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THE SUITABILITY OF SOME CAIIFORNIA-GROWN EUCALYETS
| FOR PAPER PULP. '

Pulp and paper mea in recent years have taken
much interest in the development of new species to
take the place of the rapidly disappearing supplies
of the softwoods which are at present so necessary
to the industry. In 1922, the latest year for which
figures are available, sevenlty-seven percent of the
wood used for pulp in the United States was either
spruce, fir or hemlock!., As much as fifty-five per-
cent of the pulvwood was from a single group of cone
ifers, the spruces., With this concentration on z small
number of species, it is not surprising that it is
now becoming increasingly important to find ways in
ngch other woods can be used economically in place
of the conifers, The western hemlock, now used 80 ex-
tensively in the Facificqurthwgst?twasifgrmerly held
to be unsuitable for puly manufacture and is a good
example of the adaptation of a new species. Douglas
Fir is another wood which is Jjust now beginning to be
used. A recent bulletin® issued by the U. S. Dep't
of Agriculture gives the resulis of tests made at the

Torest Products ILaboratory in Madison, Wisconsin, on



some ninety-four American woods. The pulping tests
Wére'made by the four commercial processés now in
.general use, A large percentage of the woods wére
those known as hardwoods. The pulp and paper industry
in 1922 used 799,000 cords of hardwoods and about
4,750,000 cords of softwoods.

One of the most interesting groups of hardwoods
is that which includes the genus eucalyptusf There are
over 300 species of eucalypts, 2ll of them native to
Australia or Tasmania., Many of them are noteworthy
for their rapid growth and for the great size they
often attain. About 65 or 70 species have been plant-
ed in California®. Because they grow so fast and their
wood is usually of such a beautiful texture, much
has been expected of these trees in the past. Between
1900’and 1910 many plantations were set out in Cali-
fornia, and companies were organized to exploit the
timber, The difficulty of seasoning the wood, espec-
ially that of the species selected for most of the
plantations, was so great that the only use found
for most of the trees was as fuel or, in some locali-
ties, as windbreaks. Most of the plantations where
the trees grew successfully have been left standing

because the wood was not valuable enough even as

firewood to pay for cutting the trees. In some places



‘the leaves of the trees have been used in the pro-
~duction of eucalyptus oil, but the o0il from California
‘species is a poor grade because of its high pinéne
donteﬁt. on thé whole, it secems thatrthe ﬁrong species
have been planted for use either as timber or in the
production of the oil.

The possibility of using the trees for paper
pulp has lately seemed to be worth investigating. As
would be expected, this possibility has been much
considered in Australia and in Tasmenia. Experiments
have been conducted on pulp manufacture in other
countries where the eucalypts have been found to be
a fast growing species.

The purpose of the work described in this paper
was to determine pulping characteristics of the prin-
ciple species of eucalyptus grown in Cslifornia. The
species selected were those which have shown them-
selves to.bé capable of rapid growth under conditions
prevailing in large sections of the state. One species,
the so-called Blue Gum, is found in nearly all parts
of California, It is also an extensively planted
species in other countries such as Portugal®*, France,
and Worth Africa®. It is better to speak of the Blue
Gum found in California as eucalyptus globulus as

there are other species which are known in some lo-



calities as blue gums. The other species selected
were eucalyptus corynocalyx or Sugar Gum, and euca~
- (See Appendix ,
lyptus viminalis or lManna Gum., It was originally
intended that only the Sulphate process should be
used in pulping the different woods, but later de-

velopments made it necessary to change to other pro-

cesses.
PREVIOUS WORK

As the trees are indigenous only to Australia
and Tasmania, where they are found in great guamtity,
it is natural that most of the previous work should
have been done in these two places. Starting within-
the last twelve or thirteen years, an impetus having
been given by the shortage of paper-making materials
during the war, systematic investifations were made
of . some of the principal eucalypts®. The small
amount of work done before that time had not been
in agreement, For example, in 1911, the California
UBlye Gunm® was found by "exhaustive research work"
to be an excellent material for paper pulp. Another
investigator, Mr H. E. Surface, when asked to renord
on the eucalypts by the government of Tasmania in
1915, found that of three species tested, - E. reg-
nans, k. globulus,’and E., obliqua, -~ obligqua was the
best for papef pulp, and that none were suitable

for pulping by the Sulfite process or the echanical



(&)

process. All produced a good grade of puly by the Soda
process” .

| In 1€16 a committee was appointed by the govern~
ment’éf Hew SouthWales to inguire into the suitability
of some of the Australien woods for paper pulp. About
sixty species were investigated in the laboratory by
the Soda process, among them many eucalypts, and it
was found that of the different groups of eucalyptus
species the "Ash" groupy "had characters distinctly
promising forvwoodpulp production." Unfortunetely, the
V"Ash“grouy is very poorly represented in Californis,
all of the large eucalyptus stands being composed of
the so~called "Cums".This latter group was found to

be “"hardly suitable for paper-pulp production, as the
shortness and brittleness of their fibres, difficulty
in bleaching and felting, militated somewhat against
their usefulness for the purpose”. In 1918 the com-
mittee sent‘some logs of E. Dalrympleana, a typical
member of the "Ash" group, to the Forest Products
Laboratory at IHontreal, Canada, to be tested on a
semi-commercial scale. The work was not completed,

but it was found, among other facts, that the fibres
averaged 1,11 mm, in length, Cne of the logs was

later used by Messrs, W, Clifford and B.C.Hope of

this country for semi-commercial tests at Canton,



e Ces by both the Sods and Sulphate processes. Both
processes produced a very good grade of pulp, the
yield by the latter process being 47.8 percent of
the drj weight of wood used. Two of the members of
the New South Wales committee, R. T. BDaker and H. G,
Smith, published the report from which the informetion
in this paragraph is teken®, They are also the authors
of a valuable ﬁork entitled "A Research on the Euca-
lypts and their Essentisl 0ils"?®,

In 1920 the Institute of Science and Industry
at lelbourne began a survey of the paper-making qua-
lities of Australiasn woods. Results of work by the
Sods process were published in 1923*%, The immature
wood was found to be better than old timber. The
species found to be most suitable were E. regnans,
2. delagatensis, I. sieberiana, E. obligua, and I.
globulus, The last-named is the only one of the spe-
cies tested ﬁhat has been extensively planted in
California. Semi-commercial scale pulping tests by
the Soda process were made and confirmed the results
of the laboratory tests, Iill scale paper-making
experiments showed that, by slightly modifying the
standard methods of beating the pulp, paper containing
from 60 tc 70 vercent eucalyptus pulp could be made

to give higher bursting and tensile strength tests



than preper made entirely from similarly freaied
spruce Sulphite pulp. Spruce is the wood from which
a large percentage of the world's supply of Sulphite
pﬁlp ié now made, The finish of the eucalyptus paper
was as good as that of the spruce sulphite paper and
the opacity was superior. The report of the work of
the Institute of Seience and Industry was published
in a bulletin printed on paper containing 60 percent
of Soda pulp from Australian eucalypts, 30 percent of
imported chemical pulp, and 10 percent of waste pa-
ver.

