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SUMMARY

A graphical method for quick estimation of various materials required at
the time of charging a batch of digester has been discussed. Necessary material

, balance equations have been given to enable the individual mills to prepare their
,own charts corresponding to their operating conditions. These charts are easy

to use by the pulp mill personnel. This will ensure unifrom pulp quality from
batch to batch.

Normal digester operation includes charging a
known quantity of chips of a given moisture content
into a digester of known volume. A fixed percentage
of active alkali on the dry raw materral is charged.
The volume of the white liquor (W/L) to be added
is determined based on the required amount of active
alkali and the concentration of active alkali in the
white liquor. In very few cases corrections for suiphi-
dity are made. Finally bleck liquor is added to obtain
the desired liquor to raw material ratio (Bath ratio) in
the digester so that the transport and distribution of
chemicals and heat in the digester will be facilitated
in th~ best way.

The variations in moisture content, active alkali
concentration and sulphidity of white liquor result in
fluctuating quality of pulp from batch to batch.
Further, operations Iike periodic make-up sulphur
addition, washing and cleaning of evaporators by
caustic lye or excess loss of sodium or sulphur due to
any reason result in varying sulphidity and active
alkali in white liquor.

The present paper deals with a simplified graphical
procedure to estimate the correct quantities of active
alkali, SUlphur (either as elemental sulphur or as sodium
sulphide) and black liquor to be charged to the digester
based on available laboratory data and desired operat-
ing levels.

Fot the use of this procedure the process parameters

28

and laboratory analysis as shown in tables I and 2 are
required.

TABLE-l PROCESS OPERATING PARAMETERS.

SNo. Normal rangeParameter

1.

2.
Digester 'volume (rna)

Oven dry raw material
charged per unit vol-
ume or digester, (t/mB).

Voidage of chips, percent

Apperent density of
raw material. kg/rna

40-80
023-035.

3.
4.

50-60

,500-800

s. 0 D. chips loaded per can be calculated as the
digester charge product of voidage, app-

erent density and the
digester volume or an
average value obtained t

from the material bal-
ance of raw material

0over a number of cooks.

6. Percent active alkali 14-17.
on o.d. raw material

7. Bath ratiotms liquor/t, 2.5 - 3.5
raw material)
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The attached graphs are ' prepared based on The volume of total liquor for a bath) ratio of 3 is
material balance calculations which are shown in ;~, obtained as 54 mS from grap E. The volume of black
Appendix. The graph A "iiidiCiltes"mass ofra:W- liqubr·t~beadde&is·ealc-ttlated as-under.

material loaded for a known moisture content. From
this, the quamityof active alkai jto be charged is est i- j

mated in graph B knowing percentage of active alkali
requied. If !he white liquor .analysis·;gives"'a lower
sulphidity thauthtd~siredlevel the nect!ssary aillo~rits
of either Na~ or llUlphu~ additipn"m~ybe assessed
from graph C~I or .rap~ C-:2, respectiyetY.,Similady,.
if the white Iiquor<stilphiditY'is higpe.r ,tha[l the desired
value, the volume.bf 100 gpl caustic ley to be added
can also be-assessed ·~fromgraph p,..l. '

TABLE 2- DATA FROM LABORATORY

SNo. Variable r ____ ._._.1'lormal ra,nge

J. Moisture content in the raw
matetial, percent

10-25

2. Active alkali concentration
of the white liquor;
(as Na20), gpl,

Sulphidity of white liquor;
per~t

65-100

3. 18-30

i

The \I01ume of white paper to be chrged is esti-
mated frotPgraph'n-"knowjtig~the active alkali
concentrati~n of ('white liquor "Igpl). If sulphidity
adjustments are made by adding NasS or NaOH
the active 1alkali charged through 'white Iiquoris-redu-
ced by th~t "~moul)t. On the other hand if elemental
sulphur is-added the quantity of white liquor is increa-
sed to charge tbe desired active alkali. The correspon-
ding corrections are-shown on graphs C-·\ and C-2

o
, :

The graph E indicates the total quantity of the
liquor tope charged for a given bath ratio. This is
used to calculate the black liquor to be charged as
under-

VeL = VT - VWL - ,Mw -M)

A typical sequential procedure is shown on the

graphs

For 18 tonnes o. d. raw material, M! containing
15% moisture, the amount of raw material loaded, Mw.
is given by graph A to be 21 2 tonnes (Mw). The active
alkali required at'15% alkali' charge is 2 7 tonnes
(as Na,O) from graph. B. If the sulphidity of the white
liquor is 18% and the-desired value is 2Z%. then the
amount of NazS to be added is estimated from graph

'. <:-1 to be 175 Kg. A correction, f, to be' subtracted
~from the active alkali atthe time of calculating white

liquor volume is also seen from graph C-l as 0.14
tonnes. The volume of white liquor to be charged is
then obtained corresponding to 2.7-014 i,e., 2.56 t
active alkali. The volume is obtained (rom graph
Das 39.5 mS. '

=54 - 39.5 :- (2'[. 2-18)

=='11.3m3

'Thus we see that the procedure quickly yields the
values of the variables as shown.intable-S.'. ..~ .'

Vel

cTABLE-3 THE vARltd~LES O~TAINED;BY THE
• , ~f' ';;

GRAPHS': '\

" \
S.No. Variable

l.~··;

2.
3.

4.

Weight of raw material; Mw I
'f.·qtal aetive'alka.lio, toibe-ohasged, rftAA
Volume of white liquor required, V~L

Amount of sulphur, Na2S, or NaO~ to be added
for sulphidity corrections. !

