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INSULATOR
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Degree Award : Master of Engineering
Study Program : Textile Engineering
Academic Year : 2010
Thesis Advisor : Dr. Pluemchit Techathammarak
ABSTRACT

The research aims to study the property of three wasted fibers, namely, wasted cotton from
carding machine; silk cocoon which is the waste from spinning process; and wasted wool from
carpeting process. Each fiber was packed in an individual cotton bag like a small padding in order to
test for its air permeability and thermal conductivity properties.

Using microscope, the cross sectional and longitudinal appearance including the diameter of
the three fibers were observed. Then, the fiber length of wasted cotton and wasted wool were
measured. Test specimens were prepared by sewing a cotton bag having the dimensions of 10 x 10
square centimeters. Nine parallel stitch lines having one centimeter apart were sewn to divide the
bag into ten slots. The sample fiber was filled in the slots of the bag so that the fibers were held in
place. The test specimen was weighted and trimmed at the sides to check the distribution of the
fibers in the specimen. The test specimen of each fiber was tested for their air permeability and
thermal conductivity properties.

It was found that wool fiber has a circular cross sectional shape, cotton has a kidney shape
and lumen inside, silk has a triangular shape. The average fiber length of wool and cotton are 0.5
and 1.6 centimeters, respectively. Fiber diameter of wool is larger than cotton. Silk is the finest
fiber. The fiber distribution in the test specimen is randomly. The space between fibers in test
specimens having wool and cotton is tiny compare to the space between silk cocoons in the silk
specimen. The test specimen having low packing density gives good air permeability. The higher
the packing density will result on worst air permeability. Test specimen having silk cocoon gives

the highest air permeability because of the larger pore inside the test specimen. Test specimen



having silk cocoon fiber presents the highest thermal conductivity, following with the test specimen
having cotton fibers and wool fibers.

The thermal conductivity was, then, conversed into thermal resistance. The thermal resistance
of the test specimens having wool fibers presents the highest thermal resistance, following with the

test specimen having cotton fibers and silk cocoon fibers.

Keywords : Thermal conductivity, Thermal resistance, Air permeability
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27%

Radiation
40%

Conduction
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A15190 2.2 F]I']ﬂﬁﬁWﬂ’J'liJ%)ﬂu“IJ’O\WuﬁJﬁ{

Material Diry density Thermal Thickness of the [sothermal water vapour
Sy [him’] conductivity sampla permeability
A [WimK] d [mm] &,
[107 kg Pa-m-5)]
Cellulose (granulate) 63 0040 100 0.110 +0.002
Woal 25 0.039 100 0,190 + 0,052
Flax 0 Q.40 o0 0. 150 + 0,059
Rock wool 0 0,039 100 0183+ 0,03
Glass wool 70 0.039 100 0,170 £ 0,01
Cellular concrate 450 0.11 100 0,024 + 0.0004
Perlite (pranulats) 100 0.050 100 140 0.103 £0.015
o 9 I % d'd? "o o 1 a a a ]
ANUNMTUINNUIDU, K HuarnanuuedfUIaaUAaz s UAsUNYN mnguvigi

uananuINinanso Igmnauya I k AsiaaeasI9guTg

d' 1 9 [y
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MATERIAL
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q

U Q U

11ddam15199 2.3

Aerogel
Air
Cotton

Plastic insulation materials
Mineral insulation materials

Foam glass

Cork

Silicone oil
Leather

Gasoline

PVC

Olive oil

Alcohol

Glass pearls (dry)
Methanol

PTFE

Nylon 6

Glycerol

Sand (dry)

Wood

Water

Glass pearls (saturated)
Glass

Pyrex 7740
Corian (ceramic filled)
Concrete

Ice

Sand (saturated)
Quartz

Marble

Stainless Steel
Aluminium Oxide
Aluminium
Copper

NATN 2.2 118 2.3 Wudwuﬁ@imzﬁwﬁmmimmm%ﬂuﬁ

Insulation
Insulation
Insulation
Insulation
Insulation
Insulation
Insulation

Fluid

Structural material
Fluid

Structural material
Fluid

Fluid

Insulation

Fluid

Structural material
Structural material
Fluid

Insulation material
Structural material
Fluid

Structural material
Structural material
Structural material
Structural material
Structural material
Structural material
Structural material
Structural material
Structural material
Structural material
Structural material
Structural material
Structural material

