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STUDY THE KINETIC OF NEW PHOTO-STABILIZER (4STEAROYLRESORCINOL) PRODUCTION USING BATCH
REACTOR
Dr. M.M. Alfaize, Dr. S.A. Niema, G.J. Alhamar
Chemical Engineering Department, College of Engineering, Basrah University,
Basrah, Iraq
Abstract
4-Stearoylresorcinol was prepared by acylation of resorcinol with stearoyl chloride in the
presence of zinc chloride as catalyst in a batch reactor. The temperature range of reaction was (5080)C. The rate of acylation increased with temperature up to (70 C). The conversion of reactants
appeared to follow second order kinetic model. The reaction rate constant was (0.0031 l/mol.min)
and was higher at higher temperatures. Activation energy was (16.8258 kJ/mol). The optimal
catalyst concentration was (2.9936 mol/l). Also, a quantitative relationship was derived to represent
the weight of the product as a function to the reaction variables. The quantitative relationship gave
mean deviation equal to (5%). The product concentration was measured by UV spectroscopy.
Keywords: - kinetic, Friedel-Craft reaction, photo-stabilizer, batch reactor.
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Introduction
Synthetic and natural polymers vary
in their sensitivity to environmental
influences. Ultraviolet radiation in sunlight
plays a critical role in selecting plastics for

outdoor applications because it has sufficient
energy to break chemical bonds [1]. The
absorbed UV light cause the plastic material
to become brittle, discolored, cracked and
loss the mechanical properties [2]. This
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problem was solved by incorporating or
coating the plastics with a special chemical
compounds called photo-stabilizers. Photostabilizers work by absorbing incident UV
radiation and then re-emitting the absorbed
energy as harmless heat not as radiation [3].
In recent decades, plastics have undergone a
spectacular rate of growth. Whereas, initially
they were mostly regarded as substitutes for
other materials, Today, they are used in all
branches of industry and everyday life and
represent useful modern technical materials
with versatile and to some extent
irreplaceable applications.
Plastics are based on polymers,
polymers are raw materials for plastics and
they become plastics only after physical
compounding and/or chemical hardening [1].
The term plastics refer to the final products
that include not only the homogeneous
polymeric starting material but also many
additives such as stabilizers, fillers,
plasticizers and pigments [4].
The weathering behavior of a plastic
is one of the most important limiting factors
in assessing and selecting a plastic for
outdoor applications. The selection of a
material by simple mechanical properties is
ineffective if the material loss strength or
discolors in service. Weathering involved the
following factors solar radiation, temperature,
humidity and pollutants [5].
Ultraviolet Light (UV) in solar
radiation is a very high energy type of light
that will easily damage plastics [6]. UV
energy absorbed by plastics can excite
photons which then create free radicals [7].
As further radicals are formed, the
degradation of the polymer proceeds
indefinitely in a chain reaction [8]. The

