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MICROSCOrY O NEWLY DEVELOFED PAPER MAKING FIBERS

Richard E., Hathaway
ABSTRACT

The more important of the newly developed fiberous paper
making materials are bleached groundwood, West coast kraft,
hardwood kraft, semichemical pulp and cotton linters. The
weight factors of these fiberous materials have been deter-
mined by several different investigators, but their identi-
fication in a paper furnish is very difficult. The weight
factors of cotton linters varies with the freeness of the
sample, which can be determined by dying the fibers with a
mixture of a direct orange and a direct blue dye. Differen-~
tiation can be made between bleached and unbleached groundwoad
with the Loften-Merritt stain. Staining methods cannof be
used to differentiate between soda, hardwood kraft, and neu-
tral sulphite semi-chémical pulps. Kraft cooked semi-chem-
ical pulp gives a deeper lignin reaction with stains, Cotton
linters have a thicker cell wall than long staple cotton , and
unbeaten cotton linters stain a deeper bhlue when stained with
a mixture of a-direct blue and a direct orange dye. Unless
the furnish has been highly beaten, West coast kraft made
from Douglas fir and western hemlock can be identified by

the microscopical structure of their fibers,
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With the perfection of new pulping and bleaching methods
several new pulps are now being used in paper furnishes.
Species of wood, which were used only to a limited extent in
the past are now being used in many kinds of paper. ($)

Among the more common of the new paper making fibers are
bleached groundwood pulp, kraft pulp produced from western
hemlock and{Bouglas fir on the West coast, kraft pulp made
from hardwoods, neutral sulfite semichemical pulp, kraft semi-
chemical pulp, and cotton linters, Each of these new paper
maleing fibers offers a problem of its own to the microscopist
who finds any one of them in a sheet of paper of unknown fur-

nish,

Groundwood pulp in a paper furnish is easily identified,
but to determine if the groundwood is bleached, semi-bleached,
or unbleached and the percentage of each that is in the sample
is a task that camnot be accomplished through the use of

standard, well-known microscopical methods.

Kraft fibers produced on the west coast from‘aoﬁglas fir
or western hemlock can be identified by the structure of the
fibers, but if the pulp is made from a western species of
pine or is a highly beaten pulp, identification becomes diff=-
icult and uncertain. At one time almost all of the deciduous

fibers which were found in a paper sample could be identified
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as having been produced by a soda cook, but pulping of hard-
woods by the kraft process, the semi-chemical process (both
kraft and neutral sulfite cooks), and the sulfite process

!

has made this identification irmossible,and has further com-

plicated the work of the microscopist.

The microscopist may use several different procedures
to aid him in the identification of the various pulping fibers
which he may find in a paper furnish. The most cormon and
the most widely used method of establishing the fiber furnish
of a vpaper is to first pﬁiﬁ it. Second, the. fibers are
mounted on a microscopre slide and differentially stained.
Third, the fibers are counted, and the mmbter of fibers of
each kind of pulp found in the sample are multiplied by their
avpropriate weight factor, which transforms the fiber count
into fibor weights. The fibers in the sample are then report=
ed as the percentage of the tctal number of fibers in the
sammle by weight, (5) The weight factors which are used by
most of the microscopists are listed in Table 1. This table
also includes weight factors for some of the newer of the

fibers used in naper making.
WEIGHT FACTORS

The weight factor of a pulp fiber is dependant on its
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on its length and width, that is, the weight factor is pro-
portional to the average weight per unit length of the fiber,
There are two methods by which the weight factor of a fiber
and its corrosponding grex, grams per one thousand meters,
may be determined. The first and slower of the two is a mic-
roscopical method, and the second is a projection method,

which takes about half as much time as the first meghod.

