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3. A viable cvauings aw wdhe fves industry run be set up in aven the smslle,
tad less devolopod ~cuntrios,  1.oi.gencus 1aw meterials, especially starches s
vegetable G ls. wn play &r i oroant role i-, jproduction. in sMition, petro
chemicals der.ve i Croa potonlens £ Lbiwead g8 e the amsia for the
sapufacture of a arlected few resine woch 4 Sase cRie o mogt of the needs
the industry. he san coatiage wnd aduesivor industis tor s country 1s tne on
that fits into the imdust=ial evclogy of the region, utilizing its natural or
rFwufaciured rev meterials and tusning out products needed hy the economy.
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CNAPTER 1  COATINGS

2. The vorld production of costing: 1¢ approsimetely 3,000 million gallowas.
More than threoe fuurtic of the total 1s accourt.d for by tie cight major
producing 2ountries  %tie United Jtates of Americe . the Unina of Soviet
ociasiet Mopublice, vl Jederal kepub.ic of Jermeny, Japan, ¥France, the
nited KEingdom, Celmda and [tuly.

Inm the Urited states, ‘o congaotion of paints and otoer cnatings hes
row rearhed about five allons per cauits, #ith 2 value ai th” menufecturer's
irvel of aveut WIL,. Asonz otbor higuly industrialized coaptrice. usage
varies from one Lo four sl fus per o reot Mecounting th cigot major pro
weing cowtrice, the root of the world  includi o) toe smaller highly
trdustrieliecd countri . ave an averag’ consumplion <f logs than one half
Failon per capiut.  Jeniequently. for developing ~ountrics the typical usege

might be xie- lourth galicn ey person  there are  Lowever, wide variations.

b, Coatings “ave two maln ‘unctiong protection and deccration.  They
arc applied over ol Wwood, aper, concrete, textiles, leather, and many

other Lypes of sutiiratos.

Ihe  ssential tngredient of any organic coating 18 a polymer a resin
or rubber that is capatle of forming & continuous film, usually hard and
tough.

€. In the industrias count'ics where a large varicety of mat. rials ia avail-
able, twenty differont polym rs cach have at least 1 per cent of the market
for binders. dmny other polymere ar us.d te s lesser oxt ont. Obviously, it
would not boe deariol. Lo tulid A ocoatiage indurtry in an . morging country
with such s compl xity of raw materiala. Fortusatoly however, it 1s not
neceasary to de so. 1t 1o pesiible to macufactw  paints wnd other coatings
that will saticty nine tontne o7 th necas wit: only four Lasic materials,
two natural ena two synth tic: ansaturated vegetabic oils, alkyo resins,
vinyl acetate polymers, 4nd starch. Those material. aced not be used in pre
ciscly the same manner in which they arc employcd in the highuy industrialised
countries,
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T. Aloug vith the organic binder various other ingredionis arv neceseary,
e.§. pigmenis, fillers e%c. Th e« My also be selected according to avail-
ability, Trus. the Cindshoo formulations may w quite differont fros those
in the Unitcd tator

4, Ar tho comtings iniudbtrt ARG 1% custol.,® cocolk BOP: suphiaticated,
the number of binders “an b exXpanded groatly with little or ne chang. in
the equipmant for saking the resiag or compounding tte finishod painte and
ether coBLings Thus, &an aliyd refan koStle lends 1L ) o0 the saunufactule
of sminc rec 'ns, phennlics  poXy -sters, and umtian.s A ayot.n capable
of producing viayl acotats polym r mulelone “ar aisc be woed for acrylie
resinea and vinyl ~aloriac resins (PVO). Lamilar ceulpmunt cepable of with
stending higher provsurcs Bay b elploy.d for styruene rosine and & varicty
of synthetic rubp.rs,

7. If polystrglene ro.ia .8 being msnwsctured far file and injection
moulded plactics, 3 suitable grade otn be utilized for the cxtruder costing
of pap:r to mak. inuXpensiv. Watoerproot sontainers for food. A petroluvum re
finery = v s oa by prod.ct oages Wwhach are also good pap roooatinge
Bituminou: oGlingf fan i e from «trolews 4orived aphal®  coal tar or
paturaci minorsl deposit. ) o thes e osveliabdo . 1o L undogely ovent
that casvin (fros miik) 16 evaliable 1n cXoes. of food reguirements, 1t 1s a
valuable reating cone 1! sont. Thus  iocal condition. of supply can detormine

the naturc of the formulatcd coatings.
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10. In the United Statce, atout onc half of all peint. go into “"trade sales”
parkets, that is to say, they wre sold te home owners and pa.rting contrac
tors for the peanting of omee i other building. . Wood 1z 2 significent
construction muterial nowmost parts of tno Uuitoo states, nlong with briek
and concrete,  Conerote i uaually pmaintod  wnlle brick aud stone arc not.
In any cas., scme interiors are almost «lways palnt d. over 3uch substrates

as wood, plestcr amnd paper coveroad gypaur v llboard,

11. In Western huropc, interior decoration practice is similer to that in

the United States, but the exteriors : re far more often unpainted brick.
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1. In the devoloping coumtrices, therv i and will continw % be a wriety
of building saterials. Thy inercas.d usc of padnt on wood anu concrete can

rosult 16 n longer 'ife for Lh se structures. Purtiicrwmor . thc uase of white
wolight colowrod paints i not only acatnetically peoasing but 1t nleo hulps

fo radiat. heot OB the Sl ke plhg ulidinge cooler,

1y, Bovick s arehitoetural dsce  rontings 20 1nto n wide variety of industrial
Wd mRintenance applicttions. la the United tatos . arop and tovl s the
moat amportant aariac.: thet suatl uoe coat.d 1v order te protect thoem from

rust afie L0 AEProve ble dr appraranc . Autowbiles  mechin ry  metal furniture,
shape, cuns for food and bevorage: and pipe are ome of Lhe mejor outlots,
Toothe Acveuopiag countrics  there 1o aittle or o metal VLM (original equipe
wont of manufactarers! o be ccated cut tnoere 18 n ocon dorsbl. quantity of
ported motad productc vhose uscful 1ifo can be lengthoncd by periodic

agf-laration 91 BnlonanCe LOBLIAFE,

o Teomddition o L Tander, Uho pigmknt cnn piay a vit.l role in protecting
mial parts from corrooion The Ristorie anti- corrosive pignont was red lead,

UL oW B talile 2inc L tuking Lt plact, Thos. two matorials wiil be dus

e bolow o an o s Ctaon R pign nts

1o The lareacst volume costingr for pep r e Lnose dhice Bake the paper mnre
eoadily printabd. o A pa@e nt o usualiy clay, is blonded vt s saeldl propor
tion af olnder e order U0 previde an opaque coqting that can b orinted on
twe piden nnd tarcwgh which the ink wil' not ponetrato. shile not wll grades
of clay are cqualiy good  aany types are adeguat. , along vith other ;‘iﬂf%s
videly distrinoutod throughout thrc world.

