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Abstract

Crude Palm Oil hydrocrcaking has been carried out over Ni/Mo ZrO2–pillared bentonite catalyst in a fixed bed reactor. Crude Palm Oil 

hydrocracking over Ni/Mo ZrO2–pillared bentonite catalyst formed 3 products i.e. gas, oil and coke. The oil product from Crude Palm 

Oil hydrocracking was analyzed by using gas chromatography to determine its composition. Three types of fraction were classified i.e. 

gasoline, kerosene and diesel oil. In this research, the focused of the study is of hydrocracking kinetics by using lump kinetic models. 

The kinetic model was solved by using the software MATLAB R2018b involves the effect of catalyst activity on the reaction rate. 

The results of the kinetic study show that the 4-lump (Crude Palm Oil, gas coke and oil) and 6-lump reaction models (Crude Palm Oil, 

gas, coke, gasoline, kerosene and diesel) can be used to explain the Crude Palm Oil hydrocracking over Ni/Mo ZrO2–pillared bentonite 

catalyst. The 4-lump kinetic model has 5 rate constants and the 6-lump kinetic model has 14 rate constants.
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1 Introduction
Crude Palm Oil (CPO) obtained from extraction of palm fruit 
comprise of triglyceride and its free fatty acids. This veg-
etable oils can be converted into fuel through cracking 
process as reported by several authors. Among vegetable 
oils has been converted were oils from callophylum inno-
phyllum seeds [1, 2], Crude Palm Oil [3-5], soybean oil [6], 
waste cooking oil [7-9], Rapseed oil [10] and Jatropha 
oil [11, 12]. Most of the products obtained from these con-
version were gasoline, kerosene and diesel.

Vegetable oils conversion into fuel typically were carried 
out over solid catalyst i.e. transition metal embedded on a 
host material. There are several host materials commonly 
used such as zeolite, alumina and other alumina-silicate 
type material. Catalysts such as Mo/Al2O3 [13], Pd/HTlc and 
Ru/HTlc [11], CoMo/Alumina and NiMo/Alumina [12, 14] 
as well as NiMo/zeolite has been reported being used 
on cracking process. The most suitable catalyst concluded 
so far for vegetable oil hydrocracking is Ni and Mo met-
als [2, 3, 6, 10]. Ni/Mo ZrO2–pillared bentonite (NMBZ) pre- 
viously reported to achieve 80 % conversion on hydrocrack-
ing of remaining lipid on palm oil mill effluent [3].

Catalytic hydrocracking of triglycerides contained 
in vegetable oil undoubtedly involves complex reaction 
mechanism. The proposed mechanism so far embroils 
free radical formation from breaking of C-O triglycer-
ide backbone followed by decarbonylation, decarboxyl-
ation, alkylation, cyclization, aromatization and so on. 
Kinetic model indispensably is important in devel-
oping hydrocracking process for large scale to obtain 
the most suitable parameters and to gain optimum result. 
Lump kinetic model has been widely used to describe 
process mechanism in a simple way without sacrific-
ing the result accuracy. The application of lump kinetic 
model was reported in 3 and 6-lumps model [5, 15], 3 and 
4-lumps model on bio-oil hydrocracking from empty fruit 
bunches [16] as well as 4-lumps kinetic model on hydroc-
racking of fresh and waste cooking oil [9, 17].

Calculation of the lump kinetics model for the hydro-
cracking reaction involves the catalyst deactivation pro-
cess. The involvement of catalyst deactivation in this 
modeling is important because as long as the catalyst is 
used, the catalyst poisoning process occurs due to fouling, 
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coking, carbon deposition [18-19], poisoning [20], thermal 
degradation and sintering [21, 22]. All causes of deactiva-
tion are functions of time, so in this lump kinetic modeling 
deactivation is calculated as a function of time [21].

The number of lumped reaction used depends on sev-
eral factors such as observable physical parameters, 
knowledge of chemical reaction involve and available 
kinetic data from experiments. Here, we presented 4 and 
6- lumps kinetic model for Crude Palm Oil hydrocracking 
over NMBZ catalyst. 

2 Material and methode
2.1 Material
The main material used in this work was Crude Palm Oil 
(CPO) obtained from Sriwijaya Palm Oil Private Company 
consist of major components i.e. palmitic acid (63.67 %), oleic 
acid (17.93 %), stearic acid (7.2 %) and linoleic acid (4.23 %) 
whereas catalyst was obtained from previous work [3].

