Development of manufacturing technology of
non—formaldehyde adhesive

using waste cooking oll
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SUMMARY

This study was performed in order to investigate the possibility of wood adhesives by
reacting PMDI and the used vegetable oils. The vegetable oils are easily hydrolized
and produced to glycerol and fattic acid. The produced materials have very reactive
functional groups, hydroxy of glycerol and carboxylic acid group of fattic acid and
effectively react with isocyanate group of PMDI

This study was seperated to two subjects. First subject was investigated the
seperating technology, chemical modification and reaction with MDI from waste
cooking oil. Second subject was studied for the bonding properties and manufacturing

of panel bonded with waste cooking oil and MDI as applicatiion.

Studies of seperating technology, chemical modification and reaction with

MDI from waste cooking oil

The adhesives were made according to each ratio of the PMDI, glycerol, and fattic
acid. The reactions were monitored by FT-IR (Fourier Transform Infrared) and DSC,
and. studied the executed structure analysis, and investigated the adhesion properties
of each adhesives.

Reactivity by FT-IR spectra was most superior in 1 @ 1 : 2 mole ratio(fattic acid :
glycerol : PMDI). And Reactivity of fattic acid and PMDI by FT-IR spectra was
most siperior in 1 : 1. At Tg by DSC, 1 11 2 and 1 : 1 4 mole ratio were about
73C. But 2nd curing at 1 : 1 @ 2 mole ratio was 172C and 1 : 1 : 4 mole ratio was
167C. And heat capacities were 4.97]/g and 11.89]/g, respectively. These results

were explained that 1 : 1 © 4 mole ratio was much unreacted ~-NCO of adhesive.



Studies of bonding properties and manufacturing of panel bonded with
waste cooking oil and MDI.

This study was conducted to evaluate the bonding properties and manufacturing of
panel bonded with waste cooking oil and MDI. In properties of adhesive, based on
curing time, pot-life, and gel time the mole ratio (1 : 1 : 2) of PMDI/glycerol/fattic
acid appeared fastest reaction rate. Plywood’s bonding strength appeared most
excellently in 1 : 1 : 4 mole ratio. These result would be explained that adhesive
strength increases reacting with unreacted -NCO of adhesives and -OH group of
wood. Formaldehyde release of plywood is 1.8mg/ £ . (formaldehyde emission of UF is
8.5864mg/ 1)

For flakeboard manufacturing, the adhesive of 1 : 1 : 4 mole ratio was emulsified for
modification. Curing temperature of adhesive by DSC was 73.06C. Flakeboards were
manufactured with 3, 11 and 20% particle MC and emulsified adhesive (resin content
15%, 25%, 5%(0.D. furnish weight of particle)). In properties of FB, bending
strength, Internal bond, thickness swelling were good for 20% particle MC and 5%
resin content. The formaldehyde release amount was E, level generally.

In the test of fancy veneer and floorings bonded with adhesive reacted PMDI with
vegetable oil, laminated shear strength of HDF flooring was 10.27kgf/er and plywood
flooring was 9.48kgf/cr. In formaldehyde release amount. HDF flooring was 1.3587 mg/
!, and plywood flooring was 0.6994 mg/ 1 .

The prepared adhesive has excellent properties and show great possibility to open up
commercial materials, and this materials has a potential to use in area of surface

coating, foam, electric materials, etc.
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1940 o) =9k 5, = Ul% A At Zel e SGAA, FERA, Z-A
s o 19409 0] Skl = AA E AAA, ZRA 52 Axsirh 19574
o= Y -HEE AEE& PMDIZF /PEESA, 19759 S0 FPE FEHEFRE Ax
Aol E HAAZE AdEAe), 1985dFE w oA EHAAGA AFE

& B9
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g 4% ok
o] Alotdlo] E A A 7 ALH ATH Woods, 1987. @ A &, 1999 ; &, 1999).
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Leitheiser 5 (1983)2 A4 Z&A4 S =0l7] ste] o]irlohvle]E9 A7e) furfuralE
Anz JAAZ Azsts Aol A4 Wolghn wus AT Pizzi 501992 o)A
ollolEE wmsx AIA &AFH FAA R BT drgo] N wEw QA5
A ”’“E A GAAG ol mAohllolEs Eqs] 08T A, La%A HHA
o] iAot E7] &} Hhg-o] o] Folxof st whgo
& BT Buatqrh. Pizzi 51993 948, Fs Fua
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O

= 8
o A HAAAY S dEES HAAE FAA = ol oplo|E FAA % A AES)
= A7t o]Folxa Stk (Calve et al, 1988). E3] Masato(1984)=  kraft
lignin-formaldehyde$} o]axAletdlo]E H2A Al F3 2 EQ] kinost #H=A= 2
Al, Fek AFA HHAAE 98 JEAZ & 5 de EFHE A vl kraft
lignin—formaldehyde : MDI= 10 : 2, kino : #&AE A4
Al 10 ¢ 1ol Baskdth Dix 519898 HALEAQ v, d@dF, dAEF

2 2)

E WAool A oMo Egt &ty FEFREE A2 Ay gl HFdoe] Freta
FARGE] Aadta Bastdr. 2ela FF(glutin, S5F AT WAJo] Ao}
YolER HAAS Ax vEZH= Hgs Ay gFgon

AAAE BAEA A AFH gAGRoE FAFANN AR ARG ®
A AR FF wde] JdHch
9] ol nAlohlo| EE ol amd BAMe Al el Ellis(1993) southern

pinedll isophorone diisocyanate$} organophophorus ester® # @ldte &4, HE&EA, &
A, WSS A A3l g9 E 20%0]8te] Qo] SEHA WAL nx
B} 93 435 B9 Bl Schneider(1995)= o] &Aool E H A, &

gu]dolAg ol E 55 o] &3t WPC(wood-polymer composite)E A &8t =4S FAF
3 Ay AutAon o Zrel BEugs 1Aty Hastdt. Song 5(1997)2 o] A&A
ool E HAA R HAf-9f HEfolo]uF HIAE Axste] o]dals xAMSE A &
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H 3 & diyjgsd g8 2 23

A LA ANER B4 A WP 2 MDIse] W
qay

-NCO71¢t Ze]&2] -ON7} whe-ste] g-elgdste ol FraHd whaolA= JFAR s7]s
4 AR & o e, dego] w2 58 S g A9 o)FAmte] A
o oM = F2 Aee TSt H=, #H 5 A=l 728 &

zo o] & Tt HA FUbEA o HE EESUS = wEEAC #Hse] FE&

231 9l vH(Galbrath, 1985 ; Wood, 1987 5 7, 2001).

a8y, =8 g eR s vdd Sie EAgd Abgsrldl= o g AZE 3l
54 Grort dF AREEA Y A FEEal e olAAoRolEA Al AR
7HA L E2E 32009 /kg, MDI 1,6009/kg 0.2 Z¥ &9 71A<] MDIY 7FAHEY & H
& AAska Jok(E, 2000).

olgld ;rke] Eeled UAY £ e HW T SE AARERED e 7
& (botanical sources), & #H2&fFE AH&ste= Aolth(Dunn, 1995). AAEFE &£ - 4
Aske]l ZbEe Add F o FAEd ARE 9 ¢ v 299 S9AE2 &

A 5474 whgAe] ¢

Sate] FehEu A ol go] 7t
ool L AT Agfelq Hed > gl

SAIA EAG FHEARA
o S AE, Aol ZF FEme wel ZAAE AZE, FI-IR (Fourier Transform

Infrared)® DSC(Differential Scanning Calorimeter)Z ©]-&3}le] 2z} W&o w2 Fxi24

[]
& AAS o) W JREY WaE 2Ase 44N&e PYRLA B9
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SRR EF SR

CH CHs
— —n
a9 3 959 AR,
F 2. PMDISt 28 &9] 54,
T PMDI 9
A7 gl 13
AL 300~400 3,000
HAE=(mPa s, 23C) 192 333
H| & 1.23(25C) 1.005(20°C)
5 133.3 1602.9
w71 2.625 2
-NCO &%) 35 -
47171 %) - 35
2F7HmgKOH/g) - 0.03°] 5}
, A H b
HA7lE A&7E 28 2 AAES s8] fAste] dgpe]ES o] &5 dd. 1ea

e 9

NaOH¢t HCLE AH&3F 3t
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FT-IR9 &Az72 Spectral Range 4000~400cm & 8% 2™, Resolution 4em™?, Gain
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2. DSC
7 AAAe) 200 weh AReET DSCE ol gule 451 44 ARLET do}
B sgrh GFA AL FI-R 2 854% Agdad et 94 348

VNEorm AN
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Sl L AWAZA o o] §3te] WS £ASAL. WAL PMDIS YA E
[ARE 7 FPIE BRE T AAL AN 3%, 6%, 0%F 47 sl Wy

& 23
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98 ¥ KS F 3101 st wet g, s, WedAEs gete Ja208 &
obm gkt

AU ddATd FAbERe Feaas W DUVl (Carver, Model 2731, 24, 1)

= A, ram © 569cm)E ©]-&33

o=t 2 A &i—m‘ﬁ‘r‘i AFAE 8A2FAFE/UER 149 D52 (F/MEY 28)5
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BN
BN
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Size(LxW : mm) 200x200

