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Abstract — This research deals on a new low-
cost porous sorbent named calcareous chitin (CaCh).
CaCh is prepared by alkaline treatment of crusta-
cean exoskeleton to produce a porous matrix of chi-
tin and calcium carbonate free of original proteins.
SEM-EDX, X-ray, FT-IR were used to characterize
the material. CaCh structure is more porous than
that of chitin. Adsorption studies demonstrated its
capability to remove Cd(ll) from waters. The Lang-
muir equation fitted the adsorption isotherms well.
Due to its easy, rapid and low cost preparation and
its adsorption characteristics calcareous chitin can
be used as low cost sorbent of heavy metals ions like
cadmium for wastewater treatment.

Keywords— Calcareous Chitin; Chitin; sorption;
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1. INTRODUCTION

Heavy metals in water are a major preoccupation be-
cause of their toxicity towards aquatic-life, human be-
ings and the environment. Heavy metals, such as Cd*’,
Cu®', Pb*", Hg*" and Zn*" are toxic to human beings and
other living organisms, if their concentration exceeds
the tolerance limit. As they do not degrade biologically
like organic pollutants, their presence in drinking water
or industrial effluents is a public health problem due to
their absorption and therefore possible accumulation in
organisms. These heavy metals are introduced into natu-
ral water resources by wastewater discharged from in-
dustries such as smelting, metal plating, Cd—Ni batter-
ies, fertilizers, mining pigments, stabilizers and alloy
manufacturing (Rao et al., 2010).

Among toxic heavy metals, cadmium is one of the
most dangerous for human health, is a non-essential and
non-biodegradable metal which slowly accumulates in
the human body, the serious incident of itai-itai disease,
which was caused by cadmium poisoning owing to min-
ing in Japan, was related to cadmium ions. The harmful
effects of Cd(II) ions are renal damage, hypertension,
proteinuria, kidney stone formation and testicular atro-
phy. Cd(Il) ions may replace Zn(Il) ions in some en-
zymes thereby affecting the enzyme activity (Inaba et
al., 2005; Teeyakasem et al., 2007). This necessitates
the removal of Cd(Il) ions from wastewater and water
(Kula et al., 2008). However, cadmium has also practi-
cal applications: e.g., it is highly corrosion resistant and
is used as a protective coating for iron, steel, and cop-
per. The industrial uses of cadmium are increasing in
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plastics, paint pigments, electroplating, batteries, min-
ing, and alloy industries (Al-Asheh and Duvnjak, 1997,
Corami et al., 2008).

Several physical and chemical processes have been
studied and developed over the years to remove the
heavy metal pollutants from wastewaters at high con-
centrations. Some of these processes are adsorption, co-
agulation, flotation, biosorption, chemical precipitation,
reverse osmosis, electrolytic recovery, ion exchange, ul-
tra filtration and electrochemical methods. In this pro-
cess, adsorption can be seen as an efficient and econom-
ic method to remove the heavy metal pollutants at low
concentrations (Stafiej and Pyrzynska, 2007).

Adsorbent materials from forestry, fishery and agri-
culture have attracted much attention to several workers.
Some of the reported sorbents include peanut hulls
(Brown et al.,2000), maize bran (Singh et al., 2006),
sawdust (Taty-Costodes et al., 2003), sugar beet pulp
(Reddad et al., 2002), crab shell (Vijayaraghavan et al.,
2006), cornstarch (Kweon et al., 2001), exhausted cof-
fee (Orhan and Buyukgungor, 1993), rice husk (Kumar
and Bandyopadhyay, 2006), orange waste (Dhakal et al.
2005), biological materials including bacteria (Brierley,
1990), fungi (Tsezos and Volesky, 1981), yeast
(Volesky et al., 1993), microalgae (Darnall et al., 1986)
and chitin (Ghimire Darnall et al., 2001, Benguella and
Benaissa, 2002, Copello et al., 2008) just to mention a
few in the literature.

Chitin is one of the most abundant organic materials,
being only exceeded by cellulose in the amount pro-
duced by biosynthesis. It is an important constituent of
the exoskeleton in animals, especially in crustacean,
mollusks and insects. It is also the principal fibrillar
polymer in the cell wall of certain fungi (Eugene and
Lee, 2003). The chitin molecule consists of (beta)(1-4)-
2-acetamide 2 deoxi-D-glucose units, some of which are
deacetylated.

