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INTRODUCTION

The pulping of Douglas fir (Pseudotsugs taxifolia Britt.) has

been of interest to many investigators, one of the principal ressons

for this being the trememdous amounts of this wood which ocour along

the Pacific coast in British Columbia, ¥ashington, Oregon, ldaho, and
northern California. At present the lumber industry is the sole con-
sumer of this species, and because of the large siss of the trees,

much weod 1s lost as slads, which are either burned or put through
expensive cutting operations in maicing such articles as laths and

broom handles. Oresley (1) in 1978 estimated the amount of slab wood
avallable for pulping from this region as 1,000,000 units of chips (1
unit=200 cu. ft.) or 2,000,000 tons of pulp, Of this quantity, approxi-
mately five-sixths is Douglas fir. The supply 1s plentiful and will re-

main so for many years to come.

There are two types or varieties of Douglas fir, the coast type
and the mountain type. The latter variety is of little interest at pre~
sent from the pulping point of view, for its habitat 1s not ascessidle
to pulp and paper mills, vhilg the coast variety grows in extensive

stanis near the established mills of the Xorthwest,®

Young Douglas fir trees grov rapidly until competition with others
in the stand for soil moisture and sunlight slows the growth rate con-

siderably, Technical Note No, 718 of the Forest Productz Laboratory at

*Hereafter, the tern Douglas fir will refer oaly to the coast type of wood,
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Madison, 7isconsin, (2) gives the following figures for the density of
this variety of fir:

Density..ooeeeecconccanasss 3t 1be ADJ/AD, cu, f%,

Speoific Oravity.e....se.s.0.45 (0.D. 7t./green vol.)
These figures are averages for the whilo tree, There are large vari-
ations in doth dndty and growth rate, depending on the locatiom of
the sample with respect to the axis of the log. For example, the
Douglas fir log used as raw material in the present work had a growth
rate of 7 rings per inch at the center and &5 rings per inch at the
periphery. The average density of the heartwood was 32,2 pounds per
oubic foot, while the denaity of the sapwood was 47.0 pounds per cubic
foot (Oven~dry weight and volume). These variations are to be expected
in trees of this sise, many of which are over 60 inches in dismeter and

300, or more, feet tall.

Yery little information is availadble as to the pronortion ef sap-
wood in Douglas fir, Hayward (3) states that there may be as much as
four inches of sapwood in a L8-inch diameter log, corresponding to 31
per cent by volume. The specimen used in this work contained only 15
per cent sapwood by volume in a 27-inch log. The estimated amount of
sapwood in slabs from the oriinary sawmill operation is 90 to 95 per
cent by volume, corresponding to approximately 98 per cent by weight.
Thus it may be seen that any pulping operation dased on utilising saw-

mill waste would be concerned principally with the sapwood ef the tree.

Although 1t is a generally accepted fact that cooking Douglas fir
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with & caloium base sulphite liguor leads to an unsatisfactory pulp

with regsrd to doth yleld and quality, very few references to ladbora-
tory or semi-commercial scale work on this point have been fownd in

the literature. ¥ells and Bue (U4) state that *...(Douglas fir) re-
duces with difficulty on account of the pitehy charaoter of the wood.®
They report the following estimates of mill scale results when pulping
this wood: "Yield, 45-50%; bleach requirement, 20 to 25%, with un-
dleached pulp of falr strength and poor colorj prodably somewhat pitohy.*

English, Graen, Mitchell, end Yoreton (5) bave reported on the
rete of pulping of alcohol-benzens extracted Douglas fir sawdust, using
calcium base liquor, but they consider their data only in its relation
$0 an understanding of the phymico-chemical factors whieh affect sulphite
pulping in gemeral. After seven hours' cooking, without digester relief,
at 130°C., and using acid analysing 5.59 per cent total and 0,80 per ceat
combined sulphur dioxide, a pulp containing 6,21 per cent lignin and 0.h28

per cent sulphur was obtained.

Beuschlein (8) compared the pulping rate of alcohol-bensene sxtractd
Douglas fir sawmdust with that of vhite sprute, using scda base liquors.
At 150%°C. and using a liquor containing 4.00 per cent total and 1.00 per
cent combined sulphur dioxide, a Douglas fir pulp which contained 22.9 per
aent of non-cellulosic material was obtained., Under identioal conditions,
white spruce ylelded a pulp containing only 3.8 per cent of non-cellulosie
matter. The spruce cellulose yleld was anproximately 1 per cent higher

than that from Douglas fir. Apparently it is not the extractives which
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make the pulping of Douglas fir difficult, The only other alternative
is that there exist fundamental differences in the chemical or physi-
cal structure of the lignin, Yorking along similar lines, Bailey (])
investigated the ligninsulphonic acid from Douglas fir and comcluded
that lignin from this tree consists of four trimeric coniferyl alde-
hyde units, while spruce lignin is composed of three. This work was

based on the theories of ligain structure advanced by Xlason (8).

Benson, Xrwin, Hendricicson, sad Tershin (9) pulped young Deuglas
fiy (3-inch diameter logs), using smmonis base liquor, and obtained a
satisfactory pulp, similar in properities to pulp from spruce and hem-
loek, Old wood gave negative results, but old wood axtracted with
sammonia pulped satisfactorily. These exparimental data are of limited
valus, as several independent variables were changed at one $ime, thus

making elose comparisons difficult,

The action of ammonia base sulphite liquor on epruce wood has
desn found by Dores and Barton-¥right (10) to yield the same lignin-
sulphonic acid as 1s obtained when caleium bisulphite is used, indfe~
cating that successful pulping with ammonia base ligquors is dependent
on the reaction between ammonium disulphite and the extractives of the
wood, rather than on differences in dehavior of calcium and ammonia base

liguors toward the lignin,

The work mentioned in the foregoing paragraphs has resulted in

a number of suszested pretreatments for use yrior to regular sulphite
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cooking in redusing not only Douglas fir but also other resimous woods
to pulp suitable for paper maxing.

3enson (11) has patented an ammonia pretreatment for the removal
of resins, coloring matter, and other non-volatile compomnds from un-
ocrushed chips. ¥hen chips so treated are cooked by the usual sulphite

process, pulp of good quality and low blesgh consumption is obtained.

Another process (12) is based on a preliminary treatment of resi-
ncus wood chips with hydroxides of divaleat metals, This partially re-
moves the resins and saturates the wood with the base for subseguent
cooking. This first step is followed by a short treatment with sulphur
dioxide or chlorine compounds and the chips are then subjlected to the
usual type of sulphite cook, By-products, such as acetic acid, high
grade rosin, turpeatine oil, and lignin powder, '233 be recovered if de~
sired,

Other pretreatments are dased on the extraction of the c¢hips with
milk of lime (11), with liguwid sulphur dioxide (1lli), and with sodium
acetate formed by the reaction of sodium hydroxids on the asetic acid
present im the wood (1%5). Richardson and Sherman (16) pulped resinous
woods by using liquors containing doth ammonium and calcium disulphite,

¥ith the exception of Benson and his co-workers (J), none of the
above mentioned investigators have specified the source, growth rate,
density, or location in the tree from which their wood was obtained.

Benson odbtained good pulp with no pretreatment when wood from young
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Douglas fir trees was used, Although no definite information 4s a~
vailable on the polnt, it seems r-asonable to ascume that trees of the
size used by Benson were composed entirely of sapwood. There are oon-
siderable data in the literature pointing out differemces in composition,
colloidal nature, and pulping properties betweem sapwood and heartwood.
Herty (17) obtained sulphite pulp of good quality from young southern

pines as long as no heartwood was present.

Cohen (18) found that the ether extractives of Pinus radiats were
more concemtrated i{n the heartwood than im the sapwood. Sulphite pulp
from heartwood was lower in yleld and higher in soreenings than that
from sapwood. The sapwood pulp had 0.35 per cent ether extractives,
while the heartwood pulp contained 3.84 per cent. The former would
probably ocause little or no troudble on the paper machine, while the
latter could not be used. Plenkowski and Jurkiewics (19) used x-ray
methods in investigsting the resin ocontent of wood, their findin:s be-

ing in good agresment with those of Cohen.

Schwalbe and Xkenstam (20) investigated the colleidal properties
of the sapwood and he:riwood of pine and spruce in an attempt to ex-
plain the differences in behavior om cooking noticed by sarlier investi~
gators. Vater adsorption from air of controlled humidity and temperaturs
was used as a measure of the relative swelling of the various kinds of
wood. It was found that pine heartwood adsorbed less water than the
other types of wood studicd. Oreen (freshly cut) sapwood adsorbed more

water than green heartwood. On irying, the ablility of sapwood to adsord
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water decressed, vhile that of heartwood increased dus to splitting and
checking during the drying, which opened up a greater surface for ade
sorption. Starting with oven-dry wood, the final equilibrium moisture
content of the two varieties was the same. This indicates that there
are irreversidle changes which take place on drying wood, the sapwood
undergoing a syneresis and approaching the properties of heartwood,
Whether this artificial mechanisa of irreversidle desiccation is analoe
Zous to the changes natwrally taking place in a growing tree is unim-
portant, as long as the nature of the changes oocurring after the tree

is cut are known and understood,

These workers found pine to behave asimilarly to spruce in the

adsorption of liquid from bisulphite liquor in bomb tubes at 110 deg.

C., Dut the pine heartwood adsorbed the liquor in different concentra-
tions than the other woods., The amount of free sulphurcus acid adsorbded
by the pine heartwood was so small that any cooking operation would have
to be considered as a neutral sulphite proceas. Bergutrsm (15) supporied
this finding, stating that the combined sulphur dioxide penetrates the
wood much more rapidly than free sulphurous acid, ¥No similar work om
Douglas fir oould be found, but it ies probdadle thet amalogous behavior

would be observed in the sapwood and heartwood of this species,



B
OBJECT OF INVESTIGATIOR

S9ince there is an almost unlimited supply of Douglas fir sawmill
waste, consisting principally of slab wood which is &5 to 30 per cent
sapwood, any pulping operation utilising this waste would deal almost
exclusively with sapwood, It is the purpose of this investigation to
attempt the sulphite pulping of Douglas fir, using calcium base liquors
and no pretreatment. In the light of the suoccess which has attended
the pulping of pine sapwood, it is believed that the pulping of Douglas
fir slab wood is possible and commercially feasible. The pulping of
heartwood and sapwood will be attempted ssparately with the obJeet of
evolving cooking conditions within the present commercial limits for

the reduction of both sladb wood and entire logs.

An investigation of the lignin of Douglas fir sapwood and hears-
wood will be carried out for comparison with similar lignin derivatives
prepared from spruce wood, Any differences found in amount or kind of
1ignin, between the several types of wood, will be used in attempting

to explain their differences in dehavior on cooking.

An investigation of the kind, amount, sad distribution of extrae-
tives in Douglas fir heartwood and sapwood will be made for the purpose
mentioned, vis., to explain differences in behavior on aooking of the

various types of weod,
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The Douglas fir log used in this work was received from the
Yeysrhasuser Timber Co., Longview, Washington, and was eut in the
syring of 1937. This log was chosen as representing the average
from the Pacific Coast Douglas fir region with respect to sise and
growth corditions. The log was painted on the ends before shipmeat
to minimise moisture loss and aging in traneit. The log was received
at the Institute with the bark intact.

A density disk, approximately one inch in thickness, was out
from the log at a distance of four feet from one end. This disk was
barked, the average diameter caloulated from the circw.ference, and
the numder of growth rings counted, a separate count of the growth
rings {n the sapwood Ddeing made,

The following method was used in making desity measurements:
The density disk was welghed, dried to constant weight at 105°C. and
cut into pleces of a sise convenient for use in the sudsequent oper-
ations, The dry pleces were dipped in molten paraffin. After cooling,
their volume was determined by {mmersion in water, the v:lume of water
displaced bLeing measured. In the cass of Douglas fir, the density of
the sapwood was determined by cutting away all heartwood and making
separate volume and weight measurements on the sapwood plesces so ohtained,
Trom this iata, the moisture content of the wood before chipping, and
the growth rate and the density of both the heartwood and sapwood were

calculated, and from the relative amounts of sapwood and heartwood in
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the log, the same values for the entire tree were calculated.

Similar measurements were made on the spruce and western hem-
lock logs used in making comparison pulps. The following results

were obtainedt

TABLE }
DENSITY, OROWTH RATE, AND MOISTURE CONTINT OF PULP %00D LOGS
Spruce Douglas Fir Vestern
Ko, 1| Ko, 2 | Sapwood | Heartwaod | Hemlock
Noisture c°utmt. * 36.9 ho.a 290“ Zl.g }601
Average Diam., in. 6.8 | 6,1 2.6 2u, 21.2
Growth Hate, rings per :

L] ' 19.“ 10.3 3600 » 17'0 23.0
Specific Oravity 0.76 0.48 0.47
D.n.’.t, (O.DC wt, and
vol.) 1b./ft.5 32,6 | 30,4 147.0 30,0 29.1
Per cent of Thole Tree

by Volume 14 86

by Veight 20 80

Vells and Rue (4) report the following average fiber lemgths

for spruse, Douglas fir, and western hemlock:

Spruce 2,8 mm,
Douglas Fir 4,8 wm,
VWestern Hemlock X3 um,

A study of the data in Tabdle I shows that Douglas fir sapwood has an
unusually high density, due to its extremely slow growth rate, 3Be-

conse of this fact and the extra long fider lensth, Douglas fir pulps
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should possess several unusual properties., The high density should
be sivantageous in increasing yields per digester, while the long

fiders should result in high tearing strengths,

Sinece average values for the amount of sapwood to be expected
in Douglas fir logs could not de found in the literature, data on the
diameter and the sapwood thickmess for a large number of commercial
Douglas fir logs were obtained from a mill engaged in the manufacture
of lumber from this species (21). All of the lozs measured were from
one region and are not necessarily representative of the logs found
in other loealities, Yevertheless, the data indicate the reneral range
of values which might be expected, On logs ranging in diameter from
16 to B0 inches, the thickness of the sapveed layer ranzed from 1.25
to 2.25 inches, corresponding roughly to abdout 15 per cent of the
volume of the tree., This amounis to approximately 20 per cent by
weight, It 1s the practice in this particular mill to allow two inches
on the dismeter of the logs for slad outs, from which the average amount
of sapwood to be expected in sawaill slabs has been estimated as over
90 per cent by weight. Thus, any pulping operation dealing with saw-

nill waste would involys the cooking of chips much richer in sapwood.

Samples of Douglas fir sapwood and heartwood were analysed for
lignin, alcohol-henzens solubility, Cross and Bevan cellulose, pento=-
san content of the Cross and Bevan cellulose, pentosan content of the

wood, agetyl groups and ash, using Institute methods. The analysis of
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the spruce wood used in this work was odtained from Institute files,
while a representative analysis of western hemlock wood was obtained
from the Forest Produots Laboratory at Maiison, Wisconsin (_2_\_9. The

data for these analyses are presented in Tadle 1I,

TABLY 1
CHRMICAL ARALYSIS OF %O0OD
o
-1 *»
!"‘ En L g\m w
’ h. m » n -» -
!:1 : W -a : » g : [
e 4| 931335 8 4| w
3 §20 4 33 338 | | g
k 33 3| B3| fks B | 3| 9§
DO“&I‘. Mr W 2.17 29.“ 60-8 5.9 '.5“ 1.15 0036
Douglas Fir Heartwood |3.13 | 28.6 | 6.5 | 6.0 | 8,68 | 0,48 | 0.12
Spruce 4,01 | 29.3 | 61.9 | 10.4 (13,90 | 1,53 | 0.5
Western Hemlock 2,80 | 30.5 | 59.3 9,60
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INVESTIOATION OF DOUGLAS FIR OELLULO3E

Objeats
In the light of the poor quality of the pulps prepared from Douglas

fir by other investigators, the question arose as to whether the cause
was due to an inherent quality of the cellulose itself, or to the
destructive action of the cooking liquor during the digestion process,
It was bdelieved that the isolation of celluloss from this species by

a method milder in its action than any of the commercial processes would
give data showing the characteristics of this pulp with respect to
spruce pulp prepared in the ssme manner, Such a comparisen would
indicate whether or not there was some fundamental deficiency in the
fiber of Douglas fir. If the properties of this pulp were near the
range of those of spruce pulp, it would appear that cooking procedures
were at fault and that a satisfactory commercial pulp could be produced

if the cooking procedure was properly adjusted,

The mildest practical method of isolating cellulose from woed in
the quantities desired for this work was by a modification of the
Cross and Bevan cellulose determination. This involves the softeaing
of commercial chips by a mild alkali treatment at low temperature,
followsd by chlorination in several stages with intermistent alkaline

extractions.
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Isolation}
4 considerable guantity of sapwood and heartwood chips was con-

verted to pulp by & modification of the chlorination method used by

Kang and Libby (22). The following procedure was usedi

In order to soften the chips, prepared as described later in this
paper (page 22), they were charged into small gas-heated rotary auto-
claves and treated with sodium hydroxide amounting to four ner ceant of
the oven dry weight of the wood, A liquor ratio of five to one was used.
After heating at £0°C. for one howr, an additional four per cent of sodium
hyiroxide was added, the temperature raiaed to 100°C, and held at this
value until 80 per cent of the total chemical was consumed, as determined
by titration of a sample of the ligquor., The softened chips were then

washed with cold water,

In order to obtain the wood in a form sultadle for chlorinmation,
the softened chips were passed once through a Bauer Pulper, using plates
¥o. B98O set 0,021 (%0,005) inch apart. The produst of this treatment
resembled wood pulp, in that it consisted for the mos$ part of individual
fibers. On examination under the microscope, this material showed only
a few more broken fibers than would be expected from the chipping oper-
ation, and while numerous shives were noticed, they consisted at most of
six or eight fiders,

Yor ohlorination, 800 grams (oven dry) of the defibered wood were

treated with chlorine water in four or five stages at room temperature,
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as required for delignification., The pulp was washed with cold water
and extracted with warm (35°C.) one per sent sodium hydroxide solution
between stages. The caustic treatment was followed by an alkaline wash
and then dy a wara water wash, After the third stage caustic treatment,
the pulp was soreened through a 0,010 inch sereen plate on a laboratory
size Valley flat screen to reaove shives and dirt, The end point of
the chlorination was determined by the time required for exhaustion of
the chlorine., If the chlorine in the last stage was not completely
consumed after twenty minutes, as indicated by potassium iocdide-starch
paper, a sample of the liguor was taken for titration of the residual

chlorine, and the pulp washed immediately.

In order to obtain a pulp having a good white eolor, it was found
that a mild hypochlorite dleach was necessary after the last chlorination.
¥ot more than 1,5 per cent of bleach (as standard 315 per cent dleashing
powder) was used. The bleashing was carried out at room temperature
(adout 25°C.) at one per cent consistency. The Bleash liquor contained
an excess of lime, and the suspension was alkaline to phenolphthalein
after complete exhaustion of the bleach, The resulting pulp was then
washed thoroughly with cold water, pressed to a demsity of approximately
25 per cent and utorod‘ in moisture-tight containers pending thelr physi-
cal evaluation in the pebddle mill, The pertinent data obtained in this
isolation of Douglas fir cellulose are presented in Table III. A batoh
of spruce chips was treated in a similar manner, so that comparisons

might be made bdetween spruce and Douglas fir celluloses.
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Bvaluation

The chlorine pulps prepared as described adove were evaluated in
the Abbo' pedble mill, using the procedure desoribed later in this paper
(page ). 'The physical tests made on the test sheets were: Dbasis
veight, burst ratio, M, I. T, folding endurance, tear factor, asd apparent
density. Institute procedures were used in evaluating all physical proper-
ties of the test sheets, and care was taken to approach the moisture equi-
11brivm of 65 per cent relative humidity and T0°F. from the wet side. In
svery case, at least ten hours were allowed for conditioning before testing

the sheets, These pulps were not evaluated chenically.

Comparison of Celluloses from Spruce and Douglas Fir:
The data obtained from the physieal evaluation of these chlorine

pulps are given in detail in Appendix A and are summarized in Tadle IV,

Curves for these data are given in Figures 1, 2, and 3,

TABLE 1V
FHYSIOAL PROPERTIES OF CHLORINE PULPS AT 600 FREENESS
Yood Puret | Tear | M.I.T.| Appareat| Time to 600
o Ratio | Tastor| Yolds Density Treeness
Douglas Fir Heart 100 1.23 593 13,2 32
Douglas Pir Sap 112 1.60 587 13.2 16
Spruce 184 1.06 | 4300 17.4 h6

Referring to Table III, it is seen that spruce required less chlorine

than efther Douglas fir heartwood or sapwood and that the heartwood required

more chlorine than sapwood,

Also, the time required for 30 per cent
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FIGURE 1

BURST RATIO AND FREENESS DEVELOPMENT
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PIGURE 2

M.I.T. POLDING ENDURANCE
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FIGURE 3

TEAR FACTOR AND APPARGNT DENSITY
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consumption of the alkali used in softening the chips was highest for
spruce, while heartwood showed the most rapid consumption. 7The time
required by sapwsod was intermediate between the two., Thus it s
apparent that heartwood (and to a lesser extent, sapwood) not only
consumes alkali at a greater rate than spruce, but also requires a
greater amount of chlorine for complete removal of encrustants {from
the cellulose. This would indicate the relative ease of pulping of
these woods to be in the order: apruoe; Douglas fir sapwood, and
Douglas fir heartwood.,

The strength properties of these chlorine pulps were arditrarily
cowpared at a freeness of 600 (Schopper-Riegler), this value being
chosen as representative of the degree of hydration used in naking a
number of different grades of psper. In comparing the physical proper—
ties of the pulps obtained from the various wood samples, a aumber of
interesting points are found (See Appendix A, Table IV and Tig. 1, 2,

and 3),

Spruge showed a considerably higher burst ratio, foldiing endurancs,
and apparent deasity than the other two, Both Douglas fir heartwood and
sapwood pulps showed higher tear factors than did spruce, A possible
explanation of the low burst, fold, and apparent density observed in the
Douglas fir pulps lies in the pentosan content of the Douglas fir wood,
Spruce wood is considerably richer in this material, which is generally

believed to be the source of at least a portion of the mucilaginous
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cementing matter which ingreases burst and fold in a sheet, Thus, a
sheet made from Douglas fir pulp might de expected to be lower in durst
and fold and bulkier than a similar sheet of spruce pulp, The high
Sear of the Douglas fir pulps may be attributed to the vnusually long

fibers of thig species.

