21 50939 5 A process for preparing a urea-forml dehyde resin having a very
| ow nol e ratio of fornal dehyde to urea Conventional urea-fornal dehyde .
resins are normally nmanufac- .tured in tw stages. Uea and formal dehyde are
m xed under 10 neutral or slifght |y al kal i ne conditiofis at a nole ratio of
f or mal dghyde to urea of 2:1 or noey The nixture is heated to al nobst refl ux
tenperagyﬁe to ensure that nethylol ureas are fornmed. The sol ution thus
obtained”is then adjusted to a pHin the range of 6.5 to 5.0 and heated to
reflux tenpe- 15 rature (90 to 95 C).. The condensation is continued until
the desired degree of condensation is achieved. The course
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pol ynmeri zati on can be watched by neans of the fol- lowing p

Initially, a white solid precipitate fornms in the solu- 20 tion upon
cooling. b) As the polynerization proceeds, the tenperature at which a
precipitate separates fails, until a point is eventual- |y reached at which
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formaldehyde to urea of 2:1 or more. The mixture is heated

to almost reflux temperature to ensure that methylol ureas

are formed. The solution thus obtained is then adjusted to

a pH in the range of 6.5 to 5.0 and heated to reflux tempe-

15 rature (90 to 95 *). The condensation is continued until

the desired degree'of~condensation is achieved. The course

of the polymerization can be watched by means of the fol-~

lowing phenomena: ‘

a) Initially, a white solid precipitate forms in the solu-

20 tion upon cooling. '

b) As the polymerization proceeds, the temperature at which -
a2 precipitate separates falls, until a point is eventual-
ly reached at .which the condénsation products do no
longer precipitate at room temperature. The reaction

25 product is completely soluble in cold water.

¢) Upon further polymerization, the viscosity'of the solu-
tioh increases, the water tolerance diminishes, and the
syrup sets to form an insoluble and irreversible gel.

30 Before the point of gelation, i.e. the desired degree of
polymerization, which differs from manufacturer to manufac--
turer, is reached, .the reaction is arrested by the addition
of alkali until the sirup is slightly alkaline. Sufflclent

urea to glve a final mole ratio of formaldehyde to urea of
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and the renmi nder after vacuun1evaporat|on_to renpve water.

then cooled to 5 about [ERR] and is ready for use next day.
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- 10" handling the resin, especlally durlng the productlon of

QX»if' - plywood and_partlole board.

- It is another obaect of the 1nvention to provide a urea-
B formaldehyde res1n sultable for use as a binder in the ma-
L 15 nufacture of particle board and plywood type panels, whlch
'panels have a very low formaldehyde emission and, therefo~ '
're, do not pose problems as a source of health hazard to__
T the end users, and yet satisfy. the overall requlrements '
w1th respect to. the propertles of the panel produced.: o

20

It is a further obJect of the 1nvent10n to prov1de a urea-

- formaldehyde resin which, 1n addltlon to the propertles men-
'?:%,{ : - tioned above, has a storage stablllty of 4 weeks at 20 €

and a short hardenlng time (which

wood type panels.

o - 25 means that it is reactive) and whlch can be used in the
s ' usual amounts in the productlon of partlcle board and ply-

The prlor art res1ns whlch are normally 'manufactured in
30 - two stages have a rather high mole ratio of formaldehyde
a to urea.(l 25 or more) and a rather high concentratlon of

free formaldehyde._The process of‘Q
the urea is added in three or m«

nuous operation, -yields uread‘
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1"inventlon, in whlch

y'aldehyde régans hav1ng a
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3-fornaldehyde. The process o ' ention, in which the urea is added in

ea (1.25 of nore) and a rat her hi gh concentrati aon ‘of free

‘three or_nore portions in one conti- nuous operation, yields

szpartl
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| al dehyde resins having a -3 very low nole ratio of
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.vdehyde Such resins are suitable”for usé as binders in the manufacture of &f‘
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| preferentlally ‘formed under neutral or m11dly alka11ne con-

25

ditlons a.t a mole ratlo of formaldehyde to urea of 1.0: 1.0 or

2 1, respectively. In dllute acid solutlon, the methylol

‘and amide groups of methylolureas will undergo condensa-
“tion reactions formlng methylene llnkages. In weakly acidic
i:j medlum (pH 4 to 7), the methylol groups can also react With

30

each other formang methylene-ether llnkages.

The general structure of urea formaldehyde re31ns prior to

. cross-llnklng can be 1llustrated by the follow1ng formula.

-
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the resin produced .

