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Testing of a Counter—Flow, Stack-type Sawdust Dryer
by

Laura A. Grace

William B. Stuart, Chaimtan

Forestry

(ABSTRACT)

The objective of this research was to test a prototype sawdust dryer designed by
Arrowhead Forest Products, a wood products firm based in St. Louis. The dryer is
designed to be used by small to medium sized sawmills and pallet mills.

A series of 50 one hour or longer trials were conducted to develop operating parameters
and test the sensitivity of the dryer performance to species, operating speed, throughput
rate and atmospheric conditions. Performance criteria measured included moistureXi
content removed, final moisture content and pounds of water removed per hour in the
entire system and the individual system components. Performance measures were
developed from 30 one kilogram sawdust samples collected during each trial. The
sampling procedure paired samples pulled with temperature profiles across the dryer and
ambient weather conditions. Analysis of variance and analysis of covariance were used
to explore relationships and interactions between the variables of interest

The system proved capable of removing 10% to over 60% of the initial moisture in the
sawdust. The amount of drying that occurred was dependant on the throughput rate of I
sawdust. The overall energy efficiency of the system was approximately 60 %. I1

1

11



i 1

ACKNOWLEDGEMENTS

I would like to thank the members of my_committee, Dr. William B. Stuart, Dr. Richard
G. Oderwald, Dr. Christian Skaar, and Dr. Thomas W. Reisinger for their assistance in

I am also indebted to everyone who helped with the actual testing of the dryer, especially

l
1

liii £



1

TABLE OF CONTENTS

INTRODUCTION l
BACKROUND 1

STATEMENT OF OBJECTIVES 3

LITERATURE REVIEW 4
DRYING 4
UTHJZATION 9Screening ll

Agricultural and Horticulture llCombustion 12Manufacturing 15
SUMMARY 16

METHODS AND PROCEDURES 17
ARROWI—IEAD SAWDUST DRYER l7OPERATION 18
EXPERIMENTAL DESIGN 20
DATA COLLECTION 22

nrasuurs Ann nrscussrou 25
Tssrmo 25
ANALYSIS o1= VARIANCE 30Leaming Curve 30
SPECIES 37Total System 37Conveyor 40

1iv



Tower 44

CONVEYOR SPEED 44
Total System 44
Conveyor 46
Tower 46

QUALITATIVE FACTORS 50
Determination of Operating Parameters 50

SUMMARY AND CONCLUSIONS 53

REFERENCES S5

APPENDIX A 58
Percent moisture content for each component for each test - all data. 58

APPENDIX B 87
Percent moisture content for each component for each test · truncated data. 87

APPENDIX C 112
Sawdust particle size distributions by species. 112

VITA

v



1

LIST OF FIGURES

Figure 1. Single stage tube dryer 6
Figure 2. Double stage tube dryer 7
Figure 3. One pass drum dryer 8
Figure 4. Three pass drum dryer 7 10
Figure 5. Impact of moisture content on BTU yield per pound of material 14
Figure 6. Sawdust flow through system 19
Figure 7. Percent moisture removed vs. ambient temperature 31
Figure 8. Percent moisture removed vs. relative humidity 32
Figure 9. Percent moisture removed by test number 33
Figure 10. Test 1 complete data. 59
Figure 11. Test 2 complete data. 60
Figure 12. Test 3 complete data. 61Figure 14. Test 4 complete data. 62
Figure 15. Test 5 complete data. 63
Figure 16. Test 6 complete data. 64
Figure 17. Test 7 complete data. 65
Figure 18. Test 8 complete data. 66
Figure 19. Test 9 complete data.
67Figure20. Test 10 complete data. , 68

'
Figure 21. Test ll complete data.
69Figure22. Test 12 complete data. 70 ;

1vi
*



Figure 23. Test 13 complete data. 71
Figure 24. Test 14 complete data. 72
Figure 25. Test 15 complete data. 73
Figure 26. Test I6 complete data. 74
Figure 27. Test 17 complete data. 75
Figure 28. Test 18 complete data. 76
Figure 29. Test 19 complete data. 77
Figure 30. Test 20 complete data. 78
Figure 31. Test 21 complete data. 79
Figure 32. Test 22 complete data. 80
Figure 33. Test 23 complete data. 81
Figure 34. Test 24 complete data. 82
Figure 35. Test 25 complete data. 83
Figure 36. Test 26 complete data. 84
Figure 37. Test 27 complete data. 85
Figure 38. Test 28 complete data. 86
Figure 39. Test 1 truncated data. 88
Figure 40. Test 2 tmncated data. 89
Figure 41. Test 3 truncated data. 90
Figure 42. Test 4 truncated data. 91
Figure 43. Test 5 truncated data. 92
Figure 44. Test 6 truncated dm. 93 „
Figure 45. Test 6 rrurieereu dere. 94 :Figure 46. Test 9 tmncated data. 95 i
Figure 47. Test 10 truncated data. 96 1
Figure 48. Test ll truncated data.97‘

vii E



Figure 49. Test 12 truncated data. 98Figure 50. Test 14 truncated data. 99
Figure 51. Test 16 truncated data. 100
Figure 52. Test 17 truncated data. 101
Figure 53. Test 18 truncated data. 102

Figure 54. Test 19 truncated data. 103

Figure 55. Test 20 truncated data. 104

Figure 56. Test 21 truncated data. 105

Figure 57. Test 22 truncated data. 106
Figure 58. Test 23 truncated data. 107

Figure 59. Test 24 truncated data. 108
Figure 60. Test 25 truncated data. 109

Figure 61. Test 27 truncated data. 110

Figure 62. Test 28 tmncated data. 111

1
1
1viii g



I

LIST OF TABLES

Table 1. Experimental Layout 27
Table 2. Analysis of Variance Table — Final Moisture Content as a Function of Conveyor

Speed and Species. 34
Table 3. Analysis of Variance Table · Percent Moisture Removed as a Function of

Conveyor Speed and Species. 35
Table 4. Analysis of Variance Table - Pounds of Water Removed per Hour as a Function

of Conveyor Speed and Species. 36
Table 5. Test Ranking (Percent Moisture Removed) 38

Table 6. Percent initial moisture by species. 39
Table 7. Final moisture content for entire system and components, by species. 41
Table 8. Percent moisture removed in entire system and components, by species. 42
Table 9. Pounds of water removed per hour in entire system and components, by species.43
Table 10. Percent moisture content of sawdust exiting conveyor by conveyor speed, for

all species and individual species. 45
Table ll. Percent moisture removed in conveyor by conveyor speed, for all species andindividual species. 47
Table 12. Pounds of water removed per hour in conveyor by conveyor speed, for all

species and individual species. 48
Table 13. Percent moisture removed in tower by conveyor speed, for all species andindividual species. 49
Table 14. Particle Size Distribution by Species. 113

ix



III

INTRODUCTION

Background

Traditionally, unmerchantable sawdust has simply been piled on the mill site. These old
sawdust piles became a major source of fuel during the energy crisis of the l970's.

