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Table 4. 1: Estimated effects and coefficient for flexural strength. 

Term Notation Coefficient Std. Error of P-value
Coefficient 

Constant 2.5000 0.0984 0.000 
Curing Temperature (°C) V1 0.5138 0.0603 0.000 
Cellulose Content (wt.%) V2 0.0088 0.0603 0.890 
Curing Time (days) V3 -0.7700 0.0603 0.000 
Curing Temperature {°C) * V1 * V1 -0.6225 0.0887 0.001 
Curing Temperature (°C) 
Cellulose Content (wt.%)* V2* V2 -0.3125 0.0887 0.017 
Cellulose Content (wt.%) 
Curing Time (days)* V3 * VJ 0.3850 0.0887 0.007 
Curing Time (days) 
Curing Temperature (°C) * V1 * V2 0.0550 0.0853 0.547 
Cellulose Content (wt.%) 
Curing Temperature (°C) * V1 * V3 -0.2575 0.0853 0.029 
Curing Time (days) 
Cellulose Content (wt.%)* V2* VJ 0.1375 0.0853 0.168 
Curing Tilne (days) 

R2 = 0.9852 R2 (adj)= 0.9585 

Some of the factors and their interactions were significant for the volume 

expansion ratio. The results in Table 4.2 showed that VJ, V2*V2, V3*V3 , V1 *V2 V1*V3, 

and V2*V3 were not significant. Factors and their interactions were significant for V1, 

V2, and V1*V1 .Value for R2 (0.9332) and R2 (adjusted) (0.8130) were considered high, 

which indicated that 93.32 percent of the sample variation in the response was 

attributed to the independent variables. 
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• 10% CH3CQOH

10%1 CH3COOH =
x mL CH3COOH

100 mL CH3COOH + distilled water

NaOH = 10ml 

Therefore, 10 mL of CH3COOH is required for every 100 mL solution. 

• AA ratio = 3.5

•

Na2Si03 14.32g 
Mass of NaOH =

3_5 
= 

3_5 
= 4.09g 

• RHAI AA ratio = 0.25

RHA 
0.25 =

AA 

Mass of AA solution = Mass of Na2SiQ3 + Mass of Na OH 

= 14.32 + 4.09 = 18.41 g 

Mass of RHA = 0.25 x AA = 0.25 X 18.41g = 4.60g 

• Cellulose content = 3 wt.%

Mass of cellulose
3wt. % = ------­

Total mass needed 

Flexural Test 

Length = 14 cm 

Width = 2. 7 cm 

Height= 0.4 cm 

Volume = 15.12 cm3
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Appendix B2 

The calculation on the volume expansion ratio. 

• Density of sample before

mass of sample, mi = 0.22 g

volume of sample, Vi = 0.17 cm3

density of sample, Pi = 
mt 

= 
0•229 

3 

= 1.27 g / cm3

Vt 0.17cm 

• Density of sample after

mass of sample, mr = 3.91 g

volume of sample, Vr = 13.13 cm3

density of sample, pr= 

mr = 3'919

3 

= 0.30 g/cm3 

V 1 13.13cm 

V• 1 . . Pc 1.27g/cm3 4 25 • o ume expansion ratio = = - =
3 

= 
. 

Pf 0.30g/cm 
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Appendix Cl 

Flexural Strength & Volume Expansion Ratio - RSM 

Coded Factor Uncoded Factor 
Flexural Volume 

Run 
Curing Cellulose Curing Curing Cellulose Curing 

Sample Strength Expansion 
Order 

Temperature Content • Time Temperature Content Time 
(MPa) Ratio 

(V,) (V2) (VJ) (V,) (V2) (VJ) 

1 SI 0 0 0 60 1.5 5 2.75 3.5 

2 S2 1 1 0 70 3.0 5 2.09 2.3 

3 S3 -1 0 1 50 1.5 3 2.18 1.3 

4 S4 -1 1 0 50 3.0 5 1.10 1.2 

s S5 1 -1 0 70 0.0 5 1.92 3.4 

6 S6 -1 -1 0 50 0.0 5 1.15 1.6 

7 S7 0 0 0 60 1.5 5 2.33 3.6 

8 S8 0 0 0 60 1.5 5 2.42 3.6 

9 S9 0 -] I 60 0.0 7 1.67 5.3 

10 S10 0 1 -1 60 3.0 3 3.20 2.3 

11 S11 0 1 60 3.0 7 1.92 2.6 

12 S12 1 0 1 70 1.5 7 1.83 2.9 

13 S13 0 -1 -1 60 0.0 3 3.50 4.0 

14 S14 1 0 -1 70 1.5 3 3.87 1.0 

15 S15 -1 0 50 1.5 7 1.17 1.4 
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Appendix D2 

Volume Expansion Ratio - RSM 

Response Surface Regression: Volume Expansion Ratio ... Time (Days) 

Analysis of Variance 

Source 

Model 

Linear 

Curing Temperature ( ° C) 

Cellulose Content (wt.%) 

