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GrafCompounder

_ I The “GrafCompounder” is a software
program that enables you to create
recipes using your own recipe
database for rubber, TPE, TP and
other compounds, (it must contain
ingredients, proportions and
measured properties).

This software helps you save time and
effort in recipe development by:

_Allowing for faster and more
accurate decisions on starting
formulas

Contributing to better ideas about
further compound development

Allowing for use of historic data in
compound development
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GrafCompounder

The GrafCompounder uses the
Multiple Linear lteration method [MLI]
to calculate a new recipe according to
properties targeted.

The GrafCompounder enables you to
analyze your database and identify
faulty compound data.

It allows you to identify the ratio of
contribution of each compound recipe
on the final formulation. This
possibility is helpful, if your
confirmation test results do not match
the results of the calculated
compound.
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GrafCompounder

This is a tutorial to familiarize you with
the best way to use the
“GrafCompounder 2.004” and to show
you the program features.
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Data preparation

F%'Nn_rga:;_gm‘- V2biods - OpenOfica Ca

1| Datei Bearbeiten Ansicht  Einfogen Format Extras Dagen Fengter Hilfe & |
E-B-ix F el PExEE-9 B - @44 by KSEHEQ O, * P
B | anal =l = FERU =[EF== dho% W Se M == O-B2-A-
i - —
1 JLE =l wE =] |
A | ———._ C | D | E F G H 3 | 1 | K [ ——
3 1 |[Testdateien
[ 2 & "
Dingredients: \Y 50AL511 | G0JL512 :l.
& |NR (SMR - 10) Y~ 100.00 — 100,00 100,00 100,00 100,00 700,00 100,00
NJM330 10,00 30,00 50,00 25.00 45.00 75.00 45.00 65,00 50,00
6 |Czea 20,00 20,00 20.00 20,00 20,00 20,90 20,00 20,00 g
7 |Maphtenic Oil 5,00 25.00 45.00 5.00 2500 45,00 5.00 25,00 10,00 = Yt
8 [ZnQ 5,00 5.00 5.00 5,00 5,00 5.00 5,00 5,00 5.00 E
9 [Steanc Acid 2.00 200 200 200 200 2,00 2,00 200 2.00
10 _[IPPD 2.00 2.00 2.00 2.00 2.00 2,00 2,00 2,00 2.00
BT 1.50 1,50 1.50 1,50 1,50 1,50 1,50 1,50 0,25
i2 [TMTD - 80 1,00
13 |CBS - 80 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0,65 2,10
14 [Total 146,15 186,15 226,15 161,15 20115 251,15 181,15 221,15 172,35
i5
15/
d{r_\.jgg@gg_qu__{h.u * 32,00 36,00 31.00 34,00 30,00 42,00 60,00 39,00 41,00
|18 TMooney 15/ 120 23.00 28,00 32,00 28,00 32,00 22,00 20,00 25,00 11,00
| 19 |DensT 1,08 1.12 1.16 1.13 1,16 1,18 1,19 120 1.11
20 |Hardness 42,00 41,00 4000 48,00 48.00 £2.00 61,00 61,00 59,00
il 21 |M300 1.80 .00 3.00 4.40 4,60 5.30 8,00 760 940
22 TS 25,00 21,00 15,00 25 00 20,00 15,30 23,00 18.00 23,00
2 EB 785.00 725.00 690,00 715,00 705,00 615.00 560,00 590,00 540,00
_2_4__|DVR -26°C 124h 22.00 28,00 30.00 17.00 19,00 35.00 25,00 27,00 77,00
25 |DVR 0°C r24h 10,00 14.00 14.00 8,00 12,00 16,00 13,00 12,00 16,00
| 26. |DVR 23°C /72h 4,00 10.00 14.00 2.00 13.00 16,00 10,00 17,00 18.00
_g?_—|DVR TO'C /24h 39,00 50,00 61,00 44,00 50,00 54.00 44,00 50,00 17.00
28 -
(1)[4][®] )", Tabeliel /Tabele? [Tabelied /- - = ) = = - = g i |

Tabellel /3

Pagestyle Tabellel sTD Summe=0 @ @ @ |100% |
Famesticabel =l — bt |

! In any calculation spreadsheet program such as
Excel, prepare a data sheet that contains at least 3
formulas with their properties.

The first column has one cell named “Ingredients:”
and one named “Properties:”.

The next column has one cell named “Recipes:”
Please insert the required information exactly .

The above example shows how and where to enter
formulas and properties.

It is important that the cells highlighted in yellow
contains all necessary information. Otherwise, the
program will not work.
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Data Transfer

i_ﬁ GrafCompounder version 2.003

iﬁ GraanmpOUﬂdEf .‘—

Edit Help

'_ Load Demo Data
: Cpen File__
Save As..

Exit

File Edit Help

Input data:

Copy input table

Copy marked cells

Paste cells here

Delete marked rows

Delete marked columns

Insert empty row

Insert empty column

Clear marked cells

Round values to two decimal places

At this point you need to transfer the data into the

GrafCompounder program. There are three options

to assign the data:

1) Paste the information from the previous Excel sheet by
right clicking to get the short-cut menu or by clicking
“Paste Input Data From Clipboard”

2) As an alternative you can "Load test data“ in same pull

down menu.

3) Open a file previously stored in .gc format. This is a new

feature.
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(| Datei Bearbeiten Ansicht Einfigen Format Extras Daten Fenster Hilfe &
P2-ids [ ear YExae-o B- @ul by W2ESQ @, i b &
| fad e D FEUIE==s=s=H 0% ¥ N s 0242 ,
ALAMIOESTS [x] A B = | =
? - - &
Testdateien
2 ecipes: »
- [ingredients: 50ALE11 | SOALG12 | 50ALG13 | 50ALE14 | BOALG15 | 50AL516 | BOALSIT | E0ALG18 | 5OALGAZ ===
JMINR (SMR - 10} 100,00 100,00 100,00 100.00 100,00 100,00, 100,00 100,00 100,00 ar
SN330 10,00 30,00 50,00 25,00 45,00 75,00, 45,00 65,00 50,00
2Mcaco3 20,00 20,00 20,00 20,00 20,00 20,00, 20,00 20,00 |
i taphtenic Cil 5,00 2500 4500 5.00 2500 45,00 5,00, 2500 10,00 =l | ™
7o 5,00 5,00 5,00 5.00 5,00 5.00 5.00 5.00, 5.00 R
W Stearic Acid 2,00 2,00 2,00 2,00 200 2,00 2.00 2,00 2,00 £
JNIPPD 2,00 2,00 2,00 2,00 2,00 2,00 2,00 200 2,00
s 150 150 150 150 1,50 150 1.50 1.50 025
D - 80 . . . . . . 1.00
CBS - 80 065 0.65 0.65 0.65 0.65 0,65 0,65/ 0,85 2.10
otal 146,15/ 186,15 226,15 161,15 201,15 25115 181,15 221,15 172,35
MogneyML{1+4) 1+ 32,00 36.00 .00 34.00 30.00 42 00 60,00 39.00 41.00
MMooney 15 / 120°C| 28,00 28.00 32,00 28,00 32,00 22.00 20,00/ 25,00 11.00
-MDensity 1,08 112 116 1.13 1.16 119 1.19 1.20 111
(W Hardness 42.00 41.00 40,00 48,00 48,00 52,00 61,00/ 61.00 59,00
M300 1,80 3.00 3.00 4.40 4560 5,30 8.00 7.60 9.40,
S 25,00 21,00 15,00 25,00 20,00 15,30] 23,00 18,00 23.00
23 S5 785,00 725,00 690,00 715,00 705,00 615,00 560,00 590,00 540,00
"I DVR -26°C /24h 22.00 28,00 30,00 17,00 19,00 35,00 29,00 27.00 77.00
—ENDVR 0°C /24h 10.00 14,00 14,00 8,00 12,00 16,00 13,00 12,00 16,00
~CWOVR 23°C [T2h 8.00 10,00 14.00 9,00 13,00 16,00/ 10.00 17.00 18,00
DVR70°C /24h | 39,00 50,00 61.00 44.00 50,00 54.00, 44,00 50,00 17,00 _
[14](4)[»](v1]", Tabelle1 { Tabelle2 / Tabelle3 / 1« e ] |
Tabellel /3 | PageStyle Tabellel STD Summe=11606,84 @—&—® |100%

Tobluse option one: Highlight the compound formula
table

Copy the formula / property table:

Insert the license Dongle into a USB port on your
PC/Laptop computer

Once the dongle is in place, open the
GrafCompounder program.