One factor in many of the more traditional applica-
tions of chitin is its high chelating capacity. It has been
used to remove diverse compounds from waste streams
including heavy metals (Muzzarelli, 1973, 1977; Babel
and Kurniawan, 2003).

The goal of this paper is to study a new low-cost po-
rous sorbent obtained from crustacean exoskeleton,
which is a waste from fishery industry. Preparation,
characterization and adsorption studies on its capability
in the removal of Cd(II) are reported.
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1. METHODS

A. Calcareous Chitin and Chitin preparation
Calcareous Chitin (CaCh) was obtained in the Laborato-
rio de Investigaciones Basicas y Aplicadas en Quitina
(LIBAQ), of INQUISUR (UNS-CONICET) from crus-
tacean exoskeleton waste. The raw material was ho-
mogenized and triturated in an industrial crusher (West-
inghouse model DASO6). The product was rinsed at
room temperature with water in order to remove all or-
ganic materials. The clean residue was treated with 9 %
(w/w) NaOH (Lab Chem, Inc., Pittsburgh, Pa) at 60 °C
for 90 min, to remove proteins.

Chitin (Ch) was obtained by demineralization of
CaCh with 10 % (v/v) HCI (Merck, Buenos Aires, Ar-
gentina) at 40 °C for 1 h, washed with water at room
temperature.

Both sorbents were dried and sieved using a number
70 mesh Fisher Scientific Sieve.

B. Chitin and Calcareous Chitin characterization
studies

The protein content was determined by the UV-Visible
Spectrophotometric Bradford protein assay (Bradford,
1976). For determining calcium 50 mg of CaCh was
treated with 15 mL of HCI 15 % (v/v). After filtering
the supernatant was diluted to 100 mL and the calcium
content was determined by a UV-Visible Spectropho-
tometric  Cresolphthalein complexometric method
(Baginski et al., 1982). The calcium content was then
expressed as CaCOj content since CaCh is formed by an
interplay of chitin and calcium carbonate matrixes.

The following studies were done directly with the
biopolymers before and after the sorption studies.

Surface area, pore volume and pore size of Ch and
CaCh were determined with a BET surface area ana-
lyzer nitrogen intrusion porosimeter by means of ad-
sorption of ultra pure nitrogen (—196°C) (Micromeritics’
ASAP 2020) Accelerated Surface Area and Porosimetry
analyzer uses the gas sorption technique.

Samples were observed and photographed with an
optic microscope (Olympus BH-2-UMA with a camera
Sony CCD IRIS/RGB).

A JEOL JSM - 35 CF scanning electron microscope
was used to characterize the surface of particles. The
samples were prepared by gold coating using a sputter
coater (Pelco 91000).

Microanalysis (EDX) was made with EDX DX — 4,
with a 0.1 % w/w detection range from B (Boron) to U
(Uranium).

IR Spectra were recorder on a Nicolet — Nexus 470
FT-IR spectrometer on translucent disk obtained by
pressing the ground material with KBr (1% w/w).

X-ray diffraction data were collected using a Rigaku
X-ray diffractometer D-Max. III- C, 35 kV and 15 mA,
with Cu Ka radiation and a monochromator of curved
single crystal (graphite).

C. Cadmium sorption studies
For cadmium sorption studies, each sorbent (50 mg)
was placed in 15 mL of NaClO, solution with different
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concentrations (10™'; 102 and 10~ M). The range of pH
was 3 to 7, and different concentrations of Cd(II) (0-474
mg/L) from a solution (2.840 mg/L) prepared with
Cd(NO;),"4H,0O (Windor Laboratories Limited) were
added. The concentrations were determined with a
Perkin-Elmer Analyst 200 Atomic Absorption Spectro-
photometer. The mixture was stirred using a magnetic
horizontal stirrer for 15, 30, 45, 60 and 90 min. Work
temperature was kept at 20 £ 1°C. The sorbent was re-
moved from the solution by filtration through a sintered
glass filter. This method was used to study the effects of
pH, ionic strength, and the kinetic process. Adsorption
experiments were done in triplicate.

The initial and residual solution metal concentra-
tions were measured and the metal uptake q (mg ion
metal/g sorbent) was determined as follows (Saha et
al., 2005).

q=(Co-C)xV/m
where Cy and C, are the initial and final metal ion con-
centrations (mg/L), respectively, V is the volume of so-
lution (mL), and m is the sorbent weight (g) in dry
form.

