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CCD Options.
Repication
Replicates of factorial points: 1
Replicates of axial (star) points: 1
Certer points: 6
@ Enter factor ranges in terms of +- 1 levels Alpha
) Enfer factor ranges in ferms of aiphas. @ Rotambe (k <6) 1.68179
Type: [Fu v] Blocks: [1 v| @ Spherical SRS
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Responses: 2 -

Name Units

Conversion |%
Activity]
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I@ Notes for MyDesign.dxp B Factor 1 Factor 2 Factor3 | Response 1 | Response 2
13 " — . o
LB Design (Actual) 3 Sid | Run | Block ATime |B-Temperaturd C:Catalyst | Conversion | Activity
15 min. dagC % %
Bimpd ,
1L Grapn | 1 Day 1 40.00 80.00 200
[ l,ﬂ Evalsol 9 2 Day 1 45.00 85.00 250
[_@ Analysia ] 1] 3 Day1| 45.00| 85.00 250
{ iJj RiConversion Emg |_| 12| 4 Day 1 45.00 85.00 250
i 4] ReActviy Emty) [ | 10 s Day 1| 45.00 85.00 250|
'—ili Optimization .| 7 s Day 1| 40.00, 90.00 300
|ﬁ s | s 7 Day 1| 50.00 90.00 300,
"' e 2| 8 Day 1 50.00 80.00 200
¥ point Prediction [ T T T T
5| g Day 1 40.00 80.00 3.00
3 10 Day1 40.00 20.00 200
4 1 Day1 50.00 90.00 200
8 12 Day 1 50.00 80.00 2.00
16 13 Day 2 45.00 93.41 250
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New Design...
Open Design... Ctrl+O
Close Design... Ctrl+-W
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Sort by Standard Order !
Hide Standard Order

Awles ol 1, PoINt type a8 5 ooges conl, SIS Select g oYU 55, Y

G Factor 1 Factor 2 Factor 3 Response 1 | Response 2
2| std | Run Block Type ATime .Temperaturg C.Catalyst | Conversion Activity
[ min, degC % %
_1 1 Day 1 Factorial 40.00 80.00 2.00 74.0 53.2
2| 12 Day 1 Factorial 50.00 80.00 2.00 51.0 62.9
3 7 Day 1 Factorial 40.00 90.00 2.00 88.0 534
4 5 Day 1 Factorial 50.00 90.00 2.00 70.0 626
50 1 Day 1 Factorial 40.00 80.00 3.00 71.0 57.3
6 9 Day 1 Factorial 50.00 80.00 3.00 90.0 67.9
7 2 Day 1 Factorial 40.00 90.00 3.00 66.0 59.8
| 8 8 Day 1 Factorial 50.00 90.00 3.00| 97.0| 67.8
9| 10 Day 1 Center 45.00 85.00 250 81.0 59.2
10 3 Day 1 Center 45.00 85.00 250 75.0 60.4
] n 6 Day 1 Center 45.00 85.00 250 760 59.1
12 4 Day 1 Center 45.00 85.00 2.50 83.0 60.6
13 14 Day 2 Axial 36.59 85.00 250 76.0 536
| 14| 13 Day 2 Axial 5341 85.00 250 790 65.9
15| 20 Day 2 Axial 45.00 7659 250 85.0 60.0
16 18 Day 2 Axial 45.00 9341 250 97.0 60.7
| 17| 16 Day 2 Axial 45.00 85.00 166 | 550 574
18| 17 Day 2 Axial 45.00 85.00 3.34 81.0 63.2
19 19 Day 2 Center 45.00 85.00 2.50 80.0 60.8
200 15 Day 2 Center 45.00 85.00 2.50 21.0 58.9
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Imouel Graphs,

Toanalyze this response, click on the above icons in succession.

Tranaformation Enquation
Square Root None {lambda- 1.0}
Natural Log .
y =y
3
@
Predcied Vabe

Use with a typical response.

P——

Response ranges from 51 to 97,
Ratio 0 max to mn & 1.90196

A ratio greater tan 10 usually Indicates a ransfommation & required. For ratios
less than 3 the power fransforms have ittie effect
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y* Transtorm | 2 Fit Summary If(x) Model I% AR, |IEDiagmslics IMDdEIGraphS

| Response 1 Conversion Transform: Hone

__| =** WARNING: The Cubic Model and higher are Aliased! ™= T
Summary

__| Summary {(detailed fables shown below) Sum of Sguares

Sequential Lack of Fit Adjusted Predicted Lack of Fit

Source p-value p-value R-Squared  R-Squared F-Sguared

Linear 01640 0.0447 0.1374 -0.4652 F Q=L s w

2F 0.0033 01442 05803 03691
Quadratic 0.0017 0.8574 0.8881 0.7891

Cubic 0.8538 045836 0.5396 -3.6399

Sequential Model Sum of Squares [Type I]

Sum of Msan F p-valus
Source Squares of Square Value Prob>F
Mean vs Total 1.226E+005 1 1.226E+005
Block vs Mean 64 53 1 6453
Linear vs Block T63.05 3 25435 1.96 0.1640
2Flvs Linear 1191.38 3 39713 628 0.0083
Quadratic vs 2F| 607.39 3 202 46 12.00 0.0017  Suggested
___|Cubic vs Quadratic 3095 4 T74 032 08538 Aliased
Residual 120 90 5 2418
Total 1.254E+005 20 6269.80

| *Sequertial Mode! Sum of Squares [Type ] Selecd the highest order polynomial where the
additional terms are significant and the mode! is not aliased.

Sequential Model Sum of Squares Jso>
b oS o )3 0yg0y] 0,50 PrOD= F sl (o,ué 3 as) &l )le golis 5l plaS 5o sl
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__| Lack of Fit Tests
- Sum of Mean F p-value
- Source Squares df Square Value Prob>F
- Linear 1845.37 1" 167.76 6.38 0.0442
- 2F1 653.99 8 81.75 3 0.1442
- Quadratic 46.60 5 932 0.35 0.8574  Suggested
_ Cubic 1565 1 15.65 0.59 0.4336 Aliased
_— Pure Error 105.25 4 26.31

“Lack of Fit Tests"™ Want the selected model to have insignificant lack-of-fit.

Ailn pae pgasl oM Jgue

e 2 Ll 1,55 51 Joolo ol (sllat b1, e ool 351 pe 3] Jsir
Prob = F) Jlas! o5 polis lawg ol opl a5 il jlo gme (ol poe 51 .00l oo
A cpl HoaaS E8s Frwly St sl Jowe leolaiul 090 50wl ouls oals ylid

Dgd oo Bi> 0105 5| Prob = F oe o5 Jda o5 b a4 s Jos
3 St ol G 40 ciulew lg o8 > 5l eslial L 1, Fit Summary Report

Dy co 0l  Sirad o yo lyil Model Summary Statistics s
Model Summary Statistics

| Std. Adjusted Predicted
| Source Dev. R-Squared R-Squared  R-Squared PRESS
| Linear 11.40 0.2812 0.1374 -0.4682 3584.14
| 2FI 7.95 0.7202 0.5803 0.3691 1711.98
| Quadratic 411 0.9440 0.8881 0.7891 572.20 Suggested

Cubic 492 0.9554 0.83%6 -3.6399 12581.11 Aliased

“Mode! Summary Statistics”™. Focus on the model maximizing the "Adjusted R-Squared™
|__| and the "Predicted R-Squared™.

Model Summary Statistics Jgo>
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wals ol 1, Annotated ANOVA & Le VIEW asy 55 5l oS ogels

E Display Optians  Design Tools  Help  Tips
¥ | Annotated ANOVA ]
e = rrsummey | K moset | amova E Dlagn oas Emuaamramﬂ
e | | J | |
V| Toolbar mouse to right cick an ndividual cell for defntions
v | Staws Bar Be 1 Comvarsion
e v for Respanse Surface Quadratic Model
ey e=yreeryet of variance table [Partial sum of squaret - Type W]
o || Sum of Mesn F pvalue
|rerical |_|source squaree ar square vale Pron s F
faptical | |siock 5453 1 5453
Lint Prediction ||wocer 286182 o 18485 1887 0.0001 ‘wignincant
| amma 1440 1 e 08 03790
|| smempemtre 22298 1 22290 1321 00054
| ccaster 228,64 1 220,64 3 0.000
L] s 3613 1 3813 214 o177
I ac 103513 1 103573 6131 =0.0001
| | & 12012 1 12012 72 00257
| = 51.78 1 1.7 207 01138
| & 119.13 1 119.13 705 00261
| = s97.61 1 397.61 a7 0.0008
| |rsaiua 15188 ) 1687
m Lackof Fit e 5 9m 035 o857 ot significant
- Pure Error 10021 ) 2631
| JewrTatm 7B 20 12

ANOVA o> o sl Jae sla L]

1, 005 3| ,=uSProb = F ) ags a3 Jocs ;09 cewlis ANOVA > ol o
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Sles ool (6 a8 peas
R- 5l gslate polie LI, ANOVA Ll Jsao Design-Expert s al> 0 5o

Aol Kooy G sae 4 aS Cul g Soge 50 48 B pl S e paies a3 Squared

| . 2 . .
il std. Dev. 41 R-Squared 0.9440
| |mean 78.30 Adj R-Squared 0.8881
! CV. % 525 Pred R-Squared 0.7891
|

PRESS 572.20 Adeq Precision 16.294
I

ANOVA Jgaz aalol

25 ol b (0 solaiwl Bookmark ;i L) oS o8 > ol o 0 ciolon g b

sl 00 S Cond il 50 Sob 2 gl (wSlee 106k 0ku0 Joe wul s (g9,

| Coefficient Standard 95% Cl1 95% CI

__|Factor Estimate df Error Low High VIF

__|Intercept 81.60 1 169 T 85.43

| Day 1 -1.92 1

_ |Day2 192

] A-Time 1.03 1 1.1 -1.49 3.54 1.00

] B-Temperature 404 1 1.1 1.53 6.55 1.00

__|c-Catalyst 6.20 1 1.11 3.69 872 1.00

__|~B 213 1 1.45 -1.16 5.41 1.00

. 11.38 1 1.45 8.09 14.66 1.00

__|Bc -3.87 1 1.45 -7.16 -0.59 1.00

_|A® -1.90 1 1.08 -4.34 0.55 1.02

| B2 2.88 1 1.08 0.43 5.33 1.02
c2 -5.28 1 1.08 -7.70 -2.81 1.02

50 45 Je il

Sobe Sl Jde a5 st e 1S S > gaw iou 4 (clalew lg T eslaul b ojbgo
el 0o ools lis o JUST jo 28l (gla,giS1 ply o cahaS sles le Dyge a5 o0
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1. I
Final Equation in Terms of Coded Factors:
Final Equation in Terms of Actual Factors:
Conversion =
Conversion =
+81.60
—— +1026.77403
+1.03 *A
— -11.56883 * Time
+404 *B
— -18.70551 * Temperature
+8.20 *C +44 50242 * Catalyst
_— 213 "ATB +0.085000 * Time * Temperature
1138 “ATC +4.55000 *Time * Catalyst
-3.87 *B~C -1.55000 * Temperature * Catalyst
-1.90 * A2 -0.075839 *Time?
+2.88 *B2 +0.11508 * Temperature?
-5.25 *C? -21.01880 * Catalyst®
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Pyt g0 4 g odaliv i ol oo |, OlS ;> DIAGNOSEICS auss & b
D9 se oy a5 <ol NOrmal probability plot of residuals cJi> ;o

¥ nana |55§uanm.‘ﬁm [ ‘g P [ Dwa..ﬁi

Design-Expert® Software

Conversion Normal Plot of Residuals
Color points by value of /
Conversion: rd
97.0 w0 S
51.0 ﬁ_ﬁ ] / =
% — I:L///
30 = A~
&
0 pD’

Normal % Probability
L

Internally Studentized Residuals

(Normal probability plot of residuals) easleadl Jloy Jloi>! jloges

SOl (U5 S —oew) e oSl all e Ly e wb onds (5)91 o> slaosls
ol 5o ges a1y o] ol e transformation L a5 aab o bas 045 Jlo
D sad 0y JISI 51 gl ailis aosls

S o sanline axio 55, |, Diagnostics Tool gl axio

15



S ygmais] é e anil sas obsl studentized residuals as S osS asgs danl e
DS e B |y b calie bl e LeVerage wdts| Studentized residuals
Wyl eage a Jas Gl 0 1) (S 59 =S e bla Jlw sl —

Sl jglids amio (54, 4l o il o lid 045 5l oS LEverage ;o oplpl
SleloS o T i

9, Influence a5 65, Yo ams o oylis 1) JSol 092 p (se (5l lacsl §

a5 cib walys 1) slacsl 3 L Lol o .aas S Diagnostic |l jslus axio
e outlier t o g0 4 a5 sl Studentized residuals > ,Ls & ,50 4
Dbl sube ok 0 ppe bLE 8L (gl 0l o IS plo 9 )0gd o iy

a1y 8,00 50 bl Glasin b ass SUsReport s, Asilgs oo el sl paien

50 el 0als o0ls lis (SB1)T O a0 a4 plaS jo a5 wuled sasliv alSlas & jse

sols Liales ANOVA Jso> 0l REPOIT 138k 5 ol L3 slaaseas

(0 o0

| Diagnostics Case Statistics
| Internally  Extzrnally Influence on
standarg Actal  Predicted Studentized Studentized Fitted Value  Cook'e Run
Diagnastics Tool : order Value Value  Residual Leverage Residual  Residual  DFFITS  Distance  Order

