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CALCULATION OF KINETIC PARAMETERS
OF AMINO-FORMALDEHYDE POLYMERS FORMATION
IN THE PRESENCE OF CALCIUM IONS

B.B. Apxunoga, P.B. Cmompacs, O.B. I py30céa. Po3paxyHoK KiHeTHYHUX NMapaMeTpiB yTBOpeHHsI kKap6aminodopmaibaerinnux
noJimMepiB B mMpHCYTHOCTI iioHIB Kaabuilo. KapOoHaT KalbLilo — OAWH i3 IIHPOKO BUKOPHUCTOBYBAHHX HANIOBHIOBAYiB KOMIIO3UMIHHUX
marepianiB. Chepu #oro 3acTocyBaHHsS 3ajie)kaTh BiJ AUCIEPCHOTO CKiIaxy, GOpMH YacTHHOK Ta iH. Moaudikamis kapOOHATy KabLil0
BHCOKOMOJIEKYJIIPHUMH MOJiIMEpaMHU J03BOJISIE B IIMPOKOMY Jlialia30Hi 3MiHIOBATH HOTr0 XapaKTEPUCTHUKHM i BIACTUBOCTI MOBepXxHi. Moaundi-
Kallis kKapOOHAaTy KaJbIIil0 YaCTO MPOXOJHUTH 3 BHKOPUCTAHHIM KapOamigodopmansaeriqaux nonimepis (KOIT). Mema: Metoro nocmimKeH-
Hsl € BH3HAYCHHS KIHETHYHMX XapaKTePUCTHK IMPOLECY MOJiKOHAeHcauil kapOamigopopMaibIeriqHiX MOJIMepiB B IPHUCYTHOCTI HOHIB
Kasnblito. Mamepianu i memoou: MexaHizm nonikonaeHcanii KOIT cknaguuii 1 3anexuth Big 0aratbox 4nHHUKIB. [lomikonnencanis KOII
NPOXOJMIIa 3a TAKUX yMOB: Temmeparypa — 20, 30, 60 °C; MonbHe criBBigHOIICHHs Kapbaminy 10 dopmansaeriny — 1:1,25; tpuBanicth
nosikonaeHcanii — 2 rogunu; mMacose criBBinHouieHHs: CaCO;:K®II = 1:1. IIpowec momikoHIeHCallli TPOBOJUBCS B PO3UHHI XJIOPHIY
Kazblito 3 pH =2...5,5. V npolieci eKCriepuMeHTy BU3HAYalIl KOHLEHTPALil0 (OpMaIIbIETiAy i METHIIOIBHUX IPYIl XIMIYHUM TUTPUMETPHY-
HUM MeToioM. Pesynsmamu: TlokaszaHo, 1110 TIpoBeieHHs npolecy noiikonaeHcanii KOIT B mpucyTHOCTI i0HIB Ca** Mpy X KOHIEHTpaLii
Bix 0 1o 2,25 moms/1 (0...90 r/m) mpuBOIUTH 10 MPUCKOPEHHS Hpolecy npu Temmeparypi 20 °C oursmi, HiX B 1,8 pasy. Ilogamsmie 36ims-
IreH st KoHIeHTpanii Ca’” IPHU3BOANTH 10 3HIKEHHS MBHAKOCTI mporecy. [Ipu Temmepatypi 30 °C MIBHAKICTH NPAKTHYHO HEe 3MIHIOETHCS Y
niarasoni koHmenTpamiii Ca>* Bix 0 10 2,25 Monb/n i nani HecyTTeBO 3HMAKYeThCs. [Tpu Temmepatypi 60 °C T BChOTO Jana3zoHy KOHIEHT-
pamiii Ca>* crioctepiracThcs 3MEHIICHHs MBUAKOCTI mporecy. Brums Ca’” Ha mpolec MoJiKoHAeHCAIli MiITBep/Kye paHille BHCYHyTe
MIPUITYIIEHHS IPO YTBOPEHHs ciadkux 3B s3kiB Mk KOIT i HoHamu KaybLito, SKi IPY HA3BKHX TEMIEpaTypax MEepemKoKaloTh Iigpoi3y
METHJICHCEYOBHHH 1 pyHHYIOTHCSI IIPH MiABUIICHH] TEMIIEPATypH MPOLECY.

