G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

»

N LT oW ‘f.\
‘5,:’\ t ,f/ D Dt
A Oa 4' s Litg e

[ Wi da

VO RN 4
TN )D)
’ H.:’,:j\{ﬁ}:é I

o laptemer 6
Lo * P ; [T [T oy opat oy . v . ;o
Do Toanor s Indaatng! Deosinprrer B 4t AV ITNALD shaL 0
. AP
o s
crcWoreae o e S
it PRl £1 4 B ‘\T‘;‘ ST S

Py

, ¢ = o4 tober 1T

10N SUBSTITUVION OF ASSESTOS CEMENT BY
CONPLE1IO} AND SUBSTITUILON OF ASSESTOS :ENENT BY
OLASTI . MATER'ALU~

.a
Tt

H, Lehu' thels,
Department of ipp..cztion, Farterfabriken Bayer AG,
Leverkusen, redera. hepit iic »f Jermany

‘ne views and op.nions expressed in thia paper are those of the author and do
not necessart)y reflect the views of ihe secretariat of UNIDO, This document
har been reproduced without formal earting.

SlLed=51U3

1




\;{‘?t i@i "-i\; 3’ 2_(;! L) J

Ueted Nations Industnal Development Organization

T . . N
LERMENEG 39S ot @ m T e

st Lol aate

wra, S0 e L T tober o

CUMHARY

COMPLETION AMD SUBSC I90Mick 7 CRAUTOL CIIENT BY
PLASTIC JWTEIL1uh —

Qv

He Trndliners,
Sspmartment of inplication, iarwvenobriken Laver AG,
averkusern, edertl Iesullit of Germary

Asbestos cement 1s Xnown as a suitable and cheep construct.ion
material witi a goou mechanical and high weathering perforaance.

It is therefore of rarticular interest for developing countrice.

Problems way arise in two ways:

1. Uome properties, e.g. the heat insulation power, surface
appearance, sound absorpiion and so on, may bo insufficient

for a siven constructior provlem;

2. one or more of the raw materials for ilue vroduction o os5-

nestos cirtent may not be avar.nlie in the developing couair:.
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-oven abeut ke Gevelogment, proauciion cost, proresties ana

Loy may be ased for coapletion of asbectos cement nainly in o

1. gs & swrace cueting seterial (particulerly unsaturated

polyester aad priyw-ethenc resins);

2. as & Leat insulatinz matericl tc ackieve a better heat end
sound insuv'ation (Toaus Laced on polystyrene, phenolic resin

rnd especinlly poliyuvetnane).

Lxanples are siven fou ilrese spplicaticns. They ore par articulsrliy
interesting for lixhi-wwxil-systems, curtain walls, heat insui: .ed
Lungalows ard o on. The technical elfect ovialned oy the cor~
bination of ~sbesics cement wiih pluctics is in :ny case greater

tran with ctier materialsn. Towever, tae cost or these cowposites
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3 eleveiod fn cowuparison Yo thka price or uure asbestos ceoment.
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JurotLtrtion of cement as e bivdoer for asbestos tibrea does pet
o to be useiul for developing couniries, tut the iece of pure

sl f astestes cement wny be ol lntercst.
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1. &8 a surface coating uatorial (particulariy unsaturated

polyester and po.vacethanc resing):

2. 88 a heal ' Lula” L meterial bo achieve g hatter neat and
Bound inmota’ oor foone heved on polsatyreue, phenosic resing
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1. Introduction

Asbestcs cement 15 known as a very siutable and cheap consiruc-
tion material for dlfferent purposes wiih high meonnaicel per-
formence. Therefare 1T L5 of ;AT TLCULAT 1nLerest aidn lor Jde=
velopinyg countiries and may ‘here be utel noe onty ot housing,
but also ior the coastescition of Jscidory nalla., Lungars and 80
on.

There is no conscruciion  MaLeriar whicin i9 perfect in all vays
and alsn esbestod ceucav fas iu spiie of Lie excelilent propertles
a very low nea: irsulation power. iae suw:face appearance in pure
state is nct very ativactive ana the trick telaviour under loed

is not optimal. lr trcse and otner poin® it witld ce desirabie

40 combire 2e.08'cs _enest Wi SThes W loTiniT At AS2TVE TN So0n Bl
pertice nd tn sonplen. the SLTArLEY QT 1S AN BIINTS.

On the other napd it conld arvive that psrticulerly developing

countrisys do not dispose of zae oi “he raw waterials o produce

=
e

esbestcs cement. Tnavs would wean that atneetos bres or cement
are no: availsble in ‘tnis vegion. I' tais caze there would e

the problem %o subs.i.ate The laca.ng Law materisl by anotner
product available In this country.

This paper Geals with the porsibilities of regoiving these prob-
lems by the use oi plzastic wateriais.

A3 hag been poiated out wreedy in the suapery, D.astic materials
can never be a raal ccmpetition product for asbestos cewent.
There is practically nc jlastisc materlal wnich Sun irold the

price of Fortland cemeny, ant in epite of the fact that there
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are a lot of synthetic fibren they cannct Le used in a simple
mannexr as a substitution produci Jov lacling asbsstes fibres.

The us2 cf plurtic mutortals e conbirawiop w3t ashestos cement
or in subrtliiuilon of was of it Tew wmodbtriools S5 ojugsiilled in
mo8t cased by tnu oo .ais ool e ashalonl] oonrerties oI the
end TAaterinl i Lolipee il s Put sobued £OR Smach. bubt Lr thise
panner the tochri.cor DOSSiLLLivios fox e sgolicaviun of such a
modified sobestus couzit woe THSA SoTS TRTLOWC wne therefore

vary iatercstin- Lico Zor developing counried,

Major propevsice and zonered cpplicutior naibeds cf plastic

materials

A A T AL i S AU £ " T B S . OO AT SHS 7 S U % G, A e

2.1 Definition of the tern “plaswin asizsial! -~ clagsivicetion

. G S ek e WAr o W S

In 8 ciirilar weener o T, serar Tongd" o "asztal", the term

Mplestie roterizis! v a seonscic nevnion for e vaicty of

:C(

roducts wi*a diflfervent riichond ol wra chearcel properties,
Iy
The comaos charartor iovie 0f il trwse watelials is thae Tthey

gite industiirl prodacte A0 oo Rogh acleoulen 3trucoure which
b s 14

[

are Never catour iorid In natars. Tule Aet nition would prac-
tdcally conptice ~loe syainatle Fiipse, VaT.AITawE

and rubbor. adeod, ik bouwadar.ew yriwesn Thess great sec-

tions o. &y, heile righ wole~let mousrials cnaudt ve detined
ip an abeclis o crlahs. Aecording te the tabiu of science and
technique “biz teorw mecas with the weva “plasile uaterials"

-

the couprct, solid puoduuis, syithevic wesin: and 80 on as

r

well ze plastic Togrty and the 1ijuid. pre-prljuerized resins
which =re ip mzal ecases viscoas 04113 ond can b2 hardecned to

the fips® bier nollovi s 7Uoauces

r

bt

- \ PR L e et R :
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that their heat resistauce .o limitea %o 2 renge of about
100 to 200° ¢, If the mlastic wstariai 12 sore and more
heated it wil. aither ‘oacowre > :ud hel viecoue and ligudd

or it will eromvco? 13 ¢ chewe ol aeTordecasn Inotne [{irat

-
et
'

-
-
4
-

i

2age tine LO5H 94 i L0040 Thlun Wf TeYorsdiees on
GOUS OF 14 il -uees ‘87 . us ow oo wue creasiopoation of
the »wlestiic 0 & wer ovape. Ploei e naterrals o tais ind
are caitel Mierpoulss tioc g Tar . wuole e other clase
which decopposrs Lo o~ oavorsin Ut wowaer in e neat belongs
to the "lnerrope .’ JaroablT.

