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ABSTRACT

The goal of this work is separation and recovery of catalyst residue in
wastewater and byproducts of PTA (poly terephetalic acid) unit. Catalyst
recovery consists of separation the maximum amount of catalyst and chang-
ing the same into valuable compounds. The PTA unit uses mangenese- &
cobalt catalyst for oxidation reactions. The byproducts, which contain
catalyst, were burned. In the case of metal oxide recovery in the ashes of
waste material's, we could solve the problem of the Petrochamical Company.
This new method may help usto recover catalyst from wastewater in PTA
unit, after which small amounts of ions may be absorbed in a column filled
with special absorbent, in a way that the wastewater outgoing the column
has no heavy metal ions. This method is both economical and may solve
the environmental problems. In this method and under special pH condi-
tionsandtime, it ispossible to convert mangenese- & cobalt ionsto metal-
hydroxide precipitation, after which the same may be changed into
mangenese- & cobalt-acetate. We may use it again as out going catalysts.
As an important result of such work, is finding the exact conditions for
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recovery of thismetal ion from wastewater.
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INTRODUCTION

Some compounds such as mangenese- & cobalt-
acetate areused ascatalyst in order to synthesis of or-
ganic substances (asoxidizing agents). Such compounds
aregeneraly vauableand shall not beentered into the
environment. The expertssuggest different methods
regarding separation and recovery from waste water,
however prior to enter into theenvironment. Oneof the
most important and proper separation methodsis at
the agueous phase. In thismethod, they areobtainedin
salt form, in away that subsequently their density in
wastewater would below. Such methodsare practical

dueto economical reasons™3. Pureterephetdicacidis
used asaraw materid for theproduction of polyesters.
Terephetaic acidisalso used asafavorableraw mate-
rial for producing terephetal at resin. Thelatter isused
for production of different packing materials, such as
PET bottleg*".

After production and at the next phase, recovery
and separation of the catalyst shall be performed. The
obtained suspensionisdirected into the columnsfor
duerecovery, inaway that by increasing the heat and
separating the solvent, adoubl e-phased suspensionis
obtained. Thesameisthen directed into acentrifuge
(which makesthe solid phase) for due separation. Now,
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theagueousphase containsva uablecatdystsintheform
of precipitations, which shal be separated compl etely.
Thebig problem of TA industry ispreventing the cata-
lyst waste. In order to do so an economical method
whichisasoecologicd, usngwhichthemangenese- &
cobalt catalyst isfully separated and recovered. Inthis
method the heavy metdsionsarenot inserted into the
environment. Hence, one of the biggest problems of
the petrochemical industry may be solved, i.e. full
prevention the heavy metals from entering into the
environment.

EXPERIMENTAL

Equipment

1- AtomicAbsorption Instrument, AA 220-Varian.
2- pH meter, ZPH 76 ATC.
3- Electerica furnance, Thermoaline.

Chemicals

1- Cobalt (I1) acetate, Co(Ac),.4H,0 from FlukaCo.
(proanaysis) Art #60760.

2- Cobat metallic powder from Merck Co. (pro
analysis) Art #12930.

3- Manganese (II) acetate, Mn(Ac),.4H,0 from
Merck Co. (pro analysis) Art # 60760.

4- Acetic acid 97% from Merck Co. (pro analysis)
Art #62.

5- Hydrochloric acid 37%, from Merck Co. (pro
analysis) Art # 3172500.

6- Hydrazin hydroxide 24%, from Merck Co. (pro
analysis) Art # 854298.

7- Buffer solutions4, 7 & 9fromMerck Co.

8- Resin: Dowex 50W from Fluka Co. Art # 44463.
(strong acid cation exchanger Sulfonic acid-
matrix:gel-syrene DVB).

9- Twicedistillated water.

