
Research Article Open Access

Journal of Advanced 
Chemical EngineeringJo

ur
na

l o
f A

dv
anced Chemical Engineering

ISSN: 2090-4568

Khan and Usman, J Adv Chem Eng 2016, 7:1 
DOI: 10.4172/2090-4568.1000161

Volume 7 • Issue 1 • 1000161
J Adv Chem Eng, an open access journal
ISSN: 2090-4568

A Comparative Study of Physical and Chemical Method for Separation of 
Benzoic Acid from Industrial Waste Stream
Rehan Khan* and Muhammad Usman
National University of Sciences and Technology, School of Chemical and Materials Engineering (SCME), NUST, Islamabad, Pakistan

Abstract

Phthalic anhydride is manufactured by the partial oxidation of ortho xylene in the presence of V2O5/TiO2 
catalyst. In the residue, maleic acid, benzoic acid (BA), telluric acid and traces of other organic compounds are 
present in the by-product stream. There is almost 60% of (BA) in the residue sample, which compels to recover 
the tremendous amount of (BA), as it is of great importance. The waste stream is in the form of slurry at high 
temperature and is solidified at room temperature. Benzoic acid was selectively removed from the solid waste of 
Phthalic anhydride production industry by the processes associated with less intensive parameters as compare 
to the extraction techniques achieved by, pressurized hot water, supercritical CO2 extraction, where the required 
parameters are highly intensive. The separation has been performed by using physical and chemical techniques. In 
physical methods recrystallization (RE), liquid-liquid extraction (LLE) as well as recrystallization followed by liquid-
liquid extraction (RE, LLE) and liquid-liquid extraction followed by recrystallization (LLE, RE) have been studied. In 
another attempt chemical derivatization (CD) has been performed for the purification purposes. The operation has 
been performed at the atmospheric pressure with operating temperatures of 100°C and 25°C in physical processes 
(RE) and (LLE) respectively while in chemical derivatization it ranges from 72°C to 100°C. The characterization of 
the samples was accomplished by GCMS, FTIR and also its melting point was determined. Almost 99% of the purity 
was achieved by CD, LLE, RE followed LLE and LLE followed by RE.
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Introduction
Phthalic anhydride was first produced in 1830 by Augusta Laurent 

[1]. Naphthalene was the first feedstock and then o-xylene was used 
as feedstock after the world war for commercial production. Another 
feed stock can be (n-pentane). The n-pentane related process is still 
in development stages and requires cheap material. Yield, cost, 
availability are considered in the feed stocks selection. Naphthalene 
and n- pentane are expensive as compare to o-xylene. Actually the 
feed for Phthalic anhydride production has been converted from 
naphthalene to o-xylene. In petrochemical industry, catalytic cracking 
is one of the fundamental process in which the heavy hydrocarbons 
are broken down to light hydrocarbons. The light hydrocarbons are 
usually of more importance. One of the examples of such process is 
the partial oxidation of o-xylene in the presence of air in a fixed bed 
reactor to produce Phthalic anhydride. It is catalytic process in which 
Vanadium oxide based on Tatiana is used as a catalyst. The surface area 
of this catalyst is 10 m2/gram and this catalyst can also be supported on 
ceria and silicon carbide. The major units in Phthalic anhydride plants 
are distillation column, Heat exchangers, vessels, heaters, compressors 
pumps, and cooling system. Air and o-xylene are feed to heater 
for the vaporization. The fixed bed reactor is suitable in the process 
with the operating parameters of 1-3 bar pressure and 300 to 400°C 
temperatures. Cooling is achieved by the heat exchangers for lowering 
the temperature. The instant removal of the heat avoids hot spots and 
deactivation of the catalyst. The ratio adjustment of o-xylene to air is an 
essential step to avoid the explosion. This process is highly exothermic 
in nature with (-264 kcal/mole) heat released [2-4].

The upper limit of air in the xylene feed stream should not exceed 
1% for the safe operation. Large amount of benzoic acid is produced 
as a side reaction in the synthesis of phthalic anhydride by the partial 
oxidation of o-xylene. Reaction between oxygen and o-xylene is 
exothermic in nature and due to insufficient oxidation of o-xylene and 

rise in temperature of the reaction from 240°C to 480°C is observed 
with some of the side reactions [2]. Along with benzoic acid maleic 
anhydride, methyl maleic anhydride-toluic acid and some unknown 
impurities are produced in the side reactions. The series of reactions 
occur above the operating temperature.

