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PREFACE

The present package was prepared to respond to the growing interest on polyurethanes production shown by
INTIB users in developing countries.

Relevant and technical information on the 'subject published within the last ten years is enclosed. Howe-
ver, taking into consideration the broad swpe of Polyure- thane materials such as fibres, foams, coa-
tings,elastomers,etc., on which there is an encrmous amount of published information throughout the
world, This package is devoted to recover :infonation speci-fically on polyurethanes foams more
specifically, polyurethane foams. |

4S no annotated bibliography was found tlﬁt covered this period, a retrospective information search was
carried out. 120 abstracts were selected fII'OI wore than 500 relevant journal articles, patent documents,
reports, etc. Biblio-graphies (1.2,34-36) ‘coverinq the 1977-1981 period, already exist.

An information package is intended as a ti;e-savinq tool for people involved in chemical industries
since it supplies them with primary infoﬁation selected from a wide variety of existing sources, which

usually is not readily accesible to developing countries.
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INTRODUCTION

iccording to the existing literature, the polymers known as polyurethanes (PUs) are nowadays, considered the most ver-
satil of the plastic materials. Their applications spanning the whole range of polymer products as PU elastomers, P
fibres, flexible, semi-rigid and rigid PU foams, solid plastics, coatings and adhesives. In general, they compete in
various applications with metals, plastics and rubbers. Crethane polymers serve basic human needs in many diverse
applications ranging from plastics in automobiles to artificial hearts.

world consumption PUs in 1990 was approximately 4.5 million tons and it is expected to reach 5 million tons by 1995.
According to (8.1.11), eight manufacturers share seventy percent of the world PUs wanufacturing capacity. Major
sanufacturers of PCs raw materials include ICI, Bayer, Dow Chemical, Basf, Olin and Arco. About 80% of all PU chemi-
cals are used in flerible and riqid foams.

world PUs is concentrated in Morth America (34%), Japan i10%), Western Europe 38%), and rest of the wWorld (18%).

Even though the chemical reaction which produces an urethane was first discovered by wurtz (1860), the patent issued
to Bayer AG, in 1937 is considered the starting point for the development of this polymer. However, the commercial ex-
ploitation of polyurethanes, as with so many other polymers did not progress until the 1950, -ith the ending of the
world war II.

PUs contain carbamate groups (-NBC0O), also referred to as urethane groups in their backbome structure. Frequently
other functional qroups as ester, ether, amide or urea groups are present. This is often the case in PUs of commercial
interest. PUs are produced by exothermic(heat-producing) reaction of polyisocyanates with polyols, essentially, liquid
components which react together to form a solid. Polymeri.ation of this type (where no small molecule is eliminated)
is usually called polyaddition or rearrangement polymerization.

The true foundation of the PU industry is the isocyamate. This orgamic functional group is capable of an enormsusly
diverse range of chemical reactions. The rate of the reaction depends on the structure of the components and can be
very rapid. This can be an advantage, but it is also presents control problems for the chemist and the equipment ma-
nufacturer (8.1.5).

The polyfunctional isocyanates can be aromatic, aliphatic, cycloaliphatic or polycyclic in structure and can be used
directly as produced or modified. Aliphatic isocyanates tend to forw mcre flexible PUs. Diisocyanates are used in
preparing the more flexible, resilient types of urethane foams and elastomers. Polyfunctional isocyanates provide
higher cross-link densities in rigid urethane foams and sclid polymers. Aliphatic and aiycyclic isocyanates are most
often used in coatings. The main isocyanates used in PUs manufacture are toluene diisocyanate(TDI) and diphenylsethane
diisocyanate(MDI).The latter is now the most widely used form. Other diisocyanates are used for spandex fibres,
surface coatings, and special elastomers.

Polyols used with polyisocyanates can b: classed as polyether polyols, polyester polyols and natural products.
Initially, polyester polyols were the preferred raw material for PUs. At present polyether polyols are used in the
greatest voluné because of low cost and a wide choice of types. Kost commercial polyether polyols are based on the
less expensive :propilen or ethylene oxides or are a combination of the two.

The chemical suppliers have made available a wide range of isocyanates, polyols and additives.
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PUs are normally sold as reactive chemicals to the final processors uho conve-t them by a multitude of reactive
processing techniques into the end products.The processor may heed to be educated or trained to vaximise the potential

of the process.

The foam outlets of PUs have certainly a major success story from its whole range of polywer products. Depending on
its wechanical behaviour, a PU foam or urethane foam as they are often called, is described as being a flexible, a
rigid or a semi-rigid PU foam.

Foam formulation contain the two major chemical components, polyol and isocyanate with suitable catalysts, surfactants
for stabilization of foam structure and biowing agents which produces gas for expansion. The foam are made using both
polyester and polyether polyols, although usually the latter is used, especially for rigid foams.

Catalysts as amines, tin soaps, orgamic tin compounds are used in PUs manufacture.

In the production of flexible PU foams the reaction between isocyamate and polyol is exothermic and this heat cam be
used to evaporate a volatil liquid mixed into the reactants, thus forming a foam.The gas for expamsion is primarily
carbon dioxide. For riqid PU foam the blowing agent is a halocarbon, such as chlorofluoromethane,triflvoronethane, or
other similar volatil material. Fiexible foams are based on polyoxypropilenediols of 2000 wolecular weight and triols
up to 4000. Rigid foams are based on polyether made from sorbitol, methyl glucveyde or sucrose.

Foam machines appear to be complex but actually are based on a few simple principles. There are some common elesments
needed for effective production: Feed tanks, metering umits, mixers, temperature control systems, process control sy-
steas and other requirements like conveying systems, double belt laminating lines, molds and wold carriers.

Folding is one of the most fundamental operations in the PU industry. Virtually, any isocyanate-derived polymeric so-
lid or foam can be molded in scme way.

Nost urethane foams are produced by one-shot processes, in which all raw materials are combined in a single step. In
some specialized applications there are advantages in prereacting the isocyanate and part of the polyol to forw a pre-
polymer, which is then combined with the remaining reactants.

The main applications sectors for PUs are flexible foams in furniture and mattresses. In the tramsportation indu-
stry(seat cushions, back cushions, bucket-seat padding). It is also used in carpeting(Virgin and bonded industry). 5%
of flexible foam production is used in specialty applications.

PU foams (rigid) is known as an optimal heat insulation material in building and refrigeration applications. Other
uses include tank and pipe insulation. Flotation and packaqging are specialty applications for rigid foams.

In practical applications the flammability of PUs must be taken into comsideration. The fire behaviour of these
materials can be modified by flame retardants. ‘

The industrial application in the form of elastomers (PU rubber, uretpane rubber) has be:en relatively small compared
with foams.

The term covers a verv wide range of PUs, classified according to the :nethod of -anufactur:e. The elastomers can be
thermoplastic or thermo-setting. The main types are cast PU elastcmers, willable PU and thermoplastic PL.
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while methods of processing are different, all of the elastomers erhibit some or all combination of desirable physical
properties shich add up to make urethanes coepletely uniquet3.1.5):

-high abrasion resistance

-high tear strengh

-excellent resistance to oils, solvents, ozone and radiation

-excellent low temperature flexibility

-good electrical properties

-high tensile strengh over a wide range of hardness

-high resistance to impact

PU elastomers have found »pplications in practically al} industries. Castable urethanes have ertraordinary physical
properties. They are actually engineering materials and are chosen for use on the basis of these properties.
Thermoplastic PUs can be processed by most of the comson fabrication methods including injection moulding,
calendering, ertrusion, etc.

RIN process has become almost synonvmus with PU.The termw has been applied to the chemical systems, but only the PU
systea is of comsercial siqnificance. RIN process is used to produce high-quality PU-reaction injection molding of the
sort used in automotive exterior applications. These products are cost competitive with other rubbers and plastics and
which also possess superior properties.

It is expected the large-series automobile models of the late 1980s and early 1990s will have an increasing mumbers of
erternal body work panels produced by RIN or reinforced RIN (RRIN).

Other applications for thermoplastic PUs are: wire and cable jacketing, calendered film and adhesives, shoe soles,
aqricultural and medical aplicationms.

Nillable ¢ms can be processed on rubber-processing machinery, and are cured by rubber-curing agents. The overall
usage of these is relatively small compared with total PU elastomers applications.

PC surface coatings are successfully used because of their abrasion resistance, skin flexibility, fast curing, good
adhesion and chemical resistance. Applications include varmishes and paints usually used on furniture, wire coatings,
tank lines, etc.

As 4ith most materials, PUs have their limitations such as low resistance to steam, fuel ketones, esters, strong acids
and basis and they are not high tesperature materials (maximun service temperature up to 250 F).

In general, fully cured PUs can be considered as safe for human use. However, exposure to dust generated in finishing
operations should be avoided. Since PUs are combustible they have to be applied in a safe and responsable manner. At
no time should exposed foam be used in building construction.

Experts (8.1.5) agree that PUs with their enormous and varied properties, will be with no doubt, materials of qreat
potential. They are not only products of modern chemistry but they also contribute greatl; to social needs : economy
of energy, conservation of heat, preservatiorn cf foodstuffs, reduction of fuel, and isprovesent of personal safety,
surely, an excellent prospectus for any iidustrial saterial.
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083733 POLYURETHANES (PUR). Siace thar dis-
covery Gty years ago. polyurethanes have clearly demos-
strated thar versstility and ability to stimulate oew aress
of demand. Today. despite more modest growth pros-
pects. the polyurcthane industry s contrmwng the process
of mnovanos botd i terms of technology and markets.
Following the outlook for polycrethanes by major seg-
ment. assess developments and implications m terms of
polysrethane raw materials is reviewed and the structural
changes which are takmg place in the industry s de
scnbed.

Mills. R. Kwastst Ger Plast v 77 0 10 Oct 1987 p 6263
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spplication is that it allows the insulstios of sos-reguiar
surfaces as well as the facility to insulste aress where
access is difficult, (perticwarly prpework asd marrow
cavitics). The article highlight some of the importast
trends in ie-sitw foaming, coveriag botk spray-spplied snd
Tands 1 :

Calvi, B.G. (British Urethane Form Contractors Asaoc).
losul J (Rickmansworth Eagl) v 31 u 9 Dec 1987 p 26-28.

soiyuirvtaane-based polymerizations. Lee. Yein Mi
State tmiv., Columbus, OH USA). 1986. 313 op. (Vng). Avail

Univ. Microfilms int.. Order No. DA8703580. From Diss. Abstr Int
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092567 GUIDE TO FORMULATING AND COMY
POUNDING POLYURETHANES. Versstie plp
mers obiained from reacting isocyanste and polysd
polyurethancs can be formulsted 10 make s variery ff
products, from furniture (o decorative coling btk
{Author abstract) .-
Abbste. F.W. (Dow Chemical USA. Midlasd ML
USA). Plast Compd v 9 n 4 Jul-Aug 1936 3p barwess
p 20 and 27.

Leo (Ohio

ind 316960 The polyurethase industry in Argentisa. D' Agimtino.
Hentedt, H. Hobohm, £ Gonzsiez Pous. S Rﬂl::o. .h';’;

Binder. € 1 Petroyusm. Rio HIS. A Npeun  Ind Qum 1988, 277
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A review with no refs. un industrial aspects of the

vhem . orwessing, and uses of polvurethanes in Argenting. including
the histers prevent state. and futures prospects of the ndus:ry

092629 RAW MATERIAL SYSTEMS FOR RIGID
POLYURETHANE FOAM. Various end-use depen-
dent methods of producing npd polyurethane fosm
require the raw matenal systems with conirolled rexc-
viom profile and expansion chars -tenstics. This control
15 achicved by selectiag the po'yols according 10
functionahty and reacumity, the catalysts according o
thar diffenng mfluence on urethane formanos and
blowing reaction. and the foam stabulizers according (o
thair effects on the expansion behaviour of the reaction
mix and on cell structure The raw matenal cystemc ¢an
be characlenzed by determining the volume increase.
the temperature, the visconty and the expansion pres-
sure as 2 function of time (Edited sutor abstract).

Kopps. Manfred (Bayer AG. Leverkusen, West Ger).
Kunstss Ger Plast v 750 6 Jun 1985 p 11-14
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Schwenke. W. Kunstst Ger Plast v T4 a 10 Oct 1984 p
g4l

089242 PROGRESSI NELLA TECNOLOGIA DE-
GLI ESPANSI POLIURETANICL [Advances i the
Technelogy of Expanded Polywrethases). This article
describes pew methods and new materials i production
of foamed polyuretbases of bigh stre~;% and low
enesgy consumption. It is shown bow these moovatians
result in shorter manufacturing cycles. bester fire resis
mﬁ;ﬁadimnﬁmsuﬁﬁtyasdot}::.’.sam
The discussion focuses oa polyurethane foams based oo
metbylene diisocyapate. In Italian.

Anca. Mater Plast Elastomeri 1 Jan 1984 p 28-30.

103: 8335981 Opportumities and constraiats. Polyurethanes:
the learning curve. Allport, D. C. (Org. Div., iCl Polyurethanes,
Blackley Manchester, UK M9 3DA). 'f':p, Proc. - POLYCON-
React Process. 1983, 15-35 (Eng) Plast. Rubber Inst: London,
L'i\;.‘ The processing and properties of polyurethanes are reviewed
with no rels.
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w2 8T7im Coutiauous ,reauction of plastic (oamn. Grffiths,
\nthony Charles Murray «rman International L.td) Brit. UK
2at. Aapl. GB 2,128,723 (Ji. 32¢D27.04), 31 Oct il34, GB Appl.
+3/1.733. 21 Jan 1983; .. ;p. Solyurethane fuam naving uniform
otoperties is prepd. Dy feeding reuctants to the bottom of a vertical
app. through a nip into a diverIng ares while the fuam 13 removed at
tne ton by pinned convevors. ‘vhus, 3 mist. of poiyether noiyol 100,
water 4.3, silicone surfactant 0.9, amine catalyst 0.2 5.35, Sn catalyst
0.28. flunrocarbon blowing .ient 1.5, and TDI .55 perts eas fed
Arou;n tha mIp 0 the fueclor. i CCIPA., ivefied in the vertical
ection, suf fi.e time 110 -, J. 22 LimY net throughput 204
e/ ML wad vortical veroity 032 memin.




5y 101. 111791g Polyuretbane formuistion calcwlations. Liu.
Houjun  (Shanx: Prov. Inst. Chem Ind. Peoo. Rep. Chins).
Hecel Xiangjiao Gongye 1984, 7(3). 1856 (Ch). Equations are
given for calcg. the amt. of polyuis and polvisucyanates or isocyanate
prepolymers. The isocyanste compa.-OH compn. equiv. ratio was
maintained at 0.97-1.03 to obtain theor. mol. wt. >25 000.

27.- 0U: 192595a Mlx_h(__-uhd and apparstus .. ; Jiyurstbame
Zacuiacture. Aros S.pa. som. Kekai Tokk;o icha .2 )
15423 [84 15423] ClL COEGIS/08), 5 <.a Be .0 .-.9i
S2/20594, 06 Apr i982 T pp. A simpie ana .. of
:Z3reaients :n toe t:tle process trvoives feeain? o L ITISBUTE CUi8
{ the usual 2 xonomers throusn ZonNzoBLal i:ets 1 € Spcdiit Wils
‘A 3 muxing caamoer, whiie a gon-rescticg sra comnotent (:.:.,
woiors, rclo;u&. etc. is fed i the direction virticai o t:e zionoer
feeas, and tke airection of the 3rd co L lirect
intended for the matenai * compooent i -he diruetion

28.- 099792 RATIONELLE UND FLEXIBLE

4]
33
»
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4 A

mold carriers, suxiliary transport equipment, baad tools
for specific purposes: cost analyss. fo German.

Russ. Wemer (E2astogran Machisenbau G.abH. Strass-
Iach, West Ger). Plastverarbeiter v 340 8 Aug 1983 p
682-684.

29 .- 099753 RECYCLING FLEXIBLE FOAM: A
NOVEL TECHNOLOGY PRODUCES A QUALITY
PRODUCT WITH IMPROVED ECONOMICS. Air
Products’ polyurethane foam scrap recycle technology
offers several inceatives to foam manufscturers. It s s
new optica for scrap utilization which offers economic
rewards gresier than most cwrent alternatives. Al-
though cee could consider ground foam as s filler, since
the particles are chemi:ally bound within the product
and since the particles have essentially the same physical
propaties as the end product, the foam is nearly
identical to virgin fosm. Finally, no significant changes
are required (or the production equipment or process.
B B d D. (Air Prod & Chemicals Inc.
Al Pa. USAY; Burdick, Tiisha E.; Bye. Mark L.;
Galls, Edward A..laﬂfhu v 19 n 6 Nov-Dec 1983
p 381-384

30. - 099807 POLYURETHANE, STAND DER TECH-
NIK UND KUENFTIGE ENTWICKLUNG. (Pely-

polymerization mechanism, properties and applications
of polyurethases which are obtained by sdditiomal
polymerization of specially sefected monomers. Polywre-
POLYURETHANES—Research —Contd.
thanes are either flexible (dlastomers) or stiff (plastics).
The description of polyurethane technology. particu-
larly in the production of foamed products. is loflowed
by an cxtensive review of application fields. Forecast for
the future developments is included. In German

Oertel. Guenter (Bayer AG. PU-Anwendur gstechnik,
Leverkusen, West Ger). Plastversrberter v 34 8 7 Jul
198) p 613-618. -
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32.-
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36.-

074892 POLIURETANO ESPANSO RIGIDO.
{Rigid Feamad Polyurethane). Foamed polyurethane is
knovn as o optimal beat imsulating materal f.¢
buildings. However, in practical applications the flam-
mability of polyurethanes must be taken nto consider-
ation. The fire bebavior of these materials can be
modified by flame retardants. These aspects of rigd
Folgumhne foams are examined in this artcle. [

tomers n 9 Sep 1982 p 522-528.

96: ~4084x A kinetic study of reactions between polymers. -
Racois, A.; Walsh, D. J. (Lsb. Synth. Org., Univ. Mans, 72017
Le Mans, Fr). Eur. Polym. J. 1381, 17(10), 1057-9 (Eng).
The rate of reaction of polymers contg. different reactive groups
was studied. lsocyanate—terminated poly{ethylene oxide) was
treated with hydroxyl-terminated poly{ethylene oxide). Polymers
with higher mol. wis. gave lower rates of reaction. It was not
possible to find an low mol. wt. compd. which gave a
reasonable rate of reaction compared with the polymers. Thus,
the rate of reaction is very dependent on the environment of the
rescting groups and brings & possibility of ambiguity into the
conclusions.

: Fact sheet: production and us= of polyurethane
fclcllu95 ‘?mMah!t e::'J C. (IN’RS, 75680 Paris, 14 Fr.). Cah. Notes
Doc. 1981, 102, 69-72 (Fr). The main operations used in
prodn. of cellular polyurethane products and health risks assocd.
with them are d’l,socuued Procedures for avoiding harmful
effects from handling polyurethanes are recommended.

94: 176734x Urethane coatings. Junme, 1970-June, 1980
(citations from the Engineering Index data base). Van Put,
Walter (New England Res. Appl. Cent., Storrs, CT USA).
Report 1980, NERACEINTO0347; Order No. PB80-856944, 83
gp. (Eng). Avail. NTIS. From Gov. Rep. Announce. Index (U.

.) 1980, 80(26), 5695. A bibliog. with 69 refs. covers formulations
and npplli:;nttl,iom of urethane coatings, such as fabrice, automobile

. plastics, concrete, transportation industry, ry
Bve substrates. Solventless formulations, shrinkrzge ?:ve:m..::
and energy savings of urethane coatings are also included. '

92: 199077k The synthesis and properties of polyurethane
resins. Volume 2. 1973-October, 1979 (s bibliography with
abstracts). Cavagnarn, Diane M. (Natl. Tech. Inf. Serv.,
Springfield, VA USA). Report 1979, Order No. PB80-800477,
270 gp. (Eng). Avail. NTIS. From Gov. Rep. Announce. Index
(U. S.) 1980, 80(2), 236. A bibliog. review with 293 refs.

92: 164804r Foamed plastics. Part 1. Polyurethane foams
a bibliograpby with abstracts). Cav o, Diane (Natl
ech. Inf. Serv., Sp%ﬁeld, VA USA). Report 1979, Order
No. PB80-802143, . (Eng). Avail. S. From Gov.
Rep. Announce. Index (U. S.) 1980, 80(3), 369. This 1pdated
bibliog. contains 289 sbetrs., 24 of which are new entries to the
previous edition, on fabrication, phys. properties, chem. propertiss,
and applications of polyurethane foams. The application include
structural panels, floats, bucyant materials, thermal insulation,

and packaging materials,
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114: 1028872 _nhn-dmw..umumvmm

systsms with cXCe88 . Ribta. .\mt. :,,aunn Milena
‘Inst. Macromc:. Chem.. Czechosiovex acia. S, .62 w Prague,
Czech) Coil (iym 1990, 920 €333 £x)

114: 44624n Preduction of flexible polnmhu slabsteck

foems witheut halogenated E H,;
Grace. 0. M. Smi M. F Corp.. Wvandotte, Mi

mecinski, T.
18192 USA), Proc. SPI Annu. Tech. Ill-rh Conl |$ﬂ. 32ad\Poly=
urethanes a9), 510-14 iSag).

xl-! Vwlr Perspective of Loiyurethune msaufactor . ndotnvn.

i Anarreva. 3 M.  irichenko. N. G.. . ...:va E O
-Lbaﬁ) Piast Massy 1990, 19), 3-4 tRuse). A review with 2 refs.
un dev: uoments of Julvurethare canui.

0TSO0 DT8Rl 18 LitauC v o WS vi yuMu-oO
13 aatiuaal 62CR0.2Y. Jetrov. o Al A.Ma... Fedotove, 5.
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7, (6), 1713 uas). .
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Liastics.  Foryuretdade. Tondaa. Muhio " reas hem. lnr
ced. Osska. apan 5332). Kageru o Kogyve 5 3 0 1990, 6465).
-$8-60  (Japan).

112: 1808077 lamufacture of polyumhn products by miziag
isocyanates and poiyois telon addition i catalysis. Kumasasa,
Sadso. Tada. Sstomi: Fujii, Osamu. .iLza, dhiceo: Kaisuki
Koretnshi (Humcn ladustry Corp) Jpn. :iexai Tohiyo Roke of
01,294,743 [89,294,743]) Cl. CC8J9/02), 8 Nov iw09, P Apph
38722570, 02 Feb 1988:. 5 pp.

L 1409") .-.anuiacture of rifid volyuretuade ..ams. Ono,
Saiiro; Mozawa, Veshie ohitsun Voutsu Chemicaas. snco Jpe.
Aouss To-k)o noho 4P 0l.478.540 (3’3.[13.5.0] Wi Cus9: 140, ua
Nav 1989, Appl a5 105464, 50 Apr 1988, 6 pp.

112: 160143y 3arae new uses of castor oii i3 cuemical iadustries.
Mukherjea. . N 'Chem. £n7. Dep.. sadavpur Uaw., .ngr
Inst Eng tIndia), Part CH 1389, 6%2), 64-7 (Eng).

