Probability Distribution

1. In scenario 2, the particle size distributioont the mill is:

Counts

<10 mm 50

11-20 mm 125

21-30 mm 350

31-40 mm 275

41-50 mm 250

51-60 mm 200

61-70 mm 40
71-80 mm 10
>81 mm 5

Use JMP to perform the following:
(1) Distribution of Counts Vs Size
(2) % Distribution Vs Size
(3)Mean
(4)Variance

Solution:
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Choose “Distribution” in “Analyze”:
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Here we could change the width of the columns engraph by double
clicking the axis of the graph:
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Change the Increment to 20:
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Click “OK”.
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To Show the percentage of each bar, click the pait Ieft to “Y” and

choose “Show Percents” in “Histogram Options”:
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The mean and variance could be easily found imthput “Moments”
below the graph. Here the Mean is 35.651341. Thawvee 15.141114.



2. In scenario 2, the Percent Dissolution ofdtbhs a function of time is
as the following:

Time | % Dissolution
0 0

15 35

30 55

45 70

60 83

75 92

90 97

105 | 98

120 | 99

Use JMP to plot the Distribution and calculatetihee at which 85% of the
tablet has been dissolved.

Solution:

Input the data:

EOIMP - jmp solution for #2

File Edit Tables Rows Cols DOE  Analyze Graph Tools View ‘Window Help

0O = !_‘-" E é ;11:- By E?JI |El ? @-\ ‘é‘ @fn] & = 2+ A E) 4> O jmp solution For #2 W
| e |

i jmp solution for #2 E||E|rz|

| % =

Dissolution

1}
35
55
70
&3
92
97
98
99

al

i=jmp solution for #2] €

0 @ | o | e e e

#:Columns (2/0) —

il = Dissolution




Choose “Fit Y by X” in “Analyze”:
JMP - jmp solution for #2
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Choose % Dissolution as “Y, Response”, Time asFxgtor”:
% - Report: Fit ¥ by X - Contextual
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Click the hot spot left to “Bivariate Fit of % Dsition By Time” and
choose “3, cubic” from “Fit Polynomial:
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File Edit Tables Rows Cols DOE Analyze Graph Tools View ‘Window Help

DS HE @[k ?2HeMer 2+ aSS 0

| jmp solution For #2

icgplution By Time

+ Show Points
Fit Mean
Fit Line

2,quadratic

Fit Special... 3, cubic
Fit Spline | 4,quartic
Fit Each Yalue 5

Fit Orthagonal i
Density Elipse L

Monpar Density

Histogram Barders

Group By,

Scripk




FIMP - jmp solution for #2- Fit ¥ by X of % Dissolution by Time 4
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% Dissalution = 45,7114 + 06346801 Time - 00092689 (Time-60)"2 +
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'[ Summary of Fit |
RSguare 0,993025
RSquare Adj 0.99634
Root Mean Square Errar 1922413
Mean of Response 69,58589
Observations {or Sum YWgts) 9
¥| Analysis of Variance |
Source DF  Sum of Squares  Mean Square F Ratio
Mode| 3 9335.4105 311280 8422837 :
Errar 5 18.4784 370 Prob>F | hdl |
. Total g 9356.6859 <.0001% et ;‘ I

From the polynomial function JMP offered, we coaddculate the time
when Dissolution is 85%:

Xx=61.9584



3.

Comparison Tests

Two different catalysts are studied in the ba&actor. (Scenario 1)

Differece runs are made with each catalyst angidid of A measured after
1 hour. (all other factors held constant)

Catalyst C1 Catalyst C2
74 71
70 74
69 73
71 75
72 77

(1)Determine the mean and variance of each catalyst.

(2)Use the appropriate distribution to decide whethere is a difference
at the 95% confidence level.

(3)At what level is there a difference between the tatalyst (p value).

(4)Use an F test to determine the level at which tieesedifference
between the variance of the yield between the ysttal

Solution:

Input the data. Here Catalyst is the type of Catadyd its data type is
“Character”:



NP - jmp solution for #3
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Choose “Fit Y by X” in “Analyze”:
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Click “OK™:

MP - jmp solution for #3- Fit ¥ by X of ¥ by Catalyst 2
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Click the hot spot left to “Oneway Analysis of y Batalyst” and choose
“Means/Anova/Pooled t”, “Means and Std Dev” and ést”:
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for #3- Fit Y by X of y by Catalyst 2

File Edit Tables Rows Cols DOE Analyze Graph Tools
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‘ jmp solution for #3 B

75

Catalyst

¥ Dneway Anova

* Summary of Fit

Rsquare 0.360294
Adj Rsquare 0,280331
Root Mean Square Error 2,085665
tMean of Response 726
(Observations (or Sum YWgts) 10

¥ tTest

C2-C1

Assuming equal variances

Difference 2,8000 t Ratio 2.122675
Std Err Dif 1.3191 DF 8
Upper CLDIF 58418 Prob > |t|  0.0665
Lower CLDIF  -0,2418 Prob =t 0.0333%
Confidence 0.95 Prob <t 0.9667

MP - jmp solution for #3- Fit ¥ by X of y by Catalyst 2
File Edit Tables Rows Cols DOE  Analyze Graph Tools Wiew ‘Window Help
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jmp solution for #3- Fit Y by X of y by Catalyst 2

¥ '~ Dneway Analysis of y By Catalyst

¥ Dneway Anova

¥ tTest

‘\!‘|r Analysis of Yariance

Source DF  Sum of Squares  Mean Square F Ratio  Prob = F
Catalyst 1 19,600000 196000  4,5057 0.0665
Errar g 34, 500000 4.3500

C. Tokal ) 54400000

¥ Means for Oneway Anova

Level  Mumber Mean Sktd Error  Lower 95%  Upper 95%:

C1l 5 71.2000 D.93274
2 5  74.0000 093274

69,049 73.351
71.549 76,151

Skd Error uses a pooled estimate of error wariance

¥| Means and Std Deviations

Level  Mumber Mean  StdDev Skd Err Mean Lower 95%  Lpper 95%
1 5 712000 192354 0.8602 65,812 73.588
2 S 740000 223607 1.0000 71.224 TE.T7E

¥ t Test

Cz-Cl

Assuming unequal variances

Difference: 2.8000 tRatio 2122675
Std Err Dif 1.3191 DF 7.825278
Upper CLDIf  5,8537 Prob= [k 0.0673
Lower CL Dif  -0.2537 Prob =t 0.0337*
Confidence 0.95 Prob«t 0.9663




(1) From the output, the mean and variance fori@il@2 are 71.2,

1.92354 and 74, 2.23607.

(2)and (3). From the t test, there is a signifiadifference between the
means and the p-value .0337.

