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SUMMARY
(BELFE)

I. Title

Development of environment—friendly type high performance adhesive for

timber
II. Goal and need for the research and development

Timber materials such as plywood and wooden composite board range are

the most frequently used materials in construction and various other areas. In
addition, the construction industry in continually growing and enlarging due to
increase in new residential industry, and increase in remodeling and repairs.
Moreover, although demands for environment—friendly construction material is
increasing greatly due to increase in interest towards the quality of indoor air
with recent emergency of environmental issues, plywood, board and furniture
products using timber among diverse range of construction materials are being
pointed out as the principal offender that generate largest quantity of
formaldehyde and volatile organic compounds.
However, in spite of the fact that timber in itself, as a natural material, does
not contain harmful organic compound at all, adhesives used in adhering timber
and manufacturing boards are made of products that contains large quantity of
formaldehyde resins or organic solvents that are harmful to human bodies due
cost or technological reasons until now. Accordingly, this study aims to develop
environment—friendly type timber adhesive that can substitute such harmful
products.

In addition, this study aims to develop adhesive that satisfy overall physical
properties high functionality such as water resistance, thermal resistance and
durability,workability such as various thermosetting and high speed drying
necessary in adhesion works, broad—range adhesiveness and high functionality
for diversified materials in accordance with diversification and compositeness of
timber materials from the perspectives of environmental friendliness and
resources utilization, which were difficult to achieve in existing products that do

not contain ingredients that are noxious to human body.



ITI. Details and scope of research and development

Fundamental mixing and test on properties of raw material necessary for
usage of new raw material was performed by comparing with existing
formaldehyde resin related to adhesive for manufacturing of environment—friendly
board and plywood in order to collect data related to development of
non—solvent environment—friendly products for application in adhesive for
environment—{friendly board, non—phthalate type polyvinyl acetate adhesive and
highly functional timber adhesive with diverse range of applications, and in
order to perform fundamental experiments to prepare raw material.
Furthermore, research on means of synthesizing non—phthalate type polyvinyl
acetate adhesive and property experiment for each basic raw material such as
polymerized catalyst were carried out for application to ordinary water based
adhesive used for timber.

Experiments were conducted by suing diverse types of environment—{riendly
non—phthalate plasticizer, and physical property was measured by supplementing
the deficient physical property by using environment—friendly additives.

For environment—friendly non—solvent type adhesive that is possible for each
product group requiring composite material and high functionality, experiment
was carried out by researching combining and characteristics of physical
properties for adjustment of viscosity and improvement of permeability of the
product in order to substitute products that contains organic solvents used in
adhesion of timber and diverse range of coating paper and films

Board that does not use formaldehyde resin was manufactured and its
physical properties evaluated in order to carry out finishing site application
experiment and to manufacture pilot product through composition and
manufacturing of environment—{riendly product for application on adhesive for
environment—friendly board, non—phthalate type polyvinyl acetate adhesive and
highly functional timber adhesive with diverse range of applications, and pilot
production and manufacturingof products that uses non-—plasticizer, which does
not use phthalate harmful to human body, or non—phthalate environment—{friendly
plasticizerfor application to various interior materials. In addition, non—solvent
type environment—friendly film and timber adhesive were developed for
application in overlay adhesion works of PVC film in order to proceed with pilot

production and manufacturing.

IV. Outcome of research and development



Adhesive for non—formaldehyde board

MPU (water based vinyl urethane) resin was used as adhesive for board in
order to substitute formaldehyde UF resin, and particleboard was manufactured
by mixing the pMDI in accordance with the ratio in order to improve deficient
physical properties, which resulted in excellent results.

Usage of mixture resin containing MPU and pMDI resulted in flexure
strength that is higher than that of UF resin in overall, and high strength of
exfoliation than the existing UF resin was observed beginning at 10% mixture
of pMDI. Onthe basis of this result, it was possible to confirm that addition of
pMDI can improve the deficient physical strength of MPU. In addition, the result
of radiation experiment displayed overall reduction of radiation of TVOC and
5VOCs when UF resin was substituted with mixture resin containing MPU and
pMDI. In particular, reduction ratio of 95% ~ 99% of formaldehyde, which is

harmful to human body, was observed.

Non—phthalate timber adhesive for interior application

Non—plasticized product with outstanding functions was manufactured by
removing the weaknesses of polyvinyl acetate emulsion by using the method of
polymerization with ethylene vinyl acetate emulsion as seed in order to
synthesize non—plasticizer type polyvinyl acetate, and by synthesizing
non—plasticizer type polyvinyl acetate adhesivefor woodworking with outstanding
workability, thermal resistance, water resistance, storage stability and adhesive
ability. However, although the overall physical properties of non—plasticizer type
products are excellent, they have the disadvantage of increasing the cost due to
the addition of new procedure atthe time of synthesis and method of synthesis
using EVA emulsion resin.

Accordingly, experiment was carried out by selecting environment—{riendly
plasticizer and supplementary additives that do not alter the procedures and cost.
As the result, it was possible to manufacture product with outstanding physical
properties including adhesive strength, water resistance, properties of forming
film at low temperature and storage stability while being
environment—friendlywithout generation of VOC including phthalate by producing
emulsion adhesive that does not contain phthalate, without additional synthesis

procedure and significant increase in cost.



Non—solvent type adhesive for application on PVC film

For the admixture of non—solvent type adhesive for timber/composite material
manufactured through this research, solvent was removed and mixing was
carried out by using wetting agent and various peeler additives as well as
environment—{friendly plasticizer and supplementary additives. It was possible to
obtain results in comparison to products of other companies through
measurement of TVOC of this product. In addition, from the perspective of
physical property, although it is of non—solvent type, good results were obtained
by testing status and low temperature, water resistance andadhesive force for
each material to be adhered to. In particular, it resulted in greatly superior effect
in comparison to existing or products of other companies on the low
temperature initial adhering surface. In addition, possibility of improvement was
confirmed by using the method of mixing PVAc and peeler as means of

additional reduction in cost.

V. Research Performance and Plans for Utilization of the Performance

As the result of this research, development and production of non—plasticizer
polyvinyl acetate adhesive that does not use phthalate, which is environmental
hormone substance was completed (208G) development and production of
non—phthalate polyvinyl acetate adhesive using environment—friendly type
plasticizer was completed (205, 207) development and production of EVA
adhesive used exclusively for overlay work for non—solvent and non—phthalate
type PVC/timber was completed (195E) and pilot production of adhesive for
non—formaldehydeboard was completed.

These products have outstanding overall physical properties without significant
increase in cost, and are certified products that comply with the need In
accordance with recent law on management of indoor air quality and REACH
system required by EU through acquisition of Environment Mark Certification.
Therefore, it can be used in construction, interior and furniture requiring water
resistant wood working, and it is anticipated that export can be expanded.
Furthermore, in addition to the already developed products, it is possible to
diversify the product by expanding and improving to the scope that demands
wider range of material to be adhered and workability, thereby gradually
replacing all the water based adhesive for industries using wooden material with

products composed of harmless substances.
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& (kgf/ci)
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2mm
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A]

10mMmm
W)25mm

Birch

H
%]
- 19 —

JIS

10mm

TEST
of 7A7k

=

20C 65% 79 A4AF TEST

207C
S 10mm

R4

1

Y2

5mm

20C 656% 79 FA->FEH ==l 64]

20C 65% 72
20C &9 2A17F A ->20C 65% 79 A= TEST

20C 65% 79 AW —>20TC £ 49 XA

Beech

DIN
5
(W)20mm

1-1. DIN EN 204 D4¢]
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D4-7
D4-8
D4-9
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DIN JIS
birch M.C.=8%
Adherend beech M.C.=8% S.G.=0.66
S.G.=0.66
Spread Volume 300 g/m’
Close Assembly Time 5—7 min at 20C
Cold Press 12 kg/crt 60 min at 20C
Aging 7 days at 20C

3. 2% €2 33

9ol A<3 DIN EN 2047720l <]sle] Aa] 42HE 5
deH=A FAF b S5E NS, ddsr 2HES dEaTa
B FAS AL FA ARl o] aalebdle] EA] A AAIQ] MPU-500
(ABA)S AFRsle] Zuol SxloA] Fa At AR =z
H] %Xé?ﬂo# *1- 1 e =Tl ﬁcﬂl/ﬂ EO]b 1
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T 1-3. dE2AE FAke] 3 AAE vl

Rubber

Mengkulang Meranti Nyatoh Agathis
wood

A R Vv R Vv R \ R Vv R

D4-7 198.7 176.2 201.2 197.0 187.1 190.5 198.0 186.8 203.1 201.9
D4-38 69.4 62.5 70.8 67.3 68.8 70.2 654 66.3 74.3 69.8
D4-9 85.2 79.4 63.7 54.5 72,5 75.0 724 63.9 73.9 69.9

D4-10 101.2 98.9 120.3 111.7 99.0 87.6 103.2 100.7 130.3 121.8

wx Voo pdnd g g FA, R d&AE FEA
#x A4 ¢ DIN EN 204 D4
xx 522 EA © Rubber wood Density (air dry) : 560 — 640 kg/m’
Strength group : C
Colour : Pale cream with a pink tinge
Mengkulang Density (air dry) : 625 — 895 kg/m'
Strength group : B
Colour @ Red brown or dark red brown
Meranti Density (air dry) : 415 — 625 kg/m'
Strength group : C
Colour : Yellow pink
Nyatoh Density (air dry) : 400 — 1075 kg/m’
Strength group : C
Colour : Pink red to red brown

E -4, ol AN ASHE A48 AFAL F3E AHY v
Rubber . .
Mankulang Meranti Nyatoh Agathis
wood

18 23 13 23 13 23 13 23 13 23

MPU-500 (&) 85.2 80.4 63.7 64.5 72.5 68.9 724 709 789 -
KR—-560 84.0 82.5 78.5 784 74.3 67.2 859 81.3 774 -

SBVU30S 49.4 44.6 55.8 60.4 57.1 589 55.2 71.0 72.0 -

1984 64.4 42.6 56.8 40.3 60.7 66.1 64.6 70.2 76.1 —
SL—460 67.7 54.7 53.8 36.9 71.8 63.1 83.1 76.2 858 —
SL—465 444 48.1 49.3 44.8 58.6 68.6 74.1 63.1 70.3 —
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80

[ Boiling water resistance

70 .
|| I Water resistance

Adhesion strength(kgf/cm2)

5% 8% 10% 15% 20%

#* FHZA 0 MPU-500 / HH-50
wx Alg 7FZ @ DIN EN 204 D, Q9= : D4-85%: D4-7

a9 1-3. AskAl el e g a4

140
130 . —u—15T
120 ] \ixg 4] : MPU-500 / HH-50 —e 25T
o l\ A 35T
. i [
= 1001 T,
S ] -
= 80 1 \o
S 0] T,
60 - . \.
40 -
30 I ' ' ' ! I ! I |
59, 8% 10% 15% 20%
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200
30

SAMPLE C
200
60

} TEST
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200
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Urea 54
HH10

1-6. MDF
MPU 500

-
it

130cps 300cps 30000cps

79¢cps

v
ﬂmu

75000cps
205 20%
135.2(45%)
179.3(80%)
295.9(40%)
294.0(20%)
279.0(30%)

280cps
19.3
39.2
37.4

31& 26%
484 o) FEapl A Agon 4
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19.35%
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185.15(25%

7 At
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=

ol Hl
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al

24.45%
187.4(30%) 183.55(5%) 151.1(15%)

b olol MDFE $-elob 44sh wepw

Ak el 5
30%

P
T

MDF-& $-#o}
24.10%

-
T

]_
FE) 59.55(10%) 180.7(80%) 189.7(10%) 209.4(80%)

A
o

H A
Hld e (MPU500/HH60)S 5% 3t

2 (AHE) 109.95(10%) 248.4(80%) 233.35(80%) 241.7(70%) 163.4(50%)

F (Y<9=) 122.35(10%) 76.3(20%)

sk

Ly
e
ZA
7
5

1-7. MPU500°] 4%] &3} &4 TEST

(%:5918)
A—>MPU500=

]
]
3|

B—>MPU500+Urea resin(10%)+HH60(15%)
C—>MPU500+Urea resin(30%)+HH60(15%)
D—>MPU500+Melamine resin(10%)+HH60(15%)
E—>MPU500+Melamine resin(30%)+HH60(15%)
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E1-8. g dgpnl 4o MPU && TEST
SAMPLE E SAMPLE F SAMPLE G SAMPLE H ] Al
Akl 424 200 200 200
MPU500 20 60 200
HH60 3 9 30 (F] © kgf/cm)
7= 95¢ps 190cps 1100cps 3000cps
A A 95¢cps 140cps 2000cps 8000cps
AN ZTFEH = 130cps 130cps 2800cps gel3} ¥
6A1 A= 110cps 150cps 2300cps X
SAIFEA = 120cps 180cps 3000cps X
AZEAZ 254 20% 22% 40% 17% 45%  15% 30%
AAAZE 3AIZF 558 3AIZF 158 47+ 10x 254 40%
A1 14.6 19 49.7 111.2(20%)
2 23 19.5 79.1 131.0(10%) HAF 10min
press
223 15.1 20.1 43.2 98.2(40%) HAHF 20minT
press
H2ey 7.8 9.4 35.9 308 ot 10min¥
press
SRl 2.3 7.6 17 g =T 20ming
press
226 11.6 11.4 24 157.4(20%) 120°C, 5min7}<
27 5(—1) 8.9 145  140.1(30%) 120C, 5min7}4
228 10.5 6 19 15 120°C, 5min7t<d
Eafa=ly 8.3 6.5 16.2 13.2  120C, 5min7td




Cohesion strenth(kgfilcm?)

300

I normal states-1(25'C)

| wayer resistance

T 1normal states-2(25'C)
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200

150
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Viscosity(cps)

—
|
3

—m—sample E
—e—sample F
—A—sample G
—v—sample H

1s - . . $
0 2 4 6 8
Time(hr)
g debn FAo] MPU £34 A7kd H% W



stakg #Aegkyl X9} $=4
e A% 52 1 ¥

G AT Sl S

d FH"A A7 &

g d A AFZE U 2 dA38 ek Ayl x| &g mEtAE vt
ARAIZE E Q9 FERY EAsd o] 58S d0T 4 A
¥1-9. @b 4=x]/MPU500 2=
vyt Yk dae gt duds
A2l 2] o= 75.8 X 25.4 X
2} =2+ MPU500(10% ) + HH
el 7 37.7 X 50.8 X
60(15%)
g}l = %]+ MPU500(30% )+ HH 15.7
el 7 74.2 3.1(—2) 86.5
60(15%) (—4)
MPU500+ 221142 (10%)+HH 161.8(20% . 188.7(55 -
60(15%) ) ' %)
MPU500+22}714=%](30%)+HH 153.4(40% . 166.1(65 993
60(15%) ) ' %) '
154.1(10% 202.4(50
MPU500+HH60(15%) ) 57.4 ) 45.3
(0

A2 kef/ert

A 3tAlE= MPU5S00°] 15% AR
Wl 1 1 hr cold press, 24hr %48
g9t 1120 C #27] 15min

WE4 1 hr press, 35 %A T 100C 2hr, & A< 1hr

>



I hot press
200
B normal press

150

Cohesion strenth(kgf/cm?)

