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Measurement of Thermal Conductivity of Recycled Composite of
Plastic Waste and Fly Ash Using Guarded Hot Plate Apparatus

FREFE . AKHEZE T
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PWFA recycled composite, which is made mostly from plastic waste and fly ash, is one of the
materials developed for the purpose of recycling. The authors observed the cutting surface of the
composite using a metalloscope and measured the thermal conductivity of the composite using two
guarded hot plate apparatus suitable for the different sizes of specimen 100x100 and 50x50 mm? in area.

The spherical particles of fly ash disperse at irregular intervals in the matrix. The matrix composed
of the plastic waste and the fire retardant is the continuous phase. And there is a dense area of voids
inside the specimen. The thermal conductivity decreases from 0.44 to 0.38 W-m-K™' with increasing the
specimen temperature from 250 to 350 K. The data for the specimen 50x50 mm?® are lower than those for

the specimen 100x100 mm?, but agree with those for the specimen 100x100 mm? within 5 %.
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Table 1. Composition of PWFA recycled composite.
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components contents per unit mass ( % )
polypropylene 62
. polyethylene 36
plastic waste other ) 45
sum : 100 %
fly ash 38
glass fiber 2
fire retardant 15

total : 100 %

some void

a glass fiber

(b) a void (x100)
Fig.2 Observations of the surface of the PWFA recycled composite by a metalloscope.

(c) polished surface (x1000)

(a) specimen for the experiment

Table 2. Feature of PWFA recycled composite specimens.

nominal size tolerance of width thickness bulk density 5)
name , (‘orlength) mean > deviation * difference 5
(mm”) (mm) (mm) (mm) (%) (mm) (%) (kgm™)
100-9-A 100x100x9 +0.3 8.93 0.12 1.3 0.00 0.0 1330
100-11-B  100x100x11 +0.3 11.17 0.22 2.0 0.12 1.1 1330
50-8-C 50x50%8 +0.3 7.96 0.06 0.8 0.01 0.1 1340
50-8-D 50x50%8 +0.3 8.11 0.01 0.1 0.00 0.0 1330
50-9-E 50x50%9 +0.3 8.85 0.07 0.8 0.01 0.1 1330

1) width - thickness - serial number, 2) mean thickness for a pair of specimen at 293 K, 3) maximum deviation
from parallel planes for specimen surfaces, related to mean specimen thickness, 4) maximum thickness
difference for two specimens, related to mean specimen thickness, 5) mean value for a pair of specimen at 293 K.



EHEBOEFHL 80 %A TWD, ZDOMIZIE, Mk
HEVEA VST 72 D OFHRA L b B & LDy T AT
TANR—NEEND, BET T AT v I DIFE A EIFFEE
Radsr s LCERESNEZRY) 7rEL v bR =F L
VT, ENLDEEIITNG6: 4 Thole, 7747 v
= (FEWNO K SFEEFTCHRA L= b O T, Fig.1 121X SEM
kD7 T4 T v ki T OBESERETRT, 7947
v ¥ a FERIROMRL 7, ZORBRIT—ETIERL, B
EE60um LLFTh o7, AR L Tk, MEIBRE
FORERBEREFREOBMBNG . OB LR LD
HRIT—TAERIN TR,

ISO L JIS HIKK[3 4N LAUE, FAREHEEE
Te BRI E L2 U 72 ilBk D i/ NHE D HELHE S 200
x200 mm’ T %, KX & 200x200 mm® O Rk k 2 52
BRAICHE L= 77—V 7 70680 L, F0FKE
RN LIZ R VR 558121E. 7—7 WV T 7 DR
JE23585 13 mm & 2| FUBHI R D OFI LA U DR
NRH-7=, TEHELEZZ—7 0V T 7 ORITIIARR
Do Te, Z DT ARG TIL, Table 2 123 X 912,
K E &8 100x100 33 L Y 50%50 mm* Dk Z L EH 2
BELO3 By MEH LTz, BMmEROBEIILRE—1E
OREE 2 K, FEEYRORE EFREHERI U RE &
TERL L 7 2E B A L7z,

