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57920718: MAJOR: INDUSTRIAL ENGINEERING; M.Eng.
(INDUSTRIAL ENGINEERING)
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KANNIKA SITTAYANGKOON: ABS COLOUR COMPOUND FORMULATION
BY DESIGN OF EXPERIMENT. ADVISORY COMMITTEE: KRITSADA

PROSOPSUKCHAICHANA, Ph.D., 116 P. 2016.

The objective of this research is to study the optimal factors for the desired colour
shade of ABS compound by design of experiment. The experiment was started with 2* factorial
design. Four factors, namely carbon black, red solvent dyes, yellow solvent dyes and magnesium
stearate, were selected in the experimental design. The experimental results indicated that the
significant factors were carbon black, red solvent dyes and yellow solvent dyes. Then the
experiment was repeatedly designed by Box-Behnken design to determine the regression model
for optimization. The regression models could be used to select the desired colour shade of ABS
compound with carbon black of 0.38 gram, red solvent dyes of 0.13 gram and yellow solvent dyes

of 0.08 gram. Therefore, the process capability (C,,) has increased to 1.18.
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Properties Nominal value Unit Test method
ASTM
Apparent density 0.25 to 0.36 g/ cm?
D1895
Melt mass-flow rate (MFR), g/ 10 ASTM
Physical 1.0 to 36
220°C/ 10.0 kg min D1238
Molding shrinkage flow: 73°F 4.5E-3to 74E-3  in/in ASTM D955
Water absorption, 73°F, 24 hr 0.20 to 0.31 % ASTM D570
246000 to
Tensile modulus, 73°F psi ASTM D638
410000
Tensile strength, 73°F 4660 to 7750 psi ASTM D638
Mechanical
Tensile elongation
Yield, 73°F 2.0to 12 % ASTM D638
Break, 73°F 1.0 to 57 % ASTM D638
Impact Notched izod impact, 73°F 1.7t0 7.7 ftlb/in  ASTM D256
Hardness Rockwell hardness, 73°F 97to 115 ASTM D785
ASTM
Thermal Vicat softening temperature 182 to 240 °F
D1525
Flammability ~Burning rate 14t02.7 in/min  ISO 3795
ASTM
Optical Gloss 30 to 100
D2457
Processing (Melt) temp 407 to 501 °F
Injection
Mold temperature 120 to 160 °F
Melt temperature 385t0 475 °F
Extrusion
Die temperature 418 to 439 °F
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A15199 2-2 EsaNLaN 1Flumseaanaiaan

Type of Typical Comments Substances
additive amount in
% w/w
Functional
additives
Plasticizers 10-70 Around 80% used in PVC Short and medium chain chlorinated

and the remaining 20% in paraffins (SCCP-MCCP);

cellulose plastic Diisoheptylphthalat (DIHP); DHNUP;
Benzyl butyl phthalate (BBP); Bis (2-
ethylhexyl) phthalate (DEHP): (2-
methoxyethyl) phthalate
(DMEP): Dibutyl phthalate (DBP);
Diisobutyl phthalate (DiBP); Tris (2-

chloroethyl) phosphate (TCEP);

Flame 12-18 (for Three groups: organic non-  Short and medium chain chlorinated
retardants brominated) reactive, reactive; paraffins (SCCP-MCCP); Boric acid,;
inorganics Brominated flame retardants; Tris (2-

chloroethyl) phospate (TCEP)
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Type of Typical Comments Substances
additive amount in
% w/w
Stabilizers, 0.05-3 Amount depends on Bisphenol A (BPA); Cadmium
Antioxidants chemical structure of compounds; Lead compounds;
and UV additive and of plastic Nonylphenol compounds;
stabilizers polymer. Phenolic Octylphenol; 1,3,5-Tris (oxiran-2-
antioxidants are used in ylmethyl)-1,3,5-triazinane-2,4,6-trione
low amounts and (TGIC)/1,3,5-tris[(2S and 2R)-2,3,-
phosphites in high. Lowest  epoxypropyl]-1,3,5,-triazine-2,4,6,-
amounts in polyolefins (1H,3H,5H)-trione (B-TGIC)
(LLDPE, HDPE), higher in
HIPS and ABS
Heat 0.5-3 Used in PVC. Based on Cadmium compounds; Lead
stabilizers lead, tin, barium, cadmium  compounds; Nonylphenol (barium and
and zinc compounds. Lead  calcium salts);
is most efficient and used
in the lower amounts.
Slip agents 0.1-3 Amounts depend on
chemical structure of slip
agent and plastic polymer
type
Lubricants 0.1-3
(internal and
external)
Antistatics 0.1-1 Most types are hydrophilic

and can migrate to water
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Type of  Typical Comments Substances
additive  amount in
% wiw
Curing 0.1-2 Peroxides and other crosslinkers.  4,4'-Diaminodiphenylmethane (MDA);
agents Catalysts, accelerators 2,2'-dichloro-4,4'-methylenedianiline
(MOCA); Formaldehyde-reaction
products with aniline; Hydrazine;
1,3,5-Tris (oxiran-2-ylmethyl)-1,3,5-
triazinane-2,4,6-trione (TGIC)/1,3,5-
tris[(2S and 2R)-2,3-epoxypropy1]-
1,3,5- triazine-2,4,6-(1H,3H,5H)-
trione (B-TGIC)
Blowing Depends on Azodicarbonamide, benzene di- Blowing agents
agents the density  sulphonyl hydrazide (BSH),
of the foam pentane, CO,
and the
potential
gas
production
of the agent
Biocides 0.001-1 Soft PVC and foamed Arsenic compounds; Organic tin

polyurethanes are the major
consumers of biocidea. They are
of different chemical structures
and include chorinated nitrogen
sulphur heterocycles and
compounds based on tin, mercury,
arsenic, copper and antimony, e.g.
tributyltin and 10,10'-

oxybisphenoarsine

compounds; Triclosan
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Type of additive ~ Typical Comments Substances
amount in
% w/ w
Colorants
Soluble 0.25-5 Migrates easily. Used in highly ~ Soluble (eg.azocolorants)
(eg.azocolorants) transparent plastics. They are
expensive, have limitted light-
and heat resistancese. They are
used in PS, PMMA and
cellulose plastics to give a
bright transparent colour.
Organic 0.001-2.5 Insoluble low migration Cobalt (IT) diacetate
pigments tendency
Inorganic 0.01-10 E.g. zinc sulphide, zinc oxide, = Cadmium compounds; Chromium
pigments iron oxide, cadmium-mangane  compounds; Lead compounds
based, chromium based,
ultramarine and titanium
dioxide
Special effect Varies with  Aluminium and copper
the effect powder, lead carbonate or
and bismuthoxichloride and
substance substances with fluorescence.
in question  Substances with fluorescence
might migrate, the former not
Fillers Up to 50 Calcium carbonate, talk. Clay,

zinc oxide, glimmer, metal
powder, woog powder, asbest,
barium sulphate, glass

microspheres, silicious earth
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A1519N 2-2 (99)

Type of additive ~ Typical Comments Substances
amount in
% w/w

Reinforcements  Glass Glass fibers, carbon fibers,

(15-30%) aramide fibers. 15-30% is for
glass only due to the high

density of glass.
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Std order Run order Center Pt Blocks A B C D DL Da Db
16 1 1 1 0.4 0.2 0.1 0.5 0.09 050 -0.03
35 2 0 1 035 0.15 0075 04 1.12 046 -0.08
3 3 1 1 0.3 02 005 03 1.76 136 -0.42
2 4 1 1 0.4 0.1 005 03 -0.03 005 0.01

5 5 1 1 0.3 0.1 0.1 03 217 075 -0.16
26 6 1 1 0.4 0.1 005 05 025 -0.07 -0.01
9 7 1 1 0.3 0.1 005 05 231 090 -0.38
31 8 1 1 0.3 0.2 0.1 0.5 196 158 -0.32
28 9 1 1 0.4 0.2 005 05 -024 053 -0.15
34 10 0 1 035 0.15 0.075 04 091 042 -0.09
17 11 1 1 0.3 0.1 005 03 253 098 -0.39
14 12 1 1 0.4 0.1 0.1 0.5 0.16 0.06 0.08
21 13 1 1 0.3 0.1 0.1 0.3 230 082 -0.16

