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Abstract: Hyperbranched polymers have broad adoption prospects in coatings 
industry, rheological modifier, nano technology and the nearly spherical three-
dimensional structure, many internal cavities, low viscosity, and high 
reactivity. From the perspective of the textile industry, the fabric dying and 
fabric antibacterial of hyperbranched polymer nano materials are studied, as 
well as its adoption as fibre leather fatliquoring agent in the process of leather 
fatliquoring, to review the adoption of hyperbranched polymer in textile 
industry. The adoption of polymer in textile industry, massive documents has 
been referred for analysis. From the perspective of dying, hyperbranched 
polymer can be applied to polypropylene dyeing, salt-free dyeing, dispersant-
compound dyeing, and anti-staining through modification and polymerisation. 
Nano-Ag is modified by hyperbranched polymer to obtain the colloidal 
solution, after which the silk undergoes antibacterial treatment, and the finished 
fabrics all show strong antibacterial properties. Nano-Ag treatment of silk by 
steaming method can achieve better antibacterial properties. The polyamide-
type hyperbranched polymer go through hydroxyl activation, and the linear-
hyperbranched polymer is obtained by acylation reaction, which can be further 
modified by esterification reaction and compounding methods. After it is 
adopted in leather fatliquoring, the collagen fibres of the leather are filled, 
thereby increasing the softness and thickening rate of the leather. 

Keywords: hyperbranched polymer; textile industry; dyeing; antibacterial 
property; leather fatliquoring. 
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1 Introduction 

Hyperbranched polymer is a kind of polymer with a highly branched three-dimensional 
structure, which is different from traditional linear polymers, and is a kind of dendrimer. 
Hyperbranched polymers and dendrimers are both called dendritic polymer and their 
structures and properties are similar [1, 2]. Dendritic macromolecules gradually and 
repeatedly react through the multifunctional monomer ABn (branching unit, where n ≥ 2) 
to obtain macromolecules with a dendritic highly branched structure. The molecular 
structure includes a multi-arm trigger core, an inner body composed of repeating units, 
and multiple functional groups wound on the outer surface layer [3, 4]. The structure of 
dendrimers is regular with high symmetry. In addition, the volume of the dendrimer, the 
types of functional groups, and the number of functional groups are all controllable. The 
molecular weight distribution is relatively dispersed and the surface functional groups 
present a higher density. 

The spherical super-macromolecules are tight on the outside and loose on the inside. 
Although there are branched structures, they are relatively regular. Therefore, there are 
obvious differences in performance from linear polymers, the molecular chains are not 
entangled too tightly, the viscosity of solutions and molecules configured based on 
dendrimers is lower and the activity of dendrimers is higher [5]. The reaction of 
dendrimers requires protective measures, separation and purification steps, the process is 
more complicated [6]. To complete the reaction, it is necessary to purchase a lot of 
auxiliary facilities, so the cost is high, which is not conducive to mass production. From 
the adoption level, there is no need for a spherical structure to be between similar 
dendritic macromolecular structures. When it is utilised as a functional reagent, many 
terminal functional groups are required, so hyperbranched polymers with similar 
structures have attracted the attention of many researchers in this field [7, 8]. The 
synthesis process of hyperbranched polymer is relatively simple relative to dendrimers. 
Most of the synthesis steps do not require separation and purification. The internal 
molecules of the polymer are ellipsoidal, and the degree of branching is much lower than 
that of standard dendrimers [9]. However, it maintains performance characteristics 
similar to those of dendrimers, and thus has many unique properties, including good  
fluidity, low viscosity, and film-forming properties. The flowchart for synthesis and 
preparation of hyperbranched polymer is shown in Figure 1. 

Due to its unique structure and performance, hyperbranched polymer shows attractive 
adoption prospects in the textile field. Giving that the hyperbranched polymer has many 
functional groups and has a good affinity for dye molecules, the dye molecules can be 
extracted to realise the purification of dye wastewater [10, 11]. 
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Figure 1 Flowchart for synthesis and preparation of hyperbranched polymer (see online version 
for colours) 

Carbodiimide Diacrylate 

Stirring for 30 minutes 

Mixed for more than 20 minutes 

Dip coating on glass substrate 

Irradiation of UV beam 

Silica 

Air cooling system 

Photoinitiator 

 

1.1 Adoption of hyperbranched polymer 

As a functional polymer, hyperbranched polymer has broad adoption prospects. It has 
shown high adoption value in nano materials, drug slow release, coatings and textile 
fields [12, 13]. 

