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ABSTRACT

Four urea-formaldehyde (UF) resins were synthesized as a particleboard (PB) binder with the four
different initial formaldehyde/urea mole ratio and the final mole ratio of 1.15. The UF resins were
characterized according to the standard method of resin adhesive analysis. PBs were manufactured
using liquid UF resins at 5 minutes press time and 6% resin solids levels on an ovendry particle
weight basis. A total of 20 PBs was fabricated for 5 panel replication per UF resin types. The
panels were tested for physical strength properties per the procedure ASTM D 1037. The for-
maldehyde emission levels from the PBs bonded with the UF resins were tested according to 2-hour
desiccator test method ASTM D 5582. There were no significant differences among UF resin types
for internal bond strength of PBs. But there were significant differences among UF resin types for
formaldehyde emission level of PBs. The results showed that the formaldehyde emission level was
influenced by the UF resin types without reducing the adhesive performance.

Keywords : urea-formaldehyde resin, formaldehyde emission, particleboard, normalized internal bond
strength

1. A4 B AFAE I Fo0 A% F7H0 3, FEHERE
% 22 EAWdAzY A=A F@A A

195239 de Jong® de JongeEol A Hz= Hi ok 19444 2459 FHAR FEE
urea-formaldehyde (824A)7F HE olFdl, & 30008 Axolx, ShiPANFL 1000822 YA

1 34 19983 8% 20% Received August. 20, 1998
‘9 sty ALY S College of Natural Resources, Yeungnam University, Kyongsan, 712-749. Korea

.



L2252 AR HE R TEYYIE P 5Pt

20008€ 9Fo2HEH FARUHABAFAETY,
1996). 1990W #HEjlgr =9 FulPAEe 165,103
m’ ol T 19959 FuiAde 548196 m® o W=
2 o, guake dd 30% FE FU A
(A%, 1996), 23y Suidaege Fuiet g4 Ol
FA B gl FAXFoR FE87 A8 A
Y e HEFRE Ao HEHERE AZRAE
o #43 dFxgol A&HT Uk

2282 ZaE FoE HE4AZ0) Fyolnzg
7172 AFE YHARA ojdHola, Y& 71E9
2454 JodcE A4Y g ZFHLAFY
g A8 w¢ f83c. @AFAEQ f4¢AE
Hig dde FL PASEE B&E U7 HWE
olgbZr-e FAF AHde WA 1gln ¥MFRA=R
o} Aol Agsit (FAO, 1989). WHAd) dxee
= 33dd 2454Ax Wl glolM &3 HE3
W B3ty Ade FEEo| g 844%
FE Zd¥e Hiady 5¢ a=in AzE &
FAFo2RY WAEHE FEYUIHS stxold
(FAQ, 1989).

1979 ©v}=9] Chemical Industry Institute of
Toxicology A EELH =7t A7 Ao nR|
' A i FEe ATETE 3l TEY
=7t Azte]l AR fFaEtE AMLE EEHO
24 XELY =y S40 gAAA HAY (For-
maldehyde Institute, 1992). 19859 A7RE= £
HaAze AHEHE 82FAE e F9 KX
EYd =g BT =APELAG WAz AR
gt (Mccredie, 1992), B& 84FAZE AZE
SEgnce A 28 WRELE AMRHER
AUl dAHA &g Fu dok 2 109
g AR AUFIsE A3 A3 mAs EA4A
ol 7ZINEHHAN MAREL A2E EFFI24y
HAgE REgU=SE Ay 4 YR
HFE AAsac. 198593 vlE Department of
Housing and Urban Development (HUD)& A%
WA SeEgnced ggsdaoziy PiEe
regys=ade FAsA HAU (Lehrmann &
Roffael, 1992). American National Standard
ANSI/A208.1-1989¢} A o3d Eds g4l
A Azg SEFRCERE JiEHE FEGYR=
7h2¢] #4%E 0.3ppmol ATt (ANSL, 1989). 1993+
H)3 National Particleboard Association (NPA)E

Lo

uZofA HitE HEEFRT 97%7F TELU
= atge] m2EEFH¢ 03ppm Bk $Ytin
B3t (NPA, 1994). olstzo] MAZFoA &
25X 2 FAEY Edvdaiy ¥Egud= o
A9 T4E WY A @A A3E AMdE
o gt}

