()
Qg I@

Srience

ISSN : 0974 - 7443 Volume 10 Issue 5

CHEMICAL TECHNOLOGY

A Judian Joarnal

— Fyf] Paper

CTAIJ 10(5) 2015 [166-171]

Experimental investigation of coagulation process performance

Farshad Farahbod*, Aryan Abbasi?
1Department of Chemical Engineering, Firoozabad Branch, | damicAzad Univer sity, Firoozabad, Fars, (| RAN)
2Department of Chemistry, Damghan Branch, | damicAzad Univer sity, Damghan, (IRAN)
E-mail : mf_fche@iauf.ac.ir, aryan_13b2@yahoo.com

ABSTRACT

Inthis paper anovel type of coagulant is studied. The coagulation process
performance with using this type of coagulant is evaluated. This new type
is the composition of zinc oxide nano particle and poly ferric sulfate
(ZnOPFS). The structure of zinc oxide nano particleswas characterized by
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FTIR, XRD and TEM, suggesting that ZnOPFS is a complex compound
with mainly zinc oxide nano particles and ferric sulfate. The effects of Zn/
Fe molar ratios (n) and aging time on the pH and zeta potential were also

evaluated systematically.

INTRODUCTION

Concernsover resource shortages, increased en-
vironmental awarenessand apreoccupation with envi-
ronmental issuesasapublic relationsmatter haveled
many companiesand individua producersto examine
theefficiency and environmental complianceof their in-
dustrid processes. Asoneof themajor vectorsfor pol-
[ution, the production of waste has been the focus of
many of thesestudiesand initiatives. Inthecaseof lig-
uid wastes, such asoily water, the double problem of
wasting aresource asvital aswater and discharging
harmful pollutantsinto theenvironment hasled to sev-
erd wastewater minimization techniques.

Sour cereduction

By far, thewaste water reduction strategy with the
greatest positive environmental impact issource reduc-
tion, reducing theamount of water usedinanindustria
processand, therefore, theamount of water discharged
aswaste.
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Recycle and reuse

A second strategy for wastewater reduction, recy-
cling and reusing no hazardousliquid waste, allowsan
industrid processto reducethe amount of clean water
used and the amount of wastewater generated.

Treatment

End-of-pipe treatment is another important
strategy inreducingindustrial liquid wasteslikeoily
water>?, Depending onthekind of oilsdissolvedinthe
water, anumber of filtration and chemical processes
canremovemost or al of theoil suspendedinthewaste
and createastream of clean water that islessdamaging
to theenvironment and reusablefor other processes?.
Eveninhousehold situations, S mply running wastewa:
ter through asand filter even just abucket of sand with
somegravel and holesat the bottom can dramatically
increase purity and turn waste water into aclean, us-
ableresourced®. Inthis paper the coagul ation process
isevauated.

Synergiesand priorities
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Poly acryl amide (IUPAC poly (2-propenamide)
or poly (1-carbamoylethylene)) is a polymer (-
CH_CHCONH,-) formed fromacrylamide subunits.
It can be synthesized as asimple linear-chain struc-
ture or cross-linked, typically using N, N’-
methylenebis acryl amide. Poly acryl amide is not
toxic. Inthe cross-linked form, the possibility of the
monomer being present isreduced evenfurther. Itis
highly water-absorbent, forming asoft gel when hy-
drated, used in such applications as polyacrylamide
gel eectrophoresis and in manufacturing soft con-
tact lenses. Inthe straight-chain form, itisalso used
as athickener and suspendingagent. More recently,
it has been used as a subdermal filler for aesthetic
facial surgery. Polyacrylamide is a linear polymer
comprised of monomersunit with functional groups
of amide that adsorb on to the surface of particles.
These particlesare bridged together by thelong poly-
mer chain drawing the particles closer together. This
processis called flocculation and iswidely used in
wastewater trestment. Poly acryl amide hastheability
to bridge together particles suspended in solution
by an adsorption process. Polymers often have elec-
trostatic chargesthat allow for surface particle neu-
tralization resulting in floccul ation. When aqueous
poly acryl amide solutions are mixed with sewage,
the active amide groups on the polymer chain ad-
sorb onto the surface of suspended materia in the
sewage and created bridges between them such that
they now begin to exclude water from their newly
formed structure. Once a small particle, now form
larger flocs which can improve sedimentation rates
in clarifiers, floatation rates in DAF systems and
water removal in dudge thickening equipment. Poly
acryl amideiswidely used in domestic sewagetreat-
ment, mining tailings pulp & paper making, petro-
chemicads, chemicals, textiles, oil sandsand mining
industries. Also, anew type of inorganic floccul ant,
poly zinc silicate sulfate, was synthesized from sili-
cate, sulfate, zinc and by co-polymerization. Com-
parative flocculation behaviors among poly-alu-
minium chloride, poly-ferric sulfate, poly silicate
ferricand poly silicon boron ferric zinc sulfate were
evauated. The influences of temperature, acidity,
storage time and dosage on floccul ation were stud-
ied in different papers. The results show that com-
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position of zinc oxide nano particle and poly ferric
sulfate (ZnOFS) exhibits the best flocculation per-
formance.