By analysing the main parameters that the design of organic nanostructured systems 
is influence sensitively, limitations and emerging approaches in the various fields of 
nanotechology. Correction and harmonisation of unwanted processes is one of the major 
challenges of the next decades and a deeper knowledge and understanding of the key 
factors are required that drive the formation of nanomaterial. 

i Adoption of hyperbranched polymer in printing and dyeing 

The interaction between hyperbranched polymer and dyes such as static electricity, 
hydrogen bonding, coating, etc. can pre-treat the fabric. For example, the adoption of 
reinforcing fibres and the combination of dyes can enhance the binding degree of dye. 
Hyperbranched polymer and dyes can also form insoluble salts, thereby reducing its 
water solubility and improving the washing and friction resistance of the dyed fabric. 

ii Adoption of hyperbranched polymer in the leather field 

As mentioned earlier, hyperbranched polymer has a unique molecular structure. 
Modifying it can give the polymer many new functions and uses. Then, various new 
needs in the processing of leather products are met, for it can be adopted as various 
auxiliary reagents in leather products, including main tanning agents and finishing agents 
[14, 15]. Microfibre can be utilised as the best substitute for natural leather. The leather 
made of this type of fibre has a lighter weight and natural luster. The deficiency is that 
the density of the tissue is low, the fabric is lighter and easy to fade. The main reason is 
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that the microfibre lacks active groups, which affects the adsorption and dyeability of 
synthetic leather [16]. 

iii Adoption of hyperbranched polymer in sustained release of drugs 

Hyperbranched polymer has relatively irregular molecular chains, so its branches can be 
expanded arbitrarily. The groups at the ends of the molecules are packed tightly, and 
many closed cavities are generated inside the molecules. It can be utilised as a carrier of 
small molecules to greatly enhance its anti-interference ability to the external 
environment [17]. There are two ways of binding between drug molecules and 
hyperbranched polymer. First, the hyperbranched polymer forms a covalent bond with 
the drug molecule during the formation process. Second, the hyperbranched polymer 
forms a physical coating with the drug molecule [18]. The former can effectively control 
the sustained release of the drug, thereby maintaining the chemical properties of the drug 
molecule. Hyperbranched polymer is employed as a drug carrier to deliver chemical 
drugs into the tumour. The drug carrier can provide a narrow particle size distribution, 
protect the drug molecule from the outside world based on the new characteristics of the 
drug, and can also carry multiple drug therapeutic agents. 

iv Adoption of hyperbranched polymer in the preparation of nano materials 

Hyperbranched polymer is a kind of highly branched polymer with three-dimensional 
structure. Due to its unique molecular internal nanopores, it can chelate ions, adsorb 
small molecules, or act as a catalyst for small molecule reactions. On the one hand, 
hyperbranched polymer can be utilized as a template material to synthesise nano 
materials, and the structure and size of hyperbranched molecules can be adjusted to 
generate nanoparticles of different sizes. On the other hand, hyperbranched polymers 
modify nano materials, which can reduce the specific surface energy of nanoparticles, 
that is, reduce the surface polarity of nanoparticles, and improve their solubility in 
aqueous solutions. 

Contribution: This paper details the most relevant approaches for incorporating such 
nanoparticles into synthetic fabrics in the textile industry. From the perspective of the 
textile industry, the fabric dying and fabric antibacterial of hyperbranched polymer nano 
materials are detailed and analysed. Its adoption as fibre leather fatliquoring agent in the 
process of leather fatliquoring and the adoption of hyperbranched polymer in textile 
industry are also detailed. The adoption of polymer in textile industry and the massive 
documents has been referred for analysis. 

Organisation: The rest of the paper is organised as follows. Section 2 provides the review 
of existing work by many researchers. Research methodology adopted in this work is 
discussed in Section 3 followed by the Result analysis in Section 4. The complete paper 
is concluded in Section 5. 