Phip Civimion inur srervnend st eud Coernesctilog materials

3

is very imyortent erd aac kne Jlastec (oeud 4o wndt TOrd a
gpecial group. oul ‘n upito of Their dAlrlerent nutor aspect
they are only piastic acteziala nll L win e ¢l o foem vhichn

belong eithary Lo e 1.7d% 27 10 tha oonold O naadental grour.
5 2

Thermoplas vaiv AL L% ow Yide  Bytue o Th swploal puastico
in household, ma ire =y, - ourt™ sal &0 >, JLag 080 AlSe R
certair siguilicanee £ou comzie gz, PRy ey TTE 0T V3ATY i

portant ir. counection ti’" e3vo3tad SR Gniy ons 3ypeclind

. v . ) « = " - N 3 3
Gl OiL. Vad dd L™ baseua on

caBe ie interapTine Iy akl

M

polystyrna.
The Becond 3in foup of Teeliios, too thoeo nocouting maveriels
camnot e trmedoracd v, toootluz because Loy LIwerdo a
chemical decemnrosiiior natwmialls 2a Lot rans o bIuwen 150 to
200 OC DPreayeisra “Pertom o100y T N A T T Cymgni

‘e ieereiile T TerTO S SR U A SR SO P L Znora T ng

producere &S & DOWIET Or S XTILUL AV YD LR Ay I8 shaped to

2 . . -
Tinal rro Lo, wn rrancToyTme s T, 20T e Tl T ey 2 furrishe” 13
N “ oy - o . A R I . st gy =g N - te
ligqui ¥ pesiras an iyt real ~lasat e meterizlea, bhat oonter-
<

medigue producy whlick ~we ran2LNL 0P paraened oA s2cond

~ LAY R (LI TR I oo R R e P ': 1.‘ Yoy
vomp():lt-.iu L LT R T T Y Lo HT s L TAaTLlon Al Al
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These thexruosettinz resins or two-component-systems are of
very high interest in romnnection with asbestos com2nt for

ae weverials as

|

they nay be used a® wiil for surface ceal

elso for rhe puraduetine o foeru with rlzn aest lnevlating

properiies. Up e stoer hend Lros.nan 9Y tous koaand ae sult-
able too as vtfo. fouosmciogtese UlUvn U Terw new waterials

ané alse for thn orcduction ol gladsiiire welnforcia plastica
which nsy o: 2 Libotiwve for auhes8T0s cement 1Or gouae

special. chies.

Generagl propeitviss of plagiis muier.gls

In spive of the very dilforent necuaaizal and chemical

propertics of thac vericus pizfiic warcriamls 1T is neverthe-
leas possibla to deriny fode genscas chacacteristics which
are typical for thic il ol prudng e and vhith are impor-

T o o 1 N LR STRE= " o ge 40 3 4y BT
tant als0 for Ghe uurpeEe o0 wsH W2 U asbestol cewent:

a) Very uigh varieiy r sSosving, toerefore alsc e con~
struction of compiica.es Fyng Gan ve Jedliosd,

b) Relativels .ov weigul whica o 1waruly Letwe~un 1 and 2 g.
per cm-o in iue case o€ semyatl mavriaels, while plastic
Poams o Jown to D, 2u, 50 4, pewa’, Mere’ore piastics
are typioat lighri=vo o 2un conitracina malecials.

0) Inmost cases nlgn FeGistanis Lo use sna ageinst chemical
and wevthering atiacks vhilsr reduses copairs,

Specisal groups u: plastacy, ror inztesce glussTidre rein-

forced piasilcs. ‘osm maverisls sud su or, posSsesd special

propert.ics:
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For the here uwentione? thermoplastic maileriele polyvinyl-

chiorice is praciicalliy the sliest and =180 cne 0f the wost
importan’ miagtileg 217 Jhins eoleas. Tae cregneped product io
normally o whie pewdes, wiioh unpders ses gelilication by
neating avove 1007 L, 0 weislasd pruadol eny b shaped into
sheetsa, tu~eg ond oo on, abiie S U Tw o vea possible to mix

PVC powder with olas” i iyiay ngerts to obtaia flexibire sheets
or plagsiLacia, wiioh wny be neeG foo fie coutiug of metallie
shegets and cig0 ar Loag Sal s anboros cswonb. o heee
coating apccetinong SU L0 rnoesSary Lo ovre e coated waterial
at temperatures obove 100" . o e advartage of those
plastic maverials iu tne Feod that e rroduciion of TVC is
wide-spread in thie =orld, sl at-0 developirg couatries dis-

pose noruri iy of cowcues Vov thilo setervial.

While pure, nerd P70 5ooorien hrautie a. ow teunpevalures,
improvesent of It 1wy ot aaoagsit vey Be o sotedasd by chemioal
wodificeticy, whnea ronis UL on tuugh workiag uwaterial. Tois
gen Do tTenfLormel aovho soTgui el shoess o aimiloriy shaped
articlea, which mny be woed oo bLregwsivasnt, pre~Tabricated
contructinnm wasecrialy. o & cevraln ascend, Laesoe light-wall
elegen o wmay Ul Wlew as o oLubotituie S aguestos ceuent,
Polyvinyictuoriae oz ey ha ranglorned walo s Toan material,
which cen bte :wuiined with asnectes ceaeit 1o sandwich struc-

tures, hut norsaily Loams ol gnother chewical hase are used

in thig cnie.

