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Compound Development

| Advantage of a PC-Program
e Motivation for Program Development
e Description of the GrafCompounder?
e Comparison with Statistic Experimental Design (DoE)
e Combination of Grafcompounder with DoE
e Advantages / Summary
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Motivation for Program
Development

) T.:_ Presto! PageManager 7
DateifF)  Bearbeiten(E)  Ansicht(d)  Werkzeuge(T)  HiFe{H)

B )| @ | @ | e | K

——a S

._.

WO 2003 0. ot LS_E417594..; at LIS7451122 E LSE/14924 at LISEET1ERT.

L54979126. ot 53721303 oot L5200507 6. pat EROBES230. ot 3 B e

|Eiereit

Dr. Hans-Joachim Graf 3



ja

Motivation for Program
Development

Mid size - / Large company:
Recipes in use ~ 500 — 2000
Laboratory recipes ~ 1000/year

Cost of Recipe
Recipe is used 1 Time Development in a
per
Project / Evaluation 5 5’53‘2)‘;;;;2/61.’)(9
% Reinvention Time?) Invest of 500.000 US$/year
~1- 2 Jahre!

*) personal Estimation
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Motivation for Program
Development

[ | Question:

e Why we can hardly take Compound Databases as working
capital,
Saving time and effort in our daily work?
= Avoiding reinvention
= Increase our compounding knowledge.
= Gaining room for really new ideas in compound development
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Motivation for Program
Development

| Patent EP 0865 890 A1
(Bridgestone) is dealing with
compounds used in tire

manufacturing

® Dependency of factor —
response relationship with none
linear regression equation.

® Usage of a function to determine
boundary conditions.

® |dentification of a compound
with targeted properties.
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Motivation for Program
Development

L] The patent US 7541122B2 (Fa. | N O RO O
Honeywell) deal with ,,empirical“ o CRlie] Berten T pommes o SR
DoE with the help of neuronal 0 REEHRGRERES

network algorithm

e Datenbase from historical compound
data

® Elimination of foulty data sets out of
the data base

® Calculation of a compound with the
help of none linear neuronal network
algorithm

* Building of a equation for the
simulation of the correlation between
factors (compound ingredients) and
responses (properties).
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Motivation for Program
Development

| Commerzialisation megund CaI_CI_J_Iation with

tI —

neuronal network algorlthm NN

e CAD-CHEM S
T ey o
" Program needed'&irerge database -

= Prediction waslis“ i’ll;p,n'accurate

| _|L ANTOK IPPD

= Program was ta'kemfrom the market
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Motivation for Program Ejﬁ
Development

Statistic Experimental Design (DoE) allows a
factor — response calculation with regression equations

Influences:

_ Effects:
Factors are varied Responses are measured
F, —»
£ — Process — R.,R,,..R,
2
.
Fs

[ Objective of the Experiment should be the identification of the most
important factors (F, ..F), to be able to measure Effects (Responses

R ....-R;) and to describe there dependency in a mathematical
equation:

Ri(1...n) — f(AO + A1F1+....AnFn +....) W
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Design Guide
for GrafCompounder

e Calculation with lin ‘,,qn relat|ons shlps

= Most DoE shows a Ilnearmodel quatm |s _fflclentlyy.
accurate. tomisiiat

|-}cd

= Math should be.basgd.
multlple small steps durlng calculaﬁdns —

® Program should wor

database - — H
® Program should be compatlblq 5 Ftype of calculation
programs == L T o o]

A B 1 It [bal ae — —

> 1M jbe] of gz —
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Description
of GrafCompounder

| GrafCompounder

n
. A - -
GrafCompounde =hi
File Edit Help
Input data: - _ “Criteria; “[Dutput
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—— nction ror communica 10 | Ll Sl
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18615 22618 16115 20115 25115 18115 22115 17235 2135375
MooneyML(1+4) 100°C 33.7375
Maoney t5/120°C 2025
o 1.156835
40 45 44.91
E 3.8865
17.664
£84.2125
27.6575
DVR 0°C /24h 13.285
DVR 23°C /7Zh 13.3275
DVR 70°C /24h 545175
< ol [4]
Recipe ratios in %: : §§Sum of recipe ratios (should be 100%):
i [ 5] 11 4475 6.25 12{ 13 [ 3| || & ‘Moo
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Description Eﬂ]ﬁ

of GrafCompounder

Analysis of a recipe database with Multiple

Linear lteration (MLI)

= Search criteria manageable with different weights!
= Recipe Selection (Exclusion of unwanted recipes
during analysis)
* Avoid Analysis of none compatible Polymers
= Automatic an Manual Mode
* Simulation of Blends of Compounds

