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Abstract

spread application of AAPs.

Amphoteric polymer can be used as retanning agent in leather manufacture. It is particularly useful in chrome-free
tanning systems since it can regulate the charge properties of chrome-free leather and enhance the fixation of
anionic post-tanning chemicals in leather. However, the aggregation and precipitation of amphoteric polymer retan-
ning agents around the isoelectric point (pl) hinder their wide application. Herein, we synthesized five amphoteric
acrylic polymers (AAPs) by free radical copolymerization with acrylic acid and five different cationic acrylic monomers.
The effect of cationic monomer structure on the aggregation behavior of AAPs was investigated. The aggregation

of AAPs in aqueous solution showed pH and concentration dependence. Light scattering analysis showed that Poly
(AA-co-MAPTAC) and Poly (AA-co-DMAPMA) were in the shape of coiled linear flexible chains with small particle size
(Ry 7.6 nm and 14.8 nm, respectively) near the pl. However, Poly (AA-co-DAC), Poly (AA-co-DMC) and Poly (AA-co-
DMAEMA) were in the shape of hollow spheres and exhibited serious aggregation. Quantum chemical calculations
suggested that the amide groups in the cationic monomers MAPTAC and DMAPMA enhanced the nucleophilicity of
AAPs. Thus the corresponding AAPs could carry a large number of cationic charges to slow their aggregation when
the pH just climbed over the pl. The results are expected to provide theoretical reference for the synthesis and wide-
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1 Introduction

Chrome-free tanning technology can eliminate the emis-
sion of chrome-containing wastewaters and solid wastes
from the source, and play an important role in promoting
the sustainable development of the leather industry [1-
3]. In recent years, significant progress has been achieved
in the tanning technology of chrome-free leather man-
ufacturing system [4, 5]. However, the conventional
post-tanning chemicals and technologies are not well
compatible with this system. In particular, the isoelectric
point (pI) of chrome-free tanned semi-finished leather
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(wet white) is significantly different from that of chrome
tanned one [6], which leads to poor fixation of conven-
tional anionic post-tanning chemicals in the chrome-free
leather [7]. It has been reported that amphoteric polymer
retanning agents with appropriate pl could adjust the
charge properties of wet white leather to improve pen-
etration and fixation of post-tanning chemicals, so as to
result in satisfactory physical and organoleptic properties
of chrome-free leathers [8—10].

According to structures, amphoteric polymer retan-
ning agents are classified into amphoteric acrylic
polymer [11-13], amphoteric polyurethane [14, 15],
amphoteric syntan [16], etc. Among them, amphoteric
acrylic polymer (AAP), which is a linear polymer syn-
thesized by free radical co-polymerization of anionic
acrylic monomers and cationic acrylic monomers, is
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the most widely used type. During the retanning pro-
cess, the pH of float drops from 5-6 at the beginning
to below 4 at the end. This pH change usually passes
through the pI of AAP. When the pH of float is close
to the pl of AAP, the cationic and anionic groups on
the AAP chains will strongly interact with each other
through electrostatic force. This may lead to serious
aggregation and precipitation of AAP [17], and then
cause the uneven penetration and distribution of AAP
in the leather.

In order to achieve wide application of AAP in
chrome-free tanning system, it is necessary to develop
new products with a certain dispersion stability near
the pl. The selection of anionic/cationic acrylic mono-
mers is one of the crucial issues. The protonation abil-
ity of AAPs at a certain pH differ from one another due
to their different monomer structures, which will affect
the strength of the intra-/inter-chain electrostatic inter-
actions, as well as the spatial structure and aggregation
state of AAPs [18-20]. In this study, five cationic acrylic
monomers (Fig. 1) were selected to synthesize AAPs by
free radical copolymerization with acrylic acid, respec-
tively. The structures of the AAPs were characterized
by Fourier transform infrared (FT-IR) spectroscopy,
nuclear magnetic resonance (NMR) spectroscopy and
size exclusion chromatography (SEC). The effect of
chemical structure of cationic monomers on the prop-
erties of AAPs, especially the aggregation behavior near
the pl, was investigated by dynamic/static light scat-
tering (DLS/SLS), diffusing wave spectroscopy (DWS),
zeta potential and quantum chemical calculations. We
hope to select suitable cationic monomers and guide
the preparation of amphoteric polymer retanning
agents for chrome-free tanning system.
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2 Experimental

