Chapitre 13
Plans pour mélanges

= plans pour melanges

= mélanges : modeles

= exemple 13.1- tissus

= meélanges avec contraintes

= exemple 13.2 - peinture

= exemple 13.3 - biotechnologie

_ b j : chapitre 13
Copyright © Génistat Conseils Inc., 2019, Montréal, Canada



Plans pour melanges: conception et analyse avec STATISTICA

Cluick  Advanced |

= Design & Analysis of Experiments: 2011-MTH6301-Notes2011.sta

8 &**(k-p) standard designs (Box, Hunter, & Hunter)
& 2-level screening (Placket-Burman) designs
58 &**(k-p) max unconfounded ar min aberration designs

=

conception

[ 9 [
oKk |

B 3*(K-p) and Box-Behnken designs
g Mixed 2 and 3 lewel designs
@ Central composite, non-factorial, surface designs

{8 Latin squares, Greco-Latin squares
i@: Taguchi robust design experiments (orthogonal arrays)

ﬂﬂ Miture d
@ Designs for constrained surfaces and mixtures
@ O-and A- (T-1 optimal algorithmic designs

d trianciular surfa

8 D-optimal split plot design
e D-optimal split plot analysis

: Design & Analysis of Mixture Experiments: 2011-MTHE301-Notes2011.sta

Design experiment |Analyze design |

Specify here the standard type of
design; lower and wpper limits, the
total {constant sum), replications,

and labels, ete., can be specified

on the next dislog.

(@) Simplex-atice designs
Mumber of factors: 3 E
Folynamial degree (m): 2 E
DAugment with interiar pts & centroid
Min. no. of runs: &

Use option Centroids and Vertices

I Simplex-centroid designs for Gonstrained Regions to find
design points for experimentsl
regions with complex constraints.

[}
L

Augment with interior points

@] Wariahles

@n Design & Analysis of Mixture Experiments; 2011-MTH&301-Notes2011.s5ta

Design experiment  Analyze design l

-0 e

-8 el

(0]4

Cancel
[® oOptons =~

lu
I£

B %

Factor values {component settings)
are computed as l Cancel J
1=z LowValue)/(Total-L); where

L=5um{Low\slues); press F1 or

analyse

Dependent: nane click 7 for more info.

Independent (factors).  none

Fecode factor values (pseudo-components) from

(@) Automatically determined factor minfmax values

(") Userdefined values (high/low factor values) £

This valus is used by the program to check whether the component
walues 3dd to 3 constant sum; when importing dsts from other
Talerance value: 0001 E v

component valees; click on the ¥ for more infio.

programs, you may have to adjust this walues to the precision of the

[E Options

)

s | @
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MELANGES

Domaines d’applications : alimentation, pharmaceutique,
chimique, métallurgie, biotechnologie, ...

melange (« mixture ») : les facteurs X, sont les proportions de
p composants (ingrédients)

simplexe Xy + Xy + T+ X, =1 0<=X;<=1

les facteurs X;ne sont pas linéairement indépendants : contraintes

X1 (0.33,0.33,0.33) X4 (1,0,0)

S s Y510 X5 (0,0,1)

coordonnées
triangulaires
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coordonnées triangulaires

X,(1,0,0)
(X1 Xs: Xg) = (L3 -1/3, 1/3)
FoEs /
| 5 /
/
s /
—— /
/
/
(05,0.5,0) g (05,0,05)
7
0.2
X, (0,1,0) ' X3(0,0,1)
(0,05,0.5)

: 4
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plans SIMPLEX - LATTICE

notation : {p, m} P composants

X; =0,1m, 2/m,...,1 1=1,2,...,p m=2,3,...

