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Development Of Non-Pvc Materials Using Natural Rubber Latex

For Dip-Molding Process
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Abstract

This object research aimed to develop the natural rubber latex materials to substitute the utilization of

PVC materials in a dip-molding process. We studied the preparation of prevulcanized latex having 2 kinds of

additives; calcium carbonate (CaCOr) and clay. The amounts of additives were varied of 0, 5, 7.5, 10, I2.5

and 15 phr. The prevalcanized latex products were subjected to mechanical, electrical properties analysis as

well as the dip-molding process ion product thickness. It was found that, the product contained 15 phr of
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clay and 10 phr of calcium carbonate (CaCOr) showed the results of tensile strength, elongation at3007o

modulus, tear strength and hardness of 20.12 Mpa, 739.02Vo,2.2 Mpa 26.63 N/mm and 62.8 shore A,

respectively. The crosslink density of product was 0.28 mole/cm3 and the volume resistivity, surface resistivity

and dielectric constant were 3.24 X 10e C)/cm, 4.32 X 10" C) and 3.10, respectively. The

compound prevalcanized latex wad fabricated using dip-molding process with dipping time at 20,30, 40, 50

and 60 seconds with repeating dipped of 1,2,3,4 and 5 times. It was found that the dipping conditions of 4

times dipping of 50 seconds each dip and cured at 90"C for 30 min gave the product having thickness

comparable with the PVC products.

Keywords : Non-PVC materials, Natural latex, PVC solution, Dip molding process

1. unlir
AU A a 3 h J o u du:uil urytexo tyt:9r9{ ( tytullauq) ttnfl il

4audauaUtd
fl l: t{dfl t{AnRiilcn0lnilO n [?U Afl A 0 l: I (Polyvinyl

---- S s. cl I ra e
chloride, PVC) tqU n: v il ?u nl: lil t gtU t{,ttU1'lUfl

(dip moldingl truao fi i 6 1 sii:r n ? r ru 
go u t v d a r er ei'?

o q t6 t4 S a
Yll til[nqn:n [A InTnOOTfl (hydrochloric acid,

,l

Hcl) u o n 0 r n fi r rd'r ctr : r6ru r rsi.r fi lci n.r hJ lu fi i
6nrar (PVC solution) ovfinrtrurflufiu rriu uv,,
srabilizer d'.r riu vr r'r l?u'vr fi ury6 rfl : q A{ t'lyr u t r n u d)
o q a Y qYu Adt a dt

0 lnq Un?'ltJ9lO{n l: [T?dqmtilU non-PVC 0.:tljU

t4u
au d u u ddA

t1 0{ nt: ?0 u ty't 0 1\9}tu t?dqil qttYt uil?cr
u a j . 4 o-' i <ao
? 9r il 9r il yl u l il l fln u 1 ? 0 u lv't o Yt 9r r l yt u il't ctr

q I s q 9L/ ra 4 a !tun:vu?unt:1rJ t9ru tTltuiluil no ulut.tq

o A a4 u4 r ,/
f : : u ul 9t tu 0.: 0 I nu l.l t 5 : tJ u'l9l u dtJ il 9t t9t u 9t I u

4t14
n ?1il u9r u tlu (elasticity) fr ?lu1luYrlu 9r ot[: il9r.l

rd
(tensile strength) n ? I il yl U Yl ]U n O n ]t A nfl l9l (tear

srrengrh) n?ril[fJuau'rulvlrilr (insulation)
I u i ol

Yl U Yl 1 U fl 0 n 1 : il n { 0 il q €u ?l Q tJ 91 1 (low temperature
d a qY j 

'flexibility) [ ta v il qiu ?t I il n I : [T.1 1 u yt fl ? r.r ( service

temperature) []

z. ?f;nr:noaos
4 q a<ai a

n t: t9r : u ru ? cTE yr 9t rryr u y{ ? rym p{ a n 0 I n
IA sodol

u I rlI:: tJ ul9r t9ruYl'rnt: rgt: uilutut{n oil ilt?91
!

f4tdlAq/a^
n ou I u : utlj uru n nfl al cyl lta v m q d0 u d]J u 9t yt 1.1

a ua U t9lntufltfl ts{naltay?{tJU9t11ti tyly,ll [Tu n1:
r4

yl U yl I U 9l O [ [:'1 9l.l (tensile strength) n I : Yl U yl lU 9l O

ddnl:Antl9l (tear strength) n?'ltJt[1.] (hardness)
j

n ? 1 il 14 U I [tU U I 0.1 y'l U 5 y tSO tJ I ? 1 il (cross-link

density) rJ?ru r nr I n u v r rin n': rru p{u vr r u'lvhI rrfi ':

rJ?rL tsr : (volume Resistivity ) n ? I il f{tu m I u lyhl r
a 4 a r ivr ad

[5'1 v'l u t l ? (surface resistivity.l I t a v n lfl il Yl tn 0 [n n m : n

(dielectric constant)
gv

z.t dunounr:rnSsildrur{noililrae{

r r rJ : rJ ? ru r ar a r : 6'r rsr^ ru'l d'r r ri rJ ? ru r su t o .:

4eA
ttnarcxuilnl:uotu9t fto 0, 5, 7.5,10,12.5, l5 phr

t oJ
ttastflaU O, 5,7.5, 10, 12.5, 15 phr utuaou

6'.rsio nr: rsriuil ar:rnfilugilr orn^arnof#u

(dispersion) ttAveT'l5nvA1U (solution) IqUfi.l
vvodod

u'l u 1 { t tn e 6Y1 : tn il fl I il qn : ru dil u 1 u r.r t [a e d] : tn ru
q I a du a Y /i
tu:1j10{9td[v{0:su 14:od1:nva1u 9t?urfl :0'l



30 c'rs€ns5flcnssufl'r€rodsruuona5ryqS

s qt a -i a
tldtJ tqU tsfi?l:Jt:'l:0U 300 rpm ilqiurQil,,
60 - 70"c rrdrrirrirur{nounr?eifi lrtrurrirnr:

A di 4 ra^a
R: O'ltil0ttundt:[nuil lil n 0 0on0 t nila n: ut
, ! i og, Xrntt -uuutut{vrocu?rnililo{11.1 t'r 7'ruq{

ioZa
9r'l:t.tvt I dfl : nt:[9t:utJutut{n0ruil1']91g

vdl
2.2 \unouil : tgt:utJuruuYtodou

6ldro
tu nt: t9t : u rJ uru u Yt 9r d0 u elt il : u n 1 :

ua a , i . rn ri t dr
vrodou6TUUfl rsnna n0um 0vut tlJ1Ju ailrilu

4 u J 4 xtt) ! a
t{ a fl n flI cm tfl : u tJ t q 0 I n n I : tYt u'l u 1.1 fl 0 il y't't ? q n.1

q ra aAa 9t , a
lulruilttJTtYtlJlutgt fl?tn 6 rryuflllJgt: ut? l3

v

rryufrriler: cirrfufiu:rJrrriuilqaou lquourrilu
U

j 
^ o dr .i,s

l49tdounoGuilnil 90 c [1JU[1Ar 2 UX trJ{ rtavqt,,
o A ra d A

u'l uu yt 9r do u o o n n I n r lil ?\ rJ v{ tv{ 0 yt I n I : yt 9r d0 u

z. g eirrfi unrrYroG[oudillm
il

4 | a u d 4d4 I a
n 1 : I U : U t'l A A R iU cyl 11 9r t [Vt U il ? cy 0 v 9t 0 { il n I :q

Yt 9t d 0 u dtJ u 9t yt t.t n I u fl I 1\ t[a v tu{ n n I 0.1
A q J I j o U r l- | a u d A

t't o 9r R cu c|4 n o u m n v u 1 [ lJ lJ : u il q { ru n n n il cvt ?r : o
o 14 | | dqY t4/ ^ -:nt:ut tlill:vufla ts{-lu t9rt:{ 9r.tu

qaa 149
2.3.1 dilugrt1{nn lqlrn n?trimumrugto

4rd
tt:.19f .1 ASTM D 4I2 nltuytulltunont:an119l

ASTM D 624 fl?]ilIllj.I ASTM D 2240

oa l4 9rl

2.2.3 durnm t{ntun tv,t [9rItfl n']1rul.tu I
airas

t tu u I 0.1 }t u I y tuo u lJ ? t.t t ta e u : u I iu I o l.t v r u n
ua Ul tgl ul 9 | 9)

2.3.3 druU glvl l.: [v'l V'l I tnttn n ? lUgl lU Yl-lu

lyhfl lfr .: rjirL r er : ASTM D 257 n ? r u eir u vr r u lv,hil r
Yr

a d a | Atn a< a
tu.:iluru? ASTM D 257 tlasntfl.lvtl9totonm:n

ASTM D 1s0 [2]
t

2.4 nrrfiu:rjruBsrfi'suqi
Uil

nr: fi u: rJnrFnfi'nr qfornnr: rfi o nasr:fi b?qg

UAAUA
drJ u 9t [u{ n a dil il 9t yt t.: n 1 u R I 1\ tto v cTil u 9t Yl I'l
h ril j j .i J A
tvlTl I vt tl.t tJ It GIU yt GIq ry{ zuu 9t o u nt: I u : ilo,

dSta4
runnn[ucyt tqun]:Oil a{u

",ra 44 I o

0utlrJv{il?\vrorurnil 100 "c [ra?u.ltJtorJqoq

ar : riru lu n r : d'u d'r (r rn a rfr u il'lu lfl1 1A 20 wtvo)
, '" / a - a Z q gta

