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Abstract-This study was conducted to discuss the removal of cyanides from water by air oxidation. Experiments 
were caiTied out m a comxtercuuent fixed bed reactor for three different values of temperature, concentration, gas and 
liquid flow rates. It was operated at pH 12 by using deh'in (fon-naldehyde polsaner) as packing material. Effects of some 
operating parameters on the conversion were studied, and it was observed that the conversion percent increased by 
increasing temperature and decreasing gas and liquid flow rates. Effect of concenlration was not steady. A conversion of 
89% was achieved under optimum conditions while it ranges fi-om 44 to 79% at room temperature. 
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INTRODUCTION 

Cyarndes are useful matenals industrially that have been employed 
for yeas in fields such as electroplating of metals, gold recovery 
fi-om ores, trea~nent of s~Etide ore slun-ies in flotahon, etc. [Bor- 
bely et al., 1985]. Cyanide in aquatic enviroi~nents comes not only 
fi-om discharge of induslrial effluent, but can also be of na~-al origin. 
Many pJants, microbes and some insects are capable of releasing 
HCN upon enzymatic hydrolysis of certain compounds they pro- 
duce [Basheer et aI., 1993]. 

The toxicity of cyanides is well lalowil, and liquid effluent from 
plants employing cyanides induslIially has to be effectively con- 
Irolled. A large number of studies have been done on the ~-eatment 
of cyanide wastes. The common methods to treat it have always 
been chemical, nanely to add certain oxidalts such as chlozine or 
hypochlorite to decompose it Methods used typically for the treat- 
ment of cyanide wastes are alkaline chlozination, eleclrolytic oxi- 
dation, ozonation, wet air oxidation and ion exchange [Gaudy et 
al., 1982; Ourol and Bremen, 1985; Walsht and Wilson, 1986; Ho 
et al., 1990; Kffn et aI., 1999]. 

The treatment processes are mainly based on oxidation, with b,vo 
of the main methods being alkaline chlom~ation and hydrogen per- 
oxide oxidation. Alkaline chlork~ation is higchiy penalizing in terms 
of reagent consumption. Hydrogen peroxide is selective for cya- 
nide in solutions, but is an exl~-emely expetxsive reagent [Devuyst 
et al., 1991]. As shown in the following reactions, cyarndes can be 
converted to carIx~ dioxide and nitrogen by catalytic oxidation wtile 
the cyanate is obtained in mild conditions. 

CN-+OC1- ' CNO-+C1- 
2CN-+ 20~ , 2CO~+N~ 

Also in recent years, numerous studies on oxidation of cyanides 
bare been iseffom~ed [Matatov and Sheintuch, 1998; Shaxma et al., 
1998; Alam and Kamath, 1998]. Fixed-bed reactors are one of the 
systems preferred in this type of reaction [Park et al., 2000; Horow- 

*To whom COlTespondence should be addressed. 
E-mail: alicilar@gazi.edu.tr 

273 

itz et al., 2001 ; Pamuk et al., 2001]. The reason for the preference 
is then advantages such as effective particle wetting, reaching tfigCh 
conversion in a s~ngle reactor and ease of temperature control [Ali- 
cilar et aI., 1994]. 

Some of the oxidative works have disadvantages such as high 
cost, hax~nfiaI residue, and potential baza-d in handlmg of oxidant 
reagent This study was undertaken in an attempt to discuss the use 
of countercurrent f~xed bed reactors for oxidahon of aqueous cya- 
nides. Air was used as oxida:tt and effects of some OlSerating param- 
eters on conversion were investigated. 

MATERIALS AND METHODS 

Fresh stock solutioi~s were prepared by using potassium cyailide 
and double distilled water before each experhnent. All chemicals 
used were of analytical reagent grade. The initial pH of the solu- 
tion was adjusted to 12 by adding the saturated solution of potas- 
skan hydroxide. A pyrex-glass reactor having an tuner diameter of 
5.6 cm and a height of 64 cm was used in the experhnents. Liquid 
feed was given to the coluiam at the top while gas stream was fed 
to the bottom of the cohrnrL A distributor was placed at the cokmm 
inlet in order to provide good dislribution of the liquid phase. Air and 
potassium cyanide solution were utilized as gas and liquid phases, 
respechvely. Cylindrical delnn parbcles (formaIdehyde polymer) 
were used as pac!dng matez-ial. The experhnental set,up used in this 
study is given inFig. 1 and the experimental conditions in Table 1. 

