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Chips from western juniper that had been steam-distilled for
recovery of volatile oil were ground in an attrition mill and then
made into hardboard—some without additives, some with resin, and
some with resin plus wax. The boards possessed exceptional bending
strength and water resistance but inferior toughness properties com-
pared with boards made from other species. Additives and higher
pressing temperatures increased specific gravity values. Surfaces were
uniformly colored and semiglossy without use of a water spray.

N LARGE AREAS of central and east-

ern Oregon, the principal tree spe-
cies is western juniper (Juniperus occi-
dentalis, Hook), which is now prac-
tically unused. In an effort to find eco-
nomic uses for this tree, the volatile
oil content has been studied.z

The present report is on a study of
Laedhoard production from juniper
wupw extracted by steam distillation.
Harvesting the tree solely for hard-
board manufacture might be uneco-
nomic, but the practicality would be
increased if the raw material could be
obtained as a byproduct from another
manufacturing process, such as extrac-
tion of the wood for its volatile oils.

Principal uses for the wood are re-
stricted at present to. fence posts,
novelties, and fuel. Most large trees
ate decayed internally, thus making
difficult the recovery of lumber for
pencil stock.

Experimental Procedure

The work was divided into two
patts, each part being analyzed sep-
arately. Part I was a short study de-
signed to determine which of three
grinding runs and chip cooks produced
the best fiber for board making. The
additive combinations were the same
for all grinds, and two pressing tem-
peratures (320° F. and 400° F.)
were used. The plan of action fol-

1 P -

’ﬁucr(t’s,m!li).mlg.a, I;anr::lﬂ'.lloss, J. D. Volatile Oil

from Western Juni
per. Report No. C-3, Oregon
Forest Products Laboratory. April, 1954,

“ST"? Au{hor:: Ronald G. Frashour is research
pr 0Clate in the Manufactured Products section
b the Oregon lab. He received B.S. from
Tegon State College in - 1951.

Gaylord D, Nixon received B.S. from Ore
. N .S. gon
i‘:te College in 1951, worked two years as
Mc:'d technologist in Manufactured . Products
Divlo'n of the Oregon lab before joining Plastics
1953"Sl°n of Monsanto Chemical’ Co. in Sept.

lowed during Part I is shown in
Fig. 2.

Part II was an attempt to determine
the influence of three additive treat-
ments (no additives, resin only, and
resin and wax) and temperatures on
boards made with fiber from cook and
grind number three. The plan of
action for Part II is shown in Fig. 3.

Equipment: The chips were fiber-
ized in a 24-inch, double-rotating-disc
Bauer attrition mill. The mixing was
done in a propeller-type mixer
equipped with two spray heads for
additive distribution. The mat felter
was laboratory-designed, as was the

pre-pressing equipment. All boards
were pressed with mats at 40 per cent
volatile content in a steam-heated
hydraulic press.

Preparation of Fiber: Chips were
supplied as a by-product from volatile
oil extraction. All chips used had been
screened to 34g-inch size and cooked
under one of the following conditions:

1. Steam pressure, 25 psi for 6
hours.

2. Steam pressure, 25 psi for 5
hours.

3. Steam pressure, 45 psi for 8
hours. ‘

- The chips were fiberized hot. Cook
number one was ground using a plate
setting of 23 mils, which was the same
setting used on previous studies of
lodgepole pine and Douglas-fir.3 Be-

3 Nixon, G. D. 1953, Suitability of Lodgepole
Pine for Dry-formed Hardboard. Report No. 1.-3,
Oregon Farest Products Laboratory.
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TEMPERATURE LEVEL FIBER GRIND 2 - BAUER PLATE SETTING; 0.035 INCH,
CHIP COOK; S HOURS AT 25 PSI.
(TOTAL 80ARDS = 36} FIBER GRIND 3 - BAUER PLATE SETTING; 0.040 INCH.
CHIP COOK; 8 HOURS AT 45 PSI.
Fig. 2.—Plan of action used in Part I.
FIBER GRIND 3
l , I
CONTROL 25 % RESIN 24 % RESIN
l%'l. WAX I
-1
320 DEG F 400 DEGF 320 DEG F 400 DEGF 320 DEG F 400 DEG F
(n¥* = & 3 @ (&)
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Fig. 3.—Plan of action used in Part 1l.
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Fig. 1.—Cutting plan for test specimens.

the chips were sott and pliable, yield-
ing short fiber with a high percentage
of fines.