2 Literature review 

In recent years, many researchers have conducted research on hyperbranched polymer. 
Since Kim utilised the polycondensation method to prepare hyperbranched polyphenyl 
organics, the preparation of various hyperbranched polymers has been proposed one after 
another. According to the type of monomer used, it is classified into single monomer 
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method and double monomer method. The single monomer method uses ABn type 
monomers for polymerisation, including polycondensation, self-condensation vinyl 
polymerisation (SCVP), atom transfer radical polymerisation (ATRP), proton transfer 
polymerisation (PTP), and ring-opening polymerisation (SCROP). The double monomer 
method uses two monomers or a pair of monomers for polymerisation, such as the ‘A1 + 
B2’ type monomer polymerisation. However, when this method is adopted for 
polymerisation, crosslinking and gelation will occur, so the single monomer method is 
mainly used for polymerisation. Such methods include the following synthetic 
preparation methods, as shown in Table 1. 

Table 1 The synthetic preparation methods 

Method Advantages Disadvantages References 
ABn type 
monomer 
polycondensatio
n 

The synthesis method is 
simple 
Only one-time required raw 
materials are added to the 
reactor for synthesis 

Low output, wide 
molecular weight 
distribution 
Molecular weight is 
not easy to control 

Lee et al. [19] 

Selfcondensing 
vinyl 
polymerisation 

The vinyl monomers 
commonly used in the 
industry are added into the 
synthesis of hyperbranched 
polymers 

There are side 
reactions in the system 
Gelation will occur 
when the reaction time 
is long 

Kumar et al. 
[20] 

Atom transfer 
radical 
polymerisation 

The reaction efficiency is 
high, and the system 
concentration is not required 

Requirements for 
functional group 
compounds are high, 
elements are required 

Xinyu et al. [21] 
and He et al. 
[22] 

Proton transfer 
polymerisation 

The reaction process is faster 
and the product has less 
impurities 

The monomer must 
contain the 
nucleophilic group A 

He et al. [23] 
and Wickham 
[24] 

Ring-opening 
polymerisation 

It is easy to prepare 
hyperbranched polymer with 
high molecular weight 

It requires reactants 
such as Lewis acid or 
bases 

Liu et al. [25, 
26] and  
Xue et al. [27] 

Zhang et al. prepared a polypropyleneimine dendrimer modified with end group fatty 
amide. The molecule can exist in the form of soluble monomolecular micelles in toluene-
based non-polar organic solutions. The toluene solution containing polypropylene imine 
dendrimers can adsorb acid dyes in the aqueous solution. When the solution was alkaline, 
it released the acid dye adsorbed by itself. Koninck et al. [28] connected long link 
branches on hyperbranched polyethyleneimine. The linked polymer products can form 
monomolecular micelles in organic solvents, thereby transferring dye components in 
water. Such performance was significantly superior to that of linear polymer under the 
same conditions [29]. The unique structure of hyperbranched polymer makes it possible 
to modify it to produce more properties, and expand broader adoption prospects in other 
aspects of the textile field. 

Rajesh and Venkatesan [30] designed a variety of hyperbranched polyester quaternary 
ammonium salts and utilised them for the treatment of printing and dyeing wastewater 
and the test of alkali reduction of silk. Shao et al. [31] designed a hyperbranched polymer 
with an amino terminal and modified it to further generate the quaternary ammonium salt 
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of amino-terminated hyperbranched polymer (HBP-HTC), which is adopted in cotton 
fabrics [32]. It is found that after HBP-HTC is applied, the dyeing performance of cotton 
fabrics is significantly improved. 

Aldosari et al. [33] made full use of the multiple groups at the end of the 
hyperbranched polymer and its high reaction production activity, and employed it to 
modify ultrafine fibres. The thickness of the modified microfibre-leather product was 
significantly increased and the water vapour permeability was also greatly enhanced. 

Srnová-loufová et al. [34] adopted amino hyperbranched polymer and polylactic acid 
to synthesise high-performance drug carrier, which was then adopted to generate 
nanoparticles. It was used as a carrier of anti-tumour agents for rabies, so as to effectively 
improve the contact duration of anti-tumour agents and tumour cells, and thus enhance 
the therapeutic effect of anti-tumour agents [35]. 