2.2 Procedure
Catalytic hydrocracking reactor was setup as depicted 
on Fig. 1. The reactor dimension was 2.5 cm in inner diam-
eter, 40 cm in length and 196.43 cm3 in volume. At the 
beginning of the process, 12.0 g Catalyst was placed 

in catalyst vessel. Prior hydrocracking process, reac-
tor was saturated by hydrogen gas to remove air at pre-
determined temperature for 15, minutes and flow rate 
2.0 mL / sec and hydrocracking temperature varied at 673, 
698, 723, 748 and 773 K. CPO was pumped in by peristal-
tic pump at various rate according to Weight Hourly Space 
Velocity (WHSV) i.e. 60, 96, 120, 150 and 300 g / hour 
into the preheater which then enter the gas forming reac-
tor. The gaseous CPO formed was flowed into hydrocrack-
ing reactor driven by hydrogen in 1.0 mL / sec flow rate. 
Product of hydrocracking went through water cooler sys-
tem and then collected in gas container. Other gas collec-
tor was arranged to capture uncondensed gas within water 
cooler. Coke and char deposited on catalyst were deter-
mined by gravimetric method. The reactor was washed 
with acetone after completing hydrocracking. The liq-
uid product was heated in a vacuum distillation at 200 °C 
to obtain fractions of gasoline, kerosene and diesel oil. 
The remaining liquid in the flask after distillation consists 
of unreacted triglyceride from CPO reactant.

The liquid fractions from vacuum distillation was 
analyzed by using Gas Chromatography (Shimadzu, 
FID) to determine its composition. Three types of frac-
tion were classified i.e. gasoline, kerosene and diesel oil. 

Fig. 1 Schematic diagram for catalytic hydrocracking of CPO
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Data obtained were used to develop lump kinetic model. 
The calculation was made base on several assumptions:

1. plug-flow reactor was used; 
2. axial dispersion between reactant and product is 

neglected; 
3. all reaction proceed in first-order except for CPO 

feed which was presumed as second-order; 
4. amount of hydrogen is insignificance compare to 

CPO feed hence it is pseudo-zero order with respect 
to hydrogen; 

5. decrease on catalytic activity is a function of time of 
stream and temperature; 

6. no coke contains in the feed; 
7. water product was neglected and 
8. reaction was carried out in isothermal condition.

First-order of simultaneous differential from rate equa-
tion was integrated numerically by using Runge-Kutta 
4th-order equation, all of which processed in MATLAB 
R2018b software at initial concentration of feed CCPO = 1 
and all initial concentration of product is zero. Ode45 
command was used in simultaneous integration from 

differential equation of rate law calculated by using 
Runge-Kutta 4th-order algorithm. Kinetic parameters were 
determined by using F minimize function on fminsearch 
command and to determine the value that gives global 
minimum conditions using the research step in Fig. 2 [23].

Data for kinetic parameters calculation was saved as an 
excel file, steps of calculation were as follows:

1. the appropriate form of rate equation was deter-
mined according to 4 and 6-reaction lumps of CPO 
hydrocracking by involving rate constant; 

2. software will decide initial value of k which was pro-
grammed to obtain k > 0; 

3. software calculates the value of k for each reactions 
simultaneously base on rate equation given; 

4. deviation level between model calculation result and 
experimental data was calculated by the program 
as directed by Eq. (1) and 

5. program adopts k which gave smallest SSE (Sum of 
Squares Errors) value where n is number of data.

SSE calc exp= −( )
=
∑ C Ci
i

n

i
1

2

 (1)

Fig. 2 Methodology for kinetic parameters estimation [23]
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3 Results and discussion
3.1 Catalytic activity analysis
Catalytic activity ( ϕ ) is defined as ratio of reaction rate 
at particular time ( t ) to reaction rate of fresh catalyst 
as expressed by Eq. (2). Catalytic activity was found 
decreased as reaction time due to coke formation on cat-
alyst. This phenomena is known as catalyst deactivation. 
Catalyst deactivation can be modelled and calculated as a 
function of reaction rate decrease against time.