2.1 Materials

Acryloyloxyethyl trimethyl ammonium chloride (DAC,
80 wt%), 3-(methacryloylaminopropyl) trimethylammo-
nium chloride (MAPTAC, 50 wt%), dimethylaminoethyl
methacrylate (DMAEMA, 99.5 wt%), and dimethylami-
nopropyl methacrylamide (DMAPMA, 98.5 wt%) were
purchased from Feymer Technology Co., Ltd. (Jiangsu,
China). Methacryloxyethyl trimethyl ammonium chlo-
ride (DMC, 75 wt%) and Poly (diallyldimethylammonium
chloride) (PDDA, 20 wt%) were purchased from Alad-
din Reagent Co., Ltd. (Shanghai, China). Acrylic acid
(AA, 99 wt%) was provided by Sichuan Decision New
Material Technology Co., Ltd. (Sichuan, China). Ammo-
nium persulfate and sodium bisulfite were purchased
from Chengdu Kelong Chemical Reagent Co., Ltd.
(Sichuan, China). Poly (vinyl sulfate) potassium (PVSK,
0.0025 mol/L) was purchased from Wako Pure Chemical
Industries, Ltd. (Japan). PEO standards were purchased
from Agilent Technologies Co., Ltd. (USA). PEG stand-
ards were purchased from Tosoh Corporation (Japan).

2.2 Preparation of AAPs

Acrylic acid (0.4 mol) and a certain amount of deionized
water were first added to a four-necked round-bottom
flask (500 mL) equipped with a thermometer, a stir-
rer and two constant pressure funnels, and then sodium
hydroxide solution (32 wt%) was slowly added dropwise
under stirring to control the neutralization degree (the
stoichiometric proportion of the neutralized acrylic acid)
to 95%. Then 0.14 mol cationic monomer and a chain
transfer agent (0.1%—0.3% of the weight of blend mono-
mer) were added. The temperature was kept below 40 °C
by partially immersing the flask in a cold-water bath.
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Fig. 1 Chemical structure of the cationic monomers

Methacryloxyethyl trimethyl
ammonium chloride (DMC)

N\ PNV
\

3-(methacryloylaminopropyl)
trimethylammonium chloride (MAPTAC)

wi <
O/\/\

Dimethylaminoethyl methacrylate
(DMAEMA)




Li et al. Journal of Leather Science and Engineering (2022) 4:4

The theoretical solid content of the AAPs was con-
trolled to 35% by adding deionized water into another
empty reactor, and then the reactor was heated to 85 °C
in an oil bath. Ammonium persulfate (1.5% of the weight
of blend monomer) solution and the blend monomer
solution were simultaneously added through constant
flow pumps in 90 min. The temperature was kept con-
stant for 120 min after feeding. Sodium bisulfite (1.5%
of the weight of blend monomer) solution was added to
remove the residual initiator. AAPs were obtained after
cooling to room temperature.

2.3 FT-IR analysis

AAPs were lyophilized, ground to solid powder, and
pressed using the KBr disk method. The FT-IR spectra of
AAPs were recorded in the range from 400 to 4000 cm™!
using FT-IR spectrometer (Nicolet IS10, Thermo Fisher)
with a resolution of 4 cm™! and 64 scans.

2.4 3C NMR analysis

The lyophilized AAP was dissolved in D,O to prepare
a 200 mg/mL sample solution. The 3 C NMR spectra of
AAPs were recorded on a NMR spectrometer (Avance II
400 MHz, Bruker).

2.5 SEC analysis

Weight-average molecular weight (M,) and number-
average weight (M,) of AAPs were determined by SEC.
Fifty uL of AAP solution (5 mg/mL) was filtrated through
a membrane of 0.22 pum pore size. Then it was injected
into the high-performance liquid chromatography (1260
Infinity II, Agilent) equipped with a TSK-gel GMPWXL
column (7.8 mm x 300 mm, Tosoh) and eluted by NaNO,
(0.1 mol/L) at a flow rate of 0.6 mL/min under 30 °C.
Molecular weight of the AAPs was calculated using The
standard curve established by PEG and PEO standards.

