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Leaching Properties of Wood Composites
Bonded with Various Wood Adhesives

Junko MIYAZAKI

Leaching properties of wood adhesives in laminated wood, plywood, and particleboard were
examined. The amount of solid compounds leaching from laminated wood was smaller than that from
plywood and particleboard. Particleboard gave the largest leaching amount of solid compounds.
Making a comparison of different types of adhesives, the amount of leaching decreased in the order
of urea-formaldehyde resin, which was used before the standards of formaldehyde emissions from
wood products were introduced < melamine-formaldehyde resin < resorcinol-formaldehyde resin <
urea-formaldehyde resin with low formaldehyde emission < phenol-formaldehyde resin. It was found
that the concentrations of the compounds leaching from the wood composites met the water pollution
standard. The amount of leaching from the wood composites showed drastic increases or decreases
for first 2 months, and then remained constant. The waste wood composites from wood industry cured
for a comparatively short period and those from house demolition sites used for decades showed
leaching properties similar to the wood composites, which were examined 3 months after being
manufactured in a laboratory.
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Leaching Properties of Wood Composites Bonded with Various Wood Adhesives
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Table 1. Main constituents of adhesives used in this study.
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Adhesive

Main constituent

LY vy ) — kg (RF)
Resorcinol-formaldehyde resin (RF)

Loy J—JL - RLLT LT E R, LIby ) —J, mILLTATE R,
X J)—), K

Resorcinol-formaldehyde polycondensation, resorcinol, formaldehyde, ethanol, water

7= /) —/\VEfE (PF)

Phenol-formaldehyde resin (PF)

A7 I KR (MF)

Melamine-formaldehyde resin (MF)

=) 7HiilE (UFH) ¥

Urea-formaldehyde resin (UFH)"

=Y 74§ (UFL)

Urea-formaldehyde resin (UFL)b)

MZAT AF I - 2 ) THE (M-MUF)

M type Melamine-Urea-formaldehyde resin (M-MUF)
U¥ A7 A7y 2V THIE (U-MUF)

U type Melamine-Urea-formaldehyde resin (U-MUF)

Tz /)= BVAT AT NEfEY, RAVLTATE R, XX =L, K
Phenol-formaldehyde polycondensation, formaldehyde, methanol, water

AT IV s BNVLT AT NEMEY, FAVLTATE R, AZ =, K
Melamine-formaldehyde polycondensation, formaldehyde, methanol, water

YT« RAVATATE REHREY, "ALATATE R, A% —)1, K
Urea-formaldehyde polycondensation, formaldehyde, methanol, water

YT« RAVATATE REHEY, "ALATATE R, A% —)1, K
Urea-formaldehyde polycondensation, formaldehyde, methanol, water

AT Iy YT RV AT AT b REMEW, SVLATALTER, A% 7=, K
Melamine-urea-formaldehyde polycondensation, formaldehyde, methanol, water

AT Iy YT RV AT VT b REMEW, SVLTALTER, A% /=L, K
Melamine-urea-formaldehyde polycondensation, formaldehyde, methanol, water

a) RV AT T REHEEA BRG] S b LENcH bR TWzb O
b) KB/ LT LT R Z A 7DD

a) Urea-formaldehyde resin used before the standards for formaldehyde emissions were introduced.

b) Urea-formaldehyde resin with low formaldehyde emission
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Table 2. Conditions used in making plywoods.
P 2 ) a)
Adhesives PF MF UFL
Bo () AN 100 LA e 80
Mixture ratio Base resin Base resin Base resin
(Parts by weight) IREBAKFET B Y 7 A 1.3 WAL T7 v E= A 1 b (A =S N 1
Sodium hydrogencarbonate Ammonium chloride Ammonium chloride
SRERAI VST 2 167 JR¥%E 16 PR3 14
Calcium carbonate Urea Urea
INER 4.2 SBR7 T v 7 A 30 SBR7 7 v 7 A 30
Flour SBR latex SBR latex
Ny 20 IRy 25
Flour Flour
7K 20 7K 25
Water Water
B i 38 g/900cm’ 37 g/900cm’ 37 ¢/900cm’
Glue spread
Sl 9.8 MPa, 15 min. 9.8 MPa, 40 min. 9.8 MPa, 40 min.
Cold press conditions
BAE S 9.8 MPa, 135°C, 30sec./mm 9.8 MPa, 115°C, 30sec./mm 9.8 MPa, 115°C, 30sec./mm

