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Slightly cross-linked poly (dimethyldiallylammonium chlorides) (PDMDAACs) with different
molecular weights characterized by intrinsic viscosities and structures were prepared as copolymers of
triallylmethylammonium chloride (TAMAC), a cross-linking monomer, with dimethyldiallylammonium
chloride (DMDAAC). They were then studied as novel, promising reactive polycationic dye-fixatives
on cotton fabric. A series of slightly cross-linked PDMDAACSs with controlled 1-5% molar ratios of
crosslinking units (TAMAC units) in the main chains and intrinsic viscosities of 0.04-0.86 dl/g were used to
treat cotton fabrics dyed with anionic dyes such as Reactive Scarlet 3BS and Reactive Brilliant Blue KNR.
Their dye-fixing performance, evaluated by dry rubbing fastness, wet rubbing fastness, colour fastness
to soaping, and white fabric staining, were examined. The results showed their dye-fixing performances
were affected by their intrinsic viscosities and the molar content of TAMAC units; slightly cross-linked
PDMDAACSs with intrinsic viscosities of 0.16—-0.30 dl/g and 1% TAMAC exhibited the best dye-fixing
performances and were better than all members of a group of selected widely-used commercial polycationic
dye-fixatives. This was attributed to their plane-like structures and the nice balance between structure and
intrinsic viscosities. Thus it was confirmed that the selected slightly cross-linked PDMDAACs can be used
as novel dye-fixatives on cotton fabric.

Keywords: triallylmethylammonium chloride; dimethyldiallylammonium chloride; copolymers;
slightly cross-linking; intrinsic viscosity; dye-fixatives; dye-fixing performance

MHNEP®OPMAHCH 3A PUKCHUPAILE HA BOJATA HA CJIABO BMPEXXEHU
NOIN(AUMETUNIINATUIIAMOHUYM XJIOPUIN) HA TAMYYEH MATEPUJAJIL

bea moarorBenu crnabo BMpexkeHH mnonu(auMerwianammiamonuyM xiopuan) (PDMDAAC) co
pa3IMYHA MOJIEKYJICKA Macu CO CHelu(HUIHa BUCKO3HOCT U CTPYKTypa Kako KOIOJMMEPU Ha TPHaJIMI-
MetunamoHuyM-xsopus (TAMAC) kako MOHOMEp 32 BMPEKYBamke CO AUMETHIIHATIIAMOHUYM XJIOPU
(DMDAAC). Tue npercraByBaaT HOBH [TOTOTHH PEAKTHBHH MOJIMKATjOHCKU (pUKcHpH Ha 00ja 3a mamy4eH
Mmarepujaji. Bo ucnuryBamara Oeiie KopucTeHa ceprja on ciadbo BMpexenn PDMDAAC co koHTposupa-
HHU MOJICKH offHOcH o7 1-5% Ha MmoHoMep 3a BMpexyBame (TAMAC) Bo ITaBHUTE HU3HM M CO BHATpELIHA
Bucko3noct ox 0,04—0,86 dl/g 3a TpeTHparme Ha maMydeH MaTepHjaji 00OCH CO aHjoHCKa 0oja Reactive
Scarlet 3BS unu Reactive Brilliant Blue KNR. bea ucnutyBaHud HUBHUATE OCOOMHH 32 (PUKCUPAE CIIOPE]
Op3uHaTta Ha 00e300jyBame, CyllIeke, 000jyBame, camoHnpuKkaluja u oeneme. PesynraTure mokaxyBar
Jieka ocoOnHUTE 32 (PUKCHpame Ha Oojara 3aBUCAT Ol BHATPEIIHATA BUCKO3HOCT M MOJIapHATa COJPIKMHA
Ha konoiumepoT TAMAC; cnabo Bmpeskenure PDMDAAC co Buarpemau ryctuau ox 0,16—0,30 dl/g u
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1% TAMAC nokaxxyBaar HajnoOpu 0cOOMHHU Ha O0cHe U Oca MoJ00PH Ol CHTE MPETCTABHUIIM HA IpyriaTa
Ha [03HAaTH KOMEPIIMjaIHU MOJIMKATjOHCKH (hukcupu Ha Oou. OBUE 0COOMHU ce pe3yJiTaT Ha HUBHUTE NPH-
OJMYKHO TUIOYECTH CTPYTYPU M 33/I0BOJIUTEIIHATA PAMHOTEKA MOMErY CTPYKTYpHHTE OCOOMHH M BUCKO3-
Hocra. Taka Oerie nmoTBpaeHO aeka ciaadbo BMpexennre PDMDAAC moxar aa ce npuMeHyBaaTr Kako HOBH