presence of catalyst residues and other
impurities will act as free radical receptors
and degradation occurs [7].
There are many ways of avoiding UV
degradation in plastics such as the using of
UV Stabilizers; they are colorless or nearly
colorless organic substances [9]. They work
by interrupting the photo degradation cycle to
slow down or prevent the cycle from
completing [5].
The production of any compound
such as photo-stabilizer need a reactor in
which the reaction occurs. Batch reactors are
usually used for testing and studying new
processes that have not been fully developed
[10]. Batch reactors are very used in studies
of reaction kinetics and thermal effects
modeling because of reaction system that
may be quite complex and not entirely known
[11].
Yang H.M. and Wu H.E.
investigated the kinetic of synthesizing
dibenzyl phthalate via solid-liquid phasetransfer catalysis under anhydrous conditions
in a stirred batch reactor. The effect of
reaction conditions were all studied. The
results showed that the reaction rate increases
with increasing agitation speed, polarity of
organic solvent, and temperature even
without adding water and the reaction can be
described by the pseudo-second-order
kinetics. The reaction rate was extremely
slow without using catalyst even at a higher
temperature [12].
Pakdehi S.G. studied the kinetic of
production methyl formcel from the reaction
of trioxan and methanol. The reaction
kinetics was studied in the presence of
sodium hydroxide as catalyst in a temperature
range of (25-50C). The results showed that
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the reaction followed second order kinetics at
first stages of reaction and a third order
kinetics at the rest stages. Also the activation
energy was calculated which was equal to
(18.3 kJ/mol) [13].
Izci A. and Hosgun H.L. studied the
kinetics of synthesis isobutyl propionate from
the reaction of propionic acid with isobutanol
in the presence of (Amberlyst-15) as a
catalyst using a stirred batch reactor at
temperature range of (318 – 348) K. The
effects of reaction conditions were
investigated. A pseudohomogeneous model
was developed from the experimental data.
The results showed that the reaction was
depended on temperature, the mixing speed
has a little effect on the reaction, the
activation energy and the equilibrium
constant was found equal to (52.03 kJ.mol−1
and 5.19) respectively [14].
Motivation of study this acylation
reaction is that without additives, plastics
would not work but with them they can be
made safer, cleaner, tougher and more
colourful. Additives such as photo-stabilizers
reduce the production costs and make
products last longer, they help to save money
and conserve the world's precious raw
material reserves [15].
In the present research the reaction
kinetic was studied to determine the order of
the reaction, rate law constant and the
apparent activation energy. Also, a
quantitative relationship was studied to
represent the weight of the product as a
function to the reaction variables.

Background Information
A Friedel-Craft acylation reaction is
carried out by reacting resorcinol with

stearoyl chloride in order to substitute an acyl
group onto the aromatic ring of resorcinol.
The aromatic compounds are stable
unsaturated ring systems that typically favor
reactions that maintain the aromatic ring
intact. In the electrophilic reaction of
aromatic compounds, a hydrogen atom is
substituted by an electrophile [16].
The mechanism of the reaction
contains two steps: the substitution of the
electrophile forms a carbon cation, then the
elimination of one proton reestablish the
aromatic character of the product. FriedelCraft reaction is an example of a substitution
of aromatic compounds in which a new
carbon-carbon bond is formed by the
substitution of an acyl group [16].
In the present reaction, zinc chloride
(a Lewis acid) reacts with stearoyl chloride to
form a charged electrophile (the acylium
ion). Then the acylium ion reacts with the
aromatic ring of resorcinol in a two steps
substitution with the formation of 4stearoylresorcinol.

… (1)

… (2)
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… (3)

Experimental Procedure
 Materials:The chemicals used in this work are as
follow:1- Phosphoryl Chloride ( POCl3 ); it was
supplied from Fluka Company.
2- Stearic Acid ( CH3(CH2 )16 COOH );
Stearic acid with purity (99%) was
supplied from Fluka Company.
3- Resorcinol ( C6H6O2 ); Resorcinol with
purity (98%) was supplied from Fluka
Company.
4- Zinc Chloride ( ZnCl2 ); Zinc Chloride
with purity (97%) was supplied from
Thomas Baker Company.
 Procedure:Acylation reaction was performed in a
(100 ml) three necked round bottom flask
equipped with a reflux condenser, a
thermometer and a nitrogen flow meter. The
reactor was immersed in a constant
temperature water bath. The water bath
controlled within (± 0.5 ºC). Agitation was
provided with a mechanical stirrer which set
at a constant speed throughout the
experiment. Initially, the reactor was charged
with (5.68 gram) stearic acid and (10 ml)
phosphoryl chloride .The mixture was stirred
with heating for (30 min) then (2.42 gram)
resorcinol and (4.08 gram) of freshly fused
zinc chloride were added to the reaction
vessel with continuous mixing. After two
hours the reaction was stopped, cooled, then
(250 ml) of distilled water was added to the
mixture,
the
product
was
filtered,

recrystallized from ethanol and dried in a
vacuum oven at (75 C) for (24 hrs) which
gave pale yellow precipitate[17].
At various times, a sample was
withdrawn quickly from the reactor with (1
ml) pipet. (0.1 ml) of the reaction medium is
added to (50 ml) volumetric flask filled with
distilled water to the marker. Then (10 ml) of
chloroform is added that make the product
(4-stearoylresorcinol) which precipitate after
adding water dissolved in chloroform. From
the lower layer (chloroform and dissolved
product) withdrawn (0.1 ml) and dilute again
in (10 ml) chloroform volumetric flask.

