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Abstract: Taking into account the photosensitive charactdrunfiic acids anthe sorption as prerequisite step to reach an
effective degradation by photocatalysis applicafimnremoval of humic acids from water, the assesgnof photolysis
and adsorption contribution to overall photocalysiecess using Ti@modified zeolite catalyst with 1% T w/w
(TiO,-Z) is necessary. The results obtained at low entmation of humic acid (25 mg?) using TiQ-Z, indicated that in
comparison with adsorption process, the photocsiwlgpplication did not improve removed amount aofmft acid.
Though, the functionalization of zeolite with Ti@d to improve the adsorption capacity for hunda@aThe best results
were achieved for photolysis due to fact that huacicls act as natural photosensitizers. At higbacentrations of humic
acids (100 md.™), better results were achieved on FDfor photocatalytic process (41.8 mg) than thegpson (28.7
mg) and photolysis (27.3 mg) processes, but nonautative effect of sorption and photolysis was oedi. The similar
results obtained through application of photocatalysing both Ti@Z and Z-Na catalysts and taking into account the
photoinert character of Z-Na and enhanced sormiamacity of TiQ-Z for HA proved the significant contribution of tho
photolysis and sorption processes.

Keywords: photolysis, photocatalysis, sorption, pigeolite, humic acid

1. Introduction practical application of photocatalysis on the Hfnoval
the contribution of each photolysis, sorption and
Humic acids (HA) are natural polymers, formed dgrin Photocatalysis process to humic acids removal freater
degradation of plants and microbial materials, vaithigh s required. This study focused on the assessnfetiteo
molecular ~ weight, containing aromatic  blockscontribution of photolysis and sorption to overall
characterized by a broad molecular weight distiisuand ~Photocatalysis application using Ti2 catalyst for the
high chemical heterogeneity, with acidic charactee to removal of humic acids from water for two different
Carboxy"c and pheno"c groups. The structure, malass concentrations of humic acids. In addition, thq)ﬂon and
and functional groups vary depending on origin agd [1- Photocatalytic capacity of catalyst for humic acias
3]. During drinking water disinfection stage, HAane with ~ determined in comparison with monocationic form of
chlorine and cause hazardous disinfection by-prisdiecy., ~ clinoptilolitic zeolite (Z-Na).
trihalomethanes, haloacetic acids, haloacetorstrilé].

Humic acids play an important role as photoseresitin 2. Experimental
aquatic processes, form soluble complexes withiqgess
and heavy metals, increase the bacteria regrowténpal All photolytic, sorption and photocatalytic expesmnis

in water distribution pipelines resulting in pipermsion were carried out under magnetic stirring af20nto a RS-
[5]. Many treatment conventional methods, e.g.l photocatalyctic reactor (Heraeus, Germany), which
coagulation and flocculation [6], adsorption [7,8]consisted of a submerged lamp surrounded by a muart
biofiltration [9,10], electromagnetic treatmentléaled by shield. The sorption and photocatalytic activity B0,
electrocoagulation using aluminium electrodes [fHre (1%, w/w) immobilized on monocationic form of zeeli
applied in order to remove humic acids from waleking (TiO,-Z) synthesized by solid-solid method, was assessed
into account the disadvantages of these methods, th comparison with monocationic form of clinoptitid
heterogenous photocatalysis can be regarded deative  zeolite (Z-Na). The amount of catalyst was I§-L
alternative solution for the elimination of HA froagueous The adsorption experiments were carried out under
solution [12-19]. dark conditions and photolytic experiments under UV
In general, the catalyst type plays a main rolehef irradiation in the absence of catalyst, under thmilar
performance of the heterogenous photocatalytic gg®c conditions of photocatalysis. After the adsorptiand
Thus, based on both the importance of sorptionagpaf  photocatalysis application for 120 minutes, thepsusion
catalyst material in its photocatalytic activity darthe was sampled and filtered through a 0.4 Millipore
potential of the photosensitive character of HAipptto  filter. The concentration of humic acid was meaduire
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terms of absorbance at 254 nmy{A and 436 nm (4

with a Carry 100 Varian spectrophotometer.

character of humic acids and photoinert charadteeolite
and its afinity for Has [1], the application of &ac

3. Results and Discussion

Based on the literature data regarding photoseasiti _

photolysis, sorption and photocatalys process

removal was tested for two initial HA concentrator2s

mgL™ and 100 md.", respectively.

