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Abstract

Insulating-board and hardboard cxperinments were nmade on eight 4ypes of
western sawnill, weneer-nill, and logeing wastes. Western henlock slab-
and-edging waste was subjected to six softening treatments, including
water, stean, sodiun sulfite, caustic soda, and lime, Because of quality
of product, considered in relation to sinplicity of treatnent, a stean-
ing treatnent of 1/2 hour to 180° C, and 1/4 hour at 180° C, was used

for the other wastes.

Acceptable insulating heards and hardbdoards were obtained fron Western
henlrck slabs and edgings, and from veneer wastes and white fir logging
waste. Iess pronising results were obtained from the Western hemlock
planer ends, apparently because of the bruised condition nf the hogged
naterial, Bnards produced fren the Douglas-fir wastes were ~f narginal
or subnarginal quality, especially thnse nade frrn the hogged planer
ends, The Douglas-fir planer shavings, a finely divided type, when
used alone, were wholly unsuited for the purprse. It is prssible that
better results night be obtained fronm the Druglas-fir wastes by use of
nther creking and ranufacturing nethods,
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Introduétion

This repnrt describes experiments on sawmill and logging wastes frono
western woods for the production of jnsulating boards and hardboards.
The work included 2 limited investigation of several procedures for the
preparatiecn of the cnarse~fibered pulps, and the deterninatien of the
suitability of several species and fnrns nf waste for thesc products,
Eight samples of sawnill and lngging wastes and three mixtures of equal
parts by weight of some nf the wastes, as given jn the follewing list,
were tested.

1. Western hemlock slabs and edgings.
2. Vestern hemlnck hogged planer ends.
3. Western hemlnck hogged veneer waste.
4, Douglas-fir, nld growth, slabs and edgings.
5. Druglas-fir, nld growth, hogged planer ends.
6.. Douglas-fir, ~ld grewth, hogged venecr waste,
7. Douglas-fir, old growth, planer shavings.
8. White fir cnrdwred (logging waste).

g. lMixture of Druglas-fir, old-grﬂwth, glabs and edgings and
Western hemlock slabs and edgings,

10. Mixture of Douglas-fir, old-growth, slabs and edgings and
Douglas-fir, second-growth, cordwond (logging waste).

11. Mixture ~f Douglas-fir, nld-growth, slabs and edgings and
white fir cordwood,

. Bquipment and Frocedure

Conking and Milling

The wo~d wastes, eitrer as reccived or later converted to chip frrn,
were treated, or softened, by snaking in water °r by scnme cooking
procedure and then pulped in a 36-inch Bauer nill., One ~f the wastes,
Western henlnck slabs and edgings, was gselected for a variety of treat-
nents as follnws:

1. Scraking in water.

2. Steaning at elevated temperatures and préssurcs.
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3. Digesting in water a% clevated temperatures and Fressures.

4. Digesting in neutral sodiun-sulfite solution at elevated
tenperatures and pressures.

©. Digesting in caustic- snda solution at elevated temperatures
and pressures.

6.. Dig°5ting.3ith.iiﬁe‘énd'Wété?jat:éléVatéd téhperatures and
pressures. ' ==t Lo S o TN, - N

F1ve—e1ghts inch chips were’ prepared frem the Western henlock slabs and
edgings, For the experinents 1nvnlving water-soaked chips, & quantity

nf the chips were snaked in water at roonm temperature for' 24 hours and
then divided int~ lots of 10 pounds each (oven-dry equivalent) for nilling.
At first, the chenical, stean, and water-cooking treatments: were conducted
in a 1, 5—cu01c—fnot stainless-steel-lined rotary digester, and the charge
of chips in each case was, on an sven-dry basis, approximately 12.5
pounds. In each type nf treatment, several such digestions were nade in
order tc arrive at appropriate cnoking and nill1ng cenditiorns, Later,
selected’ procedures were follorwgd by conking in a 13-cubic-foot digester,
using 50 pounds or more {oven-dry basis) of chips and subdividing the’
cnoked chips into pertiens for nilling trials,

In conducting the smaller digestions, yields were deternmined by sampling
the softened chips after they had been snaked overnight in hot water.
This procedure gave unreliable results, because, even after the long
soaking period, the chips contained censiderable soluble nmatter., Con-
sequently, in making the larger digestions, the yiglds were deternined
by processing a sanple of each run in a 10-pound size beater and deter—
nining the resulting amount c¢f washed stock.

