B s 2 1 141, 2006
X

24 AN DY H % SO 7 T A L LB R O R b
Eﬁﬁﬁ%ﬁ?ﬂv\@wsﬁﬂ:ﬁaﬁﬂgﬁﬁ%ﬁ

=

% O E &

Studies on the Properties of Wood-Mineral Composed Veneers Using Colloidal Silica and

the Application to Laminated Veneer Lumber

Takashi Goto
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Studies on the Properties of Wood-Mineral Composed Veneers using

Colloidal Silica and the Application to Laminated Veneer Lumber

Takahi Goto

ABSTRACT

Japanese cedar (sugi: Cryplomeria japonica D.Don) and Japanese oak (konara: Quercus serrata Thunb. ex
Murray) are considered to be the major tree species in Shimane Prefecture. For the effective utilization of sugi
and konara woods and developing the new processing technology of these woods, in this doctoral dissertation,
veneers made from sugi and konara woods were treated with the colloidal silica selution to manufacture wood-
mineral composed {(WMC) veneers, and the properties of WMC veneers were investigated and the application of
WMC veneers to laminated veneer lumber (VL) were attempted.

In Chapter 1, WMC veneers were manufactured with sugi and konara using the colloidal silica-boric acid
solution for the purpose of enhancing the fire retardancy of veneers. The evaluation of fire retardancy was
experimented by two burning tests with oxygen index (OI) and microburner methods. In addition, the residual
char produced after the OI-burning test was observed by electron probe X-ray microanalysis (EPMA).

Weight percent gains (WPGs) for sugi (sapwood and heartwood) and konara veneers were about 50% and 14%,
respectively. Ratios of fixation of unleached inorganic substances in WMC veneers were about 80% for sugi and
62% for konara.,

01 values of untreated veneers were 22% regardless of wood species and the presence of leaching procedure,
whereas WMC veneers of sugi and konara showed OI values of about 57% and 33%, respectively. The burning
time and the percent weight of residual char were increased by combination of wood and silicate. As a resulf of
EPMA observation, carbonized cell walls of untreated veneers became thinner, showing an abnormal shrinkage
of tracheids and vessels. In the case of WMC veneers of sugi and konara, silica bodies filled up the lumina of
tracheids and vessels or sometimes coated the lumen surfaces, and the abnormal shrinkage of cells and the
thinning of cell walls hardly occurred. Also, the distribution of silica in the carbonized walls of tracheids, vessel,
and wood fibers was found interestingly, giving a fire retardant effect to WMC veneers together with horon
compound. The correlation between WPG and OI was recognized and consequently the evaluation of fire
retardancy with WPG would be possible.

In the burning test of WMC veneers with a mieroburner, the increase in temperature on the upper side of
specimen was slow. The ignition of WMC sugi veneer was not recognized in 30 minutes and the carbonized area
on the under side of specimen was small. When WMC sugi veneer was directly exposed to fire and Ol values
estimating from the linear regression equation were more than 60%, the fire retardancy could be evaluated to be
better.

In Chapter 2, veneers of sugi sapwood and konara were treated with colloidal silica and boric acid solutions to
manufacture WMC veneers, and the color changes on the veneer surfaces by treatment were investigated. Then
we evaluated the weathering resistances of treated veneers by both leaching procedure and weathering test with
a weather meter,

WPG for the colloidal silica-boric acid treatment (CB treatment) was larger than that for the treatment with



only colloidal silica solution or boric acid solution (C or B treatment).

It was found that the CB treatment did not cause any remarkable color change whereas the C or B treatment
deteriorated veneer surfaces because of alkalinity or acidity.

The fixation ration of unleached inorganic substances by the leaching procedure was larger in the C or CB
treatment than that in the B treatment. Although there was not little correlation hetween the fixation ration
and the color difference ( 4 E¥), the AL® value in the CB treatment was the smallest among all the treatments.

In the weathering test, it was observed that the AE* values varied in the initial stage of the test and trended
to increase later. The change in AE* for the CB treatment was small in the initial stage, and the AE¥ value in
CB-treated sugi veneers became smaller than control veneer during the test. Iurthermore, the CB treatment
prevented the portion of earlywood from any physical erosion by weathering test.

In Chapter 3, konara is the most dominant hardwood species in Shimane Prefecture. For developing the new
processing technology of unused konara wood, we attempted to manufacture species-mixed laminated veneer
lumbers (9 ply-LVLs) by combining with sugi.

We examined strength properties of konara and sugi lumbers such as bending and compressive strengths
followed by measuring the modulus of elasticity (MOE) in bending in veneers of both konara and sugi. Three
types of species-mixed LVLs composed of konara and sugi veneers were manufactured to test the modulus of
rupture (MOR) and the MOE in bending.

Konara lumber was found to have high strength propertieé in bending and compression parallel to grain, but
compressive strength perpendicular to grain was low because konara wood was ring-porous and the
concentration of shearing stress occurred in the pore zone.

The MOE of konara veneer showed nearly the same value as that of Dahurian larch (Larix dahurica Turez.).

It was found that species-mixed LVLs enhanced the MOE by 1.7-2.1 times that of LVL composed of sole species
of sugi by laminating konara veneer in the face layer and showed the high MOE value when composing konara
veneer at the cross-sectional arvea of about 44%. However, the MOR in bending in species-mixed LVLs did not
increase remarkably as mﬁch as the MOE,

In Chapter 4, the fire endurance of LVLs laminated WMC sugi or konara veneers in the face layer.(WMC-LVL)
was examined. The evaluation of fire endurance was experimented by the burning treatment and the bending
test. WMC-LVLs were burned by a microburner for 5 or 10 minutes and measuring the MOR in bending. Also
we measured the MO of WMC veneers in bending, Tn addition, we examined bending properties of WMC-LVLs
by the bending test.

The retentions of the MOR of WMC-LVLs laminated WMC sugi veneer and WMC konara veneer after 10
minutes were 38% and 27%, respectively. These retentions of the MOR were larger than that of the control
LVLs. The carbonized area on the under side of WMC-LVLs were smaller than that of the control LVLs. The

MOE of WMC veneers showed nearly the same value as that of control venesrs.








