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WATER

Inone “rm Gr arothoy water coogrg gractyrglly fver wtior
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Our exrstence -+ n many ways depen ort on water [

life, human as wel! o< hoth amimal ¢ vegetorie, Tritoe:,

of life 1tselt, synce protoplasm ot v 0 "cong e ' ocnntaire oo
water, and any subs‘.rtial reduction .n thisy por o ontade 15 ofisacty

Most of the brochemi 3l reactions that occ v n the ot ol em oy

of livino cells nvoive water, and all of *hem tave vla o 1n wasr |

has often been referred to as the universai solven . Yo man’'s aus.

of the value of water 1s very low unt1l he frods himg DF with jut e
Most of the surfice of the earth is covered with water. this 15 salt ..
ter, to be sure, but most of the habitable iind mas<es have adecuate
water resources. Water 1s  plentiful, thervtore, “hat man belireves -
should be free nr, at most, very cheap. As a result, water supol o o
good quality continue to be developed and extended on an emerno .y b
and, with very few exceptions, are never qu-te auequate for hum o neods
One of the principal reasons for the rarity ond an adequacy ¢ pusl
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water sunolies an the developing countries 15 the w
that water should be free,

Man uses water not only tar drianking and i nary e L0
bathing, washinma, Tarorrng, bty and arrv cords o i '
ture, stocr rargirg ane fardeneg o dar andggtrigl o pre e e

for water Gower ar i 0 power , for fire o prate e 0 ey

wastes, ‘ur Yaghircg, aomangy tostana and gty ey o0t

for fish and wild [ rte prapacat o, and for riayaigat oo,
] s H

Every actovicy of 0 rynlo e o of water, Loy oy F

uses, the wa'er must vowithdrewr from g waterogar o, tor oty e
1S NOt witharawn, i ien, the waler which 15 withar -at 1. res Ly

the water course, o o with pollu ant, or with an o cooge e
rature, or both, ar.t b taren frin laroe  waterconr i, e w
used over anl over gien by downttredm co unaties v T grt e

pairment 1r quality b time.

The competition for our water recources 1s certain Cu beccme oo

more keen in the yecars to come. This increace will ocour not or 'y - o
the varinus types of uses that now exist byt among *he rey yies o
will develop. With the advent of unforseen dovelopmerts are wro?
steadily increasing (noestion of popul. tien, the rones it on to oy
water resources 1S certdin to increase S time qoes now.

In adjustment of corflicts and for proper colut on of *he mar, o0 e
arising 1n connection with them, complere data 07 oLy owater v, o o g

3 full understanding o* "he prancipies of hvdrolaay ames oot sanen oo oy
quality of the water bec @ vital necessity.,
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Physical Properties of Water

It is characteristic of licuids, including water, %ot *4 oo
and ions of which the liquids are . a0 d are Co )

in a relatively constunt volume, al*-ouch truey are “ro. o

respect to one another. Foreian mole v.iis, “nre o v

.

are also free to move about, subject to the e e i .
small drag forces created by the mot on. Sovv gncerstyr oo th
sical properties of pure and impure wa*er o 3n ¢ g ¢ o Fe

an adequate grasp of the characteristics witeh - L« que

treatability of naturaland polluted waters.

MAmong physical properties cf water of importan o in itg hydr o) o 3
quality management are its molecular structure. de 1ty vicce :ty. -
por pressure, surface tension, resistance to arffus or, pow v Of suli-
tion and suspension, light absorption, hea: canac 'ty and heat ahs »orign
Nearly all of its physical properties, as well a, its chemical on= . -

Yogical progerties, are temperature-dependent. Indeed, therr ver - o
with temperature is so great that we nften speak of temporatur: .
rather than temperature-dependent properties, as controlling -

of water. ‘
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e ot s water ovcupy a volane ot 2,97 x 10 M

Cotroa anity AR Tne ean pure space between the gl

Ir e tne F\{qulfs oCiapy, unegualy a slightly larger volume, name -
ly, ~. 7+ » 107 PR CYORIVE R

L1 Ve vauer atate the eguivalent size of the molecules 1s abuut RN
. % .+ 4 A). Tney move at a high velocity, exertingd pressure
< N v confurmance with the sinetic theory of gases. Here v s

e ter ot rolecules 1na wnmit volume of jas, on the mass of evach
L e, ana ve the mean square of the veloCity of the molecules.