Main reaction

Benzoic acid is an essential chemical with wide applications 
in chemical industries. It serves as food additive, medicines, 
cosmetics, antiseptics and also widely used in the synthesis of phenol. 
Environmental pollution, as a source of increasing concern might be 
reduced by application of proper methods of purifications aimed at 
reduced pressure and temperature. It is therefore essential to develop 
techniques that are environmental friendly, safe, effective, economical 
and practical. To utilize the resources and reduce the pollution, several 
techniques for purifying these compounds have been developed [5].

One of the ways is pressurize hot water extraction of benzoic 
acid (BA) and phthalic anhydride (PA) (Figure 1) from industrial 
waste through modified supercritical fluid extractor. It is for the 
first time used for the extraction of BA and PA. BA and PA can be 
selectively removed from the petrochemical waste by pressurize hot 
water extractor technique. The design is based on semi-continuous 
extraction. The selective extraction of BA and PA is achieved from the 
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The crystallization process itself helps in the purification because as the 
crystals form, they select the correct molecules, which fit into the crystal 
lattice and ignore the wrong molecules. This is of course not a perfect 
process, but it does increase the purity of the final product [9]. Liquid-
liquid extraction (LLE) is one of the separating technique in which one 
or more solute in feed is transfer to another immiscible liquid. It is 
one of the frequent separating techniques employed to isolate one or 
two components from the mixture. It is very versatile method of great 
value not only in laboratory but in the daily life. In technical sense the 
principle of the extraction is based on the equilibrium distribution of 
substance in the two immiscible phases, one of which is an extracting 
solvent [9,10]. The solvent needs to be pure but with the tendency to 
react selectively with the component of interest. The mass transfer 
phenomenon is dominated in the operation. It is the way of extracting 
compounds from solids or liquids by liquid solvent. The main principle 
of the process is the difference in solubility of solute in two different 
immiscible liquids. In the present case ethyl acetate is an appropriate 
solvent for the dissolution of sample [11]. The solubility of the benzoate 
ion is marked more in water at low temperature as compare to ethyl 
acetate, thus the mass transfer of benzoate ions into the aqueous phase 
is dominated. Dielectric constant value of the ethyl acetate is 6.02 that 
put it in the range of intermediate polar solvent with the suitability 
for the dissolution of benzoic acid. The general method is to use the 
extracting solvent in small amount than using it in bulk at once. Better 
extraction was achieved when the experiment was performed by the 
addition of solvent in several steps. It is used in the condition when 
distillation process in uneconomical or insufficient to extract the pure of 
components. It is appropriate method in azeotropic mixture separation 
and heat sensitive components. Along with some advantages, the slow and 
tedious nature of the LLE and the utilization of large amount of solvent for 
the extraction are the problems associated with LLE [12] (Figure 3).

Chemical derivatization (CD) is one of the significant techniques 
for decontamination of impure sample of benzoic acid. The process is 

mixture of phthalic acid, aldehydes, toluic acid, maleic acid and other 
minor impurities. The pressure, temperature, flow rate and extraction 
time required are 60-220 bar, 60-140°C, 0.2-1 ml/min, 5-45 min 
respectively. Required parameters for PHWE purification procedure:

Temperature: 140°C

Pressure: 118 bar

Flow rate of water: 0.9 ml/min

Extraction time: 29 min

Supercritical CO2 has also been used for the purification in the 
same circumstance. Variables such as temperature (35-95°C), pressure 
(100-300 bars), static time (0-20 min), dynamic time (10-90 min), and 
flow rate (0.2-1 mL/min) were used [6,7].

