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Formaldehyde

In spite of it is a dangerous substance alreadynéef as carcinogenic, formaldehyde even
widely used in industry and in the academic envitent, in Brazil, it still does not present a
regulation that delimits what can be considere@feslisposal. Based on the literature, it was
defined that 1.61 mgiof formaldehyde represents a safe concentratidretiead to sewage.
The proposal of this study is to establish a cotepdeidation model of this residue, followed
by its simulation using different types of reaatwdels. The entire process was structured to
satisfy the demands from the human and animal amataboratories, both present at Federal
University of Jequitinhonha and Mucuri Valleystle city of Diamantina, MG. The corpses
and carcass washing process implanted providesefflaent which will be treated. The
reaction model has three stages, the first follaesm-order kinetics and the other two follow
a pseudo-first order kinetic, their specific reactirate were 0.0457 moltimirnt, 0.0702 min
Land 0.0144 mi, respectively. A 150 L BSTR presented satisfactpeyation, with a batch
time of 7 minutes to achieve a safe disposal. feurtbsts with the real effluent ought to be
implemented in order to compare with the resuttefithe synthetic effluent.

RESUMO

Apesar de ser uma substancia perigosa ja definishaaccarcinogénica, o formaldeido ainda
muito utilizado na industria e no meio académico,Brasil ainda ndo ha regulamentacao
gue delimite um descarte seguro. Baseado na litematdefiniu-se que 1,61 mg'Lde
formaldeido representa uma concentragdo segura paralespejada no esgoto. A proposta
deste estudo é estabelecer um modelo completoidizcdr deste residuo, seguido de sua
simulagéo utilizando diferentes tipos de modelosedéores. Todo o processo foi estruturado
para atender as demandas dos laboratdrios de anatbommana e animal, ambos presentes
na Universidade Federal dos Vales do Jequitinhoahducuri, na cidade de Diamantina,
MG. O processo de lavagem de cadaveres e carcagasce o efluente que sera tratado. O
modelo da reagdo possui trés estagios, o primaigusdo cinética de ordem zero e 0s outros
dois com cinética de pseudo-primeira ordem, suasdaespecificas de reacdo foram
0,0457 mol t* min, 0,0702 mirt e 0,0144 mid, respectivamente. Um BSTR de 150 L
apresentou operacédo satisfatdria, com tempo deld@ddede 7 minutos para alcancar um
descarte seguro. Testes adicionais com o eflueatedevem ser realizados para que sejam
comparados com os resultados do efluente sintético.
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NOMENCLATURE

BSTR - Batch Stirred Tank Reactor;

COD - Chemical Oxygen Demand [mgd]L
CSTR - Continuous Stirred Tank Reactor;
ETP - Effluent Treatment Plant;

PFR - Plug Flow Reactor;

UFVJM - Federal University of Jequitinhonha e Mucu

Valleys.
1. INTRODUCTION

The increase in global population promotes the most

diverse concerns. They can be related to productssarvices
consumption needed to supply basic necessitiescaptbvide
comfort, but it is also important when the issuedkted to
disposal or treatment of residues generated tondittde
demands.

The Federal University of Jequitinhonha and Mucu@enerally
Valleys (UFVJM), campus JK, located in the city Of;rmalin ’at 8-10%  (wiw).

Diamantina, Minas Gerais State, counts with an ugfit

1985; Tisler; Zagorc-Ka¥an, 1997). The danger involved in the
indiscriminate disposal of formaldehyde in the eowment
attracted the attention of researchers and, comesdgu
different methods of formaldehyde degradation héveen
proposed, namely: adsorption, photocatalysis anerntic
catalysis. Microorganisms can be used as catahgents and
even noble metals associated with some oxides (¥dral.,
2017; Oliveira; Zaiat, 2005).

Brazilian legislation does not present informatairout
allowed levels of formaldehyde in an effluent (COMA,

r2005). Hohreiter and Rigg (2001) in partnershighwlite United

States Environmental Protection Agency (USEPA'S)
established quality criteria to the aquatic lifedontact with
formaldehyde limited to 1.61 mgiin a chronic condition.