HEREOIER LR SO HEAZEIZ+03 mm A
& LT, RBIOE ST, BMOERAIE ORISR
+2 um D~ A 78 A—=F =XV RE L, HIERE
100-11-B #Fr< & “f—MTHEM LREBIORE S 0FE
WEFEHIE S D 0.1 %UN, RS OE SOV
JEED 1.3 %N TH -7, #E100-11-B T, JESD
XD DXV LR XD 2.0 %E 27203, 1SO BL VIS
Hiks OFFRFHN TH o 72, #EF 100-11-B D56, 30k
DIE ST R T 2 BYRERME DO A HEDN S 1L +2.3 %L
L. FMOREITIZE1.4 %N EFHME L7,

Fig.2(a)l 4 8 BEISEEIC X 5 BV ERNE HRE o F
B R Th D, PBREICIIRE SORRDZHD
SALBHEGETE . TR ORI OERmIT ML T\ D
DOTIEARL, —HITEBEL T ie, KIALIERRIC S
NS TG TR, TORESIEFBEZ 1T mm LT
Thotlz, [ILOFHITZER EBbivd, £7- Fig2(b)
WRT L DI, KILO—DIZIE, OJFE & F a7
FIZRSTe—RD T T AT 7 A N—Dfggd ST,

Fig. 2(c)lC xR ml e IR L 72 3Bt OFE R 2~ T,
BIZ2EIE, ARRLY A X3 30, 12 B8 L V9 um OHT D
CNER I T BB = 1% K22 0.1 um DT /L 2 TR

RELE ETHO 7 2L bARXZIZE OB LT, WFELT-
UEHE EAGBIZ X DBV, S HICA A aZfkiz kb
BEW GBS O%, BARLRIET,
RESVERRY, ISR EDONBT7I7A4T v ahi
TThHbH, 7747 vvabi xS e M@ comi.
ZDERVIIFET T AT v 7 EEHRFINNS 72 DR TR &
NTW5, BMITEEREER L TD, T A7 74
N—=LRERIC, 7T7A4 T v 2k T b EE S TS
TP EZR>TND, —h, BT 7 AF v 7 BIT
HERAI DG, AR, FEIREEZR K ORI BIT 2
HHIZEZHE T, LLEoZ Enn REREHIFE
TIAF v 7 LHRRORARE R E LT, 7IAT
v a kI T AT 7 A S—BABRIZ2 G T LTV
LEAEMEBITH D, £ Table 2 [TRT L 912, BB
NESEEITB X Z 1330 kgm® TH 5,

Fig.3 Schematic diagram of experimental apparatus
(A: constant temperature chamber, B: polystyrene
foam (thermal insulation), C: specimen, D: heat
source, E: thermocouples, F: aluminum heat sink, G:
bolt and nut, H: DC power supply, I: standard
resistor, J: hybrid recorder).
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Table 3. Dimensions of two experimental apparatus.

. . 2
specimen size; L x L / mm

100x100 50%50

width of main plate ; m / mm
width of gap ; ¢ / mm 2 2

50 20

hot plate width of guard plate ; s / mm 23 13
thickness of hot plate ; 5, /mm 5 2
. . i i 2 100x100 50%50
lat inner size / mm
fsiation outer size / mm? 400x400 150150
aluminum heat sink / mm’ 400x400%20 250%150x8

guard plate gap area  main plate guard heater main heater
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(1-1 section: layout of hot plate)
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(2-2 section : layout of heater)

Fig.4 Details of heat source.

guard plate area  gap area main plate area
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O Thermocouples ( T, T4, Ts ) for specimen
100x100 and 50x50 mm” in area

@ Additional thermocouples ( Ty, T3, T¢ )
for specimen 100x100 mm’ in area

Fig.5 Details of thermocouple positions.
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Table 4. Example of results of specimen surface temperatures.

specimen 100100 mm® 50x50 mm’
high temperature surface| low temperature surface| high temperature surface| low temperature surface
right rigth left rigth left rigth left
main heater area