= Property Data should be from a trustworthy source,
if not your own
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Description E"‘j@

of GrafCompounder

(] Analysis based on |
Measurables

Targets

Weights Path 3

Rating functions shows the Bt 4
distance between values and i
target :

Iteration in small steps from

different starting points
Check of maximum agreement with
the target P
[l Report of Results _ e
Recipe ,-"//\‘ _
All calculable physical properties '
Missing data left out Path 1

Show all Recipes with their
percentage used in an analysis
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Description L‘Eﬂ @

of GrafCompounder

| Working with the
GrafCompounder

e Create a table by
copy/paste from Design

Expert®
. . XXX XXX XXX XXX
e Assign titles to the rows

"ereopen e
= Recipes:

XXX XXX XXX XXX

= Ingredients:
= Properties:

Dr. Hans-Joachim Graf 14



Comparison Ejﬁ

DoE versus GrafCompounder

| Testing the MLI-method a database is needed, which
can be analyzed in different ways.

e 1. Example

= Qil / Filler DoE (with own Experiments)
m Factors: Filler 1, Filler 2, Filler3 and Oil

e 2. Example
DoE published by DuPont Dow in 1998
= Factors: ENB, DTDC, S, MBT, TiTBD, ZdiBC, DTP

e Same Optimization criteria will be used in DoE Software
(Design Expert®) and in GrafCompounder.
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Comparison
DoE versus GrafCompounder

e 1. Example

= Qil / Filler DoE (based on own experiments)
= Factors: Filler 1, Filler 2, Filler 3 and Oil
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Comparison Ej@

DoE versus GrafCompounder

| DoE with 4 Factors
Polymer used was Vistalon 8600

| Factor Name Units Minimum Maximum
o A C6630 phr 60.00 95.00

B CaCoO3 phr 10.00 70.00

C Clay phr 10.00 50.00

D Oil phr 70.00 95.00

e A fractional factorial DoE with 11 compounds only!
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Comparison
DoE versus GrafCompounder

| Rheological Data are

examined .-

e MV and T5 can be B
measured quite
accurate.

Both are significant with
a linear model equation

Dr. Hans-Joachim Graf
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Comparison L‘}? @

DoE versus GrafCompounder

CaCO3

Paraffinic Oil phr

T5 (120°C) min

Dr. Hans-Joachim Graf 19




Comparison
DoE versus GrafCompounder

| Optimization area calculated .
with Design Expert — 2]

|| Solution given by =
GrafCompounder 5

| With an additional boundary -

condition: take same amount of
CB 6630 similar to Optimization
Value in Design Expert

AGxK0
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Comparison L‘}? @

DoE versus GrafCompounder

CaCO3

Paraffinic Oil phr

T5 (120°C) min
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Comparison
DoE versus GrafCompounder

. Owerlay Plot
| Optimization area calculated _ YN\
with Design Expert - 2
L] Solution given by M ﬂo
GrafCompounder | 7216

Iw 34.300] \nw 36.000]

A

A C6630

with the additional condition
(CC 6630 — 73 phr)

B: CaCOs3
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Comparison E}T @

DoE versus GrafCompounder

CaCO3

Paraffinic Oil phr

T5 (120°C) min 4.01 + 0.25
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Comparison Eﬂ]ﬁ

DoE versus GrafCompounder

| | What we have learned

e Calculation with GrafCompounder and
optimization result with Design Expert has some
characteristic differences

= GrafCompounder gives always one solution

= Design Expert provides an area, where you
can identify a solution

= With an additional boundary condition both
solutions can be narrowed, that they fit into
95% confidence interval and measurement
error of test methods for the repsonses.
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Comparison
DoE versus GrafCompounder

e 2. Example

e DoE published by DuPont Dow in 1998
= Factors: ENB, DTDC, S, MBT, TiTBD, ZdiBC, DTP
= DoE with 41 Experiments
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DoE Analysis and Result

Tensile at break is significant Pkt Ach
with linear model | Tensile

e Sulfur has larger influence § oo
followed by DTDC and TiBTD, P
but negative

| Elongation is significant with o
quadratic model, but linear )
model is a sufficient fit e, At

e Sulfur has the largest influence
followed by DTDC —

L] Hardness is sufficient significant
with linear model as well

¢ Main influence Sulfur, DTDC =0

Pred

Elongation

100.00 200.00 300.00 400.00 500.00 600.00
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DoE Analysis and Result

| Selection of responses

for the test with graphical Overiay P
optimization:
e Hardness >
65°ShA - 70°ShA o
e Tensile at break & o
11MPa - 12 MPa ° \g nzu
e Elongation of Break o em ]
350 % -400 % & 04 oo
| Flag points to one = S
solution A
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DoE Analysis and Result

| Factor values giving this
result

e ENB: 5,58%

e Sulfur - 0.44 phr
DTDC - 2.11 phr
MBT - 1.00 phr
TiBTD — 1.50 phr
ZdiBC - 1.50 phr
DTP - 1.50 phr

