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The objective of this study was to determine formaldehyde emission considering the

following factors; indoor air temperature, type of resin, and thickness of particleboard.

Formaldehyde emissions from particleboards were analyzed using the JIS A 1460 method. Three

sets of experiments were conducted to investigate these effects on formaldehyde emission. For the

effect of indoor air temperature, test specimens were conditioned in a dry oven at 20, 35, and

40°C for a period of 1,2, 3, 5, and 7 days. For the effect of type of resin, formaldehyde emissions

were compared when using the UF resins type 10L617A (UF:El), the 10L686 (UF:E2), and the

MUF resin type lOL631 (MUF:E2) as an adhsive in particleboard manufacture. The last set of

experiment considered the effect of particleboard thickness. From the results, the highest

formaldehyde emission was obtained at the condition time of 20°C followed by the emissions at

the condition times of 35 °c and 40°C, respectively. The results confirm the necessity of bake

out. In addition, formaldehyde emissions decreased as the time increased. Particleboards with the

1OL617A (UF:El) resin emitted the lowest amount of formaldehyde. While particleboards with

the 10L631 (MUF:E2) resin emitted the lower amount of formaldehyde as compared to the

particleboards with the lOL686 (UF:E2) resin. Results from the last set of experiment indicated

that the thickness of particleboard has no significat effect on formaldehyde emission.

JIS A 1460 METHOD / FORMALDEHYDE EMISSION / PARTICLE

BOARD / RESIN

EMISSION OF FORMALDEHYDE FROM PARTICLEBOARDS

TADDAO PAHASUP-ANAN

MASTER OF ENGINEERlNG

MAJOR OF ENVIRONMENTAL ENGINEERING

ASST. PROF. WIPADA SANONGRAJ, Ph. D

ABSTRACT

KEYWORDS

TITLE

BY

DEGREE

MAJOR

CHAIR

!



23

16

22

16

13

7

7

8

4

5

6

4

4

3

3

1

n

2.2.3

2.2.2

CIo Q c$~~~
fl111'j9f'W'lf'WI')U'U~11l11lJeJn:)'W(Thermo-Setting Resins).

~ 4.1 QJ4!lY
fl111'j9f'W'lf'Wl')eJV'W1PI11lJeJ'JV'W(Thermo-Plastic Resins)

...
f111'j~1J1J'jv'UnHn (Hot-Melt Systems)

2.2.1

..
.of .of.:l V

2 'YIq'lJ~&1t'I:::111mfl'l1'-Jfl&mn'\Jf)-3

2.1 '~fl~
2.1.1 f11'H:h'~5~

2.1.2 'lfi1I')'UeJ~L~5~

2.1.3 1nf11'j1lI')H1'IJeJ,:j~~l1lfitllCYl1~51')

2.2 f111~'i"'Wm~1J1'Wf11'jr-l~11l L~UI')

1.2 1I1lQlh:::'ff.:Jft'UeJ.:Jlm.:Jm'j1~v

1.3 'UeJ1H'UI1l'UeJ.:Jlfl1.:Jf11'j1~V

1.4 'fflJl!~~P'W

1.5 th::: lv'lf,r~mw;h~::: 1~i'1J

i umh

d
U'YIfl

...,
tf,'lUty

tfWUru~'1Hu

fl~~n'l'nJ'lh::: fll f'I
'i.J'YIt1~U;0m'lJ"'mJ



51

vJv{~t'l~i~~ 48

4.2 11~lJ1wvJv{~t'l~'~~~11"flurimJll1f) i~fl~~'fl11lJl11.J1

U\01f1vi1~n1.J 51

4.3 Ht'lm:::'V11Jlllf)'lrUfl'lJV~!'j9l'U ~ijl1~lJ1W ms 11n fll1riVel

46

40

40

36

38

39

34

32

27

29

30

25

25

25

'II
't'IUl

'"4 Ntlfll'lfffl£ll

4.1 Ht'lm:::'V1U~lf)Vtul1flij~iiviVl1~lJ1Wfl1'jUt'lfll1rit1el. ..

3.2.2 fff)£I1H"m:::'V11J~1f)fJtul11JiJ~ijvit111~lJ1tu

f)l'jUt'l~urivVvJt1{~t'l~i~?i'

3.2.3 fff)£I1Ht'lm:::'V11J~1f)'ln11l"'t1~I'iai1.J~iiviVU~lJ1tu

f)l'jUt'l~l1rivvvJv{~,,~i~?i'

3.2.4 f11'i11111~lJ1tuvJv{~t'l~i~?i'~11~mJrit1vVVml1f)

i ~ 'elfl~ f111lJl1'U111\01f)vi1~n'U

A~ 0 ~ AV
3 llifll'lVlllUUfll'n'iUJ

3.1 fll'Jt'l'f1~f)'nvJ Formaldehyde calibration curve
. '"

3.2 f11nl1U~lJ1tuvJt1{lT,,~ i~?i'.yh:::mV~1f)1'i'1Vci1~~1.Ji~5~
'" .1 ..3.2.1 1t'l'~ ~umtu

""d2.4.2 lJ1mj1'UU":::1Jj'V1~t'l'V1J

2.4.3 1~\01'i1~11lU~lJ1tuvJt1{lTt'l~~1~?i'

2.4.1 il~.uv~iiHt'lvit1fll'j'j:::1'I1Vlm:::fl1'j\01f)tr1~

'Im~vJV{lJ1Cl~i~?i'l1.Ji~flll

2.3 lJ"fll1:::V1fllfffllVilHllfl1'j (Indoor air pollution)

2.3.1 vJv{lTt'l~i~?i' (Formaldehyde)

2.4 l1~mtlHm::: ms 'j:::mV"'V~vJV{lTt'l~i~?i' ~1f)H~\01fitu CV1~hJ''e)~

OJ ,msueu (~el)...
!



95

66

70

f) lJ1'f1'j!1'W~'f1ff1'11m'jlJ lJflf).876-2547

'IJ Htlf11'j'Y1~"fl~

61

57

59

4.3.5 f11'j '111tJ1lJ1Wms tJtl~l1 ~mJ~fl{l1tl~ 1~~
5 tflUN't1 flnft fl'lllUt1~,j'emn-HlU'U~

5.1 ff1tJHtlf11'jftmn

5.2 ~fllff'WtJU'W~

51
4.3.4 m'j'Y1~fftJ'Utl11lJ'f11'W'Y11'WUHf)~

"<!l •
4.3.2 m'j'Y1~fffl'Um'j~~t}flJ'W1

52

53

53

53

54

" "'" 'I '" IiJ 51 '"4.3.3 mnl1tl11lJ'lfW L'W'lf'WLlJtJ~

4.3.1 f11'j 'Y1~ff tJ'Uf11'jYW.:J\Pi':I'YI1.:J'fr:m.n1'W1



58

55

54

54

52

51

29

30

30

49

10

28

5

'IJ
11l!1

MDFandPB

4.6 f11'jll"\Olllrivv'Y'l~{l1,,~'glPi'~llJlJl~'jjllJ Japan Industrial Standard for

I Y
4.4 fI1f111lJ~llJ'YlllJm'lf1\Ol

, "
4.5 ~11l1lJltuf11'jll" \Olllft~IJl'lu1lJ"~ '~IPi''UV'l'~e)\OlVi~'W'jllw'l..

..
~lJ '~-e)\Ol'W11~lfl"

~ ~
4.3 ~1111~119hJ f11'j'W~'11Pi'1'Yll'lmllJl1lJl fl11lJ~lJ U"::f11'j~\Olel1lJ'\.Jl'UU'II'i'·WU1'l

d "" ""'Ylfl11lJl1lJl 12, 1511":: 18 lJ"mlJ~'j

2.5 JAS for plywood, LVL, and Flooring products

4.1 ~ lfl11lJ1'1i'lJ'Ii'lJ'U~'1l'l~{iJ,,~ '~IPi'~'j ::111IJ'iJlf1'~-e)\Ol~~tul11Jih1~f1~1'lnlJ

4.2 111lJltu rm ll"\Olllftvvl'lv{iJ,,~ '~IPi''iJlf1'~e)\Ol'W11~lfl"

2.4 JAS for MDF 1m:: PB

c:t. t I"~ -=:. 0'
2.1 'lflJ\Ol'lH)'1f1JllJ'I1lJl11lJlJ'U~'1U~lJ'Wl'j~lf1"'l.H)Hl

2.2 111lJltu l'l~{iJ,,~ '~IPi'~llJ~\OlridlJ llJ"'U~'l'Yl~{iJ,,~ '~1Pi'
2.3 ANSI Standards for formaldehyde emission

!



50

56

45

44

43

38

42

37

31

32

27

26

24

22

23

21

19

19

18

17

9

10

16

'II
'Yi'l-tl

,
'" '" '"'I'1~ru'Yf1Jl.J 20,35 II":; 40 tJ..:JR"lIClf"iClfVff

4.2 tl~fi1Vlf11'J~..:Jlml:;"j MF Resin 1m:; MF Chemical Structure

" "3.6 f11'J'I'1lO1fftJiJfl11lJ~'W'l'W~1V~1~.:jf'WLlf5101 (Moisture content)

4.1 mllJ~1.J.w'W1h~'Yf'h~tl1lJlruf11'Jtl"101tlritJvvlCl{,j,,~i~~ fliJ 'J~v~nm

"3.5 f11'J'I'1lO1ffViJU'J ..:JOI01'utJ..:J~,)tJ~l..:J~h..!ilf5101

"3.4 f11'J'Vl101ffViJf11'J'WtJ~~ 1'UV..:J~1mh~;'W i~5Yl

"3.3 IIH'Wfll'W'll'WlVltJ'WOl'n11 '~5101'Wl{~h~"

,d '" 'J}3.1 'ffl'Hl~~lV Formaldehyde 'Ylfl11lJl'IIlJ'II'U 0,0.5,1,2,5 um; 10mgll

"3.2 liH'Wfll'W'l1'W IVltJ'Wm 'Jff01oJl'YflU1lJ1tu f11'JU"101tlri tJ vvltJ{,j,,~ L~~'ill0 llf5101

"''''2.15 11if11'J'I'1lO1fftJiJl1iJiJ Desiccator lJllVl'J511'l,J TIS11"~lAS

.;\ '"2.14 'l1lO1lfl'JV..:JlJtJ Perforator test

" ~2.11 f111'JV'WI'Yfln'lf'WYl EVA (EVA Hot-Melts)

'1 v •.1"" ""1 "2.12 IflHff'Jl..:J'UV~l"IV'JlJ"Yl ~Yl (Wikipedia)

2.13 Ivlv{ih~v{~HftlVl~10 '~flYl

<Clio d cY d

2.9 f111i'JClf'WV"WVOClf(Epoxy Resins)

2.10 f111i'J9$'Wl'WiiL1ij"U19111Vl1Vl (PVAc resin)

"2.3 f11'J'I'1YlfftJiJf11'JlVll'W'Yl1'WU'J ..:JOYl

2.4 lfl'J..:Jff~l..:J'UtJ..:J~i~V vltJ{l1,,~i~~

2.5 f111Qi~V vltJ{l1",,~i~~

2.6 lm~ff~1..:J'UU..:Jf111ilJmii'Wvlu{l1,,~L~~

2.7 f111Yl'WV"" vlv{,j",,~l~~

2.8 f111LV lClfLClfVli'WlVl(Isocyanate Resins)

~ 'J)a" "~c:.
2.2 IlJtJYl'Wl'JlVlifH'l (Particle board)

.;\ bl"-I ~ '" "2.1 wtJ lJH1'W'lJ1..:J ~1i'WV'J)

.d
m'W'YI



..

Melamine urea formaldehyde type E2MUF(E2)

Melamine formaldehyde

Melamine urea formaldehyde

MF

MUF

Urea formaldehyde

Urea formaldehyde type E1

Urea formaldehyde type E2

Medium density fiberboardMDF

UF

UF(El)

UF(E2)

ParticleboardPB

• I

flUH)

!



rI rI d. I QJ .. I "" do ....1 ,,~ " • I C. I \Il 9J'lfl'W11~tlJ'W 'YI'YIfltlmfl'tI'YIn1J1 :::l.f1'Y1m'W~fl'llJ1)1fl'jlH 'iltlm":::'lJfl.:j~f111~'l 11~ tY.fn'WU'j llltlllh iu !1..!'" .
U'j::1'Vlf1'L'VltlJ:l'flJ:l'ltlVl.:jlllf1 '1'111,ril'il 'il'l1'W~~~.tiru~'il1f1 L~~l ~1 'Wmm'j 1~tldl'W '1mU'I'11lJ1'Ulf1. "
L~V~ (pressed wood) 1~v1'W~1..!~fl'Wms~~~'~'e)~~~hfitl!~'W ~ tl'U'I1~ 'lflflf11'j'\.J 11~u 1.:j'l1ll

""... '1 9) ~I "'. 1 .k.d 19)'" t • 1t'jtl'lf1wm:: 'lff11111J'W~lu'j:::tY11..! 9f.:jf111'Vl 'lflJtYl1..!u':i:::f1'eJ1J'lJfl.:j urea-formaldehyde (UF) U":::

melamine-formaldehyde (MF) resins '1'11'l,r ~~~.nru~'il1f1 L~U'fl~.:j f1ri11l~'Wt1'l1 ri'l~lfitl! '1'Wrns
U"'flU rifltlYl e{iTJ:l~~13C;)tltlf1rimf11fl'.fntl'l 'U'eJ1fl1'j ~'fl1~'WlJJ:l~'l:J'lf'l1 ~'11~ 'l L~tl.:j'il1f1-Wfl{iT" ~, 3c;)

'"
t~'U tY11 ~ ri ':U:'''''f11:::'YIU~fl~'IJ.fn'W'U tl'llJ'4 'l:Jv'~uri mrs :;mtILfitH~ 1 'il~ n U"::fl fl l1tJ1..!fh'l:J:::

'I11tJi'il~'fl'li''fl ifl ~'W~llJ~l'l1-W.:j UtlW'W~tI tJl'ilm:::~'Wtlif11'j'l1tl1Ji1~U"::.f1iju~ UJ:l:::'eJl'ilntl1,rLf)'fl. '"
lJ:::1~.:j l~tJU'j:::lil'YI'IJfl.:j '~V~~-WtJlJ'\.J1lJ1~~~1~'UlyJfl{ -Wl'ilflf1~'l 'Wmm'j '~un vnHi l~"Ufl{'fl

'1 9) 0 • .1 '" "" .. 9) ~ "1 •• 1 .. ".d ""(particle board) 'If'YI1L)1fl'j'W1'iltJ'jUJ:l~~1f1U'lJtl'l (build-in cabinets) 11":: rntUf)':iU't)'j'flVllJfll1lJ
I . 6) 'j/ Q QI Q 'j} ~ C) 'j) ycf QJ 3J

'I1'W11t'W'WU1'Wf1J:l1.:j(medium density fiberboard) t'lfttl'W~11l~'I1'W1'11':if)1l'flm'WU'W'Ufl.:j~"'W'lff1 ~

" . .ilmI1J\.rUW'I11f1l'H ~1J1l'W11 tJ1.:jvhn~ 'illf1lJ J:l'.fnl:::.fntl '1'Ufllm':i Viflthnfttl (Sick house
• u "

o ... "1 9)... '1 '1 -~ '" '1 .1 .k ""syndrome) f11".:j t~':iUfll1lJtY'U 'il 'Uf11':i'l11U'UTVll.:jufl.:jf1'U 'U'I1J:l1t1lJ':i:::1'Y1fl'9f.:jtY11'11~1f1~'il1f1

lJ".fnl:::'YI1.:jmf11fl'mtl'1'Umm':i (Indoor air pollution) L'lf'U~'U":::flfl.:j fl')'U'l.J'I1~ tY1':iLfli1 nl9f'l1~fl

tY1':i'j:::1'11tI~l.:j"l ~iifl~mtl'l'U,j' l'U'I1~fl'l 'Ufl1m'j~J' U unrmemu'l 'Umm'jiilJ1f1lJ1t1'\1J:l1t1'lf-W~

lt~~~hfitl! L~uri L'j~fl1..! (Radon) UfltYLUtY~fltY (Asbestos) u":::oWflfiJJ:l~'3C;) (Formaldehyde)
.c9 ~ ~,;r d d III 3IQ.I

L1..!'eJ.:j'il1f1tYl':i'YI.:j3 'If'W~1..!Ltl'WtYl'j'VlInternational Agency of Research on Cancer: IARC 1'fl'jU'jfl.:j

UftT;ht~'W tYl 'j~rifl '1,rtfi~lJ:::t~.:j '1'WlJ'Ifl::JV(tYm'l11..!lJ:::t~ .:jtt'ti'l'lf1~, 2554) uml'lfht-W~'Ufl'llJ"~'l:J
, ,J9I QI I 'J) I "C:l I dt d'o ~ ~ ~ odd

I'll J:l1'W"1'WlJ1'il1f11tY~f1fltY'j 1'1 tW::~f1U~'lfl1m'j U11..!1':ifl'W t'lf'W tlJfllJ'W'l:J tI'W1~'W 'I1'W'11'j fl'Vl'j 1tI'YIlJ. .
" .wi t ':it~ VlJt ~mh, snri fl tY~1'1mars 1tY~ I'll ri 1-W'W'il:: uri flVnl9fl 'j 'flfl1..!flflf1lJ1~ llJU! u1tlJ1'j t~ VlJl1

U:::U'Wfl~ '\1~fl ms ':i::I'llV'IJfl.:jtY1n:: I'lltlUJ:l::tY1':iU'j:: nnu ~l'Ynf1yJfl{iT,,~ ),3c;) (Formaldehyde)

'il1f11tY~ rifltY~ 1.:am:::~f111~'l~ ~~~ 'il1f1~hj''e)~ 1~tI1 Q 'W1~flth.:jt.:joWfl fi1,,~13c;)c'j'l1~1..! tY1'j tflii f1~'W.
il'W1'W11'j 'l ~'l ~ti'W ~l 'lil'l 'W~~ tY1'11m 1lJlfl ~fl.:j i ~'l 'WfllflU !fl~fl.:jt ~fl'W tm ::loWfl {-Wl'ilfl {~1 'l'l
... ~I _ 1 0 w '1 "" "1 9).... .k '1 ~ '" "1 t _ 1"" "1 9) t 9) _,I~I!'Ufl'Hl1n!lJ'UtYT:ilJ':i~ntJ1H'l'1fl~ 'Unl':iH"~ !:lJtJ~ Clf-:j !'U1J'il~1J'U UJtJl'il1J{]ltY1i IWJ11Jl'U fltJ)1)1ft'

..

t

""'U'YI'YI 1
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V I ~ I

~'W13! 5\91 1tfltl111fl1'jffmn '1'Wft"fIl,)::~U! 11fJil-n 1.J f)fI 'llJ~'W l,j'-nLLI'lfl~l.:j n'W 'lfUtfl 'IJtl-3fl1') (L'jclf'W)
• ,.. I !II •

Vit ~'1 'Wms ~i'iI'l~'W LIU'eJtflViUl'lfl~l\l n'W 11":: fI ,)llJl1'W l'IJtl~~'W 1U'-nUl'lfl~l\I n'W 1tfl tlY-I(1 'illfl fll 'j

~mni')tlft"llJl'jfltl1 1 tll~mlwit 11'un1 H.:J1'Wtll'lft"1'l1m:ilJ ~i1I'lLyjtl{UL'ilV{ mn 11,j'eJtflL~tlLiltlf) 1~•
lff!fl~iju 'W') 11!lJ 'lu rns tl"\91tlriavyjvfJJ"~ 19~i 1..1 tl~lJlu!~l 111tl m.htJ~l'W ~L~tI'J,j''fl.:jL~Vfltltl

v. .
2554) ~~t!'Ums 'Vl:i11Jtl~ lJlwyJaf JJC"1~'g~-n'j::111 tlVamnfl~i'iI'l.nU! cyfl3! eJtfl~~ijfl 'JllJ ~ lL~'U toW V

'1~L~ 'UtL'U'J'VlH '1'Un UiJV.:Jn'U 11UJ111'illf1lJMll,):: mrn fl'fIltJ i 'UVlfll:i ~~ ii ft"1L'HI'llJ l'ill f)lft"tflu • •
• v

~.:jflci 1') Lm::L~'W-nlJl'IJV~~l'W i,)tJi'j i'Wfll'j ~mJltl~lJ1U!U"::eJl'l'j lfll'jtl C"1tfltlciVtIyjtl fJJr:'l~ 1 ~~ 'ill f)

fI11lJLoU'lJ'Ij''U'lJfl~yJfl{iJ,,~1~~~1f)';i1 0.1 ppm LL~l'U,j'l'U~ihyjfl{tJL'ilV{'l mj~Vil'illfll3!'il::iifl,)llJ

L,j'lJ,j''U'lJa~yjv{JJ,,~lg~lJlf)f)ll 0.3 ppm fl1:ii~f1Jyjv{JJ,,~1~~lJlflfl11 0.1 ppm 'il::Vh'111'Lfi~

.d Q cv d'lrJ vd I cv a -=l

lJll'l'jll'U ENV717 - 1 9f~~"I'lJ)ru"VIllJ'VlffllJnfl~l'UlJll'l'j!l'U'j::~1J El flVlJflln::Ll1t1'IJV.:j

yJ'flfJJC"1~i~~ 1!mJflil111ml'hn1J 0.1 ppm lw~~'Uij 2 lJlmjl'UftV JIS (Japan Industrial

'I"'" "''''''''''' '" "" lI•.I '" '" dd I ilStandard) 'il:: l'll'fl1J 'W1:i'VlLflC"11JV'j~(Particle board: PB) 11:i~ mL1Ja:i1JV'j~'VllJm1lJl1'U1U'U'U l'U

mn~ (Medium density fiberboard: MDF) LL~{i'lL~'U lAS (Japan Agricultural Standard) ~.:j'il::'~
~ ~ cv "111""" lfI"cv Z A cv d'.dd
fl1J~"I'lJ)u!CVl IlJ'fl~ Parquet llJ~~tl'J::ft"l'U 'Vl~~"I'lJ)U!CVl'VlLtl'UStructural Grade UC"1::Non -

Structural Grade l'Uft"l1fl~LlJ~flll~lJll'l'jll'U ANSI (American National Standard Institute) fll'j

1~1'lJ~lJ1tU yJa{ JJ"~ ~1g~l 'U~i'iI'l.nW cyflU''il::tJtJlJl~mJ 2 ill ft'fl 1~111tl~lJlU!yJ'fl{JJ"~ 1 ~1'1'~ijmn 'U
'" '"

Q <V ""1" C:t Q.t tl.c::t. ....1 "cv dllJ d'd. .& t:::icu::s. I Q.I

r'H"1l'lflU!CVlllJ11'j~'Jtfl111 :ilJltlll"ivnml'll~tfl'Vl:i::L'I1t1~VfllJl 9f~'il::lJ,)1ifll'j'Vltflft"V1JlLl'lfll'll-3fl'U
oJ I Q,I I "cv CLI

'IJ'UU~fl1JUl'lm;lJll'l'jjl'U ('U'jlfll'Ul'l 'Y'I,)'W'W, 2545)

t1'il') tJ~ri ~~"~vflntl"tfltlcimJyJu{JJ"~ i~~uvmiUlfllfl'f11tJ 1 'U'fllfll'j'IJ U~LyJ~{ tJL'ila f
'"v . •

'illfll3!vtfl ijv~'l1mvil'il,j'v L'lf'Uf.Jtll'l1fJil fI,)llJ:}f'U 'Jj'iJtfl'IJa~I:i~'U (Myers, 1985) -nl~1'Ufll'jl1113!

eJ\91LL~"::lh ::LfI 'Vl u,,::tl~lJlU!yj'flfJJ" ~ i ~~~I'l f1fll.:j 1 'U~'U 13! l'U m til~ aU! 11f1ilU"::fI J ru ~'U. "
I I 1'"

Ll1lJl::ft"lJ 'il::LvhJfll'jtl"tfltlci vtJyJ'flfl1,,~ 1~1'1'1'Utl~lJ1W-n~ ~V~~'U '1uil :i::L'Vlfl'ff'l1f )ImlJ ~ m 1 ~ijfll'j

o • I"'" •. 1 "'... d lij "''I " d I " "... lij 31 I d'Vllms I'l:i ,)IJ ft"U1JlJ 'j lJltll fll n::: 111tJ'IJfl~TI 'fl'jlJ" tfl L ~tfll 'U1J1'U'Vln fl ft"'j 1~ tfl'J tJ')ft"tfl'ill f) IlJ 'W1J') llJ.

I cv ~ ~ fj),., d ...J " err. "
I'lflLLI'l~~'U ~LLC"1::LflC"1fl1J ~TI1 'Ul~Lf)1J'In)~UC"1:::Ll"i~:i 'UL1J~:i

'l.h:::1i'lfl'l'Uffl1mYi~ Inl mlJ~m 11~~~~'U IJ::L,j'lJ-1'J~1'UL~~-1'IJ~~tl~lJlU!yJ~fJJC"1~1~~

~ mJi 'UY-li'iI'l.nU!cyi'iU' L~~~lJlm~wj'UI'l:i1V~~ff'Um'Y'l '1'U'lJl-11h::L'Vlfl'ffllJ l:ifl V~lJ11J tr'U flltl:i ::LJ)'Vl'" .
~ijfll:il'lflfll~flln::mv'IJ~~yJvfl1C"1~lgl'1' mv'1~lJlm !1'U fll:ifl'J1Jf.jlJ L'lf'U1'Urfl1 fIl'Y'l~ hy '1~

2



(JIS A 1460)

Desicator test

Elasticity

- , -1.3.4 ~:itm l::..1fJill j;llJiJ~'V11~flfl'tJV'l~1m;'.:J~'U l,j'fl~Vi~'U! UW~ il'i'l1n Ti1 Thickness

Swelling Til Water adsorption Til Moisture content Til Modulus of Rupture 11fl::Til Modulus of

_, v

1.3.1 ~1tlVl-:j~'U 1~tJ~vn{~hAflViii'1'Ufl1'Jfffl'l:11111i-:jl11'U 2 U'J::L.fl'Vlfiv ~1VV1.:Jtif'Ui~

e)~~ll'i'illfll'j.:J.:Jl'U~Hi)(p)i~v~i'Ul'lJI'l,y'l'l1i~m~hi'l'ltl'Wu'U c1H'Il'U~ 1) ~l'UJ'U 1 lH'Il'U 11fl::~
v , "

~JV~l.:Jtif'U l~Vi~'U! U1V.:J'l'U,rV'lUB'l1'~fll'J hwi~fll1 (1'j~'U) c m Is .:J-:jl'U~I!<Ii)(P)i,j'v~1'Ul'tJ(P)
m~ll'i'~v'U1J'U (h'Hl'U~ 2) ~1'U1'U 1 1H'Il'U

9 .,; "'I <!i "1'" •. 1 "... '" i "1.3.2 lJfl.fl11::V1fl1ft'fI1fJ I'UVlfll'j'Vl1flVflft'fli:Jl l~l1n 1"lV'JlJfl~ ~~

1.3.3 11'il,yV~iiHfl~VtJ(P)'J lfll'JUfl~UriVf.J~V{iTfl~ i~~~'Vllfll'jffni:J 1 11'i'un Vill'l1fllJ
q ~,- -

'tJtlHnfllft'fllVi 'UtJ1~n 'll'iJ~'tJtl'll'j~'UVii ~i urns H~~~'U i~fl~ l1fl::~11lJ'l1'W 1'lJV.:J~1tl~1'ltif'W

'1~fl~

,

- ,
yn{~lAfl (Particle board: PB) i'Uj;l.fl11::~ill'l1.fJm'Ufll'jV1J~'Ui~.yhl(p)fl~1.:Jn'U

, -
1.2.2 lYJV1U~fJU1VifJ'UU~lJ ltl! fll'j "tJfl~"tJrivvvlv{ iTfl~ i~~'illfl~1Vf;'.:J~'U 'bj'tJ~

l'll{~lAfl~I!<Ii)(P)'illflfll1U'j::L.fl'Vl ~l~V vlv{iTfl~Ll~~ (Urea - Formaldehyde: UF) 11fl:: llJfl1ii'U

'" •• 1 ..... "'"I ..~l'JVY(eJ'Hm~ I~~ (Melamine Urea - Formaldehyde: MUF)
, -

1.2.3 1~~1'l.l~ fJ1J1Viv'Uu~lJ1~Ufl1'J.Ufl~'l.lrielVvl V{ iTfl~ l~~ \)lfl~ 1V~l-:j tif'Ui~tJ~

, -
1.2.1 l~Vfffl'l:mjmlfll'JUfl~urimJ~v{iTfl~ i~~illfl~1t)(;'-:j~'U ll~u~u'J::1fl'Vl i·~u~

- .' ,
"" ... ".1 d ~ "I v ""'.1 "I "'I i" "" ... .."'I "I "I "~11J~lJ~Hlfll!<lfl(P)fltl!CV1u'J::lf1'Vl'U'J1lJO.:J l'l1mlmflUu'J::'ll'l'lfU rurnnnnn 'll'Hfl(P)flillCY)!YH)LlJm. ~ ~

