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Table 1. The program and
detailed conditions of the tests
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Fig 1. schematic of a photoreactor designed
for cyanide degradation from synthetic wastewater
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Fig. 2. Cyanide degradation percentage in artificial wastewater using UV radiation
at 4 initial concentrations (250, 200, 100, 50) mg/L a) pH=10 b) pH=11
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Fig. 3. Pseudo-first-order kinetic model in the single UV method for cyanide degradation at pH 10 and 11 a) Cy=50 mg/I b)
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Fig. 4. Pseudo-second-order kinetic model in the single UV method for cyanide degradation at pH 10 and 11
a) Co= 50 mg/l b) Cy= 100 mg/l c) Co= 200 mg/l d) Cy= 250mg/I
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Fig. 5. Cyanide degradation percentage in artificial wastewater using O3
at 4 initial concentrations (250, 200, 100, 50) mg/L a) pH=10 b) pH=11


http://dx.doi.org/10.22034/24.5.53
https://mcej.modares.ac.ir/article-16-73175-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-08-08 ]

[ DOI: 10.22034/24.5.53 ]

Slod g (Slmis Ghdtor Lol (5L Lge

w3l o 55 53 UVIOg 34dls 5 O3 UV lan ] L1 aclis

R (Sead 5 5dme a5 oK) s aslons (5,815
sl S (V5 ) sla S5 5 55 dslas (sla byl
S i 5 (a) s slonsls Loy Ss
@LZJ doolie L.l ol o3l OLES (u:;;.b;-) g
aS C5 S e Olg o (V5 7) Gla S5 5 el &1
Sy S ) 4 e S SVl 3Rl
S s) 4 o St 3105 AT 3 s sl
Sl 2 S M o it ol A
Jeolse ol abaz 516,080 56 Og 3 ke T3 a5
5 Jsds PH 051 3LS clle gl adsl clale : fols
s (0) Kol 2815 dsb s el Ol ode
Sy i glac Bl s il o 2 (St
(i) IS bl sls 0L25 1,0) 5 Ve pH
) oS ke 00 (S Sl 53 Og bl eslinad
ol Clag Gl v @ s g e o S S
Oy gl als OLES 1 (e 0,5 s YOU 5 Y0 e) o)
Ol el sy Aslw e bl Sl sl a s o ubae
e 258 O o 55 s SIS 4 s il e
23 il S S S sl (0) S5 s
(=) ede ol S PH=YY o s pH=Y
cble sl Ll Wl o A St 45 A sdalia
slacble sty ool el Gy 5 ad sl
o glaasl s ar g Loy S8 e w SYLPH
LS 0 O3l Al 3 oS 3 S s Ol e ol
oY s el Ol 5l dibew o 55 55 (254 Ul
35 oS 5 A i O el ST sladul 3 sl b o

AL a5l Al ol G

UVIO; al 5 5 Shes —¥-¥
&l UVIO; il ab ;g O g sl dinST a0l 3
Lol s 55 L) e g b el g 4 peme
Slae St oS gl A5 Jold dal Bl as Jleel
ik e (OH) JeuS 5oden IS0l dhar 51 68 olend
O LS L il 5 ansl oY UVIO; a3 s [26]
2l) ST g dGsl, Wy sl Lol ol ajls Julas

S ol e kiasOlEs o 5 4 Kon s Kg OF s a8
OSly Sl g Al 5 O3 G ST s
st jo el f dilw 5 LS odn JS0sl, o
Lol fo O3l odale (Ol sl 355 [16] il
e SO 4 Yane 5 anl il ity ol osdS
A, Sl Wil SBLE ) S Sl &S Ay o b
Jlo s OLKen 5 ' ls gl b ol asdlas L 2yles
s s oL Lacl8] usls gl ssean Yo
s Al o 5 4 500 el 4 O3l aS sl o
D 2 RS IS PISERPEILY U IR RSN
wlin suls an YoYY Jlu s [15] OLKen 5 K5
O3 LS 5 Sl b ancil adls Jol b aS sl s
Sphn Dy b 5 g el JTOLS 5y 5w 36
e S ol DLl L ls il s LB LS
Sl S O3 AT a5 e Sl Sl Al
i s 5 05 5L S sl sl Jle s 4
53 b aily Ko o gems Ol o Ol c2l 5K
gA;L&ﬁpr 2 b oles w05 56 ) eslanad s
23 Faman Sl SIVL Ao 0 b il o 55 4 20
PH Gl z3lie 53 5 1) S e 00 VL slac il
S e O3 b il g 25 Olenkly xSl
Oleusly an plaws gl Lol aod il b andl a3
5 n olgni SIS LT 5s ol Gl g
05 Kt Sladllae V- Y-¥

AT a3 Wil 55 S 450 e S
O) Wil caliies el lex s Slibesl «(03) O
) Ve PH 53 53 (i) o p S ke Yoo 5000 O e
et St Slsles (V5 7)) sla IS0 53 Al ol
53 ol O3 sla 2alajl 6l o33 4o 5 Jsl 4 e
53 oo, b 4 bl &8 u sdaline (7) S
(1) adsles bl 5 45505 1,5 s b s il b

i LAl gl S e gl 5 ST

! Das
2 Zhang


http://dx.doi.org/10.22034/24.5.53
https://mcej.modares.ac.ir/article-16-73175-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-08-08 ]