: ion conditions affect the structura aracter _
S in.ternms of methylol groups, nethylene Ilnkages nethylene ether l'i nkages 54
R and’ ”@h@cybébeﬁﬁ'ghttﬁé ﬂﬁbénﬁioﬁbéfiﬂiﬁét&E'gﬂé pbedht ban ‘tion. It is.

;- known_t hat nopnonet ol urea and, dinethyl ol urea are ferentlally forned
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- 10 of the workers to a high emlsszon of free formaldehyde from E _{w~_7
- ‘the resln during the product1on of plywood and partlcle o :T\Jl*
board in the factorles, and 1n constant exposure of the end
users to a hlgh emission of" free formaldehyde from the
. :'panels produced wlth the re51ns in homes, offlces etc.
| r.The speclflc reactlon condltlons affect
the structural character of the re51n produced 1n terms of L
tmethylol groups, mﬁmykxe 11nkages, methylene-ether lnﬂmges t,_f
and molecular welght as well as molanﬂar ‘weight dlstrlbu- 3”h
-tion. : o C
It 1s known that monomethylolurea and dlmethylolurea are ::Q:iti
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narkedly when the degree of :
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W. L1 have a relatlvely short “har- dening tine. A h,gﬁazggregnngUCh resin.
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formel dehyde toghrepelas, POA- the e of Towmole ratios of
V:E';*j___ 10 other hand, when R is a methylol'group (-CH,0H), the col-
?x'/" loidal stablllty and water miscibility of the resin will be
'1mproved markedly when the degree of polymerlzatlon is in- .
creased, and such re31n will have a relatively short har-
' denlng time. A hlgh degree of polymerlzatlon is requlred
15 for good physical propertles, such as strength, tacklness.

- " and adhesion.

: Varlous methods have been proposed for preparlng urea-forme'
'aldehyde res1ns having good. stability, dlsper31b111ty and '
- 20 adhesive propertles together with a low content of free .
formaldehyde._However, an optimum balance of the desired
~ properties is usually difficult to achieve. For example,
the use of low mole ratios bf formaldehyde to urea has pro-
_ duced resins Wlth a low_formaldehyde content, but hav1ng a
- 25 'poor stability and a long setting‘timeg

-

. The present invention overcomes the drawbacks of-the_prior
art. The process of the present 1nventlon produces urea=

formaldehyde resins which have a low mole ratio of formal-

' ‘L\ratlons of ‘free formaldehyde

30

rates of setting.”Inﬁiydiqio th‘"-esins produced accord-
1ng to the 1nvent10n%ﬁave<ggcémﬂﬁhe31ve properties for ma- .

nufacturing partlcle boﬁrﬁmmﬁd plyWood type panels.
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then adausted to a value in the range of 4.8

o 5.8, and the condensation is con-.-ﬁ'

tinued under ao1d1c condltlons at the same temperature,

'jfuntll the: v1sc031ty reaches values. between 15 and
50 mPars, -

d)

the mole ratio 6f urea to. formaldehyde is adjusted to a

~'value in the range of 1.0: 1.80 to 1.0:1.9 by adding- urea,
- and the condensation is contlnued under acldic cond1t1ons

at the same temperature, unt11 a viscosity in the range

. of 35 to 80 mPa-s is- reached

e¥

. to 6 5, and the final mole ‘ratio- of urea to formaldehyde

the pH is then adausted to a value in the range of . 5 8

'_ is adgusted to a value between 1. O 1.0 and 1.0: 1.30, pre-

£y

ferably in the range of llnlos to 1:1.12, by addlng urea,

whereafter the condensate is cooled, and-

when the temperature has dropped to below 50 T the flnal

. pH is adjusted to a value in the range of 7.0 to 8. O
(The v:.scos:l.t:l.es referred to above are as measured with a
Brookf;eld viscometer (No. 1 splndle) at 65°C). '
.The process of ;the invention can be carried out as follows°
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at t he sanme terrperature untlll a V|se05| .
ty |nthe range of 35t
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t0 6.5, and the final nole rati of ureat .
& 4 or mal dehyde i s adj ust
vaiue between 1.0:1.0 and 1.0:1.30, pre- ferably in t%e range Jofsleg 585615

‘121,12, by adding urea, whereafter the conden
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i on t ET Sted to a value |n he 1399 ol mix@uke is4, d
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1§rr{)grggur rerpu%l Bsbbe rehet tondensatien hoeagtisn dikiPL® "‘f@?&u pr ef erably
. ‘ ,at%m%%r”%%§%rﬁgtfﬁt9h§ reaction mixture has a viscosity of a
jt\,(=;' ' 15-50, preferably 15 to 35, mPa.s as measured with a

Brookfleld Viscometer (splndle No. 1) at 65° c.