!n~e)'U(P)'jlV~V111i'Utl'U 1~(P)

3



w Q.I rI Q.I Q.I .do

'1~u~n'l:lru~\l111~U'fI~ff~'Ii~~lJ~1'l1

1.6.2,xt)\ltJ~iJ~01'j1""~1~'fIru~1W.lm'jlJfflfflll{ lJ1111Vltll~tlJ~tJ~n'EJru

~·m1~Umff~'Ii'j'jml'l1

"1.5.1 'Y1~l'lJfllll~lm~tJ~~tJrifltlvJt){~~~'1~~~ln~U'1~fl~mvl~ffmJ~t:l1mffmtl '1U
mm TYi IIIIIn~l..:)nti

1.5.2 rrun nlliJj VUI'Yi tI'lJiJ~uuum~iJ~~iJrit)tlvJfl{ ~~~'18~~1n'l1iJ~'Ut)\Im '1~'1~~~III

1I~~mllJl1ti l~lIllln~l\1tlU l~miJu'Y11\11~t)n'1um~lfl~n '1~Hillllnru~~\lmhJ '1,x'111Ln~flUm ltJ

1.5.31~\I\I1UHilI'lHillllnru~'1~fl~'1~i''IJ'Y1~1'IJ.u~lJ~l~m11'111'1'*'1ti m~iJi''lJlh \I~ ,

" ,
1.4.3mllJl1U1'IJfl\l~U'1~fl~Yillllln~l\1nuiiH~~fl1J~lJlrum~tJ~~tJ~flV~ ~{~ ~~1~~

"~~{~~~'~~~ln~u'~5~

1.4.2 ""mJ~mmffmtl'lwmll~ l'lfU~rul11,JiJ'IJ~\lmmffmv'lw:l1m~iiH~~~tJ~1J1ru

m~iJ~~tJ~flU~fl{~~~ 1~~mn'1~fl~

4



212553

~ .. " .,5. 11ml::mm'IJ6~'lJ6l,!'cl ff~]JH'cl

fmfifl1l11~tJ'UllU.:jl'Ulln::Ii'~Yil

~lllnlJ

d iI QI'

4. Ifl1Jl11J111J'I!e'Il,!'cl~1ijtJ1~
~
~'U~1'UIIn::~hf)l'~ l'l~'clV.:j

(Research Proposal)

3. ntJ~l'Ufl'cl.ij'il1ff'\.Hl.ij'emY'UtlIrrl

1I'1H~1'Ufffl1l11IlU

Cod Ad_ ~

11im~1'l~nv.:j 1I'cl::11i11fl'il::'H

"U'i::~"_n1'v,nJ6u~rm

1. n1Jl11J.ij'ijl,!'clUty'Hlfl1'i1IlU

fl'clfl1'ii51ml1l1'cl::l'lqll~~

l~tJ1.ij'V~(Review literature)

112554

.
VIl"iHfi 1.1 UN'Wf)W,l1l'U'Ui~Hm'jl~fJ

~11iJ'W~1'Ui'Wf)1~m'jffmn~ 2/2553 u"'~ 112554 lVltl1iuN'Wm'j~11iJ'U,n'Wl'lm)Vl

im-~m'jl~tI U""Vl~~~l'll'jH~1.1

5



1Jl'fl28,000

'Ul'Vl

'Ul'Vl
IQI o Co' ".1.8.1.3 fll1ffqffllJf)-:)llJlt~~I'IJlmlJ'jlt1~llJ

1.8.2 rhi'*ff8t1

'Ul'Vl
, d

1.8.1.2 fllffl'HfllJ

Ul'Vl10,000

10,000

3,000

5,000

"1.8.1.1 fh~1mh-:)~tHllJ

i ,*~lJ1h~1.I1Wff,r'lJff'lfU 1m~fl1~l')V'tJfl~,rf)fff)'}:l1'UWeVi"ffmn flW~lffJm~lJfI'lff"{

"lJl'nl'VltJ1ftrJ~1HI~l'lf1il'U ii~lrJ~~lfltJ~~-:)~8 1tlil
1.8,1 r111ffq ~tlmtU

6



.... ,
4 ~ \I)"'" ..:::. ~ .do " "c9 I d 0 Q,,/

fl11'lJ 'If'UtJ tJ fl 'ill ruu tJ 1'lJ~1tJe:!tlJ 'I1.fJ 'lJ"!~LlJtJ'f)UL':itJU 'j t:ltIU"1 'il.:!~.:! tJ tJml'l'J tJlJ ~1 'U~ 1'11 sum fll1

~tJLl1

• " I I.....1 '" 51 Y. ~l51 I CH1" I 51.... .... "l '2.1.1.3 eu LlJV~1'UL'jtJU'jt:lmL~1'Ul 'lJILr.!'UU1.:!'l'U 1JL'U1LmtJ'ltJU1'WtJ!~

.. ..
11fl fl11l i1 'il:;:'lJI'lU' t:lflfl'lJ rine U'('l:;:mllJ tJl1L'l'h nUml'lJ tJ11'\J tJ.:!'Yim.JCJt'lt!'U"1

2.1.1.2 ~hu lrifll1tJfl 'lU'tJ tJfllllL'lJ'UUN1.JU Nu1l1 ~'l'il:;: iJl'U'U l~mllJ'I1'U 1'11~tJ

ine 1~tJfll'j'111uLfl~'eNl1flfl 1'I1'LJI'IJ'Ul~~llJml'lJ~t:l~fll'j 'I1~tJ'il:;:-WllJll'1~~l'U i 'I1''lJl'U'Ul~ im1L~tI.:t

nUUN'U 'lU'v~~V-li)~tJtJfl~1'l1t11tJ 1~tJlJlflll:;:ii'IJ'U1~fl11lJfl~1~ 4 ~~ tJl1 8 ~~ 'U'U1~fl11'lJ'I1'Ul

'lJtJ.:jlU'Vi~l'UtJfll1'j:;:lJlru 8-1.5 :iJ~~LlJ~'j'

,:II I .... -::'1 i 51 d I .... • ".t:lflm1J'UUr.!'U1Jl.:j'l'\J'Ul'UflU1~'jflU1J'\Jfl~ u uerrn fl""1V1~u'U'Un'fl"1I'1.U.l(Veneer cutting) ms

2553)

.... v
2.1.1 0l"1fh'~8~ iii~fll':i-nll'll'lJ'Ii'U~'f)'U~~~tJ L11i1 (1Ufl11'lJfi'l11'l1'U 'lh.:j~'Ull'U

.. ..
ijU'U1LiYtI'U 1'1~~lfln'U UN'U1U''il:;:\lflt:luu'l1'~i'ULl'lltJU lU'V~ij'\J'Ul~ fl~l~ 4 ~~ tl11 8 ~I'l 'I1'Ul 4,

6,8,10, 15 U~:;: 20 :iJ~~L'lJm (In'yit~tJ 'ft1':il1imlJL'ft~, 2'553)

i~ V~Ul~HL-U~flt:lfllJ1L'lJ'U lU'v~flltli'U U~:;: l~v~flltl'U en ~llJl1':i:;:LfI'VI'lJV~ fll1~i ~
, ..

fll1Vii ~1'Ufl~~l'l1 ns ':ilJ lU'V~-fflriUJ'IJ'f)~ hlfli:Jll 'il1J'U 1J1un fll1tJ&~ fJ'Y~V{l1-a~ L3~ Vl'U'ih LJI~
.q u.q cu ..

'Wt:lfl1':i i'*-ffl'l11U'l'il 'lU'v~flltli'U fll1~C)jt:l'ft~'Ufl~ U~:;:VJ'Ufl~y.jfl{l11:'1~ h~ 'ft1lJl'H1Vl'U -w 1U1:'1:;;
v "1"d y I ~ ~ ,., "l" Q,I d ~ t QI .e9 v 111"

fl11lJ':iV'U 1~~ U'lJU'lfl'U'U1'11'j'fl~'lJ t'lJfl~fll'lJ'I1'l~~'f)flflflfl'il1flfl'U 'il~h'-n1 tm)~fI1t1'Uflfl

('ft1':i1'Um'lJ 11VltJ-ffl'l11UW11'll''U, 2553).

l~V~ !n~1l1flf11'j'j1lJ l~'1HntJ "1 'lfiJ~L<U'lJl1t1n\.J'I1~f)l11'iJlfll~'l1iJ~1~enn'U 1~ urns
w 'i"'" .d v .p <!I" I I .... • I i ""l 51 I "l",:I1 I~~'VI'f)'UCJt~ 'I1'lJfl11lJtlT1~1'lJ'VI~'f)~f11':i U(11mN1J'f)fl'VI'f)'UCJt~ 'I1':i'f)~1'U '11!~UV-I'U!'lJl1J'UUr.!'UUl'l "1

ijml'lJ'I1'Ul~~U~ 1 ~~ 4 3j~i)L'lJ~':i Ull1'Wl'lJ1V~~~n'U 1~tJi~f111L'lJ'U1'1111':i:;:'ftl'U l~tJi'l1'u~~:;:uN'U

I I

"" ~ IV "" <=1 !IIl1q1:l.tlU~~'HW1;)tI'YUf)tl16lJ~~

I

""Ul1l1 2



I

.... IIIV.I "" "" J2.1.2.1 me 11JH1'U'UH(11'Ur.J1)

Itfl i,j'~l'W1Jl.:j flfl i,j' ~~l'UflflfllJll~'UU~'U '1 fl11'lJ'H'Wl,jj~lJlW
" . .

0.3-0.8 ii(lilllJVll HilVl1VlVfl1lUl"1l.:j(l.:ji,j~'lJ1 'WU11~e~ t1'UijlJtl"11~lfl~ fl.:jlPifllPi~~l'WI~'UW';'.J

eernn Itfl i~~l'U1J1.:jijVlJUllJlllfl~hmrlnlJ 1,j'~ijjlf1l(lflfl11 l~flrl'llJlj (lU llJ1H~IPlI~'U ff'Uf11..
~ij Hll1 t!lr1'lV.:)llJ (l1fl mtJ~hmr 1m ;Jfl'Wi,j'~'V1j .:jfltufil'il'WIWflilJfl en

Q \4 SI~
2.1.2 'I1,"~'UM&",e~

2.1.2.1 ',Jamh:afl'U

2.1.1.6 ~~~", 'H~.:j'illflVflU"1UllJllPifl~lJ 1111lVlJ~ flV 1111~'U'Wl~lJ1lPlj ll'W 1'lf'W

'U'Ul~ 4.4 ~lPllm~ 122 x 244 lC)f'W~llJm

!

.. ""1. Y QI I 0 9J .<!!( Q.I \fI 91d 0 w v y ""
2.1.1.4 mrm 'Yllm11lJfl~tlfl'U'Ult'Ultfl'HNfl~ llJ'Yl'WllJlfl~iJ~~fl-il 'tmHl'U

rr~un'W m1~1i' 5~'il~Lih.JLfI~fl,nj.:jflWm'W'Ufl-il '~t)~~-:W~~'~5~~1i'mfJwlflrl'llJn(l1i'tJf)\fl

'i'Yht~fl1~ Uv1'il~~fl-il'~fl11~nflWrrlJ1J~'Yl'WJl i~ f1l1~'i'ci''lfi1~ w'Um1'V.Jtl1,yt'l~'EJ~ ffm1lJ i,j'

fl~~'i'mfJ1'W'H~fl1'W~~ilJ\lflJlm)~fl11lJ4'W 1~VlJlfl'il~ 1i'f111'lfi1~ YllrJ 1""tll,yt'l~eJ~ j lfl1iJ~. . "
\lfltl11 i,j'fl~n1'1 hIYiVilflflfl~l'HU lfJ ',j'fl~'b'ij~ ilJ'Yl'UU 1iJ~n 'lh~lJ ltu f'eW(l~ 90 '1Hl-il1,j'5~
" , " I I

n.:)'HlJ~YiHil~flflfllJl'il~ 1tf1l1'b'ij ~ Yllm""el,yt'l~eJ~ 'Wflfl'ill flU V.:jijf1l1'b'i1~~'W.yj' tHillPl i,j'5~

I d.9 ~ '" 0 -: I '" 1 "" ",.9 ~ "'''' Y Qt'b''Wf1l1tfllJ C)f.:jIU'Wf1l1'V1'Y1l'lJl'illfl'Ul'UlJ1'b''U'U'lJ11 rm ,jjlPl'U'illfl'W'lf C]$-ilIU'Uf1l1'YllfHl1m'lJ(l~

-W'lf1'If'W'Ynflti'1v11':)'1U(l:ml1'illfl fflPl1~':)1~'Wf1l1~Vil'lJl'illfl'1nr-ilffIPl11'UlffIPl1LL(l~m~~flffIPl1
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..
"I "I • I v

l'HClflfl11lJ'lf'Wu'i::lJltu1VtlCl:: 2 - 3
" ,... IIJ ~ v • IIJ. I v "" .,

(3) 'If'ULlJUW1~::\lf)'Ul LULWf)'\J'Wl~~1mmfl.:Jfl~'\J'Ul~ (Air separator)
" I JI, ,

';'U i~Yi'\J'Ul~ 1m\iLfi'U~~\lmi.:J iUrj·Ufl1fl.:JVflV';'U i~ L.wfl1'H~~'\J'Wl~111lJYi~fl.:Jm'l'

(4) Ul '~~'~'\J1.Jl~lJl~fflJn'Um1 rifl'U~11.JL'lY1Lfl~fl.:JnlU~'W

(5) U~'U'~~::\lf)thlilv.:J~l1.JfflV'Yil'U 'Urj.:jLfl~fl.:j5~ ~.:JUH1.Ji~~::\lf1t1~
" ". ,

'l'::wjl.:J~f1f)~.:J!fl'W~1'mY (Heated press drum) n'U~f1f1~.:J~1Lgf1(Pressure rolls) ~flnlfJ.:Jn'U'uVi
.Q d .cI 11)'" tic. Q .c:Ld t ~

~tul1iJlJ 140 - 200 fl.:JfflL9HUC)1VffC)1.:j~::L~Ufol'W'Yil'l'~LflCl'VllJfl11lJ{J1111flL'Ufl.:j

(6) ~~ 1'H1~'\J'Ul~111lJ~~fl.:jf11'i

, "
(5) f)l1Yiii'l1j'U~ 1U'l'::tYl'W1l1'i'U i~U'l'::tYl'W n'WL9f1.J

m1~1~vvJfl{iJ"~'3~ l1~fl m1rl'.:JLfl11::"r'lfij~~'U

2.1.2.3 Particle Board (PB)

111fl '~t1~vn{~lfi~ l~'WH~.hJi'tY~~nl~lf) '~'H1fl1ff~~'W ~ij
... ... • ... of.d " ~, 111 v.r d ~ , • I i
nnuu U"~I9f"~ 1my (ff1'UU1::f)fl'U'Yifl"mlJfl1'Vlfl~ 'Ulff'U tI'\Jfl.:JLlJl'UflU'\J.:J)l'U'Uff1'Uu'i::fHJ'U 'U

"f)1I tu::~ \If)~~l1j 'U~'Ul~ f)'l U"::U urn 1lJ n'U 1~'U H~'U 1~tili'f111U'i ::ff1'U V'U'Vl1Ui1lJ n'Ufl11lJ

"'" Q.r ~ !IV'1fl'U us .:Jfl~ fl11lJ'lf'U U":: 11111.:J

1V1Q~hJ 1~Q~mhflty~1i'i'Wf111 ~~~ '~5~'Yil{~1f)" i~uri

(1) i~111vltY~~ii~m1'U 'H1fll9f"~ l~ff li'W 'lfl'U8VtI

(2) '~tll.:J'Yil'il

(3) '~~m~U~ff

(4) lfllli~

9



.,
'lJtl{~ fflm'J(1uti,:j~11Jn1'Jm::;'illt1~1'IJfl,:j'U'W1~~'W1~'V11~~1'Wfl11lJ'I1'W1i'ifl~ 3 ')$ij", ~tl u~'W

board 1m::; Shaving board ItJ'W~'\.J

3) "n'hltll~ 1~H't'1'~1'I'Utl'lU~'\.J "n'hlru~ lm·Hl'~l~'Utl'lU~'W'Wl{~I~"

~ ~
l1n'il::;(1m~tlmtl'Wu~'W~'Wi~"mJru~,r'W "l 1'l1'\.JChip board, Flak board, Wafer board, Strand..

, v

ii"n'hlru~l'll'1 "l tl'Wu"~fJnfleJtI~1m~~tl'l~mI'l1'ltl'W~-;w 1'lf'W~tl'l1~fl~'Wi~~'IJ m~~ tn~~l'11ty
J' I "1 v d ~ I d'Q C\ d' d ~ ~ i 91 Q,I q CJ di

UfHl'IJ 'Un'IJ U'Vl'llm::;~mJ III 11J'W~'WUV.J'W'Wl'J~lf"''lJtl'J~'Vl''m~'illn')$'WlJ"n'hlru::; 1~"n'hlru::;'I1'I.J'I

" ,I ." ,

2) "n'hltll~'UeJ'I~'Wi~Yii~V.Jiil'l ~'Wi:U'Yi-wllJl1 ~V.Jii~II~'W'Vn{~I~mJeJ{~

~1nm'l.nuU'W ( kg / m3)

'" I .'" '" ,
'If'UYI'lJMII~'U'W1~V1lfl(;l'U6~YI FAO 1976 CS 236-66 TIS 876-2532

mlll'l1'Wlutl'Wvll (Low density) 250-400 < 590 -

mllJ'I1'Wllltl'W'tJl'Wnm'l (Medium density) 400 - 800 590 - 800 500 - 800

mlll'l1'Wlllhl'W"'l'l (High density) 810 - 1200 > 800 -

1) "n 'hlru~ ~ 1llJ'I1 'Wlull WIJ eJ~IL~'W WlllJ'I1 'W111IIW1J tl{lII~'W~ 1~dJ 'W
'I1"mnrucr1i'W~lu'Wn')$ij~'U~Nu~'W'vn{~I~" fflm'J(1ff~'tJl~~~Uff~~i'W~l'Jl'l~ 2.1

Yl1{~I~mJfl{ ~'t'1'llJl'HllI ti~flfln if1',.1mtl')$ij ~ Im~(1 m~ tln~eJlIl'lnl'll~ fl'W..
'hl 1'l1lJ"mHU~')$ij~~lIti~ ~~fflm'J(1u1i~ i~1~tI~1 i'tJ~~if

m'W~ 2.2 1~'e)~Yn{~I~" (Particle board)
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(2) t111lJlll'Wmfl'Uf.)'1i~ (acidity) 111'IJ1J'il.utJff1rlqJm:::'YIlJ

1fltJI'I1.:j~UUI'I11t111lJl~1'l'WUUm tJ1U~'11Pi'1'UU'1ff1'.iV~~fl 'l'Wl:::'I111..:Jm'.iUfl! UlJ ff tl11:::t111lJ111'IJ

m~~'1 Yil'1'11'ffl1ffl1tjfl~~~1~tJvJuflJ1Cl~i~~lnflUumtJ1V1Bi11lJufi'.i19fi'IJU~'11Pi'1i~L~1~lJ

(3) mllJffllJl1t11'Wf1111UtJO (wet ability) 'UfHi~LlI'W1J'il.utl~
• v "

ffUlqJlJ1f1 '1lJf1111nflllHV~mUtl11:::111Hff1':iV~~flnU;'W i~ ~111,r l'UU '1;'IJ i~'lfij fl ifllj

'1 iJ d I <9 <> <9 "11" 1'1 <> 11 "lIJ ,..'"mumurun 'lJm11 UO'YI~'1Ufffl'111fflltlfl~flff1lJl1t19flJl'U1llJ ltJ~1llJ l~fl
" -t d2) r:TOlJW:::'ltli1'1'UU'1:jf'Wi~ (Morphology of particle) 'If'lJ1f1{lfl

11ild i" d " '" I d .1 ~ .: d lq "d ILlJ'YIU1.:jU{l:::U11'i1:::11t111lJU'U-3UH~l'IJUHU~'UU..:JUrl'IJ'YI~..:J'U'IJ1'WU..:J'i11f1'lf'W10(1flllJ'YI1JHf111

_~ IV ~.c:t I ~ , ~Q Q ,

2.1.2.4 'U'\)'\)tl'fl'llNtl fl~::'fI'U VIeeuu VI'\Jtl~U~'U'Vf 1')Vllt1t1 'Utl ~ ~

1) 'lfijfl'Uu-:Ji~ (Wood species)

(1) t111lJ'I1'W1U'I1'W'UU.:ji~ (density of wood) 'lfij~ i~~ljfl11lJ

11'IJ111'11'W~11rlV'\.11lJ1rli11'1111UUNUVI1f~ l~ClUtl f fl~ljt111lJ (-i1.~~ll'Wl::: '\Itl~IlN'W'):::~ 'lH~ V'ln'W ,,:::i:i.. "'"
m1lJU~.:jU H'UU.:ju~'W~.:joi1U~Unrli1~'i11f1'lfijfl '~nljt111lJ11lJ1U'I1'W ~ '1011 111B.:j'i110:jf'IJi~u~n

" ,
11'W1U'11'IJ~ '1011n~f.)lJiiu1lJ1W ,rUUf111 ih i'l1':jflJi~nljffl'.i tjfl~flffmrffti\J,r mJf)i1~'W ~'1ri '1rl{l

'1'I1'U~lJiit111lJU~'1U'.i'1~1f111

,t , )I I

11 ,.. 0 '" "" '1 iI 'I iI... "".1"" 11,..... '" • ...Lflt111lJWWlfflJ11fflJVf1'W l'VW 11ffllJ1'.it1l'lf1~Qf.)'W~VlU Lfl'.i:::flULm:::L'.itJUfflJ1lfflJVf1'W

(4) UN'WVI1f~Lfl(lUBfflff111i'uLnuliYtJ-:J LlIUUNUVl1f~l~(l uuf~~' oN

0~~tT-:J111fl1V1~lU L~UCl~m'.iff:::~U'WliY{J.:ji lJ 'I1'U.:j(l-:J1flUYi1f11'.itlU111fJ19f1:::iU-:Jll1'WUlJlJ~l..:J.,

L'lfUAcoustic board lll'W~lJ

" "(3) U~lJl'nf~lflmJflfflff1'11i'U' oN~lU.:jVilJ i '*ff111fuYi l'l1'Wfll~~l'UfJ..:J

1!llJlt1 ~u'W~ 111'W~i1~.tiw~UNU l'nf~lfl (lUUffl ~~i1~LlIUUNU ~111~{JlJU(1::'liflm:::flllJ'YI11tJ '1'11'

4) 't1'olJw::mlihillioNul:: 1U'lfU r:TOlJw::Ol'Il<Nlll:: lV'b'u'UfJ~!t~lAYnf~
.. .. d • i-I'I ii_I "i ..~ IiJ VOl .:lmUJflHI 9f~ff1lJ1lt1lA1 lJ l'lflJl:: LV'lflAfJ'IJ., Lflfl..:J'IJ

(1) 1L~'IJ'Ynf~1~(11mffl'lnj fll~fJml'1 '*..:J1'IJtl1U'1'lJmml 1~'lJu~'IJ'Yn1~

lfl{lUfJffl~ljf111~i1~111lJri1'W'lH1i 'oNm1g1lu -WfJflJ1{l~'~~ 11~lA U{l::m1~1~U llJmlj'W

-WflflJ1{l~ig~ 11~lJ ll1lAIPi'1U'.i::ff1'Wii'0t10U1 itlioN.:j1'Wiu~ ~iim1lJt1-:J'YIlJ~fJfftl11::H 1fl"",UlJ
"

tl1Uf1{l1.:j l'lflJ '1<N.yhl1J'W~m'lmlA ~tT.:j'l1'fN 111fJ~'lJri1'IJ'UU.:j1-WfJ1ijl'i1fJf111'IJ~'IJ

(2) mJ'W'Vnf~lfl{lUUffl'lfijfll~Uf1111 ,*~1'Wtl1UUUOB1m'.i ~i1~l~B '1'*
..:J1U'lJ~ljt111lJt1..:J'YI'IJ ~ f.)fffl11::: U1fl"",BlJ~-:J i '*f111YJUf.)(lvJf.)flJ1(1~ 'l g~ 1'.i~lA f1111lJ(llii'W

vJUflJ1{l~ig~ 11~'W ~i<Nll1'IJ1Pi'1tl'.i:::ff1lA111'W~'W
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8) nl'Jvi''Uffm1::u~'l.Jno'I.Jfll'jI~'l1'W (Conditioning) 1I'ltJ,jfl~

I!~U~~1'Wfll'jUI'l~0'WUft1'il::'I11lJl H~'fJru11.fJii 50 - 60 tJ'lffll95~I~tJff ItJ'l.Jnm 1 ~'l 4 1'W I~tl

I )I I " I

IljOflfloW11VU'l1'11111~tli'I.Jniifl11lJ'l5'I.J ff 'l~19l~1~.:j
" "

6) fll'jfl1lJfJlJfll'jtJl'l~tl'W (Hot pressing control) fll'ji~'J::tJ::!1m

~~1 i'W'lf1'l IIvi'WtJl9lUu II~'I.J'il'W~'lfl11lJ11'W 1~ 11111'W191'il::rrun 'j (l,ji' lJV 'j 'l ff:J..J'U~1!s 'lVi'll 11titJ1•
'1 d .1 "1 'J) , '1 Y , eI ... ~ "1!j1<9 ~ "" iii'" ~ ,rnu LU'Vl~'l'IJULI'lI!~::ff'lH~ L11f111lJ11U11IU'WlJfll'Jf)'j::'il1tJt9l1'illfl'lfU Lfffl'l'lf'I.JH1 Ll'lfflJllfflJelflll

ms i~'j:::tJ:::11m i'Wfll'JiJ 191IIvi'I.JUI'l~1~1

7) fl11lJ11'W1!1l1'W'lJ0'l11~'W(Board density) fll'JloWlJfl11lJ'l1'W111,j'I.J
,iY'l'" J _I'" _1 ..... d 'I 'J)eIJ iii Y , ...""