In the first or microscopical method a suspension of the
fibers, containing about 0.038 grams of the fibers per liter
of the suspension, is prepared. This suspension is well mixed
and used to fill four large test tubes. The mixture in each
test tube is used to prepare two slides. (4) In the prepa-
ration of the slides one drop of:the suspension in a test
tube is placed on each end of one of the slides; two slides
being prepared from each test tube of the mixture--eight
slides being prepared in all., The slides are dried on a hot
plate at a temperature below eighty-five degrees centigrade.
As soon as the fibers are completely dry, they are removed
from the hot plate, and two drops of Herzberg stain are
placed on each of the groups of fibers. The stain is allowed
to remain in contact with the fibers for two minutes, at
which time the excess stain is drained from the slide, care
being taken to insure that no fibers are lost in the process.

Next, the slides are placed undcr a dissecting microscope,
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and the fibers are straightened out, being drawn toward the
center of the slide and being arranged parellel to the slides
long axis. The length and width of the fibers is measured,

a total of two hundred fibers being usem to determine the
weight factor. If the eight slides do not contain two hun-
dren fibers, more slides will have to be made up until a total
of two hundred fibers can be counted. From these measurea-
ments the aversge length and width of the fibers is determingj
from which the corresponding weight factor and grex is deter-
Imined. This is a long and extfemely tedious taking at least
one hour or one and one half hours to complete. (18) It can
only be applied accurately to fibers which have a well defined

and sirple shape.

In the optical projection method of determining the aver=
age fiber length and width with the corresponding grex, a
water suspension of the fibers is made up, and a slide of the
fibers is prepered in the same mannef in which the slides
are prepared for the microscopical determination of fiber
lengths and widths. Instead of using a microscope, a micro-
projector is used as the magnifying instrument. A suitable
microprojector would consist of a series of lenses which would

project an image of the fibers which were placed on the stage

to a screen. The projector shduld be able to magnify the
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fibers at least fifty times., The screen should be divided
into a series of concentric circles; the radius of each suc-
cessive circle being no more than one half millimeger larger
than the preceeding circle. The center circle should be
divided into smaller divisions by means of a series of dots.
(7) Before a measurement can be made on any pulp sample it
is necessary to check the magnification and focus by project-
the image of a standard of known length on the screen. Once
the microprojector is focused and adjusted, the fibers are

counted in the same as with a microscope.

In calcvlating the weight factor, the fiber is compared
with a standard rag fiber, which is defined as having a
weight fector of one and a grex of one and eight tenths grams

per one thousand meters . (5)

If in a sample of paper whose fiber furnish is to be de-
termined, there are fibers of unknown?and their weight factors
are not know, a fairly accurate weighé factor can be deter-
mined by using an emocirical formula, which gives a weight
factor that can be used to determine the weight percentage
of the unknown fibers which are in the sample. The tenative
weight factor is determined by dividing the average width of

the fibers in microns by the factor of twenty for rag fibers,

thirty for coniferous fibers, and thirty-five for deciduous
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or grass fibers. The weight factors determined in this manner
are fairly consistant with the established factors, which are

being used in fiber analysis.

There is some controversy on the subject of the effect
that beating has on weight factors. "Mr. Graff (9) used sev-
eral different kinds of pulps, each beaten to three different
freenesses, and combined them in all possible combinations.
His conclusions were that the weight factor was not affected
to any large degree by beating. }hii Clark (5) does not agree
completely with Mr. Graff on this pdint. He believes that
the only connection between freeness and weight factors is
very minor with the exception of the weight factors of cotton
and of some of the bast fibers where the decrease in freeness
is caused by the lengthwise splitting of the fibers. With
other fibers which have little tendency to split lengthwise
with beating, the decrease in freeness with beating time is
caused mainly through the production of debris; thus, the
changes in weight factors with beating cannot be correlated

consistantly with freeness.

When a fiber splits lengthwise the weight factor of that
fiber is halved, As the weight factor varies directly with
the average weight per unit length of the fiber, which is

measured by the International denier or grex, accurate weight
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factors for pulps, especially when they are well beaten, can-
not be determined until an agreement is reached as to the min-
imum width of fiber elements which are to be included in

weight factor determinations.

The choife of rag as a basis for the determinatién of
weight factors was an unfortunate choife for two reasons. (5)
First, rag fibers split lengthwise in beating, and second,

the nature of the rag fibers in a furnish is very indefingte.

