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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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Q =Q +Q (2.4)
bodytotal skin lungs
= Qe Quendsin * Qe Q)
sensible latent/ skin sensible latent/Z lungs
= (Qurcior ™ Qraction™ Quansin (Quoion Q)
convection radiation latentZ skin convection latentZ lungs

Evaporation
s : g

Convection 30%
27%

Radiation
40%

Conduction

2c
3%
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Qconv - hCO”V A‘3|0thi“g(1- clothing _T ambient) (2.5)
Qrad = hrad Aclothinga- clothing_T surr)
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Qconv+rad - hcombined Aclothing (1- clothing _T operative) (2'6)
= (hcom, + hrad) Aclothing (-I- clothing _T ambient)

a

N Aa o 1 { 3 @ a ! Yy
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_ hcoan ambiem+ hradT surr T ambient+T surr
T operative h + h = 2 (2‘7)
conv rad
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opcrative

Qccm\' + rad

ambicnt
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13190 2.2 amsihanudeuvesuudad

Material Dy density Thermal Thickness of the [zothermal watar vapour

Po [hgim’] conductivity sample permeability

A [WimK] d [mm] &
[- 002 ki Pa-ms) ]

Cellulosa { granulata ) 63 QU0 100 0110 £0,002
Woal 23 0.039 100 0,190 + 0,052
Flax n 0040 o0 0.150 +0.059
Rock wool 0 0.0349 100 0V 183 £ 0u03
Glass wool 70 (.039 100 0170+ 0,01
Callular concrate 450 011 100 0,024 + 0.0004
Perlita (eranulate) 100 0.050 100/ 140 0,103 +0.0135

[ 1

0 I @ HE S "o a a ay 1
Tdmwmimmm%)au, K L‘JJummﬁﬂluﬂaﬂuaﬁmmawuﬂ Hagguugy mﬂqmwguhlu

U q

uananunninansaldmnauyanmm k asinaoatieguugi laaansed 2.3

M5190 2.3 Amuauauiouveie

MATERIAL

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

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

Insulation 0.012 120
Insulation 0.025 1
Insulation 0.030 -
Insulation 0.030 50
Insulation 0.040 100
Insulation 0.045 120
Insulation 0.070 200
Fluid 0.100 760
Structural material 0.140 --
Fluid 0.150 720
Structural material 0.160 1300
Fluid 0170 920
Fluid 0470 8OO
Insulation 0.180 1800
Fluid 0.210 790
Structural material 0.250 2200
Structural material 0.250 1140
Fluid 0.290 1260
Insulation material 0.350 1600
Structural material 0.400 780
Fluid 0.600 1000
Structural material 0.760 2100
Structural material 0.930 2600
Structural material 1.005 2230
Structural material 1.06 1800
Structural material 1.28 2200
Structural material 21 917
Structural material 2.7 2100
Structural material 3 2600
Structural material 3 2700
Structural material 16 7900
Structural material 30 3900
Structural material 237 2700
Structural material 390 B960

VOLUMETRIC THERMAL
HEAT CAPACITY DIFFUSIVITY
108J/m*K 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
[ 2’, =2 A

21N913190 2.2 tag 2.3 nuNvudaiazthetamainnudoud aaiulurningaune

o o o 9
wiiduauiunuanuieu

16



2.8 1aule [10]

aw Ao = A o ¥ a o v v A
NuIvetimsaneTeansuuamdulesssurnanavu lFiunuiruanuion wowsde

