe growing interest on polyurethanes production shown by 

IlfIB users in developinq countries. 

Relevant and tedmical intonation on the 'subject published within tbe last ten years is enclosed. Bowe-
' 

1er, taking into consideration the broad ~ of Polyure- thane uterials sucb as fibres, foaas, coa-
' 

tinqs,elastOErs,etc., on 1i'llicb tbere is~ enonous alOUllt of published intonation throuqbout tbe 
' 

world, Tb.is pacltaqe is devoted to recover ,inforution speci-fically on polyurethanes foaas 10re 

specifically, polyuretbane foa1S. 

i.s no annotated biblioqrapby •as found that covered this period, a retrospective intonation search iias 

carried out. 120 abstracts •ere selected f,rOI 10re than 500 relevant journal articles, patent documents, 

reports, etc. Biblio-qrapbies ll.2,34-36i covering tbe 197'-1981 period, already exist. 

An intonation pactaqe is intended as a time-saving tool for people in·1olved in cbel.ical industries 

since it supplies tbel with primary intonation selected frOI a wide variety of existing sources, •hicb 

usually is not readily accesible to developing countries. 
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!ccordinq to the existinq literature, the polYJerS known as polyuretbanes 1PUsl are nowadays, considered the most ·1er­

satil of the plastic naterials. Tbeir applications spanninq the wbole ranqe of poly.er products as Pl! elastoler.i, PC 

fibres, flexible, seai-riqid and riqid PU foa1S, solid plastics, coatinqs and ddhesives. In general, they co1pete in 

·;arious applications •ith 11etals, plastics and rubbers. t:retbane polyiiers sene basic hUJaJI needs in 11a11y dh'erse 

applications ranqinq fro1 plastics in autOIObiles to artificial hearts. 

iiorld cons111ption PCs in 1990 was approxi.ately 4.5 1illion tons and it is expected to reach 5 nillion tons by 1995. 

Accordinq to l~.1.111, eiqht tanufacturers sbare seventy percent of the world PUs tanufacturinq capacity. Major 

mufacturers of PCs ra• .aterials include 1cr, Bayer, Dow Cbetical, Basf, Olin and Arco. About sot of all PU cheli­

cals are used in fler.ible and riqid foa1S. 

iiorld PCs is conce•1trated in lorth !Jerica i34t) I Japan ilOt) I iiestern Europe (38\) I and rest of the iiorld nu). 

Even thouqb the cheti.cal reaction wilich produces an urethane was first discovered by llurtz i 18601, the patent issued 

to Bayer AG, in 1937 is considered the starting point for the developtent of this polyEr. However, the couercial ex­

ploitation of polyurethanes, as with so my other polyErs did not progress W1til the 1950, ;~ith the endinq of the 

1orld :iar II. 

PUs contain carba.ate qroups (-lllkXlO), also referred to as urethane qroups in their backbone structure. Frequently 

other functional groups as ester, ether, rude or urea groups are present. This is often the case in PUs of coaercial 

interest. PCs are produced by exothertic(heat-producinq) reaction of polyisocyanates :iitb polyols, essentially, liquid 

c01p011ents which react together to fort a solid. Polyteri.ation of this type (where no stall 10lecule is eli1inated) 

is usually called polyaddition or rearranqe1ent polyterization. 

Tile true foundation of the PU industry is the isocyanate. This organic fW1ctional group is capable of an enorwiusly 

diverse ranqe of cbe1ical reactions. The rate of the reaction depends on the structure of the co1p<>nents and can be 

1ery rapid. This can be an advantaqe, but it is also presents control problelS for the che1ist and t!le equip1ent .a­

nuf acturer t 8 .1. 5 i. 

The polyfunctional isocyanates can be aro.atic, aliphatic, cycloaliphatic or polycyclic in structure and can be used 

directly as produced or IOdif ied. Aliphatic isocyanates tend to forw ICte flexible PUs. Diisocyanates are used in 

preparing the more flexible, resilient types of urethane foalS alld eJasto1ers. Polyfunctional isocyanates provide 

higher cross-link densities in riqid urethane foalS and sclid polyters. Aliphatic and a1ycyclic isocyanates are most 

often used in coatings. The .ain isocyanates used in PUs 1anufacture are toluene diisocyanatelTDII and diphenyl1ethane 

diisocyanatetlDil.l'he latter is now the aost widely used fort. other diisocyanates are used for S(ilndex fibres, 

surface coatings, and special elasto.ers. 

Polyols used •ith polyisocyanates can b: classed as polyether polyols, polyester polyols and natural products. 

Initially, polyester polyols were the preferred raw .aterial for PUs. At present polyether polyols are ~ in the 
' 

greatest ·1ol11E because of low cost and a 1ide choice of types. Kost co11ercial polyether polyols are based on the 
' 

less e'<pensive ,propilen or ethylene oxides or are a combination of the two. 

The che1ical suppliers have .ade available a wide ranqe of isocyanates, polyols and additives. 
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Prs are normally sold as reacfr;e chelicals to t~ final processors :oho conve-t the• by a aultitude of reacti':e 

processinq te...ilniques into the end products.The processor .ay need to be educated or trained to taxi1ise the potential 

of the process. 

The foa1 outlets of PUs have certainly a aajor success storf fro1 its •'bole ranqe of polJlel' products. Dependinq on 

its leCbanical behaviour, a PU fou or urethane fou as they are often called, is described as beinq a flexible, a 

rigid or a se1i-rigid PU fou. 

Fou fonulation contain the two .ajor cbelical C01pOnents, polyol and isocyanate llitb suitable catalysts, surfactants 

for stabilization of f ou structure and blowinq aqents wtricb produces gas for expansion. Tbe fou are lade w;ing botb 

polyester and polyether polyols, altbougb w;ually the latter is used, especially for rigid fous. 

catalysts as Hines, tin soaps, organic tin COlpOUllds are used in PU~ llilllufacture. 

In the production of flexible PU font the reaction between isocyanate and polyol is exotberlic and tbis beat can be 

used to evaporate a volatil liquid lixed into the reactants, tbus forainq a foa1.Tbe gas for expansion is pri1arily 

carbon dioxide. For rigid PU fou the blowinq agent is a balocarbon, such as cblorofluor011etbane,trifluoro11etbane, or 

otbo.r sililar volatil .aterial. Flexible foalS are based on polyoxypropilenediols of 2000 10lecular weight and triols 

up to 4000. Rigid fous are based on polyether .ade fro• sorbitol, 1etbyl qlUC\:c;fde or sucrose. 

Fou lacbines appear to be coiplex but actually are based on a few sitple principles. Tbere are so11e COllOll elE!lleDts 

needed for effective production: Feed tanlts, 1eterinq units, 1ixers, te1perature control systeas, process control sy­

stem and other reguirnents like conveyinq syste1S, double belt luinatinq lines, 10lds and 10ld carriers. 

Jloldinq is one of the IOSt fundalental operations in the PU industry. \·irtually, any isocyanate-derived polyEric so­

lid or fou can be 10lded in st'E way. 

!lost urethane fous are produced by one-shot processes, in which all raw 11aterials are cOlbined in a sinqle step. In 

sote specialized applications there are advantages in prereactinq the isocyanate and part of tbe polyol to ton a pre­

polyEr, •hich is then COlbined witb the re.aininq reactants. 

The 1ain applications sectors for PUs are flexiblE: foalS in furniture and 1attresses. In the transportation indu­

stry(seat cushions, back cushions, bucket-seat paddinq). It is also used in carpetinq(Virgin and bonded indlL'itryJ. 5\ 

of flexible foa1 production is used in specialty applications. 

PU foalS trigid) is known as an opti.al heat insulation material in building and refrigeration applications. other 

uses include tank and pipe insulation. Flotation and packaqinq are specialty applications for rigid foa1S. 

In practical applications the flallability of PUs IUSt be taken into consideration. The fire behaviour of these 

.aterials can tie IOdif ied by flate retardants. 

The industrial application in the fon of elasto.ers iPU ru1>ber, ure~hane rubber) has been relati·1ely stall co~red 

with foa1S. 

The tel'I co·1ers a ·1ery wide ranqe of PUs, classified accordinq to the :method of .anufactuie. The elasto1ers can be 

thellOplastic or theI10-settinq. The 1ain types are cast PU elastc.ers, tillable PU and thellOplastic PU. 
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wbile aethods of processinq are different, all of the elastoaers exhibit sote or all colbination of desirable physical 

properties wbich add up to lake urethanes coipletely unique1a.1.s1: 

-biqb abrasion resistance 

-biqb tear strengb 

-excellent resistance to oils, sol'lents, ozone and radiation 

-excellent low te1perature fletibility 

-qood electrical properties 

-lliqb tensile strengb over a wide ranqe of hardness 

-biqb resistance to ilpilct 

PU elastOlelS have found ?pplications in practically au industries. castable urethanes have extraordinary pbysical 

properties. Tbey are actually engineering materials and are chosen for use on the basis of these properties. 

Tbenoplastic PUs can be processed by 10St of the comon fabrication aetbods including injection IOul.ding, 

calendering, extrusion, etc. 

III process bas become al.lost synon~-..s with PU.Tbe ten bas been applied to the chelical systeas, but only the PU 

system is of comercial significance. III process is used to produce biqb-quality PU-reaction injection aolding of the 

sort used in automotive exterior applications. !bese products are cost a11petitive with other rubbers and plastics and 

:ibicb also possess superior properties. 

It is expected the larqe-series autOIObile models of the late 1980s and early 1990s will have an increasing nUlbers of 

erternal body work panels produced by III or reinforced III (WI). 

otber applications for thel'loplastic PUs are: 11ire and cablt jacketing, calendered fill and adhesives, sboe soles, 

agricultural and Edical aplications. 

fillable er• can be processed on rubber-processing aacti.i.nery, and are cured by rubber-curinq aqents. Tiie overall 

usaqe of these is relatively saall COlpared with total PU elastolers applications. 

PU surface coatinqs are successfully used because of their abrasion resistance, skin flexibility, fast curinq, qood 

adhesion and c:bellical resistance. Applications include varnishes and paints usually used on furniture, wire coatinqs, 

tank lines, etc. 

>.s 11ith IOSt materials, PUs bave their li1itations sudl as low resistance to steu, fuel ketones, esters, stronq acids 

and basis and they are not biqb temperature materials (maxi11111 senice temperature up to 250 F). 

In general, fully cured PUs can be considered as safe for bUlilll use. However, expos11re to dust generated in finisbinq 

operations sbould be avoided. Since POs are COlbustible they bave to be applied in a safe and responsable tanner. At 

no ti• should exposed foaa be used .in l:luildinq construction. 

Experts 11.1.Sl aqree that !'Cs with tbe.ir enoraous and varied properties, will be with no doubt, 1aterials of qreat 

potential. They are not only products of IOdern cbelistry but t.bey also contribute qreatly to social needs : econoay 

of enerqy, consenation of heat, presenatior. cf foodstuffs, reduction of fuel, and i11>rove1ent of personal safety, 

i;urel y, an excellent prospectus for any iutustrial uterial. 
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~.t~• ·-I.I •·l•pan• A tt"\"11:'" with n1• , .. ;... ..n ,-ht"m ... nd , .. ,. ..... , 
,·hara4"trr1 .. [ ,,.,. nf w,. ... ,,. ,.1 ... 11,"' •" " . mt-1.amanf' rfl':-.11; ... or ur"t har.r 
r~"'"'' •JumPt'd 1n l.-nd(1JI """'.._· .ndud•n.c rurrrnt -.la[u~. ,·,•ntrulhr.11( 
µr1nnpal .,r,.- h•zardou!'t "·on!\llturnl.-. . .and thf' uuuzauon ul ,;.,. u.-.._ .. ,,.. 
pl••llC• 

11111: 2051USt. :;)-:Jl~•i• of polyurelliaDn. Kohnuh1 Shirn­
;-.~ ... da, S~1m1rh1ro 1Cull. En1 .. Tohoku l!n1..- .• ~nda1. ·.Japan•. 
l\obuR1<h1 1\01111 l!l117, :16t 111. 522 · 7 1.lapoonl. A rir..-1ew w11h 2:1 reia 
on lh• prepn ••< urrthanf' pol\"m•n for varaou. u>f'• 11ncludrn11: 
c-11a1m11•. 111.tm•. ruhl>.r. <'IC.; •• wirli u lhr pr•pn. c.f ,., ... ·,·an•I•• 1rnd 
•le• .. f'•P- 1 .. n,: rnarn poly .. !. for manui ,,j 1hJ urirtnMnt• 

see p.53 
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1113733 POLY\.'RETHA.'"ES 11'\.'al. Si:ict mar.-. 
CO"Cr! fifty ,..n ... pclJ11Rl)iua --darly -­
SUUed cMr 'OG9liliry lllld abilily IO llilnlak - atml 
al dcmaDd. Today. dcsptr 111R modm IJ0""1il prot­
poas. lk pol~ iDdalry is ea....., lllr: ...­
al iaDcMDa9 bid iD - al ~ and marlCIS­
Follo9ias dlr CMlloal for pclyaralma by ma}llf _,. 
mall. assm dcoelopmai15 lllld im~ ID talllS of 
~Ill• mrlfials is~ and lk smimr-1 
dlDps _.. are labas place ill lk iDctauy is clc­
KriW 

Mills. ll K-Gcr ,,_ • n a 10 Oct 1917 p 6:·6l-

,OIJ6A !llSATIUTT OF C'll.srtll POU.ti· 
TIIA.'"E FOA."lt. Tiic - al ri&icL low dmsily palywe­
!llmc'-forimUillapmpmcsiswidcspread ~ 
oatme-'dwidl~-millioa rcmalraw 
-- .... mid for dis pmJlllR. n.c priDcipll 
~ for me cma...t pooQ a1 pol.,.allaDa -
imlilaliaa dlicimcy. --"'"8lility al Eallnc:lliaa ..t 
laa - .... pniponics. n.c ...... al .... 
........ isdml ir aloon * ....... al_,.... 
mfacs as Wiii as dlt ramc,. ro ...._ - wllCl'c 

- is dilliailr. {fa1iaalarly pipcwwt - -­CPilia). nc anidc .....- - a1 me .....,_ 
'-*ii ..... ._...ca..rim&baG .. ,...,,.., ... 
liq1lid ti I •• I llGlemcs. 

Calftc. a.G. (Bricislt Umlloiac FGm Caounctan Amici. 
ll#ll//~-rt Eql) •JI• 9 Oii: 1917 p ~?I. 

t06: U&4t?t Fua.U-.atal .iutlin ia rneti•e pncneiq of 
:.oiY11•·~otiaa:ae-baod pol)'IKrizati09e. Lft. Yein Mi~ Leo IOhio 

SI.Ate l. RIV., Culu111bua. OH l'3Al. 19K. 313 !>P· Ii; nc>. Avail. 
l"niv. Mic:rofilms inL. Order !\co. DA8703580. From OW. Ab.tr Int 

092567 ClllDE TO FOR.'\CULATrliC "-"'°calf 
POtr.liDISG POLYUH:rHA."ilES. Vcrsalilr .. 
mm obcainal frmi raaiaa isocyanalc _, ..... 
polyumlwlcs CID be f-alatal 10 make I ...., " 
products. frmi fwllilUR lo cllcon~ aiJillS ... 
!Author abslnal 

Abberc. F. W. !Dow Chanocal liSA. ........ I& 
l"SAl. l'lau Compd • 9 • 4 Jul·Alll 1916 5p ...­
p 20 Ind 27. 

111~ J 11;Ha Tlw polyuntha.., illdu11try ia A,.,_1i-. n· Air• .. mo. 
1·. !-1·~1 .. J1. H. ff,Jb.1hm. F. 1;.,nzalrz J>ous. S; Hni..n<1. M; 
Hmdrr. C 1Prtr1~u1m_. Rio 111 S A. Sp.mt /n.; (/·um ltU. i77. 
111 "I •:-p11nt A rrv- .. 11h nn ref •. "" 111du•lr1al ••Jlf'('I• nf lhr 
r~m "''" ..,..mlf .. 1n•I u...,, of p .. l~urr1h.IM'!< m Arirnl•n•. 1ndud1nt1 
rt'lt h1 .. 111n prr·rnl ... rarr . .end fur.Jr,.. P''"Pf't'°b nf r~~ !n.tu~:r\ 

09261' ltAWMATEalALSYSTEMSFO•RICID 
POLYUIU:lHANE FOA.\I. Various cnd·UK ckpcn· 
dall -llodl al producia1 npcl palyumllanr foam 
require die 111111 malcNI 1,,ians wnll canrollal rac· 
·- profile aad Qpusioll cban :tm.lia. This corurol 
IS adlicoed by sdctlDI Ille po'Jols ll:CGrdJnl 10 
IUDClioul!IJ llld racll'llJ, Ille calalJSIS IQ:Ol'din1 IO 
1bcir clitfcnn1 ianllCllU on urabanc fonna11011 and 
blowlnl r--. and Ille fOllll llll!ilirm acconblll 10 
1bcir dfcicls on rlle opamion bdlalliout al Ille ractlOll 
mi1 ind nn ufl ilnK"furt TM ri• rn11mal ""''""c ,··Ht 

be cltal'IClcnud by ddcnn1111111 rlle •olUlllf 11krcaic. 
Ille lanpmllll'C. Ille wiscoMIJ and Ille Upallt.IOll pr& 
""' u 1 '"""'°" ol 1imc lf.di1ed auror abslrKI) 

it.pp.. Manfred ••!'Cf AG. L...crliuwn. Wcw Gerl. 
Ku1H111Gn1'1•11 • 1' n 6 Jun 1415 p 11·14 
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:v;!: 1~!> !>UpJ(l'OWUl poa,.-.;anua~ i>ut fl . .:; ·~-ta 
1.1 '!°l'!Uftlllaat ..... ::..,arrow. i) J.. ,\-ait • .n. , t; ,j·-'.- 01.-..• Cl 
?_!-.C o~c1;.l.,y. ',..,_ .~fa<'~1'''"' Ci:,m 1Lc-r1aott• :-~~. ;; 9:l-'; 
·_enr:•- 1;.xv.n;;u ;;;r~uct> ana ;.r~.,...r.>. poi•vretr.sne poi•·ob. 
1o..ttai)~b. !i:.«n&nbm 01 ~V<"·analt' l'f"ao::•~n.-.. t1i!1d .J!ld f.~1.101~ to.am~. 
a..."ld ~.s.."t1·'c-1 ... ~uu'1 m•l!O.lflg ue ff'lj't~t<i •1th ;-,.~ r, :-.. 

089261 POL\'1..-.EtHA.''ESIP\.'Rl. lli.~ 
baa d pal~ ape'alcal a bcliQJ pawm rue 
-- clllrilll Ille period 1990: 13 ..... ~ mmrial 
groups i.d 10 saffcr comidenblc SCl.i.cb al limes. 
t1iis report dacribes Ille tr<dopimnl ia die wariaus 
5llCIOn far rt"J. .... rion Sew ~a ia raw 
marcri* 111111 ~ as well as op!ilaaliDtiae d 
pradads for - maFS are dacribelL AdYUCa ill 
~ ta:lmalao'· mosdy -- .m die 
Pl. "R..aar. lla~ co1nribulal qaitc mnidaably to die 
abote awrqr sucass ia die mrtcL 5'oel& pimiq 
Sllbjsls • laaltla 111111 .,. al wcrt aad prOfSliaa d 
tbc r11.U-. are Ilsa briclly di1cmsal. 44 rds.. 

Scllwaah. w_ K-~l'mt w74a 100cl 1914p 
31-41. 

089241 PROCUSSI :O."ELU Jl:o;()LOGIA D& 
CU ESPA."'51 POUUREIA.'"1CL [.U- ii* 
T..-.aaa ol ~Pol,....._., Tlm anidc 
dacribes- mabods IDd - matcriab .. produciim 
ol fmmed pol)'11RthaDes al biJb sur:r': and low 
CDCr1J caasmnptioa- It is sho"11 llo• thcK ilulo\-arialls 
result ia sboncr llWlufaauriD& cycles. bena fiR t'csis­
- bipu dimcmioo siability aocl Qll;:: :;!•aafale. 
Tiie disamioa focmcs oa po1)11ttlbanc '-basal oa 
~ diUocylllate. la IWiaD. 
,.__ .!later Plast EJastameri I Ju 1914 p 21-)0. 

103: ~98~ \)pponaa1un aa41 c:.aainia1a. PolyaNI~ 
tile hlar11i111 curYa. Allport. D. C. :Org. Div .• iCI Polyunuwia.. 
Blacklev M.~nche•ter. UK M9 JDAl. P=p ::>roe - POL YCON­
R'o"t Pr.>< ... s 1983. 15-35 tEncl Plut. Rubber Ina!.: London. 
l'K Th,. proceuinc and propertiea of polyurrtilanel are rmewed 
With no rei•-

103: ~Jill; .-.;.;>ar.nu:a : .. r •• u:=..:..:; -' ..-Jl two ~-.:-.lly 
n:acUJ;e pias&ic C1t&apo-•••· .:..~;Jreu, .1:.n.irn; .<:e:i••·iH, 
;-1..imut ':'r!..h,t: .. _ JCl.ws; Taub.:111MD.a. "'•tar. ";!Uele. n.­
,~-;ran M..cbiaeabau G.m.b.H. uaci Co.I C.r. Offn. DE 
~75 (Cl 82981/COI. II A-,,r 1:.::.5. An•- :...i ~p 1983; 10 !>P· 
The Litle app., co;p. u.o.eful ;·.,, poi:fUttuw=-.e .i:.u-.~·-· comprilea a 
.nWn,t chc.mber. inlet.a for in~uci.>i :.t .. •"\IW :.A.:i comi)OMDta to 
the ma~ cilam~r . ..n outlet for 1~ • .! uui"; c.: -~1.~r . .l Ulc..Aa ior 
r.aur:~.J ~ ct.i.;.i;;o:ienl.6 ~ .i ~t.Q.c•,..t: .:.~wr ""''·~=- t.~ ~--ca J~ 
clc-lo. and ~ ine~na ior l:lllinuamr. ~ a ~;::i;ot. .;resauu 011 t~ 
comoo.~zou .iurinJ r<tutn w tr.e »t.G:-" ,,_;.u;e: . .nd .:.unr.,; adclo. 
ta : .. ...e mi:in: c . ....-.:u~r. 7:.c? t.p;> .. ~i-:..:-1 .:..i1 .. c.. u: r ... n '"u•ity. 

w2: ~o77im l'.o..;u;.1uou• .1rc.ciuc1io• u( ;;ilaauc i-.4m11. Griffitha. 
\nthonv lh:lde .• Muncy , i-i·:man l"lternataon•I 1.td 1 Bri&. LIK 
.'~&.~~pl. GB 2.1::8.7;3 i.~i JZ:027. i:w .. ll O.i •~34. GB Appl 
.>.I/ l.733, ~I .Jan lli,3; ... ;,;i. ?ol)'urethane io.1m o~v1n;i uniform 
;>roperties is pre;>d. i>y '"•t<l•n' re•ctanta to the t,<,ttom oi a venical 
•PP· 1hrou;ih o nip into a di•·.,r:·m11 area while the i1wm 11 removed at 
tne 10~ hy pinned ron\'eV••U- '.'hw . .1 m111. of polyether •>olyol 100. 
waur 4.3 .• alicone aurlact&nt 0.9 . .mane c.ol411a1 o 2 " ~.5. ::jn cal&lyst 
1).~. :1unrocarbon i>lowin,{ .... -:ent 1.5 • ..ncl TOI .,.;_;; pt.rla ... Ced 
..• rou;n tnz m;> on tt.e ,,.,c:..,r. ·;;.~ c.;mp.1 .• iv .. m.-d in int "•n1cal 
.... cuon, .::.oil ri .. ~ t:r.:~ 110 .. ,J_ 2'.! ~~; m•. ntt throci;hpul 20 . .f 
-•Um1:· •... .-1\J v .. rt1.:.!I v~1 . ..cn;; (),t? :n·m1n. 
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11)1. 111;911 Polyantlaaa• foraulatioa calc:alatloaar Liu. 
Houjun !Shan:11 P!o.-. ln•I. l'h~m Ind .. P~o. Rito. Chinal. 
H_tt~ XUUt1JU10 GollfYr llM •• (31. 185-6 IChl. F.quatioaa att 

I"" for calq. the ~t. of polyula and polytauq"Ullltft or ilocyanate 
pnpolymen_ The l80C)'Ulat.lt compa.--OH compn. eqwv. ratio -
main&ainecl at 0.97-1.03 to oMain tlwor. mol. wt. >25.noo. 

:00: ~9:::S!llll Mbbc _... ... a..-ntu• , l ; :uyantliaao 
:acaacture. A::oe ii.p.A. ...,._ Kekai Tell;,·;, ..:ob<> ~.> J 
l;i.•ZJ [IU l.s..u3l ,.._::_ Cu.sGlS/081, :·s .:..a _.,~.[ . : ·' .r;i. 
":!':!O~. _l'6 A;ir i982; 7 ;:ip. A liml>~ 5110 , .ii::c nt c:=:ig 

0

oi 
:;"7reimentl :n tee t1tle p~ lr.voives icooin! d. :.: ·a-~::~YW"r ·-·ta -':Ur usual 2 xonomitn throcr,n ton:ontal i...:~ts ~.l .. ~pc.il..e ... .ilia 
.,. :1 :niDnc ~r.er, while a oon-Je8Cllq; .inl co1P1oc~nt I!.,; .• 
·-"Oien. rrleaM. de.I ~ fetl i:i C:e di.~on nnicai t.o t.:e :;.oaoccr 
:5eecs. nnci tt:.e airec:boa oi th.a 3:4 co.nponent :.. .he <iin:<tion 
int.ltlldod for Uw r.iaunai "' 

099792 IL\TIO~"ELI.E tr.'oo"D fLEXDl.E 
~-VDAldlDnJNC. [Rm-I .. f'l••illle 
PUil-Pl I :d l1lis paper is aiaanal wil!: ~I>" 
- llld ils --OZ.liaa llSCd in !he praassm& al 
polywcdima. putiailarlJ of polyuttlllmK .__ De-
uils llR p.aa of me dosin& equipa:cnl. - « 
uusponaliaa of malaial llld prodUCIS. llllGlds llld 
maid carricn. auiJiar} lnaspol1 equipmcni. bad IOllls 
for specific purpma; COS( aml,Z. la Gcmwlr 

Russ. Waau (Easulsna MKbiaaabau G.abK. Sens; 
11Cb.. Wat Ga-). /116SJ-"Okr • }4 a I Aac 1983 p 
612-614. 

099753 U:CVOJSG FLEXIBLE FOAM: A 
SOVEL ncHNOLOCY PRODUCES A QUAUTY 
PllODUCJ' WlTH IMPROVED ECONOMICS. Air 
Prodacu' polyurcdwlc fOUD scrap Rqdc udmcJlou 
ollm sna.i inc=liYCS to folm mnufl'ama1. le is a 
new opciaa for scrap llliliDliaa wbidl ofrcrs ~ 
mrudl pata 111111 -S currmt altcnlaliwL AJ. 
lboqla ODc could coasidcr po:md IOllD IS a tiller, ma 
1!.c puliclcs llR dlaai.:aDJ bauad witllia die prodact 
aad liDcc die puliclcs baYC caanially me - pllysical 
propcJlia IS die md prad•JCI, die IOllD is llCllf~ 
idmtical to mpa ~ fillllly, DO sipificlllt clianaa 
are RqVin:d for me produaiota equipmait or prOCICS1r 

•-. Bernard D. <Air Products A Cbenicals Inc. 
Allan.,.., Pa. USA); Burdick. T1isha E.; Bye. Mart L.; 
Galla, Edward A. I QI/,.,.., • 19 n 6 N""·°""' 1913 
p 311-314 • 

099807 POL YllllETHANE, sr A.""1> DER TECH· 
N11t llND KUE.'lirnGE INTWJCKLUNG. (PelJ· 
,.,.._ • TldNl1l"llal Sac._. VllCWt 0..-. 
_,J. 11lis micw paper -- Ille cbmlisUY· 
polymcrizarion mechlllism. prapatits ud applicalioa 
al polyurecbucs •bicb llR olMliacd by lddilicllal 
po1~o1spcially1C1c1a1 mon_,. rm-­
POL YURETHANES-Resurc'1 -Contd. 
1hana are either flelible (clu1omml or s1ift (plaslics). 
The clcKripcioft al polyvR1hanc 1a:hnolosy. penicu­
larly in the p<oductlOll of foamed products. is followed 
by 111 cs1a1sive reoicw al 1pplica11on fields. forecast lor 
1he future developments i1 included. In Gcmwl 

Oend. Gucnrer <•ycr AG. Pt.:·Anwcndur pccl1111k. 
Lcvcrku-. Wac Gal. l'Wr..,.rbern- • ;4 • 1 Jiii 
191) p 6lJ..6ll. 
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0?4192 POUUREl"A."'10 ESPA.'llSO RIC:OO. 
PtllN F__. PwlJ••~i Founed pol~ is 
knm:a IS &D opcima1 beat imulatinl malaial f, r 
~ H~. iD pnclical applicatiom Ille Ba.. 
mability ol polyumlmcs - be takm :Uto amsidcr· 
atian.. 11le firt bdlavior ol tllcse malaiaJs CID be 
modified by flame ..-daats. n- aspects al riPi 
pol1'ftdlanc f01111S are eumilled iD Ibis anidc. la 
Italian. 
Origi. Picuo; Amua. Massimo. /tbkT n- £las. 
COIMri D 9 Sep 1912 p 522·521. 

96: ..lllMK A ldaedc 1&a4J of nactiou belweea pol,.en. · 
Rlcoia. A.; WUh. D. J. (Lab. Syuth. Qrs., Univ. Mana. 72017 
Le Mam. Fr.). Eur. Polym. J. 1911, 17(10), 1057-9 IEnc). 
Tbe rate or rnction or polymen contc. different IUCtive lfOUPI 
- studied. hocyanate-terminatecl poly(ethylene oside) -
treeted with byclrmyl-terminated poly(ethylene oDde). Polymen 
with higher mol wta. gave lower rates or reac:tion. It - not 
pcmible to find an analogOUI low mol. wt. compel. which pve 1 
reaonable rate of reaction compued with the polymers.. Tb111, 
the rate of ruction is Yl!ry dependent on the en,,;ronment or the 
reacting groupa and brinp a ~ibility of ambipity into the 
conclusions. 

