MODELING

4.1 Model and Modeling [20]

Model is one of the most fundamental processes of the human mind.
Modeling underlies our ability to think and imagine, to use signs and
language, to communicate, to generalize from experience, to deal with the
unexpected, and to make sense out of the raw bombardment of our sensations.
It allows us to see patterns, to appreciate, predict, and manipulate processes
and things, and to express meaning and purpose. Models can be considered in
three different classifications, depending on how they are derived, described
as follows:

1. Theoretical models developed using the principles of chemistry and
physics of the system represent one alternative. However, the
development of rigorous theoretical models may be practical for complex
processes if the model requires a large number of differentia] equations
with a significant number of unknown parameters such as chemical and
physical properties.

2. Empirical models obtains from a mathematical (statistical) analysis of
process operating data. This model are sometimes referred to as & 1ac«
box Models. The processes being modeled is likened to an opaque box
where the input and outputs are known but the inner working of the
box are unknown.
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3. Semiempirical models that are compromise between (1) and (2), with
one or more parameters to be evaluated from plant data.

In the last classification, certain theoretical model parameters such as
reaction rate coefficients, heat transfer coefficients, and similar fundamental
relations suaily must be evaluated from physical experiments or from process
operating data. Such semiempirical models do have several inherent advantages.
They often can be extrapolate over a wider range of operating conditions than
purely empirical models which are usually accurate over a very limited range.
Semiempirical models also provide the capability .to infer how unmeasured or
unmeasurable process variables vary as the process operating conditions change.

4.2 Catalytic Reforming Unit (CRU) in a Refinery Process
Figure 4.1 shows a diagram of CRU in plant No. 2 of Bangchak company.

Feedstock of this unit came from Naphtha Pretreater Unit (NPU). This diagram
can be simplified as shown in Figure 4.2



203PC016

CRUOVERVIEW  go3rcons LN
Um0 oo Jo *w O
< boat | a ~
SCHM | INPU] = igég 203TCO11
0¥ || Srveiis 203PCO13 ~—
R/G a rm ¢ 1021 KNMH 203TC008 2C302
ik 5 Sl A 203LC008 Y
R 203L.q009

203LC006

203FC006

HG
PL3 ‘;::

CRU
strm. 2 m i
203FC003

203FC032

i strm. 3 203TC002  203TC003 —&‘! o 2P306A/B
LPG
aw & Y Y Cru. g fonac -
FEED 2C301 TPU
THN ST : 203FC009
NPU ' CRU st 4 2P307A/B
43.97TM3H REACTR
UNIT 20BTCOL / 203LC007 32.81M3/H o
TREND
\L/'—‘ j < TANK

Figure 41 Catalytic reforming unit plant No. 2 of Bangchak Refinery s
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Figure 4.2 Simplifed flow diagram of CRU reactor and CRU recycling.

Figure 4.2 is composed of 3 main units as follow: CRU reactor, compressor
and seperator. Data used for modeling the process are collected from feedstock

(stm.), recycle gas (stm2) and unstabilized (stm.7)

Existing measurement

The relevant data of each stream will be analyzed for composition by gas
chromatography and calculated material balance by using PRO Il software.

( /\'?/\
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4.3 Development of a Practical Model

The results that from gas chromatography analysis of stream samples
taken from the catalytic reforming unit of Bangchak Refinery and material
balance from Pro Il software are shown in Table 4.1.

Table 41 Actual data of catalytic reforming process

GRP INPUT . OUTPUT
(KMole/Hr) — (KMole/Hr)
1 h2 - 288.92
2 Pi - 30.5
3 Wi F 30.81
4 D3 S 36.95
5 o4 . 3797
6 05 . 33.94
7 06 9.43 12.86
8 o7 115.9 29.11
9 DBt 1185 11.67
10 n6 167 0.16
1 nT .17 0.41
12 n g 135 0.96
13 ab 9.21 13.98
14 al 317 69.52
15 A8+ 8.53 84.94

TOTAL - 287.08 683.36
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Main reactions in this study