2.6 lIsoelectric point (pl) and particle size determination
The zeta potentials of AAP aqueous solution (5 mg/mL)
in the pH range of 2.0-8.0 were determined using a par-
ticle size & zeta potential analyzer (NanoBrook Omni,
Brookhaven). Each sample was tested 5 times at 25 °C
to obtain the average. The pH value at the zero point of
zeta potential was recorded as the pI of the AAP. The
hydrodynamic diameter (D,) and particle size distribu-
tion of AAP aqueous solution at different concentrations
(0.5-5 mg/mL) or different pH (2.0-8.0) were also deter-
mined by this instrument. All the measurements were
carried out at a scattering angle of 90° with an equilibra-
tion time of 3 min at 25 °C.
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2.7 Turbidity measurement

The turbidity values of AAP aqueous solution (3 wt%)
in the pH range of 2—8 were determined by a scattered
light turbidimeter (WGZ-3, Xinrui). The test limit of this
instrument is 1000 NTU.

2.8 DLS/SLS analysis

A series of AAP solutions (1.4-5.3 mg/mL) were pre-
pared using citric acid-sodium citrate buffer (0.1 mol/L)
of pH 4 as solvent. After filtration through membrane
of 1.0 um pore size, the samples were used for DLS/
SLS measurements by a compact goniometer system
(CGS-3, ALV) equipped with a He—Ne laser (wavelength
A=632.8 nm, 22 mW) at 25 °C. DLS measurement was
carried out at a scattering angle of 90°, and the intensity
correlation function g*(t) was analyzed using the Cumu-
lant method to obtain the hydrodynamic radius (R;) of
the sample. SLS measurement was carried out at scat-
tering angles from 40° to 140° with a step of 5°. The data
were evaluated using Zimm plot extrapolation by ALV-
Stat software to yield the radius of gyration (R,) and sec-
ond virial coefficient (A,) of the sample.

2.9 DWS analysis

The intensity autocorrelation function of AAP aqueous
solutions (5 mg/mL) at the pI was determined by DWS
(DWS RheoLab, LS Instrument) with a laser at the wave-
length of 685 nm (40 mW) using transmission mode. A
cuvette with a thickness of 10 mm was used. The temper-
ature was 25 °C, and the test time was 3 min.

2.10 Cationic degree determination

Cationic degree of AAPs, defined as the amount of sub-
stance of positive charge in the polymer per unit mass at
a certain pH, was determined by the colloidal titration
method [21, 22]. The pH of AAP solution (50 mL, 0.1 g/L)
was adjusted to 2, 4, 6 and pl, and 15 mL PVSK solution
(0.0025 mol/L) was added. After stirring for 30 min, tolu-
idine blue indicator was added. The blend was titrated
with PDDA standard solution to the end point where the
color changed from purple-red to blue, and precipitation
was formed. Moreover, 50 mL deionized water was used
for a blank determination. Each sample was tested in
duplicate to obtain the average. The cationic degree was
calculated as follows:

Vi—-V;
Cationic degree (mmol/g) = fx W= Va)
m

(1)
where f'is the concentration of PDDA standard solution
(0.005 mol/L), V; is the volume of PDDA solution used
for blank titration (mL), V, is the volume of PDDA solu-
tion used for sample titration (mL), and 1 is the weight
of the sample (g).
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2.11 Quantum chemical calculations

The molecular models of AAPs with a polymerization
degree of 3 (acrylic acid-cationic monomer-acrylic acid)
were constructed. The density functional theory (DFT)
method with B3LYP hybrid functional was used for com-
putation, and the Gaussian basis set 6-31G(d) was cho-
sen. All calculations were performed using Gaussian 09W
program [23]. The optimized structures and harmonic
vibrational properties of the models were obtained. The
chemical potential # and chemical hardness # were cal-
culated from the highest occupied molecular orbital
(HOMO) energy ¢ and the lowest unoccupied molecu-
lar orbital (LUMO) energy ¢;, and then the electrophilic
factor w was calculated using the following equations [24,
25]:

ey + &
= (2)
n=¢ey—¢L 3)
2
w
- 4
0=1 @

3 Results and discussion

3.1 Structural characterization of AAPs

The FT-IR spectra of AAPs are shown in Additional file 1:
Fig. S1. The 3C-NMR spectra of AAPs are shown in
Additional file 1: Fig. S2. The chemical shifts of secondary
carbon atoms (Cj), tertiary carbon atoms (C,) and qua-
ternary carbon atoms (C;) on the polymer backbone were
observed at 35-38 ppm, 42-43 ppm and 44-45 ppm,
respectively. These results demonstrated that AAPs
were successfully synthesized [26]. Among the cationic
monomers used for polymerization, DMC, DAC, and
DMAEMA are acryloxy-alkyl cationic monomers with
ester group in the side chain. MAPTAC and DMAPMA
are acrylamide-alkyl cationic monomers with amide
group in the side chain. Moreover, DMC, DAC, and
MAPTAC are monomers with quaternary ammonium
group. DMAPMA and DMAEMA are monomers with
tertiary amine group. The structural features of the cati-
onic monomers can also be characterized by FT-IR and
I3C-NMR spectra of AAPs (Additional file 1: Figs. S1, S2).

