1o . 2136008 5 A For mal dehyde -Bi nder
Boar.ds *such as- particl eboard, chipboard and the |irke are prepared from

| iggnocel lul osic material s using adhesi ves. The preferred adhesives (or:

gl ues) are 10 based on formal.dehyde, such as urea- f'or mal dehyde, ne-,

| am ne- f or mal dehyde, phenol - f or mal dehyde. and resorcinol - fornaldehyde
resi.ps or mixtures thereof. It is a well= krmown fact -that boar P4}8d
using these adhesives have a fornaldehyde odour which is both arnfu and
un- 15 ° pl easant. Formal dehyde i.s enitted both during the pro- duction ¢
such boards and during their storage and fi-nal use. Many methods of
av0|d|ng the enission of form aldehyde have been proposed, but all of them
are either 20 ineffective or reduce the properties of the boards or
require conpllcated appl i cation procedures. Sone of these procedures

i nvol ve spraying or spread coating the warm boards com ng out of the press
Wi th various solutions, such as solutions of urea and/or ammoni a or of
anmoni um-25  salts. Gbnerally, t hese types of nethods are not desi- rable
for |ndustr|gl application becauspofmﬁmuéﬁyugrgaﬁggytlonal process steps
and anyway are not very efficient. O her nethods rnvol ve the use of very.
conplica- 30 ted mxtures of a |l arge nunber of conponents, sone of which
are natural glues.. These BbadﬂﬁtsuahsaséﬁarﬂmﬁlehﬁardgfhmﬁmenhrdCaadhandlcap
Egﬁgfg;tls the fa%h tgahetggepég S&%é&sfromr¥¥§ﬁéﬂef¥‘i&£%%$m%%%rT% s

u31ng adhesives. The preferred adhesives (or glpes) are
10 based on formaldehyde, such_as:ﬁrea-formaldehyde, me-
© lamine-formaldehyde, pheﬁol-formaldehyde and resorcinol-
formaldehyde resins or mixtures thereof It is a well~
known fact that boards prepared using these adhe51ves
have a formaldehyde odour which is both harmful and un-
15 pleasant; Formaldehyde is emitted both during the pro-
duction of such boards and during their storage and final use.

_ Many methods of avoiding the emission of form-
_ aldehyde have been proposed, but all of them are either
- 20 1neffect1ve or reduce the propertles ‘of the boards or
require complicated appllcatlon procedures. Some of these
procedures'involve sbraying or spread coating the warm
boards coming out of the press with various solutions,
such as solutions of urea and/or ammonia or of ammonlum
25 salts. Generally, these types of methods are not desi-
rable for industrial appllcatlon_because they require
.additiqnal'process steps and anyway are not very efficiert.

Other methods involve the use of very complica-
'30 ted mixtures of a large number of cempohents, seme of
which are natural glues. These products also are not
very efficient. One handicap thereof is the fact that
the properties of hatural products are_not constant.



-2- Another way of reducing the content of free form ~al dehyde involves the
use of an aqueous suspension of urea prills coated with a special wax. This
met hod requi - res a separate feeding line, because the product is nots
5 adde the adhesive fornmulation itself. An object of the present

I nventi Is to pro- vide a1%¥wmﬂdehyde bi nder which effectively reduces -

t he for.nmal dehyde odour wi thout™ reducing the properties of the board,

‘Wi t hout changhmgthér wvancefl vireduoing hbhd Oceniterst vef f Hreel Soroas and wit hout

req e 0 I board,
plya%%%gﬁ¥ggl ﬁﬂ%%%%% ﬁ%eu$%dgﬁt+€n£€$%€§%es %&?or%é?dgﬁyﬁg I nder when
for mnéllm bzt et wuﬁ@aae@béanmiIwgmoc@hiaﬂmshhomﬁ.tdﬁ,teeqahs usi ng
_adhe e de ses. a olutio of (a) at | east
one 0 %a% %ﬁ%ggy} e_l;i/% m‘iﬁ%&%}c ]g RF%‘H‘ ’C:Te?? nonohydri c

abi pided Ebcxﬁzﬂannemhf@)foﬂmdbm@iomnftsmdﬁe 20 in water. The formal dehyde
bi nder can also contain (c) an or- ganic conpound which acts as a sol vent

for (a) and kM)owfecel 60 £RaCESedeAD iﬁwatiﬂ&hyﬂ@ @8%96 (d) an inorganic
com f und oluble in_water, The organic¢ coppound Erefer- ably a

ql er¥ 9¥W§%d%P¥$ﬁa?%%d%Tc%Mth ?ﬁ@e?th©%h|69@6ﬁ¢52 hgound (d) is
'prefﬁﬁﬁﬁﬂﬂﬁéhiﬁ%lé@bﬁﬁlﬁltﬁaﬁﬁ Péahfng "t giSherties of

the board, without changing the react1v1ty of the

10 adhesive formulations and w1thout requiring any addltlo-
nal steps in the production of partlcleboard, plywood or
blockboard.

The invention provides a formaldehyde binder
when for use in boards prepared from lignocellulosic ma-
15 terials using adhesives based on-formaldehyde,which com~
prises a solution of

(a) at least one organic hydroxy compoﬁnd'with the excep-
tion of C -y monohydric aliphatic aleohols and
(b) at 1east one amlde

20 in water. The formaldehyde binder can also contain (¢) an or-
ganic compound which acts as a solvent for (a) and (b) and
also reacts with formaldehyde and/or (d) an inorganic com-
pound soluble in water. The organic compound (¢) is prefer-
ably a Cl-h monohydrie¢ aliphatic alcohol. The inorganic com-

25 pound (d) is preferably a halide salt. Even if the individual
components are not soluble in water, theyimay'dissolve in wa-
ter if a mixture thereof is heated in water to 70 °C.

Preferably the orgaiic hydroxy compounds'[com—
30 ponent (a)] are soluble in water or inlcl_4 monohydric
aliphatic alcohols. Examples of such preferred hydroxy
compounds .are the dinhydric, trihydric and pentahydric
alcohols containing up to 6 carbon atoms, the mono-

saccharides containing up to 6 carbon atoms, the di-



] . '
conponents are not-soluble in water, they may dissolve in wa- ter if a
m xture thereof is heated in water to 7/0[err]C. Preferably the orgai.ic
hydr oxy compounds [com 30 ponent (a)] are soluble in water or in
monohydric aliphatic al cohols. Exanples of such preferred hydroxy comg
are, the dihydric, trihydric and pentahydr|03alcohols containing up t
carBen atons, the nono- saccharides containiing up to 6 carbon atoms,

di - -3- saccHaf FRRIdemtaenhaiqing ve. £ é@rﬁéﬁbﬁpoﬁ§°ﬁﬂd3nd =i
l'ysacchari des hayk 2@ {&d Vol g GRS idee wan at maeesm? Suatc85écorﬂ1§:a.at a

concentration corresponding to 37 %(refrac- tlo% eL. g?n‘ﬁ ﬁ%%a
preferred hydro®¥y. 35H§oéﬁdsaaﬁQFQQR§Q? 19T FANTESEPOGHEESs “And ! pRetfot & 2Shi ch
|olr3 eferably are ageg) ﬁém@rd OéxAxﬁ%I‘éB’de ma;iﬂdé/ﬂbﬁMeﬁhhqﬂeo&w Emmpouhdshare/the
above- nen- tioned dri ric, trihydrjc and/or n ri.c_a or
nonosacchar |5desar9?‘§ﬁb%h%4‘?%%l%\rﬂﬂ l}ﬁﬂ%;ssacéﬁ‘&rc?‘dgé’ f?ﬁékg %Bf%sagg
-aronﬁthc aIcohohfoﬁanopeiﬁnwmmbihaﬁﬁdﬁrfﬁthlﬁﬁeyhrdmb@epbenghe abdve-men-
nonohydri c or pol ¢ a onatlc cohol s t ai nin e.he By
t he tern1"arona¥¥gné3cé ?ﬁéhy 55? 83%B§a€&° gigﬁgﬁgF ?“db
whi ch contain aarameﬁaéa@cnnfdu&s fﬁxsaddhanmd@mphﬂﬁlor solvabbeharQQQSG
hydr oxy 15 conpgQunds, are. nono 0 | ene yaerine,
COMDRY he, GReRaLs. i r&i§w§i qhéi LIVAR IS ﬁgﬁbdrgk bb

pent aerythritol;
o 10 polyhydric phenols and monohydric or polyhydrlc aromatic

alcohols contalnlng one benzene ring. [By the term “aromatic
alcohols" we mean alcohols (as compared to phenols) which |

contain an aromatic group].