Another tirevmoplastic malerial wentioned in the equations
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above is polystyrene. The compact product has noe importance,
but as it will be shown iater, i+ i pod3ivie la an easy way
to blow up polystyrene o » Very uietieweight fean with high
heat insulating propertics. whows combineSioh wiih ASCEB L0

- & . T P . - ! Y s K ag oer Lo
cement o sandwiol sUYTohoaren LI0TyY b Caven i Iind,

Detalis for ine rigrd Josm ave clven wnd.r 00ini 2430

Thermose itins ©iasiicy

While the moleoular gipucture of ermoplasiic oaterials

conslats of verv low lincar oreias of pRocbon ntons, which

Ial

heve siiil thoe possinciiity ofa cersain sovensi., “he struce
ture of thermosettineg maleriais forws s inree--dimeriional
network, whous mohllity is very ceairictea. Therefore the
gingie chains crnwt siice 4o forw o llquad like in the case
of thermoplsstics, bus the effeat Lowsed Oy eeling of thermo-
detiing resing way be the rupiure 0. e noiwerr and thus tre
decompoeition 37 the uaterial. A3 zentlornsd above, lhe therwo-
setiing rasins arc Turnished w.i LWo—somponeni-3yatens, which
react during tranclormation 1o3c formed sriicles to the final
end product, or us pre-piLgueri ssd 3ysi2ms, wnaoown harden under
the effcct of heat mnd pressuTe gurang the shaping., This
process of hardening of he resins 37 seuzed by the formatlion
of the three-dizensional neoiwevk,

hemically tinis systew o furmation o & thermosetting resin
Bay be accowpiished in different ways. Yuo oldest ~lass of
thermosetting resing are the forraiaehydr phernoiic rasioc,
which are mnown, ror exawp’e, uuder the trademark bokellt
since neariy 0 yeorc. Iu gpiue of toelr importancs o other

ndustrisl purpoessn, wy cave Lo press interec T in connection




with asbest s cesent. i1 is True that it is possible to form
alec e rigid foaa with thase ghenclic Teainsg witn nigh heat
rapictancs s7.d po. G owechanical prepertiog, LUl in apite of

the faet of th: veoy shaan and good aval.oap? ) ily cf Lthe row
mater.ale vnevns: vl Soranidelyie  tne formawlon aad aprnticaticn
O0f thie foge. So rocrer ACUTTONLE £26 AT eY 2acdl, ant Uiere-

fory there 1o At 1l wo ras' orenr thiough Do compocites of
phenclic formailsonrde tnams 2ac rovariag materials.,

Phree otber crasses of tlovmosaiting resang Lecane Very im-
POTHAI L Lo Tii2 MailLills lndusirr oo aeoouant of thelr high

. 5y - boe > ..o [ | . my., i L.
variabiliby n o ppaiCavicye Thefe el

a) unaaturaicd pvosyester reging
b) polynrethane reelos

¢c) epcxide cealins.

Ungatursied poivester resing

These resins ore produced by oelyesterification of dilydrie
alcohols (glveciz) aun atcarboxvliic acids, To linear chainsa

polyestbers, whicio mey Ui ornaches o a certain extend by the

~

ipecorporsiion of tri- ov poivhyd toe alconolz. The raw meterials

for the polyesterizication comprige aiways a cervain amount
of au ursetuistec ¢-my ouns, partioulsriy malsic acid,

HOOC~C A=Cil~TCCH

or other sultani: compounds. In this wey the resulting poly=

eatera sontain alse U=0 double bonds om reactive groups, which

however are atie to be regcied cnly pooriy oy certain catalysta.

s
-

lveatcrs are highly viscous ilgaids

Farthierrora,normally Lhoge Dol

or even solidr. Tharesore L1 weuwld te difitcult to uase thenw A8

sueh .
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masses of comeare al o cruas s e o daine st o ar ction of s tulysie

subetance: in 1nre peat ap =- OO A A A Rl Tre ocetalvrde gyt eme
consiat moatls uf Twi comparcice, YL tived of waioh aco0g 10 oan actie
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polyester. The producers give exect formulationa for the op-

timal way to » given btwpa of asasrtment.

et ol e oriedvtic suo3tences is that
double Yoauc o he adesucatond polresders and Ln the added

e
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alyrene are zciovate’ 0 vrzes witn one angtner ana te forw

the three-=dinenclionne aelwicr wiier fonsl enring and hardening.

The remiiing scd prodact i¢ s golia compact nass of & trang-
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certuls purpeo s sn Lhe elecirin _vlusiry aud 80 on. It
1 ¢ choracierisvio ¢l oy vnoaaraied Loiyestec reeginc that
during tie hevdenins wioczsr a ceriain volume shrinkage will
talkke place, whiceh mas bo sbont o (o B3 rol. %, Tals ahriukage

e JeDdP dr wind guroas the preduetion of Large gize

articler frow uniaturavs. ulaiycgver resins and »iso in surface
coating, Yucance 1. cavvies SosaLivy Larces whiloh can di-
mirise the wu=e3ion 0 0 L nacagmemd, e we > core possibilities te

~ . .

svercave b Arfliceldics cawsed by voluse shrinkagze of poly-

-

egter resins, veriicilaxiy v adlins Tilera enol a8 guartz powder,
sand, IilLkres snu -0 ey S egia bolore curing. Therefore
unsaturaisc polycater s~colcs arte varily used, mostly in con-
necticn will reiuloreins ~iase Jlbvey as = vuriace coating alao

for aadoesios acment.,

-t

The @oin apnplicwtion an Lousing i e trsnsiormation into
glasslibre reirfusced plastics (corrugetbed shesusa, light domes,

transiuvcen. sevarating walis and 50 on), a8 sncwn ai the end

of this papor.
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producte obtained by meenting the numecous commercial types

of compounds range ir. *heivw properties frow soft, rubber-like
materiels ¢ necce. nigh weti-suinted rezins. Accerding to the
seleation of ez wniariacs eand ho coodicions o reacilion vhis
ByS8ted Wl So NIt e oo corting agen .o mna for sort and
hard Toaws ohicr Lo ot e soar pit oo s ca tigaed closeg-
cell prodnris wiia e¥uoeslny ourh Mest Lnadiating properiies
Whicn are o LCE. Ouluiulwl .t v matesial. A wily be 3nown below,
alet polyurelnasc (oo 2ust b oneldered as one o ine wost

impercant conbindn. o teT i Lr o witl cabenies cgrint.

T CORUATLIEON w) Lo Guadwuldra sl Jul /eniass T ity L hlg Te-
s * ]

EN

action oi poiyuroshane envsils ne solawe shrinkage. The reaction

of

~ -

takes pisce after miaiug of comgonants &l Tcor Tezpersrurs. 1t

muat be kept ir @il dhoo et cuenical Tealtions o fanver at

elevated Lemperiture. add beooe S.Cwel LD T3 w0 ld, In thre
case of reaceoint elwoor ol rejuronide comns .ung and isocya-

nates rho a:adeniyl. of She conreroral sy2Lerc Lages prace aloo

at temperaturer o tnr TeLer U0, = BT O

The indusicial prodictind A7 e sonponziin for polyurethane

compounds requizcs Cliferant emdonents

The prodnction 6f 0 o dvo oo Gorpows s, garticulavrly poly-
esters i riicwiac alonls, ns cocides e nduat:ylal products
alsc natura: congouncs D ide canio™ O3 3N 30 00 way D2 used

particolarly i ohe cnruu nl sutfan: 0atile. Joncsining une

isccyanates iv 18 wuch wore uiif auit "o Luocace Suitable ma-

terigl oL A amelis slsse. Oa the other hase s Induririal

scountries have inswoiled very @freciive lnotmliations with
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Epoxide reasine wi, -~ asel Ja e ™ mavaer we ungacurated
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thelr zicvated pric:, Uy ware 2u.y el inl Jor special

<7
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e
the hardening reaction, wiich enfwres dimenaiunnl stabliiity

and avoics shearing {ortes.




