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 Abstract |

| 'A companson is m= between usfn,g 8 Flu:dlsed Bed Reactor (FBR) md 8
-conventxonal Cununuously Stered Tank I{eactor (CS'I‘R) for the removal of cyamdes
) _from waste water, _ _

The- two reactors were operated simultaneously under the same condutlons to

.'determme which. of the two reactors wnuld be the moi s eﬂ’nclent in cyamde

.' degradatwn : B ’ .

' .Imtnal!y, many problema were expenenced with expenmentatlon bt thereaﬂer" |
operation of‘the equlpment went more smoothly

The results obtmned md:cata that the CSTR would stifl be the more eﬁicient reactor,

" removing cyanides to almost 0 withiri a 10 hour retention penod _

~ The mmumum fimit of O, 5 mglﬂ, as. snpulated by the government gazette, is thed easily -
: | achleved The FBR'S removal rate did not achieve this Hmit within alo hour retention

_period and in 12 hours achieved only 81% cyamde removal

. The 'xﬁajof pbint that cacie td.lig'ht duﬁng_ﬂle fmal analysis phase of the project was
' “whether the cyatﬁdeé were biodegrdded or removed by absorption and oxidative

reactions in the presence of & catalyst, namely acnvated carbon, or more speclﬁcally

dead mlcrnnrgamsms .
" No dlear conclusxon could be drawn in thm ragard

On the whole, niore ¥ Atgaﬂons need to be camed out on the FBR to detemlme the
_conditxons under which it could perform better than the CS'I‘R,

L
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Retention time ; -

Dilotion fate | -

Death rate

" Cyanide or cyanideion
" Thiocyanate or tlﬂocyénaie ion
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 Defipitin.of Terms - -
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;
E
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i ‘the efflueit stre.am asa ﬂ.tnctlon of time, '

o The term used in terms of substrate utlhsanon, for the
_combmatlon of .

the rate of cell or nucroorga,nism deaths and
: the cell's endngenous metabolic rate o

. ﬂ.kbsofption’fbﬁﬂht’_lon: N Tlmmmbinauon ofabsorpnon and omdatwareachons |

. ocmz.“rmg ina reactor
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1 Prologue

Otee of the essential requirements for Man and a healthy community is the supply of
clean water. He uses divers and streans 4s 4 source of potable water and valuable food -
_ suppleme_nté _suppofﬁng aquatic life and the i_rrigation of.agricultural lands,_not to.
 mention his iquest_ for some of ife's comforts, | '

Yet despite its importanice, rivers and streams throughout the world are generally
. badly - treated and ﬁ‘eqi.lently_: used to carry off wste products producéd by
) _ z-.ommuni’ties_é.nd industry. The pollutiq_ﬁ of our water resources by industrial effluent - -
18 a serious and ever increasing problem. Examples are_the’acciderital". spillage of
chenﬁcal waste into the Rhine river in Germany and locally, the spillage from 2 paper
il into the Crocodile River, Run-off from rucal communities has exposed Man to the
‘ cbmr_a_c__:ﬁon of water related diseases, siich us cholera and typhoid,' which can be fatal,

With the expansion of industry, chemical efffuents such as those containing cyanide
. rnqulre expenswe treatment before any of the effjuent water may be returned to river
systems, All over the world, legislation with regards to the discharge of industrial

. waste water, is bang sharpenei Many industries are having to re-evaluate their waste

water treatment processes or are being forced tn ohange their attitudes towards waste -
discharge into natural waterways

. Unforfunately the pmblem of treating waste waters is & romplex one, in .particular the
treatment -of cyanide bearing waste waters. Not only is the capltal cost of the
 troatment plant & problem, but also the ever incrensing cost and availabllity of fresh
water and additives. As & result of constant changes in manufactuting techniques, the
- dxscharge criteria are constantly bmng revxawec! by the authonttes |

\.. ..) o
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2 Introduction and Literature Survey
. | E_“ o
Cy'é:ﬁde accurs in huniemus waste water streams, for example in the iron and steel
mclustty and the mining mdustry( eg. the roasted almond smell amund niine dumps-

an the Reef as & resuit of cyanide from the gold leaching process)
Thc mininig industry has been using cyamde in gold leaching processes since the late

- 'mneteenth century after it was first introduced by Alfred James of the Cassel Gold
 Extraction Company in 1890 (Poblandt-Watson 1990). This introduction increased

the meld of gold extracted from ores, to abové 90% from _sdme 3_0% using a_prbcess .

~ of mercury umalgamation. Various chemical processes are available to treat these
 waste waters but are rather expensive. R

With biotechﬁology now slowly taking its rightful place asd suitable, visble and thore

environmentally fiendly process, the biodegradation of cyanides has enjoyed a fair
amount of adention. Research into the_bfﬁlogical treatment of cyanides was first

© recogiised in the 1950's by Pettit and Mills {Alabarma University (1983)}, Microbial

destruction of tyanide it developing technolopy cepable of oxidising low
concentrations of simple cyanides into CO, and NH, {Broadhurst (**50)}, The =

~ inability of most donventional bio-systems to treat cyenide concentrations of > 10 ppin

or o even atterapt 16 destroy complexed cyanides, have been major obstacles to the )
unplmnentataon of stoh systems {Broadhurst Q1 990)} ' ' :

R 3 has been postulaxed that the bIBlOBlG&I approach to the treatment of a&luent, and )
in pamsular wasta watem contaimng cyanide, will be chﬂaper, hold more advantages

and will becarme vety much more popular due to the increasing amounts ofandustnal _
sewage in need of treatment {Efowe (1965); Alahama University (1983); vaamm_an :

st al (1985); Whitlook & Mudder (1985); Broudhurst (1990); etc)}
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- In the gulu rnming mdustry leachmg is umversally pract:sed ‘The eﬁluent from such_'

plants is pumped into slimes dams and while some of the cyanide in soiution may be

 oxidised by air, pollution ofthe surroundmg ground water by seepage and run-offis
' mev:table _

The iron and 'st'eél iﬁdﬁstry'in South Africa hag relaﬁveljr'high levels of cyanide, -
thxocyanate and pheniols in their eﬁluent streams, commg from the coke quenohmg -

" procetses {ISCOR (1991)}. -

Up until fairy re&ently"(IS‘fES), it 'was thonght that the biological route to waste water

 treatment was 1mpractical or impossible, simply because it was believed that c.yamde

would ml‘tibrt certain enzymatic activity in abmloglcal system {(Howe 1965) 1f not k111 .

- the rrucroorgamsms complétely.

. The processes used and still bei.ng used, are all based ot 'chélniml reaf:tioas with
L cyamde to form less harmfil and more steble campounds These pmoesses inc.lude

{Bnoadhurst (1990), Alabama Umverslty (1983)}



B o
: Cyamde is omdlsed to cyanates by the controlled addmon of H;O; so!ution

2" Introduction and Literature Survey

: Alknlme Chlormntmn '_ RN |
o Thls pmcess uses chlorine or hypochlome to omdlse cyamde to cyanates and

thmater to give NaCl CO,, and N,

. This prooess is used fuirly extensively on a commercial scale betause of
- proven technology # hdabla expel‘tISe Redgent Gasts are lugh, and tomc .

and corrosive chermcals are u*ed creating handling prob!ems

_ Hydrogen Pemxnde Oxidatlon

c.u'“

o + B0, v oNOT+HO @)

- Thc"pbpiilarity of this process is its reliability and euss of operation. No toxic
intermediates sre _for__mad.'gxeess H,o, rapidly décompasés,

‘The disadvantaga is hxgh reagont consumptxon resultmg in Iugher costs and in
addmo:l 8 Cu* catalyst (10-30 ppm) isrequired.

~ The INCO Prucess SO;/Air Oxidation =
- Alrand 80, are used 10 oxidise the cyamde to cyanates in the presence of a

o 'Cu=+ catalyst '

NG, h»so -!-HzO

4o+ ES ©ny

_.The acxd is ne.utrallsed by ltme

All cyanu»complexes are destmyed except iron. The process is sumpllstw and

_ eaSy to operate and no toxw mtennedmtes are fomed
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The process requires 30 ppm of Cu®* catalyst for répid and effective cyanide-
- oxidation and a pH value of 10 is maintained with lime; |

The Homestake Miving Company {Mudder & Whitlock (1984); Whitlock & Mudder
'(1985)}, *he United States, have bewn working on a process since 1977, that
- o:ndlses not only free and complexed cyavutles «it also thiocyanate and the oxidation

'_ _by-product amronie. “The compaty tested a verety of reactors and found the
o -Rotatmg Biological Contactors (RBC's) perf‘ormed the best, (an attached growth '

- process), 'I‘he fow chagrarn is shown 1:1 ﬁgure 2. 1

Phosphoh - B
Mgt Seda Rsh

T——

Reactor

. i-)ecaht.' !J-él.‘.er i
o " Mix

o S : " b} Eeargeney|
CEfPluent | S?“d A g
: : | Filtenrs “Rlarifiee

Clarifier b—

The average levels of cyamdes bemg treated were | !
ao o © Cyamide = = ISmgﬂ
' _ T}uucyanate_ w 65 mg__/l o
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The: reactor cons:stcd of number of rotating contactors of different b:omass'
dengities, The contactors with low biomass danslty were used for the cyamde and
o thlocyanate removal and the hlgh bmmass densﬂy contactors for nitrification.

: The reactors reqmrad only two shemlcal supplements : o
1) aninorganic carbon source 1o aid mtriﬁcanon (soda ash) and
: _2) phoSphorous as trace nuirient (HsPO_.‘)‘ o

.Supplemental air was. added ta the reactor to prowde enough dlssc>1Ved oxXygen
=04 mg/l) and to énsure biomass stnppmg :

- ‘The total hydraultc residence time was 5 hours at 21 000 m’!day 'l‘he rate controiimg .
- | axldauon step in the averall desipn was mtnﬁcatlon . _ .
The total surface area ofthe contactors avmlable for degradation was:

_ Cyamde degradation=9200 m? - o
. Nitrificetion = 13 935 m*

'. \\'

38h1varaman gt 2l (1985) uaed ] compietely mixed acration system (CMAS), described

odn figure 2. 2, to study the influence of phenols and cyamde on the bmdegradatmn of '
o tlnoryanate The levels of tyanides tneated were ;

Cyaide - = 45 mg/
. Thiccymmate = 195 mg/l

"This systomt’ follbw\rs_i:he CSTR principle with étib'saquentfsgfﬂiﬁg'of sludge.
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.'MInTluenL'

‘Reactor

\ Resevoir/ -

Recyc le L
- $ludge .
Settler
Excess
g o
1 Clean .

Sludge .
: . Erfluent

* The bic-reactor is fed 'ooﬁ’tinuonély from a reservoir. The liquid from the reactor was

' _"'led mto the. hlo-sattler Tor settling of biomess, Part of the settled eIudge"was recycled e

_back to the reactor and the remainder purged. .

'R.ecychng was on a senn-contmuous basis. Retention tunes ofthe 2 umts was 10:1:2. K
hours for the reactor and #2.3 hours for the settler '

A Hydrolyt:c Assxst ﬁgure 2.3, was used in conjlmctlml with the extended aeration

- 'procass by G-audy et al, (1982) to study its. eﬂ’ect on the degmclnuon of cy&mde
(cunceutratlon 10 20 mg/l) ' -
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i Raw B i - _ .
_Usste. .} -Aerabion  Settling| ETfivent
i T 1 - FTank M

e
. PN
"] Eatended Heration Process o
’f i ' g S ‘| ygratyain Process

- Regych 1 Hydroluysate o

U | Heutratisakion o

Hydrolys:s
Lnsk

'A;"l'mo\m volume of sludge was wiihdrawn from the clarifier bn. ] weekljt basis and |
_ _hydrolysed, acidified to pI-I 1, autoelaved and then neutrahsed ta pH 7, The sludge
was then recycled back to the reactor in smaller volumes each day '

| : The results ofusmg the Hydrolyttc Asmst mcluded the advantage of ciecreasmg the .

mhibitory effect of cyamde, end effectwely removmg argbme matter as well . :

_gyanide

| ‘l‘z @ 1daa ofs:muhaneously usmg aerobxc and anaerebm reactors for the treatment of .
eyanide iaden weste waters was studied by Richards & Shieh (1989). They used &
compfetely mixed, contmuous-ﬂow actwated sludge reactor (oxic chamber) withan

internal oell recycle (setthng ehember) and ) separated auox:u chamber. This may be - K

_ seenmﬁgure24 '
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ELerrer |

C—s{p ' : o
. Angxic ) B o N e
. ¢ Chdmber 1 J o | EPfament
| loxic 1setk}.ng ._ '

| Chamber - | Chanber

AT

- Cyamde levels were |

Cyamde = 60mgll |
' Thiocyanate = _lﬁﬁmg_fl '

Cyamde dagradatmn occurred in the oxm c.hamber where the dxssolved oxvgen o

concentranon was mamtamrad B 2, 5 mgll
The a.nole chamber was then used For the subsequent itriflcation of the eﬁluent

_ '_ “This anoxic-oxic set up dxd sot appear to xmpede the cyamde ami phenol degradatnon -
"--_’manyway | o |

 Alibars University (1983) used s simple CSTR and clarifier. The CSTR consisted of
" an neration chamber with an overflow, which led 1o the olarifer, Any geses evolved
 werc directed through NaOH solution to trap any volatlised eyaside, Sctfled slodge
~was recycled back 10 the aeration chamber and the treated eEﬂuent collected
- The cyamde levels treated in this reactor system were ;
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' Cyanide 10-100mgd

S ’I‘macyanate - 100 -1500 mgfl .

| The eﬂictency obtmned for cyamde degradanon by this actwated sludge prooess was

9%, | | | o |
“The schematlc flow diagram is ruch thio same a8 the one by Shwarzunan et ol (198‘), '

e, the CMASumt o

. Ludzack (1960) used an adapted design from Dow. Cheiical Company, which
conswted of the aeration chaﬁ:ber and a setiler compaftment inside the chamber, The-

' settler was demgned such that n formed 1 sem? . "cular sectmn in the aeration _
- chamber The bottom end was cut ta allow settled studge to retum to the aeration L
_ -chamber o '

' Reults wTucthlll' 2 presented later in this work suggest the possibxhty tha‘ "“uthel'. :

.' _ form ot‘cyamde removal is takmg place, 'I‘he ides that cyamde may be rem. ,.ed fiom

. the system via g non-bmlogical process ie. absorpnon and mndation in ths presence '
. ofa catalyst should also be considered. ' : -

' _Cyamde ey be remaved fon'n aqueous solntlon by two ganeral types of reactlons,
o namely hydrolysxs reactions and oxidative reactlons

.:\‘
A

"2.2.4.1 -’I‘he_ Eyqrolysils' Reactions

}

o The Erst is the hydtolyt;p.reacuo:l, oomrring at Iow pH‘s, viz.:
| | "'H:O - HON+OH S e,

_'_10 -
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" Some ofthe'HCN forrtied will become volatiised ar ! is removed through the escaping

. _gasstxeam

~ Onthe otherha.nd at hiph pH‘s and particularly at high tem;:arawres the reachon _

'cm+2fro—»mr,+ﬂco . Py

oceurs, but is reportod i take place very slowly at axub;ant temperaturas
{Adams (1990)}.

