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PEELIMINARY EXPERIMENTS ON THE RETENTICN OF LOCUST BEAN GUM
OF CELLULOSE AS MEASURED BY RADIQACTIVE TAGGING

SUMMARY |

Zaploying & modified Gaver (1) technique it was found posaible
to methylate locust bean gum in two steps resulting ia a product containing
spyroxinately 5§ methoxyl. The methoxyl groaping is believed to de held
mainly at the No, 2 carboa position and the yield represents approximately
1/3 of theoretical. After the method proved to be fairly reproducible by
repetition, radiocactive locust bean gum was prepared by employing methyl
iodide contalning Glu ag the methylating agent, The active product was
blepded with inactive purified gum aad a dispersion of it was added to
Weyerhasuser dlsached sulfite at 0.0, 0.1, 0.5, 1.0, and 2,0% based on
fiber weight, Handsheets were prepared om the Rapid K8then sheet mold amd
an attampf was made to gain a balance in radiocactivity by "counting® the
activity in the handsheeta, im the fines contained in the white water, and

in the white water itself with a thin-window Geiger-Nueller counter,

The amounts of gum retained by the handsheets and by the fines
and the vhite water followed predictable tremds. Gum retention by the
nandgheets ranged from 38.5% at the 2,08 addition level to 73% at the 0.1f

addition level, The summation of radioactivity indicates an apparent

loes of gua at the higher addition levels and, consequently, the redio-
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chemical method as employed in thege experiments 1s accurate eaough for

only approximations im the measursment of the total amount of gum used,

The carbohydrate content in the white water was also determined
by the anthrone technique and the results were compared with the radioactive
counting technique, The determimations of wvhite wvater gum comtent dy both
methods wers in ganerally good agreesaent, The results indioate that the

anthrons method may be valid in such measuresents vhen corrested for

carbohydrates which arise from the pulp,
INYRODUCTION

The use of beater adhesives in the paper industry has been and
1s still the object of consideradle att:ntion. One of the major problems
8till to be solved in this fleld ie that of leaauriné the retention by
cellulose fibers of various carbohydrate-type additives, This report covers
the initial work carried out on retention measurements of a mannogalactan

(locust dean gum) on a bleached sulfite pulp by a radioacstive counting

procedurs,

EXPERINENTAL PROCEDURRS AND DISCUSSION
Preparatioa of Methylated Looust Bean Gum
A partsially smethylated locust bean gum labelled with Carbon-14
in the methoxyl groups was prepared by a modification of the procedure
eaployed by Gaver (1) for the synthesis of 2-methyl starchate, The

procedure involved the formation of the corresponding sodium alcoholate of




Project 1467
) May 3, 1955
Page 3

the gun followed by the reaction of the aloohelate with methyl lodide,
A total of three trials were run to test the reproducibility of the

technique prior to the preparation of the radioactive gum,

Trial 1

Alcoholle sodium hydroxide was prepared by dissolving 80 z. of
NaOH in one liter of absolute sthanol, The solution wvas filtered three
$imes through glass wool %o remove inscluble sarbonates, Sixty ml, of
the ¥aOH solution and 5 grams of purified locust bean gum were refluxed
four hours at approximately 83°C, in a water bath, After refluxing, the
sodium salt of locust dean gum vas washed three times wish 95¢ ethano) by
centrifuging, Thirty ml, of 95% thanol and 5 g, of methyl lodide were
sdded to the molst gum and this mixtare was refluzed 8 hours at 80-830¢,
with ice water circulating through the condenser, After refluxing, the
_methylated locust bean gum was washed five times dy centrifuging with 50
nl, portions of acetone, The preduct was then dried under vacuo at 33°C,

A portion of the gum was analyzed for sulfated ash, moisture, methoxyl, and

iodine, This product was given the code Wo, 1467-N-1BG-1,

One-half gram of the above product was dissolved in 25 ml, of
distilled vater by stirriag at room temperature, The pH of the dispersion
vaa found to be 9.5. The alkalinity was neutralised with 5% acetic acid,
The gua was then precipitated by addition of 50 ml, of 99% ethanol, The
superaatant was decanted and the gum was vashed with another 50 =ml, of

ethanol, The product was collected on a Biichner fuanel, washed with acetone
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and dried under vacuo at 50°C, This sample vas coded 1467-M-LBG-1A and

vas analysed for sulfated ash, moieture, and methoxyl.

Trials II and III

Two additional methylations were carried out startimg with 1,0
g. of the purified locust bean gum, Accordingly, the guantities of all
other materials involved were 1/5 of those degcrided in Prigd ]E. The product
obtained ia Trial II was not purified by disselving, neutralisziag, and
reprecipitatiag as in Prial I. This sample is identified dy code Fo,
1467-N-LBG-2, The sample was analysed for moisture, sulfated ash, iodins-

and methoxyl contents,

The purification procedure was carried out in Prial III, hovever
and this product was analysed for all except iodine, The sample was coded

1467 -M-LBG-3,

Preparation of Radloactive Locust Bean Gum

®vo grams of purified locust bean gum (prepared by Howard J, Leech)
and 24 ml, of alecoholic NaOH (40 g. NaOH dissolved in 500 cc, of abesolute
ethanol and filtered three times through glass wool) were refluxed 4 hours
at 83°C, After refluxing, the sodium salt of locust bean gum wvas washed

three times with ethanol, The product was them divided into two approximately

l-gram samples for successive methylations,

A special device vas prepared for the radioactive methylatlon,

The apparatus consisted of two condensers and two 50-ml, roumd bottom
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flasks, The condensers were connscted by a glass tube and adaptor so that
regidual methyl iodide and ethanel could de distilled over from the first
reaction to a second flask for a second methylation, This procedure was

designed to avold unnecessary loas of 014 mothyl iodide,

L4 methyl 1odide (146 mg,, 1.0 millicurie) as

The ampoule of ¢
received from Tracerlab, Inc,, was cooled in dry i1ce and acetone until the
contents had solidified in the bottom of the tube, The tade was broken
open and the methyl iodide was dissolved im a small portiom (0,5 =l,) of
a solution compogsed of 0,35 ml, (0,8 g,) of inactive methyl-iodide a3 &
carrier and 2,0 ml, of 95% ethanol, The mixture was transferred guantitatively

to the first reaction flask by the use ef successive portions of the inactive

golution,

This mixture was refluxed B hours at 80-83°C, with well water
(5°C.) circulating through the condenser, After the 8 hour period, the
reaction was stopped, the condenser was drained, and the unused methyl
iodide and ethanol were distilled over into the second flask, A few cc, of
othanol were added and algc distilled over to the second flask, The second
reaction mixture was thea refluxed 8 hours as in the first case, Both of
the methylation products were washed five times with acetome (25 cec, portions)

dried under vacuo, and dissolved in water,

The solution of the first product in 80 cc, of distilled water
resulted in a pE of 8,0, One drop of 5§ acetic acld vas needed to dring

the solution to neutrality, The gum was then precipltated by additien
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of 120 ce, of ethanol, OCollection of the gum on a Blichner funnel preved to
be unsuceessful when the filter paper plugged badly, Conseguently, the
sajority of the product was cellected by cemtrifuging., After washing once

with abgolute ethanol and three times with acetons the gum was finally

dried under vacuo over P2°5'

The second methylation product was dissolved im 50 cc, of
distilled water with slight heating on the steam bath, The pH of this
solution measured 10,5, Addition of 5% acetic acid drought the pH to 7.0,
The gun was precipitated by addition of 100 ec, of 95% ethanel, The product
wags collected by centrifuging, washed once with absolute ethanol and three

times with acetone, The product was againp dried over P205 under vacuo,

After the two producte proved to be reasonadbly *active® by spot
checks they were blended in a mortar (combined yield 1,64 g,) and a portion
of the blead was analysed for ash, moisture, and methoxyl contents, This
product is identified by code No, 1467-M-LBG-4, The results of the fore-
going analyses together with the analyses from Trials I, II, and III are

pregented in Table I,

PREPARATION OF HANDSHEETS CCETAINING RADIOGACTIVE LOCUST BEAN GUM

Beater Run
Three madrod and ninety grams (air-dried basis) of Weyerhasuser
bleached sulfite pulp were soaked 4 hours inm 6 liters of distilled water,

The soaked pulp was beaten 30 minutes in distilled water in the Valley
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Beater to a Schopper-Riegler freensss of 715 cc, with the balance weight
plus 5500 gram weight oa the bedplate, Standard comditions of 25°C, and
pH 7,0 were maintained in the beater, The beater oconsistency vas 1.‘!16.

This pulp was used for all subeequent handsheet preparatioas,
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Preparation of Radiocactive Locust Bean Gua Dispersion

A 0,25% locust bean gum dispersion was prepared as follows:
0.3333 g. of the radiocactive blend was mixed with 0,6667 g, of the purified
inactive gum and the mixture was sprinkled into 400 ml, of distilled
water contained in a 1-liter Erlenmeyer flask, The gum slurry was agitated
thoroughly while being heated on the steam bath, After cooking 15 minutes
at 95°C, the dispersion was allowed to cool to room temperature, This
stock dispersion was used in handsheet preparations and for calibration

purposes with respect to radicactive comnting,

Handieheet Preparatioa

Torsy-five pound sheete (1.88 g, far 25 x 40/500 ream size) were
prepared on the Rapid EBthen sheet mold 1n order that the white water might
be readily saved, Locust bean gum was added to the beatsn pulp at 0,0,
0,1, 0.5, 1.0, anéd 2.05 ovendry gum based on the fiber weight, The gum
wvas allowed to stir im contact with the pulp for 30 mimates prior to
dilution to 0,5% consistency. The pulp consistency was controlled in the
sheet mold at 0,05f requiring a total volume of 3760 ml, Distilled water
was uged throughout, Handsheets were removed from the wire withowt couching;
they were pressed 5 minutes at 50 1b, preesurs and were dried seven minutes
sheetside up on the steam drier at 3,5 1b, of steam, The shaets were
identified by the following code No,

Amount of Gum Added, %
(Based om fiber weight) Code ¥o,

0.0 (comtrol) 1467-H-LBG-0
0,1 1467-H-1LBG-0,1
0.5 1467-B-1BG-0,5
1,0
2.0

1467=B-LBG-1, 0
1467-H-LBG-2, 0
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Two-liter sapples of white water were collected from each set
{3 samples from the control aet apd 2 from esch of the remaining seta),
The two-liter aliquots were filtered on a Blichner funnel amd the amount
of fines was determined by weighing on a filter paper, The results of
these determinations are presented in Tabdle ;I. The activity in the

handsheets and on the fines was determined by "counting,.”