Environmental concems are rapidly constraining the "store and forget" method of dealing
with this unwanted material. The leachates from piled sawdust enter ground water
systems, the piles pose a fire hazard, and they are unsightly. Large amounts of wet
sawdust are not welcome at municipal or industrial landfills. The most promising
alternative is to develop markets which will repay the cost of preparing, transporting and
handling sawdust and return a reasonable profit.

High moisture content is the primary obstacle to more intensive usage and higher value.
Green sawdust fresh from the saw usually has a moisture content in the range of 100
percent (o.d. basis) if kept in covered storage. Material from outside storage piles which
have been maintained for an extended period of time often has moisture contents in the
range of 120 to 150 percent or higher.

1



I
Most producers choose, however, to forego the additional revenues associated with dry
sawdust because of the size, expense, and complexity of conventional sawdust drying
equipment. If a low-cost, energy—efficient, relatively simple dryer could be placed on the
market, the opportunity for small— and medium—sized sawmills and pallet plants to
increase their revenues by selling fuel—quality sawdust would be greatly enhanced.

Arrowhead Forest Products, a wood products firm in St. Louis, Missouri, in consultation
with Rob Leslie, a consulting engineer from Minneapolis, Minnesota, developed a design
for a simple counter-flow sawdust dryer, which could have utility for these small to
medium size sawmills and pallet operations. An agreement was reached between
Arrowhead Forest Products and the Industrial Forestry Operations Research Cooperative
at Virginia Polytechnic Institute and State University in June of 1987, for the
construction and initial testing of a prototype sawdust dryer of their design. Funding for
more extensive testing of the prototype was obtained through a grant from the TVA
Southeastem Regional Biomass Energy Program.

I
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Statement of Objectives

The objectives of this study were to:

1. To conduct production tests on the prototype dryer developed by Arrowhead
Forest Products

2. To test the operation of the dryer using sawdust of different species and
moisture contents, and under different operating conditions.

3. To determine operating parameters, such as sawdust or gas temperature, for an
automated control system for the dryer.

I
I
I
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LITERATURE REVIEW

Green sawdust is one of the most readily available forms of biomass fuel. One-eighth to
one-quarter of the volume of a log sawn in a conventional mill ends up in the sawdust
pile (Koch, 1972). Using conservative estimates, 45-50 million tons of sawn lumber are
produced in the United States each year (OTA, 1983). One-eighth of the green log
volume would yield 6 to 7 million green tons of sawdust annually. Despite the fact that
sawdust is readily available from identiüable sources in predictable amounts, is
homogeneous in size and composition, and is easily handled and transported by
conventional equipment, the market value is often just the transportation cost to a user's
facility.

DRYING

There are two types of drying units commonly used to dry sawdust. Flash or tube dryers
are used primarily by the hardboard industry, and rotary drum dryers are used in the flake
board industry.

In tube dryers, the wet übers are suspended in a stream of hot air and/or combustion
gasses moving at a speed of 3000 feet/minute (Koch, 1985). In order to adequately dry
the übers, the length of the tube dryers is often over 250 feet. There are two types of
tube dryers: the single stage and the double stage.

4
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The single stage dryer (Figure 1) is used most commonly where there is little variation in
the entering moisture content. The essential components are a heat source, an infeed
area, a cyclone, a fan, and an outfeed chute (Buikat, 1971).

The two stage tube dryer (Figure 2) is advantageous when there is a wide variation in the

infeed moisture content. The first stage serves as a pre-drying unit and equalizes the
entering moisture content, and the main drying occurs in the second stage (Koch, 1985).

The second major type of particle dryers are the rotary drum dryers. The surface

moisture is flash dried and the particles° interior moisture is driven to the surface. Hot air
and combustion gasses are pulled through the dryer by an induction fan. The small,
lighter weight particles are conveyed through the dryer in the air stream, while the larger,
heavier particles drop to the drum surface. They are then tossed back into the air stream

by the rotation of the dryer, and the process continues until the particles are dry (Koch,
1985).

There are two types of rotary drum dryers commonly used in the particle board industry:

one pass and three pass.

The one pass dryers (Figure 3) retain heavier, wetter particles in the drum longer than

lighter particles. The operating parameters are sensitive to the species being dried. The
one pass dryers have lower throughput rates and less control of the final moisture content

than the three pass dryers. .
l1
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The three pass drum dryers (Figure 4) are the most widely used. The sawdust enters the
center part of the drum which has the highest velocities and temperatures. The
successive passes through the middle and outer portions of the drum are at successively
lower temperatures and velocities. Three pass dryers have the advantage of greater

control of the final moisture content of the material.

UTILIZATION

Increasing concems about the environmental effects of outside storage and combustion of

sawdust are beginning to affect the manner in which sawdust is disposed. In many areas,
it is no longer possible to dump or bum sawdust. Unless altemative methods of disposal
are developed, residue disposal will hamper industry development. Increasing the
utilization of sawdust will not only reduce the disposal problem, but can also increase the

revenues for sawmills.

Sawmill technology has reduced the amount of sawdust produced to 500 to 550 pounds
of green sawdust per thousand board feet of lumber (Lacy, 1988). The use of water

guides to cool high production saws has doubled the moisture content of the sawdust

from more modern mills. The green sawdust bumers that have been developed require

about 800 pounds of wet sawdust to dry a thousand board feet of pine dimension stock,
and as much as one ton to dry one thousand board feet of 4/4 oak lumber (Armstrong

andBrock,1989). This leaves a fuel deficit of 250 to 1500 pounds to be made up using other

residues, which may have a higher value in other markets. 11
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Reducing the moisture content of green sawdust can open several markets for sawdust by

improving:
1) screening characteristics,

2) manufacturing characteristics,
3) fuel characteristics to allow sawdust to replace other wood based fuels with

higher altemative market values.

Screening

High moisture content interferes with screening processes which could be used to recover

the larger particles for use in manufacturing. The fines tend to bind to larger particles

and to each other. A 10% to 20% moisture content reduction can dramatically increase

screening efficiency.

