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Abstract 

This study addresses the issue of hydrocarbon loss in petrochemical plants. Three sections were identified in the 

Indorama polyethylene plant facility in Eleme, Rivers State as locations where hydrocarbons losses occur during the 

polyethylene production operations. The hollow-fiber membrane system was investigated for the recovery of 

methane, ethylene, and propylene at these locations. Comprehensive modeling showed that the system was 

described by eleven coupled ordinary differential equations accounting for mass, energy, and momentum. The model 

equations were discretized into a set of algebraic equations using the orthogonal collocation method, and the solution 

to these equations was obtained using the Newton-Raphson method. The results showed a remarkable recovery of 

methane (~86%), ethylene (~80%), and propylene (~91%) on the shell side while capturing about 82% of carbon 

dioxide on the fiber side. These results were achieved using the spirobisindane-based ladder polymer (PIM-1) 

membrane material under 90 bar and 2 bar pressure on the shell and fiber side, respectively, with a membrane area 

of 6900 m2. These results show the effectiveness of the PIM-1 for hydrocarbon gases recovery. 

Keywords: Membrane Reactor, Counter Current Flow, Non-Isothermal Model, Isothermal Model, Newton-Raphson, 

Orthogonal Collocation, Shell and Fiber side

1. Introduction:  

The loss of hydrocarbons in petrochemical plants is a 

crucial problem for petrochemical companies as it 

directly impacts their profitability and operational costs. 

According to research conducted by Membrane 

Technology Research (MTR) Inc., a leading supplier of 

membrane technology since 1982, polyethylene plants 

typically experience ethylene and other hydrocarbon 

feedstock losses amounting to $1 - $3 million annually 

[1]. Hydrocarbon losses significantly affect the profit 

margin due to recent surge in hydrocarbon prices 

impacting the production cost of polyethylene which 

now stands at $1560 per ton [3]. 

The Indorama petrochemical plant, in Eleme community 

of Rivers State, is known to produce 360,000 kilotons of 

polyethylene annually [2]. For this plant, hydrocarbon 

losses have significant financial implications. 
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Three major areas in the Indorama polyethylene 

production process have been identified as regions 

where hydrocarbon losses occur. This includes the 

reactor purge, distillation and purification units. To 

address this issue, this research investigated the 

application of membrane separation technology to 

recover hydrocarbon gases in these units.  

Advanced separation procedures significantly depend 

on membrane technology, which has emerged as the 

leading solution in several industries. The progress in 

this technology may be attributed to the ongoing 

improvement and augmentation of polymer 

membranes. Polymer membranes are developed to 

show characteristics of thermal, chemical, and 

mechanical stability. These properties are vital for their 

application in industrial settings. These membranes are 

extensively used in chemical [4], petrochemical [5-8], 
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and water treatment [9-11], where it is crucial to handle 

liquid or gaseous mixtures. The applications include 

recycling, pollution control, and meeting operating 

requirements. A significant breakthrough in the 

application of membrane technology was the successful 

utilization of the gas permeation process to differentially 

separate organic vapors from exhaust air. The 

application focused on managing vapors emitted during 

the distribution and storage of extremely volatile 

hydrocarbons [8,12].  

 

Figure 1: Membrane Separation Process [13]  

 

Industrial applications of membranes include: 

i. The UOP Separex Membrane Systems which 

are installed in over 130 units worldwide 

remove CO2, H2S, and water vapor from 

hydrocarbon streams [14]. 

ii. The Cynara membrane units – 40 units installed 

worldwide are used to capture bulk quantities of 

CO2 from hydrocarbon gas streams and are 

even capable of handling condensed liquid 

hydrocarbons [15]. 

iii. Hydrogen upgrading facilities using UOP 

Polysep Membrane Systems by Air Liquide – 

125 units installed worldwide produce a 90 to 

99% hydrogen product stream [13] 

iv. BORSIG Membrane Technology – with over 

100 units installed worldwide used for the 

treatment of liquid hydrocarbon streams 

utilizing a new organic solvent nano-filtration 

technique. This is now possible at an industrial 

scale with membrane systems deployed all over 

the globe [16] 

v. Hydrocarbon recovery from petrochemical plant 

vents using a membrane system, manufactured 

by Membrane Technology and Research, Inc. 