An investigation into the pulping of eucalypts
by the Sulphite process was begun by the Australian
Institute of Science and Industry in 1924. Newsprint
paper ordinarily contains from 20 to 30 percent of un-
bleached Sulphite pulp, added because of the strength
it gives the paper. Pulp produced by cooking the
wood in a liguor containing free sulphurous acid and
calcium bisulphite is of a lighter color than either
Sulphate or Boda pulp, tho' it is at the same time
weaker than the former. Later some experiments were
started 6n the production of groundwood pulp from the
eucalypts. Groundwood pulp is cheaper than chemical
pulp and ie produced, as its name igplies, by grind-
ing the wood té pulp by pressing pieces about two feet
in length against the wet face of a large, revolving

grindstone, The long axis of the log is parallel to
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the axis of the stone. Between 80 and 70 percent
of the “furnish® of newsprint paper is groundwood
pulp. Results of thdwork on production of ground-
wood and of some of the work by the sulphite vro-
cess were published by Mr. L. R. Benjamin in 1927.+*

h

The speciés investigated were I, regnans, Z. obligua.
B, delagatensis, Be giobulus, and ©. sieberiang of
which, again, only the globulus is a California
species. From the results described it is evident
that the problem o#wheéher these eucalypts are suitl-
able for the manufacture of newsprint is almost
entirely economic, NMany paper-meking tests were
made using different proportions of eucalyptus
sulphite pulp, eucalyptus groundwood, and spruce
sulphite pulp. Paper made entirely of eucalyptus
sulphite was much stronger than even the high
guality Bnglish newsprint but did not have a very
gdod finish, Pulp mixtures of 70 percent

eucalyptus sulphite and 30 percent eucalyptus ground-
wood yielded paper giving better bursting and tears
ing tests than English newspriant. The @%pacity of
the paper was higher than standard newsprint, the
untinted color was superior, and, after sizing, the

paper had approximately the same ink absorbency.
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The work with some of these immature eucalyptus
species indicated that the sulphite pulp could be
,produced‘iﬁ Australia at = éost that was mubh(lower
than the price.ofISulphite pulp in other countries.
Production of groundwood from the eucalypts was
estimated to be cheaper than from other trees, but
only because of the lower cost of the pulpwood,

Some work on the pulping of two eucalyptus
species by the Sulphite,3Soda, Sulphate and Qround;
wood processes was done by Miller at the Torest
Products Laboratory of the U, 5. Department of
Agriculture at Madison, Wisconsin, The species
were HB. saligna and H. tereticornis, both of them
members of the group of “Gums®, and the wood used
Was from trees grown in the state of Sao Faulo,
Brazil, The latter species 1is plentiful in Cali=-
fornia. Results with the Soda and Sulphate pro-
cesses were favorable, and the Sulphite process
apprlied to E. saligna geve a good yield of a satis-
factory grade of pulp. The Sulphite process with
T, tereticornis and the mechanical (groundwood)
process with both species did not give good results,
Some work was also done by Miller for the Paulista

Reailway Company in Brazil, but the resulis are not
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known, The Paulista Company is reported to have

built a 50-ton per day plant in Brazil.In their

&

“investigation of Iloroccan woods, Messrs. Dupbnt

i9

and Soum included’work on eucalyptus globulus.

The blue gum and several other species of eucalyp-
tus have been planted in various parts of North
Africa as shade trees along the roads, salong rail-
road lines, and in plantstions. Besides giving an
analysis of the wood, which was in very poor agree=
ﬁent with the results quoted by Schorger *® from the
work of liahood and Cable *%*, conditions were given
under which it was found possible to produce a 48,5
percent yfeld of a satisfactory grade of easy bleach
ing pulp by the 3oda process.

The eucalypts are classified into groups
such as the “"Gums", "Peppermints", and the "Ash"
group. However, the variation within the groups is
often very great, as the results of my own work have
clearly shown. Tho' all three species tested are
YGums®, their pulping characteristics are widely
different. The table worked out by Baker and Smith
%3 of the evolution of the species of eucalypts from
the genus Angophora shows the three species occurr-
ing in widely separated branches, Work on the pulp-

ing of species belonging in the group of “Gums" was
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done only on a laboratory scale by Eaker and Smith
as it was early shown thaﬂthe "Ash" group was
‘generally better suited to the purpose, *° This
grou@‘is pborly represented in Califbrnia. The most
hardy of the species have never been tried in %this
State,

Bucalyptus globulus is a tree which grows
rapidly and reaches great size in its native habitat,
BEighty vpercent of’the groves in California are of
this species. *7 The tests made on the Blue Gum by
the Soda process make it a useful standard for come
paring the results obtained from other species by
the same process, and from the same and other species
by different processes. On land which is suitable,
from an economic standpoint, for the growth of the
tree, the average yearly increase per acre is bew
tween two and five cords. I=. corynocalyx, the
second Species tested, is a Eree which is very
drought resistant,- this and its susceptability to
injury by frost explain the fact that it is found
chiefly in Southern Celifornia,., Groves of this
tree, The Suger CGum, meke up 4 percent of the
Fucalyptus plantations of the state, The average
growth per year is 1.22 cords. The tree is, like

the Blue Gum, tall and straight. Supplies of
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these two species were obtained from the groves of
the Murphy 0il Company at East Whittier., *® . The
‘logs were cut from trees sbout sixtéen or seventeen
vears éld and megsured from 11 to 12,5 inches in
diameter in the case of the Blue Gum, and between
10 and 11 inches in the case of the Sugar Gum. The
' (5ee Agpendiny)
third species selected, E. viminalisAor anna Gum,
is one which is second only to the Blue Gum in itse
rate of growth. In Californie it has vproven to be
frost resistant and grows well even in the northern
part of the state. Of the last two species, the
sugar gum is more plentiful., Four percent of the
plantations of the state are Sugar Gum; less than
one percent of the stand in the state is Manna Gum,.
The wood of the Menna Gum used in these tests was
obtained from a tree growing in a plantation on the
éouth side of Victory Boulevard, just west of
Burbank, Zalif. The diameter of the tree was six

inches at 4 feet from the ground,



EXFPERIMENTAL,

In the greater part of the work already done to

‘determine the‘pulping characteiistics of the different
s@ecies of.eucaiyptﬁs, the species used have been
those, With the exception of eucalyptus globulus, which
are not plentiful in California. Most of the wérk ap-
pears to have been done using the Soda process. Accor-
dingly it seemed to be desirable to experiment with
the most common Caiifornia species by some other stane
dard process, such as the Sulphate process. In carry-
ing out the work the chief result sought was to secure
data on the yields obtainable on a semi~works scale,
and also to determine the quality of the pulp, the
ease of pulping and other factors important in a con-
gsideration of the suitability of the wood for paper
pulp. |

| For preparing the wood for the digester no chipper
was available as the nearest pulp mill was more than
500 miles distent. The diffioculty was surmounted by
cutting the logs into discs whose thickness was equal
to the length of chip desired. The discs were then
split by hand into chips measuring 5/8 inch with the
grain, 1/8 inch thick,'and of any width between 1/2
and 2 inches, The process can be visualized from Fig. 1

which shows the discs and the chips made from them, as

well as the small hand mold used for making the test
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Fig, 1. = Illustrates ster
reducing the wood to chips. The di
first ecut from the log and the chi

from them are shown, as well as som

ps in the proces
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split
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the pulp and a sheet of the paper made
on the small hand mold, the two parts of

which are shown disconnected.

m

digester = -
in which the tests
were made, Steam
entered thru the
pipe shown extend-
ing across the top
of the photograph
and down the right
hand side to the
bottom connection,
The drain pipe ex-
tends to the left
from the bottom
connection,




14,
sheets. It was found to be more satisfactory to split
the dises by hand, as the toughness and hardness of
the wood caused any light-weight mechanical contri-
vance to go to piecés very quickly. A hickory mallet
and'a light, sharp hand-axe were the most satisfactory
tools. In preparing the samples of E, g%ggﬁ;&%s g dif«
ferent.method was used., The log of this wood was cut
into 1/8 inch boards and these were then sawed at right
angles to the grain. In this way pieces were obtained
that were 1/8 inch thick, 5/8 inches long with the
grain, and of any width up to the diameter of the log.
The chips produced by both methods were rather more
uniform than the averagé run of chips obtainable in
cormercial practice. Enots were not intentionally re-
moved, but the fact that the wood around the knots
usually broke off in larger pieces caused many of the
knots to be removed in screening out oversige pieces,
The wood was probably, therefore, freer from knots
than would be possible under ordinary mill conditions,
Dust and undersize pieces were screened out in a
square mesh, half-inch screen. Bark was completely
removed from the logs before the chipping operation
was started, The bark is very easily stripped off with
all three of these species. By the time they were used
in the digester, the moisture content of E. globulus

and B, corynocalyx was from 18 to 20 percent. That of



tevrelicornis

&, wiminelis was over 42 percent as the wood was used
very shortly after being chipped. The logs of the
first two species were from trees felled in ﬁecember,
1929, and cooking overations with them were not begun
until ¥March, 1928,