Dr. Hans-Joachim Graf

C: C:Sulfur

OverlayHat
150
1.20 —
ZF 12000
090 —
T ZF 1214
D 335,106
Hardness: 66470 )
060 — X1 558
I 044
zr—11.000
ZD: 350000
500 6.00 7.00 8.00
A AENB

9.00
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DoE Analysis and Result

Analysis with point
prediction results:

o ZF 11.2 MPa EIDE
e ZD 335 %
e Hardness 66.5°ShA _D -""BT 1.00

F ZDiBC 1.50

Dr. Hans-Joachim Graf 29



nalysis with
rafCompound

er

Paste table into Graf Compounder
e Select boundaries

Dr. Hans-Joachim Graf

Tile it lep
nput data: JCrlelia L0uloul
4 | From | To |Waight| ~rieff |:
a1 Recipes H S i i
Pl ngredients: curcProd1  eurz 2102 leorcPro3  feurcPrcd  curzZrof  jpurcProf  JeurcPro 7 curs2ra 2 feure Pro 9 jeurc Py IMicurat
J" Mardel P 4. 1C000 100.00 1C0.00 100,30 100.00 100,20 :
Mordel P 5. 100.00 120.00 | CO.00;
(Zinc Quda 5.00 500 5.00) 5.00 5.00) 5.00) 5.00 5.00 5.00)
Stz arnc Acd 100 100 1.30 1.00 1.00) 1.40 100 1.00 1.40
GO W B5C 175.00 17500 175.00) 175.00 175.00 175.00) 175.00 175.00 175.00)
Sunpar 2220 100.00 1000 100.20) 120.00 1C0.00 103.30 130.00 100,00 103.20
B:OTOC 100 000 3.30 3.00 3.00 1.30 1.50 G.00 3.00
CSulur 150 150 1.50] 1.50 1.50 1.50 0.30 1.60 1.50,
IR 150 i 150 n4n [ 150 150 140 150
E.Ti3TD 0.a0 300 1.00 300 .00 1.00 1.0 3.00 3.00
F:ZDIiBC 0.0 aog 1.50 3.00 0.00 1.50 ] 3.00 2.00
GUIE .oy U oy 3.0 3.0y 3.0y 3.00) 3.y Uy 4.0
Properiies: -
WENB
Units Mooney Meak
L Inits Ml 1+4
[t ML
mir. 52
mir. 090
(Rl MH
WP a M50
MHa M100
MMa = 11.5 12
% 2D 3 335
Sare A Hardress 6|
% G5 24100
% n& 74175
24b1150C |55 241150
% Febound
unit lzndzlta
MP a M30 70125 {
4] ] I3 KX Y EE
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Analysis with HY (G

GrafCompounder
| | Paste table into __
GrafCompounder B:DTDC
e Select boundaries __
PZPMPa L iTISIZ0 e
® ZD-% + 325-335 F-ZDIBC 1.33
e H-°ShA - 65-67
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Analysis with

Design Expert®

|| Run Optimization

Graphical

e Select same boundaries

e ZF-MPa
e ZD-%
e H-°ShA

Dr. Hans-Joachim Graf

- 11.5-12.0
- 325-335
: 65-67

C: C:Sulfur

1.50

0.90 —

0.60 —

0.30

32



Compare Result Ej@

Design Expert® vs GrafCompounder

. Overlay Plot
[] Boundary Conditions |
e Select boundaries T T15%
o ZF-MPa :11.5-12.0 1_20_/2'1 306.017
Hardness: 68.146
e ZD-% :325-335 i 650 I
e H-ShA : 65-67 5 -
(3 0.90 |
@) '__
[] The Design Expert e

optimization graph shows-the
location of the result as a
yellow area, but
GrafCompounder result is
tagged with a flag.

0.60 —

030 | | |
5.00 6.00 7.00 8.00 9.00
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Analysis with

HY (5

GrafCompounder

| Boundary Conditions
e Select boundaries
e ZF-MPa :11.5-12.0
o ZD-% : 325-335
e H-°ShA :65-67

Dr. Hans-Joachim Graf

Ingredients Result Result
GrafCompounder ' Design Expert®

D:MBT

F:ZDiBC 1.33 1.33

Hardness 67 67.5

+) Note: Accelerators are preset!
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Conclusion

Compounds in databases are type of happen
stance data
® Which can not analyzed with a systematic approach
today
® DoE in each case needs data based on a planned
experiment.
GrafCompounder allows to search a database for a
possible solution using targets

e At minimum you get an very good idea about the
center point in a DoE
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