Jiang et al. [36] synthesised a monomer structure with hyperbranched polyamide as 
the core and polyvinyl alcohol as the shell, to form an amphiphilic modified 
hyperbranched polymer with a core-shell structure that is hydrophobic inside and 
hydrophilic outside. It was employed as a carrier to prepare a dispersion system 
containing nano-zinc oxide, and the particle size of the zinc oxide of the system was only 
3~5 nm. Service [37] adopted the sol-gel method, and they employed MEA as a cross-
linking agent and combined nano-zinc oxide with HBPI. The particle size of ZnO in this 
system was less than 10 nm, which was much smaller than the wavelength of incident 
light, and the composite film emitted relatively stronger fluorescent [38]. Some scholar 
utilised the branched structure of hyperbranched polymer macromolecules to reduce Ag 
ions, and the prepared nano-Ag solution had a particle size of 8.5 nm. Moreover, after 
being placed for 4 months, the particle size was still around 30 nm, with favourable 
stability. 

3 The proposed methods 

3.1 Preparation of controllable nano materials based on hyperbranched 
polymer 

The cavity in internal branched of hyperbranched polymer provides an ideal place for 
preparing controllable nano materials. After graft modification, the hyperbranched 
polymer has a ‘core-shell’ structure. The outer shell has an enhanced effect on the 
generation of controllable nano materials, that is, the outer shell serves as a template for 
preparing nano materials. In addition, the hyperbranched polymer has many functional 
groups distributed inside and outside, which can participate in the preparation of nano 
materials, and has a coordinated effect on the preparation of controllable nano materials. 
Hyperbranched polymer not only controls the generation of nano materials, but also 
effectively protects the prepared nano materials, thereby maintaining the stability of nano 
materials. Moreover, in the adoption of nano materials prepared based on hyperbranched 
polymer, hyperbranched polymer can not only provide auxiliary effects, but also enhance 
the bonding force between nano materials and the substrate. 
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3.2 Preparation of nano-Ag 

To prepare nano-Ag with hyperbranched polymer, hyperbranched polymer with amino 
group and its modified polymer are usually adopted. Ag ion is captured into the 
hyperbranched polymer by the complexation of the amino group to the Ag ion. Then, the 
Ag ion is reduced to nano-Ag by the reducing agent or the reducing action of the amino 
group itself. In addition, the size of nano-Ag can be well controlled because of the 
external protective effect of hyperbranched polymer. Molecular formula and SEM image 
of nano-Ag prepared with hyperbranched polyamine is shown in Figure 2. 

Figure 2 Molecular formula and SEM image of nano-ag prepared with hyperbranched polyamine 
(see online version for colours) 

 

Xu et al. [39] utilised 2,4,6-trichloro-1,3,5-triazine and 4,4-dianiline as raw materials to 
synthesise hyperbranched polyamines by the A2 + B2 double monomer method [40]. 
NaBH4 was employed as a reducing agent to obtain nano-Ag particles in a DMSO 
environment, and the antibacterial properties were also studied, as illustrated in Figure 3. 

Chen et al. [41] prepared nano-Ag particles using hyperbranched polyamines in 
supercritical CO2 with hydrogen as the reducing agent. The nano-Ag had a particle size 
of 3.4±0.8nm and had a smaller particle size distribution, as presented in Figure 4. The 
nano-palladium was prepared by adopting this method and the nano-particles obtained by 
this method had relatively stable physical properties in the hyperbranched polymer, and 
can be prepared into a dry powder state and then dissolved in a suitable solvent [42]. 