The second cook was ground at a
faster feed rate and with a plate
setting of 35 mils. The objective in
increasing the plate setting was to
produce a coarser fiber. This grind
gave fiber which appeared to approxi-
mate the fiber-size distribution ob-
tained from lodgepole pine and Doug-
las-fir.

The third cook, which was steamed
at 45 psi, was ground at a plate setting
. of 40 mils to give a fiber with distri-’
bution comparable to that of cook
number two. In order to maintain a
full . load on the Bauer mill, it was
necessary to further increase the feed
rate. The extracted juniper chips re-
juired less power for grinding than

id lodgepole pine or Douglas-fir.

All grinds were analyzed for fiber
distribution in a Bauer-McNett fiber
classifier, and the results of the
analysis are shown in Table 2.

Preparation of Boards: The wet'
fiber from all grinds was dried to
below "15 per cent moisture content
(on a dry-weight basis) before fur-
ther (frocessing. The dried fiber was
mixed with the necessary amounts of
resin, wax, and water. The mixed fiber
was felted into a loose mat by means
of a shaker box and pre-pressed by an
air-operated ram. Following the pre-
pressing, the mats were pressed into
screen-backed boards in a steam-heated
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or 10UV psi for 4> seconds, then re-
leased to 100 psi for 9 minutes, 15
seconds. This was the same pressing
cycle used on previous studies of lodge-
pole pine, Douglas-fir, and West
Coast hemlock. The volatile content of
the fiber at time of pressing was about
40 per cent (oven-dry weight basis).
Forty-two boards were made, 12 by
12 by 14 inches, and smooth one
side. No pH control was used with
these boards because of the low pH
of the raw material. A phenolic resin
binder was used throughout the study
and a wax emulsion was used to reduce
water absorption. The combination of
resin and wax was used because it had
given satisfactory results in hardboard
using lodgepole pine, West Coast
hemlock, and Douglas-fir fibers. The
amounts of additives were kept con-
stant throughout the work at either
214 per cent resin, or 214, per cent
resin plus 134 per cent wax emulsion.
Testing of Boards: Test values for
modulus of rupture, water absorption,
specific gravity, and moisture content
at time of testing were obtained for
all boards. Test specimens were cut
from the 12- by 12-inch boards in
accordance with the pattern shown in
Fig. 1. All boards to be tested were
conditioned for one week at 65 per
cent relative humidity and 70° F.
Modulus of rupture values were ob-
trined from 3-inch by 11-inch test spec-
imens, broken on an 8-inch span with
a head speed of 4 inches per minute
(Federal Specification LLL-F-311).

Water absorption test specimep,
were cut as 3- by 3-inch pieces, take
from the broken bending specimeng
After initial weight and thickneg
measurements were taken, the piecg
were immersed for 24 hours under |
inch of water at 70° F. Upon remoyy
from the water the pieces were set g,
edge and allowed to drain for g
minutes. Final weights and thicknessg
were recorded and values for waty
absorption and thickness swelling c),
culated as percentages of the origin|
weight and thickness. The standay
size for a 24-hour water absorptio
test specimen is 12 by 12 inches
therefore the values obtained froy
these smaller pieces should be some.
what higher than would be expecte
from full-size test pieces.

Specific gravity values were deter
mined from 1- by 3-inch sections thy
were taken also from the bendig
specimens. The pieces first wen
weighed, then oven-dried and weighe
a second time. Volume measurements
were made by immersion of the piee
in mercury, and the weights and vol
umes were used to calculate moisture
content at test, and specific gravily,
Specific gravity values were based o

nvan_druy waioht and nven.drv vnlima

INOCHUILIL 4al1u
Part 1

Data pertinent to the steaming.
grinding, and fiber-size distributi
from the four digester loads are showx
in Tables 1 and 2. The fourth digeste
load was run as a continuation of load
3 and the resultant fibers were con
sidered the same. ;

The data in Table 2 show that the
juniper chips produced a shorter fibet
with more fines than in fiber from an
of the previous anlayzed species.
Where a comparable plate setting wa
used (grind 1) an extremely fine fibe
resulted, but when coarser plate set
tings were used the fiber-size distribe
tion more closely approached that of
previous species studied. :

All the juniper boards were charac
terized by a glossy, uniformly colorel
surface on the smooth side, regard
less of the pressing temperature used
Boards made from the extremely fin¢
fiber of grind 1 produced superiof
surface characteristics, although tht
boards from grinds 2 and 3 were com
parable to commercial products. It w&
unnecessary to water-spray the mat for
uniform surface color of boards.