112: 574132 Apparatus for masufacture of ure base polymer
foams and ¢luuolun l\ummh Sadan. Trda. 3-tom. Katsuks,
Roretoshi.  Fupn, Gsamu:,  Suga. Shiwo  duman industey Corp )
opn. Koksi Tokkyo iKoho JP 01,213..23 {-3.213.326) (€I
CRBGIR- UMY 2o Aug isdd. Appl. Bb 36754, 19 Fob 1.8 4 pp

111: 115761b Formation, str.cture and propertise of c resslinked
wlyurethanes. Corcshun, V. P, Kirnichoikov, P. /.. (Kazan.

~hm.-Tekhnol. last., K.izan, USSR). (2 o Kram. 1139, 58(3).
221-39 (Ruas).
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110- 59029j Apperstus for manufacture of polrursghane foam
siabs. Kumasaks. Sadso. Uts. Guken. Fujii. O.amu: Kumevama,
Goro:  hui, Masso ‘Human industry Corp.) Famiag Zhussk
Shengqing Goagkai Sheemiagsho CN 86,104.431 (CL C08JS/04),
13 Jan 1988. Appl. 02 Jul 1966; 12 pp.

110: 24243 Pciyurtbasss. Jeamon, R. G. (Lezdon Sch Pelym.
Techrou., :’;'.yuc.} North Loace . icadoa, UX N7 ZD3). Spy.:
Polym lﬂ;g"l. 150-20 {Zng). JLlta by r-cn, Jobat Wilham.
Bi.ckiz: Cligow, CX. A review with 4 cus. on the e of
formaiioi. BrOIEIUiv, aLd ATPlCAtiona of Ursiliaid polymers.

L7 L teeuee SIYIFODALIC CUrOOZYIAWG PIIYULLEARYS, ~udnston.
“Urisuan W Cofersaft. und si. o Toude cisins-eunwe LW
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109- $5732r Advances in polyurethane science and techoology.
Friscn, Aurt C. tPolvmer Inst. Univ. Detrost. Detrost, MI 48221
USA) | Proc Aater-Burne Higner-Solids Cogt Symp 1987, 14th,
402-27 fEngr. A review with he refs. on the aavances and important
trends in Hoivirethane coatings. rinber. Joaia. .ad plastics

108: 1CEL03u .Progress ia otyurstuases.
(Wyiaza 32k, iaz.. sedomuu, 20l.). Polimery { Warscw)
A211-12), §29-:4  (Pol). !

Yicela, £j,3unt

o7,

108: 163486a Trends is the deveiopment of Y
!q.u. in Polasd. Ciemnmak, Grazyns: Suu;kmh”l{um::x
Ciesta, Tadeuss (Zakl. Chem. 'Or!;mlu—hdnm'. Bydgoszcz, Pol.).
Polimery (Warsow) 1987, 32(11-12), 480~4 (Pol). U
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21.- WKL 3B ez oy 28BS 12 . 2.2 - MOCCLABRY - MY Lspects
r 1057, SO0(3). 29-31 (Neth).

22.-
2T 21350v Use of peiyurethase Sestas. i. Metasas isr

recovery of polyarethame wustes. Kornetks. Zygmum W':
Muszynsks. Urnzuis  «OBR Prasm. Opon. “Stomui”, Poznen. Poi).
Polimery (Wo-sea) 1967, 3243, 111-14 (Pol).

23. 00 137451j Feaming and meidiag of peiyurethanes. Fujimoto.
hazuo Sumitomo Baver Uretnane Co. 1:a. Japan) Perrotech
|T«..k_\-ul_ 1987, 13). 159-74 +Japen:. A review with 3 refs. un
nvurethine fuam prodn. 230 resction injecton molding.

24.- 105: 135115w Poiyurethane foams. K Sadao
15y hat Ulasaka, -
SRS iR, Kekai Tokkve Keba' 0P 51 14513 188
o S 03 b T2 Apr 1985, Appl nd4, AL, T Sen

25.- iM4: 225530u Tremds ia polyurethame science Dolegy.
. - ) and tecc .
sruch, Kurt C. (Polym. inst, Unwv. Detrotw, Detrost. Ml 45221
USA). P.a Plast. 1986, 31i3), 17-21 (Eng). A review with no rera.
«..1:: LDPOSUNL irends in polyurethane science and technol. inciuding
Jemibie ivsas. nad foams. elastomers, coatincs, resction injection

Soldirg (RIM). remnforced RIM, orostnetics, und poiyblends.

Ance. Mater Plast Elsstomen 8 4 Apr 1986 p 206210,

27, - “Lt;)?;:r l’gﬁﬂoh‘_ Appi.'nuu for continuous molding of polyurethanes
e wwski, Stemslaw:  Landv, Franciszek  (Centrainy O ;
d.a'dn?'r?r) Pozwojowy Przemyvslu Betonow -C. ebet”) P:l.n;’l.‘ l,"r:g;?
W COSGSS 0007 AL Oct 1985, Appl. 223,002, =5 Mar 1ua0: 4 v

28.- 14 16038y 2¢3 /. i tiena

. Ak baNby Jeiser Cuiaa, T -wir aaooia
e R T e G R e SR
862 &2 (DTIT1G (852 TI6] (CL Comrtis agh oy
Apol 84155658 15 May Toga) €5 CoRPLLI). o Now 8,

29.-
10:3. 165976¢f Synthesis and use of polyurethanes in medicine.
Lipatova. T. E.; Lipatov, Yu. 5. 1USSR)Y. Zh Vies. Khim () o
i 1) ] Mvendriceva 1988, W), 438-46 (Russ). A review with 65
refs. on compn.. prepn. and properties of polvurethanes for
medicinal use. Biccompaubility and mechanism of polyurethsnes
hiodegrdn with sume examples ~vere discussed.

30. -
. Virginia p?,..;.m...s...."t";:'.;..“"“ n (. A
24081 USR). Process.. Struct. Prop. Block Copolym. 1988, 165207
/Bng). Edited by Folkes. M. J. Elsevier Appl. Sci: London, UK
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103: 130530 Pelywsrethans: the peetosn polymer. Seymeur.

Bt M&UWMMM

M-IM'IA)EFL'SA). Pop. Plast. 1988, J0(S). 14-16 (Eng).

A rewrew with 36 refs. on the history and uses of poiyurethanes. esp.
SLPEUGIR I (01T oulstanding verastility.

1SS AUMENTA LA PRODUTTIVITA DELLE
MACCHMINE PER POLIURETANL {Machios b5
Polywethass locresse Welr Preducsieiy) lmpre®
meats m the sysem of loachng and in the muueg b

opcaing the way 1o sutomation of producoans wh S8
and more racid cycles slso Lar large componeats. (A
siutract) In labes

Asca. Maser Plast Elassomers » 12 Duc 1983 p 671473

75074 Rcmﬁhmudmmhm
O T o A, \Cent. Corcet. Mater. Plast. ICECHIM.
. Rom.). Rer Chuim. (Bucherest) 1984, 35(8), 71617

{Rom). A reviess with 26 refs. N

101: 193174v Pelyurethase foam: productien technelegies and
applications. Crevf. Hubert (Wetteren. Neth.). Kunstst Rubber
1984, 37i8), 14 18 tNeth). A review with no reis.

[01: 172513 is it reaily necessary to use an auxiliary blowing
agent in the production of flexible slabstock poiyurethane
foams® First approach to foams expanded with water only.
Consoli. S: Rumsso. G.: Puaziolo. P.  tPolyurethane RD Cent..
Montepolimeri. S.p.A.. Porto Marghers, ltalv,. J ('ell Plast 1984,
20¢3), 200-8 (Eng). The prodr. of polvurethane fuams f differens
hardness values having d. >21 kg m using water a~ the only blowing
agent was demunstrated

101: 172163a L:mear diisecyanate polyscditios preducts. Dieterich.
D. (Bayer A.-G.. Leverkusen, Fed. Rep. Ger). FH-Texte 1984,
39Chem. Technol. Makromol. Stoffe). 7-40 (Ger). The history of
polyurethanes and urethane rubber is reviewed without refs.

1o 1737280 oyaiB2eis 622 50 ,eitics U Q0GuL v ST RLSS
oystems. Hwang. Rirk Aweng shung (Lniv. Wisconsin, Madison,
¥ 53706 USA). i983. 324 pp. 1Eng). Avail. Univ. Micrefilms iat.,
Order No. DAB323379. From Duss Abstr. Int. B 1934, 449, 71

100: 175312p Fcrmstion and properties of polypcr aetworks.
Experimental and thesretical studics. Stanford. J. L.; Surw. R.
F. T., Still. R. H. (Inst. Sci. Technol., Univ. .4 ter,
Manchester, UK M60 1QD). ACS Symp. Ser. 1984, 243(Charact.
Highly Cross-Linked Polym.), 1-20 (Eng). A review with 25 ra1.. on
reactions forming tri- and tetrafunctional poiyurethane and trifunctional
polysster networks. |

092615 NEUES ZUR PORMTEILFERTIGUNG
AUS POLYURETHAN - WERKIEUCALS
LEGUNG; ERHOEHUNG DER FORMTEILOUA
LITAET. [Advences in the Maaufacturieg Tochmela?d
of Polyrythane Articias - Mold Dusigs; Eshaspmsnt
of Articie Qualiey). e
Mudler, Henry (lmhlwﬂuw Yt
chen. West Grr). Plastversrdater v 350 B A 1T

! D

657). e
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099691 POLYURETHANE - A VERSATILE MA-
40 TERIAL IN A CHANGING WORLD. Topcs dis-
-~ cussed are the follown’: urethane raw matenals: chaag-
ing manufacturmg e amques: low combusnoa foams:
reachoa impecton moldiag: urcthane beaders and adhe-
aves: medecal wees: and polyurethane blends.

Frach. K.C. (Umv of Detromt. Polymer Iast. Detrost
Mach. USA). Plas: Rubber [ar v 80t Feb 1983 p 17-19.

099701 POLYURETHANES: THE LEARNING |
CURVE
41.-

Aliport. D.C. (ICT Polyurethanes. Organics Div. dian-
chester, Eagl). Plast Rubder Process Appl v 4 u 11984
p1731%

42.- 1: 193972 Polymmenzatica ana coaracteni-tion of «ajmented

olyureth ses. Saleem, M Ghadas, A. (Dep. Ci.. ., uaia--Azam
vaw, wlanaosa, r25). Poa. J. Sa [nd Res. 83, I2(3). 15661
‘Eag).

43 - W T3TO8 Cud TR ECANOISLY. < Fethade Joam. L usuta.
* sty BEETesL LSS RO L Dvave cabane AETRERSN IR 1}
e 19N3. L v T sd g ua A Teview wiin Lo et

44. - 99: 141620n Device for the preduction of s resction misture

. from flowable feam-forming or selid-forming compenents.
Coblenz. Rolf: Schulte, Klaus: Fbeling. Wilfried: Evertz. Dieter
(Bayer A-G.) US. US 4399.184 (CL 422-111; BO1J14/00). 16
Aug 1983, DE Appl 2936.223, 07 Sep 1979; 8 pp.

09975 POLYURETHANE - NEW PATHS TO

Asos (SP1, Polywrcthane Div, New York, NY, USA)..
Polywethese - New Paths 0 Prog - Mark - Techool..
Proc of the SP1 Int Tech/Mark Cond, bk, San Dicgo,
Qalil USA. Nov 2-4 1983 Pudl by SPL, New York, NY,
USA, 198). Distnbuted by Tecknomic Publ Co, Lan-
aster, Po. USA 520 p.

46. -

99: 127547q Toxicity of isocyamates in the
polyurethane materials. Walczyk, Wiadyslaw: -(.J:h“.e‘.l!'m'
(Pol.). Polimery (Warsow) 1982, 21(12), 468-71 (Pol). i

with 67 refs.

47.-

99: 106376m State of the techbnology and future development
of polyurethases. Oertel, Guenter (Fed. Rep. Ger.). Plastverurbeiter
1963, 34(7), 623-8 (Ger). A review with no refs.

48, -

99: 54620q Urethane polymers. Ulrich, H. (Upjohn Co., Kalamazoo,
MI USA). Kirk-Othmer Encycl. Chem. Technol.. 3rd Ed. 1983, 23,
576608 (Eng). Edited by Grayson, Martin; Eckroth, David. Wiley:
New York, N. Y. A review with 38 refs.

49 .-
. 54403w Urethane oligomers - safe. solventless, and energy
o?fglcxu. ‘;!luumn. Claire (CAPTAN Assoc., Inc., Lyndbum. NJ
07071 USA). Proc SPI Annu_ Tech /Mark. Conf 1982, 27thiMeet.
Minds: Mark. Polyurethane Technol.), 49-53 1Eng). A review wmith

2 refs.




oy rethane (eams.
nlmmm%’:ﬂav,‘?” Kobe JP

Chemical Industry
I‘ﬁ:&!li [82.163,919] (CL CO®GE5/26). 18 Oct 1982, Appl
81/53.047, 10 Apr 1981; 3 pp-

98: %588y Results of 15 years of rigid poiyursthane feam
i b Horst (F inet. W,

quality supervisisn. , (Forschungsinst. Waermsschutz
e.V_, D-8032 Graefelfing, Fed. Ger). Cell Polym 1982, 1(3),
211-20 (Eng). A review with 9

52. 98: 90587 The search for low-smeke pelyurethane feams.
Murch, Robert M.; Kehr, Clifton L. (W. R. Grace and Co.,
Columbia, MD 21228 USA). Proc. Int. Conf. Fire Saf 1982, 7.
23-33 (Eng). A review with 24 refs. esp. concerning variations in
mlymer structure and additive formulations for fire-resistant
foams.

. 98: 5138j Step growth polymerization. Part II. Developments
in polyurethanes. Sparrow. D. J; Walton, I. G. (Org. Div., ICI
Lid.. Blackiev. UK). Macromol. Chem. (Londony 1982, 2 69-76
1Eng). A review. with 94 refs.

54.~ 97: 183263h New polyurethene-based cellular plastics.
Petrov, E. A; Gommen. R. A" Esipov, Yu. L; Krvuchkov, F.
A‘m(USSRfL lf-’la:t. Massy 1352, (9), 31-4 (Russ). A review
with no refs. of prepn.. properties, and uses of elastic, irigid,
and rigid polyurethane foams. o cste: semt

55.- 7: 183256k Studies of the formation and properties of
* polyurethanes suitsble for reaction injection molding.
Stanford, J. L.; Stepto, R. F. T.; Still, R. H. (Dep. Polym.
Fibre Sci., Univ. Manchester Inst. Sci. Technol., Manchester, UK
M60 1QD). Polym. Sci. Technol. 1982, 18(React. Injection
Molding Fast Polym. React.), 31-54 (Eng). A review with 30

refs.

56.-

" 97: 72869r Preparation and study of isocyanate polymers.
II. Infrared spectroscopic study of the reaction kimetics
of polyurethane formation. Farkas. Ferenc Graboplast,
Gyor, Hung.). Magy. Kem. Lapje 1982, 37(4), 177-82 (Hung).

5. 97: 7570x Current status and trends in the production
and use of polyurethanes outside the USSR. Murashov, Yu.
S.; Petrov, E. A (USSR). Khim. Prom-st. Rubezhorn 1982,
(4), 4360 (Russ). A review with 41 refs. is given dealing with

the manuf. and uses of polyurethanes and thane rubbers
outside the USSR. po & 4nd urethane

58, - 96: 218723s Mixing process and apparatus for multicom='

ponent synthetic resins, especially polyurethanes. Owada,
Takeshi Jza. Kokai Tokkyo Koho JP 82 21,415 (Cl
CO8G18/75), 04 Feb 1982, Appl. 8795925, 14 Jul 1980;: 4 pp.
Chem reactive components (e.g. polxi.socymm snd polyols) are
injected int> a mixing chamber so that the 2 streams impinge at
an angle and at the same time hit a wall, to efficiently mix the
components.

59 .~ 96: 200187k The synthesis of polyurethane.. Khomenkovn.'
K. K. (USSR). Polimery--80 {Vosem'desyat] 1980, 23-1i6

(Russ). Edited by Lipatov. Yu S. Izd. Naukova Dumka: Kiev,
USSR. A review with 49 refs.




60.-

61.-

650'
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96: 145060m A mixer for systhetic resims. Polvurethane
Engineering K. I.. Jpn. Kokai Tckkye Keohe JP 81.148512
(«CL B29B1/06). 18 Nov 1981, Apol. 80°51.840. 19 Apr 1980: 4

| 95:151533h Optimizatisn of selected ingredieats of for=
mulstions for polyurethanes. Kopal. Pevel; Bebula, Frantisek:
Turcany. Jozef: Sulo. Stefan (Partizanske, Czach). Kozarsiin
1981, 31(5), 1226 (Slo).

95: 1164231 Semirigid pelyurethane feams. Daiichi Kogyo
Seivaku Co.. Lid Jpn. Kekai Tekkye Kehe 81 53,126 Cl
CO8G13.48). 12 Ma- 1961, Appl 79/130.638. U8 Oct 1979: 4
Pp-

95: 99061s Method and apparatus for recovering poly=
urethane from wastes. Schuetz. Wilhelss: Prajnar. Bronislsw
Ger. Offen. 2951617 (CL C08J11/04). 02 Jul 1981, Appl 21
Dec 1979: 30 pp.

feams uwsing a two-compartment pressure pack containing
aa isscyanate-terminated prepolymer in the inner container
and pressure medium in the outer container. Pauls, Mathiss
(BASF A.-G.) US. 4263412 (CL 521-114: C0O8G18/14), 21
Apr 1981, Ger. Appl. 2.842.242. 28 Sep 1978: 8 pp.

95: 98791t Rigid urethane polymer foams. Hitachi, Lid.
Jdps. Kokai Tekkye Kobe 81 45917 (CL C08G18/66). 25 Aor
1981, Appl. 79/120671. 21 3ep 1979 8 pp.

94: 210746q Apyaratus and method for a foamable mixture
from at least twe ﬂlul feam-forming reactants and
tes. Kreuer, Karl D; Schulte, Klaus (Bayer A.-G.)
4,242,306 (CL 422-[33 BOIJIQ/IS) 30 Dec 1980. Ger.
Awl. 2,828,506, 29 Jun 1978; 7 pp.

94: 1762950 Precess and s us for continuous production
of pelyurethane feam. Derk Jan (Reeves Brothers,
Inc.) S. African 79 06,068 (Cl. C08G/), 29 Oct 1980, US
Appl. 962,166, 20 Nov 1978; 31 pp.

94: 17629¢( Method and apparatus for the mesufscture of
flexible polyurethane foam articles. Woods, George (Imperial
Chemical Industries Ltd) Ear. Pat. Appl. 23,749 (Cl
C?GIO/MD 11 Feb 1981. Brit Appl. 79/22,988, 02 Jul 1979:
15 pp.

94: 122647¢ Rigid polyurethaves. Abell, Jesper (Jydsk
Teknol. Inst.. Den.). Plast Panorama Scand. 1988, 30/5). 29,
31. 37-4 (Dan). A review with no refs. on rigid polyurethanes,
their manuf., properties. applications, and demand.

94: 104543m Poly-ml-u foam wmoldings with a skin.
Smyo Chemical Industries, Ltd. Jpa. Kekai Tokkyo Koho
80,133,417 (Cl leB/H) 17 Oct 1980, Appl. 80/2887, 14
Jan 1960, 7 pp.
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iodegra i > T.
) » Bi te pelymer msateriais. Lizetove.
E.S" ;sk‘h’:k:dtaz G. A ‘:tSb’R.) Vise. Akad. Naud i J:: R3X
1980, (12). 22-30 (Ukrain) . review with 43 rets. of the work
conducted at the Ukranian A siamy of Sciences ma hodegd: duole
polvurethanes for medical appli - tion !prosthetic devices.
adhesives. etc.).

: 169077m Mixzing apparat for urethane poiymer-formiag
e?ipl‘u-t: Elastogran Mnc:inenb-u G.m.b.H._und Co. Jpn.
Kokai Tokkye Kohe 80 77,514 (CL B29B1/06), 11 Jun 1980,
Ger. Appl 2838798, 06 Sep 1978: 4 pp. Two urethane

93: 151128u Light-resistant feams. Toyods
Gosei Co., Ltd. Jpn. Kekai Tokkyo Kehe 8 73723 (CL
C08G18/14), O3 Jur 1980, Appl 78/145958. 28 Nov 1978; 5
PP-

92: 133152t Development ot lower cost
polyisscyanurate and pelyurethane ri foams. H
Joseph M.: Clinton. John L. (Tech Serv. Appl Res. -
Rubscon Chem., Inc., Wood , NJ 08096 USA). /. Cell. Plast.
1908, 16(3), 152-8_ (Eng). rol il [64641-T1-0).

93: 133131k A review of polyurethane. II. Raw materials.
},'-u. Keii  (Nippon Polyumhn;a blesr; 80.. L,x.d_.AJ.pa_n).
orimg Daijesuto 1988, 32(4), 44-53, span). A review
with 14 refs 1. Akahoshi

93 123122m A review of pelywrethame. I1I. Raw materials

and flexible foam. Iwats, Keiji (Nippon Polyurethane Ser..
Co., Lid.. Japan). Porima Daijesuto 1988, 32(5). 70-81
({n_p-.n_): A review with 11 refs. I. Akehoshi

93: 133144s Family of MDI-based isocyanstes. Preseat
situstion and development. Allporr D. C. (ICI Lid., Engl).
Rev. Gen. Cacutch. Plast. 1980, 602, 75-81 (Fr). The prepo.
of MD! [CHHCeHNCO-p)2 [101-24-8]] and its applications in
polyurethanes, foams, urethane rubber, adhesives, etc. are
discussed.

93: 9618%a Polyurethane foams. Nakai. Masahirc  (Sanvo
Chemical Industries. Lid) Jpn. Kokai Tokkyo KoYo 89
48214 1CL CO8GI8-14). 05 Aor 1980, Appl. 79/91.396. 17 .Jul
1979: 6 pp. -

93: 95472c Isocyasate-based polymers. Iwakura. Yoshio:
Kurits, Keisuke; Nguyen Chau (Fac, Eng.. Seikei Univ.,
Musashino, Japan). Ini. Prog Urethanes 1980, 2. 99-124
(Eng). A review. with 31 refs.. of the prepn. and properties of
polymers from diisocyanates and bis(N-hydroxyimides) or

ﬁh&ﬁdn and of high-temp. polymers of 0O-phenylurethane
vy.

92: 426590 Liosage in the production of polyurethane
slantics. Osinski, Ulrich (Maschinenf.br. Hennecke Gmb.H.,

irlinghoven, Fed. Rer. Ger.). Dosieren Kunststofftech. 1978,
265-77 (Gerr.  VDI-Verlag: Duesseldorf, Fed. Rep. Ge:.
A review without refs. of methods and app. for combining
polyols. isocysnates, catalvsts, blowing agents_ llers. etc.. in the
manuf. of polyurethanes. !