Lot ty variatons an deep bodles of water resuit 1n seasonal stretl ti-
(et on and overturning of lakes and reservoirs and consequent wids va
Flatiuns in water quality. Density 1s also an inportant element 1. tne
cnort-orcuiting of settling tanks as well as larger bodies of water,
viscosity, similarly, in chemical ccagulation or floceulation.

lnts oy 05 expressed in one ot three ways:

1. oo iass density or mass per unit volume
¢. as specific weight or weight per unit volume
as specific gravity

The sensity of liquid water at different temperatures 15 as follows:

T, o rature C ) 4 10 20 30 100
Loy ity 0.9999 1.0000 0.9997 0.9982 0.9957  0.9584

Proonare has little effect on the density of water. Dissolved impuri-
Ltes crarge the density of water in dicect proportion to their concen-
tra* n anc their own density, but they leave the volume of water un-
allered,

ihe vic.osily of water 1s expressed 1n gne of two ways:

1. o- absolute or dynamic viscosity ji, or mass per unit lerigth and
time (w171t}

‘. aszh\n?mdtxc viscosity ~v = p/p, or length squared per unit time
(12 1)

At common water temperatures the viscosity of water is as follows:



Temperat:ire ( 0
Dynamic viccoarty (u), contipniors .79 1.4%7  1.:]

Kinema* te viooneoty SN0 centrgtakes 107G 1 w7 100 ) 0l 0l

The viscos ity of water vsonecentionice gt 20,20 O,

VGQUT bro o v a0 vy e T
Vapor preanre g ot ea ]l o s g tar an evanorat an owhether e s
wabter S Cao i Sr e D e g The e e e !

the water wvipnr 2g w1t partagl pvestare ant oAl 1ty vt
volume n the ateognnire, Tt s aenorally coanresgos ge v gare
barometric procgore omonn gt G for ex e le gLt e umoval,
COMION Water v e are dre a5 o logws:

Temperat o+ 0 4 K N ‘

Vapor press jre (poomm Hg d.56 6,10 4.0 /% L e

The interfacial tension hetw en a liguid ant g a. i eocantiall, oo
perty of the ligurd alore. The domencrions oFf o rtace torcian gare oo
per unit area or force per lerath m t7d) [t g o poe water 2
air relatively great. At commor wat:r terperature The Lor s or 18

Tows :

Temperature 0 4 10 0 0
Surface tension [a) dynes/c¢cm 15.6 74.8% 14,2 /2.8 VA
LY

s’
Diffusion_of Substances anc Ges Transfer into_and from wa‘er
Even without mechanical mixing the _ongentrgt on o4 b tario o
solution 1n water, hoth molecules ani qjone, v 'l et ol
form. However, this equalization v ros 0 o 0 v
The rate of diffusion is limited by the < o on oo o re
quid. The rate of diffusion per unt area a0 - T
1s

ds dc
¢ &t D¢ T
where ¢ %% is the quantity of particles per sec dif .- g thro qb |
sq c¢m of a boundary in the direction of s, g%, 15 the diffus o velvgr' .,
- %—:— is the concentration gradient ana D is the g ffusron neff rren
Einstein has derived the value of this coefficient

RT
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where 74p i the Stoves drag for particles of drameter ¢ inoa flund of
viccoorty p. Ro1s the ais constant ard N is Avogadro's nuber and T
T remnpratgra an UK (VD s d78)