Because of the extended cooking
times (5-8 hours), somewhat mof
water solubles than previously expe
rienced with other species were de’
sited on the screen back. The depc..
did not cause serious sticking of tht
fiber to the screen, but in a commer
operation it would seem desirable
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prush off this somewhat sticky mate-
m'lfest results of boards made during
this patt of the project are shown in
Table 3- N

Fach value given in the table repre-
sents an average of nine test values.
The modulus of tupture, Izod tough-
ness, specific gravity, and water-absorp-
tion test data were analyzed statisti-
ally by an analysis of variance with
the grinding run, additive treatment,
and press temperature set up as the
major sources of variation. The results
of the analysis of each property fol-
low.

Modulus of Rupture: The bending
strength of the boards containing addi-
tives was well above Federal Specifica-
tion LLL-F-311 (5500 psi). The
juniper boards were somewhat
stronger than lodgepole pine boards
and weaker than West Coast hemlock
boards pressed under the same condi-
tions. )

The inclusion of resin and wax sig-
nificantly increased the bending
strength of the boards regardless of
the fiber grind or press temperature
used. Boards made ‘with fiber from
grind 3 were slightly lower in strength

resin and wax were used, but
exmwued the same strength as the
other grinds where no additives were
used. In addition, resin and wax ef-
fected a greater strength increase
where the boards were pressed at the
lower press temperature (320° F.) The
boards pressed at 400° F. possessed
significantly greater bending strength
than did those pressed at 320° F. Al-
though small differences occurred be-
tween the average strength values of
the boards made with the different
fiber grinds, there appeared to be no
important effect caused by chip steam-
ing conditions or Bauer plate settings.
~ Izod Toughness: The most interest-
ing result of the toughness test values
was the superior toughness exhibited
by the boards made with fiber from
grind 2, irrespective of press tempera-
ture or additive treatment. This prop-
erty was apparently influenced by both
fiber-size distribution (grind 1) and
chip steaming conditions (grind 3).

As expected, the boards pressed at
the higher temperature were consider-
ably lower in toughness. Boards con-
faining no additives showed a greater
drop in toughness than did those with
fesin and wax added. The inclusion of
resin and wax lowered toughness values
n boards pressed at both temperatures.

e lowering of toughness because of
the influence of additives was more
Pronounced in boards pressed at the
Ower temperature (320° F.)
b()Water Absorption: The juniper

ards were superior in water resist-
ince to either lodgepole pine or West

Table 1.—JUNIPER CHIP STEAMING AND GRINDING DATA

Initial Steamed
chip Steam chip Bauer Fiber
moisture tempera- Steam moisture plate moisture
Run content ture time content settings content
Per cent Deg F. Hours Per cent Mils Per cent
30-40 267 162 23 111
30-40 267 - 35 85
30-40 300 - 40 130
14 300 I 40 95

Table 2.—SCREEN ANALYSIS OF JUNIPER FIBER COMPARED WITH OTHER SPECIES

Mesh size; openings per inch

Passed 150
Plate Passed 20 Passed 35 Passed 65 (by
Species s%iqilr.}g Retained 20  Retained 35 Retained 65 Retained 150 difference)
i
Per cent
Western juniper
(Grind)
) R, 23 (0 ) 50.6(61.6) 19.9 (24.2) 11.6 (14.1) 17.9
35 36.6 (43.6) 27.6 (32.9) 12.7 (15.1) 7.0( 8.3) 16.1
40 37.7 (46.7) 21.8 (26.4) 14.0 (17.3) 7.8(9.6) 19.2
40 39.6 (49.0) 19.0 (23.5) 13.9 (17.2) 8.8 (10.3) 19.2
Lodgepole pine__.__. 25 58.7 (67.8) 17.7 (20.4) 7.1(8.2) 3.1(3.6) 13.4
Douglas fir__._._._. 25 50.2 (56.2) 22.0(24.6) 11.1 (12.4) 6.1(6.8) 10.6
West Coast hemlock. 25 57.2 (62.9) 20.5 (22.5) 9.3 (10.2) 4.0( 4.4 9.0

*Values inside parentheses indicate percentage if iast {raction containing water solubles is ignored.