'IJ~NI!H'I.J lJ 1'l1"!'l'IJ'I.J'il::ffllJl'jflU'jlJu1~fflJlJlP1f111lJU'IJ'lU'j'l'Yll'lfl~ 1111'l'IJ'I.JLI'lIIt9lfflJlJlP1fl11lJfI'l

"5) fll'JL~tJ'l~1'IJ0'l;'Wi~ (Particle alignment) f1l'JH~t9lIl~'W
" ,

'Wl{~I~~lJo{1'l1I'lfJ 111ii~'W1~1~ (J~~1'IJ'l.J1'I.J'l'WII'l.J111lJ1VI 'W'Vll'lI~(J1tl'I.JlJlflVi ffl'l 'il~~ 1i11fflJ,j~.I" t ,.,

'lJtJ~I!~'W;}l'I.Jn9f'Wi~I~(J~~1'IJ'I.J 1'I.Jtl'I.J iifflJ,j~fl11lJU~'lI!'j 'l"! ~fl':hl!~'l.Jnii~'I.J i~l~ V~~1ti'I.Jl! uu
v ". "

1uutJutJ'I.J ~'lijl:.IlJi~9f'I.J1~l!lJlJlfl~I'l'~ (flakes) lJlflfl';h~fllJ'IJ'l.Jll'll~flIi10'l'illfl~fllJ'il:::I~ tJ'l~ 1111

'IJ'l.Jl'I.Jnmnfl

" , ".1""'" 1 d odd ~4) u'jlJ1tllfl11lJ'lflJ (Moisture content) 'Wmru'VllJfl11lJ'lf'W'\Jtl~
" ,"
~'Wi~1 u!1~'WIlP1~VlJtJl'lltJ'I.JV~ lJ lru "!~ Ilj O~lfll 'jtJl'l ~tl'W1OoW11)::ii,j~lJltlllJ lflln'W 1,j iiH ~~ ern 'j

Inl'l,jfin~tll'Wtl~llJofl 'j195<j}'U~I'l~~U~::;}tJ~1~l1m i'I.Jms 1I~'l~1'\JtJ'lffl'j VI'l~I'lUl'W~U ~'l;}tJ'l i~
cvj) J ~ ~ CLI"1't 14

'J:: tJ~nm 1U fln Ol'l'l'0'I.J'I.J1'I.J'IJ'I.JU~~lfll'l1JOJ111fll'J 'J::'llJl'l 'illflfl11lJl'l U IOU l.f1ltJ 1 'WUH'Wninn
'" "1.1 0 'l!ll '1.'1 .1 "I !II1f1'I.Jru 'Vll!11I1H'I.Ju~'WO'l'\J'I.JII'l

.., 9) ..,,l d "l9)'" ,., oJ "l' 'J) ~ "19) ..,
lP1NflU'\JllJfllJ'lf'Wlf1lll'l IlJ'\Jl~lP1'WClf~ IlJffllJ1'JfllP11'W'Vll'WUHI'lI'lII'l,,!~Ufl

3) f1l 'J1~ffl'J VI'l~1'lU~ ::ffU l~lJ 1I~.:j(Resin and Additive

application) 'lfijl'l'\JO~ffnVI'lU~::ffl'Jl~lJU~~ iifll'jl~ffl'jVI'l~l'lltJ'W~11h::ff1'W0~ 3 'lfijl'll;}lIn

~11 11U~lJ ii'lf~H 'hn!OtlM~~ff1lJ1'j flf)'j:: ~1(Jfl11lJl;{lJ~lnl9l1)lflnl 'j~19l'l~ff~ll fflJ 01 VIPH'lOI9l
"" <9 9).1
l1~w.J'W Vfll1~U~ri ~~-n'l111fi1nl'jfll'l 1I~::IIHI'l~'\J'Wl'W tllJP'h'l1'W1wh-J "!~'U'W 1I~::iifi1nl 'j'V'H)~~1

" " ,
'Vl1~fl11lJ 'l1'W1 nl'jl'll'l ciflaJ 1 rm '\W1(J~1'Vl1.:jfl11lJ(J11~1'l~'l II~~;'W 1fl~l'll~Viii'\J'W 1I'lfl11lJ tJ11

"
mrlJ~11 11Hll;}1'Wfl11lJlI ~'lll 'j 'lVI'l!'l1~fJ1m(J1:w~I9l~.:j Ul11 i'1J'ff'WIfl~1'li~~11'W1U~~ aU ~~111H~

!
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o SI", 1C)I "" i" '" 0 "1 "'"'Ul'W'Yi'W1Yll-3 Yl~ l'Wfl 'I1fl'W'Ul1<f1<f1

3) OPP ltl'Wfl1)tJ~~1U'U'Um~mfj 'Yi~fl -Wi; lll>i1Jt'lJ1.;Jfl1li-lifl11

SI

1) fl111J<f1~1t1m~~lfjmllJll'nJ11>i1\l'l ~.:jul>i 30,40, 60 u,,~ 70 umlJ

'::'1 ""2.1.3.1 fll1lJVlN1 (Lamination)

d " 31 ~ I(4) 1Yl~1tJmlmfl'W fltJfllJlllJ'WUY-I'W

(5) t'hlJ1~Yl i~l~'II'Wl~~l'i'fl.;Jfl1'j

""'" ""Tlifll':iNi.WI

(1) lJliYl'l~'U l'l1ll ',j'~mft'll~ff 1'i''Wff'W ~'WtJ1\I'W11l 1ff'l:H~V1,j' uaernn
" ".d 9"::1 d'!fl'Wflfltl"1 ""1 1'1111mfl.:j'U~ !m1J'WY-I.:j~:;mtl~

(2) lJlj:-l.:j',j'~'U~U~1 i ri~-3 1'Wtl.:jfl1'W (Rotary drum mixer) I'lffl.!tl'Uf111~'W

tJmft'll~ff tJl-3'Wl11 "1~"1 lJl:1J1Y-1fflJtl'Ufl11ff-31ml~'" U~1~.:jU~liJ'WU~'W 1~tJfln:IJinu~.:J ~tJU~..
• , SI"" "" 1""" ~ '" ,,, '1 ~ "" '" '" 1 d~1tJmlmtJ'W (Dry Process) l'WV 'Yi1fl~mllJtJ~1'11'WV11~'Yi1l.:jlffll !V'il'Wl'U'Wl'WmYlV1fl'W ~VlJfl11

lil'W~1'l11V'll1~ffl'W iifl11lJ'I1'W1Ut.J'W ff-3..

Material) 1'lIll

" CJ d ~ ~ Q,J ~ 0 9 91~ ...1(Hardener) U~1tJ.:JlJ'ftTHmHl'Umfl'W9$lJ (Sizing agent) U~~ffl1'V11 !'Yi1fl~Y'lV-3(Blowing agent)

2.1.2.4 MDF (Medium Density Fiber Board)

MDF (Medium Density Fiber Board) 'I1~tJ u~'WitJ',j'U~~1llJ

, .1 .J::1 <> ... "'.1 ... .J .d"1" 0" '1'I1ll1U'W'W1Jl'Wflm-3 9$-311J'WY-I~YlflruCV11J'j~!fl'VlComposite Panel '!f'W~'Yi'W.:J'Vl!~~lflfl11lll1'ft'W V'IItJ-3

U(1~'lI1tJ(1~~11lJl~~ tJ~fl1tJi'WU~lj~V11J.yh '1~iJ~.:jV'~
9) ffl'H~lJUI>i.:j (Additive) 'ft111~lJul>i.:jlrJ'WiYlfl~'U~fflf1\lJ~fl~1

• u

" 11 I I , Y

'lI1tJ'llf'Uth -3i ~ln~f11'j ~~ci1lJlJl'!VtJ~.:jmllJtiI'WYill~fll>il-3tl'W lYiV'1~ii~11lJ'ftihr[;1':IJv LY):IJ1fl~'W. ..
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" "'Ill'l1,rfl'\m.:)t)1'Wl1~fftl1J (g)

(2.1 )
, 3

fI11lJ'I1l..11Lll..l'W(g/cm ) =~IN

JJ , "

fl11lJ tll1 U~:t: fll1lJ'H '\.J l'Utl.:)9il..l'YI~ff'e)'l.Jl~'e)'H1'll~lJ 1\91'J (V) u~:t:fh'W ltu r11f111lJ'H'W lU ti 1...1 'IJ fl':)'M'W

l~~~'illflfflJfl1~~ (2.1)

51" I tI

'IJ'Wl~ 100 x 100 iJ"~llJm 1l1f1,rl.l,j19il..l'YI~fffl'l.Jltli'~'Il1'H,rf1mh~"::I~tI\9l (rn.) 1~fl11lJf1~1~

,
2.1.4.1 fll1)J'H'U1U'U'U(Density)

~~UHl..Il~~~~lPl'tl':)fl1'J'YI~fftl1J\9l1lJlJl\9l'Jjll..1 TIS A 5908 - 2003

2.1.4 lfit)l'a'YIVltrt)'I.Jf.l\Utr)JtWi'IJM'~~VI

fl1~l1~'ft'tl'l.J'vh i~l~tlfl1'j\9l n1lYi\)l~ W 1\9lllJ " flEl tu:;\9l1lJlJl\9l 'J i11'Wtl\9lftl'H n'j ~lJ.. .
"1'lf'WlJl\9l'J.lll..1~\9lffl'Hfl'j'jlJfl1'jl1~fffl'l.JU~l..It}fl..li,j'~~U'l.J'l.J'jl'U uen. 876 - 2547 'lJfl.:)ll1t1 'H~fl

"'.'1 ~I !IIm'lJ:lJl~';jjp'U Japanese Industrial Standard: J1SA 5908 - 2003 "V~t1JlJtJ !lJl.I\9l'W

JJ , "

flltll'Wflfl U~:;Yllfl~~~~~ml~ (Build in) 1l:;iifl1'JvhiY-vimnv'li'tmeJ'W u~:t:"l~.yi'1vvi'W~lt1

"1) f11~vi'WiY'Illir'W 1,riY~~uti'W~1JV1fl 1,*1'Wfl1n11\9lnU~~

, cI
2.1.3.2 t)l'aVi'Utr

d' _ QI ~d ,

'IJ~'Ul'W r-IMlflf.lF'l'llJfI11lJl1'W 111'W\9ltlmll

7) HPL (High Pressure Laminate) ~iJtllJl~tlfln'W':hvJtl{llJfl1 vh1M'

J:-I~\9lntucnn'WJ11~ i,*tJ~:t:fleJ'Ul 'Wfl1~J:-I~\9l1fl~'e)~flf11~dj'Wmh~~

JJ

6) f11~il~~l~lt1 Melamine paper 'ft'llJl'Hllltl~n'W'Ill1~ lltl~nlntlV

~ Q !II i!lldJ '.1 .1 !II'.d QI5) fl1~1J~~1~1t1 Veneer ')fl'U'W'ft'l'W1JJ:t:fltl'U 1J~:t:\9l'H'Ulm~ 'H'H) \9l1...

JJ

4) fl1~1J~~lU'U1J Membrane Lll'Wfl1~11m1'lJ'M'U~l'U L.,j'11'UC}ieJfl'H~eJ.
JJ JJ

1tl~9h..l ~1'W l~lJfl1~~~ mf11ff'e)tlfl1l1flt}f'W~1'W ii"hNl'WlvJtl{U! 'i)'e){ U~:t:fl1~\9lflLl~~ flltl1 'W...
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1.1
2.1.4.4 fll'lVll'U'tll'UUHflVl (Bending strength)

l~lJ f)11'VlllffV'Uf,JWfflJl~.:jf1"'IJ tl'H1~lJ i,r~ll 'I1l~llJV~~ fffll'HlIPlf1'11f1
Q.I.4 , Q,I ~

U"~lJV~"fftJll'l1~'U (Modulus of Rupture: MOR and Modulus of Elasticity: MOE) 1Pl1l'lflJ'VlllffV'U

IPlllJlJllPl:ii1lJ JIS A 5908 - 2003 fiv mllJf1~H 50 ij"illlJm fl11lJV111'l'V.:jiliU'vtJf1il 15 l'Vil'UV'l
" ,

fl11lJl1 lJl'UV.:jU~lJ i,r 'U1f1 50 ij"illlJlPl:i 11'l~lJ'VlllffV'UM'U'U1LvilJ l V'l i''U'UV.:jlfl1V'l'Vl\PlffV'Uf)1l

" '" -,..; '19' 11 'I" .J .:IPlllJ'VlllJUHf1ll ll'l~1J'Vl 2.3 L'lfUHf1ll :i::lJ1W 10 mmlmin L'YIUHf1ll"'l'UlJ~llfHf1Cl1.:j'IJV.:j'lflJ

'VlllffV'U11l~lm'lf11l"l.:j~1l (Maximum load: P) um~jlillJ1W~1fl1llPi'llJ'VlllJm.:jf11l~1f1fflJfll:i~

(2.4)

'\J I'{\ ?j 4 Cf I
" ~ ~"eJ1JfJ'YIfl~t)U'U

(2.3)

"mllJ'YIlJl'l1~'lu'li-Wl (mm)

"fl11lJ'I1lJlntl'Uui-Wl (mm)

..;
fflJf)1:i'Vl (2.3)

" "" JI I

fl11lJl1lJl' lJ'Ull1Wf1"H~lJ'VlllffV'U \)lf1tT'U-Wl~'W'VlllffV'U~llltli-Wl 'lJfI1'lflJ~Yif.lW'YI fJij 20 ± 1
"" ,

tl'lf111Clfm~{Jff 11l{Jhr~lJ'VlllffV'U~lJv~hi'fh-Wl'lh~lJ1W 3 19l'lJ~llJm l~'Un"l 24 'l111lJ'l U~1-Wl

~'U1'llmfli'U 1M'tlM''llW ~1\Plfl11lJl1lJ llPlllJ~lU 'I1"j'll~lJ jIi l'U 1W~ lflll'V'le'lvj' 1'Vll'l f'l11lJ'I1'U11'l1f1

"
~\Pl~'U'VlllffV'UlPlllJlJlm!llJ JIS A 5908 - 2003 'lJlJlll 50 x 50 lj"illlJm 1\Pl

2.1.4.3 fl1n'H1~~1't11'lf'lll'-J'YI'U1(Thickness swelling)

"
-Wl'IHrf1mr'l~llJmlV'U (g)

"-Wll1tTm;VlJv'U (g)

""l 1 'IIJ vmllJ'lf'U lJUH'U llJ (%) = [(ml - Illo)/Illo] x 100

! ..
2.1.4.2 f'l11'-JV'U1'UUN'U',y(Moisture content)

vj'llU~lJ,,r~1l~IPi'V'Hlll'Vl1Hff)'UlPlllJlJllPl'lil'U JIS A 5908 - 2003
, " "" I

'U'U11l100 x 100 ijC1~llJ\Pl'l thlll'l1,nh","wf1 (m.) 1'llmr'Uth~'U'VlllffV'Uillv'U1lJllPllV'UYif.lW'YIlJij
, " JI • JI • • "d QI 0 Q,I 4 4 0 QI 0 do' a

103 ± 2 V.:jrfWlfC11ClftJff'If.:jlJl'YI'Uf1'IJV'l'lflJ'Y1llffV'UllJVlJl'YIlJfl1'llJfl'l'Vl(Illo) UC1~m'U1Wfl1fl11lJ'lflJ

mtJ1lJu~lJ ',j'Vll\)lf1fflJml~ (2,2)
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.. OIl ..
(4) fll':itl'Y'lVnClf

"" _.I Iv <:Il4 tI2.2.1.1 nl1gl'nJ-ntl'l1J'tlVlltlVl (UF, Urea Formaldehyde)

fl11'lfi! VlU':i n~ijf11':i~~'U 1mh.:Jn~1.:J'U11'1 U"~Ltl'U~iJ tllJicNtl'U{)~H
UVi~M"ltJlJl'i1lJ 60 n-j,UU"'1 L~lJ1l1nicNvJ{){iT"~'~~H'tYlJtl'U~L~ uhffl11lJ1 eu ''Uri1'UH't'I'lJ~

Ltl'Ufll.:JVi1' ,fLnVlLlJ1i"{)"~L~ tI ul'iV'l iliLtl'Uf111 u"'1Vi1Ufin~(J1' 'Uff1'U HfflJ~Ltl'U n'.Hl ~.:JM~VI

ilfin~ till VIrJl~ lJ I'i H 'llfij 'tYfll'Y'lLtl 'Ufl" H U'" 1nl,)VI J1{) tlfl 111n ff1'U H'tYlJ~ u1fl ~ 'U'ill nn 1':i

~I 4!i ~l"t'Utl,,'11sV't'I'l':i V'U

(2) O11'lfii 'fI~ln'fl1l1n01':i Vil'ufin~ tl1U'YI'Uii 'Utl'UYJ'UmlYllv-W V{iT"~i~fi'
(3) fl1':iI':i~'U'lfi!'fI ivlClfiClftlll'UlPl

.
.Qr, ~ C$cv4\1 ••

2.2.1 fll1l'19f'U'I$'UVlU'U.:Jg)ll1Jtl'!tl'U(Thermo-Setting Resins)

dj'Uf111L':i~'U~U~'I~11V1t1f11nhufin~tl1'Y11.:JIf1ij InVlLtl'UllJn'1fJ,,~ijlm.:J't'I'1vl
v

'tYl'lJij~ mmJ'tYflTV'llrh.J'\lV-!lu;-!Ii'Ul1ml~er;Jfl'I.J 01)1011011U'fl~'fIn'U1,r011'lfU 'fIilm.i\j tl en1~
Itl'U 4 milJ (Thermo setting resin, 2553)

(1) rmn ~'U'lfi!VI~lnVl1l1nfl1':iVil'u fim fJl':i~'1111'I-Wv{iT" ~, ~fi'tl'U~L~tI LlJ"lij'U

L;; 150

J...
2

Radius
approx. 10

J...
2 Radius

approx. 10

Radius 25
approx.10

25
Load

"f111lJ'I1'U1'UV.:J';'U'YIVI't'I'tl'U(nun)

"~ ""f111lJn1H'Utl'l'lf'U'YIVl't'l'V'U(nun)

p UHnVlrt.:J~Vl (N)
"f111lJtl11'U{)'I';'U'YIVl't'l'tl'U(nun)L

b

(2.4)~ 2
f11':iVl1'U'YI1'UUHfWI(Nlmm2) = 3PLl2bt
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•

Urea Formaldehyde

H H H H
I r I '

N-C-N-C--N-C-H-(~
I I I 1 I Io=c H H o-c H H

<V 0 q 5/ d 4:S ~.d 151' ~ 51 ~
11'(l~V'l'Vl1L'I1fl'JllJU'IJ'IUH'Utl'lf11'j V~~~lJUU1 'WlJ~l'(l'l fl'JllJ~l'W'Yll'Wfl 'JllJ'l$U t'l~'(l'l 'j~v~nm

rns Inu~ mn (fl11wnov'j) I1~M f11'jIl~~l'j~vlJJII~ l~~'Utl'l fl11f.J11fJ~{ll ~I1~ h~i urns
'"~ , ,

lliiU~'11'W,r'WffllJl'jmhl~1~f.JI~1J~1'jIVilJu'W li'W ~I~U IlJCl1lJ'Wu'Yl'Wil'W19fI~vlJl~cMII1~~ UIl~

m~ vil'W'Yl1Umil'l ~tl'W"l LLvlfhn:'Vili,rfl1'Jfi.:J'Yl'Wvlml111'(l:;fJUl 'I1lJij~~'l~'W~lM ~ '1n'il:; l11u 'W::;tJl
, , ~

'1 vi V'1 I lIT Vd V '1 vi d d d d 'J)L'H 'l$L'Wfl1'j~VLlJ'Yl~'e)'1L'If 'W'Yl"llJmllJ'If'WIIII~lJmllJ'j'e)'W

.-=t .. .I "41..cj11l rI QI' 1 i QI rI ~ t:!:tf111~I'jVY'lV'jlJII~ 19~ fl1Hl~ff~ff1'W lJt'l F:U 'Wf11'jff'llml~'I1fl111'j9$'W'illf1 1.8:1 'H'j{l 2.0:1

'i,r~lf1';h 1.6:1 'I1~vi'W1J1'1mw~10'l 1.2:1 f11'ji~-ff~ri'J'W llJII F:U ~1"1 'Wtlf1'illf)'il~~li,r~f)'H~lJ

9 ~ ~.,. v ""' V V 9 V 'I 0 i V d ~ .1 'J)'j~v~nm L'Wfl1'jff'llml~'I1I'j9$'WU'(l'J f111'Yl ~'il~~tJ'l L'If'j~v~nm L'Wf11'j'Yll1111'U'I~1'Wl'W'U'W~1V•

" " ,
UllJ1Vl~YlJnUUl IIft1HfflJnUffni".wi,rf111U~'li1 (Hardener) djtll.ij'ln'Wl~~Uft1 ~'1Ul'll'Vl1U'W

th1~~'il~v'hnng~~~ ffl'j'lhv 'll1'fl11U~'1i1'il~ij~m'Wli1'Wm~ ~'l'il~ '1l1fl1~lJ i,rll~n~ Ul'Yl1'llflij
, , ~

1'lf{llJ~1'Yll'1'U11'1l1'H~~tJiinlt111 ~'UUl:;.yhf1n -ff'11ml~'ti' f111In~1l~n~ VlfflJ\j sur~'W 1~ fJlJms i,r
, ~ ,

fl11lJ f au nu II 'W1fll11 rJU~ 111'1 i,r u~'1i 1tJ'I;i'W ~1 'j i1V i l1'f111LL~ 'Ii 111i inU f111 fJ11V
'"

~fll JJII~ 1 ~lOlfl1'j Ill'W'lfil~m ~VVUlJlf)"1 I~V'I'illf1'111fl iim ~ IIn 'il~~1 '1,r~h l~Lf)~ll iin~vl

19 1~'j 1t'l9fdJ'WHt'l'l,rU'W1f111IiYV'I11Vfl1'jt'l~fl1'jllt'l~ll"tlvnl'j~f)lJJt'l~ 19lOl'illf1Ylil~fiUl cr11~~i i

'" '1 "" Q d I d 'J/ Q d ~I d'l$'W~2 tl'l L~UfHI~V1f1'il~lJfl1'jYlnlJnl'jlHU'IJ'I~lV 'Hlf1'l$'U~ 2 ()'1 f1'il~IWfllu'W()'lfl11Vl'lm'jV
It Il q q QJ

rI QJ .d til rI .d. .J d d • d.d ~ d II) 'J) Y I _~ ci

~tl'jlJ'(l~ L~\Pl1 Q'I f)flQ'I'I1'W'If1'il~I1J'WffnlHU'IJ'I'Yltl1'il~~YlfflJ~Ul'WlHJ'W L~~1Vl'lf'W LLU'Ifflt'l

uih~'W"1 'I1~f) Vl'l~'W'lJl1 (Kaolin) 'I1~tlUflIlI;UlJiIll~~ f11'jl~1UlJfl111~UUlfl11N'I'Hcln'H~Vf111

•

, ~
ln~ll iinlVlfl1UUlJU ~'W'ti'ri1'W~nlJfl11Yil.ij'lJ.ij'U'H~V~~'j~L'H v't.hlPifJ11l~'U 1~ltl'U~'11~ UU lfl11

V V I'Ll I I ~ i "II V ""'I 'J/ 'J/ d d d
l'IJlJ'IJ'WtU'W'W~l'W~nHl"1 'WuIIB'H111lJ'JfJ'W'Yl L'Hfll1lJH)'W~'IfN 200 V'lfl'W1HH9W~ fl11~t'jU

~ . ~ ,
~tllJJII~ '~1Ol ijfl1'j ~nnJlUn'Wl1'1i'Wnm'W'lJtl'lL'HII1 U'(l~lrJ'WYl'l ltl 'WYl'ln~:a1J'Wl1'1 tl'lI~U1UIl:;.

•
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!

. ..
PB ViiifJW tYll,r~~1fffj 1'flVIl!'Vil::f111~1'U muIPitlfll111~'UU":t: fffll'Vi ~'WVhV1f1lfff V'I.J 'IJ tl.:JIIH'W

d Q.I d " ,." 1 \'})ld" 1,,~ GI .d d ~ ~
MDF rrrnumuu U.:Jllf)l) &'If 'Wf1l,)'flV ~1l'Yl'fltl'lf111 'If'lf'W.:Jl'U &'Wfffll'Vi'YlLtJUfl'lf'WlllU

(1ff-UV t.:jtJ '):: Lff1! , 2548)

• I ".

~lLiJ'W~V.:J1~~w'I11JlJViVi11,r11~.:J~l'Yi~.:Jf)11 UF I1lPiiifll111~1'U'Y11'Wt11U"::~Wl1 .QlJVi"l.:Jl~~f)':h
" d ~ d I ~ I d d 0 w .a"
'IJVlffUflV11f1l MF ~.:J t}f.:J~.:Jml11f1l UF (l.:J 4-5 1'Y11'il.:Jllf1l1'Wl11l~tYllf)'llf1l1 UF I'ViVCl'fl'fl'Ul'J'U

d , .J Q1Q el I QI QI I I

11f1l"'111Uf)11 MUF glues t}f'lfJWtYll'lJ'fl'IJV'If1l1 MUF 'IJ'Wtl~f)'llff'flffl'W'IJtl.:Jf1l1~ffll,)::'I111.:J

MF II":: UF uf)~lmh.:jI'lf'U L1'flffl'Wf1l1~ffll'IJV.:Jf1l1 MF IPivUF = 40:60 ~'il::'lhutJi''lltJHfll111•

i" 'i"dQ,l.d a Q,I ", Q c:.d <it"f1l1 UF f1ll UF 11":: MF 'lfffl'i'lflU l111'IJ.:J'fl1'V11l111tl'Uf)'WI111U'flffl~I'flllL1Cltffl11'Villf)'ilt &'lfffl,)

.,. '" '" ~ 'I'" '" .k ~ • 'I v d,11111V 'Uf) 'W "f)fj rut 'II tl.:Jm i 1)::111'Uf1l1 '1111 ~ff 11111V'Unu t}f'lf) 'il:: 'Yll &'11U'W1nrm tYf1ll MF

d" ,., Q,I .d ~ Q,I I d' QJ d1q tI 0 ...1 A~Q drnn'l 'Ufffl1lt'Y1 il1f1l11J':iV'U f)'llffl1Cl::mU~ffll'Y1I'1111V'U f)'U lI'flvJm llCl'fl ~g'fl 'il:t:'Vll1J{)m Ul1l'fll 11.. .
tl'll MF lllf)f)11 UF ~lULl19Jijf1l1Vilf1l1 MF ~'1iif1l')tJCliltJriVUff111::1l1UvJV{11,,~ig~Vi,rvUf)11

2.2.1.2 f)nl1Jt11ij'U-vhd1Jt1meJ~ (MF, Melamine Formaldehyde)

LiJ'Uf1ll~m"1Uflii.:Jtl'llf1l1 UF iif1l')t111,J1t~l1~.:Jf1ll UF ,.h::mw 20

w:hiJ rm UF II":: MF 'il:t:ln~Hllf)f1l~Vil'tlfifWU1'IJtl.:Jffl'UV::lJl'U (amino) tlm,.nvJv{l1,,~lg~

~ lei" QI QI' ~ .d I ,,~ I ~ I

1~ tl 'U 1I'flf) 'fltl.:J~:: 11'fl~:t:1.:J11111 'Uf111'Y11l1111:t:'fl tl f11 ~ t 'If'll'UIl'W.:J 'Vitl'VI'U'VI1 'U'fle fll111 'If'UU'fl

i,j~1'U'VI1'UJl (,)lU.:J1'Um'iffmnL1tJ1fi'fl~~'flfiwcn'ht,j, 2552)
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on1u h"tlfl Lfi~" lnu Dfi~ tll'UV~W 'Un "fi'U~t:l{ l1" ~ i ~~ f1ltl" vi'
ffml~~1~'Um~ (pH 1 - 6) rl'~ri1'UYJ'UVrlviv~v{l1,,~'~~Ul~lJlru 1 : 0.70 - 0.85 lrlv1,r

O11W'UVrl~V{l1rl~'~~ Ln~"lnUDn~tl11'Y'1~L1Jt:l')LClfi'U'Ut)~YJ'WVrl

nlJ~v{l1rl~'~~ 1~tlvt1 'ULL,j.:jL~'U2 'lfij~fit) O111'U11LLrlfi(Novolaks) LL"~m1~ 1Clf"(Resoles)

lLvi~ ij tllJ'llllJ 1" '*" 'U~~'CY1l1n)) un '17~~~ il!u) ~neu l1nl~ 'Un 11~ 1Clfrl~v~"'U1Unrn 11"1

(1fftM ~~U)~1'CY~l'2548)

"il!V~L~tI.:jL~tI'U

. ..
"'Um'll~iJ fI.ff. 1930 \1n'\.hlJl",*t)~1~U'Y'l~l1rlltl"'U~~'CYll1n))lJ'l! L'Wt)~~~u~'W~'Uil!v~..
(Particleboard) LLrl~'l!V~(Plywood) nm~iJ fI.ff. 1970 ii01l'llllJl",*,'Um~lJ1'Um7~~~LL~'U~'U

.. .
A.Von Bayer fl''U'Y'IlJfli'~Ulmijt)iJ fI.ff. 1872 ii017vrrol'UllJl~Hlt:l~

'" ~I lit " '" ....d,.,.x 1"'Um~'V1~1J fI.ff. 1907 Leo H. Baekeland 1~'Y'Irol'Ulm~lJ1'UmHlrl~H'Y'It)mHll'U'U ~tI

h~~1'W~~~011Ul1~U7flLtI~'th017"'UWf:mr'U LrlViJfI.ff. 1910 ",*~t)011'V11~01)fl'1 'h "Bakelite"

2.2.1.3 flnVlutltl--rltl1,rtl~eJ~ (pF, Phenol Formaldehyde)

.d 1" '" ..1 "'" '" lit " .mnn 2.6 m~'CY71~'Ut)~011LlHlllJ'\.J'rfOllJrl~I~~ (Rishole - Sundman and Wallin, 1999)

• .r
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..:.

