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ABSTRACT

The objective of this thesis was to quantitatively determine
the effects of reduced brownstock washer carryover on bleach
plant effluent quaiity with respect tp BOD and Color. More.
specifically; if efforts are made to reduce brownstock washer
carryover by "X"’pbunds of BOD and Color, how many pounds of BOD
and Color'will be removed from the bleach plant sewer?

Very little work has been done in this area.

The laboratory procedure involved extensive washing of
hardwood pulp and subsequent re-introduction of weak black liquor
to simulate carryover. Black liguor was added as pounds Salt
Cake loss per ton pulp; The pulp was theh bleached by Chlorination

- Extraction, varying the Chlorine charge to obtain a 2.5 Kappa

- Number. The resulting,bleaching effluent (combined) was analyzed

for BOD., Color, and Total Organic Carbon (TOC).

CONCLUSIONS

]./ The data found in this study is not necessarily predictive
'in industrial applications, however, the procedure outlined
should generate excellent predictive data for any pulp mill.

2. For a particular system, using the procedure outlined, BOD
and Color sewered at the bleach plant cén be predicted by

Salt Cake loss at the washers.

3. For a particular system, using the procedure outlined, eff-

luent treatment and chemical cost savings resulting from
improved brownstock washing can be determined.

4, Data generated from this and further study can be uéed in é
dynamic simulation coméuter program (GEMS for example) to help

determine mass balances in.a washing - bleaching system.
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INTRODUCTION -

Because of rising coéts and greater restrictions on
wastewater treatment in the pulp and paper industry, it is
becoming necessary to evaluafe in-plant processes.with regards
to minimizing Biochemical Oxygen Demandﬂ(BOD) and color
lbading to the waste stream. To this end, this thesis will
deal with what happendé to the BOD and color of organic com-
pounds, carried forward from brownstock washers, wheh sub-
jected to bleaching.

Work done in this area is very limited. Potlacth Corp-

- oration investigated this topic in a mill wide study at their
.-Lewiston, Idaho mill. Results were inconclusive due to the

“complexities of full scale studies. (6). In similar work,

Lescot found that 95% of the BOD and 60% of the color con-
tained in the brownstock washer‘carryover is carried into the
bleach plant sewer. (1).

The focus of the laboratory work will be fo quantitatively
determine the effect of reduced brownstock washer carryover
on bleach plant effluent quality with respect to BOD and color.
More specifically; if efforts are made to reduce bfbwnstock
washer carryover by "X" pounds of BOD and'color, how many
pbunds of BOD and color will be removed from the bleach plant

sewer.
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o THEORETICAL DISCUSSION

In order to treat this topic fully. it wiil be necessary
to understand brownstock washing more complefely. ?he objecf-
tive of brownstoék washing is to recover as.much copking chem-
ical as possible with a minimum dilution and at the same time
deliver as clean a pulp as possible to thé'ﬁleach plant. (10).

The result of incomplete brownstock washing is black

liquor carryover, which in itself has detrimental effects on

bleaching efficiency and bleaching effluent quality. (7).
For our purposes black liquor carryover may be divided into

the organic fraction (as measured by BOD and color) and the

~inorganic fraction (as measured by Sodium);

. Analyzing BOD and color losses from brownstock washer
systems is not as precise or reproducible as Sodium loss an-
alysis due.to‘the complexitieé of organic compounds. As with
Sodium, a portion of the total BOD and color tend to be
"bound” to the pulp mat either by adsorption or lack of sol-
ubility. Overall, the factors which bind BOD and color to

N pulp fibers, affecting transfer rates, are less understood

than those affécting Sodium. (2,4,5,6) .

Because of these differences, literature suggests that
it is generally not possible %o prediét BOD and color removal
efficiencies from similar data on Sodium removal. (2,4,5).

However, further studies show that for a given pulp the Sodium/

" BOD and Sodium/color relationships are linear. (4,6,16);

It should be noted that these relationships hold only for

a given pulp. Factors affecting the'relationship‘include-




"wood'species.’cooking variations, and Kappa Number of the
resultant pulp. (2).

Understanding BOD and color éarfyover from broWnstock
Wéshing systéms'isximportant in that increased organic loading
to the bleach’plant.wiil increase bleaching;nhemical consumption

and bleach plant effluent loading. (8).

Effluents from the bleach plant are a major contributer
of BOD and color to the entire pulp mill waste stream. Several
kfactorsAinfluence the strength of bleach plant effluents.
‘These inclnde: Kappa Numberkof the incoming pulp, organic
loading to the first bleachingAstage, amount of chemical on
- pulp, and various effects caused by different bleaching méfhods
and sequences. -

It should be noted first, that about 80% of the total

. BOD and about 95% of the total color in bleaching effluents

results from the first two conventional bleaching stages
(Chlorination - Extraction). (3). Therefore adequate consid-
eration must be given to these stages and their respective
effluents.

Generally>reactions of Chlorine with wood pulps are not
well understood with respect to lignin renoval and carbohydrate
degradation. This is due mainly to the fact that lignin isn
~an amphorus high molecular wieght,polymer‘whqse,exact structure
is not known. (11).

As a result of lignin complexities, the reaction of Chlorine
with lignin is similarly complex. Depoiynerization of lignin

~ by Chlorine may result from two types of reactions: (:) electro-
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philic side chain displacement, and(:) oxidative breakage of
aryl ether bonds and decomposition of’the aromatic nuclei. (12).
In the former, 50 to 60% of the Chlorine is consumed rapidly.

