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This reaction is reversible in neutral, acidic and This reaction is reversible in neutral, acidic and

basic solutions. The forward reaction is bimolecular HN-CONY, + HCHO === HO-C-NH-CON, basic solutions. The forward reaction is bimolecular HN-CONp + HCHO === HO-CH;-NH-CO-NH,
and the reverse reaction is monomolecular, and 2 4 1 and the reverse reaction is monomolecular, and 2 4 1

both the forward and reverse processes are both the forward and reverse processes are

catalysed by hydrogen ions or hydroxide ions. catalysed by hydrogen ions or hydroxide ions.

HO-CHyOH =—= HCHO + H;0
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This reaction is reversible in neutral, acidic and

basic solutions. The forward reaction is bimolecular HN-CONH, + HOHO === HO-CH-N+-CONH, Under the same conditions required for the formation of monomethylolurea 1, but using a 2
and the reverse reaction is monomolecular, and 2% 4 1 molar excess of formaldehyde 4, monomethylolurea 1 and formaldehyde 4 react to give
both the forward and reverse processes are dimethylolurga 2.The rates of both .the forward reaction and the reverse reaction were found
catalysed by hydrogen ions or hydroxide ions. to be proportional to the hydrogen ion concentration.
PO-Cry—Mn-L0-WYy + HCHD

Alternative mechanism: 5 i

. . IH0)
The formation of methylene glycol in aqueous HAFCONH, 4 HO-CH-OH — HO-CH-NH-CO-N, }
solution, however, has prompted the
suggestion that the condensation involves a B

direct displacement reaction between urea F]
and methylene glycol
The mechanism is considered to be similar to that for the formation of monomethylolurea
under both acidic and basic conditions.
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Lirea — Fomaald shwde RBeactlions:

Other products obtained in urea-formaldehyde reactions include:- the methyl ether 47 of
monomethylolurea; dimethylolurea monomethyl ether 48; dimethylolurea dimethylether
49; monomethylolmethylenediurea 50; monomethylolmethylenediurea methyl ether 53;
dimethylolmethylenediurea monomethyl ether 52; dimethylolmethylene diurea 53 and
dimethylolmethylenediurea dimethylether 54

a HOCH SRR Ak

HC-O-CHERL O ORI

: HAE O NIRCHARI L D S HCH
1||‘-I.Il'1||l.-'| AELRIFCH A0 H
HCH R CR T DO IO A e

3 O s

EEREUM A BCCERE N A

M PEC AU H AR L NIRRT R R

At high temperatures, trimethylolurea 44 is known to form; in this product, three of the urea
amide hydrogens have been replaced by methylol groups.

HO—CH;—NH—CO—NH-CH,—OH  + HCHO
2 4
A|[H0l

HO~CH;—N~-CO-NH—CH;—OH
CH,—~OH
44

Of course, urea has four reactive hydrogens, but the first three are more readily replaced than
the fourth. Under strongly basic conditions and at 60 °C, the fourth hydrogen may be lost with
the formation of tetrasubstituted ureas.
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The treatment of tetramethylolurea 45 with excess methanol, under acidic conditions at room
temperature, results in rearrangement and methylation of the hydroxyl groups to form the
substituted uron 46
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Under basic conditions
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The formaldehyde emitted during the hot cure can partly be traced back to the substances
containing methylene ether linkages. When subjected to heat, these ether bridges will
decompose through hydrolysis and form formaldehyde.[6] The free formaldehyde emitted
from aging UF resins is believed to be a result of that molecules containing for example
methylol gropus and dimethyl ether bridges will decompose through hydrolysis, and thus form
free formaldehyde.

The synthesis of the UF resin is designed in order to avoid production of the substances
containing the methylene ether linkages. This includes the above mentioned methods of
varying the different reaction parameters, such as: pH, reaction temperature, reaction time,
formaldehyde/urea molar ratio and number of condensation steps
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Under acidic conditions and at temperatures of | FhO) [

25-45 °C, the N-methylol group in mono- ~N-CH-OH + HN= — ~N-CH-N—
methylolurea 1 or dimethylolurea 2 condenses !
with an amino group to form a methylene

bridge between two urea fragments.