Recrystallization is the physical method of eliminating the 
impurities from the crude sample of BA. It relies on the difference in 
solubility of solutes in a solvent. The impurities would either be soluble 
in solvent at low or high temperature but the present practice is more 
concerned with the second phenomenon. Recrystallization is one of the 
physical methods for the elimination of impurities up to some extent 
by processing the impure sample of benzoic acid. There are two types 
of impurities: those more soluble in a given solvent than the main 
component and those less soluble. If there are any impurities that have 
the same solubility as the main component, then a different solvent 
needs to be chosen. The combination of solute and solvent should 
allow the dissolution in an amount that is not unduly large. The boiling 
point of the solvent must be lower so that it can be readily removed it 
from crystals. The suitability of the solvent for the recrystallization of 
benzoic acid is checked by determining the dielectric constant of the 
solvent, the property that measures the polarity of solvents. The solvent 
with 2-3 range value (dielectric constant) is considered non-polar while 
those with high than 10 are polar in nature. The solvent with 3-10 range 
of value are termed as intermediate polar. At 96°C the solubility of the 
benzoic acid is 67 gm/lit in water and thus making water the best solvent 
for this process [8]. The solvent should not have the tendency to react 
chemically with the purifying sample. The benzoic acid would show less 
solubility (Figure 2) at room temperature than at high temperature. The 
purification is achieved by dissolving some of the sample in a suitable 
solvent. Thus, if the dissolution of the sample is achieved by heating, 
the crystals will appear after cooling the heated solution. The extent 
of precipitation relay on the difference in solubility of the substances 
in solvent at two extreme ranges of temperature. The upper limit is 
the boiling point of the solvent while the lower is determined by the 
experimental convenience. Acetones ethyl alcohols, and other organic 
compounds can also be used for the same purpose but water is more 
cost-effective. Compounds, which are less soluble, will crystallize first. 

Figure 1: O-xylene is oxidized to phthalic anhydride.

Figure 2: Benzoic Acid Solubility Curve in Water (Solvent).

Figure 3: Describe the Summary of the Process.
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Liquid-liquid extraction

The liquid-liquid extraction was initiated by the dissolution of 5 
gram of crude benzoic acid in the ethyl acetate as an organic solvent in 
separating funnel. Benzoic acid is soluble in the medium polar solvent 
with less toxicity. Extraction is accomplished by shaking the solution 
with second solvent in the separating funnel. NaHCO3 50 ml of 1 molar 
solution was added to the separating funnel in order to convert the 
benzoic acid to sodium benzoate and transfer it to the aqueous phase 
from organic phase. The reason of transformation of sodium salt from 
organic to aqueous phase is the difference in the solubility. The ionic 
compound would have markedly different solubility from the acids. The 
mixture is shacked up to 2 minutes for each batch of the added aqueous 
solvent [10]. The carbon dioxide produced is vent off the separating 
funnel. The shaking is done until no CO2 is produced. The aqueous 
phase with sodium benzoate has more density than the organic phase 
layer, thus after each step the lower layer is placed in the beaker for the 
protonation process. Sometimes the entire product is not extracted in 
single operation and the process should be repeated twice or more for 
the better recovery. The protonation of the sodium benzoate is done 
by the addition of 20-25 mL HCl (3 molar). After the protonation, 
the white precipitate are obtained that are washed with distilled water 
during filtration phase. The whole process is about the conversion of 
benzoic acid to sodium benzoate and again this product to purified 
benzoic acid with overall 90% recovery and 99% purity [11,12].

Recovery=weight of purified sample/ weight of benzoic in the 
crude sample × 100

Initial weight taken=5 gram

Yield=2.7/5=54 ± 4%

Recovery of benzoic acid by assuming 60% in the crude sample=90%

Recrystallization followed by liquid-liquid extraction 

The recrystallization followed by liquid-liquid extraction was 
performed for the purification. The combinations of these two kinds 
of processes one after another, yield benzoic acid with appreciating 
purity. The recovery of the benzoic acid was little bit less as compare 
to the (LLE) method when performed alone. The total recovery is 48%

Recovery=weight of purified sample/ weight of the crude sample 
× 100

Initial weight taken=5 gram

Yield=2.4/5=48 ± 3%

Recovery of benzoic acid by assuming 60% in the crude sample=80%

Liquid-liquid extraction follower by recrystallization

The techniques, liquid-liquid extraction followed by recrystallization 
were performed for elimination of the unwanted impurities associated 
with benzoic acid. The same procedure was followed for both the 
process. Almost the same recovery and purity was achieved as in (RE, 
LLE) process.