Specific examples of_suifable organic hydroxy
15 compounds are monoethyleneglycol, diethyleneglycol,
glycerine,'pentaerythritol, fruotose, mannosé, sorbitol,
dextrose, sucrose, maltose, lactose;'dextrin, phenol,
resofcinol,_hydroquinone and the like.

Preferably the amidés'[cOmponént‘(b)] used in the
20 formaldehyde binder of the invention are likewise soluble
in water or in C, , monohydric aliphatic alcohols. Parti-
cularly preferred are the aliphatic amides oontaining up
to 6 carbon atoms and the aromatic amides containing one
benzene ring. ) ' '

25 ' - Suitable examples of amides are urea, thlourea,
formamlde, acetamide, .benzamide, oxamlde, succlnamlde,
malonamide and the like. '

If desired, to enhance squbility,the formaldehyde
b1nder of the 1nventlon can addltlonally contain additives
30 [component (¢)] which are c1 4 monohydric aliphatic alco-

hols such as methanol, etHanol, isopropanol and the like.

A cheaper and more efficient formaldehyde binder



dextrose, sucrose, naltose, |actose, dextrin, phenol, resorcinol,

hydr oqui none and the |ike. Preferably the am des [conponent (b)] used in

t he/28. f or nal dehyde bi nder of the invention are |ikew se saluble in water
err] nonohydric aliphatic alcohols. Parti- cularly preferred are
atic amdes containing up,to 6 carbon atons and the aromatic
@skcont ai ni ng one benzene rlng4 25 Sui t abl e exanpl es of anld&y
are useeptainedwxfiwdterﬁsnxhhleadmb&@hddc kRempothds, [e3apbH&ntSUCCI Nnam de,
mal opg enhance sol ubiljtythe_ formal dehyde
bi ndermoﬁﬁ%%ge}glgr#\fweréﬁécﬁercgéb:\hgz%% | onala1(1>;sCoﬁ‘95| npﬁﬁgFF?Qﬁ halidetponent

(c) oAl dnagaks [om@ddaldiniec ealritbhaeite 1al, csuchoks soabums net hanol ,

ethaﬁﬁdoridéuﬂpukﬁyﬂldﬁuéﬂﬂa%ﬂdek%ndAcQﬁﬁigﬁrcﬁ@grgﬁee gELT Sh& %
ol ubl & Tnorgani c conpounds

f or mal dehyde bi nder -4- 'is obtained it water-s
[conponent (d)] which are preferably halide salts', nore preferably halides
of Sal kal i netaTﬁeOfaaikabfncrgﬁmi@ HPdPdsy Sotedb &Hﬁf¥ﬁﬁﬂﬁ3deﬂé”'de

pot assium hIor de ag z n1ch|or|f re added, The ratlo.
of o 53n?8 h§8W899eE nh® ndl¥c85$5ﬁ%ﬁ 3y é}%ﬂﬂrﬁﬁﬂﬁﬁnﬁﬂﬂPQHﬂd_lf presentﬂ
and i[oomganentcéapouifl presentitnto (shidé f [ pomsaddt t(@ ) de [ conponent (b)]
Is preferably 10:100 to 400: 100, particularly 10:100_to

is preferably 10:100 to 400: 100, particularly 10:100 to !

200:100, by weight. The formaldehyde binder of the inven-
10 tion can be added to the usual glue formulations in quanti-

ties varying from 1 to 10 %, preferably 3 to 7 %, of form-

aldehyde binder solids, based on the weight of the liquid

resin containing 65 % by weight of resin solids.

The formaldehyde binder of the invention may
15 contain 20 to 80 % by weight, p:eferably 50 to T0 % by
weight, of the active ingredients [components (a) and (b)
and components (c) and/or (d), if present]. The water con-
tent of the formaldehyde binder depends on the solubility
of the active ingredients and the amount of watef which can
20 pe tolerated in the glue formulations.

[ ——

The formaldehyde binder of the invention can be
produced by simply adding the active ingredients:and
water to a mixer and mixing until the active ingredients
are dissolved. This can be done at room temperature or
__25 at an elevated temperature up to 70 . ' |

The formaldehyde binder of the 1nvent10n may be
used whenever boards are prepared from llgnoce11u1031c
materials using adhe31ves based on formaldehyde, such
as urea-formaldehyde,_melamine-formaldehyde, phenel-

30 formaldehyde or resorcinol-formaldenyde resins or mix-



260:100, by wei ght.. The-fornal dehyde binder of the inven- 10 tion can be
added to the usual glue fornulations in quanti- ties varying from1l to 10
% preferably 3 to 7 % of form al dehyde bi nder sol i ds, based on t
wei ght - of the I|qU|d resin containing 65 % by weight of resin soli
f.orsal dehyde binder of the invention may-15 contain 20 to 80 % by
preigrably 50 to 70 % by weight, of the active ingredients (conpo (a)
and (b) and conponents (c) and/or (d), if present]. The water .con- tent of
t he formal dehydéeubeadéhedepnds on t:he solubility of the active ingredients
and the armount of water which can 20 be tolerated in the glue fornul ations.
The formal dehyde binder- of the invention can be produced by sinply adding
the active ingredients dienwasing the formaldehydedindsri n§ Ghei inveataenive

el ovat ed t enper APurs BSFI0TE) o o dfrE Wartly dRAUIGIP LRk AR =5 & a0
‘i nvention naﬁ béelSeuhaneh@vms %6@&&9lﬁﬁﬁakkﬁwdﬁéﬁrﬁKEnSI@Qn@@élﬁﬁNOS|c
materials usi n98§%g§5| ngdggéﬁrgygg? ’%déj ﬁg% wpeh (@’Edg'i‘ﬁ%];.f:ﬂr EF}.gehyde

mel am ne-f or mal @, "phéno resorcinol-1ormal dehyde
resins or mx- péenﬁe teseSynteabs . ddﬁéﬁahmn¢gpt$u§q(ﬁﬁﬂﬂﬁﬂﬂ%ddebfﬁdET of

the invention, ;.ules) perforator method No. EN 120.

10 'The amount of the free-formaldehyde.réduction
'depends on many fadtorS'ahd,‘therefore,'can vary Wideiy.
If the emission of free formaldehyde is high (higher
than 50 mg of formaldehyde per 100 grams of dry board),

N the reductlon can be as high as up to 60 to 85 %. If the emission

15 of free formaldehyde is relatlvely low, i.e. 20 to 50 mg

. of free formaldehyde per 100 g of the dry board, the
maximum reduction is usually 50 to 60 %. The amount of
reduction obtained also depends on the amount of form-
aldehyde binder used: The more formaldehyde binder is

20 used, the lower is the amount of free formaldehyde.

_ When the active ingredients of the formaldehydé
binder are used in combination with each other, the free
formaldehyde reduction is surprisingly much higher than

25 the sum offthe_effects of the separate components, and
they have no adverse effect on the reactivity of the
glue formulation or the properties of the boards.

The following examples illustrate thé invention.
30 Parts and percents are by weight.
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it is possible to produce boards actually containing 5-1ess.than 10 ny” of
free formal dehyde per 100 g of the dry board, as det er mi ned by the

~S3. Y. P. (Fdderation Euro- peenne des Syndlcats des Fabricants de

neaux de Par- ticules) perforator nmethod No. EN 120. 10 The
anp of the free formal dehyde geducti on depends on many factors and,

t he pore, can vary widely. If the em-ssion of free fornal dehyde is hlghaﬁg
(hi §€r than 50 ng of fornmal dehyde per 100 granms of dry board), the _
reducti on can be as high as u 86 %. If the emssion 15 of free
f or mal dehyde is relatlvely |O&E§§ﬂ§§a4§ to 50 ng of free formal dehyde per
100 g of the dry rqﬁg gﬁgﬁ} aII 50 to 60 % The
anount of reductlgﬁa% S0 deperds on t@?ogﬁgunfxbf form al dehyde
Bi nder Maedlnzhhydnoxylosrmhpblwsighm&iane D thecedmidee ilsower is the
anmount re r y cti,ve redi f the

f or mal dg% % §e1~§ nﬁéggguggdlﬁl?%% eh%t d&r? Vﬁyr}%rgg.sﬁ: St r?t%r the free
-forﬁaldhbydeuredﬂcthe&elSweLn¢mpqun¢ﬁ5/Vanﬂouﬁ @ere. foam@dB~ he sum of the
effects, h e ogﬁ?n' 3 se effect on the
react|V| % %f Bg%géﬁ?%r a %r?l Jb!? e prope %’leglg;lg’d\it e boards. The

foIIOMAngdexanplBsoducaspanmzcl¢hpamWent|on 30 Parts and percents are by
wei ght . - 6- : .

The control does not include any of the
10 components of the formaldehyde binder according to the
invention. Sample 1 includes both glycerine and urea,
sample 2 includes only glycerine and sample 3 includes
only urea.