In general, pulps such as those from sapwood and heartwood would
prove desirable in printing papers, and some grades of tissue, wrapping,
and bond., The specific properties which make this pulp superior to
spruce pulp for certain purposes are the high teer and low apparent
density. Bleached Douglas fir pulps could probably not be used in a
furnish without the addition of one or more blending pulps, in order

to attain the balance of properties desired in the finished shees.

Another possible application of Douglas fir pulps is in the field
of chemical pulps for use in the manufasture of viscose, rayon, and
other cellulose derivatives. While none of the data obtained in con-
nection with the chlorine pulps have a direct bearing on this phase of
pulp utilisation, the sulphite pulps prepared in connection with this
work have been evaluated chemicallywith this application in mind.

The physical data odtained in comnection with these chlorine
pulps show that Douglas fir cellulose as a paper has a definite field
of application making fiber, This leade to the conclusion that the

satisfactory pulping of this species by the sulphite process would not
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only add %o the sphere of the industry in general, but alsc would open
the way to the utilisation of a new and extremely large supply of cheap

raw material which has heretofore been regarded as unsuitable for acid

pulpinag.
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PRACTICAL PULPING EXPIRIMENTS

Progedurest
¥ood Preparationt The ohips used in the practical pulping work

weres prepared as follows: A section of the log, approximately eight
feot long, was cut off and split into fairly narrow segments, The
sapwood was split from these and barked by hand, while the heartwood
for shipping was taken in complste segments, 50 as $o be representative
of the entire heartwood portiom of the log. The two types of wood
were chipped separately in s small Carthage chipper, using a imife
setting to give chips five-eights of an inch long, The chips were
soreened on a half-inch soresn to remove fines, while the oversise
knots and slivers were picked out by hand, The finished chips were
then thoroughly mixed and stored in air-tight drume, a few milliliters
of chloroform bdeing sdded to prevent decay, Just defore making a cook,
a sufficient quantity of these ohips for one digester charge (approxi-
mately 5500 grams of the wet chips) was wighed into paper bags. Rew
presentative moisture samples were taken as the bags were filled. These
were weighed immediately and dried in an oven to constant woight ab
105°C. Trom these data, the welght of oven-dry wood used in making
She sock, as vell as the amount of sap moisture present in the wood,

wores calculated.

Agid Preparation: Caleium base sulphite cooking acid was pre-

pared from high cslcium hyirated lime and refrigeration grade ligquid
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sulphar dioxide, The acid was made in & small wood stave tank having
8 capacity of 220 liters and provided with a cooling coil, calibrated
&age glass, agitator, and perforated copper pipe for the introduction
of sulphur dioxide. The arrangement of the acid-making equipment with

respsst to the digesters is shown in Figure b,

Cooking scid was made in the following manner: The aci{d $ank
was filled approximately half full of water and sulphur dioxide was
bubbled im until the strength of the resulting sulphurous acid solution
was somewhat in excess of the total sulphur dioxide sontent desired im
the finished liquer, fThe caleulated amount of hydrated lime for the
total amount of acid to be made was then,adn‘ogi as a slurry and the con~
tents of the tank stirred vigoronlly.‘ At this point, an analysis of
the liquor in the tank was made, the results being used in calculating
the amount of water or lime $0 be added to adjust the combined sulphur

dioxide to the correct wvalue.

After odtaining the correct lime content, sulphur dloxide was
admitted from the cylinder with a small known valve opening for a
neasured time interval, and the acid was agnin analyzed. Thus {t was
possidle to estimate the length of time for admission of ulphur dioxide
$o bring the free sulphur dioxide content up to the desired value. The
following tolerances were arbitrarily chosen for the strength of the

oooking liquor which was not varied in any of the cooks made.



w24a
FIGURE 4

A 502
dNNd ONLLYINDHID —% T T T T TTWOI0E 98I ] Nivua
: m @NIT FenvS
137100 3LVSNIANOD “
—<==1! .
Y31V3H m INIT M8 1l1d mO18
]
“w3an11ao Yos o1 m wmdwm_l MTLVvM
X '
¥3153910 OL 3INIT QIDV !
!
m .."In\N] .
L3INI 53 LvM ! d0LJ3rNI
LTINI ¥34vMm ONIT00D H
u_ Nivya * ;
R . J.nLn_\wcuoz_#u N oL
m =
l| ==— ™M Z e~ 43173 "SS3Y¥d
| uouwu.nmwwﬂ.%%wnm“\ 333y w¥31s3oI0
UNVLIdIDV 9|edg 04 *oz|_l®mo_ Gl g3 |
=71 . ¥Ueq}00Jg @ 3 Ag umeaq
¥pLVLIOV SSV19 39V 3ovo'ss3ud warsaoia | “WAYD Jaded Jo 84njiysu] a8y
.-*L
— _II »wﬂrﬂﬂw\rs ONIT002 ._._n_ BOn_m ,% x2<._. Q_U<

43153910 IVLNIWIYIdX ]




25

Total Sulphur Dioxide 7.25 & 0,068
Free Sulphur Dioxide 6.00 + 0,044
Combined Sulphwur Dioxide 1.25 + 0,02§

The terms total, free, and combined are used as customarily denoted in
mill operation, the combined sulphur dioxide being the amount of sulphur
dioxide equivalent to the lime present as caleium monosulphite, and the

free being the difference detween the total and the combined,

The acid was analysed by the iodate method, as deserided by Palmrose
(22), wsing the following sampling procedure! A small beaker of the
acid was withdrawn from the tank after thorough mixing, and exactly 25
milliliters of this sample were diluted to 250 milliliierl in a gradusted
flwk, Twenty-five milliliters of the diluted acid, representing 2.5

milliliters of the original liquor, were used for titration.

Digestiont The cooks were made in ﬁall stationary autoolaves
provided with circulating pumps, indirect steam heaters, and injectors
#ither for the application of gas pressurs from a nitrogen cylinder or
for the imtroduction of water, as desired, The digester and auxiliaries
are shown in Figure 4, fThe autoclaves and hester viping, as well as
any other piping or fittings whioh came into contact with the coaking
liquor, were made of stainless steel, Connections were provided to the
acid tanx for filling the digesters by gravity flow, thus minimising
the loss of free sulphur dioxide during charging. The conical bottom

of the digester was connectad to the blow~pit dy means of a two-inch



stainless steel pipe in which was located a two-inch gate valve,

The blow-pit was a small wood stave tant containing a false
bottom of stainless steel punched with 3/32-inch holes spaced 3/8-
inch apart. The blow-pit was provided with a resmovable cover and
vomit stack, the latter being made of six-inch copper ripe. The
drain valve for the pit was located so as to draw off the liquid
from under the stohless steel false bottom. A detailed drawing of

the digester, heater, and injector is shown in Figure 5.

The following procedurs was followed in msking the experimental
sulphite cooks, A weighed oharge of air-dry chips of known molisture
content was pacited into the digester wnd ocovered with a perforated
lead plate to prevent them from floating in the 1iquor. Cooking acid,
preparsd as above, was admitted through the bottom until the liquid
level in the dizester was two inches below the top flange. This was
done regardless of the amount of acid required, as experience has
shown that a slight variation in the gas volume above the liquor causes
more variation in the pulp than does a slight variation in the liquer
ratio. The quantity of acid required was measured by means of the
calibrated gage glass on the acid tank, The greatest voriation ob-
served in the ratio of liquor to wood, using this method, was 7.1 * 0.25,
After charging the digester, the cover was dolted on and the digester
pressure immediately raised to 35 pounds per square inch (gage) by

means of the injector and a cylinder of commercial nitrogen zas. The
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ciroulating pump was then atarted and steam was admitted to the heater
at such a rate as to follow the predetermined temperature schedule,
Oaa was relieved from the digester, as nevessary, to keep the pressure

constant at the desired value of &5 pounds per square inch,

During the last fifteen ninutes before blowing, the pressure
was relieved at a constant rate to fifty noumds per square inch, at
which point the digester was blown. The cover wasremoved and any pulp
remaining in the digester and blow line washed into the bdlow pit with
hot water. Before draining the waste liquor from the pit, a piece of
wbdl eached muslin cloth was segurely tied over the drain valwvs ic

catch any fibers which might have washed through the false bottom,

After draining off the waste liquer, the stock in the pit was
flooded with hot water, stirred for fifteem minutes with a 1/% h.p.
*Lightnin Mixer" and then allowsd to drain. The pit was filled &
second time with hot water and the stock was stirred for anotaer i

minute period, after which it was allowed to drain slowly overanight,

Determination of Yield: All pulps were screened on & small

laboratory size Valley flat sore-n equipped with a plate out with

0.010-inch slots. The rejections from the screening operation were
dried to constant weight in an oven at 105‘0. The screenel pulp was
pressed to a demsity of approximately 25 per cent, droken into small
lumps and thoroughly mixed on a large table, It was then stored in

an airtight container, triplicate moisture samples bYeing taken as the
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can was filled, The net weight of the wes pulp in the can was deter-
nined and the oven-dry weight caloulated from the moisture content,
Pulp which passed through the false bhottom of the Dlow~pit was washed
out through the drain valve and, since it contained considerable dirt
and fines, was dried separately. The oven-dry weight of this pulp
(referred to as drainings) was added to that of the screened pulp in
deternining the screened yleld. The weight of the scresnings was
added to that of the scresned pulp to determine the total yleld, All
Yield figures are reported on the basis of the weight of oven-dry

wood charged to the digester,

Bleaching Proceduret Those experimental pulps which fell withim
the range of reasonsbdle dleach consumptions were bleached by the fol-

lowing twoestage prosedure;

The first stage consisted of a direct chlorination, using ehlorine
water in an amount equal to 35 per ceat of the total requirement as
indicated by the bleach consumption. The chlorination was carried out
at 20°C. and at one per cent consistenay until the chlorine was ox-
hausted, provided this time interval did not exceed 30 minutes, The
ohlorinated pulp was thoroughly washed with cold water, The pulp was
next neutralised with sodium hydroxide Just sufficient to keep the
suspension alkaline to phenolphthalein., This operation was carried oud
at two per cent consistency and was contiuud'for a period of 30 mimutes,

followed by thorough washing with cold water., The temperature used was



20%¢.

The second atage dleaching consisted of a hypochlorite bleach
at 4.5 per cent consistenay for a time interval of four hours at a
temperature of 38°C. (100°F.). The amount of bleash used was deter-
mined by small scale bleach coneumption determinations made on the
pulp from the first staze after neutralization. The conditions of
time, temperature, and consistency were maintained at the values
given above for these determinations., The amount of bhleach required
to produce a brightness of 80 per cent as measured dy the General
Tleotric Reflection Meter was taken from the curve of bleach used
versus brightness, and this amount was used in bl eaching the balanse
of the pulp from the first stage. The bleach liguor was prepared
from bleaching powder and was stabilised by the addition of an ex-
cess of lime, During dleaching, the pH of the liguor was maintained
in the range from 8,0 to 8.5 by the addition of small amounts of
hydrated lime. At the end of the bleaching period, the pulp was
thoroughly washed with warm water, pressed to a density of approx-
imately 25 per cent and stored in moisture tight containers pending

physical evaluation,

Physical Evaluation: All of the undleached and bleached pulps

which had sny premise of commercial wvalue were evaluated in the pebdle

mill, The following milling procedure was used: Ninety grems (ovea-
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dry) of pulp wers disintegrated in two liters of water in the British
disintegrator for 3000 unite oa the counter., The disintegrated pulp
plus one liter of water (total volume of 3 liters) was placed in the
Jar of an Abbe' Pebble mill and 77 flint pebbles, weighing 5 kilograms
and having a volume of 1892 milliliters, were added. The mill was
then rotated at 60 r.p.m. for the dssired time interval. At the end
of the milling interval, the pulp was removed from the jar, diluted
with 3 liters of water and the pebbles removed, Thrce liters of this
suspension were diluted to 12 liters in a five-gallon arock and stirred
with & small "Lightnin Mixer* for a period of 15 sinutes, The come
sistency of the suspension was determined and test sheets made dy the
standard procedure (TAPPI Method T 205 m). The test sheets were con-
ditioned at 65 par cent relative hunidity and 70°F. for at least eight
hours, care being takxen to approach the equilidrium eondition from the
wet side, The sheets were evaluated for burst ratio, tear fastor,
basis weight, N.1.7, folding endurance, appareat density, and opacity,
the last test deing apnlisd only to the bleached pulps, All physical

tests were made by Institute methods,

In adiition to the adove physisal evaluation, permanganate numbders
and bleach consumptions were determined on the undleached pulps, using
Institute methods Ko, 410-6 and 409-2, respectively. The method of

sampling for these two determinations was as follows:.

Apvroximately 500 grams of the unbleached pulp, taken in & repre-

sentative manner from the entire cook, were diluted to about two per
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oent consistency and stirred thoroughly with the "Lightnin Mixzer®
for 20 minutes, The sample used in making the detoerminations was
taken in small amounts from this large average sample, It was felt
that this method insured values for permangsnate numbers and dleach
sonsumptions more nearly representative of the entire lot of pulp

than aay method of grad sampling,

Chemica) Zvaluation: The best Douglas fir pulps from sapwood,
heartwood, slab wood, and the entire tree were chosen for chemical
analysis, The two comparison pulps, spruce and western hemleck, were
also analysed, The following determinations, all made by Institute
mothods, were carried out on the unbleached pulps: Lignin, alpha-
celiulose, cuprammonium viscosity, pentosans, alochol-bensene solubility,
sther solubility, and ash, These same pulps, after bleaching, were
analysed for the follewingi lignin, alpha~cellulose, ouprammonium

visoosity, pentosans, copper number, ether soludility, and ash,
The data odtained in this work ars preseated later,

PROCESS VARIABLZS:

Rgv Magerisl Variables: The raw material variables which ine
fluence sulphite pulping arst species, chip leagth, weod density,
and wood moisture cont-nf. Of these, onlj the species variable was

changed. The species of wood pulped were spruce, western hemlock,

and Douglas fir heartwood and sapwood., Cooks wers also made of mixtures
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of Douglas fir heartwood and sapwood in proportions representing

slab wood and the entire tree. Yor the slad wood cook, 15 per ceat
of heartwood by weight was mixed with the sapwood., This value was
chosen as richer in heartwood thas would actually be found in saw-
»ill waste., The mixture representing the entire tree was composed

of 85 per cent heartwood by weight.

Thile the chip molsture content for the different kinds of
wood varied, the moisture content of any one kind was constant over
& very small range., The small veriation which did oecur was oo~
casioned by the slight drying of the chips which took place during
storage., It is felt, however, that this variation was so small as

to be inesignificant,

All chips used in this work were cut with the same knife
setting on the chipper and were screened and sorted in the same

sanner, Thus, this variable was effectively eliminated.

Cooking Variables: As has already been stated, acid compow
sition, digester pressure, gas volume in the digzesters; and liquor

ratio were constant within a very marrow range for all cooks made.

In selecting cooking conditions for the first cooks, an attempt
was made tc keep the actiorn as mild as possible and still maintain
the cooking variadles within the commercial range. For this reason,
a comparatively lov maximum temperature of 134%C, was used. The

temperature was brought up to this point very slowly after an initial
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rapid rise to 90°C. The temperature schedule used for the first few

cooks 1s designated as Scheduls Ko. 1, and is given in ietail below,

Schedule Mo, 1 (nee Figure 6):

Trom To Time-Hours Total Elapsed
Time-Rours
20%, 90%¢. 1.0 1.0
90 100 0.5 1.5
100 110 1.0 2.5
110 118 4,0 6.5
118 13h 4,0 10.5

Hold 134°C, until end of cook.

This schedule was of the concave type in order to provide a greater
time interval for sulphonation at comparatively low temperatures, Other

schedules were used, and will be presented later.

The maximum digester pressure in all cooks was 85 pounds per square
ineh (gage). This pressure was apclied by nitrogen as at the very start
of the cook and was maintained at this value throughout the cooking
period by relleving gas to the atmosphere, The pressure was reiuced
uniformly to 50 pounde per sqguare inch during the last 15 minutes of the
cook, all cooks deing blown at this final pressure. ¥hile this maximmm
pressure falls in the midile of the range of cooking pressures used in
present commercial sulphite operations, the relief period at the end of
the cook was much shorter than is usually the case. This short relief
period was used in order that cooks might be blown on short notice, In

woat cases the endpoint of the gook was determined by the color of the

cooking liquor; hence s short relief period made it possible to dlow the
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cooks 15 minutes after the liquor sample indicated that cooking had
progressed to the point desired., Any operation involving a longer
relief period would therefore require an increase in the total cook-
ing time in order to obtain a pulp with the same degree of deligni-

fieation,

In most cases, as has been mentioned previously, cooking time
was determined dy the color of the cooking liquor. Prescipitation of
the cooking liquor was observed in several of the cooks, and as this
was followed (within 15 to 3O minutes) by noticeable burning of the
pulp, those cooks wers bdlown as soon as possidle after precipitation
started in order to minimise this effect. The phenomena of bdurning
and precipitation will be discussed in more detail at a later point

in this dissertation,

Two sapwood cooks, one of 12.25 hours (D-3) and one of 13.75
hours (D-U), were made using Schedule No. 1. Both of these cooks
produced satisfastory pulps from the standpoint of y101d<a§d quality,
A heartwood cook (N=5), made under these same conditions with 13.75
hours total cooking time, was found to be quite raw, Usiag Schedule
No, 1, two more heartwood cooks were made, the first of 16 hours!
duration(D=6). This pulp was badly ﬁurnod. end the waste liquor con-
tained a consideradle amount of an inorganic precipitate, which was

found to contain both calcium sulphite and ealcium sulphate, Tree

sulphur may have been oresent, but it was not identified., Cook Ne. D=7,
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made with heartwood chips under the above conditions, was blown after
14.75 hours. The liquor was cloudy when dlown but still had an orange-
red color, At a later date, another heartwood cook (D-18) was made
under the same conditions as Cook No. D-7 and was blown after 1L.5
hours. This was done to check the reproducidility of the cooking
procedure as regards yleld andi quality of pulp, The waste liguor from

this cook was clear at the time of blowing.

Several cooks were made at higher maximum temperatures. Cook
No, D-8, using sapwood chins, was made according to Scheiule No, 2

with a maximum temperature of 1h5°c. This schedule {s given delow,

Schedule No. 2 (see Figure )i

From To Time-Hrs, Total Tlapsed
Timne-Hrs,
20%. 90°¢, 1.0 1.0
90 100 0.5 1.5
100 110 1.0 2.5
110 119 R.O 5.5
119 15 25 9.75

Hold 145°C. until end of cook.

The cook was blown after 11 hours, at whioh time the liquor had pro-
cipitated. This pulp was bdadly burned and was not evaluated except

for yleld, bleach consumption, and permanganate number.

It was felt that, with a more rapid temperature rise to 145°C,,

a satisfactory pulp might be obtained defore burning occurred. For

this reason, another sapwood cook (D-9) was made ascording to Schedule
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No, 3, glven below. This caok resulted in s satisfactory pulp after

10 hours,

Schedule No, I (see Figure 8):

From To Time-Hra, Total Elapsed
Time-Hrse,
20°¢c, 90°¢, 1.0 1,0
90 100 0.5 1.5
100 110 1.0 ’ 2.5
110 120 2.0 4.5
120 145 4,0 8.5

Hold 145%C. until end of eook.

Cooks made using Schedule ¥o, 3, but at uazimum temperatures delow
145%C,, had the same rate of risme from 120°C, to the final maximum
temperature,

It was found that heartwood could not de pulped at 140°C. with-
out precipitation of the cooking liquor with the attendant burning of
the pulp. Cook D=2l illustrates this polnt, The cook was dlown after
10.75 hours, at which time the liquor had precipitated. The digester
charge was found to be 1nconpi¢tely palped, the amount of screenings
being very high, However, heartwood can be satisfactorily pulped using
Schedule No, 3 with the faster temperature rise, provided the maximum
temparature s low (134°C.), A satisfactory pulp was obtained from
heartwood chips when cooked by Schedule Ko, 3 at a maximum temperature

of 1349C., using a total cooking time of 11,25 hours (D-17).