Before each experiment was started, the coluiam was ddrained by 
using distilled water until cyanide ioixs were i:tot obs~ved at the coi- 
~mm o~alet_ Flow rotes of the cyarnde soluhon and air were kept 
cozxstant dGing the expez-hnents. The flows were measured with 
precalibrated rotameteis. The jacket temperature was maintained at 
a constant value by means of ch-culating water from a thereto- 
stated water bath tt~ough the jacket sun-oundmg the colurml Thi-ee 
different values of jacket temperature, cyanide concentration, gas 
and liquid flow rates were studied in experhnents [KOmt~-c~ 1999]. 

After the system reached steady state, liquid smnples were col- 
lected fi-om the coltmm outlet and their cyarnde concentration was 
determined by h~-ahon with AgNO3 soIvtion. The conversion per- 
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Fig. 1. Schematic diagrmn of the experimental set up. 
1. Packed column 8. Valve 
2. Liquid inlet 9. Peristaltic pump 
3. Liquid outlet 10. Liquid tank 
4. Gas inlet 11. Compressor 
5. Gas outlet 12. Heating water inlet 
6. Liquid rotameter 13. Heating water outlet 
7. Gas rotameter 14. Th etmostated bath 

perknents obtained in ozder to detezmine the effects of liquid flow 
rate on the convei~ion m~e given in Fig. 2. As seen fi+om the figure, 
an increase in liquid flow rate z~ults in decrease of  the conversion 
petvent. This decrease is more clearly seen at the lowvalues of con- 
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Fig. 2. I~fects of liqldd flow r'ate on conversion (~ '  Co=0.005 NL 
T=ISoC, 1~.=0.3L/min �9 Co=0.04M, T=45+C, u~0.6  L/ 
min �9 Co=0.1 M, T=60 oC, uc= 0.9 L/rain). 

Table 1. Experimental conditions 

Column diameter (an) 5.6 

Bed height (an) 64 
Diameter of pacldng material (zmn) 5 

Height of packing material (ram) 5 
Cyanide concentrations in solutions (M) 0.005, 0.04,0.1 

Liquid flow rates (L/min) 1.5, 3, 4.5 

Gas flow rates (L/min) 0.3, 0.6, 0.9 

Temperatures of heating water (~ 18, 45, 60 

pH 12 

cent ,,was calculated fi~om the d i ~ e n c e  b~ween these concentraion 
values and the initial ones. 

RESULTS AND DISCUSSION 

This study was only p~'fotmed in basic medimn because gas- 
eous HCN is formed trader acidic conditions Effects of several pa, 
z~netet~ such as liquid and gas flow z'ate s, tempwamre, initial con- 
centmion on conversion were investigated. Typical results of  ex- 
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Fig. 3. Effects of gas f low rate on conversion ( 0  C o = 0 . 0 0 5 M ,  T =  
18 ~ uz=LSL/min I Co=0.04 NI, T=45 +C, uz=3L/min �9 
Co=0.1 M, T =60 ~ uz = 4.5 L/rain). 
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cent~aion, tempa'ature and gas flow rote. This change in the con- 
vemion pereent is atlnbutable to the decrease of  contact thne be- 
tween the reactants due to the increase in liquid flow ime. 

The change of conversion percent depending on the gas flow rate 
is shown in Fig. 3. The effect of gas flow" rate on the conversion is 
similar to that of the liquid The conversion percent dea~eases with 
increasing the gas flow rate. However, this decrease cannot be ex- 
plained by the dea~ease in contact tkne as in the case of  different 
liquid flow rates. The conversion percent was calculated based on 
the amount o f  cyanides remained in water and, the gas flow rate 
was not taken into account/'or these calculations. Therefore, the 
effect of  gas flow should be explained with other factom. 

