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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.
Hovever, taking into consideration the broad scope of Polyurethane materials such as fibres, foams,
coatings,elastomers,etc., on shich there is an enormous amount of published information throughout the
world,. this package is devoted to recover information specifically on polyurethane foams.

As no annotated bibliography was found that covered this period, a retrospective information search was
carried out. 120 abstracts were selected from more than 500 relevant journal articles, patent documents,
reports, etc. Bibliographies, covering the 1970-1981 period, already exist (1.2,34-36).

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

usually is not readily accesible to developing countries.
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INTRODUCTION

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

World comsumption of PUs in 1990 was approximately 4.5 million tons and it is expected to reach 5 million tons by
1995. According to experts (7.1.11), eight manufacturers share seveaty percent of the world manufacturing capacity of
PUs. Major smanufacturers of raw materials for PUs include ICI, Bayer, Dow Chemical, Basf, Olin and Arco. About 80% of
all PU chemicals are used in flexible and rigid foams.

world manufacture of PUs is concentrated in North America (34%), Japan (10%), Western Europe (38%), and rest of the
World (18%;.

Even though the chemical reaction that 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 poiymer. However, the commercial ex-
ploitation of polyurethanes, as with so many other polymers did not progress until 1950, with the ending of the World
War II.

Ps contain carbasate groups (-NHC0O), also veferred to as urethane groups in their backbome structure. Frequently
other functional groups such as ester, ether, amide or urea 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 that react together to fors a solid. Polymerization 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 isocyanate. This ‘organic functional group is capable of an enormously
diverse range of chemical reactions. The rate of the reaction depends nn the structure of the components and can be
very rapid. This can be an advantage, but it also presents control problems for the chemist and the equipment ma-
nufacturer (7.1.5).

The polyfunctional isocyanates can be aromatic, aliphatic, cycloaliphatic or polycyclic in structure and can be used
directly as ;roduced or modified. Aliphatic isocyanates tend to form mere flexible PUs. Diisocyanates are used in
preparing the more flexiole, resilient types of urethane foams and elastomers. Polyfunctional isocyanates provide
higher cross-link densities in rigid urethane foass and solid polymers. Aliphatic and alycyclic isocyanates are most
often used in coatings. The main isocyanates used in PUs manufacture are toluene diisocyanate(TDI) and diphenylmethane
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 be 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 voluse because of low cost and a wide choice of types. Most commercial polyether polyols are based on the
less expensive propilen or etbylene oxides or are a combination of the two.

The chesical suppliers have made available a wide range of isocyanates, polyols and additives.




POs are normally sold as reactive chemicals to the final processors who convert them by a multitude of reactive
processing techniques into the end products. The processor may need to be educated or trained to maximise the
potential of the process.

The foam outlets of PUs have certainly been a major success story judged by the wide range of polymer products.
Depending on its mechanical bebaviour, a PU foam or uretbane foar as they are often called, is described as being a
flexible, a rigid or a semi-rigid PU foam.

Foamn formulations contain the two major chemical components, polyol amé isocyanate with suitable catalysts,
surfactants for stabilization of foam structure and blowing agents, which produce gas for expamsion. The foams are
made using both polyester and polyether polyols, although usually the latter ic used, especially for rigid foass.
Catalysts such as amires, tin soaps or orgamic tin compounds are used in PUs manufacture.

In the production of flexible PU foams the reaction between isocyanate and polyol is exothermic and this heat can be
used to evaporate a volatil liquid mixed into the reactants, thus forming a foam. The gas for expamsion is primarily
carbon dioxide. For rigid PU foam the blowing agent is a balocarbon, such as chlorofluoromethane,trifluoromethane, or
other similar volatil material. Flexible foams are based on polyoxypropilenediols of 2000 molecular weight and triols
up to 4000. Rigid foams are based on polyether made from scrbitol, methyl glucosyde or sucrose.

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

Molding is one of the wost fundamental operations in the PU industry. Virtually, any isocyanate-derived polymeric so-
1id or foam can be molded in some way.

Most 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 form 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 transportation industry
they are seat cushions, back cushions, or bucket-seat paddings. It is also used in carpeting(Virgin and bonded
industry). 5% of flexible foam production is used in specialty zpplications.

PU foams (rigid) are known as an optimal heat insulation material in building and refrigeration applications. Other
uses include tank and pipe insulation. Plotation and packaging are special applications for rigid foanms.

In practical applications the flammability of PUs must be taken into consideration. The fire bebaviour of these
saterials can be modified by flame retardants.

The industrial application in the form of elastomers (PU rubber, urethane rubber) has been relatively small compared
with foams.

The term covers a very wide range of PUs, classified according to the method of manufacture. The elastomers can be
tberwoplastic or thermo-setting. The main types are cast PU elastomers, millable PU and thermoplastic PU.
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while methods of processing are different, all of the elastomers exhibit some or all combination of desirable physical
properties that add up to make urethames compietely unique(7.1.5):

-high abrasion resistance

-high tear strength

-excellent resistance to oils, solvents, ozone and radiation

-excellent low temperature flexibility

-good electrical properties

-high tensile strengh over a wide range of hardmess

-high resistance to impact

P elastomers bave found applications in practically all industries. Castable urethanmes have extraordinary physical
properties. Thay are actually enqgineering materials and are chosen for use on the basis of these properties.
Thermoplastic PUs can be processed by most of the common fabrication methods including injection wmoulding,
calendering, extrusion, etc.

RIN process has become almost synonywus with PU.The term has been applied to the chemical systems, but only the PU
systes is of commercial significance. 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 that the large-series automobile models of the late 1980s and early 1990s will have an increasing
number of external body work panmels produced by RIN or reinforced RIN (RRIN).

Other applications for thermoplastic PGs are: wire and cable jacketing, calendered film and adhesives, shoe soles,
agricultural and medical applications.

Hillable qums can be processed on rubber-processing machinery, and are cured by rubber-curing agents. The overall
usage of these is relatively small compared with the total number of PU elastomer applications.

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

As with most materials, PUs have their limitations such as low resistance to steam, fuel ketones, esters, strong acids

and bases and they are not high tesperature materials (maximin service temperature up to 250 F).

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

Experts (7.1.5) agree that PUs with their enormous and varied properties, will be with no doubt, ma.c.ials of great
potential. They are not only products of modern chemistry but they also contribute greatly to social needs : ecoromy
of enerqy, conservation of heat, preservation of foodstuffs, reduction of fuel, and improvement of personal safety,
surely, an excellent prospectus for any industrial material.
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109: 551122 Plastics in digh tech industries by 1901 A.D.
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plastics, 2.2. polyamides, polycarbonates, polyosymethvlenes, PTFE,
and poivurethanes, their orocessing technol.. and current and future
applications 1n India are giscussed. .

1u9 27012m Chemistry of wastes. 39. Murata. Tokup Junkan
shigen Renkyusho K K. Japani). (;ekkan Haiributsu 988, L300,
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characternstics of waste plastics 1ex . melumine remins or urethane
re~sins: aumped 10 lundfill sites, including current status. controlling

princapai org hezardous constituents. snd the utiiization ol the waste
plastics

108. 205105 Synthesis of polyurethanes. Kobavashi. Shirn;
Masads., Shimichiro  (Coll. Eng.. Tohoku Univ.. Sendai. Japan.
Robunshi Kako 1987, 36(11). 522-7 (Japan). A review with 23 refs.
on the prepn of urethsne polymers for various uses {including
coatings, fusms. rubber, etc.) as weli as the prepn. of isucvanates and
sles.. esp iong chain polyols for manuf. of the urethanes.

see p.53




083733 POLYURETHANES (PURL Since thar dis-
covery fifty years ago. polyurethanes have cleariy demos-
strated thar verssulity and atahity to stimulate new aress
of demand Today. despite more modesz growth pros-
pects. the polyurethane mdustry s cootinusg the process
of innovation dotk m terms of technology and markets
Following the outlook for polyurethanes by major seg-
ment. assess developments and implxabons o terms of
polyurethane nw Is is 4 and the J
changes which are taking place in the idustry 13 de-
scribed.

Mills. R. Kusszst Ger Plast v 77 2 10 Oct 1987 p 62-63

083668 VERSATILITY OF INSITU POLURE-
THANE FOAM. The we of ipd. low density polyure-
thape foam for imsulaion purposes is widespread through-
out the world with approumately onc eullicn toos of raw

reasons for the cootz.xd growth of polywrctbanes are
insuiation diioeacy. cseand versaslity of fabricatios and
losz term agring propecues. The advantage of oo-site
application is that it allows the msulation of aco-reguiar
surfaces as well a5 the faciity to insulate areas where
access is difficult. (parncwlarly pipework and sasrow
cavities). The article bighlight some of the anportast
trends in in-situ foaming. covering both spray-sppbed and
liqud-dispensed molecules.

Colvin, B.G. (British Urethane Form Contractors Assoc).
Iosul J (Rickmansworth Eagl) v 31 n 9 Dex 1987 p 26-28.

106: 214492t Fundamental studies in reactive processing of
solyurctiaane-based polymerizations. Lee, Yein Ming Leo (Ohio
State Univ., Columbus, OH USA).  1986. 313 np. I:En(). Avail.
Univ. Microfilms int.. Order No. DA8703580. From Diss. Abstr. Int.

092567 GUIDE TO FORMULATING AND OO8¥/
POUNDING POLYURETHANES. Verstic pdy
mers oblained from reacting isocyanate and polyed
polyurethanes can be formulsted 10 make 3 vanery o
products. from furmiture to decorative ceiling bemeh
(Author abstract) -

Abbate. FW. (Dow Chemucal USA. Midlaad M1
USA). Pissr Compd v 9 n 4 Jul-Aug 1986 3p bssam
p 20 and 27.

Ins 316960 The polyurethane industry is Argenting. 1 Agosuna,
. Hemtedt. H: Holwhm. £ Gonzalez Pous. 5. Restano, M.;
Himder. € iPetrogquim. Riv HI . A Span). Ind @Qum 1988, 277,
1021 inpan) A review with no refs. on industrisl aspects of the
chem . nrixessing. and uses of polvurethanes in Argentina. including
the history. pre-ent ~tate. and future prospects of the industry.

092629 RAW MATERIAL SYSTEMS FOR RIGID
POLYURETHANE FOAM. Vanous end-use depen-
dent metbods of producing ngid polyurethane foam
require the raw matenal systams with controlied reac-
non profile and expansion charactenstics. This control
is achieved by selecung the polyols according to
functionality and reactwity, the catalysts according 10
thar diffenng influence on urethane formation and
blowing reaction, and the foam stabilizers according 10
their effects on the expansion behaviour of the reaction
mix and on cell structure The raw matenal svereme can
be charscienzed by determiming the voiume increase.
the temperature, the viscosity and the expansion pres-
sure as a function of time (Edited autor absiract)

Kapps. Manlred (Bayer AG. Leverkusen. West Ger).
Kunstst Ger Plast v 75 n 6 Jun 1985 p 1114
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102 1RSS30p Step grewin poivimenzatn. Part I D ‘velopmen
in pelyuretnames. Sparrow, O. J: Walton, |. G. ‘Org. v, IC.?
PLC, Blackley. UR). Macromot Chem iLondom: IM 3 937
\Eng).  Isocvanste products snd processes. polvuretnane poivols.
Catalyns. mecnanism of isocvanate rescuons. rigid und flezible foams.
and resction-tajection molaing are reviewed with 835 rets.

089261 rou'uumu-}scn'nmmm
tion of polyurethanes expetienced a beaithy growth rate
md:;nnhtpuwdﬂmlllthochummn!
groups bad 1o suffer connderable set-backs at times.
This report describes the development m the vasious
sectors for PUR-spphicanon. “ndcvdopmumn'
mwuhndu&mn'dluumhnmu

products for new usages are descn vances &
processing technology, mosty concerved with the
PUR-sector, hvecumbmdqmcmdmhlym&e
above sverage success in the market Soch presumg
subjects as bealth and safety at work and protection of
the enviroament are also dricfly discussed. 44 rds.

Schwenke. W. Kuastst Ger Plast v 74 0 10 Oct 1984 p
Kl o N

089242 PROGRESSI NELLA TECNOLOGIA PE-
GLI ESPANSY POLIURETANICL {Advances in the
Technology of Expanded Polyerethsaes] This asticle
describes new methods and new materials in production
of foamed polyurethanes of high sirength and low
energy consumption. It is shows bow these innavations
result in shorter masufacturiog cycles. better fire tesis-
tance, bigher dimension stability and other advantages.
The discussion focuses oo polyurethane foams based on
methylene diisocynate. lo Julisn. .

Anon. Mater Plast Elsstomen 1 Jan 1984 p 18-30.

103: 8385981 Opporunmu .ld comstraints. Polyurethasnes:
the learning curve, Al C. (01: Div., ICI Pok
Blackley: Manchester, U M9 3DA) 'ap. Proc. ;8" LYCON-
React Prucess 1983, 1535 (Eng). Plast. Rubber lnn London,

UK. The processing and properties of polyurethanes are reviewed
with no refs.

10X L1222 ..operatus dor Juzn.z <t tu.m two c--wly
T=actavie Lisstic compo
.hunm “eulverr. Klaus; Tnubenmnn. Poter; Tluolc Heinn
qran Maschineobau G.m.bH. und Co) Ger. Offen. DE
:.:ca.ws (Cl. B29B1/G6), 11 Apr 1585, Appi. 23 Sep 1983; 10 pp
The title app., esp. useful for polyuretnane manui.,, comprises 8
mizing chember, inlets for inucducicg reactive risin compunents to
the mixing coamper, ar outlet for the misir3 ccomoer. 3 means for
returnin; the coaponent 10 3 «i018,2 chamter whea the inids ir2
clcia. and . means for msintaining & const. pressure op the
comnoaznts auing return to the sterage rnanmer ona cunn. addo.
W t..e zin | coamber. Tre cpp. sives mists. oi hi b quality.

1b2: 4677im Contiouous yroduction of plastic foams. Gnffiths,
Anthonv Charies Murray (Hvman Internstional Lid) Brit. UK
2at. Anpl. GB 2,128.733 ('L 329N27/04), 31 Oct 1S34, GB Appl
83/1,733, 21 Jan 1983, i5 5p. Polyurethsne foam naving uniform
properties is prepd. by feeding resctants to the bottom of a vertical
app. through a nip into a aiverping ares while the foam 1s removed at
the too by ninned conveyors. “Thus. s mist. of polyether oolyol 100,
water 4.3, milicone surfactant 0.9, amine uul%g 0.2-3.35, Sn catalyst

0.28. fluorocarbon blowing agent 1.5, and 1 53.6 pcrts eas fed
tarou;n the mip in the reccior. vhe compn., foamed in the vertical
section, zad eise time 110 5. 4 22 Lkz/m*. net throughput 204
—'mi. ing vertical velocity .32 m/min.
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101: 111791g Polyurethane formuiation calculations. Liu,
Houjun (Shanxi Prov. Inst. Chem. Ind.. Peoo. Rep. Chins).
Hec Xiangjao Gongye 1984, 7(3), 185-6 (Ch). Equations are
given for calcg. the amt. of polyols and polyisocyanates or isocyanate

polymers. The isocyanate compn. H compn. equiv. ratio was
maintained at 0.97-1.03 to obtain theor. mol. wt. >25.000.

100: 1925%6s Mixing metived and apparatus .a jolyurethame
Zapuiscture. Afros SpA. oupe. Kekai Tokkyo iobko v 59
15.423 (84 15.423] (CL CJ8G18/08), .5 Jan :984., :T Appl
82/20594, 06 Apr 1982; 7 pp. A simpie and eificient mising of
ingregients in the title process invoives feeding of hi~h-pressure jets
oftheungdeomgl;mhoﬁmniinimaao;poﬁuwﬂh
of a muxing champer, while a non-reacting 3rd comvonant (eg..
colors, release, otc.) is fod in the direction vertical to the mobomer
feeds, and the direction of the 3rd component is the direction
intended for the matenal =--

1ails are given ¢of the dosing equipment, means of
.ragspoctation of material and products. molds and
mold carriers, suxiliary transport equipment, hand tools
for specific purposes; cost analysis In Germas.
Russ. Werner (Elastogran Machinenbau GmbH, Strass-
lach. West Ger). Plastverarbeiter v 340 8 Aug 1983 p
682-684.

099753 RECYCLING FLEXIBLE FOAM: A
NOVEL TECHNOLOGY PRODUCES A QUALITY
PRODUCT WITH IMPROVED ECONOMICS. Air
M‘Mmmlmmpmydcm
offers several incentives to foam manufacturers. It is s
pew option for scrap utilization which offers economic
rewards grester than most cusrent sliematives. Al-
xwpmmmmp-ﬁn«.m

identical 10 virgio fosm. Finally, o: significant changes
are required for the production equipment OF process.
Baumas, Bernard D. (Air Products & Chemicals Inc,
Alleatown. Ps. USAY, Burdick. Tricha E., Bye, Mark L.
Galls, Edward A..JCJM v 19 n 6 Nov-Dec 1983
p 381384, .

099807 POLYURETHANE, STAND DER TECH-
NIK UND KUENFTIGE ENTWICKLUNG. {Poly-
arethanes - Techaological Ststes and Future Develoy-
ment)} This review paper discusrs the chemistry.
polymerization mechasism, properties sad applications
of polyurethanes which are oblained by sdditiosal
polymerization of speciallv selected monomers. Polyure-
POLYURETHANES—Research — Contd.
thanes ase cither flexible (elastomers) or stifl (plasucs).
The description of polyurethane technology. panicu-
larly in the production of foamed products, is followed
by sn extensive review of spplication ficlds. Forecast for
the future developments is included. [n German.
Oertel. Guenter (Bayer AG. PU-Anwendungstechnik,
Leverkusen, West Ger). Plastverarbeter v Mol
1981 p 623-628. -
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074892 POLILRETANO ESPANSO RIGIDO.
[Rigid Feamed Polywethane]. Foamed polyurethane 1s
known as an opomal beat insulanng matenal for
buildings. However, in practical apphications the flam:
mability of polyurethanes must be taken into connder-
atos. The fire behavior of these matenals cas be
modified by fiure retardasts. These aspecrs of npd
rdgwuhnhmmwia:hismid:h

romerz a 9 Sep 1982 p 522-528.

96: 36884z A kinmetic study of reactions between polymers. .
Racois. A Walsh, D. J. (Lab. Synth Org., Univ. Mans, 72017
Le Mans. Fr). Eur. Polvm J 1981, 17(10). 1057-9 (Eng).
The rate of resction of polymers contg. different reactive groups
was studied. Isocyanate—terminal poly(ethylene oxide) was
treated with hydroxyl-terminsted poly(ethylene oxide). Polymers
with higher mol. wts. ve lower rates of reaction. [t wes not

.nj:(ml low mol. wt. compd. which gave &
reasonable rate of reaction compared with the polymers. Thus.
thenuofremionisverydcpendentonthzenmn_meqtolm
re.ctin;groupsmdbrinp-po.ibﬂityofmblgmtymmthe
conclusions.

- 48306t Fact sheet: production and use of polyurethane
lzcsm. Md'ue:l J? C. (IISRS. 75680 Paris, 14 Fr). Cah. Notes
Doc. 1981, 102, 69-72 (Fr). The main operstions used in

with them are di
effects from handling polyurethanes are recomme

94: 1767342 Urethane costings. Junme, 1970-June, 1980
(citations from the Engineering Index data base). Van Put.
Walter (New England Res. Appl. Cent., Storrs. CT USA)
Report 1980, N CEINTO0347; Order No. PB80-856944, 83
pp. (Eng). Avail. NTIS. From Gou. Rep. Announce. Index (U.
S) 1980, 80(26), 5695. A bibliog. with 69 refs. covers formuistions
an:lu ‘”lliuaztiim of urethane costings, such as fabrics. sutomobile

. piastics, concrete, transportation industry,
B.VC substrates. Solventless formulations, |hrit:;yuem?£ve:ﬁu.::
and energy savings of urethane coatings are also included. )

92: 199077h The synthesis and properties of polyurethage
resins. Volume 2. 1973-October, 1979 (a bibliograpbhy with
abstracts). Cavagnaro, 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 Dh‘l.ﬁcl. Pnncl. Polynnl;_hnc '(or:-:l.
bibli by with abstracts). Cav , Diane atl.
'(;ech. 1:.7"5'3\,, Springfield, VA USA). ..ﬂ“"',‘ 1979, Order
No. PB80-802143, . (Eag). Avail. . From Gou.
Rep. Announce. Index (U. S.) 1980, 80(3), 369. This updated
bibliog. contains 289 sbetrs.. 24 of which are new entries to the
previous edition. on fabrcation phys prog e, e Tociude
d ications of oams. c v
::.mc.t?lgnlap:'seh. I{:tyn“" buoyant materials, thermal insulation,

and packaging materials.
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114: 1028572 ressimking and networs formance 13 bMuverciaane

SySiems Wila CEOSNS WOCYSRAte. LAibes. aarel. bp(nm Mmilens
‘Inst. Macromc:. Chem., Czechosiovax Acad. Sci. 162 66 Prague.