Recovery=weight of purified sample/ weight of benzoic acid in 
crude sample × 100

Initial weight taken=5 gram

Yield=2.45/5=49 ± 3%

Recovery of benzoic acid by assuming 60% in the crude sample=81%

also termed as esterification. The selected route is about the conversion 
of benzoic acid to the methyl benzoate by the reaction of methanol with 
benzoic acid under reflux, the product from this reaction is reacted with 
base NaOH under reflux to form sodium benzoate. The protonation 
of the sodium benzoate is the last step of the purification process [13-
16]. These reactions are commonly catalysed by concentrated and 
small amount of an acid that speeds up the reaction between the two 
reactants. The Keq equilibrium constant for these reactions is 4 for 
the most of the reactions and thus the ratio of the two reactants is 1:1 
with almost 67% yield [17]. Excess of alcohol can enhance the yield by 
shifting the equilibrium to the right side of the equation. The process 
is also called fisher esterification reaction. The yield may reach to the 
95% by the use of excess amount of alcohols. The recovery achieved 
was too low as compared to the other (Figures 4 and 5) purifications 
process [18-20].

Materials and Methods
Water was used as solvent in the recrystallization, Ethyl acetate 

acted as a solvent in the ionization of benzoic acid in LLE while the 
NaHCO3 was used in the production of sodium benzoate and HCL 
used for protonation purpose. In the chemical derivatization the 
methanol is used in the production of methyl benzoate from benzoic 
acid in the presence of H2SO4 as catalyst. The transformation of methyl 
benzoate from the aqueous to phase is achieved by ether, MgSO4 as a 
drying agent while NaOH used for the production of sodium benzoate 
to make benzoic acid after the protonation of sodium benzoate.

Recrystallization

The recrystallization was performed by taking 5 gram of crude 
benzoic acid sample and put in the 500 mL of water. Heat the flask until 
the crude sample is dissolve and the solution becomes clear. Sometimes 
the sample have some impurities that are not soluble in water and are 
visible, the addition of more solvent is avoided. The usage of solvent 
should be minimum. After heating, cooling step is significance to 
acquire pure crystals. The cooling rate alters the purity of the crystals. 
The slower the cooling, the slower is the formation of crystals but with 
excellent purity. An inverse relation exists between rate of cooling 
and purity Excellency. Sometimes the crystals yield is less and can be 
increased by scratching the sides of beaker with glass rod. The crystals 
obtained are filtered and washed with distilled water several times [8].

Recovery=weight of purified sample / weight of benzoic acid in the 
crude sample × 100

Initial weight taken=5 gram

Yield=4.25/5=85 ± 5%

Recovery of benzoic acid assuming 60% in crude sample is almost 
95 ± 3 but the presences of impurities were detected.

Figure 4: Describe the Summary of the Process.
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Figure 5: GC Chromatogram of Crude Benzoic Acid Sample.

Chemical derivatization 

In this attempt the purification is achieved by performing the 
chemical method. This process is about the conversion of benzoic 
acid to the methyl benzoate, the product is then converted to sodium 
benzoate and the protonation of the sodium benzoate is the last step 
of the purification process. The initiation of chemical derivatization is 
made by taking 5 grams of crude benzoic acid and mixed with 45 ml 
of methanol in the round bottom flask. The amount of methanol can 
be varied but the suitable amount in this case is 25 ml. The reaction 
is catalysed by the addition of 1.2 ml H2SO4. The reactants are mixed 
and attached to the reflux condenser. Reaction under reflux condenser 
is the way to maintain constant elevated temperature [17,18]. One is 
the reaction flask usually round bottom flask and the other part is a 
condenser attached to the reaction flask. During heating the solvent 
evaporates and then come down back to the reacting flask after being 
cooled by the circulating water. In this process the volume of the solvent 
does not change because no solvent is allowed to go out of the flask. The 
cooling is done by the circulating water around the condenser. Most 
of the organic reactions do not take place at room environment so the 
reflux heating adjustment becomes necessary for it i.e., the reaction 
between benzoic acid and methanol. The mixture is heated almost for 3 
hour by keeping temperature at 64°C. After reflux the reactants, methyl 
benzoate and some of the unreacted benzoic acid and sulfuric acid were 
poured in the separating funnel. It is mixed with 75 ml water for the 
washing purpose. Rinsing the reaction flask with 35 ml ether is done 
and then poured into the separating funnel too. After shaking the lower 
aqueous layer is drained that contained unreacted methanol and acid. 
The remaining ether layer is washed with 15 ml water and drained. The 
ether layer is again washed with NaHCO3 (0.5M) solution to remove 
the untreated benzoic acid. During this washing cautiously shaking is 
done due to the release of CO2 gas in the process can create pressure 
inside the separating funnel. Methyl benzoate is retained and the 

