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Polyisobutylene TESPT TDAE (benzo(a)antracene) Paraffin - (standard alkane (n=31)) Polystyrenebutadiene Polyisoprene
δD 16 14.6 14.1 15.9 13.5 11
δP 0.2 6 2.1 0.1 0.1 0.1
δH 0.2 3.4 35.3 0.1 12.9 5.8



  

 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑢𝑛𝑠 = 𝐿𝑒𝑣𝑒𝑙𝑠ி௧௦



  

 

 



  

 

 



  

 



  

 

 

 



  

 



  

 

 



  



  



  

 



  



  



  

 

 



  

 



  

 



  



  



  

 

StdOrder RunOrder CenterPt Blocks Temperature (°C) Speed (rpm) Time (minutes) DA (wt%)
3 1 1 1 130 50 8 3
5 2 1 1 130 50 4 7
2 3 1 1 130 150 4 3
8 4 1 1 130 150 8 7

10 5 0 1 145 100 6 5
9 6 0 1 145 100 6 5
6 7 1 1 160 150 4 7
4 8 1 1 160 150 8 3
7 9 1 1 160 50 8 7
1 10 1 1 160 50 4 3

14 11 1 2 130 150 8 3
16 12 1 2 130 150 4 7
17 13 1 2 130 50 8 7
11 14 1 2 130 50 4 3
19 15 0 2 145 100 6 5
20 16 0 2 145 100 6 5
18 17 1 2 160 150 8 7
15 18 1 2 160 50 4 7
13 19 1 2 160 50 8 3
12 20 1 2 160 150 4 3



  

 

StdOrder RunOrder CenterPt Blocks Temperature (°C) Time (minutes) DA (wt%)
3 1 1 1 160 6 1
1 2 1 1 160 2 1
7 3 1 1 160 6 3
5 4 1 1 160 2 3
9 5 0 1 170 4 2
9 6 0 1 170 4 2
2 7 1 1 180 2 1
8 8 1 1 180 6 3
6 9 1 1 180 2 3
4 10 1 1 180 6 1



  

 

 



  

 

 



  



  

 

Material phr 

Devulcanizate 100 

Zinc oxide 4 

Stearic acid 2 

Sulfur 2 

CBS 1 
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𝑉 =
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑦 𝑟𝑢𝑏𝑏𝑒𝑟 / 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓𝑑𝑟𝑦 𝑟𝑢𝑏𝑏𝑒𝑟

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑦 𝑟𝑢𝑏𝑏𝑒𝑟
𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑑𝑟𝑦 𝑟𝑢𝑏𝑏𝑒𝑟

+
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑜𝑙𝑣𝑒𝑛𝑡 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 𝑏𝑦 𝑠𝑎𝑚𝑝𝑙𝑒

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑠𝑜𝑙𝑣𝑒𝑛𝑡

𝜈 =  
−[ln(1 − 𝑉) + 𝑉 + 𝜒ଵ𝑉

ଶ]

[
𝑉ଵ ቀ𝑉

ଵ/ଷ
− 𝑉ቁ

2
]

𝜒ଵ = 𝑝𝑜𝑙𝑦𝑚𝑒𝑟 − 𝑠𝑜𝑙𝑣𝑒𝑛𝑡 𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟

𝑉ଵ = 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑜𝑙𝑣𝑒𝑛𝑡

𝑁𝑒𝑡𝑤𝑜𝑟𝑘 𝑏𝑟𝑒𝑎𝑘𝑑𝑜𝑤𝑛 (%) = 1 − ൬
𝐶𝑟𝑜𝑠𝑠𝑙𝑖𝑛𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑑𝑒𝑣𝑢𝑙𝑐𝑎𝑛𝑖𝑧𝑒𝑑 𝑟𝑢𝑏𝑏𝑒𝑟

𝐶𝑟𝑜𝑠𝑠𝑙𝑖𝑛𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑐𝑟𝑢𝑚𝑏 𝑟𝑢𝑏𝑏𝑒𝑟
൰൨ × 100



  

 

 

Sample RunOrder CenterPt Blocks Temperature (°C) Speed (rpm) Time (min) DA (wt%) 
130/50/8/3 1 1 1 130 50 8 3 
130/50/4/7 2 1 1 130 50 4 7 
130/150/4/3 3 1 1 130 150 4 3 
130/150/8/7 4 1 1 130 150 8 7 
145/100/6/5 5 0 1 145 100 6 5 
145/100/6/5 6 0 1 145 100 6 5 
160/150/4/7 7 1 1 160 150 4 7 
160/150/8/3 8 1 1 160 150 8 3 
160/50/8/7 9 1 1 160 50 8 7 
160/50/4/3 10 1 1 160 50 4 3 
130/150/4/7 11 1 2 130 150 8 3 
130/150/4/7 12 1 2 130 150 4 7 
130/50/8/7 13 1 2 130 50 8 7 
130/50/4/3 14 1 2 130 50 4 3 
145/100/6/5 15 0 2 145 100 6 5 
145/100/6/5 16 0 2 145 100 6 5 
160/150/8/7 17 1 2 160 150 8 7 
160/50/4/7 18 1 2 160 50 4 7 
160/50/8/3 19 1 2 160 50 8 3 
160/150/4/3 20 1 2 160 150 4 3 
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Coded Coefficients
Term Effect Coef SE Coef T-Value P-Value VIF
Constant  5.5034 0.0474 116 0  
Blocks       