Using a two-foot section of 10 inech, 250 pound
pipe, 2 digester was donstructed at a reasonable cost
by welding a flange to one end of the pipe and a
curved bottom plate to the other. In the side of the
digester, near the top, a section of 1/2 inch pipe
was welded in at & slant for a thermometer well and
a small plate welded over the lower, inside end to
close it. A section of 3/8 inch pipe was welded in
on the opposite side near the top for the steam guage.
The 3/2 inch pipe was flush with the inside of the
digester at one end, and the projecting end was sup-
portéd by a triangular steel plate., Much of this de-
tail can be seen from Fig. 2 . In the center of the
steel plate which was bolted to the top flange as a
1id to the digester was welded a short length of one
inch pipe. The pipe was threaded at both ends for
attaching a relief valve and, on the inside, a fitting
to reduce loss of liguor thru the relief line. The
-combined steam inlet and drain was placed in the cen-
ter of the bottom plate. This was a 3/4 inch pipe

with the end inside the digester capped as shown in



Interior of digester.

Can welded on end
of pipe. —»f 1/4 inch slot cut
’//////in side of pipe.

Drain pipe
welded into digester.

Bottom plate of
digester.

* L
5‘—-—- DIAIN c'/ \ ~ §j| <—— STEAM 3
S (—

Fig. J. - Detail of the bottom connection on
the digester.
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the sketch. (Fig. 3) Dreining liquor from the digest-
er after a cook was never a difficult operation with
this arrangement., The body of the digester was well
lagged‘with'magnesié pipe covering, the thickness of
the insulation being about an inch and a half, and the
lagging was painted with aluminum vaint. The large
amount.of condensation always found in such small

size apparatus when direct steam heating is used was
thus cuf down to within reasonable limits,

The Bulphate process 1is one in which the cook-
ing liquor consists principally of sodium hydroxide
and sodium sulfide in solution. The name is derived
from the fact that salt cake (sodium sulphate) is
used in one part of the liguor-making process to re-
place the caustic which has been lost in the pulping
process. The liquor is used repeatedly, being evapor-
ated, burned, the solids dissolved again, and then
cauéticized after it has been separated from the pulp.
The combination of sodium sulfide and hydroxide gives
a cooking liguor which is not so gevere in its effect
on the fibre. Consequently, the yield is higher and
the strength of the fibres is greater than when the
sodium hydroxide is used alone., When easy bleaching
pulp is being prepared, the non-cellulosic portions
of the wood are as thoroly removed as with the Soda

process, in which sodium hydroxide is the active agent.
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The pulp is chiefly used where strength, not a light
color, is required, For the preparation of Kraft
“pulp the wood is undercooked so that the maximum
sfrengfh ié obtained. The strongest papers are made
from this pulp. It is of a brown color, and bleaching
is not economical. In making the liguors for this
research, processes were used that are very different
from those used in cormercial practice. The latter
methods are not suitable for small scale work. The
liguor obtained had essentially the same composition.
At first the liguor was made by dissolving sulfur in
caustic solution under pressure and at a temperature
of about 134°C. This method was tho't to give too
much sodium thiosulfate for the amount of sodium sul-
fide produced, and was abandoned in favor of a sim-
pler method in which hydrogen sulfide gas was dissolve
edvin a caustic soda solution until the desired ratio
of sulfide to total caustic had been obtained. The
total caustic was considered to be the sum of the
sodiunm hydroxide present plus the sodium hydroxide
equivalent of the sodium sulfide. Some liquor was
made up by dissolving crystals of pure sodium sulfide
in the caustic soda sdlution.

The chips for the cook were weighed and just e=
nough Were:uséd to fill the digester to within fif-

teen or sixteen inches of the lid. This distance
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was provided so that the loss of liguor thru the top
valve while relieving would not be too great. The
'tqtal volume of the charge was thus usually near 2.8
galloné, or about 0,37 cubic feet. The weight of oven
dryfwood, usually from 4 to 5 pounds, was computed
on the basis of moisture determinations made every
other day or oftener. The weight of total caustic was
based on the weight of oven dry wood, and for kraft
pulp amounted to between 20 and 23 percent of the
wood in the charge. Hasy bleaching pulp was produced
by using 30 percent total caustic. Enough waler was
added to insure nearly covering the chips at the be.
ginning of the cook. When chips and liguor had been
measured in, the 1lid was bolted on and steéam run
directly into the charge to heat it and bring the
pressure to the desired point. During the steaming
period the pressure was kept at between 40 and 45 1lbs
guage, allowing uniform penetration of the wood by
the liguor before the actual cooking began. After
steaming for the proper length of time, the pressure
was raised to the cookiag point., In the alkaline pro-
cesses, cooking (solution of lignin) does not begin
until the tempersture is 150°C or higher, During the
cook the relief valve on the top was held slightly

open to allow escape of gases and to improve circula-
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tion. Good circulation is essential to a high quality
V of pulp, but it is easily obtéined in small digestors.
On completion of the cook, pressure was relieved as
quickly'as possible. It is probable tﬁat the fact |
that the dewign of the digewster did not permit the
contents to be "blown" out as with large digesters
had something to do with the chips of even the easily
pulped E. globulus wood holding their original shape
fairly well until removed and washed. Liguor was
drained from the digester and the contents washed
thru the relief valve on top before the lid was taken
- off. The digester always drained guickly, When the
pulp was removed, it was placed in a box with a 14
mesh screen for a bottom and then washed thru onto a
75 mesh screen, An ordinary garden hose nozzle accol-
plished the washing satisfactorily. The 75 mesh screen
formed the bottom of a second, shallower box that
exactly fitted the upper box with the 14 mesh screen,
The anmount of material left on the coarse screen was
negligible with the pulp from E. globulus. The screen-
ed pulp, after being dewatered in a small centrifuge,
was weighed and a representative sample removed. From
the oven dry weight of fhe sample the yield of dry
pulp was calculated. The yield of pulp from cook num-
ber 14 and those following was determined by weighing

the pulp as it came from the digester and computing
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the oven dry welght from s representative sample
which was %ery carefully taken as the digester was
emptied of pulp, The oven dry weight of the sereenw
ings left after washing was subtracted from the
total weight to give the weight of screened pulp.
The yield of Cook No. 14 was alsoe found in the same
wWay as with the preceding cooks, in order to check
the accuracy of the method first used. It was found
thiat the later method showed a yield of 53 percent,
while the figure given when the pulp was weighed
after screening was 4 percent lower or only 49 per-
cent. The loss in screening was probably similesr
in the other cooks, so that from 2 to & percent
should be added to the yield figures for the firs
ten cooks.

Besults of the cooks are given in Table
II. The difference in the esse with which the three
species are pulped is striking. Eucalyptus globulus
wood is very easily converted into pulp. VWhen cook-
ing it by the sulphate process, it was found necess-
ary %o reduce the cooking time to about a third of
that usually needed fof coniferous woods. The total
caustic# was also less than the ordinary figure for
woods such as spruce and hemlock., It is probable

that even in Cook No. 4 the resulting pulp was too
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"soft" to be called a Kraft pulp,~ in other words,
the cooking time or the liquor concentration should
have been still further reduced. With E. corynoealyx
eﬁactly the oppdsite was true, Even under the cone
ditions of Cook Noes 18, the severest conditions of
any cook made, the resulting pulp was raw sud full
of tiny, black specks, Tho' better then any of the
other cooks of this wood, the color of number 18
was not satisfactoiy. E, viminalis was a little
nore difficultly pulped than I. globulus. The pulp
was darker than that of the blue gum and did not
have the same reddish coleraticn.

Objections to the disagreeable odors
produced when pulping wood by the sulphate process
mede it necessary to change to other methods when
only eight cooks had been completed, Four cooks
were made by the Soda process,- one of them using
the so~calléd Modified Soda process; and eight cooks
were made by a method which will be referred to as
the Hypo process. Two unsuccessful attempls were
made to cook E. é%gg;gi%s wood by a modification of
the Keebra process.