— If you try to do this in the reverse order an error
message will be displayed.
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Data Transfer

Dutput
|Min |[Max |From |To | Weight| Trdoff

E1S 7] [ a3l L

IRecipe ratios in %: | Sum of recipe ratins (should be 100%)
i | b

Number format: | 1234567 7| || importinput data from clipboard | | Aute mix (averwrite mixture) | | Auto mix (new mirtur) |

After insertion of the dongle and start of the
GrafCompounder program the screen should
appear as shown

Dr. Hans-Joachim Graf 8



D

ata Transfer

= — - ; =] :
e croCompoundes verion 2007 S ==
|| File Edit Help
Hinput d:_a_la: Cr'rt_eria: Cutput:
Mame Min | Max |From |To Wal... | Trdoff |
Tesidateien =] [x
I r

Ingredients: Wisture1

MR (SMR - 10} R (SMR-10)

MN330 N330

CaCo3 Cacos 1]

MNaphtenic il Waphtenic Ol

Zn0 |Zna

Stearic Acid | Stearic Acid

IFFD PP

5 s

TMTD - 80 TMTD - 80 1] o

CBS-80 |ces-80

Total Total

==

Properties: ]

MoonaeyhL{1+4) 100°C 320 ! 1+4)

Mooney 15/ 120°C | Moaney 15/ 120°C

Density Densily

Hardness Hardness

M300 M300

15 =

EB |E8

DVR -26°C /24h 35,00 OVR-26°C 24h

DVR 0°C i24h DVROCR24h

DVR 23°C 72h |DVR 23°Ci72h

DVR 70°C i24h | DVR 70°C /24h

-
v

Racine ratos In
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Vol [«F el [<F LS
/ | Sum of recipe ratios (should be 100%)
1)
Number format: | 1234267 ) | Importinput data from clipboard | | Auto mix (overwrite mixture). | | Auto mix (new midure) |

Click Paste and the data is copied into the program

The example above shows the Formula data now
inserted into the GrafCompounder.

However - the cells are highlighted in yellow. This
signifies that no values are currently recognized
and can not be used for any calculation.

- Min and Max rows are empty!

To fix this, the number format needs to be adjusted
in the bottom left corner to take into account the
fact the data have been input using a comma for the
decimal place.




Data Transfer

Input data: | Criteria Cufput:
| S0AL511] B0ALET| S0ALS1] S0ALS1| SOALS1H S0ALST( S0ALST] BOALS 1Y SDALSAY Mame Min  |Max |From |To | Wel, Tldnfl| | |
Testdateien | [a]
| Recipes: P
Ingredients: S0AL511 50AL512 50AL513 50ALS14 S0AL515 S50AL516 S0AL51T S0ALS1E 50AL542 : X || | Wit
INR {SMR - 10) 100,00 100,00 100,00 100,00 10000 10000 10000 100,00 10000 NR{SMR-10) 100 100 |
N30 1000 3000 5000 2500 4500 7500 4500 6500 50,00 N3350 10 73 |
icaco3 20,00 2000 2000 2000 2000 2000 2000 2000 CaCo3 [} ‘20 |
iNaph!enic il 500 2500 4500 500 2500 45.00 500 2500 10,00 Naphtenic Oil 5 45
| iZn0 5.00 5,00 5,00 5,00 5,00 5,00 5,00 5.00 5,00 Zn0 3 5 |
| Stearic Acid 200 200 200 200 200 200 200 200 200 Stearic Acid B 7 |
| IPPD 200 200 200 200 200 200 200 200 200 IPPD 2 2 |
1 150 150 1,50 1,50 150 150 150 150 025 s 025 15 |
[TMTD - 80 1,00 TMTD - 80 e 1 |
CBS-80 0,85 0,65 0.65 085 0,65 0.65 0,65 0.85 210 CBS-80 065 21 |
.eral 146,15 18615 22615 16115 201,15 25115 18115 22115 17235 Total 146,15 251,15 |
| e
| Properties: (| —
| MoaneyLi1+4) 100°C MoonayML(1+4) 30 80 il
Il Mooney 151 120°C Mooney t5/120°C 11 32 |
Density Densily 108 12 |
Hardness Hardness 40 61
1300 M300 168 94
s TS 5 25
€D EB 540 785
| DVR-26°C 124n DVR-26°C/24h 17 7T |
Il DVR 0°C /240 OVRO’C/2dh 8 16 11El
| DVR 23°C172h 800 100 1,00 9.00 300 160 10.0 17.00 1800 DVR23°CiT2h & 18 Il
| DVR70°C 124h 3900 5000 &1.00 440 5400 4400 35000 17.00 OVR7G*C/24n 17 61 1l
b
v
I4v Yol [=F Ll [ >
Recipe ralios In % Sum of recipe ratios (should be 100%)
iRl S . : : = 3
Number format: | 1234567 (% | Importinput data from clipboard | | Auto mix (overwrite mixdure) | | Auto mix (new midure) |

Once the "Number format” is adjusted to
accommodate the comma:

— The recipes now appear red and the properties show
as green

— The Min and Max columns show the highest and
lowest numbers of the related row.

Now you are ready for the first calculation if you
choose this option
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Data Transfer

Other options for adding data:

2) As a second option you can open the GrafCompounder
program and hit "Load test data“ in the pull down menu.

3) A third option is to open the GrafCompounder program

and open a file previously stored in .gc format. This is a
new feature.

Now you are ready for the first calculation if you
choose these options
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Data analysis

Criteria:
MName From | To | Wal...

5041511 50AL512 50AL513 5041514 5041515 5041 516 S0AL517 S0AL518 50AL 542
10000 100.00 100.00 100,00 10000 10000 100,00 100,00
10,00 30,00 50,000 2500 5,0 7500 4500 6500 50,00

20,00 20,00 2000 ),00 20,000 20,00 20.00

25,00 45.00 5.00 0 4500 500 2500

5,00 5,00 500 5,00 5,00 5,00

2.00 2,00 2,00 200 2.00 2.00

2,00 200 2,00 2,00 2,00

150 150 150 150 150 150 150

{a‘q_a_uuu&gag_

0.65 0.85 0.65 085 0,55 0,85 0.65 085 2,10 =80 065
146,15 18615 22615 161,15 201,15 25115 181.15 7235 146,15 251,15

:Pmpenies:
MooneyhIL{1+4) 100°C 3500 3100 340 000 4200 600D 39.00 1,00 MocneyML(1+4) 30 80
Meoney 51 120°C 2¢ 28.00 32.00 28,00 3200 2200 20,00 25,00 11,00 Mooney (5/120°C 11 32
Density ( 1.12 1.13 1,1 1,10 1,19 1 Density 1,08
42,00 40.00 800 430 1,00 51,0 : 40 81
1.8
15 25
540 785
i ; 0 8.00 30.0 17.00 9.00 3500 8.0 77.00 DVR-26°C/24h 17 77
DVR 07 /2dn T T T 200 1200 1600 . DVRO'CR4h B 5
DVR 23°C/72n 8 10 14.( 9.0 13,0 16.0 10,00 17,00 18,00 DVR23'C/i2h & 18
DVR 70°C i24h 3900 5000 5100 4400 5000 S400 4400 5000 17,00 DVR7O°C24n 17 &1

e
v
Bl i | = vel |
Recipe ratios in % | Sum of recipe ratios (should be 100%)

Mumber format | 1234567 _'i L Import input data from clipboard il Auto mix {overwrite mixture) Jil Auto mix (new mixture) |

To begin the analysis, enter a range of values under
criteria in the "Ingredients" or "Properties” rows
that you wish to match.
The example shows the following criteria:

— Carbon black N 330 from 48 to 52

— Hardness from 40 to 45 Shore A
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B otz 5 Fa A= s
File Edit Help
Input data: Criteria: ‘Output
| G0ALE1] S0AL51Y S0AL51] S0AL514 50AL51] 50AL51§ S0ALSTY S0ALE1H S0AL54] Name |Min. | Max |From | To. | Wei.. | Trdoff |
Testdateien I——+} [
| Recipes: || r
Ingredients: 5041511 SOAL512 504 Midure
MR (SMR - 10} 100,00 100,00 1 NR({SMR-10) 100 100
nz20 1 30,00 0 0 N330 0 75 48 52
CaCo3 2000 20,00 20,00 €aC03 o 20
Maphtenic Oil 500 2500 500 2500 10,00 Naphtenic O 5 45
Zn0 500 500 5,00 ) Zno L b
Stearic Acid 200 200 200 200 00 Stearic Acid 20z
IPPD 2,00 2,00 2,00 2,00 2.00 IFPD 2 2
s 1,50 1,50 1,50 1,50 2 s 025 15
THTD - 80 1,00 | TMTD - 80 [ |
| CBS-80 065 0,65 065 0,65 0.65 0.8 1
[Total 14615 18615 22515 16115 20115 2511 Automatic mixing finished, result matches all criteria 151,15
— b
== | —
| ! MooneyhL(1+4) 100°C Score of best mixture So far (lower is better). 0.0000 P I
il Mooney 15/ 120°C 2
Density ——  —— 2
Hardnass || Take this misture | [ Ceannal ] il 40 45
| 1300 4
TS 5 13 25
EB EB 540 783
Il VR -26°C 124h DVR-26'C/2dh 17 77
il VR 0°C r2an DVRO'C/24h & 16
|| DVR 23°C /72h DVR23°C/72h 8 18
DVR 70°C /24h DVRTOC/2¢h 17 61
~
[ LAl
ll=~ Y| [<¥ Y& =¥ Q||
[Recipe ratios in % | Sur of recipe ratios (should be 100%) |
b - b |

Numbier format: | 1234567 .f [ Importinput data from clipboard | [ Auto mix (overwrite midure) ] | Auto mix (new mbdure) ]

Click on “auto mix (overwrite mixture)”

— This tells the program to mix and where to place your
results in the compounder form.