The 1fFfusion corfficiint of dissolved oxygen in pure water 15 about
7.03% » 10-4% 4¢ 20 00, The Stokes-Finstern relation, above eauation,
tends to 1ndnoate that the effect of the 1mp-eraties in the water on
Sr vl o o for g parrtocular substance, s depending or the visoes
ity f ot nogrum,

The two-t1le theovy [lewds oand whitear o of Lhe adecrption of & gas by 4
Tigur! @5 based on the ausymntion ot a gqas film ond a liquud film de-
cated 3t the interface, ihrough which aas must pass by molecular ditti-
s1on and heyond which the concentration of the qas is uniform, [t has
heen found that in most preblems relating to water and was'tewater trest-
ment, the resisztance of the gas film need be considered. The time rate of
solution (or extraction) of the gas is as follows:

d¢
T KLa (cg - c)
where:
¢ = the concentration of the dissolved gas in the body of the liguid
at time t
c_ = the concentration of the dissolved gas at the gas-liquid inter-
S : ;
face (the satyration concentraticr)
a = the interfacial area per unit of volume of liquid
KL = the liquid film coefficient
Dc
KL = for an unbroken film, where L is the thickness of the film,

With moving gas bubbles, however, shear is alwavs present to continous-
ly change the liquid film. Similarly in flowing streams and in tanks or
reservoirs, motion of the liquid is always present in varying degrees 0
change the ligidfilm. Where the film is being continously replaced or
renewed the valuee of K, is determined by the value of D_. and the rate
of renewal of the liquih £ilm. The two-film theory is demonstrated in
the following figure.
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The rate of cas dispersion in water on tie other hand deronds oo
rate of molecular diffusion, eddy d:ffusion by convectinn arc e,
fusion by agitation.

In accordarce with Davtin's law of partial prescures, the ~ule o,
each gas 1n 4 gas mixture exert the presyure they wiuld 14 the, wore
present alone, and the sum of these part al pressures equals the ot
pressure thus pV = V X p.

In accordanco with Heary's law the saturation corcentration of o aas

in a liguid, such as‘water, is directly provorticnal to tho cancentr .-
tion, or partial pressure, of the gas in the atmosphere in contact w 'n
the liquid:

cs = ksp

where

¢ is the saturation concentration of the gas in tie water (ml;1iir

p the partial pressure of the gas phase
ks the proportionality constant, or coefficient of absorption (ml/ :.* -

Example: What is the equilibrium concentration of oxygen in pure wa‘er
at 0 OC exposed to air under a barometric pressure of 760 mm?

Solution: The absorption coefficient ks is for oxygen at 0 °C 49,2 m}/’
Because dry air normally inc’.des 20.95 % of oxygen by volu . andg avr




cuntect with water is qurerally saturated with water vapor, the par-
tial pressure of oxygen is 0,209> x (760 - 4.98) = 157 mm g 4,53
hein the vapor pressure of water at 0. The volume conceritratior
of veyger therefure 1s: 49,3 x 157/700 10,2 ml/litre, and becuse

T onl of oxygen weighs & x 16 x 10 3/2¢,412 = 1,43 mg, the weilght cun-
centration of oxygen is: 1,43 x 10,2 = 14,6 mg/litre.

Table 10:1

Absorption Coefficients of Common Gases in Water

weight at

0 9C and Absorption Coefficients at temperéture ©C
Gas 760 mm

Hg g/1 0 10 20 30
Hydrogen H, 0.08988 21.4 19.6 18.2 17.0
Methare CH4 0.7168 55.6° 41.8 33.1 27.6
Nitrogen N, 1.251 23.0 18.5 15.5 13.6
Oxygen 0, 1.429 49.3 38.4 31.4 26.7
Amnionia NH, 0.7710 1.300 910 AR -
Hydrogen
Sulfide HZS 1.539 4.690 3.520 2.670 -
Carbon
dioxide C0, v 1.977 1.710 1.190 878 665
Sulfu. g
dioxide CO, 2.927 79.800 56.600 39.700 27.200
Chlorine 3.214 4.610 3.100 2.260 1,770

Solution and Suspension of Solids

How a solid dissolves in water is not romparable to the solution of ideal
gases. Solubility is a function of teuperature, the nature and structure
of the solid, and the nature and concentration of water impurities. As

a general rule the solubility of solids, in contrast to the solubility

of gases, increases with the temperature, but it may vary considerable
within different temperature ranges.

