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" EFFEO? OF BRATING ON THE BRIGHTNESS OF UNBLEACHED SULFITE PULP
(Using Distilled and Tap Water)

OBJECTIVE
The use of tap water in pulp evaluation studies iatroduces the

possibility of another significant variable, Recent publications, of
English and Australian origin, have established the influence of certain
tap water ions on the physical characteristics of refined pulp, ZThis
work has not, however, bdeen comprehensive, The oﬁjoetivo of this work

is twofold, 7Tirst, %o esta‘bli;h &-quantitative relationship between
degree of beating and brightness (General Electric raflectancs) of a
typical unbleached sulfite pulp, Second, to determine whether the use

of Appleton city tap water in the beatingz process produces a deleterious
effect on the pulp brightness, The pulp used was Wipg unbleached

sulfite,

PROCEDURE

A sample of the pulp was beater evaluated (3-29-48) following
Institute Method 403 (No, 3 Beater - 5,500 g, dedplate loading), In this
method tap water is used throughout the bDeating and subsequent sheet
making operations, Regular British handsheets were Prepared and dried ‘
according to Institute Method 411, Beater intervals were 0, 5, 10, 25,

and 40 minutes,

oo
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A eaoon:l. s::;iile-og\ the pulp was evaluated and formed into
hanlsheets employing the sbw; f’lr'olq"efuras wvith the following deviations,
Distilled water was used in- the beati.;g and handsheet preparation., Interval
aamplea vere 0 5. 10 25, 4o, 55, and. ?0 linntee l‘hon preparing

bandsheets vith distilled water, tap wvater was uaed unfler the wire,

The handsheets from doth evaluations ware conditioned 48 hours
at 73° P, 50% R.B. before the Genersl Hlectric reflectance vas determined,
Reflectancs was deternined for both the rough (fels) and smooth (wire)
side. Vire side, as used hers, is a misnomer because during drying the
wire side remains in contact with a metal disc which produces a glossy

surface on that side,

RESUL?S AND CONCLUSIONS W
T

The data have been listed 1in tabdular form, See Table I,
Examination shows that significant differences in bdbrightness were pot
obtained when the unbleached sulfite pulp was deaten and formed into
handsheoets using distilled water throughout as compared to the normal
treatment using tap wvater, Critical examination of the data indicate
a gonaral trend of elightly higher brightness for the tap water treatment,
but this 1s probably due to normal variations of the processing and

testing procedures.’

Figure 1 is a graphic representation obtained for the quantitative
relationship of degree of beating and General Electric brightness, Here
the distilled water run was chosen because of the more extensive coverage

of the freeness range. In this instance, using distilled water, the

redustion in drightness produced dy beating 1s a result of changes in
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_—
_acnttering power of %the thinlgl{eot optical surface, This light scattering

pover is closely associated with the more gemeral term °texture.’

The results of thiszs work should ﬁpt Ve construed in 8 gonersl
 manner, It should be realised that identical results, spsaking qialltatively; —
may not be obtained with a "high vhite® pulp, and that the effect of tep

water may be subject to seasonsl variations in wvater oupdly. -
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{pistilled and Tap Water Qomparison) -

The use of tap water in pulp evaluation studies may effect pulp quality
and paper physical characteristics, These effects, however, are specific with
wvater aupply.' A-otudy of the Appleton city water; its effect on brightness,vas

made,

Refer to Nay 18, 1948 report of Project 1102-3, the BEffect of Beating
on the Brightness of Unbleached Sulphite Pulp, This report covers an extensloen
of that work whorein tensile strength. determinations were made on samples taken

LY

from the brightness study.