15 'qIn the second stage of the.process, additional ureaeis-inr-
' ‘troduced so that the overall mole ratio of formaldehyde to
| urea is 1.80: :1.0 to 1.90:1. 0. The condensation is contlnued
under the same conditions, until the reaction mlxture has
) 'a Brookfield v1scos1ty in the range of 35 to 80 mPa-s as _
'.205~ measured at 65°C. Once the desired viscosity is obtazned, o
'_ the pH of the reaction mixture is adjusted to a value in o o
" the range of 5. 8 to 6.5, e.g. w1th a‘dilute sodzum hydroxxde

solutlon.

25 In the third'stage, ‘the final mole ratio of total formaldehyde'
to ‘total urea is adjusted to a value of 1.0:1.0 to 1.30:1. 0
by the additlon of urea. Heat is cut off, and the mixture
is generally agitated for a further 20 to 30° minutes. The
reactlon mixture is generally cooled to around 60°C. .

s

-~ 30 The resin may then be evaporated in vacuo at 54 to 57°C to
about 66 % sollds and then cooled to below 50°C, preferably
below 40°C. At this temperature, the pH of the resin is
flnally adjusted to 7. 0 } _“ "'-referably about 7.4. The

- product is best.storeorat a hature around 20°C. It
- 35 is ready for use the nextR&Gﬁ@Tn
| ; oL 1987




- cont.
~aBroo

~ Brookfield Visconeter (spindle No. 1) at [err] 15 I.n 't he second stage of
" .the process, additional urea is in- troduced so that the overall nole ratio
of f | dehyde to urea is 1.80:1.0 to 1.90:1.0. The condensation is
| d under the sane conditions, until the reaction m xture has _

eld viscosity in the ramge- of 35 to 80 nPa.s as 20 measured at . -
[err] . Once the desired vi scosi-ty i-s obtained, the pH of the reaction Y
m xture is adjusted to a value.in the range of - 5.8 to 6.5, e.g. with ”
:adi | The ssattor h.;skd)usdegetdnﬂlqn fitted hithhen higidatbage, thhe final nole

.._-__-ratlorgé,g whea ls.a stedtoavalue of 1.0:1.0
to 1.30°1. %élﬁym Won 0 nut(r%';n?ousﬁ{é’at ?&5 Springndhene i xture is
.--:__-gener%‘PfF@:e‘hiﬂ%Jd-'tféd for a further 20 to 30 m nut es. The reaction mxture is
~.generally cooled.to around. [err]. The resin may then be evaporat ed in
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therr very ratio o orma e- o ur s | ower than"
'-t hat s(pf:.t@npfoﬂ:miweegqunsly ‘low. mole ratio, the res:Lns are s'c:.ll - .

10 stable over a suff:l.c:l.ent per:l.od of time » and the:.r sett:.ng - _ .,) L

- time is relat:.vely short. ‘The most 1mporta.nt feature is . - | B

that the resins produced by the process of the invention may |

: '_ have free fo_rmaldehyde o.ontents. equal to or lower than 0.15 %.
o by weighty- which _cou-ld_'n'o-t b_e_' a'ttaine:d_in-'-'the '-p:ior aft.- S

15 .The process of the invent’io’n' i‘sﬂ- a maj'o'x'"- brea‘.k‘_f through in -

~ the art of urea‘-‘form&ld‘e’h&'de’ resins, '_b'eéaus'e ’Eh‘e prior art
"res:.ns with low mole ratios of forxnaldehyde to urea. suffer .
B from poor stability and poor reactz.v:.ty. ' :

‘I‘he ch:.pboard a.nd plywood panels produced by using the re-' |
20-':__';_311'13 prepared by the process of the :|.nvent10n have good _ ;_.  N
- mechanical properties and wa.ter res:Lstance. In additlon, ' “ '
the free. formaldehyde contents of these panels are lower
than the DIN standard E 1 = 10 mg per 100 g board.

The foiloﬁdxlg. Exé,mples_ illustrate the présent invention.