The selection of membrane materials for hydrocarbon 

recovery depends on several factors, including 

permeability, selectivity, stability, and cost. Polymers of 

Intrinsic Microporosity (PIMs) are a class of polymers 

that have intrinsic microporosity, which makes them 

negligibly permeable to hydrocarbon gases [17]. PIM-1 

and PIM-SBF are two examples of PIMs that have 

shown promise for hydrocarbon separation [18]. 

Li et al. (2013) conducted a comprehensive 

investigation on the gas transport properties of PIM-1. 

The study focused on evaluating the permeability 

coefficients of ten different gases, including He, H2, N2, 

O2, CH4, CO2, C2H4, C2H6, C3H6, and C3H8, at 25 °C and 

various pressures ranging from 1 to 10 atm. It was 

observed that the permeability coefficients of He, H2, O2, 

N2, CH4, and CO2 decreased with increasing trans-

membrane pressure, aligning with the expected 

behavior according to the dual-mobility model. On the 

other hand, the C2 and C3 hydrocarbons exhibited 

notable plasticization responses. Furthermore, the 

researchers determined the sorption isotherms for all 

ten gases using a dual-volume sorption cell, reaching a 

maximum pressure of 27 atm at 25 °C. In this research, 

PIM-1 was used due to the availability of gas 

permeability data for most hydrocarbon gases [19]. 

In this study, the hollow-fiber membrane and polymer of 

intrinsic microporosity (spirobisindane-based ladder 

polymer) known commonly as PIM-1 which has vast 

applications in the industry was used in this investigative 

research [20]. The one-dimensional model for the 

membrane system was developed for mass and energy 

providing a framework for the development of eleven 

coupled ordinary differential equations describing the 

dynamics of the hydrocarbon recovery process. 

Extensive resources on membrane technology from 

various literature sources were utilized to obtain the 

relevant model parameters, and the orthogonal 

collocation method was then employed as the numerical 

technique to solve the set of model equations. The 

results demonstrated an impressive recovery rate for 

methane, ethylene, and propylene, all achieved on the 

shell side at 90 bar when utilizing the PIM-1 membrane 

material. 

2. Materials and Methods: 

2.1. Model Development: 

The hollow fiber system operates in a counter-current 

flow pattern. The high-pressure multicomponent gas 

enters the system from the right side and flows in the z 

direction. 

The assumptions made in this study include: 

i. Plug flow condition on the shell side 

ii. Uniform temperature profile on both sides. 
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iii. Negligible mass and heat transfer resistance in 

the boundary layer. 

iv. Solution-diffusion mechanism. 

v. Constant permeance 

vi. Constant membrane thickness. 

2.1.1. Material Balance: 

Figure 2 presents a schematic representation of the 

process of gas separation inside the membrane, where 

the gas feed enters from the right side. The retentate is 

collected on the left side, and the permeate leaves from 

the left side of the system. 

 

Figure 2: Hollow Fiber Membrane System 

 

Applying the fundamental principles of conservation of 

mass and energy, the overall material balance equation 

is expressed:  

[
Rate of inflow
into the system

] − [
Rate of outflow
from the system

] ±

[

Rate of generation
or depletion  within

the system 
] = [

Rate of accumulation
within the system

]  

     (1) 

Considering the absence of reaction and accumulation 

within the system, (1) simplifies to: 

[
Rate of inflow
into the system

] = [
Rate of outflow
from the system

]     (2) 

Overall Material Balance 

Ff = Fs + Ft        (3) 

For component: 

Ff. xi,f = F𝑠. 𝑥i,s + Ft. yi,t      (4) 

∑xi,f = ∑𝑥i,s = ∑𝑦i,t = 1      (5) 

2.1.2. Shell Side Mass Balance: 

Figure 3 illustrates the mass balance over the 

differential element (∆z) on the fiber side. 

 

Figure 3: Shell side material balance across the 

elemental Section 

 

Taking material (component) balance on the shell side, 

upon mathematical analysis and taking limit as ∆z → 0, 

yields: 

dFi,s

dz
= NTπDoJi           (6) 

2.1.3. Fiber Side Mass Balance: 

Figure 4 illustrates the mass balance over the 

differential element (∆z) on the fiber side. 

 

Figure 4: Fiber side material balance across elemental 

section 

 

Material (component) balance on the fiber side, upon 

variable separation and taking limit as ∆z → 0, yields: 

dFi,t

dz
= NTπDoJi        (7) 

2.2. Membrane Energy Balance: 

2.2.1. Shell Side Energy Balance: 

Figure 5 illustrates the energy balance over the 

differential element (∆z) on the shell side. 