Creen) Jell Joiym 1980, %2, €533 .£3n

114: $4024n Preduction of flexible polyurethane slabsteck
feams without halegenated blc' ts. McKenns. E H;
Grace. 0. M. Smwanski, T. M. F Curp.. Wyandotte, Mi
48192 Usa), Proc SPI Annu. T«h.lllcrk. Conf. 1989, 32nd{Poly=

urethanes 89, 510-14 Engr

xu Teilr Ponmund,dymhum-haum Pedowvl

i Anarseva. S M. N. G. Lmova, E D.

cLaa»d Piast Massy 1990, t9) 34 (le A review with 2 refs.
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8.- Inst Eng \Indiay, Part CH 1989, . 4T (Engy
3.~ 112 574152 Apparatus for manufacture of ure:hane polymer

foams and elastomers. Kumasaks. Sadan: Tads. Satom:: Katsuki.
i\onms}'n. IU{H Osamu. Xugs. Shizeo (Human industry Corp.s
dan. noksi Tokkyo ilobo JP 01.213.326 (59,213.326) il
Conliin Gm. e Aug 1589, Appl 86-36.554, 19 Feb 1988. 4 pp.

10, - :'u 1157610 Po:)m::n. ;n A mp"tr:'n;(:un:lhhd
urethanes. oroshuin, V. P, v, P. A Kazan.
‘hm -Tekhnol. Inst., Kazan, USSR). . Khim. 1239, 58(3).

521-39 (Russ).
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111 4S8R Low-viscudity isoCyaTate-terminai o Srepelymers
vitd ..coroved coaputiaility sl caster - .l Diyots.
NedALWI. SAIOZN: LU, SSAMSL  IAWd. S3TEGeAL DO,
Catap eatsh Ul AL Co, —ddd woD. Aokad Poigy? dacw JP I
2518 000 22904) (L S03G18 /0 o Jan 1+39. A3 877360735,
e 1297 v .

LIV cidteie Jetood anc APPArELUS OT ILLEIS, WiSB VISIIGIY
potyme: waterals. Cobbs. Waiter ri.. wr.; Auddleston. Rsoert J.
Chungz. Crzn .. Saudman. Laurence B. (Norason Corp.} Ul US
4776831 .CL 251-128; CO8J9/30), id Okt 1938, US Appl 783102,
02 Get 1555, 16 pp. Cont-in-part oi U.S. oer. No. 78316l
acangoned.

i16. 19:07Ts idigb-pressure mixing - towards modern poly=
urcthage processing. rroksa.r iFed Rep. Ger) Rurststojfherater
1589, S4cl-2 22-T (Gern

110: 1938908 Polyurethanss from resewsbls reseurces. Stansord,
John L. Stiil. Richara H.. Cawse. John L.. Jonnedy, Michaes 4.
tinst. Sci. Tecnnos, Univ. Mancrester. iancnestar. UX M60 14:0).
:tg(;;s; Symp. Ser .989. Cl33(Aates. ficnewapie r._sour.). N Y

).

110 2902%j Apperstus for mssufacture of polyursthane foam
flabs. Kumasska. Sedso. Uts. Goken. Fujn, Osamu. Kumevamas,
Gorn. I, Masso (Human Industry Corp.) Faming Zhuasll
Shenging Goagksi SBhuomingshu CN 86,104.431 (CL C08J9/04),
11 Jan 1988. Appl 02 Jul 1986. 12 pp.

110: 24024z Polyurcthause. Pearson. R. G. (Lexndon Sch Pcl
Technol.. P:lytaca. North Loaden, Loedon. UX N7 2JB). Spy:
Polym 1987, 150-:0 (2rg). Editud by Dvios, Jobent Wiliam.
Blickiz: Glicgow. UK. A review with 3 rais. on the caem. of
formation, propertcs, akd applications of ureibuis pciymers.

7% Tiledee riydropalic cu7ooxyisisa poryurettanes. ~URNSLON,
Shrisuan W.. T.ffennart, jonn M. (Tvnaae Plains-nunter i.td.)

o US 9743573 (Cl 32360 C08G1a/3). 19 Maev 1288. APl
%0687, 19 Dec 1588; 7 3o

109: 55732r Advances in polyurethase science and technology.
Frisch. Kurt C  tPolvmer Inst.. Univ. Detrost. Detrost, MI 48221
USA)  Proc Water-Borne Higher-Solids (oat Symp 1987, 14th,
302-27 (Eng) A review with B6 refs. on the acvances and imporiant
trends in volvirethane costings. rubber. foam. and plastics

108: 168583u Jregress is polyurethanes. Wiroszs, Zygmunt
(Wyzaza SzL. Iaz., Redosuu, 2ol). Polimery (Worsaw) 1387,
22(11-12). 429-34 (Pol).

108: 168686a Trends in the development of )
g)_.t:: ‘}l.‘ Polcl(di‘ “Cié:s'nuk. Gruym? S:cu;kmh”u.“rhon“h::‘..
iesls, ousz . m. "Organike-Zechem’, Bydgoszcz )
Polimery (Worsow) 1987, 32(11-12), 4804 (Pob. B - Pol




21.- T 107T: T38EBY “Jcrz by iews ik [asus -.recoseinyg - valety aspects
of u'ﬁ’anm. sachiols. 3. .. XbaO, 3Tegge, owg.). .unsest.

Rubber 087, 40(3), 29-31 (Neth).

~

22. 0T, 28338v Use of polyurethame =ast3s. . Metnogs iar
recovery of pelyurethame wastes. Nornetka. Zygmumt W
Muszynska. Urszuia 1OBR Presm. Opon. *Stomui®. Poznan. Poli.
Polimery (Warsqu) 1987, 32(3), 111-14 (Pol).

23.- 106: '97451j Foaming and melding ¢f polyuretnanes. Fujimuto.
hazuo tSurutomo Bayer Urethane Co. Lid. Japan). Petrotech
tTokvo) 1987, 1003). 269-T4 oJapens. A review with 3 rels. on
soivurethane fuam prudn. ana reaction njection molding.

24, - 105: 135113w Polyurethane fosms. Kurasske. Sedao (H:
!r.xdunry Lurp) Jpn. Eokai Tokkve noho .;.P. Sl.?ll.lvl; '?:2
; 9:4“]~ ;C.. CT3J9/04). 22 Apr 1986, Appl. M, 70687, 27 Sep

. 3 pp. T

25.- o 225_% Treads in polyurethane science 23d te=nnol
rrisch. Kurt C (Polvm. inst, Unmv. Detrot. Detront, Ml yevih
USA). Pop Plast 1986. 3113), 17-21 (Eng). A review with no refs.
N umporant trends in poiyuretkane science and technol. inciuding
tlexible nnd ! s. coatings, reaction injection

olding (RIM). reinforcea RIM. prostnetics. «nd poivblends

26.- 091780 POLIURETANT FLESSIBILI A BASE DI

Ance. Mater Plast Elastiomen o & Apr 1986 p 206-230.

27, - ‘106: 103380k Apparatus for continuous molding of polyuretha
’ Gebarowski. Starislaw:  [andv. Franciszek ci‘enl?:u)w an:;::
Bndnwr:q- Rozwojowy Przemusiu Betonow “Cebet”) Pol. PL 126,551
{CL COBGES 000, 31 Oct 1985, Appl. 223,002, 25 Mar 1980: 4 wo.

28. -~ ok lc'.?:,'lg JCTLEr fvitvad  UaBind Tiobik | s edGuiad,
<kice; ricui, Vssuo (Aoyau Nouwrv Cov) uom mvid) Tunse
<062 JP 15,0716 [85.2.0716] (CL CooFLIB/i6). 2 NoV s
ool 84/csiear 15 Merroae) (S /3a). S

29.-
103 185976f Synthesis and use of puiyurcthases in medicine.
Lipstove, T F.. Lipatoy, Yu 3. 1USSRY. Zh Vies Rhum ()0
on D) | Mendviveva 1985, 0i4). 338-45 (Russ) A review with 65
refs on compn.. prepn. and properties of pulyurethanes for
medicinsl ure. Biocompatibility snd mechanism of polvurethanes
hiodegrdn. with sume exampies wvere discuased.

30. -

02: 163173q Begmented with emphasis on sogmented
’:lymh:.“. Amm: Wilkes, Garth L. (Dep.
Chem. , Virginia Polytech. Inst. and State Univ., Blghbu;t_ A
24081 USA). Process., Struct. Prop. Block Copolym. 1988, 1 207

(Eng). Edited by Foikes, M. J. Elsevier Appl. Sci: London, UK
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103: 124539x Polyurethane: the pretess polymer. Seymour,
Ra: B. (Dep. P Sci., Univ. South. Mississippi. Hattiesburg.
Mg.."-.s.;’rlw'ls USA). Pop. Plast. 1388, gKS). 14-16 (Eng).
Amnnmth%ni;.onthehiowyudmapdy\mmn‘ap.
<lrecein ? ireir outstanding versauiity.

091858 AUMENTA LA nom.'rm'rnnul-!
MACCHINE PER POUIURETANL [Machios for
Polymrethases L their Productiviey). mprove
m‘-mmum-ﬂnmm-“
and an cver mcreanng wse of cectroos aad robotcs &%
opa-uknnomdprm-ﬂ:
and more rapad cycles also for large compooests. (A
sbstract) lo Jaban

Anocs. Marer Plas: Elasiomerr o |1 Dec 1985 p 671

473

: 74 & mhhthﬁoldol’olnmhlo—li&
Lok T e A, (Cemt. Cercet. Mater. Plast, ICECHIM.

Bucharest Rom). Rev Chum (\Bucharest) 1984, 338, 710-17
(Rom). A reviews with 26 refs. N

101: 193174v Polyurethame foam: production techaolegies snd
spplications. Crevf. Hubert (Wetteren. Neth). Kunstst Rubber
1953, 37180, 13-18 iNeth) A review with no refs.

101: 172513q is it really necessary to use an suxiliary blowing
agent ia the production of flexible s'abstock polyurethame
foams® ~First approach to foams expanded with water omly.
Consoir. 5. Rosso, G.: Puziolo. P.  (Polvurethane RD Cent.,
Montepolimeri. 5.p A., Porto Margnera. Italyi. J (el Plast 1984,
2013). 200-8 (Eng). The prodr. of polyurethane fuams of difierent
hardness values having d. >1 kg, m: using water a~ the only blowing
agent was demonstrated

101. 172163a Linear diisocyssate polysddition products. Dieterich.
D. (Bayer A.-G., Leverkusen, Fed. Rep. Ger.). FH-Texte 1984,
39%(Chem. Technol. Mskromol. Stoffe). 7-40 (Ger). The history of
polyurethanes and urethane rubber is reviewed without refs.

i) 1757<0d oyathesis aca propertize of ©00el ~oivhieliLa2
svstems. hwang. Kirk Aweng Snung (Univ. Wisconsin, Hladison,
"Vi 53706 USA). i983. 324 pp. (Eng). Avail. Umiv. Microfilms in.,
Order No. DA8323379. From Diss. Abstr. Int. B 1934, 449), 2571

100: 175312p Formation and properties of polymer aetworks.

perimental and theereticsl studics. Stanford. J. L.. Stepto, R.

F. T.; Still. R. H. (Inst. Sci. Technol., Univ. Manchester,

Manchester, UK 460 1QD). ACS Symp. Ser. 1984, 243{Chasazt

Highly Cross-Linked Polym.), 1-20 (Eng). A review with 25 rei.. oa

reactions forming tri- and tetrafunctional polyurethane and trifunctional
polysster networks.

092615 NEUES ZUR FORMTEILFERTIGUNG
AUS POLYURETHAN - WERKZEUGAUS
LEGUNG; ERHOEHUNG DER FORMTELLOQUA
LITAET. [Advancss io the Manslocturiag Tochashall
of Polywrethene Articles - Mold Dusign:

of Article Quality), >
Mudier, Henry (Inst fuoer Kummonmﬁ"“"‘ ’
chen. West Gur). Plastrersrbeter v 338 S ASE T
6513, v e
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099691 PCLYURETHANE - A VERSATILE MA-
40 FERIAL IN A CHANGING WORLD. Topxs dis-
- cyssed are the following: urethane raw matenals. chang-
ing factunng techmques. low b foams:
roxcton wrcton molding: urcthane binders and adlive-
sves: medacal uses: and polyurethane biends.

Frsch. K.C. {(Umv ¢ Detront. Polymer Inst. Detrost.
Msch. USA). Plast Rubder Int + S0 1 Feb 1983 p 17-19

099701 POLYURETHANES: THE LEARNING |
CURVE.

Aliport. D C {(iCl Polyurethanes. Organucs Drv. Man-
chrster, Engl). Plast Rubber Process Appl v4n 2 1984
p I73-IX

41.-

42.- 100: 1939720 Polymsan:..c8 ada coaracwizivon of Jemmsntad
Jolyureihrwea Saleem. M. Ghastar. a. (Dep. Ci.m.. Quaia-i-Azam
niv., lianama, P2k Pk J Sc: nd Res iU83. Z2(3). 130wl
(£n3).

4% .- 1w T375n <oama: tecometugy. <« reltape foam. Yukuta
* T amie Prgeston Sife R\ L Donvi. a0 AGZIRL it
Jpr 1983, L~ T N3 SR = SeVIew Wiln Ll rels

44.- 99: 141020n  Device for the preductiot of s reactien mixture

. from (lowable foam-forming or solid-forming cemponments.
Coblenz. Rolf: Schulte, Klaus: FEbeling. Wilfried: Evertz. Dieter
(Bayer A-G. ) US. US 439,104 (Cl 422-111: BO1J14/00). 16
Aug 1983. DE Appl 2936.223. 07 Sep 1979. 8 pp.

45. -
099705 POLYURETHANE - NEW PATHS TO
PROCRESS - MARKETING - TECHNOLOGY,
PROCEEDINGS OF THE SP1 INTERNATIONAL
TECHNICAL/MARKETING CONFERENCE, 6TH,
no. .
Asocn (SP1. Polyurethane Div, New York. NY, USA).-
- New Puths to Prog - Mark - Teckeal.
Proc of the SPI Int Tach/Mark Coaf, 6tb. Sas Dicgo.
Calil, USA, Nov 34 1983 Publ by SP1. New York, NY.
USA. 1983. Distributed by Tachnomic Publ Co. Lao-
2w, Pa. USA S0 p.
46.- 7is67q T
991 q Toxicity of isecyasstes in the
fyurethane msterials. Walczyk, WI.':y.h'; -Emc_(;m
(Pol.). Polimery (Warsaw) 1982, 27(12), 46871 (Pol). A review
with 67 refs.
47.-
99: 106376m State of the technelogy snd future development
of polyucethanes. Oertel, Guenter (Fed. Rep. Ger.). Plastverarbeiter
1963, 34(7), 623-8 (Ger). A review with oo refs.
4.~

99: 54620q Urethane polymers. Ulrich, H. (Upjohn Co., Kalamazoo,
. MI USA). Kirk-Othmer Encycl Chem. Technol. Jrd Ed. 1983, 23,
576-608 (Eng). Edited by Grayson. Martin: Eckroth, David. Wiley:

New York. N. Y. A review with 38 refs.

49 .~
99 54403w Urethane oligomers - .Q!c. solventiess. and energy
efficient. Bluestein, Claire {CAPTAN Assoc., Inc.. l.ym:lhuy:'slt;I .N;l
07071 USA). Proc SPI Annu Tech /Mark. Con{ 1982, 27th "B
Minds. Mark. Polyurethane Technol.), $3-53 (Eng). A review "t

2 refs.
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: 144398g Polyether yols for rigid po_lyumhn foams.
T?;l:.‘hemiur Industry 8: Lud. Jpa. Kokai Tokkye "Kohok .ﬂ:
57.168.919 [52.168,9i9] (CL CO08GE5/26), 18 Oct 1982, Appl
81/53.047. 10 Apr 1981: 3 pp-

95: 90588y Results of 15 years of rigid polyurethane foam
quality supervision. Zehendner. Horst (Forschunganst. Waermeschutz
e.V.. D-8032 Graefeifing. Fed. Rep. Ger.). Cell Polym 1982, 1{3).
211-20 (Eng). A review with 9 refs.

98: 90587x The search for low-smoke polyurethame foams.
Murch, Robert M. Kehr, Clifton L. (W. R. Grace and Co..
Columbia. MD 21228 USA). Proc. Int. Conf. Fire Sof. 1982, 7.
23-33 (Eng). A review with 24 refs. esp. concerning varistions in
polymer structure and additive formulations for fire-resistant
pol:rurethane foams.

" 98: 5138) Step growth polymerization. Part {I. Developments

in polyurethanes. Sparrow. D. J. Walton. I. G. Org. Div.. ICI
Lid.. Blackley. UK). Macromol Chem. \London) 1982, 2 69-76
1Eng). A review. with 94 refs.

97: 183263h New polyurethane-based cellular plastics.
Petrow:. E. A: Gommen. R. A.: Esipov, Yu. L.: Krwuchkov. F.
A. (USSR). Plast. Massy 1982, 19). 31-4 (Russi. A review
with no refs. of prepn.. properties, and uses of elastic. semirigid,
and rigid polyurethane foams.

97: 183256b Studies of the formation and properties of
polyurethanes suitable 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
M;)ldin( Fast Polym. React). 31-54 (Eng). A review with 30
refs.

97: 72869r Preparation and study of isocyanate polymers.
1. Infrared spectroscopic study of the reaction kinetics
of polyurethane formation. Farkss. Ferenc Graboplast,
Gvor, Hung.). Magy. Kem Lapje 1982, 37(4), 177-82 (Hung.

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. Rubezhom 1982,
4), 43-60 (Russ). A review with 41 refs. is given desling with

the manuf. and uses of polyurethanes and urethane rubbers
outside the USSR.

96: 218723s Mixzing process and apparatus for multicom=
pouent synthetic resins, especislly polyurethanes. Owada.
Takeshi Jpo. Koksi Tokkyo Koho JP 82 21,415 (Cl
C08G18/08), 04 Feb 1982, Appl. 80/95.925. 14 Jul 1980: 4 pp.
ClLem. reactive components (e.g. polyisocyanstes and polyols) are
injected into a mixing chamber 30 that the 2 streams impinge at
an angle and at the same time hit & wall, to efficiently mis the
components.

96: 200187k The synthesis of polyurethanes. Khomenkovn..
K. K. USSR). Polimery--80 [Vosem'desvat] 1980, 3-16

(Russ). Edited by Lipatov. Yu. S. Izd. Naukovs Dumka: Kiev,
USSR. A review with 49 refs.
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96: 145060m A mixer for symthetic resins. Polvurethare
Engineering K. K. Jpn. Kokai Tokkvo Koho JP 81,148,512
(CL QZSBII(BL 18 Nov 1981. Appl. 80/51.840. 19 Apr 1940 4

95: 151593h Optimization of selected ingredients of for=
mulations for polyurethanes. Kopal. Pavel: Behuls. Franusez:
Turcany, Jozef: Sulo, Stefan (Partizanske, Czech.). Kozarstin
1981, 3L, 122-6 (Slo).

95 1164231 Semirigid polyurethane foams. Daiicht Kogye
Seivaku Co.. Ltd. Jpn. Kokai Tokkyo Koho 31 33.12¢ ClL
C08G18/48). 12 May 1981, Appl. 79/130.638. U8 Oct 1979: 4

Pp-

95: 9906is Methed and apparatus for recovering poly=
urethane from wastes. Schuetz. Wilhelm: Prajnar. Bronislaw
Ger. Offen. 2,951,617 (Cl. C0O8J11/04). 02 Jul 1981, Appl. 21
Dec 1979; 30 pjp.

