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ResultsbauParametric Study and Validation

The impact of the particle structure was studied in a

2D model.

Each variation was solved 9 times. The average

hydroperoxide concentration was evaluated after 100

days and compared to experimental data of linseed oil

encapsulated in maltodextrin.

Comparison of 2D and 3D Simulation: Four model

setups were solved in both 2D and 3D to evaluate the

impact of the neglected dimension.

The average hydroperoxide concentration was

generally higher in the 3D model. Running the

parametric study in 3D was not feasible due to high

computation times and meshing difficulties,

especially at large differences in scale between

powder and oil droplets.

ConclusionsbaA low oil load, more surface oil and

smaller particles increase lipid oxidation. The model

and experimental trends were similar. 3D simulation

was difficult due to high computation times and

meshing problems. For future work, the mesh should

be manually adapted to increase the meshing stability

and decrease computation times.

Oxygen Based Diffusion Modeling
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IntroductionbauNutritionally beneficial unsaturated

fatty acids are susceptible to oxidation. Encapsulating

oil droplets inside a matrix of carbohydrates protects

lipids against environmental oxygen by forming a

diffusion barrier. It is assumed that oxygen

diffusion and surface oil play a major role for

oxidative stability. The aim of the study is to quantify

the impact of the particle structure.

Computational MethodsbauThe model geometry

was created using LiveLink™ for Matlab®. The oil

droplets were placed at random coordinates following

a uniform distribution inside the powder particle.

The model physics were set up using the Chemical

Reaction Engineering Module with the Chemistry

and Transport of Diluted Species interfaces.

Figure 2. Physics and boundary conditions
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Figure 5. Parametric study results

Figure 4. Variation of oil content

Figure 6. Comparison of 2D and 3D
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Figure 1. 2D (left) and 3D (right) model

0.7 0.8 0.9 1.0
0

5

10

15

Encapsulation Efficiency 

[% of oil load (w/w)]

P
V

 [
m

o
l/
m

3
 o

il]

 Total oil (Simulation)

 Encapsualted Oil (Simualtion) 

 Total oil (Application System)

 r = -0.9160

Gleichung y = a + b*x

Zeichnen PV  fitted day 100

Gewichtung Keine Gewichtung

Schnittpunkt mit der Y-Achse 47.07278 ± 8.01535

Steigung -44.76915 ± 8.76645

Fehler der Summe der Quadrate
16.96501

Pearson R -0.91604

R-Quadrat(COD) 0.83913

Kor. R-Quadrat 0.80695

0.0 0.1 0.2 0.3 0.4
2

4

6

8

P
V

 [
m

o
l/
m

3
] 
A

p
p

lic
a

ti
o

n

 Total Oil Application

 Total Oil Simulation

 Encapsualted Oil Simulation

Oil Content 

[% (v/v)]

P
V

 [
m

o
l/
m

3
] 
S

im
u

la
ti
o

n

0

10

20

30

40

0.0 0.1 0.2 0.3 0.4
2

4

6

8

P
V

 [
m

o
l/
m

3
] 
A

p
p

lic
a

ti
o

n

 Total Oil Application

 Total Oil Simulation

 Encapsualted Oil Simulation

Oil Content 

[% (v/v)]

P
V

 [
m

o
l/
m

3
] 
S

im
u

la
ti
o

n

0

10

20

30

40

Encapsulated oilSurface oil

Figure 3. Measurement of the 

reaction kinetics

Oxidation Kinetics
Dependence 

of lag time on 

oxygen 

concentration

Dependence

of the rate of

oxidation (rOx) 

on oxygen

concentration

Oxygen [mol/m³] Peroxides [mol/m³]

