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Abstract

A.t:umparisun is made between using a Fluidised Bed Reactor (FBR) and a
conventional Continuously Stired Tank Reactor (CSTR) for the removal of cyanides
from ivaste water.

The two reactors were operated simultaneously under the same conditions te
determine which of the two reactors would be the more efficient in cyanide.
degradation, _

Initially, many problems were experienced with experimentation but thereafter
operation of the equipment went reore smoothly.

The resuits obtained indicate that the CSTR would still be the more efficient reactor,
remaving cyanides to almost O within & 10 hour retention period.

The maximum litit of 0.5 mg/, as stipulated by the government gazette, is then easily
achieved. The FBR's removal rate did not achieve this limit within a 10 hour retention

period and in 2 hours achieved only 81 % cyanide removal.

The major point that came to light during the final analysis phase of the project was
whether the cyanides were biodegraded or removed by absorption and oxidative
reactions in the presence of a catalyst, namely activated carbon, or more specifically
dead micraorganisms.

No clear conclugion could be drawn in this regarcd.

On the whole, more investigations need to be carried out on the FBR to determine the
conditions under which it could perform better than the CSTR. '
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1 Prologue

One of the essential requirements for Man and a healthy community is the supply of
clean water, He uses rivers and sireams as a source of potable water and valuable food
supplements supporting aquatic life and the irrigation of agricultural lands, nat to

mention his quest for some of life's comforts.

Yet despite its importance, rivers and streams throughout the world are generally
badly treated and frequently used to carry off waste products produced by
communities and industry. The pollution of our water resources by industrial effluent
is a serious and ever increasing probiem. Examples are the accidental spillage of
chemical waste into the Rhine river in Germany and locally, the spillage from a paper
mill into the Crocodile River, Run-off from rural communities has exposed Man to the
contraction of water related diseases, such as choleta and typhoid, which can be fatal.

With the expansion of industry, chemical effluents such as those containing cyanide
require expensive treatment before any of the effluent water may be returned to river
systems, All over the world, legislation with regards to the discharge of industsial
waste water, is being sharpened. Many industeies are having to re-gvaluate their waste
water treatment processes or are being foreed to change their attitudes towards waste

discharge tnto natural waterways.

Unfortunately the problem of treating waste waters is a complex one, in particular the
treatment of cyanide bearing waste waters. Not ouly is the capital cost of the
treatment plant a problem, but also the ever increasing cost and availability of fresh
water and additives. As a result of constant changes in manufacturing techniques, the
dischm'ge criteria are constantly being reviewed by the authorities.



2 Introduction and Literature Strvey
1 In 1eti

Cyanide ocours in numerous waste water streams, for example in the iron and steel
industry and the 'mining industry { eg. the roasted almond smell around miné dumps
on the Reef as a result of cyanide from the gold leaching process).

The mining industry has been using cyanide in gold leaching processes since the late
nineteenth century after it was first introduced by Alfred James of the Cassel Gold
Extraction Company in 1890 (Pohlandt-Watson 1990). This introduction increased
the yield of gold extracted from ores, to above 90% from some 30% using a process
of mercury amalgamation. Various chemical processes are available to treat these

waste waters but are rather expensive,

With biotechnology now slowly taking its rightfial place as a suitable, viable and more
environmentally fi'endly process, the biodegradation of cyanides has enjoyed a fair
amo..nt of attention. Research into the biological treatment of cyanides was first
recognised in the 1950's by Pettit and Mills { Alabama University (1983)}, Microbial
destruction of cyanide is a developing technology capable of oxid sing low
concentrations of simple cyanides into CO, and NH; {Rroadhurst (1930)}. The
inahility of most conventional bio-systems to treat cyanide cony 1trations of > 10 ppm
or to even attempt to destroy complexed cyanides, have been major obstacles to the
implementation of such systems {Broadhurst (1990)}.

It has been postulated that the biclogical approach to the treatment of effluent, and
 in particular waste waters containing cyanide, will be cheaper, hold more advantages
and will becoime very much more popular due to the increasing amounts of industrial
sewage in need of treatment {Howe {1965), Alabama University (1983); Shivaraman
et al (1985); Whitlack & Mudder (1985); Broadhurst {1990); etc)}
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2.2 Background Resgarch Review
2.2,1 _Sources of Cyanide Waste Wat. ;s

In the gold mining industry leaching is universally practised. The effluent from such
plants is pumped into slimes dams and while some or'the cyanide in solution may be
oxidised by air, pollution of the surrounding ground water by seepage and run-off is

inevitable.

The iron and steel industry in South Africa has relatively high levels of cyanide,
thiocyanate and phenols in their effluent streams, coming from the coke quenching
processes {ISCOR (1991)}.

222 igt hemical Processes for Cyanide Removal

Up until fairly recently (1965), it was thought that the biological route to waste water
{reatment was impractical or impassible, simply because it was believed that cyanide
would inhibit certain anzymatic activity in a biclogical system (Howe 1965), if not kill
the microorganisms completely,

The processes used and still being used, are ail based on chemical reactions with
cyanide to form less hermful and more stable compounds. These processes include
{Broadhurst (1990); Alabama University (1983)}:
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Alkaline Chiorination

This process uses chlorine or hypochlorite to axidise cyanide to cyanates and
uliimately to give NaCl, CQ, and N,

This process is used fuirly extensively on a commercial scale because of
proventechnolc 1 available expertise. Reagent costs are Ligh, and toxic
and corrosive chemicals arg used, creating handling problems,

Hydrogen Peroxide Oxidation

Cyanide is oxidised to cyanates by the controfled addition of H,(, solution

cu®*

CN™ + H,0, ~ CNO + H,0 @)

The popularity of this process is its reliability and ease of operation. No toxic
intermediates are formed. Excess H,0, rapidly decornposes,

The disadvantage is high reagent consumption resulting in higher costs and in
addition a Cu® catalyst (10 - 30 ppm) is required.

The INCO Process ~ SO,/Air Oxidation

Air and SO, are used to oxidise the cyanide to cyanates in the presence of a
Cu?* catalyst

CUZ&

N+ 0, + 80 + KO » CNO™ + H,§ (22

The acid is neutralised by lime.
All cyana-complexes are destroyed, except iron, The process is simplistic and
easy to operate and no toxic intermediates are formed.
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The process requires 30 ppm of Cu™* catalyst for rapid and effective cyanide

oxidation and a pH value of 10 is maintained with lime.

' The Homestake Mining Company {Mudder & Whitlock (1984); Whitlock & Mudder
(1985)}, in the United States, have been working on a process since 1977, that
oxidises not only free and complexed cyanides but also thiocyanate and the oxidation
by-product, ammonia, The comipany tested a variety of reactors and found the
Rotating Biological Contactors (RBC's) performed the best, {(an attached gromh

process), The flow diagram is shown in figure 2,1,

Phosphot &
fcad Soda Ash

Mine Water l‘ ‘f- RBC

Decant Water !
Mix

Tank I:]

Reactor

Energency
EFF luent Send | le

q—n—-——n.-——ﬂu
_ Fitbers Clariliar

The average levels of cyanides being treated were
Cyanide = 13 mg/
Thiocyanate = 65 mg/l
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The reactor consisted of a number of rotating contactors of different biomass
densities. The contactors with low biomass density were used for the cyanide and

thiocyanate removal and the high biomass density contactors for nitrification.

The reactors required only two chemioal supplements ;
1} an inorganic carbon source to aid nitrification (soda ash) and
2} phosphorous as trace tutrient (H,PO,).

Supplemental air was added to the reactor to provids enough dissolved oxygen
(>= 0.4 mg/1) and to ensure biomass stripping,
| The total hydraulic residence time was 5 hours at 21 000 m%day. The rate controlling
oxidation step in the overall design was nitrification.
The total surface area of the contactors available for degradation was :
Cyanide degradation = 9 290 m?
Nitrification = 13 935 m?

Shivaraman et al {1985) used & cornpletely mixed aeration system (CMAS), described
in figure 2.2, to study the influence of pheniols and cyanide on the biodegradation of
thiocyanate. The levels of cyanides treated were :

Cyanide = 45 mg/l

Thiocyanate = 115 mgfl

This system follows the CSTR principle with subsequent settling of sludge.
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Infiuent
ReacbLor

Recycle
Sludge f///ﬁ
F Se

Excess
i

Sludge

Resevoir

Ciesn
Erftiuent

Fi 2.2 . §cl

The bio-reactor is fed continuousty from a reservoir. The liquid from the reactor was
led into the bio-settier for settling of blomass, Part of the settled sludge was recycled
back to the reactor and the remainder purged.

Recycling was on a semi-continuous basis. Retention times of the 2 units was 1042
hours for the reactor and =2.3 hours for the settler.

A Hydrolytic Assist, figure 2.3, was used in conjunction with the extended aeration
process by Gaudy et al; {1982) to study its effect on the degradation of cyanide
(concentration = 10 - 20 mg/l).
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Raw
Waste Aerak (on Sebtl:ng } EFfivent
R e Y | ——T
Tank Tank
—h e
b L TTT TN
ExlLanded Reralgn Process
Hydeolysa Process
Hydrolysate Ac o
Recysle Hydro lysate
Neulrairgabon
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= ic of eratio inglading the "Hyd i ig("

A known volume of sludge was withdrawn from the clarifier on & weekly basis and
hydrolysed, acidified to pH 1, autoclaved and then neutralised to pH 7, The studge
was then recycled back to the reactor in smaller volumes each day.,

The results of using the Hydrolytic Assist included, the advantage of decreasing the
inhibitory efféct of cyanide, and effectively removing organic matter »3 well as

cyanide.

The idea ¢ sirultaneously using aerobic and anaerobic reactors for the treatment of
cyanide laden waste waters was studied by Richards & Shieh (1989). They used a
cotmpletely mixed, continuous-flow activated sludge reactor {oxic chamber) with an
internal cell recycle (settling chamber) and a separated anoxic chamber. This may be
seen in figure 2.4, |
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Cyanide levels were :

Cyanide = 60 mg/l
Thiocyanate = 100 mgf

Cyanide degradation occurred in the oxic chamber where the dissolved oxygen
concentration was maintained at 2.5 mg/l,

The anoxic chamber was then used for the subsequent nitrification of the effuent,
This anoxic-oxic set up did not appeer to impede the cyanide and phenol degradation

in any way.

Alabama University (1983) used a simple CSTR and clarifier. The CSTR consisted of
an aeration chamber with an overflow, which led to the clarifiz. Any pases evolved
were directed through NaOH solution to trap any volatilised cyanide, Settled studge
was recycled back to the aeration chamber and the treated effluent collected.

The cyaride levels treated in this reactor system were :
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Cyanide = 10 - 100 mg/t
Thiocyanate = 100 -1500 mg/l
The efficiency obtained for cyanide degradation by this activated sludge process was
99%, |
The schematic flow diagram is rmich the same as the one by Shivaraman et al (1985),
ie. the CMAS unit, |

Ludzack (1960} used an adapted design from Dow Chemical Company, which

_ consisted of the aeration chamber and a settler compariment inside the chamber, The
settler was designed such that it formed a semi-gircular section in the aeration
chamber, The bottam end was cut to allow settled sludge to ret. ‘o the aeration
chamber.

Results which will be presented later in this work suggest the possibility tuat anothe:
form of cyanide removal is takiny, ; lace. The idea that cyanide may be removed from
the system via a nion-biological process, ie. absorption and oxidation it the presence
of a catalyst should also be considered.

Cyanide may be removed form agueous solution by two general types of reactions,
v.amely hydrolysis reactions and oxidative reactions.

-2,24,1 The Hyidrolysis Reactions

The first is the hydrolytic reaction, occurring at low pHYs, via.:

CN™ + H,0 -~ HCw * OH 2.3

10
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Some of the HCN formed will become volatilised and is removed through the escaping
gas stream,
On the other hand, at high pH's and particularly at high temperatures, the reaction :

CN™ + 2H,0 - NH, + HCO, 2.9

. oceurs, but is reported to take place very slowly at ambient temperatures
{Adams (1990)}.

2.2.4.2 The Oxidative Reactions

Cyanide is easily oxidised to form cyanateg or cyanogens in an aqueous solution ag in
this investigation. At high pH solutions the reactions are ;

20N & (CN), (g} + 2e” ' 2.5
(Cyanogens)
and
20H" + CN~ = CNO™ + H,0 + 2e° (2.6)
(Cyanates)

The cyanates are further oxidised in the presence of the activated carbon catalyst to
produce ammonium carbonate and small quantities of urea, according to the following
reactions:

CNO™ + 2H,0 + H' « NH + HCO/ 2.9

and

CNO™  + NH/ &~ CO(NH), 8

1
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2.2.4.3 The Potentinl versns pH Diagram

When studying a diagram of the patential versus pH of the CN-H,0 wstém at 25°C
{figure 2.){copied from Adams (1990}, it is clear that the oxidation of cyanide to
cyanates is thermodynamically favoured at ambient femnperatures but is exceedingly
slow in the absence of a catalyst. From work done by Adams (1990); {Broadhurst
(1990)}, activated carbon is & suitable catalvst as well as belng very good at absorbing

cyanide,
2‘ L T L] L] L]
3
o
o ¥ T .
“--___' T
I HOON .

"""-\..____‘
> -
] a_ﬁ‘*-_-_-b.__________‘iﬁ OCN~ ]

a ‘\..a.\
3 ey -
' -“"""i..__
T
-1 HON
I .\“q
TN
- I I I i L |I i F]
-2 ¢ 4 6 B 10 12 4 16

042 « 20H+H,  E=-0.0591 pH - 0.0295 log(p,c)
O, + 4" + de” » 2H,0 E = +1,228 - 0.0591 pH + 0.0147 log(ngy)

HCNyy = CN°+* log [CN'} = -9.39 + pH
{HCN)
2. HOCNg, = OCN +H' log [QCN' | = -3.89 + pH
[HOCN] '

3 HOCNyy + H' +2¢" » HCNgy + H,0

E = 0,021 - 0.0591 pH + 0.0295 log [HOCN]
[HCN]

12
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4 OCN+3H'+2¢ v HCNy + H,0

E = 0.136 - 0.0883 pH + 0.0295 log [OCN-]
. {HCN]
5  OCN +2H*+2% » CN +H0

E = (141 - 0.0591 pH + 0.0205 log [OCN-}
[CN']

?  Reactions net identified by Bard {Adams (1990)].