S
[ 3 v

[ A 1 ' R o & Y =K wa
anlsmave: aanz laniou taziiuguaunids aauvssuludesdnyantianiamenin
Y 1 A A o Y v dy
voudulousazyianiinu laaatl
o d
2.8.1 ulgvudan)
v Jd 9 aa ] [ a 3 9
vudnIdudaulesssusa IaNUHUILUY 1.3 ATUADMISIUTUANAT (g/em’) LU
4 v o 1 Aa
lotnalsznndulonevduduloaziden idulevudaing llvzaoudavon duleazidenazil
A ] ] 1 A ' 4 A X Aa
anurgnuInnIndulevey sgdunadn sudurugudnaradulonuiuanungnazanas
° Aa 1 v g (N Ayd = Y Yy 9 A = =
NUIUANUNINADTZILANNEN il udlIardInuazBeaveudulels 1idulenazideaszll
o a k) =2 v 1 a A Y A A o a 9 1
NUIUNEn 1du1nDe 10 se8vdnae 1 suauas vazdulenveruazisuiureniiosnii 4
FRUNGNAD 10 IHUAIAT
[ 9 o A A g o Y 9 (=] a a [ A ) 9
anvazdulovudainvent M ldiduleliGsamuradanuiorinduleoning
' o A & I Yy v = g YA A o A A A =
ave) Ny e tluwauais 3atlume Indamenunnuudad Uanuguileaduld 1ied91nd
% 1 ] 1 1 9 l-ﬂy a Y v A 1 o 9 A
pIMAvIagMeluroadnszrnuduls uenainil sesnanveuaulediinadoaniindIuNIIAY
v Y
mnauvoudulodie anmadieladsedunduinndumiady i lddulen liduae
9 4 Yy 3 a Y~ < 9 @ PPN dyd
Mmannassgansseiuaaliriurmvesvudaiiilunaadons Ny maannlne
{ < ] v 3y @ {3 e
Epithelial 1307389111131 “Scales” alitlarey 1Umeiiveudule darsunauidiviions
Y A 1 P < o '
el Idiiesainaninernia na1 189 suningnunzazimuilatsunauves Scales Faru s
Y g A 3 o '] o o 3 g A
autluvunnnungi Tadinde a18ved Scales 921N MNAAUVINVBIVUFR VLT TIUIG
g A i 1 g A = Y .
FYUUDN AB Cuticle i’f’Juﬂmiu%ﬂ@ Cortex Nlsznoune Cortical cells
[ J 3 A o < 1
Tassasrudulevudaniwdulonsudou Tasnaldlsznsudle 3 d1u Ao
v Y
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'+——— Keratin molecure
o

Protofibrils —s JHESE

Nuclear remnant

¥ Paracortext
72
= )

Orthocortex

Microfibril —

Macrofibil

Cortical cell

Endocuticle
Exocuticle
Epicuticle

Cuticular scale

Cortex

[

d' a 9 [ 4
51U 2.9 dugrImevesaulevudad [11]

g’/ e ] Y I 1 [
Fu Cortex Il 2 muslwqm A9 Ortho-cortex 1A% Para-cortex N13LUYN

Y
A o

amilildTasdendidnle ndnhundegnindanuane 9w d9u Ortho-cortex WTANNT1
Para-cortex NARILB11910 ANMNLANA19U098U52ADUMIAUAT 891 Para-cortex T3 10l
Cystine ¥10NI1EIU  Ortho-cortex #1731 Cystine wmaﬁqcﬁ'aLN@%ﬁﬁﬂaéfTﬂﬂﬁﬂazmuuaz
#11150409 disulphide cross-links Faulua I Para-cortex 3aM3tFpNUNINIAAT 1 Fdou
unsntn 1y 1drTes Seaadiioan

WA Ortho-cortex 11a2 Para-cortex 3¢ Wil INAoIFf Az FUAAEANNYID

9
%

v Y
voudule dau Para-cortex 920gFUUBNUYBUNAGI Fad U duTATAGUN N
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2 v o 1 Y
U Cortical cells voudulovudailsznoudie Macrofibrils $1U2UNN UAAZSY
9 ~ 1 [ o 9 . .
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deviation 14.83 12.94 13.42 1.14 5.00 19.88 50.50
CV (%) 976% 789% 785% 263% 909% 3049% 1741%
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Funaaeviivssyumudulovudas Funaaeviivssymudulethe Funaaeviiusiedalny
ﬂ% Q“ﬁ“ﬂﬂﬁ )] k value (A) k value (B) k value (C) k value (A) k value (B) k value (C) k value (A)
(W/m. ° K)

1 0.1093 0.1007 0.1039 0.1237 0.1004 0.1133 0.1222

2 0.1101 0.1013 0.1042 0.1242 0.1007 0.1135 0.1239

3 0.1103 0.1011 0.1041 0.1242 0.1008 0.1197 0.1240

Average 0.1099 0.1010 0.1041 0.1240 0.1006 0.1155 0.1234
Standard deviation 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CV (%) 48% 30% 15% 23% 21% 315% 82%
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Funageviivssymudulovudas Funaaeviivssymuduleth Funaaeviiusieialny
ﬂ% Q“ﬁ“ﬂﬂﬁ )] r value (A) r value (B) r value (C) r value (A) r value (B) r value (C) r value (A)
(m’. "K /W)

