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PHYSICAL AND CHEMICAL PROPERTIES OF THE PRODUCTION
TECHNOLOGY OF INDIVIDUAL UREA-FORMALDEHYDE
COMPOUNDS AND MULTIFUNCTIONAL COMPOUNDS
ON THE BASIS OF THOSE COMPOUNDS AND ZINC ACETATE

Abstract. Optimum parameters of drying process of the thin layers of low-molecular
urea-formaldehyde compounds - monomethylolurea, dimethylolurea and methylene di-
carene, as well as multifunctional compounds on the base of those compounds and zinc
acetate, were determined. The input parameters were: pH 6.5-7.4, temperature 70-95 °C
and drying process time 2-40 minutes. Output parameters: the content of methylol,
methylene formaldehyde, free urea.

The optimum drying parameters were: pH of solutions 6.5-7.0, temperature 70-90 °C,
drying time of solutions 2-10 min. The data of the conducted studies allow us to recom-
mend a spray dryer for the production of solid urea-formaldehyde compounds, as well as
multifunctional compounds based on them and zinc acetate.

Key words: urea-formaldehyde compounds, drying process, phase composition
changes, polycondensation process, spray dryer.

Introduction. For the physical and chemical justification of the technology
for obtaining low-molecular urea-formaldehyde compounds (UFC) — monome-
thylol ureas, dimethylol urea and methylene-diuria, as well as multifunctional
compounds based on them and zinc acetate, studies were conducted in order to
determine the change in their phase composition as a function of pH, temperature,
duration drying process in thin layers.

To carry out the experiment, model saturated solutions of UFC (table 1) were
prepared and their composition is defined by the conditions of their synthesis [1-3].

Table 1 — Composition of model solutions of individual UFC

Composition, mass. %
Compound

UFC formaldehyde Urea Water

40,0 0 0 60,0
H,NCONHCH,0H

38,0 0,67 1,33 60,0

40,0 0 0 60,0
HOCH,NHCONHCH,OH

34,0 3,0 3,0 60,0
H,NCONHCH,NHCONH, 30,0 0 0 70,0
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EXPERIMENTAL PART

Experiment methodology. Model solutions of UFC were applied in a thin
layer on a surface having a temperature of 70, 90 and 95 °C, and the products
were dried for 2, 5, 10, 15, 20, 25, 30 minutes.

At the first stage of the study, experiments on drying solutions of UFC in
thin layers were carried out at pH 6.5-7.4, in the temperature range 70-95 °C for a
constant time equal to two minutes.

RESULTS AND DISCUSSION

It is established (table 2) that in the case of using a solution of monome-
thylolurea that does not contain free urea and unreacted formaldehyde having a
pH of 6.5, with thin-layer UFC drying in the temperature range 70-95 °C, it is

Table 2 — Composition of drying product obtaining from monomethylolurea solution

Composition Experiment conditions Composition of product, mass %
of drying product of tempe- Monome- | Condensation | Free
monomethylolurea, mass % pH rature, °C | thylourea product urea
70 86,0 12,0 2,0
6,5 90 76,0 22,2 1,8
95 72,0 26,8 1,2
70 100 0 0
Monomethylourea — 40,0 6.8 90 98,2 18 0
Formaldehyde — 0 95 92,5 7,5 0
Urea-0 70 100 0 0
Water - 60,0 7.0 90 100 0 0
95 98,4 1,6 0
70 100 0 0
7.4 90 100 0 0
95 99,2 0,8 0
70 97,2 11 1,7
6,5 90 95,0 3,8 1,2
95 89,1 10,2 0,7
70 97,5 0 2,5
Monomethylourea — 38,0 6.8 90 69.4 21 1.5
Formaldehyde — 0,67 95 91,2 7,8 1,0
Urea-1,33 70 96,62 2,5 3,38
Water - 60,0 7,0 90 96,62 25 3,38
95 95,3 3,0 1,7
70 92,62 0 7,38
7,4 90 92,65 0 7,35
95 92,7 6,0 1,3
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impossible to obtain a stable product due to the polycondensation reaction of mo-
nomethylolurea with the formation, according to paper chromatography analysis,
of monomethylolmethylene compounds of urea.

When the pH of the monomethylolurea solution is increased to 6.8, the
product of stable composition can only be obtained at a temperature of 70 °C,
increasing the temperature to 90 ° C promotes the formation of condensation
products, as well as formation and release of free urea.