A= BEEREe FFA2A Mol & A
o] AAZ S d%E uiAE IFLUHIH= LBAF
ojtt. ol fHEAH 2L AZFTHL M LA
Hi A&HozZ ¢g FFoz zAHoor )
o|g Fg 829e 8aFXoln Axy FHEER
t2Ry WMIEHE TESHIEFL £2)9 43
43 #AAY Aok azE N2E 24a5A g
A Ade i ZEYUI= sbxe
Fo] BEFHo P EAY QY AR BY AF
© ¥4 8712l

wetd 2 A7 BEFHE ax5x FA4AFA
Hzol TEAYI = 949 EBulsl 215 200,
L75% 150014 #4e¢ A&, HFo Eue
1159 4%FF9 Q4FAE dPPAA F4F F,
oA FAHE [A2FXE AMEEY HEFHEE
Azsn HElgnse TELUI= YAk HYi
A& vl AIgs] 94 Rolth

2. Mg % 9y

2.1 @4%xie| A

gl 8 25A FAREE dA nRoH A
oz WHE HREIGHE Ao AEHI UE
24579 FARAT FAEH. o] HHe HF
Reichhold Chemicals, Inc. (Wallace, 1983)7} &#
% SElgRE AL a45A FAYHLR 4FF
9 MZ g 845X E uPRe] %E FRE
AFHAA FAsHE  245R FARYES 9
BgE A7 H4F M FE 2AE EFA)
A#A 3-L frEukgrioA sygdtack. 444X
FARFEUNN 228 F ez UYrolN #Hs
Hqeon, 2A44A Type [& Hze TEUU=¢
f49 Bu7b 21594 F4E AAHAR, 845
A Type & 2.00, 8454 Type NI 1.75, 228
I 84%A Type IVE 15094 4L N3ER
th 4FF9 825N gisled AF) XELHSI
=9 a9 EuE 1158 $AsGch
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Table 1. The characterization of urea-formaldehyde resins

Urea-formaldehyde resin type

Properties Unit I I I v
Initial F/U mol ratio 2.15 2.00 1.75 1.50
Final F/U mol ratio 1.15 1.15 1.15 1.15
Nonvolatile solids % 544 52.9 49.9 46.4
Free formaldehyde % 0.17 0.23 0.20 031
pH - 7.1 73 7.3 6.7
Specific gravity - 1.20 1.20 1.17 1.20

F/U : formaldehyde/urea

2.2 225X|9| g21H 4ARY

AYdoA F4E 4379 245489 EYH
d AEE F uHYAE, pH VT R REEEY
Hi=d §& FAAAA FFEAYHEA A
38U, 2 £4ZFE Table 1o a5 3]
.

2.3 e24X]9 @5 HEEY

F4E 4FF 82429 A Folg
Z2A37] ¢80 Dupont differential scanning
carolimetry (DSC) 2910& AH£3t4th. DSCH
S 20-200°CAA e, 2k e
10°C/min®]¢ity. DSCE indiumS.& calibrationdt
gk DSC 844 oM 238 GuitgF4d
AHoRE AMNEIAFY AL tEL Fo W
Lg% ulgol AYLEFAE A3 (Haines,
1995) A#argih

2.4 GE|BR=9 M=

E7selge Fule U8 HEFHE HJFTF
o2ny Fgwel BEFRE AR AL
o] EAMNEIZL FEE BEFZA Ui 5%
FAN=A Prioel 2UFe 45%9 FgolAlopt
g ¥94%¢ Terminalia, Dellenia®} Calo-
phyllum o2 Ef=Ho i1, FEEY FF&e
AR FAo] 3-4%0lth  HElFL diEF YR
76%kg/m*Q AdE Az AN FA AR
. #de =77} Bem x 25em x 0.63cmd #E
ZHTE AzY 245 HFAE EFHEE
o] HARA 3l 6% ALY EFE A7E

AL, S2E AR At FAYes TP
@39 mat€ ¥4I 2AFAE EATGEE
At GYHAR A8EHE AL 20-3080]
Aok ESi7Ivol A mate 30Z el 0.63cme} 77
o Z2HEE FEY 348 kPag| ¢¥o] 7t
QAeEE 160°C o3, FALL 5EIYT.
2257 4FF daA Rz AN 20709 %
HEHREE AX3Y.