Microorganisms consist mainly of carbon based molecules and as a result when the
organisms die, the carbon in the organisms may have similar characteristics to that of
activated carbon and could therefose be capable of absorbing cyanide {Raef et al
(1977)}. Tt has been reported that activated carbon has the ability to absorb cyanide
{Adams (1990)3}. '

The kinetics of the loss of cyanide in an aerated system can be adequately described
by a first order rate Jaw for all reactions that eccur {Adams (1990)}.

Muir et al (1988) found that cyanide is oxidised by air In the presence of activated
carbon, with losses between 65 and 95% over 24 hours. The oxidation process
products are cyanates which are stable in alkaline solutions. In acidic solution
hydrolysis occurs and ammonia and bicarbonate result.

As mentioned, at higher temperatures the hydrolysis reaction is favoured since the
solubility of oxygen in water becomes very small,

Muir et al (1988) also found that the activated carbon should be in suspension to be
most effective in cyanide destruction in aerated systems.

It is difficult to assess whether oxidation or hydrolysis of cyanide are the main
destruciion processes taking place and to what extent thi. occurs. There also exists

13
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the possibility of FICN or CN" absorption onto carbott.

Muir et ol (1998) concjuded that the main sause of cyanide loss is cyanide oxidation.
Adams (1590) also concludes this fact but adds that absorption of cyanide also 1akes
place but is not the primary cyanide removal mechanism.

22.4.4 Sumuiary of Cyanide Losses in Aqueous Solution with Activated Carbe»

Adams (1990) shows a taBle (table 2.2) which summaries all the reactions that take
place in an aqueows soluticn in the presence of activated carbon. The results are based

on batch experiments.

Reaction % Contribution
| N in solution - 26.74%!
CNO" founed in solution 2.17 29.85%!
HCN evolved 2.14 5,60%'
CNO" fost 218 9.9594"
CN- absorbed 221 24,38%!
CN unaceounted for . 3.48%"

t Table values were calculated feom table in Adams (1999),
* . Caleulated by difference. Not found in table of Adams (1990,

The reaction that cquses the highest foss of cyanide is the carbon catalysed oxidation
reaction described in detall in Adams (1990) and summaries as follows:

eN" +t, 0, = CNO (2.9)

14
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The absorption reaction is displayed as follows:

o] ' o
I : |
R--C~-R 4+ ON- - R --C -~ R (2.10)
I
cN
3 Acti mg in Bi I

The activates studga process is a continucus process in which aerobi¢ biomass is
mixed with the incoming waste water and serated and then allowed to settlie out by
gravity usually in = separate settling tank. A portion of the settled biomass sludge is
then returned back o the aeration tank and mixed with fresh waste water. The other
portion of the settled slndge is removed to waste as the biomass is continually growing
in the asration vessel {Eckenfelder (1966); Eckenfelder et at (1970); }.

In the conventional system the biomass absorption, flocculation and growth processes
are all accomplished in a single step.

The sudden change in concentrations of toxins, acidity or alkalinity in the feed can
have adverse effects on the activated sludge. Therefore since the 3 different processes
all take place in a single sten, the mixing of the fresh waste water with the recycled
biomass, provides greater stability and tolerance due to changes in the feed and
loading characteristics, The limitation on the process is the depree of loading to
ashieve flocculation and the settling and separation of the biomass in the settling
system.

In the completely mixed system, more commonly used in activated sludge treatment
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of industrial waste waters, the oxygen utilisation rate and hence the acration will
remain constant throughout the process. This means that the soluble BOD in the .
effluent is the same as that in the aeration vessel. '

Another use for aeration is to aid mixing and suspension of sludge and solids, strip-
off volatile products and together with the agitator provide a uniform distribution of '
oxygen for microbial respiration {Bailey & Ollis (1986), Moser (1988)}.

Even though the activated sludge system can tolerate variations in the sludge loading
and levels of acidity/alkalinity and toxins, extreme variation must first be treated to
squalise the feed waste water {Eckenfelder (1966); Eckenfelder et al (1970)}.

The ffect of recycling the settled biomass increases the residence time of the biomass
in the system and thereby gives the microorganisms time to adapt to the surrounding
waste water - cyanide and oiher nutrients. Not only must the organisms adapt to the
presence of cyanides but the time they spend in contact with the cyanides in the system
must be long enough to ensure the rclevaﬁt bicdegradation reactions can take place
{Bailey & Oilis (1986)},

The term ‘activated sludge' was coined from the fuct that one of the most important
characteristics of organisms in the activated sludge is their propensity to produce a
polysaccharide gel, which ailows the microbes to flocculate together {Bailey & Ollis
(1986)}.

16
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2.3.1.1 Sludge Age

 Sludge age is defined as the average length of time the biomass is under aeration, For
a CSTR system the sludge age is expressed as

G = (2.11)

(The mass of biomass under aeration divided by the mass flow rate of wasted bioimass)
For a flow-through system such as the FBR, sludge sge is defined simply as the
inverse of the dilution rate (1/D). The reason for this is that the sludge, though moving
upwards in & plug flow fashion, is partially back mixing through the length of the
 reactor and allowed to flow out over the weir, No sludge is recycled back to be
aerated again, It is a once through process.

G = = (2.12)

After long periods of aeration small residual levels of BOD will remain because of the
auto-oxidation of the siudge which results in the re-sofubilisation of cellular materials
which can then be used for synthesis of new and existing microorganisms,
{Eckenfelder (1966), Curi & Eckenfelder (1980)}

2,3.1,2 Sludge Loading Rate

The loading rate of the sludge, ie the amount of all eyanides present thet can be
removed for a given amount of biomass in the reactor, may be defined quantitatively
as follows:

Sl'otnl WF

Sludge Loading Rate = %
R

(2.13)
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The sludge loading rate gives an indication of the activity of the biomass slﬁdge when
varying concentrations of substrate are fed into the activated sludge system, for a
given amount of biomass in the reactor, The higher the loading the higher the

utitisation of substrate for a given amount of biomass.
2.3.1.3 Sludge Settling

The settling and subsequent compaction of sludge is a primary requisite for the
successful aeration of activated sludge systems. With poor settling, carry-over of
solids into the effluent cas ocour, resulting is higher BOD levels than allowed., Poor
compaction on the other hand will reduce the concentration of the recycled siudge
which will affect the mixed liquor suspended solids level in the reactor. This may also
cause filamentous organisms to proliferate and reduces the available substrate for
bacterial utilisation. {Eckenfelder (1970)}

2.3.1.4 Aecration

Aeration Is important for aerobic activated sludge systems which require a minimum
of 0.4 mg/t of oxygen. The dispersion of the oxygen is important to ensure that all the
‘hiomass is held in contact with oxygen to allow aerobic growth and endogenous
respiration to take place unhindered.

3.2 Microoraanism in Act 1
Activated sludge consists of a large variety of microorganisms, which are capable of
treating a myriad of wastes, with cyanide being just one of many waste substances,

This mixed population of organisms include aerobes, anaerobes, bacteria, yeasts,
moulds and fungi as well as many pathogens and viruses. As a result of the variety of
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organisms present, acclimation of the organisms to the specific waste to be treated is
required, Certain organisms will die off as they are not able to acclimatise to the waste
(presented as toxins to these organisms) or the treatment process is operated under
either serobic or anaerobic conditions, not allowing certain metabolic processes to
function.

Activated sludge is an agglomeration of flocs of organisms which result from the
ability of aerobic organisms to synthesise a polysaccharide gel which binds them
together. These flocs or activated sfudge have a high affinity for suspended solids and
so the absorbed particulates can be oxidised by the organisms.

In the nerated part of the process, the biological utilisation of these suspended solids
or wastes occurs and also serves to restore the organisms’ absorption capacity, All
this promotes a healthy activated sludge, devoid of filamentous bacteria and flagellate
protozoa. ' |

These filamentous bacteria can not normally compete with heterotrophic bacteria
present in healthy activated sludge while the protozoa preys on fiee ie. unflocced,
bacteria, thus clarifying the effluent. Maintaining the correct conditions in the reactor
system: is thus important to prevent undesirables from taking over which are inherently
present in a mixed population of arganisms.

Varlous authors have found different microorganisms present in their activated sludges
that are capuble of degrading the various cyanides, In some of the papers, microbes
have been found that have not degraded cyanides but appear to have helped the
system in the degrading process {Gaudy et al (1982)}. These authors found Bacillus
and Klebsielln to be predominately present in the biomass, but not to metabolise

cyanide,

Shivaraman et al (1985) used the cyanide degrading mcmorganiéms Psewdomonas
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acidovorans and Alcaligenes faecalis, a¢*, e resistant phenol degrader.

Howe (1965), who discusses various authors' work in cyanide degradation, list some
of the bacteria found : .

Aspergillus niger for the oxidation of HCN,

Artrobacter,

Coccus,

Pseudomonas's, as the most prevalent ones.

“Hon - Mining Company {Mudder & Whitlock (1984), Whitlock & Mudder
(1985)} isolated a strain of Pseudomonas sp. which they found was indigenovs to the
area, and have inoculated their rotating biclogical contactors (RBC's) with the

Pseudomonas.

Bacillus pumilus, Avtrobacter and Aspergillus niger were found by Richard & Shich
(1989) to utilise cyanide as carbon and nitrogen source and produce ammonia.
Autotrophic microbes were found to able to grow on thiocyanate. These microbes
resulted in an efficiency of approximately 99 % degradation.

The enzyme Rhodanese, purified from the orpanism thermophile B.
stearothermophilus, catalyses the formation of thiocyanate and sulphite from cyanide
and has proved to be of value as an antidote for experimental cyanide poisoning in
small animals { Atkinson (1975)}.

'These various organisms are summaries in table 2.3.
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T era.
I T
l Microoramntaneg Subistrate Reforence
Rhodaness from Cyanids / Atkinson 1975
B. siearathermophitis ‘Thiooyaniite M‘Eieu 1931
Baciiius Kichstatla {Flucuss / Qruidy 1 ad
— (NEL)SO, 1582
Aspergilins riger Activaled sludges Howe
Artobacter Ammonium seatote! L9635
Coorns Potassium phosphato
Fseudomornas
Bacilhus pumiiuz Phenals / Richard & Shish
Arirobacter’ MNeHCD, ¢ 1989
Asparpiily. niger NH,Cl / Cyanides
i FPseudomenas NtLC1¢ Shivaraman ct ol
ncidovorans Phencla 7 1985
Alcaiigenes Cyanides f
__Jawcalis Phosphate _
Prandomonas sp, Cyanides / Whitiock & Miuidar
Thiotynnate . 198415
Fungi - Aderasmins oreades, Primarily HCN Potgjater
Pholicta adiposa, 1991
£le,
3 nigm

The bacteriz in the activated sludge utilise the carbon in the cyanides for metabolic
growth and the production of carbon dioxide, together with other organic nutrients,
and the nitrogen is converted into ammonia.

This ammonia by-product is toxic and must therefore be detoxified,

~ 2.3.3.1 Bacterial Pathways

Whitlock & Mudder (1985) formu'-ted the following reaction (reaction order = 0) of
thiocyanate with bacteria in the presence of oxygen :

SO + 2% 0, + 2H,0 bacteria SO,* +HCO, + NH; (2.14)
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Receitly a Psendomonas sp. bactetia was isolated which can co.ivert cyanide into

formats and ammonia in the absence of oxygen :

CN +2H,0 HCOO +NH; (2.15)
The released ammonia could be used as a nitrogen source for further metabolisin
{Gokool (1990), Potgieter (1991)}.

2.3.3.2 Enzymatic Pathways

Bn#ymes are present in bacteria and it {s these enzymes that give the bacteria their
cyanide degrading capabilities, The assumption is being mads that the enzymes are
intracellular and not extracellular a» no evidence to the contrary has been found in
literatn:. £ cyanide degradiug snzymes are not present in the bacteria, the cyanide
is torue 0 the organisms. The enzymes utilise the cyanide direcily and produce amino
ac17.s which the bacteria can then use as building blocks.

The general biochemical reaction for cyanide in the presence of an enzyms, is :
CN' + aldose = oyanchydrins 216

and is a first order reaction with respset to cyanide at a pHf greater than 8, The
cyanchydrins are immediately hydrolysed further into aldonic acids {Raef et al
(1997)}.