3 Comparison between The itnles 3yd.ems vrsaturated polyester
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2.3.4 Plaetic fosm systems

Nearly ail plastic waterigls of the therwoplastisc and thermo-

8etting vype ca. be sutalnad muar rcrtain ¢onditicnsz in a
cellvlerr Sroscan F.ale. p praciic +ooner:s are mome upeclal

types of piastine wnich bvecave QrtTede .y mpoerianty oY s ora.

indugtria; sections hacanae of treir ot canding sechend cuo
propariics. Furticularly in housing sows fo=a 2y3ters have

great 2uccens 50 heal TMAULBILOrN Mener iale. Ladeperdenya; Uhon

the chemical Crigin eil plsadtic tomns are cyploal iigit
congtruction watcrianis. Regarding Their acplivetion. there are

~

principally two di7ferent ways:

@) The foaw materigl may be use?  as 1 seri-finished prodact
particilunly ia the form of shseta and ray then be glued

to olher aeieria s ¥or ozample afbtes'. o ceceut sheebs.

b) On the sther hars the “oam can be obtained from the raw
materials direcily In coentact w. 'h the coveriang materiale
B0 that ine rizing ioam way achcore to tne surface of tne

astes’os cement or otrer Lrafuc, tai s50..dxly in 1his slete 1o fovw

a componsite siructure.
In practice both systems of labricaiina are daed.

The wost rmportant foam systems in counection with asbestos

cemant are:

2.3.4.1 Polystyrenc foam
In most cases this very light foam is produced in the two--
[ Btep procees: poiystyreas is mixed in the firut siep with a
|

blowing ageat and bicwn up to iittie granuics up to about

3 to 4 mn of disretre and inswe very lignt while vatls are




2.3.4.2
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put into a form which 18 closfed and heated. In this second step
further expansion takes place and the single balls flow into
gnother to form a white i1tsnt rigid roawm. In the last years it
has also tecome possitie to produce a polystyrene foal by sn
extruasion process, in which the polystyrene mixed with blowing
agents is extruded from a large 3lot to form platec or Sueeis
with a foam structure. The iwo kinds of polysiyrene icams are
easily tc be distinguishe:, vecause the first one shows al-
ready the inner sirusture deriving irom the weiding of single
little balls, wnile a sectlon across extruded foam will show

a very uniform ceilular structure.

The densities of these polystyrene foam materiale range nor-
mally from 18 to about 20 kg/m3. For the construction of sand-~
wich compusites aluc with aubestos cement it is the simplest
way to glue che covering sheet with the foam core. There are

& lot of suitable giues, whici are vcecommended by the {oam
wanufacturem. It snouid be mentioned ithat solvent conialning
glues are not suitable beczuse the chemical solvent will
penetrate into the polystyrene end dissolve it. Tne wost in-
teresting value for polystyrene foams, as well as for all other
foams, is the neat conauctivity. 1t iies in tiae range of about
0.024 kcal/m/oc/h, wnich proves this material to be a very

good insuliation watecial.

Polyurethane foams

Polyurethane foams are known as the best heat insulation
material. The /{ — value ranges between 0.014 to 0.020

kcal/m/°C/k. This is due to a special dlowing agent, which ia

used for the foam foruwation from poiyhydrexide compounds and




polyisocyanates according to the systen wenwtioved under 7.3%,2.2.

The ohewical ruw waterials are Tather the game ss for the gur-
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components. is vewctlon o uracricaliy exe cuted v oa BpeC L

way with aidit:
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SR tadn adivive s, wrlico engure oo guel -

. . , . . L o, .
Lifty of oo pooic s Thow, wunt o~ owachinssy 1o ceriainly ag in~

v ; € o P N . . ~ ) .
vestmern w o come 10,00 9v, TL e celgllrely  aeioon toal

polyurethare fouwing machines aite uped 101 onn SUYTLOSE O T,
in this case for “he prosucztzon of agbsasios cement ; foam omio-

wicheg. Norma.ly, ana sluc in nuegesours developlus courntrien,

there are alreadv foamisg instaliaiion: with considevable

f

3

capacity, which way be wsed wlao in tnis case. The great biock

b

machines or the production oi weei foams for upholsicry and
BOo vn are nat eulitagbie fov an @ocnemic jrodurtion of asbestos
cewent cowpositag, Tui there are the so-called ¥R maobines,

which are pexwicalarly developed for rigld pe.yurethane Loama

o

and they zay be as.d slzs for maild faamiug o0 8Droy ioaning
in 3 Bo~-2nllied double coaaveyer Delt mocoine, Thae Y=o ave 1o var,
lmportant for the produciion of aandwizn comnosites and will

be 1urther udescribed an the practicsit part o. tbie paper. (see

chapter %),

The application or fuams Uay sncliude not only tLe pute Loame,

but also cowgposites of fvawms w.th inorgunic wateria.s, ior

st A S A B 5 15 IS o

—

example blown «lay, blown fiass anc v ¢n. rarticulerly ihe
last case kas toccwme very laporiant in conmection witn poly-

uretben fcoam 1ox thle produciion of very geou flame-resiutant

3

composites, wuich way te sulifghble nut uiiy for wali elamenta,

but also for ohe construction ¢f insuwlation coraes.
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2.%2.4.% Other foam esystenms

While polystyrene and polyurethane fcam systems are the most
important cure in connection with asbestos cement, there are,

as partially already mentioned above, also otaer foam materials.
Some of them possess o certain intercst for the problems of

this paper:

Besides the sbove treated phenol-formaldehyde foams also urea-
formaliehyde foams are known as a very effective heat insulation
material. However, their mechanical stiffness is very low, 80
that they cannot be used to form sandawich structures in a

similar way.

