










































































































0.33 

0.329 

... e o.32s 

6 .::: 0.32 ..... 
IU -5 0.325 
s::: 
8 0.324 

0.323 -... 
0.322 

0.321 

44 

AS BS cs DS 

Test sample 

Figure 4 . 5: Bar chart of thermal conductivity for change in all mineral composition 

The graph in figure 4.5 above has given the thermal conductivity values for varying th1 

percentage of all the minerals as 0.3288 Wm·1K1, 0.3274 Wm-1K1, 0.3290 Wm-1K1 anc 

0.3239 wrn· 1 K 1 for A4, 84, C4and 04 respectively. 
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The entire results plotted in figures 4.1, 4.2, 4.3, 4.4 and 4.5 was then summarized on 

the same axis as indicated in figure 4.6 below, in order to see the general trend. 
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Figure 4.6: Bar chart of thermal conductivity for different mineral formulations 

The graph in figure 46 above has given the thermal conductivity values for varying the 

percentage of all the four minerals on the same axes. The highest thermal conductivity 

value was 0.3320 Wm-1K-1 (Quartz-55%, Ball clay-15%, Feldspar-15%, and Kaolin-15%) 

and the lowest thermal conductivity value was 0.3179 Wm-1K-1 (Quartz-15%, Ball clay-

15%, Feldspar~15%, and Kaolin ~55%). 
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CHAPTER FIVE: DISCUSSIONS, CONCLUSIONS AND RECOMMENDATIONS 

5.1 Discussions 

The measured thermal conductivity values in table 4.1 and plotted data in figure 4.1 

showed that t:hermal conductivity value decreased as the amount of quartz decreased in 

each pieces from Ai-01. The highest thermal conductivity value was 3.32x10-1Wm-1K-1 in 

Ai and the lowest value 3.305x10-1 Wm-1K-1 in 01. This is because the insulation property 

of any clay material is determined by the amount of alumina (Alz03) in that material. Ai 

had the lowest percentage by mass of Alumina in the entire formulation of 14.1 %, while 

0 1 composed of 26.38% of alumina (appendix D). This result is also in close agreement 

with the findings of Owalu from Makerere University, who in 2008 used the hot wire 

method to investigate the thermal conductivity of kaolin obtained from Buwambo quarry 

near Kampala, the results obtained at room temperature was in the range of 0.3- 1.5Wm-

1K-1. The composition of alumina in the sample 01 also complies with percentage of 

alumina in low density insulation bricks (UNEP, 2006). 

The values of thermal conductivity in Table 4.2 and the plot in Figure 4.2 clearly relate the 

effect of varying the composition of ball clay on the thermal conductivity. The composition 

Az with the highest percent of alumina (25.42%) had the lowest thermal conductivity 

value of 0.3225Wm-1K-1 ,while Dz with lowest percent of alumina (20.77%) had the 

highest thermal conductivity value of 0.3268Wm-1K-1 (appendix D). This result is also in 

consistence with the finding of Ayugi from Makerere University who, in 2001 used QTM-

500 to measure thermal conductivity of clay at compaction pressure of 72.9MPa. Her 

result was in the range 0.285- 0.308 Wm-1K-1. 

Results in table 4.3 and the graph in Figure 4.3 have shown a great impact in the thermal 

conductivity value as a result of change in the composition of feldspar. The result showed 

that, as the composition of feldspar increased, so did the thermal conductivity value. The 

attribution is majorly due to low percent of alumina in A3 (20.36%) causing it to have 

slightly lower value of thermal conductivity compared to 03 with 23.3% of alumina 

(appendix D). 
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Results in table 4.4 and the graph in Figure 4.4 described the effect of variation in 

composition of kaolin on the thermal conductivity values. It showed that, as the amount of 

kaolin in the mixture increased, the thermal conductivity value decreased. This is because 

kaolin according to chemical analysis in table 3.7 is the mineral with the highest percent 

of alumina, which is responsible for provision of as much insulation as possible in ceramic 

bodies. This formulation had pieces that had the lowest thermal conductivity value of 

0.3179 Wm-1 K-1 in the entire experiment done. 

Table 4.5 and the Figure 4.5 also showed that, the samples that had got high proportion of 

alumina ( Ds) had the lowest value of thermal conductivity of 0.324 Wm-1K-1, while the 

samples As had the highest value of thermal conductivity of 0.329 Wm-1K-1 (appendix D) 

When the individual graphs in figures 4.1, 4.2, 4.3, 4.4 and 4.5 were plotted on the same 

axes as seen in Figure 4.6, it was seen that the lowest thermal conductivity value in the 

entire study was 3.179x10-1 Wm-lK-lk-1 with composition of (Quartz-15%, Ball clay-15%, 

Feldspar-15%, and Kaolin-55%) and this was obtained in the formulation that had the 

proportion of kaolin being varied. While the highest thermal conductivity value was 3.32 

xl0-1 Wm-lK-11 (Quartz-55%, Ball clay-15%, Feldspar-15%, and Kaolin-15%) was attained 

in the formulation which had the composition of Quartz varied. 