3D

2D

 𝑟𝑂𝑥 =
𝐶𝑂2

3521.12 𝑠+𝐶𝑂2∙133594,51
m3

mol∙s

Dissolution of oxygen at 

the lipid/air interface

𝑐𝑆𝑂 = 𝑐𝑎𝑖𝑟

Diffusion of lipids, lipid 

hydroperoxides and 

antioxidants in oil

𝑑𝐶

𝑑𝑡
= 𝐷

𝑑2𝐶

𝑑𝑥2
+
𝑑2𝐶

𝑑𝑦2
+
𝑑2𝐶

𝑑𝑧2

Dissolution of oxygen at the 

powder/air interface

𝑐𝑝𝑜𝑤𝑑𝑒𝑟 =
1

𝑉𝑚𝑂2

∙ 𝑝𝑂2 ∙ 𝑆

Oxygen dependent lipid oxidation 

reaction with preceding lag time 

tlag

𝑟𝑂𝑥 =
𝐶𝑂2

𝐵1 + 𝐶𝑂2 ∙ 𝐵2

Oxygen diffusion in carbohydrate and 

oil

𝑑𝐶

𝑑𝑡
= 𝐷

𝑑2𝐶

𝑑𝑥2
+
𝑑2𝐶

𝑑𝑦2
+
𝑑2𝐶

𝑑𝑧2

3

4

5

6

7

P
V

 [
m

o
l/
m

3
o

il]

oil load 

5.3 % v/v

doil

5 µm

dpart

30 µm

doil 

10 µm

 3D

 2D

𝑃𝑉 = 𝟎. 𝟔𝟑𝟗𝟏
𝐦𝐨𝐥

𝐦𝟑𝐝
∙ 𝑡 − 14.093

mol

m3

0.0 2.1 4.2 8.7

0 5 10 21

20

30

40

50

60

0.0 2.1 4.2 8.7

0 5 10 21

0

2x10-6

4x10-6

6x10-6

8x10-6

CO2,% [%]

t la
g
 [
d

]

CO2
 [mol/m³]

CO2,% [%]

r O
x
 [

m
o
l/
(m

³ 
s
)]

CO2
 [mol/m³]

0.0 2.1 4.2 8.7

0 5 10 21

20

30

40

50

60

0.0 2.1 4.2 8.7

0 5 10 21

0

2x10-6

4x10-6

6x10-6

8x10-6

CO2,% [%]

t la
g
 [
d

]

CO2
 [mol/m³]

CO2,% [%]

r O
x
 [

m
o
l/
(m

³ 
s
)]

CO2
 [mol/m³]

0 250 500 750 1000
0

2

4

6

8

P
V

 [
m

o
l/
m

3
 O

il]
 S

im
u

la
ti
o
n

 MW

 MW

 PV

Particle diameter 

D5,2 [m]

4

6

8

10

12

14

16

P
V

 [
m

o
l/
m

3
 o

il]
 A

p
p

lic
a

ti
o
n

0 250 500 750 1000
0

2

4

6

8

P
V

 [
m

o
l/
m

3
 O

il]
 S

im
u

la
ti
o
n

 MW

 MW

 PV

Particle diameter 

D5,2 [m]

4

6

8

10

12

14

16

P
V

 [
m

o
l/
m

3
 o

il]
 A

p
p

lic
a

ti
o
n

0.0 0.1 0.2 0.3 0.4
2

4

6

8

P
V

 [
m

o
l/
m

3
] 
A

p
p

lic
a

ti
o
n

 Total Oil (Application System)

 Total Oil (Simulation)

 Encapsulated Oil (Simulation)

Oil Content 

[% (v/v)]

P
V

 [
m

o
l/
m

3
] 
S

im
u

la
ti
o
n

0

10

20

30

40

0.0 0.1 0.2 0.3 0.4
2

4

6

8

P
V

 [
m

o
l/
m

3
] 
A

p
p

lic
a

ti
o
n

 Total Oil (Application System)

 Total Oil (Simulation)

 Encapsulated Oil (Simulation)

Oil Content 

[% (v/v)]

P
V

 [
m

o
l/
m

3
] 
S

im
u

la
ti
o
n

0

10

20

30

40

0.0 0.1 0.2 0.3 0.4
2

4

6

8

P
V

 [
m

o
l/
m

3
] 
A

p
p

lic
a

ti
o
n

 Total Oil (Application System)

 Total Oil (Simulation)

 Encapsulated Oil (Simulation)

Oil Content 

[% (v/v)]

P
V

 [
m

o
l/
m

3
] 
S

im
u

la
ti
o
n

0

10

20

30

40

Excerpt from the Proceedings of the 2017 COMSOL Conference in Rotterdam




