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1.

| laminated wood conct“uc~;ono and in boats. After tihe wur a

SYNTHETIC RESIN ADHESIVES
‘3’..‘!888&8‘8::33:8:8‘8'

Bonding of wood by adhesives is not a new technique. This
&rt scems to have bcen well developed in ancient times.
Carvings in Thabes deting back 3.300 y- ars, depzct the
gluing of & thin w¢ece 'of veneer to what &ppears to

& p-&nA of sycgmo“e

The types of glue utilized by the Egyptians were gum Arabic

from the acécie tree, eggs, semi licuid balsams ard resing

from trees. There was little advarce in adhesives tech.o‘ozy
il the tweﬂ*ieth century, end woodworicers had to rely

' nainly on arimal and vegetable based glues.

In the beginnins of this century tapiocs starch, proteins,

soya beans and casein decame important &dhesives. Thece

glues had in common a moderate water resistance and poor
resistence to micro-organisms. The tapioca starch and soyi
bean mezl becarme important for the developmenz of the plywood
industry. In the beginning of the 1830's the first completely
synthetic resin .for adhesives applzcction, zaenol formaldehyde,
was invented and fouhd a large-scale “pplication In the
?lywood industry. This glue had good water resistance and
could withstand outdoor weathering.

In this deceanium also the &mino resins used for adhesive

purpcses became commerciilly available and found their use
in the plywood and furnzturc procductior, later also in the
particle board preduction.

-Later in the 1930'; melanine and polyvinylacetite adhes’ves

wers developed. Recorcin-formaldehyde resins were deve.oped
during the Worlc Wer II and found & usage in the preduction of

&

concidqrtbxc Aunder of typos of synthetic resin &d\csivca have
)‘Qa developed and rarketed.
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of synthetie resine has lezd to an extension
lzax ion of adhesives. Even whon weoc hes Leen sube

-e

& other materials within ecertain fields, t-. develop=-
ment of synthetic acdhesives mede possible cn. incrcased uytili-
zation of woocen nmaterials, While the producticn of znimal
glucs hes cecreased after World War II, the production of
syntaetic resin &dhesives has hed an enorrous growtn.

roductlon of: amﬁno and phenolic resins in 1957 probebly
creuntad To 2.2 million tons net dry weight, Adhesive corfsump-
tion by the wood-based pencl industry approximeres 1.6 million
zons net dry wei int. The total consumpiion by Westerr: Eurc#e,
in 2638 &mounted to 1,165,000 tons, out of which 575,000 tons
represent acdhesives., ‘Pcrtic’é board end plywood production

1 account for most of the consumption, and this sector also

;} zccounts for the bulk of the growth estimated at 10% per arnusm.

&
4
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“1. L Thérmosettéﬁngelin Adhesgives.

- simino resins (urea and melamine) and phenolic resins are

] thermosetting resins. These resins have found many end

‘ uses, but we &re considering only the types for epplicatien
é‘ as echesives. The finel glue linas of the thermosetting
resin adhesives is insoluble and unfusebie. These
cherecteristics have given the achesives the term thermo-

setting.

The bulk of the amiro &nd phenolic resin edresives has
found epplication in the plywood &nd particle boerd industriea
&lso in the furniture industry.

Within each of the groups, -lhesives of different properties
are available. The achesives cen be modified eéccording to
spacifications to & certain degree.

Ures resin adhesive is manufactured from urea and formai-
dehyde, melarire resin adhesive is marufactured from me:auine
ard formaldehyle and phenolic resin achesive is manufactured
Iron phcnoi end formaldehyde.

These adhesiv:s have in common that thev.are all based on
formaldehyde as ond of the reactants. '




1.1.% “»racidetvde.

Formeldehyde is Characteriz:-d zg the Gaa chenm’ (ol

work horse. A Lreek dewn of end uses chows that

formzldehyde gces into products like:
Urza resins
‘elznine resins
Phenolic resing
Pentaerythritol,
Hexeamethylene tetramine

Uree formzldehyde concentrates: industrial
fertilizers

Polyformaldehyce

thylerne glycol
Formaldehyde i3 in }eality & gas with & beiling point
of - 21°C, and is usucily ebsorbed in water to & 37%
(by weight) liquid solution, zlso c&livd formelin.,
Most processes for the r

anufacture of formaldenyce
ére bzsed on methanol, th: twe main processes zre:

-

1) Converting methanol inte formzldehyde with a silver
catelyst - the silver process '

2) Oxidizing methanol over z me=allie oxide cetalyst -
the metzl oxide process.

Tre processes zre highly zutomated.

-CW Sghenme

1.1.2.1 The Silver Process.

A mixture of methanol, water and air vapors
is lead over & catalyst bed of silver crystals.
Process temperstures are between 600 and 700°c,
The following main reactions take place:

O
-5§§—£L HCHO + H)0 + 35.8 Ke

.« o+ Il CHOH F= HCHO + H, = 21.5 Kea: |

I. ca,aa f 902

The first resction is an exothermic oxidizing

process, while the second is a dehydrcgenation

. process of endothermie character. Methanol s

converted to formaldehyde acoerding to both
‘ o




react.ons and is recoverad oy ubSOPuLLG“ with,
water. Vaerious side rezctlions ocour, producing
formic acid, cerben monoxic: &nd carbon dioxide
The net rezeticn ig exothe - Ie and the
temperaturs 1s maintrinsd by & close control

e Y&t1lo Detween the w1, th2 methenol and
the Water vapours from the evaporator.' .

Formgldzhyce 1s commercially avallille as
solution in & consentration of 37% - 40$ by
welpuLa : ¢

The Oxid: Precn

{r
o

«n the oxide trocess metellic oxides are used ae

atelysts. These ere usualliv ivon or molybdenum
oxides.

Gaseous methanol  rnixed with eir sasses cver &
fixed cat:lyst bed wiere the mzlin resction isi
« Y

!
i

t CH40H + 30, «— > KHCOH + 36.8 Xcal

Cii. 0~ - 7 == 00+ 28,0
3 ? 2
.
Prcces: MPELATUDRLS are In the region of ¢
) . PR PN o z [ T S :
300 - u53¥C. Lae formelaenvde is recoverad

by abscrbricn with water.

Severel siic ronciions teke rlace forming
cerbeon dioxide ant formic acid. Temperatures
in the catali’sl ved are controlled by the mole ‘

retio nmethceneo./eirpr.