The 1atter3pfbdéedsﬂslow1y and accounts for the remdinder of

~ the Chlorine consumed. (12),

. Voss and:Alfthan have shown that Kappa Number of the in-
coming pulp has a significant effect on the Bleaching'effluent.

(3;9). A linear relationship exisfs; with an increase in

Kappa Number there is a corresponding increase in BOD and color 2%
of the bleaching effluent. Alfthan explains this phenomenon: Y&QF
Simlutanebuély with the deligninification,
carbohydrate degradation takes place. The
dissolved carbohydrates are biochemically
easily degradrable while the dissolved lig-
nin is considered to be relativily stable to
biochemical degradation. The change in BOD7
- of the bleach plant effluent for different '
Kappa Nunbers of the unbleached pulp should
therefore rather be explained by carbohydrate

than by lignin dissolution. (3).

The addition of Chlorine Dioxide simultaneously with Chloine‘
tends to counteract carbohydrate degradation while deligni-
fication is not markedly affected. (12). Alfthan shows that
when 6% of the total Chlorine charge is added as Chlorine
Dioxide, a 10 to 20% reduction in bléaching effluent BOD can
be realized., Effluent color is also reduced 5 to 10% by the
addition of Chlorine Dioxide. Alfthan explains color reduction

by Chlorine Dioxide addition by cleavage of aromatic bonds and

subsequent formation of muconic and other aliphatic acids in-
stead of highly colored chloroquinones. (3).

A discrepency is shown by Voss in work on Chlorine

L
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-highlybcolored chromophoric and quinone groups are 1iberated

Dioxide substitutipn for Chlorine. Both softwood and hard-

wood pulps were bieached substitutihg Chlorine Dioxide for

Chlorine from O to 100%. Results showed an increase in BOD

b'.loadings}in'the resultant effluents in all cases. Voss admits

fhé’unexpééted fesults. but does not have a satisfactory ex-

"plainafioﬁ. (9).

As mentibned eariler, some productghresulting'from Chlor-

) ination side chain substitution are excellent substrates for

oxidation to highly colored quinohes. (11) . Voss showed thétr
combined C-E Stage effluent'contained méximum color at afouhd
100% of the Chlorine demand of the'pulp;‘ Cdmbined C-E stage
effluent color was significantly 1éésraf Chlorine charges abq§é'
and below the 100%‘Chiorine‘demand of the pulp. (9). |

'In Alkaline Extraction extensive lignin dissolution takes

place. About 70% of the substituted Chlorine is removed as

Chlorine by the alkali. With this dissolution of lignin,

into soiﬁtion causing the highly coiored Extradtion stage eff-
luent. (12). ‘

" The.effgct of dissolved organic matter on bléaching
effiCiehcy and bleaching effluent quality has 5een,studied'in
great detail by Great Lakes Forest Products in their €losed
Cycle bleach plant in Thundér BayIOnfario,,(7,8). It was
found that éhémical consumption ih.fheifirstibleaching stage
(D - C) was linearly dependent upon the coﬁéentration of

dissolved organic matter to the bleach plant.' Increased or-

ganic loading to the bleach plant resulted in ihpreased loading-

of BOD and color to the bleach plant"sewer.“




'In summary, previous portions of this paper have shown
not only a need for further study in this area, but also the
complexities involved in the analysis of black liqﬁor carry-
6ver ahd bleaching mechanisms. In an unpublished NCASI Tech-

nical Bulletin dealing with this topic, it is stated that
"The paucity of this information suggests-a need for more ex-
tensive study in‘this area,".

It is hoped that through the following experimental plan
further insite will be gained in quantitatively determining the
effects of improved brownstock washing on bleach plant effluent
quality. Results df this study may allbw for a better under-
étanding of the effects of brownstdck washiﬁg carryovér on
bleaching effluent quality_and. through cost analysis, Jjustify

improved brownstock washing.
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EXPERMENTAL DESIGN

In order to meet the objective of this thesis the exper-

~imental design must involve bleaching of a pulp with a known

amount of carryoV¥er from the brownstock washing system.

Pulp will be obtained at the last brownstock washer from
S. D. Warren in Muskegon Michigan. It will be washed more
gxtensively in the lab to reﬁove all but the bound constit-
uents. To accent the effect of carryover on the bleach
plant effluent, hardwood pulp will be used. Literature
suggests that hardwood pulp will contain less bound sodium,
BOD, and color than softwood pulp.

Weak black liquor, obtained from the washer filtrate
1ihe at S. D. Warren will be added back to the pulp to sim-
ulate carryover. The weak black liquor will be énalyzed for
Salt Cake concentration and added back to the pulp.at b qiff-
erent concentrations as pounds Salt Cake loss per ton pulp.

The resulting mixture will be hleached by Chlorination -
Extraction only. Literature indicates that the vast majority
of BOD and color sewéred at the bleach plant results from
these two stages. The chlorine charge will be varied to
obtain a 2.5 Kappa Number (S. D. Warren'é target value for
C - E Kappa Number) for all carryover concentrations.

The resulting bleaching effluent (C - E'combined) will
be analyzed for BOD, color, and Total Organic Carbon (TQC)._

With.the generated data, plots of BOD, color, and TOC
in the effluent vs. carryover loading as pounds Salt Cake

loss per ton pulp will be made. ,Also,'BOD,-calor, and TOC -
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of ‘the black liquor will be determined and plots of mass
of BOD, color, and TOC in the bleach plant effluent vs.
mass of BOD,ecoler,'and'TOC added before bleaching will be

EXPERMENTAL PROCEDURE

A 1ist of Chemicals and Equipment used during this

procedure may be found in Appendix 1.

