.'h .
\’f'
(‘\H
Institute of Paper Science and Technology
Central Files

STUDIES ON THE FACTORS GOVERNING
RETENTION AND EFFECTIVENESS OF
STARCH XANTHATES AND XANTHIDES
BY WOOD PULP IN PAPERMAKING

Project 2580

Report Four
A Quarterly Report
to

AGRICULTURAL RESEARCH SERVICE
UNITED STATES DEPARTMENT OF AGRICULTURE

September 15, 1966




THE:INSTITUTE OF PAPER CHEMISTRY

Appleton, Wisconsin

STUDIES ON THE FACTORS GOVERNING RETENTION AND EFFECTIVENESS OF

STARCH XANTHATES AND XANTHIDES BY WOOD PULP IN PAPERMAKING

Project 2580

Report Four
A Quarterly Report
to

AGRICULTURAL RESEARCH SERVICE
UNITED STATES DEPARTMENT OF AGRICULTURE

September 15, 1966




TABLE OF CONTENTS

SUMMARY
EVALUATION OF XANTHIDE ANALYSIS
Introduction
Design of Experiment
Handsheet Preparation
Selection of Handsheets for Xanthide Analysis
Analytical Procedure Used at The Institute of Paper Chemistry
Results of Xanthide Analyses
Discussion of Results
Effect of Blank Upon the Determination

Indirect Assessment of Retention by Physical Properties
of Handsheets

EFFECT OF CROSS-LINKING CONDITIONS UPON RETENTION EFFICIENCY
Introduction
Date
Discussion
Consideration of Icnic Strength
Comments on the Role of Fiber Consistency-
EFFECT OF BASIS WEIGHT UPON XANTHIDE RETENTION
REVIEW OF RESULTS COVERED IN REPORT THREE
Retention as a Function of Xanthate Concentration
Rebention as a Function of Reagent pH
VISCOSITY CHANGES DURING CROSS-LINKING
FUTURE WORK

LITERATURE CITED

Page

o o«

12

12
17
17
18
18
23
26
29
30
30
30
33
36




THE LNSTLUUTE OF PAPER CHEMISTRY

. Appleton, Wisconsin

STUDIES ON THE FACTORS GOVERNING RETENTION AND EFFECTIVENESS OF
STARCH XANTHATES AND XANTHIDES BY WOOD PULP IN PAPERMAKING

SUMMARY

Analysis of the xanthide content of portions of the same handsheets
by the cooperator's laboratory and at the Institute were essentially in good
agreement. Only a little more work is needed to optimize and calibrate the
procedure for our use. The concentration of the starch xanthate in the agueous
phase of the fiber suspension has a greater effébt upon xanthide retention
efficiency than the fiber consistency or the xanthate-to-fiber ratio. However,
the present data are insufficient for distingulshing between the effects of
the xanthate concentration and the effects of the salts that accompany the

starch xanthate.

More evidence is presented implicating potassium lodide as an active

participant in the cross-lirking reaction.
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EVALUATION OF XANTHIDE ANALYSIS

TNTRODUCTION

The objective of this phase of the project is to deduce the mechanrisms
involved in the sorption of starch xanthide by papermaking fibers. This is done
by observing sorption as a function of time under a number of conditions. The
amount of starch xanthide adsorbed is best determined by direct analysis of
mats of the fibers isolated after exposure to agueous starch xanthide for

several periods of time.

A method for determining the starch xanthide content of paper has been
developed by the cooperator. This method involves steeping the paper sample
in hot alkali and then hydrolyzing the swollen material with acid before deter-
mining the reducing power of the sugars produced. The raducing power is expressed
as percent glucan on the weight of the ovendry samples. This is a simplification
since tho basic method includes the determination of the sulfur content and the

fiber residue. L5 1s considered adeguate for our purpcses merely to follow

ot

hz sorpticn of the starch porticn of the starch xanthide.

When we attempted to use this method, it was difficult for us to
obtaln reproducible values for the blank (handshzets formed without exposure
to starch xanthide). This forced soms modifications in the way the samples

are maripulated and may have affected the results.

