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Performance and application research of diethylene glycol/nano-silicon
dioxide toughened melamine-formaldehyde resin

HU Heng, LIU Ru, LONG Ling*, SUN Yuhui

(Research Institute of Wood Industry, Chinese Academy of Forestry, Beijing 100091, China)

Abstract ; Melamine-formaldehyde ( MF)resin, widely used in impregnated film paper decorative panels, offers several
advantages, including excellent water resistance, strong bonding properties, fast curing speed, and a colorless,
transparent appearance after curing. However, due to the rigid triazine ring structure of MF resin, the high cross-
linking density after curing significantly limits the movement between molecular chains, reducing its ability to absorb
and disperse external stress. This leads to the increased brittleness in impregnated film paper. When used for plywood
and wood-based composites, MF resin is prone to cracking due to its inability to accommodate the size changes caused
by variations in the moisture content of the substrate. To solve the problems, MF resin was modified with diethylene
glycol (DG) and nano-silicon dioxide (NS) as moderators and impregnated film paper and veneer plywood were
prepared in this study. The chemical structure and thermal stability of MF resin, the tensile properties of impregnated
film paper and the surface properties of decorative panels were tested. The following conclusions were draw: the
addition of DG and NS increased the viscosity and solid content of the MF resin, and the chemical structure of MF
resin changed after the modification, and chemical binding occurred between MF resin and modifier. The initial
pyrolysis temperature of the modified resin decreased slightly, but the maximum weight loss rate temperature remained
above 370 C, and the thermal stability was high. When the content of DG was 8.0% and the content of NS was
2.5% , the tensile strength of paper increased significantly from 2.40 MPa for MF to 4.41 MPa for MFDGNS;. When
the content of NS was 1.0%, the elongation at break of paper increased from 2.86% for MF to 4.71% for MFDGNS, ,

whose increase rate was 64.69%. When NS contents were 1.0% and 1.5% , the minimum curvature radius of the crimp
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of the impregnated film paper was 7.5 mm, which was much smaller than that of MF resin impregnated film paper

(12.5 mm) , being consistent with the trend of elongation at break. When the content of NS was 1.5%, the wear

value of impregnated film paper/veneer plywood reached the lowest value of 46 mg/( 100 r), no bottom

phenomenon, and the surface bonding strength reached the highest value of 1.50 MPa. When the NS additions were

1.0% and 1.5%, the cracking resistance level of impregnated film paper/veneer plywood was Level 4. The MF resin

modified by DG and NS has the toughened properties and can prevent cracking of plywood.

Keywords: melamine-formaldehyde resin; diethylene glycol; nano-silicon dioxide; toughening anti-cracking

modification; veneer plywood
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Table 1 Formula before and after modification

with MF resin LRV
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Table 2 Basic properties of MF resin before

and after modification
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MF Jo a5 W A 48.6 52.8
MFDG Jo a5 WA 43.7 54.0
MFDGNS, M (37 I A 46.6 54.4
MFDGNS,  F&EIIR K 50.1 55.0
MFDGNS; B IR I 50.6 55.2
MFDGNS, /3 B i 1A 53.9 55.9
MFDGNSs {835 W 1A 54.4 57.6
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Fig. 2 Appearance of MF resin before
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Fig. 4 TG and DTG curves of MF resin before and after modification
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Table 3 Test results of tensile properties of

impregnated film paper

FE Pl 1/N kg (KN-m™") B3/ %

MF 36.02(19.81) 2.40(1.32) 2.86(1.25)
MFDG 51.88(20.32) 3.46(1.35) 3.99(1.71)
MFDGNS,  54.44(21.44) 3.63(1.43) 4.26(1.95)
MFDGNS,  58.03(19.75) 3.87(1.32) 4.71(1.80)
MFDGNS;  61.62(14.21) 4.11(0.95) 4.58(1.53)
MFDGNS,  64.49(21.23) 4.30(1.42) 3.91(1.08)
MFDGNS;  66.22(18.87) 4.41(1.26) 3.36(1.44)
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Table 4 Test result of curvature radius of

impregnated film paper

. #2142/ mm
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7.5 10.0 12.5 15.0
MF Wi W4 AL R
MFDG Wz AL TRL KR
MFDGNS, [ THY KR TR
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Table 5 Surface properties of impregnated

film paper/veneer panels

o R P Bl = 25 AN R
B [mf?%i“f; L MO s
MF 66, TZ K 0.91(0.38) 1%
MFDG 50, TCEEJEE 1.42(0.21) 2%
MFDGNS, 54, LRI 1.35(0.12) 3%
MFDGNS, 49, TR 1.45(0.26) 4%
MFDGNS, 46, JCHZJE 1.50(0.13) 4%
MFDGNS, 52, LHEIE 1.30(0.16) 2 %%
MFDGNS; 56, LEEJE 1.06(0.14) 1%
FrfEEisR <80, &M LI =0.60 iKE 4 %L

VE AR PR 6 Yo I IR G 2% .

NS K 1.0%H1 1.5%0F, 11 6 {35k K8 n]
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ZGRFIFRIESE AR, ISR SRR AT W S
AN A RS A — 3, B DG A1 NS Az
2 TR RER

34 i
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