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Abstract : Theaim of this work was to improve
the performance of the liquid-liquid extraction of
naphthalene from afuel phase using amixture com-
position as extractant. The composition of the ex-
tractant mixture was performed by implementing an
experimental mixture design where the mixing pro-
portions of the three components dimethyl sulfox-
ide, methanol and phenol, were studied. The re-
sponse was the effect of the solvent on the extrac-

INTRODUCTION

The cokeisanecessary component for iron melt-
ing in blast furnaces of steel plants. The coke gasas
abyproduct is very important; it isused asafuel or
as an important source of raw materias. The naph-
thalene if present in the gas, may be deposited at
room temperature due to its easy sublimation and
can causeblockagesinthecircuitsof industria plants
such as burners, valves, piping etc., It may cause
explosions, firesand frequent stopsfor maintenance.
In steel plants, the washing of coke gaswith fuel oil
to remove naphthalene is one of the gas treatment

tion yield of naphthalene. The results treated in a
statistic way were interesting and showed that the
optimum conditions can enhancetheyield of extrac-
tion until 84.56 % theoretically. An experimental
validation of the model in the same conditions had
givenayield of 83.48%. © Global Scientificlnc.

Keywords : Naphthaene; Liquid-liquid extrac-
tion; Mixture design; M odeling; Optimization.

processes. Theamount of fuel used and discharged by
the processisabout 14.5tons per day. To regenerate
thisfudl considered asindustrid waste, itisessentia to
treat it for apossibly reuse. Inthiscontext, thework is
primarily focused on theextraction of ngphthadenewhich
isalso anundesirable product inthefuel for the same
reasonsmentioned above. Thistreatment would mainly,
recyclethefue oil, regenerate used solventsand pro-
duceacons derableamount of pure naphthalene.
Theliquid-liquid extraction isaprocess of mass
transfer between two fluid phases. It consiststo ex-
tract one or more components from a solution by
simpledissolutionin contact with another solvent in
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which the componentsaremore soluble. Thisisaso
frequently used to separate componentsof aliquid mix-
turewhosevoldtilitiesarelow or very smilar, asinthe
case of thermo-degradable compounds or azeotropic
mixtures. Knowing, that the separation of such com-
poundsby didtillationismoredifficult and certainly more
expengve.

Solvent extraction is particularly well suited to
the separation of components by chemical families.
In the petrochemical industry, the use of selective
solvents in liquid-liquid extraction does not date
since very longtime™®, This kind of treatment can
eliminate some unwanted components present in oil
inorder toimproveits characteristicsand especially
its lubricating qualitied®. It is applied on a large
scale especially for the dearomatisation of gasoils,
the lubrification of oils, the deasphalting of heavy
cuts and the extraction of BTX aromatics (benzene,
toluene, xylene). In major industries such as hydro-
metallurgy, nuclear and organic chemistry, itisalso
widely used®.

In previous works, the selective solvent dim-
ethyl sulfoxide (DM SO) gaveinteresting results but
the solvent regeneration and the recovery of pure
naphthalene were difficult steps, and this was the
major drawback of treatment with DMSO®. The
treatment with methanol alone, although its regen-
eration by crystallization and precipitation of pure
naphthalene were very easy, gave alow extraction
efficiency. Thisis dueto alow solubility of metha-
nol inthefuel (5.3%) and arapid saturation of naph-
thalene (6%) in methanol™. To achieve a more €f-
ficient extraction, a mixture of solvents namely
DM SO, methanol and phenol, was chosen in order
to improve the extraction efficiency. The solubility
of methanol decreases in the fuel and naphthalene
passes more easily in the extracting phase.

The design of experiments for mixturesis well
known sincethe 50s of thelast century by theinitial
work of Scheffe™l. But the methodol ogy was devel -
oped mainly during the 7052, It proposes to study
one or more variables in response according amix-
ture of components, thetotal amount remaining stable.
It is then assumed that the measured response de-
pends only on the proportions of the constituents
present inthe mixture. Mixture design factorsarethe

proportions of the blend components*324. However
these components are not independent of each other.
Thesum of the proportionsof amixtureisaways100%.
The percentage of one component isimposed by the
percentages of the other compounds. Thisiswhy mix-
turedesignsaretreated separately. Theuse of specia
reduced polynomia modelsiscommon to adjust stan-
dard configurationssuch asnetworks Scheffe. Mixture
designsared so characterized by many constraintsthat
may influencethe choiceof the proportionsof the con-
stituents. For exampl e, the concentration of aproduct
must be at least x percent or the concentration may
does not exceed agiven value. Based on these con-
straints, the planning study is modified and must be
adapted to each casg*>'". Whatever their typeg12151&
200 these congtraints have the effect of reducing the ex-
perimentd study field.