MATERIALSAND METHODS

All the applied chemical reagents were analyti-
cally pure and de-ionized water was applied to pre-
pare all the solutions.

Synthesismethod of nano-sized ZnO

Zinc metal isused to makeasolution containing
one molar zn2+ion. At firgt, this solution is puri-
fied, and then atype of surface-active reagent 0.05
M and approximately 10 per cent of ethanol isadded
under the ultrasonic conditions. The produced solu-
tion as agitated in certain time periodic. Same re-
agents are added to Na,CO,, 1M solution under the
same conditions. Then two produced aqueous solu-
tionsare mixed proportionally and agitating for half
hour under the ultrasonic action. Sequentially, add-
ing another surface-active reagent and agitating for
half hour again, filtering and washing several times
with distillation water and ethanol alternately under
the ultrasonic action. The produced substanceispre-
pared to dry for fifty minutes at 80°C . Then it
roasted at 450 oC for forty fifty minutes to obtain
zinc oxide nano particles. The obtained produced
substance haslight yellow colour, and can been char-
acterized by XRD, SEM and TEM. Produced spheri-
cal particles with the average diameter of 35 -55
nm in size are observed approximately and finaly
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Figurel-a: SEM photographsof incoxidenanoparticleson
5 um scales
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Figurel-b: SEM Photographsof zincoxidenanoparticleson
500 nmscales

the crystal ispure zinc oxide with hexahedral struc-
ture. Ultimately, the produced zinc oxide nano par-
ticles are added to poly ferric sulfate to prepare the
novel substance as coagulant. Figure 1 shows SEM
photos of zinc oxide nano particlesin two different
visionsa) inthescaleof 5 #m and b) in the scale of
500 nm.

Synthesisof poly ferric sulfate

Asmentioned, theall of thereagentsadoptedinthe
synthesisof poly ferric sulfatewere of analytic grade.
Thesynthesisof poly ferric sulfateincludeshydrolyss,
oxidation, and polymerization, ultimately. Theinitid step
wasadding solid ferrous sulfate (FeSO4-7H20) into a
250 mL vid containing de-ionized water. Designated
concentration of sulfuric acid wasthenintroduced with
themoleratio of sulfuric acidtoferrous sulfate higher
than 0.2:1to prevent the precipitation of ferric oxide.
After fter fivemin shaking, sodium chlorate (NaClO3)
was added asoxidant and themixturewasplacedina
constant-temperature water bath accompanied with

TABLE 1: Main propertiesof lab-prepared poly ferricsulfate

Ferric

Density Badcity
Parameters pH content o

(g/cm3) (Wt. %) (wt. %)
Value 2.9 13 135 10.7

continuous mixing at 200 rpm for 3 hours. Thetem-
perature was maintained between 55°¢c and 808.
Finally, the product was aged at 508 for 2 hours to
stabilize the PFS. The tnal product was in liquid
form and reddish brown in color. The main charac-

CHEMICAL TECHNOLOGY

teristics of the synthesized poly ferric sulfate were
summarizedinTABLE 1.

(a) Structureand mor phology analysis

Thesolid poly ferric sulfateweregrounded usnga
laboratory mortal and apestlefor characterization. So,
the scanning el ectron microscopy was carried out ap-
plyingaXL-30 EXEM. Fourier transforminfrared spec-
trawere obtained from spectrum 2000 FTIR spectrom-
eter withtheusua KBr pellet method.

(b) Fourier transforminfrared spectroscopy (FTIR)

Thisisaproper and confident techniquewhichis
used to obtain aninfrared spectrum of absorption, emis-
sion, photoconductivity or Raman scattering of fluid.
TheFTIR spectrometer ssmultaneously collects spec-
tral datain awide spectra range. Thisconfersasignifi-
cant advantage over adispersive spectrometer which
measuresintensity over anarrow rangeof wavelengths
a atime. Theused FTIR hasmadedispersiveinfrared
spectrometersal but obsol ete (except sometimesinthe
near infrared), opening up new applicationsof infrared
spectroscopy.