, "
PF- resin l1~.:J,",lflfho~ffl'jfl'Wm1'1 L'lfU111~1" 11~~ Gums ,",lf1fll'j",ti~ nn'~.:Jl'Wfll111'Y1'l.JUU

... \1" ... ,Qd 0 ,.1, ')I, • I .,j..,. .J 0' jldtJ.:J lJl1'W'J'H"lfJ'Wn U~f1lJfll'j'l.Jl 1J 'l$ 'W1Jl~1J'j::l'Y1ff1'WnH~91PB U~~ MDF C)f.:J1l~'YI1'HlJfl11lJ

...
2.2.1.5 un,.,,.,,., (Tannin Resins)

Q eft ~1.1.k Q ..,. " .l 11) "msU'YI'WUU11J'l.Jffl'jl"lUV"1J'J::lfl'YIMU~911lJ1inlJ'lfl911fl~vg 'WlUV llJ

U~~IU~flf11~1 UU~lJ1WlJln l~tJ1'Q'Wl~ i'W1U~Vni~lHn U~::1n911~{1 11'Y1UUUl11U~n~tJltiu

P-RF resins H~91191tJm~1~lJ Resorcinol HrI'lJiUfll1 Resole ii'.i::tI::
')I ... "'eft d: "" ..,. ~,.,"l~'Y11tJ'lJfl.:Jfll'jn .:Jlml~l1 l1J'Wm1ffUl911~1'IJlJ 1'lfi 'WmsH~~fll'l.J IlJU'j:: mu (Laminated beams)

l~tlij.,rv~ 2 ~n'l:lw:: fiv ijfl11lJ~1'l.J'YI1'l.JJl U~::ijfl11lJi11'l.Jm'jl11U~n~tll~.:Jl1lJltlfl11lJ":h

ffllJl'jtl 1~I1Jum1~tlW'H1Jii~llJln'l ~~1Jl~flf~~10.:J 5 V~ffllC1S"I~tlff ,~ Para formaldehyde l1J'W

ffl'H1 .:JU~n1t11 (Catalyst) U~~'jflfJ~fl '~1l~U~.:J~1~tlW'HiJiJ'~O.:J 70 n.:Jff11c)H'I1~tI'"u{I::ijil'nUtllJ

'~H~ '~NfflJ 'Ufll11..1fl ui'uU~.:J~WfflJ,j~fll'jQ~';fl~·;h-3 '~1'Wfll':i~~ l~l1u'j~u

Formaldehyde)

fIl1l1C1Sil ~ nff' .:Jlfl'j1~...r1l1mJun~ tl1'UV~yJfl{lJ1~~ '1~~~lJ1mnU 'Wvtiu. " .
l-l'Wv~yjv{il'~~'~~ fl1fJ1~nfl11~Vil~U1U'ff (pH 8 - 13) iill11~U~Tt"~::Cl1tJ i~tJ~1'1U 1~

w '~I ' "I <I... '" 111 <I <!I .,j 1')I ')I..,. , 111 ')I ')
n~n1'Wl"l'Wfl~~fll"lmlJ"~ HJ~ 1 : 1 tI.:J1: 3 IlJfl 'Hfl11lJ'jfl'Wtn~fll'jfl1Ull'W'W 1~'lJU1~ llJmfJ~

1'HtY~'W U~lJlWyJV{lJ1~~'1~~~lJln'Wfll11'M'ln~'H~llJnt'l'W{l (Methylol) v~1'WllJ1f:)fJ{I'Ufl.:Jfll1

d Q,I c:., a.e$C) "1')1 ""1 d. Go' .d "1 " cia ,., :U'IJ.:J~1 UUflfl 'j 1C1S~91fl.:J'lftlW'H1JlJ 'l.Jfll'j1l'IJ~~1'Y1"l.:JU"::1~Ll'W1m1'Y1lJfl11lJ~1'W'Y11'l.J'W1U~::
" .

fl11lJfn'l.Ju~::1~fl'j1 'lfU~ 1191~ l1J'l.J'lfu~Vi1.n'l.Jfl1'jHil~1l~'l.J1Jfl{~1'lf'l.J i~8~ PB, MDF

~I "' • .1 .t ..... ~ "2.2.1.4 nl1n\Wil-l'lClStlClS'lH)il ntl'UlilVlIe'JVI (P-RF, Phenol-Resorcinol

QI 0 111" GI ,.d 111 v , ~ 111 91 d" "II) )), Q.Inumsm ures U91U'YI'W'YI1l~'YI1m1U'WUJU1.:J'j~1111.:J'lf'WllJ1Jl~n 1'lf llJ1Jl.:JU'lf Impregnate fl~m1

'Un1'j~~mtlnT,) Llti";I1Jci~w'l1~'H~m"H)Vn Llti'1111lJ111t1.nh~nuti'W911lJfl11lJ'H'W1~~V~fl1'j 11(\'1

8~~1t1m .:J~'W"l.:JlJ1n 1~V~~fl11lJ'H 'W1Une '1~~1 ~lJfl11lJUtl 'W~ijfflJ,j~ 'YI'W'YI1U~ flms ffnl1 'jV '1~
~1J1n)

fl11lJfv'W ',jn1lJl'Hl1l~~~1'~ li1v~1l1nlhJ1lJ1WyjV{11~~ '~~U'tJfJfl'h ~~l,jln~l1~llJn~~tJ~
" "i ')I 1')I " ')I Q... ,..,. c!

(Methylol) vg 'WllJmfJ~'lJfl.:Jm1 ~fl.:J <Jfn1'J'lf1t1 l1m1U'IJ~~1 (Curing agent) l'lfW l~n91:alJtmm.J

~ ~ .c!t ~ w "J i ""l~~'l::lJt.! (Hexa methylenetetramine) U'WfltJ rm PF 'lft.!~ it.! i1Ut'lfl 'ff.:Jlm1::l1'IJ'W Unfl11::'YI

eft ""' ... , ""~ "0 ,,,eft w ')I ,')1 .
11.J'I.Jn'j~1l~~lJn~n1t.!'lJfl~ F 'YI~1l11nll::~V.:J'YI1 m1Jt.!m"H)~'jV'Wll~ 'lfHexamethylene Tetramme. " .
rlnlJ "h'W''HtY'~''W.:J1'W1h~~'l:linnlJ'~1~m·lil~~u.:J1'WViVilfflJ '~rlil~ Wafer board 'lfU~Vilff'l:l

i~tI'~ Novolacs ll{l~i.n'Wm'jrlil~ Densified wood (Densified wood rlil91i~tlnn'lh'~1J1.:Jfl(\'1t1
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=

d g d.c::. 0 _IQ~ I QI

V'VHlf)9!'1f1~'illf1f11'j'YIllJfJf1'Wl~::'H'Jl~Bisphenol-A f11J Epichlorhydrin
• JI

i~I~'U Resin "'iJull1tTf)l11nHln~l~'l n'U ~~ijflW 'Cfll,j~~l~n'U 'lil ffl'j'I-T"lt1'1fij~ffl1111f1Ul111 leN

lill! 'Cf15d~1L~~(ffl1,yh i,rU~~';1) 1L1i~ieNn'UlJlf)!L'Wil1nlt1'lu 'UW~rl'fl8 Polyamides u..;"tlf);l'.icH'U
d «v .d q" 1 i" Go' QI " 1 i" Q,'" d Q,I.Qi(Epoxy Resins) 'il~LI~':)~1'V1~W'l-TIJll'I-T8.:jVIti 'Jj'UH~l!tl~'U81Pl8 lllnf1'UVtl llfJWffllU~ l!m'j~~

• y •

'liV~11.:ji~~1~tlmf1 ion'U':)l'U ilY'il~ieN fl..;"8f1;I:icH'U"'lil'U'U8':)1'I-T"JijUll1tTf1111mf1,,~hu,,~ hii ri•
';TYh,,~mtl~tJ~':)'il::U~':)';11~tI,jan~tllUUU'j111';1 (Addition reaction) ~~hiijf11nlty,i1{)

~,,~i\~'illf),jafi~{)1~.:jiJf11)~tyliY{),jllllW1Yitl~l~mr8t1 'UW~~lJ''UU~.:j~l

Q .q a q
2.4.1.7 flnlleuu~rt8f1eu(Epoxy Resins)

.
illrtn 2.8 f111'lei9!"C]ftJ1l'U~ (Isocyanate Resins )

=

. ".. i" <!i -::'1 ~ '" i~ "" """ "" ead'Ul11l '1fmtl 'il'U(l~u fI.ff.1975 u'il~U'U\lf) '1fl'Uf115~n~ PB,MDF !L"~ OSB UJtl~V~f111'Jj''U~1'U'V111

fl1111'V1'U'V11'U~~iVltlf111~~lfiVlf11'jtiVlL'l1~tl1'V1l~lflijnu ~m1'U U"~I9!'n\1 i"""i'Uill' iJ5lm~~u~

IrlVI"'tlU,j~1l1\l1f)11 'teNi'Uf111~~~ PB H~1 ieN"\.J,j~1l1W~~l!L"~\lflYi~'il.wll~llTil1'li'U 1l1V~~lfl

& .d "",J'. i~"....'""1 Y& 'l i " df11'W~L'I1'Utl1UUU1inll'1fl~'U'il~'Jj'1t1nVlf115 '1f1111~Q~U l~fI.:j 15% 1~{)'il~ l1f11l11U'U~!LH'V11.:jf1"

2.2.1.6 fln'~ leu'eumluVI(Isocyanate Resins)

UlY'll ~~\lf)'1eNl~'U Casting resins L1n~~1fml'J'UV'JiY (Paint media)

~ I -::'1 I Y '" ~.. '1 "..." ... "1 '''1'' '" '1 '1~'JU\Pl'n1u fI.ff.1950 L1~'VlN~l'U'Jl'U unnuums '1ff)'UtHWl1Hl III 1~'jUfl1lll'Cf'U ~ 'Uf111
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'1I'W~l1mfJffl'l1~'Ufll'j~Vl I~'U1..:J f11'.J~Vlm::;Vllfj 1m::; PVC foils n'U II~'W PB, Hardboard u{)::; MDF

1m::; ffll1 ~'Ums il'J:;flfl'U~Hi::; I~'W ~'W..

01
.!l.l ... '1 'j) Q " I ~ I III "Q Q 0 IUCl~1JV~fl'\.J 'Hf)1')WlJVVflillfl'UVIVlVl1'HJ f>ll'U'Y1~Cl';j'W';j'U'UtN !lJ1Jl'1'll''UVlVVnlJ1 Ul'HlVllJ'iJl'WlflU1." .

d i"Q.I It} Q.I Q.I 19"1 .d q'J}r;v Q.I dd ct~1 I .J
'Iil~ (Mineral fillers) flm'iJ 'll'fl'WUl9ll9leJ..:J:i~lJVl'.J~l..:JeJfllll1 Vl'Wl1'.JeJ !'ll'fl'Ul'fYI"J'VllJq'Vl 'IiILI'WVll.:l "11.:1

iJ'W'iJ::;"flVlf)1'.JII~.:J~'1'UeJ..:Jf111 itJ f11'.JH'fYlJm~V 1Cll1::; (Metallic salts) 1'lf'W 1fl'.JlljVlJl1~Vfl"fl~I'WfJlJi'W...
Q.I "" : d.% ,d 0 Y Y ~lVl'.J'Vl 'Il::;tJ';i'UtJ1..:Jll1fll'';i19l1'W'Vll'W'W1Vl'U'\.J Ul9lfl'll::;'Vll1l1m~f)1'.JL'lf.:ll'W'UeJ,:mlJ (pot life) 'fY'\.J"fl..:Jf11'.J

l~lJ UF 1m::; MF 1m::; IeJ 19f1CJ1V11'W19l1'.Jc)f'\.Jn\)::;'lf'1fJtJ~tJ'l.h..:JUlJ'jj~'Uv.:Jf)1'1~l~ fll1 PVAc i~n'W.

01 "o 1Yd gJ 0 "cS Cl
'Vll l1lJmllJI9l1'W'Vll'W 'W1U"fl~mlm eJ'WVl'U'W

llil.:J~1'11 'WVll1~Vllil..:J'll'iJVl~'W rrnns tlI~lJM i tJH'fYlJlvleJI~lJfl11lJl1UVl

01,

iHi11tl'W.:Il'W 'hm 2 U'U'U fiv

1 1 1
.. '" Jr , ~ ~ .. .;. II"'''' ,..1)U'U'U g lJ 'W{)llJel'.l 9f..:J'iJ::;VV't.JVl1'Vl'W'VHlJeJ!Vl'.l'Ufll1lJ'.ieJ'\.J

1 1 .. '".k. .. 'I ,.., .;. <!l .d
2) 1l'U'U fl- 'W"flllJfl'.l 9f..:J'iJ::;lJf11:i !'ll''fYl'.lI'.l.:l (Catalyst) I'WVnl';iflVlLl1WJ1

~fl'W~l..:J lI~n'll::;V..:Jfl..:JVfl'W~l~~tul1fJiJ~..:J'l iJ'W'fYllJl'Hl\1fltJ~'UtJ1.:J 111'ljfll1lJl1UVl~ ..:Jl1~fl~l II~.:I

l1~elVeJ'Wl1~'W I~ (Rigidify or flexibility) u{)::;uillJi1l1~eJ 'friHfliVlQlvleJ l11'lnVli1eJ::; 11nl~ nl'1'll'iJVl

,
.::to Q' v.41/

2.2.2 f)l11';i"1lU'lIUVlelelUVll111el'H)U (Thermo-Plastic Resins)

'" 'i "'~ '" '"2.2.2.1 f)l11';i"1lUIYHl nUUell"111VlVl (PVAc resin)
e! ~ 'j) I QQ.I Q.I gil d Q.I "PVAc 'W1VlfltJflVll 'll'flfli 'WnJmJ{)'ll''W IIlJl1'll::;U'U..:JVl'11Vlflnl:i L'lfmllJ... ..

,
c:j Q <d co; .c:I

il1'VfYl 2.9 f1111'.l9ftHIVHlfl9f (Epoxy Resins)
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i )J ~ cI q ~ ea
flHffl1'l'V'l'Wjl'W'U'tl'l EVA polymer fl1'i1'il~lJllllJ1W Vinyl acetate "l.:l1l1'Wflftl'1 ~1 111fllJ acetate

~ I ?t d'l ~,,~ ~ ~ 0 01 ~ a
1l1lJtI'U Z-blade Mixer ii~11J'Wfll1~ 'Uml11lJ~'U l1'H) 'lJ~'mfl'lffl111'I.J Z-blade l1l'tl blender fl'U

y
2.2.3 fll1'I::UU"HlllA'm'll(Hot-Melt Systems)

y ...
2.2.3.1 fll1'Itllll'tnl'l'lfllVl EVA (EVA Hot-Melts)

~ , & ~ '"
ml Ethylene vinyl acetate 11J'Wff1'W~H.YlJ'Utl'lEVA resin C}f'l11J'W~1

l1~fl'l'Wm'Hfi~mlV~~~ (Adhesion) Im~fl11L1~::~~ (Tack) ""::')1~~'V'I1flld1i11i (Mineral filler)
, v

I'Vhllfl'W,)11ff~lJmlV~~'I.J (Cohesion) lm::~~t'Utl'lm11L,,::V.:l'li1t1ft~~'W'I'J'W~1t.J 'W'tlfl'i11flUV.:lii
, .1.1 d" ..,j ,d d

ff1'WHfflJ'UtI'I 'UH'I Lftfl'WtltJ l'V'I'tlfl1'I.JfllJ 1 ::tI::n ftl ms liI~uft ~V~11L1'1fl1111 'U.:l,)l Uft:: U'IlJ

Anti-oxidant lvi'tl'lcMft~1L'W1i,.j'lJm1Lfi~llfifi~r.tl'tltlflci'~CJf"'Wl1lr'tl~lJm1~f'tl'W m1H~m~lJ i~tI

fl11'lriLlci'W, ffllL~lJ (Filter), fflm'tl'W~t1t1flcil~'W~ ft.:l''Wlfl~'tl.:lHfflJlI'I.J'I.JZ-blade ~ftl'W ~'1,fl'W

Ifl~'tl'l~' ,*'I.J~lm~,)~L1ci'W ftl'Wuft~ '1,ru 'l.li 'i111HfflJi~i1U.:lfflJ\llW li 'WVi~ ri1'WHfflJl 'li'1n'W i~~
. • " v

ff1'WHfflJ~'WViLl1~'tl\lflL~lJL1ft~HfflJjiHlfl~t1 'lllUfl 30 'WlVi 11~'1'illfllJ'W ri1'U HfflJli'll1lJ~'il~ QfllVI

'ia d .d '" .,J '1" d...., • .... ~ d ....... d ?t d
ff ~::1tI'W'Vl'il~Vll'U'W11fl11U'U'I~1flV'W 'il::'Vl1ml~~I1J'UllJ~'1111'tlV~1~ (Extrude) 'tlVfllJl'1J'U'lJ~..
l1ltltll~l'1~l'1'1'U'Wl~~l'1'1 mlJ~t1'1fl1l lll~1'1'UtI'Ifll1'~'W#'Hhti'fY1J1fl '1 'Ufllnh i'tJ'l ,*,vitl 'l~
u'lli'il-,h i~f'I.Jfl11lJf'tl'U ~ll11'Wml'Vl1fl11 ffll1f'I.Jflll~~'U'tl'I.J (Edge-bander) i~tl1l11f1''illflflll

'Of)ms '~tllJff .fl1'V'1'Unsm 1'ill flllfi O~til V'tlflciL~i'W '~f) fll1iJfl 'il~Qflifl ~fl'I.J~ lt1UiJ'I talc ,vifl

iJfl'ln'Wfll1~'I.J,~'Wt1'm.J '1'Wq'l Lfl~'tl.:l6~~~ (Extruders) ilms 'lcMdll1f'I.JflllHfflJ~1ml1ljfl'Un'U Am::

... '1.... ,..,j.J, 'l" . ?t d "l"'.1 ''ill dffllJ1HIHft~flll 'WftflllW~~m'Ufl'l C}f'l'b'1t1l1ffllJl1fl'Vll11J'U'lJ~'1 L~'11tJ'U'UlJlfl fltJl'1 L1flmlJ
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. ".
fl'".hLiiv'1,*O'U'VI'WFhVi'Jl'U11t)'UVV1-:ll'lf'Wpvc

aa y cv ,,9 o'lYQ
'\lV~ Polypropylene, Polyethylene 11"::: l'lClf'WV'WflC'1lUn'UIsobutyl-isoprene rubber lYlV'Vll!l1lfl~

ms U\Pl::91~(Tack) 1j~f1llW::f11'il1 ClVlJ1l1"1~~ n,h lw~m ilJ~1jfl11lJLl ~-:lUHf11':i Vfi1l1~U1~~
""""ev ,.J '1" <1 ev <1.1 , .,"" ?t vlm:::lJYlnfi"V~f11'J11"t)lJ1l1" 1Ufl'Uf111 Clf-:l~:::'Jj'1U11f11'lU'\J.:J\Pl1L'J1'\l'WU\PlfflJ'U\Plf11'lL1J'Wf111~VU

~ 1'W'Vll'W~ ~V;m~w11fJiJ~~~~'W f111'Jj'iJ~if fl~lU 'l'W"v'Wumafl~ ~ln'llfi f11un::l1 'h!lm ~ 'l'\llJ 'W
1Yl~llJV{~dj'W m~''\llJ'W (Fatty acid polymers) o'U 1~m·;1j'W (Diamine) iil'U1nvim11'nlllJ11,*

~1'Wliiv~~1f1~fimHllJ!11"1~::~ ~lJlflU"::~lU~t)f11':i oxidation elt~ffllJl'J ovhhffflJ1J91f11'i Vfi91fi

!~u''ll~,nr'W1'W'Ul~flf.:J~~1jf11'J1eNlfl~t)~'Yllf111~ilfiVdi 'Wn1"lfi'Whm~'W f1111Yl~m ~lJ~ 1jf11'J1eN

1uils ::l'Ylfl'ffl1f!mlJ~ f11 ffl111'Uf11':i91fi'\lV'Uuv;~:: hhLYl~l1"lU 1'W~~'W LaV~~lnihlmu Yl.:Jn"';'

EVA 11":: 1Yl~~1L'Yl'W11C'1ltJ1'Vh~1

2.2.3.3 onl"a16if\vh1 (Polyolefines)

'1eNO'Wi1iUYl~l1 CllUtTn'1'WV\Plffll1m ':ilJ'~ LaV~ 'iJln fflJU91nn Vfi91fiV-:I•

2.2.3.2 on l"ihtl'~vl(Polyamide Resins)

1jnn'1 eN1'W'll1lJ1WUVU ri1'W1mUff1l'tf'U f11'J91~'\lv'U~~v~ f11'Jfl11lJu

iI1"~2.11 f111~t)'W1'I1~1'Jj'iJ~EVA (EVA Hot-Melts)

, III"Urrw IlJ
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t, "I 'J}

ff1lJ 1Jlfln ~ll1'1.hvti'Wt1dl-11 Iufl~l 'WlU'tltJ\lffU Cl::Cl1Vlhfl1vi~~m.hvl~tJ{ 1Jl~U Ifl VUfl~

.:i t dad "'" I d ~ ~ ,,~ .:'l dff1':iCl::mv'W~:: 1JLffrlV1l1JflLf1U L1'Ul'W flmQYll::'VI~ru'l1fJ1J'l\l ll::flmm1J'UflH'IoWtl':i1Jf1 ll\l1Jfll1
"t I ,

Q. Q,I Q,I 4.cS .c::I , .c:t 0 "d ~ QI Q.i " I ...I "d d'
l\911J'ffl'S VtJ V\I '11'i tJ'VIl'SVfl11 ffl1 'VI'VIll1\J 1 'VILU lJ \P) 1'ffL\91U Cll'lfU1 l'lf'W 11J'VIl'UUCl 5-15 rut11 1'If'U\91

l1rfllJ'tllV 'l\J~U'tlfl\lYl111oWfl{:UCl~ igfi' ijU'i:: LV'JflJi 'U!llJ::~ltJ'U 'ffl':ii\l ~'Wffl'11 i'tJH~\P) nru~g'I.J
6fllnfllnv 19f1J 'lhi UVh1~~Ylmff~fl'lfiJ91fll\1 '1 'ffl'Hl1UV':l'ffl'11i'uHn91 ,,r6~~ii4m~ VfltilJ'Jl

~l~U-oWtJ{:UCl~lgfi' l1~U ~'UflCl-~tJ{:UCl~,gfi' ~1-MLtJ'Wf111ffl'11i'ULoWfl{iJLllU{1,r i<Nvh L~1Jlvtu

'I d' 1 '''i''1JClfll1::'YI1\1fllfllfl'fIlV LWnfl1'S (Indoor air pollution) 'YI'ff\lNClm::'YIU ~HJ\91H\91flr;! 'If
" .

fl1f11'nrlJlJ1Jlfl1J1Ul1CllV'lfiJ~UflVhhTltyUCl:: LtJ'U'fflm~ i "rlnflfll'j L~ulhul 'U1J'\.ifltl I~VlQ Yll::

.. d "'" , • .1 .. QI"'" 0'L'Sfl1J::lH lflUfl L1f1fl'W (Radon) Ufl'ffLU'ff\91flff (Asbestos) LLCl::l"ffl11JCl~ lelfl (Formaldehyde)
" " .

'ffl'S";\I 3 'lfiJ~ihiJlJ'ffl1n International Agency of Research on Cancer: lARC i~i'U':ifl\lul1T}l

!'it d'i9l"" 1 di .. QI d , "" 0'urummne 'l1lflfl 'ifl1J::l1 \I lJ1J'\.iflU (fftllUlJ1J::lHLLl1\1'lfl\91 m1JfllmYl'VlV)

•• 1 'v '="'4 •2.3.1 118"i'lJLl~ u,~ (Formaldehyde)
" " .

~ fl{ 1Jl~'U -~tJ{:UCl ~, elfi' l-1\I'fftJ\I~1iji 'W'VI1\11fIlJ~ fl 'ffl 'i~1L~ V1ti'WL'~V\I ufl',hdi fl

'i .1 .. ' •. 1 0'.. , •.1 0' QI at 0' ea !'it a •.1 0' "' .. , 0'tJ~ lJllJ'tlfl\l'fflHI::CllV'iJ::1'SUfl11l"ftJ'i1J1Cl'lJ ff1'U l"ffl'j1JClfl elfl 1Jfftll'U::1U'Ufll'lfl"ftl':i1JClfl 3~

LLCl::ffl'S U1:: flfltJ'tltJ\I~ tJ{ :UCl~igfi' LtJ'U 'ffU ill lJff ~fI i oW~lV~ 'Qru l1 fJiJ"r fl\l lJ fl~ wqUU rru ~lJfl

2.3 '.n'liln::81flUli11t1''U~llfll''i (Indoor air pollution)

.ei, " ~ d a Q,I .ctd f ,.,,,,, ~ I

lfl 'Sfl\l1l1Ufll1~:: 'SfllJLl1Cl1UlJ H1'Vl1l::\91~f111 'VllJ'Vl'VlUH'U\lfl'Vll rrnum mlJ l1lJ 1'tl ij\ll fI1 U\I 'ill errn. . "
lI::iI~ l~uiiw·h.Jl~fl'lJ1Jlil\91l.wflilfl\lti'lJf111'illflf11'j ff1Jr:r'ffO'Ufllf11fl'l1rflfl111J~lJ

t "., I

• 1 .. ~ .... a lIJ .. i " .. i " .. " i " .. .. dI.. ,~umrulJ~'Vl1Jfl19f 1\J LVl'Slll'U ms 'lffl11'lJ1l:: 'lfmYll::'Vl\9lfl\lfll'i 'If\ll'lJ'YI1Jf11'iV~L'l1UV1''l\ll'lf\J

1rlfl~fl\lfll'S~~fl11\91H1flVU\91fl'tlfl\lU'i::~ti'lJ ioW ihlfl1"l\l'th::1Jlru1Jlflfl':h 6 l'Vh'tlfl\l EVA LLfl~

~1JThl11fll-M\ll'U~lJ'th::ff'Vl1jfllYl"l\l 1lJU1\1mU1i-M~ViUrlU'tlfltJ lVivilli -MNitrogen blanket LViU

a. .do QI " 9J q QI tI" cv 'J) .e, I 0 ...I~.c:..Q
f11'jVlViLtoU 'tlnu '1:: 1H'1flfl W:: ms L'If\ll'ULl Cl::HCl\9l11WC)'lflCllVflUf111'i su L'l1Cl1LVi1JLtVl'1:: 'V11u {)nsUl

O'Ufl111J4'\J l'U fl lf11fl'LLCl::1'ff~~~fl\l fll 'S~Viln~ 1tJ\Ju 'U1f111~ lJ'ff1J U~fl111 V0'Umr 1n Vi'11f) f111'ln1 Vi

LL~\I~1lrlflffl'U (Thermo-setting resins) f111l'j~U LYl~~~L'Vl\J Vh~lflf11'S.yhufin~Vl 'VilflCl (Diole)

o'U LViifl l'lfl9fulL'U91 (Diisocyanate) Ln~ltJu LflH'ffrl\1il\1Ul1~lJl1~1fl\lL1"l\l~'1::.yhufin~V1O'U

l1~LelVi1flfl~Cl (Hydroxyls) flfliu fll'Sl-M\ll'U'1::l-M\ll\J~~W'IUJiJ~lfl':h EVA l1~U ~ijU'j::1Jlru

.. !I _9l QI .: 'I d 'i" & "i "100-140 f)\lfl'lL9fClL'lfV'ff 9lfl\lufl\lfl'Ufl111J'lf'lJ L'lJfll'itflUUCl::'S::l111\1f11'S 'If 'If\lfllllll::\9lfl\l 'If

2.2.3.4 fln&l~'U1-n~g1&n'U(Polyurethane Resins)

f111L'ici'Uffl'\.H'IHI11Yl~~~L'YI'U (Polyurethane hot melt resins)~Hlu
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'1 "<v J .c::l 0' QI.ci\lt " .J t ", ~
"lfl lJV~U1:afll1'lJ"::;lJflln::;ll1fJ'lJfl.:jvJe'ilJ"~ t~~ef)fllJl~"e~n"l 9f.:jff.:jH"'illJ~vq'UmVl 11.:j

i'IJ 1:::(J:::i'IJu,,::; 'i :::V:::011 u~ulPii~mlJlil11J'lfl~LfJ.:jnijvJ fl{ l1,,~'~~i \J,]1 ulPiijfl~.J eVlJlfl i 'IJ

tJ~1Jlw~'1'_;tn'IJH~11tJl~"llPiv~i~,:j1\J ~.:jlPil.:j~lfli~v~ l11flU~'lJU'i:::flfl1J MDF ~ijfl111h~ffl'lJ

t~\JvJfl{l1~~'1~~i\Ju~lJ1W~,:j

fl1'i'1~f1JvJv{l1,,~ig~1Jlflfl':h 0.1 tY1'lJi 'IJ"'1'IJff1'IJ (ppm) ~:::vh '1M'ln~fllflll

tie,. Q fill) JIG.! I

Vll1~tfl~ (Particle board) U"::;UH\J V LlJfJ~fl'J1lJl1'lJ11L'lJ'lJ'IJ'lJl~flm.:j (Medium density fiber
~ ~., I" "" ..1 d'a II' ... • 'I y., .1 .1 1vboard, MDF) 9f.:jLlJ'W'Jff'JflVff'jHU~:;H~~L1"Iel'IJL~f)1 fll1H~~UH\J tlJe~lJl:::1f1l1\Jil::; 'lffll'J

" ii' 1 ~i·1 i" .,::" 11'... d'.d atJl:::ff1'IJtff\J V 'lJUH'lJ ~Vl1'J lJ~~ 'lffll1 Urea Formaldehyde (UF) ~~'lJ'lJ1I~1 LvJf)'J\JL'H)'Jl1H~~

2553)

QJ " Q QI fI 0' f), .: rI GI d rltV ,., ~
fl\J fl'J1lJ'i fJ\J f'l~ ~ flW CV1m :::ml;l '1vJt1Jv'J fl~ 1ff H1lJ1'IJ11 ~:::VlllJ ~Vl\J vJfJ'j lJ"~ '1~~fJ.:ji 'lfLlJ 'IJ

"" ,
~1'WPH"lJ'lJV~ff11Lfliiv1JFl:lLvJV{'I1t'iJu{u,,::;1~::;~1Pi1.:j'l1'JlJvl.:jVi'IJHlT':I'ViYh~1fJ1l!(fl".:j'iltyty1 '1nu,

vJV{ l1~ ~ 'l~~Ln\J ffn lJ~-Wl;l~ ff1fl tyL~lJ'J.u' fJ':Hi'llfJWfllVl f)1 fllf'ti \J fJ1fl1 'j