Kniouosi crosa: xapOOHAT Kalbllito, kapbaMigohopMalbIeriiHi MoTiMepH, KOHCTAHTa HIBUAKOCTI.

V.V. Arhipova, R.V. Smotraiev, O.V. Gruzdeva. Calculation of Kkinetic parameters of amino-formaldehyde polymers formation in
the presence of calcium ions. Calcium carbonate is on of widely used fillers of composite materials. The area of its application depend on
disperse structure, particle shape and other. The modification of calcium carbonate by high-molecular polymers allows changing its charac-
teristics and surface properties in a wide range. The modification of calcium carbonate often carried out with use of amino-formaldehyde
polymers (AFP). Aim: The aim of this work is to determine the kinetic characteristics of amino-formaldehyde polymers polycondensation
process in the presence of calcium ions. Materials and Methods: The mechanism of AFP polycondensation is complex and depends on
various factors. Polycondensation of AFP took place under following conditions: the temperature is 20, 30, 60 °C; the molar ratio of
carbamide to formaldehyde is 1:1.25; the polycondensation duration is 2 hours; the mass ratio of CaCO;:AFP = 1:1. The polycondensation
process was carried out in calcium chloride solution with pH=2...5.5. The concentration of formaldehyde and metilol groups determined
during the experiment using chemical titrimetric method. Results: It is shown that polycondensation process of AFP in the presence of Ca**
ions at their concentration from 0 to 2.25 mol/l (0...90 g/1) leads to acceleration of process more than by 1.8 times at temperature of 20 °C.
Further increase of Ca®" concentration leads to reduction of process speed. At temperature of 30 °C the speed of process almost does not
change in the range of Ca" concentration from 0 to 2.25 mol/l and further decreases slightly. For all range of Ca>* concentration at tempera-
ture of 60 °C the reduction of process speed is observed. Influence of Ca** on process of polycondensation confirms assumption made earlier
of formation of weak bonds between AFP and calcium ions which at low temperatures interfere with hydrolysis of methyleneurea and
collapse at increasing of process temperature.
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Introduction. Calcium carbonate is on of widely used fillers of composite materials. The main
characteristics defining possibility of its use as a filler are dispersion and particle shape. Calcium
carbonate modification by high-molecular polymers allows changing its characteristics (dispersion,
phase structure, particle shape) and properties of surface with the broad range. The widespread amino-
formaldehyde polymers (AFP) have been used for modification. Carrying out of polycondensation
process and hardening of AFP under certain conditions leads to sludge formation with the developed
surface and reactionary and active functional groups on it. Such structure of AFP allows applying
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them for coprecipitation with non-organic substances with further use of precipitations in various
composition structures.

The polycondensation mechanism of AFP is complex and depends on many factors (pH of
environment, temperature, concentration of reagents, availability of catalysts and ions of metals or
inhibitors) [1...4]. The equation of carbamide reaction with formaldehyde at equimolecular ratio of
components, leading to formation of linear structure prepolymers (monomethylol ureas) has the
following form:

H,N-CO-NH; + CH,0 — H,N-CO-NHCH,OH.

Further polycondensation of monomethylol urea with formation of polimetilenmochevina courses
in the following way:

nHN-CO-NHCH,OH — H[-HN-CO-NHCH,-]#OH + (n—1)H,0.

Small excess of formaldehyde (25 % of stoichiometry) leads to formation of dimethylol ureas
which are also pass polycondensation process:

H,N-CO-NHCH,OH + CH,0 — HOCH,HN-CO-NHCH,OH;
nHOCH,HN-CO-NH-CH,OH — H[-HOCH,N-CO-NHCH,-]#OH+(n—1)H,0;
nHOCH,HN-CO-NH-CH,0H — H[-HOCH,N-CO-NH-]nOH+(n—1)CH,0+(n—1)H,O.

