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Abstract
The study describes the degradation of inkjet ink at low frequency ultrasound (US) and greensand to compare 
their reactivity. Environmental sonochemistry is a rapidly growing area and an example of the advanced oxi-
dation process (AOP) that deals with the destruction of organic species in aqueous solutions. Greensand is a 
granular material coated with a thin layer of manganese dioxide (MnO2) which is among the strongest natural 
oxidants. In our study magenta inkjet water-based printing ink was dissolved in distilled water and the solutions 
obtained after degradation were analysed in terms of total organic compound (TOC) and absorption curves in 
the visible spectra. Also used for the process monitoring was high performance liquid chromatography (HPLC). 
The efficiency of discoloration is significantly affected by the effluent pH. The efficiency of discolouration was 
higher when the pH of initial solution was 2 with respect to the initial solution pH of 5.5. In all solutions, 
irrespective of the initial pH value and the processing method the oxidation of polyhydric alcohols occurs. 
Although the decomposition is significant, surface peaks resulting from HPLC analysis are very small. Decol-
ourization is closely related to the cleavage of the – C=C and -N=N- bonds, and oxidation of polyhydric alcohol 
to the formation of monosaccharides, carboxylic acids or other low molecular weight compounds with a lesser 
number of unsaturated double bonds. These compounds have low UV absorbance or they absorb below 200 nm 
and therefore their detection is impossible. Thus, the obtained total organic compound results indicate a small 
degree of mineralization. The effectiveness of the low-frequency ultrasound (20 kHz) oxidation is similar to the 
effectiveness of oxidation by greendsand.
Key words: oxidiation, ultrasound, greensand, inkjet printing ink

1. Introduction
Wastewater effluents in some industries, such 
as dyestuff, textiles, leather, paper, and plastics 
contain several kinds of synthetic dyestuffs. The 
presence of colour in water for whatever use 
is undesirable (Guzman-Duque et al., 2011). 
Even with the presence of very small amounts 
of dyes in water (less than 1mg dm-3 for some 
dyes) the colour is highly visible (Wu et al., 
2013) and can be toxic for life and harmful for 
human beings. Hence, the removal of colour 
from process or waste effluents is an issue of 
fundamental importance for the environment 
(Mohamed et al., 2007, Wu et al., 2013, Vonči-
na Brodnjak and Majcen-Le-Marechal, 2003).
Until now, conventional methods such as coagula-
tion, microbial degradation, absorption on activat-
ed carbon, incineration, biosorption, filtration, and 

sedimentation have been used to treat dye waste-
water. During the last two decades, Advanced Ox-
idation Processes (AOPs) have emerged as sludge-
free alternatives for decolourizing azo dyes (Eren 
and Ince, 2010). Ultrasound is considered to be an 
advanced oxidation process (AOP) that generates 

