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Abstract A multipurpose acid treatment, which com-

prises purification, delamination, particle size reduction,

and surface modification on milled talc samples, is pro-

posed. Talcs of different origins and composition were

studied in order to assess and compare the effects of dif-

ferent acid treatments. Associated minerals were dissolved

away by both inorganic and monocarboxylic organic acids,

rendering more pure and lower particle size talcs. The main

results obtained from hydrochloric acid treatment were

purified talcs, having silanol groups onto their surfaces.

This treatment allowed the complete removal of carbonates

and chlorite from initial talcs, allowing for a length and

thickness reduction of talc particles and the change to

hydrophilic character by breakage of siloxane bonds. The

so-treated talc achieved a purity level enough to be used in

plastic and paper industry, paints among other upgraded

talc applications. On the other hand, organic acid attacks

were able to graft carboxylic groups onto the talc surface.

The occurrence of this reaction was verified by indepen-

dent characterization techniques both direct (Fourier

Transform Infrared Spectroscopy, Energy Dispersive

X-ray) and indirect (X-ray Diffraction, Scanning Electronic

Microscopy, hydrophobicity/hydrophilicity test).

Introduction

Addition of inorganic particulate fillers to commercial

thermoplastic resins is a simple and commonly used

alternative to tailor their properties and to reduce pro-

cessing costs. Incorporation of fillers can affect the prop-

erties due to their chemical nature, particle size, shape and

distribution, as well as its presence in the composite matrix

that can be induced by their presence [1, 2].

Talc is a low cost layered silicate (phyllosilicate) and it

has been used as filler to improve mechanical properties

and macromolecular orientation of polypropylene (PP)

[3–6].

PP/talc composites can become relatively low cost

materials having improved flow, diffusive and mechanical

properties respect to pure PP [7]. In particular, talc layers

have a notable nucleating effect on PP crystallization,

greater than other fillers of like composition and structure,

i.e., pyrophyllite [8, 9]. Also, the nucleating ability of talc

depends on its particle size and distribution in the matrix.

Smaller and more delaminated (lower thickness) particles

induce greater changes and better properties in the matrix

[10, 11]. On the other side, the non-polar nature of PP is

incompatible with the essentially polar character exhibited

by mineral particles. This may cause poor particle disper-

sion and wetting, low interfacial particle–matrix strength,

and decreased fracture resistance, especially in highly filled

composites [12]. For this, final properties of PP/talc com-

posites are improved by reducing talc particle size and by

increasing matrix–filler contact area and compatibility.

These conditions can be achieved by a proper delamination

and superficial modification of talc particles.

In this study, a multipurpose acid treatment, which

comprises purification, delamination, particle size reduc-

tion, and surface modification on milled talc samples, is
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proposed. Associated minerals are dissolved away by both

inorganic and monocarboxylic organic acids, rendering

more pure and lower particle size talcs.

Experimental

Materials

Talc samples from two different origins were used: high

purity Australian talc (A10) and Argentinean talc (SJ10),

with up to 16% impurities. Acetic acid (CH3COOH) 99.5%

purity from Laboratorio Cicarelli, formic acid (HCOOH)

99% pro analysis from Anedra, and hydrochloric acid

(HCl) 37% ISO pro analysis from Carlo Erba were used in

this study.

Surface modification reactions

Acid treatment on talc was carried out in a 2 L glass

reactor, heated to 80 ± 2 �C for 2 h. The treated talc was

then filtered, washed with distilled water, and dried in a

vacuum oven at 70 �C for 48 h. All the experiences were

run at a concentration of 100 g of talc per L of acid solu-

tion. Table 1 resumes treatment conditions and reaction

products name.