95: 98806b Dimeasionally stable one-component polyurethane
foams using & two—compariment pressure pack comtaining
an isocyanate-terminated prepolymer in the inner container
and pressure medium in the outer container. Pauls, Mathiss
(BASF A.-G.) US. 4263412 (CL 521-114: C08G18/14). 21
Apr 1981, Ger. Appl 2,842.242, 28 Sep 1978; 8 pp.

95: 98791t Rigid urethane polymer foams. Hitachi, Lid.
Jpo. Kokai Tokkyo Koho 81 45917 (Cl. C08G18/66), 25 Apr
1981, Appl. 79/120.671. 21 Sep 1979: 8 pp.

94: 210746q Apparatus and method for a foamable mixture
from at least two fluid, foam-forming reactamts and

tes. Kreuer, Karl D.; Schulte, Klaus (Bayer A.-G.)
US. 4242306 (Cl. 422-133; B01J19/18), 3) Dec 1980. Ger.
Appl. 2828506, 29 Jun 1978, 7 pp.

94: 176295¢ Process and apparatus for continuous production
of polyurethane foam. Boon, Derk Jan (Reeves Brothern,
Inc.) S. African 79 06,068 (Cl. CO8G/), 29 Oct 1980, US
Appl. 962,166, 20 Nov 1978; 31 pp.

94: 176296 Method and apparstus for the manufacture of
flexible polyurethane foam articles. Woods, George (Imperial
Chemical Industries Ltd.) Eur. Pat. Appl. 23,749 (Cl
CgBGlB/O&). 11 Feb 1981. Brit. Appl. 79/22,988, 02 Jul 1979;
15 pp.

94: 122647¢ Rigid polyurethanes. Abell. Jesper {Jydsk
Teknol. Inst.. Den.). Plast Panorama Scand. 1980, 30(5), 29,
3i. 33-4 (Dan). A 1. iew with no refs. on rigid polyurethanes,
their manuf.. properties, applications. and demand.

94: 104543m Polyurethane foam moldings with a skin.
Sanyo Chemical Industries, Ltd. Jpn. Kokai Tokkyo Kobo
80,133,417 (Cl. C08G18/14), 17 Oct 1980, Appl. 80/2,887, 14
dJan 1980; 7 pp. ’ ' '
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94: 85197h Biodegradable polymer materials. Lipatova. T.

d - .. >
khakadze. G ) ' k Ukr. RSR
: . G. A. \USSR). Visn Akad. Nau
Ea0, (13 2230 (Ukrain, A review with 43 refs. of the wock
condud.ed at the Ukrainian Acadamy of Sciences on bio 'm.d‘devices
polyurethanes for medical apphication {prosthetic .
adhesives. etc.).

- 169077m Mixing apparatus for urethane polymer-forming
c;’:::.ent: élnmr.a: Maschineobeu G.mb.H. und Co. Jg.
Kokai Tokkyo Keho 80 77,514 (CL B29B1/06). 11 Jun 1980,
Ger. Appl 2838798, 06 Sep 1978: 4 po. Two urethane

93: 151128 ight-resistant pelyurethane foams. Toyods
Gosei Co., [-.ldl.‘.‘-lpl. Keokai Toekkys Kobeo 89 73,723 (CL
C08G13/14). 03 Jun 1980. Appl. 78/145.958. 28 Nov 1978: 5
pPP-

93: 133152t Development ot lmreanplyumhn-oh&d
polyisecyanurate and polyurethame rigid foams. Hut:u,
Joseph M.; Clinton. John L. (Tech Serv. Appl Rea b..
Rubicon Chem., Inc.. Woodbur'y. NJ 08096 USA). J. Cell. Plast.
1988, 16(3), 152-8_ (Eng). Urol 11 [64641-71-0].

93: 133131k A review of polyurethane. II. Raw materials.
Iwata, Keiji (Nippon Polvurethane Serv. Co.. Ltd.. Japan).
Porim. Daijesuto 1980, 32(4). 44-53. 132 (Japan). A review
with 1, refs. I. Akahoshi

93: 133132m A review of polyurethase. I1l. Raw materials

and flexible foam. Iwata, Keiji (Nippon Polyurethane Ser..
Co.. Ltd., Japan). Porima Daijesuto 1980, 32(5). 70-81
(J‘_:_pn_n_)_. A review with 11 refs. I. Akahoshi

93: 1331448 Family of MDI-besed isocyanates. Present
situation and development. Allport, D. C. (ICI Ltd.. Engl).
Rev. Gen. Cacutch. Plast. 1580, 602, 75-81 (Fr). The prepn.
of MDI {CHz(CcHNCO-p)2 [101-68-8)] and its applications in
solyuntlunu, foams, urethane rubber, sdhesiver, etc. are

93: 961890 Polyurethane foams. Nakai. Masahiro (Sanvo
Chemical Industries. Lid.) Jpn. Kokai Tokkyo Koho #0
48214 (Cl. CO8GI8'14). O3 Aor 1980. Appl. 79/91.396. 17 Jul
1979. 6 pp.

93: 95672c Isocyanate-based polymers. Iwakura. Yoshio;
Kurita. Keisuke: Nguven Chsu (Fac. Eng.. Seikei Univ..
Musashino. Japan). Int Prog. Lrethanes 1980, 2. 99-124
(Eng). A review. with 31 refs., of the prepn. and properties of
polymers from diisocysnates snd bis(V-hydrozyimides) or

saccharides and of high-temp. polymers of O-phenylurethane
derivs.

92: 42659b Dosage in the production of polyurethase

lastics. Osinski, Ulrich (Maschinenfabr. Hennecke G.m.b.H.,

irlinghoven, Fed. Re?‘ Ger.). Dosieren Kunststofftech. %78,
265-77 iGer». VDI-Veriag: Duesseldorf, Fed. Rep. Ger.
A review without refs. of methods and app. for combining
polyols, isocyanates, catalysts. blowing agents. fillers. etc., in the
manuf. of polvurethanes.

## Complete list of ahstracts can be obtained from

UNIDO=INTIB
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2.AVLIL2BLE BOOKS AND JOURNALS FOR POLYURETHANES AND RELATED
SCBJECTS

2.1 RIN-Fundamentals of Reaction Injection Noulding
C..Xacosko, 1989, 257pp.

2.2 The ICI Poljurethanes Book
woods,C. J.wiley & Sons, 1987, 330pp

- 2.3 Polyurethanes in hevicine
Lelah, N.D., CRC Press, 1986, 240pp., $89.00

2.4 Equipaent for Processing Plastics and Rubber, Series KhM-2
Equipment for the Production of Moulding Polyurethanes.
Revies Information.

Nefedov, 1.S., Apanasenko, E.E., Konduarov, :.P., 13%6.
16pp., tkuss) rub 0.73.

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

2.6 Urganosilicon Polyjurethanes
Kuznetsova, v.P. et.al., 1984, 221pp, (Russ) rub 2.90.

2.7 Plastic Bandbook, Vol.?: Polyurethanes. 2nd Ed.
Ed. BHanser, Minich, 1983, 664pp. tGer), D 346.

2.8 Kodified Polyurethanes
Oselchenko, S.I., Kadurina, T.I., Ed.Naukova Dumka, Kiev,
1983, 226pp. iRuss) rub 2.80.

2.9 Polyurethane: Kunststoff Handbook
BeckerBraun

2.10 Poljurethane-Based Composite Materials
Buist, J.X. et.al., [d. Khimiya: Moscow, 1982, 238pp.
{Russ) rup 1.40.

2.11 Physical Chemistry of Polyurethanes
Omelchenko, S.I., Ed. daukova Dumka, Kiev, 1981, 104 pp.
(Russi rub 0.70.

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

2.13 Advances in Srethane Science and Techno)ogy
vol.8, Ed.Technomic Publishing Co., 1981, 274pp.

2.14 International Pregress In Urethanes
vol.3, Ashida, K., frisch, K.C.,Ed. Technomic, 1981,
259pp.
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.15 ACS Symposium Series, vol. 172: Urethane Chemistry and
tpplications (Based on a simposium Sponsord By the Ma-
cromolecular Secretariat, at the 2nd Chemical Congress
of the North imerican Continenti180th iCS National Meet-

ing), Las vegas, Nevada.
Edwards, K.N., Ed.Averican Chemical Society, 1981,
590pp.

2.15 Internatioral Progress in Lrethanes

vol.2, Ashida, K., Frisch, K.C., Ed. Technomic publish-

ing Co., 1980, 173pp.

2.17 Developments in Polyurethane
vol.1, Buist, J.X., Ed. ipplied Science Publishers, Ltd,
London, 1978, 280pp.
2.18 Crethane abstracts
1971., . S$115.technomic Publising Co., Inc.

2.18 Urethane Plastics and Products
1971., 8. $95. Technomic Publishing Co.

2.19 Urethanes Technology
1984. q. £13.50. Crain Comsunications Ltd.
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Aloys & blends 23
Ayl 139
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Epoxy 140
Fluoroplastics 26
Ketone-based resins 27
Liquid crystal polymers 45
Melamine-formaldehyde 154
Nitrile 30
Nylon 30
Phenolic 143
Polyamide-imide 33
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Polybenzimidazole 41
Polybutylene 42
Polycarbonate 44
Polyester, thermoplastic 45
Liquid crystal poiymers 45
Polybutylene tesephthalate (PBT) 46
Polycyclohexylenedimethylene
terephthalate (PCT) 49
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engineering grades S0
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standard grades 52
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Polyethylene 55
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Ethylene-vinyl acetate 72
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lonomer 74
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UHMW polyethylene 66
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Rotational molding 331
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Transfer moiding 27

Auxiiiary equipment and
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3. Some worldwide Polyurethanes Producers

3.1 C.S. Producers
5464000 POLYURETHANE -~ 558%

urtex Ingusthes Inc
‘cnele Procut:vavsc-v 3558 2nd St Nern
M rreaoohs MN 5847
A.pha Fecam Svstems irg
33C 77t Ave. Canane Ca 32E2!?
Corzaean g Co . Iec
1745 S Master St Angnen CX 92302

Faameralt Inc
22 Boa 15246 Serasota FL 33573
Gab;;gsamc Dr Gurmee i 630
M ¥ 1
Moided Ds - 3 BASF Wyangomte Corp
7 Sunsctaa P»nw.smqm Wt 53074 Polymars Grp . Alah Sq . Wyandore. Mt 48192
Newage industnes. Ing Denms Co
Pusnes Orv . 2338-21 Marvlana RS . Viilow Grove PA 2700 Pagen St. St Lous. MO 63103
13290 Furane Prasies. inc. Sud
Prast O-Menc. Inc M& T Cremcats inc S121 San Ferranco Rd W _ Los
21300 Corat Ra. Waukesna. W! §3187 Angees. CA 90039
Rubber Miitgrs. Inc Goodnen Comoany. BF
703 S Caton Ave Bain mare MO 27229 S ® & Ch Omsion. §100 Oak Tree
L Products e Biva . Cievetang. OM 44131
4350 Hugson-Stow Dr . Stow Ot 44224 Kenecs Corp

Kemcs Ph . North Angover. MA 01845
——— e - Polyurethane Specantes Co.. inc
5464800 POLYURETHANE FOAM 7165 614 Schuvier Ave Lynchurst. NJ 07071

e i - = i) Sann;:gvomcu tres. inc
Wh:tagy St PQ Sox 703, A
‘“‘é"& ;B“msclg ta Porte. IN 46353 Srmehenc Surtaces inc Leommse. A 01433
ox R onte. P0 241 *

Carpenter Packaging Co Box 241 Scorch Puns. NJ 07076

$316 Monument Ave . Richmona. VA 23233
Cean Midwest
1850 E 97 Place. Cricago. 1L 60628
Einatt Company of Indanapans. inc

9200 Zonswile R4 . Indanapois. IN 46268
Foam Enterpnses -

136308 Circie M MN 55441
Nont Ca

Rubber Fatncation Oiv . 1724 New 8nghton Bhvd . 0 Box

1412, Minneapais MN 55440
Omvo Rubber Co

Onthane Crv . Interstate 35W. Cept U Centon. TX 76201
Presto Manutactunng Co

ZA Franuin Ave Erooklyn NY 11211

Company Address

0.S. Producers: S ntary and Tentatjve

Air Products and Chemicals Inc. P.0.Box 538,
(a,c) Allentown,PL 18105
ph.215-481-4911
Akzo, Chemical Div. 300 S. Riverside plaza
{c) Chicago, IL 60606
ph. 312-906-7500
Anderson Development Co. 1415 B, Nichigan,
St. Adrian, MI 49221
(pp) ph. 517-263-2121
Atochen North Aserica, Inc. 266 Harristow Rd.,

Glen Rock, ¥J 07452
ph. 201-447-3300

Dow Chemical 2020 Dow Center Midland
NI 48640
Ferro Corp, 7050 Krick Rd. Bedford,
Bedford Chemical Div O 44146 ph. 216-641-8580
(c)
formulated Resins Inc. Spragueville Rd.
P.0.Box 508

Grenville, RI 02828
ph. 401-949-2060




».R Grace & Co,

Organic Chemical Div.
Specialty Chemicals Unit
ipp)

Hardman Incorporated

ICI Polyurethanes Group,
Kobay Corporation, PU Div.
(pp)

ML Chemicals, Inc.

0lin Corp. Chemicals Group

Perma-Flex Nold Co.

Sartoser Company Div. of
Pony Industries Inc.

Texaco Chemical Co.
(€

Toyomenka (America) Inc.
(pp)

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

£.F.#hitmore & Co.
(p)

Witco Corp. Organics Div.

55 Bayden ve.Lexingtom,
KA 02173
ph. 617-861-6600,

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

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

P.0.Box 700,
Hightstown, NJ 08520

120 Long Ridge Rd.
Stamford, CT 06904
ph. 203-356-2000

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

Marshali building,
W.Chester, PA 19382
ph. 215-430-2200

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

19 Gld Ridgebury Rd.
ph. 800-243-8160

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

a = additives, ¢ = catalysts, f = foam, i = intermediates, p = poliols, pp = prepolymer
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3.3 EUROPEAN PRODUCKRS:

Source: ABC 1988

11873*

é
.

¥

i

¥ 4

- any. Federal
. Repuolic of-
ot -Elemie cavi

- arassn. D-6553 Sobernheim
1y 84-0. Fax (06751) £368
17-6751914 Polymer

I
X

'

i

K

]

fiseic
Polyolefine

Polyolefines
Polyoléfines

Poliolefinas
Poliolefine

M

2758

z»,cermany. Federal

?5*) ~ Republic of-

o NMoschst Aktiongeselischaft

“putl 00320, D-6230 Fronkfurt/M 80
=% {063 1050 Telex 412340 ho d
el (063} . Tez. 6990938

Rge -

hlypmpylcn-Boqu
? Polypropylene bags
‘Sachets an polypropyléne
«favases de polipropileno
.Bacehetti di polipropilene

* Germany, Federal
" Republic of-

- t
HNS-6GE0R6 CHRIST
POLEN VERPACKUNGEN GMBN
‘;Islzr;svx:ci & Posttach H'u
snkt Avgustin
Taivton {02241} 330360. Telex 8869760
Teletax (02241} 330322
A foen_ Beutel, Sicke und Schutz-
Nen gu3 Polyithwien. Polypropylen
und Verbundfolien -
h' Nqs sacks and rotectve c.:v‘cu

commnd flms 1
Fams. sachats, sacs ot housses de
Protection en polyethylene.
PDropyiene ot hims composes -
a3 bolsas. sacos y envolionos
3 de pohetileno, polipropsieno
¥ peiicylas COMpuestes

Polystyrol
Polystyrene
Polystyréne
Poliestireno

Polistirolo

Belgium

H Plastes (Belgium) NV,
Levkagrg 1. B-2640 Geel T: {014)
Wiy, T 1203 .

.

ce
A

Germany, Federal
Republic of-

SIKEM GMBH, Postfach 000429, D-8000
Feankfurt -0, Hochst, T: (089) 310081,
Tx 4116038
-1L T: (040) 3818-01_ Tx: 2163481

HULS AKTIENGESELLSCHAFT.

Postfach 1120, D-4370 Mart -1,
T (92363) 43-1. Tx £292110

Netheriands
Dow Chemical (Nederland) BV,
Pustbus 48, NL-4330 AA Terneuzen
T- {0119 1124

Turkey

Cad. 42/8. yekoy.
T: (1) 1722872, Tx: 23178

'

Polyurethane

Polyurethane

Polyuréthane
Poliuretano
Poliuretano

Belgium

GECHEM SA-NV. Av. de
Broqueville 12, B-1150 Bruxeiles
T: (02) 1621672, Tx: 21624

Travhydro SA, Qusi Timmermans 14.
B-4200 Liege T: (041) 320050. Tx: 41363

tNV. B-2260 Nijlen
T: (03) 4818493, Tx: 33824
CARBOCHIM SA. Rue de Ia Carbo,
B-1340 Tertre T: (063} 641059,
Tx: $7175
Recticet NV, Damstraat 2, B-9200
Wetteren T: (091) 689211, Tx: 11363

France

Metausel SA, B.P. 13, F-87300
Bischheim T: (33} 88334404, Tx: 890507

HYFRAN SA. BP. 206, F-60208
Compiegne -Cedex. T: (33} 44209930,
Tx: 140426

German Democratic
Republic

CHEMIE-EXPORT-IMPORT. Storkower
St 133, DDR-1033 Berlin T (02)
4220, Tx: L1217

Germany, Federal
Republic of-

eht Siegmund GmbH, Postfach $108,
D-5340 Bad Honnef -8, Rottbstze,

T: (02224) 00012, Tx: 885202

COELAN®CHEMIE-PRODUKTIONS-
GESELLSCHAFT mbH,
Postfach 1240, D-4420 Coesfeld
T: (02541) 2338, Tx: 092267

Kruse Puppen CmbH, Kithe,
Postfach 1229, D-8450
T: (0908) 3003

Klockner & Co. Kommnd-un suf
Axtien, Postfach 100831, D-4100

Duubun -1, T: (ms) 181,
Tx 03518300 - e

Classificacién de las firmas por orden alfabético de las poblaciones

Rihd Erich. Pastfach 1429, D-4382
Frednchsdoet T. (08172) T33-L
Tx 415181

ACLA-WERKE GMBH. Franklurter

Str. 142-10). D-3000 Kaln -80.
Malheim. T: (0221) 653051, Tx WTHD

ISL-CHEMIE GMBH. Postfach 910404,
D-5000 Kain -91. T: (0221) 838073,
Tx: 80T

GmbH. Postfach 1140,

D-2844 Lemforde T: (05443) 12-8,
Tx: 41232

BAYER AG. D-5098 Leverkusen
T: (0214) 30-1, Tx: 851030

Chemische Fabnik Zeh GMBH.
Postfach 1164 D-7140 Ludwigsburg

B'Al"s;_ﬂlﬂ) 90011, Tx T204783

tengesellschatt,

T: (03733) 33SJ. Tx: 971213

Great Britain and NI

Macpherson Polymers Lid_ Station R4,
GB- Burch Vale. Stockport. Cheshire
-SKi2 SBR. T: (0683) 48518, Tx: 869238

Products Lid, Alfred Rd.
Sparkhill, GB- Birmingham -Bl1 4PB,
T: (021} TT206089. Tx: 335571

LANKRO CHEMICALS LTD.

P.OBox 1. GB- Eccles. Manchester,
Lancs. -MI0 0BH, T: (061) 7897309,
Tx: 887725

Avalon Chemical Co. Ltd. Hitcher. La.
GB- Shepton Mallet. Somerse:

-BA4 5TZ, T: (0749) 3081, Tx: 449700

Robnorgenic Systeras Ltd, Highworth
Rd. GB- South Marston,

-SN3 4TE, T: (0783) 823741, Tx: 449905

Yugoslavia

GRAMAT-LORIS. PG Box 1923
YU-41001 Zagreo T {041) 276283
Tx 21201

poliure
Profiisti in poliuretano
integrale espanso

Germany, Federal
Republic of-

Presswerk K3ngen GmbH.
Posttech 1185. 0-7316 XSngen/Neckar
Telefon (07024) 808-0. Telex 7287214
Teiotax (0702#) 808-111

A

Kunststoff-Formteile GnbH
fRodent-Bosch-Se 6. 0-7901 Marklia
Tel. {07337) 201/202/203, Telex 7:?3
Telefax (07237) 116

Great Britain and N.I

BRIDGTOWN INDUSTRIES LTD.