Analysis
The samples were analyzed by using
UV spectroscopy ( PD-303UV ) at a
wavelength (316 nm). Chloroform was used
as the blank solvent.
Fig. (1) Shows the laboratory reaction
system.

Reaction Kinetic
The reaction kinetic for the production of
the photo-stabilizer is studied
 Test the Reaction Order:This usually achieved by measuring
the concentration as a function of time then
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using the differential or integral method to
determine the reaction order and reaction rate
Figs. (9) to (11) show the non-linear
constant (k) [18].
relationship between the concentration data
against different times for different
 Initial Rate Method:The initial rate method is a simple
temperatures. So in order to find the order of
way to obtain reaction order. It consists of
the reaction, the initial rate method will be
doing a series of experiments in which the
used as follow:initial concentration of reactants varied. The  At temperature = 70 C, stearoyl chloride
initial rates found by differentiating the data
concentration = 1.8968 mol/l and resorcinol
and extrapolating to zero time. Then the
concentration = 2.1978 mol/l
initial rates are compared, from which the
Since
𝐝𝐂
∆𝐂
reaction order can be deduced [19].
𝐫𝐀 = − 𝐝𝐭𝐀 = − ∆𝐭𝐀
… (9)
(𝐑𝐚𝐭𝐞)𝟏
(𝐑𝐚𝐭𝐞)𝟐

=

[𝐀]𝛂
𝟏
[𝐀]𝛂
𝟐

∗

[𝐁]𝛃𝟏
[𝐁]𝛃𝟐

∗

[𝐂]𝛄𝟏

… (4)

[𝐂]𝛄𝟐

Then
Time

Conversion

concentration



 Integral Methods:0
0
1.8968
These methods used to determine the
20
0.1925
1.5316
order of a reaction by graphical plotting of
the data for a particular experiment. The
𝐫𝐀° = 𝟎. 𝟎𝟏𝟖𝟑 𝐦𝐨𝐥. 𝐥−𝟏 . 𝐦𝐢𝐧−𝟏
experimental data are plotted in several
𝐫𝐀° ≅ 𝟎. 𝟎𝟐 𝐦𝐨𝐥. 𝐥−𝟏 . 𝐦𝐢𝐧−𝟏
different ways by assuming a zero order
reaction, first order reaction and a second  At temperature = 70 C, stearoyl chloride
order reaction and so forth. The order of the
concentration = 3.7937 mol/l and resorcinol
reaction is determined by which graph gives
concentration = 2.1978 mol/l
the best fit to the experimental data [19].

Time
Conversion
concentration
For zero order reaction
𝐂𝐀 = 𝐂𝐀° − 𝐤 𝐭

… (5)

𝟏
𝐂𝐀

=

𝟏
𝐂𝐀°

order

20

0.2008

3.0319

𝐫𝐀𝟏 ≅ 𝟎. 𝟎𝟒 𝐦𝐨𝐥. 𝐥−𝟏 . 𝐦𝐢𝐧−𝟏

reaction

 At temperature = 70 C, stearoyl chloride
(one
concentration = 1.8968 mol/l and resorcinol
concentration = 4.3956 mol/l

… (7)

second

𝟏
𝐂𝐀° ∗ (𝛉𝐁 −𝟏)

3.7937

… (6)

+ 𝐤𝐭

For
reactants)
𝐤𝐭 =

second

0

𝐫𝐀𝟏 = 𝟎. 𝟎𝟑𝟖 𝐦𝐨𝐥. 𝐥−𝟏 . 𝐦𝐢𝐧−𝟏

For first order reaction
𝐥𝐧 𝐂𝐀 = 𝐥𝐧 𝐂𝐀° − 𝐤 𝐭
For
reactant)

0

order

reaction

(two

Time

Conversion

concentration

0

0

1.8968

0.3673

1.0200

20

∗

(𝛉 − 𝐱)
𝐥𝐧 [𝛉 ∗𝐁(𝟏 − 𝐱)]
𝐁

… (8)