φ t r
r
t

t

( ) =
=0

 (2)

− =
d
dt

kd
niφ

φ  (3)

Some authors reported a deactivation model as a func-
tion of coke formation on catalyst surface during reaction 
occurrence [24-26]. Such model can be erroneous because 
coke formation is not the only factor involved but reaction 
rate and reaction time must take into account as determin-
ing variable. Deactivation model in this report was devel-
oped by calculating catalyst duration usage assuming 
that catalyst activity is a function of catalyst usage dura-
tion [27] and the model was formulated in Eq. (3).

Fig. 3 shows catalytic activity as well as reaction rate, 
decrease after t hours relative to the initial rate. The shape 
of the catalytic activity curve confirms a correlation of 
inversely proportional between activity decrease and cat-
alyst usage duration. At short duration usage, the curve 
slope is steep and then become sloping. Deactivation rate 
equation can be solved by integrating Eq. (3) to obtain 
Eq. (4). Plot of ϕt against ln t based on Eq. (5) produced 
linier curve as shown on Fig. 3 having correlation coeffi-
cient ( R2 ) approaches 1. This linearity indicates the accu-
racy of deactivation rate order and constant.

φ− + = − − +( )n
d d

d k t n1 1  (4)

ln ln lnφ =
− +

+( ) +
− +

( )1

1

1

1n
n k k

n
t

d
d d d

d

 (5)

nd = −1
1

Slope
 (6)

k n ed d
nd= +( )( )− +( )

1
1Intercept  (7)

Slope and intercept on Fig. 4 can be used to calculate 
deactivation rate order and constant by using Eqs. (6) 
and (7). Calculation result as shown on Table 1 concludes 
that deactivation rate is second-order. If the catalytic 
activity of fresh NMBZ equals 1 then the Eq. 4 for NMBZ 

Fig. 3 The effect of catalyst usage duration on the deactivation 
at (A) 673 K, (B) 698 K, (C) 723 K, (D) 748 K and (E) 773 K
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catalytic activity on CPO hydrocracking becomes Eq. (8). 
Furthermore, deactivation rate constant is highly affected 
by hydrocracking temperature, the higher tempera-
ture used, constant of deactivation also becomes larger. 
Catalyst tend to deactivate rapidly which then shorten 
its lifetime at high temperature.

φ = ( )−k td
1  (8)

Effect of temperature on deactivation process can be 
describe by applying Arrhenius equation. Application 
of Arrhenius equation was carried out by using deac-
tivation rate constant and temperature on Table 1 
which will give frequency factor (A) and deactivation 
energy ( Ed ). The result for A and Ed are 2.75 × 1012 and 
54.27 kJ K−1 mol−1 respectively.

3.1.1 4-Lump reaction kinetic model
Lump reaction kinetic model was used in this report to 
solve equation for complex reaction of hydrocracking 
over NMBZ catalyst. CPO cracking has been reported 
in 3-lump (Fig. 5) reaction kinetic model by several 
authors [5, 15]. This model however has weakness on merg-
ing gas and coke into one lump reaction even though their 
display different property. In the process, gas leaves reactor 
along with oil whereas coke forms solid product. The coke 
later becomes major cause for catalyst deactivation.

The 3-lump reaction model drawback can be improved 
by separating gaseous product and coke into different 
lumps. First step in this kinetic study of CPO hydrocracking 
over NMBZ catalyst is by proposing 4-lumps as depicted 
in Fig. 6. According to this model, CPO hydrocracking 

Fig. 4 Relationship between ln ( t ) vs ln (ϕ) at (A) 673 K, (B) 698 K, 
(C) 723 K, (D) 748 K and (E) 773 K

Tabel 1 Deactivation rate order ( nd ) and constant ( kd ) at various 
reaction temperature

Temperature (K) nd kd

673 2.01 18.92

698 2.01 19.39

723 2.00 19.55

748 2.00 19.85

773 2.00 20.26

Fig. 5 Kinetic model by using 3-lump reaction for CPO cracking [5, 15]
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formed 3 products i.e. gas, oil and coke each of with its 
own rate constant k14 , k12 and k13 . The oil can be cracked 
further to forms gas and coke having rate constants k24 and 
k23 respectively. Calculation of rate equation by involving 
catalyst activity were formulated by Eqs. (9)-(12).

dC
d

k k k CnCPO
CPOτ

φ= − + +( )12 13 14
 (9)

dC
d

k C k k Cn nOil
CPO Oilτ

φ= − +( )( )12 23 24
 (10)

dC
d

k C k Cn nCoke
CPO Oilτ

φ= +( )13 23  (11)

dC
d

k C k Cn nGas
CPO Oilτ

φ= +( )14 24
 (12)