{3, 2} X, =1 ® {3, 3}

6 points -
X:=0,1/2 1 P 10 points

({2310 E1/3
X;= X,=1/2
® Cliey0;: 2633

/‘ (113,1/3,13) @

\

X;=1 X, = X3 =1/2 X3=1

N=(p+m-1)!/m!(p-1)! points

majorité des points situés sur la frontiere
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plans SIMPLEX — LATTICE augmenteé
avec des points axiaux

axe composant i : droite pointdebase x;=0 et x;=1/(p-1) |#i
au sommet opposé x;=1 et X;=0 JFEI
10 points
x,=1 x,=2/3 | x,=x,=1/6 P
A=(p-1)/2p

(1/2,0,1/2)
(1/3, 1/3, 1/3

@
0, 1/2, 1/2
P ( )
X;=1 X3=1 {3, 2 } augmenté

préférable au plan {3, 3}pour
détecter manque d’ajustement
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Plans SIMPLEX - CENTROID

N=2P-1 points formés de
- p points sommet: (1, 0,0,..,0) (0,1,0,0,...0) ..... (0,0,...,1)
- p(p-1)/2 points segment: (Y2, %2, 0, 0,...,0) (¥2, 0, %, 0,...,0) ... (0,0,..., %2, 12)
- p(p-1)(p-2)/6 points centroide: (1/3, 1/3, 1/3, 0,...,0) ... (0,0,..., 1/3, 1/3, 1/3)

-1 point centroide global: (/p, 1/p, ...., 1/p)

p:3 p:4

p|3 4 5 6

N| 7 15 31 63

X1 =Xy =Xg=X,=1/4

N: nombre de points

Xq{=Xo=X%X,4=1/3
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Modeles pour meélanges

*

., . * * * .
Linéaire Y= By +B; X3+ By X, + -+ B, X, modéele usuel

J=P
devient = Z Bj Xj + & avec B = Bo* + B car ij =1
=t

modele de régression passant par l'origine: 5 =0

Quadratique Y = ZBJ- X; + ZZ Bijxix; +¢€

| <]
Cubigue
Y= ZBij +ZZBinin +ZZZBiijinXk +Zzz5ijkxixj(xi_xj)+£
| <] I<j<Kk | <]

Cubigue spécial

Y=ZBjxj +sz3ijxixj i ZZZBukxixjxk s

i< i <j<k
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Exemple — 13.1- tissus

mélange 3 composants :

plan simplex-lattice (3,2) répété n =2 pour point=1,2,3,4,5 et n=3pour point=6

x1 = polyethlene

X2 = polystyrene

x3 = polypropylene

Y = élongation tissus force appliquée

modele quadratique

SS DF | MS F P
Model 128.30 | 5 | 25.66 | 35.20 | 0.00001
Total Error 6.56 9 0.73
Lack of Fit 0.00 0 | 0.00
Pure Error 6.56 9 0.73
X%tjﬁ'sted 134.86 | 14 | 9.63

| | point [rep | x1|x2|[x3| Y
1 1 1 | 1.0 00|00 |11.0
2 1 2 |1.0] 0000|124
3 2 1 | 05|05/ 00| 150
4 2 2 |05]|05]|00]148
5 2 3 | 050500 ] 16.1
6 3 1 |00|10]|00] 88
7 3 2 | 001000100
8 4 1 | 00|05/ 05]|10.0
9 4 2 |00]|05|05]| 97
10| 4 3 |00|05]|05]|118
11 5 1 |00]|00]|10]168
12| 5 2 |00]00]|10] 160
13| 6 1 |05]|00]05]|17.7
14| 6 2 | 05|00 05| 164
15 6 3 |05]00|05]166
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Exemple — 13.1 (suite)

Coeffs R-sqr =0,9514; Adj:0,9243

Coeff | Std.Er | t(9) p

(A)x

1 11.7 0.6037 | 19.38 0.0000

s

(B)x

2 9.4 0.6037 | 15.57 0.0000

%//////////%%/////////////////////////%

(C)x

3 16.4 0.6037 | 27.17 0.0000

AB

19.0 2.6082 7.28 0.0000

D

AC

11.4 2.6082 4.37 0.0018

Ac //////// / s370748

BC

-9.6 2.6082 | -3.68 0.0051

sl %/ 3 68063

Pareto Chart of Standardized Effects; Variable: Y_elong

666666

33333333

55555555

88888888

\
\

\

N
Y=11.7X; + 9.4 X, + 16.4 X5+ 19.0 X;X, + 11.4 X;X5 -

9.6X,X3

10
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Exemple — 13.1 (suite)