19 14 1 1 0.3 0.2 0.05 0.3 1.69 1.38  -0.40
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Std order Runorder Center Pt Blocks A B C D DL Da Db
32 15 1 1 0.4 0.2 0.1 05 -0.11 0.57 -0.07
30 16 1 1 0.4 0.1 0.1 0.5 0.16 0.03 0.10
11 17 1 1 0.3 02 005 05 1.67 135 -043

8 18 1 1 0.4 0.2 0.1 03 006 0.62 -0.06
18 19 1 1 0.4 0.1 005 03 0.09 0.02 -0.02
6 20 1 1 0.4 0.1 0.1 03 013 0.01 0.06
20 21 1 1 0.4 02 005 03 -0.10 0.68 -0.20
13 22 1 1 0.3 0.1 0.1 05 227 073 -0.13
1 23 1 1 0.3 0.1 005 03 238 083 -037
33 24 0 1 035 0.15 0.075 04 090 048 -0.13
4 25 1 1 0.4 02 005 03 -0.17 0.67 -0.17
36 26 0 1 035 0.15 0.075 04 076 055 -0.16
10 27 1 1 0.4 0.1 005 05 -0.16 0.06 -0.04
29 28 1 1 0.3 0.1 0.1 05 209 075 -0.14
23 29 1 1 0.3 0.2 0.1 03 207 147 -030
25 30 1 1 0.3 0.1 005 05 244 084 -0.36
7 31 1 1 0.3 0.2 0.1 03 220 155 -033
22 32 1 1 0.4 0.1 0.1 03 024 0.14 0.07
15 33 1 1 0.3 0.2 0.1 05 211 157 -0.32
12 34 1 1 0.4 02 005 05 -0.14 055 -0.14
27 35 1 1 0.3 02 005 05 1.72 140 -0.38
24 36 1 1 0.4 0.2 0.1 03 020 0.60 -0.13
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NAFOUTNUATIUNANUITONY 95% HIpNTzAUTsd ATy 0.05 FI2UYers
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aunAgunanilon P-value i lattosnszauisdAny

Factorial Regression: DL versus A, B, C, D, CenterPt

Analysis of Variance

Source DF Seq SS Adj SS Adj MS F P

Main Effects 4 35.3433 35.3433 8.8358 625.54 0.000
A 1 34.5280 34.5280 34.5280 2444.46 0.000
B 1 0.6498 0.6498 0.6498 46.00 0.000
C 1 0.1378 0.1378 0.1378 9.76 0.006
D 1 0.0276 0.0276 0.0276 1.95 0.178

2-Way Interactions 6 0.3832 0.3832 0.0639 4.52 0.005
A*B 1 0.1326 0.1326 0.1326 9.39 0.006
A*C 1 0.0180 0.0180 0.0180 1.28 0.272
A*D 1 0.0005 0.0004 0.0004 0.03 0.860
B*C 1 0.2245 0.2245 0.2245 15.89 0.001
B*D 1 0.0041 0.0041 0.0041 0.29 0.599
C*D 1 0.0036 0.0036 0.0036 0.26 0.619

3-Way Interactions 4 0.1303 0.1303 0.0326 2.31 0.096
A*B*C 1 0.1225 0.1225 0.1225 8.67 0.008
A*B*D 1 0.0045 0.0045 0.0045 0.32 0.579
A*C*D 1 0.0008 0.0008 0.0008 0.06 0.814
B*C*D 1 0.0025 0.0025 0.0025 0.17 0.682

4-Way Interactions 1 0.0003 0.0003 0.0003 0.02 0.883
A*B*C*D 1 0.0003 0.0003 0.0003 0.02 0.883
Curvature 1 0.0728 0.0728 0.0728 5.16 0.035

Residual Error 19 0.2684 0.2684 0.0141
Pure Error 19 0.2684 0.2684 0.0141

Total 35 36.1983

Model Summary

S =0.118849 PRESS = 0.966917

R-Sg = 99.26% R-Sqg(pred) = 97.33% R-Sg(adj) = 98.63%
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Factorial Fit: DL versus A, B, C

Estimated Effects and Coefficients for DL (coded units)

Term Effect Coef SE Coef T P

Constant 1.066 0.01920 55.51 0.000

A -2.077 -1.039 0.01%920 -54.11 10.000

B -0.285 -0.142 0.01920 -7.42 0.000

C 0.131 0.066 0.01920 3.42 0.002

A*B 0.129 0.064 0.01920 3.35 0.002

B*C 0.168 0.084 0.01920 4.36 0.000

A*B*C -0.124 -0.0062 0.01920 -3.22 0.003

Ct Pt -0.143 0.05759 -2.49 0.019

S = 0.118599 PRESS = 0.590501

R-Sg = 99.09% R-Sg(pred) = 98.37% R-Sg(adj) = 98.86%

Analysis of Variance for DL (coded units)

Source DF Seq SS Adj SS Adj MS F p

Main Effects 3 35.3157 35.3157 11.7719 998.15 0.000
A 1 34.5280 34.5280 34.5280 2927.66 0.000
B 1 0.6498 0.6498 0.6498 55.10 0.000
C 1 0.1378 0.1378 0.1378 11.69 0.002

2-Way Interactions 2 0.3571 0.3571 0.1785 15.14 0.000
A*B 1 0.1326 0.1326 0.1326 11.24 0.002
B*C 1 0.2245 0.2245 0.2245 19.03 0.000

3-Way Interactions 1 0.1225 0.1225 0.1225 10.39 0.003
A*B*C 1 0.1225 0.1225 0.1225 10.39 0.003
Curvature 1 0.0728 0.0728 0.0728 6.18 0.019

Residual Error 28 0.3302 0.3302 0.0118
Lack of Fit 1 0.0181 0.0181 0.0181 1.56 0.222
Pure Error 27 0.3122 0.3122 0.0116

Total 35 36.1983
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Factorial Regression: Da versus A, B, C, D, CenterPt

Analysis of Variance

Source DF Seq SS Adj SS Adj MS F p

Main Effects 4 8.29852 8.29852 2.07463 788.75 0.000
A 1 5.47805 5.47805 5.47805 2082.70 0.000
B 1 2.80845 2.80845 2.80845 1067.74 0.000
C 1 0.00151 0.00151 0.00151 0.58 0.458
D 1 0.01051 0.01051 0.01051 4.00 0.060

2-Way Interactions 6 0.04745 0.04745 0.00791 3.01 0.031
A*B 1 0.01280 0.01280 0.01280 4.87 0.040
A*C 1 0.00061 0.00061 0.00061 0.23 0.635
A*D 1 0.00911 0.00911 0.00911 3.46 0.078
B*C 1 0.02311 0.02311 0.02311 8.79 0.008
B*D 1 0.00001 0.00001 0.00001 0.00 0.946
C*D 1 0.00180 0.00180 0.00180 0.68 0.418

3-Way Interactions 4 0.08267 0.08267 0.02067 7.86 0.001
A*B*C 1 0.07031 0.07031 0.07031 26.73 0.000
A*B*D 1 0.01051 0.01051 0.01051 4.00 0.060
A*C*D 1 0.00005 0.00005 0.00005 0.02 0.892
B*C*D 1 0.00180 0.00180 0.00180 0.68 0.418

4-Way Interactions 1 0.00005 0.00005 0.00005 0.02 0.892
A*B*C*D 1 0.00005 0.00005 0.00005 0.02 0.892
Curvature 1 0.22222 0.22222 0.22222 84.49 0.000

Residual Error 19 0.04997 0.04997 0.00263
Pure Error 19 0.04997 0.04997 0.00263

Total 35 8.70090

Model Summary

S = 0.0512861 PRESS = 0.440246

R-Sg = 99.43% R-Sqg(pred) = 94.94% R-Sg(adj) = 98.94%
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Factorial Fit: Da versus A, B, C, D

Estimated Effects and Coefficients for Da (coded units)