.' 2_.2..4._2 The Oxidhltive Reactions_

Cyanids is casily oxidised to form cyanates of cyanogens in aa aqueous Soluuon asin
_ -tlus investigation. At high pH sofutions the reachons are '

20N (CN), lg) * 28"  py
| (Cyanogens)
200 + CN* = CNO™ + K0 + 26" - a9
(Cyanates)

© The cyanates are ﬂirther oxidised in the presence of the actlvated carbon catalyst to

produce ammonium carbonate andsmliquanuues ofuraa, accordmg 10 the ibllowmg '

' reactlons _
CNQ.' + 2;{10 +* H'."'_i'_w;"" HCO; - _ Qa
and

cNe + N._Fff__‘f C‘O{Mizlg : o | 8

1
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- 2243 The Potential versus pH I_)iag‘rain _

| When studying 4 diagram of the p_btential Versus pH- of the CN‘H;O system at 25°C .
': (ﬁgum 2;5){copied from Adams {1990)}, it is clear thé.t the pxidation 6f _cyanide to
- cyanates is iheﬁnod?nanﬂnally favoured at ambierit temperatures but is exceedingly
tow in the absence of 3 catalyst. From work done by Adams (1990); {Broadharst
(1990)}, activated carbon is a suitable catalyst as well ag being very good at absorbing |
‘cyanide,

042 w JOH+H,  E=-0.0591 pH- 0.0295 loglpi)
b OprdH'HAS w2HO  Bw+l2N- 00591pH+00147log(pm)

HCNM - CN‘-I-" h log JCN] = -9 39+pH
| OmCN] -
2 HOCNM - OCN'+H* 105LQ,QN._-1 = ~3.89+pH -

3 HOCN(..,,-%H"!-ZQ w HCNM+H,0

©Bo= 0,021 -0.059] pH+0 0295 tog [HOCN)
IHCNI

12
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4 OCN-+ 38 426 - HCNM+H,0 .

' ‘B = 0.136- 00883 pH+002951ogLD_CM_1
o S . _ (HCN]
5 OCN +2H.'"+26’1r* CN'+H,0

B = 0,141~ 00591p1-[+0 0295 logIQ_QN__l
S 1y

? . Resctions not identified by Bard {Adams (1990)}.

"'Mi'croorggtﬁsms consist mainly of catbon _based molecules and as a result when the

orgatdsuns die, the carbon in the organfsms may have, sitilar characteristios to that of
activated carbon avd could therefore be capable of absorbing cyanida {’Raef et al
(¢ 1977)} ‘It has beén reported that activated carbon has the abifity 1o absarb ::yamde
{Adams (1 990)}

The Kinetfes of the loss of cyamde in an aerated system can be adequately described '
_ by a first order rate law for ll reactions that otour {Adams (1990)} '

' Mu_ir ot (1988) t_‘ound that cyaﬁidé is ox.idisad by air iﬁ the 'prea_ence ofactivated

-~ carbon, with losses betwaen 65 and 95% over 24 hours, The cxidation process

products are cyanates which ars stable i alkaline soluttons n acidic solunon.'
hydrolysis oscurs and ammonia and bicarbonate result. -
- As mentioned, at highec temperatures. tha hydrolysis reaction is ihVOured since the

_ 'snlubihty ofomeninwater becnmes very srall, '

 Mulretal( 1988) also found that the sotivated caﬂmn shoyld be in snspension tobe

. most effective in cyanide destmcnon in asrated systors,
1t is difficult to assess whether oxidation or hydrolysis of cyanide ace the main
destruction.processes taking place and to what extent this oocurs. There also exists

R
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- the .Ijossibiiity of HCN or CN absorption anito carbon,

| Muir et al (1998) concluded that the main cause ofcyanide Ipss is cyanide oxnidation.
Adams (1990) also cﬁncludes this fact but adds that abaorptlon of cyanide r:lsu takes
place but i is not the primary cyanide removal mechaniem.

2.2.4,4 Summary of Cyénid’e Lasses in Aqu?enus' Solution with Activ'a_ted Carbon
~ Adamg (1990) shows 4 table (tabie 2.2) whiich summaries all the reactions that take

place in an aqueons solution in the preserice ( ofactivated garbon, The results are based
- gn batch expemnems '

| P ) . Reaction -l %Contributiou _
CN'ingolution . _26.74%!
loNO formed fnsolation | 207 | 298wt
A HCNevolved -} 214 5.60%"
ONOlost. | a1 | gosut
lonebsorbed 221 | 2438wt
! CN'unaccounted for v | gy

t mwmmmmmmmmwmmmum
Sk Caleuluted by diffarance. thfoundin tn'g}e of Adams (1990), -

- The reaction that cavses the highest loss ofcyanida isthe e-_a_;bcn' cé._talyaed oxidation
reaction desaribed in detail in Adams (1990) and summaries as follows: '

.'-::N.-."'Wz 0 = CNGT - !?-9}-_.'.

M
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The absorption reaction is displayed as follows: -

o M o
o L [ . -
Row- Qo= R + CN- = R-ef}——R B3

“The activates sludge process is & continuous process in which aetobic biomass is

mixed .. "sh the incoming. waste water and aeratéd and then allowed to settle out by
gravity usually ina sepamte settlmg tank, A portinn of the settled biomass sludge is

then roturned back to tha seration tank and mixed with fresh waste water. The other _
portion of the settled sluige is removed to wasto as the biomass is continually growing

m the aeration vesse! {Belanfelder (1966), Eckanfelder etal (1970), |3

|  Inthe conventional system the blomass absorpﬂon, ﬁaccutaﬁon and growth Processes
. areall accomplished na single step.

The su;lden changs ‘n concentrations of toxing, acidity or ulkalsmty in the feed can

* have adverse sffects on the activated sludge. Therefors slnos the 3 d:fferat_lt procasses

&l take plice in'n s'gle step, the mixing of the fvesh weste watsr with the recycled |

biomass, provides greater stability and tolerance dus to changes in the feed and

loading charactoristios. The limitation on the process Js the degree of loading ¢+

aciue\m floseulation and the settlmg aud separatlon af the bmmass in tha settling
_ systam.

Inthe completaly nﬂxad system, mote commnnly used in aotivatud sludga treatment

. 1-'5'

.
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~6f industrial waste waters, tha oxygen utlllaatxon rate and hence the aeration will
ramam constant throughout the process. This means that the soluble BOD in the
effluent s the same as that in the aecution vessel,

Another use for seration is to aid mixing and suspensmn of sludge and solids, stnp-
- offvolatile products and together with the agltator provide a uniform distribution of -
oxygen for microbial respiration {Bailey & Olis (1986), Moser (1988)},

- Byen tlmgh the activated sludge syétem can tolerate Vafiat_ions in the éludga loading
and levels of acidity/alkalinity and toxins, extronte variation must first be treated to -
equalise the feed waste water {Eckenfelder (1966); Eckenfelder et al (19'?0)_}'.

" The effict of recyoling the settled biomass inereases the residence time of tha biomass
in the syste and thereby gives the microotganisms time to adapt to the surroundirg
walste water - cyanide and other nutdents. Not only must the organisms adapt tothe

“presence of cyanides but the time they spend in contact with the oyanides in the system
 pnst be long enough to snsure the relevant biodagradauon regotions can take p!ace
: {Bailey & OIIis (1986)} ' -

- Tha term "activated sludge' was coirted from the fict that one of the most important
characteristics of organisms in the activated sludge is their propensity to produce a -
pulysacchande el w!uch allows the microbes to flocculate together {Bailey & Ollis
- (1986)}

16
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»('Ihe s ofbibmas's_ under aerahon divided b?_-the mast flow rate ofwasted bioms#ss)
- For a flow-through system such as the FBR, sludge ege is defined simply a8 the

2 'Inzro.duct:‘on and Literature Strvey

2.3‘1.1 Sludge Age

Sludge apais deﬁned as the avemga length of timo the biomass is under aeranon For
-8 CSTR systetn the sludge age is expressed as '

2.1

.
i

inverse of the dilution rate (1/D). The reason for tais is that the studge, though moving |
upwards in & plug flow fashion, is partially back 1ixing through the length of the |

* reactor and allowed to flow out over the weir, No sludge is recycled haclc to be

 serated again, It is 2 once through process

G'_'D#. - : (2,12}

After long periods ofaeraﬁon sma!l residual lavels ofBOD will remain because of the

auto-oxidation of the sludge which results in the re-solubilisation of celtular materials
- which can thea be used for’ ‘Iynthesis of new and ex:stmg nucmorgamsms
 {Bckenfelder (1966). Cun & Bckenfeider (1980)} '

2.3‘1. Sludgu Loading Rate |

" The lcading'rate' of the sludge, ié the amount of all cyanides pre'seﬁt zthat can bo -

‘vemoved for & given amount of biomass in the reactor, may be deﬁnecl quanutaﬂvely' '

as follows

Slnge Loading Rate = —T o gz

7
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. 'I'he studge {oadmg rate gives an indlcatlon ofthe actmty of the b:omass s!udge when -
' ~varying concentrauons of substrate are fed into the activated sludga system, for a '

| given: amount of hmmass in the reactor. The Tigher - the 1oadmg the iugher thc

: utlhsatmn of_ eubstrate for a given amount of biomass.
2313 Sludge Seftling

- The 'settling;' and subsequent compaction of sludge is a'pﬁinary'requisite for the

successful aeration of activated sludge systems. With poor seitling, cany-over of
| sbhds into the effluent can ocour, resulting iz higher BQD levels than ailowed, Poor '_
‘compsotion on the other hand vill reduce the concentration of the recycled sludge

: whichwill aﬁ:‘éct the mixed liquor suspended salids level in the reaét’or “This may also
 dause filamentous prgatisms to prolifemte and reduces the ava*lable substrate for .
bacterlal utiisation. {Eckenfelder (19'!0\} ' '

| _2.3;1'.4 Aeration- '

Aemhonm nnportant for aerobic nctwated sludge systems whxch reqmre a minirirn
~ of 0.4 mght of oxygen, The dlspersmn of the oxygen is important to ensure that afl the
biomass is held in contact with oxygen to allow gerobic g,mmh and endopenous

resptrahon to take plaoe unhindered ' '

' Activated sludga consxsts ofa large variety ofmlcroorganisms, wlnch are capable of
treating. 4 myriad ofwastes, with cyanide bemg just one of many waste substances,

- This miled population of organisina include nerobes, anaetobes, bacteria, yeasts,
moulds and fangi as well as maby pathogens and viruses. As a result of the variety of

8
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_ organisnm present, acclimahon of the orgamsms to the specific waste to be treated is -

L required, Certain orgamsms will die off asthey are not able to acclimatise to the waste

 {presonted as toxins to these organisms) or the treatment process is operated under
_ sither aerobxc or auaerobtc condmons not a!lomng certain metabohc processes to
fonction, o ' ' . ' '.
Activated slud-ge is_ an agglomeration of floes of organisms'wIﬁch result ﬁ‘om the
'. ability of aerobic organisms to synthésisé a polyéaccharide gel which binds them.
- together These flocs or activated sludge ha\re a high affinity for suspended solids and
.80 the absorbed parttculates can be oxidised by the orgamsms '

In the aerated pai'_t'ofthe prdcess, the biolog"li't‘.ail utilisation of thesé suspended solids °
or wastes occﬁrs'and also serves to restore the organisms' absorption capacity. All
" this pmmotes 2 healfhy activated sludge, devoid of filamentous bactena and ﬂagellate
protozoa. '

 These ﬁlameutnus bactena can not marmally compete with hetemtrophlc brcteria

. present in heaIthy activated sludge whxla the ;}rotozoa prays_ on free ie. unflocced,
bacteris, thus clarifying the effuent, Maintaixﬁné’ the correct conditions in the reactor
 systemisthms :mportantto prevent undeslrables frord takmg over whwh are mharently
- preeent in'a mixed populatinn of organisnis.

* Vasious guthors have found dlﬁ‘bl‘&nt nucroorgamsms present in thelr activatad sludges
that are capable of degradmg the vations’ cyamdes In some oftha papem, niicrobes
~ have been found that have not degraded cyanides but appear to have belped the -
- systemmthe degmdmg process {Gandy et al (1982)}. ‘I‘hese authors frund Bacillus
: _and K!ebsfeiia te be predonﬁnately present int the. bzomass, but no* to metabahse-
o wamde | |

"Shivnranim et al (1985) ﬁsgd the cyani'_d_e degrading nﬁcrqorganisﬁis?seudomanas

o
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o dCidavorm _and Az’caligene'._s' faeca!is, & cys,uide -resist_ant phénol degrad_er.