- - 7400 778 024 076 o107 0.0 D457 0063 1
M | 2 s1.00 4582 218 0TE ugre vETr 1513 nae 1z
- 3 2800 a538 288 0716 1183 1228 1838 0310 7

- 4 70.00 5850 (KU 0.8 0472 0732 0053 5

E Ext. Student &; - H .00 77 A7 T 0076 007 011 0.001 iU
. Leverage | L] 20.00 BIT3 LTI eTie 074 X a7 oAz ]
I_:jl DEFITS | 7 8a.00 a5 -1.25 L] -0.581 -0.536 081 0.089 z
— - 8 97.00 2631 063 0716 0an 0295 D457 0021 &
[| DFBETAS | g 100 7968 132 e n.3sT 0339 0167 0o 1o
: Cook's D | 10 75.00 7968 483 0134 -1z 1322 -0.848 0.035 3
o Report - " 600 7968 1 I TN 0598 0988 048 002 6
| 12 5300 7968 EE-R Rt 0900 0389 D.437 001s 1

. 13 78.00 7843 243 eeTm -01as EL 035 0.0eT 1%

| 14 78.00 7989 -0.e8 0678 -0.382 -0.383 -0.529 0.0z 12

- 15 a5.00 5485 014 0678 0058 0055 0.080 00w =

| 18 w700 5845 EFCEET 0625 603 0ETE 007 15

Clear Points. | 17 5500 5823 223 0678 -1387 1474 3k 0.370 16

- 18 100 7909 191 0678 0320 0503 1.188 o1z 7

| 19 50.00 s352 52 0280 -0.890 EE-) 05T 0020 18
20 .00 8352 743 250 2102 2778 1604 0134 15

Diagnostic Report

o el o G Sl Slg ack (2213

16



Predicted values include BIOCK( el oo o)lal ) a4 Jgaz p; a5 gl ala>dle

Residual Glocal Jols2 an 1 5l Seby s 4555 10 a5 aas e yLid )COITECEIONS

adoles ;s ANOVA 5155 10 Sols s ayj5ko ob 4 51 .0l o diagnostics

L DIFFITS st ;) S A O Az g aimren ). Cawl ooid ool L 00l o s

..\_NJL'LTA w)‘)_; uglﬁ.uo ).:OLKLA )i:l.u (_g)Lo" dde U"‘ sl 00U 00l QLAMJ SJ) ).o).‘! o~

old 1y el Bas 5l il sas o i polie 51 e Ol gkl Ole ]

Lis ;5,0 a5 jghilen sae 9, DFFITS ais; ;o jiis Sledbl as slp ams oo

O

ales Cl ) SIS el salis oals

*-215

0.370

16

Cut

Copy

Paste

Clear

Help

Copy With Headings

% DX8 Help =lE
- & o
Show [Back  Print  Options

Diagnostics: DFFITS

This is a measure of the amount of influence the ilh observation has on the predicted
value. Lower values are better. Watch for points that exceed the calculated limits.

See Also: Case Statistics Definitions

)0 48 oS SIS DFBETAS 55 5, diagnostics isw 5l psds 5l J—3

Sl 00 o)Lw‘ L)—‘ aQ Ao SS9y A_’L?LH@ 9;

DFBETAS forC

DFBETAS for C vs. Run

Run Number

C &,ke &I, DFBETAS

17



ax ;0 Joe onl glp Ilae 51 o pe Jeli( Jow &yle 10 plas ailys oo bots 2l ol jo
) 292 (g 0)lagd 03ges SIS il (A 5l )5 :axSiCanns 18 (25l 990 p9o
S ol 9 Yo Cn ]y S e 22 b (Sole w500 Slle A5 )
e |y GBS b 4 S iolal ol A b —iulesl jo )0

5| yeS OUtlier a5 sas oo oylis Slaslel 51 (S0 sl DFBETAS G, 5 s
onl el plo 09 5leT o bgs 2STg aS sl p3Y G ygo (pl 48 5 Cwl poine a>
Db o duie Hlo ol o ploul oliiil a5 Sliaslesl opols o Lis sl diagnostics
Joro SIS 9031

el o e muslgd oo ol ol wds sod lis 845 51 o le] sl e Residuals
A oS sam 90,508 8IS oS SUUs Model Graphs auss (g . auwles sl 1,

S s et S pge 4 Sy 08 Sl e 20k Dyse 4 B gsl il

rml;nu—dlﬂ s [&. e lﬁmm

oy Conversion
@ Design Points e ==
7 = -

Is1

X1= A Time

X2 = B: Temperature
Actual Factor

C: Catalyst =250

B: Temperature

A Time

ol el 958 3L

o 58 s e lis |y b slad g0 Bly alais a Design-EXpert a5 oS ax g
oaline |) SnblS Lawgio (e b Lo 9 oy S 51 Jolo o o o SIS Lol 350

18



sl 00 00l i 5 BLE 55 10 40 alail L 4 o (655 s ala 6 Loiy] sl oo
s saalt il e 350 55 ¥l ee o Lo o350 Ll S5

Sl 058 e 00l Lialed (5,3 s GBS ol jen 4y 5l &0 4 FACTOrS TOOI axin
509, SIS o (VL S5, (2l sy w4l o0 (s @ y5lid amio (ul ols oS >
$9) 22,556 az a5 0S oo S5 Il s (nl s LS 2wl e aS (e @
el JUb (B g 4 jglid 5l (YL S0 GAUGES an S aigdh mew i SIS
12,8 50,558 g0 plaS a5 ol cpl Kily conl jemme laie glils a5 e eSSl slaS” jo
695 03— e 5 )5S LE B sylad oo SaS Lol 4 Syxie ) )8 las g dilad o 3
PR Doye & S ey bk plad aues sosi ) o polie g edged JpuSTl SIS
O3 S > Ll 518 e ol alys oo Ll 10315 o )13 5956y Sloo alas (o
(9 JLd |y ol g 00gai sl ) ST 5356 6L (55, L oS Jlad S 508 b
o Lol Sop gove it yo 1) 5 8 9 jlade (e 9 )odd K0y 5 oS S
saaline |y )1 Jlade b ooges s C:Catalyst 5 Jlg (55, -awmled 8,13 Factors Tool
i 1, 5T o, Ligs algiose i) 5y 3 eaetli oS5, a3 L (bl 155 gl
S les

Factors Tool E

Iﬁma Sheet I:] I

|x1| A:Time

l x% B:Temperature

- C:Calalyst +

[a]
(5]
—

AB -

)
3

) Ky 50,8 las oge cor SIS L el 00y 5 € amo oo s a5 Factors Tool axew

Ak S o Sy Cos )

19



Design-Expert® Software
Comersion
» Design Paints

97

51

X1 =A Time
X2 =B Temperature

Actual Factor
C Catalyst = 3.00

B: Temperature

Conversion

A: Time

polie a1 0 aS Gy oo 4ho e Caaw o odl ol (lid (K Al 4 4>l b

80 oxgums 5 st w2 Olie 05800 S gl misdisr S35 Gl St

Ol gile Jled gl ol oo sols lis K5 50,8 oo y0 90 51 YL 5 ) 0,5 oy

Show Crosshairs a5 VIEW caud 5l ks 5,50 slo S <l 8 (gl (sws &g

Display Options Design Tools  H

‘_

Model
Standard Error
Propagetion of Eror

Perturbation

One Factor
Interaction
Contour

Predicted vs, Actual
30 Surface

Cube

Show Perturbetion Choices
‘Show Factors Toel

Show Graghs Tool

Show Crasshairs Window
Show Rotation

‘Show Legend

Pop-0ut View

¥ | Toolbar
' Status Bar

Crosshairs o> jioles

20

S s |, Window



Gl DesigN-EXpert as o s axg g oolo &8 > oS GI,5 (59, 1, 993 wge Y
A_IQ.Q.» S99y La_w)j‘ \.\_’{LQJ‘SA olJu‘ ‘)).E.i Q)}A d.‘a.‘b)o o)_\a )9513 ).lJLM 00 L‘;"’"Q’“‘"’

Ailgi oo p2 5L il doras (g9, SIS o o algT o glalai Lo (gl 23l

(66 Jladie 5,50 oyl 40) i |y samlice polie

90.00

Crosshairs Window

[smai= Fun 3|
Prediction 69.1696
Observed 66.000
X1 40.00
X2 90.00

88.00

4 C 56 ails 5 sl Factors Tool jgles 15l s g9, Default auss g9, Y

A odalive cg 0l s gl (e 0S SIS Lawg dlais J 09 (LS e
S SIS Sheet aas's g4, slaxio & )90

Factors Tool B

Axi:|Axi:sl

Factor | Axis 1 Value | Low High

A [Time x1 X1 40 50
B |Temperature x2 X2 80 20
C |catalyst 25 2 3

Sheet view |, Factors Tool 5l s

D2 5o ) 1 )eiSE 05g polie b o gome mudiid ailed oo Lol yyolas g loygoe (ygiw o

30,5 32 (P AR b 4y 0)bgs GAUGES 45 (55, (0,5 SSL,
Lo, T L ol e a5 5,10 849 00y, b ced SO Factor Tool ol o
Cmd =) 0 040 0925 Jaw o a5 Hladsle Lad aaS QL) po i (sl S5 0590
0,558 Sy & ygo s BT 0SSl ) (A L) 951 S L Lad 51 595 oo o0gd
GBI, 5 s bl | (AC o) Blie 31 @l le Lods 1 0k alads cnl 51098 o o,

21



VIBW (g5i0 5l 58 GBI S > 4 ctiS5h gl oS oo sy |y (2l g0 blie I Jol>

Sds Contour g4, Graph Tool jsbs )15l g o b g oS ol |, g a3
Perturbation Plot

Perturbation plot L s Secus 55l gl 81,5 G (g9, ba,9:51 plos oo 5
s Lalze oo Sy Grasly grlas T por i (s gm0 ol | 5 ol il e
iloe rgele (an A e 3 g 55T 50 Ll 5 e jeoe Ll ey SIS

S35 00,5 S L L g sl Jls |, Perturbation au ;5 View gt b 51 awslys oo
obas Perturbation plot (xwb maw slagz b ;o .0wsles v 5 1, o1 Graph Tool
il a5 Gl b a e abats 4y S 5551 51 S je 5 b rly 43sSs a5 aes 0
S y9mo s |y adais ool DESIGN-EXPert ;5 sle 5 Vg ano iS5 oo i b ,g256 Lo
S99y -\_.SLTA ‘v»_ba.: 5(w‘ o..\.wu\s).bo dde l.: 6\5) C).]a 6La.9 Ja.ws alag; 33 uo)Su,«w

o ¢l Graph  Tool ;& Il g9, (Bt 4 oS

(%

S SIS akass (! Perturbation plot

v 0 o | 5 o | oo [
Perturbation
B
- T
g B =
] 8 1A y
| g 8
8
1 ¥
T T T T T
o o o w
Deviation from Reference Point (Coded Units)

el 00 S5y 48,5 SIS L as A 516 L Perturbation plot

A (6,500 Sy b1y LSl 8o 5 0SS amie g9, A HeiSE s i 6l

sl u.]l}) o}wsa oo ‘5"))" O ygo & ).u 6)L4.&| f“j}k’ .Moso UL.....J g_f.;)).v S0

4 silhouette

22



JICC (L RVt SURU-T S| E N N NVESUUN SUCH JOU S ERRVEC SR ISR BPIS
el amS o LS | a ye Alaii dy Comd et 5 42300 |, (SaroS Lend 51 ley( A
A WS e ey SOy 0,955 g8 sla S wule e Lo Lets a3l )
0,bg0 cualine 1 yguus &I ,F

Sl s VIEW (g5t 350 5l o)lugo o3laila C s B 58 1,5 4y ol S5 ale
29,5 0 5L 9 sladdl 5 4 Graphs Tool sl I3l s, SIS L L Contour

1||"|E||r] Display Options  Design Toels Help  Tips |

¥ | Modd Graphs Tool E
Standard Error

Petrhation
Propagation of Error po———
Perturbation Intaraction
One Factor Contour

H
Interaction Pred. = botosl
v | Contour [ A0 Surfece
. Cube

Predicted ve. Actual e ——

Pop-Cut Yiewar
30 Surface -

95 iakes s S

X1l > Sl L e ales ol s Factors Tool s Catalyste s s,

Aeles ol 1, axis

X1 = C: Catalyst
X2 = B: Temperature

FactorsTool i@

Actual Factor
A Time = 45,00 || Bausi 2ol |

Diefauk

AT +

Ia B Temperaturs.

¥1 C-Cabsbys:
X1 amis

X1 jgme Slsie 4 C g5 oo

B: Temperature

23



O olay g jo (—isbejl slales 1o conndBlS 31 Jol> o oo G5 L Yl
9 ok Ojgo a4 0Bl jaemme ST (g Cenla; () GBS w00 <ol O 50

Graph 5 08g—ad el ) ST 81,5 (65, ol 90,5 wol A i aS Sy ab

Sl bl 1, Preferences

82.00

Add flag
Add contour
Diefault View Window

a0.00

Graph Preferences...
r 250

200 220

C: Catalyst

Graph Preferences

aS SoJs Surface Graphs o, Graph Preferences coul, cos oYU SGo3
s a5 Std Error « 1, Contour graph shading .y

! Graph Preferences o —
X1 Fods | X2 ods I Contous |
Fortsand Colos |  AlGraphs |  Surface Graphs
3D and Contour Graph Options.