The sorption and photocalysis experiments usin
monocationic form of clinoptilolitic zeolite (Z-Nagnd

TiO,-modified zeolite catalyst (TiZ) were carried out
for both HA concentrations. The compartive result

regarding HA removal by
photocatysis are shown in Figures 1-5.
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Figure 1. Evolution of HA concentration (J\) versus time
(C=25 mgL™) corresponding to the processes:
1 —sorption on Ti@- Z; 2 — sorption on Z — Na;

3 — photocatalysis on TiY; 4 — photocatalysis on Z-Na.
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Figure 2. Evolution of HA color (VIS versus time (€25 mgL™)

corresponding to the processes: 1 —sorption on Fi3 2 — sorption on
Z — Na; 3 — photocatalysis on Tid; 4 — photocatalysis on Z—Na.
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Figure 3. Evolution of HA concentration (UM) versus time
(C=100 mgL™) corresponding to the processes:
1 —sorption on Ti@— Z; 2 — sorption on Z — Na;
3 — photocatalysis on TiY; 4 — photocatalysis on Z—-Na.
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Figure 4. Evolution of HA color (VISg) versus time (€100 mgL™)
corresponding to the processes: 1 —sorption on i}

2 — sorption on Z — Na; 3 — photocatalysis on 72D
4 — photocatalysis on Z—Na.
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Figure 5. Evolution of HA concentration (J\) and color (VISse) versus

time corresponding to the photolysis process faritvitial HA
concentrations: € 25 mgL (1 — UVass, 2 — VISize);
Ci= 100 mgL™( 3 — UVass, 4 — VISizq)
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Based on the experimental data and balance massplibtolysis (27.3 mg) processes, and no a cumuleafiiest

was determined the amount of humic acid (mg) regbtd

1 Liter of solution that was removed through sanpti

photolysis and photocatalysis processes, at twoirital

of sorption and photolysis was noticed. The sigaifit
contribution of sorption and photolysis processestioe
overall photocatalysis process for the removal oimit

concentrations (25 and 100 tg) and the catalyst dose of acids from water was found, but no satisfactoryltesof
1gL™ after 120 minutes reaction time. The results ole@i photocatalysis applying was obtained due to the low

for the two HA initial concentrations
Tables 1 and 2.

are gatheried

TABLE 1. Contribution of different processes to humic acids
removal at initial HA concentration of 25 mg-L™

Catalyst
Process ?y;g s Agzss[Mg] Ayzs [Mg]
Sorption TiO,—Z 18.0 24.0
P Z-Na 8.0 14.9
. TiO,—-Z 18.3 23.3
Photocatalysis 7 - Na 152 511
Photolysis - 22.3 30.9

TABLE 2. Contribution of different processes to hanacids
removal at initial HA concentration of 100 rhg

Process Catalyst type A[mg] | Auzes[mg]
) TiO, - Z 28.7 52.1
Sorption Z-Na 36.6 54.1
. TiO, - Z 41.8 64.2
Photocatalysis 7 - Na 116 556
Photolysis - 27.3 42.4

It can be noticed that at lower HA concentratiob (2
mgL™), the amount of HA removed by sorption and’
photocatalysis on Ti©— Z were practical similarly (~18
low HA
concentration could be own the low Ti€ontent of zeolite

mg). The photocatalysis inefficiency at

(1%, w/w). The best results were achieved for plyste

(22.3 mg) due to fact that humic acids act as ahtur

photosensitizers, this property being obviously ifiegted

at low concentrations of HA. The increase of sonpti
capacity of TiQ-Z catalyst as the consequence of JiO

immobilization on zeolite surface was noticed.

The results regarding the solution discolourationd
expressed also removed HA mg reported to 1 L, was

almost similarly, 24.0 mg for sorption and 23.3 riag
photocatalysis, respectively. Based on these tegstican

loading of TiGQ into zeolitic matrix.