ether is evaporated by rotary evaporator at 36°C. The methyl benzoate 
obtained was dried by the drying agent. The removal of water in these 
types of reactions is necessary because it may alter the rate of reaction. 
During the reaction between methyl benzoate and sodium hydroxide, 
the presence of water associated with methyl benzoate may change the 
required concentration of the sodium hydroxide solution. The methyl 
benzoate is then refluxed with NaOH saturated solution at 100°C with 
almost the same volume as methyl benzoate. The reactants are refluxed 
for 3 hour and the stopped [19]. Sodium benzoate is produced in this 
process which is then converted to benzoic acid by the addition of 3 
molar HCL to the sodium benzoate almost double the volume of it. 
The precipitation occurs that is the conformations of the presence of 
benzoic acid.

Recovery=weight of purified sample / weight of benzoic acid in 
crude sample × 100

Initial weight taken=5 gram

Yield=1.75/5=35 ± 4%

Recovery of benzoic acid by assuming 60% in the crude sample=58% 

Results and Discussion
Characterization of the samples

The characterization of the purified and crude sample has been 
performed by melting point apparatus, GC-MS and FTIR analytical 
equipment’s.

Melting point

The temperature of solid at which its state changes from solid 
state to liquid state is called melting point. Difference substances have 
different melting points (Table 1). Determining the melting point is 
one of the methods of inspecting about the purity of the substance. 
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For example the melting point of BA is 122.4°C in the literature but in 
the impure state the value of melting is lesser than the literature value. 
It is actually the physical property of compound. The difference in the 
melting points of compounds is due to the different structure. Melting 
point is insensitive to pressure and no pressure correction is needed 
while in the boiling point it matters. Melting and boiling point can be 
useful in the identification of substance [20].

GC-MS result

It is an analytical instrument combining gas chromatography 
with ability of separation, with mass spectrometry ideal in elucidation 
structure of separated components. This technique is usually used for 
the volatile organic components. In these kinds of equipment’s there 
exists equilibrium between stationary phases, which is responsible for 
the separation. The carrier gas is usually an inert gas which carries the 
solute through column. This carrier gas is also called mobile phase 
(N2, He) with 1-2 ml/min flow rate. Physical and chemical natures of 
molecules make them to travel with different speed in a column [20-25].

In the chromatogram (Figure 6) the broad peak of the impurities 
appears in the range of 4.75 to 6.75 min retention time while the 
benzoic acid peak is at the 11.08 min of retention time with low 
intensity. The sample along with the impurities was tested by GC-MS. 
The chromatogram indicates the presence of impurities like maleic 
acid, toluic acid, Pimide and other unknown organic compounds etc. 
The small peak of the benzoic acid is the evidence of the less amount of 
benzoic acid in the crude sample.

The sample purified by the recrystallization is not that much pure 
as compare to the sample purified by the other purifying methods. 
Recrystallization is not the better choice to purify the sample but in 
combination with liquid-liquid extraction and chemical derivatization 
is the best choice to get high purity. The sample purified by the 
recrystallization method shows the result of BA with high peak 
intensity in the chromatogram as compare to the peak representing 
impurities. Benzoic acid in the GC chromatogram can be identified by 

its retention time. The retention time varies for different components. 
Retention time of benzoic acid is almost 11 minutes. Similarly the study 
of MS can also leads to know about the compound under observation.

The Figures 7-11 are the chromatograms of the purified samples 
indicating almost 99% purity. In the GC chromatogram of these 
purified samples there is no such peak of impurities but only one peak 
of benzoic acid with more intensity.