Term Effect Coef SE Coef T P

Constant 0.7275 0.009250 78.65 0.000

A -0.8275 -0.4137 0.009250 -44.73 0.000

B 0.5925 0.2962 0.009250 32.03 0.000

C 0.0138 0.0069 0.009250 0.74 0.464

D -0.0362 -0.0181 0.009250 -1.96 0.060

A*B -0.0400 -0.0200 0.009250 -2.16 0.040

B*C 0.0538 0.0269 0.009250 2.91 0.007

A*B*C -0.0938 =-0.0469 0.009250 -5.07 0.000

Ct Pt -0.2500 0.027750 -9.01 0.000

S = 0.0523255 PRESS = 0.391490

R-Sg = 99.15% R-Sg(pred) = 95.50% R-Sg(adj) = 98.90%

Analysis of Variance for Da (coded units)

Source DF Seqg SS Adj SS Adj MS F P

Main Effects 4 8.29852 8.29852 2.07463 757.73 0.000
A 1 5.47805 5.47805 5.47805 2000.78 0.000
B 1 2.80845 2.80845 2.80845 1025.74 0.000
C 1 0.00151 0.00151 0.00151 0.55 0.464
D 1 0.01051 0.01051 0.01051 3.84 0.060

2-Way Interactions 2 0.03591 0.03591 0.01796 6.56 0.005
A*B 1 0.01280 0.01280 0.01280 4.68 0.040
B*C 1 0.02311 0.02311 0.02311 8.44 0.007

3-Way Interactions 1 0.07031 0.07031 0.07031 25.68 0.000
A*B*C 1 0.07031 0.07031 0.07031 25.68 0.000
Curvature 1 0.22222 0.22222 0.22222 81.16 0.000

Residual Error 27 0.07392 0.07392 0.00274
Lack of Fit 8 0.02395 0.02395 0.00299 1.14 0.383
Pure Error 19 0.04997 0.04997 0.00263

Total 35 8.70090
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Model Summary

R-Sq = 98.73%

Analysis of Variance

Source DF Seq SS
Main Effects 4 0.829587
A 1 0.575128
B 1 0.126253
C 1 0.126253
D 1 0.001953
2-Way Interactions 6 0.023994
A*B 1 0.004753
A*C 1 0.008778
A*D 1 0.000378
B*C 1 0.009453
B*D 1 0.000253
C*D 1 0.000378
3-Way Interactions 4 0.011887
A*B*C 1 0.009453
A*B*D 1 0.001653
A*C*D 1 0.000253
B*C*D 1 0.000528
4-Way Interactions 1 0.000028
A*B*C*D 1 0.000028
Curvature 1 0.014028
Residual Error 19 0.011350
Pure Error 19 0.011350
Total 35 0.890875

S = 0.0244411 PRESS = 0.0501850
R-Sg(pred) = 94.37%

Factorial Regression: Db versus A,

lcNoNoNoNoNoNoNoNeoNoNoNolNoNoNoNoloNoNoNolNolNo)

B, C, D, CenterPt

Adj sS Adj MS
.829587 0.207397
.575128 0.575128
.126253 0.126253
.126253 0.126253
.001953 0.001953
.023994 0.003999
.004753 0.004753
.008778 0.008778
.000378 0.000378
.009453 0.009453
.000253 0.000253
.000378 0.000378
.011887 0.002972
.009453 0.009453
.001653 0.001653
.000253 0.000253
.000528 0.000528
.000028 0.000028
.000028 0.000028
.014028 0.014028
.011350 0.000597
.011350 0.000597

R-Sg(adj) = 97.
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Factorial Fit: Db versus A, B, C, D

Estimated Effects and Coefficients for Db (coded units)

Term Effect Coef SE Coef T P

Constant -0.1778 0.004221 -42.13 0.000

A 0.2681 0.1341 0.004221 31.76 0.000

B -0.1256 -0.0628 0.004221 -14.88 0.000

C 0.1256 0.0628 0.004221 14.88 0.000

D 0.0156 0.0078 0.004221 1.85 0.076

A*B -0.0244 -0.0122 0.004221 -2.89 0.008

A*C -0.0331 -0.0166 0.004221 -3.92 0.001

B*C -0.0344 -0.0172 0.004221 -4.07 0.000

A*B*C 0.0344 0.0172 0.004221 4.07 0.000

Ct Pt 0.0628 0.012662 4.96 0.000

S = 0.0238762 PRESS = 0.0419396

R-Sg = 98.34% R-Sqg(pred) = 95.29% R-Sg(adj) = 97.76%

Analysis of Variance for Db (coded units)

Source DF Seq SS Adj SS Adj MS F P

Main Effects 4 0.829587 0.829587 0.207397 363.81 0.000
A 1 0.575128 0.575128 0.575128 1008.87 0.000
B 1 0.126253 0.126253 0.126253 221.47 0.000
C 1 0.126253 0.126253 0.126253 221.47 0.000
D 1 0.001953 0.001953 0.001953 3.43 0.076

2-Way Interactions 3 0.022984 0.022984 0.007661 13.44 0.000
A*B 1 0.004753 0.004753 0.004753 8.34 0.008
A*C 1 0.008778 0.008778 0.008778 15.40 0.001
B*C 1 0.009453 0.009453 0.009453 16.58 0.000

3-Way Interactions 1 0.009453 0.009453 0.009453 16.58 0.000
A*B*C 1 0.009453 0.009453 0.009453 16.58 0.000
Curvature 1 0.014028 0.014028 0.014028 24.61 0.000

Residual Error 26 0.014822 0.014822 0.000570
Lack of Fit 7 0.003472 0.003472 0.000496 0.83 0.575
Pure Error 19 0.011350 0.011350 0.000597

Total 35 0.890875
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Probability Plot of RESI1 (Da)
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Versus Order
(response is Da)
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Runs Test: RESI1 (DL), RESI1 (Da), RESI1 (Db)

Runs test for RESI1 (DL)

Runs above and below K = -1.12564E-16
The observed number of runs = 15

The expected number of runs = 18.9444
19 observations above K, 17 below

P-value = 0.181

Runs test for RESI1 (Da)

Runs above and below K = -7.86408E-17
The observed number of runs = 18
The expected number of runs = 19

18 observations above K, 18 below
P-value = 0.735

Runs test for RESI1 (Db)

Runs above and below K = 1.831097E-17
The observed number of runs = 22

The expected number of runs = 18.9444

17 observations above K, 19 below
P-value = 0.300
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Versus Fits
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Test for Equal Variances for RESI1 (DL)
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0.35 0.15 0.0754 e |
0.40 0.10 0.0504 —e |

0.1001 w@—

0.20 0.0501 H—
0.100{ +e {

00 02 04 06 08 10 12 14
959%o Bonferroni Confidence Intervals for StDevs

v 9
NN 4-20 maaummmuﬂiﬂiaumméﬁaylaﬁmimmumimamgﬁmﬁu (DL)
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Test for Equal Variances for RESI1 (Da)

A B C

0.30 0.10 0.050- e | Bartlett's Test

Test Statistic 3.38
o 41—

0.100 P-Value 0.908

020 0.050{ re—— Levene's Test
Test Statistic 0.84
0.100 4 & i P-Value 0.573

035 0.15 0.075{ +e {

0.40 0.10 0.0504 + |
0.10097 +e |

®

L

0.20 0.0504 ¢
0.100{ t+e {

00 01 02 03 04 05 06
95% Bonferroni Confidence Intervals for StDevs
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Test for Equal Variances for RESI1 (Db)

A B C
0.30 0.10 0.0504 w@—— Bartlett's Test
1 » Test Statistic ~ 11.73
Ll P-Value 0.164
020 0.050{ re : Levenes Test
Test Statistic 173
0.1004 r&—m— P-Value 0.137
0.35 0.15 0.075 —e |
0.40 0.10 0.0504 @ |

0.1001 HO—H

0.20 0.0501 t+e {
0.100 - —e {

0.00 005 010 015 020 025 0.30
959% Bonferroni Confidence Intervals for StDevs
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Power and Sample Size (DL)

2-Level Factorial Design
Alpha = 0.05 Assumed standard deviation = 0.12

Factors: 4 Base Design: 4, 16
Blocks: none

Number of terms omitted from model: 9
Including a term for center points in model.