The rate of solution of solids in water, like that of gases, i¢ propor-
tional to the degree of undersaturation of the solid in solution.
However, it varies directly with the surface area of the solid and in-
versely with the volume of the liquid. The larger the surface area of

the solid per unit volume of water, therefore the more rapid is its solu-
tion.



Suspended soliis are <o coarsely divaded that thoy gre via .o+ ¢
naked eye, ertner directly or Letdune Lney absorb of Soatier Loort .
cause turbidity and 1nclude substances emplied into water, .ited an,
it by scour, or develuped in tne water by chemical precipitat.on or tre
growth of living organisms, notably alqae.

Absorption of <nlar erierqy by water o5 Important in three res;ects.

1. chilorophyl i eous Grganishs utit 1h2e radiant enargy ang rorei

the anount of cell substance ‘photocyntnesis;, 2, bacteric ara otrer
hiving organisms are kalled, and color, especiaiiy natural color, 35
bleachiva by ma.uly ulitravioiet ligni, 5. absorbed enerdy 1S Converton
heat. ot ail the solar energy dire ted onta a Lody of waler ueneirat s
the water surface. Seme 1 reflected, 1ts a,.0unt Ancressirg oo “rhe - -
denit angle bec.aws wore acute. Accurdingly ine perios of dagsit,nt e ‘.
shorter in water “har in the atmosphere. Reflection 1RCreaves 45 the au-
ter surface 1s ruffled by wind.

Most of the energy absorbed from the sun by a ratursl tody ¢f water
converted into heat. [f the sun's rays were muno nrosmtls and warmin,
took place only by radiation, while th> absorptive capacity itself re-
mained un form, the temperature of the water would decregse logaritrm -
cally from the surface to the bottom. Sclective absorption, hiwever,
steepens vhe gradient within the upuer layers. cven rora radlas  note,
are included by conduction and convection. Radiant erergy absuried oy
the bottom i5 released in the form o: longer wave lengns. Trese are
trapped by the overlying water. Bottom sediments themseives are COf yer
than the overlying water in summer and warmer in winter; the Ceeper i
deposit, the greater “the difference.

Because the specific heat of water is about 4 times that of air and thr=
mass of water is also relatively much groater, the temperature at “re in-
terface would be the water tempercture, were 10 10t YOr wind afni w. er
movements. Of the two, air motion 1s normai 'y tie rorc v, .

heat is distributed through todies of water Lol » @ rnts.a, .
cally, by wind action. Exclusion of wind-inauc. currcroon o/ Je . Je
explains why winter heat losses are small in spite of t.2 lower ... ¢

heat and higher conductivity of ice.

Equilibrium is upset also by temperature changes caused by Feat tro

from one fluid to another, includina changes in temperat. . .roc.ced
evaporation. If a surface water is cuoled, either by contaci witr _).d
air or by evaporation, it becomes denser and sinks. Vert cii (COWVeLLlve,
currents are set in motion, and heat is transferred within the mass of
water itself.

If the water temperature lies below the wet-bulb temperature of the cver-
lying air, the water is warmed by the air; there is no thermal conve. ti:n~
in either fluid; and little change of heat takes place. If, on the o' -.r

'




hand, the water temperature is higher than the wet-bulb temperature of
the air, the water 35 cooled by pvaperation; thermal convection currents
are set 1o motion an both fluids, and the interchange of heat becomes
ronsiderable.

Thermal Becintance to Mixing

Water driven to the windward shore of the lake Suilds up a head which
generates retrn Currents, Lepending on shore toponraphy these currents
travel at or helow the water surtace.