2.5 DE|GE =2 RIS Yitake] £

e ZRE2RY YEHE ZTEYUE b2 W
Atgkg v]= MarylandS Gaithersburg Aol ¢ 2%+
National Particleboard Association (NPA)9] A#
Aol A 88 2-hour desiccator test methodel <
A4 2AsET (ASTM, 1994). Shimadzurhel
UV-spectrophotometer & A48t 844X FF
eia 3Bz FREE A D, oA F48
FREE IESYUIZ BE2LYL AMRsld Pdojn
calibration curve25E 997} ng/miql &L 3
ooz At

2.6 HEIERce MEAl

AYAdAM FAHE 4 FF9 8452 Azd
sElgrre 2% #HnaAs 2 dEidE F&
274387 &M Ad2 Ry dojzl NEHEL o
AH %ot AYsgEE =Y FeF&AdA
6-7%9 HYPgred =¥8 F, ASTM D 1037-
899} ¥4 2|34 Instron testing machine& ©|
£33t 4 2o
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2.7 BAIEY

SE|gH=9] ZE&F datar SAS instituted]
SAS programing package (SAS Ingtitute, 1988)&
ol g8t BASATE fAYY] X gel oH B
4 (ANOVA)ol 4% a44Ad o UE,
iguAs 2 433s 59 ZREE EHH] 4
sle] AREEISHR, HAFA (LSD AT f94
E A4S (P<005). EFUXY #HolAFEL
A 2Rt

3. 21 9 1@

3.1 224X MatH2 43

AN PAHE 43R f4a5AY EFHY
43 7IdE HHie FX8 BAEr} (Table D).
L4579 FUXFLUH=FL Type [0 0.17%
o2 M dted, g Types I, U IV
o M2 eyt ojd FEERUAHI=EF T
223 449 B g4 A3 ARHE ¥
d4¢ FEERE FAE 22FAY AR HAE A
AE BAFED

DSCE Azt we 438 =9 FsiM 3
AAe gL REAARS Afd FRNELFE
A7) 1% WME 7|golt. a4FX 9 DSC #42
Ha2re A Y FHHFAEE delFe
Ag&o] Figure 10] FAF I Ao} chg A
$&3M 7le7lE 24FA Types IV, [ I II

Conversion. (%)

Time (min)

Figure. 1. DSC conversion ratio of UF resins for a
range of 20 to 200°C, increasing: 10°C
per minute.

9 ¢o2 Yeiht 7844 DSC HE§EL 224
7 Type IV7} 82%°|% 3, Type 12 62%, Type
me 50% 283 Type OE 3B%2 dedt. 2
du F49 B§o] BF ¥Rdde AL 4379
22FA7 AR 45E Bdde A& AHHE
o

3.2 TelgE=e 43

4 25 825AHAAY 6% FATRREFS H
71std Azg FElgnse BXe AJAo] Table
2¢) fokso] gt} UvtHow HAo TFYUE
=/ah BHPt B 3 $A4E 24572 A
Z29 FEEREY R AHo| & £F4 B4
A AzE FEEREY ZE HFd Btk 24 U
s}

BE BEZREe] YFUEE 700kg/m’ 22 2
XY BN AT 76%kg/m’ S Zolzt 3L
A, AzxE JE|FRT Ux: 4 T/ 847
Ao wetd 5% FFE #94° A LSDY
Ao 2454 Type IVE AzE HE|EREY
927t 71 54 Jeded, gd8o2 Types |, I
3 2 Azd FEERE9 YR £02 YERih

wZEE 779 kPast 951 kPad] ¥$ld 2EH
o] 9ot HE fAFA IVE AZY JE|FRC9
we et A JyeEga, geg 8443
O I 283 08 £olAA T, BAHEA ] Hue 9
8 wEgdEs 245K 7Y 9@M 5% FE
o] frefAde] gt

8454 FF wdA Azy FElgREY
A AFe 2xHYE 120 MPa 3 195 MPao)
Atk BARAMY Add ostd gRaAsE &
AFR 9] TH A 5% £F F94¢ A
th. LSDY AN 2457 Type IVE 2@
geEr=e HuASE Type M2 AzE =
HEncoo HuuAse g4 AT, Type
I3 02 Azd e FRs9 HAgASgE 9
Aol AT LAFR Type Mo HZEE g
gz YaIAAsE Type 128 AZxH HEHE
Boo #HuyAes Fojidel §1%a, Type IE
Azd ste|gFnce fo4ol i EE 84T
A Type 122 Azg R HRAAFE
Type 2 AZE FESc9 P39A5S {4
Aol gt
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Table 2. Average test results for particleboards bonded with urea-formaldehyde resins

