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STUDY OF THE TECHNOLOGY FOR THE PRODUCTION
OF INDIVIDUAL URINE-FORMALDEHYDE COMPOUNDS
OF MULTIFUNCTIONAL ACTION ON THE BASIS
OF UFC AND ZINC ACETATE IN SPRAY DRYER

Abstract. This article presents studies of the process of obtaining low-molecular
urea-formaldehyde compounds, drugs of multifunctional action on the basis of low-
molecular urea-formaldehyde compounds and zinc acetate in a spray dryer. Optimum
technological parameters of their production are determined. The temperature of the heat
carrier is 250-30 °C, the temperature in the reaction zone is 70-90 °C, the moisture content
of the obtained products is 1-4%.

Key words: urea formaldehyde compounds, zinc acetate, drugs of multifunctional
action, drying process, phase composition changes, polycondensation process, spray.

Introduction. Urea-formaldehyde compounds and fertilizers based on them
are obtained in a drying drum, a drum-granulator-dryer, under fluidized bed con-
ditions [1-3]. Obtaining of these fertilizers in the form of a powder for low-ton-
nage chemistry would become great practical tool for the field of chemistry and
industrial chemistry.

The task of the search was study the process of obtaining low-molecular
urea-formaldehyde compounds (UFC) - monomethylolurea, dimethylolurea,
methylene-diurea and multifunctional action compounds such as a zinc acetate in
powder form.

EXPERIMENT

A pilot plant the main unit of which is a spray dryer is represented in figure.
The pulps of UFC and drugs of multifunctional action based on them and zinc
acetate were obtained in a tank heated reactor with a stirrer (1), where water, UFC
and zinc acetate were supplied based on the calculation of 20% pulp. By feeding
the heating steam into the jacket of the reactor, the pulp temperature was
maintained at 40-45 °C, at which the pulp was well mobile.

As drugs of multifunctional action based on UFC and zinc acetate, double
compounds obtained on the basis of monomethylolurea and zinc acetate, dime-
thylolurea and zinc acetate obtained at molar ratios of 1: 1, as well as methylene-
diurea of 4 molecules and 1 molecule of zinc acetate were used.

Further pulps from the tank (1) was fed to the pressure vessel (2), from
where it was dosed to the central disk of the spray dryer (5) by the means of a
calibrated valve (3). The rotational speed of the disk was 30,000 rpm and was
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Experimental installation for the production of urea-formaldehyde compounds
and compounds of multifunctional action containing zinc acetate:
1 - capacity for the preparation of UFC pulps and drugs of multifunctional action based
on them and zinc acetate, 2 - pressure vessel, 3 - valve, 4 - central disk, 5 - spray dryer,
6 - regulator, 7 - amperemeter, 8 - dryers, 9 - fan, 10 - (calorifer) heater, 11 - potentiometer,
12 - temperature controller, 13 - outlet, 14 - cyclone separator, 15 container

varied by a regulator (6), the control was performed by means of a calibrated
ampermeter (7). The pulp was sprayed into the apparatus with the aid of a disk to
a foggy state. To dry the pulp through the dryers (8) located in the ceiling of the
dryer, a coolant was introduced- hot air with a temperature of 150-350 °C, fed to
the unit by a fan (9) through the heater (10). The air temperature was fixed by a
potentiometer (11) and regulated by a temperature regulator (12).

By mixing hot air with pulverized pulps, a high intensity of moisture
evaporation and the formation of the product in the form of a powder are achie-
ved. Powdered UFC and compounds of multifunctional action together with moist
air through the outlet pipe (13) in the conical bottom of the dryer enter the cyc-
lone separator (14), from which they were poured into the container (15), and the
moist air entered the stage of dust and gas cleaning. The temperature of the moist
humid air was fixed by a thermo couple and controlled by a potentiometer (11).

RESULTS AND DISCUSSION

To determine the optimum temperature regime for the preparation of pow-
dered preparations in a spray dryer, studies were performed in which the tempe-
rature of the coolant was varied in the range 150-350 °C. In the framework of the
experiment, the concentration of UFC pulps and compounds of multifunctional
action on their basis and zinc acetate was 20%, pH 6.8-7.0, loading on the pulp 7-
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10 kg/h, air consumption for drying 150-200 m*/h, the rotational speed of the disk
is 30000 rpm.