Lt1fJ.:j'ij1f1ff1'J ii''1¢{ \lfllh111i ,*m.i1.:jfl1'l.:j'IJ'JHti'1Jiff~ nVff~ 1.:jU~:::~ .:j~flLLIPi.:jfllfJi \J iff~ ~ L~ \J

Ul1ri,:j~lJ1'IJfJ.:j vJv{l1~~ i~~~fflti'ty '1¢{un ,~u~u~::;H~~.fiW cvl~vh~lfl i~ei'~1vJlJ~i oNl'hll \J 'J\J

tn\J\l'lJTIJ fll)H~~W1.:j ~~lJri10tlJ l111~ i~~'i~tii~ ff~mJ lnUIPi'U ff1,.d'1Jl\J'J~fll'mVl1161,*

tJ'i~ llJ'lfull1flll1(J mhwtf\Jfl1'i~v~f'tVll,*1\Jn'lf.fiwcvll'lf'lJfJ1f)lJ '1'*,J1t4V 'btl U~:::vJUfll1'U,:jI~\J
" Ii) • .1 '" '" '" Ii) '" ... w • 'l " ~ "'-I & ! v~U tV'Uf).:j1"lV'ilJ~~ t~~~:::l~tl1fJm ~lJfl U~~H'Jl1\J.:j 111 l111J'lJUH~l1'.iUtl~'U'lJm1JV~ m~~~lJ

" ."
1.,j'1'UlJ1fl '1 ~~lh'M\hvhlJtJfJ~ ~ul11(Jh'l1vf)fl UU\Jl1'W1fJfl u~~~lfJiu.yhl~ tllfl1'JIl1,hu

... .1 ~ 1 '" '1 ,,'" 1 'I '''' 01 . I 01'1 v '11'''' U"" "fll~lfl~'IJ'lJl1~l(J'lf'J lJ~l1~~~lfl ~'j1Jff11 ~fJ tlJlJfllfl11t~1JlJ'J~nWfl ~ l11fl 'l>111JnJ1W\JVfJ

Lnun~l\J 1'lJ ~~ij mms'l VU~~l11(J i ~~~ ;r~LVl'J1:::l1~ fJ~~lJVflLff1J L~'lJ1Pi'\J (ff111~ nsu'l l1lJ
ff1l111JW1'J'lf'lJ,2553)
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.. , , Q i ",.::i.c::s I ~ cot " t
~6f11n~L11V'U6\1 Formaldehyde Yl1J11'lfU~ lJ'VllJfI1PH ~l'il~ 111m01n~Ll1(J'UtN Formaldehyde

_Of v ""... , 'II _.I' ~.!:) ~ 'IIv2.4.1 1JililtJ'YIlJNt'I~t'lfl1n~n1fJUt'l~fl1'lVlf)flN'lIt)\ll"tt'l'nJn'VlleJVlI'U1'lJt'lVl

2.4.1.1 ~mlff114 llJC'I'UtJ~~t'l{lJ1C'1~1~~~6fll1 (Resin Molar Ratio) 'il~Ltlt.I

~TU\l ;O'ltJ~ lJlru 'IltJ'IvJ6 {lJl"~ '~~~ii6~i 1..1O11~'I 'il~LtlU11'il~fJthT)qj~ij ~C'I~nms 1~ I'll fJ'U6 'I

~6 {lJ l"~ ,~~ i'l i 141~111l\1 011 ~~~11"~ i 14~~~tiru Cl'i'rilL~ 'il'itJ vi'16th'l'U 6\1011 ffmn'U tJ'Ifl11lJ

U~f1lPil\1'U6\1Resin Molar Ratio ~ii~C'llPiflf111~f1t1'l\1'U6\1vJ6{lJ1C'1~i~~iUU~Uit.l'l!vlI

2.4.1.2 'l1UlI il! (Wood Species) 'illf1f111fff1111f111lJll~f1lPil'1'U6'1')fUlI'l!~ii~C'I

cancer u,,~Brain cancer

U1~l'Ylff~~1lJlPlfl i~ijfll1nll1U~1flwCl'i'U(Jfl~wnfl i~VlI~llJtJ~lJ1ru~6{l1C'1~

1~~~ijfl~'1141~v1I6flmtllJ 5 mllJ;i6 EO - E5111fJ~ EO 11lJ1fJ~~U1lff'illflvJfl{l1C'1~h'~ 111flijfl~

'1lJ6~11~.JflfJlJlfl 'lJ.yhv14~·nfJ'1wl~fl~H' 'lJru~~ E5 mJ1fJO~ijtJ~lJlruvJ6{l1C'1~ig~fl~lJlfl

11'il~1114tJ 1~1'Vlff~~WJ14111~1tJ1 efllffflt)lflW Cl'i''Ill1.,j'11l!vlI 1lJ'1-H'iivJtJ{ l1C'1~1 ~~'H1tJiii 14tJ~ lJ1W

UflfJ 1l16\1'illmh{1\1o\l11qjl11tl'Ufl1Y1 uC'l~r·m!lfJ~~llJlJlIPi6tJ1~')flm '114tJ1~1'YlfflJlflfl'hnfl1 1~~

" o<S It) , _ IQ "1 ",,, _.I~ " ".d,.... _ I "" ""~fl'llJ11f11\lfl LYl11~llJUl'illJt)Lff1) 1~1l1J114 tJtJl"H'fffflYll1~LlJ14~ 'YltJ~fl1fffJ'YJfllJ1~L.fl'Yl"1lJ~fl'llJ

LvJfl{UL'il6{UC'I~'U6\1~flLLIPi\l~~J14fl1';iil6~n14 ~ 1fJfll1 '1~L~6{UL 'ilfl{~tJ C'l6~'illfl~6{il',,~ 'l~~~~
LtlU~'1~'lJfl1'ill1~fl1~fJ~ ,~

ln~ Ulfll,) tJiiLL~U":;1161J l111 lJen 'illflci' li'~L~rn,rfl\l nm11llJ~~U fl~ 'IJ fl\l1~~U ,,:; ms L'il~qj~ 1..1{Vfl

~1tJ UC'l~fll11~f'lJ'vJ6{11,,~1~~'1lJ1~V~tJ11'il~.yh'-H'Lfi~ Nasal sinus cancer, Nasopharyngeal
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.,.~
2.4.2 mVl19111ULl:::l1i'YI~tlt)1J

1'WiJ\I~,j'Wnm11~U~1J1W Formaldehyde 1'WH~\PlfiWCVl1lYll:ijV1l1~fl~ 2in

flfl 1~U~1J1W Formaldehyde ~~fl~lUH~\91fitu~'I11fl1~1.J11J1W Formaldehyde ~1:::!'I1Vflt)nll1
d '_I Q , cv.l tal , '1'" '" 1"Clf-lU\91('l:::U1:::!'Ylff'il:::llfll1'Yl~fff)1JU\91n\911..:Jn'W'IJ'Wfl~n'IJU91('l:::111mjl'W 1'lf'W 'Wff'l11jf)111'ml \I::: 'If

111\911jl'WANSI (American National Standard Institute) ~.:J'il:::1~fh flll1:::1l1V'lJfl..:J Formaldehyde

" oICVIVUtltJi'l..:J('W11fll'W\91'WTVl'W,2545)

'" 1" I2.4.l.4 'If'W~'lJf)..:Jfll'1(Type of Resin) UF, MUF 11::: 'I1mflln:::1l1V'Ufl..:J

yJfl{~i'l~'~~ ll1t1fy:i1 PF

2.4.1.5 f11111infll1Hi'11l 1'li'W'Qtu'l11Jii~1i'1'Wfll1fl~l'fl'W 1:::v:::nml'Wfll1. ..
-e)~ l'fl 'W U~1J1W f11Tt; ~1'Wf,~~ \91fi W~ t111ri1VI'Yl'IJ tN fllf11fj' 'QW'I11Jii'l1' fl.:J fI '111J~U ~1J -W'Yl;

"1 I Q ~ ~ 41 I ~ d ,nrrneu '1~('lflll 'W1:::'I1'11.:J011 H('l\91Clf-lu,HlfJI'l1mu 'il:::llHi'l\91tlmn:::1l1V'lJfl..:J Formaldehyde 'illt1

r-I~lIn WcvlilYl 'W1:::'1111..:)011 r-li'1\91ll:::'li'1vl'11't11'j\91nl'i'l-l'IJf)..:J Formaldehyde l'Wr-li'1llntu cvl'cy,1~ 'iliU

Resin Molar Ratio Free Formaldehyde of Resin Formaldehyde content

Formaldehyde: Urea 0/0 (perforator method)

mg/lOOg

1.80: 1 Approx. 1.20 170

l.60 : 1 Approx. 0.60 100

1.40 : 1 Approx.0.30 50

l.30 : 1 Approx. 0.25 40

1.20: 1 Approx. 0.20 25

1.10: 1 Approx. 0.15 10

1.05 : 1 Approx.0.10 <10

.. . ..
0<1 0<1 , )ldd d , ~

2.4.l.3 fI'111J'lf'W(Moisture Content) fltl 11'Ylllml11'lf'W1:::'I1'1Nm'HHlll~..:J~:::
t t" I ,

o 1 "d'" ~ d ~, Ydd ~ 0 ~ d'VIl 'I11Jfll11lt1f1Vl'IJtl.:J Formaldehyde ~..:Jl1Jf)1'V1tJ1Jt11J1J'Yl1Jml1J'lf'Wlll1'Wf)..:J1l1t1~:::1Jmn:::mV'lJtN

Formaldehyde 1: 'I111..:Jm1H~ll h)'Uf)Vt111
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....

Classification Emission quantity of formaldehyde

Mean maximum

F**** 0.3 mg/! or under 0.4 mg/! or under

F*** 0.5 mg/! or under 0.7 mg/! or under

F** 1.5 mg/! or under 2.1 mg/! or under

..
VI11H'YI2.4 11Sfor MDF 11Cl:;PB

, II

10 iJClilfli'1J/I00 fli'1J Yif1111J<i1'U6.5% m1J1Jlm!l'U EN120 mh.:jh~m1JfltlffL(Pl·H~tlUCl:;

ii1CiuCl'U,,1~ijflll Ltl~tJtJLYitJtJntJ1Jlmil'U'U6.:j~~'Wffl'11i'tJ Desiccator Test 'l:iiti16~~ 1.8

iJClilfli'1J/il,,~ ffl'11i'tJ PB LIel: 1.1 fiClilfli'1J/il"l ffl'11i'tJMDF

m"lll'U~li'1'U~~'Uii 2 1Jl"'li1'U flfl TIS (Japan Industrial Standard) ~:H'
ntJ PB 'I1~fl MDF ri1'Util1Jl"'ljl'U lAS (Japan Agricultural Standard) ~-1'l:ii'ntJ~il"ftwen
"l!llev ~"ev_1 oJ .....
l1JflflLVL, PARQUET, l1J6fl1Jl:LI'l'UC):f.:jULI'fl.:j"'1"llHVl2.4 UCl: 2.5

66 Ll'1~ l L~ UUCl:;ii 1CiuCl'U~ nl'l1 'Ufltl~1J lW 'U6.:jvJ fl {ifCl ~ i g~' ~i~l fl'U

Product Standards Loading rate

ppm rlr m1/m3

MDF 0.3 0.08 0.26

Particleboard (all grades other than flooring) 0.3 0.13 0.43

Flooring grade particle board and underlayment 0.2 0.13 0.40

Hardwood plywood (all grades other than wall panel) 0.2 0.13 0.43

Wall panel (Hardwood plywood) 0.2 0.29 0.95

d tJ' Q.I QI

Vll1H'YI 2.3 ANSI Standards for formaldehyde emission ('U'llfll'U~ Y'l1Y'l'U,2545)

hHJ1Jlm!l'U'Ufl-1flln:L'I1tJnl'l1'Ufl~-1"l'n~~ 2.3 l'ULI''I1fl1Y'lQIril li'1J1"~ll'U ENV7l7-l ~.:j

~il"ftW en' ~~LI'l1Jl~ mh'U mm51 l'U'l~~tJ EI flfl ij flln ~L'I1tJ'UvnJfl{ l1Cl~, g~UflUfll1'l1~e
I QI d' Q,I Q,Irmnu 0.1 PPM (Parts Per Million) ('U,)lfl1'U~Y'l1Y'l'U,2545)
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" "~Vlff111m'jlJ 11~nf1l'j'\lv-11nnuiHiv ~1vtll-1:)fhlllY11ll'ntl'j::lJlru 100 g '\l'W11'!25*25 mm 11:::

tln'lll 1 tl~lJi Uff11 n:::ll1fl 1 'Y1C'1Vhl.fllfli~m:::'U1h1f1l'j ~vJ~f1tilhln'ft1 2 4'1111-1 fil~1lm 1::111~
'II 'II

" ."
ll::lilhlljn~nr11'UV'IvJV{,jC'1~l~~flV 100 nr11'\l~NU111unv'UuM-1YiTl11lJ~hI 6.5% f111'YlI'l'ft'V'U

2.4.3.2 Perforator method

in nu'Yll'!ft'v'U rl'lil'W1Tj~i inuVUNUYl il1'ft1tJ1 I'!fJm Yl1::i'W1-1f11'j

2545)

" I JI 'f JI ,

flmh11ll' m;1mh'lYitl~lJ1ru Tl11lJ'if'WYinll1'W I'! '11'W1,jfl'Vi~1'WlJ1Yl'U':h ~w 111JljUll::Tl11lJ'if'W'Vi

ff -1~'W11::hi11HllUil1~'W1 I'!fJVIHflV tl~lJ1 ruvJV {11n~l ~~~ 1::111flV nnu 1 ('Wsimu ~ 'W1'W'W)'II

2.4.3.1 Flask method
" "in f111'Yl1'!'ft'v'UuhiiY'WItl ~V-1Thi .ff~1 uu'ft:::hi~'1 tnn 11~ rims 'UV-1

JI)tII ". , •

1nnniUiv 11-1:)f'W'Yll'!ffV'Ul11umhi'WMV-1'ViTl1'U~lJ~rul11JljU'ft:::ffm1:::V1f11ffYiTl'l.yj i Mr111lJ. " "!v'W.yjvru l1nlj 40 °c vJv{,j'ft~1~~1I::'j::l11 fJVVnlJ1Ull::liltl nn~ fl1nm.h 1I1nu'W'l.hft'1'l n:: nlfl
• 'II ':<J

vJV{lJ1 ft'W~ ,~, tl1lm1::11111tl~lJ1ruvJV {lJll~ ,~~ ~-1rh~1lTl 'j 1::111~lil'W tl~ lJlru vJV{,jn~ i~~

QI , w 4Q. tI t Clt.ct

1nf11'j Flask test, Perforator test, um: Desieator test Vl1VfJ1-111'ftnf1111lm1:::11'UV·HlVI'ft::11i

2.4.3 lfiVl11;)rvI'lRmwvJt)i,j'~~EJ~
1~m 'j I') 'j 11111')tl ~lJ 1ruvJV {lTll ~L~~111n H~ VIt1ru c:y,..111vI'!1111'ft1 fJ1~ l'lf'W

Product Plywood, LVL, flooring Glulam

Average value, Maximum Average value, Maximum

mg/L value, mgIL mg/L value, mg/L

FeO 0.5 0.7 0.5 0.7

Fel 1.5 2.1 1.5 2.1

Fe2 5.0 7.0 NA NA

Fe2-s NA NA 3 4.2

..,;
Vll'lH'YI2.5 JAS for plywood, LVL, and Flooring products
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A ~'''d I ..I~ 'f'GlA"1o'd 4.1'1" 0'fl11lJ'lf'W U"~ fl1111'H 'WI'll tl'l'll"lJ 1IlJH" m ~'V1'U\Ol81JllJ1W WU,)lJ"~ Lgfl 'Y1\Oln\l1fl Lfl (lJ 11 t11'U\Ol

~1~'U, 2545)

" 0

1im') 'YI~ffU'Uili 'l1'n'WtlUH Uvd11in v 1 'Ut1i~'U m1l~ m tl1'UU U" ~
I JI I " So'

UUfft\Ol'H~V LUU'I\11n~1 Ud1'1'11U'I~'U'~VillllJ1'Y1 VlffU'U~ 1v1if111 il lj'll'W1~ i l1qj fl.:lU'W~'IL~'W
I' V "

~1tl'Y1'Uil~'IIU'IH~flnwcn\lln '~ViH~\Ol1'Uh'l.:ll'W~\Olffll1m,)lJ m1nfl11'11U'I1ifl11il;)tl ih;'W'~

lJ1L~'U1'Witl~flfl11lJ~'WIl1UUfl1<)f'U:'Un~J1 tJ~lJ1ru 300 ml wu{iJ,,~'g~~'j:nW€lf)nlJl\l:Qn
d 1"1"1: 0 Q tI Q tlQldtll d'.d tda ~'J)

~~tn'U L1 'W'W1tm:1l~Qn'W1lJ11tm1~l1l11tJ,)lJ1WWU,)lJ"fl Lgfl'Y1')~mV€l€lnlJ1 m'Y11lm1~l1 Lfl

1~ 'U ii,,~n i'lJ'IItl.:lWu {il',,~'1g~viU~\Ol1'II€l'lff1,) ,,:I1 1VW uf 111~'W ~.:I \11na iu 1,j tJ~ ~1'W1I1'Vl'U-)1

2.4.3.4 Desicator method

.d 0 )I 'I I 1 3 • ...
'II'W1flmlJ'YIt11l1'W~lm1 !'CHH 'WChamber (0.225-1 m ff1l1nJ European method lm~ 20 L. " ~
ff1l1i''U Japanese method) ilijfl11fl1'Ut}lJ ~Wl1tJiJ 1I"~fl11lJ~'W 1iijll~ijt11'ltJtl'Wmt11ffL.ij'1'tJ

" d Q.I I dd t/QJ a1 0'. <IC:IIo tImulu chamber ~1V Lm::Ln'Um8lJ1'1'11tl'lmfl1fl'YIlJWtl1lJ"~ gfltJ~tJ'W8~UUnlJ1fl'l11)1Lm1::l1l11
.1'" •.1 ..... dllJ ..
1J1lJ1W'IItl'll1mlJ"~ Lgfl (Risholm-Sundman, 2007)

~ ~.
11"flt111'11tl'l11HHitl 111~18th'l '118'1~'W1~Yill~'Y1 fl ~H)'UlJl~ fl i'l1'H{

2.4.3.3 Chamber method

. .
.of ........

.fl1'Vi'n 2.14 ~~Lfl'HFnH) Perforator test
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2.4.4.2 Photometric analysis

11j'Ufl1711f111:::..rll1 U1~f117~ 11fl~lJ 11~ -'l'IIV'l~1'J ~ ii if 111U fl1n-hlJ U~ ~

~iifl11lJtl11f1~lJ ilJ'li1'l'IJfl'lUff'lfllJvl'j11j~ (Infrared) Uff'llcih1J~ (Visible light) 11~6' lJ'li1'l

.., 'lI Iil 1 v 1il.1, , <!I d ,
Uff~fl~~jll1 flm~ (Ultraviolet) 1'U11lJ lJff1j~:::mu "'1J11LLn'-31l:::tilfl~~fla'\.J at 'YI'1f'Hfl11lJtJ11

fI~'U~~l1J1'l~l ~.:I~lJ fl~n1J'lfijl1'Ufl.:lff1j~~:::mU iuff1j~:::~lUlf'U mr111~1f11dl1l1fl~'UUff .:I'Vl1i¢i~ ~

in Chamber method ~'Vl1f11j'Vll1fffl1J'lJffm1:::l1'fl'l (Risholm-Sundman, 2007)

2.4.4 fll·HlllrJW'l11f11uu.u,...uU'IJtl~"f)1,ri3~eI~

2.4.4.1 'tlltll~mVl1 (Iodometry)

f1111tfl11::: li'111U1lJ1W nrun .ulJoUlJ'IJfl'lyJfl111~~ i g~U1lJ 1W,r fl tI' lJ
" ,

111 111tlln 'le l tll111lJ~111j lJms i'*In rns i nms ~u 1J1Jt)'6lJ l'U6'l1l1flvlfl1,j ~~ 'lg~ (HCOH)
"1 t I

i,j~llJ1Hl'Vl1U~n1t11n1J i el6~'U (12) i¢iil1tllPlH ~'l,r'U ~'1v1'V-'l1u~{J'U ivlfl~lJ i l1'v~'tJtUv'U n
ff1lJ1Hl'Vl1U~m{J1n1JyJv1,j~~ig111¢i1if{JrifllJ ~'l i¢iuri ig 1il'lele il1~ (10) trlfl ig Iil'le l eil1~

, , v
'Vl1U~n1U1n1JyJfl1,jCl~ig~~lJ'lJjWU~1 ~'HU~U'U ig 1il'le le il1~ilt'l1~flfl"1J1~'U ifllfl~tJvflfli''l

mlJ1~'l i'Vl!'Vl1~'H1ullJ1W ifllfl~lJ~m~6¢i1u lC))'1~ulJh 16i~tvl~~~'YI111JU1lJ1W 'le16~lJ~i '*'lJ

o u......... w • .1 0'., '" "I o'.i d <!I U" •.1 0'.., '" "I 0', :
f111'Vl1 umU1fl1J'nfl1lJCll1 tgl1C))''lflflfl 1lJ1Wl"tVjlJ~11 tgl1 lJ'U1

"o , .1'" •. 1 0'.., "'111 0'1 .. '" '" , v "'1 ' vtnfllff6flfllJ1'Vl1fll1'H1f11lJ 1lJ1W'Ufl'll"tfl7lJ~11 HJl1 111l11i'U11::: 'If~W111Jl.l u fllj'Vl11~61Jfl6lJ '1.11-3

~-3 (60 DC)m1lJ4lJ~1 (9 %RH) uae t)m1f11jU~fl1U~tI'U'U6~U1fllff~-3 (15 h-I) ~-'lLt~fl~l-'l\llfl

2.4.3.5 Gas analysis method
" " ,

'H"flf111'U6'l11HHifl 111~lJ~1fl~1~'IJfl~ ilY'Vl~"'"61Jil'Vl111J'IJ'U11111'l'l~
, "

'lJfI1'1flJ::: iliifllHI11Jf}lJ ~W'I11JiJ fl11lJ~lJ fll1i'l1Cl'U6'lfllfllff U~:::fl11lJ~lJfI1l1'lJfI1'1flJ:::
0'.., "'i d'.J ~ '1'" Q,I , v ~ QI I

vlfl'j u ~11 gl1 'Vl1:::I'lluee fllJ11l1fl'lflJ tlJ 11:::U:::'l.hJ nu fl1 fllff1l111 lJ 1l1'1flJ:::U~ 111'l ~l1Wl~ 16 Ul~

.,c '"ill'fffl 2.15 l1if111'Vl~HH)1JU1J1JDesiccator lJ11Pl1!llJ TISU~::: JAS
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lUfll1f1fl'l!l1'U'fI'l Sumin Kim UC)::Hyun - Joong Kim, 2005 '~111fl11IU~tl1J1'VitJ1J

'l.l~lllW fll)'l.l",,'l.lritl[.lyjtl111,,~ ig~1l1fl1ff~lIflUIPi'l~ 1111l1fl'~Vfl ~~W '11 fJi11Pi1'1'1 mu i9i'fffi11::

ONDOL (Flooring heating) ~-3111fll1f1fl'l!l11"tJ~lCltl'llftN~iifl11hrfl1111~tl'U 1"v ONDOL ~ii
SI

ms ~l1'Wl1'tl-3~1[J1ff~~ni1l'U1I (Laminate flooring) U,,:: 111f)l1 1fl~W 'HfJi111111~flvh:j'l i~un

z ,,~o ~o' ~ .::1
lJllPl1 !1'U 'U'fI'1ffn" ::Cl1tJ'U'Uflfl run U" 1111nmn 11 'YIfl ff'fl1J1)~'U1f11ms~flfl" 'UUff 'I 'UV-3ms 'YI

" oS ... ..1 '" 0 "I" 0 1" I " " Iq v11fl'l ms 'YI111JlJ11 'YI[.I1Jfl1Jfl11l"llJ1111 i1'U'YI'YI1Ld 1l::'YI1 11'YI111JfI1f111lJl'UlJ'U 'U'U'fI-3ffl1 1fl
.... ~

('Vi1'VinW ~flllflltl!1)'W'U'U'YI,2551)

" .
'111.,1 lItl'IJrnr ~1Iii 'IJms 11::1~11mnrn1Vi 1m1vJ 111\OJ 'j;l1tJ'Utl.:J 'CYl 'ja~ a 1 V

1 do .d 9191. j,JOlqG11 .a .!
fltlfll1 1m uu ff11 C)::mtJlJl1l1!1'U'YI f111111'1111'II 'W1I1'1'1 UCl1'IJ11 'l.l1flfl1ms ~flfl auu ff '1 111nu 'U

d, r rI .d Q,I '" QI t " " lit " ....1'ViCltllPlfIn::1111'lU V1JClftl1JU1JWlf (Absorbance) 'YI1fl flnu f11f11111L'UlJ'U'U'U'fI~ff11 1):: 1flns 1l"l

4) ff11~ltll'il1J,,~.yh i Mlnflffn1Jff11~1l::l'i1fll11Im1::'" 'il::~tl'l il.iiiff

l1~tl'l.i ~flfl~'lJU ff<J~ii'l11'lfl~lJl~ tJ1n1Jff11~ iiff~ Infl ~'W

5) 'l.l5m tIl'IJ'fI-3~WI1l1J,,~l'i1 i Mlnflff11~iiff n1Jff11~9i''fI-3fll)

1) ff'UtNff11 fI11 iifl11111,jlllllfl'Vi'fl~ 11::1fl~lfll1 ~flfl ~'WUff -3,~

2) ff'U'fI'lffl1~tl~i lJff11"::Cl1t11l::~V<Jtlg~1 'ti1l1<JC)~tlfhn 1fll ~1

3) ff'IJtl-3tY111l::~tl<J'tiL'l.l~tI'WU'l.lCl<J11~V1l1'lMIrlV pH l1~tl QWl1fJi1

• I'" .1 "" d "'II'fI-3ff11LlJnuuulJ"~ L'VitI.:JlClnueu

hWf1l1' -Nlfl~'fI~fj'fl'Y11~1'Yltl1ff1fflPl{ lflt'fl~11Plf1l1~flfl~'lJ1l ff ~ (Spectrophotometer) ~l1Cl'flfl i yj

flll'l1flUtY-3 (light source) ri'fl,mff'H~l'IJ i'l.liJ~~dLWflUff-3(monochromator) fhwffn~d'fldl~

(sample) ~l'IJ~didUff-3 (photosensor) Ui;)'d~-3~l'IJ~l'fl'flfllJl Uff-3~lJ'fI-3~lilJ (visible light) Llj'IJ. "d ct Q "'" cv d. I .ad Q,I • d..a q, d .cS 0 ~

Uff-3ff'Uld'YILflfl1l1flf)l111lJIPl1fllJ'HHUff~ffllN'l lJffl1Clfl'fl~ t« nn fflJ1<J fffl'j1lJ ff1J1L-3'IJ

iMitl1 ffLl1~tH ffUfffl um:ffUfl<J Lrl'flUff<Jff'Ul111flm::'YI1J111QuA'1ui;)'1'tll1MlJ'fI~Lli1J111Qllj'IJff
I Q,I ~ d~ '91 .d d ." Q,I ~lfl'l Ufffl n1111Q~fl nCl'lJUtY-3ff'fl'IJ'1'HlJfl UIPlff:: 'YI'fI'IJUff '1'YI1Pl1lJtl'lL'H 1.,1tl 'fIflll1 UlI (11111 q'U 'W'1

"" oS, ~ " d.., ?i "" 0~flflCl'W'l'lflff 11fl'HlJflll::11'fl~m'IJ 1lPlQLlJ'Wfffl1

ff11 ~~'fI'I fll1'Hl'l.l~1l1W 11::~'fI~ii ff 11~'fI,rlm';''l.l5m til n1J ffU ~'WUft1

n'fllM,nflffn~iiff (Colorimetric) ''W'YI1'l'YIq'l!lQff11Cl::Cl1tJiiff~i~1 'Ums 11m 1::"'f111 ii"fl'l!l w::
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...I ~ CI 4li1 ~,., '1 .c:I .d CIII .d ~"f'If)';jlJ"1l18~'UDfJlJlfl (0.005 - 0.03 ppm) 11~ 'l.JmW'Y1~ru""5JlJ 50 (){jfl'WlHWlftJ~ llJlJnld. "
1'I1U(l1ti1'..rln~fll';jUCl~tlciD(lyJD{~Cl~i8~lJlfl;j'IJ 1m:: l~~'lfiJ~ A (Particleboard) iiUllJlru ms

u"lIUcitW yJfJ{lJ'Cl~i8~lJlflfl';h1~'l'b'iJll B (HDF) 1m:::' 'IJff1'U '\lV.:lfll';j111UllJ1W fll';jtlCllltlrimJ

VOCs ~1J11 ~~ru'l1fJiJ 50 fJ.:lff119fCll~tJ'C'I'iiUllJlrufll';jUClllucivtJyJfJ{lJ'Cl~i~~ lJ1flfl11 ~~ru'l1fJiJ
" .

