Integrated Sci-Tech : The Interdisciplinary Research Approach

Integrated Sci-Tech :

The Interdisciplinary Research Approach

Volume 1

Editorial board:
Ardian Ulvan

Irza Sukmana

Publisher :

UPT. Perpustakaan Universitas Lampung




Integrated Sci-Tech : The Interdisciplinary Research Approach

Integrated Sci-Tech :
The Interdisciplinary Research Approach

Volume 1

ISBEN
978 -602 -73260-1-9

Editorial board:

Ardian Ulvan

Iren Sukmanna

Cover and Layout :
|C-5TAR Team

Publisher :

UPT. Perpustakaan Universitas Lampung

Photo :
Backcover : Pegadung Gigl Hiu Beach, Lampung - photographer : Lukman Hakim

All rights reserved
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Preface

This book is all about the interdisciplinary research that integrates engineering, life and applied
sciences, medical and biomedical engineering, agriculture engineering and food sciences. The aim was
te provide the initial roadmap at a cross section basic research, technological and social developments,
processes development, applications integrity, and real-world usage. The genuine motivation for the
book was to provide a suitable reference text for those who interested in the multi and inter
disciplinary studies which might be beneficial for basic and advance researches, enhancing the
curriculum and enriching teaching and leaming materials. mostly in the level of postgraduate studies.

In addition, the book was also planned to provide advanced orientation and understanding for related
industries and governments to looking across industrial partnerships, business strategic. and policy and
regulations. In general, the book is expected to be beneficial for a wide range of readers.

This book consists of twenty five chapters divided into four sections i.e., engineering, life and applied
sciences, medical and biomedical engineering, agriculture and food science. Each chapter is a
completely self-directed contnbution in chained discussion which aims to bring academia, researcher,
practitioners and students rise to speed with the novel developments within the particular area.

In order to enhance the reader experience, each book chapter contains its own abstract, instruction,
main body, as well as conclusion sections. Moreover, bibliography resources are available at the end
of each chapter.

To achieve all these aims and goals, the book should deliver a breadth of information. We are pleased
and thankful for all distinguish authors and reviewers for their contribution that have made this book
possible. We do hope that you will enjoy this book and find it as a useful guide and reference.

Editorial board:

Ardian Ulvan

Irza Sukmana
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Chapter 8

Reaction Kinetics of Acetic Acid and Ethanol Esterification Catalyzed by
ZSM-5 Catalyst

Simparmin Br. Ginting'”, Vastina B. Khairat™, Nina Febriantina™,
Hens E-upuin“

'Chemical Engineering Departement. Universitas Lampung, 35145 Lampung, Indonesia
* Process Industrial Technology Center — TIRBR, Agency for the Assessment and
Application of Technology — BPPT. Tangerang Selatan., Indonesia
* simparmini@ymail.com , "vastinabl@gmail com, “ninafebriantinai@yahoo.com,
*henssaputrai@yahoo.com

Abstract. Kinctics of estenfication of acetic acid and ethanol use solid catalyst ZSM-5 has been studied in this
research. Expenments were carried out in a batch reactor, reactant ratio of sulfunc acid and ethanol 1:2, stirring
at 1000 rpm, reaction time i 150 minutes and catalvst concentration 6 gL, Vanable vaned 15 reaction
temperature of 308°K to 345°K. Reaction kinetics data obtamned use Matlab 7.8 software. From the expenmental
results, the greatest conversion 15 obtained at temperatures of 348°K 15 70.16%. Activanon energy obtained
from the calculation was 28,566.8 |/ mol. The expenmental data were compared with data from the calculation
of Matlab is used to see the approach of the model used. It can be concluded that the modeling approach used
in accordance with the expernimental data.