Mixtures of sapwood and heartwood chips representative of slabd
wood and of the entire tree were cooked, The slab wood mixture (D-19),

consisting of 85 per cent sapwood by weizht, was pulped in 10 hours
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using Scheduls No, 3 and a maximum temperature of 110°C. The mixture
representative of the entire tree (D-20) consisted of 85 per cent
heartwood by weight and was pulped at a maximum temperature of 13“00.

in 14,25 hours, using Schedule No. 1.

For purposes of comparison, a western hemloek caok (¥V'-1) was
nade according to Schedule No, 3 and wae blown after 3.75 hours, using a4

maximum tempersture of 140°C,

A spruce pulp (S-2), cooked by the Institute puining class in
the Spring of 1937, was chosen as a comparison pulp from thie sveciss.
This pulp was cooked at 75 poumds per square inch maxirum nreesure,
the digester heing relieved to 50 pounds per square inch during the
last hour, No initisl nitrogen pressure wae used, The acid concen=
tration in this case was 5,00 per cent free and 1,77 per cent combined

sulphur dioxide. The tempsrature schedule for this cook is given delow.

Concave Spruce Scheduie (see Figure 9)1

From To Time-Hrs,. Total Elapsed
Time-Hre,
20°¢, 110°%C, 3,0 3.0
110 120 - | 2.5 5¢5
120 1o 1.5 1.0

Cook bdlown at end of 10 hours, Maximum temperature 140°C,

‘\‘.

Summary of Fzperimentsl Pulping Datal

The data-colleoted during the individual cooks are given in Appen~

dix B and are summarized in Table V.
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~ FIGURE 9
CONCAVE SPRUCE SCHEDULE
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The detailed tadulation of physical testing data is given in
Appendix C, A susmary of the physical properties at s freeness of

600 s given in Tabdle VI.

TABLE VI

PHYSICAL PROPPRTITS OF UMB, ACHZD IXPETIMFNTAL PULPS AT FRETNESS 600
SCHOPFP:R~QIGLER

Pulp No. IBurst Ratio | Tear Factor| M.I.T. Fold.T Apparent |Time to 600
Double Fold | Density Freeness
I N 1 Mo, | M,
n-a 112 184 1483 12,7 90
De 110 195 1550 1k,.2 94
D-§ 95 135 560 13-1‘ 61
Deb 80 177 340 1,0 80
D7 103 177 1080 13.8 76
De§ Not Evaluated
D=9 113 201 1330 14.0 92
D17 112 1Ls 980 12.3 108
D-18 107 134 1140 14.6 83
D-19 109 193 1360 14,1 1
D=20 100 165 620 13.6 85
D21 Not Evaluated
32 142 115 1040 15.1 Th
¥E-1 147 133 2740 15.7 gk

The nrimary object of this work was to find cooking conditions
which result in the satisfactory pulping of sapwood, heartwood, slad
wood, and the emtire Douglas fir tree. Cooks No., D=3, D=7, D=19, and
D=20 were selected as fulfilling these objectives, and therefore the
other pulps, while useful in determining the range of variables in
winich satisfactory pulps may be produced, were not evaluated as com-

pletely., Curves for the physical strength development of the selected

pulps are shown in Figures 10, 11, 12, 13, and 1h,
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FIGURE 10

BURST RATIO

Unbleached Pulps
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FIGURE 11

FREENSSS DEVELOPIZENT

Unbleached Pulps
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FIGURZ 12
¥X.I.T. FOLDING EWDURANCE
Unbleached Pulps
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FIGURE 13

TEAR FACTOR

Unbleached Pulps
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FIGURE 14

APPARENT DENSITY

Unbleached Pulps
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Unbleached Douglas fir pulps, in gemeral, had a poor color as
compared with spruce and western hemlock pulps. The spectral reflee~
tance curves of the six selected pulps were determined on the General
Zleciric Recording Spectrophotometer. These surves are given in Figure
15. Table VII shows the I, O, I, tristimulus values for I, C. I,
illuminant C as caloulated from these curves by the selected ordinate

method, Thirty ordinates were used,

TABLZ VIX

TRISTIMULUS VALUBRS OF UNBLRACHRD PULPS

Pulp ¥o{ Ximd x y Dominant Excitation Brightness
Vave Lagth Purity (Visual Efficiency)
V73 % %
D=3 Sapwood 0.3kh4 | 0,345 580 17 51.0
D7 Heartwoed [0.357 (0.366( 576 25 4s5.8
D=19  [Slab Wood (0.345 | 0,346 580 17 39.6
D20  |Entire Tree|0.351 | 0,357 578 22 464
5-2 Spruce 0.329 [ 0,335 578 10 66.4
WE-1 W, Hemlook [0.333|0.332| 584 10 54,0

Sample sheets of all the unbleached pulps will be found in Appendix E,

A numdber of the experimental pulps were dleached according to the
procedure described earlier in this paper (pege 22), The dleaching data

are presented in Tabdble VIII,



=50~

TABLE VIII

RXPERIMINTAL BLZACYING DATA

Cook | KMnOy, | Bleach FPirst Stage Seeond Stage | Total Bright-
No, | No, | Cons, | %# 015] # NaOH | € 3leach| % Ca0 | Bleach| ness, %

g:g 16,1 2 1.23 0.36 10 2.2 | 13.9 79.5

1.2 13 1, 0.23 6 1.3 | 10.6 g1.8
D=5 |27.2 3; hosh | 0,63 20 3.0 | 33.0 179.5
D- 8.0 0.4 | 0,18 6 1.3 8.1 79.9
De7 |15.2 19 2.33 | 0.36 9 1.5 | 158.7 82,3
D9 |12,4 17 2,08 | 0,29 9 1.8 | 14.9 79.3
D=19 | 15.5 22 2.70 | 0.%0 12 2.9 | 19.7 19.3
D=20 {11.3 13 1.59 | 0.25 7 1.5 | 11.5 80,3
S-2 |1l.1 1 1'33 0.36 10 2,2 | 13.9 19.5%
m‘l 11.“ 15 1. 0.29 10 2.1 15.3 7908

The bleached pulps were evaluated for physical properties in the
same manner as were the undleached pulps, with the exception that opacity
measurements were also made. The detailed data for these evaluations
are found in Appendix D, Curves representing these data for the selected
cooks are shown in Pigures 16, 17, 18, 19, and 20. A summary of the
physical proverties at a freeness of 600 is given in Tyble IX, Sample

shests of the bleached pulps are to de found in Appendix E,
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FIGURE 15

REFLECTANCE CURVES FOR UNBLEACHED PULPS
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FIGUR:E 16

BURST RATIO

Bleached Pulps
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FIGURE 17

FREENESS DEVELOPMENT

Bleached Pulps
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FIGURE 18
¥.I.T. FOLDING EWDURANCE
Bleached Pulps
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FIGURE 19

OPACITY AND APPARENT DENSITY
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FIGURE 20

TEAR FACTOR

Bleached Pulps
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TABLE IX
PUYSICAL PROPERTIZS OF BLEACHED EXPERIMINTAY PULPS AT FREZNESS 600
SCHOPPXR-RIZOLER
Pulp | Burss | Tear | M.I.T. Fold| Apparent | Contrast| Time te 600
¥o. Ratio | Yactor | DoubleFelds Density Ratio Treeness
’ ’ Min,
D 100 155 900 13.7 h4.6 104
D-Pt 92 190 560 13,3 30.3 106
n—g 96 108 390 13.9 1.2 i)
D= 67 163 105 13.8 gg. 99
D-7 & 1%0 340 13.7 .0 93
D=9 93 28 120 13.1 us.g 110
D19 98 180 135 13.4 u6. 11k
D-20 86 161 430 13,6 Lg.h 103
Se2 141 122 1900 15.9 gﬁ.h 18
¥E-1 125 1| 136 127% 14,3 5.8 99

Color curves of pulps S«2, D=3, and D=5 wers determined on the

General Xlectric Recording Spectrophotometer and are given in Flgure

a.

calculated, using ten selected ordinates.

The I, C. I, tristimulus values for 1. 0, I, {lluminant C were

These data are given in

Pable X.
TABLE X
TRISTIMULUS VALURS OF BLEACHED PULPS
Pulp No. Kind x y Dominant Excitation Brightness
Wave Length | Purity |(Visual Efficiescy)
I ... S
8.2 Spruce 0.322 | 0.330 576 6.8 g8.4
D=3 Sapwood 0.317| 0.325 5Th k.1 90.4
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PIGURE 21

REFLECTANCE CURVES OF BLEACHED PULPS
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The pulps which were selected for detailed evaluation (page %)
wore subjected $o chemical analysis, the results of which are given

in Tables XI and XII,

TABLE XI

CHEMICAL PROPERTIRS OF UNELEACHED PULPS

Pulp | Aloohol=| Xther | Liznin| Pentosans Apha Viscoslity Ash
¥o. | Bensene | Soly. Cellulose CoP. 3
30130 ‘ ’
D-3 0.7 0. 0.88 3.6 88.4 .8 o.us
D-7 0, o.gg 0.7% 3.13 83.6 21‘.1 0.56
D-19| 0,78 | 0,64 | 0.98 3.80 63.9 69.8 o.a
D20 | 0.81 | 0.58 o.gs 1.3 90,0 58.3 1
S-2 1.24 | 0.86 | o1 6.17 82,5 31.6 0.47
WH-1| 0.95 | 0.80 | 0.64 4,78 sh,1 _.7 0,43
TABLE XII

CHEMICAL PROPERTI®ES OF BLRACHED PULPS

Pulp Alpha Lignin | Copper | Viscosity | Pentosans | Zther Ash
Ho., | Cellulose f Yo, C.P. 4 Solye.

D-3 86.4 0.04 | 1.6 38.6 3.50 0,53 c.ke
D=7 ‘g o2 o.gz 1.23 ag.9 2.97 0.55 0.k
D=19 0. 0.80 3,61 0. o.a
D=20 87.4 o.g& 1.4 3.7 1,28 0,55 0.

B2 82.4 0. 1.13 2u,7 g.ss 0.83 0.3
¥E-1 82.8 0.05 | 1,29 28,8 .63 0.75 0.47
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Discussion of Data:

Pulping Data: It 4s apparent from the data presented in the

preceding tables that Douglas fir wood, either as slabs or as whole
logs, ean be satisfactorily pulped by the sulphite proceas without any
pretreatment and without deviating from the range of conditions used
in present commercial operation, A study of Tadle V shows that both
Douglas fir hearstwood and sapwood ars more iifficult to reduce than
either spruce or western hemlock, Heartwood is more difficultly pulped
than sapwood, This incrensed resistance of the wood to pulping is more
than offset, however, By the higher density of the wood, giving a
higher yield of pulp per digester, and by the increased yleld based

on the weight of woodi weed, Tor example, Cook D=5 gave a screened
yield of 56,7 per cent besed on the weight of wood, and while the
bleach consumption wes 37 per cent, the amount of screenings based on
the unscresned pulp was only 0,37 per cent, This is an inorease of
over 8 per ceant in weight yleld as compsred with the spruce cook, 8-2,

and an increase of 6 per cent over the yleld of pulp from western hemloock,

If a commercial digester were to be charged with the same volume
of Douglas fir chips as is normally used when cooking spruce, the weight
of Douglas fir chips required would amount to approximately 1,33 times
the weight of spruce, Assuming the yield of Douglas fir pulp to be two

per cent greater than that obtained from spruce, an amount which could

easily be realised in commercial practice, the weight of pulp obtained
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from the Douglas fir cook would amount to 1.39 times the weight of
snruce pulp, If the spruce vere cooked ten hours and the Douglas fir
fourtesn hours, the pulp production per day for Douglas fir would be
about 1,02 times that from spruce, assuming 1,25 hours for dlowing and
£411ing the digester, Thus, in spite of the longer cooking time re~
quired for Douglas fir, a change from spruce under the conditions des-
cribed would result ia a 2 per cemt increase in pulp production at mo
extra aost, The cost for the Douglas fir cook would probadbly de lower
than that for the spruce cook, as less steam would be required to cook
at the lower temperature employed im pulping Douglas fir, These savings,
coupled with the considerably lower cost of wood for the Douglas fir

eperation, show a Jeciied economic advantage for this speclas,

It is possidble to cook Douglas fir sapwood to almost any desired
bleach consusption witkout dangzer of pregipitation. The low screenings
content of those pulps which were burned indicated that this oceurred
at the end of the cook, after precipiatstion of the liguor started, If
burning had taken place in the sarlier stages, it would have deen manie
fested by a fairly high amount of screeninzs containing buraed chips.
This was not the oase. Yhen dealing with the heartwood of this species,
i1t was found that the major problem was te cook the pulp to the desired
degree before precipitation of the liquor occurred. Using Schedule Ne. 1,

precipitation was found to teke plase somewhere between 14.5 and .75

hours. The bleach gonsumption of Cook D=7, cooked 1l,75 hours, was 19
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per cent, while that for Cook D~1& after 14,5 hours was 23 per cemt,
Apparently this is the limit to which heartwood may be pulped under
thess conditions, Using Schedule Yo, 3, with a maximum temperature
of 134°C., the bleach consumption of the pulp (D=17) was 30 per cent
after cooking 11,75 hours, the noint at which precipitation was firset
noticed in the liquor. This pulp had 1,39 per cent screenings as com-
pared to 0,50 per cent for Cook D-18, This indicates that not only
the maximum temperature, but also the temperature schedule, has some
effect on the poimt where precipitation begins. 3chedule ¥o, 1 had

& very low rate of temperature rise from 110'0.. while Schedule No, 3

smployed a much steeper temperature curve,

I8 was found that heartwood could not be completely pulped at
140°C. defore precipitation of the liquor oocurred. Cook D=21 {llue=
trates this point, After 10.75 hours, this cook showed preeipitation
in the liquor, and was blown. The pulp was exceedingly raw, having
a permanganate number of 38.4 with 11.4 per cent screenings, From this,
it is seen that the prodlem of p loing Douglas fir hinges on a satis~

factory pulping of the heartwood.

The problem in the pulping of Douzlas fir heartwood iz the pre=
cipitation of the cooking liquor and the resultant burning of the pulp.
The cause of this phenomenon has not been definitely established, ale
though several factors which influence its occurrence are known, Oishler

and Masws (25), in their studies on the system calcium oxide~sulphur
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dioxide~water, observed the precipitation of calcium monosulphite from
the solutions at temperatures considerably bdelow the normal sulphite
cooking range, They found that precipitation temperatures were in-
creased by a decrease in lime content or by an increase in sulphuy
dioxide concentration of the liquor, With four per ceat sulphur diorxide
and two per cent lime, these workers found the precipitation temperature
to be 70%C,, while with four per cent suiphur dioxide and only one per
cent lime, the temperature at which precipitetion occurred was raised

to 114°¢C, Similarly, with six per cent sulpbwr dioxide and two per

cent lime, the temperaturae was 102°0.. and with one per cent lime it

was increased to 1}6°c. In the presence of spruce wood, these temper-
atures were increased considsrably and, although the meschanism by which
this increase was obtained was not determined, the porsidility wae
advanced that the colloilal ocondition of the woi had a detsrent actionm

on the precinitation,

It mey be possidble, since calcium sulphite was observed in the
precipitate found in the liquor from Cook D=6, that the precipitation
temperature of the liquor was exceeded in those sooks which exhidited
turning. If thies were true, then Douglas fir wood does not elevate
the precipitation temperature to the same extent as doss spruce., Also,
the heartwood of Douglas fir does not have the same elevating tendemcy

as the sapwood,

Asgsuming this property of sulphite acid to be the cause of the

precipitate, two remeiies are suggzested., First, the maximum temperature
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of the cook may be reduced. In comparing Cook D=21 with D-18, it is
seen that a reduction in the maximum temperature from 10%c. to 13h°0.
does have a beneficial effect, in that precipitstion occurs much later
in the cook at the lower temperature. Vith the same maximum pressure,
a reduction in temperature also resulte in an inorease in sulphur
dioxiie concentration in the liquor, a factor which should be helpful
in eliminating the difficulty, There is a limit to this redustionm in
temperature, however, in that a suffieliently high temperature nust be

used to complete the cook in a reasonadle length of time,

The second remedy involves increasing the concentration of sul-
phur dioxide in the liquor by increasing the digester pressure. This '

was not tried in the present work, but is an interesting possillity.

Another factor which may have considerable effect on this tendency
of the liquor to precipitate is the relative rates at which caloium oxide
and sulphur dioxide are consumed by the wod., If the sulphur dioxide is
removed from the ligquor, by reaction with the lignin of the wood and by
digester relief, at a much greater rate than lime is consumed, the pre-

oipitation temperature would be lowered. This may well be the case,

The effect of small amounts of impurities in the cooking acid in
promoting the auto~-oxidation and reduction of calcium disulphite to
ealcium sulphate and free sulphur has been demonstrated. Selenium, for

example, is very troublesome in this respect} other compounds having
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similar tendencies are the members of the pinene series, Bince the
oleo-resin of Dovzlas fir contains limonene, as well as other members
of this series (30), this may be a contriduting factor, if not the only
cause, of the precioitation., If this is true, there is no possidility
of completely eliminating pvrecipitation by the adjustment of cooking
variables alone., Also, & larger amount of these resins would be foumd

in the heartwood than in the sapwood,

Since both caloium sulphite and calcium sulphate were found in
the precipitate, it seems reasonable to oconclude that pecipitation in
the case of Douglas fir heartwood is caused by a combination of two
reactions: first, the precipitation of calcium sulphite caused by ex-
ceeding the precipita‘ion temperature of the liquor, and second, the
precipitation of calcium sulvhate and sulphur caused by the pra;enco
of compounds of the pinene series. As has been iemonstrated by Cooks
D=§, D=7, D=18, and D«20, this precipitation can be avoided by the care-
ful choice of cooking conditions. Using conditions remorted for these
cooks, pulps of a reasonable dleachability may be odbtained before the

precipitation point is reached.

Yhile it 1s true that most of the Douglas fir cooks made had com-
paratively high bdleachavilities, this fact 1is more than offeet by the

increaned ylelis obtained from this species,

Physical Properties: A study of Table VI shows the same trends

of pulp quality for Douglas fir pulps when compared with spruce as were
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predicted from the physical evaluation of the chlorine pulps. OCook
D=6, which was badly burned, showed a much lower burst and fold than
did the other unbleached Douzlas fir pulps. 6ook D=5, & very raw cook,
did not develop as high a burst as those pulps gaoked to lowﬁr'bloach
consumptions, Thie point has also been observed in very raw spruce
pulps, and canmot be considered as adnormal, eferring to Table XI,

a general correlation between fold and pentosan content may be noted,
and to a somevhat smaller extent, this i: also true to burst, This
tendenoy has been discussed in connection with the chlorine pulps, and

will not be elaborated here,

Unbleached Douglas fir pulps develop their physical properties
more slowly than do spruce and western hemlock (see Figures 10-14), The
burst ratios were found to range from S0 to 113 per cent at 600 freeness,
but in no case was a distinct maximum observed in the curve of burst
ratic against milling time, Presumadbly, longer milling would result

in increased burst ratics, although at freenesses below L0O,

¥Folding eniurance curves show these same tendencies, In general,
Douglas fir pulps develop higher folding strengths than spruce at the
higher freenesses, but they do not show as sharp a rise at the lower

freenesses as is the ¢ase with the spruce pulp.

All Douglas fir pulps exhibited higher tearing strengths than

either the mpruce or western hemlock pulps., The curves of tear fastor
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against milling time show the tear factor for Douglas fir pulps %0 de-
crease nmuch more slowly with increased willing than was observed for
the spruce pulp., 7This high initial tear and slow loss on milling is

probably due in a large measure to the long fibers of this species.

A low apnarent iensity 4s a typicsl property of these Douglas
fir pulps. The pulps would therefore be useful in producing bulk in

a sheet, a property which is very desirable in many graies of paper.

Because of their poor color, unbleached Douglas fir pulps would
probably find application only in those grades of paper where color
is not important, or in heavily dyed sheets. Their physical propertiess

indicate their use in such grades as wrapping and ecover papers.