(4) From “Analysis of Variance”, the p-value fotést is .0665, which is
not significant.



Regression Analysis

4. Once the API is produced in a reactor describ&tenario 1,
crystallization from solution is to separate thsice product C{} from
A(t; ) and B(t) once the impurity D(§ has been removed. In general for a
pharmaceutical process crystallization may be ts@thieve sufficient
product purity, to minimize the filtration time to achieve tablet stability
when mixed with other crystals of other chemica@es before forming a
tablet. In this example we will dwell only on agle criterion filtration time
In this example, based on the work of Togkalidoal€2001),
“Experimental Design and Inferential Modeling inaPmaceutical
Crystallization (AIChe Journal, Vo 27, Nol), a phaceutical salt was
crystallized in a baffled reactor, where the sugienstion was created by
adding a less efficient solvent that was miscibléne original solvent. The
details are not relevant for the example but thdestt is referred to the
paper if more information about the crystallizatpmocess is required.

The following data were collected:

Seed Charge | Filtration
Experiment Agitation(rpm) Amount Temperature.rime Time
Number g P (% of (deg C) h :

Min

Batch)
1 2200 4 20 6 150
2 400 S 15 3 105
3 1300 3.5 15 9 165
4 2200 4 17.5 7.5 170
5 3100 3.5 17.5 7.5 90
6 2200 4 20 6 155
7 4000 5 20 6 50
8 400 3 20 6 280
9 1300 3.5 22.5 4.5 122
10 2200 4 22.5 4.5 100
11 3100 4.5 25 9 82
12 2200 4 20 6 145

Use Regression Analysis from JMP to determine eessgon model and the
conditions under which the filtration time is minzed.



Solution:

(1) Run a regression model with all four factorsha model using the steps
as showed in the JMP tutorial S2E4 and S2ES5:

¥ Summary of Fit

RSgquare 0.700772
R3quare Adj 0.529785
Rook Mean Square Error 40.42272
Mean of Response 134.5
Observations {or Sum YWats) 12
¥ Analysis of Yariance
Source DF  Sum of Squares  Mean Square F Ratio
Model 4 26787025 BEI6, 76 4.0954
Errar 7 11437.975 1634.00 Prob =F
. Total 11 358225.000 0.0506
¥ Lack Of Fit
Source DF Sum of Squares  Mean Square F R.atio
Lack Of Fit 5 11387,975 227760 91,1038
Pure Error z2 50,000 25.00 Prob >F
Tokal Error 7 11437.975 0.0109*
Max R5q
0.9957
¥ Parameter Estimates
Term Estimate  Std Error b Ratio Prob|t|
Inkercept 313.02873 164.7935 1.90 0.0993
Agitation -0.0329558 0.016613  -1.99 0.0574

Seed Amount -40,75237 25.80307 -1.58 0,1580
Temperature 05069102  4.592396 011 09152
Charge Time 6. 7678051 5.777356 0.77  0.4659

(2) Remove the most insignificant term by compatimg p-values.
Temperature is eliminated and the model is runragai

¥ Summary of Fit

RSgquare 0,700252
RSquare Adj 0.567846
Rook Mean Square Error 37.84489
Mean af Response 134.5
Ohbservations (or Sum Wats) 12
¥ Analysis of ¥ariance
Source DF  Sum of Sguares Mean Square F Ratia
IModel 3 26767.116 §922.37 08,2297
Errar g 11457.584 1432.24 Prob=F
., Total 11 35225,000 0.0173%
¥ Lack Of Fit
Source DF  Sum of Squares  Mean Square F Ratio
Lack OfF Fit =] 11407554 1901,31  76.0526
Pure Errar 2 20,000 25,00 Prob =F
Tokal Error g 11457.684 0.0130%
Max R5q
0.99537
¥ Parameter Estimates
Term Estimate  Std Error  tRatio  Probz|k|
Inktercept 329.80338 109.8334 2.97 0.0180%
Agitation -0,032151 0.013839 -2.32 0.0487*

Seed Amount -41.53415 23,3008 -1.78 0.1125
Charge Time 6.5157692  7.941494 082 0.4355



(3) Once again, remove the most insignificant teCimange Time. Run the

model again:
¥ Summary of Fit
RSqguare 0.675006
RSquare Adj 0.602785
Roak Mean Square Error 3715271
Mean of Response 134.5
Chservations {or Sum Woks) 1z
¥ Analysis of Yariance
Source DF Sum of Squares  Mean Square F Ratio
Model 2 25802,0585 12901.0 9,3464
Errar £l 12422.91% 13303 Prob =F
Z, Total 11 38225.000 0,0064*
¥ Lack Of Fit
Source DF  Sum of Sguares  Mean Sguare F R.atio
Lack f Fit 4 G7258.415 z2182.10 2.9532
Pure Error 5 3694.500 738,90 prob >=F
Takal Errar 9 12422915 0.1330
Max R5q
0.,9033
¥ Parameter Estimates
Term Estimate Std Error  ERatio Probz|t|
Intercept 390,2251e  F5.43199 5,17 0.0005%
Agitation -0,025807 001127 -2.29 0.0475%

Seed Armnountk -50.70497 20007366  -2,53 0.0325%

Both the Agitation and Seed Amount are significan05 level. The result
regression equation is:

Filtration Time= 390.22516 -.025807 Agitation — Bl497 Seed Amount
By comparing the sign of the coefficient, the &tion time would be

minimized when Agitation is set at its maximum \aahf 4000 and Seed
Amount at 5. At these values the filtration tim&&47231



5. A study was launched to determine the effeseokral factors on the
%Dissolution after 60 minutes of a new product friv@ Tabletting machine
in Scenario 2. The following data were obtained:

Expt Speed | Fill Pressure Blade | Punch | Powder| %
Number | (Rpm) | Weight | (Ton) | Speed | Distance Flow | Diss
(kg) (rpm) | (mm) | (kg/hr)

1 1000 | 100 1 2000 1 10 50
2 1205 | 110 .90 2010, .55 .99 77
3 770 115 91 2020 | .48 .98 38
4 750 118 .92 2030 1.85 .97 83
5 1210 | 120 .93 2040| 2.05 .98 95
6 820 118 94 2050 .5 .99 40
7 800 115 .95 2060 1.9 .95 80
8 1185 | 110 .96 2070 2.1 .98 97
9 1200 | 119 1.1 2080 | .54 .99 75
10 990 105 .97 1995| 1.01 10.1 55
11 1185 | 95 1.4 1990| .62 10.2 75
12 760 85 1.5 1980 | 2.0 10.3 69
13 777 88 1.6 1970| 1.95 10.2 75
14 1190 | 81 1.5 1960| .48 10.5 80
15 1205 | 105 1.3 1950, 2.1 10.1 98
16 775 107 .95 1940| .52 10.6 35
17 810 75 1.2 1930| 2.06 10.2 60
18 740 77 .97 1920 | .47 10.1 30
19 1010 | 95 1.03 2010, .97 9.9 48