¢ukcupu Ha 00ja 3a MaMy4HHU TKAaCHUHH.

Kﬂy‘l]—ll/l 360p0BI/I: KOTIOJIMMEPHU; TPUATUIIMECTUIIAMOHUYM XJIOPUA; AUMETUWIANAIINITIaAMOHUYM XJIOPpU/;
CJ1ab0 BMPEKYBamhe; BHATPEIIIHA BUCKO3HOCT; (PUKCHPU Ha O0U; 0COOMHU 3a OOCHE

1. INTRODUCTION

Cotton fabric, primarily composed of ce-
llulose, is widely used in the world, accounting
for more than 50% of total textile consumption
[1]. Dyed cotton should possess high colour
fastness against repeated domestic launderings
[2].

At present, poly(dimethyldiallylammoni-
um chloride) (PDMDAAC), a polymer derived
from radical homopolymerization of dimethyl-
diallylammonium chloride (DMDAAC) [3],
has been used as the optimum polycationic dye-
fixative to improve the colour fastness proper-
ties of different anionic dyes on cotton fabric.
The mechanism of the interactions involved
can be interpreted in terms of the participation
of electrostatic forces between the free anionic
dyes and the cationic groups in the polymer to
reduce the water solubility of dyes through the
formation of colour lakes [4]. In addition, cel-
lulose and dimethyldiallylammonium chloride
have units of similar conformation in their main
chains, which would be expected to contribute
to close interactions of Van der Waals forces
[5]. Thus, PDMDAAC dye-fixative has been
widely applied for the fixing of different dyes
in cotton fabric [6-11]. However, PDMDAAC
usually exhibits poor rubbing fastness, in par-
ticular poor wet rubbing fastness. This might
be due to the dissociation of some colour lakes
based on electrostatic forces, which are ecas-
ily destroyed by the effect of water molecules.
In addition, the interactions of Van der Waals
forces between PDMDAAC and cotton fabric
are also easily disrupted by external forces [12].
This has promoted researchers to search for
new series of PDMDAAC-based dye-fixatives

to further improve the fastness performances of
dyes on cotton fabrics.

Some research has indicated that the dye-
fixing properties of polycationic dye-fixatives
are affected by their molecular weights [13-15].
In one report, PDMDAAC dye-fixatives with
controlled molecular weights characterized by
intrinsic viscosities of 0.24-0.47 dl/g were dis-
covered to exhibit improved dye-fixing perfor-
mances [16]. It was suggested that their interac-
tions with dyes would be very weak when the
intrinsic viscosities were too low, resulting in
poor dye-fixing performances, and they would
also have great difficulty penetrating into cot-
ton fabrics to interact with the dyes when the
molecular weights were too high, again result-
ing in poor dye-fixing performances. Therefore
their molecular weights should be controlled.
On the other hand, if a small molar percentage
(less than 5%) of crosslinking units was incor-
porated into the backbones of PDMDAACS,
the dye-fixing performances of these slightly
cross-linked PDMDAACs was also improved,
due to the plane-like nature of the crosslink-
ing structures, which expanded the interactions
with dyes, again resulting in improved dye-
fixing performances [17, 18]. In view of these
points, in previous work a series of slightly
cross-linked PDMDAACs (PDMDAAC-based
dye-fixatives) with less than 5% TAMAC
crosslinking units and controlled intrinsic vis-
cosities of 0.24-0.47 dl/g, or nearly, were suc-
cessfully synthesized as copolymers of 1%—5%
triallylmethylammonium chloride crosslinking
monomers (TAMAC) with dimethyldiallylam-
monium chloride(DMDAAC) (Scheme 1) [19].
Thus, in this article, the dye-fixing performanc-
es of these polycationic dye-fixatives on cotton
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Scheme 1. Synthesis of slightly cross-linked PDMDAACs*

