
World Applied Sciences Journal 18 (3): 425-429, 2012
ISSN 1818-4952
© IDOSI Publications, 2012
DOI: 10.5829/idosi.wasj.2012.18.03.1828

Corresponding Author: Abbas Sadeghi, Department of Environmental Engineering, 
School of Health, Mashhad University of Medical Sciences, Mashhad, I.R. Iran. 
Tel: +98-51185434643, Fax: +98-5118517505.

425

Determination of Sonochemical Technology Efficiency for
Cyanide Removal from Aqueous Solutions

Z. Bonyadi, A.A. Dehghan and A. Sadeghi 

Department of Environmental Health Engineering,
School of Health, Mashhad University of Medical Sciences, Mashhad, Iran

Abstract: Cyanide is a species of high toxicity that found mostly in industrial effluents such as electroplating,
metal mining, metallurgy and metal cleaning processes. Entrance of it to existence environment contains very
health hazardous. Objective of this study was the determination of efficiency of sonochemical technology for
cyanide removal from aqueous solutions. In this study, it has been used from a productive set of 500w power
ultrasound waves in of two frequencies 35 kHz and 130 kHz. Experiments were performed at initial cyanide
concentrations varying from 2.5 to 75 mg/L. The effects of parameters such as frequency (35-135 kHz) and initial
cyanide concentration (2.5-75), time (15- 90min), pH (3.5-11) on the sonochemical degradation were studied. The
solution was irradiated for 15 min and then sonication was stopped for the next 10 min. This process was
continued till the solution was irradiated for a predetermined time (15-90 min). The results of the study showed
that the maximum removal efficiency of cyanide had been achieved 74% by sonochemical technology at
frequency of 130 kHz, at time of 90 min, at pH of 11 and at initial cyanide concentration of 2.5 mg/l. The results
of the study showed that the rates of cyanide degradation under different conditions had always been quite
low and also the rate of cyanide degradation was first high but it was later substantially reduced. Also
efficiency of cyanide removal had direct relationship with pH, frequency and time and it had reverse relationship
with cyanide concentration for the process.
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INTRODUCTION alkali pH, CNCl hydrolyzes to cyanate ion (CNO ), which

The high toxicity of cyanide to life is well defined. at a nearly neutral pH to CO and N [5]. Recently, due to
Seventy mg KCN has a 50% chance of killing a 70 kg the growing need to eliminate undesirable chemical
person within 15 minutes [1]. Standard regulation for the compounds in water, high-energy ultrasonic (US)
maximum contaminant level (MCL) of cyanide in irradiation has been explored with interest [6-8].
wastewater, set by the Ministry of Science Technology Ultrasound irradiation is a novel advanced oxidation
and Environment, is 0.2 mg/l as HCN, i.e. 0.182 mg/l as. process that has emerged as an answer to the growing
Cyanide concentrations up to 30 mg/l have been need  for  lower  levels  of  contaminants  in  wastewater
successfully treated in biological process [2]. Cyanide [9, 10]. Since 1990, several studies have focused on the
concentration was reduced from 75 mg/l to 0.2 mg/l after use of ultrasound to remove organic xenobiotics from
18 days of treatment using electrolytic oxidation under water [11-13]. Ultrasonic irradiation introduces cavitation
optimum operating condition [3]. Electrolytic oxidation is bubbles into an aqueous solution. These bubbles form,
economical and efficient for use with concentrated waste. grow and subsequently collapse through compression
However, treating dilute solution has some restriction cycles. The temperature in the collapsing bubbles can
because low conductivity results in poor current reach to 3000-5000 °K and the pressure to 500-10,000 atm.
efficiency [4]. Alkali chlorination is another technique Under such extreme conditions, water molecules undergo
used for cyanide treatment [5]. The first reaction product homolysis to yield hydroxyl radicals and hydrogen atoms.
is cyanogen chloride (CNCl), a highly toxic gas. At an Since  oxidation  by  hydroxyl  radical  is  an  important 