Wood and grass fibers have little tendency to split
lengthwise in beating, splitting only with difficulty. When
the weight factor of a wood or grass fiber is determined
using unbeaten rag fibers as a base, the weight factors of
the wood or grass fibers progressively decrease with the de-
gree of beating. When wood and rag fibers afe beaten together,
the weight factor of the wood fiber increases with the degree
of beating. Table II prepared bijQ, Clark compares the
weight factors, which were determined by the grex and by

the width of the fibers, with the weight factofs determined

by;ﬁzz Graff,

[

When cotton linters are used in a paper furnish instead
of staple cotton fibers, the weight factor of one which is
used for cotton rag fibers, is toglow. The weight factor of

virgin cotton linters decreases with the degree of freeness
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until a freeness of LOS is reached, where the linters have

a weight factor of~one which is the same as the factor for
cotton rag stock. (10) Therefore, the source of the cotton
fiber in a sample is of considerable importance along with
the obsérved eff-ct of the freeness of the sample. Second
cut cotton linters have the highest weight factor, followed
in order by first cut cotton linters, and staple cotton.

If these factors are to be taken into consideration, the
nature of the source of the cotton in a furnish must be

lmown or determined. Table III shows the change in the weight

factors of first and second cut cotton linters with the change

in ffeeness.,

Cotton linters are thick walled and difficult to hydrate,
It is possible to differentiate between long staple cotton
and cotton linters by staining with a combination of an orange
and blue dye. The dye is made up of a direct orange dye with
a color index number of 621 and a direct blue dye of color
index number 518. Pontamine Sky blue 6 B X Greenish, and
Pontamine Fast Orange 6 R N Concentrated have the coffect
color indeies. The dye, which was developed to determine the
degree of beating , is made up of a one percent solution of
each, Equal parts are mixed together for use on wood or

grass stock., For use on rag stock forty-five parts of the
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blue solution are mixed with fifty-five parts of the orange
solution. When this dye is used on a mixture of cotton lintes
and staple cotton, the cotton linters stain a deeper blue
than does the staple cotton. The only oranze dye which the

linters will take up is in the fully separated fibrils, (20)
STAINING REACTIONS

One method of identifying the fibers in a sample is to
use a stain that will give the fibers a éef;anate color, which
is not matchet by any other fiber with the same dye or stain.
HMost of the stains which are used in fiber identification are
of the iodine-iodide-metallic salt type. The staining of
fibers by these stains is a colloidal phenomenon, The color
reaction given by these stains is inflgenced by any condi-
tion or substance which may change the nature of the iodine
adsorbed by the fibers. (19) Ligneous materials always
absorb iodine to give a yellow color, which is produced by
the uniform adsorption of small particles of iodine on the
unhydrated lignin. The yellow color is not affected by any
of th: metallic salts used in iodine stains, and neither
water or potassium iodide affect the staining to any zreat
degree. The staining of cellulose apparently consists of
the adsorption of the iodine-iodide complex and water around

the hydroxfl groups. The colors vary from orange to red,
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to violet to blue, depending on the amount of the iodine -
iodide complex that is adsorbed by the fibers. The amount
of the complex that will he adsorbed by the fibers can be
increased by hydrating and swelling the fiber and can be
decreased by adding a dispersing sélt or by heating. The
potassium iodide is used to form the iodine-iodide complex
in the stain. The metallic salts in these stains swell the

fibers and increase the amount of iodine adsorbed on the fiber.

Cell walls which contain liznin can be quickl}y and reli-
ably detected by staining with a colorless benzidine solution,
Lignified cell walls are stained a yellow or orange color,
but no color is developed in cellulose or in cutinized or
in suberized cell walls. (17) This dye can be used as a
method of determining groundwood pulp, but it does not diff-

erentiate between bleached and unbleached groundwood.