Procedure

A sasple -of pulp was beater evaluated (3-29-48) following Institute
Mothod 403 (No. 3 beater - 5,500 gm. Yedplate loauné). In this method tap
water is used throughout the beating and subsequent sheet-making cperations,
Regular British handsheets were prepared and dried according to Institute Method

411, Beater intervals were 0, 5, 10, 2§, and L0 minutes,

A gecond sample. of the pulp was evaluated and formed into handsheets
as descrided in the above procedure with the exception that distilled water was
used in place of tap water and the intervals were extended %o include 0, 5, 10,

25, 40, 55, and 7O minutes, When preparing the handsheets with distilled water,

tap water was used under the wire,

*

. ;-
\‘ % 4 O THE INSTITUTE OF PAPER CHEMISTRY




2
)

i 1 % ;; i,‘r -
1! ‘3 PR " = - i \
R Pt 2y b Fr."q%t‘l"'i‘ il RN o b"_:i v.—,- % G ii
Te: L * ¥ oV mo ‘m-«"r“ o5 w‘

s Y x‘w%“‘*“f\%%f“‘ e f%‘?«i‘i"é’iﬁé‘é 3“""
de Bk ‘b’; + 1 l L Yo 2_& [ 'k‘; E{ P H"’sﬁghﬂghs s
¥ - %
Pase 2

W
f._g.. ’
i

The handsheeta fron both evaluations were conditioned for 48 hours

at 73° 7, 504 R. H. bdefore c-eneral ﬂectric reflectance was determined, These

resulte have been reported. Data oan Behopper tencile otrength results were

obtained from the speci.mns (1-1/2 by 2 inchas) used for the brightness de-

ter;ﬁafiéns 1n m 18. 19l|-8 report The length of the tensile strip was one

inch, -

Reeulte and fonclusions

The data have been listed in Tsble I, Examlipation shows that signifi-
cent differences in temsile etronzth were no$ obtained when the umbleached
sulphite pulp was beaten and formed into handsheets using diastilled water through-

out as compared to using the normal $reatment of tap water. It should be noted,

however, that the tap water run vu not ca.rried to the lower freenmess range of

the distilled wator evaluation, o~ \

Pigure I is a graphie comparison of tensile sirength versus freeness

of both the tap water and distilled water evaluations,

Thege results should not be given general interpretation since
identical results, epeaking qualitatively, may not be odtained with all of the

varions type pulps, and tep water effects may de subject to seasonal variatlons

in water supply,
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Beating ~..  BRlegler vei@t.
Institute : Pime, ~ ~ . Freeness, v,
File ¥o. Gode Fo. ain,  “-es, 25xk0/500
131010 1102«3-A 0 870
-~ -« .o .. {nmstilled vwater): . . . . S
Av,t 47.9
5 855
Av, 3 I *
‘6 9 11.5 lb. Ih.
10 845 10.5
' 10.3
. 1-1".‘6
e T : 9-"‘

TR 10.
Av,t Uh,.8 1 '.EGa'

17.7 1b,/in,

AVQs hsol

17.2
Av,: 45,0 17.82=
30.2 1v, fin,

55 400 14,9
15.%
16.5
18,1

Av,: B2 _i%.%h

21.2 1. /1a.

- o
R
e g ey




"N Sy 2N
=,

Institute : Tige,  Froemoess, 1b,- - Tefiails;.
1 File ¥o. . Tode Ho. ain, < . D52h0/500 b /4nel
‘ , . ; . '.
-5 - 1310107 "1102-3-A - - - - o - - & - - - - B
(continued) (Distilled Water): 16.5
15.
15.
18,2

| Av,: U3.9 _:%:jfo"

28,3 1v,/in,

Wotes: The handshsets were conditioned and tested st 50% R.E., 73° F.
All the data in this report were obtained fros the specimens
(1-1/2 by 2 inches) used for the brightness dsterminations,
The length of the temsile strip was ome inch,
Yoight on dedplate é:ssogmgram. )
e ¥ B,



Schopper-
‘Beating RBlegler
Institute Time, Preeness,
File ¥o, Boda No. min, éc,
130956 1102-3: 0 865
Av,:
5 &5
Av,:
10 850
) Av,:
) T4
Av,:
o 590
Av,:

Timgy t

Proj e‘c"}t 1

102-3

R ARAT
‘Page §

Basis
VYelght,
1v,

35x40/500

4.2

u-g

4.5

8.1

Notes: The handsheets were conditioned and tested at 504 R.H., 73° »,
All the 4ata in this report were obtained fromz the specimens

(1-1/2 by 2 inches) used for the brightness. determinations,

The length of the tensile strip was one inch,

Welght on bedplate = 5500 grams,
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This work was done in an attempt to establish a correlation

botween strength data and caliper and apparent density on British hand-

sheets,

evalustions of the veriocus pulps.
different rofiner was used, it is mentioned in this report.
data was tsken from Code Office raporte.

file numbers are shown to facilitate future reference,

Project No.

1126
1274C
13h8
1425
1457
1481

Most of the data was taken from work reported oa sarlier projects,

The projects investigated wore as follows:

Co-operator
Crown Zellerbach Corporation
Crown Zellerbach Gorporathn
Howard Paper Mills, Ime,
Enlamazoo Vegetable Parchment Co.
Fibreboard Products Ins,

Nekoosa—FEdwarde Paper Company

The majority of the data was taken from stendard Valley bester

If the procedure wat modified or if a

Most of the
It is not tabuleted, but the

Any data not

obtained from Code Offico reports are tabulated in thla report.

&
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THE INSTITUTE OF PAPEE

EMISHEY



Loa r' . ;-} .&1-&.1&%

i ‘h

e "* \5 Ht\: uéwvﬁ 3 L vc"“i rf‘* '?:IA“% "i

;' b :Ez’
ProJocHnD A ; “?t w?’
October 9h %

P [: ] 2 T 3 b ’:“v

. o6 : g,é’;@ﬁz%?’g
" W
‘?&#{;—: ! "',’

}f"d e T

L

Ffhe graphs drawn for thie study were merely rough eketches,
and no copies were made, The original graphs are attached to the file copy

of this report,

fhe dete taken from Project 1126 were physical properties
of Douglas fir, hemlock, and cedar kraft pulps. The Institute file

numbers for these data are 121669, 121673, and 121696.

Figure 1 18 a plot of bursting strength, tensile strangth,
and tear fsctor vs., caliper for the hemlock and Douglas fir pulps,
From the appearance of these curves, it appears thet the strength
curves for hemlock pulp may be a continuation of the corresponding curves ..
for Douglas fir pulp with aoln_gvsrlapping occurring at the eand of the
beating cycle for Douglas fir pﬁl; ant at the start of the beating cycle

for hemlock pulp.

FPilgure 2 shows three plots of tensile strength wve, caliper, 2
The bottom curve is the tensils strength in 1b./in. ve. caliper as (
plotted in Pigure 1., The next curve ies the seme except that a baeis
weight correction hesa been applied to the temsile strength values, These
values were obtained by dividing the tensile strength im 1b./in. by
the basis weight in 1b. and multiplying by 100, The top curve 1e the
game oxcept that a caliper correction hms been applied to the tensile
otrength velues, The original tensile etrength was merely divided by the

caliper,

1 * 2
} . ; *‘3:‘ .
] g

.u;:f‘ “‘.‘}.L...E v
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Neither of the to;htvotqgrvou ghows an improvement over the =~ i
botton curve as far as ghowing a con%lnnqun curve for the two pulps

is concerned,

e

Pigure 3 ehows the seme values of tensile strength plotied
against epparent density. These curves show an improvement over those
plotted ageinet caliper. In the bottom curve the cedar pulp ie alsc

included, and it seems to fall falirly close to the same line,

Pigure U4 is included to show the variation between the
tensile strength of Douglas fir and hemlock pulps az indiceted dy a
normal beating curve,