At UFVJIM there are two anatomy laboratories, one of
them belongs to the Basic Sciences and Healthy repat,
dealing with human anatomic pieces, whilst the othee
belongs to the Livestock Sciences Department teateldps
studies with animal anatomic pieces. Both of theiscatd
effluent containing formaldehyde. The methodologgd a
physical structure used in both cases are quiteilasim
the corpses or carcasses are kept ks tarith
Oliveira and Zaiat (2005)
characterized this solution responsible to presaromses.

Treatment Plant (ETP). Due to the fact that it iegearch pole 15pie 1 presents data from this analysis. Prewdoshe use of

that possesses a considerable number of laborgtarievill
naturally produce an effluent that presents irc@sposition a

the pieces, it is necessary to wash them, otheywisayone in
contact with them will be in considerable dangesithes of the

large number of chemical compounds such as organignieasant odour. This procedure is repeated weekly

inorganic, metals and organometallics. Considesjmegifically

anatomy laboratories, one of the most harmful petglpresents Table 1 - Characterization of corpse preservationldid.

at the sewage released is formaldehyde, whichsisbatance
classified as carcinogenic for humans and animedK,
2012). Cutaneous contact or ingestion of contarathatater are
common manners to be exposed to its danger (IARQGR

Formaldehyde is a colourless, gaseous aldehydelyhig

reactive formed by oxidation or incomplete comharstiof
hydrocarbons (Martindale, 1993). It is broadly kmoand used
as a substance responsible for preserving tissdecarpses,
presenting anti-septic and disinfectant properbiesides of
being utilized as a histologic fixative (NCIThesasir2018). Its
aqueous solution is known as formalin, with fornedlgde
concentration around 37-40% and methanol
approximately, both percentages are in weight. Biethneeds
to be added in order to prevent formaldehyde pofizaton
(Guimardes et al., 2012). However, this substanesents
substantial versatility to the industry, for exampio the
pharmaceutical, cosmetic, organic synthesis indisstamong
others, considering that formaldehyde is found dmbustion
gases and in some resins too (Christoskova; Stogaran02;
Franz et al., 2016).

10-15%,

Parameter Value
Formaldehyde [mg ] 32362.6
Gross COD [mg t}] 50783.0
COD Filtered [mg 48400.0
pH 5.1
Total Solids [mg £] 11220.0
Total Volatile Solids [mg 1] 7840.0
Total Suspended Solids [mg'L 57.2
Volatile Suspended Solids [mg*L 45.2

From: Oliveira; Zaiat, 2005. Adapted.

Usually, in the basic learning cycle of human amato
the first two weeks are devoted to teaching abaoueb, also
called dry pieces. Only after this period is irtiid the process

The usage of this compound, whether in industri4fith humid pieces, in other words, pieces stored ain

processes or for the preservation of corpses, gélherate
effluents containing it in different concentratior@®ne of the
possibilities is by residuals water, which will exeally be
driven to bodies of water as rivers, lakes or g¥amn et al.,
2017). Added to this, there is a huge concern al@ubxicity
and carcinogenic effects to humans and to the enwient,
even in low concentrations (Yang et al., 2017; &ram et al.,

formaldehyde solution in order to keep them presgr®n the
other hand, studies with neuroanatomy deal withcgse
conserved in formaldehyde since the beginning eftéaching
period. In general, the corpses that will be stddiee removed
from the tanks with formaldehyde (10% w/w) at thegyimning

of the week, then they are transferred to a sudadbat part of
the solution is drained and finally, they are @rio a tank
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filled with water in order to promote washing. Aid moment, Iron removal after the Fenton process is charasdras
the remaining formaldehyde is diluted, allowingttlpeople a difficulty faced in adopting this process. Agatbby Walling
may have contact with the pieces. At the end ofwikek, the and Kato (1971), a considerable number of smaltsflds
washed corpses need to be returned to the tanks wptoduced during the Fenton oxidation; these floas farric
formaldehyde (10% w/w) and the washing water isatided to hydroxo complexes of various sizes. Conforming io, LLin

the sewage that is direcarded to the ETP.