The cooking liguor used in the Soda pro=-
cess ig an agueocus solution of sodium hydroxide,

The process is used commercially for the pulping of

hardwoods; The pulpr is usually bleached and possess-
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es gqualities which make it valuable for the manu-
fécture of printing papers. It does not have the
strength of Bulphate pulp,-the valuable gualities
.éf the pulp are its softness and its ability to‘hold
loading materisls well. As has been mentioned, the
mejority of the tests on the suitability of the
eucalypts for paper manufscture have been made using
the GSoda process. The procedure used when making
the four Soda cooks was very similar to that describe
ed for the Bulphate cooks, except that the required
amount of caustic Wasbweighed out for each cook.
About & gallon of water was used to dissolve the
caustic (one-half gallon in Cook No. 15), and the
solution was poured over the chips in the digester,
The length of the steaming period, the vressure used,
and the method of determining the yield were as de-
scribed for the Bulphate process. Results of the
four Boda coqks.are noted in Table II, X, coryﬁo-
calyx yielded about the same quality pulp by this
process as by the Sulphate process. As Cook Ho. 12
did not produce any pulp and Cook No. 15 was made to
determine the effect of the sodium thiosulfate used
in Ho. 14, it was not possible to compare the guale-

ity.of correctly cooked Soda pulp from E.'globulus
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with either Sulphate or Hypo pulp from the same
‘species. The comparison, however, is hardly
- necessary as the general quélities of Sulphéte,and
Soda pulps are well known, and in addition
E. globulus has been the subject of more investiga~
tions, (nearly all of them by the Soda process),
than perhavps any other eucalyptus species,
dook Noe. 10 was made by the Modified

Soda process, a process recently developed for use
with woods which are not easily converted into a
good quality of pulp by the standard methods. The
modification is apnlicable to any of the alkaline
processes and was originally used by the author in
making Xreft{a)pulp from Douglas Fir. Instead of
using just eneugh’cooking liguor to effect solution
of the non~cellulosic materisls in the wood, at
least twice that amount was poured over the chips.
Eﬁough water was used to nearly cover the chips at
the beginning of the cook., Condensation, of course,
guickly increased the guantity of liquor so that the
chips were more than covered by the time the cooking
temperature had been reached. Fressure was brought
to 95 1bs, per square inch within 8 minutes after
starting cook No. 10 and was kept at that point for

{&) (In the preparation of Kraft pulp ,

wood is under~cooked by the Sulphate pro-

- cess in order to give pulp of maximum

strength, When cooked to yield pulp that

can be more easily bleached, Sulphate
pulp is designated as Fasy Bleaching.)
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25 minutes, and the pressure then relieved very quick-
ly. As soon as the pressure in the digester was
equal to atmOSpheric, the drsin line was opened
and a1l the liquor drained off. Next the drain and
the relief lines were closed and steam again let in
until the pressure was as high as was possible with
the type of boiler being used. The pressure during
this steaming period was between 100 mnd 1035 1bs,.
in all of the tests made by the modified processes,
At the end of the steaming period, DPressure wWad rew
lieved and the pulp washed and treated as at the com-
pletion of cooks made by the ordinary Soda or
Sulfate vrocesses, The first cooking pericd allow-
ed the chiﬁs to be thoroly penetrated by the liquor.
Enough liguor was retained in the wood to dissolve
out the noncellulosic material during the steeming
périod, In addition to the lodified Soda cook,
(Cook Mo, 10), Two Hodified Hypo cooks were made.
The only difference between the two modified pro-
cesses is in the liguor used, otherwise the pro-
cedure is identical.

The commercial use of the modifica-
tion of the alksline procésses which has Just been
described is very limited at present, HMany changes

are made in the precedure outlined in adapting it
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for use on a large scale. The usefulness of the
process in tldis reaearch lay in the fact that it

- obviated the difficulties encountered becauée of
the 1argebamount of condensation in the small

sized digester that was used. In cooking wood like
E. corynocalyx by the ordinary method a good grade
of pulp could not be obtained when the chips were
in the digester 5 total ﬁime‘of four hours, yet if
more time for‘digestion had been allowed, the di-
lution of the liquor ﬁbuld nave decreased the pulpe
ing action until it practically ceased, The effect
of a longer digestion period is obtzined when one
of the modified processes is used,

The Hypo process referred to above is
one in which the cooking liguor consigts of an
agueous solution of sodium hydroxide and sodium
thiosulfate, The pulp from this process is very
similar to Sulphate pulp. The purpose of the
sodium thiosulfate is the same as thal of the sodium
sulfid in the latter @rocess: but, as would be ex-
pected from a consideration of the nature of sodium
thiosulfate,the molal percentage of thiosulfate is
twice that of the sulfid reguired, The preoess has
probably never been used commercislly,- its advan-
tage to this work being the possibility of getting

a pulp véry'similér to Sulphate pulp without having
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the same objectionable odors, The liguors were made
up by dissblving Hypo cyystals in water and nixing
the solution with a solution of caustic soda. This
method is, of COurée, too costly for use in the in-
dustry, but the liquor obtained is mearly the same
as that produced in a modification of the Sulphate
process, (Paper Tradé Journal, Vol, 85, Aug.4, 1927,
Page 62),Vin‘whiéh, instead of burning the black ash
with salt cake, sulfur is introduced by mixing it
with the lime sludge just before calcining. Once
the liquor is prepared the balance of the process
conforms exactly with the Sulphate process. Six
ordinary Hypo cooks and two Modified Hypo cooks wer
made, Unfortuwm tely, the odors from the Hypo pro-
cess, tho’not as bad as those from the Sulphate pProe
cess, were found to be objebtionabl@ enough so that
it was not possible to continue the work until some
méthod of quickly removing all waste liguor had been
devised, In fact, lack of proper fgeilities for dis
posing of waste liguors was the most serious obstacle
in the way of properly completing this work.When make-

ing the Hodified Hypo cooks, gases were not relieved

o

from the top of the digester during the cooking or
impregnating period. In this way a high steam press-

ure could be used without having a correspondingly
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“high temperature, and it was possible Lo get good
f‘penetration Without much solution of non-cellulosic
material, As will be seen by referring to Table IIl.,
.the iny»satisfaétory results from I. corynocalyx
were given by Cook No. 18 when the Modified Hypo
process was used, indicsting that severe treatment
by the standard Sulphate or Kraft process would
yield a fair grade of pulp. In pulping the wood
commercially much higher pressures would be used
and a good grade of pulp would probably be produced
in 3 or 4 hours. Unfortunately, the eguipment used
in this work was of the wrong design for working with
a wood like ®. corynocalyx. 3=Excellent results were
obtained when the Hypo process was applied to XHE.

ferehcarn‘\s
i .