95: 48Sllt Fact 1beet: produe&ioa aad UP. of polyamllaae 
fOUll. Mahieu, J. C. (INRS, 75680 Peril, 14 Fr.). Cola. Notri 
Doc. 1981, 102, ~72 (Fr). The main operaticxm med in 
prodn. of cellular polyurethane products and health rilb .-ocd. 
with them are di.culMd. Procedures for avoicliDJ harmful 
effec:ta from ~ polyure~es are recommended. 

94: 17673'K Urethane coatia11. .rune, 1970-.1aae 1980 
(citation• from the Eapaeeriac lndeJI: data ba1e). v;,. Put, 
Walter (New E1111and Res. Appl. Cent., Storn. CT USA). 
Report 1980, NERACEINT0347; Order No. PB8<r856944, 83 
pp. (Eng). Avail. NTIS. From Gou. Rep. Announce. Index (U. 
S.) 1980, 80('26), 5695. A biblioe. with 69 refs. coven formulations 
and aoolica~ons of urethane coetinp, such u fabric:, 1utomobile 
part.I, plutics, concrete, tranaport1tion · d b 
PVC subetrates. SolventJesa formulations an h 11;9t~:. ru ber, ~nd 
and energy aavinp of urethane coatinp ~ ~i!!,n~e pedreventaon, _ _ _ mcudt . 

92_: 199077b The 1yatl!ni1 and properties of polyuretbaae 
~··•· Volume 2. l97J-October, 1979 (a bibliocrapby with 
aSua~ract1). Cavagnarn, Diane M. (Natl. Tech Inf Serv 

prtngfield, VA US~). Report 1979, Order No. P~800477' 
27(UO BP· (Eng). Avail. NTIS. from Gou. Rep. Announce. fnde; 

. .) 1980, 80(2), 236. A babhog. review with 293 refs. 

92: lldCMr Foamed pluaic1. Part l. Polyamhaae foam• 
(a blbliopapby wi&lt abltractl). Cavqnaro, Diane (Natl. 
Tech. Inf. Serv., Sprind'teld, VA USA). Repo~ 1979, Order 
No. PB&()-802143, 296' pp. !Enr>· Avail. NTIS. From Gou. 
Rep. Announce. lnde:r: (U S.) 1980, 80(3), 369. Thia •1pdated 
biblioe. contains 289 abatn .. 24 o( which are new entrin to the 
previoul edition, on fabrication, ph)'I. properti•. chem. properti•, 
iand applications o( polyurethane fOIDll. The application include 
1tructural panell, noeu. buc.yant materiall. thermal inaulation, 
and packqins materiall. 
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: , .. : .aW.•• PrMlldloa ., flniW. ,.&ywnt .. H ........ 
roe- wit-., llal111 •191111 ...... _... ~ E. H· 
1;r1a. 0 M.; SllliKIDW. T. M. tBASF Curp .. Wvandotte •. \ff 
~192 t:SA1, Proc SPI A,._. Tttla./llerll. Coll/ 1-. 32.-ld1Poly= 

»r~1hmes !di. 511>- I.. 1~1. 

i I•: -;' .. Ir Penpeedft r.t ;..4ty111N&...._ - .. IH&cr'. Fedocova. 
• . .': · .... nar«"Va. S M.; .iiricbenao. S G.. ... ·'•::.va. £. ~ 
oUS.:iiU. Plait Ma.ay sM, oil. 3-4 1Ru..1 Amr- with 2 reia. 
"" dev! u:ime:11.a o( ,>vlwn!h.r:~ c:anui . 

• :;;: l'l~l;ar ~>.-:.;;~111 ;;~wcw.1.a_.., .... .,, ,....l>' .. ~­
:.::i ..a&N;;J&J NCllG.:ay. .!wov. i.. A.; "":_.. 3. :W:.; ~eGCICOWa. .:i. 
S.; K;z;ci;.:::alio ....... G.; ....:._;move • ...;. D. . ..:~a1. .<~C :.t~v 
;~...:t. l<il, i;i-13 .• ~I . 

. . i. ;>a1:>1' .i.:C<"u• z:;.;uvuy ;oi •• -ci11;01oiw.; i.i •!wrm0Mt&ia1-
,.1.a11&1c•. .-'oav .. rn.u~. T-01&..a. ~ • .:r.10 ·.- "<f'Ga • "'l•m. Ind. 
.. rtl. Osak.1 .. :.i~an 5321. .l\~alfu r .. l\<1it_, .. ·' J !I l!rlO, ~1!>1. 
-~e-till ,.1.apan1. 

112: lll0507r ~.faauladaft ol poiyund • .1- producU ~Y miiti::a" 
isoryaaatn &Dd poiyoia uiore ad.iitioll a,i C<ilaJVllAli. Au.~. 
Saclau. Tada. Sstomi; fu1ii. OYmu; .~1.za._ :.h1~...o; .!'ats.uk1. 
Kor•tnshi tHumc.n fodu~m: Corp.I Jpa . .-e.w1 T .. ~:oyo l\ot:o o1i> 
Ol,294.7U (f.9,29-l,7'3) tCI. CG8J91021. ~ Nov i:.o9, iP A,>pl. 
"8_!22.5i0. ol2 F•b 1988; 5 pp . 
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fn• at 1 ... t t•• Oaid, r .. a-feraias nactaata ••• 
aanpta. Knuer. Karl D.; Schulte, Klaua (Bayer A. --G.I 
U.S. U4U11 tCL 422-133; BOIJ19/181. 30 Dec 1980. Ger. 
Appl 2.8211.506. 29 Jun 1978; 7 pp. -

94: 1712'5e p,_ ... appua&• for _tia_ 111Mactiea 
of pelyant.._. f- Boon, Derk Jan I Reevea Brothen. 
Inc.I S. Africaa 7t II.Ml ICI. C08G/). 29 Oct 198i>, US 
~ppl 962.166, 20 Nov 1978; 31 pp. 

94: 1712111 MetW &H •Pl'U&t•• fer ta. ... •factan of 
flnilllle pelyandruo r ... uticlee. Wooda. Georp Hmperial 
Chemical lnduatriee L&d.) Ear. PaL A1111l. D,74' !Cl. 
C08Gl8/081, 11 Feb 1981. Bri~ Appl. 79/22,988, 02 Jul 1979: 
15 pp. 

94: 122147c Risid polyantlaaan. Abell. Japer 1Jycbli: 
T•linol. lnat.. O.n.I. Plait Panorama Scana. ltM, 30f51. 29. 
31, :J.'1-.C fDan1. A r•¥Ww with no refs. on ri1id polyurethanes. 
th.ir manuf. pr~nies. applications. and d•mand. 

!M: 11410ar Polyandra.. f"• .. 1t11as• wit• a •Illa. 
S...yo Chemical lndUJCrioa, Led. ""· Kebi T•k10 Eelro 
M,111,417 (Cl. C08Gl8/141. 17 Oct 19801 Appl. fft)/U87. 14 
J!-1' 1980; 7 pp. - . . 
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93: 1"'77• ~ ....,_. ,_ .mMM ...,_ r..mc 
eea ta. ~ Ma.:hinenbau G.m.bJt und Co. .IJ•. 
~~ Kelae 81 77.SH tCL 82981/061. 11 Jun 1980. 
U«. A1JPL 2.838.798. 06 Seo l!r.8: 4 PO· Two urethane 

93: 15112h LiP& .... •·ataaa ~ r--. Toyoda 
G.a Co.. L&d.. .i,._ Kebi 1'elik,e K:elae 81 71.723 tCt 
C08Gl8/14). 00 Jun 1980. Appl i8/HS.958. 28 NO'I 1978; 5 
pp. 

93: 1umk A reTiew or ,.aJ11ftl)aue. 11. Raw -aeriala. 
I~ Keiji tSippon Polyunthane Serv. Co .• Led... J~>­
Porui.o Daijrsuto I- 32141. 44-53. 132 IJapuaJ. A ~ 
with 14 refs. I. Abhoebi 

93: llllU. A reTiew or ..a1•ntliaae. Ill. Raw -teriala 

u4 flniWe r--. 1-ca. Keiji !Nippon Polyurethane Ser •. 
Co .• L&d .• Japual. Porima Daiir•uto IHI, 32{5). il>-81 
tJ_~I: A review with 11 refs. I. Abhoahi 

· 93: 1u1'4a r..n,. .r lllDl-llue4 ~.... p,...& 
aitaatiea ... -.. ... -.L Allport D. C. UCI Ltd.. Eacl>­
Rru. Grn. Cooutcl&. Pro.t. I- 602, iS-81 ffr). The PftP1L 
ol MDI (CH1fc.H.NCO-p>i [Ill-~]) Uld ita applicata. in 
polyurethanea, roe-. urethane rubber. aclheeivn, etc. are 
diKlmecl. 

93: 9'189• Polyurnllaae roams. :-.;akai. !\.lasah1ru tSanvo 
Chemical Industries. Ltd.1 Jpa. Kokai Tokkyo Ko'to At 
48.%14 tCI. C'08Gl8 1 141. 11;; Aor 1980. Api:.-1. 79!91.:J96. 17 .Jul 
1979: 6 pp. 

93: t5'7Zc l10Cyaaate-ltaaed pol)-r1. hrakur1. Yoshio; 
Kurita, Keisuke; Nsuyen Chiu rF1c. Enc.. Seikei Univ .. 
MUIUhino, Japan1. Int. Pro1 l:rrtl&an'I 1'80, 2. 9!H24 
(En,). A review. with 31 refs.. of the prepn. and propenies or 
polymers from diisoc:y1nates ind bislN-hvdrollyimidesl or 
saccharides and ol hich-temp. polvmen of 0-phenvlurethane 
derivs. · · 

92: 42'5tb Uo111e ia tile procluctioa of polyul"ltlaaae 
plutic1. Osinski. l"lrich tMuchinenf .. br. Hennecke G m.b.H .. 
Birliniho,;rn. fret. Ref. Gu.I. Do.1rrrn Kuruutt>{ftrrh 1971 
26.';-77 1Ger1. VD -Vrrlai: Duesseldorf. fed. Rep. Ge:'. 
A review wnhout rtfs. of methods ind 1pp. for combininc 
polyols. 190ey1n1tn. c1talysu. blow1ni qenta 'Hien. etc .• in the 
manuf. of polyureth1nes. ' 

Complete list of a~stracts can be obtained from 
u:JIOO-INTIB 
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3. Sole worldwide Polyurethanes Producers 

3.1 U.S. Producers 

~~,~YuilETIWE·~~·.·a 
.:...rte:a lnd\;Stnes. Inc 

F•it11:1ble Producrs C1¥1~n. JSSB 2nd St ~onh 
!.lonne•;Oh$. MN 5 5 ( 12 

Alg~ Fe.m SY'Stems !nc 
900 77t• ..,.., . ~"'•"" CA 9•611 

Corcor1n Mfg C.J . l"C 
17(5 S H .. ,., St A.,. .... m CA 92903 

Flll~l'tlnc 
PO Boa 152•6 S.rosou F:.33573 

G.t1i..;11er Corp 
H66 M<>mSOft Or C.Umee IL 6J03 I 

Molded Q,,,,..,SoOftS. Inc 
70 ! Sunset Ad Port WOSl!ongton WI 5307( 

N.-.ge lndustnes Inc 
"1asbcs Dov. 2 3C0-2 I M•rvt~d Ad w.1 ..... G<o.tt PA 
19090 

Ptm-0-a.lenc. Inc 
21 JOO Oor•I Ad. W•uk_,,,.. W1 SJ 187 

Rubt'!ier Millers Inc. 
709 S C.ton A•• S.ll•more MD 212 29 

Urern.l"lt: PrOduca lr4u.5lnes Inc 
•950 Hudson-St""' Dr. Stow CH U2H 

Accur.re Fa.m Co 
p 0 Boa 512. Li Porte. IN •6J50 

C.rpente< P~ng Co 
5016 Monumttnt A ... AC>mona. VA 23230 

Cram Mtchwest 
l550 E 97th P'•c:.. Cl!~. IL 60628 

Enoan Como.ony al ln<W""POhs. Inc 
9200 z..,,,..,.ne Rd. lnd..,.,.pat.s. IN •62&8 

F°"m Enterpnses 
I 36308 W•te<t~ c..cte Mon- MN 5 5U t 

Non Co 
Rubbttr F1braatt0n Oiw. l 724 New 6r1g!'lton Bl"'d. ?O Boe 
1422. M1nne1pohs. UN 55440 

OhoO Rubber Co 
Orthane Orv. lnt~sute JSW. Oeo1 U Cenron. TX :'6~01 

Presto M1nufKturong Co 
CA Fran1.hn Ave Sroe•lyn_ NY 1 T 2 11 
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3.2 U.S. froducers: Syp,plewentary and tentative List 

Air Pro;tucts and Cbe1icals Inc. 
(a,c) 

Akzo, Cbe1ical Div. 
(c) 

Anderson Develop1ent co. 

(pp) 

Atoche1 Horth Alerica, Inc. 

Dow Che1ical 

Ferro corp, 
BeJford Che1ical Div. 
(C) 

fol'llllated Resins Inc. 

P.O.Box 538, 
Allentown,PA 18105 
pb.215-481-4911 

300 s. Riverside plaza, 
Chicago, IL 60606 
pb. 312-906-7500 

1415 E, Kichiqan, 
St. Adrian, KI 49221 
ph. 517-263-2121 

266 Barristow Rd., 
Glen Rock, lfJ 07452 
ph. 201-447-3300 

2020 Dow Center Midland 
KI 48640 

7050 Krick Rd. Bedford,' 
OB 44146 ph. 216-641-85:80 

Spraqueville Rd. 
P.O.Box 508 
Grenville, RI 02828 
ph~401-949·206<i 



ii.I Grace ' Co, 
<>rqanic Cbelical Div. 
Specialty Cllelicals Unit 
ipp) 

llardlan Incorporated 

ICI Polyurethanes Group, 

llobay corporation, PO Div. 
iPP) 

IL aie.icals, Inc. 

Olin corp. Cbelicals croup 

Perma-Fle1 llold CO. 

Sartoller COlpany Div. of 
Pony Industries Inc. 

Texaco aie.ical Co. 
(c) 

Toy09ellka (Americai Inc. 
(pp) 

Union carbide Cbelicals and Plas­
tics Co,Inc. Specialty Cbelicals 
Div. 
(c,i) 

E.F.iihitJOre' Co. 
(p) 

Witco corp. Organics Div. 
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55 Hayden !1e.Le1inqton, 
IA 02173 
pb. 617-861-6600, 

600 Cortland 
st.Belleville, IJ 07109 
pb. 201-751-3000 

llobay id, Pittsburqb, 
15205-9741 pb. 412-777-2000 

P.O.Bo1 700, 
Bi~Olilll, IJ 08520 

120 Long lidqe id. 
stutord, er 06904 
pb.203-356-2000 

1919£. Livinqstone ave. 
Collllbus OB 43209 
pb. 614-252-&034 

llarsball buildinq, 
ii.Cbester, PA 193&2 
pb. 215-430-2200 

P:O:Bo1 430, Bellaire 
pb. 713-666-8000 

39 Old Ridqebury Rd. 
ph. 800-243-8160 

520 lladison Ave., 
leW York, IY 10022 
pb. 212-605-3655 

a = additives, c = catalysts, f = foa1, i = intenediates, p = poliols, pp = prepolv-r 
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r llt ..... I. &-2440 Geel T: (014) 
121,Tx:~ 
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Gennany. Federal 
Republic of-

sutDC ~ l'allfall ..al..,.. 
F.....iit.rt .... HiiicUt. T: c-1 3l•L 
Ta::tUD 

n.DO£llSDI • co. fC.a.B • Co.).. It. 
D. PMtfadt 1111$1. o-.1 "--­
-lL T: 1M11•lMLTlc2113411 

HOLs AICT1EMGESEU.SCHAFT • 
...,_.. lD. 1MJ11 llart -L 
T: (l23l5J &L Ta: IZl'Zlll 

TuT'.cey 
DCEKS Siui M-im Dis,.. k 

Timnt AS.. Daps Iba~ 
CM.Gii. llec>di,.W,. TR- blmW 
T: (I) 1122112. Tlc Dlll 

Polyureth8ne .....,.. ........ 
PolytritMne 
Poliuntllno 
Poliuretano 

Belgium 
CECHDI SA.-N.V_ Av. lie 

aro.-;u. 12. B-1150 Bnaulla 
T: (02) 11211'12. Tx: 2!'2t 

T ...... ,.tro SA. Qaai T.-- H. 
8-42111.iep T: (Oil) 52ll05I. Ta: 41353 

Artila N.V _ ltollillpbHD 8-Z2IO Hijlft 
T: 113) 411"'3. Ta: D:t 

CARBOCHl!lol SA. Rue de la c.rbo. 
8-1340 TntN T: (Ol5) MUI~ • 
Ta::5lll5 

ll«timl N.V. Damstraat 2. IH200 
W- T: (091) 181211. Tx: 11:183 

FrancP. 
Mecaus.1 SA. B.P. 13. f -41800 

Bisd11wim T: (33) lll)M04. Ta: l9050'I 
HYFRAN SA. 11.P. 2111. F-402GI 

CompiqM -e..wx. T: (33) 44209930. 
Tx: 141N:ll 

Gennan Democratic 
Republic 

CHEMIE-EXPOR'r-IMPOR.T. sion-
Str. Ill. DDR- M Berlin T: (02J 
43220. Tic !,l2lll 

Gennany, Federal 
Republic of-

elot Siepoulld CtHH. Pa.dad> "°'· 
D-»tl .... Honnsf -4. "-""· 
~12. Tr. llSm 

EMIE-l'ft.ooUICT10~ 
CUIU.SCHAf'r .WC. 
,_., .. 1241. D-t4JI c.st.W 
T: (tnll) :ml. Tic .m7 

ICNle "°"911 C.UH, Killw. 
PMdedl 1221. !).eat Dsuuw6ttlt 
T:c-J-

KlilcllMr • Co. Ko.llMIM!tp& ..,, 
Alltltll. ,_, ... 1-1. IMI• 
~ T: (Im) 11-1, 

.T . -

SOlrce: ABC 1988 11873* 

i·ugoslat"ia 
CRAMAT-LOIUS. P.OBoa 1011 

YV-41•1 z..cttb T. (OU) r.m3. 
To: 212111 

Poly.nthml-1 ........ 
sc1 .. ,,.._ ... 
~ .......... ,_ ............. 
Nees pralilba • ...._.. 

depolww&llaaw 
Piezapeoll9d•de .._.._.......,.. ... 

poliutwtmo 
Profilati In poliuret8no 1....-......-

Germany, Federal 
Republic of-

@WM 
Kwtatoff ,_......_ G ..... 
Rsllll!-lmd Sa l D-1!11 ........ 

Tel. (01337) 2111.1211212m. T- 11~131 
T ...,_ (01331) 1711 

Great Britain and N.1. 

=rs 
BRIDGTOWN INDUSTRIES LTD. 

c;,,,.., Ulle. llrid9town. CMnoclc. Stallordsltire. WStl 3JW 
TetepllOne: (0543) 466021. Telex: 331363. Telelu: 05435174157 

PU-Scllaulllslize. GanMder-PU-Sdoaumpradukte. PU-~ 
VallUUfll99!omlle gacllaumle ....._ .... uncl Koplleislen. 

P. u. loam M81111Q. llltegtal llUn P. u. foam P<Oducls. P. u. ~injection moulded 
paltS. YKUUfll tomoed loamed lillad COlllpoNftlS and llNdllMrS. 

S~enmousMdePU.produitseno:uirinttvraldemoussedePU.~-.itft 
par 111,.chOn de reac:tJOn. tttments el moutures de ltf• pleins _... -.ios • -· Asientos de espuma de PU. PIOCluctos de cuero inl99ral de~ de PU. piaaa 
lllOICIUdU POI onyec:ciOn de ,.KOOll. et-s y lllOldurn de cabea -
•Sl)UllladOS molclHdOS .i vacio. 

Italy 
Muzanlini. Sr .I.. CtlJMPI". Via A. 

Grandt. 12. Zona lndustroai. 
T•nafins. l-500$J Empoh (Fl) 
T: (0571) 82250 

Switzerland 
llOMAY Ma. Conr.nKhwti.ntrasM. 

CH·5l2'1 OWrliulM (AG) T. (OM) ""°'· T•: .. 1511 

Turkey 
IMEKS SIMI ,,._,.., Dis .. le 

TicMft AA. Dot-HM~ 
Cail!. Gii. ..... ,...,.. n- I-lout 
T: (I) _11221'72. T•: Dl71 

• You find the Instructions 
how to uu the book In 

•:ron: of the pink NCtlon 

"'-,..._ ............... ,,AIC 
' llnlCllurl ...,.. ........ """ 

ms 
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3. 4 Eyropean Prodprs; sg,lpptm aad tentative list 

er Goodricll Cbelical (Deutschland) 
Giiii 

F• sebamstoff Giiii l Co. lG. 

Elii Betrielle P.merlill) ' ieyl Giiii Siemenstr. 9 
and Co. iie11ler 

Geier + Voss GlbB 

Befela Glbll 

Vosscbetie Glbll Cbel.iscbe 

Akzo Cbe9ie CK Ltd 

Baxenden Cbelicais Ltd. 

Bridgetown Industries Ltd. 

CIP lfarine Ltd. 

Lankro 

Durbu Cbllicals Ltd 

Postf acb 440-l>-4010 
Bilden 

GOrlitzer-str. l/6 
l>-4040 leuss 1 

Postf acb 930131 
!>-5000 Xoln 91 

wmstr. 6 
l>-4353 Oer !Ikensdlwict 

l>-6252 

&208 lolberloor/losenbell 
Postf adl 1260 

Postf acll 449-l>-4730 Ahlen 
ileStf. 

Postf acb 11&0 I 
l>-5227 
iiindeck{losbaeb 

Bafenri.ngstr. 1·3 
l>-4500 Osabrli:k 

Postf acb 1355 
l>-2082 Vetersen 

1-5 Queens Id. , Birsbu 
surrey KT12 511., 
pb. 9322-47&91 

Paraqon worts, Baxenden, 
Accrillqtoll, Lancasbire, 
BB6 2SL 
PB.0254-17227& 

qreen Lane, Bridgetown, 
cannoct, Staffordshire, 
WSll 3JW 

15-20 Greenbey Place, 
East Gillibranda, 
Skelle?Sdale, Lankasbire, 
WI& 9SA 

P.O.Bo1 1, Eccles 
Kancbester l30 OBI 
ph. 61·7&9·7300 

Wldqvood way, Steve11aqe 
Berts. S(:l 4QI 
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Cnite1 Ltd. 

illLI;. 

!usind S.p.A. 

Lati S.p.A 

!USDI!: 

Vianova Kunstharz A.G. 

f1Alg;_ 

Electra-Unic-Industri 

Plastibel 

Soupletbane 

SWITZEILAIQ: 

Crisco AG 

llaaq Tecbnic AG 

3.5 Asia producers: 

Bridgestone Tire co Ltd. 

Bari.a Cbelicals Inc. 

Bodoqaya Cllelical Co Ltd. 

pb. 431-734000 

Halfpenny (.an(: I 

Knaresborouqb, 
lorth Yorkshire, HG5 OPP 

13 Corso Selpione 
21053 castellanza 
pb.331-501100 

21040 Vedano Olona 

104 Altlannsdoeferstr. 
1120 Vienna 
pb. 1-15050 

21, rue Gubetta 95300 
Pontoise pb. 1-30383285 

:r 89350 Olalpiqnelles 
pb. 86451023 

32-34 loute des Fus illes 
92000, lanterre 
pb. 1-42046352 

Sevelen 
pb. 085-5643132 

Derendinqen 
pb. 065-423313 

1-10-1 Kyobashi, Chuo-Ku 
Tokyo 104 
pb.234-0304 

4-21 Dosbo-llasbi, 
Biqasbi-Ku Osaka 
ph.6-201-2461 

4-2 Torano10n, 
l-cbo1e,Kinato-Ku 
Tokyo 105 
ph.03-504-8631 



Kaaatsuya Kaqaku KK 

llitsui Toatsu Cbeli.cals 

S;iiitomo Bayer Urethane Co,Ltd 

Takeda Cbelical Indw;tries 

Toyo Tire ' Rubber Co. Ltd 

Hindustan 

Sas1ira 

Thio-Ati1 International 

SIIGAPORE 

Geneplast Private Li1ited 

Industrial Eenqineerinq Suppliers 

Insutecb Tberaal & Enqineerinq(S) 
pte Ltd 

Nan Pao Resins Cbe1ical Co.,Ltd 
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890 Oqi'lllla, 
Hidaka-llacbi, Hidaka Gun 
•akayaaa Pref.649-12 
pb. 73-863-2007 

3-2- 5,Kasuaiqaseki, 
Chiyoda-Ku, Tokyo 
ph. 2223622 

3 Souke, 1 Cboae, 
Kukucbi , Amaqasaki 
City, Ryoqo Pref.661 
pb. 06499-2401 

2-3-6,Dosbo-llasbi,Chuo-Ku 
05aka 541 

1-17-18 Edobori, lisbi-Ku 
05aka 
ph. 6-441-8801 

81 llabarsbi Karve llarq. 
Bolbay 400.002 
ph. 22-314271 

6 Razorf i1 Street, 
(1986) Ltd 
RalOn Ya1, Bat Ya1 59605 
Israel 

18, Neythal Rd. 
SG 2262 
ph. 2652177 

98, OWen Rd 
SG 082-Sinq. 

50 Pal Crescent 
SG-1232 Sinq. 

12 Nan Hai Villaqe 
Sbee Kanq Shianq 
Tainan, Taiwan 
ph. 6-795-2801 



3.6 !llstnliaa. ')ptig Md Africu Prodgcers: 

Barbu-{luinn m.ttd 

Frubtoll lalllflCblriDq Co. 
PTY.ttd 

!C Batrict aaical.A PTt .Ltd 

IJlliroyal Ltd, 
Uniroyal Cbmical Div. 

&>!1D ARICA 

Illdu&trials Dtetbanes rm) Ltd 

3.7 [,atin Alericap Prodllcers: 

l1I Do Bratil Ltd 

Illdustrias Qui1icas SOlex 
Cbilena ltda 

a>LQllBIA 

Anbidridos v Derivados de 
ColOlbia S.A. (Anc:ercol) 

Basf Qui•ica ColOlbiana 
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P.O.Bo1 113 
!rw- l.S.i 2064 
pb. 2-430259 

Balla Id. 
lallaa, !fie. 3803 

pb.3-703-1175 

P.O.Bo1 59 
Botaa11 l.S.i 2919 
pb. 2-666--0331 

550 llalsball Ave. 
Donal, P.Q l9P IC9, 
canada, pb. 514-636-6230 

EIB Street 
!hira, Ont. 138 313, 
cuada, pb. 519-669-1671 

P.O.Box 411 
Edeavale 1610 S.A. 
pb. ll-69<rlll6 

caixa Postal 123 
13100 ca.pinas Brazil 
pb. 192-641700 

lancbester 2131, Santiaqo 
pb. 513452- 516679 

carrera 64-CJr 95-84 
Autopista lorte, lledellin 
Pb. 2370013 

calle 37, n 7-43 Piso 5 
Bogota 
p!l.2326080 
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c~ia Quiaica Border1 

Esflo s.:. 

Pl~I S.!. 

YecnoquiaicaS.i. 

Sintesis C.!. 

\enetan C.!. 

4. SOie £auil!ll!llt SypJliers and Copsultancy services: 

Battenfeld llascbiaen Fabriken Glbll 

cannon Deutschland Glbll 

Didier Enqineerinq Glbll 

Elastoqran llaschinenbau Glbll 

Glas late Kunststof f ver­
arbei tunqsanlaqen Clbll 

Crenzebacb la!cbinenbau Glbll 

CUSler-Cuscraft GlbB 

Hennecke Glbll Raschinenfabrik 

51 20l-i5 Cali 
ph.61525i 

Kl 8.5 ~ia !. llantas 
ph. 651-657 

Puaericana sur b 5. 5 
!pclo. 2485 
pb.263854 

Pista a la Atarjea 1152 
n~ino 
pb.276000 

!v. Codazzi, sta. Ronica 
pb. 6613638 

Av. venezuela, 
Yorre CleEDte, Piso f. 
n 1osa1 
Pb. 9869311 

Postfacb 1164-65 
D5a&2 leinerzbaqen 

Postf acb 1162 
I>-6051 llUhlbei•llain 

llfredstr.28, 
P.O.Bo1 100945, 
D-4300, Essen 1 
pb. 0201-72450 

llitterstrassweq 
D-&021 
Strasslach bei llUncben 

otto-Scbeuqenpfluq-Str.16 
D-6050 Offen.bach-Bieber 

Postfacb 11 55, 
8854 Asbach-Ba111enbei1 
(Ballar1 

Liebiqstr.8, 
D-6054 Rodq1u 6 

Postfach 1180 
5205 Sankt Auqustin 1 
(O'f Birlinqbovenl 



l!:enann Jennert K~ llasdtinen 
:m<i !nlaqenbau 

D.J. Keil KG Inq.Bliro 

Kern-Liebers 

Klckber f erromatic Des.a Gdlli 

Krauss-laffei Aktiengesellcbaft 

Lackfa Isolierstoffe Glllll ' Co. 

Lot.sch und Partner llodelbau Glllll 
'Co. 

Puroll K-1-E Glllll ' Co. KG. 

Siku f ertiqunqstecbnik UDd 
!nlaqenbau Gllbll ' Co.KG. 

r.1.G rectmoloqie-'iferwertunq UDd 
llarketinqqes.llbll. 