llJu]Ut{nOruil'r?9r ouruofl niufl vt{ [11ruurtau
va ra / t a v d

0 0 9t uu { 1 u 0 0 n 0 I n t t:J 1I tJ y.| fl n I t 9t { p{ a n R €u cl4

3 ruanr:Yrgtoo{ilavofi ilr ru9.ro

a d qAa
3.1 fl ontt?tFrt lvlidilug|lT{nd

^J

3. l. I ilnn1:?tft:tsilnt:Yt9rd0u9t?ttJ
rd

nUYllU910tt: 
'191.1

:ilfi t ruato.:r-Jiruraurnarduilnrfuoruet
Jt r 4

[[avlftdufl 0n']tuytuyl 1119r0lr: {a.l

trrni
rlnrlnricn t ul

('.ri
E 9 t0 lt

lm 1m lm lm lm 1m 1m LM lm to IO

ftiurdarln:onlai 0.1 ol 0.3 0.1 0l 0l 0.3 0.3 0.3 0l 0.1

a!na 0i o2 0.2 0.2 o_2 0.2 02 0_2 o.2 o.1 o.2

ri rwd'u 2S ,s 1t L3 2.5 ts 2.5 2.5 z

rti l90nn ll lntoilt l_5 1.5 J I 5 LJ 5 1.5 Ll t.l 5

irtrurar

urcrifuurrirour l0 12.5 IJ

lt!o 7.5 l0 t2.5 I5

irrioonlri 1.5 1.5 1.5 l-5 1.5 5 1.5 1.5 1.5

-**(h('O-3

*Chv^ ?5

e-20

o 15-5

10

Jirrurrrlarrfir tplrr)



c1sfl1s5flxnssufl1flo5s1ouona6ruqs 3 1

rrn:r-Jfi l ilu'irn?rilvruvnueiorr:rd.:ro.r0
io d 4 d I

u t.: vt tgr tJ t tfl a terutJ n I : u o tu fl t ta v tn o u 1l u ? 1 u I {
jo 4 d qyr I

m ta ru [ tfl a texu u ft 1 : u o tu 9t 0 v lil n tn ? I il Yl u Yt I u 9t o
tY

da4tadd4
rr:.19r.: tv{ tJ 1J u 9ntJ u: utflt tlnatryuilfn: uotu 9n4

rY
Add44

tl!lJlJU0.: l0 phr ttAUnVnqOilltJOtlnAtctrUU
drAcJa4

n1: U0tU9lUlnn?l I 0 phr [UOilt ln0 l[91]Jt [n nlryOil
/ a h | " 6l t ta

n 1 : u 0 [u 9t tJ 1 n tn u t il 0 v Yl I t l.t u : 1l I 9t : 1J o.l u ] n

9, ul | 4 4
nqu0uo{0u lil 6T1ru l: ou9roqR lnl 0.tttfl otryuil

nrfuorufl 'l 11& pl druu r':fi rer^rurn ntiovt#rir
rdAiraaA

n ? I lJ yt u Yt I u 9t 0 [ t:.: 9t't [n tJ 1 u 9t I u u : tJ I il [n o u Yl

A i '3 , jq,< 
^ d i

t1'nJ1JUt[9t9nn?tut.lll lruunt:[nutnau tu0{01n
4 dt q a ia d t

rn nuril u dr: er?[9ruYrrJlur910 unlnrn nn?'r
4 4 d I qY d

r lfl a lcuu u n ]: u o tu 9t 0 { d{fl a tr rfl n u cYl u I : f[ [m : n
9,, t4 tq a / aU 94

t1J I t lJ tU [tU yt : n crt 0'l u I i r : : tJ Tt 9l I n a n'] I
4 d oqY ' 4

[ [n a lcuu ]J n'l: lJ o [u 9t Yl 1 til n ? I il yl u yl lu 9t 0 t t:.t 9t.:
rY

a 4 adu ra o a
r?'| ru q{ zu u [3] t [a v u 1.1 I : : u s'l st Yl til r9l u dl : 9t ?t9l ]J

drrdtia4
lJfilfi?ltJvtuYt'lu910[r:.:9r{q{n?1u1{Yltgruttnateruil

a d A oiu,o
n I : u 0 [u 9t t to g tfl a u tu 0 { n I n u t.t r : : tJ ul 9t Yl t tJ tgt tJ

sYs4dtd
dt:91?rgtu tfi: {cY: t{ til[af]ailn?truruu: vluuucT{

drnyA44oq94drilt:onnr{dn tn[il 0Qnq{u9rYll tililn']llJ
r4

Yruvrlu9rorr:{q{q{
^dAa3. 1.2 ruAn]:?rn:rvilnrrnndounl:u99r?

ill 0911Jl9l

:rJfi z runcJo.rrj?rurarunardorlnrfuotua
?t 4 d

tlav[fl aunofl 1:u9rgr? fli Q9fl lFr

0rn:ilfi 2 nu'ir ur.:drer^ilr rnatdurunrfuoruelo
qtJt | 4

0v tilntn?lilYtuYl lu9l0 nl:u919r'l iu 19r1'l9l
A j' ra d t iA 3 4

rll u fl u gr I u 1J : lJ I fll I tn d tctru u n I : u o tu 9t yl tll tJ fl u 0 {
Adel0 phr [[Ag0VAfl A.:tlJOttfl AtcfUilnl:U0tU9l

,4io
rulnn'll l0 phr tU0.10lntUOOURlnlJO{ltnnlryUil

e ynt I s
n I : u 0 [u 9r [1 1 llj lril : n : v fi ? l.l [tJ to f] n I 0 il u I {

Jo n rafi aro lqio v rn^q n r: rfi u ?fiu fi'u I ar v dr n r :
44 4 oq9r' | 4 v
9t.: u 9t 0.: a a a { m I t?t n I : Yt u Yt ]u fl 0 n I : u9t 9t ? iil 1 9l