3.2 Molecular weight and pl of AAPs

Table 1 shows the M, M, polydispersity (M, /M,) and
pl of AAPs. The molecular weights of AAPs were close
(M,, between 64,000-72,000) by adjusting the amount
of chain transfer agent during polymerization to better
investigate the effect of cationic monomer structure on
the properties of AAPs. The pls of AAPs were between
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Table 1 Molecular weight and pl of AAPs

Sample M, (g/mol) M, (g/mol) M, /M, bpl
Poly (AA-co-DAQ) 71,081 15,078 471 4.15
Poly (AA-co-DMQ) 65,451 30,483 215 4.27
Poly (AA-co-MAPTAC) 62,734 13,396 4.68 433
Poly (AA-co-DMAPMA) 69,321 15,463 448 4.07
Poly (AA-co-DMAEMA) 64,491 29,555 2.18 395

3.9 and 4.4. Poly (AA-co-DMAPMA) and Poly (AA-co-
DMAEMA) with tertiary amine group exhibited slightly
lower pl than the polymers with quaternary ammonium
group. Moreover, among the AAPs with quaternary
ammonium group, the pl of Poly (AA-co-MAPTAC)
containing amide in the cationic monomer was slightly
higher than those of Poly (AA-co-DAC) and Poly (AA-
co-DMC) containing ester.

3.3 Effect of pH on the aggregation behavior of AAPs

The pH dependence of the turbidity and the particle size
distribution of AAP solutions are shown in Fig. 2. Each
sample remained clear with very low turbidity at pH 2,
6 and 8. The D, was as small as 10-20 nm. However, Dy,
and turbidity increased remarkably, and intense aggrega-
tion and even precipitation occurred when the pH was
around 4, that is near the pI of AAPs (see Table 1). These
results can be attributed to the classical pH-responsive
property of amphoteric polyelectrolyte [27, 28]. When
the pH was away from the pl, the polymer carried a
large number of positive or negative net charges because
of the protonation of cationic monomers or the disso-
ciation of acrylic monomers. The polymer chains were
unfolded and dispersed far from each other in aqueous
media due to their electrostatic repulsion. When the pH
was at the pI of AAPs, the polymer with zero net charge
showed strong aggregation, possibly because the electro-
static attraction between/within the polymer chains was
greater than the repulsion [29, 30].

Although the molecular weights of various AAPs
were similar, Poly (AA-co-MAPTAC) and Poly (AA-co-
DMAPMA) with amide in the cationic monomers had
smaller D, at the pI (800-1100 nm), whereas the other
three AAPs with ester in the cationic monomers (D
around 2000 nm) showed drastic aggregation and even
precipitated at the pl. This phenomenon may be attrib-
uted to the different protonation ability of cationic mon-
omers in different AAPs near the pl, which resulted in
different strength of electrostatic interaction between
polymer chains [31, 32]. Further analysis will be pre-
sented in the following sections.
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Fig. 2 Particle size distribution and turbidity of Poly (AA-co-DAC) (a), Poly (AA-co-DMC) (b), Poly (AA-co-MAPTAC) (c), Poly (AA-co-DMAPMA) (d) and
Poly (AA-co-DMAEMA) (e) under different pH conditions

3.4 Effect of concentration on the aggregation behavior increased to 5.0 g/L, the D, of Poly (AA-co-MAPTAC)
of AAPs and Poly (AA-co-DMAPMA) that contained amide in

The aggregation behavior of AAPs showed concentration  the cationic monomers were around 1200 nm (Fig. 3¢, d).

dependence in addition to pH dependence. As seen from  The other AAPs containing ester in the cationic mono-

Fig. 3, the D, of AAPs at the pl increased with increased  mers exhibited serious aggregation at pl, and their Dy,

concentration because of the enhanced interactions rose to more than 2000 nm.