Keywords: acetic acid, ethanol, esterification, reaction kinetics, ZSM-5 catalyst

1. Introduction

On the mdustnial scale, ethyl acetate produced from the esterificaton reaction between acetic acid
(CH3COOH) and ethanol {(C2ZH30H)Y using sulfunc acid catalvst (H2S04). Ethyl acetate 15 a compound
resulting from the exchange of the hydroxyl group in acetic acyd with a hydrocarbon group in ethanol. Ethyl
acctate on an mndustrial scale s widely used as a solvent 1n industnial pants, thinner, material for plastics,
adhesives. cosmetics. pharmaceutical and organic chemical industry. The overall reaction between acetic acid
and ethyl alcohol over a catalytically ZSM-5 catalyst 1s as follows:

CHICOOH + CIH50H CIH5COOCH3 + H2OD (1)

One example of an estenfication reaction using sulfuric acid catalyst is estenfication of free fatty acids and
aleohol [1]. The highest conversion was obtained by 96% at a temperature of 328°K with a ratio aleohol / free
fatty acids was 6.13 and the concentration of catalyst 2.2% by mass. But the use of sulfuric acid as a catalyst has
several weaknesses such the difficulty of separation of the product with the catalvst so that the waste treatment
plant has a greater load in the presence of sulfuric acyd inseparable in refining and high levels of corrosion in
cquipment.

Because there 15 a weakness in the sulfuric scid catalyst, then the next researcher using other alternative
replacement for sulfunc acid catalyst. Estenfication reaction of ethanol and acetic acid 15 done by using a
catalyst Lewatit monoplus-100 [2]. The highest conversion of 87.3% was obtained at a temperature of 358°K

64




Integrated Sci-Tech : The Interdisciplinary Research Approach

and a catalyst concentration of 0.8 mass resin / mass ethanol. Estenification reaction of acetic acid and ethanol
also been carmed out using acd catalyst Amberlyst-15 resin from Rohm and Haas [3]. The lighest conversion
was obtained by 75% at a temperature of 353°K with a mole ratio of acetic acid: ethanol is 1: 2 and a catalyst
concentration of 5.4 gram per 100 grams of acetic acid. The kinetics of the reaction rate obtained from the study
are:

104 129
k = 26x10Mel T )

Kinetics of esterification reaction between acetic acid and methanol was studied using a catalyst and not using
the catalyst [4]. The results obtained showed that the estenfication reaction by using a catalyst is faster and give
conversion 54% compared to the reaction that does not use a catalyst with a conversion of 14% within 180
minutes. The highest conversion using a catalyst obtained by 54% at a temperature of 328°K with a mole ratio
of acetic acid and methanol 15 1: 3 as well as the weight of the catalyst at 1074 by weight of acetic acid. In this
research, used a stirrer speed of 1,000 rpm. In previous research has been learned about the resistance of the
external mass that is by varying the stirming speed of 800 rpmi to 1.200 rpm [4], because the stirming speed in
excess of 300 rpm can chimimate external diffusion. intemal diffusion ignored during the estenfication resction
conditions. The result, for the reaction with stiming speeds above 1,000 rpm did not experience significant
changes in the mate of reaction. So the esterification reaction was carried out with stirring speed of 1,000 rpm.
The activation energy reactions using the catalyst obtained 15 37.626 kJ / maol.

I1. Materials and Methods

A. Chemical

Acetic acid and ethyl alcohol were supphed by Merck AG. Acetic acid of 99.5% (w/w) punty (Merck) and
ethanol agueous solution with a content of 26% w/w ethanol (Merck) were used as supplied.

B Catalyst

The catalyst used 15 a catalyst ZSM-5, which has been synthesized from lignite bottom ash and rice husk. The
synthesis of ZSM-5 performed in an autoclave at temperature of 180°C with an autopenous pressure, the mole
ratio parameter Na ~ / 5i0- 0.2 mol / mol, mole ratio H-0 / 510: 30 mol / mol, mole ratio TPABr / Si0. 0.05
mol [ mel , the mole matio of Si0. [ ALO, 50 mol / mol and crystallization time of 48 hours using a template
TPARr. Percent crystallinity of ZSM-5 product obtained by 86.95%. ZSM-5 catalyst concentration used adalam
6g/L.