Chemic al Properties: The two most striking features shown by
the chemical analyses of unbl;thed Douglas fir pulps (see Table XI)
are the high content of alpha-cellulose and the low peatosan content,
Values for alpha-cellulose (corrected for lignin) range from 88 to 90
per cent, © to & per cent hizher than those for spruce and western hem-

look,
W

Pentosan contents as low as 1.4 per cent were observed, while the
maximum found was 3,8 per cent, Hoth spruce and western hemlock had

pentosan contents consideradly in excess of these values,

Although many investigators have descrided Douglas fir as a resinous

wood, actual analysis of the wood shows this idea to be erroneous, The
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alcohol-bensene solubility of both the heartwood and sapwood of this
species is lower than that found for spruce or western hemlock, and
this fact is also observed in the analysis of the unbleached pulps,
The ether solubility of unbleached Douglas fir pulps is alsc lower
tian that for scruce or western hemlock, indicating that unbleached
Douglas fir pulps would cause little or no pitech trouble on the paper

machines,

The lignin content of thene pulps is about that expected from
the bleach consumptions, although the correlation between bleachability

and lignin content is only a gemeral one,

The chemical analysis of these unbleached pulps indicate that
they would prodably serve very well as raw material for high quality

rayon pulps,

Bleaching Datat The data obtained during the ble~ching of the
sxperimental pulps (see Tadle VITI) show that with only a two-stage
procedure, it is possible to bleach Douglas fir sulphite pulp to a
brightness as high as 80 per cent or mere without any difficulty what-
soever. The amounts of btleach required in general were approximately
the same s were required by the spruce pulp. Only the very raw Douglas
fir pulps required more. Sapwood is no harder to bleah than either
spruse or western hemlock, a finding which contredicts reports made in

the literature. Further, the amounts of caustic soda and lime used in

blerching were not excessive for the Douglas fir pulps. A study of the
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data in Table VIII will show that in every case, with the exception of
Coox D=l which was burned, the amount of bleach required to reach a
brightness of 80 per cent was appreciably less than the bleachability,
while the spruce pulp requirel more to reach the same brightness, This
seems to indiczte that less chlorine is required for the removal of a
given amount of coloring matter from Douglas fir pulps than is the case

with either spruce or weatern hemlock,

Fhysioal Properties of Bleached Pulpst The data in Tadle IX show

that thers was a small amount of degradation with respect to physical
properties during bleaching. Burst and fold show a decrease over those
found for the .nbleached nulps, while the tear is somewhat higher, In
general, the opacity of the Douglas fir pulps is lower than that for

spruce but hiyher than that for western hemlock,

Bleaching tends to make the rate of hydration of all the pulps
somevhat slower, dut in the order as observed for the unbleached pulps.
All atrength curves for the bleached pulps possess normel shapes, as

may be seen in Firures 16 to 20,

Trom a papermaking standpoint, bleached Douglas fir pulps would
be desirable blending pulps for almost any grale of paper, The ex-
tremely long fibers of Douglas fir pulps may cause some ilfficulty on
commercial paper machines frow the st ndpoint of formation., The tendency
of long fibers to flocculate into knots or bundles, giving rise to wild
sheet formation, is known, It may be found necessary to use extreme

Jordan action in order to decrease the fiber length sufficiently for



good shest formation,

On the other hand, if used as a blending pulp, bdleached Dvuglas
fir sulphite would impart desirable properties to many graies of paper.
Of primary interest in this respect are the high tear ani low apparent
density of these pulps. The use of Douglas fir pulps in such grades
as mimeo, bond, ledger, printing, folding raw stock, wrapping, and
cover would probably result in a cheapensd furnisk possessing improved

physical properties,

Chemical Properties of 2leached Iulpst The chemical analyses

indicate that the bleashed Douglas fir pulps, while showing slight degra-
dation from the bleaching operation, possess all the properties of

spruce pulps after a mild alpha treatment, The viscosity is consider-
ably higher than that for the soruce and western hemlock pulps, and the
large inerease in alpha-cellulose content over the other two anecles i
again aprarent, The pentoson content is nomewhat lower than for the
unbleached pulps, but not significantly so. The differances hetween

the pentooan contents of the species are in the =zame order as was found
for the unbleached pulps. The sther solubility of the bleached Douglas
fir pulps 48 lower than that for snruce and western hemlock, while there
are no significant differences between the lignin and ash values, Copper
nunbers ars somewhat high for blesched pulps, indieating that asome slight
degree of degradation occurred during the bleaching operation, lNeverthe-
less, the snalytical iata are comparative, as the same proceiure was used

for all pulps,
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Because of their high alpha-cellulose content, the use of bleached
Douglas fir pulps for the manufacture of cellulose derivatives 1s sug-
gested. Thile no data are available on this point, the chemical analyses
of the pulps indicate that any purification t. eatment need not be as

extensive as is the case with other pulps. This particular application

of Douglas fir pulps is certainly worth further investigation.
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THECORFTICAL WORK

INVISTICATION OF DOUGLAS PIR LIGNIN

ObJjeat:

The objJeot of this part of the work was to prepare a number of
lignin derivatives from Douglas fir heartwood and sapwood in the hope
that some significant difference might be found which would explain
the difference in bdehavior of the two types of wood during pulping.

All the lignin compounds were to be compared with similar compounds
prepared from spruce lignin, It has been sugrested by Bailey (]) that
the liznin of Douglas fir differs from that of spruce only in the degree
of polymerisation, while Beuschlein (§) reports that the increased
diffioulty in pulping Douglae fir with soda base liquor can only be
attributed to differences between the lignin of this mecies and that

of spruce,

Yood Preparation:

Sawdust from both sanwood and heartwood was sround to pass a
40-mesh screen and be retained on a 60-mesh screen. The wood meal 80
prepared was then extracted with the constant boiling mixture of alcohol
and bensene (1:2) until five millilitere of the solvrnt (in contact with
the wood meal) left practicaliy no residue on evavoration, The extraction
was oarried out in a large soxhlet extractor, as much as 300 grams of the
wood meal being ‘reated at one time, The extracted wood meal was then
air-dried and placed in moisture tight Mason jJars pending 1ts use for

preparation of the lignin compounds.



Sulphuric Acid Limin:

The 1ignin residue from the determination of lignin in the wood
samples wan saved as sulphuric acid 1iznin, This was ${solated according
to Institute Method No, 13~1, A methoxyl determination was made on this
lingin using the method of Viebock and Schwappach (26). The following

data were obtalned:

3anpwood Heartwood Spruce

Yield, % 2ﬁ.ho 28.60 27.60
Nethoxyl, % 14,00 1440 14,80
Ash, % 0.52 0.kg 0.55

As may be seen, the yleld from the various types of wood is not
significantly different, This may also be said of the methoxyl and

ash values,

Hillstatter Lignins

%illstatter lignin was prepared from both heartwooed ani sapwood
by the method of Kald and Lieser (2]). Ten grams of the wood meal were
treated with 200 milliliters of hyirochloric acld (specific gravity
1,222 at o°c.) at a temperature of 1 to 5°C. The suaﬁenaion was shaken
vigorously from time to time over a period of two hours, the temperature
belng allowed to rise to that of the room during this period. The mixz-
ture then was diluted with 65 grams of water in the form of finely

cracked ice and allowed to stanl at room temperature for 18 hours, At

the end of this neriod, another 65 ;ram portion of water was added, and
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the lignin filtered off on a Buchner funnel, The precipitate was washed
with 200 milliliters of hyiroohloric aeid (111), followed dy a thorough
washing with water. Yor purification, the lignin was boiled in 200 milli-
liters of water 'with the graijual addition of sodium carbonate until the
supernatant liquor was neutral to litaus papers . The solution was re-
moved by filtration. The vrecipitate was agzin treated with 200 milli-
liters of boiling water for a ten~ninute psriod and filtered, This last
treatment with Boiling water was repsated three more times, and the pro-
duct was then dried in a vacuum desiscator over sodium hydroxide and
sulphuric acid, Methoxyl and ash determin tions were made on the products,

with the following resultst

Sapwood Heartwood Spruce

Yield, % 31,00 30,00 2530
¥ethoxyl, £ 14,% 14,20  14,5-15.5
Ash, % 0.21 0.22

Thioglycolic Acid Lignin

Thioglycolie acid lignins from Douglas fir heartwood and sapwood
were prepared according to the method of Holmberg (28). Forty grams of
the wood meal were treated with a mixture of 30 grams of thioglycolic
acid ani 40O milliliters of 2 N hydrochloric acid. The mixture was heated
on a boiling water bath for a pericd of seven hours, at the end of whieh
time the sapwood mixturs had taken on a very red color, while the heart-
wood was & light orange. Spruce under these conditions shows only a

very light buff color. The susnznsion was filtered and washed thoru\gdy
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with distilled water, and the filter cake was alr dried, The sapwood
me,l had become a dark red, while the heartwood was & light orange golor,
The ajr-diried material was then mixed with 200 milliliters of ethyl
alcohol and allowed to stand for 48 hours, The alcohol was then filtered
off. The filtrate from the sapwood had a vright orange color, while

that from the heartwood was a light straw color. The filter cake was
again air-dried, them treated with 400 milliliters of distilled water
containing & groms of sodium hydroxide, and allowed to stand over night.
This dissolves the lignin. The pulp was iltered of f and washed with
disilled water until the volume of liquid reached 1 liter, The filtrate
was then acidified with 20 milliliters of concentrated hvdrochlorie acid
and the precipitated lignin removed by filtration., The lignin was washed
with dietilled water until acid free as showm by Congo red paper, The
£1ltrate from the sapwood lignin was yellow in color, vhile that Irom

the heartwood was almost colorless. The crude sapwood thioglycolice acid
1imin was a deep red color, while that 7rom the hzartwood was a light

buff,

The crude liimins were purified by dissovling them in dioxaae,
filsering, and preeinitating the dioxane solution in ether. The pre-
cipitated lignins werc washed twice with ether and twice with petroleum
ether, The sapwood compound was a dull red nowder, while the heartwood

thiozlycolic acidi lignin was obtainei as a cream=-colored powder,

Since the solutlons of the crude thioglveolic acid liznins appeared
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$0 be of widely different viscosities, 1t was thought that visgosity
measurements of the dioxane solutione might give a roush idea of the
relative degree of polymcrization df the two lignins, For this reasson,
the viscosity of four per cent solutions of both heartwood and sapwood
thioglycolic acid lignins in dioxane were determined by means of an
Ostwald tube, However, the purified comporndas were found to have iden-

tiecal viscositier, and no conclusions could be drawn from this data,

Methoxyl determinations were made on the purified thloglyecolie acid

lignins, which were found to be ash free. The data obtained follows:

Sapwood Reartwood Spruce
Yield, crude, ¥ 27.5 27,00 30,0
Yield, purified, % 24,0 24,00 25.5
Methoxyl, ¥ 11.5 11.40 11.9

Phenol Lignin:
Phenol liznine were prepared from Douglas fir hrartwood and sapweod

according to the procedure described by Buckland, Brauns, and Eibdert (29).
Pure anhydrous phenol (750 grams) was placed in a one-liter Claissen flask
proviied with a dropping funnel and a mechanieal stirrer. The phenol was
heated to 80°C. and BO grams of wood meal added, An anhydrous ether
solution (135 milliliters) of 5.4 grams of hydrogem chloride was added
during a period of 10 minutes through the dropping funnel, the snd of
which was placed delow the surfuce of the molten phenol. The mixture was
stirred constantly during this time, and the temperature maintained between

%0 and 90°C. The golor of the reaction mass changed £r8dually rron o
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1igzht yellow to @ deep greenish black., This same color chanse was
noted for both the heartwood and the sapwood. At the end of one-

half hour, the phenol was distilled off under reduced pressure, the
temperature teing slowly raised to 100°C. The residue was a dbrownish
black tar, which bdecame brittle at room temperature. This tar wes
dissolved in 150 milliliters of acetone and methy) alcohol (1:1) and
the resiiual cellulose removed by filtration. The cellulose was washed
thoroughly with methyl alcohol and acetone, and the washings comdined
with the filtrate. The solution so obtainei was concentrated, and any
phenol which was present was removed by distillation under redused
pressure, The residue from this operation was dissolved in 150 milli-
liters of the acetone-methyl alcohol solvent and the lignin precipitated
by adding the solution dropwise, with vigorous stirring, to four liters
of distilled water. The lisht gray solid which separated wos filtered
off and thoroughly washed with distilled water, The total yleld of dry
erude phenol lignin was U6 grame for the heartwood and 45 zrams for the
sapwood, equivalent to 57 and 50 per cent, respectively, of the o¥gzinal
wood weight, Spruce, when treated as above, ylelis 67 per cent of a
product having a methoxyl content of 6.4 per cent. The Douglas fir

crude phenol lignins hai methoxyl contents of 7.1 per ceat for the hearte

wood product and 7.2 per cent for the sapwood produst,
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Tractionation of Cruie Phenol Lignin

The crude phenol lignins were separated into an ether~insoluble
frastion (Phenol Lignin A) and an ether-soluble fraction (Phenol Lignin

B) by the following proceduret

Isolation of Ether-insoluble Phenol Lignin A1 Twenty grams of

the crude phenol lignins were dissolved in 200 n11liliters of anhyirous,
glycol=free dioxane, giving a very dark chocolate~hrown solution., This
was filtered and adied dropwine to seven o eight times its volume of
anhydrous ether with vigorous atirring. The limin was preciritated as
& fine light gray powder, while the supernatant ether solution was dark
rediish-brown in color, It was then centrifuged, washed with three
portions of dry ether andi finally with two portions of petroleum ether,
The ether-insoluble phenol lignin A was ohtained ae a very fine gray
colored powder. Methoxyl contents after the first precinitation were
10.2 per cent for the heartwood compound and 10.8 per cent for the sap~

wood derivative,

These compounds were subjected to a second purification as deserided
above, The methoxyl contents after this atap were 10.5 per cent for the
pherol lignin from heart -ood and 10.7 per cent for the sapwood compound,
The value reported for spruce was 10l per cent. OCaloulated for Cyof30

. ” ° SH .2 ' . Th‘ .ld.
os(om})h(ox)s(oc 6“5) 3C¢Rs0R (1m6.5)s o 3s 1042 per cent i

were 65 per cent of the crude product.

Isolation of Ether-solubls Fhenol Lignin Bt The dark brown ether
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solutions remaining after the removal of the sther-insoluble fraction A
were evaporated to dryness under reduced pressure to remove the last
traces of dloxmune. The residues were redissolved in ether, leaving de-
hind a small amommt of a tarry substsnce, The ether solutions were again
evaperated under reduced pressure to dryness, and the resultant tar
dissolved in methyl alcohol. The lignin compounds were preeipitated

by dropping the methyl alcohol solutions into distilled water, the pre-
sinitatss being ootained as very fine tan nowders. They were separated
by filtration and washed with distilled water, dried in a vacuum desio-

cator over sodium hydiroxide and sulphuric acid, and velghed,

The final products were obtalned in $dentical yields of 35 per
gent of the crude phensl lignina, Methoxyl contents were L,h per cent
for both the sapwood andi heartwood comnounds, Calculated for 0)_‘2!13205

(ocn3)5(oa)htocﬁﬂs). 150¢H,0F (2358.4)1 OOHy, 5.4 per eemt.

The methoxyl contemt of spruce phenol lignin B was found to be
5.3 per cent. However, this deviation from the values found for the
Douglas fir preparations may not de significant, since the method of
purification diescribed sbove is not the same as that used for the spruce
coupound, which was preeinitated from a dloxane solution by dropping it

into dry petroleum ether,

Acetylation of Ither-insoludble FPhenol Lignin A

Phenol 1iznin A {5 grams) was dinsolved in 25 milliliters of dry
pyridine and 15 milliliters of ncetic anhydride added, Ths dark reddish
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brown solution was allowed to stand at room temperature for 16 hours,
after which it was poured over finely araoked $es. After the ice had
melted, the light brown precipitate was filtered off, washed free from
pyridine and acetic asid, and iriei, Yislds odtained wers 5.5 grams

for the sapwpod product and 5.5 grams for the heartwood compound,
Methoxyl contente werec 8,6 pn- cent for the sapwood product and 8.h

per cent for the heartwood produet. Acetyl determinations showed 24,3
and 24,6 per cent, respectively, for the sapwood and hesrtwood compounds.
A simlilar compound prepared from spruce by the name procedure showed 7.9
per cent methoxyl and 23,0 per cent asetyl, Caleculated for O“QHBZOG
(ocs}),‘ (ococns)socsas. 3::61~15c>cc>cn3 (1552.7)8 OCH;, 8.0 per cead} COCHy,
22.2 per cent,

Hethylation of Bther-insoluble Phenol Lignin A with Diasomethans

Two grams of phenol lignin A were dissolved in 25 nilliliters of
dioxane and a slow current of diasomethane (prepared by slowly drepping
12 milliliters of a sodivm glyeolate solution, containing 6 per cent
sodium, {ato 6 milliliters of nitrosowethylurethan) led into the solution,
After about an hour, the evolution of nitrogen was ovserved, and the

solution decame noticeadly lighter in ecolor,

The re-ction mixture was allowed to stand overnight and a small
smount of the solution was taken for a methoxyl determination., This
sample was flltered to remove a small amount of a zelatinous precinitate

(presusably a polymer of ulasomcthane) and yrecinitated hy dropping it
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into dry sther., The precipitate was washed twice with ether and twiee
with petroleum ether. Methoxyl contents after this first methylation
were 20,2 per cent and 20,0 for heartwsod and sapwood compounds, respeo—

tively,

The main portion of the reastion mixture was again methylated,
using half as much diasomethane as in the first methylation and after
standing overnight, was heated to 5o°c. for 10 minutes, ﬂlhiod. and
precipitated as desoribed abdove, Hotho;yl contents after the second
methylation were 21.7 and Z1.8 per cent, respectively, for the heart-
wood and sapwood eompounds, A third methylation of the heartwoed pro-
duet did not give a higher methoxyl content; hense it was conoluded
that these derivatives were complately methylated with respest to diase-
methane after two methylations, Methylated spruce phenol lignin A pre-
pared as above had a m-thoxyl content of 21.6 per oent. Caloulated for
°kz“3z°6(°°ﬁ3)6(°“’ 3(°°635)° 306350033 (1236,6)1 00113. 21.7 per cent.

Sumpary!
The data collested on the lignin compounds described in the pre-

ceding pages are susmsrized in the following table.
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TABLE XIII

SUMMARY OF DATA OF LIGNIN DFRIVATIVES

Douglas Pir
Derivative pvo Heartwood Spruce
Sulphurie Acid
k%gig
Yield, ¢ 29,4 28.6 27.6
Kethoxyl, % 14,0 p LR 14,8
‘.h. * 0.52 O.us 0.55
¥illatatt
31 30 : 25-30
xm oxyl. ;A 14 14,2 14,5-15.5
“h. w 0.21 0.22 ————
Thi olis Aal
Li
Teld, arude, 4 271.5 27.0 30
Yield, purified, ¥ 24 2h 25.5
Methoxyl, % 11.% 11,8 - 11,9
"'h’ % 0,00 0.00 o—e———
Ingaol Limia
eld, orude, % 56 57 67
n.‘hﬁx’l. CM.. % 7.2 7.1 1-0
Ash, oruie, ¥ 0,23 0.2% —
Zther Insol. A, ¢ 65 65 ]
Zther Sol. B, % 35 35 25
Methoxyl, A, % 10.7 10. 10,4
“Othﬁ!’l. B. ’ hoh hc 503
Methoxyl, A, seetylated, % 8.6 8.4 7.9
Acetyl, A, acetylated, % 24,3 2h.6 23,0
Mathoxyl, A, methylated, § 21.8 21.7 21.6
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It may be seen from Table XIII that no differences exist between the
lignin of Douglas fir heartwood and that of the sapwood, The data prove
conclusively that the two lignins sre at least isomers or polymers, if
not {dentical, Xlemental analysss for earbon and hyirogen were not made,
but it would be & most unusualy coincidense if these showed any veriation
datween the two types of wood, as eix independent derivatives had iden-
tical ylelds and methoxyl contents, within the accurasy of the analytical

methods used,

3inilarly, while the agresment between the values Tor the Douglas fir
1ignine and those for the same compounds preparsd from spruce is not as
olose as for the two Douglas fir types, the differences ohserved are not
sufficient to indisate that native Douglas fir lignin differs from native
spruce liznin, The one point of sreatest difference observed, the
methoxyl contents of the ether-soluble fractions of the phenol lignins,
18 of no significance, because two different methods were employed in
purifying these compounds, Hers, again, wvhile no elemental analyses were
made, the finding of significant differences in the garbon and hydrogen
contents of compounds from the two species would be in the nature of mn
unusual and improbable coincidence, The sane statemeat made with respect
to the lignin of Douglas fir heartwood and sapwood may also be made in
connection with the lignin of spruce and Douglas fir. The data obtained
on aix indenenient preparations show no differcnce between the two lignins,
Therefore, the lignin of Douglas fir is sither an isomer, polymer, or

identical with the lignin from spruce wood.
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INVESTIGATION OF THT “XTRACTIVES OF DOUGLA3 FIR -O°D

ObJjects

In an effort to find some aignificant differenge in the ampunt
of tannins, pholobaphenecs, or ether-soluble resins which might provide
an explanation for the differences observed in the hehavior of Douglas
fir heartwood and sanwood when pulped by the sulphite process, the exe
tractives of these two types of wood were separated into resins and
fatty acids and waxes, tannins, and phlodaphenss, As was mentioned in
the section on pulping data, it is possible that the nresence of pinene
and ite homologues may catalyse the auto~oxidation and reduction of the
cooking acid, thus promoting precipitation, Since heartwood gave more
trouble in this respect, the prezence of o grezter amount of ether-
soluble matter in the heartwood would give support to this nossibilisy,
The adverse effect of tannins and phobanhenes on the delignification
of wood by the sulphite process has been descrided and, hende, any great
differsnces in the amounts of these eompounds in the two types of wood

would provide additional data for explaining their bhehavior when cooked,

The distridution of the extractives aaross the faoe of the log
was slso investigated. This was done to demonstrate the uniformity of

the extractive content throughout the log.