A B C
a9 1-8. AR A/MPUS00 Wt 2 EhA] A&= P30, #1-9 #x




(
s

24_:/
L)

¥1-10. AePA4=%]/MPUS00 Yt =7

H ™
lhr 2hr 3hr 4hr
e e R 23.5 24.9 30.7 15.4
ekl =4 +MPU500(10%) +HH
el (10%) 231 37.1 30.4 9235
60(15%)
w2} el 2]+ MPU500(30% ) +HH
el (30%) 36.1 53.8 36.5 36.1
60(15%)
MPU500+ 2 1154 (10% ) + L 99.5(10%
et A (10% 104.7 88.5  132.3(15%) ’
60(15%) )
MPU500+ @ 2l v12=<] (30%) + L
=T 7 97.2(5%) 94.9(10%) 119.7(15%) 62.1(5%)
60(15%)
MPU500+HH60(15%) 106(10%) 106.2(5%) 113.2(10%)  90.4

43 2e kef/enf

* 1hr cold press ¥ FAAIZF AaE A2 test

200
1 (I Sample A
180 - [ Sample B
160 | |HI Sample C
| /Il Sample D
140 4[] Sample E
1l Sample F

Cohesion strenth(kgf/cm?)

1hr 2hr

3hr

Time(hr)

a7 1-10. FEb5A/MPUS00 89k 271 42
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e 3
A¥E JeER Y. 29 1-10 & %7 A2
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F1-11 FH8 A&

A1E) U

w2l 57 13.9 022
ué]a}xﬂi,tx]+MPU50)O(5%)+HH6O(15% 14.4 11.04
2171 5= 2] + MPU500(10% ) +HH60(15 16.8 11.55

%)

Tt Sy ud e AAA el we g melstel £4 vd %
deAE Aad BFeae vl B4 L Bl 82 A0 s oY
A% ABAHL FHH PR AP sdke FRuLSARA AFORE
W BAe dA3 FohUe HAT 5 AT

LHESUH A FHo) hAlste] obelst gol WA wdA AAsY FAE 7
W R ALgste] GAHAL o8 FE/lwel oeste] TEAYSE £As)
£l ne Ax 292 AP
oh A=

PVA(Polyvinyl Alcohol, Z&H|E LT &)= T E 2400, 2000 E 17009 3}
%= 88% (A% P24, P20, P17)9} &% 22009 #H3st: 98% (A& AH22)S <
Aelste] AREs 4= 9Ja,  Emulsifier(3H4]) &= polyoxyethylene nonylphenyl
ether HBL=17.8 % 12.321 A|3%=S AF&3}F Y} Monomer (YA ) 23 vinyl acetate
monomer (=AM G=EA]) 99.5% =5 7}7 Junsei chem. #|3#S AF&38F3lal, 4
7FuA @EFA 2= n—methyrol acryl amideE AFE3F3aL, 7WAIAZ ammonium
persulfate (APS, 98.0%,Junsei chem.)Z A}F8-3}9it}.

b 3

I PVA P17< 13g, P20E 9g, 53}
Orpmo 2 %]t A] HH-&-7]09] Y&

0{'_1.,

W7 7F AR E HbS 7o E250g8 %
A(HBL=17.8)E 0.7¢ @&t} wHIEEE |

w



< 3 a 11 1
el W %om <° AXT mﬁ AT o ;&M = M BK %o o o_e w
5 oF ol " {F T sl - ot OB T
olo B — o N — .3 o X W
= “ mﬁ. g NJo B X o S K
53 2 mEMrP oﬂw WMWUMW a_.%%
=z E s mor UeX ML
% : = 7 wal FIT B i g
2 : = - o s F s wo N TN Tw o
g o ) =l -
2 S = = b N ool ok B mr%ﬁﬂ N s
- : = = T 2N F Tpw TAgR o p o
R & g = Ma N = = © o B o=s o o = Ho
T o0 r e =y X o B oo o N o =
= ) 5 ~ o (1 <% — 4 = °
= 5= < =t < 'y o w celt ™ .- M =
2 £ o 5 = K A G T e =
) = B ol T iy T
- S = g S B Gl S
~3 = R =t i o o] X o i — o = X o %o pf ol
< = © S g ~ = oy < B o) o 9 % i | 7o
= - = X —~ £ o =~ 2 T X 8= N~
wp T =) ) O o N M e N o e
B o: = 1. T Xwoog T NUemg T
g 22 ¢ L @ =7 Py wmHA I T e
© N £ s = F <+t g 2 oL o Tum® <~ N
T ™ =, 8 f.3T7 =% D R e A R
T ° £ g Te b e PR TE LB RN gk
) © ) —_— ! fi
A D : A SOESOE L L1
oo 5 o X ~ M@aﬂhﬂri o = 4 A} © H
S o = & O N < B = B ) oo BV ot
m 2 2 ) A & = o oy P N D e
= g S & 2 LoD poE AR 2 PR ok M) o XX wm o
o - R S -2 ol T T X N o T 5 ~ N T g = ojo
al T o = o ) m 7o AR T F R B s (NS m R
Ol = = 5 X - e o= X = R o o)) AR
I § 5§ 2 A o = o~ o] Zp T ™ db G o nl =
E o a o = 5 S ° b o © o " o Mo e W
=] To w o ‘5 =) e .m — o ° oy o} W= Oy 2y ali G- q
olo X o 2 =] 9 = o gp R W OB e 2
wow £ 3 ¢ B S ~u MW e E e TR e, S ©
o S £ % S >, = = W o = 1) woE
2L o 2E88g ° ZE I R ol 1]
N — | o g 2 2= o . X0 o L RS o ™ T T ol . o
S Y ofgi £.5f -° W A% ook T e T o m b b
—_— o~ = = 2] KO = o< 15 —
B T S 2 & S Lz g : . p T W o L S
L= & B a Bk = Y < do N W XTI N MRT O RV



24 WAHIIAE o] &3 FExFddsls BEA H2A AFS Fsto] o}
= FAAE A AFEEA] ZomA 7)E HEo BAS molHA AL HAi
stal 343t st WS AEke] pilot 2HYS WAl AA BE AAE Alx
= Y3t



Ahrtslol A o] 7 2 wAle FEY TR 15 A8 s ol o)y
g Wsle S A9= = o} 5 = B EA
FElE oy HAMFE olgste] HHIIAEE Axse o7 A&
H= HAFAE T2 formaldehydel A& AZF AFEH AL it (Kim er al 2005)
SRR AFEES TV formaldehydedl  HERACNA WA=
formaldehyde Wb £AE oF7] AlZaL Htol= SAAll
713}3t= (VOC: volatile organic compound)2] WAko] A A|
Brown. 1999)53] ol SolM AFIFH 59 FH, A

o dydA Aok g9 o] f ' AuEzte] WSty o] FA A flem A

= o

a3 el WA, 7 sol veket spstmdo] AbgHol wel stz e Wit
ot AE7] Lo AFAECNA dEhds tefdt A ol S/l A
HalE 3 9l ofof] we} -ejuetel A= 2003 49 12383 IAI= 3o A v
oA To Aulerd deEyo] Fakgel wEh et HAIH kY ofvtE,
A, "Huld, 47 e E oo Aol 2Ass formaldehydeot T
718kek= (VOCs) & Aol sl =2 eA=dol gk fA7F o] Folxa At} o

2 Qe =2 534 A dwkel  ZAX ARge=E HFRAlA 2AEs

formaldehyde WAFFS Zojof sl FA7F DAt g+ AAo|t).(o] 5. 2003)

2. 234y
7F s 2 A%
22 Pd &=

JEFHE (PB)AZA AR 54 SE|S2 EAblA Zdde A4 s
AFE3FT. PB AlF Al 424+ Urea—Formaldehyde (UF) A1¢ (5 -
Ak W\ HEA F2AE AFEsEl T

UF =31} ®iad v)d A A aA1e] 89 (wt%)& 200:0, 180:20, 140:60, 100:100
o] 4FFE AYPS APt UF X<k WA vdA FZAe F7&(solid
content)= ZV7; 52%9F 50%E YEIUS o™ 54 A Fd giste] 10%E A

to



stk AsA 2 &aE 10% NayC T8N Fepd dqEdds AFEagen,
o} It & &3 Al H7FeISTh PBE @S HEE AFSglon HE Az A
22 Figure 13 7o) 50 kgf/cm®, 25 kgf/cm®, 0 kgf/cm® o2 ZbzF 38 182 1
A 7R 22+ 180 T FXAIAZA Y. (Kim ef al 2006)

A

=

dr o2

4 9H3& EAblA 4 A IS AMgste] FHERE=E Alxs)
Rom, FAE (F)LFoA AT WA wdA HZAA(MPU)S polymeric
methylene diphenyl diisocyanate (pMDD)E AFg3tH T AHEAHAAE Sodium
lauryl sulfate(SLS)S AF-&3FA T}

A8 WA ud A H2A 9 pMDIZ 100:0, 97:3, 93:7, 90:10, 85:15, 80:209] &
] (wt%)oll whek &8ttt 1eja pMDI A&l 1.5%¢] SLSES H71ekgivh ¥
24 vl A A2A e pMDI, SLSe] 44 & (solid content)= ZF2F 50%2F 97%, 30%
2 Jehin aga A8 vugios UFFEAE o83 FAEIFREE 423819
=, AH&¥ UFS FAELS 52%, A3A 3 2&2~= 10% NalCl 7897 dhepad
AFHE ARGt BE TR FEIREE O3S RER AZsglon RE
Az Al G 24 a7y 2-13 o] 180 CelA 50 kgfem®, 25 kgfem®, 0

Z

kgfem® o2 Z+zF 38 18, 1802 A3} (Kim ef al 2006)
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1% 2—1. Hot—pressing schedule

BN

CRk:!

=9 4

to] Hew

S

HE)o] oA

=
=

R4

skt 2Fl5FA KS F 3104(THE]

Azxd JEHIRES
T, o, 2939 A5 (MOR), BHe] 7 =(1B)

B
—_
file)

vzel
Ar
i

(1) FTIR-ATRS o]

TH

< 71

FT—-IR

SREEIREE IS

Hlojt. Aol ool o] Alwd

)

%

N

o] ERFnzo] Al7|u peak ©]Fol wet

A5

ot

o

0
.Z_ r
ol
T
__O#H

o}
K

!

—

0

+
ol

el

i

Collimated input

Output beam

to sample and detector

I/?/ﬁ—» ——

1

Fixed

mirror

Interfero.

(variable optical path)

Moving mirror

I 3
-

v

Beamsplitter




1% 2—2. Schematic diagram of the FTIR—ATR

WA B A H 29} pMDIE )£l vk} 235 5, SEFHR.E0 A2k e}
2 180C QoA 383 Axsiltt. 432 JASCO 6100 FT-IRE o] &3to] 1
g, AlHe BAZRAL 650~4000 cm ' wavelength F7FlA 4 cm?
resolution®. = 32W 2708}¢Ith FT—IRE o]83to] Zste Al A WA vjd
Al A #AeE pMDL Apol e 25 489t (Kim et al 2005, LS.
Elashmawi et al. 2003)
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1% 2—3. Thermogravimetric analysis

pMDI2] H]&ol ulg} 238 WA v dA HZAZ 180Tl 387 2B 7
33k 3 AES TA instuments® TGA Q5002 ©]&39tt 10~13mgd ABE
25Co A 600C LW A & &% 10 C/mine 274 dorAddS =A3)



9t (Kim et al 2006)
gt ¥ 543 =/VOCs WAk EA

o

=74

(1) VOC AnalyzerZE o]-&3F VOC WAl

VOC Analyzer+= +% Toluene, Ethylbenzene, Xylene, Styrene 47} Wak= &
st-A 75 S48 7] fh Fu8 Avlolti (¥ 2—4). VOC Analyzerv 24 %
%o] 9

=

WEA b AAZE gEEe] ABAHL ska EHY) EE B4S G

glorl, Abilit A NS 55E AU b BE gasas hag Bese
o g E T TelgEe] WA Aot Beln as A% Holg

Sample Injection

ﬁ
!

Column  Sensor

| |
Zero Air LCD panel for —I-- — —
measured gas

Graph Computer program

19 2—4. Schematic diagram of the VOC Analyzer

g2 FEFA (2% 25T+, F% 5045%)°] 16% &t B
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3% 2—1. The test condition of FLEC and 20L small chamber.

