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ABSTRACT 

 
In this work, we have developed nanoparticles (medium 

range 200 nm), that can be fixed to fibers such as protein 

fibers (wool and hair) by a process that does not need any 

after treatment. One advantage of using nanoparticles on 

hair instead of dyes is that dyes can dye the scalp and 

therefore great care is necessary in the choice of these dyes. 

Para-phenylenediamine (PPD) has been the main agent 

used in permanent hair dyes, this compound is an effective 

hair dye, but his known animal carcinogen and his safety as 

ingredient used in hair dye has always been the focus of 

health concern. Related substances to PPD may also cause 

an allergic reaction: Azo groups (chemically: R-N=N-R) 

used in temporary hair dyes. Hair dyes are applied directly 

to the scalp, nearest the root. Color nanoparticles on the 

other hand do not dye the scalp and therefore present no 

such danger. 

At the moment, the dyeing with color nanoparticles on 

hair still does not have the same durability as dyes to 

washing, but our results with wool fibers already show that 

a strong bond can be formed between the nanoparticles and 

the amine groups, also present in the hair, improving 

greatly the durability to washing. 
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1 INTRODUCTION 
 

Nanotechnology has real commercial potential for the 

textile industry. This is mainly due to the fact that 

conventional methods used to impart different properties to 

fabrics often do not lead to permanent effects, and will lose 

their functions after laundering or wearing. Nanotechnology 

can provide high durability for fabrics, because 

nanoparticles have a large surface area-to-volume ratio and 

high surface energy, thus presenting better affinity for 

fabrics and leading to an increase in durability of the 

function. Research involving nanotechnologies to improve 

performances or to create unprecedented finishings of 

textile materials are flourishing [1].  

Colored Silica nanoparticles (CNPs) combine the 

versatility and functionality of textile dyes with the stability 

and biocompatibility of the silica surface. Using appropriate 

synthetic conditions and by careful selection of dyes, a 

large number of dye molecules can be incorporated inside a 

single silica particle. Moreover, as the dye is trapped inside 

the silica matrix, which provides an effective barrier 

keeping the dye from the surrounding environment, 

photobleaching, photodegradation, allergy and potential 

cancer risk phenomena that often affect conventional dyes 

can be minimized [2]. Beyond simply combining the 

properties of the dye and silica, this architecture has been 

shown to actually enhance the stability of the dyes, 

compared to the free dye solution. 

The present work has led to a novel method of dyeing 

proteinous fibers using colored silica nanoparticles. Silica 

nanoparticles were synthesized using a modified Stöber 

[2,3,4] synthesis method. In this study, Fourier transform 

infrared spectroscopy (FTIR), transmission electron 

microscopy (TEM) and scanning electron microscopy 

(SEM) were used to obtain information about the size of the 

colored silica nanoparticles, as well as their dyeing 

performance on wool fabrics and hair fibers. 

 

2 MATERIALS AND METHODS 
 

2.1 Materials 

The wool fabric was obtained from James H. Heal & 

CO. LTD (England) and Caucasian dark brown hair 

(without any chemicals) was gently supplied by our lab 

colleague. The ether petroleum was obtained form Panreac 

(Spain) and the peroxide hydrogen was obtained from 

Solvay (Portugal), ethanol was acquired to AGA (Portugal) 

and acetic acid to Sigma-Aldrich, the ammonium and the 

benzyl alcohol were supplied by Panreac (Spain), the non 

ionic surfactant triton X-100 was acquired to the Merck, the 

crosslinker silane based Glycidoxypropyltrimethoxysilane 

(GLYMO) was supplied from Fluka, the salts sodium 

metasilicate and ammonium chloride were supplied by 

BDH and the salt potassium persulfate was acquired to 

Riedel-de Haën, the acid dyes was supplied by Dystar. All 

the products had been used as received, without any 

previous purification. 

 

2.2 Nanoparticles preparation 

Silica nanoparticles have been obtained using a 

modified method of producing silica microcapsules (hollow 

spheres) [2,3]. In this work it was produced silica 

nanoparticles from a typical sol-gel reverse emulsion (W/O) 

based on ether petroleum with an aqueous dye solution. 

First, it was dissolved the sodium metasilicate and add it to 

the solvent, in order to form a sol-gel. Then to the sol-gel 

preparation it was added an aqueous dye solution mixed 

with an excess of GLYMO (freshly prepared). Finally it 

was added ammonium chloride to precipitate the 

nanoparticles. The solvent was evaporated and the 

nanoparticles were washed to remove the free dye from the 
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emulsion. The colored nanoparticles (CNPs) were 

characterized by TEM and by FTIR. 