1 0.0915 0.0993 0.0962 0.0808 0.0996 0.0883 0.0818

2 0.0908 0.0987 0.0960 0.0805 0.0993 0.0881 0.0807

3 0.0907 0.0989 0.0961 0.0805 0.0992 0.0835 0.0806
Average 0.0910 0.0990 0.0961 0.0806 0.0994 0.0866 0.0811
Standard deviation 0.0004 0.0003 0.0001 0.0002 0.0002 0.0027 0.0007
CV (%) 48% 0.3027 0.1469 0.2331 0.2070 3.0943 0.8239
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Tog
%yumﬁeuﬁmiﬂqLﬁmﬁ'u“lwuﬁm{ %yumﬁ@uﬁmimﬁmﬁu%ﬂw Gﬁuwﬂﬁauﬁmﬁﬁﬂm
ﬂgjﬂﬁ‘ﬂﬂﬁﬂ‘ﬂ Tog value (A) | Tog value (B) | Tog value (C) | Tog value (A) | Tog value (B) | Tog value (C) Tog value (A)

1 0.915 0.993 0.962 0.808 0.996 0.883 0.818

2 0.908 0.987 0.960 0.805 0.993 0.881 0.807

3 0.907 0.989 0.961 0.805 0.992 0.835 0.806
Average 0.910 0.990 0.961 0.806 0.994 0.866 0.811
Standard deviation 0.004 0.003 0.001 0.002 0.002 0.027 0.007
CV (%) 0.483 0.303 0.147 0.233 0.207 3.094 0.824
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CATRIIRILY y n1530 AT )
1o Tuen ANN3ou
(m2.°K/
(g) ( cmz) (cm) ( g/cm3 ) (%) ( cm’/sec/cm’ ) (sec) (W/m.°K) W)
A 21 100 1 0.21 84.33 7.50 10 0.1090 0.0917 0.92
B 18 100 0.9 0.2 85.07 7.84 10 0.1010 0.0891 0.89
C 14 100 0.8 0.175 86.94 8.68 10 0.1040 0.0769 0.77
ANNDY 0.1047 0.0859 0.86
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1o 2101 AN ANNTOU
(m2.°K/
(g) ( sz) (cm) ( g/cm3 ) (%) ( cm’/sec/cm’ ) (sec) (W/m.°K) W)
A 21 100 1 0.21 86.45 2.12 10 0.1240 0.0806 0.81
B 18 100 0.9 0.2 87.10 2.81 10 0.1006 0.0895 0.89
C 14 100 0.8 0.175 88.71 3.03 10 0.1155 0.0693 0.69
ANNDY 0.1134 0.0798 0.80
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1o 21MA IR ANNSOU
(m2.°K/
(g) ( sz) (cm) ( g/cm3 ) (%) ( cm’/sec/cm’ ) (sec) (W/m.°K) W)
A 21 100 1 0.21 83.85 14.3 10 0.1234 0.0810 0.81
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HT.0152/53

ﬁWﬂNNﬂﬁ1'§alﬂ‘!13ﬁ
wooa =
AT H 2433083 2553
o ' o o
DN H AMbanys 23]

& = 1 = o
MATNIAINGINTING Az FFINIINAMAAS
amTInndsma luTagnvenaiyys
& e = a ey o
naaayiny : onlfuamsinianiinnnaiouesian

' = = d =
wihelftamsifema luladmshnizinaaouiaa

o o 1 =
suamaTuTad lanzua: Taaurana

faghandaninizn 17U 3 Aednd
T el & Y a
MIvLad0a : lisideyasz yninddadedia
yaszaanlumsinaz: 181 Thermal Conductivity ¥83A430813
wissilailinaaony Hot Disk Thermal Constant Analyser TP52500 (Hot Disk AB)
At lumsnaaa : Thermal Constant Analysis (TCA)
ﬂ’il’l']zﬁh!n"l‘ﬁm‘ﬂ:ﬁ H Room temperature

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

HAMS IR tazmasuiawa:

= . . = a .
TInﬂ"lﬁ?Lﬂﬁ’Iz’ﬂ’ﬂﬁﬁ'ﬂl.lﬁ?ﬂﬂ’lﬂa)ﬂn’lﬁuﬂ TCA 1%N‘ﬁn’l‘ﬂtﬁﬂ$ﬂﬁﬂﬂ’lﬂwl