~ Pulp Waehing

Hardwood pulp was washed extensively in the laboratory
by dilution of about two pounds of pulp in 55 gallons of
water and subséqueht filtering through a cloth -bag. This

procedure .was fepeated four times. The pulp was then stored

- by refrigeration at 25% consistency for testing.

Carryover Concentration Determination

Weak black liquor was analyzed for Sodium ion concen-

tration by the use of an Orion Sodium Ion Electrode. The

A resultant Sodium concentration was converted to Salt Cake

‘cOncentrafion in mass of Salt Cake per volume of black

liquor. See Appendix'Z.

30 grams of pulp (oven dry basis) were to be bleached,
thus the correct volume of black liquor needed to add to the
pulp could be determined as pounds Salt‘Cake per ton pulp.
Concentrations to be used were 0, 20, 40, and 60 pounds Salt
Cake per ton pulp. -These concentrations result in a net loss
of Salt Cake from the.Kraff recovery cycle, thus typical

units will be pounds Salt Cake loss per ton pulp.




Bleaching
30 grams of pulp (oven‘ dry basis) were bleached using

the foliowing procedure;

- Bleaching Proceduress
.1st Stages Chlorination A
2 'ba.tches of pulp. will be used. -.Each-should be 15 g OD.

% 01% on 0D pulp 5 roon temperature, 50 minutes, 2% :consistency,
5 S {:

750 ml forX each batch

Disintegrate 15 g OD pulp in 400 - 500 ml of tap water, Add Cl,
water and enough tap water to make a total volume of 750 m1, Mix this in
a Waring blender for 1 minute. Pour the mixture into a 2 liter beaker.
Repeat the procedure with the second batch as quickly as possible. Pour
the second batch into the same beaker. “(The beaker should now contain
30 g OD pulp and a total volume of 1500 ml.) Allow the mixture to stand
for ___50_minutes under the hood covered with a watch glass. At the
end of time, our into an empty Buchner filter and drain. Save about
200 m1 of 1iquid for pH and residnal liquor tests.  Wash the pulp with
- 0.51iter oft HOT dlstllled water '

/’

2nd Stages Caustic Extraction :
2 batches of pulp will be used. Each should be 15 g aD.

R

" Y % NaOH on OD pulp, boiling point, _ 60 ninutes, 3% consistency,
(500 ml for each batch '

Split the above pad in half. (Use hot water to heat the tlender jar.
Quickly, rough weigh each pad and determine the &mount of water in the pad.
Disintegrate the first half in the Waring blender with the desired ammount
of NaOH and boiling water. Pour this into the 2 liter beaker. Repeat
with the second batch. (The beaker should contain 30 g OD pulp and 1 liter
of hot water.) Place the beaker on the hot plate. Keep the slurry Jjust
below the boiling point. Stir occasionally. After 60_ minutes at the
boiling point, drain the pulp on a Buchner funnel. Wash witho 5 liters
of hot water. Do not save the T iltrate. Save approximately i+ of the
pad for Kappa nunber tests.

Initial Chlorine charge was determined by the following

procedure:
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" pipeted quickly and carefully to avoid losing any of the dissolved
- chlorine, Titrate with 0.2 N Na25203 to a starch end point.

Test of Chlorine Water . ' '
: ' ml of chlorine water™nto a 500 ml flask with 200 ml
of distilled water and 10 ml of 1 N KI. Chlorine water should be

ml 0.2 N Na,5,0, x 0.285 = ____g/lCl, S

- Residual Chlorine was determined by the following

procedure:

Anal@is of Residual Bleach Iiquors:

Use a 100 ml gradué.ﬁed.cylinder to meé.sure 100 ml of residual
liquor into a 500 ml flask with 100 ml of distilled water,-5ml of

L NH SOu, and 10 m1l of 1 N KI. Titrate with 0.2 N NaZS 03 to a §
sta:cc% end point. (It will require only a few ml or may%e none at all,)
ml 0.2 N Na,§,0;5 x 0.071 = g/l residual bleach

The amount of 10 g/1 NaOH to add to each extraction

stage was determined by the following procedure:

Caustic Extraction Stage

Initial Iiquor

15 gODpulp x _ 4 % NaOH x _ 1000 = _60_ml NaOH for
on pulp 10 g/1 NaOH _ - each batch

100

Kappa Number of the C - E pulp was determined by the
procedure located in Appendix A3. '
If the Kappa Number of the C - E pulp was not within

. N
the range of 2.4 to 2.6 the procedure was repeated, varying

10
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%hévdﬁlorine chérge to move the C - E Kappa Number within
the stated'range.
| It'shbuld be noted that the repeétability of the TAPPI
Kappa Numbef pfocedﬁre T-236 is 3.8% at Kappa Numbers near
5 g :_,.‘ =

Ali,carryover concentrations were bleached in duplicates
to assure répeatability. -

Control Groups

Two different control groups were run. The zero pound
Salt Cake loés per ton pulp concentrations were one set of
controls. The second set of cohtrols were obtained by running
the bleaching procedure with 20 ahd 60}pounds'Sa1t Cake 1loss
per ton pulp but adding no bleaching chemical. Thisbcon-
trol indicates the BOD and coldr and TOCvextracted by the

‘bleaching method and not by the bleaching chemical. A zero

pound Salt Cake loss per ton pulp should also be run.
Bleaching Effluent Analysis

The bleaching effluent, C - E effluents combined, was
analyzed for BOD, color, and TOC.