25 . | C -Examgle 1l
b A reactor fltted w1th an agitator is used The react:.on :
m:l.xture :l.s agltated throughout the condensat:.on.



resins known in the prior art. Resins iith a nole ratio of for

urea as !OM/aS'l;OZ!;CZ can be prepared. In spite of this extrgﬁéﬁshrgeﬁig
mole ratio, the'resins are still 10 stable over a sufficient period o '
htIﬁB,, and their setting time is relativegly short. The nost inportant\
feature is that the resins produced. by'Tﬁe'process:of t he invention may
hgue free formal dehyde contents equal to or | ower than'O 15 by meight,

wh ch could not be attained in the prior art. 15T r '
f .
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addition, the 1fre(camljforrra g Xnd ﬂé@s;daw estOé'n@@ tpns3 -
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illustrate theg Nl
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pH i's adJ“iBEdaEOmgagurgdewﬁﬂﬂdﬁﬂBrookfleld Viscometer (spindle No. 1) a

‘\./ ) . 65 oc' .

- A second quantlty of 100 kg of urea is 1mmed1ate1y added.
_ h ' The condensation 1s contlnued at the same temperature untll
15_-the reaction mixture has a Brookfield v1sc031ty (spindle
" No. 1) of about 68 mPa-s as measured at 65 °c, The pH of the
reactlon mixture is then adJusted to 6 1 by the addltlon of
3;40 %.sodium hydroxide solutioh.,

‘20 & thlrd quantlty of 640 kg of urea is added, so that the -
final mole ratio of total formaldehyde to total urea is =
. _ - 1.15: 1. Heat is cut off, and the final stage of the conden-
:”&«é ' . satlon is carrled out for 25 . minutes w1th agltatlon only.
| | 'At the end of this tlme, the temperature of the reactlon

25 mixture has dropped to about_60 .

The reaction mlxture is evaporated under partlal vacuum at -

54 to 57 ¢ to 65.8 % solids. It is then cooled to about

38 °€, and the final pH is adausted to 7.1 with 40 % sodium
30 hydroxide solutlon..The product is stored at aboqt 20 .

ExamE‘la '?:! {:};\)\ -

‘In a reactor wh1ch is flm d Wlﬁg "ﬁﬁhiltator, 2500 kg of
40 dium hy-
eutg%%ﬁ@gg With % sodium ?

40 % formalin are flrst_n

l %ﬂfﬂlsrgyi oF 1987 }rd]
ﬁ§?\ *W Y ;;7




sation is carried out under these conditions for 30 minutes. Thereafter,
the pHis adjusted to 5.4 with formc acid so- lution. The condensation is
continued at the sane tenpera- ture.until the reaction nixture has a
Vi sco: .of 28 nmPa-s 10 as nmeasured with a Brookfield Visconeter (splndle
No. 1) -[err]. A second- quanley of- 100 kg of urea is i mediately added..
. The ¢ ensation is continued at“the same tenperature until 15 the sg}
;--reactlon m xture has a Brookfield viscosity (spindle No. 1) of about 68 -
~.nPa S S [ &' b pENBePH , 8f r t hen- adjusted :
B R e A S Tk
o quantﬂ@?ookSGQG Kyesf ageekhes aédéé; §§dtﬁh§ mm&tﬂrﬁalsn%¢%t¢%1|o of total
for naldelyde t gt ghak %esgebat& %hFFEﬁtlésaﬁfﬁseed ygng.ine final stage -

of the cofden- "sation is arrle . mhutes wth agitation only. -
A thenénéhsfr?hp§1ﬂnn§lX$H€etéﬁp&h&pupénéﬁnﬁﬁ@ f@ﬁcﬁ@omlﬂgteﬁnxture has
e drogp%ﬂeyggehast Eﬁerbn IEeaasas%bant81xtarﬁ1tﬁ PYAROE 34 &8q ugger partial

"~ vaclum at .8 %:solid It ts:then cool ed.-to about [err],

- -and tﬂétﬂpnalTbﬂ Pgnﬁépﬁéﬁéantés7c9nﬁﬂﬂﬁeﬁou0@§bdeﬁ1B@ach&@WOX|de N

-,{tsolutna&tuPEehasoausbobﬁfabcaeGlaboahe { (bpaadasEnauDL grin a reactor

40 % formalin are flrst "-' y -~

ich_ is fitted with an agitat.or, 2500kg O e

- neut r Al BE&" i B Eea§@§6§|9ﬁlﬁ§ % - 9- drOX|de solutlon to a pH of. 7. 4
“under constant agitation. - _ : _ _ _

10 Thereafter, a second quantlty of 110 kg of ures is added. f” "f i;)
The condensation is contlnued until the reaction mixture : -
_ has a Brookfield v1sc031ty (splndle Yo. 1) of about 4O mPa-s
~ as measured at 65 ., At thls stage, the pH 1s adJusted to
; iS 8 w1th 4o % sodlum hydrox1de solutlon. ' '
7-,;15 , . L . o _
- A third quantlty of 223 kg urea is added whlle the reac- o
_ tion temperature of 85 ¢ is malntalned ‘The condensatlon o
is continued until the reactlon mlxture has 8 Brookfleld
: ;v1scos1ty (splndle No. 1) of about 50 mPa ‘S as measured at
20 65 °C. The pH is adJusted to 6. 2 with 40 % sodlum hydrox1de
_solutlon. The heat. 1s then cut off..