One-liter portions of the white water filtrates were condensed
to 5 ml, and the carbohydrate content was determined by two methods; by
radioactive count and by the anthrone technique amployed by Shriver, Webdd
and Swanson (2)., The anthronme taechnique involves measuring changes in
transmission wvhich result from color reactions between the anthrome and
carbohydrate and is dependent upon conceatration, The procedure employed
in the present study was as followa: anthrone reagent was prepared by
dissolving 2 g, of aathrone in 1 liter of concentrated sulfuric acid, Ten
nl, of this reagent wvere added to 5 ml, of unknown solution contained in a
1 by 8-inch test tube, The test tubes were held a$ an angle of approximately
b5° during the addition of anthrone in order %o form a doudle layer, The
mixture was shaken vigorously for 15 seconds and then allowed to cool to
rocm temperature, The sample waas then transferred to a l-cm, absorption
cell and the transmission was measured on the Coleman spectrophotometer at
a wavelength of 625 mmib , The reference liguid was distilled water and
resgent, A calibdration curve (Figure 1) was obtained by measuring the

transmiseion resulting from 0,0, 0,002, 0,005, 0,008, and 0,01% locuat




Page 11

100

80

60

80

F Y
o
Y

TRANSMISSION, %
o
(=]

N
o
-

1 1

5004 0006
LOCUST BEAN GUM CONCENTRATION,%
Figure |,
Anthrone Analysis Calibration Gurve

il
0.002

1
0008

0.010




Project 1467

May 3, 1955
Page 12

bean gum solutions, The following transmisaions were obtained:

fransmisgion, %

Gun Concentration, % Bun No, 1 Run Yo, 2 Average
0.0 100 100 100
0,002 66,2 66,1 66,15
0.005 2.3 2.3 r.3
0, 008 16.9 16,9 16,9
0,010 9.5 10,5 10,0
TABLE 11

THE WEIGHT OF FINES COLLEC?ED ON S8 NO, 589 FILYER
PAPER BY SUCTION PILTRATION

Yeight of Pines/ Weight of Mnes/

Sheet 2 1iters of 3760 ml, of
Set Wo, No, vhite water, gz, white wvater, g, Average, g,
1467-H-LBG-0 1 0,028 0,0526
5 0,032 0,0602 0,0602
9 0,036 0,0677
1467-H-L36-0,1 3 0.050 0, 0940
5 0,04 0,0827 0.088%
1467-H-LBG-0,5 1 0,058 0,109 0,1034
5 0,052 0.0977
1467-E-LBG-1,0 1 0,056 0,1053
5 0,044 0,0827 0.0940
1467-8-LBG~2,0 1 0,056 0,1053 0.0949
5 0.045 0,0846
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Portions of the condemsate obtained from the white water semples
were diluted in the proper ratio with distilled water to yleld transmiseions
in an operable range, The results of these measurements together with gum

content calculations are presented in Table III,

(a) CALIZRATION OF THB RAD] OCHEMICAL MEASUREMENTS

Locust Bean Cum

A stock dispersion, 0,25f in water, was prepared of the 01“—
labdelled gum. The calidration of the radiochemical method of measuring
the gum retained on handsheets was then accomplished by the application of
the dispersion, in appropriate portions of 0,1-0,2 ml, with intermittant
drying, to each of four 5,0 cm. eircular areas vhich vere marked on each
handsheet, The dry sheets were counted with a thin-window Gelger-Mueller
_cmter c;ntored over the treated area, Each handsheet weighed 1.88 g.
' (ovendry basis) and was 20 cm, in dismeter. Thus, each 5,0 cm, circle was
squivalent to 0,1175 £, of paper, The results are listed in Table IV and

the calidration curves based on these da‘ta are shown in Figure 1.
(B} DEPERMINATION OF RADIOACTIVE GUM RBTAINED BY THE HANDSHERTS

The eight bandsheets obtained for each level eof locust bean gum
were counted in the ssme manner with the thin-windov Geiger-Mueller counter
as employed in the calibration samples, The data are summarized in Table

v.
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1000 /"’O circulor area
O
1 1 L | { 1
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Figure 2.

Calibration of Handsheets with G'4 Labelled Locust Bean Gum
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CALIBRATION DATA FOR CY_ LABRLLED LBG IN HANDSHRETS

Gur Added %o
5,0 om, Circle

rg.
0.125
0.250
0,375
0.500
0.75
1,00
2,00

2,50

0,106
0,213
0.319
0,428
0.64
0,85
1,70

2,13

Activity, Corrected
for Background,
counts /min, (c/m)
{Average of 6

355

516

939

1091

1966

2510

84660

5610
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TABLE V
014 LABELLED GUM RETAINED (N EANDSHERTS
Gua Found Average of 16 Counts
on 8 Handsheets Per
Gum High Low ' Cent of
ddded, Content, Content, Content, ng, Gum
c/m 4 c/m 3 c/m 4 Handsheet Added
0.1 235 0,084 182 0,065 205 0,073 1,37 73
0.5 937 0,34 753 0,27 836 0.80 5.64 60
1.0 144 0.52 1294 0.46 1348 0,48 9.03 48
2,0 2250 0,80 2040 0,73 2152 0.77 14,48 3B.5

(C) RADIOACTIYE GUN RECOVERED IN FINES, VWHITE WATER, AND OF BLOTTERS

The gum recovered on the fines was determined in the same manner
as employed vith’the handsheoets, The white water, 1,0 liter, was concen-
trated to a volume of 5,0 ml, and 0,2 ml, was applied in duplicate to a
5.0 c», circle on a handsgheet and counted, These data are presented in
Tables VI, Table VII is a summation of radjoactive gum found in handsheets,

fines, and vhite water,

In order %o account for appareat loss of gum at the higher levels
the dlotters and felt were counted, The felt was inactive but the blotters
coatained a very small amount of activity, However, the radiochemical
method was not calibrated for the measuremeant of gum in the blotter and the

amounts wore therefore not estimated,
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Bydrolysis of Methylated Gum

An amount of 20-30 mg, of each, the Gu labelled and inactive
methylated gum, was hydrelysed by doilimg in 0,5 N hydrochlorie acid for
three hours, ¥The solutions were ehromatographed on paper, wsing developers
of ethyl acetate, acetic acid, water {9:2:2) and p-butanel-pyridine-water
(10:3:3), and aniline hydrogen phthalate as & spray reagens, Iaspection
of the paper with a thin-window Geiger-Mueller counter loscated the main lot
of radicactive material with approximately the same n, as rhamnose, Two
smaller amounts of activity were located, The position of one spot corresponded
to that of xylose and $the other moved at a mmch faster rate than rhaanose,
These results indicate that, ia eddition to ummethylated sugars, the

partially methylated sugars were separated om the chromatograms,
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THE BRETENTION OF 1OCUST BEAN GUM IN REXPERIMENTAL HANDSEEETS—AN
EXPIORATORY STUDY OF LOCUST BRAN GUM VAT-DYED WITH
CERTAIN DU PONT "PONSOL® ORGANIC PIGMENTS

ABSTRACT

A method has been developed for vat dyeing crude locust bean
gum with a number of Du Pont "Ponsol" organic pigments. Handhseets were
prepared using dyed gum as a beater adhesive. Thzs; handshests were
subjected tc several physical tests and spectral reflectance measuremenis,
In particular, Du Pont "Ponsol" Jade Green Supra Double Paste was studied,
and the dispersibility, viecosity, and spectral transmittance of gum wvat-

dyed with this pigment were observed,

These stndles indicated the method is not suitable for retention
measurements in as much as the properties of the gum are adversely affected
by vat treatmeat in the absence of dye, and a significant portion of the

gua is rendered nondlspersible by sorption of the dye,

INTRODUICTIOR

In recent yesrs there has been an increasing interest in the use
of hydrophilic gums and mucilages as beater or headbox additives to improve

hydration and fidber donding and reduce beating times.

THE INSTITUTE OF PAPER CHEMISTRY
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It is naturally desirable to obtain a quantitative measure of
the effectiveness of retention of these additives, both from an economic

and a technical point of view,

For this reason, considerahle work has been devoted lately to the
development of analytical techniques for the measurement of gum concentrations
in formed handsheets. Skriver (8) and laurell (§) have studied retention
of cellulose derivatives, while Webdb (3) estudied sorption of locust bean

gum on bleached sulfite pulps.

These studies suffered from the lack of an appropriately precise
apalytical tool; in each case retention in the handsheet was determined by '
analyeis of backwater concentration and comparison with furnish concentrstion,
The presence of cellulose "fimes" interfered with carbobydrate analyses in
the beckwater, Webb's technigque involved predyeing locust bean gum before
beater addition, and measurement of the optical transmission of the back-
water containing unsorbed dyed gum, 'rho,re was, however, no sultable correction

for the contribution to the apparent optical absorption due to the turbidity

© -of the *fines,"

Progress in these retention studies therefore awaited development
of an improved technique for measurement of sorbed gua on the handsheet,

rather than in the backwater,

This was accomplished by Leech (£, 7) and Dickey (2). Their method
involved acid hydrolysis of the gum on the bandsheet, followed by quantitative
chromatographic separstion of the sugars of the hydrolyeate, and periocdate

oxidation of the galactose which represents roughly 16% of purified locust

bean gum poly-mannogelactan,
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Leech's method was entirely too time consuming for routine usa,

and involved correction for somevhat erratic blanks,

Dahm (1) therefore investigated a possibility suggested earlier
by Webd, loc. git., namely, measurement of the reflectance of handsheets
containing gum dyed previous to beater addition. He nelected a direct

dye produced by Du Pont; "Pontamine” Fast Blus 4GeL, the same dye used

previcusly by Webdd,

Although his resultes were encoureging, there was some indication

that the dye might "bleed” from the gum to the cellulose fibers, yislding

gspurious reflectance data,

Ambiguity as to proper wavelengihs for reflectance measursments
regulted from a shift of the opticel absorption maximum of the dye upon

sorption on the gum, and sorption of the dyed gum on the cellulose fibers,

There vas the further poesibility that the sorption characteristics
of the gum might be adversely affected by the dyeing. This was indicated

in Webb!s studies by somewhat inferioer bursting strengtha of handsheets

made from a dyed gum furnish,

In spite of these difficulties, Dahm's technique seemed promising
enough to encourage further study, specificallywith dyes less likely to

exhibit "bleeding” to the backwater and cellulose fiders,

laughlin (&) suggested a number of vat~type organic pigments of

Du Pont's "Ponsol" series, These show no substantivity to cellulose (3),

and are insoluble in their pigment (oxidised) form. The soluble, or leuco,

form is obtained in a caustic, reducing vat; under vat conditions these
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pigments become substantive to cellulose and protein fibers., Oxidation to

the inscluble pigment form is achieved by air oxidation or treatmeat with

acidified hydrogen peroxide or sodium perborate,

It was felt that it should be possible to vat dye other, non-
cellulosic, polysaccharides, such as the locust bean gum mmnnogalactan, and
after appropriate oxlidation procedures have a gua in which a truly inscluble

plgment was bound; this should eliminsate the possidility of "bleeding.”

The present investigation was therefore undertaken in an effort
to produce such a dyed, or pigmented, locust bean gum sultable for retention

studies,
EXPERIMENTAL

Initial work was designed to yield a qualitative picture of the
conditions necessary for formation of leuco vats, and the dyeing in such

vates of crude locust bean gunm,

The following dyes were studied, Letter symbols preceding their

names shall be used in the body of this reporty

JG Jade Green supra double paste
IG TYellow G double paste

BBF Blue BF double paste

DBBR Dark Blue BR paste

¥GC Flavone GC doudble paste

These dyes are provided in a thixotroplc paste form, the solids

content of which may be subject %0 some variation from one lot to the next,

However, tinctorial powers are reportedly (4) standardized, Since the
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pigments showed a tendency to settle en prolonged standing, it became
avident that, in order to meaintain constant tinctorial power, it isa

necessary to sheake or stir the pastes very thoroughly before withdrawing

a sample.

A s0lids assay wvas made on each paste by withdrawing a small
sample, weighing, and oven drying to constant weight at 106°C, Assaye

are reported in Table I,

TABLE I

SOLIDS CONTENT OF "PONSOL" ITES.*

Dye Apsay, % by weight
Ja 24,4
G 25.6

BBF 22.1

DBER 2L, 6

FGC 20.4

¢ Dy Pont lot designationt CG632h4, 2/24/sk

These solids contents are not to be construed as representing dye
concentration, since the pastes contain, in addition, dispersing agents end

sugars or similar filler,

Since the presence of sugars might interfere with future analyses
of dyed gums, & chromatographic analysis of the dye pastes was conducted,
using as elution liquid 61413 butanelipyridineiwater, running for 24 hours

at room temperature in a chromatographic tank containing ths vapors of these
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solvents at equilibrium concentration.