Many of the reactions mentioned in papers occur in the presence of bacteria but use
aldose, for ingtance glucose, in a first order chemical reaction {Raef et al (1977)}. The
glucose-cyanide reaction products are however bindegradable, which are non-toxic

to acclimatised organisms.
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Enzymes oﬁ_en form part of biochemical cyanide reactions {Potgieter (1991)}. For
instance :
Hydrogen cyanide can be converted into the neurotoxin S-cyanoalanine, with
the aid of the enzyme B-cyanoalanine synthase. The reaction is as follows :
HCN + HSCH,CHNH,COOH ~ CNCH,CHNH,COOH + H,8 (2.17}
(cysteine) (B-cyanoalanine)

B-cyanoalanine can be further converted into asparagine and aspartic acid by
nitrile hydrase and amidase enzymes :
CNCH,CHNH,COOH - CONH,CH,CHNH,COCH -
COOHCH,CHNH,COOH (2.18
(B-cyanoalanine) (asparagine} {aspartic acid)

2.3.3.3 Fungi Pathways

Various fungi can incorporate FCN in alanine and to a lesser extent even in other
aming acids. For instance {Potgieter (1991)}:

0 NH, NH,
HCN | 2H,0
CHS"‘C"H Attt CHa'C'CN - CH 'C'COOH (2-19)
Ng, | MMy |
H H

(acetaldehyde) (o-aminoproplonitrile) - (L-alanine)

In a method analogous to e above, glutamic acid, another important amino acid, can
be formed.
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0 CN CO0H
| HCN | 21,0 |
H-C-CH,CH,COOH -— NH,-CH-CH,CH,COOH —- NH,-CH-CH,CH,COOH
NH, -NH,
(succinic semi- (4-amino-4-cyano- {glutamic acid) 2.20)
ldehyde) butyric acid)

Cyanide~forming fingi can also convert HON into CO, via an unknown niechanism.
An enzyme might be involved. A possible mechanism for the reaction is :

H,0 H,0 -H, :
HCN —— HCONH, ——~ HCOOH ——n CO, 2.21)
-NH,

Certain fungi are pathogens to cyani<=-forming plants, ie. the fungi can overcome the
toxicity of the HCN released by the plant. The fungi form a cyanide hydratase enzyme
which then converts the HCN into a non-toxic product, formamide. {Gokool {1990);
Potgleter (1991)};

cyanide hydratase
HCN + H,0 - - HCONH, (2.23)

A possibie reaction that could take place in the reactors is the direct conversion of
cyanide CN" to thiocyanate SCN' and only then do bacteria or fungt utilise the cyanide
in the thiocyanate form, This is the ¢ase with the Rhodanese enzyime, which ocours
widely in plants, animals and microorganisms. This enzyme is active in sulphur
transformations and can catalyse the CN” to SCN" conversion :

ON + §,0F SCN* + 8OF @23

cyanide thiosulphate thiocyanate sulphue

Tt should be mentioned that adsorption effects can be important as a cyanide removal
mechanism {Raefet al (1976)],
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Although biclogical degradation of cyenide beating effluents only recently become an
operational process at Hormestake Mining Co. in 1984 {Whitlock (1989)}, the
advantages have been realised aad are reasonably well established {Howe (1965),
Whitlock (1989)} :

- Biological treatment plants require congsiderably lower reagent
chemicals, manpower, and installation costs, when compared to the
equivalent chemical plant.

- To change an existing plant for cyanide degradation requires minimal
cost as modifications required are relatively small.

- New plants built are also able to handle other biodegradable wastes
and sewege of an industrial plant,

- The handling of chemicals is reduced to almost zera as very little
reagents, if any, are required, |

- The resulting low cyanide levels can be handled by the conventional

sewage treatment works,
- No chlorine is required for water purification.
- The process is very much more resistant to changes in influent cyanide

levels in so far a5 the efficiency does not drop off dramatically in an
emergency, The biomass concentration will decrease but will rapidly
regain its operational efficiercy.

- Production of siudge is low,

The prime advantage of the b_iological plant to the chemical plant, therefore is the
reduction of costs involved with the running of the plant, labour and chemicals,
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On the other hand, the biological process for the degradation of cyanide, has the

following disadvantages.

Effluent streams containing small quantities of cyanide are more easily
 treated by chemical plants than biological plants, especially if no
existing treatment plant is available.

- Chemical processes out-compete the biotogicel processes for small
industries due to the cost of capital equipment involved.

- If the concentrations of heavy matal ions in solution are high, they
need to be removed before treatment, either chemically or biologically,
in 4 se rase unit, This incurs additional capital equipment costs.

- Extra provision must be made for safety protection, as any biolegical
process can sometimes be upset, Cyanide-containing gases may be
given off (air stripping) which pose a health hazard to personnel.

- Acclimation times are reasonably long (1 to 2 weeks), Therefore any
interruption of the biclogical process may mean an interruption of the
production pracess, ie. temporary shut down. This causes unnecessary
loss of revenue. | '

- Proper nutrient supply is important and must be revised regularly.
Under certain conditions, the bicdegradation of cyanide is both feasible and

econornical, but needs to be fully investigated in the proposed surroundings {Howe
(1965); Gaudy et al (1982); Whitlock (1989)}.
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Designg

Biological treatment plants are built outside and are therefore subject to the changes
in the environment such as temperature, The microbial growth is affected by these
changes, but activated siudge is miore resistant to these ambient temperature
* fluctuations than are pure cultures.

Another design eriterfon that is important, is the hydraulic retentioa:ltime of the sludge
in the reactor, as this determines how efficient the bacteria degrade the cyanides in the
reactor. Therefure the more contact that can be achieved through mixing the better,
as this will reduce the residence time and hence the reactor size or increase the
volumes of effluent that can be treated.

Increasing the contact per surface area through adequate mixing will reduce the mass
transfer limitations for both oxygen and cyanides, In the support particles themselves
the mass transfer is diffusion controlled and therefore the stagnant zone around the
support particles needs to be minimised to increase the concentration of cyanide and
oxygen in contact with the baoteria,

For an aerobic system, enough oxygen nwst be supplied for the needs of the bacteria,

- For the ¢losed types of reactors, such as the FBR »nd CSTR, air will need to be
~ compressed and fed to the reactor tiirough spargs. Here a cost factor becomes
important as compressed air is expensive, Therefore the design should optimise the
utilisation of oxygen required, both for fluidising and aeration,

Recycle around the reactor facilitates rapid start-up and supplements the feed flow in
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the event of very low feed Sow conditions and therefore should be provided for,
especially for the CSTR. For the FBR, the support particles remain in the reactor and
therefore a recycle stream is not required.

The Iaboratory scale plant should be capable of approximating final plant performance.
This is often very ¢'fficult to achieve.
Also the laboratory unit should be simple in construction and operation,

242 Sysem Parameters

Different areas have different climatic conditions and hence the sewage treatment
facilities operate under various conditions. For specific degradation processes like this
one, conditions have tn be kept reasonably constant ot else the desired producis are
not obtained, Parameters such as pH, temperature and oxygen supply are important
for sustained microbial growth, For different types of reactors investigated, different
optimum conditions were found, '

Foitunately many of these parameters fell within a certain range. The average was
sound the neutral pH snd ambient to 35°C temperatwes {Whitlock & Mudder
(1985}, Richards & Shieh (1989); Alabama Univ. (1983)}. It is very convenient to be
able to operate the reactors at ambient and neutral conditions as it facilitates their
control and reduces sost.

Dissolved oxygen cuucentrations have not been widely discussed, Whitlock and
Mudder (1985), were supplying 4 mg/! or more of dissolved oxygen to their reactor,
Others have stated that the dissolved oxygen required, is delivered during sparging
and the velocity of the air required for fluidisation was the more important parameter
{Cooper & Wheeldon (1980)}.
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The retention times varied from 15 minutes {Coaper & Wheeldon (1980)} to as much
as 12 hours {Shiveraman et al (1985); Shivaraman & Parhad (1984}}, depending on

the reactor system,

Richards and Shieh (1989) reported that they had employed retention times of up to
30 hours in some of their test wotk, This is very much shorter than those retention
times used in anaerobic processes, where hold-up time of up to 10 or 20 days are
Juite commeon. This is an advantage that the aerobic process has over the anaerobic

ones,

Whitlock and Mudder (1985) reported that although the optimum pH for cyanide
degradation was around 7.0 to 8.5, thiocyanate degradation tack place al a slightly
fower pH of between 6,7 and 7.2.

Shivaraman et al (1985) concluded that both cyanide and phenols inhibit the
degradation f thiocyanate due to possibly an over growth of phenol-utilizing

organisms.

- A by-product of many biological treatment processes is ammonia. Subsequently thig
needs to be treated as well. Cooper & Wheeldon (1980), studied the concept of
expanded and fluidised bed reactors for waste treatment, specifically nitrification,
The use of sand as bed particles, increases the surface area available for the biomass
to grow on, ' ' '

The reactor claimed some impressive edvantages over ordinary activated sludge
reactors : higher biomass concentrations, no need for secondary clarification, less
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susceptibility to sudden changes in substrate concentration.

Donaldson (1983) reported on a fixed-film fluidised bed bio-reactor for the bio-

oxidation of dissolved organics and noted the following Iadvantages to conventional

biological treatment processes:

- High biomass densities for high removal at low retention times;

- Better reactor geometries; '

- Smaller reactors;

- Close& reactor systems to minjimize health and environmental effects;

- Improved shock and toxin resistance provided by the fixed-film relative to the
suspended growth system.

It was found that after short down times the reactor recovered very quickly, within
several days, to the original performance fevels. Degradation rates were found to be
proportional to the. flow rate, suggesting a liquid-solid mass transfer effect.

Also the reactor 6ught to be readily integrated with existing treatment systems, It is
easily operated and is biologically stable.

The biomass in the reactor was attached to anthracite support pariicles, With the
supply of air for the aerobic bacteria, the reactor becomes a 3 phage FBR: the solid
phase is il * biomass contained on the anthracite particles, 50 immobilising the
vunass; the cyanides to be removed are in the aqueous Tiquid phase; and the gas
phase for the supply of air for the aerobic degradation processes and bed fluidisation.
Both the liquid and the gaseous phase are introduced at the bottom of the reactor.

Mary of the fluidised bed reactor systems investigated, are based on the recycle

principle, very few using support particles for containing their biomass. The support
particles that can be used vary and the following section discusses support particles
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other than the anthracite used by Denaldson (1983).
2.5.2 Use of Support Particles

Cooper & Wheeldon (1980) did research into using expanded - and fluidised bed
reactors for the denitrification treatment of waste waters. They used send (small
particles) which gave a large surface area for the biomass to grow on.

The Thames Water Authorities in London were the first to use a full scale up flow
expanded bed attached-growth system, for denitrification, |

Many of the earlier work done on fluidised beds {Caooper and Wheeldon (1980)},
encountered many problems such as blockages and biomass wastage control from the
system.

Atkinson, Black & Pinches (1981} did extensive work inta the characteristics of
various biomass support particles for expanded and fluidised bed reactors.
Advantages of support particles are :
- biomass is retained within the aeration tank obviating the need for
recycle,
- very high concentrations of biomass can be maintained in the reactor
compared to the CSTR type reactors,
- sludge can be removed directly from the particles, thus reducing the
loed on the clarifier, '

It is important to prevent excessive accumulation of biomass associated with the
particles 80 as to avoid blockages caused by the growing together of particles.
These reactors can be subject to periodic back washing to remove excess biomass.
Here use can be made of high air/liquid velocities.

3t



2 Introduction and Literature Survey

There are many media suitable for the use as support pérticles, including sand, carbon,
glass and other similar media in the size range 0.2 - 3 mm. Using reticulated foam
particles will effectively increase the surfuce area for biomass film per unit reactor bed

volums,

Biomass support particles can be used under continuous growth conditions with a
constant biomass hold-up, without any loss of conversion efficiency. A normal
roncenbation of biomass in the particles can take to 25 g (dry weight) /1 (bed
volume), Gas evolution can occur without shearing biomass from the particles, Also

the biomass can easily be removed from the particles by squeczing or shaking.

A snitable biomass support particle to be used is the reticulated polyester foam
particles, 5 mm cube with 4 nominal 30 pores per inch foam,

The cubic particles have some greater advantages to the spherical or toroidal particles
in that the bed voidages are smaller and handling is better.

2,53 Motivation for FBR Lsesion

‘With cost being an important design criterion, the smaller the reactor the less the
capital cost involved will be, Therefore the use of expanded- or fluidised bed reactors,
containing biomass support particles, will reduce the reacfor size considerably and
hence the cost.

The use of support particles in the reactor greatly increases the biomass concentration
and hence reduces the retention times required for the efficient conversion. Also the
shorter retention times ﬁeeded gliows more effluent to be treated per reactor.
Increased bicmass concentration will help maximise the achievable reaction rate.
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Due to sparging in expanded- and fluidised bed reactors, the shear rate is high, This
would cause high concentrations of biomass to be washed out and the effluent would
have to be settled in order for sludge to be recycled.

Using support particles for the bed in the reactor, the biomass wash-out rate is greatly
reduced as the biomass film on the support particles is much stronger. This reduces
the need for a settler and again saves on cost {Cooper & Wheeldon (1980); Atkinson
et al (1981); Donaldson (1983)},

Air {s required by the microbes in the system and ther+fore provides a suitable medium
to expand or flzidise the bed at the same time. The flow rates of air to fluidise the bed
are-sufficient to maintain the required dissolved oxygen concentration in the reactor
[Donaldson (1983)}.

The aim of this research project is to investigate the efficient use of a Fluidised Bed
Reactor as apposed to the more conventional CSTR. The biomass is to be supported
on reticulated foamn particles in the FBR which would be neutral to the environment
and would not require large quantities of energy to maintain them in a well mixed
surrounding, such as sand or steel mesh balls.

A widely practised approach used in waste water treatment technology, will be used
to compare the efficiency of the two reactor system, This approach is a semi-empirical
one, initiated by Eckenfelder many years ago and involves the development of linear
relationships which have approximate vafidity over the range of experiments
performed herein, '

In this investigation, a CSTR will be used as a means of comparing the performance
© ofthe FBR as well as & basis for determining kinetic parameters,
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The CSTR used in this investigation is better described, from a mictobiological point
of view, by a chemostat, where the biomass concentration in the reactor is changing
with time {growth of bacteria) and a mixed culture is being utilised.

By definition for a completely mixad CSTR, the composition in the reactor vessel is
uniform throughout the volume and is the same in the efffuent stream.

Design of activated shidge systems usually use simple and idealised models. Hence the
Monod kinefic model will be used with an additional term for endogenous metabolism
and death rate of cells, The sludge is considered to be a single pseudo species, even
though it is a mixed culiuwre for the Monod equation to simplify a complex
combination of microorganisms {Bailey & Ollis (1986)}.