It may be rogued that the higher gas flow decreases the temtx~a- 
ture of the bed mid the conversion. This cooling effect of  gas flow 
may be confirmed by the results obtained for the jacket tempera- 
ture (Fig. 4). At especially high temperatures, this effect is inlpor- 
tam in experilnents. However, simihr results obtained at morn tem- 
perature cannot be explained in this ~way. The mass hmlsfer effects 
should be taken into account in this case. 

Under these conditions, the decrease in convet~on depending 
on the increase in gas flow me  probably results fix~n the decrease 
in contacting efficiency between gas and liquid phases The resis- 
tawe to flow is lower near the wall where the voidage is higher than 
that in the center of the cohmm [X.iao, 2001]. When the gas flow 
rate is increased, the gas phase prefem to flow near the wall As a 
result, by-pass increases due to the formation of chmnellh~g, espe- 
cially as wall flow, in the bed and the contact between gas mid liquid 
phases decreases. This case results ill a decrease iu file conversion 
percent. 

The effect ofjacka tempaamre on the conversion is lepresented 
in Fig. 4. The reaction accelerates by increasing temperature. In ad- 
clifton to this, the comacting efficiency between the reactants in- 

.i ii 

till 

:',i: 

o 

il 

-,1: 

h 

...-" 

_ - - "  
~ r  

. i  

.......... ii .......... 
m r " "  . - - ' " "  

. . - - "_ '_4r  --"" 
. , r z  - - - 

at------  . - "  
__.. ."- 

I [ " "  

I '~  ; I  I I  ", I h : l  TI 

I I , ' 1  I " l t l ;~ ' r : r  I , ' : , l  , 

F ig.  4. Ef feas o [ tempera t~ re  on conversion (41 ~ Co=0.0051VL uc = 
0.3 LAnin, u~=X5 L/rata �9 Co=0.04M, u~=0.6L~dn, uz = 
3 L/min �9 (2o=0.1 M, ua=0.9 L/min, uz=4.5L/min). 
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Fig. 5. Effects of conceatralion on convemion at room tempera- 
ture ( 0  uc=O.3L/miI/, uz=l.SL/mia �9 u~=0.6 I_/mm, uz = 
3 L/rain �9 ua=0.9 L,~nin, uz=45 L/rain). 

creases becmse ionic mobility increases as a result of inaease in 
temperature. By depending on these effects, the conversion percent 
increases with an increase in temperature as expected [Pal< mid 
Chang, 1997]. 

Change of  the conversion percent as a function of  the initial con- 
cenlration is sho~vn in Fig. 5. It has been only drawn for room tem- 
pemlure because sinfilar behaviour was observed at high tempera- 
tures too. As seen fi-om the figure, the conva'sion continuously in- 
creased with increasing concemmtion in some cases. However, it 
~was mostly decreased a the beginning and then iua~ase4 The con- 
tinuoas iucrease mw be admitted as ausual result, but not the other 
one. The decrease plus increase is prob3oly arisen fi'om the change 
of contacting efficiency between the reactants by depending on flow 
properties hi the column [Alicilar et al., 1994]. 

CONCLUSION 

Techniques for the treamem of cyanides ate mainly based on 
oxidation. Oxk~lts and catalysts used for this propose are usually 
high cost materials. This wctk ~was p~fonned under the liquid do~vn- 
mid gas up-flow conditions in a fixed bed reactor Ah" was used as 
an oxidant. Although it was worked as a continuously oper~ing 
system, a conversion of  89% was ~tahled at the optinmnl condi- 
tions comprising a water teniperature o f  60 ~ a gas flow rate of 
0.3 L/min mid liquid flowr'~e of  1.5 L~nin. The conversion observed 
at room temperat'ure was also quite high (79o/o). 

NOMENCLATURE 

C O : initial concentration [M] 
T :jacket temperature [~ 
u G :gas flow rate [Lhnin] 
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uL : Iiq~fid flow rate [L/min] 

REFERENCES 

Alam, M. and Kamath, S., "Cyanide Destruction in Molten Carbonate 
Bath: Melt and Gas Analyses~'Enu Sei. Teeh., 32(24), 3986 (1998). 