(1)Determine the extent of correlation between thewuarfactors.
(2)Build a regression model relating the %Dissolutothe factors.
I)Use Standard Regression
i)Use Stepwise Regression
i) Why are results in ii) different than in 1)

Solution:

(1)



(a) To acquire the correlation between the facthepse “Multivariate”
from “Multivariate Method” in “Analyze”:

& JMP - JMP solution for #5°
File Edit Tables Rows Cols DOE  Analyze Graph Tools View Window Help

DD@ @é{:% |l§|9 @@{‘“}39}3+E|E)%O |pr0blem3 v|
B JMP solution for #5 =13
¥ problem3 1 = Punch J
> Speed Fill teight Pressure | Blade Speed | Distance | Powder Flow | %.Dissolution
1000 100 1 2000 1 10 S0
1205 110 0.9 2010 0.55 0,99 77
770 115 0.91 2020 0.48 0.98 38
750 115 0.92 2030 1.55 0.97 g3
1210 120 0,93 2040 2.05 0,95 95
gz0 115 0.94 2050 0.5 0,99 40
= Calumns (7{0) &0 115 0.95 2080 19 0.95 &0
> Speed 1185 110 0.96 2070 2.1 0.98 97
: A 1200 119 1.1 2080 0.54 0,99 75
Pressure
A Blade Speed a0 105 0.97 1995 1.01 10.1 55
4l Punch Distance 1185 95 1.4 1950 0,52 0.2 75
4 Powder Flow 760 a5 1.5 1980 2 10.3 69
A =Dissolution 777 g8 1.6 1970 1.95 0.2 75
1190 g1 1.5 1960 0.45 10.5 g0
1205 105 1.3 1950 2.1 10.1 95
775 107 0.95 1940 0.52 10.6 35
510 75 1.2 1930 206 10.2 &0
740 77 0.97 1920 0.47 10.1 30
1010 95 1.03 2010 0.97 9.9 45
> IRows
All Fows 19
Selected 19
Excluded a
Hidden a
Labelled a
hd
L] I

(b) Choose all the factors in “Y, Columns”:

Report: Multivariate and Correlations

Pairwise and highet relationships among a number of calumns

Select Columns Cast Selected Columnns into Roles Action
A Speed K
Al Fil Weight

dlPressure Cancel
4l Elade speed

4l Punch Distance
ll Povder Flow Remove
l #:Dissolution apfianal Mmeasic

aptional Amearic
apfonal Aumaric
sptar

Recall

Help




(c) Click “OK”:

¥ ™ Scatterplot Matrix

1200
1000
S00 —

Speed

r=0,Z02% «

r=f.07m] .

e

2

r=0.27 1% ..

e

r=-0.0715 =

- e

rF-0.1135 =

™

120 Jr=0.2027 .

100+

an.
1,7
1.5

1.3
1.1

0.9
2100

2050

Fill Weight

r=-L6238

r=0.7551., .

r=-0.0179, .

r=-0,5001

r=0.0761

£
s g

r=-0.6235

i

Pressure

r=-04207

r=0,2034

b

vt

* |r=0.5899 -

r=p.2714 <

0004 &/

1950 ..

1.5+

1 -

0.5~

10+
&

2 —

Fill Weight and Blade Speed.
Fill Weight and Powder Flow.

r=0.785% .’

r=0.4207

Blade Speed

r=20.0645 . -

20,0715 ™

. L

r=-8.0175.;

-

[P

r=l,2034 - .

r=0. 8645 "

DR

r-0.0463 ¥

roeel, 14 55~

ra=f, §0a1

r={l, 5599 * -

Il Bl e

-0 0463 -~

Poweder Flow

001000 130050 100 120 .91.1 1.4 1.71950 2050

Note the following pair of factors are highly cdated:

Blade Speed and Powder Flow
Fill Weight and Pressure

S 1152

I
248810




(2)
I. Standard Regression:

¥ Summary of Fit

RSquare 0.920855
RSgquare Adj 0.881331
Rook Mean Sguare Erraor 7411549
Mean of Response 66,.31579
Observations (or Sum Wiaks) 19
¥| Analysis of Variance
Source DF  Sum of Sguares  Mean Sguare F R.atia
Model & FE72.9325 1278.82 23,2805
Errar 12 659, 1727 54.93 Prob=F
Z, Total 15 8332.1053 <,0001%*
¥ Parameter Estimates
Term Estimate Std Error  tRatio  Prob=|t]
Inkercept 113.97311 142.6448 0.80 0.4393
Speed 0.0626565 0.009696 f.46 =.0001%
Fill Wweight 0.2232583 0.231023 0,97 0.3529
Pressure 358.856114 10.82738 3.59 0.0037*
Blade Speed -0,090549 0.075411 -1.20  0.2530
Punch Distance 17.220037 2.55493558 6.66 «.0001%
Powder Flow -2,188226 0.794755 -2,75  0.0175*

Based on the analysis, Fill Weight and Blade Seedinimportant. This is
not surprising since they are correlated with Paovikdew in Part (1).

i) Stepwise Regression
(a) Choose “Fit Model” in “Analyze”:

% JMP - problem3

File Edit Tables Rows Cols DOE B Graph  Tools Yiew Window Help
BO@lE H& & B E B Distribation + 8 =S5 O [ problens

[V Rt by
I Matched Pairs

i proble

= problem3 4 \ 2] Fit Madel T
= - -Mudeling , fre EBlade Speed | Distance | Powder Flow | %Dissolution
1 2000 1 10 50
Multivariate Methods L 2010 055 0.99 77
Survival and Reliability LT 2020 0.4 0,98 )
750 115 0.92 2030 1.85 0.97 83
1210 120 0,93 2040 2.05 0.98 95
gz0 115 0.94 2050 0.5 0.99 40
= Calumns (70} 800 115 0.95 2060 1.9 0.95 80
e Speed 1185 10 0,96 2070 2.1 0.98 97
ﬁ El\:z'f:t 1200 119 1.1 2080 0.54 0.9 75
A Blade Speed 990 105 0.97 1995 1.01 10.1 55
A Punch Distarice 1185 e 1.4 1990 0.52 10,2 75
A Powder Flow 760 85 1.5 1980 z 10,3 69
Al %Dissolution 77 aa 1.6 1970 1.95 10.2 75
1190 g1 1.5 1960 0.43 10,5 &0
1205 105 1.3 1950 21 101 95
775 107 0,95 1940 0.52 10.6 35
G510 75 1.2 1930 Z2.06 10,2 a0
740 7 0,97 1920 0.47 101 30
010 a5 1.03 2010 0.97 9.9 48
= Rows
All rows 19
Selected 19
Excluded 1]
Hidden il
Labelled 0
|
L 10