- S - k
P =Py g " S (3.1)

The death rate may ocour for two reasons; firstly the toxic effeot of cyanide on the

bacteria may cause some of the bacteria to die off, and secondly through the natural
process of birth, growth and death of microorganisms. The endogenous metabolism
of the microorganisms refers to the maintenance and new growth of cells which takes
place continuously. The specific growth rate of biomass or microorganie™s iz related
to the substrate available for growth and hence the relationship in Monods equation,
The term K, refers to the concentration level of the substrate where the specific
growth rate has half its maximum valve, ie, It is the division between the substrate

concentration range where the growth rate is linearly dependant on § anc. where the
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growth rate become independent of the 8, -
This assumption has been used by many investigators and is therefore nothing new.

Ifthe CSTR is assumed to function as a differential reactor (hence p = D), then at all
points in the reacter the rate of biomues growth and substrate utilisation remains
constant. This then enables the direct measurement of a growth rate [] for the
reactor, without any complicated mathematical manipulation of the measurements as
the reactor is assumed ta be uniform. This is in ling with the simplifying assumption
that the sludge is considered to be a single pseudo specics and the Monod equation
above is defined for a single growth rate for the biomass i the reactor. This implies
that the growth rate can be controlied by the amount of nutrient fed to the reactor.

The rate expression for the CSTR is expressed in terms of the state of the syster, ie.
in terms of W, X, S, The rate expression is defined to be ;

n.X

Y (3.2)

X5

o=

and hence substituﬁng equation [3.1]

_ % | Prax®
T ?‘[K 5on) “
. I 5

The above expression is the rate expression for the CSTR in terms of biomass and
substrate (cyanides) concentrations present in the reactor, measured under varying
conditions.

This rate expression will ba used in the mass balance expression.

1 ith Bi Settler
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The mass balance for CSTR is taken over the whole CSTR system, including the

seftier and recycle siream and not the CSTR in its own right. The mass balance for the
CSTR system is as follows :

FS, = FS, - rV

(3.4)

Substituting equation (3.3) and dividing through by V, where D = F/V, the fullowing
expression results :

_ . X um“ 81 -
D(S,-8,} Yx/-{m ke] (3.5
g
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Figure 3.2 - The FBR

The 3 phase Fluidised Bed Reactor consists of a catalyst bed (biomass support
particles) suspended in a cyanide and thiocyanate solution, which is fluidised with
compressed air, Complete mixing of the catalyst particles is assumed to occur with the
solution phase in ideal plug-flow with the feed at the bottom and outlet at the top, and
no resycle stream, '

The FBR may be assumed to consist of several CSTR's in series.
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41 T

The following assumptions and conditions are used :

1} Bioclogical catalyst particles { Biomass Support Particles ) are of
uniform size;

2) The fiuid-phase density is constant;

3) The liguid phase is moving in a plug flow fashion with partial back
mixing in the reactor (the aspest ratio is approximately 2.5 : 1);

4) The biomass support particles are well mixed in the cyanide solution

| and after approximately 2 retention times the excess biomass is

washed out of the reactor;

5) The FBR behaves as several CSTR's in series.

The mass balance equation for the FBR is as follows :

S
fl FS = rVv (3.6)
SU

The integration of the CSTR rate expression into thie inass balance equation as
several CSTR's in series will yield an expression requiring integration up the height of
the reactor and down the concentration gradient of subsirate utilisation.

When comparing these two reactors, the CSTR has the settler and resycle stream
included as part of the CSTR as the biomass in the CSTR is in suspension where as
in the FBR the biomass is supported in support particles. Ay biomass leaving the
efffuent stream from the FEIR ig fost but in the case of the CSTR the biomass in CSTR
vessel effluent stream is concentrated up and returned to the CSTR vessel for re~use.
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3.5 _The Determination of Kinetic Parameters

Kinetic parameters are very often not presented in the literature and only a few make
any mention of them, For mixed cultures, as activated sludpe inherently is, defining
kinetic parameters is somewhat difficult and hence finding lumped parameters for p,.
K, and k, is casier instead of the individual parameters for each of the species preseat
- {Bailey & Ollis (1986)}. These lumped parameters are determined for the cyanide
degraders in the activated sludge and not the studge as a whole. As the cyanide is the
only substrate available for consumption by microorganisms, therefore the lumped
parameters are detern . ed for cyanide only.

The CSTR will be used as & chemostat, for the growth studies, maintaining the
dissolved oxygen concentration above the limiting coucefitration of 4 mg/t and all the
other pasameters constant {Gaudy et al (1982})}.

The kinetic pararnetérs, K, Hu and k, are determined by fitting a three parameter
model to the data of the final substrate concentration af each dilution rate. To solve for
these parameters, a simplex routine was used, using the Amoeba parameter solving
function.

The kinetic parameters are intensive properties of the reactor and should be similar fo. |
both reactors as they are only a fitnction ofthe substrate concentration and the same
microotgenisms in the reactors, Also the two reactors were operated under the same
conditions.

Using the CSTR equation (3.5) and substituting the values for § and D and using a
manual technique of Runge-Kutta I3 applied to find the values of the kinetic
parameters. '

Once a set of vales for the parameters has been found, another CSTR is added into
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the equation and a new set of parameters determined, This addition of CSTR's in
series in the equation, continues until the variation in values of the kinstic parameters
for the # and n-7 CSTR's is zero to the 4% dectmal place. Described in another way,
the kinetic parcmeters do not change anymore with additional CSTRs,

The yield factor, Vi, is a macroscopic parameter of the system, The yield factor for
biomass as a function of substrate consumption is defined by Bailey and Ollis (1986)

as follows :
AX ax/de Ly
Y mae— T e~ = e
#s" a5 @s/dt  r, (37

The r, term, indicating substrate utilisation, is a negative term &nd hence the yield
factor has a negative sign to make it a positive quantity,

3.6 The Comparison of the Reagtors

The Eckenfelder approach for comparing reactors, essentially compares linear
relationships of various components, These comporents include; the inverse of sludge
age, effluent concentration and oxygen utifisation against the sludge loading rate,
The sludge loading rate is defined a3 the amount of substrate (cyanides) utilised for
a given mass of biomass in the reactor, _

The basis for these linear relationships come from the two equations that simlpy
describe the aerobic biclogical trentment system, These equations are:

organics + (8")0, + N + P ~, {(a)cells + CO, + H,0 + nondegradable solubls residue

G.8)

and
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cells + 0, -® CO, + H,0 + N + P + nondegradabie cellular residue (3.9)

These reactions also occur in natural waters and suesms, These equations may be
schematically shown in the following figure 3.3,

This figure formed the basis from which the linear relationsh -« ., ere developed with
the effluent concentration instead of the feed uoncentration as BOD being plotted
against sludge loading rates cafculated.

Tigchler & BEekenfeldar (1969) showed that the removal of specific compounds in an
activated sludge process was zero order, ie. lwear; down to very low levels of
substrate concentrations, They also showed that for mixtures of organics, such as
normalty found in waste waters, each component simultaneously exhibited a linear or
zero order removal process to low vonsmiratiun [evels,

In this investigation the inverse of the sludge age an " effluent concentration of
cyanides will be plotted against the sludge loading rate. A linear regression is then
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fitted through the plotted points and the slope of the curves can be determined,

Dead microorganisms which are inhereatly present in the reactors due to normal
growth oycles and possibly the toxic effect of cyanide, are a major source of carbon,
Activated carbon is known for its absorption properties in filtration systems and is
effective in removing cyanides, Hence the dead microorganistas, though not activated
carbon, does show similar absorption characteristics to cyanide. Therefore a possible
removal mechanism for cyaniﬂas is the absorption of cyanides by dead

microorganisms,

Both Adam (1990} and Muir et al (1988) found that absorption of cyanide was first
order and that this first order rate was true for all the reactions that were involved in
the removal of cyanide in the prrsence of activated carbon {Adems (1990)}, Since the
rate constant encompasses all the reactions taking place in the reactor, taking the
average rate copstant over ail the runs performed with egch reactor, will provide e
useful predictive too} to determing the cyanide concentrations at any point during a
fun.

The conditions used for this particular investigation, are conditions similar to those
used by Adams (1990), Therefore the expression for the kinetics of cyanide removal
in a batch system, is as follows {Adams (1990)}:

-d[CN‘]

ot =k (CN7] (3.10a)
or ds '
& = kS (3.108)
where

k; is the first order rate constant, Integrating tlie above exﬁaression yields the following

42



3 Theorstical Aspects

expression in semi-logarithmic form:

In(s) = ln(§) - kt ' (3.11)

Therefore a linear relationship exists in semi-logarithmic form, to define the kinetics
of cyanide losses, A first order rate law will therefore describe the kinetics for alt the
* reactions that are likely to occur in the regetors, An assumption is made here which
states that, "The biodegradation of any cyanides is first order, however small the
proportion of total cyanide removal”,

Plotting the various rate constants fromn each run against the effiuent levels of cyanide
will yisid a curve that describes the effect of activated carbon on the removal of

cyanide in the reactor,

Rearranging egquation (3.10) for substrate or cyanide removal .

_ds _  _dlen)

S = T

(3.12)
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4 Experimental Apparatus and Procedures

4.1 The CSTR Unit

The CSTR consisted of a 2 litre flanged glags vessel, onto which two valves were
fitted; one outlet valve and_ one sample port {adjacent to outlet valve). The liquid level
in the reactor vessel would be maintained to a 1.4 Jitres volume. A prefabricated
stainless steel lid was fitted to the vessel, which cantained a host of probes and other
fittings, including pH, temperature, dissolved oxygen, stirrer, inlets.
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The effiuent fron the CSTR is pumped into a settler from where the concentrated
activated sludge is recycled back ta the CSTR, The settled effluent is dischatged.
The settlsr is continuausly stirred, very slowly, to ensure that no biomass settles on
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4 Experimenial Apparatus and Procedutes

the walls and is properly recycled,

For three of the experiments, gases from the CSTR were bubbled through 2 absorbers

to collect ammonig and carbon dioxide products. The frst absorber contained Boric

acid (0.5 M) for the absorption of NH, and the second absorber contained Potassium

Hydroxide (0.5 M) to absorb CO,

The remaining experiments were carrier” out with NaOH absorbers for volatilised

cyanide absorption,

The collection of NH, and CO, is importent in order to complete the mass balance
over the system and to determine the possible extent of NI—I3 and CO, produced by

the bacteria in the degradation process,

Feed

Produck Gas

R

CSHIR

ETF lusnt

=¥

Tigure 4,2 - CSTR Progess System
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4 Experimental Apparatus and Procedures

4,2 The EBR Unit

The FBR is a 3 phase fluidised bed reactor where the biomass is contained in
reticulated foam support particlex which are mixed theoughout a cyanide/thiocyauate
solution using compressed air.

The reacto.r conaists of & jacketed perspex cylinder, flanged at both ends. The feed
inlet is situated at the bottom, together with the sparger for compressed air (oxygen)
and bed fluidisation. Thermostat and heater rods are also mounted through the
bottom. The pkL temperature and dissolved oxygen probes come in through the side

of the vessel,

At the top of the vessel s 2 cone and weir assembly for the retainment of the biomass
support particles and outflow of treated effluent. The exit gases from the FBR. are
passed through & NaOH absorber to absorb any volatilised cyanides,

Gas Qut
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,%l probe
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- ‘; )
lnlet ——e =3 wum I Iny

T1
Thernast.ai, Healer

Elgured.3-Dit. - WLFBR with Fitings
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43 ",,_4,-. N . -

Use was made of a petsonal computer for the monitoring the pH, di_ssol?éd oxygen

cciilcéutraﬁun and temperature of the two reactors, A dats acquisition card was '

- employed for this purpose. These three paramsters were recorded every hour for the
.duratmn of the T and daily averages and standard deviations were calculated

- '_The level in the CSTR vessel was momtored by Ilght senmtlva tranSIStors and

controlied bycomputer. o

- _ Usmg some of' the basic software prov:ded with the acqus&tmn ca.rd, 8 ﬁlily mteg;'ated_
prcgram was wnﬁen for ﬁle momtonng and coxrtrol -

: . B

Fa'r the CSTR, the efftbent smpréé from the reactor, .ie the concentration in the

- . reagtor 1tself, were colle,cted OntheFBR, the sam;:[as were collected from the outiet L
) of the reator. :
L ' Sampias ﬁ‘omthefeedtankwerealso taken

_ 'Samplss were preserved by addmg 0. 1 MNaOH solutfon to them and stormg them o
. under refigerated conditions, The fatio of sample to NaOI-twlumn was 5:1, At the

end ufeach run, the aamples were analysed
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4 E;perfmenfaf Appar&frks and Procedures

N Bmmass samples for the CS'I'R were takan from both the reactor (effluent stream) a.nd
.. the recycle stream to the reactor. Samples were taken ona dauly basis together wnth- .
. the cyamde and thmcyanate samgﬂes

For the 'FBR, biomass samplés were only taken once a'week "The number of particle.s |

' removed was 10° and hence 10 inoculated particles. were replaced to attempt to .
. maintain the' blomass coneentranon reasonably constant,

Any shorter samplmg period waoyld result in error due to the acclimatization requlred -

~ bythe replacement particles, As there were only 2000 particles present in the reactor

at any given t:me taking mote frequent samples would artiﬁcmlly change the baomass

: concentratiou for 4 partmular run

&immmdundﬂmmmmm

R These samples were anaiysed accordmg to the prooecfures ligted in tha instmctions

supplied with the Onon probes. The probes were specifically acquired for the direct

> measuremeut of cyamda as"ON and thiocyanate 8s SCN‘ in solutions, 'rhese were - " |

supphadbyLabotach _ I

In cases where the ooncentratmns were very low (< 2 6 msfl) and the probes had

. | d:ﬂioulty ommng a stablp readmg, known atldition methods were usad The probes .
| was unable to measurs lower than 0 0001 Mor2.6 mgn
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4 Experimental Apparatus and Procedures

- For the cyamde absomntion expenments a titration method was used with a few drops

of Rhodamine a8 an indicator, The samples were buffered and diluted with a standard

_NaOI-I solution and the titrated against & standard solution of sitver nitrate titrant

{Standard Methods (1985)}. This prove.s to be a very effective indicator when trying .

to determme the colour change at the eduilibrium point. :
The probes towards the end stated to mlﬁmctlon and therefore the titration method '
Was employed for the remaining runs, '

- With this method it was found that much lower concentratmns of cyanide could be
measured fo about 0 1 mgll ' -

'. '-Biomass concentratlons were determmed using the dry-wmght method as descn‘bed
in Standard Methods (1985), where a volume of rezctor studge was filtered using -
© 45um Whatman filter paper. The filter paper was first prepared by pre-drying and pre-
' weighirig 1o determine the tare weight “The sample of biomass was washed out ofthe _
B partxcles onto the prapered ﬁlter paper using dist:lled water, which was then placed '
in an oven at 105°C for a minjmum of 3 hours and then Welghe-d and the mass of
_ . blomass calculated and the conicefitration determined. |

For the FBR, 10 support pamcles were rernoved and dned, and then Welghed to

B determme the resident btomass mass: An nverage support particles mass was used for |

- _the nfial mass, 23 it was assumed that all the particles have the same shape and

., dimension, This was verified quantltatively before hand,

' From this mfonnauon the ::,onoenn'ation of‘btomass in the FBR was calculated
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453 A Sippng Rates

 The sparging in the FBR iwas more intense than in the CSTR and many euthars point ~

out that in an derated system, cyanide can become volatilised and escapes .és HCN gas.