In view of the importance of this determinatior, an evaluation of our
bechnligue was necessary. Arrangemsnts were made with the cooperabor to have
xanthide ansglyses run on porfions of the same handsheets ab Pecria and at the

Tnstitute.
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Sodium hypochlorite, obtained from the commercial laundvy bleach,
Hi-lex, was diluted one volume to five volumes with deilonized water. The
concentration of the sodium hypochlorite used for cross-linking is Thus about

1.0-1.1 grams per 100 ml.

tock suspensicns were made up in the British disintegrator according
to the proportions shown in Table I. Deionized water, starch xanthate and
alum were combined before the fiber was introduced. The suspension was then
mad= uvp te the specified volume. Following agitation for one minute in the
disintegrator, the pH was adjusted to abcut 5.5 with dilute acetic acid or
sodium hydroxide as required. Scdium hypochlorite (200 %o 250% the amount

required to produce a permanent blue color in the presence of potassium iodide)

was added rapidly from a graduate at the beginning of 4 minutes agitation in

s
iy

=
0]
o
ry
},
| .
w
oy
Q

ntegrator.

Mar.uaal blerding of the hypochlorite into the 5% stock preparations was

zessaTy since pocr mixing was obtained mechanically. Trls defeated the purpose

coing the British disintegrator. It had bezn hoped that reasonable rapro-
) p

suation of shear rates between sets could be obtained in the disintegrator in

case the xanthlde retention rate 1s diffusion controlled. However, the results
10 ot fndicata differences in the handsheets large enough for the variation in

mixing to be important bhers.

The stock was diluted tc 0.5% consistency before making 2.5-g. hand-
staets ir an 8 by 8-inch Ncble and Wood sheet mold equipped with a 100-mesh
Micrnel wire, Groups of four handsheets were press=d baetween blotters at 50

fad

pourds per square inch for 5 minutes. The handsheets were dried on single

Linttzrs on a drum containing steam at 3.5 pounds per square inch.
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TABLE I

COMPOSITION OF HAWDSHEET STOCKS

Set no. T 11 III v v VI

Fiber/water, % 1.5 1.5 5.0 1.5 5.0 5.0
Xanthate/water, % 0 0.25 0.21 0.75 0.62 0
Xanthate/fiber, % 0 16.6 h.2 50.0 12.5 0
Deionized water, ml. 1500 1000 1000 0 0 1500
1% Xanthate, ml. 0 500 500 1500 1500 0
10% Alum, ml. 5 5 5 5 5 5
Fiber (o.d.), &. 30 30 150 30 150 150
Total volume, ml. 2000 2000 2400 2000 2400 2koo
Adjusted pH 5.5 5.3 5.3 5.4 5.5 5.5
1% Hypochlorite, ml. 50 50 50 150 150 150
0.5% Consistency, pH 8.0 5.8 6.1 8.3 T.1 7.8

Selection of Handsheets for Xanthide Analysis

The third, fourth, and fifth handsheets of each set of eight were cut in
half. One section was retained for our own analysis and the other sent to Peoria.
The right and left halves of each sheet were labeled and intermingled according to
the pattern shown in Table II. This was done to reduce the significance of nonuniform
formation due to irregularities in the structure of the sheét mold. We have no
indications that this sheet mold is not "square" but this factor has not been

evaluated recently.

s 2

PR S
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ALYTLCAL PROCEDURE USED AT THE INSTITUTE OF PAPER CHEMISTRY

The following steps in the procedure evolved f{rom the procedure of
W, 4. Imchanan (l) as our analyst, L. G. Borchardt, strove for improved precision:
. Crind sample in a Wiley mill equipped with a 40-mesh screen.
». Place a 0.5-gram sample (analytical balance) in a 29 x 200 mm.
test tube provided with a cover to reduce evaporation loss (e.g.,
an inverted 25-ml. Erlenmeyer flask).
3. Weigh out samples for moisture determinations over P205'
h. Add 15 ml. 1N NaOH to sample in test tube and heat 30 minutes

in a boiling water bath. Mix occasionally.