Characterization

Talc mineral samples were subjected to a detailed char-

acterization before and after acid treatments. Polarized

Light Optical Microscopy (OM) of thin cuts was employed

to identify the presence of associated minerals and their

distributions in the initial talcs. Chemical bonds were

determined by Fourier Transform Infrared Spectroscopy

(FTIR). A Nicolet 520 spectrophotometer was used. The

spectra were obtained in the range from 400 to 4000 cm-1,

running 100 scans at a resolution of 4 cm-1. The samples

were diluted in potassium bromide (KBr) using two dif-

ferent concentrations (2 and 0.2 wt%) to analyze OH

stretching and Si vibrations, respectively. X-ray Diffraction

(XRD) was used to identify crystal structures. Diffraction

patterns were obtained in a Rigaku DMAX III C

diffractometer at 35 kV and 15 mA, with a Ni filter, CuK,

and graphite monochromator. The 2h values ranged from

3� to 60�. The structural alteration due to the acid treatment

was determined by the crystallinity index (C), as defined by

Ohlberg and Strickler [13]. The C index was calculated by

C ¼ ðB0 I=B I0Þ � 100%, where I0 and B0 are the peak and

background intensity of initial talcs, and I and B are the

peak and background intensities of treated talcs, respec-

tively. Talc particle size was assessed by using a combi-

nation of electron microscopy techniques. The data

processing was carried out with an Analysis PROTM soft-

ware package. About 100 particles were considered to

calculate length, thickness, and their standard deviation (r).

Particle thickness was determined by Transmission Elec-

tron Microscopy (TEM). Micrographs were obtained in a

JEOL 100 CX instrument at 100 kV. The talc samples

were included in a resin and then sectioned in a Leica

Ultracryomicrotome. The particle length as well as the

morphology were determined by Scanning Electron

Microscopy (SEM) in a JEOL 35 CF instrument, equipped

with an Energy Dispersive X-ray (EDX) microanalyzer to

sense the local distribution of elements. A qualitative test

of hydrophobic/hydrophilic talc character was carried out

by adding 1 g of talc into a pair of liquids of different

polarity and density (hexane and water). Particle migration

was observed after a settling time of 1 h.

Results and discussion

Characterization of initial talcs

Figure 1 reveals thin cut sample micrographs of initial

talcs, obtained by polarized light OM. In the A10 micro-

graph (Fig. 1a), massive talc was observed along with

some chlorite spots of general formula Mg5(A1,Fe)

(A1,Si)4O10(OH)8. Instead, the SJ10 sample (Fig. 1b)

consisted in a random intergrowth of associated minerals,

like veins of carbonates and chlorite among talc layers.

Also, the grain size and associated minerals content of A10

were much lower than the corresponding SJ10.

The FTIR spectra from A10 and SJ10 are presented in

Fig. 2. The bands corresponding to talc and associated

minerals were indentified for clarity. A comparative analysis

was done, especially in the regions where OH stretching

(4000–2500 cm-1) and Si vibration (1200–400 cm-1)

bands are located. In the A10 spectrum (Fig. 2a) dolomite

(CaMg(CO3)2) and chlorite were present, while the SJ10

spectrum (Fig. 2b) revealed the presence of chlorite and

various carbonates like dolomite, calcite (CaCO3), and

magnesite (MgCO3).

The results of crystallographic characterization by XRD

of A10 and SJ10 are presented in Fig. 3. The A10 sample

Table 1 Molar concentration, pH and name of talcs for each acid

treatment

Acid Name Molar concentration pH

HCl A10-C/SJ10-C 0.022 -1.1

HCOOH A10-F/SJ10-F 0.010 1.17

CH3COOH A10-A/SJ10-A/SJ10-CA* 0.015 1.76

* SJ10-CA is the talc obtained from the reaction between SJ10-C and

CH3COOH
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(Fig. 3a) contained the typical talc reflections correspond-

ing to the basal planes (001), (002), and (003) in 9.32, 4.68

and 3.12 Å, respectively. Also, a neat dolomite reflection

appeared. Figure 3b confirmed the greater content of

associated minerals in SJ10 respect to A10, in agreement

with FTIR analysis.

Morphological features of the two studied talcs are

presented in Fig. 4, along with the corresponding EDX

spectra. A10 showed two types of particles; the larger ones

(Fig. 4a) were rounded in shape, organized in laminar

concentric domains (onion-like), and anisotropic. These

particles tend to disaggregate upon milling, giving smaller

laminar particles. As expected, the EDX spectrum (Fig. 4c)

showed the talc elements: Si (1.8 keV), Mg (1.2 keV), and

O (0.5 keV), but also a small peak of C at 0.3 keV, which

came from dolomite. On the other side, SJ10 particles

appeared as blocks, with abrupt and well-defined borders.

Layers, which were grouped within the blocks, got curved

upon delamination and separated by one of their ends like

the sheets of a book (Fig. 4b). The EDX spectrum in

Fig. 4d revealed, besides Si, Mg, and O, the elements Ca

(3.7 keV), Fe (6.4 keV), and C (0.3 keV) corresponding to

the associated minerals. The C peak observed was much

higher than the one showed by the A10 sample, as could be

expected from the larger amount of impurities of SJ10,

particularly carbonates.