The animal anatomy laboratory’s methodology foll@avs
similar pattern to the human anatomy laboratoryyéacer, the
bones study period lasts, approximately, six wettlese being
the initials ones. Whilst the humid pieces actgstioccur, on
average, over the next eight weeks. The washingess)
nonetheless, presents subtle differences. The ssmsaare
transferred in the beginning of the week and washeadnks
filled with water. However, in the first two daydpr
approximately three hours a day, there is a coatiaflow of
water inlet and outlet of this tank. The pieceslapt in these
tanks until the end of the week to promote the tidifu of
formaldehyde. After the academic activities, thecaas return
to the tanks with formaldehyde (10% w/w) and theshiag
water is discarded.

Advanced Oxidation Processes (AOP’s) are capable

and Leu (1999) the flocs can be removed rapidlyadfattively
by using chemical coagulation with polyaluminum acide
(PAC) and polymer, reducing dissolved COD and tlithi
(NTU). Conventionally, it is necessary neutralieati and
precipitation steps for the separation of the gateer sludge.
Usually, high times are required due to the lowirseatability
of this by-product, increasing, significantly, ttreatment time
(Moravia; Lange; Amaral, 2011).

Fenton's reagent might have different effects om th
treatment, relying on the J@./FeSQ ratio. If the amount of
H20, used exceeds the Fethe treatment will have the effect
of chemical oxidation. When that ratio is reverdbe, effect of
the treatment will present the effect of chemicaagulation
(Neyens; Baeyens, 2003).

Hydrogen peroxide can interfere with some analysis,
sfch as COD, and whether its use precedes a lgalogi

form a hydroxyl radical (OH, which is extremally unstable andtreatment, the efficiency of the treatment may Ifiected

highly reactive. UV-Q, UV-H.0,, UV-TiO,, Fenton process
and UV-Fenton are examples of processes classifiefOP’s.

They have been studied as a possible and effial@rnhative to

diverse areas of effluent treatment due to its icemable

capability to convert recalcitrant contaminantscompounds
with lower risk or smaller chains allowing simpleeatments
afterwards (Legrini; Oliveiros; Braun, 1993; RuppeBauer;

Heisler, 1994; Esplugas et al., 2002; Chu et a2

(Teixeira; Jardim, 2004).

Kajitvichyanukul and co-workers (2008) elaborated a
study analyzing synthetic formalin degradation, posed of
37% of formaldehyde and 10% methanol, by UV-Fenton
process using a 1.1 L batch reactor #4225t was possible to
observe that initial pH, concentrations of hydrogmmoxide,
ferrous ions and methanol influence the formaldetgxidation
rate. The complete reaction presents three evigamges, as

Other kinds of processes capable of oxidatdearly shown in Figure 1. The first step, the'Bd,O, stage,

formaldehyde are available; however, they form foracid, a
reaction product that easily degrades metallic riedseusually
present in components such as pumps, reactors,pgued
(Yumura et al., 2002; Guimaraes et al., 2012).thisr reason,
the aim of the present study was to seek for aga®that

happens during the first five minutes of reactias, a fast
decomposition. The second one, occurring betweea o
twenty minutes, is a transition phase. After tweminutes of
reaction, the third stage takes place until theadrile reaction;
it is characterized by the decline of oxidatiorerahe F&/H,0,

allowed formaldehyde mineralization, producingstage, obeying a pseudo-first order kinetic.

predominantly, water and carbon dioxide.