Add 50 ml. water and 15 ml. 6§ HCL without removing sample tube

o4
.

from water bath.

6. Continue heating in the boiling water bath for 2.5 hours with
occasional mixing.

7. Remove sample tube from water bzth and cocl to room temperature.

8. Transfer contents of test tubz 1o & 150-ml. beaker and add 3.5
ml. 50% NaOH and cool.

9. Neutralize to pH 6.0-7.0 with 8% NaOH (pH mster).

LO.  Transfer neutral suspensions to a L00-ml. volumetric flask
and dilute to mark.

LL. Centrifuge about 15 ml. of the suspension in a 15-ml. conical
centrifuge tube. (Table-top centrifuge.)

12. Pipet 3/8 ml. of the clear supernatant into a 10-ml. volumetric
flask. (A 1-ml. syringe equipped with a Chanecy adaptor may be

used to measurse 3/8 ml. accurately.)
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13. Follcw the colorimetric procedure of Saeman and others to
relate reducing power to the welght of sugar (g). Optical
density is read in duplicate.

14. Report as grams glucan per 100 grams of dry sample.
RESULTS OF XANTHIDE ANALYSES

The results of the work done in the Northern Utilization Research and
Devslopment Division (N.U.R.D.D.) laboratories were reported by telephone or
Augiist 16, 1966. These data are presented as percent xanthide in Table IT along

with ths data producad at the Institute.
DISCUSSION OF RESULTS

The precision of analysis, as shown by the estimate of the standard

£
WD
o]
=
[
A
O
~
i

czarly the same in both laboratories. This suggests that both
analysts have the tzchniques of the procedure well In hand. Howaver, the
saothide povzls for 8=+ TI are aulte different between laboratories. This
difference 15 greater than three standard deviations. Nonetheless, we reject
the hypothasis thset thess samples are different since each laboratory received

specimens from ohe sams handshests.

fn Yetue Ui, a comparlson of means and estimates of standard

deviation is made sheet hy sheet. This emphasizes the existence of a problem

i

In thw case of Set 1I. Set IV displays a tendency toward lower results by the
Irstitute procedure. However, rno distinction between sheets or between

laboratorias is warranted statistically except for Set II.
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TABLE III

COMPARISON OF DEVIATION WITHIN SET AND BETWEEN LABORATORIES

.Xanthide in Handsheet Intra- St. Dev.
Set, Handsheet Number, % Laboratory Standard as Percent

No.  Laboratory 3 L 5 Mean, % Deviation of Mean
yu N.U.R.D.D. 7.60 T7.31  T7.79 7.57 0.28
I.P.C. 6.1 gigz 6.24 6.18 0.10
Interlaboratory Mean 6.87 6.69  T7.02 6.86 o.79§

Standard Deviation 1.11 1.2+ 1.37 1.23 18.0
oI N.U.R.D.D. 2,45 2.55 3.03 2.68 0.34
I.P.C. 2.64 3.2k 2.86 2.90 0.3k
Interlaboratory Mean 2.54 29.0 2 RN 2.79 0.253

Standard Deviation 0.17 0.6L 0.15 0.20 T.1
v N.U.R.D.D. 5.55 5.99 5.83 '5.79 0.26
I.P.C. 5.04 5. 5.16 5.26 0.%1
Interleboratory Mean 5.30 5.7 5.50 5.52 0.2 b

Standard Deviation 0.45 0.37 0.59 0.47 8.5
v N.U.R.D.D. 1.95 2.33 2.63 2.30 0.k0
T.P.C. 2.07 2.40 2.1k 2.20 0.20
Interlaboratory Mean 2.01 2.36 2.58 2.25 0.22b

Standard Deviation 0.11 - 0.06  0.k45 0.09 4.0

Standard Deviation is based on range of data entering the mean.

Figure 1 displays the good correlation of the data from the two
laboratories (except for the highest value which corresponds to Set I1).
Lt all the points are connected, a curve is produced which suggests either

overdetermination at N.U.R.D.D. or underdetermination at the Institute.