 

2.3 Wool Dyeing 

The wool fabric used was treated according to ISO 105 

F01. Wool fabric was then dyed in a solution containing 10 

g/L of amphoteric surfactant, 40 g/L of the CNPs emulsion 

at different pH’s, temperatures and times, and at liquor to 

fabric ratio of 20:1 in a Linitest machine. After dyeing the 

samples were washed according to ISO 105 C01 1978 (F) 

rinsed and air dried. The dyed samples were sent to surface 

morphology (SEM) analysis. 

 

2.4 Hair Dyeing 

Hair samples were first bleached using a solution 

containing potassium persulfate, hydrogen peroxide, 

ammonia and a non-ionic surfactant. Bleached hair samples 

were then dyed in a solution containing 10 g/L of non-ionic 

surfactant, 40 g/L of the CNPs emulsion and 10% of benzyl 

alcohol or 5/5 (% v/v) benzyl alcohol/ethanol  or 10/10 (% 

v/v) benzyl alcohol/ethanol, at pH 4,5 (adjusted with acetic 

acid), at 25ºC or 45ºC for 1 h. Afterwards, the dyed hair 

samples were shampoo washed, rinsed and air dried. SEM 

analysis was then performed. 

 

3 RESULTS AND DISCUSSION 
 

3.1 Nanoparticles preparation 

A stable emulsion of colored nanoparticles (CNPs) was 

obtained. The dye was entrapped inside the nanoparticles 

(NPs) by electrostatic bond between acid dye and NPs. The 

GLYMO promotes the linkage between the hydroxyl 

groups of the NPs and the amine group of the acid dye. 

Fig.1 shows the vibration peaks in the region from 600 

to 700 cm
−
 
1
 are the characteristic peaks of the aromatic 

ring in the acid red dye molecule. For the CNPs, there is a 

vibration peak at 1340 cm
−
 
1
 corresponding to the sulfonic 

group (S=O bond), which indicated that the acid red dye 

molecules were entrapped on the silica nanoparticles.   

 

 
 

Figure 1: FTIR characterization of CNPs prepared 

 

The amount of GLYMO used was in excess, in order to 

get some free groups that can later be used in a post-

treatment (fixation of the CNPs to the protein fibers). From 

fig.2 we can see that colored NPs have a medium size of 

200nm. 

 

 
 

Figure 2: TEM picture of CNPs. 

 

Moreover the store time of the acid dyes inside the silica 

nanoparticle was increased. Over 1 month storage the CNPs 

were still able to dye wool fabrics and hair fibers, samples 

exhibited a little decrease in coloring intensity (data not 

shown). 

 

3.2 Wool Dyeing 

 
 

Figure 3: Dyed wool with CNPs at different pH’s and 

temperatures. 

 

As seen in Fig.3 the color intensity of the wool samples 

varies with the temperature and with the pH of the dyeing 

process. The highest color intensity on the samples was 

when wool was dyed at 105ºC and higher pH. It has been 

reported that the dye molecule diffuses into the wool fiber 

through the gap in between the scales of the wool cuticle, 

high temperature and alkaline conditions thus promotes 

higher fiber swealing and cleavage of cystine, so damage 

occurs to the cuticle facilitating the penetration of dye 

throw the fiber [5]; our results from Fig.3 and Fig.5, where 

by SEM it is seen that the surface of wool fiber, dyed at the 

same temperature but varying  pH, at pH 6 presents CNPs 

at the surface and at pH 9 doesn’t show CNPs at the 

surface; does agree with this theory that the CNPs does 

enter the fiber via cuticle cell junctions. Additionally, 

independently of the temperature and the pH used in the 

dyeing bath all samples presented very good levelness.  
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Figure 4: Dyed wool with acid dye (top) and with NPs 

(bottom) at the same temperature (105ºC), but at different 

pH’s. 

 

From Fig.4 comparing wool samples dyed with acid dye 

only and with wool samples dyed with acid dye 

encapsulated in the silica particle, it can be seen that only 

the samples dyed with CNPs presented good levelness,. All 

samples dyed with CNPs exhibit good wash fastness, 

supporting that CNPs were indeed inside the wool fiber. 

 

  
 

Figure 5: SEM pictures of dyed wool with CNPs at 

different pH’s. (left: pH=6; right: pH=9.5) 

 

 

3.3 Hair Dyeing 

 
 

Figure 6: Virgin bleached and CNPs dyed hair.  

 

  
 

Figure 7: SEM pictures of virgin human hair (left) and 

bleached human hair (right). 

