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Introduction

Large volumes of trembling aspen and closely related species are
available in Canada and the United States, but at present only a very small
fraction is utilized, e.g. 5% of the annual allowable cut in Canada. Once
classed as a "weed species", aspen is now considered as an important
species in the United States and is looked upon as having good potential
for supplying a significant proportion of the future timber resource needs.
In Canada, some provinces are actively encouraging more widespread
use of aspen and will no longer allow aspen to be ignored or omitted from
consideration where new areas are opened up for logging.

The possibility exists of using aspen in a variety of products, in-
cluding pulp and paper, particleboard, fiberboard, plywood, pallets and,
of course, lumber. Aspen lumber is what is being considered here and
in present times utilization of aspen lumber necessarily involves kiln
drying.

Reading back 30 years in the literature on the seasoning of aspen,
one finds an opening statement that crops up over and over again, and I
make no apology for repeating it on this occasion. It begins usually:
"Aspen is a relatively easy species to dry ... but ...'". There are a
number of "buts" and these add upto a major problem, when it comes to
considering whether or not it is worthwhile to process the species into
kiln-dried lumber.

Omitting the "buts" for a moment, you will read that aspen is a
relatively easy species to kiln dry, either green from the saw or after
air drying. Sapwood and normal sound heartwood dry rapidly with few
or no drying defects. Checking, which is a serious problem in the kiln
drying of many hardwood species, is not serious in aspen and the develop-
ment of warp and drying stresses is no more serious than in many other
woods.

I used the term normal heartwood here and this is the key to most
of the problems which arise in northern aspen drying. One peculiar char-
acteristic of the species is the presence of abnormal wood occurring
mainly in the zone between sapwood and heartwood. This wood is com-
monly referred to as wetwood simply because its most obvious property
is that its moisture content (m. c.) is very much higher than the surround-
ing normal wood.

It has been the common complaint that these areas will collapse,
split, and check during , drying. For this reason, many reports advise that
all pieces visibly containing wetwood be selected out and air dried down
to about 20% m. c. This is actually done in a few places in the East with
1-inch boards, but is impractical for a large-volume dimension-lumber
operation.

Alternatively, if no sorting is done, operators use a very slow
schedule which minimizes collapse. Mild schedules are available for
northern aspen dimension lumber, but their drying times are very long,
a minimum of 8 days, usually 12 and sometimes longer.
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One of wetwood's other characteristics is that it dries slowly, so
that it is still wet when the normal wood is dry. That is, at the end of
a drying run there are very large variations in m. c. within and between
pieces. This variability in final m. c. has meant that a significant pro-
portion of the whole charge has failed to meet the 19% m. c. require-
ment.

One other property of poplars in general, which is relevant to
drying is the presence of tension wood. Almost all shrinkage in normal
wood is tangential and radial, whereas tension wood does shrink signifi-
cantly along the grain and this can cause crook and twist. This I would
classify as the next major prbblem after wetwood in the drying of
northern aspen.

A typical slow schedule for northern aspen dimension lumber is
shown in Table 1. This has been the recommended procedure from the
1940s until now. In the last few years, attempts have been made to
accelerate drying, but without complete success. I will summarize
these now.

Table 1. Conventional Schedule for Aspen and Balsam Poplar Dimension
Lumber.

M. C . (%)	 D. B- (°F)	 W. B. (°F)

50+ 140 133

50-40 150 130

40- 170 120

A group at the University of Minnesota (1) have taken the view
that, if more of the end grain of the wood could be exposed, then drying
would be faster. The assumption is perfectly correct and they have
two main methods for doing this. The first is to pass green aspen studs
through an incising machine which incises on all faces. During drying
in a slow schedule, they were able to reduce drying time to three-
quarters of that required for control of untreated samples, and reduce

c. variation as well.
In a second but similar approach, they predrilled green aspen 2

by 8s with 9/16-inch-diameter holes on 4- or 6-inch centres into the
narrow edge parallel to the wide faces (2). Again using a mild schedule,
they found a significant reduction in drying time and range of in. c. s.

The Eastern Forest Products Laboratory in Ottawa investigated
high-temperature drying of 2 x 4 aspen studs using a dry-bulb tempera-
ture of 220°F (3). They found that when the charge was dried to an
average of 15% m. c. , only 67% of the studs met m. c. requirements.
Even by selecting out pieces which visibly contained wetwood, the per-
centage rose only to 80. Clearly 20% of the charge with m. c, over 19%
is not acceptable. They also dried matching material in a slow schedule
like the one I described, taking three times as long but the number of
dry pieces was only slightly more.

Objectives

This was the situation up to 1973, when our present study started
with a two-fold purpose: First, to collect data on fundamental properties
of the species relevant to drying behavior and, second, to develop a
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schedule for dimension lumber which will reduce drying times and
minimize degrade to acceptable limits. What I have to say, now refers
solely to the second part of the study.