14 tY ! jo d
ItnaetdilettU luet?u L+] ciruur{fir6ilrnotiovl#

4q tri
fl I n ? IU Yt U yt I U n O nI : U9t 9t ? 0J 1 9r I I 9r [V'l ulj U 9t ]u

vl
ta/<adadl4ta

1J : tJ 1 flt tfi d u Yt []t tJ 1J u t t a g u 1 n r : : u ry I fl yt [tJ [9t tJ

u A dr d u I j

d I : 9t ? tgr tJ tJ fi I n I : n I T u a fl ? ill 1 9t 1J 1 o q.: n ? 1 u 1.: Yl

A44 I
tgttJ ttfl a tcyuuft t: u 0tu9t ttav tfl n u

ad
3.l.3 tiant:?tn:tvfint:Yt9rd0u 300 vo

modulus

grJfi r r^rato.:rJ:^ruraurnarduilnrfiloruel
?l

ttAUtflAUnO 300 7o modulus

,i
Oln:ilyl 3 ilU?ln] 3007o modulus 10.1U1'lo

io 4 4 d I io
Yt [9r tJ t lfl d lryfl il n ] : u o [u 9l I ta v [n a u il il ?'l u ].t vl [9] u

ttna t6uilnrfu orunovl#nir 3007o modulus aqn'l
rA a ? iAia

A lU il : U liil t [n n lcUuil n I : U O [U glYl []l tJ I U il { I 0 phr
tY

a44d4 l
[rav 0v tv{u1uttJ o [[n a [e[uilft 1: u 0run u1nn?I

25

20

,E ts
F

3 ro

5

0

.-.1- CrCO-1

*Cb;-.

10

Gurorar-i6'lrfi r qrtrr)

1000

^ 900
!- onn

! zoo

j soo

nS 5oo

. ,100-s

-:; 200

- 100

0

--a-CoCO-r

*clrv

10

rlir rrla r16'rfi u (ptrr)



32 clsfl sOrxnssufl'laodsruuona$ryqS

10 phr ruoolnrnrfi ooqnrnro.:rrnar6urunrfuotust
Yl4 | | s

rrir "l:Jum: n:vrjx lruraqnro.lut.: Jontafi aru

I do s r fi n n r : rfi u r fiu ri'u I nr v rir n r : 61 6q 6{ a q n,l

d.r fi n r r r r r fi .r r fi ru fi u ri.r nr a 1 #u r.: r o^ o n r : d q d'r 1 d'
gtt4:i,i

UOUA{nl 3007o modulus O.tt?ItJtllJ [S] a?UUfSYl

^ d otl
tstiltnatJ oy1 rtn 3Wqo modulus aqa.:fl rruil?ruror
__aiA 3 A A ra a;, J

tn o u yl ty'l u 1 u tu o { 0 1 fl nJ o ]J : tJ I 0J I 0 il rn n u ty{ ru t u
- a 4 qt4st & oj
u t.: 0 e tn I n I : u a n ? [ 9l il I n I u t to v u I,l I : : tJ st 9l yl

Intaqadr'"hi 
r sr ru a r : oi'r r sr- ru fr ri r 3 00 7o modutu s ai r n'i r u r { fi

Adaed
t9l tJ ttfl A tctrCI U fl 1 : U 0 tU 9l [tA y lfl A U tU O { 0 1 n U l.l

oii,l ,< o a d d I
I:5rJSl9ryr tUrgtUCYl: 9t?tgtrJiln?'lrJU9t14rluu'lnn?1

3. 1.4 r{ant:irn:ryrint:ytfi610ufl ?ril
r4

14UynuflOnt:iln1t9l

;rJfi + ruatoriliuraurnarduilnrfuoruel
?t r d

tln glnaufl 0ft?tuytuyt1u9t0fl 1: 0fl t1a

, rj , | 9! | d0]nlilyt 4 v{u?tn?lil9tluyt"tuaoR]ran
io 4 d d

1't ft lJ 0.l t,'t { yt t9t u t tn a t9I U U n 1 : il 0 t u gt t to y r n a u

T'| U ? 1 U t{ Vt tgt ti t tn a tctru tJ n I : il o tu 9l 0 g tfi fl tn ?t u
rdiSra

lluytlunon'l:QR119ttilulJu9nlJlJ:ultUltnCIt9ruil
^^!_._- e^io Anl:UotuglYltililljutl{ 10 phr tlnsoeana{tilO

4dal4toq9ta
t tn a letru il n't : u 0 tu 9t u'l n tn u t u 0 v yt 1 tl,t lJ : tJ I 9t :

trlnr4
lJO.lU 1{AAU 0UAil0U lrudtU1: f]UO 0Un ]n10.:

4 d Ultt4yoq9, r

tlfl n tcrfl ru fl I : lJ 0 tu 9t t? t9t yt I [?t n ? I ru il u yt ]u 9l o
d I jo d qyl

fl1:qn1|tnaqn{ d?uut.tytlflurnnu0s trn]n?1ru
rd:iraaA

Ylu14'ru fl o n I5 a flfl-l9rv{ ulJu9nulJ: u tiu rnouyl
tYa 4 A, ddt u ^ i4

tllrJ lU tU0{0 1fl tfl aurilu dt: 9t ?tgt tJ y|lJ1u 19

o q n r n rd n n'j r t r n a rdu il n r f u o r u sr 6,: ci.r nr n 1 d'
d , V tq a d

ln o u d'l tJ 1 : 0 tt 1l : fl t1 I t lJ t u tt tJ yt : n er I 0 il u t.:
Al49d I d d oqy

r : : tJ s'lgl tq n n ? tun d tg[u u fi I : u 0 [u 9l yt I tl.t ft ? I u
,<4Ai'