The mixture is created

In this example a mixture is found, which satisfies
the chosen criteria:

— |If all criteria are met the “Score of best mixture so far
(lower is better)” will equal 0

— Otherwise the score will be a number greater than 0.
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Data analysis

& Grorcompounder vecion 2003 S R . B - o

File: Edit. Help

Input data Critaria: Cutput:
| 50ALE1] BOALE1] S0AL5T] BOALS T4 S0AL51Y 5081518 50AL51] 50AL518 50541 | Name Min | Max |From | To Wei... | Trdoff |
Testdateien I &
ipes: [— r

Ingredients: 5 Modurad

MR (SMR-10) NR(SMR-10) 100 100 100

330 330 10 73 48 52 48,225

CaCco3 cacos a 20 20

Haphtenic Oil Naphtenic Oif 3 43 345

Zn0 Zn0 & 5 5

Stearic Acd Stearic Acid 2 2 2

IPPD IPFD 2 2 2

5 S 025 15 15

TMTD - 80 TMTD - 80 o 1

CBS- 80 €BS-80 085 21 0,65

Total Tofal 146,15 251,13 213,875

Properties: ——|

MooneyML{1+4) 100°C 3200 8.0 31 14.00 300 4200 50,00 3900 41,00 MooneyML(1+4) 30 60 33,7975
il Mooney t5/120°C 28.00 28000 32,00 28,00 32,00 200 2000 25.00 11,00 Mooney 15/ 120°C 11 32 282

Density 1,08 1,12 1,16 1,13 1.16 1,12 1.19 11 Dansity 1.08 12 1,15685

Hardness 4200 41,0 1 48.00 480 52 5100, 1,00 59 Hardness 40 61 40 45 44875

M300 1.80 3.00 3.00 440 460 5.30 8,00 780 3,40 M300 18 a4 3,8755

TS 2500 210 18 : 15.3 2 18 23 s 15 25 17,6155

EB 785 7250 5 715 705,00 61500 58000 59 540,00 £8 540 785 683 8625
fll CVR -26°C 124n 22 60 2800 300 17.00 19,00 3500 290 27,00 77,00 DVR-26°C/24h 17 77 27,805
il ovR 0°C 1240 10.00 14,0 140 3,00 18,0 13,00 12,00 16,00 DVR 0°C 24h 8 16 13,32

DVR 23°C/72h : 10,0 9, 13,00 16 10,00 17,00 18,00 DVR23'C/72h & 18 13,345

DVR 70°C f24h 38p0 50,0 100 4400 5 400 4400 0,00 17.00 DVR70°C/2dh 17 61 5458

|<F ] D -
Reciue ratios in % Sum of recipe ratios (should be 100%);
| 525 11 4525 8 11 135 000 8 000 100

Numberformat | 1234567 |» | Importinput data from dipboard | | Auto mix {overarite midure) | | Auto min (new midure) |

Click on "take this mixture”

Because we chose “Auto mix (overwrite mixture)”,
the application has placed it in the first column and
automatically assigned the name "Mixture1” to it.

This mixture is a combination of several of the
compounds in the database. The ratios the formula
is made of can be seen from the line at the bottom
of the page: "Recipe ratios in %"

The horizontal sum should always equal 100%
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Naming the mixture

GrafCe U 03 - =R o |
it _
File Edit Help
input data: | Criteria Output
| SUAL511 S0ALS Letsoase | [Name [Min [Max [From [To |wei. |Trdoff | |
Testdateien &
Recipes: g
Ingredients: 50AL511 . : S0AL45Tes!
INR (SMR - 10) 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100 100 I 100
N33 10,00 50,00 7500 4500 6500 50,00 w0 7 48 52 | 48,205
icaco3 20,00 20,00 2000 2000 2000 0o 20 | 20
INaphtenic Oil 5,00 45,00 4500 500 2500 10,00 5 45 | 345
Zn0 5,00 5,00 500 500 500 500 5 5 | 5
|Stearic Acid 2,00 2.00 200 200 200 200 207 | =)
IFPD 200 200 200 200 200 200 200 2 2 | B
S 150 150 150 160 150 150 025 025 15 | 15
THTD - 80 1,00 0 1 |
icBS - 80 085 065 085 065 065 065 210 065 ‘21 | 0,65
[Total 146,15 186,15 226,15 25115 181,98 22115 17235 1461525115 | 213,875
mepem'es:
[MooneyMLi1+4) 100°C (1+4) 30 60 (| 33785
| Mooney 15/ 120°C i/ 120°c 1t a2 | 292
Density 108 12 115685
Hardness 40 61 40 45 44 875
[M300 1.8 94 38755
s 15 25 17,6155
EB 540 785 6838625
DVR -26°C [24h T 27805
DVR 0°C /24h 8 16 | 1332
[DVR 23°C72h 8 18 I 13,345
[DVR 70°C 124 17 61 54,58
=
A4
[ ¥ L a¥ T |[a¥F L
[Recipe ratios in %: | Sum of recipe ralios (should be 100%},
| B 5 11 4525 [ 1 135 0,00 8 o000 || 100

| Importinput data from clipboard il Auto mix (overwrite mixture) I, Auto mix (new mixture} |

Numberformat. | 12345,67 ¥

You can double-click the cell “Mixture 1“ to
rename it

In the example above, the cell is being renamed
to "50 AL45Test"
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TR =]
er el =
File Edit Help
Hinput data Criteria Cutput
| SoALS1 B0ALS1S 50AL514 SoaLS1| S0aLS14 50aL54d | [Name | Min |Max [From |To | wei. |Trdoff || |
Testdateien 1 — [
Recipes: || — 3
Ingredients: 50AL511 504 ALS12/50AL514 S0AL515 S0ALS16 S0ALS17 50AL518 50AL542 50ALA5Test
INR (SMR - 10) 100,00 1 100.00 100,00 100,00 100,00 100,00 100,00 100,00 100 100 100
N330 10,00 1 5000 25,00 7500 4500 6500 5000 0 75 48 52 | 48225
icaco3 20,00 2000 2000 20.00 20,00 20,00 2000 [¥] 20 20
Maphtenic Oil 500 2500 4500 500 4500 500 2500 10,00 5 45 345
Zny 5,00 500 5,00 5,00 5,00 5,00 5,00 5,00 3 5 5
\Stearic Acd 200 200 200 200 200 200 200 200 20 2
IPFD 200 200 200 200 200 200 200 200 2 2 2
5 1,50 1,50 1.50 1,50 ; 150 1,50 1,50 025 025 15 15
THTD - 80 1.00 0 1
|CES-80 085 065 0B85 065 065 065 0B85 085 210 065 21 0,865
Total 146,15 18615 22615 161,15 201,15 25115 18115 221,15 17235 146,15 251,15 213875
=——
Properties: || ——
[MooneyMLi1+4) 100°C | MooneyML(1+4) 30 60 [N iB7sEs
Mooney 15/ 120°C Mogoney t5/120°C 11 3z il 292
Density nsity’ 108 12 1,15685
Hardness Hardi : 40 61 40 45 44 875
N300 M300 1.8 84 38755
iE] S 15 25 | 178155
EB : 540 785 683 8625
DVR -26°C /24h DVR-26C 240 17 77 | 27,805
DVR 0°C /24h DVRO'C/24h 8 16 | 1332
DVR 22°C/72h VRi23'C/izh & 18 13345
|DVR 70°C /24h VRTIO'C24n 1T 61 5458
=
A4
(2 ¥ Tl [«a¥ V| [=¥ T
Recipe ratios in % Sum of recipe ratios (should be 100%}
[ 525 11 4525 6 1 135 0,00 8 0000 || 100
Mumber format: | 12345,67 |® [ Importinput data from clipboard | [ Auto mix (overwrite midure) | | Auto mix (new misure} |

There are two options for analysis:

1) Copy "50 AL45Test" column information and insert in a
separate spreadsheet.

2) Copy "50 AL45Test" column and append in last
column in next column after 50AL542