Procedure:

The extractives for use in this work were obtained from the exe

traction of the wood meal used im the preparation of the lignin derivatives,
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This material was obtained, therefore, as a solution of the various
extraetive oompounds in aloohol and bensene (1:2)., The alcchol anmd
benzene were removed as far 29 possible, by distillation under reduced
preasure, and the gummy msAloft in the distilling flask was taken wp
wity water, The tannins weat into solution, while the phlobaphenes
and ether-soluble components of the mixture remsined insoluble. This
heteroienous mixture wae them extracted with petroleum cther in order
to remove the 7ats, waxes, and resin acide without diassolving any of
the tannins or vhlobaphenes. The petroleum sther e:tract was concen=

trated in a tared Pyrex dish, dried to constant weight, and weighed,

The water solution of tannins, which also contained carbohydrates
and salts in solution, was separated from the phlobaphens naterial by
filtration, The grude phlebaphenes were then further extracted with
water, and this water extract added to the filtrate. The phlobaphenes
were then dried to constnnt‘waight in a vacumm oven over concentrated

sulphuric acid at 60°C.

The aqusous solution after removal of the phlobaphenes wes ex-
tracted with ethyl acetate, This piocoduro removes the tannins, leaving
the carhohydrates, salts and any other water and alcohol-soluble com
pounds preseat in the wood in solution. The ethyl acetate solution of
the tannins wes evaporated and dried to constant weight in a wacuum

oven at 60°C., over concentrated sulphuric astd.

The welcsht of watar-soluble carbohyirates and salts was determined
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by difference from the total extract and the weights of the other thres

fractions (see Figure 22),

Wood samnles for the determination of the distribution of ex-
tractives azcross the face of the log were cut from the wood dennity
disc (see page 10). The samples wer~ ground in a disc mill and screened,
the fraction passing UO-mesh but retained on GO-mesh being used, The
samples were oven~dried to conatant weight at 105°0. and then extracted
with aloohol and Lensene for a period of 12 hours, using Soxhlet ox=
tractors, The amount of soluble material was dstermined by evaporating
the solveat, drying, and weighing, Samples were taken at the center
of the log, 1/4, 1/2, and 3/% of the distance to the sapwood boundary.

Datat

The data obtainei are presented in Tables XIV and XV,

TABLE X1V
AHALYSIS OF DOUGLAS PIR ZXTRACTIVES

Sapwood Beartwood
$of ex~ (of | € of ex- | € of 0.D,
tractives|wood tragtives wood

Resins, Fatty Acids, and

Yaxes 16 0.3 23 O.'GI;
Phlobaphenes 5 0.5 22 0.
Tannins 1 0.?& 26 0081
Cardohydrates, Salts, stec, Lg 1.05 29 0.%0
Total 100 2,18 100 3.3
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FIGURE 22

SCHIHME FOR SEPARATION OF EXTRACTIVES

Dougles Fir Wood

{Alcohol-benzene extraction)

l

Extrazotives Extracted Wood
(Water)

{Pet. ether)

Tannins Fats, Vaxes and
Phlobaphenes Resin Aoids
Carbohydrates
Salts, etlc.

|
(Filter)

ll |
Crude Phlobaphenes Tennine, S:zlts,

Carbohydrates, etec.

(water extrsction)

(Ethyl Acetate)

Refined Phlgbaphenes f

Carbohydrates, Tannins

Salts, sto.
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TABLE XV
DISTRIBUTION OF EXTRACTIVES IN DOUGLAS FIR

Location Sapwood 3/b 1/2 /4 Center
Extractives, % 2.18 3.25 2.90 3,10 3.13

Discussion of Datal

HReferring to Table XIII, it is seen that the heartwood céntsinl
& larger quantity of both resins and tannins, while the phlobaphene
oontent of the two types of wood does not vary greatly, Vhile no effort
was made to identify the members of the pinene series in this material,

1% is logical to assume their presense in view of pudlished data,

In general, the amount of extractive matter found in this wood
(both heartwood ani sapwood) was very low, It is doudtful if the small
smounts of tannins and phlobaphenes found would have any material effect
on the rate of pulping of the wood. The differences observed in the
resin contents of sapwood and heartwood do, however, lemd support to
the theory that members of the pinene series are responsidle, at least

in part, for the precipitation of the cooking liquor when heartwood is
pulped,

The data on the distridution of the extractives (Tadle XIV), are
not very helpful, About the only thing which may be said is that thers
1s no great variation in the amount of extractive material across the
heartwood section of the log. Thers is a noticeably lower amount in

the sapwood, however,
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GiERAL SULLRIARY
Douglas fir cellulose, as isolated by chlorination, has Yeen

found $0 be satisfactory as a paper-maxing pulp when compared to
spruce cellulose obtained in the same manner., Pulps satiafagtory
with respect to yleld and quality were obtained from Douglas fir
heartwood, sapwood, slad wood, and the entire tree by the usual gul-
phite process, It was not found necessary to use any chemical pre=-
treatment or spscial base in the cooking liquor to accomplish this,
sontrary to the findimgs of other investigators ae reported in the
literature (4, g, 11).

The principal points of differsnce between the cooking conditions
used by these workers ani those used in this investigation ares first,
& higher concentration of free sulphur dloxide was used in these eooks,
and second, all experimental pulping in this work was carried out at
temperatures ranging from 134 to 1h0°0.. values considerably lower than
those reported in the literature. As some difficulty was encountersd
in pulping the heartwsod of this species at 140°C. (because of pro=
oipitation of the cooking liquor and the resultant burning of the pulp),
these variations in cooking eonditions may well account for the success

of this work and the poor results obtained by others.

The cooking conditions used inm vulping Douglas fir were such as
to give a high comcentration of sulphur dioxiie in the liquor until well
into the cook. This was accomplished by using a vory slow temperature
rise from 110°C. up to the maximum temperature (134°C,) and a high imitial
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preasure (35 lb. per sq. in.), thus favoring complete and rapid pene-
tration of the chips and allowing a fairly long verlod at comparatively
low temperatures for sulphonation of the lignin. The success of these
measures may be judged LY tﬁe very low sere-nings obtained. ¥hile
cooking under these conditions requires a lomger total cooking time,
the higher wood uensity of Douglas fir and the somewhat hizher pulp
yields more than compehnate for this extra eooking perlod, thus making
1t possible to obtain a slightly increased vield of pulp per day when

using this specles.

Theoretical investigations of the lignin and extractives of
Douglas fir heartwood and napwood'a- compared to spruce gave little
help in providing an explanation of the differences obgerved in the
behavior of these two iypes of wood when cooked. The lignin investi-
gation showed that spruce lignin and the lignin of Douglas fir heart-
wood and sapwood are either identical, or are isomers, or polymers.
The larger quantity of ether-soluble resin in Doublas fir heartwood
does proviie evidence that precipitation of the cooking liquor ene
comtered when pulping this wood may be ceused by the action of com=
pounds of the pinene series in promoting auto-oxidation and reduction

of the liguor to calcium sulphate and free sulphur.

A has been discussed in some aetail previously, it is entirely
possible that Douglas fir heartwood does not.elevate the precipitation
temperature of sulphite liquor to the same extent as does spruce, thus

providing another explanation for this phenomenon. However, using the
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proper cooking conditions, precipitation in the liquor may be avoided.

The bdleached and unbleached Douglas fir pulps upon beating gave
development curves for physical properties which were similar to normal
bleached sulphite pulps. While these dev-lopment curves might be ceme
sidered in the normal range of sulphite pulps, they did show a distinctly
slower rate of development than the spruce and western hemlock pulps
prepared in this stuiy. In comparison with the spruce and western
hemlock pulps the Douglas fir pulps, in general, were low in bursting
and folding strengths and very much higher in tearing strength. Another
outstanding difference is noted in the low apparent density; i.e., high

dbulk of the Douglas fir pulp.

Because of the rmuch longer fider length of Douglas fir pulps, it
may be that diffigulties in obtaining uniform formation would be en-
countered when these pulps wtrﬁ used as the gomplete fiber furnish for
grades requiring good formation. However, it seems nrobable that Douglas
fir pulp would impart valusble cheracteristios to sheets that are
nornally made of spruce or hemlogk pulp if it were blended with the
spruse or hemlock in the correet vroportions. Higher dulk and tear than
can be made from normal sulphite are often desired in many papers.
Douglas fir puln should improve these pnroperties even when addied in

moderate amounts,

Unbleashed pulps from Douglas fir were found to have considerably

higher alpha~cellulose and lower pentosan dontents than pulps from

spruce or western hemlock. The low ether solubilities of the Douglas
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fir pulps indicates that very little or no pitch troubdle would be

occasioned by their use on the paper machine.

It was found that Douglss fir pulps from heartwood ani sapwood,
as well as those orepared from mixtures of the two, could be bleached
%0 & relatively high brightness by a two-stage bleashing operation.
¥hile the method of bleaching employed caused mome degradation of the
pulp, the results are truly comourative, for as both spruce and western

hemlock pulps were also bleached by this procedure.

The bleached pulps had physical properties similar in all respects
to those of the unbleached pulps. Their application to papermaking has

already been discusned.

The cherical analyses of the bdleached Douglas fir pulps show de-
cidedly higher alpha-cellulose and lower pentosan contents than were
observed for spruce and western hemlock. This sugsests thelr application
in the manufacture of cellulose derivatives, and, while no data were

taken in this respect, an investigation in this direction should prove

worth while.
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APPERDIX A

CHLORINE PULPS

Data Sheets snd Detailed Physical Data
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Cook
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Del
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DETAILED PHYSICAL DATA--CHLORINE PULPS

Basis Weight Burst Ratio Tear Factor
2lix36-500 . 4
Milling Time~-Uin,
Q0 15 30 60 0 15 30 60 0 15 30 60

42.8 39.9 39.7 39.8 103 99 100 112 172 1b0 153 114
Uy,9 Wu,2 43,3 42,8 102 106 108 114 211 206 163 157
43,7 1.5 40.6 39.7 190 170 179 183 122 128 107 11k

Me I 7. Yold Apparent Density Freenage
No. ml.

Milling Time~<Min.

0 15 30 60 0 15 30 60 0 15 30 60

329 292 346 1383 11.9 13.0 13.2 1h.,2 760 580 600 395
Y71 454 461 893 11.2 11.7 12,8 13.8 745 690 640 430
2290 1651 3198 5022 14.6 14.8 17.2 17.3 725 T15 660 540
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THE INSTITUTE OF PAPER CHEMISTRY
PULPING LABORATORY

'PERIMENT No D-1 TYPE OF cook___Alkali DATE 8/9/137

IEMIST Broakbank DATA_______Brookbsnk  BLEACH TESTER

YOK Brookbank SCREENMAN STRENGTH TESTER
REACTION VARIABLES LIQUOR ANALYSIS

CTIVE CHEMICAL RATIO 0.08 As_NaQH |seeciFic GrAaVITY

/ATER RATIO A to 1 CAUSTICITY 98, 8%

/GT. ACTIVE CHEMICAL 316 g wer. waTer1 9750z | ACTIVE ALKALI AS Na OH 15.3 gpl

/GT. RAW MATERIAL _ 0.b.  39h0 g Notes Initial chem, ratio Q.QU

engTH oF cook 2 hre 50 min, scueouLe No. 4 chem, injected after 1 hr.

icesTer No.  Rotary No. 1 woop D, Fir :

| Heartwood

TEMPERATURE AND PRESSURE RECORD

PRESSURE (LBS. GAUGE) PRESSURE (LBS. GAUGE)
TIME TEMP. °C. TIME TEMP. °C.
DIGESTER STEAM GAS DIGESTER STEAM GAS

8:10 32

20 50

30 81

Lo 832

50 8l
9:00 8l

10 8% Inject W NoOH

20 100

30 105

4o 110 | Allkali
K0 111 Cons.
10:00 110 76%

10 107
20 106
30 10% 78
40 105
50 103

11:00 102 80
__Burndrs off3 d hed




YIELD CALCULATIONS

BLEACH CONSUMPTION

AND BLEACHING

WGT. OF RAW MATERIAL _ A.D. 0.D. STANDARD BL. CONS.

WGT. OF MOISTURE SAMPLES __A. 8. COLOR M

WGT. OF SAMPLES 0.D. PERMANGANATE NO. EST. BL. CONS.
PERCENT _ O.D. AV. CHLORINE NO. EST. BL. CONS.
WGT. OF PULP___WET 0.0

WGY. OF MOISTURE SAMPLES A, B. WGT. PULP BLEACHED WET o.D.

WGT. OF BAMPLES _ ©.D. WGT. BLEACHED PULP WET 0.D. o
PERCENT__ O.D. AV. WGT. MOISTURE SAMPLES A’ B.

WGT. OF PULP SCREENED _ WET 0.D WGT. SAMPLES __ ©.D.

WGT. OF SCREENINGS o.D. -

PERCENY 0O.D.

AV.

PERCENT SCREENINGS ON UNSCREENED PULP

YIELD BL. PULP ON UNBLEAéHED

ON RAW MAT.

PERCENT. UNSCREENED PULP ON RAW MATERIAL

BLEACH LIQUOR ANALYSIS

VOLUME

PERCENT SCREENED PULP ON RAW MATERIAL

BLEACHING TIME  TEMP. EONSs.

VOLUME WATER

e

PRESSURE AND TEMPERATURE CURVES
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THE INSTITUTE OF PAPER CHEMISTRY
PULPING LABORATORY

PERIMENT No D-2 TYPE OF cook__Alkaline DATE 8/9/'31

JEMIST. Brookbank DATA Brookbank BLEACH TESTER__Brookbank

>OK " SCREENMAN____" STRENGTH TESTER____"
REACTION VARIABLES LIQUOR ANALYSIS

CTIVE CHEMICAL RATIO 0,08 to 1 AS_NpOHE | speciFic GrAVITY

/ATER RATIO A to 1 CAUSTICITY 98.8%

JGT. ACTIVE CHEMICAL 320 & war. WATER20000 | ACTIVE ALKALI AS NA OH 15.3 gpl

/GT. RAW MATERIAL 0.0, 4000 & Note: Active chem, added in two
ENGTH OF COOK 32.,h hrg. SCHEDULE NO. portions, Y% at start and
IGESTER NO. 2 (Rotary) wooo _ D, Fir 44 at the end of 1 hr.
Sapwood.
TEMPERATURE AND PRESSURE RECORD
PRESSURE (LBS. GAUGE) PRESSURE (L.BS. GAUGE)
TIME TEMP, °C. TIME TEMP. °C.
DIGESTER STEAM GAS DIGESTER STEAM GAS
8:15 L}
25 61
35 &3
L5 8la5
55 g3
9:05 | &k
15 23 )-l-% chemical pdde
201 100
301 105
4o 106
50| 1ou Allkall
10:00 | 103.5 | Conse
10| 103 67%
20| 103
30 103
bo| 102 71
50 | 102
11:00 | 103
10| 103 16
20 | 104
20 103
4o | 103 20
Burners off | cook washed.




YIELD CALCULATIONS

BLEACH CONSUMPTION AND BLEACHING

WGT. OF RAW MATERIAL A.D. o.D.

STANDARD BL. CONS.

WGT. OF MOISTURE SAMPLES A, B.

COLOR

WGT. OF SAMPLES __O.D.

PERMANGANATE NO.

EST. BL. CONS.

PERCENT O.D. AvV. CHLORINE NO. EST. BL. CONS.
WGT. OF PULP  WET 0.D.

WGT. OF MOISTURE SAMPLES A. B. WGT. PULP BLEACHED WET 0.D.

WGT. OF SAMPLES 0.D. WGT. BLEACHED PULP WET 0.D.
PERCENT 0.D. AV, WGT. MOISTURE SAMPLES A. B.

WGT. OF PULP SCREENED  WET 0.D. WGT. SAMPLES 0.0.

WGT. OF SCREENINGS o.n.' PERCENT ©.D. AV,
PERCENT SCREENINGS ON UNSCREENED PULP : YIELD BL. PULP ON UNBLEACHED ON RAW MAT.
PERCENT UNSCREENED PULP ON RAW MATERIAL BLEACH LIQUOR ANALYSIS VOLUME

PERCENT SCREENECD PULP ON RAW MATERIAL

BLEACHING TIME  TEMP.

VOLUME WATER

PRESSURE AND TEMPERATURE CURVES
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THE INSTITUTE OF PAPER CHEMISTRY
PULPING LABORATORY

PERIMENT No S-1 TYPE OF cook___Alkali DATE 1/28/'37

IEMTST. Broolkcbank DATA____Brookbank BLEACH TESTER

YOK Broolzhank SCREENMAN STRENGTHTESTER
REACTION VARIABLES LIQUOR ANALYSIS

CTIVE CHEMICAL RATIO 0.08 to 1 " as_NaQH | seeciFic GrRAVITY

ATER RATIO Hh to 1 CAUSTICITY 98.8%

GT. ACTIVE CHEMICAL 350 g wor. water 21 .Gkl ACTIVE ALKALI AS Na OH 17 epl

Initiel chem. ratio 0.CU
49 chem, ihjected after
1 hr,

o.0. 4380
3 hrs. 40 minscueoure no.
Rotary No, 2 woop _ Spruce

Note:

'GT. RAW MATERIAL

ENGTH OF COOK

IGESTER NO.

TEMPERATURE AND PRESSURE RECORD

PRESSURE (LBS. GAUGE) PRESSURE (LBS. GAUGE)
TIME TEMP, °C. TIME TEMP. °C.
DIGESTER STEAM GAS DIGESTER STEAM GAS
9:20 25
25 69
30 g0
ol 18
50 11
10:00 83
10 83
20 82 Inject W% NaOH
30 g0
351 100 Mlcald
Lol 101 Cons.
50] 103 51%
11:00] 104
10 103 h8
20| 103
300 102 63.6
Lo| 103
50 103
12:00 102 1l
10 101
20 100+
30 100 11.3
%0 99
”0 98.5
1:00 98 80
Coolk washed,




YIELD CALCULATIONS

BLEACH CONSUMPTION AND BLEACHING

WGT. OF RAW MATERIAL _ A.D. 0.D,

STANDARD BL. CONS.

WGT. OF MOISTURE SAMPLES A. B.

COLOR

WGT. OF SAMPLES 0.D.

PERMANGANATE NO.

EST. BL. CONS,

PERCENT _ O.D. AV. CHLORINE NO. EST. BL. CONS.
WGT. OF PULP _ WET 0.D.

WGT. OF MOISTURE SAMPLES _ A, B. WGT. PULP BLEACHED WEY 0.D.

WGT. OF SAMPLES _ 0O.D. WGT. BLEACHED PULP WET 0.D.
PERCENT _ O.D. AV. WGT. MOISTURE SAMPLES A, B.

WGT. OF PULP SCREENED _ WET 0.0, WGT. SAMPLES _ 0.D.

WGT. OF SCREENINGS __ 0.D.' PERCENT _ ©O.D. AV.
PERCENT SCREENINGS ON UNSCREENED PULP : YIELD BL. PULP ON UNBLEACHED ON RAW MAT.
PERCENT UNSCREENED PULP ON RAW MATERIAL BLEACH LIQUOR ANALYSIS : VOLUME
PERCENT SCREENED PULP ON RAW MATERIAL' BLEACHING TIME __ TEMP. CONS. VOLUME WATER

PRESSURE AND TEMPERATURE CURVES
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APPYNDIX B

Data Sheets

Experinental Sulphite Cooks
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THE INSTITUTE OF PAPER CHEMISTRY
PULPING LABORATORY

DATE 8/23/137
BLEACH TESTER__Brookbanlk

PERIMENT No D-3 TYPE OF cook__Sulphite
IEMTST. Brookbank DATA Broolbanlz
! SCREENMAN___"

YOK

STRENGTH TESTER____"

REACTION VARIABLES

LIQUOR ANALYSIS

CTIVE CHEMICAL RATIO AS

SPECIFIC GRAVITY

133

'ATER RATIO

CAUSTICITY

/GT. ACTIVE CHEMICAL waT. WATER  31e%1

ACTIVE ALKALI AS NA OH

/GT. RAW MATERIAL _ O.D. 4272 G. Total S0- 22
ENGTH OF COOK 12. 25 hrs. SCHEDULE NO. 1 Free i 5 096
|GESTER NO. 2 wooo D, Fir [Combined 1.26
- Sapraod
TEMPERATURE AND PRESSURE RECORD
PRESSURE (LBS. GAUGE) * PRESSURE (LBS. GAUGE)
TIME TEMP, °C, TIME TEMP. °C.
DIGESTER STEAM GAS DIGESTER STEAM GAS
9:55 23 85 0 8% 4:10 117.5 gn 12.0 7%.0
10:10 37 85 0 85 o5 117.5 85 12.0 13.0
25 58 85 0 85 40 118,5 g5 12,9 12.1
L0 11 85 0 85 55 120 85 14,1 70,2
55 87 8% 0 85 5310 121 g5 15.0 70.0
11:10 9345 85 0 85 25 122 g5 16,0 69,0
25 100 85 0 85 40 123 85 16,0 68.1
Lo | 102.5 g5 1.4 81.6 55 | 1ok 85 17.9 67.1
55 105 85 2.8 8242 6:10 125 85 19,0 66,0
12:10 107.5 gl TN 19.6 25 126 g5 20,0 6740
25 110 8% 6.1 78.9 40 127 g~ 21.0 6345
ITy) 110+ 85 6.l 78.6 55 .28 85 22,0 63,0
55 111 g5 6.8 182 7:10 129 &5 23,1 612
1:10 | 111 gl 6.8 17-2 25 | 129.,5| gk 23,7 | 60,3
25 111.5 85 T2 77.8 b 1 131 85 25.7 59,2
4o 112.5 85 1.2 17.1 55 132 85 26.9 58.1
55 | 113 85 8.3 76.7 8:10 | 133 g5 28,1 5649
2:10 | 113.5 85 8.7 76.3 25 | 13h g5 29,4 5h.6
25 | 114 85 9.0 76,0 4o | 13k g5 29,L BR.&
0 | 11k4.5 85 9.l 15.6 55 | 133,5| &b 28,8 | 55,2
55 1 115 g5 9.8 75.2 9:20 | 13k g5 20,L | 5R.6
3310 | 11R.5 g5 10.2 74.8 25 | 134 85 29,1 LR
25 | 116 85 10.6 T4l bo | 13y 85 29, | 5R.G
o | 116 gh 10.6 741 R5 | 134 g5 29k | 55,6
55 1 117 85 11.6 73.5_ | 10:10 | 134 50 29.4 20.6
Blowh at 10:10 P, Ila




YIELD CALCULATIONS

BLEACH CONSUMPTION

AND BLEACHING

WGT. OF RAW MATERIAL A.D. o.D.