(b) Select “Stepwise” in “Personality”:

F JIMP - Fit Model
File' Edit Tables Rows Cols DOE  Analyze Graph Tools Wiew Window Help

HE 4 2k dhemsrprtdsSsH ol

- hDissolution
¥ T Model Specification 50
—_SEI_eEt Columns- —Pick Role Variables*l Personality: | 77
4 speed -\- | reguiad | 38
AFill isight - aptional | 83
lPressure Manova a5
ABlade speed woight] [0 - Loglinear Yariance 40
4l Punch Distance L]ag opbnnal homeric i : P
-emove i izt
‘Eo\:\fder Flpw Freq !cprjbnafﬂ:tmeﬁt Mominal Logistic e
AFl A %:Dissolution Ordinal Logistic 75
A By || optianal |
EIf roportional Hazar:
Proportional Hazard 55
il pf —Construck Model Effects——————————  parametric Survival i
i | =
L | Generalized Linear Model 75
i0.1 95
106 5
62 8l
10,1 30
Degiee 9.9 45
—— Attributes =
ks Transfarm =/
Al
o O ma Inktercept
Selec al
Exclu
Hidden a
Labelled a
L
—

(c) Fit in the Response and Factors:
Fit Model

¥/~ Model Specification

—5Select Columns———— —Pick Role Yariables—————————— Personality: |::5Eé|§-l:v}s_e -------------- ;’]
ll speed " il %:Dissolution
l Fill weight
all Frassure
allBlade Speed - - _ Run Madel
4l Punch Distance weight | optional Americ

R
:i”gderlFl'F‘W [ Freq | [cpéionalnumeric
alLINSSOlUCion
| Eiv |apfri:lﬂ.—;u"

—iZonstruck Model Effects

Fill Weight

Elade speed
Punch Distance
Powder Flow

Degree
Attributes =
Transform =/

O ra Intercepk




(d) Hit “Run Model”:

problem3- Fit Stepwise EJ@E'
-l

¥ '™ Stepwise Rt
Response: YeDissalution
¥| Stepwise Regression Control

Prob ko Enter 0.250 Enter 4l
Prob ko Leawve | 0.100
Direction: Forward Remave Al

[Stcup ] [Step ] [Makﬂ Madel ]

¥ Current Estimates

S5E DFE MSE RSquare RSquare Adj _p ALC
8332.1053 15 462.89474 0.0a0o0 0.0000 134.68294 117.5852
Lock Enkered Parameter Estimate nOF S5 "FRatio" "Prob:=F"
Intercepk 66, 3157595 1 u} 0,000 1.0000
O O  Speed ] 1 2975.048 o.441  0.0069
O Od Fill "' eight u] 1 407.3309 0.874 0.3630
O O Pressure u} 1 &93.1432 1.555 0,2z294
O O Elade Speed o 1 910.2736 Z.085 0.1669
O Od Punch Distance u] 1 3z226.701 10,744 0,0044
O Od Powder Flow u] 1 &635.58756 1.405 0.2523
¥| Step History hd|

(e) Now we may choose either forward selectionamkivard selection.
To do forward selection, input .05 as theéntry level and Exit level.
Pick “Forward” in “Direction”. Hit “Go”:

problem3- Fit Stepwise

| ™ Stepwise Fit
Response; YeDissolukion
¥ Stepwise Regression Control

Prob ko Enter 0.050 Enter all

Prob to Leave | 0.050

Direction: Forward
[Stl:np ] [Step ] [Make IModel ]

*| Current Estimates

SSE DFE MSE RSquare RSguare Adj _p Bl
1653,.2307 16 103, 32692 0.8016 0.7763 17.096464 Q0,535491
Lock Entered Parameter Estimate nDF 55 "FRatio" "Prob=F"
Intercepk -26, 140575 1 u] 0,000 1.0000
(| Speed 0.07029302 1 3452173 33.410 0, 0000
O O Fill Wweight u] 1 90.78878 0.872 0.3653
O O Pressure u] 1 95.575831 0,920 0, 3526
O O Elade Speed u] 1 114.3366 1.114 0.3075
O Punch Distance 20154033 1 3703.826 35,846 0. 0000
O O Powder Flows u] 1 250.5261 2.679 0,1225
¥ Step History
Skep Farameter Action "Sig Prob" Seq 55 RSquare p p
1 Punch Distance Entered 0.0044  3226.701 0.3873 77.942 2

2 Speed Entered 0.0000  345Z.173 0.8016 17,096 3




Punch Distance and Speed are kept in the final mode

()  To do backward selection, input .05 as thentry level and Exit
level. Pick “Backward” in “Direction”. Hit “Enter A’ and “Go":

problem3- Fit 5tepwise

¥ '~ Stepwise Fit
Response: %elissolution
¥ Stepwise Regression Control

Prob to Enter [ 0.050 Enter Al
Prob ko Leave | 0.050

Direction:| Backward ¥ Remave Al

[Stup] [Step] [Make Mu:u:lel]

¥ Current Estimates

S5E DFE M3E RSgquare RSguare Adj p AlC
72447764 14 5389126 10,9094 0,8836 4,.7349908 79.95015
Lock Entered Parameter Estimate nDF 55 'FRatio" “"Prob=F"
Intercept -39, 7843521 1 0 0,000 1.0000

O Speed 0.0e14767 1 2489.617 46,197 0.0000
O d Fill Wweight 0 1 16.10674 0,284 0.6033
O Pressure 33.901 2077 1 648,227 12,028 0.0033
O [0  Elade Speed 0 1 44.00445 0.805  0.3859
O Punch Distance 17.1551106 1 2425559 45,003 0.0000
O Powder Flow -1.8539565 1 803.17458 14,904 0.0017

¥ Step History

Skep Parameter  Action "Sig Prob" Seq3S  RSguare _p p
1 Fill Weight  Removed 0.3529 51.30044  0.9147 5,9339 =]
2 Blade Speed Removed 0.3859 44.00445  0.9094 4,735 5

Speed, Pressure, Punch Distance and Powder Flaw e final model.

lii) However, the results are different becauséhefcorrelations among the
factors.



Single Factor Experiments
6. Completely Randomized Design

In a study to determine the effect of roller speedoller gap in a roller
compactor (Scenario 2), five replicates of the &dbap in mm were
measured at five different values of roll speednlypvhere the experiments
were run in random order. The following data wetamed:

Ro(I:pSrﬁ)eed Roller gap (mm)

= - Z 15 11 9
20 12 1/ 12 - o
25 14 18 18 > >3
= 1o oc 22 19 23
o = 10 11 15 11

(1)Does roller speed affect roller gap at the 95% icemnice level?
Perform an ANOVA.