!Ill ' 
' 

Pressindustria Enqineerinq ' 
Plants SpA 

' 

Plastimac SpA 

SWITZEll.AJD 

Broendle AG E. 

Dopaq 
Dosiertechnik+Pneu.atik AG 

' 

lfapaq ~schinen ' Plastic ,,G 

Meyer •: Cie AG A.H. 

Sprit?technik AG 

-33-

~indenplat: Ii? 
5900 Sieqen 1Geis-meid1 

freiberr -:ot Stein Str .2 
D-6107 teinbei1 

l>-723 Sdlruberq 

Postfadl lUO 
l>-2807 !dli1 
pb. (»202-50-0 

Postfadl 50 03 40 
IOOO llUndlen 50 

Industriestr. 2 
l>-2084 lellinqen 2 

FHigelstr. 7 

D-4600 DortllDld n 
pb. on1-402uo 

Rudolf-Diesel-Str.2~ 
801S ottob!UJI 
1 leimerlinq1 

Postfadl 1136, 
nu Sell 

Postfadl 1321, 
5905 freundenberq 

~ia Porto Darnolfo 35 
1-20046 Biassono III) 

P.le G. Cesare n 9 
1-20145 lilano 
pb. 4915851 

Industriestr.ll, 
8305 Dietlikon 

Binterberqstr.32 
6330 Cbaa 

Schwarztorstr .26 
3007 Bern 

Bac!enerstr.329 
8040 Zurich 

iiiesenstr.468 
9327 Tubach 
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CIC !alplls Ltd. 

Colpoandinq Inqredieats Ltd 

Bdclqetoil llldlstries Ltd 

lyll Engineering (UC) Ltd 

lytek llouldinl)s Ltd 

Anderson Devel~ Co. 

AbatrOI Incorporated 

cannon USA Inc. 

Elastoqran lldliaery i EE) 

Glas-craft, Inc. 

Hudson llouldinq System 

lichan Clay Products 

llobay Corp. ,llacbinery Group 

Olin Corp. Cbeaiclls Group 

!:nit 31!39, 5ecoDd Ale. 
liestfield, litsaer 
llOrton, Batb A iOD 

w 4111 

Unit 217 iialton s-.it 
center, Baber Briclqe, 
Preston, Lancasllire, 
Pl5 llL 

Greft Lue, Bridqetoft 
caaaoct, stafford&llire 
llSll lJi 

uait 2/3 iestpoint 
IJldmtrial F.stite I 
BarqrealeS st. Olclala 
LncaSllire, OL9 )m> 

lallcroft Indastrial 
£state, letford, lotts 
m22 755 

1425! licbiqaa st.!driaa, 
n 49m, pb. 517-263-2121 

33 Center Dr. Gilberts 
IL 60136 pb. 312-426-2200 

1235 Freedol Id. liars. 
PA 16046 

1725 Biddle A.ve. ilyandotte 
II 41192 

5145 v.12Dd st.102 
Indianapolis, II 46271 
pb.317-875-5592 

32 SteftlS st. ,laverbill 
11 01130 
508-374-0303 

126 E Fourth st. I 
P~O.Bo1 6, Pittsburqb, 
ltS 66762 pb. 316-231-1400 

llObay Id, Pittsburqb 
PA 15205 pb. 412-746-3000 

120 LODq lidqe Rd,Stalford 
CT 06904·1355 
pb. 203-356-2000 

University ot Detroit 
4001 IMst lie lic:bols Rd 
Detroit, KI 41221·1011 
P!l. 313-927-1270 

' 
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Iain Rivers Enqineerinq, Inc. 

5.- R ' D Institutes: 

5.1 !USTII! 

5.2 FIAICE 

5. 3 GElllAIY 

5.4 U.K. 

5.5 USA 

Cte.27, Boothbay, 11£ 04537 
ph. 207-633-2975 

!ustrian Plastics Institute 
Arsenal, Objekt 213, Franz 
Grill Str.5, !-1030 Wien 

IDS 
75680 Paris H 

Genan Plastic Institute 
Sdllossqartenstr.6 R 
D-6000 Dmstadt 

Institut flir Kunststoff­
'1erarbeitunq 
D-3100 Aachen 

British Urethane fora 
Contractors Assoc. 

Inst. Sci. Tecbnol. 
Univ. llancbester 
Jlancbester, UK ll60 lQD 

London Scb. PolYJ.Tecbnol. 
Polytecb. lortb, London 
London UK 17 8DB 

Rappra Tecbnoloqy Ltd 
Sbawbury t Shrewsbury I 
Shropshire SY 4 40 

Int.Isocyanate Inst. Inc. 
Parsippany,IJ 

tubicon Cbe1. ,Inc. 
Yecb. Serv. Arpl. Res. Lab. 
Woo1bury, IJ 08096 

Uni ·1. of Detroit 
Polyter Inst. Detroit 
llichiqan 

<irqinia Polytech. Inst. 
and State Univ. 
Blacksburg, Va 24061 
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ti. INTERll.mONAL PROJECT I!EVU.ii 

Cvmpany 

Compeny 

Dow QulMlca 

SMMll ..... llla• 
Qenllc8I 

ECN NEW PROJECT SUMMARY 

New projects summarisM below appearwd in ECN on 18 and 25 February 1991 

location 

Maoras. 1r.<11a 

Product 

1socyanates 

Capacity, 
tonne/year Process 

ECN NEW PROJECT SUMMARY 

Total 
erectM 

Contractor cost 

New prvfects ~ Mlow .... ~In ECll on 3 Mid 10 Dec...._ 1990 ----
Totel 

c.pactty, erwcted 
Location Product tonne/y._ Process Contractor cost 

Aratu. Batua polyols 40 000 S17m 

state. Braz11 

Far East styrene 320 000 
PO 140 000 
polyols 140 000 

Start-up 
date/ 
status 

s 

Start-up 
date/ 
status 

1992 

s 1994 

ECN NEW PROJECT SVMMARY ' 

New protects ..,........sed below eppeered In EClt on 13 Mid 20/27 AU11ust 1990 

Locetlon 

Sllell lnlilnl .. DMI Western 
Cll1•I~ Europe , .... 

Product 

MDI 

Cepeclty, 
ton_,, __ Pncess 

50000 Mitsui T oatsu 

Totel 
erected 

Contrector cost 

S200m 

Start-up 
dete/ 
status 

s 
end 1993 

!Vole we mu•r•CJ'Y r.mneaay Oy 330 10 gel ronne·vear r · rorat. 1•1 ~ e•pans1on: 5 ~ stua~. P - ;:11a'lm'a. -1 approvea. u _ unaeiw,i. 
Dates e.1ven are ~or starr-up unless otnetW1se stareo 

ECN NEW PROJECT SUMMARY . 
New projects summerised below eppeered in ECN on 2 encl 9 .luly 1990 

Mont••• Porto Margtiera. 
Italy 

~roduct 

MDI 
TOI 

IX) 

1•) 20 1)00 
110 OOOT 

Contractor 

ECN EUROPEAN REVIEW . 

eomi-11 ... '"""'"Of ...... """' 
C0ftlll9lllea KQUINd Of Ml up Locetlo11 i ProductsillualMu 

Tomi 
erechld 
coet 

Start-tip ....., ..,.,. 
1992 
1991 

supple1ent dec.1990 

Slake 

·•·· 
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. . . ECN SPECIAL REPORT 

MDI flexibility leads ICl's 
polyurethane thrust 

' lncreastng sophistication in the polyurethanes market Is causing ICI to focus 
Its efforts on differentiating MDI formulations. Toby Shelley talked to Alan 
Pedder, principal executive officer of ICl's polyurethanes business, about this 
and the Increasingly global nature of the market. 

, "1.1111.t: over one year ago. Alan Pt.>ddt'r 
· was appointed principal executin• otTI­
i n•roflCI Polyurethanes. takingeharg1• 

of th1• worldwide development nf tht· 
husmess. ICI claims a :lO'li shan• Ill tht> 
global pol.yurethanes 1PUR1 mark1•l. 
which J..'Tt'W fmm under Jm tonm•.war 
in 1980 lo nearer 5m tonrw1~·1·ar m 
1989. valued at around $9bn. 

Development of the product will ht• 
dnvt'n hy two motors: tht> nt•t•d for 
mcreased sophistic ..• mn and th•• n•aht\ 
of mh'mationahsation of both dt•mand 
and mmpt'tition. Pedder told EC 'S. 

Tlw increase in sophist1cat1on is al­
n•ad_v !wing fuelled by env1rnnrm•ntal 
dt>mands. The industrv has had to fan• 
up to the need to find ~eplacemt>nls for 
Cl-'C blowing agenLo; and. :ilong with tht• 
whole plastics sector. is now t'mharkmg 
on fu.ther research into prndut·t n•­
t-. Jability and reclaimahility. As politi­
cal attt'nlion is focused more ar.r! mnn· 
on g:obal warming. insulation will h1• 
n•qum•d to be mcrPasmgly pflic1pnt and 
incrrasmgly applit'd. ICI is fon•ra:t 111i.: 
a n•lativt> slll'vdown in market growth 
1r:C.'li 17124 Decemher 19901 in Eurnp•· 
and North AmPrica. hut cont mut'd 
~rowth of w:;/vear m tht• undt•rd .. n·I· 
oped Asian markt>t: the internatmnah· 
sallon of the business is clt'ar. 

Meeting the challenge of mcreasmJ! 
sophistication will he based nn t hi' 

, n•latively r~rent realisation of the po· 
· tential for engineering 1socyanates and 

'For the next decade 
or two there is an 
almost infinite 
ability to invent 
materials.' 

polvols. with l'onsequt•nt d .. ,· .. l11pm .. 111 
11! th1• l<1llt•r: 'For tht• nt•xt dccad .. 111" l\\11 

t ht•n• •~ an almost 1111initt• alulitv to 
Jll\'l'lll rnalt•nals·. 

l<'l 1s plt•ast'd with tht• prnJ.,rrt•ss that 
has ht•1·n madl' in finding replan·nwnts 
for CFCs 1 although t•nvironml'ntahsts 
note that HFCs have a global warmmJ! 
polt•ntial and HCFCs may contrthutc to 
both global warming and nzon1• 1lt•ph•­
tmn 1. Vanous areas an• idt•ntifiPd as 
having t•n,·1rnnmentally rrlatl'd growth 
poll'nlial. om• of the most nhvmus h1•1ng 
I ht• furthn d1•v1>lopmPnl of Wt'IJ!hl­
n•ducing n•hicl1• body panl'ls. 

l~ot·~·anatcs an• alrea:iv in ro1111111·r­

r1al list' as hnndmg for slm·d up rnlil ... r 
t~·rps r.-ust-d a:-; :-;ports stadia :-ourfar1nJ,!. 
Such hondmg can also ht• ust'd to c11n­
\·1•rt v1•getahlt• matlt'r such ,ts gram 
husks into cht'ap and durahlt• huildml! 
blocks. l:ItimatPly. decisions about 
wht>lht>r to reust> or recydr \\ill lw 
hasl'd on 'the hest economics has1•d on 

. . 

routes wh11:h arl' a\'a1lahlt.-. hut w1thm 
a nt>w n>r:lt>xl m which fom·t111nal Pxct"l­
lt•nn• will remain a tTuc1al factor. al­
thnuj!h balanced hy cradlt•-t11-j!rav1• 
produl·t manaJ!t'Oll'nl. 

:\Ian Pt'ddt•r lwlit•v,•s that tht• st nu·. 
tural and insulatmn pmpt.'rlit>s nf l't •H 
han· o\'t•rcnn•t• tht• pn·ssun> t•Xt•rtl'd un 
tht• product by tht• CFC rl'plan•mt•tll 
prohlt•m. lndet>d. ht• st-c·s t•m•rl!)· const•r-
' al11111 in dt'\'t.>lopinJ! n1untrit•s as a 
major possible an•a of t•xpanswn. IC 'I 1 

was n•ct'ntly in,·nh· .. d m a l"::'\. 
sponsort>d St•mmar m BetJinJ!. diSt.·uss· 
inJ! low ( 'F(' rt'fnl!l'ration. This said. 
and whilt' the t'lastnmers. autnmottw 
applications and bindt•r st-clnrs ma\ 
show relatin•ly htJ!ht•r growth. t lw 
hreakdown of Pl'H usaJ!l' 1s not t•x­
pt'Clt'd lo ch;mgt• dramatically in tht• 
pn•st•nt decadt•. 

l<'I Polyun•thant>s has n•structun•d 
its marketing orgamsal1on. n•placinj! 
tlw traditmnal Europt•an. ~orth A11wr1-
1·an and internati•mal cit>part nwnt s 
with an all-Aml'rKa dPpartnwnt. .1 

;...'l"t•att•r Eurnpt•. ( 'omt>t·11n. ..\fnca dt·­
partnwnt. and an ;\s1a dt•partnwnt 
This rt'llt•cts tht• im·n•asinJ! imp1111a1wt• 
of d1·vdoping markt't,; and thl'1r 1111t·r­
action with the industnalist'd r.at1on,;. 
In particular. it dt'monstrates that ;\,;1a 
is becoming an ·increasing focus nf our 
mn•slmt'nt" with a move into India 
forthcoming and a techntcal centn· 111 

South Kon•a recently sanctioned. 
When hi' llM1k ovt>r. Pt•ddt'r said ht· 

was intereslt.'d in 'incrt>asinl! spt>ciahsa· 
tum·. Ht.> cnntinm•s lo ,;t n•ss this. sa\·· 
ing: 'Wt• will tt-nd to liin1,.; hus11wss 
around our ability to d1!Ten•nt1at.- '.\I DI 
formulations. I think WI' an· part 1n1· 
Ltrlv J!<Mld at dl'\'t>lopmj! t ht• 11 .. x 1 hl1· 
markt>t for !\!Di.· 

:\lthough ht• 1h•clm1•s to t•lahor·a1 .. 
furthn ilhout l<Ts plans. hP fim·s""" 
mcrt>ased specialisation by th1· lt•adml! 
playt'rs in tht' international Pl.'R h1i,.;1-
nt>ss as it adJpts to the !!}90s.• 
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Polyurethanes: the learning curvet 

D. C. A!lport 
ICI Polyurethanes. Organics Division, Hexagon House, Blackley, ~lanchester M9 JOA, Great Britain 

(Received: I ! September 198 ! ) 

Abstract: Polyurethanes have had a remarkabLe growth recorJ as reactive 
processing chemicals. The adaptability of polyurethanes is due to the wide 
range of specialised chemicals available, the particular features of their pre­
cessing and the wide variety of end use applications for which polyurethanes 
are suitable. Many problems have been md and solved during the develop­
ment of polyurethanes for their many outlets. Developments in the basic 
chemicals, in cat~ysis and with the processing machinery have all been vital 
to success. 

The users of the chemicals (the makers of the polyurethane products) have 
also had many major achievements in their abilities to use polyurethane 
chemicals effectively in many diverse applications. 

1 Introduction 

Polyurethanes have had a remarkable growth rec9rd 
since 1950 (Fig. I); about three million tonnes of 
polyurethane chemicals are sold annually worldwide 
f .:>r use in reactive processing and there is a great 
diversity of applications for which these speciality 
polymers are used (Fig. 2). Polyurethanes do not 
usually compete directly with the bulk commodity 
thermoplastic polymers; in part, since they are signi­
ficantly more expensive (Fig. 3). They do, however, 
compete with a large number of other materials, both 
natural and synthetic in a wide variety of applica­
tions. Polyurethanes are normally sold as reactive 
chemicals to the final processors who convert them 
by a multitude of reactive processing techniques 
into the end products, where full use can be made of 

i . ____________ ,_._ __ 
i - l : ! I 

.,,_,,,...._ ..... _11_!11111._~ ... -~._-'~ .... -!.... .... -' ~~ - "" - - - -

Fie. I Growth of polyurethanes. 

t Bakd on a plenary presentation at the Plastics and Rubber 
lnstitutc:"s Pr>l_vcorr '.'JJ: Rtactivt Proctssing - Opportunitits 
orrd Constraints, ~oordwijkerhout, The Netherlands, May 
198~. 

the particulaa processing and property advantages of 
polyurethanes. 

Polyurethanes are a family of materials which can 
be formulated from hard to soft, from solids to low 
density foams. The resulting property matrix (see 
Fig. 4) includes a wide variety of commercial 
materials, the vast majority of which are produced 
by reactive processing techniques. The main applica­
tion sectors for polyurethanes are flexible foams in 
furniture and mattresses; semi-rigid foams, seating 
foams and elastomers in automobiles (Fig. 5); rigid 

lluilclng • 13" 

fWl'igll•lion • 7" 
Shae.'" 

Fig. 2 World consumption of polyurethanes - I 981. 

IOI) 

Fis. J Cost ind1.:es of polyurethanes - January 1983,. 
Jverage German prices. 
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I '"8111( ~;;.t.-;..c;s :u ~ .. _,,...,.-s 

SOFT 
RU88ER 

STIFRIESS 

Fi,. 4 Property matrix of polyurethanes. 

Fie. S Polyurethane seatina, head restraints. arm rests and 
crash padding in a modern car. 

Fis. b Polyurethane rigid foam roof panels. 

insul;111l':: :,•..t::: ... 1~~ :-•:ilJw~ • F:;: (' • .:·:,: ;~-:~ ::~·r.:t1on 
<Fig.- • .:;-;-i:.:J;:,•::- :1c:'11'k •. -.:11:::: ..... :·,: ... ::rt.-,1\es 
used in :.;:'n~ .. \·:~'trth.-11,'!!~. ;·~i::~ .... :::~ .. \'Jtint 

materub . .:::J t."i..1~t-'mers 1:1 ... :: .. •'-· '" k' d :;:- '-10~ 
About SO · •'i ;.II r'-''~ urc:ril;m.- .:::'-·::1k.:!' .::;: : .... _.J m 
flexible a:1J r:f1J f._,.::n,;_ 

This fft."..tt J1\t."No1t~ ,,f 1'r'-'Ju,·r... .. -:,i .:;':<:.·at1ons 
has t-een the: r.-~•;it L'f ..1 trc:m;.·::,:"';' .:::;,•"nt oi 
development \\urk i'y the ,·hemi..-.il ... ~:;·;·::..-r-.: i'y 
their ..-u~rl'mer.;. t!it." rm.:essi..'r~ \\Ill' .i...-t~:.::!~ :nake 
the rolyurc:th.t!1t."S: ..tnJ by lllJ,·lu::'-'r~ n:..t:a::-.!,·[ure~. 
This papt."r rt."\te\\S the key fr..itm..-~ \\h1,·n b\·e 
enabled polyurethJnes to gfl.l\\ .is nu_1ur rea.:ti\·e 

... 
I! 

l 

Fig. 7 Polyurethane rigid foam rd:iger3tor msulauon. 

Fi&. 8 Pounniz mixed polyur~thane <hcm11. Jls into J shoe 
~olc: moulJ 
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r1g. 9 Shoe uppers in place ewer the reactinc polyurethane 
shoe sole mixture. 

Fig. 10 Sports shoes with polyurethane soles. 

processing polymers and points to some important 

polyurethane materials is formul3.ted from 
relatively f cw basic isocyanates and a range 
of polyols of varying molecular weight and 
function3lity. 

- The polymer forming reactions can be cata­
lysed. with extremely fast reaction cycles being 
possible. The reactions are chemically efficient 
and do not produce by-products. 

- The polymerisati.ln reactions can be accom­
panied by gas generation to produce foams. 
Two alternative foaming mechanisms are avail­
able. The reaction of isocyanates with water 
produces carbon dioxide and gives new chemi­
cal groupings (polyureas) built into the poly­
urethane networks. Alternatively. the exotherm 
from the isocyanate-hydroxyl reaction can be 
used to vaporise a low boiling liquitf. usually a 
chlorofluorocarbon. Both foe.ming tcchniaues 
give additional formulation flexibility and can 
produce valuable additional technical effects. 

- The polymer forming reactions can be carried 
out continuously, to produce laminates or slab­
stock foam for example. or discontinuously to 
give moulded articles or free rise foam blocks. 

- Polyurethane reactive processing demands 
special machinery. At least two chemical 
streams must be accurately measured. without 
even any instantan~us excess of one stream 
over the other in the case of some moulding 
shots. and the streams must be intimately 
mixed and dispensed. The mixing head must be 
capable of operating without build up of poly­
mer which would ~ventually make it inoper­
able. or some operational method must be 
available for cleaning it. This problem can be 
solved by mechanical means, by intermittent 
solvent flushing and in other ways. 

lessons for other reactive processing systems in the 3 The growth of polyurethanes 
future. 

2 Polyurethanes - what do they have in common? 

Although polyurethanes show great diversity, they 
have many common atcributes and characteristics: 

- As m:iterials they are used as substitution pro­
ducts. For example. the~· have successfully 
substituted springs and webbing in iumiture, 
and they ha\·e substituted glass and mineral 
fibres in some insul:ition :ipplic:itions. They 
h:i\e been able to replace m:iteri:ils in particular 
:ipplic:ition:; only bec:iuse of favourable overall 
prop~rty and cost benelils. 

- Pol~ urerh:ines :ire all b:ised on !he exothermic 
reacr1on of polyisocyanat~s with molecules 
conraining :ikoholic groups. Sever:il other 
chem1..::il re:ictions are also av:iilable to poly­
urethan~ formulators and ar~ ind~~d crucial to 
several applic:it1ons. The whol~ spectrum of 

The excellent growth in the vo!ume of polyurethanes 
used has been brought about by the suitability of 
the chemistry, the products and the application pro­
cesses for important product substitution areas. 
Some of the growth has, of course, occurred by the 
increasing sales of the end products in which the 
polyurethanes are used. The more refrigerators 
which are sold for example, the more polyurethane 
rigid foam is used. since polyurethane rigid foams 
have a very high market penetration into this appli­
cation sector. But to enable such growth to occur 
hai. necessitated a number of absolutely vital inven­
tions and developments. Some of the most import­
ant advances from a long list of significant steps 
forward are given below: 

1937-40 Chemistry developed by 0. Bayer and 
others 

1940-45 Specialised elastomers developed in 
Germany, UK and USA 
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1953 

1955 

1956 

1957 

1958 

1959 

1960 

1960-65 

1963 

1964-65 
1964 

1968 
1967-69 

1968 
1968 
1967-70 
1970 
1974-79 

1979 
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Flexible foams from TOI and poly­
esters. high pressure mixing 
Agitatorless low pressure mixing of 

adopted. the manufacturer has frequently been able 
to introduce additional benefits. by exploiting more 
fully the design potential of the reacti,·e processing 
process and the particular attributes of poly­
urethanes. 

foam chemicals 
TOI prepolymcr polyether flexible 
foams 
Polymeric MDI introduced for rigid 4 The adaptability of polyurethanes 
foams 
Thermoplastic polyurethane clastomers 
invented 
Tin/amine catalysts allow one-shot poly­
ether flexible foams to be made 
Hot cure moulding of flexible foam 
cushions 
Rigid foam blowing by chlorofluoro­
carbons 
MDI rigid foam ref rigcrator line demon­
strated 
lamination processes developed 

It is the diversity of polyurethane products and 
applications which perhaps is their most characteris­
tic feature. In order to examine the adaptabiiity of 
polyurethanes as reactive processing chemicals in 
more detail. the following aspects need to be con­
sidered: 

- the chemicals 
- the polymer properties 
- the processing 
- the equipment required. 

Inverse lamination process for rigid 4_ 1 The chemicals 
foams 
lsocyanuratc rigid foams developed 
Polyurethane shoe soling systems intro­
duced 
lsocyanuratc rigid foams introduced 
Microccllular car bumpers 
RIM developed 
Flat block flexible foam process 
Development of RIM process and appli­
cations 
Moulded flexible foams from MDI 

The chemical suppliers have made available a wide 
range of isocyanates, polyols and additives. This 
allows a very wide variety of polyurethane end pro­
ducts to be made. and special effects can frequently 
be formulated by variations in the blends of reactive 
components and additives which arc used. The 
majority of isocyanatcs used are based on TOI. 
toluene diisocyanatc. pr MDI, pure and polymeric 
versions of diphenylmcthanc diisocyanatc. and the 
family of specialised MDI variants. Each of these 

It is interesting to note that many of the key in- classes of products is supplied in a number of 
vcntions were made quite a number of years ago. grades suitable for particular applications. Chemical 
Although some quite significant developments arc functionalities ranging from ~-0 to about 3-0 are 
still occurring, the rate of new application pcnetra- available. 
tion has certainly slowed down. This is a reflection. Polyols are available in even greater diversity. 
in part. of the success in the past (the most obvious Polyethers are derived from propylene and ethylene 
new applications have been explored). and, in part. oxides with starter molecules. and are available with 
of the increasingly high cost of developing new functionalities from 2 to 6 or even 8. Low molecular 
application sectors, at .i time of poor industry weight (below I 000 say). high functionality poly­
profitability. ethers give highly crosslinkcd polyurethanes with 

The penetration of polyurethanes into all their polymeric MDI and arc extensively used in rigid 
application areas has depended on demonstrating foams. Polyol blends of functionality in the range 
how effective substitution of a material by poly- 3-5 arc often selected. The polymer networks are 
urethanes can be achieved with benefit to the user strong, even at low densities. Higher molecular 
in terms of end product quality and cost. In most weight polyethers (1.1p to molecular weights of 7 000) 
instances this has meant devising new fabrication having functionalities of ~-3 give strong rubbery 
processes. since the handling of reactive chemicals molecules with diisocyanatcs, particularly when 
makes special demands as well as giving rise to new block copolymer structures arc produced by the 
opportunities. incorporation of low molecular weight diols or 

The potential user has had to be convinced in diamincs into the formulations. The polyme,r chemist 
each case that some significant benefit can be is able to make an immense range of usefu~ po:ymer 
obtained from using polyurethanes in place of the types from these intermediates. and new e(fects and 
materials traditionally used. At first sight, the raw improved starting materials are still being discovered 
materials costs often, seem high compared with and introduced. 
competitive materials. ,It has. therefore. been neces- Of great importance both to the polymer proper· 
sary to consider the total fabrication process (and tics and the processing characteristics is the avail­
oftcn tCJ demonstrate il on prototypes) to show that ability of sophisticated catalysts. mainly based on 
the overall production cost is advantageous. Once tertiary amines and tin compounds. Reactions can 
this crucial step has been made, and the new process be made to go incredibly fast when required. Some 
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highly catalysed RIM formulations. for example. are 
sufficiently well reacted to begin demould after only 
15 s follo~ing injection of the chemicals. Shot sizes 
of 8 kg are not now too exceptional. Important 
control of some competing chemical reactions can 
be obtained by the choice of appropriate catalysts. 
Tin compounds favour the urethane foaming 
reaction; tertiary amines may favour the water and 
some crosslinking reactions. 

Surfactants are necessary, particularly in flexible 
foam technology. and very complex silicone surfact­
ants are now available. With these. cell size, cell size 
distribution. the amount of closed/open cells and 
some processing characteristics can be int1uenced 
significantly. 

Foams can be generated by the volatilisation of 
fluorocarbons and by C02 derived from the iso­
cyanate/water reaction. These alternatives each 
provide different opportunities and benefits. 
Auorocarbons. for example, can be induced to re­
condense in a reacting polyurethane when in contact 
with a cool surf ace in an overpack situation. By this 
m~ans thick skins having superb surf ace detail can 
be made. 

4.2 Polymer pro~rties 

As noted already, the types of polymer produced 
from available isocyanates and polyols can be varied 
widely from hard to rubbery, and most types can be 
foamed. Low densi'.y, open celled flexible foams 
range from 12 to 4( kg m-3 with typical closed cell 
rigid foams for insu1ation purposes being found in 
the range 30-60 kg m-3• 

Polyurethanes are polar polymers containing 
many hydrogen bonded groups. In elastomers this 
contributes to high tensile and tear strengths, parti­
cularly where blocks of groups are arranged together, 
but can also introduce hysteresis losses on repeated 
cycling. Polyurethanes are resistant to non-polar 
solvents. but can be affected by some very polar 
liquids. The foamed rigid polyurethanes are sur­
prisingly strong, especially when in composites 
formed during the reaction phase. A rigid foam of 
density 3.:! kg m-3 is 97% gas by volume, yet it is 
stronb and is dimensionally stable, has a compressive 
strength of up to 200 kPa and a tensile strength of 
up to 350 kPa. When faced, even with paper. much 
higner strengths are available. 

A low density rigid polyurethane foam having 
closed cells filled with a chlorofluorocarbon, has 
thermal insulation values which are outstanding 
(Fig. 11). Lambda values of 0-015 Wm-• K- 1 or 
even lower can be found in freshly made samples. 
Long term measurements on actual unfaced samples 
show only slow increases in ~ value, reaching about 
0-023 W m· 1 K- 1 after 25 years. When impermeable 
facings cover the foam. very little change in ".tlue 
is detected over long periods of time. In :.:nergy 
conservation matters. rigid polyuretha~e foams have 

- "'°"""' Softwood ~~~~~~~--es-,,..._., 
-50-Cclfll -45- ...... *'ol 
-CO..Ntatw•• 

<25mm~i 
fig. 11 Equivalent thickness of common building and insu­
lation materials required to achieve the same degree of 

insulation (dry conditions). 

major contributions to offer in the maintenance of 
temperature above or below ambient. 

Reinforcement - by glass for example - will 
stiffen elastomer moul.:lings and elevate heat distor­
tion temperatures. and in rigid foam laminates will 
significantly imprm•e the fire resistance performance. 
Since some at least of the beneficial prope~ies of 
several polyurethanes, particularly the strong elasto­
meric products. depend on hydrogen bonded struc­
tures. we find that ac temperatures of 80-100°C and 
above, the normal gradual equilibrium dissociation 
of the H-bonds begins, with consequent reductions 
in stiffness and strength properties. This can lead to 
problems of sag when conventional paint stoving 
techniques are the preferred methods of painting, 
e.g. in some car exterior parts. In these cases alter­
native painting techniques may be required. 