Complete list of ahstracts can: be obtained from
UNIDO=INTIB
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2.AVAILABLE BOOKS ARD JOURNALS FOR PCLYGRETHANES AND RELATED
SUBJECTS

2.1 RIN-Fundamentals of Reacticn Injection Moulding
C.¥.Kacosko, 1989, 257pp.

2.2 The ICI Polvurethanes Beck
woess,G. Jwiler & Soms, 1987, 13

2.3 Polyurethanes in Medicine
Lelah, N.D., CRC Press, i986, 240pp., -39.00

2.4 Equipment for Processing Plastics and Rubber, Series KhN-2
Equipment for the Production of Moulding Polyurethanes.
Review Information.

Nefedov, A.S., Apamasenko, E.E., Konduarov, i.P., 1926.
46pp., (Russ) rub 0.73.

2.5 Polyurethane Bandbook
Oertel, G., Ed: Macmillan Publishing Co., 1985, 626 pp.
$128.00.

2.6 Organosilicon Polyurethanes
Kuznetsova, V.P. et.al., 1984, 221pp, iRuss) rub 2.90.

2.7 Plastic Bandbook, Vol.7: Polyurethanmes. 2nd Ed.
Ed. Banser, Mumich, 1983, 664pp. (Ger), DN 346.

2.8 Modified Polyurethanes
Omelchenko, S.I., Kadurina, T.I., Ed.Naukova Dumka, Kiev,
1983, 226pp. (Russ) rub 2.80.

2.9 Polyurethane: Kunststoff Handbook
Becker /Bradn

2.10 Polyurethane-Based Composite Materials
Buist, J.N. et.al., Ed. Khimiya: Moscow, 1982, 238pp.
(Russ) rub 1.40.

2.11 Physical Chemistry of Polyurethanes
Owelchenko, S.I., Ed. Naukova Dumka, Kiev, 1981, 104 pp.
{Russ) rub 0.70.

2.12 Synthesis of Polyurethanes
Owelchenko, S.I., Ed. Naukova Dumka, Kiev, 1981, 140pp.
(Russ) rub 0.11.

2.13 Advances in Orethane Science and Technology
Vol.8, Ed.Technomic Publishing Co., 1981, 274pp.

2.14 International Progress In Urethanes
. Vol.3, Ashida, K., Frisch, K.C.,Ed. Technomic, 1981,
. 259p.
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2.15 ACS Symposium Series, vol. 172: Urethane Chemistry and
Applications (Rased on a simposium Sponsord By the Xa-
cromolecular Secretariat, at the 2zd Chemical Conqress
of the Morth imerican Continent(180th ACS National Neet-

lﬂ‘Jh Las YI'eqas, Nevada.
Edwards, K.N., Ed.American Chemical Society, 1%81,
590pp.

2.16 International Progress in Crethanes
vol.2, Ashida, K., Frisch, K.C., Ed. Technomic publish-
ing Co., 1980, 173pp.

2.17 Developments in Polyurethane
Vol.l, Buist, J.N., Ed. Applied Science Sublishers, Ltd,
London, 1978, 280pp.
2.18 Urethane abstracts
1971., B. $115.technomic Publising Co., Inc.

2.18 Urethane Plastics and Products
1971., m. $95. Technomic Publishing Co.

2.19 Urethanes Techmelogy
1984. q. £13.50. Crain Commmications Ltd.
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3. Some worldwide Polyurethanes Producers

3.1 U.S. Producers

Ainex industnes. Inc
Fienble Products Crwieen. 3558 2nd St Nomth
Minneacons. MN 55412
Algha Foam Systems nc
900 77th Ave. Canlang CA 34621
Corcoran Mtg Ca . Inc
1745 S Master St. Anahesm CA 92903

Foamcrat lne Ililllll4!|l'un-uu|n., e
R

PO Box 15246 Sarasota FL 33573 ;;.u_. e ,, ,,g?-
Gillaqher Carp PR
3366 Momson Or . Gumnee L 53031
Moided O:mensions. Inc w Wnnann
70% Sunset R2 Port Washington. Wi 53074 Gfo MuhSq Wyandotie. M! 18132
Newage Industnes Inc Dtﬂ Chemuca C
Plasncs Div. 23C0-21 Maryland R . Willow Grove PA 2700 Papn Sl St Lous MO 63103
19090 Fmﬂ:ﬁs&a tnc . Sub s
P'asx-o-um Inc. ermucals Inc. S711 San Ferrango Ag W (os
21300 Doral Rd . Waukeshs. W1 53187 qususooas
Rubber Millers Inc. Goodren Company. BF
709 S Caton Ave a.n.mor. MD 21229 Sowcanty Polymers & Chemwcals Crvsion. 6190 Oak Tree
Urethare Products Industoes. | Biva . Cevelana. OH 441231 ‘
4950 Mudson-Siaw Dr . S:o- OH 844224 Kencs Corp

Kemcs Pk . North Andover. MA 01845
Polyurethane Specantes Co  Inc

- P A I ATy — e = 24 . .
memmé@ 624 Schuyler Ave . Lyndhurst. NJ 07C71

]aolnv:mwms_ I"ci’O Sox 70
) tney St 703 Leomwnstes. MA (1453
kano. F;::mssg. La Porte. IN 46350 S'"':'é"ss.ffﬁ ’Scclch Plang NJ 07076
Carpenter P, ng Co
S016 Monument Ave . fichmond. VA 23230 - -
Crnn Midwest
1550 € 97th Pace. Cn-caqo it 60628
Evort Company of indanapols. Inc.
9200 Zronswile Rd . lncnanapolnx IN 46268
Foam Enterpnses .
136308 Watertawer Circie. Minneapoks. MN 55441
Nmﬂ?bbcr Fatncation Div. 1724 New Bnghton Bivd. 0 Box
1422, Minreapol:s. MN 55440
Ohio Rubber Co
Orthane Orv . Interstate 35W. Dept U Centon. TX 26201
Presto Manutacturing Co
&A Fragnehin Ave Brocklyn, NY 11211
Company Address
3.2 0.S. : a tatjve List
Air Products and Chemicals Inc. P.0.Box 538,
{a,c) Allentown,PA 18105
ph.215-481-4911
Akzo, Chemical Div. 300 S. Riverside plaza,
ic) Chicago, IL 60606
ph. 312-906-7500
inderson Development Co. 1415 E, Nichigan,
St. Adrian, MI 49221
(pp) ph. 517-263-2121
Atochen North America, Inc. 266 Harristow Rd., \

Glen Rock, WJ 07452 '
ph. 201-447-3300 ‘

Dow Chenmical 2020 Dow Center deland
KI 48640
Ferro Corp, 7050 Krick Rd. Bedford,
Bedford Chemical Div. OB 44146 ph. 216-641-8580
(c) ‘ ‘
formulated Resins Inc. Spraqueville Rd.
P.0.Box 508

Grenville, RI 02828
ph. 401-949~2060




.} Grace & Co,

Organic Chemical Div.
Speciaity Chesicals Cnit
ipp)

Bardsan Incorporated

ICT Polyurethanes Group,

Nobay Corporation, PU Div.
(pp)
ML Chemicals, Inc.

Olin Corp. Chemicals Group

Perma-Flex Mold Co.

Sartomer Company Div. of
Pony Industries Inc.

Texaco Chemical Co.
{c)

Toyomenka (America) Inc.
{pp)

Union Carbide Chemicals and Plas-
tics Co,Inc. Specialty Chemicals
Div.
(c,i}

E.P.Whitmore & Co.
(p)

Witco Corp. Organics Div.

55 Hayden Ave.lexington,
MA 02173
ph. 617-8561-6600,

600 Cortland
St.Belleville, WJ 07109
ph. 201-751-3000

Nobay Rd, Pittsburgh,
15205-9741 ph. 412-777-2000

P.0.Box 700,
Hightstown, W 08520

120 Long Ridge Bd.
Stanford, CT 06904
ph. 203-356-2000

1919E. Livingstone ave.
Columbus OF 43209
ph. 614-252-8034

Rarshall building,
¥.Chester, PA 19382
ph. 215-430-2200

P:0:Box 430, Bellaire
ph. 713-666-8000

39 01d Ridgebury Bd.
ph. 800-243-8160

520 Madison Ave.,
Bew York, NY 10022
ph. 212-605-3655

a = additives, c = catalysts, f = foam, i = intermediates, p = poliols, pp = prepolymer
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- - - Republic of-
™
o
S
~y
3
: Polyolefine
. Polyolefines
] Policlefine
- ,
" ‘ Germany, Federal
k., Republic of-

’ ':."u o

tavases de polipropileno
llednm di polipropilene

Germany, Federal
" Republic of-

LA 2 1‘.3,,;

- 1
WANS-GEIORG CHRIST

POLEN VERPACKUNGEN GMBH
Ml&mcu mmu'n
smmu-
Teolen (02241) 330060, Teien 0059760
Toletax (02241) 330322
3 folen. Beutel, Sicke und Schutz-
Wilon sus Polyitivyien. Polyprogyien
und Verbundfolen -
h‘-mw“m::?n

YPropy

Polystyrene

Polystyréine

Poliestireno
Polistirolo

Belgium

" B Y Plasucs (Belgivm) NY.
t Lovkaard | B-2440 Geel T: iore
8021, Tx: 12833

Germany, Federal
Republic of-

GMBH. Postfach 800428, D-0000
rankfurt -80. Hachse, T: (009) 310001,

=1L T: (009 3018-01. Tic 2163481
HOLS ESELLSCHAFT.

Postfack 110, DAIT® Marl -1,
T: (42363) 43-1. Tx 292110

Poliurstano
Poliuretano

Belgium

GECHEM SA-NV. Av. de
ille 12. B-1130 Bruxelles
T: (02) 7621872, Tx: 21924
Travhydro SA. Quai Timmermans 14,
B-4200 Liége T: (ou)szmo.'rxnm
Artilat NV_ Koningsbesn. B-2260 Nijler
T: (03) 018493, T 33824
CARBOCHIM SA. Rue de 1a Carbo.
B-7340 Tertre T: (063; 41039,
Tx: ST173
Recticet NV, Damstraat 2, B-9200
Wetteren T: (091) 689211, Tx: 11363

France
Metausel SA_ BP. 13, F-57800

German Democratic
Republic

CHEMIE-EXPORT-IMPORT, Storkower
Str. 133, DDR- /33 Berlin T: (02)
4320, Tx: HUTL

Germany, Federal
Republic of-

eht Siegmund GmbH, Postfech $108,
D-3340 Bad Honnef -6. Rotthstse,

T: ) 80012, Tx: §85202
EMIE-PRODUKTIONS-
GESELLSCHAFT mbH,

Postfach 1240, D-4420 Consield
T: (02341) 2328, Tx: 002287
Kruse CGmbH, Kithe,
Postiach 1220, D-8050 Donauwirth
T (0096) 3003 .
Kidchner & Co. Kommanditges. aul
Aktion, Mldl 100851, D-Cl“

Classificacién de Las firmas por orden alfabético de 12s poblaciones

D-T160 Gauldoef -3.
T o797 1051 T 21201
.
T (040) 3008-8, T 2161742
Techao-PUR Polyurethan Produkte
GmbH. Am Utlelner boor 13, D-4330
S Tt
T PM120
ACLA-WERKE GMBH, Frankfurter Polyursthan-integral-
m%M1)mnfxm S
ISL-CHEMIE GMBH, Postfach 910404, Polyursthane integral foam
Ttmmﬁh 81, T: (0221) 630873, M
Gasbil, Postfech 1140, Pidces profildes en mousse
D-2044 Lemiiede T- (93443) 12-0, de polyuréthane
M%.%m s perfiladas de
T (214 361 Tx 631000 ospuma integral de
Chemische Fabrik Zeh GMBH.
Posctach 1164, D-7148 Ludwigsburg Profilati in poliuretanc
ASE Axiieagussilschets, Cart-Bosch- integrale espanso
Str. 38, D-§700 Ludwigshalen T: (0821)
098, T 464000
POLYKEM Erherd Klocke KG.

T (03773) 3333, T $T1213

Great Britain and NI
Polymers Lad, Station Rd.
Cheshire

Macpherson
G- Birch Vale,

-SK12 SBR. T: (0083) 48510, Tx- 669258
l’fM Lid, Alfred Rd,
W—aucn

SEEmi
CHEMICALS LTD

PO.Box |. GB- Eccles, Manchester,
Lancs. -0 8BH, T: (061) 7897300,

Tx

[ Jgr-3
Avalon Chemical Co. Lad., Hitchen La.

GB- Mallet, Somerset
-BA4 STZ T: (0749) 381 T 9780
R4, GB- South

-SN3 4TE, T: (0703) 823741, Tx: 449903

Yugoslavia

GRAMAT-LORIS. PO.Box 1013
YU-41081 Zagreb T. (041) 276283,

Germany, Federal
Republic of-

Presswerk K3ngen GmbH.
Postfach 1185, D-7316
Telefon (07024) §08-0, Yelex 7287214
. Telotsx (0702¢) 808-111

Tel. (07337) 201/202/200, Telex 715138
Telefax (07337) 6718

Great Britain and N.I

IDGTOWN

BRIDGTOWN INDUSTRIES LTD.

prizguiiede.

Graen Lane, Bridgtown, Cannock, Staffordshire. WS113JW
'mhom (0543) 466021, Tetex: 338363, Teietax: 05435/7 4157
PU-Sch N G PU-S vy PU-R
Vakuumgeiormite g Ma ie und Kophei

and headhners.

PU. loamdesthU foam products. PU.R njects ided
pans.

smmmousuac?u produits en Zuir nlégral de mousse de PU, pieces mouldes
de ot )

de téte plems moussés mouids &

m.
Asientos de de PV, p de cuero integral de espuma de PU, piezas
das por my de . o y moiduras de cabeza mecizos
e3pumados moideados al vacio.
40427580

Italy

Mazzantiini, Srl, Giuseppe, Via A

Grands. 12, Zona Industriale
Terrafino, 1-50033 Empol: (FT)
T (0571) 82250

Switzerland

ROMAY AU, Gontenschwilersirasse,
CH-3727 Oberkulm (AG) T. (084)

“1100, Tx: 981576

You find the instructions
pow to use the book in
fron: of the pink section

IMEKS Sinai Mamuller Dy e
TMAS.M"IA":;‘IM . Brochure Sehing the titie peges
Cad. §2/8, Mecidiyrhéy, TR- Istanbul
T: (1) | 1722872, Tx: D176
ms
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Ashland Sddchemie Kernfest GabH Postfach 440-D-4010
Hilden

BF Goodrich Chewical {Deutschland) Gorlitzer-str. 1/6

Gubl D-4040 Neuss 1

Eberhard-Cheie Gabl Postfach 930131
D-5000 X61n 91

Fomp Schaumstoff GmbE & Co. KG. Werkstr. 6

D-4353 Oer Erkenschwick

Betriebe Pmmerling & Weyl Gubl Siemenstr. 9

and Co. Werner D-6252

Gejer + Voss Gabl $208 Kolbermoor/Rosenheln
Postfach 1260

Hager & Kassper Gubl Postfach 449-D-4730 Ahlen
Westf.

Befela GabHl Postfach 1130,
D-5227
windeck/Rosbach

Iromer Chemie Gabll Hafenringstr. 1-3
D~4500 Osabrick

Vosschenie Gabll Chemische Postfach 1355
D-2082 Vetersen

U.K.

Akz0 Chemie (K Ltd 1-5 Queens Rd., Hirshas
Surrey K112 SNL,
ph. 9322-47891

Baxenden Chemicais Ltd. Paragon Works, Baxenden,
Accrington, Lancasbire,
BB5 2SL
PH.0254-872278

Bridgetown Industries Ltd. green Lane, Bridgetown,
Cannock, Staffordshire,
WS11 3w

CBP Marine Ltd. 15-20 Greenbey Place,

Bast Gillibrands,
Skelmersdale, Lankasbire,

NS 9SA
Larkro | P.0.Box 1, Eccles
‘ ¥anchester 130 OBH
ph. 61-789-7300
Durhan Chemicals Ltd ‘ Wedgwood Way, Stevenage

Berts. 5G1 4QM




Cnitex Ltd.

ITALY:

lusind S.p.A.

Lati S.p.A

AUSTRIA:

Vianova Kunstharz A.G.

FRAKCE:

Electra-Unic-Industri

Plastibel

Souplethane

Crisco AG

Naag Technic AG

3.5 Asia Producers:

JAPAN
Bridgestone Tire Co Ltd.

Rarima Chemicals Inc.

Hodogaya Chemical Cco Ltd.

ph. 438-734000

Halfpenny Lane,
Knaresborough,
North Yorkshire, HGS OPP

13 Corso Sempione
21053 Castellanza
ph.331-501100

21040 Vedano Olona

104 Altmannsdoeferstr.
1120 Vienna
ph. 1-85050

21, rue Gambetta 95300
Pontoise ph. 1-30383285

1 89350 Champignelles
ph. 86451023

32-34 Route des Pusilles
92000, Nanterre
ph. 1-42046352

Sevelen
ph. 085-5643132

Derendingen
ph. 065-423313

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

=21 Dosho-Mashi,
Higashi-Ku Osaka
ph.6-201-2461

4-2 Toranomon,
1-Chome, Hinato-Ku
Tokyo 105
ph.03-504-8631




Kamatsuya Kagaku KK 390 Ogiwera,
Hidaka-Machi, Hidaka Gun
wakayama Pref.649-12
ph. 73-863-2007

Nitsui Toatsu Chemicals 3-2- 5,Kasumigaseki,
Chiyoda-Ku, Tokyo
ph. 2223622

Sumitomo Bayer Urethane Co,Ltd 3 Souke, 1 Chome,
Kukuchi, Amagasaki
City, Hyogo Pref.661
ph. 06499-2401

Takeda Chemical Industries 2-3-6,Dosho-Nashi ,Chuo-Ku
Osaka 541

Toyo Tire & Rubber Co. Ltd 1-17-18 Edobori, Nishi-Ku
0Osaka
ph. 6-441-8801

Hindustan 31 Maharshi Karve Marq.
Bombay 400.002
ph. 22-314271

Sasmira Bombay

ISRAEL

Thio-Atim International 6 Bazorfim Street,
(1986) Ltd
Ramon Yam, Bat Yam 59605

Israel

SINGAPOR

Geneplast Private Limited 18, Neythal Rd.
SG 2262

ph. 2652177

Industrial Eenqgineering Suppliers 98, Owen Rd
SG 082-Sing.

Insutech Thermal & Engineering(S)
Pte Ltd 50 Pal Crescent

$6-1232 Sing.

TAIWAN

Nan Pao Resins Chemical Co.,Ltd 12 Nan Hai Village
Shee Kang Shiang
Tainan, Taiwan
ph. 6-795-2801




Prankston Namufacturing Co.
PIY.Ltd

iC Batrick Chemicals PTY.Ltd

Dural Products Ltd

Uniroyal Ltd,
Uniroyal Chemical Div.

SOITH_AFRICA
Industrials Orethanes (PTY) Ltd

3.7 Latin American Prodycers:

BRASIL
3% Do Brazil Ltd

CHILE

Industrias Quimicas Solex
Chilena 1tda

COLOWBIA

Anhidridos y Derivados de
Colombia S.A. (Andercol)

Basf Quimica Colombiana

P.0.Box 113
Artarson N.S.¥ 2064
pb. 2-430259

Hallam M.
Ballam, Vic. 3803
ph.3-703-1175

P.0.Box 59
Botany, X.5.% 2919
ph. 2-666~0331

550 Marshall Ave.
Dorval, P.Q B9P 109,
Canada, ph. 514-636-6230

Street
Elmira, Ont. W3B 3A3,
Canada, ph. 519-669-1671

P.0.Box 411
Edenvale 1610 S.A.
pb. 11-690-1186

Caixa Postal 123
13100 Campinas Brazil
ph. 192-641700

Kanchester 2838, Santiago
ph. 513452- 516679

Carrera 64-CW 95-84
Autopista Norte, Medellin
Ph. 2370083

Calle 37, n 7-43 Piso §

Bogota
ph. 2326080




Compania Quimica Borden

ECUADOR

Esflo S.:2

Plastex S.A.

TecnoquimicaS.:.

JENEICELA

Sintesis C.1.

venetan C.A.

4. Some Equipment Suppljers and Consultancy Services:

GERRANY

Battenfeld Naschinen Fabriken GabH

Cannon Deutschland GabH

Didier Engineering Gabf

Elastoqgran Maschinenbau Gabf

Glas Nate Kunststoffver-
arbeitungsanlagen Gabll

Grenzebach Kaschinenbau Gab

Gusmer-Guscraft GmbH

Hennecke Gwb# Maschinenfabrik

SN 20875 Cali
ph. 615257

Ka 8.5 via A. Mantas
ph. 651-657

Papamericana Sur Km 5.5

Apdo. 2485
ph. 263854

Pista a la Atarjea 1152

El Aqustino
ph. 276000

1v. Codazzi, Sta. Monica
ph. 6613638

iv. Veneruela,

Torre Clemente, Piso €
El Rosal

Ph. 9869311

Postfach 1164-65
D5882 Reinerzhagen

Postfach 1162
D-6052 Muhlhein/Main

Alfredstr.2s,

P.0.Box 100945,
D-4300, Essen 1
ph. 0201-72450

Nitterstrassweq
D-8021
Strasslach bei Minchen

Otto-Scheugenpflug-5tr.16
D-6050 Of fenbach-Bieber

Postfach 11 55,
3354 Asbach-Baumenhein
(Hamlar)

Liebigstr.8,
D-6054 Rodqgau 6

Postfach 1180
5205 Sankt Auqustin 1
(0T Birlinghoven)




Bermann Jennert KG Naschinen
und niagenbau

D.J. Keil KG Ing.Béro
Kern-Liebers

Klockner Ferromatic Desma GobE
Krauss-Haffei Aktiengese]lchaft
Lackfa Isolierstoffe Gabll & Co.

Lotsch und Partner Nodelbau GmbH
¢ Co.

Puroil K-N-E Gab# & Co. KG.

Siku Fertiqungstechnik und
inlagenbau GmbH & Co.KG.

1.K.G Technologie-Ververtunq und
Narketingges.mbil.

ITALY

Pressindustria Engineering &
Plants SpA

Plastimac Spd

ﬂlﬂw

Broendle AG E.

Dopag
Dosiertechnik+Pneusatik 1G
Napag Maschinen & Plastic G

Meyer & Cie AG A.E.

spritztechnik AG

Llndemplat: 61
5900 Siegen tGeisweid)

Freiherr vos Stein Str.2
D~6107 Reinbein

D-723 Schramberg

Postfach 1140
D-2807 Achin
ph. 04202-50-0

Postfach 50 03 40
8000 Kinchen 50

Industriestr.2
D-2084 Rellingen 2

Flagelstr.?
D-4600 Dortmund 41
ph. 0231-402410

Rudolf-Diesel-Str.24
3019 Ottobrun
(Reinmerling

Postfach 1136,
4714 Sels

Postfach 1328,
5905 Freundenberg

71a Porto Darmolfo 35
1-20046 Biassono (NI}

P.le G. Cesare n 9
1-20145 Nilano
ph. 4985851

Industriestr.31,
8305 Dietlikon

Hinterbergstr.32
6330 Cham

Schwarztorstr.26
3007 Bern

Badenerstr.329
8040 Zurich

Wiesenstr, 468
9327 Tubach




CIC Ralphs Ltd.