A fourth quantlty of 167 kg of urea is added so that the |
o final mole ratio of total formaldehyde to total urea is d'_ - sﬁ_ﬁ
. .25 1.10:1. The temperature is allowed to drop freely for 20 o '
' minutes. The reactlon mlxture 1s cooled to about :
35°°%C, then the. pH is adJusted to 7. 2 w1th ho % sodlum hy-"

';drox1de solutlon. The: flnal resin so obtalned is cooled to

20 ¢ and stored at that temperature..The resin is sultable
30 for plywood productlon as no dehydratlon has taken place.

_ Throughout the above condensatlon process, the reactlon
mixture is agltated. S ) '



1000 kg of urea are-then added, and the mixture is heated to [err] At this
tenperature, the pHis adj usted to 7.1, and the reaction nmixture is then
condensed for 30 minutes. 5 Thereafter, the pHis adjusted to 4.8 wit
formc acid so- lution. The condensation is continued until the react
ni_'.":xt"-u.re has a Brookfield viscosity (spimdl® Mo. 1) of- 24 nPa.s as ne
at.’§&rr]. 10 Thereafter, a second quantity of 110 kg of urea is added. The
_con ensationsi-s_conti nued unti:l the reaction m xture-.has a Brookfield
Vi sco.sa‘ ty (spinene mzppqr)tagﬁs Sfovhesgrerzforneldehydecteaingeobbainedt fns
stage. he PH imxagiusd o i B BoW Whoi MrSodbam by 0iny! fosObbbholaety- A

third quantity of urea is e reac- tron
[err] is maint eﬂ»ehétpn mmeﬂsbﬁoﬁbﬁnﬁéﬁf@ﬁﬁlmeth@dr eét:ti%nlo-

m xture has a Bj@wkfriad b Miss @it vboeapbgghﬁsw 1) of about 50 nPa s as
neasured at 20 [err]. The pHis adjusted to 6.2 with 40 % sodi um hydroxide

sol uti on.. Thﬁa heat is then.cut off. A fourth quantity of 467 kg of urea is

added so that the final nole ratio of- trghalk f@rmal dehyde to total urea'is-
25"~1 10: 1. The tenperature IS aIIovved"t‘O_d'r'O'p freely for 20 mnutes. The

The properties of chipboard panels produce'd by us'ing ‘the
urea-formaldehyde resins of Examples 1 and 2 are shown in
Table II.. - | ' -

react_lon m Xpoure TS ng(l,ee(% I.é) apout [ erry, them the p

WigH 40 % sodi um hy-  dF Berde %ol uti on. The f| rfd‘}a‘“ﬂﬁsl n so obt ai ﬁ%ﬂ“ﬂ%

coé’ledto[ _ - ) € rTesin 1s sul '

for -pl ywood for ction,as n has take ace. Throughaqut the

above condens %gﬁ pﬁf&gs %Pﬁﬁ'qfldéﬁel g‘h P&t uré‘ P§plag|.tat ed. ?O]'Lb

. b - Sohds content (2) = _ ~ 65.8 o '_ - 50,;
; Spec:.f:.c grav:.:y a: 20 c : 1,31 } _ 1-.'21' |
| Brookfield :.scos:.cy (spindle | - ' _ o
L No.1l) at zogc (wPa.s) . _-750 T _].'82

- pH - . N o : | .- . 7.1 9.2

- Free fomaldehyde z by we:.ght) ' 0.13 S + 1S §
Stab:.hty at 20° c (weeks) o 4 ' - &