Further increase in amount of formaldehyde leads to formation of three- and tetramethylol ureas,
but the speed of these products formation is significantly lower than the formation speed of the first
two polymers, therefore their influence on polycondensation process is insignificant. The formed
polycondensates either turn into carbamide-formaldehyde resins at pH > 5, or, at pH <5, are emitted
from solutions in the form of insoluble high-disperse powders (hardening).

The pH value of the reactionary environment significantly influences not only on the type of the
formed product, but also influences on the speed of formation and polycondensation of polymers,
which has the minimum values in the pH range from 4 to 8 [1]. Considerable decrease of pH leads to
sharp reduction of the metilol groups, that are promote binding of inorganic precipitation due to for-
mation of donor-acceptor connection of polymer with cations (calcium ions) or due to physical inter-
action, and at pH > 5 the hard products are not formed. Therefore, the pH values during the experi-
ments were used in the range of 2...5, that have been recommended for AFP coprecipitations process-
es with metal hydroxides [5...8].

As it has been established earlier [9, 10], the presence of amino-formaldehyde polymers at
solution allows increasing of transformation degree of calcium ions that can demonstrate formation of
the weak bonds arising between calcium ions and amino-formaldehyde polymers by electrostatic
attraction or on the donor-acceptor mechanism. Availability of such bonds also influences on poly-
condensation process of AFP, therefore it was necessary to establish the influence of calcium ions on
the speed of this process.

The aim of the research is to determine the kinetic characteristics of polycondensation process of
amino-formaldehyde polymers in the presence of calcium ions.

Materials and Methods. Polycondensation of AFP took place under following conditions: the
temperature is 20, 30, 60 °C; the molar ratio of carbamide to formaldehyde is 1:1.25; the polyconden-
sation duration is 2 hours; the concentration of calcium chloride (considering on calcium ions) —
Co(Ca®™) = 0; 22.5; 40; 45; 70; 90 g/l (0; 0.565; 1.0; 1.125; 1.75; 2.25 mol/l); the mass ratio of
CaCO;:AFP = 1:1. The polycondensation process was carried out in calcium chloride solution with
pH=2...55.

Results. During the polycondensation process rather fast formation of white precipitation is
observed (during 2...5 min.) that demonstrates that process of AFP polycondensation and their
hardening proceeds in parallel. During the polycondensation process the concentration of free
formaldehyde were defined. It characterizing the course of reaction completeness of the methylol ure-
as and metilol groups formation, characterizing stitching degree at polycondensation in the solution
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containing Ca®" and in control solution without Ca®". Dependences of the free formaldehyde and
metilol groups concentration on polycondensation time at different pH values are presented on Fig. 1.

300

25 1

Concentration, g/l

Concentration, g/l

50 100 ¢, min

Fig. 1. Dependences of the free formaldehyde (a) and metilol groups (b) concentration on polycondensation time
of the AFP: | —pH = 2, C(Ca’") =40 g/l; 2— pH = 2, C(Ca’") = 0 g/l; 3— pH = 3.68, C(Ca’") = 40 g/I; 4 —
pH =3.68, C(Ca’*) =0g/l; 5—pH = 5.5, C(Ca’*) =40 g/l 6 —pH = 5.5, C(Ca’") = 0 g/l

In the presence of Ca’+ cations the acceleration of the first two stages is observed: the maximum
concentration of metilol groups (the minimum concentration of free formaldehyde) at the first stage is
reached in 40 minutes at presence of Ca’+ and in 55 minutes without Ca’+; duration of the second
stage — 15 minutes at presence of Ca’+ and 20 minutes without Ca’+. The similar accelerating
influence of cations on polycondensation process has been described by other researchers [4], however
the data about the influence of calcium ions and its mechanism are absent in literature.

Reduction of the solution pH from 5.5 to 2 leads to reduction of free formaldehyde concentration
more than by 1.5 times that confirms expediency of the pH value equal 2 accepted earlier for initial
stage of AFP obtaining. So, the further calculations were carried out for pH = 2.

The quantitative measure characterizing completeness and speed of all stages of AFP poly-
condensation (methylol ureas formation, their polycondensation and hardening) is the concentration of
the general formaldehyde in solution. Therefore, kinetic parameters of polycondensation process are
determined by processing of the general formaldehyde concentration dependences in solution on poly-
condensation time.