Figure 5 shows the Bursting and tearing strength for the
e

three pulps plotted azainst apparent defisity. Thoga two properties

for the hemlock and Dougles fir pulps do not eeem to come any closer to
being on a common curve than they did when plotted against ealifor in
Pigure 1, It is noticed that the curves for the cedar pulp lie between

those for the hemlock and Douglae fir pulps,

The only strength data obeined on hemlock and Douglas fir
pulps in Project 1274-C ver; tensile strength, The file-numbers for
these data are 131351 to 131358 for the Douglas fir pulp and 131465
to 131472 for the hemlock pulp. The basis weight of the sheets made
for this project was approximately one-half of the normal basis weight

for British handsheets.

- The tensile strength i8s plotted against caliper in Figare 6

apd againest apparent density in Pgure 7. Both curves indicate that

1
"
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the tensile strengths of the two pulps fall on a common surve with

E‘-
Figure 7 showing the least variation of points from this curve,
. .Mgure 8 {s included to show the variation betveen the two

pulps as indleated by normal beating curves,

The data from Project 1348 were then investigated to see
what an Lﬁalysia of this type would indicate when different refiners
vere used on the same pulp., The refiners used were the Valley bdeater,
the Abbé pedble mill, the Lampén ball mill, and the Morden stock maker.
The file numbers for these data are 131095 for ;He Valley beater, 131386
for the Lampdi ball mill, 131331 for the Morden stock maker, and 133217
to 133222 for the pebble mill. ?}otting bursting and tearing strength
against caliper in Figure 9 does h;t-dﬁau close agreement between any
of the four refiners used except for tearing strength of stock refined
in the Valley beater and the Morden stock meker, The tear curve for the

stock refined in the Lampén mill 18 also fairly close to these curves.

Figure 10 shows the same properties plotted against apparent
density., This method of plotting shows very close agreement between
the Valley beater and the Morden stock maker in both bursting and

tearing strength. XNo tensile strength data were obtained in this project.

Project 1425 was an investigation of four different pulps,
The flle numbers for these data are 134921, 134970, 134922, 13W971,
134941, 134962, 134942, and 134963. In Pgures 11 to 13, bursting,

tearing, ard tensile strength are plotted against caliper. No striking

[r=.

. et

oy
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similarity can be seen betveeﬁiény‘og the four pulps from these curves,
In Pigure 14, the bursting strength-:;hplottod against apparent demsity,
and again no similarity cas be noticed. In Figure 15, the tensilie
strength 18 corrected to be 1b./in./100 1b, and plotted against spparent ~

density, and no similarity 1s noticed,

Project 1457 investigated three species of westera firs
that were cooked to approximately the same permangsnate number, Douglas
fir, vhite fir, and red fir were cooked separately, and a dlend conslsting
of 15% red fir and 25% white fir was also pulped. The file numbers
for these data are 136008 for the red fir, 136009 for the white fir,
136010 for]the Douglas fir, and 136153 for the blend. The bursting and

tearing stremgth for these pulps are plotted against caliper ia Figure 16.

-

These curves show fairly close agreehent for the red fir, white fir,

and the blend in tearing stremgth and the red fir and the blend in

_bursting strength. It 1s interesting to note that the bursting atrength

of the Douglas fir and the white fir pulps fall on the same straight
line except for the last two beating intervals when the maximum bursting

strength has been developed.

In Figure 17, the same properties have been plotted against
appareat denaity, and the curves filov the same trends without appreciable

difference, except that the curves are not as straight.

bt 'S
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In Project 1481, dipli“cafite.beater rans were made on the

co-operator's pulp. The file numbers f&r these data are 13751h and
137515,

Filgure 18 shows the normal beating curves for these two

beater runs, This graph shows that all the data are in close agreement

except for tensile strength.