Green Lane. Bndgtown, Cannock. Stalfordsiwre. WST13UW
Tetephone: (3543) 466021, Telex: 338362, Teistax: 05435/74157

IDGTOWN

PU-R itzgubleile,
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P.U. foam seating, IﬂtcgulslunPU loampvoducu PU mmmuonm
tormed

parns.

Sisges enmousse de PU, produits en cuir integral demousse de PU.puces mouldes
pt N

s de t8te pleins MOousses moules §

par wy de
wnde.

de PU. prod

de esp
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le 10$ y moidi de

40427580

Italy

M Srl Giuseppe. Via A.
Grands. 12. Zona Industniale
Terralino. 1-50053 Empols (FI)
T. (0571) 82250

Switzerland

ROMAY AG, Gontenschwlersirasse,
CH-3T177 Oberkulm (AG) T. (084)
461109, Tx: 981578

Turkey

IMEKS Sim Mamuller Dis ve Ic
Ticaret AS, Dogus Han Buyikdere
Cad. 42/8, M«ldly'w TR~ Istanbul

T (1) ATI2872, Ta: 22176

You find the instructions
how to use the book Iin
front of the pink section

Messe note the comprenensive ABC
BrOChure Dehind Ihe titie pages

2778




BF Goodrich Chemical (Deutschiand)

Gabl

Eberhard-Chenie Gabil

Pomo Schaumstoff Gubl & Co. KG.

i Betriebe Emmerling & Weyl GabE Siemenstr. 9
and Co. Wermer

Geier + Voss Gabl

Higer & Kassner Gabdl

Hefela GabH

Iromer Chemie Gablf

Vosschemie GabB Chemische

LK.
ikzo Chegie UK Ltd

Baxenden Chemicals Ltd.

Bridgetown Industries Ltd.

CRP Marine Ltd.

Lankro

Durhas Chesicals Ltd

Postfach 440-D-4010
Hilden

Gorlitzer-Str. 1/6
D-4040 Neuss 1

Postfach 930131
D-5000 Koln 91

Werkstr. 6
D-4353 Oer Erkenschwick

D-6252

8208 Kolberpoor/Rosenheln
postfach 1260

Postfach 449-D-4730 Ahlen
westf.

Postfach 1180,
D-5227
Windeck/Rosbach

Hafenringstr. 1-3
D-4500 Osabrick

Postfach 1355
D-2082 Vetersen

1-5 Queens Rd., Hirsham
Surrey KI12 5KL,
ph. 9322-47891

paragon Works, Baxenden,
Accrington, Lancasbire,
BBS 25L

PH.0254-872278

green Lane, Bridgetown,
Cannock, Staffordshire,
WSl 3w

15-20 Greenbey Place,
gast Gillibrands,
Skelmersdale, Lankashbire,
WNS 95A

P.0.Box 1, Eccles
Fanchester ¥30 OBH
ph. 61-789-7300

Wedgwood Way, Stevenage
Berts. SG1 4Q¥




Unitex Ltd.

ITALY:

iusind S.p.A.

Lati S.p.A

vianova Kunstharz 2.G.

FRANCE:

Electra-Unic-Industri

Plastibel

Souplethane

SWITZERLAND:

Crisco AG

Naag Technic AG

3.5 Asia Producers:

JAPAN

Bridgestone Tire Co Ltd.

Harima Chemicals Inc.

Hodogaya Chemical Co Ltd.

ph. 438734000

Halfperny 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

I 39350 Champignelles
ph. 36451023

32-34 Route des Fusilles
92000, Nanterre
ph. 1-420461352

Sevelen
ph. 085-5643132

Derendingen
ph. 065-423313

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

4-21 Dosho-Nashi,
Higashi-Ku Osaka
ph.6-201-2461

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



Kamatsuya Kagaku KK

Nitsui Toatsu Chemicals

Sumitomo Bayer Crethane Co,Ltd

Takeda Chemical Industries

Toyo Tire & Rubber Co. Ltd

[DIA

Hindustan

Sasmira

ISRALL

Thio-Atim International

SINGAPORE

Geneplast Private Limited

Industrial Eengineering Suppliers

Insutech Thersal & EngineeringiS)
Pte Ltd

TAJWAN

Nan Pao Resins Chemical Co.,Ltd

-20-

890 Ogiwara,
Bidaka-Machi, Hidaka Gun
wakayama Pref.649-12

ph. 73-863-2007

3-2- 5,Kasumigaseki,
Chiyoda-Ku, Tokjo
ph. 2223622

3 Souke, 1 Chome,
Kukuchi, Amagasaki
City, Hyogo Fref.661
ph. 06499-2401

2-3-6,Dosho-Nashi ,Chuo-Ku
Osaka 541

1-17-18 Edobori, Nishi-Ku
Osaka
ph. 6-441-8801

81 Maharshi Karve Marg.
Boxbay 400.002
ph. 22-314271

Bombay

6 Hazorfim Street,
{1986) Ltd

Rason Yam, Bat Yam 59605
Israel

18, Neythal Rd.
SG 2262
ph. 2652177

98, Oven Rd
SG 082-Sing.

50 Pal Crescent
$6-1232 Sing.

12 Nan Hai Village
Shee Kang Shiang
Tainan, Taivan
ph. 6-795-2801



AGSTRALIA
Barhas-Quinn PTY.Ltd

Prankston Ramufacturing Co.
PIY.Ltd

AC Hatrick Chemicals PTY.Ltd

Dural Products Ltd

Uniroyal Ltd,
Uniroyal Chemical Div.

SOOTH AFRICA
Industrials Urethanes (PTY) Ltd

3.7 Latip Asericap Prodycers:

BRATIL
3% Do Brazil Ltd

CEILE

Industrias Quimicas Solex
Chilena 1tda

COLOMBIA
Anhidridos y Derivados de

Colombia S.A. (Andercol)

Basf (uimica Colombiana

p.0.Box 113
Artarson N.S.¥ 2064
ph. 2-430259

Hallam Rd.
Eallar, Vic. 3803
ph.3-703-1175

P.0.Box 59
Botany, N.S.W 2919
ph. 2-666-0331

550 Marshall Ave.
Dorval, P.Q H9P IC9,
Canada, ph. 514-636-6230

ERB Street
Elmjra, Ont. 3B 313,
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

Nanchester 2838, Santiago
ph. 513452- 516679

Carrera 64-Ci 95-84
Autopista Norte, Nedellin
Ph. 2370083

Calle 37, n 7-43 Piso 5




Compania Quimica Borden

ECUADOR

Esflo S.k

Plastex S.A.

Tecnoquimicas.A.

VENEZUELL

Sintesis C.A.

venetan C.A.

4. Some Equj jers_and Col

GERMANY

Battenfeld Maschinen Fabriken GmbH

Cannon Deutschland GabB

Didier Engineering GmbE

Elastogran Maschinenbau Gud

Glas Mate Kunststoffver-
arbeitungsanlagen Gmbil

Grenzebach Maschinenbau Gmbil

Gusmer-Cuscraft Gab

Bennecke GubB Kaschinenfabrik

SN 20M-75 Cali
ph.615257

Ka 8.5 via A. Mantas
ph. 651-657

Panamericana Sur Km 5.5

Apdo. 2485
ph. 263854

Pista a la Atarjea 1152
El Agustino
ph. 276000

1y, Codazzi, Sta. Momica
ph. 6613638

Av. Venezuela,

Torre Clepente, Piso 6
El Rosal

Ph. 9869311

Postfach 1164-65
D5882 Neinerzhagen

Postfach 1162
D-6052 Nuhlbeim/Hain

Mfredstr.28,

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

Ritterstrassveq
D-8021
Strasslach bei Minchen

Otto-Scheugenpflug-Str.16
D-6050 Offenbach-Bieber

postfach 11 55,
8854 Asbach-Biumenhein
(Bamlar)

Liebigstr.8,
D~6054 Rodgau 6

Postfach 1180
5205 Sankt Auqustin 1
{07 Birlinghoven)



Hermann Jennert KG Maschinen
und Aniagenbau

D.J. Keil KG Ing.Biro

Kern-Liebers

Klockner Ferromatic Dessa GubH

Krauss-Naffei Aktiengesellchaft

Lackfa Isolierstoffe Gab# & Co.

Lotsch und Partner Kodelbau GmbH
& Co.

Puroll K-N-E GabH & Co. KG.

Siku Fertiqungstechnik und
inlagenbau CabH & Co.KG.

T.1.G Technologie-Ververtung und
Narketingges.sb.

IIALY

Pressindustria Engineering &
Plants SpA

Plastimac SpA

SWITIERLAND

Broendle AG E.

Dopag
Dosiertechnik+Pneumatik AG
Napag Maschinen & Plastic AG

Neyer & Cie AG A.H.

Spritztechnik AG

X3

Lindenplatz 62
5900 Siegen (Geisweid)

Freiberr vom Steim Str.2
D-6107 Reinbeim

D-723 Schramberg

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

Postfach 50 03 40
8000 Minchen 50

Industriestr.2
D-2084 Rellingen 2

Fligelstr.7
D-4600 Dortwund 41
ph. 0231-402410

Rudolf-Diesel-Str.24
8019 Ottobrun
(Reimerling)

Postfach 1136,
4714 Selm

Postfach 1328,
5905 Freundenberg

via Porto Darmolfo 35
1-20046 Biassono (NI)

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

Industriestr.31,
8305 Dietlikon

Hinterbergstr.32
6330 Chan

Schwaratorstr.26
3007 Bern

Badenerstr.329
8040 Iurich

Wiesenstr.468
9327 Tubach




CIC Ralphs Ltd.

Compounding Ingredients Ltd

Bridgetovs Industries Ltd

Hysa Engineering (KIC) Ltd

Bytek Mouldings Ltd

UsA
Anderson Development Co.

Abatron Incorpovated

Cannon USA Inc.

Elastogran Kachinery (ENB)

Glas-Craft, Irc.

Hudson Noulding Systess

Nichan Clay Prodncts

Nobay Corp.,Machinery Group

oOlin Corp. Chemicals Group

Polymers Technologies, Inc.

Cnit 38739, Second Ave.
westfield, Nitsomer
Norton, Bath Avon

BA3 4BH

goit 217 Walton Summit
Center, Bamber Bridge,
Preston, Lancashire,
PES 3AL

Green Lane, Bridgetown
Cannock, Staffordshire
#Si1 306

Unit 2/3 Westpoint
Industrial Estate,
Hargreaves St. Oldham
Lancashire, OL9 )ID

Hzllceoft Industrial
Estate, Retford, Notts
D22 7SS

1425E Michigan St.Adrian,
W 49221, ph. 517-263-2121

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

1235 Freedom Rd. Nars.
PL 16046

1725 Biddie Ave. Wyandotte
KT 48192

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

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

826 E Pourth St.,
p.0.Box 6, Pittsburgh,
KS 66762 ph. 316-231-1400

Nobay Rd, Pittsburgh
PA 15205 ph. 412-746-3000

120 Long Ridge Rd,Stanford
CT 06904-1355
ph. 203-356-2000

University of Detroit

4001 West Mc Nichols Rd
Detroit, MI 48221-1011
Ph. 313-927-1270



Tsin Rivers Engineering, Inc.

5.- R & D Institutes:

5.1 AUSTRIA

5.2 FRANCE

5.3 GERNAKY

5.4 U.K.

5.5 USA

Cte.27, Boothbay, ME 04537
ph. 207-633-2975

Austrian Plastics Institute
Arsenal, Objekt 213, Franz
Grill str.s, 2-1030 Wien

MRS
75680 Paris 14

German Plastic Institute
Schlossgartenstr.6 R
D-6000 Darmstadt

Institut fur Kunststoff-
verarbeitung
D-3100 Aachen

British Urethane form
Contractors Assoc.

Inst. Sci. Technol.
Univ. Nanchester
Nanchester, UK N60 1QD

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

Rappra Technology Ltd
Shawbury, Shrewsbury,
Shropshire SY4 4NR

Int.Isocyanate Inst. Inc.
Parsippany,NJ

Rubicon Chen.,Inc.
Tech. Serv. Appl. Res. Lab.
Woodbury, MJ 08096

Univ. of Detroit
Polymer Inst. Detroit
Michigan

Virginia Polytech. Inst.
and State Univ,
Blacksburg, Va 24061
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6. INTERNATIONAL PROJECT REVIEW

B ECN NEW PROJECT SUMMARY . .

New projects summarised below appca(_od in ECN on 18 and 25 Feruary 1991

. Total Start-up
Capacity, erected date/
Company Location Product tonne/year Process Contractor cost status
Mansl! Madras._ India 1SOCyanate s S

Petrochemicals

| ECN NEW PROJECT SUMMARY

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

Total Start-up
Capascity, esrected date/
Company Location Product tonne/year Process Contractor cost status
Dow Quimics Aratu, Bahia polyols 40 000 $17m 1992
state, Brazil
Shell internationai  Far East styrene 320 000 " S 1994
Chemical PO 140 000 i
polyols 140 000 :

) ECN NEW PROJECT SUMMARY

New projects summarised below appeared in ECN on 13 sand 20/27 August 1990

Total Start-up
. Capacity, erected date/
! Company Location Product tonne/year Process Contractor cost status
. Shell intemstional Westemn MD! 50 000 Mitsui Toatsu $200m S
Chemical/Mitsul  Europe end 1993

Toetsu

Note We muitiply tonne/day by 330 to get tonne/year T = tolal: (x) = expansion: S = study, P = pianned. A = approved: U = underway
Dates given are for start-up uniess otherwise stated

~ ECNNEWPROJECT SUMMARY - |

New projects summarised below appearedin ECNon 2 and 9 July 1990

Total Start-up
Capacity, orected  date/
Company Location Product tonae/year Process Contractor cost status
. x) 1992
Montedipe P°.?§.3‘ argnera. TMD[:l (120 000 1991
110 000T
ECN EUROPEAN REVIEW )

supplewent dec.1990

Compenies buying or investing/ !
comaanies scquired of set up Location } Products/Business | stake l Cost

Msur & CoBorsod vegy! nombinat




..37..

7. BIBLIOGRAPHY

7.1 Books, reports, and jourral articles:

7.1.1

7.1.2

7.1.3

7.1.4

7.1.5

7.1.6

7.1.7

7.1.8

7.1.9

Nodern Plastics Mid-October Encyclopedia Issue 91

Encyclopedia of Polymer Science and Engineering
J. Wiley and Sons., 2nd. Ed., 1988

Chemical Processes Industries
Shreve, R.N., 4th. Ed., 1977

Encyclopedia of Chemical Technology
Kirk Othmser, 3rd.Ed., 1983

Polyurethanes, The all Purpose Polymers?
World Plastic & Rubber Yechnology 1989

Polyurethanes: The Learning Curve
Plastic and Rubber Processing and Applications
Vol.4, n 2, 1984

Recent Developments in POlyuretbanes- IV
Nan-Nade Textiles in India, Nov.1987

Progress in Polyurethane Elastomers
Progress in Rubber and Plastic Technology, Vol.3, n 3
1987

which Polyurethane and where to use it
Nater Eng.(Cleveland), V.99, n 1, Jan. 1984

7.1.10 What Polyurethane?, Where?

Rubber World, Sept., 1984

7.1.11 Cambia il mercato dei Poliuretani

Nater Plast Elastomeri 1 Jan. 1985

7.2 Directories:

7.2.1

7.2.2

7.2.3

7.2.4

1.2.5

7.2.6

1.2.7

7.2.8

1.2.9

Directory of the World Producers 1989/1990

CEC 88

Industrial Exports Directory 1991

OPD Chemical Buyer

Directory of Research and Technology 1950 (Organiza-
ticns active in Product Developsent For Business)
R.R Bowker, 24 Ed.

Seisst Industrie Katalog 88

Intornational and Plastics Handbook
Saechtling, 1983

Chemical Plant Contractor Profiles 4th.Ed., 1983

Wer baut Maschinen und Anlagen 89




4

MDI flexibility leads ICI's
polyurethane thrust

increasing sophistication in the polyurethanes market is causing IC! to focus
its efforts on differentiating MD1 formulations. Toby Shelley talked to Alan
Pedder, principal executive officer of ICI's polyurethanes business, about this
and the increasingly global nature of the market.

ALITTLE over one year ago, Alan Pedder
was appointed principal exec 1tive offi-
cer of ICI Polyurethanes, taking charge
of the worldwide development of the
business. ICI claims a 20% share in the
global polyurethanes (PUR) market.
which grew from under 3m tonne/vear
in 1980 to nearer 5m tonne/year in
1989, valued at around $9bn.

Development of the product will be
driven by two motors: the need for
increased sophistication and the reality
of internationalisation of both dem:and
and competition, Pedder told EC.V.

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, is now embarking
on further research into product re-
cyclability and reclaimability. As politi-
cal attention is focused more and more
on global warming, insulation will be
required to be increasingly efficient and
increasingly applied. ICl is forecasting
a relative slowdown in market growth
(ECN 17724 December 1990) in Europe
and North America, but continued
growth of 8%/year in the underdevel-
oped Asiar, market: the internationali-
sation of the business is clear.

Meeting the challenge of increasing
sophistication will be based on the
relatively recent realisation of the po-
tantial for engineering isocyanates and

Growth in total pofyurethanes use 1980-1989

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

polyals. with consequent development
of the latter: ‘For the next decade or two
there is an almost infinite ability to
invent materials’.

ICI is pleased with the progress that
has been made in finding replacements
for CFCs (although 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 growth
potential, one of the most obvious being
the further development of weight-
reducing vehicle body pancls.

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

mlgme N i m(gme ]
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skin foam) microcelluiar — l I ™ westemn Europe
O riga [ . Wl Noah Anenca
Other (non-foam. reaction -—_ ! : o
- mectionmouiding r—y 7] ; ‘ ! {7 Japan
3 [ — Y | ' ; | LT Others
r ‘ i b i
1; & ' : ‘ 1
. A ,
Nk ; o
S i : I
i v
1 [T X
I RS
P I L d
i 0 ; _ | } 0 im———. -
1 8 81 82 8 8 8 8 87 8 8 | | 1970 1975
L.\mmr l(‘l' I o o o J i Newne 1C1 .

Rigld polyurethane foam markets 1970-1990 '

- .

ECN SPECIAL REPORT

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

Alan Pedder believes that the struc-
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. ICl
was recently involved in a UN-
sponsored seminar in Beijing, discuss-
ing low CFC refrigeration. This said.
and while the elastomers, automotive
applications and binder sectors may
show relatively higher growth, the
breakdown of PUR usage is not ex-
pected to change dramatically in the
present decade.

ICI Polyurethanes has restructured
its marketing organisation, replacing
the traditional European, North Amen- |
can and international departments !
with an all-America department. o
greater Europe, Comecon. Africa de- |
partment, and an Asia department. t
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 recently sanctioned. [

When he took over, Pedder said he
was interested in‘increasing specialisa-
ution’. He continues to stress this, sav-
ing: "We will tend to focus business
around our ability to differentiate MDI
formulations. I think we are particu-
larly good at developing the flexible
market for MDI.’

Although he declines to elaborate
further about ICI's plans. he foresees
increased specialisation by the leading
players in the international PUR bus:-
ness as it adapts to the 1990s.8

hal

EuropeanChemicalNews. 31 December 1990/7 January 1991

1980 1985
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Polyurethanes: the learning curvet

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

(Received: 12 September 1982)

Abstract: Polyurethanes 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

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
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Fig. 1 Growth of polyurethanes.

1 Based on a plenary presentation at the Plastics and Rubber

Institute’s Polveon ‘83: Reactive Processing - Opportunities

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

Fumiture and

Automotive - 16%
Other - 8%

Refrioeration - 7% Costings - 7%

Shoe. 4%  Textle - 6%

Fig. 2 World consumption of polyurethanes — 1981.

r
]
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Fig. 3 Cost indices of polyurethanes — January 1983,
average German prices.
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SOULID | °3A™g ELASTOMERS PLNTS  AD=ESNES insulation foams i building tFig o andreinyg
ROLESS TEy A B NI28S . - ™ N . t.
) casT (Fig. 7) apphcations: flewuble costmes anid adhesives
FABMC COATINGS  CAR BUMOERS used m tebnc construcuons. pamts and ccdatine
B RMPARTS sagcmomas  matenalbs: and elasiomers in shoe scies tFigs 3-10),
oan - - ' -
08 SOLING About §077 ot all polvurethanz chemcals 2re tsed i
DENSITY : flexible and r1g1d roems.
CRASH PADIING . <. . ) S
£ PN TURE This great diversity of products and zprlications
CARPET BACKING (CHARSHEUSH has been the resuit of a tremendous amount of
one mGo development work by the chemical suppliers: by
CUSHONS ComPOnersT wsusnos  their customers. thie processors who actually make
FOAM the polyurethanes: and by machinery manufacturers.
SOFT STIFFNESS maio This paper reviews the kev features whicn have
RUBBER - enabled polvurethanes to grow as major rzactive

Fig. 4 Property matrix of polyurethanes.

