
KHn-drying

Oregon Maple Paper Roll Plugs

OREGON FOREST PRODUCTS LABORATORY
State Board of Forestry and School of Forestry,

Oregon State College, Cooperating
Corvallis

By

B. . Anderson

VI. \'ViIIiams1 Jr.

1/

Reporf No. D-3

August 1955



THE
OREGON FOREST PRODUCTS LABORATORY was

established by legislative action in 1941 as a result
of active interest of the lumber industry and forestry-
minded citizens. It is associated with the State Board
of Forestry and the School of Forestry at Oregon
State College.

An Advisory Committee composed of men from
representative interests guides the research program
that is directly pointed toward the fuller utilization of
Oregon's forest resources. The following men con-
stitute the present membership of the Advisory Com-
mittee:

PAUL PATTERSON, Governor Chairman

ROBERT V. C0wLIN . Pacific Northwest Forest and
Range Experiment Station

CHARLES W. Fox . . Oregon Plywood Interests

NILs HULT rVillainette Valle'v Lumbermen's
Association

Cuu.. A. RASMUSSEN . Western Pine Association

WILLIAM SWINDELLS . West Coast Lumbermen's
Association

WILLIAM I. WEST . . School of Forestry

GEORGE SPAUR, State Forester . . Secretary



SUIMARY

Four charges of S-inch paper roll plugs of Oregon maple were kiln-dried at

various temperatures and humidities. The charge with the most desirable combina-

ton of short drying time and low degrade was dried to 12 per cent moisture con-

tent in lit hours, using a dry-bulb tererature of 160 degrees F and a wet-bulb

temperature of 122 degreesF. Pieces in the charge suffering degrade in an
empirical test amounted to 10 per cent of the total pieces in the charge.

At a final average moisture content of 8 per cent, 80 per cent of the plugs

dried with the best schedule uere within 1us or minus 2 per cent of the average.

The average of the tangential and radial shrinicage was it per cent.

With the best schedule used, boiler horsepower requirement for drying a
charge of 2300 five-inch plugs was calculated to be 9 hp with kiln efficiency of

33 1/3 per cent, and 6 hp with kiln efficienc3i of 0 per cent.



Kiln-drying Oregon Ivaple Paper Roll Plugs

by

B. G. Anderson*
W. Williams, Jr.

INTRODUCTION

Oregon, or bigleaf' maple, Acer macrophyllum, Pursh., is a pinkish-brown,

moderately heavy and strong wood,üsed at present largely for furniture, with
figured-grain Logs and buns made into face veneer. Use for paper roll plugs

could provide an outlet for some lower quality lumber from this tree (Figure 1).

Little information is available on kiln-drying of' paper roll plugs, although
there are some articles on drying square and round blank stock for turning)- 2

Four charges of Oregon maple paper roll plugs of S-inch diameter and 2-inch

thickness with I 1/8-inch hole were kiln-dried at the Oregon Forest Products

Laboratory in cooperation with a manufacturer in Lebanon, Oregon, to investigate

the drying characteristics of the product.

Information desired included:
Drying time from green to 12 per cent moisture content without excessive

degrade.
Effect of humidity control on degrade.
ITniformity of moisture content in dried plugs.
Shrinkage from green to various moisture contents.
Sten required for dai1r output of 2300 paper roll plugs.

Constant drying conditions were used because of the desirability of
simp1icty in controls and operation.

A major aim was to develop a schedule by which the plugs could be dried

satisfactorily in less than a day.

EXPERLENTAL PROCEDURE

Four charges of about sixty Oregon maple paper plugs each were dried in a
small high-circulation steam-heated dry kiln. Two charges had similar dry-bulb
temperatures with different humidities to study the effect on degrade of humidity

control. A third charge was dried with high humidity and high temperature and

the fourth charge was dried under intermediate conditions.

The moisture contents and shrinkage values were recorded for 15 plugs from
each charge, and all plugs in each charge were given an empirical test for defect.

* In charge Lumber Seasoning, Oregon Forest Products Laboratory, Corvallis, Oregon.
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In the test, the end-grain surface of each plug was struck a sharp blow with the

side-grain surface of another plug (one plug in either hand). The test was

intended to simulate the impact of a mallet in driving a plug into a paper roll.