- Naphthenes dehydrogenation (Nn 1 AJ

- Dehydrocyclization Paraffins (Pn ~ Al

- Hydrocracking of Paraffing (Pn— *pl+ P2+...+ Pnl)
and - Isomerization (nPn ) iPn)

Reaction Schemes

Reaction network used in this research is the same as one of Wapakpetch
work [19], The reaction network is shown in Figure 4.3,

c8 Lumps: C7-e— p”=1£-N5"=£ N6 =" A

C7Lumps: C6 — p”=A N5SA~hN6: " A

c6Lumps: Cg-6— p;=" N6~=t A

Figure 43 The reaction network [19],
43.1 Assumptions

1. The reaction takes place in CSTR reactor.

2. The reaction is operated at steady state condition.

3. Naphthene quantity in output stream is very small, therefore the
dehydrogenation reactions of naphthenes to he aromatics an

assumed 100% complete. So that napthene dehydrogenation
reactions can be treated stoichiometrically.
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Dehydrocyclization of paraffins is first-order reaction: Ai=Ki[PJ.
Aromatic components do not react with other substances.
Substances that have similar properties, for example: nPn and
IPn, are lumped to he a single pseudocomponent,Pn. So
isomerization reaction is neglected simple.

Hydrocracking reactions are represented by a selectivity
relationship.

ahove assumptions, the reaction network can be written as

c8 Lumps: Cll«— P8 + Agt

C/

%

Lumps: Cg's — PT—> A7

Lumps: ¢ — P6— Ag

And the results from the above assumptions are shown in Table 4.2,

Table 4.2

No.

(S 3 B~ d s A

Adapted data from assumptions of catalytic reforming process
GRP INPUT OUTPUT
(KMole/Hr) ~ (KMole/Hr)
h2 - 288.92
P - 30.5
Wi - 30.81
03 - 36.95
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Table 4.2 (continued)

0 P5 - 33.94
! P6 943 12.86
8 P7 1159 29.77
9 P8t 118.5 1167
10 n6 k k
1 n7 K
12 n & s ¢
13 al 9.21 1231
14 Ay 3.17 62.35
15 Ast 8.53 16.44
TOTAL 7 265.09 659.49

Treated independently as stoichiometric balance

Note : Aj refers to molar rate of aromatic products(Al) minus molar
rate of aromatic from Dehydrogenation of naphthenes in feedstock”) (i = 6, 7,
84)

432 Component balance of the model
432.1 The related reactions with the model are as follows :
1. Hydrocracking reactions

The three reactions of hydrocracking can be represented

schematically as follows:
1) pe + h2 p*
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) P, + H  SI655 > p6 + p5
& P, t H -gg»*» >p7+ po+ P,
§ refers to selectivity of i component which change to |

component.
Note: 5~ &1 B/ = B
D= 8 B 86 attd & = 8+

P5 refers to lumped component of cracked products which the
number of carbon atoms are less than or equal to 5 atoms
P& 1Agt refer to paraffins and aromatics which the number of carbon

atoms are greater than or equal to 8 atoms.
2. Dehydrocyclization reactions

Similarly, the reactions are as follows:

) pp - > Ay + 4H2
JupTavrst > AT + 4H2

J) Bt ONGKT > A8t + 4H:

4322 General form of component balance

Molar Molar Molar rateof Molar rate o f'}.

ratein - rateout .+ generation = accumulation J
(G

(Cat) . e . ©) % \]

General form of component balance for steady state condition.
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Molar ~ Molar  Molar rate of
ratein - rateout + generation

Jel . ojed . {0

Component balance for this study
Molar ~ Molar . Molarrateof Molarrate of
ratein  rateout ~  cracking dehydrocyclization