1.1.3 Preduction cuioment end Technicte in the Productios g2

'1.1.3.1 Licuid Glue, Condenczte

Liguid glye is maznufectured in bis reaction

kettles. A vesin s-&Nt consists ¢f & reaction
~ottle equipped wiih turbo agit.tor and reflux
condenser. The kettle is jecketed op equipped

]




with coils fopr heating op cdblinL and . a thermo
meter. The thermometer ig connectec with o'

.indicatc., where the temperature cen be

(X3
Jd

controlled continuousl

The condenscte can be céhbcntrated in the
kettle by distillation under vacuus. This

‘Tequires & kettle built for oparatins unden

vacuum. A more effective Wiy ol corcertrating

' ‘the condensate is by evaporation in « thir-£i1:

1.1.3.2

dryer.

The cQuipment is hsh&lly stainless steel.,

Powder Adhgsives.

The production of powder adhesives is condyctec
in a spray dryer. The condensate is pumped
into the spray dryer, caught by & rotaing
disk, which rotetes at & speed o 6 - 8,000

~ rotations per minute. The resin is sprayed

Out as & very fine dust, which meets heated

- 4ir at & temperature of 200°C, blown throu-h

3.0.¥ g Basing. I

the spray dryer by which water is evaporated.
The air and the dryi& powder are separated in
eyelone. The powdered glue falls out and is
bagged in Polyethylene lined jute bags, ready
for transportation over long distances, and fo3
storing in warm climatos.;

Mav materials for amino resins are ured, or melamine
i

and formaldehyde.

.101..01

A ‘

!

Admonia and carbon diexide are the feedstocks |
for preduation of urea in ol) commercial

presesses currently in eperation. The resctie:

take place under temperatures in the rengs of

170 - 210°C and pressuras ia the range of

110, - 280 Ng/cn?,

-
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Ficst s.ubatantial Emounlts of ammonium Carianivi
is formed, but the effluernt Fron the syniheac sl
. reactor alse conteins
anmoriie. The principal rac

red, weter and sxoces o)

Coz’* 2NH3 2 NHQCOON'Z + 31
. armon’um=cLytilTe
‘!quOONaz L] NH:CONHz + HZO -

ured

The first reaction is exothermic, waile <ha
second is endothermic. '

Pu§o urea is ¢ white, cbysralline chemiesl

in powder form with a melting poiht of 112.8°¢.
The technical grade is also gquite pure,
contains about 4EN nitrogen and is CC""ercicl%y
available in forms of granules, oryctals, o»
£lekes.

1.1.8,.2 Productich Teghnicues &nd Recc~ion Yecaanismg,

The production of ursa cdhesives s<epts witl:
mixing specified emounts of urea and formaie
deyhyde into & reaction kettie. 1Tha veaction
mechanisnm Iis compiiceted and a faries of
reaction products of cifferant shemical
.compositions ere formed. We arc not soing

~into details of chemical "formulzs in this
connection, -ut it might be ¢f &QVEnTiZe %0
g8t & bdrief ideec of what haprens when uree
and formzldehyde recc:,

The urea molecule has the foliming chemiesl
formula:




..;,- . | o . .

&nd may be illustresed like this, with Sour
tentacles represanting the hydrocan atoms:

D

 The formaléahyde molocule has the . 'mm; i

" . ‘ehnuel.l fomu: ‘

: . | :
B « ¢ .- x5 j "

[ ] : j

- ] : i

4

and nay De illustreted 1ike this:

. The first stcp in the reastion ‘eysle when ures
.o &nd forzaldehyde resst s that the ures

- molecule catches 1 - fmu‘chm nluulu.
tho reastion Mct is mhﬂolmu '

HO IZI’---W“
/D"C ‘D:-wm |

“.o
Matmuhlntwu&mkhum
. & formaldelyde moleculs, the mslecuiar
nmmmmmumfm-

, : ,'mmmmngmnm

. . he 1aet tentasle in trimethylelures is se

‘ L oAk that the fermatien of tetramethyleiures
;umeusmammum»m:
ﬂ“dmhmﬁuam




the mole ratio of rorralieryie and ure

(rumber ¢’ molecules of firialdcayde per
molecule of urcea), i.-. ti¢ proportions of
formelaehyde (fermalin) and urca in the
beteh. '

'
The ncre forwalaehyde &dded in nrcportion to
the urea, the more groups of methylol &are
cbteined per urec-melectle., Mole retio of
Pormaldenyde/ur.a in urce ach. elvec i3 usually
betwsern 1.2 to 1 and 7.5 te 1. Since the
molaculer aivecting 15 woekenel o8 fopmale

‘dehyde ‘s (dded, the Righer mooc ratio will

u\

lead to & Too hizr cont =% of unreacted formale
dehyce (frce formeldehycs) “a tre finiened
resin, 274 Will tiireiore ccuse ar ancomforsabi
odour.

Pl A e . 3 ., - e e e - 2
’jlac .. .’,_;_‘L._'“.C.lng ..;..w.'ﬁ ten‘:pe?ﬁf.\.l.dv'ﬁ C-rl:

PE is a measure of acidity: :
' neutmal
- acid . zlkz.ire lp!

L~

-2

-
*»

Acidity thus increase: Wwith & lower pH.

The rate of methylol format.on increzses g% '
higher pH. To contrc: the freection, the
conditions must be slightlv clkeline and ¢ pH
of 7 - 8 is usual. Reaction tg even so quite
vigcrous. ‘
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The next step Zs the condernsetion op pulymen.
tion of methylol-urca +o pPolymer nmcleeules:

NN e e

——— / \ /\

+ ) > . %y wiv v
)\._/\D. —*’\..._,, )‘\/" W”\‘, weT .»

methylene

mu‘-

- oy
‘\v. ""“M'J, "‘\’a—"“u - ha ;,,‘_‘\ ¢
. .y K A 4 el ¥ -
A B \/“‘ - ‘_,

) v | . —
/\—-—A 7 NN &’-‘\m“'\ N —/k + wetep.

ethers

-

under dehydration i: callec cor:iznsaticn,

Two molecules melting Tegether in this way

Ru&ction between methylol gPOugu @ ves Cthers
as a result .nd when one methyle? grcun end
One amino group react, formevien of rethylene
is the result.