15 It is noticed from the tables reported here
below that glycerine whén used on its own_(sémple 2)
is a very efficient fofmaldéhyde binder, but urea
(sample 3) gives a poorer formaldehyde'reduction and
lower mechanical values and water res1stance, however,

20 when urea is used in combination with glycerlne (sample
1), it gives values that are equivalent to those of
glycerine on its own.

We may therefore use a cheaper and less

25 efficient product (urea) and make it react as effec-
tively as a more expensive and mbre effiéient-product
(glycerine). The efficiency refers to formaldehyde
absorbing capacities as well as to maintaining'good
mechanical properties and water resistance without

30 changing the reactivity of the glue formulation and
without the need to introduce any special apparatus
for its use.

Fofmaldehyde reduction actually is in this '



Exanple 1 1In thIS exanple ‘the organic conpound con- taining hydroxyl groups
is glycerine and the amide is urea. Here, there is illustrated. the _ \
synerglstrc be- 5  haviour of these two conpounds Various glue formula: -
tions are prepared and each is used subsequently in order to produce

pari_tl eboard.” The control does not include any of -the 10 components of’ the
“f orggl dehyde bi nder according to the i neqtd on. Sanple 1 includes both '
gl ycerine and urea, sanple 2 i ncl-udes only glycerine and sanple 3 incl
only urea. 15 ' It is notiged fromthe tables reported here-
t hat gl ycerine mhen uged _on its own (sanmple 2). is a very efficient

f or mal dehyde bi n§&f¢ %g Bar ea (sanpl-e 3) gives a poorer forml dehyde
reduction and | ower mechanical values and water resistance, however, 20
when urea is used in conbipatiqn. ce sa Ie 1) i ves..val ues
that -are equival ent to'thoggeog %%F?ﬁ%ﬁ ?# ﬁhé W FRTP ﬁﬁgrgPSPe use

a cheaper and | eage2asetbltoent product (urea) and make it react as effec-
tively as a gore expensi ve and nore efficient product (glycerine). The
efficiency réfers to formal dehyde absorbing capacitdes as well 3as to
mai nt ai ni ng good nmechani cal propertiesaatsl byt er peadistgnce \piarfteuby30
changing the reactivity of the g[ue f&éfg%@llon_qwgaéﬁézhout %Q& %Eed-to

i ntroduce any special appar at us

Glycerine (100 %) 270 590 -
Urea (100 %) - 320 - 590
10 Water - . 410 410 410
. 1000 1000 1000

‘% solids 59 59 .59

The giué'fqrmulatiOns used are as follows:

15
' Comtrol = 1 2 3

) ) grams ! .grams g’ra.ms grams
Urea-formalde- ' |
hyde resin 65 % © 3077 3077 3077 3077

20 _(Moiar ratio .

F:U 1.27:1) | |
Hardener 400 500 400 500
(Ammonium chloride | '

- 15. %)
25 | '
Paraffin emulsion = 250 250 . 250 250
50 % | ‘ S
Ammonia 25° Baumé 5 5 5 .5
Sample 1 - 308 - -
30 Sample 2 - - - 308 -
Sample 3 DI - - 308
Water o __2_§_8_ - - =
Total | - 4000 5040 5040 4040 -

Gel. time in secs. - 68 68 71 62



for its use. Formal dehyde reduction-actually is in this, Qcase 46 % ‘The
my_ati ons of the various sanples used are as follows: 5 1 2

3 PEAE S by parts by parts by wei ght wei ght . Wwei ght .
a ‘-'1 ne (100 % 270 590 Urea (100 % 320

- -~ 590 10 Wwater - -8 - ' 410 -~ 410 410
1006~ 1000 1000 % solids ' 59 5g
59 The gl ue for m#imglerdayead bapsdgsargl peagares tonthel 1 2
3 grans r d sin 65 %

2057 1aborat6¥j“ﬁ§ §%§§E§ each é?stHégéékgﬁggh?gl?§¥ ?nﬁ@ 27:1) Har denér
400 25 kgs 4pd chipsjoBoards axgoprasEsAi am &Abornded 1804y 25

8 seés./mm. The thickness of the boards is 17.3 mms.
5 The temperature of the press is 200 °C and the pressure
is 35 kg/cmz. The dimensions of the boards produced

are 40 x 56 ems.

- The results obtained are'reported in the
10 following table and are average values.

_ Control 1 2 3

Density (kg/m3) ' 683 669 663 657

Bending strength (N/mm ) 19.9 18.1 17.3 16.3
15 Tensile strength (N/mm ) 0.73 0.72 0.71 0.63

2 hr. thickness swelling (%) 5.2 b.g - 4.5 5.4
24 hr. thickness swelling (%) 51.4 49.9  47.4 53.1
Free formaldehyde 15.8 8.5 8.7 11.7
(mg/100 g dry board)

20

Example 2
This is another example illustratiﬁg the
synergistic behaviour of glycerine and urea in reducing
the free formaldehyde of particleboards while main-

25 taining the mechanical properties of the boards and the
water resistance as well.

The control does not inelude any of the com-.
ponents of the formaldehyde binder according to the
30 invention. Sample 1 contains both components of the form-
aldehyde binder accofding to the invention and'sample
2 contains 6n1y one of the two components (the most
efficient of the two components).

35 : It is noticed here égain that.only sample 1 éives free
formaldehyde that is below 10 mg/100 g. dry board (which is the desir-



'Paraffrn enulsron . -~ 250 - 250 250 250 50 %)Annnnla

250 Baune. - 5 : 5 5 . 5 Sanple 1
308 . - 30 Sample 2.
308 - Sanple 3 - - : Co-
Vater. 268 . . - -9 - - - Tota
4000+~ - 4040 4040 . 4040 Gel “tinme in secs. 68
68 - 71 - 62 -8- Single-layer boards are prepared in the

| abor at ory by speayn.ergpleminmfcléw)er drof Mid atneormmlgnione2okaveoad-chi ps.
"Boards are pressed a% i and 9. and 8(@9 S. / ‘The hlckne s.9 t he boards
is 17.3 mms. 5 SPABUELNpBAULTRESRY 14 Q¥9ﬂﬁ5 3G tn¥25FEssure is
35 kg/cnferr] . TheldtanueLomsrméldéhydxxneﬂuqmmdueeduaﬂ&y4&sx3§6%cns The
results obtained are reported in the 10 followi ng table and are average

val ues. Contr ol 1 2 3 Density (kg/nferr]) 683
669 663 5657 Bendi ng The efopnuXd¥inrsraf] the varidbdsdsamples usid. 3
16. 3 15 TenS|Ie r g err]) 0.73 0.72 0.71 0.63-2
‘hr. thickness sme SQ %5&13%%““ 9 4.5 . 5.4 24 hr. thickness
swelling (% 51.4 _ - 47,4 53 1 . 1 o 2 '
' ' ' ) parts by .weight parts by weight
Glycerine (100 %) - 128 128
10 Urea (100 %) B you | -
Water : | ~ _hug - 872
| 1000 - 1000
- % solids . 55.2. 12.8
15 | : -The'glue formulatioﬂs used are as follows:
) Control 1 - 2
grams grams . grams

_ Urea fofmaldghyde _ _
20 resin 65 % 3077 3077 3077
(Molar- ratio o | . |

F:U = 1.27:1)

Hardener - . 400 . , uAOO _ 4oo
(Ammonium chloride | ' '
25 15 %) .
Paraffln emu131on 250 ’ 250 ~ 250
50 % , . ' o
Ammonia 25° Baumé 5 . S5 5
Sample 1 - 268 -
30 Sample 2 - - - 268
_Waﬁer _' 268 - o F_
Total ~ BooO 4000 . 4000 .-

Gel time in secs. - 66 | 67 - 69



Free fornal dehyde 15. 8 8.5 8.7 11:7 (ny/100 g dry "~
board) 20 Exanple 2 This is- anot.her exanple illustrating the synergistic
‘behayiour of glycerine and urea in reducing the free fornal.dehyde of 1
eboards while main- 25 taining the mechanical properties of the

and the water resistance _well. The control does not include any -
¢om . ponents of the formal dehyde binder according to the 30 '
i.nvention. Sanple 1 contains both conponents of the form al dehyde bi nder
according to the nveg ign an 2 contains. only one of the two

sa Y,
conponents (the m§§'f‘g Wﬁﬁtb%‘?g%ﬁea‘ﬁ\op%w&?erﬁ’é)th%S 1t s
noti ced 1hema&g&ynbyhabreyhngsewmeoﬂ thess foremlayimigiemude that is bel ow

10 ng/ 1 (. dr whi.c the desir- - | ev for El
cl ass) a%g %§St °§nf‘ 18% P8a’ﬁ‘g§ ah%- p%%"f?ﬁ%l%/t e]?ﬂn &glaéﬁt chani cal
propertiseesaﬁdmwaﬂ'he thickheeseofFolnemlbwd/sieLs editsd eamsactually is 34 % 5
258 Ll dbykdC ok LR BrRSUPLE 2005 B e 'Hdslie |

ls 35 kg/cm . The dlmen51ons of the boards produced

are 40 x 56 cms.