Li et al. [43] grafted hyperbranched ethyleneimine end groups with long alkane 
chains to generate amphoteric hyperbranched polymers, thereby preparing controllable 
nano-Ag particles. The prepared nano-Ag particles had a particle size of about 1.6 nm 
and exhibited favourable antibacterial properties. Wang et al. [44] reduced the PAMAM 
dendrimer to generate controllable nano-Ag under light radiation without reducing agent, 
and studied its aggregation state in solution [45]. It was proved that the amino group in 
the macromolecule had a good reduction effect on Ag ions, and the nano-Ag particle size 
was commonly at about 3.0 nm. 
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Figure 3 Preparing process of nanoparticles by hyperbranched polyamines assisted by 
supercritical CO2 (see online version for colours) 

 

Figure 4 Comparison of antibacterial properties of amphoteric hyperbranched 
polyethyleneimine-nano-ag and conventional nano-Ag (see online version for colours) 
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3.3 Preparation of nano-Au 

Adopting hyperbranched polymer to prepare nano-Au has the same principle as preparing 
nano-Ag. Generally, chloroaurate ions are attached to the inside of the hyperbranched 
polymer, and nano-Au is obtained via the reducing agent. Luo et al. [46] prepared 
hyperbranched polyamide-amino groups with different molecular weights by controlling 
the reaction conditions, to obtain aqueous solutions of nano-Au [47]. In the process, the 
reaction conditions (including solution concentration and solution pH) were changed to 
test its influence on the formation and stability of Au nanoparticles, as illustrated in 
Figure 5. 

Figure 5 Reaction process of hyperbranched polyamide-amine to prepare Ag nanoparticles  
(see online version for colours) 

 

In the reaction process shown in Figure 5, the particle size of the nano-Au can be 
adjusted by adjusting the ratio of chloroauric acid and polymer. In addition, the stability 
of the nano-Au is affected by the molecular weight and pH of the polymer. 

3.4 Preparation of nano-ZnO 

The hyperbranched polymer is adopted to prepare controllable nano-ZnO. In the previous 
literature, the inert gas was injected first, the organic salt of Zn was dispersed in the 
hyperbranched polymer to make it hydrolyse naturally in the air, and then nano-ZnO was 
generated in the hyperbranched polymer. Zhang et al. linked polyethylene glycol to the 
end groups of hyperbranched polyamide-amine to prepare hyperbranched polymers with 
‘core-shell’ and ‘core-multi-shell’ structures [48]. The organic salt of Zn was hydrolysed 
inside the polymer to generate nanometer ZnO, thereby controlling the particle size of the 
product, as shown in Figure 6. 
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Figure 6 The reaction products and some physical properties of hyperbranched polyamide-amine 
to prepare nano-ZnO (see online version for colours) 

 

4 Results and discussion 

4.1 Adoption of hyperbranched polymer in textile dyeing 
As mentioned earlier, due to its unique structure, hyperbranched polymer has been widely 
adopted in many fields, such as polymer processing aids, curing agents, drug release 
agents, and functional film materials. It can also be widely adopted in the whole textile 
dyeing industry. 

4.2 Adoption of hyperbranched polyester in polypropylene dyeing 

Polypropylene fibre has low density, stable chemical properties, strong mechanical 
properties, and abrasion resistance. Moreover, the material has abundant reserves, low 
price, simple production process, and low energy consumption. It has become a synthetic 
fibre variety. However, polypropylene contains saturated carbon bonds, and the molecule 
does not contain polar or reactive groups, so it is highly hydrophobic and lacks affinity 
for general dyes. The advantages of polypropylene fibre are high crystallinity, tighter 
structure, and it is difficult for dye molecules to enter the crystal area. Therefore, it is 
difficult for general dyes and conventional dyeing methods to work on polypropylene 
fibres. Srimagal et al. [49] adopted a modification method to modify the hyperbranched 
polyester with hexadecanoyl chloride [50, 51]. The thermogravimetric analysis showed 
that the alkyl-modified hyperbranched polyester had strong stability. It can meet the 
temperature requirements of polypropylene spinning, the proportion of alkylation was 
changed, and the dyeing rate of modified polypropylene fibres was increased. 
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4.3 Dyeing adoption of hyperbranched polymer in inorganic salt 

In the traditional process of cotton fabric reactive dyes, a large amount of inorganic salt 
needs to be added to improve the dyeing rate and fixation rate of the dye. However, the 
addition of salt will cause deterioration of water quality and destruction of the ecological 
environment [52]. The cationisation of cotton fibre can be adopted, that is, the chemically 
combined spinning cationic compound is adsorbed on the fibre, thereby increasing the 
exhaustion rate and fixing rate of the dye. At the same time, amino-terminated 
hyperbranched polymer (HBP-NH2) is combined with cotton fibre via van der Waals 
force, hydrogen bond, and other forces, thereby improving the dyeing ability of cotton 
fibre-amino hyperbranched polymer. 