4.3 Processing properties 

Starting with two (or more) liquid streams, poly­
urethane processi 1g machines essentially measure, 
mix and dispense them continuously or discontinu­
ously as required. The dispensing of the mixed and 
reacting liquids can be done in many ways: 

- as spray to give spray coatings 
- into moulds to give many useful articles such 

as seat cushions. panels. shoe soles, etc. 
- continuously to give slabstock foams, laminated 

materials. coated carpets. etc. 
- as adhesives by a variety of a;:>plication tech­

niquc:s to gi\·c: laminates, sports surfaces. chip­
poard. etc. 

Even quite large and complex mould shapes can 
be filled satisfactorily, thC' reacting chemicals flowing 
well and filling all sections. most of the flow occur­
ring before gelation. 

A •cry complex shape such as the space between 
a refrigerator shell and the inner lining may be filled 
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with foam in about 60 s: during this period the 
reacting chemicals have been injected. have foamed 
and have filled e\'en quite thin sections a !ong way 
away from the injection point. 

The self adhesi\·e nature of reacting polyurethanes 
is a significant benefit in allowi..,g strong composite 
materials to be made in a one-step process. Poly­
urethanes stick well to metal, to many plastics and 
to most natural materials. Many opportunities for 
composite manufacture are thus available. 

The processing characteristics are very dependent 
upon the formulation chosen and on the machine 
parameters used, and thus choices between inter­
acting variables may have to be made. The end pro­
duct properties may also be related to the machine 
type, to heat flows and to the exotherms produced. 
The total fabrication process - the chemicals, the 
machine and the application - are thus interrelated 
and can not be considered in isolation. 

4.4 Equipment 

Many of the important features of polyurethane 
processing equipment have already been mentioned. 
Polyurethane dispensers are not particularly expen­
sive and must be capable of: 

- metering accurately at a pre-set ratio and rate. 
and at a controlled temperature and pressure. 
Liquids having viscosities from 3 to I 500 
centipoise may be handled. 

- mixing to blend and to nucleate the· compon­
ents. 

- controlling accurately and varying the weight 
of mixed material dispensed. Shot sizes of 0-1-
10 kg are possible. 

Much ancillary equipment is available, including 
moulds, clamps, jigs, carousels and conveyors. Poly­
urethane reaction moulding does not generate very 
high pressures and moulding equipment withstanding 
350 kPa ( 50 psi) is normally adequate. 

5 BenefiU and constraints 

Whilst the growth of polyurethanes has depended 
upon many different factors. a relatively small 
number of key attributes has been responsible for 
much of the past impetus, and enabling technology 
has made it possible to exploit these. 

I. Flexible foams are easy to produce in a variety 
of shapes. The products are extremely com­
fortable seating materials, they are durable and 
clean. enabling furniture and mattress materials 
to be produced c.:heaply. 

2. Rigid foams which arc very strong c.:an be made 
at low densities. and when blown with fluoro· 
c.:arbons produce closed cl!ll structure!. having 
very low levels of thermal conductivity. This 
has led to the widespread use of polyurethane 
foams in building, in refrigetated transport. in 

refrigerators and in f reczers. Polyurethane rigid 
foams are superb thermal insulants. 

3. Polyurethane reaction mixtures are usually 
exceptionally good adhesives and many surfaces 
in contact with reacting polyurethanes stick 
very strongly, enabling strong composite struc­
tures to be made in very wide \"ariety. including 
panels and laminates for building. refrigerators 
and freezers. crash padding, and reinforced 
materials. 

4. Reaction rates c:n be controlled within wide 
limits by catalysts and. after reaction, the poly­
urethanes are essentially fully 1·eacted. Fre­
quently no after cure is required. 

5. Many polyurethane elastomers are exceptionally 
tough and stroag, making these materials useful 
for example in mining equipment and specialised 
tyres. 

6. Skinned foams with excellent surf ace detail 
can be made, for example for computer hous­
ings and simulated wood articles. 

7. Machine developments have occurred at a 
sufficient ra.te t-:> allow application, product 
and ch~mical developments to be exploited. 

Since most polyurethanes are produced by 
reactive processing, the processor has to exercise 
appropriate care and control. The processor makes 
the final polyurethane polymer and so he has to 
control the many physical processing parameters 
which can affect their properties. Particular atten­
tion to metering ratio, temperature of the chemicals 
and the avoidance of water and other contamination 
are vital. Whilst the adhesive nature of reacting poly­
urethanes is a great benefit in making composites. 
the moulder is forced to coat his moulds, usually by 
using release agent sprays at intervals. lsocyanates 
are respiratory irritants and some exposed individuals 
can become sensitised, causing industrial asthma. 
The avoidance of this problem demands careful 
ongoing attention to plant and area ventilation. 
depending on the type of isocyanate being handled. 
and to operating practices. Monitoring of worker 
pulmonary fur.ction is also advisable at intervals. 

The fire issue is one frequently associated with 
some polyurethanes, particularly with low density 
flexible foams. Much is now known about this topic, 
and the profound importance of composite Jesign 
- the fabric, interlining, chair design and foam type 
for example in the case of a chair - are well estab· 
lished. Inappropriate use of polyurethane foams 
may certainly lead to increased fire risk; in common 
with all organic materials polyurethanes will bum, 
the combustion products depending crucially upon 
the combustion regime. Smoke formation can be a 
significant hazard in a polyurethane fire - again 
most organic materials also produce smoke in fires. 
Much can be done ti) minirnist these potential 
hazards by careful design criteria, by tile choice' of 
suitable formulations and suitable ' composite 
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materials. and by avoidance of inappropriate use plier will .:ertJinly need to work dosely with the 
situations. mJchine manufa.:turer ii suc.:e:"" is tc ~ assured. 

The pro.:essor needs to unders. ·d th:it ne"'°· techno-
6 What can we learn from polyurethanes? logical applications require his l.c.p and commitment 

as well. :'\"ew application developments r:irely come 
The immense amount of chemical, product, process as turnkey operations. and m:i}· be expensive and 
and market development which has been associated time consuming. 
with the growth of the use of polyurethanes ~ince 
1950. has provided some important learning for al! 6.5 Polyurethanes have many unique and varied 
interested in reactive processing. properties 

The special features of polyurethanes h~ve already 
6.1 Thecostofthefinishedproductiswhatmatters been noted. Their adaptability has allo·.ved them to 

become successful in many applications. and the list 
Chemical costs are very important, but so arc mould is still growing. They are not. of course. always the 
costs. prototype costs, cycle times. finishing opera- best materials in all appii.:ations. and may be quite 
tions, _reject rates, _e~ergy co~mption c~sts and unsuitable for some. The}· art:. howe••er. capable of 
i:cyclin~ opporturuties._ ~e~cttve proccssm~ may being ·tailo~d· by formulation development to a 
give radically new po~bihties for the redCSign of surprising degree. thus increasing the fit of product 
the end product, which ~Y allow the_ product_ for application. The foam outlets of polvurethanes 
man~facturer to reduce htS manufactunng costs have certainly been a major success story.· 
conSJderably and offer a better product. 

In 1961, for example, a 240 litre capacity refri- 7 Where have we reached with polyurethanes? 
gerator from a major manufacturer not then using 
polyurethane as insulation, had an external volu:ne Polyurethanes are certainly the most developed 
of 0-665 m3 and weighed 110 kg. When redesigned reactive processing chemical systems available today 
using rigid polyurethane foam as insulation the 
same 240 litres of useful space occupied under 60% of 
the original external volume. and the new refrigerJtor 
weighed only 44% of the old version. Polyurethane 
foam therefore allowed greater useful volume, a 
saving in materials and, at the same time, substanti­
ally lower costs . 

62 The chemical customer does the polymerisation 

The polymerisation process must be sufficiently ' 
robust to allow reproducible products to be made ' 
routinely. The processor may need to be educated : 
or trained to maximise the potential of the process. , 
He may well need to consider higher standards of , 
quality and manufacturing control than he is used 
to. The chemical supplier may need tc. provide , 
higher levels of technical support than is necessary , 
for the fabrication of thennoplastics for example. 

Fie. 12 RIM polyurethane: elastomer tractor front. 

6.3 New opportunities arise from process 
adaptability 

'~ 
' I 

If the reaccive chemicals can be processed in several ' 
alternative ways, then many new application 'possi­
bilities will be opened up. Experience ha~ shown 
that the processor will experiment and will suggest 
new outlets. ' 

I 

I 

J 6.4 Chemicals, process and machine are 
:t interdependent 
;. 

The processor wants to make saleable end products, 
and so the total fabrication process needs careful 
attention to minimise problems. Th~ chemic~! sup-

f i1. 13 Metal faced polyurerhane ri11ci fo1m buildin1 
ojlemcnr. 
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F•- 14 RIK polyuretlwac stnactunl riPf foam body 
scanner housin&-

and chemical suppliers are able to define suitable 
products for many major indust:ial sectors. (Sec 
Figs. 12-15.) Some applications - seating cushions 
and refrigeration insulation for example - have 
become very closely associated with polyurethane 

r•- IS RIM poiyuRthanc elastomer automobile soft front 
end. 

foams. New uses are still being established, and the 
physical, mechanical and processing properties of 
the polyurethane family of materials arc still being 
developed in several application sectors. 

Although it has certainly come of age, the poly­
urethane industry is still far from being mature. 
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Recent Developments in Polyurethanes - XVI 

Flexible Foams 
Chemiclll Prtnc:lplea 

In Older to produce a flexible foam. roughly the satr'lf' 

amount of carbon dioxide ~ be generated in material 
which would otherwise become a said rubber. 

In general terms the rnolPcular architecture required in 
.. ., elastomer is knowl't. One requires long chains with 
considerable freedom of rotation. tied together at infre­
quent intervals by primary valency forces. Therefore the 
a8'yds which are suitable for rooking flexible foams wil be 
those based on the aliphatic series both as regards the 
dial and the acid. Thus adipic acid and sebacic acid are 
used, as wel as the 'dimer' acids obtained by the dimer­
isation of linoleic acid. Oielhylene glycol and ~ 
glycol are used extensively, while the trihydric alcohol 
which provides a crosslinking site is used in very 9'nall 
proportion. Trimethytolpropane and glycerol are the most 
commonly used trials. T'1e molecular size is of some 
importance. It is found experimentally tt: 1l if the molecular 
wieght is of the Older of 800-1,000 the :1fOduds have a 
very slow recovery from elastic deformation. In order to 
produce rapid recovery a molecutar weight of 1,500-2.000 
is required. This is brought about in two ways, first by us­
ing almost equimolar ratios of catboxyl and hydroxyl 
groups, and second by a prolonged esterification so that 
virtually all the carboxyt groups originally present are con­
sumed. A further consequence of the low acid number is 
that it is no longer bossible to use the reaction betWeen 
isocyanate groups and residual carooxyt groups to pro­
duce a useful quantity cf gas, and the latter must come 
from added water. 

Alkyds are sensitive to the isomer content of the com­
monJy used tolylene di-isocyanate. The pure 2,4 isomer 
usually gives considerable after-shrinkage in flexible 
foams, and a mixed product containing both 2,4 and 2,6 
isomer is used commercially. 

In the production of flexible foams from f>olyetherl. 
diols and trials are used either alone or in admixture. The 
molecular weight is usualy around 2,000-3,000. M with 
the alkyds, no carboxyl groups are available for producing 
gas. and water must be added. When very low density 
foams are required a VOiatiie fluorocarbon is dissolved in 
the polyether. 

A major difficulty in 1he use of polyethers now appears. 
During formation of the polyol. for example by the ring 
opening and polymerisation of propytene oxide, the hyd-

·Sasmira 
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roxyl group formed near the end of each chain IS secx>n­
dary (> CH.OH), rather than primary (~.OH). The 
reaction with di-isocyanate is rather sluggish, while the 
reaction with water takes place rapidly; and thus most of 
the gas is lost 

Evidently one way of getting over this diffic:ulty would be 
to react the di-isocyanate with the polyol belate the addi­
tion of water. It was found some years ago that if the 
addUct so formed was carefully made with a rnolr excess 
of di-isocyanate. it had a useful shelf-ife of several 
months. These products are generaiy called 'prepclyrn­
ers·, and when suitab.'y activated with water, catalysts, 
and bubble modifiers they give soft and flexiJle foams of 
good quality. Low density foams are obtained by dissolv­
ing 1ree di-isocyanate in the prepolymer (or adding it in­
'1i&lly) to give a high NCO content. and increasing the 
amount of water. 

The most suitable grade of tolylene di-isocyanate for 
polyether foams is an 80 : 20 blend of the 2.4 and 2,6 
isomers. Even when this grade is used many prepofymer 
fon"lulations show . marked shrinkage during the early 
stage of cure. This defect can be overcome by crushing 
the foam :so as to open the cells and allow the inward 
diffusion of air. 

The '1EIC8SSity for crushing is obviously a grave dis­
advantage when it is desired to use a foamed-in-PaCe 
technique. Much attention has therefore been ~ to 
the search for new catalysts which would speed up the 
rate of reaction between isocyanate groups and secon­
dary hydroxyl groups relative to that between isocyanate 
and water. Tin salts such as dibutyl tin dilaurate and stan­
nous octoate, and diethylenetriamine (Dabco), ha"8 been 
found effective for this purpose. By using lhese catalysts, 
often in conjunction with others previously known, the 
direct production of foams from cheap readily available 
polyols is possible. This direct 'one shOt' process, which 
avoids the need for making prepolymer and for crushing 
1he fa&m, is of increasing importance. Table 1 gives 
typical formulations for polyester foams, prepotymer 
foams, and the ·one shOt' method. In the SCH:allecf 'two 
stage' process, a liquid prepolymer, made initially by 
reacting polyether polyof. di-isocyanate, and tertiaty 
amine catalyst. is used to make a foam by fut1her reactiOn 
with more di-isocyanate and activator solution. In effect, 
therefore, the prepolymer replaces alkyd resin previously 
used. 

... 



Poly11t1r 

Myd made tram: 
Adpic Kid 1.5 mole 
Sebecic Kid 1.5 mole a..,... glycol 3.25 mole 
Glycerol 0.5 mole 
Cellillose .... ~ 
N-"Co;:o·~·· 

N.~ 
w... 
TOlylmne~ 
(15:35 blend) 

1.0g 
2.0g 
2.0g 
4.0g 

Technology of Production 

Prepalymlr m.m flan: 
~-dial 
mal.. - 2.025-100 g 
Tolyllne dHIDcJei­
D20 blend-33 g 
N-ellfhalphail• 
Trillhylmmii• 
W*'1 
~oi 

Mass-production machines such as the Henecke 
type were originaly designed for the marUacture of 
febcible slab stock from polyester resins. 

However, they are equaly suitable for producing 
polyether toams and it is probable .. in 1962 almcst 
80% of the flexible foam produced in this country is of 
the polyether type. During the manufacture of ftexible 
slab a controlled amount of air is necessary to increase 
the initial gel stability and IO obtU'I a uniform Me-celled 
Slrueture. Details of an air-injection equipment suitable 
tor machines producing slab Aock at 180 b'rnin have 
been described. Slab s1ock after cure is sliced into thin 
sheets by means of a slab splitter. This consists oC a 
movable base with a roughened surface on which the 
thick block Of foam is plac9d. The base is drawn for­
ward mechanically b8tween two uprights canying two 
horizontal guides. 

The top guide is fully guarded, but the boaom one 
has exp >sed alc:ig the length an endlltss belt or blade 
of ftexible steel, ground to a fine cutting edge. As each 
successive layer is removed the base ret\Jms lo its ori· 
ginal position, while the cutter is lowered by a preset 
amooot. Thickness of materials as illle as 11,, in. can be 
removed in this manner . 

The foamed-in-place technique gives one great flex­
ibility in the design of objects such a car seats and up­
holstery cushions which were formerly made from 
~ In order to be efficient one must have a brief 
moulding cycle so '1st individull moulds can be used 
rtpeatedly. The ~nciple is shown in F'ig. 1 • Shell 
moulds of high ~ conductivity are treated with 
pMing agent and ~ conveyed beneath the mixing 
hNd to receive U,, charge. Foaming commences at 
once and the mcK,llds are closed before entering a 
heating tunnel equiPPed with infra-red lamps. ,A more 
recent devetopmer:rt is the use of high fr~ 
~heating. 

J.m, 
1-0g 
0.3g 
2.3 g 
0.3 g 

Niu Trial LGs6 100 
,.~~ 
pOlfGI maL wt. 3.000 
Dial cl mal. wt. 3.000 
T~ 

Sln'llUI~ r,.._ ........ 
W*'1 
Silicone oi 
Tolyllne dHIOC,.11111 
(80:20 lll9nd) 

30 100g 
10 

0.73 
0 g 
3.0g 
2.0g 

36..7g 

It should be pointed out that, in the normal way, the 
outside skin of a moulding is very little above room 
temperature and is lhe last part to cure. Therefore the 
key lo a short moulding cycle lies in the arrangements 
made to raise the skin temperature to 100-C as rapicly 
as possible. At this stage there is a slight c:ontraction in 
volume which would otherwise lead to stvnage, and a 
slight positive pressure must be exerted on the foam in 
order to keep the lid of the mould in oontact with it. After 
leaving the curing tuMel the moulds are ~. strip­
ped, cleaned if necessary. and treated with f, Ah part­

ing agent. They are preheate:<t_ to ~ ~ 
passing once more beneath the rmang head. Evidently 
the production of individual shaped items by an auto­
matic foamed-in-place procedure is more difficult than 
the straightforward manufacture of slab stock. The cost 
of moulds and their output must be balanced against 
COS1s and output from fabrication machinery. Thus the 
decision as to whether an item is lo be moulded or 
made from slab is a complex one invoMng technical 
and economic factors. 

BATCH-MIXING METHODS. Because of the tow~ 
cosity and the good solubility in di-isocuanate, bateh-

(Contd. on p. 495) 
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(Contd. trom p. 415) 

dyes for Sime combinlllion of ~lick8IMWS WM higher tor 
hat brlnd dye thin cold brand dyes Which W8!t :n tum 
higher """ Remazol type of dyes. Hince, in reacliwt 
printing the specilic Slrudure of the dyes along wilh reac­
tive Syst9m plays .,, impartanl role in mal sollelilig 

{Cootd. tromp. 480) 

Tensile properties u:l'I as initial maduka, U1811Siorr al 
break and plastic delonMlion percelllage ... dellr­
"*'8d. However becal• of some of lhe unlars11n para­
meters ambigllOUS resulls ... obtained. The para­
meters ... identified after c:mciNlions of results and .. 
as lislld below 
i) Vmrying number of passages given ID web. 
i) Varying finen111 of lhe needles used for Polypropylene 
and jute, Polypropylene.needle punched blended fabrics. 

Tensile prq:;erties wer8 detelmi l8d after soil burial 

(Contd. from p. 490) 

mixing of flexible foram fomUations diflara consider­
ably from that described for rigid polyester foams. 

Mixing is carried out in a matter of seconds, either by 
hand or with a high-speed stirrer, and lhe belch is 
poured immediately. During the gassing stage, and for 
some minutes afterwards, lhe foam is extremely sob 
and weak. The pressure exerted by the foam is negligi­
ble and moulds of very light construction are adequate. 
A knowledge of the flow pattern is important. Although 
the rwix tends to flow sideways at first, this tops at the 
get stage and thereafter the rise is mostly in an upward • 
direction. In intricate mouldings the mix must be distri­
buted early into the positions where it is required to 
foam. Failure to do this results in mouldings which are 
incomplete at the edge. As in the case of rigid 
foams, the toxic hawds associated with the use of 
tolylene di-isocyanate must be known and guarded 
against. Operators should be equipped with protective 
clothing and positive-feed air-masks for breathing. 
Adequate ventilation must be provided in areas where 
mixing and foaming are performed, as well as in stack· 
ing.bays and ovens where curing iS completed. 
FABRICATION METHODS: Flexible polyurethane 
foams can be cut, shaped, glued, and welded. Starting 
from Slab stock and using a combination or these 
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tests, sigl iftcant ditrenM IC8 in tensile properties .. not 
obtained. 

From above slUdies it could be concluded ........ 
Polypropylene needlepundl8d sandwich blellded fabrics 
might be useful for rmd construction as becal• COVW:.ig 
jute with Polypropylene have Md reduced exllnt of nic­
rotJioklgical degradation. Long term soil burial test and 
large scale field trials with lhe help of geotedll lical ~ 
gineer wil surely help increase the market poCanlial of this 
type of fabric for geotaxtiles. 

methods, speciaJist fabl icaloll make a wide variety of 
articles. The splitliig machine has already been .. 
scribed. In addition, band saws are used for culling 
through slab In 1he vertical clrec:;tion and portable .hlml 
aan me pop& tor culling inlrtcall shapes. A Ml­
known type is 1he Scintilla. which uses a pair of fine. 
toothed blades which OICilate rapidly paSt each Olher 
within a grooved pillar. Hot-wire shaping is employed 
mainly when a length of constant cross-section is ,. 
quired. A 'blank' rectangular rod is fed slowly forward 
against a stout nichrome wire formed Into the requQcl 
shape and maintained at a black heal 

High-frequency weldings is readily performed on 
standard equipment. Since the foam immediately 
under the electrodes is compreued to a small fraction 
of its original thickness, many delightful quilted effecls 
are possible, especially with embolled facing lheell 
of flexible poly (vinyl chloride) Glueing is belt done 
with special al~bocyanate adhnives . These con­
tain a ~swelling volatile solvent so that after a short 
assembly time (10-15 min) the paris to be joined n 
simply pressed together to give a permanent flexible 
bond. 

(T 0 be c:onlinued) 

-
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Recent Developments in Polyurethanes - XV 

Rigid Foams 
Chemical Principles 

If an alkyd resin contains water or residual carboxyt 
groups, then on reaction with a di-isocyanate carbon diox­
ide is evolved. In favourable circumstances this gas be­
comes trapped within the mass of polyurethane anc:t a 
foam is produced. Evidently a trifunctionat molecule with 
a large number of hydroxyl groups will tend to bring about 
these 'favourable circumstances'. that is to say an in­
crease in viscosity (chain-lengthening) and finally gelation 
(cross-linking). This initial observation by the Bayer 
chemists has been exploited and developed so that a 
wide variety of rigid or flexible foams are produced. In this 
Chapter we consider rigid foams. 

Two main classes have been developed. first those 
based on the expansion of an alkyd resin, which are 
known as polyester polyurethanes; next those based on 
the expansion of certain liquid triols with molecular 
weights ranging from a few hundred to a few thousand, 
which are themselves polymers of propylene oxide or 
ethylene/propylene oxides with glycerol, sorbitol, etc. 
Foams of the second class are known as polyether 
polyurethanes. , 

If we define an alkyd as the reaction produ~ of a 
polyhydric alcohol and a polycarboxylic acid, it , will be 
seen that a very large number of alkyds is theo~etically 
possible. In order to be of value for making rigiq foams 
an alkyd resin should be liquid rather than solid, ~pable 
of straightforward manufacture to a close specification 
and readily miscible with the chosen di-isocyanat,. Addi· 
tionally, the final polyurethane foam should possess 
adequate strength and heat-re~·stance. 

The influence of chemical composition on the ~rform­
ance of the alkyd may be seen from the following facts. 

Poly(ethylene adipate) and poly(ethylene terephalate) 
are hard solids. The alkyds from glycerol and adipic acid. 
although liquid, are not very readily miscible with tolylene 
di·isocyanatP., and a proportion of phthalic anhydride may 
be added to improve compatibility. A high proportion of 
phthalic anhydride leads to a brittle friable foam. Tile fluid· 
ity of, an alkyd and the toughness of the foam may be in· 
creased by the substitution of propylene or diethylene gly· 
col for glycerol, but the heat distortion temperature 1s lo· 

,•s.1mir•, Bcunblly 
' ' 
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wered. Trimethylol propane yields adipates with better 
compatibility than glycerol. and similarly glycerol/sebacic 
acid alkyds are more readily mixed than glyt:eryl adipates. 

All such alkyds are made with an excess of glycerol or 
other trial, a typiccit ratio being 3.0 moles of dicarboxylic 
acid to 4.0 moles of triol. Thus a considerable number of 
excess hydroxyl groups is available for subsequent reac­
tion with di-isocyanate. 

6y stopping the esterification before it is complete. a 
certain number of carboxyl groups may be retained. Con­
trol of the reaction is maintained by measuring the water 
evolved and by periodic checks of acidity. The following 
analytical definitions should be known. as they are often 
required: 

1. Acid number --The acid number is defined as the 
number of milligrams of potassium hydroxide required to 
neutralise the acidity in one gram of resin. 

2.Hydroxyl number -- The hydroxyl number is defined 
as the number of milligrams of potassium hydroxide 
equivalent to the acetic anhydride consumed in 
acetylation of one gram resin. 
Convenient analytical procedures are given in the 

Appendix. The moisture content is found by the Karl Fis­
cher or by the Dean-Stark method. 

Table shows formulations for three alkyd resins which 
differ quite widely in their compatibility with tolylene di­
isocyanate. For ruchine mixing a fairly low viscosity is re­
quired. which is brought about as explained above. by 
glycol addition at the expense of the heat-distortion 
temperature of the final foam. , 

Triols suitable for the production ol rigid polye,ther 
foams may be made by the controlled .polymerisatio,n of 
propylene oxide and glycerol or 1,2.6-hexanetriol. Jhis 
may be regarded as ether formation between terrl')inal 
hydroxyl groups of glycerol and a polypropylene gly<fOI: 

r------, 
HO(C,H.O)JOH HOICH2 

L------JI 
CH·OH, 

. '~-~~--]! 
HOtC,H,oJoH H01CHz 

L---------_J 
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Table 1. 
Mixing tl:ne and molar ratloa of three dlfferMt 81kyda producing rigid fomna 

Reactant Earty German resin Sebalkyd 
Desmophen type resin 

Suc:cinic acid 
Adipic acid 
Sebacic acid 
Phthalic anhydride 
Glycerol 
TrirnethylOlpropan 
Diethylene glycol 

0.5 
2.5 

2.0 
0.5 0.5 
4.0 4.1 

3.0 

3.0 
2.0 

Time of reaction with di-isocyanate 27 min 7 min 1 112 min 

A range of molea.llar weights is evidently possible, de­
pending on the value of n: that is, on the molar ratios of 
oxide to glycerol. It will be seen that polyols of this type 
differ from alkyd resins in as much as no carboxyl groups 
are present. Any carbon dioxide will be produced by water 
addition. The specification will call for hydroxyl number. 
water content, pH value, colour, and presence of amine. 

Technology of Production 

When 'suitable' alkyds or polyether lriols as described 
above are mix'9d with a di-isocyanate, the foam produced 
is usually of poor quality. The -product consists of coarse 
cells of irregular size and shapP., while the expansion pro­
cess may be inconveniently slow or excessively violent. 
There may be internal splitting or overall shrinkage. In 
an expanding foam, two different reactions are proceed­
ing, evolution of gas and gelation of the resin. If the mass 
hardens too rapidly with respect to the generation of car­
bon dioxide. the latter develops considerable pressure 
and may rupture the cell walls. Conversely the gas may 
be produced early, while the cell walls are still soft and 
;>ermeable. Under such conditions diffusion occurs and 
the cells may shrink. Control of the relative speeds of gas­
sing and gelation is brought about by the use of catalysis. 
It !'las been found empirically that some of ~hese have a 
greater effect on the reaction between isocyanate and 
hydroxyl groups than on that between isocyanate and wa­
ter or carboxyl groups. 

Many chemicals act as catalysrs, for example caustic 
soda, sodium acetatl, ferric acetytacetonate; but the 
m~st widely used substances are tertiary amins such as 
lriethylamine, N,N-dimethylcetamine, N-substituted mor­
pholines, and triethylenediamine (Oabco). They are 
chosen for reasons of solubility, volatility, lack of odour, 
and influence on reaction rate. 

A dramatic improvement in the size and regularity of 
the cells can be broupht about by the use of oo-called 
'bubble-modifiers'. Silicone oils, polymeric substances 
such as thyl cellulose and cellulOS8 acetate butyrate, 
and a variety of metallic soaps and organic wetting agents 

..... 

are effective. n.eir only common feature is an ability to 
lower the surface tension of the alkydfisocyanate blend, 
though the polymers may also inccrease its viscosity. In 
accordance with the Gibbs theorem the concentration of 
solute (bubble-modifier) in the surface increases, the 
amount of energy required to create new free surface.; is 
decreased, and their stability once formed is improved. 

If a low-density foam is required. but the amount of car­
bon dioxide available from residual carboxyl groups is 
low, water is deliberately added to the mix. Efficient dis­
persion of this water is necessary and an emulsifier is 
sometimes added. In commercial practice plasticisers, 
dyestuffs. or pigments are often required so that ~ 
actual composition which is caused to :oam may contain 
six or seven components. Depending on the chemicals 
employed such mixtures may be unstable even in the 
absence of di-isocyanates. Formerly it was common to 
subdivide into simpler two- or three-components mixtures 
for storage purposes. There is nowadays a preference for 
choosing components which are mutually so:uble and 
stable in the alkyd resin or polyether triol. Such systems 
are known asref;tbricated' alkyds or polyols. and they 
have the great . Jrit that no complicated weighing or 
measuring operations are required. 

Mau Production of Slab Foam 

The original machine for production of Moltopren f~ 
is the Henecke type (Fig. 1 ): The principles involved 1n 
the oi:,..eration of this machine are desr..ribed in detail. 
since later machines are simplifications or modificatlOOS 
to suit particular purposes. 

Alkyd resin and tolylene di·isocyanate are pum~ 
from seperate thermostat-controlled storage tanks equip­

ped with drying tubes, and blended together. In the~ 
ence of ace;elerators the mixture does not react appreci­
ably during its short journey through the mixing head. 
Here it met1ts a finely divided spray of 'activator' in a care­
fully measured proportion. The activator is a solution of 
tertiary amines, emulsifier, and water. This solution ii no1 
very stable, and it is good practice to make it freshly NCh 

(eon.I. on P. 468) 
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(Contd. from P. 448) 
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day. In order to obtain good dispersion of the activator it is 
delivered under pressure from a Bosch pump of the 
diesel-injection type. 