OH• radicals through acoustic cavitation (Eren, 
2012). The sonochemical effect takes place at the 
gase/liquid interface due to the oxidation of or-
ganic molecules by OH• and, to a lesser extent, in 
the bulk solution or the pyrolytic decomposition 
inside the bubbles. Hydrophilic and non-volatile 
compounds such as dyes mainly degrade through 
OH-mediated reactions in the bulk solution and at 
the bubble-liquid interface, while hydrophobic and 
volatile species degrade thermally inside the bub-
bles (Eren, 2012; Moumeni et al., 2012). 
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Researchers have shown that high frequencies 
are usually effective in degrading hydrophilic 
and non-volatile organics such as dyes, while 
low frequencies are more suitable for hydro-
phobic and volatile compounds. The result was 
attributed to a larger number of oscillations at 
high frequency that allowed a larger fraction 
of OH-ejection into the bulk liquid (Rehorek, 
2004; Eren, 2012; Eren and Ince, 2010).
According to Guzman-Duque et al. (2011) 
by-products of aromatic structures occured as a 
result of sonochemical degradation of crystal vio-
let dye in water. As demonstrated by Siddique et al. 
(2011) sonoelectrochemical treatment of un-hy-
drolyzed reactive blue 19 dye for 30 min resulted 
in the formation of acetic acid, benzoic acid, etc. 
For hydrolyzed dye, a treatment of 10 min was 
enough. According to Moumeni et al. (2012) son-
ochemical degradation of malachite green occurs 
via two competitive processes: N-demethylation 
and destruction of the conjugated structure.
Greensand is a granular material, coloured in 
purple-black, derived from glauconite. Glauco-
nite is a very common mineral in the class of 
zeolite, coated with a thin layer of manganese 
dioxide (MnO2). Manganese oxides are among 
the strongest natural oxidants in soils and sed-
iments with a reducing potential between 1.27 
and 1.50 V. They are capable of oxidizing many 
inorganic pollutants and a wide range of organic 
compounds such as phenols, aromatic amines, 
antibiotics, alcohol and colorants (Wang et al., 
2014; Markovski et al., 2014; Zhang et al., 2013; 
Hao et al., 2013; Clarkea et al., 2013; Qu et al., 
2014; Zhua et al., 2010; Wang et al., 2017; Jiang 
et al., 2016; Das and Bhattacharyya, 2014; Fang 
et al., 2016; Dang et al., 2016). 
Every inkjet formulation contains ingredients 
to preserve the colorant in a wet, fluid medi-
um, whether solvent or carrier. Thus, water as 
a neutral fluid adjusts viscosity, adds volume, 
and allows the regulation of the concentration 
of the dye formulation. Then we have the sur-
factant and acid or alkali (base) to control the 
pH of the formulation (Cie, 2015). Water-based 
inkjet printing inks are comprised of colourant 
(dye or pigment), additives, humectants (ethyl-
ene glycol, polyethylene glycol, triethylene gly-
col or diethanolamine) and water. Originally 
coloured liquids (dye-based colourants) are fully 
dispersed and dissolved in water (Aldib, 2015).

About 50% of the dyes produced in the world 
are derived from azo compounds. The main 
characteristic of this family of compounds is 
the presence of the azo group (−N=N−), which 
allows larger extension of π-electronic conjuga-
tion and, therefore, intense absorption of light 
in the visible region of the electromagnetic 
spectrum (Ferreira, 2013). In water-based ink 
jet printing inks the anionic dyes are mostly 
used as colourants (Ferreira, 2013). Azo dyes 
themselves are not toxic. Under anaerobic con-
ditions azo dyes are cleaved by microorgan-
isms to form potentially carcinogenic aromat-
ic amines. Aromatic amine formation may be 
avoided by the use of oxidative processes (Re-
horek et al., 2004).
The oxidation of a mono-component system 
is the subject-matter of research of most of the 
authors of this paper. Thus, the oxidation of the 
real system, which consists of different organic 
components is presented. We studied the deg-
radation of the components from a solution 
obtained by dissolving an inkjet water-based 
printing ink (dye-based) in distilled water. The 
oxidation process was conducted with green-
sand batch process and ultrasonic irradiation 
(low frequency ultrasound). The comparison 
of the effectiveness of the presented oxidation 
processes was given. 

2. Material and methods

2.1  Model solution
Dye solution with a concentration of 100 mg 
dm-3 was prepared by dissolving of the ma-
genta inkjet printing ink (Epson Stylus Pro 
7000) in distilled water. According to the pro-
ducer, the approximate composition of print-
ing ink is as follows: 1.5% dye; 8% glycerol 
(OHCH2CH(OH)CH2OH), 28% ethilenglycol 
[(CH2)2(OH)2], 1% urea and 61.5% water.