Reaction mechanism for this: ] e
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Under acidic conditions and at temperatures of
25-45 °C, the N-methylol group in mono-
methylolurea 1 or dimethylolurea 2 condenses
with an amino group to form a methylene
bridge between two urea fragments.

ol |
CHOH ¢ Bl e RO

HN-CO-NH-CHy-OH  +  HN-CO-MH,

Thus, reaction of monomethylolurea 1 with

urea 29 gives methylenediurea 36 1 29
[-H:0l

HN-CO-NH-CHz-NH-CO-NH,
36
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Under acidic conditions and at temperatures of
25-45 °C, the N-methylol group in mono-
methylolurea 1 or dimethylolurea 2 condenses
with an amino group to form a methylene
bridge between two urea fragments.
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Other methylene-linked ureas, such as
trimethylenetetraurea 42 and
pentamethylenehexaurea 43, have

Dimethylenetriurea 41 can be formed by the
been isolated

reaction of methylenediurea 36 and
monomethylolurea 1

HaN—CO—NH .
HaN-CO-NH-CH-OH  + HN-CO-NH-CHy-NH-CO-NH L
1 36 »/NH' CO—NH
Huzml R e
HAN-CO-NH-CH;-NH-CO-NH-CHy NH-CO-NH, N ONG
41 ’

42

Under acidic conditions and at temperatures of 25- | FHOl |
45 °C, the N-methylol group in mono-methylolurea —T“J-CHTOH 5 HN—  —» —NCHN-
1 or dimethylolurea 2 condenses with an amino |
group to form a methylene bridge between two

urea fragments.

Reaction of dimethylolurea 2 with urea 29
also affords the methylenediurea derivative

35

Methylene-linked molecules can also be
formed by the reaction of two
monomethylolurea molecules to afford the
methylol derivative of methylenediurea 35
2 HN-CO-NH-CH,-OH mcrb—N:—mm-cH;m + Hﬂ;o-hlq;
1

Ol -0 ]r

s HaN-CO-NH-CHz-NH-CO-NH-CH;-OH
35 °
35 :
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Under acidic conditions and at temperatures of 25- | | FHol |

45 °C, the N-methylol group in mono-methylolurea ~NCHOH + HN- —> —NCHN-
1 or dimethylolurea 2 condenses with an amino |
group to form a methylene bridge between two

urea fragments.

The dimethylol derivative 37 of
methylenediurea is formed by the reaction
of monomethylolurea 1 with
dimethylolurea 2 (Scheme 22)

The same product can be obtained from
the reaction between two dimethylolurea
molecules 2 with the release of
formaldehyde

2HO-CH;- NH-CO-NH-CH,-OH HOCHMHCONH,  +  HOGH M CO-NH Gy O
2 1 2
- 0]
L-HoH o
HOHCH-MH-CO-RH-CHy-NH-CO-NH-CH- OH
HO-CHy-NH-CO-NH-CH;-NH-CO-NH-CH;- OH o
37

Further reaction of the mixture of methylolated ureas leads to the formation of long chains of
linear polymers or cyclic systems such as urons and their derivatives 56. Urons 56 are formed
by cyclisation of urea derivatives 55, while cyclic dimethylene diureas 57 are produced by the
reaction of dimethylolurea 2 and urea 29.
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2 29 57