1. “Cotton™ 0.006 5 Thermal 0.0001
Conductivity 0.0901 0.0002 0.0001
W/ mEK) 0.0003
Thermal 0.6554
Diffusivity 0.6597 0.6549 0.0051
{mm’ /5 ) 0.6495
0.1374
Specific Heat
3 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
. 0.1354 0.1367 0.0035
(MI'm K)
0.1340
3. “Waal” 0.008 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 ) 02429
0.4044
Specific Heat
. 0.4133 0.4097 0.0047
(MI'm” K)
0.4113
i H!HF!:

I.  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 Dizk AB)

Beproducibility - Thermal Conductivity el
- Thermal Diffusivity +s05
- Specific Heat 7%
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MTEC!
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HT.013/54
=y d
SENUHAMSANTIZH
2
Fuifinean : 15 qa1Au 2553
@ 1 o w 4 -
fhedlamn : Auindnwal vell
madminnssudne augdranTsumand
umtinnaoma TuTats1sanato)s
nageulay : Houlfiiamsinszdaunianennuieuvesig
' - wa oo =5 a rs o
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o - - ) a
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o 1 A1 a ¢ s g 8
shedwiidunimizn F1uau 2 AretN
ﬂ' 1w T 14 Y1 ow 1
mstidaiieda ;. hitideyaszyninddaiaedna
gailszasnlumsinsz: 1191 Thermal Conductivity ¥89A18619
A . '
inSesilenlimamey Hot Disk Thermal Constant Analyser TPS2500 (Hot Disk AB)
maiinlumanaaey 3 Thermal Constant Analysis (TCA)
aanzlumsdimaed Room temperature
Disk type: Kapton Insulation (Sensor No. C7577, Radius = 2.001 mm.)
R~ T " R — 7 T [—

National Metal and Materials Technology Center

National Science and Technology Development Agency

114 Thailand Science Park, Phahonyothin Road, Klong 1, Klong Luang Pathumthani 12120 Thailand.
Tel. +66 2564 6500 Fax. +66 2564 6501-5 http/www.mtec.or.th '
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a ¢
wamsIATIZH tazmsilana:

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
o 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
Haewe:

1. Thermal conductivity is a m;asure'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 ~ +2%
- Thermal Diffusivity +5%
- Specific Heat +7%
HT. 013/54 212
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MTEC)

amember of NSTDA
HT.014/54
NenuHamMIIATIZH

o d
Fufiswam : 15 qanu 2553
“w 4
fI0E19010 : fugans ey

madimanTsudane auzdnanssumeans

unrinodoma TuTagswnasyys

v a wa a o we v o
nageulay : woufidmsinszdauidnenamiouvesiog

1 a ua - -t sl a o

miwlfiiamsitomn TuTadmsdinszvinaaeu iy

quimaTuladTanzuazfaquisnd
I W T~ ¢ o o
fhethaidaninned f1uau 5 Aret
m3tueieds : hifidoyaszynnddaiaedi
gailszanlumsinsz: 1711 Thermal Conductivity Y83678619
nSesiienlinamey - Hot Disk Thermal Constant Analyser TPS2500 (Hot Disk AB)
waiinlumsnagey Thermal Constant Analysis (TCA)
annzlumsinned Room temperature

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

a ¢
HamsIns 1z nazmsuilona:

NIMTINTzinaaeudIetedomaiia TCA Tanamslinnerdamsn

1. “Cotton C” 0.006 [ 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) 03136
0.3574
Specific Heat
N 0.3483 0.3625 0.0173
(MJ/m’ K)
0.3818
HT. 014/54 13

guz’vmn‘[uﬁln?ﬁau:Lm:i'ﬂﬁ_uﬁqmﬁ National Metal and Materials Technology Center
ina Sk}

humthan
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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
% 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 0.2143
Diffusivity 0.2094 0.2116 0.0025
(mm’ /s ) 02110
0.4848
Specific Heat
3 0.4976 0.4919 0.0065
(MJ/m® K)
0.4934
HT. 014/54 2/3
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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
3 0.5316 0.5324 0.0264
(MJ/m” K)
0.5592

HINGNE):
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 +s5%
- 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 thermal conductivity properties of wasted wool, wasted cotton and silk cocoon

are 0.1 Wm."K , 0.09 W/m.“K and 0.08 W/m."K, ewspectively.

Keywords: Thermal conductivity, Thermal resistance, Air permeability
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