Well known stains sucﬁ as phloroglucingl, aniline sul-
fate, the iodine-iodide-metallic salt stains (Herzberg and
C stains), the W stain, and texchrome have been used in an
attempt to find a means of determining whether groundwood
pulp found in a paper furnish was bleached or unbleached.
When these stains were used, no differences in the staining
reactions could be discovered, even with the use of polar-

ized or fluorescent light. (11)
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Investigations made with the Pright stain showed some
5
promife. (12) Under ordinary light the Bright stain would

stain unbleached grcundwood from a blue red to a red. When

%ﬁﬁght sgain was tested under e TTuorescent reactiomof. ultra=
violet light, unbleached groundwood showed fluorescent colors
ranging from a dark purple drab to a dark vinaceous gray.
Under the same lighting conditions bleached groundwood gave

a light vinaceous gray color. However, this staining method
was not entirely satisfactory because in mixtures or with
lightly bleached groundwood, the difference in color was un-

certain,

The best results were obtained with the Loften-Merritt
stain. The Loftgn-Merritt stain used in the tests was pre-
pared by mixing twenty parts of a one percent fuchsin sol-
ution with ten »narts of a two nercent solution offﬁélachite
greén. Three parts of a five hundreths solution of hydro-
chloric acid was added to the dyes. The fuchsin used was

General Dyestuff's Magénta AB powder. (11) The slides were

prepared by adding ggé or ?hree drops of the stain to the
fibers, which had been dried on the slide at a temperature of
sixty degrees centigrade. The stain was allowed to remain
in contact with the fibers for two minutes at which time the

excess stain was dirained off and the fibers were washed with
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distilled water. UWhen the Loftén—Merritt stain is used, the
fibers may be stained in a beaker and the stained fibers
dried on the slide, With this staining method the unbleached
groundwood stained from a deep blue violet to a pale violet
color. Commercially peroxide bleached groundwood gave an
amethyst violet to a light hortense violet color. When known
mixtures of bleached and unbleached groundwood were analyged
with this staining method, results showed a standard devia-
tion, which was entirely consistent with accurate fiber anal-
ysis, and indicated that results can be obtained with a small

percentage of error,

In all staining overations the color which is obtained
with any particular stain will vary according to the light
reflected into the microscope and on the extent of cooking,
bleaching, and refining which the pulp has undergone. (8)
Care should be takegfin preparing the stains which are to be
used to stain fibers as varying results will be obtained if

the stains are not correctly prepared, (21)

The use of stains to differentiate between hardwood
rulps cooked by the soda, kraft, or semichemical processes
is very unreliable., There are some cases in which these
pulps can be distinguished, but in most of the attempts to

separate these fibers by, staining methogds the results were
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not sufficiently accurate for f£iber analysis. (22) Pulps
processed by a full kraft cook or a semichemical kraft can
be separated by staining. The semichemical pulp gives a deep=-

er lignin color than the full kraft cooked pulp does.

Acid or alkaline cooked pulps can be determined by the
appearance of fine transverse splits or fractures which appear
in the fiber tracheids and in some bast fibers after the fibers
have been treated with a boiling ten percent solution of sul-
furic acid folloed by swelling in a fifteen percent solution
of sodium hydroxdde. (6) The fractures apnear only in the
acid cooked pulps or in alkaline cooked pulps which are pre-
pared from wood that has been subjected to acid hydrolysis
before pulping. The number of fractures which appear in the
fibers increases with the severitg of the acid cook, and with
the length of time that the fibers are trcated with the sul-
furic acid solution. With careful control it may be vossible
to use this method to determine if a semichemical pul» has

been prepared by a kra“t cook or a neutral sulfite cook.
FIBER CHARACTERISTICS

Staining reactions afe, of course a great help to the
microscopist in the identificatidn of fibers, but it cannot
be togmuch emphasised that the real criterion for the identi-

fication of fibers is a knowledge of their structure. (1)
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The paper making process may alter the structure of the fibers
especially, if they have undergone prolonged beating, After
prolonged beating with the possible exception of Norway pine,
identification of the wood species is practically impossible, (3)
During the examination of fibers it is a good practice to

follow a routine method, (2) The use of polarized light in

the examination of fibers often aids the microscopist in the

identification of otherwise hidden characteristics.,

Of the fibers discussed in this article only Vest coast
coniferous kraft and cotton linters can be identified by the
fiber structure, Pulp woods used in the production of semi-
chemical pulp, hardwood kraft, and hardwood sulfite are also
used in soda pulp.