Freundlich and Langmuir adjustments were applied.

The calcium content released was determined by a
UV-Visible Spectrophotometric Cresolphthalein com-
plexometric method (Baginski et al., 1982).

I11. RESULTS AND DISCUSSION
A. Ch and CaCh Characterization
The Ch and CaCh characterization data are: Protein con-
tent < 1 g % in both compounds; Ca(Il) content Ch : <
0.1 g %, CaCh 21.2 g %; CaCOs: Ch : undetected,
CaCh: 53 g %.

In the nitrogen adsorption determinations the follow-
ing results can be drawn. Both materials showed adsorp-
tion isotherms Type IV with its hysteresis loop (Fig.1),
which is associated with capillary condensation taking
place in mesopores, and with the limiting uptake over a
range of high p/p°.

The initial part of the Type IV isotherm is attributed
to monolayer-multilayer adsorption since it follows the
same path as the corresponding part of a Type II iso-
therm obtained with the given adsorptive on the same
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Fig. 1. Adsorption isotherm for CaCh, o: sorption, [J: desorp-
tion
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350 Table 1 Chitin and Calcareous Chitin porosity data
e MICROMERITICS SUMMARY REPORT
00 F | *T CHITIN 1 Ch CaCh
32 p R=0.68nm CaCh
« 3} | R 056 ,': — —chiin Surface Area
3 1= =0.86nm
250 s28p I Single point surface area at P/Po = 0.2003: 3.53 26.0
— % 26 p J (mz/g)
To00 | | 24} H
B | 1l BET Surface Area: (m?/g) 4.19 28.0
3 , Il Langmuir Surface Area: (m?%g) 81.7 702
3150 | 04 o5 06 o7 08 o9 1]} t-Plot External Surface Area: (m?/g) 5.60 32.0
R/nm / : BJH Adsorption cumulative surface area
100 f 1.91nm_, ssenm | | of pores between 17.000 A and 3000.000 3.46 30.0
/o A width: (m¥/g)
50 L/ I BJH Desorption cumulative surface area of
/. pores between 17.000 A and 3000.000 A 4.47 40.0
0 =————— . width: (m*/g)
0 1 2 3 4 Pore Volume
R/nm Single point adsorption total pore volume
of pores less than 875.498 A width at P/Po  0.0105 0.0712
Figure 2. Distribution of pore radius for Ch (---) and CaCh  =0.9774 (cm*/g)
(-). Inset: amplification of the low R region for chitin, show-  t-Plot micropore volume: (10*cm*/g) -8.95 -24.4
ing the minimum pore radius (~ 0.68 nm). BJH Adsorption cumulative volume of
pores between 17.000 A and 3000.000 A 0.0138 0.0826
surface area of the adsorbent in a non-porous form. The  width: (cm*/g)
hysteresis loop is Hs type, which is characteristic of slit-  BJH Desorption Cumlﬁative volume %f
shaped pores. Type IV isotherms are given by many {’V‘iéet;';itmw;g’ 17.000 A and 3000.000 0~0260 0.0583
mesoporous industrial adsorbents (Sing et al., 1985). Pore éize
Figure 2 shows the pore radius dlstrlbutlgn for Ch Adsorption average pore width (4V/A by 99.8 102
and CaCh. It can be seen that CaCh has mainly pores  BET): ()
centered in R = 1.91 nm (but ranging from 1.53 to 2.13 ~ BJH Adsorption average pore width 159 110
nm), and a few with R = 2.38 nm. Ch has few pores SJ\/I{/A)b(A) i . sal .
. . €SO on average 0r¢ Wi . .
with R ~ 0.68 - 0.86 (inset fig.2) and 2.38 nm, and a 4y, (A)rp g
large proportion that starting at about 2,6 nm and has
maximum at R ~ 3.06 nm.
Other results of this study are summarized in Table
1. From both the pore distribution curve and the Barret-
Joyner-Halenda (BJH) (Barrett et al., 1951) calculation,
-

we can observe that CaCh has mesopores larger than
those of Ch, which shows some micropores. Moreover,
Ch pores seem to be less defined and probably are slits
between chitin lamellae, with no defined width, whilst
those of CaCh seem to be well-defined pores having a
Gaussian size distribution. Both BET and BJH analysis
gave specific surface area and pore volume consistently
higher for CaCh than for Ch.