20L Small Chamber

Test Condition FLEC (317155 A 8 W 7] )
Sample Area 0.0177m’ 0.0392m’
Volume 0.035L 20L

Loading Factor
(Area of 505.71m’/m’ 1.96m’/m’

sample/Volume, m’/m')
Air Change Rate(h—1) 428.57/h 0.5+0.05/h

Air Supply (ml/min) 250ml /min 167ml/min

. . . sampling after 15—30 )
Equilibration Time ) sampling after 7days
minutes

TemperatureeHumidity 23+£2.0Ce50+5% 2511.0Ce50+5%

VOC: 50ml/min, 1.5L VOC: 167ml/min, 3.2L

Compounds, Sampling . )
Formaldehyde: 150ml/min, Formaldehyde: 167ml/min,

Flow and Total Sampling

45L 10L
Inlet Air High purity air Room air
) VOC: 2ug/m’ VOC: 2ug/m’
Background Concentration 1 ?
TVOC: 20ug/m TVOC: 10pg/m
Vacuum oven orcleaning )
b Cleaning by pure water
Cleaning Process Y then oven for above

methylene then high . . .
} ) 15minutes in 260C
purity air for 1 day

VOC: GC/MS VOC: GC/MS
Formaldehyde: HPLC Formaldehyde: HPLC

Analysis Method

FLECY] emission cell WH29 7| FYY 5% 245 276 2-69 YHERYA

558 1e® 77 8719 FUMmE AU Dry Airsh 2&5E AUEA



Humid Air2 Y AA(A 43t olgdAl fdd 7 dAd(a) o
Flowmeterd] 93l €& 275nl/min, % 50%°. 2 ZAE oA}, o]
oJ i B 4 9l%o| Teflon #E E3] FLEC Cell W2 S0t 2557} A

o] 7bsattt. E0izt ¥7]= FLECY & A& #& S
sl Aw 915 24 Ak

(a) front view of air supply (b) back view of air supply (¢) FLEC

1% 2—6. Air supply and sampling pump of FLEC

Inlet for purified and
humidified air

]

Y

-

l specimen

2% 2—-7. A schematic showing the flow geometry of the FLEC
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1% 2—9. Air controller

e B4 g

@D VOCs (394 f713hstE) &4 4]

b A2 A T G

3% 2—2. Specification of Thermal desorption/Low—temperature Conc. equipment

Company MARKES
ULTRA TD 100 sorbent tubes
UNITY Thermal Desorber splitless desorption
Tube Tenax TA Tube

@ GC/MS

¥ 2-3. Specification of GC/MS

GC CP—3800
MS SATURN-2000(ion—trap method)
VF—=1(0.25mm><60m><1mm), max column temp :
COLUMN o
320C
carrier gas He(99.999%)
Injectors CP—1177 Split/Splitless, 50C ~450C isothermal
Valves column switching application
Mass range 10 to 650u
Scan rate Fixed at 5600 u/sec
DS102 Pump Dual stage, rotary vane, oil mist eliminator
Column oven 28cm(W)x66cm(D)<28cm(H)
cool down rate 450C — 50C in 4.5 minutes
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13 2—11. GC/MS and Tenex TA tube

@ HCHO (E&<dsle]=) &4 Ay

@ HPLC (s AR ARrtE 1 9))9] 4

3 2—4. Specification of HPLC

Auto sampler Model410 (Automix sample preparation, VARIAN)

Detector Model325 (UV/vis 360nm, VARIAN)

Prostar 230 gradient )
flow range 0.01 ~ 10ml/min

pump

Column Omnispher 5 C18 column (250mm X 4.6mm)

Tube OzoneScrubber(WAT054420,waters) +LP—DNPH(2101
4, Supelco)




A = 13|
TR 274 Hlﬂ ;PEP AW Y5 E X&fr‘s}—‘s VOCs ¥ HCHO e
548 g2x]7]7] 9sle] 22 260Co|A &8 £ g 0BG o]gdlo] 714d
=1 2] &3 o

=4 A AW uRe =4
%EL Aol A AAA7E HA TS =7
+1C), &% 50%(L.2H9
(0.167L/min) <] 1t}

@ 35 3712837 A Background &%

sw &71° Background §&=t WA Al Y& WAA FEEH shojof s,
TVOC (F5124 F713tste) el s+ 20 wg/m olsk 7iE VOCE s== 2 ug/
m' o]&}, HCHO (2538 =)= 5 ug/m' o]stojof dith. AR5 WAk A1 Fu ol
T35l 7] Aol Beakground ¥ %71 7]& o]shelx] el 4= =43t

N' okl



A}
B

BH

ol

)

16.5cm X 16.5

2

!

1 setE M

=

A =& T2 L3 0.167 L/min

o
T

41387k 7L

7}

el ZA & 270

}

°©
pud

=

cme] A7 2 A=,
A A 7] 3L %

A= AL

T
—_
file)

—

23!
wh

-
s

187+ 3L, HCHO

-
s

= TVOC

o

AlZE tell A B VOCsek |

-

(Ct_ctb,t)XHV

= W) FE(mg/m')

_ (Ct_ Ctb,t)XQ

EFa
REIGICE

=]

=

]

DAIZE tell A o] WAEAIE BH Ul VOCset LEld| =7 5 (mg/m')
AIZE toll A e

L 2R WA (m)

A
Ct
Cth,t :

(3l/h)

=

I

Al e e &7)=(m/h)

Aol &4 (m)

K’

s

R

%
s

@b VOCs(3) 724 -+7] 8}



3% 2—5. Analytical condition for VOCs
Items Analytical condition of VOCs
Split Ratio 10 : 1
Detector MS(Verian, U.S.A)
Column VE—=1(0.25mm><60m><1/m)
Carrier GAS and Flow He(99.999%), 1~2m L /min
Initial Temperature 35C(5min)
Temperature . -
Temperature Program 3C 1 /min
program - - -
Final Temperature 210C(25min)
transferline Temperature 210C
Ion trap Temperature 170C
MS Condition Mode EI
Electron energy 70ev
Detection mode TIC(scan), m/z: 35 ~ 350
Tenax TA FZ#S ¥ stainless steel FHEE 7Pz Ao g, d&=
21 TD (MarkersAh) < ©]-&sto] a2t A7l & GC/MSE &3l #A8h= tube
SAHE ol &8st 7 FRWI A 5o wEl B o] G A= &
22 FAA L A7), wFG, SN, 258, A EE, 25, 29490 3 5
of SAS Zta dow vad Aok FEHAY AV ARE AH/EFE W =
Al EAAREES HeEA & 5 o 2R f aador "Wold ¢ e AR
E st} 55 v F2#e] HEE Al7](retentive strength) =, 33} -3
(breakthrough volume)eol W&} th2x]qF EAI= 100—-200 LAES t7] A58 &
Zhe] AHG & vk B3 FFAIe Az ANA me] a&H3 e stehA
gdo] = - el 2Ho] Jder=m o] glojof g



3% 2—6. VOCs Characteristics of from n—hexane to

n—hexadecane

1117 =]
COMPOUND(SYNONYM) FORMULA B}k ‘“’5(%)“ ﬂ(;)‘j
Chloroform (Trichloromethane) CHCl3 119.38 61.7 -63.5
1,2-Dichloroethane (Ethylene dichloride) CICH2CH2Cl 98.96 83.5 -35.3
Methyl chloroform (1,1,1-Trichloroethane) CH3CCl3 133.41 74.1 -30.4
Benzene (Cyclohexatriene) CeHs 78.12 80.1 5.5
Carbon tetrachloride (Tetrachloromethane) CCly 153.82 76.5 -23.0
1,2-Dichloropropane (Propylene dichloride) CH3CHCICH2Cl 112.99 96.4 -100.4
Trichloroethylene (Trichloroethene) CICH=CCl; 131.29 87 -73.0
cis—1,3-Dichloropropene CH3CCl=CHCI 110.97 104.3 -
(Trans-1,3-Dichloropropylene)
trans—1,3-Dichloropropene CICH2CH=CHCI  110.97 112.0 -
(trans—1,3-Dichloropropylene)
1,1,2-Trichloroethane (Vinyl trichloride) CH,CICHCls, 133.41 113.8 -36.5
Toluene (Methyl benzene) CelIsCHs 9215 110.6 ~95.0
1,2-Dibromoethane (Ethylene dibromide) BrCH,CH.Br 187.88 131.3 9.8
Tetrachloroethylene (Perchloroethylene) Cl,C=CCls 165.83 121.1 -19.0
Chlorobenzene (Phenyl chloride) CeH:Cl 112.56 132.0 -45.6
Ethylbenzene CoHsC2Hs 106.17  136.2 -95.0
m-Xylene (1,3-Dimethylbenzene) 1,3-(CH3)2CsHy 106.17 139.1 -47.9
p-Xylene (1,4-Dimethylxylene) 1,4-(CHs):CsHy  106.17  138.3 13.3
Styrene (Vinyl benzene) CeHsCH=CH.  104.16 1452 -30.6
1,1,2,2-Tetrachloroethane CHCL,CHClL,  167.85  146.2 -36.0
o—Xylene (1,2-Dimethylbenzene) 1,2-(CH3)sCsHy 106.17 144 .4 ~-95.9
1,3,5-Trimethylbenzene (Mesitylene) 1.3,5-(CH3)3CeHg  120.20 164.7 —44.7
1,2,4-Trimethylbenzene (Pseudocumene) 1,2.4-(CH3)sCeHs  120.20 169.3 -43.8
m-Dichlorobenzene91,3-Dichlorobenzene 1.3-Cl,CsH, 147.01 173.0 -94.7
Benzyl chloride (Chlorotouene) CsHsCH,Cl 126.59 179.3 -39.0
o—Dichlorobenzene (1,2-dichlorobenzene) 1,.2-Cl,CsHy 147.01 180.5 -17.0
p-Dichlorobenzene (1,4-dichlorobenzene) 1,4-Cl,CgHy 147.01 174.0 53.1
1,2,4-Trichlorobenzene 1,24-CliCeHs  181.45  213.5 17.0
Hexachlorobutadiene C/lCls 260.8 186 -21.0
(1,1,2,3,4,4-Hexachloro-1,3-butadiene)
dael ok FRAY £ FRAE 2548 2 7] dEel, $E7b &
2(>90%) AN5E AFASIE e F2A S Al7|d GEs A FA etk S2A
= 2 50 wEgt i EASE E5E Fol 22 Ao)7) 9=t Tenax TA
o] 4% 0.1~1 ng A== &3t Ho|t} Tenax TAE X3 diFEo FAAE
350C714 ek, B carbon AL HA e LEAAE Psaleh F24
5 AT gl vUF 7 S vtekA =S T s, ddt FHdE g
Foll= A FAE FA Fobok dh=vl Tanax TAS 4 mAdA7 433 &
o] THEojA]7] Wl ARESE7] Al Al(sieve)Z WM YAE A A= Ao Has)



FZHO A plo]odo] TS I Teflon cap
o2 WEsted bz BAS FPsgith. FEAIY 29S W] A8 2E fE 7]
T Acetonitrile® A H 3 3 70TCoA 7Axste] ALgslgon 37 F =52
2 3bsksith
@ A

ANB7F~e  dAZEHS  AFHs AEgFe dds=FE 2, 4—dinitro—
phenylhydrazine (2,4—DNPH A ¢F) 0.2 FE=A3t5 F oA E UolEdR &5 F
o] 2,4—DNPH §EAES n&AAIZulE 1832 (HPLC) E¢18te] A5 34
=719 F 94 360nmoll A HEEE d2rtEae] oy WA Foz F 4y
ol FRE FEh v A F Zdslol=9l DNPHSFO WHE-Ele] slo]=g}
5 FAsE FEAS BA-S YERi

e}

NN AN Gy
oAl e ]
" LEF .,

NG Formaldehye N
2.4 Dinitrophenyihydrazine 2.4 Dinitrophemythydrazone

192—-13.Schematic of derived 2.4—dinitrophenylhydazone from
2.4—dinitrophenylhydrazine and formaldehyde

HPLC A=Al ol &< EHd 5, &AL e e f8),
1.

ER %
0 m/min®Z HEEAT Hx B4 A A
o

s ++ 5
glo] ot r-o] 3tel S 93 AE-7](Integrator) Hi= ool 4



3% 2—7. Analytical conditions for Formaldehyde

Items HCHO £4z7
Detector UV/vis, 360nm
Column

Omnispher 5 C18

coloumn(250><4.6mm)
Mobile phase

ACN/Water(50/50 V/V)

Analysis Time

20min
Injection Volume 20ul
Column Temperature 25C

Flow Rate 1.0ml/min

i

A4 (Emission Factor)

WAL AlS: (Emission Factor)® ASTM D51169¢] 7]4% ule} o] AAbsF ).

A WA A PAs o] e

o= HES dtA e

2 EF (Emission Factor)9} ER

(Emission Rate)® YERATE ER¥} EFe #A+= oFgfel Figure 149 213} o] 1}
ER T},

ER= A(CEF)

#* ER : Emission Rate (mg/h)
* EF : Emission Factor (mg/m’h)

#* A @ source area (m")

1% 2—14. Related both Emission Rate and Emission Factor

urEbA ERe WA el gelrh aesA &

o WhHo| EF= ©9IAIME 2w
o] glold mE WAES vekdith & AddAs WA A8 A0

3. 27 ¢ 1
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o] AAAR A== FUFsHAT (A, Pizzi. 1983)

3 2—28. Physical and mechanical properties of manufactured particleboard

Mixture ratio Moisture Actual density 2 IB
(UF : MPU) content (%) (g/cm®) MOR (N/mm’) (N/mm?)
200:0 4.68 0.86 16.89 1.53
180:20 3.91 0.86 17.12 1.8
140:60 3.30 0.72 18.11 0.61
100:100 3.26 0.78 21.3 0.75
32PA =

MPU FAE o439, pMDIE H7bste]l MPU 49|
FEE BASST 1 2-9¢ Axd dEHE BREo] Sy ERE UEth
MPU®} pMDI Z3A €] v &l we} 82 3.61% ~ 4.31%%E YEWlal, Ux
£ 0.81 g/lem” ~ 0.83 g/em’Z YELHT. UF A2 AFE3E 49 UF 49 H]

&
o] ZKEel e welZucel 2YE vAsE fel LEAUH ST T F9
R} ugse] gfol FARA, od olfE WE U4 FEE AT 1
Btk SAR UF 54 o4l 4 wdA 549 MPUE ol §3h% AAZom &
g WEsh @A) Gk ol s1Ed EAZE B W As e EE
v} e Fnee 25X 7] W] FeEd Dne TS FERhA 2e
Ao AR

MPUS pMDI E@FA& o] §3te] sE]2 RES A%
21.6 N/mm” ~ 29.58 N/mm*E Yt om (g 2-15), ]2 %= 0.85 N/mm® ~
1.84 N/mm*E eIt 1d 2-16). AA 402 pMDI H]&o] S71ekel] upet F%
T Mt B Sk Ade 9% 5 At MPUSH pMDI &34
g o83 A5 UF A& o83t FEFREE AZT o Bt 52 A¥ 7lo

UeElgth. MPU $£A2 JEFHEE AXSYS 49 UF AR Axd sgF

o|\
of



HERT A4 3 A Es A yestth sA% pMDIZF 10% 234
HJESREE F45Re HedE 25 UF A= Alxd JEHIRERY 34 U
Bt o] pMDI®| o] &Aoo E 27t S 9E|E Apolo A whg-ato] At
HE S7MA7IAL, o] Ax FAE 9 WA EE Y A Aow ddEo] X

(A. Pizzi. 1983)

3% 2—9. Physical and mechanical properties of manufactured particleboard

Mixture ratio Moisture Actual density 5 IB

(MPU : pMDI) content (%) (g/cm®) MOR (N/mm-) (N/mm?)
100:0 3.83 0.82 21.6 0.85
97:3 3.92 0.83 23.89 1.07
93:7 3.61 0.81 25.37 1.28
90:10 4.31 0.83 26.43 1.38
85:15 3.62 0.81 27.39 1.41
80:20 3.88 0.81 29.58 1.84
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19 2—15. MOR of particleboard
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1% 2—16. Internal bond strength of particleboard

(85:15)

(80:20)




R " 2854
(1) FTIR-ATRS ©]-&3% %24

RFARE =

MPUS®}F pMDI Mg we 34 Fx zpols  motslr] s A3
FTIR-ATRE ©]€3}o] 650~4000 cm ™' wavelength T-7Fll A UE= 328 24
ato] A&ttt MPUE WA HldA A2 29 2—-1704 2925 cm™'¢ 1730

11235 em ™!, 943 em” 7} YElt o 7bzbe] 3= CHy9F C=0, C—-0-C, CHZ
yUeldc) (1.S. Elashmawi, 2008) ¥ 2—-18< pMDIE UE = 332 2260
cm oA o] &Aool E FxE ekt aEla a7 2-19% MPU$S pMDIZF
80:200.2 Eg4A 9 M2 yekdl agolty 1y 2-19914 % MPUCA ekt
WA HEA 2] 939 pMDI A YERE o]AAold[o]E I 7F BF UERRET
ol&= MPUS pMDIE &F &, €435 dastole 747t sty Fx71 W34
i FA HWA FGEF Aele] Ajfe] JFES WX oE Atk ek 1y
2—20°2.% pMDI H|&o] F7FelA] olirotvlo]E9 F7hE €l & & A%
pMDIel E3tEl o]AaAjolde]Ex= MPUS &850l 52 e F Alole] A= S
STHA EEA A el Fas 8ol Atm
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19 2—17. FT—IR spectra of MPU resin
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1% 2—18. FT—IR spectra of pMDI
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19 2—19. FT—IR spectra of MPU:pMDI=80:20



— MPU:PMDI=100:0
— MPU:PMDI=97: 3
— MPU:PMDI=93: 7
— MPU:PMDI=90:10

MPU:PMDI=85:15
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19 2—20. Isocyanate peaks of cured resins by FT—IR

(2) TGAE o]&3t dotgAd 54

¥ 2-10& MPUS pMDIZ} E8H8 Al89] Agko] 5% A Al w9} F
A7 s 228 e ot dRtHow S8 FaA= A% 3
2ol 5% 2EE VIEoR AAdE vlushrlel ® 2-105 F8iA pMDI H]
go] TS E HEF 5% PavE %7 217.3 CHE 277.6 CT7HA F7tshe
dyg g9 & ¢ AU 2 Ao AP 5% pMDIS HlEel e
323.3 CH-¥ 337.2C7HA Z718k3itt.