Dr. Hans-Joachim Graf 16




Datei Bearbeiten Ansicht Einfigen Format Extras Dafen Fengter Hilfe

p-rE2-H2 B Ral $EKkun-¢ B-

Bl by H2@EIA O,

Finden

[ Bl i o [ FAU =s===8 4% ¥ e 0-2-4A-y
———— [ -
A | B | c | D | E | F 6 | H ] 1 | 1 F—— L - |
1 [Testdateien 0
: ] | %
3 redients: | S0AL511 | 50ALG12 | G0ALG13 | S0AL514 | G0ALG1S | GOALE16 | 50ALG17 | 50ALG18 | G0ALG42 [S0AL4GTest |
TBNR (SMR - 10) | 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00, ‘G
N330 10,00 30,00 50,00 25,00 45,00 75,00 45,00 65,00 50,00 48,23 &
“WCaCO3 20,00 20.00 20,00 20.00 20,00 20,00 20,00 20,00 20,00/ B Nire)
2 Naphtenic Oil 5,00 25.00 45,00 5,00 25.00 4500 5.00 25,00 10,00 3450 2| | =
7Zn0 5.00 5.00 500 5.00 5.00 5.00 5,00 5.00 5.00 5.00 | Iu@
1 Stearic Acid [ 2,00 2,00 2,00 2.00 2,00 2,00 2,00 2.00 2.00 2,00 |
NIFPD 2,00 2,00 2,00 2.00 2,00 2,00 2,00 2,00 2,00 | I
s | 1,50 1,50 1,50 150 1,60 1,50 1,50 1,50 025 B
TMTD - 80 | | 1,00 | (1.
EMICBS - B0 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 2.10 065 |
N Total 14615 186.15 226.15 161.15 201,15 251,15 181.15 22115 172.35 213.88) |
; Properties: . } | )
£ MooneyhL(1+4) 1# 32,00 36,00 31,00 34,00 30,00, 42,00 60,00 39,00 41,00
~ lMooney t5 / 120°C 28,00 28,00 32,00 26,00 32,00 22,00 20,00 25,00 11,00
W Density 1,08 1,12 1,16 1,13 1,16 1.19 1,19 1.20 1,11
[IHlHardness 42,00 41,00 40,00 48.00 48,00/ 52.00 61,00 61,00 59,00 |
M300 1,80 3.00 3.00 440 4,60 5.30 8.00 7.60 9.40
TS 25,00 21,00 15,00 25,00 20,00 15,30 23,00 18,00 23.00
23 [g:] | 785,00 725,00 590,00 715,00 705,00 615,00 560,00 590,00 540,00
WDVR -265°C /24h | 22,00 28,00 30,00 17.00 19,00, 35,00 29,00 27.00 77.00)
DVR 0°C /24h 10,00 14,00 14,00 8,00 12,00 16,00 13,00 12,00 16.00
FIDVR 23°C /72h 8,00 10,00 14,00 9,00 13,00 16,00 10,00 17.00 18,00
DVR 70°C /24h 39,00 50,00 61,00 44,00 50,00 54,00 44,00 50,00 17,00
@[j[z]fj\ra belle1 {Tabelle2 / Tabelle3 / | [ —=—rrm— Gl [
Tabellel /3 | PageStyle_Tabellel |STD |* Summe=1.351,18 20— @ | 100%

Option 1: Right click on the "50 AL501test"” column
and open the short cut menu

Choose "copy this mixture to clipboard”

Dr. Hans-Joachim Graf
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Datei Bearbeiten Ansicht Einfigen Format Extras Dafen Fengter Hilfe

llg-Z-BxFacal $ELas-¢ 9-

@ul by H2@EEQ O , e

1 & [ adal Hw (] FEU s===8 &% ¥LeB e 0-2-4-3
i SSpmere
3 | %
C A | B | = [ D E | F | G [ H | I | [ ——— LT |
|1 [Testdateien 1=
2 ipes: »
qil 3 redients: | 50AL511 | 50ALE12 | BOALE13 | 50AL514 | SODALGI5 | 50ALE16 | 50AL517 | 50AL518 | G0ALG4Z [S0AL4STest |
NR (SMR - 10) 100,00, 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00, ‘G
330 10,00 30,00 50,00 25,00 45,00 75,00 45,00 65,00 50,00 48,23 :
WIS Wcaco3 20.00 20.00 20,00 20.00 20.00 20.00 20,00 20,00 20,00/ )
I & "Bl iaphtenic Oil 5,00 25.00 45,00 5,00 25.00 4500 5.00 25,00 10,00 34,50| = [ =
700 5,00 5.00 5,00 5.00 5.00 5.00 5.00 5,00 5.00 5.00 £
4|8 Stearic Acid 2,00 2,00 2,00 2,00 2,00 2,00 2.00 2,00 2,00 2,00/ h
HIPPD 2,00 2,00 2,00 2.00 2,00 2,00 2,00 2,00 2,00 2,00
d s 1,50 1,50 1,50 1,60 1,50 1,50 1,50 1.50 0,25 1,50/
| TMTD - 80 1,00 | |
CBS - 80 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 2.10 0.65! H
Total 146,15 186.15 226.15 161.15 201.15 25115 181,15 22115 172.35 213.88] |
Properties: ) |
MooneylL{1+4) 1¢ 32,00 36,00 31,00 34,00 30,00 42,00 80,00 39,00 41,00 33,80,
8 Mooney t5 / 120°C 28,00 28,00 32,00 28.00 32,00 22,00 20,00 2500 11,00 29,20/
S Density 1.08 1,12 1,16 1,13 1,16 1.19 1,19 1.20 1,1 116
HHardness 42,00 41,00 40,00 48.00 48,00 52.00 61,00 61.00 59,00 44,88
18300 1,80 3.00 3.00 440 4,60 5.30 8.00 7,60 9.40 388
FATS 25,00 21,00 15,00 25,00 20,00 15,30 23,00 18,00 23,00 17,62,
=B 785,00 725,00 590,00 715,00 705,00 615,00 560,00 590,00 540,00 683,86,
SRDVR -26°C /24h 22,00 28,00 30,00 17,00 19.00 35,00 29,00 27.00 77,00 27,81
DVR 0°C /24h 10,00 14,00 14,00 8,00 12,00 16,00 13,00 12,00 16.00 13,32
1l EDVR 23°C /72h 8,00 10,00 14,00 9,00 13,00 16,00 10,00 17.00 18,00 13,35/
4l ZMDVR 70°C /24h 39,00 50.00 61,00 44,00 50.00 54,00 44,00 50,00 17,00 54,58
115 =
1<) (2 ]) 1)\ Tabelte1 ( Tabelie2 / Tabelle3 / | —— ==
Tabellel /3 PageStyle_Tabellel |STD |* Summe=135118 ] o @ | 100% |

Dr. Hans-Joachim Graf

Switch to the calculation program sheet with the

formulas in it.

Insert the copied cells after the last formula

column.

- Adjust any minute amounts or eliminate them

- Select number format you want.

Review the formula by comparing it with the
formulas it was compounded from.
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Datei Bearbeiten Ansicht Einfigen Format Extras Dafen Fengter Hilfe

lle-z-ac@ees sE xun-¢

Bl by #2@EEA O, o

1l & | Arat i HIFEKU =E===sH 5% P¥LBlees O0-2-4A-y
3 [ 5
A | B | = [ D | E | F | 6 | H | 1 | i j— - |
1 [Testdateien 0
2 ipes: »
qil 3 redients: | S0AL511 | 50ALG12 | G0ALG13 | S0AL514 | G0ALG1S | GOALE16 | 50ALG17 | 50ALG18 | G0ALG42 [S0AL4GTest |
“BINR (SMR - 10) 100,00, 100,00 100,00 100,00 100,00 100,00 100,00 100,00, 100,00 100,00 N
AN330 10,00 30,00 50,00 25,00 45,00 75,00 45,00 65,00 50,00 48,23 E
WIS Wcaco3 20.00 20.00 20,00 20.00 20,00 20,00 20,00 20,00 20,00 )
I & "Bl iaphtenic Oil 5,00 25.00 45,00 5,00 25,00 45.00 5.00 25.00 10,00 3450 = [ =
N0 5,00 5.00 5.00 5.00 5.00 5.00 5,00 5.00 5.00 5.001 @
4|8 Stearic Acid 2,00 2,00 2,00 2,00 2,00 2,00 2.00 2,00 2,00 2,00/
NIFPD 2,00 2,00 2,00 2,00 2,00 2,00 2,00 2,00, 2,00 2,00
d s 1,50 1,50 1,50 1,60 1,60 1,50 1,50 1,50 0,25 1,50/
| TMTD - 80 | 1,00 | |
EMICBS - B0 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 2.10 0.65! H
- Total 146,15 186.15 226.15 161.15 201.15 25115 181,15 221.15 172.35 213.88)
g Properties: .| i |
MooneylL(1+4) 1¢ 32,00 36,00 31,00 34,00 30,00 42,00 60,00 39,00 41,00 33,80,
8 Mooney t5 1 120°C 28,00 28,00 32,00 28.00 32.00 22,00 20,00 2500 11,00 29,20/
W Density 1.08 1,12 1,16 1,13 1,16 1,19 1,19 1,20 1,1 1,16/
M Hardness 42,00 41,00 40,00 48.00 48,00 52.00 61,00 61.00 59,00 44,88/
300 1,80 3.00 3.00 4,40 4,60 530 .00 7.60 9.40 388
TS 25,00 21,00 15,00 25,00 20.00 1530 23.00 18,00 23.00 1762
EREB 785,00 725,00 590,00 715,00 705,00 615,00 560,00 590,00 540,00 683,86,
FRDVR -26°C /24h 22,00 28,00 30,00 17,00 19.00 35,00 29,00 27,00 77.00) 27,81
DVR 0°C /24h 10,00 14,00 14,00 8,00 12,00 16,00 13,00 12,00 16.00 1332
11 GlovR 23°C /72h 8,00 10,00 14,00 9,00 13,00 16.00 10,00 17.00 18,00 13,35/ I
1 DVR 70°C /24h 39,00 50.00 61,00 44,00 50.00 54,00 44.00 50,00 17,00] 54,58 I
115 =
1 IiE)E)60\ Tabelte1 (Tabeliez / Tabelie3 | === ] M
Tabellel /3 | PageStyle_Tabellel |sTD |* Summe=1.351,18 20— @ |100% |

You have now created your first formula using the

GrafCompounder.

Analyse the "Properties”
Are they within the expected range?
Carry out a confirming experiment!

