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1. ASTM D 2240-00

Standard Test Method for Rubber Property—Durometer Hardness

1.1 This test .method describes eight types of rubber hardness measurement devices
known as durometers: types A, B, C, D, DO, O, OO and M. The procedure for determining
indentation hardness of substances classified as thermoplastic elastomers, vulcanized (thermoset)
rubber, elastomeric materials, cellular materials, and some plastics is also described.

1.2 This test method is not equivalent to other indentation hardness methods and
instrument types, specifically those described in Test Method D 1415.

1.3 This test method is not applicable to the testing of coated fabrics.

1.4 The values stated in SI units are to be regarded as standard. The values given in
parentheses are for information only. Many of the stated dimensions in SI are direct conversions
from the U. S. Customary System to accommodate the instrumentation, practices and procedures
that existed prior to the Metric Conversion Act of 1975.

1.5 All materials, instruments, or equipment used for the determination of mass, force or
dimension shall have traceability to the National Institute for Standards and Technology, or other
internationally recognized organization parallel in nature.

1.6 This standard does not purport to address all of the safety concemns, if any, associated
with its use. It is the responsibility of the user of this standard to establish appropriate safety and

health practices and determine the applicability of regulatory limitations prior to use.

2. ASTM D 256-10

Standard ‘T'est Methods for Determining the 1zod Pendulum Impact Resistance of
Plastics

2.1 These test methods cover the determination of the resistance of plastics to
“standardized” (see Note 1) pendulum-type hammers, mounted in “standardized” machines, in
breaking standard specimens with one pendulum swing (scc Note 2). The standard tests for these
test methods require specimens made with a milled notch (see Note 3). In Test Methods A, C, and
D, the notch produces a stress concentration that increases the probability of a brittle, rather than a
ductile, fracture. In Test Method E, the impact resistance is obtained by reversing the notched

specimen 180° in the clamping vise. The results of all test methods are reported in terms of
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energy absorbed per unit of specimen width or per unit of cross-sectional area under the notch.
(See Note 4.)

Note 1—The machines with their pendulum-type hammers have been “standardized” in
that they must comply with certain requirements, including a fixed height of hammer fall that
results in a substantially fixed velocity of the hammer at the moment of impact. However,
hammers of different initial energies (produced by varying their effective weights) are
recommended for use with specimens of different impact resistance. Moreover, manufacturers of
the eqliipment are permitted to use different lengths and constructions of pendulums with possible
differences in pendulum rigidities resulting. (See Section 5.) Be aware that other differences in
machine design may exist. The specimens are “standardized” in that they are required to have one
fixed length, one fixed depth, and one particular design of milled notch. The width of the
specimens is permitted to vary between limits.

Note 2—Results generated using pendulums that utilize a load cell to record the impact
force and thus impact energy, may not be equivalent to results that are generated using manually
or digitally encoded testers that measure the energy remaining in the pendulum after impact.

Note 3—The notch in the Izod specimen serves to concentrate the stress, minimize plastic
deformation, and direct the fracture to the part of the specimen behind the notch. Scatter in
energy-to-break is thus reduced. However, because of differences in the elastic and viscoelastic
properties of plastics, response to a given notch varies among materials. A measure of a plastic's
“notch sensitivity” may be obtained with Test Method D by comparing the energies to break
specimens having different radii at the base of the notch.

Note 4—Caution musl be exercised in interpreting the results of these standard test

methods. The following testing parameters may affect test results significantly:

3. ASTM D 638-10

Standard Test Method for Tensile Properties of Plastics

3.1 This test method covers the determination of the tensile properties of unreinforced and
reinforced plastics in the form of standard dumbbell-shaped test specimens wheﬁ t&;sted under

defined conditions of pretreatment, temperature, humidity, and testing machine speed.
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3.2 This test method can be used for testing materials of any thickness up to 14 mm (0.55
in.). However, for-testing specimens in the form of thin sheeting, including film less than 1.0 mm
(0.04 in.) in thickness, Test Methods D882 is the preferred test method. Materials with a thickness
greater than 14 mm (0.55 in.) must be reduced by machining.

3.3 This test method includes the option of determining Poisson's ratio at room
temperature.

Note 1—This test method and ISO 527-1 are technically equivalent.

Note 2—This test method is not intended to cover precise physical procedures. It is
recognized that the constant rate of crosshead movement type of test leaves much to be desired
from a theoretical standpoint, that wide differences may exist between rate of crosshead
movement and rate of strain between gage marks on the specimen, and that the testing speeds
specified disguise important effects characteristic of materials in the plastic state. Further, it is
realized that variations in the thicknesses of test specimens, which are permitted by these
procedures, produce variations in the surface-volume ratios of such specimens, and that these
variations may influence the test results. Hence, where directly comparable results are desired, all
samples should be of equal thickness. Special additional tests should be used where more precise
physical data are needed.

Note 3—This test method may be used for testing phenolic molded resin or laminated
materials. However, where these materials are used as electrical insulation, such materials should
be tested in accordance with Test Methods D229 and Test Method .

Note 4—For tensile properties of resin-matrix composites reinforced with oriented
continuous or discontinuous high modulus >20-GPa [>3.0 x 106-psi) fibers, tests shall be made in
accordance with Test Method D3039/D3039M.

3.4 Test data obtained by this test method are relevant and appropriate for use in
engineering design.

3.5 The values stated in SI units are to be regarded as standard. The values given in
parentheses are for information only.

3.6 This standard does not purport to address all of the safety concerns, if any, associated
with its use. It is the responsibility of the user of this standard to establish appropriate safety and

health practices and determine the applicability of regulatory limitations prior to use.
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A3.1.1 This test method covers the determination of Poisson’s ratio obtained from strains
resulting from uniaxial stress only.

A3.12 Test data obtained by this test method are relevant and appropriate for use in
engineering design.

A3.1.3 The values stated in SI units are regarded as the standard. The values given in
parentheses are for information only.

Note A3.1—This standard is not equivalent to ISO 527-1.

4. ASTM D 790-10
Standard Test Methods for Flexural Properties of Unreinforced and Reinforced

Plastics and Electrical Insulating Materials

4.1 These test methods cover the determination of flexural properties of unreinforced and
reinforced plastics, including high-modulus composites and electrical insulating materials in the
form of rectangular bars molded directly or cut from sheets, plates, or molded shapes. These test
methods are generally applicable to both rigid and semirigid materials. However, flexural strength
cannot be determined for those materials that do not break or that do not fail in the outer surface
of the test specimen within the 5.0 % strain limit of these test methods. These test methods utilize
a three-point loading system applied to a simply supported beam. A four-point loading system
method can be found in Test Method D6272.

4.1.1 Procedure A, designed principally for materials that break at comparatively small
deflections.

4.1.2 Procedure B, designed particularly for those materials that undergo large
deflections during testing.

4.1.3 Procedure A shall be used for measurement of flexural properties, particularly
flexural modulus, unless the material specification states otherwise. Procedure B may be used for
measurement of flexural strength only. Tangent modulus data obtained by Procedure A tends to
exhibit lower standard deviations than comparable data obtained by means of Procedure B.

4.2 Comparative tests may be run in accordance with either procedure, provided that the

procedure is found satisfactory for the material being tested.
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4.3 The values stated in SI units are to be regarded as the standard. The values provided in
parentheses are for information only.

4.4 This standard does not purport to address all of the safety concemns, if any, associated
with its use. It is the responsibility of the user of this standard to establish appropriate safety and
health practices and determine the applicability of regulatory limitations prior to use.

Note 1—These test methods are not technically equivalent to ISO 178.






88

@ o

a 9 a o 4 =) a ad a a ad a JY
A1INN V-1 53(1?18Nﬁﬂﬂﬂlcﬂ‘ﬂ'lﬂﬂ'lii'lGKlﬂﬁﬂWﬂﬂ“Bli“ﬂu‘luuNQ'Nﬂsﬂlﬁﬂﬂﬁﬁ)uﬂﬁﬂ')ﬂﬂ'}'ﬂ'l

AA10 5 ¥iA

ZouazHanA UM Ny
MWazay — — Tk : ANDBAVUNINTTIU
Asan1 | a2 | asan3 | awmae

LN 2.50 2B3 2.16 2488 0.17
wiadunaelsa 24.23 22.10 24.22 23.52 9k
NavLHAN 25.29 25.77 24.47 25.18 0.66

o2 Iau 22.47 21.33 22.03 21.94 0.57

wmuea 17.00 15.26 16.80 16.35 0.95

a v a o d a a ad a a ad a d
ATNN Y-2 iﬂUﬁzNﬁﬁﬂﬂl“ﬂ‘ﬂ'\ﬂﬂ"ii"lcﬂlﬂﬂﬂW?)ﬂ“BLi“ﬁu‘luuﬂﬁ’Nﬂi'ﬂmﬂﬂ‘if)uﬂﬁ‘ﬂﬂﬂﬂ'l‘lj

azuAazidun
YUIADYNIAYDIUIHIIDT $ovnzwiadmai o
; i 4 3 Audioauuanasgu
= = T FA okl S d Gl
DINNIDUNT (UATAT) | a9 1 | aseni 2 | asen 3 | Aundo
3-4 2044 | 1941 | 2076 | 20.20 0.71
0.075-0.097 2529 | 2577 | 2447 | 25.8 0.66