Yt u yt'l u n 0 n I : q R 1'l 9t 0 .l t 1I tJ q.: 1 u [t n g u 
-l,l

oAutoua<rl
t : : u st a il tru tn il dt : a ? tgt tJ il n'l n ?'l u yt u yt 1 u st o

d r io 4 I
n 1 : a n I I I q.: n ? I U'1,1 yt [9t tJ t tn a tcr8 il n I T u o t u 9l

a A oju,o q a
t ta v tfl a u tu o.l 0 I n u t.l r : : tJ ut 9t yt I lJ tn il d I : 9t ? tfl il
S9,,sddtd
I n :.: d:'l { t u ta n a il n ? til []J u : v [u u lJ d{ d] tJ t: flqq

d r494i d 4 o 6r yd I
n nt{ o n tq til o 0 n n { g 9t 14 1 t14 il n 2 I il yt u yt.l u n 0 n I :q

+i4auar.,Aa
a n I 1 9r yl d.l ttJ o tgt lJ d] : 9t ? rgt u lJ : g m il [n a fl ryil til uo

. - o Jq r a o q 9ld r I

cYl : 9t ? [9t U Yt ttJ [d: tJ t [: { yt I tr u n I n ? ]ru 1l u yt tu 9l o

Rt:afl1j]naqa.l

3. 1.5 rua nr:erfl :ts#nt: ytet doun?tilrlfi {

grJfr s r.rato.ril?rurnrunnrduilnrfilorusl
Jt A

tlaytnau90n?1ilttl,.l
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orngilfi 5 nrirnrru,,fi .:onyl^udur-ru
9l

rJ ? ru r or r o r a r : 6"1 r 6 ru fi r vl^ ru fi u t uo o .r o r n a r : sT:
a 9ln | |

[9t tJ d I tJ I : 0 t1J 1 [ lJ trm : n T U fi ? 1.: 0 q R 1 ft I O { U I n
oq9,, d I , rjyn r?rur{iln2 tilsr tuyttuqionr: rrJduurriln I

r!,
ll 4 a 4 a 4 ta

g lJ : I { yt u : t? 0l y't u fl ? 4.: I u 9t I tJ ]J : tJ I iu 1J 0.: d I : 9t ?
o A rd 4 | jo 4

tgt u [6] t]J 0 tlj : u u tyt u u : v 11 ? t.l u 1.: yt r9l tJ I tn o tcru il
? / | | a iUy

n t: u 0 tu 9t t [a e tn a u il u 1 I n tfl ? I tJ rtlj i 14 [9] ttfl n
tud<gtA@aJ

9l l.: fl U til U'l tA n U 0 U tU 0.1 0'l fl 61 1 : 9l ? [9] tJ Yl { d 0.:

r fJ u a r : 6"r r sr u il : s r n m a q oi'u 4 u u ? o ra? ru r r :.r'l d'
vd t I v 4 oq9t d

ty'l U.1 lJ 1.1 6Y? U tyl ]U U 0 n m 1 [?l n I n ? lil t t1.1 I 0 { U'l {
Cf Yd a
tflntnu{nu

3.2 p..ranr:arn:tvtidilffi nt{ntuR-tyl
a /1a

3.2. I 9{ A n r : ? rn : r y l.t lJ : rJ I 0r ft ?'l rJ 14 u I I ru u
-A'"a

lJ 0.: ?{U Iy tSO U1J?1iI1 0,1 U 1 Ut.: n Oil il t?9

-Aor3anuIetSoulJ?1il tuulutilaaa{ 0tnnt:tgtil
ddd

ttna[cUUilnl:Uo[U9l 10 phr ttnY[nAU 15 phr n?'ltJ
A q 3 o,-iq I

11 U I t tU U 1J 0.1 yl U t g tuo lJ I ? t.l tu u I u I { il n I m t n a

tnu{nu
a /ta s. u

3.2.2 Nflt1l1rn: rV?tlJ: rJ t€tJ10{ I Ail VilU n
tqod

tuulul{noilil'l't9

i^ a /1a s u
9n:r.:fr 2 t{nnr:Trn;ly?tu:utrulo{ lailvrunlu

Ul
o4l/lraoa4d

u'l u t.l yt t tJ rgt u cYt : 9t ? tgt tJ [9t tJ t [n o tcxtj u
/aJ

nl:UOtu9l 10 phr ttdvtglilta0U 15 phr

ND. = non detection

i^lras-A
01fl 9n:t,lyt 2 TtlJ?1lJ:tJttU I nfi yilunvi
,,q o Jq ta a y

?\u tu utul.:n0 ilil t?9t tuu:iltiu ytu 0 utJ tfl
A u' v vt/ d r4yr !