——

‘Contour graph shading:

Std Error -
3D y-sxis offset from base |Graduated
Show projection lines from de: Banded
Plain Background =

255 SLS ale s o danw SIS s

.%L«jodﬁmgﬁ‘)fdbbbbﬁ.fﬁuooW&.:.lSOK‘_gj)
e Ceow 43 S jo 8 e yaenS L Factors Tool joles 15l s, 1, Altime g5

A5 0uS Aoy feimed )T o Sl eSS S (g5, dgSe 4S5 alS oS ey s

24



LLi an Lo ol 5 (o 098 o0 0, 59851 Jladie (0 SV @ (i, b S15 435

oot 5 b o) 515 S S5 gt e 05 25 iy

- Conversion _
’ / f /
L 50 / / /
e ; / /
= / / f
;oo |
/ { |
) ™ / ! yon|
5 ~ / |
g — b1kl |
a 750 \
E [ K \
o | \
= | \
m B | |
2o —| ) A A
\
. AN
o . T - ®
200 I 200 260 0 100

C: Catalyst

(el 00 aass s s cmls 65, A LSl a8 Sley) o lusbial sl 4yl b eu8 IS

Al 3 1 395 (635 e abais 4y Default oo 28 L1, ) 50,3 b

g eJlie (1 atlios Dl jlens Jli8le 5 cnl S BLS a5 0l (S oo Y
Jsas crosshair ([J) a) wge 45 0sS d> g 0 &S > aalys o aS >y 4 |, 05
solls s &g 0 4 Crosshairs Window ;s X1-X2 | jo o i g o
Show a5 VIEW sgte 5l oS o5 canliws |, CrOSShairs , 31y o4&
aS Pl i o lel pin olsy s slp (oS ol |, Crosshairs Window
ales S5 FUIT aeS's (g5, ol o o (gt alold oy sl

Crosshairs Window @

7.9257

Small = [
Prediction 7
X1 2.38
X2 81.93
95% Cl Low 74.1497
952 Cl High 81.7017
95% Pl Low 67.8958
952 Pl High 87.9556
SE Mean 1.66919
SE Pred 4.43378

sl 00 wulats (5 ,lel leMbl JolS jioles (55, 45 LCrosshairs Window

25



iee GRS glyy S o S BLE (05, uge (30,5 S > b aigSa slasl 48 08 ol
A8 s Small aas's (g, ¢ 8L 50 Sledbl

2 Oh K n slp e o LS (B B jge 4 ] Gl ek 5l (slasals 3k 5
gl S Caons 1 0] G L ) )9S il o0 08 ST 0 (59 5555 bshas 5 S,
Ol 99,0 A5 1) g oz aaSs gosls I, 5 558 (g5, 1) (wgal ppd &S > o
RVUPRCA VRN S PRVPSSIN PN T SR I WUPSSICK o

FB sl S oS sbml woz 5SS (595 Cel) SGISTL wli e e
Al ol 1, Add CONLOUT g 03ges ol y SIS :0sS ylorial 5 0 oy SIS (s,
35S 99 0l LSel Lo Dy Tise 50 K0 D50 9ty Skl 4y 1) 1558 s
OLEs 325 50 48 jobailen w5l Cowsy atted (LaSG by sl 45 (535190 (sl SIS S
Sloslaiwl Loy ;o a5 wil oo Gos @S 5 (Prlaw (K8)9,8 SSlo oS (I cenl oulls ools

R

Add flag
Add cont

Default View Window

Graph Preferences...

85.0

260 2.80 3.00

R

2555 0 5y 3l 2led 05 sl s 5l 58 ok (0 )s] ey sl
dled 34l 1) 595 olgzds olie g o0ges Cwl, SIS

26



70.0 \
Contour Level w

Delete contour

82.00 — Set contour value..
Add flag

Add contour
Defautt View Windaw 69,0
Graph Preferences...

Enter new value:

§0.0n ll'

2.00 220

| ok || cancel || nep |

055 polie pelas

BlS oo et i gl b SIS o 5 Jore (5, oS (00 Seidan 35 1) (65508 b
olsl 1, CoNntours e .ol ol |, Graph Preferences g osges conl, S
Step ,o 66 soe Start iso ,o 5 009 wlswl 1, Incremental a5 Y ool
oS bl 1) (0) as sae FOrmat s js ioen 008 o)ls 8 1, Levels ¢3 suc
o IS ool beds ioled ambis 058 0ols ioled (o (y90) oS & jg0 45 00e b

Soled Gadas

i Graph Preferences g
—
[ FortsandColors | Al Graphs Surface Graphs
| X1 fods | X2 fois \ Cantours
) Auto
(@) Manual

@ Incremental

T
TIIE

Start 66
Step 3
Levels &
Min 77
Max 50
Format
General -

Incremental a5 : )y wulass oo

S SIS gy JB 558 1S (50,51 Cemas (61 OK (g,

27



Conversion

90.00

88.00 —|

84.00 —|

B: Temperature

200 2.20 240 260 2.80 3.00

C: Catalyst

L, 528 olss ial8l b g8 G5

Add flag
Add contour
— Default View Window

Graph Preferences...

o7 S o9

Sl oo jall anus w2 o (59, Yl aeo oo plis aads pl o 1) Fwly polie vy
Awles ol 1, Toggle size g ass

|

Prediction 88.5 | e
95% Cl Low 84.3 Toggle Size

95% CI High 927 EditInfo...

95% Pl Low 78.3 ~ DeleteFiag

95% P High 987

SE Mean 1.84984

SE Pred 45049

X1 266

X2 89.87 - .

Toggle size &,k ;| v o5l Liolsl

28



Ao o Gioles | it Sk 5 C( g0 ,8 95 liabol alols ool 55 o 2
aS col ol Sl Pl iog i co solitul Ja5 0550 alas o035 wliolesl 51 G, ol
cel (SE mean) (. Slee bz ogdlas (iulej] 5 aiges caisld 10 s puiiie 4395
) bt LS 5| (stad 5555 0 39800 00 (i i 9 (5#8ly polie (le VS
92— Sy Sl ety b Sl sads JSie 10 a5l i SledLI( TMIL Les LT

A aalgs ools Hlad iales sl (6,568 3,50 Edit INfO Ll

PI'LOW 78.4

Toggle Size L'

Il Edit Info... 4
P Delete Flag b(
2 RFf

Edit Flags )

Highlight the lines you want to appear in the
large flag. Click on the item to toggle the
highlight on/off.

Sl 00l o0l ul“” 2 S9) «s Edit Info

i SS9 | ez Sl g 03ges ST Cancel g, Y
S |y HemiS GBIT g 0nged Sl | print a3 file g4 ) JP-E2 JURVE] N U PR TR K
Awles ol 1, Delete Flag g soges IS cly 02 5 59, Yl 0sS

ol b g esges (ob o5 |, CrOSSNaIrs «pes ;L abaii 1o fwls xhaw 0,5 55,5 sl
DSy 095,305 dblaie (59 (uge G Cuow 4SS AN 45

29



T

T
adlais Olbl las S oS Ll o g0 adhaie o oled S5

aS ol ¥ oVl cewl msly i les oo lay s GBS Caols A58 a5 WS a> g8
Default View 1,5 g, SCdS coly L g 0usiS oo B po oo (0l 10 (6 5o

oS oo ozl 1, Window

Add flag

Add contour
Default View Window
Graph Preferences...

CCD b o Jy Sl asels) (2 8ty aihate & (il

(9 4w el foans 5
0t SLEsl eS8 g0 o, Sles (lyie & Gl gSa 45 WS e Al o0 LB Yl
oLl 1, 3D Surface i Graphs Tool jsbis 5l 5l oles sy g 0iS so puis
My bl Slaise 7,k ST .aules caslive (gom aw 1) Fuly zmhaw 3lg oo o 0S5

Al dalg ooly ylid BIT 50, S o,

30



Design-Expert® Software
Conversion

© Design pomts above predicted value
°

o7
51
X1=C: Catal

X2 = B Temperature

Actual Factor
A Time =45 [ Graphs Tool [

Pop-O8 Vibw )]
90.00 3.00
00—~

8.
86.00 "~

84.00 240
B: Temperature 8200 220 C: Catalyst

o
80,00 2.00

2
Conversion

&l gl o aw GBS

il e (635 e abaii g0 3l i lylo b Lol i mlaw oYL alads g ailgs o Lo
L oslad 3 )13 mhaw 105 g 0 s lo @ e & jg0 4 e st (sl oblis oyl
S e 00 S8y g Ll (nals 4SS sk 5 SIS il sz b e g il
G a5 5 03,5 SIS sy g0 50 Canss IS 4 IS (g9, (28,5 )3 L uge
5 VIEBW (550 LSl plosil sl ;3500 ol 1oaS (yloxiel oSG g ails 455 1) wge

Aok o abgs pe I3l ol el g1, Show Rotation as ;5 bl

File Edit [View| Display Options DesignTools Help Tips
DS g ¥ Madel

2 Notes fo Standard Error
| Propagation of Error Summary | f(x)  hod
Perurbation
One Factor s0fware
st above predicted vg
Contour

Predicted vs. Actual

30 5urface

Cube Rotation

Show Factors Tool u

Show Graphs Tool

Show Crosshairs Window
v Show Rotation

v Show Legend b 45w 70

Pop-Out View

(=

Szl

31



OISz Gl s IVl g 50 s JSS 4y uge pes 0 18 Il 59y 1) oge
S osliiul (G350 g (Bl O j90 4 &2

B3 (Gam dw gl Ol i 4y wge b 1S 28,5 L ROtation 15l 5l eolaiul le;

72545 5y Oledy BB alyi o e 5o SBlad 50 4y SIS (28 ol Ll oS

sols (i ;585 o5 mhaw o bl jeh> a5 0uS a5 g awnled sanlive cunl zlan
gy oo

B
D
"
o
o
)

85 s O 0le e
s e
o D e oot e
AT oy
z e e
AR 75275075
S0 gt Ly gt e
65 S o e L
AL A Tt
oottt o
R
25078
Roostecs ol
90.00 ~ ,"I 3.00
88.00 T 280
86.00 /’ﬁ
84 nn\ 240
B: Temperature 8200 T 220 C: Catalyst
8000 200

bl ol o0us jig 5 00 > mhaw lad gl

Dl S oy s adl an Default asss L1y o1 alls oo loged ails > 5l o
12970 Al oo ASULS 4295 ((izmen 03,5 (oo p 395 adgl Sl 4 SIS Lo 5
9 a5 1 sl 1y (V) s3me 5 (D7) sl
graph s,k 5l am 4w S5 Gl 1) ()b sloan 5158l 5 45wl Cens
Cowds S5 69, SIS ol b olg o 1) 43S opl s o 13 Lz o preferences
Surface Graphs co . s,k 5l s coi |y S,y e Lad 51 ¢ Jlie (glp 20 4]
Conds Sl el i 5 cp s s the wire frame VIew o 1) gow 4w 315
Al s ddng ol O jg0 4 BT Cy (6l Wl o0 &S W e
WS > ogaty mhw an ) ax gl ales e g ses ol |) S wly e ST
Gk 3l 9l oo 1) )1 cnl o 250 e )3 1) (S5 et S

gradient g, coul, SIS
oo ool Edit Legend sl YU 4

32



97 -
Ediit Legend =5

51
K1=0C
X2 =B High &7
Actual Low 51
A Tim

(5] (o] (e ]

b

Sy e i sl Legend dialog box il g

L Lo )siSl 5l (g 72 Glhm 0ad (S Gl Slagwly &5 o0 ojlal Lol & (e ()
Optimization acgexs ;5 ,o POINt Prediction asLls g, )5 cl sly 00 Conss

File Edit View Display Options DesignTools Help Iips
DEH & ? %

23 Notes for RSN.dxp [

1 Ei] Design (Actual) | |Factor Name Level LowLevel Highlevel  Std.Dev. Coding
L Srrey A Time 4500 40.00 50.00 0.000 Actual
| L1 Graph Coums 8 Temperature 85.00 80.00 90.00 0.000 Actual
i 9 Evaluation —
i c Catalyst 250 200 300 0.000 Actual
] Analysis —
90% of Population

R1:Conversion (Anz [—|
|__|Response  Prediction  SEMean 95% Cllow 95% Clhigh SEPred 95%Pllow 95%Plhigh 95% Tllow 95% Tl high

RZ:Activity

: M Optimization Conversion 816 169 T 8543 4.44 71.55 9165 67.38 95.82
L 3¥] Numerical | activiy notanalyzed notanalyzed notanalyzed notanalyzed notanalyzed notanalyzed notanalyzed
1% Graphical

Factors Tool  [iB]

Gauges® Sheet[ |
- EI:TemFalule +
- C(LEFIys( +
e

Point Prediction

S daalllae (g Lol SleMbl dia) jo |y asio 4 by o SIS B oS Gyo yloj (5,l0ka

S SAS Il 5y rbsy ¥ sl SIS 4y g s sl

33



DEW & 2R & 7 G
[ Motes for RSM.dxp (2 DX8Help

- 1] Design (Actual) L Factor e e

L. 2] Summary A Show  Back  Prnt Options
L‘I Graph Columns il B
| i — . o

Ef E;a!”m" c Point Prediction Tips

nafnsis |
L1 R1:Conversion (Anc |— If you have not used Numerica
Ir; Rz.mr N Respon the desired settings, then reac
I - i ]