Hot press conditions

a) HEEAIOMFRISE 1 K22
a) Shown in Table 1

FIR ST oMK FORBEH
Table 3. Conditions used in making particleboards.
BEAAl 2 a) 2)
Adhesives PF M-MUF U-MUF
Fla GE) FH 100  EA 100  EA 100
Mixture ratio Base resin Base resin Base resin
(Parts by weight) REEAKFETF Y T A 3 WAL vE=T A 1.5 WAL vE=T A 1.5
Sodium hydrogencarbonate Ammonium chloride Ammonium chloride
7K 60 7K 60
Water Water
ARSI/ T v ) 10 wt% 10 wt% 10 wt%

Resin content (resin/dried chips)

JE At 9.8 MPa, 200°C , 300 sec. 9.8 MPa, 200°C, 300 sec. 9.8 MPa, 200°C, 300 sec.
Pressing conditions

HIEE X 12mm 12mm 12mm

Target thickness

a) HEAERIOKIRIE 1 K22 M
a) Shown in Table 1
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Table 4. Leaching from various adhesives. Table 6. Effect of thickness of veneer on leaching from
Be Al it (ng/g) whi i (ng/g) plywoods.
Adhesive Leac‘gmg A;frlollir; leaching fr(;n ;c;;eswe P ’é X (o) e (mgg) Y’Eﬂ% (gD
residue S T id Oth Adhesive Thickness Leaching Amount leaching from adhesive
= 560 o <c;)ntent ;Oers B A residue BE oy R HALLAT LT E R
UFHa) 901 10 89 Veneer Plywood Solid content Formaldehyde
UFLa) 850 2 149 4.2 21 885 10 0.04
e 346 4 150 PFY 2.0 10 876 16 0.04
RF 0.8 4 863 22 0.05
PF 746 102 151
a) PERAAIOMSFRNIE | &SR 4.2 21 868 9 0.07
a) Shown in Table 1 MFY 2.0 10 882 9 0.09
0.8 4 869 15 0.28
FES5R EHEMIOLDBHRYME U 42 21 885 12 0.03
Table 5. Leaching from laminated wood. 2.0 10 877 14 0.04
: - - — i Al OB FRLES 1 M
TRk (mglD TR (mgd) Y iR R
Adhesive Leaching Amount leaching from adhesive
residue EENE HALLTATFE R
= (A B1R BUAKESOF Y ITHELIA—T UL
R—FIZE T2 BHRMEDLLE
A 72 é),b) 859 4 0.01 Table 7. Effect of size of chips on leaching from particleboards.
Unbonded — - — BRAl T (mm) Rk (mge) T (mgg)
a) ?&%ﬁ{]@ﬂiﬁﬁmim 1 ?%% 2, b) 7'?“ DB (FF<) Adhesive  Size of chips Leaching Amount leaching from adhesive
a) Shown in Table 1, b) Solid wood (Saghalin fir) residue [ﬁ]ﬂ;,\g TALTLSE R
Solid content Formaldehyde
N - 43 < 873 22 0.06
ThoTleh, BAEAOHTIE, UFL LD H PFO - yoa3 473 > 0.07
FInZBOREE S, IR B LTz 2 Lan 22> 874 24 0.08
— . 43< 890 13 0.17
RS, PF &AL IR LT % &% e a3 . N o
ZHNTHED Y, 20 LM PF ARG 22> 887 17 025
ST - = SHI 43< 888 18 0.26
BOBDSEHAODESTHS LHMEND, oy 35 s 18 026
FTo, BHERBEWZEERSY, SAVLAT VT 2.2> 886 19 031