 

Figure 5: Shell side energy balance across elemental 

section 

 

Taking energy balance on the shell side with 

mathematical analysis and taking limit as ∆z ⟶ 0: 

dTs

dz
=

NTπDo.∑ Ji.
N
i=1 Cpi

(Ts−Tt)

∑ Fi,s
N
i=1 .Cpi

  (8) 

2.2.2. Fiber Side Energy Balance: 

Figure 6 illustrates the energy balance over the 

differential element (∆z) on the fiber side. 



4       Journal of the Pakistan Institute of Chemical Engineers     Vol. XXXXXIII 

 

Figure 6: Fiber side energy balance across elemental 

section 

 

Upon variable separation and taking the limit as ∆z ⟶

0: 

dTt

dz
=

NTπDo.∑ Ji.
N
i=1 Cpi

(Ts−Tt)

∑ Fi,t
N
i=1 .Cpi

  (9) 

2.3. Pressure Drop on Fiber Side: 

The pressure drop on the fiber side have been derived 

by Helmersen as [21]: 

Pt =
128μzRTt

NTπDc
4.Pt

. ∑ Fi,t
N
i=1   (10) 

Taking a balance over a small element ∆z and upon 

variable separation yields 

dPt

dz
= −

128μ.RTt

NTπDc
4.Pt

. ∑ Fi,t
N
i=1   (11) 

Isothermal Model: 

The shell side = {
dFi,s

dz
= NTπDo Ji   (12) 

The fiber side = {

dFi,t

dz
= NTπDoJi 

dPt

dz
= −

128μ.RTt

NTπDc
4.Pt

. ∑ Fi,t
N
i=1

  

 (13) 

The equation representing the mathematical model for 

the material, momentum, and energy balance in the 

membrane system is derived as follows: 

Non-isothermal Model: 

The shell side = {

dFi,s

dz
= NTπDo Ji 

dTs

dz
=

NTπDo.(Ts−Tt)

∑ Fi,s
N
i=1 .Cpi

∑ Cpi
Ji 

N
i=1

  (14) 

The fiber side =

{
 
 

 
 

dFi,t

dz
= NTπDoJi 

dPt

dz
= −

128μ.RTt

NTπDc
4.Pt

. ∑ Fi,t
N
i=1

dTt

dz
=

NTπDo.(Ts−Tt)

∑ Fi,t
N
i=1 .Cpi

∑ Cpi
.N

i=1 Ji 

 (15) 

2.4. Definition of Parameters: 

2.4.1. Flux (𝐉𝐢): 

This is a driving force across the membrane provided by 

the partial pressure gradient at the shell side and fiber 

side of the membrane. The gas separation mechanism 

employed in this research was governed by the solution 

diffusion model of Baker as [22]: 

Ji =
Qi

δ
(Psxi − Ptyi)   (16) 

xi =
Fs.xi

∑ Fs.xi
N
i=1

;       yi = 
Ft.yi

∑ Ft.yi
N
i=1

  (17) 

2.4.2. Dimensionless Variables:  

The model equations developed are put in the 

dimensionless form by introducing the following 

dimensionless variables. 

Dimensionless Flow rate (𝑭𝒊,𝒔
∗  and 𝑭𝒊,𝒕

∗ ) 

Fs
∗ =

Fs𝑥𝑖

(∑ Fs.xi
N
i=1 )

𝑅

;    Ft
∗ =

Ft𝑦𝑖

(∑ Fs.xi
N
i=1 )

𝑅

  (18) 

Fs = Fs
∗. (∑ Fs. xi

N
i=1 )

𝑅
;     Fi,t = Ft

∗. (∑ Fs. xi
N
i=1 )

𝑅
 

  (19) 

Fs. xi = Fi,s;   Ft. yi = Fi,t   (20) 

Fi,s
∗ = (Fs. xi)

∗ = Fs. xi
∗;    

Fi,t
∗ = (Fs. yi)

∗ = Ft. yi
∗   (21) 

Fs = Fs. xi
∗(∑ Fs. xi

N
i=1 )

𝑅
;    Ft = Ft. yi

∗(∑ Fs. xi
N
i=1 )

𝑅
 

  (22) 