- Optimization __|Converst | 9594 (I (confidence interval) -
_FI Mumerical | [Activity settings.
!: Graphical A | 95% PI (prediction interval) - 9
= o —{ Facton| settings.
[ Point Prediction | 95% Tl (tolerance interval) - 9

Point Prediction s ;s axio 4 by o IS

£9d Fwly gl oosld )JLJ

Oliebl aples 5 IUT Cudlad e pgo gl sl 1) Sledbl .l SY5b 55 al> 0
SIS g Lallas sl 00,51 camas bosls 35l slp ) bio Glalezdiz a5 0uS Jol>
Wil ee b Joe S oo Jaw i glesal) oS el 1) uly e

Joe jl38le 5 ccad 5 s s led Ol | Save auss File S 3l el ) 5l 8

olsasl 1 EXIt an 3 File sg 51 l58le 5 51 s 15 sl 0905 salys 0,053 1) Lo
EPVEIRERUIET I SVES ) JRCH JUUPS SRV PESO 1 PUR RGP 128 DN AP VI FP T PR SVE] O
gdos gyl 4l |

Glwadnte

0yud B Sy o as RSM-a.dprtg;; cov 3T oolel b5 51 o590l aslel (sl p
1, Open Design a3 . 1 (sse 5 ,55ime b 595 5l (sl S aolisial s
Ales 05U 1 oledbl o> L Open Design s5oT 51 L awles ol

File Edit View Display
DEd &=’
||:| No| Open Design P

Open Design ;5,5 ;b

34



Sged duplym odalive |y J1 8,5 3L lp by e axmio cu§ po

|| RSM.dxp 11/10/2009 7:45 PM  Design-Expert 8 D... 1
i| | RSM-a.dxp 11/12/2009 10:34 ...  Design-Expert 8 D.., 1

|| Taguchi-L16.dxp 10/23/2009 7:23 AM  Design-Expert 8 D... 15
4 ] | 3
File name: RSM-a.dxp - ‘ Open I
Flesoftype:  [Al design files (b, “dez, “ml, *dx7,*de7, ~| [ Cancel |

A oy9e J o5 5k

4l amio co Coow 5o b Slasin Has ¢l RSM-a.0Xp L6 8,8 5L 5l an
Do o0 033 00 LT b Olasin culy oo jo 08 Ol | Summary

Sl b Jao b codld (lie 5 pgo a2 )0 Joo b ol o p0 a5 st Wlyi o0

Sl
File Edit View Display Options DesignTools Help Tips
Dol 'R &7
[0 Notes for RSh-a.dxp | |
£ Design (Actual) Design Summary
LB summary
L] Graph Colamns Study Type Response Surface Runs 20
i.. 2] Evaluation —
Design Type Central Composie Blocks 2
) Analysis —
5 Design Mode Quadrati
i 1] R1:Conversion (Analyzed) [— °>O" uadrete
i Re:Activity (Analyzed) |
43 optimization | |Factor Name Units Type Subtype  Minimum  Maximum -1 Actual  +1Actual  Mean Std. Dev.
1.1#] Numerical A time min. Numeric Continuous 36,59 5341 40.00 5000 45.00 413
118 Graphical s temperature  deg C Numeric Continuous ~ 76.59 93.41 30.00 20.00 85.00 413
i %] Point Prediction _lc catalyst % Numeric Continuous ~ 1.66 334 200 3.00 250 041
|__|Response  Hame Units Obs Analysis  Minimum  Maximum  Mean std.Dev.  Ratio Trans Model
v Conversion % 20 Polynomial  51.0 970 783 120822 190196 None Quadratic
2 Activty 20 Folynomal 532 67.9 60.235 49777 127632 None Linear

Tk ad>

ol s s Coefficients Table auss g5, Summary Tool |5 axio g,
sLa,e5b (5, )L (nl S (oo sl lagaly pled (sln 1) ol pd 5l (oo anylie Jgu
Sl dled (6 S At oo Sl 0550 50 dulgi oo Lo oplpl 0 1 o plsil sas oS
et ) pimion s o s ,s dslee ;o (11/375) AC o o a5 oS an g o Jlie
AC liis 5 asdllas 390 aibate 18 am oo Lis ol ol ol o (4104057) B 951

35



L LS, loslanl b Jgao jo ol o 0 88 o 51 s oo o 63)8)935&)")-'&-:4
I SS e gyl e e (=l le@#&)ojxumgp-value QG axg
= eopl plo ol oas ool JalS pg0 az 1o o 3l dbe Jlie 10 0505 s | &l L

a5 4z ST iile o Bl )al ond ools (Lt e 5, b aS( yicaan! o5 Ol le

KU R N PO 1} |

Tem "
P muxntl Black 1 | Block 2 | s | B | c | 4B | AC | BC | M2 | 2 | w2
LCOmMERRL(F1 6022 191BTS 1BIITS  102ME AMHOST 62036 2125 11375 2375 139507 287 525472
[Summary Tool BRI - 03750 0005+ 00003 L1774 < 00001 nozst ni3e 00261 20003
22287

Activiy B02083 014375 -D143TS 426058

De=mgn Summary
/_'_ — P < 00007 < 00001

L Pog-Cut ﬁw
— Lepand

pai Ofsmp 05 (Sewpedd pr=il

wolpo Jgi

T S (g (59 OIS 50 edliiul g Jgoz ) 005 (=S
5 0393 ol SEAS s 0398 S5, 0 Jguo b oS o SIS (Term/Response)
Jmme jo 1y Jgaz ailys oo Led V> asles ol 1, Copy With Headings o Le

el 03 58 aio b 5l ojly yl38la 5 50 Hai 3550

File Edit View Display Options DesignTools Help Tips
Do e &7
2 Notes for RSM-a.dxp E—

Inter: | Block 1 | Block 2 A
'_"| Design (Actual) cert -LL
t 1.02845 4

Cu

|:] Graph Columns Copy 0.3790 0
Lo i I i
2] Evaluation Copylgrth Headings 496058
Analysis
B Analy = < 0.0001
R1:Conversion (Anz Clear
Help 05 05<=p=<10 p

.4 Optimization

wolpo Jooz 05 (S

Sous (5 lwadiage

Ol a0 b (9903 s coea ;SLe slily jo 1) (o 5luagy Wilgs oo 53810 5 ise (ol 5o
05 gl el i b 50 5 S5 b e & ol e b, s

36



3 Silwtingy 3L 50 39 o0 pll plejen O )90 4 Fuly Wiz (55 Sl el 5o
QS S 4,5 sl NUmerical asls 5 g, amio co iso

[C3 Notes for RSM-a.dxp =

q _M Criteria Solutions | Graphs

i~ 2] Design (Actual) - i

P B S o

| o] summery A:time

.| Graph Columns B:temperature

i . %] Evaluation C:catalyst

| et

H] Analysis Activity Goal |inrange -

_u R1:Conversion (Analyzed) Lower Upper

i ] R2:Activity (Analyzed)

h tty (Analyzed) . o

ﬂ Optimization
ﬁb Graphical importance: |7” v|
- 2] Point Prediction Options. -

40.00 50.00
Atime

soue Gilwaige bl b ulas

6 3loinge bl i

propagation of error o Le et Lels Lal s a5 sas oo | ojll nl Lads 4 158l 5
3 (esls p auply s POE adllas 40 jgl>) sles st b s ples sl 1, (POE)
Iy Lo ,euST8 aials aeliyy cdiS g0 ol 1) (830l (posd g:;.ll.oﬂ b ol &S Sladlais
O yg—o 4 C_wl) A_.:Lo.:‘s_n w.‘_.‘a..u (00l J_S))ol_sm B il U‘J“‘A d.;) JJ)j.\SLS C5.|a..u L:
Iy Slondas ol bl «dlo () 50 050 o0 Sgame coddlive o ST jiolae 4 58 i
aS coils anlgs o3 Lal s pladil olais s cenlUlS 5 Los ylo sl 52518 (5,
Sled bl el bl yi oy glyess

Aol 3 ooy o0 €S 3lwdinge S el )by podais (o0 (o ilwaigy Coond (S 4 V>
(305 w5 e & gm0 an (AI) olgsds congllas slul (gl Baa lgie 4 Jlais! b )
Aled oo oolaiwl (Lo, g5 4y by o Lad) b ol g asels jo ¢ jadeio 338 ¢)3 )5 oo

) Lacemgllae 51 SG 50 aalip S (o0 il S5 o (m Sogllae (e il 52 610
Szl 33 0325 55 JLd 4y s 9 00903 oS3 o0 L |y Ll covgad o sae Sy 4y

37



PEee § 1 Shys Gl s, 5l 58l ablie Cansllae (i 5l 25 sl S

Fasles oo ool
e Gl 8l 1) Ba o anlys oo Lo 4 S o0 (28 (D90 lelllan 3550 5
a5 jghilen aules eudas Maximize ., 1, Goal 4 aus s Conversion (s,
[, Upper Limit 5) Js—3 LB laie o ,2eS( 80 4, |, LOWeEr Limit wols oyl 55

ales elais )5 5555 a5l liee o i 100 (5,

Actime Conversion
B:temperature
C:catahyst
Activity Goal
Lower Upper
Limits: 80 100
I rt: : [#44
100.0
80.0
|
|
51.0 97.0
Conversion

ko s Gl Ll ph polas

O y90 4 DS LS cewlin Oy 4 Cangllas dolas b oS ca a5 |y ailiwl g0, b
97 L 51 el ool 10 i oo medass oo samlie grwly aels jo ailin] (5,8 i
O39S S le sl 053 Boa b J00 b cosslhae olie o 5V 04580 b .ol o

oS 105 1) 095 (gilwaigy SUlsi oo Il (D ygai] il 0 40,5 00 ,iuS ) Al
sae goals 3 target o, 1, Goal .ous SIS cousl ACLIVILY 45 pgs b (9, Y
ol S 01366 560 s 5 4 1, Upper Limits s Lower Limits .oss wlas 63

5 Derringer and Suich
6 Described by Myers, Montgomery and Anderson-Cook in Response Surface
Methodology, 3rd edition, John Wiley and Sons, New York, 2009

38



50 poliie Lol aiS o (uali 1, 63 s Buad 4 sy (6l aials oy Ssllas Loy s game

il s Jsed BB b anals ol 5l ol ol sl e Jsed LB Lo g1, 66 5 60 asels

A Criteria /7 Solutions Graphs
Actime AC‘tIVIty
B:temperature
C:catalyst
Conversion
] N
Lower Upper
Limte: 60 |68
Weights: 1 1
Importance: [+#+
o (2
63.0
60.0 /c/ |\:\55.0
53.2 67.9
Activity

1o oy -1
el Yoo (olus Congllas il dwo o 80 51 S ST .
QS o o el G o 4y Cangllae il 0o ,0 100 180 (0

o yio ly Comgllan 3l 60 5 eSS @
Sy oo S A yao 5l Cogllas il 63 160 °
Dy o o 4SS5l Cangllas il 66 L 63 °

sl i il Cassllas il 66 51 iy S| .

& y9-0 4 DesigN-EXpert 1sls 5 51 oolitwl sl Lasal, 51 auslys co lads a5 auS axg5
Aabed oolaul (goue (gilwags OlSS Has iy W 458 0,8 b paady

39



? [&F] [0 DX8 Help |

Screen Ti 5

S - g
Show  EBack  Prnt  Options

Actime 1

B:temperature

Cicatalyst Numerical Optimization Tips

. Numenc_a\ opilmlzathn will search the dgmgn space, using the models you
created in the analysis to find factor settings that meet the goals you define.
First you must have good and useful models (garbage in equals garbage
out). Then you define the goals for each response (factors too if response
goals can be met). Finally, the software will generate a list of potential factor
settings that provide responses that meet the criteria you defined.
Start by clicking on each response and selecting a Goal for it. Set the

@ Lower and Upper Limits for each goal. Me_ software uses the defaults of the
response range as the lower and upper limits, but those may not meet your
true needs.)
For instance, if you want to maximize a response such as Yield, the Goal
would be "maximize” and the Upper Limit would be 100%. The lower limit
would be the minimum acceptable yield. Perhaps this is 80%. Even though
the range of you data goes lower than 80%, values lower than 80 are not
acceptable and you would not want to generate solutions in this area.

looly axan

L o (o Conad! by Cgllano (glagy 59 st
Loyjg S Lol gl o (sl WRIGNIS s cow Lol gla el )y asilys oo Lot
oS s b oS e Jlosl Gan polie b b b (YL loge 55, 1) st wST
oS L) Sl yinien Glayjy S (o0 yesd Se B yho Sl b Jae b cungllae (e
Bad 59y 5 ke aSL (O] ()39 posine) o 51 a8 slagyg 9 i auST (10 59
8y eZegllae a3 (69 ape S 5 (59,5 SES Ll e Lot oS oo Jlos!
Ol 5 50 8 Vb sl G g ol G o @50 0SS rw w0 s ) Loy

Ak S > ol 0al oslo

63.0
60.0 ﬂwss.n
|
[
53.2 67.9
Activity

g bawgi gy (18,5 L a5y ks

Ol as ;8T Ll o 3 63 o s walgs o Leds (5 ymie a5 Sl yal ol [0l Loyl oy

S Lallas 59, LSl o U sl s 5 0090 (5 b0 (sl Cungass Jo¥ay dy o d0e

40



o )agd o aalol LT any oSl 51 L8 s ()] & (5o Sl 00 5 SG035 4 g 005
O b el pol onl 0niS 0elis S ooy 1 Wl 03 5 09599 315 T omaly 5 YL zsha
Sy on Camgllas IS5 (1)