between the polymer chains [33]. Similar to the pH

dependence, AAPs with varied cationic monomer struc-

tures showed significant differences in the aggregation 3.5 DLS/SLS analysis

state at pI. When the concentration of AAP solution was The conformations of AAPs in dilute solution near the

0.5 g/L, Poly (AA-co-MAPTAC) was the most stable with Pl (PH=4) were further analyzed by DLS/SLS. Table 2

the smallest D;, (42 nm, Fig. 3c). When the concentration ~ shows that Poly (AA-co-DMAPMA) and Poly (AA-co-
MAPTAC) had smaller R, and Ry, than the others. Their p
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Table 2 Light Scattering Parameters of AAPs

Sample Ry (nm) R, (nm) p (Ry/R,) A, (mol-dm*/g?)
Poly (AA-co-DAC) 241.8% 2291 1.06 -

Poly (AA-co-DMC) 1146% 1224 094 -

Poly (AA-co-MAPTAC) 76 52 146 2434e—06

Poly (AA-co-DMAPMA) 148 79 187 1413e—06

Poly (AA-co-DMAEMA) 1369 1330 103 —1211e—08

*Apparent radius of gyration

values (R,/R;,) were 1.87 and 1.46, respectively, suggesting
that they were in the shape of coiled linear flexible chains
[34, 35]. The other three AAPs showed p values from 0.9
to 1.1, indicating that they were in the shape of hollow
spheres and exhibited a higher extent of aggregation [36,
37]. Poly (AA-co-DMC) and Poly (AA-co-DAC) showed
more intense aggregation behavior and obvious concen-
tration dependence under this condition. Thus, their R,
and A, could not be obtained by Zimm plot extrapola-
tion. A, was used to characterize the intensity of interac-
tions between AAP chains in dilute solution. A, of Poly
(AA-co-DMAEMA) was negative, suggesting that elec-
trostatic attraction was dominant between the polymer
chains, and Poly (AA-co-DMAEMA) tended to aggregate
near the pI (pH=4). Conversely, A, was positive for Poly

(AA-co-DMAPMA) and Poly (AA-co-MAPTAC), which
meant that electrostatic repulsion was dominant between
the polymer chains, and the polymer tended to dissolve
near the pl [37, 38]. Therefore, light-scattering analysis
also demonstrated that Poly (AA-co-DMAPMA)/Poly
(AA-co-MAPTAC) containing amide in the cationic
monomer showed smaller size and more dispersed and
flexible state in aqueous solution near the pI compared
with the other AAPs containing ester in the cationic
monomers.

3.6 DWS analysis
DWS, a modern light scattering technique, can be used
to investigate the microrheological properties of polymer
solution and to characterize turbid samples [39]. DWS
extends DLS to media with multiple scattering, treating
the transport of light as a diffusion process. It collects the
multiply scattered light from the sample into a correla-
tor, and the intensity autocorrelation function (g*(t) — 1)
can be determined to provide information about the local
dynamics of particle dispersions [40].

The validity of the DWS is confirmed by the L/1*, where
L is the optical thickness of the cuvette, and 1* is the
transport mean free path which represents the turbidity
of sample. All DWS measurements were performed at
L/1* >4 [41]. Figure 4 shows the intensity autocorrelation
function of the AAPs at the pl. The correlation function
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Fig. 4 Intensity autocorrelation function of Poly (AA-co-DAC) (a), Poly
(AA-co-DMCQ) (b), Poly (AA-co-MAPTAC) (c), Poly (AA-co-DMAPMA) (d)

and Poly (AA-co-DMAEMA) (e) at pl

of Poly (AA-co-DMC) decayed more slowly than the
others. This fact demonstrated that Poly (AA-co-DMC)
aggregated more heavily at the pl, resulting in a slower
diffusion of polymer molecules in solution [42]. The cor-
relation functions of Poly (AA-co-MAPTAC) and Poly
(AA-co-DMAPMA) decayed faster among the AAPs,
implying that they were more stable in solution. The
DWS results were consistent with those of pH depend-
ence and concentration dependence the AAPs.