The other wastes were digested by a single prncess cnly; that is, stean-
ing at an elevated temperature and pressure, A schedule of 1/2 hour

to a nmaximum temperature of 180° €. and 1/4 hour at that temperature

was used, The cnoks were made in the larger digester, and yields deter-
nined by fiberizing a sample of tho chips in the beater as ‘explained -
previously,

Except for the snaking process the treated chips were milled, using
B~980 plates run in a counter-clockwisc (cutting) direction, In the
experinents with soaked woed, it was found preferable tn reverse the
direction of rotation in order tr secure a brushing action, The result-
ing pulps were cnllected in a screen box, and a prelim1nary Oliver free-
ness was deternined on the stock in this state,  The pulps were then .
pressed to remove excess water, the dryness deternined, end the Oliver
freeness checked, using accurately measured samples. The Oliver free-
ness of a stnck suitable for running on existent commercial board.
nachines shnulA be between 40 and 60 seconds, It'was found diff1cu1t,
even with repeated trials, to mill small runs within these Iinits.
Ceonsequently, the nixing of free and slow pulps to obtain a suitable
freeness was reserted to in several instances. When this practice was

*&— .
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used, the component pulps selected usually had been milled so as to be
reasonably clnse to this desired freeness range.

Insulating Beards

Insulating brards of spproximately 1/2-inch thickness and 17-pounds-
rer-cubic~-fnot density were formed in an 18-inch-square improvised
suction nnld, The charge of pulp was dispersed in water by means of
an electric stirrer in a 30-gallon tank fitted with a 2-inch, quick-
rpening valve. Sufficient water was added te bring the consistency

to 1 percent. The suspension was then neutralized with a small amount
of 10 percent solution of sulfuric acid. This was done to avercone the
nigh alkalinity of the local water supply, which sonetines jnterferes
in the sizing operation. Four percent rosin size and then 4 percent
papernakers alun were added., The pH of the stock at this stage was
approxinately 5. At this point the agitaticn was discontinued and the
stock run into the nold, The stock was stirred in the mold; the sucticn
was then applied, and the mat sucked as dry as prssible.

The wet rat, aprroxinately 1-1/2 inches thicic, was ren~ved, placed
between sheet-metal cauls, and pressed in a hydraulic press s~ that the
springback thickness wes approxinately 5/8 inch. This control was ob-
tained by the use of stops between the press platens. The stops varied
from 5/16 inch to 1/2 inch, depending on the nature ~f the strck.

The pressed nats were then transferred to a drying frane and dried 14
tn 16 hours, or longer if nccessary, in a frrced-circulaticn oven at
450 tn 65° C. The finished brards were cut into test specinmens.

Hardboards

The wet mats of rosin-sized pulp for the approximately 1/8 inch thick
hardboards were formed in an improvised 13 inch square suction nold,
Phe charge nf pulp was sufficient to produce a board of a density of
60 pounds pér cubic foot, The forming procedure used was similar to
that used in making insulating boards.

These mats, approximately 1-1/2 inches thick, were placed on 16-nesh
galvenized-wire screen that was nmnistened with a lubrieant, such as
N-butyl stearate or Montan wax, The screen and nat were then placed
in a 15-inch-square galvanized-iron tray, crvered with a 1l4-inch-
square stainlescs-steel caul, alse cnated with a lubricant, and presced

in a2 14~ by 14-inch, steam-heated, 125-ton-capacity press,

The pressing schedules used entailed three stages: (1) in wbich the
cxcess water was presced out and the press platens brought up Lo
tenperature; (2) in which the pressure was lowsred &0 allow the nat

to expand, thereby insuring uniforn drying throughont; and (3) in which
sufficient pressure was applied to hring the density of the beard up

to the desired 60 pounds per cubic foot,
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In the first stage, a preséure of. 500 tn 600 pndnds~pe; square inch was
gradually applied to the mats to squeeze out the excess water. This
Pressure was naintained for 2 ninutes while the stean was on and the
rlatens were heated to 185° C,