S b b iie plad sl Bus 4y o) (oo Saglyl et sl )15 IMpoOTItance
IMPOTtaNCe s’ oS acky 51yt 1o, 51 Sy (59, Splys o0 ST -ablso bS]
55 (F) oo S0 i Senl gl 5158l 5 50 08 oilats 5L ol 55, 1, 0]
cHHE G, |, IMPOrtance isw ( wyp opl 6l ol oo ciy i (HHH+HH) cuie
ded 0,8 ke Ol g, b IMportance plas cols 1,8 b oS plass bwgie oo
Dy dlet Sl Coenl a0 5l

ol 5o 51 IMPOMTANCE 5 oy Joo B cumgllae S¥olaa (glal Sz ays ol
asls o .0 SIS Contents gy, e anles sl |, Topic Help 455 Help
v S les oLzl |, Statistical Details gou—e sjlwaig, Optimization
4 algl e LiBu ol 5l eolatul b owis acgaze ;50 |, IMpoOrtance oy
S oy (g (6 iy LS

[T o5 rieip ==l i
& i

Hide Back Pint Opfons

Contents | Index | Search
Welcome to Design Expert v.7 - Importance
Program Hints and FAQ's In the desirability objective function D(X), each response can
@ Experimentation - Getting Started be assigned an importance relative to the other responses.
@ Web-based Tutorials Importance (r) varies from the least important ( + ) a value of 1,
@ Factorial Designs to the most important ( +++++ ) avalue of 5. If varying degrees
@ Response Surface Designs of importance are assigned to the different responses, the
@ Mixture Designs objective function is:
@ Combined (Mix-Mix or Mixture-Process) Design . 1
@ Using the Design Layout Screen — L \Zr;
@ Quick Analysis - Getting Started 0= (5‘1(‘ RAPE R R AP )E” = [H of ]
@ Factorial Model Selection Details =
@ RSM/MIX Model Selection Details where n is the number of responses in the measure. If all the
@ Analysis of Variance Details importance values are the same, the simultaneous objective
@ Diagnostics Details function reduces to the normal form for desirability.
@ Model Graph Details
() Optimization L See Also:
[2] Optimization Ovenview 1 Weight
(11 Numerical Optimization "How to™
- [3] Numerical optimization Desirabilty Detalls
[2) Mumerical Optimization Criteria Copyright 22009 Stat-Ease, Inc. All rights reserved. v8.0 CD-
[7) Desirability Function 03102008
. [7] Report
[ Histograms
[ Ramps
@ Graphs Button
- [2] Set Up Plot Axes
() Numerical Optimization "Statistical Details”
A Desirability Details
. [7] Weight
@
[2] Numerical Optimization Algorithm

Help _ise ,o IMportance ace; ,o sjloansg bl s olsi>

41



TS Coond ool 5l amio YL ol oo aigS 10 X 0,28 L HeEIP jauo 5l o
L Jlo sy 0usS SIS so0e (g5lwainge J S sl OPLIONS acS's (o9, Y .00
S oS 5 et ST ams s ) (ledins 2 )0 )ertea (Dlads sl a5l o
J= o, Laes o o )d Lol 4y a5 Slads olaws bl ails Zuly zobaw 3l sloazes
39 e el Solution Filter oo, 1y g8 a0l o Giali3l oS o 1) conlio
Simplex Fraction .oy J > U550 LuSs sla > of ) dporine Dzl €PSilon

Lol oo oY (glucin clite ;9358 g0 (1 Slmplex B (SKy g owdid
Sl Hws Gy wiS oo b 1y colBl land s Jl58le 5 algS a5l 0,5 e8>

Swles 9w |, NUMerical search algorithm o Le Help s o

JSCs 4 SImplex coul 55 55 aals 4 s Jgl alo po jaii 45 038 0 o)l

G yl38le i Olendass 5l ool wl o Boliay bl 5l £4,0 1 ogdle ((giluaiys Ko 43S
lacie oyl Lt a Sl Ko aiilaads dg0 e L5 50 & laz ybo 4361 blas sl .ol oo
P St Cygo oab odlo lis ny 0 aS ) olean S pled om0 8 s
&l as o lei o oamlin Iy ololas 55 Bgyo aman () 10 0uS azgi( WsS el
loasy S (ot i sl Dales ool Alt asss 51 aslss so a5 cnl 59, G
255 ST OK (55, (s5loanse

Optimization Optians &J

Random Starting Points: 30
Useupto SO design points
Duplicate Solution Fiter: mﬁ
Simplex Fraction (0.0 to 0.2); 0.1

Maximum Number of Solutions: 100

D Include Standard Error Models

Defaults

[ oK H Cancel H Help ‘

Silwdingy Slowday axbn

42



Silwaiag 152!
S S SOIULIONS aeS's (55, (s 3lwainge £9,55 sl

M B ormane | Solutions Taol
sowtons[T1 2 | 3| 4|5 |6 |
I I | | B
Constraints e Pop Out isw B
- Lower Upper
- Name Goal Limit Limit Weight Weight Importance
- Actime is in range 40 50 1 1 3
- B:temperature is in range 80 90 1 1 3
- C:catalyst is in range 2 3 1 1 3
__|Conversion maximize 80 100 1 1 3
| Activity is target = 63.0 B0 66 1 1 3
__|Solutions
| Number time temperature catalyst Conversion Activity Desirability
_ 1 47.02 90.00 268 91.3 63.0 0752 Selected
- 2 46.98 50.00 269 91.3 63.0 0.752
- 3 4711 50.00 267 91.3 63.0 0.752
- 4 4678 50.00 273 912 63.0 0749

(2l Oglite 3ls Sl Lo zulis) SOIULIONS sy jo (s 5lwaige (o))

Slalols s a4 mlis o £9,0 ln Ty Ll (m So (Bolad & 90 4 adli
olite ol lads olacss o ply aiz (Al Sglite ol el Lok gl ) a5 e
Ol do Cod 65V Cangllas Gl ghilo g ool v 1) Slaiz e (g5luaige
P b a9 odla ( dolal & jso 49,50 30) (5luaig 4285 39 5l an oy walys
s b S o0 e ez Sppe ) @l l8le 5 (655 e oS e ik S adlase
Sglate ol YU jo oot 3135 2ol b Yl | Loty gl o Bolas Loyl 5l oolisusl

il
e 1) i welss go ST 08 oo jeee (k8 5l Ll ol Cuso gl a5 jshailes
S, 51 awes 5 1, Duplicate Solutions Filter ;.. Options a5 s wwles
39 08 e oy LS saalie 0Bzl slawy S CS o cenly Ceows 4y 1S g

S w53l oamline LB gl sl oo Cenms a1 g ols &8 > by o s

43



dee a1y JIplCams o )18 LS jo (glwaigs @ sl cdnlin auw Solutions Tool

Ramps 455 5 00905 s Solutions Tool (s, Jowles Jite axio g5, cmlio

40.00 50.00 80.00 90.00
Atime = 47.02 B:temperature = 80.00
- 100.0
800 & [
I
2.00 3.00 51.0 a7.0
Ccatalyst = 2.68 Conversion = 91.3
630 Desirability = 0.752
.
600 7 T 860
—’—l —_—
53.2 679
Activity = 63.0

go9e (siludige o RAMPS )18

Ramp ,» g5, 5, blis 0o oo ioles pools 7,8 sl p 1) sl 5 51 o5 5 Ramp
LS Coppe oo i |, o o, 4 45 Lo i e Gl b 555 ol
(93 2 d) oglise sl ol 4sSs (59, abloe ;551 o] Congllan lhe Silo
sonlive Lo > o, oo 3o cadDs] ol olSel apled oanline |, bl b 0 SIS
iome dnge adas 90 Lo s 138 (o) 2 990 |5 Lod o035 51 STl 5o 4 oales
0390 3a 43 45 (gaw g Cewl ol Kl 4,0 90 oo a5 (gl abati wges duplys sanlise
aiils bl ;o o5 IS oyl Il L) el o Kl 4,0 80 o3 Ccd by
oy eJle sl (il oo 5T 50 Dgline _bolas Ll 4y o yiass o 55 oy 45 il

Fall oo S oo 2 50 4zl Al LT oS SIS ambn g9, J> ol o 5]

44



soneman] 1 |2 |3 | 0 ] s JE)

L

40.00 90.00
Actime: = 46.32 Brtemperature = 80.00
° 100.0
80.0 _..’""I
L
T
2.00 300 51.0 970
Cicatalyst = 2.93 Conversion = B7 4
630 Desirability = 0.608
.
eoo‘ . . Iee ]
T T
532 .78
Activity = 63.0

ol os ogllae (plplo adl ralS oo cupo (lie Lol il (slos )0 ool a3 )90 (a9

‘d_atMLSJJA_..,QIHJMoy‘M\)@melw)oﬁl
3, Bar Graph led Y caisls vales ol slales 4 (6505 Cangllae ol ol

Awles ol Solutions Tool gLz sl
Desirability

Gile BT &g 4 Cangllae wilfaiz giluaigs J= o,

Slwddate SIS
AaSS (55, S SIS Cangllas oS BILE Lws slp amis YU Kooy Graphs s,
S_Js C:Catalyst 5, Factors Tool axis g4, .05 SIS 1 > of, Solutions

45



4,090 Lo jo el g5 lgie o Lod o sl X2 AXIS T, T § ssles sl

i smlys ol Sl

o | sovae [[F] comme

i 2 |3 | 1|2 ], | S [ ]

Design-Expert® Software
Desirability
» Design Points
1
Io
X1 = A: time
X2 = C: catalyst

Actual Factor
B: temperature = 90.00

C: catalyst

Desirability

A: time

C 556 Jiales 10 X2 j9ma ols i 5l o) Copgllae SIS

O YL cgllae Ly S5, U 05 Congllae L S5, 05 51 oS5, ) (ol YU g
b ool ) ol salys K5, o5 BT S e 1) igeel ol Jsl s 5T 00 o

Dg amly w5l Graph Preferences wlssl g G135 g, oyoges Conly SIS

Add flag
Add contour

Default View Window

Graph Preferences...

40.00 42.00

Fortsand Colors | Al Graphs

[ xenss [ Cotows |
Surface Graphs

30 and Contour Graph Options

Contour graph shading: | Graduated |

Graph resolution:

SP—

Sy s Dbl — sl SIS s90e 3,k 51 Graph Preferences sl

s, |, Contour graph shading g css—es S_Js Surface Graphs &, LS s,
Ol a2y b1y aigs alaii 13810 5 oS SIS 1, OK aeS's .ales plass Graduated

Ay5laile Conversion Gl 3 a4 alS oS Gkl oaigyomb



=

Conversion

C: catalyst

(ol ool (asioe w25 b &S dige (250 L) (Rl G po j5uS SIS

olaz w0 1S S b obew Ojge 4 Wb (£8g Ll S o Clax 1) BT S,
Graph Preferences wlscl g G1,5 g, oy SUS b )lgs oo (s 1y )5 ol 0,8
<3, 1, Contour graph shading 4 ss4 <5 S_Js Surface Graphs s, .sls plsl

Al oulas Plain Background

Graph Preferences u
X1 fuis | X2 fods | Contours |
Fortsand Colors | AlGmphs |  Surface Graphs
3D and Contour Graph Options

Sp—

Std Error -
3D y-sxis offset from base  Graduated

- o Banded
Show projection lines from de Plain Background

oole aige; s sl (sl Graph Preferences .l

3 Show contour grid lines (., « s 1,8 Surface Graphs &, )l5 s 3,

47



S

X1 Aods | X2 Fuis [ Contours |
FontsandColors | AlGmphs |  Surface Graphs

Graph Preferences

30 and Contour Graph Options

3D graph shading: | Graduated -
Contour graph shading: | Plain Background - |

3D y-sxis offset from base 25 0 to 50%

Show projection lines from design points on 30 graph
Show contour grid lines Show 3D graph grid lines

Show grid lines a3 ;yols ol

s SUs Edit Color g, s ol |, Contour Background o ;5 Colors

ceud e Fonts & Colors 5, LS gg, S ool SlS |, B1,5 Sl gl eploxsl

Graph 0 OK (g, Yo .05 SIS OK (g, 5 009—o5 bzl |y ape o S5,
45 s Preferences

=11 Conversion

®
= === || I % !
[— sl e / (
Basic colers: ST
ErEECEEE \
- . pn
[} - pdiction 913 628

L1 1 11 iad jm
Cuntom colrs

rrrrrrrr
rrrrrrrr

~———
I E=x

e cot o (ohanpe e Tecive af
Cobr e vorsparescy [T TR+ e _—
(7} -
- ool
o) Comm | Lom || T _EB
T “ - *
o o um o - u

A time

Sy sk b aphw g ol die) 4y 4l jois 8IS

Graph preferences slacs , LS plo g cond ool jo obxil slp ol sloan 5
SIS 6, e0d olsul &l s OK aeSs 0,28 b g aujlails 2 T a4 5,05 54
Jome 8l (sl Lol oS oo oS dige Jomo o58L @ 515 bghas anles alasdla | g8