4' 9 a o s = a ad a a ad a dJdq 9
MINN VY-3 5'f]Uﬁ3Nﬁﬂﬂmmi]'lﬂfnsivl“]ﬂﬂﬁf]ﬂﬂﬂ‘]ﬂi‘lfuilulmﬂ?“liﬂlﬁﬂ"ﬂi0“ﬂﬁ°ﬂ1‘]ﬂ')ﬁ11u

=) = 1
ms3 laAane o

nanldlumss {ovazHanfaat o
iy — v p— : AudlvauuanaIgu
lafia @ Tu9) Asan 1 | a2 | asan3 | aunde
4 9.71 9.86 10.37 9.98 0.35
6 25.22 25.77 24.47 25.15 0.65
12 25.05 25.87 26.69 25.87 0.82
24 25.29 25.77 24.47 25.18 0.66




89

¥
7 o a

d' 9 a o I'4 = a ad a a ad a
MINN Y4 Sﬂﬂﬁzﬂaﬂﬂm"ﬂﬂ'ﬁivl"]ﬂﬂﬁﬂ'waﬂ“]ﬂi°]fu1ullNQ'J\1ﬂﬁﬂlﬁﬂ‘n5'ﬂunﬁﬂﬂ 4 AU

i s Fovaznandud Aoy
matAn5s lriAa — y P, ;
AN 1 | AseN2 | Aasan3 | Aunde | wmIgIv
& 25.22 25.77 24.47 25.15 0.65
FONIAN 29.67 28.59 29.33 29.20 0.55
matasNdnsiusenan 38.29 38.11 37.64 38.01 0.34

DINNUAY 51.26 50.03 50.10 50.46 0.69




960 006L | 00'6L | 0008 | O0'6L | 0008 | 00'6L | OS'6L | 0008 | 00'6L | 00'8L | 00°6L 4kH
$9'0 SL'SL | 006L | 0S'8L | 006L | OS'8L | 00'6L | 00'8L | OS6L | OS6L | OS6L | 00'6L 11d
0 €0'8L | 0S'8L | OOLL | 00'8L | 009L | 0S'8L | 00'8L | 00°8L | 0S'8L | 00°SL | 00°SL e
960 €6°LL | 00'BL | 009L | 00'8L | 00'8L | 0S'8L | 0S'8L | 0S'8L | 00%6L | 00°9L | 00°SL 6d
550 O6LL | 00'8L | 00'8L | O0'LL | 00'8L | OSLL | 00'8L | 00'8L | OS'8L | 00'SL | 00'8L 8
950 OSLL | 008L | 00'8L | O0'LL | OS'OL | 00'8L | 00°8L | O0'LL | OS'OL | 00'SL | OS'LL La
€0'T SO'LL | 0S'8L | 00°SL | 00'9L | 00°'8L | 00°'8L | 00°6L | OO'SL | 00'8L | QO'LL | O0'LL oF
8570 €1'8L | O00GL | 00SL | 00'8L | 00'8L | 00°8L | 00'6L | 00°'8L | 00'8L | 00'6L | 00°SL sg
LEO 8I'LL | OO'LL | OSLL | OSLL | OSLL | OSLL | OOLL | OO°LL | OSLL | OOLL | OS'LL ve
10T 069L | 00'8L | 00'8L | 00'8L | OSLL | 008L | OSLL | OSLL | OO'SL | OSLL | 0S'9L £d
820 00°LL | O0LL | OSLL | O0LL | 00'9L | O0LL | OO°LL | OOLL | OOLL | OO'LL | OOLL e
pS0 L69L | O00LL | 008L | 00LL | 00LL | 00°SL | OOLL | OOLL | O0LL | O0LL | OO°LL 19
T€0 88'LL | O08L | 00'8L | 00'8L | OSLL | O0°'8L | OO°'LL | 00'SL | 00'S8L | 00'SL | 00'SL 0g
RUBILY | OT USLW | 6 UBL | 8 ADEL | L DLW | O DLW | S DLW | ¥ DLW | € UBEW | T UBLW | T UBLU
nuBewunmmemy ————+F& 1 T2 | Fe | Fg 1 Fe | Pe | Fe | Fe | 72 L T2 ) nossunwng
. BRITRLLY *

90

UIULIRB] O€ 3011 0T 0T FVRGLMEMMLLBLLVRM] USSW 00Z-091 =N gsaut 091-08 yssu 08-09

VLI GP%\C@@WSCW@WFvﬁvz:RE\z.RSmecEme@Kw nG\:;muﬂﬁwd?rWntz?_\_.ﬁ;mcﬂm.uco—%w 3@2WCDKW?®EGSS_.v;mv@vaznrﬁc Sl ueLeLy
" :




91

o L6'E 8¢ | 66€ | SOv | 68€ | 68€ | 88€ | 66€ | s6€ | 10V | Ty i
120 8T'v | ¥6€ Py brage | MW | ey | 8¢ | oty | Ty | vy | EEY 11
870 Vv | 6Ty | vEY | €€% | SSv | €9€ | LIV | 0S¥ | L8E | wv | op ord
60'0 €8¢ L6€ | v8€ | T8E | 06€ | LLE | ¥9€ | LLE | L&E | 88E | T8€ 64
81°0 oL'e £9°¢ e e |WgRe | geNR 11'v | s9¢ | v8€ | 1Le | @Y 89
62°0 80 | o9LE | OI'v | LY | €IV | 99€ | STy | SU'v | ITY | 90% | 68¢ L9
60'0 €8'¢ 107 | 99¢ | OL€ | oLe | ISE | ILE | 80v | L8E | v6E | 18%€ od
LTO 98°¢ L6'€ | L9€ | LIV | €8¢ | 60 | S¥E | 66€ | LvE | 8I'Y | T8¢ sq
¥1°0 S0y SOy | v6€ | 00% | vLE | YOV | LOV | STy | TV | 60V | OCTH v
LY'0 STy | og 1€y | Oy | L8€ | OLY | vEY | 00% | ¥OV | 6V | Sy €
ST'0 0V | 6€v | Ly | ¥I'V | 9TY | Wy | WY | 1Y | Ty | &Y | b (4
740 9€'y €y | 69°€ | SLY | LLe | TwE | T8E | vy | ILE | 8€Y | 8LV 19
81°0 QES | TCRRLRMRTO Y W0y WY QTR ey | ovy | oSy | 9% | B 0d
RUMILY | OT UBEY | 6 UBLY | 8 UBLU | L UDEW | O UBLY | S UBEU | ¥ UDEW | € UBLW | TUBLY | T UDLY
nLBewLrtnmnpiLy — = = it -~ pra = —4 =i — —<—] nessunLng

(/) BUNZLUDLIHMLULHLBRLEY

UFLULILRB] 0F 3811 0T 01 naaﬁmnuz:ﬂ%rw_&m:w gseuwr 00Z-091 311 ysawr 091-08 Yssuw 08-09 WYL Gpmcm.@.n_*cmam
p- ;

wpz\vz:_acz_u:w:?wgce_sbnczxncw,_ccgrwnczR:,wz.nawgcozb HHEIHUCGMERMEBBUMLEMELGRUUITZEUBEITMLUMLYILLY 9-f LBLELY
[ A [0~ < < =4 [ L PP T P [ > ® hd




92

£ 4

a 9 =2 a ad a a ad = a ]
AN V-7 ANUATUNTIUUITIAIVDIYUITUNATOUDINDNHLTHU ﬂWﬂﬂ“ﬁ!i“ﬂuiﬂNNﬁﬁJ

a a

=2 a a ad [} ad a Jd
5vl“]ﬂﬂﬂl;i"]ﬂlllﬁzi’)Wi’Jﬂ“]ﬂi“]fuelﬂNNﬁllllNQ'NilSE]lﬁﬂ"ﬂiﬂuﬂﬁ‘ﬂﬂ UUIA 60-80

mesh 80-160 mesh 1ag 160-200 mesh ludasiaunauiooas 10 20 uaz 30 Iaw

A )
vhmin
Fua ATUATUNTUITIAS (MPa) Anfiay
wamey | adai1 | afaRi2 | afeits | afeiia | afeits | dunde | wnesg
EO 2830 As0 | A0l W52 V76 28I 7508 1.90
El 7533 | 7642 | 7617 | 7458 | 7333 | 75.15 1.25
E2 71.67 Y208 58\ | f 73.1% | 770E0F| 72.32 0.58
E3 65.53 66.47 65.21 57.24 65.67 64.02 3.82
E4 45.59 40.93 37.94 43.85 38.50 41.36 3.32
ES 4275 | 4197 | 4317 | 3752 | 4024 | 41.13 231
E6 42.86 40.70 39.41 32.26 40.09 39.06 4.02
E7 5540 | 5036 | 5330 | 5605 | 5094 | 5321 2.56
E8 5144 | 5257 | 4956 | 4681 | 5136 | 50.35 2.25
E9 43.18 40.70 44.84 46.33 48.30 44.67 291
E10 66.76 63.44 62.90 66.27 66.01 65.08 1.77
Ell 61.61 60.98 61.49 60.18 62.35 61.32 0.80
El12 60.90 60.45 58.41 61.80 59.09 60.16 1.38




:i s d o A 2 Py ad Tl e d
MII9N Y-8 lllﬂil"‘]ﬂlﬂﬂ']iﬂﬂﬂﬂﬂﬂﬂ%uﬂ'luﬂﬂﬁﬂﬂaﬂﬂﬂ“mi“ﬂu DNDN