2.2 Chemicals
The chemicals used have the purity of the cor-
responding analytical grade from producer 
“Kemika” Zagreb. Distilled water with the elec-
trical conductivity of less than 1 mS cm-1 was 
also used. For adjusting the dyestuffs’ pH value 
to 2.0 H2SO4 solution the concentration of 2 
mol dm -3 was used.
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2.3 Apparatus
Total organic carbon analyzer, (TOC-VCHN/CSN, 
Shimadzu Corporation, Japan) was used for 
TOC concentration measurements. pH value 
was measured using inoLab_IDS, Multi 9310. 
Dyestuff model solutions were mixed using the 
rotary shaker Edmund Bűhler GmbH. Ultraco-
nisc sonification was conducted using Sonopuls 
HD 3100 ultrasound with frequency of 20 kHz. 
The spectral absortion curves were determinated 
with Konica Minolta Spectrophotometer CM-
3600d. UV–Vis spectrometry was performed 
with a Perkin Elmer, Lambda 10 spectropho-
tometer. The spectra were recorded between 200 
and 800 nm at a scan rate of 240 nm min-1. 
The HPLC analyses were carried out on Agilent 
1100 Series system consisting of quaternary 
pump, vacuum degasser, autosampler, thermo-
stated column oven and multichannel UV di-
ode-array detector (Agilent Technologies, Palo 
Alto, CA, USA). Chromatographic separation 
was carried out on a Zorbax Eclipse XDB col-
umn (150 mm × 4.6 mm) with C18 functional 
groups and 5 μm particle size (Agilent Tech-
nologies, Palo Alto, CA, USA). The column 
temperature was 40 °C, injection volume 50 
μL, flow rate of the mobile phase 1 mL min-1, 
and the time of analysis 43 min. The mobile 
phases A (0.34 g TBASH + 900 mL water + 
100 mL acetonitrile) and B (acetonitrile) were 
used for gradient elution as follows: the initial 
ratio of 25 % of acetonitrile was held constant 
for 5 min, then the ratio of acetonitrile was in-
creased to 40 % over the following 8 min, and 
to 90 % in the following 17 min, held constant 
for 10 min and decreased to the initial value of 
25 % over 0.5 min. The analytes were detected 
by monitoring the UV absorbance at 204 nm, 
238 nm, 287 nm and 538 nm, which were set 
according to the UV absorption spectra of the 
initial sample solution.

2.4. Analitical procedure

2.4.1 Greensand oxidation treatment

Experiments were conducted in batch reactors 
at 25ºC. 0.25 g of greensand was placed into the 
plastic laboratory containers (50 cm3) and cov-
ered with 25 cm3 dyestuff soultion. The soultion 
was shaken on rotary shaker at a speed of 250 
rotation/min during 10, 30, 60 and 220 min.

2.4.2. Ultrasonic oxidation treatment 

25 cm3 of dyestuff solution was placed into the 
laboratory beakers. The power of ultrasound 
was adjusted to 30, 80 and 150 W. Duration of 
treatment was 10, 20 and 30 min. 
After treatments, all the soultions were centrif-
ugated and in the obtained supernatants the 
TOC was determined and the absorption spec-
tra were acquired in the visible spectral range. 
The HPLC analyses were used to monitor the 
initial and degradation products visible by the 
UV-VIS absorption detection. 50 μL of each 
sample was injected on the column, without 
any preparation or dilution.

3.  Results and discussion

3.1 Oxidation by greensand
Figure 1 presents the TOC concentration meas-
urements in original dyestuff solution and in all 
soultions treated with greensand. The initial pH 
values of dyestuff solutions were 5.5 and 2.0.
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Fig.1. TOC concentrations in dyestuff solution with 
initial pH values of 5.5 and 2.0 before and after 
shaking with greensand

After 10 minutes of treatment, the TOC con-
centrations were lower but this is negligible, as 
well as the further reduction which appeared 
with the increase of shaking time. The original 
dyestuff soultion has TOC concentration of 20 
mg dm-3. After 220 min of shaking, the TOC 
concentration in dyestuff solution with pH value 
5.5 decreased to 15.87 mg dm-3. The efficiency 
of TOC removal was around 20%. The soultion 
was slightly less coloured compared to origi-
nal soultion but complete discolouration didn’t 
occur. The removal of TOC in dystuff soultion 
with initial pH value of 2.0 is approximately the 
same as in the initial dyestuff solution with a pH 
value of 5.5. However, in acidic solutions discol-
ouration has occurred (Figure 2). 
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Fig.2. The absorption curves of the dyestuff solution 
with initial pH of 5.5 (A) and 2.0 (B) before and after 
shaking with greendsand

Figure 2 shows the absorption spectra of dye-
stuff soultions. A slight reduction of the ab-
sorption maximum of the initial solution with 
pH 5.5 (Figure 2A) and a significant reduction 
of the absorption maximum in acidic solutions 
(Figure 2B) were observed. 