0uln: 0.1 [tJ d]ill: figt : ?0 0u t9t 03 [?tu l9t?1u tu t.:
io 4 d ^ d
iltArultnntcfUrufll:U0tU91 10 phr ttAvtgttJtftOU

I 5 phr 0yy'rurreiil: ovrturJ?rursufi #ouilrn

; 0.4

?

'r!

' 0.r5

lirilmr'ilir mmitlrnr jloLu r0 rRnri ts pt'

liu

lJn1!lo lr

grJfi o zuarosrJiurournarfiuilntfuoluet l0 phr rraU
rtj

tnA0 15 phr n0n?lilfi ulttilUllOnilUI3tSOulJ?1.1

rirrv
01ngilyr 6 y{u?ln?tul.tu]tntu1o.:ilury

tY
4qoada

tso u fl ? t.l [u u I u I { 0 y a q a { til o tJ fl I : tgt tJ d't : 9t ?

rer^ il il : y rn il r rn a [60 ru n I fu o ru fl r r a y rn a da.:'l il
i u a , io o q ya I

tu o.: 0 1 n dt : 9t ?tgt tJ t?t n tu u p{ a m I lr tn q n I : il u ?.1

laaat4tlUAn:Ulnl:n{;U 0.tV,lU?'ln?l}J14UlttuUlJO{

Tiln10{

lanvnrin

:Jiurar ro.:Inusmfn %(dw)

1ilr6lar:

d'rrfil

ttnarryd!

n15ilOlUn

10 phr

lflau

15 phr

fls6'r (Pb) 0.00208 ND. ND.

ltfln$g!

(cd)
0.00000864 ND. ND.

rJ:0il (ng) 0.000198 0.000237 0.000195
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4.3 rua nt:irnr: rv #oruffi vr r.r'lyht r

j 
- qa t4 r9l '.

9l I : til Yt 3 t{ a R I : Yt 9t do u dtJ LJ 9t yt t.l t}l v'l 11 0.: u 1 u 1.1

iod
YltldlJtln0ter0ilfl1:UOtil9l 10 phr tt0U

d
tndU 15 phr

dr|iln

qn:rirar'r

1ilrfi1

dltn?

tnu

rtnat$url

R'l:lJOnJn

10 phr

tna0

l5 phr

nmudrunrub'lflr

rfr.ril?rrn: (volume

resistivity) (O/m)

2.8x10e 0.l3xl0e 3.24x10e

nludruvrru'h'lfir

rlldufir (Serface

Resistivity) (O)

0.71x10e 0.63x10e 4.32x10e

r .iu aC a
R',lftitYl lnolafln:R

(Dielectic constant)
3.35 3.91 J.l

i - ' i a ddr
orRalTr{11 3 lru?'rUr.rvrrgr:Jlnnurilud'r:

v ^ 
q9Jt Y tl t91 a ta

9t ? tgl tJ tfi n I n't u Yt I u tll T{ 1 tuil u : tJ I 9r : t to 3 n I n 1 I il

d'r u vr r u 1 v,hil r rfr 
'r 

fi u fi r il r n n'i r u r { fi 'hi rsr^ il a r :
u A io 4 t A
fl ?lfl ru ttn v u 1.: vt [9t lJ t [n c try0 ru n ] : u 0 tu 9t [u o { n I n

4!drqai
ttn a teruru nt: uolu9ttlju dt:9r?[9trJYtdtrJ t:0e91
- 3,ny" ! a A q our rr.r4 o6rr/cruut t9t t9tuuttilud0 tunt:ut tv{y{t0.lYt1 t14

n ? r ru d/'r u yr r u r fi .: rJ ? ru r n : r r n v n ? r il e{r u vr r u [ fr .l
YtY4 A o @ - A a JCt u a

yt u ru ?o 9t fl 'l a { q { u u u t.: Yt [n u [n a u ril u d I : 9t ?tgt u
d 4 dt i r r ir4 od a
0{un?tilrljuau?ururnmqq d?unrn{ril t90ranil:n
d; ' .iq ' o u a j o
n nt n ? I u I il Yt I tJ t 9t u cT I : 9t ? t9t u [ta v u t.l Yt t9t tJ

4 ? j 
^d s

tlfl atcruilnt:ilolugt tuo{0tnotanfl :ou lila]'l:
@ a ll9y' | d 4 <

lcrSu cYl u 1 : 6r tn n t o o u 1.1 : ? 9r tt ? il n 1 : qfl rdrj fl 'r a.l
tl ft{ , Y 4 | qet i^ d
tT,lT,l1 (power loss) 1-lOU 0.lCl{t{A lilUlilyllflUtnOU
drqa<dti

rljUd',l:9t?tgruufi?trJnJuau?uilInYt qq [7]

v

4.4 e{aro{Rr:fi u:rJsion?rililurl,o{ar6srfiorqig
a u dr

0 I n ti CI I 0': n ? I il l-t u 1 1J 0.: ti a fl R 0l cl4 9t o t? o I
q | & t ! j^ e -lunl: !lJ1JuIlJ10{ulUlilyl[9liltnAU 15 phrqo