1  -0.0466 0.0424 -1.1 0.352 1
Temperature 0.1671 0.0836 0.0474 1.76 0.176 1
Speed 0.3163 0.1582 0.0474 3.33 0.045 1
Time 0.107 0.0535 0.0474 1.13 0.341 1
DA -0.5853 -0.2927 0.0474 -6.17 0.009 1
Temperature*Speed -0.1893 -0.0947 0.0474 -2 0.14 1
Temperature*Time -0.0865 -0.0432 0.0474 -0.91 0.429 1
Temperature*DA 0.192 0.096 0.0474 2.02 0.136 1
Speed*Time -0.1234 -0.0617 0.0474 -1.3 0.284 1
Speed*DA -0.167 -0.0835 0.0474 -1.76 0.177 1
Time*DA 0.2131 0.1065 0.0474 2.25 0.11 1
Temperature*Speed*Time -0.4141 -0.207 0.0474 -4.36 0.022 1
Temperature*Speed*DA -0.326 -0.163 0.0474 -3.44 0.041 1
Temperature*Time*DA -0.1442 -0.0721 0.0474 -1.52 0.226 1
Speed*Time*DA -0.2541 -0.127 0.0474 -2.68 0.075 1
Ct Pt  0.369 0.106 3.48 0.04 1



  

 

 

 

 



  



  

 

StdOrder RunOrder CenterPt Blocks Temperature (°C) Time (minutes) DA (wt%)
3 1 1 1 160 6 1
1 2 1 1 160 2 1
7 3 1 1 160 6 3
5 4 1 1 160 2 3
9 5 0 1 170 4 2
9 6 0 1 170 4 2
2 7 1 1 180 2 1
8 8 1 1 180 6 3
6 9 1 1 180 2 3
4 10 1 1 180 6 1
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Coded Coefficients
Term Effect Coef SE Coef T-Value P-Value VIF
Constant  5.7222 0.0651 87.87 0.007  
Temperature -0.2765 -0.1382 0.0651 -2.12 0.28 1
Time -0.2458 -0.1229 0.0651 -1.89 0.31 1
DA% 0.3066 0.1533 0.0651 2.35 0.256 1
Temperature*Time 0.0454 0.0227 0.0651 0.35 0.786 1
Temperature*DA% -0.029 -0.0145 0.0651 -0.22 0.86 1
Time*DA% -0.0633 -0.0316 0.0651 -0.49 0.712 1
Temperature*Time*DA% -0.3294 -0.1647 0.0651 -2.53 0.24 1
Ct Pt  0.355 0.146 2.44 0.248 1
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Sample Feedstock Fill factor Oil Temperature Speed Time DA%
IT-0DA IT 80 5 160 150 4 0
IT-0DA-0OIL IT 80 0 160 150 4 0
IT-OPT-85 IT 85 5 160 150 4 3
IT-OPT-90 IT 90 5 160 150 4 3
REF-D REF 80 5 160 150 4 3
RED-CP REF 80 5 145 100 6 5
REF-0DA-0OIL REF 80 0 160 150 4 0
REF-0DA REF 80 5 160 150 4 0



  

0

2

4

6

8

10

12

A
ge

d-
IT

 
IT

-0
D

A
IT

-0
D

A
-0

O
IL

IT
-O

P
T-

85
IT

-O
P

T-
90

R
E

F-
N

E
W

R
E

F-
O

P
T

R
E

F-
C

P
R

E
F-

0D
A

-0
O

IL
R

E
F-

0D
A

0

200

400

600

800

1000

T
en

si
le

 s
tr

en
gt

h 
(M

P
a

)
E

lo
ng

at
io

n
 (

%
)



  

IT
-0

D
A

IT
-0

D
A

-0
O

IL
IT

-O
P

T-
85

IT
-O

P
T-

90

R
E

F-
D

R
E

D
-C

P
R

E
F-

0D
A

-0
O

IL

R
E

F-
0D

A

0

10

20

30

40

50

60

H
a

rd
ne

ss
 (

S
h

or
e 

A
)

IT
-0

D
A

IT
-0

D
A

-0
O

IL
IT

-O
P

T-
85

IT
-O

P
T-

90

R
E

F-
D

R
E

D
-C

P
R

E
F-

0D
A

-0
O

IL

R
E

F-
0D

A

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

R
e

bo
un

d



  



  

16
0/

15
0/

2/
1

18
0/

15
0/

2/
1

16
0/

15
0/

2/
3

18
0/

15
0/

2/
3

C
P

16
0/

15
0/

6/
1

18
0/

15
0/

6/
1

16
0/

15
0/

6/
3

18
0/

15
0/

6/
3

0D
A

IT
-0

D
A

-0
O

IL
IT

-O
P

T-
85

IT
-O

P
T-

95

0

10

20

30

40

50

60

N
e

tw
or

k 
b

re
a

kd
ow

n 
(%

)



  

 

 



  



  

 



  

 

 



  

 



  



  



  



  



  



  



  



  