Curing Time (Days) 

Square 

Curing Temperature 
( ° C)*Curing Temperature 
( OC) 

Cellulose Content 
(wt.%)*Cellulose Content 
(wt.%) 

Curing Time (Days)*Curing 
Time (Days) 

2-Way Interaction

Curing Temperature 
( °

C)*Cellulose Content 
(wt.%) 

Curing Temperature 
( ° C)*Curing Time (Days) 

Cellulose Content 
(wt.%)*Curing Time (Days) 

Error 

Lack-of-Fit 

Pure Error 

Total 

DF 

9 

3 

1 

1 

1 

3 

1 

1 

1 

3 

1 

1 

1 

5 

3 

2 

14 

110 

Adj SS Adj MS F-Value P-Value

20.1142 2.2349 7.76 0.018 

8.0725 2.6908 9.35 0.017 

2.1012 2.1012 7.30 0.043 

4.3512 4.3512 15.12 0.012 

1.6200 1.6200 5.63 0.064 

10.8592 3.6197 12.58 0.009 

10.3078 10.3078 35.81 0.002 

0.1939 0.1939 0.67 0.449 

0.2231 0.2231 0.78 0.419 

1.1825 0. 3942 1. 37 0. 353

0.1225 0.1225 0.43 0.543 

0.8100 0.8100 2.81 0.154 

0.2500 0.2500 0.87 0.394 

1.4392 

1.4325 

0.0067 

21.5533 

0.2878 

0.4775 

0.0033 

143.25 0.007 © C
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Fits and Diagnostics for All Observations 

Volume 
Expansion 

Obs Ratio Fit Resid Std Resid 

1 3.500 3.567 -0.067 -0 .15

2 2.300 1.725 0.575 2.14 R 

3 1.300 1.137 0 .163 0.61 

4 1.200 1.050 0.150 0.56 

5 3.400 3.550 -0.150 -0.56

6 1. 600 2.175 -0.575 -2.14 R 

7 3.600 3.567 0.033 0.08 

8 3.600 3.567 0.033 0.08 

9 5.300 4.987 0.313 1.16 

10 2.300 2.612 -0.313 -1.16

11 2.600 3.013 -0.413 -1.54

12 2.900 3.062 -0.162 -0.61

13 4.000 3.588 0.412 1.54 

14 1. 000 1.263 -0.262 -0.98

15 1. 400 1.137 0.263 0.98 

R Large residual 

Response Optimization: Volume Expansion Ratio, . . . ral Strength (MPa) 

Multiple Response Prediction 

Variable Setting 

Curing Temperature (
°

C) 62.1212 

Cellulose Content (wt.%) 0 

Curing Time (Days) 3 

Response Fit SE Fit 95% CI 95\ PI 

Volume Expansion Ratio 3.563 0.470 (2.355, 4.771) (1.729, 5.396) 

Flexural Strength (MPa) 3.595 0.149 (3.211, 3.979) (3.012, 4.178) 
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Appendix El 