The process known as photo-Fenton or UV-Fent
consists in a reaction that induces ferrous ioreotabine with
hydrogen peroxide under irradiation of ultravioléight
producing a huge degrading photochemical powech&mie of
the Fenton process is demonstrated in Equatioerit¢iR, 1894;
Pérez-Moya et al., 2008). Adding an irradiationrsedeads to
a positive effect on the degradation rate of organdllutants.
Equation 2 represents the reduction of3*Fénto Fe*
(Safarzadeh-Amiri; Bolton; Carter, 1996). Reactiomsolving
Fe** and hydrogen peroxide regenerating‘féan also occur, as
shown in Equations 3 and 4, being called then Felike
process, allowing that Fenton process might hapagain
(Pignatello, 1992).

Fe?* + H,0, » Fe3t + OH" + OH™ 1)
FeOH?* + hv — Fe?** + OH® (2)
Fe3* + H,0, > Fe?* + OH, + H* (3)
Fe3* + OH; » Fe?* + 0, + H* 4)

Residual fraction of formaldehyde (C/C,)

0 20 40 60 80

Time (min)
—— 0.0 mol-L! —=— 0.0067 mol'L"! —e— 0.0227 mol-L™!
—&— 00667 mol-L”! —o— 0.0883 mol-L"!

Figure 1 - Effect of initial concentrations of ferrous ions on
photooxidation of formaldehyde; experiment conditia:

Utset et al. (2000) defend that molecular oxygen C4CH 0] = 0.3330 mol L%, [H202] = 0.6670 mol LX, pH = 2.6

participate in the mineralization of some compouyrids/ould
partially replace KO, by acting like an electron acceptor.

(£ 0.1).
From: Kajitvichyanukul; Lu; Jamroensan, 2008. Adapted.
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Even though in the Kajitvichyanukul and co-workergeterminated in mih

(2008) study and in other works those three stagesquite
clear, there is not enough kinetic data for the glete reaction.
Particularly considering the information releasedy
Kajitvichyanukul and co-workers (2008) only two the three
stages have kinetic data. Comparing to the othercss
(Kajitvichyanukul et al., 2006; Liu; Liang, Wang,0P1;
Guimardes et al., 2012), Kajitvichyanukul and cakeos
(2008) study provided a considerable amount oftldrdata. In
order to establish the modelling and simulationtfas entire

The determination of a kinetic model allowed tests
different reactional systems able to lead formaydieh
mineralization in aqueous solution. Among all thesgbilities,
considering the simplicity of the models involvéttee systems

process, some adaptations from the original workrewethe BSTR, CSTR and PFR can be seen at Equationsl8,t

demanded. This study used concentrations of forehgide,
hydrogen peroxide, ferrous ions equals to 0.333DLnip

0.6670 mol t* and 0.0883 mol £, respectively, and pH equals

to 2.6 (£ 0.1). Figure 1 also provides an initiater equals to

0.0457 mol £ min't for the first stage and specific reaction rate

equals to 0.0154 miihfor the third stage.

Besides the modelling and simulation of the procnss
focus of this study was to analyze the best reaatisystem to
the residue treatment generated by the mentionedorzwy
laboratories and to determinate adequate desidinetoeactor
chosen based on those laboratories methodology.

2. MATERIAL AND METHODS

2.1 Modelling and Simulation

The first five minutes of reaction is characterizsdthe
first stage, which the initial rates were defined
Kajitvichyanukul, Lu, and Jamroensan (2008) study.this
point it was proposed an alteration of conceptthat present
study this first stage is considered as a zeroramhEction, as
presented at Equation 5, whose specific reactitm kahas the
same value which was once called initial rate.

()

Ty = kl

wherera is the reaction rate of formaldehyde decomposiition

mol L%, k; is the specific reaction rate for the first stdage
mol L't min'.

The third stage was defined as following a psetic-f

order kinetic, initiating after twenty minutes ogaction.
Although considering
0.3330 mol 1, hydrogen peroxide, 0.6670 motL ferrous

ions, 0.0883 mol £ and pH = 2.6 (+ 0.1), it is possible to

observe a linear tendency after the first ten neiswaf reaction.
In other words, in this case, the third stagepfeihg a pseudo-
first order, seen at Equation 6, initiate after mamutes of
reaction.