B. Microscopic characterization

The Ch structure is crystalline with compact and smooth
surface (Fig. 3) when it is observed by optic microsco-
py. This is compatible with the interpretation of slit
pores as inter-lamellae separation gaps. CaCh exhibits
rough and irregular surface with separately calcium car-
bonate crystals, which would indicate that two different
structures constitute the sorbent that consists in a mix of
chitin and calcium carbonate (Fig. 4).

C.SEM

Scanning electron microscopy was used to study the
particle size and surface morphology. Figure 5 shows a
micrograph of Ch that is crystalline, compact and lami-
nar. In Fig. 6, CaCh shows a rough and irregular surface
with pores of chitin and calcium carbonate. The higher
porosity and surface area of CaCh when compared with
those of Ch may be caused by differences in the prepa-
ration method. The alkaline method to prepare CaCh

NE =
Figure 3. Optical photomicrograph of chitin. The bar repre-
sents 250 um

SN # _E§ W 2
Figure 4. Optical photomicrograph of calcareous chitin. The
bar represents 150 um

a
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SEM microphotograph of chitin fraction and its

Figure 5.
EDX spectrum (200 X the bar represents 100 um)
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Flgure 6 SEM mlcrophotograph of calcareous-chitin fraction
and its EDX spectrum. (200 X, the bar represents 100 pm).

from crustacean exoskeletons produces a porous materi-
al formed by chitin and calcium carbonate, while the
acidic preparation of Ch produced a smooth, nonporous
surface.

D. EDX

Ch and CaCh EDX spectra (Figs. 5-6) show that both
materials have calcium carbonate signals but in different
concentration (Ch, 1.59% w/w; CaCh, 8.78% w/w). The
peak at 2.12 without denomination corresponds to the
Au conductive coating layer.

E. IR spectroscopy

Comparison between CaCh and Ch FT-IR spectra (Fig.
7) confirms that CaCh is a mix of Ch and Ca(ll) car-
bonate, because the only difference with Ch spectrum is
the presence of carboxylate bands (COO").

It can be concluded that the polymer consists in a
mix of two different structures without linkages (1740 -
1690 cm™, stretching carbon-oxygen double bond;
1300-1100 c¢cm™ and 1100-1000 cm™ corresponding
stretching carbon-oxygen simple bond) (Brugnerotto et
al., 2001)

F. X-ray diffraction spectrometry

X-ray diffraction analysis (Fig. 8 a and b) of Ch show
two peaks at 20 = 9.3° and 19.4° (4.6 A). In the ChCa
diffractogram, the same peak is seen, with lower intensi-
ty due to the predominance of calcite at 26=29.4° (3.03
A) (Rinaudo, 2006).

G. Cd(Il) adsorption study

Cadmium (II) was selected for adsorption studies to
evaluate the potential of CaCh to remove heavy metal
pollutants. Figure 9 (SEM) shows that the surface of
CaCh after Cd (II) adsorption appears unchanged, re-
maining compact; rough, irregular and porous. EDX
analysis (Fig. 9) reveals the Cd(Il) signal on CaCh sur-
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face. Ca(Il) concentration decreases from 8.78 % w/w
(Fig. 7) to 4.55% w/w and that of Cd(II) reaches 2.36 %
w/w, but there is no evidence about the type of reten-
tion. X-ray diffraction spectrum of CaCh-Cd (Fig.10)
shows reflections at 3.79 A; 2.95 A and 2.07 A corre-
sponding to CdCO; and a calcite peak at 20 = 29.4°
(3.03 A).