Urea-formaldehyde Mat MC - Density Internal  bond Modulus of rupture
resin type (%) (kg/m’) (kPa) (MPa)

I 9.6 713 B" 848 A" 15.0 CB”
I 9.9 676 D 779 A 120 C

Il 10.7 690 C 917 A 17.0 AB
v 11.7 754 A 951 A 195 A
LSD 12 210 39

MC : Moisturé content

Each value of IB and MOR represents an average of five test specimens.
"' Means with the same letter are not significantly different at the 5% level.

Table 3. Results of the normalized internal bond

strength

Urea-formaldehyde Normalized internal bond
resin type .(kPa)

I ' 841 A"

Il ’ 758 A

i1 979 A

v 896 A

- LSD 268

Each value is normalized to 769kg/m® density.
*] Means with the same letter are not significantly
different at the 5% level.

Table 29] #elZEx Azd HEgRcs] 2F
¥ YE 76%ke/m’] th#4 Normalized internal
bond strength (33318 #H2Zx)7t djzzn 2
A3 Table 391 8950 k. o|FA Fejgn
Ee Exd Y=o i3 Fdso] doj weEy
¢ EEH9E 758 kPadt 979 kPaolglth. old
S2A}EY F3Ae WF ANSI/A2081-19897+ o
HEnod dis 743 J2eT7HE BHEAIE
Rolck. EAEMZA 5w 4379 assAE
Azd Fe2HEY YN wPEE 5% +F
AM felgo] gt old Ade 4F3FY 2aF
A7k 5Ee) GPATAA BASG HAE HAE ¥
Aotk AL RAFT

3.3 ZE|@Lce TRYCIS|= Wity

RA4A2 AZE AEERE ¥BLHS S W
Ao EXH9E 0.388 ng/ml 94 0986 pg/mio]
At (Table 4). BAEA9] Ao osu sga
BEo ZEYYIHE BAFL 2449 FF
w2tx 1% &9 #o40l Utk LSDe Z#
oA 24432 Type 192 FZH HEjSR=e ¥
YU E gL 8A4FR Types II, I IVE
Azd e gRce] wargs fo4o] gl w
Hol, 8447 Types I I 2 2444 Types
M3} V2 AZE BEERce ZEAYI s @i
Folle oMol itk a8m 8442 Types
g IVE Azd JE2RE0] TEUU ST YAtz

Table 4. Test results for formaldehyde emission
by urea-formaldehyde resin types

Urea-formaldehyde Formaldehyde emission
resin type (ug/ml)

I 0.388 C™

I 0.646 B

II 0.749 AB

v 0.986 A
.L8SD 0.257

Each value of formaldehyde emission represents an
average of triplicate analysis.
*1 Means with the same letter are not significantly
* different at the 5% level.
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g fg4el ANt 2EU JFE|ERE=Y TEY
3= WAl dig n3 ANSI/A208.1-19894)
ol H{FYL large scale chamberdfe] 98
iz 03 ppmoE, o] EAAE = NPAY 4A¥
Aol 2-hour desiccator YAl ol&} Faxlo] o
oj7d 1.1 pg/mis} FBHAZL Ak (ANSI, 1989).
Table 49 Ruso} e 2RE ZEYU = PAHF
24KE 11 pg/miich @5ich. wekd 2 A
A Azd JEIBREY YEYUIZ witge o
o HE1HE BEAGE A AHHE)

4. 8 E

SEEFHE AFE 945AE HELAN A
3 Faa FEEAUH gMAd BHH F o]
245AE EAGEEe] HAZAA dsfH 6%
FALYEZFE B AE|FREE AR5
Azy FEZE=C FI3PeH TFLUS= P
e wlF ANSI/A208.1-1989¢1A4 FAsE Hia
TE TEAIE Reolfith

REIFREY HAGAsE LAFXY FF
wrebd 5% FEAAM fo4de] itk ey v
BEE 4FF9 8AFRd d#A 5% FFAN F
gAdol gtk 1Eln HEFRsd ¥ESHI=

WAFLE 4379 247Ad WA 1% FE9 F
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