The main objective of thiswork wasto improve
the extraction yield of naphthalene from afuel ail
phase with the search for an optimal composition of
a mixture of three solvents DM SO, methanol and
phenol. Therefore, amixture design with three com-
ponents was applied to study the extraction yield of
naphthal ene asthe response.

EXPERIMENTAL

Based on previous workg%192223  certain oper-
ating conditions were selected. The extraction of
naphthalene was carried out by contacting an ex-
tractant mixture with a solution of simulated fuel
charged with adefinite concentration of naphthalene.
These experimentswere conducted with initial con-
centration of naphthalene (7.75%) comparableto that
was determined by mass balance of the industrial
process?, with a ratio F/M equal to 0.5 (Fuel/ex-
tractant Mixture), a stirring speed of 100 rpm and
during acontact time of 30 minutes. Thethree com-
ponents of the extractant mixture were varied ac-
cording to a mixture experimental design. The ex-
traction of naphthalene from oil phase to the mixed
phase involves a decrease in the concentration of
naphthalenein thefuel, it wasfollowed experimen-
tally by the change of the oil phaserefractiveindex.
Thisindex varieslinearly according to the percentage
of naphthaleneinthefuel asshown by thecalibration
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curve (Figure1). Theareas of the three components
studied were chosen around the optimal vauesaready
obtained previoudly.

The mixture design method can give someinfor-
mati on on thecomponents, their influences separately
and their possibleinteractions, reducing the number
of experimentssignificantly and facilitating the study.
Theresponse depends on the proportions of the com-
ponents used. Thus, for a mixture of three factors
(DM SO, methanol and phenol) the sum of various
volume fractions is equal to unity, they are depen-
dent on each other.

The choice of upper and lower terminals of the
individual componentswas based on previous stud-
ieds2223 and preliminary tests of naphthal ene ex-
traction.

It israre that proportions of all mixture compo-
nents can vary in the interval freely {0-1}. In gen-
eral, for technical, economic or regulatory reasons,
they can vary withinfairly narrow limits. In thisstudy,
the upper and lower imposed for three possible mix-
turesof constituent limitsareshownin TABLE 1.

The study areawas atriangle (simplex design).
The experimenta compositions of the extractant mix-
ture were: three points vertices of the triangle indi-
cating pure components, one for each component
(DM SO, methanol and phenol), three mixtures con-
taining al componentswith different proportionsand
acentral point corresponding to the mean level of
all components (Figure 2).

Concentrations of naphthalenein the fuel were
determined by refractometry usng thecdibration curve
prepared under the same operating conditions (Figure

1) and confirmed by infrared spectroscopy knowing
that the characteristic band of naphthalene appears
clearly a 780cm. Theextractionyield wascaculated
according to equation 1 asafunction of thefinal con-
centration of ngphthaleneinthefud oil after extraction.
[eprt, o .
[Napht],
WhereY istheyield of the extraction, (napht), and
(napht) aretheinitial (7.75%) and thefinal percent-
ages of naphthalenein thefuel respectively.

To overcomethetemperature variation from one
experiment to another, al refractiveindices N, at a
giventemperature (t) had been reported at 20°C (N,
using equation 2 established experimentally.

N,, = N, — 0.0004 x (20 - 1) )

Y (%) =[1-

RESULTSAND DISCUSSION

Yield of extraction

Experimental tests were carried out according
to amatrix of the mixture design and the results ex-
pressed by the extraction yield of naphthalene are
summarizedinTABLE 2.