The amount increase of HA adsorbed on ;i@ at
HA concentration of 100 mig™* (28.8 mg) compared with
initial HA concentration of 25 mfg™ (18.0 mg) can be
explained by the fact that sorption process is ifagidoy
initial concentration increasing. Under high initiBlA
concentrations, the photocatalysis exhibits a more
pronounced effect on the discoloration degree in
comparison with sorption application, by the attawk
chromophore groups.

The assessment of the contribution of each sorption
photolysis and photocatalysis on Z-Na catalyst urabgh
HA initial concentrations of 25 mig* and respective, 100
mgL™ allowed to notice the affinity of zeolite for HAd
photosensitive character of HA. As we expectedhéig
initial HA concentrations higher HA amount retained
zeolite. Also, it has to be mentioned that the lwuagid
sorption on zeolite must be regarded as a complex
phenomenon, occuring as a compromise between the
ability of the cations to form stable bridges wiitle organic
matter and, on the other hand, their specific sefec
sorption by the zeolite [14]. The better resultsaoted for
photocatalysis could be attributed to photolys@cpss and
no photocatalytic effect of Z-Na, taking into acobuits
hotoinert character.

Based on these comparative results, it can be
concluded that the sorption and photolysis procekage a
significant contribution for HA removal based oneth
affinity of zeolite for HA and the photosensitivharacter
of HA. The contribution of these processes wavgmndy
the similar results regarding the amount of HA fessed
by Ass,) removed by photocatalysis process using,140
and Z — Na for both initial HA concentrations, tadgiinto
account the photoinert character of Z—Na.

For all studied situations, the results regardimigtson
iscolouration were better versus aromatic ringaesth

4. Conclusions

be said that at low HA concentrations, the solution

decolouration is the result of sorption process ad

The contribution of each photolysis, sorption and

oxidation of cromophore groups. By comparison HAPhotocatalysis process using tifodified zeolite for HA

removal through sorption and photocatalysis procsasg
Z-Na catalyst at low HA concentrations can be ratia
significant difference between the amount of HA osed

by the two processes. Thus, 8 mg HA was removed 1% JHY
sorption and 15.2 mg HA was removed by photocaitalysTionocationic

using Z-Na catalyst. Taking into account the phutdi
character of zeolite [1] and photosensitive chamaof HA
[5], the increased amount of HA removed by photalyats
using Z-Na catalyst could be the result of botlpson and
photolysis processes, without to reach a cumulatffect.
At higher concentrations of HA (100 rhg"), better

removal from water was assessed in relation withution

of Ass, and Aizs parameters, chosen for quantitative
evaluation of humic acids. In comparison, theligppion

f sorption and photocatalysis processes using
form of clinoptilolitic zeolite was
investigated.

At low initial HA concentration, the best results
regarding HA removal were achieved by photolysis
application, which proved the photosensitive chi@raof
HA. The presence of Ti{on zeolite surface led to enhance
the sorption capacity of zeolite for HA, and thettbe

results were achieved on Z-TiSS for photocatalytic esults regarding HA removal by sorption on FDwas
process (41.8 mg) than the sorption (28.8 mg) ardgached in comparison with sorption on Z-Na. The
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photocatalysis application using Ti2 catalyst was
ineffectively under low HA initial concentrationand the
sorption step led the overall process of photogaisl The
better results of HA removal by photocatalysis gsfiNa

catalyst obtained in comparison with sorption, dobk

attributed to photolysis process based on the [erto
character of Z-Na. These results were slight warse
comparison with photocatalysis application usin@.tZ

catalyst.

At high HA concentrations (100 mg") the
photocatalysis application led to better results FbA
removal in comparison with sorption and photolybis, no
cumulative effect was reached. The similar resultgined
through application of photocatalysis using botlOfx
and Z-Na catalysts and taking into account the gihett
character of Z-Na and enhanced sorption capaciti©j-
Z for HA proved the significant contribution of Mot
photolysis and sorption processes.

The photolysis application led to almost similasuks
for HA removal for both HA initial concentration®o

photocatalytic effect of Ti@Z was found, which can be

explained by low TiQloading on zeolite (1%, w/w).

The future research will be focused on new cataly

material based on zeolitic matrix with higher Fi@ading.
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