Vads
6. Oils nd fntty acids arce widily distributed in the vorld. They are
obtulned from wocds, nats, beans  fiah, and o8 by producte from the kraft
wood spulping procens . Thoao vogetalle ana animel olls are ecsters of glycerine
with throo fatty g groups  For centurier thay were the sole tinders in
most paint.. Thoy nre stiil used by thamoviv v but are now cmployed to an
aven greator oxtent an ocongunction wich oths r rosins, mostly alkyds, but also

to muke cpoxy coters aLd c1i o wafied urethanes.
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17, The unssturated oile und fetty wcids are liguids vhieh harden by air
oxigation. The oxyaun causer the unseturatod aclecuics to link up with each
Rhur, » process calied polyssrmgntioa Jome timee the Oile are used as
ODLAL 4 AL othor imon ey may D iCilod With metallic dariors, ‘blowm’ by
POBOINg AT throwgh trem of 0.4 4 0 dose Other BGader t¢ make thol morc

Yiseous and onabi- Lok Yo bharden foaotoer,

18, The onee with dhich *he vorious o:le arc capable of hardcning dupends
wpon the —xtoat and Kind of ungaturat 4 group. thaey ~ontai 1. Thosc having
the most unraturatcd groupr ur+ uzua iy the fastagt to renct. In the
accompany ing table, tho oiic arc liat 4 1. the oracr of thcir reectivity. In
addition thcir usage in the Uniteu Jtatos s comparcd wath tist of linsced
oil. Also listed are 1lat. 1967 quotatiome for th. various materials. The
prices fluctuate widoly according o supply und demand.

Table

AV TREC uhaal Usage

aration: por index Price
L favty scad  (inscs' = J0O) (cents/lb)
Tung 2.1 10 12.3
Oiticica <.h Y 17.0
Linsced 2.l 100 13.2
Morinc (scnhedon) 2.0 10 9.5
Bafflover 4.7 10 12.5
Soy 1.% X 9.0
Tell oil fatty acids 1.k X 1.5
Castor i.aﬁl 10 22.0

8/ Can b increascd to about 2.0 Ly dchydration,

19. Linsccd vil, from flax uved, is obteines principally from Argentins anu
Uruguay. Other important sourc.s arc the USSK, Indis and the United States.
Regions with similar climates could presumably alsc producy flax.
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20. Tung oil, obtained frum che nut of a tiee, is alsc known as China wood
0il. It is prodvecd 1n Chine, tae United Stetes . Inaonosie, the USSR, Burma,
India, various South Americ:z. countr! o (including Arcontiv, Brazil,
Paraguey) «nd  lsewhore n the werd.. The wmo.t fosourcd copditions include
a warn. climwete with o cold wozson, but no froat.  in ti Unitea Statos, tung
o1l production i supsidiv. d ry the Goverpment | wli™ pay: the produccr e
“pool support price Sf UGe Y4 or opound Lo aattor vhet e murket price may
be.  Ta many doveloplipg »oantoies, wever it could be provtatde ecrcp and
aid to an Lotogratod cratings bolustry cccaus 1t offlrs juick drying

charactiristics and [rovidio o v. Iy haord coit.ng.

2l. Oiticica 1l alse a avt oxtract, 15 ovtain.i “rou traz.i. [t competes
with tung oll. ucuelly =t rrices closcr Loguetner thal those indicated im the
table fer lute 1367,

22. Murine oilc ar. sbtcined Trom verious €38n particularly menhaden, but
&lso from sardin: oncke, ana pillenard. In view of thoir low ccst, they are
a8 useful particl replacement for lirscad oil ir many epplications. Most of
the menhadcn o1l used in the United tates is obtained Uff the mid-Atlantic
coast. Thure are no douut wmery other regions in the ocenns of the world

vhere oily fion can be caught

23. Safflower oi., ortracted frow “he safflower sced, is o viable crop in
several wostern stotes of the United States, and thercfore, should be all
the more atiroctive in developing countrics with moderate climates. It

grows wild in northern Iudie.

24, Soy oil is ~veilab.. in Ciiic end ceveral other countrics of Asia. 8oy
beans ore nev growr in the United states, particulurly in the North Centrel
states., 1t is urilized 28 1 foo¢ ne well as n row matorial for paints. With
less unsaturation then linsocd oli, it is also 1css recctive and is classi-

fied &5 & comi drying o1?.

25. Tell oil fatiy acide nr. by products of the kraft or suiphate process
for manurictiring paper cnd pap-rboerd. Rosin, suother by ‘product, 1s also
weful in puints. The keaft process is utilized principeily with pine,

avallable in northern Burope, northwesterr United Stat:c end Canade.

T ——
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26. Castor oil from the castor bean, nas meny uses besides costings, such
as soeps, medicines, sad lubcicante. Th  eactor plant grows well in Brazil,

southern Uniteu States | ludia, and ©.ier sciu trop.cel arces

“la

2T7. Muny crier «ile are cied €95 only o MInor oxt.ont in p.ints for various
reasons. they way Lo toc satural d. hence unreactive . more valuable as

food, or uct vead:ily wve’ bl . lmpe.tant sauples wre tl o o1ls from coccnut
and cotton seeda.  thos oneclude tobarco feed, wilnut, cunflower, rape coeed,
perille. tgwno, «nd wasterd. It o Joesibls tor doveloping, countrics to vti

lize various indiy nows rute wd s-edz s sowcess of unseturated oils provided

1)
b
»

that proper modiiications pe made ke prepuravion of vh coating matoerials

in accordence witi foe enrmicud composition of b oilu.