(2)Using a multiple range test at 95% confidence wlaokels are
different from one another?

(3)Find a suitable regression model between rolleragaproll speed if
one exists.

(4)Compare the results of (2) and (3).



Solution:
(1) Choose “Fit Y by X" in “analyze” with Roller ggas Y and Roll speed
as X.

254

' <

()
O
¢

15 20 £5 30 35

Foll Speed

Choose “means/Anova” in hot spot aside “Oneway\amsbf Roller gap by
Roller speed”:

¥ T Nnowaw Analucie nf Poller gap B:v Raoll EpEEd
Quantiles i

Means!Anowa

Means and Std Dey

Compate Meaans L @
MNonpar amekric 4

UnEqual variances L

Equivalence Test

Power, ..
Sek a Level »

Mormal Quantile Plok »

CDF Plat | | :
Makching Column... 5 30 35
Save 4

Display Options » | Roll Speed

L Scripk 4




¥ Analysis of Yariance

Source DF  Sum of Squares  Mean Sguare F Ratin Prob = F
Roll Speed 4 475, 76000 115940 14,7565 <.0001%*
Error 20 161, 20000 3.060

. Total 24 636, 96000

¥ Means for Dneway Anova
Lewel  Mumber Mean Std Error  Lower 95%  Upper 95%

15 =) 9.8000  1.2696 7152 12,445
20 5 154000  1.2696 12.752 15.045
25 5 176000  1.2696 14,952 20,248
30 5 Z2l.6000  1.Z2696 15.952 24,243
35 5 10.8000  1.Z2696 d.15& 13,445

Yes, roller speed affects roller gap at the 95%fidence level since the p
value is <.0001.



(2)
Choose “each Pair, Student’s t” in “Compare Means”:
¥ = Nnowwrau Analucic of Rollar gap qu.l Roll EFIEEEI

Quantiles i

Means|&nova
Means and Std Dew

Compare Means g
Manparametric 3 all Pairs, Tukey HSD comparisons, no adjustrment For multiple tests,

Each Pair, Student's £ Student's £ tests For all possible individual

UnEqual Yariances With Best, Hsu MCE

Equivalence Test With Contral, Dunnett's
Power., ., I

Set a Lewvel r

Mormal Quantile Plak »

CDF Plak

Matching Calurmn. .. 25 30 35

Save

Display Options
% Scripk

Roll Speed

v v v

¥ ™ Comparisons for each pair using Student's t

k alpha
208596 0.05
Abs(DiFY-LSD
a0 25 20 a5 15

30 -3.7455 0.2545 £.4545 7.0545 g, 0545
£5 0.2545  -3.7455  -1,5455 3.0545 4,0545
20 £,4545 -1,9455% -3,7455 0.3545 1.3545
35 7.0545 3.0545 0.8545  -3,7455  -2,7455
15 3.0545 4.0545 1.8545 -2.7455 -3.7455

Positive walues show pairs of means that are significantly different,

Level Mean
a0 i} 21.600000
25 B 17600000
20 B 15, 400000
a5 iZ 10.300000
15 iZ Q. 800000

Levels not connected by same letter are significantly different.

Level -Level Difference Lower CL Upper CL p-Yalue

30 15 11.50000 §.05455  15.54545 <.0001% i | /
30 33 10.50000 7.05455 1454545 <.0001% _.-r""{ | L
5 15 F,80000 4,05455  11.54545 0,0003* & /

25 33 &,50000 3.05455 1054545 0.0012%

30 20 f&,20000 2.45455 0,94545 0.0025*

20 15 5.60000 1.85455 0,34545 0.0054* i | /
Z0 35 |

4.60000 0.85455 8.34545 0.0156%*
30 5 4.00000 0.25435 7.74545 0.0375* w

5 20 £.20000 -1.54545 9.94545 0.2347 / | /

35 15 1.00000 -2.74345 4, 74545 01,5353




By the analysis, Level 30 in Group A is differerdarh level 25 and 20 in
group B. Level 25 and 20 in group B are differeotd 35 and 15 in group
C.



(3)
Firstly, fit a first order linear model:
Let roll speed be X, roller gap be Y

Y=6(+3; a

25
20
CL . .
m . .
D" T -
La]
T 157 //
e
10 ’ .
3 T T T T T
10 15 20 25 a0 35 40
Roll Speed
¥ Summary of Fit
RSquare 0.052782
RSguare Adj 0.011599
Roaot Mean Square Error 5.121735
Mean of Response 15.04
Ohservations (or Sum YWoks) 25
¥ Analysis of Yariance
Source DF  Sum of Squares  Mean Sguare F Ratio
rodel 1 F3.62000 F3.6200 1.2816
Errar 23 G03, 34000 20,2322 Prob = F
., Total 24 656, 96000 0,2695
¥ Lack Of Fit
Source DF Sum aof Squares  Mean Square F Ratio
Lack OF Fit 3 442, 14000 147,380 15,2554
Pure Errar 20 161, 20000 g.060 Prob =F
Takal Errar 23 603,34000 <, 0001#*
Max R3g
0.7469

There is a significant lack of fit at the .05 levEhen try a second order
model:
Let roll speed be X, roller gap be Y



Y=0B+G; +B; a

Choose “fit model” in “analyze”. Then add Roll spesnd Roll speed*Roll
speed as factors. (To add Roll speed*Roll spe&k Bloll speed in the
added factor area, then click cross, then click Hmed in the Select
Columns.)

¥ Regression Plot

Roller gap

3 T T T
10 15 20 25 30 35 40
Foll Speed

¥ Actual by Predicted Plot

¥ Summary of Fit

RSquare 0.591614
RSquare Adj 0.554455
Rk Mean Square Error 3.438589
Mean of Response 15.0¢
Chservations (or Sum Woks) 25
¥ Analysis of Yariance
Source DF Sum of Squares  Mean Square F Ratio
rlodel 2 376.53429 155,417 15,9353
Errar 22 260,12571 11,824 Prob=F
., Total 24 G356, 96000 «,0001%*
¥ Lack Of Fit
Source DF Sum of Sguares  Mean Sguare F R.atio
Lack OFf Fit 2 95,92571 49,4629 6,1365
Pure Error 20 161.20000 5.0600 Prob =F
Tatal Error 22 260,12571 00,0054+
Max R3g
0.7469

There is still a significant lack of fit. Then taythird order model.
Let roll speed be X, roller gap be Y

Y=0B+G; +06G; +B; a
The third order term, Roll speed* Roll speed* Rsgked is added the
similar way as the second order term Roll speedt $peed.