Analysisof variance

TABLE 1 : Component ratios of the extractant mixture

Ne Component - Levd
Min M ax
1 DMSO 0.1 0.2
2 Methanol 0.2 0.3
3 Phenol 0.6 0.7

v 14764
]
r:j &
S 1472
¥ ]
2= 1,468
5]
B 1464
)
o 146 y = 0.001x -i-2 1.4607
R =0.9935
1,456+ . : : .
0 2 6 8 10
[naph.] (%)

Figure 1 : Calibration curve fuel-naphthalene []
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Figure 2 : Simplex design for DM SO-phenol-methanal

TABLE 2 : Experimental matrix of mixture design and results

Run DM SO M ethanal Phenol N Ref. Ng Mes. Naph. (%) Y (%)
1 0.1000 0.3000 0.6000 1.4521 1.4548 1.93 75.10
2 0.1167 0.2167 0.6667 1.4521 1.4554 2.36 69.55
3 0.1667 0.2167 0.6167 1.4511 1.4548 2.64 65.94
4 0.2000 0.2000 0.6000 1.4506 1.4550 3.14 59.48
5 0.1167 0.2667 0.6167 1.4529 1.4550 15 80.65
6 0.1333 0.2333 0.6333 1.4482 1.4511 2.07 73.29
7 0.1000 0.2000 0.7000 1.4526 1.4555 2.07 73.27

Thedatigtical analys swas performed using asoft-
ware program (Minitab 15). Themodeling of the ex-
traction yield was based on apolynomial regression
with three sel ected components, the influence of the
type of regression was first studied. Indeed, from
TABLE 3itisshownthat the probability p-vaue (P) of
interactions terms DMSOxMethanol and
DM SOxPhenol were significant and the coefficients
inthemixtureindicatethat M ethanol (Coef.=-2006)
and DM SO (Coef.= 2151) provided more signifi-
cant level than Phenol (Coef.= 235).

Positive coefficientsfor two component mixture
mean that thetwo components act synergistically and
are complementary. That iswhy the response of the
mixtureisgreater than that obtained by ssmply aver-
aging thetwo responses of each pure mixture. Nega-
tive coefficients indicate that the two components
areantagonistic. Thus, themean responseislessthan
that obtained by the simple average of the two re-
sponses. From TABLE 4, thelinear and square areall
sgnificant factorsontheextraction efficiency.

M athematical modeling

The mathematical model appliedto theresponse
(extraction yield of naphthal ene) isaquadratic model
for three componentswith atotal of six coefficients
for asingle response according to Equation 3.

Y (%) = 2151 x DMSO - 2006 x Methanol
+ 235 x Phenol + 6543 x DMSOx Methanol-
5691xDMSOxPhenol + 2589xMethanolxPhenol (3)

The graphical representation of experimental
esults based on estimated (theoretical) values (Fig-
ure 3) of extraction yields shows a very good lin-
earity with ahigh correlation (R? = 0.9998).

Diagram of Cox (composition effect)

Figure4 showsthetrace of the performance (%)
as response. In this figure, the vertical axis is the
predicted response and the horizontal axisisthein-
crementa changein each component. Thereference
mixture is shown asthe point 0.000 on the horizon-
tal axis. Thisgraph clearly showsthat themethanol is
themost important to explain the performance. Infact,



152

ChemXpress9(2), 2016

ORIGINAL ARTICLE

TABLE 3 : Estimated regression coefficients for extraction yield

Terms Coefficients Er-T Coef
DMSO 2151 165.69 * *
Methanol -2006 140.12 * *
Phenol 235 25.74 * *
DM SOxMethanol 6543 287.13 22.79 0.028
DM SOxPhénol -5691 287.13 -19.82 0.032
Methanol xPhenol 2589 287.13 9.02 0.070
TABLE 4 : Analysis of variance (ANOVA) for extraction yield
Sour ce DF SeqSS adjSs adjMS F P
Regression 5 280.760 280.7597 56.1519 869.31 0.026
Linear 2 220.226 30.7781 15.3890 238.24 0.046
Square 3 60.533 60.5335 20.1778 312.38 0.042
Residual Error 1 0.065 0.0646 0.0646
Total 6 280.824
85
A y=1x-3E-05
® 80 - R = 0.9998
2 75 -
£ 70 -
§ 65 -
£ 60 =
55 , , ‘ ; ‘ ,
55 60 65 70 75 80 85

Estimated Yield %o
Figure 3 : Graphical representation of experimental yields versus estimated yields

when the concentration of methanol increasesthevaue
of performance a so increases. On the other hand, the
phenol hasastrong negative effect that shows by the
fall of performance val ue when the phenol concentra-
tion decreases, the same comments are observed for
the DM SO; the performance decreases dightly when
the proportion of DM SO decreases.