Table 1 shows the recording wavelengths and 
retention times of 19 components monitored 
by the HPLC analysis. 
The chromatograms of the initial solution re-
corded at 204 and 538 nm are shown in Fig-
ure 3. The peak with the retention time of 11.9 
minutes represents the colour which is verified 
by recording its UV spectra during HPLC anal-
ysis using the diode array detector.
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Fig.3. Chromatograms of the initial solution recorded 
at 538 (A) and 204 nm (B)

Chromatogram of the initial solution contained 
13 peaks recorded at different wavelengths. The 

Table 1 Wavelength and retention times (A = added acid, D = product of degradation, I = initial peak, I (dye) = initial 
peak of dye)

Peak No. tR / 
(min)

λmax / (nm)
wavelength of maximum absorption 
obtained from the recorded spectra

λmax / (nm)
wavelength at which a certain peak was recorded, i.e. in 
which the determined peak area was used in the results

1 A 1.3 204, 310 204
2 D 2.05 204 204
3 D 3.1 220, 250, 330 204
4 I 3.8 230, 275, 530 204
5 I 4.7 204, 230, 300 204
6 I (dye) 11.9 220-230, 280, 510-545 204
7 D 16.4 204 204
8 D 23.5 204 204
9 D 24.5 204, 230, 280 287

10 I 25.4 240-250 238
11 I 26.6 204, 230, 275 204
12 I 27.1 230 238
13 I 27.7 240, 250, 320, 345 238
14 I 28.5 280 287
15 I 29.1 204 204
16 I 29.6 204, 240, 305, 204
17 I 31.6 204, 300 204
18 I 35.6 204, 225, 260 204
19 I 38.8 204, 230, 275 204
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components with the retention times of 2.05 
min, 3.1 min, 16.4 min, 23.5 min i 24.5 min 
(peaks # 2, 3, 7, 8 and 9) were not detected 
in the initial sample solutions, but only in the 
solutions after treatment, so these components 
might be considered as degradation products 
(Table 1). A peak with the retention time of 1.3 
min which is not present in the initial sample 
solution appears only in the acidified solutions, 
and probably relates to the sulphuric acid (Table 
1). Other peaks belong to other components in 
the solution (alcohols). Two components with 
retention times of 35.5 and 38.7 minutes (peaks 
# 18 and 19) have significantly higher peak are-
as than the other peaks. These are probably the 
prevalent components in the samples (or the 
components with significantly higher UV ab-
sorbance than all other components). The com-
ponents with the retention times of 4.7 min, 
26.5 min, 29.1 min, 29.5 and 31.5 min (peaks # 
5, 11 and 15-17) have lower peak areas than the 
previous two, but still significant and probably 
related to less concentrated compounds in the 
samples. The areas of the compounds with the 
retention times of 3.8 min, 25.4 min, 27.1 min, 
27.7 min and 28.5 min are much lower than 
all the other peaks. These probably appertain 
to compounds with very low concentration or 
UV-VIS absorption (peaks # 4, 10, 12, 13, 14).
The surface areas of all the peaks that appear in 
the original dyestuff solution are reduced upon 
treatment with greendsand (Table 2) regardless 
to the initial pH value of solution except for 
peak # 6 (dye). 
Table 2 HPLC analysis of the original dyestuff solution 
and solutions after shaking with greendsand (A = 
added acid, D = product of degradation, I = initial 
peak, I (dye) = initial peak of dye)

Peaks surface areas
Peak No. Retention 

time/(min)
Original 
dyestuff

30 min 
pH 5.5

10 min 
pH 2

20 min 
pH 2

1 A 1.3 0 0 238.9 216
2 D 2.05 0 0 113.9 123
3 D 3.1 0 0 68.5 55.7
4 I 3.8 26.5 0 20.5 25.9
5 I 4.7 649 45.5 168.6 157.6
6 I 