Dr. Hans-Joachim Graf
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Critena: bulpul
| GOALG1] S0ALST] 50AL51] BOALS1{ S0ALGTY SOALEY] SUALST] S0AL51| Name | Min | Mam (Fro |To |Wo |Tr- | |
Tesldateien [
Recipes: r
Ingredients: B0AL 511 50ALS12 S0AL513 S0ALS 14 B0AL 515 50AL 516 S0ALS1T S0AL518 50AL542 50AL4STest . BOAL45TEsl
MR (SMR - 10) 100,00 100,00 10000 10000 100,00 10000 100,00 10000 100.00 108 NR{SMR- 100 100 100
H330 1000 3000 5000 2500 4500 7RO0 4500 6500 5000 4813 | w330 . 10 ?’6 4 52 [ 4&,'225
(Caco3 2000 2000 2000 2000 2000 2000 2000 2000 o0 | Gaco3’ e 20 20
Haghtenic Ol 500 2500 4500 500 2500 4500 500 2500 10.00 345 Naphtenic O 3. 43 [ us
Zn0 500 500 500 500 500 500 500 500 500 5 |Zn0 .o 1 ]
Stearic Acid 200 200 200 200 200 200 200 200 200 2 | SwancAcd 2 2 2
IFPD 200 200 200 200 200 200 200 200 200 2 IPPD. STl Z
$ 150 150 %50 150 150 150 1S 150 025 15 i3 028 13 15
100 NTD-80 0 f
CBS -80 085 D065 0F5 0B85 O0BE 065 065 085 210 085 |CBS-B0. (083 21 [ 0.85
Tetal 415 18615 22615 161,15 20116 25115 18115 22115 17235 aqEsy Total 146,1.251.1, | 293875
Properties:
MaoneghlLit+4) 100°C 3380 || Moonephis+30 B0 707
SR Hooney 15/ 120°C s «dinnnos L4 22
Dansity Copy input table 115685
Hardness Copy marked colls 0 45 44878
‘;‘g’:‘“ Past calis hare #ﬁ
o .| Dolate marked rows 6833625
OVR -26°C 240 17 ) Delete marked colurns | 27805
Bl 0 0°C 24 3.0 ot | Inser empty row 133
DVR23'C 20 3.0 00| Insen emply columa 13,345
DVR 70°C 24 Append emply column 5438
Clear markad calls
Round valugs to two decimal places
-
.F
Al 'Frl iul’ Y| [2F T |

REEIEE Taiog In %:

525

4525

Number format. | 1234567 (v

81 195 00 & 0w

‘Sum of recipe ratios (should be 100%)
100

| Imgort input daka fron clibboard | | Auto i (ovarwrite mitura) | | Automix inew mioure). |

Option 2: You can paste this formula into the
Grafcompounder spreadsheet

- Round the values to two decimal places with a right
click to get the pull down menu

Dr. Hans-Joachim Graf
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Input data: : (Criteria | _Guipm:

I
| | Name | Win | Max | Fr. [To |W.. |Tr. || [ |
i‘restdataian _ x|
[ r
Ingredients: 512 50AL513 50AL514 S0AL515 S0AL516 S0AL517 S0ALS18 S0AL542 S0ALA5Te S0AL4ETest
MR (SMR - 10) ! 100,00 100,00 00 100,00 100,00 100,00 ( | 100
4330 h 30,00 5000 2500 4500 50.00 43 52 48225
| €aco3 2 2000 2000 2000 2000 20,00 20
Haphtenic Oil 2500 4500 500 2500 4500 10,00 345
Zn0 5 500 500 500 500 500 500 5
Stearic Acid 20 2,00 200 200 200 2,00 2,00 2
| IPPD , 200 200 200 200 200 200 2
& 150 150 150 150 150 0,28 15
Il Tio -s0 1,00 _
CBs-80 085 065 085 085 210 665 21 0,85
[Total 186,15 226, 161,15 201.15 251.15 172,38 146.1.251,1. 213,875
| | —
Properties: ===
lf HooneytiL(1+4) 100°C 1430 60, || 337975
il Mooney 151 120°C 15 11 32 | 282
Density 1,08 1.2 115685
Hardness 40 61 40 45 | 44,875
M300 18 94 38755
s 15 25 17,6155
EB 540 785 £83.8625
il ovr 26°C r24n L= 27.805
llovr 0°C 24h 8 & | 1332
CVR 23°C72h 8 18 13,345
DVR 70°C /24h 17 61 5458
[l
|
. | o
|1!’ ¥ ([=¥ T |[«E e |
Recipe ratios in %: Bum of recipe ratios (should be 100%};
| 525 11 4525 [; 11135 000 g8 000 If 100
Number format | 12345.67 |» | Import input data from clipboard | | Auto mix (overwrite midure) | | Auto mix (new misure) |

You may want to manipulate the ingredient data in
the formula

- i.e. - take out odd or small numbers
- You need to recalculate the total if you do this
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Data Analysis — Option 2

o Gra
File Edil Help
Input data Criteria Cutput
| S0A1511 S0ALS1] S04 51 B0ASA 5041 518 S0AL510 S0ALST] S0 518 S0AL 543 5081 45Tas| | Nama | Min | Max|Fr.. |To |W. |Tr_ | |
Testdateian | N i
| Recipes: all
Ingredients: SDALS11 SDALS12 5 5 5 S0AL4ETest
MR (SMR - 10} 100,00 100,00 INR(SMR- 100 100 100
M330 10,00 30,00 500 45 w330 w0 75 48 52 48225
€aCo3 2000 20,00 20,00 20,00 Cacos o 20 20
aphtenic Oil 500 2500 4500 500 2500 WNaphtenic OIS 45 345
Zno 500 500 500 500 500 2a0 5 5 5
Stearic Acid 200 200 200 200 200 StearicAcld 2 2 ‘]
IPFD 200 200 200 200 200 E!PPD 2 2 4
& 1:50 1.50 1.50 1,50 1.50 s 025 1.5 15
TMTD - 80 TMD-80 0 1
CBs-80 0.65 (-5 0,65 0.65 0.65 0.85 0.65 085 210 0,65 cBs-80 665 271 0.65
[Total 14615 18615 22615 16115 20115 25115 18115 22145 17235821446 Total 146.1.251,1, 213,875
Properties: | ===
MooneyiL(1+4) 100°C. 3200 38 3100 3400 3000 4200 6000 2900 41,00 338 | MooreyML{1+30 60 I 337975
Moaney 15 1120°C 2,0 [ 32 200 22 i 25 11,0 Mooneyt5/ 11 32 202
Density 13 1,18 Den 1,08 1.2 115685
Hardness ) 1488 Hardness 40 61 40 45 44875
#300 3,88 200 18 94 38755
HE] s 15 25 17,5155
EB 83 B¢ EB 40 785 5838625
DVR -26°C 124h 2 27,81 DVR-26'C 17 77 27,805
I DVR 0°C 1240 1 2.0 15,00 13,32 DVRO'C & 16 1332
DVR 23°CI72h : 00 14,00 8,00 16,00 10,00 17.00 18,00 13,35 DVR23°'C 8 18 13,345
DVR 70°C 124h 2900 5000 61 4400 5000 5400 4400 5000 17,00 54,58 DVR70'C 17 61 5458
|
S
v |
|;.lr Vo [=F "p.'; [«¥ LS
Recipe ratios in %: iSum of recipe ratios (should be 100%:||
[ T 55 11 4525 8 11 135 000 & 000 = Hhad
Number format | 1234567 |» |_ Import input data from clipboard | | Auto mix {overwrite modure) | | Auto mix (new mbdure) |

The formula is now added to your database and will
be used in further calculations.

It is strongly recommended that you:

- Perform a confirmation experiment

- Make necessary corrections of properties, if there is
any differences seen from calculated and confirmation
experiment values

- You need to recalculate the total
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| Output
Max | From | To | wel. |Trd. || |

512 50AL513
100.00 10000 1
3000 5000 5.00 4500 65
2000 2000 2000 2000 2000 2000
2500 4500 5.0 25.00 4500 e 25.00
500 5.00 0 5.00 5.00 500
200 2.00 1 200 L oo 2.00
2.00 200 200 200 200 200
150 1.50 0 1.50 50 1.50

BREE

s na g

0.65 0.65 65 065

5.15 186,15 22615 16116 20116

Wl DVR -26°C 124h
DVR 0*C f24h
DVR 23°C 72h

il ovR 70" Ci2n

[=% Y| ([2E ¥r| =¥ ¥r
IRecipe ratios in %: | Sum of recipe ratios (should be 100%).
| 11 4535 6 1 135 8 100

Mumber format | 1234567 x | Import input data from dlubmatd_] [ Auto-mix (overwrite mixture) J L.M[urrﬂx{naw mixtura). |

To create a 2nd formula:

— Change the chosen criteria or introduce a new
criterion

— We have added “Tensile Strength (TS) greater than
20 MPa” to the list of criteria in the example above.

* We disable 50AL45Test, because no
confirmation experiment has been done yet.