Figure 19 shows the atrength data plotted against caliper.
The tearing strength agrees very well for the two beater runs, but
the burating strength shows more variation than in the normal heating

curves, The tensile strength still shows & wide variation between

the two runs,

bl

- Snay
t"'u

In Pigure 20, tensile streﬁgth is -given both a basis welght
correction and a caliper correction and plotted against caliper, but
neither correction brings the two beater runs into close agreement on

tensile strength.

In Plgure 21, the strength data are plotted against apparent

density with abeut the same results as shown in M zure 19.

The remaiﬁder of this study was cenfined to an apalysis of
some data obtained by Mr, Neimsyer in conjunction with setiing up
Project 1274~C, 'This work was a study of the effect of veriadle wei
pressing of British handsheets, The Code 0ffice report on this data

could not be located 8o it is pabulated in Tables I and II,
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M""—.
EFFEC? OF VARIABLE WE? PRESSING OX
NIX00S4 KRAPT BEATEN 2 MINUTES 70 850 co. S5.R. FREENESS

- -+« -~ - - . (Basls Welght =-U].1b., 24x36/480).

Moisture Content 61.7
Caliper, in, x 107 9.7
Denstty, g./cec. ' 0.32
Bursting Stremgth, pt./100 1b, 25
Tensile Strength, 1b,/in, 6.63
Pensile Strength, lb./in.a 68k

- PABLE I1

55.2
8.0
0.%1
38
9.60
1200

36.5
5.0
0.61
13
18.3
3650

e “‘- ‘&M
EFFRCT OF VARIAELE WEP PRESSING AT VARIOUS DEGREES
OF BRATING, CROSSETT UNBLEACHED KRAFF

(Basis Weight - h0 1d., 24x36/u4g0)

Freeness, co, g75 855

Formal wet pressing3 moisture content about 65%:

Caliper, in., x 10 9.2 6.5
Density, g./ce. 0.29 o.n

Bursting Strength, pt./100 1d. 16 82
Tensile Strength, 1b./in.2 3.16 1L,k
Tensile Strength, 1b./in. 3uh 2220

Excessive wet pressgng. noisture content abont 35%:

Caliper, in. x 10 . .

Density, g./cc. 0.56 0,65
Bursting Strength,. pt./100 1b, b1 134
Tensile Strength, 1b./in, 12,7 23,2
Tensile Strength, 1b,/in,° 2770 5280

820

5.8
0.hg
127
19.0
3520

b1
0.67
170
28.4
6930

805

5.1
0.52
12y
21.8
4290

4,1
0.66
169
30,0
7330

720

5.1
0,52
1k
24 b
4200

3.9
0.6

173
30.0
7690
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M gure 22 shows a giﬁ@&;qf the properties in Table I plotted
L
againat molsture content., This grapf“ind;catos that all the properties

except caliper give a linear relaticnship with respect to moisture

content}

Pigare 23 is a graph of the data from Table I. plotted
againat freeness, This graph shows & comparison of the properties
at two degrees of wet pressing. It shows that the demsity, bursting
‘ strength, and tensile strength were increased and the caliper decreased

by wet pressing to 35% moisture rather than the usunal 65% moisture.

Figure 24 1s a graph of the strength data vs, caliper, and

Flgure 25 is a graph of theaqgme data ve, density. No correlation i

-

evident in these graphs, TN

~

CONCLUS IQHS

From this work, the following coneclusions can be drawn:

1, It appears that celiper and apparent density are
responsidle for the differences in the strengths of hemlock and Douglas
fir pulp. If the strength data are plotted vs, either caliper or
apparent density, 1{ seems that there may be a possibility of the
corresponding data for the two pulps glving a common curve with the
hemlock having more bursting and tensile strength and less'tearing
strength becanse of its higher apparent density. This could bve
investigatéd further by wet broaaing Douglas fir handsheets to the

same caliper and apparent density as hemlock handsheets and

H
Fopba,
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obtaining strength data on these 3pgata.
-? ._“

