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THE INFLUENCE OF THE ACIDIC TREATMENT OF PEAT
ON ITS SORPTION PROPERTIES

S.S.HAYRAPETYAN *, L.S. BANYAN ™, L. A. MARGARYAN ",
H. G. KHACHATRYAN "™, A.l. MARTIRYAN "™

Chair of Inorganic and Analytical Chemistry, YSU, Armenia

The influence of the acidic treatment of peat on its sorption properties has been
studied by means of optical emission spectrometry with inductively coupled plasma
(ICP-OES) and pH-metry methods. Untreated peat of the VVardenis deposit, Armenia,
and acid-activated peat were used as sorption materials. As an activation process,
we consider preferably the elimination of metal ions captured on the peat surface.
During this active sorption groups (particularly acetic) are released from the surface
and such acidic groups together with other functional groups begin to act according
to the cation exchange mechanism.
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Introduction. There are many treatment practices for removing pollutants
from wastewater. Of these, bed filtration using adsorbents is widely employed as an
effective treatment strategy for removing organic and inorganic pollutants from
stormwater [1].

Humic acids serve as universal sorbents for almost all metals, because they
form stable compounds with their cations. It is well known that a variety of
compounds form complexes with metal ions providing the potential to remove them
from the compositions they contaminate. The capacity of humic and fulvic acids to
complex metal ions is well established and is developed a process for removing
metals from wastewaters using humic acids [2-5].

The peat is a complex polydispersed multi-component system including an
organic part, moisture and mineral impurities. Peat is an efficient sorbent for the
elimination and isolation of heavy metal ions due to its higher cation exchangeability.
Recently, various types of peat were investigated aiming to obtain economically
efficient sorbents for the treatment of municipal and industrial wastewater [6].

In this regard, the peat as a base component presents an available, non-
expensive, and efficient sorbent for a wide spectrum of environmental contaminants [7].

Owing to the presence of a large number of biologically active compounds
and a series of reaction-able functional groups in peat constitution, there is great
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interest in different peat sorbents. Such groups on the surface provide a higher
complexation capacity for peats [8-12]. One can use peats separately or as a
component of complex combined sorbents [13].

The sorption ability of peat was studied related mainly to heavy metal ions,
and also food substances and various organic compounds, for example, poly-
aromatic hydrocarbons, as well [14, 15]. The goal of the present work is the study of
the influence of acid treatment of peat on their sorption properties.

Materials and Methods. The sorption in the dynamic regime was carried out
using 300 mmx10 mm size columns (“Bio-Rad”, USA). Adsorbent guantity in the
columns was 8 g. The flow rate of the solution through the column was justified in the
range of 1.00-1.25 mL/min. The copper (l1) sulfate solutions (CuSQO4-5H,0, 200 mg/L)
were used as an object for studies.

To standardize the samples, we dried them at 105°C, then grinded up and
sifted through 1 mm sieve.

Activation (Treatment) by Hydrochloric Acid. For this goal, 1.0 N solution of
hydrochloric acid was prepared, it was added to the sample and kept for 24 h, washed
by distilled water up to neutral pH value, dried in air, then in an oven at 105°C.

0.1 N Solution of sodium chloride was applied as a standard solution.
1.0 g of peat samples were placed in different flasks and 20, 50, 100, 200, and
500 mL of the model solutions were added, respectively. Then pH values were
measured directly after 10, 20, 30, 60, and 1440 min.

Performance Evaluation. pH Measurements. The pH/lon 340i Meter
(Weilheim 2004, WTW GmbH) was used to measure the pH values. The equipment
was calibrated with standard solutions with the pH of 4.0 and 7.0 before use.

Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES).
A Perkin Elmer Optima DV 7000 ICP-OES (USA) was used to determine the metals
in the supernatant, using ppm as a unit of measurement. It was calibrated with a
standard solution between 2 to 50 ppm of the salts mentioned in this study.

The Extraction of Metals During the Acidic Treatment of Peat. 5.0 g of
peat (humidity 40 mass.%) was weighed, placed in a 100 mL capacity chemical
glass. Previously, 10 mass.% solutions of mineral acids were prepared: 1 — sulfuric;
2 — hydrochloric, 3 — nitric.