Fitted Surface; Variable: Y_elong
Model: Quadratic Critical values; Variable: Y_elong
X3 Solution: saddle point

0.00,,1.00 Predicted value at solution: 15.31
Obser | criticar | OPSer

min max

0.25 0.75 x1 0.0 0.565 1.0

X2 0.0 0.359 1.0

0.0 0.077 1.0
B 17
Bl 16
I 15
[ 14
[]13
1.00 ! \, 0.00 []12
0.0 0.25 0.50 0.75 1.00 B 11
I 10

x1 X2

chapitre 13
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Exemple — 13.1 (suite)

Fitted Surface; Variable: Y _elong
DV: Y_elong; R-sqr=.9514; Adj:.9243
Model: Quadratic

X3 Obs Criti Obs
0.00.,1.00 min cal max

x1 0.0 0.565 1.0
X2 0.0 0.359 1.0
x3 0.0 0.077 1.0

Critical values;
Variable: Y_elong

Solution: saddle point

— 17
— 16 Predicted value
— 15 at solution: 15.31
14
13
12
—1
-~ 10

0.00 0.25 0.50 0.75 1.00

12
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Exemple— 13.1 (suite)

Desirability Surface/Contours; Model:

Total-x1-x2

Il os
[ os

B o2

Il os
[ose
[Joa
B 0.2

Profiles for Predicted Values and Desirability

|
6.0000 ‘ E
.96449 O —l" o
n ‘q‘ ’n_,
\IJ
Tm:“xll‘ﬂ Obs Criti Obs
min cal max
x1 0.0 0.565 1.0
X2 0.0 0.359 1.0
Il os
[ ose
Jo4 X3 0.0 0.077 1.0
B o2

chapitre 13
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MELANGES AVEC CONTRAINTES

cas 1: bornes inférieures 0 <l <=x;, <=1

1=1,2,...,p

région faisabilité :
encore un simplexe

pseudo-composants

X
[

I+ (1-L)x;

chapitre 13
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MELANGES AVEC CONTRAINTES

cas 2 : bornes supérieures

0 <l;<=x;<=u;<1 i=1,2,..,

bornes inférieures

region faisabilite :
polygone irrégulier

X,=1

pseudo-composants

« recoded components » O<= x’;, <=1

détermination sommets polygone: logiciel nécessaire
concept : design « D-optimal »

chapitre 13
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Exemple — 13.2 — peinture

composition peinture voiture

0 . . .
x1 o monometer | | point | rep | x1 X2 X3 y dur | y solid
0 :
X2 1 % crosslinker 1 1 1 | 5.00 | 2500 70.00 | 35 74.98
X3 06 resin 2 1 2 5.00 | 25.00 | 70.00 23 70.95
: . 3 2 1 | 5.00 | 3250 | 62.50 31 31.50
Y dur : dureté Knoop
4 3 1 | 5.00 |40.00 | 55.00 20 19.20
Y_solid : % solid 5 4 1 | 813 |28.75| 63.13 | 25 32.49
6 5 1 | 10.00 | 40.00 | 50.00 26 27.33
Xp+ X, +X3=1
7 5 2 | 10.00 | 40.00 | 50.00 30 32.98
° <= X <= 29 8 6 1 | 11.25 | 32.50 | 56.25 21 15.59
25 <= X, <= 40 9 7 1 | 15.00 | 25.00 | 60.00 | 17 29.21
50 <= x3 <= 70 10 7 2 15.00 | 25.00 | 60.00 14 41.06
11 8 1 | 17.50 | 32.50 | 50.00 29 9.54
OBJECTIF 12 9 1 |18.13 | 28.75 | 53.13 29 23.44
Y dur >= 25 13 | 10 1 | 25.00 | 25.00 | 50.00 28 30.46
14 | 10 2 | 25.00 | 25.00 | 50.00 19 23.01
Y _solid <=30
16
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Exemple — 13.2 ( suite)

X, mMono

X,: crosslinker

chapitre 13
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Exemple — 13.2 ( suite)

Coeffs (recoded comps);