When the pH of the monomethylolurea solution is 7.0-7.5, the product does
not undergo polycondensation in the drying temperature range from 70 to 90 °C,
and with rising the temperature to 95 °C, observed a slight formation of
condensation products about 0.8-1.6%. In case of using a solution of monome-
thylolurea containing 0.67% formaldehyde and 1.33% urea at pH 6.5 at the
temperature range from 70 to 90 °C, the polycondensation process takes place
forming monomethylolmethylene derivatives of urea. An increase in pH to 6.8
makes it possible to obtain a stable product only at 70 °C. At a solution pH value
about 7.0-7.4 and temperature range from 70 to 90 °C, condensation don’t occur
and obtained product contains 96.62% monomethylolurea and 3.38% urea.
However, increase the drying temperature to 95 °C promotes formation of the
condensation products. In this case, the products contain less urea, which is de-
fined by its interaction with formaldehyde and methylol derivatives of urea [4, 5].
Thus, the optimum condition for obtaining a stable monomethylolurea of stable
composition by drying in thin layers are : aeration process about 2 minutes with a
minimum content of condensation products; pH of solution 6.8-7.4 and tempe-
rature range from 70 to 90 °C.

At the next stage of the experiment, carried out determination the change in
the phase composition of the products depending on the drying time (interval 2-
30 minutes) in the model solutions of monomethylolurea. At the same time, the
constant factors of the drying process were the temperature 75 °C and the pH of

Table 3 — Characteristics of monomethylourea in relation to the time of heat treatment

Duration | Drying | Composition of the product, mass %
Composition of drying product drying tempe- -
of monomethylolurea, mass % | process, | rature, | Monome- | Condensation | Free
minute °oC thylolurea product urea
2 100 0 0
Monomethylolurea — 40 5 100 0 0
Formaldehyde — 0 10 75 100 0 0
Urea—-0
Water — 60,0 20 99,5 0,5 0
30 91,2 6,7 2,1
v hvlol 28 2 96,62 0 3,38
onomethylolurea —
Formaldehyde — 0,67 5 75 9,62 0 3,38
Urea— 1,33 10 96,62 0 3,38
Water - 60,0 20 96,62 Traces | 547
neglibile
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the solution 7.0. From the data obtained (table 3) it follow that at the temperature
75 °C in a neutral medium, a product of stable composition can be obtained with a
drying time about 2-10 minutes. When the heat treatment time is increased to 20-
30 minutes, takes place formation of condensation products up to 0.5-6.7% in the

system.

Experimental data on the change in the phase composition of the drying
products of dimethylolurea solutions in thin layers, depending on pH 6.5-7.4 and
temperature 70-95 °C are presented in table 4.

Table 4 — Composition of the drying product of dimethylolurea solution

Experiment Composition of the product,
Composition of drying product conditions mass %
of monomethylolurea, mass % tempe- Dime- | Condensation | Free
pH o
rature, °C | thylolurea product urea
70 82 15,8 2,2
6,5 90 73 21,9 51
95 65 26,3 8,7
70 100 0 0
6,8 90 83 13,7 3.3
Monomethylolurea — 40
Formaldehyde — 0 95 75 19,8 52
Urea -0 70 100 0 0
Water — 60,0
7,0 90 100 0 0
95 95,4 3,0 1,6
70 100 0 0
74 90 100 0 0
95 96,5 2,7 08
70 85,2 2,6 12,2
6,5 90 70,3 13,6 16,1
95 65,2 15,5 19,3
70 91,9 0 8,1
6,8 90 79,1 94 11,5
Dimethylolurea 34
Formaldehyde — 3,0 95 75,0 11,7 13,3
Urea -0 70 91,9 0 8,1
Water — 60,0
7,0 90 91,9 0 8,1
95 85,0 4,2 10,8
70 91,9 0 8,1
74 90 91,9 0 8,1
95 85,9 3,7 10,4

48




ISSN 1813-1107 M2 2018

The drying time of the products was constant - 2 minutes. Drying process for
model solutions of dimethylolurea with a pH of 6.5 at the temperature range from
70 to 95 °C does not make it possible to obtain a stable product. The amount of
condensation product is 15.8-26.3%. In this case, 2.2-8.7% of free urea is formed.
According to the paper chromatography analysis, dimethylolmethylene and
methylene compounds of urea are formed in the product. With an increase the pH
of the solution to 6.8, the product of stable composition can be obtained only at
the temperature about 70 °C. At pH 7.0-7.4 in the temperature range from 70 to
90 °C there is no condensation of dimethylolurea. An increase the temperature to
95 °C leads to the formation of a 2.7-3.0% condensation product in the system;
thus forming free urea in an amount about 0.8-1.6%.