4.4 The compounding effect of hyperbranched polymer in dispersant 

In practical adoptions, a single surfactant is relatively rarely utilised, while mixed 
surfactants are usually adopted to obtain products with better performance. In practice, 
employing a mixed active agent can achieve better performance compared to a single 
surfactant, and produce a synergistic effect after the surfactant is compounded. Some 
studies compounded hyperbranched dispersant HPD and non-ionic surfactant Tween-80 
in a certain proportion to obtain pigment particles. The particle size tested was 2100 nm, 
and the stability of the overall system reached 83.6%. However, when HPD was 
combined with an anionic surfactant TBS, the particle size obtained was 2039 nm, and 
the overall system stability exceeded 90%. It proved that the compounding effect of 
hyperbranched dispersant and anionic surfactant was better. Part of the reasons was that 
the two compound molecules involved in the compound had an electrostatic repulsion 
effect, which worked together on the pigment particles to obtain smaller and more 
uniform pigment particles. 

4.5 Adoption of hyperbranched polymer in textile antibacterial property 

People usually call materials that can kill or inhibit the growth of bacteria as antibacterial 
materials. The definition of antibacterial is broad, that is, if a material has similar 
functions, the material has certain antibacterial properties. The research time in the field 
of antibacterial agents in China is relatively short, and the understanding of the 
classification of antibacterial agents and antibacterial principles needs to be further 
improved. The advanced foreign researches are referred for discussion. 

Antibacterial agent, as a kind of medicine that can kill or inhibit bacteria and other 
microorganisms, can be added to the material to make the material have antibacterial 
properties. There are currently more than 500 types of antibacterial materials. 
Antibacterial agents include organic antibacterial agents, inorganic antibacterial agents, 
and natural antibacterial agents. According to different chemical structures, organic 
antibacterial agents are classified into more than 20 kinds, mainly including organic 
acids, esters, phenols, and alcohols. At present, the most widely adopted antibacterial 
agents include quaternary ammonium salts/polymer antibacterial agents, quaternary 
phosphate salts/polymer antibacterial agents, and organotin/polymer antibacterial agents. 
According to the different antibacterial mechanism, inorganic antibacterial agents include 
two types. One is antibacterial agents with heavy metals/metal ions as the main 
component. The other category is non-dissolvable antibacterial agents with photocatalytic 
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activity. Natural antibacterial agents are effective ingredients extracted from natural 
substances to achieve antibacterial effects, including animal antibacterial agents, plant 
antibacterial agents, and mineral antibacterial agents. 

Some studies modified the amino hyperbranched compound (HBP). 100g 
diethylenetriamine was weighted and placed in a three-necked flask. After the ice bath, 
80 g methyl acrylate and 100 mL methanol solution were mixed, and then slowly 
dropped into the three-necked flask. During the dripping, nitrogen gas was introduced, 
the mixture was stirred constantly, and reacted at room temperature for 5 h. Methanol 
was removed during the depressurisation, and the reaction was continued at 170°C for 5 h 
to obtain a pale yellow viscous hyperbranched compound HBP-NH2, as provided in 
Figure 7. 

Figure 7 Synthesis of hyperbranched amino-terminated hyperbranched compound (HBP-NH2) 

 