STANDARD BL. CONS.

WGT. OF MOISTURE SAMPLES A. B.

COLOR

WGT. OF SAMPLES ©.0.

PERMANGANATE NO.

EST. BL. CONS,

PERCENT _ O.D. AvV. CHLORINE NO. EST. BL. CONS.
WGT. OF PULP__ WET 0.D.

WGT. OF MOISTURE SAMPLES __ A, B. WGT. PULP BLEACHED WET 0.D.

WGT. OF SAMPLES _ 0.D. WGT. BLEACHED PULF WET o.D.
PERCENT _ O.D. AV, WGT. MOISTURE SAMPLES A B.

WGT. OF PULP SCREENED _ WET 0.D. WGT. SAMPLES _ 0.D. !

WGT. OF SCREENINGS O.D.

PERCENT _ ©O.D.

AV.

PERCENT SCREENINGS ON UNSCREENED PULP

YIELD BL. PULP ON ONBLEACHED

ON RAW MAT,

PERCENT UNSCREENED PULP ON RAW MATERIAL

BLEACH LIQUOR ANALYSIS

VOLUME

PERCENT SCREENED PULP ON RAW MATERIAL

BLEACHING TIME  TEMP.

CONS.

VOLUME WATER

"

_ , PRESSURE AND TEMPERATURE CURVES
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. THE INSTITUTE OF PAPER CHEMISTRY
PULPING LABORATORY

PERIMENT No D-Y TYPE OF cook___Sulphite  pare__8/26/137
IEMTST Brookbank DATA_____ Brookbank  BLEACH TESTER__Brookbank .
YOK " SCREENMAN " STRENGTH TESTER__"____
REACTION VARIABLES LIQUOR ANALYSIS
CTIVE CHEMICAL RATIO AS SPECIFIC GRAVITY
ATER RATIO 7033 CAUSTICITY
/GT. ACTIVE CHEMICAL WGT. WATERJ1 4 2k | ACTIVE ALKALI AS NA OH
/GT. RAW MATERIAL __O.D. M272 T Total 302 71.29
ENGTH OF COOK 13.75 hrse scHueburLENo. 1 Free 6.0L
IGESTER NO. 2 woon De. Fir | Combined 1,258
_ Sapwood
TEMPERATURE AND PRESSURE RECORD
PRESSURE (LBS. GAUGE) PRESSURE (L.BS. GAUGE)
TIME TEMP, °C. TIME TEMP. °C.
DIGESTER STEAM GAS DIGESTER STEAM GAS
1:55 25 85 0 85 55 119,57 g5 13,7 Tle3
8:10 L 85 0 85 3310 121 g5 15.0 70,0
25 62.5 85 0 85 25 122 g5 16.0 69.0
Lo 71 85 0 85 40 123 g5 16,9 68.1
55 | 90 85 0 85 55| 12k 85 17.9 67.1
9:10 | 95 .| 8% 0 85 4230 | 124.5 85 18.5 66,5
25 | 100 85 0 85 25 | 126.% 85 20.6 Ol
40 | 102+ 85 1,2 8348 40 127 g5 21.0 64,0
55 | 105 85 2.8 82,2 55 128 g5 22.0 63.0
10:10 | 107.5 8h TR 79.6 7:10 129 8 23,1 61.9
25 | 110 g5 el 78,2 25 | 130 85 24 .2 60.7
4o | 110.5 85 6.5 78.5 40 131 85 25,7 592
55 | 111 g5 6.8 182 55 132 g5 26,2 58.1
11:10 | 111 85 6.8 7842 6210 133 85 28,1 7649
25 | 112 85 15 115 25 134 g5 29U 55.6
Lo | 112.5 85 7.9 17.1 Yo | 134 g5 29.4 556
55 | 113 85 Be3 76.7 55| 134 85 29,.L F5aE
12:10 | 113.% 85 8,7 16.3 7:10 | 13k 85 29,4 hRl6
25 | 11k g5 9.0 760 25 | 134 85 294 CLENA)
4o | 11h.5 85 9.l 756 Yo | 13k 85 29,L 55eb
55 | 1ik.5 85 9, 75.6 55 134 g5 29,4 H5.6
1:10 | 115.5 85 10.2 4.8 810 | 13k g5 29,4 5.6
25 | 116 85 10,6 Thel 25 1 134 85 29,4 Bhl6
00 | 116.5 85 11,1 73.9 4o | 134,85 85 30,0 5540
55 | 117 85 11.F 1345 55 133,5 85 28,9 56,1
2:10 | 117.5 85 12.0 73.0 9:10 134 g5 29U 5526
25 | 118 85 12,4 72.6 25 | 134 85 29,4 55e6
00 | 118.5 85 12.9 72.1 bo [ 13k __50 29,4 20.6




—

YIELD CALCULATIONS BLEACH CONSUMPTION AND BLEACHING
WGT,. OF RAW MATERIAL A.D. 0.D. STANDARD BL. CONS.
WGT. OF MOISTURE SAMPLES A. - COLOR
WGT. OF SAMPLES O.D. PERMANGANATE NO. EST. BL. CONS,.
PERCENT ©.D. AV. CHLORINE NO. EST. BL. CONS,
WGT. OF PULP WET 0.D.
WGT. OF MOISTURE SAMPLES A. B. WGT., PULP BLEACHED WET 0.D.
WGT. OF SAMPLES Q.D. WGT. BLEACHED PULP WET 0.D.
PERCENT O.D. AV. WGT. MOISTURE SAMPLES A. B.
WGT. OF PULP SCREENED WET 0.D. WGT. SAMPLES 0.D. ’
WGT. OF SCREENINGS Q.D. PERCENT 0.D. AV,
PERCENT SCREENINGS ON UNSCREENED PULP YIELD BL. PULP ON UNbLEACHED ON RAW MAT.
PERCENT UNSCREENED PULP ON RAW MATERIAL BLEACH LIQUOR ANALYSIS ~ i VOLUME
PERCENT SCREENED PULP ON RAW MATERIAL BLEACHING TIME TEMP, CONS. VOLUME WATER

& & i M

.
N

‘ , PRESSURE AND TEMPERATURE CURVES
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THE INSTITUTE OF PAPER CHEMISTRY
PULPING LABORATORY

PERIMENT No D-5 TYPE OF cook___Sulphite DATE 9/3/131
IEMTST. Brookhenk DATA Brookbank BLEACH TESTER Brookbank
OK " SCREENMAN___" STRENGTH TESTER___ "
REACTION VARIABLES LIQUOR ANALYSIS
~TIVE CHEMICAL RATIO As SPECIFIC GRAVITY
oEEE¥RXNZ  Liquor Ratio 6,95 CAUSTICITY
GY. ACTIVE CHEMICAL wWGT. WATER 20 ¢ TkZ| ACTIVE ALKALI AS Na OH
GT. RAW MATERIAL _0.0. 14272 Total 502 123
-nGgTH oF cook 1375 hrs. SCHEDULENO. 1 Free 597
GESTER NO. 2 wooo D. Fir Combined 1.26
Heartwood

TEMPERATURE AND PRESSURE RECORD

. PRESSURE (LBS. GAUGE) o PRESSURE (LBS. GAUGE)
TIME TEMP, "C. TIME TEMP. 'C.
DIGESTER STEAM GAS DIGESTER STEAM GAS
9:25 29 85 0 85 Yso5] 120 85 14.1 70.9
L0 43 85 0 85 Y4o| 120 85 14,1 70.9
55 ol 85 0 85 55| 122 85 16,0 69.0
10:10 | 75 g5 0 85 5:10| 123 g5 16 9 68,1
25 88 85 o] 85 25| 12U 85 7.9 67.1
40 95 a5 0 gn 4o| 12% g5 1q 0 6640
55 | 100 85 0 85 551 126 85 2040 6540
11:10 | 102.5 85 1.4 8345 6310 | 1296.5 g5 20,6 6l o 1t
25 | 105 85 2.8 82,2 25 | 127.5 85 21.6 634
40 | 107.5 85 Yl 79.6 4oi 129 g5 23,1 61,9
55 | 110 85 6ol 18+9 551 130 85 2L, 3 60.7
12:10 | 110+ g5 AN 78.6 7:10] 131 85 25.7 5943
25 | 111 85 6.8 78.2 251 132 gh.5 2643 576
4o | 111.5 85 7e2 77.8 4o{ 133 85 28.1 5649
55 1 112 85 15 175 551 133 85 28,1 7649
1:10 | 112.5 8n 7.9 771 8:10 | 134 85 29,4 R5eb
25 | 113 85 8.3 76.1 25| 133.5 85 28.7 56e3
Lo | 113.5 85 8.7 76.3 4ol 134 g5 2914 FReb
55 | 114 g5 9.0 7640 55| 134 85 29,4 556
2:10 | 11k4.5 85 9l 1546 9:10 | 134 g5 29U 5526
25 | 115.5 85 10,2 4.8 25| 134 85 29,4 | 55,6
4o | 115.5 85 10,2 4.8 4o | 134 85 29,k 5546
55 | 116 85 10.6 T4 551 134 85 29,4 5546
3:10 | 1165 85 11.1 73.9 ] 10:10} 134 g5 20,4 | 55,6
25 | 117 5 11.5 1325 251 13k g5 29,4 55e6_
4o | 117.5 85 12,0 73.0 4o | 134 85 29,4 5he6
R5 | 118 85 12.% 72,6 551 134 85 29,4 556
4310 | 118.5 85 12.9 72.1 11:10] 134 __ 50 294 20,6
Cookl blown at 11310




YIELD CALCULATIONS

BLEACH CONSUMPTION

AND BLEACHING

WGT. OF RAW MATERIAL A.D. o.D.

STANDARD BL. CONS.

WGT. OF MOISTURE SAMPLES A, B.

COLOR

WGT. OF SAMPLES O.0.

PERMANGANATE NO.

EST. BL. CONS.

PERCENT 0.D. AvV. CHLORINE NO. EST. BL. CONS.
WGT. OF PULP ___ WET 0.D.

WGT, OF MOISTURE SAMPLES A. B. WGT. PULP BLEACHED WET 0.D.

WGT. OF SAMPLES 0.D. WGT. BLEACHED PULP WET 0.D.
PERCENT O.D. AV. WGT. MOISTURE SAMPLES A, B.

WGT. OF PULP SCREENED  WET 0.D. WGT. SAMPLES 0.0, .

WGT. OF SCREENINGS ©.D. PERCENT _ 0.D. AV.
PERCENT SCREENINGS ON UNSCREENED PULP YIELD BL. PULP ON UNBLEACHED ON RAW MAT.
PERCENT UNSCREENED PULP ON RAW MATERIAL BLEACH LIQUOR ANALYSIS ) VOLUME

PERCENT SCREENED PULP ON RAW MATERIAL

BLEACHING TIME

TEMP,

CONS.

VOLUME WATER

PRESSURE AND TEMPERATURE CURVES




=10k~

THE INSTITUTE OF PAPER CHEMISTRY
PULPING LABORATORY

PERIMENT No D-6 TYPE OF cook___Sulphite pate___ 9/9/'37
IEMIST. Brogkbanic DATA Brookbank BLEACH TESTER_Brookbank
»OK - " SCREENMAN__" STRENGTH TESTER___
REACTION VARIABLES LIQUOR ANALYSIS
CTIVE CHEMICAL RATIO AS SPECIFIC GRAVITY
sreeorana Liquor Ratdo 6.95 CAUSTICITY
/GT. ACTIVE CHEMICAL wGT. WATER 209,71 | ACTIVE ALKAL! AS NA OH
/GT. RAW MATERIAL _ 0.D. U272 g, Total SO, 7.24%
ENGTH OF COOK 16 hrs, scHEDULENO. 1 Free - he97
IGESTER NO. 2 wooo D, Pir |Combined 1.27
Heartwood
TEMPERATURE AND PRESSURE RECORD
R PRESSURE (LBS. GAUGE) o PRESSURE (LBS. GAUGE)
TIME TEMP, °C. TIME TEMP. "C.
DIGESTER STEAM GAS . DIGESTER STEAM GAS
7:05 | 2R 85 0 85 2320 | 124.5 g5 18.5 66.5
20 | bs g5 0 85 35 | 126 g5 20.9 65,0
35 | 595 85 0 g5 RO | 126.5 g5 20.6 AR
0 | 15 85 Q 85 4:05 | 128 85 22,2 62.8
8:05 87 85 0 85 20 129 85 27,1 61.9
20 | 9k 85 0 g5 35 | 130 g5 2liy3 60.7
35 99.5 85 0 g5 50 | 131.5 85 26,73 587
50 | 103 g5 1.4 836 5205 | 132 g5 26,9 576
9:05 | 105 g5 2.8 822 20 | 133 85 28.1 56.9
20 | 107.5 85 b 80.6 35 | 133 &5 28.) 5649
35 | 110 g5 6.1 78.9 50 | 13k &5 29,4 5546
50 | 110 85 .l 78.9 6:05 | 134 g5 29,4 R5eb
10:05 | 110.5 g5 a5 7845 20 | 134 85 29U H5e5
20 | 111.5 85 7.2 17.8 25 | 134.5 85.51 29.9 556
35 | 112 g5 7.5 1745 50 | 134 gn 29,1t 5566
50 | 112.5 g5 7.9 17.1 7:05 | 13b g5 29,1t 55.5
11:05 | 113 85 83 76.7 20 | 134 85 29,1 GLRA
20 | 113,5 85 8a7 7043 25 | 134 5 2G4 F5.6
35 | 11l g5 9.0 76.0 50 | 13U 85 29,4 556
50 | 11k.5 85 9.h 156 g:05 | 134 g5 29.4 H5eb
12:05 | 115 g5 9.8 752 20 | 13h 85 29,1 R5.6
20 | 115 g5 9.8 1542 325 | 134 g5 29,U 5546
35 | 116,5 85 11.1 7349 0 | 134 85 20,4 5R.6
50 | 116.5 &5 11,1 7349 9:05 | 134 g5 29,4 5546
1:05 | 117 g5 11.5 73.5 20 | 13h gl 29,4 IRY
20 | 117.5 85 12.0 73.0 35 134 81.5] 29.1 52.1
35 | 118 85 12,0 12.6 50 | 134 &0 29.4 50.6
5Q | 119 &5 13.2 71.8 | 10:05 | 13 | 79 20l o6
2:05 | 120 gl 14,1 70.9 20 | 13k 78.5 | 29,4 u9.1
20| 121.5 g4 15.5 69.5 35 | 133 115 28,1 Lol
35 | 122 gl 16,0 69,0 50 | 13h 78,5 29,4 49.1
50 | 123 85 16.9 68,1 11:0% 134 50 29,4 20,6
Coolkx [blown at]11:05




YIELD CALCULATIONS

BLEACH CONSUMPTION AND BLEACHING

o—

WGT. OF RAW MATERIAL __A.D. 0.D. STANDARD BL. CONS.

WGT. OF MOISTURE SAMPLES _ A. B. COLOR

WGT. OF SAMPLES _ 0.D. PERMANGANATE NO. EST. BL. CONS.
PERCENT O.D. AV. CHLORINE NO. EST. BL. CONS.
WGT. OF PULP __ WET 0.0,

WGT. OF MOISTURE SAMPLES A, 8. WGT. PULP BLEACHED WET 0.D.

WGT. OF SAMPLES _ O.D. WGT. BLEACHED PULP WET 0.D.
PERCENT _ O.D. AV, WGT. MOISTURE SAMPLES _ A. B.

WGT. OF PULP SCREENED _ WET 0.D. WGT. SAMPLES __0.D. '

WGT. OF SCREENINGS 0.D.

PERCENT _ 0.D.

AV.

PERCENT SCREENINGS ON UNSCREENED PULP

YIELD BL. PULP ON UNBLEACHED

ON RAW MAT.

PERCENT UNSCREENED PULP ON RAW MATERIAL

3

BLEACH LIQUOR ANALYSIS

VOLUME

PERCENT SCREENED PULP ON RAW MATERIAL

BLEACHING TIME  TEMP,

VOLUME WATER

PRESSURE AND

TEMPERATURE CURVES
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THE INSTITUTE OF PAPER CHEMISTRY
PULPING LABORATORY

PERIMENT No D-7 TYPE OF cooKk____Sulphite  paTE 9/20/%37
EMIST, BrOOkbanlf DATA BrOOkba-nlc BLEACH TESTER :BI'OOkb&nk
OK " SCREENMAN____" STRENGTH TESTER___ "
REACTION VARIABLES LIQUOR ANALYSIS
>TIVE CHEMICAL RATIO AS SPECIFIC GRAVITY
crEadxna Liguor Ratie 6,92 causTiCITY
GY. ACTIVE CHEMICAL weT. WATER 29,71 | ACTIVE ALKALI AS NA OH
GT. RAW MATERIAL _ 0.D. Yoo Total SO, 7, 2L
.nGTH OF coox 14,75 hrs. scHEDULENO. 1 Free - 5698
GESTER NO. 2 wooo D. Fir |Combined 1.26
Hecartwood
TEMPERATURE AND PRESSURE RECORD
R PRESSURE (LBS. GAUGE) o PRESSURE (L.BS. GAUGE)
TIME TEMP. "C. TIME TEMP, °C.
DIGESTER STEAM GAS DIGESTER BSTEAM GAS
SHLb) ol 85 0 85 5325 121.5 g5 15.5 69,5
10:1C 50 85 0 85 40 1.23 g5 16.9 68.1
25 64 85 0 85 55 104 85 17.9 67.1
1) G 85 0 g5 6:10 | 12Ut,5 85 18.5 66.5
55 88 25 0 85 25 125 85 19,0 66,0
11:10 95 g5 0 g5 40 126,5 gx 20.6 6l Lt
25 | 100 g5 0 g5 55 126,% 85 20,6 Bl
4o | 102.% g5 1.4 83,6 7:10 128.5 g5 22,8 622
5% | 10%.5 g5 L% 81.0 25 | 130 85 2l 2 60.7
12:1C | 107.5 g5 L.y | g0.6 Ww | 17 g5 2.7 F9e3
25 | 109 g5 Bulk | .79.6 55 132 g5 26,9 57.€
40 | 110.5 &5 6eR 78.5 8:10 | 133 85 28,1 56,9
55 1 111 8% 6,8 | 782 25 | 134 85 29.U Bheb
1:10 | 111.5 85 1.2 778 40 134.5 86 3041 558
25 | 112 85 15 11.5 55 135 86 30.7 BRe3
55 | 11% 85 8.3 76.7 o5 | 11k 85 29.u 56
2:10 | 113.5 g5 8e7 75643 40 134,5 8Rs5| 3061 55l
25 | 11k 85 9.0 76.0 55 134 85 29,4 5566
ho | 11k 85 9.0 76.0 | 10:10 | 13k 85 29,4 R5eE
55 1 115 85 9.8 7542 o5 134 g5 29U 5h.6
3:10 | 1155 8h 10.2 T8 .8 40 134 gh 29,4 P5eb
25 | 116 85 10.6 il 55 134 8" 29, B5e6
4o | 116.5 gr 11.2 739 11310 134 g5 29,4 F5eb
55 1 117+ 85 11.5 T35 25 134 85 29,4 FR.6
L:;10 | 117.5 85 12,0 730 uo | 13k gh,5| 29,1 5Rel
25| 118 85 12,1 72.6 55 | 134 82,51 29,U 53.1
W0 | 119 g5 13,2 | 71.8 | 12:70 | 134 | @1.0] 29,4 51.6
55 | 120 g5 b | 70,0 or | 134 g0.2| 29,l 50.9
5:10 | 120.F 85 14,6 70,1t 40 134 50 29,4 20,6
Cook [blown at|12:40




YIELD CALCULATIONS

BLEACH CONSUMPTION

AND BLEACHING

WGT. OF RAW MATERIAL A.D. o.D.