Black liquor make up. VeL5.

The graphs drawn here are valid under the assum-
ption of negligible amodnt of alkali 'in the black

liquor

Similar graphs can be developed fo~ non sulphur
soda process -usieg agricll~tUT.alfesidue~ by omitting
graphs C-l & C-2. Individual mills can develop these
graphs specific to their mill conditions for routine
control of digester charge. Such graphs will be clear
and simple with only one or two lines in each figure.
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APPENDIX \

A-I MASS OF THE RAW MA1ERIAf:.:

Let M be the mass of Oven Dry raW material load
to the digester per charge, then the mass of the raw
material alongwith the moisture content, Mw will be

Mw=M/(100-x) (1)
Where x=percent moisture in chips.

i

I,

A-2 ACTIVB ALKALI REQUIRED: I
Amount' of active alkali required M AA will ~.

given by -I
I

M AA ,;;.(xaalIOO). M , , (2)

(expressed as Na~p) «
Where ~a=percent active alkali on raw material'

(as Na20)

Let S be! the level of suI phidity of W fL, in percen-
tage, desiredjto be controlled, and x, be the percentage
snlphidity of-the white liquor obtained from [aboratory ,

• I \ \ \ ; ,
analysis then a suitable chemical is ".added to correctt " ,,\ ! !
the deviation, If the 'sulphidity is lower than \ the cont-
rol sUlphidit~, either s()~ium sulphide lNa2S d.r elemen-
tal sulphur is added to\ the system. If the ~ulphidity ,

i .,1 .', I

value is higher (in rare cases), th~ taust.i~ lye Sl'~ld ~e '
added so asto ensure sufficient reffective alka~1 for ia
given amouri\t of active alk~1i char~d. \ \ i

~ .: .' \ \ I,
A-3 ADDIUON OF Na2S: ' ',1

Mass ofiNaa~ to be added is given by
M ·\S-X8). M .

NaaSr 10Q,,:~;"AA \ .: ,

, (as NasO)
Where ~s=Sulphidity of the white liquor

or M,'= 1::25'8 (S:~X8)'M' :Jl \'<Na
2
S, (lOO-S AA .

1,
; (as N~2~.L

pa)
i, ':~l-·. h.·w

(3b)

A-4 ADDItION OF ELEMENTAL SULPHUR:
t

For theealculation of the amount of elemental sul-
phur for the correction in sulphidity deviations the
following commonly accepted stoichiometric relation
can be used (1 \

6NaOH+4S=2Na2S+Na2S20S+3H2.f)·· .•.. ;· .. {4a)'
Mass of sulphur to be added can be found out

Ms=2.0645 (S-xs)_MAA .......•............... (4b)
lS+ 200)

(as sulphur)

.. (",

A-SADDITION OFC.AUSTIC LYE:

If thesulphidity Xs is higher than S then the amount
of caustic s,?da to be added to 'control sulphidity is
given by ,,' :

M",. OH =./1.29 (X8.,-S). MAA... ' ...•••••.. 1••• •••••• .. ·•• (5a)~;a, 'S.:· 1
;' ,/ uts NaOH) .i

Vc;)lume of 100 gpl caustic; Iy~will b~
• I· ' .

1lye :1= 129 !(Xst)· MA~ (mS). ••• .•. ••••••••• (Sb)

When ;MAAlis used in tonnes
! '

; ,. i'

A-6iVOLUMB OFT HE wHITE LIQUOR:
: The/amount of white liquor to'bej added can be

calculat~d from . ' .

.,.'1WL:==.~OO. (MAA -f) (m") . ... ... (81
wL

Where C
wL

is the active alkali qoncentration of

whJte liquor jh gIl andiMAA is (}xpress~d in tonnes.
, . ,

A-? CORRECTION/i<ACTO~:"

! To be/able to Q~arge exsct amount of active alkali
r~uired, ~he vOlu~e of w...~ite. !,iq'llor sh?uld .be calcula-
t,dafter .!subtrac~ng th~t:'·~oont ,.of~fl.' lkali added as
~a2S or/,NaOHfor sulph~dlty correctl?ns. In case of
,ne usetPf elem,intal s~,fph~f for these corrections, addi-
J.ionallluantj}~ of w}:ihe liquor is ad~ed to take into
account the NaOli consumed in reaction (4a). The

correction factor.Lls giv:e~.!:>y
l...": U/·I '" t-J'~ ~.

f =0.7948 MNa S , ,. (9),
,,". ,;I ' .. ', !

f=O)15'MN-~OH ':·1 •••... ··~::::· (lot
f=-O 4M3 M L (11)

s·

•

== Active alkali concentration of white liquor,
"""g'p) . 'i·,,· ..' '.' '

= Correction to the substracted from MAA
while estimating volume of white liquor,

tonnes.
= Mass of o.d. raw material, tonnes,

==:.M~§s.of active alk.a.H required (as Na20),
tonnes. t

MN S = Mass of sOdi..... sulphide to be added for
a, sulphidity cJotrol, kg

MN OH = Mass of caustic soda to be added for sul-
a phidity control, kg.

C wL.

f

o
M

MAA,



•

•

•

= Mass of sulphur to be added for sulphidity
control, kg.

x = moisture content in the raw material,
percent.

= active alkali charged on o.d. raw material,

_""".,!~b.~~is,c~~c~t.
L_,.... v ·~t. _._ L.'", ~"-o/

_ Sulphidity of white liquor" p~~peo.t."

Xe8Mw = Mass of raw material alongwith its mois-
ture content, tonnes. ~,L~§l_ ~\B~~L~,~

Xs
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