The secend stage, which lasted fer 1-1/2 to 6 nminutes depending on the
naterial employed, was initiated by rcducing the pressure nn the pulp
nat te 100 prunds per sguare inch or less. The platen tenmperature during
this stage rnse fron 185° C, at the start to 190° C.,-where it was held
until the pressing was completed, The réduced pressure was maintained -
until the pressed mats were nearly dry. This peint in the drying schedule
cruld ve deternined in ofne of twe ways, In nost instances the time when
nn escaping vapor fren the pressed mats was visible, was taken as the end
¥rint. If satisfactory results were not obtained in the first boards
formed, the period was shortened or lengthened as required for subsequent
panels, A ruch nore satisfactory indication of the termination of the
second stage was ~btained by a thermrcouple in the mat, The tenperatures
of the pressed mats were found to reach a constant value slightly above
the briling point of water, This tenmperature was naintained until the
ats were nearly dry. The ‘temperatures of the mats would then rapidly
rise to the temperature of the heated platens, The secrnd stage was
terninated whon the terperature of the nats began tc increase rapidly.

The third stage consisted ~f raising the pressure again teo 500 ecr 600
pounds per square inch. This higher pressure was naintained until the
suniaaticn of perinds was 10 ninutes, In sone cases the third stage
undoubtedly could have been shortened, thus reducing the total tinme

tr less than 10 ninutes. Although in the experiments some boards were
renoved from the press hot and others after cocling, it was evident that
cooling of the press was n~t required.

Methods of Testing

Freeness of Pulps

The "Oliver" freeness, a drainage—réte test, was determined on all
pulps as discharged from the mill, As a preliminary freeness test for
use as a control of the milling, a batch of stock was added to a 9-1/2-
inch-diameter Oliver leaf filter and sucked free of the excess water.

A 720-gram portion of this wet material was recharged to the filter and
diluted to a volume of 14 quarts, The free water was removed from the
dispersed stock under a vacuum of 10 inches, and the time of drainage
was recorded in seconds, ' L -

The value selected for operational purposes, -however, was made with a
known weight of pulp., The pulps from the mill were pressed to a dryness
of 20 to 30 percent and the moisture conteht determined, From these
pressed pulps of known dryness, 150-gram samples (oven-dry basis) were
charged to the Cliver filter for freeness determinations, 1In each case
a volume of water was added to make up to 14 quarts of stock and the
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free water removed under 10 inches of vacuum. The time of drainage was
recorded in seconds,

Fulp-sheet Tests

Insulating-board pulps can:be evaluated to some degree by various tests
on pulp sheets. One investigator has found this procedure to be more
suitable than most small-scale board tests, In this work pulp sheets
of 340-pound ream weight (25x40-500) were tested according to TAFPI
standards for bursting, tearing, and tensile strengths, and for density.
The brightness was measured with the Hunter reflectometer calibrated
according to TAPPI methnd T-217 Sm—42.

Insulating-board Tests

Two insulating boards were made of each pulp selected for test, One
board furnished three specimens for transverse-breaking load and three

, specimens for tensile-strength determinations, The other board furnished
one water-adsorption and one expansivity-test specinen, The camber, if
any, in the various test specimens was removed by conditioning the test
picces in a rclative hunmidity of 97 percent and redrying under restraint
at normal roon conditions,. The strength-test specimens were then con-
ditioned for at least 24 hours in a relative humidity of 65 percent

and temperature of 75° F, Tests were made according to A.S5.T.M. emer-
gency -specifications, designation ES-19, August 24, 1942,

Eardboaré Tests

Two Hordboards were made of each pulp selected for test. One board
furnished three specimens for the modulus-cf-rupture determination
and the other furnished one 12 inch sguare water-adsorption sample.
mests were made according to Federal specification I1L-F311, July 12,
1940.