N Howe (1965), who discusyes various authors' work in cyamde degradatlon, listsome: -
' ofthﬂ bacteria found :

Aspergillus niger ﬁ)r the ox:datlon of HCN
: Ari‘robacter, '
Cocatis,

- Pseudomom#s, as the most prevalent ones,

B Homestake Mising Company {Mudder & Whitlook (1984); Whitlock & Mudder -

(1985)} isolated a straitt of Pseudomonas sp. which they found was md1genous to the

U _area, and have inogulated their rotating. bmlcagxoal contactors (RBC's) thh the -
': Pseudomorm

& Baa’}:&:s pmni!us. Arirobacter and Aspergilius niger weremund by Richard & Shish -
_' : (1989) to utiliss cyamde ag carbon and nitrogen source and produce ammofia,
. Autotrophic microbes were found to ablé to grow on thiocyanate, These microbes
: resulted in an efﬁmency of apprommately 99 % degradatxon S ¥ '

The enzyme Rhodanese puitified from the organism thennoph:la B

_ m‘em'athermoph:kcs catalyxes the t‘onnauon of thiocyanate and sulphite from cyanide

and has proved to-be ofvalue a3 an anudote for expenmemtal cy:uuda pmsoning in

- small animals {Atkinson (1975)}
L 'I‘hese vmous organisms 4re Summaries in table 2.3,

20
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_ . Microorgustans .. Sibateate Reference
o ¢ Rhodmessfom . " Cyanide/ © Atkinses 1975
_ B ttearotharinophils - Thictyanate _ Polgicler 1991
' Bacllius Klehstalle Oluecre/ -  Goudyetal
: e NH)EO, 1982 .
Aspergiiius miger " Activated shudgel Howe
" Ariobacter Amenibmacelnlsl 1963
. Coocus Pojassium ghoiphate :
. Baollus pumites ~ Phnols/ Rm&shiah :
- Arirobacter . NaHCO, / 1988
- Aspargilius niger. NH,CH/ Cyanides - .
 Brendomonas . NHLL Shiviramasistal -
acidevorans - . Fhenals/ - - 1pgs
Abeatipenes - Cyanldm /- :
. Jaestlfe __ Phosphate
Preudomons sp. Cyanides © Whitlook & Madder
— _ Thiotyutiate : 1984i5
_Funs&-Mammm:mdﬁ, l‘nmmlyHCN Potgieter |
FPholicta adiposa, ) S 1991
2ie .

. The Bacteria in the activated sludge utifise the'carbon in the cyanides for métabolic _

 growth and the productmn of carbon dxomde together wu;h other orgamo nuuierits, .
and the mtrogan is converfed into ammoma. . : o
Thls ammenia by-product iz toxic and st tharefore be detomﬁed

__ 2,3.3'._1- Bahterial mm'

: Whltktmk & Mudder (1985) ibmmlated the following reactmn (reactlon order = 0) of o :

o thmcyanabe mthbacteﬁa in the presema of oxygen :
L soN z»ajp,-f-zuzomm SOFFHCO/WNE, @

21



o __ .gluoosg cyamde redotion products are however bicdegmdabla, which a:re nou-mxio
C to aoclinmtlsed organisms

2 Introduction an Literature Survey

Recently a Pmdamanas sp. bacteria was isolated wluch can convert cyamde into
formats and ammoma in the absence of nygen

N 2H,0 —m HCOO" +NH, (.15
The released amumonia could be used 8s 8 mtrogen source for ﬁxrther metnhohsm
{Gokool (1990), Poigieter- (1991)}

2'.3;3-._2' Enzymatic Pathwaye

' Eﬁzymes_ara present in ba&t_ari_a and it is these enzymes that give the bacteria their |
. cvanide degrading capaﬁilities' The 'assumption is being made that the enzymes are .
intracel!ular and not extracellular 25 1o evidence to the contrmy has been fovud i n

hterature Ifcyamde degrathng erizymes are not prasent in the bactena, the cyamde

RS- toxic to the orgamsms The enzymes utilise the cyamde directly and produca arnmo
: acids whxch the bactena can then use a5 bulldmg blocks,

- The _gehéral biochemical eaction for cyanide in the mm of ah enz;me, is :

CN‘ '!_-.'aldose_ = cyapbh?dﬁns'

' und is a first éi-der regetion with respect to cyanide at .2 pH greatef then 8, The

o cyanohydnns ire. umnedlately P}'dro:ysed ﬂ:rther into a.ldonic auds {Raef ot al .
: (1997\} :

Many ofthe reactions mentioned in papers oo m the presence ofbactena but use .
afdose, for instanoe glucuse, ina fust order chemlcai reacuon {Raefet ol (19773}, The -

C@in

; .
L
o

[

y
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_ Enzymes often fqrm part ofbmchermcnl cyamde reactmns {Potgaeter (1991)}. For_

instance : .

: Hydmgen cymde can be converted into the neurotoxm B-cyanoalanine with

~ the aid ofthe enzyme B-cyauoalamne synthase, Tha reaction s us follow_s :
HCN + HSCH,CI—RQH,COOH - CNCH,CHNH,COQH + H,;S -2

" (cysteine) B-cyanoalanme) - B

' B~cyanoa1anine can be further coriverted into asparagine and aspartm acid by '
nitrile hydrase and amidass anzymes :

CNCH,CHNH,CQOH ~ CONI-IzCHQCHNH,CDOH . R

_ cooHCH,crmmconH @19

' _(D»cyanoalanine) . (asparagine) (aspartic acid) o

2.3.3.3 _F_'ungi Pathwnys

. Various flmgl can incorporate HCN in alanine and to & leser extent even in Other
- amino acids. For i mstance {I’otgleter (1991)}

o N
i HCN | 20 L
| CHpGH oo cH,-c-cw CCOOH am
NHy CHT 3
: H

(aoe_taldehyﬁe) {a—ax’rﬁnopropioxﬁtrile) (L-alanine)_

In a method analogous to the above, glutamic acid, another important amine acid can
a be formed.
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o CN - - CO0H |
i . HON | B0l |
- [-C-CHCH,CO0H —~ NHL-CH-CH,CH,COOH —- NH,-CH-CH,CH,COQH
----- NH, _ S ANH, o
 (succinic semi- ~ (4-aming-4-cyano- (glutamic acid) . {2.20)

eldehyde) butyric acld)

Cyanide-forming fangi can also convert HCN into CO, via an unknown mechanism, - |
~ An enzyme might be involved. A possible mechanism for the reaction s :

8O  HO

HO M, -
HCN — -~ HCOHH, -~ HCOOH =~ C0, = @2}

. Certain fingi are pathogens to cyanide-forming plants, ie. the fungi can overcome the
* toxicity of the BN released by the plant, The fung form & cyanide hydratase enzyrie
 which then converts the HON i mto & non-foxic product, formamide. {Gokool (1990),

L Potgiett.r (1951}

tyanide hydratase _ _
HCN+H,0 HCONI-L (k22

A possible reactiuu that could take placs in the reactors is the direct conversion of
ayanids CN"to thioeyanate SCN and only then do bacteria or fungi utilise the cyanide

 in the thiocyanaté form, 'I‘liis is the case with the Rhodanese enzyme, which ocours

 widely in plants, animals aad microctganisms, This enzyme is active in sulphur B
transfonnations and can catalyse tha CI‘J 10 SCN‘ conversxnn

o e s,o3 ~sc‘¢ * so, ' (2.23)
opaide thiomilphate thmcyanate wiphite

It should be mentioned that ar.lsnrptlan eﬁ‘ects can be important a8 cyanide ramovil
mechanism {Raef et al (1976)}

24
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- Although biological degradation of cyanide bearing effluents only recently become an
operational process at Homestake Mining Co. in 1984 {Whitlock (1989)}, the -
' advaritdges have been realised and are reasonably well e_stablish’ed {Howe (1965);.
Whiuock_agsg)} :

- Biological treatment plants require considerably lower reagent.
' chemicals, manpower, and mstallatlon costs, when compared to the
- équivalent chemical plant, - '
. Te change an existing plant for cyanide degradation requuea minimal
C cost a3 modifications required are relatwely small,
~  New plants built are also able to ha_nd_le other biodagradable wastes

and sewage of an industriel plant, :
-~ The handling of chemicals is reduced to almost zero as very little
' rengents, if any, are required. :
. _ The resulting low cyanide levels can be handled by the convent:onal .
sewage treatment works,

. No ohlorine is required for water punﬁcetiun -
“= " 'The provess s very much more tesistant to changes in influent cyanide

 levsls in so fur as the effiviency does not drop offdramatically men o

_ emergemy The biomass concentratzon will dacrease but will rapidly
- reganits operauonal eﬁimancy
e Production of sludge is low,
The prite afivantage of the blolog:cal plant ta the chemical plant, theref‘ore is the '
reduntiou ofcosts involvad with the running of the plant, labour and chemicals,

25
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On the other hand, the Eiologica_l- jsrécess for the degradation of cyanide, has the
following disadvantages. ;

= Effluent streams cotitalning small quantities of cyﬁnide are more e.asily_ .
treated by chemical plants than bmlogmal plants, especially if no
emsung treatment plant is available. :

<« Chemical processes out-compete the biological processas for s all
" industries dus to the cost of capital equipment involved.,
-~ Kthe ooncentrat:gns of heavy matal ions in solution are high, they
" need o beremoved before treatment, either chemtically or biologically,
~ inaseparte unit. This incurs additional capital equipment costs,
. Extra provision must be mago for safety protection, as any biological
i:rr-q’céss__can sometimes be upset. Cyanide-containing gases may be
given off (air stripping) which pose 4 health hazard to personnel.
- Acclimation fimes are reasonably long (1 to 2 weeks), Therefore any
. hite_.rtuption'pfthe biological process may mean an interruption ofth_g v
‘raduction process, e temporary shut down, This causes unnecessary
_ loss of revenue. E :
. Proper nutrient supply is important and st be rwlsed regilacly,

Under certain conditions, the biode'gmdatidh of cyanids is both feasiblé and
- economioal, buz peeds to be fully investigated in the proposed surroundings {Hnwe _
o (i968) Gaudyetal (1982); Whitlock (1985)). -
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Biological treatment plants are built outsids and are therefors subject tothe changes
in the environent such as temperature, The microbial prowth is affected by these
changés, but activated sludge is more resistant to these ambient temperature
fluctuations than are pure cultures, | | | |

Another design critecion that is iportai, i the hydraulic retention time of the shudge

in the reactor, as this determinies how efficient the bacteria degrade the oyanides in the

“vesctor. Therefore the mare contact that van be achieved through nixing the better,

as this will reduce the residence time and hence the renctor siza or increase the
volumes of effluent that can be treated,

Increasing the contact per surface aves through adequate mixing will reducs the mass
transfer Huritations for both oxygen and oyanides, In the support particles themselves
“the mass transfer is diffusion controlled and therefore the stagnant zons around the
 support particles needs to be minimised to inmase the contentration ofcyanide and
' 'oxygen in contact wnth the bactetia.
~ For an asrobie _syst'efrn, T 186 supgtted for the neods of the bcterl.
- . For the closed types of reactors, such as the FBR, and CSTR, air will need to be -
compressed and fad to the reactor throug’h spargers, Here 2 cost factor becomes
important as somprossed eir iy expansive. Therefore the design should optlmisa the

utiflsation of oxygen required both for ﬂuldiaing and asration.

| . Racyqlo a_round the reactor &e_llttates rapid atart-up and .supplament_s_ the foed flow in

7
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the event of very low feed flow conditions and therefore should be proVidad' for,
especiany for the CSTR, For theFBR, the support partlcles remain in the reactor and
therefore a recybla stream ig not requu‘ed

'T'he IabOratoqr scale plart should be capable ofappm:drmting final plant performance,
This is often very dlfﬁcult to achisvs.
. Also the laboratory unit should be simple in construction and operation,

Different areas \ha.\'re different Jlimatic conditions eud hence the sewage treatment
facilities oﬁerata vider vanoua conditions, For specific degradation processes ke this
ong, conditions have to be kept reusonably constani or else the desired products are
not obtained. Parameters ;kuch 85 pH, temperature and oxygen supply are important
for sustained microbial growth. For different types of réactors investigated, different

optimum conditions were found. o |

Portunately many of thess pammetm? fell wit_hin- a certain range. The average was

around the nouiral pEiand ambient to 35°C temperatures {Whitlock & Mudder
(1985); Richards & Shieh (1989), Algbama Univ. (1983)). 1t is very convenient to be
sble to operate the reactors at amblent and nautral oondmons A it facxl:tates their

' -control atd racuces cost,

Dissolved oxygen concentrations have not been widely discussed, Whitloek and
- Modder (1985), whrs supplying 4 mg/l or moro of dissolved oxygen to their reactor.
~ Others have stated that the dissolvad uxygen required, is delivered during sparging
and the velocity of the afr required for ﬂuldisauon wag the more important parnmatar
{Cooper&: Wheeldon (1980)} 3
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The rete:tﬁon times varied from 15 minutes '{Cooper & Wheéldon (1980)} to as much B
w812 hours {Shivaraman et al (1983); Shivaraman & Parhad (1984)}, dependu@ on
the reactor system : :

_ Richmlé and Shleii (1989) reported that they had employed retention times of up to

30 hours In some of their test work, This is very rauch shorter than those retention
times used in anaerobic processes, where hold-up time of up to 10 ‘or 20 days are

' quite common. This is an advantage that the erobic process has over the anaerobic

. ones.