Dr. Hans-Joachim Graf 23



File Edit Halp
Inputdata: | [Criteri Output
|Max | From | To | Wal.. |Trd.. | |

Demo Data

Ingredients: 50ALS115 250ALE1350ALS 14 S0ALS S0ALS 2 S0AL4S | BOAL4ETest

MR (SMR - 10) 1 0

h330 0 5 25 45 0 ] 55 50.00 4523

LCaco3 20.00 0 2000 200 ) g 20 20,00

Maphtenic Gil 5.0 5.00 5.00 oo 5.0 10.00 3450
5.00 5.0 5 500 5.00
200 20 2.00 2.0 200 200
200 2,00 200 2.00 200 2.00
150 5 150 5 5 0.25 1.50

100

TeanrUsEdg

065 065 0.65 Automatic mixing in process ...
22616 16115 20115 25115 1 e
e e
l ioaneytiLi1+4) 100°C Score of best mixure 50 far (lower is better). 103.9664
| Mooney 157 120°C 3.00 28.00 320 28.00 2.00 2200

Drensity 1 i1 116 113 1 118 | Take best mixture so far | [ Cancel ]

Hardness

O

15

FES.00 7250 .06 71 705.0 5.0 0 533 8 E8 540

il DVR -26°C 24h 2200 28 ) R 5.0 .00 ) DVR-26°C/24h 17
DVR 0°C/24h 10.( 14 4.0 BOOD 120 600 3 2 §.00 z DVRO'C/24h 8
DVR 23°CiT2h 300 10.00 14.00 800 1300 16.00 1000 1700 1800 1335 DVR23'C/72h 8
DVR 70°C 12dh 000 5000 6100 4400 5000 5400 4400 35000 1700 5458 BVRTO'C /240 1T

b
A4

< =" ¥5]| =%
Beune ralios in %! | isum of recipe ratios {should be 100%)
I ¥ 11 4525 [ 11 135 8 100

Number format: | 12345 67 | % | importinput data from clipboard. | | Auto mix {overwrite mixture) | | Auto mix inew mbdure)
L

Because we do not want the first formula to be
overwritten, and because we will use the 2nd
formula for comparison,

— click on: “Auto mix (new mixture)"

— Since no mixture is found which exactly fulfils all
criteria in this case, the new compound has a score
of 100.2232.

— Click on " Take best mixture so far "
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File Edit Help
{fiout data: (Criteria {oulput
SO0ALS11 SOALS1E S 513 50 14 & 1 50 415 MName | Min | Max |Fr_ |To: [W.. |Tr. |

Testdateien ———
ipes: | Ee—

Ingredients: S0ALS11 S0AL512 50 514 50AL515 S0ALS16 S0ALS17 L45Tes S0AL45Test MiduFe2
|| NR (SR - 10) 00.00 10 il 1 [ ] 1 0,00 NR(SMR- 100 100 100
N320 0.00 30 25 4 7500 4 50,00 8,00 N330 10 75 48 52 48,225
Caco3 2 0,0¢ ) \lcacos o 20 20
Maphtenic Oil 5 45,00 5.00 3,00 35,00 Naphtenic OIS 45 345
Zno 5 5,00 5.0 500 5,00 Zn0 Lie= |
i Stearic Acig 2.0 ( 2.0 2,00 2 2,0¢ Stearlc Acid 2 2
2,00 00 2.0 200 200 200 200 2,00 |iPPD PE
IS 025 1.5 15
TMTD-80 0 ;
| cBs-80 D65 065 065 65 085 065 0,65 65 2AC 0,65 \cBs-80 065 21 0,85
| Total £.15 5 22615 161,15 20115 25115 18115 22115 17235 214,15 146,1.251,1. 213,875

Pmpen.ies: |
| MooneyML{1+4) 100°C 32.00 36,00 31,00 34,00 30.00 12,00 50,00 38,00 41.00 3380 30 &0 | 33,7975
| riooneyis 1 120°C 28, 280 12 ) P00 2200 2000 2° | 29.20 32 292
¥ 5 - e - = | 8 12 115685
61 5 44,875
. 84 3,8755
25, 17,6155
785 683,8625
28,0 30,00 7.00 8.0 35,00 29,00 700 27.81 | i 27,805
DVR 0°C f24h 10,1 4 14,00 l 12.00 16 13,00 2 16,00 1332 | 3 16 1332
| ovR 23°C 720 5.00 10 14,00 a00 130 16 10.00 17 16,00 13,345
DVR?U‘C.QAH 50,0 61 44,00 50,0 54,00 a4 0 E0.01 1 54,58 | &1

b
4
| |

= el Y|l =¥ .
{Recipe ratios in %: ] ‘Sum of recipe ratios (should be 100%)§
0,00 63 000 825 000 2475 000 0,00 a1 100

Mumber format | 1234567 7] |_Impertinput data from clipboard | | Auto mix (overwrite midure) | | Auto mix (new midure) |

The 2nd formula will be inserted into the next
available column and named automatically
Mixture2.

— The reason that the new mixture does not have a
perfect score of 0 is because the CB N330 ingredient
of the new compound missed the limits of 48 to 52
phr.

— Further mixtures with additional criteria can be
produced, renamed and transferred in your
calculation program in the same manner.
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Creating Formulas
Using “Weight” and “Trdoff”

Ingredients:
INR (SMR - 10)
N330

lcaco3
Napntenic 0N
ZnD

Stearic Acid
IFFD

S

TMTD - 80

Properties:

MooneyML(1+4) 100*C 3200 3600 310

Wil iooney 15/ 120°C
Density

| DVR -26°C 2230

j| OVR 0°C i24n
[DVR 23°C {T2h
OVR 70°C /24n

E8

| DVR-26"C 240 17

DVRO'C/24h B

|DVR23°CHZh 8

DVRTOC /23 17

0.65
213875

337075
202
1.15685
44,875
38755
17.6155

83,8625

27805
1332
13345
5458

"Mixture 2" — Choices:

— In the previous example CB N 330 has dropped, but we
want it to stay at that level.

— Put a weight (5 in our example) on that property.
This will lift the importance of the selected property above
other selections.

—  With “Auto mix (new mixture) " you can see the result of

Number format: | 1234567

L (I

| Importinput data from clipboard | | Auto mix (overwrite midure) | | Auto mix (new mixture) |

| Sum W recipe ratios (should be 100%)

the weight in Mixture 3 now. Notice, that differences

between Mixture1 and Mixture2 are small.

— In such cases you may chose “Auto mix (overwrite

mixture) to save mixture column space on your screen.
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Creating Formulas
Using “Weight” and “Trdoff”

Flla Edit He!p
& Innulca!a Critania:
| = ! Nama From | To Wal _ | Trd..

Demo Data
Ingredients:
NR (SMR - 10}
N330

Caco3
Maphtenic Oil
Zn0

15
| 21amrs 21215

: |
Ml MooneytiLiied) 100'c. 2200 38 i 400 30 G 39 v : 33.7975 384
Bl tooneyts 1 120°c J800 2800 3200 2800 23200 2200 2000 2500 1100 20200 | 202 2546
10 1 1% 11 146 19 118 1 111 116 i 115685 1148}

44875 454

38755 392

176155 1872

683.8625 581

27805 308

0L 14,00 : 12,00 3 00 12.00 ) 332 13.32 148

DVR 23'C72h B.OO 10.00 14.10 a.00 13.00 10.00 1700 18.00 13.35 @ 13.345 12.4!
DVR 70°C f24h ki o 5 540 1400 50 1700 54 58 R 54.58 516

(=¥ = vl =
| Recipe ratios in %: ) ) 1Sum of recipe ratios {should be 100%)
55 !

Number format | 1234567 (¥ Import input data fram clipboard Auto ik (ovenwTite mixiure, Auto mix (new mixture
L J 1 JiL J

In our example we noticed the high Elongation
(EB) and high C-Set Values (DVR) at the same
time.

— By changing the criteria the formulas can be

improved: if we set EB to 550 max, this should
improve the DVR as well

— When we select “Auto mix (new Mixture)"” and accept
the formula at score 513,27 this formula becomes
new "Mixture 4.

— The result shows shorter EB — still far from 550%,
with improved DVR; but now Hardness has
increased
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Creating Formulas
Using “Weight” and “Trdoff”

|| Filz Edit Heip
Input data:
Demo Data
Ingredients:
MR (SMR - 10)
M330
Icaco3
IMaphtenic il
Zn0
(Stearic Acd
IPPD
18
TMTD - 80
cBs-80
Total

Properties:

Critenia ) ) ) ) ) . |
| Hame |Min | Max |From |Te |wel. |Trd. |

Cutput

MooneyML{1+4) 100°C 320

Wil Mooney t5/ 120°C
Density
Hardness
M300
s
EB

Uil DVR -26°C 124h
IDVR 0°C /24h
DVR 23°C (72h
DVR 70°C 124h

DALS18 S0ALS42 SOALSST
100.00  100.00 100.00 NR(SMR-10) 100
0 4823 330 10
20.00 I 3
24.50
5.00
200
200
1.50

5 | Automatic mixing in process ...

Score of best mixure 5o far {lower i5 befter) 43925886

| Take bestmiduresofar | | Cancel |

TS T
s 15
8 540
DVR-25°C/24h 17
DVROC/R4n &

DVR23°CAzh 8

DVRTOC /240 17

S0AL45Test Mixured

337975 ar
292 20.05
1.15685 1.1285
44875 50.55
38755 652
17.6155 20
683.8625 811
27.805 5565
1332 154
13345 158
5458 357

Recipe ratios in %:

10 35

Number format: | 1234567 ||

T |

| Importinput data from clipboard | [ Auto mix (overwrite mixture} | l Auto mix (new midure) J

=1 ,

Sum of recipe ratios (should be 100%).
100

In case of a conflict: we have a conflicting target
between elongation (EB) and Hardness so we
proceed using “Weight” and “Trdoff”:

- On Hardness we change the weight to 10

- Elongation stays with the same weight of 10

- For CB N 330 we stay with 5 to stay close to the value

at least.