The chromatograms were air dried after removal, and sprayed with
a standard formulation of aniline acid phthalate in water—saturated butancl.
Development was at 108°C. for five minutes., Only DBBR and FGC yielded
developable spots, and these were of such low intensity as to create no

interference in either gqualitative or quantitative analytical techniques,

Spectrai transmittance measursments were mmde on & number of
aqueous suspensions of these dyes. A Coleman Model 14 "Universal® Spectro-
rhotometer having an approximately 20 to 25 m. slit was used. The instrument
was calibrated against the Genersl Electric Recording Spectrophotometer using
a didymium filter studied ¥y Wink (10), et al,, with the latter instrument
in 1950, The principeal absorption meximum of this filter was found at S84 mpx
using the Coleman instrument, and at 582,6 m. with the GERS. Bureau of Standards
studies (11) on a similar filter report an absorptioﬁ saximuse at 583 =m.c,
The resolution obtainable with the Coleman instrument, though much inferior

to the resolution obtainadble with the GRERS, 1 nevertheless adequate for this

study,

Tracinges o¢f the original spectral transmittance curves for the

aqueous dye suspensions appear in Figures 1 to & at the end of this report,
The significance of the double curves will be discussed in a later section,

The dyes were found to obey Beer's law over a wide concentration range,
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Introductory Experimente with Vats

A 0.?51 dispersion of crude locust bean gum wvas prepared in the
following msnner, Two grams of crude gam were stirred into 200 ml, cold
distilled water and beaten in s ¥aring Blendor for fifteen minutes, The
dispersion vas then heated to approximately 70°C. over an open flame, and
returned to the blendor for an additional tem nin;ton. An additional 62 ml,
of distilled water were added slowly to the Waring Blendor, meintaining

the temperature of the dispersion at approximately 60 + 10°C, by occasional
heating,

Since this gum must be flocculated for recovery from the dye vats,

and since the addition of Ha,50, and similar ionic mamterials muast be avoided,

some crude experiments with floceulation by iothyl and isopropyl alcohol were

conducted,

Aliquots of gum dispersion were diluted to concentrationsfrom

* 0.15 to 0.5%, and these, as well as straight stock were titrated with methyl

and isopropyl alcohols., Addition ;f'tﬁi ;lcoholn was regulated to approximately
0.1 ml./ne;. and the dispersions were siirrod during titrations, Advent of
flocculation , first clotting, massive clotting, snd exhsustion of the gum

were noted, Occasional straining through 60=100 mesh brass screens was

necessary in order to observe the point of exhaustien of gum.

The results of these experiments are summarised in Table II and

Figure 9,
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TABIE II
ALCOBOLIC PLOCCULATION OF CRUDE LOCUST
BEAR GUM FROM AQUEOUS DISPBRSIONS

Floceulant: Methanol (tech.) Isopropanol (ACS
Gum Conc.*, % (wt./vol.) 0.15 0.25 0.37 0.50 0.75  0.25 0.50
Alcohol Conc.**, %

lst flocaulation — 31 — 19 - 1219 10-1¢£

1st clotting 30 ” 34 P 29 30 28

— 38 - — — - R

Massive clotting — 43 — 47 — 30 3l

Bxhaustion of gum - 45 -— 53 _— 31 36

(total flocculation)
* Gum concentrations calculated as grams per 100 ml. water,

** Alcohol concentrations based on volume % alcohol assuming additivity of volumes,

From these alcoholic flocculation data it is evident that isopropanol
is superior to methancl as 4 gum flocculant, provided vat stability can be

mintained equally well in both cases, This is indeed the case (L).

Nevertheless, some axperiments were now conducted nsing methanol
flocculation from vats, These experiments were purely qualitative, and no

attempt was made to formulats accurately the vats used.

Jade Green

Twenty ml, wvater, 1.5 ml. 10% HaOH, and roughly 75 mg. sodium
hydrosulfite were mixed in & small beaker, A stirring rod was dipped into
the Jade Green (JG) supra double paste, and into the wvat, which was warmed

gently., A deep bluish color developed charmcteristics of the leuco form of the

pigment.
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Air oxidation occurred readily at the surface of the vat, When a

drop of this blue (leuco) vat was touched to a filter paper, it was immediate-

ly air-oxidized to its jade green fora.

Adout 0.5 ml, 10% caustic added to 10 ml, 0.75% locust bean gum,
50 mg. "hydro" were stirred into the dispersiom to which 3=5 ml. vat
were added, The mixture was stirred briskly and heated to 60-80°C., and
the gum was flocculated with 15 ml, methanol containing 10 mg. HalH and
saturated with "hydro® The resulting clot was removed with a stirring rod, trans-
ferred to an alcoholic ringe having the sams composition as the flocculant,
The clot was then transferred to roughly 30 ml, tap water, where its color

changed immediately from leuco blue to jade green.,

The methanol rinse supernatant and tap water hoth remained colorless.
Upon heating, the pigmented clot was sasily dispersed in tap water, These

experiments were repeated a number of times.

In each case results were substantlally the same. Jade green wats
geem to have satisfactory tolerance for 50% methenol only if considerable
caustic and hydrosulfite are present, Considerable difficulty arises from

the tendency of the wvat to air oxidise on its surface, and on the liquid-glass

interface,
Yellow G, Blue BF, Flavone GC, and Derk Blue BR.

These dyes were mede up in vats under substantially the same condi-

tions, Leuco colors were:
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YG brilliant blue
BBF grayish greep-blue
FGC  violet

DPBBR megenta

Yellow G (YG) seemed to bave an inferior tinctorial power,
though subsequent experiments (described later) proved this to be incorrect.

Mgthanol tolerance was barely acceptabls,

BEY was difficult to convert to the leuco form, which also is harder

to detect mince little ecolor change is evident. An attempt wae made to
oxidize BBF pigmented gum using acidified sodium perborate, Although the

oxidation rate was indeed improved, the flocculated gum was rendered

completely nondispersible.

FGC showed excellent tolerance to methenol (up to 50-75% by yolume).
FGC leuco color is obtained only after several minutes of gentle heeting.
The vat can be completely exhausted with respect to substantivity to Watman
No. 50 filter paper by the addition of only moderate quantities of locust
bean gum. However, gum which is dyed until vat exhaustion is rendered

completely nondispersible.

Normal Dyeing Conditions

As a result of these gualitative studies and further conversation
with Dr, B. laughlin, conditions for a™ormal" vat and standard dyeing
conditions were formulated as follows:

Vat:
6 grams single or double paste

30 ml. 10% caustic
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70 ml, water

Heat to 50~70°C., and add 1.5 grams "hydro* Stir and let

gtand three minutes.

Gumi
Disperse and filter or centrifuge to yield an 0.5% totally

dispersed gum. MNix as follows!
B0 ml. gum dispersion as above,

20 ml., 10% caustic.

Dyeing?
Mixr 100 ml. vat with 100 ml, 2lkaline gum dispersion, let

stand ten minutes at 50-£0°C,, with occasional agitation,

Flocculation!

Add alcohol until desired degree of flocculation is attained.

Tor complete flocculation this will de 50% methanol or 35%

isopropanol (cf, Figure 9)

Rinse:

"

Rinse in 50% methanol or isopropancl, BRemove clots quickly,

and repeat rinsing until clear, nearly colorless, and neutral

supernatants are obtained,

H.B.’
I1f a Jade Green vat becomes red at any time followiag eddition

of the flocculant, there is insufficient alkali and more must

be added,

Yellow G may be used at temperatures as high as 71°C; Blug BF
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cannot be used above 60°C,

Preparation of Dyed Gums under Standard Conditions and Preparation of

Handsheets from Dyed Gum Furnishers:

Approximntely 4.3 grams crude locust bean gum (3.8 z. 0,D.. basis)
vere lusted through & 40.mesh nnd 60-mesh screen and stirred into 750 ml,
cold distilled water, The mixture was beaten in a Waring Blendo; for five
minutes and heated on a steam bath with gentle stirring for one hour. It
wvas then replaced on & Waring Blendor for obe hour maintaining the temperature

at 50~50°C., by occasionsl heating.

A sterile flask waz prepared meanwhile by doiling for 1/2 nour.
A cotton plug was placed in the neck of the flask and steamed during this

period. The gum dispersion vas then diluted again to 750 ml., boiled a

few minutes, and poured into the sterile flask, which was plugged immediately.

Farther alcoholic flocculation data were obtained with this dispersion,
and are included in the data of Table II and Figure 9. Ildentical techniques
H [

were used,

Before dyeimg this dispereioﬁ: ap attempt was made to remove non-
dispersible matter (cellulosic and proteinaceous material) by filtration,
Five bundred milliliters of the 0.5% dispersion were filtered through a large
"coarse” Buchner type sinter, and an effort was made to force the filtrate
through a "pedium® sinter. However, the filter became plugged and the
filtration was discontinued, the few ml, "medium® filtrate being combined

with the remainder of the “"coarse" filtrate,
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Jade Green:

Using the standard dyeing conditions formulated in the previous
section, 100 al. of tgis Ycoarse" filtered 0.5$ disperalion were dyed with
Jade Green, HNote that this represents a 25% incresse in gum over the

concentration recommended for a 100 ml. wvat,. Flocculatioq was achisved

with 35% isopropanol,

The clot was removed from the vat using a 100 mesh brasgs screen,
The dyed gum was rinsed three times in 50 ml. 50% isopropanol, by which

time the pigment had been air-oxidized to its Jade Green nonleuco form.

A standard oxidizing reagent was formulated as follows:
"Superoxol” 100 ml.
Glacial acetic acild 50 ml,

‘Water to make 500 ml,

Forty ml. of this reagent were added to 40 ml, isopropancl, and
the entire mixture was added to a fourth 50% isopropancl rinse coataining

the JG dyed gum, This was atored overnight at 9,5°C,

After removal from storage, the dyed gum was rinsed briefly in a
ninimum of water to remove mechanically held alcohol, and dlspersed'in 250 ml,
cold water using a Waring Bleador, The mixture wes then removed from the
blendor, heated to boiling, filtered through "coarse” and "medium" sinters,

reboiled to ineure sterility, snd set aside for five days at 9,5-10.5°C,
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Tellow Gt

Using standard vat conditions at 60°C., 80 ml., of 0.5% crude
locust bean gum were dyed with Yellow G, The only deviation from standard
conditions was a set-up, vhereby the vat and firet alcoholic rinses could be
flushed with prepurified nitrogen to sweep out dissolved oxygen and prevent
surface oxidation of the vat. Isopropancl was used for floceulation. Although
the dyed gum clet was separated from the vat and first two rinses by streining
through a loo-nash‘brass screen, submequent separations from the rinse
solutions were achieved by centrifugation at 2900 r.p.m. in the International

Size II Centrifuge. This corresponde to 2000 gravities at the bottom of the

centrifuge tubes.

The dyed gum was redispersed in water using steam heat and the

Yaring Blendor, after first adding 10 ml. of the standard oxidizing reagent.

Blue BF!

Using essentially the same conditions, 80 ml, of "coarse" filtered

0.5% gui dispersion were dyed with Blue BF, Nitrogen flushing was used again.

The -lot was removed from the vat by 100-mesh straining and rinsed
twice, The wajor portion of the clot in the second rinse possessed a very
definite gray-blue color, while the portions of flocculated gum in the first
rinse which passed through the screen exhibited the typical brilliant BBF color,
Attempts to oxidigze the twice-rinsed clot were unsuccessful, and it remained
gray even after final dispersion in water, This final *dispersion® was in
reality & mechanical suspension, since the gum had apparently been rendered

nondispersible,.
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Dark Blue BR!

Standard conditions were nused, When the gum was poured into
the vat, it was flocculated immediately, apparently by sorption of large
quantities of dye, The vat was very unstadle, and very vigorous nitrogen

flushing was required to prevent air-oxidation.

Centrifugation was again used for clarification of first and
second rinse supernatants, and for separation of entire clot from third

alcoholic rinse., The dyed gum was redispersed in water using steam heat

and the Waring Blendor.

Blank!