Defective plugs (such as those with excessive honeycomb or split ciots) fractured

when struck. The degrade figure reported (Table 1) is the number of fractured

plugs eqDressed as a percentage of the number of plugs in a charge.

Conditions in the kiln during drying are summarized in Table 1.

Table 1. Kiln Conditions arid Degrade During Drying of
Oregon Maple Paper Roll Plugs.

Temperature Equilibrium Drying Degrade

Dry I Wet moisture Relative time to i

bulb bulb content humidity 12% MC1

F Deg F Per cent Per cent Hours Per cent

1 160 i!8 10.5
2 185 110 1.5

3 202 190 10.0
160 122

Moisture content, dry-weight basis.
2 Estimated; drying was stopped after 2)4 hours.

RESULTS AND DISCUSSION

Kiln 8ChedUles and degrade

Two important features are indicated in Table 1; () humidity contro:3.

appeared necessary, since high degrade percentage was found in charge 2 dried with

1.5 per cent equilibrium moisture content conditions, and (2) the shortest drying

time to 1? per cent MC (moisture content) without serious degrade was about 1Li

1urS.

The combination of short drying time (lL hours tp 12 per pent moisture

content) and comparatively low degrade (10 per cent at 8 per cent moisture content)

indicated that charge )4 was dried with the most favorable kiln schedule used

(Figure 2).

Uniformity of moisture content

Charges 3 and )4 were most uniform in final MC since both had over 80 per

cent of the dried plugs within plus or minus 2 per cent of the average MC for the

charge (Table 2, Figure 3). However, charges 3 and L also had less variation in

green MC than was found in charges 1 and 2. Charge b might have shown more uniform

and lower MC had not one of the fifteen sampled plugs contained a large knot, and

dried to ouly 15 per cent MC.

Average
MC at
test

Per cen

80 302 8 18

12 8.5 28 8

77 23 10 12

b2 lL 10 8



Table 2. Uniformity in Ivoisture Content in Dried
Paper Roll Plugs.

__
Final

Charge average MC

Perce

MC
Charge at test

Per cent
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Percentage of paper roll plugs

Below avg thC At avg IViC 2]

Per cent Per cent

Shrinkage

Shrinkage was rather uniform in all charges. Charge 14, however, showed

the greatest uniformity, with 77 pr cent of the plugs being within plus or minus

0.5 per cent of the average value (Table 3, Figura 14). The high shrinkage value

obtained in Charge 3 (Figure 5) may have been caused by the use of a high dry-

bulb temperature and relatively high relative humidity during the drying schedule.3

Table 3. Uniformity of Shrinkage in Drying Paper Roll Plugs.

Per cent1 Per cent2

Average Percentage of paper roll plugsj

shrinkage Below avg shrinkage at avg0.5%

Per cent

a-Based on green measurements; average of radial and tangential values.

2Based on number of pieces tested.

Steam requirements

The rate of water removal was high during the early hours of drying in each

charge. Charge 2 showed the most rapid rate of water removal, so the maximtin

heat requirements were calculated using data from 'this charge. Charge 14, with 1w

degrade, had lower heat requirements, as shown in Table 14.

The steam requirements were based on an output of 2300 plugs dai1, since

that was the output of the producer who suggested the study.

1 18 3.2 69 59

2 8 3.9 63 53

3

14

12
8

14.5

14.0

66

65

53
77

3. 18 38 10

2 8 38 50

3 12 140 88

j14 8 85 83



Table 14. Boiler Horsepower Requirements for Kiln-drying 5-inch

Oregon Maple Paper Roll Plugs.

Kiln
jefficiencY Maximum (charge 2)

Per cent Horsepower

33 1/3 15
50 iC)

The boiler horsepower requirement for the best schedule (charge 14.), with an

assumed kiln efficiency of 33 1/3 per oet, was calculated as follows:

Grams of water lost per plug per hour:

39 = 19.5 (from Figure 2) (avg of first two hours)

2

Grams of water lost per 2300 plugs per hour:

2300 x 19.5 = 1414.90

Pounds of water lost per 2300 plugs per hour:

x 2.205 99
1000

Steam required to evaporate 99 pounds water per hour:

99 x 3 297 (33 1/3 per cent efficiency)

Boiler horsepower required (at 35 pound.s steam per boiler

297 - 9 horsepower

35
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Power regirements
Best schedule (charge 14)

Horsepower

9

6

hp):
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