Center Total
Points Effect Reps Runs Power
4 0.25 2 36 0.999901

Power and Sample Size (Da)

2-Level Factorial Design
Alpha = 0.05 Assumed standard deviation = 0.05

Factors: 4 Base Design: 4, 16
Blocks: none

Number of terms omitted from model: 8
Including a term for center points in model.

Center Total
Points Effect Reps Runs Power
4 0.15 2 36 1.00000

NN 4-23 WANI5HIAT Power and sample size (DL, Da ttag Db)
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Power and Sample Size (Db)

2-Level Factorial Design
Alpha = 0.05 Assumed standard deviation = 0.02

Factors: 4
Blocks: none

Base Design: 4, 16

Number of terms omitted from model: 7
Including a term for center points in model.

Center Total
Points Effect Reps Runs Power
4 0.15 2 36 1

NN 4-23 (99)

NN 4-24 WANI5HIAT Power and sample size (DL)

Power Curve for 2-Level Factorial Design
1.0 -
Reps,
Ctr Pts Per Blk
— 2,4
0.8 1 Assumptions
Alpha 0.05
StDev 0.12
# Factors 4
_ # Corner Pts 16
e 0.6 # Blocks none
ﬂg’ # Terms O mitted 9
=} Terms Included In Model
o .
0.4 Center Points Yes
0.2
0.0 T T T T T T T T T
-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25
Effect



Power Curve for 2-Level Factorial Design
1.0
Reps,
Ctr Pts Per Blk
— 2,4
0.8+ Assumptions
Alpha 0.05
StDev 0.05
# Factors 4
_ # Corner Pts 16
= 0.6 # Blocks none
g # Terms O mitted 8
<) Terms Included In Model
o .
0.4+ Center Points Yes
0.2 4
0.0 T T T T T
-0.05 0.00 0.05 0.10 0.15
Effect

NN 4-25 WaN15H1A1 Power and sample size (Da)

Power Curve for 2-Level Factorial Design
1.0
Reps,
Ctr Pts Per Blk
— 2,4
0.8 Assumptions
Alpha 0.05
StDev 0.02
# Factors 4
0.6 # Comer Pts 16
e # Blocks none
0;) # Terms O mitted 7
<) Terms Included In Model
o .
0.4 Center Points Yes
0.2 4
0-0 T T T T
0.00 0.05 0.10 0.15
Effect

NN 4-26 WANITHIA Power and sample size (Db)
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Std order Run order Pttype Blocks A B C DL Da Db
11 1 2 1 0.35 0.1 0.1 1.31 026 -0.44
20 2 2 1 0.3 0.15 0.05 247 1.04 -0.78
5 3 2 1 0.3 0.15 0.05 231 1.05  -0.78
23 4 2 1 0.4 0.15 0.1 0.35 034 -0.45
17 5 2 1 0.4 0.1 0.075 044 022 -0.61
18 6 2 1 0.3 02 0075 1.92 1.30  -0.76
9 7 2 1 0.35 0.1 0.05 1.69 042 -0.58
21 8 2 1 0.4 0.15 0.05 074 034 -0.54
29 9 0 1 0.35 0.15 0.075 091 042  -0.09
30 10 0 1 0.35 0.15 0.075 132 058 -0.26
10 11 2 1 0.35 0.2 0.05 090 0.79 -0.70
14 12 0 1 0.35 0.15 0.075 0.68 025 -0.13
27 13 2 1 0.35 0.2 0.1 0.84 093 -0.63
28 14 0 1 0.35 0.15 0.075 1.12 046 -0.08
24 15 2 1 0.35 0.1 0.05 1.83 049  -0.64
26 16 2 1 0.35 0.1 0.1 1.45 032 -047
4 17 2 1 0.4 02 0075 039 071 -0.64
3 18 2 1 0.3 02 0075 2.7 .52  -0.88
25 19 2 1 0.35 0.2 0.05 1.02 0.80 -0.71

2 20 2 1 0.4 0.1 0.075 056  0.15 -0.59
1 21 2 1 0.3 0.1 0.075 262 0.79 -0.66
19 22 2 1 0.4 02 0075 048 083 -0.68
22 23 2 1 0.3 0.15 0.1 243 1.09  -0.67
7 24 2 1 0.3 0.15 0.1 2.50 .15 -0.68
6 25 2 1 0.4 0.15 0.05 1.18  0.57 -0.62
16 26 2 1 0.3 0.1 0.075 250 0.74 -0.65
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Std order Run order Pttype Blocks A B C DL Da Db
12 27 2 1 0.35 0.2 0.1 098 091 -0.59
8 28 2 1 0.4 0.15 0.1 053 037 -045
13 29 0 1 035 0.15 0.075 0.76 055 -0.23
15 30 0 1 035 0.15 0.075 090 048 -0.13
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F-Value

54.
146.
406.
.42
.13
.65
.10
.93
.80
.55
.24
.67
.74

Response Surface Regression: DL versus A, B, C
Analysis of Variance
Source DF Adj SS Adj MS
Model 9 15.4425 1.7158
Linear 3 13.7384 4.5795
A 1 12.6914 12.6914
B 1 0.8556 0.8556
C 1 0.1914 0.1914
Square 3 1.3714 0.4571
A*A 1 1.0327 1.0327
B*B 1 0.0290 0.0290
C*C 1 0.4305 0.4305
2-Way Interaction 3 0.3327 0.1109
A*B 1 0.1013 0.1013
A*C 1 0.1770 0.1770
B*C 1 0.0545 0.0545
Error 20 0.6241 0.0312
Lack-of-Fit 3 0.1306 0.0435
Pure Error 17 0.4934 0.0290
Total 29 16.0666
Model Summary
S R-sg R-sg(adj) R-sqg(pred)
0.176645 96.12% 94.37% 92.00%

99
76
73

.50

P-Value

o

cNoNoNoNoNoNoloNoNoNolNe)

(@]

.000
.000
.000
.000
.022
.000
.000
.346
.001
.033
.087
.027
.201

.250

{ a 7 o o I s
fﬂWﬁ 4-27 MITAATIEHNITOADBYITIHIUNTODNUUVUDN-LUNULIAU (DL)
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a 4 { 1 [ { 1 1 %’ o
ANTAATIZHNITDAN08 IUNINTN 4-27 WuNTTeNTUnanen1 DL veaa1Ia1an

o < 7 ' 1 v @ o w
Tunszurumssgasiiawwanoui1ng ¥adin1 P-value osnszauiiod1Any 0.05 Ao
4 <3 = 9 =2 = 9 = A do o 14 <3
ATUDULUAA (A) FIDUALAY (B) LasTIDNALHADY (C) WIUNMAIADIVIINTUDULIARA

a9y = A [ an 1 14 < =9 =) A
(A*A) ggUF1HA0Y (C*C) DUATNTYITSUINATUDULUAAUAL TIDUFLVADI (A*C)

Response Surface Regression: Da versus A, B, C
Analysis of Variance
Source DF Adj SS Adj MS F-Value
Model 9 3.36814 0.37424 47.25
Linear 3 2.86871 0.95624 120.74
A 1 1.65766 1.65766 209.31
B 1 1.21000 1.21000 152.78
C 1 0.00106 0.00106 0.13
Square 3 0.44027 0.14676 18.53
A*A 1 0.38150 0.38150 48.17
B*B 1 0.07171 0.07171 9.05
Cc*C 1 0.02640 0.02640 3.33
2-Way Interaction 3 0.05916 0.01972 2.49
A*B 1 0.00180 0.00180 0.23
A*C 1 0.01531 0.01531 1.93
B*C 1 0.04205 0.04205 5.31
Error 20 0.15840 0.00792
Lack-of-Fit 3 0.02151 0.00717 0.89
Pure Error 17 0.13688 0.00805
Total 29 3.52654
Model Summary
S R-sqg R-sg(adj) R-sg(pred)
0.0889932 95.51% 93.49% 90.68%

P-Value

[cNoNoRoNoNoNoNolNoNoNoNolNo)

o

.000
.000
.000
.000
.719
.000
.000
.007
.083
.090
.639
.180
.032

.466

{ a 7 o o 5 7
i‘ﬂ‘Wﬁ 4-28 NTAATIZHNITOADBYITIHIUNITODNUUVUDN-LUVT HLIAU (Da)
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a 4 1 1 4 1 [ % o
MNMTAATIZHNTNAN08 IUNINA 4-28 WUV NTNAADA1 Da VBIFUIN A

o < S = ' 1 v @ o w
Tunszurumsihgasiiaedoanoung Fadia P-value Hosniszainisdnny 0.05 Ao

@ 4

J < a9 = do <} = 9 =
MIVDULVAN (A) AT TIDUFLUAT (B) WIUNAITOIVOIMTUDULUAA (A*A) FIDUALAY

(B*B) 6UATNI 8152 MINFdonduaazddoudnans (B*C)
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F-Value

56.
27.
38.
.06

21.
141.
213.
175.