Concansation is conduced =t 95 - 106°C &nd
reaction spced is dependant upor: pH, fastapr
at a low pH.

Best results are obtained wren tThe reacticn
1s oontrolied ot pE § - 6, acic cordition.

Dyring centinued concensation large molecuies
or polymers of complicated cross-iinked
etructures cre formed.

These cross-lirked structures may interresct
and gelatinate (mecromolecule). ‘

To prevent the gelatination taking place
in the reaction kettle the condensation must
Do eledely wetched and controlled at all staged

of predection.

" The solids conteat of the cpncensate is only
abouf 0% and water and methanol is distilled
off or svaporated as previously descrided.

. !
. )




The finished resin adhesive has o sclids
‘ content cf 60 - 70%. The stcrage stadbllity
T of such ecdhesives is two t¢ throe rornths.

§
‘Sf Tn cases where ionger storagc stability is
| required, the liquid resin: nust be snreycried
. to a frae flow§ng powder. The powder glue nas
x ‘ ' : & storege stability of adbout twolve monthi.- !

lclu“-‘ Ei:gEQrties-
1.1.4.3.1 Licuig forn.
Urca-{ormnzlaehyde resin olue in

. liquid Zform end of normal specifice=

tions has low viscosity and low

-

content of fres formalcohyde &nd glve
lor

3
5 patlif. and

glue rmixes combining

S

high recctivity ot elevated

H

é temperatures.

b ¢ It may be us- & for chipucerd and fop
'g; i ‘ hot-beading ir the nlywood and’

b4 . furniture~Iinduetry., Due to its low

vizeosity &t loast §% Flourevtangian
(besed on 1lig.gliue) is necessary in

» . order o give a converient consistest
f% of the glue mix.
E. . Speciflceticns: '
i Solide ceonzent: 64 ,8-838,¢%".
: Viscosity 2t 25°C (77°F):  330-802 e3
Free formaidehyde: 0,8-0,3%
pH: 7,8-8,8
Specific gravity: 1,26
; ; .
‘ Storage: . .

. | - The liquid plue 2)ould be stered in 6
' cool place. At 20°C (38°7) it may
be stored for approx. 3 mer.ths,
longer at lover temperatures ard
shorter at higher tezperatures.

! .
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1:.1.4.3.2 Powder.

Urea-formeldehyde pasin clue in

powcderiorm.
, , , Specirlc:c.t..ons. (in 898 solutica 4t
‘ , . 267C)
Viscosity: 3000 - 5000 ep.

PH: . 7.5 - 3.8
Prepering the liquid glue mix:

In general 1 part by weight of a resin
of these specificetions and 0,8 -1
part of water will correspond to 4
suiteble content of glue solids defors
&ddition of the hardener.

By using high=spe¢cd mechanical mixers,
the water should be measured in firse,

~ then the powder added while the m...xor
is running.

In slow-—speed mechanical mixivo.
about } of the water is measured in
first, then the powder. The Gough
is kneaded until all the glue is
thoroughly mixed, after which the rest
of the water is édded while still
. stirring. Slow-speed mixers should be
equipped with a wellscraper. The
water should be at room-temperature
20%C (68° F), sinceé colder water
reteards the mixing.
!fomge: : :
The powder glue should be stored in &
€ool and dry place. At 20°C it may De
stored for approx. 1 yeir. 1t gbserds
moisture, and if the original bags
fhave been opened, care must be taken ]
to keep them well closed. , f
! i

1




'

bt B

Packing:

In p&per or jute bigs, with polye=
thylene lining, ewc? 50 kiles net.,
(110 1bs).

1.1.4.4% Melerin~ Resirs.

The reacilion mechanism between melémine aﬁd
forrnalcdenycle is believed to be similer to
that of uree/formaldehyde: Production

' precesses for these produéts iz therefore

not  discussad further in this peper.

. Melemine resin

cdhesives &r= normaily only
. -+ produced In powder forms.

2¢3.8 enolic Resin Adhesives.

Phenolic resin is menufzstured ivom prerncl end formale

L dehyde. Prenol in jure condition is & white
chrystaline chenmical with e melfing point of u3°¢C.
Phenol is rather poisonous and cauces irrite+icr of
the skin.

[ ]

Melted phencl and Jforrildatnyde are loaded into a .

. reaction kettie, anu o sdding alkall (ceaustic soca)
the reaction is steartad. 7The recétion mec-o~lism with
formé_.2ehyde is rather cocmplicated, and fornetion of
4 number of reacticn-droducts of di:luovent chemicel
compositions tazke piace.

It is not rocessary te go into details,but z brief
. idea of wnet s heppering when the reections take
place may us of interest, '
The phenal rnolecule has the following chemical formulas
L o . - OH
. & | |
= ‘
. H ‘? ﬁ = H or in a simple wey
"H=-C_ C~-H
§§§Ca// :
L] :,.: ’ .
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The phonol r:.o)ecule has three ezpbsm ate: 8y Which

can react with formalde.y.lc. The nwleeule may Se
descmued 8 & molecul. with three tenticles:

As previously the formeicchyde noleculs cm be
describod as: k

o=mN

Tirst st tep in the rezction when phénol and ‘omuchuo
ére brought together is that the phenol zelesule
cetches 1 - 3 molecules ofF formaldehyda.

“he reactien products are: - | o

monomethylolphenol

dimethylolphenol ‘. e C |

tr-imﬂw_lolphmql , o

O‘. ’ I ‘
The average amount of methylol groups jer phemsl

molecule in the mixture is dependant upen the mele’
ratio of fermaldehyde and phenol.

Mole ratio is uswally between 1.3 te 1 and 3.0 %0 3.
At a mole ratio below 1 to 1 and remetien in asiéie .
coridition &« se catlied NHovolak is formed. This ¢9. cupet ’
only if excess formaldehyde is added, i.0. msle l\th

is rdsdb&mthnllhl,
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The reactien is an exothernlc veaction, a one step
condensation, and takes place urnder clkaline concitions,
PR o7 8 = 9, end in temperature of 0 - 95°C. “he
specd of the reaction incercases with o highar ni. The
reections arc quite sinila? to those deseribad Fop .
urea resins, and methyicrnz ani ether are Soonzd.

.

