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The rapid development of industry poses with steadily increasing ur-
gency the problem of rendering innccuous the various toxic substances
contained in sewage waters. The solution of the problem thus outlined is
connected with the introduction in practice of hitherto unemployed raw-
material sources, subsequent to their beforehand mechanical and chemical
treatment.

Such raw materials include the native sorbents which in the crude state,
have low sorption capacity. In our industry, as yet imported sorbents are
being used which are comparatively expensive. All this necessitates the
search for ways of improving the properties of our natural sorbents. On the
first place, the question is confronted of establishing adequate preliminary
processing of the sorbent, which would provide for the attaining of maximal
sorption capacity.

In the special literature a number of publications have been made, re-
ferring to various issues of natural sorbents’ activation (3,4). In this
country too, similsr investigations have been carried out, some of which
concerning the sorption of methylene blue over native adsorbents (1).

In modern technology, one of the new physical methods for the inten-
sification of chemical processes used is the method based on elastic fluctua-
tions with sound and ultrasound range of the frequency. Heretofore, the
opinion that the use of ultrasound on national industry scale is rather ex-
pensive has been predominating. The latter fact was explained with the
imperfection of the ultrasound apparatus and equipment in use. The uti-
lization of up-to-date ultrasound facilities, apart of being efficient, also
accounts for substantial economies (5, 6).

The present work deals with the results of investigating the sorption
properties of clay from the city of Kardjali as regards methylene blue water
solutions.

The sorbent under study underwent two types of treatment — acid
or thermal. Prior to treatment, the crude sorbent is ground finely in a ball
grinder and sifted through a sieve with diameter of the openings 0.08 X
X 10—2 m (mesh). The acid activation method consists in the following: about
30 x 10—2 kg sorbent is placed in volumetric flasks of 250 ml and poured
over with 150 ml 2, 5, 10 and 20% hydrcchloric acid. Following intense
stirring till full mixture, it is kept for two days with stirrings performed
periodically. Thereafter it is filtered through a Buchner funnel and rinsed
with distilled water until negative reaction for chlorine ions with respect to
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Isilver nitrate occurs. After the washing, the sorbent is dried at 105° C and
preserved in exsiccator.

Thermal activation of the sorbent is carried out by heating it up in
porcelain crucibles for a duration of five hours at 105°, 125°, 175°, 200°,
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250°, 300°, 350°, 400°, 450°, 500°, 550° and 600° C. Tempering is performed
in a muffel furnace and after that the ready samples are conserved in an
exsiccator.

Methylene blue solution is prepared by dissolving 1.6 10— kg in one
liter distilled water and keeping it for 24 hours with intermittent stirring.

The sorption capacity of the samples as regards methylene blue water
solutions was determined after the method of R. Robertson and R. M. Ward
(7). In 250 ml volumetric flasks, 0.2 to 0.3 X103 kg sorbent of the respective
sample is placed and poured over with 40 ml solution of methylene blue.
The flask is stirred intensively for a period of 20 min, kept for 10 min and
centrifuged at 2500 rev/min for five minutes. From the centrifuge, with
the aid of FEK-56, and in compliance with the previously set up calibrating
curve, the methylene blue concentration is established (2). The samples
from sorbents activied in different ways were subjected to ultrasound effect
according to the above description. Instead of stirring the flask for 20 mi-
nutes, it was placed for the identical period of time in ultrasound field at
frequency 22 kHz and 800 kHz and intensity of the field, respectively
4 W/cm? and 3 W/cm?.

Tables 1 and 2 illustrate the results of the experimental studies. The
same results are presented graphically in Figures 1 and 2.

It is evident from the data submitted in Table 1 and Fig. 1 that the
lowest sorption capacity is recorded in crude, untreated sorbent, whilst
the highest sorption capacity is disclosed by the sorbent treated with ultra-
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Table 1
Methylene Bl}le_A.dsorption over Activied Sorbent from the City
of Kardjali in Ultrasound Field in Kg/Kg Sorbent
Ultrasound T : et f b, h
parameters
G 0, 2% 5% 10% 20%
£ - Percentage
e of HCI
Control 0.159 | 0.194 | .0.175 0.163 0.152
22 kHz 4 Wjcm- 0.172 0.202 0.196 0.186 0.174
800 kHz 3 W/cm? 0.189 0.219 0.204 0.192 0.183