Talc surface modification

Talc particles, as showed in Fig. 5, have two types of

surfaces originated during milling: one that is a conse-

quence of interlaminar slippage, named ‘‘face’’ and the

other, generated by ionic bonds breakage, called ‘‘edge’’

[14]. The face surfaces are formed by almost compensated

oxygen atoms, having low electrical charge and behaving

as non-polar in water. These are low energy surfaces,

containing basic and hydrophobic groups like siloxanes

(–Si–O–Si–). On the other side, the edge surfaces include

OH, Si, O, and Mg ions. They hold relatively high elec-

trical charge, are polar in water, and present acid and

hydrophilic groups as silanols (–SiOH) as well as basic

groups as –MgOH [15].

The results of inorganic and organic acid treatments on

final surface of both initial talcs were presented and dis-

cussed comparatively. Figure 6 included FTIR spectra

from A10 and SJ10 treated with inorganic and organic

acids. In A10-A, the bands at 2926 and 2854 cm-1 were

assigned to asymmetric vibrations of C–H bonds (A10-A in

Fig. 6a). These bonds are part of the functional groups

attached to the talc surface on account of the reaction with

acetic acid. Organic bands were also observed for talcs

modified by formic acid (A10-F in Fig. 6a). When talc was

treated with HCl the –OH group vibration, having strong

Fig. 1 Optical micrographs

from thin cuts of initial talcs

using cross polarized light:

a A10 and b SJ10

Fig. 2 FTIR spectra of initial

talcs: a A10 and b SJ10
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hydrogen bond interactions, was revealed as a broad band at

3430 cm-1 [12]. Also, as the acid pH decreased a band at

3735 cm-1 appeared, which could be associated to the for-

mation of isolated –SiOH groups. This is consistent with the

breakage of siloxane bonds in face surfaces observed by

Fraile et al. [16]. Moreover, an indication of amorphous

silica formation was observed in A10-C spectrum by the

presence of a band at about 781 cm-1. All the acid treatments

dissolved dolomite, but only HCl eliminated chlorite. HCl

caused greater modifications in SJ10, dissolving all the

impurities and producing the opening of tetrahedral –Si–O–

Si– bonds. This was observed from the FTIR spectra of SJ10-

A, SJ10-F, and SJ10-CA (Fig. 6b). Dolomite (2532, 1440,

and 884 cm-1) and magnesite (1440, 884, and 747 cm-1)

were still present after treatment in SJ10-A and SJ10-F.

Likewise, the formic acid was more effective in removing

associated minerals than the acetic acid; this is apparent from

the lower peak heights of dolomite and magnesite bands than

for SJ10-A. During the organic acid attack at least two

competitive reactions took place: dissolution of associated

minerals and esterification of talc –OH groups. Moreover,

organic bands appeared even if the acetic acid attack was

carried out on HCl treated talc, where associated minerals

certainly were not present (SJ10-CA in Fig. 6b). Such

grafting reaction could take place, either onto talc –OH or

silanols resulting from the HCl treatment.

Fig. 3 XRD spectrum of initial

talcs: a A10 and b SJ10. T talc,

D dolomite, C calcite,

Ch chlorite, M magnesite

Fig. 4 SEM micrographs of initial talcs: a A10 and b SJ10 at 40009; c A10 and d SJ10 at 10009 with EDX spectrum

J Mater Sci (2011) 46:2578–2586 2581

123



XRD was used to analyze the acid treatment effects on talc

purification degree and crystallinity. The spectra of treated

A10 (Fig. 7a) confirm the FTIR results; dolomite was

eliminated in all samples but chlorite only in A10-C. Also,

the more severe HCl treatment resulted in the intensity

reduction of reflections, but did not affect their positions or

their relative intensities. Since talc reflections were still

present after the different acid treatments, it was possible to

assume that the structure has been only partially destroyed.

The balance between acid attack and structural preservation

may hold the key to optimize the acid treatment conditions.

The effects of acid treatments on the mineral structure of A10

samples were assessed by their C index variations. Table 2

presents the C value related to (002) basal reflections for all

treatments. A decrease in C002 index was observed as the acid

strength increases, this reduction was greater for A10-C

sample. Notably, for HCl treatment the C002 index went

down to 29%, most probably due to bonds rupture corre-

sponding to Si-tetrahedral groups [16].