50D ,

BOD5 was measured for all effluents and fhe black liquor
by the procedure in Standard Methods. pH was ad justed and
residual chlorine was neutralized by the BOD pre-treatment
procedure in Standard Methods.

Color

color was determined for all effluents and black liquor

by the Platinum - Cobalt method. The procedure was supplied

11



by‘NCASI and is widely usgd throqghout indUstry.
Total Organic Carbon was deterﬁined on a high temp-
‘ §ratﬁre éxidétioniﬁhit qéed‘by fhe NCASI Midwest Regioha1'  "
comer.

‘Bound Sodium

Bound Sodium was determined by an Aéid Extraction
procedure dévelOped~by NCASI and used widely. It should
be nofed thét the extract must be analyzed for Sodium by
use of an Atdmichbsorption unit as the iéniec Sfrength of the
extract is too high fdr analysis bf Sodium by use of a Sodium

probe.
RESULTS
Black liquor analysis and data generated from bleacﬁing
runs and effluent quality tests are presented on the following ‘
pége.‘ , |
' Further data on each bleaching run is located in App-
endix h,ywith a‘sample cadlculation sheet located in Appendix
5. Results df the no chemical bleaching runs are located in
Appendix 6. | |
All generated -data was used to determine the ob jective
except the data on the no Bieéching chemical runs. This is
due to an insufficient number of control runs (no bleaching

chemical) to accurately determine the effect of the bleaching

method on the puip‘- carryover mixture.,

12
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NUMEER o 2% 1 ON PULP| NUMBER |CONSUMED vy | oo T ‘55%’;’6
‘Z O 3,5@ 258 'c{?{% | 3. 69 1052 | 2877
9 Q 3.50|2.39 A£53 1596 | 9%.23 50.11"
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DISCUSSION OF RESULTS

It should be noted flrst that the results of this thesis
are not dlrectly appllcable to 1ndustr1a1 processes. Howfr
ever. s1m11ar work on a spe01flc 1ndustr1a1 brownstock
washing and bleachlng system should yleld similarly accurate .
data appiiceble to that system.

All plots obtained in this work were very linear.
Included on each plot are "R" values and the equation of the
line shown. TheseAwere obtained using a linear regression\r
computer program. | |

Although it was not within the scope of this thesis,

~a plot of chiorine charge to obtain a 2.5 Kappa Number vs.

Salt Cake loss per ton pulp is included in Appendix 7.

- This is of some importance as at an increased chlorine charge

increased carbohydrate degredation takes place. This in-

- creased carbohydrate degradation may cause increased BOD.

It should be noted that the cause of increased BOD, color,

and TOC is probably the result of both increased chlorine

- charge and increasedvcarryover'loading. This thesis does

Y

not, and was not intended to, differentiate between the effect
of each mechanism on bleach plant effluent quality.

 Plots of effluent BOD, coler,'and TOC sre located in
Appendix 8a, b, ¢c. From the slope of each line it'can be
seen that an_increase of‘one pound-of‘sélt‘Cake'losseresults
in an’inerease of 0.35 pounds BOD, 5.05 pounds color, aﬁd.’
0.56 pounds of TOC. | : |

As mentioned earlier, Salt Cake was added as black liquor.

15
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With the previous analysis of black liquor, plots were made
of pounds per ‘ton pulp of BOD, color,land TOC in the bleach

plant effluent (sewered) VS. pounds per ton pulp of BOD, color,

- .and TOC added before bleachlng. These plots are 1ocated in

‘Appendlx 9a,L , C.

From the slope of the BOD plot it can be seen that an

increasetof one pound per ton pulp BOD to\the bleach plant

: results in 0.88 pounds per ton pulp BOD in the bleach plant

sewer. This value agrees well with what Lescot (1) found;

'0.95 pounds BOD sewered for each pound BOD added.

From the slope of the TOC plot, it can be seen that anf

v 1ncrease of one pound per ton pulp TOC to the bleach plant,_

results in 0.78 pounds per ton pulp TOC to the bleach plant B
sever., This is also expected.pas for this work the BOD -
TOC. correlation was very good; "R"= 0.983 (plot nOt—ShOWh)

- From the slope of the color plot 1t can be: seen that
a one pound per ton pulp increase in color to the bleach
plant results in a 1.87 pound per ton pulp color 1ncrease

in the bleach plant sewer. This is an unexpected result, as

" Lescot (1) found that only 60% of the color to the bleachl

- plant was seen in the sewer. The reason for my result may

be that the oxidative effect of bleaching changes the colored

components of the black liquor to forms which exert more color

'thah in their origional state. Thisris an excellenf,topic.

for further research as the benifits of removing one pound
of color in.brownstock'washing could result_in 1.87 pounds

color removal in the bleach plant sewer.

16
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A brief discussion of the no bleaching chemieal control
group should be presented here. As mentioned earlier, the
control groupiconsisted ofirunning the bleaching procedure
with 20 and 60 peunds Sa1vaake loss,pefiton pulp but adding
no bleaching ¢h¢ﬁi¢51; ;This may;be'fermed an extraction to
determine'the effect,ef‘the bleaching procedure on the pulp
and carryover, In ofdefeto obtain accurate results, at
1east three extractions would'have to'nave been made, one
with no carryover added. wifh these results, a correlation
could have been made wifh the other control group of zero
pounds Salt Cake loss per}ton pulp bleached to a 2.5 Kappa

Number. Since 3 were not done, the data was not used.