Dimensionless Length (𝜉) 

ξ =
z

L𝑅
;     (23) 

z = ξ. L𝑅     (24) 

Dimensionless Pressure (𝑷𝒔
∗ and 𝑷𝒕

∗) 

Ps
∗ =

Ps

PR
;  Pt

∗ =
Pt

PR
   (25)  

Ps = Ps
∗. PR;   Pt = Pt

∗. PR  (26) 

Dimensionless Temperature (𝑻𝒔
∗ and 𝑻𝒕

∗) 

Ts
∗ =

Ts

TR
;  Tt

∗ =
Tt

TR
   (27) 

Ts = Ts
∗. TR;  Tt = Tt

∗. TR  (28) 

Substituting these dimensionless parameters into the 

model equations yields: 

Dimensionless Isothermal Model: 

The shell side = {
dFs.xi

∗

dξ
= α [

Qi

δ
(Ps

∗xi
∗ − Pt

∗yi
∗)]   

   (29) 

The fiber side = {

dFt.yi
∗

dξ
= α [

Qi

δ
(Ps

∗xi
∗ − Pt

∗yi
∗)]

dPt
∗

dξ.
= β

∑ (Ft.yi)
∗N

i=1

Pt
∗

  (30) 

α =
NTπDoLRPR

(∑ (Fs.xi)R
N
i=1 )

;    β = −
128LRμR.∑ (Fs.xi)R

N
i=1

PR
2 .NTπDc

4   

 

 

Dimensionless Non-isothermal Model: 

The shell side =

{

dF,s.xi
∗

dξ
= α [

Qi

δ
(Ps

∗xi
∗ − Pt

∗yi
∗)]

dTs
∗

dξ.
= γ.

(Ts
∗−Tt

∗)

∑ (Fs.xi)
∗Cpi

N
i=1

. ∑ Cpi
 N

i=1 [
Qi

δ
(Ps

∗xi
∗ − Pt

∗yi
∗)]

(31)
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The fiber side =

{
 
 

 
 

dFt.yi
∗

dξ
= α [

Qi

δ
(Ps

∗xi
∗ − Pt

∗yi
∗)]

dPt
∗

dξ.
= β∗

Tt
∗

Pt
∗ . ∑ (Ft. yi)

∗N
i=1

dTt
∗

dξ.
= γ.

(Ts
∗−Tt

∗)

∑ (Ft.yi)
∗N

i=1 Cpi
. ∑ Cpi

 N
i=1 [

Qi

δ
(Ps

∗xi
∗ − Pt

∗yi
∗)] 

(32) 

β∗ =
128LRμRTR.∑ (Fs.xi)R

N
i=1

PR
2 .NTπDc

4 ;   γ =
NTLRπDo.PR

∑ (Fs.xi)R
N
i=1

  

2.5. Performance Parameters:  

The separation and economic performance of the 

membrane-based separation process depend on 

several parameters. An analysis of the correlation 

between input conditions, operating variables, and 

output conditions are carried out. In membrane gas 

separation, the main performance indicators are: 

Recovery (𝑹):  

This is the ratio of fiber side condition at the outlet of the 

system to the condition of the feed at the inlet for a given 

component i. 

Mathematically defined as:  

R =
Ft(L)yi,t(L)

Ff.yi,f
    (33) 

Purity (P):  

This is the composition of a given component 𝑖 in the 

fiber side exit stream. 

Mathematically defined as:  

P = yi,t(L)    (34) 

Separation Factor (S): 

Mathematically defined as:  

S =
yi,t(L)[1−yi,s(L)]

yi,s(L)[1−yi,t(L)]
   (35) 

2.6. Case Study: 

The vent gas is multi-component mixture of C2H4, CO2, 

CH4, C3, and other heavier hydrocarbons from the 

polyethylene plant effluent unit (see Table 1) is 

introduced into a hollow fiber membrane as depicted in 

Fig. 1. Neglecting the heavier components and 

considering only C2H4, CO2, CH4, and C3, the model 

equation for each component in the system is derived 

as follows: 

Shell Side: 

dFs.x1
∗

dξ
= α [

Q1

δ
(Ps

∗x1
∗ − Pt

∗y1
∗)] (36) 

dFs.x2
∗

dξ
= α [

Q2

δ
(Ps

∗x2
∗ − Pt

∗y2
∗)] (37) 

dFs.x3
∗

dξ
= α [

Q3

δ
(Ps

∗x3
∗ − Pt

∗y3
∗)] (38) 

dFs.x4
∗

dξ
= α [

Q3

δ
(Ps

∗x4
∗ − Pt

∗y4
∗)] (39)  

dTs
∗

dξ.
= γ.