The results obtained are reported in the
10 following table and are average values. '

Control 1 2
Density (kg/m>) 685 684 687
Bending strength (N/mm>) 20.7 20.6  19.4
15 Tensile strength (N/mmz) 0.74 - 0.73 0.67
2 hr. thickness swelling (%) 11.0 7.9 8.6
24 nhr. absorption (%) 23.5 23.2 23.7
' Free formaldehyde - 14.3 9.5 12.3
(mg/100 g dry board) /
20 |
Example 3

This example illustrates the efficiency of mono~
ethyleneglycol together w1th urea as a formaldehyde
binder.

25 :

Two formulations are prepared: the control
without any of the ingredients of the formaldehyde
binder according to the invention and sample 1 which
includes both moncethyleneglycol and urea.

30

Boards are produced from these two'glue
formulations and it is proved here, too, that with
the formaldehyde binder'according to our inverition
we obtain with a urea-formaldehyde resin that gives



nycerfne (iOO %0 ., . 128 ' 128 10 Urea (100 %

424 \\at er 448 : . + 872 1000
1000 % selids | - - 55, 2 . 12.8 15
The gl ue formul ations used are as foll ows: Control 1
graps,. . grans Urea fornal dehyde 20 - egsi 65 %
307%~ - 3077 (Molar ratio F: U = 1.27:1) Hardener
400 _ 400 ( Ammoni um chl ori de 25 15 % Paraffln enuIS|on :
250 - 250 50 % Ammoni a 25 Baune 5 5 5.
Sanple 1 . normally boards classi@&ed as E 2 (ceﬁtrémhplunérds
- 268 ter 1f < § - - - Total
4000 2006 1a8siTigghPecE 1] ﬁ@mP% &ds. 66 67
69 -10- Slngle Iayer boards are prepared in the
' ~ The formaldehyde reduction is in thls case
5 37T %. '
The formulétion‘of'sample'l used is as follows:
_ Sample 1
10 ' o . parts by weight
Monoethyleneglycol 100 % ' 360
Urea 100 % - . 365
Water | o 275
" o 1000
15 % solids - ' 72.5
The glue formulations used'are as follows:
| | Control 1
20 o ' grams .~ grams
Urea formaldehyde resin 65 % 3077 . 3077
(Molar ratio F:U = 1.27:1)
Hardener _ 400 ' 4oo.
(Ammonium chloride 15 %) '
25 Paraffin emulsion 50 ¥ - 250 - 250
Ammonia 25° Baumé ' ' 5 o 5
Sample 1 ' - : 268
Water - - . - 268 -
Total . kooo 4000
- 30 Gel time in secs. ' - 66 _ 60

Single-layer boards are prepared in the
laboratory by spraying each_of'these formulations onto
25 kgs wood chips. Boards are pressed at 10, 9 and



| aboratory by spraying each of these fornulations onto-25 kgs wood chibs:
. Boards_are pressed at 10, 9-and 8 secs./mm The thickness of the boards is

17.3 \. 5 The tenperature of the press is 200[err]C and the pressure is,
35 k rr] . The dinmensions of the boards produced are 40 x 56 cns. The
resu tained are reported in the 10 following table and are average, .
val uags? - Control 1-12 - 2 Density (kg/nferr]) 7
685 684 687 Bendi ng strength (N mmR) . 20.7 20. 6

19.4 15 Tensile strength (NNmjerr]) - : 0.74 0.73 0.67 2 hr.

t hi ckneds sawsl//mmg T%e thiokness of7tBe boards 612413 miisor ption (0/()

23.5 f d y

12.3 (nyg Thezg:e?npgratéggr 8% ggeng'gE Eg g‘ﬁ?soceiré%p e |1?'11%s$f3lf ?es the

ef fi ci eddy 35 ML -eThel énmgnycgnSt ofetherbeirrds wredwsed dmwe nal dehyde -
bi nder. wESiﬁgg'h@rnulatlons are prepared: the control w thout any of the

I ngredi ents of the formal dehyde bi nder according to the invention and
sam? e 1 which includes both monoet hyl enegl ycol and urea. - 30 Boards are

produced from thegget Wasdh¥8 obtained are reported in the
following table and are average values.

_ Control : 1
10 Density (kg/ms) 685 684
Bending strength (N/mmz) 20.7 20.2
Tensile strength (N/mm?) Q.74 | 0.74
2 hr. thickness swelling (%) 11.0 8.6
24 hr. absorption (%) 23.5 22.6
15 Free formaldehyde 14.3 9.0
(mg/100 g dry board)
Example 4

In this example we are illustrating the
20 synergistic behaviour of monocethyleneglycol and ui-ea.

Boards are prepared from three différent
formulations: the control wherein no ingredients of
the formaldehyde binder according to the invehtion
25 are used, sample 1 wherein both ingredients _
of the formaldehyde binder of the present 1nventlon are
"used and sample 2 wherein only- one 1ngred1ent is used.

It is obvious from the results obtained and
30 reported here in below that sample 1 containing both
ingredients is much more effective than éémplé 2 con-
taining only one ingredient (the most efficient of
the two ingredients).



formul dtions and it i s.proved here, too, that wth the formal dehyde binder
according to our ‘invention we obtain with a urea- formal dehyde resin that
g}ves -11- nornally boards ctassified as E 2 (control), boards J
classified as E| (sanple 1). The fornal dehyde reduction is in thi
37 %, .The fornulation of sanple 1 used is as follows: Sanple 1 10

par¥s by wei-ght - Monoet hyl enegl ycol 100 %313 - : 360 Urea 109=% ;ﬁ
365 Water : 275 1000 15 % solids

72.5 The gl ue- fornulatlons used are as foll ows: Control 1 20

gr anms . granms Urea ﬂhenﬁbdmaydehyéelne@&c@ionBQﬁﬁalned in this 3077
(Mlar ratio F:U__ L 27 %b%?ardener ' 400

400 (Anmoni um chloride 5

25 Paraffln enuIS|on 50 % . 250
250 0 _ . :

" The fprmulatlons of the various samples used
5 are as follows:

1 2

parts by weight parts by weight
Monoethyleneglycol 100 % 230 580
10 Urea 100 % 350 | -
‘Water N o _420 | 420
| o | 1000 1000
4 solids - o - 58 ) 58
15 . The glue formulations are as follows:
Control 1 2
: o grams _ grams m
" Urea formaldehyde . 3077 | 3077 3077
20 " resin 65 % o E |
 (Molar ratio F:U = 1.27:1)
Hardener - 400 ' HOO_ 400
(Ammonium chloride 15 %) |
 Paraffin emulsion 50 % 250 250 250
25 Ammonia 25° Baumé' 5. 5 5
Sample.l o - . 268 -
‘Sample 2 S - - 268
Water : - o268 = L
" Total . 4000 4000 4000
30 Gel time in sees. 70 71 76

Single-layer boards are prepared in the
laboratory by spraying each of these formulations onto
25 kgs wood chips. Boards are pressed at 10, 9 and



Anmoni a 25 Baune 5 5 sanple 1

268 Wat er , 268 Tot al

4000 4000 30 Gbl time in secs. .66

60 | ayer boards are prepared in the Iaboratory by spraying each of
t he | ati ons onto 25 kgs wood chi ps. Boards are pressed at 10, 9 and

secs./mm The thickness of the boards is 17.3 mms. The tenperature=
ress is 200[err] C and fhé“ﬁ?essure is 35 kg/cnferr] . The

di rensi ons of the boards produced are-40:x 56 mms. 5 The results obtained
are reported in the follow ng table-and are average val ues. Control 10
Densi ty § /oy .o'mm].) The thickness of 6RBB boards 1s6B;4 Bem&ng strength

(N mm{ er, . 20. 7 0 20.2. T r err])

.74 T vegperasuis O HheopreBRots REO G SR predslE Y o o
absor pt iien 39%kg/cm”. The ditehsions of 2&e6bd§rd§¢pmnduu@mldehyde

14. 3 are uogc%s(rm(loo g dry board) Exarrple 4

5
The results obtained are reported in the
following table and are average values.
Control 1 2
10 Density (kg/m’) 688 688 687
Bending strength (N/mm®) 17.6 17.6 17.5
Tensile strength (N/mm?) 0.55 0.60 0.56
2 hr. thickness swelling (%) 6.7 u.g' 4.7
24 hr. absorption (%) 20.1 - 20.1 19.5
15 Free formaldehyde 115.0 10.3 12.3
(mg/100 g dry board) '
Example §

In this example the use of a resin of diffe-
20 rent molar ratio is illustrated as well as various
levels of addition of the formaldehyde binder itself.