~ ECONOMICS

Previous to a study of this type a pulp mill could

only determine savings resulting from improved brownstock

. washing by savings in Salt Cake make-up and possibly by

reduced chlorine consumption. By completing work of the
type'dicussed in this thesis a mill could also determine.
added cost savings due to reduced BOD in the bleach plant
effluent. >Reduced color is an added benifit if environ-
mental regnlations dictate strict color standards.

~ Although the data presented in this thesis is not nec-

essarly applicable to industry, the following is an example - -

of cost savings resulting from,imprOVed brownstock washing
reducing Salt Cake loss by 5 pounds per ton pulp. Assume
a 1000 ton per day pulp mill. Using current costs of sSalt

17
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Cake, Chlorlne. and of proce531ng BOD a savings of $350, 000

per year could be realized. Of course, thls savings would

have to be welghted agalnst the cost of decreas1ng Salt Cake

loss by 5 pounds per ton pulp by 1mprov1ng brownstock washing.

"The cost sav1ngs analysis may be seen 1n Appendlx 10.

CONCLUSIONS

The data:found in this stﬁdy‘is not necessarily predictive
in industrial applications, however, thetprocedure'out-
lined should generete excellent predicfivé data for any
kraft pulp mill, T

For a particular system,'u31ng the procedure outllned

BOD and . color sewered at the bleach plant can be predlcted
by Salt Cake loss at the brownstock washers.

For a particu}ef system, using the procedure outlined,
effluent treatment andAchemical cest savings resulting
from improved brownstock washing can be deteemined.

Data generated from this and further study can be used in
a dynamic simulation computer program (GEMS for example)
to help determine mass balances in a Washing - bleaching

system,

RECOMMENDATIONS

Because of the lack of information in this area,
much further research. should be completed. First, this

procedure should‘be tested in an industrial application

18




to confirm its validity, Using the procedure outlined, a
study of the behavior of softwood pulp is needed as it be-
haves much differently than hardwood during washing and bleaching.

A study of the effeéf of’partial chlorine dioxide in the first

. bleaching stage_would.also be of interest as it has been shown

that chlorine dioxide may reduce BOD in the bleach plant

~sewer. Similarly, the effect of use of-condensates in brown-"

stock washer shower water would be of interest as these con-

densates often carry a high BOD load.

19
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EQUIPMENT NEEDED

BLEACHING - CHLORINATION

4 2-1iter beakers’

large Buchner Funﬁel and Fiiter Pads
Graduate Cylinders: 100, 250, 1000 ml

Watch Glass for 2-liter beaker

BLEACHING —EXTRACTION
Thermomiter

Hot Plates

CHEMICAL ANALYSIS
50 ml Burret
Graduate Cylinders: 100, 1000 ml

fagnetic stirrer and bar

‘Timer

1 2-1iter Beaker

Pipets: 10, 25, ml.
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CHEMICALS NEEDED FOR BLEACHING
AND CHEMICAL ANALYSIS

Chlorine Water: (not stable) - 350 ml Chlorox Bleach dlluted to
o 3000 ml. Adjust pH to 1.5 with
HC1l. 55-60 ml will be needed.
Sodium Hydroxide: at 10 g/1 .

Sodium Thiosulfate: at 0.20 Normal

- Acetbne: ~Solvent grade

Sulfuric Acid: at 4.0 Normal
Pota351um Permanglnate- ét 0.10_Nofma1

Potass1um Iodlde: at 1.0:Normal

- Starch Solution

BOD Dilution water: by Standard Methods Procedure

Platinum - Cobalt Standard
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CARRYOVER CONCENTRATION.DETERMINATION

From analy51s w1th the Orlon Sodlum 1on electrode the Black
quuor was determlned to bez, 1 325 M in Na s
Therefore, 1325 M‘Na+ x ! Nazsou X M.V, NaZSOu (142) -

: 4 Na :

Salt Cake Concentration = 9k.075 g Na, S0y,
‘ | Liter Black Liquor

"For 20 1b Na,S0O;,, / ton pulp: 20 1b Na,SO ' 1b Na,SO,
2% | 2>7h _ oo 2°%y
o ‘ 2000 1b pulp ' 1b pulp
=0.01 & Na,350y, X 30g pulp i X Liter Black Liquor
" g pulp bleaching batch 94,075 g NayS0),

= 0.003189 liters Black Liquor-/ Bleaching Batch

"By similar calculations:

For 40 1D Nazsou / ton pulp: 0.006379 liters Black Liquor
Bleaching Batch

For 60 1b Na SO / ton pulp 0. 009568 Liters Black Liquor
2% .
Bleaching Batch

Thé black liquor was diluted to 10% and added as ml.
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Kappa Number Determinations
For more details on this procedure ‘see T 236 os-76. '

Pulp Preparation

Dry Pulps Weigh 5 grams of dry pulp, slurry in a Waring Blender
with water, drain on a Buchner funnel and process as
wet pulp -

Wet Pulps Slurry 5 to 6 grams of pulp (OD basis, equivalent to about
50 grams of wet pulp) with 200 to 300 ml of acetone in a
Waring Blender. Drain on a small Buchner funnel.
Pour an additional 100 ml of acetone through the pad. '
Dry the pad in an oven at 105°C until dry (about 15 minutes).