Compounding Ingredieats Ltd

Bridgetovm Indastries Ltd

Byma Engineering (NIC) Ltd
Bytek Nouldings Ltd

15
Anderson Developmeat Co.

Abatrom Incorporated
Cannon USA Inc.
Elastogran achinery (EMB)

Glas-Craft, Inc.
Hudson Mouiding Systess
Nichan Clay Products

Nobay Corp.,Machinery Group

0lin Corp. Chemicals Group

Polymers Technologies, Inc.

Cnit 38/39, Second Ave.
Westfield, Nitsomer
Yorton, Bath Avon

BA3 4B8

Upit 217 valton Summit
Center, Bamber Bridge,
Preston, Lancashire,
RS SAL

Green Lane, Bridgetowm
Cannock, Staffordshire
WSI1 3

Oait 2/3 Westpoint
Indestrial Estate,
Bargreaves St. Oldbaa
Lancashire, OL9 )W

Nallcroft Industrial
Estate, Retford, Notts
DE22 7SS

1425E Richigam St.Adriam,
M 49221, ph. 517-263-2121

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

1235 Freedon Rd. Kars.
PA 16046

1725 Biddle Ave. dyandotte
M 48192

5845 v.82nd St.102
Indianapolis, IN 46278
ph. 317-875-5592

32 Stevens St.,Haverhill
M 01830
508-374-0303

826 E Pourth st.,

P.0.Box 6, Pittsburgh,
KS 66762 ph. 316-231-1400

Kobay Bd, Pittsburgh
PA 15205 ph. 412-746-3000

120 Long Ridge Bd,Staaford
CT 06904=1355
ph. 203-356-2000

University of Detroit
4001 West Nc Nichols Rd
Detroit, NI 48221-1011
Ph. 313-927-1270
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Tyin Rivers Engineering, Inc.

5.- R & D Institutes:

5.1 AGSTRIA

5.2 FRANCE

5.3 GERNARY

5.4 U.K.

5.5 0SA

Cte.27, Boothbay, NE 04537
ph. 207-633-2075

lustrian Plastics Institute
Arsenal, Objekt 213, Fram:
Griil str.5, 1-1030 Wien

s
75680 Paris 14

German Plastic Institute
Schlossgartenstr.6 R
D-6000 Darmstadt

Institut fur Kunststoff-
verarbeitung
D-3100 Aachen

British Orethane form
Contractors Assoc.

Imst. Sci. Technol.
Univ. Manchester
Nanchester, UK N60 1QD

London Sch. Polym.Technol.
Polytech. North, London
London UK N7 8DB

Rappra Technology Ltd

Shawbury, Shrewsbury,
Shropshire SY4 4MR

Int.Isocyanate Inst. Inc.
Parsippany, W

Rubicon Ches.,Inc.
Tech. Serv. Appl. Res. Lab.

Woodbury, NJ 08096

Univ. of Detroit
Polymer Inst. Detroit
Nichigan

virginia Polytech. Inst.
and State Oniv.
Blacksburg, Va 24061




5. INTERNATIONAL PROJECT REVIEW

ECN NEW PROJECT SUMMARY '

New projects summarised below appeared in ECN on 18 and 25 February 1991

. Total Start-up

. Capacity, erected date/
Cumpany Location Product tonne/year Process Contractor cost status
Manall Madras. India isocyanates S

Petrochemicals

ECN NEW PROJECT SUMMARY

New projects summarised below appeared in ECN on 3 and 10 December 1990

Total Start-up
Capacity, erected date/
Company Location Product tonne/year Process Contractor cost status
Dow Quimica Aratu. Bahia potyois 4G 000 $17m 1992
state. Brazn
rene 320 000 T
Shell international  Far East gtg 140 000 S 1994

polyols 140 000

- ECNNEWPROJECT SUMMARY i

New projects summarised below appeared in ECK on 13 and 20/27 August 1990

Total Start-up
\ Capacity, erected date/
Company Location Product tonne/year Process Contractor cost status
Shell international Western MDi 50 000 Mitsui Toatsu $200m S
Chomical/Mitesul  Europe end 1993

Tomteu

Note We muingly tonne.day by 330 to get fonne-vear T . tolal. (xj = expansion: S = study. P - planned. A = approved: U - underwav
Dates given are for start-up uniess otherwise stateo

ECN NEW PROJECT SUMMARY .

New projects summarised below appearedin ECNon 2 and 9 July 1990

Total Start-up
c.m."v orected date/
Company Location Product tonne/year Process Contractor cost sta’ s8
Montedipe 1992
Porto Marghera. MDI 1x)
oltaly ¢ TDI 1x) 20 000 1991
110 000T
.
supplement dec.1990
.com;;nl« uiul;: or set ”.. | Locstion i Products/Business . Stake © Cost
MAsor A UoBorot Wity aombimat A Lapearv Hngary o T—H»Mur.rl\.;r;— ' h PO
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, , : . ECN SPECIAL REPORT

' MDI flexibility leads ICl's
 polyurethane thrust
|

A LITTLE over one year ago, Alan Pedder
was appointed principal executive offi-
cer of ICI Polyurethanes, taking charge
of the worldwide development of the
business. ICI claims a 20% share in the
rlobal polyurethanes (PUR) market.
which grew from under 3m tonne/vear
in 1980 to nearer 5m tonne/vear 1n
1949, valued at around $§9bn.

Development of the product will be
driven by two motors: the need for
increased sophistic..aon and the reahty
of internationahisation of both demand
and competition, Pedder told £C\

The increase in sophistication is al-
ready being fuelled by environmental
demands. The industry has had to face
" up to the need to find replacements for
CFC blowing agents and, along with the
whole plastics sector, 1s now embarking
on fu.ther research into product re-
i ¢ lability and reclaimability. As politi-
cal attention is focused more and more
on giobal warming. insulation will be
required to be increasingly efficient and
increasingly applied. ICIis forecasting
a relative slo'vdown in market growth
'ECN 17/24 December 19901 in Europe
and North America. but continued
growth of 8% /vear in the underdevel-
oped Asian market: the internationah-
sation of the business is clear.

Meeting the challenge of increasing
sophistication will be based on the
relatively r~cent realisation of the po-
tential for engineering isocyanates and

“mtonne
S-T, - Fk’llhle'lﬂu SOM-NGI N tewraal
I skin toami microcellutar
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FuropeanChemicalNews. 31 Drcember 1990 7 tanuary 1949

Increasing sophistication in the polyurethanes market is causing iCl to focus
its efforts on differentiating MD! formuiations. Toby Shelley talked to Alan
Pedder, principal executive officer of ICI's polyurethanes business, about this
and the increasingly global nature of the market.

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

polvols, with consequent development
ot the latter: "For the next decade or two
there 1= an almost infinite ability 1o
mvent materials’

1CT is pleased with the progress that
has been made in finding replacements
for CFCs 1although environmentalists
note that HFCs have a global warming
potential and HCFCs may contribute to
both global warming and ozone deple-
tion). Various areas are identified as
having environmentally related grewth
potential, one of the most obvious being
the further development of weyht-
reducing vehicle body panels.

[socvinates are already in commer-
cial use as bonding for sliced up rubber
tvres reused as sports stadia surfacing.
Such bonding can also be used to con-
vert vegetable matter such as gramn
husks into cheap and durable building
blocks. Ultimately. decisions about
whether to reuse or recycle will be
based on ‘the hest economics based on

‘o

Wesiern b ioge
1-’\1"”1 Arsene oy
Do e

Othwer

87 83 89 1970

routes which are avalablie’. but within
anew coritext in which functional excel-
lence will remain a crucial factor, al-
though balanced by cradle-to-grave
product management.

Aliin Pedder believes that the strue-
tural and insulation properties of PUR -
have overcome the pressure exerted on
the product by the CFC replacement
problem. Indeed. he sees energy conser-
vation in developing countries as a -
major possible area of expansion. [C] !
was recently involved n a UN-
sponsored seminar in Beying. discuss- .
ing low CFC refngeration. This sind.
and while the elastomers, automotive
apphcations and binder sectors may
show relatively higher growth, the -
breakdown of PUR usage 15 not ex-
pected to change dramatically in the
present decade.

1CI Polyurethanes has restructured
its marketing organisation, replacing
the traditional European. North Amer-
can and international departments
with an all-Amenca department. o
wreater Europe. Comecon. Afrmica de-
partment, and an Asia department
This reflects the increasing importance
of developing markets and their inter-
action with the industrialised nations.
In particular, it demonstrates that Asia
is becoming an “increasing focus of our
investment’ with a move into India -
forthcoming and a technical centre n
South Korea recenily sanctioned. :

When he took over. Pedder sid he
was interested in increasing specialisa-
tion”. He continues to stress this, sav.
ing: We will tend to focus business
around our abihity to differentiate MDI
formulations. I think we are particu.
larly pgood at developing the flexible
market for MDi”

Although he declines to elaborate
further about ICIs plans. he foresees
increased specialisation by the leading
players in the international PUR bux-
ness as it adapts to the 19908

Growth in totatpolyurethanes use 1980-1989 ngld polyurethane foam markets 1970-1990

1975 1980
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Polyurethanes: the learning curvet

D. C. Aliport
ICl Polyurethanes, Organics Division, Hexagon House, Blackley, Manchester M9 3DA, Great Britain

(Received: 12 September 1982)

Abstract: Polvurethanes have had a remarkable growth record as reactive
processing chemicals. The adaptability of polyurethanes is due to the wide
range of specialised chemicals available, the particular features of their pro-
cessing and the wide variety of end use applications for which polyurethanes
are suitable. Many problems have been met and solved during the develop-
ment of polyurethanes for their many outlets. Developments in the basic
chemicals, in catalysis 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 the particular processing and property advantages of

polyurethanes.

o,

Polyurethanes have had a remarkable growth record
since 1950 (Fig. 1); about three million tonnes of
polyurethane chemicals are sold annually worldwide
for 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

19 Mows Teovenm
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Fig. 1 Growth of polyurethanes.

1 Based on a plenary presentation at the Plastics and Rubber
Institute’s Polvcon '83: Reactive Processing - Opportunities

ng Constrainrs, Noordwijkerhout, The Netherlands, May
82 ‘

PLASTICS AND RUBBER PROCESSING AND APPLICATIONS VOL. 4, NO. 2, 1984

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
fumiture and mattresses; semi-rigid foams, seating
foams and elastomers in automobiles (Fig. 5); rigid

Automotive - 16% Fumiture and

Mattresess - 38%

Buiding - 13%
Other - 8%

Refriqeraton - 7% Costings - 7%
Shos - 4% Textie - 6%

Fig. 2 World consumption of polyurethanes — 1981.

mwr

. ——

Fig.3 Cost indices of polyurethanes — January 1983,

average German prices.
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Fig. 5 Polyurethane seating, head restraints. arm rests and

crash padding in a modern car.

Fig. 6 Polyurethane rigid foam roof panels.

insulation rogms i ~ulding (Fie coanarerr cerston
(Fig. 7 uppications fewnble costings 602 Siliesnes
used I abnc enstructions, Fanis o wnd Gouating
materialy. aiid eiastomers i ~hoe scles thies So1Q)
About 30 o1 ull polvurethane chermcals sre tised i
flexible and r:o1d foams.

This great dnersity of products od wrelicalions
has been the resuit of o tremendous cmount of
development work by the chemical suppiners: by
their customers. the processors who aotualy make
the polvurethanes: and by machizen manuiacturers.
This paper reviews the Kkey ifeatures whien have
enabled polvurethanes to grow as muajor reactive

Fig. 8 Pounng mixed polyurethane chemicals into a shoe
sole mpuld.
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Fig. 9 Shoe uppers in place cver the reacting polyurethane
shoe sole mixture.

Fig. 10 Sports shoes with polyurethane soles.

processing polymers and points to some important
lessons for other reactive processing systems in the
future.

2 Polyurethanes — what do they have in common?

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

— As materials they are used as substitution pro-
ducts. For example, they have successfully
substituted springs and webbing in fumiture,
and they have substituted glass and mineral
fibres in some insulation applications. They
have been able to replace materials in particular
applications only because of favourable overall
property and cost benefits.

~ Polyurethanes are all based on the exothermic
reaction of polyisocyanates with molecules
containing alcoholic  groups. Several other
chenmucal reactions are also available to poly-
urethane formulators and are indeed crucial to
several applications. The whole spectrum of
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polyurethane materials is formulated from
relatively few basic isocyanates and a range
of polyols of varying molecular weight and
functionality.

— 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 polymerisation 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. Altematively, the exotherm
from the isocyanate-hydroxyl reaction can be
used to vaporise a low boiling liquid, usually a
chlorofluorocarbon. Both foaming techniques
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 instantaneous 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 eventually 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.

3  The growth of polyurethanes

The excellent growth in the volume 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
has 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 O. Bayer and
others

1940-45 Specialised elastomers developed in
Germany, UK and USA
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1953 Flexible foams from TDI and poly-
esters. high pressure mixing

1955 Agitatorless low oressure mixing of
foam chemicals

1956 TDI prepolymer polyether flexible
foams

1957 Polymeric MDI introduced for rigid
foams

1958 Thermoplastic polyurethane elastomers
invented

1959 Tin/amine catalysts allow one-shot poly-
cther flexible foams to be made

1960 Hot cure moulding of flexible foam
cushions

1960-65 Rigid foam blowing by chlorofluoro-
carbons

1963 MDI rigid foam refrigerator line demon-
strated

1964-65 Lamination processes developed

1964 Inverse lamination process for rigid
foams

1968 Isocyanurate rigid foams developed

1967-69 Polyurethane shoe soling systems intro-
duced

1968 Isocyanurate rigid foams introduced

1968 Microcellular car bumpers

1967-70 RIM developed

1970 Flat block flexible foam process

1974-79 Development of RIM process and appli-
cations

1979 Moulded flexible foams from MDI

It is interesting to note that many of the key in-
ventions were made quite a number of years ago.
Although some quite significant developments are
still occurring, the rate of new application penetra-
tion has certainly slowed down. This is a reflection.
in part. of the success in the past (the most obvious
new applications have been explored). and, in part.
of the increasingly high cost of developing new
application sectors, at a time of poor industry
profitability.

The penetration of polyurethanes into all their
application areas has depended on demonstrating
how effective substitution of a material by poly-
urethanes can be achieved with benefit to the user
in terms of end product quality and cost. In most
instances this has meant devising new fabrication
processes, since the handling of reactive chemicals
makes special demands as well as giving rise to new
opportunities.

The potential user has had to be convinced in
cach case that some significant benefit can be
obtained from using polyurethanes in place of the
matenials traditionally used. At first sight, the raw
materials costs often, seem high compared with
competitive materials. It has, therefore, been neces-
sary to consider the total fabrication process (and
often to demonstrate it on prototypes) to show that
the overall production cost is advantageous. Once
this crucial step has been made, and the new process
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adopted. the manufacturer has frequently been able
to introduce additional benetits. by exploiting more
fully the design potential of the reactive processing
process and the parucular atinbutes of poly-
urethanes.

4  The adaptability of polyurethanes

It is the diversity of polyurethane products and
applications which perhaps is their most characteris-
tic feature. In order to examine the adaptabiiity of
polvurethanes 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.

4.1 The chemicals

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 are used. The
majority of isocyanates used are based on TDI.
toluene diisocyanate., or MDI, pure and polymeric
versions of diphenylmethane diisocyanate. and the
family of specialised MDI variants. Each of these
classes of products is supplied in a2 number of
grades suitable for particular applications. Chemical
functionalities ranging from 2.0 to about 3.0 are
available.

Polyols are available in even greater diversity.
Polyethers are derived from propylene and ethylene
cxides with starter molecules. and are available with
functionalities from 2 to 6 or even 8. Low molecular
weight (below 1000 say). high functionality poly-
ethers give highly crosslinked polyurethanes with
polymeric MDI and are extensively used in rigid
foams. Polyol blends of functionality in the range
3-5 are often selected. The polymer networks are
strong, even at low densities. Higher molecular
weight polyethers (up to molecular weights of 7 000)
having functionalities of 2-3 give strong rubbery
molecules with diisocyanates, particularly when
block copolymer structures are produced by the
incorporation of low molecular weight diols or
diamines into the formulations. The polymer chemist
is able to make an immense range of useful polymer
types from these intermediates, and new effects and
improved starting materials are still being discovered
and introduced. ‘

Of great importance both to the polymer proper-
ties and the processing characteristics is the avail-
ability of sophisticated catalysts. mainly based on
tertiary amines and tin compounds. Reactions can
be made to go incredibly fast when required. Some
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highly catalysed RIM formulations. for example. are
sutficiently well reacted to begin demould aftter only
15 s following injection of the chemicals. Shot sizes
of 8 kg are not now too exceptional. Important
control of some competing chemical reactions can
be obtainad 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 influenced
significantly.

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

4.2 Polymer properties

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 densiy, open celled flexible foams
range from 12 to 4C kg m™3 with typical closed cell
rigid foams for insu'ation 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 32kgm™ is 97% gas by volume, yet it is
strong 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 0-01SWm™ K™ or
even lower can be found in freshly made samples.
Long term measurements on actual unfaced samples
show only slow increases in A value, reaching about
0-023 W m™ K~! after 25 years. When impermeable
facings cover the foam, very little change in v.lue
is detected over long periods of time. In cnergy
conservation matters, rigid polyurethane foams have
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Fig. I1 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 mouldings and elevate heat distor-
tion temperatures. and in rigid foam laminates will
significantly improve the fire resistance performance.
Since some at least of the beneficial properies of
several polyurethanes, particularly the strong elasto-
meric products. depend on hydrogen bonded struc-
tures, we find that at 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 processiig 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 coalings

— 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 application tech-
niques to give laminates, sports surfaces, chip-
board, etc.

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

A very 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 60s: during this period the
reacting chemicals have been injected. have foamed
and have filled even quite thin sections a long way
away from the injectinn point.

The self adhesive nature of reacting polyurethanes
is a significant benefit in allowing 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 1500
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 (30 psi) is normally adequate.

5 Benefits 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.

1. Flexible foams are easy to produce in a variety
of shapes. The products are extremely com-
fortable seating matenrials, they are durable and
clean, enabling furniture and mattress materials
to be produced cheaply.

. Rigid foams which are very strong can be made
at low densities, and when blown with fluoro-
carbons produce closed cell structures having
very low levels of thermal conductivity. This
has led to the widespread use of polyurethane
foams in building, in refrigerated transport, in

[ )

refrigerators and in freezers. Polyurethane rigig
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 vanety, including
panels and laminates for building, refrigerators
and freezers. crash padding, and reinforced
matenals.

4. Reaction rates czn be controlled within wide
limits by catalysts and, after reaction, the poly-
urethanes are essentially fully veacted. Fre-
quently no after cure is required.

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

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

7. Machine developments have occurred at a
sufficient 1ate to allow application, product
and chemical 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. Isocyanates
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 function 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 design
— 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 matenals also produce smoke in fires.
Much can be done to minimise these potential
hazards by careful design criteria, by the choice of
suitable formulations and suitable composite
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materials. and by avoidance of inappropriate use
situations.

6 What can we leamn from polyurethanes?

The immense amount of chemical, product, process
and market development which has been associated
with the growth of the use of polyurethanes since
1950. has provided some important learning for all
interested in reactive processing.

6.1 The cost of the finished product is what matters

Chemical costs are very important, but so are mould
costs. prototype costs, cycle times. finishing opera-
tions, reject rates, energy consumption costs and
recycling opportunities. Reactive processing may
give radically new possibilities for the redesign of

the end product, which may allow the product

manufacturer to reduce his manufacturing costs
considerably and offer a better product.

In 1961, for example, a 240 litre capacity refri-
gerator from a major manufacturer not then using
polyurethane as insulation, had an external volume
of 0-665 m* and weighed 110 kg. When redesigned
using rigid polyurethane foam as insulation the
same 240 litres of useful space occupied under 60% of
the original external volume, and the new refrigerator
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.

6.2 The chemical customer does the polymerisation

The polymerisation process must be sufficiently
robust to 2llow 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 thermoplastics for example.

6.3 New opportunities arise from process
adaprability

If the reactive chemicals can be processed in several

afternative ways, then many new application possi- |
bilities will be opened up. Experience has shown
that the processor will experiment and will suggest |

new outlets.

6.4 Chemicals, process and machine are
interdependent

The processor wants to make saleable end proitjiucts.
and so the total fabrication process needs careful
attention to minimise problems. The chemical sup-
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plier will certainly need to work closely with the
machine manufacturer if success is tc be assured.
The processor needs to unders. -d that new techno-
logical applications require his Lep and commitment
as well. New application developments rarely come
a5 tumkey operations. and may be expensive and
time consuming.

6.5 Polyurethanes have many unique and varied
properties

The special features of polyurethanes have already
been noted. Their adaptability has allo-ved them to
become successful in many applications. and the list
is still growing. They are not. of course. always the
best materals in all appiications. and may be quite
unsuitable for some. They arc. however. capable of
being “tailored’ by formulation development to a
surprising degree, thus increasing the fit of product
for application. The foam outlets of polyurethanes
have certainly been a major success story.

7  Where have we reached with polyurethanes?

Poiyurethanes are certainly the most developed
reactive processing chemical systems available today

Fig. 13 Metal faced polyurethane rigia foam building

¢clement,




. — =

Fig. 15 RIM polyurcthane elastomer automobile soft front
end.

Fig. 14 RIM polyurcthane structural rigid foam body
scanner housing.

foams. New uses are still being established, and the
and chemical suppliers are able to define suitable physical, mechanical and processing properties of

products for many major industsial sectors. (See the polyurethane family of matenals are still being
Figs. 12-15.) Some applications — seating cushions developed in several application sectors.

and refrigeration insulation for example — have Although it has certainly come of age, the poly-
become very closely associated with polyurethane urethane industry is still far from being mature.
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Recent Developments in Polyurethanes - XVI

Flexible Foams

Chemical Principles

In order 10 produce a flexible foam, roughly the same
amount of carbon dioxide must be generated in material
which would otherwise become a solid rubber.

in general terms the molecuiar architecture required in
an elastomer is known. One requires long chains with
considerable freedom of rotation, tied together at infre-
quent intervals by primary valency forces. Therefore the
alkyds which are suitable for making flexibie foams will be
those based on the aliphatic series both as regards the
used, as well as the ‘dimer’ acids obtained by the dimer-
isation of knoleic acid. Diethylene glycol and propylene
glycol are used extensively, while the trihydric aicohol
which provides a crosslinking site is used in very small
proportion. Trimethylolpropane and glycerol are the most
commonly used triols.  The molecular size is of some
importance. it is found experimentally th at if the molecular
wieght is of the order of 800-1,000 the yoducts have a
very slow recovery from elastic deformation. In order to
produce rapid recovery a molecular weight of 1,500-2,000
is required. This is brought about in two ways, first by us-
ing almost equimolar ratios of carboxyl and hydroxyl
groups, and second by a prolonged esterification so that
virtually all the carboxyl groups originally present are con-
sumed. A further consequenca of the low acid number is
that it is no longer bossible to use the reaction between
isocyanate groups and residual carooxyl groups to pro-
duce a useful quantity of gas, and the latter must come
from added water.