Average Cell Diameter - J Image 

• S5-High

Label Area Mean Min Max Angle Length 

1 1587.28 9.34 6.03 35.00 -89.42 394.44 

2 1285.69 14.67 8.63 24.00 -79.95 319.65 

3 492.06 6.54 4.17 40.00 -32.62 118.25 

4 333.33 13.98 9.60 19.10 -95.71 80.08 

5 793.64 8.16 4.00 31.00 20.28 195.38 

6 841.26 11.36 7.14 18.00 49. 64 209.15 

7 666.66 8.28 5.57 13.60 -15.75 161. 44

8 1174.59 12.57 6.82 27.00 -79.00 292.23 

9 1190.46 52.61 9.04 245.00 -76.72 294.74 

10 428.57 11. 86 9.69 15.23 57.53 103.89 

11 634.91 17.44 8.66 40.00 -75.26 156.55 

12 841.26 7.83 6.23 9.72 14.57 205.83 

13 1095.22 11. 93 7.00 58.00 -90.00 270.92 

14 603.17 9.97 6.06 60.00 -115.87 146.11 

15 460.31 12.25 7.50 35.00 -94.09 111.84 

16 761.89 10.77 8.30 15.37 19.98 186.53 

17 619.04 13.51 5.63 52.00 -63.44 151.45 

18 476.18 14.20 9.00 18.76 -22.17 116.15 

19 587.29 6.29 3.67 10.00 -80.27 141. 48

20 539.67 12.19 9.90 14.62 -77.66 130.51 

21 650.78 12.03 7.53 57.00 -108.89 160.01 

22 460.31 13.71 8.78 37.00 -70.91 109.62 

23 492.06 14.94 10.71 52.00 -34.22 120.45 

24 380.95 6.39 5.00 15.00 -46.74 93.01 

25 1174.59 31. 75 22.07 42.91 20.93 290.04 

26 428.57 17.76 4.68 73.41 -32.47 103.89 

27 555.55 8.31 6.00 13.00 -118.07 135.46 

28 587.29 13.92 5.33 51.00 -70.56 143.65 

29 650.78 36.44 29.11 62.01 -20.73 157.61 

30 301.58 19.15 11. 67 70.00 -40.60 73.46 

31 1063.48 14.21 10.00 21.21 -96.91 264.87 

32 777.77 4.33 3.44 7.00 -105.78 190.45 

33 460.31 21.19 19.00 24.00 19.09 109.62 

34 380.95 14.83 11.48 24.00 -92.49 91.72 

35 428.57 14.62 8.80 17.81 -105.64 103.43 

36 555.55 12.15 7.02 41.00 -42.61 135.34 

37 396.82 9.83 5.00 42.00 -53.62 94.03 

38 412.69 10.03 7.88 15.00 -80.91 100.87 
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39 428.57 12.64 9.37 23.00 -62.45 103.36 

40 412.69 6. 45 5.00 8.20 -53.13 99.60 

41 507.93 6. 49 4.20 17.00 -33.18 123.76 

42 682.53 12.68 5.41 42.86 -34.44 169.08 

43 523.80 21. 66 8.03 71.20 -25.77 128.30 

44 317.46 5.75 4.78 6.89 -32.01 75.17 

45 793.64 7.96 3.00 13.00 -85.33 195.87 

46 539.67 5.56 5.00 7.00 -118.89 131.96 

47 428.57 20.73 16.15 44.00 -85.60 103.89 

48 365.07 10.44 8.09 19.00 -84.81 88.01 

49 904.75 10.62 6.61 22.00 -88.98 223.14 

50 587.29 9.80 7.17 14.00 -80.54 145.41 

51 Mean 641.26 13.44 8.18 34.70 -55.84 157.03 

52 SD 284.34 8.28 4.73 35.71 44.39 71.47 

53 Min 301.58 4.33 3.00 6.89 -118.89 73.46 

54 Max 1587.28 52.61 29.11 245.00 57.53 394.44 

• S14-Medium

Label Area Mean Min Max Angle Length 

1 2040.15 28. 47 23.10 93.00 -59.35 503.16 

2 706.82 28.66 24.11 40.00 -51.55 174.01 

3 1124.49 32.11 24.07 37.42 7.54 274.92 

4 3036.13 24.62 18.48 58.65 -37.66 754.38 

5 867.47 19.61 18.00 20.94 -19.80 212.99 

6 433.73 29.82 26.77 33.65 38.66 102.66 

7 594.38 33.39 27.51 43.29 -59.86 143.68 

8 433.73 39.06 34.28 46.00 -46.55 104.90 

9 674.70 37.33 21.20 67.84 34.08 164.52 

10 449.80 26.86 25.00 32.00 -116.57 107.55 

11 819.27 29.37 23.04 83.00 -67.56 199.48 

12 771. 08 57.57 41.43 96.00 -102.27 188.68 

13 883.53 23.66 21.00 28.00 -71.57 215.47 

14 273.09 28.35 25.00 33.63 -60.26 64. 63

15 578.31 40.05 20.27 119.00 -103.24 139.99 

16 690.76 44.21 29.27 83.32 -24.10 166.85 

17 963.85 26.66 20.15 82.00 -27.00 238.40 

18 706.82 96.23 22.00 245.00 95.32 173.09 

19 899.60 34.91 23.94 65.00 -73.20 221. 89

20 803.21 32.56 20.63 74.00 -32.38 194.59 

21 963.85 29.88 20.09 63.09 -27.44 234.84 

22 1140.56 41. 63 23.00 76.00 -53.13 280.56 

23 835.34 36.77 28.00 83.70 74.06 204.25 

24 931.72 26.91 23.68 38.00 -35.66 226.91 

25 883.53 50.44 32.00 72.00 -91. 06 216.47 

26 497.99 39.76 30.77 79.00 -46.33 121. 90

27 658.63 25.24 22.00 33.00 -36.87 160.32 
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Appendix E2 

Cell Density (NF)- J Image

• S5-High

number of cells in the micrograph, n = I 63 cells/cm

magnification factor, M = 25x

area of the micrograph, A = 0.50996 cm x 0.38247 cm = 0.1950 cm2

3 

(nM2

)
2 163 X 252 3 

N1 = A = ( 0_1950 )2 = 3.78 x 108 cells/cm3

• S14-Medium

number of cells in the micrograph, n = 125 cells/cm

magnification factor, M = 25x

area of the micrograph, A = 0.513026 cm x 0.384770 cm = 0.1974 cm2

3 

N� = -- = (---)2 = 2.48 x 108 cells/cm3
(nM2

)
2 125 X 252 3 

J A 0.1974 

• S3-Low

number of cells in the micrograph, n = 4 cells/cm

magnification factor, M = 25x

area of the micrograph, A = 0.518219 cm x 0.388664 cm = 0.2014 cm2

3 

(nM2

)
2 4 x 252 3 

N1 = A = c0.2014)2 = 1.38 x 106 cells/cm3
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