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A rubber compound is subject to a high rejection rate
because  of  excessive  batch-to-batch  variations.  The
Modulus  and  Scorch  Time  characteristics  are
inconsistent  and  cannot  meet  specifications.  The
Expeka Method is used to study the relations between
15  mixing  process  factors  (variables)  and  15
compound  characteristics  (responses)  over  42
production runs.  An optimal  operating window with
higher  capability  is  discovered,  and  its  increased
robustness leads to a 50% reduction in Non-Quality
losses and a 25% productivity increase. 

Mixing Process

The compound is mixed using a conventional  three-
pass  internal  mixing  sequence.  The  rubber  is
masticated and mixed with the fillers and plasticizers
in  two masterbatch passes.  The material  is  dumped,
cooled on the mill, and taken off as a sheet after each
pass. The curative package is added during the final
mixing pass. 

The Study

To  reduce  non-quality  losses  and  improve
productivity,  the  customer  wants  to  find  the  factors
contributing the most to the mixing process variations.
He is also interested in quantifying the relationships
between the mixing process variables and the resulting
compound  characteristics.  With  that  information,  it
will be easier to achieve a more capable process. 

After  consultation between the production team and
management,  it  is  decided  that  15  variables  only
related to the mixing process need to be included in
the  study.  No  modification  will  be  made  to  the
compound formulation, machine design and fill rate.
Fifteen  responses  relating  to  physical  characteristics
and  processability  of  the  resulting  compound  are
selected.

Factors

The following table lists  the  15 selected factors,  ID
and the step to which they relate.

STEP ID FACTOR

MASTICATION A Initial Rubber Temperature

MASTERBATCH 1 B Loading Temperature

C Initial Rotor Speed

D Final Rotor Speed

E Dumping Temperature

MASTERBATCH 2 F Loading Temperature

G Initial Rotor Speed

H Final Rotor Speed

I Dumping Temperature

FINAL MIXING J Batch Weight

K Curatives Temperature

L Initial Rotor Speed

M Final Rotor Speed

N Dumping Temperature

O Loading Temperature

The  high  number  of  selected  factors  and  their
suspected  interactions  makes  it  difficult,  if  not
impossible, to get usable and reliable results using a
traditional Experimental Design (DOE) approach. The
Expeka Method offers a more adapted alternative. 

Experimentation
Tests are actual production runs of the mixing process
and are selected using the Expeka Method and expert
judgment.  Density,  viscosity,  and  dispersion  of  the
sheeted material  are rated at  each pass. The Rubber
and the curatives  are stored at  various  temperatures
before their incorporation.

Forty-two runs are  performed, yielding  enough data
over  a  wide  range  of  values  to  effectively  and
confidently create predictive models for each of the 15
responses. 



Modeling

The  best  set  of  predictors  explaining  the  mixing
behavior and predicting compound characteristics. In
the  case  of  Modulus,  one  of  the  more  problematic
components, the significant predictors are  as follow:
Mixing Batch Weight (J) and Loading temperature (O)
have  a  negative  coefficient  while  the  Final  Rotor
Speed  (M),  the  Square  of  the  Loading  Temperature
(OO),  the  product  of  The  Loading  and  Dumping
Temperature (FI)  and the  Dumping Temperature (E)
have a positive coefficient in the predictive model for
the Modulus.

Significant Predictors of Modulus

The  graphic  shows  that  the  Modulus  response  is
mainly influenced by six of the fifteen studied factors.
The resulting model yield an R2 of 78.68%, Rp2 of
70.08%, and a VIF of 1.48. This model is used to find
a  more  robust  process  operating  window.  The  new
Process capability index (Cpk) for each response are
compared to their earlier values. 

RESPONSE
PREVIOUS

Cpk
NEW
Cpk

Tensile Strength 2.7 4.6

Elongation 2.2 4.0

Modulus 1.1 2.7

Hardness 0 2.1

Cure Time 1.8 5

Scorch Time 0.5 1.3

Minimum Shear <0 1.1

Maximum Shear 1.4 3.5

Density Masterbatch 1 15.8 16.7

Density Masterbatch 2 1.4 0.5

Density Final 9.1 5.3

Viscosity Masterbatch 1 1.8 1.9

Viscosity Masterbatch 2 1.6 2.2

Viscosity Final 3.0 4.7

Dispersion Final FAIR GOOD

Conclusion

The developed models confirm the high rejection rate
experienced  before,  and  the  new  operating  window
substantially increases the process capability index of
most responses. In the Modulus and Scorch Time case,
it more than doubled, allowing our customer to reduce
their  non-quality  losses  by  50%  for  this  mixing
process  and  consequently  increase  productivity  by
25%. 

About the Expeka Method

The  Expeka  Method  is  a  systematic  approach  to
experimentation  facilitating  the  investigation  and
understanding  of  complex  processes  like  rubber
Mixing  and  Compounding.  Its  AI-supported
algorithms  are  used  to  guide  experiments  by
suggesting  the  best  combinations  of  factors  that
maximize  new  information  and  help  define  the
boundaries of the process. It  can be useful in a new
compound  development,  modifications  to  existing
compounds,  scale-ups  and  solving  mixing  and
processing problems.

Results from each new test are taken into account for
the  selection of  the next  test  to  be  performed.  This
interactive approach helps reduce the number of tests
required to achieve a sufficient understanding of the
process factors and their interactions.

The  resulting  data  set  contains  all  the  information
required to create predictive models of the process and
identify  the  relations  between  the  variables  and
responses to address or eliminate problems.

The  Expeka  Method  is  a  powerful  tool  to  study,
control, and understand the complex processes of the
Rubber Industry. 

This  text  is  intended  to  indicate  how  the  Expeka
Method  can  be  used.  We  have  omitted  many  of  its
characteristics and features for brevity. Contact us to
get more information.

 

Email : mixing@expeka.com
Website : www.expeka.com 
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