For this reason a't stnppmg tes* were carried out to determine the extent to whxch this
_ ccurs in the FBR ' '

. A NaOH absorber was used to collect any cyanide given o&‘ during & run where a

) ' cyamde feed was introduced, At various intervals, the cyanide concentrauun in the

. absorbers was measured together with the feed and effluent concentrations. From this

 information,  stripping rate was caloulated and mtroduced into the general mass
balance calculations for all the runs.

A stripping tﬁst Wa;.-; alsb. aamed out on fhé CSTR for mass bglaﬁce purposes.

The _abs'o_rption_ of cyé:ﬁd’e by dead mici-odrgarﬁams_ or activated carbon, is an

© important removal inechanism for cyanide, Adams (1990) found -éh'atacﬁvated cafboﬁ

strongly ahsorbs cyanide end must therefore play an lmportant part. Though dead _

- mmrnorganmms ars not. acﬁmted carbon, they would appaar to exhibit a sxmxlar B
_ ahsorpuon charactensuc for c},mmae ag activated carbon, Rabf et al (1977) stated that
E anaembm sluﬂgas have been repqrted to absorb cyanide although no clear .evxdence -
" exists 10 ftate that the cyanide was absmhad and ot removed by other mechamsms
_ The fact that. anaarob:c sludge appemd to remove cyamde by absorptlon supgests - o
*that organic matter in the f‘onn of‘mmroorgamsms impect o on tlte absarptlon prooess' L

to a certam degree,

A ba;ch absorptipn qlpzperim:en_z wes performed consisting of theee different russ, each -

i
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thh a d:ﬁ'erent a.n.d known quantxty ot‘ moorgamsms and mmal cyamde _
. conoentmt:ons : '
* . Concentration measurements were xmtraﬂy taken every halfhour and then ﬁmher :
) apart as the concentrations levelled ofﬁ fora mammum of24 hours

| _ TWo tanks were used for the feed stock to the reactors, One contained the cya.mde -
-solutmn wh:le the other the tluocyanate solution, -

Avﬁlume 'oi’_ttU litres of each was _ma,ﬂe at a time, The compositions were as follaws:
- t:yf’gnia_'e s gﬁi KON

Thiucyanate IOngSC‘N

2 gm IC[-I,,,P()4
2 m@

N The phosphate buffers were added to help mnmtam the pH at its desn‘ed lavel of

arounds

- The feed solutmns were contmned sepamtely asa whute precip:tate was found to form
" when the cyanide and thmcyanate were stnred in the same contamer The two -
o so‘lutwns were then mixed | Just before enteriug the reactors, o

: _."51'. - |



5 Results

From the Pourbmx dtagram (see section 2, ﬁgure 2 1) for the cyamde»water system, "
one f‘mds that the cyanide I is pmnanly present in the I—ICN form for the pH range '

; presant inthe reactors. o
Tthasbeen asaumed that there is no CNO in the feed solution. The concentration of
' CNC m the reactor will be very low and catt therefore be neglected The oxldatlori
. of cyamde 10 cyanates is thermodynamically favoured at Yoom temperature but t.he .

kinetic's are exceedingly slow in the absence ofa catalyst
Tha mtroducnon ot‘ ajr $parging and agxtahon will increase the rate ofHCN formatmn
{Adams { 1990)}

~ THiS tneans that I-ICN is the most mmmon form ofcyamde that may be found in the _
© - systern and very Tittleif any, a8 CN, All maasured cyamde will then be meaSured s
- HCN and ot CN', T equilibrium constant For the HON-CN- equihbrium is also very
R lnrge at 1 6x10°, favourmg HCN in the systen.

 This was the injial line of thought followed.
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& Results

: C}amde is most likeely smpped offin the form ofHCN dize to the pH of the solutmn
- The systeen nH is around the 8.5 mark. The stripped off eyanide | is broken down into |

' CN and H'i ions in the sodmm hydroxxde ahsorber solutmn and becomes HCNin -

solutmn

: '_Ofthe P reactors, the FBR exhxb;ted the Irugher gir stnppmg rate, most hLely due to L
: ‘the hlghar gas ﬂow rate reqmred for ﬂuldlsation -
“'The stripping of cyanide in the FBR accounted for approxlmate!y 1:8% of the feed o
_ concentratlon arid it was therefore demdad that mr stmppmg of cyanide may be S

. '_.-:neglected o e L 1 '

Air stnppmg of c,vamde was found to be neghglble in bnth the CSTR and the TFBR _
~ ‘when operanng under the biodegradanon operatmg conditions. S
. -'_Data and a calcui&uon may be found n Appendix C

Q&Z_.Csmndilgmun_an,ﬂm,hxﬂm

: '_ In asystem where 1o spargmg or ag1tatmn takes place and ﬂxe_contamer is leﬁ open. -

 tathe atmosphere the concentration of cyanide was fotind to t0 drop off somewhat bug

. these amounts were found to be neghg:bly smal! A beaker of cyamde solutmn was L
- allowed to stand for & penod of 4 hours Atthe endof the period the ooncentratlun. E
Cof cyamde was measured and fouud 10 have dropped by 1.2 mg!l ﬁ'om 64 5 mgfl
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- 'L.vmg organists can adjust to changes in thexr enwronments prowded these. changes' B
" are ot tao exireme. For instance waste cantmmng cyanide is toxic to most organisms _
- but there are those that adjust to these harsh conditions to survwe and also to actwely' .

use cyamdes as nottients.

Lo __'I‘heé_S-TR'is_a_ co:mndnly_ used type of reactor for activhted._slﬁdge systéms. It
 providss 4 suitable control reactor for comparison against the FBR.

| o The ﬁércehtﬁge cya:ﬁd'e.degraded 'by the active biomass was calt;ul.at'ed ﬁ'om the
L dliferance betwe.enfeed afd eﬁluent siream congentrations ds a funcnon ofthe feed -
= concantmtlon For the vanous retention times mvestlgated ( 10,7.5,7.6,5.4 hrs}, the
o percentage of cyanide and t‘mocyanate degraded are plotfed agamst ths number of; P
B : reter-tlon tnne passed The data fs transrent date and starts with time = 0,
t The retentlon tlnll-: of the cyan ides in the reactor con only be mcreased unttl the "
| cyamdes degraded reach 4 maximum of 100%. Increasmg the retantton time ﬁlrther S
: only serVes to reduce the capsmty ofthe reactor sy&tem : '

S ) The hext three sub sectxons desm*heﬂle degmdanon of cyamde, thmcyanate and totm." o
_ . cyamdes for the various retefition t:mes employed in the CSTR Ascanbesesnthe. . :
e ﬁgures are pIetted againat the number of retentmn times passe, giving the total _
Cw runtnme of‘ each mn, f‘or example ihe 10 mtentlon tgme run, the number ofretenuoq L
- . tlme&,pa&sed was 28.8 wlnch equates 10288 huurs runtime The graphs plotbed show.

- sé@'f'

P

S ﬂie cy_anidé de’grgdafﬁon_resuus for the r:sm ma'y bef&unﬁ in appendix A e



5 Results.

tha values obtmned i the mvesuganon. with no nmﬂ:emanuul mampulatmn hawng: -
_ been camed out The data starts at the begmmng of'the expemnent '

1ag .o /

Crenbved

ENT

G!!Ihlﬂ.‘ AL L

55,04+

BO D«

. | _5.1_ 11 Cyanfde"':l)egradatiqj;-' -

- f

x . . Ret.ent:cm Time. Runs

f:} . .‘_  - — e 10 Hre

'I'" - 1 :""I'-. ]
. - " t }

! 'I'he Eollowmg observatzons Gan be made from ﬁgure 5, 1

. sia0 c. SN R 25 ¢ . 3.0

1

Number or ReLenLrun T|mLs Passed

P

The 10 ‘hour ratentmn fime run removed a!l cymude present in the feed once -

. the process hiad sta.b:hsed aﬁer the ﬁrat 48 haurs, . o o 5
The hlgher capaclty runs (shorter retenncm tlmes) showed an mrual lugh o
: pexfonnance peak shortly after start wluch thsn dropped oﬁ'steaply bacl-: fo '

at least the lmtlal degradatlon level

i)

-

= )

'I'he 7. 5 retention time fun would uppe.ar o be strugglmg o cope vnth the _. | ;
' Ievel of mcuxmng cyanitie, Had the run beex allowed to contize for at laast =

the same fime agam, the ﬁcgmdatmn 1¢.vsl might well have reachad 100%

_ _The 7 hour retent:on ume nm shews no speaacular result, rammmng
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_ reasonably constant throughout the ron; _
L ¥)  Both ihe 6 and 5 hour retentmn time Tups show an early peak and then drop |
| offin. perﬁ:rmance Had the un beerl altowed to contmue further, the early
L .peak could possnbly ’mve been explamed more; : _
- .vi.)'_. : The run based on a 4 hoir retention time, shows a fow attempts to reach
| _ h;gher _degra_danon level but averall describes 2 steady decline in performance.

- Therefore one may conclude that the bptiﬁaal retention time for cyanide removal must - -
. lie somewhere between 7.5 and 10 hour. Atthe 7.5 hour retention time the cyamde

_ h degraded would resu!t in an effluent cyamde cuncentranon of <05 rng/ﬂ (measured o
: as CN ) as snpmated in the Gavernment Gazette [Vol (1) May 1984] . '

5.3_.1’.2 'Thiocyaﬁ'ate D_égr’:l_'daﬁon' -

’ .Sﬁfﬂn

begraged

x SCn”

T 5,00 C 3.0 . Cale 0 amia
Number or ReLanuon Times Passed

[ T A

The foilowmg obsawatmns can be made from ﬁgum 5. 2
o i_) The 10 retennon i:.me fuil removed an average of 83 6 b of the mcommg tbed
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= tlﬂdcyanam This is the most removed out of all the retention times indicated. B
| Agmn there was the mmal bmld up 1o the average degradatxon Ievel as Wlth
- _._the cymude degradatlon, . : ' ' '

o ii)_ ' Otherthanthe 10 hour run, the Tuns are erratic and the extremes md:cated bv -

" the troughs couild well be experimental ercor or nmse in the measurements;

. -.Hi)  The#and'6 hour retentmn time runs shows a general declme in thmcyanate

: degmdanon,

For th'iocyanate"a'retentioh time of more than 10 hours would be required as the

gongcentration of SCN“ in the efﬂuent stream is an average 12.1 mg/ﬂ (converted to _'
_ CN‘= 5 76 mg/t) anclw required o be < 0.5 mg/t (converted and measured as CN“)

Tt does hDWever show that’ tluocyanate is being degraded but not as well. as the

E cyamde It would appear that cyanide is more effectwely removed tha.n thxocyanata, :
-when rmxed together in t.he same envlromnent‘

e
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The followmg observatlons can be made from ﬁgure 530

'i)

iy
R cOncentratlon Iaﬁ hehmd in the effluent stream is hlgher (5. 6 mg!!) than the'_' - .
' hgally reqmred misitim lavel of 0.5 mgfﬁ total measured CN‘ Therefore a

'I‘he curves an this graph f'ullow the. pattems as dlsplayed on the tluocyanate . )

. degradatmn gra.ph (Fig 5.2). Tlus is explamed by the fact that cyamde'
degradatlon is relauvely constant over tirme wh:le tlnocyanat.. ﬂuctuates o
': 'oonmderably at times _ '
Tt s very clear that the 10 huux retention Hime fu produces the best
o degradatlon Witi?an avemge of 92 8% ofthe total cyanides degra.ded |

-Unfortunately with the 10 hour rctantlon time run the total cyamdes .