𝐫𝐀𝟏 = 𝟎. 𝟎𝟑𝟒𝟖 𝐦𝐨𝐥. 𝐥−𝟏 . 𝐦𝐢𝐧−𝟏

92
𝐫𝐀𝟏 ≅ 𝟎. 𝟎𝟒 𝐦𝐨𝐥. 𝐥−𝟏 . 𝐦𝐢𝐧−𝟏
The order of the reaction with respect
to each component found by equation (1):(𝐑𝐚𝐭𝐞)𝟏

=

(𝐑𝐚𝐭𝐞)°

[𝐀]𝛂
𝟏

∗
[𝐀]𝛂
°

[𝐁]𝛃𝟏
[𝐁]𝛃°

For the first case
𝟑.𝟕𝟗𝟑𝟕𝟐 𝛂

𝟎.𝟎𝟒

𝟐.𝟏𝟗𝟖 𝛃

= [𝟏.𝟖𝟗𝟔𝟖𝟔] ∗ [𝟐.𝟏𝟗𝟖]   = 1
𝟎.𝟎𝟐
For the second case
𝟏.𝟖𝟗𝟔𝟖𝟔 𝛂

𝟎.𝟎𝟒

𝟒.𝟑𝟗𝟔 𝛃

= [𝟏.𝟖𝟗𝟔𝟖𝟔] ∗ [𝟐.𝟏𝟗𝟖]   = 1
𝟎.𝟎𝟐
Then the reaction rate equation has
the form
(−𝐫𝐀 ) = 𝐤 𝐂𝐀 𝐂𝐁
Since
𝐥𝐧 𝐤 = 𝐥𝐧 𝐀 −

𝐄
𝐑

∗

𝟏
𝐓

This is the activation energy of the
reaction.

Correlation
Box-Benken design method is a type
of statistical experiment especially applicable
to optimization analysis [20]. By using this
method, the effect of reaction variables such
as reaction time (X1), reaction temperature
(X2), stearoyl chloride concentration (X3) and
resorcinol concentration (X4) that maximize
the yield (Y) of the chemical reaction are
investigated and analyzed. The technique is
used to find a suitable relationship between
the four variables and the observed response
(Y).
The number of experiments (N)
needed is estimated according to the
following equation [21]:

Table (1) Rate constant logarithm vs.
temperatures inverse
T (K)

1/T

333
338
343
348
353

0.003003
0.002959
0.002915
0.002874
0.002833

K

Lnk

0.0031
0.0039
0.0063
0.0043
0.0045

-5.77635
-5.54678
-5.06721
-5.44914
-5.40368

Then from fig. (12)
𝐥𝐧 𝐤 = 𝟎. 𝟒𝟓𝟒𝟏 − 𝟐𝟎𝟐𝟑. 𝟖 ∗

𝟏
𝐓

∴ 𝐥𝐧 𝐀 = 𝟎. 𝟒𝟓𝟒𝟏  𝐀 = 𝟏. 𝟓𝟕𝟒𝟕
𝐄
= −𝟐𝟎𝟐𝟑. 𝟖 
𝐑
𝐉
𝐄 = 𝟏𝟔𝟖𝟐𝟓. 𝟖𝟕𝟑𝟐
𝐦𝐨𝐥
𝐊𝐉
∴ 𝐄 = 𝟏𝟔. 𝟖𝟐𝟓𝟖
𝐦𝐨𝐥
𝐚𝐧𝐝 −

N = nj + n + n0 = 2z + 2*z + n0
=16 +8 +1 = 25
In order to design the experiments,
the operating range of the variable is first
specified from laboratory experiments, thus
c1= Reaction time (60 - 140) min.
c2= Temperature of reaction (60 - 80) C.
c3= Stearoyl chloride concentration
(1.8968 – 5.6906) mol/L.
c4 = Resorcinol concentration
(2.1978 – 6.5935) mol/L.
The relationship between the coded
variable (X) and the corresponding real
variable as following [21]
𝐗 𝐜𝐨𝐝𝐞𝐝 =
𝐗𝟏 =