When the interlaboratory standard deviation is plotted against the

rranc .
£rand mean of each set (rig. 2), the standard deviation increases more rapidly
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1.P.C. Xanthide, %

N.U.R.D.D. Xenthide, %

Figure 1. Xanthide Content I.P.C. Data vs. N.U.R.D.D. Data; 2s
Limits (Based on Table II)
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than the grand mean. If the standard deviation is expressed as percent of the
mean and plotted against the mean (Fig. 2), a similar curve is obtained. Inter-
laboratory agr2ement deteriorates as the xanthide content increases. This arguss
against the size of the blank determination being a critical factor. In general,
precision, as a percent of the mean, decreases as the value of the sample and

blank determinations converge.

When considering the Institute modifications of the procedure, less
than optimum conditions for the alkaline steep and acid hydrolysis may be
contributing to underdetermination of the xanthide content. Since these conditions

have not been examined, it is recommended that such an evaluation be undertaken.
EFFECT OF BLANK UPON THE DETERMINATION

The gquantity of hypochlorite in relation to the fiber present varies
with the xanthate conecsntration at the time cross-linking is undertaken. Two
contrals were prepared for this experiment which correspond to the two irnter-
mediate hypochlorite-to-Ffiber ratios (Tables I and II). The values of the Dblank
determination for the xanthide analysis differ by 0.39% glucan or about 6% of
th= lowsr valvue. The blank was lower for the higher level of hypochlorite.
Sincs the difference betwesn means of the blanks is about one standard devi&hhw
for the samplzs, eithsr blank leads to the same general conclusions ravealed in

thz prec=dirg section.
INSIRECT ASSESSMENT OF RETENTION BY PHYSICAL PROPERTIES OF HANDSHEETS

The handshests not used for xanthide analysis were subjected to

phiysical te2sts as an indirect means of assessing starch xanthide content.
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-.sts were carried out at 50% relative humidity and 73°F. according to accepted

procedures (see Report Three). The results of the tests are shown in Table IV.

The test responses should vary with the amount of starch xanthide
retained in the handsheet. If the xanthide analysis is in error, that point
should gilve a poor fit to a curve relating the physical property to xanthide

content.

Figures 3 to 6 relate bursting strength, Instron tensile strength,
apparent density, and opacity to the xanthide content as determined in both

laboratories.

The figures for burst and tensile strengths suggest the point corre-
apending fo Set II may be high in the case of the data from N.U.R.D.D. However,

ihere i3 no easy distinction to be made from the plots of density and opacity.

Lt does appzar that there are no great differences in the properties

A
LS

Mhwoxanthide actually retzined in spite of th: rather large range of the

A,

ene-linking correlations.
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EFFECTS OF CROSS-LINKING CONDITIONS UPON RETENTION EFFICIENCY
INTRODUCTION

The oxidation of starch xanthate to starch xanthide appears to fit

the reaction scheme proposed for disulfide displacement reactions discussed in
reviews by Pryor (3) and Foss (L4). It is a two-step nucleophilic reéction.
If this is true, then the concentration of the starch xanthate in the aqueous

phase of the stock system is an important factor. Thus:

- d [xanthate]

T =k [xanthate]2 (C1OH].

In addition, dexanthation reactions can be proposed which involve CLO™
or HO ions. Following dexanthation, elght hypochlorite ions would be consumed
in oxidizing the two sulfur atoms formerly present in one xanthate group to
sulfate ions. The extent to which this series of reactions occurs would thus
be dependent upon the concentration of hypochlorite lons and the starch xanthate

concentration.

By experience, a pH of 5.5 has been established as one favorable for
cross~linking starch xanthate. Ionizatlion of hypochlorous acid is thereby
reacti_on lea.o'img Cove, 10-12-C6 ﬁffmw
suppressed so that the e-sebive beading 010 starch xanthide is favored over

aexanthation. The desirability of preventing elevation of the pH during the

regetion Ls also understandable.

At thls point w2 do not know wh=ther the rates of the chemical reactions
involved in the oxidation of starch xanthate or the rates of physical sorption of
bhe: stafch xanthide formed by oxidation control xanthide retention in paper.
However, the coucentration of starch xanthate in the aqueous phase in either
tage can be an important variable if rztention i1s not controlled by the number

ol receptive sites on the Tiber.