When a coolant with a temperature of 150-200 °C was applied to the spray
dryer, caking occurred in the apparatus due to insufficient drying of the com-
pounds having a temperature of 55-60 °C. When the temperature of the drying
agent is increased to 250-300 °C, agglomeration and clumping of products are
eliminated, the temperature of the material in the apparatus increases to 70-90 °C,
which makes it possible to obtain in the spray dryer a well-flowing powdery UFC
and compounds of multifunctional action based on them and zinc acetate. When
the coolant is supplied to the apparatus with a higher temperature of 300-350 °C,
the temperature of the material in the apparatus increases to 95-110 °C, which
leads to fusion of mono- and dimethylolurea, to the partial decomposition of UFC
and, as a result, to increased losses of formaldehyde to the gas phase.

Thus, the temperature of the coolant when powdered preparations based on
UFC is obtained in the spray dryer must not exceed 250-300 °C at the inlet to the
apparatus, in which the optimum temperature regime of the process and the mi-
nimal thermal decomposition of UFC are maintained in the dryer.

Table 1 displays the composition of the drying product of monomethylolurea
pulp and the quantitative characteristics of gas phase to be related to formal-
dehyde and product dust. It was found that at a pH of 7.0 and a product tempera-
ture of 70-90 °C, condensation of the product is excluded and a product of stable
composition can be obtained.

Table 1 — Composition of the drying product of the monomethylolurea pulp
in a spray dryer and the composition and concentration of gas phase

Composition of the product, Composition and concen-
Parameter - 3
mass % tration of gas phase, mg/m
H Product Monome- | Condensation Free Formal- Dust
P temperature, °C | thylolurea product urea dehyde products
70 97,5 0 2,5 100 200
7,0 90 97,5 0 2,5 100 300
95 97,5 1,0 2,5 110 400
70 97,5 0 2,5 100 250
6,8 90 97,5 0,5 2,5 110 350
95 94,0 35 2,5 120 500

Characteristically, with an increase in the temperature of monomethylolurea
in the apparatus to 95 °C, a minimal change in its composition occurs, the content
of the condensation product is 1.0%, whereas in the production of solid mono-
methylolurea by the thin layer method, under laboratory conditions, the mass
fraction of the condensation product is 3.0-5,0%. This is apparently due to the fact
that the drying of UFC solutions in the spray dryer is rapid, within a second they
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lose moisture and settle in the form of fine powder particles, this almost instan-
taneous dehydration of the product leads to a slowdown of the condensation
process. The decrease in pH in the supplied monomethylolurea solutions to the
apparatus up to 6.8 contributes to the condensation process when drying the pro-
duct at a temperature of 95 °C, the condensate content is 3.5%.

However, this parameter is 2-3 times less than in case of thin-layer drying of
monomethylolurea. This also confirms that rapid dehydration of the product
reduces the course of the polycondensation reaction.

In optimal conditions of the technology of production in exhaust gases after
spray dryer in the production of powdered monomethylolurea, the formaldehyde
concentration is 100 mg/m® and the dust of the product is 200-250 mg/m?, which
must be disposed.

In the production of powdered dimethylolurea in a spray dryer, the product
of stable composition was obtained at the range temperature from 220 to 370 °C
then supplied to coolant apparatus and the product has temperature about 70-90°C
and pH 6.8-7.0 (table 2).

Table 2 — Composition of the product at drying of pulp dimethylolurea
in a spray dryer and composition of gas phase

Experiment Composition of the product, Composition and concentration
conditions mass % of the gas phase, mg/m?
Product Monome- | Condensation | Free Dust

pH temperature, °C | thylolurea product urea Formal-dehyde products

70 90,9 0 9,1 150 220
7,0 90 90,9 0 9,1 150 340
95 88,4 2,0 9,6 160 400
70 91,9 0 8,1 150 260
6,8 90 90,9 0 9,1 150 370
95 85,0 42 10,8 170 500

An increase in the product temperature in the drier to 95 °C promotes the
polycondensation of dimethylolurea, the content of the condensation product is
2.0-4.2%. In the gas phase, after the spray dryer under optimal conditions for the
production of dimethylolurea powder, 150 mg/m? of formaldehyde and 220-370
mg/m?® of product dust are contained.

When a powder of methylene-diurea was obtained in a spray dryer at a pH of
the pulp of 6.8-7.0, a product of stable composition was obtained in the tempe-
rature range 70-95°C, and its condensation was eliminated. In the exhaust gases
after the spray dryer, formaldehyde is absent and the product dust contains 220-
370 mg/m®.