Using standard conditions with nitrogen flushing and isopropanol

flocculation, a blank wasz prepared in which no dye was unsed in the vat,

However, contamination from the flushing apparatus caused a
trace of Dark Blue BR to dye the gum. The "blank" gum was very lightly

hped, and probahly contained oaly minute quantities of the DBBR dye, which

has an extremely high tinctorial power,

Since it was felt that this trace of DEBR would not alter the
physical properties of the "blank"” run gum, the flocculation, rinsing, and
redispersion were continued in the usumnl fashion. Dispersion proceeded

without diffieunlty,

Final Isolation of Dyed Gumst

After several days storage in water dispersion at 9.5°C., the

JG, TG, BBF, and "blank" dyed gum dispersions were poured into €qual volumes
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isopropancl and the clots were allowed to stand overnight at room
temperature, They were then centrifuged at 2900 r.p.m, for 15 to 30
minutes, and the solids were transferred to weighing bottles and oven dried
in igggg‘at 100=110°C, for 12 hours, and over magnesium perchlorate to

constant welght.

Yields are reported in Table III, in the mext section, together
with storage times of undyed and dyed gum before handhseet preparation,

described in the following section.

The control gum listed in this table 1s merely an 0.25% dispersion
untreated in any way other than removal of 13% cellulosic and proteinaceous
nondispersibles by centrifugation. MNoisture assay revealed 125 water
removable by oven drying in vacuo., The effective gum concentration lis

therefore 0.18?$. and this concentration was nsed in handsheet preparation,

Preparation of Bun Two Handsheets from Dyed Gum Furnishes,

The Jade Green, Yellow G, Blue BF, and "blank® gums were dispersed
in water by overnight heating on a steam bath preceded and followed by beating

in the Waring Blendor, Final concentration was 0,25%.

Meanvhile 1385 grams of 25% Weyerhasuser bleached sulfite prebeaten
to a freeness of 720°S,R. were stirred into 23 liters of delcnired water,
After several hours of stirring with a small "Lightning® mixer, the freeness

was reduced to 618°S,R, and the comsistency was 1,57%.
The pulp slurry was diluted in four-liter batches to a consistenmmy

of 0,785, and to thase batches 63 ml., of the 0.25% dyed gum and "blank”

dispersions, and 84 ml, of the 0.187% control dispersion were added, to give
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a furnish containing 0.5% gum based on 0.D. fiber,

A system of air bubblers was set up so that each four-liter
bateh of pulp slurry could be agitated very gently overnight, thereby

assuring uniform exposure of the pulp to the guams,

After pulp-gum exposure times varying from 17 to 28 hours,
bandsheets were prepared, diluting the slurries to a consistency of 0.5%
before addition of 300 to 325 ml. aliquote to 3500 ml, of water in a
6 in, by 6 in, Valley shest mold. At least one basis weight sheet was
made for each set of bandsheets of each furnish. Purnish volume was

adjusted to give a 1.5 gram handsheet.

Seven handsheets of each furnish were prepared, including a set
of seven handsheets from waterleaf furnish. Pulp—gum exposure tlmes
varied from 17.25 to 22.75 houra. A second set of seven sheets of each

furnish was then made after pulp—-gum exposure times of 23 to 28.25 hours,

Furnish data, exposure (sorption) times, basis weights, and
handsheet code designations are presented in Table III together with data

concerning yields of dyed gum and storage times of undyed and dyed gums.

Pour handaheets of set C-0~0=2 and five handsgheets of each of the
other eleven sets were submitted for physicel testing as follows: basis welght,

caliper, Mullen bursting strength, M,I.T., fold, and Schopper tensile strength.
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Two handsheets of esch set were submitted for GERS reflectance
measurements as followa: on blank and dyed gun series ("B* and "D") a
spectral reflectance curve throughout the viaible rangs (40O to 700 m )

vaa determined for the second sets ("2.1" sets), For both 72" and "2,1"

sets of the "B" and "D" series, reflectance measurements wers mde at
wavelengths corresponding t- suitable absorption maxima or plateaus as

discovered from spectral reflectance curves,

On the "C" series, i.s,, Ce0=0~2 and C~0~0~2,1, reflectance
measurenente vere made at all wavelengths at which sdsorption maxima or

platesus vere discovered in "B" and "D" handsheets,

Besults of physical testing are reported in Teble IV, spectral
reflectance curves are presented in Figures 5-83, and reflectance measurements

are given in Table V,

Spectral transmittance curves were determined for the dyed gums,
with the exception of BBF. The transmittance data way be in error by as
much as 2% due to the residual turbidity of these gum disperseions. Only
Jade Green dyed gum produced a water clear dispersion. Curves for JG, Y43,
and DBBR will be found in Figures 1-3, together with transmittance curves

for the free dye in aqueous suspension,

These data are presentsd primarily for comparison of the positions
of the absorption maxima and minima, since the turbidity correction is

indeterminate, although it should increase as the fourth power of .
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TABIE V

REFLECTANCE DATA FOR RUN TWO HANDSHEETS

Reflectance, %, on G.B.R.5.°
Wavelength, ma

Code Fo. 590 620 670
Colio2 Max. 87.4 87.7 87.0
Min. 87.1 87.3 86.b
A'V. 8?'3 8?'5 8608
CmQe0-2,1 Mex, 88.7 89.0 88.6
Min, 88.5 88.4 as.z2
Av, 88.6 88.8 88.4
Crl  Saellee 2 Max, B6.5 86.8 86.2
Min, 86.0 BE. b 8s5.%
Av, 86.4 86.6 86,0
Ce0, 5=0=2,1 Mex, 87.5 87.8 87.3
Min, 87.3 87.5 . 87.2
Av, 87.4 87.7 87.2
D, S Y G2 Max, 86.5
Min. B6,2
AV. 8603
D=0, 5-T6~2.1 Nax. . L 87.7
Min o 87.1
Av. . ) . 87.4
B0, 5~DBBR-2 Max, - ' 86.7
Nin. . 86.6
Ay, 86.7
B0, 5-DBBR-2.1 Max. 87.5
Min. B7.2
Av, 87.4
Do, 5] G2 Max, 80,1
Min, 80,0
Av, 80.1
Dae(l, Sem] G2, 1 Vox, 80,4
Hin ?9.6
Av, Bo,.1

8 g, E. recording spectrophotometer
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TABLE V¥ (Continued)

Reflectance, %, on G.E.R.S.2
Wavelength, msu

Code ¥No. 590 620 , 670
Duel, SwBBFe2 Max. 75.8

Min. 75.1

Av, ?5-5
Der), SeBBFee2.1 Max. 75.6

Min, 75.0

Av., 75.3

G. . recording spectrophotometer curves were obtained for four of the
above samples, These samples are as follows:

D=0, 5=T6=2. 1
B=0,5-[BER=2.1
D0\ 5elGw2.1
DasG, SmBBF=2,1

The originanl curves were water damaged in the fire. These curveg bave
therefore been traced 28 accurately as possible under the circumstances,
and are presented in Figures 5-8 at the end of this repert,
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Beer's law plots were made for several of the free dye suspensicns,

and very approximate date for the concentration of dye in the Jade Green

dyed gum of this and subsequent dyeing will be presented in a later section,

Preparation of Jade Green Dyoed Gums of Varying Dye Concentration

Approximetely 6.7 grams'of air-dried 60-mesh crude locust bean gum
were mixed with a little water to make a thick paste. DBy grinding the paste
in a glass mortar and pestle and slowly adding additionel water, a thin

homogeneous paste was obtained,

This thin paste was now transferred to & 2-liter beaker, heated
over an op;n flame to 85~90°C., and maintained at this temperature by slow -
addition of water to a total volume of 800 ml. The dispersion was now besten
in a Waring Blendor for ter minutes, diluted to one liter, beaten in a
blendor another five minutes and placed on a steam bath with gentle stirring
for two hours, It was then stored at 9.5 to 10°C. for two days. At the ena
of thie time some settling out of undispersed material was noted. The
mixture was heated to 80-95°C, on the steam bath for ninety minutes with

vigorous stirring and centrifuged hot at 2000 gravities for one-half hour,

The residue from this centrifugation was stirred into 200 ml, water

and recentrifuged in the same fmsion, The two supernstants were combined end

diluted to one liter,

Gum concentration wae determined by pipetting three 10-ml. samples
of this clear dispersion into weighing bottles and evaporsting to dryness and

constant weight overnight. The concentration thus determined was 0,58 + 0.Cl%

(o.p, gum/vol.).'
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Standard vat conditions were now used for dyeing this gum except
that dye concentrations were varied! o0, 4, 6, 8% dye. Two 80-ml. lots
of 0.58% gun dispersion were dyed at sach dye concentration, The vat and
first rinses were flushed continuocusly with water-pumped nitrogen frcm which
appreciable quantities of oxygen were removed by bubdbling through two 500-ml.

gas-washing towers containing 7% pyrogallol in 1% aqueous NaCH,

Flocculation was achieved with 45% isopropancl or mixtures of

isoprepyl and methyl alcohol and rinsings were dons inm either 50% isopropyl

or aethyl alcohol,

Yield, rinsing, and storage data are assembled in Table VI,
Bntries in the column entitled "Gum storage time, days, after dyeing"
refer to the time between dyeing and handsheet preparation. As before,
storage was at 9,5-10°C., and only storsge as dispersion, in distinction
to dried gum, is tabulated, Great difficulty was experienced in redispersing
the 0, 6, and 8 JG gums. They had been ground in a ball mill, water was
added to the mill, and rotation was continued for balf-bhour interwvals,
Sample 4 JG went into dispersion easily by shaking with water and beating in

a Waring Blendor,

The appearance of 0.25% dispersions of these gums showed remarkable
variation, It will be recalled that the Jade Green dyed gum of ruan 2,
corresponding to handsheets D=(,5=JG-2 and D-0.5-JG~2.1, formed a water-
clear, deeply hued 0.25% dispersion., In contrast, 0.25% dispersions of & JG
and 6 JG were scmewhat turbld, And more deeply coloreé. Sample 0 JG formed

a deep amber dispereion, while 8 JG formed a very pale yellow dispersion with

only a hint of Jade green "overtone®

o .
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Spectral transmittance measurements were made, and very approximate
estimates for the concentration of dye in gum were made, These measurements
appear in Table VII, In addition, viscosities were messured at 25°C., using

a Brookfield "Synchro-Lectric" viscometer, These data appear in Table VIII,

TABLE VIl
DYE CORCERENTRATIONS IN RUN TWC AND THREE JADE
GHEEN GUMS
Dispersion Concentration A P Dye Concentration % Dye
Vesignation % mu 3 % in Gum
Run 23
JG 0.25 520 21,6 0.0190 7.6
620 26.9 0.0184 7.6
Run 3:
L JG 0.24 £20 57.3 0.0316 13,2
620 3.3 0,0495 20.6
6 JG 0.25 520 -~ . 45,2 0.0456 18.13
620, 1.1 0,069 27.6
8 Ja 0.26 520 ' 95,7 0.00056 0.23
620 . 95,8 . 0.00060 0.23

* No corrections made for residual turbidity of the dispersions,

* Mensured with the Coleman Model 14 "Universal® Spectrophotometer,
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TABIE VIII

BROOKFIELD VISCOSITIES OF RUN THEER
JADE GREEN DYRD GUMS

Dispersion Concentration Viscosity,

Deslgn=tion % CP.

Control 0.39 48,8
0.25 14,3

0 JG | 0.24 4,0

L JG 0.24 3.2°

6 JG - 0.25 3e3

8 J6 0.26 3.0

* This viscosity was deterainad in & cylinder of inside diameter 2-3/16 in,,
vith the instrument baffle in place. Spindle Eo, 2 was used, immersed
balfway between the bob and the fiducial notch on the shaft,

Preparation of Run Three Handaheets

-Approximately 1385 grams of prebeaten Weyerhaeuser blenched sulfite
dried to a ccnsisténcy of 25% were stirred into 23 liters of deionized water,
After one-hal” hour stirring the consistency was 1.44%, and the freeness was

619°S.R, (average of two measurements).