Equations (9)-(12) are hard to solve due to unknown 
reaction order. The solution to this equation can be obtained 
by making assumption such as reactant was reacted in a 
complex reaction having second order against the main 
reactant. Reaction which occurs further is regarded as ele-
mentary reaction having first-order in rate. These assump-
tions has been used by several authors to solve reaction 
rate of crude oil cracking [28-29]. Applying the assump-
tions, Eqs. (9)-(12) can be written into Eqs. (13)-(16).

dC
d

k k k CCPO
CPOτ

φ= − + +( )12 13 14

2  (13)

dC
d

k C k k COil
CPO Oilτ

φ= − +( )( )12

2

23 24  (14)

dC
d

k C k CCoke
CPO Oilτ

φ= +( )13

2

23
 (15)

dC
d

k C k CGas
CPO Oilτ

φ= +( )14

2

24  (16)

MATLAB R2018b software was used to conduct cal-
culation and the rate constants for 4-lumps kinetic model 
result are shown on Table 2. The result shows k12 relatively 
bigger than other rate constants which means the hydroc-
racking reaction was dominated by oil formation followed 

by gas and coke. By using this k value, catalyst selectivity 
to produce oil, gas, coke and ratio needed in further oil 
cracking were formulated in Eqs. (17)-(19).

S k
k kOil = +

12

13 14

 (17)

S k
k kCoke = +

13

12 14

 (18)

S k
k kGas = +

14

12 13

 (19)

P k k
k k kOil =

+
+ +
23 24

12 13 14

 (20)

Equations (17)-(20) were used to analyze the selectiv-
ity and ratio of further hydrocracking reaction of CPO 
feed over NMBZ catalyst. The calculation result is shown 
on Figs. 7 and 8. Catalyst selectivity on oil product is in the 
range of 0.45–0.58. The selectivity is increased by tem-
perature from 0.45 at 673 K to 0.56 at 698 K.

The catalyst selectivity in hydrocracking process to pro-
duce oil is relatively constant between 0.56–0.58 at 698 K. 
The further hydrocracking process on the oil produced 
provide this constant selectivity. The aforementioned 

Fig. 6 Kinetic model by using 4-lump reaction for CPO cracking

Table 2 Rate constants of CPO hydrocracking using 4-lump 
reaction model

Rate constants

kij 673 K 698 K 723 K 748 K 773 K

k12 1.2610 2.6321 3.4738 3.4738 3.7736

k13 0.0602 0.3273 0.7874 0.8008 1.1910

k14 1.2112 1.6006 2.1154 2.1701 2.7237

k23 0.0991 0.4139 0.5006 0.5594 0.6041

k24 0.3181 0.6736 0.7874 0.9332 1.2889

Fig. 7 Selectivity against oil, coke and gas in CPO hydrocracking 
products over NMBZ catalyst
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hydrocracking produced gas and some coke. At higher 
temperature, further hydrocracking reaction produced 
gas caused catalyst selectivity on oil product to decrease. 
The increase ratio of oil product from further hydrocracking 
against CPO hydrocracking provide indication of selectiv-
ity decrease. Selectivity and cracking ratio are considered 
good if it has value between 0.63–90 and 0.00–0.09 [24]. 
This work obtained selectivity and ratio at 0.45–0.58 and 
0.10–0.25 respectively.

Rate constant at various temperature can be used to cal-
culate frequency factors and activation energies of partic-
ular reaction. Arrhenius equation was used in the calcula-
tion and the result is shown on Table 3. Based on Table 3, 
the formation reaction of oil from CPO has the highest acti-
vation energy compared to the formation of coke and gas. 
Although the activation energy of oil formation from CPO is 
greatest, the rate constant of the formation of oil from CPO is 
highest so that the rate of formation of oil remains the high-
est so the selectivity of oil formation is also the highest.