T, (K) 307.68 307.54 292.55 292.38 302.08 302.04 290.19 290.28
T, (K) 307.82 307.66 292.60 292.40
T; (K) 307.78 307.58 292.65 292.43

Tyrg (K) 307.68 292.50 302.06 290.24

guard heater area

T, (K) 307.70 307.63 292.60 292.38 302.23 302.10 290.12 290.09
Ts (K) 307.68 307.56 292.60 292.35 302.00 301.94 290.14 290.22
T¢ (K) 307.66 307.66 292.53 292.25

Tous (K) 307.65 292.45 302.07 290.14

average temperature
T, (K) 300.09 296.15
temperature difference
AT, (K) 15.18 (=307.68 - 292.50) 11.82 (=302.06 - 290.24)
AT, (K) 0.03 (=307.68-307.65) (0.19% of AT, ) -0.01 (=302.06-302.07)  (-0.06 % of AT, )
ST, or 6T, (K) 0.28 (=307.82-307.54) | 0.40 (=292.65-292.25) | 0.29 (=302.23-301.94) | 0.19 (=290.28-290.09)
¢ (1.8%ofAT,. ) (26%o0fAT,. ) (25%0fAT,. ) (1.6%o0fAT,. )

rigth: rigth side specimen, left: left side specimen, 7', : average temperature at main heater area, 7 gy, : average temperature
at guard heater area , T, = ((T )i + (Tygra)e V25 AT je = (T parra)dn = (T pgza)e AT o = (T pipza Iy - (Tradn .

Table 5. Experimental results for the PWFA recycled composite.

specimen

thermal conductivity

name size AThe Q700100 data " deviation reproducibility uncertainty 3
(mm’)  (K) (%) (Wm'K') (%) (%) (%)

100-9-A  100x100x9 14~21 +0.2 0.412 +1.0/-1.5 32 32

100-11-B 100x100x11 18~28 +0.2 0.411 +1.1/-1.8 3.8 38

50-8-C 50x50x8  9~14 +0.6 0.407 -1.1 2 +23 /35 45 44

50-8-D 50x50x8  11~18 £0.3 0.400 2.8 2 +17/-15 41 3.0

50-9-E 50x50x9  11~13 +0.5 0.395 4.0 % +1.0/-07 -49 28

1) Measured value at specimen temperatue of 300 K , 2) Deviation from the value calculated from Eq.(2) ,

3) Combined standard uncertainty [11].

Table 6. Thermal conductivity data of polymers and recommended thermal conductivity of metallic oxides.

PPV [7] PE? [8] Si0, ¥ [10] ALO; ¥ [10] Ca0 ¥ [10] MgO @ [10]
T k T k T k T k T k T k
273 02 | 2732 042 273 116 | 2732 52 3412 123 || 2732 665
400  0.19 | 2982  0.39 300 104 300 46 3452 128 300 60.0
3232 037 350 8.8 350 38 3672 11.8 350 50.7
3512 033 400 76 400 324 | 4192 110 400  43.1

T temperature (K), & : thermal conductivity (W-m™-K™"), 1) polypropylene, 2) polyethylene (density 950 kg:m™),
3) high-purity quartz single crystal (parallel to c-axis), 4) high purity synthetic sapphire single crystal, 5) pure
and crystalline cube specimen (bulk density 3030 kg-m’3, total porosity 8.75 %), 6) 99.96 % pure single crystal.
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100 mm® DRET —Z Z Ik XQ) & H7-, £7-REO
JE S8 L ONRERIEDO RS, IMBAREOEE), BmE

KROMWOFEM, BILOKQ)H LR E D FHHEME & HER
LDZEEBE LT, AEHEICLVAELZKE S 100X
100 33 X Y 50x50 mm® O A A MBI O BYRE SR O fiE
DARFED SITHRI £S5 %LAN & BFES - 72[11],

k=0.576-55x10"*xT, )