(Ts
∗−Tt

∗)

∑ (Fs.xi)
∗Cpi

5
i=1

. ∑ Cpi
 5

i=1 [
Qi

δ
(Ps

∗xi
∗ − Pt

∗yi
∗)] 

    (40) 

Fiber Side: 

dFt.y1
∗

dξ
= α [

Q1

δ
(Ps

∗x1
∗ − Pt

∗y1
∗)] (41) 

dFt.y2
∗

dξ
= α [

Q2

δ
(Ps

∗x2
∗ − Pt

∗y2
∗)] (42) 

dFt.y3
∗

dξ
= α [

Q3

δ
(Ps

∗x3
∗ − Pt

∗y3
∗)] (43) 

dFt.y4
∗

dξ
= α [

Q4

δ
(Ps

∗x4
∗ − Pt

∗y4
∗)] (44) 

dPt
∗

dξ.
= β∗

Tt
∗

Pt
∗ . ∑ (Ft. yi)

∗4
i=1   (45) 

dTt
∗

dξ.
= γ.

(Ts
∗−Tt

∗)

∑ (Ft.yi)
∗4

i=1 Cpi
. ∑ Cpi

 4
i=1 [

Qi

δ
(Ps

∗xi
∗ − Pt

∗yi
∗)] 

    (46) 

 

2.7. Model Parameters:  

2.7.1. Composition of the Vent Gas Stream: 

 

 

Table 1: Composition of the vent gas Indorama PE 

plant [23] 

Component Mole fraction 

C2H4 0.375 

CH4 0.125 

CO2 0.25 

C3 0.25 

 

2.7.2. Physical Properties: 

 

 

 

Table 2: Specific heat capacities and viscosities of 

components at standard temperature and pressure 

(STP) [24] 

Component 

Specific heat 

capacity 

 [𝐉𝐊−𝟏𝐤𝐦𝐨𝐥−𝟏] 

Viscosity 

 [𝛍. 𝐏𝐚 𝐬] 

C2H4 52.50 88.5 

CO2 37.13 15.8 

CH4 35.69 9.9 

C3+ 127.6 525.5 
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2.7.3. Membrane Material and Permeability (𝐐𝐢): 

Table 3: Gas permeance (in Barrer) in polymer 

membrane [25] 
Polymer 

Types 
Description Extended Description 𝐂𝟐𝐇𝟒 𝐂𝐎𝟐 𝐂𝐇𝟒 𝐂𝟑+ Ref 

Polymer with 

free volume 
PIM− 1 

Polymer with Intrinsic 

Microporosity 

(spirobisindane-based 

ladder polymer) 

535 5303 320 205 
Li et al. 

(2013) 

(1 Barrer = ≈ 3.348 ×  10−19
kmol

m.s.Pa
= 3.348 ×

 10−16
kmol

m.s.KPa
= 1.2053 × 10−12

kmol

m.hr.KPa
) 

2.7.4. Operating Condition: 

Table 4: Operating conditions 

Parameter Value Unit 

Temperature 50  °C 

Shell-side pressure 5 − 90 Bar 

Fiber-side pressure 2 bar 

Flow rate of the feed 100000 mol/h 

 

2.7.5. Membrane Specification: 

 

Table 5: Specification of a Hollow fiber membrane 

system [22] 

Parameter Value Unit 

Diameter 0.2 m  

Length 1 M 

Internal 

diameter of 

fibers 

200 Μm 

External 

diameter of 

fibers 

250 Μm 

Thickness of 

membrane 
2 Μm 

Number of 

fibers (1000) 
-  

 

2.8. Initial Condition: 

z =  1; 𝑥i,s =

{
 
 

 
 xC2H2,0 = 0.375

xCO2,0 = 0.125

xCH4,0 = 0.25

xC3+,0 = 0.25

;    

z = 0; yi0,t =

{
 
 

 
 
yC2H2,0 = 0

yCO2,0 = 0

yCH4,,0 = 0

yC3+,0 = 0

  (47) 

2.9. Solution Technique: 

The orthogonal collocation method was employed as a 

solution technique to transform the model equations into 

a set of algebraic expressions. This set of algebraic 

equations were solved using the MathWorks 

Computational Tool. 