I nvestigating theimportant factorsregardingthe

amount of separ ated mangenese & cobalt
Thegod of thisinvestigationisfinding thebest con-

ditions(pH, T & t) inorder to separate mangenese- &

cobationsfromwastewater.

pH effect

Astheveryfirst step, thetemperature(T) and mix-
ingtime(t ) havebeen kept as constant, whilethe pH
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values have been variable asfollowed: approx. 0.5g
cobalt acetate and 1 g manganese acetate were solved
in50ml of double-ditilled water. The concentration of
CoandMnwas2.370gl"*and 4.490 gl %, thenaNaOH
(0.1 M) solutionisadded toit, and hencethe pH rises
accordingly. Thepoint of equivdent isshowninFgure
1. Theequivalent point showspH=10.5 asthefavor-
ablevauefor separation of cobat and manganese. The
aforementioned resultsweretested for due checking,
after which theprecipitation waswashed and driedin 3
hoursand at 80°C. In Figure 2 and 3 the optimal pH
attitudeisshown, i.e., 10.5for of cobalt and manga-
nese. After filtering, the obtained solution containsvery
smal quantitiesof cobat in ppmrange. Thiswasdeter-
mined exactly by atomic absorption. Theseresultsare
represented in TABLE 1 and 2. The above-mentioned
experiment wasrepeated with asampleof wastewater,
from the Petrochemicd Company, and thegavethesimi-
lar results.
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Figurel: Titration curveof 0.040M cobalt acetateand 0.082
M mangeneseacetatesolution with 0.1 M NaOH.
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Figure?2: Influenceof pH on amount of Coinonsremained in
wastewater after separation of precipitate (cobalt- & manga-
nesehydroxide)
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Figure3: Influenceof pH onamount of Mninonsremained in
wastewater after separation of precipitate (cobalt- & manga-

nesehydroxide)

1.5 12.0

TABLE 1: Influenceof pH on amount of Coionsremainedin
wastewater after separation of precipitate (cobalt- & manga-
nesehydroxide)

Experiment Experiment Experiment Average qf C(.J
. . . concentration in
Seriel Serie2 Serie3 .

Solution [ppm]
9.5 2.00 2.70 297 2.55
10.0 1.08 1.40 171 1.33
10.5 0.12 0.17 0.18 0.16
11.0 0.01 0.15 0.12 0.09
115 0.00 0.00 0.00 0.00

TABLE 2: Influenceof pH onamount of Mnionsremainedin
wastewater after separation of precipitate (cobalt- & manga-
nesehydroxide)

Averageof Mn

Experiment Experiment Experiment L
concentration in

pH

Seriel Serie2 Serie3 Solution [ppm]
95 5220 61.40 37.40 50.66
100  11.20 9.40 8.50 9.70
105 140 1.40 0.50 1.10
110 0.0 0.80 0.14 0.38
115  0.00 0.03 0.00 0.01
Temper atureeffect

Inthispart aseriesof experimentswereaccomplished,
inwhich pH and mixing timewerekept constant. How-
ever, the temperature of the reactionswere varied. As
above, 0.5 gof cobdt acetateand 1 g manganese acetate
weresolvedin 50 ml of double-distilled weter, towhich
has been added 0.1 M of NaOH solution, and the metal
hydroxideresulted. Thetemperaturerangewas0-60°C.
a eachtemperauretheexperiment wasaccomplishedand
pertinent preci pitationwasfiltered off, dried and weighed
withduecare(Figure4 & 5).

—= Full Paper
Effect of mixingtime(t, )

The above-mentioned experiment was repeated
again, however themixing timeof solutionto complete
theformation of metal hydroxide havebeen variable.
Therange of timewas chosen as 1to 60 minutes, after
which the solution wasfiltered. The precipitation was
washed and dried and duly weighed. Theresultsof such
experimentsareshowninFigure6 & 7.

Using the atomi c absorption, the concentration of
remained metal ionsin the solution, after filtration of
meta hydroxide precipitation wasdetermine. Theav-
erageva ueof several respective attemptswas calcu-
lated aspresentedinTABLE 1 & 2.