Core : Av. 6.11

Veneer Moisure Content(%) Face, Back : Av. 6.69

Resin Type(rate) PMDI : Polyol
Resin Solid Content(%) =100
Weight of Resin(g) 100g/m*

Hot Pressing Condition

Temperature(T) 150
Pressure(kgf/om) 10
Time(sec/mm) 30

FEHAEE A FAEE AR5, AR S AEHE 60£3T Y 59 3
A7re T T AR EEHOA Asla 2 AR JAEE A WHEF A E S
AFHE BE BAAA 417 &2 F 6023C 9 Ax7|dA 20A7F Axsta vA] B &
ANA AN T & T AR ESA AT)al AL AR gAEs AT JEE A
de s A8 A7) (9= HOUNSFIELD H 50K-S)E o]-&3tglow 94 5= 2m/min
2 245, HAELE ug Ao &S

Ps
LxW

Tensile— shear strength(kef]/ o) =

Ps : HAdl 5( ki)
L A"z g Zol(em)
WA g F(em)
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CHy (A7 CHECHOHY)7- G- o,
O —
CHs (CH)r CHECHOH CHEOHHCOHY)- G- o ’ Step 1 &xf2
o
Oy (OHy)-OHEOHOH- CHEOHOHCHHOH Y- - l

3.5NNaCH ‘ Step 2 J =0
?
CHy (CH)-CHECHOH)- GO HO- O
(@)
CHy (G OHFCHOLOHFOHOHY-G-Oone HO-CH | Step3 Z2kiE =2
(@)

CHy(CHb) CHFOHCH OHFCHCHOHR(CH)Y,- G- HO-CH,

4ANHa

‘ Sep4 SIS
o

CHy (CHY)-CHECHOHL)Y- G- OH

o
Oy (QH)- CHECHCOH-OHOHHCHY)- G- o

o
O (CHy) - CHCH O CHOHOHOHHOHL) - ‘(‘} oH
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7}, FT-IR(Fourier Transform Infrared)®] 7]z

B ATE MSEE U NSRS &+ Yt AYOR wgsE A8/ RHGO
24 A7 e WAES S4ste] v SEEd 0 4uE 9 ¢ gow, =
@ H b Mg ES SAsd MeEAL ANY S Jx AuE olsHy

9 7. PMDI, At 2 =2l AlE 9] FT-IR.

PMDI:= -N=C=0 =7} 2270cm ‘el A vElow, Aake C=0, 1720~1700cm ™
O-H, 3400cm % CH(sp*E4)), 3000~2800cm oA B Fdart vegon A=
€ O-H 2% 27} 3500~3200cm el A Z %A by},

Bailey 5(1981)< IR ~"9Esgloz S#Hg F o|nAoldo|EVE ZAbet A}

2270cm ') A o] Ao o] E 7] 7} Y EFSS B astE



2) AAE/PMDI Fa#jo] wE [RAFEH ZA}

ABA/PMDI Bnlo] wa RAZER ZAE A3, o]hA|ofd|o]E o] Frlge] u)
2} -NCO ¥ =8 B3& 3 22 ve2 g4 F7189.29 1515~1570cm ol A ofrlo]
=9 FFozt veth ol Aol FL2E AR 7E o] aalotlo] |9} nb-gsle] of
nfol =715 FAske] vehd Zlolgt A
wpeha] A ksl PMDIZE §b8-8 4§ ojnpol=r| S At

)8

1
Aste] 7hsstvs e & o AT o9k dA dRI I EA

P QA
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a9 9. A/ Al E/PMDIS] FEHE 9] & FT-IR &4,

Fig. 701 Wb "iel bo] iAoz Aat/=eAE/PMDIS 2t FEnjeo net
-NCO  F=role] F3&ol v=A ygytoew, 53 PMDIY ¢ Frdl whe
2270cm '(-NCO 9= F5ahelM sz A7|7h Srkstd o 329 28 FejAge] &
A A9 -NCO ¥=29 A= HlEden SretAs ¥ e B F Y. ol
Az gkl whE FHAe -NCO Frde Fad& HaFd -C=0, -N-C- &l
o] FIAEE MW E wl, 111 2|4 73 whgAd o] 9-Fsth
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g G ZE L0129 g WS WhgT] e MlEo] 13 4R 4748 -OH 27U 4
e -NCO =<} ‘%‘_%5}71 w ol 7h e WS JEE AelE ddawh
Bailey %(1981) @ ¥$02 IR 29 ES 243 A3} $-eghvhg-2 1730em™, &
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oAy A o] hAollo]ET| 9} k79 ukE-o] €3k oz g o] E A g
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Heat Flow (Wig)
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olzAlotulo|EA HZA|S o] aAlo o] E7| = Fig. 19 theEhd upe} o] Faky)
(R-OH) S} vredlo] Zg)o-yes AAs wul o}

-COOH)# wrgate] 224, ofl=dda 2 7 =

da1st A3 delE P4 (Loew et
al, 1977 ; Pizzi, 1983 ; Galbraith et al, 1985 ; Woods, 1987).

MDE REACTION WITH WOOD MDI REACTION WITH WATER

= HYDROGEN
& CARBON
@ OXYQEN
# NITROGEN

219 17. MDI® PFe] & ®kg "l (Chelak &, 1991).
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ob7|E = W=sle] od B EI} W AR oA gl FA| 9 o] Aol o] E V] 9
3}shA wbgol o3l ek Aol dojx= A oR AZAT(Chelak et al, 1991).

MDI s Chemlcally Bonded PF Gets Physically *Stuck"
And Machanlcally Bonded Only Mechanically Bonded

29 18 MDI®F PFe] 3}8t4 7] A% 2 34 vl (Chelak &, 1991).
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T E(Zi)% pH (mPaf,EZFC)
Q2 A 53.27 9.5 106
el g 2 A 54.39 9 324
[a-deyl A2k 53.83 9.1 150
b | 43.43 10.6 83

A Az AFg3 g3 9 e (Dipterocarceae, W5 @ 05~08)2 o3

H™ h= ] =
FAE ZEH 1m, AF 2mA o A AZAH FoldtEE 200x200mi = A w3t 3t}
T S 106C F2HFT|AA 247 AxsE A3 x| 6.27%, ¥ 5.10% %
=

Aze HAAE ol ote] Felolansg Ay 1 BYE ARG dEIe
5 922 oo Flaker® el Flake MEZ2 Azalarh.  WE29 d58

=
1%90w ol =FAEste] HxdrE 3, 11, 20%= =49

)RR AEE FIE D T o
®ATa Ay AHA A AFS ] Ew FIE 4% APS AN
9. AHgE FHEe BUF FYEom 80AWme) FAOE FAL lmPon GEEL
6~8% %A
aYa RhRORoRE FUrHERG FoelTRe Agsar. FWeERe Sy @
ArlsoRe Asadon 2T Re HDF, TmE A8adt. 4 Aewe] 27)%

50x50cr 2 A wHate] AF435Y
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) HAAY FEgFol 1%0le A& sty RExFEE Tog/m(A™R7])E EE)o|H
28 =¥3qrth

dgzAL 2% 150C, o4 10kef/em, Al7F 302/mz ste] Azt Azd HZ
AAE Foe KS F 31019 A wet A8, i, vhEREdd g49E Sato g2
S gobr )

AL FH YA ¥ - EU7|(Carver, model 2731, 294, ==, ram © 569m)E ©]
St olw ey EARASAY 5572 L-E L8t PP(polypropylene, melting
point 170~180C)¥€ && A AA AT

E 8. A/ EEAE/PMDIS 7t 9

Size(I.xW : mm)

Veneer Moisure Content(%)

Resin Type(rate)

Resin Solid Content(%)
Weight of Resin(g)
Hot Pressing Condition
Temperature(C)
Pressure(kgf/cr)

Time(sec/mm)

gepd EgulEol v BAA DS Fu AE
200x200
Core : Av. 6.11

Face, Back @ Av. 6.69

Fattic acid @ Glycerol : PMDI
(L1, 112 1:1:3 1:1:4) 115, 1:1:6)
(4:0:4, 3:1/3:4, 2:2/3:4, 1:3/3:4, 0:4/3:4)

=100
7og/m

150
10
30

AE 100 @ 33 @ 1052

SFAF/UzA 149 A sAEFE/MEH] 2.8

d

A=
st

A8

= = DA

Zbet ek 2 W&
oju A&Al+= 10% NHLCle

SR
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Fastel HYsen

ARG gl BREE SR, FHFAFE NGRS 60+3C ) &5l
NS S F el B A 454 2o dum gRue 2asg. ueAde
ANHAE B oA 407 4L F 60:3T ) AR7oIA 2047 DRAL O] B %
N AT A F, FE BN A3a 2e FUz 4HEe =AY,

A3 Age wEARAAZN(AF Hounsfield H 50K-9)% ol §atgdor =z sd=
B4R 2w/min® SRSAATE HAEE ok 2 30 oste] AF AL

Tensile— shear strength(kef/ o) = LI.)SW

Ps : z]ﬂ] '5‘]—%‘( kg)
DR g Aol(em)

=

W AR F(em)