4 globulus and X. wiminstis. Cook No. 20 of T.
terelicorais

ey s was made by the Modified Hypo process be-
cause an easy bleaching pulp was desired, but in a
larger digester in which condensation WaSPeSS an
easy bleaching pulp could have been produced from
this wood by the standard Sulphate process merely by
cooking som hwat lohger snd using 30 to 33 percent
total alkali,

Lafge samples of the pulp from all of the

différent cooks were kept in numbered, paper contain-

ers and in gallon size tins with tight-fitting lids,
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The most important points to consider when determine.
ing the guality of pulp are (1l.) the strength
vossessed by paper made from it, and (2.) the amount
of bleaching solmtion reguired to completely bleach
the pulp, It is also valuable to study the fibres
microscopically; and it is important from an economic
standpoint to know how much pulp a given amount of
wood will yield., An attempt was made to answer the
first point by sending samples of the pulp from some
of the cooks to the testing laboratory of a Pacifie
Coast paper company which volunteered to mske test
sheets of paper from the pulp and test the strength
according to standard methods. The results of the
tests have not yet been received, To answer the
second point, a series of bleach consumption tests
were made on the pulp from six of the cooks. The
method followed in these tests was one recommended
by the Joint Executive Committee on Vocational 3d-
ucation, revpresenting the Technical Sections of both
the Canadian and the American Pulp and Paper organi-
zations,

A weighed quantity of from 4 to 5 grams
of the alir dry pulp was macerated in a mortar with a
detfinite guantity of water. The mass was poured into
a wide mouth, glass stoppered voitle and slightly
more then thepmount offstandardized bleach solution
which the sample of pulp seemed to require was added,
The contents were kept at a temperature of from 35 to
40°C for three hours and shaken at frequent intervals,
The conb ents of the bottle were then poured over a

Bichner filter, washed, znd the filtrate titrated with
standard sodium thiosulfate solution,
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("Manufacture of Pulp and Paper" Vol.III, Section 8,

page 46- 2nd Ed.) Resulis of the tests are given in
Table 11, The figures indiéate the percentage of
available chlovine reguired, based on the original,

air dry weight of the pulp. The bleach cormsumption

of the pulp from Cook No, 18, the lightest colored

pulp obtained from E. corynocalyx in any of the cooks,
is seen to be much higher than that of the pulp from
either of the other two woods. The figures for the

easy bleaching pulp from B, globulus, Cook No. 5, are
very good, and can be favorably compared to the bleach
requirements of the Sulphite pulp usually obtained from
woods like spruce and hemlock. Thepulphite pulp from
the latter woods is used in the manufacture of news-
‘primt without being bleached. The light color of the
pulp from E. globulus is a poinit very much in its favor.

terelicornis

B. vsbeids, too, yields a pulp having a coler which,
tho' not as light as that of B. globulus pulp, can still
be considered as excellent. A sample of Kraft pulp from
red cedar, a wood from which a good, 1igh£-colored Kraft
pulp is made, is inciuded with the samples of pulp from
the different eucalyptus species, The T, globulus pulp
is seen to be of a much lighter color than the pulp
from fed cedar, while the nulp of E. viminalis is a
trifle darker, The strength of the sample sheet of red
bcedar pul§ should not be compared with that of the

eucalyptus pulp, as the former was made in a standard
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sheet machine in the correo£ manner to develop its
strength, The sheets of eucalyptus pulp were made on
‘a hand mold by the_cfudest of methods, 2as wiil be de-
seribed in a later paragraph.

The accompanying photomicrographs (Figs. 4
to 9) were all made at a magnification of 96 dismeters
for the purpose of comparing them with the photomic-
rographs of other eucalypbus species reproduced in
YAustralian Wood Fibres". (Baker and Smith. See
Bibliography.) Figures 4 and 5 are E. globulus fibres
from Cooks Hos. 4 and 5 respectively. The length of
the Tibres appears to vary between 0.8 and 1.2 mm, The
short, thick ray cells are very much in evidernce, a
characteristic feature of the pulp from hardwoods,
Figure 4 also shows two of the cells from the vessels,
The ray cells and the cells from the vessels do not
give any strength to the pulp, in fact, they weaken it,
Fortunately, the ratio of width to length is very small
in the case of the tracheids and the wood fibres, thus
giving the pulp good "felting® qualities. The inter-
lacing of these longer fibres gives papef its strength.
Figures 6 and 7 show the fibres of E. corynocalyx to

4

be on the average very slightly shorter than those of
HE. globulus, but with a smaller percentage of ray cells,
This pulp should be stronger than I. globulus pulp >r

. Terelicornis .
N v%ménaizs pulp, a5 the latter also shows a large



Fige 4. - Kraft pulp from E. globulus. (Blue
Gum.) Cook No. 4. The large, thick cells
in the lower, right-hand corner are cells
from the vessels. These and the short
ray cells contribute no strength to the
pulp, Magnification 96 diameters as in
Figs. 5, 6, 7, 8 and 9.

Ryl

. - Easy bleaching Sulphate pulp from
E. zlobulus., Cook No. 5.



Fig. 6. - Kraft pulp from E. corynocalyx,
Cook Wo. 8. Note the smaller number
of short, ray cells as compared to
Figs, 4, 5, and 8.
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Fig. 7. - Pulp made from E. corynocalyx by
the Modified Soda process, Cook No.
10.



Fig, 8.-B. viminalis pulp from Cook
No., 19. (Hypo Process.)

Fig. 9. - Kraft pulp made from red cedar,
Shown here enlarged the same as the
other photomicrographs for comparison,
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(However , vefer To the Appendix.)
percentage of the short ray cellgf The fibres of
B. viminalis, shown in figure 8, appear to be shorter
than those of either of the other two speciés, As.
early as can be judged thekibre& are 0.7 mm and
longer, wltn the tracheids, (those showing a large
number of pits,) even shorter than 0.5 mm., According-
1y>cf the three pulps, Z. corynocalyx would be expecied
to have the greatést strength, with I. globulus next
Te.réhcor\-\‘\ S : R .
and B, veEgEemmees last. A1l of the fibres are shorter
than those ghown in Fig. 9. These are the fibres in
the pulp of red cedar cooked by the Xraft process, and
are btracheids some 3 or 4 mm., in length., As indicated
by the shape of the fibres, thé pulp from Red Cedar is
exceedingly Stroag. This photomicrograph, made to the
‘same magnification as the others, is shown here for
purposes of comparison. It can be seen that, altho'
the red cedar fibres are much longer then the eucalyptus
fibres, they are also much wider; and, in fact, the
ratio of width to length, or the felting power, appears
to be even smaller in the case of the eucalypbtus fibres,
Thus it seems that hy'proper treatment of the pulp from
the three species tested, a reasonably strong grade of
paper could be obtained,
After 211, the proof of the pulp lies in
the paper that can be made from 1t. The small hand

mold, ofi& hmh the. two parts- deckel and frame- are
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aze shovn in Fig. 1, was used o make & few test
ste ete of paper. Beating the pulp is essentisl in
~order to de#eicp any strength, and as no ba11<nzll oxr
other method of béating the pulp wes available, the
paper produced in the se tests should not be expected to
have much strength, Noe sizing materia s were used to
gtiffen the peper, the felts were itoo coarse for the
purpose, and the vat used was too shallow to give a
well formed sheet. In addition, the operator had not
acguirsed the proper technigueyand when the hand mold
was being removed from the vat, in forming the sheest,
could not give the “shake" as it should be given, Unw

leg

n

the “shake® is done properly, the paper will not
heve any strength, Thﬁbest authorities state that at

least five vears yractice ig needed before the

iy

technique of the “"shake" is mastered, In spite of all
these difficulties, the test sheets of paper, as can be
seén from the samples included in this report, are fair-
ly strong. What can be done when the pulp is properly

treated is shown by the small sample of Australian

paper. This paver was clipped from Bulletin 25 of the

e

Institute of Secience and Indusiry of Australia (see
bibliography) and contains 60 percent of Boda pulp from
species similer to the three tested in this work. The

semple also contains 30 percent 04spruce Sulphite
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bulp and 10 percent waste paper, Eulp produced
by the Sulphate or Hypo processes is much sironger
ﬁhan Soda pulp, and correct treatment of the pulp
produced in this work should yield a paper stronger
than the Australian sample submitted without the ad-

dition of azny pulpy from other woods,
‘o -
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SUMARY »

The object of this work was to obtain
dats on the pulping characteristics of the three
Tucalyptus species planted most extensively in
Californis, Informaﬁion was particularly desired
on thefjuality of pulp that could be cbtained by
some standard process other than the Soda process,
Because it was necessary to abandon the standard
Sulphate process and change to processes which have
not been thoroly tested in commercial work, the data
is not 28 completé as it should be. The first point,
however, has been covered sufficiently to warrant
some definite conclusions.