HBP-NH2 obtained in Figure 7 is added with methyl acrylate dropwise at room 
temperature. After the reaction, methanol solutions containing different volumes of HBP-
NH2 (3.56g, 1.69g, and 0.84g) are added to the solution, respectively. Then, the methanol 
is removed after the pressure is reduced. The temperature is raised to 170°C, and the 
reaction lasts for 5 h to obtain three modified hyperbranched compounds, namely NHBP-
1, NHBP-2, and NHBP-3. The effect of modified hyperbranched polymers with different 
molecular weights on nano-Ag particle size is explored. The same concentration 
(0.65g/L) of NHBP-1, NHBP-2, and NHBP-3 reacts with a constant concentration 
(0.16g/L) AgNO3 solution, denoted as a, b, and c, respectively. UV-Vis analysis is 
implemented. Figure 8 discloses that the characteristic absorption peaks of nano-Ag 
appear at 426 nm, 433 nm, and 438 nm in different nano-Ag colloidal solutions, which 
proves the production of solution nano-Ag. It is also revealed that the half-peak width of 
the absorption curve gradually increases, and it is inferred that the nano-Ag particle size 
gradually decreases, as presented in Figure 9. 
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Figure 8 Ultraviolet-visible light absorption spectra of nano-Ag colloidal solutions based on 
different amino-modified hyperbranched compounds (see online version for colours) 

 

Figure 9 Particle size and TEM images: (A) NHBP-1; (B) NHBP-2 and (C) NHBP-3 (see online 
version for colours) 

 

In Figure 9, the particle sizes of nano-Ag prepared with NHBP-1, NHBP-2, and NHBP-3 
are 13–120 nm, 1.0–50 nm, and 0.5–6 nm, respectively, which are the same as the results 
predicted by UV-Vis. Furthermore, it proves that the nano-Ag is coated by modified 
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hyperbranched polymer. The average particle size of NHBP-2 is only 5.6 nm, and the 
particle size of different particles is not much different. It means that the modified 
hyperbranched polymer-nano-Ag has higher stability, so NHBP-2 is chosen to prepare 
nano-Ag. 

In the experiment, the Oxford cup diffusion is adopted, and nano-Ag prepared with 
0.16 g/L AgNO3 solution and 0.65 g/L NHBP-2 is employed for antibacterial testing. The 
antibacterial performance of different Ag solutions on Staphylococcus aureus and 
Escherichia coli is compared in Figure 10. 

Figure 10 Antibacterial effect of distilled water on different bacteria: (A) Staphylococcus aureus; 
(B) Escherichia coli; (C) AgNO3-Staphylococcus aureus; (D) the prepared nano-Ag-E. 
coli (see online version for colours) 

 

Figure 10(C) and (D) shows that the Ag ion solution forms an inhibition zone. The 
corresponding inhibitory diameters are 6.5 nm and 7.8 nm, respectively. Compared with 
the conventional AgNO3 solution, the nano-Ag exerts a better antibacterial effect. 

4.6 Adoption of hyperbranched polymer in leather fatliquoring 

It is a process in which animal, plant, or synthetic materials are added as fatliquoring 
agent to leather in the process of leather making, so that grease or synthetic materials can 
penetrate into the leather fibres, thus the leather is softer and comfortable to use. Most 
fatliquoring agents are modified natural oils, and sulphated, sulfited, and phosphorylated 
natural oils. However, the modified product produces a large amount of waste liquid 
during the processing, thereby reducing the utilisation rate of grease, and the waste liquid 
pollutes the environment. 

Some people have turned their attention to mineral oil and paraffin. Utilising carbon 
products for fatliquoring is more commonly. However, it is necessary to conduct in-depth 
research on leather fibres. Such fibre reduces the interaction between collagen fibres via 
the polar groups between collagen fibres, thereby increasing the non-polarity of 
molecular chains and strengthening the spacing between fibres. As a result, relative 
slippage occurs between the molecular chains, which in turn leads to a trend of decline in 
mechanical properties of the leather fibre. Scholars tried adopting synthetic grease to 
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modify the hyperbranched polyamide (HPT), and employed the acid chloride reaction to 
generate linear-hyperbranched polymer (HPT-3), which was taken as an intermediate to 
perform a phosphorylation reaction on the unchanged hydroxyl group. That is, P2O5 was 
utilised as the phosphorylation reagent and CCl4 as the dispersant, the esterification 
reaction was carried out under the action of THF, and then a certain amount of water was 
added for hydrolysis to obtain the linear-hyperbranched phosphate polymer (HPT-3-P). 
After the hyperbranched polymer is applied to the leather fatliquoring, Figure 11 shows 
that compared with the leather without fatliquoring, the spacing between collagen fibres 
increases obviously and the fibre bundle decreases after the HPT-3 and HPT-3-P are 
added. 