sound at 800 kHz (Fig. 1, curve 2). Moreover, it is obvious that the maximal
sorption capacity is obtained during acid treatment with 2% HCI, and
after the latter concentration, a tendency for reduction is manifested. Thus,
the percentual expression of the latter facts would be as follows: the sorp-
tion capacity of the sample activied with 2% HCI and subjected to ultra-
sound treatment at 800 kHz is with about 12% higher than that activied
with 2% HCl only and untreated with ultrasound (control), whilst the sorp-
tion capacity of the sample activied with 2% HCI and ultrasound at 22
kHz is about 4% higher than the control (the same but untreated with ultra-
sound). The sorption capacity of the sample activied with 2% HCl and
subjected to ultrasound treatment with 800 kHz, as compared to crude,
untreated sorbent, shows an increase with about 38 per cent. Figure 2 de-
monstrates that the highest sorptional capacity occurs at 125° C thermal
processing of a sample, combined with ultrasound treatment at 800 kHz,
being about 7% that of the sample activied at 125° C and not subjected
to ultrasound treatment (control). The sorption capacity of the sample
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Methylene Blue Adsorption over Thermally Activied Sorbent from Kardjal,

Ultraso und P
param: ters /
_— Temperature of o 105° 1257 150° 175°
; clay activation
in °C

Control 0.159 0.276 0.278 0.270 0.262
22 kHz 4 W/cm? 0.172 0.284 0.288 0.284 0.270
800 kHz 3 W/cm? 0.184 0.293 0.297 0.294 0.288

activied at 125° C and subjected to ultrasound treatment with 800 kHz
(Fig. 2, curve 2) is 87 % higher as compared to the crude (non activied) sor-
bent (Fig. 2, curve k). As illustrated in Fig. 2, following activation at tem-
perature 125° C, the sorptional capacity is quickly reduced, reaching va-
lues much lower than the initial ones (non-activied samples).

Summarizing the table data and curves’ course, it is beyond any doubt
that the ultrasound field exerts a positive effect on the sorptional proper-
ties of the samples under investigation.
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and Control, Expressed in Kg/Kg Sorbent

200° 250° 300° 350° 400° 450° 500° 550° 600°

0.253 0.229 0.202 0.170 0.135 0.108 0.077 0.059 0.048
0.270 0.229 0.221 0.190 0.158 0.117 0.102 0.091 0.063
0.281 0.267 0.236 0.236 0.210 0174 0.120 0.098 0.084

AJCOPBLIMSI METUJIEHOBOH CHHH HA HEKOTOPBIX COPBEHTAX
MOCJIE UX KHCJOTHOIro U TEPMHYECKOIO
AKTUBHPOBAHHSA B YJbTPA3BYKOBOM MNOJIE

A. Mumes, L{s. O6pemenos, Ba. Jlecuuxos

PE3IOME

B pa6ore mpuBelneHBl pe3y.abTaTbl H3yueHus: cOpOLHH METHIEHOBOH CHHH
Ha TPHPOAHOM copGeHTe u3 T. KprlI)KaJIH B Y/IbTPA3BYKOBOM IOJe.

CopGent akruBupoBanau 2, 5, 10 u 20%-Hol coMHOH KHCJOTOH M TepMHU-
YeCKH IpH TeMIepaTypax 105 125 175, 200, 250, 300, 350, 400, 450, 500,
550 u 600° C. B BoaHOoM pacTBOpe MeTHLeHOBOH CHHU COJIEP XK HUTCS 1,6.10‘3
Kg wmerunenoBoit cuu B surpe. CopOLHOHHYIO CIHCCOGHOCTb ONpENeNsii
MmetogoM R. Robertson u R. M. Ward npu rcnoas3oBanuu 0,2 no 0,3.10—3
Kg copbentra ansi kaxjoro ompeneneHusi. PaGorajnu npu y/abTpa3ByKOBOM
nose ¢ yacroroi 22 kru u 800 Kri u uHTeHCHBHCCTH 4 Br/cM® u 3 BT/cM2. Ilo
Jy4YeHHble pe3yJbTaThl OTPakeHsl B JBYX TabmuuaX M ABYX JAHarpamMmax-

Bhino ycranos/ieHo, uTo B ob1em y/IbTPa3ByKOBOE MOJIe OKAa3bIBAET TMOJIO.
JKHTeIbHOEe BO3JeHCTBHE Ha COpOLHOHHbIE CBOHCTBA AKTHBHPOBAHHLIX IIO-
pasHoMy o0pasIoB.