21

99.
0.

1.

60
08
23

95
77
58
19
09
95

2.06
0.
0.67

12

50

Response Surface Regression: Db versus A, B, C
Analysis of Variance
Source DF Adj SS Adj MS
Model 9 1.36442 0.151602
Linear 3 0.21761 0.072538
A 1 0.10240 0.102400
B 1 0.05641 0.056406
C 1 0.05881 0.058806
Square 3 1.13918 0.379726
A*A 1 0.57208 0.572082
B*B 1 0.46926 0.469263
c*C 1 0.26542 0.265417
2-Way Interaction 3 0.00762 0.002542
A*B 1 0.00551 0.005512
A*C 1 0.00031 0.000313
B*C 1 0.00180 0.001800
Error 20 0.05357 0.002679
Lack-of-Fit 3 0.01124 0.003746
Pure Error 17 0.04233 0.002490
Total 29 1.41799
Model Summary
S R-sg R-sg(adj) R-sqg(pred)
0.0517546 96.22% 94.52% 92.52%

P-Value

0.
.000
.000
.000
.000
.000
.000
.000
.000
.436
.167
.736
.422

O OO OO0 OOooOo

o

000

.249

{ a 4 ) @ <] 4
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ANIAATIZHNTDAD08 IUNINT 4-29 WuNTTveNinanen Db veaaa1an

o < o & 1 1 v @ o w
Tunszurumssigasiiaedwanouing Fadia1 P-value osniszauiiod1Any 0.05 Ao

4 <3 = 9 = = 9 = A do o 4 <3
ANTUBULUAA (A) FIDUFLUAN (B) LAz dDNaIHand (C) WAIUNAITDIVDIATTUDULUAA

(A*A) Fdouduad (B*B) tazddonamiana (C*C)
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o a 4 1 4 1 %’ o
N1%1ﬂ1inﬂ31$Wﬂ13ﬂﬂﬂBﬂﬁﬂfﬁ@ﬁ%WﬂﬁMﬂWiﬂﬂﬂ@ﬂﬂizNWmﬂW])L,DaJDbm6Q§u1@1ﬁﬂ1

a 4 Y] v J 1 [ o 1 v A =
uﬁ33Wﬁ1$ﬂﬂ31ﬂﬁuwuﬁi%ﬂﬁWQﬁ%ﬂﬂﬂTﬂﬂIﬂﬂﬂ1ﬂ1iﬂﬂ§ﬂ1uﬁﬂumﬂﬂﬂﬂﬂﬂﬂqhhwﬁ

9

AONINAADI AN A1l



&1

Response Surface Regression: DL versus A, B, C
Analysis of Variance
Source DF Adj SS Adj MS F-Value P-Value
Model 6 15.2578 2.5430 72.31 0.000
Linear 3 13.7384 4.5795 130.23 0.000
A 1 12.6914 12.6914 360.90 0.000
B 1 0.8556 0.8556 24.33 0.000
C 1 0.1914 0.1914 5.44 0.029
Square 2 1.3423 0.6712 19.09 0.000
A*A 1 1.0122 1.0122 28.78 0.000
Cc*C 1 0.4160 0.4160 11.83 0.002
2-Way Interaction 1 0.1770 0.1770 5.03 0.035
A*C 1 0.1770 0.1770 5.03 0.035
Error 23 0.8088 0.0352
Lack-of-Fit 6 0.3154 0.0526 1.81 0.157
Pure Error 17 0.4934 0.0290
Total 29 16.0666
Model Summary
S R-sg R-sg(adj) R-sqg(pred)
0.187525 94.97% 93.65% 91.76%
Coded Coefficients
Term Effect Coef ©SE Coef T-Value P-Value VIF
Constant 0.9869 0.0637 15.49 0.000
A -1.7813 -0.8906 0.0469 -19.00 0.000 1.00
B -0.4625 -0.2313 0.0469 -4.93 0.000 1.00
C -0.2187 -0.1094 0.0469 -2.33 0.029 1.00
A*A 0.7383 0.3691 0.0688 5.37 0.000 1.01
c*C 0.4733 0.2366 0.0688 3.44 0.002 1.01
A*C -0.2975 -0.1488 0.0663 -2.24 0.035 1.00
Regression Equation in Uncoded Units
DL = 25.34 - 112.2 A - 4.625 B - 19.5 C + 147.7 A*A + 379 C*C - 119.0 A*C

{ a 4 o [ @ a H [ 1
NMNN 4-30 MTAATIZDANREE T UANITOFTENINAnBA1 DL

a J { i a 1 T
mmﬁ’aa&ammmawwmiaﬂaaﬂslumwﬁ 4-30 Lﬁ’f]Wﬂ'lim']ﬂ'l P-value W11

o @ v A Y 1 1 (% o @ Y 4 <
P-value meqﬁm}ﬂwaﬂnﬂmnmu@ﬂﬂm 0.05 uammﬂmwaﬂnﬂm 1dun msueunan (A)
= 9 =) = 9 = A =\ 1 J 1 =) %’ o 1 =\
agauaUad (B) Hasadaudiand (C) UNanoan1ANUa I (DL) Y9URAdHIN1aA198193
Hed Ay
= [ v W 1 Y o 1 do w 4 <
FIUONINTVIIHANAINAILAITIND T WIUMAITBIVDINITUDULUAN (A*A)

a9 = A o an 1 4 3 a9 = A &2 3
uﬁgﬁﬂ@NﬂTﬂﬁﬂﬂ(C*C)uGSGUﬁiﬂiﬂﬁﬁgﬁ31ﬂﬂ1§ﬂﬂuuﬂaﬂuagﬁﬂﬂuﬁﬁﬁﬁﬂﬁ(A*C)%Qﬂhi
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4 1 1 v @ o w o & v o 1
Lﬁﬂ\‘lmﬂﬁﬂ'l P-value ﬁ)ﬂﬂﬂ’JWigﬂ‘}JufJﬁTﬂﬂlu 0.05 AU AUTDUFTANANUTUNUDTICHIN

1 1 9ol o % g}) { 1 1 1 9ol o
MANUAINVDINATUINAM 1Az TITENINUANTHANDAINNNTINVDIURATUIAAM
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Y, .=2534-1122A-4.625B-19.5C+ 147.7 A*A + 379 C*C - 119.0 A*C

DL*

a

Tagldudseansmsanaule R-Sq(adj) 110U 93.65% vinneau Tuanurunls

P4 9
v

Y
' o o o
Y9371 DL* YpId1Ia1ai1nanug 100% dun15nanoeilamsoneInsal lagnaedna 93.66%
I o a £ v A {0
Juilududszansmsaaduloiumoele
2INA1319A1 P-value U9 Lack of fit (1A 0.157 Faunnnszaisdinny 0.05