(𝐜𝐚𝐜𝐭𝐮𝐚𝐥 − 𝐜𝐜𝐞𝐧𝐭𝐞𝐫 )
(𝐜𝐜𝐞𝐧𝐭𝐞𝐫 − 𝐜𝐦𝐢𝐧𝐢𝐦𝐮𝐦 )

(𝐜𝟏 − 𝟏𝟎𝟎)
𝟒𝟎
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𝐗𝟐 =

(𝐜𝟐 − 𝟕𝟎)

𝐗𝟑 =

(𝐜𝟑 − 𝟑.𝟕𝟗𝟑𝟕)

𝐗𝟒 =

(𝐜𝟒 − 𝟒.𝟑𝟗𝟓𝟔)

𝟏𝟎

If there is a curvature in the system,
the polynomial of higher degree, such as the
second order model must be used [22];

𝟏.𝟖𝟗𝟔𝟖

… (10)

𝟐.𝟏𝟗𝟕𝟖

Usually, a low order polynomial in
some region of the independent variables is
employed. If the response is well- modeled
by a linear function of the independent
variables, then the approximating function is
the first order model;
Y=Bo+B1X1+B2X2+………..+Bk Xk+Error
….(11)

… (12)
A
second
order
polynomial
mathematical model is employed to the
independent variables. The general form of
second order polynomial for four variables is
representing by equation (13).

𝐘 = 𝐁° + 𝐁𝟏 𝐗 𝟏 + 𝐁𝟐 𝐗 𝟐 + 𝐁𝟑 𝐗 𝟑 + 𝐁𝟒 𝐗 𝟒 + 𝐁𝟏𝟐 𝐗 𝟏 𝐗 𝟐 + 𝐁𝟏𝟑 𝐗 𝟏 𝐗 𝟑 + 𝐁𝟏𝟒 𝐗 𝟏 𝐗 𝟒 +
𝐁𝟐𝟑 𝐗 𝟐 𝐗 𝟑 + 𝐁𝟐𝟒 𝐗 𝟐 𝐗 𝟒 + 𝐁𝟑𝟒 𝐗 𝟑 𝐗 𝟒 + 𝐁𝟏𝟏 𝐗 𝟏 𝟐 + 𝐁𝟐𝟐 𝐗 𝟐 𝟐 + 𝐁𝟑𝟑 𝐗 𝟑 𝟐 + 𝐁𝟒𝟒 𝐗 𝟒 𝟐
The
regression
determined as follow [21]:𝐁𝐢 =
𝐁𝐢𝐣 =
𝐁𝐢𝐢 =
𝐁𝟎 ` =

∑𝟏𝟖
𝟏 𝐗 𝐢𝐮 𝐘𝐮
𝟐
∑𝟐𝟓
𝟏 𝐗 𝐢𝐮

𝟐𝟎

∑𝟏𝟔
𝟏 𝐗 𝐢𝐮 𝐗 𝐣𝐮 𝐘𝐮

𝟐

∑𝟐𝟓
𝟏 (𝐗 𝐢𝐮 𝐗 𝐣𝐮 )

` 𝟐

∑𝟐𝟓
𝟏 (𝐗 𝐢𝐮 )
∑𝟐𝟓
𝟏 𝐘𝐮
∑𝟐𝟓
𝟏 𝐍

=

are

∑𝟏𝟖
𝟏 𝐗 𝐢𝐮 𝐘𝐮

=

𝟐
∑𝟐𝟓
𝟏 𝐗 𝐢𝐮 𝐘𝐮

coefficients

=

=

… (13)

𝟐

(𝐗 𝐢𝐮 ` ) = 𝐗 𝐢𝐮 𝟐 −

∑𝟏𝟔
𝟏 𝐗 𝐢𝐮 𝐗 𝐣𝐮 𝐘𝐮
𝟏𝟔

𝟐
∑𝟐𝟓
𝟏 𝐗 𝐢𝐮 𝐘𝐮

𝟖

𝟐
∑𝟐𝟓
𝟏 𝐗 𝐢𝐮

𝐍

… (14)

After the regression coefficients were
determined, the second order model equation
has the form represent by equation(15).