2, Vhen strength data for pulp refined in the Vallay beater

""and the Morden-stock maker are-plotted v, apparent den®ity, the. .. - . _ . __ .

bursting strength and tearing strength data give common .curves for

the two refiners,

3. VWhen plotiing strength data for red fir, white fir,
and Douglas fir pulps vs, caliper and apparent de;nity, the tearing
stfength of the red and white fir pulps follow the same curve with
the red fir having lese tearing strength due to 1?8 higher apparent
density, The bursting stmngth of the Douglas fir and white fir
pulps follow a common curvg'pp_ig the point where maximum bursting
strength i3 developsd. The ;;I;;;;2?“pulp has & higher apparent
density and a higher bursting strength,

B, Wet pressing handsheets £o three different moisture
contents and plottigg the physiecal properties vs. the moisture content
shows that density, bursting strength, and tensile strength have a

linear relationship with respect to molisture content while caliper

does not.

. The degree of wet pressing has a decided affect on the
physical properties of the pulp. Wet pressing to & lower moisture
content increases density, bursting strength, and tensile strength,

and decremses celiper,

6. In a aumber of the curves plotted, it was noticed that

there was a linear relationship for bursting, teering, and tensile

1y
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strengths with respect to caliper for nearly all of the pulps in the

middle range of the beating cycle,

8hip covered the entire beating range,

Jtu/ze

In some ocases this linear relation-

LLL P
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THE EFFECT OF TEMPERATURE OF BBATING AND SHERT FORKATICN
ON STRERNGTH CEARACTERISTICS OF BRATER EVALUATED PULP

INTRODUC?ION

This work was initiated to determine what 1;11’11.13::60 the
extreme variations in water temperature offered by winter and summer
might have on beater evaluations made in the laboratory. Tha temperature
of beating and of sheet formatien are often, for practical reasons,

dependent upon water supply temperature.

This report summarizes the results of the evaluations made

at 6° and at 27° C.

EXPERIMENTAL

Institute Method 403 was followed in maling the beater evaluations
using Weyerhaeuser bleached sulfite as a standard pulp, The low tempera. -
ture beater runs were made at the prevailing temperature of tap water
(6° C.) existing at the time of the runs, A temperature of 27° C, was
selected as typical of mid-summer water temperatures, To maintain this
temperature during beating, a series of strip heaters, controlled through

a "Variac®, were fastened to the ocutside wall of the beater., The

¢ ;
' f y
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temperature of sheet formation was controlled within 1° ¢, by addition

of warm tap water %o the sheet mold,

DISCUSSION OF RESULTS AND CONCLUSIONS

Completes evaluation data of the four Deater runs are compiled

in Table I,

In Table 11 are summarized the averages of data from the
duplicate.beater runs made at 6° and 27° C, Figures 1 and 2 are plots
of the relationships of beating itime to apparent density, bdburst and
tear values, There appears to be no significant difference in the
rate of beating at the two temégféggreq a8 determined by freeness,
However, in the lower freeness range, bursting strength was 10 to 15%
higher and tearing strength 40 to 50% higher for the pulps evaluated
at the higher temperature. The apparent density of the sheets formed
at 27¢ €, was somewhat lower than those formed at 6° ¢, Temnsile strength
seems to be unaffected by the temperature difference employed in this

work,
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AVERAGE VALUES FROM DUPLICATE BEATER EVALUARIONS
AT 6° C, AND 27° €.
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T T T T T 7777 UPRELIMINARY EXPERIMENTS WITH ION-EXCEANGE EESINS T T
AS A POSSIBELE METHOD OF SULFITE WASTE LIQUOR UTILIZATIOHN

INT BODUGTI 0N

Scaling has long been recognized as the princigal obstacle to
successful évaporation of sulfite waste liquor, Du.rivng the course of work
on this subject, there has been dsveloped in the laboratory a succeastn]:
mothod of evaluating the scaling tendency of a liguor as well as accomplish—

ing the primary objective, rednction of scaling by the use of lon—~exchange.