0,87

! u.do
q ___

t:nil
20 30 40 50 60

unflun r{liiugrl tllrlll

rA 4
:lJ11 7 9{Afl 0.lft?'tul4Ullj0'l9{4fl naicvl

sionntlunt:iirufiu:rJ

dt inv- J
d]il'l: itltd9r.:lilun: tTl [9r9{u

0rn:ilfi 7 t'{nIo{n'nufi u't1Jo.tt{Anfi'u.r,i{ 9ur q | 4 | S o | 4 ld
fl0r?nr tunr:qilIugil teruilrnl:lillugumt?n]

20,30,40,50 rrav 60 iurfi vru'irfit?nr 50 aulfi
drijt,iraud

lil ur? a tm rfi il rv drJ il qq tu n ] : 1 tJ 1J u gu t{ n n n 6u cvl

i i A q , A rdq ,a I

ruo{0rnrilorlrrJ[?ar [unt: trJfl u:iln tililt{afl oqq

a u d qY 
^ 4

n ? tru u u t1J 0.l t{ a n fl 0J cyl tv'l : lu [Tt?c'l 60'] u I Yl

a A o 3
n'l 1 tJ 14 U 1 1J 0.t p{ A n R il cvt 0 u n q a il ry{ tn q 0 I n n I : cTl-l

qnr o { il 0^fi ?u r nr: qiurAun ?ril td6fl :
a e 4r

01nt{ a I0.1n 1'llJ 1.1u II0.1p.l n fl R iltcyl9lo

drurun9{lunr:ijrudugilto.rrirur.:fi rer^trtaatil5phr

d'uJ 1: 0 r rdet I rij u n : r vl'ld'd'.r fi



c1$61s5flCnssufl.t€rdss.loljonasfur{S 35

2.5

s r'J

0 ll
drur unirlrrnn,iu rlYrl

ll
;r-1fi s ruaro,rfl ?trlt{uIfl o.tEr6srri'ar.}i

sio iiru ru nf,r1u nr: ijrudu;rJ

r-i
0 tngilfr 8 r{ auo{n?lru?rutllo{ruAErri'atqf

Uy
si o iir u r u n fl 1 u n r : q' n t*u g rJ I or u lir n r : { ru fr u g rJ
oo!:-eiituru 1,2,3,4, Ltav s ni.: 6,rrrsinvnfldtnt:
^'^.4---,o-- 4 ' o Jo
Eil1,|UAilm[?A'l 50 ?utyt v'tu?t iitu?unfl]unr:
'&rij-qrutugrJfrrriltvdrufr qnn-o 4 n;{ l#nrrrLrur

. ^- a a 4 4 q 9a o a v dI.EI runOrrufl: ry.:iln?til tnntriu{nuruannrurytotn
44d i *
frTfr ru rnfr qe Tqun rruru rro{ruAsrii'ar.rforn
dadrj
v{?crogll 1.80 tJoonJ gt:

,a4. fl?U?{Ont:noao{

4.t 0tnnt:finu ratrisr^rfil nalo,rlitur.l
-!4..-t - ra u a 4

n 0 uil1?9tytttlJ: flu1J: u Iiu10.1dt: gt.:tgtruno
dddr.Jra

r[fl nlryfl ilfi1:]JOlUfl [[Aylnad ilu?tytrJSrutar
4J

rrnalBuuntiuoruet t0 phr rraslnart 15 phr 1#
. uaa j j

e{u u9ttT{ na il t?r il ts dru yt d9l

4.2 otnnt:dnuraruri6mr.rntunty{ fro

rJ? ru r ar n'r r ru il u r r ril u I o.r d'u n v rd o rL I ? r.: u o y

rl?rL r ar In r y r rin 1u rir u r { n o il il r r ri'fi rfi ru

4e,d
ltnaleruiln't:uolugt 10 phr ltog [noU 15 phr ?Iilir
drerrfi'{ao.: dn : fi n ?ril }r u rr liluro {fiulyrdoru

tuds)
I ? r.: I ra n si'],1 n'u rd n rio u r r o v rj?ru r al Jo H y r fin 1 u
^i^^.^-^^-.-..-- a4 o d4 ra gt A
u tu t{n 0 il n I ?9t ytrgt ru tn nu il il :rJ tiu ilo uyt d9l

4.3 0tnR'l: ytetdolJdilf6vrr.r'lv'lrilr n^o

' ' --.Y-- a t^ o o C ^n ? r u 9t 1 u yt 1 u ru.t ]J : u 1 9t : n ? 1 ru 9t I U yt't u tu{ 1,1=u ti ?

tlagntn{n tqotnnil:n [y't0?ontn?tiltiluau?u
vr4-.t-1{- ; ai o 4

| ill ?'l I I o il ul u 1 { n 0 il }l 1 ?9t yt tfl ru ttn a tcru il
t a,_, | ! anl;Uolugt 10 phr rlay rflaU 15 phr luj?'1il'lUt{fr

a. ?dt a 4 dt j
ta il lfl a util u d I : 9t ? [9t tJ u fi ?'l ru til u a u ? u il I nyt q9