1

P

3) A 2 A

ol A Tox7omiE Al|-E A FH sk KS F 3101(1997)0 o] Aste] v u<F,

3

E‘L“

Az

S, Ug AN g AE S 259

Azxzd Fdolar =258 150mx50me] A|H-5 AFste] KS F 3101(1997)0] whef
A ACTHH O Z 2021 ColA 24X 7HEQt TELY I =E -3 F ofMEolA =
F Edo2 Agd T 66T 42 1087 7t F Uve 3354
olw] Calibrations 3 43}, Concentrations o}l &2 = 2k},

E-zkel

=
RLA

ol
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Concentration = 7.65640 x absorption

t ZYolarnz Ax

Ak

D 52459 ol mE Eeolar=e &4

71 EHolaAR = Az

FHolAR =9 AFZF7LE Table 63 2. vEAHEL randomPT o= 3t3 ©FEo =
Q.
[€]

A, Y42 Feadd W - YV (Carver, 294, HZ A, ram @ 569cm)E ©]
9
Jﬁt 27 M % ORAR e AR 5 gl Fig 7ol UEhd sk o) Zxg
O AU & G AN LA, Wtia] ARE A AL, Bl A
JW P (Ro R 39
¥ 9 ZHolars Axzx4.
Board Size(LxWxT) 350mm*350mm>11mm
Target Density of Board 0.65g/cr
Particle Moisure Content 3%, 11%, 20%
Resin Type Emulsified Adhesive
Solid Content 50%
[0) [0) (0) M M
Resin Content 1.5%, 2.5%, 5% to OD Furnish Weight of
Particle
Blending Method Spray
Hot Pressing Condition
Temperature 150C
Pressure A5kef/cnt
Release Pressure 10kgt/cmi
Time 45sec/mn
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20kgf/om

10kgf/om

Okgf/em

Osec 60secs  90secs 150secs 360secs

a7 19 dd=AE.

A1 EHolaRE Ax Y]
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Azd FYolaREE S0mxo0m=E AT@dte] AlHES AZIPYHES F 3104, 1997).
o] Ao R FFEMO)H BEE FAsAT Fred AHY FAE SAHSL 1052
C, 24A17F Axst = A AHe FAE SA-sto 4 22 AbEsidn. dEE A9
o] Aol FAE ARSI 2 bl o&) ALESEATH

Wa
Density(g/en) =— Va

7143 Al T#(g)
Va @ 717 A1 F9( )

@ FTABELE
ZHo)ZARES 50mx50me] A7 2 Aste] FA LS (TS
F 3104, 1997). &¥)€ A9AL AY d FAE 5%
AR EE SH3 2407 FA F FEE A A
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Ty &5 A 5A(m)
T, &+ % FA(m)

® 84
Azd Zolar=az BE 50mx200mz Adste] 2% ANFAS Azt A4S
(MOR), #€&4AT-MOE)E A3t ow, olv steHEs 10m/minHKS F 3104,
1997).
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G T2oUs= d=H 24}
Az Edo)ARERTH 150mx60me) ABE AFAse] KS F 3104019979 whet o

H~

A ACIH o= 2021 C oAl 24X gt £E LS

—_

E% T F obADohd E-2 Aot

ps e

1

F fd02 AP T 65C 42 1087 7123 3 UVE =489

]
olw] Calibrationg 3¢ Z 3} Concentration< o= &3 79t}

o

Concentration = 7.65640 x absorption

_58_



Moo
o o7
: 0
W” : Gl M B OE
ﬂom ; &r ﬂw = o E
—_— UL : m
3! % : : % mm E
\0] - B - _ |
o5 [y oo ﬂWﬂ ; -
— ‘myA % ‘ E
3 ild s .
~o mp o TR : y
mdﬂulﬂéruﬂﬂﬁ)ﬂ
g < N zu 2§
\ OL d.ﬂ ,dML N m
: : E s o g Wo
0| /m . * Z .
T &N 3 i
ﬂnﬁ o % me m.i/ ﬂr i
ﬂrL :i ~ o 0 & ﬂﬂvo -
) ~ do 5 :
O# - o o 3
mM.l &./ x o L o} o
J.L g e % = 5 %
ol S x ~
= ® + : H ;
o 7
z z 2 ¥
S :
@ oF = . : e 7
My & ° 4 r i
ﬂ&n . 7 ;i N iy B
—_ ~ B o X J.o W_l 5
M Hum 7 v pt T Ng Mo
Hﬂ N Ry — % £ M i
s KX ﬁ_ i wm_ L Ww : Ww 3
Wﬁ of T o M WM M Wo :
; 5 L - E
T : W% = %HHA,EH
S 52 rit :
w- o 5 : : o
=y B Eul ™ ~o o S : :
- PR E s :
‘m_vl D @u o zi Ot ﬂAI ‘DrL 1_l
ok ol 1 o < . %
gt zhgﬁoufloar
: - % ﬂWﬂ e mw._-L © B2
ol wf i qm
CUNEY i Ab
o<

A3 R
3. &3 A=z
= 4
7
— 59 —



_60_



& gl 24471

j“y,_]_

el @

o}

z}

Az

FSAT

15

A
KS F 3106, KS F 3107, KS F 3111, KS F 31269 ¢]A

Nd

T
W
A

~

G

<
T

A

iy

o0
nn
3

Nd

0

algl
o)

"
o

;ot

o] PMDISH = e AlE/A

doll

A

zﬂ

bl 7

o]

7t

=

€]

A A7)

——
o

zﬂ

At
e
T

o
i

%

—_

o

)
{al

(mPa-s, 257C)

F ZE AE, PMDIO A=,

&k

i

56.7
244
21

_61_

=

PMDI
2] A




i} pH

PMDIS} =8 A&/ wha Z

Ao Egtete]l HAAES Ax2d A9, wbgol| o
Aol Ueh HEAAG Y pHEAR L2 E7lssld. old z 959 pHE 43¢ ul, PMDI
o} 2YAMEL pHEAS AAIGEH o A ikake Botg sl pHe WEE B v)
¥ 11 2 989 pH.

TE pH
PMDI 1.664(20.5C)

FHA = 4.965(24.1C)

X]Ho]')?l' —

. EE3A

PMDI®} =2 Al /XAl o.
vebR] gk ok

= 9 BE3A ALuH-1500rpm) ol A =

gokom F Fejdde] vetuth ey sk (+3000rpm) Al ol = EE 8
o] 453 Aow BHYPor} wute] AXH I YAAZE I = Eeg o] Lhebyt i
s on HAAE Axste] BEYS AL

& Ankdg o2 PMDIS 2 A E/A

ho] &3 G, - 10~30% = HEekga @A Asgkgo] vEdt 2
H} &3 A PMDIE F7]d =& HA 4%s 4, Astg e Mg it
o] REQL e Ao weps eyt

_62_



o Azl whe} the Al e

A=
=5

Ll

al
EP

o]

3|

pae
e

Table 12.9} -t}

R

1

At

o}

il

ke
il

€]

=

A7

==
el o)

El

PMDI¢]

1

=]
=

9/]

[}

1912
2
CES

=
R

b3}

A
fu

I 14 gelAr o
e goE ez 294

1

0

R
1

mlof ¥

K

4 A=

A=EA T} o R op|o]Este] ofrfol =AY QA o

o thE @
1

T

At

|

A

s}

o] Al opH| o] E7] 7} HrobA]

L
T:7g

©o.
o

[e]
K

)

9

=

pu—

1:1:4
ZFell

344

ﬁo

T

N

Ao AN, 7HARA

;ot

2

(min)
43
23

360
960

A SEAIZE
(min)
18
10
11
12

_63_

e}

=

H]
=g AE : PMDD

1

=%

1:101—)]\_]_— :

A




2 AF A% 24

7h s e AlE/A A Ble 34, PMDI Hl& vhFs}

A2 AdS Fotol vebd b= aE 209 2

Dy test
8 Wet test
B Gydic baling test

Bonding Streng h (kgf/crP)

1-1-0 11 112 1-1-3 114 115 1-1-6

a9 20, AAYFE A Z/PMDIS] £330 80 w2 FaAE XA/ Z2EAE EH 1A),
Dry test: “3e}% ==
Wet test: =424

Cyclic Boiling test @ W5 &=

29 AlE, AWARG PMDIS] 2 E3H& 10 1 470K = PMDIS] o] S71eE 3
2ol Frbeks AEES BAoH O olFRE 3 AR B o= 11 4%
A= HEES -NCO717F SA1 9] & H= -OH7|9 whg-ato] fH&de] Srhshh 1:1:5
FHE= g -NCO7|7F &Eskar glo] fado] Zasts Aoz dddr

ol datr & wj, -NCO7]9] el wef o] s T -OH7|e] ol wel 4

s}k
= 1.
o Fg FE g dS5Hn. ol HAWEA AXRA AxTAE AEY 7 e @

B
o
s



ol A

el

01

ol FE| 1
o] Ao o] E (PMDI) 9] o] &AA]olo] E 7| 9}

A

AW v Ekg- -NCO7ZF EA <)