]
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This experiment is designed to detect the influence of the starch
xanthate concentration upon starch xanthide retention. If there is relatively
Little effect, the amcunt of starch xanthide retained should be a function of
the amount of starch xanthate added with respect to the fiber. If starch
xanthate concentration is important, then retention efficiency should be a

function of this variable.
DATA

The data representing the xanthide content of the handsheets were
reexpressed as grams xarthide per 100 grams fiber in order to relate the

amount of xanthide retaired to the xanthate added (Table V).
DISCUSSION

A single curvad line connechts the dasa points when retention efficiency

is plossed as a furnction Of xanthate concentration (Fig. 7). However, two lines
are regulired when ths same factor 1z plotted against the xanthate-to-fiber ratlo

(Fig. 8). Here rassnticn appsars to be a function of the fiber concentration
as well as the xarthate-t0-fiber rablo. This 1s reasonable if the xanthate
concentration is the significant faztor since it changes as the xanthate-to-fiber

1

ratlo Is varied while the stock consishency remains constant.

ot

The shaps of tre curve ir Fig.

f

suggests an exponential function.

Plotting the log

o
=
o

thmm of the retention efficierncy against the xanthate

con:antration_(Fig‘ 9) yields & straight Line passing through 100% retention

efficiercy at zero xanthate concentration.
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Replotting Fig. 8 on semllogarithmic paper again produces two relation-
Lahvwﬂ“H retention efficlency to be a function of fiber consistency and the

sta-to—riber ratio (Fig. 10).

Ihe evidence supports the conclusions that the xanthate concentration
y squeous phase of the stock system controls retention efficiency more

she fiber consistency or the amount of xanthate present in respect to the

A more fundamental relationship would be for the retention efficiency
8 lincar function of the logarithms of the xanthate concentration. The
@ye been plotted in this fashion in Fig. 11. A straight line fits this
kaﬁion of the data as well as it does the plot in Fig. 9. One advantage

prediction of 100% retenticn at a finite xanthate concentration.

The negative slope of the lines in Fig. 9 and 11 is not in keeping
he Ldes bLhat intermolecular eress-linking favors polymer sorption over

lecular cross-linking. If this were the controlling factor, the slope

be positive.

[tis interesting Lo nobtz that the data point derived from the I.P.C.

tnation of starch xanthide in Set II does nct fit on the curves shown
» 1 through 11, This cortrasts with the observation made earlier that
1,

and tensile strength of the handsheets favor the validity of the

e data for Set IT over thoss from N.U.R.D.D.

HATION op IONIC STRENGTH

RN R . . . 3
Fhe conelusion that the concentration of starch xanthate controls

434 0 A - . PO T OO . .
,etf$LLcncy mist be tempered by recognizing that the ionie strength
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of the system varies directly with the xanthate concentration. That is, the
salts from neutralizing excess sodium hydroxide and xanthation by-products plus
the salts derived from the sodium hypochlorite added to effect cross-linking
can make a significant contribution to the ionic strength. In this experiment
2 milliliters of approximately 5.5% sodium hypochlorite were used per gram of
starch in the starch xanthate. This is about equilvalent to 0.0031 mole of
sodium chloride since each mole of sodium hypochlorite is accompanied by one
mole of scdium chloride and hypochlorite becomes chloride in the cross-linking
reaction. Added to this is about 0.003l‘mole of sodium hydroxide used in the
xarthation reaction or a total of 0.0062 mole of monovalent salts (if acetic

or hydrochlofic acid is used to adjust the pH to 5.5) per gram of starch in the

starch xanthate. This relationship is illustrated in Fig. 12.