∑𝟐𝟓
𝟏 𝐘𝐮
𝟐𝟓

𝐘𝐛 = 𝟏𝟎. 𝟓𝟔𝟕𝟕 + 𝟏. 𝟖𝟔𝟎𝟑𝐗 𝟏 + 𝟎. 𝟖𝟔𝟒𝟑𝐗 𝟐 + 𝟒. 𝟏𝟖𝟐𝟓𝐗 𝟑 + 𝟎. 𝟏𝟎𝟑𝟒𝐗 𝟒 + 𝟎. 𝟎𝟖𝟔𝟕𝐗 𝟏 𝐗 𝟐 +
𝟏. 𝟎𝟒𝟐𝟕𝐗 𝟏 𝐗 𝟑 − 𝟎. 𝟖𝟑𝟎𝟒𝐗 𝟏 𝐗 𝟒 − 𝟎. 𝟎𝟎𝟏𝟕𝐗 𝟐 𝐗 𝟑 + 𝟎. 𝟏𝟓𝟎𝟐𝐗 𝟐 𝐗 𝟒 − 𝟎. 𝟐𝟓𝟔𝟖𝐗 𝟑 𝐗 𝟒 −
𝟎. 𝟓𝟏𝟔𝟕𝐗 𝟏 𝟐 − 𝟎. 𝟓𝟕𝟗𝟖𝐗 𝟐 𝟐 − 𝟎. 𝟕𝟔𝟏𝟗𝐗 𝟑 𝟐 − 𝟎. 𝟗𝟐𝟔𝟑𝐗 𝟒 𝟐
… (15)
For (N=25), a check of lack of fit of the
regression model is done by calculating the
variance as follow [21]:-

𝐒𝐀𝐃 𝟐 =

𝟐
∑𝟐𝟓
𝟏 𝐧 (𝐘𝐮 − 𝐘𝐛 )

𝐍−

(𝐤+𝟐)(𝐤+𝟏)
𝟐

=

𝟐𝟓∗𝟐𝟕.𝟗𝟕𝟏𝟗𝟕
𝟐𝟓−𝟏𝟓

= 𝟔𝟗. 𝟗𝟐𝟗
… (16)
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Reproducibility
variance
of
the
experiment is determined from four additional
points in the experimental center as following:∑𝟒𝟏 𝐘𝟎

Y`0 =

𝟒

𝐒`𝐲𝟎 𝟐 =

∑𝟒𝟏

∆B° = ∓2 ∗ √0.1055 = ∓0.6496
SBi

2

𝐒`𝐲𝟎 𝟐
2.6399
=
=
= 0.1319 
20
20

∆Bi = ∓2 ∗ √0.1319 = ∓0.7263
(𝐘𝟎𝐢 − 𝐘`𝟎 )𝟐
𝐧𝟎 − 𝟏

𝐒𝐲𝟎 𝟐 = 𝐒`𝐲𝟎 𝟐 ∗ N

SBij 2 =
… (17)

∆Bij = ∓2 ∗ √0.1649 = ∓0.8121

𝟐

∴ 𝐒𝐲𝟎 = 𝟔𝟓. 𝟗𝟗𝟕𝟓
𝐅𝐑 =

𝟔𝟗.𝟗𝟐𝟗𝟗
𝟔𝟓.𝟗𝟗𝟕𝟓

= 𝟏. 𝟎𝟓𝟗𝟓

… (18)

A tabular value FT = 1.83 is obtained for
fAD = 10 and fE =25(25-1) = 600 and 1- =95%,
from figure of F-distribution.
The regression model is adequate with
95% confidence because FR<FT (Fisher’s value <
tabular value). By using the following equations,
estimate the statistical significance of regression
coefficient
SB°

2

𝐒`𝐲𝟎 𝟐
2.6399
=
= 0.1649 
16
16

SBii 2 =

𝐒`𝐲𝟎 𝟐
2.6399
=
= 0.3299 
8
8

∆Bii = ∓2 ∗ √0.3299 = ∓1.1487

… (19)