[ DOI: 10.22034/24.5.53 ]

\Fe¥ JL.«J c() D)LQ.»::I cY\‘ 092

e Ol s (pilige (o2 s 5 = ale alns

n (C/C,)

In (C/C,)

1/C-1/¢,

1/C-1/C,

WV PH 5o s il o 5 sl Ol ke ) 3 sl ad e 4l St Je PSS

(A1) Cu=50 Mg/| vl adgl cdals

15 [JpH=10 OpH=11
1 y =0.0125x - 0.0454 @
R? = 0.9696 ‘m
os | i@
mﬂﬁ y = 0.0096x - 0.0276
0 R7=0.9878
100
-0.5
Time (min)
(2) Co=200 Mg/l suilow adgl cdalé
OpH=10 OpH=11
0.2
016 |y = 0.0019x + 0.0062 @’
R? =0.9882
0.12 @ -
0.08 ﬂ‘ ......
m"':"' y =0.0015x + 0.0032
0.04 B .
o R2=0.9671
0 [%
0 50 100
Time (min)

-In (C/Cy)

-In (C/Cy)

250mg/l sl Jsl cdale(s 200mMg/l il 4l <l (z 100mg/l sl o5l clale(o 50mg/l aslw a5l clale(dl

(<) Cp=100 Mg/l suiliw adgl cdals
[pH=10 OpH=11

0.6
y = 0.005x + 0.0049 i)
0.4 .
R®=0.9862 -
0.2 % ..... @°
@ y =0.0038x - 0.0064
o (R R? =0.9928
50 100
0.2
Time (min)

(3) Cu=250 Mg/l vslw adgl cdals
CpH=10 OpH=11

0.16
012 | y=0.0015x-0.0077 @
R?=0.9628 .
0.08
0.04 U@ y=0.0014x - 0.0094
oo R? = 0.9535
0
50 100
-0.04
Time (min)
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Fig. 7. Pseudo-second-order kinetic model in the single O3 method for cyanide degradation at pH 10 and 11
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Abstract

Cyanide is a highly toxic and hazardous pollutant commonly found in the wastewater generated by mining,
electroplating, and petrochemical industries. The current research aims to evaluate the efficiency of advanced
oxidation techniques such as UV, Os, and UV/O5; combination, to eliminate cyanide from synthetic wastewater.
All experiments were conducted in a semi-continuous reactor to investigate the impact of various operating
conditions, such as initial cyanide concentration, reaction time, reaction kinetics, and pH. In this study,
degradation tests were conducted on cyanide at four different concentrations (50, 100, 200, and 250 mg/L) and
two pH levels (10 and 11). The reaction duration ranged from 0 to 90 minutes, with varying lengths. All
experiments maintained constant operational parameters for the process, except for the variable being tested. The
UV process alone is not very effective in removing cyanide from wastewater. This is because the low absorption
coefficient of cyanide in the ultraviolet region limits the performance of UV in cyanide degradation.
Additionally, cyanide is a relatively stable compound that requires a high amount of energy to break bonds and
destroy them. Therefore, the use of the UV process alone is insufficient for the complete and safe destruction of
cyanide from wastewater. It is necessary to combine it with other advanced oxidation processes to effectively
remove cyanide from wastewater. According to the results, it was found that the effectiveness of removing
cyanide through a single ozonation process was higher at pH 11 as compared to pH 10. The optimal conditions
for achieving the highest level of cyanide removal, which is 68%, were found to be a single ozonation process
with an initial concentration of 50 mg/L and a reaction time of 80 minutes. The higher efficiency of cyanide
degradation at higher pH can be attributed to the greater production of hydroxyl radicals, resulting in an increase
in the oxidizing power of the process. The efficiency of cyanide degradation in synthetic wastewater can be
greatly improved by using the combined UV/O; process. In this method, the rate of cyanide degradation is higher
when the pH value is lower. This is because the integrated UV/O; method is strongly dependent on the
concentration of hydroxide ions and hydroxyl radicals, which are affected by the pH value. Therefore, the effect
of pH value on the efficiency of cyanide degradation by the combined UV/O5; method is significant. When UV
and O; were combined, over 50% degradation occurred in 40 minutes due to increased degradation rate. The
highest efficiency for cyanide degradation was achieved at pH 10 and an initial concentration of 50 mg/L using
the combined UV/O3; method. The reaction time was 50 minutes and the efficiency was 100%. First and second-
order kinetic analyses were conducted for UV, ozone, and combined processes to study their effectiveness in
cyanide degradation. The results showed that the combination of UV and ozone was the most effective method
for total cyanide degradation from wastewater compared to the other processes studied. Therefore, UV/O; can be
considered as the optimal analytical method for cyanide degradation from wastewater..
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