XRD from treated SJ10 (Fig. 7b) revealed that associ-

ated minerals (calcite, dolomite, chlorite, and magnesite)

were completely eliminated both in SJ10-C and SJ10-CA

samples, confirming the FTIR results. Likewise, the C002

index (Table 2) showed the greatest reduction when SJ10

was treated with HCl, again due to siloxane bonds rupture

and silanol groups formation.

Surface affinity of treated talcs was evaluated by a

hydrophobicity/hydrophilicity test in order to characterize

the surface modifications at macroscopical level. Photo-

graphs of all talc samples inside beakers containing water

and hexane are presented in Fig. 8. Densities of talc, water,

and hexane are 2.78, 1, and 0.675 g/cm3, respectively. So,

talc should settle out in terms of its relatively greater

density. However, two types of surfaces appear in talc

particles as a result of the milling process and interlaminar

slippage. Face surfaces present hydrophobic character by

the presence of –Si–O–Si– groups. On the other side, edge

surfaces contain hydrophilic groups as –SiOH and –MgOH.

Due to this fact, initial talcs (A10 and SJ10) remained

suspended at the interface, showing an amphiphilic

behavior that depends on their face to edge surface ratio

[7, 17].

Fig. 5 Stacking structure of talc particle

Fig. 6 FTIR spectrum of

a A10-A, A10-F, A10-C and

b SJ10-A, SJ10-F, SJ10-C,

SJ10-CA. Ch chlorite, Dol
dolomite, Mag magnesite
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A10-C and SJ10-C samples settled out completely,

indicating that hydrophilicity was developed on their sur-

faces by the acid treatment. This was a clear confirmation

that HCl broke siloxane bonds at the face surfaces,

increasing the –OH groups content (responsible for greater

water affinity).

On the other hand, for SJ10 samples treated with organic

acids, a change from hydrophilic to hydrophobic character

was observed only if the talc was previously purified with

HCl. In this case, organic groups (–OCOCH3 and –OCOH)

were grafted on talc surface, giving it the hydrophobic

character.

Effects on particle size

Particle splitting off and delamination of A10 and SJ10

samples were evidenced through SEM micrographs for the

Fig. 7 X-ray spectra of treated

talcs: a A10-A (Max. intensity:

2,252 counts), A10-F (Max.

intensity: 2,485 counts), A10-C

(Max. intensity: 1659 counts)

and b SJ10-A (Max. intensity:

10,369 counts), SJ10-F (Max.

intensity: 4,180 counts), SJ10-C

(Max. intensity: 6,303 counts),

and SJ10-CA (Max. intensity:

7,461 counts). T talc,

D dolomite, Ch chlorite,

M magnesite

Table 2 Crystallinity index C002 values of initial and treated A10

and SJ10

Talc C002 (%) Talc C002 (%)

A10 100 SJ10 100

A10-A 99.10 SJ10-A 77.12

A10-F 92.75 SJ10-F 57.59

A10-C 29.05 SJ10-C 40.00

SJ10-CA 40.18

A10 A10-A A10-F A10-C

SJ10 SJ10-A SJ10-CA SJ10-C

Fig. 8 Hydrophobicity/hydrophilicity tests of initial and treated talcs
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Fig. 9 SEM micrographs (10009) of treated talcs: a A10-A, b A10-F, c A10-C, d SJ10-A, e SJ10-F, f SJ10-C, and g SJ10-CA with EDX

spectrum
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different acid treatments (Fig. 9). A C peak appeared in the

A10-A and A10-F EDX spectra (Fig. 9a and b). This peak

should correspond to the grafted organic groups since

dolomite was not detected by FTIR and XRD techniques.

Also, the carbon peak intensity increases notably with

respect to the initial talc as can be seen by matching Fig. 9a

and b with Fig. 4c. The A10-C spectrum (Fig. 9c) appeared

free of Fe, Ca, and C, as it was expected from the complete

solubilization of dolomite and chlorite. On the other side,

the presence of Fe peak in SJ10-A and SJ10-F spectra

indicated that organic acids were not able to completely

eliminate chlorite (Fig. 9d and e). The C peak could come

from either dolomite or chlorite not eliminated by

CH3COOH and HCOOH; or from the carbon grafted dur-

ing the neutralization reaction. In turn, HCl acid certainly

removed all the impurities since the EDX spectrum con-

tained only the talc elements (Fig. 9f). SJ10-CA spectrum

presents a C peak (Fig. 9g), even if it was previously

treated with HCl and all the C content impurities elimi-

nated. This was an unequivocal sign that carbon came from

grafted organic groups.