=24

oWl g 7.9 et Ansh 2ol

CH,OH

¢HOH
CH,OH

o
MH—C -0 —CHa

0

0

H—0—54w+_[:j_NH_é_g

Hz

l
oot

o]
1

WH—C
&H-0 rethane

g
NH—C -0 -CH,

2
R-C—MH
——NH——| s
e

Urethane—0-CHs

o]
Wl
e (=1

2 el Al E/PMDIS] W

H(}}\

a9 21 A

_65_



uh. PMDI 314, SeAE/A3ak b4 s

o1 - Dy test
N Wet test
B Gydic balling test

Bording Strenath (kaf/cnP)

0:4/3 14914 = 224
of Aol PrAaslE HAOE 3

_66_



weta o2} EAIHE Ayl faide FRAY i B el g9tHal v

5 =
e g T

21 20
Dry test

- B\t test g
g B Cydlic bailing test 15 %
Q 14 %

: .
; i
g 7 ]
; 1° 3
D

0 0

_67_



gt A2 AgE e E4PMDL SAE/AEAE HAAe HA4)
1) ehE A

21
%
el 14 r
fo)
2
o
g 7 I
2
'_

O 1 1

111 1512 1;1:3 1;1:4 Contral

Eauivalent Ratio (Fatty acid : Qyoerd : PVID)

a9 24, 7z

ot

SRl A A,

Fig. 24.9] vepbdt uvpel o] el AlE/AWA/PMDI H3Als F39]) 1:1:4 9 uf
Aol /M Fstde™ 1:1:3, 1:1:2, 1

1:1 o vepge o dibe

PMDI%e] S7tess gadoe] Srtshes A3ds B 292 Johns(1980)= -NCO &

Al -OH7F §hg& A9, ZE9-Hol BEE] AHHo] S FAYE BYvka Hil

sk o9k dA 4 S(2000)9 AFlA PMDIY 4e FUFAZOR A HEE ol
]

_68_



T
"
o

&
v

]

Rl

R
1

Fig. 25.9 vk, 2415/ 44H/PMDI 4 24

=

B

o= e

I~
A

A el o

R
1

°]

W
B

o

2!

wjr
Nd

ey

&

s

ful
e

rveel
zﬂ
o

"

il

e}

Qs

(1998)
e e e 36~38%=

=
[e)

A Vick

o] 5}

°
T

wr

SRk

)

1}

36~46%= EFOR

W
B

S

o
ok

G

—

el

601:

73

=

€

601:

Zanr e Ygaol

-

e

14 r

(EUWD/IBM)YPLBIIS Jeaus alisue ]

15132 151:3 15134 Contra

111

Eauivaent Ratio (Fatty add : Gyoard : PVIO)

w
"
i

&
v
gl

;OH
;ot

~

T™H

_69_



A e 21, 229 B9 gl HEEk o, 11 4ol KS Z1E A (Thel/an) &
sebs HAEE Bk

ol Aubm RIHA9NG HiA HEHE olnAlopdlo|Ee] #HAA AFATE A
FREMOR A A, 7jAAe) ojmaloplo|Ee] H Tl o] gl A A
AFA Fa vkl dojdtha stgiom, MK (200008 PMDI A& AR MDEE Al
xste] ke -NCOE Ao wdyor At g wihs -NCOeH =4 +& o
-OHe] uhgol lefdrii gtk whEbd ol whEREAY A4 HHAW mvke
~NCO¢t & &

o] wkgo] o9 QY Frhe sk

14 r

| |:| |:|
O 1 1 1 1
112 1;1:3 1,14

1111 Contral

Tersile shear Strength(kgf/am3)

Eauivaent Ratio (Fatty add : Gycerd : RvVID)

1

uilc)
ol

%6. 7} EFE R,

H H ™

_70_



4) FA e g 2A g
KS F 3101 dAel g2 Add (e, Sl vl A% PMDIgL =4

Alz/A A J2Al o] A Al d e A Aot v g v A okt

5 TELHE F=F

=2 A E/AAHPMDI G &A= B ZESs)| =4 JHARA ZELU = dEH
0.18mg/t om, ai-dAepyl JHAA = ETFLUS| A HAARAN ZELUNE HEF
< 85854dmg/ L = WEH KS7IEAKS F 3101, 5~7mg/{ ©ol3h)E 3|8k =

ol¥ st AI= Ball(1981)0] o]iAlopvlo]E HAAR Z#olar=g Axd A U

4 B w0l FEHeH EEdds et BEHA wekthal Bagh vpep 2okt

I
ih)
&

32

nh EHo]AR =S B4

D Edolar= Axs A% #F3d fg2A Ax

& AraA A Az B AA AL =2 AlE - PMDD S H2Ae 4-¢
[e]

7 Q9RE ERT 5 wdvigol vEwton N AsAzk] e uel 2o] 44
Wee wo oeh e FAAmE BAAS Ax T 4+ AT o9 wBHa

Adams(1980)= Frat@ o= Axd 49 J2A AL&F a4, 2457 JA 2E7
A% 5o AHE A JYokir Bustgnt. ol Ao A kg Aen HEme} HEA
B E34s aelste] 738 JEAE Azt

HAEF FFA A ANEHAAE o] &, Ferb BolgtEs sy AW
HERA 3], B og fanke-g oAl Al AbEstaT. AuE
5%, pH 50~75, W% 1.09~1.11(30T)°]
A 2 A M= HE2A e 6wtE HUte)
of WHrEE 1000rpme 2 EFetdvt. fFad Alx=W S Fig. 279 2t

3] S

ARAE B E3de THAYIL HeER
go

g
3
™

4
=
o
{
o0
=1
\3
HU o

_71_



5 =% thsiA, "= goldboard development corporation(2000)o]4= 3FehekEA <l
ol mAohle| 7|9k B EFHIE 16 1 102 Stk etk Galbraith 5(1984)¢ Hte)

Sale) EYHE 7E) W& TRele] FrolAntE Axsa HYAL =AW A,
%560 M2 EHT AP Y S48 WYL Byvn By ol

& ArddM s AAAES agste] A = E[HIE 50 1 50em st AR &

ot

(s
=

=

o

mr g
rﬂl

rlot

1,500rpm

1,000rpm

Omin 2mins 3mins 4mins Smins

Fatty Acid + Surfactants

Glycerol + Dropping
PMDI

Dropping

_72_



(Bipn) Mol 1esH

a0

20

TA Instruments

Universal V3.6C

Temperature (°C)

Exo Up

"
T

0

oF

o
ToR

;ot

ol
=)
ﬁo

o

DSCE o]-&

54.85C oA LAyt vt o 73.06C A T wk-g-o] LERLi

;ot
=

n

A A

=
ha

i

s
A

o] gke] o] 24

KeN
=

NMR (nuclear magnetic resonance)

°
T

(1995)

=
[e)

ol¢} #&3te] Wendler

=
—=

#Hol=a K
Fol E<

=
=
O]

109] Aol wet

bl

3|

&

]

fojae] dda iy

o]

i

"

KeRppN|
=2 =

Fo] 150C= 1A

3|

ST

_73_



B EH T R Tk
R TR TR S N
) S olp =
Ao - N S
TR L wyp T
* Hp . oo %l
TP ke g w T
NN Jmﬁ W» E Mw” p] = T o
TE D o D P T
. T g 7 P -
yl 1o° N oo g R oA
e R R T SR
b I B R
=l — N olJ
i wiwﬁﬂ%énogw
W — - BN Do
N Mu%7w5%%T*
—_ N T g i
< ol W A
o L 0
) NI T wae gl
—= S oo S N
= ~ 2 ol Ak B A O Njo
i~ o)) T %o T o = ol T
(i A T I (S
O o N O o oy %o
0 X w9 e y e 2
it ot 3 o i i Jij = R
o o, ST TTEF
1 mw oy ﬂl W oo 7 dﬂ = AT
© - e
—_ P = X AR
< TRITITT O B N
I I i
S op oo M EL T
AR N TR o
S
N A I S e
H ooy B oo o @M
=1 Q zﬂ X i mE ﬂA.l Ow.c
L T - EO
ST W TETHE o

PN
T
)
=
SE
=
il
Ll
7}
o,
=
al

_74_



x| N~ Sy
,ol,q_OIEo#o
fr@rw
ZOOWU
T W E
ogﬂﬂ
e B

]
mﬂﬂb
moﬂ
B
a?
-

I
%

AAA o) BEgo] T
fol £

g
5ol
o) nohulo| 7] o Bhget ALY Fua o

g3 AdFE Bdu mEbd E 2 Mn sE S deae dFolet At

x
"
TR
o
3
oF

oo

I~

T ¥ T

7o R

gt Mo

T wm

N B

Euc gl M

& T

ol T )

o
T+ 3

Zpol 7k 7] Wil vhebd Aeleba &

BRC1.5%6

BRC25%
ORC 5%

(ewo/B) Alsusg

Particle MC (%)

_75_



BRC1.5%
8r RRC25%
BRC 5%

Board MC (%9

Particle MC

1 30, EEela e B e

webq 9o e
o gase Awe @

G olzA oo

m
N

Axd Zb greado] wel g3 =yl FdolarR=e A4AS A dds
a9 31, 32, 333 2

b ZHleola s 3%, 11%, 20% W SHlojar=e] AL HAA =X L
i Mg et ZdatE Zdu oleh @A Al mE 15%< W, HEFE drE 3
A 11%= F7hgel wel @4dde] Sretdlont dd 20% = Aasdv
& 25%AM = FEE Frso] SUHE wEl AR Skt A4S B

o
%ol = A4 FeedR e fAE EAAs B

o
|

X
e

K

N
ol

X

o

o
M

_76_



MOE (X10000kgf/cn )

o} < ™ N - o

= MOR

R

(auoBy) oN

5.0%

25%

Resin Cortert

Eeola F& 3%).