In western Canada, the two main poplar species are trembling
aspen (Populus tremuloides Michx. ) and balsam poplar (Populus 
balsamifera L.). The one major mill now in operation is utilizing both,
so our study also deals with both species. Both, incidentally, are
presently grouped as Northern Aspen and are graded under softwood
grading rules. Neither of these species should be confused with black
cottonwood, which has lower strength properties and is therefore in a
separate group.

It is pointless to consider northern aspen in isolation from the
softwood species grown, utilized, and marketed in the same areas.
For example, since drying costs increase with total drying time, it
would be no comfort to the potential user to be given a 10-day schedule
for aspen lumber, since it will be competing at an approximately equal
price with spruce dried in two days. Therefore, the important neces-
sity of reducing drying times down towards those for softwoods dictated
that most emphasis be placed on the use of high temperatures, and the
manipulation of these to allow for the known inherently poor properties
of the species.

A second main criterion, which I decided on early in the study,
was that the schedule should allow the whole charge to dry in a one-
step process; that is, without extracting wet pieces on the dry chain
and returning them for redrying.

Thirdly, if possible we would not resort to mechanical pretreat-
ments, such as incising and drilling as already described, because I
would anticipate considerable reluctance to this by industry.

Procedures and Results

The experimental material was obtained from the green chain of
a stud mill at Slave Lake, Alberta. Two shipments totalling 10,000
fbm and comprising approximately equal numbers of each species
were used. The first shipment was used in 16 runs in a 3-ft. labora-
tory kiln. The purpose of these was to find a good schedule which would
later be confirmed in the large pilot kiln. Thirty-two pieces of each
species comprised each run. I will briefly explain the sequence of
schedule types that were tried, leading up to the one which I think is
best. In this way, I hope you will get an understanding of the problems
and limitations of the species. More complete technical details will be
presented elsewhere (4).	 •

The first series of runs were with a schedule where the controls
were set for high temperatures, in this case 245-185°F. The results,
Table 2, indicated that although the average m. c. of the charge is low,
too many individual pieces measure wet with electric meters. M. c. s
of each dried board were measured by four methods, but the two most
important ways which I will be referring to are (a) those with a re-
sistance meter with needles one-quarter the thickness of the lumber,
i. e. 3/8-inch long in 1 1/2-inch dressed lumber, and (b) those with a
power-loss-type meter.

Before going any further, I must explain why the two sets of
meter results are included and why they are different. Both meters
were used at exactly the same points on the boards, namely at half
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length. The power-loss meter is strongly influenced by the surface
m. c. of the wood, while the resistance meter measures directly at the
point of contact between needle points and the wood. What happened
here was that, partially as a result of the severe drying temperatures,
the outer shell of the wood was extremely dry and so the power-loss
meter recorded as being dry a number of pieces which the resistance
meter detected as wet 3/8-inch below the surface.

Table 2. Percentage of Charge in Each of Four Runs, Dried at 245°
F D. B. and 185°F W. B. , Measuring 19% M. C. or Less
Using a Resistance Moisture Meter (RMM) with 3/8-Inch
Needles and a Power-Loss Meter (PLM).

Green m. c. (%)	 Final m. c. (%)
	 Percent of pieces 19%

m. c. or less
RMM	 PLM

118 16.7 47 70
110 7. 9 67 78
109 7.5 78 92
95 8. 1 78 88

You may w.ell . ask why we should consider the resistance meter
when a lumber inspector only uses a power-loss meter, or to put the
question another way, if you can get 95% meeting standard with the
power-loss meter is this not good enough? For aspen there is a very
good reason for using the resistance meter. The wet areas left in the
apparently dry pieces are the wet pockets to which I referred earlier.
During storage, these very wet areas gradually dry out, causing col-
lapse and distortion so that the dressed-dry 1 1/2 by 3 1/2-inch piece
may have shrunk in places to a thickness of less than 1 1/4 inches by
the time the user gets it. The point I am making here is that it is
extremely important that all drying and shrinkage occur in the kiln and
before S4S dressing. The resistance moisture meter could give us
this information, so I set another criterion, namely that a successful
schedule must give 95% or more of pieces measuring 19% m. c. or less
using the resistance meter.

The problem as far as m. c. was concerned •was to find a way to
dissipate the wet pockets without severely overdrying the whole charge.
The effective way of doing this was to break into the high-temperature
schedule with periods of high humidity. During a high-humidity period,
the outer dry shell of the wood picks up moisture from the atmosphere,
thereby reducing the resistance to diffusion in this area. Due to the
gradient of vapor pressure between the very wet core and the relatively
dry shell, moisture continues to diffuse from the wet pockets while the
surface is protected from overdrying and degrade. The overall result
is a temporary gain in m. c. in the shell, but the internal wet pockets
are reduced in volume and ultimately disappear.