Segregating the sawdust into different size components opens additional markets for

sawdust. The larger particles can be used for pulp furnish, board furnish, and chemical

feedstocks, while the smaller particles can be used for fuel. Efficient drying and

screening appears to bc a critical First step in helping to find and establish altemative

markets necessary to increase the utilization of sawdust.

Agricultural and Horticulture I
I
I

High moisture content is again the major constraint in finding and holding altemate I

markets. Wet sawdust provides an ideal breeding environment for disease organisms
:
I

11 1
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when sawdust is used as an agricultural litter. The tines content prohibits use as a litter in

isome industries due the risk of lung damage to livestock. The moist environment also

allows cellular respiration to continue, providing an excellent environment for molds,

fungi, and anaerobic bacteria (Grace et al., 1988). Spores from the fungi can cause

severe allergic reactions in humans and livestock (Jirjis, 1988). The moisture also adds

weight to the material, increasing transportation costs and effectively limiting sawdust to

local usage.

Bark and planer shavings, the two most common woody fuels which could be supplanted

by properly prepared sawdust, have higher values in altemative markets. Bark has found

wide acceptance as a horticultural mulch, potting soil component, agricultural litter and

as an absorbent (Koch, 1972). Planer shavings in central Virginia demand as much as

$25/ton for animal litter, and are used in board products. A variety of specialty products

ranging from potpourri to scented pet bedding have emerged for planer shavings.

Sawdust also has other potential uses, although the competition for it is much less intense

(Howlett and Gamache, 1977).

Combustion

The most prevalent use of sawdust is still as fuel. However, the high moisture content of

sawdust reduces desirability for combustion. Figure 5 demonstrates the relationship

between moisture content and BTU availability of wood and bark.

During the fuel crisis in the early 70's, many of the brick manufacturers converted their

brick kilns to bum dry sawdust instead of fossil fuels in an effort to reduce their fuel I
I12 ;



costs. The dry sawdust is bumed in suspension in the kilns, and fossil fuels are only used

to dry the sawdust. In addition to reducing their fuel costs, the by-products of

combustion were found to be an effective colorant, enhancing the appearance of the

bricks.

The variable moisture content of green sawdust makes it difficult to control combustion

except in the most robust burners. A predictable moisture content of 50% (o. d. basis) or

less is preferred for most "green" or "wet" sawdust bumers. Most suspension bumers

perform best with fuels in the 10% to 20% moisture content range. Processes which alter

the material form, such as briquetting or pelletizing, to improve handling or combustion

characteristics also require that the sawdust moisture content be below 20%.

Bark has probably been the most widely accepted boiler fuel because of its low moisture

content and ready availability. Although bark has a higher BTU value than wood (at the

same moisture content), the high ash content causes excessive corrosion in boilers and

increases cleanup costs (Stuart, 1988). One sawmill surveyed estimated that a 50%

reduction in bark usage would reduce cleanup costs by one third. The high ash and silica

content in bark can lead to the formation of a glass—like slag which can build up in the

fumace (Shreiner, 1981), decreasing boiler efficiency and increasing cleanup costs.

Drying the fuel before burning has been shown to increase boiler efficiency by as much

as 18% (Kirk and Wilson, 1986). Fifteen to twenty percent of the heating value ofwoodis

required to dry the sawdust when the moisture content is above 100% (Bliss andBlake,1977),

and boiler loads must also be reduced (Golobic et al., 1988). Haygreen (1981)

reported that the major determinate of boiler efficiency is the moisture content of the fuel
i
113
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to be bumed. Efficiency, handling, and control of the sawdust is difficult when the
moisture content of the material is above 20% (Dalvi and Bumett, 1983, Fraser, 1988).

Freezing of green sawdust can become a problem in northern climates, interfering with
automated fuel handling systems (Golobic et al., 1988). In addition, secondary

processing of sawdust, such as gasification, is usually enhanced by partial drying of the

material prior to processing.

In competitive markets, such as eastem Missouri, the FOB plant value of sawdust

increases from $10 per ton on a green basis to $80-$100 per ton when the moisture
content is reduced to less than 20 percent (o.d. basis) (Grace, et al., 1988).

Fuel—quality sawdust has several applications. Currently, many of the larger southem
pine sawmills are installing direct fired dry kilns fueled with hogged planer shavings.

Green sawdust can not be used because suspension buming requires fuel with a moisture

content between 12% and 19%. In Sweden, some driers have been installed which use

waste heat to pre—dry the material before combustion, reducing fuel consumption by 15%

to 20%, and freeing higher value residues for sale to other manufacturing firms (Rydin,

1978).

Manufacturing

Sawdust has been used as an absorbent in the past, but in the drive towards "high tech",
lsawdust has been largely overlooked. Although sawdust and planer shavings havebeenused

as agricultural litters and as absorbents on bamoom floors, very little has been done
l

to capitalize on the absorbent properties of wood. A wood pelletizing company has

15
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introduced a sawdust based cat litter on the market and is trying to penetrate the
industrial absorbent market. As an absorbent, dry sawdust has several advantages over
conventional absorbents. Used absorbents are often bumed, but disposal of the ash
remains a problem. The low ash content of sawdust when bumed reduces the disposal

problem. Dry sawdust floats on water, unlike many absorbents, suggesting its use for oil

and fuel spills in water. One of the most important advantages of sawdust is the low cost
relative to commercially available absorbents.

Summary

Marketing and creating new markets has been the key to increased utilization of residues.

The sale of bark has already been mentioned. Slabs, formerly considered a waste
product, are now chipped and sold as a pulp fumish. For many southem sawmills,

outside sales of pulp chips make up a substantial portion of the profit margin. Planer

shavings can be sold for fumish for board products or as bedding material. Hopefully,

sawdust will be the next "residue" to achieve popularity.

l

l
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METHODS AND PROCEDURES

ARROWHEAD SAWDUST DRYER

The design tested has not yet been fully protected by parents or patent applications. As a
consequence, it can be described only in general terms. The design is unique in that it is

vertically, rather than horizontally, oriented. The heat requirements for drying are
sufficiently robust that they can be met by direct combustion of wood residues, waste
manufacturing heat, or exhaust gasses from other heat sources such dry kilns or boilers.