The preliminary analysis of experimental data has shown that the kinetics of the general formal-
dehyde expenditure in the reactionary environment is described by the kinetic equation of direct reac-
tion of the second order with reverse reaction of the first order [11]:

0= (@ =)y - )~k + ), ()

where k; and k, — constants of direct and return reactions speeds;

T — reaction time;

® — reaction speed;

ao, bo, co— 1nitial concentration of carbamide, formaldehyde and derivatives of methyleneurea, mol/l;

(ay —x), (by —x), (¢, +x) — current concentration of carbamide, formaldehyde and derivatives
of methyleneurea;

x — amount of the reacted substance, mol/I.

Equilibrium constant of the process (K = ki/k,) is:
Co+X
=, 2
(ay —x)(by —X)

where X — equilibrium value x.
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The x value is defined by solution of quadratic equation:
K(ay—Xx)(by—X)—(c, +X)=0, 3)
or
K-x*-Xx-(K-ay+K-by+1)+(K-a,-b, —cy)=0. 4)
Taking into account that a, < b, , the gain cannot be more than a,. Thus, only those values of X

are physically sensible which are in the range from a, to —c(. The values of the trinomial standing, put
in the left side of the equation (4), at the ends of this interval, i.e. in points x =a, and x =—¢,, are

equal respectively:
Fla))=K-a3-K-a3—-K-ay-by—a,+K-a,-by —cy, =—ay, —c,,
F(—c))=K-cg+K-ay,-c,+K-cy-b,+K-a,-b,.
If to designate the second root of trinomial as the x’, then it is possible to write down:
Fx)=Kx-x)(x"—x).

At the same time x and X' are also connected among themselves by:

_ _, K-ay+K-b,+1
X+x'= .
K
Then the equation (1) takes the following form:
dx _ -,
— =k (x-x)(& —x). (5)
dt

where X — equilibrium value of x, defined from experimental data, at known composition of original
and equilibrium stock;

X' and k; — the sizes, determined of the solution of the differential equation using the formulas
given below.

The solution of the differential equation (5) gives the straight line equation in coordinates:
lg[ x| |x—x

X

X
X

jz()_c'—x)-kl-r.

The &, ()?' - x) and k; are determined by tangent of inclination angle of this straight line to abscissa
axis. The equilibrium constant and reverse kinetic constant are defined of the equations (2) and (5).

—
X —X

The example of dependence of the lg(
X—x

) on reaction time at concentration of
Co(Ca*") = 0,565 mol/l is presented on Fig. 2.
Ig ( i xj
X—x 2
1,5

1
0,5

20 40 60 80 100 t, min

X —x

X—Xx

Fig. 2. The dependence of the lg£ j on reaction time at concentration of Co(Ca’") = 0.565 mol/l
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The examples result for the calculation of the kinetic constants and balance of polycondensation
process are presented in table 1. The calculation results of effective kinetic constants of direct and re-
verse reaction of AFP polycondensation (k. k».) for different conditions (initial ion concentrations of
Ca®" are 0; 0.565; 1.13; 1.695 respectively; 2.26 mol/l, formaldehyde — 1.0 mol/l, carbamide —
0.8 mol/l; temperature 20, 30, 60 °C; pH=2) are presented in Table 2.

Table 1
Example of calculation of the AFP formation process kinetic parameters
Ny kies kaess
Leoc | GCay, | K o 1g{{ —X} Ml i
mol/l X—X 3
x10
0.5 1.784
5 2.102
15 2.158
25 2.189
20 0 40 0.189 6.977 2.248 1.049 5.552
55 2.311
75 2.299
110 2.530
125 3.110
0.5 1.726
5 2.062
15 2.102
25 2.125
20 0.565 40 0.206 6.522 2.125 0.922 4.467
55 2.179
75 2.203
110 2.479
125 2.779
Table 2
The calculation results of effective kinetic constants of direct and reverse reaction of AFP polycondensation
kg, ks
t,°C Cy(Ca), mol/l M 'min’ min”'
x10°
0 1.049 5.552
0.565 0.922 4.467
1.125 0.866 3.676
1.75 0.703 3.504
2.25 0.640 3.398
0 1.543 6.255
0.565 1.311 5.880
1.125 1.240 4.165
1.75 1.228 3.712
2.25 1.095 3.679
0 4.615 7.093
0.565 4.260 6.547
1.125 3.565 5.108
1.75 3.394 4.830
2.25 3.105 4.481
CHEMISTRY. CHEMICAL ENGINEERING
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Based on the obtained data, the activation energy and preexponential multipliers for direct (£))