. o ) BAEAIOWTRIHF | 4 50
K& SR EIT D72 o 7-, T UL, BAAE  a) ShowninTable 1

MEEBR g ICED L REAIRN DR 2 DT

WTH D, 5 OEBZ HONT, KEIBEIZ) ) D —APEH A
N—=TF 4 I NVR— ROBRBROBR (FT1R), HICHEESNDIEEMOSIRERTH D, KREME

E5y, FALT T b ROEREIL N R~ (6 DD OB EX, WTRbEEEUATHDL Z L
53) K0 b%L, BEERDDOEBPRE S L, DRENT, 7ok, RETIIRITRLIEE OfIC
T2, BRIV BBEBRERZ N RSN, 2 FEBER oMoV THEESh TS
niE, S—F 4 7 A R— RICHOW LN EERIEN D, FIHIIARREBR CTHWEEANIZE F T
EREV 2N THD EBEZLND, BEIBSD RN, ST, ERM, AR, =T 4 7R —F
WIS, M-MUF 23072 <, U-MUF, PF DJIA O OVEBI XK BTG D> D —AEHEH FEUE I HE

W% hot-, AL T VT B REX, PF 2RV filt L7awnZ ERH LMo T,

R—=T 4 7 VAR — K3 b 7e <, M-MUF, U-MUF 34 KREMHOBRMEOERMZEILE

DIFIZEL Teotz, FT2, Ty 7TRBBRKEWIZERE B 1L, £l oW TEABIC I 5 %M

oy, FNLT T & RO EIXRED 3 5 Hn % PEDZEAZ T, M DM L 72 B 7 ST

T~ LT, OO 1AM THED L, ELIERITI i&h&‘%ﬂt

33 KEMHLISDBRYMDOKEICEHT HEEA Lfm:of:o U OB R LizolL, H4

DEE L > CTEEAIOKRBILNEATTZDTHY, +4
FE8XRIL, HEHM, B, =T 4 VR — ) (ZHE LD T LA EIIE L LW EE X BN,

(MERERG ) H 215 H35)



Leaching Properties of Wood Composites Bonded with Various Wood Adhesives

ERE

KEFBICHI D —EHHELEICHESNDILEVDOBKHE

Table 8. Various compounds leaching from wood composites according to water pollution standard.

ENETZRES B F LR EERE “=/— ZEBHRELAYW TrE=UAMMLED
Wood composites Adhesives Chemical oxygen Phenol Nitrogen Ammonium
demand compound compound
FLYEAE 160 mg/L 5 mg/L 120 mg/L 100 mg/L
Standard value
E RFY 27
Laminated wood
A PF 29 0.14 1.8 0.6
Plywood” MF” 29 - 10.7 6.8
UFL” 29 13.0 6.2
R=F 4 7 VR— R PF” 29 0.32 - 1.2
Particle board” M-MUF” 26 - 3.6 2.0
U-MUF” 29 3.6 3.1
a) FEEAIOWFRIE 1 £228K, b) BEHE : 2mm, (L EAVE : 10mm, ¢) Fv 78 22 ~43mm
a) Shown in Table 1, b) Thickness of veneer: 2mm, thickness of plywood: 10mm, ¢) Size of chips: 2.2-4.3mm
4 30
s | O
3 A O
JRC L 20
Su 2] Sug 15
=R =R
RN ax 10 f
2
5 B
0 0 - - -
0 100 200 300 400 500 0 100 200 300 400 500
FAWIE () FAWIE ()
Curing period (days) Curing period (days)
%1 SHMHHILBRLE-EBSEOELER T2 N—T14VILR—FEhoAERKLEER

MY %1k
Fig. 1. Effects of curing period on the amounts of solid
compounds leaching from laminated wood.
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HR—=T 4 7 VAR — R L RO Z R LT,
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DEOEEHMBICHT EELR (FyTE:
4.3mm)

JL§) O : PF, A :M-MUF, & :U-MUF

Fig. 2. Effects of curing period on the amounts of
solid compounds leaching from particleboard (size of
chips: 2.2-4.3mm).

Legend) O : PF, A: M-MUF, @ : U-MUF
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Fig. 3. Amounts of solid compound leaching from
various waste wood composites (error bar: standard
deviation).
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