10- The properties of ‘the urea-formal dehyde resins obtai ned in Exanples 1

and 2 are shown in Table |I. The free formal dehy- de content was determ ned
- by the sulflte nethod It is lo- wer than 0.15 %in both'resins. 5 Table |,
~ Propert} o Exanmple 1 . Exanple 2 Mole ratio of
formal d to urea - 1.15:1 _ 97 - 1.10:1 Solids content (% : -
- .65.8 - 50.2 Specific gravity at [err] ' : 1.31 ;é/
~.'1.21 Brookfield Viscosity (spindle No. 1) at 20 C (nPa s) ; S :
750 : : 182 pH - Table II 7.1
. 7.2 Free fornaldehyde (Z by werghty— 0 13 - _;j ' - . 0.11 .,
'StatLLLL¥_aL_L£LLl_LMEEk<\- ' ' . ' A The
proferties oprdpbigiegard panel s produced byg,uﬁ,bpg it -he g;‘%lfeowal dehyde
1;reS|ns_nL_ExanpLes_l_and_ZAmua_shaun_Ln_Iahln _ : Rdoperties
- Exarp U e or mal dehyde resin (Z) ' : 100 .
100 I—lai'ﬂﬁﬁeq"?iﬁ%ﬁe “’“‘a‘zf) 160 100 9 Core Gl
ting a 8T ~."' 86 -Sur f ace Gbl-tlne at [err]
" (seq) hefdeher Q§§§§J . 50‘-;jj i 1_ : T VR
o '_cOre Gel time at 100 c (sec) N .';"- B 86;_.' | R
_ -Surfzce Gel-tzme at .100°C (sec) e _ 455 . 250 e
' ;Bendxng ‘strength (N/om J R o 18-,_6' . _ 1'9...7_' ' - _
~ Internal Bond (N/m y " o5 oSt "J :
.Free formaldehyde (mg HCHO/IOO g oo 9 2_" A 8.7 T 1
| _board) ST S '

Several tests were carried out wherein #eneerS'Of tropical

_ hardwood species were bonded to form 3-ply plywoods by

. using resins produced by the ﬁfocess of the invention'“Tab-"
le III shows the results obtalned with several typlcal glue
mlxtures using sald resins. '



Bendrng strength [err]

[err]
g

thc\-f_,resul ts-

veneers of t ropi cal
usi-ng resins produced by the process of < i i=nvent i on.
gl ue m xtures usi ng sai d resins.

. 18.6 -

" 0.55
8.7 board). Several

obt ai ned with several typical

0.51 Free formal dehyde (ng HCHQ
tests were’ carried out whgreg
har dwood species were bonded to form 3-ply plywoods

19.7 Internal Bond

Tab- le Il shows

-12- Table Ifl Mle ratio of formal dehyde 1.105 - 1:105 - 1.111 1.111
1.12 . 1.12 Resin 50% solids - Table IHOO 100 ~ 100 100
100- - 100 [err] 25% - 1.5 1.5 1.5 1.5
1.5 1.5 \Meat Elaour - 225 .991: 225 22
22. 5 2Mote YéiiRl of fofmaldehyde ' ' 7 5
7.5 74 Stédurea spread in-[err] doh‘b‘loé 1.105 1113441 E_1'1'1'341?‘ 12 344 ¥ ‘13
344 ._ s Cel-tine at C ( S 1+3 1+3
1+30 = 1+26 Resi-“rggp*reﬁ?i’r‘% vi scosity |r#’§P %‘9 162’5°° 17 @8
2Q00: 230PxE Wf € measured up to ' 4[err
8- %000 nPa-E( rs#Oold presstrrre(mns) ,26 150' 3 20. 1§
20 20 . iyneaRGriidgk-Press tenp. [errjs g 195. 1£&5 12955 sz?- : 12955
.105 Hot presseﬂ?me %1ns) ' e 2 | 5 -2 _
Ay,_er age wet| shearing strength 12.91 12°24° 11,84 13.74 12.14 12,97
R Glue spread in g/m2 double : . _ '
o glue lines | 344 b 4 344" 364 344
e Gel-t::me at 100 o] (mzns.'i' 1+3'7--_. 1+42° 1+'31.L'. 1+30: 1+426% 1.,, 31
S secs.) el T T e
Ix"rit:ial viscosity i:n mPa.s 1625 ..'1'7‘50' . 1810 . 2625 2000 '.__.2'300--
T |Pet 1ife ineasured_ up .to' R e e e =
- - |6000 mPa.s (hrs) ' 7 4% _7 .t -,6 8 . ’
o Cold press time (mins.) - 20 ‘200 20 .20 20 2
o {Hot-press témp. (‘C) ‘105 105 105 - 1205 105 105
- - |Hot press time (mine') - 2 2 .2 | . 2 2 | 2
. Press Pressure (kg/cm ) .10_ .- 10 10 10 0 - 10f
| o Averaze wet sheanng strength e aea > e 1
o g/ en?) | 12.91 - 12,44 11.84 13.74 12.14 12.97
."':;' | Fomaldehyde emiseion 2 hrs. oo I o
desiccator test mechod (Pg/ml) 0.23 - .0._16 . 0.28 0.31 0.46 0‘6_9
Examgle 3