3.2 6-Lump kinetic model
Rate equation commonly includes all compounds involves 
in the reaction (both reactant and product). Hydrocracking 
is a complex reaction with so many compounds produced 
during reaction hence it is almost impossible to do a com-
plete calculation. Lump kinetic model designed to solve 

such reaction by making several assumptions. The more 
numbers of lumps used, the better kinetic model obtained 
due to smaller error on compound characters grouping 
in a single lump. Therefore, the 4-lump kinetic model 
was further developed by expanding to 6-lumps reaction. 
These lumps comprise of lump 1 (CPO), lump 3 (coke) and 
lump 4 (gas) as in 4-lumps model. Lump 2 (oil product) 
was break down into lump 5 (diesel fraction), lump 6 (kero-
sene fraction) and lump 7 (gasoline fraction). The reaction 
scheme of 6-lumps CPO hydrocracking is shown on Fig. 9.
dC
d

k k k k k C1
13 14 15 16 17 1

2

τ
φ= − + + + +( )  (21)

dC
d

k C k C k C k C k C7
17 1

2

57 5 67 6 73 7 74 7τ
φ= + + − −( )  (22)

dC
d

k C k C k C k C k C k C5
15 1

2

53 5 56 5 54 5 56 5 57 5τ
φ= − − − − −( )  (23)

dC
d

k C k C k C k C k C6
16 1

2

56 5 63 6 64 6 67 6τ
φ= + − − −( )  (24)

dC
d

k C k C k C k C3
13 1

2

53 5 63 6 73 7τ
φ= + + +( )  (25)

dC
d

k C k C k C k C4
14 1

2

54 5 64 6 74 7τ
φ= + + +( )  (26)

Rate law for this 6-lump reaction as depicted on Fig. 9 
was formulated by Eqs. (21)-(26). Gasoline fraction was 
produced from hydrocracking of CPO, diesel and kerosene 
fraction as formulated in Eq. (22). The gasoline however, 
can be further break down to form gas product. Kerosene 
was formed from CPO and diesel fraction hydrocrack-
ing whereas diesel was obtained only from CPO hydro-
cracking. Three fractions (gasoline, kerosene and die-
sel) can undergo cracking process to form gas and coke. 
Rate equation for coke formation from gas will gave rate 
constant kGC as reported by Twaiq et al. [5]. Here, we did 
not use such assumption i.e. coke formation from gas. 
The formation of coke generally was initiated from aro-
matic compounds which undergo further reaction and 
released hydrogen to form naphthalene. Naphthalene is 

Fig. 8 The oil product to feed ratio on CPO hydrocracking

Table 3 The frequency factor and activation energy of 4-lump reaction 
model on CPO hydrocracking

Reaction A Ea (kJ K−1 mol−1)

CPO → Oil 1.2610 2.6321

CPO → Coke 0.0602 0.3273

CPO → Gas 1.2112 1.6006

Oil → Coke 0.0991 0.4139

Oil → Gas 0.3181 0.6736 Fig. 9 6-lump kinetic model of CPO hydrocracking



Hasanudin et al.
Period. Polytech. Chem. Eng., 64(2), pp. 238–247, 2020|245

hard to diffuse out from catalyst hence it will forms coke 
on catalyst surface [29].

Data experiment processing base on Eqs. (19)-(24) 
by using MATLAB R2018b was able to obtain rate con-
stants for 6-lump kinetic model of CPO hydrocracking 
over NMBZ catalyst as did Twaiq et al. [5] by using Polymath 
software. Two different software does not means result 
in difference rate constants, but different assumptions used 
evidently result in different rate constants as shown by our 
result and Twaiq et al. [5]. Rate constants for coke and gas 
formation was obtained from 4-lump model and stated 
as k13 and k14. These constants were adopted from 4-lump 
model and used in 6-lump model of CPO hydrocrack-
ing. The 6-lump kinetic model produced 14 rate constants 
including 2 which was calculated from 4-lump model and 
the result is shown on Table 4. Back to Table 4, k15 relatively 
bigger than any other rate constants. Triglyceride hydroc-
racking according to the table was dominated by formation 
of diesel fraction, but data shows gasoline fraction formed 
in larger amount then diesel. Kinetic model in 6-lump reac-
tion provide reason that the diesel fraction produced only 
from triglyceride hydrocracking. Gasoline fraction has 
more source of formation i.e. hydrocracking of triglycer-
ide, diesel and kerosene fraction. Diesel fraction in chem-
ical structure point of view has number of C-atom almost 
similar to triglyceride reactant hence this product is not 
hard to form by hydrocracking reaction.