2.9.1. Orthogonal Collocation Method:  

The orthogonal collocation method is a numerical 

technique for solving boundary value problems by 

approximating the solution using interpolating 

polynomials and ensuring that the solution satisfies the 

differential equation and boundary conditions at specific 

collocation points chosen strategically. This method is 

particularly useful when dealing with differential 

equations that cannot be solved analytically. 

The system’s dimensionless model equations 

presented earlier correspond to the boundary value 

problem expressed by the general first order differential 

equations within the range of 0 <  z <  1, as depicted 

thus. 

ψ [
dX

dz
, X, z] = 0   (48) 

Subject to these boundary conditions: 

f1[X, 0] = 0  

f2[X, 1] = 0  

Representing the proposed approximate solution of the 

problem by the interpolating polynomial X(z), then the 

values of the solutions at the collocation points can be 

expressed as follows: 

X(z) = α0 + α1z + α2z
2 +⋯+ αnz

n  

X(z1) = α0 + α1z1 + α2z1
2 +⋯+ αnz1

n  

X(z2) = α0 + α1z2 + α2z2
2 +⋯+ αnz2

n  

⋮  

X(zn+1) = α0 + α1zn+1 + α2zn+1
2 +⋯+ αnzn+1

n  

    (49) 

The solution can be transformed into the matrix form as: 

[
 
 
 
 
1 z1 ⋯ z1

n

1 z2 ⋯ z2
n

1 z2 ⋯ z3
n

⋮ ⋮ ⋯ ⋮
1 zn+1 ⋯ zn+1

n ]
 
 
 
 

.

[
 
 
 
 
α0
α1
α2
⋮
αn]
 
 
 
 

=

[
 
 
 
 
X1
X2
X3
⋮

Xn+1]
 
 
 
 

 (50) 

This can be expressed as: 

A. θ = X    (51) 

Expressing the vector matrix θ in terms of the matrix X, 

which contains the unknowns. 

θ = A−1. X    (52) 

Where Xi = X(zi) 

To discretize the first derivative in the problem and 

evaluate it at the collocation points, the first-order 
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derivative of the interpolating polynomial is deduced 

from equation (50) as follows: 

dX(z)

dz
= 0 + α1 + 2α2z +⋯+ nαnz

n−1 (53) 

Equation (53) can be expressed in the form: 

dX(z)

dz
= [0 1 2z … nzn−1]. [

α0
α1
⋮
αn

]  

dX(z)

dz
= [0 1 2z … nzn−1]. A−1. X (54) 

Hence, for the i-th collocation point, 

dX(zi)

dz
= [0 1 2zi … nzi

n−1]. A−1. X   (55) 

dX(zi)

dz
= [S(i)]

T
. X        (56) 

The true solution for the ordinary differential equation 

must be valid at all designated collocation points, where 

it is ensured that the residual (Ri) becomes zero at each 

of these points. These specific collocation points were 

strategically selected as the roots of the shifted 

Legendre polynomial. 

This implies that: 

Ri = ψ [
dXi

dz
, Xi, zi] = 0  (57) 

For i = 2,3, … , n 

ψ[S. X, Xi, zi] = 0   (58) 

Introducing (n+1) by (n+1) vector matrix, denoted as S.

  

S =

[
 
 
 
 [S

(1)]
T

[S(2)]
T

⋮

[S(n+1)]
T
]
 
 
 
 

= [

0 1 … nz1
n

0 1 … nz2
n

⋮ ⋮ … ⋮
0 1 … nzn+1

n

] . A−1 (59) 

S = C. A−1    (60) 

Equation (58) comprises (n-1) equations, and the 

remaining two equations arise from boundary 

conditions, resulting in a total of (n+1) equations and 

(n+1) unknown. These systems of equations must be 

solved simultaneously for linearity or numerically if they 

exhibit non-linearity. 

3. Results and Discussion: 

The results deduced from the simulation of the 

developed models for membrane systems for 

hydrocarbon recovery are discussed with a focus on 

analyzing the effect of key process conditions on the 

recovery of hydrocarbon and the overall efficiency of the 

membrane system. The results obtained for the 

recovery of hydrocarbons via the simulation of the 

developed models at a shell side pressure of 90 bar and 

fiber side pressure of 2 bar using a membrane area of 

6900 m2 are shown in Table 6. 