A prototype unit was constructed at the Department of Forestry's Harvesting Lab at

Virginia Tech according to Arrowhead's design. The dryer contains only one moving
part - a conveyer to raise the sawdust from ground level to the top of the stack. Steps in

the process involve heating the sawdust in the conveyor while raising it to the top of a

30—foot stack to drive off surface moisture, super-heating the sawdust to between 200 and

300 Fahrenheit in a heat exchanger at the top of the stack, then allowing the sawdust to
fall roughly 20 feet through a cooling and conditioning tower with a naturally induced

draft to complete the drying and cooling of the parricles.

Heat for the system was provided by a gun-type oil burner unit capable of f1ring rates

from 0.75 to 2.50 gallons of #2 fuel oil per hour. The oil burner was used in order to

provide a more accurate estimate of the amount of energy consumed in the drying I
I17 (I



process. Associated equipment consisted of 2 paddle conveyors to provide sawdust to
and carry sawdust away from the dryer. A pre—screening unit, constructed of 2 sheets of
#16 expanded metal oriented so the maximum hole size was 3/8 inch, was developed to
remove oversize material from the sawdust fumish.

OPERATION

Figure 6 illustrates the flow of sawdust through the system. Mill run sawdust was passed
over the prescreening unit to remove oversize material that could clog the conveyor. The
screened sawdust was then transported to the infeed paddle conveyor which controlled

throughput for the system.

The paddle conveyor discharged the sawdust into the infeed hopper for the dryer
conveyor. The dryer conveyor transporting the sawdust to the top of heat exchanger was
purposefully inefficient, allowing the sawdust to "fall back" as it moved up the conveyor.

This action thoroughly mixed the material, and ensured contact with the heated conveyor
housing. The first eight feet of the housing had a surface temperature of 12000 to 15000
F, causing a flash heat and vaporizing much of the surface moisture in the sawdust.
Temperatures well above the boiling point of water were sustained as the material rose in
the conveyor, although the temperature fell as the material reached the outfeed end. Ideal
exit temperatures for the sawdust ranged from 2070to 2200 F.

As the sawdust exited the conveyor, steam was flashed off as the sawdust dropped along

a metal chute centered over the tower opening. The sawdust then fell onto a conical cap

18
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crowning the center core, and fell along the interior wall of the tower to the sloped
outfeed chute where it left the tower and was transported away by a second paddle
conveyor.

EXPERIMENTAL DESIGN

The tests were designed to evaluate the impact of operating variables on dryer throughput

and amount of moisture removed from the sawdust. The major operating variables

included are discussed below:

1. Species
A. Oak (Qucrcus spp.)

B. Yellow poplar (Liriodendron tulipifera)

2. Conveyor speed - measured as RPM of drive pulley

A. 54 RPM
B. 80 RPM
C. 120 RPM
D. 160 RPM

3. Tower treatment

The other operating parameters measured during each test were:

1. Sawdust temperature entering the tower i

2. Gas temperature in heatexchanger3.
Air speed in thetower20



Ambient conditions affecting dryer performance were also measured. They included:

1. Ambient temperature

2. Ambient relative humidity
3. Wind speed

Sawdust samples were collected from three locations for further analysis:
1. Infeed of first paddle conveyor
2. Top of tower
3. Bottom of tower

In order to minimize differences in the sawdust going through the system, all the sawdust
was obtained from the same saw at the same sawmill. After the sawdust was pre-
screened, it was placed in 32 gallon containers and sealed for 24 hours to allow the

moisture content of the fumish to stabilize.

Analysis of variance and Student-Newman-Keuls test were used to t€St for differences in
moisture content among the following variables:

1. Oak
A. All samplesa.

Conveyorspeedb.
Infeed moisturecontentI

c. Infeed weight of water 1
1
1
12 1 §
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B. Steady state samples
a. Conveyor speed
b. Infeed moisture content
c. Infeed weight of water

2. Yellow poplar
A. All samples

a. Conveyor speed
b. Infeed moisture content
c. Infeed weight of water

B. Steady state samples
a. Conveyor speed
b. Infeed moisture content
c. Infeed weight of water

DATA COLLECTION

The four person team used to operate the unit and collect the data during the actual

testing and subsequent lab analysis remained the same. In order to minimize
discrepancies in operating technique, the assignments also remained constant for all trial
runs. N

The data for analysis were collected from 28 trial runs of the prototype dryer. Each trial N

lasted approximately one hour. The first 28 trials consisted of a minimum of 12 runs of N

N22
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each oak and yellow poplar sawdust. Tests of the four conveyor speeds were repeated
three times for each species. Since the material was obtained from the same sawmill, it
was possible to conduct one set of four trials with one batch of sawdust. However, since
the ambient conditions could not be controlled, these "sets" of four trials can only be
considered approximate replications.

During each trial, 12 samples of approximately 700 grams were collected at 5 minute
intervals from the following locations:

1. The dryer infeed (after pre-screening)

2. The top of the tower
3. The bottom of the tower.

One 250g subsample was pulled from each of these samples. Each of the subsamples
was weighed, oven dried at approximately 1500 F, and reweighed. Moisture content was
deterrnined using the following equation:

(Wet weight—dry weight)
Oven dry moisture content = *100

(dry weight)

Atrnospheric conditions were measured at the beginning and end of each test at the base
of the dryer. Wind speed was measured with a hand held anemometer. Ambient
temperature and relative humidity were measured using a sling psycl1rometer. In
addition, pressure differential was measured inside and outside the heat exchanger using i

an altimeter, and air speed in the tower was measured with the anemometer. l
N23
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During each test, temperatures were measured at various points in the system at 5 minute
intervals. The temperature of the sawdust entering the tower was measured using an
electronic thermometer, which also served as a control for the ambient temperature at the
beginning and end of each trial. The gas temperature in the heat exchanger and exhaust
stack was measured to the nearest degree (F) using a hand held thermocouple unit. The
surface temperature of the combustion unit was also monitored during each trial to
prevent overheating of the conveyor and to reduce the possibility of fire in the conveying
unit.

The fuel consumption of the oil bumer was regulated by the nozzle on the bumer and was
not measured directly. Consumption was monitored by observing the amount of fuel
necessary to refill the bumer tank to make certain that the flow rate was being sustained.

Since the interest of the sponsors was to simulate actual operational conditions, the data
analysis was conducted using the data from the samples when the system had reached
steady state operation (temperatures and feed rates of the system had stabilized).

1
1
1
1
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RESULTS AND DISCUSSION

The research conducted under this project has demonstrated that the prototype design is
capable of significantly reducing the moisture content of sawdust.