 

As seen in Fig. 6 hair samples were successfully dyed 

with CNPs. Dyeing was achieved when pH was lower than 

6 (data not shown) with bleached hair. This may be 

associated with the hair being positively charged at lower 

pH’s, leading to increase electrostatic attraction between 

CNPs and fiber, and associated with the oxidation reaction 

of the bleaching that not only alters melanin, but also 

destroy some disulfide bonds within the keratin, which 

leads to a weakening of the hair structure, so damage occurs 

to the cuticle and makes the hair more porous (see Fig. 7 

right side) facilitating the penetration of CNPs throw the 

fiber.  

 

 
 

Figure 8: Dyed hair with different mixtures of alcohols. a) 

10 % benzyl alcohol; b) 10/10 (% v/v) benzyl 

alcohol/ethanol; c) 5/5 (% v/v) benzyl alcohol/ethanol. 

 

  
 

Figure 9: Dyed hair with different mixtures of alcohols. 10 

% benzyl alcohol (left) and 5/5 (% v/v) benzyl 

alcohol/ethanol (right). 

 

Some alcohols, such as benzyl alcohol, are used in hair 

coloring products to enhance coloring ability [6]. The 

effects of benzyl alcohol on the color intensity of the hair 

samples were estimated by comparison between the hair 

samples dyed with 10% of benzyl alcohol and those dyed in 

distilled water. Samples dyed with benzyl alcohol resulted 
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in a greater color intensity (data not shown), indicating that 

benzyl alcohol induced the penetration-enhancing effect. 

We then compared the effects of two enhancers, benzyl 

alcohol and ethanol. When hair was dyed using 10% of 

benzyl alcohol, the CNPs were not easily visible at the 

surface of the hair dyed (Fig.9 left), when hair was dyed 

using benzyl alcohol/ethanol mixture (5/5 % v/v), it was 

surprisingly found out that many CNPs were at the surface 

of the hair fiber (Fig.9 right). These results suggest that the 

benzyl alcohol works as a better penetration enhancer for 

the CNPs. Interestingly, these two hair samples did not 

differ in color intensity. 

Later a comparison between the samples dyed with 10% 

of benzyl alcohol and with samples dyed raising the 

enhancer mixture quantity was made. Samples dyed with 

10/10 (%) of benzyl alcohol/ ethanol mixture resulted in a 

better color intensity.  

 

 
 

Figure 10: Dyed hair and the effect of consecutive washes. 

 

  
 

Figure 11: Dyed hair (left) and dyed hair after 4 washes 

(right). 

 

      Samples dyed with 10% benzyl alcohol were shampoo 

washed 4 times, without changing color (Fig.10), this may 

be associated with the fact that during the dyeing process 

the CNPS were inside of the fiber (see Fig. 11) and the 

CNPS had access to some reactive sites making ionic bonds 

so characteristic of the acid dyes with protein fibers; further 

washings will be done, but for now we can include this 

dyeing system as a semi-permanent coloring process. 

Samples dyed with 5/5 (% v/v) benzyl alcohol/ethanol or 

with 10/10 (% v/v) benzyl alcohol/ethanol were also 

shampoo washed 4 times, but a slightly decrease in the 

color intensity was observed (data not shown), we assumed 

that this is due to many CNPs being at the surface of the 

fiber (Fig.9) that were removed during the washing process. 

 

All dyeing samples mentioned above were dyed at 

45ºC; the influence of temperature on the color intensity of 

the hair was investigated by dyeing another set of hair 

samples but at 20ºC with 10% of benzyl alcohol, from the 

Fig.12 it can be seen that when dyed at 20ºC the color 

intensity decreases, showing that diffusion of the CNPs into 

the fiber is temperature dependent.  

Nevertheless, with the knowledge that higher 

concentration of the penetration enhancer increases de 

diffusion of the CNPs into the fiber, we suggest that for 

further work at 20ºC the dyeing process will use a higher 

quantity of penetration enhancer or will use another 

penetration enhancer that will have a better effect on 

coloring ability. 

 

 
 

Figure 12: Human hair dyed at different temperatures. 

 

 

4 CONCLUSIONS 
 

Wool and hair fibers were successfully dyed with 

colored nanoparticles, when using anionic dyes for 

obtaining the colored particles. Wool showed good 

levelness of color and good fastness to washing. The 

methods used for hair fibers had to be adapted so that the 

nanoparticles had access and reacted with the available 

amino groups. The color obtained in the hair is at least 

semi-permanent and .the process is a one stage process, 

simple to apply and presenting no toxicological issues. 
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