(6)

whereks is the specific reaction rate for the third stagenin?
andCa is the molar concentration of formaldehyde in il

=Ty = k3 Cy

Differently, from the stages one and three, theosdc
stage was just pointed as a transition stage, witkioetic data.
Aiming to restructure this stage, its duration weagewed, now
occurring between five to ten minutes of reaction also
following a pseudo-first order kinetics, shown iguation 7.
Figure 2 presents more clearly how the three stagew®
restructured at the present study.

(7)

=Ty =k Cy

the condition of formaldehyde,

were evaluated: Batch Stirred Tank Reactor, BSTR, a
Continuous Stirred Tank Reactor, CSTR, and a PlloyvF
Reactor, PFR.

Mathematical models used to represent the operafion
respectively. Due to the reaction occurs in theitigphase the
models do not consider volumetric variations.

dc, (8)
_rA _— e —
dt
= — (voCup — vCa) 9)
4 4
dXA (10)
T4 = —VoCho =
A 0™~A0 dv
where t is time, V is volume, Cao is the initial molar
concentration of formaldehyde, is the initial volumetric flow,
due to the fact that this is a liquid system, sowhriation of the
volumetric flow is negligible, anda is the conversion of
formaldehyde.
1,000
[V}
2
£ 0800
k)
g 0,600
S
« — 0,400
SIS
c T
S = 0,200
Q
©
£ 0,000
3 0 20 40 60 80
5
4 Time [min]
o
—@— 1st Stage 2nd Stage 3rd Stage

Figure 2 - Restructuring of the three stages of

formaldehyde photooxidation.

In order to get simpler analysis and comparisowéeh
each one of the systems, it was considered the galume for
all the reactors, 1.1L, the reactional volume from

Kajitvichyanukul, Lu, and Jamroensan (2008) studg #he
same reaction conditions.

2.2 Reactor Choose and Design

The reactor design was developed aiming to accempli
a safe disposal, according to the literature, 6flng L* of
formaldehyde.

The concentrations of formaldehyde present in the
effluent generated after washing anatomic piecesewe
determined considering as occurring fifty-fold diden of the
formaldehyde, 8-10% (w/w), used in the tanks resji@a to
maintain the corpses preserved, which is approxiypat
32.4 g ! of formaldehyde, as provided in Oliveira and Zaiat
(2005) study. The fifty-fold dilution, 647.25 mg'L of

where k> is the specific reaction rate for the second Staﬁ?rmaldehyde was fixed due to the fact that thenlper of
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pieces washed constantly varies and distinct ariatpiaces ten minutes of reaction, and considering it follogvia pseudo-
have different capabilities of absorption of fordethyde; for first order kinetic the specific reaction rate veadculated and

example, a gut is capable of absorbing much maradtehyde
solution than an arm. Consequently, different an®uof
formaldehyde will be dissolved during the washinggess.

Mean values of the volume of disposal were used
determine the dimensions of the reactors and dggirations 8
to 10 were applied.

In addition to this information, there was an afpé¢rno
calculate the highest concentration of formaldehtfu the
reactors would be able to degrade and provides fasult that
is lower than the value of 1.61 mdf indicated in the literature.

Assuming that the BSTR would be filled with theidlu
stored in an equalization tank, relying only on tfew
generated by the action of gravity, counting on e
mechanism to empty the reactor. The necessaryttinfi# or
empty a tank is calculated using Equation 11.

. “2AWhe — V)
SCq\29

(11)

wheret is time,A is the cross-section area which belongs to the

tank that will be emptiedy, is the initial height of the liquid),

is the final height of the liquid&is the cross-section area relative

to the outlet orificeCqy is the discharge coefficient ands the
acceleration of gravity.

The value of the discharge coefficient was usexttha

on the fluid outlet nozzle; here the value choses @.82 (Netto
et al., 1998), and the acceleration of gravity wassidered as
9.8 m¢g.