291m:: 23 V.:lff119f"191mY~llJ"l~1J ~~Ui~11UllJlrufll';jU"~UrifJVyJD{~Cl~ i8~iifhlJ1fl;j'W liiD

~ru,.., fJiJ l~lJtl-3~'U L'li'Ul~tJ1n1J UllJ1ru ms UClllUciDtJ VOCs 11Cl:::1'C'l'1J~'t~Vi1~'U~lJ1~1 fl

Particleboard iiUllJ1rufll';jUCl~UriDfJyJD{~,,~i8~lJ1flfl-jl1ff1J~lJl'i11fl HDF

i'Ufll';jfffl1:l1'\lD.:JSumin Kim 11Cl:::Hyun - Joong Kim, 2005 1;j'Ufll';jlU~ (l1J1l1(l1Jfll';j1~

UllJ1WyJfJ{lJ'Cl~i8~ill(l1li Desiccator tns A 5908) n'U Perforator (DIN EN 120) 'Il1fl1'C'l''l

ilsnrm MDF ~1-Nfl11U';j::lfl'Vl UF, MF UCl::MUF \llflfll';jfffl1:l1~1J11 UllJ1Wfll';jU,w,tlriD(l

yJD{lJ'Cl~i8~'Il1fl1~1J~ H~~ 'illflfll1U';j emn UF ijU~lJlru m ';j-UCl~U rie (lyJD{~Cl~ i8~lJ 1flfl111'C'l'~

~Hi'i~1I1f)f1111h~lfl'Yl MUF 11(1:::MF ~llJftl~'U 1~1J~H~~'Il1flfll1U1::1fl'V1 UF ~UllJ1W

. " .v Cto j) • , d G) d~ 91 c:lod iii"
fl11lJ';iD'IJ ~W'I1fJlJ'\lV-3'11D~'iI::D~';j::1111~17 - 28 D.:lff1!C)fClI9ftJ~ltJ'\lru::'Ym'IJ'I1V~'VllJfll';j 1'l1fi11lJ

'JI" " "
fD'IJ'I1tJ ~W'I1fJij1Jl11W'I1'U'iI:::D~';j:::'I1':h.:l50 - 60 D-3ff119fCll~fJ~ ~.:l'l1'IJflnfffl1:l1il~.:l!~t)f1H'

" . .
~W,..,fJij~.:lflrirll 'Wfll';j'Vl~ClD~~lflHClfll';jfffl1:l1~1J':h 1'141~1J";.:l ~V.:l'lfiJlI liiDijfll';j l-WlJ~W '11fJij
.1'" .1.1 I • .1 "... ... ~ " .,: .1,., , , ... .1'"us lJ 1Wm ';jlJ CllllJ" D(l"l"ins lJClll 181111Cl:::VOCs 1):::1~ lJ'\l 'W 111fJ 'U'C'I'1'W '\lfJ-3rns 11llJ ';jlJl Wm ';j

U"llurifJ(lyJfJ{~Cl~i~~~1J11 ~~ru'l1f.JiJ 23 11m: 29 D-3ff119fm~(l~iju~lJ1Wfll1UClllurimJ

. ".
yJD{lJ'Cl~i8~ l1Cl:: VOCs il1fl1~~Yi' -Nn1YltJ Vi H~~ 'il1fl '~Vll~M'l1iJ 11'~lIri Particleboard

(Type A) 11m: High density fiber (HDF) (Type B) Vi1fl1':i11ltl~lJ1Wfll';jUClllUriD(l 11lfJ1n

Chamber method ~~W'I1fJij 23 291m:: 50 D~ff119fClI91(l~!dD~'illfllll(l~1itlmfJivi'~.f111::fll';j"H'

. "
~rul1!Jij1l1fJhnrD.:J 20 D.:Jff119ml~mY (~Wl1fJii'IJDfl..rD-3 10 D-3ffW1HH~(l~) ~rul1fJijl1~tJ

v
ti'HnijltJ~ 37 D.:Jff119HHCH(l~UCl:: ~Wl1fJij';j::1111-3~1'..rfi11lJfm.Jn1J~tJCl1ijltJ~1'Yhn1J 50 D.:Jff1

!C)fm~(l~ 'il1mftJY]lfll';j11lU~lJ1Wfll';jUClllucitwyJD{lJ'Cl~ig~~1fJln Desiccator ms A 1460). ,,, ,
111(J\h1~1Jl1~1I"""~~llJ'\ltJl~l1~D-3fll';j ~lfl'l1tJtil'UfJ1J'tJl~lD1J (Dry oven) Vi~Wl1f.Jij 20, 37

11":: 50 fJ~ff119fmCHfJ~l1jtJl1Cl1 1, 2, 3, 5, 7, 10, 15, 201m:: 28 1'1411~1~-3ti1'Ullltl~lJ1rufll';j

u,,~u cimlyJfJ{ lJ',,~ i~~~lflfll';j 'VlllClD~~1J11 UllJ1ru flnUCllluriV(lyJ fJ{lJ'Cl~'8~ihhClllCl-31rlD
.,: .1 . I'" • I • I' •.1 "...... i ......I'" • I .1 w ""':i:::(l::l1ml~lJlJ1fl '\ltJ uneu ';jlJlru rns lJ CllllJClV(l"f'lD';jlJClll 8~ um s IlJCl(l'IJ11lJCl~'\l'Wfl1J~ ru l1!JlJ

11lm;j'UiumlJ'I1~flfll';j Bake - Out (Bayer, 1990; Bayer, 1991; Follin, 1997; Offerman
"" '" "".1 ?t • , "'. I"" _I • I' ••1 "...... iii " .1 ,.,et al.,1993) fiD 'Vl~ru'l1fJlJ tl-3'\l'IJ 'iI::llJtJfll';jl';j-3 l1lJ';jlJ1Wfl1';jlJ"lllJClDfJ"f'ID';jlJCl1l181ltl-3'\ltJ1l1fJ

Renata Wiglusz, 2000 1!Cl::fiW:::Vi1fll';jffmJ1fHlfl':i::: 'Vl1J'\lD~~W'11 fJii~Dfll';j UClllUciDfJ

34



, Q,I ~ ~ I ~ eli "... ,Uft:; Perforator 1'Y110lJ2.88 mg/IOO g panel C)f-3\)10011rr01l1'W'U11'lfU~'U~.:J011V1'lflJNft9'ltl011

l1ft~ 11~~tJvJtl{l1,,~ ieJ~f)tlOlJl-'l1n1tY~ u,,:: 1ff'l~Na9'l 1110011117:;L.oVI UF ii11~lJ1runu
11,,~11~tltJvJtl{l1,,~' ~~lJ1nO ';h1tY~~ Na9'l1110011111::um MF 011111::LflVlUF ii11~lJ1ru011

11,,~11citltJ~~tl~iu Class E2 (E: Formaldehyde emission grade) llJ'\Jru::~ MF u,,:; MUF ~~v~lu
Class El

tIlV 411) tid Q,I cd • QI c.::..ct
'Yh.l1lJft~l~~Vl1~\)1011i Desiccator 1'Y110'U7.05 ppm une 12.1 mg/IOO g panel 1I1011iPerforator

ri1lf)tY'l~Na9'l\)100111h~l.oVl MF iifi111~lJ1ruvJ~{l1ft~ieJ~\)10ili Desiccator I'vho'U 0.6 ppm
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o " ,., d ,Formaldehyde flllJ1tufl'lllJl'IJlJ'IJ'U'VIIl'U\H)'U'lJfl..:! Formaldehyde 'illf1f1"lJOl'j (3.1)

.. .• 1 • '" !J/ oQ .. a "13) 'VIlBlank lltJ~lllJlnCllJ 20 ml UCl1111lJffl11fllJ1l1lJfl'W0l1 l'VI1'V1'i1l

.. ..
Sodiumthiosulphate ll'Wffl1Cl~mtJiYllll.:)nCl1tJ111'WiY1l1~fl.:J(Ul,r'W~'lf) '11 tJllffl1Cl~ClltJU1UiI.:J 1%

!J/ "1' "1 ' ....1 - 2 'I1tJllUClll'VI1'Y1'j1l1lfllllJffl'jCl~ClltJllJlJff

..
250 ml ~ln,r'Wl~1J 0.05 M Iodine 1LCl~1.0 M Sodium hydroxide tJ~1Jl111 10 ml

!'t .1 !J/ ~.., ~!J/i da ..::2) lJlllJln'IJ11l1l1tJ'Vll'HY'tCllJ 1~tJl11':) n 'W'VIlJll'WllJ15 lJl'Y1 sinuu
Q .I"'!J/ • d ~ !J/~.I ~ w111lJ1.0 M Sulfuric acid lJ11J1m 15 ml UCll'Wlffl'jCl~ClltJ'VIlllllJ l'Y11'V1111ntJ0.1 M

!J/ !J/ i !J/ d3.1.2.2 'I11mllJ1~'HJ'W'lJfl':) Formaldehyde 'W~fl'Y11

1) i.J1tJ1IFormaldehyde ~ln,jfl 1 tJ~lJW11 20 ml Cl~i'W~11lttJG1flJ~'IJ'Wlll

.. .
11ltJ~lJl111 1000 ml11"'1tJi'tJtJ~lJl11'j~1tJUln~'W

""....3.1.2 11i'YI1

3.1.2.1 i.Jl1J1IFormaldehyde tJ~1Jl11'i I rnl (Cone. 35-40%) ~i~fl~ 37%i'W~11l

.. .
3.1.1.10 1l1n~'W

3.1.1.8 Sodium thiosulphate..
3.1.1.9 ffl'iCl~ClltJ'\l111i1.:J1%

3.1.1.6 Acetyl acetone

3.1.1.7 Sulfuric acid

3.1.1.5 Ammonium acetate

. .
a '"3.1.1.3 lfl'HWlf~

3.1.1.4 Formalin (Formaldehyde)

3.1.1.1 Spectrophotometer

3.1.1.2 ~h.:Jfl11J~1J~Wl1tJij (Water bath)

IV _I ~
3.1.1 1tT~ ~lJf)';jW

3.1 fl1';jtT;',.~fljlvJ Formaldehyde calibration curve

,
.ctunn 3



. " .
tJ'J::lJlru 1 i11lJ~ 'illf1.,r'W'\.Jl1tJi~~1f11'J~~f1~'W11ff~ (Absorbance) ~1t1!l'I~tl-!l Spectrophotometer

~mllJtll11'1~'W 412 'Wll'WllJlfl'J

~ d "'!J)
·ilWI't1 3.1 ffl'J"::Cllti Formaldehyde 'Yl1'l11lJl'\JlJ'lJtJ0,0.5,1,2,511(\:::: 10 mg/I

'"10 'Wl'Vl

'J) 'J)
Formaldehyde 'r111lJ1'IJlJ'IJ'W0,0.5, 1,2,5 Ucl:: 10 mg/l

3.1.2.5 ~~"C1'l'JCl::Cl1t1Formaldehyde ~l~'i)lf1'1i'fl 4 lJ1tlVl-!11:'l::10 ml '1riMi'w
." ~I .1 !II ~I 0''l11:'ltl~'Vl~1:'l'tl~llf1lJAcetyl acetone 5 ml11":: Ammonium acetate 5 ml u~ulf1'l1"tl~~1t1'Wl'lll"11:'llJ

3.1.2.6 'l11"C1'1'J1:'l::Clltl'1'U'l11:'ltl~'tJ11'lfhreh-!l1'l1'Ul'IlJtlru'l1f1iJ~ 65 °c 1~'W!1Cll.. .,

. .
o d 31Yd.1 d

3.1.2.3 'W1 Formaldehyde 'Vl'Vl'Jrurrmn 'lllJ'IJ'W'VlU'W'WnulJ111f1'JtllJm Hl:t:~ntI
!II !II .1""Formaldehyde'r111lJl'IJlJ'IJ'W 10 mg/I u'JlJlm 1000 ml

3.1.2.4 1f1~"C1'l'Hl:t:ClltiFormaldehyde ~lf1'1i'fl 3 lJ1 0, 5, 10, 20, 50 11Cl:t:100 ml '1ri.. " .
'1'W'lJl~'JtJ'lflJ~'ll'W llf1 100 ml tJf'UtJ~lJllf1'J~1tJ1.hml'W' ,rl~ 100 ml 1l:t:i~ffl'l Cl:t:Cllti.. .,

V

..!t ~".d IfHI 'r111lJ1SUlJ'lJtJ'VlU'W'.HI'W'lJV~Formaldehyde (mg/L)

~fl tJ~lJllf1'J'IJ'tl-!lNa2SP3 ~'1~'1'Wf11'Jl'Vll'VlHl Blank (ml)

~tl tJ~lJ1If1'J'lJtl-!lNa2Sp3 ~'1~'1'Wf11'J''Vll'Vl'J1flFormaldehyde (ml)

C(HCHO)

(3.1)C(HCHO) = (Vo - V) x 15 x (N~SP3) X 1000/20
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tJn~tJrit)U
'Wt)fl!ft~l~~

-,

(1'j;U)

-,

1MHm1 (L'j;1.J)

~'1${~lfl h.:j.:jl1.J~ 2

'Vl~nt)lJ

f---+ flrunlJ,j'~vm

nll'Ut).:ji.~tl~

//

tJlIfltJri~W
'Wt)fl!1I~ i.~~

/

"~,\Hl'U
~lnmllJ'I1'Ul'Ut).:j

'l~ei~

-,

/ '\
11lJnlJ~'nHh~:51.J t~tl~

~i.~~ln

h.:j,:jl'UL1"'.:j~ I

~ ~
.:Jl'U1~r.J'Ul'll'\.Jtl'j:;Lfl'V1i-D'v~Yn{~iLfi~1~tlUU~'lf~flWV1~~o~oom1J'U 3 'I$~ ~~i4. .

lSI" I

f11'j'l11tl!1Jlru~fl{11~~ ,~~.yh~m lJflflfH) lfl~'U i~~~1~(J~ JflVl.:J~'U i1Jt1~Vii'~i'U

'" v v "I " • .1 I· .~~ml'ULLff.:JLL~~fl111H'\J1J'\J'U'\Jfl.:JFormaldehyde ~:; L~mTn Formaldehyde ca ibration curve.,

!
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"" ,
3.2.2.8 l11911i'U'u'UlPlu'Wl13.2.2.1 - 7 u~nJ~fJ'U~W'MQiJi\Jm'jLn'U~1udl~

"9f'U\ll'U'1'W..reNf11'UfllJ~tu'MQiJ'illt1 20 U\lffll9f'flI9ffJff 1~'U 351m:: 40 U,:JfflL9f'fll9ffJff

~~t1~'UUff,:J (Absorbance) ~1mf1~V,:J Spectrophotometer ~f111lJfJ11f1~'U 412 'U1l uurar lm::l11

fl1f111lJL.u1J'\~'Wu1t1t1'.ilyJFormaldehyde calibration curve
"", , "

3.2.2.7 l11911'1'\.J'U'U~V\Jl13.2.2.1 - 6 miL,j~fJ'UL1{lli'Um'jln'U;'U~1Vd1,:J''U

..rU\lf11'UfllJ~tu'MQiJ'il1t1 1 -)'W1~'U 2,3,5 1m:: 7 -)'U

Q 01 ... IA "", ...1 fI QI d \11 tI Q.I'3.2.2.6 11f1'.i1:: 'M'Mrus lJ1Wf111lJl '\JlJ'\J'U'\JV~l"iV'.ilJ {l~ 1@J~ il1t1t11'.i1f1mm'.i

Q 0 d'"L9f\JIPILlJlPl'.iLm::u1\J1\J1Pl1lJ'VJIPIV~t11'.i
" , ,

3.2.2.3 '_h~'W~1Vd1~l1~f11L~1 hhn'U' ~'1\J..rV~f11'UfllJ~tu'MQiJl1 20 V~ff1
" " ,

L9f{ll9ffJffdh.JL1{ll 1 -)'U 1L~1'lh~1m.h~~\J 1~ltJlciM i 'U Desiccator mUVfl1'lf'U::'U'.i'.i ~l.hmr\J

tJ~lJ1IPI'.i300 mll~fJf11'UfllJ~W'MQiJ'H~ 20 mfflL9f{ll9ffJff L't1'Unm 24 'li'11lJ~
"

3.2.2.4 In'U~1vdl~'_l1tJ~1J1m 10 ml 'ril'U'M{lV~'VJ~{lV~ l~lJ Acetyl acetone

5 ml U{l:: Ammonium acetate 5 ml U~tJ1t1'M{lV~~1fJ'W1'.i1~rl'lJ

3.2.2.5 'Il1ff1'.i{l::mfJ'1'U'M{lVf1'VJf1{lV~ltJuii 'Ueh~f11'UfllJ~tu'M QiJ~ 65 V.:Jff1
" , ,

19f{l19ffJffl~'Unm 10 'W1l1'illt1lT\J'Il1·1,j11~ln..rlV'U'1\Jl1lljiiU'rJ,:J,j'.i::lJ1W 1 i11lJ,:J

3.2.1.8 Acetyl acetone

3.2.1.7 Ammonium acetate

.1 "1" "1" .....1 _1"1"'" ,(......3.2.1.6 'l)"U IlJ 'il1t11lJf.l1~'Vnn ff1'M'.i'Ut11'.i'IJ\J!lJ IlJV~'W1'.iIPlLf1{l

3.2.1.2 Spectrophotometer

3.2.1.3 ~h:jm'UfllJ~tu'M5JiJ (Water bath)
" ,

3.2.1.4 ~'WllYu~'Vn1~hfi{l u1t1h~~l\Jl1 1 '1\JL'\JIPI~~'M-)~fl1f1'1~IPIV\J'U\J

3.2.1.5 t111'lf'W~UF(El), UF(E2) une MUF u1t1h.:j~l'W~ 2 ''Wl'IJIPI~~'M-)~

3.2.1 ltT~~tJtn~
3.2.1.1 Desiccator 'IJ'W1~,j~1J1~'i 9 iim
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Catalyst

1260.75 g

275.07 g

2.75 g

f111

".... 1iJ"1ff1:l'lf'UIlJ

"mnr: 275.07 g
.1' '1 .1 .11iJ".... '.1 vff~u11 'Wf111'IJ'UllJ IlJV~ 1 U~'WlJ'j::rlV'lJ~1fJ

'ltCatalyst 1 g

~::'1tCatalyst = 2.75 g

f111 100 g

. "
3) f11'U10l'l11'tJllJ10l Catalyst (Hardener) .yj'li'vi8f11'j;j'Wt'tJi~v~ 1 UH'W

" "1~(Jfil'11'U~'l'l1'ff~ri1'W 10 % vimhmjrl'IJV'If111 ~'111'W

'1'Uf111L'11Cl1 100 g

~::'li'f111t'11Cl1 = 275.07 g

ii'f111 55 g

~i"m 'lff111 151.29 g

f111 MUF

.,
iliL'l1)j8'Wn'U) ~~11'W

,: lev 1 d y,d> I i53 - 55 % (Solid content 'IJ'Wtl~n'U H.:Il'W'YI''lf9f~U~''::: H~l'WSolid content MUF

()'li~~ 1260.75 g 1J::'1i'm1 = 151.29 g

'1i'rll1 12 g'1~~ 100 gf111 MUF

., .,
ff~nh'Wf111 (MUF) '1i' 8·12 % vimlnnrfl'~ (w/w) ~~11'U

.,
• ~ liJ v 3Density ('lJV~lft'1:l'lf'U11I(Jl~'Vil'jl) = 0.75 g/cm

: Q,I ~,., I J , J
'Wl""'Ufl'IJ6~'lf'W'lJllVf111'IJ'WpJ 1 U~'W; Mass = (41 em x 41 em x 1 em) x 0.75 g/cm = 1260.75 g. .,

2) f11'W1ru'l11'tJllJ10lf111.yj'1i'viVf111;j'Wt'tJi~Vll 1 UH'W1~Wfil'11'W1l'1'11'

Volume = 41 emx41 emx 1 em

, elf

1l1lJfflJrlTl Mass = Volume x Density

~ A q ~q , ...~ ...1 ...1' ....1 J" ~ J3.2.3 flfllllfl't1fl"j~nmllfl'lfllVl'lJtH'''i''1lll n~~8'U"i~lWfll"i'U't1V1'Ui:t8t1l"ftl"i~i:tVlleJVI

J .I~ 1YOJ 4",.",. ~ ",Y .13.2.3.1 fll'i'U'Ul'U'lf'U ~6V1'Wl'i~lfI'" IVltll'lffln1J'i~'.nn 10L631 (MUF: E2)

1) f11U1rul11Jl'11,rmJ6-.llf11:l~'W '~fJl-3'Vil11~~:: 'li'~'WlU ~V 1 mh.J
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1260.75 g

232.75 g

2.32 gCatalyst

'"mrm 229.23 g
""qUil ''Ufl1';i~lJ~'l.li~Vll 1 urJ'U 'l.l'J~flfl1J~1tJ

II

1ffi:l~'Ui ~

1'* Catalyst 1 g

'il~'~ Catalyst = 2.32 g

fl11100g

o _ I'" "" '" I .1 _1II] "'..,3) fIl'U1W'I11u'JlJ1WCatalyst (Hardener) 'Vl'lflPltlfl1';i'IJ'UluIlJtlll
" "1 urJ'U11ltJtl1'l1lJ1l1Mffllff1lJ10% 1Pifl111'11ll'fl'IJtl~fl11~~U'U

'il~1'*fl11l'l1"fl1 = 232.75 g'" , vm 'lffl11 151.29 g

" "tll'11lJll,,rffllrhlJfl11 (UF)''* 12 - 14 % ~mll'11ll'fll~ (w/w) ~~,r'U

rmUF ''*1~ 100 g ''*fl11 12 g

t1'11'*1~ 1260.75 g 'il~1,*fl11 = 151.29 g
.1 •~ 1 ..:,V.J. • 1 "l''''' ~Solid content UF = 60 - 65 % (Solid content 'IJ'Utl~fl1JH~l'U'Vl 'lf9f~UIPI"fl~';i~~llJ IlJ!'I1lJV'UfllJ)

fl11 UF 'Hfl11 65 g llJfl11l'l1"fl1 100 g

. "
2) tll'U1W'I11U~lJ1Wfl11Yil,*lPiflfl1';i~'U~'l.l'~e)1PI1 UrJlJ 11ltJ

" " "o QI Cl lIJ'" 6'!l ... 1 t 3'Ul'11lJfl'IJtWlfW1)JlPlflfl1';i'IJ'Ulu1 U~'U;Mass = (41 em x 41 em x 1 em) x 0.75 g/em = 1260.75 g

"Density ('lJfl~1ffi:l~U'~tll~l'll';il) = 0.75 g/cmJ

Volume = 41 emx41 emx 1 em

f C JI

+f CIII

I.. TI C III

IPIllJ~IPI';iMass =Volume x Density

J' _I~" VIV If...... ~ ~ V _I3.2.3.2 fll'l'UUlul1U !~aVl'Vtl'l~Uflil!VllHl1nnu'l~Ulf1 lOL617 A (UF: El)

Ut1~lOL686 (UF: E2)
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, ...
fIl'WTI 3.3 H~'W.fl1'W'l1'WI'ltl'Wms Vil 'lU'ei~'I'n{~!~ft

'lJru::m'tJ 11:::ljfl1'i ~ lll'l'tJ

fl1d"hJ~i'1{jL'\ieJ1M~ffl.Jn'tJ

nu~'tJ tl3' 111fllj'tJ~~111~'tJ

. ~ .
'" 9 'JIi $I 0 QI.c::t"'l5~ L'I1 'fI'tJl'11'tJfl'Vl91~~f11';j

Hih lri'cl~1'tJti.:jm'tJHffl.J
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" . ".c!t .c:l d,Qd ~ d

rrm,)~fI,)l'lJ'lS'Wl1~'WUH lJ')1ifllll1l'1rrV'U 1'1':)'W
~ " 0

(1) Ul~1tJdl':)~'W i~~lfl,rtJ 3.2.3.3 'lJ1;11'11'I1"1~'U'Wlfl-Y1'W-vi'l1'W1911'1

3.2.3.4 fllnlVlU01Jflfl.lU'lJllii'YI1.:jfl'tl'\lM~10th~~'U',r

1) fll~'YIVlUt>1Jfll1'Yi0.:j~1'Y1Hfl11'lJl'I'U1(Thickness Swelling)

'I1lJ1VO'lfl11'Y'ltJ':);11'Ufl'Jfll1'lJ'I1'Ul'Ufl'lU~'Wi~mr'l~lflU~'W '~~1'W

" ,
4) til'UgtJfltlflfl tilll~\'H'I1gfllJll1.:)-n'U ~l1fl,r'Wtill~llfl1fl'l~fllM 1'*

UHfll'1 3.5 MPa fJW'I1fJ1J 180 tl'lffW1HH~Vrr 1;J'W11{l13.20 'Wl-vi

.d "l" I "l,..... ,... 1" I "I ~ v d d '" ,.. =It
5) llJtllflUf-I'W l'lJtlflU{ll'Wl 1Jl1'J 111'11W'U11~W'I1iJlJ'I1tl'Jnrunrn

1,.. I

'I1U'W'W

~ CII 4 "d' I Y QI.c:l ~ d
(Rotary drum mixer) l1J~l~'Wlfl'jtJ'IYllfllJ1l~Yl'Wfll1 (flll + Catalyst) ~'Wffl'Wf-IfflH'Ulfl'W~U{l1~':)

11~ lfl~tJ'J1iJ~~1tl':)U l'Ufl.:)f-IfflJVVrun

• '1 "d ... "'1 I '1 d d "" '1 " d3) 'Ul1lJl1f-1ff'lJfl'Ufl11U{lllJl ff{l.:) 'W'U{lVfl1111'l1VlJ n~'Wll'llJ U{l~fl~

o ~...1'" "" ...'lS1 'lJ':)('I11tJ~'Wfll1'lJ'lS'Wm{lfl 2 - 3 %)
I " SI •

2) i'':)~'Wi,n 'I11~\Jl'11,rfl~1'lJ-vi~tJ'Jfl11 til itl1ri1 'Wtl':)fl1'Wf-IfflJ

, ~ ~
ltl-vi 3.3 lflVij'jlV{l~lflV~'li'Wl'lfl'W~.:)il

1) \Jl~'WlmtlmJ'1'W~tJ1J~~W'I1fJ1J 103 fl'lffWlf{ll~Vff 1;j'W1d{l124

...... • " Slv3.2.3.3 l1ifll~m nJt>V1
, ~ ~

fl1~y'h 1~Vflvn{~lti{l Vi ~~ 1~ 'Wrns 1~VfI-r'1ij,r 'WI'lfl'Ufll'HllU nfl'l ~ 'I
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LRISOK

. "cv V Q,I 0 Q"I

(2) llPl'lJ'UllPlfldlllfldl'l fldllltill flll11'\1'Ul1!~~'l1'l'Ul'l1'Ufl
". .

(3) 1.JlI'11mll'l'lf'U '~ViI'1~ 111'lJ'Ul~\?llllVi~V'lfl1'J 1!~1 hJ'VlIPl'rl'v'U

U"j'lfl~ 1~mfl~V'I'VlIPl'rl'V1J1!Hfl~ Universal Testing Machine 'lJV'l1J~£1'VlLLOYD Manufacturer ~'U.

" ,
'l1'1J'Ull?l~'WVim.rl~1?l5 x 30 lG]l''U~l11m

"fldlll'rl'11l1'Jfll 'Um'Jf1JU'J'Ifl~'\1~Vf1JU1'\1irfl'1JU'lw·i'U'~ '\1'IJ1V'lJV'lMOR ~fl111flfl~'l.h'((fl1~

2) flll'YImHI'lJfllltl~nfnl'UU'Hnvl ( Bending strength, Modulus

of Rupture: MOR, Modulus of Elasticity: MOE.)

111l1V~'l r11-wnl?l'l1fl'\1~f)l11I?l~'rI''1JV'lfl1'JU\9lfl'l1flr11~1JVfl~'l
'"

" "t 1 ;iv fldllllf'Ul'UV'l~'Wl~riU'UlI'lfUl L~'U iJ~~Lll\9l'J
." 51

t 2 ;iv fldlll11'Ul'1JV'l~'U l~'I1~'lU'li,.jllil'U iJ~11tllm

Swelling in thickness after = t2 - tl 100
immersion in water (%) t, x

(3.2)

o ~ !JIQ.I 1.1 : cv d
(4) 'Wl'll"WllllPl1VVl'l'U'U '0lO'U11~'U'W1~fl1111'l1'U1 LU'Uflllll'l1'Ul

lf~'lm'J'Vll?lffV1J U1YH1~1111iJ'I11!Uf)1!~'U~m'J'UV1V~1 'OlOffllOl'J (3.2)

,... " .
(3) ,.jl;'Wl~~1Vth'lliJlI'lfGh..l1.Jll~'Unm 24 i'1111'l
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" ""(4) 1l1~'Wi~~1V~1'l~'Wrolfl-U11~'\J'\.J1~f111lJ'I1'\.JlltJ'WfI'J1lJ

... ..d 11] 9111]11 • I '" d '" '"'I1'\.J1'11"\jf11':i'Yl~'fftl'U '\.J1ym'Yll~ & 'I1l1IJV'H9f'WI'1fl1)"'UVltJI'11 1l1fl"lm

• :II ", "

(2) %.:JU1'11'!!fl'U~~~1V~1'l~'W i~111'Wfl1U1'11'!!f1f1V'Wfl1)"'Yl~fftl1J
., ",

(3) lhi'W i~~1V~1.:J itlu'li'1'WU1Lll'Wnm 24 i'11lJ'l

..
1 4.