=)

93

FsFulnunau

a a a ad s a (] ad a 4
51"lﬂﬂﬂli“lﬂlll.ﬁgﬂWﬂﬂ“lﬂi“liuslﬂllﬂ'dllllﬂqqxﬁliﬂmﬂ"ﬂiE)Llﬂﬁl]ﬂ YUIA 60-80

mesh 80-160 mesh a2 160-200 mesh ludns1aunaniosaz 10 20 uaz 30 lay

&
i

Fua wesiFuanisdafs (esiiud) Auflsauy

nadey | mfafi1 | afaii2 | afeii3 | asafi4 | afefts | Aunde MATIY
EO 5.19 5.89 591 585 | 530 | 5.63 0.35
El 5.19 5.16 5.17 5.30 528 | 522 0.06
E2 5.76 3.81 5.10 6.32 498 5.20 0.23
E3 5.12 5.09 5.52 5.58 520 | 530 0.54
E4 2.69 2.59 2.92 2.61 2.65 2.69 0.13
E5 2.93 2.70 2.50 2.92 245 | 2.70 0.23
E6 2.85 2.69 2.62 2.57 2.69 2.68 0.11
E7 3.04 3.05 3.28 3.18 3.24 3.16 0.11
E8 3.30 3.28 3.24 293 3.29 3.21 0.16
E9 2.72 2.40 6.13 2.73 2.92 3.38 0.22
E10 3.67 3.84 3.39 3.65 3.31 3.57 0.22
Ell 3.67 3.39 3.65 3.31 3.90 3.58 0.24
El12 3.91 4.27 3.39 3.66 3.55 3.76 0.36




94

a v A R -: ad A a ad A a ] ~ a a
ATTNN V-9 UOAANIAANYDIF U UNATADUDNDNNWIIYU BWGﬂ"lﬂi"lmtlﬂiJN’dlli”l%LﬂaLi“b'u

V¥

5 a [] a a o
wardNonTsFu NN HAUINII995D1ENNTDINTUA YUIA 60-80 mesh 80-160

v
mesh 1182 160-200 mesh ludasidunaudssaz 10 20 waz 30 lamimiin

Fua UPRAAUARY (MPa) Andisan
vegoy | a1 | afeiiz | afeiis | afefi4 | afeits | Aunde WATFIY
EO 1849.60 | 1803.20 | 1817.60 | 1803.80 | 1899.30 | 1834.70 40.73
El 1809.80 | 1886.00 | 1789.50 | 1828.50 | 1855.20 | 1833.80 37.91
E2 1724.90 | 1845.50 | 1866.80 | 1861.60 | 1797.90 | 1815.77 53.82
E3 1764.50 | 1723.60 | 1740.50 | 1725.70 | 1822.40 | 1747.89 32.36
E4 1690.40 | 1539.70 | 1570.40 | 1654.00 | 1624.60 | 1615.82 61.14
ES 1655.90 | 1494.90 | 1542.90 | 1585.40 | 1631.60 | 1582.14 65.28
E6 1519.60 | 11587.10 | 1575.70 | 1513.00 | 1477.40 | 1529.86 44.17
E7 1681.50 | 1673.10 | 1762.90 | 1609.60 | 1745.60 | 1694.54 61.49
E8 1557.20 | 1572.70 | 1643.10 | 1670.50 | 1635.40 | 1615.78 48.51
E9 1566.70 | 1605.50 | 1592.50 | 1597.90 | 1660.00 | 1604.52 34.27
E10 1768.00 | 1802.00 | 1754.50 | 1705.90 | 1790.20 | 1764.12 37.46
Ell 1606.60 | 1669.10 | 1698.00 | 1686.20 | 1671.50 | 1664.48 33.52
E12 1606.40 | 1633.00 | 1602.50 | 1607.40 | 1613.80 | 1612.62 12.09




95

a ) o = ad A A dd’ a a '
MINN V-10 ANUATUNTIULTIAAIDUBDIFUITUNATADUBNDNHLTY U ﬂWBﬂ‘ﬂlﬁ“ﬁuiﬁﬂNﬁﬂ

=

a a =4 a a ] ad a J
?Il%lﬂﬁli‘]fu!mzf)‘ﬂﬂﬂ“mi“ﬁu11’111Nﬁlllmﬁ’)ﬂi)iﬂlﬁﬂﬂiﬂuﬂﬁﬂﬂ YU 60-80

mesh 80-160 mesh 1182 160-200 mesh ludasiadunaudosaz 10 20 uaz 30 Tae

JF 4
nin
Fuan ANUATUNITUUTIAALD (MPa) Andloany
naaey | afafi1 | afafi2 | afiRi3 | afeita | afeits | sunde WIAIFIU
EO 11533 | 11885 | 11558 | 1183 | 119.72 | 117.56 1.99
El 131.65 | 12839 | 12526 | 129.93 | 12821 | 128.69 2.37
E2 13147 | 13222 | 13129 | 131.85 | 130.02 | 131.47 0.84
E3 139.66 | 133.9 133.5 | 139.19 | 13525 | 1363 2.93
E4 76.33 70.65 78.43 75.11 | 72.87 | 7633 3.02
E5 78.18 76.67 74.7 7454 | 7031 | 74.88 2.96
E6 71.36 70.2 73.81 71.09 74.53 72.2 1.87
E7 80.01 84.74 86.34 89.6 88.56 85.85 3.77
E8 82.25 86.94 84.67 84.12 81.99 83.99 2.01
E9 82.04 83.7 84.56 80.78 83.89 82.99 1.55
E10 95 96.49 86.39 89.19 96.68 9275 4.68
Ell 84.73 85.95 90.17 89.89 88.17 87.78 2.4
El12 86.11 84.18 86.65 88.91 84.8 86.13 1.84




96

a - ay ad a a ad A A ] ~ a a
A1TNN V-11 UDAATAANDUDIFUIIUNATDUDNDNYLIIBU EJWﬂﬂ‘lﬂimu‘I'ﬂiJNﬁlli1“]!&?1?1!5“111!

9

ad
taganen

a A

F5 U NN NN DIANNTDINTLA YUIA 60-80 mesh 80-160

v
mesh 1182 160-200 mesh ludas1duNauiooas 10 20 uaz 30 Iasimiin

Fua UORAAAAID (MPa) Aufivaiun
wadeu | niafi1 | ateni2 | afefi3 | efafi4 | afedls | Aunde | anesgou
EO 3920.86 | 3997.23 | 43822 | 4256.27 | 4221.04 | 4157.32 |  188.27
El 3991.06 | 4087.38 | 4116.7 | 3941.62 | 4044.29 | 4036.21 70.97
E2 3947.03 | 3952.82 | 3889.43 | 3962.93 | 3619.37 | 387431 | 14537
E3 3652.71 | 3649.38 | 3891.1 | 3964.57 | 3836.81 | 3798.91 |  142.40
E4 3646.18 | 3671.12 | 3313.78 | 3389.58 | 3752.89 |3554.71 |  191.38
E5 3503.7 | 3545.79 | 3817.13 | 3579.97 | 3345.87 | 3558.49 |  170.09
E6 3380.7 | 3308.33 | 3245.82 | 3349.51 | 3121.31 | 3281.13 |  102.61
E7 349849 | 3410.54 | 3633.29 | 3817.91 | 3681.12 | 360827 |  158.93
E8 3578.62 | 3583.91 | 3591.21 | 3687.03 | 35582 |3599.79 |  50.29
E9 3598.98 | 3592.13 | 3499.18 | 3378.46 | 3459.07 | 3505.56 |  92.98
E10 3830.1 | 3867.61 | 3553.88 | 3806.29 | 3990.19 |3809.61 |  159.53
Ell 3484.49 | 3760.36 | 3851.18 | 3848.56 | 3709.38 | 3730.79 150.3
El12 3565.2 | 3383.73 | 3387.78 | 3185.09 | 3390.67 | 3382.49 |  134.58




é a 1) a’ ad = a ad a
A1319N Y-12 Qﬂlﬂ{]ﬂﬂﬁ'lﬂllﬂ’l“llﬂﬂ‘]iuﬁ'Iuﬂﬂﬂﬂﬂﬂﬂﬂﬂ“lﬂi“]fuLtﬁzﬂ'ﬂ’ﬂﬂ“lﬂ

a

U

v
3 lmAasdu ludasiarunaudosas 10 20 uag 30 Taviimiin

gamgliadioudl (esrisaiFue)

Sunumagou v ¥ v T -~
39N 1 33N 2 39N 3 AURAY ANVYAUVUUIATIIU
EO 81.00 | 8389 | 83.53 82.81 1.57
El 80.59 | 7962 | 7949 | 79.90 0.60
E2 68.96 68.33 67.15 68.15 0.92
E3 6579 | 6533 | 6396 | 6503 0.95







100

15.0kV 10.3mm x50 SE(M)