The effect of temperature on hydrocracking process 
was evaluated according to Arrhenius equation by using 
deactivation rate constant and temperature displayed 

on Table 4. The calculation provide linier curve whilst 
the frequency factor (A) and activation energy ( Ea ) is 
shown on Table 5. The main difference between our results 
with previous report by Twaiq et al. [5] lays on coke for-
mation from gas product as described earlier. Activation 
energy for this process as reported by this author has neg-
ative value hence it is reasonable that this report assumed 
no formation of coke from gas hydrocracking product.

Validation test for 6-lump reaction kinetic model is dis-
plays on Fig. 10. The regression constant calculated shows 
value close to 1 which means this model with 14 rate 

Table 4 Rate constant for 6-lump kinetic model of CPO hydrocracking

Rate constants

kij 673 K 698 K 723 K 748 K 773 K 723 K*

k14 0.0602 0.3273 0.7874 0.8008 1.1910 0.1150

k14 1.2112 1.6006 2.1154 2.1701 2.7237 0.2500

k15 0.5477 1.1397 1.7404 1.9150 2.5153 1.522

k16 0.4024 0.7138 0.8265 1.3323 1.8205 0.6520

k17 0.1866 0.3761 0.4725 0.5846 0.8564 0.9388

k53 0.1064 0.2027 0.1839 0.3922 0.5087 0.3600

k54 0.0027 0.0031 0.0099 0.0893 0.1088 0.9105

k56 0.0237 0.0513 0.0616 0.1055 0.1273 1.5220

k57 0.0156 0.0267 0.0696 0.0850 0.1118 0.1328

k63 0.1066 0.1471 0.1709 0.3333 0.4322 0.0000

k64 0.1184 0.1289 0.1878 0.2839 0.4169 0.0000

k67 0.0188 0.0368 0.0598 0.2550 0.4908 0.0000

k73 0.0953 0.1302 0.1642 0.1820 0.2741 0.2000

k74 0.0058 0.0169 0.0308 0.0945 0.1261 0.0000

kGC - - - - - 0.0606

Note: *Twaiq et al. [5] used polymath software

Table 5 Frequency factor and activation energy based on 6-lump reaction model for CPO hydrocracking

Reaction A Ea (kJ K−1 mol−1) A* Ea
* (kJ K−1 mol−1)

CPO → Coke 0.06 0.33 4.39 × 108 132.19

CPO → Gas 1.21 1.60 1.46 × 1020 287.16

CPO → Diesel 4.62 × 104 62.42 7.18 × 1011 162.95

CPO → Kerosene 3.32 × 104 63.08 2.38 × 1012 175.59

CPO → Gasoline 1.10 × 104 60.69 5.31 × 1012 178.75

Diesel → Coke 1.32 × 104 65.45 1.86 × 1012 176.92

Diesel → Gas 4.14 × 1011 185.53 1.07 × 1013 179.58

Diesel → Kerosene 8.88 × 103 71.08 1.78 × 109 125.79

Diesel → Gasoline 1.31 × 105 88.76 5.36 × 108 132.44

Kerosene → Coke 6.71 × 103 62.27 1 0.00

Kerosene → Gas 2.62 × 103 56.77 1 0.00

Kerosene → Gasoline 3.12 × 109 145.77 1 0.00

Gasoline → Coke 1.83 × 102 42.27 1.39 × 1021 304.70

Gasoline → Gas 2.67 × 108 136.89 1 0.00

Gas → Coke - - 2.52 × 10−10 −115.23

Note: *Twaiq et al. [5] data was calculated by using Polymath software
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constants ( k13 , k14 , k15 , k16 , k17 , k53 , k54 , k56 , k57 , k63 , k64 , k67 , 
k73 and k74 ) can be accepted to describe triglyceride hydro-
cracking over NMBZ catalyst.

4 Conclusion
Kinetic model base on 4 and 6-lumps reaction was devel-
oped to describe CPO hydrocracking over NMBZ catalyst. 
The model was validated and fit with experimental data 
as represented by regression linear constant. The activity 

of catalyst in this model is a function of time and tempera-
ture. The longer hydrocracking time and the higher tempera-
ture caused decrease of NMBZ activity. Reaction models 
by using 4 and 6-lumps proved its accuracy on describing 
reaction kinetic of CPO hydrocracking over NMBZ catalyst.
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Fig. 10 Gas yield and triglyceride remain according to experiment and 6-lump kinetic model calculation 
at (A) 673 K, (B) 698 K, (C) 723 K, (D) 748 K and (E) 773 K
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