In the last years, a new blowing agent has been found in the
Uerdingen plant of Bayer, which is very suitable to form foam
systems of unsaturated polyestexr resins. These polyester foams
may be applicated in a very simple manner, sraferably in connec-
tion with inorganic fillers suchas ilown 2lay, blown glass and 80
on, Compoeritea of these "lfoam-light concretes" with asbestos

cement are possible, but the system is still in technical

development.
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i 3. Application of olzsti iva in connection with asbestos cerent

; 3.1 Surface voatiag

; A fhe rovoal greyinh Supface 0 aEsestos 0ol at i not
very atiractov, 1L Qg usua. e painy i5. lormalt LRINTS
are digpersien paintc on gr agueour Yege and Jo uot coLoer:
the nomveny o7 ini. papoc. But there 1s also o Sheddal
surface coating waotlh cyethetic Dinders and diffevent
sestihety «f{feely whnleh mny be spplicd i a1 casen where
gooa irng~tine behavicur algso under Lard weathevia> aon-
diticrs s reguirad. Ihe binuers uged welous normally Lo
the three thergosetting groups described in cpapter 2,
They may be used a8 well with orgunic szclvents uas also in
8 8olvent~iegs state, which ig veacriiculariy suitable L&
suriate seat:pzs of 5 cevritaln thickmess are resguired.
Reasons Tor the spdl_ocation of currace coabings wiih
organic resing lustoead of the sumple oceintiog with dis-

9 . paraion coloucrs are differcuav:

In all outdoor appiizations tue coating with synthetic
res.uns way increase b ducabilisy and ibe outer aspect

of the surince, wad way 2ervy nlsu for a certlain geometrical
provilalion 0oL the surface.

In cane of appire<ticon 1w the imaer rooms of the houle
gurface coating with resins may simulat. other naterials,

for example ceramics, or way precuucs a ceriain asesthetr

effect, for example fcr bath-voows, corridors and so on.




3.1.1 Surface coating with polrsster resins

Unsaturated polyester resing wmre relatively seldom used as
golvent-frae cirfroe o3t nga far actestor cenent, ubecauzs of the whrinkege
during ibe havderics reacilon., But there are eXephLONS,
particularly if 're resing are reinforced by glasstibres,
There are c¢.me very interestiag realisations in France
where outdoor wail elewerts or balusirades are constructed
with sancwich compcsiies of asbestus cewent with polyure=
thaze foame. Tre cater surface of the aghestos cewent la
covered with a Jayer of unsatuvaied polyester resin filled
wiis piggents, t2llers auaa 30 on and reinforced by glass-
fibres. The spplivation of such a layer ie executed by
spraying first & thin layer of an unfilled and specially
modified polyezter resin 0 eunsure A4 xood nahesion Yo the
asbestos cerent. Tien resin :8 spread on the priuwer f{rom

a two-component spraying gun, one scowponent compris8ing
resin + activator, tThe other ravin + accelerator. Tne two
components jola onc andtrer dire-tly on the asbestos aurface,
mix together and harden. At Hhe Sume Time glass fibre
rovings are cut into short pieces of aboui one to twe
inches and jetted againat tue surface by alr pressure.

On the surface the Lardening resin and the glass fibre
pleces wix and forw a very resistant layer the shrinkage

of which will be neutralized by the reinforcing erfect of
the glass fibres. Finsily an cuuer sarface layer is szpplied
wity filled and pigmented resin. Consldering the thicsness

of this coating it is pcsslble to emboads profilation into

the outer surface, for example very thin perpendicular
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channels, which may leed the {low of the raiu.

The above meniisnel.pcthon o appiicatior s nol obligatovy.
It is aiso poseovic o aaily mre dltveront siages ol tae
procevs or o woernl witioon Siens finee onlouios geate.

which may be ap-'iea b graiuin, o Phooere N AR PR
exaisple 15 luen o7 ove ov ihie tenlisanonn i "Tauf vuloh

helong to cue o) nge cew suturbme csdon. s,

&3

fene anc s her sam sy aooincations 7 Lol fasiar Daesing

on the surface o« zsbestos cemid L are pre - cntricated con-

Biructing eiements, wnons surtface coating tas beeu atffecien
under the well-controiied conditicns ol s LECTOCY. ACCOY -
ing to the very various ourer aspc.is ¢. the surtace, whica
may be vegquired o a certain cate, aifo toe WOSRANE L on-
ditions for toe poiyestors 0y charge Lo o certaln dugrae,
bat gensraliy the quarily and reprod CLLility ol o4 large
Beale DrodusTion 10 aaways due LC L0e il onAlcs ol 8-
ways lhe sare workinoy cuonaitions. Y orcer 4o amvoid dust aod
other impuritie., whicl may Lhclaern e the adneglol a8 well
a8 the uppearance of e surfmee, 1t 15 Alwayd des.rable to
execute the comtiug v epecimi roome, wilch ace Not uBeu
for other purposcs, The surlece o ‘hLe agbesios coament way

be weli-~cleaned snd oust ne free [(rom o.L and other Lapu-

ritles, whioh wight 1asct as o Teparstiing agent. The storaee

v

place fur the polyester resing, f£fillers and co o should he
apvart from the itrodoction ugder cool and Ary conditiuns,

In sowe countrics pre-mixed polvesier Systers nre avallable,
which contain clresoy tilrers. piguerts sna 50 ¢ . Lo de-
pends on tha 10¢h. canidiiiong vihetl o wn applleatse will uae

.y -

Buch pre-mixed compouvnds, which reouire 2n)y the addl tion
Y ¥ ? . J

ol acecelaratere gni achivalors nr wie iver they preiler o
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mix tbe forcwulaiions themselves,

handling the polyesters care musl be TaXen

prescritiicns 27

corcerning thie procoselny OF

Considering thwe smerl
resins ac o

ventilated in o~ o

The cptimai i,

is in the renge wr 27U

conditinng are glvern

For tua cle

have alwayf organlic

i Legdional

TRSATITE

ing oi machinerny and

jolvents likKe o

In all the cases of

that the

angoC.aticws yad suppilers

e obgerved.

-~ -
IR

- . e . - 3 p »
GIoLonenerTic nielenty in dho

Lee working Toom wudh be wieil

for tpe worK witn polyester resin
- ) . . . . -
to 25° ¢, wilie more deteliled worikliog

Lcols .t 18 neccussary 1o

zethylenechlorice, ne-

cause it is very c¢iificult to disscive ke completely

nardened product.
All  this snows thati

18 a typlilcal procelid

does rot CcauUs? NlER
The macnlinery, whilcl

is rather the saut ws

paint and s.iriace coal

sSpray guns ond Lo on.
the twe-cowponent
fibre plieces.