0 o g @ 9
wiutuauIunuausou

THERMAL DENSITY
CONDUCTIVITY kg/m?
(W/m-K)

0.012 120
0.025 1
0.030 -
0.030 50
0.040 100
0.045 120
0.070 200
0.100 760
0.140 --
0.150 720
0.160 1300
0.170 920
0.170 800
0.180 1800
0.210 790
0.250 2200
0.250 1140
0.290 1260
0.350 1600
0.400 780
0.600 1000
0.760 2100
0.930 2600
1.005 2230
1.06 1800
1.28 2200
21 917
2.7 2100
3 2600
3 2700
16 7900
30 3800
237 2700
390 8860

16

VOLUMETRIC THERMAL
HEAT CAPACITY DIFFUSIVITY
10%/mK 10" m¥/s
0.125 12
0.001 1938
0.001 -
0.100 30
0.090 44
0.092 49
0.047 150
1.370 7
0.001 59
2.100 7
1.950 8
1.650 10
2.430 7
1.140 16
2.500 8
2.200 1
1.938 13
3.073 9
1.270 28
0.187 214
4180 14
2.710 28
2.184 43
1.681 60
2.307 46
1.94 66
2.017 104
2.64 102
213 141
2.376 126
3.95 405
3.413 879
2.376 9975
3.494 11161
[ 09/1 =2 A
ANUUIURUIETUNS
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Nuclear remnant
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Macrofibil

Cortical cell
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Exocuticle
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Cuticular scale
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4.2.2 Jaanugnuduly

31121100 1@ ule Saanueaaanaluasan 4.1 uagasan 4.2

9 v J 9 1 9
panisnadouanueveuaudulovudaluaziamdulofho Taomsguidule

M3199 4.1 anueweedulovudas
@ui | anw duit | e Fud | A dudt | e | | dudi | anwen
417 g1 417 g1 (13.)
(%) (30.) (%) (¥3.)
1 0.5 21 0.5 41 0.4 61 0.2 81 0.3
2 0.4 2 | 06 42 | 05 62 | 03 82 0.3
3 0.4 23 | 05 43 0.5 63 | 03 83 0.2
4 1 24 | 04 44 | 07 64 | 03 84 0.3
5 1 25 0.4 45 0.5 65 04 85 0.3
6 1.5 26 | 05 46 | 05 66 | 05 86 0.3
7 1.2 27 | 05 47 | 03 67 | 03 87 0.3
8 1 28 | 03 48 | 03 68 | 04 88 0.2
9 0.8 29 | 03 49 | 04 6 | 02 89 0.3
10 1.5 30 0.8 50 0.5 70 0.3 90 0.3
11 1.7 31 0.5 51 0.7 71 0.3 91 0.2
12 | 07 32 | 08 52 | 03 VOIR03 92 0.4
13 0.4 33 | 08 53 0.2 73 | 04 93 0.3
14 1.1 34 | 05 s4 | 05 74 | 05 94 0.3
15 1.6 35 | 03 55 | 03 75 | 03 95 0.4
16 1.3 36 0.3 56 0.3 76 0.3 96 0.2
17 | o4 37 | 04 57 | 02 77 | 04 97 0.3
18 | 07 38 | 05 58 | 02 78 | 03 98 0.3
19 | 09 39 | 05 59 | 03 79 | 04 99 0.2
20 0.5 40 0.5 60 04 80 0.5 100 0.3

ﬂ??ﬂﬂ??LﬂﬁﬂﬂJ@ﬂL%Uiﬂﬂluﬁ{@’j = 0.5 IHUANAT
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g1 g1 g1 g1 (c3.)
(%Y.) (%Y.) (¥Y.) (¥Y.)
1 2 21 1.3 41 1.5 61 1.5 81 1.5
2 2 22 2 42 2.2 62 1.5 82 1.8
3 1.8 23 1.5 43 2.5 63 1.5 83 1
4 2 24 1.5 44 1.8 64 2 84 1.8
5 1.3 25 1.7 45 1.3 65 1.5 85 1.8
6 1.3 26 1.5 46 1.7 66 1.8 86 2
7 2 27 1.2 47 1 67 1.7 87 1.5
8 2 28 1.8 48 1 68 1 88 1
9 1.8 29 2 49 1.5 69 1 89 2
10 1 30 2.1 50 1.2 70 2 90 2.2
11 2 31 2.2 54 1 71 2.2 91 1.5
12 1.8 32 2.1 52 2 72 1.2 92 1.8
13 1 33 1.5 53 2 73 0.8 93 1.5
14 2 34 1.8 54 1.8 74 1.8 94 1
15 1 35 1.5 L5 V.7 75 1.8 95 1.5
16 1.5 36 1.5 56 1.5 76 2 96 1.8
17 2 37 7 57 2 77 1.7 97 1.5
18 1.5 38 1.5 58 1 78 2.2 98 2
19 2.3 39 4 59 1.5 79 2 99 2
20 22 40 1.8 60 1 80 22 100 1.5
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2 0.5 0.5 0.5
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4 0.5 0.5 0.5