Alicilm; A., Bice~; A. and Mm-athm~, A., "The Relation Between Wet- 
ling Efficiency and Liquid Holdup in Packed Coltrnng' Chem. Eng. 
Comm., 128, 95 (1994). 

Basheer, S., Kut, O. M., Prenosil, J. E. and Botrne, J. R., <<Development 
of an Enzyme Membrane Reactor for Treatment of Cyanide-Con- 
taking Wastewatei~ fi-om the Food Induslry~,' Biotech. Bioeng., 41, 
465 (1993). 

Borbely, G. J., Cliff, C., Devuyst, E. A., EtteI, V. A., Mosoiu, M. A. 
and Schitka, K. J., US Patent 4, 537686 (1985). 

Devuyst, E. A., Robbms, G., Veegunst, R., Tandi, B. and Iamafino, 
R F., <~ Cyanide Removal Technology Working WeiI~' Mining 
Eng., 2, 205 (1991). 

Gaudy, A. F., Gaudy, Jr. E. T., Feng, Y. J. and Brueggemann, Y. G., 
<<Treahnent of Cyanide Waste by the Extended Aeration Process," 
ywPcF, s4(2), 153 (1982). 

Gttrol, M. D. and Bremen, W. M., <<Kinetics and M~,lmnism of Ozona- 
tion of Free Cyanide Species in Wateg' Bnv Sei. Tech., 19(9), 804 
(1985). 

Ho, S. P, Wang, Y Y and Wan, C. C., "Eleclrolylic Decomposition of 
Cyanide Effluent with an Electrochemical Reactor Packed with 
Stainiess Steel FibreS' War. Res., 24(11), 1317 (1990). 

Horowitz, G. I., Martmez, O., Ctt!derman, A. L. and Cassanello, M. C., 
~176 Oxidation in a Trickle Bed Reactor using a Hydrophobic 
Catalys~ Effect of Dilution with Hydrophilic Parficles~' CataZ Today, 
64(3-4), 347 (2001). 

Kim, S. J., Hwang, K. R., Cho, S. -~( and Moon, H., <<Simultaneous 
Removal of Cyanide and Copper Ions in a Semi-fluidized Ion 
Exchanger Bed~' Korean J Chem. Eng., 16, 664 (1999). 

K6mttrctt, M., <<Oxidation of Cyanide in Water in Packed Coltmm~' 
M.S. Thesis, Gazi University, Ankara, Turkey (1999). 

Matatov, M. Y. and Sheintuch, M., "Catalytic Abatement of Water PoI- 
lutants~' Ind Eng. Chem. Res., 37(2), 309 (1998). 

Pal<, D. and Chang, W, "Oxidation of Aqueous Cy'alide Solution using 
Hydrogen Peroxide in the Presence of Heterogeneous Catalyst~'Bme 
Teeh., 18(5), 557 (1997). 

Pannk, V., Yilmaz, M. and Alicila~; A., ~176 prepa-ation of D-Glu- 
caric Acid by Oxidation of Molasses in Packed Beds;' f Chem. 
Tech. Bioteeh., 76(2), 186 (2001). 

Park, 1( H., Kim, S. J. and Kang, S. C., "Effect of the Reaction Bath 
Temperature in a Fixed-Bed Reactor for Oxidation of o-Xylene 
over V2Os/TiO2 Catalysts~' Korean J Chem. Bng., 17, 81 (2000). 

Sharma, V K., Rivera, W., Smith, J. D. and Brandon, B., "Fermte (IV) 
Oxidation of Aqueous Cyanide:'A'nv. Sei. Teoh., 32(17), 2608 (1998). 

Wa!sht, E and \Vflsoi~, G., "The Eleclrolylic Reanoval of Gold fi-om 
Spent Eleclroplafing Liquors:' Trans. ~ 64, 55 (1986). 

Xiao, Q., Cheng, Z. M., Jiang, Z. X., Ante1; A. M. and Yuml, W. K., 
~176 Behavior of a Trickle Bed Reactor Under Forced 
Ptflsing Flo~g,' Chem. Eng. Soi., 56, 1189 (2001). 

March, 2002 