~ Whitlock and Mudder (1985) reported that although the optimum pH for cyanide -
dagradanon was around 7.0 to 8.5, thlocyanate degradatlon took place at A shght.ly

- Tower pH of between 6.7 and 7.2, |
~ Shivaraman et al (1985) concluded that both cyanide and phanols inhibit the
degradation of tknocyanate due to posmbly an over growth of phenol-uuhzmg
orgamsrns

A by-product ofmany bnolagmal {restmant processes Is smmonis, Subsequently this
needs to be treated as'well, Cooper & Wheldon (1980}, sudied the concept of
expanded and fluidised tisd reactors for waste treatment, apemﬁcally nitnﬂoatlon.

~ The use of sand as hed pnruclea, inoreases the surfhce avea avmla.blo for the bmmnss
to grow o, o '

© The resctor clalmed some impressive advantages over ordinary activated sludge

reactors : higher biomass soncentrations, o need for secondary clarification, Jess

9
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: susceptibility.to _sudden changes in eubstrate cOncentratioﬁ.

'Donaldson (1983) raportecl on a fixed-film fluidised bed b'ci-reactor for the bio-
oxidation of dissolved organics and noted the follawmg advantages to conventmml .
' biologxcal treatment processes: '
- -ngh biomass densities for high removal at low retentlon times; -
. Better reactor geometries;
- Smaller reactors; _ _
- Closed reactor systems to mirimize health and envnronmental effect..,
» " Improved shock anc toxin resistance pro\nded by the ﬁxed-ﬂhn relafive to the
" suspended growth sysbem - :

| R wa;s'tbund_that after short down timies the reactor recovered very quickly, within
several days, to the original performance levels, Da”gfadation rates were._fdund to be
' prnpoﬁional to the flow tate, suggesting a liquid-solid mass transfer effect, )

. Alsa the reastor ought to be veadily integrated with existing treatment systems Iti ls .

- _ e.asliy opcmted and is biologically stable,

The biomass in. the reacter was attached to anthracite support particles, With the

" supply of air for the astabic bacterla, the reactor becomes a 3 phass FBR: the sofid

phase Is the bmmass contained ont the anthracite particles, so immobilising the

* biotass; the cyanides o be removed are in the aqueous liquid phase; and the gas

~ phase for the supply of air for the gerobic degradation procasses ard bed ﬂi;idisaﬁan.
: ~ Both the liquid and the gassous phase are introduced-at the bottam of the resctor.

- Many of the fluidised bed ré;ctnr systems investipated, are based ott the rocycle
principle, very few using support particles for containing their biomass. The suppott
partleles that oaa be‘ased vary and the following section disousses support particles
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~ other than the anthracite used by Donaldson (1983). -

' Cooper & Wheeldon (1980) did researoh into using expanded « and fhyidised bed
reactors for the 'denitr'_nﬁcat__iqn treatment of waste waters, They used sand (small
particles) wh_ich gave a large surfhce area for the biomass to grow o |

The Thames Water Authonties in London waere the ﬁrst to use & ﬁ.\ll scele up ﬂow .
e expanded bed attached-growth gystem, for denitrification, '
Many of the earlier work done on fluidised beds {Cooper and Wheeldon (1980)}, -
: encountered many probleris such as blockages and btomass wastage control from the
. system. . '

* Atkinson, Black & Pinches (1981) did extensive work into the charasteristics of -
various blomass support particles for expanded and fhidised bed reaotors. '

s Advantages of support particfes are :

- biomass is retained within the aemtxon tank obwatmg the nsed ﬁor

reoycle,
- very high concentrauons of biomass can be mamtamed in the reactor
- compared to the CSTR. type seactors, _
- "*’1“d8° can be removed dirsetly from the payticles, thus reducing the

_loacl on tha clanﬁer

It is hnportant tc prevarsi; m:cassrve ncmmulatmn af biomass associated with the
| partlnles g0 as to avoid blockagés caused hy the growing together of particles.
~These reaciors can be subjest to pertodic back washing to remove excess blomass.
: Hare 5@ caf ba made of high gir/liquid veluvties

a1
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. There are many medw. suitable for the 1se 85 support parucles, includmg sand, carbon, . '

.~ plass and other similar media in the size range 0.2 ~ 3 mm, Using retl.-ulated foam .
particles will eﬁ'ecuvely Increase the sutface area for btomass film per uuit reactor bed

volume,

Biomass support particles can be nsed ynder continuous growth conditidns witha .
constant ‘biomass hold-up, without any 1oss of conversion efficiency. A ¢ :rrnal .

concentratlon of biomass in the particles can iake to 25 g (dry weight) / I (hed

volume), Gas evol_ut_lon_can oceur without shearing biomass from the particles, Also™

the biotass can easily be removed from the particles by squeezing or shaking, -

A 'su'itablé Biomass suppoft. particle tb be used is the reticulated polyester foam

pamcles. 5 mm cube with a nominal 30 pores per inch foem,
The cublc parﬂcles have sotne greater advantages to the spherical or toroldal partmles
in that the bed vo:dages are smaller and handlmg is better

- With cost l:_:"eing an important design _éritarien,-tha srualler the reaotor the less the
‘capital cost involved will be. Therefors the use of expanded- or fluidised bed reactors,
tontaining biomass suppcrt particles, wiil reduce the reactor size consxdarably and -

hetwe the cogt,

' ’I‘he use afsupport particles iu the reactor grestly inareasas the blomass concantra:twn :' .

- amd hence reduces the retention times required for the »fficient conversion ﬁlsu ﬂw ST
. shorter retention tires needed allows more sffluent to be treated par- renctur.'rf__. S
L '_ Increased blomass concantration will help maximise the achievabls resction rate, | |
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‘Due to sparging in expanded: and fluidiséd bed reavtore thi shear rate s higi. This
would cause high concenirations of biomass to be washed out and the effluent wouid o
" have to be settled in order for studge to be recycled. - ' '

Usmg support particles for the bed in the reactor, the blamass wash-out rate is greatly
- reduced a5 the biomass filt on the suppart particles is much stronger, This reduicos

the need for a settler and agein saves on cost {Coaper & Wheeldon (1980), Atkinson -

et &l (1981); Donaldson (1983)} _ . : _ .
Alr is required by the microbes in the system and therefore provadea a suitable medmm

* to expand or fluidise the bed at the same time, The flow rates of air to fluidise the bed

) are sufficient to maintain the reqmred dlssolved ox}fge.n concentratmn mthe reactor-
{Donaldson (1983)}

 The aim of this research project is to investigate the officient use of a Fluidised Bed
" Reagtor as aj:pc':sed to the more conventional CSTR. The biomass is to be supportéd
' on reticuiated foam particles iy the FBR which ‘would be neutral to the environment - -
_ and would not require large quantities of ensrgy to mamtam them in a well nuxed
aurrnundmg, such as sand or steel mesh balls, '
- Awidely practised approach used in waste water traatment technology, will beused =
10 compare the eﬁoxeucy ofghe two reactor system, This apprcach isa semi-empmcal o
one, initiated: by Eckeni%lder many years 4go and involves the devclapmem of linear
relat.onships which bave apprommate vahdity over the range of expeﬁmenta |
performed herem . : : s
In this investigation, a CSTR will be used as & means s of cotipating the performance '
 ofthe FBR as wali as 2 basis for determimng kmetw. parkmeters,
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. The CSTR used in this invéstigation is better described, om a micro® fological polnt
_ -dfview, bya awmastat where the biomask concentration fx the rea tor is changing
-~ with time (growth of bacteria) and a rmxed culture is being utilised.
'By definition for a completely mixed CSTR, the composition in the esctor vessel is
3 .umfoml throughout the voluma and is the same in the eﬁ'luent stre m,

e n‘_esi'gn ofactivited shudge systezss usually uso simple and ideaiiséd o dels, Fienc the
* Monod kinetic model will be used with an additional term For endoge wus inetabolism

- and death rate of cells, The studge is considered to be 2 single pseL 10 species, even

though it is & mixed culture for ths Monod equatlun to sim ﬂxfy 4 complex
gombmatmn of microorganistas {Bailey & Ollis (1986)}. - '

- The desth rate tay oucur for two reasons; firstly the toxio effect 0. cyamde on the

* . bacterla may canse some of the bactena to die oﬂ? and seccndly thr pugh the natural B

- process of birth, growth and death of microorganisms, The endoge busmetabolis
. of the microorganisms refecs to the maintenance and new growth of ¢ lls which £ &8
" place contimaously. The specific growth rate of biomass or microorg: hisms is related -
o the substrate availabie for growth and henos the relatioaship in M mods equation,
- The term X, rafors to the concentration lovel of the §ibstrate wh \.re the spectfio
- growth rate has half its meximum valve, ie, It Is the div sion betwe | n the substrate
; ;oncentraﬁonfrmge where the growth rate is linearly &ependant ont and where the

)
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- growthrate become mdependent of the 8.
This asaumpt:on has besn used by nmny Investigators and is thcrefore nuthing new.

ifite CS‘I‘Ris assumad to ﬁmutiou 25 & differantil reacttsr (hence it . D), then at a'll
points in the i'eacsor_ the rate of biomass growth and substrate ufilisation remains
vonstant, This then enables the direct measurement of & growth rate {u] for the
reactor, without any complicated mathematical manipﬁlntiou of the measurements as
the reactor is assumed to be uniform. This Is in line v ‘x the simplifying assumption
that the sludgs is considered to be a single pseudo species and the Monod equatiou

sbove is defined for a single prowth rate for the biomass in the reactor. This implies |

that the growth rate csn be cantrolled by the amaunt of nutrient fod to the reactor.
mmmm-mmmm

'I‘he Tite uxprussiun for the CS’I‘R is expressed in terns of the state of the syatem, fs.
in terms of i, X, S, The rate expression is defined to be :
. . g'.'4 u‘x.-.' : : : - .
by . my (3.2 E

Ky
| and hence substituting aquatlo_n [3.11
x| e S
r R ey ... IR S
-Yx;.(ﬂif*s"ka]' T
“The sbove exprossion is the fate exprassion for the CSTR if terms of biomass and
substrate (cymidaa) concuiirations prosnnt in tha reactar, mmured under varying

- conditions. -
This rate exprmian will bs uud inthe mass balance expmaion

3l
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RANLLLRE I

' The mess balatice for CSTR is-'tiken.aver the whole CSTR system, Including the
 aettler and recyole strsum and not the CSTR inits own right. The mass balance for the
CSTR system is as follows : '

FS = F5 - xV (3.4)
) Si.xbstituﬂng equation (3.3) and divi 15 throughby V, where D = F/V, the following

. expression rusult_s: : :
. o X [ PpaySy B
TTem Yx-LK.“‘-SJ. ']- - 63

/s

15



¥

3 Theorstical Aspects
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_ The 3 phase Fluidised Bed Reactor consists of a catalyst bed (bxomass support |
. particles) suspandad in a cyanide and thiccyanate solutior, which is fluidised with

compressed alr. Complete mindng of the cetalyst particles is assuntad o occur with the

- golution phass i ideal plug-fow mh the fhed at the bottom and outlet at the top. and

no racyole ftream,

e FBR may ba assumed fo consist of several CSTR's In senes
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'I‘he ibllowmg assumptions end conditions are used ; _
1) * Biological catalyst particles ( Biomass Support Partmles Yareof
~ upiform size; |
©2)  'The fuid-phase density is constant;
3y The liquid phase is moving in a plug flow fashion with pamal back
- mixinginthe reactor (the aspect ratio is appro:umatety 2.511); _
4) - The biomass support patticles are well mixed in the cyanide solution -
| - and aber approximately 2 ratention times the excoss blomass 1s |
washed out of the repctor; : - '
8 ThoFBRbehaves as several CSTR's in series. ©

The mags balance squation for the “BR is as follows :

[orEs = xv - 6.0
y N
_ "I'he integraﬁon of tiie CSTR rate expfession into this mass belancs equation as

 saverel CSTR's in seics will yleld an expression requiring integration up the helght of
the reactor and down the concantration gradisnt of substrate utilisation,

" When comparing these two reactors, the CSTR. has the sattlst and recyele stroam

 inchuded as part of the CSTR, s the biomuss in the CSTR is in suspension whers a8
in the FBR the biomass is supported in support particles. Any biomass leaving the
efflusnt streans from the FER s lost but s the cese of the CSTR. the biomass in CSTR
vossel efflusnt stream Is concentrated up and returned to the CSTR vessel for re-use.
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Kinetic parameters are very often not presente d in the literature and only &  fow make

y any thention of them, For mixed cultures, as activated sludge inherently is, deﬁnmg
 kinetic parameters is somewhat difficnlt and hence finding lumped parameters for 1,
K, and k, is easier instead of the individusl paremeters for each of the species present

{Bailey & Oliis (1986)}. These lumped parameters are detormined for the cyanide
degruders in the activated éludge and ri'ot the sludge as & whole‘ As the cyanide is the -
only substrate available for consumption by nucroorgamsms tharefore the jumped
parameters are deternined for cyanide only.

The CSTR iwill be used a3 & chermostat, for the growth studies, meint the
dissolved oxygen coneentraion above the limiting concentration of 4 mg/ and all the

other parameters constant {Gaudy et al (1982)}.