Response surfaceand contour

Asfor thedesign of experiments methodol ogy!>*
21 the Simplex method assumesthat the system un-
der study can be represented by a surface response
limited to a well specific experimental field. Fig-
ures 5 and 6 show the contour graph and the response
surface of the Yield based on three components
(DM SO, methanol and phenol). Thered outlineon the
bottom left of the triangleis the areawhere the best

performancewas obtaned (yid d>80%). Theresponse
surfacerepresented in apolyhedronisatriangle shape
with asmall convex particular shapeonthetop sideof
thephenol corresponding to thebest yield of extraction
Optimization

Thepreceding andyssprovidesaninteresting qudi-
tativediagnos sinthestudy of mixtures. However, these
criteriaoften havedifferent interests: somevariables
should exceed aminimum threshold, others should be
maximized. Toreconcileall these constraintsand to
optimizethemixture, amix of so-called “desirability”
functionscan bedefined®.. Then, severd optimizations
must be madein order to find abetter responsewith a
satisfactory desirability (TABLE5). It wasfound that
thetheoretical response(Yield) isthesameindl cases
but optimized desirability changeswith the change of
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Figure 5 : Contour surface

theinput parametersof thedialog box. A good desir-
ability (97.05%) with ayield of 84.56% and acompo-
sition of DM SO (0.138), methanol (0.262) and phenol
(0.600) wasobtained findly.

Checking

The checking of optimum conditionsobtaned was
performed using the same experimental setup: thetem-

peraturewas 20°C, the initial concentration of naph-
thaleneinfue was7.75%, theoptimized extractant mix-
ture determined abovewas used, theratio of F/M was
0.5 and the stirring speed was100 rpm. Theextraction
of ngphthdenefromfuel had givenafina concentration
1.28 % during 20 minutes corresponding to an extrac-
tionyield equal to 83.48 %. Thisvaueiscomparable
tothetheoretical value (84.56 %).
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Figure 6 : Response surface
TABLE 5 : Criteria of optimization
Par ameters Inferior Cible Superior Componennts Y% Theor. D
DMSO =0.138
Optimization 70 85 100 Methanol = 0.262 84.557 0.970
Phenol = 0.6
amost perfectly linear with aconstant of correlation
CONCLUSION equal t0 0.999.

As part of recycling areected fuel as an indus-
trial waste for its possible reuse in the process of
treatment of coke gas in the steel industry, the per-
formance of theliquid-liquid extraction of naphtha-
lene can be improved in the case of a mixture of
three components DM SO, methanol and phenol as
an extractant. An experimental areawasdefined and
in which the three components were limited by ex-
plicit lower and implicit upper constraints. Using
the method of mixture design, alinear model that
relates the performance of the extraction as a re-
sponse to various constituents, helped to build an
array of experiencesand propose formul ationsfunc-
tions of targets set to determine the optimum condi-
tionsleading to amaximum of theextractionyield.

Theandysisof variance showed that thelinear ef-
fectsand interactionsweres gnificant. Themathemati-
ca mode wasvalidated by comparing the experimen-
tal with theoretical yields. Indeed, the adjustment was

Optimizationwith better desirability (D =0.97) gave
an extractant mixture of the three componentswhose
proportionswere 0.138 (DM SO), 0.262 (methanol)
and 0.600 (phenal) to atheoretical yield of 84 56%. In
order to confirm and to validate the results obtained
theoreticaly, acheck for an additional experiment un-
der the optimum conditions determined was performed
and theyield obtained experimentally in therange of
83.48 % was compared to 84.56 %, corresponding to
that was given by themodel.

As perspective, this part of study should befol-
lowed by an optimization of operating parameters
by another experimentsdesign like central compos-
itedesign. Thiswould probably achieve higher yield
extraction efficiency withthewel | optimized mixture.
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