The reeaction products contain methylol side or end
groups, which in turn iaterrcacy and form larger and
lerger molecules to macromolecules (curing

Phanoliec raesins ara civided into threé croups eccording

~A-stage (resol): . Lcoinly en the meThylol stage.
foluble in alkaline sclutions.

B-stage (resitol): Cross linking of methylol groups
sterts. Pe vw‘y scluble -
alcohol or zceton:c.

C-stige (resit): Complex cross iinking of phenelis

: groups by methylie Jrouds SO
. ‘ curec resin., Conoslecely
inpossibliz ¢ ¢lcsolve.

To prevent =he glue frcm ge._.ng .rn the L-ottle, zhe
production proces: must S: eLinir

ecare throughout %i.e2 whole condensatinn tTirnz. 'The
viscosity ané pa of +he baxc

and samples have To De token at certiip ntervals.

A liqQuid resin iz stanilized &t & pi of 11 - 12, i
soludble in water to infirive dilluticn. The resin
mey de stored for zohouT 2 - 3 months, depencant unon
temperature. Sollds contenT 1is usually in tha renge
of 43 -~ 50V, Phenclic elhesives cr: :lsc spray dried
and commercially &veilable in free-i owing -owler
form.

Production cquidment is similar te thet used for the
manufacture ci ures resins.

1.1.6.3 Preduction gortral and Cugtormar Service.

A® pointed out several times, the proces:s hae
% be controlled at all stages of the
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production cycle. The eontrol and analyéing
may, be done by the operators or by :pbttal
personnel. The final Product is &lso to Le
checked accerding To etanderds and specifica- .

tions. The leboratory must also be equipped

to handle requests from custoners when specifie
problems arise in the production lire or when

& specific product is to be developed.

of Regin A!!Qlivll-

1.2.1 Gengr 1.

This paper presents only a broad eutline of preduction
tcchniquu.' and the chemistry Pegarding the therme~
setting resins. Those who are interested in a mere
complete knowledge on the subjects are advised te

read some of the litferature listed in the &nrexes.

The preduetion procasses for the thcvnoncftia; resine
Mave generally been davelcpcq by research institutes.
and companies with advanced knowledge o0f chemical
technology. Many ;atents have been granted. A '
maufecturer trying to cstablish his own knowledge

be developing processes might have a hard tize doing

0 wisheut infeinging patent rights, and also the werk
" always will preve very costly.

Three nyl"m open in order to establish produstien
in & COMRTYY ! ‘ - :

1. Zotablienment of o jdnt ventuse with & foreigr
npany whieh providu® know-hew.

1. iseal congany bduys COTplate Process hnew hew and
predustion oguiphent from foreiga conpany.

3. Mereign eempanies are invited te estadlish dusiness
. ia the esuntry. : | -
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in all cases favourable domestic concitions megt
.be created. A good environment for inavestmenis is.

' regirded to Include political stadility, steady

1.2.2

develepment of the eccnomy and good protecticn for
foreign .investments, including free repetriation
of capital and free remittance of 2arnings.

"It is further of great importance that idequate sk’lled

labour, onginiors and operators are svailable or
can be trained.

i

Teclinology mﬁst 4180 be @epded, Or security provided
by & system of patent laws.

It is believed that.countries with es:ablishad systezs
of patent laws and who have Joined the Urion of the
Cenvention of Paris, stand.a better chance to attrict
investments dy business snterprises. '

A market, like a product-has its life cycla. It is
perticularly true with regavd to the thernosetting

“vresin adhesives. In general the development in a

eevtain market may be described to consist of fivi

| Phases.

Phase 1. The dexand.is 1imited, but interesting, and
dig emeugh tc invite introductien and service

sstivities by foreign manufacturers.

Phase 2. Demand is increasing, volume is sufficient

and ealls for complete sales 48d service activities
for customers. ,

Phase 3. Derand and consumption are developed o an
intemesting volume, not yet large erough for estadlish-
ing lesal productlon, but of interest to competition

hy other suppliers. Prives tend to decline.
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Phase 4, Consumptiorn has increased to & degree that
local pProduction, based on imported raw natericls,. it
&n altema‘;ive to imports. At thip stage local
produetion cannot be competitive without trede
fegu-ations or subsidies from the Goverrment.

Phese §, Loce., consurption has increased +o a vziul¢~
which givas besis for local Pruduction of the praw
meteriels. AT this stece. -savings in freight end
shorter transport favour lccal production, and |
'c.dditiona.l trade regulations make im: port prohidbitive.

It is apparent that no thumd rule exists Telling
exectly where conditiors are favoursble to start
local production. Studies of local conditions,
sources of suppli es etc. are vital in this ru'p.'c?..

§
Investment Costs and Coscs of Operation o~ Resin

Plarts or Integreted Fovmldehyde R!:.n 2lants.

Many Factors Bust be taken into aooount when comtruction‘:
of & plant il comidared

The nmarket onvironment, sources of uw-:uteriall supply
available gupply of utilities, cost of tmnapom:atioa.
mventory- and eapital costs, tc nama a few ‘actan
worth considqring. '

Trade regulations and government policies z:.ight Se

4n importafnt part of the totel picture and influence
the final decisio:. Below are given general cclcuut-m
indicating preduction costs 4u¢ investment costs relates
to capacity. Costs may of course vary fmn plant to
plant and lm lmtion to 1out£¢n. , o

A hnl.kdocm o!' the production costs for c buut in |, |
Northern Europe designed for 30, ooc ton,q per year
is a.pproxixutcly as follows. | :
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Production cost of

l ton of formaldqugé from a

30,050 torns por yes

$ 30.00 6,500 tons methenol at & 60/ton
$ 0.1§ Catalysts and auxiliarieg
$ 0.75 Utilities: Elactrici=y 27 Kvh
‘ Weter, cocling 20 3
. . ‘Make-up w.ter 1.1 m8
b team, start-us I ton/x
$ 0.8% Labour
. $§ 2,10 Msintenance
. % 3,90 Plant overtead
$ 2.00 Depreciaticns
$ 39.75 TOTAL
[ X 2% 8 ¥ ¥ :

Y plant:

.