Table 3.—TEST RESULTS OF BOARDS MADE FROM THREE FIBER GRINDS, WITH AND WITHOUT
ADDITIVES AND PRESSED AT 320 AND 400° F. (COMBINED VALUES FOR PARTS | AND 11}

Grind

No. No. 2 No. 3%

Press Resin Resin Resin
tempera- No and No and No and Resin
lI:;lre F Property additives wax additives wax additives wax only

egree

320_..___ Modulus of rupture (psi)_..._. 3740 6840 3730 7020 3880 6170 6950
Toughness (in.-1b.)_ .. 10.25 6.56 12.25 7.30 10.50 6.61 8.56
Specific gravity ____ - 0.98 1.04 0.96 1.04 0.98 1.00 1.00
‘Water absorption (%) _.. b52.4 17.7 61.5 18.9 51.6 17.7 35.2
Thickness swetl (%) - ... 21.9 7.0 29.5 5.9 21.7 4.7 11.0
pHof fiber_ . ___ ... .. __ 4.0 5.4 3.9 5.1 4.1 5.5 5.5
400______ Modulus of rupture (psi)_____. 5060 10 5400 7270 5380 7270 7490
Toughness (in.-1b.)___________ 7.00 60 8.00 6.24 7.25 5.54 6.33
Specific gravity . ___ _ 1.00 03 0.98 1.00 0.99 1.02 1.04
‘Water absorption (%) 40.4 3.7 44.3 13.7 38.1 13.6 32.6
Thickness swell (%) - - 13.8 4.3 16.6 4.1 12.8 3.5 9.3
pH of fiher - 4.0 5.4 3.9 5.1 4.1 5.3 5.8

*Values for grind 3 include results from Parts I and II.

Coast hemlock boards pressed under
similar conditions. As expected, the
addition of resin and wax produced
boards with superior water resistance.
The magnitude of this effect was in-
fluenced by the press temperatures. At
400° F. press temperature, the actual
reduction in water absorption brought
about by the addition of additives was
less than for boards pressed at 320°
F.; however, the percentage reduction
was about the same.

Boards pressed at the higher press
temperature showed superior water
resistance. All boards with resin and
wax pressed at this temperature were
well within the proposed commercial
specifications (16 per cent) = while
those pressed at 320° F. were close to
meeting the standard when the small
(3- by 3-inch) specimen size was con-
sideted. The type of fiber used had
no significant effect on water absorp-
tion.

FOREST PRODUCTS JOURNAL

Specific Gravity: The addition of
resin and- wax -significantly increased
the specific gravity of the boards, re-
gardless of the pressing temperature
used. Increasing press temperature
from 320 to 400° F. increased the
specific gravity in boards containing
no additives, but did not effect a sig-
nificant change in those boards con-
taining additives. Fiber ground at the
closest plate setting (23 mils) pro-
duced boards with significantly greater
specific gravity than that of those
ground at the coarser plate settings
(35 and 40 mils).

Tables showing average values for
the previously mentioned combinations
are presented in the appendix, with
their respective LSD (least significant
difference) values. The LSD values
are used as a yardstick to measure the
magnitude of change necessary to con-
stitute a significant difference. .
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Results and Discussion

Part 1I

The results from this part of the
study also were analyzed statistically
for modulus of rupture, Izod tough-
ness, water absorption, and specific
gravity. .

For this analysis, only additive con-
dition (resin and wax or resin only or
no additives) and press temperature
(320 or 400° F.) were set up as the
main variables since the same type
(grind 3) of fiber was used through-
out. Average values for this part of
the project are included in Table 3 in
the column headed Grind No. 3.

Modulus of Rupture: An increase
in press temperature from 320 to 400°
F. resulted in a significant increase in
strength of all fiber treatments. Higher
strength values because of the rise in
temperature were most noticeable in
control boards, which showed 39 per
cent higher values for modulus of rup-
ture at the 400° F. pressing tempera-
ture. :

In boards containing both resin and
wax, the increase in modulus of rup-
ture was 17.8 per cent, while those
with resin alone were increased by 7.8
per cent. The addition of either resin

bending strength. Boards pressed at
320° F. containing both resin and
wax had significantly lower strength
than that of boards containing resin
alone. Boards containing wax and
resin, when pressed at 400° F., had
only a slightly lower average modulus
of rupture value than did the boards
conitaining resin zlone. This result
indicates that the serious strength-
reducing effect of wax noted at the
320° F. pressing temperature did not
exist at the higher temperature.