Fitted Surface; Variable: y_dur
DV:y_dur; R-sqr=.5972; Adj:.3454

Var..y_dur; R-sqr=0.5972; Adj: 0.3454 Mod:; ?:::ranc
oo a0
Coeff. | Std.Err t(8) p
(A)x1_mon | 2381 | 336 | 7.09 |0.0001
B)x2 clin | 1640 | 7.69 | 2.13 | 0.0655
(C)x3_resin | 29.45 | 336 | 877 | 0.0000 .
AB 4443 | 2532 | 175 |0.1174 o
AC -44.01 | 1594 | -2.76 | 0.0247 \ 000 =
BC 1381 | 2332 | 059 |o05702 w— e
e Swface, varable. y_ ook
Var.:y_solid; R-sqr = 0.9424; Adj:0.9064 e o o0t
s e
Coeff. Std.Err | t(8) p
(A)x1_mon | 2653 | 3.96 | 6.70 | 0.0002
(B)x2_clin 4652 | 9.07 | 5.13 | 0.0009
(C)x3_resin | 7322 | 3.96 | 18.49 | 0.0000
AB 7544 | 29.86 | -2.53 | 0.0355 — 1
AC 5620 | 18.81 | -2.99 | 0.0174 /)] : . i
BC 15430 | 27.51 | -5.61 | 0.0005 - —

chapitre 13
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Exemple — 13.2 ( suite)

X, mMono

Y _dur =25

X5 =50

region de

faisabilité

________________________ X, =25
X;=170
—————————————————— X;=9
e e R |
X,: crosslinker Pas 3 \ X5:resin

iEduri=25 < 1

19
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Exemple — 13.3 - biotechnologie

Reactive Walls in Mine Drainage Treatment

Plan de mélange avec contraintes

0 <wood chips (X1) <30
0 < leaf compost (X2) < 30
10 < poultry manure (X3) < 20
0 < oxidized tailing (X4) <8
0 < silicasand (X5) <8
30< X1 + X2<40
5<X4 + X5<8
contrainte X1+ X2+ X3 +X4 +X5=58

Multiple Factor Design for Reactive Mixture Selection for Usein

|.Cocos, G.Zagury, B.Clément, R. Samson, Water Research vol. 32, 2002, pp. 167-177

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

Copyright © Génistat Conseils Inc., 2019, Montréal, Canada
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Exemple — 13.3 (suite)

Plan expérimental

- 17 essais en duplicata

n=2

réacteur | 1 2 3 4 5 6 7 8 9 10 | 11 [ 12 | 13 | 14 |15 | 16 17
X1 |3 (30 |0 | 0 |30 |10 |30 |10 [30 |30 | 3 | 3 |30 30|10 10 | 17.87
X2 0 0 |3 [30 (10 |30 |10 | 30 | 3 [ 3 | 30| 30|10 |10 [ 30 | 30 | 17.87
X3 | 20 | 20 [ 20 | 20 | 10 | 10 | 10 | 10 | 20 | 20 | 20 | 20 | 13 | 13 | 13 | 13 | 15.75
X4 8 o |8 |o0o |8 | 8| 0| 0|5 (0|5 ]| 0|5 |0/|5]| 0| 325
X5 0 g8 | o |8 |o0)| 0| 8|8 |0 |5 ]| 0|5 |0 |5 |0]| 5 | 325
Mesu res 4500 sulfateS.sta in Zagury-Cocos-Clément 18v*8c
Y : taux de réduction (mg/l /) sulfate a_ 8 Téactours jour 0, 5,5, . 33
aprés 5, 9,13,17, 21, 25, 33, 41 jours ) N
autres mesures : pH, sulfide, cuivre, ... 2500 |
Plan en mesures répétees avec le 2000 |
facteur INTRA TEMPS (0, 5, 9,..., 41) o Ysulf_r1 |
—=— Ysufl_r2 - N
1500 | +— Ysulf_r3 \
Analyse : avec la pente période 0-41 jours = Yauirrs
=— Ysulf_ré
Ton taux de decomposition (pente)| | Tos | Tuoanea | *** | Tos1 | Twoaines ;ESEEZE \ \ :
11 85.8 115.1 1.2 77.9 104.2 - AR
24 86.5 100.3 22 | 876 104.9 N\
3.1 85.4 128.2 3.2 70.8 97.2 »
4.1 78.0 74.6 4.2 79.8 83.0 0 5 9 13 17 21 25 33
5.1 53.2 82.3 5.2 57.8 78.9
6.1 66.5 68.2 6.2 64.6 64.3
7.1 63.1 63.1 7.2 58.4 79.7
8.1 35.6 459 8.2 52.0 82.6
9.1 7.7 100.7 9.2 79.1 1181
10.1 84.8 132.2 10.2 84.0 125.5
11.1 81.6 129.4 1.2 77.0 119.9
121 83.6 153.5 12.2 84.3 156.3
131 61.6 95.8 13.2 64.0 97.2
14.1 7.7 131.8 14.2 67.8 102.7
16.1 63.4 93.1 15.2 63.0 96.1
16.1 58.8 926 16.2 58.8 107.0
17.1 70.7 150.2 17.2 67.6 150.3 21
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3500