Surface coa’ine w.ln

surface coating

“udtle,

L

gua whth sdditional

,JO.L.JQI‘D ViR

with polyester resins

fce & well eguipped service, walch

ouv o aust

noceBsary £0T an slenome: Work,
four uthe:r services, wnioch execute
NOT LR, AR MSANE W LIeTd, rollz,

23 tpeoial eguivent there s only

P Y

hee Ao

-sprayirg of glass

resing

P ~

The coatiry with poljt

solvent-les3 cewmposii

forauiations. in gome

urethanc resins may be executed witn
jone 28 well as wita solvent containing

ase both

i6 necessary o

cases i
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the za:s 002, which causes butbles in the layer of the
coating e2nd n bad sdhesiou to th2 swisce. There are LS0w¢

classes of chedical coupourds, wnicd way i uued ad 3 wa.er

Todiacly 802 LLL aluw.oalum

P

eatching agent. In praciice par
silicetas oY ine sryutwi typa o zeoliti, are widae.y pre-

fecred. Thiuy inecrganic opoinct of raatursl o synthetlc

-

1l considerac.ie assunts of water in

;

origin is =his L i

|

piero channels of The crysdiziline struciurz. Tasse cLannele
caused by A ceoitain arrer~es2nt ol ke differcnt atuss o7
suck productis, are wide £10uUsG W alicw the sgall waler
Boleculsns to enter ana %o vonbiae witn active geoups of

the silicate ztructure. #or other oneni.al compounds withk
greater moiecuies, for eizampl. £2r the iong crain wolecuios
of hycraxide wowpoundd 0T 1323yaArales “ne sianrsis ere too
small, 80 that thoy are effective as & DoloCulsr sieve for

the water.

Thesr codium aluminiam sijicates w.th zeslita siruciure
are eusily available and ars luraished &ac white powders,
which must e ztocked iu & ~lused f1a3x ox other sonteiner.
Tho advantsse oi vioge producia 13 Tnat the pinding of
water is a reversibic process and cowted vaier may e Tre-
moved bty heaving tne powder oo Efversal nours 1o anout
300° C. This @ay ve ex2:uted in a iarnielory stove.

in praciice it is preferrea *o aix *hese dry powderes wiiz

-

a certain amount of nydr.ride compownd to & paste whlch is

v

not so sensitive to the air cumidity and aveids ihat the

new dry powler way oecvoe ineifectsve by absorgtion of

water from the &ir. -8 a nydroxide sowmpound cestor oil is
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saponifying 2Ifect of alkalipe.

The inorgenic ~ortnenents f polyhydroxide icocyarate
reaction wixstur:sn 207 be chfuen .n wpe aate sanner an
in the crqe of mpsalnraed coaver tet.. Inoacnteast te the
polyessecs, ¢ ooniinre velnic. l0g S5 Lo T unuiy ior poly-
uretharnc. Juzit? plowler, Cise gacrn, calsfun cerbenate or
otker we 1 koown iililere az wi!

pay he weed ir a8 weirl dricd ouate. L.l TOr thii a Large
scale of balic roMmeilg cLons 3vo recozsended.
I+ mugt vz cone.dens i toai L. vaf neuent oiowixing the

two sSomponer s nydroxide comgumd and i30¢ yannie, reaction

-

betwee, ther tasca -~lecae, thae veiocity of the Lardening

reaction dapends o Lne “rewicsi nature of sydroxide o

pornd and isosyaraia, oo the Juviliiogd gaade 21 1he wixture

Aitior8. fo> de.nnicas veaAcos the sonuoyacate s postly
a derivate of poliine-foomal tunyd, condensation prod-
uet witih a wiioUe onmicnd acuivity, Wb cowmenly used

pulysthier /ol slso camvoer oLl efvesl Wiln ir.is iyne of

iR

igocyanate an Aavrraga reaciion ve.ocihy oooaniud 4- minutes
to one hour for 10U cramg of mixture by ataritiuy al Tool
temperature. Fillleve, slguents and 33 Oon may lengihen this
time 2 iittlie. “ut onc ol the miss inportant effects are
changes in tke sinrtlng Leaporaiure. 1t 13 uin advantage of
the polyurethan> reaciion miriures thot nprdening is aiso

-

. 5l N ) n -
possibie s1:1l atl vewperazsured 21 gbuizt 57 C. On the other

R

. . o -~ . )
vend rising of the temperature ol sboatl 5 204 wore C
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As particularly interesting effects two methods of coating

way be briefly outiined:

The bydroxide wowpsunds are mixed with typical vernisy
Bolvents contalnineg Kotenes, esters and so on and pigmented
in the desired coiounr. Thaivikening ageris are added, whien
cause a thixotropic henavious of the mixiure, These
thickeners wre preleral-ly chosen fiom the ~iacs of vory
finely divideu sllicium diociics. Pa ‘his Mre=nit a sclution
of isocyanates is alied an) he winiae nompeis e ig coated
onto the surface ol asvesio; cenment, whicr has veen coated
before with a bighly Cdiluted compesition of a wasn vrimer,
The harcening time o: these Balvent containing coatings

18 much ionger than in ihe case of solvent-fiee cemposliticons.
Therefore there s “ime BROuUgn LY wodel the surface of Lthick,
thixotropic snd still wet sayers. This waey be 2iccuted by
rolling, cmboseiny v 0trer sultaple metunds knowil in bhe
pPainting practice., 11 ftne currase ig ary, % 18 preferablec
to complete with s brilignt or wat finich 2l30 02 the vace
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as Shown in plciuye - Tt in sbvious vhat particularly
this metnu~d requores gxl.i ane aetitade and sanrct he ex~
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3,2 Composites of asnestod cewent with piastic foams
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production o: Joam core sandwicu struciures witr asnestos
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The isocyancte westly uced in 1) 5- "recesg is the same as
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to introduce the fonm mixinre, If 4he Jensibh of the element
ip relatively iwmpouriant, - Tust may pe *‘ntroduced belfore,
which contuains sove tal 310Lo Lo ezt the Tosu omixture. The
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it must aleo be ensured that the ends of the upper plate
are always irn the sanc woaitlon as those of the inferior
plate. These wrouiens mave been dissolved, and therefore
there (o ow 1. 10f{ieaity to produce ashestos ~ement sand-
wickhes with polyvretanne focns Ly the continuous convevor
belt mrthod, Dicgugpe 10 showis this modified machinery
system, the {irst syecimens oi wileh nuve been instelled fi

Spain,
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installation tubes and su on. Howaver, +he wulli elements
obtainad by this meihed way Lo mennfachured in a very econo=-
nic manncer, eud e “here 1o thne pessildlity of variations

in thickness, foim Jdeasity and alac profilation of the
coverir ; oo o vve sl couveyor veld eyetew is very
interesting particuierly tor developing countrice, where
only ons insgtallstion ~Yould bve anle to produce as many

different types o3 peselhl

Ay
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Although *the coatlinucus production of such wall elements
appears to ne parficulariy lwportant fur developing coun-
tries, there arc alse other svatems, whioh nay pe interest-

ing:

Gandwich sfrucuerers o ashegho cenent aud lighiv-soam conerete
Ae wmentiorec coove o0 chapioar L, oo pure plastic Toame way
pe modiried vy inc.oporabticn of irorgonic, Jight-weight fil~
lers. One £ the m. .t .nievesting sysiems iz the combination
of foaw witn biowr coiis or biown glnes. Theose fillers,
availablz in small sells ol wboul 1/7 “o % ¢ in diametre,
may alsc be efcuanged eeoninst similar products, such as
blown mice or -trn » light=wel ot wateriuis available in the
country. I tte pgriacnt slale st teegnpicue, the production
of such compounds with fosn and asbestos coment cannol be
executed iL & ConLiOUE LANnNEr. Theretore the filling-
construciioL=nrocess is Jued 5o ec-~ribe above except that
before int:cduction »f the fogm the space Pebtween the two
layers »f ashotte o cement i foted with blown clay, blown
glass and 50 on. After cloning of tho syatem n2 foam may
be injected ani fil. eul the spaces tetween the balis. In
this case beside poivu-ethane foame, also foans on the base
of unsatvrased polyestar resias may be used., The advantage
of the ratior is tpe very simple rroluciion method, which
18 pocsivle because of the slow voaiting rate and the iow
foaming prescuces ol the poiyester systen, “herefore the
polyester mixiure uay Le creapared In osn tpen resgel and

gxirrec ot the Luern DJorn among the palis filling., It ie
h Pl >

time Lo clese She world and to wait for the viging ot the
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foam. Folyvurethane {nam, hLowever, neeids here aiuo a Coan
producing machirc-y ke ln e other process and the nouwldac
must be cirorger v otcascn o7 Lhe Lisoor ionn areessuvre. Mo
coat for Tune mouorind 1o ealter the same v Lobh ragegs, bhe-
cauee o Adengwer Long Jn TedAINee Lo Lhe cape ) noatarased
polyester rariprn nbour 100 G S0 ey L which pontrally s
the cheapery prics ol *oais matericl. re flual cnoice of the
foaming eystem is duc o The wopulfacionry sonditions as well
a8 0 the techal.al rvequazem ts o she sandwich 2lewent,
which hzs Lo be producsed. 17 a anlyurcibane Toaming machine
.

is avallable, inie fomilay oUssem whonie be prefelTeld decalso

¥l

of the “igher prrdoction Jove 213 vevia i litly. Crthevwios
the polyester resin fowr ¢ pavticulavcly advantasecus for

begimners in thag sroductisn.

The productior of wali elceoent: o: tight-foam .oncrete with
sidingr o7 asgheston ceusun nlases vl be carried out in a
one~step proeess, i 0L 4o aias roosicTe o rneuld the lig
foam concrete in puve Lo and 4o slue Lt togethor with the
siding materiel. “aus noy Be ol w vertain importance if only
one Jaoyer of nghechns cayent Lo vequired, whiie the other
silde nmoy bLe coversd witlh »ougn ~25% plester and g0 oG. AB
described with the filTinc-construcmiog mebthod, inner oo
inforcemerts € wnod anc ciccel an w2il as sanftary or eleciric

irnstalleticns may b e~pheciec ia tne monld befove filling

with blown glesc ane 329 o and Conm: .

The particalar advartages of those weavier Lonposites are

the extremely high fire resistance and “he conciderable sound
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absorption so that they can ove used as separating walls
between aparimeats and in che consteuction of sleeping

¥

rooms, bathe, ., W', and so on.
2 +

The particuler nign rire resisilince, ~hich rewches values

0f about %0 to U0 alnvves socerhang Lo T GCUEIN N0

410%, is ane wo tre copnent 2l Tnormgnnd atarials,. When

g flame copln: trom cne CLaC nas teoke: o1 C the covering plate
of agbestos cement, uhe superficial foaw wil: first burn

and form togethev w#with the glass onll: an insuwlating layer
of coko ond craved docompogliion

products [rou the feam, which are a gtrong hindrance fox

the fire *to peneirate Jnve Lo sunpodliice, ricilures Ty 1w
i1lustrate articics uade i: vracwice by this method and
picture alase spows ooosanpl o ol onme Dk concrete
after a burping test., [t ir 1, bulleve thot toam-1zani con-
crete covered with asocuptes cenent shall bpeccme an important
construcitisg muteriai, particuiariy for housing in developing

countries,

Gne-side covering of anventos cement with foom

the renstion beiwcor Loeeyass.es and polybydroxide compouvnds
togebhor with the additive: moy e acceleprate’ by catalysts
in such a measure that 2t beoenan possitle to ey the
eaclion aictvre apainat tne surfacs, where the SFoam rises
and solidifies in ithe gnme meneni. 2y wnis methoed foam
layers on iloorr, weils o coilings mey be aprlied. The sane
procesy is algo possiblo wihn pAlen oAy e urca-sormaldehyde

foams. U0 it io also possitle tu cover ashesios cerent plates
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with a one-side layer oif fnam~plate by glueing.

The reason f¢r ~uch & process s Tor example to avold con-
densatics woter Aroaning Sron the eeiling 55 a large hall,
which ig coverasd wi b corTiga eu asbrutos 2ement aheets,
This oo derguticy water may L2 Dorel when .rne hall pes
beer hoated AULITE tao 0 and e cooo algnt Lowers the tew-
peratures of ine veof. ¢ s obvoeus thon frls process is

\ T MER 4 - ~y &y, - - O S .
particulariy imporvenl “or Trovic orunliied,

The execution of this sroceds 1n el explalinlpg. Spray Juns
for foam have iz2en constructed Tor beirn oysiewe, ln the case

of poiyirethane fomu ,ractliailly the snme ecuiprent 1s used

as described atove, w.in ihe exception of ithe mouth of tne
I
reaction chamter. s> the rroge-tion of ures-furpaldehyde

foams 2’ =+ suitarle maciites are avali-Nle.

The thi.kneoo 57 the vroem lever nopl.oid dv o ihe spray process
may range from 1/0 Lo accut ¢ oca arcoriing te e spucial
climate corsiticre. & tnle Jayer .ar oo appiied with ore

1 N L U EETEEE S. oot 3y R v b
Spra}' o + y b.a—qL 4 t 1hoAe s 108l by ne usie gucce-Li Lll.Ly

)
o]

obtained by several lnyers ¢ mo-eal TamlAs tne rising
becomes immeli-tely £ol:ii, it I nol necessary to wall a
certain tize, The adrceior ot e ollfevent iayers nne upon
the oiher is extremely goud, and e high weatnering resle-
tance of volyuretnane feuss 2lluevwe 1o renounce surface

coating.

4, Compositece of sstestos fibre:s an’ syntretic rerins

As asbhea*t)s cement is & 2ounnecticon vetween agtestos fibres

and cement, it is princ.ipally possinl: to exchenge the ceuent




-
o

A
2 e

against an orgaric recin.