3. RESULTS AND DISCUSSION

3.1 Modelling and Simulation

The subtle changes in the data from the referenced

document were needed in order to accomplish theeeefiction
modelling and simulation. The specific reactioreratf the first

stage kept the same value that was previouslyctailgal rate,

in another hand, it was necessary to calculatepduiameter to
the second stage and recalculate to the third sfbgele 2

presents the values and units for each one of thasameters,
they were calculated using data from Figure 2.

Table 2 - Specific reaction rates for each stage.

15t Stage 2" Stage 3" Stage

Specific
Reaction Rate

mol
—
L min

0.045 0.0702—~  0.0144—~
min min

The value provided by Kajitvichyanukul, Lu, and:

Jamroensan (2008) for the first stage, 0.0457 mahin?, seen
in Table 1, was kept. However, in order to enstgevéracity,
when calculated this parameter, considering zede+okinetic,
the value found was very close, equals to 0.0511Lmanin™.

Therefore, the maintenance of the original valuegiste
acceptable.

presented in Table 2.

Finally, at the third and last stage the pseudsi-frder
kinetic was preserved, but in this analysis, ttages started after
t®en minutes of reaction. The calculation since Hdjtistment
presented specific reaction rate as 0.0144'mais exposed at
Table 2. The value found in the reference study@@$54 min
1, once more is possible to observe a very accepatjistment,
with changes only at the third decimal place.

3.2 Reactor Choose and Design

The comparison between the reactors was baseden ti
of reaction, when dealing with a BSTR, and meaidezse
time, for the CSTR and PFR, which operate contislyourhe
same volume was kept for all three reactors, 1.thé kinetic
parameter present in Table 2 and the Equationg Svere used.
The results obtained from BSTR, CSTR and PFR mixght
checked at Tables 3 to 5, respectively.

Table 3 - Reaction time for the batch reactor.

BSTR

Reaction time [min]
15t Stage 2" Stage 3 Stage Total
5.59 5.00 70.00 80.59

Table 4 - Residence time for the CSTR.

CSTR
Residence time [min]
15t Stage 2" Stage 3 Stage Total
5.59 5.99 120.67 132.25

Table 5 - Residence time for the PFR.

PFR
Residence time [min]

15t Stage 2" Stage 3 Stage Total

5.59 5.00 70.00 80.59

Designing a batch reactor and a PFR, selected after
analysis of the results from Tables 3 to 5, wasar@mhsidering
the mean volume disposed by the anatomy laboratarid the
oncentration of formaldehyde corresponds to ay-fistd
dilution from a solution with 32 362.6 mg/L of foallehyde.
These results can be followed in Table 6.

It is pursued a treatment capable to reduce the
concentration of formaldehyde in up to 1.61 my &t least. The
essential condition to achieve a residue thatis©aonful to the
environment according to the literature. Convertingnto a

The second stage, differently from the anteriorlyyolar concentration, it becomes 0.000054 mél Eor that

mentioned, do not present kinetic data from theé tesed as a
reference. Its duration change, beginning at fiveutes until

reason, it is expected a suitable design that dstethis
limitation.
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Table 6 - Mean volume and concentration of the sofion
weekly disposed of.

Mean Mean Concentration

Volume [L]

[mg L]

[mol LY

Human

Anatomy 65 647.25 0.0216
Laboratory

Animal

Anatomy 1585 647.25 0.0216
Laboratory

Total 1650 647.25 0.0216
In view of the kinetic data used, the maximu

fold dilution.

Considering 1650 L of solution with 0.0216 mot las
the initial concentration, this is the union of ttheposal from
both laboratories to be weekly treated by the begabtor or the
PFR. A closer look at the specific reaction ratéawted to the

first stage, 0.0457 moltmin?, and to the formaldehyde initial
concentration, 0.0216 motY, leads to realizing that it is

possible to notice that those five minutes reactiame, for

BSTR, or mean residence time, for PFR, are mone ¢maugh
to complete the reaction. More specifically, in abh 29

seconds the desired conversion is already conquéredas

possible to observe previously that, working witie tsame
volume of reactors and the reaction time equatkdaesidence
time, the reactors will achieve
consequently, the same final concentration. Thg difference
exists because of the PFR is operated continuowslist the
batch reactor is not.