Thewood of eucalyﬁtuS‘globulua is very
easilyrreduced to a pulp having a remarkably light
color, as can be seen by comparison of the sample
sheet of pulp from Cook Wo. 2 with the samplekﬁffred
cedar pulp submitted. The strength of the pulp is
decressed by the large number of short ray cells,
and the fibres are shorter than those from typical
conifer., An advantége from the standpoint of strength
ig the fsot that, as with the other two species tesgted,
the rétio of length of the fibres to width is high,-
The pulp produced by the Hypo process is a little
reddey thén that ﬁrcduced by the standard Sulphate

iy

process., The yield of pulp from ZE. globulus is high.

ey
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The combination of light color and high yield put
eucalyptus globulus wood in a very favorable light,
éﬁyecially when it is remembered that this is the most
extensi%ely planted and one of the fastest growing
species of eucalypits in California. That the short-
negs of fibre is not a seriocus difficulty has been
demonstrated by the recent work conducted for the
Institute of Science'aﬂdlndugtry cf Australia.

Somewhat less fTavorable are the regulis of

@

ferclicornis

the work with E. vimsssizms., The pulp from this wood is
a little darker than the sample of red cedar pulp and
-much darker than the pulp of E. globulus. The color
is, however, good. Whetler it would be 1ighter if
cooked by the standard Xraft process is a difficult
question to answer without experimental evidence,
Judging from the photomicrographs, the strength of this

close to that of B. globulusy the difference,

Terelicorn is

pulp 1

n

if any, Wculd‘probably favor the latter. E.
wood is easily pulped, but again not so much so as I,
globulus. This species of eucalyptus is about as fast
growing as I. globulus or blue gum, and is more regist-
ant to frost. It has not been as extensively planted as
some of the other species, but has done well wherever

the soil conditions were reasonably good. (See Bulletin
380 of the COllége of Agriculture at Zerkeley, Calif, for

details,)
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Results with the woed of E. corynocalyx
oT Ssugar gum are not at a2ll promising. The wood is
~not easy to reduce to pulp, and the eolor of the pulp
obtained is poor. TFhotomicrographs of the fibre ine
dicate & pégsibility of greater strength than with the
other two species, but this is,after all, only @& cone
jecture and can not bé proven unitil actual tests of
strength have been msde, Further?tudy of the species
is not recommended. The tree ieg less frost resistant
than blue gum or manna gum and is nol grown extensively
excert in Southern California.

In conclusion, therefore, it may be said
that the wood of the blue gum is entirely suitable
for the menufacture of paper pulp by the Bulphate or
Soda processes, or even by such modifications as the s0-
called Hypo process. The wood of X. éggiggigs oY Eggéa
gun is 1essrdesiréble, but still entirely worthy of
inﬁestigation. Further effort spent on pulping sugar
gun by any of the alkaline processes would probably
be wasted, Tests should be made of the possibility

of pulping this wood by the standard Sulphﬂé Process.
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APPENDIX
Additions and @orrections to Thesls Submitted.on August 30.

- Although some seventy specles of eucalypts have been
planted in California, about ninety-nine percent of the
stand consists of the four species known commonly as Blue
Gum, Gray and Red Gums, and Sugar Gum. As stated in the
original thesis, the approximate proportion of Blue Gum
is estimated to be around 80 percent. Gray Gum,(E. tere=
ticornls,) and Red Gum, (E. Rostrata,) are difficult to
distinguish from each other. Together they form flifteen
percent of the eucalyptus stand. Next to them comes
Sugar Gum, (E. corynocalyx,} forming four percent of the
total. Of the Speéies making up the remaining one percent,
~one of the most common is Manna Gum, (E. viminalis.) As
1t was the purpose of thié work to test the specles most
extensively planted in Californla, those orliginally se-
lected for investigation were Blue Gum, Gray Gum, Sugar
Gum and Manna Gum. The Gray Gum was chosen instead of
the similar Red Gum because it is a taller, straighter
tree and the external features of the wood made it
seem a little more suitable. In general, the wood is
more straight-grained than that of the Red Gum. However,

by the time the digester had been completed and tests



Fig. 10 - Branches of E. tereticornis.
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made on Blue Gum and Sugar Gum, it was decided that the
smali amount of time left would permit the testing of
only one more specliles. Manna Gum was selected and efforts
‘were made to obtain a sample. E. viminalls is relatively
scarce in Southern Californla, but one of the Los
Angeles COQnty Agsistant Foresters told of a grove lo-
cated west of the city of Burbank. I did not at the
time know enough about the different specles of eucalypts
to be sure that the tree cut was actually a Manna Gum,
80 the precaution was taken to make a falrly complete
desecription of the tree. Several branches with leaves,
flowers, and frult were taken and photographs made of
them. One of the photographs is shown here as Fig. 10.
It was fortunate that the description and photographs
’were made, as it was later found that the tree was a
Gray Gum, or E. tereticornls, and quite definitely not
2 specimen of E. viminalls.

The conclusion that the tree was a Gray Gum was
made after dlscussing the description with Mr. Woodbridge
Metcalf, Extension Forester at the University of California
at Berkeley and an expert on the growth of the eucalypts
in California, The.more important points on which the
conclusion was based are briefly as follows! The frult of
the tfee in question 1s about the same size as that of
both E. tereticornis and E. vimihallis, but has valves

more prominently exserted than is usual with the latter.
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The rim is prominent and domed, a characterlistic fre-
quéntly found in E. tereticornis but not in E. viminalls.
The peduncles are mueh longer than those of the latter
sbecicé; and there are usually seven, rarely less and
ocecaslionally one or two more, flowers in the umbel. In
the case of E. viminalls, the peduncles are short, and
the number of flowers in the umbel is usuzally three and
never more than seven. The bark of the specimen was in-
clined to come off in flakes while that of E. viminalis
nore frequently comes off in long strips. The abnormal
or Bucker” leaves of thls tree were broadly lanceolate
like those of the tereticornls. E. viminalis has ab-
normal leaves which are éessila.

This work has accomplished 1ts original purpose in
that the three species tested are actually the most come
monly planted eucalypts in @alifornia. E. rostrata and
E.vtereticornia are, of course, consldered togehher. E.
tereticornis was tested by Miller of the U. S. Forest
Producte Laboratory by the Sulphate process and found to
be satlisfactory. A photomicrograph of ite fibres repro-
duced in “Australian Wood Fibres) is simllar to the one
included in this report. E. tereticornis is a tree which
1s more reslistant to heat and drought than E. globuluse.
Its wood 18 considered good for timber in Australia. The
mean annual growth of the tree in California is estimated

by Metcalf! to be less than one cord per acre, while the

* “Growth of Eucalyptus In California Plantatione?



Blue Gum averages three cords, and on good soil often
reachese over five cords per acre. It was unfortunate
that 1t was not possible to test E. viminalis as the
tree grows well and rapidly in a varlety of conditlons
and 1is froét resistant.

‘.It was mentioned in the original thesis that samples
of the pulp from some of the different cooks had been
gent to the testing laboratory of one of the Paper
Companles of the Pacific Coast. No report of the test
had been recelved up to the time the thesis was submltted,
but in September a visit was made to the laboratory in
question. The pulp had been tested and some surprising
results obtained. Samples of paper had also been made
- from the three batches of pulp submitted. The procedure
followed in testing pulp at this laboratory 1s first to
determine the moisture content of the sample and then
to place %k in a ball mill an amount of 1t equivalent
to a certain weight of the pulp in a bonépry condition.
The ball mill is filled with a definite number of rocks
of standard slze and a quantity of cold water 1s poured
in with the pulp. The mill is revolved and the number of
revolutions checked with a counter. At intervals of six
hundred revolutions samples of pulp are removed and made
into sheets of paper on a standard sheet machine. Great