26. About onc waelf o thuo ils uscd in finishes are the sols binder. Tn
this casc, it 15 necessary te employ linsced oil or other 4ighly unsaturated
0ils, su thut air oxidation will causc enough ¢cross -linking of the molecules

to convert th: liquid intc s solad film.

29. Linsced 011 oud sliailar unssturcted o:lz arc ustally bodied if they are
to be uscd as the sole linders. Thic taickealng procuse is accomplished by
heating thc oils In ugitat.d ketielos, often over an open flazme. The cost of
the equipment is woderate 1f the quality roguircuenis ore not too demanding.
In the manufacture of diow. nl.s. & strear OF alr 15 passed through the liquid
at a moderately « loveted toaperanure. on tue otLor tond, stand oils are meadc

by heating th. liguid to muel higacy weeperatures without on alr stroeon.

3. The oil-busod ceatings v, cxceliont adhcsica to wood, but upon exposure
to sunlight, with its “uore violct compoaent, whey tend e hocowe brittle

and yecilow. [ rmoct wnssetw wted esoricls ar bhoe worst ofronders.  When
pigmented (usuelly with risaiiw: dioxide i the United Stotes if the colour

is whitc), the oir oxidi.ce o.ls are degreded at o mueh slower rate.

31. Alkyd resias, made parcly tram cilis, have muck less o tendeney to

ycllov since ther. is less mssturation. However, thoey ure more expensive.
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Alkyd resins

32. The alkyds, developea forty yuers 280, arc the synthetie resins most
widely used in the coetings incusiry vspreially for metal coating. A typical
alkyd rcsin cortaips hreo aniay monctitucncs.

(a) A po.yreid or cnhvdride socp a8 prthilic anhydride end
Lialesie aphydri de .

(b) A polyol (poiyuleorol) | such ns glreerin: oy ventacrythritol

(

el

) Foitly wceiqn Zusily une wairnved, cueh ag tall fatty acids or
thos: werivea frop 5120 livzced, -oy, cestor, marin:, tung,
safilower, eceonat , te.

33.  The mest common Slkya osinn comprd s Fatnelic anhydride . glycerine and

linsced o0il, S04% 01, or t411 fotiy acids.

3. To Prepere mn alkyd | the ingredients are heated with 2gitation, and the
water formed hy ceterification 1s removod, A dircet fircu kettle (i.c. an
open flame) can br wsca . syt vetter rosults are obteined will, a jacketed
kettle containing the et trans.:r rnedium in the jacket. In vlther case,

therc must oo prevision for nixing.

35.  In modern cquipment, 2 eondenscr 1s provided to scol the stcan formed by
esterification but sope opPen kettles are also still in use » Thesc, of course,

are much chcaper.

26.  For best control. =he viscosity of the alkyd hateh ig iept low by incor~
poratirg a solvent, such as xvlene. The solvent also facilitates the removal

of the watcer of voterifiestion.

37T. The usc of nydrorarton smlvente CArri £ with .t thi danger of fire or ex-
rlosion. Thern*ore, ip deve loping country where personncl may be
inexperienced, it Would he advicabic to maintain the sefer "fusion” solvent:-
free procecs, cven though thils requires higi.cr toemperaturcs end does not

glve as unifornm 3 product .

38. The reactiong 11 continued unti) the acidaty of the contente in the
kettle has droppea to Woue predotermined valuo.,  Ip the most rodern plants,
elaborate instvi ntation is provided for optimun quality ~ontrol. However,
acceptablc products can be nade without these expensive accessorics, using

only the simplost deviess and techniques for detcruining temporature, visco-

sity and acid nugter.
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39. It is possible 4o complete two or three batches per 2k hour day. If
We assume only one baten a dy, o 1000~pal 1on kettie op-rated at 70 per cent

of capacity for 250 Aays per ear Tan wake 170,000 sm ons per year. (The

T0 per capt Slilon, allews TOOLL TO® cLlsoguent, hinuipg with cclvent,
Manufacturers - the Uaitod Loat vfver, hanlle twe op Vel turec oatches
% per day por £2ttn,) Inxt-ﬂ‘i/ th.s Lt De Lnowwn LiXyu resin to Berve

the necds of several pillioy SEDT LT 1. 3 develoning country,

0. Fhthulie AnyArid: | ke mg.p volyaciric constituent of alkyd resins, is
made cither freop, aapnthicle-e (rva,. copl tar) or rrom orthoxylene (from
petrclew ), Gly=e slue ear LDC A By prodret from t) rordering of fats to make
Soap. In the Urit.g states, WWEVY L lveerine 1o A petrochenical, as is
pentacrythrit.] .

L. Alkyds ace classifieq according to thc amount of oil they contain ag

follows:
(e) Lorngoil alkyds; Eore than 60 per cent oil,
(b) Mcdium i alkyus - 40 per cent t~ 40 per cent
(¢) Short oi1 slkyds . lere than L0 per cont.

b2, The long oil ard medium »i] “Ypes are air drying, whercas the article
being coated wit} =« SROrt-oil alkyd must tbe baked aftir application in order
to complete ti. reaction.,  The lotg 11 alkyds ar- tougher and withstang im-
pact bettor, the short o1l alkyds are harder ana norc soratch resistant,