The alkyd/isocyanate mixture, having been activated. 
now begins to react with great vigour, and it emerges from 
the mixing head as a thin cream. The mixing head runs 
back and forth on a fixed track across the width of a deep 
trough which is itself moving slowly backward-and at a 
slight inclination to the horizontal-past the mixing head. 
In consequence, ribbons of the creamy mixture are depo­
sited across the bottom of the troc.;gh about 6-8 in. apart. 
They rapidly rise and swell, fusing together along their 
length, the slight tilt of the trough causing the expanding 
ribbons of foam to sag sideways against each other while 
still soft and sticky. The temperature inside the block of 
foam rises considerably and rapid hardening of the mass 
occurs. Within a minute or so the block behind the mixing 
head can be sawn off and stacked with others to finish its 
cure. Meanwhile fresh mixture is being laid down at a 
steady rate in the trough. The latter consists of two closely 
fitting sides butting against the stainless steel conveyor it­
·self, the whole being lined with release paper. 

(To be continued) 

(Contd. from P. 449) 

stretching the fabric is guided with 
complete lack of lengthwise tension 
on a conveyor belt to the plaiter. 

Depending on ope~ational re­
quirements, the machine is offered 
in different versions and combii1a­
tions. For example, the low-cost 
"Santastretch-Mini" and the "San­
tastretch-Standard" can be com­
bined with the tube ~lining and 
spreading machine, model "Santa­
Cut". The "Santastretch-Weko" 

. has a sprary applicator from Weko 
Biel AG integrated for the exact ap­
plication of impregnating liquors on 
both sides of the fabric, and the 
"Santae!retch-Plus" permits wet­
on-wet impregnation, for example, 
with synthetic resin. Moreover, the 
"Sandoflex•" process, which 
approaches niercerisation of knit­
~ed fabric in tubular form, can be 
applied. 

The advantages of this machine 
can thus be summed up as fol· 
lows:-
--- All controls and 'measuring in· 

strumerits are fitted in full view 
of the operator at the front of the 

machine. 
-- Economical processing techni­

que is afforded by continuous 
operation. 

- Disentangling, hydroextracting 
and stretching in one single op­
eration. 

-- Elimination of 1, ... 2 processes 
and correspondingly low pro­
duction costs. 

-- Tensionless, automatic fabric 
transport through the entire 
machine. 

--- Increased productivity, since it 
is no longer necessary to stop 
the machine in order to change 
the expander to accommodate 
different width. ' 
No edge marking by stretching 
after the squeezing process. 

--- High expression' by using spe­
cial squeeze-extraction rollers. 

-·- The controlled stretching and 
compacting process is the ideal 
prerequisite for the following dry 
finishing process resulting in re· 
duced residual shrinkage of the 
finished goods. 

Technical delta: 

Fabric speed 0 .... 80 mlmin. 
Adjustable overfeed during() .... 25% 
stretching 
Connected load 4 ... SkW 
Compressed air 6 bar 
Working wKl1hs 1000.... 1800 nm 
(on versions with slitting device 1000 .... 
2400 mm) 

Monofllament Monitor 

Sensor Metric, Inc. announced 
its MF-9000 series, on-line, real· 
time measurement systems for ex· 
trusion line monitoring of average 
diameter or (mass) and short length 
defect detection. The system con­
sists of a manifold containing from 
8 to 140 SMI sensor elements. a 
signal processing cabinet. an IBM 
P<.;-AT host computer and a printer. 

The system automatically docu· 
ments the quality of each package 
at doff time for quick segregation 
and grading according to the com· 
pany. Automated trend analysis, 
data 'Storage and tor closed loop ex· 
trusion line control are also avail· 
able depending on user needs. 
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Recent Developments in Polyurathane-XIV 

The Application of lsocyanates To Polymer 
Technology 

General Considerations 

As a result of the pioneering work of Staudinger, Mark, 
and others the following qualitative picture is believed to 
be true. 
1. Small, typical organic molecules wil! not give materials 

which possess great hardness, high tensile strength, 
elasticity, or flexibility, giving these words their every 
day meaning. 

2. Only where the molecular weight rises above, say, 
5,000 do these properties begin to be significant. 

3. All organic textile fibres. surface coatings, resinous 
plastics. and elastomers consist of such high molecu­
lar weight compounds. 

4. These large molecules consist of smaller easily recog­
nised units (mers) which are linked together by prim­
ary valency forces of conventional type. The length of 
these molecules is considerably greater than their dia­
meter. 

5. The wide difference in physical properties which are 
apparent in the different types of material given in (3) 
above are due to relatively minor differences in spatial 
configuration or architecture of the molecules. and 
also on the temperature, rather than on gross and fun­
damental differences in their chemistry. 

There w:'! be ample opportunity to test the truth of these 
generalisations. for in the following Chapters detailed in­
formation will be given on the synthesis and properties of 
fibres. films, rubbers. and plastics-all made from 
polyurethanes. 

The basic rules for polymer building in organic systems 
were elucidated and formalised by Carothers, Kienle. and 
other workers about 25-30 years ago. 

Rule /--If a molecule has two functional groups (i.e., 
chemical linkages. atoms, or radicals which undergo 
reaction in the particular circumstances under discussion) 
then it can react with another bifunctional molecule to give 
a polyme~. Such molecules are celled linear. and typically 
they are thermoplastics. If these long molecules are cap­
able of neat sideways packing and crystallisation, a fibre 
may be obtained-exceptionally. 

Rule 2--lf a molecule having two functional grcups 
reacts with a molecule having at least three functional 

·sasmira. Bombay-25. 
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S.S. tyer-

groups, then a threedimensional network will eventually 
result. Such polymer networks are called 'cross-finked' 
structures, and they can be rigid thermoset plastics or 
felxible wlcanised rubbers. depending on the mobility of 
the chains and their degree of cross-linking. 

Each of these rules. in our experience.. can be mis­
understood by students and a word of explanation is de­
sirable. Rule I states that a bi-bifunctional reaction may 
lead to a polymer. It does not state that a high polymerwill 
be formed-on the contrary, unless a 1:1 ratio is taken, the 
molecular weight must be limited. More than once, in later 
Chapters, we deliberately make low molecular weight po­
lymers by choosing ratios other than equimolar. 

Rule 2 tells one nothing as to the practical utility of a 
particular bi-trifunctional system; but a reaction Which pro­
ceeds rapidly and uncontrollably from reactant to cross­
linked structure is technically useless. It is important to be 
able to produce, first of all, a linear or branched polymer 
which is capable of manipulation, and to bring about the 
cross-linking to the final sh~ at a later stage. 

. The Isocyanate Addition Reaction 

The reader will probably be familiar with the idea of us­
ing an unsaturated molecule as an example of a bi­
bifunctional system in which polymerisation occurs by 
addition at double t-onds. For example, 

(n + I) CH2:CH2 
ethylene 

Catalyst 
•"' CH2(CH2.CH2)nCH2-

Polyethylene 

He may also be aware of the elimination of a small un­
wanted molecule by a condensation between two reactive 
functional groups, for example the elimination of water 
when dicarboxylic acids and glycols react to form polyes­
ters. For example: 

nR(C02Hh + (n + l)R'(OH)2 ~ 
2nH20 + HO.R'(02C.R.C02R')n0H 

He must now familiarise himself with the principle of the 
isocyanate addition reaction, in which a hydrogen atom 
present in a vulnerable group attaches itself to the nit· 
rogen atom of an NCO group which is attacking rt. Thus 

L I 
A.NCO + (HX)R' 
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The most important examples in technical practice are 
the following 
1. The reaction between an isocyanate group and a hyd­

roxyl group is 
A.NCO + HO.R'~ A.NH.co~· 

The resulting assembly of atoms in the linkage 
(NH.C02) between R' and R is the same as that found 
in ethyl carbamate (urethane). It is this name which is 
now applied generally to the group. so that a 
polyurethane signifies a polymer in which a plurality of 
such linkages are present. In accordance with Rule I 
above, a linear polyurethane will be formed when a 
diol and a di-isocyanate react together, and in accord­
ance with Rule 2 a cross-linked structure can be 
formed when a lriol and a di-isocyanate react together. 

2. The reaction between an isocyanate group and a car­
boxyl group is 

A.NCO + H~.R.. --t A.NH CO.A' + C02f 
The reaction leads to the formation of an acid amide 

linkage, which is very similar to the urethane linkage in 
general chemical properties. Carbon dioxide is elimin­
ated. 

3. The reaction between an isocyanate group and an 
amine is 

A.NCO + H2N.R' --+ R.NH.CO.NHR' 
This reaction gives rise to a substituted urea, 

evidently very similar in structure to urea itself 
(NH2.CO.NH2). 

4. The reaction between an isocyanate group and water 
is 

A.NCO + h2 --+A.NH2 + C02t 
ltis this reaction which is used widely in the produc­

tion of cellular polyurethanes. since the carbon dioxide 
is an excellent blowing agent. Reaction (2) is o~"1n 
found to provide insufficient gas. or is otherwise not 
available. Note also that the amine formed will normal­
ly react at once with a further quantity of di-isocyanate. 
as in (3). 

5. The hydrogen atom which was originally attacked in a 
hydroxyl. carboxyl, or amine group is not elimrnated, 
but is present in the new linkage. albeit with a very 
much lower chemical activity. The possibility exists for 
further sluggish reactions. as follows: 

R".NCO + R.NH.C02R'--tR'02C.NR.CO.NHR" 
R".NCO + A.NH.CO.A' -.R'.CO.NR.CO.NHR" 
A" .NCO + R.NH.CO.NHR' ---+A.NH.CO.NA ' 

CO.NHA" 
A urethane can react to give an allophanic ester, an 

acid amide can react to give an acyl urea. and a sub­
stituted urea can give rise to a substituted biuret. 

Another important reaction or the isocyanate group 
does nor involve a hydrogen atom. This is the ability of the 
isocyanate group to react with itself under certain condi· 
tions to form dimers and trimers: 

Sometimes these dimers are relatively unstable and re­
generate the isocyanate on heating; sometimes. as with 
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the dimer of tolylene di-isocyanate, the new compound is 
a new stable di-isocyanate of considerable importance. 

It is a useful exercise to reflect upon the implications of 
the first reaction above. The hydroxyl groups may be phe­
nolic or aliphatic. In the latter, they can be primary, secon­
dary, or tertiary. The molecules containing them can be 
saturated or unsaturated. The isocyanates themselves 
can be either aromatic or aliphatic, long- or short-chain, 
rigid or felxible in their molecular structure. Evidently a 
vast number of technical combinations are possible. Simi· 
lar considerations also apply to the secorid and third reac­
tions, which are also capable of generating a large num· 
ber of polymers. 

Manufacturing of lsocya;;;!c.s: 
There are several possible synthetic routes to the pro­

duction of isocyanates. 
1. The phosgenation of amines or amine hydrochlorides. 
2. The phosgenation of carbamic acids. 

Generally speaking the direct reaction of amines is 
used for large scale production of aromatic di· and 
polyisocyanates. and the phosgenation of carbamic acids 
for proouction of aliphatic diisocyanates. while the more 
expensive process with amine hydrochlorides is a univer­
sal procedure for the laboratory preparation equally of 
aromatic or aliphatic isocyanates in good yield. 

Three examples of these techniques are: 
1. A solution of tolylenediamine in an inert solvent is fed 

slowly into an ice-cold solution of phosgene. A fine 
suspension forms which is the hydrochloride of the 
carbamic acid chloride: 

Me 

ONH_2_c_o_c_1..;.,~ 

~Hz 
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In the second stage the suspension is slowly heated 
with a further addition of excess phosgene. The carba­
mic acid chloride group evolves HCI and changes to 
an NCO group, while the remaining amine hydrochlor­
ide group reacts in the usual way and supplies the 
second isOcyanate group: 

~k 

~XH_:_H_c_'~c_o_C~l:--

XH·CO·CI 

~(c 

ONCO 
+4HC1 

NCO 

2. One mole (190g) of powdered hexamethylenediarnine 
hydrochloride was suspended in I 1. of dichloroben­
zene and phosgenated at 190°-195"C. The solution af­
ter 18 hours was dear. the solvent was removed over 
a Widmer column and 160g (15%) of hexamethylene 
di-isocyanate were obtained with a boiling point of 
132°Cl15mm. 

3. 345g of 1,4-diaminocyclohexane were dissolved in 31. 
of o-dichlorobenzene and saturated with carbon diox­
ide at 90-95"C. 700g of phosgene were introduced be­
low O"C into the cold suspension of carbamic acid. 
Carbon dioxide was evolved. The solution was heated 
to 160°C and a further quantity of phosgene was 
added until a clear solution was obtained. The solvent 
was removed by fractional distillation to give a· mixture 
of liquid cis-1,4-cyclohexylene di-isocyanate and solid 
trans-1,4-cyclohexylene di-isocyanate, m.p. 63-64"C. 

Properties: 
The aliphatic. mono- and di-isocyanates are usually col­

ourless lachrymatory liquids. The aromatic di-isocyanates 
are not such active lachrymators but the more volatile 
ones such as tolylene di-isocyanate produce asthmatic 
symptoms in sensitive subjects. In non-volatile aromatic 
polyisocyanates this effect is not generally noticeable and 
protective masks are not required. 

Pure isocyanates. in the absence of catalysts, a.-e re­
latively stable in storage and can be distilled under 
'vacuum. The presence of activating nitro and chlorine 
groups reduces the storage life and increases general 
reactivity. The presence of alkyl and alkoxy groups leads 
to a less active molecule, particularly when in the o­
pos1tion to the isocyanate group. Generally speaking the 
aromatic di-isocyanates are much more reactive than the 
aliphatic series; while with respect to the active hydrogen 
reactants, pri;nary amines are more reactive than car­
boxylic acids and primary alcohols. Secondary alcohols 
are much slower than primary alcohols. Tertiary amines 
do not themselves react. but they are powerful catalusts 
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for other groups. The usual method of comparing the 
reactivity of different funclional groups is to take. for ex­
ample, one particular isocyanate and find the rates of 
reaction between it and a set1es of alcohols. or amines. 
The procedure is then reversed and a particular alCOhol 
or amine. is reacted with a series of iSoc:yanates. · 

The kinetic measurements are made with great care, 
using dilute anhydrous solutions in an inert solvent ~. 
solutions of n-butanol and P-tolyl isocyanate were 
allowed by Carver and Hollingsworth to react in dilute 
toluene solution. Samples were withdrawn at intervals 
and the reaction quenched in di-n-btt.ylamine, the excess 
of the latter being determined by titration with 0.05N Sul­
phuric acid. 

St.olchlometry: Ha~ir.g built up a picture of ihe speed at 
which reaction occurs between different reactants, with or 
without the presence of solvents and catalysts, it is now 
necessary to use the right amounts of reactant in each 
case. 

The di-isocyanates employed technically are pure che­
micals-usually of 99.5% purity or better-so their equiva­
lent weight is not in doubt. (Important exceptions are the 
technical grade of diphenytmethanediyl ('dipheny­
lmethane') di-isocyanate (I.CJ. Ltd.) and the polyarytene 
polyisocyanate of the carwen Chemical Co.). On the 
other hand, technical polyols are usually mixtures of 
polymeric molecules, and an experimental value must be 
found. This is often expressed as an 'isocyanate equiva­
lent'-in other words, the weight in grams of the polyol 
which reacts with one equivalent of an isocyanate. An 
altemative method is to give a 'reactivity number,' the 
number of milligrams of KOH equivalent \O the C02H and 
OH groups pre5ent in one gram of the polyol or polyester 
resin. These two measurements can readily be intercon­
verted; for example, a ·reactivity number' of 56.1 mg KOH 
per gram of resin sifnifies that 1,000 g of resin would be 
equivalent to 56.1 g of KOH and therefore to one gram 
equivalent of any isocyanate. 

Conversely, an isocyanate-terminated resin may be re- , 
ferred to as containing '2.1% NCO groups'. This merely 
means that one gram equivalent (i.e. 42g of NCO) is pre­
sent in 2,000 g of resin. 

More dilute solutions of isocyanate-terminated resins 
are often described as containing 'x mg NCO/ml. of solu· , 
tion'. Since the solids content of the solution may not be 
known with certaintly, this method of describing the 
'isocyanate content' or reactivity is more convenient than 
'per cent NCO groups', since the equivalent weight of 
amine or polyol can be calculated, directly from the isocy· 
anatecontent. 

Finally, it must be remembered that water must be 
carefully excluded from all isocyanates and isocyanate­
terminated resins during storage. , 

(To be continued) 
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Werner Russ 

Rationelle und 
flexible 
PUR-Verarbeitung 

Wie vielen anderen lndustrie-1 .. Zerlegte" 
zweigen blieb auch den PUR- Produktionseinheit 
Verarbeitem die Erkenntnis 

· h d B · k Die i=•;;::e -~·.;,'..:: s C'1 ~·-: ·:_.J :: -=·'°·'. 
me t erspart. a eme o- s:ch '.\el.:r-= \le~:~;::-~.:-·-=·,; 3e.·~: ·~ ::·1 

stengunstige. flexibel auf die al!erc,;;s ··"'·~~,.=-: .c:··~-: ,~:-er~--::-­
jeweiligen Marktanforderun- gehen e·.,.:.:: . .:r.: es s .:'." ·-' --= ::-~-:-·:. 
gen reagierende Produktion or.se •'.~er ;·e .:·~sac:" ., --~ '.\ .::·· > 
ohne Rationalisierung und Au- s:en -:- -= ·e :..; ~-=--= :::-=~ .. ,,,. ~· 

tomatisierung nicht moglich 
ist. Die Frage ist nur: Wo soil - 1 ransc::'.-·.:re1 

d f \,\'erk:e .... ..:e ~;.j ·~\'.:r~:-=-u::-.;cer 
man amit an angen. und _ rri~s~r::~ 1 • .. r Z..:· .. '1ct ;.t'.~ar.s;:.::~: 
wann kann man damit aufho- - Hanar.ac1.-r1l!s:;ers:e -.. ~ ::es: ,,-c-:~ 
ren? Verstandlicherweise gibt Tat1gke1:er. - -

es darauf keine Antwort. die 
fur alle PUR-Verarbeiter in 
gleicher Weise schlussig und 
verbindlich ware. Hier kann es 
lediglich darum gehen, die na­
hezu unubersehbare Palette 
der Automatisierungs- und 
Rationalisierungsmoglichkei­
ten wenigstens andeutungs­
weise aufzuzeigen. 

812 

--........ 
Bild 1 Mischkopfportal zum automati· 
schen Befullen von Werkzeugen 

Auf1p~;.·~:.· '".'"'·';'~ ·~ . .-~n -.l:i"rt1_,f r'••1:.;~ r:"";'~ 

da'1-: ~· .:. 1 .~:,rr:t; ..... ':~·1r'"'"l .::·n(-r ·:·:~ 1""1 

ten ::..-.. ! .• ~ l""~-:r .. r-,hr- T ···-:·~:rr·':··1"r1. 

chen1"" .::.- ,.: .. ::~ ·-~ :..,; •· t ...... ~ .... ~r- ~.- . . · .. r~ 
\Orau~,r-•·.·~ -~---:.·.· • ~'"' '"7 ~" ·.:- "; 
ke1t ;: .. r ••r ~ • :- :1c:. ( .· ·: ~·1 .. , .. i'"' ~" - • ·;,.... r 
n1sse r. , ' :,· ,.:, ~· ·~ . -) , • 1 !··· -~ ... ,·~ 

n1mrr.• :· ... :•· _,. ·~ ·' ~ ',··· ··•. ·~ •· 
gen ,,.., • t • ' 

Die Dosiereinheit 

::e1 aen iJcs1ere•r.he1~e., s:ei":en ~.-=·-:~ 
· .. ··e!ta:~1ge ".':og~;cr.ke.ten :..;r ·.er::;. 
,;:..:r.g 

- seltst~e.;: .!-=-;:e \~.s::".lo;:c'e =-~ 
~·n~ragen .1: ;-=sch~csser:e ·~~a c:fc~~ 
"'-'erkzeuge. 
- au1omar1sche \l;sc:--:i.:o~:pcrtale :~' 
:=eschickur.g der \\'erk:e:.;ge (Bild 1); 
- autornausch versteld:::are \l•scr,::::;!­
,:::usen. 
- autorr.at1sche Pumpe:-:versre!lu:".:e:i 
- automat1sches Wecnseln der l(o~po-
nentenf arbe 14-D-MischKopf). 
- automar1sche Rezeprverstellung vc~ 
Schu13. zu SchuB. 
- automatisch geregeite G:isbela-
dungsl(omroile 

!n Vert:1ndung m1t C :s1errr.asch,..,e-1 
die 1n best1mmren 8ere1chen uber .,,,, 
Hochstmai3. an Flex1bil1tat ve..fugen 35· 
sen d1ese Mar..nahmen heure curc!".~:.;s 
e1nen vollautomarischen ,:,b~aut ;:u 

Transportmittel 

Fruher waren Transpcr.einncr:u~ge!'l 
gew1ssermai!en Einzwecka:-:lagen ; e 
waren fur e1n genau def1n1er1es Ted ge· 
baut. und wenn die P~oc!ui<t1on c ::ses 
Te1ls auslief. waren auch die Trar.s::c1· 
anlage:n mehr 0der wen1ger am Ec-Je 
S1e konnten uberhaupt i; cnt ooer a :en· 
falls m1t kostsp1el1gen Umrus:ungsaK-
t1onen neuen Erfordern:ssen angepa1~t 
werden Das Flurrundt1schsystem e1ner 
Frrma aus Lemtorde hat dagegen ria· 
hezu ur.begrenzte Moglichke11en we11 
s1ch Produkt1onsanderungen prob!ern· 
los realts1eren !assen Oam1t hat d·eses 
Sy·stem schon von vornnere;n enrsc.,e1· 
dende Mogltchke1ten zur ra11c~e ~n 

Fert1gung erotfnet (B!!d 2). Se'1c:;::h 
laf!t s1ch auch auf d1esem G.;b1et ~ jCh 
e1ne Menge tun "7"ransoor.e1r.r.c:-.:un· 

Bild: 

Bild. 
Tran 

.. 

•, .. 

r;en konnen zur ;,urcmc.t1s1erun1 ::ier 
Prndukt1on be1sp1elswe1s~ :o:genc:es I 
he1tragen 

- ,:n;tomat1scher BewequnrJsab:a·Jf r-1•1 
•'iner Pos1t1on1erungs')er.a;i•gile1i • on 

~ !u':'o';;,,,,"'"' rempoc.'"" d<' "-( 



Rationelle und flexible PUR-Verarbeitung 
.. ~ - - -~-=-:J-~------------------------

-Bile 3 Schaumwerkzeug mit automatischem AnguBverschluB 

1 
1 

Bold 4 Automatische Entnahme eines Fertigteiles mittels Roboter an einer EMB­
Transporteinrichtung in der Automobilindustrie 

I . 
J 

--:::J .., 
.. ~. 

.·.et'en ~r.:ersch1ec1oc~en 1.\'erk:euge 
:.-:.:~ r-.~.au:en.:ie T~ ... cerierce•a'e 
. a ... ~,.:~J::scr.es 3,:e"'! rr"t a~.:~ E-a!'e:­
: .... ~,, 
- 5e:e;,.::-.e E:ef•J;i<.,r.a .~er \\.;•,ze'JCe 
_:.;~ Be1so1el ~us•as-se., cer 1/,e•l(:e:.i­

·1e d:e \.,egen der 1'aoa:.:atsaus1as:ung 
,ord::ergenend n1.:~: tenot:gt \•,erden• 

Werkzeuge und 
Werkzeugtrager 

Eon besonders !".or.er Stellenwert be1 
den Bemuhungen c1e Produkt1on zu 
automa:1s1eren kommt auch der Kon­
strukt•on und der ~usstartuno der 
\.\'erkzeuge zu Im e!nzelnen he1Bt das 

- automa:1sche 1.\'erkzeug1dent1hz1e-
n.:ng 
- automat1sches Offnen und SchlieBen 
des Werkzeugs. 
- autuma:tschcr VC:i5Chlu~ des Angus· 
ses (Bild 3) 
- E1nbau automanscher Entformungs­
h1lfen 
Um c.ese ~.tooi1.:hke!te'1 auss.:ho;:ifen 
Z'J kor.r.en. mu!~ r.an ailerainos schon 
be1 der Ko.,s::ui<:t.on cer Werkzeuge be­
ro.;cks1ch!;gen •• .,e!c'.ie r. andhabungsge­
rate unc welche \ \'erkzeua-Schnell­
wechseisys:enie :r. cer ProdC>;t1on an­
gewence: werden soi!en Nur cacurch 
konnen die e1nze!nen r..?a:1nahmen den 
gewurschten Erfoig bringen 

Hilfsmittel fur Zu- und 
Abtransport 

O:e fur d;e Fertig:e1:herstellung notwer­
d1gen Ha!bze"Jge und P.ohstoffe konnen 
heute s.:hon a"Jtornat•sch zu- u·•d abge­
f,,;hrt •·.erden ~ieben dem auromat1-
s.:nen B::b'ien der Arbe;tsbeha:rer g•b! 
es 1ndes v.e.rere A•;tvmat1s1erur.gsrr.og­
i. :r.ke:ten 

- .:i•;:o~a:•s:he Zu';hrung von E1nlege­
tei!en 
- autom3·1s:her .O:,otransport der Fert•g· 
re:le zv 1,\'e:terbe:i•oe1tung oder zur La­
gerun•J 

Handhabungsgerate for 
bestimmte Tatigkeiten 

Der 6eg·:ff H;indhabungsqerate IJl°!.t 
s1ch b~q 1em aurch den ze1tgema!',en 
Terminus R·1borer •:rserzen 6e1 der 
PUR-V.er.1rte1!ur.J s:nd dam1r 1ene E1'1· 
r1ct"'tfun:1·~n q~n~:~:nr ci1"' dann ernrie· 
sew v.~r,'.l"!n 1<r;r.n-!n .. ·Jenn s.1lr:he 'ta 
f.1"";~~·1·,."!n "1' 1;Drn l~i.~)~ .. 1.:-r 1 \.v~rrl·~n sJIJ,.~n 

d·~ $;.,h c;~ ~;1d:~J •;,;:~d·~~nol,,~n od·:-r d·e 
s:r:h ,i ,'. i;.:~ .'.'1t-1':1':11er r'!! ~.>'rl)en.'i 
)\J•; 1,~1r'."!.:.•n ~- 1nr1r·n ~) lrT11r s1n(1 \.'(~:" ~:l~r.~ 

"]~n~·~1 ') r 

E1~·r:--::n.:··n ..,..,..)n \,\'··'."~;,,~1111,~ri 

Pl-lt1·::r 1 J"·1 yr,ri t1~~i·~·t·
1

?rn.1:1 rJ·,;: \\'~r\c: 
.-.~ Jol" 

Fri•r, l;';n. 1 \.·-.~ F1·:r!1111r•_'1it-~n 1;nr1 1h'a~ 

v.~1t»r:·"rt'1n•1 (B1id 4). 
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Rationelle und flexible PUR-Verarbeitung -58-

Bild 5 Die von EMB patentierte automa­
tische Pumpenentluftung verltindert Kri­
stallisation und Kavitation und somit Pro­
duktionsausfall 

- ~ppi.~at.0;1 -.Cii ::: ~-::!!Ci": c\:!er SCi'1.Sti­
gen ldent1'1z:.;rU'~;1~merkm.::len 
- L.;ck1erarb~"en 

last not least: die Wartung 

Es •St e::"e o:r.~C':"\'\,.:;;~!"'.e.t da:?. 1edes 
Produk:1cnsrr.1tte1 -:"'·nes testrmmten 
Mal?.es an \ \'Jr!urg !:~..:!arr Cennoch 
mussen srcn 3ucn ?L•R-\·.:rarbe:ter 

Bild 6 Automatische Vorrichtung zur 
Nachstellung von Dichtungen an Kolben­
dosiermaschinen (Werkbilder: Elasto­
gran) 

._:: ese T .::5J(""'t! srand·g \Cr .~:...:(~t?" ·- .:' -

:~n :'er ~c..::.s~e . ..\utO~J~:s1erur:~s~;~J.J 
~·.-:rd :-:Jr.-:'.1c:i .:;.;r:1crte ~e~.l(:~r :. -:·"' . ., 
jurch '. ·~·sa..;:nnrsse ·n -.::er .\ .c:·: .... ] 

':. ~- . . . . : . - : ._- ... _._. 

• • r: .. ..- - ,.::. : ~ 
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(61id 5); 

:t;roc_;e>:1 (Bild 6); 
- '-:t;:O~.J:1scre 

~'2-;t·S!h?!r.:g·:r.c,;~ F:::cr:i 

----

- .. ilitc~-:a~1sc:-? _;nscr::.:=-=~c F-= ~· ·~· 
:n --~o:::r 'cr."":~O~t:r~:en~~;:-._~:; r~cre .:-
:'\.~:sc:--:~cr:f -

Kosten-Nutzen-Analyse gibt 
Auskunft 

.\'•e scr.on e:ng~ngs .::-:ge..:eu:et --- "; 
.eaer PL!~-\·eraroerter ~e:i ai.;f s~:'e 
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=_auso , ... en1g '"' :e a~i ance:.::_~ Geb:er~~ 
._ cssen unaeacr.!et 1st .~:e t!!::ier.: :-=~ 
_c;~tge:e:gte-n \!aGnahlT'en .:i e•ner "~­
s:en-i\:..i::e:i-.:.:"al~se 1e:::e--:e.t ="JC:-:.:.:­
: ehbdr 

Mit CHARVO automatisch lackieren.: 
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Desfg.n 
: 

Optimizing a PU Formulation 
-----·--------------~- -- --- --- - --- --·- --- ------ ---------- --~-- ------

by the Taguchi Method 
.... ---- ------

--· ~ --- -------- .... ~ --- ----- ___________ .J 

B)· the careful choice - ., 
of a small set of 
initial trials 
according to the 
Taguchi Method, a 
po~)·urethane (PL? 
formulation for a 
commercial 
appliance was 
quickly and 
effiaently developed. 