4) f)l'l'YlvHn)'Umm'l~V1C}f'1Jl.I1(Water Absorption)
"(1) U1~1tl~1.:J9f'\.Ji~ Illfl<U'tl 3.2.3.3 lJ1~~1;1'i~'\Jt.n~

I

" " I ,

(5) U 1~'\.J i~Loti'liileu '1'W1'i'f)1J~tl 'il'WU 1'11'!!ru~lJfI.:J Vi ('lb ~lJ1 ru<u
, , "

24 Glf11lJ.:J) lijtlm1JU~1U1Vtlfl'illfl~tl1J1~'\J'W1~fI11lJfl~1.:J f111lJtJ11 f111lJ'I1'W1 U"~U1'11'!!fl U1
, " "

oti'VlJ{1Vii~hJfi1'W1ru 'I11fl1f111lJclf'W'1'W~'WbM
<u

"''''''1'' "Go' 7J(4) 'W1'll''W lJtlVfl'il1fl~tl1J 1~'\J'W1~f111lJfl1H f111lJtJ11
"

fI11lJ'I1'Wl U"~U1'11'!!fl

'" t t V

(3) U1~'W i~Vi1~'\J'\.J1~Um:i'.:JU1l11rflU~1Loti'l itlv1Ji'W~mJ
'"

~vru'l1.flij 103 V.:Jf1119ml~fJff 11l'Wnm 2 ~11lJ.:J. ..

, "QI" Q.J 0 QJ

(2) 1~'\J'\.J1~f111lJfl11~ f111lJfJ11 f111lJ'I1'W1 U"~'ll'.:J'\.J1'11'\.Jfl

.. "~ '1 Q.I , 4::). ~!lV
3) fl1'l'Yl~HH)'Uf'l11'1J'H'lUUVl16[JH'll'l.I&lJ6V1(Moisture content)

. " .
(1) U1~,;Jt)th.:J:jf'W'~ 'illfloti'V 3.2.3.3 JJ1~~1;1'i~'\J'W1~
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", , "" t

~\,IVi'J1lJVii,*ilJfl1'J'Vl~fftllJ~V 1 fli''1 il1'i~~lJVi'i1lJ 1800 fll11Wl$\,I~llJVI'j ~lmYfl'j Het'i1lJ..

~~f)iilJUff'l (Absorbance) vl'1mfl~fl\l Spectrophotometer ~fl1llJV11f1~lJ 412 lJl1lJllJI'l111"Cl::'Ml

fllfl11lJl.ulJ.u'U;)1f)f)HW Formaldehyde calibration curve. .
.1"" • .1 4 ..... .<t~ 4.<t_1 .1' "1 v ......<t , .....

3.2.4 fll'i'l11lJ'ilJ1Wn8'ilJi:lYllfJYlfllJYli:llJi:l8f.1fl8flillflllJ8Y1f1f111lJ'I1'U1UVlflVll-:Jfl'U
." .

3.2.4.1 lff1JViH'flfl;\,I '~ij~'V'l1{~1f1"Clnr-l~~~lf)f)11111::1fl'Vl UF (E2) fl1llJ'MlJl

12 ii"~llJfl11)ln h~\lllJ~ 1 ''UI'\JI'l,j\l'M1~fI1fli~fltllJlJ'U lf1lJ'M~'I~lnfl1'i~lJpJ~lH'IllJ

"~ 1Vdl~ ~lJ , ~ \1n~lJ f1'1V'V'l"Cllff~ nn fl \,Iri '1lJl ~'1l1'tl'l ili)U~rrnfl ill:: iff1 m 'juffl fffl { u111i'VllJl~ V

"5) lnlJ~1mh~tll11~lJlfl'i 10 m1 iri''Ul'1etflfl'Vlfletfl~ l~lJ Acetyl

acetone 5 ml unz Anunonium acetate 5 ml ilfllhf)l1"Clfl~vl'1V'V'lnlV1cl'lJ

6) Ulffl 'iet::et lV' \,I'Metflfl 'VlfletV'II11U'11' 'Util'1 mu~u~ill 'MfJii~
" . .

65 fl\lfflL9I"ClL~VfflrllJl1"Cl1 10 lJln ~lflUlJUl 11111'1' nl1'lglJ' lJViiliihlff\l111::lJltu 1 'lf11lJ'I

" . .
m'lf'U::lJ'J'i~tllf)~'U11~lJl~l 300 ml 1~tlfl1lJ~lJfJill'MQij'\JV'I,rV\l'Vl~etV'I'~Vi 20 fllffWl$etl~Vff

lr!'Un~n 24 i11lJ'I

" "
4) 'I1mr'Utll;lJ'~11iri"Cl'lilJ Desiccator '\JlJlf111~lJlf11 9 ~fl'J ml1fl

3.2.3.5 fll·rt'll'mlJ1Wfll'itfi:lm.hi6f.1-W6i,j'i:lmfJ~

... .,1,,".o!I.! 11)" ... .,111)" .1 1,".11) 1fffJ'Vl L'lffltl'lf'U LlJVfl'VlLfl~lf)f11'J'\J'U1111tl\l flV 'lff111lJnafl'Vl

UF(E1) UF(E2) une MUF fl11lJl1'Ul10 ijetilllJfl'J

... .1.1 a "',"11)" ""2) l1et'l~lf)m'J'\J'UtlJlff'J~ fl~ l11f1'\J'Ul~ 5 x 15 19I'U~llJ~1 11m:
tI. I ", ~,

fll'U1tu'\J'Ul~Vi'Un'J1lJVi'~"l.Jm1'Vl~fftllJ~V 1 fli'\l tl1'ivl'Vi'Un'J1lJ 1800 m'Jl'1I91'U~llJm sm
..r .,1 ,..,.. "

fffl'J r-let'J1lJ'W'U'Vl= (l1\,1l x f)1l\l x 2) + (Vl1 x f)11~ x 2) + (Vl1 x l1'Ul x 2) = 1800 L'Uf)1'J'VlfletV'l..
" ", ""

i1~::'~~'U'~ijfl'\J'Ul~ 5 x 15191\,1~llJfl'j ~1'U1'U 8 - 9 ~'U ~tlf)1'J'YIflffUlJ 1 fli''1.. . .
3) tll~\,I i~Vi~~m'1 i111nlJ i~t'Ul1'fJ\lfl1lJ~lJfJtul1 fJiin 20 V'lffll91ct

l~Vff 65 %RH Irl'Ul1ct1 7 1'U

" ..
WI fitl fl11lJl1'Ul'\Jtl'l~'U '~ntl'Uu'litll Li~l\,lijet~UJfl'j

" ..
W2 fitl fl11lJl1'Ul'\Jtl'l~'U '~l1~'1U'l1tll Lr!\,Iii"ClilllJ~'J

(3.3)Water Absorption (%) = (W2 - W1)1W1X 100
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~'flfl~'U!!ff~ (Absorbance) 1{1u!fl~V.:JSpectrophotometer ~flJ1lJtl1JfI~'U 412 'U11'UllJlVI'j!tft~'I11

fi1fl11lJl.,j'lJ'\jJ'U~lflfl'JlyJ Formaldehyde calibration curve
SI" , .

3.2.4.8 VhcihhJ'll'UIVI-e:!'UYi1 - 7 1!~1,j~U'Ulft~ltJ'U'~fl'fll'll{~I~ft flJ1lJl1'Ul

15 !!t'l~ 18 iit'l~llJIVI'j

"
3.2.4.5 ln1J~"'lVV1.:jU1,j1lJl91'j 10 ml lril'U'I1ftV~'Yl'flftV~ l~lJ Acetyl acetone

5 ml !!t'l~ Ammonium acetate 5 ml tI'fl,j1fl'l1ftV'fl1{1t1l'11'J1~lflJ

3.2.4.6 U1ff1'jt'l~t'llU 1'U'I1t'lV'fl'Vl'flftv.:jhhl'lf1 'U~l~flTlJfllJVUl'l1 nii~ 65 V~fl'l.. .,
" . ,

1"11t'lICJfUffltJ'Ullm 10 'U1Vi1)lfl,r'UU1',jl1~Hl"rlV'Ul'UYi'l1ii!!ff~,j'j~lJ1Ul 1 i'l 1lJ~

" "3.2.4.4 ~ln,r'UU1:)f'U'brhJ1rit'l.:)1'U Desiccator '1J'U1~,j1lJ1\Vl) 9 ~m m-wv

fIl'lf'U~U'jHJ1mt'U,j1lJ11V1'j 300 mJ 1'flUfll1JfllJVUl'l1nii'1Jv·:n1'v':)'Yl'flftV.:j,~~ 20 mfl'11t])'m~Uff
q q q 'U

65 %RH ltJ'Unm 7 l'U

" "":)f'U'~fl~'IJ'UWl 5 x 15 It])''U~llJIVI)~l'Ul'U 8:)f'U ~Vfll)'Yl'flt'H)U 1 flr.:)

" , "
~'UVi = ('I1'U1x n~l'l x 2) + (ml x n~l':) x 2) + (tl11 x 'I1'U1x 2) = 1800 1'Um)'Vl~H1V·rn\J~1~
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351m:::: 40 tl~R'll"lf"IClftlfl'v~ii~l~~"~I~VtI"l ~~1'Wfl1'j~fl£j1I'1f~if";1f11'j'Yl~~tl~l-wtJ~ 71'W ";1111'

1";fI'l1J1Hl'Vl'j1'U'j::::tJ::::n"1~~lfl1) tl~fltlcitltJvJtl{il',,~'1~~T1~~ 'lJtl~tlW'11fliJ 35 U~:: 40 tl.:]R'l. ..
1"lf'lt~V-e11Mml1J~1J-W'W; 'j ::'11'h~tl~ 1J1Wfl11tl"~UritlfJvJtl{l!,,~ 19~n'UnmUfflPl~\O)~'jtJ~ 4.1

<u

y , ,

1 - 2 Uvl'11",!)111m1'Wl'U1'WVi3 - 7 ~1~\9l'j1f)11tl,,~tlritltJ'iI::::"~"':] Imditlw'11f1iJ 20 tl~R'l
• OJ

I 91 JI t Y

ViUW'11f1ij'j::lf';l1lJ23 - 40 tl~R'll"lf"IClfVff um:: 'i)lflf11'J~fl£j1 1'UTli'.:]-U'W'lJ'h:)jtll1m1J1fl~'W ~1f111
q "

tl,,~tlcitltJvJu{iJ ,,~i~~'illf)1f1'~ii~lmn'llJ 1'W'Vlfltlf.1!'11f1iJ~";lf)1'j ~fl£jl TIt1~T1ti'tl~ n'lJf)1'j~mn
q q.q cu

'Utl':]Kim and Kim, 2005 ~!U'Wfl1'j'111~lfl11tlrl~tlritltJvJfl{~"~ 1~~ 'i)lf11vJtl{i11'iltl{~Hft\Pl'illfl lJJ'
~~'Wl{~I~"mtll~fI'ml::: ONDOL (Floor heating) 1~tJ~m1fl1'jU,,~tlritltl'i)::ii~llJlfll'U1'W~

f) l'JU "?lU ~vtJyJ vf ii,,~,~~, 1-.1 fl1 V'YT ".:j~.:j'Y11i11'fil~ tl~~tltitl tlVV fl1Jliifi lUV tJfl11 ~ tlWIf flij
q ", y

20 tl~R'll"lf"IClftlfl' Iii tl.:]'il1fl~'U iJJ'\jf1l ~.:]111'iif)11U,,~ UciVtltltlfl 1 tl ntl'U uti' 1 1'1i'WI~fnn'lJ Myers,
y

1985 1~~fl£j1Uti'1'W'lJ';h tl~1J1W f)1'Jtl~~tlrifltJvJV{l!i'l~ lel~ s m iJJ'~~'W1{~lfl" 'iI::ii~ 11J1fl~'W

'" , d
lff~ (Etkin, 1996; Girman, 1989; Wieslander et al., 1997; Hodgson et al., 1994) Uff~~lll1Jtl

~.d ~ ~,,~ J d f 1" I ~ Q,I d"1 11 ~" Q,; ~ ~

flWlf fllJ'YltlflTl1J'l$'U11J1'W1Jff~'U'U IlJ'Ums IH Ifms tlrl~tl" tl tJvJm1J~1Pl L ellPlff.:]'U'U1Pl1t1~ ~'W'WL1Jfl
q ~ ~ " tU

tl1~'U iJJ'~Hl'Wfll'JtlflUflm'l1J~ltJtlW'11f1ij 35 U":: 40 tl':]ffll"lfmClftJff 1J1";lfl1'J11T111::'I1'111U~1J1W
IV ~ .. o.J

, ,
d CIo d. t d oClmsinums Condition 'Yl~W'111J1J20, 35 U~:: 40 fl~ff11"lfm9Wff 'W'lJll'Yl~Wlf1JlJ 20 fl.:]R'l

1"lf"I~tJffl,rt'htl~1J1Wfll)tl~~tlcitltJyJfl{l!~~'ij~1J1flf)';h~tlWlff1iJ 35 U~:: 40 fl~ff11"lf~H~tJff ~~• <u

<2 ?I 11).1 '" & ~ 0 1" . .1.1 'H"fll'JR'fl£j1IlJ'U llJ\Pll1Jlf"flf)1) Bake - Out "lf~IU'Uf)1'.iLL'U::'U1lfIHf11'JlJ"\PllJ"~W VOCs U~::

vJtl{l!,,~1~~tlflmJ1fl1ft\Pl 1\PlVf11·H~1JtlW'YTfliji'U,rtl.:] lf~tlmTl1'J'u~ 32 - 40 tl':]R'lL"lfrll~tlff. ."
, y

T11'lJ~' tl n'IJL~1J~\Pl)1f11'J'J::'IJ1t1m f11R'ms ";11'}$'U-U'iI:aU'Urns I~.:]n1'Jn1~~vJtl{ iJ,,~ i ~~fltl fl'i)1fl
"

.dl Q,I .d
fll'JR'fl£j1Uff~~\Pl~\Pl1'j1~'Yl4.1

y

'i)1 fl yj~ m 'J~fl£j 1 tl~1J 1Wm 1U ~~uci UtJvJU{l! ~~ 1 el~ 'Ufl~ ~'U iJJ'~lPllf" ~~1'U

v y

m 'J~m:J11 'Uril'U iMJ 'Ums 'l11tl~ 1J1WmnJ ~~ilciUtJvJu {l! ~ ~ 1~~ 'i) 1fl 'fi1 tnll ~~'U lJJ'~~
i'n{~I~~ T1111Jlf'U1 15 ij~i1I1J\Pl'J 'i)lfl h~~1'U~Y-li1\Pl1'U1'U\Pl~,m1~fl1T11~\Plu'U'lJ'U 1~tJY-I~'il1fl

"

.
.:t

1J'YI'YI 4



Temperature Time Emission of Formaldehyde

CC) (Day) (mg/I)

1 6.2248 ± 0.65

2 5.2331 ± 0.13

20 3 5.3029 ± 0.49

5 5.3536 ± 0.64

7 5.2965 ± 0.11

1 3.6949 ± 0.17

2 2.9734 ± 0.38

35 3 2.3581 ± 0.38

5 2.0251 ± 0.45

7 3.3302 ± 0.93

1 3.6008 ± 0.46

2 2.2931 ± 0.35

40 3 1.7116 ± 0.24

5 1.3585 ± 0.45

7 1.2739 ± 0.49
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~ .J''lSl'" ?t iSl... .. .. eo diSi .1 "SI ..... "" iSifll1nmn'U 1'1f1rt~llJ'U lJfI~'Wn~lf1"'Yl ~'il1f)f)1~'\J'UtllmtJ lU'l1tJ.:JtJt]1J~fll) lJ11C'l::

1C'l''l fI ru:::1ff1 f)11lJ f'!1C'l'~f u 'I111'Y1tJ1t)tl1t) tJt)mHu vi1fJ VH;'U ',j'v~~~~~~'U ii fl11lJ'I1'U 1

10 ij1;'l~llJm

Thickness Emission of Formaldehyde

(mm) (mg/I)

12 4.873 ± 0.61

15 4.940 ± 0.29

18 4.980 ± 0.52

m':iH~ 4.2 tJ7lJ1rufll11lC'l~tJrifltJyJtJf11C'l~i~~"1f)i,j'e)~Ynf~lftC'l~m1lJ'I1'U112, 15

11C'l::18 ii"iillJ~1

.. .. ..
9 ~'U "h'U',j'V~fl11lJ'I1'U1 18 ii"~llJ~11-N19i-:ltJV1.:J;'Ui,j'v~'\J'U1~ 5 x 15 19$'U~llJm ~1'U1'U 8;'U

'Vll1M'fi1tJ7lJ1ru fl11tJ,,~tJritJtJyJfJ111"~'~~m)f)lJ11 n~l~tJ.:Jn'U

• 'I SI.% d ~ i Sid SI '" , .. &
fl1'11'U~1'I1'WU'YI11lJ'\JfJ.:J'JI''UlJ'YI~fJ.:Jf)11'Y1~rtfJ1JlJfI1ll~::lJ1ru 1800 ~111.:J19$'U~llJ~1 9$'1'illnms '111.. . ..
fil.w'UVi i,j'V~fl11lJ'I1'U1 12 11~:::15 ii"~LlJ~11,*19i1f1V1.:J~tJ',j''\J'U1~ 5 x 15 19$'U~llJm ~1'U1'U

"1f)~1~1.:J~ 4.2 'W1J-;hi,j'6~'Vn1~lft~fI11lJ'I1'U1 12, 15 um: 18 ii~~llJ~1 litJ~lJ1tufl11

• I • I' •.1 ..... '" i ..,... ....& .,j .11JC'l~lJ~fJtJnmlJ~~ ~~1'Y11f)1J4.873, 4.940 U~::: 4.980 mg/1 mlJ~l~1J 9$.:JLlJflfl11lJ'I1'U1lJlf)'\J'U. .. .
tJ~ lJ1tu rns tJ~~ll ri fJtJyJfI111" ~ 'l~~iifi1L~lJlJ1 f);j'Ul'lf'U nu ulPlillu~ f)9)1.:JnmJ1 mTf) li1tJ.:J''In

~ J''l SI.. '" .1"" .1.1' •.1 ..... '" ~ .. i eo'" &f)l1l'1mll'U 1'J1'1Tif)1~'I11lJ~lJ1\uf)111J"~lJ"tJtll'lfJ~lJC'l~ 1~~ ~tJ1Ti Desiccator A 1460 9$'1

fll~ffm:nifl flu fl1~nJ~ rJ1J1YitJ1JtJ7lJltums tJ~ ~ tJri fJtJyJfJ1111;'1~i ~~" tn i,j' 6~'W11~lft ~

fI11lJ'I1'U112, 15111;'1:::18 ii1;'l~llJlVl1~~~~"1f)fl11tJ~:::lfl'YI~I~tJ yJfJ111C'l~i~~ (Urea Formaldehyde:.. ,
UF) i~tlvi1fJd1.:J;'U i,j'~~ ifi'''lf) Ll'l.:J1'UYi 1 l'Ul'\J~~'1'Wl~m~ l~~fJ'U1J'U ~~fl11ffmmlrt~'11i'.:J

~l~l.:JVi 4.3

,
4.2 ml't'11m1J1Wm':i'LI",~'_hiafJ'Yh:l'i,ra~eJ~ ~lfl,,yV~rYnl~!ftilnfl111J't'I1J1U~fl~Hn'U

51



Type of resin Thickness swelling Moisture Content Water Absorption

(%) (%) (%)

UF (E1) 16.48 ± 0.91 7.51 ±0.90 38.56 ± 6.26

UF (E2) 12.68 ± 0.95 6.59 ±0.52 39.80 ± 1.48

MUF (E2) 12.08 ± 0.48 6.89 ±0.25 37.43 ± 0.83

!

"
;'1..1i~Ufl'Wlf~lflCl

. ""
VI11Hn 4.3 fllLUtlfLcg'Ufl15'Y'1~.:J9i'1'Yll'1fl111ll1'1..11 fl111l~'U LLCl:::fll'i~fl~lJ'I11 "tl-19i'1~cil.:J..

Q,I ~ \')"Q,I d Q ~ od "d" cv!ll' \Ii J)
U'i~Lfl'Yl MUF fl.:J'U'I..IllJ~fl'YlHClll'ill0fll'ifll1U'j::Lfl'Yl MUF 'il.:JlJLtlfl5LC]1'1..1llfll'j'Y'l~.:J1l1'1..1flV011LlJ

Ufl ~ F-liill ~10fl11tl 'l'ern n UF 1H'l~Lrl~l U~ rJ'U1VirJ'Uflln'U1l11l 'j! 1'1..1"tl 'I Japanese Industrial

Standard: rrs A 5908 (2003) Particleboard (mflH'I..I10 0) ~nl'11'1..1~'-H'filfl1'l''Wtl.:JlPi,)1l1lJfl,)llJl1'1..11

. ., 1 f 1I13)Q,I d.d ... 1 tid" QI.d a lI)91ev
15.17%, 12.68% 11Cl~ 12.08% fllllCllfl'U flrJl1F-1'1..111lflVl'YlllLlJ~'jLC]1'1..1llfll'i'Wtl.:J1l11l1fl'Yl"l~fl~11l~fl

~Hiill'ill0fll111'i~lfl'Yl UF (E1) l1Cl~i~Ufl~F-liill\l10fll111'j~1fl'Yl MUF (E2) iil11~fl~'Uv1fll'j'Wtl.:J

9i'1,rtlV~"l~ 1l1~.:J~10fll11h::1fl'Yl MUF (Melamine Urea Formaldehyde) lij'l..lfll1~ln"ul0fll'j
., , _I ..9

F-I~lJO'l..l'j~'I111.:Jfll1lJ'j~lfl'Yl UF (Urea Formaldehyde) 11Cl~MF (Melamine Formaldehyde) C]1.:Jfll1
" .

l1'i::lfl'Yl MF iifJWrI'lJ-U~i'l..lfll'i1'1'1'1..1'Yll'1..1'111'~~fl-jlfll1U'i~1fl'Yl UF (1ffilti' V.:JU'j::lr1'~l, 2548)
J} I ,,,,

~.:J'I!'1..1lij~'I111l1 F-I~lln'U rrrnlse irm UF ~.:Jlij'l..l011 l'v.lJU 'j:: ft'Ylnfll'W fl1s 1'1'1'1..1'Yll'1..1'111' l1'n'U rrn

& QJ.d '''lYQ.l.J~
(2003) C]1.:JF-IClfll'i'YlflCl~.:JUrI'fl.:Jfl.:Jfll'il.:J'Yl 4.3 \l10fll5 'Yl~Cl~.:J'W'U11 llJ~fl 'YlF-IClll~lnrrrnls zum
10L617A (UF: E1), 10L686 (UF: E2) 11Cl:: 10L631 (MUF: E2) iifll111flfl~'I..Iv1fll'j'W~.:J9i'11vhn'U

.. .
11lJ1V().:J fll'j'Wfl.:J9i' 1'\J~.:Jfl11lJ11'1..11'IJfl.:JU~'1..1'~'I1~-1ulfl11~'1..1 i~~l'1..1 ~m1~fl11lJ'i1'1..1Vi~'1..111 'i'l ms 1~.. .
fll5'W~.:J9i'1"tl.:Ji~U~'I1~.:J\llfl~1'1..1fll511'lil'l..l'l111ij'l..lL1Cll 24 i111l.:J 1l11l1l11l'ijl'1..1 JIS A 5908

"
flW~ 1ff1m 'jllffl~llf lJ'I111'Yl rJl~rJ1~ rJ~ O'hlru fi lfll'j'W~'l9i' 1'Yll.:Jfl11lJ11 '1..11'\J~.:J9i'1mh.:J~lJ '~U~

<I"" ""'W15VllflCl

" ";j'l..l~11~lfl~'I..I'~t11.:J'W1511~v,,rfll1115~lfl'Yl 10L617A (UF: El), 10L686 (UF: E2) llCl~ 10L63l

(MUF: E2) 1~'U9i'1115~~l'U fl1U'l'1'l1HO~ 3.5 MPa 11m: ~W111J~ 180 fl-1ffllC]1Cll~U~

4.3.1 fl1111YlUtlUfll'lVU)·:,Wll'nHfl1UJ11Ul (Thickness Swelling)
" "F-ICl01 'jff01:l1L '1..1ri1'1..1ill ij'l..l fl15fffl'hllfJ W~ll-U~'Yll.:Jfl Cl'\J~.:J9i'1~ Vl.:J ~lJ'~ UVl. "

fl111l'l1lJl 10 iiCliilllVl'j Vi;j'l..l~111~HllrJLlJl1'~.:J11~-U~fl15hr11Cl~1r1'~
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\IJ"'QJd~ ~t .ct. v
'VI\9la'€l1lL'1.Ja\9l'VIH"'WI~lnf)111J5~1f)'V1IOL617A(UF:El) U~::; lOL686 (UF: E2) '1.Jfl1fl11'1.J\9l1lJ'VI1'W

UHfl\9l1l'htilJ 28.55 MPa U{\~ 17.76 MPa 1~wi~t1\9l~H~Vl'illflfll1U'j~U1'Yl IOL617A (UF: El) ii

rllfl11lJ~1'U'Yll'UUHfl\9llJlfl~~\9l u{\~1~t1\9l~H~\9l1l1flfll1U'j~I.n'Yl IOL686 (UF: E2) iith,rvtJ

~~\9l ~~rllfl11lJ~1'U'Yl1lJm ~n\9l'l1~Vm ~~\9lifl1]'Urll~1.JVflmllJffllJl'jt:l '1'Ufll'ji'mill1,r n l1]lJ rll~
., .

lJVf)ti..:Jfl11lJU~~UH '11~V~llJ'Yl1lJfll'j'l1 f) ~~,r'Ufhfl11lJ~llJ'YlllJU Hfl\9lV~lJlfl Uff\9l~'h i~V\9l~\l~
'" Q .1" I., I I ~ I d '1" "" .1lJfl11lJU '\J~lJlfl'\JlJ\9l1m'lf'UfllJ ff1'U fll MOE llJ'Ufll'Yl1.JVflfl11lJffl1J1'jt:l 'Ufll'iVlllJ mu f11'jlfftJ~ 1J

'I11Ufll'jL1~U~1'\JV~U~lJl~lrlilijm~fl\9ll1lJ 1l1flVll'jl~~ 4.4 rll MOE '\Jil..:Jl~V\9l~H~\9l1l1flfll1

10L617 (UF: El) l'yhtilJ 8508.75 MPa 11{\~'~V\9l~H~Vl\llflfll110L686 (UF: E2) ijrlllVhtilJ

2342.56 MPa Uff~..:J111~t1\9l~H~Vl~lflfll1U'j~1.fl'Yl 10L617A (UF: EI) ijfl11lJU~~UHl1{\~

ffllJl'j~~lU'YlllJ ms liYtJtUl~~ flll1~V\9l~H~Vl 'illflf111U'j~I.n'Yl IOL686 (UF: E2) L1{\~lrlV. ., .,
lmtJlJ1YitJ1.JrllYi'~~lflfll'jffmn '1'Ufli'~Uti1JrlllJ1Vl'j!1'\.JH~\9lfitu ~~Vl mnmsu u nn. 876 - 2547

.d I" I d
'illflVl1'jl..:J'Yl4.4 Uff\9l~mfl11lJVlllJ'Yl1'\.mHfl\9l U{\~mfl11lJl'I1'\.W1 'illflflU

• v •
iiH{\~Vfll'j'l1~~1 fll'jYlV~~1'\Jil~U~'U'~ \llflVll'jl~Yi 4.3 U1lJltufl11lJ<i1'U'\JV~U~'U l~t1~YiH~\9l

'illflfll1U'j~1.fl'Yl 10L617A (UF: EI), IOL686 (UF:E2) U{\~ IOL631 (MUF: E2) iithl'VhtilJ 7.51%,

6.59% U{\~ 6.89% mlJ~l~lJ lrlV1U~tJlJllifJlJtilJlJ1Vl'jll'U usn. 876 - 2547 U{\~ lIS A 5908:
• I ~ , Vi"d c:::...1 Hi} tI d 0 11) ,.,

2003 (mflH'U1fl fl) YllJ11fllmllJ'lflJ'\JV~UHlJ IlJ'YlH{\Vl'\JlJil~IlJIfltuCVIVlllJ'YllJ1Vl'i!l'Uflll1lJ\9ln

4.3.4 fl11'Yt~,,"81.Jfll1)JPlnlm\'!U1..:Jf)~(Bending strength, Modulus of Rupture:

MOR and Modulas of Elasticity: MOE)

.. ..
4.3.3 fl1'j'l11fll1)J~\,!'\,!;\,!',j'0~ (Moisture Content)

f111lJ4u '1'UU~Ul~iim1]'Uilll~fJ~alti'tyllJfll'jllll~l U'1-NU1~ltJ'lfU l-dV~lllfl

~ d 'd' d: ci "1 YQJ d Q

H{\9)1l1flfll1U'i~U1'Yl 10L686 (UF: E2) lJ1UV'j19f'UVlfll'j~~9flJ'UllJlfl'Yl~~ u,,~llJV~'YlH{\Vl~lflfll1

Q "d" 4: 'J) ~ 4 ...1 d
U'j~l.n'Yl 10L631 (MUF: E2) lJ1UVWl$'UVlfll'j~9l9flJ'Ul'UilfJ'Yl~VlI'Uil~'illflfll11J'j~1.n'Yl MUF lJ

51 t I )I

fJtufflJU~'1'Ufll'j~1'U'Yll'U'\.hVi~flllfll1U'j~I.n'Yl UF (lflilV U~U'j~lff1~, 2548) 'UilfllllflU. ., .
ms l~lJU~~ .yh~lJ{\~lui 'Ufll1~iiH{\~Vfll'j~1'Ufll'j~~~lJ'\.h'\Jv~ l~t19l~1m'li'Uti'U fflll~lJU~~lii-N

r I "JJ d GI GI ~J a ~ ~:
ff1'U '1'11\1.1'1'If'\JH~VlJ{\'lf'UU"~'\JH~l'11{\ 11Y1VllJ'Uffl'j nu'U1

"

4.3.2 fl1"l't1mH)\Jfl11~~~)JJl (Water absorption)
. "1"

9)UNli 4.3 Uff9l~ti1IUil11~'U~ml~9l~lJlh'\JtH'~t19l'Vn1~1~-crvHj'Ulum~
., .

do ",,,4'Q.e:.. ",I
H{\mHl9lffVlJmHl9l9flJ'Ul'\JV~ llJil~'YlH{\9l1l1flm1 urnrm 10L617A (UF: EI), IOL686..