3000 ¢

2500

2000

1500

1000

500

sulfate5.sta in Zagury-Cocos-Clément 18v*8c

concentration (mg/l) sulfates de
9 réacteurs jour:0,5,9, ., 33

—e— Ysulf_r1
—&— Ysufl_r2

+— Ysulf_r3
—— Ysulf_rd
—e— Ysulf_r5
—=— Ysulf_r6
—+— Ysulf_r7

«— Ysulf_r8
—+— Ysulf_r9

Exemple — 13.3 (suite)

1 2 3 4 5 6 | 8 9 10
time | Ysulf r1| Ysufl 12 | Ysulf 3| Ysulf 4 Ysulf r5 |Ysulf r6 |Ysulf r7 | Ysulf r8 | Ysulf r9
0 1 3254 100 100 a4 2629 2628 2330 2643
] "3 22 84 2567 247 2085 2386 PATL] 2914
M7 B BM BR O B9 W8 BH BM 89
13 342 0 W05 M9 BT M0 241 5
7 240 M43 B64  MN MB 752 N8 MEE 26
Mo 6B 2008 286 1901 1889 1480 B4 1957 2080
5 1390 M9 1953 4438 1489 05 w1 583 M647
18 49 801 42 1211 Al 1071 1319 515
n| 12 13 14 15 16 17 18 19
time | Ysulf_r10| Ysulf_r11 | Ysulf r12 | Y-sulf r13 | Ysulf_r14 | Ysulf r13 | Ysulf r16 | Ysulf r17
0 2959 2962 2652 ALY 20 22 pall 271
5 2903 2687 2627 2342 212 1% 2066 223
9 2642 2655 2602 2328 raliTy 2180 2052 241
13 02 2613 2 2265 a1 Hi 1968 2140
11 297 2607 2559 209 1948 2020 1641 1945
Py 1760 | U2 2280 1643 1235 1434 1630 1680
5 1363 ! 1864 92 1450 53 1223 141 15
kXl 164 332 23 236 83 215 164 11

3500

3000

2500

2000

1500

1000

500

-500

sulfate5.sta in Zagury-Cocos-Clément 18v*8c

—e— Ysulf_r10
—=— Ysulf_r11
—— Ysulf_r12

a— Y-sulf_r13
—»— Ysulf_r14
—=— Ysulf_r15
—— Ysulf_r16
—— Ysulf_r17

0 5 9 13 17 21 25 33
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Exemple — 13.3 modélisation

Modele 1 Y1= Zai Xi - ZZainiX. (1)
Modele 2

Y2 =B, + leﬂizi i Z/Biiziz *ZZIBijZiZj 2)

A L 8 X3 >=10 Tl a1 s

N\

Y1= 2.205X; - 0.057 X,Xs + 9.065 XX R2=0.86

/N
Y2 =79.04-9.342,7, - 11.11 Z,Z. + 23.26 Z + 5.05 Z,Z, R?=0.89

Z.Z, = XX, | X2

maxyY si : Xg min et X;X, max

23
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