. Reakror Baich

The equpment used in this research 15 shown in Fig. 1. The reactor used is a three-neck flask with a volume of
| L, equipped with a condenser, thermometer, hot plate and maghnetic stimer.
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Fig. 1. Rescarch Equipment

D. Procedure

Acctic acid and cthanol was added into the reactor with a mix volume of 0.5 L, then the stirrer is moved so that
the system 1s mixed. Samples were taken for analysis of the initial concentration of acetic acid, then the catalyst
ZSM-5 was added and the reactor was shut down (reactor equipped with a thermometer). Hot plate turned on
and the stirrer set at 1,000 rpm. The heater is adjusted to the desired temperature is reached which is 35°C then
10 mL samples are taken every 15 minutes dunng 150 minutes. The experiment was repeated by varying the
reaction temperature 45°C, 55°C, 65°C and 75°C. Each sample taken is analyzed to determine the conversion.

E. Result Analysis

The analysis of concentration acctic acid 1s done by using the titration method. Samples were taken and put in
erlenmeyer, then add 3 drops of indicator PP. Furthermore, the sample is titrated with 0.1 N NaOH solution
until the color changes from clear to pink. Be noted the volume of titrant, repeat the experiment two times and
calculated initial concentration acetic acid using the formula:

M, xV,=M.xV,with:

V1 = volume of titrant solution (NaOH)

V2 = the volume of titrated solution (CH3COOH)

M1 = concentration the titrant solution (NaOH)

M2 = concentration of the solution being titrated (CH3COOH)

Conversion calculation based on the results of the reduction reaction between the mmitial scetic acid
concentration of acetic acid reduced residual divided by the mitial acetic acid.

_A'I _AI
A,

X
with :
Ao = initial concentration acetic acid
At = concentration residual acetic acid every 15 minutes

F. Derivation of A Catalytic Rate Equation

In the esterification reaction reversible and irreversible mechanism used in this study. The reaction reversible
mechanism can be written as follows [3] :
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1. Adsorption of reactants to the surface of the catalyst
. &
CH3CO0H + H 'T}I' CH3COOHT

(A) + () (AH])
=dCy

= = kGl —kqCay e, 2)

2. The reaction at the catalvst surface

- k
CH;COOMS + EszﬂHﬁ CH,C00CHH* + H,0
(AH) +  (B) (EH) + W

—dC . . .
=Th= _I"“I'L= kILAL" - k-]L.q." - kTEﬁH{'H + k E{:RII fw | R— i ,[-'l}

3. Desorption products of the surface of the catalvst
CHZC00C HgH* -F;b CHyCO0C; Hy + HY
(EH) (E} +(C)

—dCEn
4t

=Th= e LT L R Lo L i Lo Tl L Lo | R ———— sriaanna i4)

From equation (2], (3) and (4} obtained rate equation -

O Do
=dCa _ k Calp— 3 {5}
i 4 o B LT LT TTE T

k kK . g siis s 5 -
ﬁ. Kw is the adsorption equilibnium constant of water. In this research Ko = 0. For inital
—1E_zk_j

rates (CpC o /K=0]), so that the equation {5) becomes -

Where K =

H e -
et [ S ) IR ||

The reaction irreversible mechanism can be written as follows [5] -

l. Transfer of the reactant mass of flud to the surface of the catalyst

—1‘,1, - k_n_am[c'* = C.n'l.i] ..................................'::T]'
—I‘E = kzam{ct - EES] .................................(R]’
2. The reaction on the surface of the catalyst
Cas G
~ri = ky (mCasCas — !‘—Ja‘i-lﬁ-} S )
—I',.;x = _ru ................................................flﬂ}

Because ethanol 1s given excess, then the reaction to the left 15 assumed to be very small and can be
ignored, s0 cquation (9) into:

—I‘,u = k]TI'l‘Eﬂ_q EF_"i .....................................'[I I:I
3. Transfer of product mass of liquid to the catalyst surface
=tppe = Kpa @aM{Cpie = Cpa) ovveimmimren{ 12)

If the reactions that take place in the same direction, the result does not affect the concentranon the
reaction rate [6]. For reactions that occur in the same direction and the desorption stage very quickly the
equation {12) and {13} can be ignored. At steady state conditions :