Ures — Fermaldeiyde Beactions

Dither Beactions

Under acidic conditions, monomethylolurea 1 is protonated to form the oxonium ion 61; loss of
water affords the iminium 62, condesation of which yields the cyclic triurea 63. Subsequent
methylolation and condensation gives rise to larger molecules 64, which later form cross-linked
urea-formaldehyde resins.
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Further reaction of the mixture of methylolated ureas leads to the formation of long chains of
linear polymers or cyclic systems such as urons and their derivatives 56. Urons 56 are formed
by cyclisation of urea derivatives 55, while cyclic dimethylene diureas 57 are produced by the
reaction of dimethylolurea 2 and urea 29.
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- O ek e In acidic con.ditions (PH :.3-5),
Cross-linked polymer resins are £o . [=:] £ -z methylenediurea derivatives can be
infusible and insoluble, properties -y M L2 H-Th b hydrolysed to urea and monomethylolurea
which are associated with the large 3 = i derivatives, while the hydrolysis of
size of the molecular structures. dimethylolurea 2 is a reversible process,
N | with the rates of both the forward and
¥ reverse reactions being directly + AT
proportional to the hydrogen ion
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Reactions conducted at lower temperatures take longer to reach the required viscosity;
under these conditions, different reactions may take place, affording different components
and, thus, resins with different properties.

In fact, five parameters:
1. the U:F molar ratio
2. the pH
3. the duration of the reaction
4 . the reaction temperature
5.the nature of the catalyst

have all been found to affect the average structure and properties of urea-formaldehyde
resins, and resins with particular properties can be produced by varying these parameters.

Effec of Mcker Raile Eifect of Heaction pH
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Effect of Reaction pH

Different types of UF dimers will be formed at different pH values. The dimers formed will
have an impact on the properties of the finished adhesive, e.g. the formaldehyde
emissions can be controlled by controlling the composition of dimers.

UF dimers with methylene linkages are formed if the pH during condensation is kept at 8
or less. Additionally, it was also shown that methylene linkages are favored by a decrease
in pH. The formation of UF dimers with ether linkages had a minimum yield point at pH 8.
At either side of that value, independently of if the pH value is increased or decreased, the
formation of ether linkages increased.

At pH 6.5-7.5, both of the substances containing methylene linkages and ether linkages
were formed to the same extent.

At pH 6 or less, however, ether linkages were formed in the favor of methylene linkages.
This was explained by that the methylolation of the urea was slower than at higher pH
values. As a consequence, unsubstituted amino groups will remain to a larger extent,
which favors the formation of methylene linkages.
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Effect of Reaction Tampsrature

Secara umum makin tinggi suhu reaksi makin cepat lah....

The effect of the reaction temperature has on the synthesis is dependent on the pH value
of the reaction mixture, where these temperature alternations occur. Temperature
variations were studied at both pH 7.0 and 8.5. The temperatures chosen were 60, 70 and
80°C.

The temperature had no impact on the substitution reaction between urea and
formaldehyde at pH 8.5, but an increase in amount of substituted urea was observed at pH
7. The amount of condensed di- and triureas was also increased with temperature;
however the rate of hydrolysis was also increased with temperature.

The most pronounced effect of the reaction temperature was displayed at pH 7. At pH 7
the amount of substances larger than diureas, were increased from 9% to 55% by
increasing the temperature from 60 to 80°C.

Effect af Catalyst Type

Effect of Huntber of Linea Addition Siap

Not solely depending on reaction pH, the type of acid and base used results in different
product properties.

The number of condensation steps and the duration of these has an effect on the molecular
structure of the resin, and thus also upon its inherent properties, such as molecular weight.
When urea is added, it will break some of the bonds already formed between different UF
monomers. The urea will then react with the newly released formaldehyde to form methylol
ureas. As the number of urea steps is increased, more urea will be added that breaks up the
larger structures and, as a consequence, the reaction mixture becomes more homogenous.
This means that if the number of condensation steps is increased, the polydispersity index
(PDI) is decreased.

PDI is an important factor when considering adhesives. This is due to that different sizes of
molecules have different roles to play when it comes to the adhesive property of the resin.
Smaller molecules are better at wetting the surface enables a good adhesion. The larger
molecules, on the other hand, have the ability to form entanglements with other polymeric
chains. These entanglements ensure that the cohesion is strong enough for the adhesive
molecules to hold together. Cohesion is the ability for identical or similar molecules to hold
together, adhesion is the ability for different molecules to hold together. By combining good
cohesive and adhesive properties an adhesive can adhere well to the two substrate surfaces,
and at the same time have sufficient strength within the glue line. A sufficiently high PDI
would, therefore, ensure a good combination between adhesive and cohesive ability, which in
turn ensures good adhesion.