The 1.44% pulp slurry was divided into ten batches of 1040 ml,
each, appropriate quantities of gum dispersion were added to yield 0.5% and
1.0% gum on the basis of O.,D., fiber (cf, Table IX), and the mixtureswere
atirred for 15 minutes., Following this the mixtures were allowed to stand

undisturbed for five minutes, and were then diluted with 2570 =ml, deionized

water to a conaistency of 0.5% and basis wejght Sheets vere made,
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Handsheet preparation deata are ziven in Table IX, The "control" gum
disperslion we? an untreated material stored for two days before furnish

addition. Dyed gums were stored 4 days before dyeing, 2 days after dyeing.

One handsheet of each designation (set) waa submitted for GBRS
reflectance measurement at 620 m fe A complete spectral reflsctance curve

in the visible range was requested for handsheet D~1,0-6 JG=3,

The remaining four or five handeheets of each set were submitted
for physical testing as followst Dbeaeis weight, caliper, Mullea burst,

M,I,T. fold, and Schopper tensile,

Results of optlicel and physical measurements of these handsheets
ars not yet available. The general appearance of these sheets indicated good
formation, Sheets made from 4% JG and 6 JG furnishes were very much more

deeply colored than the jade green sheets of run 2 (D=0, 5~J3~2 and D~0,5~JG-2.1),
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CONCLUSIONS

Qualitative ohservations of the vat-treated locust bean gum

indicate considerable lack of reproducibility, both in tinctorial power,

and in dispersibility of the products.

An attempt was made to measure quantitatively the relative fractlons
of run 3 vat-treated gums rendered nondispersible, However, the results
of these measurements were not suitable for analysis since nondispersibdle

contaminants were edded by ball mill treatment.

In the case of the 4 JG gum, which wes not milled, centrifugation
of the easily dispersible gum and subsequent solida assay of the residue
indicatedthe presence of 3,18% nondispersible material, All gums of run
2 and 3 were clarified before dyeing by "coarse" fiytration (run 2) or
centrifugntion (run 3), =nd rinse solution anslyses indicated the absence
of unsorbed dye: tt can be presumed therefore that this figure represents

the actual fraction of gum rendered nondjspersible under these particular

vat conditions,

Data of Table VI represent percentage of dye paste, and in accordance
with the sarlier data on sclids assay of the pastes and information received
from Dr, B, Laughlin (4), these figures must be reduced by an indeterminate

amount én excess of 75% to yietd actual dye concentrations,

The behavior of the 8 JG vat preparation in respect to the color of

its product is anomalous, Ko explanation of the almost total lack of jade green

color of the 8 JG dyed gum is apparent.
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Viscosity measurements (Table VIII) on vat~treated gums indicate that
even in the absence of dye the alkmline, reducing "atmosphere” of the wat
creates an inferior gum. For this resson and bdecause the gum is apparently
rendered partially nondispersible by the dye, "Ponsol" dyed gums are not

suitable for retention messurements,

Two further observations are of some interest, TFirst, a study of
Table IV reveals that the stats of dispersion of we)l-mixed gums has ouly
smll effect on the physical properties of the resulting bandshest., Jade

Green dyed gums of run 2 were completely dispersed, forming water-clear

solutions. On the other hand, BBF and Y3 dispersions were turbid, and the

YG dispersion was in reality a mochanical suspension of nondispersible

gum,

Secondly, analysis of reflectance data of run 2 indicates
that even after some 20-hour pulp-gu; ex?osure (sorption) time, furtner
- ”:sorption ;an occur. This is made more apparent if we ponsideréﬁ R, defined as
-[Reflectance (C=0-0-2)] =~ [Reflectance {D-0.5~I-2)],and
[Refloctance (Co0m0-2.1)]  [Reflectance (D=0.5=L-2.1)]. Such data are

presented in Table X,
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TABLE X

INCHEMERTS OF REFLECTANCE AS FUNCTIONS OF GUM SORPTION TINE

HEandsheet Sorption AR, Beflectance
Dasignation Time, hre, % measured at:

Ca0, 5=02 18,25 — —
C-0,5-0=2,1 . 23,00 - -
B~0.5~DBBR=2 21.00 0.08 platean (670 ms)
B-0,5-DBBR-2, 1 24,00 1.07 plateau (670 mu )
D, 5atG-2 21,50 7 Lds o abs, max. (620 m)
D04 S5-I (2,1 27.75 : 8.20 abs. max. (620 mu)
D0, 5~ Y02 19.00 0.45 platean (670 mu)
D~0.5-Y6-2.1 23.50 0.99 plateau (670 m.)
D-0,5-BBF-2 22,75 11.39 plateau (590 m.)
D0, 5-BBF-2, 1 28.00 13.30 plateau (590 m.)

The physical properties of the control handsheets of run 2 are not -
subject to comparison with the test data on dyed—gum furnish handsheets:

differences in stornge time may well have created differences in the degree
of bacterial degradation of the gum, Bun 3 was designed to yield more

adequste control data, although loss of material necessitated again

significant differences in atorage time.

¥e ghould, of course, expect some sort of chemical interaction

between the sorbed dye and locust bean gum, ZEvidence of this is found

in Table XI in vhich the positions of characteristic absorption minima,
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mexima, and plateaus are ccmpared for dye, dyed gum, and handsheets made
from dyed gum furnishes, These data would seem also to indicate an
alteration of the dye~gum complex, or formetion of a dye~cellulose complex,

in the formed handshaet. If the letter is the case, then we have bleeding

from the gum to the cellulose.

In any event, shifta in the absorption maxima upon dye and gum
sorption lead to amblgulties in the interpretation of Kubelka—Munk, and

Preston and Teien relations.

TABLE IXI

COMPARISON OF SPECTBAL TRANSMITTARCES OF "PONSOL" DYES AND DYED GUMS AND
ERFLECTANCES OF HANDSHERTS MAIR FROM DYED GUM FURNISHES

Charactaristics 7\4 B
Dye of Specira Dye Dyed Gum Handsheet
Jade Green Abs. max, 636 624 620
. Abs. min, 516 502 5585
Yellow G Abs, max, 435 420 402, 670
Abs. plateau none none 600-650
Tark Blue BR Abs, max, S65 none 403, 670
Abs, min, 475 none none
Abs. plateau none 4B80-L9s5 610-625
Blue BF Abs, max. 616 — 590

Abs, wmin, 465 - 555
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RECOMMENDATIONS

Efforts to use gums dyed with vat-type pigments of the "Ponscl” series

in retention studied should be discontinued,

The behsvior of locust bean gum under vat conditions presents an interesting

problem, and some studies should be directed toward determining the nature

of the degrasdation occurring under these conditions.

The sorption kinetics of locust bean gum on bleached sulfite pulps over

long—~term exposure inter vals should be studied.

Efforts to messure retention kinetics under laboratory conditions should

be directed toward the preparation of radio-carbon tagged gum. The

possibility of using direct dyes of high tinctorial power should be

investigated,

However, the qualities required of such & dye create formidable

restrictions;a "brief" list follows!:

a,

&
h,

i.

Optimum or permissible
pH = 7.C
Little change with pH
Little change with alum or sige.
No affinity for cellulose, hemis, or lignin.
Low two sidedness,
Complexing with gum,
No bleeding to bacﬁ:vater.
High tinctorial power.

Fair or good water solubility (muet be true solution, not a

suspension)




8.

9.

10,

11.
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J. Ieir light-fastness over a period of several weeks,
k. There should be no shift in the poeition of the absorption

mxima and/or sbsorption plateaus when the dye is sorbed

on the gum.
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SUMMARY

It has been shown that,
1. Dyeing of Locust Bean gum does not alter its sorvtion on pulp.

2, Gum and dye is sorped independently from what is believed to be a gum—
dye complex,

3. The sorption of gum and dye individusally follow Freundlich adsorption
laotherms,

4, The amount of dye sorped can be determined accurately from ¢.E.R,S,
reflectance data by use of either Kubelkn and Munk's reflectance formula
or a modified form of Spellings formula,

5. Leech's method can be apvlied with satisfactory precision in analysis of
retention of Locust Bean gum,

INTRODUCTION -

The use in the paper industry of hydrophilie polymers as additives
in the beater or in the headbox of a paper machine, in order to improve
"hydration® and strength and reduce beating expenses, has shown steady increase
through recent years, As might be expected, a parallel development is noticed
in the emphasis ovut on studlies of retention of additives in paper anu sorption
on the cellulose fiber in general, From the economic point of view 1t is
importans to get informatlon about the relation between the amount of material
originally added to the furnish, ani the amount of material actually retained
in the paper produced under varying conditions., Prom the theoretic point of
viev the study of sorption on cellulose offers an opportunity to broaden
the knowledge of a field that is sti1ll little explored when compared with the

large amount of research done on related flelds of celluloae chemistry, A
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large number of variables bave been shown to influence retention, Prominent
among these are variables introduced By the kind and previoua treatment of

the pulp and additives, To reduce the number of variables in a study of
retention it will be necessary to use the same pulp and gum and standardize
the procedure as far as possidle throughout the work, Then ths variables, the
iafluence of which could be studied, would include concemtration of pulp am
zum, temperature and pH in the furnish and time between sddition of the gum

to the furnish and the formation of the paper.

Paper propertiss are often influsnced by as small gum additions as
1/2%. To get significant retention data in this concentration range high
precision of analytical data 1s necessary, This has to be kxept in mind when

revieving the work done previously in this field,

Two studies of retention of beater additives on celliulose bhave been
made in recent years, Shriver (5) imvestigated the sorption of water soluble
cellulose ethers by cellulose, in partieular the sorption of methyl cellulose,
Laurel) (6) determined the retention of carboxymethjcellulose in wood pulp
under varying condittons, In these studies and inm the earlier work on the
present project (7) the additive retained on a handsheet was determined by
analyzing the backwater for additive and subtracting the value found from
the amount of additiv; originally added to the furnish, Because the presence
of cellulose "fines™ in the filprate interfere with the determination of gum
in an unaccountable way, a method of determining the gum content of paper
directly would be more deeirabls, Leech (4) has worked out such a methed in
his Dactor's Dissertation, This method is based on hydrolysis of the paper
that has been treated with Locust Bean gum, Galactose content of the

hydrolysate is determined by quantitative paper partition chromatography, The
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galactose content of Locust Bean gum is known to be 15,8f, and when the galactose
content of the pulp iteelf is negligidle, the amount of gum retainsd on the

handsheet can be found,

This method is not easily adapted for routine retention measurements
a3 1t takes about five days to complete an analysis, Another disadvantage is
that the precision of this method, even if fairly high compared to that of
previcusly used methods, still is lower than wvhat might be desired, Por
galactose content in Locust Bean gum, Leech found values scattered detween
10,56 and 20,0% with an average of 15 analysés of 15,86, Analyses of gum on
paper gave much bdetter results, a series of five analyseg zave a scattering
of gum content values bdetween 1.11% and 1,32% with an average of 1,184 ami
a sories of six analysss of another paper gave values between 1,42f and 1,679%

wvith an average of 1.55%. N

In the present work an attempt 1s made to get the necessary infor-

mation about retention of gum by dyeing the gum and measuring the reflectance

of the paper treated with this dyed gum at the wavelength where the dye has

@

its abgorption maximum,

In a previous project report (15 ¥Webb added gum dyed with Pontamine
38 Past Blue 4G-1 to handsheets and determined the retention of the gum by
spectrophotomstric measurements on the dackwater, As mentioned earlier the
principal disadvantage by such a method is that the backwater contalns varying
amounts of "fines" which interfere considerably with the measurements, Although
this trouble can be overcome by, for example, making up the standard dye-gum
golution in whitewater, or by elaberate filtering procedures, or by intrcducing
corrections for turbidity, none of these devices appear to bde entirely eatis-

factory. In a study of the retention of dyestuff on paper North (8) reached
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this conclusion, and introduced a method in which the dye is extracted from

the paper by 25% aqueous pyridine and estimated spectrophotometrically,

A still more convenient method would be to obtaln the retention data
directly by reflectance measurements on the handsheets, However, this method
can be used only if certaln conditiona can be shown to hold, These conditions
are:

1, The dye used should be completely adsorbed dy the gum,
2. The dye should not affect the sorption of the gum,

3. The dye should remain with the gum and not be transferred from the gum to
the pulp,

A constant relationship between concentration of dyed gum and reflectance of
the handahest should sxist,

1 has bdeen shown ta hold by Webdb (1), 2 ecan be shown to hold by
preparing parallel seriss of hamisheats eontalning dyed and uniyed gum and
apalyzing the handsheets with Leech's method, DBy analy:ing the dyed sheets
by Leech's method and simultansous extraction of the dye with aqueous pyridine
and determination of dye in the extract by spectrophotometric methods, 3 can
be shown to holﬁ. If reflectance data are obtained on the handsheets, & can
be shown to hold by commring with the extraction data, The main ourvese of
the work described in the vpresent project report was to prove or disprove the

valldity of the four conditions mentioned,
QUTLINE OF FRESENT WORK

The work followed thiz course, First some introductory experiments
with Leech's method and with the spectrophotometric method of dye determination,
were made, Then two series of handsheets were prepared, The first serles (A)

consisted of 40 handsheets, 20 with dyed gum and 20 with undyed gum added at
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ten different concemtration levels ranging from 0,5% te 13% gum based on the
weight of ovendry pulp. The second series (B) consisted of 12 handsheets,

8ix wvith dyed gum and six with undyed gum at six different concentration levela
ranging from 1/2% to 12§, The only difference betwesn series A and B vas that

in series B the gum was left in contact with the pulp for 20 hours before the
sheets wvere prepared, while in the case of series A the sheets were prepared
immediately after the additlon of gum, The difference in sorption time influences
retention very markedly, The handaheets of series A and B wvere analyzed by
Leech's method, by extraction of the dyed sheets followed by spectrophotometric

determination of the dye and by measurement of reflectance with the @eneral

Electric recording spectrophotometer,

A third series (@) of handsheets was then prepared, Three per cent
gun was added to a large batch of pulp slurry and handsheets formed at times
ranging from 1 minute to 72 hours since the addition was made, These sheets

were analyzed by Leech's method and by extraction of dye.
EXPERIMENTAL

Galactose content in Locust Bean gum was determined by the
guantitative chromatographic method described by Leech, The results were
widely scattered, One of the difficulties in this method lies in determining
the blank value given by the filter paper in the periodate oxidatlion, Leech
(4) bas not deacribed this part of the method in details in his thesis. It
was found to be necessary to establish a method of gettinag reproducidle blank

values before the main part of the work was started,

The Blank Valus

After describing the separation of the monosaccharides contained in

the hydrolysate by paper partition chromatography and the way of locating and

o i
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cutting out the parts of the chremategram containing the galactose, Leach

continues (4):

"The sugars are recovered from the paper portions by the process of elution,
One end of ths small paper sample is held between two microscopes alides at
their enda, The slides in turn dip into a Petri dish filled with water, so
that by capillary action, water is fed to the top of the paper sample. VWater
slowly flows down the paper flusAing the sugars aleng with it, It has been
established that the sugars follow the water interface very eclosely., V¥hen

the water reaches the bottom of the strip a small portion containing the sugar
1 cut off with sclsaors and allowed to fall into another Petri dish, This
strip 18 then carefully tranaferred with forceps to a ground glasas stoopered
added to the tube 3o that quantitative transfer of the sugar is effected,

One ml, of 0,25 molar sodium periodate 1g added to the reaction
tube and the tude is stoppered. The mixture i» heated on the steam bath for
ten minutes, The stopper is then pulled open and the tube is cooled under
a cold water tap., Three drops of methyl red indicator and 0,5 ml, of ethylene
Zlycol are added and the tube is allowed {0 stand a few minutes for reaction
of the ethylene glycol with the excess sodium periodate, The formic acid
which is produced by periodate oxidation of the sugar is them titrated with
very dilute alkali (0,001 %o 0,005 normal), The blank or control strip, the
galactose strip and the rhamnose strip are all titrated in this manner, The
relative amounts of galactose and rhampgse are found by subtracting the blank
titration from each,"”

When the galactose content of the sugar amixture is low, the titraticen
valus of the blank strip may be a large fraction of the titration value of the

galactose strip, Then it will be very important to eliminate random variations

in the determination aa far as possible,

The blank valuse obviously arises from the action of periodate on
the paver strip itself. Thia could be avolded by complete elution of the
sugar from the paper, The method described by Lesch is however very convenlent

and sufficient reproducibility of the blank value is obtalned by standardizing

the conditions to the least detall,

By petting the oxidation timeto ten minutes, Leech shows that he is

aware of the necessity of standardized oxidatlion conditions,
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In the present work it was found that it was also necessary to cut
off a constant area of paper, use a constant volume of liquid in the reaction
tube and heat the tube in exactly the same way each time to £ot constant blank
values, A 17 cm, wide chromatogram minus four 2 em, guide strips left a 9 cm,
vide chromatogram for the oxidation., The 9 cm, strip was cut into 3x 3 em,
strips and a plece 1 c;. high was cut off the bottom of the strip after
completed elution, Thus a total of 9 om,° paper was oxidized, The 1 x 3 cm.
strips were held with forceps while cut off and put directly into the re;ction
tube, When all three stripe had been transferred to the reaction tube, the
forceps were rinsed off into the tube with 10 ml, distilled water and 1 ml,
0,25F FalO; added, The reaction tube was a Kjeldahl flask where the groﬁnd
glasa stopper was replaced by a ground glass "cold finger,” By using a "eold
finger" loss of formic acid was avolded and the danger of getting the ground
glaas stopver stuck in the opening vas.;liminatod.~ The reaction tube was now
heated for ten mimites by immersion in bolling water.' The tube was immersed

to the same level each time, After completion of the reaction, the procedure

of Leech was followed as outlined by him,

By uaing this method it was found that a very reproducidble dblank
value of 0,63 ml, 0.0054 HaOE could be kept and the maximum variation was
about + 0,02 ml, This dlank value was therefore used throughout the work and

care was taken to keey astrictly to the procedure described,

Transmission Measurements

1t has been ghown by several workers (2), (3), that the light
absorptlion maximum of dye sorped on fibers is displaced, as compared to aquecus

solutions, toward the long wavelength, varying from 7-8 m 4 to 30 m A4,
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Some experiment§ were carried out to see if a displacement of this
kind would take flace also by adsorption of dye on gum in aqueous solution,
A solution of Pontamine Fast Blue 4G-1 in water has a quite sharp maximum
in its absorption curye at 600 m/*'and a somevhat broader minimum at 440 m,/ﬁ
The seme location of maximum and minimum absorption is found for solutions of
the dye-gum complex, Both the dye-solution and the dye-gum solution follow

Lambert-Beer's Law,

Preparation of a Gum Dispersion

The gum dispersions were prepared from a sample of purified Locust

bean gum with a moisture contenp of 11,47%,

To prepare 1000 ml, 0.§$ gun dispersion, an amount of this sample
corresponding %o 5 g, ovendry material'vap welghed out, This gum was dusted -
through a 16-mesh screen into about B0O g, of distilled water in a l-liter
beaker, The water should be agitated, dbut not too vigorously at this stage,
because the still dry gum may be blown to the side walls of the beater and
stlck there as a gelatinous layer which will be hard to disseolve completely,
After the gum has been added the maximum effect of the stirrer is applied and
the dispersion is heated on a steam bath until no gel particles can be seen,
Occagionally it may be diffiecult to discover highly swollen varticlea, Many
of these will however show up because of the air bubbles trapped in them,

The disperaion will not become completely clear, After coocling down to room
tempe;ature. the dispersion is transferred to a 1000 ml, volumetric flask,
the gum remaining in the beater is rinmsed out with several portions distilled

water with which the level in the flask 1s raised %o the mark,
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Preparation of a Dye Solution

A stock soclution of dye ia prepared by dissolving 2.5 g, 38 Pontamine
Past Blue 4G-1 in 500 ml, water., Twenty-five ml, of this solution contains
0,125 g, dye amd will, when added to 475 ml, gum dlspersion contalning 2.5 g.

&u, give a solution holding five parts dye to 100 parts gum,

Preparation of Pulp Suspension

For handsheets of series L Yeyerhaeuser bleached sulfite pulp
beaten to a froeneas of 806° §,-E, at a consistency of 1.47-g/100 ml. was used,
For handsheets of series B and C the same pulp beaten to a freeness of 725°

S.~R. at a consistency of 1,82-£/100 al, was used.

Preparation of Handsheets

One and five-tenths gram handsheets are prepared from a 0, 3% oulp
slurry which 1s diluted in the sheet mold to 0,07%, In series A distilled water
wag used, in eeries B and C ordinary tap water, The easiest way of adding
small amounts of gum dispersion is by using pipettes that are rimsed out with
wvater after addition of the gum, larger add’tions are made by welghing out the

necessary amount of gum dispersion,

Before addition of the gum a test is made to see if the adsorption
of dye on gum is complete, The dyed gum is precipitated from asolution by
Ha250y. If the supernatant liquid is colorless it has according to Webd (1)},

been proved that the adsorption is somplete,

Extraction of Dyes From Handsheets

The dye is extracted from the handsheeta with a solvent holding one

TR rf sbesm b thmes mambe af remdddina Mho wmorer 49 cut into zuell nieces
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and covered completely with solvent in 50 ml, Brlenmeyer flasks, After 20

hours the solvent is filtered through eintered glass filters into 25, 50 or

100 ml, volumetric flasks, The paper is disintegrated ani washed with the

solvent until completely colorless, and the solutioms in the volumetric flasks

are made up tc the marks,

The transmittansce of the extracte at 600 m . is messured in a Coleman

spectrophotometer with the pure solvent as blank, and the dye concentration is

found by comparing the transmittances formed with those of solutions of known

concentration,

A better procedure would have been to use extracts of undyed handsheets

as blanks, It was found however, that the colored material extracted from the

rulp iteelf had a negligible absorption as compared with tds absorption of
the extracted dye, and the easier proeedure of using pure solvent as blank

might be adopted without introducing serious errors,
BESUL?S AND DISCUSSION

The resuits of the analyees of the hnndsheeis in series A and B

are shown in Table I,

TABLE I
Hr, Leech's Mathod Bxtraction Reflectance

Dyed Undyed Average Dyed Dyed Undyed
Al/f2 0.20 0.47 0.33 0,11* 77.3 92.1
A1l 0.13 0,93 0,53 0.14* 73.9 92.1
A2 0.31 0,37 0, 34 0.30* 66.8 92,1
A3 0.3%9 0,43 0.8 0.3%* 61.9 92.1
AL 0.40 0,b45 0.2 0,45 59,8 92.1
AS 0,42 0.50 0.46 0,60% 55,6 92,1
A7 0.35 0,43 0.39 0.69* sk, 92.1
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TABLE I (Continued)
Rr, Leech's Hethod Bxtractlion Reflectance

Dyed Undyed Average Dyed Dyed Undyed

A9 0.61 0.53 0,57 0,86* 49,8 92,1
A1l 0.51 0.51 0.51 1.00* 46 8 92.1
A1l3 0.68 0,44 0,56 1.19* Wy 2 92.1
B1/2 0.63 0,61 0,62 0.33 62,2 89,2
31 0.91 0,71 6,81 0,77 50,0 89.3
B2 1,62 1.37 1,50 1.57 ».3 88.9
B4 1,22 1,70 1.46 2,37 3.8 88.9
B8 2, N 2,15* 2,23 6,14 18,6 88.8
B 12 2.73%* 2,.76% 2,75 9.15 14,7 88.5