5 0.5 0.5 0.5

1 4
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H 2
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A1519% 4.6 ANUHUWUUVDITUNATO UL FATINNY UFDIINVOIFUNATOU

Wnn Fu | anuvueuy | anumuuuuves | dadiuindu
FUNATOUNUTIY nagoL youdule FUNAADY FDIIN
(N5Y) (NFW/AV.¥Y.) (NFW/AV.HY.) (%)

!ﬁ]&!lfgfjuslﬂéllu&ﬁ’j 10.371 1.34 0.21 84.52

Y
wwidulothe 9.8528 1.55 0.20 87.29
%Qllﬁu 9.1365 1.30 0.18 85.94

ADE1NITAIUIN

9
(1) ANUHULUUVDITUNAT DY
'ay J a
TagNrunaaUlvLIa 10x10x0.5 = 50 gRINANCEUANAT
E4
ANy sFunagouusses lofhe

= 9.8528 = 0,20 NS U/QNLNANITFUANAT (g/cm?)
50

9
(2) ANUHUWUHUDITUNATDU

@ 1 { g 1 U Qy o
dad 1N useevesFunadey (Porosity) AMHIMUIN

Fabric density ] 75

Porosity = | 1 - — :
Fiber density

4
Porosity YoIFuNadouuIIyaslofhe {1 J %}100: k7 2004

4.2.6 HANMINTIVAIUMANAVIIWAZMAAAMINENIVDITUNATDU
Y ]
MINATBUANUAVOITUNATDY ﬁ%ﬁﬂﬂigﬁﬂﬁlﬁﬂﬁi’lﬁ]ﬁf’]ﬂﬁﬂﬁ@]ﬂﬁllﬁﬁNWHﬂlﬂﬂ

Q

Y Y v 9 9
21MATUFUNAT O Lmzmwwmuuumﬁuﬁmawumﬁau hlﬁﬂﬁﬂﬁﬂﬂﬁ@ﬂﬁﬂﬁ

39



NANANINVIN NMAAAAINY

) ewdulovudas

NMAAAATNVIN NAAANTNYT)

) teidulodhe

NMAAAATNVIN NAAANTNYT)

@) 1 Iy

v 9
31U 4.3 (1) () (A) AENHBEMAGAVINUAZNIAGAAINEIIVOIFUNAT D

40
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' Y
A13199 4.7 auiiams Inaruvesonmalusunadou

M3 InaruueseIne (@ruistisuAmAs/Aui)
wudule | wwdule

vuda the Falny

Funamo 19 15 X

1 220 190 230

2 250 149 270

3 230 149 250

4 250 200 250

funde 2 91 250

fman 1 9 238 172 125

Standard deviation 15.00 26.87 16.33
CV (%) 6.30 15.62 13.06

Y

1 Y 1
A13199 4.8 auiiams Inaruveseimalusunageuaoiun

auiams Tnaruveseimasediuii
ANMNARFUALAT/ANR/MTUFURNAT (cm?/sec/om?)
FunaaeURUITY wdulovudad | wdulodho 59l
1 10.85 10.85 11.34
2 12.33 12.33 13.32
3 11.34 11.34 12.33
4 12.33 12.33 12.33
Average 8.70 11.68 11.98
Standard deviation 1.25 0.64 1.05
CV (%) 14.33 5.51 8.78
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HT.0152/53