Using a solution of dimethylolurea containing free urea and unreacted
formaldehyde, when drying the salt, such patterns of the composition of the
products are observed depending on the pH and temperature of the process (tab-
le 4), as in the case of a solution of dimethylolurea that does not contain impurities.

However, in this case, the formaldehyde presence in the solution of dime-
thylolurea is dried out during the drying process of the product into the gas phase
and must be disposed. When the pH of the solutions is 7.0-7.4, condensation of
the product is excluded in the temperature range of 70-90 °C.

Increasing the temperature to 95 °C promotes the formation about 3.7-4.2%
condensation product in the system.

The results of the studies to determine the change in the composition of the
products during the drying process of solutions of dimethylolurea in the range of
2-30 minutes at a constant temperature of 75 °C and pH 7.0 showed (table 5) that
the composition of the product is stable in the drying time of 2-10 minutes, 10-
30 minutes condensation of dimethylolurea takes place with the formation of urea
in dimethylolmethylene compounds (7.1-18.0%).

Table 5 — Composition of the drying product of dimethylolurea
as a function of the time of heat treatment

Duration Drying Composition of the product, mass %
Dimethylolurea pulp of drying | temperature, -
composition, mass % process, oC Monome- | Condensation | Free
minutes thylolurea product urea
2 100 0 0
Monomethylolurea — 40 5 100 0 0
Formaldehyde — 0 10 75 100 0 0
Urea-0
Water - 60,0 20 98,5 15 0
30 88,3 7,1 4,6
2 91,9 0 9,1
Dimethylolurea 34 5 91,9 0 9,1
Formaldehyde — 3,0 10 75 91.9 0 9,1
Urea-0
Water - 60,0 20 88,9 2,0 9.1
30 77,0 18,0 5,0
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The studies carried out to determine the change in the composition of the
products of drying of methylenedimourea pulp in thin layers in the temperature
range 70-95 °C, the pH of solutions of 6.5-7.4 and the process time of 2-30 mi-
nutes have shown the possibility of obtaining a solid product of stable compo-
sition that is not condensed.

Thus, optimal conditions for the preparation of solid individual low-mole-
cular-weight UFC - monomethylol-, dimethylolurea, methylene-diureas of stable
composition were determined: the pH of UFC solutions was 6.8-7.4, the tempera-
ture was 70-90 °C, the drying time of UFC solutions in thin layers was 2-10 mi-
nutes. For drying solutions of UFC to obtain solid products, a spray dryer is re-
commended.

For the justification of the technology of preparation of multifunctional
action compounds, based on low molecular weight UFC and zinc acetate, studies
have also been carried out to change the composition of the preparations depen-
ding on the temperature, pH and drying time in thin layers of saturated solutions
of double salts.

To carry out the research, solutions of 20% concentrationof polyfunctional
action preparations - double compounds based on monomethylol-, dimethylol
ureas and 20% pulps based on methylene-diureas were used. The experiments
were carried out as follows. Model solutions of double UFC compounds with zinc
acetate were deposited in a thin layer on the surface at a temperature of 70, 90,
95 °C and the products were dried for 2-30 minutes.

In the first stage of the experiment drying of solutions of double compounds
in thin layers was carried out in the temperature range 70-95 °C, pH of solutions
5.5-7.0 for a constant time equal to 2 minutes.

The results of studies of products based on monomethylol- and dimethylol
ureas are presented in tables 6 and 7. When drying solutions of a double com-
pound based on monomethylol urea and zinc acetate (Table 6) at pH 5.5-6.0 in the
temperature range 70-95 °C, stable product, the amount of methylol formaldehyde
was 65-92%, and methylene 8-35%.

At the pH value 6.5-7.0 of solutions at the temperature range from 70 to
90 °C there is no hydrolysis of the double compound and the formation of con-
densation products, as indicated by a 100% content in the final product of
methylol formaldehyde. Increasing the drying temperature to 95 °C promotes
the polycondensation of monomethylolurea in the composition of the double
salt. This is evidenced by a decrease in the amount of methylol formaldehyde
to 90-92% and the formation of 8.0-10.0% methylene formaldehyde in the
product.