Weigh on an analytical balance to the nearest 0,001 gram
1 - 2 grams for unbleached pulps (see instructor?r
3 - 5 grams for second stage bleached pulps (see
instructor)

Test Procedure

Measure 800 ml of distilled water at 25°C.
Disintegrate the weighed acetone dried pulp with about 500 ml of
this water in a Waring Blender. A2
Pour the slurry into a 2 liter beaker and use an additional 200 ml -
- . of the 800 ml of water to: rinse the blender into the beaker.
Add a magnetic spin bar and place the beaker on a Magmix stirrer.
Ad just the vortex to a depth of about 1 inch.
Obtain 100.0 m1 of 4 N H SOu in a beaker. Pour this into the pulp
slhuory.,
‘Obtain 100.0 ml of 0.1 N KMnO,, in a beaker. Pour this into the
beaker with the pulp slurry. Start the timer immediately.
‘Use the remaining water to rinse the KMnO, beaker.
After 10.0 minutes, add 20 ml of KI solution to stop the reaction.
Titrate -with 0.2 N Na S 20 to a pale yellow color. Add a small
ammount of starch solutgon and continue titrating to a colorless
solution. This endpoint is very sharp. -

Run a blank as above but without the pulp. Do not wait 10 minutes
before adding the KI. You may find it helpful to run the blank
before the test. It will give you a better feel for the procedure.

Calculations

Pulp will pick up about 2% moisture while you are weighing it.
This has been built into the calculation.

Uncorrected Kappa Number = (Blank ml of thio - Test ml of thio) x(2)
. Dry weight of pulp xw _ Cuc\\wc\s {(
29 wsithae

Corrected Kappa Number = Uncorrected Number x "p" %M P
|£\‘ “P oi N
he Kappa number test is designed as ‘the nuﬂbpr ‘of ml . of 0.1 N~
otassiun pérminganate solution consumed per gram of moisture free - -
[pulp. The results need to be corrected for the equivalent of
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50% consumption of the permanganate by the test specimen.
This correction (p) is obtained from the following table.

Table 1

Factor "p" to correct for different percentages of
permanganate used in the Kappa Number test.

% consuned in test = ¢ = (Blank ml - Test ml) x 2

0]

0.937
0.958
0.979
1.000

1.022

1.044
1.066
1.088

1

0.939
0.960
0.981
1.002
1.024
1.046
1.068
1.090

2

0.941
0.962
0.983
1.004
1.026
1.048
1.070
1.092

3

0.943
0.964
0.985
1.006
1.028
1.050
1.072
1.09%

L

0.945
0.966
0.987
1.009
1.030
1.052
1.07%4

5

0.947
0.968
0.989
1.011
1.033
1.055
1.077

6

0.949 .
0.970
0.991
1.013
1.035
1.057
1.079

7
0.952
0.973
0.994
1.015
1.037

1.059
1.081

8

0.954

0.975
0.996
1.017
1.039
1.061
1.083

9

0.955
0.977
0.998
1.019
1.042
1.064
1.086
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RUN # 2. DATE 3/7/84 TINE _I6:30 4

: ‘ o v, ‘
CARRYOVER CONCENTRATION O 2202304 )s - w = O M 89y f304 polp

TOTAL GRAMS OVEN DRY PULP 30 » NUMBER OF BATCHES _2__
CHLORINATION
% Cl, onpulp - = - ='= = = = = R - 3.5 %
| o | _ ) -
Temperature = - = = = = = = = = = = = = - - 2.5‘ C
Time at temp, = = = = = = = = - - - = = = = = 5C min.
% Consistency == = = = = = = = = = = = = = = 2 %
Py - - - e e - - - - - - - LA pH
g/1 Residual Cl, = = = = == = I o.0js7 g/1
% Cl, consumed = - = == === - - == ==-= 9276 %
% Residual based on pulp =~ = - - - --=---_0.0 785~ %
% Residual based on carryover - = = = = = = = O %
EXTRACTION
.'% NaOH on pulp = = = = = = = = = = = = - - 4.0 %
Temperature = = = = = = —= = = = = = = = - - - 95 "¢
Time at temp. S T ¢o min.'
‘% Consistency - - - - = - mm s o= s - S _ %
C +E KAPPA NUMBER - = = = = == = ==~ - = 2.358
| . EFFLUENT -QUALITY .
BOD5 e e e e e e e e e et e e e e e - 13.69 1b/ton Pglp
COlOr = = = = = = = = = = = = = = = = = = = = Jos,2. 1b/ton pulp
‘Total Organic Carbon= = = = = = = = = = = = - _A&.771b/ton pulp




.
|

RUN #._ 9 DATE 3/14/8y TIKE

2300 p_

CARRYOVER CONCENTRATION O Ib 44)"15°v7/f9n_7‘£.54p - - - O M.,sog%gso%, pulp

TOTAL GRANS OV:E_:N DRY PULP 30 , NUMBER OF BATCHES 2
CHLORINATION
' %YCIZ on pulp ----'----'-‘-. ----- - 3.5 "4
Temperature = - = = = = = = = = = = - - - -- 25 %%
Time at temp. -~ - - - mm === 5O _min.
4 % Corisistency R R . R %
pH ------ '- - - ------ ces @m em e = Al LH
g/1 Residual Cl, = = = = === = e = - - -- - 0. 03126 g/1
% Cl, consumed = - == =~ == - ===-<---*< 157853 %
L% Residual based on pulp = - - - - - ===~ O0.15¢3 %
% Residual based on carryover = = = —= - - - = S 4
EXTRACTION
%NaDH onpulp = =-- == - = === -~ - - - 4 g
Temperature - -'—  e e e - - - - — - - - 95" ©¢
Time at temp., — = = = = = = = = = = = = - - - €0 min.
% Consistency = - - - = s em T mm -~ - 3 4
C +E KAPPA NUMBER = = = = = = == = = = = = 2.390