H. Kinetic study

The kinetics of Cd(II) uptake on CaCh was investigated.
As shown in Table 2, Cd(IT) uptake was rapid. The ad-
sorption occurred primarily within 15-30 min and equi-
librium was achieved. For subsequent experiments, ad-
sorption tests were fixed at 60 min.
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Figure 8. Representative X-ray diffraction patterns of (a) chi-
tin and (b) calcareous chitin.
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Table 2: Kinetics of cadmium adsorption by CaCh at 25°C
and pH 5.5. Initial concentration of metal 150 mg.L™

Time [min.] Cd(II) Adsorption %

1 40

2 79

5 80

10 83

15 84

20 92

30 93

45 95

60 98

90 98

Table 3: Effect of the ionic strength on Cd (II) sorption by
CaCh
NaClO, Co (mgL")  Ce(mgLh Adsorption %

1x10'M 4.0 0.06 98
1x10°M 4.0 0.04 99
1x10°M 4.0 0.07 98
1x10'M 150.0 6.19 96
1x 102 M 150.0 4.51 97
150.0 4.49 97

1x10°M

1.00 2,00 3,00 4,00 5.00 6.00 7.00 1.00

Figre 9. SEM icrophotograph of calcareous chitin (CaCh)
after Cd(II) adsorption and its EDX spectrum. (200 X, the bar
represents 100 pm).

pear, but the low solubility of the hydroxide limits the
Cd(II) concentration (present as CdOH" and Cd(OH),)
to values minor to 10° M until reaching pH = 13 (Baes
and Mesmer, 1976). Below pH = 4, calcium carbonate
of the CaCh counterfoil is dissolved. So, the range of
pH used in this study was between 4 and 7. Table 4
shows the relation between Cd(II) adsorbed quantity (q),
and calcium(Il) released (Ca(Il)r), when C, of Cd(II)
was 150.77mg/L. In the same table it can be seen that at
pH = 3 the quantity of Ca(Il) released to the solution
was the highest. This quantity decreased and remained
constant in the pH =4 to 7 range. Also the percentage of
adsorption in this pH range was maximum and constant.
Even at different initial pH values, the final pH at equi-
librium was 7.6-7.7. This is attributed to the balance be-
tween the calcium carbonate released of CaCh and the
carbon dioxide dissolved in water:
Ca C03 + HzO(l) Ad Ca++(aq) + COz(aq) + ZOH_(aq)

This pH is achieved simply with CaCh in water, without
the addition of Cd(I).

J. Cd(I1) Retention

Table 5 shows the correlation between Cd(II) adsorbed
by Calcareous Chitin, quantity (q) , calcium(Il) released
(Ca(Il),) and Cd(II) retention by Chitin. The maximum
quantity of adsorbed metal, Q. was 71.4 mg Cd/g
CaCh and the maximum Ca released was 17.8 mg Ca/g
CaCh. The errors were computed with the Student t dis-
tribution and a confidence level of 0.1.

Table 4: Relation between Cd(IT) adsorbed quantity and
Ca(1l) released at different pH values.

Initial Ca(Il), q (mg/g Adsorp- Final
o CICO; pH (mg/g CaCh) tion% pH
CaCh)
3.0 16.04 38.06 82.1 7.6
4.0 9.70 45.72 98.6 7.6
| 5.0 9.56 45.82 98.8 7.6
B I 6.0 9.34 45.72 98.6 7.7
E | .}} T 7.0 9.30 45.84 98.7 7.7
= hk *,.g !\'I'.,\\il;.-.“\j h'-l Table 5 Cd(II) retention (q) and Calcium released by Calcare-
A\ u.ﬂ' ! ' ‘-'F!A, ous Chitin and Cd(II) retention by Chitin.
", | t,;{ i J‘ C,Cd) qCd()  Calr q Cd(1D)
P ! Wi A (mg/)  (mg/g  (mgg  (mg/zCh)
LI NPV CaCh) CaCh)
0 0 3.08+0.08 0
. . 3.61 1.08+0.02  4.14+0.18 0.64+0.15
10 z0 30 0 30 9.45 2.82+£0.37  5.10x0.30  2.15+0.34
_ 20 Cuk o . 1883 5.63£0.76 5.56+0.57  4.16+0.41
Flgur.e 10. XRD spectrum of calcareous chitin after Cd(Il) 3741 11.2940.70  7.00£0.96 8124052
sorption. 5575 16.95:0.82  7.5+1.0  12.48+0.63
H. Effect of ionic strength on adsorption 73.84  24.03:75 8.50£0.61  15.34+0.78
The sorption data shown in Table 3 show that at the 91.71 282414  986+0.69  17.25+0.94
concentrations of NaClO, and Cd (II) studied, there is 109.35 33.6£22  11.25+0.68 21.75+0.98
no significant influence of the ionic strength in the 150.77 46.4+2.0  12.20+0.88 26.0+1.6
cation adsorption, so the NaClO, 10> M concentration 177.69 53.7+1.0 15.5+1.4 29.0+1.5
was used in the later experiences. 258.46 692429 17.32+0.97  28.9+1.3
I. Influence of pH on Cd adsorption 334.47 69.5£3.5 18.0+1.0 29.142.0
According to species distribution, Cd(II) exhibits only 406.14  70.2£3.0  17.7x1.4 29.5+2.6
the +2 valence in aqueous solution below pH = 8.0. 473.83 714419 @ 17.8+14 29.3+1.9