% 2-212 250 T ~ 400 T 2% 99 A% A4S Jdg=z=2 yehild
A A ZEEEH 300 C A7k A= o] 7P 2 891 2] el

o )%

300 C ~ 350 ColM+= 3tz dE&7F dojdr), durygoz Hu)
A 257F 320 C ~ 340 ColAM yepy o] 37+ 2]
fFE Tt 350 C o] &% F3rolA = HRES a7t 0‘01471011 A ws}
2 A YeEA] &gt (Kim et al. 2006)
a9 2-22% MPU 100 %<t MPUo| pMDIZ} 10% X349 Az detAS H]
a#jszolrt 300 C ~ 370 Co EE 2% oA pMDIE 7k 49 &
é Aol E=A vebgth o] X E T MPUS pMDI E3437F 7]&Ee] ALE
A UF FAEY dtdde] st A& 038 & AAh



3% 2—10. Temperature of 5% weight loss and maximum weight loss

. MPU:.pMDI MPU:pMDI MPU:pMDI MPU:pMDI MPU:pMDI
Weight loss

100:0 97:3 93:7 90:10 85:15
9% 217.3 247.8 259.5 263.8 277.6
Maximum 328.3 335.8 335.3 336.3 337.2

100
80
=
0 Y
w “:‘L\
O 60 \
" ——— MPU:pMDI=100:0
g | MPU:pMDI= 97:3
= MPU:pMDI= 93:7
oL e MPU:pMDI=90:10 -
—————————————— MPU:pMDI=85:15 e
20 L L
250 300 350 400

Temperature (°C)

19 2—21. TGA curves by the ratio of MPU and pMDI
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1% 2—-22. TGA curves of MPU:pMDI=100:0 and MPU:pMDI=90:10

. s} VOCe| WAk %7

EEUH 8=

(1) VOC Analyzer 23}

—232 Azxd FEHE HTolx WAkE 4VOCs (Toluene, Ethylbenzene,
Xylene, Styrene)E& VOC AnalyzerE ©]&3to] SA3% Aot} A Azt & 96
NZ4A UF AR Abg 5] Alzd IEF HE=9 4V0Cs WAFFS 2780 ug/L
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o I o
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EFATE o] UF FA A WAlEE VOC ko] F-ZergolEA S WA v

S71gl wel Alx" JElE BHEolA 4V0Cs o] EoJEv= A
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1% 2—24. Formaldehyde emission from particleboard type using desiccator

(3) FLECHZ 4}

aF 2-25% Z47be] ERMHIE Alxd FEERE=oA ks E TVOCE FLEC
= W 2ejszolth, UF A1 9F MPU A9 £34]7} 100:100, 140:60,
180:20, 200:0 o wa} TVOC ko] 0.235, 0.481, 0.898, 1.392 mg/m°h = z}7} L}E}
Wk oAl @el UF 74 @502 Abgsto] whEolzl Bt ER = Hop MPU 4]

=
[d

7 EdE FAE ol&ste] whEold SE IR =AM WAkE = TVOC 71 B s
= A4S 0 5 o o= £9 VOC Analyzer ¢ 2o} dXA|sith= AS
& AUt

AR TVOCE Aol fraflgk vOC uk eldEl Aol o] FAY F2& 1A

|
o fal 57 dHEEA e wH] VOC o] 5 2FE FXo]7] wFol 7}
Zvo] wE|EFHE=oA WAkE TVOC 3 5 AAd #3gt 5V0Cs (Benzene,
Toluene, Etylbenzene, Xylene, Stylene) ¥ F=3lo] 19 2-269F % 2—-11° Y
R Aot
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19 2—-25. TVOC emission factor using FLEC

5 VOCs ¢ WA = a7 2-2604] Ao K= A3 2ol zhzt 0.0033 mg/m°h
~0.0259 mg/m’h A= AAH o= vwH e gs A 3} & F Qi
3E2-116A AHEd BE SESHEGA Ay ~EHE g2 YRR g%e
m FFqle] Wk AL7E e VOCH HlE A dETthE s gl & ¢ 3l
Atk SHAIRE UF 219k MPU Fx]9] &3u]7t U =3d FeER=e] 4
9 UF AT 2188 SE|ZFHE A FF74e] Wt s oF 4.9% FFo=
A" AL el & $ Ak dlgwiA} ojde] ARAHLEE ] Bl
8% <} 38.5% AL o= 77t vErgtom TVOC it 4 %A}—‘a}ﬂl LHE}
Witk =3 MPU A& UF FX 9 cd3tA €8s 49 5
¥ FE]ZFR =M WAEE 5 VOCs 59 12.7% ALz y
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19 2-26. 5 VOCs emission factor using FLEC

3#2—11. 5VOCs emission concentration

Specimens
Benzene Toluene Etylbenzene Xylene Stylene 5 VOCs

(UF:MPU)
100:100 0.000 0.004 0.0016 0.0105 0.000 0.0033
140:60 0.000 0.008 0.0012 0.0100 0.000 0.0039
180:20 0.000 0.077 0.0184 0.0223 0.000 0.0237
200:0 0.000 0.081 0.0200 0.0273 0.000 0.0259

Unit : (mg/m?)

d%=7} 0.179
mg/m°h, 0.105 mg/m’h = Az} golhrh = vzl vl UF +
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19 2—27. Formaldehyde emission factor using FLEC

%A A= TVOC, 5VOCs, EFLH s = WAMES ofgl #2-13¢9 7] HA
A3 AEAA AT FFxel v Hokth UF 4] g0 = Apgste] Alzxd
SElZF HE=9 TVOC, 5VOCs, ¥E52Us|= Hakake 1.392 mg/m’h, 0.0259
mg/m*h ¢ 0.179 mg/m’h S UEhAQI EELEE = Watao] nlwd EA u
Bt wiel X187 AFAAe] AW (HBdeds) S YERATE A RE 9]
A 71E" vkl 2ol MPU A7} &g wel TVOC, 5VO0Cs, LELH =
WA R Az Hdoew UF 3¢ MPU A5 s9aHd =S 49 2

%217} 0.235 mg/m°h, 0.0033 mg/m°h, 0.105 mg/m*h =2 45 (HBdeded) 5

o= 3 WA FHES & F AU



32hd =

a9 2-282 UF FAE o8& Axd sEE =9 MPU pMDIE 3 7}st
o] Az FEF HE A WitE= TVOCE FLEC 23S 53 vebd 1e)=e)
t}. MPU$F pMDI9] &3¢Hi]+= 100:0, 97:3, 93:7, 90:10, 85:15, 80:20 = A 2% At}
Z} A=) TVOC WAL 3.054, 2.695, 2.266, 2.201, 2.036, 2.082, 2.008 mg/m’h
£ vt A3 gts vge® MPUS pMDI E@A2 Az e 3 B=r}
UF FAS d50 2 Abgslo] 3ElE HEES A %3 4$-Hu TVOCZE A2 e
2 A4aEE A4S yEkdg. 13 MPUE A3 49 TVOCTZE #93 dhtbars

TVOC7} 71&9] dtElE Bl nls] X7k =ARE Al A2 oz Fafgt

d8kS mx]+= 292129 5 VOCs (Benzene, Toluene, Etylbenzene, Xylene, Stylene)

°o]7]e] 5 VOCsE 1¥ 2-29¢ % 2-120] w= Hg a3tk

Emission factor (mg/m’h)

5l A i B R 1 B

UF PVAcipMDl  PVACpMDI  PVACpMDI  PVAcipMDl  PVAcpMDI PVAc:pMDI
(100} (100: 0) (97:3) (93: 7 (9010 (85:15) (80:20)

Paticleboard type

19 2—28. TVOC emission factor using FLEC

5VOCs9] Wbe 3 2-12004 Yepd 33} o] 7F 4] Ffol we} UF 45 o]&
gt BEF HEE Axs 49 0.291 mg/m’hE vER o™, MPUS pMDI €347
g olg3dle] HEZ HuE Axd 29 0.011 ~ 0.098 mg/m’h & veERWTh UF
Ao vl MPUE AFE3 49 5V0Cs7} 66.3 % ~ 96.3 %2 A7 &S el
Witk o2 wlgo® UF 4 thale]l MPUZE Alg3le] HE|ZFREE A3 49
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19 2-29. 5VOC emission factor using FLEC




3#2-12. 5 VOCs emission concentration
Unit : (mg/m”)

Etylbenze

Benzene  Toluene Xylene Stylene 5 VOCs
ne
UF 0.000 0.205 0.054 0.174 0.000 0.291
MPU:pMDI
0.000 0.020 0.000 0.078 0.000 0.098
100:0
MPU:pMDI
97:3 0.000 0.014 0.000 0.019 0.000 0.033
MPU:pMDI
93:7 0.000 0.043 0.000 0.053 0.000 0.096
MPU:pMDI
0.000 0.020 0.000 0.007 0.000 0.027
90:10
MPU:pMDI
0.000 0.008 0.000 0.003 0.000 0.011
85:15
MPU:pMDI
80:20 0.000 0.029 0.000 0.014 0.000 0.043

a9 2-302 7t SE|FRECA WAt XELHE =] w5 YE e
oltt. UF A& o] gate] whe wEF o] ¥ 2oy s= dab2ke 4,46 mg/m*h
o]1a1, MPUS} pMDIE§FA 2 EFLus =] WA v&
0.147 mg/m*hE et AA 2 o= pMDIH| &) #AQle] A dAT Fx&
Uehlitl X2 UF =% 9 u|wahd 96.7 % ~ 98.4 %o A7+E

|
ZEdds = ko] MPU A= thAsHAA fad AR Alsd.
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2% 2-30. Formaldehyde emission factor using FLEC

FLECS ol&3to] 544 #Xl Froll W& TVOC, 5V0Cs, ZELH 3| = Wit
T ®2-139 AP 2 ZHH AT swxse vlas] ®¥, UF #4 &
o8 A8F A TVOCY 5V0Cs, & =9 whaleke 7kzb 3.054 mg/m2h
2} 0.29 1mg/m2h, 2.032 mg/m2hE YEeERWT o] F£X&E SF7|=3 vl b
TVOCE URHI(HBé), 5VOCs+E O‘HH(HB**)E el E5dds| == T+
o] SHFoldoz watE AL}, A7 MPUS pMDIE 90:10 &3k A8
749 TVOCS} 5VOCs, TELd s =9 wateke 747} 2.036 mg/m2h ¢+ 0.027
mg/m2h, 0.007 mg/m2hE Ve TVOCE #1938 Y= 5V0Cse E524d 3]

o
roE

(il

A]

LI =
H

Ef 95 (HBAGdSdS) STOD Felo] HAT ol MPUS pMDIE A&
BS 5V0Csot EELEF =] Aztago] UF 470 ulal Holt AL g 4
21911},



& 2-13. AEAE ASAA A FHAT S
unit :mg/m°h
Z B Aduk  zpA) HAE A
TVOC 0.10 ]t 0.10 w]xt 0.25u] 7t
HiwRRRY 5 OC 0.03m] 2+ 0.03w] 2t 0.075m7] 7k
495
HCHO 0.015 ulwt 0.015 ulwt 0.03v] 7t
0.10 o1 ~ 0.20 0.10 °]7F ~ 0.20
TVOC 1% 1 0.25 °]4 ~ 0.50 w]¥t
=1h=]2 =1h];
HREEY svoc 0.061 ¢ 0.061] 4t 0.151 2
T
0.015 ©] 0.015 o]
HCHO 0.03 °]%4 ~ 0.12 Wt
0.051] 1t 0.05v] %t
0.20 o] ~ 0.40 0.20 °]F ~ 0.40
TVOC 1 1 0.50 ©]4 ~ 1.50 W]t
=1h=]2 i=1R=13
*”i:';“ 5V0C 0.12m1] 0.121] 0.45m1] u}
° 0.05 o] ~ 0.12 0.05 ol ~ 0.12
HCHO 0.12 ©]% ~ 0.40 Wt
el ks
0.40 o]+ ~ 2.00 0.40 °]F ~ 2.00
TVOC 1% 1 1.50 °]% ~ 5.00 =gt
=1h=]2 i=1R=13
g 5VOC 0.60v] 7 0.60v] % 1507 g
=
0.12 o] ~ 0.60 0.12 o] ~ 0.60
HCHO 1% 1 0.40 ©]4 ~ 2.00 w¥t
el ks
2.00 ©]4 ~ 4.00 2.00 ©]% ~ 4.00 5.00 °]%F ~ 10.00
TVOC
U]E’_ U]‘ﬂ— U]‘ﬂ—
U 5voc 1.20v] 5t 1.20v] 5t 3.007] %
AW
0.60 o ~ 1.25 0.60 o] ~ 1.25
HCHO 1% 1% 2.00 ©]A4 ~ 4.00 Wk
) 2k v

(4) 20L Small chamber Z I}

a8 2-31&
Small chamnerZ
H] 7} 100:0, 97:3, 93:7, 90:10, 85:15, 80:200]aL
0.734, 0.464 , 1.164, 1.006mg/m2h=E e}, o=
sto] FEERE=ES
TVOCA Wakeko] Y= AS g1

3 7

3 A

el ek ¢

Az A5l

2_
=

] § 3ol

v MPU®
I AUt MPUS pMDI Z3HX
Dage 63.9% ~ 85.6%% A UElW
u] X 5V0Cs+ 7]

Azx3E EFH =9 TVOCE 20L
o] &3t 5% A ez olty. UFFA¢ MPU:pMDI® =3t
, TVOC "keEe 3.233, 0.614, 0.560,
A AHEHE UF 745 o]
pMDI=

Ahe s 2ns

=

N

E9] UF Aol vl w7 et




Ses d2-145 Ed g1 & Ak UF A9 5V0Cs dAtE2 0.035
mg/m2hE YWERIAITE MPUS pMDIE AR&3H 49 0.003 mg/m2h ~ 0.027
mg/m2hE YEeERW Y. MPUSF pMDI £34#& o|&3slH UF X H]l&] 5VOCs
7} 23.4% ~ 90.5%°] 5VOCs fa&s YeEWlth BE Ao WAl o dulx
2 AEHA &gl a2l EFAE MPUS pMDI £&5A5 AL&3 4§

&o] = YeEks

=

B e

N

N
I

-
T

Emission factor (mg/m’h)

5 A & A i R A

] PVAcipMDI  PVAC:pMDI  PVAcipMDI  PVAc:pMDI  PVACIpMDI  PVAc:pMDI
(100) (100: 0) (97:3) (93:7) (90:10) (85:15) (80:20)
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29 2—-31. TVOC emission factor using 20L Small chamber



3% 2—14. 5VOCs emission concentration Unit : (mg/m?)