Corned

mav ve consldered o pousinls
Total substivmiicu -, ¢ 70T
Pinally it ic nec~oenp: *+2 glicw

setienlly thoak

weuno impregnation

of agbes*es fibres with anru -z 1 ~~ivagter reain, epovice

re3in and so on. Lol ocseiloa s i o T czeliced, and

aats of asventinr Cinves nuve oer 1o v deaed with o to

above mevtioned rocire o plees, &l 20 010 otanivise chny

articl Tooswat Lo st ash ngy thome produtus carmot

ve antagoniste ‘o ashorion ceiindyy oo oy mecerials

with special proneriize mads vorvicular®y 5 techaical pur-

poses,

From the viewpoelirt of raterial sheos |rofncis ere wmore similar

to the glocefibr. vein¥oress muo-ti-c than o csbestcs cement

articles, In s»nite oi o Juol oL e, oo cone attempis

to use sheets of waln “2o7 Lo e coratonet’co of barracke,

garages or obtLn LLUToo o T oot ) >+ 2L importance

ol nzdestoe Flore e orcar eesins i thts Flea e sogafac oure of

speciai avticlc: Tav Ve electzrio: fudr *y. for machine piecews, :

special tucon ol Lo L, %

in comparisen wito [Too=alibre pate, n Lister Iire mats arn

denger ane ret a3~ <xnsn v Impresuss wilh the resin, Theraf -

resins noc Y thaton ~7 da o wicosol tuhes, wiich is reletively :
£

easy In the caco cf vusz-urated poiy~.¢ rs, duv more Aifficns

in th2 cz20 of epcry e .

™ view to tne actuzl ocelncerl swuto, ozbosios fibre rein-

1.on naerent and

v in the future.

way *the
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possibilities ir the plastics field to substi:-ute asbestos

cement a= a congtruct.on mareriai.

As has alreadr begepn wentioped in the =uwmsoiry and in othar
cpapters of *‘nis nnoar, thewa 1o s eaacgy Jor an “ntagonistice
competition btetween the wel .ntvduce! inorgani. material and
the plastic nwuiorials, 8ot aatuaally, oo ‘or oxample v hull

i3 coustrucited with asieci.s v.o.ent oheevs ant covered with
corruzated ~lalvs, it i slways cesirer that  1zht may penetrate
into the hall., ‘ler= i¢ alreacy a possibi i1ty ifeor the intro-
ducticn ¢ pla..ic matoriale s a coapletion for asbesios

coment: a part .f the corruga.cd r.oiing plates rom asbestos

wH

cement nay Lo repiaced py giassfibre veuinferced polyester

»

plates of *ie Cmme shape. L the

O

ther . ant, .assfiore re-
inforced translu.ea: wi.. . owc o owr o i.tornnte with compact
prefabricated sacdwich ctrvctures wid Toaw cores and agbeetos
cement side platec, A_zc ir this war the cuilding may te

enricned oy special arcl

A
-

As shown by a series of th.e feollowing puctures
glasefibre rcinforced plactics in a iransiucent or fully
pigmenind state may ve riirely usew us consiruction material.
To avoid the difficulties cuusen oy tue low ~lasticity modulus
of plasiic maieriale, ~ucr construct? s way we curved and
formed ir domes, cupolar axu: zo on, Ul course, this <onstruc-
tion has nothing more to 1c with constiuctions possinle witn
asbestos cement., iere & renl alvwernative i: given, and the
choice may ‘e made alwey. ir the directicn of *he plastic

material, if the desired obuilding snould have a special aspect,
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particulariy for e¢xiiibition o' reception pavillons or other

representat vc corstructions,

Also pure poliyuretiane fosms are sble to bhe used as a con=-
struction wetsri. i, .o .howt n picture 17, lere domes and
cupolas are obtained h: spray.ng numercue layers of foam
against the mouia. “he 2btau :d igloo-like housings can im-
mediately be use: 2nd may sers in cases of emergency like
earthquakes, natural catasiro hes and so on, as zlso for
expeditions +moine centres in udesert countries, for fugitives
and so on, The greatect sdvan uge 1s that onlv  compact
barrels with row material in licquid form pust be trans-
ported and a relatively =mall mechanical equipment may serve
1o jet the fecam renction mixtire against a support to form
such nousing,., Surely t.w«se haiw-male foam'builaingé'are
nothing to dweli in, tu* urae: ceriuin circumstances they

-

could aic people to¢ nave o first Lilcing place.

Conclusion
Tt has peer shown in the pres:nt paper that plastic materials
may advantagecusly be used for the completion of asbestos

cement,

The main ways to conrect asbestos cement with plastics are:
a) the surface coating

b) the combination with plastic foaus.

Both possibilities car be jJoiaed together,

All thece merntioned cowposites eniarge the application range

of asbestos cerent and render +this material more variable in

the constructicn indusiry.

5
]
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All application. describalin *ris vaper ure t{1) in the
beginnirg lechnlce L ohauc, 1+ can he foreceen that these
combine .ioni wi . Devome BAre 220 uore cpporten. L the
future. fa~‘.onterly for Lirhy boveany sivd tne panafacture
of pre-funhri-ated cona*ruction  lamda g candwicn siructures
with piastis Jahs arr vacy i~ _arasting igr wcr developing

countries.

Substituvicn of Lne Cowehu o BELESI0N Jelthy vy tnermosstting
resins ie priucipally pooalliv, Wit 1oade tu materials with
other oroperities ani wWith cyplicaticns in girffereni industiric!

gsections. ey cennct be used 48 a real) aiterna-ive o norual

asbestos ucment.

Substitution . I as3bestos cement by nlawtic materials is possible
and may be carriec out in al” caseg where l:ght +ransmisaion

is8 required or buillaings wiih more comc:icated shapes are to

be consiructed.







1,
by an atarate oo Lo o e e e L i, igme 2

2, Surface-coating of asbestos—cement, Plastic--oat by polyurethance-resin,
(page 30)




3.

Surface-coating of asbestos-cement "two-layers-system" by polyurethane-
resins, (page 31)




4. Sandwich-structures of wall
elements, Composition of as-
bestos~-cement and pclystrene-
foam. (page 35)




6. Polyurethane-foam production set HK-Machine. (page 36)

7. Sandwier--tructures with polyurethane-foam. Production of wall-
elemerts with asbestos—cement according to the "filling method". (page 38)




8.

AT

9.

T [ P e . Sy s e eaar & L . .
Exampie: oo dwinn - Lypen Lo et et LAy - [S4% A e

(page 33).

Production of polyurethane—foam sandwiches by the double-conveyor-
belt-machine sohsme. (page 39)




11,

Construction scheme
of a hall built by
polyurethine-wall=
elements with steel-
sheets, fabricated
according to the
double~conveyor-

belt system, (page 40)
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12, ¥oi fie .. - srveyor-belt-machine for use of acbestos—cerent=
terial, (page 41)
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13.- Polyurethane-foam fight-concrete, Cut of a wall—edement. (page 44)



15, Polyurethane-foam light-concrete, Sample after burnming-test. (page 44)




16,

17.

¥ew York World's FPair '65.
Pavillon constructed by wal!l-
elements with galssfibre-
reinforced polyester-resin
sandwich structures. (page 47'
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20, Emergency-shelter, fabricated by sprayin- of ;olyuret! me-foaming
mixture against a support of trin plywood. liin+ years old in open air
without any damage. (page 493)









