
C H A P T E R  III 
E X PE R IM E N T A L

3.1 M aterials

3.1.1 Feedstocks and Chemicals
- J a tro p h a  o il
- D o d e c a m  (9 9 .9  %  p u rity , M erck)
- H exane (98%  p u rity , M erck)
- B oron  T rifluoride M eth an o l (1 4 %  so lu tion , A ld rich )
- P en tadecan e  (9 9 %  p u rity , A ld rich )
- H exadecan e (99%) p u rity , A ld rich )
- H ep tadecan e  (9 9 %  p u rity , A ld rich )
- O c ta d eca n e  (9 9 %  p u rity , A ld rich )
- E icosan e (9 9 % p u rity , A C R O S )
- A ce to n e  (99%  p u rity , L abScan)
- E th an ol (99%  p u rity , M erck)
- Sodium  C h lo rid e  (9 9 %  p u rity , L abscan )
- 10  w t%  N i 3 0  w t%  M o o ver g a m m a  a lu m in a  (A kzo-N oble)

3.1.2 Gases
- N itro g en  (99  % purity , TIG)
- H elium  (99  % purity, TIG)
- A ir  Z ero  (99  % purity , TIG)
- H ydrogen  (99 .9 5% pu rity , BIG )

3.2 E quipm ent

• High pressure packed-bed continuous flow  reactor consisting o f  Brooks 
5850E mass flow  controllers, a Water 515 high pressure liquid pump, a 
Glassroom furnace, a Siemens back pressure regulator, and an Agilent 6890  
Gas chromatograph
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3.3 Softw are

3.3.1 ICAS Software
ICAS was developed by CAPEC- Technical University o f  Denmark. 

(CAPEC software is closely related to the CAPEC research projects and it is not a 
commercial software). ICAS is an Integrated Computer Aided System consisting o f  a 
number o f  toolboxes that helps to solve a wide range o f  problems in an efficient 
manner. ICAS com bines computer-aided tools for m odeling, simulation (including 
property prediction), synthesis/design, control and analysis into a single integrated 
system. These tools are present in ICAS as toolboxes, (http://www.capec.kt.dtu.dk/ 
Software/ICAS-and-its-Tools/)

3.3.2 PRO/II® Software
PRO/II® process simulation software is a steady-state process 

simulator for process design, revamp, and operational analysis that performs rigorous 
m ass and energy balances for a wide range o f  chemical processes. From oil & gas 
separation to reactive distillation, PRO/II® offers the most comprehensive simulation 
solution available.

3.4 M ethodology

3.4.1 Catalyst Pretreatment
The commercial catalysts are crushed and sieved to obtain a particle 

size o f  20/40 mesh. The catalyst is placed in the reactor and reduced in flowing  
hydrogen at 500 psig for 3.5 h. The temperature is increased with a rate o f  5 °c/min 
until reaching the reduction temperature, typically, 200 °c for Pd/C, and 360 °c for 
N iM o/A l20 3.

3.4.2 Hydrodeoxygenation o f  Jatropha Oil
The experiments w ill be carried out in a high pressure fixed bed 

reactor as shown in Figure 3.1 and the description o f  flow  diagram is shown in Table
3.1. The stream o f  vegetable oil is fed into the reactor using a high pressure pump. 
The flowrate o f  hydrogen and the reaction pressure are controlled by a mass flow  
controller and a back pressure regulator, respectively. The liquid product is collected

http://www.capec.kt.dtu.dk/
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in a condenser immersed in an ice bath at the bottom o f  reactor and analyzed by a gas 
chromatograph equipped with a FID detector. A lso, gas phase sample is collected  
and analyzed by a gas chromatograph equipped with a TCD detector.

V 9

Veut

Figure 3.1 A schematic flow  diagram o f  high pressure experiment set.

Production o f  the hydrogenated biodiesel by the hydrodeoxygenation  
o f  vegetable oils for engine test is conducted at temperatures, pressures, and F^/Feed 
ratio as shown in Table 3.2.

T ab le 3.1 Description o f  flow  diagram o f  high pressure experiment set

No. Item s F unctions
1 VI O n-off valve for liquid from high pressure liquid pump

2 V2 Checking valve for avoiding the backward flow  o f  liquid from 
high pressure pump

3 V3 Three ways valve for switching nitrogen gas to hydrogen gas

4 V4 Checking valve for avoiding the backward flow  o f  hydrogen or 
nitrogen gas
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No. Items Functions
5 V 5 T h ree  v a lv e  for  s w itc h in g  d ir e c tio n  o f  n itr o g e n  f lo w
6 V 6 N e e d le  v a lv e  fo r  c o n tr o llin g  p ressu re  in b a ck  p ressu re  reg u la to r
7 V 7 N e e d le  v a lv e  for  r e le a s in g  g a s  fro m  th e  sy s te m
8 V 8 R e l ie f  v a lv e  to  r e le a se  to  p ressu re  o v e r lo a d  in  th e  sy s te m