EXPIE IMENTAL BEQUIFMENT

A. Laboratory Evaporator

The best poesible test of scaling is to duplicate tbe conditionms
under which sulfite liquor ﬁuld be evaporated on a commercial basis. To
try to achieve this end, an evaporator was constructed of laberatory glassware.
A stainless steel tube, (1.d. 0.308") serves as a heat exchanger. The tube
is removable so that scale within can be photographed or diasolved for
anal ysis. There ar.e provisions for either the removal of gond.ensate (corcen—~
tration) or for returning it to the system (reflux)s Bvaporation is earried
out under vacwum, The evaporator 1s normally operated with approximately
2, 200 cc. of 'h'}-'joﬁ 0.D, solids liquwr. It has heat exchange capacity to

remove about 1,200 cc. of condensate per hour, (See Figures 1 and 2 for

¥

 evaporator detalls)e

¢ ;
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Figure 1

Laboratory Evaporator
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B. Ion-Exchange Equipzent

Four lon—exchange reeins were selected as being typical of

the types commercially aveilable. In Tatle I the resins are tabulated”™

and the dimensions are given for the glass columns in which they are

contained, Pigure 3 is a photograph of the ion erchange equipment,

TABLE I
I0B-EXCHANGE COLUMES

Column No, 1 2 3 4
Ion Exchange Resin Hecllite Amberlite Permutis Amgberlite
ACR IB-120 Demcidite IRA~U00
Type- Catitm- Cation Anion Anjon
T . Strangly Yeakly Strongly

- Agidie basic basie
Regenerant EC1 ¥aCl ¥aCH NaCl
Exchange cycle 5" e+ 0B -
Column Diameter, in, 20125 1.875 0.99 0.99
Bed depth, in, 29.% 29,5 24,0 24,0

Bed volume, cu. fi. 0.0614 0.0U466 0.01037 0.01037

EXPEK IMENPAL

Calcium eul fate is usually considered to be the compound
chiefly responsible for evaporator scaling. It accounts for approxi-
mtely 2,55 of the ovendry solids of a typical sul fite v;ete liquor.
Your methods of calcium sulfate removal by ion exchange have been

considered, By wse af cation exchangers, calcium may be replaced by



Project 1102-3

Page-2A

3
i
i

ekt LT

5

-

W reE

CEARE

s Iy T

e
L

el

3

Figure
Laboratory lon Exchange

Columns



{ng‘o}?% L
- Project 1102-3

RBeport 5

either (1) the-hydrogen ion, (2) some other cation, frequently
sodiun, e sulfate ioa may be replaced through the use of anion
exchangers by (1) the hydroxyl or (2) the chloride jon. In each of
these instances sparingly soluble calcium sulfate 18 converted to a
soluble compound. The complete operating cycle for the ion exchange

columns in bdrief is:

(1) regeneration

(2) waphing

(3) exhamstion with liquor

(4) aisplacement of the liquor with water

(5) backwashing to clean and reclassify the bed

A procedure haa been standardized for making sealing test
rang in the labora.tory“;a‘;idgn?. A temperature of 62° C. and a
vapor head pressure of 23" Hz. vacuum have been arbdbitrarily selected as
operating coanditions. Steam at 7 p.s.i. gange 1s supplied to the heat
exchanger, Xour liters of liguor to be tested are fed cantinuously to
the evaporator over a perlod of 2.5 hours. During this same period,
2.8 liters of evaporator condensate are collected in a receiver. When
all of the liquor has been drawn into the system, collection of the
c.cmdensate is stopped and refluxing is begun. The total time of the

test has been arbitrarily established at 20 hours,
SOUMMARY OF RESUL?S

Ia this and in a previous bracket of experimemtal work the

four afore—mentioned methods of scale reducticn through ion exchange

A

L)

LY
"
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have been successfully carried out on a laboratory scale. Table II '
is a summary of data for the most pertinent experimental runs. ‘the
Appendix containé photographs showing scaling in the heat exchanger tube

by untreated liquor. Photographs of the tude after successful appli-

“cation of ion exchange are also included.

