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Water soluble polymer and polyelectrolyte effect on
calcium oxalate (CO) crystalization is of special interest
as the latter is a general process of the kidney stone
formation.! ~* Poly(vinylpyrrolidone) (PVP) and several
polyanions have been tested to this end. In our previous
work?® it was shown more of the poly(acrylic acid-co-
N-vinylpyrrolidone) (CP) inhibition effect than of the
PVP and poly(acrylic acid) individually. In the present
work the inhibition effect of two polycations (poly(N,N'-
dimethylaminoethyl methacrylate), PDMAEM and poly-
(ethyleneimine)*! PEI) are verified for the first time. Their
comparison with those of PVP and CP with 0.46 acrylic
acid monomer part mole fraction (CP-46) is performed
also. It is shown the PEI inhibition effect is much more
than that of the other polymers.

EXPERIMENTAL

PEI (BASF) with MW 4 x 10* Da is used. PDMAEM
is synthesized by radical polymerization in water using
potassium persulfate as an initiator (25% (w/v) monomer
and 0.1 mol% initiator about monomer) at 55°C. The
produced polymer is lyophilized after the dialysis of its
solutions against water. The methods for CO prepara-
tion, isothermal crystallization, induction period and
crystallization rate determination used in this work, have
been described in our previous work.® Inhibitory ef-
ficiency (y) is calculated using the ratio y=(t; —14)/1o
where 7, and 7, are the induction periods in the presense
and absense of the polymer inhibitor, respectively. The
degree of crystallization () is determined as a ratio
o, =(co—c)/(co— ) Where ¢, ¢, and ¢, are the CO con-
centrations at the corresponding moments (0, t, and
after a very long time from the crystallization start). ¢,
is an equilibrium CO concentration depending on the
temperature, initial CO concentration and PEI con-
centration which is used for the determination of the
CO supersaturation S. The S equality is the condition
providing a comparability of the obtained at different
temperatures and PEI concentrations results.

RESULTS AND DISCUSSION

7 and y values during the CO crystallization at different
temperatures, in the absense of a polymer inhibitor and
in the presence of PVP®, CP-46°, PDMAEM, and PEI

* TUPAC Nomenclature: Poly(imino-1,2-ethanediyl).
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are compared in Table I. A very great CO PEI nucleation
retardation effect comes forward. It is more than two
order times that of CP-46 which as it was already shown?
is the most considerable among the other polymer in-
hibitors. It is important to note that the large PEI
inhibitory efficiency at 50°C when those of PVP is ab-
sent and those of CP-46 is about 28 times less than
that of PEI. At the same time the inhibitory efficiency
of the other tested polycation (PDMAEM) is zero.
Therefore the established strong PEI inhibitory efficiency
could not be explained by the positive charged amino
groups in the side chains of the PEI macromolecule.
It is known that PEI macromolecules are usualy branch-
ed ones and depending on the degree of branching,
the ratious between the primary, secondary and terti-
ary aminogroups in its macromolecules are between
1:1:1 and 1:2:1.° Probably, this PEI effect is a re-
sult of the proved®” polychelatogene PEI activity, due
to the convenient macromolecular conformation and
the presence of the different type aminogroups in the
macromolecules of the commercial PEI with a branched
structure. The relatively large hydrocarbon fragments
in the side chains of the PDMAEM macromolecules
may be a dominant unfavorable factor for a such poly-
chelatogene activity.

The considerable PEI retardation effect on the CO
nucleation at relatively low supersaturation (S=1.3) is
the reason to verify this PEI ability at higher S values.
7 and y values at S=2.9 and the temperatures choosen
already (25°C, 37°C, and 50°C) are presented in Table II.
These data indicate the PEI retardation effect on the CO
nucleation at this high supersaturation also. It is im-
portant that this effect is the most strong at the phys-
iological temperature as that at the lower S values.

Table 1. Effect of the temperature and the types of the water
soluble polymers on the induction period (z) and
inhibitory efficiency (y)

(Polymer concentration, 0.1%; w/v, supersaturation, 1.3.)

T/°C

Polymer 25 37 50

t/min (y) 7/min (y) t/min (y)
No 25.0 11.0 4.0
PVP3 63.5 (1.54) 29.5 (1.68) 4.0 (0.00)
CP-46° 74.0 (1.96) 55.5 (4.04) 38.4 (8.60)
PDMAEM 25.7 (0.03) 11.4 (0.04) 4.1 (0.02)
PEI 1850 (73.0) 3450 (312.6) 980 (244.0)
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Table II. Effect of the temperature and the PEI concentration
(Cpgy) On the induction period (7) and inhibitory efficiency (y)
(Supersaturation, 2.9.)

Copr/ %0 (W/V)

T/°C 0.00 0.03 0.07 0.10
7/min (y)
25 8.5 13.6 (0.60) 43.5 (4.12) 52.5(5.17)
37 2.5 55.5 (21.20) 75.0 (29.00) 310.0 (123.00)
50 0.8 10.8 (12.50) 12.4 (14.50) 47.0 (57.75)
06
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Figure 1. CO crystallization kinetics at 25°C without (curve 1) and

with PEI: Cpg;=0.03% (curve 2) and 0.10% (curve 3). Supersaturation,
2.9.
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Figure 2. CO crystallization kinetics at 37°C without (curve 1) and
with PEI: Cpg=0.03% (curve 2) and 0.10% (curve 3). Supersaturation,
2.9.

Besides the retardation effect on the CO nucleation,
PEI decreases the crystal growth rate also (Figures 1—3).
The higher PEI concentration, the more considerable
crystal growth rate decrease is followed from the curves
presented on these figures. The temperature is an effective
parameter again.

The average sizes of the CO crystallites prodused at
different temperatures in the absence and in the presence
of 0.1% PEI are presented in Table III. Clearly they
decrease 2—3 times on an average in the presence of
PEI. This fact also proves that the PEI is an effective

Polym. J., Vol. 28, No. 8, 1996

1.0

0.8

0.6

0.4

0.2

0.0

t/min

Figure 3. CO crystallization kinetics at 50°C without (curve 1) and
with PEI: Cpg;=0.03% (curve 2) and 0.10% (curve 3). Supersaturation,
2.9.

Table III. Effect of PEI on the average crystallite size (d,,) and
on the ratio (p) of d,, to the same of the control crystallites
produced under the similar conditions but without PEI
Supersaturation, 2.9.

dyy/pm
T/°C —
Without PEI  With0.1% (w/v) PEI
25 5.39 2.57 2.10
37 8.94 3.24 2.76
50 5.47 2.46 2.22

dispersing agent for the CO crystallization also. This
effect of the PEI on the CO crystallization is as the other
ones the most notable at 37°C when the average size of
CO crystallytes is maximum. Therefore, PEI has the
both inhibitory effect on the CO nucleation, crystal
growth rate and on the crystallite aggregation.

CONCLUSION

It is proved that in contrast to PDMAEM, PEI has
the most significant inhibitory effect on the CO crys-
tallization among the polymer inhibitors tested up to
now. This inhibition effect is complex; on the CO nu-
cleation, crystal growth rate and on the crystallite ag-
gregation. This complex effect could be probably con-
trol by the chemical modification® of PEI.
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