¥ Regression Plot

25

Roller gap

T T T T T
15 20 25 30 35 40

Roll Speed

¥ Actual by Predicted Plot

o] 3
o 4]
] ]

._.
o
|

Roller gap Actual

,_.
=
|
“

'

T T

10 15 20 25
Roller gap Predicted

P=.0001 R5g=0.69 RMSE=3.0454

¥ Summary of Fit

RSquare 0, 69363
RSquare Adj 0.649362
R.ook Mean Square Error 3.045355
Mean of Response 15.04
Ohservations {or Sum Wioks) 75

¥ Analysis of ¥Yariance

Saurce DF Sum of Sguares Mean Square
Maodel 3 441.81429 147.271
Error 21 195.14571 0,293
. Total 24 G636,36000

¥ Lack Of Fit
Source DF  Sum of Squares  Mean Square
Lack Ff Fit 1 3394571 33,9457
Pure Errar 20 161.20000 &, 0600
Tokal Error 21 195,14571

¥ Parameter Estimates

Term
Inkercept
Foll Speed

(Roll Speed-Z5Y*(Roll Speed-25)
(Roll speed-257*(Roll Speed-257*(Roll Speed-25)

There is no significant lack of fit.
adequate to describe the data.

F R.atio
15.8452
Prob = F
=.0001%*

F R.akio
4.2116
Prob = F
0.0535
Max R5q
0, 7469

Estimate Std Error bt Ratio  Prob:=|t|
-0,781429 6,545593 -0,12  0,9061
0.51 0.259063 3.13 0.0051%
-0,088571 0.014574 -6.08 <.0001%
-0,0076  0.002574 -Z.64 0.0152*

We can conaual cubic model is



Randomized Block Design

7. A study was conducted to determine effect of Bpked (rpm) on ribbon
uniformity (dimensionless) in a roller compactoc€8ario 2).. Six different
replicates were conducted on six batches of méfeoim a blending
operation. The order of selecting the samples wans the blenders were
randomized as was the order of running the expesndhe data from this
completely randomized block design is shown below:

Batch Number

Roll 1 2 3 4 5 6
Speed

(rpm)

10 .78 .80 81 75 77 .78
16 .85 .85 .92 .86 .81 .83
23 .93 .92 .95 .89 .89 .83
31 1.14 .97 .98 .88 .86 .83
40 .97 .86 .78 .76 .76 75

(1)Does Roll Speed affect the ribbon uniformity? Is between batch
variation significant?

(2)Determine the regression equation between rolldgoumity and roll
speed. Compare the results with a)

(3)Are the residuals from this experiment normallytriisited?



Solution:
(1)In IMP, double click the tab of “Roll speed” anaoke the data type as

“Character™:

Use “Fit model” in “Analyze” as in the previous fptems:

—
]

— —
= —
1 1

=
.
1

Ribbon Uniformity
Leverage Residuals

=
=
1

=
=

T
.80 .85 a0 .95
Roller Speed
Leverage, P=0.0003

¥ Summary of Ft

Raquare 0742294
RSguare Adj 0.626327
Rook Mean Square Error 0.053526
Mean of Response 0.853667
Observations {or Sum WWgks) an
¥ Analysis of Yariance
Source COF Sum of Squares Mean Square F Ratio
Model e 0.16504667 0.015339 &,4009
Errar 20 0,057 30000 0.002865 Prob =F
. Tokal 29 0,22234667 0.0003*

P parameter Estimates

¥ Effect Tests

Source Mparm  DF  Sum of Sguares FRatin Prob > F
Fuoll Speed 4 4 0.10215000 3.9162 0.,0003*
Batch 5 5 006256667 4,3886  0.0074*



Roll Speed affects the ribbon uniformity at the 1©%el since the p value is
.0003. There is significant variation between tlacBes at the .05 level
since the p value is .0074.

(2)Double click the tab of “Roll speed” and choosedhéa type as
“Numeric” and Modeling type as “Continuous”:

Use “Fit Y by X" in “Analyze” as in the previous @blems:



The Roll speed is not significant in this model @hhas a significant lack
of fit in this linear regression model. Comparihg tesults with (a), the
Batch effect has been lumped in with experimentalrelramatically
increasing its size and limiting the suitabilitytbe regression analysis. It is
necessary to remove the batch effect to get aoteféemodel.

3)

In (1), get the residual plot from the results:



To further check its normality, save the residuathoosing “Residuals” in
“Save Columns” from the hot spot aside the Resp@&isieon Uniformity:

Then we analyze it in “Distribution”:



The residuals are normally distributed.

Optimization Problem.

8. The product uniformity y from a continuous blenth scenario 2 is
related to the tilt(deg) T by the relationship:

Y = 100-(20.5-T§+ e, if Y>0
0, if YO

It is clear from the above relationship that theximaim uniformity is
obtained at T=20.5



Show how (1) dichotomous search and (2) goldenasestarch can be used
to search out this optimum over the region/TG50 where the

measurement error at any point is

e N(O,.25)

The smallest difference in T which can be deteétidegree.

(Hint: Program the relationship in Excel using #vailable random number

generator)

Solution:

In excel, input Y = 100-(20.5-D2)"2+0.5*RAND() dset uniformity
generator.

(1) Dichotomous search:

Step

1

2

3

4

Working
interval
0 50
0 50
0 26
0 26
12 26
12 26
18 26
18 26

middle
point
25
25
13
13
19
19
22
22

T
24
26
12
14
18
20
21
23

Y
88.13416
69.75396
27.75556
57.95248
93.89717
100.2358
100.0315
94.03289

Note in step 1 since Y(26) < Y(24), the optimumrairie in the interval
(26,50) which is dropped. The rest steps are simila

Since the smallest detectable difference is 2,imeethe maximum is

close to (20, 21) as expected.

(2) Golden section method:

Step

1

Working
interval

0 50
0 50

T

Y

19.198.42316

30.9

0



2 0 30.9 11.824.34522
3 11.8 30.9 23.690.42856
4 11.8 23.6 16.382.70831
5 16.3 23.6 20.8100.2592

In step 1, by gold section ratio, 50*.618 =30.9%.882=19.1. Since the
uniformity is greater at 19.1 than at 30.9, thenwal (30.9, 50) cannot
contain the optimum. The next experiment is locaietl.8
symmetrically with the (0, 30.9) interval. (30.9823=11.8)

Since only smallest detectable difference is 2fimetthe maximum is
close to 20.8 as expected.

Comparing these two methods, Dichotomous searahresg8 runs while
Golden section only 6.