The formaldehyde binder used has the follo-
wing formulation: '

25
parts by weight
Glycerine 100 % : _ 270 '
Urea 100 % 318
Water 2
30 1000
% solids | _ 58.8

The glue formulations used in the various
samples are as follows:



nonoet hyl enegl ycol and urea. Boards are prepared‘fromthree differe
fornul ations: the, control wherein no ingredients of the formal dehyd
~&ccording to the I nvention 25 are used, sanple 1 wherei-n both ingredients
of .the fornal dehyde binder of the present invention are used and. sanple 2
“wherein only one ingredient is used. It-is obvious fromthe results
obt ai ned and 30 reported here in bel ow t hat sanpl e 1 containing both
ingredients is nuch nore effecti.ve than sanple 2 con- taining only one
I ngredient (the nost efficient of the two i nCoretkreht s)L -B3- The3

f or mal dghyde reducti on obt ai ned in this case !rsamo’g O/graHEe fg(ygél aﬁﬁﬂr%% of

the various sanples used 5 are as foll ows:
wei ght parts by weeahtoManoathyieneesinobs 1903087 3077 233077 3077

'n thi's exanple we are.illustrating the 20 synergistic behaviour of |
er

580 10 Urea 100 % 350 Wat er
220 (Modaropgtio F:U = 1.433}0 0 50l ds )
>8 5 Hibdemer 293 380 380 380

(Ammonium chloride 15 %)

Paraffin emulsion 50 % 250 250 250 250

Ammonia 25° Baumé o 5 5 5 5
Formaldehyde binder - 154 215 375
10 Water - 375 134 73 =
. Total : 4000 4000 4000 14087

Gel time in secs. 73 73 215

Single~layer boards are'prepared in the
15 laboratory By sprayihg each of these formulations onto
25 kgs wood chips. Boards are pressed'at 10, 9 and
8 secs./mm._Thé'thicknéss of the boards is 17.3 mms.
The temperature of the press is 200 °C and the pressure
is 35 kg/cmz. The d1mens1ons of the boards produced
20 are 40 x 56 cms.

The results obtained are reported in the
following table and are average values.

25 . .~ comtrol 1 2 3

Density (kg/m>) - - 680 687 685 688
Bending strength (N/mmz) 22.0 22.5 22.3  21.6
Tensile strength'(N/mmz) . 0.61 0.63 0.66 0.64

| 2 hr. thickness swelling (%) 10.1 9.3 8.8 9.5

30 24 hr. thickness swelling (%) 20.6 21.8 21.0 2L.5

' Free formaldehyde ~ 22.2 13.0 10.1 9.5
(mg/100 g dry board) '

It is noticed that the mechanical properties



15 The glue formul ations are as follows: Control- 1
2 grans gr anms granms Urea forml dehyde 3077 3077
3077 2 ,rwsin 65 % (Mlar ratio F:U 1.27:1) Hardener . 1

400 400 400 (Ammoni.um chl oride.15 % Paraffin enul sion 50 %
250 \ 250 250 25 Ammoni a 25 Baune 5 5
5 Sanp\¢ /" - 268 Sanple 2 N
- " 268 \Water- 16 = 268 |

- Tot al 4000 © 4000 . 4000 30 Cel tine in
secs. 70 71 76 Single-layer boards are

pr epar eaind nwater | eeoistange ML spheiaardsagireoequiyedensr gndat i ons onto 25
kgs woo hj ty1Q, ' 84secs./'mm The
Ené& #‘Qthaeﬁg%é%es a{é‘d%t%oﬁﬁ%@ Mﬁ]% i3 ?34e of sifip1ed1 !

t hi ckness o e tenperature of the Press is
200[ er r3% &nint ¢es@refssanple BRny/Thikedn capee ofi #8APLlend -of the boards
produced are 40 x 56 mms. 5 The results obtained are reported in the
5 Example 6
In this example six different types of poly-
alcohols are illustrated, two different type§ of amides,
one additive and a variation in the ratio ofi alcohol
to amide covering a range from 57.5/100 to 385/100.
10 |
The various types of formaldehyde binder used
are as follows: ' .



2 ; o '
fallowing table and are average val ues. Control 1 2 10 '
Density (kg/nferr]) 688 ©.688- 687 Bendi ng strength -

(N/rm{err]) ; 17.6 . 17.6 17.5 Tensile strength(N/rm{err])
0.55« - .60 0.56 .2 hr. thickness swelling (% 6.7 $
4. 7 24 hr. absorptlon(o/() ' . 20.1 20.1. 19.5 15 Ff&

f or tretl dehyde 15,0 . 10-3l7 - 12.3 (ny/ 100 g dry.
Exanple 5 In this exanple the use of a resin of diffe- 20 rent nols

is illustrated as well as various |evels of addition of the fornal dehyde

bi nder itself. The formal dehyde bi nder used has the foll O-8WI ng .

formul ation: 25 partsjby wepght & ycerd ng 100 o ™ et
0 . O 1 I =~ t ~ 1 @ ™ | \
270 Urea 100 % . . - m 183water
412.30 _ 3000 %s@l‘l ds
58.8 The glue fornmulafions used in the various sanples are as foIIovvs
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Contr ol 1 2 3 grans grams grans grans -Urea-formal dehyde .
.-resin 65 % 3077 3077 3077 3077 (Molar ratio FU 1.4:1) 5

Har dener 293 380 - 380 380 (Anmonium chloride .
15 9% Par&l™\Nn enul sion 50 % - 250 - 250 250 250 Ammoni a 25
Baune . - - 5 5 - 5 5 For mal dehyde bi nder oy
- CASAS/ 215 375 10  \ager-- - | o 375 134 W
73 L et al C : - 4000 4000 4000 4087 Cel tine
in sees. 73 - 73 - 72 + .75 Single-layer boards are -

~prepared in the 1811 hbbueanenyideyed pfbyumes eandh 1 gadrese Wyor nul ati ons ont o
25 kgs W%gg %hips. Boards are pressed at 10, 9 and 8 secs./mm The

t hi ckness P the boards is 17.3 mms. The tenperature of the press is

- 200[err]C and the pressure is 35 kg/cnferr] . The dinensions of the boards
produced 20 are ' The. I ohbt ai,ned ar.e reported in the

followi ng table aﬁggaééégvgggﬁ%}%ﬁhéég?h%é? 166¥hezvarlous ' '

~ Conbrol samples are2as follgw®ensity (kg/ nB) ' : 680 - 687 | 685
- 688 2 Bending strength (NNnmm) . 22.0 22.5 22.3 . 21.6 2 Tensile

strength (Nmm). 0.61 ~0.63 0.66 0.64 2 hr. thickness swelling
(» 10.1 9.3 88 9.5 > |



30 24 hr. thickness swelling (% 20.6 21.8 21.0° 21.5 Free
f or mal dehyde 22. 2 13.0 10.1 . 9.5 (ng/100 g dry board) It
i-g noticed that the nechanical properties -16 - and water resistance of
t he boards are equival ent and the fornal dehyde reduction is 41 %i n. case of
sanmplte .1, 55 % in case of sanple 2 and 57 %'in case of sanple 3. 5
Examnpl e 6 In this exanple six di fferent .tygpe.s of poly- al cohols ar
illustrated, two different types of am des, one additive and a va
the ratio of al cohol to am de covering a range from57.5/100 to 38

ng vari ous: type% of forngl dehyge b| nder used are a? fgllqwgr @ 17- [err]
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. . . ®
Al'l above-nentioned figures are in parts by weight. The_glue formul ati'ons
~used in the various sanples are,as follows: 19 [err] - 20- :
Si ngle-l1ayer boards are prepared in the | aboratory by spraying each of a
t hege Por nul ati ons onto 25 kgs wood chips. Boards are pressed at 10, 9 and
By, n The thickness of the boards is 17.3 ms: 5 The tenperature- of
thel\ pfdds is 200[err]C and the-poessure is 35 kg/cmerr].- The dlnenS|on§56f
t he efar ds produced are 40 x 56 cms. The results obtained are reported in
the 10 follow ng table and are average val ues: 15 20 25 30

Single-layer boards are prepared in the

laboratory by spraying each of these formulations onto
25 kge wood chips. Boards are pressed at 10, 9 and
- 8 secs./mm. The thickness of the boards is 17.3 mms.
5 The. temperature of the press is 1200 <€ and the pressure
is 35 kg/cma. The dlmen51ons of the boards produced

are 40 x 56 cms.

