
ABILITY OF NEAR INFRARED SPECTROSCOPY TO MONITOR AIR-DRY 
DENSITY DISTRIBUTION AND VARIATION OF WOOD 

Brian K. Via f 
W.D. Graduate 

Chi-bung So f 
Post Doctoral Researcher 

Todd F. Shupei 
Associate Professor 

Michael Stine 
Associate Professor 

School of Renewable Natural Resources 
Louisiana State University AgCenter 

Baton Rouge, LA 70803 

and 

Leslie H. Groom"f 
Project Leader 

USDA Forest Service 
Southern Research Station 

Pineville, LA 71360 

(Received February 2004) 

ABSTRACT 

Process control of wood density with near infrared spectroscopy (NIR) would be useful for pulp mills 
that need to maximize pulp yield without compromising paper strength properties. If models developed 
from the absorbance at wavelengths in the NIR region could provide density histograms, fiber supply 
personnel could monitor chip density variation as the chips enter the mill. The objectives of this research 
were to a) develop density histograms from actual density versus density histograms developed through 
NIR modeling, and b) determine the precision of density models developed from absorbance in the NIR 
region with a recommendation for the sample size needed to estimate the standard deviation of density at 
a given precision. 

Models for density were developed from calibration samples (n= 170) and then validated with 93 
randomly held aside samples. The samples were systematically removed from 10 longleaf pine trees of 
equal age, but different growth rates. The histogram patterns for actual density almost paralleled the 
histogram patterns developed from predictive models. Subsequently, the validation data set was randomly 
categorized into groups of three, and the standard deviations of density were measured. For three mea- 
surements per data point, the predicted standard deviation covaried with the actual standard deviation of 
density with an R' = 0.61 and 0.55 for the calibration and validation data set, respectively. A sample size 
of 30 was recommended to estimate the standard deviation of density with a precision of 0.01 gicm3. 

Keywords: Chip, density, near infrared spectroscopy (NIR), wood, pine, statistical process control, pulp 
yield. 
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INTRODUCTION 

Wood density is the most important factor af- 
fecting pulp and wood quality (Kleppe 1970; 
Kibblewhite 1984; Duffy and Kibblewhite 
1989). Being able to monitor the density of the 
raw material going into the mill is, perhaps, the 
next crucial step in improving efficiency for 
pulp and paper manufacturers. The pulp and pa- 
per industry places a high importance on lower- 
ing the variation of any variable that will de- 
crease costs with density being important 
(Kleppe 1970). While many technological im- 
provements have been made over the decades, 
there is still one inherent variation to overcome, 
the material itself. This paper evaluates the abil- 
ity of near infrared spectroscopy (NIR) to moni- 
tor wood density. 

For paper products, an increase in density will 
increase pulp yield and tear index, but will de- 
crease tensile, burst, apparent density, and 
stretch (Duffy and Kibblewhite 1989; Kibble- 
white et al. 1997). Since increased density will 
bring about a compromise in paper strength, 
Kleppe (1970) suggested that density should be 
improved for increased pulp yield as long as an 
acceptable level of strength is maintained. For 
example, linerboard can utilize high density 
southern pine chips while maintaining an accept- 
able burst index (Kleppe 1970). 

The increase in pulp yield with increased den- 
sity is caused by the higher concentration of cel- 
lulose in latewood and the additional porosity of 
the earlywood zone (Gladstone et al. 1970; La- 
bosky and Ifju 1972). Differences in the magni- 
tude of porosity between latewood and early- 
wood result in uneven rates of liquor penetration 
and thus pulp yield, especially for shorter cook- 
ing periods (Labosky and Ifju 1972). Latewood 
can exhibit 2 to 7 percentage points higher yield 
than earlywood, setting the boundaries for pulp 
yield variation (Gladstone et al. 1970). As a re- 
sult, density variation becomes a primary factor 
for most pulp and paper properties. 

One mill study found density variation to 
double from one month to the next because of 
changing chip supply attributable to lack of con- 
trol of mixing the right blend of species, but also 

natural variations in density within a species oc- 
cur due to variations in log age (Farrington 
1980). To solve this problem, efficient separa- 
tion of topwood, slabwood, and corewood chips 
is suggested (Veal et al. 1987). Others support 
the segregation of species by age and growth 
rate, since the predictive power of these vari- 
ables on fiber morphology and strength indices 
is high (Karenlampi and SuurHamari 1997). 
Mills already blend sawmill pine chips, or pine 
chips from thinnings, with hardwood chips to 
achieve a target chip density. As a result, non- 
normal distribution~ are likely to occur, making 
the mean density less useful. Some method to 
monitor this complex variation is needed so that 
adjustments can be made at the blending station. 
With such a method, a mill could monitor in- 
coming chips to make sure that fiber supply is 
providing the density that was paid for. But per- 
haps most important, the variation in density 
could be lowered so that there are fewer over- 
and undercooked chips. Such process control ca- 
pacity would result in fewer rejects from cus- 
tomers while optimizing the use of manufactur- 
ing resources. 

Near infrared spectroscopy (NIR) is now used 
to estimate solid wood density with R' values 
between 0.70 to 0.95 (Hoffmeyer and Pedersen 
1995; Schimleck et al. 2001a,b; Schimleck et al. 
2002; Schimleck and Evans 2003; Schimleck et 
al. 2003b; Via et al. 2003). Pulp yield can also 
be modeled with success through partial least 
squares regression (Michell and Schimleck 
1998). However, by using the area under the 
spectra curve (absorbance of light at each wave- 
length in the near infrared range) as an indepen- 
dent predictor of density, a more robust model 
can be developed for both juvenile and mature 
wood (Via et al. 2003). Gindl et al. (2001) also 
found the average absorbance from every wave- 
length in the NIR region, to correlate with den- 
sity. Manufacturing research shows NIR to pre- 
dict lumber stiffness from density although later 
research cautions against using NIR to stress 
grade wood originating from the pith (Meder et 
al. 2003; Thumm and Meder 2001; Via et al. 
2003). 

Manufacturers also need to be able to measure 


