Factorial Experimentation

9. A study is conducted to assess the effect of Pre¢3ion) and Punch
Distance (mm) on percent dissolution of a new ARdraB0 minutes in a
Tablet Press in Scenario 2. Three different ref@xavere taken at random

at three pressures and two Punch Distances Theudats follows:

Pressure (Ton)

Punch Distance | .75 1 1.5

(mm)

1 74,64,50 73,61,44 78,85,92
2 92,86,68 98,73,88 66,45,85

(1)Build a mathematical model to describe the mathiealatelationship
between %Dissolution and (Pressure, Punch Distance)

(2)Analyze the residuals from this experiment.

Solution:

(1) (a) The mathematical model for a 2*3 full fathabexperiment is:
Y= o+ P+ D+ PD+ P+ PD

(b) Input the data in IMP:



(c) Use stepwise regression. Input the responsealatite factors as in
the mathematical model in (a).



(c) Hit “Run Model”:

(d) Input .05 as Entry and Exitlevel. Choose “Backward” in
“Direction”. Hit “Enter All” and “Go”:



Now since the interaction term is significant, fioe sake of easy
explanation, we keep both main effects from therandtion in the model.

(e) Hit “Make Model” and run the model:

The final model is:

Y =55.88 + 3.90P + 8.89D -57.90PD



(2) Get the residual plots in the analysis in (1):

The residuals seem randomly scattered.

But its normality needs further test.



10. Design a full factorial experiment to determihe effect of Tilt,
Speed, Load and Inlet powder flow on the unifornaitygl density in a
series of batch runs in a continuous blender inate 2. Consider the
following cases:

(a) All factors at two levels.
(b) All factors at three levels.

(c) Tilt at 2 levels, Speed at three levels, loafbar levels and inlet
powder flow at 2 levels.

(1) For each of these cases give the following:
1) the actual experiments that must be run.
i) the mathematical model

(2) Describe the role of replication, randomizatand blocking

Solution:
(1)
(a)

1) Use “Full Factorial Design” in “DOE”, input thiactors and levels. Hit
“Make Table:



The mathematical model is:

(Where T is for Tilt, S is for Speed, L is for Lqdds for Inlet powder
flow)

Y=p+T+S+L+1+TS+TL+TI+SL+SI+14TSL+ TSI+ TLI
+ SLI + TSLI +

(b) Use the same method as in (a)(The table iseddpom JMP):

Inlet

Powder

Pattern Tilt Speed Load Flow
1111 1 1 1 1
1112 1 1 1 2
1113 1 1 1 3
1121 1 1 2 1
1122 1 1 2 2
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The mathematical model is:

(Where T is for Tilt, S is for Speed, L is for Lqdds for Inlet powder
flow)

Y=pu+T+S+L+1+TS+TL+TI+SL+SI+L0#TSL+TSI+TLI
+SLI+TSLI+ P+ S+ L2+ P+ TS+ TS + T2 + T2L + TL? + T?L?
+ T+ TP+ T2+ SL+SL+SP+ S+ SP+S1%+ L2+ LI% + LA?
+ T?SL + TSL + TSL? + T°SL + T°SL2 + TSL? + T°SL2 + T°SI + TS
+ TSP + T°S + TSI + T°SIP + T°S21% + T2LI + TL2 + TLI% + T°LA +
T2LI1% + TLA? + T2L2% + SLI + SL2 + SLIP + SL2 + S2LI% + S22 +
SL2A% + T°SLI + TSLI + TSLA + TSLI? + T°SLI + T2SL? + T?SLI? +
TSPLA + TSLI? + TSLA? + T°SPL2 + T2S2L1% + T°SLA%+ TSLA? +
T2SLA%+

(c) Use the same method as in (a) (The table ieddppom JMP):

Inlet

Powder
Pattern Tilt Speed Load Flow
11 -1 1 1 -1
11+ -1 1 1 1
12 -1 1 2 -1
12+ -1 1 2 1
13 -1 1 3 -1
13+ -1 1 3 1
14 -1 1 4 -1
14+ -1 1 4 1
21 -1 2 1 -1
21+ -1 2 1 1
22 -1 2 2 -1
22+ -1 2 2 1
23 -1 2 3 -1
23+ -1 2 3 1
24 -1 2 4 -1
24+ -1 2 4 1
31 -1 3 1 -1
31+ -1 3 1 1
32 -1 3 2 -1
32+ -1 3 2 1



33 -1 3 3 -1
33+ -1 3 3 1
34 -1 3 4 -1
34+ -1 3 4 1
+11 1 1 1 -1
+11+ 1 1 1 1
+12 1 1 2 -1
+12+ 1 1 2 1
+13 1 1 3 -1
+13+ 1 1 3 1
+14 1 1 4 -1
+14+ 1 1 4 1
+21 1 2 1 -1
+21+ 1 2 1 1
+22 1 2 2 -1
+22+ 1 2 2 1
+23 1 2 3 -1
+23+ 1 2 3 1
+24 1 2 4 -1
+24+ 1 2 4 1
+31 1 3 1 -1
+31+ 1 3 1 1
+32 1 3 2 -1
+32+ 1 3 2 1
+33 1 3 3 -1
+33+ 1 3 3 1
+34 1 3 4 -1
+34+ 1 3 4 1

The mathematical model is:

(Where T is for Tilt, S is for Speed, L is for Lqdds for Inlet powder
flow)

Y= +T+S+L+1+TS+TL+TI+SL+SI+LI+TS+ TSI+ TLI
+SLI+TSLI+ S+ L2+ L+ TS+ T2+ T3+ SL2+ SL3 + S + LA
+ L3+ TSL + TSP+ TS+ TSL? + TSL3+ TS + TLA +TL3 +
52L|3+ SL2 + S + SPL2 + S8 + TSPl + TSLA + TS + TSLA +
TSL3l +



(2) Replication provides the estimate of pure refRandomization is
necessary for conclusions drawn from the experinteebe correct,
unambiguous and defensible. Randomization eliragtte batch
effects. Blocking may show the batch effects.



Fractional Factorial Experiments with two levels

11. In the investigation of the conditions of filtion during the preparation
of an API, the objective was to improve the quatityhe product. Four
factors were examined:

A. Concentration of liquor when filtered (concentratedilute)

B. Effect of Liquor Storage (fresh vs old). The liqweas either
filtered immediately or kept a week before filtcati

C. Presence or absence of an anti-frothing agent.
D. Temperature of Filtration (high vs low)

It was considered unlikely that large ratg¢ions would exist between
these factors so that a ¥ replicate of &a2torial was selected with defining
contrast D=ABC. The purity of the product was reeal in the table below:

Run No.. | A B C D Purity
1 -1 -1 -1 -1 107
2 1 -1 -1 +1 114
3 -1 1 -1 1 122
4 +1 +1 -1 -1 130
) -1 -1 1 1 106
6 1 -1 +1 -1 121
7 -1 +1 +1 -1 120
8 1 1 1 1 132




Determine:
(1) The pattern of aliases for the experiment.
(2) The main effects and interactions

(3)If the error in the measurements is 2 units, wiactors are
significant?