Dwechon of win’

- -

Re'atve strenpth of current

-

- - A
e~ Surface currents /70 Crcutat-on
rone

- S . .
2 { b .‘L_ _ - Sheanng planety  / (epimion)
u T T T T - —_ - - / ;.l
—— S
Return curresls =7 o C, Teansiton:
‘ B iag 74 one
E_:. 77, (mesohmnon)
- /
'
! /// g
,/ Stagnaton

nne
(hypo' mmon)

Divsa'mn and relative hatizontal vetoeity of wind induced currents in n Inke
or rescervole Cdeatiaudy (M GoCoWhige'o, GOAL Poaer, amd N Whipple, Micro-
scopy of Drinking Wutee, Sl ed, Waley, New Yok 19 '8)

Figure 12:1

The returning water is displaced downward in coves and laterally where
points of land put out from shore. The vertical distribution of winc-
induced currents in an idealized consection of lake or reservoir is
illustrated in above picture. The depth of the return currents depends
on the water temperature. The greater the decrease in temperature with
depth, the greater is the thermal resistance to mixture and the more
will the return currents be confined to unper layer of water. By thermal
resistance is meant the resistance of colder and therefore, denser and
Tower-lying water to be displaced by warmer and, therefore, lighter and
higher-lying water. A shearing plane divides the surface currents that
follow the wind from the returr currents that run counter to the wind.
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Thermal Stratification and Seasonal Change

The interpiay of temperature, density and wind during the different
5easons of the year produces a sequence of characteristic patterns of
thermal stratification 1n lakes and reservoirs. The figure below shows
such a series for the temperature aradients of water in the middie le-
titudes of the temperate zone,
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& w |
IR
: >
& : 5
o Bl
1 E) IS ~
4 [N
o >
v 2
. (%]
& <
g ?\
2|
=
L. S —

~ -
()

Vertizal gradients of werip: rafure and water quality in tales, rescrvoirs, and
éther deep bodies of vatcr tiderhze ) () Characturistic thormal o Bents (B onypenard
earbon diovide gradients curing sumaicr stagnation.

Figure 13:1

During the winter the water immediatly below the ice stands substan-
tially at 0 © C, although the ice ftself is often much colder at anrd
near its surface. At the same time the temnerature at the bottom of the
lake or reservoir is not far from that of maximum density (4 © C). .r2
water 1s in comparatively stable equilibrium and is inversely strati-ied
in terms of temperature but directly in terms of density.

L
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TR B Bt nt e Mat L i omater

v el mp e T hon 0t arnanis matter water and wastewater 15 die to
tre presen.c vt Dac.eria ahd other ™tovocoarisms . Bac T erig use The ur-
ganic matter tur frod aad break it town to anpler compunds, most of
which are rojected 3y wasties, The <a,roohyts Yaoterta , whicrh Ssulerst

Upun e e mat e Qr M Cal aatter g toare uu oAy harmless t
M, e e rl.orese s Dle tor Irns preoene raCatlion. Aitnougn
patho,enie Lo Tertg o iinedse Jeras, are cfre arecent v sewdne ald T
Waler el e WitT e de, tRe T e Lo st e nutber s are us ialiy S

omat ] that tre. o are fe sliginle factore ntue decuipds i tion 6f dedd wr s
garn. matter. The nataral food and cnvaronen s nf the pathogens 16 the
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T crow o and aeltiplrcation of bacter g an weter depe nd apor the pres:
Prce i pestady contdasnang cart noarl it jen if a form Capadle ot
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PuSsa e Ut the corpe.ards through the ced w1t s expediteanf tne
£00d meiertal 15 finely awvided. Loaii actaacl wells require fopg Mate-
rial wnich 5 conposed of small, relat vel, sample molecules aisperscd
in troe sulution. Some of the larger bacteria a v capable of ingesting
more complex molecules, and many protozoa can ingest particles of coilor-
dal size.