'§Wﬁ1uﬂﬂﬂ1'§%lﬁ'§13ﬁ
wr o =
TUNTIEIH H 24 3341A3 2553
wr " e o
FIDE307I0 H AMBEanyal 2430

o = ] = &
AAITIAINT TUAIND ARl IFINTIUAIARS
wTindema lulagiranaiayy’
LY e = o e 3 o
naaovulay : noalfian ImazvauiAneaniouveadag
. & _anm o =t = s e
miblfiamsIema lulasnmsuaizinagevian

o e . o
audmaluTad lanzuaz: Taaurana

fhadhafdaninnzn - 171 3 f1d
E T ¥ Y4 w
MIrUaIEs : hisideyaszyninddaiieda
alszasnlumsngz: #7171 Thermal Conductivity Y9394 38814
wnIasionltnamey Hot Disk Thermal Constant Analyser TPS2500 (Hot Disk AB)
wasinlumsnaray : Thermal Constant Analysis (TCA)
ﬂ’fl’l'.’lﬂi-ln‘l‘ﬁl,ﬂ‘!“lzﬁ H Room temperature

Disk type: Kapton Insulation (Sensor No. C7577, Radius = 2.001 num.)

oy 4
HAMIAATIZH uazmiuiawa:

= ¢ a1 = = -~
TIf'lﬂ"lﬁ‘?lLﬂ‘i13H11ﬁﬁ€lllﬁ3il€l’l\1§']ﬂﬂ'lﬁuﬂ ICA 1'§Naﬂ1‘i']l.ﬁ'ﬂ$ﬁﬁﬂﬂ"l‘5’l»l

1. “Cotton™ 0.006 5 Thermal 0.0001
Conductivity 0.0001 0.0002 0.0001
(W/mK) 0.0903
Thermal 0.6554
Diffusivity 0.6597 0.6349 0.0051
{mm” /5 ) 0.6495
0.1374
Specific Heat
, 0.1365 0.1376 0.0013
(MI'm™ K)
0.1390
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2. “silk™ 0.006 5 Thermal 0.0812
Conductivity 0.0801 0.0802 0.0009
(W/mK) 0.0794
Thermal 0.5769
Diffusivity 0.5913 0.5872 0.0089
{mm’ /s ) 0.5931
0.1407
Specific Heat
i 0.1354 0.1367 0.0035
(MI'm K)
0.1340
3. “Waal” 0.006 5 Thermal 0.1004
Conductivity 0.0997 0.1000 0.0004
(W/mK) 0.0999
Thermal 0.2482
Diffusivity 0.2413 0.2441 0.0036
(mm”® 2) 0.2429
0.4044
Specific Heat
, 04133 0.4097 0.0047
(MTm® K)
04113
‘ﬁ‘i.l'lmi‘iF!:

1. Thermal conductivity is a measure of the ability to transmit heat through the material.

2. Thermal diffusivity is a measure of transient heat flow and 15 defined as the thermal conductivity divided by the product
of specific heat times density.

3. Specific heat is the quantity of heat needed to raise the temperature of a unit mass of the substance 1 degree of
temperature.

4. Hot Disk Thermal Constant Analyser (Hot Disk AB)

Eeproducibility - Thermal Conductivity T
- Thermal Diffusivity T35
- Specific Heat 7%
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inSesilenlimamey Hot Disk Thermal Constant Analyser TPS2500 (Hot Disk AB)
maiinlumanaaey 3 Thermal Constant Analysis (TCA)
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a ¢
wamsInTIZH tazmsialana:

1. “Cotton A” 0.006 10 Thermal 0.1237
Conductivity 0.1242 0.1240 0.0003
(W/mK) 0.1242
Thermal 0.3690
Diffusivity 0.3575 0.3625 0.0059
(mm’ /s ) 03611
0.3352
Specific Heat
" 0.3474 0.3421 0.0063
(MJ/m” K)
0.3438
2. “Cotton B” 0.006 10 Thermal 0.1004
Conductivity 0.1007 0.1006 0.0002
(W/mK) 0.1008
Thermal 0.2951
Diffusivity 0.3052 0.2994 0.0052
(mm’ /s) 0.2980
0.3403
Specific Heat
3 0.3301 0.3362 0.0054
(MJ/m” K)
0.3382
Hname:

1. Thermal conductivity is a measure of the ability to transmit heat through the material.

2. Thermal diffusivity is a measure of transient heat flow and is defined as the thermal conductivity divided by the product

of specific heat times density.