3.7 Analysis on the charge-carrying ability of AAPs

The aggregation state of a polymer in solution is influ-
enced by its charge density and charge distribution. In
this study, the anionic monomer of the five AAPs was
acrylic acid, while the cationic monomers differed from
one another. The cationic degrees of these AAPs from
pH 2 to 6 were determined to characterize the amount
of cationic charge on the polymers (mol/g). When the
pH was near the pI (pH=pl and pH=4), Poly (AA-co-
MAPTAC) and Poly (AA-co-DMAPMA) showed higher
cationic degrees than the others (Fig. 5). Moreover,
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Table 3 Zeta potentials of AAPs near the pl
Sample Zeta potential (mV)

pl—05 pl—03 pl+03  pl+0.5

Poly (AA-co-DAQ) 81£09 66+07 —36+£13 —44+£16
Poly (AA-co-DMQ) 544+12 20+£14 —49£05 —-60+£23
Poly (AA-co-MAPTAC)  112£09 99+11 —-65+13 —100+17
Poly (AA-co-DMAPMA)  113£06 97+03 —474+11 —84+14
Poly (AA-co-DMAEMA)  46+£04 30+16 —374+16 —16+05

Table 4 Quantum chemical calculations of molecular models of

AAPs

Molecular model gy (eV) g (eV) n(eVv) u(eV) w(eV)
Poly (AA-co-DAQ) —0.2804 —0.0185 0.2619 —0.1494 0.0426
Poly (AA-co-DMCQ) —0.2805 —0.0223 02582 —0.1514 0.0444
Poly (AA-co-MAPTAC) —02671 —0.0099 02572 —0.1385 0.0373
Poly (AA-co-DMAPMA) —0.2243 —0.0014 02229 —0.1129 0.0286
Poly (AA-co-DMAEMA) —0.2183 —0.0092 0.2091 —0.1137 0.0309

their zeta potentials were also higher in the pH range of
pI£0.5 (Table 3). These data suggested that Poly (AA-
co-MAPTAC) and Poly (AA-co-DMAPMA) with amide
in the cationic monomers could quickly carry more net
charge when the pH climbed over the pl. Therefore, their
intra-/inter-chain electrostatic repulsions were rapidly
enhanced, which could effectively reduce the degree
of aggregation. The results also coincided with the pH
dependence and light scattering analysis.

The charge-carrying ability of AAPs was further evalu-
ated by quantum chemical calculations. Lower value of
electrophilic factor w means stronger nucleophilicity
and protons binding ability [43—45]. Table 4 shows that
the molecular model of Poly (AA-co-MAPTAC) had the

. 25 [JpH=2
2 CJpH=4
o 2 1 —— JpH=p!
g — CpH=s
o 15 )
2
=)
s 1
L2
c
2 05
S
0 ! 1 ! ! !
Poly (aa Poly (a4 Poly (aa Poly (an ¢ Poly (ap
-CO'DAC) “co-Dmc ) “Co-MAp TAC ) O-DMAPMA ) O.DMAEMA )
Fig. 5 The cationic degree of AAPs under different pH conditions
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lowest ® value of 0.0373 eV among the AAPs with qua-
ternary ammonium groups. For the AAPs with tertiary
amine groups, the  value of the molecular model of Poly
(AA-co-DMAPMA) was lower than that of Poly (AA-co-
DMAEMA). These results indicated that Poly (AA-co-
MAPTAC) and Poly (AA-co-DMAPMA) were easier to
bind protons and carry positive charges than the other
AAPs, which was consistent with the results in Fig. 5. This
should be attributed to the fact that the amide in these
two cationic monomers had a stronger electron supply-
ing ability than the ester in the cationic monomers of the
other AAPs, and therefore, are convenient in application.

4 Conclusions

Five linear AAPs with similar molecular weights were
synthesized using acrylic acid and different cationic
monomers. The aggregation of all the AAPs in aque-
ous solution showed pH and concentration dependence.
However, their aggregation behavior was significantly
different near the pl. Poly (AA-co-MAPTAC) and Poly
(AA-co-DMAPMA) were in the shape of random coils
with smaller particle size, while the other AAPs exhibited
a hollow spherical shape with more severe aggregation.
The reason should be that the amide groups in the cati-
onic monomers (MAPTAC and DMAPMA) enhanced
the nucleophilicity of the AAPs, and the correspond-
ing AAPs obtained more positive charges and generated
stronger electrostatic repulsion when the pH dropped
just below the pl. The results above provide guidance for
the design and synthesis of novel amphoteric polymer
retanning agent that can maintain a stable solution state
over a wide pH range, and therefore, are convenient in
application.
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