FTIR Results 

FTIR is a powerful technique for the identification of pure organic 
and inorganic compounds. The interactions of radiations occur with 
those substances which possess permanent or induced dipole moments 
and excitation of vibrational state exist. The discrete level of vibrational 
energy should be in these kinds of molecules. It actually detects the 
vibration characters of different chemical functional groups. The 
compound must have dipole moment during vibration. Dipole 
moment is the property that is related to net measure of molecules 
polarity [26,27]. The FTIR spectrum of the crude sample is different 
from the purified samples while the sample purified by (RE) and the 
crude sample can be distinguished from the literature spectrum. In the 
spectrum the 2500-3500 cm-1 is the region indicates the (OH) stretching 
bond, 3000 indicates the presence of C-H stretching bond related to the 
aromatic ring, 1715 cm-1 range shows the presence of CO while the 
1622-1496 cm-1 is the range of the aromatic ring [28,29].

The spectrum of the crude sample and the sample purified by (RE) 
have different spectrum as compare to the literature spectrum, because 
of the presence of a lot of OH 2500-3000 cm-1, CH3 2875 cm-1, CH 3000 
cm-1 and other types of groups associated with the impurities (Figures 
12-14). The spectrums that are represented by the following Figures 15-
17 resemble the literature spectrum of the benzoic acid. The reason of 
the resemblance is the absence of a lot of (OH) 2500-3000 cm-1, (CH3)
2875 cm-1, (CH) 3000 cm-1 and other types of groups associated with 
the impurities [30,31].

Figure 6: GC Chromatogram Result for Sample Purified by Recrystallization.
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Figure 7: GC Chromatogram of the Sample Purified by Liquid-Liquid Extraction.

Figure 8: GC Chromatogram of Sample Purified by Recrystallization followed by Liquid-Liquid Extraction.
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Figure 9: GC Chromatogram of Sample Purified by Liquid - Liquid Extraction followed by Recrystallization.

Figure 10: GC Chromatogram of Sample Purified by Chemical Derivatization.
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Figure 11: Literature FTIR Spectrum of the Benzoic Acid.

Figure 12: FTIR Spectrum of Crude Benzoic Acid.

Figure 13: FTIR Spectrum of the Sample Purified by Recrystallization.
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Figure 14: FTIR Result of the Sample Purified by Liquid-Liquid Extraction.

Figure 15: FTIR Result of the Sample Purified by Recrystallization followed by Liquid - Liquid Extraction.

Conclusion
 Experiments illustrate a clear view about the recovery and purity of 

the impure benzoic acid. The purification accomplished by (RE) yield BA 
with 85 ± 5 yield with recovery but the cause of not considering it a best 
way is the incomplete elimination of impurities from the sample of the as 
shown in the GC chromatogram. The peak associated with the impurities 
can be clearly observed at 3.75-5.75 min range of retention time.

(LLE) is considered the best way of decontaminating the sample 
with 54 ± 4% yield and (BA) recovery of 90 ± 2% with outstanding 
purity. The Figure 6 indicates a clear intensive peak of the only BA 
almost at the retention time of 8 min after it is injected.

(RE) followed by (LLE) had almost 48 ± 3% yield with 80 ± 3 
recovery of (BA). And (LLE) followed by (RE) had 49 ± 3% yield with 81 
± 2% recovery of (BA) with appreciating effects on the purity of crude 
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Figure 16: FTIR Result of the Sample Purified by Liquid - Liquid Extraction followed by Recrystallization.

Figure 17: FTIR Result of the Sample Purified by Chemical Derivatization.
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Purification processes Melting point
Literature melting point of benzoic acid 122.4°C

Crude benzoic acid 112.1 ± 1°C 
Sample purified by Re-crystallization 121.1 ± 1°C

Sample purified by Liquid-Liquid extraction 122.3 ± 1°C
Sample purified by Liquid-Liquid extraction followed by Re-

crystallization 122.4 ± 1°C

Sample purified by Re-crystallization followed by Liquid-Liquid 
extraction 122.3 ± 1°C

Sample purified by Chemical Derivatization method 122.1 ± 1°C

Table 1: Melting point of the crude and purified benzoic acid.

sample. Only one peak exists, associated with the benzoic acid while 
the same result at the retention time of 11 min. In the chemical method 
of purification, the chemical derivatization (CD) was performed, had 
35 ± 5% yield with 58 ± 5 recovery of (BA) but leads us to high purity.

The significance of these purifying techniques is its association 
with less intensive operating parameters i.e., low temperature and 
pressure as compare to the extraction achieved by vacuum distillation, 
pressurized hot water, supercritical CO2 extraction techniques, where 
the required parameters are too intensive.
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