BAEEEGHM DT F 27 7 4 N—EF &L, ORERHS
WCHAIEFITIE TH D, BN CIIRE S0 E
X% 1 mm LU FOXILDBHERR SN2, v OKALIT
HHGE e A TR L TV D DO TIH < . RN O—E6
FRD . BEL W, ZOZEnD, SHMEDITE
IWERFT7I7AT v vahittE525, 7747 v ok
TAIFRBANC B LTV D8, ZORiRICH~D &,
EREIOE XX 100 2L Eb & 5, [LH B[12]DAFFEHS
REBECT D, REBRCHEA LHERENT A 2hE
(R WET D OILE R Z (RIEREE Sr8EEO
SHER) ZGTZ LTV D LB TE . EToERRICHE
RMBEE Bed 2 ENTE D, BMRERNFEIOIREZE
ATy B L OB D F AIEAF L TN L & ET
5l RET — 2 IHEEAM ORISR L E 2
bIvd,

sym name un AT,. bulk density

' K kg'm™

O 100-9-A  1strun 14 ~ 16 } 1330

° 100-9-A 2ndrun 19 ~ 21

A 100-11-B  1strun 18 ~ 20 } 1330

A 100-11-B 2ndrun 24 ~ 28

O 50-8-C Istrun 9~ 10 }

] 50-8-C 2ndrun 13 ~ 14 1340

+ 50-8-D Istrun 11 ~ 12 } 1330

X 50-8-D 2ndrun 16 ~ 18

O 50-9-E Istrun 11~ 13 1330

250 270 290 310 330 350
T, K

Fig.6 Results for the PWFA recycled composite
(" Data calculated from Eq.(2) ).



5. BHYIZ

BT IAF I TIAT v 2T FERE T 5E4A
BAEM OBYRFHR A PAREHAEIZ K 0 IE Lz, JER
BEORE SIIMBER LR U RE S & L, 100100 35 L
50x50mm’ T 5, KL, FEHEEEA 250 7> 5 350K O
FPH CHEE LB Z 72 o7, & mBMEEl L ovEan
BIPFMSEEZANT, 7747 vy ahitB I OEAM
Wit OBIEE b 35 272 o 7o, T OFER. LU Offiw & 157,
(1) REHIBE T T AT v 7 L EHRAIN O 72 DIRA AR BE

MELTHEEMEEK L. 7 74T vab sl TA7
7 A N—=PAHA BT L CWAEEMET
0%, ET-EBINTICITR & SO 5 2HOKILN
R &=,

(2) AEEEIZLVHE L2 KE S 100x100 35 LT 50x50
mm’ O AR AEM R OBYRERDEO R S 1%
FIES%LANTH 5,

(3) HAEBAM ORGSR, FUEHEE A 250 75 350K
FCTEATDE, £9044 705 038 Wm K £ THE
RN T 5

@) TEBHOIZEEAEFZ T ITAT vahitEE I DI,
Z DORIFEIFEMZE R E I L= BB &2kt
NTHHTPSNZ E0 D, JIEREHIEMIZE)
BB e RipE %, MR REOEE
ATy B X OIMBE DO FTENAERAFE L TORNZ &b,
APEAEFIIHAER M OFMRER L S 25,

LSBT, BT T AT v 7 B L OEAIO5AG, #EA D
ZUNTREERREZ: EORMIZBI LT, E o ALEE 2 FIH
L CHEEAEM O L5 B OBMRERZWES 256
WCHERE LTI D 20020 L 2 I2HF LA
EMEOEEMEC OV TR 2 PETH D,

NOMENCLATURE

: gap between the main and guard plates, m
: thermal conductivity, W-m™ K
: width of the specimen, m
: width of the main plate, m
Oy : heat input of the main heater, W
Q. : heat loss caused by the gap, W
O, : heat loss to the lead wire, W
s : width of the guard plate, m
T :temperature, K
T, :average temperature of specimen, K
AT, : temperature difference between the main and
guard plates, K
ATy, - temperature difference between the high and low
temperature surfaces of specimen, K

I N~ x09

o :thickness of specimen, m
o, - thickness of hot plate, m
ST, : temperature difference at the low temperature
surfaces, K
o7, : temperature difference at the high temperature
surfaces, K

c

Subscripts

¢ :low temperature surface
GHA : guard heater area

& : high temperature surface
MHA : main heater area
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