5.2 Conclusions 

The results showed that all the samples studied have fairly low thermal conductivities; 

hence the rate of heat transfer in these samples is low. The thermal conductivity values 

ranged from 3.179x10-1 to 3.32 xlo-1 Wm-1K-1. These low values of thermal conductivity 

are characteristic of good thermal insulators. 

Thermal conductivity was directly affected by mineral composition, however best 

insulators was realized when the percent of kaolin and ball clay in them are high, since 

this minerals have got the highest percentage of alumina in them as per chemical analysis. 
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The most saitable composition for thermal insulation was the sample containing a 

mixture of kaolin-55%, Feldspar-15%, Ball clay-15% and Quartz-55%, all these minerals 

had the same particle size of 45µm, firing pressure of 75MPa. This combination was 

characterized by the lowest value of the of thermal conductivity of 3.l 79x1Q-1 Wm-lK-1 

5.2 Recommendations 

Basing on the scope of the parameters study, certain unconsidered parameters are worth 

considering. Therefore the following recommendations are suggested for consideration 

with respect to the unconsidered parameters:-

i. This study covered minerals with fixed particle sizes; fixed compression pressure 

and fixed firing temperatures, other particle sizes, compression pressure and firing 

temperatures should be investigated. 

ii. The use of other organic wastes like, coffee husks, rice husks, groundnuts husks by 

introducing in to the sample should be investigated for production of thermal 

insulation clay. 

iii. The effect of increasing the concentration of only one mineral should be 

considered. 
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APPENDIX A 

THERMAL CONDUCTIVITY MEASUREMENTS RESULTS 

Sample made with varying ratios of Quartz 

Length Width Height T.C ST.DEV 

(m) (m) (m) M(g) M(kg) Area(m2) (Wm-11c-1) (Wm-1 K-1) t-' 

AI 1 0.0973 0.0400 0.012 87.15 0.08715 0.00048 0.33021235 

2 0.1005 0.0401 0.011 79.57 0.07957 0.000441 0.331691535 0.002005 

3 0.1076 0.0411 0.0104 82.21 0.08221 0.000427 0.334180238 

Average 0.332028041 

Bl 1 0.0887 0.0373 0.011 78.48 0.07848 0.00041 0.330720371 

2 0.1047 0.0446 0.0134 80.44 0.08044 0.000598 0.334915809 0.002564 0.( 

-- 3 0.0993 0.0416 0.0107 85.11 0.08511 0.000445 0.330263056 
' 

- A":.i'erage 0.331966412 

CJ 1 0.0724 0.0441 0.0116 50.09 0.05009 0.00051 2 0.328650961 

- 2 0.1066 0.0446 0.0055 74.56 0.07456 0.000245 0.331794218 0.001945 0.3 

3 0.1051 0.0443 0.0105 82.91 0.08291 0.000465 0.332205823 

j\verage 0.330883667 

DI 1 0.0902 0.0383 0.0137 84.06 0.08406 0.000525 0.327208448 

2 0.1036 0.0427 0.0088 75.94 0.07594 0.000376 0.329706461 0.003817 0.1 

3 0.104 0.0439 0.0099 77.61 0.07761 0.000435 0.334705192 

-~verage 0.330540032 
~ 
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Samples made with varying ratios of Ball Clay 

L w H T.C ST.DEV 

Samples (m) (m) (m) M(g) M(kg) A(m2) (Wm-11c-1) (Wm-1 K-1) t-valuE 

All 1 0.0816 0.0341 0.0133 80.65 0.08065 0.000454 0.321937366 

2 0.0761 0.0311 0.0112 75.95 0.07595 0.000348 0.321135985 0.001795 

3 0.0798 0.0345 0.0133 75.03 0.07503 0.000459 0.324567887 

Average 0.322547079 

Bil 1 0.0783 0.0313 0.0149 81.29 0,08129 0.000466 0.318121234 

2 0.0835 0.0341 0.0172 87.12 0.08712 0.000587 0.321842803 0.00553 0.1315 

3 0.0834 0.0348 0.0147 81.69 0.08169 0.000512 0.329001766 

Average 0.322988601 

CII 1 0.0896 0.0372 0.0135 83.36 0.08336 0.000502 0.323317091 

2 0.0887 0.0373 0.0156 82.66 0.08266 0.000582 0.325198255 

3 0.0893 0.0372 0.0132 85.27 0.08527 0.000491 0.330415302 

0.003677 0.866() 

Average 0.326310216 

Oil 1 0.0953 0.0404 0.0116 83.61 0.08361 0.000469 0.328500929 

2 0.0939 0.0401 0.0133 84.19 0.08419 0.000533 0.325929772 0.001499 0.200? 