Component balance of each component are as follows

K 6 P6,out —

MBm' Nout ' 65%m +  ®Ain + 86 8+u - 0

P7 balance
K 7 P7,0ut

ATin ' Aout (76 7B) YL + 877%8t1 =0

EgtJialance
K 8 P8+.0ut —_ 0

AB+in ' "g+out ' ( 8+ 86+ 8) "B+tm X -

P5 balance

|
o

P& m ' 5ot + 65761 + AP + 88U =

41



A?balance
Ar - A0, + =0
Agt balance
/ Kg Ps+.out
"Bin " Bro T —*

Rearranging these equations gives

ASoout Ps-in = BS P®in o+ 75 P7RL T 85 PBem

K 66,0u%
) X

AG.out ~ 6,m 65 Pain T 2BP7nL + 8 P8+UL
K7 p7ut
AVout “ P7nl =1 76 PV.in 75P7n1 + 87 P8+.m
I Mot ""8+.m ~ | — 7 P8+in 86 Pst.m ~ 85 "8+1
<O,y
MGoout — A 6in .
| K7 Pf ol

AT out A Tin -

/ /8<+,0

“ 8+, out A_ 8+.m - T
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From the above material alance, there are seven equations and nine
parameters. Assuming that 7 and & are neglected because hydrocracking of
paraffin favour to crack at the middle position of molecule[21].

These equations can be transformed to matrix form as equation(15).  The
equation(15) is used to find the parameter values of the model.

% Yot 0 0 0 C
-9
0 o ;(“ 00
Yhout—F5J1 “MC %
0/011- 0 0 0 0 T 0 (y*
— Brar %
Bat-%n = 0 o % s 0 0y g @
. 0
Air T PN - B I g
Pt — vin fiat
Agrat A3l 0 o « 0 0 T 0/0 i
0 0 0 0 0 0 d‘;j—
B

Briefly defined as
B=A.X

where

A, B refer to the raw data from the catalytic reforming process including
of feedstock and product.

X refers to the calc ated parameter values of the model

T refers to the residence time, X = VIF

(where V = volume of reactor ~ F = volumetric flow rate)
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The procedure of prediction the value of products is as the following
steps:

1. Parameters estimation

Application Gauss-Jordan method for solving those equations ( Eq.8 -
Eq.14)

For a given problem,
Ax=B (16)

where X refers to the metrix of parameters ( 6, 75, 76, &, &, &,
K6K7, and Kot where &and )

Multiply the equation (16) by a \ and obtain

a\a.X):AlB (17)

Hence, we have
X=AB (18)

From equation (18), the parameter values can be found by using matrix
method.
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2. Prediction of the values of products

After the parameter values were found, the further step is to construct tne
model for predicting the value of products. From the equation® to equation(14),
they could be rearranged and written in matrix form.

A5-out AB-in + 65 7,1 + 75T m + 85 "8+m (19)
(1~S65)P6in t T76P7in 1 86P8+in (20)
out = 1+ Kg /T +1+Kgl/x +1+Kg/x
p (1~ 7?6~ 75)pTin + B87P8+in (21)
70Ut = 1+ K7 [X + 1+ K7 /x
(L~ 7~ 86~ ) P8+,in 22
P out 14K g | x ( )
/ - A K6(1~ 65)pbin K6 76P7.in K6 86P8+.in (23)
6'0Ut - 6m+ X+ Kg ¥ OX+Kg o+ X+ Kg
/ - A 76 ~ 75)p7in  KyS87Pg+lp (24)
70Ut = m+ x+K7 Xt KT
/ - A K7(1-S76- 75)P7in LATM8TP8+,in (25)
8+0Ut = gm+ X+ K7 + X+ K7

From the equation(19) to equation(25); which the value of 76 and g7 = 9,

they can be Witten in the matrix form as follows:
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" 000
0, 0 000
Y%t 1- %3
Yau 0 1+ KT 000 g@n
at ~8 —3b N
0 kB(IO i 0 o 000 %ﬂn ()
0 e K7IOS o 00D
w0 0 Y 0 010
00 o BVE-H) gy

When the parameter values are found from solving the equation(15) and
the values of feedstock are known, the value of the products can be calculated
from the equation (26)

Therefore, the model of catalytic reforming process is the equation(26)
which can be used to predict the value of products. Finally, for the total quantity
of each aromatic components in product stream are equal to molar rate of A 11
plus molar rate of N, and can be written in metrix form as follow :

N Gout A Bout N 6.m

- .
14 Jout AN out N 7m )

_["N8+0ut _ o Bhout . M 8+in_
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