TESTING

A total of 50 tests were conducted on the prototype sawdust dryer. Ten tests were
conducted to develop operating procedures and data collection methodology, eight tests
were conducted to experiment with changes in the system. Four tests were aborted
because of weather (rain or snow) and twenty-eight tests comprised the formal

experiment discussed in this analysis. Each test took a minimum of two hours to run
with additional time needed to "preheat" the unit and prescreen the sawdust.

Total randomization of the trials was impossible because of the difticulty in getting and
storing sawdust. Sawdust species availability was dependent on the cutting schedule at
the sawmill, so the trials had to be scheduled to match this constraint Sawdust had to be
purchased by the dump truck load. No storage facilities were available tomaintainseveral

tons of the material in a fresh or even consistent condition. When a load of j
sawdust was purchased, it had to be used before it dried, was rained on, or blew away.ä

25 !



The test crew consisted of faculty, graduate students, and middle school students.

Consequently testing had to be restricted to weekends to keep the test crew consistent.

Startup, shutdown, and transition times between trials consumed almost as much time as

the actual trials. This restricted testing to blocks of a minimum of four trials per tCSt day

and resulted in considerable opportunity for ambient conditions to change between the
first trial in the moming and the last trial in the evening. The tests were conducted from

mid March to mid July which also permitted ample opportunity for seasonal differences

to affect the operation of the unit. The original test schedule was delayed because the

sawmill providing the sawdust bumed. The mill was rebuilt using equipment to parallel

to that lost in the fire. Tests were not conducted on days when rain (or snow) was

expected, and four tests had to be aborted because of inclement weather. Table 1 shows

the actual test layout for the 28 of the 50 tests that were included in the experimental

design.

Approximately ten trials were conducted in order to determine primary measurements

and develop a sampling scheme for full scale testing of the prototype. These "shake

down" trials demonstrated that the unit was most efficient when gas temperatures at the

base of the heat exchanger were maintained between 4500 and 5000 F. When tested at

temperatures as low as 3000 F drying decreased dramatically. Trials at temperatures as

high as 9000 F found no significant gain in moisture reduction, nearly doubled fuel

consumption, and caused distortion the dryer components.

l
The objective of the set of ten trials was to establish the initial t€St parameters such as

firing rate, conveyor speed, and fuel consumption. It was determined from these tests l
that a firing rate of 1.5 gallons per hour of #2 fuel oil resulted in a temperature profile
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TABLE 1. Experimental Layout
TEST DATE SPECIES CONVEYOR SPEED

1 3-31-88 OAK 54
2 3-31-88 OAK 80
3 3-31-88 OAK 120
4 3-31-88 OAK 160
5 4-6-88 POPLAR 54
6* 4-6-88 POPLAR 80
7 4-9-88 POPLAR 120
8 4-9-88 POPLAR 160
9 4-9-88 POPLAR 54
10 4-9-88 POPLAR 80
1 1 4-9-88 POPLAR 120
12* 4-9-88 POPLAR 160
13 4-23-88 POPLAR 160
14* 4-23-88 OAK 160
15 4-23-88 OAK 120
16 4-30-88 OAK 54
17 4-30-88 OAK 80
18 4-30-88 OAK 120
19 4-30-88 OAK 160
20 5- 14-88 POPLAR 120
21 5-14-88 POPLAR 80
22 5- 14-88 OAK 80
23 5-14-88 OAK 54
24 5-14-88 POPLAR 54
25* 5-14-88 POPLAR 120
26 7-15-88 POPLAR 120
27 7-15-88 OAK 120
28 7-15-88 POPLAR 160

*Dropped from further analysis - see text. {
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across the unit that approximated the original design parameters. A damper on the
exhaust stack of the heat exchanger allowed regulation of exhaust flow and gas
temperatures in the system. Stack gas temperatures near 1500 F allowed sufficient gas
flow through the system to cause temperature profiles to stabilize throughout the dryer,
while maxirnizing efficient use of the heat.

Several feed rate strategies were attempted during the initial testing as well. Over
feeding (completely covering the conveyor infeed) resulted in packing the conveyor,
formed a steam blockage over the firebox, and created problems of bridging at the infeed.
A regulated infeed that kept the conveyor partly exposed and maintained sawdust exit
temperatures at the top of the conveyor between 2050 and 2150 F resulted in the best
mechanical and moisture removal performance. Both excessive throughput and slow
conveyor speeds would cause a drop in the temperature of the sawdust exiting the

conveyor. The slowest achievable conveyor speed resulted in the conveyor clogging and
allowed steam to recondense on the sawdust before it entered the tower. Fifty—four RPM
was found to be the slowest speed at which a uniform feed rate could be established. The
fastest achievable conveyor speeds resulted in the upper end of the conveyor, which was
unanchored, to vibrate to such an extent that it was considered destructive. The

maximum speed tested, 160 RPM, minimized vibration and satisfied throughput criteria.

Additional trials were conducted in order to tCSt operating altematives. These tests
included adding supplementary heat to the bottom of the tower, additional heat to the

heat exchanger, adding a fan unit at the top of the tower and adding a fan unit at the

28



bottom of the tower in an attempt to improve the air movement in the tower. The results
of these tests will be discussed later.

The experimental design developed after completion of these "shakedown" trials

encompassed a total of 24 trials consisting of three replications of four conveyor speeds
trials and two species. A total of 28 trials were required to complete the design. The

results from four of the original trials were found to be flawed and were rerun for the

following reasons. Test 7 was rerun because the samples were ROI collected at regular

intervals due to a different operating crew. Test 13 was interrupted by a thunderstorm,

resulting in incomplete tCSt data. Test 15 was rerun because of a 40% variation in the

initial moisture content of the sawdust. Several of the barrels of sawdust were exposed to

rain the night before the test was conducted. The wide variation in the initial moisture

content caused erratic results in the drying process. Test 26, originally conducted to

replace test 7, was the first test conducted after a two month layoff and both the sampling

and operation of the system was erratic.

During each trial, twelve samples each were collected from the infeed paddle conveyor,

the top of the dryer conveyor, and the dryer outfeed. Since the objective was to test the

steady state operation of the unit, the data used in the analysis consists of the middle six

samples collected from each location for each trial. This truncation was done to remove

possible erroneous observations caused by material left in the system from previous trials
and any effects from trial termination procedures. The graphs of the moisturecontentsfrom

all the samples for each test are shown in Appendix A, and the graphs of the data l
used for the analysis are included in AppendixB.2
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Analysis of Variance

The truncated data set was subjected to an analysis of variance procedure which indicated

that the two control variables used in the experimental design, species and conveyor

speed, were significantly different in the final moisture content, percentage of moisture

removed, and the weight of water removed (Tables 2-4).