_Thls Example compares the use of a low free formaldehyde re-
- sin-prepared by the process of the invention in the produc-

_tlon of partlcleboard with 'Nse of a prlor art urea-form_
aldehyde resin. - “’J’ o :




'n[err] Fornaldehyde em ssion 2 hrs ‘desi ccat or net hod ([err]/m) 0?23

0.16

"0.28 0. -0. 46 0.69 desiccator test nethod [err] Exanple 3 This .
"Exanpl e ¢ res theuse of a low free fornal dehyde re- sin prepareéd by the |
process ofrt’he invention in the produc- tion of particleboard with the use -

. of a prior art urea-form aldehyd613e3|n -13-. The glue formul ations"
“used are as follows: 1

“art. haviThg gdue farmulation80iZed afeLaé Pd1lowg} Urea-formal dehyde resin

65 % prepared as in exanple 1 havig. .

111501

g) Ammoni a 25 Baune (Q)

‘anmoni u ~formaldehydéOfesin 65 % of . 400 chloride sol ution) (g) Par affl n’

enu| Si OBI‘J%Q‘ M%% qutez?g‘il%

263

.15 EEIFtUntoeiebohgk) - -~ 80
boards were pressed in t he Iaboratory by spraylng each . of these

307%50 vater_(g) 4000

' ._-.f ornu| a¥resnEommal detyle kepsinf6580d

10

‘15

. prepared as in ewample 1having - - 3077
“. mhr%mFU1J5l@) o o ' o
_Apzm_zaBaumé(g)__' o '1'0_ o .
Hanmamu'(;S # amonimi f: 400 I : ﬁog'__fV
chloride solution) (g) —_— o |
. Pereffin emlsion50 % @ 20 . 250
Vater @ o ,'. 263 - o 273
Total @ . Moo w00
Gel'time (seconds) . - - 80 B

_Singie layer boards were:pressed'in’the laboratoryfby.

. spraying each of these formulatiohs onto 25 kg of wood

20

' chips. Boards were pressed at 10, 9 and 8 sec/mm. The -

thlckness of the boards was 17 3 mm. The temperature of

‘the press was 200 ¢ and the pressure was 35 kg/cmz. The .

"dlmenslons of the boards produced.were 40 x 56 cm.

25

- 30

N S 1 2
:'Den31ty (kg/nB) 1 :, 681
" Bending strength (N/mm ). . 19.6 ' 18.9
'Ten511e strength (N/mm ) e' - 0.56 - 0.55
.2 hr. thickness swelllng (%) 9.8 . 10.5
72# hr. thickness swelllng (%) . 25.5 - 26.0 .

_The results obtalned are reported in the follow1ng table

and are average values.

free formaldehyde 5gg-_ . 18.5 - 8.1

(mg/100 g dry board)

76 Single Iayer

4000

L~

. _ 3077 nol e -ratio F: U '
' 10 10 Rardener (15 % .

e

2 U ea- forn1dehyde resin 65 % of prlouég

R

Vi



Chl pSs. Boards were pr essed at 10, 9 and 8 sec/nm The - 20 thickness of .
‘the bqards was 17.3 nm The tenperature of the press was [err] and the- o
pressure was 35 kg/crR. The. dinmensions of the boards produced wer n%«%

cm The results obtalned are reported in the follow ng table 25 a '

average values. 1. 2 Densitylldesr] _ ) 691
681, Bendi ng strength (N/ ) ©19.6 ' - 18.9 Tensile
st“T"ength ‘(NEnmR2) _ , 0 56 . 0.55 30 2 hr. thickness
swelling (% t eSS d9
25.5 - Thg6a§ofqeegxep&}ﬁﬁpgeﬁﬁglts pgoaé" Bhat L& ss}gﬁlddd?ﬂa

8.1 (my/ 100 g ¢r¥nbeaedresinlpréparationy- hhat pooeess eafl| the orramﬁm t he

b d d d th th

S A IR R S R B R O%%é e

boa;dst EaVl ng fa&:&&aﬁ.&mh&&hyﬂeaﬁdsohaemgg feeewfa qhyde df;é boar d
an erefore n a ”B(%&‘H -

( 8n68agg;.o§r gangyfléb E &Eﬂpﬁo&} dayea ! e, be

properties of £f oXd W conpared with those
__Oiﬁq,the boar ds poagiagdtei DAN: k6apdavd BrY).r Thenmeqiganical properties o :

these boards are not at a.ll 1mpa1red as compared w:.th those
of the boards produced with the prior art resin.