Thus, the process of obtaining powdered UFC - mono-, dimethylol-, methy-
lene-diurea in a spray dryer was studied. Optimum technological parameters of
the process of drying products with residual moisture content of 1.0-1.5% with a
high yield of a stable composition product were determined (table 3).
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Table 3 — Optimum technological parameters of the process for the production
of powdered urea-formaldehyde compounds in a spray dryer

# Parameters Unit Value
Temperature:
a) of coolant at the inlet to the spray dryer °C 250-300
1 b) of coolant at the outlet from the dryer °C 80-90
c) UFC pulp °C 40-45
d) powdered product of MPS in the reaction zone °C 70-90
2 | UFC pulp concentration % 20
3 | UFC pulp load kg/h 7-10
4 | pH of the UFC pulp 6,8-7,0
5 | The residence time of the product in the reaction zone minutes 2-5
6 | The moisture content in the powdered product % 1,0-15
7 | Air consumption for drying m3h 150-200
8 | Productivity kg/h 2-3

In the process of studies on the preparation of compounds based on low
molecular weight UFC and zinc acetate in a spray dryer, the task was also to stu-
dy the effect of technological process parameters on the composition of finished
products, determine the amount and composition of gas emissions after the dryer.

When multifunctional action compounds based on mono- and dimethylolurea
and zinc acetate are obtained in the spray dryer in the temperature range of the
material in the reaction zone of the apparatus 70-90 °C and pH 6.5-7.0, hydrolysis
and condensation of methylol formaldehyde in the composition of binary salts is
excluded and it is possible to obtain powdered compounds of stable composition
(table 4). It should be noted that an increase in the temperature of the compounds
in the drier to 95 °C results in a relatively small degree of polycondensation of
mono- and dimethylolurea in the composition of binary salts, as a result of which
the mass fraction of methylol formaldehyde in the product based on mono-
methylolurea and zinc acetate is reduced to 95.0-98, 5% and the formation of 1,5-
5,0% methylene formaldehyde, in the case of the preparation based on dimethy-
lolurea, methylol formaldehyde decreases to 4.5-9.0%. Whereas in the preparation
of solid compounds based on mono-, dimethylolurea and zinc acetate under labo-
ratory conditions by drying in thin layers at pH of salts of 6.5-7.0 and a tempe-
rature of 95 °C, the mass fraction of methylene formaldehyde in products was 8-
10% and 14 -17% respectively. This can be explained by the fact that the drying
of pulp compounds based on mono- and dimethylolurea in a spray dryer occurs
almost instantaneously, within a fraction of a second they lose moisture and settle
in the form of fine powder particles; this rapid dehydration of the products helps
to inhibit the condensation process.
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Table 4 — The content of methylol and methylene formaldehyde
in the pulp drying products of compounds based
on mono-, and dimethylolurea, zinc acetate
in a spray dryer and the composition of the gas phase

Mass fraction Concentration
Experiment conditions of formaldehyde of the gas phase,
Double in the product,% mg/m?
connection
Product’s Formal- | Product

pH temperature, °C Methylol | Methylene dehyde dust

70 100,0 0 55 200

0 90 100,0 0 55 280

Monome- 95 98,5 1,5 70 360
thylolurea

zinc acetate 70 100,0 0 60 230

6,5 90 100,0 0 60 300

95 95,0 5,0 80 450

70 100,0 0 70 240

70 90 100,0 0 70 350

Dimethylolurea 95 95,0 4,5 90 430

zinc acetate 70 100,0 0 85 250

6,5 90 100,0 0 85 380

95 91,0 9,0 100 470

In the exhaust gases after the spray dryer for the preparation of powder
formulations based on mono- and dimethylolurea, zinc acetate, the concentration
of formaldehyde is 55-85 mg/m® and the dust of the product is 200-380 mg/m?,
which must be disposed of.

In the preparation of a preparation based on methylene-diurea and zinc
acetate in a spray dryer at a pH of 6.5-7.0 in the temperature range of 70-95 °C,
hydrolysis of the product and condensation of methylene-diuria in the compo-
sition of the double compound does not occur, and conditions for obtaining a
preparation of stable composition are provided. In the exhaust gases after the
spray dryer in the preparation of the drug based on methylene-diurea, formal-
dehyde is absent, contains 200-300 mg/m® of the product dust. The optimum
technological parameters of the drying process of the products were determined,
ensuring the preparation of multifunctional action compounds of stable com-
position based on UFC and zinc acetate (table 5).
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Table 5 — Optimum technological parameters of the process for the preparation
of powder compounds based on urea-formaldehyde compounds and zinc acetate in a spray dryer