care 1s taken to always prepare the paper in exactly the
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same way. The sheets are put under a measured hydraulic
pressure for ené minute after they are formed and are
' then carefully dried. The test ls made by placing the
driedAand welghed sheets in an apparatus known as a
Mullen strength tester. The machine measures the force
required to buret a hole in the paper. In this test
the action of the ball mill is similar to that of the
besting engines used in the paper mill. As 1t is desirable
to find how much beating will be needed to develop the
maximum strength of the pulp, the samples are removed
at regular intervals.
The mill where the tests were made produces kraft,
sulphite, and groundwood pulp. Using hemlock wood and
'spruce, the strength of the kraft pulp varles between
120 and 140 percent, that of the sulphite between about
80 and 90, and the groundwood gives a test of 22 to 30.
Kraft pulp 1s very strong and is used for wrapping papers
ahd other purposeg where strength is essential. Ite color
is a dark brown. The sulphite pulp is nearly white and
is fairly strong. Newsprint contains 20 percent of 1t
mixed with the groundwood for the sake of strength.
Results of the tests are glven in Table 11I. The
tests unfortunately did@ not include any of the pulp from
E. tereticornis. Two things about the results of the
test with E. globulus are remarkable. One is that it

should have glven such high tests as 91 percent for



éook No. 4 and 94 percent for Cook No. 5, and the other
is that the maximum strength should have been reached in
600 revolutions in one case and 1200 in the other. The
maximum strength of kraft pulp from hemlock is reached
in about 6,000 revolutions. The sgaving in power and time
in preparing such a pulp would be tremendous. The results
of the tests are exactly the reverse from what was pre-
dicted from a consideration of the photomicrographs of
the fibres. E. corynocalyx does not test much higher
than groundwood pulp, though as it was a very hard pulp,
further beating might have developed a little more
strength. On the whole, the kraft pulp from E. globulus
1s very satisfactory. Although 1t is not as strong as
good kraft pulp from softwoods, its strength compares
favorably with that of spruce and hemlock sulphite pulp.
To complete this work a test of the strength of
pulp from E. tereticornlis should be made. Pulping tests
on the wood of E. viminallse should prove of great value
in this study of the eucalypts of California. No less
desirable would be large scale tests of the abllity of
some members of the “ Ash’ group of eucalypts to grow well
in plantatlions in different parts of the state. Species
which should be thoroughly investigated are E. regnans,
E. Delegatensis, E. obliqua, E. Sieberiana, and E. eugen-
1oides. Tests should also be made with E. pilularis,
E. maculata, E. saligna, E. dliversicolor, and E.Dale

rympleana.



Samples Described in Appendix.

Sample of paper from Cook No. 4. E. globulus by
the Kraft process.

777 pp fr ' 0- ) , E. glo --
by the Easy Bleaching Sulphate process.

calyx by the Kr i iy
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1915

1216

1917

19218

1919

_THE EUCALYPTS FOR PAPER PULP.

"Eucalyptus Trees." Off.Year Eook H.S. Wales,
1905.6, pp760-74, R. T, Baker. A description of
important species,-0ils and other products.

(Abs. only.

. ““Recent Work on the Fuecalypts.' Smith.
J.Soc.Chem.Ind.,26:851-7, Chem.Abstracts 2:166°,

A comprehensive tregtise of economic possibilities,

Experiments made in the U.S5., with Elue Gum
from Southern California. World's Paper Trade Rev.,
sept.,1911. Rev, in Paper Making, 30:376; abs. in
Je80c.Chem.Ind.,30:1248, and Chem.Abs., 631803 .

Investigations made on pulping of three Tas-
manian species by H. E. Surface. ("Australian
Wood Fibres." p9) -

“paper-making in South Australia." W. A,
Hargreaves, Dept. of Chem., South Australia, Bull,
1, ppl-56. Abs, in J.Boc.Chem.Ind, 36:27-8, and
Chem.Abs,11:13002,

Cormmittee appointed by government of Wew South
Wales to inguire into suitability of local species
for paper., Work of Baker and Smith, members of
the committee, continued after their retirement
from government service in 1919. (Australian Wood
Tibres." p9) ,

"The Botanical and Chemical Character of the
Tuecalypts and their Correlation." H. E. Armstrong
et al., Rept., Brit. Assoc. Adv, of Sci., 1915397~
116; Expt. Sta. Rec. 35:841l-2, Abs. in Chem., Abs,,
11:1673. (1917) (Abs. only.)

Logs of E. Dalrympleana sent to Forest Products
Taboratory at Montreal, Canada, for semi-commercial
tests. ("Australian Wood Fibres.")

_ “"Eucalyptus as a Source of Paper." J. Hicol de
Portemont, Le Papier, 22: No.l,pl7. Abs. in Chem.,
ABPS. in Chem. Abs., 13:1149*, (Abs. only.)

Work done by Clifford and Hope of U. 8. on logs
of ®, Dalrympleana by Soda and Bulphate process,



"The Hardwoods of Australia and their Econom-
ies.” R. T. Baker, Sydney, Govt. Printer. 522 pp.
Rev,. in Science and Industry, 1:510, (1919) Abs.
in Chem.Abs, l4: 815%. See also &hem.Abs.la 11908,
(Abs. only.)

1920 - Institute of Science and Industry (llelbourne)
vegins investigations of the value of the eucalypts
for paper pulp manufacture.

YA Research on the ! ucaljnts and their Es-
sential 0ils." R. T. Baker and H., G. Smith. 2nd Ed.
{1920). Technological luseum, Sydney, H.3.W.

1921 "Paper from Australian Hardwoods." W.8.W. For.
Commission, in Daper-ﬁaher and Brlt.Pap. TeREVay
 62:Wo. 3,p341l. Abs, in Chem.Abs.1l5: 37449,

rbGO Oﬁl’f.) )

1922 “Chemistry of‘Wood. IV, Analysis of H.globulus
and pinus Monticola."” 8. A. lMahood and D. H. Cable.
J. Ind. ¥ng. Chem,, 14:933-4, Abs, in Chem. Abs,
16°3753 .

“cellulose Content and Pulp Yields of Some
Australian Hardwoods." L. R. Benjamin and J. L.
Somerville. Chem. fng. Mining Rev., 14: 377-9
iﬂeloourne) Abs. in Chem.Abs., 16:4062%.

Abs. only.)

1923 YThe Manufacture of Pulp and Paper from Aus-
trallan Hardwoods."” L. R. Benjamin, Australian Inst.
Sei, and Ind,, Bull. Ho. 25 . Rev., in Paper Mll
473N0.36,p 40-42, Abs. in Chem.Abs,, 173 3099% R

1924 "Australian Wood Fibres." R. T. Baker and
4, G, Smith, Sydney, Govt. Printer.
Institute of Science and Industry (Melbourne)
begins investigation of pulping of eucalypts by
the Sulphite process.

19286 Wiest Australian Laboratory Tests with Dom-
estic Plants for Pulp Production." A, Voigt.
Zellstoff u, Papier, 6:160-1l. Abs. in Chem.Abs.,
20:274%%, B, diversicolor gives best results.
TAbs., only.)

' YHEuecalyptus Varieties as Raw Material for
Cellulose.” Otto Cyrén. Hedd.Sveriges Kem, Ind.-
;{nnt., 9 fla 70 ° Abs. lﬂ Ch(‘,«’no‘ibgco?o ?90’? &
(Abs, only.)

50 ton per day eucalyptus Sulphite Pulp mill
planned at bad Paunlo, Brazil. The Timberman, iay,
1926,

Articles in the Australian Forestry Journal,
April, 1926, p91l-23 July pl96; August, »202-4.



1927

1928

"Eucaljntus Paper." in Wochbl.Papierfabr.,
57:N0.7,p1l83-4, (Feb,13, 1926) Abs. in Paper Tr.J.,
83:Tech. Sec. p92.

"Paper from ITucalyptus Wood." in Papler-Ztc.,
51¥N0,98,p2876. (Dec.8, 1926), Abs. in Paper Tr,
Je.» 83:Tech. Bec, p92. i

"Prospects for the Manufacture of Pulp from
Bucalyptus Wood." H. Tschudi. Wochbl. Papierfabr.,
57:1217-8, (Oct., 30, 1926.). Abs, in Chem. Abs.,
21:1712%,(1927) Results poor, species not named,
TAbs. only.)