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

in the production of flexible foams from polyethers,
diols and triols are used either alone or in admixture. The
molecular weight is usually around 2,000-3,000. As with
the alkyds. no carboxyl groups are availabie for producing
gas, and water must be added. When very low density
foams are required a volatile fluorocarbon is dissolved in
the potyether.

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

S.8. lyer*

roxyl group formed near the end of each chain is secon-
dary (> CH.OH), rather than primary {(-CH,.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 difficulty wouid be
to react the di-isocyanate with the polyol before the addi-
tion of water. it was found some years ago that if the
adduct so formed was carefully made with a molar excess
of di-isocyanate, it had a useful shelf-ife of several
months. These products are generally called ‘prepclym-
ers’, and when suitably activated with water, catalysts,
and bubble modifiers they give soft and fiexible foams of
good qualkty. Low density foams are obtained by dissolv-
ing ‘ree di-isocyanate in the prepolymer (or adding it in-
itialty) 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 prepolymer
formulations show .marked shrinkage during the early
stage of cure. This defect can be overcome by crushing
the foam s0 as to open the celils and allow the inward
diffusion of air. :

Theneoessltyforcrushmglsobvmxslyagravedis-
advantage when it is desired to use a foamed-in-place
technique. Much attention has therefore been devoted 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 dibutyi tin dilaurate and stan-
nous octoate, and diethylenetriamine (Dabco), have been
found effective for this purpose. By using these catalysts,
often in conjunction with others previously known, the
direct production of foams from cheap readily available
polyols is possible. This direct ‘one shot’ procass, which
avoids the need for making prepolymer and for crushing
the foam, is of increasing importance. Table 1 gives
typical formulations for polyester foams, prepotymer
foams, and the ‘one shot’ method. In the so-called ‘two
stage’ process, a liquid prepolymer, made initially by
reacting poilyether polyol, di-isocyanate, and tertiary
amine catalyst, is used to make a foam by further reaction
with more di-isocyanate and activator solution. in effect,
therefore, the prepolymer replaces alkyd resin previously
used. ‘

‘Sasmira
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Table |: Typicsl Formulations for Producing Flexible Polyurethans foams

Polyester Prepolymer Ongshot
Alkyd made from: Prepolymer made from: Niax Trol LG46 100
Adipic acd 1.5 mole Polypropylens diol Polypropylens oxide/glycerol
Sebacic acd 1.5 mole 100 g mol. wt. 2,025-100 g polyol mol. wt. 3,000
Disthylens giycol 325 mole Tolylens Gi-isocyanaie 1009 Oiol of mol. wt. 3,000 30 4 100g
Giycerol 0.5 mole 80/20 blend-33 g Trichiorofiuoromethans 10
Celluiose acetate butyrate 109 N-sthyimorpholine 10g Stannous ocloste 03
N-"Coco"-mompholings 209 Triethylamine 03g Triethylenadianmine 0259
N. N-Gimethyieetylamne 20g Water 23¢9 Water 309
Water 409 Silicone, ol 03g Siicone ol 209
Tolylene di-isocyanale Tolylene di-socysnate
{65:35 blend) 339 (80220 biend) %7g
« This trade term indicates an N-alikkyimorphoiing, made by Armous Hess Chemical Co.. in which the N-substitutent is a mixture of aliyt radicals
derived from coconut oil.
Technology of Production It shouid be pointed out that, in the normal way, the

Mass-production machines such as the Henecke
type were originally designed for the manufacture of
feixible slab stock from polyester resins.

However, they are equally suitable for producing
polyether foams and it is probable that in 1962 almost
80% of the flexible foam produced in this country is of
the polyether type. During the manufacture of flexible
siab a controlled amount of air is necessary to increase
the initial gel stability and 10 obtain a uniform fine-celled
structure. Details of an air-injection equipment suitable
for machines producing siab stock at 180 b/min have
been described. Slab stock after cure is sliced into thin
sheets by means of a slab spiitter. This consists of @
movable base with a roughened surface on which the
thick block of foam is placed. The base is drawn for-
ward mechanically between two uprights carrying two
horizomal guides.

The top guide is fully guarded, but the bottom one
has exp ysed alcng the length an endiess belt or blade
of flexible steel, ground 10 a fine cutting edge. As each
successive layer is removed the base returns 1o its ori-
ginalposition.whilottnwnefisloworodbyapmsot
amount. Thickness of materials as itle as '/, in. can be
removed in this manner .

The foamed-in-place technique gives one great flex-
ibility in the design of objects such as car seals and up-
hoistery cushions which were formerly made from
siab~ In order to be efficient one must have a brief
moulding cycle so that individual moulds can be used
repeatedly. The principle is shown in Fig. 1. Shell
moulds of high thermal conductivity are treated with
parting agent and then conveyed beneath the mixing
head to receive the charge. Foaming commences at
once and the mouids are closed before entering a
heating tunnel equipped with infra-red lamps. A more
recent development is the use of high fraquency
dielectric heating. ‘

outside skin of a mouiding is very litle above room
temperature and is the last part to cure. Therefore the
key to a short mouiding cycle lies in the arrangements
made to raise the skin temperature to 100°C as rapidly
as possible. At this stage there is a slight contraction in
volume which would otherwise lead to shrinkage, and a
shight positive pressure must be exerted on the foam in
order to keep the kid of the mouid in contact with it. After
leaving the curing tunnel the moulds are cooler’, strip-
ped, cleaned if necessary, and treated with f, ssh past-
ing agent. They are preheated to 40°C before
passing once more beneath the mixing 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 mouids and their output must be balanced against
costs and output from fabrication machinery. Thus the
decision as to whether an item is to be mouided or
made from slab is a complex one involving technical
and economic factors.

|
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Fig. 1: Foaming-in-place: essembly-iine production.
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BATCH-MIXING METHODS. Because of the low vis-
cosity and the good solubility in di-isocuanate, batch-

(Contd. on p. 495)
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(Contd. from p. 475)

dyes for same combination of Lickeners was higher for
hot brand dye than cold brand dyes which was :n tum
higher than Remazol type of dyes. Hence, in reactive
printing the specific structure of the dyes along with reac-
tive system piays an important role in final softening

effect.
Relerence

1. M.D. Teli and Ruby Dugar: Man Made Textiles in in-
dia, X0XX1 (1), 24 (1968).

{Contd. from p. 480)

Tensile properties such as initial modulus, extension at
break and plastic deformation percentage were deter-
mined. However becauss of some of the unforseen para-
meters were identified after caiculations of resuits and are
as fisted below
i) Varying number of passages given to web.

ii) Varying fineness of the needies used for Polypropylene
and jute, Polypropylene.needie punched blended fabrics.

Tensile properties were determined after soil burial

tests, significant difference in tensile properties was not

From above stucies it could be concluded that jute,
Polypropylene neediepunched sandwich blended fabrics
might be useful for road construction as because covering
jute with Polypropylene have had reduced extent of mic-
robiological degradation. Long term soil burial test and
large scale field trials with the heip of geotechnical en-
gineer will surely help increase the market potential of this
type of fabric for geotextiles.

(Contd. from p. 490)

mixing of flexible foram formulations differs 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 the batch is
poured immediately. During the gassing stage, and for
some minutes afterwards, the foam is extremely soft
and weak. The pressure exerted by the foam is negligi-
ble and moulds of very light construction are adequate.
A knowledge of the flow pattem is important. Although
the mix tends to flow sideways at first, this tops at the
gel 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 hazards 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 weided. Starting
from slab stock and using a combination ot these
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methods, specialist fabricators make a wide variety of
articles. The splitting machine has aiready been de-
scribed. In addition, band saws are used for cutting
through siab in the vertical direction and portable hand
Cutters are popular for cutiing intricate shapes. A welk-
known type is the Scintilla, which uses a pair of fine-
within a grooved pillar. Hot-wire shaping is empioyed
mainly when a length of constant cross-section is re-
quired. A ‘blank’ ractanguiar rod is fed siowly forward
against a stout nichrome wire formed into the required
shape and maintained at a black heat.

High-frequency weidings is readily performed on
under the electrodes is compressed 10 a small fraction
of its original thickness, many delightful quilted effects
are possible, especially with embossed facing sheets
of flexible poly (vinyl chioride) Glueing is best done
with special alkyd-icocyanate adhesives . These con-
tain a non-swelling volatile solvent so that after a short
assembly time (10-15 min) the parts to be joined are
simply pressed together {0 give a permanent flexible
bond. ‘

(To be continued)
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Recent Developments in Polyurethanes — XV

Rigid Foams
Chemical Principles

If an alkyd resin contains water or residual carboxyl
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 and a
foam is produced. Evidently a trifunctional 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 giycerol, sorbitol, etc.
Foams of the second class are known as polyether
polyurethanes.

it we define an alkyd as the reaction product of a
polyhydric alcohol and a polycarboxylic acid, it will be
seen that a very large number of alkyds is theorencally
possible. In order to be of value for making rigid foams
an alkyd resin should be liquid rather than solid, capable
of straightforward manufacture to a close specification
and readily miscible with the chosen di-isocyanate. Addi-
tionally, the final polyurethane foam should possess
adequate strength and heat-res stance.

The influence of chemical composition on the perform-
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-isocyanate, and a proportion of phthalic anhydride may
be added to improve compatibility. A high proportion of
phthalic anhydride leads to a brittle friabie foam. The 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 glyceroi, but the heat distortion temperature 1s lo-

S.B. lyer*

wered. Trimethylol propane yields adipates with better
compatibility than glycerol, and similarly giycerol/sebacic
acid alkyds are more readily mixed than glyceryl adipates.

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

By 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
neuiralise 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 Kart 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 machine mixing a fairly low viscosity is re-
quired, which is brought about as explained above, by
glycol addition ai the expense of the heat-distortion
temperature of the final foam.

Triols suitable for the production of rigid polyether
foams may be made by the controlled .polymerisation of
propylene oxide and giycerol or 1,2,6-hexanetriol. This
may be regarded as ether formation between terminal
hydroxyl groups of glycerol and a polypropylene glycol:

1]
HO(C,H.O),,iOH HO!CH,
CIIH-OH ‘
HO{C,H o;,|on HO}CH,

‘Sasmira, Bcmbay
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Table 1.

Mixing time and molar ratios of three different alkyds producing rigid foams
Reactant Early German resin Sebatkyd Experimental
Succinic acid - 05 -
Adipic acid 25 - a0
Sebacic acid - 20 -
Phthalic anhydride 05 05 -
Glycerol 40 41 -
Trimethylolpropane - - 3.0
Diethylene glycol - - 20
Time of reaction with di-isocyanate 27 min 7 min 1 1/2 min

A range of molecular 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 triols as described
above are mixed with a di-isocyanate, the foam produced
is usually of poor quality. The product consists of coarse
cells of irregular size and shape, 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 stili soft and
nermeable. Under such conditions diffusion occurs and
the ceils may shrink. Control of the relative speeds of gas-
sing and gelation is brought about by the use of catalysis.
it has been found empirically that some of these 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 catalysts, for example caustic
soda, sodium acetate, ferric acetylacetonate; but the
mast widely used substances are tertiary amins such as
triethylamine, N,N-dimethyicetamine, N-substituted mor-
pholines, and triethylenediamine (Dabco). 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 brought about by the use of so-called
‘bubble-mcdifiers’. Silicone oils, polymeric substances
such as thyl cellulose and celluiose acetate butyrate,
and a variety of metallic soaps and organic wetting agents
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are effective. Their only common feature is an ability to
lower the surface tension of the alkyd/isocyanate biend,
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 1o create new free surfaces is
decreased, and their stability once formed is improved.

It 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 emulisifier is
sometimes added. In commercial practice plasticisers,
dyestuffs. or pigments are often required so that the
actual composition which is caused to joam 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 soiuble and
stable in the alkyd resin or polyether triol. Such systems
are known asrefabricated’ alkyds or polyols, and they
have the great . :rit that no complicated weighing of
measuring operations are required.

Mass Production of Slab Foam

The original macnine for production of Moltopren foam
is the Henecke type (Fig. 1): The principles invoived in
the operation of this machine are described in detail,
since later machines are simplifications or modifications
to suit particular purposes.

Alkyd resin and tolylene di-isocyanate are pumped
from separate thermostat-controlled storage tanks equip-
ped with drying tubes, and biended together. In the abs-
ence of accelerators the mixture does not react appreci-
ably during its short journey through the mixing head.
Here it mewts a finely divided spray of ‘activator’ in a care-
fully measured proportion. The activator is a soiution of
tertiary amines, emulsifier, and water. This solution is not
very stable, and it is good practice o make it freshly each

(Comd. on P. 468)
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POLYURETHANES

Rg. 1. Principle of the Henacks machine.

day. In order to obtain good dispersion of the activator itis
delivered under pressure from a Bosch pump of the

-he-

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 trough 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.

diesel-injection type.

(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 operational re-
quirements, the machine is offered
in different versions and combina-
tions. For example, the low-cost
“Santastretch-Mini” and the "San-
tastretch-Standard” can be com-
bined with the tube slitting and
spreading machine, modei “Santa-
Cut’. The “Santastreich-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
“Santas‘retch-Plus” permits wel-
on-wet impregnation, for example,
with synthetic resin. Moreover, the
“Sandoflex®”  process, which
approaches mercerisation of knit-
ted fabric in tubular form, can be
applied.

The advantages of this machine
can thus be summed up as fol-
lows:-

--- All controis and 'measuring in-
struments are fitted in full view
of the operator at the front of the
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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 10’ accommaodate
different width.

-~ No edge marking by stretching
after the squeezing process.

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

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

Technicai data:

Fabric speed 0.... 80 mymin.
Adjustable overfeed during0.... 25%
stretching

Connected load 4. 8kW
Comgpressed air 6 bar

Working wicths 1000.... 1800 mm

(on versions with slitting device 1000....
2400 mm)

Monofilament 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, 3
signal processing cabinet, an 1BM
PC-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 o the com-
pany. Automated trend analysis.
data 'storage and’or closed loop ex-
trusion line control are also avai-
able depending on user needs.
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Recent Developments in Polyurathane-XIV

The Application of Isocyanates 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 will not give materials
which possess great hardness, high tensile strength,
elasticity, or fiexibility, 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 pnm-
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 wi"! 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 propenties 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 I--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 polymer. Such molecules are czlled 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--If a molecule having two functional groups
reacts with a molecule having at least three functional

S.B. lyer*

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

Each of these rules, in our expefience, can be mis-
understood by students and a word of explanation is de-
sirable. Rule /gtates that a bi-bifunctional reaction may
lead 1o a polymer. it does not state that a high polymer will
be formed--on the contrary, unless a Il 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 potymer
which is capable of manipulation, and to bring about the
cross-linking to the final shape 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 bonds. For example,

Catalyst
n+1) CH;.CH; =3 v~ CHz(CHz-CHz)nCHz.ﬂ
ethyiene ‘ Polyethylene

He may also be aware of the elimination of a smail 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(COZH); + (n + )R(OH), =
2nH,0 + HO.R(0,C.R.CO,R"),OH

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

[ ]

R.INCO + (HX)R'

‘Sasmira, Bombay-25.

394

MAN-MADE TEXTILES IN INDIA SEPTEMBER 1988




=54~

The most important examples in technical practice are
the following

1. The reaction between an isocyanate group and a hyd-
roxyl! group is

R.NCO + HO.R—>R.NH.COR’

The resulting assembly of atoms in the linkage
(NH.CO,) between R’ and R is the same as that found
in ethyl carbamate (urethane). It is this name which is
now apphed generally to the group, so that a
polyurethane signifies a potymer in which a plurality of
such linkages are present. in accordance with Rule |
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 triol and a di-isocyanate react together.

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

R.NCO + HO,C.R'—=—RNHCOR + CO}

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

R.NCO + H,NR —b H.NH.CO.NHR

This reaction gives rise to a substituted urea,

evidently very similar in structure tc urea itself
(NH,.CO.NH,).

4. The reaction between an isocyanate group and water

is
R.NCO + h, =—R.NH, + CO,?

Itis 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 of*zn
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 eliminated,
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.CO,R'—»R'O,C.NR.CO.NHR"

R".NCO + R.NH.CO.R' —»R' .CO.NR.CO.NHR"

R”".NCO + RNH.CONHR' ——+R.NH.CONR"

CO.NHR"

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 of the isocyanate group
does not 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 refiect 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 second and third reac-
tions, which are also capabie of generating a large num-
ber of polymers.

Manutacturing of Isocyaiiztes:

There are several possibie 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 production of aliphatic diisocyanates, while the more
expensive process with amine hydrochiorides 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:

O\H cocl, O.m ‘HCI

NH-CO-Cl
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In the second stage the suspension is slowly heated
with a further addition of excess phosgene. The carba-
mic acid chioride group evoives HCI and changes to
an NCO group, while the remaining amine hydrochior-
ide group reacts in the usual way and supplies the
second isocyanate group:

Me Me

XH.HCl (oq). NCO

NH-CO-Cl - NCO

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

3. 3459 of 1,4-diaminocyclohexane were dissolved in 3 I.
of o-dichlorobenzene and saturated with carbon diox-
ide at 90-95°C.700g of phosgene were intfroduced be-
low 0°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-l,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
symploms 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, ase 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 alky! and alkoxy groups leads
fo a less active molecule, particularly when in the o-
position 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, prinary amines are more reactive than car-
boxylic acids and primary alcohols. Secondary akohols
are much slower than primary aicohols. Tertiary amines
do not themselves react, but they are powerful catalusts

for other groups. The usual method of comparing the
reactivity of different tunctional groups is to take, for ex.
ample, one particular isocyanate and find the rates of
reaction between it and a series of aicohols, or amines_
The procedure is then reversed and a particular aicohol,
or amine, is reacted with a sernes of isocyanates.

The kinetic measurements are made with great care,
using dilute anhydrous solutions in an inert solvent. Thys,
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-butyiamine, the excess
of the latter being determined by titration with 0.05N Sui-
phuric acid.

Stoichiomatry: Having built up a pictuie of the speed at
which reaction occurs between different reactants, with or
without the presence of solvents and catalysts, it is now
necessary t0 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 diphenylmethanediyl (‘dipheny-
Imethane’) di-isocyanate (1.C.1. Ltd.) and the polyaryiene
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
alternative method is to give a ‘reactivity number,’ the
number of milligrams of KOH equivalent 10 the CO.H and
OH groups present 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 56.1g 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/mi. 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 caiculated 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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Rationelle und

flexible

PUR-Verarbeitung

Wie vielen anderen Industrie-
zweigen blieb auch den PUR-
Verarbeitern die Erkenntnis
nicht erspart, dal eine ko-
stengunstige, flexibel auf die
jeweiligen Marktanforderun-
gen reagierende Produktion
ohne Rationalisierung und Au-
tomatisierung nicht moglich
ist. Die Frage ist nur: Wo soll
man damit anfangen, und
wann kann man damit aufho-
ren? Verstandlicherweise gibt
es darauf keine Antwort, die
far alle PUR-Verarbeiter in
gleicher Weise schliissig und
verbindlich wire. Hier kann es
lediglich darum gehen, die na-
hezu uniibersehbare Palette
der Automatisierungs- und
Rationalisierungsmaoglichkei-
ten wenigstens andeutungs-
weise aufzuzeigen.
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Die Frzge 2
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allergim

Bild1 Mischkopfportal zum automati-
schen Befullen von Werkzeugen
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Die Dosiereinheit

Zel Gen Ccsieremnhensn senen maoe
veliglnge  Moghchkeen zur
Sung’

S:nlragen :n
Nerkzeuge.

- automausche \lischkopipensls .-
Seschickung der Werkzzuge (Bild 1);
- automausch verstelibare \ischxcgh
dusen;

- automatische Pumpenverstellunzen
- automatsches Wecnseln der Kompo-
nentenfarbe (3-D-Mischkopf}.

- automausche Rezepiversteilung veon
Schuf} zu Schufi.
- automatisch
cungskontroile.

geregeite  Gasbela-

'n Vertindung mit Ccsiermaschiien
die in bestimmien Bereichen uber en
Hochstmai an Flexibiitat verfugen. 3s-
sen diese MaRnghmen heute curcnaus
ginen vollautomatschen Ablaut zu

Transportmittel

Fruher waren Transperemnnchiungen
gewissermaien Einzweckaniagen :é€
waren fur ein genau definiertes Teil ge-
Daul. und wenn die Produxtion ¢-£ses
Teils aushef. waren auch cie Transco
anlagen mehr vder weniger am g-ze
Sie konnten uberhaupt rcht oder a.ien-
falls mit kostspieligen iUmrustungsak-
tionen neuen Edordernissen angepad!
werden Das Flurrundtischsysiem emnef
Firma aus Lemforde hat dagegen na
hezu urbegrenzte Moglichketten wen
sich Produktionsanderungen problem:
los reahsieren lassen Damit hat g:eses
System schon von vornherein entscher-
dende Moglichkeiten zur raticne. 2n
Ferigung eroffnet (Bild 2). Tenrcch
iaflt sich auch auf diesem Cebiet ~3Ch
eine Menge tun Transcoremnrncniut
gen konnen zur Autcmatisierung 3€f
Produktion beispielsweise foigences
benragen

- actomatischer Bewequnnsablaut ™1
einer  Positionierungsgeriauigkeit 00
+1 mm

- automatisches Tempereren der 7.5

Bild :
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Rationelle und flexible PUR-Verarbeitung

g m 3STIST0Bi0d2  Cas Konzept dieser Runduschan-

ey 1 lage eriaubt eine probiemiose Anpassung

- an alle Ferugungserfordermsse durch fle-
xibte Autfstellungsmogiichkesten von For-
mentragern unterschiediicher Beschaf-
fenhet

2 4 -

Bild 3 Schaumwerkzeug mit automatischem Anguflverschiul

8id4 Automatische Entnahme eines Fertigteiles mittels Roboter an einer EMB-
Transporteinrichtung in der Automobilindustrie

weden cnierschieghcnen \\erkzeuge
siren matautenge Tsmpenergerate

- a.iomanscnes Ticten in ailen Sersi
Im2n

- s2ealve Bafuliung 320 \\eérazeuge
tuom Bespiel Ausiassen geor Warcey-
3¢ 2 wagen der A3D3T13IS3usiasung
vorubergenend nicnt £anotgl werdem

Werkzeuge und
Werkzeugtrager

Ein besonders hoher Stellenwert be
den Bemunungen aie Produktion zu
automausieran. kommi auch der Kon-
strukion und der  Ausstattung der
\Werkzeuge zu Im ewnzelnen heillt das

- automausche  \Verkzeugidenufizie-
rung.

- automatisches Offnen und Schhieflen
des Werkzaugs.