fabric [17, 18] were studied, and the roles of
their intrinsic viscosities and molar content of
TAMAC units in that performance were also
examined in detail.

2. EXPERIMENTAL
2.1. Materials

A series of slightly cross-linked PDM-
DAACs with controlled 1-5% molar ratios of
crosslinking TAMAC and controlled intrinsic
viscosities of 0.04—0.86 dl/g were synthesized
by copolymerizing triallylmethylammonium
chloride crosslinking monomers (TAMAC)
with dimethyldiallylammonium chloride (DM-
DAAC), varying the molar ratio of TAMAC to
DMDAAC from 1/99 to 5/95 and increasing
the initial monomer concentration from 29%
to 50% while decreasing the amount of initia-
tor (ammonium persulphate, APS) from 19%
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to 5% during polymerization as described in
our previous paper [19]. PDMDAAC with con-
trolled molecular weights represented by an in-
trinsic viscosity of 0.41 dl/g were synthesized
by homo-polymerization of dimethylammo-
nium chloride at 60 °C for 6 h and then ripen-
ing at 70 °C for 2 h with an initial monomer
concentration (w/w) of 52.5% and 3% initiator
(w/w) according to our other previous contribu-
tion [16]. Reactive Scarlet 3BS and Brilliant
Blue KNR were obtained from Jiangsu Nan-
tong Chemicals and Textile Co., Ltd (China).
Dye-fixative LYPF [42% (w/w) water solution,
PDMDAAC dye-fixative] was purchased from
Shangdong Luyue Chemical Co., Ltd, (China).
Dye-fixative PDAC [40% (w/w) water solution,
PDMDAAC dye-fixative] was purchased from
Jiangsu Feixiang Chemical Co., Ltd, (China).
Dye-fixative Fix [47% (w/w) water solution,
cationic dye-fixative] was purchased from
BASF Chemical Co., Ltd (Germany).
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2.2. Dye-fixing performances
of slightly cross-linked PDMDAACs

According to current widely-used dyeing
and fixing processes (Scheme 2) [16], the cotton
fabrics were dyed at 60 °C with 2% (o.w.f) Re-
active Scarlet 3BS (Scheme 3) or Brilliant Blue
KNR (Scheme 4), which are both usually diffi-
cult to use for colouring cotton fabric. Then 3%
(based on the weights of the fabrics, o.w.f) of
each of the slightly cross-linked PDMDAACs
were used to treat the dyed cotton fabrics at 60
°C for 30 min. The pH of the fix application was
7 and the liquor ratio was 1:20 to investigate the
dye-fixing performance of the slightly cross-

Cotton Sodium sulfate
—_—r
fabric and dyes, 45 min

Soda, Washing
80 min

linked PDMDAAC:S. In order to obtain an ob-
jective appraisal of the dye-fixing performance
of the slightly cross-linked PDMDAACS, the
values of the dyes’ fastness on unfixed dyed-
cotton samples (i.e., blank values) and the dye-
fixing performances of a currently widely-used
commercial polycationic PDMDAAC dye-fixa-
tive (Dye-fixative LYPF, Dye-fixative PDAC),
a widely-used cationic Dye-fixative Fix, and se-
lected PDMDAAC with an intrinsic viscosity of
0.41 dl/g, were also investigated under the same
designed fixing conditions. The dye-fixing per-
formances of all samples were evaluated by dry
rubbing fastness, wet rubbing fastness, colour
fastness to soaping, and white fabric staining.