The enerqy fur the resj i ation of nacterial cells 1s supplied by wet com-
bustion or uxidation of the chem il Corpounds ororen down by the baltleria.
If the oxidation is acconplised by the use of molecular Oxygen 3as Grsscl-
ved in the water, the breakdown process 15 talled aerudiosis, ot cocurs
by the trarsfer of hygrogen from the compourd to 4 nydrogen acceptor oCrer
than molecular oxygen, tne process i5 calied anaerobros.s. Bacteris re-
quiring molecular oxygen for their growth and muitiplication are (o'led
acrobes, and those whGse growth requires the complete absence of dissoived
oxygen are called anaercbes. Most pacteria are facultative araerobes arda
obtain their energy Tor qrowtn either aerouitally or araerobically, de-
pending upsn the character of the vrgamic natrer 2var lable, the amount C1
dissolved oxygen, and their own specificity towards the compounds avaliabe

Maost any type of organic compourd. saturated and ursaturated fatty
acids, hydrosy acids, xeto-acids, di- and tribasic acias, alcanols,
carbonydrates, amnes, amno acds, anides and gromatic compounds, may
be used as a source of carbon and of enerqy. Only a small part of the
compound destruyed, nowever , is used for cell-building, the reminder
is by-product waste as far as the growth of the microorganism is con-
cerned.

The rate of decomposition of organic matter is greatest when the bacte-
ria are undergoing active multiplication. When the number of bacteria in
a culture gets large, the accessibilitv of the food supply to the orgamism
diminishes, because of the interfer . of the products of decomposition
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From the - ar o .int of rutritional requirements, Knight classified ba:teria
as showr 10 Cante YECIhe heterotrophs require organic compounds for tieir
metaholisr , wre sas the autoltriphs are able to subsist on inoroanic con-
pounds. ‘he retr rotrophs are mainly responsible for the decompesition of
sewaqe Or Ton (Tt tery altrough 1n the latter stages of the aerobic pro-
cesses of arwerne frediment and of self-purification of polluted rivers
the autotrop ~o ~atrifying Lucteria play important roles. It has been
showr that t-= presence of carbon dioxide surrounding the cell is essen-
tial to the qgrow:n nf st acteria but the part played by CO, is wunknown
ercept in the case 0f the autotrophs and a few heterotrophs who use C0

as a hydruger ¢ copti. €9, s an end procuct in the metabolism of the
heterstrophie et mence s pormally present arourd the cells.

Chemical r~a-v-onec induced by bacterie usually take place at constant
pressure. 1f the heat eynlved in the reaction is written as a part of the
equation, the reaction 1s called a thermochemical reaction and the heat
evolved 1s called the heat of reaction. For example in the equation:

H2 + /2 02 —— HZO +  68.317 kcal
gas gas 1iquid

+

Wher any subtrate undergoes bacterial decomposition, heat is necessarily




evolved in ovder to provicde the entrgy for the growt and mguntee o op

(J’ the bha "vr g, e Lrocesy 4% a4 whole 1, troop ety N RN T LooLme
Of the v oo wrch v nond to G, ve S e e e s
thermic , b owevor g et v prepy e ded e e e e s g
Ve more tooan gt et yercnme the detyo 0t

The enerqy v v 0 o tha gork gnd grovth cf Tayre o e et e s
by the o ! ‘.', ‘o L o [ ?‘I‘Ni‘. v ‘){ LRRENEA R v ;‘M . vy Mooa =
mum amnet 4 WY s b aned by o s P KIS

that ro g o ' IR R AR SRR TR S T
qin o Gorbvoo g P T A R I AT BN TR SR T4 Y LRI WY : LT T
Griyern nfé g L T e e e gy, e LI O

by tteelf, o o
Tyzed voact o v tor s e LLACE TR Gt WAy STt T ey o Ty
Y

1s not Jos® ac heat Lut s utilizet ty the ool Dre sogoety Dy wh
the cell obruins 1t enenqgy 15 calletd respiration,

L.