-

has low toxicity. They can be oxidized further by chlorine
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degradation pathway, the amount of the hydroxyl radicals Statistical Methodology for the Analysis of Data: In this
present in the sonolysis system is directly related to the study, Ergun’s test (essentially One-way Analysis of
degradation efficiency [14]. Due to the inherent limitations Variance (ANOVA) for gradients) [23] was adopted as the
of these processes, the evaluation and/or development of statistical methodology to eradicate the time dependency
potential alternatives are requisite to fulfill ever stricter and to examine the differences between the varying
environmental discharge regulations. In this regard, the experimental conditions (i.e. pH, time and cyanide
capability of ultrasound to generate highly oxidising concentration.) for significance and independence, T- test
reagents in-situ coupled with the occurrence of extreme was adopted as the statistical methodology to eradicate
conditions conditions of pressure and temperature the time-dependency and to examine the differences
probably makes it a potentially powerful and suitable between two frequencies 35 kHz and 130 kHz for
technique for the remediation of waste solutions significance.
containing inorganic and organic contaminants  [15-21].
In this study, Various factors including ultrasonic RESULTS
frequency, time, pH and cynide concentration on the rate
of cyanide degradation were studied. Purpose of this Study  on  cyanide degradation was carried out for
study, determination of efficiency of sonochemical 1.5 h irradiation time. Figure 1 and 2 show the variations
technology for cyanide removal from aqueous solutions. of cyanide concentration with time elapse in of two

MATERIALS AND METHODS degradation of cyanide has been observed in both 35 kHz

Analytical grade cyanide (from Merck) was used for time equal 90 min. We observed that the initial rate of
the experiments. All other chemicals were of at least 99% ultrasonic degradation was high but later it reduced
purity and were used without further purification. substantially. Figure 3 demonstrates the removal
Deionized water was used for preparing all aqueous efficiency of cyanide by the sonochemical process at
solutions. For each of the experiments, the reaction different pH values. It clearly shows that higher pH values
volume was 50 mL and the initial concentration of cyanide had favored the cyanide degradation. The maximum and
was in the range of 2.5-75 mg/L. The effects of sonication minimum efficiencies of cyanide degradation were
reactions were carried out for 1.5 hr. Sonication was determined to be 64% and 74 % at pH values of 3 and 11
accomplished at both the frequencies of 35 kHz and 135 at 130kHz, while The maximum and minimum efficiencies
kHz (500 W) with an ultrasonic generator (Elma TI-H-5, of cyanide degradation were determined to be 62% and 71
Germany) equipped with two piezoelectric transducers % at pH values of 3 and 11 at 35kHz at time of 90 min, at
(5cm diameter) fixed at the bottom of the vessel. The initial cyanide concentration of 2.5 mg/l.
apparatus was open to air. Dimensions of ultrasonic bath
were: L=25 cm, W=13 cm, H=15 cm. Ultrasonic energy Effect of Sonication Time on Cyanide Concentration:
dissipated in the reactor was set at 2.5 W/cm  through the Figures 1 and 2 show the effect of sonication time on the2

calorimetric method. The solution was irradiated for 15 min efficiency of cyanide removal.
and then sonication was stopped for the next 10 min. This Much of the cyanide decomposition was
process was continued till the solution was irradiated for accomplished in the initial sonication time and the
a predetermined time (15-90 min). In this study, the effects efficiency of this decomposition was not much increased
of parameters such as frequency (35-135 kHz) and initial by increasing time. For example, this efficiency was 69%
cyanide  concentration  (2.5-75),  time  (15- 90min),  pH in 45 min (Figure 2: cyanide=2.5 mg/L and f=130 kHz) and
(3.5-11) on the sonochemical degradation were studied. was only increased 5% and 6% after 60 and 90 minutes,
Free cyanide was analysed by titration using a respectively. But, the effect of time was significant
standardised  silver   nitrate   solution   (0.001   M)    and (p<0.01).
p-dimethylaminobenzalrhodanine (0.02% w/w in acetone)
as the indicator [22]. pH and temperature were also Effect of Ultrasound Frequency: As shown in Figure 2,
monitored during the experiments. pH was adjusted to the better decomposition of cyanide concentration has been
desired  level  by  the  addition  of 1 M NaOH or 1 M HCl. performed  at  130 kHz compared with the lower frequency

frequencies 35 kHz and 130 kHz. By Figures 1 and 2, 20%

and 130 kHz sonications of 75 mg/L cyanide solution at



2
w

cm

World Appl. Sci. J., 18 (3): 425-429, 2012

427

Fig. 1: Effect of 35 kHz sonication on cyanide
decomposition at different initial cyanide
concentrations

Fig. 2: Effect of 130 kHz sonication on cyanide
decomposition at different initial cyanide
concentrations

Fig. 3: Effect of pH (3.5-11) on the degradation efficiency
rate of cyanide in from aqueous solutions (50 ml) at
35-130 kHz and 25±2°C (cyanide concentration =
2.5 mg/L, time= 90 min)

(p<0.05). The efficiency of treatment in 90 minutes
sonication at the frequency of 35 kHz  was about 71%, but
it raised to about 74% at 130 kHz frequency.  H2O2
formation    at  130   kHz   frequency   was   about  2.5
times  higher   than  that  at  the  f r equency  of  35 kHz
(Table 1).