I
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~-7.4, and the mixture.is condensed for 20-40 ninutes at the sane

CLAI M5 ' . - 15 - 1. A process for preparing a

urea-forr yde resin characterized..in that a) ure are
m xed i.n e ratio of urea to formal dehyde of abo I ,
n xt-ur gy A§M eated to a tenper atur gbet ween 80 and [er r*] un

: Condltruns——b) the pHis then adj usted to a value in the range of 7 0 to

. @&\,

~tenperatu t he is thepn adjusted to a _value in the range of 4.8 to |
5. gp aﬂ éhg B%ﬁﬁ§n§§¥lﬂﬁe?%rt%ﬁt rﬁﬁﬁﬁtﬁﬂﬁﬂatﬂﬁhyﬁf &&%dtions at the-sane.
':tenperatuebaruaterlzam im setest ty reaches val.ues between 15 and 50 nPa. s, d)
- the nole ratio of urea to fornaldehyde Is adjusted to a value in the range -
of 1:1.80 to 1:1.90 by adding. urea, and the condensation is continued

~ under acial) CunemdamdofGrMIdénydE@ra-é ﬁr[ﬁﬁ@rdatllﬂ% mellei rad i $¢0sity in the
-~ range- of -35 & 80 rea hed eg H is then adjusted to a val ue
‘in the range ]g?a' %r%af’d e aHonh F%%amdotm mixturetdsform
- “ral'dehyde is: mmaeubtao eempémlhest wRwelrD8b @nan@s5la0uhdde by adding
_‘urea, . where 2 ihe te egature is allowed to drop, and f)-when the ?40 .
'-"tenperatureq%gg ?mﬁﬁﬁq) 0" ¥ w [err], the final pHis adjusted to a value
-in the rdngethd pH Qis coherD adiusted w0 vaduer ehethedrhagenotc) and (d). a

 being as meapy o 1, Al Y bl GU RhetiRe A N0 23 3B NS 2
i:;[err] - minutes at the same temperature, _ t | '*:_".
"“f ¢) the pH is then adausted to a value in the range- of o f-“ J
. 4.8 to 5.8, and the condensation is continued under- | o E

‘acidic conditions at the same temperature, until the
. - viscosity reaches values between 15 and 50 mPa-s,
';'d) the mole ratio of urea to formaldehyde is adjusted
| ‘to a value in the range of 1:1. 80 to 1:1.90 by addlng
urea, and the condensatlon is continued under acidic
"conditions at the same temperature, unt11 a v180051ty '
- in the range of 35 to 80 mPa s is reached _ .
&) the pH is then adjusted to a value in the range of -
o 5.8 to 6.5, and the final moie ratio of urea to form-
aldehyde is adjusted to a value between 1.0:1.0 and o
1.0:1.30 by adding urea, whereafter the temperature is i\
- allowed to drop, and . | S
'"af) when the temperature has dropped to below 50 °C, the
 final pH is adjusted to a value in the range of 7.0
to 8.0, (the viscosities'referred to in (c) and (d)

4_5.. R £

~ being as measured with a ‘Brookfield viscometer us1ng
'No. 1 spindle at 65° C). - ' '

2. A process according to claim 1, characterized in that
the pH is adjusted to 5.0 in step c¢). '
T i- N S _

'ﬁ”e:jg A process aceording to claim 1 or 2, characterized in



2. A process according“to claimi, characterized in t hat the ﬁH I S adjusted

t0501'n'step c). 3. A process according to claim1l or m” |n
16.- that t’he final *nole ratio of urea to fornaldehyd ﬁ"uﬂ !

value in the range of 1.0: - t0 1.0:1.12 in step e). 4 A ploc8sss  «
according to any one of clainms 1 to 3, .chgrac- terized in that the final pH

| shgdj. usted to 7.2 +.0.1in step f). 5. Particle board or pl ywood panziijgj

when produced by use as a binder of a resin prepared :by a process
accordlng “to anwhemeeeel@gnehamane ratio of urea to fg?Ti}dehyde is a¥d=

Jjusted to a value in the range of 1.0: ;105 to 1.0:1.12
in step e).

4. A process accordlng to any one of claims 1 to 3, charac-

3;§if:' - terized in that the final pH is ad;usted to 7.2 * 0.1 in
R step f).
~ -

5. Particle board or'plywood panels when produced by use
. as a binder of a resin prepared by a pfocess according
:K,Jf o to any preceding claim. '

. '6.'..'/