30 mL of the above-mentioned acid solutions were added under paddling
to the peat samples, kept for 16 h. Further, the volume of the solutions was adjusted
to 50 mL by distilled water.

Sorbents. Two types of sorbents were used: 1 — natural (crude) peat; 2 — mineral
acid activated peat. For activation of peat the samples were kept in 10% mass.
solution of the mentioned mineral acids. The data of the chemical analysis of the
resulting final solutions would witness about acidic activation (see Table).

Results and Discussion. The metal ions content, engrossed by the sorbent,
was calculated according to the following:

V(Cy-0)

m
were ¢ is the amount of metal ion sorbed by a unit mass of the sorbent in the
equilibrium state, mg/g; Co, C are initial and residual content of the metal ion in the
final solution, mg/L; V is the volume of the metal ion solution, L; m is the mass of
dry sorbent, g.
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Chemical composition of the solutions, obtained by means of acid activation of peat

B a4 Total
22|22 2| 2|35 3/| | 2| 2
. S 3 3| 2| |2 23S 5| > |contnt
Acids E|E|E|E| E | E|EIEEEE| E| E ofmetals
| 2|S|6| 3| & |2 |s|2|a|&|F | & |sorbed,
mg/g
Sulfuric acid,

1602|2.01|185.8| 0.82 | 21.53 |426.82| 390 (14.90|6.96 | 19.5 (10.5 23.39(104.0| 31.72
10% mass.

Hydrochloric 1, 50,15 29 |756.9| 0.77 | 25.62 [329.78| 408 |15.85|6.57 | 28.6 | 22.2 [14.54/100.2| 36.15
acid, 10% mass.

Nitricacid, 1160515 67 b5g.2| 0.34 | 24.43 |417.78] 442 [16.42|7.33 [31.2 | 24.3 [17.50[110.0] 31.00
10% mass.

The isotherms of Cu?* sorption on peat-containing sorbent are presented in
Fig. 1. Natural (crude) peat samples have been used.
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Evaluation of the Cation Exchange Mechanism of Sorption. The cation
exchange is the main mechanism of sorption on peat-containing materials.
And besides, for acid activated peat, this mechanism is developed stronger.

Thus, if cation exchanger KY-2-8 reduces pH value in 0.10 N NaCl solution
(pH 5.85) to pH 1.38, untreated peat — to pH 3.80, then the acid activated peat to
pH 2.70. For more clarity, true values of H* ion concentration are presented in
Table below (calculated from the measured values).

pH 5.85 — 10°% — 10°- 10% — 1.4125 - 10-° mol/L,
pH 1.38 — 10713 — 102- 10%%2 — 4.1687 - 102 mol/L,
pH 3.80 — 10380 — 10*. 10%%° — 1.5849 - 10~* mol/L,
pH 2.70 — 1027 — 1073- 10%%° — 1.9953 - 10~% mol/L.

The profiles of changes in pH values depending on the volume of suspension
in 0.10 N NacCl for natural peat, acid activated peat and cation exchanger KY-2-8
are presented in Fig. 2.

One can see on Fig. 2, that for natural peat (curve 1) already after adding
10 mL of solution the reducing in pH value is observed (from pH 5.85 to 3.80,
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more than 2.0 pH units) and together with an increase of 0.10 N NaCl solution
volume, further gradual slow increase in pH values is observed.

7 pH
6
3 1
¢ 2
3 -
5 3 Fig. 2. The profiles of changes in pH
values:
1
mL 1- natural peat;
o 2 — acid activated peat;
0 20 40 60 80 100 3 - cation exchanger KY-2-8.

For acid activated peat a similar reducing is to pH 2.70, for peat-containing
sorbent — to pH 3.80; when for cation exchanger this reducing is to 1.38. It is
important to note here the fact that all curves are similar, and it witnesses that
Na* sorption character on these materials is also identical. The location of the curve
for KY-2-8 is lower by 3 pH units, and it is naturally, because the exchange capacity
of pure cation exchanger must to a lot more compared with other materials,
which do not possess specially grafted functional group of acidic nature
(sulfo groups in this case).