# Parameters Unit Values
Temperature:
a) of coolant at the inlet to spray dryer °C 250-300
1 b) coolant at the outlet from the dryer °C 80-90
c) pulp of the preparation °C 40-45
d) a powdered preparation in the reaction zone °C 70-90
2 | Concentration of pulp % 20
3 | Load on the pulp of the preparation kg/h 6-10
4 | pH of the drug's pulp 6,5-7,0
5 The residence time of the preparation in the reaction minutes 2.5
zone
6 | The moisture content % 2,0-4,0
7 | Air consumption for drying m*/h 150-200
8 | Productivity kg/h 2-4

Conclusion. Thus, the optimal technological parameters for the preparation
of low molecular weight MPS — monomethylolurea, dimethylolurea, methylene-
diurea and multifunctional action compounds based on them and zinc acetate in a
spray dryer, are obtained in which a qualitative, loose product is obtained: the
temperature of the heat carrier is 250-300 ° C, the temperature in the reaction
zone of the 70- 90 °C, the moisture content of the obtained products is 1-4%. The
off-gas contains 55-150 mg/m® of formaldehyde and 200-380 mg/m® of product
dust, which must be disposed.

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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Pe3iome
@. P. Epmaxanosa, C. ¥cmanos, I'. T. Omaposa

KEKE MOYEBHHO-®OPMAJIBAEI' MATIK KOCBIJIBICTAP MEH
OJIAP/IbIH HET'T3IHAE MbIPBIII ALIETATBIMEH TTOJIM®YHKIMOHAJI/IbI
OPEKETTI IIPEITAPATTAP AJIYAbIH TEXHOJIOI'MACBIH 3EPTTEY

Makanaa TOMEHMOJICKYJAJIBl MOYEBHHO-(QOPMANIBICTHATIK KOCBUIBICTAp MEH
OJIApIBIH HETi31HAE MBIPHIII alleTaTHIMEH MOMU(PYHKIIMOHANIB OPEKETTI IMpenapaTTapasl
OYpKeyI KenTiprilire aay MpoIecCiHiy 3epTTeyiepl kepcerinred. Onapabl aayablH OH-
TalJIbl TEXHOJOTHAIBIK TIapaMeTpIiepi: ®oputyycTarbi Temmeparypacsl 250-300 °C, peak-
IUSIIBIK ananaa remmeparypacsl 70-90 °C, anbiHFad oHIMIEpAIH bUTFaIIBUIBFS 1-4%.

Tyiiin ce3aep: Mo4YeBHHO-(QOPMATBAETUATI KOCBUIBICTAP, MBIPBIII alleTaTHl, ITOJIU-
(YHKIIMOHAIIBI OPEKeTTI NperaparTap, KenTipy Ipoleci, (as3aiblK KypaMm e3repicrepi,
TTOTMKOHICHCAITUS TIPOIeCcCi, OypKeyIIi KenTiprimI.

Pe3zrome

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

NCCIEJOBAHUME TEXHOJIOI' MU ITOJIYUYEHMA MHANBUAY AJIBHBIX
MOYEBUHO-®OPMAJIBJETMIHBIX COEJIMHEHUI U
[TPEITAPATOB IOJIM®YHKIIMOHAJILHOI'O JIENCTBUSA HA UX OCHOBE
1 ALIETATA LIUHKA B PACTIBUIMTEJIBHOM CYIINJIKE

HccreoBan Tporiece MONMyYEHHsST HA3KOMOJICKYIIPHBIX MOYEBHHOGOPMAIIHICTHII-
HBIX COCJIMHCHH, TPEMapaToB MONMH(YHKIIHOHAIFHOTO JACHCTBUSA HAa UX OCHOBE H alleTaTa
[IMHKA B PACTBUINTENBHOM CyIiike. OnpeneaeHbl ONTUMATBHbBIE TEXHOIOTHIECKHE Tapa-
METpPBI UX MOJydeHus: TeMneparypa temnonocutens 250-300 °C, temneparypa B peak-
ronHo# 30ue 70-90 °C, Biarocoepkatue mory4eHHbIX IpoaykTos 1-4%.

KuaroueBbie ciioBa: MOYEBHHO-(OPMATIBICTUAHBIC COCANHEHHMS, al[eTaT [IMHKA, Ipe-
napartsl HONU(YHKIMOHAIBHOTO ACHCTBHS, TPOIECC CYIIKU, M3MEHEHHUS (ha30BOTO COCTa-
Ba, IPOLECC MOJUKOHICHCALIMH, PACTIBLTATEIbHAS CYIIHIKA.
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