"! Sohelia R. lunntv and 
Jouph .\/. Smtj · 
~loray Corporl!ion 
Pittsrurgh. Pennsy(\·ania 

T he po~eriul 1ools of statistical 
experimental design can greatly 
enhance the efficiency and relia· 

hility oi chemical sys1ems development. 
Its application to product design can 
reduce manuiac1urin2 1;aria1ions and 
impro\e 1he field performance oi chemi· 
cal s~s1ems de1;eloped from .:omponenls 
ha\ in~ 1he lo".:sl possible co~1. ~lorc:-
1.ncr. s1.11istical expcrimenral design pro· 
motes a learn approach 10 expcrimenra-
1i1m in '' h1ch unfruitful pa1hs arc discov­
c:red and dropped quickly. and a1ten1ion 
1s Jirc.:t.:d cxclusi' cl~· to promising aller­
n.111\ cs. This approach of1en resulls in 
rapid. crfo:ienr prJduc1 de\elopmenr. 

In lap.in. the use of experimental dc:­
~1izn iM prnduct Jc:\elopmc:nl is consio­
.:rd hl re: parr oi an upslrc:am quali1y 
..:1101~111 crforr. The: J.1panc:'>c rdc:r 101hc:~ 
r.:.:hni,1uc, 1har 1mrro\C qual11~ up<>lrcam 
rr11m rh.: manufacrurin!Z line a'> '"off-line: 

qU31ity con1ro1.- This anidc: des..--ribc:s !he 
application of the: Taguchi ~klhod. a 
mecholdology for dirc!\.'1 produce dc:velop­
menc dc:\·elopcd by Dr. Genichi Tagl!chi. 
co che problem of finding commercial 
app~!n!io~~ fer an ~xpcrimcntal poi~·uL 

The Taguchi Method __ 

The Taguchi Mee hod is a scracegy for off. 
line quality conrrol. conducted :?! chc: 
product and process design scagcs of che 
manufacruring cycle to improve producr 
manufacrurability and reliabilicy. and 10 
reduce producr dc:\·elopmenc and life­
time: costs. Dr. Taguchi developed his 
ide~ approxima1ely forty years ago as a 
communicacions engineer in Japan. To­
dav. he and his svscems are bccominR 
well known in che iJ niced Scaces. particu: 
Llrly b~·organizations supplying che auto­
moli\·e indusm.-. 

In che l'niccd Scares. Dr. TaRuchi is 
often exclusivel\· associaced wich-scacisci­
cal experimenta·I design. Bue acrually. Dr. 
Taguchi"s method is a comprehensive. 
t:uee-scage proc~ for direcc produce 
developmen1 in which staciscical expcri· 
ment.uion is simply a tool. Taguchi"s chree 
stages are syst.:m dcsi~n. parameter de­
sign. and 1olc:rance dc:sign. Syscem design 
1s the process of applying scientific and 
c:nginec:rmg principles to de\elop a work· 
ing protocype. Tolerance design is a 
method for determining final produr.r 
spccificarions. Whereas 1hes:: scages arc: 
c:ssencially equi\'a(c:n1 10 the traditional 
a.:1:-. i1ies Jf scic:n1is1s and engineers. pa· 
rar.1c:1.:r dc:si2n is rhc: distin2uishin2 char­
a.:1c:risric oi ihc: Tagu.:hi '.\l"".:1hod. • 

Parameter Design. ____ _ 

Paramc:rcr Design is a process in "hich 
design parameters under 1he direcl con· 
1rnl of 1hc: produ.:r designer arc: \Jried in 
a sc1c:n1ific Cashion I•> dclermine lhe hc:\I 
or op11mum \ertings for 1t:e\e \anablc:s. 
For pracucall~ an~ produc1. 1hc:rc: is .1 
~orkiniz r Jngc: of r••Ssitllc: SClllO!l\ Of !he: 
\ ari.1hlc:s. For c:umplc:. in .1 pol~ urc1hanc: 
formulation. 1h.: pr.,Ju.:1 Jc:s1~n.:r can 
~c:lc:c1 p.1rri.:ul.ir s.:rring' 1lf ";11c:r con-

TAS;.= i Factors and Lnels. 

Number of 
Factor levels Description 

Pci:.c1 type AB.CD 
Cata!}>• 5 r. 2. 3. 

pac<age 4. 5 
Surfac<anr 3 Sr. S2. S3 

~·"Pe 
Ware:: ... :-:~ 2 0 5. I 5 
CFC-i r. we:..; 2 25.35 
rsocyarJc?te 2 11. 12 

t1pe 

Consrr.?1n'5 isccy.?~te index = I 05; 
hyCr;:>X'fl ra .. ~ce- = 4 r 0 ± 20; all sur· 
faccar.r cone 0 I ;t:. 

tents. chlorofluorocarbon-11 (CFC-11) 
concencrations. and catalyse types lo 
produce a usable foam. Different combi­
na!ions of chesc design settings or levels. 
h<>wever. "ill also \·ary che qualicy of the 
product under developmcnc. Allhough 
an accep1able produce may be produced. 
it is likely thac a particular combination 
oi le\c:(s "ill produce a superior produce. 

According to Taguchi. the product 
designer mus1 not only produce a work­
ing protot~pe. bv~ must also explore the 
parameicr senin~s fully 10 de\·elop che 
one: 1ha1 works bes!. C nfortunatelv. in 
tile West. parameter design is often pa"Ssed 
o\·er or periormc:d poorly simply because 
efiicienl me1hods 10 s1udy 1he parameter 
Jesi~n sra.:c: arc unknown. The cool Dr. 
Tat~u.:hi r;:.:ommcnds ior parametc:r de­
sign c:<pcrimenr; i~ SIJl1siical c:xperimcn­
IJI dc:sign. "hi.:h grc:ally improves boch 
1hc: efficiency and rc:habl111y of experi­
menral work. l:i particular. Dr. Taguchi 
recommc:nd' ortho!Zon.11 array cxperi­
menis as 1hc: has1c 1001 for optimizaiion. 

Orthogonal Array 
Experiments 
The: run.:11,,n ni an 1>rrhoitonal array is 10 
sc:lec1 a suh'>.:I 11i 1h.: c:nlirc: paramc:tc:r 
dC:Sl!!n sr.1.:.:. I.:. ,1(1 .:omhmaliOnS Of 
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Design 

l",..''tik paramc:1<:r ':::llln~ that\\ ill pr,1-
\ idc: the: .. ~-cntial tnformauon t<l Jc:tc:r­
minc: <•pllmal l:i.:tor ~ttin~. Onh,,~onal 
arra~s arc: 't:inJarJ plans for muhifa .. -i,1r 
c:xrc.-rimc:nts tha: ha\c: a pa1ruisc: tialanc­
ing pro('c."rt~ '~.:h that C\C~ paramc:ter 
te51 Sc."lllng '"-'"Curs" ith C\ c:~ :c:st !<!ling 
of all uthc:r dc.."Sign raramct.:~ the! same 
numl'>cr oi times. This pairu i!'c! halanc..-in~ 
rrorc.-n~- ,1r <lflhogonality. ~i,·c:s cxcd­
lc:nt do'' il!-tr.:am rc:produCit'i11ity ol latio­
rato~ r..-suhs '' ith g.rc:atc:r prc!Cision than 
can he: obtainc:d from -one-factor-at-a­
urne"" c:xreriments because= the conclu­
sions ahout factor dkcts are all based 
o,·er the c:ntire range of test settings for 
the othc:r d~ign paramelc:rs. 

l" sually it is nl)t c:fft .. ;ent to conduct a 
thorough study •lf the paramc:ter space: 
unless thc:re arc: onh a few factors and 
le,·c:ls of intc:rc!st. Consider an c:xpcri­
ment im·oh·in2 sc:,·c:n factors. As)umin2 
that two or ihree lc:n!ls are spaced 
-boldly.- an c:xcc:llent strategy of reduc­
in2 the: size of the im·esti2ation would he: 
to-limit the stud\· to thos"C le,·els. Yc:t. all 
possible combinations of two or three 
le,,·els would still require 128 and 2187 
trials. respc:ctively. In thesc cases. the 
experimenter may drop some ta .. -iors to 
further reduce the size of the stud\·. 

Accordin2 to Dr. Ta2uchi. it is far bet­
tc:r to includ~ as many factors as possible 
in the initial screc:ning and reduce: the 
r.umber of trials b\· usin2 an onho2onal 
array because that-expcriment can often 
.:xtract the c:ssential information about 
the main c:ifc:cts. and somc:timc:s t'I' o-fac­
:or intc:ractions. with far fewc:r trials. In 
the example. a sc:,·en-factor main-dfc:ct 
study at l\\O "-''·ds can tie accomplished 

\\ nn ;.in ~-trul ••rth,,;..,mal pbn IL, t ,1nJ 
JI thr.:c: k\.:b '"th;, .:--mat <•rth,•~t>nJI 
plan 1 L. ,_ nus ,1mpl~ amount~ 1,, 'tuJ~ -
mg a tra.:11,in ,,, Jil ptl!-.. 1Nc: .:<•mhma­
ti''"' dc....:nt>.:J l'i\ the: .:<lmplc:tc: fa.:t<>nal 
<:\p.:nmc:nt. Thus. <>rthogonal arra~ c:\­
~nmc:nts ;m:! <'Uc:n irae11,mal-fact<1rial 
c:xpcnmc.'.nt~. \\ hi.:h ha\ c: tic:c:n C<'mmonly 
usc:d in the: chc:mi.:al inuustn i,,r u\ c:r 
i<>ny ~cars. lnncn ;itions prlwiJc:d t>y Dr. 
Ta!!uchi th;it make the dc..~i!!ns ffi<>re 
apph.:atilc Ill P..'I~ urc:thane !...:rc:ening 
pwhkms indudc:: 

• linear graphs t•l aid in the: dc:sign <>i 
.:<'mplicatc:J "4..1.:c:ning cxrc.-nmc:nts in­
' oh ing t'il'th mam dfects and intc:rac­
tions: 

• pro' isions f,,r including multi le:' d 
factors inhJ t\\ o- and threc:-le' cl ,,nho1?0-
nal arrays: -

• tcchniques 1hat rc.-rmit factors '"uh 
'arious numbers of k,·ds to cocxis: in a 
standard onhogonal array: and 

• a compl::te ~ys1c:m for statistical 
experimental dc:sign 1hat can be lc!arnc:J 
quickly by tc:chmcal pcople ha,ing a 
minimum ,)j prior trainin~ in statisiics. 

The Basic Appmach __ _ 

Dr. Taguchi"s approach to industri:il c:x­
pc:rimentation is outlined below: 

• Define the problem and the: c:xpcri­
mc:ntal objecti,·es. 

• Assemble a group !.:no" lcdgeable 
with the problem arc:a. and brainstorm 
factors and lc\·els to be includc:d in the 
design. 

• Design the: c:xperiment t>y sc:lecting 
and or modifying. an appropriate onhogo­
nal array. 

•Conduct the: c:xpcriment. analyze: the: 
Jata. and intc:rpr.:t the: rc:sults. 

• Run coniirm;iton 1rials to detc:rmine 
w hethc:r the: op1imal s~ttings dcri' c:d irom 
the: paramc:1c:r dc:sign .:xpc:rimcnt actu-

..i:I~ r ... -... ult ;n ', ... ,~!<: ~rnrrt''"-""1~n:'. 
Th.: 1c;im ;.irrr.,.1.:h .111J t-r;un,1,•rmm~ 

JrC: C:O.:<lUra~eJ h> rrc:\ c.'01 j'rl.'l',l!K<:I\ .;J 
n\\ti,,n~ tr,,m unJu!~ ~ .. 1 .. m~ th.: '''P.: ,,, 
the: c:xp.:rimcnt. Funhc:r. the .. tr.._-..., ''" 
'''niirmat•>r~ rn;ils 1,,11,\\\s fr.>m :!le: tact 
!hat _.11 tra.:t1<>n;1l-ta.:1,,rial J.:,1!!ns 
;ichic:'.: rhc:1r ,.i:,,nom1c:s lhrt'U!!h ~-~m­
foundmg. main dic:cts \\uh intc:~acu,,n, 
.1m,lng fa1:1.,rs. If Dr. Taguchi·,. rc:cum­
mendati<>ns are foll,,wed_ the: r.:sult1n!! 
paramdc:r Jc.1gn .:xpc:rimc:nts "111 ,>flc:~ 
coni,>und the: mam dic:.:ts ,,j intc:rc:;,1 \\ nh 
t\\,1-facwr and hi!!hc:r-t,rdc:r tntc:racti<'n~. 

l",.u;illy_ l" ,,_1'°;i.:wr mtc:r:1c11,,n, Jrc 
;issumc:d Ill be Olli prc:!<nt In _;ll ,•nh,lgO­
nal array scrc:c:nmg c:xpc:riment ,,r the:~ 
\\ill at kast be d,1minatc:d ti,· the main 
effc:cts ,,f intc:res·,_ In .:hc:mical ~,·stems. 
this is often a highly quesuonable as­
sumption. Its lad• l'f ,-atidity. if prc:sc:nt. 
will be sho" n t>~ the: confirmato~- trials. 
Additional trials\\ ill then be r.:4uircd to 
understand exactly what dic:cts and intc:r­
actions arc: imponant. 

Expcns in the: iidd C'f study oitc:n can 
assc:ss from iir.;t principks or c:xpc:ric:ncc: 
whc:ther interactions should tic: accountc:d 
for in the initial s.:rc:cning cxpcrimc:nts. 
Accordin2 to Dr. Ta2uchi_ this furthc:r 
dc:monstrates the nc:c:d for c:n!!inec:rs and 
scientists to dc:si!!n thc:ir own ;tatisticall\· 
guidc:d expcriments. · 

Formulation Development 
Application _____ _ 

This study was conductc:d shortly after 
one: of the: author< attended a t\\O-wec:k 
trainin2 scs~ion in 1he Ta2uchi .\kthod. 
Its otijecti\e \\JS to find a- commercially 
feasible: application for an c:xpc:rimental 
rotyol product. A hrainstorming ~ession 
was conductc:d to $clC:ct factors and In­
ds for invc:stiga1ion. The: initial ot-ijc:cti,·c: 
of this rrnjc:ct "as to scr.:c:n a numt->c:r of 
'~IT"'llf19 

Tf..BLE 2 Taguchi L .. Screening Experiment. iABLE 3 Laboratory Screening Experiment Resulu. 
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. -= _ ~ - Optimum Factor Corn­
IHIYtions in Order of Signifi­
cance for the Responses. 

A. C .. e .. ~~ r1r.:c-. s~ 
~:.rger 5-6 

Cac~iys= 3 _ .; or 5 
Pclyol B or C 
1.~:are r 5 

----------------------1 
8. ::a trme_ sec 

T.:>r9er 26-30 
Polyol 8_ C. or D 
Water I 5 
Cararysr 3. 4. or S 
CFC-I I 25 

C. Core density. pcf 
Targec I 50-1.60 

CFC-I I_ 35 
Water_ 1.5 
POlyol 8 or C 

D. Fiow. cm 
Targec_ 125-140 

CFC-I I 35 
wacer 1 5 
Poiyor. 8 or C 
lsocyan.:ire 11 

E. free nse censiry_ pcf 
Targer I 20 

CFC-I I 35 
Water 1 5 
Polyol: 8 

F. k-Factor. Seu rnlh °F rr: 
Target smallest best 

Polyol: A 
caca1ysc: 3 
warer 0 5 
CFC-I I 25 

possible formulation combinations to 
,lc:termine exactly what parameter set­
tings. ii any. produced a reasonable foam 
product. 

The factors and levels listed in Ttible I 
for imestiization in this initial screeniniz 
~tuJy were assigned to Taguchi's L,. or. 
1hogonal array using some advanced tech­
ni4ues of design constn;ction that are 
l•c:~ ,)nJ the scope o! this article. Taguchi ·s 
meth,,J for assigning orthogonal array 
..:\renments may be found in his Syirenr 
, •I E.\p.mmenml D1tsign ( ASI Fress. 1987). 
fhe resulting experiment is presented in 
f.1blt! !. 

The construction of this design required 
rc:peririon of certain factor le\·els of the: 
.:Jtalnt variable more than othen as a 
,·nns~quence of the balancin?- proi.~rty 
,,( the orthoizonal arrav. While a four· 
h:\ el c1llumn -for the polyol/water factor 
,,,ulJ re included usingTaguchi's recom­
nk·nJJ111ms "ithout losing the balancing 
j'r11rerty or lhe array. a five-level column 
.-.inn111 Ile con~1ructed dircctly. lnsttaJ. a 
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'iC:\el'!-k\d ..:olumn "3'i creatc:d for the 
..:Jul:-'t <.mJ!--k JnJ rh.: !'41} e·Hra k<d-; 
••.:r;: 1.:rl.1cr:J \\llh .1n r:'l!"ilm.: lc:<d Cll0-

s1Jer::J hJ h: ni ~m:at 1mportJn~'"t:. TJ~u.:h1 
calb this pro.:.:dure ··Jumm~ treltment"" 
3nd h.is a d.:raileJ discussion oi it in his 
book. 

In order to use the L, orthogonal ar­
r:iy. it 'll>as necessal"')o· 10 combine the wa­
ter and pol~·o: le\·c:ls using a technique 
called .:ombinarion desiizn. Thus. the m:iin 
dic:crs of both polyol-and water were: 
estimated under the assumption that no 
interaction existed between the two fac­
tors. 

Experimental Procedure_ 

Reactivity profile and friability (subjec­
tive ratiniz) were determined from hand­
mix foam·s prepared in I-gal paper cans. 
Free rise densities were measured on core 
samples of open blow foams. Height of 
rise at eel. final rise heieht. and flow ratio 
were determined in a tlow tube. 

~linimum-fill-density and packed pan­
els were prepared in a 2- x 3- x 25-in 111old 
press at 1~0°F. Core densities and le-fac­
tors were determined from core samples 
of packed panels. The -freeze stable 
density- of a foam is defined as the low­
est panel density abO\·e the minimum­
fill-panel density that exhibits no signifi­
cant changes in dimensions after being 
held at -:!OOC for at least 2 hrs. The bot· 
tom sections of the packed panels were 
tes1ed for compressive strength. 

Isocyanate and mastt>rbatch tempera­
tures were maintained at 200C. Master­
batches were cooled down to 12°C be­
fore panels were prepared in the mold 
press. 

The 16 trials were performed in a 
comple1ely random fashion to avoid 
experimental bias irom unknown sources 
of \·ariation. The randomized sequence is 
shown in Tab/~ 3 aloniz with \·alues of 
some of the nine responSc variables stud­
ied. Other \·ariables included flow and 
J::mold properties. 

~lost l>i the foams produced were of 
povr quality. as expected. since the pur· 
pose of the study <\as to deliberately 
induce: •·ariation into the results to deter· 
'Tline important factor effects. The no­
taol·_· c:~ception was trial #l.J. a low-Jc:n­
sity •,\Jm system with good frec:ze stabil­
ity a110 :lic:rmal conductivity. 

Data Analysis ___ _ _ ______ _ 

The: anal~sis was done in two pans. First. 
rhe starisrical si2nificance for each re:· 
sponse was asses~eJ using the Analysis 
o! \'Jriancc: or A:--;O\"..\. This procedure 
c:ssc:nti;ill\' dc:rc:rminc:s wherhc:r the lotal 
varia1ion ~Jhsc:rved in J sc:r of trials is due: 
ro chJncc: .inJ s1mulranc:ously dctc:rmrnc:s 
lhc: i:onmllur1on of eJch fJcror 10 lhc: 
I oral\ arr;l!lon. 

-_,2:..= ~ Factor Settings In Order 
of Decreasing Performance for 
Optinul Foam Performance. 

Factor 

PJl:,oi 
CF-::::.11 
W.:>rer 
C.:>:<>iysr 
rsocpn.:>:e 

E er C 
35 
I 5 
3_ ~-or 5 
1: 

Tr.OLE 6 Conflmtatcwy Trials 
Suggested by Table 5. • 

Trial Polyol Catalyst Result 

i 8 3 Pass 
2 c 3 Fad 
3 8 4 Pass 
4 c 4 Fad 
5 8 5 Pass 
6 c 5 Fail 

'Le'lelS CFC- I I = 35. Warer = I 5. 
lsocyanare = 11 Surfacrar.r level SI 
used for all rnals_ 

Second. for those factors that were 
determined to be statisticallv sienificant. 
the levels responsible for the best per­
formance were identified. The underlv­
ing model of this screening experiment 
was tar too complex to be analyzed by 
the simple analysis tools of the Taguchi 
Method. Instead. th< results were ana­
lyzed using the General Linear Models 
procedure ccntained in the SAS statisti· 
cal analysis program. These analyses 
revealed a siiznificant - lack of fit" for 
"Tlany of the: responses. i.e .. the assump­
tion concerning the absence of interac­
tions among the fa.:tors was unjustified. 
:'lievertheless. several main effects of 
importance were idc:ntified for each re­
sponse. 

The results ar~ summarized in Table./. 
in which the: rclati\·~ importance of fac­
tors and their optimal setting is presented 
in descending order of significance. The 
various responses differ with respect to 
rheir op1imal factor and lrc:atment com­
hinations. For eumplc:. densily and now 
;ire: most stron~ly in!luencc:d by the CFC -
11 and pol~ol (actors. while the catalyst is 
the single most significani factor affect­
iniz cr.:am lime:. 

-A dc:sirahility scale: was assigned to 
each response to establish those factors 
rhat produced rhe besr overall perform­
anc.:. These factors and their levels are 
shown in Tc1h/e 5. The analyses indicated 
no signifii:anr difference among any of 
1he surfact.tnls and only a slighr prefer­
c:ncc: for one nf the 1socyanatc:s. so these 
l\\o f.1ctors ..,ere \C:I JI lheir most eco­
nomii:.1l lc:\c:I\. 
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'"'5lE ;- Prvperties of Fo.ns That 
Passed Confirmatory Trials. 
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Confirmatory Trials __ _ 

L"sine the information in Table 5. the six 
additional experiments des..'Tibed in Table 
6 were performed to determine the best 
combination of polyol and catalyst. :-.lote 
that onlv one of the confirmaton trials. 
#5. was ~hse?"·ed as pan of the original 
experiment (trial #14). A characteristic 
of statistical experimental design is that a 
sequential approach to experimentation 
is promoted. in which information from 
an initial experiment is used as a guide 
for further experimentation. 

Tne confirmatory trials represent a full­
factorial experimerit for two levels of 
polyol and three le,·els of catalyst. Ac­
cordin2 to the results of the' initial experi­
ments.- most of the properties of these 
foams ~hould all he essentially equiva­
lent. Ho"e,·er. the additional trials are 
ahsolutc:ly rc:qu1red for verification pur­
poses l'lc:cause the analysis of the fir~t 16 

0.15 

.5 

~ 0.1 ·c: 
! 
00.05 

30 sec. 

5 

I 
I 
I 

10 
'!& overoack 
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tnab 1nJ1.:;:tc:J th.JI the a,.;umr11,in oi no 
in1erac:l()n ;1m,mg the t.1ci.1r, ''as not 
~tric!l\ 'alid . 

. ..\t ihis ~ta~e. foam pc:rll,rmancc was 
iuJ2eJ more crm.:alh·. anJ the i,iams were 
·~raded on a ·rass iair· has1s w simplif~ 
interrretation. The n.-sults 1i~1eJ in Table 
fl dearl~ indicate that poly,1ls Band Can.: 
not equi,·alent. as su~gested hy the initial 
di!si~n. Instead. all foams rroJuced with 
f"Olyol C \\ere h.lO fast fllr existing_ com­
mercial processing. 

The properties oft he acceptable foams 
ci,·en in Table -; demonstrate remarkable 
~imilariti~s. especially in 1h.:ir kinetic 
properties. Ob' ious differences exisi. 
ho\\e,·er. in their thermoJ~ namic prop­
erties. especially thermal condu\"tivity. 
P:-;:suma~h·. :hi!h diff\:rcnccs jfC due tu 
the catah-st. The data in Table i. ho'IA·­
e,·er. are. not sufficient to reliably esti­
mate the effect of catahst. These data do 
suggest that the experimental polyol will 
indeed produce a commercial product. 

Final Product Optimization 

Polrnl B ( ~lultranol E-9~S0) was funher 
studied hy means of Response Surface 
~fethodology. The objecti,·es of this final 
studv were 10 remo\·e remainin2 ambi-
2uitics about the effects of catal\'si. water 
content. and CFC-I 1 content: to de\·elop 
an advanced computational model for all 
important parameters of the urethane 
product: and to determine the optimum 

TABLE 8 Commercial Formulation. 

Component Weight 'It 

Polyol 8 IE-9280) 69 45 
Surfac:ant. ::.?:.?:_;sr 2 35 
war er r :::o 
CFC-I! 27 00 

Tora1 :oo OJ 
Po:yme~1c \ml 97 2 

Ill 
8 

Cl c .. 6 ~ 

5 min. u 

"' "' 4 4D 
c 
~ 
.!.! = 2 
# 

0 
15 20 0 2 

-:--=-.=~£ -' Properties of 
Commercial Formulation.• 

-e"'rpe~ .. =l:L# .. e -
-=0;.;r press-·e ::->; 

~eac:1v11y c":" se: 
c·eam :ir.".e 
Gei rime 
7°?Ci( f~~e 

Dens::y. ;xt 
;:.ee ~rse 
\~1:i1mu~: 

;:reeze s:a::::.e 
\10iCec: c:·= 

~-F.:KW( 1ni,.a. 
Sru 1n/h = F ":· 

(Oriipf-t~::i1ve :i: .. er:9:r.. ~S: 
?arcillel ar _;1ei::1 : :: ' 
?erpenC1c;.;:ar a: _,:e1.j :: ~ 

Dimers1onci1 s:ab1lrr; 
:: vol. cr.cinge@ 

-3o=c r ;;ay _ :J 

..,70=c r ~ay 

'HK-! 00 rr.ecr:--:e. -.:a r 2-2 ~·"'"9 
neaa 

settings for all parameters. The result of 
these final studies was a commercial 
product (Tables 8 and Y). now under pat­
ent protection. with good thermal con­
ducti,·itv (k-factor) and. as illustrated in 
Figs. I a

0

nd2.exceptional demoldcharac­
teristics. The demold properties of this 
product result in increased productivity 
for the customer \\ithout capital im·est­
ment. in accordance with the Taguchi 
philosophy. 

Conclusions ____ _ 

I. Taguchi"s group approach to problem 
solvim! resulted in hi2hlv dficient use of 
both i}ersonnel and ma.terial resources. 
Although more time" as required to plan 
experiments. the overall time required to 
complete 1his project "as far less 1han 

4 8 8 10 
Oemold time, min. 

FIGURE I. fl,,,,,,(,/,.., .. ,,,.,,,, ( ,,, /111/11•/" I/Ill(""''"'" FIGURE Z. /1,.,,,,,fil /""/"'''",'· ', '1111.1:111\\ ''"'"~" ,.,,,;,,,rf. 
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required for com·enuonal c:lperimenrs. 
Further. the: wc:;ilrh of information ol:>­
t;iinc:J Jurim~ the l:>rainsrormin2 sessions 
JiJ sc:nc: t<>- prevent elperim~ntal bias 
and c:nsurc: a brood S<arch for applica­
rions. 

~- Thc: llHrial screening e=<perimenr. 
alrhough somc:what complicated. madc: 
\·en.· dficic:nt use of tc:chnical rc:sources 
and idc:nrified critical factors and levels 
for further studv. 

3. The six additional confirmatorv trials 
removed some ambiguities concerning 
blend composition and verified that 
commerciallv fc:asible foams could be 
produced from the experimental polyol. 

.J. The authors found Ta,uchi"s or­
tho,onal arravs to be too restrictive and 
inefficient for -final product optimization. 
so nonlinear methods were used for this 
purpose. Th~. in •he authQr.;· labora­
tory. the Taguchi Method bas become a 
screening tool in formulations develop­
ment. 

5. A commercial product. Multranol 
E-9"-80. with exceptional dcmold prop­
erties was perfected as an end result of 
this study. 

Although some of Dr. Taguchi"s tech­
niques arc controversial and arc a matter 
of dispute among statisticians. the Taguchi 
concept of direct product design bas been 
accepted and promoted by Mobay man­
agement and is currently being directed 
toward the CFC issue in rigid foam for­
mulations. 0 
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Der Polyurethan-Ver­
arbeitung miBt ein 

Munchner Maschinen­
bau-Untemehmen 

gro8e Bedeutung bei. 
Wihrend Spritzgie8-
maschinen ein jihrli­
ches Wachstum von 

10 bis 15% - entspre­
chend dem allgemei­
nen Marktzuwachs -

aufweisen. zeigte sich 
bei PUR-Maschinen 
eine Steigerung von 
20 bis 25%. die sich 
zunichst auch noch 

fortsetzen wird. 
Grunde hierffir liegen 
in dem breiter gewor­

denen Anwendungs­
spektrum und der da­

mit verbundenen Er­
neuerung der Ania­

gen. Rund ein Viertel 
der PUR-Verarbeiter 

sind in puncto Ma­
schinen auf dem 

neuesten Stand. Bei 
kleineren Maschinen 

rechnet man mit einer 
Einsatzdauer von etwa 
sieben Jahren, danach 

werden sie uberholt 
bzw. verkauft; groBere 
Maschinen sind 20 bis 

25 Jahre im Einsatz . 
lnsbesondere in Sa­
chen Systemtechnik 

21 

ist der Bedarf noch 
hoch. 
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onzepte 
im Baukastensystem 
fiir jede Anwendung 

A uf den PUR-Anlagen 
win.1 ein gro8es Teile­

spektrun in den unter­
schierl:1chsten Branchen 
nact1 verschiedenen Ferti­
gungsverf!thren produziert. 
Dazu gehort das Hinter­
schiumen von PKW-Teppi­
chen. Armaturenbrettern 
und Sitztextilien ebenso wie 
das Umschiumen von 
Wannwasserboilem und 
Automobil-Fenstem. 