@ @ a ny adg A a a d
-1 aﬂumxﬁmgmamwawmmmﬁauaweﬂmwuﬁnﬂné'mqamsﬂﬁamnmauuuu

A94051A 1109V 120 191

15

Y
[ o a a ad = a a
A-2 ANHUSTUY mmuwawmmvmaanawanmwumﬂnﬁ'mqamiﬁﬁmﬁnmammu

A99N319 $103V010 200 1N



101

T s

@ a a = =] a da d
A-3 aﬂyiuz’dmg_m’mmﬂmwmmﬂﬂaauﬁwaﬂﬁmmumﬂﬂﬁ’m‘qamiﬁuﬂmﬂﬁiﬂmmu

A99N31A N1AIV81Y 200 1N

CastbF NS

15.0kV 10.3mm x600 SE(M)
14
o o a a ad a 'a
A-4 ﬁﬂﬂﬂlxﬁmﬂ'lu'J'VIU'I"U'EN‘D'H\]']uWﬂﬁﬂ'ﬂﬂﬂﬂﬂ%!i‘]ﬂlﬂ'lﬂﬂgﬂ\ﬁlﬂﬂiiﬂﬁﬂlgﬂﬂiﬂuuﬂu

409N H1A3V010 600 (N1



102

15.0kV 10.3mm x600 SE(M)

[y @ a ay ad A A da d
fA-5 ﬁﬂyﬂl&’ﬁﬂlﬁ'lu'JﬂEﬂ‘U?)Q‘]f‘ll\i'l‘ﬂ“/lﬂﬁﬂﬂﬂ‘l/‘lﬂﬂ"lﬂi“lfﬂil'lﬂﬂi,%’ﬂxiQﬁﬂiiﬂuﬂmﬂﬂiﬂuuﬂﬂ

4990519 MUY 600 191

e g 2 vk i .ﬂl i
15.0kV 10.3mm 200um

v
v @ a a ad =) a (] a a @ ]
-6 annmsamgmamwawuﬂumﬁauawaﬂmmuiwuwaﬁ"lcmﬂmwu AT IUNTY

fovay 10 1INNA0I9ANITIAMIDIANATOULLLADINIIA MAIVEIW 200 1



103

v
@ @ a a =4 8 ' a a @ 1
A-7 AN TUTIUINONVITUNIUNATOUDNONTIITU Inina T lanAas gy dasraumey

$ouaz 10 99NNABIYANTIAMIBIANATOUILUADINTIA MAIVEY 600 141

P
poes il s

15.0kV 10.3mm x600 SE(M) 50.0um

¥
Y o/ a a =1 a a (] a a s 1]
A-8 ANYUSTUYIUINGIUDITUNUNATOUORNONTIsTU TN T lanAns Sy §as i unay

a d v o w '
%’auaz 10 ‘l’nﬂﬂﬁ‘ﬂﬂ‘i]fﬁ’li'iﬂljﬂlﬂﬂﬂiﬂukmﬂﬂ'ﬂﬁﬂﬁ'lﬂ NIAIVYIY 600 (M



104

¥
i T T R T

15.0kV 10.3mm x600 SE(M) 50.0um

E4
@ @ a a ] A a ] a a Y T
-9 anymzﬁmgm'mm‘uawuanmﬂﬁa‘u%'wanmsmuiwnwau‘%'lmﬂamu DATIAIUNTY

da d ] o w '
%'ﬂuaz 10 i]'lﬂﬂf,{ﬂﬂ‘Qﬁﬂﬁﬁﬂuﬂmﬂﬂiﬂuuﬂﬁﬂﬂﬂﬂi'lﬂ N103Y818 600 LN

#

15.0kV 10.3mm x600 SE(M) 50.0um

AR A s i o ALk
LI A T T

b4
A-10 AnvaIzdugUIMOIVITUNUNATEUD NN T Ininays ImAasdu sasidiuney

ad ' o J
%'BU?IZ 10 mﬂnz’{aa%qamsﬂﬁmanmﬂmmuammm NIAVYIY 600 N1



105

i

15.0kV 9.3mm x200 SE(M)

4
@ @ a a [~ A a ] ~ a a @ '
A-11 ﬂﬂﬂm%ﬁﬁlj}114'J‘VlUﬂl@\?‘]ﬂ«l\ﬂuﬂﬂﬁﬂﬂa'ﬂﬂﬂ‘]ﬂi“ﬂu1ﬂuﬂﬂwi‘l°ﬁlﬂﬁli°ﬁu DATIAIUNTY

da d ' o w ]
%’ﬂﬁﬂﬂi 20 ‘t]'lﬂﬂi%l'i’NQa‘ﬂ5iﬁuﬂlaﬂﬂiﬂuu'ﬂﬂﬁﬂ\1ﬂi1ﬂ N13VYIY 200 1N

15.0kV 9.3mm x200 SE(M)

v
o @ a a ad a a [} = a a [ 1
fA-12 aﬂmuzamgmmmﬂmwmmmaauawanmsmuinuwam‘lmmmwu DAITAIUNTY

da d ’ o @ ]
%’auas 20 ‘lﬂf‘lﬂi?{EN‘i}'ﬁ‘l’l’iiﬂuﬂlaﬂﬂiﬂulmuﬂﬂﬂﬂﬂﬂ N13VY18 200 N1



106

15.0kV 9.3mm x600 SE

v
@ @ a a ] a (] = a a [ [
A-13 anBa AU IUIMOVDIFUNUNAdoUDINoNTIsTU Ininaus lsAasdy dnsidIunay

da d 1 o w J
%’E]Uﬂx 20 %Wﬂﬂﬁlﬂﬂ‘g’ﬁ‘ﬂiiﬁuﬂmﬂﬁi’t]‘l«llmﬁﬁﬂ\'iﬂ‘i'lﬂ AAIVY1Y 600 N

B

15.0kV 10.4mm x200 SE(M)

b4
A-14 dnyazduguINoIeITuIUNaTeBRan s T MmN TnAaFu Sasrdauneay

da o ] o w '
fouaz 30 mnnt’fm‘qnmmuﬂmn@\muuuuﬁmm 191 11908718 200 N1



107

2 i N ‘ A M RS A e
15.0kV 10.4mm x200 SE(M) 00um

Y
[V @ a a < A a ] a a @ 1
A-15 anYaE TuFIUIMOVITUNUNAToUDNONTIs FU Inunaus lsAas sy sasauney

da d ' o w v
%‘ﬂﬂﬁg 30 ﬂ1ﬂﬂ’gﬂ~1ﬂﬁﬂiiﬁuﬂlﬁﬂﬂiﬂullﬁﬂﬁﬂﬂﬂi'lﬂ a3V 200 N1

15.0kV 10.4mm x600 SE(

3
@ @ a a ad a [ ~ i) a Y ]
A-16 aNYUZ TV IUINY I'ilUJ‘HN'T]U‘VW]ﬁﬂUﬂWﬂﬂqfﬁmu‘hiﬂNﬂil?vl“lﬂﬂﬂl!‘lﬂl DATINIUNGTY

da d [l o w J
?auaz 30 mﬂnf’fmQamsﬂumaﬂmauuuuammm 183V 600 (N



108

)

Y
o o a a ad A a (] = a a [ U
A-17 ﬁﬂymxﬂﬂljﬂl’J‘VlUNJEN‘HUQ'I‘H‘VIG]ﬁﬂﬂﬂWﬂﬂ%Li“ﬂuiﬁMN’dilill“lﬂﬂﬁli“]ﬂl DATITIUNTY

da d 1 o w J
%’auaz 30 %1ﬂﬂf’]’ﬂ\‘li}ﬁ'ﬂiiﬁumﬁﬂﬁiﬂullﬂﬂﬁﬂﬂﬂi'lﬂ N13VYI8 600 N1

(Y @ a 2 ad a ] ad a
A-18 ¥ IUIMOVITFUNUNATOUBRBNFIsTU IninaurIsBId AN olindua
YUIA 160-200 mesh SasIdunaniovaz 10 91INAABIYANIIAIBIANATOULLLTDINT 1A

81999810 200 1N



109

e

15.0kV 10.3mm x200 SE(M)

Y a a Ay ad a ] ad a
n-19 aﬂymxﬂmim’mﬂwawmm‘nﬂﬁa‘uawaﬂ%wuﬂlﬁuwﬁmmmwimaﬂmﬂunﬁuﬂ

@ ' da d 1
UYUIA 160-200 mesh ammauwan%’aaaz 10 mnnﬁ'aaizamsﬂumanmauuuvﬂmﬂﬂﬂ

L

AAIVYIY 200 1N

A e

60 SE(M)

14
o 3 a a ad a ' a a
A-20 dnvaizduguinovesiusunaaeudieondisaulinauunsiaesdidnanseindua
YUIA 160-200 mesh S IKaNToUaz 10 MINNdBIganssMiBdnAToUIYYHDINTIA

MBIV 200 1



110

15.0kV 10.4mm x600 SE(M)

@ [ a Qy =] a (] ad a J
fA-21 ﬂﬂ'}:lﬂlzﬁﬂ!§1u'J‘VIU'I‘Uﬂﬂ‘lfu\ﬂu'ﬂﬂﬁﬂﬂ%Wﬂﬂ%Li%uiﬁuNﬂuuNﬂﬁd‘ﬂﬁﬂlﬁf’miBuﬂﬂ‘ﬂﬂ
@ [ da d ]
YUIA 160-200 mesh @ﬂi'lﬂ')uﬂﬂil%’ﬂﬂﬁz 10 %'Iﬂﬂf’ilﬂ\mﬂﬂ'iiﬁuBlﬁﬂﬂiﬂull‘ﬂ'ﬂﬁﬂ\‘lﬂi'lﬂ