The drying oils constitut. apout balf the weight of alkyd reoins in highly

i

industrializeq COUNtric, sid cowlld attair an even groster proportion in the
developing COUPLrics. Wi oue adys to tais t,c £lycerine whick can also

be derived frog natural fare 4rg “1ls, it .5 apparcrt thut alkyd rosin many-

facturc can oo started with . mirieum ot import. cwven before g retrochemical
industry has heor cotublisned,

b3, It ig netessary, hovevor, o, dissolve the &lkd r:sin in hydrocarbon
solvents in order tc reduce iie V1LCo8ity tG a ufficicnt €Xxtent to enable it
to be brustod ~p “krayed. The 5olwent s Usually a aixture of aliphatic and
aromatic nydrcourbor . e former o fhLager, ane can be use d e¢xclusively
for long-o1il ulgyd. |, chor o1 wlkydas, LOWOVCS L P quire o proportion of
aromatic solvents, sach ag tolusne and Xylens, The aliphatic szolvents are
available from petrolews rfining pProctsses, the aromatics can £i50 come from
this source or are by products ip the Banufacture of coke from coal.
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Polyvinyi acetate

bh, Vinyl acetat: resius for paini: ar. made oy polymcrization in enulsion.
This process 13 usec also for tl manufacture oo otier peint resins, notably
styrene butadi:ne and iIerylic rocire. Ltvrenc outadienc resinc are morc
nazardous to make rowcver o Lnoisouse 1 opeiats as doclining because of
inferior liget recietancs ., T orylics wa SipLil1cently aore expensive
thun tho vinyl acotate £o51n8. dherciore . it weuld he adviseble for a

developing countim to soncentralo cu o tne vinyl escetate imaterials,

LS. Vinyl ac:tavs i, o S14uld nonome - with o 7Tincpary odeur. It is made by

reacting c¢ither acelylere (teriv.d Irem ~oel or cil) »r cthylen: (from oil or
natural gas) with weccic reid (new o pitrozucnical). It 15 one of the cheaper |
and more shundant of to - WORSAors, tne liguid buiiding blocks that are com-

bined to uske solig polymors,

b6, Two ~lasscs of vinyl acctate resins arc 1n common use in paints: the
homopclymers ., ir whic), vinyl aceunte 18 the only builaing block, and the copo~
Wmers, in whic' vinyl acetut. is sombined with terylates, malcates or fumar -
ftes.  The homopolymer is oeics to make ard 15 choaper, but its films can be
orittle. An LNexXpensive wus e evereome the brittleness is by adding a smell
amount of a liqui”® placticizer. such 16 (lbutyl phthalate.  The copolymers of
vinyl acctat. w.t) acrylate estors cte. previe. a more sophicticated answer

to the brittiencss provicm.,  The celrology o copolymerization can be under-

taken once the manufacture ol hororoiymers in Lo, mastered.

7. In tae United Ctutes, the siz. or Ehe Yettios for waking polyvinyl acetate
In cmulsion is at oot 2,000 sullons.  However. .t 2ignt oc prudent for a
developing country “o PhaTn wath 000 gulion kottles, Since vinyl acetate

18 a combust.ble wnd volatiLe QONOLLT, Lrne kettizn muzt be 2ncloscd and

Jacketed for inatront beatinr. Tne Laddsion is ccrmonly made in approximately
55 per cent solids conbeatl, with woter ac 3 carricp. A smell rercontege of
hydroxyethyleoilulcee or Folyvinyl uleonel s cuplcyed 25 2 brotective colloid.
A 1,000=gallor hettle ccad prod.cc wpproximatel; 130,000 vallors pir year if
opurated solely or - 5ol oo {fr @ings Lk redox process.  HBcteh times in

the Unitcd Staies very ror s1x Lo ton tOWrs, reking it foasible +o double or
even triple th. Dutput frow o bobrle Uy working around thc clock. Thus, a

single 1,000~galion kectlc % ght iuitially “8uisy the iaterior house point

Needs and some of the ~xtorior Needs of several million people.
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U8. 1In exterior P21nts . the vanyl acetate resing are particulerly zood for
concrete ond stucco.

Sterch

kg, Starch, s alreudy noted, 1s the nost widcly uscd binder for the cley
coating of papcr. In tho Unlveo ot tes, storeh is derived frouw corn.  Also

used are tapioca starch fro.. Indon.siz nd potuto storen fror the Netherlands.

50. Starch i wailable, o1 course, frow S0y othor vegctebles includang
rice. The various starcavs diitor in thoir propertics, for caiple, the reln
tive zmounts ot . erystailine wylos. raction and tic nworplious amylopeetin
fraction. But it g +0881L1e to odity PTOCUs5ia, techuiques so tpat, Lost
starchies cen be uliiiz_ .

521l. The storches cre tr 2ted Wit Lotk eoad/or acid citilysts to convert thew
intec dextrins of VArious 1inas: Wilte, coeary, and Brivish guai. The white
dextrins ond th lighter ypos or Pritish jws are the materials most widely
used for colour coetlng, 3.u¢. tho clay coating o. papcr.  In addition to
clay, calcium carbonot. . titeniws dioxide (for wii tencss) and/or satin white

bay be incorporcicd inte tic colting,

52. Among the wetoriolg Coupeting witn stureh in Paper coating arc poly-
vinyl acetate, cusein and soy protcin. The storeh is adcquate for wmost
printing poper, the other witerials iay ne preferrea for tle coating of paper

for cartons which arc required to have some Gegree of water resistonce,

Yther poly: uie
53. As the technology of o 4 veioping cCultry boCOowls mor. sophisticatcd, a
larger nwiber of pinder aaturials should be “Xaumined. At first, it will be
preferable to import thes. frou “he aigly industrialized countries. Later

on, at lcast sow. of tpos cLn be roge aoncstically.