Feolar=e] AYA(E

gojae] e

ST
=

g 31,

IMOE (X10000kgf/cn2)

© 0 < ™ N - o

== MOR

TR

(auoB) HoN

Edola & 11%).

dojar=e) AA(E

ST
=

EREDE S

ST
=

o 32,

_77_



©

(e}

IMOE (X10000kgf/cn )

4

(o]

N

50%

25%

1.5%

Resin Content

ol g 20%).

ST
=

A(

3

=e) 3

#Hol=a K

ST
=

I~ O
F&d

)
=

g o] 29

ST
=

A

AW -NCO7| <

ol wheh o ol

PagE
Fiol A

R
1

Al AzA] SHEE -OH7] ®

ol

)
=

3} o)A obro] 7]

3%2] AF-llAM s 20900 A

-
R

oty welM =

et

=
©

°]

R

0

S

of et &

S

°]

o
-

= 3+
L

2.5% N A

Ly

2 AzHAd. 2y

Ao

R
1

)

ol9} & 3Fe] McLaughlin(1981

T

o

G

B

i

‘_Lmo

oo

_78_



38 1
BRC1.5%
BRC25%
ORC 5%

\

Intemal Bording (kg'/crrP)

3% 1% 2073

S 4R S48 4%, 4% SE Y 5% Anden S48 470s ugew @4
go] FARsE waArs) Flet A%e v oY@ AR ojaAchio e
ARA ) EAole & 5 Adrk F, Axd GHAY o] 2Aop o E(-NCO)Y| T} 3
B2y fiol 45 weste] s A% xddd ARAL FAAAT FED
o2/ Wk olsh pEete] Chelak S(199D)E slol¥ §48& 45 EMDIZ 9
ole] A7 A bwi¢ LT flolHEE Axd T U FEE A £ vl 9
ol & 9%, 11%, 13% ¢o% Z4Esh 4559vs waska gle] X 4% dvis
FApe ATe n

v =X 15%9 256%dAM = wedErt 7] (KS F 3104 viE gy ERE 1308

1.9kef/cm)ol st = vtelytoh o]9} fAbek A3 E Johns 5(1982)2 douglas—fir, white—fir,
red oak, hickory, loblolly pine2 T4 4%, 10%, 18% % A3t YA 7 65, 4t
% 3BOFAA olnAloholE HAAE HAAR ddFgwd s 3% A&t 3%
EHolARES Axg HdI, s 18%AAM HA =4 verwvar Bt e

3L g 5 (1988) EMDI HHAE o]&ste AAE|F & H7lstd dds

_79_



10%, 20%% xAste] JEEREE Axd 499 s 10%, 20%9] JE S 3E
FRES Axste oA EE A4 - 0ud 4, geec] weTs AR 3]
F Z

i Badgek. o]d wks]l McLaughlin(1981)2 9144 MD

al
olegt Aol Ade PAA EEFe g wwET. §3¥ FRAE w¥s) &

o
ostel HEZ g HAA EEU FED
<

% 58 3 493
g /5 ek olsk @ HEEY gl B 4%, ARA Agyel Aug
1A oo E718] Gl AL BHAA EEF] F713

BRC1.5%
BRC25%
ORC5%

Thickness Swaling (%)

3% 1% 2073 U=

9 35 EHela dera B FAREE.

_80_



Fig. 32 vhebed vhe} o] A=Al RxT Lo%AME HET 58 3
2 30.17%F o 1% A+ 2548%, 20% A+ 3575%% WVERETH =X
= FEE TS 3% 3172%, 11%0M = 29.4%, 20%00 4= 26.38% A, mIE o
oAM= AEHE s 3% FANEEE 3153%, 11%= 27.35%, 20%= 18.76%= e}
F 15%A A FE S T5E 20%7t FARGE] FUtstE
Ao Al Zx o] Aop AW o]iA|oto]E7|7F A A L
FE|F Fgo] wof olaAlopdlolEY S Aexe ay o u Y
I

d gt ol Aol Z et ok W ARALH nFgFER A

_81_



&2
el
i
.
=
ol
I
o
i
of

135 r
120 F BRC1.5%

o5 L BRC25%
o0 | ORCH%

75
60
45 r
30
15

00 n n
3% 1% X6 U=
Partide MC

Fanaldenyde Brission (/L

2% 36 Edlela el REl IEdUsE wEH

Azg 72+ ZHola I, F3A SxHE Zeolarse TEIUIE FEHS
ol o] 3%Y W 0355~ 0397mg//z 11%<9 o= 0161~

0.232mg/ £, 20%°14E 0.161~0.158mg/{ = Auwkd o g0 Z

A& BHo AWt oz KS F 31049 HEEFR= ¥54d35 = s

mg/ L olhH o2 Vel ol EE US| = @%xﬂf&}—t— g HaE ol Aaks =

ZFYAE, Aaka g21Ae FY85E PMDIZF v EE =

Fol HA 3] wol v|Ee] ofwAl HA S} vl @ wj @ 2o

HEA =xrgda &9

oje} @A dE|Fe FrEI JFAA mxFo] S E FELHE HEFO] AL
He A¥%e 23 olgl gt A EFLH =T B x5 EAol o] IEE T

Az AAAPEY 0 FHAAE PMDI = 10 1 DR 7 vpFose] PoEe

ey
L

_82_



AzsFAvk. (A1 7, 8 F=x)

_83_



el

“W
B
=
-

~

s} 7,

37
st

A3 ol

o

2

OE —~ (@) 0
sl
ﬂwu ~ o~ N
=] © o0
R
at (U\o (@) (@]
w w
il il
Sk
o
N ‘mﬁ _ﬂwﬂ
B | o

R

"

olE 7] 93ty KS F 3101 A

o}
=

B

© Wl 6m, W 16m7t Bhe] s o] o] Ao}

e e ek e diETel A

ez ]
AR

A < 5t

"

2

=t
N
m_ﬂum ol o | ¥
4 R
o
B
i/
_
[m
&
ol
oF —
=
0
Mﬁﬂﬁ olo| o
T
S
Bl 2| ~
E | E| E
i I
i sl in
| N

_84_



Coaking Gl Based *
. F

(@LD/45x) ibuens Feeus peeuU eS|




H

Formral cehyde Emission (mo/L)

i
2
=
ol
Iy

)

=
e
o

Dr B Cocking Al Based Adhesive
N Based Hoaings
B WRAvIF

Aot wa WA e 7 nbRRe gETS mud 9, 2grre
AAE AAE] Bl A ek or] FHvhERe 24 B4 WEH AT

_86_



4

A 3F

PMDI®} =& Al&/A "

A3, AE9 pHE=

e

KeN
=

"
o

o

el

R

JJ

o el ol

=
[e)

)

"

. 29 A=E, PMDIY

i
=]

Ik

boda x

il

aho] A

4, PMDI W& t}ers)

<

A

=0

=]

£ PMDI 314, 2EAE/4

Gt

=0

#

G

A WERs

A= PMDI

AL
&) 7 2

H(}}\

A
al
)

)

1}

pugl

ol A = PMDI

k3|
=

]

] X

= wWEFE 0.18mg/ L o
FYdel = $ETFE 8584mg/ L = VR KS7

o

o0
nn
3

3

3]

€

] (5~Tmg/L) &

= 3
= A

-
R

A A

23E B

A3 A3t 73.06CE ey

e

3|

T 50%) =

Al

A 9] 1.5%, 2.5%, 5% ZHA

Hol=z T

ST
=

2 By 7o vEbytt)

A o
==

=SS At

iy

ol

o

T8 20%, AAA

)
=

2l=1

_87_



4.7 vhEdel FYEE A

2 2 ~°r,
0.98g/cr 3 o™ dvbFERAL 7. O%, O56g/cm & zhz) L‘rE‘r‘;}E}. 2 ﬂ}—‘j‘rﬁrgl A=
el A= 2 B
] ﬂ}i?—t— 13.38kgf/cnf§ LhERsE
9.48kef/ cr, ﬂ1 T 14.71kef/c 29] Ars Bgom durxlow oy
AGgAEE KS 7]%(4kgf/cm)° ZEedv. FEgUs=
FELUS| = BEHS 1.3587mg/ L = ek e w2 0.6549mg/ L, tHEe] E2EY
6.959%mg/ L vt FdwpFRAAM = FHES G F o S