The results obtained are reported in the
10 following table and are average values.

15

20 -

25

30



13 . . . .
-21- [err]. - -22- The, above-mentioned results prove that all sanples used
have val-ues equivalent to the control and that.the:fornal dehyde reduction
i seof- the ‘order of 32 to 47 % 5 Exanple 7 In this exanple three dif
types of organi c conpounds containing hydroxyl groups are exenplif}j
means " of. dextrin, phenol and resor-. 10 cingl. One nonohydric. alc

actiMg as an addltlve ot her than methanol” 2 il so illustrated, na “hyl
al cohol . 15 The vari ous types of fornal dehyde bi nder used are as f0 :
2 .3 -4 20 anethquneglycq5 < 230 . - - -
Dextrin 1140 = - 0\ © - Phenol - -
- 130 - Resorci nol o o o N ® - o~ - 130
_ s A - _
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Bending strength (N/mmz)
Tensile strength (N/mma)

2 hr. thickness swelling (%)
24 hr. thickness swelling (%)
Pree formaldehydé

Density_(kg/mB)
(mg/100 g dry board)
Formaldehyde reduction %



Met hanol - 140 - 130 130 25 Ethanol. ’

80 - - - - Uea , - 350 350 370 370

Wt er 1 : 340 370 370 370 1000 1000, 1000 1000 %,
sol i’ ' .. 66 - 63 63 =~ 63 .30 All above-nmentioned

figur e in parts by weight. Ege formal dehyde binder sanples are used-in
this le to substitute a parfcof the resin used. ' -23- The glue - \{:”-
formul ati ons actually used are as follows: Control 1 2 3

4 granms granms grans grans grans 5 Ur ea :f or mal dehyde 3077 2770 -

2770 2770 277@heegbnvenmeat1¢os¢orssulta.nnbvg tieartd exidr

arar 1 3 0RICS: oq oo 8 85pe1 400 (AIREI A oy e eolfhs) %nﬁdf’;‘fEl;S”)Bauae

5 that the formaldehyde re@mmmhw@@mrom:plog" B2
- 3@3 47 3.0 - -
5
| Example 7

In this example three different types of
organic compounds oontaining hydroxyi groupsgere
exemplified by means of'dextrin,'phenol and reSOr-

10 cinol. ' | |

One monohydric alcohol actlng as an additive
' other than methanol is also 111ustrated, namely ethyl

) alcohol.
15 | | |
The various types of formeldehyde binder
used are as follows: |
| - 1 2 3 &

20 Monethyleneglycol 230 - e e
Dextrin : : - 140 - -
Phenol N - - 130 -
Resoreinol 3 - - - 130
Methanol - 180 130 130

25 Ethanol - 80 - - -
Urea 350 350 370 370
Water - 380 370 370 - 370

R 1000 1000 1000 1000
% solidr 66 63 63 63
30 ' o

All above-mentloned flgures are in parts by
weight. The formaldehyde blnder samples- are used in
this example to substitute a part of the resin used.



15 Sanple 2 P - - 307 - Sanple 3:
- - 307 - Sanple 4 ;

- - 307 water . 268 _ - Total gty
400 3827 3727 3777 3727 20 Gel time in sees. 65 64
62 .~ 63 . 63 Single-layer boards are prepared in the |aboratory by .

sprayi ng each of these fornulations onto 2% kys wood chips. Boards are
~pressed-at 10, 9 and 25 '8 secs./mm The thickness of the boards is 17:3
mrs. The tenperature.of the press is:200[err]C and the pressure is 35

kg/cnferr]. The di nensions haay, Qﬁﬁp 16 GHE. 530 '
The results obtained are r%ﬁ%w%%g%ir1téﬁ}§€ﬁ omﬁﬁﬁ£§§§$é§§§§ g?g ggerage

val ues. -24- felipws: -25- The above-nmentioned results prove that al
sanpl es have values that are equivalent to the control_ sanple that contains

no fornal dehyde bi nder even though t HeP?&¥?%®r 1 substd tutes3an equitval ent
amount. of ur ea- | | grams grams grams grams grams

5 Urea formaldehyde 3077 2770 2770 2770 2770
resin (Molar ratio o |
F:U = 1.27:1)

Hardener 400 500 400 450 400
(Ammonium chloride
10 15 % solution)

Paraffin emulsion 50 % 250 250 250 250 250

Aﬁmonia_25° Baumé 5 - = - - -
Formaldehyde binder - -
Sample 1 | : - . 307 - - - -
15 Sample 2. - - 307 . - -
Sample 3 : - - - 307 -
Sample 4 ' - - - - 307
. Water - 268 -~ - - -
. Total 4000 3827 3727 3777 3727
. 20 Gel time in secs. - 65 64 62 . 63 63 .

Single-layer boards are prebared in the

‘laboratory by spraying each of these fOrmulatioﬁs onto
25 kgs wood chips. Boards are presséd'at 10, 9 and

25 8 secs./mm. The thickness of the boards is 17.3 mms.
The temperature of the press i5'200 °C and the pressure
is 35 kg/cmz. The dimensions of the boards pressed
‘are 40 x 56 cms. | '

30 _ The results obtained are reported in the

~ following table and are average values.



5 formal dehyde resin‘in the formul ati on. The fornal dehyde reduction’
~varies R this exanple'fron124 to 37 % Exanple 8 In this exanpl e one type

of for shyde 10 binder is used and the resin is based on phenol - -
~mel am A\pa fornal dehyde resin. The fornaldehyde bi nder used has the .
foll o- of fornmul ation: 15 - _ parts by

- wei ght Mapoet hyl enegl ycol - 24-- ' 300 Urea -/
330 Water - : 370 1000 20 The glue
formul ati ons used are as folloms Control, granms grans 25
Phenol - mel am ne-urea-formal - dehyde resin 63 % ' : 5600
5600 Hardener (solution in water of. 15.5 @6annnn|un1chlor|de) -840
-840 Paraffin enuIS|on 50 @6 _ - 150 ' ~ 150 30 Fornal dehyde
bi nder 560 Tot al _ o
6590 ' 7150aGe| time in secs. - - .73 79
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2 hr, thickness swelling (%)
2k hr. thickness swelling (%)

Bending strength'(N/mma)
Free formaldehyde

Tensile strength (N/mm2)
(mg/100 g dry board)

Dénsity (kg/m)
- Formaldehyde reduction (%)



these fornulatrons onto 25 kgs mnod chips. Boards-are pressed a
8 secs./mm The thickness of the boards is 17.3 ms. 5 The teny
the .press is 200 [err]C and the pressure is 35 kg/cnferr]. The \
of the _boards produced are 40 x 56 cns. The results obtained are reported

in she 10 f-ol | owi ng- table and are averagesval ues. Control 13

Density (kg/rm _ ~ . 705 695 Bending strength . -
(NNmjerr]) 26. 2 . 25.9 15 Tensile strength . (hVnn{err])
0.27 - 0.26 Tensile strength V100 (N mferr]) . 2.7 - 2.6 2

hr. thickness swelling (QﬁThe above-mgntioned resalps hrovehtEKMGsblsmellrng
(99 - 12,04, r e e 0] Y, '
12. 8 v For Eﬂgﬁ}él I%%n é? Q¥g eaglvgﬂgﬁé g ?ﬁ% c&ﬁ%ﬁé&

- above- nentioned samnnesxnammupnﬁamMStne formalldehyde binder ew%wrtm¢@smo t he
present inventi ofp25 ‘%?ﬂ%t&%ﬁ%; énpggﬂﬁgaﬂEhénéﬁghh% éﬁf&%@&ﬂehyde
erably the fr or mal :

resins reduci ng consi e emssion Wt
adversel y afSectfqgmalﬁ§deqmnem1@s1@rthﬁefbamuagtign- The formaldehyde

reduction varies in this example from 24 to 37 %.

- Exemgle 8
Ih this example one type of formaldehyde

10 binder is used and the resin is based on phenol-
melamine-urea formaldehyde resin.