The next step was to determine where to insert the high-humidity
period and for how long it should last. This was found to be an 18-hour
period shortly before the end of the run when the average charge m. c.
was 13%. Table 3 shows the results obtained and clearly the main cri-
terion regarding m. c. has been achieved. Inclusion of the high-humidity
period gave drying times which were about 75% longer than the straight
high-temperature schedule.
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Table 3. Percentage of Charge in Each of Five Runs Which Measured
19% M. C. or Less Using a Resistance Moisture Meter
(RMM) with 3/8-Inch Needles and a Power-Loss Meter
(PLM). Drying Conditions: 245°F D. B. and 185°F W. B.
with 18-Hours High Humidity at 13% Moisture Content.

Green m. c. (%)
	 Final m. c. (%)	 % of pieces 19% m. c. or

less
RMM PLM

121 7.5 97 98
112 7.9 94 97
117 6.4 95 95
124 8.6 95 97
113 7.1 97 100

The final step was to dry a charge in our semi-commercial pilot
steam kiln. A second shipment of 5,500 fbm of 8 ft. 2 by 4s was ob-
tained from the same source and dried in a single charge. The stack
was 6 1/2 ft. wide using 2 1/2 by 3/4-inch stickers at 24-inch spacing.
Every piece was graded by a lumber inspector when green and when
S4S dressed, so that we could estimate the degrade due solely to drying.
M. c. measurements were taken on each piece using the methods I
described.

The schedule is shown in Table 4; note that the time is about one-
third of the existing schedules. The two-hour shut-down period prior
to the high-humidity treatment was necessary because we only had
high-pressure steam available to us for humidification. This steam is
not at all suitable, since on release to atmospheric pressure in the kiln
it immediately becomes superheated and unsaturated, with the result that
high humidities are almost impossible. By cooling the kiln and lumber
for two hours we provided a sink for the superheat produced and so got
high humidities that way. Anyone in this situation can overcome the
problem by having a desuperheating system built into the spray line.
This is very simple and can be supplied by at least one kiln company.

Table 4. Ninety-six Hour High-Temperature Schedule for Drying
Northern Aspen 2 by 4-Inch Light-Framing Lumber.

Time (h)	 D. B. (°F) W. B. (°F)

80-180
180

196
180

2	 80-180
59	 250

2
18	 204
15	 250

Warm up

off

Table 5 shows'the grades obtained. The most important considera-
tion is the change from Construction and Standard down to Utility; with
aspen, less than 4% of pieces were downgraded and this is a very good
result. Balsam poplar actually improved in grade, due mainly to a high
proportion of green pieces having been graded Utility due to surface
stain and apparent decay, but after dressing this was no longer con-
sidered serious.
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Table 5.	 Percentage of Each Species in Light-Framing Grades Before
and After High-Temperature Drying.

Green Dry S4S

Aspen

Construction 57.1 44.6
Standard 11.5 20.3
Utility 25.1 23.4
Economy 6.3 10.9
Reject 0.8

100.0 100.0

Balsam poplar

Construction 23.0 33.5
Standard 13.7 28.8
Utility 43.8 23.5
Economy 19.5 12.2
Reject 2.0

100.0 100.0

The most serious degrade in aspen was crook and in balsam
poplar crook and ring shake. To reduce warp, it is extremely important
to have as much restraint as possible during drying; therefore sticker
spacing must be small, certainly no more than 24 inches, and sawing
'variation must be minimized. We were dealing with lumber with up"to
1/2-inch variation in green thickness and this could well have contributed
to the amount of crook we found.

Table 6 shows the moisture contents of the two species at the end
of the run. The objectives have been satisfied, in that both species had
over 95% of pieces measuring 19% moisture content or less by the re-
sistance moisture meter. It is interesting to note that the balsam poplar
is a lot drier than the aspen. This was a consistent trend in the pre-
liminary tests where, although the average green m. c. s were very
different, namely 90% for aspen and 135% for balsam poplar, the balsam
poplar took no longer time to dry. Therefore there should be no objection
to drying the two species together.

Table 6. Percentage of Each Species in M.C. Classes Measured by
Resistance Meter with 3/8-Inch Needles and by Power-Loss
Meter.

M.C. (%) by Resistance
Meter

M.C. (%) by Power-Loss
Meter

<12 12-15 16-19 >19 <12 12-15 /6-19 >19

Aspen 78.9 11.5 5.3 4.3 91.0 5.6 1.9 1.5

Balsam poplar 93.8 4.6 0.9 0.7 97.7 1.4 0.7 0.2

Total 87.0 7.8 2.9 2.3 94.6 3.3 1.3 0.8

18



Conclusions 

Finally, what are the implications for industry, particularly if
new plant and equipment is involved? For high-speed drying of a
complete charge in a single run, i. e. without redrying, so that at least
95% of the charge will meet standard requirements for m. c. , a high-
temperature steam kiln is required. It would be pointless to install a
steam generator to give humidification for a gas-fired kiln, since the
size and running costs of the boiler would be similar to those for a
complete steam kiln.
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