Benzene Toluene Etylbenzene Xylene Stylene 5 VOCs

UF 0.000 0.024 0.000 0.011 0.000 0.035
MPU:pMDI
0.000 0.012 0.000 0.008 0.004 0.024
100:0
MPU:pMDI
97:3 0.000 0.018 0.000 0.006 0.004 0.027
MPU:pMDI
93:7 0.000 0.003 0.000 0.000 0.000 0.003
MPU:pMDI
0.000 0.008 0.000 0.001 0.003 0.012
90:10
MPU:pMDI
85:15 0.000 0.004 0.000 0.000 0.005 0.009
MPU:pMDI
80:90 0.000 0.004 0.000 0.000 0.006 0.009

a9 2-32% AR U8 FAE ol&dte] AxT FEERTA s ZEUHEE
FEE Yehd agZelth UF 42X 2.032 mg/m°he] £E s =7 datE o,
MPUS$} pMDIZ &¢3F x5 o] &3 49 Egulo] wel 0.007 mg/m*h ~ 0.015
mg/m’h ¢ HrES JEhlt £EAEEE sEE UF FA oA 71 %A e
worm MPU¢ pMDI Z34A& T 99% ol TAaAES UERETh
MPU$®} pMDI Z3trA+= 3¢t #AIgle]l A9 H3 TFLH s Bitss

LHER T
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Emission factor(mgfmzh)

0.005 |-
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ur PVAcipMDI  PVYACIpMDI  PVAcipMDI  PWAcipMDI  PVAcipMDI PVAcipMDI
(100} (100: 0) (97:3) (93: 7 (90:10) (85:15) (80:20)

Paticleboard type

Z192-32. Formaldehyde emission factor using 20L Small chamber

20L Small chamberE o]&3to] A% Z}z}o] 4=Xo] W& TVOC, 5V0Cs, X524
T WS B 2-139 714 ARS] ASAA QS TEEet HlustH, UF 4] d5o
S}

ill‘

25 79 TVOCE YRHI (HBé), 5VOCsi= - (HBdedodbodh), 5 20| 3]
FE 2Rt 3 dEhgth SXw MPUSH pMDI ER5AE AL
TVOCE ASNE SVOCss} ZEGAN =L £ APL(HEESSABIET
9. 58 zeods=e] gage o A Jehi,

L
R
%

e

3L o of HU

4, 2 &
22 A =

L4 FA9 WA B A $=XE &3] wel 200:0, 180:20, 140:60, 100:100 3}
of T3l o] & o] &3sle FHEFHEE ALSsiY

e ZFREe] g4 EALS WA vdA F=A9 v Eo] B HEFHE9 F
9 F4go] 3.26 % AL AT WX A4 0.72 g/em® AEZ oF7F 7HA4E)
Aot 7IAH EAL Futy Ao A WA vdA A H7tE Qs vEEFR
zo] AAXA FAEE oF 126% A= 7MoY WAt esE 23]d oF 51%



AL grAsklv

VOC Analyzerg ©o|&3sto] Wik 23& 3
294pg/ L, 1435ug/L, 1272p8/L A== A7ES A
o] TVOC, 5 VOCs, X5&dsi=e Wil Ae Ay a4

RS iy ‘Ti]‘
E]Z 1 =9 wabzlo] 1.392 mg/m°h, 0.0259 mg/m*h, 0.179 mg/m*h AEE e
AARE @4 X9} WA udA F=xo EINE T dto] AlxH FJEEFH
c23E wakE 49 0.235 mg/m’h, 0.0033 mg/m*h, 0.105 mg/m°h =& A7HA A
S ol g = A%

A A3E atge® UF 45 diAsky] el MPU A& A8l e
o, B3 FoF AAS JidE] 9@ pMDIE HlEoll whel EFete] FE|EH

MPUS’Jr pMDI EFFAE A AS- 3.61% ~ 4.31%9] FFES e o
e 0.8lg/em” ~ 0.83g/em’S YEFAL UF #A & nuks LHdds|=r) &
Aste] o] mlmA =A YERGA T, MPUSH pMDI £34A= A2l H|=3
et =g vttt 2 n P4Eeh B3 EE 21.6N/mm” ~ 29.58N/mm’
¢} 0.85N/mm” ~ 1.84N/mm’Z vebitl. MPUSH pMDI £&<5A 2 ALgstd 27}
= AAA ez UF Aol vlal] =3k, ¥eld== pMDI 10% Z&7H 7]1E9]
UF A HT =7 YEerstt. o @ﬂfé— Hg o 2 pMDI®] H7FE Ea MPUS H-
=3 E94d ZFEE AT ¢ Q&S Fgolskoir).

=3 AE 943t FT-IRZ %*—1& A3yt pMDI H]Eo] FolxmA 2260

foll A YEels olaaloldlolES] 1S #lskith. Ek pMDIY] W] Eo] i
obdFE AL FUteke A¥ES vkt AdH e ® pMDIE 7tk A
Lo} drg Aol FUHE S ERlskT

FLECS o]&3lo] Wk g3 Az MPUS pMDIE 90:10 &3S o
TVOC, 5VOCs, Z&d 3| =7} 2.036 mg/m’h, 0.027 mg/m*h, 0.068 mg/m*ho =
23tk 28]3 20L Small chamberE ©] 83 A 9o|% 0.464 mg/m°h, 0.012
mg/m°h, 0.007 mg/m°h®] #aksk 7FAE vpep

UF A& MPU¢ pMDI =34 &2 thAste] AR&stH TVOCS 5VOCse] W
AbeFo]l AAA o m Aastglth 53] QA fraldt TELHI]=E 95% ~ 99%9]
HAaES YERL

MPU$} pMDI &A1&
TA o] s nhSstHA Q1A

/\
@ & vk

ol

v



A 3 A FrAaA By " HEAE TtARAE ARES
PVAc oldd HzpAle] Al 2 &4 A

gl
[-41

oM,

1L.4E

AvatEel ARARE Art o 8ues wed, @4 43
A A ghol AWstn S0l glom Aol §old FHow cstel o
R AAAZA FES ARHD dvh 2 EEA] SRk BFE L
Fol Aol Wol A1g5ha 9l

e 2WEEA BEon: R SRIEAe] 2w, FA7] AL A
24% 9 A4l otaHe wHe A gk oldd wHe nes) 9

phthalate Al 7}FAaA]E AFE-3FaL 1 o4 phthalate Al 7FaA|9] H7t= A& H2AA =
&

£ opsiA T Aol AstHv, B8 ALFAE 1 AEFE Seokte 5 BA
A 73 gk E=R wsEe] AFAIAE FEAES FUst]l 444 o
A A1, Re AR AT RURE o

A GBS A kot (Pizzi, 2003)

ERF ofy 2} phthalate] 7FaAl= A E=2Z 0" on] HAXwo A= 1 A
= TrAIsEAL o] WAl A &= o]l thk tiH] 7 H 8 gk Aol
Aol A2 o]y EA|HS zbE phthalated] 7FAAlE H7bshA] ko A
4191 A ] JZA & Al xeke= Flo)t
of wet MR oddl njd opAlHo]E o HHE seed® sl T
A A ol Y TS glelar, AA, Wad, d=4d, A
s

=

A, ARG Tl fE FUraAE ] 2Ad A 538 JAHAE FAdS
Atk
a2y FrhaAl Bl AlE2 Akl B2 sk @A Alak el
sty B F7bE= K23 EVA emulsion A5 AR @A SE WRoR 9719
e A Bl &g den® o ¥ B drp W] gl WeA
7LJﬂE THEZ T FY5 HHAlel 48 7hsd
S

=
7lf quﬁﬂi‘?}% PVCsel ®ol thal H&HoAxaL = 7IaAl7E 2AkskaL
71w deske] TE 24 HRH T 7heAd = 6% X &

AE AAste] 23S Qs
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A7t ZeAlo]7] wEel WAge] WolA 70T ol ge] ;e HHeL
o

(2) Fdol A2 Fol (A ANM = A2 £27F =dth
(8) Ha=dell @AZF Qo] HE "oy &2)9] &m0l AR 5=}l
4) =3 Zr)sksel AU A Xstrz & (A= A dshA]

T3k 2o A THARAIE dete] Akl 2A 24S HEE 3 2 A3
Benzoate Al 2] 7}AA5F DPGDB(Dipropylene Glycol Dibenzoate) % citrate 7|
Acetyl tributyl citrate (ATBC) 12]a1 BCA (Diethylene Glycol n—butyl Ether
Acetate) ¥ o] ~ETF A}e] TXIB (2,2,4—Trimethyl—1,3—Pentanediol Diisobutyrate )
ol ¢ =4S UEUNeRR oAEES HFE sto] 7HE 7134 5
€ 2 AHEY v H2AQA PVAc Al HAEAAEILE 0 40%, A=
20000cps/25C )& AH&ste] o] DBPE &3 AlFS T o= ato] Ay 24
= S48 1 AHAE ok F 3-2 o HEAT

PVAc Al 558 oldd HaAe Zeeo]EA thixs 7FaAQl DBPE AHE
A 7haA B9 B4 TEST 247 filmF384 2 (A2 A
= L s vlusE 23 BCATS Z&
FE=7F oFslal, Wlzo|o]EA DPY TXIBe2 A< 2

4
g W3 @42 doslm FYnd 5 GRS WHsE DBEE 579 o)
g

S



¥3—1. Non—phthalatedl 7}AA 2 &x7F ZAF 2 7|12 &4 ol

F 1 q = BP/17] ¢t FP &3) 1=/ K WAy
BCA 2—(2—Butoxyethoxy)ethyl acetate . .
. , RyeHoRy /ety 946.7°C ~32°C 6.5% O
(Butyl Carbitol Acetate) (Diethylene Glycol n—butyl Ether Acetate)
Butyl Carbitol; but diglycol
BC Uty LATDIToL, DULOxYAIglyeo 231 —68C >10% e
(Diethylene Glycol n—butyl Ether)
DEGDB+DPGDB=50:50Blend
BEN50 (Diethylene Glycol Dibenzoate) 232~234 <16TC =8 es/Jt\er
(Dipropylene Glycol Dibenzoate)
BEN245
BEN988 DPGDB(Dipropylene Glycol Dibenzoate) 232 —40C <0.01% "
BEN2088 Bezoated] &3t — 16T <0.01% "
Bio—sol fatty acid methyl ester 300~340C | 0~—47TC
Citroflex A—4 Acetyl tributyl citrate(ATBC) 173C =58 O
Dibasic Ester . . /N
DBE . . , 225C ~20C 5.3% o)
(dimetyl succinate+ ~glutartate+ ~adipate) =
DBE—-IB Diisobutyl DBE 178~191 <-55T <0.5% sweet
DBP Dibutyl phthate 340C -35C 0.04% @
Butyl Cellosolve
Y Ethylene Glycol Monobutyl Ether 171C -77C ko) N
(2—Butoxyethanol)
Butyl Cellosolve Acetate ) . .
ethylene giycol monobutyl ether acetate 192C -63C 1%
(2—Butoxyethyl Acetate)
Cellosolve Ethylene Glycol Monoethyl Ether . . o
135.6C -90C miscible 24N
(2—Ethoxyethanol)
DOP Dioctyl phthate 390C —55C 0.000034% O
DOA Dioctyl adipate 335C —-70C <0.01% O
DP Ben988¥ EUYAE ~230 —-30TC <0.01% 24N




DE DEGDB(Diethylene Glycol Dibenzoate) ~240 16C — aster
DEG Diethylene Glycol 245 —-10.5C 10% @
Eastman 168 Di—Ethylhexyl Ester 400C —48C O
Eastman TXIB 280C —-40C 0.42% @
EG(MEG) (Mono~)Etylene Glycol 198 -13T 10% O
Ethyl Carbitol diethylene glycol monoethyl ether 197C -76C <10%
Glycerine 290 17.8C 231715 O
238°C
Hercoflex 900 Polyester (flash
point)

Hexylene Glycol(HG) 2—Methyl—2,4—Pentanediol 198C —40C soluble O
LGflex BET 346C @)
LGflex EBN 338C @)

LGflex EBNW Diethylene Glycol Ester 408C -61C <0.002% O
Lgflex EHEH 278C —47C 0.055%

Methyl Cellosolve Acetate Ethylene Glycol Monoethyl Ether Acetate q _ .