The kinetic parameters, K,, 1qs 204 k, are deterniced by fitting a three parameter

modeal to the data of the final subsirete concentmnon at eo.ch dilution rate.To solve for
these parameters, & sunplarx routing wag used, using ke Aizoeba parameter solvmg
function. '

- The kinetic patameters ase intensiva properties of the reactor and should ba similar for

both terctors as they are only & function of the substrate concentration and the same

 microorganises in the reactors. Also the two resctors wers operated under the same

condmons

Using the CSTR oquation (3,5) and substituting the vai. s for S and D aud usinga
marual technique nt‘ Runge-Kutts ia applied to find tue va!ues of the kinetia
parameters. R ' :
Oncaa Bat of‘valuas for the parmnctum has besn fbund nnother CSTR I8 udded lntg
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the equation and & new set of parameters determined. This addition of CSTRs in
 series in the equation, continues until the variation in values of the kinetic parameters

for the » and #J CSTR's is zero to the 4% dec.inml place. Described in another way,
' the kinetic parameters clo ot chiange anymore with additional CSTR's,

The yie" Totor, Ym, is 2 magroscopic parametér of the systeni The yield factor for

- biomass 2s 2 function of substrate consumption is deﬁned by Bailey and Ollis (1986)

a8 follows

: !.&X | dxX/dt Ly '
X" Tas" Tasjar T, 8D

5

| ~ The r; term, i_ndicatin_g substrate utilisation, is-a negative term and hence the yield
- factor has a negative sign to make it a poshiive quantity,

_The Eckenfelder approach for oomparing reactors, essentially compares. lmear
' relationships of vatious components These components include; the inverse of‘sludge .
age, effluent concentration and oxygen utilisation against the sludge loading rate.
The s!udga 1oading rate is defined ag the amourt of substrate (cyamdes) utilised for
* & givenmass of blomass in the reactor. _

“The basis for thiese linear relationships come ﬁ'om the two equanons thnt simlpy |
' descril_se _tha aerol:p_ic b:_olpgical trmtmnt s_ystam. These equauons are. ' '

. orgamcs + (@ )0, + N 3 Py (a)cells +C0, *+ Hp * nondegradable soluble residite -

(?5’)-' |
an_d_'_ ' -
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cells + Q, - CO, + HO+ N+P + nondeg_radab!e‘ ce_llulaf residue -~ (& 9 |

These reactions also ageut in natural waters and streams. ‘These equations may be

schematically shawn in the follawing figure 3.3.

‘This figu:e formed the basis from which thi linear relationships were develaped with
the effluent concentration inategd of the feed concentration as BOD bemg plutted N

Y against sludge Ioading vates calculated

' Tischler & Eckmﬁslder (1969) showad that the rpmoval of apemﬁc comipounds in an
activated sludgs process wat zero order, je. Huear; down to very Iow lovels of
_-'substrnte concentrations, They also showad that for mixtures of organics, such as -

normally found i waste weters, each cumponem simultaneously extibited linaar or

- zero order removal process to low concentration levals

In this mvestugaunn the § inverse of the sludge age and eﬁluent concentraﬁon of .

_ oyamdas wxll be plotted agamst the sludge loading mte A lmear regression is then _

4
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* fitted through the plotted points and the slope of the curves can be determined,

'Déad'hﬁcmorganisrhs which are inherently '.présen_t in the reaciors due to normal
growth cycles and possibly the toxic effect of cyanide, are a major source of carbon, -
* Activated catbon is known for its absorption properties in fittration systems and is
effective in removing cyarides. Hence the dead wmictoorganisms, though not activated
 gasbon, does show similar absorption characteristics to cyanide, Therefore a possible
removal mechamam for cyamdes is the absorptmn of cyanides by dead
mmroorgamms -

Both Adam (1990) and Muir et al (1988) found that absorption of cyanide was first
* order and that this first order rate was trus for all the reactions that were involved in
the removal of cyanide in the presence of activated carbon {Ada:m (1990)} Sinee the
réte constant encompasses all the reactions taking place in the reactor, taking the
 Average rate constant over all the runs pelfonned with each reactor, will provide a
 gefil pre stive tool to determine the cyamda canoentrat:ons at any point during a
run, _ _ _

. The dmiditions used for this particular investigatioﬁ,’ are cdnditio’ns similar to those
" used by Adams (190}, Therefora the expression for the kinetios of cyamda removal '
inabatch syStem, is as follows {Adams (1990)} '

~d[t'.'N1

e .\}:_l Cal o (5.103)
s f Ii ds o I - e
- ._.a.é.... u. #l_s 3 I - - (3.10b)
where o ' '

| ks tha ﬁrst order Tate oonstnnt Integrahng the ahove exprassion }nelds the follawing-

-2
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- ex_pressia_h- in‘ss_hﬁ-lpgarithﬁﬁc form:

nis) = Ialg) - ke @

Therefors & linear relé.tio’nslﬁp exiéts in -aenﬁFIQQéﬁthmic form, to d'eﬁne the kinatics

. oftcyanide losses, A first order rate law will therefore desoribe the kinetics for all the

reactions that are likely to 0cout in the reactors. A assumption is made here which

states that, "The biodegradation of any cyanides Is first order, however small the

proportion of total cyanide removnl"

o Plotting the various rate canstents from each run againat the sffluent levels of cyanide
will yield 2 curve that dascnbes the effeot of activated carbor on the rémoval of‘
' cyanide in the teactor, L '

Rearraugmg aquation (3. 10) fo; substrate or cyanide removal

ds . _dicn)

FE e {3.12)



-4 Experimental Apparatus and Procedures

- The CSTR consisted of & 2 litr: “anged glags vessel, onto which iwo valves were
- fitted; one outlet valve and one sample port (adjasent to outlet valve). The liquid level '
in the reactor vessel would be maintained to a 1.4 litres volume. A prefhbnuated
stainless steal id was fitted to the vessel which contained a host of probes md other
_ ﬁttmgs, inoluding pH, temperature ssolved oxygen, stirrer, lnlets

. Bkrran
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~ The effluent ftom the CSTR is pumped into 2 settler from where the concentrated
‘activatad sludge Is recycled back to the CSTR. The sottled effluent is discharged,
The ssttler is continuously stirred, very slowly, to vnsurs that no biomass settles on
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the walls and is properly recycled. -

For thres of fhe é:pezinients, gases from the CSTR were bubbled through 2 absorbers
to collect ammonia and carbon dioxide products, The first absorber contained Borit -
acid (0,5 M) for the absorption of NH, snd the second absorber conteined Fotassium
Hydroxide (0.5 M) to sbsarb CO,, | B
- The remaining experiments were carried out with NaOH absorhem for volauhsed _
cyanide abaorphon ' '
The collestic + of NI, and CO, is importmt in order 1o complete the meass balanca;

© overthe syster and to determine the possible extent of NH; and CO, px‘oducad by

the bactana inthe degradation provess,

i
i

Fayid ) _ ' i i

Froduct, Gy

¥ '
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The FBR ign3 phase ﬂmdised bed reactor where the bmmass is-contained in

_ reuculated foam support partlcles which are nw'r'd throughout a cyamde.fthxocyanate'

solution using comwessed air,

The reac . ¢ consists-of a ja.ckr.ated perspex cylmder flanged at both ends. The feed
mlet is situated at the bottom, together with

_ and bed fluidisation. Thermostat and heater rods-are- also morted through the
“bottor. The PH, tempermnre and d:ssolved oxygen prubes come i, :rough the sxde

: of .he vessel.

LAt the top ofthe vessel 1§ a tiitie and weir assembly for the retainment of the biomass

support pamcles and outﬂow of *reated efffuent. The exit gases from the FBR are
pasSed t‘urough a,NaOH absorber to absorb any vo.atxlieed cyanides.
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4.3_Parameter Monitoring and Control

Use was made of a personal computer for the monitoring the pH, dissolved oxygen
concentration and temperature of the two reactors. A dafa acquisition card was
employed for this purpose, These three parameters were recorded every hour for the
duration of the run and daily averages and standard deviations were calculated.

The level in the CSTR vessel was monitored by light sensitive transistors and
controflad by computer,

Using some of the basic software provided with the acquisttion card, a fully integrated
program was written for the monitoring and control.

4.4.1 Cvanide and Thiocyanate

For the CSTR, the effluent samples trom the reactor, ie the concentration in the
reactor itself, were collected, On the EBR, the samples were collected from the outlet
of the reactor.

Samples from the feed tank were also taken.

Samples were preserved by adding 0.1 M NaOH solution to them and stating them
under reftigerated conditions, The ratio of sample to NaOH solution was 5:1, At the
end of each run, the samples were analysed,
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4.4.2 Biomass Sampleg

Biomass samples for the CSTR were taken from both the reactor (effluent strean) and
the recycle stream to the reactor. Samples were taken on a daily basis together with
the cyanide and thiosyanate samples,

For the FBR, binmass samples were only talcen onee a week, The number of p&rticles
removed was 10 and hence 10 inoculated particles were replaced to attempt to
maintain the biomass concentration reasonably constant.

Any shorter sampling petiod would result in errar due to the acclimatization required
by the replaéemeﬁt particles, As there were only 2000 particles present int the reactor
at any piven time, taking more frequent samples would antificially change the biomass
concentration for a particular run.

Thess samples were analysed according to the pracedures listed in the instructions
supplied with the Orion prabes. The probes were specifically acquired for the direct
measurement of cyanide as CN" and thionyanate as SCN in solutions, These were
supplied by Labotech.

In cases where the concentrations were very low { < 2.6 mg/l) and the probes had

difficulty obtaining a stable reading, known addition methods were used. The probes
was unable to measure lower than 0.0001 M or 2.6 mg/l,
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For the cyariide absorption exneriments a titration method was used with a few drops
of Rhodamine as an indicator, The samples were buffered and diluted with a standard
N2OH solution and then titrated against a standard solution of silver nitrate titrant
{Stahdard Methods (1985)}. This proved to be a very effective indirtor when trying
to determine the colour change at the equilibrium point,

The prabes towards the end started to malfunction and therefore the titration method
was.employed for the remaining runs.

With this method it was found that much lower concentrations of cyanide couid be
measured to about 0.1 mg/l.

452 Bi i

Biomass concentrations were determined using the dry-weight method as described
in Standard Methods (1985), where a volume of reactor sludge was ﬁlﬁered using
45pm Whatman fiter paper, The filter paper was first prepared by pre-drying and pre-
weighinig to determine the tare weight. The sample of biomass was washed out of the
particles onto the prepared filter paper using distilled water, which was then piaced
in an oven at 105°C for a minimum of 3 hours and then weighed and the mass of
biomass calculated and the concentration determined.

For the FBR, 10 support particles were removed and dried, and then weighed to
determine the resident biomass mass, An average support particles mass was used for
the initial mass, as it was assumed that alf the particles have the same shape and
dimension. This was verified quantitatively before hand.

From this information the concentration of biomass in the FBR was calculated,
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4,53 Air Strippi

The sparging in the FBR was more intense than in the CSTR and many authors point
out that in an aerated system, cyanide can become volatilised and escapes as HCN gas.
For this reason air stripping test were carried out to determine the extent to which this
occurs in the FBR.

A NaOH absorber was used to collect any cyanide given off during a run where &
cyanide feed was introduced, At various intervals, the cyanide concentration in the
absorbers was measured together with the feed and effluent concentrations. From this
information, a stripping rate was calculated and introduced into the general mass
balance calculations for all the runs.

A stripning test was also carried out on the CSTR for mass balance purposes.
l 5 I !l I'. Eg ’ a !

The absorption of cyanide by dead microorganisms or activated carbon, is an
irportant removal mechanism for cyanide. Adams (1990) found that activated carbon
strongly absorbs cyanide and must therefore play an important part. Though dead
microorganisms are not activated carbon, they would appear to exhiblt & sirilar
ebsorption characteristic for cyanide ag activated carbon, Raef et al (1977) stated that
anaerobic sludges have been reported to absorb cyanide although no clear evidence
exists to state that the cyanide was absorbed and not removed by other mechanisms,
The fact that anaerobic siudge appeared to remove cyanid'e by absorption supgests
that organic matter in the form of microorganisms impact on thie absorption process
to a certain degree.

A batch absorption experiment was performed consisting of three different runs, each
50 '



4 Experimental Apparatus and Procedures

with a different and known quantity of microorganisms and initial cyanide
concentrations.

Concentration measticements were initially taken every half hour and then further
apart as the concentrations levelled off] for 8 meximum of 24 hours. |

4.6 Teed Stock Solutions

Two .tanks were used for the feed stock to the reactors. One contained the cyanide
solution while the other the thioeyanate solution,

A volume of 40 litres of each was made at a time. The compositions wese as follows
Cyanide 5 gm KCN

Thiceyanate 10 gm KSCN
2 gm KH,PO,
2 gm K,HPO,

The phosphate buffers were added to help maintain the pH at its desired level of
around 8,

The feed solutions were contained separately as a white precipitate was found to form
when the cyanide and thiocyanate were stored in the same container. The two

solutions were then mixed just before entering the reactors,
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5 Resulfs

From the Pourbaix diagram (see section 2, figure 2.1) for the cyanide-water system,
one finds that the cyanide is primatily present in the HCN form for the pHl range
present in the reactors. :

It has been assumed that there is no CNQ" in the feed solution. The concentrﬁtion of
CNO' in the reactor will be very low and can therefore be neglected. The oxidation
of cyanide to cyanates is thefmodynamicaiiy favoured at room temperature but the
kinetics are exceedingly slow in the absence of a catalyst.

'The introduction of air sparging and agitation will increase the rate of HCN formation
{Adams (1590)}.

This means that HCN is the most common form of cyanide that may be found in the
system and very little if any, as CN", All measured cyanide will then be measured as
HCN and not CN". The equilibrium constant for the HCN-CN' equilibrium is also very
large at 1.6x10°, favouring HCN in the system.

This was the initial line of thought followed.
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52 iological f Cyanide R i

Cy- adeis most likely stripped off in the form of HCN due to the pH of the solution.
The systemn pH is around the 8.5 mark. The stripped off cyanide is broken down into
CN- and H* ions in the sodium hydroxide absorber solution and becomes HCN in

solution.

Of'the 2 reactots, the FBR exhibited the higher air stripping rate, most likely due to
the higher gas flow rate required for fluidisation.

The stripping of cyanide in the FBR accounted for approximately 1.8% of the feed
conceniration and it was therefore decided that air stripping of cyanide may be

neglec!ed.

Alr stripping of cyanide was found to be negligible in both the CSTR and the FBR
when operating under the biodegradation operating conditions.

Data and a calculation may be found in Appendix C.