- auibimalscher Verschiull des Angus-
ses (Bild 3)

- Einbau automatischer Entformungs-
hiifen

Um Zese Mogichkerten ausschopfen
zu konren. mull man ailerdings schon
Der der Konstruktion car Werkzeuge be-
rucksichtigen wetche Handhabungsge-
ratz und welche \\erkzeug-Schnell-
wechseisysieme n ¢cer Produktion an-
gawenge: werden sollen Nur gagurch
konnen die einzelnen Malnahmen den
gewunschten Erfoig bringen

Hilfsmittel fir Zu- und
Abtransport

D:e fur die Ferugienherstellung notwer-
digen Halbzauge und Fohstoffe konnen
heute schon automatisch zu- und abge-
fuhrt wearden MNaben dem automau-
scnen Beafulien ger Arbeitsbenalter gibt
€s 1indes wailer2 Automalisierungsmog-
iicrke:tan

- automatsche Zufshrung von Einlege-
=ilen

- &utomanscher Lbtransport der Fertig-
ralle zur Warterbesroertung oder 2ur La-
g2rung

Handhabungsgerate fur
bestimmte Tatigkeiten

Der Bagft Handhabungsgerate 133t
sich beguem durch den zeitgemalen
Terminus  Roboter  arsetzen B2 der
PUR-Vararbeiturg sind damit jene Ein.
rnchtungan aqamaint die dann einge-
setzt werden kannan wenn solche Ta-
tLakoran anomhsert werdan salien
¢de siLh standig vaedamolan odar die
sich a.r aa Nitarsneter belashgend
Auswirkan kannen Damit sind vor gllam
gement ‘

.
Tintrennen van Ve saugen
- ! : .
Plaziarumg van tmieqarnan e VWark
ROIN ta B '
Fremanme v Fartiagtedian ona jhea

W\ eteriaatunag (Biid 4);
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Design

Optimizing a PU Formulatlcn

by the Taguchl Method

- s s
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Bs the careful choice
of a small set of
initial trials
according to the
Taguchi Method, a
polyurethane (PU)
formulation for a
commercal
appliance was
quickly and
efficiently developed.

* Sohelia R. Lunnev and

{ Joseph M. Sutej

! Mobay Corporation

. Pittsburgh. Pennsylvania

he powertul toois of statistical

experimental design can greatly

enhance the efficiency and relia-
bility of chemical systems development.
Its application to product design can
reduce manufacturing variations and
improse the field performance of chemi-
cal systems developed from components
having the lowest possible cost. More-
vver. statistical experimental design pro-
motes a team approach to experimenta-
tion in which unfruitful paths are discov-
ered and dropped quickly. and attention
1s Jirected exclusively to promising alter-
natines. This approach often results in
rapud. efficient product development.

In Japan. the use of experimental de-
sign for product development is consid-
ered to be part of an upstream quality
control effort. The Japanese refer to these
techmiques thatimprove quality upstream
trom the manufacturing hine as “off-line

#’M@ February 90

quality control.” This article describes the
application of the Taguchi Method. a
methodology for direct product develop-
ment developed by Dr. Genichi Tagechi.
to the probiem of finding commercial
applications for an cxpenimeniai poivoi.

The Taguchi Method

The Taguchi Method is a strategy for ofi-
line quality control. conducted 2t the
product and process design stages of the
manufacturing cycle 1o improve product
manufacturability and reliability. and to
reduce product development and life-
time costs. Dr. Taguchi developed his
ide2s approximately forty vears ago as a
communications engineer in Japan. To-
day. he and his systems are becoming
well known in the United States. particu-
larly by organizations supplying the auto-
motive industry.

In the United States. Dr. Taguchi is
often exclusively associated with statisti-
cal experimental design. But actually. Dr.
Taguchi's method is a comprehensive.
three-stage process for direct product
development in which statistical experi-
mentation is simply a tool. Taguchi's three
stages are svstem desizn. parameter de-
sign. and tolerance design. System design
is the process of applying scientific and
engineering priaciples to developa work-
ing prototype. Tolerance design is a
method for determining final product
specifications. Whereas these stages are
essentially equivalent to the traditional
acti.ities of scientists and engineers. pa-
rarreter design is the distinguishing char-
acteristic of the Taguchi Method.

Parameter Design. __ . ___.

Parameter Design is 3 process in which
design parameters under the direct con-
trol of the product designer are varied in
a sctentific fashion to determine the best
or opumum settings for these vanables.
For practically any product. there is a
working range of possible settings of the
variables. Forexample.in apolsurcthane
formulation. the product designer can
select particular settings of water con-

TABLZ i Factors and Levels.

Number of
Factor levels Description
Pcivci type + ABCD
Catalyst 5 1.2 3
paccage 45
Surfactant 3 S1.82.S3
tyoe
Warer T < 05.15
CFC-il.wtx 2 25.35
Isocyanate 2 112
':jpe

Constrainis Isccyanate index = 10S:
hycroxyl numzer = 10  20; all sur-
factarnt conc @ 1.

tents. chlorofluorocarbon-11 (CFC-11)
concentrations. and catalyst types to
produce a usable foam. Different combi-
nations of these design settings or levels,
however. will also vary the quality of the
product under development. Although
an acceptable product may be produced.
it is hkely that a particular combination
of levels will produce a superior product.

According to Taguchi. the product
designer must not only produce a work-
ing prototsy pe. but must also explore the
parameter settings fully to develop the
one that works best. Unfortunately. in
the West. parameter designis often passed
over or performed poorly simply because
efficient methods to study the parameter
Jesign space are unknown. The tool Dr.
Taguchi recommends for parameter de-
sign expeniments is statisiical experimen-
tal design. which greatly improves both
the efficiency and rehability of experi-
mental work. [a particular. Dr. Taguchi
recommends orthogonal array experi-
ments as the basic tool for optimization.

Orthogonal Array
Experiments

The function of an orthogonal array is to
select a subset of the entire parameter
design space. el combinations of

23
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ponsible parameter settings that will pro-
vide the essenual information to Jdeter-
mine optimal tactor settings. Orthogonal
arrays are standard plans tor multifactor
experiments that have a pairwise balane-
ing property such that even parameter
test setting occurs with every test setting
of all uther design parameters the same
anumber of tmes. This pairwise balancing
property. or orthogonaliny. gives excel-
lent downstream reproducibility of labo-
ratory results with greater preaision than
can be obtained from ~one-factor-at-a-
ume” experiments because the conclu-
sions about factor effects are all based
over the entire range of test settings for
the other design parameters.

Usually it 1s nnt efficient 1o conduct a
thorough study of the parameter space
unless there are onlv a few factors and
levels of interest. Consider an expeni-
ment involving seven factors. Assuming
that two or three levels are spaced
“boldlv.” an excellent strategy of reduc-
ing the size of the investigation would be
to limit the study to those levels. Yet. all
possible combinations of two or three
levels would still require 128 and 2187
tnals. respectively. In these cases. the
experimenter may drop some factors to
further reduce the size of the study.

According to Dr. Taguchi. it is far bet-
ter to include as many factors as possible
in the initial screening and reduce the
number of tnals by using an orthogonal
array because that experiment can often
extract the essential information about
the main etfects. and sometimes two-fac-
tor interactions. with far fewer tnals. In
the example. a seven-factor main-effect
study at two levels can be accomplished

-60-

witn an N-tnal orthosonal plan (L1 and
at three teveh wath a 27-toal orthogonal
planiL.). This umply amounts to ~tudy-
g a fraction of ol possible combma-
trons desenbed by the complete factonal
aypenment. Thus. orthogonal array ex-
penmients are often fractional-factorial
expenments. which have been commaonliy
used in the chemical industry for over
forty vears. Innos ations provided by Dr.
Taguchi that make the designs more
applicable to polvurethane screcning
problems include:

» linear graphs to aid in the design of
comphlicated screening expenments in-
volving both main etfects and iaterac-
tions:

¢ provisions for including multilevel
factors into 1w o- and three-level orthogo-
nal arrayvs:

e techniques that permit factors with
various numbers of levels to coexistin a
standard orthogonal array: and

* a complzle svstem for statistical
experimental design that can be learned
quickly by techmical people having a
minimum Ot prior training in statisiics.

The Basic Apprmach ______

Dr. Taguchi's approach to industnal ex-
perimentation is outlined below:

¢ Define the problem and the expen-
mental objectives.

e Assemble a group knowledgeable
with the problem area. and brainstorm
factors and levels to be included in the
design.

® Design the expenment by selecting
and or modifving an appropriate orthogo-
nal array.

* Conduct the experiment. analvze the
data_ and interpret the results.

* Run confirmatory trials to determine
whether the optimal settings derived from
the parameter design experiment actu-

aly rosultin vimble mmprovements,

The team apprroach and bramstormuny
are encouraged to prevent preconcen od
notons from unduby hasing the scope ot
the expenment. Further. the stress on
contirmatory trials tollows from the tact
that 4ll tractional-tactorial designs
achieve their cconomies through con-
founding main ctfects with interactions
among factors. If Dr. Taguchis recom-
mendations are lollowed. the resulting
parameter design experiments will often
confound the main effects of interest with
two-factor and higher-order interactions.

Usually. two-factor interactions are
assumed to be not present in 2n orthogo-
nal array screening experiment or they
will at least be dominated by the main
effects of interesi. In chemical svstems.
this i1s often a highiv questionable as-
sumption. Its lack of vahdity. if present.
will be shown by the confirmatory trials.
Addiuonal tnals will then be requirad 1o
understand exactlv what effects and inter-
actions are important.

Experts in the field of study often can
assess from first principles or experience
whetherinteractions should be accounted
for in the initial screening experiments.
According to Dr. Taguchi. this further
demonstrates the need for engineers and
scientists to design their own statisticallv
guided experiments.

Formulation Development
Application

This study was conducted shortly after
one of the authors attended 2 two-week
training session in the Taguchi Method.
its objective was to find a commercialiv
feasible application for an experimental
rolvol product. A brainstorming session
was conducted to select factors and lev-
cls for investigation. The initial objective
of this project was to screen a number of
LXMW O 230 29

TABLE 2 Taguchi L, Screening Experiment. TABLE 3 Laboratory Screening Experiment Results.
Polyol/ Surfac- Trial Cream Gel Coreden- k-Factor

Trial water Catalyst tant CFC-11 lsocyanate no. time, sec time, sec sity, pcf Btu invh F ft?
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7222 < Optimum Factor Com-
binations in Order of Signifi-
cance for the Responses.

A pamtme s
Target 56
Catalys: 3. 4 or5
Folyol Bor C
Water 1§

B. Cainme. sec
Target 26-30
Polyol. B. C. or D
Water 1 5
Catatyst 3. 4. 0rS
CFC-11 25

€. Ccre density. pcf
Target: 1 50-1.60
CFC-i1: 35
Water: 1.5
Polyoi: B or C

D. Fiow cm
Target: 125-140
CFC-11 35
Water: 1.5
Paiyoi. B or C
isocyanate 11

E. Free nse censity. pcf
Target 1 20
CFC-11: 35
Water: 1.5
Polyol: B

F.  kFactor. By in/h °F fi?
Target: smailest best
Polyol: A
Catalyst: 3
Water: 0.5
CFC-11: 25

possible formulation combinations to
Jdetermine exactly what parameter set-
tings. if any, produced a reasonable foam
product.

The factors and levels listed in Table !
tor investigation in this initial screening
study were assigned to Taguchis L, or-
thogonal array using some advanced tech-
niques of design construction that are
hesvond the scope of this article. Taguchis
method for assigning orthogonal array
experiments may be found in his System
of Experimental Design (ASH Fress. 1987).
The resulting experiment is presented in
Fuble 2.

The construction of this design required
repetition of certain factor levels of the
catalyst variable more than other: as a
consequence of the balancing prog-rty
ot the orthogonal array. While a four-
level column for the polyol/water factor
vould be included using Taguchi’s recom-
mendations without losing the balancing
property of the array. a five-level column
cannut be constructed directly. Instead. a

Eug’neemy February '90

saven-evel column was created for the
catafs st vanable and the two extra levels
werz veplaced with an exsstung level con-
siderzdtobe ol greatimportance. Taguch:
calls this procedure “dummy treatment™
and has a detailed discussion of it in his
book.

{n order to use the L., vrthogonal ar-
ray. it was necessary to combine the wa-
ter and polvoi levels using a technique
called combination design. Thus. the main
etfects of both poivol and water were
estimated under the assumption that no
interaction existed between the two fac-
tors.

Experimental Procedure __

Reactivity profile and friability (subjec-
tive rating) were determined from hand-
mix foams prepared in 1-gal paper cans.
Free rise densities were measured on core
samples of open blow foams. Height of
rise at gel. final rise height. and flow ratio
were determined in a flow tube.

Minimum-fill-density and packed pan-
els were prepared ina 2- x 3- x 25-in mold
press at 120°F. Core densities and k-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 above the minimum-
fill-panel density that exhibits no signifi-
cant changes in dimensions after being
held at -20°C for at least 2 hrs. The bot-
tom sections of the packed panels were
tested for compressive strength.

Isocyanate and masterbatch tempera-
tures were maintained at 20°C. Master-
batches were cooled down to 12°C be-
fore panels were prepared in the mold
press.

The 16 trials were performed in a
completely random fashion to avoid
experimental bias from unknown sources
of variation. The randomized sequence is
shown in Table 3 along with values of
some of the nine response variables stud-
ied. Other variables included flow and
dzmold properties.

Most of the foams produced were of
povr quality. as expected. since the pur-
pose of the studv was to deliberately
induce variation into the results to deter-
mine important factor effects. The no-
tabl: exception was trial #14. a low-den.
sity Yoam system with good freeze stabil-
ity ana thermal conductivity.

Data Analysis

The analysis was done in two parts. First,
the statistical significance for each re-
sponse was assessed using the Analysis
of Variance or ANOVA. This procedure
essentially determines whether the total
variation observed in a set of trials is due
tocharce and simultancously determines
the contribution of cach factor to the
total varation.

TZLZ 3 Factor Settings in Order
of Decreasing Performance for
Optimal Foam Performance.

LF_actor Level
Paioi EcrC
CFZ-T1 35
Water 15
C2laiyst 3405
Isccyanate i

TASLE 6 Confirmatory Trials
Suggested by Table 5.°

Trial Polyol Catalyst Result

i =] 3 Pass
2 C 3 Fail
3 B 4 Pass
4 C 4 Fail
S B S Pass
& C 5 Fail

‘Levels CFC-11 = 35 Water=1.5.
Isocyanate = I1. Surfactant level S!
used for all tnals.

Second. for those factors that were
determined to be statistically significant.
the levels responsible for the best per-
formance were identified. The underly-
ing model of this screening experiment
was tar too complex to be analyzed by
the simple analysis tools of the Taguchi
Method. Instead. the results were ana-
Iyzed using the General Linear Models
procedure centained in the SAS statisti-
cal analysis program. These analvses
revealed a significant ~lack of fit” for
mnany of the responses. i.¢., the assump-
tion concerning the absence of interac-
tions among the factors was unjustified.
Nevertheless. several main effects of
importance were identified for each re-
sponse.

The results ar» summarized in Tuble 4,
in which the relative importance of fac-
tors and their optimal setting is presented
in descending order of significance. The
various responses differ with respect to
their optimal factor and treatment com-
binations. For example. density and flow
are most strongly influenced by the CFC-
11 and polvol(actors. while the catalyst s
the single most significant factor affect-
ing cream time.

A desirability scale was assigned to
cach response to establish those factors
that produced the best overall perform-
ance. These factors and their levels are
shown in Table 5. The analyses indicated
no significant difference among any of
the surfactants and only a slight prefer-
ence for one of the isocvanates, so these
two factors were set at their most eco-
nomical levels.
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TASLE T Properties of Foams That
Passed Confirmatory Trials.

sancny oof
Coregersty. 134 135 135

foad
(o8

NMoged cverad 145 155 152
Jens:tv. pef
k-Faccr

Stavn R R

Q125 9124 0120

e

Confirmatory Trials

Using the information in Table 5. the six
additional experiments described in Table
6 were performed to determine the best
combination of polvol and catalyst. Note
that only one of the confirmatory trials.
#5. was observed as part of the original
experiment (trial #14). A charactenstic
of statistical experimental design is that a

-62-
trials indiczted that the assumption of no
interachion among the tactors was not
stnicthy valid.

At this stage. foam performance was
judged more cnincally. and the foams were
eraded on a ~pass fail” basis o simplify
interpretation. The results listed in Tuble
o clearly indicate that polvols Band Care
not equivalent. assupgested by the initial

2sign. Instead. all foams produced with
polvol C were too fast for exisung com-
mercial processing.

The properties of the acceptable foams
givenin Jable 7 demonstrate remarkable
similarities. especiallv in their kinetic
properties. Obvious differences exisi.
however. in their thermodynamic prop-
erties. especiallv thermal conductivity.
Presumably. these differences are due o
the catalyst. The data in Tuble 7. how-
ever. are not sutficient to reliably esti-
mate the effect of catalyst. These data do
suggest that the experimentat polvol will
indeed produce a commercial product.

Final Product Optimization

Polvol B (Multranol E-9280) was further
studied by means of Response Surface
Methodology. The objectives of this final
studv were to remove remaining ambi-
guities about the effects of catalvst. water
content. and CFC-11 content: to develop
an advanced computational model for all
important parameters of the urethane
product: and to determine the optimum

[
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settings for all parameters. The result of
these final studies was a commercial
product ( Tables 8 and 9). now under pat-
ent protection. with good thermal con-
ductivity (A-factor) and. as illustrated in
Figs. ] and 2. exceptional demold charac-
teristics. The demold properties of this

sequential approach to experimentation product result in increased productivity
is promoted. in which information from | TABLE 8 Comumercial Formudation. | for the customer without capital invest-
an initial experiment is used as a guide ment. in accordance with the Taguchi
for further experimentation. Component Weight % philosophy.
The confirmatory trials represent afull-
factorial experiment for two levels of | polor 8 1£-9280) 69 45 Conclusions
polvol and three levels of catalyst. Ac- Surfactant. catanst 235
cording 1o the results of the initial expeni- \Water ’ 120 1. Taguchi’s group approach to problem
ments. most of the properties of these | cfC-11 2730 solving resulted in highly efficient use of
foams should all be essenually equiva- both personnel and material resources.
fent. However. the additional trials are | Toral 160 62 Although more time was required to plan
absolutely required for verification pur- | poiymernc MDI 972 experiments. the overall time required 1o
poses because the analyvsis of the first 16 complete this project was far iess than
8 - -
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required for conventional experiments.
Further. the weaith of information ob-
tained during the brainstorming sessions
did serve to prevent experimental bias
and ensure a broad search for appiica-
tions.

2. The 16-trial screening experiment.
although somewhat complicated. made
very efficient use of technical resources
and identified critical factors and levels
for further study.

3. The six additional confirmatory trials
removed some ambiguities concerning
blend composition and verified that
commercially feasible foams could be
produced from the experimental polvol.

4. The authors found Taguchi's or-
thogonal arrays to be too restrictive and
inefficient for final product optimization.
s0 nonlinear methods were used for this
purpose. Thus, in the authors™ labora-
tory. the Taguchi Method has become a
screening tool in formulations develop-
ment.

5. A commerdal product, Multranol
E-9280, with exceptional demold prop-
erties was perfected as an end result of
this study.

Although some of Dr. Taguchi’s tech-
niques are controversial and are a matter
of dispute among statisticians. the Taguchi
concept of direct product design has been
accepted and promoted by Mobay man-
agement and is currently being directed
toward the CFC issue in rigid foam for-
mulations. d
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Polvurethan-Verarbeitung

Der Polyurethan-Ver-
arbeitung miBt ein
Munchner Maschinen-
bau-Uaternehmen
groBe Bedeutung bei.
Wahrend SpritzgieR-
maschinen ein jahrli-
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
zunachst auch noch
fortsetzen wird.
Griénde hierfur liegen
in dem breiter gewor-
denen Anwendungs-
spektrum und der da-
mit verbundenen Er-
neuerung der Anla-
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.
Insbesondere in Sa-
chen Systemtechnik
ist der Bedarf noch
hoch.

ut den PUR-Anlagen
wini ein groBes Teile-
spektrura in den unter-
schieduchsten Branchen
nach verschiedenen Ferti-
gungsverfahren produziert.
Dazu gehort das Hinter-
schaumen von PKW-Teppi-
chen, Armaturenbrettern
und Sitztextilien ebenso wie
das Umschaumen von
Warmwasserboilern und
Automobil-Fenstern.
Anlagen fur den gesam-
ten Hochdruck-Reaktions-
bereich stehen zur Verfi-
gung:
o Weichschaum,
o Hartschaum,
o Integralschaum
lichtechte Systeme),
e Han- und Weichschaum-
hinterfullungen,
e EA-Schaum,
o RRIM,
o High-Speed-Systems
(Polyhamstoffe),
o Hochtemperaturverarbei-
tung,
e artverwandte Systeme.
Je nach Aufarbeitung ste-
hen unterschiedliche Sta-
tionar- und Mobilanlagen-
konzepte im gewunschten
Automationsgrad zur Verfi-
gung, die aus folgenden
Bausteinen zusammenge-
setzt werden:

{auch

Anlagenbausteine

Dosiermaschinen: Zur Ver-
fugung stehen zwei unter-
schiedliche Verfahren zur
Dosierung der Rohstoff-
komponenten: Die Pumpen-
dosierung RIM-Star und die
Kolbendosiermaschinen aus
der KK-Serie. Beide Dosier-
maschinen basieren auf
Baukastensystemen - und
konnen genau nach Produk-

tionsbedurfnissen zusam-
mengestelit werden.
Mischkopfe: In GroBenab-
stufungen stehen  funf
Mischkopffamilien zur Ver-
fugung: Linear-Mischkopfe,
Umlenk-Mischkopfe (auch
in Duplex-Ausfuhrung).
Falistoff-Mischkopfe, Kurz-
'hub-Mischkopfe (Bild 1)
'und Nyrim-Mischkopfe. Es
'werden Mischkopfe in Zwei-,
Drei- und Vierkomponen-
tenausfuhrungen angebo-
ten. Eine neukonzipierte,
hochprazise  SchuBzeiter-
fassung am Mischkopf er-
'moglicht SchuBzeiten mit
'héchster Wiederhdigenau-
igkeit, zum Teil untér 05 s.
‘Mischkopfmanipulatoren:
Je nach Anforderung und
Automationsgrad  stehen
einfache Manipulatoren, au-
tomatische Handlinggerate
oder NC.gesteuerte Robo-
ter zur Verfugung. Alle Aus-
‘fdhrungen wurden speziell
tur den Einsatz in der PUR
RIM-Ferugung ausgelegt.
Fur den prazisen Kompo-
nentenaustrag n reprodu-
zierbaren Bahnkurven, bei

\
PUAGSTVERLARETE G

unterschiedlichen
positionen vor alle
Mobilanlagen,  fir
gleichzeitige Prod
verschiedener Teile
bei kontinuierlich ford
den Anlagen werden,
gesteuerte Roboter e
setzt (Bild 2). Sie ark
mit hohen Beschieund
gen und Geschwindigk
und ermoglichen @iii p
ses Anfahren aller Angi
punkte. Samtliche Lng
arachsen gleiten in exski®
und kraftig dimensionien®
Prazisionskugelfuhrungen
und werden von burstesl¥
sen Gleichstromservomot®
ren mit Getriebe- und K¢
gelumiaufspindeln anget®
ven. Fur die genaue Posi®¥
merung sorgen inkreme®
tale  Weg-MeG-System?
Faltenbalgabdeckungen
verhindern ein Verschm¥#
zen der aufwendigen T
ik

i
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Polyurethan-Verarbeitung

—

Formentrager: Der For-
mentrager mu auf die An-
lage, das Produkt, den
Werkstoff und das Ferti-
gungsverfahren abge-
stimmt sein. Das Formen-
trager-Programm  besteht
aus mehreren Typenreihen
unterschiedlicher GroBen
und Kinematiken. Nach den
Anforderungen des Fro-
dukts konnen die erforderli-
chen Aufspannflachen, Off-
nungsweiten, Parallelhube,
Schiie®- und AufreiBkrafte
sowie zusatzlich bendtigte
Schwenkachsen fur die
Schaum- und Reaktionsan-
lagen gewahit werden.
Peripheriesbausteine: Zu
den Komplettanlagen geho6-
ren auch:

e Absaugsysteme, gegebe-
nenfalls mit Frischluftzu-
fuhr, entsprechend den ge-
setzlichen Vorschriften,

o Warmeruckgewinnungs-
anlagen,

e Spruhanlagen far manu-

ellen oder vollautomati-
schen Trennmittei- bzw.
Farbeintrag,

o Handlinggerate for die Zu-
fuhr von Einlegeteilen, die
Teilentnahme, den Abtrans-
port der Produkte, Abfalle
usw._,

¢ Komponenten-Tanklager
und Vormischstationen so-
wie

Bild2 Neunachsiger Misch.
kopf-Roboter fur den vollauto-
matischen Komponentenaus-
trag. Die Uberiagerung der
programmierten Bshnkurven
mit der eingesteiiten Ge-

schwindigkeit des kontinuier-
lich umiaufenden Formentrs-
ger-Forderers erfoligt -ollauto-
matisch

o Sicherheit;einrichtungen.
Steuverung, ProreBdaten-
erfassung: Abhangig vom
Automatisierungsgrad und
sonstigen  Anforderungen
kommen Relais-, SPS- und
NC-Steuerungen zum Ein-
satz. Durch die modulare
Bauweise wird eine hohe
Flexibilitat erreicht.