It must be emphasized that the data obtalned in this experiment do
not distinguish between the affects of lonic strength and xanthate concentration.
It is possible that ionic strength of the system at the time the cross-linking
reactlion occurs controls xanthlde retention efficiency and the xanthate con-

centration is not important. Further work is needed to clarify this matter.
COMMENTS ON THE ROLE OF FIBER CONSISTENCY

In practical situations it is most éonvenient to use & constant fiber
corsistency and Lo vary the xanthate-to-fiber ratio in evaluvating the =f{fects of
starch xanthide upon paper products. This means the starch xanthdte conc=ntration
in the agus=ous pnase of the fiber suspension varies throughout the evaluatiorn as
shown ln Fig. 13. The lowest fiber consistency possible for a given product
would bz predicted to be the optimum cross-linking condition for starch xanthide

retention. On a paper machine, this would be after dilution of the stock to headbc

consistencies.
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Xanthate Concentration, g./100 ml.
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EFFECT OF BASIS WEIGHT UPON XANTHIDE RETENTION

The high consistency for Sets [IL and V which was required t; the
design of the experiment, made it necessary to use much more fiber than was
required to make a set of eight 2.5-gram handsheets. Consequently, very little
effort was required to add several 5.0-gram handsheets to the sheet-meXing

schedule.

Doubling the sheet weight improves retention efficiency (Tatle VI).
This suggests that at least part of the starch xanthide is retained by filtration
as well as by sorption mechanisms.

TABLE VI

XANTHIDE RETENTION IN HEAVIER HANDSHEETS

I.P.C. Data
Xanthate Handsheot Xarlinide
Set Added Weight, Content Std. Zenthide Retention
No. g./100 g. fiber g g./10C g. sheet Dev. g./1C0 g. irkzr Efficiency
LTI L.17 2.5 2.90 0.34 2.99 71.1
5.0 3.67 0.35 3.01 91.6
v 12.50 2.5 2.20 0.20 2.25 18.0
5.0 3.85 0.29 L.o0 32.0
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REVIEW OF RESULTS COVERED IN REPORT THREE
RETENTION AS A FUNCTION OF XANTHATE CONCENTRATION

If we assume the xanthide analyses covered in Report Three are reasonabl:
accurate, we find that the retention efficiency is not dependent upon the xanthate
concentration in the same way it is in the work covered in this report (Fig. 1k,
based on Table II, Report Three). However, it must be pointed out that we are
comparing cross-linking in the presence of potassium iodide (Report Three) with
cross-linking using about twice as much ﬁypochlorite and in the absence of
potassium iodide (this report). There have bzen several clues indicating that
potassium iodide takes part in the cross-linking reaction (see be@ow and page
20-1. Report Three). Consequently, we must separate the two cross-linking systems

until we have more information.

Keeping this in mind, Set 123-1 reported on page 16 of Report Thres
corresponds to the cross-linking conditions used for the experiments described
in the currant report. This data point-is shown in Fig. 11 and is not far from

the straight line.
RETENTION AS A FUNCTION OF REAGENT pH

The effect of adjusting the pH of the hypochlorite solution used to
cross-link starch xanthate was studied in thé third report. Varying reagent
pH from 8.5 to 4 had no effect upon the handsheet properties or upon the amount
of reagent needed to produce the blue end-point color in the pressnee of potassium
iodide. There was a trend toward higher xanthide content as the pH dropped. The
xanthide content has been converted to retention efficiency and plotted against

the pH of reagent solutions in Fig. 15 (based on Table V, p. L7, Report Three).
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When 10 millimoles of potassium iodide were present, 31 milliliters of
Hi-lex gave an intense blue color and the viscosity increased dramatically
shortly after the color appeared. It was useless to add more hypochlorite to

the xanthide coagulum.

These experiments demonstrate that potassium iodide is an active
participant in the cross-linking reaction and greatly affects the amount of hypo-
chlorite consumsd. It is also shown that the rate of the cross-linking reaction
can be =valuated in terms of viscosity as a function of time. An instrument
capable of recording much lower viscosities is needed if the reaction is to be

studied at the concentrations likely to be encountered in practicél applications.
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FUTURE WORK
Three lines of work are planned for the next report. They are:

1. 'Optimizing the conditions for determining starch xanthide and

calibrating the method against known amounts of starch xanthide.
2. Bvaluate the importance of ionic strength upon xanthide retention.
3. Attempt to determine the rate of xanthide absorption under one

set of conditions.
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