Washing
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Scheme 2. Dyeing and fixing procedure on cotton fabric
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Scheme 4. Structure of Brilliant Blue KNR.
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2.3. Measurement

The dry rubbing fastness and wet rubbing
fastness represented by different colour fast-
ness grades (i.e. grades 1-5), were measured
using a rubbing fastness instrument (YB872,
Dongguan Hongxing Instrument Factory) ac-
cording to ISO 105-X12: 2001. Fixed cotton
samples attached to white fabrics (4 cm x 10
cm) were washed in 50 ml soap solutions at
60 °C for 30 min to test colour fastness to soap-
ing and white fabric staining according to ISO
105-C10: 2006, both of which were represented
by different colour fastness grades (i.e. grades
1-5).

3. RESULTS AND DISCUSSION

3.1. Dye-fixing performances of slightly
cross-linked PDMDAACs

The slightly cross-linked PDMDAACSs
with various intrinsic viscosities obtained were
further used to treat cotton fabrics dyed with
Reactive Scarlet 3BS and Reactive Brilliant
Blue KNR as described in Section 2.2, to in-
vestigate their dye-fixing performances. The
results are given in Table 1.

The results showed their dye-fixing per-
formances varied with their different intrinsic
viscosities and molar ratios of crosslinking TA-
MAC units.

3.2. Effect of intrinsic viscosities
on dye-fixing performances

Table 1 shows that at the same molar ra-
tio of cross-linking TAMAC units in the main
chains, the dye-fixing performances of slightly
cross-linked PDMDAAC:s varied according to
their different intrinsic viscosities. For exam-
ple, the dye-fixing performances of Samples
1-9, with the same 1% molar ratio of TAMAC,
varied with regard to their different intrinsic
viscosities. Among them Samples 2—-5, with in-
trinsic viscosities of 0.16—0.30 dl/g, exhibited
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better dye-fixing performances; in particular
their wet rubbing fastness performances were
0.5 grades better than those of Samples 6-9,
with intrinsic viscosities of 0.33—0.52 dl/g, and
1 grade better than that of Sample 1, with an
intrinsic viscosity of 0.11 dl/g. This might be
due to some possessing intrinsic viscosities too
low, which would make the interactions of Van
der Waals forces between slightly cross-linked
PDMDAAC:Ss and dyes weak, resulting in poor
dye-fixing performances. Conversely, if the in-
trinsic viscosities is too high it would make it
difficult for them to penetrate into the cotton
fabrics to interact with the dyes, also resulting
in poor dye-fixing performances [16].

Keeping the above-mentioned general
considerations regarding the effect of intrinsic
viscosities on dye-fixing performances, those
slightly cross-linked PDMDAACSs possessing
intrinsic viscosities in the 0.16—0.52 dl/g range
stably exhibited better dye-fixing performanc-
es; among them, those with intrinsic viscosities
of 0.16-0.30 dl/g exhibited the best dye-fixing
performances.

3.3. Effect of structure on dye-fixing
performances

Theoretically, the crosslinking plane-like
structures in the slightly cross-linked PDM-
DAAC:s obtained should expand its interactions
with dyes, possibly resulting in the develop-
ment of improved dye-fixing performances
(Scheme 5).