Fig. S Polyurethane seating, head restraints. arm rests and
crash padding in 2 modern ca:.

Fig. 8 Pouring mixed polyurethane chemicals into a shoe
Fig. 6 Polyurethane rigid foam roof panels. sole mould.
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Fig.9 Shoe uppers in place over 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 — whatdo 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 1n some insulation applications. They
have been able to replace materials in particular
applications only because of favourable overall
property and cost benetits.

— Polvurethanes are all based on the exothermic
reaction of polyisocyanates with molecules
containing alcoholic groups. Several other
chemical reactions are also available to poly-
urethane tormulators and are indeed crucial to
several applications. The whole spectrum of

polyurethane matenals is formulated from
relatively few basic isocvanates 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. Alternatively, the exotherm
from the isocyanate-hydroxyl reaction can be
used to vaporise a low boiling liquid. usually a
chlorofluorocarton. 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 pressure mixing of
foam chemicals

1956 TDI prepolymer polyether flexible

foams

1957 Polymeric MDI introduced for rigid
foams

1958 Thermoplastic polvurethane elastomers
invented

1959 Tin/amine catalysts allow one-shot poly-
ether 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 oumpers

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-
urcthanes 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
each case that some significant benefit can be
obtained from using polyurethanes in place of the
materials 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 preduction cost is advantageous. Once
this crucial step has been made. and the new process

adopted. the manufacturer has frequently been able
to introduce additional benetits, by expioiting more
fully the design potential of the reactive processing
process and the particular attributes 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 adaptability of
polyurethanes as reactive processing chemicals in
more detail. the following aspects need to be con-
sidered:

— the chemicals

— the polymer properties
— the processing

— the equipment required.

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 a 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
oxides 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 usefui 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 charactenstics 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
sufficiently well reacted to begin demould after only
13 s following injection of the chemicals. Shot sizes
of 8kg are not now too exceptional. Important
control of some competing chemical reactions can
be obiained by the choice of appropniate 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/epen 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 aiternatives 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 havirg 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 density, open celled flexible foams
range from 12 to 40 kg m™2 with typical closed cell
rigid foams for insulation purposes being found in
the range 30-60 kg m™.

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 irtroduce 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
higher 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 0.01SW m™ 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 Wm™' K~! after 25 years. When iinpermeable
facings cover the foam, very little change in value
is detected over long periods of time. In energy
conservation matters, rigid polyurethane foams have

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

—— 880mm Common Bricks

Fig. 11 Equivalent thickness of common building and insu-
lation materials required to achieve the same degree of
- insulation (dry conditions).

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

Reinforcement — by glass for example — will
stiffen elastomer 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 properties of
several polyurethanes, particularly the strong elasto-
meric products, depend on hydrogen bonded stiuc-
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 processing machines essentially measure,
mix and dispense them continuously or discontinu-
ously as required. The dispensing of the mixed and
reacting liquids can be done in many ways:

- as spray to give spray coatings

— into moulds to give many useful articles such
as seat cushions, panels, shoe soles, etc.

— continuously to give slabstock foams, laminated
materials, coated carpets, etc.

— as adhesives by a variety of 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 penod the
reacting chemicals have been injected. have fcamed
and have filled even quite thin sections a long way
away from the injection 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
compaosite 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 vaniables may have to be made. The end pro-
duci 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 preset 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 (50 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 materials, they are durable and
clean, enabling fumiture and mattress materials
to be produced cheaply.

2. 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.

- Polyurethane reaction mixtures are usually
exceptionally good adhesives and many surfaceg
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
materials.

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

5. Many polyurethane elastomers are exceptionally
tough and strong, making these materials usefy}
forexample in mining equipmert and specialised
tyres.

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

7.Machine developments have occurred at a
sufficient rate to allow application, product
and chemical developments to be exploited.

(Y]

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 10 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 bumn,
the combustion products depending crucially upon
the combustion regime. Smoke formation can be a
significant hazard in a polyurethane fire — again
most organic materials also produce smoke in fires.
Much can be done to minimise these potential
hazards by careful design criteria, by the choice of
sujtable formulations and suitable composite
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matenals. and by avoidance of inappropriate use
situations.

6 What can we learn 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 matenals 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 allow reproducible products to be made
routinely. The processor may need to be educated
or trained to maximise the potential of the process.
He may well need to consider higher standards of
quality and manufacturing control than he is used
to. The chemical supplier may need to provide
higher levels of technical support than is necessary
for the fabrication of thermoplastics for example.

6.3 New opportunities arise from process
adaptability

If the reactive chemicals can be processed in several
alternative 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 products,
and so the total fabrication process needs careful
altention to minimise problems. The chemical sup-
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plier wili certainly need to work closely with the
machine manufacturer i success is 10 be assured.
The processor needs to understand that new techno-
logical applications require his help and commitment
as well. New application developments rarely come
as 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 allowed them to
become succescful in many applications. and the list
is still growing. They are not. of course. always the
best matenals in all applications. and may be quite
unsuitable for some. They are. however. capable of
being “tailored’ by formulation developraent to a
surprising degree. thus increasing the fit of product
for application. The foam outlets of polvurethanes
have certainly been a major success story.

7  Where have we reached with polyurethanes?

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

Fig. 13 Metal faced polyurethane rigid foam building

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

and chemical suppliers are able to define suitable
products for many major industrial sectors. (See
Figs. 12-15.) Some applications — seating cushicns
and refrigeration insulation for example — have
become very closely associated with polyurethane
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foams. New uses are still being established, and the
physical, mechanicali and processing properties of
the polyurethane family of matenals are still being
developed in several application sectors.

Although it has certainly come of age, the poly-
urethane industry is still far from: being mature.
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8.3

Recent Developments in Polyurethanes — XVi

Flexible Foams

Chemical Principles

In order tc 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 molecular 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
alkkyds which are suitable for making flexible foams will be
those based on the aliphatic series both as regards the
diol and the acid. Thus adipic acid and sebacic acid are
used, as well as the ‘dimer’ acids obtained by the dimer-
isation of linoleic acid. Diethylene glycol and propylene
giycol are used extensively, while the trihydric alcohol
which provides a crosslinking site is used in very small
proportion. Trimethyloipropane and glycerol are the most
commonly used triols. The molecular size is of some
importance. It is found experimentaily that if the molecular
wieght is of the order of 800-1,000 the products 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 consequence of the low acid number is
that it is no longer bossible to use the reaction between
isocyanate groups and residual carboxyl 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 considerable 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 carbaxy! groups are available for producing
gas, and water must be added. When very low density
foams are required a volatile fluorocarbon is dissolved in
the polyether.

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

S.B. lyer*

roxyl group formed near the end of each chain is secon-
dary (> CH.OH), rather than primary (~CH,.0OH). 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 would 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 generaliy called ‘prepolym-
ers’, and when suitably activated with water, catalysts,
and bubble modifiers they give soft and flexible foams of
good quality. Low density ioams are obtained by dissolv-
ing free di-isocyanate in the prepolymer (or adding it in-
itially) 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 so as to open the cells and allow the inward
diffusion of air. .

1]

The necessity for crushing is obviously a grave dis-
advantage when it is desired to use a foamed-in-place
technique. Much attention has therefore been devoled to
the search for new catalysts which would speed up the
rate of reaction bétween isocyanate groups and secon-
dary hydroxyl groups relative 1o that between isocyanate
and water. Tin salts such as dibutyl 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' process, which
avoids the need for making prepolymer and for crushing
the foam, is of increasing importance. Table 1 gives
typical formulations for polyester foams, prepolymer
foams, and the ‘one shot' method. In the so-called ‘two
stage’ process, a liquid prepolymer, made initially by
reacting polyether 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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Tabie I: Typica! Formulstions for Producing Flaxible Polyurethane foams

Polyester Prepoltymer i Oneshot
Alyd made trom Prepolymer made from: Niax Trot LGs6 100
Adipic acd 1.5 mole diol Polypropylene oxide/glycerol
Sebacic acd 1.5 mole 100g  mol. w. 2,025-100 g polyol mol. wt. 3,000
Diethylene giycol  3.25 mole Tolylene di-isocyanate 100 g Diol of mol. wt. 3,000 30 Y% 1009
Glycerol 0.5 mole 8020 blend-33 g Trichloroftuoromethar.e 10
Celluicse acetate butyrate 109 N-ethyimorpholine 10g Stannous octoaie 073
N-"Coco’-morpholine= 209 Triethylamine . 03g Trethylenedianmine 0259
N, N-dimethyleetylamine 209  Water 23¢9 Water 30g
Water 409 Siticone, o 039 Siticone ol 20g
Tolylene di-isocyanate Tolylene di-isocyanate
{65:35 blend) 33g (80:20 biend) 379

- Ttistradeieunhdiu(sanN-antyhlotphoine.mwmmwm..nmmwmms:mawm

derived from coconut oil.

Technology of Production

Mass-production machines such as the Henecke
type were originally designed for the manufacture of
felxible 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
slab a controlled amount of air is necessary to increase
the initial gel stability and to obtain a uniform fine-celled
structure. Details of an air-injection equipment suitable
for machines producing slab stock at 180 b/min have
been described. Siab stock after cure is sliced into thin
sheets by means of a slab splitter. This consists of a
movable base with a roughened surface on which the
thick biock of foam is placed. The base is drawn for-
ward mechanically between two uprights carrying two
horizontal guides.

The top guide is fully guarded, but the bottom one
has exposed along the length an endless belt or blade
of fiexible steel, ground to a fine cutting edge. As each
successive layer is removed the base retumns to its ori-
ginal position, while the cutter is lowered by a preset
amount. Thickness of materials as litle as '/, in. can be
removed in this manner .

The foamed-in-piace technique gives one great flex-
ibility in the design of objects suc*i as car seats and up-
holstery cushions which were formerly made from
slab- In order to be efficient one must have a briet
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 moulds are closed before entering a
heating tunnel equipped with infra-red lamps. A more
recent development is the use of high frequency
dielectric heating.
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It should be pointed out that, in the normal way, the
outside skin of a moulding is very little above room
temperature and is the last part to cure. Therefore the
key to a short moulding cycle lies in the arrangerments
made te raise the skin temperature to 100°C as rapidly
as possibie. At this stage there is a slight contraction in
volume which would otherwise lead to shrinkage, and a
slight positive pressure must be exerted on the foam in
order to keep the lid of the mould in contact with it. After -
leaving the curing tunnel the moulds are cooled, strip-
ped, cleaned if necessary, and treated with fresh part-
ing agent. They are preheated to 40°C beore
passing once more beneath the mixing hez = Evidently
the production of individual shaped items by an auto-
matic foamed-in-place procedure is more difficult than
the straightforward manufacture of slab stock. The cost
of moulds and their output must be balanced against
costs and output from fabrication machinery. Thus the
decision as to whether an item is to be moulded or
made from slab is a complex one involving technical
and economic factors.
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Fig. 1: Foaming-in-place: assembly-line production.

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 thickeners was higher for
hot brand dye than cold brand dyes which was in tum
higher than Remazol type of dyes. Hence, in reactive
printing the specific structure ot the dyes along with reac-
tive system plays an important role in final softening

effect.
Raference

1. M.D. Teli and Ruby Dugar: Man Made Textiles in In-
dia, XXXI (1), 24 (1988).

{Contd. irom p. 48C)

Tensile properties such as initial modulus, extension at
break and plastic deformation percentage were deter-
mined. However because of some of the unforseen para-
meters ambiguous results were obtained. The para-
meters were identified after calculations of results and are
as listed below
iy Varying number of passages given to web.

i) Varying fineness of the needles used for Polypropyiene
.and jute, Polypropylene.needle punched blended fabrics.
Tensile properties were determined after soil burial

tests, significant differenca in tensile properties was not
From above studies it could be concluded that jute,
Polypropylene neediepunched sandwich biended 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 help 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 rigic 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 pattern is important. ARhough
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 already been de-
scribed. In addition, band saws are used for cutting
through slab in the vertical direction and portable hand
cutters are popular for cutting intricate shapes. A well-
known type is the Scintilla, which uses a pair of fine-
toothed blades which oscillate rapidly past each other
within a grooved pillar. Hot-wire shaping is employsd
mainly when a-length of constant cross-secticn is re-
quired. A ‘blank’ rectangular rod is fed slowly forward
against a stout nichrome wire formed into the required
shape and maintained at a black heat.

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

(To be continued)

J:, .




Recent Developments in Polyurethanes - XV

Rigid Foams
Chemical Principles

It 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 nroduced. 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 daveloped, first those
based on the expansion of an akyd resin, which are
known as polyester polyurethanes; next those based on
the expansion of certain liquid triols with molecular
weights ranging from a few hundred to a few thousand,
which are themselves polymers of propylene oxide or
ethylene/propylene oxides with glycerol, sorbitol, ~tc.
Foams of the second class are known as polyewer
polyurethanes.

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

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,
aithough 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 friable 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 glycerol, but the heat distortion temperature is lo-

S.B. lyer*

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

All sych alkyds are made with an excess of glycero, 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 hydroxyl groups is available for subsequent reac-
tion with di-isocyanate.

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

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

2.Hydroxyl number -- The hydroxyl number is defined

as the number of milligrarns 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 Kari 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 at 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 controlied polymerisation of
propylene oxide and glycerol or 1,2,6-hexanetriol. This
may be regarded as ether formation between terminal
hydroxyl groups of glycerol and a polypropylene glycol:

|
HO(C,H,0),i0H HOICH,
J
CH-OH
1|
HO{(C,H,0),| OH HO|CH,

*Sasmira, Bombay
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Table 1.
Mixing time and molar ratios of three different alkyds producing rigid foams
Reactant Early German resin Sebalkyd Experimental
Desmophen type resin rigid-foam alkyd
Succinic acid - 0.5 -
Adipic acid 25 - 30
Sebacic acid - 2.0 -
Phthalic anhydride 0.5 0.5 -
Glycerol 40 4.1 -
Trimethylolpropane - - 30
Diethylene glycol - - 20
Time of reaction with di-isocyanate 27 min 7 min 112 min

A range of molecular weights is evidently possible, de-
pending on the value of i: 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 celil walls. Conversely the gas may
be produced early, while the cell walls are still soft and
permeable. Under such conditions diffusion occurs and
the cells may shrink. Control of the relative speeds of gas-
sing and gelation is brought about by the use of catalysis.
it 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

.most 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-modifiers’. Silicone oils, polymeric substances
such as thyl cellulose and cellulose 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 tc 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 availabie from residual carboxyl groups is
low, water is deliberately added to the mix. Efficient dis-
persion of this water is necessary and an emulsifier is
sometimes added. In commercial practice plasticisers,
dyestuffs, or pigments are often required so that the
actual composition which is caused to foam 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 soluble and
stable in the alkyd resin or polyether triol. Such systems
are known asrefabricated’ alkyds or polyols, and they
have the great merit that no complicated weighing or
measuring operations are required.

Mass Production of Siab Foam

The original machine for production of Moltopren foam
is the Henecke type (Fig. 1): The principies involved 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 meets a finely divided spray of ‘activator’ in a care-
fully measured proportion. The activator is a solution of
tertiary amines, emulsifier, and water. This solution is not
very stable, and it is good practice to make it freshly each

(Contd. on P. 468)
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Kg. 1. Priociple of e Henacke mackios.

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

bt “amg

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 ot a deep
trough which is itself moving siowly 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.

(Contd. from P. 449)

stretching the fabric is guided with
compiete 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 exampie, the low-cost
“Santastretch-Mini” and the "San-
tastretch-Standard” can be com-
bined with the tube slitting and
spreading machine, model “Santa-
Cut”. The "Santastretch-Weko"

- has a sprary applicator from Weko
Biel AG integrated for the exact ap-
plication of impregnating liquors on
both sides of the fabric, and the
"Santastretch-Plus” permits wet-
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 controls and measuring in-
struments are fitted in full view
of the operator at the front of the

machine.

— Economical processing techni-
que is afforded by continuous
operation.

— Disentangiing, hydroextracting
and stretching in one single op-
eration.

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

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

- Increased productivity, since it
is no longer necessary to stop
the machine in order to change
the expander to accommodate
different width.

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

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

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

Technical data:

(To be continued)
Fabric speed 0.... 80 mimin,
Adjusiable overfeed during0.... 25%
stretching
Connecled load 4... BkW
Compressed air 6 bar
Working widths 1000.... 1800 mm

{on versions with sktting 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, a
signal processing cabinet, an IBM
PC-AT host computer and a printer.

The system automatically docu-
ments the quality of each package
at doft time for quick segregation
and grading according to the com-
pany. Automated trend analys's.
data storage and’'or closed loop ex-
trusion line contro! are also avail-
able depending on user needs.
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Recent Developments in Polyurathane~XIV

The Application of Isocyanates To Polymer
Technology

Genero| Considerations

As a resuilt 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 flexibility, giving these words their every
day meaning. '

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

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

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

5. The wide difference in physical properties which are
apparent in the different types of matenal 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 1o test the truth of these
generalisations, for in the foliowing Chapters detailed in-
. formation will be given on the synthesis and properties of
fibres, films, rubbers, and plastics-all made from
polyurethanes.

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

Rule I--It 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 calied linear, and typically
they are thermoplastics. if these long moiecules 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-linked’
structures, and they can be ngid 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 experience, can be mis-
understood by students and a word of explanation is de-
sirable. Rule Istates that a bi-bifunctional reaction may
lead to a polymer. It does not state that a high polymer will
be formed--on the centrary, unless a [l 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 egquimolar.

Rule 2 telis cne nothing as to the practical utility of a
particular bi-trifunctional system; but a reaction which pro-
ceeds rapidly and uncontrollably from reactant to cross-
linked structure is technically useless. It is important to be
able to produce, first of all, a linear or branched polymer
which is capable of manipulation, and to bring about the
cross-linking to the final 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 + l) CHQ:CHQ — CHz(CHz.CHz)"CHQ”
ethylene ‘ Polyethylene

He may also be aware of the elimination of a small un-
wanted molecule by a condensation between two reactive
functional groups, for example the elimination of water
when dicarboxylic acids and glycols react 10 form polyes-
ters. For example:

nR(CO.H); + (n + N)R'(OH) —*
2nH20 + HOR'(Ozc.RCO"vR')"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 itself to the nil-
rogen atom of an NCO group which is attacking it. Thus

[ ]

R.NCO + (HX)R'

*Sasmira, Bombay-25.
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The most important examples in technical practice are
the following

1. The reaction between an isocyanate group and a hya-
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 applied generally to the group, so that a
polyurethane signifies a polymer in which a plurality of
such linkages are present. in accordance with Rule [
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.INCO + HO,C.R'—R.NH.CO.R" + 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;N.R" — R.INH.CONHR'

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;1

It'is 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 often
found to provide insuficient 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,
asin (3).

5. The hydrogen atom which was originally attacked in a
hydroxyl, carboxyl, or amine group /s not efiminated,
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'0,C.NR.CO.NHR"

R".NCO + R.NH.CO.R' —+R.CO.NR.CO.NHR"

R".NCO + R.NH.CONHR' —— RNH.CO.NR'’

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.

Ariother 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-
lions to form dimers and trimers:

Sometimes these dimers are relatively unstable and re-
generate the isocyanate on heating: sometimes, as with

MAN-MADE TEXTILES IN INDIA SEPTEMBER 1988

the dimer of tolylene di-isocyanate, the new compound is

the first reaction above. The hydroxyl groups may be phe-

dary, or tertiary. The molecuies containing them can be
saturated or unsaturated. The isocyanates themselves
can be either aromalic or aliphatic, long- or short-chain,

vast number of technical combinations are possible. Simi-
lar considerations also apply to the second and third reac-

duction of isocyanates.
2. The phosgenation of carbamic acids.

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 equaily ol
aromatic or aliphatic isocyanates in good yield.