Solution”
(1) A=BCD, B=ACD, C=ABD, D=ABC.
and

AB=CD, AC=BD, AD=BC

(2) Input the data in the JMP:



Run “Fit Model” in “Analyze” with main effects A, BC and interactions
AB, AC and ABC as factors:

(3) Calculate the Z statistic and check the Z value as
THUR (VWLPDWH HUURD = VWDWLVWLF 3URE!_=_

$
%
&
$%
$&
$% &

Main effects A and B are significant at .05 level.



12. O.L. Davies. The following experiment was cocted in a batch
reactor (Scenario 1) to investigate conditionsdifg the yield of an API.
Five factors were investigated with the followiryéls:

Factors Level
A A/B Feed ratio Low High
B Amount of Liquid Catalyst Concentrated Dilute
C Amount of Anti-foaming agent None Some
D Time of Reaction Short Fast
E Agitation Slow Fast

Setting the signs of D=-AE and C=+AB, the followiRgrcent Yield data
were obtained (the analysis for each run was repgat

Design of Experiment and Product Yield

RunNo | A B C D E Yield

1 -1 -1 +1 -1 -1 53.1,54.
2 +1 -1 -1 +1 -1 49.3,48.
3 -1 +1 -1 -1 -1 50.1,51.
4 +1 +1 +1 +1 -1 68.3,67
5 -1 -1 +1 +1 +1 73.4,75,
6 +1 -1 -1 -1 +1 79.7,78.
7 -1 +1 -1 +1 +1 84.5,86.
8 +1 +1 +1 -1 +1 81.3,80

(1)What are the defining contrasts?

(2)Determine the pattern of aliases.



(3)What are the significant main effects and intecas?
(4)1s there a significant lack of fit?

(5)Based on this data what is the optimal way to henréaction?

Solution:
(1)D=-AE and C=+AB
The defining contrasts are:

| =-ADE = ABC = -BCDE

(2)A = -DE = BC = -ABCDE
B= -ABDE = AC = -CDE
C=-ACDE = AB = -BDE
D= -AE = ABCD = -BCE
E=-AD= ABCE =-BCD
BD = -ABE = ACD = -CE
BE = - ABD = ACE = -CD

3)
(@) Input the data in the JMP:



(b) Input the response and the factors:



(c) Run the model:

All the main effects are significant on the .05dE\BD interaction
Is also significant on the .05 level.

(4) Remove BE interaction, run the model again:



There is no significant lack of fit on the .05 leve

(5) To maximize the yield, all the main effects ghibbe run on the low
level.



13. In the batch reaction API yield study descrilvesicenario 1, it was
decided to make a series of runs including tempeaxatwell as the other five
factors. Based on their previous success they allawed to conduct 16
runs.

(1) Design a fractional factorial experiment whista ¥4 fraction of a®2
full factorial experiment which maximizes the prbbiy of testing for
the significant of main effect and two factor iratetions.

(2) What are the defining contrasts and patteraliages for this design.

(3) List the considerations in deciding which frantto run.

Solution:

(1)A Resolution 1V design with generators E = ABC aRd BCD is:

Run| A B C D | E=ABC | F=BCD
1 - - - - i -
2 + - - - + -
3 - + - - + +
4 + + - - - +
5 - - + - + +
6 + - + - - +
7 - + + - - -
8 + + + - + -
9 - - - + - +

10 | + - - + + +
11 - + - + + -
12 | + + - + - -
13 - - + + + -
14 | + - + + - -
15 - + + + - +
16 | + + + + + +




(2)Generators:
E =ABC and F=BCD

The defining contrasts are:
| = ABCE = BCDF = ADEF

The aliases pattern are:
A = BCE = DEF = ABCDF
B = ACE = CDF = ABDEF
C = ABE = BDF = ACDEF
D = BCF = AEF = ABCDE
E = ABC = ADF = BCDEF
F =BCD = ADE = ABCEF
AB = CE = ACDF = BDEF
AC = BE = ABDF = CDEF
AD = EF = BCDE = ABCF
AE = BC = DF = ABCDEF
AF = DE = BCEF = ABCD
BD = CF = ACDE = ABEF
BF = CD = ACEF = ABDE
ABD = CDE = ACF = BEF
ACD = BDE = ABF = CEF



(3) All fractions have the same extent of confoundiegiveen main
effects and interactions. Frequently several expanis are already
available and it is wise to select for the fractionvhich the greatest
number of existing experiments has been run. Amatbesideration
is the actual level of the experiments. Run théesasnes. For
example, the run with all the factors at their leghlevel might be
difficult. Carefully go over the potential diffictiés before selecting
the fraction.



Response Surface Modeling and Optimization

14. An experiment was run in a batch reactor terdene the effect of
temperature and reaction time on the yield of tRé. Ahese factors are
coded as x1= (temperature -300deg)/50deg and x2e(t0hrs)/5 hours.
The following coded data was obtained where thiglysein percent

Run No X1 X2 Yield (%)
1 -1 0 78.03
2 1 0 80.4
3 0 0 80.1
4 0 0 80.95
5 0 -1 80.3
6 0 1 80.08
7 0 0 80.97
8 1.4142 | -1.4142 74.38
9 -1.4142 | 1.4142 74.87
10 1.4142 | -1.4142 75.68
11 1.4142 |  1.4142 78.13
12 0 0 80.44

(1)Fit a response surface model to the data. Is theehamlequate to
describe the data?

(2) Plot the yield response curve. What recommeaiagitvould you make
about the operating conditions for the reactor?



Solution

(1)
(a) Input the data:

(b) Run script in “Model”:



(3) Run model:

Since the p-value of lack of fit test is large th@s, the model is
adequate.

(2) Choose “Contour Profiler” and “Surface Profiler “Factor
Profiling” by clicking the hot spot aside the “Resise Yield”:






The solution is a maximum. The maximum will bealesd at:

X1=.278, X2 =.309



15. Design a Central Composite Design, a Threellfeaetorial Design and
a Box Behnken design for generating a responsacifbr yield in a batch
reactor system(Scenario 1) where the effect of &xatpre, termination time
and agitation rate are to be investigated. Comiperéeatures of the three
designs in terms of the number of runs required.

Solution

Let X1 = Temperature, X2 = Termination time, X3Agjitation rate and Y =
Yield:

(1) CCD. Choose “Response Surface Design” in “DOE”".

Input factors and continue. Choose CCD-Orthogonal:



Continue. Make the table:



(2) 3 level factorial design

Choose “Full Factorial Design” in “DOE”:



(3) Box- Behnken Design:

Compare these three designs, the Box-Behnken basitimum runs.