3 0.0938 0.0401 0.0073 59.14 0.05914 0.000293 0.325880864 

Average 0.326770521 

"""" 
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Samples made with varying ratios of Feldspar 

T.C ST.DEV 

j 
L{m) W(m) H(m) M(g) M{kg) A(mZ) (Wm-1k-1) (Wm-1K-1) t-valu 

Aill 1 0.0912 0.0377 0.0137 84.82 0.08482 0.000516 0.327902668 

2 0.0912 0.0384 0.0157 83.2 0.0832 0.000603 0.3 28002171 0.000801 

3 0.0897 0.0366 0.0134 79.87 0.07987 0.000490 0.326567400 

Average 0.331349735 

Biii 1 0.1031 0.0447 0.0101 81.64 0.08164 0.000451 0.330111002 

2 0.1 0.0416 0.0102 82.54 0.08254 0.000424 0.327356871 0.001377 1.9141 

3 0.101 0.0422 0.0096 74.61 0.07461 0.000405 0.328751086 

Average 0.329588846 

Cill 1 0.1016 0.0428 0.012 90.03 0.09003 0.000514 0.329353598 

2 0.1058 0.0446 0.0111 88.64 0.08864 0.000495 0.329756954 0.00021 1.066' 

3 0.1033 0.0434 0.0102 82.42 0.08242 0.000443 0.329655988 

Average 0.328739653 

Diii 1 0.105 0.0442 0.0114 88.36 0.08836 0.000504 0.33056774 

2 0.1045 0.0421 0.0121 82.65 0.08265 0.000509 0.334127867 0.002481 0.868: 

3 0.103 0.0439 0.0129 97.66 0.09766 0.000566 0.329353598 

Average 0.327490746 

-
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Samples made with varying ratios of Kaolin 

T.C ST.DEV 

Samples L(m) W(m) H(m) M(g) M(kg) A(m2} QKg-1 K-1) (Wm·l K-1) t-value 

AIV 1 0.0391 0.0441 0.0095 27.83 0.02783 0.000419 0.314159772 

2 0.1021 0.0441 0.0107 83.51 0.08351 0.000472 0.328251291 0.00899 

-
3 0.0618 0.0427 0.0105 48.95 0.04895 0.000448 0.311534338 

Average 0.317981800 

BIV 1 0.0988 0.0421 0.0105 75.27 0.07527 0.000442 0.329706461 

2 0.0598 0.0413 0.0086 42.72 0.04272 0.000355 0.311534338 0.010391 0.6979 

3 0.0979 0.0409 0.0103 78.72 0.07872 0.000421 0.329353598 

Average 0.323531465 

CIV 1 0.0983 0.0411 0.0093 75.19 0.07519 0.000382 0.328051953 

- · 
2 0.101 0.0426 0.0102 80.59 0.08059 0.000435 0.328901431 0.003582 0.4558 

3 0.0568 0.042 0.0107 43.03 0.04303 0.000449 0.322316376 

Average 0.326423253 

DIV 1 0.103 0.0422 0.0113 87.38 0.08738 0.000477 0.330496578 

2 0.1066 0.0446 0.0113 87.74 0.08774 0.000504 0.328600929 0.00279 0.6152 

t-- 3 0.0883 0.0372 0.0156 81.93 0.08193 0.00058 0.325003940 

\verage 0.328033815 
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Samples made with varying all the mineral ratios 

T.C ST.DEV 

Samples L(m) W(m) H(m) M(g) M(kg) A(m2) (JKg-1 K-1) (Wm-1K-1) t-vahi 

AIV 1 0.1014 0.042 0.0106 85.45 0.08545 0.000445 0.328951588 

2 0.1024 0.0428 0.0108 78.74 0.07874 0.000462 0.328251291 0.000581 

3 0.0833 0.0352 0.0134 74.6 0.0746 0.000472 0.329403943 

Average 0.32886894 

BIV 1 0.0788 0.0334 0.0168 80.91 0.08091 0.000561 0.323221420 

2 0.1017 0.0408 0.0108 81.02 0.08102 0.000441 0.330161666 0.003718 0.648 

3 0.1033 0.0439 0.0101 77.13 0.07713 0.000443 0.329001766 

Average 0.327461617 

CIV 1 0.1016 0.0429 0.0079 60.75 0.06075 0.000339 0.33006036 

i 
I 2 0.1017 0.0424 0.0102 75.19 0.07519 0.000432 0.329102184 0.001107 0.689 

3 0.0865 0.0363 0.0154 81.84 0.08184 0.000559 0.327852947 

Average 0.329005163 

DIV 1 0.0994 0.042 0.0096 76.24 0.07624 0.000403 0.329202687 

0.006221 

2 0.0844 0.0345 0.0156 80.98 0.08098 0.000538 0.325539071 1.3889 

-
3 0.0457 0.0419 0.0118 81 .83 0.08183 0.000494 0.317072781 

\ verage 0.323938179 
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APPENDIXB 