1999819 600 11

3
LI I I B B B B I I B )

15.0kV 10.4mm x600 SE(M) v . 80.0um

o o ~a d ad a4 a ] ad ~
A-22 DNYUUSTUF I INYIVDIB U IuYIV’I’m’)‘I|i’l‘Wﬂf’l"‘lﬂi"b‘u111ﬂﬂﬁﬂllﬂﬂ']\mﬁﬂmﬂﬂ'lﬂuﬂl{llﬂ

YUIA 160-200 mesh BATAIMHANSDYAL 10 INNABIYANTIAMIDIANATOULLUABINTIA

@

ARV 600 1N



111

AmmxB00 SE(M)
1Y 1Y a Ay ad s a ] ad a d
n-23 ﬁﬂﬂmgﬁmj'lu?'ﬂﬂ”l‘uEN‘lfu\‘nu“Vlﬂﬁﬂ‘UE)W?)ﬂ“]ﬂiWuiﬁNNﬁUllNQQQﬂiﬂmﬂﬂiBUﬂﬂUﬂ
@ ' da o v
YUIA 160-200 mesh @ﬂi?ﬂ?ﬂNﬁﬁ%ﬂﬂﬂ% 10 %"Iﬂﬂé"f]\‘l‘i!ﬁﬂi'iﬂuﬂlaﬂﬂii’)ull‘ﬂ‘ﬂﬁﬂ\iﬂi'lﬂ

AAIVYIY 600 N1

15.0kV 10.4mm x2.00k SE(M) v 20.0um

o o a Qv ad a a ] ad a
n-24 'ﬂﬂ'ﬂmzﬂmﬁﬂ‘l'.l'Vlfﬂ‘llﬂ~3ﬂfU-31UVIﬁ'ﬁﬂU'ﬁle}ﬂ°ﬁﬁ“If‘lﬂﬂllﬂﬂllll.NQ'N'ﬂ'IOlﬂﬂﬂiﬂuﬂﬁ(ﬂﬂ

YUIA 160-200 mesh 3R 1AIUNANTBYAL 10 9INNABITANTIAIDIANATOUNULABINTIA

e

ARV 2000 111






114

£ 4
[

L% o aw a 4 aw
1. lulszmatisdasmainavenaaultelumsdszquianis v.e. galte asen 2

h.

& a [y a Jda <4 v [ 4 a
(2552) 4 UN1INYIQAGAIVATUATUNG MNYUVANINA 53”'31\7')1!ﬁ 18 -20 WEMINYU 2552

-

SN oY pFoR 2 (2552) VN IGNGIGYTOY@INATHNT ANY UV F6
vo3useI AN
fea

3T lwRadendisdnluumalseBidnnsetingd
ey
< A
LA
ANAYY qUIYD
WehumsRenanemnazniunidninad mninmmaniue:insmandiizged

neWihauehummhzpdnm we. ginide niait 22552) w0 amInndenavanmdimd Inanwagiin
szwindui 1820 ngaSmiawn 2552

P T ——
% 77 /~/ !&fiﬁ,

@homamiend aiaud asamiiy) (ewndgada wasilgy)
Enrsviminede i Inawngiin nansAnacImaimn
thzs duitumsianmlizquinms we. ginide afvitz (552) Psznunazassundheinms




115

. v a au a av
AMBTVANBFUAT/BYANEUAS

o

O msiszdvg

-

O, amseenuuundasuat

[I( pyaAndn

v ¥ ¥ a 4 o v a aw gl o
Hmddasaeiioveluveiudnivaseydnivasil

vosuaniing loquwwms

ufluiindn Taonse s1siygiaanivas (vl 2) w253

uas wiz NIwUyQATNSUAs (RUUA 3) W.e 2542

dumndveiudnfins/eydniiag 1599 I5nsanauundNenFIsFUINUMIIT
ad a dJ9 y b4
alnnsoiinanlemsldmsazaion
/4 3 mlu ~ nyumlareailoor-n dun g)
‘ i 1 veas w21y
vy a
NIV IMUM
fuusive - T waiifve
18 %wEk
fugudwe 110«3000288

Fadnualiunmsyssdugsznia)szmn

SrunuurdnsuT

dszinnndasun
Judszmalavan waiidszmeTaven
Jueeniindins/eyansing wvRidndiaseydniaias
mum.,ﬂwqqﬁﬁniﬁm N.A/ 2522
7 awileFod i

4 - a o
1. ¥efaanan sz Ay

as o ad o a ad a ¢ Y- ¥
'mmstmﬂuunawanmwuomumm:omnmaunﬂé”wmshmsn:aw:uu\

G\o\r* _

= v
2. mvesudnivasmssenuuundndudiiidumvedmivuuundnsusie

Tusnu

M, i v
mye Aoulunsiafuanu

}ﬁumvﬂu;mmmuﬁ
6‘345%&@? v

y o - o P - v -
34veTuAndvnseydndiins uazfieg (avi ouu e@?\
wminndomalulaowszeoumndmszu 3

pE ﬁqma nu

3.2 Tnsfinyl 0-2913-2500 Ao 1516. 1520

3.3 Tnsmis 0-2912-2015

a ¢
3.4 B1un

adnilumsyniudnisias

7 fuszAvgdeonuuy

Jdveiudng lnomqau

saumudill)feg avi ouu Simda svielsudd)

5.1 Aunuayi

5.2 Tnsfiwn

5.3 Insans

a ¢
5.4 a1

6.4Usz A Hoonuunndadus uasiiog (1avi ouu sz )
wwszAius uasdud ooy 9563 w4 Mununetilie sunedissuum Simdauumy
aguavl 4x/1 wy 12 umhunse enedientniduygs Smdadatng

<. 4
wwAnAYy tye

7 v
7. Mveiuiiniins/eydndvaitinonninuievavesdumveidy

: :
gvoiuiintins velddui lddusveiudndnseyinitnsil luiudvadumveiuiniting

- o)
nwm UOU

. - o - v "
A wamuumsd:zwgﬂmuau n

; .
msemveiudiniiins/eydniinsfivunninuiemoatesdumvadumsiz

o 4 A o - a A
- goAnduiissnindvehifidng | . venldsumlanszianveading

™ = L ) W L o2 5
nnomg lundiahinwszyswasdealdasudn Mimivilwenmznnfomnifiui Tasssymnommimidouns Favo i oasdua

A A o "
muAudIna1If o



116

: wpvayraneaiioon-n (lus )

-~

i 2 ¥9391UU 21y

P " =
8.MigusvaUdNII¥aIMIINT
Ay i, dydnueluunms .
Jutusve wuRfve Uszing o anuzM g
Usz@Auiszuinlszmg
8.1
8.2
8.3

- F .. e T NS YA (L. e P z
8.4 [ dyesudnivaseydniiasvedniliten ldtusnveiiluiuildoudveiuansvasoyiniias lumalszmemiluns ausn
Tav '

L1 1howenmisvangumdeusivell 1 vetwenmisndngiundaniaiugumveil

a ¢ a A v ¢y o a ae a ao a da 1 9 Vo
9.mnmmmsﬂs:ﬁug NIDNTTODNUUUNIANUN Quasum\wnslﬂqﬂnmm'lﬁ'uammnJs:augnnmuuuwmsgt‘ﬂuma

Tuuans Tudanuuaas J3a
10.ms1szAu{ifeadugadn :
- g o a ™
10.1 tavneioudinfy 10.2 Fuichaifiy 10.3 aovuchafivalsna
e da o a aw 9 . " v 4 L4 o 4 o v a aw - oo Hwale o
11 fvesudAndrins/eydnivns vetwenmsnmimanlszmaneulutugumueil uazezintumvsiuinivaseydniiiasin savh

Wunw Indnielu 90 4 Wuninfudusmvedl Taoveduwdiunimn

"1 dngqy [ d¥ et Jwoniu Zdnfu Touq

12 4vesuiinsUns/eydntuns veldedudlszmalavandweiudnivas viedusanzidion uazilsymelavanoydnivas il

o o a a
nawIniud 1Aou ne
L fvedudndnseyiintvasve Ml djidvumnuay Tumsiszmalsimen
Ed
13.Myveiudniaseydnivasiivszneude 14.10nensisznoudive
- e o 9y - - > - o a a v
. LUURUKNAIYD 2 wmh Tenasuaaadns lumsvesudnivas/eyfindvas
o= Jssaut P I a ¢
¥ waziBuan sz Ang HwmisdeiuseansuaaimsdszAug/msesnuuy
viesmssuumuundadus 7 wih nan A
voa a - 9. — o - K3
n Yodedand 1 wh I misfoususne
- v - §
2. jhiiou s 5 wn ¢ Hienmisnuaziduaioafuyain
- o 14 A
- v o A4 o 3 o a4
L MNUAAIUUNAANDN T Tienmsmsveriuiusumvelusmaszeniluiubu
1- - ». .
T pUdion o mn mveluilszmaing
. b 4 3
© Inwane b3l i " henmsvenldsunasssinnvesdng
- ¢ 43 N
s amagUmassAvg tomi Thenmsdu g

15, i'Vé'was'usmh

; o aliin al A
Vo madssdugii hitneguveiuiiniias/ eydiniiannnen j )S\?/Vef\/

i msﬂs;ﬁujﬁ‘lﬁﬁmmﬂi’uﬂ;wmn ........................................................................................................