(2-Methoxyethyl Acetate) 145¢C 65 miscible A

PG Propylene glycol // C3H802 187.6 -59C 10% K

Proplene Glycol Butyl Ether 71~7C N

Plastilit 3060 Polypropylene glycol alkylphenyl ether ok7F &3 O

.. 2-Phenoxyethanol, - 3 9 /N

Plastilit 3431 (2-hydroxyehty)phenyl ether 244~250T 13T 24% |

TEG Triethylene Glycol -7.2TC 10% O

Texanol Eater Alcohol 255”:560.5 -50C 0.90% N

Uniflex 314 Polyesters(Adipic Acid Polymers with a Diol) - - <0.1% O




¥ 3—2. 40% 20000cps/25C =& 4=-8 PVAc homo—polymer °| & &4 H|u
BP FP A EI = TEHE Tg 4CAZfiIm | W31z W22k [W=33F

72 A 4 38000 41.2% 34.0C -

DBP(7]¥) 340 -35 - 29000 43.3% 15.2°C = 35/36 28/28  126/30
ATBC 173 — 31000 44.3% 15.9C 5 32 33 20
BCA 246.7 -35 — 24000 41.1% 4.6C 5 1 24 32 23
DBE 225 -20 sk 24000 40.2% 7.7C 5 40 33 59

L=
DP 230 -30 sweet 30000 43.8% 17.7C 48 46 47
(80~90%)
EBNW 408 -61 — 28000 42.3% 14.1C 5 16 - -
LU=
K—flex500 ~235 ~0 sweet 29000 42.8% 17.5C 22 38 44
(50~60%)
Plastilit3060 - 27000 43.9% 14.5C 5 24 32 31
LU=
TXIB 280 —40 - 29000 42.7% 16.7C 28 28 21
(50~60%)




o A% 2 13

hEAQ] PVAc (24 vHld 4] H38 HFAAQL (e #9 205 A&
(40~42%, 20000~25000 cps/25C) A=l 2137 7FA4A<1 EAFY poly esterAl(o] 3}k
A), 1=+ VAL benzoate Al FF(0]3} B,C) LAFY] di—ethylene glycol ester (©]3}
D)Ales AR&ste] A2 2 AL 5 IA45 (A 22D, e 2 A2 A

28 Yy 55 :fdfs}%m.

1% DAES A wWstddFol st Wk dEe AFES FuEA 1A
FES T2 HUte ¥ B v APE ol E=d wstdd 2 AL dE
e of 7t H-Fah} Aoy At EAo] 438 AlF] dside nE MUt
Az DA testE AR Ay 2 F AdHE A AVHAE JA7MA G5 A 25
PSS e UeBR ofF &% Ut st Ak A4S Hlal HZAE &gl

EVAAl A& FradolEst A3x e al=t o] AFS F8A4 AF
7 22 Based] AlF] sl@stEz &4 BFYgel HAA N & Zo] T3
ste] A3E e
F 3-3. 7FAAE U vl Az

o A2k
205(DBP,PG5204%)+DBP 8% 34.5
205(DBP,PG5204%)+DBP 10% 26.3
205(DBP,PG5204%)+DBP 12% 15.7
205(DBP,PG5204%) +A 8% 39
205(DBP,PG5204E)+A 10% 27.1
205(DBP,PG5204E) +A 12% 16.8
205(DBP,PG5204%)+B 8% 38
205(DBP,PG5204%)+B 10% 39.4
205(DBP,PG5204%)+B 12% 29.2

R

S48 A% Yepglth BALel E2o)sE
4 As%e vy
e #87] g5t A
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8% 10% 12% 8% 10% 12%
DBP 161 136 124 41 33 14
ThaAA 152 139 116 63 56 50
7} AB 167 156 147 73 63 59
250
| | adding DBP
[Jadding A
200 - [ adding B

Cohesion strenth(kgf/cm?)

8% 10% 12%
Normal states (25'C)

2% 3-1. ZhArE (%) dE A



100
| |l adding DBP

& [ adding A

£ o/l adding B

=
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N - 60

whd

c
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whd

404
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(¢})

N e 20 4
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0_
8% 10% 12%
Water resistance

29 3-1. 7haAE (%) g A

SHatdlel 23 Az AFE AFS ol A3 AR oM AT THAaA
W2 e Ay ZoloAg Ao AZMAAIY HlFoolE A BrlAaAl7F Fadt
235 HER AT



F 3-5. 7kaAE A gl st §4

o
fu’
=
N

T

=]

qxy  gmy S0F 0%

205(DBP,PG52048) + 7} A A 8% 155 41 95%  90%
137

205(DBP,PG5208) + 72 A1 A 10% 33 90%  50%
(20%)

205(DBP,PG52048) + 7} A A 12% 124 14 80%  40%

205(DBP,PG5204) + 7} #B 8% 151 63 95%  70%
139

205(DBP,PG52018) + 7} 1B 10% 56 90%  60%
(5%)

205(DBP,PG52048) + 7} A1B 12% 116 50 85%  55%

AN 2 dabs UEdl 7 7haAs d(%)ER Frbetel 42 2
5 949 A9 AHY testst WAst] AAsAT. fredel] mxste] A Hks)
of wjste o] goldle %R YEUAT TtaAlAs dEd AAS JEle
# DBP¢} MlustdN® 1%7hg A2 dor® ¢ A%E Hepddon, 1%
HollA -3 d3ks vehd ZFRABE A2 st ozt wsirt Asto]
dojx= AdE Bl 1 9] MPRAlERE HAEE siglot AL s dgol

]

1_,r1
rok

T

A A Alste] dataol Al A &lEkSAT
o] 7FaABE ARERE AFlA AAE

b AEEe] QlolAdE oA Wxelo e

o
-
B
b
&
)
=
=
)



F 3-6. B HIUHAE o] AREE ThAaAE fE wst A

304t 60+ 90+ 1204

205(DBP,PG5204E) +7FAAA 6%+ 7HA11% 100%  100% 100%  90%

205(DBP,PG5204E) + 7} AAA 7%+ A7 AI1%  100%  100%  95% 60%

205(DBP,PG5204E) + 7FAAA 9%+ A7 AI1%  100%  100%  95% 30%

205(DBP,PG5204) +7}AAB 8%+ H7MA12%  100%  100% 95% 10%
205(DBP,PG5204E) +DBP 8% 100% 95%  95%  95%

205(DBP,PG5204) + 7} AAA 6%+ A7 AI1%  100% 95% 90% 80%

205(DBP,PG5204#%)+DBP 10% 100% 95% 90% 75%

205(DBP,PG5204E) +7FAAA 7%+ H7FAI1%  100% 95% 85%  75%

205(DBP,PG520f%)+DBP 12% 100% 95% 85% 60%

205(DBP,PG5204) + 7} A A A 9%+Z7FHA 1% 100% 99% 85% 10%

205(DBP,PG520/4)+DBP 8% 100%  99%  95%  70%
205(DBP,PG5204E) +7+2=AIA 7% 100%  99%  95% 0%
205(DBP,PG5201%)+DBP 10% 95%  85%  40% 0%
205(DBP,PG5204E) +7+2=AIA 8% 95%  85%  60%  20%
205(DBP,PG5201)+DBP 12% 99%  90%  20% 0%
205(DBP,PG52048) + 712 A1A 10% 99%  95% 0% = 0%

Hatelo] P T shaA Arkel ME WA testdF} /H2ABE AL
P2 PAso] gk Wolx A eh} Bz H Aol muld &2 Hrlste] W)
Ade v Sk wg 84 2R oA &% Ahe A Hedd
NaAE gl @A Watdde]l Py HE ANE A& 5 ATk A
Ael 7= DBPEY 2% A7A AR § H7HAIE 1% F7F sAlEE Fad 2
e 2e F dla, WMk de] DBPRLE Astd shaABe] 9w HIAAG
P @A) S5 A 4RE AL 5 AU

ol XA TIAAE AFE F A9 AR dE IA8T Ast # AR =4 A
sE A AZ S AS W ohie ARG AaA] A4S 1E Zgeol s sha
A Ho] ofzk Fxshdl AL aFolen FolA Bow s /3
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v KSt2 :KSM3700
(At A ol S H2A)

2Fe]:100kgf/cm2 0] 4+

W=:140kgf/cm290] AF

KS++4 @ KSM3721

(H&A ] b5 dd 72 e A1 )
A

< < < <

=
VSEHIAIE: =X S H2S 24A17F press$ 48A|7F o] WA & HAE
5
=

D AEIAIE AEfoll A 30T 3A1ZF 20C 1087 A S HAE

®3-7. F7F dE A HAE

RS R Ae e

166.5

205 71.9 124.8
(30%)

124.8

pl7 AHE 154.1 61.7 om)

(0]
187.3

GM—14A}& 88.5 137.8
(15%)

1441 115.2

NP1050A}& 20%) 78.7 (200)

(0} (0
134.5

o AINPAH&- 53.3 122.4
INP}-8 (30%)

p

71E AFAA F 9520 PVAE tAste HEES ol Ao = EEEHA
gtovt 7 A H7) AEE A EA (A ZYSAdEdA mdHd o)
) AlHEAA A st F7F tiAlste] 71421 3 8 testE WY AT

gt A=

oje} Td 7% A BFslo] FrEolE A9 PVAcet EVAA HF8& Hz
AE X34 7taA TRE Az sted AdFsidla, JA3E 2 A2 tAHgEe] =
s Rl WA st sholuel Ry e AR 545 =2F JdHEA 5
o] RZx HIMAE ALgsle] JEste] ARk EAdo] TE Y o|EAKT 951 A] Ao
AL &4 A} gl JEA TtARA G S wEt 4ot AR 7HEEEd
th Fgl FrggolE ook NPA 7taAlsS A st 7 d5E diAsh=
F71 Ad= Aesei)

FrggolE gl 2xd® 74X 9 Az 714 g §lo] A rhsge]



PVA(polyvinyl alcohol, ZEHHLYF&)E= FHFE 2400, 2000 2 17009 H3}=
88% (A% P24, P20, P17)9} F3= 22002 73t% 98% (AFH AH22)& A-&3}
&3 31, Emulsifier (+3F4] )= polyoxyethylene nonylphenyl ether HBL=17.8 % 12.321
A2 AFE3FA Y. Monomer (YHeFA] ) 2+ vinyl acetate monomer (2] I &Hg5A)]),
butyl acrylate monomer(o}FaZ Ak 2~ E| 2), acrylic acid(e}AH4H) = 99.5% ===
7F4 Junsei chem. A|E& AFE3}91 3L, VAE(Vinyl acetate—ethylene old &)+ A
FAFE S Air products®] EP706(Tg 0C)¥ AF401(Tg —15C)E A&t
Plasticizer (7} 4] )+= dibutyl phthalate(DBP, Junsei chem.)& A}83}$ 31, 7fA] A =
ammonium persulfate(APS, 98.0%,Junsei chem.)Z A}-&3}% T},

v, F7kAA B9 PVAc A 2HA $HA

Sample A (°]3} A)
WRHE7I7F A RE wkE 7)o E330gE ¥ il PVA P17S 13g, P24Z 9g, 314
3

g
>
r]I
olo
o
™
o
ot
)
r]I
olo
e
f o
o H
o
)
a
s
ol
ol
fr
ot

220gE 4A]7Fel A A droppingd}
7}s}e] DBP 22¢2 4 =1}

Sample
Cureely I 50Co|atw Wztste] DBP 2692 4]

Sample C (°]3} C)

W77 AXE vk 7ol 2330gE Yl PVA P24 20g, P20<S 15g, #r3)
A(HBL=12.3)& 0.9g Y=t} nRFEEE 130rpm o= A stH A ghg-7]uy o] W&
TS 80C7HA =84 &gttt W&ES &8s & APSE Ya A daw

A 180g, oF=a = ko) 2~ 2 (Butyl acrylate monomer) 16g, o} = F(Acrylic acid)



D:

5gE 4A|7ke 747# droppingdh# A Wk&-S s}t whgetw 5 50Co|stz Y7zt

0]‘04 DBP SgE -r| -

Sample D (¢]3&} D)

WHEZI7F A X E v 7|Ulel] E330gE €ail PVA P24%5 17g, P17S 11g, AH22
£ 9g, F3A(HBL=12.3)E 0.5g ¥=t}. WWEEE 130rpm & A sPHA Hk-&-
7] EES 80C7HA &eA galisttt. 8E52 4283 $EP706 100g 2
APSE Y1 é’&‘ﬂ]‘éﬂazﬂ 167g, o} =2 (Acrylic acid) 1gZ 4A|7re] ZAA

Do} & wH o g s st EP706 thAl AF401 100gS AF-&8-3fe] HAd gk
Z} Sample AEE T VAM 2PVA+= FE5EXHoE AlgE o, C«] -9

il
AHE PVAZE 2% B ARGEAT 7F2A] B Tge] Apolo] et & %5}%— 7]
S5 Ask BSl 4% DBP & @Al thu] 210%, 129%% WatE FQom, Csh
D, ES A% 7hiAle $E ZolAu WA @tk DS EdFSE Tgrh b
VAE 232 AH83t9ith, 7 ALg e 3-89 Lhehglch,
3% 3—8. Composition of products
A B C D E
WATER(g) 330 330 330 330 330
PVA 22 22 35 37 37
VAM 220 220 180 167 167
Acrylate 16
Acrylic acid 5 1 1
DBP 22 26 8
VAE 100(Tg0C) 100(&_15




19 3—3. Reactor for synthesis

Sample EFP (Eco—friendly plasticizer)—1 (¢]&} 'EFP—1")
Ast Z2 wyer  gsta,  weeks §F 50CoJstR H7sle]
4cyclohexane—1,2—dicarboxyl acid dialkyl ester 26gS 4]+=t}.

Sample EFP—2 (°]3} 'EFP —2')
Aol & o r FAsta, wkeekmn F 50Ceo|st= W¥Ztste]  diethylene
glycol dibenzoate, dipropylene glycol dibenzoate blend 26gE 4+

Sample EFP —3 (] &} 'EFP —3")
ASt ge wHoE P,
(Dipropylene glycol dibenzoate) 26¢g

o

s
&4

4w % 50Colel= wWreted DPGDB
=,

Sample EFP —4 (©]3s} 'EFP —4')
A9} e WHlow FgAleta, ¥Eedm F 50Colstz W¥Z3Ete] diethylene



glycol ester 26gE 4] =1},
Sample EFP —5 (©¢]3&} 'EFP —5'")

Ash 2o WMo $ABAL, Wen §

% 50Colst= JZste] acetyl trbutyl
citrate 26gE 41 =t}
Sample EFP —6 (©]3} 'EFP —6")

A¢ e wWHow  IAsta, Hkggmr  F 50ColsE Yzheld]
2,2,4—tri—1,3—pentandiol diisbutyrate26gZ 4]+=t}.