48



)" ‘_g)L._w.g oshjﬁio)ydhﬁidbta:&o BEL) 6‘)’.5°°5"’3 w‘)u_i‘.lfp}); $9) d,.so

A ol 1 Toggle Size i oo ot Ol

-

Prediction
95% CIl Low
95% CI High
95% PI Low
95% PI High
SE Mean

| SE Pred

X1

X2

91.3
86.8
95.8
81.0
101.6
1.98487
4.56201
47.02
2.68

‘ T

Toggle Size
Edit Info...
Delete Flag

Bas oo jlwaigs a0 yii Slsi canliv sl TOggle Size o g0 4 o>

optimal o )ls cowgs ;510085 5 S>65 v 0 4 T0QQlE Size o pas L

e oo |, ACtIVItY response

9 009_.0.5 g_i_.\lf RESpOﬂSE S$9y a)L_.gso WO A 5 M_.ugl.‘a.q c.’a._.w u.x__;o 6‘1._)

3D (9, Graphs Tool jgbs |5l jls5 g9, cmmm -dmles ol |, Desirability

5 9= ol |, Show Rotation a5 VIEW (g 5l s 08 SIS Surface

oybaie az ams a8 GBS 6o, L TAD 0lS (59, aums 55170 & 1) h sl s

leles

Respsnse: [Degirability. v

Desirability

C: catalyst



Bylse 4y 35500 o] VIS YL gl 1o (Faoly ol i (Faol K Y
Sabed il o (59, 8,00 el (59, (SosS wais S C Lesl cas g o Koo
A5 9ot dks oS > BiTemperature s, 1, 55, 50,5 lss Factors Tool
ool wl b i )yt y gyl beds 51955 o )18 100 o digS> Cangllas
1S 595 b g olow O jg0 & (38,5 Sy (sl S SIS S s, File o5

S LS ol Sy 1, Graph preferences g oog o el SIS

Surface
22 sy Wi 4 INQ 435 4 o0ges ol
s 55 Wire Frame « 1, 3D graph shading as ;5 g ooges ol |, Graphs
rGrar.-h Preferences ﬂ
X1 Aods | X2 Aods I Y s |
Fonts and Colors I Al Graphs. | Surface Graphs

30 and Contour Graph Options

30 graph shading:
WWire Frame r
Contour graph shading: | Solid
Std Error
3D y-sxis offset from base ‘Graduated
Banded f

A i (S g obew (55,5 S (1) WITE frame o 1, o aw G315

L ! a3 Graph resolusion s l3sle 5 a5 oS axg5 o idu ol 5l o g, 51 LS
0B g geal S Cae s 0 ]l Gl 0uliS wlis g 0 ley (BB AT pl (g5, pulas

Syl (S ] (S5 o8

f Graph Preferences E
X1 fods | X2 Bis | Y Ads |
Fontsand Colors |  AlGmphs |  Surface Graphs

30 and Contour Graph Options

Low "
3D graph shading: Medium
Contour graph shading: l\.l'ery High .

Opd 0 dn S leie 4 YL s

50



Graph ;o (1,5 eolws Gilos sl ddd o &) 4z A 9 0SS5 1, OK
3D a5 Colors s wsgws S_JIs Fonts & Colors 5, ,Ls 4, Preferences
Siesu o aeaS Sodst Edit Color s, 5 0045 oLzl |, Contour Background
L OK YL o s5 S U5 1, OK g osg—os ozl | s S5, J(?_Ia_ﬁ

rap

S SIS 5 1, Preferences

Desirability

C: catalyst

A: time

35 bslas o500 ar an aw ST ale

Sl oS 095 adgl 5,8 yin cdl> a1 LS oles o,bgs a5 sl e o] o
A eSS (55, mmm S oLzl |, Graph Preferences g oogo cusl, SIS IS
5 Graphs sl (LaSss, i Lys) Fonts and Colors .l ol ,— Default

S S.s” Surface Graphs
S99 Laddl, 8 plas 10 457 S5, b DLl 090 40 (b (S gl (jluainge 3 S

oS oo el 00 16550 ps Wl g e (S S g0l

1
0
X1 =A:time

X2 = C: catalyst

Actual Factor
B: temperature = 90.00

51



s 45 009 L (S STy i owliie glylo SOy ST agle iy Sledsl gl
wlow 0900 oy Kos i ;3 5 Sibey (SASu )d (S S (o0 e (Sie U i
S5 90,0 bl ;o RGB Jladie o it slyls a7 Sles adats G 5l oolaznl b S5y 40

Faob b bS5, 5l JolS assls mils (gl gy ol b oS oo oboul (6 20 ol el
DS oolaiwl S o olom! () A ali a5 (635 0 abaii (gl Dglaie DlST S5 A

Fonts& 5 ,,Ls ;o Colors iz 5l ol e 1, VL § Lawgie 0pml alul oy XS,

DS Sl (0usS sualie wslyn b oS a8 > ol e ) Colors
Sryad §3lwainty
a>,090 laos jo !, pglle adlaie W oS o ooliwl goae g5lwaig 5l Ak
S_Is Graphical asLs gg, 5,5 Sllee 0t a8 slp .cdl salys of Sslo
Bl ge (g0 (Gilwai dd (55,0 Sbjld S

66 160 po cullad e °
<l 1, 80 sae Lower Limit jo (sl oo, 55 s,lg 51 o co pd bl odsl sl

Aoled 3)lg YL v aS cad p3Y (SIS isn 50,5 )5 s sl oS

23 Notes for RSM-a.dxp T
A criteria [F] craphs
- E] Design (Actual) R

Conversion
i 9 Evaluation
) Analysis
{7 Rt:Conversion (Ane
L] R2Activity (Analyze
-3 optimization
1-1¥] Numerical
Graphical
1. %1 Point Prediction

Lower Upper

Limits: | 80

51.0 97.0

Conversion

JS o po bl pl ig pgal (o lodaiae

560 sac Lower Limit &l ol 00,55 8,15 Jl> 4 b ,51 .08 SIS codlad meuls s,
S )y 1,66 sae Upper Limit

52



Activity
Lower Upper
Limits: 60 66
60.0 6.0
53.2 67.9
Activity

‘.,‘.Jl.us 6L°¢;‘i°5‘-\"—‘°

bl S a>g .aaS SCIS Laddl,S ol va (g9, sl Graphs acss s, Y
G970 gl o I .0l oo sl oas olai | Lads Hlas 5,50 sld Shg a5 gllacl
Graph  ogs cwl, SIS Gl 5 69, o (oo ol 00,5 adlsl |5 5l as |,
LU Sl codle g SUrface Graphs 5,15 4 4 e34e5 ol |, Preferences
Dy o 5l BT Kisu, eo,e B ay,lo 1, Show contour grid lines

aaly ol g aules ceul, Sds C:Catalyst 4, Factors Tool jsbi axis ;o Y-
42,390 (slos (59, <l 55 G lsie 4 5 Lod e 38 ORI X2 j950 lgie
S5 g0 S8 oSl

Overlay Plot

A time

SOMFEC PR SRPEIR Ut JE K SETOEE

53



Lyl b Glepes og 180 ool las gl Ll asls Olis ol oyl Sl B1E sles oyl
oY Jsmame b (gl Lo o ls ) LSCal il so dute [l (60 )18 byl Sl g
ol oo B, 5l eolitnl b ausS (95w (5,500 o lailiwl ;o L FDA (lg8 51 asl

led a1 aige b llyd (Sl
o piy o Ol a8z ol Gali 8l |y o oyl Olgiee LT 4T 955 o0 00 Y
355 g gl 490 5 80 arsls jo Lo oo 508 oS LS040 oo Slles
Oy ol (=l b oS SIS s i 0 bgs 10 60 505 (69, s sy SutilgS

D S5, p Oj90

Overlay Plot

Conversion: 91.3164
Activity: 62.9994
X1 47.02
X2 2.68

Actw%z 60

90 Jolam 4y hiows i pd slaSig (o0l s

Joe 595 w0 sl Bl el el s 00 e o il pB ol i b iasSS
S O)ly 1y e Gl bl il g aiS n (goas (gluage aniS @ o)lss Sl Y o2
Slr S roal siloainge 25l (8l Cews fiad 0 00,0 90 & s ey o0 Sl
Sl ilmaiinge daygiS B olass (8L Al L Lol S (oo )15 95 (L oSl 90
odliiwl b japw et 1) Joof) Sl nl po ol dalss 1o y95 5 (65068 (S50 als,
Tor> 9 S o0 (gilwatgy 4 Yl 0,5l walys Cusdy soue (giludinge Ll S

Dol muly> 11 e Bus b el

O ygmo 4 A5 UGS Az gl LS SIS (ambs o Coww) Point Prediction asLs 9,

Syl )18 ol sl (59, o8

54



File Edit View Display Options DesignTools Help Tips
DEH 4 2e &7
DND{&BFDrRSM—BdXD M 2 I 3 I 4 I 5 I & I

L. 1] Design (Actual) | i i i
2 Summary Factors Tool
1 Graph Columns Factor Name Level Lowlevel HighLevel Std.Dev.  Coding |
=] Shest
© Evaluation A time. 47.02 40.00 50,00 0.000 Actual Gaess Shet [
] Analysis B temperature 90.00 80.00 90.00 0.000 Actusl
17 Ri:Conversion (Anz [_|c catalyst 268 200 300 0.000 Actual - Afime 4

90% of Population  Brlemperature I,

i R2:Activity (Analyz¢

- Optimization Predicion  SEMean 95%Cliow 95%Clhigh  SEPred 96% Pllow 95%Plhigh 9% Tliow 6% Tihigh |l | ™ c ek
2] Numerical Conversion 913 198 86.83 95,81 456 81.00 10164 7656 106.07 :47 ) *
-1 crapnical Activity 83.0 038 6220 63.80 108 6076 65.24 80.02 85.98

Point Prediction

Jol > oy (59, 00 oudais alal o i

OleMbl 40 5 0 jud

031y 095 |15 aS Col yigs wl oogel ik pl (gilhaiis Bro ) ol by Les (Y
QS bl |, SAVE AS g esges S LB (550 (59 L duled

Edit View Display Options DesignTools H

New Design...

Open Design... Ctrl+Q
Close Design... Ctrl+W
Save Ctrl+5
Save As...

Save as bl

3 (oS o0 Slgiios |, tUE-RSM-0pL L) .OXP & jg0 a0 1y bl pb aslys oo Lot Yl
0y (Auplys o a5 (6,500 sl ,a L) Design-Expert l53ls 5 s by, o data 4oy

File name: tut-RSM-opt dep - l Save i

Save as type: [Design File (* dxp) v] [ Cancel ]

153,50 5 (3,8 05 0300

Sy S el sam (i o BB ol 4 Lo

sl sleolesiay

N éﬁ‘;rjb—‘bvusf o 1y gaied a8 oy goae Sl a5 oS 0 jeai Lo
090 Lozl 5l )l L 1) Lo,y giS 5l 65l Lol aSGiley (g00e (g5lwdings oS 0

55



e 53 LI Gl 50 JonalS b (g3l 4z STl (5900 w30 )] B (o) 2
J=B s Ll s o)ls (LSl a2 o )5 S5 e (sl 095 aalgs IS (o95u £gde

S 6rSsle slpad salss sio 5l pled )0 Cungllas (e gl wyled iy a3 1) (oalox]
3 & iy SLedlbol (50,51 ey b S ool Jsud LB 5 mang atels 51 el ol £53

3 i Sl p3Y el S iogame |y asels (nl il 1 jige sl jgiS1o ks aies
S 55 st slagly a3gamme ;3 )5S s e 3L Tp oS BB Clyx S
Alo Sy oo

Silwaies sl» Propagation of Error (POE( ;o433

ol Bl 5 ol asS v |, (Propagation of Error (POE &I 5 wslys oo Leis

Jricie (Lo poie 45 Bl (aul 5 JL3s a0 335 oo 3 Gl (55 U 435S w0 oo

20 oo s )5S 3 (gl dn St s b (5039, 0l s el rosina 1) 00
bowg bl 7, b S 5l (Propagation of Error (POE slswl ogos cond !

g g0 o0ls lis (RSM) gl o g,

1L sl Slel,8 |, tUE-RSM-0pL.AXp (loie cos L3 iou 5l ead opusd L
2 el b adds Jles b L amio cxr (15 55, DESIGN a5t g5, (0,5 SAS L
21y 5 oleMbl .awles ol |, Column Info Sheet cus VIEW oo 5l urns
5 50 a5 0/05 cedbls 5 1/0 Lo 075 ;ylej :ausS 0)ly 55 & y90 4 .Std. DeV g

sl 00 00l uLAM.’