Kol
0.6994mg/ 2, ¥+ 02116mg/ L, a9 & 17.0149mg/ L o] vt

_88_



_89_

Jlo :
o ..
N
o X . A
e ..
Bl w X oS 2 __ oﬁ A
W W R D % 2 g . m T
: - - e o 0 = N~ of-
anmaxO_LﬁDSHoa < .
T =z o A oy = 0 X s N
27 gad T = 5 X . o - o ~
: 5 g v o) of W NE s 9 — Ja S X
1__,.A ? o = . o= ~ oE W % — ~ S ) <0 of
< = i W T w\ | S X LR SRS o o
.%ﬂmqux%%wlﬁw - = 5 o W T
14 ™ AR R W 7o KA " AR ; . L5 S5
HT._ 2 D ﬂmo ﬂmo ﬁE wA.._ O . — DL AT ag) [
J:Alo _ ¢ M \WO Zt —_— ~o f X ~ _ ~ Ex_ b~ <¢ ZH
5 ___MOE@wSahw @y@ggmi
o o ! _ - X mﬂ G - mm
-~ T S _z
Hr Ao = = T -
1%0 ‘qn,h__/nﬂ ﬂo ﬂﬂ | |
e wu T N 2 wu wﬁ =
L5 - - o — KR
W,Mv 1ﬂA_rl " B B olo MM 1__/|L : ‘Ww Mﬁ
~ o % 1 ~ olo N o} _ X m
BT = < :
gyl e = iy ¢ 4 : : u
W N oo 9 N TEe - 4
E : _dﬂ G = —~ o %o
HI __i ,Alv_ﬂ T : i iL : D
u.:. : FEE : mm - w W Sl o I
djo ko T R R T T = X -
T < % % 5 S I B DX - ; E
*LRR &= 2 s
y %ﬂwﬁmﬂumﬁ %mammwwx o b ol
—= Ooo_é,@ %ﬂﬁ%frmﬂ Mﬂui&  :
x ;l : At 3 ] Nd pr "
Hr - « 2 ~ nl
L] s - i > ﬂﬂ_wﬂ o ﬂe JLMM
-X 13!\- #\ _1_
- i Nd "R
O O
NN
T H




AA ol z+F wdde] HAME = PB, MDF, OSB 59 H2ARE o]&o] F7}
3L glow ojsh A groh FAe] w2 anjApe] vhekdt &0 Wstel] whel thgeHA)

S o WAElM 4FEH FEEHR o] &l tF S5 JhEE
Stk oleh ZE EAAge) gge o o8] Wil o
pe J

Rl $Feks A% 2 ARAe) Aol Bas

[0

s HAislelr] Hd EZAR AFA TESUS A SR REELds| = H
AAZ Agslr] e vhFek et Fapvb AeE L gl 53], A< 548 g3A=
FEAUB| =N nEESUsEAR, ddd AN B3¢ HAAR £A4F A
A FEAE HAAR, g A Bue 75AS 2 HHAARY Ade] o
H50 Qeh(EA. 1985 5 =, 2000). ol st Ao sp Aghe zlo] o]nA o o] EA
A &A o]t}

o] o]aAJoH[o] EAl X T Lu&olrt gFEA FHEol| AMEHE EEEErA
= olaAoldlo] Egf EEE REFAAES FU|EE AL & 24T 484 A=
A A& AF 715 vhE GERA vls] AR& o]l AL, @ df 2xek AIZE 7
2o Bt 7Y X HEAdd 98 Alxd HdHE dgAY B FRAY ¢
A= FHo] om, nETE AR FHEo] rlestnE YR dAxvg&E A0S ¢ o
3, FEd o AeAdAALS MAE 7 o, TELUS| =T HEYA e T S
o] dtHGalbraith et al, 1985 ; Grozdits et al, 1987).

a8y 20009 = A=A g £ 9, 844 360~45090/ke, WEpRIFA 800~
900¥/ke, EFA 700~9009/ke A= wbd Eele-d® HAe 959 PMDI=
1,500~1,600¢ /kgol™ &2 &2 32009 /kgo. 2 i17te] du5E o fdorst= 7Hd & B4

& A3 Q)

_90_



t7] #ste] #H71=< ¥

71174 §]

ofE sttt o A3

2]

TA"E

i3

= ol¥

A A

=

ol
A= 2 = A

R Rk

B

3

=
<]

524 7}

gzn
zﬂ

=y

=

o

2 g A

w3}

2 &2 oA

T
r

2=A a7k

)

=y

1

00

=

™)
S

Ak o] &g st

MR = &

2=
=

A A Zz7)

i3

0 AAEZ ¢

oo

rveel

S
0

_91_



ﬂ%%%%& ™ Mo oK Homow AR
G
ur«wow,%mq% BT DA wﬂ%mqﬂe
OE < JE ow.c T kO JﬁmE O# OE TR =
p T RO 9y T B E g
WO d.lﬂ T ) o 5o ® X X < 2 g
B & el 5 T ow T o N oW Pk
= = GG N T oo w B
L N do ©
W T ow oW Boop o wox B
\OI,E JE Ot __ %o O# mmﬂ — 1__/| VA,.# q ‘m..,w
< T T B oL, > M J
gL »® T v a5 .
TR 4T W T g L
B TR R 3 he T g
m o o° i b b o . =<
w1 : w T ok o Yo
- = W om0 A ® o2 Mo
il G T oo T = n 9
— — BN T 9 A T
= s o o N = TN wou°
™ = 0 F* W o= [ —_ oR
M 2 F LT h CEE T T X
a0 ER R = 5 E W o T
oVl < RPN M g om T XN o o <R
4= w ooy 5o ¥ o PTG
_ S T W g oo B il Mo
ol uw s = M 3 ~ 2 o
il T oo op MW T Y E N W
= Do R pog X W O e
O 7 s
K ﬂ}h%??g ymur«:aw %%o%
lr_._._ w7 - o X X — W B 50
I wp o) L, K Y do W 0 o
= o A X0 Nl a of =%
™ = oo E = % oF oR
do oo oW D2 5 o il I
+ T LW T OE L + 5T X P 2w
Lo o R = T T e
- o :E — o =y E
o B TP = R Z g m Hp oo
I = o v 2 = m Wl A L
= .- _ X - = o =
T o o ¥ =5 & X -
" R R B =y 7O X
KO g s o R IO Ay
I <o e Wy oF 5 No 5
Te) ~ AF Moo ﬂr = AT M ﬂr (e
ool W o A < M CEECH o =
— = 5% BR 5 0 Y TR ol
K T OB T N T ™ T T O T o T

s =7 4

7

]

j

i

oyl SAdRHE 2E

3

)

|

A
i

T A FHdY aea F

thep = &AL 2

A

1.

k3
=
=

€]

o]
39

52
— 92 —

o)
H

tol thrkg Wy Aol me 5

o]



8 o] ZELH
A8 FAAS AT
2. H2&

AAA ) 758 9 o B2 V%4 B Az

AR Aol F SekE HAe) g

|

ARG AAe EAS oA R ARNY Ee) 5
SEuY) Azt AAE A% D PEa

4 =5 A

_93_

BN

I

&

S

i

A

gk
=2



M6 &

A7

gl

Al %3 o

I

bl o] o

o
50

o]

R

Al A

=2d2A 71Ee HFAt

sera Aol o

o] gAfEY ¥

o] 7E

A AR

o

A
E L PO

™

e A

om o #

=gl

o)
A

o~
T

]

[e]

=
=

o
B

o

i

5ol A

N Faut 9] £E 5

HCJ— o)

o o} 1o the ol

%

el

e

p—

ilo
il

EECEES

_94_



M7E #m

ik
Mo
ok

1. Adams, Alan D.. 1980. Emulsifiable MDI isocyanate binder for particleboard and
wafweboard. Proceedings of 14th Washington State University International
Symposium on Particleboard., T. M. Maloney, Ed., Washington State Univ,,
Pullman, WA, pp. 195~205

2. Adams, Alan D.. 1981. Full scale prodution of waferboard with emulsifiable
isocyanate binder.  Proceedings of 15th Washington State University International
Symposium on Particleboard., T. M. Maloney, Ed., Washington State Univ,,
Pullman, WA, pp. 241 ~254

3. Andrew, Go. 1988. New developments in waferboard/OSB resin technology.
Proceedings of 22nd Washington State University Symposium on Particleboard.,

T. M. Maloney, Ed.,, Washington State Univ., Pullman, WA, pp. 200~229

4. Bailey, F. E. Jr; F. E. Critchfield. 1981. A reaction sequence model for flexible
urethane foam. ACS Symposium Series 172. ppl27~147.

5. Ball, G. W.. 1981. New opportunities in manfacturing conventional
particleboard using isocyanate binder. Proceedings of 15th Washington State
University International Symposium on Particleboard., T. M. Maloney, Ed.,

Washington State Univ.,, Pullman, WA, pp. 265~285

6. Baummann, Melissa G. D.; Stuart A. Batterman, Guo—Zheng Zhang; Anthony
H.Conner. 1995, Analysis of volatile organic chemical emissions from
particleboard. Wood Adhesives 1995,  Proceedings of a Symposium Sponsored by
USDA Forest Service Forest Products Laboratory and The Forest Products
Society. proceeding No.7296 : 215~219

_95_



10.

11.

12.

13.

Broline, Bruce M., Tom C. Holloway,; Chris J. Moriarty. 1995 Effects of
selected variables on VOC emissions of UF bonded composite panels during hot
pressing. Wood Adhesives 1995. Proceedings of a Symposium Sponsored by
USDA Forest Service Forest Products Laboratory and The Forest Products
Society. proceeding No.7296 @ 97~103

. Buckman, R. E. 1985. Reseach priorties for the 21st century forest products.