Above this value, mononuclear hydrolysis products ap-
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Figure 11. Comparative Cd(Il) adsorption capacity of chitin
and calcareous chitin.

The molar retention was 0.618 mol Cd/g CaCh. For
larger quantities of Cd(II) in solution, Cd adsorption
and Ca(Il) release remained practically constant, di-
minishing therefore the percentage of Cd(II) retention.

Figure 11 shows the adsorption capacity (q) of
CaCh and Ch, respectively. It can be seen that the ad-
sorption capacity of CaCh (69.2 mg/g) is 2.3 times
higher than that of chitin (29.5 mg/g), which exhibits a
molar retention of 0.263 mol Cd/g, lower than CaCh
retention (0.618 mol Cd/g).

The increased retention capacity of CaCh when
compared with that of Ch may be caused by a combina-
tion of higher specific surface area of the former (which
in turn is related to tits higher porosity), and ion ex-
change between Ca(Il) and Cd(II).

K. Adsorption isotherms

Several models to describe experimental data of ad-
sorption isotherms have been published in the litera-
ture. The Langmuir and Freundlich models are most
frequently applied to analyze the sorption of cations
from solutions on solid surfaces. In this work, both
models were used to describe the relationship between
the amount of Cd(II) ion adsorbed and its equilibrium
concentration in solution. Table 6 shows the Langmuir
and Freundlich parameters found.

The R? values (> 0.90) show that both models can
adequately describe the adsorption data. However, the
Langmuir equation shows a better fit, and the experi-
mental qu. (69.2 mg/g) has no significant difference
with that obtained by extrapolation and agrees with pre-
viously published works for this type of adsorbent
(Debbaudt et al., 2004; Ly et al., 2009).

Results of other sorbents used to the elimination of
Cd(II) are quax = 76.4 mg/g for the fibrous chelating ion
exchanger FIBAN-X1 (Soldatov et al., 2011); while Vi-
nod et al. (2009) found qm.x = 59.7 mg/g for a natural
carbohydrate of India. For the adsorption of Cd(II) on
activated carbon, the following results at 303 K: K; =
0.358 L/mg, qmax=1.670 mg/g; K= 0.444 (mg/g)(1/g)"",
1/n = 0.462 were found (Kula et al., 2008). Comparison
with results in Table 6 shows that CaCh sorption char-
acteristics are good.

Consequently, it can be deduced that cadmium-
CaCh adsorption probably occurs in the unilayer, as
Benguella and Benaissa (2002) demonstrated for chitin.
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Table 6: Parameters of Langmuir and Freundlich isotherms
for Chitin and Calcareous Chitin

Langmuir
Sorbent Cp (gL K. (L.mg") quu(mgg) R’
CaCh 33 0.58 71.4 0.999
Ch 33 0.034 324 0.987
Freundlich
Sorbent K¢ 1/n R?
CaCh 153 0332 0.805
Ch 1.53  0.593  0.829

I11. CONCLUSIONS

Calcareous chitin possess an effective sorption capacity
for Cd(II) ions about 2.3 times greater than chitin. This
is due to the synergistic adsorption capacity of the chitin
and calcium carbonate in the mixed matrix and, more-
over, due to the higher specific area related to its poros-
ity. The optimal working pH range is between 4 to 7,
which is limited by calcium release below pH = 4 and
Cd(II) precipitation above pH = 7.

The calcareous chitin has then potential application
as a sorbent of heavy metal ions like cadmium for
wastewater treatment. Its preparation is easy, rapid and
low-cost, giving a material with excellent adsorption
properties obtained from waste material from fishery.

The cost of the CaCh is estimated between 5 to 7
dollars per kg, due to the abundance of raw materials
and the minimum handling processing without risks
(NaOH 4% which may be recycled, 60°C, 45 min).
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