.d t 'Q"I 0 ~ & lJ] 'j)r.u d.
(UF: E2) U{\~ 10L631 (MUF: E2) unumnu 38.56%, 39.80% U{\~ 37.43% VlllJCl19llJ C]f~ IlJV~'Yl
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Type of Resin Emission of Formaldehyde

(mg/I)

10L617A 0.807 ±0.27

(UF:E1)

10L686 11.407 ± 0.81

(UF:E2)

10L631 3.306 ± 0.21

(MUF:E2)

!

. ..
tJ1lJ1W rns il{l~ tJritWyJ V{11{l~ 1eJ~'UV':)l~vHhJ1tJ LV':)l~HJ'1'*tl111h :::Lf1'VI

10L617A (UF: E1), 10L686 (UF: E2) LL"fl:::10L631 (MUF: E2) '1\Jtl1'.i~~~ ~{l'Uv.:)tl1'.i,.ntJ1lJ1W

fl1'.itJ"fl~tJrivvyJv{11{l~ieJ~VVtl'il1tl1"'~ 1~v11i Desiccator ~llJlJlmjl'U TIS A 1460 l1",~.:)i.:)

"1'.il':)~ 4.5 tJ1lJ1Wtl1'.itJ{l~tJrivVyJv{11"fl~ieJ~1l1tli~V~~~~";l1tlfl11 10L617 (UF: El) l'vhn'U
0.807 mgll 1l1tl'~V~~~~~1l1tltl11 10L686 (UF: E2) l'Ylln'U 11.407 mgll 11"fl:::1l1tltl1110L631

(MUF: E2) ihl1l'vhn'U 3.306 mgll '~v~~'1.Jfhtl1'.itJ"fl~tJrivvyJv{l1"~'eJ~VVtllJ1lJltl~"l~ ~V

L~V~~~~"1l1tlfl11tJ'.i:::Lf1'V1 10L686 (UF: E2) AllJ~1V 10L631 (MUF: E2) !m::: lOL617 (UF: E1)

Type of Resin Modulus of Rupture: MOR) Modulus of Elasticity: MOE

(MPa) (MPa)

10L617A (UF: E1) 28.55 ± 0.41 8508.75 ± 42.73

10L686 (UF: E2) 17.76 ± 2.69 2342.56 ± 382.42

10L631 (MUF: E2) NA NA

J • v
g)l'iH'YI 4.4 mfl11lJ~1\J'VI1'WUHfWI
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ffllJ1Hltl'J:::lJlru i~11 fl11U1:::!fl'Yl 1OL617A (UF: E1) ijtlrlJlru-Wfl{:Ut'l~ng1l1 'Wri1'Wr.lftlJ"Ll'eJ~

fl11U'eJtJf)11 fl11tJ'J:::tfl'Yl 10L686 (UF: E2) ~~Uffl1~11111f)~'eJ~f111'MtJrlJlWf11'jUt'l~tJri'eJtJ

-W(){:Ut'l~ig1l'eJ'eJf)lJ1'il1f)fl11.w'eJ[J!1'1l'1\PIil:::v1'v~t'll1tJrlJ1W FlU Ratio "Llfl~f111t'l~lJ1~1tJ!'lf'Wn'W!!~

fll1t'l11 FlU Ratio t'l~m~llJlf)fli";!u'W~iJUlJ''W~\Plftll1f)'j1lJ !,jU~'il1f) 'il:::.yh'1.,rv1''eJ~!,~lJ

~ w 0' Q 'j/ d",!11 v '1. !II q 0 '1. !II ~., ,J!II
'j':::tJ:::nm A'Wfll'jff~!ml:::l1t'jC]f'WUt'l1 f111Vl!l1'il:::~U~ 'Jj''j:::u:::nm n.mrm l111'_'~~1'Wl'W"Ll'W~1tJ

'illf)f11'j!U~tJu!liUU~1f1l'jUt'l\9lUriutJ'j':::wh~f111U'j':::!flVl 10L617A (UF: E1)

Ut'l::: 10L686 (UF: E2) 'il:::!lf'Wll f1l11h:::!flVl 10L686 (UF: E2) hr~1f)11tJt'l~tJriVtJvJv{:Ut'l~ig1l

d , _I <II _ I _I' _.I 0'.., '" '" 0' • I
'Yl"l~f)11 rmuseirm lOL617A (UF: El) inn C]f~fl111Jt'l111Jt'lfltJl'Iv'nHI11W\Pl'_'V~f)l'J1J1:::!fl'YlUF

~
'il:::~'W()~nUff\PIri1'W'_'()~Formaldehyde Ut'l:::Urea (FlU Ratio) (Myers, 1989) 111tJ111f)~1 FlU Ratio

"" v "
ij~llJ 1f) tJrmw fl1'j Ut'll1U"'eJtJvJu{ :Ut'l~ig1l 'il:::lJlf)~'W~ ...)tJ ~~ U'Willflr.lt'lf)11ffflfnfl ~~i1.yh'1.M

Classification Emission quantity of formaldehyde

Mean maximum

F**** 0.3 mg/l or under 0.4 mg/1 or under

F*** 0.5 mg/l or under 0.7 mgll or under

F** 1.5mgll or under 2.1 mg/1 or under

m'jH~ 4.6 fl1'jtJt'l\PltlrimJ'vJ(){:Ut'l~1g1l\PlllJlJl~'jjl'W Japan Industrial Standard for MDF and PB

trl61t11tJu!'YitJuur"J1Wf1l·n.Jt'l\9lurifHJ'yl()1:Ut'l~'81l~'~ nu lJlmj1'W Japan

Industrial Standard for MDF and PB l'W~l'jvl~ 4.6 l\9ltJ i,j'v~~()~fl1tJi~~l'JJ1~'j~l'W F****

l1lJ1[Jil~ ff1lJ l'Hl ioN~1'W11~ ()~ flU~ ~fl1 tJ Iu ()1fl1'j ~ e~()1ff[Ji~1~[Jilit U'WV'W~ 11 u~()"l"Ll.fll'Vi

ri1'WlJ1~'ji1'W F*** 1m::: F** l1lJ1[Jil~ ff1lJ1HlioN~1'W l1l()~flU~~fl1[JhHl1m'j~u~mff[Ji~ 11~

~()~fi111 'W11~'W'1'Wrm 'loN~1'Wt1t'l:::t5'lUrlJ1Wf1l'jU t'll1tJrieWvJ(){:ut'l ~ ieJ1lt nWil1fllJl~'j ,!1'W '0:::ill
, ~ ~

mu1'jmlun '1-N~1'W11l() 11m1~~fl1 tJ '1'WUl'flll liV~V1fftJ i~ '01f1I'H'lfluffflfnl 'Wflr~i1 'Viu 11

tJrlJ1W f11'j'tJt'l\9ltJriutJ'YIv{:Ut'l~ig1l 'illflfl11i~ ffllJtJ'j:::tnVlii~l!n'W lJl\Pl'jJl'W F*** * lhlAltJ~i,j'v\PI
~~~~'illf)fl11tJ'j:::tflVl lOL617A (UF: E1) ij~lfl~mtJl'WlJl\Pl'j~l'W F** ri1'W1li'v\PI~~~\Pl'01f)f111

ihurm lOL686 (UF: E2) Ut'l:::10L631 (MUF: E2) ij~ltn'W'illf)lJl\Pl'jil'W ns
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ct .. IQ~ cv "
ill'W'YI 4.2 lJ!)mV1f)1')'ff-11m1::'I1 MF Resin 110:::MF Chemical Structure (Rishole - Sundman

and Wallin, 1999)

(8) "'''.'C'·',UB .IUlCH,H".M = M'I-oIlCH,()(,U,"II·\"+II,IJ

(b) \I."11('1-1:011- II,N.\i = "."'Iiell, 'Iii·M ~ ",0

(UF: E2)

, . -
~-1vh1,rf)1'Ju-cll'lurimJ'Wil{iT'C1~'~~'lJV-1fl11 MUF -cl'fl-cl-1111mVitJlJtllJfl1'JUF 11'C1::'l 'Wfll'jflfl'l:lliJ

fl1'J IOL631 (MUF: E2) iju1lJlruf)1'JU-cll'lurimJ'rlD{iTCI~'~~-cl'flM1rlmVivlJtllJf)11 10L686

1rl~11U~ tJu 1Viuu U1 lJ 1ru f11 sU-cl~ U ri il tJ'V'In {iT-cl~ 'l~~'j::'H ':h-1n 11 U 'j:: 1fl 'Vl

IOL686 (UF: E2) L1-cl:::10L631 (MUF: E2) 'WlJl1 U1lJ1WmlU-cl~urimJ'yJil{iT-cl~'~~'lJfl-1f)1'J

.1 ",." • "* v QI ~useinn 10L631 (MUF: E2) lJfl1tHWFn1 1OL686(UF: E2) 91'HH)~fl"V~fllJf1l')l'IfllJ l'lJfl~ S. Kim;

H.J. Kim, 2005 ~li1f1l'j'H1U1lJ1ru'V'lV{iT-cl~'~~1l1fl MDF Board ~~~~\llflf)1'JU'j::1fl'Vl UF, MUF

uae MF 1~tJ1~ Desiccator Test fl1lfffllJl~-1flri1'J'WlJ11fll'JUnam1 UF iju1lJ1rufllnJ-cl~U.rifltJ

'V'IV{iT-cl~'~~ilVfllJ1 lJlflfl11fll'JU'j::1fl'Vl MUF 1m:: MF 1'l1lJ~1'f1lJ 1~tJfll'Jun1fl'Vl MUF 1n'fl'iJlfl

fllHHYlJtl'W'lJV-:)f)1'J MF 11-cl::UF ~-1m'J MF !n~i)lflf)1'jvhu5n1tJn::'I11N Melamine tllJ

Formaldehyde 'iJ1 fl t U ~ 4.2 '11 ~ v::: jj1'W (Amino group) 'lu Melamine 'Vi1U 5 n1 tJ1tl lJ

Formaldehyde mtJi.,;''ffm'J::~lt1'W~l~tiV'W''l (Slightly alkaline) 1n~11J'WMethylol melamine

(Methylol uera i'Umru'lJV.:lfll1 UF) !m::'Vilu5n1tJlf11lJll,j'W~iliU1J'Wi~f)1"J MF ~V~i'W~fl~W:::

ri'J'W~'fflJ~l,j'lJ,j''U (Bulk) (Pizzi, 1994) i'Wri"J'W'lJU-1fll'Jff-11ml:::"(m"J UF ln~1J1flU~n1tJ1n'Hl1-1

Urea tllJ Formaldehyde mtJi~'ffm1::1~(ntl'WtllJfll'Jff-11f1,)1:::"rf)1'JU'j:::lfl'Vl MF ll~ u5n1tJl'lJD.:l
Go' Q J "I Y ~ 4' t ..,

Melamine nu Formaldehyde 1fl~'lJ'Wlm1~ln ll-cl::'fflJ\!'Jrum1 Urea nu Formaldehyde (S. Kim;
. id d didH-J. Kim, 2005) DtJl-1 snenu 1l1flf)1H1fl'l:l1'lJD-1S. Kim; H-J. Kim 'Vl'WlJ"Jlf)11MF urns

u"~'I.lriVtJ'V'IV{iT'C1~i~~m)fllJ1,,j'DtJfl11fll1 UF fl1'j1~lJfl11 MF Ml'Wf)1"J UF ln~11J'Wfl1"JMUF
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5.1.3.1 fl1'1'YIYItT61.J"1W1nJmlm,Ul'l

fll'jtl~ UHllms fff)1:I1fJWtllJ,j~ l'11':)flll'U fl':)'~ fl~'Vl1{~Lfill ~ ~U tUlfl':)

.
5.1.2 fll 1H fl'UIN'' m:::'YI'U'UMft11lJ'M'U1 niimlJ1Wfll1t.1"V1U"8t1vJfl {11'"mel ~

',j'fl~'Vn{~lfillfll1lJ11'U1 12, 15 11m: 18 ij"~LlJm iiU~lJ1WflntJ,,~t.lriflU

• .1 ".... '" III " • .... ..... ..,j .1 . ''''Y'ifl'jlJll~ ~~Vlll'11fl'U4.873, 4.940 1111:::4.980 mg/1 IPI1lJll1~'U LlJflfl11lJ11'W1lJ1fl'IJtJu':ilJ1Wfll'j
. "

t.lll ~t.lrifl tJyJf){2111~' ~"iifi11VilJlJ1fl;j'U L'lIUfl'U U~'~lllPl fl~l':)flU u 1m! n

.
,~~ .do OQl "Q,tI QI

lJ1flfll11'1t:lW11.QlJ351m::: 40 fl-!l!'1WlflllClftJtlIPl1lJmVl'UtlflVlflllfl-!lfl'U'l111flfll'j Bake - Out
"" , ..,j 'I ~ J '"5.1.1.2 'il1flHllfll':ifl'fl'l:l1'V'1'Ul11lJfl':i:::U:::nm ~tJ rm 1'1~ tlf)'UL'V'IlJlJ1fl'UtJU':ilJ1W

m s t.III~Uri8 tJyJf){21II~ i~" flen~1fl1tl~ ii fi111~"-!I

5.1 tflt.l~.ft1fll1f1mn

5.1.1 N~'UtN~W'MiJij ~iivi8t.1llJ1Wfll1t.1"V1t.1"etlvJ6{11',,~'~~

5.1.1.1 ~lflHllfll'jffmHVnYll tJ~lJ1Wfll':itJll~t.lrimJ'vJ8{2111~i~~'IJ~H ,~V~~
~l'Ufll':i Condition ~~W11.Qij 20 fl-!l!'1WlfM~tJtl iit.l~lJ1Wflnt.lllVlurif)UyJfl{2111~'~~flflfllJ1

....unn 5
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, 0 ,.. • •

vJfl{~,,~i~11,yji~lil'Wfh.yjl~~ltlcM'Wi~YiH1'Wtl1'j Condition Yi~Wl11Jij20, 35 1L"~40 tI.:jff1

19mLCJfmyIm~1111,ri11~~Wl1 fJij 40 V.:jff1LCJI"ICJfUtriif11'jll,,~llclmJvJt"lflJ"~ i~~t"lt)mJ1,rt)u~tl~
" .~~,r'Wlntliil~fhll~lJ1W tl1'jll,,~tJclfltlvJt)f~,,~ 'b~hJ'tIW~,yj111f11'j Condition fl~~~111i111'j1i~

fhll~1J1Wtl1'jtJ,,~tJclflfJvJflfir,,~ig~"l.:jtl~ (Maximum) 'tIfl~U1l"~~W'HfJm'W'lh~n"l~fhI1'W~

5.2.2 f11';;'Vl~ffv'Ulflfhll~1J1Wms tl"fltJriVfJvJvf ir,,~ igl1.f)1U1~ff.fl1'J~1l1~'l.f)1fJ1'W
..,; , '" • 'I ""1 "'" "i" . "1.1'1 "ifl1fl1'j'Vlfl~V1fffJ(Indoor Air Conditions) ~~'Vl1L'HAfl'j'U'Vl'jl'U'tItllJ"'W1'1f~tl1'j'W1LUA'If'Wf11'j'H1

U'W'J'VlHtl1'j "fl u" dlt"l~n 'WiJty 'H llJ".fl1'J~ ~ltlvJ t"lf1J"~ i g~.f) 1Ui'WVlfll 'j ~t)~tJ1fffJ i~ ~~~

rdt)~ ~1tlltr1l~tlU1l~ 'H~t)nt) tr~1~~lJ1~1tlltr1l i~~'J'Wtatl1~.fl1t11'Wmms Lil 'Wri'J'Winn

5.2.3 tl1'jlmfJ'UlYitl'UtJ~lJ1Wtl1'jll,,~tlrit)t1vJflf~,,~ 'lg~~ltltl1'JtJ'5~1.f)'Vl1l1~'l111111'
, ~f uns 1'U'Ii't"llJm~t"llil 'WU'W'J'Vl1~1,r.fl1fl~~tr111m 'jlJ1'Wm 'jl~ t"lni~1~Q~ 'U~iifl 'J1lJtJ" fl~.nfJ1ltI
Q" , " .. 'i i"'" " ..,j 'I". I'" '" 'I '" Co 'Itr~U1~"t)lJ u,,~tl'tlfl1~ ff'J'W~'U'j l.f)flll~ fl'j'U'Vl'i1'U'tIt"llJm~tll'lHu'jtl'Ul'VlfJ'Ul'Wtll'J'flflff'W111

5.2.1 ~1tl r-I"mr fftlEl1r-I"ns ~'Vl'U'tIt"l~~W11fJij~ii1l t"ltJ~uuu m 'j tJ" ~Urit"luvJflf~" ~

i~~ ann~ltl i~t1~~lf~Lfl" ~ltlf11'j'Vl~" t"l~111111i11~tu 11fJijiir-l"1lt"ltJ~lJ1Wms tJ,,~tJclfltJvJ t"lf
" " ..h~,,~i~~ Lm~1'Wtl1'jfftlEllhmf~ihil'WitJ~llJl1cltltl1'j Bake - Out CJI~fhtJ~lJ1Wtl1'jtJ"~Uclfltl

1) 1l~lJ1Wfll'j1l"~lhimJvJfl{1J,,~i~~ ~ltl '~t1~~r-I~~1l1tlf11'J

10L617A (UF: El) I'vhn'U 0.807 mgll ~ltli~t1~~r-I~~~ltlf11'J 10L686 (UF: E2) I'vhn'U 11.407

mgll um:~ltlf11'J 10L631 (MUF: E2) iirhl'vhn'U 3.306 mgll 1~t1i~V~~r-I~~1)ltlf111th~I.f)'Vl

10L686 (UF: E2) iitJ~lJlW ms tJ,,~tJclfltlvJflflJ,,~i~~lJltltl11 i~t1~~r-I~~~ltlf1111h~1.f)'Vl

10L631 (MUF: E2) Im~ 10L617A (UF: El) ~llJ~l~'U

2) ~ltl r-I"tl1'jlm t1'Ul,yjt1'UtJ~lJ1Wtl1'jtJ,,~tJcl flt1vJflf~,,~, ~~~rnm 'J

ilseirm ~1~t1vJt)f~,,~'g~ (UF) ~'U';h rmiheum 10L617A (UF: El) iill~lJ1Wtl1'jtJ,,~tJrimJ

vJflf~,,~ig~,rt)t1tl11tl1'JtJ'j~1.fl'Vl 10L686 (UF: E2)

3) ~ltlr-l" tl1'jlm t1'U1,yjtl'UtJ~lJ1tutl1'jtJ,,~tJri ~wvJt"lf~"~i~~ ~1nm 'J

tJ'j~I.f)'VlUF Im~ MUF ~'U-11rrmlsemn 10L631 (MUF: E2) iiU~lJ1Wtl1'jtJ,,~tJcltltlvJt)f~,,~

i~~,rfltJtl11tl1'JtJ'j~L.f)'Vl lOL686 (UF: E2) 1L1llJltltl11tl1'J1l'j~L.fl'Vl10L617 (UF: El)
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1~6n H'1ff~ 'I116t'wu{ Ul~U1~1Jl~ln iU'~~~Hi\IPHl1nnl1tJl:;1f)'VIU\Pln~1~tl'U u,,:dhH'mtu ms

tJ,,~tJ~UtJ'wu111"~ln~~lPh~tl'U~1v

5.2.4 '11~1V~1'U~1~'1 mulu tJl:a'VIffl 'VIV~l~WJ,j'U~l~i'U'VI'nlJ ,j'6l.!"I~Vll1 1tJ
tJl:;Qn~1fl'Ufl11,'j6~n'U lltl:;rnUfJ1J 1J"m1:;mv11HJ1ml~lfi~~lnfl1ltJ,,~tJ~uvvJvfl1,,~inlP!

'iJ1n1ff~ iU'~~ 1dU':Hl1niJ~~iJ'Ufl111Jrl~U~H"m :'VIUUtI::.yhlirV~lnfl11tJ,,~tJri6 vvJu111,,~inIP!
~ln1ff~ lU'tl~l~'U ~i'mvn:;1'U1~nll ~lPlffl'l1m 'Ju ~lnH" ms n~n'U'VI1~nlli'i'1 u~ nutJ 1:;'lf1'lf'U

, Sol JI SI ,

'111u~u nf)fl'Yici1u1ff~ lm:avJu1ul ~u1l'11~ltT 'U1tJ1-N~1'Umi'IJ i:Ji ~i' '1.1'VI11'1.1,j'Ul.!"-w e:l~1~-n10~

mj1v~1'U~1~V1,j'e:l~fl111tlJlwHti'1,.rfl11lJrn'IJtJ1:;')$1'lf'UUth~~1~~~lJln~'U ~~~1mh~ 1'lf'UThe

Ministry of Environment 1m:; The Korea National Housing Corporation 'lJU~tJl:;l'VIfflnl'l1~ ~,~

fl6n,j'f)lff'U 6U'U:;untJ1:;'lfl'lf'U i 'Unl1tJfiiJ~lrlU'tl11f1'~ 'I11ut'w61Ul\lU1 ~rn lU'U~ 1111-Ni'Ums
, ""I , ""I ~ jI 0 QI _ I II) 0 II) "1 1" "nVff'JH 11'Jf)lPlnUIPl~e:llf111'IJ1'U1HJ'U1'IJ'U\Pl'Ufl'l11l'IJlJ'J:;mff rvIV m~'VI1 LIP'! IP'!V fill 11f1111Jl

lff'Umh'U~V~l~ '1 nll1HVU'W~u~'Ui'IJ nl'J~~~tl1n1ff~ 'I11e:llvJv1Ul\1V1~ijfl111JtJ"e:l~fiv ..,,,..,

~WM'Unl'J1WHti'i,.rl~Vf)i-N~tJmw"'vJ ..~hQmf) 1'IJ6f 5 I~VH"i'UnlltJl:;mj~'W"'~~l'U ~tJl:;mff
IIJ i"" .1001"L'YWlfiV11f1111Jllm::1WHflffl11\11J1U"1
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Q a _.I d' d ",.1 tI QI d tq tI "Q,I I d " .J.
"l'l$1~1 'If'U::'\l~). "l'lfl)1Jlel'U -l'lmlJeI~ 1~~ ff]'j)lrJ~1flfllJ::1H", ]llJfl1l1Jll)fl~f1111J

.1 "''' '"uelfl~.fW~llJ ffl'HfllJ. http://www.chemtrackorglNews- Detail.asp'?, TlD= 1&10=43.

n'UtJlt1lJ, 2553.

l'Tt11tJ~llJfft!'Uff'4lJ f)11-WWl'Ul,!!,'UVI'VIfll'Ule1mell'T::Uel::lff~m1~'lfl~. "fll)~~fl11U1::ffl'U i~"

lm~f)1)-W~'Ulfl11~~i~. http://web2.forest.go.th.lforprodiWoodComposite/

adhesiveweb/therrno-setting.htm. fllJm-w'UD, 2553.

lil\Pll.w~lll'lf 11l'lffllty. "i'UmllJP'lfH1Wlh~~lJ~PlJ l'Tt11tJfl1'j1~V'U~ 4 ~l'Ui~", i'Ufl11lJr

http://www.pbj.ac.thlTawattidate Iwoodlpaper2.doc. ~mfl1J, 2553.

~ellf1lJ, 2554

d':l'uU1'111'J~9'lm'J,rV~~Hm::: til'flll 111'U:::lll til'!! fl'Ul1111 ~'Vl1ifflff~1. 11tJ~ l'U fll'j ffmml'U 1fl~

r:-I~~.nruct1i.1111.fl~~l'V1l'1'1: m1Jri~lff~lJ~~CI'll'Tm)1J, 2552.
tI

"ht!f)~1'UlJl~)illJr:-I~~.nruct1~~CI'l11m1lJ . lJl~)illJur,h.J~'U 1~~~'l$U~11'U. usn. 876 - 2547,

2547.

, d ."
air pollution)". 'Ul1ff1)1J::!HI'l$\I~fl. www.nci.go.thlKnowledge/downloadl4.pdf.
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.. . .
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3. m1J1Wfl111J~'U
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Concentration (mgtl)

Calibration Curve

12.010.08.06.04.02.0
0.000 ~----.-------.------~----~------~----~

0.0

G> 0.800 +----------------::::;a",c-----------j
oc:
III€ 0.600 +-------------:-~~-------------j
o
I/)

~ 0.400 -f-----------".,c_----------------l

y = 0.1051x + 0.024
1.200 .-- ---'-R'-2_=_0-'-'.'-9'-9--=,97

Absorbance, Absorbance, Absorbance,
Concentration Average

412nm 412nm 412nm

(mgll) Test 1 Test 1 Test 1

0.0 0.014 0.018 0.016 0.016

0.5 0.071 0.076 0.076 0.074

1.0 0.127 0.129 0.133 0.130

2.0 0.238 0.240 0.239 0.239

5.0 0.561 0.559 0.564 0.561

10.0 1.069 1.054 1.083 1.069

.. .
OJ ct
fl'~n 1 2 3 Average

Blank 23.90 23.95 23.90 23.92

Standard solution 10.90 10.90 10.90 10.90

1. Formaldehyde calibration data
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ti1f111'IJ1~'lJW'llf)~'V18iui.'l~!J~fll"'I'I\?Ii.l"~YI fI1fl11~\?Ifli.l'lMH

~l'n'llj;f"llYi412 nm(A) (mg/l)

I 0.0790

IOL617A 2 0.0810 0.5360

(UF:EI) 3 0.0810

IIl~IJ 0.0803

I 1.1860

IOL686 2 1.1610 10.8817

I (UF;E2) 3 1.1560

lIlau 1.1677

1 0.3580

IOL631 2 0.3620 3.2287

(MUF) 3 0.3700

IIl~U 0.3633

I 0.1360

IOL617A 2 0.1370 1.0688

(UF:EI) 3 0.1360

mau 0.1363

I 1.1790

2 IOL686 2 1.1830 11.0054

(UF:E2) 3 1.1800

IIl~IJ 1.1807

I 0.3540

IOL63 I 2 0.3650 3.1494

(MUF) 3 0.3460

lllalJ 0.3550

I 0.1070

IOL617A 2 0.1110 0.81510

(UF:EI) 3 0.1110

lil~fJ 0.1097

1 1.3020

3 IOL686 2 1.3210 12.33428

(UF:E2) 3 1.3380

mau 1.3203

I 0.3820

IOL63 I 2 0.4070 3.53949

(MUF) 3 0.3990

IIlftlJ 0.3960

I 'JI , jI

2. ~l';il~ii 'lJ.1 fll'.im'HI')llU1mWvJtJ{~~~ll~~'i)lfl~hJ1U'~~l1~'Wl-U!tJ'I WHIJ'H'W110mm
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