2Ph-NCO Ph-N N-Ph

—
PE:,

3EtNCO —
PEI; EcN

"
"

o

a new stable di-isocyanate of considerable importance.
It is a useful exercise to retlect upon the implications of

nolic or aliphatic. In the latter, they can be primary, secon-

rigid or feixible in their molecular structure. Evidently a

tions, which are also capable of generating a large num-
ber of polymers.

Manufacturing of isocyanates:
There are several possible synthetic routes to the pro-

1. The phosgenation of amines or amine hydrochlorides.

Generally speaking the direct reaction of amines is

Three examples of these technigues are:

1. A solution of tolylenediamine in an inert solvent is fed
slowly into an ice-cold solution of phosgene. A fine
suspension forms which is the hydrochloride of the
carbamic acid chloride:

Me Me

NH:  coci,
———————

NH, NH-CO-CI
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In the secord stage the suspension is slowly heated
with a further addition of excess phosgene. The carba-
mic acid chionde 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

NHHC cocp, NCO -

XH-COCI NCO

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

3. 345¢g 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 introduced 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 uniil a clear solution was obtained. The soivent
was removed by fractional distillation to give a mixture
of liquid cis-1,4-cyclohexylene di-isocyanate and solid
trans-1,4-cyclohexylene di-isocyanate, m.p. 63-64°C.

Properties:

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

Pure isocyanates, in the absence of catalysts, are re-
latively stable in storage and can be distilled under
vacuum. The presence of activating nitro and chiorine
groups reduces the storage life and increases general
reactivity. The presence of alkyl and aikoxy groups leads
to a less active molecule, particularly when in the o-
position 1o 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, primary amines are more reactive than car-
boxylic acids and primary alcohols. Secondary alcohols
are much slower than primary alcohols. Tertiary amines
do not themselives react, but they are powerful catalusts
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for other groups. The usual method of comparing the
reactivity of different functional groups is to take, for ex.
ample, one particular 1socyanate and find the rates of
reaction between it and a series of alcohols, or amines.
The procedure is then reversed and a particular aicohol,
or amine, is reacted with a senes 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-butylamine, the excess
of the latter being determined by titration with 0.05N Sui-
phuric acid.
Stoichiometry: Having built up a picture of the speed at
which reaction occurs between different reactants, with or
without the presence of solvents and catalysts, it is now
necessary to use the right amounts of reactant in each
case.

The di-isocyanates employed technically are pure che-
micais-usually of 99.5% purity or better-so their equiva-

 lent weight is not in doubt. (Important exceptions are the

technical grade of diphenyimethanediyl (‘dipheny-
Imethane’) di-isocyanate (1.C.I. L1d.) and the polyarylene
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 potyol
which reacts with one equivalent of an isocyanate. An
altemmative method is to give a ‘reactivity number,’ the
number of milligrams of KOH equivalent to 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 contairing "x mg NCO/m. of solu-
tion’. Since the solids content of the solution may not be
known with certaintly, this method of describing the
‘isocyanate content’ or reactivity is more convenient than
‘per cent NCO groups’, since the equivalent weight of
amine or polyol can be calculated directly from the isocy-
anatecontent.

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

(To be continued)
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Wermner Russ

Rationelle und

flexible

PUR-Verarbeitung

Wie vielen anderen Industrie-
zweigen blieb auch den PUR-
Verarbeitern die Erkenntnis
nicht erspart, da eine ko-
stengiinstige, flexibel auf die
jeweiligen Marktanforderun-
gen reagierende Produktion
ohne Rationalisierung und Au-
tomatisierung nicht maoglich
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 ware. Hier kann es
lediglich darum gehen, die na-
hezu unabersehbare Palette
der Automatisierungs- und
Rationalisierungsméglichkei-
ten wenigstens andeutungs-
weise aufzuzeigen.
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..Zerlegte””
Produktionseinheit

Die Frage drangt sich auf Wo b:eten
sich welche Magiichkeiten? Bevor man
allerdings versucht. darauf nzher einzu-
gehen. empfiehlt es sich. e:ne Produkti-
onseinheit gleichsam i hre wichug-
sten Terle zu ..zerlegen”. namihich in

- Jostereinhert

- Transponmittel

- Werkzeuge und Werkzeugtrager

- Hilfsmuttel fur Zu- und Abtransport

- Handhabungsgerate fur bestimmite
Taugkesten

Bild1 Mischkopfportal zum automati-
schen Befillen von Werkzeugen

Auflerdem mufl man darauf hinweisen.
dal dre Automatisierung einer gesam-
ten Produktionseinheit freiprogram-
mierbare Steuerungen und  ausrer-
chenge Programm-Speicherkapazitaten
voraussetzt Ansorsten ist die Mogiich-
keit esner Anpassung an neue Erforder.
nisse nicht gegeben - es ses denn. man
mmmt iange Produktionsunterdrechun-
gen in Kay!

Die Dosiereinheit

Be: den Dosiereinheiten stehen heuts
vielfaluge Moglichkeiten zur Verfy.
qung:

- selbsireimigende  Mischkopfe zum
Eintragen in geschlossenz und offene
Werkzeuge:

- automatische Mischkopfpontale zur
Beschickung der Werkzeuge (Bild 1);
- automatisch verstellbare Mischkegt-
diasen:

- automatische Pumpenverstellungen.
- automatisches Wechseln der Kompg-
nentenfarbe {4-D-Mischkopf):

- automatische Rezeptverstellung von
Schufl zu Schuf}:
- automatisch
dungskontroile.

geregelte  Gasbela-

In Verbindung mit Dosiermaschinen.
die in besummten Bereichen Uber ein
Hochstmal an Flexibilitét verfugen. las-
sen diese Maflnahmen heute durchaus
einen vollautomatischen Ablauf zu.

Transportmittel

FrGher waren Transporteinrichtungen
gewissermaflen Einzweckanlagen: sie
waren fur ein genau definiertes Teil ge-
baut. und wenn die Produkuion dieses
Teils auslief. waren auch die Transport:
arlagen mehr oder weniger ..am Ende”
Sie konnten uberhaupt nicht oder allen-
t.'Is mit kostspreligen Umristungsak-
tionen neuen Erfordernissen angepaB!

werden. Das Flurrundtischsystem emnef

Firma aus Lemforde hat dagegen na-
hezu unbegrenzte Moglichkerten. well

4

| ex?¥

sich Produktionsanderungen problem-
los realisieren lassen. Damit hat dieses
System schon von vornherein entscher-
dende Mdglichkerten zur rationellen
Ferigung eroffnet (Bild 2). Dennoch
1aldt sich auch auf diesem Gebiet noch
eine Menge tn Transporteinnchiun-
gen konnen zur Automatlisierung def
Produktion beispielsweise foigendes
beitragen.

- automatischer Bewegungsablaut m!
einer Posionierungsgenaugkeit von
+1 mm,

- automatisches Temperieren der bis:
-5

P i8Tvergnacar 33 _anengng TEEI
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mentragern unterschiedhicher
fenhe:t

8123 Schaumwerkzeug mit sutomatischem AnguBverschiul

8ld4 Automatische Entnahme eines Fertigteiles mittels Roboter an einer EMB.

Transporteinrichtung in der Automobilindustrie

WO
.}{ .

lage eriaubt ene probiemlose Anpassung
an alte Ferugungsertordermisse durch fle-
xible Aufstellungsmoghchkeiten von For-

weaien  unterschieghchen  ‘W\erkreuge
curch minautenge Tempenergerate

- auromanscnes Taxten in alien Bere:-
zoan

- saiexuve Betullung ger \Verkzeuge
:Zum Berspiel Aysiassen der Werkzeu-
gce a2 weg2n car hapantatsausiastung
vorubergenend nicht benotigt werden)

Werkzeuge und
Werkzeugtrager

Sin besonders hoher Stelienwen be
den Bemunungen die Produkuon zu
dutomausieren. komm? auch der Kon-
strukion  una der Ausstattung der
\Werkzeuge zu Im emnzeinen heildt das

- automausche  \Verkzeugidenufizie-
rung

- automausches Qffnen und Schheflen
des Werkzeugs.

- automauscher Verschiul des Angus-
ses {Bild 3)

- Einbau automauscher Entformungs-
hiifen

Um d.ese Maghchke:ten ausschopfen
2u konnen mufld man allerdings schon
ber der Konstrukuon der Werkzeuge be-
rucks:ichugen welche Handhabungsge-
rate und weiche \Verkzeug-Schneli-
wechseisystame 1n der Produktion an-
gewendet werden solien Nur dadurch
konnen dre emnzelnen Malinahmer den
gewunschten Erfolg bringen

Hilfsmittel far Zu- und
Abtransport

Die fur die Ferugeilnersteliung notwen-
digen Halbzeuge und Ronstotfe konnen
heute schon automansch zu- und abge-
fuhrt werden Neben dem automat-
schen Befullen der Arbeitsbehalter gibt
esinges weitere Automatisierungsmog-
lichkeiten

- automatische Zufuhrung von Einlege-
teden

- automatischer Abtranspon der Ferug-
teiie zur Werterbearbeitung oder zur La-
gerung

Handhabungsgerate fir
bestimmte Tatigkeiten

Der Begnft Handhabungsgerate 1afdt
sich beguem durch den zeitgemafien
Terminus _Roboter ersetzen Ber der
PUR-Verarbeitung sind damit jene Emn-
rnchtungen gememnt die dann einge-
setzt werden konnen wenn solche Ta-
ngkeren aulomantsiart werden sollen
ce sich standig wizderholen oder die
sich aut ¢ Aitaroeter belastigend
auswirken kannen Damit sind vor allem
gemeint

- Eintrennen von \Werkzeuaen

- Planerung von Einlegarnn die VWerk:
Teuqe

- Eninahme von Ferugtetian una thre
Werterlentung (8ild 4).
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Rationelle und flexible PUR-Verarbeitung

Bild5 Die von EMB patentierte automa-
tische Pumpenentluftung verhindert Kri-
stallisation und Kavitation und somit Pro-
duktionsausfall

~ Appiicatcn von Etketten cder sonsti-
gen ldennhizierungsmerkmaten.
- Lackierarbeiten

Last not least: die Wartung

Zs 1st emne Sinsenwersheit. dafll jedes
Produkiiensmittel  emmes  fa2summien
MaRes an \Wartung bedari Cennoch
mussen s:ich  auch  PUR-Verarberter

Bild6 Automatische Vorrichtung zur
Nachstellung von Dichtungen an Kolben-
dosiermaschinen (Werkbilder: Elasto-
gran)

diese Tatsache siandig vor Ausgen nai-
ten Der hcchste Autcmausierungsgraa
wird namhcnh zunichte gemacht v.enn

durch Varsaummisse n der \Wariung

Zrireynchanne:se
ietzt auch aut g
~ulgmans:erung
=ur wen:ge 2eis

Himwerssn 2yl e F2h
- automanscnes I
(Bild 5);

- gutomansches iNacneleenwon T --,
tungen (Bild 6);

- auiomauscne Fiteraninece .
selbstreinigenden F:ltern.

- automatisch umscraitcare Fendie.
n der Kompcrentenieiury nshe z~
\Mischkopf

Kosten-Nutzen-Analyse gibt
Auskunft

“Vie schon eingangs angedeutet. myf
.eger PUR-Verarbeiter den auf sare
spezifischen Verhaitrusse zugeschnite.
nen Automat:isieruncsgrad seibst erm:.
reln Ein _Patentrezept g:ct es hier ge.
n3uso wenig wie auf anaeren Gebreten
Cessen ungeachtet 15t die Efhizienz ger
aufgezeigten Mallnanmen 11 emer <o-
sien-Nutzen-Angaiyse jederzeit nach.7l-
z-ehbar

( N
- = l - i
1
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Optimizing a PU F,o»rmulatiqn_;,,,

by the Taguchi Method -

;:.é.B) the careful chozce
|ofa small set of

initial tnals
according to the
Taguchi Method, a
polyurethane (PU)
formulation for a
commercial
appliance was
quickly and
efficiently developed.

Sohelia R. Lunney and
Joseph M. Sutej

Mobay Corporation
Pittsburgh, Pennsylvania

he powerful tools 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
improve the field performance of chemi-
cal systems developed from components
having the lowest possible cost. More-
over. statistical experimental design pro-
motes a team approach to experimenta-
tion in which unfruitful paths are discov-
ered and dropped quickly, and attention
is directed exclusively to promising alter-
natives. This approach often results in
rapid. efficient product development.

In Japan. the use of experimental de-
sign for product development is consid-
ered 1o be part of an upstream quality
control effort. The Japanese refer to these
techniques thatimprove quality upstream
{rom the manufacturing line as ~off-line
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quality control.” This article describesthe -

application of the Taguchi Method, a

. methodology for direct product develop- _-
ment developed by Dr. Genichi Taguchi, -
to the problem of finding commercial °

- applxcanons for an expenmemal polyol

The Taguchl Method
The Taguchi Methodisa strategy for off-

line quality control, conducted at the
product and process design stages of the
manufacturing cycle to improve product
manufacturability and reliability, and to
reduce product development and life-
time costs. Dr. Taguchi developed his
ideas approximately forty years 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 system design, parameter de-
sign, and tolerance design. System design
is the process of applying scientific and
engineering principles to develop a work-
ing prototype. Tolerance design is a

‘method for determining final product

specifications. Whereas these stages 2re
essentially equivalent to the traditional
activities of scientists and engineers, pa-
rameter design is the distinguishing char-
acteristic of the Taguchi Method.

Parameter Design

Parameter Design is a process in which
design parameters under the direct con-

trol of the product designer are variedin

a scientific fashion to determine the best
or optimum settings for these variables.
For practically any product, there is a
working range of possible settings of the
variables. For example, in a polyurethane
formulation, the product designer can
select particular settings of water con-

TABLE I. Factors and l.evels

- Number of :
Factor - " levels Description
Polyoltype - 4 _ABCD
Caalyst * 5 1,23

package " 4.5
Surfactant 3 $1,82.53

ype
Water, wt% 2 05.1.5
CFCIl,wi% 27 | 25,35
Isccyanate 2 n12

type

Constrains: Isocyanate index = 105;
hydroxyl number = 410 + 20; all sur-
factant conc. @ 1%.

teats, 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 likely that a particular combination
of levels will produce a superior product.
" According to Taguchi, the product
designer must not only produce a work-
ing prototype, 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
design space are unknown. The tool Dr.
Taguchi recommends for parameter de-
sign experiments is statistical experimen-
tal design, which greatly improves both
the efficiency and reliability of experi-

" mental work. In 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

szlect a subset of the entire parameter
design space. i.e., all combinations of
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Design

possible parameter settings that will pro-
vide the essential information to deter-
mine optimal factor settings. Orthogonal
arrays are standard plans for muitifactor
experiments that have 2 pairwise balanc-
ing property such that every parameter
test setting occurs with every test setting
of all other design parameters the same
number of times. This pairwise balancing
property. or orthogonality. gives excel-
lent downstream reproducibility of labo-
ratory results with greater precision than
can be obtained from “one-factor-at-a-
time” 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 is not efficient to conduct a
thorough study of the parameter space
unless there are only a few factors and
levels of interest. Consider an experi-
ment involving seven factors. Assuming
that two or three levels are spaced
~boldly,” 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
trials, respectively. In these cases, the
experimenter may drop some factors to
further reduce the size of the studv.

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

-60-

with an 8-trial orthogonal plan (L) and
at three levels with a 27-trial orthogonal
plan(L..). This simply amounts to study-
ing a fraction of all possible combina-
tions described by the complete factorial
experiment. Thus. orthogonal array ex-
periments are often fractional-factorial
experiments. which have been commonly
used in the chemical industry for over
forty vears. Innovations provided by Dr.
Taguchi that make the designs more
applicable to polyvurethane screening
problems include:

* linear graphs to aid in the Gesign of
complicated screening experiments in-

volving both main effects and interac-

tions:
* provisions for including multilevel

factorsintotwo-and three-level orthogo- .

nal arrays:

» techniques that permit factors with
various numbers of levels to coexist in a
standard orthogonal array; and

* a complete system for statistical
experimental design that can be leamed
quickly by technical people having a
minimum of prior training in statistics.

The Basic Approach ______

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

* Define the problem and the expen-
mental objectives.

s Assemble a group know fedgeable
with the problem area, and brainstorm
factors and levels 1o be included in the
design.

¢ Design the experiment by selecting
and/or modlfvmz an appropna(c orthogo-
nal array.

s Conduct the experiment, analyze the
data, and interpret the results.

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

ally result in visible improvements.

The team approach and brainstorming
are encouraged to prevent preconceived
notions from unduly biasing the scope of
the experiment. Further. the stress on
confirmatory trials follows from the fact
that all fractional-factorial designs
achieve their economies through con-
founding main effects with interactions
among factors. If Dr. Taguchi’s recom-
mendations are followed. the resulting
parameter design expeniments will often
confound the main effects of interest with
two-factor and higher-order interactions.

Usually. two-factor interactions are

assumed ta be not present in an orthogo- . .

nal array screening experiment or _they
will at least be dominated by the main
effects of interest. In chemical svstems.
this is often a highly questionable as-

sumption. Its lack of validity, if present. - -

will be shown by the confirmatory trizls.
Additional trials will then be required to
understand exactly what effects and inter-
actions are important.

Experts in the field of study often can
assess from first principles or experience
whether interactions should be accounted
for in the initial screening experiments.
According to Dr. Taguchi, this further
demonstrates the need for engine>rs and
scientists to design their own statistically
guided experiments.

Formulation Development
Application

This study was conducted shortly after
one of the authors attended a two-week
training session in the Taguchi Method.
Its objective was to find a commercially
feasible application for an experimental
polyol product. A brainstorming session

-.was conducted to select factors and lev-

els for investigation. The initial objective
of this project was to screen a number of
consrued on page 29

TABLE 2. Taguchi L,, Screening Experiment. TABLE 3. Laboratory Screening Experiment Results.
Polyol/ Surfac- Trial Cream Gel Core den- k-Factor
Trial water Catalyst tant CFC-11 Isocyanate no. time, sec time, sec sity, pcf Btu in/h °F f1?
1 A 3 S2 25 H 4 A 40 1.54 0.127
2 B I $2 35 12 16 56 26 1.96 0.133
3 C 3 S 35 12 12 4 13 1.77 0.137
4 D ! S1 25 1] M 7 30 . 1.56 0.122
5 B 3 SI 25 12 5 S 30 1.58 0.122
) A 2 S1 35 " 14 34 30 1.35 0120
; D 3 S2 35 " 8 9 36 161 0.122
8 - 2 S2 25 12 ! 7 39 2.07 0.118
9 8 3 S3 25 ] 15 3 20 144 0127
10 A 4 S3 35 12 10 67 43 1.66 0.i20
1 D 3 S2 35 12 9 4-5 29 . 1.65 0.122
12 C 4 S2- 25 3] 2 10-11 56 1.51 0.137
13 A 3 S2 25 12 3 4 20 1.35 0.128
14 B S S2 35 " 13 7 S0 212 0117
15 C 3 $3 35 n 6 14 72 170 0132
16 D 5 $3 25 12 7 5 27 159 0127
24 ﬁ’t}l?w'ln{,’ "February 90
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T22.2 - Optimum Factor Com-
binations in Order of Signifi-
cance for the Responses.

A, Tramume 53¢
Target 56
Catanyst 3.4 . or S
Poiyai B ar C
Water 15

B. CZ2iume seC
Targer 26-30
Poyoi B. C. or D

Water [ S
Catalys: 3. 4. 0orS
CFC-11 25

€. Core gensity. pcf
Target 1.50-1.60
CFC-11. 35
Water: 1.5
Poiyoi: B or C

D. Flow. cm
Target: 125-140
CFC-11: 35
Water. 1.5
Polyol: B or C
Isocyanate 1

E. Free nse density. pcf

Target 1.20
CFC-11: 35
Water: 1.5
Polyol: B

E.  «Factor. Btu in/h °F ft?
Target: smallest best
Palyal: A
Catalyst: 3
Water: 0.5
CFC-11: 25

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

The factors and levels listed in Table /
for investigation in this initial screening
study were assigned to Taguchis L, or-
thogonal array using some advanced tech-
niques of design construction that are
evond the scope of this article. Taguchi's
method for assigning orthogonal array
cxperiments may be found in his System
of Experimental Design (ASI Press. 1987).
‘The resulting experiment is presented in
Table 2.