Incaseif such vauesare compared withtheinitia
concentration of meta ions, wemay seethat theentire
amount of metal ions has been separated asmeta hy-
droxide However, suchsmall amountsof metd ionsare
il harmful for theenvironment (TABLE 1& 2). There
were madeacompleteseriesof investigations. Findly,
the product of Dowex50w was sel ected as the absor-
bance. Thenthelast solution, which till contained about
one ppm meta ions, wasflowered through acolumn
(filled with Dowex50w). The column was 30cm long
and 3cmwide. Theflowered had then no metal ions,
I.e. zero ppm. The concentration of metal ionsin the
last solution was measured using the atomic Absorp-
tion method. The measurements showed no meta ion
inthefind solution. Thisshowsthehigh absorption ca
pacity of the Dowex50w regarding Mnand Coions.

Recovery of Cobalt

In this part of thework, the separated cobalt hy-
droxide precipitate was converted into cobalt acetate
solution. Thismay be used again asacatayst at the
beginning of the process. In order to determinethe
solubility thefollowing were made: 0.59 of dried co-
balt precipitatewasfully solvedin 50ml HCI at 60°C.
it was a clear pinkish solution. Then the same was
repeated with acetic acid at reflax temperature and
the sameresults obtained. Using the same method, a
cobalt acetate solution was obtai ned which may be
used in PTA process.

Extraction of cobalt from wasteash

In some petrochemica companiesthewastemate-
rialsare sent to be burned and converted into ash. We
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have used such ash and solved the samein HCl at a
temperature of 60°C. After that the solution was fil-
tered and, like above, was added to NaOH and con-
vertedinto cobat hydroxide.

Prepar ation of manganeseand cobalt bearing ash

Some 10 g of manganese acetate and 3.5 g of co-
balt acetatewerewe ghted into aporcelain crucibleand
the same was placed inside a 900°C furnace for an
hour and under normal temperature thereafter. After
cooling down, theremaining asheswerewe ghted, which
indi cated thereduction of thewe ght thereof toanamount
of 4.16 g. Theaforementioned resulted ash wasablack-
reddish powder. The solubility of theashwasinvesti-
gated in HCI, asthe samefor the previous part.

0.5 g of theaforementioned ashwasweighted into
100 ml of 2 M HCI, and the mixturewasstirred for an
hour using amagnetic sirrer. Then thesolution wasfil-
tered, after whichthewe ght of the precipitationremained
onthefilter wasdetermined as0.3g. Inthenext heating
experiment for completion of thesolubility of theprecipi-
tation were used an reducing agent. In the aforemen-
tioned experiment some 0.5 g of ash wassolved in 100
ml of 2M HCI. Thenthetemperaturewasfixedon 70°C,
and some0.2ml of 4 molar hydrazine hydroxidewas
added thereto. The preci pitation was compl etely solved
and atrangparent pinkish solution wasresulted.