= ] a a o 9 1 Ay Y Y
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Response Surface Regression: Da versus A, B, C
Analysis of Variance
Source DF Adj SS Adj MS F-Value P-Value
Model 6 3.32463 0.55410 63.12 0.000
Linear 3 2.86871 0.95624 108.93 0.000
A 1 1.65766 1.65766 188.83 0.000
B 1 1.21000 1.21000 137.83 0.000
C 1 0.00106 0.00106 0.12 0.732
Square 2 0.41387 0.20693 23.57 0.000
A*A 1 0.36840 0.36840 41.97 0.000
B*B 1 0.06556 0.06556 7.47 0.012
2-Way Interaction 1 0.04205 0.04205 4.79 0.039
B*C 1 0.04205 0.04205 4.79 0.039
Error 23 0.20191 0.00878
Lack-of-Fit 6 0.06503 0.01084 1.35 0.291
Pure Error 17 0.13688 0.00805
Total 29 3.52654
Model Summary
S R-sg R-sg(adj) R-sqg(pred)
0.0936944 94.27% 92.78% 90.99%
Coded Coefficients
Term Effect Coef SE Coef T-Value P-Value VIF
Constant 0.4935 0.0318 15.50 0.000
A -0.6438 -0.3219 0.0234 -13.74 0.000 1.00
B 0.5500 0.2750 0.0234 11.74 0.000 1.00
C -0.0162 -0.0081 0.0234 -0.35 0.732 1.00
A*A 0.4454 0.2227 0.0344 6.48 0.000 1.01
B*B 0.1879 0.0939 0.0344 2.73 0.012 1.01
B*C 0.1450 0.0725 0.0331 2.19 0.039 1.00
Regression Equation in Uncoded Units
Da = 14.36 - 68.79 A - 10.12 B - 9.02 C + 89.1 A*A + 37.6 B*B + 58.0 B*C
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Mndoyamsinszinmsoaneslunini 4-31 WoN915811A1 P-value WU

[ 1T 9

1Y A 1 A 14 I = 9 = A
P-value ¥991/3981anNUALDIAI 0.05 AD ATVDULULAA (A) Lazddouauaa (B) Niwa
1 U %‘ o ' C ] v
A9A1 Da vouRAT I AM0e1NTBd Ay
. 1% v W 1 @ [ o w 4 <3
FaUaNNTIFINANAINAIIAITINU I WU AAITDIVOIASUBULUAR (A*A)
19 an 1 <3 v A
uazddouduag (B*B) arduninienseniwadouduasuaz adoudmaes (8*C) iHluiadend
1 ] a Y o o < = s A A
Ha@aA1 Da* vounadmamlunszurumsmgasdaeiwdnouilg edainiia
1 [ v o @ (% gl.l [ v J 1 ]
P-value HoonNTzAUTodIRTY 0.05 AU @INITOUAAIANNFUWNUTTL1I19A1 Da* V04
~ %I o 1Y 3‘, A 1 1 = %’ o v A o o @ 9
madthaam uazisenivuanlinanenl Da veunaTimadedsitodiay 14
2
AUANNITH
Y, =1436-68.79 A-10.12B-9.02 C + 89.1 A*A +37.6 B*B + 58.0 B*C
4 1 [} 1 %]
Tagldudseansmsaadule R-Sq(adj) 110U 92.78% runeanunluanuruuls
1 sol ) g}/ g 4
Y04A1 Da* YOITUIAAMNINUA 100% AUNTDANEUAINITONGINTD! |AYNADING 92.78%
I ] a a’ v Aa H
Judludurlszansmsaagulaniinels
INA1519A1 P-value Y94 Lack of fit (MAY 0.291 FauAnNszALiadInTY 0.05

== ] a a [ Y ' Ay Y 9y
ﬂeﬂnﬁ1n15aﬂ§pﬁﬁﬁnnmg1uwaﬂﬂﬂ1¢ﬁﬂ031gﬂuu1ﬁniaﬂaaﬂwﬂﬂuﬂa1urwm1$ﬁuuaa

Response Surface Regression: Db versus A, B, C

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Model 6 1.35679 0.226132 84.99 0.000
Linear 3 0.21761 0.072537 27.26 0.000
A 1 0.10240 0.102400 38.49 0.000
B 1 0.05641 0.056406 21.20 0.000
C 1 0.05881 0.058806 22.10 0.000
Square 3 1.13918 0.379726 142.72 0.000
A*A 1 0.57208 0.572082 215.01 0.000
B*B 1 0.46926 0.469263 176.37 0.000
C*C 1 0.26542 0.265417 99.75 0.000
Error 23 0.06120 0.002661
Lack-of-Fit 6 0.01886 0.003144 1.26 0.325
Pure Error 17 0.04233 0.002490
Total 29 1.41799

Model Summary

S R-sg R-sg(adj) R-sg(pred)
0.0515819 95.68% 94.56% 92.99%
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NMNN 4-32 MIAATIZHDANRed 1T UALToaTZNINan®A1 Db



&4

Coded Coefficients

Term Effect Coef SE Coef T-Value P-Value VIF
Constant -0.1533 0.0211 -7.28 0.000

A 0.1600 0.0800 0.0129 6.20 0.000 1.00
B -0.1188 -0.0594 0.0129 -4.60 0.000 1.00
C 0.1213 0.0606 0.0129 4.70 0.000 1.00
A*A -0.5567 -0.2783 0.0190 -14.66 0.000 1.01
B*B -0.5042 -0.2521 0.0190 -13.28 0.000 1.01
C*C -0.3792 -0.1896 0.0190 -9.99 0.000 1.01

Regression Equation in Uncoded Units

Db = -18.330 + 79.53 A + 29.06 B + 47.93 C - 111.33 A*A - 100.83 B*B
- 303.3 C*C

NN 4-32 (A1)
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o s A 1 1
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ApA1 Db* veumadaameditivdnny laamaunsi

Y, =-18.330+79.53 A+29.06 B+47.93 C-111.33 A*A -100.83 B*B —

Db*
303.3 C*C

Taeidulseansmsaadule R-Sq(adj) tN10U 94.56% vianaanun Tuanunuls

Y Y =2

1 3 o g g o
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Percent
3

Probability Plot of Residual (DL)
Normal
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0.1670
30
0.308
0.540
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Probability Plot of Residual (Da)
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Probability Plot of Residual (Db)
Normal

99
Mean  5.828671E-17

StDev 004594
95 N 30
AD 0275
o P-Value 0635

80
70
60
50
40
30

20

Percent

Residual (Db)

NN 4-35 N3 Normal probability plot YOIAAAANADU TN T UUHUNTNAADY
< 4 4
HUUUNE-LURUAU (Db)
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NNINATOV Normality test YBIAIANUAAIAAADY (Residual) NTLAV
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] d‘ = =)
H,: maaranaeu lulinsuanusauylnd
(19919154171 P-Value 31NAINWA 4-33 DININA 4-35 WUIAT P-value = 0.540,
[ Y
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Versus Order

(response is DL)
0.4

Residual
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2 4 6 & 1 12 M 16 18 20
Observation Order

NN 4-36 ﬂiwweumfhmaﬂﬂmmﬂﬁauﬁuﬁﬁunawaa%’@u”aﬁww%”uggwuﬂwimﬂaaq
< 4 4
HyuyenNY-1UrULAU (DL)

Versus Order
(response is Da)

Residual

-031

T T T T T T T T T
2 4 6 8 10 12 14 16 18 20 22 24 2 28 30

Observation Order
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Versus Order
(response is Db)
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Residual
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Observation Order
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HUVUONY-LUNUAU (Db)

Runs Test: RESI1 (DL), RESI1 (Da), RESI1 (Db)
Runs test for RESI1 (DL)

Runs above and below K = 1.865637E-15

The observed number of runs = 13

The expected number of runs = 15.9333
14 observations above K, 16 below
P-value = 0.273

Runs test for RESI1 (Da)

Runs above and below K = -6.55379E-16
The observed number of runs = 20
The expected number of runs = 16

15 observations above K, 15 below
P-value = 0.137

Runs test for RESI1 (Db)