Discussion of Results

Insulating Boards ané Hardboards from
Western Hemlock Slabwond

The crnditions used in the various treating processes and the results
of the subscquent milling treatment of Western hemlock slabs and :
edgings are given in tables 1 and 2. Only two of the insulating boards
met the specification in regard to the corrected transverse-breaking
load, Thesc were produced from milled water-cooked chips {test Ho.
276) and from milled steamed chips (test Wo. 283). Of all the nethods
of trecatment, however, only the nilled water-scaked chips {test Mo,
256) gave a very low result for this property, Since it cannct be
considered that optimum conditions of cooking, milling, sizing, and
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forming were arrived at in all cases, it is probable that several of _
the processes, other than steam or water, would be eultable for the
production of boards of adequate strength if given more study. Further-
more, it has been noted by others that boards made in a laboratory mold
usually have poorer ° transverse strength than corresponding mater1a1
made on commercial machines. The- strengths obtained are believed, “how~
ever, t0 be nmore or less relative insofar as the different treating
methods are concerned. The tensjle strengths of all insulating boards
net specifications except for thnse nade of -pulps’ produced from snaked
chips and lime-cooked chips,

The pulp-sheet-test data obtained on the varioys board-pulp stocks

were found to be indicative of the quality of insulating bcards that
cruld be prnduccd fronm them, In general, the higher the pulp-sheet
strength, 'the stronger the board; and the higher the pulp-sheet bright-
ness, the lighter the color of the bnard

None of the Western henleck hardbnards net the Federal speciflcations
for nmodulus of rupture, though two of then “(water cook, test No, 285,
and steam cool, test N¥o. 273) approxinated that of the commercial
sample B, As w1th the wnsulat1ng boards, the strengths nbtained cannot
be cnnsidered as nptimun values, The use ~f high pressing tenperatures
is said tec favor hardbnard qual1ty, but the presees available were

nnt equipped tc investigate this variable. :

The results of various treating nethods used con Western hemlack slab-
word may be summed up as follows;

1, Boards produced fron the nilled, uncooked wnod are likely
to be, at best, marginal in strength properties.

2. For simplicity of process and strength of prnduct, stean-
ing appears to have an advantage over the other cooking processes,
Steariing appears particularly advantageous for hardbcards. Due to the
organic acids evnlved, precautinns against corrosion night be re-
quired,

3. For these products, water cooking has no special advantage
over steaning and weuld be nore cestly.

4, Cooking with 5 percent caustic soda (bascd on wnod charged)
would be satisfactory for insulating board, though a higher energy
crasuzpticn in nilling is indicated., The only advantage of the ceustic-
soda treatment over steaming is that ordinary steel digesters could be
used, The results obtained by cocking with 2 percent of caustic snda
indicate this to be an insufficient amount of chenical,

5, Four and 2 tenths percent of sodiun sulfite and 0.8 percent
of scdiun bicarbonate (calculated as carbnnate), based nn wood charged,
appear to be insufficient amounts of these chemicals to insure a good
nargin ~f strength with this tipe of digestion, but 7 to 8 percent
of total chenicals shruld suffice. The energy crnsuned in nilling
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| the stock was very high. Neutral sulfite liquors, however, have the
advantages of being non-corrnsive to ordinary steel and of producing
| relatively light-colored boards,

6. More than 2 percent of lime and longer cooking time ‘than with
the ntheér cooking precesses are indicated for this type of cook,