 

Table 6: Simulation Result 
Feed 

Comp. 

Mole 

Fraction 

Feed 

(mol/h) 

Shell Side 

Recovery 

(%) 

Fiber Side 

Recovery 

(%) 

Permeate 

(mol/h) 

Retentate 

(mol/h) 

Purity 

Carbon 

dioxide 

0.25 25000 0.1942 0.8058 20144 4856 0.0710 

Methane 0.125 12500 0.8673 0.1327 1659 10841 0.1585 

Ethylene 0.375 37500 0.7982 0.2018 7569 28831 0.4375 

C3 0.25 25000 0.9115 0.0885 2212 22788 0.3331 

Total   100000   31584 67316  

 

3.1. Total Flow Rate in the Shell and Fiber Side 

against Length: 

 

Figure 7: Total flow rate on the shell and fiber side vs. 

length 

 

3.2. Flow Rate of Component in the Shell and Fiber 

Side against Length: 

 

Figure 8: Flow Rate of Component vs length 
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3.3. Influence of Membrane Area: 

 

Figure 9: Effect of membrane area on shell side 

composition 

 

 

Figure 10: Effect of membrane area on fiber side 

composition 

 

3.4. Influence of Feed Pressure: 

 

Figure 11: Effect of feed pressure on shell side 

composition. 

 

Figure 12: Effect of feed pressure on fiber side 

composition 

 

3.5. Influence of Membrane Area and Pressure on 

Recovery: 

 

Figure 13: Effect of Membrane Area on recovery 

 

 

Figure 14: Effect of feed pressure on recovery 

 

4. Conclusion: 

The research study addresses the need to mitigate 

hydrocarbon losses in polyethylene plants by 

developing an economical gas recovery alternative that 

will be integrated into the plant to reduce the loss of 
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methane, ethylene, and propylene. The Indorama 

polyethylene plant was used as a case study in this 

research. The one-dimensional mathematical models 

for mass and energy were developed for the membrane 

system by employing the fundamental principles of 

conservation of mass and energy. Eleven coupled 

ordinary differential equations were obtained that 

described the dynamics of the process and predicted 

the recovery rates of methane, ethylene, and propylene 

at various process conditions. 

This study contributes a solution to the growing 

operational constraint that polyethylene plant 

companies incur annually during polyethylene 

production. The findings of this research provide 

evidence that membrane systems have the potential to 

recover hydrocarbon gases, which when utilized can 

solve the issue of hydrocarbon losses in petrochemical 

plants. This research highlights the promise membrane 

recovery technology holds if applied within the 

petrochemical industry landscape and supports the 

advancement and commercialization of membrane 

technology for hydrocarbon recovery 
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Nomenclature 

Cpi
: Specific heat capacity of component i in the feed 

(J/(kmol. K)) 

Dc: Internal diameter of fiber (m) 

Do: External diameter of fiber (m) 

Ff: Total molar flow rate in feed stream (kmol/hr) 

Fi,s: Molar flow rate of component i in the retentate (shell 

side) (kmol/hr) 

Fi,t: Molar flow rate of component i in the permeate side 

(fiber side) (kmol/hr) 

Ft: Total molar flow rate in the permeate side (fiber side) 

(kmol/hr) 

F𝑠: Total molar flow rate in the retentate (shell side) 

(kmol/hr) 

Ji: Molar flux across the membrane for each component 

(kmol/(hr.m2)) 

LR: Model Length (m) 

NT: Number of transfer unit  

PR : Model Pressure (KPa) 

Pt: Total pressure fiber side (KPa) 

P𝑠: Total pressure in the shell side (KPa) 

Qi: Permeability of component 𝑖 in each membrane 

(kmol/(m. hr. KPa)) 

Ri: Residual 

TR: Model Temperature (K) 

Ts: Shell side temperature (K) 

T𝑡: Fiber side temperature (K) 

xi: Mole fraction of component 𝑖 in the feed side 

yi: Mole fraction of 𝑖 in the fiber side of the membrane 

N: Number of components 

δ: Thickness of the membrane (m) 

μ: Viscosity of components on the fiber side (KPa. s) 

1= CO2; 2 = CH4; 3 = C2H4; 4 = C3 
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