STANDARD BL. CONS.

WGT. OF MOISTURE SAMPLES __ A. B.

COLOR

WGT. OF SAMPLES _ O.D.

PERMAN.GANATE NO.

EST. BL. CONS.

PERCENT O.D. AV. CHLORINE NO. EST. BL. CONS,
WGT. OF PULP___ WET 0.0.

WGT. OF MOISTURE SAMPLES __ A. B. WGT. PULP BLEACHED WET 0.D.

WGT. OF SAMPLES _ 0.D. WGT. BLEACHED PULP WET 0.D.
PERCENT __ O.D. AV. WGT. MOISTURE SAMPLES A, B.

WGT. OF PULP SCREENED _ WET 0.D. WGT. SAMPLES  0.D. '

WGT. OF SCREENINGS __ O.D. PERCENT _ 0.D. AV.
PERCENT SCREENINGS ON UNSCREENED PULP YIELD BL. PULP ON UNBLEACHED ON RAW MAT.
PERCENT UNSCREENED PULP ON RAW MATERIAL BLEACH LIQUOR ANALYSIS ‘ VOLUME

PERCENT SCREENED PULP ON RAW MATERIAL

BLEACHING TIME

TEMP,

CONS.

VOLUME WATER

PRESSURE AND TEMPERATURE CURVES

» 1 »
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THE INSTITUTE OF PAPER CHEMISTRY
PULPING LABORATORY

PERIMENT No D-8 TYPE OF cook__Sulphite  parTE 9fak/'37
IEMTST. Brookbank DATA Brookbank BLEACH TESTER___Brookbank
YOK 4 SCREENMAN___" STRENGTH TESTER 4
REACTION VARIABLES LIQUOR ANALYSIS
CTIVE CHEMICAL RATIO AS SPECIFIC GRAVITY ’
xrstrmonex  Liquor Ratio 7.03 cAusTICITY
/GT. ACTIVE CHEMICAL woT. WATER 30.1 | AcTIVE ALKALI AS NA OH
T, RAW MATERIAL _0.0. 4285 g, Total SO, 7.29
ENGTH OF COOK 11 hrs.scuepbuLe no. Free 6.0k
IGESTER NO. 2 woop De Fir |Combined 1l.25
Sapwood
TEMPERATURE AND PRESSURE RECORD
. PRESSURE (LBS. GAUGE) o PRESSURE (LBS. GAUGE)
TIME TEMP, °C, TIME TEMP. °C.
DIGESTER STEAM GAS DIGESTER STEAM GAS
10:00 28 85 0 85 5200 128 85 22,2 62.8
15 sl 85 0 85 15 129.5 85 23.9 6l.1
30 63 85 0 85 20 130.5 85 25.1 79.9
s 74 85 0 85 b5 | 132,5 85 27.5 RT1.5
11:C0| 88 g5 Q 85 6:00 | 133,5 85 28,8 76.2
15 96 85 0 85 15 135 85 3047 Ao
70| 100 85 0 g5 30 | 137 g% 33.4 51.6
L5 | 102,5 g5 1.1 83,6 s | 138 g5 3.8 5042
12:00 | 104,5 g5 2.5 82.5 7:00 | 139.5 g5 37,0 hg.0
15| 107.5 85 T 80.6 15 | ali.= 85 39,9 45,1
30 | 109.5 85 Fa? 79.3 30 | 1u3 g5 42,3 42,7
L5 | 110.5 85 65 7845 bs | 1us 85 45,5 3945
1:00 1 111.5% 85 1.2 77.8 8:00 146 86 47.2 388
15| 112 85 1.5 775 15 145 85 45.5 79,5
30| 113 85 8.3 7547 20 145 gl U5, 3845
L] a1l g5 9.0 7640 Ls | 1kg g3 U5.5 3745
2:00| 114,5 85 Q.U 75.6 9:00 | 11Uk 50 L5,.5 b.5
15| 115 g5 9.8 1 752 Blown at 9:00 P. M,
30| 116 g5 10.6 4.l
U | 117 85 11,5 73.5
2300 | 11745 g5 11.0 73,1
15| 118 85 12.% 721
30| 119 85 13.2 71.8
L5 1 120.F 85 14.6 70,4
4:00] 122 g5 16,0 69,0
15| 123,% 85 17.4 6746
30| 125 85 19.0 6640
usi 126 g5 20.1 G4.C




YIELD CALCULATIONS BLEACH CONSUMPTION AND BLEACHING

WGT. OF RAW MATERIAL __ A.D, 0.D. STANDARD BL. CONS.

WGT. OF MOISTURE SAMPLES___A. B. COLOR

WGT. OF SAMPLES _ O.D. l PERMANGANATE NO. EST. BL. CONS.
PERCENT O.D. AV. CHLORINE NO. EST. BL. CONS.
WGT. OF PULP _ WET 0.D.

WGT. OF MOISTURE SAMPLES A, B. WGT. PULP BLEACHED WET 0.D.

WGT. OF SAMPLES _ O.D. WGT. BLEACHED PULP WET 0.D.
PERCENT _ O.D. AV. WGT. MOISTURE SAMPLES A B.

WGT. OF PULP SCREENED __ WET ©.D. WGT. SAMPLES __ O0.D. _°

WGT. OF SCREENINGS __ O.D. PERCENT _ 0.D. AV,
PERCENT SCREENINGS ON UNSEREENED PULP YIELD BL. PULP ON UNBLEACHED ON RAW MAT.
PERCENT UNSCREENED PULP ON RAW MATERIAL BLEACH LIQUOR ANALYSIS VOLUME
PERCENT SCREENED PULP ON RAW MATERIAL BLEACHING TIME _ TEMP. CONS, VOLUME WATER

, , PREéSURE AND TEMPERATURE CURVES
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THE INSTITUTE OF PAPER CHEMISTRY
PULPING LABORATORY

PERIMENT No D-9 TYPE OF cook___Sulphite DATE 10/7/%37
IEMTST. Brookbank DATA Brookbank BLEACH TESTER Brookbank
OK " SCREENMAN___" STRENGTH TESTER____"
REACTION VARIABLES LIQUOR ANALYSIS
“TIVE CHEMICAL RATIO AS SPECIFIC GRAVITY
aecrasoes  Liguor Ratio 7,05 cAUSTICITY
GT. ACTIVE CHEMICAL WGT. WATER 28. 6 ACTIVE ALKALI AS NA OH
GT. RAW MATERIAL 0.0, 4285 oo Totel SOE 7.25
:NGTH OF COOK 10 hrse. scHeDULENO. 3 Free 6.00
GESTER NO. 2 wooo D. Fir Combined 1.24
Sapwood

TEMPERATURE AND PRESSURE RECORD

R PRESSURE (LBS. GAUGE) . PRESSURE (LBS. GAUGE)
TIME TEMP, "C. TIME TEMP. °C.
DIGESTER STEAM GAS DIGESTER STEAM GAS
10:30 22 85 0 8h 5300 | 128.5 g5 22.8 62.2
45 | 53 85 0 g5 15 | 130.5 85 25,1 5945
11:00 72 85 0 85 30 | 132 85 26.9_ | 581
15| 18 g5 Q 85 s | 133 g5 28,1 5642
30 90 85 0 85 6:00 | 135.5 85 71.U 53.6
bs | 96 g5 0 85 15 | 137 85 33,U Fl.6
12:00 | 100 g5 0 g5 30 | 138 g5 3h,8 5062
15 | 103 85 1.6 83U s | 139 &5 1645 hg.5
30 | 105 85 2,8 82,2 7200 [ 19 85 29,5 U5.5
b5 | 107.5 85 T 80,6 15 | 142.5 g5_ .9 43,1
1:C0 | 109.5 85 fa7 79.3 720 | 145 g5 L 39.5
151 111 85 6.8 7842 Ls | 1bs g5 45,5 39.5
30 112 g5 7a5 17.5 g:00 | U5 g5 45.5 | 39,5
b5 | 113 g5 Ba3 7647 15 | 145 85 LFe5 39,5
2:00 | 11h g5 9.0 76,0 30 | 1k5 50 4545 L,5
151 115 85 9.8 752 Blown at 3:30| Pa Me
20| 116 85 10.5 744
451 117 g5 11.5 135
3:00 | 119 85 13,2 71,8
15| 118.5 85 12,8 7242
30 | 120.5 85 14,5 70.5
s | 121 85 15.0 70,0
4:00] 123 85 16.9 68,1
15 | 125 85 19.0 £6.0
30 | 125.5 g5 19.5 65.5
L | 127.5 g5 1.6 63l




YIELD CALCULATIONS

BLEACH CONSUMPTION

AND BLEACHING

WGT. OF RAW MATERIAL A.D. O.D.

STANDARD BL. CONS.

WGT. OF MOISTURE SAMPLES __ A, B.

COLOR

WGT. OF SAMPLES O.D.

PERMANGANATE NO.

EST. BL. CONS.

PERCENT O.D. AV. CHLORINE NO. EST. BL. CONS.
WGT. OF PULP WET O.D.

WGT. OF MOISTURE SAMPLES  A. B. WGT. PULP BLEACHED WET 0.D.

WGT. OF SAMPLES O.D. WGT. BLEACHED PULP WET 0.0.
PERCENT__ O.D. AV. WGT. MOISTURE SAMPLES A. B.

WGT. OF PULP SCREENED WET 0.D. WGT. SAMPLES 0.D. '

WGT. OF SCREENINGS ©.D. PERCENT _ 0.D. AV,
PERCENT SCREENINGS ON UNSCREENED PULP YIELD BL. PULP ON UNBLEACHED ON RAW MAT.
PERCENT UNSCREENED PULP ON RAW MATERIAL BLEACH LIQUOR ANALYSIS VOLUME

PERCENT SCREENED PULP ON RAW MATERIAL

BLEACHING TIME  TEMP.

CONS.

VOLUME WATER

I IS Iy ’

PRESSURE AND

TEMPERATURE CURVES
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THE INSTITUTE OF PAPER CHEMISTRY

PULPING LABORATORY

PERIMENT No D-17 ° TYPE OF cook__Sulphite pare___ 11/15/'37
IEMTST Brookbank DATA Brookbank BLEACH TESTER Broolkbank
YOK " SCREENMAN____" STRENGTH TESTER____"
REACTION VARIABLES LIQUOR ANALYSIS
CTIVE CHEMICAL RATIO AS SPECIFIC GRAVITY
ATER RATIO 1.19 CAUSTICITY
/GT. ACTIVE CHEMICAL WGT., WATER '50. 2 ACTIVE ALKALI AS NA OH
GT. RAW MATERIAL _0.0. 14196 gz, Total SO 7.25%
ENGTH OF COOK 11.25 hrg. _ scheouLeENo. 3 Free 6,01
IGESTER NO. 2 woon D, Fir |Combined 1.24
Heartwood
TEMPERATURE AND PRESSURE RECORD
o PRESSURE (LBS. GAUGE) R PRESSURE (ps. GAUGE:
TIME TEMP. °C. TIME TEMP. °C.
DIGESTER STEAM GAS DIGESTER STEAM GAS
11:00| 18 g5 o) g5 Yelm | 124,5 85 18,5 66.5
15| 35 85 Q 85 5:00 | 125.5 85 19.5 65+5
30| 61 g5 Q 85 15 | 127 85 21 6l
Ll 79 g5 0 85 20 | 128 g5 22 63
12:00! 90 g5 0 g5 bs | 129.5 85 23,7 6la3
15! 95 &5 0 g5 f:00 | 3132 85 26.9 5Zel
30! 99 85 Q &5 15 | 133.5 g5 28,8 56.2
Lsl 103 g5 1.4 834 30 | 130 g5 29,1t 5.5
1:00] 105.5 g5 2,1 21.9 L i " [ "
151107 g5 b, 80.9 7:00 il " i "
20| 109 g5 5_} ) 79_7 1R {] " 1] 1]
Lsl 112 g5 7.5 77.5 30| u n u n
2:00] 113 85 .3 76,7 Ig [ w " " n
15] 113 g5 g_} 76_? 2+ 00 fl 1" i i
200 11l g5 0,0 76 15 o L L i
Ls| 115 g5 9.8 7542 30 | o 1 w n
3:00] 116 g5 1046 4.4 Gr | o 0 u n
151 117 gh 11.5 1345 9:00 " " n "
30] 118 g5 12,4 72.5 15 " " " "
bs| 119 85 13,2 71.8 70 i il " "
4:00] 120 85 g 70.9 Ls | 1345 g5 30,0 5540
15] 121.5 &5 1545 69.5 | 10:00 | 133.5 80 28,8 51.2
20| 123 85 16.9 £8.1 15 133 50 28,1 21.9
Coolt blown afl 10:15




YIELD CALCULATIONS

BLEACH CONSUMPT

ION

AND BLEACHING

WGT. OF RAW MATERIAL _ A.D. 0.D. STANDARD BL. CONS.

WGT. OF MOISTURE SAMBLES__A. B. COLOR -

WGT. OF SAMPLES _ O.D. PERMANGANATE NO. EST. BL. CONS.
PERCENT _ O.D. Av. CHLORINE NO. EST. BL. CONS.
WGTY. OF PULP __ WET 0.0

WGT. OF MOISTURE SAMPLES __ A. 8. WGT. PULP BLEACHED WET o.D.

WGT. OF SAMPLES _ ©.D. WGT. BLEACHED PULP WET 0.D.
PERCENT _ ©.D. AV. WGT. MOISTURE SAMPLES __ A. B.

WGT. OF PULP SCREENED _ WET 0.0. WGT. SAMPLES  0.D. :

WGT. OF SCREENINGS 0.D.

PERECENT __ ©0.D.

AV.

PERCENT SCREENINGS ON UNSEREENED PULP

YIELD BL. PULP ON UNBLEACHED

ON RAW MAT.

PERCENT UNSCREENED PULP ON RAW MATERIAL

BLEACH LIQUOR ANALYSIS

VOLUME

PERCENT SCREENED PULP ON RAW MATERIAL

BLEACHING TIME  TEMP,

CONS.

VOLUME WATER

PRESSURE AND TEMPERATURE

CURVES
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THE INSTITUTE OF PAPER CHEMISTRY
PULPING LABORATORY

PERIMENT No D-18 TYPE OF cook__Sulphite DATE 12/1/137
IEMTST. Brookbanlk DATA Brookbanl BLEACH TESTER___Brookbanlk
)OK " SCREENMAN STRENGTH TESTER_._______”
REACTION VARIABLES LIQUOR ANALYSIS
CTIVE CHEMICAL RATIO AS SPECIFIC GRAVITY
ATER RATIO 6.8% CAUSTICITY
'GT. ACTIVE CHEMICAL WGT. WATER 29 ° 2 l ACTIVE ALKALI AS NA OH
GT. RAW MATERIAL 0.0, 42€0 g Total S0o 7 « 24
-NGTH oF cook  14.50 hrs, scHEDULENO. 1 Free He99
|GESTER NO. 2 wooo D, Fir Combined 1,25
Heartwood
TEMPERATURE AND PRESSURE RECORD
R PRESSURE (LBS. GAUGE) o PRESSURE (L.BS. GAUGE)
TIME TEMP. C. TIME TEMP. "C.
DIGESTER STEAM GAS DIGESTER STEAM GAS
10:15 22 gr 0 &R silis | 122 85 15.7 69.3
70 40 " i 8 6:00 123 f 16.9 68,1
45 | 55 4 n n 15| 12k ] 18 67
11:00 75 L i i 20| 125.5 " 19,5 655
15 | 83 0 " t s | 127 0 21 6,0
30 95 ¢ i " 7:00! 128 o 22 5340
45 | 100 " " " 15| 129 " 23,1 £1.9
12:00 | 10U o 2.4 82.6 30| 120 g5 oz | 60.7
15 | 105 0 0.4 80,0 bsl 171 25 o5.6 59U
30 | 108 B 4,6 80,4 8:00] 132 gk 26.9 | 5841
bs | 110 i 6.1 78.9 15| 122,5 85 27.1 5743
1:00 | 111 " 6.8 78.2 720 | 133.5 g5 28.8 502
15 | 112 " 1.5 17.5 Us | 123.5 g5 08.8 5.2
30 | 112 " 7.5 17.5 9:00 | 1323,5 &5 Df.8 RA.2
L5 | 112 " 1.5 175 151 134 g 29,4 | 75.6
2:00 | 112.5 " 1.9 171 30 13k 85 29,4 5545
15 | 113 " 8e3 75.7 Y51 134 g5 20,4 FHe5
30 | 113.5 " €e7 763 10:00 ] 13k &" 29U R5+6
Ls | 11k L 9,0 7640 15| 13W 85 29,4 5.0
3:00 | 11,5 n 9l 7546 20| 134 gl co,l | sh,6
15 [ 115 i 9.8 1542 ns | 133 83 28.1 5L.0
70 | 115.5 " 10.2 T4e2 11:00 | 133.5 82.5 28.3 HlU.7
U5 T 116 0 10.5 8.4 15 ] 134 845 29,4 E5e1
5:00 | 116 " 10.5 7h 1 30| 134 a5 2ol HRe0
15 | 118 0 12.4 1246 he| 134 85 29,b qR,h
30 | 118 g 12U 72.6 12:00 | 213k g5 20,Y4 5Reb
. U5 1 118.5 o 12,8 72,2 151 133.5 gl 28.8 5342
5:00 | 119 t 13,2 71.2 30! 13L o ool | sh,A
15 | 120 f 1b,2 70,9 ug | 33k 50 291 20.6
30 (.12 i 14,6 701 Coald Dlowm af 12:UK




YIELD CALCULATIONS

BLEACH CONSUMPTION

AND BLEACHING

WGT. OF RAW MATERIAL A.D. 0.D.

STANDARD BL. CONS.

WGT. OF MOISTURE SAMPLES A, B.

COLOR

WGT. OF SAMPLES 0.D.

PERMANGANATE NO.

EST. BL. CONS,

PERCENT 0.D. AV. CHLORINE NO. EST. BL. CONS.
WGT. OF PULP __ WET 0.D.

WGT. OF MOISTURE SAMPLES A. 8. WGT. PULP BLEACHED WETY O.D.

WGT. OF SAMPLES 0.D. WGT. BLEACHED PULP WET 0.D.
PERCENT 0.D. - AV. WGT. MOISTURE SAMPLES A. B.

WGT. OF PULP SCREENED  WET 0.0, WGT. SAMPLES 0.D. !

WGT. OF SCREENINGS ©.D. PERCENT _ 0.D. AV,
PERCENT SCREENINGS ON UNSCREENED PULP YIELD BL. PULP ON UNBLEACHED ON RAW MAT.
PERCENT UNSCREENED PULP ON RAW MATERIAL BLEACH LIQUOR ANALYSIS ! VOLUME

PERCENT SCREENED PULP ON RAW MATERIAL

BLEACHING TIME __ TEMP,

CONS.

VOLUME WATER

PRESSURE AND TEMPERATURE CURVES

2 . ]
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THE INSTITUTE OF PAPER CHEMISTRY
PULPING LABORATORY

12/1/127

BLEACH TESTER

Broolhank

PERIMENT No D-19 TYPE OF cook___Sulphite  paTE
[EMTST. Brookbank DATA Brookbank
" SCREENMAN t

YOK

STRENGTH TESTER.

REACTION VARIABLES

LIQUOR ANALYSIS

“TIVE CHEMICAL RATIO AS

SPECIFIC GRAVITY

1.23

ATER RATIO

CAUSTICITY

GY. ACTIVE CHEMICAL woT. WATERJ1 a8 1

ACTIVE ALKAL! AS NA OH

GT. RAW MATERIAL _0.0. D33 g. HW: 3768 g. SY Total SO, 724

:NGTH OF COOK 10 hrse. scHebuLENo. 3 Free - 599

GESTER NO. L wooo D. Fir | Combined 1.25
Slab Vood

TEMPERATURE AND

PRESSURE RECORD

PRESSURE (LBS. GAUGE)

PRESSURE (LBS. GAUGE)

TIME TEMP. °C. TIME TEMP. °C.
DIGESTER STEAM GAS DIGESTER STEAM GAS
11:45 25 85 0 85 5:00 | 120.5 85 14,5 70.5
12:C0 25 g5 0 85 15 | 123.5 g5 17.4 £7.6
15 63 85 0 g5 70 [ 130 85 oL,z 60.7
30 11 85 0 85 45 | 129.5 85 23.8 6l.2
45 88 85 0 85 6:00 | 127.5 85 21.6 63.U
1:00 95 g5 0 85 15 | 131 85 25.7 5943
15 | 100 85 0 g5 30 | 134 85 29,4 55.6
30| 102 85 1.2 87.8 bg | 1345 85 30 55
45| 105 85 2.8 82,2 7:00 | 134,% 85 70 55
2:00 | 107 g5 Y g1 15 | 13h g5 29,4 B5e6
15| 110 85 6.1 18.2 30 | 1%6.% 85 22.5 52«5
30 | 112 g5 7.5 115 5 1 118.5 8% 75.4 19,6
U5 113 85 8.3 76.1 8300 | 139 85 6.5 Lg%
3:00 | 113.5 g5 8.8 1642 15 | 140 g5 33 L7
15 | 114.5 85 9.3 151 30 { 140 g5 28 47
30 [ 115 85 9.8 15.2 Y5 | ako 85 38 47
45 | 115 85 9.8 152 0:00 | 1Mo g5 38 47
400 | 116.5 85 11.1 73.9 15 | 140 85 38 L7
15| 119 85 13.2 71.8 70 | 140 85 38 47
30 | 119 85 13,2 71.8 4s | 1ho 50 28 12
L5 [ 120 g5 14,1 | 70,0 Coqle [hlomm =4 9: U5




YIELD CALCULATIONS

BLEACH CONSUMPTION

AND BLEACHING

WGT. OF RAW MATERIAL A.D. 0.D, STANDARD BL. CONS.