: _retentlon time, estlrnated at apProxunately 12 hcurs wonld be requ:red 16 o
. tota! degmde al thz- cya:ﬂdes to the acceptable lmmt -

s
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© 53.1.4 Effect of Biomass Levels

- When looldng at the- deyadatlon of cyamdes % th raspect to the biomass levels i in the
CS’I‘R for all the runs: '

Run | Ave. Biovass |Ave.% |Ave % | Avg % | Retention
No .'Concentl;atiun cN | Scw “Total CN" | Time
. Degraded | Degraded | Degraded |~
mgt L% o ow | % His
1 550 | %3 | 886 | 928 | 10
2 | a0 | ses | a1 | e3 | s
3l s 6 | &2 | 747 7
4.1 4 | oss | aa | e66 | 6
5 k 52.1 ) - - 663 : .76‘6"_ 5
6 1 se6 | e | ser | s0 4

itis cleaﬂ that o obmous oonclusmn can be drawn a5 to the eﬁ‘ect ofhlomass levels
- onthe degradatuon nfcyamdes. ' o

. From table 511t canbe seen that rnost of the average !nomass concentratmns are in :

o -'_-the mid 500 mg/t region, Onlyrr.m z's value iy’ comparatwely qn the hlgh s:de andrun

- bxomass

- 4isonths low side, It v%‘as thought that, for Iower Ievels of biomass, less dogradation
. wogid take placa but the simifnrity of the degradatmn of oyanides for rns2and 4 -

: : indicaté that blmnass levsls have niot effect, ‘The length of the etentmn time seems to
_ _be the over ndmg fa,ctot aﬁ'ectmg the dcgradatmn process more s0 than tn(- Ievels of : o

L3

_ Vs,natinns tn the dagradation levels could also be affected by the tomcaty e&'ect of

T
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- cyanide,
 5.3.15 Other Effects on Degradation in the CSTR -

A certaln amount of cyanides in a system can be tolerated by many organisms.
Increasing this residuat amount of eyanide (reducing ihe retention time), c#n cause
some form of metabolic failure in the orgéﬁisms, resulting m death and there by

creating & mass of effectively activated' oarbon in Suspehsion - | .

Activated carbon is known to remove cyamdes from effluent streams by chemmal

' reaction {Adams {1950) & Muir et al (1988)).

Therefore if one considers thet this phenomena could be taking place then increasing

the retention times allows eittier the organisims tire to biodegrade the cyenides or the

."acnvated carbon” 10 temove the cyanides by reactions and absorptmn Thls wﬂl be
 disoussed further Iater in section § 4 ' '

832 The FBR
Plomng the results of% cyamde degraded againgt retention times, one amves ata .
~sm'ular graphs to that for the CS‘I‘R

- All _the;d_egmdaﬁon resuits for-the FBR mg, be found n appendix B,

The next three sub sections describe the degradation of cyarids; t}ﬂocyanate and total
cyanides fbr the various rétention times employed in the FBR, against time, The
_ graphs platted shaw the values obtmned m the investngatxon w:th no mathematmal-

mampulatlon havmg been camed ut. o
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' 5321 Cyanide Degradation

"_R enLnun Tnme Runs .
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- : % F
SV I'N- T S _
b —— ; . i N :
Al T - T A 1 . Ll
o000 .G 50.0 : 0.0

Number of Retentron T:mes Passed
IE.'45 _
The followmg observatlons can be made from the above graph :
" i) . The 10 and 12 hour retention time runs produced the best results
(i) . The shorter the refention time, the less cyanide i is vemoved from the system;
- Ii'ii) .' Althdu_gli the 10 hour re_tehtipn time run dispilays very good removal of
) cyanidé' initially, this performanoe drops off towards the end, possibly
- .mdlcatmg that after sometlme the organisms are no longer able to cope with
- ...f.helr task nﬁgyanide degmdation, o '
'iv) ' _ The 5 hour retenttontmerun shoWsa gradual declme in cyanide degradanon. |
" This could well be because of the rapld flow of eyanide through the reactor
_' _and themfare the- mablllty of th.e orgamsms t degrade the given quantity of
_ _cyamde, and tha."e by, posslbly kxllmg off the orgamsms, '
v)  The 7.5 hour retention m un also gradually declines in pexformnnce, :
v One mlght have expected that the 12 hour retent:on tlme run would be closer
. toremoving 100% of the feed cyanide, more tb;m the 10 hour ryn,
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8322 "Th_iécyanate Degradation
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" The following abservations can be made from the graph on the & lowing pege :
Lo “The 10, 12 and 7.5 hour retention vitne runs all show errat’e behawour, wuh _

C T peaks and troughs, a8 with the 10 hourmm 2.6 retention time; . _
7 i) The s hour retention time run dlsplays reasonably smooth behaviour, -
P especially compared to the othets runs. This is also in contrast to the cyamﬁe
ﬂ S degradation curve tbrthes}mur Fun;. . :
o Camparmg the average% degradat:on of the 10-and 12 hour retention time
1]‘: o W
S
i

© . ruas, the 12 hour run is margmally batter at 66 '7% w1th the 10 hour run at
Ve |
|

b

E

The 7.5 hour retention time run starts from an initlal low to increase rapidly,
I only to drop off steeply again after its 91% peak, indicating that conditions

- could have been fhvourabla 1mtla.11y No equivalent bahavmur is displayed by.
_ the cyamde degradatmn ourve, -

Y I T
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- '5.3.2.‘3 Total Cyanides Degradation "

(955w . - " Rebeplaien Time Runs
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*The following observauons can be made from ﬁgura 56
)

All 4 curves show orratie behtMour Only the § hour retention time 1s more
nsmtent than the others, _ - S

Although the 10 hour retenhnn tlme run dppears to perform shghtly better o

than the 12 hour retentxon nme run, the average degradatmn for the 12 ht:ur N '

o is better at 78 1% ay nompared to the 10 huur reteut:on time run 8t 76% and

i)

o the data for the 12 hourratenuon time run are in a nartower baud then the

' '-'IOhourrun, ' I -

. The § hour mtentmn ume run displays 8 somewhat more erpdtic behawour for

' ‘thiocyatate than for cyanide degradation which theraforc hasa dampmg sffect
on'the tluucyanate whxch then also results inthe. mote tiamped tctal cyanide

- ouive above. _
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5.3.2.4 Effects of Biomass ».. vels

- -T#b_le 5.2 displays the biomass Jevels together with the levels of cyanide degraded.

Run | Avg Biomass | Avg.% | Ave.% | Avg.% | Retention
No, Concentration | CN ~|sEeN- | Total CN | Time
L |Dograded | Degeaded | Degrnded |
gt | % | % | % | m

1 56 | o34 | es9 | 760 | 10
2 | 291 | esg | 458 56,8 75|
3| 200 | s41 | 419 | 469 | .5 |
4 | a08 | sos | a7 | 781 | i

3 Frbm_ the first 3 runs it would appear that :décreaSing the bi_omaés’ levels decreases the )
total cyaside degradation. Then taking all 4 funs fnto account breaks down this theoty
85 the biomags concentration for the 12 hour retention time Tun is at the lower end
very similar to the 5 hour run, but the degradanon is the: highest overall, No '
 conclusion can be drawn 2 to ‘the effect that bmmass cancentrat:ona have on the
: degradahon hracess. '

5.3.2.5 Other Effects on Degradation in _tli'e FBR L

As with the 4 Hour retention time tun on the CSTR, the 5 hour retention time run. o
~ shows sign's of inorensed degradation activity but the overall trend is decreasing as = -

“time passes. Agam this could be mdxcatmg that the organisms' environment isata -
constantly high level of cyamde, i fact itis mcreas‘.ng as degmdatlon i deareasmg

| '_ '54-. |



5 'Ras;)i;s

' These high levels of cyamde in the effluent stream are too high to adequately allow the
giveri amount of biomass to eﬁ‘ectwely remove cyanide :

“Té.what extent do dead organisms in the form of activated carbon, mﬂuence the .~

' blodegradannn process of is it purely an activated carbon process takmg place'J The
effect ofacuvate'l carbon on the degradation of cyanides in waste water treatment will
be consu:lered at a later stage in thls dlSsertatmn ' '

8326 Bio_mass _Suppori__;l'articles

R One experiment was briefly carried out with support parhcles that were larger (10 mm
7 cubes a5 compared to 5 mm cubes) and had 2 mare open structure, through Whlch one
: could easﬂy se&. . : _ o '
It was found {hat hardly any bmmass was retamed in the particles, resultmg in a:_'
' 'neghgﬁ:la amount ot cyamde removed, These results ate dxsaplayed in table 5.3. |

' Biomass Feed CN Effluent ON° | N
BUREN b . L 1 memoved |
S mm eubes | 293 mgl '-3-05;@1' _ somgt | 70s% |
iomméubés" | Iirhg(l zssmgn 5 25_.zmgn ’s.x% 1

' _As can be seet ﬁ-om the abava values that tha 10 mm cubes hold very tinach less B
: bxomass and therefore the uyamde removed by degradahon would also be lower as
mdlcated
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Cotmparing the efficiencies of cyanide removal between the CSTR and the FBR, the
£ 'runs with the most 'cya_nide degraded for the two reactors were compared, When
_"ldbking at the vatious cyanide degradations percentages, the different reactors

-, performied differently depending on which degradation product s being analysed.

Therefore the total cyanidé is the most important degradation praduct to use as an

~ overeli efficiency criteria, as this takes into accoint both cyamde and thmcyanate and -
. the fact that the legal limit is defined as total cyanide. B

_ The fndividnal cyamde degradatmn percentages and the overall et'ﬁclenoy of cyamde. '

E S removed is displayed in table 5 4.

MctdrType ' ' CS’I'R . FBR __ o
RetentlonTlme 1 10nms 0hs | _ 12hrs
'Av&%CN’Degraded 993 | o34 | 905
" {Avg, % SCN Degraded | 886 659 | 667
- |Ave%coticNDegradea | 028 | 760 | ma |
R CN'h;reIs'i'neiﬂuent s 5.6 ma/t. 32‘“3/_2 151“1313 B
R "Biomass.Cc.m‘.:.:: . 550 mgl_n '536-.--mglgs" 208.'mg!! i

o "Intahle 5 4there are 2 Tung deplcfed for the FBR, the 10 aid 12 hourretentton time

tuns, Comparmg the individual tyanide percentages degraded on cyamde the 10 hour

- run-performs better than the 12 hour, but on t%uucyanaie the 12 hour run performs -
' mrgmally petter tha the ‘10 hour run. Consequently, no mgmﬁcant cunclusion _
. be drawn on the FBR. 'I‘l'us is desptte the d1fferenca in the bmmass concentratlons for |
chetwaruns o . . _

:_ The fhct that the bmmass concentratlons are dlﬁ‘armt and the Ievels of removal are
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. being achteved oould posmbly suggest that absorpﬂon and!or reactions w1th cyanides
. could be unportant removal machamsms which would be an unexpected result to this
. 'mvestigatlon '

'Méﬂmm@m@um@mm

RenctorType o CSTR F_BR- : .
[ Retention Time | 10hs | tohes 12111»3 “
| CN'levelsinfeed | 775mght | 133.6 mgh | 69.1 mt
O levelsineffuent | Semght | 32mgh | 151mm
LN Rewoved . | 928% | 76% | 781%
| miomass Conie, | 550 me/t | 536 mgit | 208 mgl

- ‘Fromtable 5. 5' the."iirs't and.m.ost noticesble oﬁéervation that éan-be made is that the
CSTR: was more suomssﬁ:l in remmoving the cyanides as compared to the FBR. (Note -

o . that the to:nc e&‘e@t of cyamde was not onnmdemch) This is evident fromt two different -
. parametess, Fifstly, the miost important pavameter is the concentration of cyenide

! vemaining irithe effluent stream after tésatment. This is required by law to beless han

* 0.5 mg/t, Therefore neithier of the reagtors has performed saﬁsfactonly to remove the

o required amount of cyanide from the effuent stream under the experimental condltlons

 used here. However the CSTRdld thebest job under the mrcumstances to remove all

_ but 56 mgf@ ofthe cyamda present Comparatwely the FBR did not perfann well at
Sl and left ad much 1832 mgf? ufcyamdes mthe efffuent stream

B Secondly, the percentage of the tatal c.yamde remuved for a given retention tu-ne

s . shows that the CSTR degraded 92. 8% of'the feed compared to onlv 6% in the FBR .

. w1th sumlar bmmass cuncentrations

'  From the table above one notices that the eﬂuent cyamde concentratmn would appear

o he dependaut on: tha feed conoantration, dlsregardmg the bmmass comemrahnn m' B B

the reactor .

: a7
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- One would have.exﬁected that the efffuent concentration would be lower with the
- higher bmmass concentration but this is not the case. This would tend to suggest that

there maybe another form of cyamde removal talcmg place wluch may dependant on

'. . biomass concentration as the proportlon of cyamde removed is the same i either case
( 76% and 8% removal_respectlvely). However this was not verifid by any ~~ °
 independent experimentation as this abservation was only tmade afterwards.

" To cénélude then, the CSTR out performed the FBR in all aspects cohéidei‘ed buit by,

o tmeans performed t¢ meet effluent regulations. From the results obtained it is clear -
“that mére detailed investigations are required to determine the optimal retention time -
for the CSTR and whether or not the FBR is capable of performing to similar

~ ‘standairds of removal, thus making the FBR 2 feasible alternative worth 'coﬁsidérin'g '

i
P

The aspect of cyamde absorption. by argamsms would require some further B
mvestigatwe work beyond this dfssenatlon ' '

' 'Cdmparihg the retention times required fd actieve the maximum allowable level of
'- cyanide in the effluent sireain, table 5.6 compares the CSTR and the FBR retenttion

) times reqmred Ihese vaiuea were oalaulated by Imear extrapolatxon to 100% removal

o 1-' : Formaxunumhmit 05n@l,mwsumdnstotalcyamde

L 'Reté!i_f_iun ifinie_Reqﬂir_ed e
CSTR | . ca izhirs?"_
TBR . om)5hst

 Thess ti'm_es'mre_ dﬁlqulatéd based -on tha-avérﬁga trend of dilution rate agamst
- effluent cyanide: coﬁcentration It should be roted that these values are only 'an

estlmate asto the expected retention time requmed ta achleve the requ:red mmnmum

llmlt _
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Thm values however do show that the CSTR reqmres a shorter tlme then tha FBR o

-~ to achieve the same degree of cyamde degradatron.