Cemparison of Insulating Board and Hardboard

Made from Steamed Western Henmlock,
Tougzlas-fir, and White Fir Wastes

Mhe nilling conditicns and data on insulating brard and hardbrard nade
: from the various wood wastes steamed for 15 minutes at 180° C. are given.
in tables 3 and 4. On the basis of transverse-breaking lrads crrrected
te 1/2 inch thick boards nf a density of 17 pounds per cubic frot, the
Western henleck slabwnnd and hogged veneer produced satisfactory in- -
sulating brards. The strength of the brard nade frem hogged planer ends
. was, on the other hand, somewhat low, and the energy used in nilling
was lower than with the other hemlock wastes, Modifying nilling crn-
ditirns 80 as t~ increase the energy would prebably have inproved the
| strength, bui very likely it would alsc have yielded a pulp with toeo
| high an Cliver freeness., This waste material appeared to have been
soverely crushed in the hrgging c~peraticn., The subjectirn ~nf wond to
high stresses priecr t~ coa~king by the acid-sulfite process has been
shrwy tc increase the susceptibility of the cellulrse to chenical degrada-—
tions, A sinilar effect nmay have ~ccurred here, since steaning is es-
| sentially an acid cock. The hnrgged veneer waste did not have this
| severely bruised appearance and gave satisfactery results.

The Douglas-fir in all forms gave low-strength brards. This nmay be
due tc the nature nf the fiber or to the fact that this species con-
tains considerable "extraneous" matter, The hrgeged planer ends gave
particularly poor results, The planer shavings resulted in a sawdustf
like prnduct practically deveid of felting characteristics, Thie

| product after milling was, however, very free. ZEven at zer? nill v

| setting, that is, with the plates practically rubbing ench other, the
| energy crnsuned was ~nly 4 horse-power days per ton of pulp. Frseidly
better results could be nbtained with these shavings by using otrer
types of plates than the B~980, but it is prnbable that apnrr prrduct
w-uld be rbtained at best. Inmprrved results with the nther forns ~f
Druglos-fir waste might have been realized by nodifying nilling con-
ditions. It is alse prssible that a croking prncedure nther than
steaning (neutral sulfite, for exanple) might have been nore advanta-
gecus for all of the Douglas-fir wastes,

il-"‘Ihe Effect of Chipping on the Suitability nf Wood for Sulfite Fulping,"
by “. Green and F, H. Yorsteon, Fulp and Farer lagazine of Cenada,
Vol, 41, Na, 2: 123 Feb, 1940.
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The yields of pulp obtained from the Douglas-fir wastes were several
percent lower than those from the hemlock, due, presumably, to the
high content of water-scluble, extraneous matter in the fir. This
extraneous matter was probably responsidle for the rather pronounced
foaning tendencics noted with the Douglas-fir pulps, Washing of the
pulps is suggested as a means of obviating foaming difficulty.

The white fir cordwnrd prnduced insulating board with satisfactory
strengths when used wither alone or in a 50-50 nixture with Douglas-
fir slabs and edgings, The 50-50 nmixture of Douglas-fir slabs and
edgings with Western hemlock slabs and edgings, though slightly weaker,
vas pronising.

The linear expansion with hunidity changes was high fnr all of the in~
sulating brards and, in general, exceeded the specification limitation,
The reason for this is not known, but it is thought tn be due tn sizing
or fiber formation rather than tn species rr to the c¢oncking procedure.

Nope of the experimental hardbrards met the strength required by the
Grvernment specificationg; but the Western hemlock slabs and edgings,
the Western hemlnck hrgged veneer, and the white fir cordwnod would
undoubtedly prove satisfactory with inmproved prrcedures.

Crnclusions

It is concluded that Western henlcck nill and logging wastes can be
converted into acceptable insulating brard and hardbeard provided

the waste is nnt tor finely divided nor crushed excessively in preparing
it for processing. Fnr strength of product and simplicity of treatment,
steaning appears tco be a satisfactory methed of seoftening prior to
milling, By the steaming method, white fir is as suitable as Western
henlock, but Douglas-fir alrne gives definitely inferinr boards, Tt

is ponssible, hnwever, that Douglas-fir, especially the chipped slab-
wnnd and cordwood, could be used as a portiecn ~f the furnish. It is
also possible that mere favorable results could be ebttained fron
Druglas—fir by use nf other conking and manufacturing nethods.
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