Western kraft pulp is made from EBuglas fir, western
hemlock, western red gggg?? and loblolly pine, Unbroken fibers
of western hemlock range in length from 1,3 to 6.3 milli-
meters, with an average length of L.2 millimeters. Douglas
fir fibers range in length from 1.7 to 7.0 millimeters, with
an average length of 3.9 millimeters. The average width of
western hemlock fibers is between thirty and forty microns,
and the average width of douglas fir fibers is between thirty-
five and forty-five microns, (13) Douglas fir also has spiral

thickening on the tracheid walls, Table IV gives the charac-
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teristics of unbleached western krsft fibers.

Fifst cut cotton linters are produced when from twenty Y e A
to seventy-fiWe pounds of linters per pon of seed is produced. )

The second cut linters produce from one hundred to one hundred Si Cersy TiJ
eighty ~ounds more of linters. (14) In order to swell the ()

fibers so as to revweal their microscopic details a dilute

solution of cupr¥) aimoniuwm hydroxide is used. The character-

istics which distinguish cotton linters from staple cotton

are not sharp. In general linters fibers are coarser, darker,

and shorter that staple fibers., iinter&\fibers rarely exceed

a few eighths of an inch in length. They are as a Pule slightly

greater in diameter than staple fibers, ranging in diameter

from fifteen to twenty micPons. The average fiber length is

3.1 millimeters for first cut linters and 2.3 millimeters for

second cut linters. ILinters are more nearly cylindrical than

staple fibers, and they have thicker walls and narrower cen-

tral canals.

CONCLUSICN

The microscopist is in the same position today that he
was when the C stain was first developed. There are so many
~~i k¥
AN T AY

new fibers that present day stains will not identify that

a new stain is needed.
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TABLE I (13)
Weight Factors of New Pulps

Fulns Weight Factor Standerd Deviation

-

Semi-Cherdcal

s nantA

Spruce (unrefined) 2,10 0.5Lh
Spruce (peeled) 1.69 0.32
Average pine and snruce 1.91 0.L9
Gumwood (unknown) 1.38 0.14
Gumwood (neutral sulfite) 1.25 0,09
éuquwvmﬁﬁyerage} 1.32 0.1h
Coikon Linterg
Freeness 751 1.51 0.07
Freeness 71C 1.30 0.06
Freeness L05 1.02 0.16

Chemical pulps

P

Black gum (soda) 1.06 0.12

Red Gum (soda) 1.17 0.16
Tupelo Gum (soda) 0.91 0.16
Average for gumwood soda 1.06 0.1L
Red Gum (kraft) 0.97 0,08
Red Gum (kraft refined) 1.03 0.17
Average gumiood kraft 0.99 0.1
Average gumwood chemical 1,03 0.17
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1.8
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Southern
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Hemiock

Le6 Or 2.7
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TABLE II

Comparison of Vieight Factors

Welght Factor

from Grex

1.00

- e

0.9 or 1.5

1.5

Weight Factor
"irom width

1.00

1.5

0.8

Led

1.05 or 1.55

De95 Or £.45

Microns

20

30

22
40

32 - 46

28 - 35

Average widuh Weight Factor
Grarft

1.00

1.5

0.7
0.8
0.55

1.5



\
TABLE III ( (5)
Weight Factors and Freeness of Cotton Linters
Second Cut Linters

Sample nurmber Freeness (Schopper Reiger) Weight Factor

I-a Unbeaten - 885 1.91
II-a Unbeaten - 885 1.92
1 815 1.k6
2 785 1.L5
3 750 1.52
L 725 1.36
g 600 1.29
6 10 1.10
7 L35 1.06

First Cut Linters

I-a Unbeaten - 870 1.56
II-a Unbeaten - 870 17,2
1 805 1.3L
2 695 1.19
3 595 1.10
L 560 1,02
5 Lo 1.00
6 L75 1.02
7 380 0,95
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TABLE IV
{ i3
GARACTERISTICS OF UNBLEACHEL WEST GOAST KIAFY FIBERS | {)
Lougias Fir Hemlock Loutiolry Pine bBi. Spruce keu Ceuar