. ) Taiﬁng the. cdmparisoﬁ betwéen the CSTR and the FBR a step further would be to

_ USe a sirnple kinetic model to deseribe the performance of the CSTR and the FBR, _

i

Barley and Ollis (1986) show in their drscussrons on ‘waste water treatme:ni, that the

. _- srmple Monod expressrcn can be used to model actwated studge processes

. ACSTRhasbeen doscribed by various authors using the Monod model, One nesds
to include a term. to define the death' rate and endoganous metabohsm of the

orgamsms, hence equatmn (3. 1) is used The substrate terms are used as measured

-‘values oftotal cyanide and not 8% BOD values uf substrate. '

 To solve the thod equatlon parameters one needs t0 solve the 1 mass balance'
- equatron[equatmn 3 4)], whmh contains the Monod expressron [equation (3.1)]. In _

| .order to solve for the 3 parameters, thie Srmplex routine was utilised as the sulvmg

algonthm ‘First the 2 parameters were solw:d to Sucilitate an jnitial estintate of the
e parameter values, Finally the 3 parameters were solved and are recorded in table 5 7.
. Calculanuns may be found in appendrx A :

1 ' '.Z-faram"ei.:er Morrod 3 Parameter Monr_ld' 3

1 Mode! o Model'._Variatiq_ri ne

e | omseme | seasassm |y
x| ooosiosmge | 0006048 meye '
el o | 0000052/

e



5 Resulty

- From these resulis tha follomrlg can be ooncl..tded _
i) _A negatwe parameter for endogenous metabolisri and death rate, would not o
_ be pOssbee with & Eystem containing live and active organisms, -
' i) | 'I‘he negauve parameter mdlcates that substrate (nyamde) is not used fnr ;

- metabohc growth and maintenance and orgamsms are dying off, In fact it _ _

- could indjcate that cyanide is being produced, which is highly unhkely,_. -
i) - The similarity of the first two-parameters in the two models supporis the result

' that k, = 0, which we know cari not be the case as cyamde is the only substrate - - '

' present in the foed, The orgamsms would requlre some substrate 10 maintain
: _the:: emstence

o 5.3'.4._1 " The CSTR and fhe'Mo_n'u: Zinetic Mo_del'

__ As can be seen ﬁ'om the vanous cyamde degradatmn figures for the CS'I‘R and the
" FBR, the results ars no* ﬁtted toa model, but are joined by points mdlcatmg wiuch '
retentlon time gave the best degradation of cyanides. Tables 5.3 ghow the levels of

T total cy_ax_udes remo_ved _f_m_' each _ofthe various refenfiof hme_r_uns for the CS_TR.

. The average Kinetic remaval eﬁ‘iclencles that the Monod model predlcts should be
o ach;evable with the parametem ﬂom table 5.7 for the mvestigated retention times, are
' compared aga,tnst the actual average removal eﬁclency achneved in table 59, -

0



5 Resulis .

M_mmm&mmmﬂmmum:&'m
I . Bﬁmnn:ﬁms[hrs} _
1w [ as ] 7 | s 5 4
1 | 844% | 45% 67.0% | 69.1%. | 77.5% | 68.0%
lg |9e% | eoa% | 6san | TLI% | T41% | 636%
"% 03.6% | 80.0% | 73.3% | 670% | 713% | 60.7%
% 937% | 533% | 76.9% | 69.7% | 775% | 63.7%
§ | saem | 643% | 802% | 684% | 78s% | 9%
D 1 oo | slow | 70a% | s45% | 71.1% | 564%
§ 03.1% | 800% | 782% | 627% | 759% | 51.7%
93.0% |- 69.8% 60.1% | 75.5% | 42.8%
1% | T34% '

o RetennTimes

w | s | 1 | 6 | s | 4
Actual 03% | 684% | 741% | 666% | T66% | 59. 0% |
Kmetie | 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%

_ Ambrditig to the Motiod kinetic modef 100% of ail cyanide shouild be femoved in the
~ CSTR under the retention times empioyed in this investigation, The actual values
~ presented in tabla 5.8 indicate otherwise. This clearly shows that the Monod kinett

~ model does not adequately describe the cyanide removal process in the CSTR.

71



5 Results

As the kinetic model fof the CSTR _failed,ho further s_.tteli‘ipt was made. to use.i_t fn
* describe the FBR as no suitable comparison would then exist. '

| 53.4.2 _Wliy Wﬁl__ﬂ_;d the M_onod Kinetic Modél.. Faii ?

If the organisms were killed off with the infroduction of cyanide into the system, the
~ Monod model without the combined death rate and endogenous metabolism term
* could easily be selvad and values for the substrate of final reactant concentratmn and
. system parameters would yleid sm'ular results '

' _"I‘herefore ﬁ'omthe table and cotmrents shove of kinstic prameter values, the process
_ of cyanide removal being & non~blologncal mechanism is strongly supported. Agam the
L _po_ss:_bllity of cyamde absorptmn by dead organis:__ns conld be ve"J hkely‘ N

: .:Based onthe results of the CSTR it was declded not to kmetxcally model the FBRas
a ncmpanson on that basis would be meamng!ess -

Therefnre to conclude _ _ .
i) . Using akinetic model hke Monod's ia not possrble as it would appear
L that the system i not efitirely, if at all blodegradmg cyamdes, and. _

. ii) ~ that another fom of cyamde removal could posslbly be taking place -
' preferentlally ' .

M
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- Inthe hght of all 1ne results presented up t111 now, there wauld appear to be emother
_ forrn of cyanlde removal taimlg place. mstead of those ongmally thought ie..
o bmdegradauan of cyanides, ) ' ’ )
_ At the end Df‘ experlmentation I} brief test was camed ouf 1o detenmne the extent of
: absmptxon, _usmg the orgamsms thar were heated to 140"C to ensure that all the
_ | orgurisms were dead, This was 2 convenient time as the orgamams (should there be
oy alwe) could be kﬂled offas they were ho lunger requ:red o

' ’I‘he quest:on however stlll remains as to the exact reason for the possxble dying oﬁ‘ |
of the nrgamsms There oould be two possible reasons ; '

*  Thefirst and most obvious one is the fact that cyanide is htghly toxxc to most
e ~ living organisms. The toxic effect wottld have the result of kxllmg oﬁ'those '
B riieroorganists which do not have a resistance to cyanide. Hardly any

_ literature that was surveyed made mention of the toxio effect;

Cw The secnnd reason for dead nn"roorgams:ns is the natural cycle the bacteria |
- & through, They become oid and are unable to sustain an sctive metabolism.

- The mutting"dead hrgmisins are esSentially éomposed of cérhon ani hence show vbry
- dimilar characteditics to that: of activated carbon. Cyan.de has been found to be
readly absorbed by activated carbon { Adams (1990)}, Hence the suggestion that dead
nucroorgammns exhlbxt simifar chai'actensucs as activated carbon to cyamde
_absorpuon. Raef'et of (19’!7) mentions that treating the wasts with aasrobic procegs _
solids first, allowed the aerchic process to treat the sludge further without beihg
affected by cyamde toxins, They mdicated that ahs::rptmn by digester solids may be
8 possible mechamsm of cysmlde remo\«al

1
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Table 5.10 shows. how the dead microorginisms appear to have absorbed and oxidises’
most of the cyanide in the feed, This experiment was d’cpé by taking & known volute
ofécﬁvﬁtéd shudge and 11aat'ing it to render all fhe micrworganisms desd. All the dead
'micruorgamsm were then assumed to behave similar te activated carbon. These desd
orgamsms were then used a5 the “activated sludge” in the CSTR system for a tun

+ .+ under the same condmons a5 the other CSTR | runs,

Feed ‘Effluent | Absorber | Absorbed/

| | | Evolyed /

S _ Oxidised

Avernge | S5.mgt”| odmen | 156 mg/z' 1 s47man
“Total | 19909mg | 154mg | 022mp 9814

_Total CN' l-emoved = | 198,14 mg__ i
' =i 9.1%

" From table 5,10, it is clear that the oyanide in the CSTR was absorbed and oxidised -

' by the dead organmms and that v:rtually no cyanide (0.22 mg) was released into the
air strear as indicated by the air stnppmg test (section 5.2). The CS'I‘R systam was
L operated a5 per normal expenmental condltions '

_ | Thcrefore it can ha conchided that the 'acuvated carbon‘ ffect is srgniﬂca.nt in the
removal of cyanides from waste waters. From the paper by Adams (1990), the effect
. of cyanide volatilisation is small, accounting for some 5% of the cyanide removal in

the e#perhnantatioﬁ _tlim- Adams (1990) undertook. I ws therefore take this Into

.. account and propose that the cyanide is oxidised to form cyanates i the prgsénce of
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a carbon catalyst, then the extent ofthe cyamde removed from the system will fall in
line with Adams conclusmns ' : . _
The agitation of the actwated carbon mass rcsults in the suspenslon of the dead
mlcroorgamsms whmh increases the surfhce area. -gvailable for omdaﬁon and
absorption {Muir et al (1988)}. -

" Based on these results, the cyanide present in the reactors system is unlikely to be
" HCN a5 ﬂ_:e ox_idatibn‘ effect of the dead microorganisms wou' ",-._;idise miost of the
cyanide ta cyanatés before the hydrolysis reaction of cyanide .an&"'_Water_ can produce
" HCN(a very'slbw refidtion at ambient tem’peratufés) Therefore the siatement made
eaﬂler that the cyanide in the reactors is in the form of HCN is not correct when _
o proposmg that cyanide removai is taking place by oxldatwe reactions and absorptlon

__Hehc'e s_hould alarge p_ar_tiéﬁ ofthe nicroorganisms o the CSTR syster be dead, &
laxge amount of cyaride will be oxidised by and absorbed onto the activated carbon
and the biodegradatiori results would appear better than they actually are,

. The deferminatior, of the proportion of desd mictoorganisms to live microorganisms
and the analjfsis of cyanates in the reactors, was not carried ou{-ﬁs the possible
. absorptlon aspect was an unexpected result arid i 1ts posmble role only proposed after <
final expenmentatmn was complete

. The results_.for_ the dé’ad midibo_'rganisms tests may be found in appendix D,

‘Batch sbsorption test were carried out to determine how quickly the eyanide might

 be absorbod onto the dead microorganisms, It was assumed that the absorption of

- eyanide follows a'ﬁr_st ordér process under any given set of conditions and fs true for

R 5



5 Resulis '

* all oyanide loss resctions taking place {Adams (1990)} and thersfore equation. (3.11)

- was used, The operatmg condltlons for these experiments were the same for all three

batch, Only the blomass concentmuons and initial cyanide concentrahons were
© altered, ' . '

) Plottmg the serm-loganthnuc curve of'the cyamde concentrahon with time, ywlds the

~first order rate constant k, as the slope. The data and results may be found i in append:x .

D Table 5. 11 summaries the values for the three batch runs undertaken

Iamm_fmgmm.conm
Bmmass _ [cmtl [cml- %oN | K
mg] | [mp/e] | [mg®) | Removal | [fhr]
264 | 9051 | 154 | 983% | 009
672 | 10066 | 139 | 986% | 010
N 1504 | 11913 139 | pss% ! 022
Ave | 81333 | 1943 | 144 0.99 0.14

From table 5.1 1, the higher biomess concentration yielded a higher rate constant, as - |
© would be expected. The abs.brption congtant increases with the inb.rease in biomass
- lovel, However as the results for cyamde removal show very llttle variation, no
s@mﬂcant conelugion can be drawn as to the eﬂ‘ect of b:omass ooncentrat:on on the

-gbsorption of cyamde by dead nucroorgamsms _ ' '

s i’luttmg the curves of the eysnide concemmhons changes with time for each of‘ the '

R batch tests all ot one graph results in ﬂgure 57
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' The most striking aspeai; of the above figur (5.7) is the bekisviour of exch of the

_ - qurves levellmg ouf 10 appromnateiy the samme ﬁnal cyanide concentratmn level, This
 indicates that thie cyanlde concentratmn achieves an ethbnum coticentration &t~ -
arnund the 1.44 mgle favel, regardless of the initial cyamde or biomass cancentranons. o

Most of the cyamde is absorbed very ripidly at the begmnmg, a8 1ndlcated by the steep
slopeofthe mitlel part of the curve, -~ | _

_ | Increasing the biomass concentration to excess 1evels mlght well result ina hlghel‘

" equilibrium concentration of cyanide. S

" : Actual results may be found in appenmx D

Yl

. Using the rasulta obtmned for the CSTR under the "biodegradaﬁon" expenments, the . .

o _ resuhs were anglysed using the approach that biodegradahonwas not occumng but

- absozptlon and oxxdaﬁonwas

77



Solvmg for the first order rate cofistant for absorptron in the CSTR system using the o |

5 Resulls. -

- Snnplex routme agam, the f‘o!lomng value i obtained :

037 M

: '-Fi'rét Order Raté_Céns_tant_' -

- Changing the difution fate or-retention time of the CSTR system, changes the rate at. .

which'cyanid'és are remdved from the system Therefore the rate constant gives art - R

indncat:on of the expected cyanide removal as a function nf‘ txme 'I‘lus may be
: represented by the follomng graph '

o
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As can be seen ﬁ-om the curve, the Ionger tha regention time (Iower dﬂunon rate) the ;
- more cyanide can be removed from the system, This follows the line that the more
_ time' avallablt_a for absorption/oxidation, the mare will be removed via these |



5 Results

~ mechanisms. To attain the minimum required by law (0.5 mg/), the dilution rate
- _'.required is 0. 0024/Mr which equates tea retentxon time of 423 hrs, a rather long

o retentmn tune

_ . Snlvmg for the ﬂrst order rate constant for absarpnon in the FBR usmg the Slmplex'
: _'-mutme agaln, the f‘ollomng value is obtamed

_First-t)rdér Rite Constant. ) 023 fhe

- A smular result forthe FBR is presanted though a lower rate of absorpnon than that

. of the CSTR The graph on the follomng depicts the nature of the curve whxch has ’

‘A ve.ry snmﬂar charactenstlc a5 the curve fbr the CSTR

'- 'Again_ the ldngér-the r’e_tentian tiing_ (lowe'r diluﬁoh rate) fhe greater the cyahide
- removal. To meet the government specifications, # dilution rate of 0.001 fris

L required, wluch e_qﬁam's to & tetention time of appfo'ximatelyz?ao hrs.