Run with Auto mix (new mixture)

Dr. Hans-Joachim Graf
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Creating Formulas
Using “Weight” and “Trdoff”

File Edil Help
| iriput_da_la'

IMin | wMax | From [Ta | wel.. [Tra. || |

Demo Data
Recipes: |

Ingredients: SBALST150AL512 5041 513 50ALG14 5 T 50AL518 50AL S0ALAS {F0AL&STest Mixtured
NR [(SMR - 10} 100.00 ) 0 oo | 100 100
M330 10.00 48.225 48
Caco3 20.00 20
MNaphtenic Oil 5.00 345

5.00 5

200 2

200 2

1.50 15 0.8125
| 0.55

065 08 65 06 5 2 )65 cas - 065 21 11l 0.65 1.4475

14615 186.15 5115 20115 25115 18115 22115 17235 Tots 4461525115 || 213875 19256

“GeNUsSYE

Properties: 1. 1
MooneydL{1+4) 100°C 3 | 34,00 30,01 4200 60.0 380 31,00 33 AL || MooreyML{1+4) 30 60 Il 3317975 ar
il Mooney 151 120°C 2 2800 320 72 2000 2500 1100 2520 || | Mooneyt5; Fil. e | 292 20.05
Density 11 1 1.4 Dansity. 08 12 | 115888 11285
Hardness 4 1100 4 [ : 81 44875 50.55
M300 380 | 8 94 38755 6.52
] 1 18.0 T 28 IIfl 176158 20
EB 0 15.00 g ] 58 EB 785 | G83.8625 511
DVR-26°C 124h : 1700 1 ) 2 DBVR 7 27.805 5565
DWVR 0°C f24h 14,00 300 12.01 0 20 i} DVROC/24h 8 16 | 13.32 15.1
DWR 23°C [72h 8.04 10.00 1 900 13 0 7.0 18.00 3 DVR23°C/T2h 8 18 | 13.345 15.8
DVR 70°C 124h 30 5000 6100 44 5000 5400 44 S —— 5458 DVR70°C/24h 1T 61 5458 35.7

v e =¥ ¥ =%
Raupe ratios in %: ) . == ) 5 F ) == — :Surn of recipe ratios (should be 100%):
7375 %25 froo

Number formiat: | 1234567 7] [ Import input data from dipbeard | L Auto mix (overwrite mixdure) | | Auto mix (new mixure} |

The result shows
- Hardness is in target
- |CB N 330 has a minor increase

-However, Elongation is much too high, and DVR (C-
Set) has increased again.

To solve the conflict, we set “Trdoff” to 10 on
Elongation again and run Auto Mix

Dr. Hans-Joachim Graf 29



Creating Formulas
Using “Weight” and “Trdoff”

| feriteria: S ____._______ MGt
_Name |Max |From  To |Wel. |Trd., |

Ingredients:
| NR (SMR - 10)
i 330

8

83

5,00
5.00
200
200
1.50 1171878

0.2625
1.030625
2120275

B
R

]
=

- Automatic mixing in process ...

JiooneyL(1+4) 100°C 3200 3500 3100 3400 3000 4200 Scote of Uest N 5ot foWokisbellork/ 4080 0523 33628
i ooney 15/ 120°C 2 J8.00 320 28, 3200 2200 i | 20, 26.4875
'Denslt,' 1.08 1.12 1.1E i 116 115 | Take best mixture so far JU Cancel J 2 | 5 1.146875

e e — | 149875
T | 5 468
s 15 | 171
I T85.0i <0 15.00 500 BI500 56000 8 [TEr EB 540 7 I 550,625
DVR -26°C i24h : =00 2900 27 DVR-26°C/24h 17 7 42.3375
|IOVR 07 C r24n 10.0 0 14.00 B.00 1200 1600 13 12.00 ) OVROC/24n B | 14,525
|DVR 23°C 72 ; .0 4,00 1300 1500 1 .0 1 DVR23°C/T2h & 15.05
ZD'JR 70°C 124h 3500 5000 100 4400 5000 54 1400  50.0 54,59 DVRTO'C/24h 17 49.45

¥ =" | (= 3
iRecipe ratios in % . Sum of recipe ratios (should be 100%)
| 35 55 100

Numberformat | 1234567 | ¥ | Impaort input data from clipboard | | Auto mix (overwrite midure) | L Aute mix (new mixture) J

The score at 4988 shows, that the conflict can not
be solved (at least with this small example
database).

* We removed 50AL45Test column from the
output to allow the comparison of only Mixture
4 and Mixture 5 with the next one.
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reating Formulas
sing “Weight” and “Trdoff”

_Ma: ,-me To

[wel e |||

Properties:

MocnegiL(1+4) 100°C

[l Mooney 157 120°C

DVR -26°C /24h
DVR 0°C 1240
| DVR 23°C i72n
lOVR 70°C 1240

Recipes:

S0ALS1150AL512

100,00
10.00
20.00
5.00
500
200
2.00
1.50

065
146,15

100.80
30.00
20,00
25,00

500
200
2.00
1.50

100.00

20.00

2500 1000
500
200
2.00

5.00
200
200

S0ALS18 SOALS42 SOALAST
100.80
B5.00 50.00

100,00
48.23
20.00
3450

5.00
2.00
2.00
1.50

0.85

065

L

BN 3

o

21

146.15251,15

30

S

1.08
0
18
13
340

DVR-26°C/24h 1T
|bvro'cean 8

VR 23°C72h 8
DVR70°C/23n 17

60
32

12
&1

84

25
785
77
16
18

=%

Recipe ratios in %

The analysis of the result is:

19.75

Number format | 1234567 | ¥

v,i

Mixtuered

=

Mirfures

[Midures |

1471875,

0.2625
1030625
2120275

33625
26.4875
1146875
449875
468
171
650.625
423375
14.525
15.05
48.45

| ‘Sum of recipe ratios (should be 100%):

Import input data from clipboard Auto mix (ovenwrite mixbure) Aute mix (new mixure)
L Il J1 J

- Hardness at 55ShA again

- Elongation at 570% now close to target
and DVR 70C is improved

- CB N330 is at 50 phr, which is in target

100

We then set “Trdoff” to 10 on hardness again and
run Auto Mix, overwriting Mixture 6
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Creating formulas
Using “Weight” and “Trdoff”

File Edit Help

[ [input data Criteria | ‘Output
!Name | | Max | From | To | Wel.. |Trd..

Demo Data

Ingredients: S0AL51150AL512 50 S0AL514 504 5 50AL4ET | Minture4 Mixtures
NR (SR - 10) 100.00 10¢ ( 00.0 CMED 100.00 100.00 100

N330 1 0 000 250 4 5 6500  50.0( 48.23 48
CaC03 2000 201 ) 00 20.00 0.00 2000 20,00 9
Maphtenic Gil 500 2500 5.0 500 4500 25.00 0o 3450 2375

ZnQ 5,0 : 5.00 500 5.00 5,00 5
(Stearic Acd ] 2 200 } 200 i 2.00
IPPD 2.0 2.00 .00 ) 2 .00 [ 200 200 | 2

s B 50 150 B 5 50 15 5 0.25 1.50 | 25 08125 1.171875
TMTD - 80 0 | B : 1 0355 02625
CB5-80 55 85 065 65 2.1¢ 065 i ) 85 21 14475 1030625
Total 4615 18615 22615 16115 20145 25115 1.15 22115 17235 21388 1461525115 19256 2120275

2

Properties: ol
[l MooneyML{1+4)100°C. 3200 3600 3100 3400 3000 4200 €000 3000 410 3380 MooneyMLit+4] 30 80 v 33625
Ml looney 157 120°C 28.00 2800 3200 Y 3200 Mooney s/ IR -] 2005 26,4875
Density 1.0 13 1,15 5 1.12 1.12 11 1 Density 108 12 19285 1146875
Hardness 42.00 100 4000  48.00 D 52 §1.00 6100 58 40 61 il 50.55 449875
14300 ) 2.0 44 3 8.0 [ r M3p0 18 384 6.52 458
s 2500 0 15 53 20 16.C TS 15 25 | 20 171
] 78500 72500 69 ] 580.¢ l 6 = 540 785 611 650625,
4| VR -26°C f24h 22 10 00 DVR-26C/24h 17 77 5565 42.3375
lli VR 0'C r2an 10.0 00 DVRO'C/24h 8 16 15.1 14,525
DVR23°C2n 800 10.00 f 900 1 5 DVR23'C2n 8 18 | 158 15.05
| DVR 70°C /24h 30.00 5000 6100 4400 5000 5400 4400 5000 17.0( 54.58 DVR70%C/24h 17 61 | 357 49.45

=¥ i | ¥ =¥ L
Jredis fioadin e __ | Sum of recipe ratios (should be 100%)
I 655 345 100

Number format. | 1234567 - [ Import input data from clipboard ] [ Auto mix (overwrite midure) | | Auto mix (new mixture) |