[View] Display Options Design Tools Help Tips

Design Layout

Run Sheet Units. Tvpe I Std. Dev. | Low High I
v Column Info Sheet

min. Factor 0.5 40 50
v Show Cell Borders ldeg C Factor 1 20 a0
v | Ascending Sort Order o, Factor 2 3
v Show Design Tool =3 Response 410758 51 97
Response 0.930643 532 67.9

Display Columns 3

Pop-Out View
v Toolbar
v Status Bar

Conl 00 0 lasbiwl Gzl 443516 L as” Column Info Sheet

56



3l YHI000( oo s 50 43 |y o0 5T gsly 8, ailical Bl il ko 5 e
4SS (59, dlg o gl el eolai s 1) Sledbl 5l alaS e Loy a3l 5l asS o

&l sl ol 4 y 5I6T gl (L (slacsbail 158 Ly i 5 ay catS SCIST 5L
Cly SIS ol CONVEISION x| a5 gl pb o oo 4055 (53, « i ledlbol

WS iy yai 1) glaie o lailiwl Gl sl 45T aes o o5l Lok 4y g 03505

Conversion % Response 4107538 51 97
S Eponse 0.930643 532 67.9

v ANOVA StdDev
Enter StdDev

sy sl slice 5 bl Gl 55,5 s 5 055

g 4S8 4w 0SS Conversion asls ;5 sq, Analysis asls o
View gio 5 .oas SIS Model Graphs aess g, g 05,5 5 caie 4 56T sl
S5, oo g Jlad e DB a5 op) awles ol 1, Propagation of Error « 55
Wil 0,5 K, 4 BT aie) e ST (0 00l )l jeie 15251 o laskiwl Gyl 155 0
i g 0 b S 31,5 o Graduated cll> a4 G135 g9, (40,5 ol SIS L

&S obesl Graph Preferences s |, &l 5

POE(Conversion)

s t=250 "

2

®

4

§

@

A time
POE sl jgus &l 5

57



3D Surface s, Solw 4 b oS ol |, 3D Surface au ;5 View sges 5 V>

WSS S el Il le s,

POE(Conversion)

B: temperature

POE G135l som aw o ioles

03 s_:l_?.’l.:‘ G.»L: 4 LQ)}.SLS J)...»S 6‘;: (5)"'“5 6Ua.> ‘J.:) Cenl X POE OOy u-".’.l’
J=e ely o aolse 'y s POE WSS oo e ) Al 8 sl g 0ed co Jilin
o sl s gl alsles a5 lej 05 co 08l cans] las d aS o o,
390 ;0 1, POE 5810 5 copl ol w09 o Jiiie ailaie 10 (Solae & ygo s Uas codlad
a3 oo s Jlad et )96

[View] Display Options  Design Tooels

v Model
Standard Error

Propagation of Error

Perturbaticn
One Factor
Interaction

v Contour
Predicted vs. Actual
3D Surface

il e Jlebé codled uly ol s Joe gl a5 POE ayj8

58



Slwagy Sz blis ) ol g 030,5 cop cods iy yas POE Lo coyo o9 Yl
&l oS SIS Numerical asLs 55 g9, Optimization asls ;s .euS o 4l

94 g, LOwer Limit L minimize < 5. 4, 1, Goal s (POE (Conversion

DS il o e g ,0 a5 jehilen 5 (9, Upper Limit

Graphs

_1 Motes for tut RSM-opt.dxp

M criteria Solutions
- 221 Design (Actual) 2"

2= Actime POE(Conversion)
Q SEaticae B:temperature
- %] Evaluation C:catalyst

- E| Analysis POE(Conversion) o8
_L'| Ri:Conversion (Analyzed) | | Activity
- §1 Rz:Activity (Analyzed)
&] Optimization
EI S Weights: | 1 1

Zj Graphical mporance:
gﬂ Point Prediction .

e

4.23329 5.84441

Lower Upper

Limits: 4

POE(Conversion)
POE (Conversion) slacysgame 3 Goal plas

Lyl s L asas Jo ol b oS SIS amio YL iso o SOIULIONS aaSs (g4, Y
51 L oS Sods Ramps g4, Solutions Tool jgles 15l e (o, ol cowas oo
Ear 40 d>gi L :asS5) .osles olsasl |, Ramp Function Graph 4 ;5 View
69y - (i 995 13810 5 9 polar cpl o Sglas g5 ol Sl (bl sl oolanl Solas
Sl 4z aples snaline |, S5 50,8 blis .osS SIS (0 3 2) o sla > ol

fowin o

59



B owne

A et |/ Sokine
sowoa I 2 | 3 | 4 |5 ] s |

40.00 50.00
Aitime = 46.65
100.0
80.0
51.0 97.0

Conversion = 89.7

80.00 90.00 2.00 3.00
B:temperature = 89.14 C:catalyst = 2.76
63.0
‘\F‘\‘s 60.0 66.0
T | g . T
4.23329 5.84441 532 67.9
Activity = 63.0

POE(Conversion) = 4.43643

Desirability = 0.650

(Ao oanlive Jalite gls 8,0 Kal) POE L (s5luaige !, RaMps sl

S Lud |, Pop-Out View g a5, Solutions Tool 4

A Gitwn [ 7 st 7] cra
sl 2 | o
4000 5000 8000 50.00 200 .00
Atme = 4008 Btempreeature = B3 14 Geatolysi=270
630
100 “\
L) XT T%\ H 00/ g0
51 o7 4228 584421 52 o
Gonversian = 38 7405 POE(Conversion) = 4 4363 Aoliity = 63 0
Solutions Tool E o Pop-Cu e Tl
—_— Desirability = 0.650 | [sew
Report NN
I I I I I | )
[~ Ramps | sotumcnn
| e e et st Comprnios RCommre iy oty F]
Bar Graph | ' e ma 2w mes som B9 aem s
m 2 s omw am omms o me w
m P ws mm oam mue oma om0 s

aas e las Famps s s 1, s)l55 Pop out view

S9y Mg 7,15 POP OUL VIEW | amin cVL ol oo a5 j0 X aaS's 0,88 b
Sy Lo i gl amio s sl gl aumo Lid amin YL isw 4o Graphs auss
X2 axis a1, o] 5 asles conl, s Cicatalyst o, Factors Tool jslis axaw

60



i i | 4 s [[F]_cuma

sowienafin 2| 3 [ 4 ] 5] 8 | Fewoose [esirmbiing_ <]

Design-Expert® Software

Desiabilty Desirability
1
o

X1 = A time

X2=C: catalyst - Pradiction

Actual Factor

B: temperature = 89,14

C: catalyst

sam 20 o w00 an00 san0

A time

POE Lol 03531 b st J> ol

oSl ) o b ol Sl i &5 Cel (Sgnage 8 il Vb 50 ate J> o,
aS Cewl I 0 ool el oo ey el liae sl Buas laie 463 e 5 00503
Iy ool byl yls sel el el plis 05 co dnwlons Frwly (sl tas (s 2eS ool by bl
S oo mula 1) S sl paiie oo Si (i 4 aS S oo ()l

Tob 7w sl

e oo )l 3 LSl sl whae (g slag b (o)l | ared 08 1l Il 5 el
e 1y & clsiisn Ll 08 ol aly sl SISl (5,91 o 51 15 b 2o )
R Tob 310 ;i &5 gl azgle Led 3l (Gl Jle sl ol plonil 55
03l Sim ) aaliy i 5l g ead tay LG o sxe laddl ouil LSl (6l b, 9S8
ST lagly (5 9550 5o JBlas 1) Sliglesl 51 (5 Lads o )lo Sl by sl oo (55909
e 18 bl ge eaw! (s lp 1) 7ok o,bes Led sl p3Y s sy Cawd
Sods Summary asle ;5 sy, DESIQN asli jo s ploxl a5 assl cyols idg lp

61



.. i1 Design (Actual) Design Summary

EI Summary
Graph Columns

Study Type Response Surface Runs 20
=] Evaluation
: Design Type Central Composite Blocks 2
i ] Analysis
{1 M ereaeroinn fAnahead Deszign Model Quadratic

Sy aabp |y, Sobgo 10 (CCD) (655 0 8 po zyb 3izme 45 0iS o )135 4>
Evaluation asLs 5 g, ol 03g0d solitwl (35l 6l ped 43,0 Jaw < 5l g 03ges
A0 0590 50 Sl dales o lad a5 WS o (8,8 58l 5 auS dx g g 005es SIS

5] Gy b Jae

] Notes for tut-RSM-opt.dxp — i
4] Design (Actual) f(x) Madel £z Results Graphs
esign ual ==
Summary
Graph Columns Order: | Quadratic - Add Term
Evaluation
H] Analysis Model: Response: | Design Only -
: R1:Conversion (Analyzed)
R Activity (Analyzed) LGS
. Optimization |
; -
i +H] Numerical ] Intercept 3
B Graphical I Atime
i‘l Point Prediction 4] B-temperature
[} C-catalyst
Il AB
[yl AC
M BC
M e
4] B2
M &
H' e ABC
Jow Sl — 2 b )|

DS S a2 Bl S92 pd &S adgl 3155 sl Results aus's g,

62



fix)

Madel Results

E Graphs
| | | | |

Use your mouse to right click on individual cells for definttions.

JFactors: A, B,C

Design Matrix Evaluation for Response Surface Quadratic Model

No aliases found for Quadratic Model

Aliases are calculated based on your response selection,

taking into account missing datapoints, if necessary.

‘Watch for aliases among terms you need to estimate.

Degrees of Freedom for Evaluation

Blocks 1
Model 9
Residuals 9
Lack Of Fit 5
Pure Error 4
Corr Total 19

A recommendation iz a minimum of 3 lack of fit df and 4 df for pure error.
This ensures a valid lack of fit test.

Fewer df will lead to a test that may not detect lack of fit

Power at 5 % alpha level to detect signalinoise ratios

Term StdErr= VIF Ri-Squared 0.5 Std. Dev. 1 Std. Dev.
Block 1 023
Block 2

A 027 1.00 0.0000 132% 379%

Tk bl s

Bookmarks

=

Top
DF

Terms (Powver)

Leverage
P op-Out Sie sy

b b, sl Bookmarks

63

2 Std. Dev.

507 %

Lt a5 0sS 4> g5 5 oS eolitwl BOOKMArKS jolis amio 5L oS iolew |y gl

09550 Hanbewl mhaw by, o lailiwl Z )b 51 a5 (g led dy oo Hlan g3 LS



G5 69y oS Dyge 4 0S SUS amio YL o Graphs asss g, aslsl jo

s o 55 sl o 1 oLl 83 gl o psme bghas 5l 5 0SS 0 s 3

Design-Expert® Software

FDS Graph

Min StErT Mean: 0.405
Avg SIAErr Mean: 0.468 1m0
Max StdErr Mean: 0.819

Cubaidal

radius = 1

Points = 50000 i
1(0.05/2,9) = 2.26216 " —
FDS =082

StdErr Mean = 0,560

StdErr Mean

Fraction of Design Space

Sage Lok (55, SIS L (b sLad 5l s -5) FDS 1,5

S lilen i e oy 4 4 S0000) p2ales] ot sy (505 Siymi ool
S8 g ) yeite (i et Sl FDS Q1S (69, Y jgome (sl ool s o 50
ez a3 g il Dl o & jshalan ¢ ke sly IS o e ey |, S (glisd
S lastiwl glas 5101560 slao>ly 15wl mhaw (g, z b do,ys 92 wosl axio
s ol S L FDS 518 tiymi 3oL 255 1 a5 b 2,05 o 5 SED)
FDS = 11 8 lee S ey |y K0 Glaz b Led a5 Sl il Cglaie
bl 51 S L 050 (nl &5 0l ansls Hbls 4y il az ST ol e sl Srdaas

D50 k50 b a8 cenl (6 )k
Sk o5 iz 2B Ll s sl leee pol 2 1) (i Ul FDS
i | 8 bl Ulas 31,5 153l 5 S bt |, CONOUF o3 VIEW (50
Sl oo S (o i b (5LAS 50 (St (bl ez des e (LS &S S (o
SBlybol ) (ormmg (5L (53, 1) (uds b (rna35 (CCD) (635 10 o5 50 5b 4 i
Ol el ol S azr g Lo ygiiS (o jaie & comizrads S o0 bl (655 50 alaiii 6

64



LF""’U’“"_’ u’_:l_sb.; ‘Sjl—mﬁ S0 A aS ML:GA U‘"}J} w.l.,l_e g.sj.Ua.A M}»A} RN
Lo S ol S s (3 Ll o i, 2o 350 3 55l ol 3 380

Gl Cowl oud pdal a9 obew (59, (28R s 4138 Loy luslinl sl
3 bl s jisles fyloj 10 S oo ol (S5, 1) Jbo g Gl jgu8 BT a5 oo ,08

Dl o lie

Design-Expert® Software .
StdErT of Design w000 StdErr of Design
# Design Points
Std Error Shading 0500
15
0.450
05
88.00

X1=A time
X2 = B: temperature

@
Actual Factor 5 8600
C: catalyst = 2.50 =

[

g Ge

£

15

T 8400

[-4]

82.00

40.00 42.00 44.00 46.00 48.00 50.00

A: time

5ol gz g8 GILE

oo Qb S (6,18 s il slol S s | o lastinl glas 1,5 ales oo Lo
o ¢y Sl 4z
s Display Options s 5l oS o b)) 7ok dilaie 5l 2l Lis a5 Sl
S ol 1, Coded a5 Process Factors

Display Options | Design Tools Help  Tips

Process Factors > Actual

Mixture Components v | v Coded

1 ¥ Responsesin Original Scale

Responses in Transformed Scale

OO S el ks

65



polis ass olsasl |, Graph Preferences g oog—oi coul, SCIS G, 5 g4, Y

s i 2 o, HIgh §-2 65, LOW s (o 1, X1 AXIS 5,8 i

Graph Preferences - . u
| FortsandColos |  AlGmphs |  SufaceGmphs |
X1 fodis | X2 fods. | Contours |
Low -2 -1
High 2 1

2658 S5 OK (g5, Ol pais cl 00,5 JolS 51 im0

StdErr of Design
2.000 —
> . §
1.000
2
3
B
2 o000
£
2
o'
-1.000
-2.000
-2.000 -1.000 0.000 1.000 2.000