7
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COmPaﬂﬂg the rate constant for absorptmn forthe two reactors, the CSTR stxll out ;

' perf'orms the FBR and taking into ‘account the retention times required for the
: raqmred cyaside removal from the waste water stream, whmh are very long mﬂeed
"and aot really praancal -

_' ' Lookmg af the W0 Teactors from i macroscopw pomt ot‘vmw the bmmass in the

CSTR i isin a mlxed fiise suspension, which wifl increase the aveilable surfhcs ares for
. reacﬂonfabsorptlon s;gmﬁcantly more, as compared to the FBR's support partlcles G

- The support particles in the FBR are possibly rastricting the available surface area for

reagtion/absorption by restristing the flow of cyanide into the particle sufficieritly to

80 -



5 Results

" enable the removal reactions to take place. <

Companng the effect ofbiodegradatlon and absorptmr#nx:danon as cyarude rernoval

| -rnechanuns, the factor that can be use.d is the retention times requlred to achieve the
. maxinum legal limit for Gyamdes in any efﬂuent stream. As no other parametets were o
: measured this is the only feaslble parameter to look into. ' '

' 'It is hot 100 percent tlear yet as to wh:ﬂh pmcess is the most hkely to have taken E
 place as certain measurmnents were not carried out at the time of expenmentatlon as
it was not autm:pated that ahsarpﬂuﬂ!omdaﬁon would bethe poss;ble removal process -

to blodegradatmn The fact that the reactors were not fed anythmg else other than -

.cyamdes fe. no add:tlonal nutnents or trace- elements mlght lead one ta say that

bmdegradatlon was unhkely t6 occur and nucmorganisms could ot sumve m an
'mlvxronment thhout these alemeﬂts, Also the toxic efféct of- cyamdeslr' ' aving

= orgamsms can he detnmtmtal toa numher of actwated siudge nmcroorgamsms

. Table 5, 12 gwes a summary ofthe two altematwe pmcesses and tha retenhon tlmes
' 'requ:red '

| Absorption/Oxidation | _ Biodegradation __

CSTR - 423 brs 1 _cu, 12 firs
FBR | - 780s | calShs

.81
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E How behevable the absurp.non}oxldatlon retennon times are is questmnable The o
' ) methort used to determme the required refentiott timeés differ here. The absorptlon '

. tlmes arebased ont the ﬁrst order rate constant for absorphonfomdatxon as aeﬁned by

o __ Ada.ms (1990) and the bxodeg-adamn values are ca!culated by plcettmg E second order

- polynum.al through the pumts of the ditution rates agzunst the efﬂuent r:yamde
: concentrattons

| ‘Using the same techmque for the absorptlonfoxidandn retenhon nmes the fnllawmg
retentmn tlmes result

o ey -

A B i T T R oo

_ b _ﬁ_bsorﬁﬁ&ﬁ!t)ﬁd’aﬁoh . B_iadeg:radation o
CSYR__ | 22hrs o 1lhs
FBR. Sshrs . 15hrs

 These values a're'more'fea]isiic for abSorptionfbﬁddtittn shan the values in table 5.12. '_
* These values showthat the biuuegmdahon lsthe more efficient process mmrms ofthe '- |
" time requlred to achieve the same goal in. both cases {abSOI'pthII versus
. biodsgradation) the CSTR wuuld fare better than thie FBR, noticeably 50 in the :

. absorptmm’oxldatlon case. The dlﬁ'erence in times for the modegmdatmn Is not as
- marked

- “‘he@e results wuuld wslcate that the expression for the ﬁrst order ahscrptmn rate.
- does not hold trueat lower chlut:on rate (longer retention vime J This coull gwe nse o

© to the very Iong retention titries required for femoval, Therefore the above values were.

s

Pttt I

o caiculated from the fitfing of's seconid order polynomiil to the values culw]ated using

' the rate congtant over the retent-on t:mee mvestlgated



5 Ihﬁuks._::

“This then zlso brmgs the cut off! polnts for the first order rate canstant mto quesnon

" ~asta where these lie.

_ The comparison of the two regctors was. carried out usmg a techmque used by
Eckenfelder. - The inverse of the sIudge age and the effluent concentratlon of the
_cyamdes were pletted agamst the sludge loading rate for the two reactors The
resultant graph is shown in ﬂgure 5.10:

4t U8TR - Sludge Age

e—t{BR - Sludge Age - e
1oocuC$IA - {1fieent Cone '

Ty

- ofBR « LT uesl Cont - I+

w  fas.aT
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i 2
v ' ‘é
g lE
:,‘ . .;_____,.‘ " C . ’ =
S0 204 : _ Cfr1s.nE
2 . + 2
oz : _ o it o ' M
e i e ma. B 3 e ‘ : '

S1.20 0 .68 .00 - 240

Sludge Loading img. $/mg bro,hr] -« o2

LoD g . . ) . o L

“The graph shows & general tendency for the FBR to have steeper siopes than the

CSTR for the i;:verse siudge age and the effluent com.entratlon of cyamdes as o B )

" function of tln. sludge lcadmg rate,



5 Results

Fror the graphit can be seen ﬂmt the sludge agé in the CSTR is 'longer than that for
- the FBR.- This would allow the “bmdegradatwn" procass 1o tend to greater-

| completlon of its task’ of removing cyarides present in the waste water o
It is also noted that as the sludge loading rate increases, the studge age becomes _
shiorter (the inverse of the shudge age iz mcr‘ea_s:ng).

~ From the graph it can be clearly seen that the effluent concentration of cyanides

' 1n¢reases as the sludge loac ig rate increases. This means that the cyanide removing - |

capab;!mes of the bxomass decrease a5 the sludge Joading rate increases. The CSTR  +

is able to remove more cymudes for gwf:n sludge loading rate than the FBR.

“The slope of the FBR effluent concentration curve is much steeper than the slope of .

the CSTR efﬂuent concentratlon curve

T R | s
"Slope : 2_?02.8 ' _937.4

Thss shows that the slope of the FBR. curve is 2.8 times grcater as compared to the

" CSTR curve. This would indlcata that the FBR is & ‘less efficient reactor for the

utilisation of mcoxmng substrate of the bmdegradatmn ofcyamdes prcsent nwaste |
_ waters ' ' ' '



6 Conclusion

The nwestigauon intg the blodegradahon of cymudes in a CSTR and FBR ylelded an
mterestmg result in that cyamdes ate not necessa.nly bemg removed by blologxcal

- degradation only but by an oxidative reactxon_i_n the presence of a catalyst and o

absorbed unto 4 suitable substrate, namely activated 'carbon_ or dead microorganisms. -

. Thoﬁgh it can not be categodcally proven _that oxidation and absdrp’t:itm are taking

~ place and ot biodegradation, o for that matter a combination of the all 3 processes,

the results would tend to indicate that the absorptlon!omdation mechamsms are more '.
' hkely route for cyamdes removal, * h

| The results also show that thene is a lot of potentlal for the FBIL Speclﬁcally for the
- FBRusmg hlomass sipport pa:hcles to contain the aotive: agent for cyanide removal,
© gven thnugh not much emphasis was placecl on this aspect of the mvestagation.

- From the 'biodegradation resiflts the CSTR proved to bé. the better cyam‘_de re:ﬁbving

reactor, requiring only an"est'imated 12 hours to remove s:jraxﬁde's 1o the legal limit of

" 0.5 mg/, as compared to the 15 hours for the FBR. Describing the CSTR using the __
* Monod kinetic model under these condition proved unsuccessful vith the determining -
- ofa negative pa.ramater for the cotnbmed death rate and endogenous metabolism of.

o mlcroorganisrns As aresilt it was decided not to continue and try to descnbe the

: FBB. for cornparatwa purposes usmg Icmetms

| ‘The ‘results presentecl for the absorpuun!omdauon of cyamdes inve CSTR and FBR )

- showed that. although remaval of eyanide 1mt1ally is high, much lngher than the

- 'buodegra_dation, th_e decrease in this remaval rate proved tobe g pmblem when _the
| ~ corcentrations of cyanides became low, as a very long retention _time_ was then

TR



8 Conclusion -

. required to reduce the _coucentraﬁuns t0 the legal limit. It was also shown that using -

the rate constant 1o determine the retention time (or dilution rate required for the

- removal of the remaamng cyanides), does not satisfactorily descnbe the removal

 process, as a retention time of apprommataly 40 times the investigated tlmes would
' “be required. ‘This beaomes umahst:c when compamrl to the blodagradanon retention

'_'tlrnes required. To datemnne the require.d retention times for the two removal

N pmcessw, a second c}rder polynomlal fit was uged on the data to achieve an 12 hour
: retennon time for the biodegradation and 22 hours for the absorptlonfoxxdatlon
 processes in the CSTR. -
» ~In oompanson the FBR reqmred 458 hour retention ume for absorptmnfoxzdanon a3
'_compare to ‘only 15 hours for haodegradatlon '
Ny Thls highlighted another aspect  of the first order rate constant for

- - absorptmnfumdatmn 8 10 the tegime in whlch 1t apphes, fe. what are the boundaries

in terms of retention times,

- From the approach used byEckenfelder to compere two rea.ctors, the CSTR showed

B 1‘.0 be the bette than the ¥BR. The CSTR operated underlower sludge loading rates .

as cc:mparad to the FBR, thereby malnng it less suscept‘ble to vanatxons int the feed
: concentratmn af cyanides

_ "Tﬁé.fefore, deSpita nct knowmg exactly which provess i t#king’ place in the CSTR and
. theFBR, the CSTR still proved t0 be the better cyamdes remover. However the FBR - _
N shomd siot be disoarded as an unsuitable reactor as it is fel t that more mvestlganve _

B work is requlred 1o prcve the final aﬂ‘ecnveness of the reactar :



T Reco_mmendaiﬁdns for Further Investigations '

Based on the interesting tesults discovered in this investigation about the possible

mechanisms of cyanide removal, an even largar ﬁeld exists for future research and

_ mvestlgatmns There are many aspects that could be looked into, specxﬁcally inthe

' _blodegradatmn and ahsorptlonfomdanon ﬁelds of cyanide remeva! with posslble _

B _ nmphcatxons for the treatment of wiste waters in general.

W

Y

| ‘Probably the most obvious area for immediate investigation is the
extent to wluchthebmdegradanon and absorptlon!oxldativc processes
. are takmg place simultaneously in both a CSTR and FBR {with

support parhc;{es). _Are sufficient mitroorganisms able _to sunr_ive in the

'cyanide environment to be able to actively degracié cyanide and those

microorganisms wluch do not survive and hence form the ac.hvated _

“earbon partion of the particles in the systsm? To what extent do these
' _-dead microorgamsms absort ayanide and ca*alysa oxidative reactions, -
' _therehy contnbutmg to-the overall cy_amde removal process?_

The FBR should by no means be disourded 8 unsuttable reactor for

_ Wuste water treatment. The physical parameters and oparating_ o

condmons for the optimal running of the ¥BR for cyanids removal
should be Invet?izrted more closely, speolﬁcally the number and slze

_ of support particles, Improvamer-ts mthe design of the reactor should' -
"not be ignored. '

“The size of the patticles should ot be very mhich farger than the ones
- used in this investigation, viz. 5 mm cubes, The larger the particle, the

87
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. biomass ofi parncles within a reactor. A Norweglan conpaty

7 Recommendations for Furthier I;wesﬁgaifons' -

 more diﬂicult the contmnment of the microorganisms.
What structure will i increase the available surfaca area for reaction and ) N
) herefore the flow of solutwn through the partlcle to feed the

microorganisms or activated carbon partmles? A structure that is too

" open will cause the microorganisms to be washed out as the flow of

cyanide solution through the particle will be very rnuch miare.

. turbulent; Hence the shear rates on the microorganisms is higher and
- they ate uriable to remain attached to the particle surfaces. - -

The use of otker alternative for the suspension and ¢ cbntaim’riént ofthe -

‘Kaldnes has developed a reactor system for the treatment of waste

“waters using & support particle conslstlng of smatl crosg sqmtioned
", extruded plastic piping. This liminated loss of biomass ﬁlni due to
 friction in the turbulent environment of‘ the FBR and also provided
" enough surface area for the biomass to graw and receive the required
nutrients and substrates. Therefore the use of the  similer type of
. support pamdes oo.xld unpmvethe petformarice of the FBBL {Kaldnes

(1996)}.

Tlie applxcable reglme where the ﬁrst order rate constant for
absurpﬂcm and pxidation mechanisms for cyantde remnval ina CSTR
and FBR shou.ld be mvestigated .
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i Feed = Efffvent - Absorber %loss
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Cvanide losses in a Dead Microorganisms System

Sample| Time Time CN-in Com. CN- CN-in Cuom. CN- Absorber CN-  Cum. CN-
Past Teed inFeed Effluent in Efffuent Removed Remaoved
fhrsl __ {mgf m {mai) m I [m
T B e T i
2 10:00 0.50 4059 35.03 0.00 0.51 40,59 34.52
3 10:30 1.00 6245 55.64 0.00 0.51 6245 55,13
4 11:00 1.50 49.96 7213 0.00 0.5 49 96 71.861
5 11:30 200 53.08 89.64 0.00 0.51 53.08 3913
6 1230 .00 46.84 105,10 0.00 0.51 46,54 104.58
7 1330 400 56820 12365 0.90 0,51 58.20 123,13
8 2230 13.00 62.45 144.26 .00 0.51 62.45 143.74
9 9:00 23580 5308 181,77 0.00 0.51 53.08 161.26
10 10:00 24,50 59.33 181.35 1.56 1.03 §57.17 180.32
11 11:00 26.50 56.2_9 188.90 1.56 1.54 022 54.64 198.35
Averag 55.07 0.43 54.64 mgfl
Total 255 1589.80 1.54 n.22 128.35 mg
Flow rate = 0.33 Imr Summary of Absorptiun test

Absurber Velume 0143 |
Totat CN- Removed = 18813 mg
9512 %
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