2reduction 293t of 1 ton ‘rea/Sormgldenvia Resin

_ggp a4 30,000 tons

b & Year plan :

$ 27.80
$ 3..50
$ 1..0

$ 1.28
$ 2.50
$ 10.20

$ u.50 "
s 78.80
$ 8.00

- "m

TN

sugEacs

Addiviona) costs are deliver

fldhﬂllbpaant. tixes.

e t;c picture and give

?ormaldehyda
Urea

Utzlitles. Siectricity 356 %wh

Weter, cooling 15 =3

Dapreciations

Cost of investments 4 wSrking

TOTAL COSTS

.

& roy-l.¢es

cepitel

y cost, research énd -’

Make-up w.ber 4 '3
| Steam ’ 1.1 ¢
Labour |
Main<tenarce
' Plant overhaad {intagrated »

Anlcxamplc of the

0.9 tons ct $ 31.90/¢
TS " $ 70,00/t

q\
swid
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v
Pelative iaportance of rasin & study of the m;)a'r
factors tlfecting particle-toard produetiva ooc ..

| | is included. {This GTUCY wes present ~d at “aShisgzer
| . - $tate University's Sympe:ivm on Partiele-iiund.)
1.2.4

?gvg;gh-pgm jore gggc;,‘gn 208%s.

1.2.4.2 ¥elop Pactops.

The ma‘ow facters cft‘ect‘iug partielg=ioand
Preduction ‘costs are riy materials, dirgc:
eénversion costs, ang losses cue to waste -
froa the prass, finishing, cutting-to=s’sg,
+ 4nd press down-tine, |

Tadle ) idez:;tifiu the spaecific elen:nte thas
directly affect Produccion gosts (eoluzmn 1,
W. The secerd eolumn sDekifies
the values assumed fop purposes of {1lustration
iuﬂun‘ti&; what may he eonsiderec fairly |
typiesl values #0o- Mnufacturing a  §/g"
iadustrial deard it 4 West Coast U.S. 2lant.
(Obvieusly mest of these values will vary
oonsideradly from plant to plant). Teval 008t
. Witk cost elements 4T adsumed levels wes .
0 00.32. .

™e prinary purpese in Bakirg this eempuzavica
Was nOt 80 mueh o show ty?ieal praduetion
$00%, theugh ¢ 33 per thousand square fees msy -
de semevhat typieal fob §/3" indussrial beares
O the west ecast ef the U.g, The primary

" purjese was te evaluate the relative oignificans
o8 sask o06t alement. o
Tadle 1 a16e SNOVE the amsunt teral ®ste wouls -
Be Podused £ cach ooet olenent was redused, .

| By IV (all ether
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this case be 16 times more Proauctive than @
1% reduction in the cost of wax, cowntime,
Finisaing loss, ob press woccc.

Sten Trn.t in 1inis example the
key varizbles affcciing tetra'! cocts ape ')rul
cycle time ana thoe cest of recin. The coct f
wex &t § 3.25 per 100 pouncs, - downtine of 8%,
& finishing loss of 2%, anc precs waste of 2%
each have by couwperison little iafluence on
totel costs.

ie2.4.2 Var ing Cost Elerents.

These same comzutetions were redore with all
cost elements at & level nigher théen that
origineily sssumed, end then esain &t a lower
level. Press cycle tire wes veried from 4.6
to 6 minutes, resin cost vis varied from 4.8
to 5 cents, veriabl. costs rerged from § 35 - )
$ 65 per hou;", eta.  The result showed taet
VErying these cost slaments over o fairly vide
range hés litile eifcet on tle crder of re.ative
)ce wI The varichles: nress cyele tirme
end resin cost rema.ned the moct signiiigant
factors thr-:tignou: tle cnesys=s; vinile wan,
dowrtire, Iinlshing loss, an? SINSs waste

remeirec i{he least Impertent var.cbhles.

Teble 1. - °'r*u...:tc_‘ preduction costs cof & 578"
industrie grade perticle-hoard at @&
. West cost U.S. plant; 2nd the effeef

on total production cost of a 1% .
reduction in indivicyel SC3T ¢lemONTS.

Cost Ilements Assur.d velye Cost
‘ Savings
Press cycie time 5.5 minutes $ .18
Resin $0.0475/1h,55% solids 0.11 -
Variable costs $ 6C pec hour 0.10
Fixed costs $ 40 5. hour -0.07

Woodq § 4 per 0.D. ton 0.08 '
Panel finighing . 3 pee ‘ST .09
Shipping pre;ar.- v 2 per 5T 0.02
tion ' : ;
Cut-*to-sizc loss 4“4y 0.0%.

o Max © $.3.25/00 1be,u8% 0,00

sal {ide
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Cost alencats Assiued volue Cost
‘ - S&vings
‘ ‘Downtine 5% j 0.01
Findsiing less 2% g.04 '
, Hutc from ' :
, pross . 24 0,01

Total cost $ 39,32 .

Cur &bility to.gencralize about the relative
- importance of these variables is helpful, but
;miy;t:‘ &t each plant should conduct this
. © o sert of anclysis themielveé to De most ;
Y effective. Most impor:inily, the results
‘ ®8n be used to guice expenditures for
CONtXoliling ‘key feactors affecting productios
@O8Ts at edch Individual plant.

1!...0‘ 22' !t RQE 0?5‘ Aﬂ@ O\lick"i

The usefulness of cost ana.ysis is clearly
lilu.'ccd unless cost anzlysis reports are made
&vaileble to everyone who msy Le able to use
them. Such repcrts must be current, availadble
4t least monthly, with & minizal &mount of 2ag
time. Like & daily newspaper, cost reports age
Quiekly.

ions yse te c etc prodycs! c3

1. Raw materis: COSts oy MSF s .
(1bs raw material/uat) (cost/ib solids)
(1000) square feet)mat

2. Total rav material costs per MSFs .
Wood cost/MST « Resin cost/N8F + WCR cost /M3Y

l- iConversion ¢ost/ iSF s -
(r eenversion cost + variable converslica

» ' ‘cum ress cycle time (1000)
: ' (’roéu:tloa rzt. in sq.ft./hr)(l-pet th

(3-pas wasts frem press) .
. . .. nm > MSP s .
o X f?m ¢ Conversion/MSf. + panal
e Hu&ﬁinlﬂ (1-rumm lou)‘(l-f-‘ut-t'e'
. . size lens)

- ¢ Shipp
nar MR,




2. World Production ef S"n"‘nc...-c Resin Adhcs;wcs. ' o .

Synthetic resin adhesives of the phenolic end amino types
’ hive baen produced for a rather short tine.