3. Specific heat is the quantity of heat needed to raise the temperature of a unit mass of the substance 1 degree of

temperature.
4. Hot Disk Thermal Constant Analyser (Hot Disk AB)

Reproducibility - Thermal Conductivity ~ 12%
- Thermal Diffusivity +5%
- Specific Heat *7%
HT. 013/54 212
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MTEC)
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HT.014/54
NenuHamMsINNzi
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b3 a wa a o wa v o
nageulay : wenlfiimsTinaizdauianennuiouvesiog

1 a ua - -t a o o

wiwl§iiamsitomn TuTagmsnszvinaaeu ey

quimaTuladTanzuazfaquismnd
A W ¢ o o
fhethaidaninnzd Fruau 5 dred
msvtaieds : hifideyaszynnddaiaedia
gatlszaenlumsinne: 11 Thermal Conductivity Y83678814
nsesiienlinamey Hot Disk Thermal Constant Analyser TPS2500 (Hot Disk AB)
waiinlumsnagey Thermal Constant Analysis (TCA)
aamzlumsiinned Room temperature

Disk type: Kapton Insulation (Sensor No. C7577, Radius = 2.001 mm.)

a ¢
wamsansizi nazmsmlowa:

NIMTINTEinareuIetidomaiia TCA Tanamsiinnziaamsn

1. “Cotton C” 0.006 i 10 Thermal 0.1133
Conductivity 0.1135 0.1155 0.0036
(W/mK) 0.1197
Thermal 0.3170
Diffusivity 0.3257 0.3188 0.0062
(mm’ /s) 0.3136
03574
Specific Heat
4 0.3483 0.3625 0.0173
(MJ/m’ K)
0.3818
HT. 014/54 13

gmémﬂTuTﬂﬁTaummi’ﬂﬁ‘uﬁqmﬁ National Metal and Materials Technology Center

umthani 12120 Thailand
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2. “Wool A” 0.006 10 Thermal 0.1093
Conductivity 0.1101 0.1099 0.0005
(W/mK) 0.1103
Thermal 0.2267
Diffusivity 0.2336 0.2325 0.0054
(mm®/s) 0.2373
0.4820
Specific Heat
y 0.4710 0.4727 0.0086
(MJ/m” K)
0.4650
3. “Wool B” 0.006 10 Thermal 0.1007
Conductivity 0.1013 0.1010 0.0003
(W/mK) 0.1011
Thermal 0.2042
Diffusivity 0.2094 0.2057 0.0032
(mm’ /s ) 0.2035
0.4930
Specific Heat
5 0.4838 0.4912 0.0067
(MJ/m” K)
0.4968
4. “Wool C” 0.006 10 Thermal 0.1039
Conductivity 0.1042 0.1041 0.0002
(W/mK) 0.1041
Thermal 02143
Diffusivity 0.2094 0.2116 0.0025
(mm’ /s) 02110
0.4848
Specific Heat
5 0.4976 0.4919 0.0065
(MJ/m’ K)
0.4934
HT. 014/54 2/3

73




5. “Silk A” 0.006 10 Thermal 0.1222
Conductivity 0.1239 0.1234 0.0010
(W/mK) 0.1240
Thermal 0.2413
Diffusivity 0.2331 0.2321 0.0098
(mm’ /s ) 0.2218
0.5064
Specific Heat
5 0.5316 0.5324 0.0264
(MJ/m” K)
0.5592

UGN
1. Thermal conductivity is a measure of the ability to transmit heat through the material.
2. Thermal diffusivity is a measure of transient heat flow and is defined as the thermal conductivity divided by the product
of specific heat times density.
3. Specific heat is the quantity of heat needed to raise the temperature of a unit mass of the substance 1 degree of
temperature. i
4. Hot Disk Thermal Constant Analyser (Hot Disk AB)

Reproducibility - Thermal Conductivity — 12%
- Thermal Diffusivity +5%
- Specific Heat +7%
HT. 014/54 ' 3
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Thermal Conduetivity of Waste Fibers from Textile Process
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Abstract

The research investigates the thermal conductivity of three wasted fibers, namely, wasted wool from carpeting
process; wasted cotton from carding machine; and silk cocoon which 15 the waste from spinning process. Test specimens
were prepared using cotton bag having the dimensions of 10 x 10 cm’. Nine parallel lines having one centimeter apart
were sewn to divide the bag into nine stripes. The sample fiber was filled in the slots of the bag so that the fibers were
held in place. The test specimens were, then, tested for basic fiber properties, air permeability and thermal conductivity
properties. It was found that the average themmal conductivity properties of wasted wool, wasted cotton and silk cocoon

are 0.1 Wim.”K , 0.09 W/m."K and 0.08 W/m."K, ewspectively.

Keywords: Thermal conductivity, Thermal resistance, Air permeability
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