Effect of Ultrasound on pH:   The   ultrasound   had no
considerable effect on pH of samples and the little change
occurred was insignificant (p>0.05).

Table 1: H2O2 formation (in mg/L) in distilled water during US process 
Frequency (kHz)
--------------------------------------------------

Sonication time (min) 35 130
30 1 2.5
60 2 5
120 4 10

Effect of Ultrasound on Temperature: In an ultrasonic
reactor, the temperature increases with sonication if it is
not controlled. In this research, temperature increase in 60
min was about 18-20°C and it is due to cavitation. The
increase in temperature in 35 kHz frequency was about 2-3
°C more than in 130 kHz frequency, but this difference
was not significant (p>0.05). Besides, by preserving a
constant temperature during sonication (through use of
an ice bath) it was detected that temperature increase of
samples during ultrasound had no considerable effect on
cyanide removal by itself. In general, increase of
temperature can increase or sometimes decrease the
degradation rate.

DISCUSSION

As Figure 1 shows, only 20% degradation of cyanide
has been observed after 90 min sonication of cyanide
solution with initial concentration of 75 mg/L and
frequency 130 kHz. E.Y. Yaz c et al. reported 25 %
removal for cyanide (C  =20 mg/L) by a bath of ultrasonic0

equipment working at 20 kHz (114 ) [24]. Similar to the

previous work [25].
Physiochemical properties preclude significant

concentrations of cyanide molecule diffusing into the
vapor phase of the acoustic cavitation bubbles, so it
remains in the bulk of the solution during cavitation. The
oxygen presence in the solution during sonication is
favorable for HO  radical formation, hence cyanide
degradation occurs cal occur without hydrogen peroxide
addition. There are many reports which have proved the
formation of hydroxyl radicals during sonication  [24].
Nam et al. [26] indicated that the formation/accumulation
of H O  in solution increased in a linear manner during the2 2

initial period of 6 min; thereafter, it severely slowed down
towards a limiting value. The production of H O  was also2 2

reported to be dependent on the frequency of ultrasonic
irradiation and occur the optimally at the frequencies of
>200 kHz [27-30].

These proposed to be initiated/dominated by a
reaction with produced locally in the °OH vicinity of
collapsing cavitation bubbles. However, direct evidence
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for the proposed mechanism based on the identification 2. Eckenfelder, W.W., 1966. Industrial Water Pollution
of products is not available. Most of the hydroxyl radicals
that are formed within the cavity during the sonication
might get recombined before they attack the cyanide
molecules in the bulk liquid. The attack of hydroxyl
radicals on cyanide was confirmed through the formation
of small quantities of cyanate [24]. The initial rate of
ultrasonic degradation was observed to be high but later
it was reduced substantially. This can be explained by the
fact that whatever dissolved air is present in the solution
is degassed after the initial period of sonication and
resulted in a decrease in the amount of hydroxyl radicals
generated [25]. Also, there could be a competition
between the oxidation of cyanide and the intermediates
formed resulting into a net reduction in the degradation
rate. As shown in Figure 3, pH values influenced the
cyanide degradation. It is observed that cyanide
degradation can be favored by highering the pH of
solution and the sonochemical degradation rate of
cyanide increases with increasing solution pH, because
the molecular species of cyanide is predominant when the
pH exceeds 10.0 (equal to pKa value of cyanide at 25°C),
but the ionic species predominates when pH is less than
the pKa[24,31]. Although temperature is known to
influence cavitation process [27], its effect on the
production/accumulation of H O  is often disregarded.2 2

The reduction in the accumulation of H2O2 at elevated
temperatures could be ascribed to the decrease in the
sonochemical effect [27] and thethermal decomposition of
H O  formed [32].2 2

CONCLUSSIONS

It has been shown that the sonochemical
degradation of cyanide anions in aqueous solution via
treatment with both of frequencies 35 kHz and 130 kHz
ultrasound is possible. The characteristic features of the
process observed for the cyanide is (i) dependence on
ultrasound frequency, (ii) the cyanide concentration in
solution, (iii) time and (iv) pH. The results of the study
showed that the rates of cyanide degradation under
different conditions had always been quite low and also
the rate of cyanide degradation was first high but it was
later substantially reduced.
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