Pherol forrmcldehyde adhesivces and coatings were produced
for the first time in,1908 in the U.S.A., in 1910 in Germany
« end in the United Kirigdom, in 1916 in France, in 1922 in
Italy, while Canads, Japan and Sweden took up production
in 1923 and the Netherlands started producction in 1934, ,
Urea formildehyde adhesives were commercially marufactured L
for tre first time 'in Germany in 1832. In the V.X. production
came und:r way in 193u France and the U.S.A. followed suit
1936, the Rnthovlmdc started in 1940, Italy in 19u2,
.whil_c Canada and Sweden started.their production in 1948, .
All Zuropesn countries, except Denmark and Luxembourg, are
believed to have production of syuthetic resins of the
phenolic or anino types for adhesdive purposes. The U.S.A. .
. ind Carada are of course self sufficient.

A . ori

In African countries there is production in the United Arad
Repudlic (Egypt) and in South Afrjca. There are plans fop
ltm_ing up. px‘oduct_ion in algeria. g

b Ao K e AN b e o s
. .
)

In the utin-mr.cw region. prcduction is ..ound in tho T
following countries: The Argen:ine, 3rasil, Chill, Cololb.c.
Mexico, Mcnulu. Peru, and Venezuela.

RS 5

In m. Near East one will find procuction in Turkey and in
Israel. The following.other Asiatic countries nave production:
India, Japan, South xoru. ?.alcycia, the Philippi-xu. Singapere,
and Taiwan. -
!‘ux'thu'. Austral ia anc Newv Zealand luvo production. |

o wm WL - :

Prnttculy all countries untion’d abova have Production of
formaldehydes; some production units m irtegrated inte urea .
ond methanel .
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ction end Corsun *ion.
-4 AupPveyins the production crd consurption of eyréaitia
resin adhesives of the dilferent countrie. and tote:s fon

the world, it is neccssery to make estimates. . Stutistics
of 'prod\.gction énd trade are not specified to & dogres
whove figures sre rcliable. Mogt countrics op&rccukthuir
statistics in broad commodity groups. SITC, Livisien 68
descrides cormodities iik‘e: :

Regeneratad .Cellulose and
Artificisl Resirns

"Position §81.1 is: Products of Condersation, Polysons
dénsation and Polyaddi<icn {(Phenejplasts,
Aninoplasts, Alkyds, Polyallyl Esters
and o‘;'hcr Unsaturated Polycsters, Silfe-
T cones).

™e products which we :re concerncd abpuf in this pager
‘are the phenoplasts and the aminoplasts, &nd then only
what is consumed for woed based Fanel production as

adhesives. ,

One way of estimating the production of adhesives is te

base the estimates cn consunption of urea, Mh.:n’im.

phenpl, formaldeliyce or methanol waere such figures are
" availadle. |

| Such estimates require kowledge of the end uses and the
breakdown in end uses relevant to the different preduets
in the courtries or ireas evaliated. |
'The safest lasis for estimating the tota® consumption of
ures end phenolic resins night, however, be the statisties
of world production of wood based pinels and beards. Such
figures are compiled by ¥A0.

The table dalovw gives esginited Figures for the resin o
. “consumption by the Plywcod and partiele beard industries T
in specified vregions, and the total for the world. - : :
+ . Growth figures are also given for: capacity and conswaiption.

. . - : : H 0‘

» . . toe
: . v . .
P LR DR * . .




. Consumption Canacliey
Estimated yeurly yaarl
2969 growth X F¥al-1") 4

congumptics 17C,-1969 1966 ~ 98¢

1050 M7 B Y 2lywood ﬁort.ﬂ.‘!l

" Wastern Europe soy - 19
Castern Iurope 14 7
USSR ' 200 16
Africa s 14
Asie & !.ar East 250 13
North Americe - 821 ]

_Lakin Ameriea N Y I 22
Oceania ‘ 3% | 12

WORWD ~ &' -+ 16

‘ In Weadtern Lurope total resin consumpticn bv boand m. mw-
ers is estimated to be 694.300 metric torns nat solide
content. Approximately $85.000 tons ware cons.wed by the °*
pafticlc board industry in 1989. Tre tutal inorease {a
censumptfbn per year ir 18%, and the bulk cf this grewth
depives fron the p:r+icle board industry. .

Ures ferntldohydc resi-.s comprise tne lar-2st nart Cfrthc
‘pesin conaumpticn. Istimates are that Wesier: Europe 4a
1966 had a total consii:tion of approximately 675.000 tons
net dry weight. By 1975 this amount is expecied to reash
1,1 million tons. Adhesives will then account for 80V e®
absgt 030.030 tons. Tie larger eonsumption will centiawe
99 beo by particle beard and plywood industries, wvhieh {a
1000 sscounted for 058, |

' ™ ﬁenoi formaidehyde resins had a growth of adbewt 100
pov ARRUR frow -980 to 1968. Achesives and bonding l!'ill
have. boén uin&y reedensibla for this dove]entent.
Prédastionws in 1966 estimated ot 870.000 tens net @oy
wolght, and requirements by 1075 will bg 660,009 dene,

o SPOMRE rate of OV per annus. Adhesive tppuuﬁﬂ M
. 009 300 of the mwtm in 19068,

|
¥
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Eegtern Turope hes nad & moderate growth both

te

in
'ccn:um;ti:: of idhesives and expansion in uhe poaps
produciion c¢p&cify. USSR hes had considerable growth,
&nd this irend 1s exnccted to centirue. USSR is knca

" o heve 2lens for & ravher cxtensive exdansion of nartiele

board merulcciuring facilitics vy 1972,

The totel consumption of adhes.ive resins by countries ia
The Africen rogion is estimated &t &bout 14.000 tons ref
dry weight. The "lywood. industry accounts for 888 of the
total. ' :

In 1366 The totel procuction of P ywood amounted to 286,000 md
for the rogicn. There wgs’pfoduction in 35 mills ir 1%
dif arent countries. 3y 1969 the total installed cerasity
amounted tc mere than 253.0600 =3 in 43 mills,'an increase

. ,0f 3% per annum. An additional foup courtries had taken
Lp procucticn, |

. - |

The milis ere rather small and only eight of the countriee
have production in excess oF 10.000 m3 of >lywood per ansu=.
+he bDiggest mills ar- Found ir Gabon anc Nigcfic. Utilized
‘c&pacity is Letween 705 ;ﬁd 80% for the regian.' :

The particle board prodicticn cepacity increased by $ 8 in .
the period 16686 - 1969.