a 4 Vy Y - a e © -
16.ul0%e ( Y dueiudinivas /eydnduns,  dunu)
(MR350 93.3398 yauwlanm)

a3MIVA

A - -~ -~ A o - A Ae -~ e i oA
mnemg yanalaguveiudniiimsmsilszanglonseonmmmadnsi niseyinfiing Tasmaurasfornudiiheiaaminandmnhi io

iaen . S A
WhivainhinsniooyAinfiing Koasz i Tnndmnlidunnden wiorlin i iinnn wemasmaliy




10

15

20

117

whi 1 9ndwau 7 mh

= a
518a1BeAn131l32ANY

A = < a J
ﬁﬂ!!;!ﬁﬂﬂﬂﬂﬂﬁﬂitﬂﬂs

aa LY ad a a ad a 4 ¥
aﬁmsﬂnmwnawanmwm1nnm’msmanmaunaé’wmshmsazaw%’au

a d4d ¥y a ¢
ﬂ’Hn'J“U'lﬂ'ﬁﬂlﬂUj'UﬂQnuﬂ‘liﬂizﬂﬂ5

a [] $ < ™ ° -1 a ad a [ "
SeanssuludiufinurdesdumsiidfenTis Susinunersesdiinnsetind nduun 14 1nide

matiamsadaondvesazalviou

AnyATIAZAINININBYBINTUsEAYY

a ¥d Y o o a a a o (9 '
mstlssaufiinsadestuisnmsadauondiendis Fusinurividdanseiing induin14lng

Aumaiamsanauendlearsazainiou

glindwesfailznieinnmsinsades
o & ad a o ac - o 9y a a 0
nsfMidaumnsdiamselindauiimamimienisinay sei MidauaRvuuuonsuzduey
a 3 .v a 3 : - a 4 a Ao ad a ¢ 0
Twoma Ay unaniildau uazunanirlndifivs vaiumnasnnmswmI ok esdidnnseiing 1wy
nod lusiitualaNiiadimes (Polybrominated diphenyl ether) 1aBondu (Dioxins) tW0I5U (Furans) wad 1y

aaneslsinan lalasmivou (Polycyclic aromatic hydrocarbons) nodnaolsTualuiliia (Polychlorinated

biphenvis) toe Tovaa Tanzminda q

TATinsAnuinazuiumss ludadnendisdudroms¥msazarunsa 9102155 Polymer, 43, 2002
L wva wa a ad ) - a a
M1 2953-2958 TaunaneuauiananuisunazauimFinavesdNenFray lanasdu Tuns
o a a . o &
naass s GuyiaiaWuon 1o (Bisphenol F) 100 ninuazuitaua wast wumu'laweiiv (1,8
s = o A a M a
Menthanediamine) 22 n3u Wumsi¥onvi qungli 80 ssrusaidod na12 ¥ Tue uazgaingil 150
& J 4 < - -
pruraIdur 1701 3 $Tue Yuguavandie 25 fiadues 01760 Tadas nu1 2 dadns 3
TwAnlumisazaronsaluadnarududu 4 Tuar Y3was 70 fiadans Quunql 80 sarmaiFud diias
ladaisFudreanhiazarenaszdian Ysumnnuiunsa-anlioiiu 7 wondudniazarouas

k4 .
szmednhazaraiiunaedianies 1 fu ndawimiul¥gungii 80 vesrnaaded ot 1 $1Tua weudy



118

10

15

20

25

i 2 s 7 wih

= ol ., ST &
wimanuewlelas (Phthalic anhydride) quunqil 115 sarwaiBva YuglFuaunnunu 2 fadwnas
QUUQI 115 saruFaIToa 1718 ¥ Tus uasguungil 130 BaruTaFea 10 33113 NAKANIINAT

qal¥nal 150 ¥11us quugindroudrveusdu lminans ladasSuganiigungi

A

$ovazndnnuangs
a v o ] < 1 et a a ] I3

adroudveusTulni uazgegandasidunausdulnides lafas Fu 90:10 Manuudausaninis

1 (Tensile strength) 1AZAAMUUTINTDINMIAAIB (Flexural strength)yo s Iniinans3 lmfaisFugs

nIsFuln uazgegandasdunaussulniaes lmfAasdumiiy 75:25

usnnnildaAtmsAnyinizuiuniss lafadnenFisdudoms 1¥asazatonsa 9101518
o s va a 3 3
Polymer, 46, 2005 1111 1905-1912 Tasnageuauiannanuisunasauiatvinavesdnondnay 5ouMe

v E 4
naaeumsildsuntanihminveuduloufinnay ludnendsFunlSsumsuiudulouduldr lums

[ R]
-

naasaldisdusiaiaNusaien 100 nuuazdd lnedi TulaWiiailinu(4,4-Diamino diphenyl methane) 27
o A -~ 1 \J L v L} -

afu lumsiouving  SasdiunauszuindRenFisFusunrunduloud1viadnara (E-glass) fio

64.5:35.5 unzuruidu loudiwiafina1d (T-glass) o 68:32 gunyil 80 saruaaFoue 1181 2 ¥ T4 naz

a ) J 6’ a a a o

QUHYHN 150 ruaFua 17014 ¥ Tue AugFuamvinanin 25 fiaduns 41260 adwas vun2

a a = a - - o a fod

iadwes $lwAalussazaronsaluainnnududu 4 Tuar Suas 70 fafans gangii 80 vam

waFoa aiasd lmAasdudedniazawenaszdian Usummuniiunsa-aldinidy 7 usadudnh

o y = I < o a 4
azmsuazszmeAhazaie nozl¥gungli 80 esruradud a1 1 ¥alue wawdunimanueulalas
- 2 Y- g -
QuuUQil 115 serusarFor MImiuSahimsyugiFununimmun 2 adwas qungil 115 ssrusaiFod
v J »

17918 32133 wazgungil 130 evrnzaiFed 10 %1 Tue ludmveawsdiudulouds dredr0i /519900

looou (lon-exchange  water) tasi11duisdr0qungil S0 seruzaiFoa vinnanisnaass feuay
a o ¢ o a v a ' = a a ' a

wanfuagagaldionr 400 ¥2Tus quugiadwufiveusdulminaws lwAaisFuganigungindy

= ) A‘I ’ 2 L - - J o L

utveusFulni uazgagandasidmnausFulmined lafas dumiiiy 80:20 manuudasagnms

anevousFu Iminays lofasFuganiussulni uazgeganidnsndunausdu Inides lwfasdy

95:5 1taz TuQAAARAID (Flexural modulus) vousduIminan lnfasFuganinsdulmi uazgagandan
’ - e xS - J : @ r‘l - -

dureussuImided lafasdu 7030 msuldsuwlaniminvesurudulonfyiadnareiams

d : L3 A 4 . s 1a 3
nhvunlanhiminnaigs Tuvasiududulonfriaiinara lifamsilaouulas



10

15

20

25

119

i 3 1w 7 win

Tuinsnsanmwglsy @i EP 1 085 044 Bi 1dAnu1nszuaumss lmAanedwessviammes Ty
FaAa wedwesninns3 lwAadesannsahndulduasnauiunedwoslvild Tasms 14daunan
a & X 4 a a
feoWuoa (Bisphenol A) ¥ 1¥uoula’las (Anhydride) Humsi¥ouvnanazivudalawiaeiiu

o u aas 4 - d "’ J
(Benzyldimethylamine) 1udus 01l §Ase wauiiguingdi 120-150 earmusaidua 19a1 10-15 11w ¥ugl
2 da a = 4 iy 8 -3 '
Fununiguugiindiouda 104-130  sarusaiFoa sminuasuuIflvua@nndi 80 (¥ (Mesh)
weruisduyuanylaeiliv (Diamine) nMuatsHaNAILgUHUYT117-150 oaruyaiFed a157 ¥alus 1§
nanfuatiuveamarla nanveunad lafuiiatiueae Hgungi 25-80 esruaiFod a1 20-60 w1

wud sFulmisuudsiuaziigumgindonda 90-120 ssrmnraFoa

Fnitnsanizowsng ufl US 6465531 B1 lvhmsaAnmaszuiunss lafanodmosszan
mo ludans wodwodanms? luAadesiivyfladsuosraios 1 nyflsdfufiamsadanuszdon
valni1d uazn s lwRamsdonying msdouvneinmst laRadosdmjilaidusiitos 2 my
HafsuiennsoRaiuszidouyneni1d $e14dafuone Whasdulmi uoulsled dumsdonuns
waztunFalafiaieiiu (Benzyldimethylamine) iud 3§01 narufiguingil 120-150 vermaiFoe
11 10-15 2 Tue SugiFuanididgamgiindionda 104-130 saruraiFoe uasuaniinnadnni s
1wy (Mesh) nernsFuuaiylaeiiy numswaudrogangd 117-170 ssrmwaidve a1 5-45 $2Tua 18
ransusiiuveunaala wauvoamar lafuiiaWuoaio figungl 25-120 sermumaFoa nm 5300 urft

nu sy Imisuuddnaziigungiindiouds -5-115 esmaiFe

a sda Y ada o ad s a ad a o
ms1Jixauguﬁ)4u4mu’usm‘:'dnmwnaw9nmsmuv1m-lmnqs,smatmmunﬁﬁwmsl'ﬁmjasmu