Figure 11 SEM image corresponding to different leathers: (A) leather without fatliquoring;  
(B) HPT-3 treated leather; (C) HPT-3-P treated leather; (D, E) and is magnification of 
A, B, and C, respectively 

 

Figure 12 suggests that the leather sample without fatliquoring has the highest 
degradation rate at 280.6°C, with a degradation rate of 0.52%/min. When the temperature 
reaches 580°C, the weight loss tends to balance, and the residual amount of the sample is 
21.85%. The leather samples treated with HPT-3 had the highest degradation rate at 
373.5°C, and the degradation rate reached 0.46%/min. When the temperature reaches 
580°C, the weight loss tends to balance, and the residual amount of the sample is 18.70%. 
The leather samples treated with HPT-3-P had the highest degradation rate at 332.6°C, 
and the degradation rate reaches 0.45%/min. When the temperature further rises to 
580°C, the weight loss tends to balance, and the residual amount of the sample is 20.47%. 

Compared with the blank leather, the degradation rate of the leather samples 
decreases after the hyperbranched ester polymer is added. This is because the 
introduction of HPT-3 and HPT-3-P changes the degree of aggregation among leather 
collagen fibres, which in turn changes the leather fibres, indicating that HPT-3 and HPT-
3-P can form strong intermolecular forces with collagen fibres. To find out whether the 
preparation of fatliquoring agent affects the mechanical properties of leather, further 
demonstrations are made on different samples, as presented in Figure 13. 
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Figure 12 DTG analysis of different leather products after fatliquoring (see online version  
for colours) 

 

Figure 13 Comparison of the mechanical properties of different hyperbranched polymers after 
fatliquoring (see online version for colours) 

 

It is inferred in Figure 13 that after the prepared ester compound is added the finished 
leather product has a significant increase in tensile strength and tear strength. This is 
because there are a large number of hydroxyl groups on the periphery of the 
hyperbranched structure, which can form hydrogen bonds with hydroxyl groups and 
amino groups on the collagen fibres. However, after the long-chain alkyl group is grafted, 
the tensile strength and tear strength of the material will be decreased. The reason is that 
after the long-chain alkyl groups in the leather replace part of the hydroxyl groups of the 
hyperbranched compounds, the number of hydroxyl groups naturally appears to be 
significantly reduced, and the hydrogen bond force is correspondingly weakened, thereby 
reducing the mechanical properties of the ester compounds. The leathers added with 
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esters (HPT-3 and HPT-3-P) are compared. Then, the leather samples after treatment with 
phosphate are further compared in terms of tensile strength and tear strength. The tensile 
strength and tear strength of HPT-3-P treated leather are stronger than those of leathers 
treated with intermediate product HPT-3. 

5 Conclusion 

Hyperbranched polymers have broad adoption prospects in coatings industry, rheological 
modifier, nano technology, and biomedical materials due to their abundant terminal 
functional groups, the nearly spherical three-dimensional structure, many internal 
cavities, physical and chemical characteristics of high solubility, low viscosity, and high 
reactivity. Compared with the blank leather, the degradation rate of the leather samples 
decreases after the hyperbranched ester polymer is added. The thermo gravimetric 
analysis shows that the alkyl-modified hyperbranched polyester has strong stability. It 
can meet the temperature requirements of polypropylene spinning, the proportion of 
alkylation is changed, and the dyeing rate of modified polypropylene fibres is increased. 
The compound effect of hyperbranched dispersant and anionic surfactant is favourable. 
When hyperbranched polymer is applied in inorganic antibacterial agents, the Ag ion 
solution can be employed to form a bacteriostatic zone, and the corresponding 
bacteriostatic diameter is smaller. The prepared nano-Ag can exert a better antibacterial 
effect relative to the conventional AgNO3 solution. After the prepared ester compound is 
added, the prepared leather finished product has obvious improvement in tensile strength 
and tear strength. 

New approaches will be studied and analysed in future for incorporating such 
nanoparticles into synthetic fabrics in the textile industry. It will be future concern for 
providing solution to textiles traditional problems for microorganism growth onto fibres, 
flammability, robustness against ultraviolet radiation, and many others. 
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