In a system where no sparging or agitation takes place and the container is left open
to the atmosphere, the concentration of cyanide was found to drop off somewhat but
these amounts were found to be negligibly small, A beaker of cyanide solution was
allowed to stand for a period of 4 hours. At the end of the period the concentration
of cyanide was measured and found to have dropped by 1.2 mg/! from 64.5 mg/l.
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53 ide Desradats iving Micraorganis

Living organisms can adjust to changes in their environments provided these changes
are ot too extreme. For instance waste containing cyanide is toxic to mpst organisms
but there are those that adjust to these harsh conditions to survive and also to actively

use cyanides as nutrients.

The CSTR is a commonly used type of reactor for activated siudge systems. It
nrovides a suitable control reactor for comparison against the FBR,

5.3.1_The C8T

The percentage cyanide degraded by the active biomass was calculated from the
difference between feed and effluent stream concentrations as a function of the feed
concentration, For the various retention times investigated (10,7.5,7,6,5,4 hrs), the
percentage of cyanide and thiocyanate degraded are plotted against the number of
retention time passed, The data is transient data and starts with time = 0,

The retention time of the cyanides in the reactor can only be increased until the
cyanides degraded reach a maximum of 100%, Increasing the retention time further

only serves to reduce the capacity of the reactor system.
All the cyanide degradation results for the CSTR may be found in appendix A,

The next three sub sections describe the degradation of nyanide, thiocyanate and total
cyanides for the various retention times employed in the CSTR. As can be seen the
figures are plotted against the number of retention times passe, giving the total
runtime of each run, for example the 10 retention time run, the number of retention
fimes passed was 28.8 which equates to 288 hours runtime, The graphs plotted show
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the values obtained in the investigation, with no mathematical manipulation having
been carried out. The data starts at the beginning of the cxperiment.

5.3.1.1 Cyanide Degradation
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Figure 5.1 - CSTR Cyanide Degradatipn

The following observations can be made from figure 5.1

i} The 10 hour retention time run removed all cyanide present in the feed once
the provess had stabilised after the first 48 hours;

iy  The higher capacity runs (shorter retention tires) showed an initial high
‘performance peak shortly after start which then dropped off steeply back to
at least the initial degradation level;

itiy  The 7.5 retention time run would appear to be struggling to cope with the
leve] of inconﬁﬁg cyanide, Had the run been afowed to continue for at least
the same time again, the degradation level might well have reached 100%;

iv)  The 7 hour retention time run shows no spectacular result, remaining
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v)

vi)

5 Results

reasanably constant througiout the i

Both the 6 and 5 hour retention time runs show an early peak and then drop

off in performance, Had the run been allowed to continue further, the early

peak could possibly have been explained more;

The run based on a 4 hour retention time, shows a few attempts to reach

higher depradation level but overall deseribes 4 steady decline in performance.

Therefore one may conclude that the optirhal retention time for cyanide removal must

lie somewhere between 7.5 and 10 hour, At the 7.5 hour retention time the cyanide

degraded would result in an effiuent cyanide concentration of < 0.5 mg/t (messured
as CN' } as stipulated in the Government Gazette [Vol { 1'), May 1984].

5.3.1.2 Thiocyanate Degradation
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The following observations can be made from figuie 5.2

i)

The 10 retention time run removed an average of 88.6% of the incoming feed
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5 Results

thiocyanate, This is the most removed out of all the retention times indicated.
Again there was the initial build up to the average degradation level as with
the cyanide degradation;
i) Other than the 10 hour run, the runs are erratic and the extremes indicated by
the troughs could well be experimental errar or noise in the measusements;
iiiy  The 4 and 6 hour retention time runs shows a general decline in thiocyanate
degradation;

For thiocyanate a retention time of more than 10 hours would be required as the
concentration of SCN' in the efluent stream is an average 12.1 mp/t (converted to
CN = 5.76 mg/t) and is required to be < 0.5 mg/l (converted and measured as CN’).
It does however show that thiocyanate is being degraded but not as well as the
cyanide. It would appear that cyanide is more effectively removed than thiocyanate,

when mixed together in the same environmens.
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5.3.1.3 Total Cyanides Degradation

VOO0 . B
LA
T .. _*__.._.._*-'/
/."‘ d L
*'/:
9
§ Q. Ben By
r N o P O
Q 4 * - . o
= o P o}
o : RS "
” Mok + B ,"ej Retentson Time Founs
R : . LAE
. TN ¥ "
a FIRRR . #———r |3 Mrs
a : ! o [<LEEEE S A
T T : . + 8 Hrs
N H : s 7 O Hr s
© % g——e 5 Hrz
™ =4 Hes
1 " ) 1 n b
13 o 4 T
5,00 P00 .0 9.0
Number of Febenbioan Times Fassaed
LELL Tl
53- Total i dnti

The following observations can Le made from figure 5.3:

i)

i}

i)

The curvés on this graph follow the patterns as displayed on the thiocyanate
degradation graph (Fig 5.2). This is explained by the fact that cyanide
degradation is relatively constant over time while thiocyanate fluctuates
considerably at times;

Tt is very clear that the 10 hour retention time run produces the best
degradation with an average of 92.8% of the total cyanides degraded;
Unfortunately with the 10 hour retention time run the total cyanides
concentration left behind in the effluent stream is higher (5.6 mg/?) than the
legally required minimum level of 0.5 mg/f total measured CN'. Therefre 4
retention time, estimated at approximately 12 howes, would be required to
totat degrade al} the cyanides to the acceptable fimit.
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5.3.1.4 Effect of Biomass Levels

When looking at the degredation of cyanides with respect to the biotass levels in the
CSTR for alf the runs,

Table 5.1 - Biomass Congentrations in CSTR
Run Avg..Binmas_s Avg. Y Avg. % Ave. % Retention
No. | Concentration | CN° SCN Total CN° | Time
Degraded | Degraded | Degraded
mg/t Ve % % Hrs
1 550 09.3 88.6 02.8 10
2 650 94.9 44.1 68.3 7.5
3 562 _ 94,6 62.2 74.7 7
4 _487 959 47.1 66.6 6
3 521 93 66.3 . 76.6 5
6 566 62.1 _56.7 59 4

it is clear that no obvious conclusion can be drawn as to the effect of biomass levels
on the degradation of cyanides.

From table 5.1 it can be seen that most of the average biomass concentrations are in
the mid 500 mg/t region. Only run 2% value is comparatively on the high side and run
4 is on the tow side. It was thought that for lower levels of biomass, less degradation
would take place but the similarity of the degradation of cyanides for runs 2 and 4
indicate that biomass levels have not effect, The length of the retention time seems to
be the over riding factor affecting the degradation process more 50 than the leve! of
biomass. '

Variations in the degradation levels could also be affected by the toxicity effect of
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cyanide,
5.3.1.5 Other Effects on Degradation in the CSTR

A certain amount of cyanides in a system can be tolerated by many organisms,
Increasing this residual amount of cyanide (reducing the retention time), can cause
some form of metabolic failure in the organiems, resulting in death and there by
creating & mass of effectively activated carbon in suspension,

Activated carbon is known to remove cyanides from effluent streams by chemical
reaction {Adams (1990) & Muir et al (1988}}.

Therefore if one considers that this phenomena could be taking plﬁce, then increasing
the retention times allows either the organisms time to biodegrade the eyanides or the
"activated carbon™ to remove the cyanides by reactions and absorption. This will be

discussed further later in section 5.4.

53.2 The FBR

Plotting the results of % cyanide degraded against retention times, one arrives at a
stmilar graphs to that for the CSTR,

All the degradation results for the FBR may be found in appendix B.
The niext three sub sections describe the degradation of cyanide, thiocyanate and total
cyanides for the various retention times employed in the FBR, against time. The

graphs plotted show the values obtained in the investigation, with no mathematical
manipulation having been carried out.
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5.3.2.1 Cyanide Degradation
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The following cbservations can be made from the above graph :

i) The 10 and 12 hour retention time runs produced the best results;

if) The shorter the retention time, the less cyanide is removed from the system,

iil)  Although the 10 hour retention tlime run displays very good removal of
cyanide initially, this performance drops off towards the end, possibly
indicating that after sometime the o:ganisms are no longer able to cope with
their task of cyanide degradation; |

iv)  The 5 hour retention time run shows a gradual decline in cyenide degradation,
This could well be besause of the capid flow of cyanide through the reactor
and therefore the inability of the organisms to degrade the given quantity of

| cyanide, and there by possibly killing off the organisms;

v) The 7.5 hour retention time run also gradaly declines in performance;

vi)  One might have expected that the 12 hour retention time run would be closer
ta removin_g 100% of the feed cyanide, more than the 10 hour run.
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5§.3.2.2 Thiocyanate Degradation
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The following observations can be made from the geaph on the following page :

iif)

iv)

The 10, 12 and 7.3 hour retention time runs all show errat’c behaviour, with
peaks and troughs, as with the 10 hour run at 9.6 retention time;

The 5 hour retention time run displays reasonably smooth behaviour,
especially compared to the others runs, This i8 also in contrast to the cyanide
degradation curve for the 5 hour run;

Comparing the average % degradation of the 10 and 12 hour retention time
rung, the 12 fiour run is marginally better at 66.7% with the 10 hour run at
65.9%; '
The 7 & hour retention time run starts from an initial low to increase rapidly,
only to drop off steeply again after its 91% peak, indicating that conditions
could have been favourable initially. No equivatent behaviour is displayed by

 the cyanide degradation curve.
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5.3.2,3 Total Cyanides Degradation
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The following observations can be made from figure 5 6.

i)

i)

All 4 curves show erratic behaviour, Oaly the 5 hour retention time is more
consistent than the others;

Although the 10 hour retention time run appears to perform slightly better

- than the 12 hour retention time run, the average degradation for the 12 hour

is better st 78,1% as compared to the 10 hour retention time run at 76% and
also the data for the 12 hour retention time run are in a narrower band then the
10 hour run;

The 5 hour retention time run displays a somewhat more ercatic behaviour for
thiocyanate than for cyanide degradation which therefore has a damping effect
oy the thiocyanate which then also results in the more damped total cyanide

curve above.
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5,3.2.4 Effects of Biomass Levels

5 Resuits

Table 5.2 displays the biomass levels together with the levels of cyanide degraded.

Tahle 5.2 - Biomass Concentratlons ins, _§BR
Run | Avg. Biomass | Avg % Avg. % Avg. % Retention
No. | Concentration | CN- SCN Total CN° | Time
Degraded | Depraded | Degraded _
mg/l % % % Hrs
1 536 03.4 63.9 76.0 10
2 291 §8.0 45.8 _ 368 7.5
3 202 34.1 419 46.9 3
4 208 90.5 66,7 78.1 12

From the first 3 russ it would appear that decreasing the biomass levels decreases the

total cyanide degradation. Then taking afl 4 runs into account breaks down this theory

as the biomass cancentration for the 12 hour retention time run is at the lower end,

very similar to the 5 hour run, but the degradation is the highest overall. No

conclusion can be drawn as to the effect that biomass concentrations have on the

degradation process.

5.3.2.3 Other Effects on Degradation in the FBR

- As with the 4 hour retention time run on the CSTR, the 5 hour retention time run

shows signs of increased degradation activity but the overall trend is decressing as

time passes. Again this could be indicating that the organisms' environment is at a

constantly high level of cyanide, in fact it is increasing as degradation is decreasing,
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These high levels of cyanide in the effuent stream are too high to adequately allow the
given amount of biomass to effectively remove cyanide. |

To what extent do dead organisms in the form of activated carbon, influence the
biodegradation process or s it purely an activated carbbn process taking place? The
effect of activated carbon on the degradation of cyanides in waste water treatment will

be considered at a later stage in this dissertation,
5.3.2.6 Biomass Su.pport Particles

One experiment was briefly carried out with support particles that were larger (10 mm
cubes as compared to 5 mm cubes) and had & more open structure, through which one
could easily see,

1t was found that hardly any biomass was retaing in the particles, resulting in a
negligiﬁle amount of cyanide removed. These results . re displayed in table 5.3.

Table 5.3 - Results with larger Support Particles

Bicwass Feed CN° | Effluent CN- | cwN
. : Removed
Smmcubes | 293mg/t | 305mgl | 9.0mg/l 70.5% _
10mmcubes | 15wng/l | 28.5 mgl 26,2 mJg_II 8.1%

As can be seen from the above values that the 10 mm cubes hold very much less
biomass and therefore the cyanide removed by degradation would also be lower as
indicated.
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Comparing the efficiencies of cyanide removal between the CSTR and the FER, the
runs with the most cyanide degraded for the two reactors were compared. When
tooking at the various cyanide degradations percentages, the different reactors
performed differently depending on which degradation product is being analysed.
Therefore the total eyanide is the most impostant degradation product to use as an
overall efficiency criteria, as this takes into account both cyanide and thiocyanate and
the fact that the legal limit is defined as total cyanide.

The individual cyanide degradation percentages and the overal} efficiency of cyanide
removed is displayed in table 5.4.

Tahje 5.4 - Comparison between the CSTR and the FBR.
Reactor Type CSTR FBR
Retention Time 10 hrs 10 hrs 12hrs
Avg, % CN- Degraded _ 993 93.4 90.5
Avg, % SCN- Degraded 88.6 65.9 66.7
Avg. % total CN” Degraded 92.8 76.0 78.1
CN- levels in effluent 5.6 mg/t 32 mgft 15.1 mgft |
Biomass Conc, 550 mgh 536 mgft 208 mp/t

In table 5.4 there are 2 runs depicted for the FBR, the 10 and 12 hour retention time
runs, Comparing the individual cyanide percentages degraded, on cyanide the 10 hour
run performs better than the 12 hov, but on thiocyanate the 12 hour run performs
marginally better than the 10 hour run. Consequently, no significant conclusion can
be drawn on the FBR. 'This is despite the difference in the biomass concentrations for
the two runs,

The fact that the biomass concentrations are different and the fevels of removal are
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being achieved could possibly suggest that absorption and/or reactions with cyanides

could be important removal mechanisms which would be an unexpected result to this

investigation.

Repctar Type CSTR FBR.