9 V 9
O n -o f f  v a lv e  for  r e le a s in g  th e p ressu re  from  b a ck  p ressu re  
reg u la to r

1 0 V 1 0 M e te r in g  v a lv e  for  r e le a s in g  th e  p ro d u ct from  c o n d e n se r

Table 3.2 T h e re a c tio n  c o n d it io n s  for p r o d u c in g  h y d r o g e n a te d  b io d ie s e l  for  e n g in e  
te st

Parameters Condition
R e a c tio n  tem p era tu re 325 °c
R e a c tio n  p ressu re 5 0 0  p s ig
H 2 /Teed ratio 3 0  (m o le  ratio )

3 .4 .3  P rod u ct A n a ly s is
T h e  liq u id  p ro d u cts  w i l l  b e  a n a ly z e d  b y  a  g a s  ch ro m a to g ra p h  

e q u ip p e d  w ith  a F ID  d e tec to r . T h e  liq u id  p r o d u c ts  fro m  th e  h y d r o d e o x y g e n a t io n  
c o n ta in  n o n -p o la r  and  p o la r  h yd ro ca rb o n . T h e  n o n -p o la r  h y d ro ca rb o n  can  b e  
d eterm in ed  b y  u s in g  D B -5  c o lu m n  (n o n -p o la r  c o lu m n ) , w h e r e a s , th e  p o lar  
h y d ro ca rb o n  ca n n o t b e  a n a ly z e d  b y  u s in g  th e  H P -5  c o lu m n . T h e r e fo r e , to  im p ro v e  
th e  c h r o m a to g ra p h ic  b e h a v io r , th e se  su b sta n c e s  h a v e  to  b e  e s te r if ie d  w ith  B F 3 - 
C H 3 O H  b e fo r e  in je c tio n  in to  G C . F or th e  reactan t, tr ig ly c e r id e  h a s  to  b e  
tr a n sester ified  w ith  C H C I 3 /C H 3 O H  b e fo r e  in je c tio n  in to  G C .

T h e  G C  o p era tin g  c o n d it io n :
In jec tio n  tem p eratu re:  

D e te c to r  tem p era tu re:  
C arrier gas:
C o lu m n  type:

2 6 5  °c  
300 °c  
H e
C a p illa ry  c o lu m n
(H P -5 :d ia m e te r  =  0 .3 2 m m , len g th  =  3 0  m )



29

In addition, the com positions o f  gas phase products w ill be determined
by GC/TCD.

The GC operating condition:
Injection temperature: 
Detector temperature: 
Oven temperature: 
Carrier gas:
Column type:

60 °c
150 °c 
35 ๐c  
He
Packed column 

(CarboxenelOOO)

The calculations o f  conversion and products selectivity are defined as 
shown in equation 1 and 2, respectively. Conversion o f  feed is defined as the mole 
ratio o f  feed consumed to the feed input as shown in Equation 1. Selectivity is 
defined as the ratio o f  the number o f  m oles o f  the products formation to that o f  the 
feed consumed in the reaction as shown in Equation 2.

Conversion (%) m oles o f  feed converted 
m oles o f  feed input X 100 (1)

Selectivity to product i (%) = m oles o f  product i obtained x 100 (2)
m oles o f  feed converted

3.2.

3.4.4 Process Simulation Procedure
The m ethodology is divided into three parts, as listed in the Figure

3 .4 .4 .1  P ro c e ss  D esig n
In this step, various data for hydrogenated biodiesel and 

biodiesel production, such as raw materials, products, reaction, process flowsheets  
and other information, are collected from various sources. In addition, the lab-scale 
experimental data are collected for hydrogenated biodiesel production.
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Figure 3.2 M ethodology for process simulation.

3 .4 .4 .2  P ro cess  S im u la tion
The collected data are analyzed by ICAS or PRO/II® to 

discover sensitive points. This is the most important step o f  the project. It includes 
three main steps:

1) B u ild  the s tru c tu res  o f  com pon en ts  n o t in the d a ta b a se  
o f  P R O /II๑ in IC A S  to  ob ta in  the p r o p e r ty  p re d ic tio n s  
o f  th ose  com ponents.

2) B u ild  the b io d ie se l a n d  h y d ro g e n a te d  b io d ie se l p la n ts  
in PRO/II® a n d  se t-u p  m ass b a la n ce  f o r  p r o c e s s  u sin g  
d a ta  c o lle c te d  f ro m  the lite ra tu re  a n d  the la b -sca le  
experim ent.

3) B u ild  the en erg y  b a la n ce  f o r  each  p ro cess .

3 .4 .4 .3  S izin g  a n d  E con om ic  E va lu a tion
The mass and energy balance results from process simulation 

step w ill be used as input data to analysis. The purpose o f  this step is to evaluate the 
econom ics and sensitivity o f  the two processes.
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