(dye)
11.9 115.6 136.4 0 0

7 D 16.4 0 0 60.8 74
8 D 23.5 0 324.5 326.1 327.7
9 D 24.5 0 31.8 31.4 31.9

10 I 25.4 137.1 54.1 53.6 54.9

11 I 26.5 1162 286.3 308.5 365.8
12 I 27.1 60.5 27.2 27.4 27.9
13 I 27.7 60.9 25.4 25.6 26
14 I 28.5 292 108.6 108.8 110.5
15 I 29.1 862.2 215.1 216.3 218.4
16 I 29.5 931.7 52.7 53.6 54.5
17 I 31.5 891.2 128.7 134.1 132.2
18 I 35.5 5705.5 2472.6 2494.4 2507.2
19 I 38.7 3054.2 1146.6 1155.3 1159.5

Area of peak # 6 is not reduced in a solution 
of pH 5.5, which means that there is no deg-
radation of dyes. These results confirm the 
resulting absorption curve. Moreover, surface 
area of this peak is slightly higher. The total 
area of  all peaks obtained by HPLC analysis of 
the original dyestuff solution is 13948.4. After 
greensand oxidation treatment of the original 
dyestuff solution (pH = 5.5) for 30 minutes, 
the total peak area is reduced to 4699.2. This 
means that the concentration of components 
in the solution has decreased by 66.3%. The 
surface area of resulting peaks was 356.3 rep-
resenting only 2.5% of the initial surface. The 
greatest reduction of the peak surface areas was 
obtained for the peaks #5, 11, 15-17 in the neu-
tral solution as well as for acid solution (from 
75 to approximately 95% compared to the ini-
tial surface area of   individual peaks, Table 3). 
Table 3 Analysis of degradation products obtained 
after shaking the dyestuff solution with greendsand

% of degradation
Peak No. Retention 

time/(min)
30 min 
pH 5.5

10 min 
pH 2

20 min 
pH 2

4 I 3.8 100.0 22.6 2.3
5 I 4.7 93.0 74.0 75.7
6 I (dye) 11.9 -18.0 100.0 100.0

10 I 25.4 60.5 60.9 60.0
11 I 26.5 75.4 73.5 68.5
12 I 27.1 55.0 54.7 53.9
13 I 27.7 58.3 58.0 57.3
14 I 28.5 62.8 62.7 62.2
15 I 29.1 75.1 74.9 74.7
16 I 29.5 94.3 94.2 94.2
17 I 31.5 85.6 85.0 85.2
18 I 35.5 56.7 56.3 56.1
19 I 38.7 62.5 62.2 62.0

Other components are degraded in smaller 
percentage (from about 55 to 63%). Follow-
ing the treatment of the acidic dyestuff solu-
tion with greendsand for 10 minutes, the total 
surface area of the peaks obtained by HPLC 
analysis of the original dyestuff solution has 
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decreased to 4766.7. The surface area reduction 
is 65.8%. The resulting surface is around 600.7. 
After treatment of the acidic dyestuff solution 
with greendsand for 20 minutes, the total sur-
face area of the peaks present in the original 
dyestuff solution has decreased to 4840.4. The 
surface area reduction is 65.3%. The resulting 
surface is around 538.3. Slightly larger resulting 
surface areas of the peaks in the acidic dyestuff 
solution can be attributed to the decomposition 
of dyes and production of its degradation prod-
ucts (peaks #2, 3 and 7; Table 2). Although the 
decomposition is significant and most likely 
outlines the alcohol degradation, resulting sur-
face peaks are very small. 
However, it is possible that during degradation 
of these components the formed products of 
decompositions at the tested wavelengths have 
little or no absorbance and therefore their de-
tection is impossible. HPLC analysis results 
of the dyestuff solution after shaking with the 
greensand (Table 2) did not differ significant-
ly. Based on the obtained TOC results, we can 
assume that there was a slight mineralization.
Monosaccharides and carboxylic acid are formed 
by oxidation of polyhydric alcohols. Mono-
saccharides are the first oxidation products of 
polyhydric alcohols. All of these compounds 
are very easily oxidized. According to Elmaci 
et al. (2017) nano-manganese ferrite-supported 
manganese oxide catalyst can oxidize benzyl al-
cohol and benzaldehyde without employing any 
oxidizing agent other than the air present in the 
reactor. Similar results were obtained by Massa 
et al. (2012). As demonstrated by Wieland et al. 
(1996) CO2, glycolic acid, and adsorbed CO are 
identified as reaction products for ethylene gly-
col and glycolaldehyde oxidation by platinum. 
According to Giroto et al. (2010) the photo-
degradation of poly-ethylene glycol (PEG) and 
aqueous solutions by means of photo-Fenton 
and H2O2 / UV processes forms acetic, formic 
and glycolic acid.
One f the reasons for a better discolouration of 
a dyestuff solution in acidic media is possibly 
the increase of MnO2 reduction potential. Re-
duction potential of Mn oxides is changed ac-
cording to the Nernst equation:
β-MnO2(s) + 4 H+ → Mn2+(aq) + 2H2O E0(MnO2/Mn2+) = 1.23 V