CHEMICAL COMPOSITION OF KAOLIN, FELDSPAR, BALL CLAY AND QUARTZ 

COMPOS KAOLIN(%) BALLCLAY (%) QUARTZ(%) FELDSPAR(%) 

St Sz SJ AV St S2 SJ AV St S2 SJ AV St S2 SJ AV 

Ah OJ 39.6 39.7 40.1 39.80 30.15 30.13 29.88 30.05 2.02 2.00 2.01 2.01 18.40 17.00 16.83 17.4 

Si02 54.7 56.4 52.5 54.50 63.5 63.7 63.6 63.60 91.9 91.7 91.8 91.80 77.0 77.0 79.0 78.1 

Ti02 0.17 0.20 0.19 0.19 0.59 0.61 0.48 0.56 0.12 0.17 0.12 0.14 0.50 0.20 0.20 0.31 

Fe20J 0.67 0.69 0.65 0.67 1.15 1.10 0.99 1.08 1.60 1.50 1.70 1.60 0.90 0.89 0.92 0.91 

cao 0.77 0.75 0.74 0.75 0.44 0.42 0.43 0.43 0.55 0.51 0.53 0.53 0.07 0.07 0.07 o.o· 

MgO 0.23 0.23 0.25 0.24 0.20 0.24 0.22 0.22 0.08 0.06 0.07 0.07 0.06 0.09 0.05 0.0' 

KiO 1.90 1.70 1.80 1.80 2.39 2.37 2.42 2.39 2.31 2.51 2.41 2.41 0.83 0.83 0.86 0.8· 

l\Ja20 0.89 0.90 0.88 0.89 0.67 0.70 0.64 0.67 0.60 0.58 0.50 0.56 0.90 0.87 0.93 0.91 

Mn02 0.20 0.21 0.20 0.20 0.79 0.81 0.80 0.80 0.66 0.66 0.60 0.64 0.60 0.56 0.76 O.& 

---
P20s 0.96 0.99 0.93 0.96 0.22 0.19 0.18 0.20 0.24 0.22 0.26 0.24 0.88 0.86 0.87 0.8' 
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APPENDIXC 

SPECIFICATION FOR QUICK TIME THERMAL CONDUCTIVITY METER. 

QUICK THERMAL CONDUCTIVITY METER 

Measuring Method Hot Wire Method 

Measuring Range 0.023 To 12 W /m-1K-1 

Precision ±3 Reading Value Per Reference Plate 

Temperature -10 To 200°c (Thermal Bath Is Necessary For Measurement 

At Different Temperature Than Room) 

Measuring Time Standard 60 Sec (Specimen Must Be In Equilibrium) 

Sensor PD-11 Box Probe Constantan Heater Wire And Chrome!-

Alumiel Thermo Couple. 

Heater Current Precision ±O.OS% Of Set Up Value 

Display 30 Characteristic 7 Line LCD With Black Light Display. 

Minimum Sample Requirement Approximate 100w X SOL X 20 Thick mm Or More 

External out Put RS-232C 2 Channels Thermocouple Electromotive Force 1 

Chanel 

Ambient Condition Temperature: S To 3S 

Humidity : Below 8S% Rh 

Power Consumption 60w 

Dimension Main Unit: 300w X 14Sd X 17SHmm Box Probe: lOOW X SOD 

X 100 Hmm 

Weight 9kg 
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APPENDIX D 

PERCENTAGE BY WEIGHT OF ALUMINA IN ALL THE SAMPLES 

FORMULATION I FORMULATION II FORMULATION III 

SAMPLES Ai 81 C1 D1 Az 82 C2 Dz A3 83 (3 03 

%OF 14.1 18.25 22.31 26.38 25.41 23.86 22.31 20.77 20.36 21.33 22.31 23.3 

ALUMINA 

FORMULATION IV FORMULATIONV 

SAMPLES A4 84 (4 04 As Bs Cs Ds 

%OF 29.31 25.81 22.31 18.82 17.28 25.4 22.31 24.27 

ALUMINA 
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