Retention Time 10 hrs 10 hrs _ 12 hrg
CN- levels in feed 77.5 mg/t 133.6 mg/t | 69.1 mg/l |
CN-levels in effluent 5.6 mgfl 32 mght 15.1 mg/t |
CN" Removed 92.8 % 76 % 78.1 %a
BRiomass Cone. - 550 mght 536 mgﬂ 208 mg/l

From table 5.5 the first and most noticeable observation that can be made is that the
CSTR was more successfill in removing the cyanides as compared to the FBR, (Note
that the toxic effect of cyanide was not considered ) This is evident from two different
parameters; Firstly, the most important parameter is the concentration of cyanide
remaining in the effluent stream after treatment, This is required by (aw to be less than
0.5 mg/t. Therefore neither of the reactors has performed satisfactorily to remove the
required amount of cyanide from the effiuent stream under the experimental conditions
used here, However the CSTR did the best job under the circumstances to remove all
but 5.6 mg/l of the cyanide present. Comparatively the FBR did not perform well at
all and left as much as 32 mg/t of cyanides in the effluent stream,

Secondly, the percentage of the total cyanide removed for a given retention fime
shows that the CSTR depraded 92.8% of the feed compared to only 76% in the FBR
with similar biomass concentrations.

From the table above one notices that the efflunt cyaﬁide concentratiot would appear
to be dependant on the feed concentration, disregarding the biomass concentration in

the reactor.
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One wonld have expected that the efffuent concentration would be lower with the
Bigher biomass concentration but this is not the case. This would tend fo suggest that
there maybe another form of cyanide removal taking place which may dependant on
biomass conceniration as the proportion of cyanide removed is the same is either case
( ?6% and 78% removal respectively). However this was not verified by any

independent experimentation ¢ this observation was only made afterwards.

To conclude tien, the CSTR out performed the FBR in all aspects considered but by
no means performed to meet effluent regulations. From the results obtained it is clear
that more 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
standards of removal, thus making the FBR a feasible alternative worth consideting,
The aspect of cyanide absorption by organisms would require some further

investigative work beyond this dissertation.

Cowparing the retention times required to achieve the maximum allowable level of
cyanide in the effluent stream, table 5.6 compares the CSTR and the FBR retention
times required, These values were calculated by linear extrapolation te 100% removal,

Retention Time Requived
CSTR ca. 12 hrs !
_ FBR ca. 15 hrs*
* For maxinmm limit = 0.5 mg/l, measured as tota cyanide.

These times were calculated based on the average trend of dilution rate against
effluent cyanide concentcation. It should be noted that these values are only an
estimate as to the expected retention time required to achisve the required maximum
fimit.
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These values however do show that the CSTR requires a shorter time than the FBR

to achieve the same degree of cyanide degradation.
53.4 A Kinetic Model for the CSTR and the FBR,

Taking the comparison between the CSTR and the FBR a step further, would be to
use a simple kinetic model to describe the petformance of the CSTR and the FBR,
Bailey and Ollis (1986) show in their discussions on waste water treatment, that the

simple Monod expression can be used to model activated sludge processes.

A CSTR has been described by various authors using the Monod model. One needs
to include a term to define the death rate and endogenous metabolism of the
organisms, hence equation (3.1) is used. The substrate terms are used as measured

values of total cyanide and not as BOD values of substrate.

To solve the Monad équation parameters, one needs to solve th. mass balance
equation [equation (3.4)], which contains the Monod expression [equation (3.1)]. In
order to solve for the 3 parameters, the Simplex routine was utilised as the solving
algorithm. First the 2 parameters were solved to facilitate an initial estimate of the
parameter values, Finally the 3 parameters were solved and are recorded in table 5.7.
Caleulations may be found in appendix A.

Table 5.7 - CSTR Kinetic Parameters
~ 2 Parameter Monod 3 Parameter Monod
| Wodel _ Madel Variation
- 3.9266 /e 3.926456 /ir
K, _0.006106 mg/t - 0.006048 mpit
k, - -0.000052 /hr
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From these results the following can be concluded : _

B} A negative parameter for endogenous metabolism and death rate, would not
be possible wifh a system containing live and active organisms;

ii) The negative parameter indicates that substrate (cyanide) is not used for
metabolic growth and maintenance and organisms are dying off. In fact it
could indicate that cyanide is.being produced, which is highly unlikely;

iliy  The simitarity of the first two parameters in the two models supports the result
that k, - 0, which we know can not be the case as cyanide is the only substrate
present in the feed. The organiéms would require some substrate to maintain

their existence,
8.34.1 The CSTR and the Monod Kinetic Model

As can be seen from the various cyanide degradation figures for the CS1.R and the
FBR, the results are not fitted to & model, but are joined by points indicating which
retention fime gave the bust depradation of cyanides. Tables 5.8 show the levels of

total cyanides removed for each of the various retent un time runs for the CSTR.
The average kinetic removal efficiencies that the Monod model predicts should be

achievable with the parameters from table 5.7 for the investipated retention times, are
" compared against the actual average remnval efficiency achieved in tabie 5.9,
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Table 5.8 - Acual Cyenide Removal Data for the CSTR
Retention Times [brs]

10 75 7 6 5 4
844% | 45.7% | 67.0% | 69.1% | 77.5% | 68.0%
03.6% | 668% | 68.4% | 7L1% | 74.1% | 63.6%
03.6% | 80.0% | T32% | 67.0% | 773% | 60.7%
03.7% | 533% | 769% | 69.7% | 71.5% | 63.7%
' R02% | 684% | 78.5% | 59.2%
93.0% | 819% | 79.1% | 64.5% | 77.1% | 56.4%

782% | 627% | 715.9% | 57.7%
| 60.1% | 75.5% | 42.8%

| 9%

% Total Cyanide Degraded
b
<
o
&
Tl
X

Avg ! 92.3% | 68.4% | 74.7% I 66.6% | 76.6% I 59.0% |

Table 5.9 - Actual vs Kinetic Degradation Removal for the CSTR
‘Retention Times
0 | 75 7 | 6 5 4

Actual 92.3% 68.4% 74.7% 66.6% 76.6% 59.0%
Kinetic { 100,00% | 100.00% | 100.00% { 100.00% | 100.00% | 100.00%

According to the Moned kinetic model 100% of all cyanide should be removed in the
CSTR under the retention times employed in this investigation. The actual values
presented in table 5.8 indicate otherwise. This clearly shows that the Monod kinetic
wnedel does not aderuately describe the cyanide removal process in the CSTR.
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As the kinetic model for the CSTR failed, no further atterapt was made to use it to

describe the FBR as no suitable comparison would then exist.
53.42 Why Would the Monod Kinetic Model Fait ?

If'the organisms were killed off with the introduction of cyanide into the gystem, the
Monod model without the combined death rate and endogenous metabolism term
could easily be solved and values for the substrate or final reactant concentration and

system parameters would yield similar resulis.

Therefore from the table and comments above of kinetic parameter valies, the process
' cyanide removal being & non-biologicel mechanizm is strongly supported. Again the
vossibility of cyanide absorption by dead organisms could he very likely,

Based on the results of the CSTR it was decided not to kinetically model the FBR as
a comparison on that basis would be meaningless.

Therefore to conclude: _
{)  Usingakinetic model like Monod's is not possible as it would appear
that the system is not entirely, if'at all, hiodegrading cyanic. - , and
i) that another form of cyanide removal could possibly be taking place
preferentially.
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rption . 10 0orgini

Tn the light of afl the results presented up till now, there wou i} appear to be another
form of cyanide removal taking place instead of those originally thought, ie .
biodegradation of cyanides. _

At the end of experim#ntation a brief test was carried out to determine the extent of
absorption, usiﬁg the organisms that were heated to 140°C to ensure that all the
organisms were dead, This was a convenient time ag the organisms (should there be
any alive), could be killed off as they were no longer required.

The question however still remains as to the exact reason for the possible dying off
of the organisms. There could be two passible reasons
* The first and most abvious one is the fact that cyanide is highly toxic to most
' living organisms. The toxic effect would have the result of killing off those
microorganisms which do not have a resistance to cyanide. Hardly any
literature that was surveyed made mention of the toxic effect;
. The second reason for dead microarganisms is the natural cycle the bacteria

go through. They become old and are unable to sustain an active metabolism.

The resulting dead organisms are essentially composed of carbon and hence show very
similar characteristics to that of activated carban. Cyantde has been found to be
readily absarbed by zativated carbon {Adams (1950)}. Hence the suggestion that dead
microorganisms exhibit similar characteristics as activated carbon to cyanide
absorption. Raef et al (1977) mentions that treating the waste with anzerobic process
solids first, aflowed the acrobic process to treat the shudge further without being
affected by cyanide toxins. They indicated that absorption by digester solids may be
a possibic mechanism of cyanide removal.

73



3 Resulis

5.4.1 Cvanide losses in 8 Dead Microorganism System

Table 5.10 shows how the dead microorganising appear to have absorbed and oxidised
most of the cyanide in the feed. This experiment was done by taking a known volume
of activated studge and heating it to render all the microorganisms dead. All the dead
microorganism were then assumed to behave similar to activated carbon. These dead
drganisms were then used as the “activated sludge” in the CSTR system for a run

under the same conditions as the other C8TR runs,

Table 5.10 - Cyanide Levels in a CSTR containing Dead Microorganisms
Feed Effluent Absorber Absorbed /
Evolved /
Oxidised

Average | 55,1 mg/t 0.4mg/it | 1.36maAt 54.Tmgft |
Total 199.9 mE . 1.54 mg 0.22 mg 198,14 g 1

Total CN" removed = | 198.14 mg |
= 99,1%

From table 5,10, it is clear that the ¢yanide in the CSTR was absorbed and oxidised
by the dead organisms and that virtually no eyanide (0.22 mg) was released into the
air stream as indicated by the sir stripping test (section 5.2). The CSTR system was
operated es per normal experimental conditions.

Therefore it can be concluded that the 'activated carbon' effect is sigrificant in the
remaval 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 experimentation that Adams (1990} undertook. If we therefore take this into
account and propose that the cyanide is oxidised to form cyanates in the presence of
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a carbon catalyst, then the extent of the eyanide removed from the system will fall in
line with Adams conclusions.

The agitation of the activated carbon mass results in the suspension of the dead
microorganisms, which increases the surface area available for oxidation atd
ébsorption {Muir et al (1988)}.

Based on these results, the cyarﬁde present in the reactors system is unlikely to be
HCN as the oxidation effect of the dead microorganisms would oxidise most of the
oyertide to cyanates before the hydrolysis reaction of cyanide and wates can produce
HCN (a very slow reaction at ambient temperatures). Therefore the stasement made
earlier that the cyanide in the reactors is in the form of HCN is not correct when

propusing that cyanide removal is teking place by oxidar :ve reactions and absorption,

Henoee should a large prrtion of the microorganisms i the CSTR system be dead, a
large amount of cyanide will be oxidised by and absorbed onto the activated carbon
and the biodegradation results would appear better than they aciually are.

The determination of the proportion of dead microorganisms to live microorganisms
and the analysis of cyanates in the reactors, was not carried out as the possible
absorption aspect was an unexpected result and its possible role only proposed afier
fina! experimentation was complete.

The results for the dead microorpanisms tests may be found in appendix D.
5.4.2 Bat h Absorption Tests

Batch absorption test were catried out to determine how quickly the cyanide might
be absorbed onto the dead microorganisms, It was assumed that the absorption of
cyanide follows a first order process under any given set of conditions and is true for
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all cyanide loss reactians taking place {Adams (1990)} and therefore equation. (3.11)
was used, The operating conditions for these experiments were the same for all three
batch, Only the biomass concentrations and initial cyanide concentrations were
altered.

* Plotting the semi~logarithmic curve of the cyanide concentration with tinie, yields the
first order rate constant k, as the slope. The data and results may be found in appendix
D. Table 5.11 summaries the values for the three batch runs undertaken.

T 8311-H tan
Biomass {CNT, [CNY % CN- k;
[mg] [mgit} fmg/] Removal fiily;
264 90.51 1.54 98.3 % 0.09
672 100.66 1.39 98.6% 0,10
T 1504 119.13 1.39 98.8 % 0.22
Ave 813.33 103.43 1.44 0.14

From table 5.11, the higher biomass concentration yielded & higher rate constant, as
wou "3 be expected. The absorption constant incregses with the Increase in biomass
level. Flowever as the results for cyanide removal show very little variation, no
significant conclusion can be drawn as to the effect of biomass concentration on the

absorption of cyanide by dead microorganisms.

Plotting the curves of the cyanide concentrations changes with time for each of the
batch tests, al! on one graph, results in figure 5.7:
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The most striking aspeet of the above figure (5.7) is the behaviour of each of the
curves levelling out to approximately the seme final cyanide concentration level. This
indicates that the cyanide concentration achieves an equilibrium concentration at
around the 1.44 mg/t level, regardless of the initial cyanide or biomass concentrations.
Most of the cyanide is absorbed very rapidly at the beginning, as indicated by the steep
glope of the initial part of the curve.

Increasing the biomass concentration to excess levels might well result in a higher
equilibrium concentration of cyanide,
Actual results mey he found in appendix D,

Using the results obtained for the CSTR under the "biodegradation" experiments, the

tesults were analysed using the approach that biodepradation was not occutring but

absorption and oxidation was.
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Solving for the first order rate constant for absorption in the CSTR system using the
Simplex routine again, the following value is obtained :

First Qrder Rate Constant 0.37 r

Changing the dilution rate or retention time of the CSTR system, changes the rate at
which cyanides are removed from the system. Therefore the rate constant gives an
indication of the expected cyanide removal as a function of time. This may be
represenied by the following graph :
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As can be seen from the curve, the longer the retention time (lower dilution rate) the
more cyanidy: can be removed from the system, This follows the line that the more
~ time available for absorptionfoxidation, the more will be removed via these
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mechanisms. To attain the minimum required by faw (0.5 mg/), the dilution rate
required is 0.0024/br , which equates to a tetention time of 423 hrs, a rather long

retention time,

5.44 FBR Absorpsion Resits

Solving for the first order rate constant for absorption in the FBR using the Simplex
routine again, the following value is obtained :

First Order Rate Constant 0.23 /hr

A similar result for the FBR is presented, though a lower rate of absorption than that
of the CSTR. The graph on the following depicts the nature of the curve which has

a very similar chacacteristic as the curve for the CSTR.
Aguin the longer the retention time (lower dilution rate) the greater the cyanide

removal, To meet the povernment specifications, a dilution rate of 0.001 /r is
required, which equates to a retention time of approximately 780 hrs.
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Comparing the rate constant for absorption for the two resctors, the CSTR still out
performs the FBR and taking into account the retention times required for the
required cyanide removai from the waste water stream, which are very long indeed
and not really practical.