i5.96 1b/ton pulp

9¢. 583 1b/ton pulp

30.j72 1b/ton pulp




RUN #. 'Z. 'DATE 3/8 /¥4  TINE (100 4

CARRYOVER CONCENTRATION 20 /b Mhusa, Jfen pijp= = = 0:30g M, 80, [304 puip

TOTAL GRAMS OVEN DRY PULP 30 , NUMBER OF BATCHES _2
CHLORINATION
%,012 on pulp - = = ='= = = - - - - - - - 4.7 ' %
Temperature - - = = - - . - - === - - - - 2.5 °c
Time at temp, = = = = = = = = = = = - = - - - S O min.
" % Consistency == = == = = === - = = - -~ . 2 %
pH ------ ' - - —————— Cem am am em e e ‘/\\ 2 EH .
g/1 Residual €1, = === == === ===~ O.0i04d g/1
% Cl, consumed = = = == === ===~ - -~ 45.10 % ',
' % Residual based on pulp - - - - - -=-=-=--0 OS5 %
% Residual based on carryover = = = = = = = = £.190 7
EXTRACTION
% NaOH on pulp = - = = = = = = = = = - - - - H g
Temperature - - - - - = = ~- - - - - - - 98 °c
Time at temp., - - - - - - e e e e e - - - - £C min.
% Consistency = - = = = - - =~ - - === -~ S %
C +EKAPPA NUMBER - - -~ - === =-=-=--_2.939

/3-18 1b/ton pulp

BODy == - - = === --------=- e ,
COlOT = = = = = = = = = = = = = = = = = = =« = 22 7.0 1b/ton pulp
Total Organic Carbon=- - - = = = - -_————- - 38.29 1b/ton pulp




RUN #._Jo__ DATE 3/i7/84 TINE /030 4 |
CARRYOVER CONCEI‘iTRATION 2.0 1b M\Z.SO‘#I/“IW\ pilp= = - 107,30'3 ﬂ«'n;fouléﬂg ip

TOTAL GRAMS OVEN DRY PULP 30 , NUMBER OF BATCHES 2
CHLORINATION
% Cl, onpulp = = = ='= = = = = - - - - - - Y02
’ . . o
Temperature = = = = = = = = = = = = = =« =~ - - 25 °c
Time at temp. - - - - s s s - So min. .
i % Consistency == = = = = = = = = = - - = = - _ 2 %
P - - — - - e el e e = - - A Mg
g/1 Residual C1, = - == == =-=°=--~-~ 0.0312¢ g/1
% Cl,consumed - - - - - == -==-=--=--=-< 96.67 %
" % Residual based on pulp - - - - - - - === _O.I3€3 %
%' Residual based on carryover - - — - = = = - I5.63%
EXTRACTION
_%'NaOH onpulp = ===~ === = = = - - - H.o g
Temperature = = = - = = = = = = = = = = = = = | 95 Yc
Time at temp, = - = - - - - - - —_———— - - - €0 min.
% Consistency - .- - - - - e - - 3
C+EKAPPA NUMBER = = == == ~== ==~ __ 2.419

- EFFLUENT -QUALITY

BOD, = = - - = m = m = ke e e e = = '~ |8 yo 1b/ton pulp
5 ) . :
Color = = == = == = = = = = = - — - - - - j£2.¢( 1b/ton pulp
Total Organic Carbon= = - = = = = = = = = = = _38 .2€ 1b/ton pulp




RUN # _&__  DATE 3{!“_/_21.,' 'I‘IME [.‘.S‘O 4 |
CARRYOVER CONCENTRATION 4o H>1&T“h,1991PJP- - = 0604 WuS0y [504 pilp

TOTAL GRAMS OVEN DRY PULP 30 » NUMBER OF BATCHES __ Z
CHLORINATION
% Cl, onpulp = - - —'= = = = - e meo- 5853
T e
Temperature = = = = = = = = = = = = = = = - - 25 ¢
Timeattemp.---—‘--------‘---- 50 min.
" % Consistency == = = = = === ==~ - - - , 2 4
M- - - - Il - 4 L pH
g/1 Residual Cl, = = =.- == - PSSR 0.023u28/1
% Cl, consumed = ~ = === - ===~ -~ =~< 98.00 % -
..%Residuai based on pulp == - - - === O-1l7] %
% Residual based on carryover = - = = = = = - 3‘7 03 %
EXTRACTION
f%NaOHonpulpv U & e %
| ‘ . _ 7 5
Temperature = = = = = = = = = = = = = = = = = 95 “c
Time at temp, - - - - - - - - —— - -— - - €Q min.
% Consistency = - - - = - I 3 %
C +EKAPPA NUMBER =- - - - ==~ === == - 2. 400

27.3] Alb/.ton p1.1]_p

BODg, = - =---=-----==-==-=-=--<>-
COIOF = = = = = = = = = = = = = = = = = = = = . 298&.7 1b/ton pulp
Total Organic Carbon= = = = = = = = = = = = = 55.121b/ton pulp




RUN # _ 1l DATE 3/7/84 TIME _I[3¢0 A

CARRYOVER CONCENTRATION 4O Ib Ak, s0, fien pojp— = = O-60q Na 30030, pulp

TOTAL GRANS OVEN DRY PULP ____ 30 , NUMBER OF BATCHES _ 2
| CHLORINATION

% Cl, onpulp = = = ='= = = = = e 5385 %
Temperature T -- 25 ¢
Time at temp, = = = = = = = = = = = = - =« - - SO min. .
% Consistency --- = '-.-_- - — - = e - e .- - - , 2 %
p!;I ...... - - - = - - .. m = - = <2 pH
g/1 Residual Cl, = =.= = == = e - - 0.03124 g/1
% Cl, consumed = - - = = = =/= == === - < 92334