4.4 0 tRRt:fi nurna rrrayiirurunf.: lu
^^--t4rraudnr: quiluAilsionr rruruttlo.lr{Aqn'ilqi nu.jr

v.
.---q- | d t4 4 a ar?nt runt:orJlju:ljytr?tu]vdru fio 50 iu-lyt rrny

^"^^.^^.^i-q, .- -- -,, J- r4q v q et4
0'l u'l u n : il [u n t: q ru I u I il 

yt [f n ? ]u 14 u I ln drn u.:
s ddd i a J
nuvl?cffrutnildqno 4 n:il

r. fisr6n::ruil:vntn
o- i o ct I h oro,

{'} u T0'rr fr dt rr r : o dr rf o o ci r.r ld'sir u 6 uio.r
-..Vlt\v r 4 dt 

', 
dq g 9

0 rfl ln:un ?tuT?url.t 610ril u 0ut{0 lu6ru{0ry n

rfi u'r d'u n r : dt il?cy cy r u^ vr u f in q 6u u o v q rJ n : oifi
q-rh- | u, o

lf lu nt:yrFroo.:0tnUnnatrayilil?uil.lud.rsio lilfi
aaq

n rnTrytTfl?nr : ru;dqrrov Io il Rr:
n iu y a fl ? n : : il fl I d n f rL r r iyr u r ii'u ryr n I u J nE : r y

il.:naf'€uq;

n tneTtafl ? n : : u rn fi rra s ;del
a_da@SS<

flaty?fl?n::uf,lda: ilil]?ilutaurmn lu laE:ry
q4

il{n0riuu:
94t I ar.ts?ufltd9t:]0t:u 9r. dul4lJ.tu ni?aor9l

o r o r : tifi rJf n u r ili cy ry r u^?r u dfi ldl#rir uu y

^9_.. _ tJ ^ d v dt | * ? |urrtay1J0nqlru 0urlJuil: y ltJuu gto n t:
-9--f+. a /s oq9/ta o alyr r u : fu fu I u v{ u r I et u fl n 0 q yt 1 tf il rfu ru I u il u ]i il
rir rf o q ri'r.:'hJ ld'd'r u 6

d
o'101:ulrayuna rn: il:y iitntnes.l nln?u]

aos'
T nr n : : ru ia E r r a y J n H n r : 4 n vi r u fi 'l d'hi'rir r ru y
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Aq a a j vt I o a i
u:Hil ucrtctro rYl:9t9t.t ( tyluttnufl) 01fl91 11

lntog r 4 e o a- Je a I

tfi tfi n?1ru:?ruu0 tunt:vl1.l1u?0uud'lt:0qa?{
9t4
9r?uq

In : r n r : 1#4u dfiu dUu lfl : n nr:
qn dril n: : il cii u fu rinfi nu rrJ?cyry rni GRPUS)

iJ zsst
lra

6. toRcntol{o{
drac^

ul v'f{ut: rrcrqu. 2547. aN TU9l fltlljn llav
ct) o e J A ^ d

ntr['r{]il. }llJllgl:{Y|2. n!{tYlil'{ : fluu
ss4sa6

lmn [u lnu Inilvttav?dEllfl{Tlgl (totJlmn)

cir rin.: r u rt'fl u re il u I fl I dsr ftta v

Ssdla^d
r11 fl [U t A U t tl.l.t Tl9l fl : v Yl T'].1 ?Yl u lfl lfl 9l :

ss4
rrdvtvtft tu Iau.
d r - --- a

12) v't{ur: ltcrqu, 2550. ul.l R:vu?un]:r.l69l

llOvnl:Yl9lflOU. nE{tYly'l'1 : fl1-lU
s s ds q - | a 5i

[iln [u lnu Iailvttas']dEtll'l.lslgl (totJtrn)

cir rin { I u ri'etl u ra m u I fl -t d n {tta v
ss4raa.?

rmn Iu Iouttl4sgrfl n:vnT?.:?Ylu'1f,'ldgl:
ss4

rravrmn tu tnu.

[3] lr:il::fli ur^qfr'U, 2535. tnnfiflnl:OoRgel:
adlsd

u1{.niuu?Ylulflld9l:ttovtmn tu tnu

rurimut6'ud.ttotun?ufl f imuttlel
qd
11919l1U.

t4l d0 rfue6'ut.tr'i n:ttiurnl:tnufl :, 2545. {ru^o

rvrnJula6ux. il.il.Yl.
A ld v a( uaa

t5l uqua tzuonu'1111?, 2550. duuelts{nattas
ryAAA4A
dill g I u ?Yl u l1J 0.1 v'l oa to m n uTuq n ?1lJ

.v

14 urrtilu4{fi r.irun: vu'lu nr: fi u ;rJ1u ri
q444dta
loutJtrn dlryuun t: u otugt[lJudl: tqltJ

r))adao
ttgr{ .d1'u1?dEflld9l: tlfi 1?ilulnu

rvrn luloEvr: s ooiltndril : v u n: tH u^o

d | 4t o t !'A
[6] v't{ufr: rrryqu, 2550. dl:tnilu1{. ilUV{n:.:Yl

z. rJ4lnrfi , rirrin.:rufi'plurimurqranf
SS4ra

lra&tiln Iu lnuttu{ry]fl (dxvlu.)n:vYl:?'l

^JSS4?11U]flld91:ttavtiln tu tnu
dt^dttoa

17) rdl?:0u ry?u140fl:. tJ.]J.lJ. dtJUello{

vrofi rru of. rL.rJ.vr.nrnivriaearanf

nflIveilu-lf,raori lwrnln:flirunriilurd'u.