The formaldehyde blnder used has the follo-
wing formulatlon' . '

15 - o - . parts by weight
| Monoethyleneglycol .~ 300
* Urea e S 330
Water ) - _370
' " 1000
20

The glue formulations'used are as follows:

Cdntrol ' -I
~ grams grams
25  Phenol-melamine-urea-formal- o
dehyde resin 63 % - _ 5600 5600
Hardener (solution in water _
of 15.5 % ammonium'chloride) 840 840
Paraffin emulsion 50 % 150 150
30 Formaldehyde binder | - | 560
~ Total - 6590 7150

Gel time in secs. ] 73 79



: . . . , ¢
- 27 - Exanple 9 In this exanple the formal dehyde bi-nder -used i ncl udes an
_ i norgani c conpound [conponent (d)], illu- strated in this case by sodi um
chloride. 5 The formal dehyde bi nder used has the follow i.ng formulation: -»

Part g \ei ght Monoet hyl enegl ycol 100 % 270 10 'Urea

100 - 318 Sodi um chl ori de 100 % '.1;
50 Wa L 362 Tot al R

1000- % sol i ds 26 - o 63.8 The gl ue -
~fornul ations used in the vari ous sanples are. as follows: 20 _

Contr ol 1 grans gr ans Urea f or mal dehyde resin (Nblar

ratio F: U=1.27: L% 77 2770. Fbrdener 25 (Amoni um
'chlorlde 15 % s hns%mylayer boards are prepargfpin t 450

laboratory by spraylng each of these formulatlons onto

25 kgs wood chips. Boards are pressed at 10, 9 and '

8 secs./mm. The thickness of the boards is 17.3 mms.
5 The tempereture of-the'prees'is.zdo ° and the pressure

is 35_ks/cm2. The dimensions of the boards produced
are 40 x 56 cms. '

_ . The results obtalned are reported in the
10 follow1ng table and are average values. '

_ : Control | 1
Density (kg/m3) .. 705 - 695
Bending strength (N/mm ) 26.2 25.9

15 Tensile strength (Nlmm ) 0.27 0.26
Tensile strength V100 (N/mm?) 2.7 - 2.6
2 hr. thickness swelling (%) 7.1 6.2
24 hr. thickness swelling (%)  12.0 11.3

. Free formaldehyde | : '

20 (mg/100 g dry board) - 12.8 T

Formaldehyde reduction. (%) : - .45

The above-mentioned results prove that the
formaldehyee binder eccording to the present invention
25 can be used also for phenol-melamine-urea-formaldehyde resins
reducing considerably the free formaldehyde emission
without adversely‘affecting the properties of the
boards | |

30



Paraffin emul sion 50 %, 250 250 Anmoni a 250 Baume

5 For mal dehyde binder” = _ ) . 307 30 Water . a
. 268 . L Tot al : : - 4000 " 3FT7T
Gel tine in secs. - 65 o 64 -28- Single- la T

boakds are prepared in the | aboratory by sprayi ng each of these
forsul ations onto 25 kg wood chips. Boards are pressed at 10, 9 and 8
secs/mm The thickness -of the boards is 1723 ms. The tenperature of T
press is 5 200[err]C and the pressure is. 35 kg/cnferr]. The dimensieons of
the boards pressed are 40 x 56 cns. The results obtained are reported

in'the follow ing table and are averaggamglaes 10 Cbntrol - 1.
Density (kg/nferr]) . 695 "~ 699 Bendi ng
strength (hVan) '~ In thisl@x8mple the foﬂﬁaﬁdéﬁyﬁalﬁnnﬂenﬂuﬁdd
(hVan) 0.7 hi c |1ing
(") ipegudes 3n'inorganis, capdipd ], [éetbonent Gﬁﬁ?%lvf
20.5 36ratedednf ohisl dekbpdby( spdinmn ghﬁoyl@@ard)

17 9 5 Fornaldehyde reduction (%

44 . 5
: The formaldehyde blnder used has the follow-

ing formulatlon.-
Parts by weight

Monoethyleneglycol 100. % : 270

10 Urea 100 % : . 318
‘Sodium chloride 100 % 50
Water . S _ _ 362
Total = | . 1000

15 - .
% solids = - - 63.8
The glue formulatlons used in the various
-samples are as follows: : - '
20 o _ Control 1
| grams grams
Urea-formaldehyde re31n ' o
(Molar ratio F:U= l 27: l) 3077 . 2770
_ Hardener . |
- 25 (Ammonium chloride 15 %
~ solution) | . - 4oo 450
Paraffin emulsion 50 % 250 | 250
Ammonia 25° Baumé ' | 5 -
Formaldehyde binder - ' - . 307_

30 Water o o | 268 : -

‘Total | | - 4000 - 3777

Gel time in secs. ' 65 _ 64



20 The results prove that the sanple |nclud|ng the f or.mal dehyde blnder

glves val ues that are equivalent to the control
e fornaldehyde bi nder substitutes a part of the ureq- f or mal dehyde
The f or mal dehyde reductlon is. 44 %
A fornaldehydelm%wer when for use in boards prepared from

thap

except
am de

\ 25 the fornulation.
S 1)

es 2 solution of (a) at

ul osic materials using adhesives 5 based on fornmal dehyde, _
| east one organi ¢ hydroxy conpound with the -

S rg logmoplld DAl i Rheonabs Atz Oby oL |

30
whi ¢

| east one
in addi -

sanple in spite of the f act

- 29-
4

tion, mmns e{agh af dhgad (qumni@lm@nshmWOaQESKSSWaOQOCthént for (a)

and (

bi nder

e%‘ﬂé

e|n (

OI ialm

gf{ogng

%yg%csy

err

gkor mal dehyd
I ¢ al cohol..

The tﬁic%ﬁgr

aI| yati c nono

~ The fcﬁffrdm%rﬁwdeﬁ rﬂeﬁer17o-f3 amp «ofhepit e@mmuret of3thmi Enesﬁnladdl tion,
‘cons ai 5150 Celarf S AN furP RO K29 e wﬁbedmeﬁe&%s of the .

10

15

20

boards pressed are 40 x 56 cms.

The results obtained are reported in the follow-

ing table and are average values.

)

Bending strength (N/mm )
2)

Density (kg/m

Tensile strength (N/mm
2 hr. thlckness swelling (%)
24 hr. thickness swelling (%)
Free formaldehyde |
(mg/100 g dry board)
Formaldehyde reduction (%)

The results prove that
formaldehyde binder glves values

Control

1
695 699
- 19.9 ~19.5
0.71 0.73
7.0 . 6.6
120.5 . 20.8
17 9.5

o "

the sample including the
that are equivalent to the

control sample in splte of the fact that the formaldehyde

~binder substitutes a part of the urea-formaldehyde re31n 1n

25.

30

the formulation. The formaldehyde reduction is 44 3.

e .
4)

4



5) The fornaldehyde bi,nder of claim4 wherein (d)y—ts—a- mafer—so#ubfe hallde
salt. 25 ~ 6). The formal dehyde bi nder of claim5 mhereln
wat er - sol ubl e halide of an alkali netal or an aI ﬂlll uéug‘ﬂ I.
f or mal dehyde bi nder of clai m®6. wherein (d) is 3 :
pot assi um chl ori-de or. cal ci um chl ori de. 8) The fornalde e blnder
one of claims'1 to 7 wherein conponent (3a) 2%s-soluble in water or in
monohydri c ali phatic al cohol . -30- 9) The formal dehyde bi nder of claim8
wherei n conponent (a) is selected E g”hd&hﬁd%'c ‘trihydric and pentahydric

al cohol s containing up to 6 carbon osaccharides containing up.to-
6 carbon atons, di- 5 . saccharides containing up to 12 carbon atons and

pol y- sacchari des haviyyg an f&hﬁ@hehyaaceihaxruwh§ﬂ §§€ \ﬁés r?tb rl C at

a concentration corr ES%EI}:LdI n 3 refracti on OI‘ ITB yde
bi.nder of cl ai MP&ERRFEREROT0 1&@&138%&?1?51? pategiats isinoadheies

al cohol s and5phbasbﬁ.oﬁlfofhel&ehydédehhﬂehbtﬁﬂpflgésCéaééﬂﬂ£EoﬂWB¥‘H n
&l conars contai A At Basroansr ASKENE NIRGARY: Femerd iR oL Dhenol <.
exception of cl 4 monohydric allphatlc alconols and
(b) at least one amide '
in water., - '
10

2) The formaldehyde binder of c¢laim 1 which, in addi-
tion, contains (¢) an organic compound which acts as a sol-
vent for (a) and (b) and also reacts with formaldehyde.

15 3) The formaldehyde binder of clalm 2 wherein (e¢) is
a Cl 4 allphatlc monohydrlc alcohol. '

4) The formaldehyde binder of any one of claims 1 to
3 Whlch, in addltlon,contalns (d) an inorganic compound
' 20 soluble in water. '

5) The formaldehyde binder of claim 4 wherein (d4) is
~ a water-soluble halide salt. '

25 6) The formaldehyde binder of claim 5 wherein (d) is
' a water-soluble halide of an alkali metal or an alkaline
earth metal. |

7) The formaldehyde binder of claim 6. wherein (d) is
30 sodium chloride, potassium chloride or calcium chloride.

8) The formaldehyde binder of any one of claims 1 to
- 7 wherein component (a) is soluble in water or in a Cq-y
~monohydric aliphatic alcohol.