A: time

e 00 )lo Llo C)Ja C)L‘;' C?Ja*“' 0 cj)).a 6Lm)5m L \))L\;Lw‘ L5Ua> )9....5 Jl)f

5 2 51 3hlie s 2 olie ol oo sl b ladteS w18 g
Ol b edgaoms 5l )l (s s 3 sl plgae 4 ljle 5 it ool (i
3 oa=dlasle wanl s ools las b aldST o a8 jghailes S e b il ] Cend
b 55 Fwl (o) 81,5 (g9, il e o, lailiwl Gl il 175 jlade soguamme 1>
L 51 Ll el (5, s s e oy 5516 a3g0ome 13 o5 il B iy oo

blisl oo ol o Sonies lp a0 ales | glabasde LB SO0 casels ]38l

66



il o o laibinl gllas 51 YLl Kl 56,0 sl a8 ail asdls ol 4y .auS

SU s (655 0 oS o b b)sSB iow o,k slad 7 )l> )8 aess a5 ss o Y

RV
S s 3D Surface o, Graphs Tool jsls axio o, V>

Design-Expert® Software
StdEr of Design
Std Error Shading

15

05

X1 =A time
X2 = B: temperature

Coded Factor
C: catalyst = 0.000

Graphs Tool
FDS
Perturbation
One Factor
Interaction
Cortour
Pop-Out View

StdErr of Design

1.000

0.000 \ / 0.000
-1.000 -1.000

B: temperature A time

-2.000 -2.000

o il gl gam v jioles

Olas 1y Led g oo 5l (g aials 5 )05 1) 25l Lo o (5128 51 92 (Auled 315 (]
9 o ol |, Defaults a.ss 4 43, Graph Preferences 4 col, S L .oas
F1 00 oS zohaw 4 ctFib el ol opl oS SUS X2 AXIS g X1 AXIS j9e

=5 0780 a1, High 5 0/40 & 1, LOW Jlaie Y AXIS S5 ,0 cfpuizmad 09 o0

DS
I Graph Preferences M

| Fonts and Colors I All Graphs. |
| X1 Ais | X2 Auis

Low 040 o

High 080 25

Ticks &

Format W

Y oo wox Slenlas

67



358 SIS OK (g5, ol i Jlosl sl

StdErr of Design

0.500
0.000 0.000
paaid A: time

B: temperature . _dili

1,000 *-1.000

o lailiwl glas gas aw 31T

Tb Sl JSh pl oS ax g o lasbenl slas asle aulS maw jo mdavs oS 4

oles axxle 1381 0 5 oo dadlg


http://www.statease.com/

Sl yod
| by o b9y sl 5159550 (ale)l ok vonsaniS (s 4 azgi b 5 Sl el o
58 Sl pod gy 3l o1 Jo 2 DESIGN EXPEIt )15l o 5 b uas g 03,5 Sl
awl oas 08,491 b sl
Al0E o0 o3 95l (Lo lac FPS)( o0 Shae sla S5y slanlllas jo —1 oy pod
00 mry 3l oo Jlad Sy (6ol Jokw ol o LS 5 5l ¢ a5 barbadensis
Syl a0 ) 5 53¢ 4(olS pw i pitio dw il addllas cpl jo ool
35 5150 25( gl g5l log g )0, Kiilos a0 85 5 65¢ 75( (yguul o 55l
(FAC) sz iz cudyls s WRC)( ol i cud )b OSW( g5 (55, Jaids
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Observed (Y)

Sw WRC FAC
(mLg " AIR) (g HaOg ' AIR) (goil g ' AIR)
271.0 17.5 289
250.0 18.0 272
2290 17.2 24.1
213.0 16.9 217
290.0 20.8 295
264.0 226 300
245.0 15.9 265
2318.0 14.1 23.1
305.0 23.0 332
263.0 25.3 27.1
269.0 18.2 296
230.0 14.7 232
267.0 29.2 320
270.0 28.4 317
269.0 286 309
2720 30.1 328
269.0 297 325

gl Uy LIl 5l i (S1y55 Jgamme (o9 0gs slp e gem¥ g0 3 —2 0y 03
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Responses

Hardness Chewiness Colour Firmness Cassava flavour Overall acceptability
(N) (N) (panel) (panel) (panel) (hedonic)
238 1.37 58 4.5 4.7 5.6

1.51 .83 51 29 4.1 4.8

1.11 .64 5.2 1.4 7 30

224 1.20 59 4.0 4.8 6.0

235 1.27 5.7 kR 4.8 6.7

1.85 1.00 5.3 4.4 4.2 kR

224 1.21 59 4.1 5.2 6.5

1.91 0.97 5.4 30 4.0 4.7

229 1.23 6.0 4.0 4.8 6.6

219 1.23 55 4.1 4.7 59

218 1.17 5.7 kR 4.9 58

1.13 (.66 5.4 22 4.5 5.0

196 1.05 59 4.4 4.6 54

2.19 1.23 5.9 39 5.0 6.4

S salle (b Gl s cye cunS e LS 5 gileange @lp -3 0 05

Response

PDP yield (mg(L)

167 £21
18217
285%31
43723
187 15
229%13
282+29
499+ 38
IMm =17
281x26
279%36
30327

db mhw g, ;I Pholiotadinghuensis Bi (PDP)
4|, @l PDP oJg (6lp gy ot Lases ol 00y oolizul
25 cdale L (K1) 55505 51 ol Jitne (sl puite g 5] Cows
olac (2 3 ) (X3) o5 2 4 6) (X2) y5 5,115 20
«0/5 1 .1/5) KH2PO4(Xs) (2 3 4) clale L (X4) yose
Joe S o oS5 Jow (1175 2) MgSO4(Xe)
b Joe saiinr Sl 5 (Gl pos 5 bl gy condangy
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AL Al p 7

Independents variable Symbol Code levels

-1 0 +1
Arabic gum:water A 6734 96435 12:535.33
Tragacanth:water B 0.1:73.4 0.2:64 .35 0.3:55.33
Oil phase:water C 18:734 24:64.35 30:55.33

WAL (50 25 Tr% & e Sejll sle S E l

Response variables

Design  Opacity Specificgravity ~ Zeta potential  Surface tension  Particle size  Flow behaviour  Consistency Appa viscosity  Creaming
points (660 nm) (mv) (mN/m}) (um} index coefficient (mPa) (015, mPa)

1 51+£005 103+000 3435064 4590+ 141 054002 083001 2746+ 094 32264058 -
2 056022 1.04+0.00 ~38.15+£2.05 4310+ 113 048009 080003 13122 = 2.63 16520+027 -
3 078000  1.03+0.00 ~3720£000 4620+ 000 0.64+000  0.85+000 11056 = 1.18 15617050 -
4 0244002  105+001 ~3960+£226 4310+ 141 0.56+000  0.87+000 16629 +3.54 224324124 —
5 1.00+£003 1024000 ~3295+007 47204057 0714003 0.87+000 71034072 95.82 +0.1 +
6 0794019  104+0.00 ~35.10+£028 4455092 069013 082002 43986+ 7.58 665.76 £032  —
7 1224001 102000 -3230+£042 4720042 0.82+013 079003 24705 £ 472 40067 £126 &
8 073+021  104+0.00 -3980+£177  4370+057 0.74+000 079000 551.54 £ 8.91 89449 £080  —
7 0694013 103+0.00 ~3760+£354 45104078 052+008 083001 224484233 33203 +£157 —

J....:Lo.: R ‘) OJ.AT w.bcbw‘ro djlowjuwyy)sbbyf JAA

Gl mho by bawg Jilb 4l p oS> i 6 B wbe slasdlas o =Sy yod
Sty balie yes¥eyd (o Lzl giluangs Glleyl cnl jo 285 1F cwyn 0)se
el s 4y Gl s g Bt B35l g Lglia 5 555 S Lplia il

Dbl (o0 0 70 4 addllae (ol 50 (639,9 sl puate

largol (Gandss bslos (sl 00l oS 5 (aBly IS 4y dily (sl iie slan 5 clalojl egame

Vanables (g)

Range of levels

Actual Coded Actual Coded Actual Coded

A Black-gram dhal flour 30.0
B Milk powder 15.0
C Salt 5.0
D Pepper 0.75

-1
—1
—1
—1

350
17.5
6.5

1.38

40) +1
250 +1
8.0 +1
2.0 +1

S azsS byl (gl oad 0 5 ably IS 4y dily sloyeite zolaw 5 (otalejT 0050
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Variables (g) Range of levels

Actual Coded Actual Coded Actual Coded

A White pepper powder 3.0 -1 6.50 0 10.0 +1
B Asafoetida 2.0 -1 3,50 0 5.0 +1
C Chilli powder 20 -1 35 0 5.0 +1
D Salt 20 -1 a5 0 5.0 + 1
E Jaggery 2.0 -1 3.0 0 4.0 +1

byl ogm byliea (gl 00 0S5 adly IS 4y dily (sloeite sk 5 (o)l 0090

Wariables (g} Range of levels

Actual Coded Actual Coded Actual Coded

A Finger millet (Ragi) flour 5.0 -1 100 O 150 +1
B Chakota powder 5.0 -1 .5 1] 10.0 +1
C Milk powder 160~ 53 0 .0 +1

5l o le coi 5 s Slhed i o 6lp sl Cewd 4y szl

Sensory score  Colour (pg/100 g as Lycopene)

Sensory score Acidity (g/ 100 g)
7 2.86
5.5 25 7.67 0.36
68 291 7.40 037
7 2.67 "
; 9 7.20 041
. 236 7.30 033
7.8 2,88 7.73 0.36
7 2.99 7.33 0.37
7 3.43 7.27 0.37
o o 6.85 0.44
o s 7.38 0.39
6.6 283 T.46 041
5.5 2.94 7.45 0.39
7.5 245 7.91 0.44
5.6 312 712 037
5.6 2.48 . "
73 259 7.41 0.34
8 2.83 8.0 0.39
6.1 247 7.28 0.36
7 2.68 6.83 0.36
I3 —;-ﬁi 6.94 0.36
! - 7 3
6.3 3.06 q"uj {]“1":
6.5 2.74 7.62 0.35
7.5 292 7.31 0.37
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Sensory score

Chlorephyll content (mg/100 g)

-
Lh

-

1
Lh 09 La

-
Lh

-

-

177
104
175
177
156
180

177
144
101
177
220
215
230
215

Rl 5l plas e e Jalb angy lade
Ilite 35 5 00,50 s 4 1 ladoglsea
Sy (&S sl Shy n layssl

A...)Lo_v R ‘) oJ.,o]

L oozl OysmmslSiais sl il 5l oslizial b SIS 0,8 aslis glasillae 45 —6cy o

Exp. Now Variable levels TAG (%)
i Xa X Xa X5 POP POS S08

1 17 50 4 10 0.5 2498 41.18 3384
2 17 50 4 10 0.5 2638 40.83 3278
3 24 40 5.5 5 1 21.28 41.4 3732
4 24 50 25 15 0.25 26.83 37.23 35.04
5 10 40 5.5 5 0.25 17.68 38.68 4363
[ 3 50 4 10 0.5 2062 41.27 38.11
7 17 30 4 10 0.5 244 40.41 35.19
8 17 50 4 10 0.5 25.55 43.28 31.16
k] 24 40 25 15 1 1272 4453 35.75
10 10 &0 5.5 5 1 27.38 38.56 34.05
11 10 &0 5.5 15 0.25 17.26 387 4403
12 24 &0 5.5 5 0.25 36.7 37.58 25.71
13 17 50 4 10 0.125 25.99 3939 3462
14 24 40 25 5 0.25 25.15 36.32 3853
15 10 40 55 15 1 24.56 43.64 31.79
16 31 50 4 10 0.5 24.56 40.46 3497
17 17 50 4 0 0.5 3072 38.67 30.6
18 17 50 4 10 0.5 27.8 3934 3287
19 17 50 4 10 0.5 25.99 40,34 3367
20 24 60 5.5 15 1 32.41 37.26 30.32
21 24 40 55 15 0.5 194 43.74 3685
22 10 50 4 10 2 34.08 42.35 2356
23 17 70 4 10 0.5 27.64 37.08 3527
24 17 50 7 10 0.5 29.09 3993 30.98
25 17 50 4 20 0.5 28.88 42.85 2827
26 17 50 1 10 0.5 28.68 38.16 33.16
27 10 40 5 15 0.25 21.05 40.42 3852
28 10 60 25 5 0.25 37 38.88 2411
29 17 50 4 10 0.5 27.65 4074 31.59
30 10 40 25 5 1 21.88 42.26 35.85
31 24 &0 25 5 1 20,26 37.85 3288
32 10 60 25 15 1 22,61 37.04 40.34
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Experiment number Temperature (“C X;) Time (min, X3)
Coded Actual Coded Actual

1 1 220 1 40
2 1 220 -1 20
3 -1 180 1 40
4 -1 180 -1 20
5 i} 200 ] 30
19 1] 200 1] 30
7 2 240 ] 30
B -2 160 1] 30
9 i} 200 2 50
10 0 200 -2 10

Experiment Yield Free sugar Phenolic DPPH radical Qwerall

number (gfg) (mg(100 mL) compounds scavenging  preference

(mg100mL) activity (%)

1 0.2451  0.00 19.01 62.34 691

2 01266 371 1547 69.50 44

3 0.0919 37.26 945 6449 633

4 0.0888 50.68 813 46.08 291

5 01129 1269 1412 73.23 625

i 0.1107 11.51 1354 78.26 641

7 0.3506 0.00 2514 80.46 7.33

8 0.0896 71.26 837 44.44 275

9 01530 233 1581 66.12 6,08

10 0.0956 68.08 1140 43.58 258

wlig ol CoiS 5 poSatin )0 Sl (ke wdel Cuss 4 @l 4 axg L
Oles 9 Lo 9 05,5 ) 1) HoS 1 5o cnl age Lalyd Jloged 5 aS asiine |) snliangs
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