67




Integrated Sci-Tech : The Interdisciplinary Research Approach

KaamCy

Cas = m .................................... (14)
Where:
KymCpg kpam
e 5
v NODORTURRWORA .
1 _ kpam +kymCgy
ko kimCps kaam
i .
:_k,mc,.‘-*nnm ...................................... (16)
Because cthanol is given excess then K, = kymCgg, assuming :
k. = kyam
e
N N N
“-IA..(»
Because the speed of stirning is done at 1000 rpm, then K. = 0. so that K, = K,
CaodX
i:r" = k,(chu = CA,,XA) ............,............(18)
ax K,
—£ = _(CM — CA,,XA) Sddashsiantaanthastantesndanhl lg)
e Cao

The equation to find the reaction kinetics of reversible and irreversible mechanism which is obtained of
a decrease in the formula is the same, that is equation (6) and (19). Kr value can be scarched by means
of minimizing the sum of square of errors (SSE) using Matlab program of conversion of acetic acid
acetic acid calculated and conversion data.

o SR <X Y s aem

I1I. Results and Discussions

From the experiments obtained acetic acid conversion data as in Fig. 2.
80
£ 2 . y
360 , 35C
40 4 *45C
[ ..
€
S " 55
020 7 ' ¢
' e ' “5 C
e 75C
0 100 200
Time

Fig. 2. Conversion Data Acctic Acid vs. Reaction Time Temperature Vanation In cach reaction

From Fig. 2 shows that the highest conversion at a temperature of 75°C is 70.16% in a reaction time of 150
minutes. This happens because by increasing the reaction temperature, the energy possessed by the molecules of
reactant increased so as to overcome the activation energy. This leads to collisions between molecules
increased. resulting in increased reaction rates. This result s not much different from the experiments using a
catalyst Amberlyst 15 [3]. The highest conversion obtained at a temperature of 80°C 1s 75% in a reaction time
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of 350 minutes. This means that the catalyst ZSM-5 1s good cnough to be used as a catalyst at estenfication
between acetic acid and cthanol.
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Fig. 3. Conversion Acetic Acid Reaction Time Calculate vs. Temperature Variation
In cach reaction

As scen in Fig. 3, the model used is good cnough to describe the process that occurs during the reaction
process. It can be scen from the results that calculate conversion valuc has a similarity with data conversion. So
that the kr valuc obtained from the calculation at cach temperature vanation can be used to calculate the

activation energy of the reaction.

7
6 M"‘_,.)—-"

=5

:4 * kr

-3 y = 3436.x-5.097
B R* =0.900 — Linear
A (kr)
0.0028 0.003 0.0032 0.0034

uT
Fig. 4. Curve Relationship Between -EnKand 1/ T
From the results lincarized kr value at cach temperature in Fig. 4, the reaction kinetics equation:

ke = 1635306 exp (o) e (21)

Activation energy obtained in this study is 28.566.8 1 / mol. Activation energy obtained in this study is smaller
when compared to the activation energy is obtained by using a catalyst Amberlyst 15 [3]1s 104, 129 J/ mol.

IV. Conclusions

From the rescarch that has been done can be concluded that:

1. The catalyst ZSM-5 can be used as a catalyst at estenfication of acetic acid and cthanol with the highest
conversion is obtained at a temperature of 75°C 1s 70.16%.

The activation energy obtained of the esterification reaction mechanism 1s 28.566.8 1 / mol, the reaction
kinetics:

(=]
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ke = 1635306 (_2&566'8)
= 1635306 exp|—m—
r p RT
SYMBOL
A = the surface arca of the catalyst
| N Ay = Mass transfer speed
m - catalyst mass per volume of solution
Ca. Ce = concentration acetic acid and ethanol

i G G Coie = concentration a the surface of the catalyst for the acetic acid. cthanol, ethyl
acctate and water

Fax = acctic acid reaction speed
Tex = cthano recaction speed
ko ks keio Ky - mass transfer cocfficient acetic acid, ethanol, cthyl acetate and  water
k. = equilibrium constants
Cus = initial acetic acid concentration
Xa = conversion reaction
K, = constant overall
K.k = the reaction rate constants
K, = mass transfer cocefficient
t = time
[ o = concentration cthyl acctate
o = the concentration of water
Ce = catalyst concentration
CAH, CEH = concentration acetic acid and cthanol on the surface of the catalyst
kl.k2, k3 = forward reaction rate constants
k-1, k-2, k-3 = backward reaction rate constants
K = equilibrium constants
kw = constant water absorption
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