Moreover, Table 1 also shows that with
similar intrinsic viscosities, the dye-fixing per-
formances of slightly cross-linked PDMDAACs
varied according to their different molar ratios
of TAMAC units; for example, the dye-fixing
performances of Samples 4, 19 and 29, with
similar intrinsic viscosities of 0.24-0.27 dl/g,
varied with respect to their different molar ra-
tios of TAMAC; among them, Sample 4 with
1% TAMAC exhibited a better dye-fixing per-
formance; in particular its wet rubbing fastness
was 0.5 grades better than those of other samples
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Table 1
Dye-fixing performances of slightly cross-linked PDMDAACs
Cotton fabrics dyed with Cotton fabrics dyed with Reactive
" Ir'1trins'ic Reactive Scarlet 3BS Brilliant Blue KNR
Sample* n (AnA9 - viscosity Dry Wet White  Fastness Dry Wet White  Fastness
EMPARE (dlg) rubbing rubbing  fabric to rubbing rubbing  fabric to
fastness fastness staining soaping  fastness fastness staining soaping
1 1/99 0.11 4 3 4-5 4-5 4-5 3 4-5 4-5
2 1/99 0.16 4 4 4-5 4-5 4-5 4 4-5 4-5
3 1/99 0.21 4 4 4-5 4-5 4-5 4 4-5 4-5
4 1/99 0.24 4 4 4-5 4-5 4-5 4 4-5 4-5
5 1/99 0.30 4 4 4-5 4-5 4-5 4 4-5 4-5
6 1/99 0.33 4 34 4-5 4-5 4-5 34 4-5 4-5
7 1/99 0.43 4 34 4-5 4-5 4-5 34 4-5 4-5
8 1/99 0.460 4 34 4-5 4-5 4-5 34 4-5 4-5
9 1/99 0.520 4 34 4-5 4-5 4-5 34 4-5 4-5
10 2/98 0.08 34 3 4-5 4-5 4-5 3 4-5 4-5
11 2/98 0.15 4 3 4-5 4-5 4-5 34 4-5 4-5
12 2/98 0.20 4 34 4-5 4-5 4-5 34 4-5 4-5
13 2/98 0.29 4 34 4-5 4-5 4-5 34 4-5 4-5
14 2/98 0.35 4 34 4-5 4-5 4-5 34 4-5 4-5
15 2/98 0.53 4 3 4-5 4-5 4-5 34 4-5 4-5
16 3/97 0.07 4 3 4-5 4-5 4-5 3 4-5 4-5
17 3/97 0.14 4 3 4-5 4-5 4-5 34 4-5 4-5
18 3/97 0.22 4 34 4-5 4-5 4-5 34 4-5 4-5
19 3/97 0.26 4 34 4-5 4-5 4-5 34 4-5 4-5
20 3/97 0.34 4 34 4-5 4-5 4-5 34 4-5 4-5
21 3/97 0.41 4 34 4-5 4-5 4-5 34 4-5 4-5
22 3/97 0.47 4 3 4-5 4-5 4-5 34 4-5 4-5
23 3/97 0.52 4 3 4-5 4-5 4-5 34 4-5 4-5
24 3/97 0.86 4 3 4-5 4-5 4-5 34 4-5 4-5
25 5/95 0.04 4 3 4-5 4-5 4-5 3 4-5 4-5
26 5/95 0.10 4 3 4-5 4-5 4-5 34 4-5 4-5
27 5/95 0.13 4 3 4-5 4-5 4-5 34 4-5 4-5
28 5/95 0.18 4 34 4-5 4-5 4-5 34 4-5 4-5
29 5/95 0.27 4 34 4-5 4-5 4-5 34 4-5 4-5
30 5/95 0.34 4 34 4-5 4-5 4-5 34 4-5 4-5
31 5/95 0.43 4 3 4-5 4-5 4-5 34 4-5 4-5
32 5/95 0.65 4 3 4-5 4-5 4-5 34 4-5 4-5
LYPF 0/100 0.59 4 3 4-5 4-5 4-5 3 4-5 4-5
PDAC 0/100 0.58 4 3 4-5 4-5 4-5 3 4-5 4-5
Fix 0.067 4 34 4-5 4-5 4-5 34 4-5 4-5
PDMDAAC 0/100 0.41 4 34 4-5 4-5 4-5 34 4-5 4-5
Bank 34 3 4 4 4 3 4 4

(*) The information on all the samples was described in Section 2.1.
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Scheme 5. The fixing interactions of slightly cross-linked PDMDAACSs and anionic dyes