T TR I e T T A

&

Under otimun corers ivne of growth, bacteryd gy o eyery b aTE ey
The conditiony attecting the growth rate are the v cooe of wator, tre
size of the (ells, the temperature, the concer trator ol avarlas "oty

of food supply, the pH  value, and the presence ot Lo sons and predatJry
organisms 1n the cedium, Df less importance 35 Lhe conient ang (ompus -
tion of mineral <aits in the medium unless the mtais “are wert in enzyme
action. In the cave of aerohes, the presence or abyoonce of an adegua® @
supply of dissolved oxyaen an the med uym v an Yo et fa 0o Wl
determines whother qrowth will take place ar nas | i the ase nf fag . 1-
tative anaerobes, the presence or abeence of oxycet Permnes tre rate
of growth.

Under strictly aerobic condrtions, ammonia may be o« crced to nitrite

and nitrate through the action of the mitrifying Lot s, Natrosomonas
and Nitrobacter. These organisms are obligate autotr.ouns, N troseronas
oxidizing only ammonta and Nitrobacter only nitr:tes. lhe energy obtainer
from these react:ons is used for the assimilation of carhon which 15 ob-
tained from carbon dioxide or bicarbonate, not frum orgun C ca .on com-
pounds.

Nitrification is an important contributory .. *or  th. fepletion o
oxygen from sewage and polluted water, but 1ts - 1o oL e
layed for several weeks pending the (velcomert o' o 5o tavle ©

ment for the organisms,

When a pure cultur~e of bacteria is inoculated into o s:1table cui'.
medium, it is found that multiplication of the viable vguisms deos r.
proceed at tne ?eometric rate which would be inuicate? by a constant gen-
eration time., There is a short period of nc growth rollowed by a short
lag phase during which there is positive accel.ration in the rate of mui-
tiplication. The third period is the logarithmic growth phase indicateoa
by a constant generation time. This the maximum ruate of growth. This
period is followed by one of negative growth acceleration and then by a
?eri.od of substantially constant numbers as the limiting bacterial t.pu-
ation is reached. The concentration of accessible food in this periva
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The “xyaen 2alance 1n Polluted Waters

Natural surfe. e waters and tidal estuaries contain oraanic impurities
urder decomnogition by bacteria and other microneraanisms, The hacteria
utilize the oeyver dissolved an the wat»r in thetr feeding processes, «nd
grssulved Gayvooon o vs oan tyrn replent:oied from the atmesphere, where grieen

plant WNfe, .5 a5 green gnd blur areen galaae, 1s plentifyl an tne water
fayaen 15 alor onloed durang daytrontoas by Drouuct ¢f the photosy: -
thegre of o e gte dren cgrtor  aade ans Coarbonates,

Y6 e cpon e et oan of decomposing areanic matter 19 excessive, which
Cay btk oot the water s poiluted with sewage or organmic 1n-

dustrial wactes, *ne dissolved oxygen concentration may be lowered to

¢ level wht ¢ o harmfyl to fish ang other aqua're 1ife or it may be
lowered ‘o .~ (oncentration near zerc at which ana-robyc decomposition
takes place w:th tne production ¢f gaseous by-products and black water.
The gaseous t - roducts are carbon Aioxide, methane and, to a lesser ex-
tent, hycdregen Ul de and mercaplans. The cul“ice compounds cause foul
odors anc reas.t with metals 1n the water to form black precipitates, re-
sulting in blece water. In many ceses where sul “1de odors are present ‘n
the atmounhere sbrye the water surface, the sutiides may react with paints
on build ngs, bougats and structures, te discolor or blacken the paint.

Many pol 'uted waters are analyzed routinely by water pollution control
agencies dur:ng the warmer and drier months when oxygen levels are low-
ect and the rate of bacterial decompos tion 15 greatest. Dissolved oxy-
gen, BOD, and other determinations are made on samples collected from
selected sampling stations at selected time 1ntervals throughout the
critical monthe. Suck analyces are useful in messuring the extent and
nature of pollution and 1n locating the points of minimum Oxygen concen-
sration, but they are usually not an adeguate basis for oxygen balance
ctudies to estimate the allowable pollution loads and to plan means

for pollutior abatement.