Effec of Muornber of Lres Addition Step

Formaldehyde emissions are also affected by the number and duration of condensations
steps. The emissions of formaldehyde were lower with increasing number of condensation
steps, and increasing duration for which they took place.

The decrease in formaldehyde emissions as a consequence of an increase in condensation
steps might be explained by that when the numbers of condensations were increased, the F/U
molar ratio decreased in each step. This means that the number of methylol groups added per
urea molecule would be fewer and fewer for each step. The added urea would also break apart
the larger structure. The methylol groups on these structures as well as on the newly formed
methylol ureas would then have a greater chance of reacting with an amino group instead of
another methylol group. Consequently, this will generate more methyl linkages and fewer
ether linkages which might result in lower formaldehyde emissions.
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Amount of Each Group

Resonance as a Percentage of

Functional Position Total Formaldehyde

Group (ppm) *Resin: A B c
—NH—CH;0H 648 44.1 506 366
—N(CH;OH)2 L6 140 104 134
—NH—CH,;—0—-CH,—NH— 69.6 156 137 171

—NH—CH:;=0-CH,0H
~—N(CH,—)CH; H;—NH— 76.2 78 57 96
N(CH. CH;—0O-—CH,0H

81

HOCH:—O—CH,0H 86.3 00 00 00
HOCH:—0O—CH,—0O—CH,OH 86.8 00 00 00

*Resin description
A—1.1 MR (standard cook)
B—1.43 MR
C—20MR

Ether formation
Free formaldehyde
Linear vs branching
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Amount of Each Group

Amount of Each Group Resonance as a Percentage of

. Reso!\;noe as a Percentage of Functional Position Total Formaldehyde
Functional Position Total Formaldehyde Group (ppm)  *Resin: A B
Group (ppm)  *Resin A B c “NH—CH;OH 5438 37

“NH—CH,0H 64.8 6 TNEH, 01, N
—N(CH:0H), 716 54 140 107 TNHeH o eon
—NH—CH;—~O—CH;—NH— 696
—NH—CH,—O—CH;0H

_ N(CHr——CH;O—CH;—NH— 762
—N(CHy—)—CH,—O—CH,0H

No ether at too high
—NH—CH;—NH— pH, possibly cause by

—NCHa—)—CH:—NH— 1 6 hidrolysis at acid
HO—CH;—OH Y

HOCH,;—O0—CH;0H condensation step
HOCH,;—0—CH,—0—CH,0H

Uron at high pH

HOCH,—O—CH,0H 86.3 00 00 0o
HOCH;—0—CH,—0—CH;0H 86,8 00 00 00

*Resin description
A—acid advance begun at 3.0 MR
B—acid advance done at 2.2 MR (standard cook) *Resin descripti
. ption
C—acid advance done at 1.1 MR Linear vs branching A—modified alkaline treatment (higher pH and longer time)
B—standard alkaline treatment

More methanol at
higher pH due to
Cannizarro reaction

Rate of reaction
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Amount of Each Group
Resonance as a Percentage of

Functional Position  Total Formaldehyde
“Resin:
Amount of Each Group kel Resin: A B
Resonance as a Percentage of Slower reaction at
Functional Position Total Formaldehyde dilute concentration
Group (ppm) i
—NH—CH;OH 648 4.1 352 Less ether linkage at

L6 dilute concentration

--N(CH,OH

—NH—CH;—0—CH,0H

Less ether at longer
duration due to

. HOCH,—O—CH,0H
hydrolysis HOCH,—O—CH,—~0—CH,0H

Uron formation at

Higher MW polymer dilute concentration

2 = :
HO—CH,—OH 829 00 00
HOCH;—0—CH0H 86.3 00 00
HOCH;--0—CH;—0—CH:0H 86.8 00 00
Higher viscosity *Resin description
product A--standard cook (cooked at 65% solids)

B—dilute cook (cooked at 5%; solids and condensed to 30% by vacuum distilation)




	dicky1.pdf (p.1-3)
	dikcy.pdf (p.4-9)