Looking at the two reactors from a macroscop.c point of view, the biomass in the
CS8TR isin a mixed fiee suspensiori, which will increase the available surface area for
reaction/absorption significantly more, as compared to the FBR's support particles.
The support particles in the FBR are.possibly restricting the available surface area for
reaction/gbsorption by restricting the flow of cyanide into the particle sufficiently to
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enable the removal reactions to take place.

535 Comgarison _ bepyesn Cyanide Absorption _and

Bi radakioy

Comparing the effect of biodegradation and absorption/oxidation as cyanide removal
mechanisms, the factor that can be used is the retention times required to achieve the
maximum lezal limit for cyanides in any effluent stream. As no other parameters were

measured this is the only feasible parameter to look into.

It is not 100 percent cledr yet as to which process is the most likely to have taken
place as certain measurements were not carried out at the time of experimentation as
it was not anticipated that absorption/oxidation would be the possible removal process
to biodegradation. The fact that the reactors were not fed anything else other than
cyanides, ie. no additional nutrients or trece elements, might lead one to say that
bicdegradation was unlikely to occur and microorganisms could not survive in an
enviconment without these elements. Alsa the toxic effect of cyanides on living

organisms can be detrimental to a number of activated sludge microorganisms,

Table 5.12 gives a summary of the two alternative processes and the retention times

required.
Table 5,12 -
t imes i
Absorption/Oxidation Biogegradation
CSTR 423 brs ca. 12 hrg
FBR 780 hrs ca. 15 hrs
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How believable the absorptionoxidation retention times are is questionable. The
method used to determine the required retention times differ here. The absorption
times are based on the first order rate constant for absorption/oxidation as defined by
Adams (1990) and the biodegradation values are calculated by plotting a second order
polynomial through the points of the dilution tates against the effluent cyanide

concentrations.

Using the same technique for the absorption/oxidation retention times the following

retention times result

Table 5,13 -

Absorption/QOxidation Biodegradation
CSTR 22 hrs ' 11 hrs
FBR  SBhrs 15 hrs

These values ave more realistic for absorptionfoxidation than the values in table 5.12.
These values show that the biodegradation is the more efficlent process in terms of the
time reguired to achieve the same goal in both cases {absorption versus
biodegradation) the CSTR would fare better than the FBR, noticeably so in th»
absorption/oxidstion case, The difference in times for the biodegradation is not as

marked.

These results would indicate that the expression for the first order absorption rate
~ does not hald true at lower dilution rate (longer retenticn times). This could give rise
to the very long retention times required for removal, Therefore the above values weie
calculated from the fitting of & second order polynomial to the values calculated using
the rate constant over the retentinn times investigated.
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This ther also brings the cut off points for the first order rate constant inta question

as to where these lie,

The comparison of the two reactors was. carried out using & technique used by
Eckenfelder. The inverse of the sludge age and the effluent concentration of the
cyanides were plotted against the sludge loading rate for the two reactors. The

resultant graph is shown in figure 5.10:
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The graph shows a geacral tendency for the FBR to have steeper slapés than the
CSTR for the inverse sludge age and the efffuent concentration of cyanides as a
Fanation of the sludge loading rate.
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5.6.1 Sludpe Age Comparison

From the graph it can be seen that the sludge age in the CSTR is longer than that for
the FBR. This would allow the “biodegradation™ process to tend to greater
cumpletion of its task of removing cyanides present in the waste water.

It is aiso noted that ay the sludge loading rate increases, the sludge age becomes
shorter (the inverse of the studge age is increasing).

From the graph it can be clearly seen that the effluent concentration of cyanides
increases as the sludge loading ra - increases. This means that the cyanide removing
capabilities of the biomass decrease as the sludge loading rate increases. The CSTR
i5 able to remove more cyanides for given sludge loading rate than the FBR,

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

FBR CSTR
Slope | 27028 9374

This shows that the sfope of the FBR curve is 2,88 times greater as compared to the
CSTR curve. This would indicate that the FBR is a less efficient reactor for the
utilisation of incoming substrate or the biodegradation of cyanides present in waste
waters.
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The investigation into the biodegradation of cyanides in a CSTR and FBR yielded an
interesting result in that cyanides are not necessarily being removed by biclogical
degradation only but by an oxidative reaction in the presence of a catalyst and
absarbed onto a suitable substrate, namely activated carbon or dead microorganisms.
Though it can not be categorically proven that oxidation and absorption are taking
place and not biadegradation, or for that matter a combination of the all 3 processes,
the results would tend to indicate that the absorption/oxidation mechanisms are more

likely route for cyanides removal.

The results also show that there is a lot of potential for the FBR. Specifically for the
FBR using biomass support particles to contain the active agent for cyanide removal,
even though not much emphasis was placed on this aspect of the investigation,

From the biodegradation results the CSTR proved to be the better cyanide removing
reactor, requiring only an estimated 12 hours to remove cyanides to the legal limit of
0.5 mg/f?, as compared to the 15 hours for the FBR. Describing the CSTR using the
Monod kinetic model under these condition proved unsuccessfil with the determining
of a negative parameter for the combined death rate and endogenous metabolism of
microorganisms. As a result it was decided not to continue and try to desoribe the
FBR for comparative purposes using kinetics.

The results presented for the absorption/oxidation of eyanides in the CSTR and FBR
showed that although removal of cyanide initially is high, much higher than the
biodegradation, the decreage in this removal rate proved to be a problem when the
concentrations of cyanides became low, as a very lang retention time was then
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required to reduce the concentrations to the legal fimit, It was also shown that using
the rate constant to determine the retention time (or dilution rate required for the
remaval of the remaining cyanides), does not satisfactorily deseribe the removal
process, as a retention time of approximately 40 times the investigated times wou'd
be required. This becomes unrealistic when compared to the biodegradation reteation
times required. To determine the required retention times for the two removal
processes, a second order polynomial fit was used on the data to achieve an (2 hour
retention time for the bodegradation and 22 hours for the absorption/oxidation
processes in the CSTR.

In comparison the FBR requirea &4 58 hour retention time for absorption/oxidation as
compared to only 15 hours for biodegradation.

This highlighted another aspect of the first order rate constant for
absorption/oxidation as to the regime in which it appties, ie. what are the boundaries

in terms of retention times,

From the approach used by Eckenfelder to compare two reactors, the CSTR showed

" . tobe the beiter than the FBR, The CSTR aperated under lower sludge loading rates

as compared to the FBR, thereby making it less susceptible to variations in the feed
concentration of cyanides,

Therefors, despite not knowing exactly which process is taking place in the CSTR and
the FBR. the CSTR still proved to be the better cyanides remowvu. However the FBR
should not be discarded as an unsuitable reactor as it is felt that more investigative
work is required to prove the final effectiveness of the reactor.
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Based on the interesting results discovered in this investigation about the possibie

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

investigations, There are many aspects that could be looked into, specifically in the

biodegradation and absorption/oxidation fields of cyanide removal, with possible

implications for the treatment of waste waters in general,

)

i)

i)

Probably the most obvious area for immediate investigation is the
extent to which the biodegradation and absorption/oxidative processes
are taking place simultancously in both a CSTR and FBR (with
support particles). Are sufficient microorganisms able to survive in the
cyanide environmen to be able 1o actively degrade cyanide and those
microorganisms which do not survive and hence form the activated
carbon porsdon of the particles in the system? To what extent do these
dead microorganisms absorb cyanide and catalyse oxidative reactions,
thereby contributing to the oversll cyanide removal process?

"The FBR should by nio means be discarded as an unsuitable reactor for
waste water treatment. The physical parameters and operating
conditions for the optimal runnir x ot the FBR for cyanide removal
should be investigated more closely, specifically the number and size
of support particles. Improvements in the design of the reactor should
not be ignored.

The size of the particles should not be very much larger than the ones
used in this investigation, viz. 5 mm cubes. The larger the particle, the
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7 Recommendatians for Further Investigutions

more difficult the containment of the microorganisms,

What structure will increase the available surface area for reaction and
therefore the flow of solution through the particle to feed the
microorganisms or activated carbon particles? A structure that is too
open will cavse the microorganisms to be washed out as the flow of
cyanide solution through the particle will be very much more
turbuleat. Hence the shear rates on the microorganisms is higher and

~ they ate unabie to remain attached to the particle surfaces.

The use of other aitemative for the suspensivn and containment of the
biomass on particles within a reactor. A Norwegian company
‘Kaldnes’ has developed a reactor system for the treatment of waste
waters using a support particle consisting of small cross sectioned
extruded plastic piping. This efiminated foss of biomass film due to
friction in the turbulent environment of the FBR and glso provided
enough surface area for the biomass to grow and receive the tequired
nutrients and substrates. Therefore the use of the & similar type of
support particles could improve the performance of the FBR {Kaldnes
(1996)}.

The applicable regime where the first order rate constant for
absorption and oxidation mechanisms for cyanide removal in a CSTR
and FBR should be invertigated.
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CSTR Analysis Calcufation Tables
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Appendix C

Air stripping of Cyanide in the CSTR ~

C1



Air Stripping of Cyanide in the CSTR

Run #1
© Average pH = g
Time Feed Lffjuent  Absocber
[mg/1] mg/l] tm
15:30 0 §6.63 1048 0.06
16:00 0.5 85,85 1138 L.31
1
17:00 L3 86,37 14.24 L57
17:30 2 89.43 15,11 1.62
Average —87.01  12.03 T2
Run #2
"~ Average pH= 7
Time Feed Effluent  Absorber
(mg/l] mgy] m]
11:30 0 70.13 12.05 0.00
12:00 0.5 71.13 9.69 4.72
13:00 1.5 71.67 12.14 16.5%
13:36 2 72.88 11,00 2594
Averape 7145 11.22 1181
Run #3
AveragepH= 9
Time Feed Efflusnt _ Absorber
{mg/t] [mgf] [mgf]}
8.00 [ 30.57 6.36 0,00
8:30 0.5 50,74 7.86 1.43
2:00. 1 49,43 17 2,53
9:30 L5 50.13 891 2,10
AVernge 5022 785 i35

MSCDATA1.wb3 - "AirSiripping"
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Appendix C

Run #4
Average pH = 8
Time Feed _ Effigent  Absorber
Tmgll  Imgll [med]
10:30 ] 43,32 8,12 0,00
11:00 0.5 42.23 11.96 332
11:30 1 4306 7% 630
12:00 1.5 43.36 8.82 8.82
Average 12.99 9.19 359
Run #5
Average pH = 8.5 :
Time Feed Effluent _ Absocber
' frag/l] fmg/l] }
13:00 0 34,15 10,04 0.00
13:30 0.5 33.80 .78 4,45
14:00 1 33.39 9.61 5.24
14:30 1.5 34.45 10.2s 6.38
Average 34,07 991 4.02
Caleulation
Feed Effluent  Absmeber % loss
Run #1 8.07 12,93 1.62 021 %
Run #2 71.45 11,22 25,94 4,10 %
Run #3 50.22 7.85% a1 047 %
Run#4 42,99 9.19 3.82 232 %
Run #5 4.07 9.91 632 211 %
o avg 184 %
Vol C3TR = 141 :
Vol Absarber = 0.158 1

MSCDATA1.wWh3 « "AlrStripping”



Appendix D

Cyanide Absorption Run #1
Cyanide Absorption Run #2
Cyanide Absorption Run #3
Absarption by Dead Microorganisms



Bisrasa Quuniy =
Equibthurn [GHE] =
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Cvamde Iosscs in a Dcad Mlcroorgamsms Svsi‘em

Sample Tlme Time . CN-m Cum CN-. N-in Cum. CN- Absorber CN- Cmﬁ. CN-
. . Past  'Feed inFeed Efﬂuent in Efftuent Removed Removed

- (sl maft . Tmgl [m 1 : L
“T=830 D000 6557 .. 2164 %ﬂ msg g % Mm.ﬁ‘_ :

} to:00 . o500 s050 - 3503 onu D81 _ . 4058 3452
1 10:30 100 B245 5664 Q0 | 051 . 6245 - 5513
{ 1100 150 49.96 7243 9. sl 4996 - 7181

41:30 - 200 5308 - 80.64. = ). 081 ) 53.08 8943
1230 - 300 4884 10510 0% . 081 4684 104.50
| 4330 400 5820 - 12385 . 000 051 . 5820 12343

2230 1300 €245 14428 0.00 051 . 6245 | 143.74
| 800 2350 5308 . 16077 - 0.00 . O&1.. .. 5508 161.26

L i0:0D 2450 5033 . 18135 - 156 105 57.17 180.32

1300 2550 56.20  198.80 _  1.56 1.54 0.22 5464 19835

+d
wel AL R T TN R U

Averag | o 5507 - o4 o 5484 . mol
© Toal | 255 . 19880 154 022 . 19835 mg.

Flowmtes 033 v . {Summary of Absorp tion test

Absorber Veiifme 0143 [ © - _ _ : _
: B - Total CN- Removed = 19813 -mg .
- ; : 99192 %

| MSCDATA1wha - “DeadBugs” -

a xpusddy - '
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