A check of statistical significance of
regression
coefficients
indicates
that
regression coefficients B4, B12, B23, B24, B34,
B11, B22, B33 and B44 are statistically
insignificant. The final form of the second
order regression model with 95% confidence
may be given by equation (20) [21]:

𝐒`𝐲𝟎 𝟐
2.6399
=
=
= 0.1055 
25
25

𝐘𝐛 = 𝟏𝟎. 𝟓𝟔𝟕𝟕 + 𝟏. 𝟖𝟔𝟎𝟑𝐗 𝟏 + 𝟎. 𝟖𝟔𝟒𝟑𝐗 𝟐 + 𝟒. 𝟏𝟖𝟐𝟓𝐗 𝟑 + 𝟏. 𝟎𝟒𝟐𝟕𝐗 𝟏 𝐗 𝟑 − 𝟎. 𝟖𝟑𝟎𝟒𝐗 𝟏 𝐗 𝟒
… (20)

Results and Discussions
The influence of changing the
reaction conditions on the production of 4stearoylresorcinol is discussed as follows:-

Effect of Reaction Time
Fig. (2) shows the effect of reaction
time
on
the
production
of
4stearoylresorcinol at different stearoyl
chloride concentrations. Fig. (3) shows the

effect of reaction time on the production of 4stearoylresorcinol at different resorcinol
concentrations.
In these figures, it is clear that the
reaction time has a major effect on the
production of 4-stearoylresorcinol and the
product seemed to be increased with
increasing the time of the reaction up to
(2hrs). After that period of time, increasing
the time of reaction has a little effect on the
production.
And
that
because
the
concentration of the reactants decrease to
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small values that make the rate of the reaction
decreased which lead to decreasing the
production.

Effect of concentrations
The effect of stearoyl chloride and
resorcinol concentrations on the production
of 4-stearoylresorcinol is shown in figures (4)
and (5).
It is clear that the production of 4stearoylresorcinol increases with increasing
the concentration of reactants because the
number of collisions in unit time between the
reactants will increase, that will increase the
rate of the reaction which lead to increasing
the production of 4-stearoylresorcinol [23].
The figures showed that, the stearoyl chloride
concentration (limiting reactant) has a
noticeable effect on the production of 4stearoylresorcinol other than resorcinol
concentration (excess reactant) which has
little effect on the production almost not
noticeable.

Effect of Catalyst Concentration
Fig. (6) shows the effect of adding
ZnCl2 as catalyst on the production of 4stearoylresorcinol. The figure show that the
production of 4-stearoylresorcinol increases
by adding ZnCl2 as catalyst, that because
ZnCl2 accelerates the reaction by providing
alternate paths to products, each step of it has
activation energy less than that for the
reaction without ZnCl2. In another words, the
catalyst lowers the activation energy required
for the reaction [24].
Fig. (6) shows also the effect of
changing ZnCl2 concentration on the
production of 4-stearoylresorcinol. The figure
shows
that
doubling
the
catalyst

concentration has a little effect on the
reaction almost not noticeable. As shown in
reaction mechanism, zinc chloride reacts with
stearoyl chloride to form the acylium ion.
Then the acylium ion reacts with resorcinol.
From the mechanism it’s clear that stearoyl
chloride concentration controlled the
reaction, in another word all stearoyl chloride
will react with the 2.9936 mol/L so doubling
the zinc chloride concentration will do
nothing since stearoyl chloride concentration
did not change.

Effect of Mixing Speed (rpm)
Fig. (7) shows the effect of mixing
speed
on
the
production
of
4stearoylresorcinol. The figure shows that the
production increases with increasing the
mixing speed. Since the rate of the reaction
depends on the number of collisions
(contacts) per unit time then increase the
mixing speed will increase the collisions per
unit time which lead to increasing the rate of
the reaction (increasing the product).