Thus, during the drying process 2 minute of a solution of a double compound
based on monomethylolurea and zinc acetate at the temperature range from 70 to
90 °C and pH 6.5-7.0, hydrolysis of the product and condensation of mono-
methylolurea does not occur. Conditions obtaining a preparation of multifunc-
tional action of stable composition.

50



ISSN 1813-1107

M2 2018

Table 6 — Content of methylol and methylene formaldehyde in the product of drying
of a double compound based on monomethylolurea and zinc acetate

Experiment conditions Fragment forms of formaldehyde in the product,% mass
pH temperature, °C methylol Methylene
70 86 14
5,5 90 72 28
95 65 35
70 92 8
6,0 90 86 14
95 76 24
70 100
6,5 90 100
95 90 10
70 100
7,0 90 100
95 92

The next stage of the experiment, the composition of the products, depending
on the drying time of model solutions of a double compound based on mono-
methylolurea and zinc acetate in the time interval from 2 to 40 minutes, at iso-

thermic condition (75 °C) and pH 7.0 were determined.

Table 7 — Containing the methylol and methylene forms of formaldehyde in the product
after drying of a double compound based on dimethylolurea and zinc acetate

Experiment conditions Fragment forms of formaldehyde in the product,% mass
pH temperature, °C methylol Methylene
70 81 19
55 90 69 31
95 62 38
70 86 14
6,0 90 82 18
95 73 27
70 100
6,5 90 100
95 83 17
70 100
7,0 90 100
95 86 14
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It was found that at a drying temperature of solutions which prepared at
75 °C and pH 7.0, a product of stable composition can be obtained during the
drying time from 2 to 10 minutes. Increasing the time of heat treatment of
solution of the double compound to 20-30 minutes leads to the condensation of
monome-thylolurea to 5.8% of the total formaldehyde content. During the drying
time from 40 minute, the amount of condensation product of the latter was 10.8%.

Table 7 presents the obtained data on the change in the composition of the
drying products of solutions of a double compound based on dimethylolurea and
zinc acetate depending on pH and temperature. The drying time of the products
was conducted during 2 minutes.

From the data obtained, it follows that the patterns of variation in the com-
position of the double compound by methylol and methylene formaldehyde are
similar to those for a double compound based on monomethylol urea and zinc
acetate. However, the amount of formed methylene formaldehyde in the product
is greater. This indicates a less stable product at high temperatures of 90-95 °C.

Conclusion. The optimal conditions of drying process to preparation pro-
ducts of stable composition based on dimethylol urea and zinc acetate are pH 6.5-
7.0, temperature 70-90 °C. The studies carried out to determine the change in the
composition of the products during the drying process of the solutions of the pre-
paration for 2-40 minutes at a constant temperature 75 °C and pH of solution 7.0.
It show that during the drying time from 2 to10 minutes at temperature 75 °C, the
products are stable and do not undergo hydrolysis and polycondensation in the
future . Drying the samples for 20-40 minutes lead to formation of of methylene
formaldehyde in the products about 7.0-12.0%.

Studies on drying solutions of a double compound based on dimethylenourea
and zinc acetate in thin layers the temperature range from 70 to 90 °C, pH
solutions 5.5-7.0 and drying time about 2 to 20 minutes have shown the possi-
bility of obtaining a product of stable composition which does not undergo to
polycondensation.

Thus, the optimal conditions for the preparation of solid compounds based on
monomethylol-, dimethylol- and methylenedimourenes of stable composition at
pH solutions about 6.5 to 7.0, the temperature from 70 to 90 °C, drying time of
solutions of double compounds based on UFC 2-10 minutes have been deter-
mined. These studies allow the recommendation for spray drying and drying of
solutions of compounds based on UFC and zinc acetate to obtain solid products.