RESULTS& DISCUSSION

InFigures1and 2theoptima pH attitude hasbeen
shown, whichis10.5for separation of metal ions. After
filtering, theobtained sol ution containsvery smal quanti-
tiesof metd ionsinppmrange. Thiswasdetermined ex-
actly by aomicabsorption method. Suchresultshavebeen
representedinTABLE 1 & 2. Thisisof great importance,
asudng thismethod the concentration of metd inwaste-
water becomesquitesmdl. Asit may beeseen, thelarger
thepH vaue, the smaller becomesthe concentration of
metd ionsintherespectivesolution. However, dueto eco-
nomica aswell astechnica reasons, apH=10.5wasse-
lected asoptimd value Aswemay sseinTABLE 1and 2
at therespectivelast column, thedifference betweenthe
averagesof remained manganeseand cobat concentra
tioninpH=10.5and 11.5issmall. However, for thein-
dudtry itisimportant thet theminima amount of chemicals
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isimplemented for any process. Theindustry saveslarge
quantitiesof chemicas It hdl beensuredthat largeamounts
of NaOH are required to change the pH from 10.5to
11.5. It isbetter to gpply the separation of metd ionsin
two phases, rather than one. Inthefirgt phase, the precipi-
tation occurs, whilein the second the absorptionisthe
case. For thisreason, theideal pH=10.5waschosen. In
thesecond part of experiments, thetemperaturerangewas
chosen as0-60°C. At each temperature the experiment
wasaccomplished and the pertinent preci pitationwasfil-
tered. SuchresultsareshowninFgure4 & 5. Theresaults
show that theoptimal temperaturewas20°C.
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Figure4: Influence of temperatur e on amount of Coinons
remained in wastewater after separation of Co-hydroxide,
pH=105.
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Figure5: Influence of temper atureon amount of Mninons
remained in wastewater after separation of M n-hydroxide,
pH=10.5.
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Inthethird part of experiments, themixingtimehas
beeninvedtigated. Asit canbeseeninFigure6 & 7, the
optima mixingtimewill be30 minutes Threefactorswere
suited, namdy pH, temperatureand mixingtime, inorder
to determineoptimum conditions. According tothisstudy,
thepH vaueof 10.5isided for conversonof Mnand Co
ionsto metd hydroxide. Thisisdoneby adding NaOH
solution. Theinvestigationsd so showed that theoptimal
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temperature, which leadsto maximd precipitation form-
ing, isequd to 20°C. The next factor forming maximum
amount of metal hydroxidewasthemixingtime. From
TABLE1& 2and Figures6 & 7, itisevident that the
favorablemixingtimeis30 minutes Inorder tosummarize
theresults, assad before, theoptimum conditionsareas
pH=10.5, T=20°C, t =30minutes. Theprecipitatewas
filtered and theconcentration of meta ionsinthesolution
wasmeasured usingan atomicabsorptionequipment. The
method wasquitesuccesstul, and themeta concentration
inthesolution canbemadevery amdl. Also, itwasshown
that theresulting sol ution was passed through acolumn.
Thiscolumnwasfilled with Dowex50w, asabsorbance.
Thismadeit possbleto decreasetheamount of metd ions
inwastewater, inaway that it reacheszero. Theatomic
absorption method has confirmed the above-mentioned
results, whichisanimportant point tobeconsidered. The
carried out experimentsusngashesof wademateriasfrom
incinerator package showed that the sameresultshave
been obtained. Itisevident that, conversonMné& Coin

ashesof wastematerid stova uablemetd hydroxideand
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Figure 6: Influence of mixing time on amount of Coinons
remained in wastewater after separation of Co-hydroxide,
pH=10.5.
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Figure7: Influence of mixing timeon amount of Mninons
remained in wastewater after separation of M n-hydroxide,
pH=105.
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thenmetd acetateispossible, whichwemay usethesame
asinitid catdystsin PTA unit. It hasa so been shown that
asmplesolubility processcan convert meta hydroxide
intoametal acetatesolution. Thiscan bereturned to PTA
unit and used asacatdysts. Toincreasethesol ubility pro-
Cess, it ispossibleto add asmall amount of hydrazine
hydroxide (1-5% wt) and hesat the same asreflax tem-
perature. Thisleadstoaclear solution.

Asdescribed earlier, one of thebiggest problems
inthe petrochemical industry hasbeen solved inthis
work. With the proposed method alargeloss of cata-
lystsinthe PTA industry was prevented from occur-
ring. On the other hand, abig problem, namely envi-
ronmenta pollution by manganese and cobdt, wasalso
solved. Using thismethod leadstheMn & Co concen-
trationin wastewater to be duly disappeared. Thisall
resultsaresummarizedin Figure8.

HaCH » pH=103

MA(OH).,
CalOH)y

Mrr{'CHSCOCJ].?
ColCH,C00),,

=

N-Hy & CHCOOH

Figure8: Sumarizedillustration of methodsfor recovery of
manganese- and cobalt catalystsfrom PTA unit.
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