and the reverse (E,) reaction in solution without presence of Ca®" has been defined:
E, =30.2 kJ/mol; B;=4.13 l/(mol's);
E, = 4.3 kJ/mol; B,=5.55-10"s"".

The Arrhenius equations for process of AFP formation in solution without presence of Ca®" takes
the following form:

— for direct reaction

30200

k,=4.13-¢ &7 |

— for reverse reaction
4300

k,=5.55-10% ¢ &T

According to the obtained data, the addition to the reactionary Ca®" environment leads to slug-
gishness of both direct and inverse reactions. The dependences of efficient kinetic constants of a direct
and reverse reaction on concentration of Ca®" (Fig. 3) in a general view are described by the following
equations:

Vkior= 1/ky — ky'-C(Ca™),
Vhkyyr= 1/ky — ky/-C(Ca™"),
where k' and k' — coefficients of proportionalities for a direct and reverse reaction, that are tempera-

ture-dependent.
Processing of the dependences presented in Fig. 3 results in the following dependences for  co-
efficients of proportionalities for direct and inverse reactions calculation:

, 1

24103 -0.688- T

- 1
4.106-7-1.92-10*

1 s

ks

20

—_
o]

—_
[e)}

—
S

—_
N

1/k,-107, I/(mol-s)

—_
o

k107, 1/(mol-s)

(o]

1
C(Ca?"), g/l
a b

Fig. 3. Dependency of the effective constants of direct (a) and reverse (b) reaction speed on concentration
of Ca** at different temperatures: 1 —20 °C; 2 —30°C; 3 —60 °C

Thus, the dependences of efficient kinetic constants on concentration of Ca® and on temperature
can be written down in the following form:

1 -1
klef=(0.242~exp(£?j+(2.42.10—3__0'6T88j .C(Cah)} ,
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515.4

-1
ko = (0.1802 : exp( j+ (4 -10°-7-1.92-10+ )_l ~C(Ca2*)j .

The common speed of AFP formation process in the presence of calcium ions is described by the

following equation

0 -1

o= (0.242 - eXp(%Tﬁj + (2.42 1073 - &TSS) -C(Ca* )] (ay —x)(by —x)—

(6)

515.4

-1
—(0.1802 . exp( j+ (4-10-7-1.92-10+ )71 . C(Ca“)j (co—x)

The relative deviation of the experimental and calculated kinetic constants of reactions does not
exceed 5.0 % for a forward reaction, and 11 % for inverse one. L.e. the received results are agree
within an experiment error— 3...10 %.

Conclusions. The analysis of equation (6) shows that polycondensation process of AFP in the
presence of Ca’" ions at their concentration from 0 to 2.25 mol/l (0...90 g/1) leads to acceleration of
process more than by 1.8 times at temperature of 20 °C. Further increase of Ca’" concentration leads to
reduction of process speed. At temperature of 30 °C the speed of process almost does not change in
the range of Ca’" concentration from 0 to 2.25 mol/l and further decreases slightly. For all range of
Ca”" concentration at temperature of 60 °C the reduction of process speed is observed. Influence of
Ca”™" on process of polycondensation confirms assumption made earlier of formation of weak bonds
between AFP and calcium ions which at low temperatures interfere with hydrolysis of methyleneurea
and collapse at increasing of process temperature.

Therefore, it is expedient to conduct the process of AFP obtaining at a temperature of 20 °C in
solutions with Ca** concentration within 1...2.25 mol/I (40...90 g/1).

The question of plastics properties studying that use the amino-formaldehyde polymers modified
by lime carbonate as an excipient can be considered as a subject of further researches.
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