Fiver length, am

Arithmevicar Avg. 2.82 2.21 2.54 .14 £.05
legighted Avg. 3438 2.80 3.47 2.86 2.76
¥iluer Width, mm 0.044 0.041 0.0435 0.0357 0.040
Area, Sg. mm O.1i2 0.100 O.u1id 0.084 0.089

Fivers / Gm., miiiions 3.5 4.5 3.8 4.3 4.5
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OUTLINE OF PROPOSED EXFERIMENTS

OBJECTA €.
To determine the effect that beating time has gn the
7

weight factors and ghe length and width of fibers.

FROCEDURE
1. Make beating run on staple cotton fibers, taking samples
at beating times of 1, 3, 5, 10, 15, 30, L5, 60, and 75 min-
utes,
a. Take Freeness on each sample
b. Determine average fiber-length and width
c. Determine weight factor using sulfite fibers which
are compared with the unbeated sample, as a standard.
d. Determine if te, orange-blue dye described in thesis
differentiat between unbeaten and beaten fibers., If
it will, Qeiermine weight factor against unbeaten rag,
2. Repeat step lfﬁsing different weights on beater arm.
3. Repeat ste "1 and 2 with cotton linters.

L., If pulpsﬁénd time are available repeat procedures 1 and 2
with all ofxfhe fibers called newely developed fibters in the
literatu;é survey of the thesis.

5. If microtome is available, make cross sections of all sam-

ples and determine the cross sectional area and grex of each

sample.
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EQUIPMENT

Microscope Slides
Microprojector Coverglasses
Microtome Beater

Materials and Reagens$s

Herzberg Stain C Stain
Pontamine Sky Blue 6BX Greenish dye Color Index No. 518
Pontamine Fast Orange 6RN Concentrated Color Index No. 621
Fuchsin =-- General Dyestuff's Magenta AB powder
Malachite Gfeen dye
Pulps

Staple Cotton rag

Cotton linters

Douglas Fir Kraft

Western Hemlock Kraft

Hardwood Kraft

Neutral Sulfite Semi-chemical

Kraft Semi-chemical

Bleached Groundwood

Unbleached Groundwood
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MLCROSOOrY Upr NaWLY DaVelOPuy PaPart MAKING FIBukS

whr aRLidiaNCAL LV LLGATLION

The experimentsl work which was carried out was dirscted
toward finding = means of diflerentialiy staining hardwood
oulns cooked by the soda process, kraft process, and neutral

sulohite semicaemical processe.

It has b.en proven that the stzining reactions of pulps
with the iodine--iodide stains is the result of the way and
tne awmount of tne iodine--iodide complex that is adsorbed
on the surfsce of the fivbere. As the three above mentioned
pulps arv all couksd by a dirferent process, it would ssem

probebls that the cellulosz structure of esach pulo should
be modifi:Ad in & dirferent menner and that the iodine--iodide

complex would %z adsorbed in a diffvrent wanner on each.

Winen grafi's "C" stain alone is added to bleached fibers
coosed oy the kraft and the soda process, thers is a very
slight difference in the intensity of the blue color that is
developsd. This differencs is so slight that it is vsry diff-
icult for even a treined and experiencad microscopist to tell

ths diffsrence oetween the two fibers.

It is also a k.uown fact that difilerent fibsrs will dye
differently with tne same dye. 'Would it be possible to dye
the fibers with some dye or » mixture of dyes, altering the

surfaca charzctoristics of the fibers so treated:b-

- Page X8 -



oy . ! .

Then when "C" stain, Herzbsrg stain, or some other dve or

stain is edaed to the fibers, any slight difference in color
reaction mizht be wazgnified, meking identificetion of the Iibsss

nossibla.