The construction of this design required
repetition of certain factor levels of the
vatalyst variable more than others as a
consequence of the balancing property
of 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
cannot be constructed directly. Instead. a

[@%‘h& February 90

seven-lesel column was created for the
catalystvanabie and the two extra levels
ware rzplaced with an existing level con-
sidered to be of greatimportance. Tagucht
calls this procedure “dumms treatment™
and has a detailed discussion of it in his
book.

In order to use the L orthogonal ar-
Tay. it Was necessary to combine the wa-
ter and polvol levels using a technique
called combination design. Thus. the main
effects of both polvol 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 in a 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.

Isocvanate 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
demold properties.

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

Data Analysis

The analysis was done in two parts. First.
the statistical signiticance 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
to chance and simultaneously determines
the contribution of each factor to the
total vanation.

=222 3 Factor Settings in Order
of Decreasing Performance for
Optimal Foam Performance.

Factor Level
Paival EorC
CrC-11 35
watser )
Cataiyst 3t o5
Isacyanate i

T~3LE 6 Confirmatory Trials
Suggested by Table 5.*

Trial Polyol Catalyst Result

I 8 3 Pass
2 C 3 Faul
3 2] 4 Pass
4 C 4 Fail
S 8 5 Pass
6 C 5 Fail

’Levels CFC-11 = 35 Water = 1.5;
lsocyanate = i1, Surfactant level S
used for ail tnials

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 expenment
was far too complex to be analyzed by
the simple analysis tools of the Taguchi
Method. Instead. the results were ana-
lyzed using the General Linear Models
procedure contained in the SAS statisti-
cal analysis program. These analyses
revealed a significant “lack of fit™ for
many of the responses. i.e.. 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 are summarized in Table 4,
in which the refative importance of fac-
tors and their optimal setting is presented
in descending order of significance. The
various responses differ with respect to
their optimal facior and treatment com-
binations. For example. density and flow
are most strcngly influenced by the CFC-
11 and polyol factors, while the catalyst is
the single most significant factor affect-
ing cream time.

A desirability scale was assigned to
each response to establish those factors
that produced the best overall perform-
ance. These factors and their levels are
shown in Tuble 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 lesels.
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TASLE T Properties of Foams That
Passed Confirmatory Trials.

Trial/catalyst
Property 173 3/4 5/5
Crzam e s2C o 4
T ne, $€2 27 28 30
Tach free. sec <2 45 =0
Recrrofase. 147 1340 134
Fres ~5e iz 119 110

genoiv pof
Coregsrsity. 134 135 135

ars
olay

NMolged overail 135 155 182
densitv. pcf
k-Facior N125 0124 0120

Bru o/ TR RS

Confirmatory Trials

Using the information in Table 3. the six
additional expenments described in Table
o were performed to determine the best
combination of poivol and catalvst. Note
that only one of the confirmatory trials.
#5. was observed as part of the original
experiment (trial #14). A characteristic
of statistical experimental design is that a
sequential approach to experimentation
is promoted. in which information from
an initial experiment is used as a guide
for further experimentation.

The confirmatory trialsrepresent a full-
factorial experiment for two levels of
polvol and three levels of catalvst. Ac-
cording to the results of the initial experi-
ments. most of the properties of these
foams should all be essentially equiva-
lent. However. the additional trials are
absolutely required for verification pur-
poses because the analysis of the first 16
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trials indicizted that the assumiption of no
interaction among the tactors was not
stricth vahd.

At ths stage. foam performance was
judeed more critically. and the toams were
graded on a “pass‘fail” basis to simplify
interpretation. The results hsted in Tuble
o clearly indicate that polvols B and C are
not equivalent. as suggested by the initial
design. Instead. all foams produced with
polvol C were too fast for existing com-
mercial processing.

The properties of the acceptable foams
givenin Table 7 demonstrate remarkable
similarities. especially in their Kinetic
properties. Obvious differences exist.
however. in their thermodynamic prop-
erties. especially thermal conductivity.
Presumably. these differences are due to
the catalyst. The data in Tuble 7. how-
ever. are not sufficient to reliablv esti-
mate the effect of catalyst. These data do
suggest that the experimental 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 10 remove remaining ambi-
guities about the effects of catalyst. 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

oo, —

T2ILE ¢ Properties of
Commercial Formulation.*
Processing g2ta sodienas f2ue
Temperaiure. F =
Foar pressure. ou "353.7530
qeacinvily data sec
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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-
ducuvity (k-factor) and. as illustrated in
Figs. I and 2. exceptional demold charac-
teristics. The demold properties of this

(o} 5 10
% overpack

product result in increased productivity
TABLE 8 Commercial Formulation. for the customer without capital invest-
ment. in accordance with the Taguchi
Component Weight % philosophy.
Polyol B [E-9280) 69 45 Conclusions
Surfactant, catalyst 235
Water 120 1. Taguchi’s group approach to problem
CFC-11 27 90 solving resulted in highly efficient use of
both personnel and material resources.
Total 100 00 Although more time was requiredto plan
Polymenc MDI 972 experiments. the overall time required to
complete this project was far less than
o 8F
o
c
2 6
(3
3
@ 4
c
4
L
£ 2p
?
0 | |
15 20 o 2 4 6 8 10
Demold time, min,

FIGURE Y. iemsdid popirs tins In Brett ofwning s tind
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required for conventional experiments.
Further. the wealth of information ob-
tained during the brainstorming sessions
did serve to prevent experimental bias
and ensure a broad search for applica-
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 polyol.

4. The authors found Taguchis or-
thogonal arrays to be too restrictive and
inefficient for final product optimization,
so 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 commercial 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.
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Plastics Machinery Special

Machines for Polyurethane Processing

POLYURETHANE is a versatile
member of polymer family. Today
this polymer is regarded as most
fascinating one because of its abi-
lity to exist as final product with
extreme properties from very low
density, low strength flexible or ni-
gid foam to very high density, high
strength solid casting or elastomers
and has applications in almost all
fields. . '

Depending upon final applica-
tion, polyurethane basically can be
divided into cellular and/non-
cellular type and different ma-
chines are required to manufacture
cellu'ar and non-cellular products.

A general classification of po-
lyurethane processing plant and
machinery based on final product
can be made basically in three’
types, one — machines for cellular
products such as rigid, semi-rigid,
flexible, semi-flexible, integral
skin foam, two - machines for
non-cellular products such as ther-
moplastic processing and casting,
three — machines for coating on
textiles. A classification chart for
these processing plants and ma-
chinery can be as under:

1

S.M. REDKAR
Assistant Marketing Manager
Chemicolour Industnies Ltd.. Bombay.

MACHINES FOR CELLULAR
PRODUCTS

Basic principle for manufactur-
ing Cellular products is to thor-
oughly mix the predetermined
quantities of liquid polyol, liquid
isocyanate and additives such as
catalyst, blowing agent, stabiliser,
etc. in a mixing chamber and to
deliver this reaction mixture into a
mould, cavity, conveyor, etc., to
form the final product. A schema-
tic diagram of the process is shown
in figure |.

First polyurethane machine for
Cellular product manufacturing

:was developed, built and commus-

sioned in Germany in the middle
of 20th century and since then
most of the developments and mo-
difications were also carried out in
the same country.

a) Continuous and discontinuous
slab stock foam making machines :

Continuous Process

In this process the required raw
materials such as polyol, isocyan-
ate, water, stabiliser, catalyst, etc.,
are metered in precise quantities

Polyurethane Processing Machines/Plants

by using gear pumps or piston
pumps into a mixing chamber. All -
the components are mixed in the
chamber by a mechanical stirrer
continuously and delivered on to a
paper moving on a conveyor. Tuc
mixture starts foaming on the pap-
er. The width of the foam can be
restricted by providing verticle
sides on the conveyor. A contin-
uous bun of 2.2 meters width and
1 meter height in continuous
length can be manufactured by
this process. Normally the bun
tends to form a dome or crown in
the middle because the rate of nis-
ing of foam at the sides is slower
than in the middle due to friction
with the walls of the paper or foil
on the sides of the conveyor.

Each manufacturer of this plant
has different techniques to reduce
or eliminate this dome which oth-
erwise is a waste when the bun is
cut to made sheets or profiles.

A typical process of manufac-
tuning continuous slab stock foam
is shown in figure 2.

Flexible slab stock foam from
polyol and TDI is mostly manu-

Cellular Non-Cellular Coating on
{Foam) Vs {Non-foam) Textiles
Slab Stock Moulded Inciiv & Spray Liquid  TPU - Injection
Foam - -Foam Foam Machine Casting - Extrusion
- Blown film, etc.

Continuous  Discontinuous Low Pressure  High Pressure
Slab Stock Slab Stock Machine for Machine for

Moulding Moulding
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ADITIVES
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POLYOL BLENDER
PUMP
CONDITIONS OF MATERIAL | MIXINGHEEL[ |-
DELIVERY
PUMP
ISOCYANATE ___C@_

' Fig. 1

Fig. 2 : Plant for the continuous production of foam slabstock

Schematie Dragram of 3 plant for the
continuous production of fiam blocks
a = machine tanks, b = metering unit,

¢ = mizhcad and agitator, d = conveyor.
¢ = bottom paper. [ = side paper,

§ = reaction mix, h = cured fosm

o,
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»y
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factured by this process. First ma-
chine for making this type of foam
was imported in India more than
twenty years ago and now there
are more than thirty machines in-
stalled and producing continuous
slab stock flexible foam which is
mostly .used in mattresses, fumni-
ture cushions, shoe linings, toys,
etc.

Discontinuous Process

In this process the reaction mix-
ture in batch is poured into an

~open box (wooden, metal with

plastic lining) and the foam 1s al-
lowed to rise under pressurc of
floating lid to avoid dome or
crown. Box mould generally con-
sists of nat more than 2 x | meter
and height of the foarr'x_is approx. 1
meter. Normally rigid foam blocks
are made by this process.

Buns obtained by continuous or °
discontinuous process are normal-
ly stored for twelve to twenty frur
hours or even more for comg
curing before cutting. Varous
types of cutting machines are used
for cutting flexible and rigid foam
blocks to get sheets, profiles of de-
sired dimensions. Many types of
such cutting and profiling ma-
chines are available in the Interna-
tional market.

b) Moulded foam making
machines :

These are the most versatile po-
lyurethane processing machines
used for manufacturing rigid, se-
mi-rigid,. flexible, semi-flexible,
integral skin foam products. There
are two types of machines for
making moulded Celiular pro-
ducts : '

1) Low Pressure Machine
2) High Pressure Machine

Each of both the types of ma-
chines is provided with additional
accessories and equipment to ena-
ble it make suitable for manufac-
turing particular products such as
shoe soles, integral skin cycle
<ratc automobile parts, refrigera-
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H. P. Machine

tor insulation, sandwich panels,
etc.

The primary difference between
L.P. machine and H.P. machine is
that, L.P. machines use gear
pumps which deliver materiai to
mixing head at a pressure from 3
to 40 bars, mixing head is provid-
ed with mechanical agitators at
high speed to achieve thorough
mixing quality in the mixing
chamber. After each mixing or
immediate subsequent mixing the
mixing chamber is cleaned with
solvent and air, whereas H.P. ma-
chines make use of impingement
mixing principle. Polyol and iso-

:

cyanate components are impinged
on each other through smail noz-
zles at a pressure from 120 to 300
bars.

Schematic diagram of L.P. ma-
chine and H.P. machine are shown
in Figure 3.

Capacity of L.P. and H.P. ma-
chines are decided by the mini-
mum and maximum shot capacity
per second or in other words, min-
imum and maximum metering ca-
pacity of the pump in gr./sec.

A typical series of various sizes
of L.P. and H.P. machines availa-
ble in Intemational market are in-
dicated in Figure 4.

Both L.P. and H.P. machines
have some common features as

under:

Conditioning of Materials

Each machine has at least two
machine tanks, first for stoning po-
lyol blended with additives such as
Catalyst, blowing agent, stabilisers.
colours, etc., and second for iso-
cyanate. . Tanks are jacketed for
circulating water through the jack-
et. The temperature of the water is
controlled by heating or cooling so
that both polyol and isocyanate
components are maintained at a
desired ‘temperature in the tanks.
Some low pressure machines do
not have jacketed tanks for water
circulation buit the polyol and iso-
cyanate components are delivered
through heat exchangers which are
electrically heated or cooled by
chilled water to maintain the tem- .
perature of components at desired
level before entering into mixing
beads.

Metering Pumps

Metering pumps of L.P. ma-
chines and high pressure machines
are of different types. Both the
types however have to be precision
pumps as it is necessary to deliver
the components accurately by
weight again and again for several
shots.

(a) L.P. machine usually use
gear pumps and the output of the
pump is controlled by the speed of
the pump which is altered by var-
iable speed drive. These pumps
normally deliver material at low
pressures hence these machines
are known as low pressure ma-
chines.

(b) H.P. machine usually use
piston pumps to develop high
pressure. For lower outputs up to
approx. 25 litres per minute modi-
fied check valve control verticie
pumps are good enough. These
pumps are similar to those em-
ployed for diesel engine fuel injec-
tion units. For higher outputs of
approx. 150 litres per unit, valve-
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Fig. 4.
L.P. Machine range »
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less radical piston pumps or axial ~ b c
piston pumps are used. Cross sec- ¢ d
tion of typical axial pump 1is ¢
shown in figure 5.

These pumps have been found
more effi~ient because of not only
their accuracy and reproducibility
in deliveries but also their lower
noise levels. H.P. pumps normally
have capacity to deliver material
under high pressure up to 300 bars
hence machines using such pumps
are called high pressure machines.
All H.P. machine pumps are usua-
ly provided with safety devices
such as components filters both on
polyol and isocyanate sides, pres-

- sure guages both on suction and
delivery sides with limit switch on
delivery side, etc. If necessary, ma-

- chines are provided with variable
mix ratio device in which case
delivery rate of one of the com-
ponents can be automatically
changed from short to short to
achieve different properties in fin-
1l product from mouid tn mouid.

———

N

In case of highly viscous filled
polyols verticle or axial piston
pumps are not useful and hence
hydraulically actuated watening
cylinders are used. In such ma-
chines all movements such as fill-
ing metering cylinder, previous re-
circulation, filling the mould ca-
vity subsequent to recirculation
are controlled electronically. A ty-
pical schematic diagram of a ma-
chine with hydraulicaily actuated
two cylinder pumps are shown in
figure 6.

Mixing Heads

Mixing head is the heart of the
machine where polyol and iso-
cyanate arc mixed in a predeter-
mined proportion or ratio and
then the reaction mixture is deliv-
ered into the mould. Mixing heads
are usually provided with arrange-
ment to recirculate the compon-
ents back to machine tank before
and after the shot or in other
words components are recirculated
when actual mixing of compon-
ents is not taking place.

Fig. 5 : Schematic diagram of an axial piston pump
a =dnve shalt. b =dnve disk, ¢ = piston. d = runner. ¢ = control plate
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Fig. 6 : Hydraulically actuated metering cylinders for systems
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(a) L.P. Machine - as indicated
carlier L.P. mixing heads are pro-
vided with a mechanical stirrer

. with specific design of stirrer for
the most effective mixing (see fi- : . ;

gure 3). Also there are inlets for ! -{ F_I

1

l

solvent and pressurised air in the : o
mixing chamber in addition to | W LT

components inlets with recircula-
tion valve. After each mixing or
short, the mixing chamber is
flushed by solvent and the left over
solvent is subsequently dried by
blowing the chamber by pressur-
ised air. All these operations are
electronically synchronised.

(b) H.P. . Machine - Mixing
head of H.P. machine does not re-
quire mechanical stirrer and inlets
for solvent and pressurised air.
Two components (sometimes
more ethan two) fall on each other
at a very high pressure and a good
mixing is achieved. The reaction :
mixture is immediately poured or Lf ey >#
injected into the mould. -Hydrauli- ’ E- 4
cally operated piston in the mix- ’ L
ing head cleans the mixing head .
hence such mixing heads are also Fig. 7: Unit soles/Direct soliny ~ PUR shoe sole making machine l2yout
called as self cleaning mixing . ‘
heads. Each supplier of machines
has his own patented design of
m.lxmg head based on one or many Process compariso‘us RIM and other technologies
pistons for component nozzie .
opening/closing and cleaning of
mixing chamber. Each design has

Molding Process

its own advantage depending on RIM. Injection molding UP-Resins
performance and maintenance. A Prepreg.
typical design of H.P. mixing head Solid * Foamed

working on one piston is shown in

figure 3. This mixing head has :

; . Mol 10 | 100 °
proved to give good periormance M:l: f:::: ::i"" (bar) 000 100 %
:l'.‘h ‘;S;f’l_{";f'm."‘.am; ‘"(‘jd :3"' Mold Surface Area (MP) 100 10000 1000 1000

ing. . . Xing NEads RAVE |, oy ievable Molding Wi, .
provision of recirculation of com- 10. 40. 70 kg. vle]s R Y o|e]- +e]-
ponents before or after each shot. Flow Path Limits Unlimited Limited Limited Limued
Demold Times (mins.)
What is RIM Processing 3 and 10 mm Thickness 05 !4 07 {2-5] 1 |35 23 IR

Suriace reproducibility
ol the tool Very good Good Poor Moderate

Wall thickness change

RIM process entails rapid me-
tering and mixing of large quanti-

Figs of polyurethanc system and without sink marks | Yes No Yes No
gn)ecu'on of this reaction mixture Inserts small. large Yes | Yes | Yes| ™o Yes { No Yes [No
into a mould cavity followsd very Molding density (grem2) 0.3-1.2 0.9-1.4 0.65-1.0 1.6
quick demoulding of finished po- Pramenting Limited Yes Yes Modcrate
lyurethane part. This process use Reuse of waste No Yes Yes No

high pressure machines using non -
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tilled high speed or filled polyur-
ethane systems. When fiiled sys-
tems are used the process is called
RIM.

Generally outer parts of the car
or automobiles namely bumper,
spoilers, etc., are manufactured by
this process. Very short cycle
times and economical production
are the key similanties between
thermoplastic injection mouliding
and RIM (Reaction Injection
Moulding) process for polyureth-
ane moulding.

Some salient features of the RIM
process can be stated as under:

— Lower capital investment 'nd
lower process energy demands
due to lower processing temper-
ature and lower clamping pres-
sures on the mould.

— Possibility of manufactuning

larger parts.

- Very short demoulding time.

— Excellent surface quality.

- Possibility to mould parts witi
vanations in wall thickness
without sink marks.

— Lower densities and thicker

Cross sections.
- Moulding with inserts possible.

A critical comparison between
RIM process and competitive
plastic processes s reproduced as
under:

Low Pressure and High Pressure
Machine instaliations and
Production Lines

Today although most of the pro-
duction lines are based on high
pressure machines in order to ob-
tain most economical product
with best possible quality, iow
pressure machines have been
found to be suitabie for some pro-
duction lines such as shoe soles. A
typical peripheral 20 mould shoe
sole plant based on low pressure
machine is shown in figure 7.
Most of the low pressure machine
based piants have single mixing
head with multi-mould configura-
tion.

-69- '
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Fig. 8 : Multi-mixing head H.P. machine

Now a days most of the automo-
bile components such as seat cus-
hions, door panels, dashboards,
steering wheels, bumpers, spoilers,
etc., similarly sandwich panels, re-
frigerator insulation are manufac-
tured on high pressure machines.
Various configuration/layout of
plants are possible depending
upon the nature, s.z2 of product
and volume of production. Few
configurations can be named as
under:

1) One mixing head with several
moulds

~ Moulds in periphery - e.g. pro-
duction of cycle seats with flexible
or integral skin foam.

- Moulds in one line - ¢.g. small
volume production of big parts.

- Moulds on conveyor - e.g. large
production of car seat cushions or
refrigerators.

2) Multi-mixing head machine
with big moulds

In case of very big moulds
which cannot be moved easily and
for higher production voiume this
type of configuration is used. A
schematic diagram of multi-
mixing head high pressure ma-
chine is shown in figure 8. Such
configuration is used in produc-
tion of bumpers, spoilers or dis-
continuous production of sand-
wich panels with two or more
multi-daylight process.

One mixing head for continuous
production e.g. continuous produc-
tion of sandwich panels.

Although in the beginning of the
article L.P. machines and H.P.
machines have been classified
under Cellular product marufac-
turing, these machines can be also
used for some non cellular items

e
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Fig. 9: [ransfer coanag plant

Moulding machine

3-section-zone screw moulding machines, with
the following screw design have been found

suitable, for injection moulding of Elastollan TPU.