12) The fornm i : ny one of clains 1 to -11 wherein conponent
(b) is SO|Ub|B Iln water or in a 20 ({-err] nonohydric aliphatic al cohol.

13) Thesferm w LH hm,m claim 12, wherein conponent .(b) is selected
' ning up to 6 carbon atons and aromatic anides

froma

cont ai- P5 one benzene®rihg. 14) The f or mal dehyde binder of any one of =+
claims \L\t@ 13, characterized m3Phat the ratio by weight of conponent (¥
pl us conponents (c) and (d), if present, to 30 conponent (b) is 10:100 to -
400: 100. 15) .The fornmal dehyde binder, of gny_one of clains 1 to 14, ' o
charact eri zed )i Fhendrmalegnysendisgery© OcééﬂﬁlgeVBﬁFeaﬂ the active '
i Ngr edimpdirient (2)3%s Helectha freomladause chi neehyagiel ahaed in claim 1
substanti:al1y .,as herei nbefore described, in_any of theExanples. 17) A
proc@@@tﬁ&ﬁééﬂépéAQ%EQQﬁe°P€Fﬁ&P&€ﬁyH@ ené §2g PRa8teMSisned in claim 1,
wher gioholsde cMaridRsl c¥Madhdal aphydr 6xyaeedpoLsdme,t haike exception of -
C%frr] nonohydri c aliphati-c al coh 18’6%5) atﬂreastigne ﬁnide and (c)
ot | GREIGHRTAAESe SON GO IFEG MR O ditp SERA RN AERME:RB918°1YS a sol vent for-
(a) ddcHArided HaSdngearn! Dswiwalldl aigrbddtyhuge tandoo mPas

at 25 °C at a concentration corresponding to 37 % (refra;tibn).

| . 10) The formaldehyde binder of claim 8, wherein
10 component (a) is selected from aromatic alcohols and

" phenols.

11) The forméldehyde binder of claim 10, wherein
cdmponent (a)'isiselected from monohydrie and poly-
15 hydric aromatic alcohols conﬁaining'oné benzene ring and
monohydric and polyhydric phenols.

12) The-formaldéhyde:binder of any one of claims
1 to 1l wherein component (b) is soluble in water or in a

20 ¢ monohydric aliphatic alcohol,

1-4
13) The formaldehyde binder of claim 12, wherein
component (b) is selected from aliphatic amides contai-
ning up to 6 carbon atoms and aromatic amides containing
25 one benzene ring. |

14) The formaldehyde binder of any one of claims 1.
" to 13, characterized in that the ratio by weight of
component (a) plus cémpbnents (¢) and (d), if present, to
30 component (b) is 10:100 to 4005100. : ‘ '

15) The formaldehyde binder of any one of claims
1l to 14, characterized in that it contains 20 to 80 % by

weight of the active ingredients.



(d) optlonally an i.norgani c conpound soluble In water and water are m xed
at a tenperature fron1roon1tenperature to 70[err]C. 15 18) A process as

clainmed in claim17 wherein (c) is a CJerr] nDnohydr hol .
19) A process as clained in claim17 or 18 wherein (H‘I'“H m!mlmlmnr
“wat er-sol ubl e halide salt. 20) A process as cl alne ol aitm 49 shherein
i s ®—-nat er-sol ubl e halide of an al kali netal an al kal i ne: earth net g¥
21) A process as clainmed in claim 20, whereBh Cd) S sodlun1chlor|de
pot assi um chl ori de or-calcrun1ch|or|de 22). A process according to 4
of clains 17 to 21 30 wherein conponent (a) is soluble in water or
nmonohydric ali phat i ¢ dlédohdhe XDrma Jptehyekss denierdiasy clla ionkeai IimZEJ.a\Mnerel n
component (a). S d f.r.om di tri [ enta drlc
al cohol s cont a| r@sﬁ:ﬁr{% aé'lgaradsoﬁéé?ﬁ%f %éﬂ‘é@ﬁ‘gﬁf‘dw 8%2‘?’8%?5‘8 P to
6 carbon atonms, di- saccharides containing up to 12 carbon atons and poly-
"sacchari des haV|ng an | d viscosi 200 as 5 at .25 C at.a -
concentration corr espdi \%}tﬁfQ?ﬂ%ﬁrégﬁkﬂﬁﬁHiﬂlngIp;e forma&degyge_gln-
5 der as claimed in claim 1, wherein - R

(a) at least_one organic hydroxy compound with the
~exception of Cj.4 monohydric aliphatic alcohols,

(b) at least one amide and
_ {e) 0ptlonally at least one organic compound which acts
10 as a solvent for (a) and (b) and also reacts with formaide-
jhyde and _ '
(d) optionally an inorganic compound soluble in water
‘and water are mixed at a temperature from room temperature
_ to 70°C.
15 o | -
. 18) A process as claimed in claim 17 wherein (c)
is a Cc;_, monohydric aliéhatic alcohol.

19) A process as claimed in clalm 17 or 18 whereln (d)
20 is a water-soluble halide salt.

20) A process as claimed in claim 19 whereln (d) is a
water-soluble halide of an alkali metal or an alkaline earth
- metal.
25 :
21) A process as claimed in claim 20 whereln (d) is
sodium chlorlde, potass1um chlorlde or: calclum chlorlde.

22) A process accordlng to any one of clalms 17 to 21
30 wherein component (a) is soluble in water or in a
-Cl__.4 monohydrxc allphatlc alcohol.

23) A process adcprding to claim 22, wherein

component (a) is_seledted from dihydrie, trihydric and



24) A process according to claim 22, \/\herel n com ponent (a) is sel ect éd

from arguat i nol s. - 25) A process according to
claimg alﬂllmmlmm“"mg is sel ected from nonohydric and poly- .
hydr i NQQ |t i*c &l cehots Tomnt ai ni ng one benzene ring and nnnohydrlc and _
pol yhy\g phenol s. 15 26) A process accordi ng to any-one of ,
cl ai ns o0 25, wherein conponeni (b) is soluble in water or in err] =

monohydric aliphatic alcohols. 27) A process according.to claim 26, wherein
com 20 ponent, (o%}ls sel ected fron1allphagﬁc anldes contalnlng up to 6

car bRt MR SHhrit “é’rﬂttfés“%t%ﬂ i RWesring. 28) A
PLOC%@@&@&mmw SOtV L i adcmss JJaMbr25atca:7s chggacterized in that .
e ratli o

ht of, co onent | us '’ conponent s and (d), if _
pr eseﬁﬁccri%‘y’e%i)o?@h'{a’(’b‘) rgpélpld"’l t%rm % msz%“éx F%ﬁjdéess accordi.ng to
any Qiifea®i @éstndving ai: Os%&alcdlaff@dc%wsedlp ntd heedo tea § or mal dehyde |
bi nder cont al ns 20 to 80 %b n‘? ht of - thfi actlv%hng SQ:S”E on?0) A
provcés 3% pﬁﬁba?lﬁan%%%FH§ PYRRRRAIINY i ¥ df &r Farstog an
adhesi ve based on formal dehyde, - -33- wherein a formal dehyde blnder '

accordin to any one of clains 1 to 16 is_added to the adhesive.:
g % A process according to clagmzaa where%n com=

ponent (a) is selected from aromatlc alcohols and phenols.

10 - '25) A process according to claim 24, wherein
component (a) is selected from monohydric'and poly—
hydric aromatio alcohols containing qne benzene'ring'and

" monohydric and polyhyoric phenols. ' .

15 26) A prooess according to any one of claims'I?to”.
25, wherein component (b) is soluble 1n water or in c1_4
monohydric allphatlc alcohols.

27) A process according to claﬁm;ZG,wherein com-

20 ponent (b) is selected from aliphatic amides containing up

to 6 carbon atoms and aromatic amides contalnlng one ben-
Zene ring.

28) A process according to any one of claims 17 to
25 27, charactefized in that the ratio by weight of component
(a2) plus components(c) and (d), if present ~to component (b)
is 10:100 to 400 100.

29) A process. accordlng to any one of ¢lai ms. 17 to
30 28, characterlzed in that the formaldehyde blnder contains
20 to 80 % by welght of the active ingredients.

30) A process for pfeparing'boards-from lignocel-
lulosic materials using an adhesive based on formaldehyde,



81) Aprocess as clained in claim30 substantially 5 as herei nbefore

L SR ) S e o - ©

NP S -

wherein a formaldehyde binder according to any one of
claims 1 to 16 is added to the adhesive.

31) A process as clalmed in claim 30 substantially
5 as herelnhefore described in the Examples.

32) Boards when croduced by a process as
clalmed in claim 30 or claim 31.

10

15