In 1883 the ¢pproximate canacity was 122.000 *tons. 19 mille

were produéimg in % countries. Eight new millse had Jeen

installed in seven ccuntries during this pericd. Estimgted

utilized capacity was as low as 28% in 1087, against 410
i 1068, - ' -

-

The Pesir consumption may.be expected te Crow at leagt at
the sanme rate for twe >F thres yoars as in the last yoare, 4
1M per annum frem 1968 to 1989, as utilisetion of eapssity i
{heveases. | . : .
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.;a-ﬂ corsumption increases raipidiy
near East. The develepment is dominz
oxpansion in the plywoed indusiry.
Tne plywood industry accoun s for 80% of the tove
consuliption by board and panel manuleciurers The rete
¢” srowth in consumition is &t least 13% por anmnul as an

BT S TN leWOOC and particle board industriecs seem
~o operite &t & hlgn level of utilization of captaeity, but
ne’ units are under construction in meny countries.

Txpansion in the Nor+n Americen coumtries seems to have

leovelled ofZ, Consumption hag ianciw.sec about 6% Cr annum.
™e Latin Lmerican region eccounts for the hlgi.:t growth
rate. Consumption of adhésives incfaased By 22% DI annum
in the period 1968 -

sroduction capacity has increasec DY 6% per ennum Jop
plywood, wnile per..cle v0erd cepacity increzsel about s,

'”Ha particle board indus? LT & reve of
iilization of 33%, ! maad o ‘n zéresives will
iherease repidly in

the region oI Oceanie nes & nigh goewtin of consumption,
mostiy doninated Dy tne development of pert.cis >oard.

Intcvnctita&l Trada in Synihetic Resirns.

.-..'.....5‘------,-n----—----- Py Y T ¥ X

pe.v‘eunly pcinted out, th. statistics are rot broken down
by type of resin anc end uses. U.N.'s comnodity statistiss
give, hevever, &n ides of how trade is flowipg, and which
..nqul.. arn .om~ﬂ¢t‘ng the trldc.
In tadle Mo, I is shown the main exportiag countries. rigurit
¢§n¢g for vilue &ad qnantity.- The EEC countries are the.

i
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main f\portera of these Sroduct ¢ (products of co“drnsctiou)
West-rn Germeny is the cominat. r.g country, followed by the

. “etherla:ds. The EEC-trade hes increzsed §3% ip voluﬁé and
45% ir. velue from 1966 to 1559. The expert Irom the U.S.A. -
and Czrecde consists of rhigher priced Drodncts. Exports

inércased 15% in volunme and 18% i~ velue :rom 1966 tu 1959,

The EFT! countriss have only one third of tre volume sold by

the ECLC countries. The exports, howey=r, seem to be p elativelLy
higher srice gpods. Exported v.lume increased 33%, whiile value
only increased 22% during the period 1966 - 1969.

| :
Th¢ value of the export of other countries, ;é reported in
these statistics is not 51gn1f cent. %

The f’ow of the treade of condgnsation procucts 1l‘illustrltdd
in thc tebles, 5 . : . .

t

. ' . ' ! '

The Importing couriries zre listed in regions. As will be
seen-from these tables, the bulk of the trade is within

Western Europs. The U.S.A., Canad: and Western Gerzmany are ot
dominating the trade with the Latin AEGPiC&ﬂ countnies. '

The United Kingdon, Wes cern Germany and France are ilportcnt
trade »ariners io the African coun tries. A closer study’ rcvotic
‘that the trade rzinly follows tradltiona’ pattovnl cottblt.h‘d
leng a2go. '
Hcstern Cerr.ny, The United Kingdom, the U.S.A. and Itlly are
1nportcnt trade partners nlso to the Asjiatic couwtricl.

As ;ointed out above, the statistics are not very dohuod GI‘
eonclusions based on thue figures may be unemcin. RO

é

'loku'pis knowp. by people in the tmdc. thc urea~ and ;
- phenolic resins are very mueh luppliod according te the )lstiﬂt
mcucd by the ﬂguru i these tebles. .
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As the statisti are not broken
,J

he concla foom the figures on
part of the cost structure is raw mete

cest of methencl and urec is the rost importient element.

The prices on tae werld market tond to change racicelly from
+ime to.=imc, following the trends of suppiy &nd c:mand. The
spice trend durin; the ,last ten years has & slight decline.
This 1 pertly & result of bigger units having come into
operatien and that trensport cost is declining as a consaquende
of the development within the transportation sector. L

A study oi the tendencies in the development of ti.z prices of
resins Jor chipbocard= and plyvyoci-preduction in the ’aropoa“
countries since 1985 shows 4 definite deciine in most countirlaes.
Prices in 1969 in Vestern Germeny are down by 6 points 4&s |
compered to 1965 (.965 s 100).

VMost ccuntries cre down 11 -~ 16 points, byt in tha United
Kingdom prices seasm to have been very steble.

Tha seéme tendencies are reflected ia the inport prices in most
African end Asiatic countries. | |

In South Americin countri.s there ave 1ittle fluctuation in
prices. Apparently this réflects the fact that mest of thc
countries have 2 very nigh price-level bdacause of domes
production &nd customs barriers for the protection cf doz.ltic
production.

.
.

GOVcrnaané policién,tnd trade regulations effect the levelopment
" of The fepest industry in 2any countrizs. High customs
barriers tend to hinder rather thia promets development. It
sttms thax when the goverrments objlective is the dcvelopmeﬂt
“ &nd industry related toferestry, = adhesives,
g, gu; ‘?a&gnt be considered as auxiliaries and consequently
- §. procuved at chedpest possidle pviccs.




¢ L2
Ly c°s
€82 8-¢ce
6°0 Ly
2'¢ 2°9%
L°02 Loy
2°6 6 OF
z°9 L8
o'¥3 €°6LL
6°09t 1°648.
2 Lzl LoL6r .
S°Gh 8°L6 .
£ 26t L°1L9€
L°€g 0'€9
€25 2°vy .
T FUL -
S gLt [ M T

A o

g 9 6 ¢ .