It was along tals line that the experimental work was
conducted. It could also be possiﬁle that dirferenttyoes
of reflected light would show different color charactsristicse.
Therefore, eacin preoss-rad slide was inspected, not okhly under
davlight, but also under ultraviolet and fluorescent lights.
warly in the sxihorimental work a small differonce was dis-
covered in th2 znlor reections of =11 thr=e pulps under the
daylight rays. Under fluorescent and ultra violet light the
lif7erencs in colors wss either mon-existant or not as in-
tencey therefore, exsmination of the prepared slides under
ultra violet and fluorescent light wns sto .ped, and all

glides preparce sftor tuis we s ¢xsmined undsr davlight onlye.

The fibers used in the experimental work were bleached
anardwcod soda and bleachsd hardwood kraft from the Internat-
ional Pape~ Companv,y bleached and unbleached semichemical
neutrzl nulns from the Watervxigt Paper Companv, and un-
bleuacned noutrul sulphite puln from the Otsego Falls Papur

Comnen,

The first slides prepared were stained witn "GC'" stain.
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The resulting colors for the bleached fibers were a medium
blue. The vessels were a lighter blue than the fibers, and
the kraft fibers were possibly a little darker than the soda
fibers; with therneutral sulphite semichemical fibers being
both the light and¢ the darl: shades of blue. Under the

rays from the f%uorescent light the same colors were cbtained,
as under daylight which was provided by a scopelight.

Under the ultra violet light the ves-cls were a medium violet,
and the fibers were a dark purple black. All three pulps

showed the samé color reactions under the ultra violet light.

The unbleached necutral. sulnhite semichemical veszels
stained 2 light yellow and the fibers were yellow in the
center, turning srecn toward the outside edges. Some of the
fibers were entirely green. The unbleached semiclicriical
fibers with a higher lignin content stained a decper yellow,

almost an orange.

In staining these slides "C" stain wes paced on the
slides anc allowed to remain in contect with the fibers for
onc minute, three minutes, and six rminutes, At the end of
this time the excess stain was squeezed from the slide with
the cover glass. The length of time with which the stain
was in contact with the fibers did not scem to make a notice=-

able difference in the cclors develored,
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The slides were also examined at intervals of fifteen
minutes, thirty minutes, one hour, and two hours after
treatment with the stain, At the end of two hovrs time
the unbleached slides developed the same color of blue as

the bleached slides.

Slides wcre also stained with Herzberg stain; the slides
being prepared in the same manner as tiiose prepared with
"C" stein, With daylight the bleached ves cls were a light
blve to a lavender, and the fibers stained from & dark purple
black to a black. The kralt f{ibers were again slightly
darker then the sode fibers, The difi'erence in shade be-
tween phq two fibers was not distinct enough to make a
a éiﬁgg::me and positive identification. Under ultra violet

light the colors of the fibers had a reddish cast.

With the Loften-Herritt stain both the ves-els and the
fibers of the bleached pulps were stained a medium blue
under the light from the scopelight and the fluorescent
light. Under the rays oi the ultra violet light the bleached

pulps were a lavender to & pupple color,

As none of the slides preparcd in this manner showed
any distinguishing cclor differences, "C" stain was added
to the slides already preparcd with llergberg stain and with

the Lofthn-lerritt stain. No color differences could be
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noted on the slides on which both Hergberg stain and "C%

stain were used.

Considerable difficulty was encountered when an attempt
was made to stain the slides with the Loit@n-Merritt stain
followed with "C" stain. If the Lpft@n-Nerritt stain was
not allowed to stay on the fibers for at least two minutes
all of the fibers were not stained evenly. If the dye was
allowed to remain on the fibers for period than for two
rminutes, no change in the staining reaction could be deterw
mined; therefore, it was decided that the optimum staining

time for the Loften-lerritt stain was two minutes.

It was also diificult to obtain a slide in which the
fibers we e clesr and distinct. ‘uhen the excess Loftén=
Merritt stain was forced from the slide with the cover glass
or blot ed off with a blotter, dark black srots remained
on the slide, which covered up the fibers and the colors

obtained when the “C" stain was adied.