3% 3-9. Composition of products (Non—phthalate plasticizer blends)

] Boiling Solubility/
Chemical name .
point(C) water
Dibutyl phthate (DBP) 340C -35TC 0.04%
4cyclohexanel,2dicarboxyl acid
EFP—-1 )
dialkyl ester
Diethylene
lycol dib t
EFP—2 SYCOT AIbenzoate 932~234C <16C  insoluble
Dipropylene
glycol dibenzoate blend
DPGDB(Dipropylene . .
EFP-3 . 232C —40C <0.01%
glycol dibenzoate)
EFP—-4 Diethylene glycol este
Acetyl . )
EFP-5 ) ) 410C insoluble
tributyl citrate(ATBC)
2,2,4—tri—1,1,3—pentandioldiisobut . .
EFP-6 280C —40C 0.42%
yrate (TXIB)




Viscosity (HX&)+ RION viscotester VI —042 A3, SAH2E= 25CTE
&tk Solid content (L, %)= 150CollA 3083 AXAA 1 F& S48
t}. Galss Transition temperature (8 Ho] 2% Tg)¥= DSC—-2010(TA
instrument)S  ©o]&3e]  =AHEF L,  Particle size (YAA)E Particle
sizer (shinadzu SALD1100)S A}-&3}e] 4313t

19 3—5. Viscometer (Brookfield RV—1+)



AFH Q5= 358 15% o)8F= A28 H])Z 0.5 01442 25mm<30mm UH-2
g3t mg @ £33 HAAES F2He 9w 7 ok 100g/m'E T EF}
o] wrEo] 314 5—10kgf/crie] 202 10837 o]u] ¢FE3te] 2042 Co| A 12 24

kel

AZE AR, GEAA FAAZE B e AE L W BHEe 495

-
N
=

o

pa)
=

T

L] ] ‘ Aging
o /
(W)25mm Adhesive drawing A

19 3—6. Test sample preparation for adhesion force

(3) Adhesion force (B2 %)
FHl® A ¥ A UTM(shimadzu AG—2000A, "HsA|AAE7])S AFgste] ¢F

+1C9 £ 3A17F AR 5L, thA] 20£1TCe 49 108
=] Aol A UTM(shimadzu AG—2000A, ¥HsA A&



71¥] 3—7. Shear strength test model in the universal test machine united testing

machine (UTM Shimadzu AG—2000A )

4) MET (minimum flim forming temperature,

=K

o

o)
oF

of
il

A

%

A<

i
iz

bl “m-uul_



1¥] 3-8. Incubator (LLF—404SR—H) / Applicator

(5) Galss Transition temperature (2] #o] &%)
Tg: DSC—2010(TA instrument)S o] -&3}o] =4 &3},

(6) Particle size (A7)
Particle sizer(shinadzu SALD1100)S A}-&3}o] =4 513t}

1% 3—9. Particle size analyzer (SALD1100)



FECl UIE /| RA B4 E3-10.9 thehysic

3£3—10. Properties of product

A B C D E
Viscosity(cps) 25000 24000 86000 28000 24000
Solid
41.2 41.0 42.0 41.7 41.2
content(%)

Plasticizer 1) DBP(10%) DBP(12%) DBP(4%) - -

Tg(C) 18.59 15.60 21.31 38.62 35.43
Particle

) 3.12 3.23 3.16 2.58 2.41
size ((m)

# Plasticizer?] % monomerel o3k F-A8] 2 VelY

M

A= PVAY F7/ 2 AREZol wep dF o
%= PVAE Ap&3) 4‘/} AUAoR Be FS AME
A=t o A4 A& PVAZF & ©f AR&HRA3L, acrylic acid®] AF&-wFo]

7&@"] Ast Bl mlal o @Aste]l H=7 A A H AT FUka
Al g4l Dok E= Agk Bel HlEl PVA &S Bo] AREsIlgol= A=<l

° rlr
2 HE

H

Bl

VAE o'dde] 3o = ¢l 25000~30000cps HAWE AR A2 314 = Ao,
P A Az uar] 98 40~42%S FA ST

AT A S TFAAVF FUEA 2 2AM[I5A] 9] Tge 35~40CE e
= A9 BY 4-5-A9 DBPE FHst] Ar&st7]el] Age 15~20C9] W& Tgs
Zb= A8 e DBPY TS BESE U TgE Zte FA7F wHEolA
U Gl 3o Tgo FXE s 4 (e Aow A4y dot.(Warson, 1978) C
o] 7% DBP9 FYdU4E HAqt acrylate?] FFTOE Hlud e Tgo FA7}
st ) uh Do B= sbaAle E9lo] glglomg o Tgo x|/} §HAlEH
Aom, we Tgol VAE o9ds AHS E7F ¥ w2 TgE e dA38 &

A, B, CEUY} VAE oddS 3583 D, E7F ¢F 0.5m A% o 24 Ugon, <
247 o] Z-e- VAE o Ad & AH8-3F Aate) geks] o] 2t

(2) MFT (minimum flim forming temperature, 25 Z4}

rfo

%)



FARAACIEA ype)7h AHHS WIS A Bo] HuswA B
o] FAuo] NAAske] Aol o] FolAol siul, FAvle] HAAZ ALgA 2
Foge MEage Bol AuHA Ram AEUe 23 wsE AHET @
dolch. webx] FHAe] Agewel ueh FARAA AHPL WP wAS
etk olel @ WEE RS Bo| & FwEA Rtz AN o FreAn, Fol
=S 0TS A ALgel SA na vk MPTE FARHA} of 4=
ﬂx@wz1%%ﬂﬁ@ﬂﬂ:ﬁﬁa%@ﬁﬁw%ﬂbquEMHe%a&aE

7

o N

—_ -
)
o
%)
2
N,
D)
v
o o
—
[oje}
1o
4
D)
=
i)
r
e
-
JFU
o{t
2
rlo
=
=
)
m
o_u
rUO
P
rir
P

=

FE3-11.004 & 9}—2—01 }iZﬂ(DBP)% @ol AR % A MFT
S YeRl o™, DBP9} acrylateE AF83F A9 acrylated] S Ht= 71A4A]
olgf A MFT SA¢] #A5-HAt} o= Tegrl @45 53 A2 MFT &
AL Yelu= 2ol Az &tk wiH VAE ddAe | duekA o 353
g D& Eo AFv =& Tgdd® st w9 53 AL MFT 545 e
At DY A5 FARZA ALY gHAe & ¢ = 0C7HA] ZRFo] FAH

3£3—11. Minimum flim forming temperatures of products

A B C D E

MFT(TC) >5 >4 >5 >5 >0

(3) Adhesion force (&%)
OD 7 El g 2
7} A (DBP)E =1 A}&2Fo] Sojyd 7
=z =

Ao B ot

91-?—01 A<} BQ] Ao FhaAe] ApgTko] we Brf

i
o
4
i
Lo

= migration®]
H3slE 7t 2ol g o] Aol
ueh A = Exﬂﬂ H“ﬁ% T O“jr (Pizzi, 2003) C 7taAl FYol A5elx =3t
2 o] Yhe 712 acrylate9}o] ¥ i
F7EaA F4%ER DS Ex 7HARAlE € 7SS AlE A
tha W& AR E S derdA e, 25 9 Z2A7F s e SAE Gl
NME o W& Tgd E7F HHi R WA= F53 A



235 I Adding DBP 10%
] I Adding DBP 12%
E 230 [ Synthesizing with acrylate

I Synthesizing with EVA1

£
E
;c;» 2.25- I Synthesizing with EVA2
O 2201
o
s .
Y= 2154
[
s
‘o 2.10-
Q
g
2.00

1993—-10. Adhesion force of products

EREEED

7FAA(DBP)+= 1 AR o] Woldas i aheo e oFqd3
a¥3-10.004 & 4 Aol Bl vl A7F o -3 Weg e s
Tk oolyel Cx A2 DBP A 2 A4AQ acrylateE 3 HsH A
o 3 g &S e Aok
7 @dESQ Do Ex e g o] Z7FAA(DBP)E W 7] Al
A 45 = UEYES 1H3-11.91A4

5
o} ol= AFAHE Zb= VAEY ethyleneAl&Ee ko =w U0l A
o



14

»| | I Adding DBP 10%

< || Il Adding DBP 12%
E 104 | I Synthesizing with acrylate
= || I Synthesizing with EVA1
X os-{| I Synthesizing with EVA2
Qo
o
-9 0.6 -
=
O 044
(7]
Q
L
T 0.2
0.0

193—11. Water resistance of products
© Agtgd
TY 3-128 TrhAAl FAES AGLEHL 50CeIN gl AA wekslnA
135

J o
25Co| A AEAAWSES gelst Axfola, I 3—-13 4CoA st A B3
ShAA 4CoM o] Hx AAEstE 8l dyto)t),

- 100 -



20000 —0- Synthesizing with EVA1
—0O— Synthesizing with EVA2

30000 O O O O
w /
o
K
:'? 28000 O
(/2]
(o]
?
S 26000 - /O @) @) O
24000 O
T T T T T T T T T T T T T
0 5 10 15 20 25 30
Storage period(day)

193—12. Storage stability (507C)

65000
—0O— Synthesizing with EVA1
—O— Synthesizing with EVA2
60000
:‘g;. so0] o0 g— O ———p—
>
g 50000
2 @)
O @) O @)
45000
40000 [ T [ T [ T [ T [ T [ T I
0 5 10 15 20 25 30

Storage period(day)

19 3—13. Storage stability (4C)
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obef ARl SdHeR A HFHAY MFT2ES
(incubator)Qtell Al A 2HA| &
Ftolt},

a4 3-14v 7= DBPE AREE Ao Hluo2A FA vinyl acetate
monomer WhH] 8%, 10%, 12% % Faslo] 7} ko] we} 7tAaAS ALRsHA &
A2A din] Wl d4o] AdEe] ThaAle] Fol wet FH T A E 127
AzNE PAgst=3E gl & Al

a% 3-15% olA™ I} EVA FAE seedZ o] A 3E PVAcold A2l MFT
=4 Az 4CAM BT vkl HUb glolm ¢5e AL BF 542 ek
Ao 2z 540 pste] AAl H2 Agel ALA FAglSS g1

2131

A A

PVAc base DBP &% DBP 10% DBP 12%
19 3—14 Film transparency of PVAc using DBP at 4C

B (DBP12%) C (DBP4%, D (EVA1) E (EV A

Acrylate) non- plastcizer
19 3—15 Film transparency of non—plasticizer PVAc at 4C
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4) FreeolE ThaA wig Al S

o
il
ox,
o,
N
N

eh Lk =4
F7EAaA BgAEe $8e 3104 shled ol d AlES ARkAQl B
Sott FAEA EVA FAE seed® st TSl wet At &g0] st o F
H= 523 EVA emulsion 49 7FA 0= Rl AFe A7te] Aes 7HAL
= Aol Ut oldd &+ 2 dUF ®WiEe] v I8A VtAAE SREE 5%
Fodste] dA=des &<l starxt 6% 8A VhARAE A Sled o=
EFP—6(2,2,4—trimethyl—1,3—pentandiol diisbutyrate)+= A} 4 .2 % DBPel H|3} 3]
ko] whe} A|F] EAS SA5te HEQ 13 FFelA X}iﬂﬂoi‘: 60%

[.

Z ubd] 9% 9 HHAAE wjgtet Tolw ud o] A5l o] EFP-6 & A93}
1 ARE skt

T3F EFP—5(acetyl tributyl citrate)= @A FHS XA 5o A5 2 8-0]
Ha 9= AFo|Y 7HAoe] Y 2t olojA EA Hlal ) Abol A ]943]_0 o
opef ¥ 5 -

H 3—-162 71AaA @59 18 S (solid content) B3}, 18 3—-1
PVAcH ZtAlo 13k Ao ngE 54 ZA3tolal o]5 F3l EFP oy

—62

-

Al FwAro] W Al Ee] 7% B4 sl solid contento] L T
- T

o
u:o,ﬂ R
Ml do = rlo

g = SdSla o= EI ISRFAS A= H=Ql T #7138

(TVOC) 9] #A& of71g 4= glom EFP-6S Al9)sta A9 Agsai
A 2594 S4= dd8 e Tedld EFP-1+ DBPEW’ LA O

EFP-5EFP—62 2% 2Fo]al EFP—2, EFP—32 2t & A =o]al EFP—4+

A3 71aA AdoM= g Fo] o EFP—-63714 o] v EFP-55 A 2|3
Fo] A3 JtaAE VA AEE AP Ty ALEA] BEHTE A2

4
5o H9 FF BE WHE SR PR AN 292 Agstarh
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| I Solid contents / 105'C, 1hr
[ Solid contents / 150'C, 30min
100
. 80
) ]
7 S
e (4]
c N 60
S &
o O 404
= 4=
o © 4
(7))
20
0
DBP A B C D E F
Sample

1% 3-16. Result of measurement of solid content for each plasticizer

50
O Solid contents / 105'C, 1hr
O Solid contents / 150'C, 30min
")
wp O
- 0 >
g 25 o B © ° g °
£ EX
S &’ % O
2> ® 40 o
oL o
(/7] “5 3,
35 1 1 1 1 1 1 1
DBP A B c D E F

Sample

2% 3—17. Result of measurement of solid content following the type of

plasticizers for each adhesive

- 104 -



3% 3—12. Properties of non phthalate—Plasticizers 12% blends

Viscosity  Solid content Tg Price
Non—plasticizer 28,500 41.2% 34.0C
DBP 29,000 43.3% 18.8C
EFP—1 28,500 43.5% 17.2C Similar
EFP-2 29,000 43.8% 19.6C Similar
EFP-3 30,000 43.8% 21.0C Similar
EFP—4 29,000 43.55 39.5C Low
EFP-5 31,000 44.3% 18.9C High
EFP—6 29,000 42.7% 19.2C CLow

h 23 ZhaAE WA A2 BE 94 54
@ z12b4 7haAE oSk DBPHI S A& =4 vl

obel T1eEZe A taAEE gs @dste]l wiE sile W A2 24
545 vehlls 258 25 FUES UER Zlolth el R AR YE A
< 45 FHREE 8% A3 DBPe Hlste] EFP-1& 538 AL Z§ AT
5, 9% METE 7HA3 s &9 = glah ey 299 A& 7taAls
& E5 ZEEo]EAQl DBl wgtel @43 AL d5 I Tl dojH= A
SR vEht A8 taAlE W wgA Asd fE BFe]l BAT v ds
= G & g oAk 53] 1A 7haA EFP-4= kAl gl FolvE dA
8l mFHE FHE A2 AF 540] ofF Ere As & 5 AN wEA
F7HARL A dE 54 ReE H7MAVE daste] BUbK TESTE 82 24 =
2l dE =5 HIHA(el8k Additive-1)& AREAl A& &E AREStelE JiAlC]
e AE @9l dto] FrhHoR 7F 18 vpaAel FeE JEESF AHE &
& J7betel AL 24& vA 54 &gl
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100

| —O— DBP:phthalates 8%
—O— EFP-1:polyesters 8%
o 804 4 EFP-2:benzoates-1 8%
S —y— EFP-3:benzoates-2 8%
t>,'~ { —— EFP-4:glycol esters 8%
c
2 60 —
(1)
Q. J
(2]
c
© 40
L .
-
£
=
o—
J B O/
Q=——- O _—
10 20 30 40 50 60 70
Time(min)