Analysis of liguwrs passed through a Cation exchanger operating
elther an B+ or Hat cycle shows a substantial decrease in calcium content.
Subsequent evaporation of liquore passed through a Ha+ regenerated cation

bed, showed a complet e reduction of seeling.

Analysis of liquors passed through anion beds have indicated
a marked reduction in the sulfite content, Ligquors prepared in

this manner have shown a .complete freedom from scaling by the evaporation

.

4.

-

test,

A series of repeated runs were made on each of two resins,
the Amberlite IE~120 and Amberlite IRA-U0O to determine if the liquor
The tests showed that in 10 runs,
Figures

4 and 5 are ohotographs of tke heat exchanger tube after tests of liouors

in any manner poisoned the resin beds.

there were no indications of decreased capacity or efficlency.

passed through the exchai:ger beds during the tenth cycle. The absence of

scaling is evident.

A semi-guantitative analysis of resin capacity and regenerant
requirements has been determined for two of the most promising cycles

with sodium chloride regeneration, (Amberlite IR-120 and Amberlite IEA-U10

regins),
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When examining the data, consideration must be given to the

fact that the calculations are based upon semi-quantitative data taken

““from purely arbitrary conditions which are not necessarily optimum, - -

The material outlined in this report i1s intenled to be

considered as a preliminary survey of the possidilities of ilon—exchange

as & method of waste ligwr recovery. Although the resul ts appear to

be promising, s more thorough study is necessary in arder to obtain

th'e most efflcient utiliszation of the processes. Therefore, as a guide

for future investigation, several important problems are listed below:

l.

2.

3.

Te

8.

The maximum permisesable ion concentration below the scaling
level o ‘\"‘

The it ensity of scaling which may be tolerated

The optimum regenerant gquantity and concentration,

as it is affected by point 1,

The optimum flow rates in the exchange c¢ycle

e optimum volume of wash water

Recycling of wash water for regeneration and/or
optimam utilization

Analysis of liquors for possible use in chemical
recovery processes amd /or for heatiag value

Based upor the flndings of the ahove items, make cost
analyses of the more promising exchange processes,

Coasideration should be glven to the valus of chemical

or heat recovery and/or the reuse of ray materials.
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PABLE III

APPROXIMATE COS® FOR PROCESSING THE WASFEZ LIQOR
PRGN DNR TON OF SULFITE

Ion exchanger Amberlite IR-120 Amberlite IRA-UOO
Type Cation Anion
Volume required, ocu. ft. 36.3 16.2
Vash water requireament, gals. 800 648
Regenerant requirement (sodium

chloride), 1ba 254=308 241-482
Begenerant cost, 2 $2.25-4.50 $2.12-4.23

.

1 1850 gallons of 13 0.D. liquor

2 tme coet of sodium chloride is $.88/100 1bs.
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. Mgure B _
Heat Exchenger Tube After Eveporation of
Sulfite Liquor Treated W Anberlite IE-120,
P ) (10t Oycle) -
' fhroughpat Volume 23.8 ge.'.l'../ft..3




) LT Y et
Jiﬁ’

: w:;;'am“w

Page 9 »z:*

E m-e.\. S wg: g{rg.m -

Figure 5 ‘
Heat Rxchanger Tube After Bvaporation of
) Sulfite Waste Ligwr Preated By Amberlite IRA-4OO
(10th Oycle) '
Throughput Volume 114.5 gal. /2.3
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Pigure 6
. Heat Bxchanger Tube after Bvaporation of

9As Hocelved® Sulfite Liqwr
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