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preservatives and wood: effect of ammonium pentaborate
and copper compounds
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Abstract The effect of typical wood composite preser-

vatives, ammonium pentaborate (APB), nanosize copper

oxide and basic copper carbonate, on the cure character-

istics of phenol formaldehyde (PF) resin in the presence of

wood was evaluated by solid-state 13C nuclear magnetic

resonance with cross-polarization and magic angle spin-

ning (CP/MAS). With the introduction of APB the

absorption intensity and peak area of PF resin at 129.5 ppm

was reduced, and the carbons in methylene bridges shifted

from 65.8 to 73.5 ppm, which were the result of hydrogen

bond formation between ammonium in APB and oxygen of

phenolic hydroxyl, as well as coordination bond between

the boron in APB and oxygen in phenolic hydroxyl and/or

unreacted hydroxymethyl. In addition, the peak area at

152.7 ppm increased with the addition of poplar powder

for the overlap of cellulose, hemicellulose, and lignin

chemical shifts with the active groups in PF resin. How-

ever, the connection status of critically active chemical

groups of condensed polymer structure in cured PF resin

such as the existence of phenolic ring, phenolic hydroxyl,

methylene bridges, and hydroxymethyl linkage are

unchanged. Combined with relative increase in the amount

of carbon in methylene bridges from 2.42 to 2.56, drop in

number of carbons of unreacted hydroxyls from 1.19 to

1.07, and the reported increase in physical and mechanical

properties, the nanosize copper oxide improved the curing

degree of PF. Furthermore, the similar analysis indicated

that basic copper carbonate delayed the curing degree of

PF.
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Introduction

Aqueous phenol formaldehyde (PF) resin is widely used as

an adhesive for manufacturing wood composite panels,

such as plywood, laminated veneer lumber, oriented strand

board, etc. [1]. The mechanical properties and durability of

wood composites have been highly attributed to the cross-

linking structure of the cured PF resin and the interphase

binding state between adhesive and wood [2].

The solid-state nuclear magnetic resonance (NMR) with

the function of cross-polarization and magic angle spinning

(CP/MAS) can effectively probe the molecular relaxation

process in wood composites as well as the chemical struc-

ture, molecular mobility and morphology of an adhesive

before and after curing stages [3, 4]. It is reported that the

relative degree of PF resin cure can be determined from the

corrected peak areas of the methylene and hydroxymethyl

carbon signals and the measurement of rotating frame

proton spin–lattice relaxation time. The latter approach,

however, is found to be less sensitive because of the effects

of spin diffusion within the cured resin [5].

The following studies were advanced to determine the

effect of wood on the curing performance of PF resin. Lab-

orie et al. [2] found that there was a downfield shift of the PF

hydroxyl bearing carbons which suggested secondary

interactions between the PF resin and wood. This research

indicated simultaneously that methylene and hydroxymethyl

carbons in PF resin exhibited slower cross-polarization

dynamics meaning lower molecular rigidity of the resin in

the presence of wood, compared to a neat cured PF resin.
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