WGT. OF MOISTURE SAMPLES __ A. B. COLOR

WGT. OF SAMPLES __ 0.D. PERMANGANATE NO. EST. BL. CONS.
PERCENT 0O.D. AV. CHLORINE NO, EST. BL. CONS.
WGT. OF PULP___ WET 0.D

WGT. OF MOISTURE SAMPLES _ A. B. WGT. PULP BLEACHED WET 0.D.

WGT. OF SAMPLES _ O.D. WGT. BLEACHED PULP WET o.D.
PERCENT __ O.D. AV. WGT. MOISTURE SAMPLES A, B.

WGT. OF PULP SCREENED __ WET 0.D. WGT. SAMPLES __ 0.D. i

WGT. OF SCREENINGS __ 0.D. PERCENT _ O.D. AV,
PERCENT SCREENINGS ON UNSCREENED PULP YIELD BL. PULP ON UNBLEACHED ON RAW MAT.
PERCENT UNSCREENED PULP ON RAW MATERIAL BLEACH LIQUOR ANALYSIS VOLUME

PERCENT SCREENED PULP ON RAW MATERIAL

BLEACHING TIME _ TEMP.

CONS.

VOLUME WATER

PRESSURE AND

TEMPERATURE CURVES
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SERIMENT No D-20 TYPE OF COOK__Sulphite _ DATE 12/21/37
EMIST. Brookbank DATA Brookbank BLEACH TESTER Brookbanlc
OK . SCREENMAN " STRENGTH TESTER____"
REACTION VARIABLES LIQUOR ANALYSIS
TIVE CHEMICAL RATIO AS SPECIFIC GRAVITY °
\TER RATIO 7.00 CAUSTICITY
5T. ACTIVE CHEMICAL waT. WATER 302 1| ACTIVE ALKALI AS NA OH
r.raw maTeRIAL o0, 3663 . HU; 657 g. SW  |Total SOp 7.29%
NGTH OF COOK 14.25 hrs. scuebureno. 1 Free 6.0%
GESTER NO. 2 woop D. Fir Combined 1,26 °
Entire Tree
TEMPERATURE AND PRESSURE RECORD
PRESSURE (LBS. GAUGE) PRESSURE (LBS. GAUGE)
TIME TEMP. °C. TIME TEMP. °C.
DIGESTER STEAM GAS DIGESTER STEAM GAS
8:00 17 85 0 8% 2315 | 121 85 15 10
15 37 85 0 85 30 | 121.% 85 15.5 69.5
70 56 85 0 85 Ys | 122.5 85 16.5 68.5
s 16 g5 0 g5 4:00 | 123.5 85 175 67.5
9:00 88 85 o) 85 15 | 125 85 19 66
15 93. g5 0 85 30| 127 g5 21 6L
30| 98 85 0 85 hs | 107 g5 21 6l
g1 102,58 &5 1.4 83.6 5:00 | 128 &5 22 63
10:00| 10k.% g5 7.1 81,9 15 | 129 85 27.1 61.9
15| 108 _ 85 4.7 803 720 | 130 85 24,2 60.7
30| 110 85 6sl 78,9 Is | 130.5 85 olt,g 60.1
451 110 85 6.l 78.9 6:00 | 132.5 g5 27.5 575
11:00| 132 g5 7.5 175 15 | 133.% g5 28.7 563
15] 112.5 85 7.9 77.1 30 | 1345 86 30 56
30| 112.5 85 7.9 77.1 bs { 134.5 6 30 56
Us| 112.5 85 7.9 17.1 7:00 | 134,% g6 20 56
12:00 | 113 g5 8.3 76.7 15 | 124 g5 29.4 556
15| 11k &5 9.0 76.0 20 | 134 85 20,4 5.6
20| 114 g5 9.0 7660 Ls | 133.5 25 28,7 56,3
U5 [ 11h.5 85 9.4 75.6 800 | 134 85 29,4 55.6
1:00| 115 85 9,8 75.2 15 | 134 85 29,4 55.€
15| 115 85 Q.8 752 30 | 133.5 g5 28.71 Fbe3
30| 116.5 85 1l.1 739 Ls | 133.5 g5 28.7 6.3
451 117.5 85 12 73 9:00 | 13k g5 29,U 556
2:00] 117.5 85 12 13 15 | 135 85 20,6 SRS
15| 118 85 12,b 72.6 30 | 13k gh [. 29,u sl &
30| 118 g5 12,4 72.6 Ls | 13k g3 29,4 53.6
Ys| 119 g5 13,2 7.8 | 10:00 | 134 g0 29,k 50.6
3:00| 119,% 85 13.7 71.3 15 | 134 50 29k 20.6
Cookz| hlown af] 1.O:1H




YIELD CALCULATIONS

—

BLEACH CONSUMPTION AND BLEACHING

WGT. OF RAW MATERIAL  A.D. 0.0, STANDARD BL. CONS.
WGT. OF MOISTURE SAMPLES __A. B. COLOR
WGT. OF SAMPLES 0.D. PERMANGANATE NO, EST. BL. CONS,
PERCENT 0.D. AV. CHLORINE NO. EST. BL. CONS.
WGT. OF PULP WET 0.D.
WGT. OF MOISTURE SAMPLES  A. B. WGT. PULP BLEACHED WET o.D.

| WGT. OF SAMPLES __ 0.0. WGT. BLEACHED PULP WET 0.D.
PERCENT __ O.D. AV. WGT. MOISTURE SAMPLES A, B.
WGT. OF PULP SCREENED  WET 0.D WGT. SAMPLES  0.D. )

WGT. OF SCREENINGS 0.D.

PERCENT _ 0.D.

AvV.

PERCENT SCREENINGS ON UNSEREENED PULP

YIELD BL. PULP ON UNBLEACHED

ON RAW MAT,

PERCENT UNSCREENED PULP ON RAW MATERIAL
L3

BLEACH LIQUOR ANALYSIS

VOLUME

PERCENT SCREENED PULP ON RAW MATERIAL

BLEACHING TIME _ TEMP.

CONS.

VOLUME WATER

PRES:S»URE AND TEMPERATURE CURVES
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PERIMENT No D-21 TYPE OF cook__Sulphite DATE 12/21/'37
EMTST. Brookbanlc DATA Broolkbank BLEACH TESTER__Brookbank
oK i SCREENMAN___" STRENGTH TESTER.
REACTION VARIABLES LIQUOR ANALYSIS
“TIVE CHEMICAL RATIO AS SPECIFIC GRAVITY
ATER RATIO 1.27 CAUSTICITY
GT. ACTIVE CHEMICAL wat. WATER 2G40 1] AcTIVE ALKALI AS Na OH
GT. RAW MATERIAL _0.D. 3991 pm. Total SO 7.29%
neTH oF cook  10.75 hrs, SCHEDULENO. 3 Pree € 6.03
GESTER NO. 1 WOOoD D. Fir |Combined 1.26
Heartwood

TEMPERATURE AND PRESSURE RECORD

R PRESSURE (LBS. GAUGE) o PRESSURE (LBS. GAUGE)
TIME TEMP. "C, TIME TEMP. °C.

DIGESTER STEAM GAS DIGESTER STEAM GAS
9130 20 85 Q 85 2:00 | 122.5 s 16, 68,5
b5 55 g5 0 85 15 | 124 85 17.9 | 67.1

10:00| 70 85 0 85 30 | 195 85 19 66

15| 75 35 0 85 45 | 1026 g5 20 65
30| 8% 85 0 85 4:00 | 127.5 85 21,6 63,1
45| 94 g5 0 85 15 | 129.5 g5 23.8 61.2
11:00| 98 85 0 85 20 | 131 gr 25.7 79.3
15] 101 g5 Q.7 glt,3 by | 122.5 g5 27.5 | 57.5

30| 104 g5 2.1 82,9 5:00 | 13Y4,% g5 70 55
b51 107.5 85 L3 80,7 15 | 137 g5 33,4 | 5l.5
12:00{ 110 85 6,1 78.9 20 | 138.5 85 3546 4ol
15] 111.5 85 7ol 77.9 bs | 133 85 36,5 ug.5

30| 112 85 75 115 6:00 | 1ho 85 38 47

usl 113 85 8.3 76.7 15 | 1ho 85 38 47
1:00] 114 85 9.0 76.0 30 { 140.5 85 38.9 U6.1

15[ 11k.5 85 9.3 15.1 L5 | ko g5 18 47

70] 115.5 85 10.1 74.9 7:00 | 1k40 85 38 47

451 116.5 85 11.1 73.9 15 | 140 85 38 L7

2:00 118 85 12,4 72,6 70 | 1lo 85 33 u7

15] 119.5 g5 13.6 71k 45 | 1k40 g5 18 47

30{ 120 85 14,1 70.9 g:00 | 1h0 g5 28 47

Ls| 121 85 15 70 15 | 1k49 50 3¢ 12

Coalke| blowm aff K215




YIELD CALCULATIONS

BLEACH CONSUMPTION

—

AND BLEACHING

WGT. OF RAW MATERIAL A.D. 0.D.

STANDARD BL. CONS.

WGT. OF MOISTURE SAMPLES A, 8,

COLOR

WGT. OF SAMPLES _ O.D.

PERMANGANATE NO.

EST. BL. CONS.

PERCENT _ O.D. AV. CHLORINE NO. EST. BL. CONS.
WGT. OF PULP __ WET 0.D.

WGT. OF MOISTURE SAMPLES __ A, B. WGT. PULP BLEACHED WET 0.D.

WGT. OF SAMPLES _ 0.D. WGT. BLEACHED PULP WET 0.D,
PERCENT _ ©O.D. AV. WGT. MOISTURE SAMPLES _ A. B.

WGT. OF PULP SCREENED _ WET 0.0, WGT. SAMPLES __ 0.D. )

WGT. OF SCREENINGS __ 0.D. PERCENT _ 0.D. AV.
PERCENT SCREENINGS ON UNSCREENED PULP YIELD BL. PULP ON UNBLEACHED ON RAW MAT.
PERCENT UNSCREENED PULP'ON RAW MATERIAL BLEACH LIQUOR ANALYSIS ) VOLUME

PERCENT SCREENED PULP ON RAW MATERIAL

BLEACHING TIME TEMP. CONS.

VOLUME WATER

PRESSURE AND TEMPERATURE CURVES
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SERIMENT No H-1 TYPE OF cook__Sulphite DATE
EMIST. Brookbanik DATA Brookbanic BLEACH TESTER__Brookbank
oK ! SCREENMAN____" STRENGTH TESTER____"
REACTION VARIABLES LIQUOR ANALYSIS
TIVE CHEMICAL RATIO AS SPECIFIC GRAVITY
ATER RATIO 6.3% CAUSTICITY
GY. ACTIVE CHEMICAL WGT. WAT!R27. )'!' l ACTIVE ALKALI AS NA OH
GT. RAW MATERIAL _ O.D. 44326 g. Total S0- 7.24
NGTH OF COOK 9,75 hrse.  ScHEDULENO. 3 Free ' h.29
GESTER NO. 1l woonll. Hemlock |Combined 1.25
TEMPERATURE AND PRESSURE RECORD
o PRESSURE (LBS. GAUGE) o PRESSURE (LBS. GAUGE)
TIME TEMP. "C. TIME TEMP. “C.
DIGESTER STEAM GAS DIGESTER STEAM GAS
11:15 22 g5 0 85 4:15 120 g5 14,1 70.9
30 45 85 Q 85 30 121 g5 15 70
Y5] 60 g5 0 g5 s | 122,51 85 16,4 68.5
12:00 15 85 0 g5 5:00 | 123 85 16.9 68,1
15 87 85 0 g5 15 125.5 85 19.5 65.5
20 93.5 85 Q 85 20 126.5 g5 20.5 6l.5
W5l 98 85 o) g5 e | 128 g5 22.3 62.7
1:;00] 102 85 1.1 3.9 6:00 | 130 g5 ol fy 60.6
15| 105 85 2.% 82,2 15 132.5 25 27.5 57.5
30| 106 85 3,5 81,5 30 | 133.5] 85 31,4 53.6
b5 110 85 6.l 78.9 45 136 85 29,1 52.9
2:00 ) 110.5 85 6.5 13.5 7:00 138 g5 3L.,8 50.2
151 111.5 g5 7.1 77.9 15 140 g% L¥:A 47
30| 112.5 85 7.9 77.1 30 140.5 g6 38,9 47.1
b5 | 11y &5 9.0 76 hs | 1ko g5 38 L7
3:00 | 115 85 9.8 752 g:00 140 a5 i1 47
15| 116 g5 10.6 7L.b 15 | 1lo g5 28 47
30| 116.5 85 11.1 72.9 30 | ko 25 38 47
451 118 85 12.4 72.6 bs | 1Lo g5 38 b7
;00| 119 85 12,2 71.8 9:00 | 1lo 50 38 12
Cookiblovwm at{ 3:00




YIELD CALCULATIONS

—

BLEACH CONSUMPTION AND BLEACHING

WGT. OF RAW MATERIAL A.D. o.D.

STANDARD BL. CONS.

WGT. OF MOISTURE SAMPLES A. B.

COLOR

WGT. OF SAMPLES 0.D.

PERMANGANATE NO.

EST. BL. CONS.

PERCENT o.D. AV. CHLORINE NO. EST. BL. CONS.

WGT. OF PULP  WET 0.0. .

WGT. OF MOISTURE SAMPLES A. B. WGT. PULP BLEACHED WET, Q.D.

WGT. OF SAMPLES 0.D. WGT. BLEACHED PULP WET 0.D.

PERCENT 0.D. AV. WGT. MOISTURE SAMPLES A, B.

WGT. OF PULP SCREENED WET ©.D. WGT. SAMPLES 0.D. _
WGT. OF SCREENINGS 0.0, PERCENT __ 0.D. AV,
PERCENT SCREENINGS ON UNSCREENED PULP YIELD BL. PULP ON UNBLEACHED ON RAW MAT.
PERCENT UNSCREENED PULP ON RAW MATERIAL BLEACH LIQUOR ANALYSIS VOLUME

PERCENT SCREENED PULP ON'RAW MATERIAL

BLEACHING TIME  TEMP.

VOLUME WATER

PRESSURE AND TEMPERATURE CURVES
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DETAILFD PRYSICAL DATA~~UNBLEACHED SULPHITX PULPS

Cook Basis Weight Burst Ratio Tenr Factor
'.o 2":}6‘-500 ’ ’
¥illing Time Milling Time Milling Time

0O 6 90 120 ©0 60 90 120 0 60 90 120
g:z 40.0 k8.2 ag.h 318.8 68 101 112 117 35% 266 184 1h2
5

42,0 .8 39.9 Zg 97 108 117 329 238 208 161
D=5 38,3 Nl.W 38.0 39.2 850 9% 10 12} 171 138 10W
Db  36.5 35.6 eg.s 6.2 55 73 83 8 246 197 165 1&8
D7 39.8 k2.1 N ao.a 70 96 106 107 262 195 176 1h2
D=9  39.1 33.9 y2.2 b4 75108 111 115 312 237 208 172
D=17 38.W 3 38,0 M1.6 43 86 94 117 303 163 13

. 200
p-18 h2.0 M1.3 k2.0 W01 77T 99 lgz 110 233 164 130 11
D-13 k0.1 k2.5 43,0 WO.8 T2 97 1 11 323 253 213 170
D20 U1.8 %0.9 %0.0 W1.8 75 9u gg 105 278 188 152 139
$-2 U1.7 39.5 M.b U431 88136 1 147 202 146 117 106
WE-1 U2,6 33.5 %0.0 39.0 135 144 143 151 161 154 132 125

Cook M. I. T. Yold Apparent Density Yreeness
No. ¥o. ml.

Milling Time Milling Time Milling Time
0 60 9 120 0 60 90 120 O 60 90

g:a 205 858 1483 ¥165 9.9 12.b 12.713.7 865 735 600
272 1184 1299 2585  10.7 13.3 13.9 15.1 B30 J70 625
D=5 71 346 %66 1627 10.1 12.3 13.3 1.4 855 500 615
Deb 27 125 521 1M1 10.1 12.£ 14,5 15,7 860
D=7 77 535 1745 k261  10.3 13.6 13.9 15.0 835 685 515
D~ 270 836 1257 2377  10.1 13.0 14,0 14,0 380
D-17 17 309 W15 1528 9.5 12.2 12.714.1 810 795 725
D-18 296 gai 97% 1921 11,1 13.6 1L.514.6 870 735 615
D=19 179 1019 1791  10.F 12.6 13.9 14.2 885 795 615

3
&
E585853688588 B

D-20 219 631 743 1898  10.9 13.4 13.6 14.8 860 T35 E;g
g-2 176 818 1445 s57H%  11.8 1k.3 15.2 16,5 800 665
wi-1 1246 1994 2989 3833 13,7 1h.5 15.9 17.6 815 700 590




-116-

APPENDIX D

DETAILED PHYSICAL DATA~-BLEACH®D SULPHITE PULPS




DETAILED PHYSICAL DATA~-BLYACHED SULPHITE PULPS

Cook Basis Weight Burst Ratlo M. I. T. Fold
¥o. 2kix36--500 % No.
Milling Time Killing Time Milling Time

0O 60 9 120 0 60 9 120 o0 60 90 120

tz 39.0 b9.6 38,2 hs.3 ﬂ 91 96 103 145 k2t 1 1106
9.3 38.3 1.8 ag.s 72 84 98 16 88 257

D-% 39.8 40.0 k0.l 56 89 100 103 33 395 6515 922
Deb a 39.8 l’g.s 39.8 52 63 79 3 21 69

0

D7 9.3 Lo. 3.6 39 26 83 97 9 105 325 93
D9 .6 Ul.6 ag.s 8§ 8 98 g 191 39 91
D19 39.6 45.3 Wb.8 Ho.M 8 102 167 3 823
D-20 37.9 h40.5 Lh.,1 k3.2 n 80 9% 10 201 309 659
8-2 £ h2.1 lu.z 40.5 132 1 139 13;1 949 2382 2991
¥H-1 39.0 5.2 h1.4 39.8 110 117 130 14k 651 970 1982
Cook Tear Factor Apparent Density Opacity

No. ‘ $

Milling Time Milling Time Milling Time
0 60 9 120 0 60 9% 120 0 60 9% 120

g-_g 316 200 163 153 9.9 12.7 12.8 14,4 64.0 52.6 u7. . s

38 293 2% 180 9.1 11.5 12.8 13.8 64,3 55.6 5

g:g 179 119 107 83 10.7 13.B 14.515.9 65.7 7.1 3sog
198 211 179 11b 8.7 12.0 13.215.5 63.7 58.2 3

D=7 272 185 152 127 9.7 2.8 13.6 15.0 62.9 50.1

D9 351 326 257 199 9.2 1l.1 12.513.4  62.6 55.8 53 a .9
D-19 356 2716 232 168 9.4 11.6 12.5 13.6 60.6 57.7 53.2 b4 9
D=20 291 207 173 145 9.4 12.1 13.8 14.6  59.6 23.2 51. g 43.8
8-2 191 140 115 108 12.6 14.8 16.6 17.9 zs.s .g k6.2
WH-1 253 176 146 117 10.8 14,5 1k.1 1h9 5.9 57 .3 ho,2

Cook No. Fraeness
ul.

Milling Time
0 60 90 120

D.i &85 810 675 310
Dw 870 810 20
D-Z 875 680 Los
De 870 810 3
n-; 8 80

De 8 10 7w

D19 875 825 glo 515
g‘-go g g glo 80 500
WH-1 Q 150 %
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AFFENDIX E

SAMPLE  SHIXETS

Bleached and Unbleached Experimental Pulps




D-3

Sapwood




. D=4

Sapwood




D=5
Heartwood




D=3

Heartwood

Goe




D-"7

Heartwood




D=9

Sapwood




D-17

Heartwood




D-18

Heartwood




D=19
Slab Wood

85% Sapwood
15% Heartwood




D-20

Entire Tree

85% Heartwood
15% Sapwood




S-2

Spruce




WH-1

Testern Hemlock




D=338

Sapwood




D-4B

Sepwood '




D-5B

Heartwood




D-6B

Heartwood




D-7B

Heartwood




D-9B

Sapwood




D-193

Slab Wood

85% Sapwood
15% Heartwood




D-20B

Entire Tree

15% Sapwood
85% H eartwood




S-2B

Spruce




WH=-1B

Western Hemlock