6°% 89
L°e2 o°gl
8°0 €t
r°s L°StL
691 9°2¢
‘L L° g2
Ls v-e
»°9s3 L°60L
F &4 °1% erele
0’38 6°621
z°ec (RIVA
L°99¢ 0°0Zt
9°ty Loow
z°oC "G
t02¢ 8°209
St L 0et
A 0
L 6 ¢

6L

.
-

nompuaao-sh * pae [t :ﬁﬂtﬂ g“

€7z L SaIUAN000 AVEIONLS-
6°61 o°9L
s$°0 60 ,
©°9 boLe .
9°91° L-62 SR
3°9 6°LT | ,, B
8y ¥°9 . T
8°9L L°g6 )
Vier o gt .
v-gL peoot = 2k
0°92 209 - T XMwal
9°vhL 2Lz .  XieaE0 LeW
v°ge Lec R
v°82 °0°0¢ .
KA Tk R
¥oist v
A o S :
9 9 6 - S SETEANR00

$°s ‘a DOOP

L ]

- K




‘L3 HOILVSESANGD 40 SIONE0Nd

-~ - - - 3 s oL 30
20 ¢ #o  £°0 €3 . ¥y €LL  voE g2z o°9t :
- - - - .z 3 6°a ¥°0 3¢ t )
W - - - - L2 TR A S*L (3 z® vk
- - 9°0 €0 €°0 z°0 $°9%€  L°82 Loy - Lo62
- - - - .- - 6%  9°¥2 e 6L
- - v-0 - €0 €0 e9 L°g L's -9 s
9°gL - d°gl. 9°g L°c L°€ L2 t°0S.  S°6b "E°SLL L 96 )
60 P Loy € Ly €°s L wLr  L°9% L°L6L ¥°901
20 - g8°0 - z° Ve L°SL o  8°L6 2°09 .
8°'C 9w L°6 99 T L1 AL L°69Z €£°602 4°19€  2°LLZ
50 ¢£°0 ot 9°0 o ] 80 8°1S . €°6e o'ty  L°ce
- - vs - e - - €°LS - o°LeZ <°¥9. ©°0¢
.0'9 oW L8 o'y - - - 2°eS . 8°S¢ 9°tbL  g-zet
6L 9951 3061 9961 896L . 996L . gS6L 9961 996L 9968
- T we 330 VTV ; THiodnd Sd04;14 N
TUtONRe? ‘v's'n N ALSVYE MALSTA




- X
L4
&~

cC ™ o
- 00
Ce

-—

8t

50

€°a 2t - -
B0 ¢°0 - -
2'o 2°0 - ¥0 $°Q .
+1 zo . - -
«.O - . . -— . -
6°6L oO°wiL 62 T 3

LS 9°t, 8V L°h
9% L°0 - 40 L0

g2l L@ T 9061 LoLt
AL o€  v0o S0
v*a. G0 . - -
fei §°2 © gl GeLi

9°2e

2

A A
L ok
G ok
L°g
€°GLL
L°L6Y.
3°L6
L°19€
0°c9
Z'¥9
9Lkt

U961t

AT N

Gy VIgY

896L 9981 - @ li 9961

e TR . CIDLIERY W1V

8961t

“ITVLIOod

‘0T NOTLVYINGANOD <0 SL5NACH.a




V. L. Faith
Dori.d 3, Ya2waz
Rorus€ L. Clark

\

Exrvirg Skeiet

. Magazire articles

i Special reports;

REFIRENCES :

Je Fredric Walker

.“b

Pormaldehyie

Reinhold Publisiing Corporation .
NQW YORX. NoYo. UOSQAI *

Industriel Caemicals

John Wileve Sons Inc.

New York, London, Sydney

Handbook of Adiesives . ‘
Reinhold Publighing Corpovabion

New York ,
Provisional Indicativa. Yorld .
Plan for Agricultural Jovzlopment
world Survey of Froduc:ion .
Capacity for Pliywood, Particle

Board and Fiberbdoard 1568 o '
The Brazilian Syntretic Polymes
Industry

‘Werld Wood Revizw Tuly 1970

Chenical week july 10, 196%
Chemie~-Ing. Techn, 1969/No. 19
oasd Manufacture, Ausust 1970

Federatior. Eurcrpeerne
- Dés Syrdicats de Fedricaas de

Panneaux de Particules

Buropear Chemicel Nevs, Urea Svwpplesent

.

.




Yesing
uwm«.um
foen igrtenl tugnl Wastes

ua..hnm.u-umzm




it the beginning of this century, tapioca starch, proteins, soya beans and
casein became important adhosives. Theso glues had in common & modorate wvater
_ resistance and poor resistance to siorororganims. The tapiocy, starch and soys
bean meal bacame uportant for the devol.omm of the plyvood 1ndu.try.m At the

‘beginning of the 1930's ‘the first coapmtely mthottc ' ntn for ndhuivu mu-"'

cation, phonol formaldehydc, was invested and found large-scale npplioatton in
the plywood industry. This glue had good water resistance and could withstand
outdoor weathering.

In this decenniua also the anino resins used for adhesive purposes became
commercially available and found their use in plywood and furniture produotion,
and later also in particle board production.

Later in the 1930's, mclamine and polyvinylacetate adhesives were developed.
Recorcin-formaldehyde resins were developed during “orld '‘ar II, and found a
usage in the production of laminated wood constructions and in boats. After the
war a considerable number of types of synthotic resin adhesives were developed
and marketed.

The development of synthetic resins has led to an expansion in the utilise~
tion of adhesives. T"ven where wood has been substituted by other materials
within certain fields, the development of synthetio adhesives has made possidle
the increased utilisation of wooden materials. 'hile the production of anisal
giues decreased after World War II, the production of synthetic resin adhesives
has increased enosmously.

world production of amino and phe-olic resins in 1967 probably amounted to
2.2 nillion tons net dry weight. Adhesive consumption by the wood-based panel
industry approximates 1.6 million tons net dry weight. The total consumption ia
Vestern Burope in 1968 amounted to 1,165,000 tons, out of which 575,000 tons
represeat adhosives. Particle board and plywood production acoount for most of
the conmmption, and this seotor also acoounts for the bulk of the growth, whioh
is estimated at 10% per anmm,