Effect of Nitrogen Gas Flow
The effect of nitrogen gas flow rate
on the production of 4-stearoylresorcinol is
shown in fig. (8). It is clear that the
continuous addition of (0.5 l/hr) of nitrogen
gas to the reaction vessel increases the
production of the photo-stabilizer. Since the
water inhibited the reaction due to the strong
adsorption of water on active cites of the
catalyst (ZnCl2) and since the heating
medium is a water bath then using nitrogen
gas is to rid the moisture that could enter the
reaction vessel from the surrounding. Then
minimize the moisture increasing the
production of 4-stearoylresorcinol.
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The same figure shows the effect of
changing nitrogen flow rate on the production
of 4-stearoylresorcinol. It’s clear that
doubling nitrogen gas flow rate has no effect
on the production of 4-stearoylresorcinol, that
because nitrogen gas do not takes part in the
reaction it just rid the moisture from the
reaction vessel.

Since the two reactions are
endothermic reactions which mean that the
reactions need to absorb heat to happen then
at (50 C) the heat absorbs by the first
reaction was not enough to start the reaction.
Because the first reaction did not take place
at (50 C) that why the minimum temperature
used in this work was (60 C).

Effect of Temperature

Conclusions

The influence of reaction temperature
on the production of the photo-stabilizer at
different time is shown in fig. (9). It can be
seen that the product increases with
increasing the temperature. Since increasing
temperature increase the rate constant (eq.
(22)) and since the rate constant related to the
reaction rate by eq. (21) then increasing
temperature increases the reaction rate.
Since

1- A quantitative relationship between the
product (4-stearoylresorcinol) and the
main effective variables is well
represented
by
a
second-order
polynomial model.
2- The production reaction of photostabilizer was found to follow a second
order kinetics model.
3- The reaction kinetics described by a
homogeneous phase reaction model.
4- The activation energy for the reaction is
equal to 16.8258 (KJ/mol).
5- The reaction was very slow without using
catalyst.
6- The mixing speed and Nitrogen gas flow
rate have a noticeable effect on the
production.
7- The reaction was more safety to run at
70C.

rA = k CA CB

… (21)

And
E

k = A Exp. (− RT)

… (22)

From these two equations it’s clear
that increasing temperature increases the
reaction rate and then increasing the
production of the photo-stabilizer.
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Fig. (2) Weight of product vs. reaction
time at different stearoyl chloride
concentrations.

Fig. (4) Weight of product vs. stearic
concentration at different catalyst
concentrations
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Fig. (3) Weight of product vs. reaction
time at different resorcinol concentrations
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Fig. (5) Weight of product vs. resorcinol
concentration at different catalyst
concentrations
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Nomenclature:Symbo
l
A
[A]
[B]
Bi, Bii,
Bij
CA
CAo
CB
CBo
ln ca
1/ca
c2
Ea
Error
fAD
fE

FT
FR
k
N
nj
n
no
rA

Description

Unit

Frequency factor
Concentration of
component A
Concentration of
component A
Regression coefficient
parameters
Concentration of
limiting component
Initial concentration
of limiting component
Concentration of coreactant
Initial concentration
of co-reactant
First order kinetic test
Second order kinetic
test
Second order kinetic
with two components
Activation energy
Random experimental
error
Degree of freedom of
total variance
Degree of freedom of
variance of
experiment in center
points
Tabular value
Fisher’s value
Reaction rate constant
Total number of
experiments
No. of core points
experiments
No. of starlike points
experiments
No. of null points
experiments
Reaction rate

mol/l
mol/l
mol/l
mol/l
mol/l
mol/l
J/mol
-

rpm
SAD
SB0,
SBi,
SBii,
SBij
Sy0

Rotation per minute
Total variance of
experiments
Variance of regression
coefficients

mol/l.min

-

Total variance of
experiments in center
points
Average variance
temperature
Reaction time
Coded variable
conversion
Calculated value

K
min.
gm.

Greek Symbols:Symbol
Description

Unit

Sy0
T
t
X
x
Yb



constant

Subscripts:Symbol
Description
A
B
0
1
2

Limiting
reactant
Co-reactant
Null points
First state
Second state

Superscripts:Symbol
Description
l/mol.min
-

.
cycle/min
-




o

Reaction order with
respect to component
A
Reaction order with
respect to component
B
Initial state

-

-

Unit
-

Unit
-

-

-
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