Forest Prod. J. 35(10) : 14~16

. Calve, L. R.; J. A. Shields; L. Blanchette; J. M. ]J. Frechet. 1988. A practical

lignin—based adhesive for waferboard/OSB. Forest Prod. J. 38(5) : 15~20

Chelak, William; W. H. Newman. 1991. MDI high moisture content bonding
mechanism, parameters, and benefits using MDI in composite wood products.
Proceedings of the 25th  Washington  State  University  International
Particleboard/Composite  Materials Symposium., T. M. Maloney, Ed,
Washington State Univ.,, Pullman, WA, pp. 205~229

Deppe, Hans-Joachim. 1977. Technical progress in using isocyanate as an
adhesive in particleboard manufacture. Proceedings of 11th Washington State
University Symposium on Particleboard., T. M. Maloney, Ed, Washington

State Univ., Pullman, WA, pp. 13~31

Dix, Brigette; Rainer Martutzky. 1989, Modification of diisocyanate-based
particleboard and plywood glues with natural polymers : polyphenol, carbohydrates
and proteins.  Adhesives from renewable resources, ACS symposium series 385

1 229~241

Dunn, Larson B. Jr; Larry P. Karcher; Susan L. Majewski. 1995,  The use of

soy oligosaccharides and other soybean materials in southern yellow pine plywood

_96_



14.

15.

16.

17.

18.

19.

adhesives. Wood Adhesives 1995, Proceedings of a Symposium Sponsored by
USDA Forest Service Forest Products Laboratory and The Forest Products
Society. proceeding No.7296 : 151 ~154

Ellingson, G. Peter. 1985, Production of isocyanate bonded particleboard.
Proceedings of the 19th  Washington State  University  International
Particleboard/Composite  Materials Symposium., T. M. Maloney, Ed,
Washington State Univ.,, Pullman, WA, pp. 277~300

Ellis, W. Dale. 1995, Pyrolysis, leach resistance, hygroscopicity, and decay

resistance of wood treated with organophosphorus esters in combination with

isophorone diisocyanate. Wood and Fiber Science, 25(3) : 236~241

Fiore, Joseph II. 1988. Durability and creep of PMDI-bonded structural
composite board. Proceedings of the 22nd Washington State University
International Particleboard/Composite Materials Symposium., T. M. Maloney, Ed.,
Washington State Univ.,, Pullman, WA, pp. 183~202

Gallagher, J. A.. 1982.  Urethane bonded particleboard.  Forest Prod. J. 32(4) :
26~33

Galbraith, C. John, Jr.. 1986. Recent developments in the full-time manufacture
of all-isocyanate bonded structural composite boards. Proceedings, 20th
International Particleboard/Composite Materials Symposium, T. M. Maloney, Ed.,
Washington State Univ.,, Pullman, WA, pp. 55~81

Galbraith C. Johns, Jr; S. C. Cohen; G. W. Ball W. E; G. C. Myers; M. T.
Lentz; E. M. Huffaker; ]J. B. Saunders. 1984, Self-releasing emulsifiable MDI
isocyanate : An easy approach for all-isocyanate bonded boards.  Proceedings of

the 17th International Particleboard/Composite Materials Symposium, T. M.

_97_



20.

21.

22.

23.

24.

20.

Maloney, Ed.,, Washington State Univ., Pullman, WA, pp. 263~282

Galbraith, C. John, Jr.; S. C. Cohen; P. R. Sutula. 1985. The use of EMDI
isocyanate binders for the prodution of dry process hardboard. Proceedings of the
19th Washington State University Symposium International Particleboard/Composite
Materials Symposium.,, T. M. Maloney, Ed., Washington State Univ., Pullman,
WA, pp. 301~322

Govott, R. L.; J. S. Morris;, Wae-Jung Kim. 1988. Manufacturing planning and
control in the South Korea forest industry. Forest Prod. J. 38(4) : 32~34

Grozdits, G. A.; Emest K. Moss; K. P. Klapper; D. Hedquist. 1987.
Urethane-honded wood composite panels. Proceedings of the 21st Washington
State University International Particleboard/Composite Materials Symposium., T.

M. Maloney, Ed., Washington State Univ., Pullman, WA, pp. 187~217

Johns, William E. 1980. Is there an isocyanate in your future?(Chemicak
aspects). Proceedings of 14th Washington State University International
Symposium on Particleboard., T. M. Maloney, Ed, Washington State Univ.,
Pullman, WA, pp. 177~184

Johns, W. E; G. C. Myers; M. T. Lentz; E. M. Huffaker; J. B. Saunders. 1984.
Isocyanate bonded medium density fiberboard. Proceedings of the 18th
Washington State University International Particleboard/composite materials series
symposium., T. M. Maloney, Ed., Washington State Univ., Pullman, WA, pp.
101~116

Johns, W. E.; T. M. Maloney;, E. M. Huffaker; J. B. Saunders; M. T. Lentz.  1981.

Isocyanate binders for particleboard manufacture. Proceedings of 15th

Washington State University International Symposium on Particleboard., T. M.

_98_



26.

27.

28.

29.

30.

31.

32.

Maloney, Ed.,, Washington State Univ.,, Pullman, WA, pp. 213~239

Johns, W. E;; T. M. Maloney; J. B. Saunders; E. M. Huffaker; M. T. Lentz.  1982.
The effect of species and moisture content on the bonding efficiency of polymeric
MDI Isocyanate. Proceedings of 15th Washington State University International
Symposium on Particleboard., T. M. Maloney, Ed, Washington State Univ.,
Pullman, WA, pp. 71~98

Leitheiser, R. H.;, W. E. Johns. 1985. Isocyanate/furfural blends-hinders for
wood composite. Proceedings, 17th International Particleboard/Composite
Materials Symposium, T. M. Maloney, Ed., Washington State Univ,,
Pullman, WA, pp. 249~258

Liu, J. Y., J. D. McNatt. 1991. Thickness swelling and density variation in
aspen flakeboard. Wood Sci. Technol. 25 : 73~82

Loew, G.; H. 1. Sachs. 1977. Isocyanate as a binder for particleboard.
Proceedings of 11th Washington State University Symposium on Particleboard,
T. M. Maloney, Ed.,, Washington State Univ., Pullman, WA, pp. 473~492

Marcinko, J. J; P. L. Rinaldi;; S. Bao. 1999. Exploring the physicochemical
nature of PMDI/wood structural composite adhesion. Forest Prod. J. 49(5) : 75~
78

Marcinko, J. J.; S. Devathala; P. L. Rinaldi; S. Bao. 1998. Investigating the
molecular and bulk dynamics of PMDI/wood and UF/wood composites. Forest

Prod. J. 48(6) : 81~84

Masato, Gamo. 1984,  Wood adhesives from natural raw materials.  Journal of

Applied Polymer Science: Applied Polymer Symposium 40 : 101 ~126

_99_



33.

34.

30.

36.

37.

38.

39.

40.

McLaughlin, A; W. J. Farrissey; L. M. Alberino; D. P. Wasezeciak. 1981.
Polymeric isocyanate for medium density fiberboard. Proceedings of 15th
Washington State University International Symposium on Particleboard.,, T. M.

Maloney, Ed.,, Washington State Univ., Pullman, WA, pp. 205~264

Milota, M.: J. B. Wilson. 1985, Isocyanate-polyol resin as a binder for
particleboard. Forest Prod. J. 35(7/8) : 44~48
Nichols, Kenneth M.; Stephen C. Langseth. 1995. Control of VOC emissions

from OSB press vents. Wood Adhesives 1995. Proceedings of a Symposium
Sponsored by USDA Forest Service Forest Products Laboratory and The Forest
Products Society. proceeding No.7296 :104

Nierzwicki, W.; B. Walczynski. 1990. Astudy of toluene diisocyanate—based
polyurethenes of various isomer ratios. J. of Applied Polymer Science, 41 @ 907~
915

Pizzi, A.. 1983. Diisocyanate as wood adhesives. In : Wood adhesives
chemistry and technology.  pp. 289~318. A. Pizzi, ed. Marcel Dekker, INC., n.
v. 364pp

Pizzi, A.. 1994, Diisocyanate wood adhesives. In : Advanced wood adhesives

technology. pp. 273~282. A. Pizzi, ed. Marcel Dekker, INC., N. Y. 289pp
Pizzi, A.; ]J. Valenzuela;, C. Westermeyer. 1993. Non-emuisifiable, water—based,
mixed diisocyanate adhesive systems for exterior plywood : Part II. Theory

application and industrial results. Holzforschung  47(1) : 683~71

Pizzi, A.; P. Tekely; L. A. Panamgama. 1996. A different approach to low

formaldehyde emission amoinoplastic wood adhesives. Holzforschung 50(5) :

- 100 -



41.

42.

43.

44,

4.

46.

47.

48.