In accordance with the Nernst equation, pH 
reduction increases the reduction potential 

of Mn oxides. Another reason for a better de-
colourization in an acidic media is the surface 
exchange, protonation / deprotonation of Mn 
oxide with pH. In the common case when the 
surface charge-determining ions are H+/OH-, 
the net surface charge is affected by the pH of 
the liquid in which the solid is submerged. The 
pH (at 25°C) of the isoelectric point for man-
ganese (IV) oxide in water is 4-5. At pH values   
less than 4-5, the surface of MnO2 is positive-
ly charged and in these conditions the attrac-
tive forces between the anionic dye molecules 
and positively charged MnO2 particles surface 
enhance the diffusion of dye molecules from 
the bulk solution to the adsorbent surface. A 
third reason may be protonation of negatively 
charged dye sites, causing hydrophobicity in-
crease of the dye molecules and possibly an eas-
ier degradation of such molecules. A possible 
reason is the fact that pH has an influence on 
the azo-hydrazo equilibrium of azo dyes. Acid-
ic pH favours the hydrazo form (NH), while 
basic pH favours the more stable azo form 
(OH). In magenta dyes this plays an important 
role (Fryberg, 2005).
To establish a pH-dependent flocculation sta-
bility of ink jet dye in this study a pH-adjust-
ed control was prepared. The pH 2 of dyestuff 
solution did not show any evidence of floccula-
tion but after several months discolourization 
of magenta occurred, which was more pro-
nounced under the light.

3.2. Oxidation by ultrasonic irradiation
Figure 4 shows the TOC concentration of the 
dyestuff solution after ultrasonic irradiation. 
TOC concentrations are similar to those ob-
tained by greensand treatment, and a slight de-
crease in concentrations was observed regard-
less to the initial pH value and used power of 
ultrasound. 
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Fig.4. TOC concentrations in dyestuff solutions before 
and after ultrasonic irradiation (P = ultrasound power)
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From the absorption spectra of the dyestuff 
solution, a very low reduction of the absorption 
maximum in dyestuff solutions with initial pH 
5.5 can be seen (Figure 5A) as well as a decrease 
of absorption maximum after the ultrasonic ir-
radiation in acidic solution (Figure 5B). 
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Fig.5. The absorption curves for initial dyestuff 
solution with pH 5.5 (A) and 2.0 (B) before and 
after the ultrasonic irradiation for 10 minutes with 
ultrasound power of 30, 80 and 150 W

Therefore, the results are very similar to those 
obtained after treatment with greensand. In 
acidic solution, a better decolourization is 
achieved. Table 4 shows the results of HPLC 
analysis. It is evident that after the treatment 
of dyestuff solutions with pH 5.5, the colour 
of the solution is not reduced (the number of 
peaks 6), as confirmed by the spectral absorp-
tion curves. 
Moreover, peaks surface areas were again slight-
ly higher. After processing of dyestuff solution 
with pH 2, peaks # 6 disappear. Decolouration 
efficiency increased in acidic conditions, which 
was probably associated with the effect of proto-
nation of negative charges in acidic medium and 
the hydrophobic character of the resulting mol-
ecule which enhanced its reactivity (Wu, 2013). 
Table 5 shows the share of individual compo-
nent degradation to the relative analyzed peak 
areas in the original dyestuff solution. The 
highest reduction of the peak surface areas was 
obtained for the peaks # 4-5, and 10-17 in the 
neutral and acidic dyestuff solutions (from 75 
to about 95%). Therefore, the degradation ef-
fectiveness of these components is slightly bet-
ter compared to treatment with greensand. The 
remaining components # 18 and 19 degrade in 