(19 and 29). Moreover, considering this general
effect of structure on dye-fixing performances,
the dye-fixing performances of slightly cross-
linked PDMDAACs tended to decrease with
increasing molar ratio of TAMAC from 1% to
5%. This might be due to their possessing too
low a degree of cross-linking (derived from low
molar ratios of TAMAC), making their interac-
tions with dyes weak and resulting in poor dye-
fixing performance. However, too high a degree
of crosslinking (resulting from a high molar ratio
of TAMAC) would make it more difficult for the
dye-fixatives to penetrate into the cotton fabrics
to interact with the dyes, due to their higher ster-
ic hindrance [17, 18].

3.4. Combined effect of intrinsic viscosities
and structures on dye-fixing performances

Generally, the results in Table 1 showed,
those slightly cross-linked PDMDAACs with
intrinsic viscosities of 0.16-0.30 dl/g and 1%
TAMAC tended to exhibit the best dye-fixing
performances, due to the nice balance between
their structures and intrinsic viscosities.

Compared to blank values, the dye-fix-
ing performances of slightly cross-linked
PDMDAACswith0.16-0.30dl/gand 1% TAMAC
were improved 0.5—1 grades. In particular, the
best wet rubbing fastness performance among
these dye-fixatives was 1 grade better than those
of commercial PDMDAAC dye-fixatives of
LYPF and PDAC, and 0.5 grades better than that
of commercial polycationic Dye-fixatives of Fix.
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Moreover, the dye-fixing performances of
slightly cross-linked PDMDAACs with 0.16—
0.30 dl/g and 1% TAMAC were better than those
of the selected molecular-weight-controlled
PDMDAAC, indicating that the performances
of those PDMDAAC-based dye-fixatives could
be further developed by incorporation of 1%
TAMAC into the main chains of molecular-
weight-controlled poly(dimethyldiallylammoni-
um chloride) (PDMDAAC) dye-fixatives.

It could be summarized from above-men-
tioned results that those slightly cross-linked
PDMDAACs with 0.16-0.30 dl/g and 1%
TAMAC could be expected to fine use as novel
dye-fixatives on cotton fabric.

In addition, the colour fastness (especially
the wet rubbing fastness) of Reactive Brilliant
Blue KNR fixed by slightly cross-linked
PDMDAAC:s with intrinsic viscosities of 0.16—
0.30 dl/g and 1% molar TAMAC appeared to
be slightly better than that of Reactive Scarlet
3BS under the same fixing conditions, because
there was a lower content (just two) of sulfonate
anions in the structure of Reactive Brilliant
Blue KNR than that of Reactive Scarlet 3BS,
possibly resulting in a higher water resistance
of the colour lakes derived from interactions
of Reactive Brilliant Blue KNR with the
slightly cross-linked PDMDAACs during
fixing. Moreover, the amine groups of Reactive
Brilliant Blue KNR could bring about more
effective hydrogen bonds with the hydroxyl
groups of cotton (cellulose), also possibly
resulting in higher colour fastness.
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4. CONCLUSIONS

(1) Dye-fixing performances were affected
by the molar content of crosslinking TAMAC
units in the main chains as well as their intrinsic
viscosities.

(2) Thoseslightly cross-linked PDMDAACs
with intrinsic viscosities of 0.16-0.30 dl/g and
a 1% molar TAMAC tended to exhibit the best
dye-fixing performances, due to the nice balance
between their structures and intrinsic viscosities;
their performances were better than any of the
widely-used commercial polycationic dye-fixati-
ves delected; they can expect to find use as novel
dye-fixatives on cotton fabric. Moreover, it ap-
pears that the dye-fixing performances of these
PDMDAAC-based dye-fixatives could be further
developed by incorporation of 1% TAMAC in
molecular-weight-controlled  poly(dimethyldi-
allylammonium chloride) dye-fixatives.
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