$owinlfisvuazadauonsn1dii lodasdundonlfnu

a o 4
malaremillszang lasauysol

o ad - = a d - 7

MIAAAUINDINBNFLTTFUIINUHINNIDIANNIBNNTA20015 1dosazaredou 1Funadaes
a d a a a A4 4 ] a 5
diaanselind ¥iia ioNe15-4  (FR4) wieynaduRldIuNauvesdnondsFuMdwinLunI1
ad - a a o "y o a a :
slanmseiindnindennnmsndauardalidumstanionsauasnsairmuunaassadnnseiind nuon
Tanzeonuda ualdlivwineymaszning 0.075-5 fiadwas nvuzmslszAugnanga Ao Wuraaes
ad a o - a a v o a a Pl
dlnnseUnduANlvUIABYNIA 0.075-0.097 Hadwas  1¥Aazarvignisu wiadunas lsd

NaosFiAN o lau uasumiuea guugl 7590 saruwaiFue na1lunisadauon 624 ¥ Tug



120

10

15

20

w4 nnsau 7 win

> a Jdad “ o o a o R 4 Y o
SonazmsdszAvinanga fie 1ddhazaiuefiassdian Aroyaindnd yavenaauazyAtInINAL
Y a {ad o @ @ o a ad a
FnuazmsdszAviianga fio gadennudu aunsoasauondnendisdusinuneisesdidonsetind 18
YovasHAniust 25.18-50.46 dnvmuzmalzAugnangs 1fevazrandusiqegan 5046 msadausn
a - a a a a & { a
SiondsFunnusnesidnnsetindaiomsl¥msarmedounnitinaveanisilszAvg naildudn
3 o o o a ) ad a
i l&ndnfuaigaqa fo 6 911w miafanendiondisdusinurasdidansetinddioms imsazay
ac a o o y.’:’ 1 d v a Sl d - o
Fsuamitinavesmsdszang anuauiilédad 0-15 113 dnyuzmalszAuinanga Ao nnwau 1S
v1§ msadanendRendisFuninuraaesdiannseindaomsidasazarefounuiinnvoams
a Qd z g e - ﬂ' i i) ' @
szan{ gamplnlfaud 75-90 sernisaiFos SnuuzmsszAvgnanga fe 1qaugliniiiy so semn
a s d o ad . A 4
wardoa TR Fun 180 dnuasiiuveunamiia findes-du frihmra frhaady uazdou 9 ¥

daulnglddvess lmfasduiiuveanaiviia Sindssdy

Mesuiesininlaude

P oo o ad s a ad - Yl
zlj'ﬂ 1 HIAINITNITNTANADNDNFLTFUINUHINITVRANITOUNT

4

U9 BiEnNseiing wiia orle1s-4 N lurumsfaatenewnmSeusnlanzeenuds
vanowlvuineyninszndn 3-s  fadwes uazuaoudealilivuiaoyninigning 0.075-0.097
findwas  1¥énihazaenau wiadunaslsd tenassdian 023 Tau uazumivea gamqil 7590

sersaea a1 lumsadauen 6-24 ¥ 1 Auyaidand yasenaauazyAtIAINAY

P aa 4 a
3N 2 uwaslesrfonlnAst R spectra) voslalnadAadinosoeriiauonio (Diglycidylether of

bisphenol A) uass lanfasdu

s - e s S o .

8¢ lalnagaadimeseeriauoaie fuslwfasdu  §lmfa

!
i

wWisuifounyiladdundny
ad s a ad a o a o (v o e - = a aa
InenFsFuluunanesdidnnsoinddromaiininans AnhazaiioNaosFan 200 HaGAAT KIS
ad a a a 1Y o o
diinmsetindvuIaeynIA 0.075-0.097 Hadwas 20 n3u quingii 80 BaruAIFud N1 6 ¥ 1w 165
- - - - e A -
Txfasdulunisnaaou 0.01 Hadans vuInunaFoa Tuslud (KBr cell) A1WBINAY 1480-1540 2.
-1 I [ ‘o a 4 -1 = . I : a
(em™) uaAsinveamifanFues 15ndn uazauw1InAY 1020-1040 w1 uaafinvemyiladduilia

(Phenyl)

J - - o o
311 3 ugnaloorianns e lufasdunngayeninaunryadannuau



121

i 5 s 7 min

S suifeunyiladdundnueslalnadtadinedooriafueandus lvidasdu $lufadnenk
sdu luunasdidanseiinddromaiinindnd dviazaroiofiansdian 200 adans uAIINes
idnmsofinduiiaoynin 00750097 fiadiuns 20 nfu qungliso oaruwadea nan s Falua ¥
Flandosdulumsnadov 0.01 Saddns vy InunmFes Tusud anwnndu 1480-1540 . uaasiin

I fo a A 21 - Sy s ara
5 wpanyilantueslsmnan tazanueInay 1020-1040 wu.” uaasinveanyiindumiia

7R 4 snnundasaninnssdsvesdnendisdulmifudendisFulminausiud lafaisdu Eo fio
snendudulmi E1 Ao sdulminas luRasdudevas 10 E2 Ao isFulnanans Tofasdu

$ovaz 20 E3 fie 1sFu Iniineys lafaisdudsoas 30
dRenFsFulnminays lefasFuaunsodumuussas 1dnnd e nFis Fu Intnauina 1993

10 Blannseiind uazdNendisdulninayd laRasdu 10%cunsofmiuus s 1dgegauasinua Ty

anaviioUSnes lafas Sumuiu
J -« - ~ 1 o r -
1 5 dnvarduginnnnndesganssmididnaseutuudeansiafidavee 200 i 1.8WenFisdu

Tl 2. Brendisdulminayd lmAassudovay 10 3.8RenFisdulninays laAasdudosas 30

- o J < L o - L]
FluRasFuannsanausmiluiiodoiudadusnendisduny

o

15 81N 1

- a o o P
swazidsamaidonldihasasiounmunzan

; : . - . _— A Haansin
Aniazaw QuUUQI (PIrUFAITY) a1 ($lw) main o
BN 80 24 Sodng 2.16
wihadunielsd 80 24 Srldna 24.22
1eNaozdan 80 24 Ildne 24.47
ozdlau 80 2 Idne 2203
wnuea 80 24 Ildna 168 |

msafauundnonFsFunumaeesdiannsetindalems 1aisazaredou iverdenldainh

azawimuzeay uwaaesdidnnseiinduuineynin 0.075-0.097 fiadwas s 20 nfu 19dnh



122

- °
N 6 BIndum 7 win

aza1vienizvy witadunae l3d eiaosdian exdlau uazimiuea Ysinas 200 fiaddas quingii 50

esmuradod na1lumsanauon 24 ¥ 1ue SroyaTHdnd
of
AIVYNT 2

; - a a < il
swazmuﬂmslﬁ'ﬂn‘l'ﬁwmﬂmuunmmﬁnnmunrfnmmsﬂu

VUIAUBANIIITT \ e
N - . e QuUUQI 4 -t wanfHaal
dlanseling MWiazaw - a1 (12 Tw) man

- (oAU aLITYw) (%)
(Uadans) .
3-4 NaszFan 80 24 Srdng 20.20
0.075-0.097 naozFan 80 24 Sdnd 25.18 J
o =8 - - - A
5 MsARALBNINDNFIITUNINUHINLSBIANNSaTIndA10ms Wasazawiou iteidondvuaves

ad a - a a a a
upanesBiannsaiindiminzay Hunnesdidamseiinduinaoymn 34 iadmns uag 0.075-0.097
iindtuns UTinal 20 niu 19anhazauefioszdian UTinas 200 Taddns guugil 80 ssrusaFoa nm

Tumsadauen 24 §3Tu3 droyairdng
b,
7280191 3

= - b 3 [ 9 P
10 swazdsamdenldnailu MITARUYNNININITTY

YUIAVOAUIFN TS . e
ad o 4 o e qmﬂqu ..l o Nﬂﬂnmm
Aaanscilnd | dahazaw p—— L3029 T) . | _ madda-

A (@IFruraIFsye) (%) ~
(Maawng)

0.075-0.097 naosFian 80 4 Sednd 9.98
0.075-0.097 oA 80 6 Sedne 25.15
0.075-0.097 1eNaosaAn 80 12 SWdng 25.87
0.075-0.097 1onaosHian 80 24 Sedng 25.18

Y o ad a g
msaiauendnonFIsFunInurIsBIaNsetinddloms Iesazarvdou iaidonlfinaily
o A - - - - - o v
niserdaugnimnzay Huneesdidnnseiindyuineynin 0.075-0.097 fiadwas U3 20 ni 14
MnzmgieNasdian Uias 200 Noddns gungil 80 esrusaFos na lumsadauen 4 ¥2luae

113 12 %1103 waz 24 %2 T Aoyaindng



f8819h 4

swazivsamsidenldmalinlunsasauuniimunzeay

Wi 7 9ndau 7 mih

123

YUIAVDAUIAINDS ). [
oS L B & uuQu T A HaRNN
DIaNNITBUNT nazay - na ('D"]hN) naun

- (@IrIFIFUA) (%)
(Uaang)

0.075-0.097 ofaprdian 80 6 Sldnd 25.15
0.075-0.097 lenaesdan 80 6 FoNan 29.20
0.075-0.097 Naszian 80 6 DINNAYU 50.46

- = o, — 3 -
msanauondNendsFuninuranesdiannseiinddlons ldmsazawiou ivodenldinaiialy

nsafauenfimnzay urnesdidoisiindvuiaeynin 0.075-0.097 ladiuns USum 20 nfa 19/

azawenaosdan Ysias 200 inddns qungil 80 earuradud nalumsadauon 6 $2Tus &2

gas AN yavonian uazyAtIATINAY

38013 lumsilszay

o<l

jhanga

TWidawe 1 luiadomsiDamenisszavg Tavauysel




124

10

15

20

25

i 1 s 1 v

Y A
f

P

10.