Ambient conditions were monitored during each trial. Figures 7 and 8 indicate that,
although there were significant differences in the ambient temperature and relative
humidity over the duration of the trials, no discemable trends could be found to

demonstrate a significant influence on the performance of the prototype. There is
reason to believe that ambient conditions can influence the dryer performance, but the

relationship between ambient conditions and dryer performance is sufficiently complex

that it is difficult to quantify without more refined measurement systems than those

available for the study. Ambient conditions could, and did, change during the duration of

a trial. Since the unit was located outside, controlling ambient conditions was difficult.

Time constraints limited testing to weekends, so there was little choice as to when the

unit could be operated.
C

Learning Curve

It was impossible to eliminate the influence of skill and experience from the experiments.

As the crew gained profrciency in operating the system, the performance of the system

improved. Figure 9 demonstrates this trend, showing the percentage of total moisture

removed from the sawdust by test number and species. Examination of the data indicated
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l
Table 2. Analysis of Variance Table - Final Moisture Content as a Function of Conveyor l

Speed and Species. 1

Source of df Sum of Mean F PR>F
Varxation Squares Square Value

Conveyor
Speed 3 4115.48 1371.8 6.40 0.0004

Species 1 6217.19 6217.19 29.03 0.0001

Test 1 18300.27 18300.27 85.44 0.0001
(Covariate)

Error 138 29558.64 214.19
Total 143 58191.6
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Table 3. Analysis of Variance Table - Percent Moisture Removed as a Function of
Conveyor Speed and Species.

Source of df Sum of Mean F PR>F
Variation Squares Square Value
Conveyor
Speed 3 4773.90 1591.3 20.40 0.0001
Species 1 1092.56 1092.56 14.01 0.0003
Test 1 13895.87 13895.87 178.17 0.0001(Covariate)
Error 138 10763.15 77.99
Total 143 30525.48

1

11
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Table 4. Analysis of Variance Table - Pounds of Water Removed per Hour as a Function
of Conveyor Speed and Species.

Source of df Sum of Mean F PR>F
Variation Squares Square Value
Conveyor
Speed 3 29585.81 9861.94 18.16 0.0001
Species 1 23579.12 23579.12 13.17 0.0001
Test 1 173847 173847 320.17 0.0001
(Covariate)
Error 138 74940.48 543.05

Total 143 301952.41
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that in general, the later the tCSt occurred in the sequence, the greater the amount of
moisture which was removed.

A test for the presence of a learning curve was conducted using the hypothesis that
significantly more drying was achieved during the later trials than the earlier trials. A
Wilcoxson Rank Sum test was used to compare the first 12 trials with the last 12 trials on
the basis of the percentage of moisture removed. The ranking of the trials is shown in
Table 5. There was a significant difference in the amount of drying which occurred at
the 0.001 alpha level. This learning curve compounds the difficulty in analyzing the
data.

A second analysis of variance including test sequence as a covariant was conducted to
minimize the effect of the learning curve. Results from both analyses are presented in the
following tables. The first two columns present the results from the analysis without the
covariant, and the last two columns present the results with the covariant included.

SPECIES

Total System

The analysis of variance indicated a significant drying effect (0.05 alpha level)
attributable to species. The initial moisture content of the two species was significantly

different as Table 6 shows. Poplar had a much higher mean initial moisture content
(85%) than did the oak (67%). Not surprisingly, the final moisture content was higherforl
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TABLE 5. TEST RANKING (PERCENT MOISTURE REMOVED)

TEST % MOISTURE REMOVED RANK

1 16.868 1
2 21.397 5
3 18.490 2
4 21.360 4
5 20.350 3
6 25.187 7
8 38.803 14
9 39.218 15
10 21.427 6
11 26.096 9
12 39.578 17
14 35.010 12
16 35.127 13
17 26.033 8
18 44.487 20
19 39.485 16
20 41.247 18
21 29.077 10
22 41.325 19
23 30.178 11
24 51.657 21
25 62.528 24
27 59.973 22
28 60.493 23

Sum of 12 best trials : 205
Sum of 12 worst trials: 95
Wilcoxson Rank Sum Critical Values (n=12, m=12)

Alpha = 0.001 = 98

I
I
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Table 6. Percent initial moisture by species.

speeaes Meanl Diffz LS Mean3 LS diff4
Oak 67 A 67 A

Poplar 85 B 85 B

1 Arithmetic mean (without covariate)
2 Difference, means with the same letter are not significantly different at the 0.05 level.
3 Least square mean (with covariate).
4 Least squares difference, means with the same letter are not significantly different at

the 0.05 level. I3 9 ß
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poplar than for oak (Table 7). In terms of the percentage of moisture removed (Table 8),

a higher percentage of the moisture was removed in poplar (38%) than in oak (32%).

The weight of the moisture removed in the process was derived from the moisture
content percentages. Signiücantly more moisture, by weight, was removed in drying oak
than for poplar. 105 pounds of water per hour was removed in the oak as compared to 80
pounds of water per hour for the poplar (Table 9). This is to be expected because

throughput of the sawdust was controlled on the basis of volume rather than weight. The

actual weight of oak sawdust going through the system was approximately one third

more than the weight ofpoplar.

The amount of drying that occurred in each of the system components was measured

along with the total system. The conveying system, which was originally added as a

means for transporting sawdust and heat to the top of the heat exchanger actually proved

to be a more effective method of removing moisture than the heat exchanger and tower

combination.

Conveyor

The conveyor proved more effective in removing moisture from poplar than from oak in

terms of percentage moisture removed. Thirty·three percent of the initial moisture of the
poplar sawdust was removed in the conveyor and 27% was removed from the oak (Table

i

8). In terms of weight of water removed per hour, significantly more was removed from
{

oak (86 pounds) than from poplar (70 pounds) (Table 9). The amount of

moistureremovedin the conveyor was closely linked with the conveyor speed. i
I4 O ;



Table 7. Final moisture content for entire system and components, by species.

Total system
Species Meanl Diff2 LS Mean3 LS diff4

Oak 34 A 33 A
Poplar 47 B 47 B

Conveyor
Species Mean Diff LS Mean LS diff

Oak 39 A 38 A
Poplar 52 B 52 B

1 Arithmetic mean (without covariate)
2 Difference, means with the same letter are not signiticantly different at the 0.05 level.
3 Least square mean (with covariate).
4 Least squares difference, means with the same letter are not significantly different at

the 0.05 level.
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Table 8. Percent moisture removed in entire system and components, by species.