Einfache Dateneingabe:
An der Prozefuberwachung
PUC werden Produktionsda-
ten wie Teilegewicht, Mi-
schungsverhaltnis, Materi-
altemperaturen, Dracke,
Schullzeiten und deren To-
leranzen am Industriemoni-
to- uber eine Folientastatur
eingegeben. Alle Daten las-
sen sich speichern und ste-
hen nach einer Produktions-
umstellung wieder zur Ver-
fugung. Die ProzeBparame-
ter werden erfalt, Gber-
wacht und koénnen als
Schaumprotokoll mit Teile-
nummar und Uhrzeit ausge-
druckt oder auch einem
Leitrechner Gbermitteit wer-
den.

Der Benutzer wird dber
ein Meniu durch das Pro-
gramm gefihrt und be-
kommt angezeigt, weiche
Tasten zu betatigen sind.
Fin weiterer Bedienkomfort
ist die automatische Bahn-
geschwindigkeitskorrektur
des Mischkopf-Roboters
bei SchuBzeitwechsel.
Ebenso synchronisiert sich
die Roboterbewegung auto-
matisch mit den kontinuier-
lich umlaufenden Schaum-
formen und uberlagert ihre
im stationaren Zustand pro-
grammierten  Bahnkurven
automatisch mit der Ge-

schwindigkeit des Forde-
rers.

Produkt, Produktvielfalt,
Produktionsieistung, Her-
stellungsschritte und Her-
stellzeiten fihren zu der
grundsatzlichen Entschei-
dung zwischen zwei Anla-
genkonzepten.

Stationaranlagen

Beispiel: Anlage zum Hin-
terschaumen von unter-
schiedlichen  PKW-Tepp:-
chen. Die Anlage besteht
aus einer RIM-Star Pum-
pendosiermaschine mit 19
Mischkopfen zum Schau-
men 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 protokoliiert
jeden einzelnen SchuB.
Neun Formentrager stehen
zu Dreifachgruppen zusam-
mengefallt in Absaugkabi-
nen. Zu der kompletten An-
lage gehoren auch Tankla-
ger. Vormischstation,
Trennmittel-Sprahaniagen,
Werkzeugtemperierungen
und ein Vakuumaggregat.
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 verriegeit.
Die Schaumform wird mit
einem  hy-
draulischen
Linearhub
geschlossen,
der Schlie-
druck gleich-
maBig Uber
ein pneuma-
tisches
Druckkissen
aufgebracht,
die SchlieB-
einheit in die
optimale
Schaumlage
zwischen 30°
nach vorne
und 150°

PLASTVERARBE "2 UG Lanrjar;

nach hinten geschye,,.
die Schaumprogramp.,
werden freigegeben. )
Der geschlossene Fgrn
trager kann noch wahre,.
des Schaumeintrages .
seine vorgewahite und gp.
male Reaktionslag= g
schwenkt werden. Ay
diese Position befinc :t g,.
zwischen 30° nach vgr-.
und 150° nach hinten
Auf Stationaraniage-
werden 2.B. FKW-Teppic»,
und Motorradsitze hinge.
schaumt, ebenso finden s,
Einsatz beim Umschaume-
von Fensterscheibe~ r-
kleineren Elektroboils -n.
Weitere  Einsatz: abie:
sind die Herstellung ve-
Skiern und technischen Te
len in Integral-Hartschayr

Mobilanlagen

Beispiel: Rundtisct 3nlag:
2ur Herstellung von tex:.
hinterschaumten PKW.S:
zen mit unterschiedliche-
Stauchharten. Das Produk
tionskonzept fir die ratc
nelle Fertigung von Autc
mobil-Sitzelementen i
nach den spezifischen Ar
forderungen des Auft-agge
bers entwickelt und 1 er:
maBgeschneiderte Polyure
than-Anlage umgeset”
worden. Im  Taktbetriet
werden samtliche Elementt
der  Sitzausstattung K
Kraftfahrzeuge vollstandg
und direkt textilverkleide:
hergestelit. Die einzelner
Sitzelemente erhalien ut
terschiedliche Stauchnarte
der Schaume in gena. def-
nierten Zonen. Der Komb
nation der Zonen und d¢
Hartenuancen sind kav?
Grenzen ge.atzt, alle Ba
steine der Anlage sind ¥
ausgelegt, dal auch aus¢®
fallene Problemsteliungs’
in kirzester Zeit verw kli
werden konnen.
Dosieraniage: Erstmd
wurden zehn Dosierkoib®
bei voller Regelung zv &
nem NaBteil zusammeng®
faBt. Auf einer Floppy-0i¥
stehen 64 Schaump™
gramme zur Varfugung. §
des Programm kann aus !

gl
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J“te,_c,\:mcc‘hchen Tedl
schussen bestehen. wobe:
edem enzeinen Teilschufl
énne eigene Dosterleistung,
«in besonderes Mischungs-
yerhaltnis und etne individu-
glle Treibmittelzudosierung
rugeordnet werden kann.
Mischkopfprinzip: Die spe-
pellen und variationsrei-
chen Anforderungen an den
Komponentenaustrag wer-
gden von zwei Duplexmisch-
kopfen reahisiert, die syn-
chron eingesetzt werden
konnen. Das Konzept er-
méglicht eine breite Diffe-
renzierung in der Dosierlei-
stung und den Wechsel auf
verschiedene Grundkompo-
penten von einem SchuB
um anderen.

Steuerung mit Qualitats-
protokoll:  Dosieranlage,
Roboter, Rundtisch sowie
joder einzelne Formentrager
verfigen uber eine eigene
Steuerung. Unser Multimi-
kroprozessorsystem PUC 04
steuert und regelt die ein-
winen Dosiereinheiten un-
sbhingig voneinander und
realisiert die geforderten
Genavigkeitsanforderungen
des Mischungsverhaitnisses
und Teilegewichts. Ein
ubergeordneter Master ko-

83d3 Ovalanlage zur Her-

stellung von Pkw-Kissen mit
unterschiedlichen Stauchhar-
:)n (Workbilder: Krauss-Maf-

MSWERAF‘&EM' Yoo

Py

ordime-- e emnzelnen Re
gelkre:s= ~vurnitrolhert
Grenzv.z-t¢ uberpruft Tem-

peratur=- Drucke, Full
stande =-: Die qualntatsbe-
stimme- zen  Proze@para

meter _-d eventuelle Sto-
rungen ..erden erfallt. an-
gezeig: _~d be: Bedarf aus-
gedruc~*

Die hz-en Anforderungen
an Pra:z s.on und Reprodu-
zierharks t machen den Ein-
satz vor Robotern erforder-
lich. Au® Xundenwunsch ka-
men zv.2: Gelenkknickarm-
Roboter zum Einsatz.
Rundtisch fur 30-Sekun-
dentakt: Der Rundtisch mit
den 16 Formteilen lauft auf
Rollen, cie am Boden veran-
kert sind und sich in der
Hohe einnivellieren lassen.
Diese Losung bendtigt kei-
nen sauberen und gepfleg-
ten Boden und keine Lauf-
schienen. Der Antrieb er-
fol::t Gber einen Gleich-
stromgetriebemotor und
eine Umschlingungskette.
Ein vom Antrieb unabhangi-
ges Weg-Mef8system sorgt
fur die exakte Positionie-
rung. Die Fahrzeit pro Takt
betragt ca. 8 Sekunden.
Formentriager mit ausge-
feilter Kinematik: Fir den
optimalen Ablauf der Pro-
duktion 1aBt sich der For-
mentrager in finf verschie-
dene Positionen fahren.
Zum Auftragen des Trenn-

Lihitpaneg TORDY Ny

muttels kann die obere For
menspannplatte um bis zu
90 nach vorne geschwenkt
und auf die gewunschte Be
dienhohe abgesenkt wer-
den Daruber h'naus verhin-
dert diese Position die
Verschmutzung der unteren
Formteilhalfte mit Trennmit-
tel. Fur die 'deale Reakti-
onslage und zum Reimgen
der Entiuftungsbohrungen
schwenkt die geschiossene
SchiieBeinheit um bis zu
€1 nach vorne. Zu der xom-
pletten Produktionseinheit
gehort auch eine in das For-
mentrager-Grundgesteil in-
tegrierte Hubeinrichtung
mit einem prazisen 2,5m
Vertikalhub. Die Hubein-
richtung dient zum Verfah-
ren einer Vorrichtung, die
das faltenfreie, konturge-
rechte Verformen des Tex-
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 (Ricksitze,
Vordersitze und entspre-
chende Lehnen} werden
gleichzeitig produziert. Die
wesentlichen Bausteine die-
ser Anlage:

e Lousieranlage mit einem
Duplex- und einem UL-
Mischkopf,

o Mischkopf-Roboter,
neunachsig und NC-gesteu-
ert,

e Umlaufaniage mit Ener-
gieversorgungseinheiten,

e Formentrager und

e Absaug- und Sicherheits-
einrichtung.
Dosiermaschine: Drei RIM-
Star-Pumpendosiermaschi-
nen mit jeweils unabhangi-
ger Acht-Punkte-Servover-
stellung auf den Isocyanat-
seiten und eine Zwei-Punk-
te-Verstellung auf den Poly-
olseiten realisieren eine op-
timale Hartevarianz. Drei
Pumpendosierstrange be-
notigen in der Regel auch
dre) Mischkopfe. Wir setzen
unseren Duplex-Umienk-
mischkopf mit zwei Dosier-
kammern und einer Um-
lenkkammer ein und kom-
men mit nur zwei Misch-

kopfen 3us tiepen dem
groiden Austragsieistungs
unterschied bietet diese Lo-
sung auch den schnellen
Wechse! auf verschiedene
Grundkomponenten von ei-
nem Schufl zum anderen.
Mischkopf-Roboter: Der
hier eingesetzte neunach-
sige Mischkopfroboter ist
eine Varnante des Bauka-
stensystems. Der mechani-
sche Aufbau zum Verfahren
der beiden Mischkopfe be-
steht im wesentlichen aus
je 2wes 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. Alle Bewegungen
sind programmierbar.

Die Vorteile der kontinu-
ierlich umlaufenden Ovalan-
lagen:

o Die Schaumaustragskur-
ven lassen sich bei stehen-
dem Conveyor einfach pro-
grammeren.

e Die Uberlagerung der sta-
tionar programmierten
Bahnkurven mit jeder belie-
big eingestellten Geschwin-
digkeit des umlaufenden
Forderers erfolgt vollauto-
matisch.

e Die programmierte
Schaumkurvengeschwin-
digkeit andert sich automa-
tisch ber Schaumazeitenan-
derung.

Das Transporisystem be-
steht aus einem oval, konti-
nuierlich umlaufenden
Schieppkettenforderer mit
30 Laufwagen zur Auf-
nahme von 30 Doppel-For-
mentragern mit Pneumatik-
Druckkissen und hydrauli-
scher Schwenkung von
oberer Aufspannplatte und
Gestell. Zusatzliche Wagen
nehmen die Aggregate zur
Energieversorgung der For-
mentrager auf Auf der
Ruckseite einzelner Laufwa-
gen sind Temperiergerate
fur die Formen installiert.

2
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8.9 Standards for Polyurethanes :

American Chemical Society for
Testing Materials (ASTK)
Index :

rethanes
free toluene diisocyanates in urethane prepols mers/coating
soluuons. by gas chromatography. test. (D 3432)06.62
turniture and automotve cushioning. bedding. and similar
applications, spec., (D 3453) 09.02
isocyanate groups in urethane matenals/prepolymers. test,
(D 2572) 06.02
suspended matter. test, (D 4670) 08.03
vinyl-coated/urethane-coated indoor upholstery fabrics, spec..
(D 3690) 07.01
{rethanes—coatings
n-butyl acetate (99.5 % grade) in, spec., (D 3726) 06.03
ethyl acetate (99.5 S grade) in, spec.. (D 3727) 06.03
free toluene diisocyanates in urethane prepolymers/coating
solutions. by gas chromatography, test, (D 3432) 06.02
isocyanate group content, test, (D 2572) 06.02
methyl ethyl ketone in. spec.. (D 3729) 06.03
2-ethoxvethyl acetate (99 % grade) in, spec., (D 3728) 06.03
Urethanes—foam
bonded. spec., (D 3490) 09.02
isocvanate raw materials, testing, (D 1638) 06.03, 08.02, 09.02
polvol raw matenals, testing, (D 2849) 08.02
polyurethane (high resilience). spec.. (D 3770) 09.02
rate-of-rise (volume increase) properties. test, (D 2237) 08.02
rigid. spec., (D 2341) 08.02
slab, bonded, and molded, testing. A (D 3574) 09.02
toluene diisocyanate for, spec., (D 1786) 08.02
Ureth: ncs —microcellular
flexural cecovery, test, (D 3768) 09.02
high temperature sag. test, (D 3769) 09.03
shoe soling matenials, spec., (D 3851) 09.02
testing, (D 3489) 09.02

British Standard Institute (BSI)
Index :

" Polyurethane

coated fabrics, for upholstered furniture, DD?7

coated fabrics, for water resistant clothing, 3546(1)

coated nylon fabric, for mattress covers, 5455

coated nylon hospital mattress covers, 5223

enamelled copper round winding wires, 6811(3.1)

flexible foam for loadbearing applications, 3379

flexible foam sheeting for laminates, 4021

polyurethane-based cold poured sealants, for concress pavements. 521:
preformed rigid foam, for ti.ermal insulation of pipework, 5608
rigid, foam produced by press injection method, 6586 '
rigid foam, for construction sites, 5241

rigid foam, for on-site production, 5241

rigid foam, slab form. 4840

rigid foam board, 4841

sprayed rigid foam, for thermal insulation of roofs, 7021

threads, methods of test, 5421(2)
Polyurethane foam mattresses, 47:1
Polyurethane foam pillows, 3340
Polyurethane foams

Urethanes—polyurethane insulation
composite perlite board/rigid celiular polyurethane composite
roof insulation, spec., (C 984) 04.06

design considerations/spray application, practice, (C 945) 04.06

hydroxyl numbers of polyols, test, (D 4274) 08.03

membrane-faced rigid cellular polyurethane roof insulation,
spec., (C 1013) 04.06

prmary hydroxyl content of polyether polvols, 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

Urethanes—polyurethane raw materials
hydroxyl numbers, test, (D 4274) 08.03
primary hydroxyl content, by nuclear magnetic resonance
spectroscogpy, test, (D 4273) 08.03
urethane foam raw matenials, testing, (D 2349) 08.92

Urethanes—polyurethane raw materials (isocyanates)
acidity of toluene diisocyanate, test, (D 4667) 08.03
amine equivalent of 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 diisocyanate, test,
(D 4663) 08.03
isomer content of toluene diisocyanate, test, (D 4660) 08.03
specific gravity, test, (D 4659) 08.03
total chlorine, test, (D 4661) 08.03
Urethanes—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

hospital mattresses, 5223(2)
nospital pillows, 5223(3)




q(lm’ Designation: D 2341 - 81

Stardard Specification for
Rigid Urethane Foam'

This standzrd 18 ssued under the fired deignation D 2341; the number immediately following the designation indicates the year of
ongnal adoption oz, i the case of revasion, the yesr of last revinon. A number in parentheses indicates the vear of last respproval. A
superscnpt epsiion {¢) indicates an editonal change nnce the last revision or reapproval.

1. Scope

1.1 This specification covers a class of rigid cellula:
materials known as urethane foam or rigid cellular matenals
made from urethane raw materials where other types of
repeated  structural units  are  present such as
polycarbodiimide or polyisocyanurate. Urethane foam may
be generally defined as an expanded cellular product pro-
duced by a catalyzed reaction of polyisocyanates with
polyhydroxy compounds. The detail requirements of this
specification apply to ths core material of the sprayed,
laminated, molded, or foamed part. In the event that the
product does not lend itself to testing of the core, specific test
sampies shall be agreed upon by the seller and the purchaser.

1.2 The values stated in S units are to be regarded as the
standard.

Nore [ —For speaific applicauons refer to ASTM Committee D-10
on Packaging. C-16 on Thermal and Cryogenic Insulating Maienals. (in
particular ASTM Specificatiors C 591 for Riggd Preformed Cellular
Urethane Insulation), and F-7 on Acrospace Industry Methods.

2. Referenced Documents

2.1 ASTM Siandards:

C 177 Test Method for Steady-State Heat Flux Measure-
ments and Thermal Transmission Properies by Means
of the Guarded Hot Plate®”?

C 203 Test Methods for Breaking Load and Flexural
Properties of Block-Type Thermal Insulation®

C 273 Method for Shear Test in Flatwise Plane of Flat
Sandwich Constructions or Sandwich Cores*

C 355 Test Method for Water Vapor Transmission of
Thick Materials’®

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

D 149 Test Method for Dielectric Breakdown Voltage and
Dielectric Strength of Solid Electrical Insulating Mate-
rials a1t Commercial Power Frequencies®

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

D790 Test Method for Flexural Properties of
Unreinforced and Reinforced Plastics and Electrical
Insulating Material*

' This speaification 13 under the junsdiction of ASTM Committee D-20 on
Plastics and is the direct responsibility of Subcommitiee D 20.22 on Cellular
Plastics.

Current edition approved June 26, 1981 Published December 1981. Onginally
published as D 2341 - 65 T. Last previous edition D 2341 - 78.

2 Annual Book of ASTM Standards, Vol 04.06.

) 4nnual Book of ASTM Standards, Yol 08.01.

¢ dnnual Book of ASTM Standards, Vol 15.03.

S Dacontnued. see 1981 dnnual Book of ASTM Standards, Par 18
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D 1621 Test Method for Compressive Properties of|
Cellular Plastics® A

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 Ok
pation Factor of Expanded Cellular Plasucs Uad*
Electrical Insulation® _

D 1898 Practice for Sampling of Plastics® '~I

D2126 Test Method for Response of Rigid Ce“
Plastics to Thermal and Humid Aging® .

D 2842 Test Method for Water Absorption of
Cellular Plastics®

D 2856 Test Method for Open Cell Content of °
Cellular Plastics by the Air Pycnometer® ;

D 2863 Test Method for Measuring the Minimum
Concentration 10 Suppont Candle-Like Combus
Plastics (Oxygen Index)® ¥

D 3892 Practice for Packaging/Packing of Plastics’ .

2.2 Military Standard:

MIL-STD-105 Sampling Procedures and Tables ¢
spection by Attributes®

3. Classification

3.1 The rigid urethane foam covered in this specif X

shall be designated by a type number. composed by |
the desired cell limit for each property (Note 2) in the
shown in Table 1.