The analysis of this result is:

- Hardness is at 45ShA again

- Elongation is at 640%, now far from target again, and
DVR 70C much higher as before

- CB N330 with 50 phr is in target

Conclusion:

- Weight and Trdoff are tools for optimization in case
of conflicting targets
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[El=I

Criteria:
Name

Ingredients: SOALS1150ALS12 504 S0ALS £ DALS1E S0ALS4Z

MR (SMR - 10) L 100.00 100.00 0 100, .00 1 00.00 30 00 100

MN330 ) 0.00  50.00 45 75.0 i S0.00 23 | 10

Caco3 2000 2000 20.00 0 20 } 2 20.00 | Cal o
<hzt - = : e

3
3
2
2
a

o
065
146.15251.15

MooneyWL{1+4) 100°C 3200 3600 23100 34 3000 4200 & 30.00 4100 | MooneyML{1+4) 30 60

Bl Mooneyts 1 120°C 2800 2800 3200 2300 3200 2200 2000 2500 1.00 Moonay 15/ 11 32
Dansity 108 11 1.13 118 12 | Dansity 108 12
Hardness 42 2100 @000 4800 480 521 &1 6100 5900 14,88 | Hardness 40 61
1.8l 0 [} 1 $ h 7 &Q 3 40 £ m 2 G4

s {525
755.0 280 90.00 715.00 705 o0 000 54000 68386 |EB: 5400 765

Uf DVR -26°C f24h 2200 2800 300 17,00 7.00 7.00 27.81 DVR-26°C/24h 17 77
| DVR 0°C 1240 10.00 140 1400 8 1600 1300 1200 1600 1322 |DvRo'C2h & 16
DVR 23'C/72h 14.00 300 13 1600 10.00 17.00  18.00 13.35 DVR23*C/i2h 6 18
|DVR 70°C /240 30 0 £0.40 6100 4400 500 5400 4400 500 17.00 5458 |pvR70'C24n 17 81

L
1L

| — Vel =" 1/ =%
Recipe ratios in %: = = ) e S /Sum of recipe ratios (should be 100%)
4 12 45 7 L Ei ]

Mumber format | 1234567 _!] | import input data from diipboard | | Auto mix (overwrite misture) | | Auto mix (maw mbdure ) |

Note that the mixture 50AL45test is composed of
different formulas in differing ratios, shown in the
row at the bottom

— Some recipes are very similar and you may want to

eliminate all the recipes with a percentage smaller
than 10

— Or, you may want to see the effect on the final test
mixture by changing those ratios manually
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| Max |From |To  |wel.. |Trd.

Demo Data
inuledkents: 50 2 5041 513 50AL514 S0AL S0ALS16 S0AL51T 5 DAL 542 S08LAST,
MR (SHR - 10) 10 C 10000 100.00 10000 10000  100.00 100.00

5000 2500 7500 4500 S0.00

2000 2000 2000 Z2o.00

a%ﬁé

500 500 5, 5.00 5.0 500
2.00 200 2100
200 200 200
1.50 1.50 50 1.50

-
[ R

8

100

79

; G 20

4500 500 2 45,00 500 A 10,00 3 aphitenic = o
: 5

2

2

1.5

1

24

065 065 065 5 | 0 £BS- 60 065 2
25115 18115 2,35 3 1461525115

gl MooneyML(1+4) 100°C
Mooney t5/ 120°C
:IJ ensity
Hardness

Bawpln
sa3z8e

il OVR -26°C r24h
DVR 0°C [24h 1 ) c 16,00 10 1200 ] . _
DVR 23°C 72h 0 16,00 0 0 1 DVR23°'C/72h &
DVR 70'C 124h 3900 5000 1,00 00 5000 54,00 ) 5300 170 54,5 hmmwm 17

58

== el E 3| EL ¥ |
[j|Recipe ratios in %: - - —y - Sum of racipe ratios (should be 100%).
il % 45 19 20 | 100

Number format: | 1234567 |%) | Imporinput data from dipboard | | Auto mix (overwrite mixture) | | Auto mix (new mixture) |

— Just double click and set the values to whatever
percentage you want

— While doing that, you will see the changes in the
50AL45Test column!

— Take care that the total adds up always to 100%
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Creating a Formula
Excluding a Compound

File Edit Help

dllinput data ritaria: Dutput
i Min |Max |From |To |Wel. |Trd. |
G Dok e R
Recipes:

Ingredients: S0ALS
NR (SMR - 10} 100
M330 10
Caco3

ERTS

&

THTD - 80 1.00 !
CBS-80 065 085 065 065 065 065 085 85 210 0.55 c8s5-80 21
Hoat A T BT T T R T T R TR T G TR LT A

- N O

Properties:
MooneyML{1+4} 100°C 3
Bl Mooney 151 120°C

i 2 23,01 ) A7 15 5 700 27.81 DVR-26'C /240 17
ll DvR 0°C r24h ! 1400 1 g00 1 1600 1 200 1! 1232 | DVRO'C/24h &
DVR 23°C /72h 10.00 14,00 9.9 1300 1 1000 17 13,35 \DVR23CTEh B
DYR 70°C 1240 20 5100 440 S0.00 54 1400 500 17 00 54 56 DVRTO'C 240 17

| . PR
'Sum of recipe ratios (should be 100%);
100

Number format | 1234567 _'J l Import input data from clipboard | | Auto mix {overwrite midure) ] Auto mix (new mixdure) |

Say we make an assumption that the data of 50AL513
formula is in question and should be excluded from all
calculations

-Deactivation is done with a right click of the cell with
the compound name 50AL513 and the name is crossed
out

-In the recipes ratio % row we now see a blank cell
-The score is still unequal to zero, but now goes to
19.0476
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GrafCompounder
Data Storage

File Edit Help
input data: _ I : _ | joutput
s S0ALEY] y T SOALAE | in | Max |From |To | wel | Trd ||

Demo Data |
Recipes:
Ingredients: 50ALS1150AL51 z : S0A 17 518 S0) o - S0ALEATeS!
5 00 N330

NR (SMR - 10) 100.00 1 0 100 00
N330 1000 3 50.00 2500 5085
Caco3 2000 0 20.00 20

Il Maphienic o1l 500 [ 5. 5.00 38

5.00 5
200 20

200 ¢ | 7 2

150 500 1 50 d 5 50 025 025 15
0.65 5 5 65 085 085 0 Exit Confirmation el 5 65 21 085
1461525145 220

- (7 R e —
Mll MaonexiL(1+4) 100°C . 0 0 ) s 4 / EXEY

Mooney15/120°C 2 D D 0 y ] ! 2 29.35
ves Exit | | NoCancel .08 1. 1-:4532

: 1764

s 16.97
= 540 785 68345

D DVR-26"C/24h 17 2850

DVR 0°C 72dh VY 0 ] 0 1 13.32 DVRO'C/24h & ] 14,02
[DVR 23°C /72h - ! : I ) ) DVR23'CAN B 1357
50.00 8100 0 50 [ 17.00 DVRTOCR24h 4T 54 I 5575

)

rarroasay
e o

IR [= | ET——e
Redpe_ra_h_u_; in %: 1Sum of recipe ratios (should be 100%).
el bl T e | 00

Number format; | 1234567 ¥ [ Import input data from clipboard 'J | Auto mix (overwrite mixure) J [ At milx (new midure) |

You need to store your results before closing the
program

- There are two options:

1) Copy the data table and paste it into your Excel
spread sheet
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GrafCompounder
Data Storage

Fila Edit. Help
Bl[input data:

:Demo Data

| Critena:
s4isonLesTe] || || Name |Min | Max | From |To |Wel_ | Trd:

Ingredients:
R (2R - 10)

OALS115 - ALS14 S0ALS1S 504 650AL517 5041518 5041542 504 45T : |E0ALEATest
100.00 1 100.0 0,00 100,00 10 10000 10000 10000  100.00 NR{SMR-10) 100 9 :
10.00 2500 4500 7500 4500 6500 5000 4823 |iIN330" 078
20.00 0.0 - - -
5.00
5.00
g ;g Suchen jn: GRAF COMPOUNDER Tutorial
1-50

it

BEES

(B RN_B0_Mischen
085 055
14615 186159

8 B

Dateiname: | tutorial testfiles 2.004

Diateityp; | émwuwd@rFlles {*gch

Irecips ratios in %
|

] 40
Number format: | 1234567 | v

|| Import input data from clipboard | | Auto mix (overwite mirture) | | Auto mix (new misiure) |

- The 2" option is:

2)Give the file a new name and store the data
in .gc format.

Note that this format can be opened by the
GrafCompounder only
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Summary

_| With the GrafCompounder you have a
newly created tool, which allows you to
analyse a compound database using:

* Limits,
* Weight's and
* Trade off's

Similar to a simulation tool.

You can see the influence of each
compound on the result.

You can influence this result manually via
changing the ratio of the compounds
used.

Quick analysis of the compounds, which
are the result of different criteria and
formulation inputs, enables you to make
fast and accurate decisions, saving you
time and money
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178

Summary

The formulas produced due to the
selection criteria correspond to the
general rules of compounding.

These formulas will show property
scores larger than the 90%
confidence interval compared to
those seen in the confirmation
experiment.
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