(c) X-ray scatteringtechnique

XRD isafamily of non-destructiveanaytical tech-
niqueswhichreved information about thecrysta struc-
ture, chemica composition, and physica propertiesof
materiad sand thinfilms. Thistechniqueisbased on ob-
serving the scattered intengity of an X-ray beam hitting
asampleasafunction of incident and scattered angle,
polarization, and wavelength or energy.

(d) Transmission el ectron microscopy (TEM)

Theusad method isamicroscopy techniqueinwhich
abeam of eectronsistranamitted through an ultra-thin
specimen, interacting with the specimen asit passes
through. Animageisformed from theinteraction of the
el ectronstransmitted through the specimen; theimage
ismagnified and focused onto animaging device, such
asafluorescent screen and to be detected by asensor
such asaCCD camera. Obtained TEMsare capable
of imaging at asgnificantly higher resolution than light
microscopes, owingtothesmal deBrogliewave ength
of dectrons. Thisenablestheinstrument’s user to ex-
aminefinedetaill—even as small as a single column of
atoms, which isthousands of times smaller than the
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Figure2: FTIR spectraof ZnOPFSsample(n =2.0) at different initial pH values(pH 2.0; pH 3.0)
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Figure3: XRD of ZnOPFSsample (n=2.0, initial pH 2.0)

smallest resolvable object in alight microscope. At
smaller magnifications TEM image contrast is due
to absorption of electronsin the material, dueto the
thickness and composition of the material. At higher
magnifications complex waveinteractionsmodul ate
the intensity of theimage, requiring expert analysis
of observed images. Alternate modes of use allow
for the TEM to observe modulations in chemical
identity, crystal orientation, el ectronic structureand
sample induced electron phase shift as well as the
regul ar absorption based imaging.

RESULTSAND DISCUSSION

Sructureand mor phology

Asmentioned, the SEM, XRD, FTIR and TEM
were carried out to identify the structure of ZnO and
PFSand to elucidate whether theinfluencefactors af-
fect itsstructure and morphol ogy.

(@) FTIR spectraanalysis
Figure 2 showsthe FTIR spectraof ZnOPFSd (n

= 2.0) synthesized at pH 2.0 and 3.0, respectively.
Both FTIR spectra analysis show two characteris-
ticsbondsat 3400-3350 cm-1 and 1642¢cm-1, which
can be attributed to the stretching vibration of hy-
droxideanion and to the vibration of water absorbed,
or complexesinthe coagulant.

The peaks at 490cm-1 and 1162cm-1 are as-
signed to the characteristic bands for Zn-O bond
and Fe-O bond, respectively. They also illustrate
the characteristic peaks at 920cm-1 and 620cm-1,
which are attributed to the bending vibration of Fe-
OH-Zn bonds. The stretching vibration of Fe-O bond
is overlapped up by the absorption peak caused by
the bending vibration of Fe-OH-Zn bond, indicat-
ing that zinc ion and its hydrolysis species havere-
acted with PFA to form zinc-ferric polymeric spe-
cies. The peak at 1120cm-1 isregarded asthe crys-
tal lattice vibration of SO4 2- and HSO4- in
ZnOPFS. AsshowninFigure2, at pH 3.0, the FTIR
spectrumillustrates broad band for -OH, and shows
the presence of functional groups. The peaksinten-
sty at 1131cm-1 and 1162cm-1 (Fe-O) enhance with
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Figure4: TEM microphotographsof PZSS

lant could result in the discrepancy on intensity of
absorption peak within the wave numbers of
ZnOPFd at different pH.

(b) XRD patternsand TEM analysis

Figure 3 showsthe XRD of the ZnOPFSd pow-
der. As shown in Figure 3, according to the
PCPDFWIN analysis, very little reactants can be
identified. Thisisdueto that some peaks at 2 teta of
24.52 and 25.06 for ZnSO4 aswell asthat of 23.14
and 30.45 for Na2SiO3-9H20 are weak or barely
observed. It issuggested that some new kind of com-
poundswhich arenot included inthe gallery or some
new matter which does not give a standard formula