A similar picture was observed when activated peat was used, however,
in that case the decrease in pH values is to 2.50-2.75.

In the case of natural (untreated) peat, this change is from 3.77 to 4.17 units.
The differences are (3.77-2.50) + (4.17-2.75) = 1.27+1.42.

These differences witness that active centers (including ion-exchanger) break
free from various metal cations. It causes an increase in sorption capacity, that is
more Na* ions undergo ion exchange, and as a result, the solution becomes more
acidic, as the H* ions content in the solution increases.

The results, presented in Table, indicate that the increase of sorption properties
of acid-activated peat takes place. The number of desorbed metal ions, depending on
the acid used, varies from 31.00 to 36.15 mg/g, i.e. during the acid activation sorption
capacity of a peat can increase by 30-35 mg per 1 g sorbent.

The curve of the dependence of pH value on the model solution volume,
compared with the curve for acid-activated peat, is located between the curves for
non-treated peat and cation-exchanger KY-2-8 [15].

It is important that all curves are visually similar, so the cation exchanger may
serve as a standard. Such identical behavior of peat and peat-containing materials
approves that the cation exchange mechanism of sorption takes place.

Conclusion. After acid activation, peat becomes a more efficient sorption
material. In the initial state, during the time, various metal cations are sorbed on the
surface of the peat, and such processes can decrease the sorption capacity of natural
peat. The loss of such capacity may be accounted as somewhere about 30-35 mg/g.
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Besides, after acid activation cationic sorption increases, obviously, since
metal ions withdraw and carboxylic groups on the surface, which are present in
humic acids and responsible for such mechanism, break free.
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ICP-OES W pH-ttunphuwyh tnwbwliotpny niunidwuppgty £ wnpdh
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C. C. AMPAIIETSIH, JI. C. BAHSH, JI. A. MAPIAPSIH,
A.T. XAUATPSH, A. 1. MAPTUPSH

BJIMSIHUE KHCJIOTHOM OBPABOTKH TOPPA HA ET'O
COPBLIMOHHBIE CBOUCTBA

Metogamu HCIT-OOC (OnTHYECKOW OSMHUCCHOHHOW CHEKTPOMETPUHU C
WHJYKTHBHO-CBSI3aHHOH I1a3Moil) u pH-MeTpuM W3y4eHO BIMSHHE KUCIOTHOM
00paboTku TOpdha Ha €ro COpOIMOHHBIC CBOHCTBA. B KadecTBe COPOIMOHHBIX
MaTepHajoB HCIOJB30Ball HeoOpaboTaHHBIH TOpd BapaeHmcckoro mectopox-
neHus (ApmeHus) u Topd), aKTHBHPOBAHHBIM KHCIOTaMU. MBI cUHMTaeM, 4TO B
Ka4yecTBe Mpolecca aKTHUBaMK 0ojieeé 0OOCHOBAHHBIM SBISIETCS YAaJieHHE MOHOB
METAJIIOB, aJICOPOUPOBAHHBIX HA MOBEPXHOCTH Topda. [Ipu 3ToM 0CBOOGOXKIAIOTCS
aKTUBHBIE COpOIIMOHHBIE TPYIIB (B YaCTHOCTH KapOOKCHIIBHBIC), M TaKUE
KHCJIOTHBIE TPYIIIBI BMECTE C JIPYTUMH (DYHKIIMOHATBHBIMH TPYIIIIAMHA HAYUHAIOT
JIEHCTBOBATh M0 MEXaHW3MY KAaTHOHHOTO oOMeHa. Ilocie KMCIOTHOW aKTHBAINH
Topd craHoBUTCA Ooiiee 3PPEKTUBHBIM COPOLMOHHBIM MaTtepuanoM. B mcxognom
COCTOSIHUM C TEUCHHEM BPEMEHHU Ha IMOBEPXHOCTH TOpda COPOUPYIOTCS pa3IHuyHbIe
KaTHOHBI METAJIJIOB, U TAKHE MIPOLIECCH MOTYT CHIYKATh COPOIIMOHHYIO CIIOCOOHOCTh
npupoaHoro Topda.
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