“Investlwatlons on the Utilization of Some
Moroccan WOods.“ G. Dupont and M. Soum. Bull. Inst,
Bin. No, 33, p4l-4, (Feb.l1l5, 1927.) Abs, in Paper
Ire Je 86:No. 26, Tech.3ec., p338,

Jewsprlnt Industry in Ausitralia, using euca-
lyvts as raw material, proposed by two separate
concerns, Erection of one-ton pilot mill started
near Hobart, Tasmania. Use of Bucalypts for arti-
ficial silk Hanufacture proposed by Italian intera
ests, See copies of Paper Trade J. for June, and
for Oct, 13, 1927. See also U. 3. Dept. of Commerce
Construction News Supplement of Dec. 12, 1927

Ixperiments carried on at 3Sao Pauleo, Brazil,
by the Paulista Railway Company. Results not
available,

“Preparation of Pulp from Eucalyptus Woods.
Otto Xiefer, Wochbl.“apler Fabr.,58, No. 5,127~ 9.
(Feb.5,1927); and World's Pap.Tr Rev.,87,%0.16,
plBOO (April22,1927). Abs. in Tech. ASSoc.

Papers of the T.A.P.P.I. of the U.3. Series XI.,
¥o.l, pld7,.

See Australian Forestry Journal, June, 1927,
pldl-4; and Oct., pR76=7,

"Newsprint - Preliminary Ixperiments on the
Grinding of Immature Hucalypts for ifechanical
Pulp." L. R. Benjamin., Bull., 31 of the Counecil
for Sci. and Ind. Research, Melbourne.

Work vegun at California Ingtitute of Tech-
nology on pulping of California eucalypts by the
Bulphate process.

“The Suitability of Some California-Grown
Eucalynts for Paper Pulp." B. Preble, Calif. Inst,
of Tech. Undergraduate Thesis,



TABLE 1I.
COMPOSITION OF COOKING LIQUORS.

Cook'g HaOH  Wa,3  Total Alka- Sulphidity, Process for.
) ?,

Liquor ‘ 1i as NaOH. 100( 228 making li-
No. lna/itq 193/?%3 1bs/ft2 & (T . ALK, ) quoOT.
1-A § N ‘about 16 pcte Dissolved §
. 2 - in NaOH sol'n,
2 | 8.25 1.66 90,95 16.7 pet. | Seme as 1-A
5 | 4,98 2,05 7,08 20,0 " | Na,S dissolved
| : ; g . in Na0H sol'n.
6 10,02 | 4.14 | 14.27  29.8 " H,S gas dis-
f 5 - solved 1n
: ﬂaOﬂ sol'n,
7 9.3 | -=- % - E - . Sod. thiosul-
? ! . fate cryst.
- dis'd in

: HaOH sol'n.

Cooking liguor Ho., 7 contained 7.88 1lbs per cu.ft.
of sodium thiosulfate (anhydrous salt by analysis) in
place of sodium sulfide., The ratio of Na=SOs; to NaoOH

was 0,85



TABLE II. - DATA oN PULPING TESTS.

Cook Species Process Total Sulphld- COOKING TIME® Pres-  Liquor YIETS Bleach Con-
No. Alkali 1ty. ist 2nd Total sure? used. - sumption. Quality of Pulp.
— Per. Per. (lbs) (ef Tab.I) Pulp _ Sereenings ‘ . .
1 E.globulus %ulfat§ - ca.16 1:05 0355 2300 125 K 'Vo.l-A - 0 - ‘ Pulp light in color, soft
Kraft : ’ ' e
_ . : ' Overcooked; No screeningse.
L - - S - 1]
2 23% 16,7 0:40 2:00 2:40 110 2 - 0 e | Similar to pulp from previous
LRl g - cook.
5 ¥ X 23 29.0 1:00 1:10 2:10 98 "5 50.6 1.2 L e- Mot overcooked so much as first
_ ' two tests,
4 " ¥ 20 29.0 0340 0:50 1330 98 " 5 50,4 2.6 35,0 ~ Good. light color. Pulp still a
' little ¢ .
E.B ingh - ) ’
* . . ] bleaching" ~pulp.
6 Eocery];O- %;élfgz? 20 29,8 0:35 0245 1:20 a8 u 6 30.5 15=25 e Dark grey, rew massS. Large pPro-
calyx ra " portion of uncooked chips.
7 21 29,8 1:00 1300 2300 98 6 32,4 15-25 - Similar to pulp from previous
’ cook.
8 ! N 23 29,8 1300 2:00 3300 98 "6 45,9 2,8 - Grey, raw pulp. Color too dark.,
9 ! Soda 24 0  1:15 2:45 4300 90 " R 46,3 2,8 - Similar to pulp from previous
10 " lodified 50 0 0:25 0:41 1:06 953103 R 43.5 1.2 . Cooks  to
Soda ) ®
NaOH® Na,3057
11 E.globu- “"Hypo" 15,7 13,3 0336 0:40 1:16 98 No.7 0 e N ,
lus - No pulp.
12 i Soda 22 0 0:24 0:50 1l:14 98 R 0 e — u H
15 ) Hypo 16 13.6 0330 2:00 2:30 98 No.7 -- -- ' - About one percent yield of pulp.
14 " " 19,5 16.5 0:32 2:58 3330 98 ' 7 53,08 0,05 35 + Pulp light in color, slight red
. a ti . t fr
15 . Soda 19,5 0 0:31 2:54 3125 98 R 28-30 2224 - 10 . B fR e R 1 P InE b tnoa of
. ’ the previous cook.
16 E. coryno- Hypo 18,7 15,8 0:30 3330 4:00 98 Ho.7 51.5 6.7 : - Pulp very dark and raw,.
calyx , ' '
17 4 " 20,7 17.6 0:30 4:36 5:06 98 R 48,4 2.6 -- Grey, rew pulp. Color toc dark,
18 " Modified 50 38,4 0344 1:26 2:10 95-100 R 42,7 0,06 42.4 Much lighter in color than pre-
Hypo. . vious cooks of this wood. A fair grade.
19 E,viminalis Hypo 22,85 18,0 0:32 4:00 4332 95.100 R 43,8 0 36,8 A good, soft pulp. Lighter than
. ; : ' No.l8, darker than No.l4 .
20 " Modified 49,8 42,3 Q046 1:32 2318 95;101 R 5'7.‘? O . 30,0 Similar %o pTGVlOUS cook, bu'f;
VDO, i , . v lighter in color.
T, Total Alkali, as HaOH, given as a percent of the wt., of oven dry 7 The balance of this coliumn gives NagS303 as a percent of the °
wood. weight Qf oven dry wood. (Sodium thiosulfate,less water of hydration.)
» Sulphidity = 100 x Na,S/Total Alkali . ‘ v g lMore accurate method for determining yield used with No.l4
3 For ordinary cooks, the 1st period is the steaming time,the 2nd and those following. Figures for previous cooks 2 to B percent low.
perlod is the cooking time., For modified cooks, the time with liquor See text for description of methods.
and the steaming period are given,
4 The pressure during the cooking period is given. For modified R in“Liquor used" column indicates that the required amount
cooks, the pressure during both periods is given, of chemicals were weighed out for each cook.

5 B,B. = Bagy bleaching,
s This column gives NaOH, not total alkall, as a percent of the
wt. of oven dry wood:



TABLE III.

"Results of Tests on Strength of Eucalyptus Pulp.

Cook No. Specles Process Mullen Strength Test.
« Réve. in Mill Mullen test

4 E. globulus  Kraft 600 91 %
(Hara 1200 82
Sulphate 1800 60
Pulp.) 2400 53
3000 38
5 E. globulus E. B. 0 49
(Soft" 600 75
Sulphate 1200 94
Pulp.) 1800 67
8 E.corynocal- Kraft o] 18
yX. 600 34

1200 36



All of theae samplea (exeluding, of course, the
Australian paper,) were prepared from unbeaten, unsized
pulp. Strength is not to be considered,- the samples
are shown to illustrate the color and texture of the
pulp from the different woods.

B’leached Sulphate p’ﬁl}r fmm
"E. globulus. (cat&k Ha.?)