— |
i vy Al
an N T2y : S

Guiding values for screw design

Plastics M achinery Special

T ~ -
Length of screw zones

total length L 1610200
feeding zone L 05L
compréssion zone Le 03L
metering zone Lm 0,2L

Flight depth in relation to screw diameter

D flight depth
(mm) feeding zone metering zone
L (mm) {(mm)
| 30 5 25
L 50 6 3,0
70 8 4.0

Compression ratio should be around 1 : 2, with a
maximumof 1 : 3.

———

Processing parameters

Precise temperature control of cylinder and barrel
is important for regular processing and consistent
quality.

Temperature settings should increase from the
feed zone to the metering zone by 10to 20° C.

Nozzle temperature should be adjusted to suit
melt temperature.

Melt iemperature ranges
Elastollan melttemperature
hardness range range
78 Shore Ato 85 Shore A 185°Ct0205°C
85 Shore Ato 95 Shore A 195°Cto220°C
50 Shore Dto 74 Shore D 210°Ct0230°C

Extruder, Screw/Barrel

Single screw extruders with a compression ratio
of 2.5 : 1 are recommended. However, screws in
the range of compressionratio2 : 1to 3 : 1 have
been found suitable.

According to our experience melt homogeneity is
achieved using three sections screws of /D ratio
of 25 to 30. Guiding values for screw design are
provided.

J-sechon-screw

M' T
i i_.... :

e o
" CETY
[y

L2313 ’ ’

Oue to the high mett viscoscity of Elastollan the Screw configuration
moulding machine should be equipped with a
Powerful drive unit. total length L 2010300
Use of a back-pressure ring is very important.
Op_en as well as automatic shut-off nozzles are feed zone L 0.3L
Suitable. The nozzle channels should be designed compressionzone L. 0.4L
to prevent dead spots, where the melt could accu- . . 0aL
Mulate and be thermally degraded. L_metering zone m '
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Standard Specification for

- specification covers flexible cellular urethane
intended for such uses as inserts for furniture

compression set, humid age resistance, and

fatigue resistance.

*This specificauon includes references to government
for burning characteristics of flexible cellular

| used in specified applications.

Documents

gASTM Standards:

74 Method for Testing Flexible Cellular Matenals—

Ny, Bonded, and Molded Urethane Foams®

E162 Test Method for Surface Flammability of Matenials
Using a Radiant Heat Energy Source’

12 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 25.853.
Paragraph (b). and Appendix F*

Smplified Practicc Recommendation R2-62 Bedding
‘Products and Components (Mattresses, Springs, Bed-
fieads, and Cots)®
<

S,
) Cassification
38 Thus classification covers six grades of flexible cellular
Saterial that may be selected for use according to load
b'l%and general physical properties, Table |; four grades
Yeed-0n dynamic fatigue properties, Table 2; three grades
fatic fatigue properties, Table 2A.

ds of Purchase
y product represented as complying with this

’ %Mﬁcation shall meet all the requirements listed
ke

13 under the junsdicuon of ASTM Committee D-11 on
is the direct responubility of Subcomminee DI1.33 on Flexble

'— edition spproved Oct. 31, 1980. Published December 1980. Onginally
.!D 3453 - 75. Last previous edition D 3453 - 76,
i Baok of ASTM Standards, Vol 09.02.
Book of ASTM Siandards, Yol 04.07.
from the Supenntesdent of Documents, U. S. Goverament Printing
toa, DC 20402.
- from the Clearing House (o Federal Scienttfic and Technical
Mo, 5285 Port Royal Rd., Spningfield. VA 22151,

ﬂb Designation: D 3453 - 80 (Reapproved 1985)
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Flexible Cellular Materials——Urethane for Fumiture and
# . Automotive Cushioning, Bedding, and Similar Applications '
Tins standard 13 tssued under the fixed dengranon D 3453. the number immediately following the demgnabion indacates the vear of

ongnal adoptoa or_ 1 the case of revision, the year of last revimon. A
superscipt epsiion (o) indicates an editonal change noce the last revimon or reapproval

» ~

w0 the year of last rcapproval. A

herein for its particular classification.

S. Physical Requirements
5.1 The matenial shall conform to the requirements for
physical properties prescnbed in Tables |1, 2, and 2A.

6. Test Methods

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

7. Buming Charscteristics

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

8. Dimensions

8.1 For Use as 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 Inserts— 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 1574. 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. Bumning tests in the reference are listed in
Table 3.

9.3 If a2 specimen 380 by 380 by 100 mm (IS by 15 by 4
in.) cannot be obtained, an appropnate 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:

75 mm (3 in.) — 90 % of 100 mm (4 in.) ILD value

$0 mm (2 in.) — 80 % of 100 mm (4 in.) ILD value
25 mm (5 in.) — 70 % of 100 mm (4 ia,) ILD value

In all cases, the IFD tolerances specified in Table | shall
apply. For example, a 50-mm (2-in.) thick Grade 120 N (12
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€b D 34sa
kg/27 Ib) foam will have a 25 % ILD value of 96 = 14N made. The shipping container shall also be marked with'
(21.6 £ 3.01bf) = 8210 110 N (18.6 to 24.6 Ibf). name of the manufacturer and the contract or order numgpy
L. 11.3 Label—In order that purchasers may identify pe!
10. Retest and Rejection ucts complying with all requirements of this spccxﬁ;

10.1 1If any failure occurs, the mateujials may be retested to producers choosing t0 produce such products in mnfw
establish conformity in accordance with agreement between  apce with this voluntary specification may include a stad
the purchaser and the seller. ment in conjunction with their name and address on laby

11. Packaging. Marking. and Labeling invoices, sales biterature. and the like. The following sty

) . s ment is suggested:
1.1 Pad\agmg—-Thc matenal shall be packcd m 11.3.1 “This pmuc‘ Corlforms to all the m“l re ki

standard commercial containers. so constructed as to ensure

acceptance by common or other camers for safe transporta- lcl;s::;; ASTM“ .S;r;::in;ncc- l'g:?':n D 3453~ F“’l

tion at the lowest rate to the point of delivery. unless e pecthiction -t _Illl.j
sponsibility for the conformance of this product wnh‘

otherwise specified in the contract or order. ) ) 1
11.2 Marking—The shipping container shall be marked (sitizst“ndab“tlols) assumed by (name and address of producer
utor).

with the name. type, and quality of matenial in accordance i
with the contract or order under which the shipment is :

TABLE 1 Specific Physical Properties of Flexibie Celluler Mstenal

Grage Number
Metnc. Enghsh. 25 % indentgtion Ingentaton Foroe Rato Compression Morsture Resistance
N ot Foroe Deflecton 65 %/25 %. mn {comp) Set® Ater
- -
(m:‘v(:qns. wsm":cnm.x c c p=
Force Defec- Aner Deflaction,
non LOsS max
% max
196 44 196 = 18(44 2 4) 19 15 20 2
151 k73 151 2 1434 £ 3) 19 15 20 20
120 27 1202 1427 £ 3) 19 15 2 2
93 21 93 2 1421 2 3) 19 15 20 2. -
67 15 67 = 14152 ) 18 20 20 b '
40 ] 40214913 18 25 —_ 0
Test method® 121018 121018 311037 83 to 87 83wl .
{Procedurs J,) (Procedure J)
Specmen s.ze° mm (n.) 380 x 380 x 100 380 x 380 x 100 S0 x 50 x 25 S0 x 50 x 25 50 x 50 x 1.
(1S x 15 x 4, (15 x 15 x 4) 2x2x1) 2x2x1) 2x2x1)

“ Tolerances have been estabkshed to prowde for grade desgnatons Closer tolerances. whan deswvable 107 SpEChc appkcatons. May De agreed upon betwesn §
purchaser and the selier
® To be expressed as a percent of the ongnal theckness
€ See Sechon 6 for an explanaton of the test metheds referanced
2 See Secton 9 3 when NACeted SPECIMEN sizes a7e NOt gvadadie.

3

TABLE 2 Dynamic Fatigue Performance Grades TABLE 2A Ststic Fatigue Performsnce Grades of Uncored Sl
Grade Descnpton TN Urethane Foam o
237
AD Heavy Oty use 30, max "2
80 Normel duty use 311050 Grace Oescnpton Apphcatons .
co Light duty use 511070
(20] Unclsssified 7110 100 AS Heavy duty cushons, mat-
Wethod Sect resses
“See 03574, 7610 82 8s Normal duty o™ rests, seet
backs
CS Light duty msC paadng

4 See Methods D 3574. Sectons 67 to 74

%5 Lwils 8 r!hi

o]
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Standard Specification for

compression set, humid age resistance, and
vagmic fatigue resistance.

is specification includes references to government
ns for burning characteristics of flexible cellular
['used in specified applications.

28ASTM Standards:

23574 Method for Testing Flexible Cellular Materials—
%Shab;, Bonded, and Molded Urethane Foams?
‘EJ62:Test Method for Surface Flammability of Materials
<Using a Radiant Heat Energy Source’

12:0ther Documents:

DoCFF4-72 Standard for the Flammability of Mattresses*
DoT MVSS 302 DoT Motor Vehicle Safety Standard*
DoT Federal Aviation Regulation (FAR), Part 25.853,
“:Pdragraph (b), and Appendix F*

Smplified Practicc Recommendation R2-62 Bedding
“Products and Components (Mattresses, Springs, Bed-
:éuds, and Cots)*

b4

lgniﬁunou

B This classification covers six grades of flexible cellular
@atenial that may be selected for use according to luad
h'ﬂl_l.and general physical properties, Table I; four grades
b"‘Hm dynamic fatigue properties, Table 2; three grades
%P0 static fatigue properties, Table 2A.

8 of Purchase
? Any product represented as complying with this
%Qpeciﬁcation shall meet all the requirements listed

%

y ion is under the junisdicuon of ASTM Commitiee D-11 on
is the direct responsibility of Subcommitiee DI11.3) on Flexible

5% D 34353 - 76, Last previous edition D 3453 - 76.
EREPE Book of ASTM Siandards, Vol 09.02.
Book of ASTM Standards, Vol 04.07,
from the Superintendent of Documents, U. S. Government Printing
de from the Clearing House for Federal Scientific and Technical
By, 5285 Port Royal Rd., Springfield, VA 2211
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Flexible Cellular Materials—Urethane for Fumiture and
Automotive Cushioning, Bedding, and Similar Applications '
This standard is issued under the fixed designation D 3453: the pumber immeduately following the designation indicates the year of

original adopon or. in the case of revision, the year of last revision. A number in parentheses sodicates the year of last reapproval. o
superscript epsilon () indicates an editonal change unoe the last revision or reapproval.

herein for its particular 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

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

7. Burning Characteristics

7.1 Tatle 3 lists applicable government regulations on
burning characteristics of material used in specified applica-
tions.

8. Dimensions

8.1 For Use as Matitress Inseris:

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 bad constructions. The other dimensions are
specified in 1able 7A of Simplified Practice Recommenda-
tions R2-62. .

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

9. Inspection .

9.1 Inspection of the material shall be agreed upon in
writing by the purchaser and the seller as part of the purchase
centract.

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. Buming tests in the reference are listed in
Table 3.

9.3 If a specimen 380 by 380 by 100 mm (15 by 15 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 (i00 mm) 4 in. are not
available, the following reduced IFD values are suggested:

75 mm (3in.) — 90 % of 100 mm (4 in.) ILD value
SO mm (2 in.) — 80 % of 100 mm (4 in.) ILD value
25 mm (1 in.) — 70 % of 100 mm (4 in.) ILD value

In all cases, the IFD tolerances specified in Table | shall
apply. For example, a 50-mm (2-in.) thick Grade 120 N (12
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kg/27 1b) foam will have a 25 % ILD value of 96 = 14 N made. The shipping container shall also be marked with
(21.6 = 3.0 1bf) = 82 to 110 N (18.6 to 24.6 Ibf). name of the manufacturer and the contract or order n
L. 11.3 Label—In order that purchasers may identify lli
10. Retest and F‘m"’" ) ucts complying with all requirements of this spec:
lO.! If any faxh_me occurs, the matcpals may be retested 10 producers choosing to produce such products in conf;
establish conformity in accordance with agreement between  gnce with this voluntary specification may include a

the purchaser and the seller. ment in conjunction with their name and address on Lah
11. Packaging. Marking. and Labelin invoices, sales literature, and the like. The followmglg
rune. . ment is suggested: :

{1.1 Packaging—The matenial shall be packed in -
] . 11.3.1 ~This product conforms to all the requirements
standard commercial containers, so constructed as to ensure Grade . performance grade i'

acceptance by common or other camers for safe transporta- lished in ASTM Standard Specification D 3453~ Fulla®

tion at the lowest rate to the point of delivery, unless sponsibility for the conformance of this product with’

otherwise specified in the contract or order. 33
11.2 Marking—The shipping container shall be marked f“dba'dw's) assumed by (name and address of pmd“m’
istributor

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 Fiexibie Cefluiar Materia!

Grade Number
Metnc, Engish, 25 % Indentaton Indentation Force Rato Compression
N ] Force Deflecton 65 %/25 %, min {comp) Set® After
(D) Values*. 90 X Deflection. X .
N o0 max Force Deflec- After Deflectn, §
ton Loss meox i
3 max oZ
196 “ 196 2 1844 2 4) 19 15 20 2.5
151 k7 151 2 1434 £ 3) -9 15 20 m—%ft’
120 27 12021427 2 ) 9 15 20 m;;'?i
93 21 93 + 14{21 £ 3) 19 15 20 20 ‘i;g'
67 15 67 2 1415 £ 3) 18 20 2 3y
40 9 4014923 18 25 — 20§
Test method© 12w 18 121018 NwI7 83 to0 87 aann:--"l?
(Procecse J,) (Procedisre 4J-
Speamen size® mm (in) 380 x 380 x 100 380 x 380 x 100 50 x 50 x 25 50 x 50 x 25 50 x 50x 1y
(1S X 15 x &) (15 x 15 x 4) Rx2x1) (2x2x1) Rx2x1),
* Tolerances have been estabkshed to prowde for grade designanons. Closer tolerances, when dgesrable for spechic apphcatons. mybeagreednpo'lbﬂﬂ‘!.
purchaser and the sefler.

%70 be exprassed as 8 percent of the onginal Bwckness.
€ See Secton 6 for an expianston of the test methods referenced.
© Ses Sechon 9.3 when naxcated specmen SiZes are NOt avadabie.

TABLE 2 Dynamic Fatigue Performance Grades

Grade o TINA Urethane Fosm .s.
AD Heavy Outy use 30, max . .25__5!9‘
80 Normal auty use 311050 Gracte Description Apphcations cosd
Cco Light cuty use 511070 ]
00 Uncisssified 71 10 100 AS Heavy duty cusiwons, mat- A
‘ 4 - rosses V-
See Metnods D 3574, Sections 76 to 82. 8s N ) duty arm rests. seat 3T
becks A
cs Light duty mesc. paadng - o%

4 Ses Methods D 3574, Sectons 67 1o 74

i

™
ry




e SIAr

{ll.EJAppliubh

Government Reguistion for Specitied TABLE 4 Thickness and Tolersnce for Matiress Inserts

Appiications Nomnal Thickness Pus Minus
Regulaton mm n mm n mm n
Dot ‘;’255 100 4 48 Ve 16 Ve
125 5 48 Ve 16 e
Doc FF 4-72 150 6 48 ¥re 32 %
FAR Pant 25.853. Paragraph (6).
and Appendix F
€ 16242

Thickness
IS -

n mm n. mm n.
103 32 Y 1.6 Yie
3ws 48 Yo 1.6 e
over 5 48 Ve 32 o

Length and Width
Nominal z
n mm n.
11012 ind 32 Ve
120 24 ind 6.4 Ye
24 10 48 indd 9.6 %
over 48 127 a

The Amenican Society for Testing end Malerials takes no posion respecting 17 vaiidity of any petent rights asserted in connection
with any tem mentioned in this standard. Users of this standard are expressly sdvised thet determination of the valiony of any such
patery [ghts, 8nd the risk of inlringement of SUCh rigits, are entirely thei Own responsiDiRy.

This standard is subject [0 revision st any time by the responsidia techmcal committes end must be reviewed every Iive years and
# not revised. eRNer reapproved or withorewn. Your comments are invited either for revision of this stendard or for additionsl standerds
and shouid be 80dressed 10 ASTM Headquarters. Yowr conwnents will receive careful considerstion ol g meeting ol the responsible
technical committes, which you may sttend. If you fesl thel your comments have nol received 8 lair heering you should make your
views known (o the ASTM Committes on Standerds, 1916 Race SI., Philadeiphis, PA 19103.
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qs") Designation: D 2849 - 69 (Reapproved 1980)¢

Standard Methods of Testing

An Amencan Natonal Standard

Urethane Foam Polyol Raw Materials®

‘This standard is issued under the fixed designaton D 2849; the qumber immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of fast revision. A pumber in parentheses indicates the year of last reapproval. A
superscript epsilon (¢} indicates an editonal change since the last 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 editorially and subsequent sections renumbered in August 1985,

1. Scope

1.1 These methods cover the testing of polyol raw materials
d in preparing urethane foams, including both polyesters
ud polyethers containing carboxyl, primary or secondary
ydroxyl groups, or both.

Note 1—Urethane foams are cellular products that vary from soft
ssilient types to those which are hard and rigid. These foams are made
v the interaction of polyhydroxy compounds, water, and an orgaaic
piyisocyanate. The reactions involved in the manufacture of these foams
anbe modified in many ways. Basic materials, especially tertiary amines,
xt as catalysts and accelerate the reaction, whereas acidic materials
ward it. The uniformity and size of the cells are affected by the addition
of surface-active agents. Usually nonionic or cationic surfactants are
caployed. Fillers, plasticizers, and colors are also added in many cases

w give specific properties to the foam.
1.2 The procedures appear in the following order:
Sections
SUBPUDE . - . cv e e e e 4
Sodumand Potassium . ... ......... ... 61020
wid and Alkalisity NUmbers . ... . .......o....ooeiiniin., 211030
Hydroxyl Number. .. ...t 31052
ENSaUrat00 . . .. oo 53 w 60
T . e 611070
Sespended Matter .. ... e 71073
SPCUiC GIAVILY . . ... et 741079
TOOOBIEY . ... vet e 801091
Qoor ... ................ P 9210 103

1.3 The values stated in SI units are to be regarded as the
sandard.

1. Referenced Documents

21 ASTM Standards:

D618 Methods of Conditioning Plastics and Electrical
Insulating Materials for Testing?

D 1193 Specification for Reagent Water®

D 1209 Test Methad for Color of Clear Liquids (Platinum-
Cobalt Scale)*

e ——etre

' These methods are under the jurisdiction of ASTM Committee D-20 oo Plastics
d are the direct responsibility of Subcorumirtee D20.22 on Cellular Plastics.
fumm edition approved Dex. 19, 1969. Published February 1970,
,Mnual Book of ASTM Standards, Vol 08,01,
.lnnual Book of ASTM Siandards, Vol 13.01.
Annual Book of ASTM Siandards, Vols 06.01 aad 06.03.

439

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
Reagent®

E 308 Mesthod for Computing the Colors of Objects by
Using the CIE System’

3. Purity of Reagents

3.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended
that all reagents shall conform to the specifications of the
Committee on Analytical Reagents of the American Chemi-
cal Society, where such specifications are available.® Other
grades may be used, provided it is first ascertained that the
reagent.is of sufficiently high purity to permit its use without
lessening the accuracy of the determination.

3.2 Purity of Water—Unless otherwise indicated, refer-
ences to water shall be understood to mean water conforming
to Specification D 1193.

4. Sampling

4.1 Polyesters and polyethers usually contain molecules
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
(using no higher temperature than necessary) and mix the
resin well before removing a sample for analysis. Many
polyols are hygroscopic and care should be taken to provide
minimum exposure to atmospheric moisture during the sam-
pling.

3 Annual Book of ASTM Standards, Vol 14.01.

¢ Annual Book of ASTM Standards, Vol 15.05.

7 Annual Book of ASTM Standards, Vol 14.02.

¥ *Reagent Chemicals, American Chemical Society Specifications,” Am. Chem-
ical Soc., Washingtos, DC. For suggestions on the testing of reagents not listed by
the Americap Chemical Society, see "Reagent Chemicals and Standards,” by Joseph
Rosio, D. Van Nostrasd Co., Inc,, New York, NY, and the "United States
Pharmacopeia.” ~