Total system

Species Mean] Diffz LS Mean3 LS diff4

Oak 32 A 33 A
Poplar 38 B 37 B

Conveyor
Species Mean Diff LS Mean LS diff

Oak 27 A 28 A

Poplar 33 B 32 B

Tower

Species Mean Diff LS Mean LS diff

Oak 5 A 5 A
Poplar 5 A 5 A

1 Arithmetic mean (without covariate)
2 Difference, means with the same letter are not signiticantly different at the 0.05 level.
3 Least square mean (with covariate).
4 Least squares difference, means with the same letter are not signiticantly different at

the 0.05 level.
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Table 9. Pounds of water removed per hour in entire system and components, by species.

Total system
Species Mean] Diff2 LS Mean3 LS diff4

Oak 106 A 108 A
Poplar 80 B 78 B

Conveyor
Species Mean Diff LS Mean LS diff

Oak 86 A 88 A
Poplar 70 B 68 B

Tower

Species Mean Diff LS Mean LS diff

Oak 20 A 20 A
Poplar 10 B 10 B

1 Arithmetic mean (without covariate)
2 Difference, means with the same letter are not signiücantly different at the 0.05 level.
3 Least square mean (with covariate).
4 Least squares difference, means with the same letter are not significantly different at

the 0.05 level.
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Tower

There was no significant difference in the percentage of moisture removed in the tower
between the two species (Table 8). For both species, 5% of the moisture was removed in

the tower. Twice as many pounds of water per hour was removed from oak (20 pounds)
than for poplar (9.7 pounds) (Table 9).

The small amount of moisture removed in the tower for both species is probably an
indication that the tower was removing the maximum amount of water it is capable of in
its present configuration.

CONVEYOR SPEED

Total System

Conveyor speed was found to have a significant impact on the moisture content of the

sawdust exiting the conveyor for both species as shown in Table 10. The general trend
was for drying to increase with higher conveyor speeds for both species.

This relationship was panicularly true for poplar where the final moisture content was

lowest at the faster speeds. The relationship for oak was not as consistent, the results of

these tests were affected more than the poplar trials by the learning curve previously

discussed (Table 10). ‘
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Table 10. Percent moisture content of sawdust exiting conveyor by conveyor speed, for
all species and individual species.

All Species
Speed Meanl Diff2 LS Meang LS diffi

54 38 B 36 B C
80 48 A 47 A
120 34 B 38 B
160 40 B 40 B C

Poplar
Speed Mean Diff LS Mean LS diff

54 43 B 36 B
80 63 A 47 A
120 42 B 38 B
160 38 B 40 B

Oak
Speed Mean Diff LS Mean LS diff

54 33 A B 33 A B C
80 34 A B 34 A B C
120 25 B 27 A B
160 42 A 47 C

1 Arithmetic mean (without covariate)
2 Difference, means with the same letter are not signiticantly different at the 0.05 level.
3 Least square mean (with covariate).
4 Least squares difference, means with the same letter are not signiücantly different
atthe0.05 level.
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Conveyor

The percentage of moisture removed in the conveyor for both species and for the
individual species (Table ll) further indicate that drying is increased at higher conveyor

speeds. This relationship holds true for the weight of moisture removed in the conveyor
(Table 12). The oak trials at 160 RPM do not seem to follow this trend as closely as the

poplar trials, due, at least in part, to the leaming curve already discussed.

Tower

Table 13 indicates that conveyor speed had little effect on the performance of the tower,

further supporting the hypothesis that the tower is performing at capacity.

Several hypotheses can be put forward for the increase in drying at the higher conveyor
speeds. The conveyor was more difficult to feed at the two lower speeds, consequently

controlling system throughput was more difficult. Water vapor released at the bottom of

the conveyor may have become trapped within the conveyor housing, which cooled and
recondensed it on the sawdust as it approached the upper end of the conveyor. The faster
speeds improved conveyor venting. Higher speeds agitated and stirred the sawdust more,
assuring more uniform heating and release of water vapor from the individual particles.
Material exiting the conveyor tended to approach a stream rather than bunches or clumps
generated at lower speeds. This more uniform flow may have provided improved

opportunities for water vapor to flash and assured more uniform distribution of the
sawdust within the tower.

4 6



Table 1 1. Percent moisture removed in conveyor by conveyor speed, for all species and
individual species.

All Species
Speed Meanl 11162 LS Mean3 LS d16‘*

54 28 B 36 B
80 23 C 47 B
120 38 A 38 A
160 32 B 40 B

Poplar
Speed Mean Diff LS Mean LS diff

54 32 B 35 A
80 20 C 24 B
120 39 A 34 A
160 41 A 39 A

Oak
Speed Mean Diff LS Mean LS diff

54 25 B 25 B
80 25 B 25 B
120 37 A 35 A
160 23 B 25 B

1 Arithmetic mean (without covariate)
2 Difference, means with the same letter are not signiticantly different at the 0.05 level.
3 Least square mean (with covariate).
4 Least squares difference, means with the same letter are not signiticantly different at

the 0.05 level.
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Table 12. Pounds of water removed per hour in conveyor by conveyor speed, for all
species and individual species.

All Species
Speed Meanl Diffz LS Mean3 LS diff4

54 69 A 75 A B C
80 59 C 65 A B
120 99 A 87 A C D
160 84 B 85 A C D

Poplar
Speed Mean Diff LS Mean LS diff

54 66 B 75 B D
80 38 C 49 B C
120 78 B 62 A C D
160 100 A 95 A

Oak
Speed Mean Diff LS Mean LS diff

54 73 B 75 B
80 8 1 B 8 1 B
120 120 A 111 A
160 68 B 75 B

1 Arithmetic mean (without covariate)
2 Difference, means with the same letter are not significantly different at the 0.05 level.

13 Least square mean (with covariate).
4 Least squares difference, means with the same letter are not significantly different at

the 0.05 level.

148 1



Table 13. Percent moisture removed in tower by conveyor speed, for all species and
individual species.