Phenolic resins

54. Phenolic resins ( phenol-forunldclyde resing) arc wade by the rcaction of
Phenol and substitutoed Phenols with foriimidchyde . Forualdehyi: end phenol are
made synthcticelily from pesrclews, pacnol is also . product of the distilla~

tion of coal tar. Varicus crescls wnd other substituted phensls arc also

employed in the map +actur: of coatings, <speclally when solubility in cheap
hydrocarbon solvents is dcsired
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52, The wain outdet for ches. woterials is an wetal finisnes, for both UEM
(original cquipweac o ranJfectwers) ana wciatenaace. itey are used on
ships, trucks, ouges. Cld o, woters and oty cleectricus “lusplent , « €. Wlre
CAWCLS, ANd DT w3 Ll e ol et 4o decoratyey . They mey 1tlucr be primers
OF LopCoat: . ihey Wi oie L awed by 5L, Mlefiv un tac water-Lorne primers
Gelny epplice Lo e Ll Bitocdes Iy toe ned elietrocont ug “echniques. Sone
phenoiics, CEPeCaanly tiue uolifed ] 30luble Ly el (0 1uto trede sales
coatlags "¢ bLi apoli.g Loy TaTors no otuer sorfeces which Ere (xposed to

heavy traffieo,

5. The phoroiics Froduts hoed dureble, chepiceld resisteut surfaces. They
By Lo oelighlly yeliow to woh hrown in colour, owt tuis e usutlly not an

ougection

Asipo resins

57. Aminc roring sre andas By tue conusnsetiorn of uvea witn formaldehyde or
elaminc wilh forual dehyde, often foliowea by »cection with butanol or iso-
tucanol, to [iva slkvisten regipe. 4lie 13108 ocased on uren ere less expen-

S1Ve, DUt bidse base ., ST Ndadwllic Lave  (reciter oot resistancc. woth types

o

have exeellent ¢sicur.

58. Althouen they =y ' nsea 8104€, Lacy wre fnore often tlended or reacted
“ith adlvis, e oxics o wovvLios, o oordes to froduce hybrids that combine

the vest featurtes o Vhe var v conshituents,

5. “Meial finishing s agrin ohe aeig use {or chesec Lhermosetting coatings.
They are woplice to saus . ~ACTINEYY, snpliances, autos and trucks, railroad
CaT8, nd meta’ Tyvpiyars wmlowey alot e uwsod .n wood fumiture and oth.r
wooden erticics. Lllin. proct testiles ere wude by trestment vith nelamine

r:oing

b0, Theee resin. Cre cuny to nacurasture., Fartheruore, we: resins are
Aong ta sta los .n the lehtfmeturs of particlehrerd ond other adhesive

bonded weod pooaucts . v i) Vil be discussed Lelcw.  An suino resin wanu-

facturing orer.tion cudld ieadiiy serv: both the coatings and adhesives
{lelds,
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6l. Acrylic resins may be prepured eltner in emulsion or in solution, and
may te elther thermoplastic or therrosetting. fTheruoplastic acrylic emul-
sions, made vy pclyumerizotion of acryvlic csters sucl ag cthyl acrylate,
methyl mcthocryloce and 2 ctuyluexy! cerylate are utilized for tradc sales
paints wiiich wust Lave VeTY 0ud resistance 10 ulirasviolet light. OGince
many of the developln, courtrics are iln the tropies. tucrmoplastic acrylic
emulsion pzints may huve Shoc1ai werlit as topeouts for outdoor structures,
over wocd ana other substret.s. However | t) oy arc Bouewihet more expensive
than vinyl acetate pairts. wa will b ut o furt.or conparative disadvantage
in the CROTELNg countriis since vinyl acctate polyuers arc dual purpose

waterials used cxtensivils in wdbaeives as well as ia paints.

€2. The solution based acrylics, uwoctly thermosetting, are now being used
extensively as topcoants in automobiles ond uppliances. Agein, their excel-
lent colour znd colour retention when oxposed to light are important
Justifications for thiir uoe.  The thermoplastic types are compriscd princi
pally of acrylete and uetiacrylute ostors.,  The thermosctting types may con
sist partly or primarily of styrenc. along wita ucrylate osters and acrylic
acid or acrylamide. Cross-linking is brought abvout by reaction with the acid
or amide groups or tneir derivatives, using amino resins, epoxios, and other

resins.

Styrene butadiene resins

63. Styrene butadiene copolymers are popular in the United States as trade
sales coating,s for interior use. 1In Europ: they are consi‘ered to be too
light sensitive. In countries with Lot climates and intensc ultra-violet ex
posure, this key disadvantage of Styren~ butadiene resins would be magnified.
Furthermore, butadiene has suct. a hizh vapour pressure under polymerization
conditions that it requires a high pressurc resctor =nd is dangzerous to
handle. For these reasons, styrenc butadiernc resins are not recoumended for
the developing countries. In both the United states and Eurcpe, they are
used as binders for the clay coating of papcr but they can be replaced by

vinyl acetate polymers which can be made with less danger and in less vxpen

sive equipment.
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Viryl chloride reuins

6b. Vinyl chuloride ves1ns. howovolyuers and copolymers, arc widely used for
the top-coeting »f teantiles and fur the internsl coating of food cans. The
latter operation calls ros» copolyuers that require ratier sophisticated know
how, On tne tacre Lwni. the PVC resins for feorie coating would be nore

within the compitence of Lecanologists 1n developins counteies,
[ I

€5. The resiis ape “pilied to tuntiles ir t.- forw of plastisols and or:ano

&)

1

sols. A plasciscl is 2ssaeatially e dispercion or resin in a high proportion
of plasticiser usvally ohthalat. .. "dipate wsters.,  Ag organosol is
similar, cxcopt that some O Lhe pausticizer ig replesed by volatile solvents.
Vinyl -coated rabrics to iabu upioistery, <lothin_, watorodbiles, washable wall
paner, and reny oLnce -nd uSu3,

06. Vinyl chioriie in a10ng the cheapest of monomers  with the cxception of
the olefins  etiylen. cnd Propylane.  The polymerization of vinyl chlorice =
15 well wnderstood aad package plants”, coupletely designed end instrumented,

are availabl. frop nuny sources.

Lpoxy resins

67. Epoxy resins are amon; tue nost useful of thg newer base materials for
both coatings and adhesives. They have excellent adhesion to metal and out-~
standing corrosion resistance, uanid ctonsequ.ntly arc us.d for auto pricers, can
coating, marinc coatiny, arplianc.c, Laintenance finishes ete.  Two types are
avallable. In tne CPUXy eslers tno cpoxy resin is reacted witi. unsaturated
fatty ecids to ,ive 4 one cougponent, solution based coating that dries by ajir
oxidation. In twos component croxien, tie €POXY resin 1s mixed with & reactive
amine hardencr suortly before application to tue surface. These are more
vApendive and morc roublesaome to usc, but offer far better mecaanical proper—

ties ang COTro3ion resistance.