Anlagen fiir den gesam­
ten Hochdruck-Reaktions­
bereich stehen zur VerfU­
gung: 
• Weichschaum, 
• Hartschaum. 
• lntegralschaum (auch 
lichtechte Systeme). 
• Hart- und Weichschaum­
hinterfUllungen, 
• EA-Schaum. 
• RRIM, 
• High-Speed-Systems 
(Polyhamstoffe). 
• Hochtamperaturverarbe1-
tung, 
• artverwandte Systeme. 
Je nach Aufarbeitung ste­
hen unterschiedliche Sta­
tionir- und Mobilanlagen­
konzepte im gewunschten 
Automationsgrad zur Verfu­
gung, die aus folgenden 
Bausteinen zusammenge­
setzt werden: 

----- -------
Anlagenbausteine 

Oosiennaachinen: Zur Ver­
fogung stehen zwei unter­
schiedliche Verfahr~n zur 
Dosierung der Rohstott. 
komponenten: Die Pu'mpen­
dosierung AIM-Star und die 
Kolbendos1ermaschinen aus 
der KK-Serie. Seide Dosier· 
maschinen basieren' auf 
Baukastensystemen und 
konnen gen au nach P~oduk. 

tionsbedurfnissen zusam­
mengestellt werden. 
MischkOpfe: In Gr08enab­
stufungen stehen funf 
Mischkopffamilien zur Ver· 
fugung: Linear-Mischkopfe. 
Umlenk-Mischkopfe (auch 
in Duplex-Ausfuhrung). 
Fullstoff-Mischkopfe. Kurz­

, hub-Mischkopfe (Bild 1) 
'und Nyrim-Mischkopfe. Es 
, werden Mischkopfe in Zwei-. 
, Drei- und Vierkomponen· 
, tenausfi.ihrungen angebo· 
, ten. Eine neukonzipierte. 
hochprazise SchuBzeiter· 
'fassung am Mischkopf er­
'moglir.ht SchuBzeiten m1t 
'hochster W1ederholgenau­
'igkeit. zum Te1I unter 0.5 s. 
'Mischkopfmanipulatoren: 
de nach Anforderung und 
,Automat1onsgrad ' stehen 
,einfache Man1pulatoren, au· 
,tomat1sche H andli"ggerate 
,oder NC-gesteuert~ Robo 
ter zur Verfugung. Alie Aus· 
'tuhrungen wurden 'spez1ell 
'fur den E1nsatz in der PUA 
'RIM-Fert1gung ausgelegt. 

Fur den praz1sen Kompo· 
nentenaustrag 1n reprodu. 
l1erbaren Bahnkurven. 'be• 

positionen vor 
Mobilanlagen, 
gi,ichzeitige 
verschiedener 
bei kontinuierlich f-
den Anlagen werden, 
gesteuerte Rob<rter · 
setzt (Bild 2). Sie a 
mit hohen Beschleu · 
gen und Geschwindi 
und ermoglichen ei;; 
ses Anfahren aller 
punkte. 5Clmtliche Lillt 
arachsen gle1ten in ex.­
und kraft1g d1mensionieftlll 
Prazisionsku(;elfi.ihrungtll · 
u'ld werden von burst .. 
-;en Gleichstromservomcillt 
ren m1t Getriebe- und tit 
gelumlaufsp1ndeln angelrit' 
uen. Fur die genaue Posilit' 
nierung sorgen inkreml' 
tale Weg·MeB-Syst­
Faltenbalgabdeckungen 
verhindern ein Verschlftlll 
zen der aufwend1gen rt# 
nik 



Polyurethan-Verarbeitung 

Formentriger: Der For­
mentrager muB auf die An­
lage, das Produkt, den 
Werkstoff und das Ferti­
gungsverfahren abge­
stimmt sein. Das Formen­
trager-Programm besteht 
aus mehreren Typenreihen 
unterschiedlicher Gro13en 
und Kinematiken. Nach den 
Anforderungen des Pro­
dukts konnen die erforderli­
chen Aufspa'lnflachen. Off­
nungsweiten. Parallelhube. 
SchlieB- und AufreiBkrafte 
sowie zusatzlich benotigte 
Schwenkachsen fur die 
Schaum- und Reaktionsan­
lagen gewahlt werden. 
Peripheriebausteine: Zu 
den Komplettanlagen geho­
ren auch: 
• Absaugsysteme. gegebe­
nenfalls mit Frischluftzu­
fuhr. entsprechend den ge­
setzlichen Vorschriften. 
• Warmeruckgewinnungs­
anlagen. 
• Spruhanlagen fur manu­
ellen oder vollautomati· 
schen Trennmittel- bzw. 
Farbeintrag. 
• Handlinggerate fur die Zu­
fuhr von Einlegeteilen. die 
Teilentnahme, den Abtrans­
port der Produkte. Abfalle 
usw .. 
• Komponenten-Ta nklager 
und Vormischstationen so· 
wie 

Bild 2 Neun•chsiger Misch­
kopf-Roboter fiir den vollauto· 
matischen Komponentenaus­
trag. Die Oberlagerung der 
programmierten Bahnkurven 
mit der eingestellten Ge· 
schwindigkeit d .. kontinuier­
lich umlaufenden Formentri­
ger-Forderers erfolgt ·ollauto­
matisch 

• Sicherheit :;einrichtungen. 
Steuerung. ProzeBdaten­
erfassung: Abhangig vom 
Automatisiarungsgrad und 
sonstigen Anforderungen 
kommen Relais-. SPS- und 
NC-Ste•Jerungen zum Ein­
satz. Durch die modulare 
Bauweise wird eine hohe 
Flexibilitat erreicht. 

Einfache Dateneingabe: 
An der ProzeBi.iberwachung 
PUC werden Produktionsda­
ten wie Teilegewicht. Mi­
schungsverhaltnis. Materi­
altemperaturen. Drucke. 
SchuBzeiten und deren To­
leranzen am lndustriemoni­
to:- uber eine Folientastatur 
eingegeben. Alie Oaten !as­
sen sich speichern und ste­
hen nach einer Produktions­
umstellung wieder zur Ver­
fugung. Die ProzeBparame­
ter werden erfaBt. uber­
wacht und konnen als 
Schaumprotokoll mit Teile­
numm.ar und Uhrzeit ausge­
druckt oder auch einem 
Leitrechner ubermitteit wer­
den. 

Der Benutzer wird uber 
ein Menu durch das Pro­
gramm geflihrt und be­
kommt angezeigt. welche 
Tasten zu betatigen sind. 
Fin weiterer Bedienkomfort 
ist die automatische Bahn­
geschwind;gkeitskorrektur 
des Mischkopf-Roboters 
bei SchuBzeitwechsel. 
Ebenso synchronisiert sich 
die Roboterbewegung auto­
matis~h mit den kontinuier­
lich umlaufenden Schaum­
formen und i.iberlagert ihre 
im stationaren Zustand pro­
grammierten Bahnkurven 
automatisch mit der Ge-

schwindigkeit des Forde­
rers. 

Produkt. Produktvielfalt. 
Produktionsleistung. Her­
stellungsschritte und Her­
stellzeiten fuhren zu der 
grundsatzlichen Entschei­
dung zwischen zwe1 Anla­
genkonzepten. 

Stationiranlagen 

Beispiel: Anlage zum Hin­
terschaumen von unter­
schied!ichen PKW-Teppi­
chen. Die Anlage besteht 
aus einer RIM-Star Pum­
pendosiermaschine mit 19 
Mischkopfen zum Schau­
man in geschlossenen For­
men. Pro Schaumvorgang 
sind je nach Teppich zwi­
schen einem und vier 
Mischkopfe angeschlossen. 
Die Produktionsdatenerfas­
sung PUC uberwacht die 
Produktion und protokolliert 
jeden einzelnen SchuB. 
Neun Formentrager stehen 
zu Dreifachgruppen zusam­
mengefaBt in Absaugkabi­
nen. Zu der kompletten An­
lage gehoren auch Tankla· 
ger. Vormischstation, 
Trennmittel-Spruhanlagen. 
Werkzeugtemperierungen 
und ein Vakuumag~regat. 
Produktionsablauf: Das 
Gestell ist bis zu 30' nach 
vorne geschwenkt (Bedien­
position). der obere Form­
aufspannrahmen geoffnet 
(maximal 90' schwenkbar). 
der Teppich wird eingelegt, 
der Aufspannrahmen ge­
schlossen und verriegelt. 

Die Schaumform wird mit 
einem hy· 
draulischen 
Linearhub 
geschlossen. 
der SchlieB­
druck gleich­
maBig i.iber 
ein pneuma­
tisches 
Oruckkissen 
aufgebracht. 
die SchlieB­
einheit in die 
optimale 
Schaumlage 
zwischen 30° 
nach vorne 
und 150° 

nach hinten gesch· . .,e-io­
die Schaumprogra~,,.. 
werden freigegeben. ' 

Der geschlossene For,.. 
trager kann noch wahr~­
des Schaumeintrages : 
seine vorgewahlte und o~: 
male Reaktionslag-: s~ 
schwenkt werden. Aur· 
diese Position befinc =t s.~­
zwischen JO' nach vor-, 
und 150' nach hinten · 

Auf Stationaran1a9,. 
werden z.B. FKW-Tepp1c~. 
und Motorradsitze hinte.: 
schaumt, ebenso finden 5,. 

Einsatz beirn Um~chaum,: 
von Fensterscheibe:i i.r: 
kleineren Elektroboik -n 

Weitere Einsatzs ~bie:: 
sind die Herstellur.g vc· 
Skiern und technischen Te 
len in lntegral-Hartscha11rr 

Mobilanlagen 

Beispiel: Rundtisc~ ,nlas~ 
zur Herstellung von text. 
hinterschaumten PKW-S·: 
zen mit unterschiedlichr 
Stauchharten. Das Produk 
tionskonzept fi.ir die ratic 
nelle Fertigung von Autc 
mobil-Sitzelementen 1s­
nach den spezifischen Ar 
forderungen des Aur. ·agge 
bers entwickelt und , eir~ 

maBgeschneiderte Palyure 
than-Anlage umgeset:: 
warden. Im Taktbetriet 
werden samtliche Elemente 
der Sitzausstattung ti;: 
Kraftfahrzeuge vollstan~ 
und direkt textilverkleidc: 
hergestellt. Die einzelntr. 
Sitzelemente erhal:en un· 
terschierlliche Stauct'.1artef' 
der Schaume in gena.J deli· 
nierten Zonen. Der Kombt­
nation der Zonen und der 
Hartenuancen sind kaUll' 
Grenzen ge:..1tzt. alle 8111" 
steine der Anlage sind SO 
ausgelegt, daB auch auSG'" 
fallene ProblemstellunG"' 
in kurzester Zeit verw-~klic;ll! 
werden konnen. 
Ooaier•nl•g•: Erstrn"5 
wurden zehn Dos1erkolblfl 
bei voller Regelung zu i 
nem NaBteil zusamme119'" 
faBt. Auf einer Floppy-Oil' 
stehen 84 SchaumP'°' 
gramme zur V13rfugu11g. ~ 
des Programm kann au• 1 
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;nterschrcc!rchen Tell 
;chussen bestehen. wober 
e<1em einzelnen TerfschuB 
~rne eigene DosrHlerstung. 
ein besonderes M1schungs­
~altnis und erne rndrvrdu· 
elle Treibmrttefzu:iosrerung 
:ugeordnet werden kann. 
""isChkopfprinzip: Dre spe -
zjellen und variat1onsrei­
chen Anforderungen an den 
l(gmponentenaustrag wer­
deO von zwei Duplexmisch­
kcjpfen realrsiert. die syn­
c;hn>n eingesetzt werden 
t0nnen. Das Konzept er­
inOglicht erne bre1te Diffe­
renzjerung in der Dosierlei­
stun9 und den Wechsel auf 
WlfSChiedene Grundkompo­
nenten von einem SchuB 
zum anderen. 
swuerung mit Oualitats­
protokoll: Dosieranlage, 
Roboter. Rundtisch sowie 
jlder einzelne Formentrager 
wtrfiigen iiber eine eigene 
Steuerung. Unser Multimi­
boprozessorsystem PUC 04 
eteuert und regelt die ein­
mlnen Dosiereinheiten un­
lbhingig voneinander und 
llllisiert die geforderten 
Genauigkeitsanforderungen 
des Mischungsvert>altnisses 
und Teilegewichts. Ein 
Ubergeordneter Master ko-

lid 3 Ovelanlage zur Her-
11911ung von Pkw-Kissen mit 
Wll9rlchiedlichen Stauchhiir­
flln (Workbilder: Krauss-Maf-
1111 

<>r<.l1111e-- ::e e111zefne11 Re 
gelkre"-: ,u•otrollrert 
Grenn·.-:c-:o:> uberpruft Tem­
peratu,-:c· Orucke. Full 
stande -:,-: Die qualrtatsbe· 
strmme· :en ProzeBpara 
meter • -d eventuelle Sto 
rungen .·.erden erfaBt. an 
gezergt • ~d be1 Bedarf aus­
gedruc•: 

Die h.:: -en Anforderungen 
an Pra: ;.on und Reprodu­
zier"lar~: t machen den Ein­
satz vor Robotern erforder­
lich. Au; !<undenwunsch ka­
men Z\•.:r Gelenkknickarm­
Roboter zum Einsatz. 
Rundtisch for 30-Sekun­
dentakt: Der Rundtisch mit 
den 16 rormteilen lauft auf 
Rollen. die am Boden veran­
kert sind und sich in der 
Hohe ernnivellieren lassen. 
Diese Losung benotigt kei­
neri sauberen und gepfleg­
ten Boden und keine Lauf­
schienen. Der Antrieb er­
fol~:t iiber einen Gleich­
stromgetriebemotor und 
eine Umschlingungskette. 
Ein vom Antrieb unabharigi­
ges Weg-MeBsystem sorgt 
fiir die exakte Positionie­
rung. Die Fahrzeit pro Takt 
betragt ca. 8 Sekunden. 
Formentrager mit ausge­
feilter Kinematik: Fur den 
optimalen Ablauf der Pro­
duktion laBt sich der For­
mentrager in font verschie­
dene Positionen fahren. 
Zum Auftragen des Trenn-

mrttels kann die obere For 
merspannplatte um brs zu 
90 nach vorne geschwenkt 
und auf dre gewunschte Be 
d1enhohe abgesenkt wer· 
den Daruber h·naus verhrn. 
dert diese Position die 
Verschmutzung der unteren 
Formteilhalfte mit Trennmrt· 
tel Fi.Ir die rdeale Reakt1-
onslage und zum Reinigen 
der Entluftungsbohrungen 
schwenkt die geschlossene 
SchlieBeinheit um bis zu 
!:'l' nach vorne. Zu der Kom­
pletten Produktionseinheit 
gehort auch eine in das For­
mentrager-Grundgestell in­
tegrierte Hubeinrichtung 
mit einem prazisen 2,5 m 
Vertikalhub. Die Hubein­
richtung dient zum Verfah­
ren einer Vorrichtung. die 
das faltenfreie. konturge­
rechte Verformen des Teit­
tils im Formenunterteil er­
moglicht. 
Beispiel: Ovalanlage - kon­
tinuierlich umlaufend - zur 
Herstellung von PKW-Sit­
zen mit unterschiedlichen 
Stauchharten (Bild 3)-

Bis zu 60 unterschiedliche 
Schaumkissen (Rucksitze. 
Vordersitze und entspre­
chende Lehnen) werden 
gleichzeitig produziert. Die 
wesentlichen Bausteine die­
ser Anlage: 
• [,.,,s1eranlage mit einem 
Duplex- und einem UL­
Mischkopf, 
• Mischkopf-Roboter, 
neunachsig und NC-gesteu­
ert . 
• Umlaufanlage mit Ener­
gieversorgungseinheiten. 
• Formentrager und 
• Absaug- und Sicherheits· 
einrrchtung. 
Dosiermaschine: Drei RIM­
Star-Pumpendosiermaschi­
nen mit jewe1ls unabhangi­
ger Acht-Punkte-Servover­
stellung auf den lsocyanat­
seiten uncl eine Zwei-Punk­
te-Verstellung auf den Poly­
olse1ten realisleren eine op­
timale Hartevarianz. Drei 
Pumpendos1erstrange be­
not1gen in der Regel auch 
dre1 Mischkopfe. Wir setzen 
unseren Duplex-Umlenk­
mischkopf mri zwei Dosier­
kammern un~ einer Um­
lenkkammer ein und kom· 
men mit nur zwei Misch-

. _., ............. "" ... ._.._ . .., .... , .... ,~ 

koplen Je1S f Jeoen dem 
groi?.en Austragsierstungs 
untersch1ed b1etet d1ese Lo -
sung auch den schnellen 
Wechsel auf verschredene 
Grundkomponenten von er­
nem SchuB zum anderen. 
Mischkopf-Roboter: Der 
hrer e1ngesetzte neunach­
sige Mrschkopfroboter ist 
eine Varrante des Bauka­
stensystems. Der mechani­
sche Aufbau zum Verfahren 
der berden Mischkopfe be­
steht 1m wesentlichen aus 
je zwe1 in horizontaler 
Ebene rechtwinklig zueinan­
der stehenden. linear unab­
hangigen voneinander pro­
grammier- und verfahrba­
ren Achsen. Unmitteibar vor 
jedem Mischkopf sind zwei 
Schwenkachsen angeord­
net, mit horizontal. recht­
winklig zueinander stehen­
den Achslagen. Die sie­
bente Achse verlauft verti­
kal und dient dem Anheben 
und Absenken der Misch­
kopfe. Alie Bewegungen 
sind programmierbar. 

Die Vorteile der kontinu­
ierlich umlaufenden Ovalan­
lagen: 
• Die Schaumaustragskur­
ven lassen sich bei stehen­
dem Conveyor einfach pro­
gramm1eren. 
• Die Oberlagerung der sta­
tionar programmierten 
B!ihnkurven mit jeder belie­
big eingestellten Geschwin­
digkeit des umlaufenden 
FOrderers erfolgt "ollauto­
matisch 
• Die programm1erte 
Schaumkurvengeschw1n­
digkeit andert s1ch automa­
tisch be• Schaumze1tenan­
derung 
Das Transnor!system be­
steht aus ernem o"al, kont1-
nuierhch umlaufenden 
Schleppkettenforderer mit 
30 Laufwagen zur Auf­
nahme von 30 Ooppel-For­
mentragern mit Pneumatik­
Druckk1ssen und hydrauli­
scher Schwenkung von 
oberer Aufspannplatte und 
Gestell. Zusatzl1che Wagen 
nehmen die Aggregate zur 
Energ1eversorgung der For­
mentrager auf Auf der 
Ruckse1te e1nzelner Laufwa· 
gen srnd Temperiergerate 
fur die Formen rnstalliert. 
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8.9 Standards for Polyurethan~s : 

.Aaericsn Chemical Society for 
T~stinf Materials (ASTK} 
Index : 

-fi1-

tttd1:111es 
fr« toluene d1isoc).anatcs in urethane prcpol~mers/coating 

solutions. b~ gas chromatography. test. (D 3432)06.62 
iumiturc and automoti\e cushioning. bedding. and similar 

applications. spec .• (D 3453) 09.02 
isocyanate groups in urcthar.e naterialsiprcpol~men. test, 

(D 2572) 06.02 
SUSPCnded matter. test. (D 4670) 08.03 
\'inyl-coated/urctha:ie-coated indoor upholstery fabrics. spec .• 

(D 3690) 07.01 
rrerhann-coatinp 

11-butyl acetate (99.S % grade) in. spec .• (D 3726) 06.03 
ethyl acetate 199.S 3 grade) in. spec .• (D 3727) 06.03 
free toluene diisocyanates in urethane prcpolymcrs/coating 

solutions. by gas :hromatography. test. (D 3432) 06.02 
~·yanate group content. test. (D 2572) 06.02 
methyl ethyl ketone in. spec .. (D 3729) 06.03 
~-cthoxyethyl acetate (99 3 grade) in. spec .. (D 3728) 06.03 

(rdhanes-foam 
bonded. spec .. (D 3490) 09.02 
~!·anate raw materials. testing. (D 1638) 06.03, 08.02. 09.02 
polyol raw materials. testing. (D 2849) 08.02 
polyurr!hane (high resilience). spec .. (D 3770) 09.02 
rate-of-ri'IC (\·olume increase) properties. test. (D 2237) 08.02 
rigid. spec., (D 2341)08.02 
slab. bonded. and molded, testing. 6 (D 3574) 09.02 
toluene diisocyanate for, spec., (D 1786) 08.02 

rrerln.at-s-microcellular 
flex11r.ll •ecovery. test, (D 3768) 09.02 
high temperature sag. test. (D 3769) 09.03 
shoe soling materials. spec .• (D 3851) 09.02 
testing. (D 3489) 09.02 

r rethanes-polyurethaae insulation 
composite pcrlite board/rigid cellular polyurethane composite 

roof insulation, spec .. (C 984) 04.06 
design considerations/spray 3pplication, practice. (C 945) 04.06 
hydroxyl numbers of polyols. test, (D 4274) 08.03 
membrane-faced rigid cellular polyurethane roof insulation. 

spec .• (C 1013) 04.o6 
primary hydroxyl content of polyether polyols. by nuclear 

magnetic resonance spectroscopy. test, (D 4273) 68.03 
repairing. practice. (C 950) 04.06 
spray-applied rigid cellular polyurethane thermal insulation, 

spec .. (C 1029) 04.06 
l'rethaaes-polyuretbane raw materials 

hydroxyl numbers. test, (D 4274) 08.03 
primary hydroxyl content. by nuclear magnetic resonance 

spcctrOSCOH. test, (04273) 08.03 
urethane foam raw materials, testing. (D 2349) 08.02 

l'rethanes-pol)11retbaae n" materials (isocyanates) 
acidity of toluene diisocyanate, test, (D 4667) 08.03 
amine equivalent ::>f crude/modified isocyanates, test, 

(D 4666) 08.03 
assay, test. (D 4665) 08.03 
freezing point of toluene diisocyanate mixtures, test. 

(D 4664) 08.03 
hydrolyzable chlorine content of toluene ~iisocyanate, test, 

(D 4663) 08.03 
isomer content of toluene di isocyanate, test, (D 4660) 08 .03 
specific gravity, test, (D 4659) 08.03 
total chlorine, test, (D 4661) 08.03 

l'rethann-polyurethane raw materials (polyols) 
acid/alkalinity numbers, test, (D 4662) 08.03 
SOdium/potassium content, test, (D 4668) 08.03 
specific gravity of polyols, test, (D 4669) 08.03 
unsaturation of polyols, test, (D 4671) 08.03 
water content of polyols, test, (D 4672) 08.03 

British Standard Institute (BSI) 
Index : 

Poljurethane 
coated fabrics, for upholstered furniture, 00:>7 
coated fabrics, for water resistant clothing, 3546( I) 
coated nylon fabric. for mattress co\·ers, 5455 
coated n~·lon hospital mattress covers, 5223 
enamelled copper round winding wires, 6811(3.1) 
Oexible foam for loadbearing applications, 3379 
flexible foam sheeting for laminates, 402t 
pol)-urelhane·based cold ~oured sealant5, for concrc::? pa\·ement5. 521 · 
preformed rigid foam, for tl.ermaJ insulation of pipework, 5608 
rigid, foam produced by press injection method, 6586 ' 
rigid foam, for construction sir.es, 5241 
rigid foam, for on-site production. 5241 
rigid foam, slab form. 4S40 
rigid foam board, 48-41 
sprayed rigid foam, for thermal insulation olf roofs, 7021 
threads, :nethods of test. 5421(.?) 

Polyurethaae foam m&ltftaff•, 4;: ~ t 
PolJ11ttthane foam pillows, 5340 
PolJ11tttlaane foam• 

hospital IT'attresses, 5223(2) 
nospital pillows. 5223(3) 



4t Dnignation: D 2341-11 

Standalrd Speclfic8tlon for 
Rigid Urethane Foam 1 

This s&aftlknt IS mued under die filed daipallOft D 2341; die num~ 1mmedaaldy followl .. die desiptalJOft tndtcata die yar o( 

onpnal adoption «. rn the am of 1'e¥11ion. !be yar of l&sl ~. A numbrr 111 pmomtllexs incbcates rbt '.!'C8f of last ~· A 
SU~pt epsaion (1) tDCbcala Ul edilonal ~SID« W last l'r'lnlOll Ot rapproval. 

I. Scope 
1.1 This specification covers a class of rigid cellula; 

materials known as urethane foam or rigid cellular materials 
made from urethane raw materials wbcrc other types of 
repeated structural units arc present such as 
polycarbodiimide or polyisocyanuratc. Urethane foam may 
be generally defined as an expanded cellular product pro­
duced by a catalyzed reaction of polyisocyanates with 
polyhydroxy compounds. The d ... "lail requirements of this 
specification apply to ti>~ core material of the sprayed, 
laminated, moldC'd, or foamed part. In the event that the 
product docs not lend itself to testing of the core, specific test 
samples shall be agreed upon by the seller and the purchaser. 

1.2 The values stated in SI units arc to be regarded as the 
standard. 

Non I-For specific applications refer to ASTM Commilltt 0- IO 
on Packaging. C-16 on ThmnaJ and CryQICDic Insulating Materials. (in 
panicular ASTM Spccificatior: C S91 for Rigid Preformed Ctllubr 
Urethane Insulation). and F-7 on Aerospace Industry Methods. 

2. Referenced Documents 

2.1 AST.\I Standards: 
C 177 Test Method for Steady-State Heat Aux Measure­

ments and Thermal Transmission Propc,...ies by Means 
of the Guarded Hot Plate2·1 

C 203 Test Methods for Brcalcing Load and Flexural 
Propcnies of Block-Type Thcnnal lnsulation2 

C 273 Method for Shear Test in Aatwisc Plane of Flat 
Sandwich Constructions or Sandwich Corcs4 

C 355 Test Method for Water Vapor Transmission of 
Thick Materials' 

C 518 Test Method for Steady-State Heat Aux Measure­
ments and Thermal Transmission Properties by Means 
of the Heat Aow Meter 

D 149 Test Method for Didcctric Breakdown Voltage and 
Dielectric Strength of Solid Electrical Insulating Mate­
rials at Commercial Power Frequencics4 

D 257 Test Methods for D-C Resistance or Conductance 
of Insulating Materials4 

D 790 Test Method for Aexural Properties of 
Unreinforced and Reinforced Plastics and Electrical 
Insulating Material4 

1 This spcoficauon is unlkr tlM: 1unsdict1on of ASTM Comm111« D-20 Oft 

l'lasllCS and is IM dorm rapon11bili1y of Subcomminer D 20.22 on C~llulM 
l'Wlics. 

Currrnr td111011 approvtd June 26. 1981. Published Deormber 1981. On11naJly 
puhhshed as D 2141 -6S T. WI snv1ou1editionD2341 - 71. 

: Artrtuaf 81""1. ,,f.4ST.lf Startda,dJ. Vol 04.06. 
1 .frtrtlMI/ 81->lr. ol .4.'iT.\f Startda,dr. Vol 08 01. 
• .4rtrtua/ 81->lr. 11/.f.'iT.W !itartdtJTdJ, Vol IS.OJ. 
1 Dik'onunutd. - 1981 .frtrtua/ Bt1olc n( ASTM S1aNJa,d1. Pan II 

250 

01621 Test Method for Compressive Properties~­
Cellular Plastics6 

D 1622 Test Method for Apparent Density of 
Cellular Plastics" 

D 1623 Test Method for Tensile and Tensile 
Properties of Rigid Cellular Plastics" 

D 1673 Test Methods for Relative Permittivity and· 
pation Factor of Expanded Cellular Plastics Ulellir 
Electrical Insulation" .· 

0 1898 Practice for Sampling of Plastics" ~ 
D 2126 Test Method for Response of Rigid (dlllr 

Plastics to Thermal and Humid Aging6 
,. 

02842 Test Method for Water Absorption ol 
Cellular Plastics" . 

D 2856 Test Method for Open Cell Content o( · • 
Cellular Plastics by the Air Pycnometer6 ·• . 

02863 Test ~cthod for Measuring the Minimum <>:lia 
Concentrallon to Suppon Candle-Like Com · · 
Plastics (Oxygen lndex)6 

D 3892 Practice for Packaging/Packing of Plastics' ., 
2.2 .\lilitary Standard: 
MIL-STD-105 Sampling Procedures and Tables 

spcction by Attributes' 

3. Classirlcatioa 

3.1 The rigid urethane foam covered in this 
shall be designated by a type number. composed by 
the desired cell limit for each propcny (Note 2) in tbt. 
shown in Table I. 

NOTE 2-For pl'OllCfties that are aff«led by lht anisocropr 
foam. lht dim:tion o( measurement shall be specified ia the tat 
or as qreed upon by die Idler and lht purcbucr. 

Non 3-A product is specified by a tm-disit number, dlc 
repraeatiaa lcvd 0 IO 9 o( propmy I, density; dlc ICCODd, lcwl 
propmy 2, compralive stftllllh; and so on. Thus a mat.crial 
Type 3306056490 wo.ald have lht followiaa requirements: 

Dmlify 
Compnmwe Amlllll 
Bums111 nllc 
Cloted cclb (pormify) 
w lier ablorptlOll 
Waler vapor pnmabildy 

Dimensional ubilily. 
After 7 days 11 -29 :t l"C 
After 7days11 JI :t l"C and 90 to 
100~ RH 

After 7 days at 10 :t !"C 
Flnural st~ftllh 

O.OJJ l/cm1• 111U 

IOJ kPI I IS psi). 111ia 
umoeafled 
90" min 
urupec1flCld 
lO pn"ll-111 .. mu 

10 '\mu hnear chaner 
I "' mu hnar cln"llC 
unspcc1flCld 

• .f11rtua/ B<>Olc of ASTM Staftdardr. Vol 01102 
' frtrtlllJ/ Bo<JI< of AST.W StafldaTdJ, Vol 011 0) 
I A•allablc rrom Naval Pubhauons and Forms Center. ~801 T 

Ph1l1<Xlplt11, PA 19120. 