Runs above and below K = -4.04272E-15
The observed number of runs = 19

The expected number of runs = 15.7333

17 observations above K, 13 below
P-value = 0.216

NN 4-39 NATDY Runs test 61]?]\1"17’634"’(,1 (DL, Da 18 Db) @115 ULLNUNITNAA DY
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HUYVBNY-LUHUAU
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Test for Equal Variances for RESI1 (DL)
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Test for Equal Variances for RESI1 (Da)
A B C
. h .0754 @&— )
USURRCIOECUE Bartlett's Test
015 00504 ®— Test Statistic ~~ 14.32
0100 &—— P-Value 0.281
Levene's Test
020 00754 @
Test Statistic 1.75
035 010 0050 @&— —— P-Value 0.141
01004 &———
015 00754 @
020 00504 ©®—
0.100-| ®—
040 010 0075 &——i
015 0050 @
0100 ®&——
020 00754 ®
T T T T T T T T
0 10 20 30 40 50 60 70
95% Bonferroni Confidence Intervals for StDevs

{ ' 9w < @ ¢
NINN 4-44 maeummmuﬂiﬂmumméﬁ’@yammmmuﬂﬁmaamuuuaﬂm-mwumu

(Da)



92

Test for Equal Variances for RESI1 (Db)
A B @

030 0.10 0.0754 Bartlett's Test

Test Statistic 11.30
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msma’mnn‘ima%ﬁmmzau

1ams ¥ Tsunsuneuiumefd 15931 (Minitab version) Tumsiinsziite
wiszauiissimunzavvesgasnanlunszuiumsnaadfiadolioaneutndvesladondn
b4 H 1
14 3 ¥ila NegrhldinamaNuuanaUe LU FA e NN DNHUTINAT T IMTReNga Taud)
HUUTIARIvEIANMINANAMARS Aall
uuuTIaesUeIaUMINIAGiAMaAT U1l Uncoded units
Yy =25.34-1122 A-4.625B-19.5C + 147.7 A*A + 379 C*C - 119.0 A*C
Yy = 14.36 - 68.79 A - 10.12 B - 9.02 C + 89.1 A*A + 37.6 B*B + 58.0 B*C
Yy, = 18330+ 79.53 A +29.06 B +47.93 C - 111.33 A*A - 100.83 B*B - 303.3 C*C
Taglidot11n 0.3 < A<0.4,0.10<B<0.2,0.05<C<0.1 uaz A, B,C>0
Y, = MANNAINY09RAT (DL)
Y,, = manuiuduauacdieveunad (Da)
J 3 A = o % a =
Y, = MANMIUTIHADaL AUV URAT (Db)
J <
A =m35uouLDan
2 9/ = =
B = fdonmniang
C = Adoudnsdung

o [ 1 A I Y
dmsuanihvuie (DL, Da uag Db) lumsnaaseasatiidlulamumnasinganm

° Yy a a A ° A 9 ° v
NINUA TﬂfJ@'NﬁNLﬂﬂﬂﬂ?ﬂllﬂuﬁﬂ?ﬁﬁiﬁlu (Master plate) 1“ﬂ1§ﬂ1q¢lilill@]u Iﬂf]ﬂ”lﬁuﬂiﬁ
1 1 Y a0 1ra
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f1 Da 1Az Db 92A0INAUNINY 0 = 0.5
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Hold Values
C 0.05

NN 4-46 Overlaid contour plot & MY Response DL, Da tlag Db

Contour Plot of DL, Da, Db
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Response Optimization: Db, Da, DL

Parameters
Response Goal Lower Target Upper Weight Importance
Db Target -0.5 0 0.5 1 1
Da Target -0.5 0 0.5 1 1
DL Minimum 0 1.0 1 1
Solution
Db Da DL
Composite
Solution A B C Fit Fit Fit
Desirability
1 0.383838 0.131313 0.0838384 -0.241955 0.275515 0.594991
0.454432

Multiple Response Prediction

Variable Setting

A 0.383838
B 0.131313
C 0.0838384

. R . .
AT 4-48 AoyaIATIZHHAADAMIZAY (Response optimization)
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DL Da Db

1 0.65 0.25 -0.39
2 0.86 0.29 -0.29
3 0.56 0.31 -0.20
4 0.79 0.34 -0.28
5 0.77 0.26 -0.35
6 0.52 0.21 -0.28
7 0.82 0.36 -0.23
8 0.66 0.32 -0.22
9 0.76 0.36 -0.24
10 0.51 0.27 -0.34
1 0.50 0.34 -0.20
12 0.59 0.25 -0.30
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Power and Sample Size

l1-Sample t Test

Testing mean = null (versus not = null)
Calculating power for mean = null + difference
Alpha = 0.05 Assumed standard deviation = 0.18

Sample Target
Difference Size Power Actual Power
0.25 9 0.95 0.952594
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Power and Sample Size

1-Sample t Test

Testing mean = null (versus not = null)
Calculating power for mean = null + difference
Alpha = 0.05 Assumed standard deviation = 0.09

Sample Target
Difference Size Power Actual Power
0.15 7 0.95 0.953439
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Power and Sample Size

l1-Sample t Test

Testing mean = null (versus not = null)
Calculating power for mean = null + difference
Alpha = 0.05 Assumed standard deviation = 0.05

Sample Target
Difference Size Power Actual Power
0.15 4 0.95 0.967001
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One-Sample T: DL

Test of mu = 0.6 vs not = 0.6

Variable N Mean StDev SE Mean 95% CI T P
DL 12 0.6658 0.1303 0.0376 (0.5830, 0.7487) 1.75 0.108

M 4-52 WaM3INIITHTeyANINATOUA R AYEIA1 DL

NNHANMINATOUAURAGNLI A1 P-value > OL 34 T Grars H, viufio A1 DL
A o Y A Y S 1 1w
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A A 1 Ao 9 A @ A 1w
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0.28 1150 I NszALiedIAT (O = 0.05)
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ANIDReIUANNATIEEDA 1A
Hy: 1 =0.28

H,:p#0.28

One-Sample T: Da

Test of mu = 0.28 vs not = 0.28

Variable N Mean StDev SE Mean 95% CI T P
Da 12 0.2967 0.0491 0.0142 (0.2655, 0.3278) 1.18 0.264
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One-Sample T: Db

Test of mu = -0.24 vs not = -0.24
Variable N Mean StDev SE Mean 95% CI T P
Db 12 -0.2767 0.0614 0.0177 (-0.3157, -0.2377) =-2.07 0.063
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Process Capability of DE
(using 95.0% confidence)

H a Pl a
A 4-55 HaNITAAIITHANNTINITOVUDINTEUIUNITNAS (DE)
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USL
Process Data i — Within
LSL * == == Overall
Target * ] |
USL 0.35 ,o-- N | Potential (Within) Capability
Sample Mean  0.16425 4 | Cp *
Sample N 40 Upper CL *
StDev (Within)  0.0522822 | CPL *
StDev(Overall) 0.0555572 — 1 cPy 1.18
Cpk 1.18
I Upper CL 1.42
| Overall Capability
I Pp *
] Upper CL *
I PPL *
PPU 1.11
1 Ppk 1.11
. : : : : . i | Upper CL 1.34
T T T T T cpm *
0.06 0.12 0.18 0.24 0.30
Observed Performance Exp. Within Performance Exp. Overall Performance
PPM < LSL * PPM < LSL * PPM < LSL *
PPM > USL 0.00 PPM > USL 190.55 PPM > USL 413.79
PPM Total 0.00 PPM Total  190.55 PPM Total  413.79
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TYP TION N
HI-BLACK 50L ' A i
ORIGIN: KOREA 1
Surface area N,SA (m2/g ASTM D3037): 198 S
Pasticle Diameter (). ' _ 8.
__/DBFP a.?‘lgnﬂrpticrn {ee/100g {ASTM D2414): 55 -
Tinting strength (vsIRB#3,2)(ASTM D3265). 138
Volatile content (34): 1.5 , .
pH (ASTM D1512) g0 :
Apparent density (kg/m N ASTM D1513): 210
Physical form: S Powder
Features and applications

& PLASTICS,COATINGS

® High jetness coloring for plastic applications(ABS/ES, PV, Engineering Plastics)
# Masstone coloring snd tinting for coatiags

# Electrical insulating for PVC Sheathing compounds

Packing; 10 Kg Paper Bag

CC : Mkt, Mgr, Ind. Chem, Polymer . - [éﬁ‘w —

9 a
DINNANUIN N-1 élJﬁ)iJ"ﬁﬂ'l\‘llﬂﬂUﬂGU’ENﬂ1§l|'E]ull,‘]_l'gﬂ
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Fan:D22676464 16 Jun 2006 15:50 P.0N

JAYSCOLOR
Technical Data Sheet

Solvent Red 168 C.I No. Solvent Red 168

C.LNo: 60510

Physical Data

Appearance Blue red

Density(g/cm’) 0.25

Melting Point ('C) 147

Light Fastoess (in PS) 78

Heat stability ('C) 300°C
e Recommended Dosage

Transparent 0.05

Nontransparent + 2%Ti02 0.450

Mainly used in PS, ABS, PMMA, PC and SAN.