Due to this, the batch time is not only the reactine,
including feeding, emptying and cleaning times tbBdferent
volumes of the batch reactor were simulated inci@ealculate
the batch time and how many batches would be nedtieay
situation analysed presented feeding and emptyingst each
one of them less than one minute. Consequentlghlisthe was
fixed as 7 minutes, in other words, 5 minutes dictin,
1 minute feeding and 1 minute emptying, all of therare
overvalued. Then, supposing 150 L the volume ofBEER,
batch time was valued at 7 minutes, with 11 bat¢thesentire
treatment would be achieved. It would take slighmtigre than
an hour of operation in total.

the same conversion

stages was fundamental to allow the comparison dmtvthe
types of reactor, BSTR, CSTR and PFR, with the savhame.
As expected, the CSTR needed more mean residemeg ti
comparing to the PFR. It is justified because efitteal model
of operation usual for a CSTR. The concentraticsidien the
reactor is the same if compared with the conceotrathat
comes out of the reactor. In other words, the reaatate in
which the CSTR operates is slower than the PFRn,Twigh the
same volume, in order to achieve equal final cotreéion, the
CSTR will need longer residence time, leading is tase to a
lower volumetric flow, and consequently, longeatraent time.

The models of BSTR and PFR, the first operating
discontinuously and the last continuously, justiftee PFR be
able to process the treatment more quickly. Relyongthe
reactor size and the amount of residue to be miredaits use

Mught not to be acceptable, once it will request tise of a
concentration of formaldehyde that can be processed g P ’ a

6856.48 mg t* or 0.2285 mol L, which is equivalent to a 4.72-

pump, which might be an energetically negative poin

However, it is important to emphasize that theragiee
article which provided the reaction kinetic data fois study
worked based on a synthetic effluent, a differéntgion when
compared to the solution generated by the anataboratories.
The residue disposed by these laboratories contaiganic
compounds from the anatomic pieces besides of
formaldehyde solution. The oxidative process wilieheffluent
is submitted is suited to oxide all of them, fordetlyde,
methanol and organic compounds, present in thetigolu
interfering at the formaldehyde mineralization. As
consequence, the process involving a real effluent
considerably slower compared to the treatment syrahetic
effluent, as a result of higher COD in the soluticrated.

The reaction rate will vary relying on the initial
concentration, however, it is important to emphagtzat the
reaction specific rate might change too becausbheopresence
of other organic compounds. In order to obtain &almore
accurately, tests should be conducted on the ealthiat would
be discarded to the sewer.

Even in very low concentration, it is possible thatne
formic acid is produced during the formaldehydeemétization
process. For this reason, the use of a reactor framenaterials
resistant to corrosion is fundamental. A BSTR feded in
glass-lined steel ought to be an adequate optitinsrcase.

As a suggestive way of continuing this study, tektsuld
be developed with the solution discharged by tthedatories
and the kinetic data specific to the mineralizatiming UV-
Fenton process ought to be analysed and discuSsayl after
that, both kinetic models can be compared to veiify

On the other hand, a PFR with 6 L would demand sémilarities and differences. In addition, therahis possibility

feeding and emptying volumetric rate of 1.2 L rhin
continuously, for just over one day. That is, tHeRPwould

require leastwise one pump and the batch reactatdwmt, at
least not mandatorily.

4. CONCLUSION

The formaldehyde oxidation reaction in aqueoustswmiu
was modelled in three different stages, determittiedfirst one
following a zero-order kinetic and the other twoages
following a pseudo-first order kinetic. The specifieaction
rates were calculated or recalculated for eactestag

The definition of specific reaction rates for theee

of studying the implementation of a separationesystwhich
has neutralization and precipitation steps, aindngmove iron
from the rest of the treated effluent before baligposed of in
the sewage, and automating the process by develpppi
control system of filling and emptying the reactor.
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