193—18.Degree of improvement in whitening for each hour when injecting 8%

compared to VAM for each plasticizer

100
| —0O—DBP: phthalates 10%
—O— EFP-1:polyesters 10%
3 804 —4—EFP-2:benzoates-1 10%
L —/— EFP-3:benzoates-2 10%
3‘ 1 —C—EFP-4.glycol esters 10%
c O
Q@ 604 O/
- I
2 . © D/g
& o D? 5—
s D/Z
e i 04
£
S
L 20 - /
T T T T T T T T T T T
10 20 30 40 50 60

Time(min)

1% 3—19.Transparency of film when injecting 10% compared to VAM for each

plasticizer
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100

—[O— DBP(phthalates) 12%
—O— EFP-1(polyesters)  12%

- 80 4 —EFP-2(benzoates-1) 12% e
X —<7— EFP-3(benzoates-2) 12% __—n
> —O— EFP-4(glycol esters) 12% —
o 60 O/
5 —
o
@ 40 / /
g ] |:'/ /
S B/B
T T T T T T T T
10 20 30 40 60
Time(min)

19 3—20.Transparency of film when injecting 10% compared to VAM for each

plasticizer

¥ 3-13. Change of T,y (C) value of adhesive for each plasticizer

Mixing
) DBP EFP—-1 EFP—-2 EFP-3 EFP—4
ratio
8% 0% 0% 0% 0% 0%
Film
10% 40% 80% 0% 20% 0%
Transparency

12% 100% 100% 0% 40% 0%

8% 22.5 21 38.8 25.5 24.8
Tg (C) 10% 21.1 19.7 37.6 23.8 24

12% 18.8 17.2 39.5 21 19.6

* PVAc base Tg : 44.1C
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40

A -
N
35

—{J— DBP(phthalates)
—O— EFP-1(polyesters)
30 —/A\— EFP-2(benzoates-1)
—— EFP-3(benzoates-2)
—— EFP-4(glycol esters)

Tg ("C)

25 8\@
20 \O\

15 ' ' , ' ,
8% 10% 12%

PVAc emulsions by plasticizers
various & add(%)

2% 3-21. Result of measurement of Tg following the type of plasticizers for
each adhesive

il

ofeff AR X8 TtaAEE Fefde] HAAE =xste] 4TAHZ 25 749
=35 W¢7](incubator)E T3 ¥EE Aielrt. 7|E DBPO 4% @A vinyl
acetate monomer WHY| 8%, 10%, 12%= St H7Fgdl ope} wWlst A2 glo]
59 FEE7 e AS & & AU

Ty J3E TRAaAe] A9 EFP-1 2 DBPEY -7 A& 54S UERA
7o BEE AE212%70A4 Z7rekele wl 715 DBPARE-l Hlsho] A 2o A2
Ae P28y A3 AsES el & AUl 53] EFP-4 AFEo] W3l A4t

A2 WetE Aol yebg 4 7] AFAA AdE 2 A FA

o |

A Azt HA gl AAEFES AT F Jomw A b
=

-

AREAl DBP ¢} Hlalsto] ATl oA7} lgs #HAE

flEL
il
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DBP 8% EFP-1 8% DBP 8% EFP-2 8%
DBP 8% EFP-3 8% DBP 8% EFP-4 8%

2% 3—22. Film transparency of PVAc using 8% non—phthalate plasticizer at 4C

DBP 10% EFP-1 10% DBP 10%  EFP-2 10%

DBP 10%  EFP-3 10% DBP 10%  EFP-4 10%
1% 3—23. Film transparency of PVAc usingl0% non—phthalate plasticizer at 4C

- 109 -



EFP-2 12%

DBP 12%

EFP-1 12%

DBP 12%

EFP-4 12%

DBP 12%

EFP-3 12%

DBP 12%

1% 3—24. Film transparency of PVAc usingl2% non—phthalate plasticizer at 4C
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100

| —{1— DBP(phthalates) 8%
—O— EFP-1(polyesters)+X1% 8%
804 —4— EFP-2(benzoates-1)+X1% 8%
@ —/— EFP-3(benzoates-2)+X1% 8%
3; { —C—EFP-4(glycol esters)+X1% 8% /o
o o~ X
S 60 B~
© ] %5/
o /
g 40 4 /O |:I/
© O
l_ .
]
€ 204 H/
L ] O
<>’_J
0 Y T T ¥ T T T T T T T
10 20 30 40 50 60
Time(min)

19 3-25. Film transparency when injecting 7% of plasticizer and 1% of Additive—X

100
—_1— DBP(phthalates) 10% @)
4—O— EFP-1(polyesters)+X1% 10%
—/\— EFP-2(benzoates-1)+X1% 10% o
80 4—~/— EFP-3(benzoates-2)+X1% 10%
- —— EFP-4(glycol esters)+X1% 10% Q/ /‘3I
S I
ST z——t4
o~ _—
> ——
c 604 /g/tI
o
-
S 4
% /
c 40
©
— 4
-
€ -
= % & 3%
-4 O/
/
0 I T T T T T T T T T T
10 20 30 40 50 60
Time(min)

1% 3-26. Film transparency when injecting 9% of plasticizer and 1% of
Additive-X
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100 4—— DBP(phthalates) 12% o
—O— EFP-1(polyesters)+X1% 12%

{—\— EFP-2(benzoates-1)+X1% 12% /&/ﬂ
—~/— EFP-3(benzoates-2)+X1% 12%

—C— EFP-4(glycol esters)+X1% 12%

N = =

|

80

Firm Transparency(%)

o
- <>/<>
20 - <>/
o
- <>/
<&
0 T T T T T T T T T T T
10 20 30 40 50 60
Time(min)

1% 3—27. Film transparency when injecting 11% of plasticizer and 1% of
Additive—X
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EFP-2 12% EFP-2 11.5%+X 0.5% EFP-2 10%+X 1% EFP-2 9.5%+X 1.5%
19 3-28. Film transparency of PVAc using 8% benzoflex adding additive-X at 4T

R AT =
19 3-31, 13 3-32.9
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Cohesion strength(kgficm®)
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Water resistance (25'C)

1% 3—30. Comparison of adhesion strength for water proof for each plasticizer

%
(A:EFP—1(phthalates), B:EFP2(polyesters), C:EFP3(benzoates—1)D: EFP—4(benzoates—2))
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19 3—31. Comparison of adhesion strength for low temperature for each

plasticizer %
(A:EFP—1(phthalates), B:EFP2(polyesters), C:EFP3(benzoates—1)D: EFP—4(benzoates—2))
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18] 3—32. Comparison of normal status adhesion strength of each plasticizer %

(when adding 1% of Additive—X)
(A:EFP—1(phthalates), B:EFP2(polyesters), C:EFP3(benzoates—1), D: EFP—4(benzoates—2))
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Cohesion strength(kgf/cm’)

DBP+X1% A+X1% B+X1% C+X1% D+X1%

Water resistance (25'C)

19 3—-33. Comparison of water proof adhesion of each plasticizer % (When

adding 1% of Additive—X)
(A:EFP—1(phthalates), B:EFP2(polyesters), C:EFP3(benzoates—1), D: EFP—4(benzoates—2))
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1% 3—34. Comparison chart for storage stability for each plasticizer
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A: Adding DBP 10%

B: Adding DBP 12%
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, C: Synthesizing with acrylate |
D: Synthesizing with EVA1

E: Synthesizing with EVA2—

TVOC (mg/m’h)

1% 3-41. Comparison of TVOC emission of non-plasticizer products
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Comparison of TVOC emission of eco—friendly plasticizer products
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19 4—5. Test sample preparation for adhesion force

(1}) Adhesion force (&7 %)

(3). MFT (minimum flim forming temperature, %% &%)
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(4). Galss Transition temperature (2 o] &%)
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surface tension
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Tgo} & EAo] t}2 EVA F ZH wettingd e 27 2 H7ES 493
of ¥ AHS A3 Ay}, Hlo] A wettingA] HUFE o)A wettingAlol] <] 3]
EVA o|dde] smHA=Ho] Wol Yol o 4 AT ol /st 77| 8A4=

[e]
a
AgEA 2w 2l wettingdel FRE AFHL AT 985S wolF

A Fel o]¢® EVALF 2% Hlo]24 AL wettingd S 1%0]% H7batol=
271Xt} °F 1.5 dyn/cm ~ 5dyn/mA =9 2 FHAH o] A7t Ao} o] 24
Ade] wettingAl= 0.05%WHS H7letel = A A= 4dyn/m ~ 17 dyn/m FE2] A
Sh7F AATE o]l Hlo]2A wetting A B Th o] 24 wettingA| 7} A2 HUlHoRE
T 2 FAHo AE doA IAF3A A HFAE F UeE HAAF= 4

=]
Folm g EVAS HAHS /fAsteEd 2 =92 = Zow #dd

(2). Filler Y W& =4 714

T84 AFA9 testE M= SAAIE A 5 e HFHAFoH FFHH ol
2 HELAG 9o HFo]l 7bed 424 Baseo XA SAAES WA &
a3t AP sS 257 fdl SHE T filler7FE AME T34 HAEES X9
ak3lt.

F8A AFEe] A= 248 98] &4 5SS EVA base =2 H7F 3o FH
& SIgh A3 de] ARgo R Qlsle] iRt EVA HlojA~E FHo] 7hseh A
o2 Hol A& AMEEA FiE FAEE 24T F SR FAHI
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-3, BgA Frdwol= omele] AF HHY TEST

SAH TA} 195N 195P2 195E—-1195E—-2 195E-3

ki PP 2.42 3.93 3.08 4.26 3.05 4.08

AxE  (0.13mm) ' ' ’ ' '
PVC

77 3 0.65 3.54 2.65 4.1 2.71 3.4
(0.36mm)

A2

i PP

Harg 1.06 2.75 2.67 1.54 2.78 2.27 0.19
(0.13mm)

(4hr)

x{%

i PVC

Az 0.04 0.69 1.82 0.04 1.57 1.72 0.01
(0.36mm)

(24hr)

Bk PP

1.45 1.93 1.82 1.67 1.85 2.15 0.34
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2}, PVAc =3} A3 (7F 47)

gy F&A AFEe Ag- SAIF vE F53 24 ¥ HIHAIY] AR
WA EVA 4 9 PUD, 54 Latex5O = baseE thekstsle] 7ad darvh 9l
S Zo® Hil o]d uE base A AFS AAEGE. A baseE HJ& & F
]9 HE& EVA (55.5%, 3000 cps/25C, Tg 0C)E F2 AFE3H AFo
= 20~50% 71 97 AEsEo] E71me Ao w B gt} o9 e Uy
Fe A9 2 =24, 1884 S ekl o= BR ZCE sfofof drloly, H
t A9 EXH 2 B3Rl A&et7] flste] BAAE SWE ©S il st
ol & JEF /d AES Wi

ol ‘{om
N

h 84 O
A7h Azt %%Oi_ T baseql EVAS] 744 R A PVAcE otad<
ARgetel W F- 7FAst st EVASL e Tgot 22 A2 SA4S ze AFe=E &
date] ol & widk o= W FXAR A7H fillerE wiEete] ARt MRS
2 A3 silvh
ofbeff 4—4¢f o] FrFA] Wi RF AVF Az mIrt yEerskow e
FoM e dA G st dolMs & EAVF S sl
® 4-4. FEA AFY A7 A AY
B i B +3x7% +e -
A v 2T ) H% 59 e M R
0 Ae(%)  ARE®)
195P
(B2FEVA PVAc, 47~49% 0% 0% 0% 2.5 2.8
DBP,Tol)
PVAcE#H -1 48.0%  4.64%  3.92%  3.56% 2.4 2.8
PVAcEH -2 48.0% 8.02% 6.78%  6.15% 2.9 3.5
PVAcEH -3 49.0% 4.77%  4.03%  3.66% 2.6 3.3
PVAcE® —4 46.0% 8.17% 6.90%  6.26% 2.7 2.9
195P+Filler(5%)  49.1%  3.06% 6.15% 5.58% 4.2 2.5
195P+Filler(8%)  50.8% 2.17% 5.12%  4.65% 2.9 2.5
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B water resistance
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4—5. 9F F84 Overlay® 98 % A% VvOC 54 23}

QLT g 75 TVOC ]
705 0.0854 9
68031
DA102 0.1116 -4
EVA ot i
645 0.0612 9
*HY
70704 706 0.0298 -4
DA102-2 0.0269 9
705AHE 0.1179 =9
287 1024 0.1043 =5
60831
e olg o 1 0
70548 O 0.0647 H 95
NAF 0.0518 5
70328 2-Hkx] & PA190 O 0.0658 =5
70328 19511 O 0.5198 U3
EVA-LNE  19511-2 O 1.1125 k%
EVAS H #|
o] 2 & 19511 o) 1.5242 A4k
70704 (E2q)
S algtel) 195P%+4] 0.998 U3
706(+ H7HA) 0.8527 U3
Overlay
A o A~
. TA} 0.3101 -
SAF 4.1504 Ak
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4—6. F&A AF DA TAaA FR{el WE VOC 54

5]

Ethylbenz
HCHO TVOC Benzene Toluene Xylene  styrene
-ene
195E
0.0063  1.0577 0.0000 0.0931 0.0829 0.0000 1.4841
(EFP-4)
195E

(DBP 0.0042 1.4986  0.0000  0.0160  0.0834  0.0789  1.5090
+37HA)

195E

0.0043 0.9296  0.0000  0.0071  0.0810  0.0795 1.4896
(EFP-A)

195E
(DBP+50%
) 0.0039 2.4107  0.0000  0.0043  0.0783  0.0776  1.4466
2 7FA)-50

%)

EFP-4
12%

0.0099 0.3836  0.0000  0.0084  0.0347  0.0334  0.5599

EFP-A
11%

0.0046 0.1768  0.0000  0.0000  0.0144  0.0162  0.0838

DBP 12% 0.0095 0.6362  0.0000  0.0000  0.0535  0.0544  0.9673

EFP-2 9%
0.0089  0.2825  0.0000  0.0000  0.0293  0.0272  0.4732
BCA 1%
195E
0.0062  0.2317  0.0009  0.0598  0.0099  0.0227  0.0363
(EFP-2)
EFP-2
19% 0.0060 0.0887  0.0004  0.0053  0.0051  0.0089  0.0330
0
EFP-4

105 0.0065 0.0323  0.0000  0.0019  0.0000  0.0050  0.0108
A7HA 2%

¢ haAE A3AG AFEE FhaA E AL
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