--.;1110•&111111111~•..,..=-"''"r.".,.. • ., "_,..,..._.,.,""'"""·'•1• .. ••z•••"•"'•"*•.,..•11a.-.1,....,...,....._+±~ a au•• : ·~~·1111?", 

E' ..,, 

4. ( 

4 
con 
Tht 
tilt 

4. 
'ltt 
uret 

s. [ 
5. 

llct~ 

or s 
lpra 

~ 

rnen 
dc'iC 
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TABLE 1 Der.ii Requirements 
-- ---- ---

~ 
Cell Ltmors 

Pr()Q@fty ana i..ri.rs 
i)ldll No 0 2 3 4 5 6 s 9 --t Cote oensiry ma• g,cmJ ,1~·ft"1 unSl)eerhed 0 016 0 026 0033 0040 0 048 :J080 0 128 0 400 0960 

,, 001 11601 12 •0) (2 50) 13001 15 001 18001 125 01 1600) 
2 Comoressrve srrengm. """ ~Pa un$l)90hea ,, 69 103 172 241 310 552 1379 2758 

tpSI) 

160) (100) (150) (250) (350) t450) t800) (2000) t4000) 

3 FllnWnab*tvA unspeofiecl 
Type A. leSs 11\an unspealieO 23 
Type 8. greater lhan ~ 23 .. Closed eels (pcrosrly). llWI. '\ ~ 10 so 70 80 85 90 95 

5 Wahlt aosorphon. max. g/1000 unspeofiecl 976 488 244 976 488 391 24' 98 
on1 (ll>/112) of ~- (20) (101 105) (02) (01) 1008) (0051 (0021 

•• Water vapor penneallollty. max. ~ 500 200 100 50 30 20 I 0 05 
~ a123: 1•c 

" 7 
OinwlSIOnal Slallollty ah er 1 ~ 2S 20 15 10 8 5 3 2 

.,:,,;\.. deyS al -29 :!: 3°C (-20 2 : 

~· 5.•-Fl. max.' linM' ~ 
-~:•. ~ stal*y alter 1 unspealied 25 20 15 10 8 5 3 2 

deyS at 38 :!: 1•c (99' :I: 
~\ 1 rF} and 90 IO 100' RH . ...... , __ ,Iii-.~ 

·I ~ stal*y alter 7 unspeofiecl 25 20 15 10 8 5 J 2 
deyS al 70 :I: 1•c (158 :I: 
1.a•F)_....,._,.._~ 

10 Fl9irurae snngttl. llWI. l!Pa (PSI) ~ 131 103 131 172 207 276 414 1379 2758 
(190) (150) (200) (250) {300) (40 0) (600) (2000) (400.0) 

11 lnlll9I •·lactor as produclll. max. unspecified 136 1'9 161 1.74 116 1 98 2 11 248 310 
lr9QI. an/ti. m2. •c (0 11) (0 12) (013) (014) (0 15) (0 16) (017) (020) 1025) 
(81u ·on /ti· l't2 • °F) 

!2 t.ta:u>r as received t>y unspecified I 49 I 61 l 74 186 198 2 11 2 23 248 310 

~- ma•. (0 12) (0 13) (0 14) (0 15) (0 16) (0 17) (0 18) (020) ,o 25) 
1r9Q1 ·cm/II· m> · •c 
(81u·on /h·l't2·°F) 

•l'lltmllbily-VlflOUS govemmenUll OOdleS llave ISSACI regulabOns Dased on ASTM Memoo E 84. Tesl ia Surlace Burning C11arac1ensroes ol 0<JliOong Mal!!'lals. 
E 112. T• lor 5'6face Fl8rnmalloli1y ot Ma1enais USn,i • RacNnt Heer Energy Sc.urce. and orner 1es1 methOd5 1""' regulabOns are nor me same ta a1 t>OOoes using 11\em. 
lllD. h reguiaoon ot ll'le pernment naving ~ Slloo.*1 t>e consuneo 

Nori 4-Ahhough lhe table theoreucally indic;itcs the l)l>!1Srb1hty of 
..Ydift'crent combinauons and products. 1hc$c cannot all e\lst due 10 
~ bcti.c:cn propcmcs. For e.ample. as dcnSlty increases. 
~Ye strength increases. and it is th'!t'eforc not \lmultaneouslv 
PlllUle to have maumum strengt" and minimum dcnsrly. Similarly. 
._ol'the other properties hstcd ~improve~ with increasing dc:ns11y. 

Nore !i-Othtr propemcs. such as shear strength. tensile strength. 
dimical prop.:n1es. etc .. may he added to the specificaucn. as agreed 
- by the sclltr and purchaser. 

Non 6-The physic;il propcnics of a foam arc not represented ll) 
~ ..iucs in any given 1<enical column. Refer to Notes :? and J for 
~on and dtsignation of foam requirements. 

t ~I Requirements 

4J These plastic compositions shall be uniform and shall 
<oabm to the requirements prescribed in this specification. 
1\e color and form of material shall be as agreed upon by 
6e1e11cr and the purchaser. Odor shall not be objectionable. 

_4.2 AJI materials and workmanship shall be in accordance 
"lb IOOd commercial practice and the resulting cellular 
lltlbane foam shall be free of defects affecting serviceability. 

S. D.tail Requiremenrs 

~ The structure of rigid urethane foam consists of a 
~ of cells. It is manufactured in sheet, block. molded. 
• *"=ific shapes and is prepared by batch, machine. or 
...,_techniques. 
~Test propenies shall conform to individual require· 

II qreed upon between the seller and the purchaser as 
~ in Table I and indicated by th: type designation. 

251 

Tests other than those: shown in Tallie I shall be as agrei:d 
upon by the seller and the purchaser. 

6. Sampling 

6.1 When possible. a core sample (Note 7) shall tic used 
for the test specified. RepreSc:ntative samples of the 101 being 
examined shall be selected al random as required. 

Non 7-A core specimen equal 10 12. 7 mm (0.5 1n.1minimum1nm 
from a skin \urfacc is recommended. 

6.:? When it is necessary or advisable to obtain specimens 
from the anicle, as in those cases where the entire sample is 
not required or adaprablc for lesling. the melhod of cutting 
and the ellact position from which specimens arc to be taken 
shall be specified. 

6.3 When the finished product docs not lend itself to 
testing or to the taking of specimens because of complicared 
shape, small size. metal or fabric insens. adhesion 10 metal. 
or other reasons. test stabs as agreed upon between the seller 
and the purchaser shall be prepared. 

6.4 When differences due to the ~:!'!iculty in obtaining 
suitable specimens from the finished pan arise. the seller and 
the purchaser may agree on acceptable deviations. This can 
be done by comparing the results of standard specimens and 
!hose obtained on actual parts. 

6.S The frequency of sampling shall be in accordance with 
accepted statistical practices and as agreed upon between the 
seller and the purchaser. 
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7. Test Methods 

7. I The properties enumerated in this specification shall 
be determined in accordance with the following methods. 
Modifications in the procedures may be agreed upon by the 
selltt and the purchaser. 

7.1.1 Conditioning-Unless otheNrise specified. the test 
specimens shall be conditioned without external stress at 23 
:!: l"C (73.4 ± t.8"F) and 50 :!: 2 3 relative humidity for a 
minimum of 24 h before testing. 

7. t.:! Tt•st Conditions-Tests shall be conducted under 
lnown conditions of temperature and humidity or as speci­
fied in the individual test procedure. In cases of dispute. the 
tests shall be made at a temperature of 23 ± I "C (73.4 :!: 

l.8"f) and in an atmosphere of 50 ± 2 3 relative humidity. 
7.1.3 Core Densit}·-Method D 1622. 
7.1.4 Compressi,·e Strength-Procedure A of Method 

D 1621. 
1.1.5 Thermal Conducti,·it_1·-Method C 177 at a mean 

temperature of ::!2.8 to ::!5.0"C (75 :!: ::!"f). 
7.1.5.1 For this !>pccification. thermal conductivity can 

also be determined by Method C 518 at a mean temperature 
of ::!2.8 to 25.6"C (75 :!: 2"F). 

7.1.6 Water Vapor Permeability-Methods C 355 using 
the wet or the desiccant method. Specimens 25.4 mm (I in.) 
thick shall be tested and the mean value rcponed. 

7 .1.7 Flammahilit_r-Method D ::!863. 
7 .1.8 Flexural Strength-Procedure A of Method D 790 

or Method C ::!03. Size oftest specimen shall be 25.4 by 25.4 
by 15::!.4 mm. 

7.1.9 Shear Strength-Method C 273. 
7.1.10 Tenstle Strength-Method D 1623. 
7. I.I I Uater Absorption-Method D 2842. 
7.1.12 Resistance to Simulated Sen·ice Conditions­

Method D 2126. 
7.1.13 Porosit_\·-Method D ::!856. 
7.1.14 Electrical Propertit's-Methods D 1673 or 

M~thod D 257. 

Son: 8-Spcati<. conditions (for cumplc. sample size. h 
temperature. etc. I shall be q:ttd upon by the scUcr and the 

7.1.15 D1e/ecrru· Slrength-Methods D 149. 

8. NUlbH of Tests 
8.1 One set -" 

be considered sufficient for testing each batch or lot. 1't 
minimum average for specimens tested shall be abo~ • 
requirements prescribed in this specification. The nlllllflir 
and designation of tests listed in Section 7 requind 111 
establish conformity of a material to this specification., sbll 
be agreed upon by the seller and the purchaser. 

8.2 Routine inspection may be limited to those ._ 
required to identify the material to the !>atisfaction m. 
purchaser. The purchaser shall state in the contract or Older 
the tests that the seller will be required to make on Qli 
shipment for identification of the materials. 

9. Retest and Rejection 

9.1 If any failure occurs. the materials may be retested ID 
establish conformity in accordance with agreement bchlta 
the purchaser and the seller. 

10. Packaging and Marking , 

10.1 Pad.:agmx-The material shall be packaged in -
dard commercial containers so constructed as to cnm 
acceptance by common or other earners for safe traDSPCJllt. 
tion -:: the lowest rate to the point of delivery, Wiim 
otherwise ~pccificd in the contract or order. 

10.2 .\larking-Shipping containers shall be marked ... 
the name uf the material. form and quantity contamal 

1
1 

therein. as defined by the contract or purchase order Wllfrr I 
which shipment is made. and the manufacturer's batch;la& 
or control number. or both. The shipping containers sbdk 1 
marked also with the name of the manufacturer 1.JJd -~ 
number of the contract or order. -. · 

10.3 All packing. packaging. and marking pro~isi~~ 
Pr.1ctice D 3892 shall apply to this specification. 

SUPPLEMENT ARY REQUIREMENTS 

SI. Quality Assurance Pro¥isions for Government aad Mil- Sl.2 Selection of acceptable quality level (AQL) ~-' t 
itary Procurement inspection level (IL) shall be made with consideration of* I 

s I. I Sampling for inspection and testing shall be carried specific use requirements. This is disc~ in Sections 7 ~ 
in accorciance with the recommendations of Practice 8 of Recommended Practice D 1898, with reference, t 
D 1898. Military Standard MIL-STD- I 05. , * 

The ~run Soc.-y '"' Testing Wtd Mel•rels 1811• no pca- respecting the vel"1ft'( al_,,,, p«.,.,, rlflhfs auwted "' c:onn.cr­
wlllt .,,,, ,,.,,. '"""''°'*' "' llllS SIM!dMd Uun al ,,,,. SlendWd - ••P'eatr .OV1S«1 ,,,., d«~-- al ,,,. .,...., al.,,,, SUClt '*""' rlfJhf•. Wtd rne ,..,. al rntr~ al SUCll rrgttrs. - .,,,"'Y ,,_ °"'" rwpons10.llfy 

TlilS SIWIOMd IS suo,.cr ro ,..,,,_ ., -'Y ,_ by ,,,. ~ ICfllllCM COtlltlMllN wtd """' 0. ,..,_.a~ ,_ ,..... wtd 
tf not ,.,,,..O. Miter fNPIJl'Olf«1 Ol •lllldlWwn. Vour ~ - lltVftd .,,,.., IOI r..,,,_ al llilS sr~d Ol lor eddlllOIW stendfNdS 
wtd sflOuld 0. eddlMHd 10 ASTM ~ VOUT COIMllflfS will,_ CWf/ful COf!SldfNel- ., • ,,,_,"'fl al rM f#POMI/.# 
1.clttl.ul c:ommllr•. wfllelt you ,,.,. elf..0 ff you IW INI your c:omm9tltl ,,..,. not reutWd o ,.,, ,_"'fl you lflOuld fNI<• your 
v-1ltnown10 ,,,. ASTM ComminN, on SfWIOMdl. JfHG Ree Sr. ~- PA 19103 
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0esignation: D 3453 - 80 (Reapproved 1985) 

Standard Specification for vf# .. 
-1e. 

Flexible Cellular Materials-Urethane for Furniture and 
Automotive Cushioning, Bedding, and Similar Applications 1 

This andud IS mucd under tllr fiud desipatlOft 0 J.tB; Ille numbn' 1111-.bldy fotio-111 tllr daipaQoa andiala tllr :!Gr of 
qnal ..,.,.,._ OC'. Ill tllr Q5t of~ tllr )IGroflasc rnisioa. A Dumber ID pamllhatf 1~ tllr year of last TralJPn>"al. A 
~ cpslloll (•I u1dX:ata .an cditonal ~ S111tt t11r lasl ~ OC' rappnw.al. 

· specification covers flexible cellular urethane 
intended for such uses as inserts for furniture 

· mattRSKS, and similar applications. 
• specification provides material and dimensional 

1S and methods of tests for specific properties of 
compression set. humid qe rcsisiance. and 

&tigue resistance. 
This specification incl\Kks references to government 

for burning characteristics of flexible cellular 
. used in specified applications. 

1 Docmaents 

itASTM Standards: 
1(:157~ Method for Testing Flexible Cellular ~atcrials­
~-}lllr. Bonded. and Molded Urethane Foams· 
U62 Test Method for Surfac..--c Aammability of Materials 
:Usina a Radiant Heat Energy Sourcc1 

U. Other Documents: 
DIC FF~ 72 Standard for the Flammability of Mattresses' 
DoT MVSS 302 DoT Motor Vehicle Safety Standard' 
0.T Federal Aviation Regulation (FAR). Part 25.853. 

Plragraph (b). and Appendix F' 
Simptificd Practice Recommendation R2-62 Bedding 
"Products and Components (Mattresses. Springs. Bed­
~ and Cots)' 

"'" l~ 
iilbis classification coven six grades of flexible cellular 
~-that may be selected for use according to load 
~and general physical properties. Table I; four grades I dynamic fatigue propert;es, Table 2; du<e pades 

llatic fatigue properties, Table 2A. 

t . ofhrchae 

. . y product represented as complying with this 
llllflrfttlpecification shall meet all the requirements listed 

.:,,;,. 

~--Ilion ,., under Ille jUNdic:tion al "STM Comminee D-11 on 
ii 1111 di • .a rapo1111bali1y al Subcommanee DI l.JJ on Fleublc 

~ Oet. JI. 19t0. Plabllllled 0.:-bcr 19IO. ()nplllllly 
D J4SJ • 76. LM llft"ioul 11111~ 0 UH - 76 . 
.. of ASTM Sltllllltvds. Vol 09.0l. 

of ASTM Sltllllltvds. Vol 04.07. 
die Superi•lllldlll• o/Documnia. U.S. Govmlmc111 Pl'inb• 
DC 20402. 

h. die CWnnt HO!* ror F9dml Sclcllblic and T«llnal 
SJIS P011 ltoyal lld., Sprilllfield. v" ll U 1. 
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herein for its panicular classification. 

S. Physical Requimnnats 

5.1 The material shall confonn to the requirements for 
physical properties prescribed in Tables I, 2, and 2A. 

6. Test Methods 
6.1 The ph)-sical tests shall be m accordance ~;th 

Methods D 3574. 

7. Buraiac Chancteristics 
7.1 Table 3 lists applicable government regulations on 

burning characteristics of material used in specified applica­
tions. 

8. Dimensions 
8.1 For l'se as ,\./aaress Inserts: 
8.1.1 Si:es-The standard thickness and tolerance arc 

specified in Table 4. These sizes have been adopted for 
mattress inscru to coordinate the insert with mattress ticking 
and other bed constructions. The other dimensions are 
specified in Table 7A of Simplified Practice Recommenda­
tions R2-62. 

8. L! For Ust• a.~ Ftmriture CuJhion Inserts- The allow­
able tolerances on dimensions of furniture cushion inseru 
shall be as shown in Table S. 

9. laspection 

9.1 Inspection of the material shall be agreed upon in 
writing by the purchaser and the seller as part of the purchase 
contract. 

9.2 Testing for conformance to requirements shall be 
done in accordance with tne appropriate sections of Methods 
D 3574. The specific test methods in this reference to be used 
for each test shall be as listed in Tables I and 2. cJtccpt as 
specified in 9.3. Burning tests in the reference arc listed in 
Table 3. 

9.3 If a specimen 380 by 380 by 100 nim (IS by IS by 4 
in.) cannot be obtained. an appropriate size. as well as its 
corresponding indentation force deflection (lfD) value shaJI 
be agreed upon by the purchaser and seller. In those cases 
where foams havina thicknesses of ( 100 mm) 4 in. arc not 
available. 1hc followina reduced IFD vaJun arc sugested: 

7S mm (3 in.) - 90" of 100 mm (4 in.) ILD value 
SO mm (2 in.) - 80" of 100 mm (4 in.) ILD value 
25 mm (I in.) - 70" of 100 mm (4 in.) ILD value 

In all cases, the IFD tolerances specified in Table I shall 
apply. For eumplc. a SO.mm (2-in.) thick Grade 120 N ( 12 
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kg/:!7 lb) foam ,.,;u have a .25 CC ILD \·alue of 96 ± 14 N 
C.21.6 ± 3.0 lbO • 8.2 to 110 N ( 18.6 to .24.b lbf). 

10. Retest and R~jedioa 
I 0.1 If any failure occun. the materials may be ~tested to 

establish conformity in accordance with agreement between 
the purchaser and the seller. 

11. Pack.aaiag. :'\larkilla. dll l..aMtiaa 

11.1 Pacl.:agin.(-The material sh311 be packed in 
standard commercial containen. so constructed as to ensure 
aa"Cptance by common or other carriers for safe tr.msporu­
tion at the lowest rate to the point of dcll\-c~. unless 
otherwise specified in the contract or order. 

11 . .:! .\larking-The shipping container shall be marked 
with the name. type, and quality of material in accordance 
""'ith the cor.tract or order under which the shipment is 

rude. The shipping container stWl also be marked 
name of the manufacturer and the contract or order n 

11.3 LAbt!l-ln order that purchasers may identify 
uru compl~ing ,_,ith all requirements of this sp::ci·lbQllilll 
produettS choosing to produce such products in COlllfaliil 
an« with this voluntary spcc1fk.--.ation may include a 
ment in conjunction ,_,ith their narM and add~ on 
invoi'-"CS. sales literature. and the like. The followin& 
ment is suggested: . 

11.3. I -This produ""'t conforms to all the rcquimncms fl 
Grade. . .. ·-· performaD\.-c grade __ .. _ at6-
lishcd in ASTM Standard 5pc1.,fication D 345r. Fal.,-. 
sponsibihty for the conforman"-c of this product wida 
standard is assumed by I name and :address of prodQtU 
distributor). . 

' 
Melnc. 25 ... lndllrQDon ino.ntaDOn Faroe Ano ~ 

N Farm~ 

IFO)'l-.S". 
N(ltlfl 

196 .... 196 :I: 111(44 :I: .. , 

151 3' 151 :I: 1<&(3' :I: 3) 
120 27 120 :I: 1<&(27 :I: 3) 
93 21 93 :I: 1<&(21 :I: 3) 
67 15 67 :I: 1<&(15 :I: 3) 
•O 9 '°:I: 1• 19 :I: 3) 

Test methodc 12 10 18 

65~:;,, __ , 
l<XlmPI 5e1• "'* 
90 ... Oelealar> .... -

19 15 
19 15 
19 15 
19 15 
18 20 
18 25 

12 IO 18 31 10 37 

20 
20 
20 
20 
20 

-
20 .. 
20 : ~ 
20.' ., 

211 -: -!--
25 . ·~ 

30 

380 x 380 x 100 380 x 380 x 100 50x50><25 

83 \0 87 
(F'rocmnJ,) 
50><50x25 
(2" 2" 1) 

8310lii : 
lf'ramlUI 11. 
50X50Jt1.· 
(2x2xfl (15 x 15"' .. , (15 x 15 x .. , (2 x 2 x 1) 

• Tollr..-s have...., eslOllleO ID prOWlde tor gr.oe ~ ca.-~-""'*' -- for soeof>c aRlflUllOnS. may DR .agreed -.cion '*-• 
purc:naser 8l1d ...... 

•To bee~ as a part*'t d Ole onginel lllel<ness 
c See Sec:llOn 6 tor .,, ....... d Ole 11151 mtlhOds ..... .,,.., 
0 See Sec:llOn 9 3 ~ ~3 ~sizes 1n noc .,,.._ 

AD 
80 
co 
DO 

A See MelllOdl 0 35 7 •. SectiOnl 76 IO 02 

. .· ... • ... 

30.mu 
31 IO 50 
51 IO 70 
71 IO 100 

... 

TA&E 2A Side Fmtlgue Perfonnence Gr.-. of UncalW ~ 

~Foelll --

AS 

"See Ma9lods D 357•. SecllOns 67 10 7• 

·.• .. 
. , 
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•nrc 111• Gouau .... 11 Regulnon tor Speofied ._... ...... . 

FAA Pin 25153. ~ (6),, 
ltlCIAol*ICbf 

E 152A .• 

pw1u1•Q1 llOdes ..... __, ~ ba9ld on T- Mill'lllJd 
~ - not ... - tor .. tlCIOm ~ llWn. ....... 

fl ... gc>wel••••• '-'II~ SflolAll .. oans&*«I. 
-...nl 5hooAd tie US9d ID - ltlCI ~lie~ al 
pllllDICIS. OI llliw n ~ID hMt lrld .... lnllr c:onnlld 
_.... lrlCI !flallld not tie US9d ID dl9c:llbe at ~ .. h 
h .. al ,,,......_ pracM:a. at WWWllClllW lnllr -*Ill h 
........ ,_.al ... lllt mar tie usm •--.al ah ftlk 
.......... nlO _.. .. al .......... - ~ID In 

fl .. h llulrd al a.-- lild .__ 

25 ID 75 
0-751D 125 
0-125 

mm 

25 llD 305 ind 
0- 305 10 610 Ind 

• 0- 1110 10 1220 ind 
0-1220 

1 tol 
J IO 5 
owwS 

... 
1 10 12 ond 

1210 24 ind 
24 IO 41 ind 

oww41 

NortwW Thcli'-S 

mm 

100 
12S 

150 

3.2 
4.1 
41 

., 
4 
5 
a 

+ 

.,. 
~ .. 
~ .. 

mm 

3.2 
64 
96 

127 

mm 

•6 
411 

'a 

Plt.s 

"' 
••• 
.1 .... 

"·• 

:t 

mm 

16 
1.6 
3.2 

The AmerlCMI Soc*Y lo< T-.g std,,,,.__-. no /I08llUI ~Ifie ........ d atiy,,..,,, nt}hts GHnetl"' CON*:i.on 

..,,,. My ,.,,. mentlon«l 111 llils standerd. Usrs d "" ~ - ..,,,...,., edtlfNd , .. .., dlt-*'On d ,,,. llMdlty al My fUC/i 
,,..,,, ,.,,,,.,.. Md,,..,,,. d ,,,,, • .,.. ••• d fUC/i fltJIO. - ~ ,,_ - ~-

,,,_ st-*'d •~IO-•..,. an. by lfle ~ l9ClinlUI ~Md mtdl 0. ~ ~ f"'9 .,_,Md 
ti not rrnaed . .,,_ reepplOl/ed or..,,,._.,, YOUT c:ornn.a - _...,.,,_IOI,....,,, al tlils ~ Ol lo< «JdrtlOflel llMtdWds 
Md llt04lld 0. ~ 10 ASTM ~- YOUT ~.,,,,. rllC9iW c.ellJ/ conMW-•a -"'11 d the r~ 
tec/llllcal COlllllliff9e. wltiCll )'1111 ..... .,,.,,,,, ,, )'Oii ,.. lliat yOUT cor-.-n ,..... not ~ • ,.,, 1-ittg )'Oii sliOuk1 ,,... """ 
...... ,,,_to lfle AS111 Commiff9e on 5randwdl. 19ftl Ale:. 5r .. ~ PA 19103. 
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~t Designation: 0 2849 - 69 (Rupproved 1980)f, 

Standard Methods of Testing 
Urethane Foam Polyol Raw Materials 1 

nu SQlllbrd is islaaal Wider die mm ""ip1 rina D 2U9; die PIWllbcr im-.cliardy foDowiac die ""iparion iDdiata die ,_. o( 

oripllll adopOoll or. ill die cas oC le'lisioD. die yar oC last ~ A a umber in pmmidml!s iDdicares die yar of last rtapprl>¥!I. A 
5Upcncri&,t cpsiloa ( t) indicafa ID e.tifONI cilaql: siaa die last rrvisioa OC' rapproyal. 

TW ~«~/Or rJtis S1""""'114cu wud iu ~ 111 rlw llbuna of sulnt411tiai l'NSOIU rlrat it slrouJJi ~ corrtilrwri. 
dw Soci«y will.,,,,,_ widtthwolfram pvb/ialliolt ill .Vay 1989. 

1. Scope 
1. l These methods cover the testing of polyol raw materials 

i5£(l in preparing wctbane foams, including both polyesters 
JDd polyethers containi:lg carboxyl. primary or secondary 
Jydroxyl groups. or both. 

SOTE 1-Umbane foams are cdlular products dW vary from soft 
~t typeS IO those wbic:ll are bard IDd riP1 These folms are made 
~ die iDtcraaioll of polybydroxy c:ompounds. water. IDd an orpnic: 
~The fQC1ioas involved ill tbe manufacture of tbesc foams 
.:111 be modified iD many wa}5. Basic maraials, especially tertiary amines, 
i;t IS catafysts and accdeRte tbe reactic>a_ whaas Kidic: materials 
mid it. The uniformity IDd size !JI tbe cdls are afrec:ted by tbe addition 
i !illlfacc.aclivc qents. Usually DODioaic: or c:atioaic sure.ctan11 are 
emplo)-cd. FalJm. plasaicizrn, IDd colors are also added ill many cases 
»re specific properties IO tbe foam. 

tl The procedures appear in the following order: 
Scdioas 

..... . 4 
5ialbm aad l'utmium . . . 6 ID 2Q 
~ aad Albliaity Numbcn. . . . 21 ID JO 
i1!4n>&yl Sutaber. . ... ll ID Sl 
l"miunrioa . . .. 53 IO 60 
~--. . ... 61 ID70 
5apadcd Maaer . . . 71 ID 7l 
Specific Gl2vity .... 74 ID 79 
lllalldy . . .. IO ID 91 
~ .... ~ID~ 

1.3 The values stated in SI units are to be regarded as the 
llandard. 

2. Refereaced Doauaeats 
2.1 ASTM Stantlards: 
1)618 Methods of Conditioning Plastics and Electrical 

lnsulatin& Materim for Tcstinj 
D 119 3 Specification for Reaacnt Water> , 
D 1209 Test Method for Color of Clear Liquids (Platinum-

Cobalt Scale)' : 

'Tliar lllClllodl ~ uadcr &he jllrildiaioe oC A.STM C0mmia. 0.20 OD Plaslics 
llld uw Ille ditect rapolllibilicy o( Subeotllmia. 020.22 OD Cellular Plaaic$. 

Curmn editioa..,.,,.,. Die. 19, 1969. Plillldlled Febnw)r 1970. ' 
I A1111uol loo,Jr. of ASTM SlllNlonb, Vol Ol.01. 
I A1111Ull/ lloolc of AST.ll SulN/onb, vol 11.0 I . 
'A1111ua/ lloolc of AST.ll Sltw/4rds, Voll 06.01 llld 06.0). 
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E I Specification for ASTM Thermometers' 
E 200 Practice for Preparation. Standardization, and Stor­

age of Standard Solutions for Chemical Analysis' 
E 203 Test Method for Water Using the Karl Fischer 

Reagent' 
E 308 Method for Computing tl:e Colors of Objects by 

Using the OE System1 

3. Pmity of Reaaeats 
3.1 Purity of Reagents-Reagent grade chemicals shall be 

used in all tests. Unless otherwise indicated, it is intended 
that all reagents shall conform to the specifications of the 
Committee on Analytical Reagents of the American Chemi­
cal Society, where such specifications are available.' Other 
grades may be used, provided it is first ascertained that the 
reagent is of sufficiently high purity to permit its use without 
lessening the accuracy of the determination. 

3.2 Purity of Water-Unless otherwise indicated, refer­
ences to water shall be understood to mean water conforming 
to Specification D 1193. 

4. SamJliaa 
4.1 Polyesters and polyethers usually contain molecules 

covering an appreciable range of molecular weights. These 
have a tendency to fractionate duri!lg solidification. Unless 
the material is a finely-ground solid it is necessary to melt 
(using no higher temperature than neces.sary) and mix the 
resin well before removing a sample for analysis. Many 
polyols are h~pic and care should be taken to provide 
minimum exposun: to atmospheric moisture during the sam­
pling. 

'AlllRIOI Boole of ASTM SllWlards. V o1 14.0 I . 
• AMUlll 6""' of ASTM SIQN/ards, Vol I ,.OS. 
'A'"""" Boole of AST.ll SIG11dards, Vol 14.02. 
• ·Raenc Cllcmicab. American ChCmial StXiecy Specificaciotls. • Am. Chem· 

ial Soc .• Wasllil!llOD. DC. For sugncions 011 the •111 of raera11 llOC liAed by 
!be Amcricall Cbcmic:al Sociecy. MC •Rc;11mc Chcmicab .."'1 Staadalds, •by JQICllll 
~ N05lnlld Co .• Inc., ~ew Yort._ ~'Y. and the "!Jniced Scaia 