Table 4 HPLC analysis of the original dyestuff solution and solutions after ultrasonic irradiation (A = added acid, D = 
product of degradation, I = initial peak, I (dye) = initial peak of dye)

Peak surface areas
Peak No. Retention 

time
/min

Original 
dyestuff 
solution

pH 5.5
P=30W

pH 2 
P=30W

10 min pH 
5.5 P=80W

10 min 
pH 2 
P=80W

10 min 
pH 2 
P=150W

30 min 
pH 5.5
P=150W

1 A 1.3 0 0 197.5 0 244.5 145.8 0
2 D 2.05 0 93.5 104.1 0 103.4 62.2 0
3 D 3.1 0 41.5 64.1 118.1 13.5 53.4 23.9
4 I 3.8 26.5 0 0 88 0 11.3 13.1
5 I 4.7 649 0 0 47.6 0 10.8 0
6 I (D) 11.9 115.6 119.9 0 124 0 0 120.3
7 D 16.4 0 35.6 0 26.6 36.1 44.7 38,7
8 D 23.5 0 300.2 350.6 306.6 316 322 320.9
9 D 24.5 0 0 51.4 28.3 28.9 29.2 29.9
10 I 25.4 137.1 49.8 49.4 49.9 54.2 52 65.0
11 I 26.5 1162 436.1 374.1 377 356.9 364.6 389.4
12 I 27.1 60.5 0 0 25 26.1 26.6 26.7
13 I 27.7 60.9 0 0 24.3 25 25.2 24.7
14 I 28.5 292 97.5 94.6 102 104 107.6 105.2
15 I 29.1 862.2 193.4 257.4 201.8 206.7 211.3 209.0
16 I 29.5 931.7 0 0 48.8 50.5 51.8 51
17 I 31.5 891.2 130.8 51.6 133 136.2 131.1 126.9
18 I 35.5 5705.5 2286.5 2299.8 2349.6 2350.6 2568.7 2500.2
19 I 38.7 3054.2 1136 1140.7 1152.5 1141.7 1136.5 1142.8
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a percentage of approximately 55 to 63%, which 
is similar to that obtained after treatment with 
greensand. The total area of   the peaks present 
in the original dyestuff solu t ion decreased at 
high ultrasonic irradiation power of 30 W and 
at pH 5.5 and at pH 2 (10 minutes) as well as 
at pH 2 dyestuff solution un d er irradiation 
power of 80 W (10 minutes). The surfaces were 
reduced to 4450, 4267.6 and 4452 (by 68, 69.4 
and 68%, respectively). In other cases, the re-
duction of the peak surface areas is about 66%. 
The resulting surfaces formed during degrada-
tion in acidic solutions were 3.6% (10 min, P = 
80 W) to 4% (10 min, P = 30 W), while in pH 
5.5 the dyestuff solutions were in a range from 
2.7% (30 min, P = 150 W) to 3.4% (10 min, P = 
80 W). Somewhat larger resulting peak surface 
areas in acidic solution can be again attributed 
to the degradation of dyes and the formation of 
its degradation products.

4. Conclusions
Greensand has been proved as an oxidant with 
similar effectiveness compared to ultrasonic 
irradiation. In all the tested dyestuff solutions, 
regardless to the initial pH value, the oxidation 
of the polyhydric alcohols occurs. During the 
oxidation of polyhydric alcohols monosac-
charides, carboxylic acids and other smaller 
molecules with few double bonds are probably 
formed. These compounds have lower UV ab-
sorbance or they absorbe at wavelengths below 
200 nm, which is very difficult to record because 

usually the mobile phase absorbs in this area, 
too. In neutral solutions a poor decolourization 
is present, which can be improved by acidifi-
cation. Organic molecules which are coloured 
and absorb in the VIS electromagnetic spectral 
range have an expanded system of delocalized 
π electrons. Aromatic rings do not react easily 
without a catalyst and UV radiation. Thus, the 
cleavage of azo molecules probably occurs be-
tween two nitrogen atoms resulting in products 
with a different retention time and absorbance. 
Hence, the pH value is very important in inkjet 
water-based printing inks because it can signif-
icantly affect the stability of dyes. 
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