All Species
Speed Mean} Diffz LS Mean3 LS diff'4

54 4 B 4 B
80 5 B 5 B
120 4 B 4 B
160 7 A 7 A

Poplar
Speed Mean Diff LS Mean LS diff

54 5 A 5 A
80 5 A 4 A
120 4 A 5 A
160 6 A 6 A

Oak
Speed Mean Diff LS Mean LS diff

54 3 B 3 B
80 5 B 5 B
120 4 B 4 B
160 9 A 9 A

1 Arithmetic mean (without covariate) l
2 Difference, means with the same letter are not signiticantly different at the 0.05 level.
3 Least square mean (with covariate).
4 Least squares difference, means with the same letter are not signiticantly different at

the 0.05 level. 11
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QUALITATIVE FACTORS

Determination of Operating Parameters

Overloading the conveyor was both possible and problematic at the slower speeds. If

steam was not allowed to vent at the conveyor infeed, the mechanism became

pressurized, clogging the conveyor, and causing erxatic performance.

The particle size suspended in the opening of the heat exchanger proved to be a better

indicator of the heat siphon performance than more sophisticated air speed or pressure

indicators. Laminar flows along the heat exchanger were faster than the general updraft

in the center of the tower. The tines component was most likely to get caught in the

laminar flow, and be carried out of the system. The most efficient level of operation was

obtained when the updraft was sufticient to suspend the fines in the heat exchanger

without carrying them out of the system.

The tower could be vapor locked if the sawdust throughput rate excecded the updraft's

ability to remove water vapor from the tower. A strata of water vapor would form in the

tower, held down by the sawdust entering from the top and suspended by the warm air

attempting to rise through the tower. The problem was most likely to develop when

dxying high moisture content sawdust under weather conditions of high relative humidity

and no wind. When this happened, the tower ceased to supplement drying and as the data

from test 27 indicates, actually increased the moisture content of the sawdust moving
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through it. This phenomena was also suspected to cause blockage of the central core.
Air attempting to rise along the periphery of the tower, but blocked by the vapor lock,
was directed toward the central core. Fines bome in this air became caught in the screen
around the central core effectively blocking subsequent air movement. This action was
not suspected during the trials, but the configuration of the tower precluded inspection of
the screen. When the central core was removed at the completion of the trials, the screen
was nearly totally blocked by sawdust.

Several strategies were tried to eliminate the vapor lock problem. Additional heat was
supplied both at the top of the tower and at the bottom of the tower. Fans were installed
at the dryer outfeed chute and at the top of the tower. However, the vapor lock was
sufficiently strong that these efforts appeared to cause the vapor lock to shift location in

the tower, but still remain a problem. The only solution which was sufficiently robust to
generate predictable results was to reduce the throughput to allow the system to clear and
reestablish air flows before returning to full throughput.

The tower was constmcted with the air inlet to the central core facing the direction of the
prevailing winds to capitalize on natural forces to assist drying. Wind direction in
Blacksburg proved so variable that air movement probably contributed little to the
process. Observation indicated that natural air movements may in fact have been counter
productive. When air was moving freely up the tower, either as a result of the heat

siphon , a breeze or a fan, the fines and drier, lighter material was carried out of the tower
and lost from the system. Only the larger and heavier particles had sufficient mass to
counter the air movement. The net effect was believed to skew the measurements of
drying performance. If the sawdust lost from the system could have been collected and
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included as system output, moisture content reduction would likely have been much
improved.

The material loss and vapor lock problems were sufficient to precipitate a recalculation
of the tower's capacity to remove water vapor from the system. 'lhe results of this
recalculation indicated that in order for the tower to remove the amount of water vapor
necessary to reach predicted performance air speeds through the tower in excess of five
times the terminal velocity of sawdust would be required.

A fan unit was installed at the top of the heat exchanger in an attempt to improve and
stabilize the counter·flow in the tower. The center core was removed to allow the air
exchange rate to be improved without a significant increase in the air velocity. The fan
was placed at the base of the heat exchanger. Sawdust was distributed first by passing
through the fan drive pulley and then through the fan. The fan did improve the
distribution of material within the tower, but again the full impact was difficult to
measure because of the loss of fines and light material from the top of the unit. The
measurable gains in moisture reduction were insufficient to offset the additional capital
and energy costs of the fan.

In summation, the heat siphon proved more difficult to develop and control than
anticipated. The counter·flow concept did result in some drying and did an excellentjobof

cooling the sawdust to a temperature considered safe for bulk storage.52
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SUMMARY AND CONCLUSIONS

The prototype proved capable of reducing the moisture content of both oak and poplar
sawdust to below 10% in several trials. The prototype proved capable of reducing the
moisture content of fresh sawdust by 30 to 50 percent at throughput rates of one to one
and one half green tons per hour. The reduction was directly related to throughput rate.
Moisture content reductions from ten percent to slight charring of the sawdust were
achieved during testing of the unit.

While the counter—flow proved less effective than projected, the overall system
performed well. The tower was effective in reducing the moisture content of the sawdust
by five to ten percent, and was quite effective in cooling the sawdust to manageable
temperatures.

The heat siphon proved much more difficult to develop and control than anticipated.
Tower performance appeared to be very sensitive to the complex of weather conditions ·
relative humidity, barometric pressure, temperature, wind speed, wind direction, and
solar heating, as well as the particle size, moisture content, and temperature of the
sawdust entering the tower. Conducting a full set of experiments to quantify the joint I
effects of this complex of variables was beyond the financial and manpower resources
ofthisproject. A control system capable of measuring the variables of interest, integrating I

I
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Ithem into an effective control strategy, and then imposing that strategy on the system I
would likely be too expensive and complex for a process of this type.

The tower and conveyor seemed to complement each other, with the tower removing
more moisture if the sawdust entering it was wetter. The tower effect may have been
somewhat diminished by the loss of fines. The fines tended to be dryer, and their loss
may have biased subsequent analysis.

The results of the testing proved sufficiently promising that both the original sponsor and
the Tennessee Valley Authority are supporting the construction and testing of a second
prototype based on modifications to the design tested in this research.
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APPENDIX A

Percent moisture content for each component for each test - all data.
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APPENDIX B

Percent moisture content for each component for each tCSt — truncated data.
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APPENDIX C
>

Sawdust particle size distributions by species.
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Table 14. Particle Size Distribution by Species.

SCREEN SIZE OAK (%)l POPLAR (%)

l/4"Round Hole 3.18 13.37
3/16" Round Hole 28.47 45.96
0.05" Slit 53.25 29.30
Fines 15.102 10.87

I
I
1
1
1
I

1 Percentage of sawdust retained on 1/4" screen. 1
° Percentage of sawdust passing all screens. I
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