481 ~485

Pizzi, A.; T. Walton. 1992. Non-emuisifiable, water-based, mixed diisocyanate
adhesive systems for exterior plywood : Part 1. Novel reaction mechanism and

chemical evidence. Holzforschung 46(6) : 541 ~547

Rowell, R. M.; J. A. Youngquist; D. McNatt. 1991. Composites from recycled
materials.  Proceedings of the 25th International Particleboard/composite materials
symposium., T. M. Maloney, Ed.,, Washington State Univ., Pullman, WA, pp.
206~229

Rowell, R. M.; W. D. Ellis. 1984. Reaction of isocyanates with southern pine

wood to improve dimensional stability and decay resistance. Wood and Fiber
Science, 16(3) : 349~356

Saunders, H. G.; F. A. Kamke. 1996, Quantifying emulsified wax distribution on
wood flakes. Forest Prod. J. 46(3) : 56~62

Schneider, M. H.; J. G. Phillips. 1995, Testing of selected glues for wood
polymer composite in dry and wet use. Wood and Fiber Science, 27(4) : 342~345

Skeist, Irving. 1976,  Polyurethane— and isocyanate-based adhesives. Handbook
of Adhesives. Van Norstrand Reinhold Co.: 446 ~464

Song, X. M.; Jiann—-Yang H.. 1997. A study of the microscope charateristics of
fracture surface of MDI-bonded wood fiber/recycled tire rubber composites using

scanning electron microscopy. Wood and Fiber Science, 29(2) : 131~141

Steiner, P. R.; S. Chow ; S. Vadja. 1980. Interaction of polyisocyanate adhesive
with wood.  Forest Prod. J. 30(7) : 21~27

- 101 -



49.

20.

ol.

o2.

23.

o4

20.

6.

Udvardy, Otto G.. 1979. Evaluation of isocyanate binder for waferboard.
Proceedings of the 13th Washington State University International Symposium on
Particleboard., T. M. Maloney, Ed., Washington State Univ., Pullman, WA,
pp. 159~177

Vick, C. B, E. A. OKkkonen. 1998. Strength and durability of one-part
polyurethene adhesive bonds to wood. Forest Prod. J. 48(11/12) : 71~76

Wendler, Steven L.; Jianwen Ni; Charies E. Frazier. 1995, Analysis of
isocyanate-wood adhesive bondline using N CP/MAS NMR. Adhesives 1995.
Proceedings of a Symposium Sponsored by USDA Forest Service Forest Products

Laboratory and The Forest Products Society. proceeding No.7296 @ 37~42

Wilson, J. B.. 1980. Is there an isocyanate in your future?-Property and cost
comparisons—.  Proceedings of the 14th Washington State University International
Symposium on Particleboard., T. M. Maloney, Ed., Washington State Univ.,
Pullman, WA, pp. 185~193

Winistorfer, P. M.; W. Xu; C. M. Helton. 1996. Influence of three wax
formulations and three application rates on thickness swell performance of southern

pine flakehoard. Forest Prod. J. 46(3):63~67

Woods, George. 1987.  The ICI Polyurethane Book. ICI Polyurethane. John
Wiley & Sons

Zhuang, Ming; P. R. Steiner. 1993. Thermal reactions of diisocyanate(MDI) with
phenols and benzylalcohols : DSC study and synthesis of MDI adducts.

Holzforschung 47(5) : 425~434

Zicherman, J. B. 1975. Urethane and composite wood products @ A review abd

- 102 -



ov.

o8.

29.

60.

61.

62.

63.

64.

60.

66.

brief research results. Forest Prod. J. 25(6) : 21~25

Wl B SHC—EE KET . 1985, KN A VT HA—FTEELZPVAOHE.
AMEEEEE 31(3) 1 186~192

TR REE], AN B BR sk 1999. 70— FMDI&E R mF v 7)) a—)uh b
GRL 2R 7V R 7 4 = iRE D GBS, HAREEEERE, 3502) @ 41-~48

TR, SRBEE, AH A 1988, EMDIE &/ v— T 4 7V R— FoEEREICB &
T B ORE. RMEEE 34(1) : 28~33

TRERETT, 50, B ARME. 1985, ==y 3> &4 IMDIEE S—T 4 7 )bk —
Fo®EMN A, ARMEERE, 31302) ¢ 1028~1033

B S 1985, KM = v X REFEENICET 2 R EE4AR)- 1 v o T+ — ML
B L BAM OB, AMEgRS, 31(7) 1 573~578

e ST, WHOC—ER, KET ¥E 1983, KMEE=vv v X o fREGEENCRY 2 HEGES
H)-A VT2 EORKEXA S =X LI DWT—.  KMEESE, 292) @ 145~152

HE ST, KET s, WE AR 19780 KR = v b R REEBI OB GBI -
FReE L HAEMS —  RMEERS, 24(4) © 237~242

HE ST, KRBT 3, R RIS 19790 KT = v X o REEEENCEIT 2 SR (E2
WO-LEIRREIC B 2 888 L AR OE-.  AMEg:E, 25(3) @ 216~224

A sk 1985, AMEEICB T 2Rk, AMEERS, 31(7) : 521~527

R B, 1999, AMEEORIEMW L MAM-AMohoZEEEz Rb-.  HAZEE
Bgit, 35(11) : 490~493

- 103 -



74

70

76.

CRIE AL 1997, EEMAmIEMA - s TEIEAL  BASEE B 3306) ¢
233~238

CRAJN S 1996 KT VR MR HABERERL, 32(6) 1 224~229

AR HE—, W B, BRSO B 20000 REMBHRICEST 5 NCOED BRI
Tk b=yt 7.  HABERG 36(3) @ 113~119

CCARTEA, B OME, HFEE. 198, A v e T A— MRS K 5 EEHA ko Sl
EHERE(ESHO - GBI OIS & CBHIEBEE kA R — F O ud 3 52 A
ME &R, 31(3) 1 193~199

CTEARMEA, ERE OB, MTEE, JWHIEZE. 1984, 4 v T A — FMIEIC X B SN
M > B3 & MERE (BE4H) - K o Bl L i & & ~Fukssb & ME %1 b AMEEEE,
30(12) : 995~1002

S B 1996, KD v R ofiofin. HABEEEEEE, 326) ¢ 230~236

CEHE B 1986, KMEEST - AV 2 T A — MRAMERSREI(APIV 2 2 ) BB A
MBI -APIEWROEE N AME-.  AMEEIE, 32(6) 1 432~438

. KS F 3101 - 1997 =342+ E 3

. KS F 3104 - 1997 st=r3Hd3E+g3

e
A 2001F At e, pp2l ~23

77 AGT, oA, 1999, EElg-Eld Abgle] A9 aEA #E 7)le, 1006) ;58

- 104 -



78.

79.

30.

31.

32.

83.

34.

8.

BEed. 1998 24FA 9} EMDIFAS Bgel gl od sl dEFns=e A
= sl 2 A F-ek s x 26(1) @ 97~105

g g F9q, e 1998, F/U &n]9 ®o)7 UF Resin® 54 Composite?]
Formaldehyde W< WX 98 k=758 =], 9 49~57

<

vod A 1998, F/U &9)¢} Composite 9AZ e 3ol Al7ke] 7 it

£ Formaldehyde W&% 2 W&ol AlX+= g3f SxH5A33H3] 98 FA45

old$- &3%. 1994, MDI(methylene diphenyl diisocyanate)s=X & o] &3 Hwli

=9 B2A4(1) - R= v, ¢4 ZJ7bg, vESSssd #ste] - STk E] A

T, AAL 1999, ZEeEgke] gAFARAY] &8 aEA Heh ),
10(5) : 578~588

s 1999,  E¢#dAE-E Polyol# Foam. A #3383 7], 1005) @ 621~

8. . 1993, EHAY HAAAYE 84, xEdddTAALR® [, pp
3156~317
87. o 19930 EAEEAL S2AAdeE. EEdddTEAA "D

- 105 -



pp 315317

- 106 -



K-

Aol ARy,

M FHEolA A8 sH7E7
T o w|m

!

1. o] B

bS]

3. =A% 71

ol T,




	표지

	요약문

	Ⅰ제목

	Ⅱ연구개발의 목적 및 필요성

	Ⅲ연구개발 내용 및 범위

	1. 폐식용유의 분리기술과 화학적 변형 및 MDI와의 반응성 연구

	2. 폐식용유와 MDI로 구성된 접착제의 접착성능 및 패널 제조 연구


	Ⅳ연구개발 결과 및 활용에 대한 건의


	목차

	제1장 연구개발과의 개요
	제1절 연구개발의 배경 및 필요성
	제2절 연구개발의 목적과 범위
	1. 폐식용유의 분리기술과 화학적 변형 및 MDI와의 반응성 연구 
	2. 폐식용유와 MDI로 구성된 접착제의 접착성능 및 패널 제조 연구 


	제2장 국내외 기술개발 현황
	제3장 연구개발수행 내용 및 결과
	제1절 폐식용유의 분리기술과 화학적 변형 및 MDI와의 반응성 연구
	제1항 재료 및 방법
	제2항 실험 결과
	제3항 결론

	제2절 폐식용유와 MDI로 구성된 접착제의 접착성능 및 패널 제조 연구
	제1항 재료 및 방법
	제2항 실험 결과
	제3항 결론


	제4장 목표달성도 및 관련분야에의 기여도
	제1절 목표달성도
	제2절 관련분야에 대한 기여도

	제5장 연구개발결과의 활용계획
	제6장 연구개발과정에서 수집한 해외과학기술정보
	제7장 참고문헌