65. The tecrnology of woking “POXy rcsins is quite difficult and requires an
extensive capital investment, Thercfore, it does not appear feasible for a

developing country to ko inco the manufacture nf thesc miterials. On the
other hand, .zpcrteg 2POXy resina can be easily utilized for the fornulation
of contings and adhesives,
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Piguents

69. A peint may contein as many as a dozen different ingredients, the two
most essential bein_ the binder and the ripgment. 1n tie United States, the
most 1mportant piguent for paints is vitaniun dioxide of tho rutile type.

About two thirds of paint Flrments cre titaniur dioxid: or other whites.,

70. ‘iodern tecinolosy for proaveiny titaanium dioxide frowm ilwenite is beyond
the scope of root ¢ clopin,. couairien as the present tine,  Altihough the
United Stetes is the Lradang coveee of tilenium containing orec, tliesc ores
are also found ia other parts of - he vorld, uotally sfrica. hutile orc

itsell iz availadic in Si . ro Leonce.

Tl. before thc developuern® of modern techniquer for making titanium dioxide,
the white lead piguence wore .uen wor - promisent, Tnesc are still used to a
minor extent in thc vecinolo1telly advanced countries , and have the advant:
age of providin, a ver, thorouph "ar  I.e. hardening, with unsaturated
oils. The la-gest deposits of i-ad are found iu Jorth America and Australia,
but lead is also rveilsble in verious Asiun, scuth Auerican and North African
countries., as well re in furovpe  The lead "owpduads of greatest interest

for coatings arc white lead itselfl, basice sulparte white lead, cnd basic

cilicate vhite lend.

T2. For corrosion reslciunce, tle Leading ~igwents are red lead, basic lead

silico-chrouese zinc yeliow, cad metallic ziqe. Red lead is simply lead

e
oxide made by cousting litharge. Zine yellow, also tnown as zinc chrome, is
8 chromate pigment. Zinc deposits arc ¢ftes round in tne same locations as
lead ores,

73. The International Leed ead Zine Study Group o. trie United Yations has
piblished a repor* sn lesa =nd zine couswaotion  Amon, the Asian countries
outside of Japaa, Iniia is the lealing corsuner of lead, ~ith consuaption
for each of the past fi.e yeary in xcess of 40 COC metric tons. lexico,

Argentina anc Bre:i]l are She lealing watin Auericun consurera.

T4, Zinc is oeing Itiliwed in 3lect ¢alvanizin, cian*s in Ar;entina, Ethiopia,
Kenya, iialaysia, :lexjco BEvauzil, the Democrat.c Reoublic of +.c Conzo, Peru,

the Philippines, Nijerin .- Pepublic of Koroea, tuc Kepublie of China, Thailand
and Venezuela. In e€.ditizo, ther. are continuous strip galvanizing plants in
Argentina, India and .iexico. Ra3fing . si1cding, ecadults, fuel drums and wvater

storage tanks are priucipal uscs f.r the walvanized sheet.
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T5. Developing arccs can receive advice on utilization of zinc and lead
from the Zinc Developuent Association ang tiie Lead Development Association

in London, as wcli as the Indian Lesd Zinc Informetion Centre in Calcutta,

bxamples of development,

76. According to a 1961 rcv; y by tio Agricultu-e). Iaforr stion Division on
paint in the Philippines (AID OLOC)  there were clghteen paint plants,
fourteen of which employcd 827 workers in 1760, Fivre of these fourteen
plants were Philippine owned, whilc three others werc Pnilippine controlled.
The others were controlled or owned by American, Swiss, Chinese or sritish
intcrests.  Local rav materizls employed included rod oxide from iron scrap,
inert pigment extenders from mincral nine depesits, alkyd resins, and local

drying oils: Lugbarg o1l dehydratcd castor 0il, and even kapok o0il.

(7. In Somali, a 10G] study (AID 0247) indicatoq & need for a working capi-
tal of US$3L,300 to produce 25,000 gallons of nein® In 250 working days of
onc shift ecach with o starf of twelve vmployces.  White lead was to be the
principal pigient. Ti. brojucted snles pricc was USTh b3 por gallon. The
equlpment ruquired, at o dedivered cost of US312,300, includ-d tvo pebble
mills, two portzable naine nlxors, treaty druns, i hand trucks, one plat.:
foru seale, leboratory control eqaipacnt misccllianccus scoops, ledles,

feasuring, ting, waintenancoe tools | and sperc varts,

78. A plant of similaz capacity bas been Pronosed tor Honduras

(AID 1/05/02473), 4 sraller copital 1nvestment | Use,2b0, is envisioned, but
with lese cquipment:  ono pebble mill, one portable paint mixer, ten drums,
and two hend trucks.

79. From a 1666 pre foasibility study of en cxpand.d peint producte industry
in West Africa (A1D 3/00/02623), one calculates an &verage consumption of
paint per person Per year varying from one pound or less for Nigeria and
cicrra Leone to two pounds or more for Ghana, the Ivory Coust. and Senegal ,

Usage includes automobile lacquers ang vaked enemols for vehicle assembly

plants in Senegal, Guinca, the Ivory Coast, Ghaps and Nigeria, furniture and
office fixtures, ang merinc finishes,




_“—‘——

ID/WG.27/k
Page 21

80. Prr emulsion paints, polyvinyl acetate is inported in dry form from
Europe, then redispersed with the aid of & Cowles Disperser. 0il ‘based
paints are made frow drying oils, such as linseed oil, tung o1l or castor oil,
or from resin modified drying oils or semi drying oils, or rosin modi fied

0il, DBoth air drying and baking types are in use.