' % Residual based on pulp - ~- - - - -=-===-_0-1562 %
% Residual based on carryover = = = - = = = - 7.8i0 %

~ EXTRACTION
"%NaOHonpulp.--------;-------- He 4
. . " ——— 0

Temperature = = = = = = = = = = = = = = = - = 95" "¢
Time at temp, = = = = = = = = - - - - - - - £6G min.
% Consistency - - - - - - I R < S %
C +E KAPPA NUMBER = = = = = = = = = = = = - 2.5852

28. 3¢ 1b/ton pelp

BDD5 --------------------
Color o e e e e o 277.7 1b/ton pulp
Total Organic Carbon=- = = - = = = = = = = = = 52,8 1b/ton pulp
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RUN #._& __  DATE 3/4 /84 TINE _(9 00 4

CARRYOVER CONCENTRATION £0 (b A SO, fren polp = = = O-4oq A, S0y [32¢ polp

TOTAL GRANMS OVEN DRY PULP 30 , NUMBER OF BATCHES __ 2 _
CHLORINATION
% Cl, on pulp = = = ='= = = = = - - - - - - - 7.0 %
Temperature = = = = = = = = = = = = = = = - - 24 %
Time at temp, - - - = e e e e e e e e - - - 50 min,
%‘COhsistency, R N R _ 2 %
Bom - e @ s 22
g/1 Residual Cl, --- -—- mT e O-cio3f g/1
% Cl, consumed = = - - - - -~ - - - < -~ ~_99.26 %
% Re.siduai based on pulp == - - - - = O.o05i90 %
# Residual based on carryover - - - = - - - - __2-300%
| EXTRACTION
% NaOH on pulp = = = = = = = = = = = - -— = Y 4
Temperature - - ===-- - e e - - - 95~ °c
Time at'temp. ------------- e - - éo min.
%4 Consistency - - - - - = e - === - A
C+EKAPPA NUMBER = - == == - = = = = = = _2.8709

3) .84 1b/ton pulp

BODgy - =--<-=---=---=--------
COLOF = = — = = = = = = = = = = = = = = = = - {o2..F 1b/ton pulp
Total Organic Carbon=- = = = = = = = = = =~ = = Ol 1 / 1b/ton pulp
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RUN #. 12 DATE 3/17/5%4 TIME 3:319*

CARRYOVER CONCENTRATION 6o Ib A, S0y fton pup - = = 0.905 Mo, SO [0, pefo

~ TOTAL GRAMS OVEN DRY PULP ____ 30 , NUMBER OF BATCHES _ 2
CHLORINATION
% Cl, on pulp = = = ='= = = - = - - - - - -_ 20 %
i : ) ' M — o
. Temperature = = = = = = = = = = = = = - = -- 25 o
" Time at 'te‘mp. v-’- T R 50 min.
_ % Cohsistency —m e m s s~ ) 2 %
pH —————— e - — -’ - - - - o ¢ en a» = = & o L 1 pH
g/1 Residual Cl, . = = = = == - - - - 0.00750 g/1
 %#Cl,consumed =~ - - - --°----<-=~<-*< - 99.44 %
' % Residual based on pulp - - - - - - - --0.0390 %
% Residual based on carryover - = - - - = = = [-300 % |
| EXTRACTION
% NaOH on pulp. = = = = = = = = = - - = - - H g
o . s
Temperature - = = = = = = = = = = = = - - - - 95 °c
Time at temp, = = = - - P £C  min.
% Consistency = = = = - - e e T - s - 3 %
C + E KAPPA NUMBER = - = - = = = = = = = = = _ 2.660
BODg - - - - ----=--------- - 34, 53 tb/ton pulp
Coior -------------------- £}/0.72. 1b/ton pulp
Total Organic Carbon=- - = - - = = = - = ‘= = =~ £2-€¢) 1b/ton pulp
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Sheet

Calculgdrons

'_Run # Time
Ir\a'-h'ﬁ, Lo't’[uof
m | [P Y e, 50, X.288= alt cly
— __.__../_0 Cla on ¥ ~_/boo — ~m Cl, Wudityr

1§ 4 oD pulp x

/00 pulp

RCJ-JU" Lo:’ uaf'

Darch

9/( Rcsv'JJ« | cly

wml 0.2 N Mk Soy X 0.07) % _ Factor =

: Cl . . ‘/0 ffh"Ul' Clz
—______3/1 r‘s‘.}v.[ ml 'f@fﬁ’ thUl) YIOD ._"'2‘ b\)‘) on P"/P

/000 309 OD. pJ]F : .

7. ?:'3\;‘;'1 -—-b ____—Z"—-_rgc';‘.pﬁll'gt x loo — z C‘z Cof\sum'f)

______‘A_Or.’sin-d cly, on pylp

- 7/‘( f‘f.h'd\lz\ll"x M‘ tut o/ L"I?_‘., 100 — ‘ % "b:"'a;’.’ CJ’:_
. oo s§c onNn

(o) o]

/000 _____..5 {}jﬁa:-j q (u/r)lo"{f
Extraction L-'{'uo/‘

Y/ NaoH JeYo)o) . wm] A OH wsier
__15 5 0op 4 -
°n pUlp . ~feh

) ’k%pzpc. /‘Jdml:t/'
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