MUNARUIN N-2 Toyaniunaiinveddondunag
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Technical Data Sheet

Solvent Yellow 33
C.L MNo. Solvent Yellow 33 CAS. No. 8003-22-3

Physical Data

Appearance Greenish Yellow
Density {g/ml) 0.20

Melting Point (C) 230

Light Fastness (in PS) 6~7

Heat stability (C) 280°C

Recommended Dosage
Transparent 0.035
MNontransparent 0.470

[t is mainly used in PS, ABS, PMMA, PET, PC, SAN

9 a a9 = =
NNNIANUIN N-3 ﬁuau”amqmﬂumjmﬁﬂauﬁmam



Technical Specification

MAGNESIUM STEARATE

DESCRIPTION Magnesium Stearate

PROPERTY Physical state : White Powder
Specific gravity ; 1.028
Fineness, % through

— 325 Mesh ;99 min

Melting point, °C 1 105-125
Free fatty acid : 20max
Mg content (%) : 4.0 min.
Moisture (%) ¢ 5.0 max

INSOLUBILITY Insoluble in water, lower alcohols, esters,

chlorinated solvents, mineral spirits,
mineral oils and waxes. Also insoluble in
benzol, toluol, and xylol.

APPLICATIONS Cosmetics: Improves adhesion to the skin of powders,
ointments, and facial cxeams.

Greases and motor oil: Thickener for lubricating
greases and pour point depressor for waxy motor oils

Paints, inks, varnishes, and lacquers: Flatting
agent, particularly for products subjected to high
temperatures during manufacture or use.
Thickening agent for drying oils. 5-10% may be
cooked at a temperature of at least 200 °F.
Emulsifying agent for water-oil emulsions.

PACKING 15 /20 kilograms in 2 ply paper bag with PE lining

Doc, #SD-RD-12-09-4

9 a
NNNIANUIN N-4 "lJ'E]Hﬁ“I/TNL‘I/]ﬂuﬂ‘UENLlﬂﬂﬁlﬁﬂuﬁlaﬂﬁﬂ



112

MARUIN Y



MIWAANUIN -1 Foyamdn 1dnInnszuIumIHaEn

113

Data Color Data Color
No. No.

DL Da Db DE DL Da Db DE
1 -0.12 0.02 -0.14 0.18 21 0.08 -0.04 -0.04 0.09
2 0.06 0.00 -0.12 0.13 22 -0.09 -0.10 -0.15 0.20
3 -0.08 0.03 -0.04 0.09 23 0.16 -0.03 -0.06 0.17
4 0.25 0.04 0.00 0.25 24 -0.11 -0.06 0.00 0.12
5 0.28 0.03 -0.04 0.28 25 0.25 0.04 0.00 0.25
6 0.16 -0.03 -0.06 0.17 26 0.09 -0.06 -0.06 0.12
7 -0.09 -0.10 -0.15 0.20 27 0.02 -0.03 -0.01 0.03
8 -0.12 -0.01 -0.10 0.15 28 0.06 0.00 0.15 0.16
9 0.05 -0.06 -0.05 0.09 29 -0.19 0.00 -0.06 0.19
10 -0.15 -0.04 0.07 0.17 30 0.24 0.02 0.03 0.24
11 -0.10 -0.06 -0.15 0.19 31 0.11 0.12 0.10 0.19
12 0.01 -0.10 -0.10 0.14 32 0.01 -0.11 -0.07 0.13
13 -0.09 -0.07 -0.02 0.11 33 0.14 -0.11 -0.08 0.19
14 0.05 -0.05 -0.15 0.16 34 0.03 -0.12 -0.06 0.13
15 0.16 0.06 0.00 0.17 35 -0.03 -0.09 -0.07 0.11
16 -0.04 0.00 -0.12 0.12 36 0.00 -0.02 0.09 0.09
17 -0.07 -0.06 -0.12 0.15 37 0.10 -0.10 -0.08 0.16
18 0.10 -0.09 -0.14 0.19 38 0.20 0.06 -0.02 0.20
19 0.20 -0.04 -0.13 0.24 39 0.25 -0.07 -0.07 0.26
20 -0.06 -0.11 0.02 0.12 40 0.23 0.00 -0.07 0.24
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Process Capability of DL
LSL USL
Process Data | | e\ ithiin
LSL -0.3 I | == == QOverall
Target * = — —
usL 0.3 | | Potential (Within) Capability
Sample Mean  0.04875 1 1 Cp 077
Sample N 40 I | CPL  0.90
StDev(Within) ~ 0.129342 CPU 065
StDev(Overall) 0.130996 1 1 Cpk 0.6
1 ] Overall Capability
1 ] Pp  0.76
1 I PPL  0.89
I I PPU  0.64
Ppk  0.64
| \ | Cpm *
| \ 1
I
T T T T T T T T T T T T T T
0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
Observed Performance Exp. Within Performance Exp. Overall Performance
PPM < LSL 0.00 PPM < LSL 3505.24 PPM < LSL 3880.48
PPM > USL 0.00 PPM > USL 26036.55 PPM > USL 27555.61
PPM Total  0.00 PPM Total  29541.78 PPM Total 31436.08

a 4 a
MUNAKNUIN V-1 WANITUATIZHANUFINTOUDINTZUIUNTNAH (DL)

Process Capability of Da
LSL USL
Process Data 1 1 — Within
LSt 0.3 = == Overall
* | |
Target = — —
usL 0.3 | | Potential (Within) Capability
Sample Mean  -0.0335 | 1 Cp 1.9
Sample N 40 I I CPL 1.74
StDev (Within) ~ 0.0509183 CPU 218
StDev(Overall) 0.0572243 | | Cpk 174
| 1 Overall Capability
1 1 Pp 175
l I PPL 1.55
I I PPU 1.94
Ppk  1.55
| | Cpm *
| |
| |
1
T T T T T T T T
-0.27 -0.18 -0.09 0.00 0.09 0.18 0.27
Observed Performance Exp. Within Performance Exp. Overall Performance
PPM < LSL 0.00 PPM < LSL 0.08 PPM < LSL 1.60
PPM > USL 0.00 PPM > USL 0.00 PPM > USL 0.00
PPM Total  0.00 PPM Total  0.08 PPM Total  1.61

NNNANUIN V-2 Waﬂ133Lﬂ§1$ﬁﬂ31uﬁ1ﬂ15ﬂﬁljﬂﬁﬂiS‘UTL!ﬂ"Iiwa@ (Da)
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Process Capability of Db
LSL USL
Process Data i i —— Within
LSL -0.3 /s == == QOverall
Target * l | - — —
uSsL 0.3 | | Potential (Within) Capability
Sample Mean  -0.05175 1 1 Cp 144
Sample N 40 CPL 119
StDev (Within) ~ 0.0693308 | | CPU 1.69
StDev(Overall) 0.0729555 | |l | Cpk 1.19
1 1 Overall Capability
| | Pp 1.37
I I PPL 1.13
PPU 1.61
| | Ppk  1.13
| | Cpm *
I N I
| Eg |
L L E s e s
-0.24 -0.16 -0.08 0.00 0.08 0.16 0.24
Observed Performance Exp. Within Performance Exp. Overall Performance
PPM < LSL 0.00 PPM < LSL 171.36 PPM < LSL 333.54
PPM > USL 0.00 PPM > USL 0.20 PPM > USL 0.71
PPM Total  0.00 PPM Total 171.56 PPM Total  334.26

a 4 a
MUNANUIN V-3 HANITAATIZHANUTINITOUDINTZUIUNTNAS (Db)
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