8l1. The formulations are wostly of European derivation anu are not designed

to toke advantage of indigenous materials. There is a dearth of competent

paint technologists alle to make effective changes in formulation.
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CHAPT' TU ADHISIVIS

82. As with coatings,; the 'nited States nrobably leads the world in adhesives
usage per capita: avproximatel: U'S 4 oer veer at the adhesives comnounder's
level. Although the evidence of coatings usage is all around us, adhesives are
generally not visitle in *he finished product. They are nuvertheless all-
important constituents for a score of products, e.g.:

Mywood

Particleboard

rackaging

Water--moistened tapes, labels and envelopes

Jressure-sensitive tapes and labels

Tires

Brake linings

Other antomotile components

Shoes

Books

Foundry sard moulds

Coated ana bonded abrasives

Building components

Consumer and other small package adhesives

Mobile homes

Aircrafts

Non—1-v- . fabrics

Flocked fatrics
83. A developing counir: would be unlikely to have such applications as air-
crafts and automobiles. oOn the other hand, there should be good opportunities
in many countries tn 1evelnp at .east the various wood industries that make use

of adhesives,

84, Since many applications ulilize more than one type or adhesive, the ad-
hesives industry will be congidered on the basis of end products rather than
materials.

Hood products

85.  In the Mnited States, plywood is made mostly from softwood, particularly
the Douglas Fir that £rows the northwestorn United Statcs and southwestern
Canada. 1tlore recently, the southcastern States have bocome sites for plywood

manufacture, utilizing fast-growing Jouthern Fina, The favoured resin for

American plywood manufacture is phcnol formaldehyde, which permits the manu-—
facture of ga grade of plywood that can stand heat and humidity, alone op in
combination,
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86. Grades of nlywood suitable for indoor use, where they will not be ex-
posed to excessive humidity, are made in the inited States from plywood veneers
with urea formaldehyde resin as adhesive., Some imports of cheaper grades of

lywood have even uscd starch as the binder.
Yy

87. Many woods can bte utilized for ~iywood, .ncluding the hardwoods, such as
Chilivpine mahogan.. Thusy 1t 15 possible for almost an; country with forests

to enter into the manufactire of vlywood,

88.  Various other matcrials have been or can be used: casein, 80y flour
mixed with animal blood, polyvinyl acctate. However, phenosl formaldehyde gives
by far the best qualitv of product, and 1s e€ ecrally desirable if the plywood
i8 to be used outdoors or telow prade. In trcrical countries, the necessity

for good durability of ohenolic resins becomes all the more i1merative,

89. Both phenol and formaldehyde are derived petrochemically in the 'nited

States. "henol is also avallatle as a product of the coal tar i1ndustry,

90. Softwood »lvwood is used Timarily in Suildings, v.;. wall panels,
flooring, roofing and so sn. dardwood Jlywood 15 utiilzed in furniture manu-

facture where the beaity of the to, venecr 1is 2 maior consideration.

91. Particleboard makes us: »f area formaldehyde resins ty bond wood varticles,
usually flat chi g, fany tyoes of wood have been atilized and, 1n some factor-
ies, even blended. The rarticleboard, three quarters >f an inch thick, 18 a
useful underlay over which nlastic tile can be artlied.  "1tn suitable veneers
it can be fashioned 1nto furniture which is Aimensionally stable as well as

attraotive,

92. Other wood nroducts which make use of adhesive resins include hardboard,
laminated doors, edge—flued and end-glued lumber. Th: related baper 1ndustry
makes use of adhesive resins for wet strength and to provide ncneycombs for

laminated doors and vartitions,

93. For ¢luing furniture Joints, animal rflue was the standard adhesive until
a few years ago. The hide glues are strongest, the bone fglues cheapest., Muc-~
tuating supply and n»rice have caused many animal glue users to shift to other

materials. However, in a thinly n»owulated country, where the ratio of animals

to humans is high, the animal glue industry should be a nrofitable by -product

of the meat industry.
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94, In the United States vinyl acetate resins are rapidly replacing animal

glue for furniture, bookbinding and various other uses.

_ackaging
95. In the United States, packaging is almost as important as the wood in-
dustry as an outlet for adhesives. ™od and other articles are slaced in
paper bags, bottles o1 cans Wwith adhesive-bonded labels, sei-up boxes, en-
velopes and »raner tubos, Smaller contalners «o intoy corrugated cartons made
with adhesives, which themselves must be senled with adhesives. To these can
be added laminates, Clparcites, naper-tacked tapes (both pressure-sensitive

and re-wetiable), "oetage stamps, fibre drums and so orl.

96. As industr; ¢rows i: the developing countries and as channels of dig-
tribution become more complex, there will be increased nced for containers and

the adhesives with which tc¢ nake or seal them.

7. The main adhesives forp packaging, in the developing countries as in the
United States will certainl. be starch and deXtrin. Animal glue, if available,
can be most useful, esnecially as an adjunc'. to dextrin in the manufacture of
re-wettable gummed nroduc:s. "hers moisture resistance or high strength is re-

quired, polyvinyl acetate will ce the preferred adhesive,

Puilding vroducts

98, Many types of adhesives arc used in the building industry of the United
States, Here, as in a developins country, cost is a key criterion for the

selection of adhesives,

99. One of the chea,egt buildin; materials in the United States, cypsum L
board, is made by bonding hydrated calcium sulphate, which is widely available,
with the aid of dextrin and other inexpensive adhesives. Additional adhesive
18 required for the aiplication of the paper facings, sometimes for replacing
nails in fastening the board t> the studs, and also for finishing the wall to
present a smooth aprearance. l'or the latter burpose, both casein-based Joint

cement (drv) and Polyvinyl acetate joint cement (wet, ready-mixed) are employed.