*Averages of two analytical results,

The handsheets are numbered with a capital letter, showing what series they
belong to, and a figure indicmting percentage gum added to the furmieh,
Handgshest A7 ia thms a handsheet prepared in the A series with seven per cent
gunm originally added to the furnish,

The extraction results ;ro given as the corresponding amounts of
dyed gum, or 20 x the actual amount of dye throughout this report, The sheets
have their minimum refisctance at 630 m, %, This is a displacement of 30 m 4
towards longer wavelengths ag compared to the absorption maximum of the dye in

“agueous solutions, The reflectance data for the undyed sheets of series A
differ very little, and the average value is therefore given, The correlation
between gum content in handsheets consaining dyed gum and handsheets contalning
undyed gum is shown in ?1gure 1. The correlation is fairly good when a few
points which are far off are disregarded, ¥ith a compliceted analytical method
as quantitative chromatography some "wild" results might be expected in the

course of a series of analysis, These results therefore conclusively show

that the sorption of gum on pulp is independent of the presence of dye,

Figure 2 shows the correlation between gum content found by chromatography
(average of content of dyed and undyed sheet) and gum content corresponding to

the amount of dye found by extraction of the handsheets with vyridine-water 3:1,
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The regression lines of series A and B have about the same slope, This slopse

is however different from the alope expected if gum and dye was sorped to the
same extent, At low degrees of sorption the gum 1s sorped to a larger extent
than dyey at high degrees of sorption the dye is sorped more strongly. It

should be kept in mind here that dye content is givea as the corresponding

apount of dyed gum, Ths reason why regression line B lieg higher than regression
line A 1s the time allowed for the gum to be sorped on pulp before the handsheets
wvere formed, As will be recalled series B was prepared 20 houre afier mixing
gun and pulp while series A was prepared immediately after mixing (approximately
20 seconds), The dats from series C (Pable II) are vlotted in Pigure 2 as
triangles and show how the regression llnes are raised with increasing sorption
time, The handsheets of series C were prepared from a pulp slurry containing

3% dyed gum at varying lengths of time expired since the additiom of the gum,

TABLE II
Fr ¢ gum found by chromatography % zum found by extraction
) of handsheat hydrolysate of dye from handsheet
C 1l 0,81 1,37
¢ 5 1.24 1,64
v 15 1.65 1.75
¢ 70 1,99 1.83
c 240 4h) 2,36 1.92
c 480 8h) 2,48 1.96
c 1440 (24h) 2,73 1.96
¢ 4320 (72n) 2.91 2,05

*Average of 2,46 and 2,51,
Originally added amount of dyed gum = 3%,

If the sorotion after 72 hours is taken as 100%, the data show that

after one minute the dye is sorped 67% while the dye is sorved only 28%.

Thus it appears that gum and dye is sorped independently on pulp
even when precipitation experiments have shown that they form a complex before

addition, The reason may be eigher that the gum-dye comnlex is dissociated
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under the influence of splective sorption forces, or that the precipitation
reaction is wrongly interpreted, There ig another thing that should be pointed
out in connection with Figure 2. The 24 hour point of series C, with co-ordinates
(1.96, 2.73), should have been clese %o regression line B, since series B is
prepared after 20 hours under othsrwise ldentical conditions, While the value
of the abseisea, 1,96, falls between the values of 2% and ¥4 added dye-gum
in series B, as expected, the ordinatwrhms a far too large value, 2,73, instead
of about 1,50, Series B and series C were prepared with the same batch of
dyed gum, After preparation of this batch, it was allowed to come to equilibrium
for one day. After contact with the pulp for the next 20 hours, series B was
prepared, Two days later series C was started, and the particular handsheet
mentioned above, was prepared one day later, Thus the gum wsed in this
handsheet was five dayas old, while the gum used in geries B was only two days
old, At room temperaturs the bacterial deterioration of Locust bean gum solutions
is rapid when no preservative has been added, and precipltation_of the gum
may be expected after about one week, Therefore it is not surprising to find

higher retention of gum from an o0ld bateh than from one relatively freshly prepared,

Tigure 3 shows the relation between dye added to the furnish and sorped
dye, The relation is perfectly linear in case of data from series B, The point
at C = 5% 1a disregarded as, for unknown reasons, it was impossible to extract
the dye completely from the disintegrated pulp of thie sample, The relation for
data of series A is linear at higher concentrations, but shows & slight curvature
at concentrations below 2%, These data’'are therefore plotted logarithmically
in Figure 4, The relation is now linear ag would be exvected if Freundlich'e
adsorption isotherm was followed, The best stralight line is statistically

found to be log x = 0,71 log ¢ — 0,75, In Mgure 5 the sorptlon of gum 1s shown
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as function of added gum, This relation has a relatively strong curvature,
but stralghtens out in a log-log plot, The best straight line is found to be
log x = 0,49 log ¢ - 0,075, Thus it i3 seen that even if dye and gum is sorped

independently, the sorption of both follows Freundlich's adsorvtion isotherm,

The Relation Between Dye Concentration and Beflectance of the Handsheets

4

The relation between reflectance at 630 n/”‘of the handsheets of series
A and B and the percentage of dyed gum origimally added to the fiber is shown in
Figure 6, In Figure 7 the reflectance data are plotted agaimst concentration
of dye gum found by extraction, ZThe reflectance data have alao been plotted
according to Kubelkn and Muak's formula (9), Preston and Teien's formula (10)
and Spelling's formula (11), Preston and Tsiens formula fails at higher
concentrations while both Kubelkn and Munk's and S5Spelling's formula give linear
plots for data of series A, The points from series B, represented by squares,
were marked after the best stralght lines through the points of A had been
determined, In Figure 8 the complete ;umber of deta from series A and B are
plotted according to the two formlas, It is seen that the dats from series B
are closer to the straight line through the data of series A when Kubelka and
Munk's formula is used then when Spelling's formula is used, Spelling's formula
can however easily be modifjed to straighten out the curvature that is evident
slready in Pigure 7. When the formula [R - 1,07) 1,26 = const, by ¢ is used a

very good plot is obtained,

In Pigure 8 only three of the points obtained by use of the modified
formula are shown (marked 5,2). Table IV shows that the agreement between the
data and the straight line y = 0.85% x +0,005, that was originally determined

a8 the best straight line through data from series A, is better over the whole

concentration range,

_ — ]
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Fr, % Dyed gum Reflectance data treated according to,
(by extraction) E&M par 8.1 5.2
Alf2 0.11 0.033 0.038 0.07 0,07
Al 0.14 0,047 0,034 0.12 0.12
A2 0,130 0,083 0.029 0,25 0.23
B1/f2 0.33 0.115 0.295 0.276
A3 0,39 0.117 0.024 0,35 0,34
AL 0.ks 0.135 0.023 o.M 0,39
AS 0.60 0.177 0.017 0,52 0.51
A7 0.69 0,193 0.015 0,57 0.56
B1l 0.77 0.25 0.654 0,648
A9 0.86 0.253 0.009 0.73 0.73
A1l 1.00 0,302 0,005 0.86 0.87
A 13 1.19 0,354 0,000 0,98 1,00
B2 1,47 0,469 1,18 1.25
B4 2,77 0,73 1,78 1.98
38 6.14 1,78 h,17 5.21
B 12 9.15 2,47 5.77 7.51
X&8M = Kubelka and Munk's equation, [k/sJa = (1-R)2/2R, = const. c.

Ric
k)=
BA=

P&

5.1
8.2

B =

(o]
n

monochromatie reflection, imtenaity of light reflected from dyed fiber.

absorption coefficient
scattering coefficient

"

Spellingh equation

Preston and Tsiens equation,

Spellings equation modified

-

L A-b
D+ J = comst, ¢,

2

A-R
(r-1.1]%1 ¢
(2. 100 25 .

Intensity of light reflected from undyed fiber.

Intensity of light reflected from dyed fiber.

Concentration of dye,

P

coefficient of reflaction

Coefficlent of reflection = 0,045 for cellulose when angle

const, ¢.

¢onst, ¢,

of incidence <30°.
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TARLE IV
Absolute Percent

Br. Yalue of formula y=0.84 x deviation deviation
i 5.1 8.2 +0, 005 s.1 5.2 5.1 5.2

A1/ 0,07 0,07 0.10 0.03 0.03 30 30
Al 0.12 0.12 0.12 0.00 0,00 0 0
A2 0.25 0.23 0.26 0,01 0,03 b 10
B1l/f2 0.295 0.276 0,282 0,013 0,006 5 2
A 3 0035 0034 0-33 * 0002 0.01 6 3
Al 0,41 0.39 0.38 0,03 0.01 8 3
AS 0,52 0,51 0.5 0,01 0,00 2 0
A7 0.57 0.56 0.58 0,01 0.02 2 3
B 1 0,654 0,648 0,651 0.003 0,003 0 0
A9 0.73 0.73 0.73 0,00 0,00 0 0
Al 0.86 0.87 0.8% 0.01 0.02 1 2
A1) 0.98 1.00 1,00 0.02 0,00 2 0
B2 1,18 1.25 1.23 0.05 0.02 Y 2
B & 1,78 1.98 1.99 0,21 0.01 10 1
B8 k.17 5.21 5.15 0.98 0,06 19 1
B 12 5.77 7.5 7.68 1,91 0,17 25 2

Precigion of Leech's Method

_After some introductory difficulties, Leech's method has worked
satisfactorily throughout the seriea of,eiperiments reported here, Some "wild"
results occur, but are easily recognized, bdecause most results will show

definite trends, Five analyses were run in duplicate, The results are shown

in Table V.,
TABLE ¥
Rr, B8 B 84 312 B 124 C 480
Result 1 1.98 2,26 2,7 2,72 2.6
Result 2 2,32 2.37 2,82 2,73 2.51
d = dyed

In this concentration range the vrecision seems to be high, and 1if
time was available for running a number of analyses sufflcient to eliminate

"wild" results, Leech's method would be very satisfactory, One of the most
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interesting parts of the gum concenff;tion scale is however the part below 1/2%
added gum, At these concentrations the method works less satisfactorily, amd

very high precision is desired,
FUTURE WORK

Future work should be concentrated on working out other methods of
determining gum esorped on paver, A method guicKer than Leech's is desired.
The chromatographic separation of the sugars is too time consuming to allow the
analyses of a large mumber of samples, The method should be independent of &
blank value and give high vrecision even at low concentrations, A method that
might f11)1 these requirements is the use of gum "labeled" with radio-active

earbon,
nx:mg;nczs
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AN EXPLOBATORY IFVESTIGATION OF THE POSSIBILITY OF USING DYED
LOCUST BEAN GUM IN DRTIRMINING ITS ADSORPTIOL ON CELLULOSE
SUMMARY
It is possible to prepare a dyed gum by adding a direct dye
solution to a gum dispersion. Up to 48 parts dye per thousand parts
gum the dye i3 completely exhausted frox the solution. The concentration
of dyed gum can be determined colorimetrically. Sorption of dyed gum an
pulp can be determined by measuring the concentration remaining in the
white water and subtracting from the initial concentration added. This
tecrnique 13 more convenient than the anthrone anzlysis and is net sub;ect
to errors due to the cellulose blank and filtration. The sensitivity of
the analysis is dependent upon the depth of color 27 the dyed gum. The
sorption isotherms macsured by this merns are comparctle %0 those made
with other methods. The method is particularly well suited for mezsuring

3

the rate of sorption.

~

The method still indicates veriability “etween different series
of sorpti:n experiments. It is tnerefore supjosel that these d:i:ferences

-

are not due to the analytical method.

The strength properties of sneets made ~ith ayed zum and undyed
gur are comparable. This can be taken as an indication that the iye does
not appreciably affect the sorption of th: gum. It remains tn be

demonstrated that the dye remains with the sum and is not transferred

from the gum to the pulp.