The mechanism of acid attack can be visualized by

comparing SEM micrographs of talc surfaces before and

after treatment. Figure 10 illustrates the effect of acid on

SJ10 talc particle surface. Acid attack started at edge sur-

faces by removal of Mg2?, then propagated through the

particle and finally was extended to other particles, pro-

ducing a generalized decrease of particle size. This scheme

is in agreement with the one postulated by other authors

[18, 19]. The observed removal of Mg2? was also consis-

tent with the dissolution of octahedral cations (Al3?) in

phyllosilicates postulated by Shaw et al. [20]; particularly

as they used the same pH range as in this study, and Mg2?

is by far more soluble in acids than Al3? [21–23].

The effect of treatments on particle size (length and

thickness) from A10 and SJ10 is presented in Table 3. The

reduction both in particle length and thickness depended of

the acid strength. Particles are more homogeneous in size

as pH decreases. Comparing the measured values of A10

and SJ10 for the same acid treatments, it could be observed

that the length reduction in SJ10 was lower than in A10.

However, the thickness decrease was more important in

SJ10. This was the result of different arrangements of

associated minerals within the talc samples, as it was

observed from the thin cut optical micrographs of Fig. 1.

The disposition of carbonates in form of veins, with large

exposed area, favored its own dissolution and helped the

exposition of chlorite to acid, allowing the disaggregation

and opening of talc particles. In A10, the access to talc

structure by the acid was difficult since it was massive type

talc, without carbonates and chlorite intergrowth.

Conclusions

Acid treatments were proposed to improve talc purity and

technical properties. In particular, and related to the pos-

sible incorporation as filler in polypropylene-based com-

posites, a considerable talc delamination and surface

modification were achieved. Talcs of different origins and

Fig. 10 SEM micrographs (40009) of a talc particle: a SJ10 and b SJ10-C

Table 3 Mean particle length (L), thickness (e) and their percent

reductions

Talc L*(lm) ± r L reduction

(%)

e (lm) ± r e reduction

(%)

A10 4.53 ± 1.65 – 0.139 ± 0.016 –

A10-A 2.86 ± 1.20 36.86 0.079 ± 0.156 43.16

A10-F 2.51 ± 0.85 44.59 0.076 ± 0.036 45.32

A10-C 1.79 ± 0.43 60.49 0.069 ± 0.018 50.36

SJ10 5.85 ± 2.34 – 0.266 ± 0.173 –

SJ10-A 4.66 ± 1.56 20.51 0.154 ± 0.223 42.11

SJ10-F 4.15 ± 1.27 29.06 0.116 ± 0.052 56.39

SJ10-C 3.52 ± 0.96 39.82 0.077 ± 0.029 71.05

SJ10-CA 3.19 ± 0.86 45.47 0.073 ± 0.018 72.56

* L is the largest particle dimension
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composition were studied in order to assess and compare

the effects of different acid treatments on their purification,

delamination, particle size reduction, and surface

modification.

The purity degree achieved on Argentinean talc was

mainly due to the observed intergrowth of carbonates and

chlorite in its structure. It presented a higher content of

associated minerals with a particular carbonates spatial

disposition, which helped the exposition to acid of chlorite,

and allowed the disaggregation and opening of talc parti-

cles. Acid treatment allowed for the edges of particles to

come apart from each other and also facilitated the disso-

lution of Mg2? from octahedral sheets. Argentinean talc

exhibited greater delamination and thus lower particle

thickness than Australian one. This was a consequence of

the different arrangement of associated minerals: in the first

talc they were intergrowth, while the last one presented a

massive structure where impurities were disposed in

localized sites, hindering the acid access.

Acetate (–OCOCH3) and formate (–OCOH) groups

were grafted on talc surface by the proposed organic acid

treatments. The occurrence of this reaction was verified by

independent characterization techniques both direct (FTIR,

EDX) and indirect (XRD, SEM, hydrophobicity/hydro-

philicity test). Talcs treated with hydrochloric acid behaved

as neatly hydrophilic, while talcs resulting from organic

acid treatments were hydrophobic.

Hydrochloric acid treatment allowed for a length and

thickness reduction of talc particles, the complete elimi-

nation of associated minerals and the change to hydrophilic

character by breakage of siloxane bonds. The so-treated

Argentinean talc achieved a purity level enough to be used

in plastic and paper industry, paints, and cosmetic among

other upgraded talc applications.
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