Several slides were prepared in this manner and on the
slides in wnich the bla@c specks, probebly undissolved dye
particles, did not appear different shades were obtained
for the three bleached pulps. The soda fibers stained a
grey grecn, the kraft fibers a blue to blue black, and the
semichemical fibers stained a darker grass grecn. Under the

ultra violet light these fibers were all the same colors.



Mixtures were prepared of two of the bleached fibers,
kraft and soda, kraft and neutral sulphite, and soda aad
neutral sulphtte. A mixturc was also prepared containing
the three fibers. Slides were prepared of each of these
mixtures, and an attempt was made to count the fibers on the
slides to see »f accurate fiber counts could be made. These
attermts to count fibers were not successful for two recasons.
First--the dark spots on the slides made it very difficult
to cven count the fibers and impossible to accwrately differ-
entiate between the colors formed. Second--from week to week
the shades obtained and the degrce of difference in color

changed.

In an efTort to overcome these difficulties thec excess
Loftpn-lerritt stein was washed from the slides with distilled
water before the "C" stain was apnlied., On these slides

very little color difference was obtained.

Because of the difficulties encountered in usinz the
Loltgn-llerritt stain, an atterpt was made to find some other
dye or stain that would alter the surface characteristics
cf the fibers being tested. With this in mind over thirty
differ@nt dyes were used, singx@y and in pairs. Ko promis-

ing results were found in this series of tests.
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When the excess dyve was blotted from the slide before
the "C" stain was apnlied, a dirty blotched color was the
result. iashing the excess dye from the slide with distilled
water was not tiic znswer. When the excess dye was washed
from the slide, most of the dyve was also washed from the
fibers when the cxcess dye wes washed from the slide. The
method finally used with the most success was to place scven
or cight drons of a two and onc half percent alum solution
on the slide. To the elum two or threc drops of the dye
being used were added. This was allowed to set for two min-
utes. Then, the cicess dye-alum solution was drained from
the slide; the slide was washed with distilled water, blotted

dry, and the "C" stain applied.

Using this method, the dye which gave the most promising
results was @ one percent solution of Fuchsin, This combin=-
ation of dyec and stain gave a very different and distinct
color to each of the three pulps being tested. The color of
the soda fibers ransed from various shodes of a light blue
or blue grey to a light blue shaded with brown. The color
of the kraft fibers was a dark blue to a blue black. The

semichemical iibei's were various shades of grecn,

Armed with these encourasing results, slides were pre-

pared from a mixture of equal part s of the three bleached
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pulps. The fiber ccunts, which were made on the first eight
of these slides, agreed within a tolerance of plus or minus _
five tercent, To stain the ne:tt slide a new bottle of freshly
prepared "C" stain, purchased Ifrom The Institute of Faper
Chemistry, was used. Fiber counts were impossible on the
resulting slide, and on all other slides on which this new
bottle of stain was used. Slides were then prepared ofeach
sepfirate kind of fiber and staindd with the fresh stain.

IAll of the fibers were about the same color.

As the shades obtained from week to week had varied, a
srall —ortion of the "C" stain was allowed to age for one
week in a stoonered clear glass test tube. At the end of the
weeks time, slides were made and stained with the aged "Gt
stain., The colors obtained were about the same as those
obtained with the old bottle of "C" stain before the new

stain was o ened,
CONCLUSION

In the experinental work carried out during the past
senmester some promising results have been obtained, It
scens that it may be possible through the use of the method
described to differentially stain bleached kraft, bleached
soda, and bleached semechemical pulps. There is still a

large anount of worls to be done before the process outlined
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can be considered to be accurate and nrecise. Cnly one
puln of each different coolk was used. Is the staining
nethod used adantabls to all soda, kraft, and semichemical
>ulps or will the dezrec of delignification change the re-
sults? The "C" stezin is another variable that will have to
be Cu:-fiﬁg'elif determined., The "C" stain used to obtain re-
sults was either srvilficially azed in cleszr glass or aged
o bie oo 2ot bottle,  San the needed stain be produced
by using a smaller concentration of the iodine--iodide so-
lution used in preparing the stain? These questions must
still be answered, and manmy slides will have to be nrepared

and examined before the staining method described can either

be accepted or rejected comrletely.
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