%
Yenaans

aa @ ag a a a a
'Jﬁﬂ'ISﬂ’ﬂﬂtwﬂﬂ‘wI’)ﬂ‘]ﬂi‘]fui)'lﬂl.lﬂ\l'Ni]iﬂlﬁfﬂ’l5ﬂ‘uﬂ’c’fﬁ"mﬂ151%ﬁ15ﬁ3ﬂ10%‘8u1]53ﬂ61]

9y ; Y < Yo o k4 o o YV 34
AW ms‘ummnast‘lmla'qmmmmmmm:‘l%mmazmusauﬁﬂmwnaaﬂ 'Vlﬂﬁ‘lﬂi

lmAasduiiuveunamiia

aa o ad a a a d a G2 9 ¥ Y A
M TNALINDNDNHITFUVINUHIITIBLANNIBUNTAW0MS I sazarvieu Tudede
a ad ad a ddq v ad a da A a
nth 1. umeasdildnnseiindn 1y lumuunalessidanseiindniMaesInnIsHan
w2 lurdumsiaaeneune nSoruunI 9 sNuen lanzeenitd

aa 1Y ad a a adg a d9y y Yy Y _ A
'Jﬁﬂ'lsﬁﬂﬂllﬂﬂﬂﬂﬂﬂ‘lfli‘lfuﬂ’lﬂllﬂﬂ')ﬁﬂiUlaﬂﬂ‘iBuﬂﬁﬂ'JUﬂ'ﬁlﬁfﬂ'ﬁﬁSﬁ]Uiﬂu 1u‘llﬂﬂil

ANTA 1. VUIABYNIAYDINIINNIBIAANTBTINTUA TUrIA 0.075-5 HadAas

aa @ ad a a a d a Jd Y 9 g A
1ﬁmsﬁﬂmwnawaﬂmwummmmwsmanmeunﬁmumsl%ﬂnazmu%’au ANYDOD

anthn 1. matialumsanauen Ae matAsSWANS malinvenan LazMATAGIAINAU

as @ ad a a ad a J9y vy v g A
1ﬁmsﬁﬂmwnawaﬂmwummmmwsamﬂmaunﬁﬂwmshmsazmumu AUBND

N5 1. gunplinldhnmsadauen fe 75-00 sarmaifoa

2NV

aa o ad a a ad a JdJy Y Y A
'Jﬁﬂ'liﬂﬂﬂlwﬂﬂﬂﬂﬂ‘]ﬂi‘lmil'lﬂLLNQ’N%iﬂlﬂﬂﬂiﬂuﬂﬁﬂ’)Uﬂ'lih?ﬂ'liﬂxﬁWﬁﬂu ANYDND

) ] vy .
anshn L. nar lumsanauenmusay d3ua 6-24 %314

FarsadauondnenFsFunnunIesBidnnseindaluns 1dasazariou mudede
N3 1. ARl lumsadauen daud 1-25 119
FBnsatauondiendisdunnuniresdidnnseiindaonisdmsazaminu amdoie
ansA 1. Mhazaiwiild Ao snivu wiadunaelsd efinszdian ovd Tau wniiea
n3oamNTURING1?
FmratauondnendisFunnurITBidnnsetinddiensldasazaiedon mndede
#ndi 1. mradauenldmaiinindnd maiinvenian uazmaiindinnusu uismaiind

artasunnmalnfInam

as o ad a a ad a Jdy ¥ Y Y A
'J‘ﬂﬂ'lﬁﬁﬂﬂllUﬂOWUﬂ‘lﬂS‘]ﬂlﬂTﬂllNQ'NﬁSOlﬁﬂYli0“ﬂﬂﬂ']ﬂﬂ1511¢ﬁ15ﬁza1ﬂiﬂu ANNVDND

]

a

] » Yy v
ansh 1.5 lwaassun iRl anuasitluveunaiviia fivaesdu fiwia Hibheady &

|

-

Weoa asdiou 9



125

%

UM 1 98 5 uih

[ YA BANN TN ~
* a4 ¢ ]

[ T imunesdidanseiinduaneiy 1
ad " a. d ‘- )

{ UNI9sDIANNIBTIndUARZIBYA ]

Y ;ud a a ad. & ¢ ' .. e 3
[ ﬂﬂﬂllﬂﬂﬂﬂﬂﬂ‘lﬂi‘ﬁu1ullﬂ\1‘74050mﬂ7ﬁ0uﬂﬂﬁjﬂﬂ1ﬁl%ﬂ15ﬁ3a1ﬂ'¥0u ]

manunInNand ] ( marfAronNan ] [  matnfINIuAY J

CaR
ol
=8)..
ot



126

~ . = i ~

i 2 vindou s mn

ay
3
£ i ‘
H '
&
T
|
3 G
4 it i
N 4 ,/

5 Diglycidylether of bisphenol A

"‘Z N /-—/“’\,~'\,\

: e ! N ¢
6t \ = i

i A o

: \ ;

s 4
g0l S :

: A\ A
B iy 3 i

e o ¥
: !

\
N - \\’ o
! 4 W

!c-f ot - =~
| S lanfAnia sy

avlp e » T o 2;5{‘ EEEE e "

N Tesnamittance




127

nii 3 mindmau S

% Transnktance

% Transmmance

.
\.
#i N

s23

: nnindsni

40 e

o T
Aawnarows mel; 0L -

|4



128

Tensile strength (MPa)

100

~ o 1]
MY 4 9108 19U 5 M

E0 F1 E2

Composition

o
=il
=D.
=

—

E3




129

S SRR &
YIS 9IN0I1UIU 5 mi

Ti

£

15.0kV 10.3mm x200

€l
C
=h.
n



130

i 1 1nsmaul mn

unagmsilszaug

a >4 a o ad. . 3 - ad- LA de o
nﬁﬂsmuj’ﬁtﬂuﬁmianmwnaﬁaﬂ%ﬁmunﬂumaqﬂsamﬂmauﬂﬁmnauuﬂ%
'lnuﬁ'uumﬂuﬂn*nmnﬂuuné"wmsa~mvsau mﬂgnsm'lmgmvlanm qwamaﬂ HazyAna
ANAY Tm‘lmannawmn witadunselsd @iy wmvea nﬂumma.,mu figumgd 75-

90 BarnIFaIFy 1101 624 $2Tua mmsn'lﬂﬂannmcnmqa 50. 46 nlosidud s‘lcmﬂaﬁcxm-n

'lé'uanymvlﬁwmma'muﬂ fivdesdu



131

nilidadylauansnisvasuaydnsdng

Woud  uvmivendumaluladnszasundmssuasiviia
1518 0.AYAMIATIN VWD NTUVINY 10800

Sufi 1 fhew 2554

Fyqnizwiredlou Ao woseiius uaeiud agliniaui 95/63 wy 4 fvavadidio
sunaulsauuny Srfauunyd uazunodnidy aude sgthuavi 48/1 wy 12 suathumss sune
Weasduys Jwmiauniugs uasdivleu Ae unminedumalulagnszasuinaiwszuaavile lne
mans19138 955533 yueslana eSnisuiuminerdmeluladnszasuindmszuasiviie egiuiasi
308/1 ou¥aluaiuin1su aUUIAATI UNTD ATAUVIHLMILAT

Tnedyanil floudadudussivg Bnmsataunifendisduanunnasdidnuseing
shensliasazansiou loudvslunsussivifinansuidvsueiuayavstnsuazavsdug Mnedes
Wiurgsulau

v
a

- Y ' & Ve v a & yvy l
waidungumdnguuiinist flauuazdiulauldiatansiiotel 1dranail

(USERWUS  unasud)

3 e, v
(ool $eB3s, e dew
o idins &
(WednaYy auLe)

(a3%0) /G; 95\7 ﬂjgl\cﬁ‘uhu

(Mans13138 m3.5590 youelann)

4 W .
(YD) oo . WeY
(Wamslas wovasa)
- AV
o - (VL
(89%0) .......... SN e [ ................ WYY

(uaniiedy  Wnved)



133

[]
A

e ¥
%o . WUANAYY AN

A a a 4 - a ad a a ad a d
FOINYIUNUD mis"lmmaawanmwu“luumawsmaﬂmaunﬁ

a @ 's
U197 . Jagemans
isgia

szinaIua

el TuN 21 AUy 2529
#ing 48/1 wy 12 Awathunse suneier)siuys Sanialsauys 25230
Usziamsainy

Y] = 9 = a o [ [ = =
W.A1. 2544 AsoufnuInouAY TsaSous1Iusygssige Sandalnaugs

W.f1. 2547 Asoudnuinoulate TsuSouilsTnsugssige T iaynauys

W, 2551 sy’ umInodoma TuTadnszsoundmszunsmile njunnumiuns