100. Class wool insulation 1s still another adhesive-bonded product, Phenol

formaldehyde resin has been found to be the cheapest adhesive that meets the

needs, resistance to heat and humidity, of this product,
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101. Resilient flooring, typified by vinyl asbestos tile, has been FTOWING in
the United States as a means of covering concrete, particleboard or wooden sub-
flooring. A variety of adhesive compositions are employed, many of them based
on petroleum-derived asnhalt. Natural bitumens would also undoubtedly be ser-
viceable in this application,

Shoes

102. In the developing countries, particularly those with cooler climates, the
shoe industry will be turning more and more to adhesives for making products
similar to those used in the United States. Adhesives are used for attaching
thin soles to uppers, for bonding fabric to leather and leather to leather in
the uppers, and for manufacturing built-up heels and boxtoes. Neoprene rubber
and natural rubber are two of the most important adhesive materials, The rub-
bers are utilized both as 8 lvent cements and as latexes. Natural rubber is
likely to be available in at least some of the developing countries. It isg an
outstanding adhesive when properly formulated, and should be adequate for most
applications in shoes,

“xamples of development

103. Borden Chemical Company has had considerable experience with the manu~
facture of adhesives in South America. In Brazil they started with casein
glues, then proceeded to vinyl acetate-based adhesives, phenol formaldehyde
and epoxies. ithodesia has a pilot plant for the nroduction of vinyl acetate
monomer, but it has been necessary to .mport this essential intermediate from
the United States. poxXy resins a.e imported from Turope. The Bungeborn

Company makes phencl from benzene suptlied by “etrobras of Brazil,

104. Borden obtains formaldehyde froa methanol, which i1t makes from bunker C

0il by oxidation. They are now prosressing to naphtha reforming for making the
methanol. In Argentina, on the other hand, formaldehyde 1s made from natural

gas.

105. The use of casein in adhetives is decreasing even in Argentina, formerly
the leading exnorter of this product. Casein is still being exported to the
United States as a binder for tie clay coating of paper, but there, as well,




IL/WG. 2T /4
Fage 26

1t is being renlaced by
the desline of

8oya protein and/or synthetios,

casein az an industrial raw material is
tion of milk as I'ood,

The chief reason for
the increased consump-

D€, Professor Ben S. Bryant of the University of Hashington has nrovided in-

teresting information on the feasibility of even very

small adhesives opera-

tiong for the manufacture of Plywood and other bonded wood products in China

(Taiwan),
107. There are at

2ut nineteen plywood plants currently active in Taiwan,

~like woodr brought in from the T
ted in the

These ;lants reel "hilippine r.ahogrny

and Malaysia, which are largely expor
millwork lumbep to the

hilippines
form of plywond and associated

Currently, Taiy
©orted ‘hilip

‘nited Statas,

AN enJoys about one fifth
of the Americzn market for 1my

Pine mahogeny nlywood manufactured in
the Far “ast, The flenutlic of Korea aiig Japan are equally large producers., Be-

interior, type Il and type III (non-

vhe adhegive used in extended urea resin,
Since wheat ;3 not proiuced local ly

cauge of the type of rlywood mmufactured,

water resistant bonds), ncarly all of

P

Lot e

and 18 cxpensive to lmport, the urea
resin 18 not extended with vhe . floyp A8 1t 13 1n the United States,

‘his 1g a ftarchy, tub
tepublic of China ani elsewher: in co

but rather
arose root that ;g cultivated in the
untries »f Southeast Asia,

With cassava flour,

It is a rela-
tivn of tapioca and furnishes the Eri

mary local source of starch,
109.  The only technical tan in somg blywood plants 18 likely to b
who has his own forrmlation for pl

2ther plants,

e the glue
ywood , probabl; not shared with the

mixer,

110, Triwan is & principal

source of urea in the Far
lou—coct hydroelectric nower

Tast as a result of its
o« Urea fertilizer i3 exported,
Other hand, g lmported from Janan,
In lalwan,

"henol, on the
With the £Towing

petrochemical industry
howuver, thers re lisal go

urces of formaldehyda available, While
3¢™e board plants man
there are tio rlants not conn

tol lowing resing;

most plywood plantg and nfacture their own adhesives,
ected :nth Plywood m

uresa form;ldehyde, mclamine fo

and phenol forual dehyde,

anufacture which produce the
rmaldehyde, epoxy, vinyl

acetate polymer
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111. In the Philippines, two American Companies have plants for making liquid

phenolic resin, In addition, powdered pheno]ic resin is imported from the

Pederal Republic of Cermany.

112, In Brazil, one or the largest forest products Companies makes jtg own
phenolic resip and phenciic paper glue line for gluing aluminium i1 to the
surface of corrugated plywood, This company also makes 3 ohenolic impreg-

rated paper overlay for Plywood to be used for concrete forms.
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Conclusyions

113. DOne can see that in both coatings and adhesives it is pors.ble to take
alvantage of the materials and resources of the region to make p‘oducts which
can be utilized within the region. The coatings and adhesives t:chnologies of
develoning countries can be freatly simplified compared tn those employed in
the tinited States. The economics of production on a small scale are favour-
able for polyvinyl acetate, alkyd resins, phenolic resins, starches and dex-
tring and animal glues. “Yith the aid of unsaturated oils and natural rubber,
1 these are available, one can ad just the technology to make almost all the

desired end nroducts,

Ll.. Initially, the petrochemizals (and/or coal chemicals) can be imported,
As w petrochemical industry is built up in the region, phthalic anhydride,
vinyl acetate, phenol and formaldehiyde can be among the first intermediates

to be produced.

1%, Joatings and adhesives are only two phases of the polymer industries,
alomp with plastics, fibres, and elastomers. The equipment and technology

fur making these few resing is applicable for many other polymers and end

qroducts,

Lin. ‘here does an entrepreneur or a government in a developing country g0

for technical assistance in building a coatings or adhesives industry? There

e two main sources of information.

11 First, many chemical construction firms have package plants, so-called
"turn key operations", in which everything is prepared so that the user, in
theory at least, need only turn the key to start the operation., Obviously,
the cage with which such a plant can be nut into operation and can be made
functional will depend unon the experience and skill of the peonle who must

oserate Lt.

I1".  The other source of assistaince, overlapoing and complementary to the
firat, is the consulting rirm with relevant cxperience., A list of chemical

consultants gualified to handle a particular topic may be obtained from the I

Association of Consulting Chemists ang Chemical “ngineers, Inc., 52 Tast 4lst
Street, Hew York, New York 10017,
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119. The chemical construction companies arc usually more able to provide
plants for the menufacture of phthalic anhydride, vinyl acet ite, phenol,
and other basic chemicals., On the other hand, the consultants arc bettep

edarted to provide now=-how on manufacturing formulated products, such as

coatings and adhesives, and ¢8ueclally on taking advantage of local raw
materials.