TABLE 2: Thedifferent groupsstability of ZnOPFSand PFA

Coagulant samples pH Zn/Feratio Sability Appearance

PFA1 15 0 14(D-T) Gelation

PFA2 2 0 12(D-T) Gelation

PFA3 25 0 9(D-T) Gelation
ZnOPFSal 15 0.5 42(D-T) Precipitation
ZnOPFSa 2 05 e Transparent liquid
ZnOPFSa2 25 0.5 53(D-T) Precipitation
ZnOPFSa3 3 0.5 35(D-T) Precipitation
ZnOPFSh1 15 1 e Transparent liquid
ZnOPFSh 2 1 e Transparent liquid
ZNnOPFSh2 25 1 50(D-T) Precipitation
ZNnOPFSh3 3 1 39(D-T) Precipitation
ZnOPFScl 15 15 e Transparent liquid
ZnOPFSc 2 15 e Transparent liquid
ZnOPFSc2 25 15 e Transparent liquid
ZnOPFSc3 3 15 38(D-T) Precipitation
ZnOPFSd1 15 2 e Transparent liquid
ZnOPFsd 2 2 e Transparent liquid
ZnOPFSd2 25 2 55(D-T) Precipitation
ZnOPFSd3 3 2 32(D-T) Precipitation

(
increasing the pH, implying that the Fe-O—H bond
strength isimproved and the amount of poly-nuclear
and hydrolyzed polymer areincreased. Theratio of
absorption peak intensity at 920-1162 cm”1 increase
with theincreasing of pH, indicating increasein the
number of Fe-OH—Zn bonds and poly-nuclear poly-
mer in ZnOPFS sample; in other words, increasein
the pH causesto the enhancement of aggregation de-
gree, and thus, the diversities on structure of coagu-

) means; No precipitation occurs within 60 days; (D-T)

CHEMICAL TECHNOLOGY

means, De-stabilized time (day).

may be have been formed. Most peaks of strong in-
tensity occur at 2 teta of 16.20, 19.22, 20.80, 25.98,
26.99 and 34.03, thisis an indication that ZnOPFS
should be a new poly crystalline compound of Fe,
Zn and other polymeric species, rather than asimple
mixture of raw materials.

As shown in Figure 4, the morphologies of
ZnOPFS sol ution possessthe compact net structures
with some hydrolytes which are different from that
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of PFA, and the compact extent of net structure en-
hances with increasing within a range. The com-
pact net structureis more favorableto coagul ate col -
loidal particlesand form bridge-aggregation among
flocs when compared with the branched structure.
The above results suggest that the structure of
ZnOPFSisaffected by value, which canform vari-
ous hydrolysates and polymeric speciesaccordingly.
However, if exceeds 2.5, liquid ZnOPFS samples
precipitate during ashort aging period. Overal, the
FTIR, XRD and TEM analysis of ZnOPFS samples
show that the pH and value have strong influences
on the structure and morphology of the sasmplesand,
consequently, the preparation of ZnOPFS and its
coagulation performance should be based on these
parameters.

Propertiesof ZNOPFS
(a) Sability of the ZnOPFS

Inview of theinstability of PFA solution, metal
ions are generally considered as polymerization re-
tardants. They can control the reaction rate of PFA
and prevent gelation, and accordingly improve the
stability of poly ferric. Thisis attributed to that the
addition of metal ions may decrease the amounts of
H4FeO4, and thus reduce the polymerization rate of
PFA. On the other hand, the electron cloud density
of hydroxyl group in the PFA moleculeisdispersed,
which can reduce the polymerization rate of PFA.
The stability of the samples was observed under
room temperature and the resultsare summarizedin
TABLE 2. It can be noticed that the stability of
ZnOPFSis markedly improved compared to that of
PFA. On one hand, PFA has a steady period within
9-14 days at pH 1.5-2.5, and then the samples fi-
nally become gelation.

On theother hand, some of the ZnOPFS samples
have been stored steadily more than 60 days with-
out precipitation and gelation. However, there are
some precipitations in the ZnOPFS samples at pH
3.0within 40 days. This can be attributed to the fact
that PFA species in ZnOPFS generate gelation as
the pH increases.
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CONCLUSIONS

A novel coagulant was synthesized by zinc ox-
ide nano particle and poly ferric sulfate (ZnOPFS).
Theanalysisof FTIR, XRD and TEM indicate that
the reactions among zinc and ferric are not simplex
physical blends, but the compl exation forming inor-
ganic polymeric species. Furthermore, the structures
of ZnOPFS are dependent on the n value and pH.
The stability test shows zinc ion can prevent the ge-
lation of poly ferric acid and improve the stability
of ZnOPFS.
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