Izod Toughness: Both additives
and temperature had a significant

- effect on toughness values. Boards con-

taining no additives possessed greater
toughness than did those with resin
only, and those with resin only
showed greater toughness than did the
boards with resin and wax. However,
the difference between boards with

resin only as compared with boards
containing resin and wax at the higher
temperature level was not significant.

An increase in pressing temperature
lowered the toughness values in every
fiber treatment condition. Higher
temperature caused the greatest de-
crease in toughness values in the con-
trol boards (no additives).

Water Absorption: Additive treat-
ment caused a significant difference in
water absorption in all fiber conditions.
The addition of resin alone decreased
water absorption when compared to
the control boards, and the addition of
resin with wax caused a significant de-
crease when compared to boards with
resin alone,

An increase in pressing temperature
increased water resistance in the con-
trol boards and in boards containing
resin and wax. There was no sig-
nificant decrease in water absorption
caused by an increase in temperature
when resin alone was added.

Specific Gravity: Boards containing
additives showed significantly higher
specific gravity than did control
boards. Boards pressed at the higher
temperature also had higher specific

oravity

Juniper boards (both with and with-
out additives, and at both pressing
temperatures), when compared with
boards made from lodgepole pine and
Douglas-fir, were found to possess ex-
ceptional bending strength and water
resistance but their toughness proper-
ties were generally inferior.

The inferior toughness probably can
be traced to the extended chip steam-
ing times (5-8 hours). The impact
strength and toughness of most wood
is impaired by exposure to high tem-
peratures for extended periods of time.

The juniper boards were noticeably
more uniform in specific gravity than
were boards from other species pressed
under the same conditions. Superior
fiber flow characteristic was evidenced
by the uniformly colored, semiglossy
surface of all boards, without the use
of water spray on the surface.

Table 5.—SUMMARY OF STATISTICAL ANALYSIS FOR PART I

- - Modulug Water

. of
Source’of Variation . rupture

Ng*

St
pe res___.__.-- 8
Grinds and additives. S
Grinds and temperatures_.__ NS
Additives and temperatures._. ... .. S

Grinds and additives and temperature NS

Appendix
Statistical Analysis

Toble 4.—AVERAGE VALUES WITH LEAS]
SIGNIFICANT DIFFERENCES FOR PART

Additives 7N
4
Resin and  ~
Variable None wax L§p
MODULUS OF RUPTURE
4400 7080 ) -
4570 7150 y2g
4630 6720 y
Temperature
320°F.______. 3780 6680 )
400° F.___.__. 5280 7280 Y233
WATER ABSORPTION
Temperature
320° F.._____ 55.2 18.4 )
400° F.__.__ .. 40.9 13.7 15.9
TOUGHNESS
Grinds
1 7.36 R
b, 8.38 ... ;0_40
b 7.44 -
Temperature
320°F.._..... 10.96 7.37 }
400° F._ 00 0C 6.82 5.79 30.45

............ 1.013 - )
2o 0.995 . 10,013
;S 0.998 ... )

Temperature
320°F..__._.. 0.973 0.990 )
400° Fo______._ 1.027 1.017 )0.015

*[east significant difference.

Table 6.—AVERAGE VALUES WITH LEAR
SIGNIFICANT DIFFERENCES FOR PART I

Vauriables !
Additives \\— -
Resin
Qther None Resin - and wax LSl
MODULUS OF RUPTURE
4630 7220 6720 150
Temperature
320° F. 3880 6950 6170 ;
400° F. 5380 7490 7270 450
WATER ABSORPTION
44.9 33.9 16.6 8.7
Temperature
320° F. 51.7 35.2 17.7 )
400° F. 38.1 32.6 13.6 )3.8
TOUGHNESS g
9.15 7.44 6.81 0.60
‘Temperature
820° F. 10.42 8.56 6.61 )
400° F. 7.19 6.33 5.64 )0.8
SPECIFIC GRAVITY
0.989 1.019 1.012 0.0%

Temperature only
320° F. 0.99
400° F. 1.02

*] east significant difference.

Table 7—SUMMARY OF STATISTICAL ANALYSIS FOR PART "

*Not significant.
tSignificant.
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abgsorp- Tough- Specific
tion ness gravity
NS S S Modulus Water .
S S S of absorp- Tough- Specifit
S ) NS Source of Variation rupture tion ness gravity
NS NS NS
S NS NS Additives. -~ .o eooaoiaeees S* S S §
S S S Temperature__ .. _________._.__._... S S S S
NS NS NS Additives and temperature_ .. ___._._. S s S N
*Significant.
1Not significant.
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