The research was carried out according to the scientific and technical program
No. BR05234667 within the framework of program-targeted financing CS MES RK.
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KEKE MOYEBUHO-OOPMAJIBAETMATIK KOCBUIBICTAP MEH OJIAPJIbIH
HETT3IHJIE MBIPBIII AIIETATBIMEH TTOJIM®YHKIIMOHAJIJIbI OPEKETTI
IMMPEITAPATTAP AJIY AbIH ®U3NKA-XUMUWAJIBIK TEXHOJIOI'MA HET'T3AEPI

TemeHMoeKyIaIbl MOYEBUHO-(QOPMAITBAETUATI KOCBLIBICTAD — MOHOMETHIIONMO-
YEeBUHA JTUMCETHIIOIMOYCBUHA JKOHE METHIICHIMMOYEBHHAHBIH, COHBIMEH KaTap OJapIblH
HETi3IHAe MBIPBIII aneTaThIMEH MOMH(YHKIMOHAIIB SPEKEeTTi mHpernaparTapibl KyKa
KabaTTa KenTipyIiH OHTaWibl mapameTpiiepi aHbIKTaimabl. Kipic mapamerpnepi: pH 6,5—
7,4, temneparypacsl 70-95 °C xenripy y3akTeirbl 2-40 muH. llbFeic mapamerpiepi:
METHIIONABI, METHIICH T (POPMAITbACTHITEP Ma3MYHBI, €pKiH MOYECBHHA.

Kenrripymie oHrainel mapamertpiiepine xaransl: pH-6,5-7,0 epitinapinep, Temrre-
patypa 70-90 °C, kentipy y3akreirbl 2-10 munyt. JKyprisiiren seprreyiep aepextepi
KaTThl MOYEBHHO(GOPMAIIBIACTHATI KOCBUIBICTAP, COHBIMEH KaTap OJapAblH HETIi3iHIe
MBIPBIII alleTaThIMeH MOJU(YHKIMOHAABI 9PEKETTI IpenapaTrrap anxy VIIiH Oypkeyr
KENTIPTillTi YChIHyFa MYMKIH/IIK Oepefi.

Tyiiin ce3mep: Mo4YeBHHO-(DOPMATBICTUATI KOCBUIBICTAP, KENTIPY, (Qa3aiblK Kypam
e3repicTepi, IMOJMKOHAeHCaIHs, OYpKeyIli KenTiprimni.

Pe3iome
@. P. Epmaxanosa, C. Yemanos, I'. T. Omaposa

OU3UKO-XUMHNYECKUE OCHOBBI TEXHOJIOTMU ITOJIYYEHU A
VHJIMBUY AJIbHBIX MOYEBUHO-®OPMAJIBATMIHBIX COEJIMHEHUI,
[IPEITAPATOB IOJIM®YHKIIMOHAJILHOI'O JIEMCTBUS
HA X OCHOBE U ALIETATA [IUHKA

OnpenenieHbl ONTHMANIBHBIE TTApaMETPbl CYIIKA B TOHKHX CJIOSIX HHU3KOMOJIEKY-
JSIPHBIX MOYEBHHO-()OPMaNBICTHIHBIX COCIUHEHHH — MOHOMETHIOJIMOYEBUHEI, IUMETH-
JIOJIMOYEBHMHBl M METHJICHAMMOYEBHHBI, a TaKXKe NpPEenaparoB IMOIH(yHKIMOHAIHLHOTO
JICHCTBUS Ha WX OCHOBE W areraTa NWHKA. BxomueiMu mapamerpamu Obutn: pH 6,5-7,4,
temreparypa 70-95 °C u mpomoikuTenbHOCTh cymkn 2-40 mMuH. BbIxomHbie mapaMer-
PBL: COAepIkKaHUE METUIIOIBHOTO, METHICHOBOTO (hOpMabIeruia, CBOOOJHOH MOYECBHHEL

OnTUManbHBIME TIapaMeTpaMu CyIIKd sSBHIKCH. pH pactBopoB 6,5-7,0, Temmepa-
typa 70-90°C, npomo/DKUTENBHOCTh CyIIKU pacTBOpoB 2—10 MuH. JlaHHbIE TPOBEAEHHbIX
HCCIIE0BaHHUI MO3BOJIAIOT PEKOMEHAOBATh PACIBUIMTENBHYIO CYIIMIKY JUIS MOTyYSHUS
TBEPABIX MOYEBHHO-(OPMATBICIUAHBIX COCIMHEHUH, a Takke MpernaparoB HOIU(yHK-
LMOHAJILHOTO ICHCTBUS HA UX OCHOBE M alleTara IMHKA.

KnaioueBbie ciaoBa: MOueBHHO-(OPMaNbACTHIHBIE COEIUHEHHs, IPOLECC CYILIKH,
n3MeHeHHs (a30BOro COCTaBa, MPOLECC MOJIMKOHACHCALUH, PAaCTIBIIIUTENbHAS CYIIHIIKA.
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