THE INSTITUTE OF PAPER CHEMISTRY
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There is a good possibility that the sorption can e detzrmined

directly by optical measurements ¢n the sheet of paper.

INT=0ODUCTICOR

Several analytical methcis have been used in the stuly =7
locust bean gum sorption by cellulsse. Two or thess, the ant uiie
tecnnique and the viscometric tachniq.e defsraine the sorption Ty
zeasuring ‘he difference 12 concertra%:on of the guam ia the w#alte water
after sorptisn has occurred and then calculating the sorption inaire:isy.
This in itself limits the accuraczy of the determination. The antarine
tecanijue 1s hindered by the aspparently solible cellulose bdlangs T2
date it ' 9 not heen possidle to eliminaie or gorrect for this blang
#1th certaintys The viscometric za%tacd i3 not as ac-ura’2 a3 woali te
des:red and 1s limited by the effect o fibar {ines witli tne¢ wWell-Be. ™

sulpse 4 grevizetric metnod #hlch meatures the increasé .o a2izht oo the

Pulp on sorption is Teungs asadse It 2s lozztel in tae st.Q7 of rats .2
sacption and 18 i3 gene—al mire telrdw: fiin woula Ye ce.oren.e ¥2i@ T

o

tze methols are capable of reprolucing s.o.tin valaes .3 oo ax

the next with satlasfactory preciail:in.

In viow of the desirab.lidy 2 a2moare 3wpt."n dur2 2.a. Lila

BVB12L BaLB..T.nTs L

-
o

periaps measw-e Sthe quantisy 50 4w s ine stee

ween perfaraed investigating the possitility of stuwrircg so-7h122 aslvg

-

w

a hewvily dyed gum. In sueh a zetase 1% wellse D2 nece:san” 1) demdnifins
that the quantiiy ol gam 20ula accarately %2 aeterrunia aaTlolllllolozToLl
zeasurexments and that the presence of the aye did ast allest e 2.0t
It woula also be necessary to demcastirate that the dirsct dye was “ela o

the gua throughout the sorption ard not translerrad to the uiz.
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This 15 the gene-al approach ol she eupesizen’s 2dvored in
this rerort
. AL L IMDITAL ,

Preparztisn o &red gua.

a dispersiin 11 «FI1zz ayz had Besn adlel, the rrec.p.tatal zun Wzs WTed.

When alzdhol was ased for tne preciz.tzs_on the gum wos ay22 a 11 n* blas
and the sager<atant was els: tliaee Tils Lf eccase the allhwil regacves

some o the dye Iram the guse When the _un w23 saitad osal wutl s.aoai

sulfate, ‘he z.3 was z usarg tlue aand the superma‘ant #as colorless 1f swall
enough quantit.es 9f dye were .seds Pest tube ssperiments indiczte tao
although the aye aces not 11asolve 11 satirated s»aium suilete solitiss,

dissolved aye will =24 precizitazle in “he saticatea sclation,.

Ty avs.d tha wse o8 sald in She zrepas:ition o0 2 a¥2d Seey 5
425 aivisgable $9 1ntroduce only -hat awmdount =i ays t1a% wcull e 2.l lotely

exhausted by the gum. In order (> deter..rne %-.s gaantity, om.ll Lol

o

of O.Sﬁ Sim 113persions were irzatec wit» virio.s qeanmiitier 30 O - -hmmtratec

. L B . N N
iye s>lutiona,  3arples comtauning 8, 15, e, 22, 42, =3, 23, = « La% part:

dye/l300 parts .k we 3 zcae and <eid a4t 527 . Jo. tal nuaTse Th2i2
samples were *nen procipltatac it exgess touws il sLllzte silutlimora
allowea %o steana. The sapecsncatant liguza o= S22 s2 3sz.-laes .3-tzining =8
parts per thsusand and helow were clsar ~zta. iilbr-y-isw L0 g 1.2 32.e

pended Iloco. It wag deciled to wze 43 poris are, L3 parts g.o [ir [wrther

.

exper.ments. A tw0 liter baich 2f ireshly 21s3pesield Jdudp was3erS.31 ¢35
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dyed with 0.42 gr. dye dissolved in 100 ml. distilled water. The aye
addition was made wren the gum dispersion w#as si1ll warn ana tae
zeahanizal stirring was continuel for two hours after the sdaition. Tnis
gen was used throughout the experizents aiscussed below. 4 3mall zzople

of the dyed dispersion was salted out with sodium sulfate anc 1t gave a

clear supernatant liquid.

Preparzation of Pulp.

Weyerhaeuser bleached sulfite Ssatan 1z .istillied water iz the
Valley beater for 19 minutes %o a freeness oI [320 cc. with a bedplate
loaa of 5500 gre gave a consistency o l.3ch. Tnis pulp #as used twaaghout

tne experizents.

Calibration CQurve.

In order to determ:ne ;hith water conzertrations of dyed zua a
calibration curve was male. Tne 0.5; iyed suoc dispession poejparel arvive
723 ailited. Taese 4nown zancentrations where coLparaa wita aistilled
vater in a photolometer using a Wratten #23 ana s Jeana BG 18 filter.

The plot of the conceatration vse. tne log 7 the pescent transmission
gave a straight line, Two difIereni curves we-z maze several 1ays apect
and these agreel witain the s.pesinantal esror. Tris calibeatiic ool
was used throughout the wor<.

TARLT I

SALIBRATIZT CURVE FCR CILCRIMETRIC IETEZMINATION

OF DYEDS LOCUST Baa¥ Ik

Concentration of Locust Bean Farcent Tranasziszss.r
Gin 1n Percent First Jurve Jeoura Taovs
J05% HE. 52 4540,
+005% 92,03 -
01% 8540, _—

‘025?’: - E?‘jf‘;




Project 1467
August 29, 1950
Page 5

The plot of these data is included in Figure i«

Experiments on Locust Bean Oum Sorption by Pulp.

Six 2.5 gr. samples of the pulp prepared above were diluted

to 0.5% consistency (allowing for the volume of gum to de added). To

these samples various amounts of both undyed and dyed gum were added,

thoee containimg undyed gum serving as a correction for the turbidity

of the white water. The gum was added with mechanical stirring which

was contlinued for two hours at which time it was assumed the aystaem

had reached squilibrium. 7The white water was then filtered through

course fritted glass crucidbles by suction, and the transmission of

the filtrate was compared with distilled water in the photolometers

TABLE II

PRANSMISSION DATA m SORPT 10N 0]' LOCUST BBAN GUM

OF BLEACHED WLFPITE

Sa.mplo
Porcent gum based - Porcont Transmission Blue
on pulp and color Percent Transmission Percent Transmission ¥White
1.09 white 96.5 —
3.0% white 98.0 -
5¢0% white 97+5
1.0% blus 96.0 99.5
3.0% blue £9.0 91.0
5.0% blue 78.0 80.5
TABLE I1I
SORPTION DATA FOR DYED LOCUST BEAN GUM
ON BLEACHRD SULFITE PULP
Percent gum Concentration Percent of gum Percent gum
added onwgt. Concentra~ remaining after Concentration avallable adsorbed, based
of fiber tion added sorption adsorbed adsorbed - on wgt fiber
5.0$ 0.025 0.014 0,011 44,0 2.2
3.0% 0.015 0.0051 0.,0099 66.0 2.0
1.0$ 92.0 0.92

0,005 0.000k4 0.0046
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A second adsorption experiment was run this time using ten

gram samples of pulp and including a sample with ten perceat gum of the
velght of the fiber. After the transmission data had been taken and ths
vhite water returned to the pulp 1.5 g. bandaheets were made. These
handsheets were submitted for Mullen burst and MIT fold te|sts. The
comparison of the strength properties of the sheets with dyed and undyed
gum should indicate whether the dye was affecting the adsorption and the

action of the gume on the sheet.

TABLE IV
TRANSMI SSION DATA FOR SORPTION OF DYED LOCUST BEAN GUM

Sample, percent zuam Percent Transmigsion Percent Pransmisaion Blue
based on wgt. pulp and Percent Transmission White
color
1.0% white 93.5" --
3.04 white 93.0 -—
5.0% white 93.0 -—
10.0% white 92.0 -—
1.0% blue 92.0 98.4
3.0% blue 82.5 88.7
5.0% blua 77.0 82.8
10.9% blue 62.5 67.9
TABLE ¥

SOEPTION DATA POR DYRD LOCUST BEAN GUM ON BLEACHED SULFITZ

Percent added Concentration Concentration re- Concentra- Parcent of FPercent
on wgt. fiber added maining after scption tion sorbed available gum gum m wgt
sorbed fiber sorbe
1.0% 0.005 0.0008 0.0042 84,0 0.84 1
3.0% 0.015 0.0070 0.008 5342 1.6 |
5.0% 0.025 0.012 0.013 52.0 2.6 !
10,0% 0,050 0.025 0.025 50.9 540
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TABLE VI

STRENGTH PROPERTIES FOR SHEW?3 CONTAINING DYRD AND UEDYED GUM

Percent gum based Mnllen Burat
on wgt. fibder Color points /100 1lbs. MIT Fold

0.0 -— 51 23
1.0 white 7l 11

1.0 biue 13 11

3.0 white 80 145
3.0 blue 11 127
5.0 white 80 207
5.0 blue 17 163
10.0 white 83 18y
10.0 blue 86 232

DISCUSSION OF RESULTS

The sorption isotherms obtained by ths dyeing techaique are
similar in shape and order of magnitude to some obtained by the other
methods. The variability between d?plicata experiments is not improved.
Since the same varlability is found regardless of the analytical technique,
and since all of the methods have experimental errors less than this
variability, the differences in sorption seem real; that is, due to some
variable not controlled during the actual sorption. This variability can
be either in the pulp, gum, or experimental conditions during the time of
contact between pulp and gum. Throughopt this and previous work there is
no recognizable trend in sorption with the age of the gum. Some experimentg
done earlier with anthrone indicate that the mode of addition and length
of time since final dilution of the gua are not critical., Other earlier
experiments indicate that the sorption of locust bean gum 1la not greatly
affected by the temperature or degree of agitation. For locust bean gum

there have been indications that equilibrium is reached in periods of time

shorter than the two hours allowed during these experiments. The varlability
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.

is also present when experinenﬁs ;re run on successive days with pulp

from the same ﬁeater run. No trend is recognized with the age of such a
batch of pulp. Some other factors.‘not understood to date, are probably
responsidble for thies variation, but it does not appear th;t the difficulty

lies in the analytical techniqua.

The sensitivity of the technique depends entirely on the depth
of color of the gum. In the present experiment, using 48 parts dye per
dhousand parts gum, concentrations can be determined to the nearest
0.001% from the calibration curve. The range of the present curve is
from about 0.001% to 0.05%. This range ceuld be contrected and the

sensltivisy lacreasad by using heavier dying.

The comparisom of the strength properties of the sheets con-
taining dyed and undyed gum, as.lhbih in Figure III, indicates tmt the
dye doea not change the effect oflthe gum appreclably. There is some
question whether the differences indicated in Pigure III are within the

experimental error of the sheet making and paper testing methods.

FUTURE WORK
One of the great advantages of the use of dyed gum would be
the determination of the sorption by measuring the optical properties
of a gheet formed éfter sorption. This would eliminate entirely the
problem of filtration and would give the sorption directly instead of as
a difference between two concentrations. Such a determination is made
possible by the Kebelka-Munk equations. The procedures for the determin-

ations are found in work by Ward D. Harrieon, Paper Trade Journal,

September 23, 1937 and Philip Nolan, Paper Trade Journal, September 30, 1950.
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If determinations of white water concentrations are used for the
deternination of sorption, it should first be demonstrated that the dye
actually remains with the gum and is not transferred to the pulp or
renoved in any manner during sorption. Also it seeas negessary %o
demonstrate more conclusively that the presence of the dye does not

affect the sorption of the gum.

pbw/af