Note 2—For properties that are affected by the anisotropy
foam, the direction of measurement shall be specified in the test
or as agreed upon by the seller and the purchaser. -

NOTE 3—A product is specified by a ten-digit number, the fig
representing level 0 to 9 of property 1, density; the second, Jevel @

property 2, compressive strength; and 50 on. Thus a material spec 4
Type 3306056490 would have the following requirements: con
Density 0.033 g/cm?, max The
Compressive sirength 103 kPa {13 psi), myin the
Burming rate unspecified
Closed cells (porosity) 90 % mun . 4
Water sbsorption unspecified wigt
Water vapor permesbility 3.0 perm-in.. max uret
Dimensional sability:
After 7 days st =29 £ 3°C $ % max linear change S 1
After 7 days at 38 = 1°C and 90 to S
100 % RH 10 % max linear change .
After 7 days a1 10 2 1°C 1 % max linear chinge fetw
Flexural sirength unspecified s
pra
s,
& dnnual Book of ASTM Standards, Vol 0802 Men
* 4nnual Bovk of ASTM Standards, Vol 08 0) '
Y Available from Naval Publications and Forms Center, 5801 Trbe wesc

Philadelphia, PA 19120.
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TABLE 1 Detsil Requirements
property Property and Unts 7 Cet Limuts
Oromr No 0 1 2 k] 4 5 8 by 3 9
"T_ Core gensity mar g,em? 101y unspecthed 0018 0026 0033 0 040 0048 J 080 0128 0 400 0960
100y (1 60 i2 10) {2 50) 13 00} (5 00) (8 00y 1250 160 Q)
2 Compresswve strength. men WP3 unspeched 41 69 103 172 241 310 552 1379 2758
(psi)
60 (10 Q) (150) (25.0) (350) (45 0) (80 0) {200 Q) (400 0
3 . unspeched .
Type A_ less than unspeched 23
Type B. greater than unspecified 23
4 Ciosea celis (porosity). mn, urspached 10 50 70 80 85 90 95
§  Water absorphon. max, g/1000 unspecihed 976 488 234 976 488 391 24 ¢ 98
an? (ib/tt?) of surface 20 (1] 05) 02) ©on 10.08) {0 05) {002
6 Water vapor permmeabiity. max. unspecrhed 500 200 100 50 30 20 10 05
N perm-a at23 = 1°C
" 7 Owmensonal stabity ater 7 unspecihed 25 20 15 10 8 5 3 2 1
~it  deys at -29 = 3°C (-202 »
3% - 54°F). max. X near change
‘if.‘. Dimensional  stabiity atter 7 unspecied 25 20 15 10 8 5 3 2 1
. deys at 38 = 1°C (994 =
“Y  18°F) and 90 to 100% RH.
st max. % inear change
- 9§ Demensional  siabeity after 7 unspecified 25 20 15 10 [:] 5 3 2 1
days at 70 ¢ 1°C (158 =
1.8°F). max. % near change
10 Flexural strength. mn_kPa (psi) unspearhed 3 103 138 172 207 276 414 1379 2758
(13.0) (150) (20.0) (25.0) (30.0) (40 0) (60.0) (2000) (400.0)
11 Irwbed k-tactor as produced. max. unspecified 136 149 161 1.74 186 198 21 248 310
e kg-cal-cmMm-m?-*C 011) (012) (0.13) (0 14) (0.15) (0 16) (0 17) (0.20) 025
. (Bhu-n h-?-°F)
12 ktactor  as  recewed Dy unspecified 149 174 1 86 198 21 223 248 310
' purchaser max. 012 013 014) (0 15) (0 16) 017 018) (0 20) 10 25)
kgcal-cmmh-m?-°C
(Btu-n M-12-°F)

“ Agm mateity —Vanous governmental budwes have 3sed requianons based on ASTM Method E 84, Test ‘or Surface Burming Charactenstcs of Busidng Matanals,
E 162, Tast for Surtace Flammeiety of Matenals Using 8 Radant Heat Energy Scurce. and other tast methods. Tha reguiations are not the same for all bodes usINg them.

hance, the reguiaton of the gavernment having JINSACHoN should be consiited

NOTe 4—Although the table theoretically indicates the possibality of
aamy different combinations and products, these cannot all exist due to
aleractions between properties. For example, as density increases.
ompressive strength increases, and it s therefore not simultancously
possible to have maximum strength and minimum density. Similarly.
80mt of the other properties listed “improve™ with increasing density.

Nore 5—Other properties, such as shear strength, tensile sirength,

ical properties. etc.. may be added to the specificatien. as agreed
%o by the sciler and purchaser.

NOTE 6—The physical properties of a foam are not represcnted by
e values in any given vertical column. Refer to Notes 2 and 3 for
Serpretation and designation of foam requirements.

L General Requirements

4.1 These plastic compositions shall be uniform and shall
to the requirements prescribed in this specification.

color and form of matenal shall be as agreed upon by
seller and the purchaser. Odor shall not be objectionable.
42 All materials and workmanship shall be in accordance
80od commercial practice and the resulting cellular
Wethane foam shall be free of defects affecting serviceability.

S Detail Requirements

54_ The structure of rigid urethane foam consists of a

of cells. It is manufactured in sheet, block. moided,

ific shapes and is prepared by batch, machine, or
~l.'e&:hniques.

% Test properties shall conform to individual require-

‘;u agreed upon between the seller and the purchaser as

Qwibed in Table | and indicated by thz type designation.

-

'

Tests other than those shown in Table | shall be as agreed
upon by the seller and the purchaser.

6. Sampling

6.1 When possible, a core sample (Note 7) shall be used
for the test specified. Represcntative samples of the lot being
examined shall be selected at random as required.

NOTE 7—A core specimen equal to 12.7 mm (0.5 in.) minimum tnm
from a skin surface is recommended.

6.2 When it is necessary or advisable to obtain specimens
from the article, as in those cases where the entire sample is
not required or adaptable for testing, the method of cutting
and the exact position from which specimens are to be taken
shall be specified.

6.3 When the finished product does not lend itself 1o
testing or to the taking of specimens because of complicated
shape, small size. metal or fabric inserts. adhesion to metal,
or other reasons, test slabs as agreed upon between the seller
and the purchaser shall be prepared.

6.4 When differences due to the d:¥iculty in obtaining
suitable specimens from the finished part anse. the seller and
the purchaser may agree on acceptable deviations. This can
be done by comparing the results of standard specimens and
those obtained on actual parts.

6.5 The frequency of sampling shall be in accordance with
accepted statistical practices and as agreed upon between the
seller and the purchaser.

251,
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7. Test Methods

7.1 The properties ecnumerated in this specification shall
be determined in accordance with the following methods.
Modifications in the procedures may be agreed upon by the
seller and the purchaser.

7.1.1 Conditioning—Unless otherwise specified. the test
specimens shall be conditioned without externa! stress at 23
+ 1°C (73.4 £ 1.8°F) and S0 £ 2 % relative hurmidity for a
minimum of 24 h before testing.

7.1.2 Test Conditions—Tests shall be conducted under
known 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 + 1°C (734 *
1.8°F) and in an atmosphere of 50 = 2 % relative humidity.

7.1.3 Core Density—Method D 1622.

71.1.4 Compressive Strength—Procedure A of Method
D1621.

7.1.5 Thermal Conductivitr—Method C 177 at a mean
temperature of 22.8 10 25.0°C (75 + 2°F).

7.1.5.1 For this specification. thermal conductivity can
also be determined by Method C 518 at a mean temperature
of 22.8 10 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 (1 in.)
thick shall be tested and the mean value reported.

7.1.7 Flammability—Method D 2863.

7.1.8 Flexural Strength—Procedure A of Method D 790
or Method C 203. Size of test specimen shall be 25.4 by 25.4
by 152.4 mm.

7.1.9 Shear Strength—Method C 273.

7.1.10 Tensile Strength—Method D 1623.

7.1.11 Water Absorption—Method D 2842.

7.1.12 Resistance to Simulated Service Conditions—
Method D 2126.

7.1.13 Porosity—Method D 2856.

7.1.13 Electrical Propertiecs—Methods D 1673 or

Method D 257

Note 8—Specilic conditions (for example. sample size, hi
temperature. etc.) shall be agreed upon by the seller and the

T.1.15 Dielectric Strength—Methods D 149.

8. Number of Tests

8.1 One set
be considered sufficient for testing each batch or lot.
minimum average for specimens tested shall be above &
requirements prescribed in this spccnﬁauon The numh
and designation of tests listed in Section 7 required 4
establish conformity of a matenal to this specification, “

be agreed upon by the seller and the purchaser.

8.2 Routine inspection may be limited to those iy
required 1o identify the matenal to the satisfaction of g
purchaser. The purchaser shall state in the contract or ondey
the tests that the seller will be required to make on ey
shipment for identification of the matenals.

9. Retest and Rejection .

9.1 If anv failure occurs. the materials may be retested
establish conformity in accordance with agreement betweey
the purchaser and the seller.

10. Packaging and Marking .

10.1 Packaging—The material shall be packaged in stag.
dard commercial containers so constructed as (0 ensam
acceptance by common or other camers for safe transporw-
uon ~: the lowest rate to the point of delivery, unles
otherwise specified in the contract or order.

10.2 Marking—Shipping containers shall be marked with
the name of the material, form and quantity contained
therein, as defined by the contract or purchase order unde
which shipment is made. and the manufacturer’s batch, Jat
or control number, or both. The shipping containers shall be
marked also with the name of the manufacturer 7.nd?
number of the contract or order.

10.3 All packing. packaging, and marking pmnswmd
Practice D 3892 shall apply to this specification. -

’

SUPPLEMENTARY REQUIREMENTS

S1. Quality Assurance Provisions for Government and Mil-
itary Procurement

S1.1 Sampling for inspection and testing shall be carried
in accordance with the recommendations of Practice

S1.2 Selection of acceptable quality level (AQL) and o
inspection level (IL) shall be made with consideration of th
specific use requirements. This is discussed in Sections 7 sa
8 of Recommended Practice D 1898, with reference,®

D 1898. Military Standard MIL-STD-105.
*

The Amercen Socety lor Testing and Materseis (8kes NO POSAION 7esPeCting (he vehaly of any pelent rghts 8sserted w1 CONNECHON n;

with any semn mentroned in s stendard. Users of IIvs stenderd are expressly 8avised thet delecmnaion of the vaiaRy of any such L

petent ngms. end the risk of nfrngement of such rgins, ere entely (hew own responsididy 3

Tins standard i3 SUDMCE [0 reviSION 8t any (¥Ne Dy (Ne respor

cor and mus! De revewed every Irve yeers end

A NOl revised. ether r0aOPrOved Of wiNarewrn. Your COMMments are mvited edher (or revision of s standerd or for sddnwonel standerds

and Should De edoressed 10 ASTM HeedQuarters. Yowr

Al T LANPRY I N

s wil 1
iachn.cal commates, which you may sttend If you lesl thet yow comments heve nol recened O fan Neanng you Shouki make youwr
views known (0 (he ASTM Commvites on S1andards. 1916 Rece St.. Priedeiphs. PA 19103.

A Ll 42 o 444 L3 A P . Y —pw
“Revomge P

carehui ¢ gdersion ot & g of the responsyje ot




Standard Specification for

is specificanon covers flexible cellular urethane

intended for such uses as inserts for furniture

3, mattresses, and similar applications.

specification provides matenal and dimensional

ts and methods of tests for specific properties of

compression set, humid age resistance, and

fatigue resistance.

This specification includes references to government
for burning charactenstics of flexible cellular

| used in specified applications.

S ASTM Standards:

74 Method for Testing Flexible Cellular Matenals—

-“Sialx, Bonded, and Molded Urethane Foams®

E142 Test Method for Surface Flammability of Materials
Using a Radiant Heat Energy Source’

22 Other Documents:

DoC FF4-72 Standard for the Flammability of Mattresses*

DoT MVSS 302 DoT Motor Vehicle Safety Standard*

DoT Federal Aviation Regulation (FAR). Part 25853,
Paragraph (b), and Appendix F*

Smplified Practice Recommendation R2-62 Bedding
‘Products and Components (Mattresses, Springs, Bed-
#eads, and Cots)’
<

L ﬂdﬁuﬁu

38 This classification covers six grades of flexible cellular

Saerial that may be sclected for use according to load

Yering and general physical properties, Table I; four grades

‘asd-on dynamic fatigue properties, Table 2; three grades

Ratic fatigue properties, Table 2A.

s of Purchase

PAny product represented as complying with this
Wwﬁcation shall meet all the requirements listed

Y Y
v, under the junsdiction of ASTM Commitiee D-11 on

o I s the di..ct responsibility of Subcommitiee D11.33 on Flexible

os approved Oct. 31, 1990. Published December 1930. Onginally
8 D 3453 - 76. Last previous ediion D 3453 - 76.

'Book of ASTM Standards, Vol 09.02.

ok of ASTM Standards, Vol 04.07.

from the Superinsendent of Documents, U. S. Goversment Printing
on, DC 20402.

from the Cleanng House for Federal Scentific and Techmcal
i, 5285 Port Royal Rd., Springlield, VA 22151,

¢

:
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Designation: D 3453 - 80 (Reapproved 1985)

) S

Flexible Cellular Materials—Urethane for Furmniture and
Automotive Cushioning, Bedding, and Similar Applications '
Thus standard :s issued under the fixed designatron D 3453; the aumber immediately follomng the demgnation indicates the vear of

oniginal adopton or. in the case of revision, the year of last revision. A number 1n parentheses inducates the year of last reapproval. A
supersenpt epmion (o) indicates an editonal change since the last revwnon or reapproval.

herein for its partucular classification.

5. Physical Requirements
5.1 The matenal shall conform to the requirements for
physical properties prescribed in Tables |, 2, and 2A.

6. Test Methods

. 289

6.1 The physical tests shall be in accordance with
Methods D 3574.

7. Burning Characteristics

7.1 Table 3 hsts applicable government regulations on
burning characteristics of matenial used in specified applica-
tions.

8. Dimensions

8.1 For Use us Mattress Inserts:

8.1.1 Sizes—The standard thickness and tolerance are
specified in Table 4. These sizes have been adopted for
mattress inserts 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.

8.1.2 For Use as Furniture Cushion Inseris— The allow-
able tolerances on dimensions of furniture cushion inserts
shall be as shown in Table 5.

9. Inspection

9.1 Inspection of the matenal 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 the 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 | and 2, except as
specified in 9.3. Burning tests in the reference are listed in
Table 3.

9.3 If a specimen 380 by 380 by 100 mm (15 by IS by 4
in.) cannot be obtained, an appropriate size, as well as its
corresponding indentation force deflection (IFD) value shall
be agreed upon by the purchaser and seller. In those cases
where foams having thicknesses of (100 mm) 4 in. are not
available, the following reduced IFD values are suggested:

7Smm(3in) — 90 % of 100 mm (4 in.) ILD value
SOmm (2in.) — 80 % of 100 mm (4 in.) ILD value
2Smm (1l in.) — 70 % of 100 mm (4 in.) ILD value

In all cases, the [FD tolerances specified in Table | shall
apply. For example, a 50-mm (2-in.) thick Grade 120 N (12
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kg/27 Ib) foam will have a 25 % LD value of 96 = 14 N

(216 £ 3.01bf) = 82 10 110 N (18.6 to 24.0 Ibf).

10. Retest and Rejection

10.1 If any failure occurs, the matenials may be retested to
establish conformity in accordance with agreement between
the purchaser and the seller.

11. Packaging. Marking, and Labeling

11.1 Packaging—The matenal shall be packed in
standard commercial containers, so constructed as 1o ensure
acceptance by common or other cammiers for safe transponia-
tion at the lowest rate to the point of delivery. uniess
otherwise specified in the contract or order.

11.2 Aarking—The shipping container shall be marked
with the name, type, and quality of matenal in accordance
with the contract or order under which the shipment is

TABLE 1 Specific Physical Properties of Flexible Celluler Material

made. The shipping container shall also be marked with
name of the manufacturer and the contract or order n
11.3 Label—In order that purchasers may ndenufv
ucts complying with ali requirements of this
producers choosing to produce suckh products in
ance with this voluntary specificauon may include a
ment in conjunction with their name and address on
invoices. sales literature. and the hike. The following

ment is suggested:
11.3.1 ~This product conforms to all the requ\rcmem;ﬁ
Grade. . performance grade ____ |

lished in »\STM Sundard Spevificatuon 034‘3 Full i
sponsibility for the contormance of this product with
standard 1s assumed by (name and address of producer
distnbutor).

Grade Number
Metnc. Enghsh, 25 % Indentation ingentgton Foroe Rato Compresson Maosture Resistance
N [ Force Deflecton 65 %/23 %. M (comp) Set® Afer )
. A - -

(m:‘l(:qns soso;:am.z c C S
Force Deflec- Aher Defincion 3

non Loss max

T max

196 “ 196 * 18(44 ¢ &) 19 15 2 2 ..
151 k) 151 2 1434 2 3) 19 15 20 2 7
120 27 120 2 1427 £ 3) 19 15 2 2-° 4
93 il 93 £ 1421 = 3) 19 15 20 x4
67 15 67 x 14152 3) 18 20 20 s =
40 9 WWx1492) 18 25 — k] .
Test method< 121018 121018 31w 7 831087 8we -
(Procecure J,) (Procedure )}
Spscmen size® mm (n) 380 x 380 x 100 380 x 380 x 100 50 x 50 x 25 50 x 50 x 25 S50 x50 x1
(15x 15> 4) (15 x 15 x 4) 2x2x1) 2x2x1) Rx2x1)

* Tolerances have been estabhshec 10 prowide 107 grade desgnacons Closer Wolrances. when deswable for SpeChC apphcations. May De agreed upon detwess B8

purchaser and the sefler
'Tomcxpnucduapamoﬂhoorwwmss
€ See Section 6 for an explaneton of e test Methods referenced
O See Sechon 9 3 when NACe3 SPEOMEN SIZes Ae NOt svasabie.

TABLE 2 Dynamic Fatigue Periormence Grades

Grade . Descnpton TULN4
AD , Heavy duty use 30, max
80 Normal duty ues 311050
co " Light duty use 511070
0.0} . Unciaseified 7110100
See Methods D 3574, Sections 76 to 82

%
TABLE 2A smcs-ﬁgmnnmmamuﬂ
Urethane Foem _'3
Grade Oescrption Appicstions
AS Heavy duty asshons, mat-
resses
8s Normal duty am rests. seat
becks
cs gt duty msc peddng

4 See Methods D 3574 Sectons 67 to 74

2 LHS.

%

’ Sa;cl

A )
B
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b D 3453
TABLE 3 Applicsble Government Reguiation for Specified TABLE 4 Thickness and Tolerance for Mettress Ineerts
Appiications Normngl Theckness Pus Marwys
ADDMCIDON Reguiaton e o e - P, -
Automotve Dotl:cvzss 100 A 8 e 16 e
N 125 H 48 Lve 16 e
Mattress and Doc FF 4-72 150 s .8 vig 32 .
cusiuon
Awghon FAR Part 25 853, Paragraph (6).
and Appendix F
Misceligneous E 16249
govermynental bodkes have Ssusd reguiabons based on Test Method
wnmumuummmmn
of he go should be consulted.
mmumnmmmnmd
POsUCES. OF assemiies i rSIPONSS 10 heat and flame under conwroled
condisons and should not be used 10 descnbe or apprmse the fire
o e rek of matenals. products, o assembies under achml fire
Jp However. rasuirs of s test may be used &3 elsments of a fre sk
which takes neo scoount aii of !he factors which are periinent 10 an
of 9w fre hazard of a particuder end use.
TABLE § Dimensionsl! Tolerances for Funiture Cushion inserts
Theckness
Nomingl +
mm m. mm n mm n
2075 1wl 32 e 16 Yse
Over 7510 12§ Iws 48 ¥re 1.6 the
Over 125 over 5 48 Y 32 e
Langth and Widkth
Normnal z
mm n. mm .
. 25w 305nd 11012 ng 32 Y
38,  Ower 305 to0 610 it 1210 24 ngd 64 Ve
2+ Over 610 10 1220 nc 24048 nd 96 ¥
.. Owver1220 over 48 127 A

- o DPatent rights. and the risk of intringement of SuCh Ngis. 8re entirely thew Own reapONeiDIy.

views known (0 the ASTM Commdites on Standards, 1916 Rece SX.. Prvigdeioive. PA 19103

T

- The Amencan Socsety for Testng and Materials [skes no posAIon respecting the validity of any patent nghts SSerted M CONNEC:-OnN
with any tem mentioned 1 thrs standerd. Users of tins siendard are expressly 8dvised (et detenmnation of (he vakdty of any such

Thig standerd s SUDJSC 10 revrsion al arvy 1ime Dy the respons:Die techrecal Commates and must De reviewed every five years and
- o POl revised. ether reappIoved or wiharawn. YOur COMMents are xwHed ether 10r revision of tins standerd of for scaonel sianderds
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‘sn) Designation: D 2849 - 69 (Reapproved 1980)¢'

An Amencan Nadonal Stanctard

Standard Methods of Testing
Urethane Foam Polyol Raw Materials'

This standard i3 issued under the fixed designation D 2849; the number iamediately following the designanon indicates the year of
orignal adopuion of. in the case of revision, the year of last revision. A oumber in parentheses indicates the year of last reapproval. A
superscrijt epsilon (¢) indicates an editorial change since the kast revision or reapproval.

The committee responsible for this standard has voted its withdrawal. In the absence of substantial reasons that it should be continued.
the Society will approve withdrawal from publication in May [1989.

¢ NoTe—Section 2 was added editocizlly and subsequent sections renumbered in August 1985.

{. Scope

1.1 These methods cover the testing of polyol raw matenals
sd in preparing urethane foams, including both polyesters
nd polyethers containiag carboxyl, primary or secondary

E 1 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

wdroxyl groups, or both. Reagent®

'm {—Urethane foams are cellular products that vary from soft E 308 Method for Computing tke Colors of Objects by
«slient types to those which are hard and rigid. These foams are made Using the CIE System’

w the interaction of polyhydroxy compounds, water, and an organic

mm&.mmmvdvedmthemuﬁcumofmfmm .

32 be modified in many ways. Basic materials, especially tertiary amines, 3. Purity of Reagents

x 35 catalysts and accelerate the reaction, whereas acidic maternials
zard it. The uniformity and size of the cells are affected by the addition
o surface-active agents. Usually nonionic or cationic surfactants are
aeployed. Fillers, plasticizers, and colors are also added in many cases

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

2 give specific properties to the foam. Committec on Analytical Reagents of the American Chemi-
1.2 The procedures appear in the following order: cal Society, where such specifications are available.® Other
Sect grades may be used, provided it is first ascertained that the
i . reagent is of sufficiently high purity to permit its use without
Sofium 300 POWSSIUM . . 61020 lessening the accuracy of the determination.
\id and Alkalinity Numbers. ... ... 211030 3.2 Purity of Water—Unless otherwise indicated, refer-
AR SUBET ;; W52 ences to water shall be understood to mean water conforming
ESUFBBOB . .. ... .. .. e e 10 60 8 _
T SR R 611070 to Specification D 1193,
Sepended Maler . .. ... ... ... L Tito73
Speafic Gravity .. ... ... e e e T4 19
VOOGEY . .o 301091 .
Cloe 2wty 4 Sampling
1.3 The valus stated in SI units are to be regarded as the 4.1 Polyesters and polyethers usually contain molecules
sandard. covering an appreciable range of molecular weights. These

have a tendency to fractionate during solidification. Unless
the material is a finely-ground solid it is necessary to melt

L
Referenced Documents (using no higher temperature than necessary) and mix the

21 ASTM Standards:

A

D618 Methods of Conditioning Plastics and Electrical
Insulating Materials for Testing’ ‘

D 1193 Specification for Reagent Water

D 1209 Test Method for Color of Clear Liquids (Plaunum-
Cobalt Scale)*

—~——————

' These methods are under the jurisdiction of ASTM Committee D-20 on Plastics
4 2re the direct respoasibility of Subcommittee D20.22 on Cellular Plastics.
fmu;mmmon 19, 1969. Published February 1970. '
AMMMJASTMSIMJGMK Vol 08.01.
AMMMJASTVS(MJJ Vol 11.01.
AMMIMOIASTVSIMIJS Vols 06.01 and 06.03.
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resin well before removing a sample for analysis. Many
polyols are hygroecopic and care should be taken to provide
minimum exposure to atmospheric moisture during the sam-
pling.

3 Annual Book of ASTM Standards, Vol 1401.
‘AMud’aoko/ASTM Standards, Vol 15.05.
? Annual Book of ASTM Standards, Vol 14.02.

# “Reagent Chemicals, American Chemical Sociery Specifications,” Am. Chem-
ical Soc., Washingion, DC. For suggestions on the testing of reagents not listed by
the American Chemical Society, see “Reagent Chemicals .o4 Standards,” by Joseph
Rosip, D. Van Nostrand Co., Inc, New York, MY, and the “United States
Pt e ‘ X