The most important purpose of oxygen balance studies is to estimate the
2llowable pollution loads at existing or potential points of pollution.
The difference between the allowable and the existing or potential pol-
lution load represents tne removal which must be accomplished at each
polluting point.

In oxygen balance studies to estimate allowable pollution loads, oxygen
furnished through photosynthesis by green plants should not be relied
upan because there is no assurance that it will be available during cri-
tical low flow periods. Studies should, therefore, be made of existing
receiving water conditions to estimate how much, if any, of the oxygen
supply is from green plants. The rate of supply of dissolved oxygen
from atmospheric reaeration may be estimated for existing conditions
from BOD and dissolved oxygen analyses, provided corrections are made
for oxygen supplied through photosynthesis and due account is taken of
the settling out of decomposable organic matter and the BOD added from
bottom deposits.

1)




Oxyqgen balerce studoe are of use only where there 35 wlweys ¢ flow
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The design flow condrtions o be yopd for idal estuyar oo, Yakes or
oceans should e thns whieh will produce the worst conditiorns at cri-
tical points or in critical areas. tsually “he werst conditions are
during warm and dry weather when the fiow in the streams 1§ a minimum,

The saturation concentration of dissolved oxyaen in dist 1led water at
various temperatures in contact with a~r conta-ring 20.8% % oxycen by
volume or. the dry basis and at sea level (760 mm of Hag) is shown in

figure 7

Figure 23:1

Sotudbitity of Oxygen, ppm

AR

for both dry and saturated air.
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Sotubility of oxygen in distifled water in contact

with air at 760 mm contaiming 20.95°, oxygen.




Rotic of Sofubitity 1n Brochish Water

The solubility of dissolved oxygen is also less in brackish and sea
water than 1n fresh water, as shown by figure 24:1. The same
indicates that as the salinity increases the solubility of oxygen de-
creases, being only about 82 % as great for sea water as for fresh
water,

Cxygen balarce studres of a polluted stream usually result in one or

more dissolved navger nrofiles aleng the course of the stream. Such a
profile is referred to as a dissolved oxygen sag curve and is illustra-
ted in figure 24:2.

The objective of poliution abatement is to remove sufficient pollution

so that the minimum oxyqen concentration at the bottom of the sag is not
less than scme predetermined standard, & or 5 ppm for propagation of fish
and 1 to 2 ppm to prevent odor nuisance.
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Figure 24:1

Figure 24:2 1is a simple oxygen sag curve for a nontidal watercourse

with only one pollution load. The initial dissolved oxygen concentra-

tion drops suddenly at the point of pollution, if there is an immediate
oxygen demand associated with the wastes or if the wastes are voluminous

as compared to stream flow and contain little dissolved oxygen. The ini-
tial BOD 1load, Lg. is the net demand after mixing with the receiving waters

and after satisfaction of the'immediate demand. The BOD of the receiving
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waters just upstream from the point of pollution must also be taken
into account in estimating Ly, The difference petween the saturation
concentratinn and the actual concentration at any station 1s known 235
the oxyqen deficit, D, At any station, the rate of change of the cxy-
gen deficit with time of flow downstream, which defines the shape of
the oxyqgen sang curve . is as follows:

dD : . \
gc - 43 (k0 v gl - e

where D is the oxyoen deficit in ppm, | ic the firct <tage oxyaen demand
in ppm, t is the time of flow in days, “2 15 the g.mosohoric reaeration
constant in days-!, k) 1s the deoxygena®ion constant in CAys", and a

is the oxyqen produciion in the euphotis zone by photosynthesis in ppm
per day.

It is evident from fiqure 8¥:2 and equation that the dissolved oxygen
concentration at any stacien is the aleebraic sum of tne initial con-
centration at an upstream station, the oxyagen added from the atrosphere
and frum photosynthesis between station' , and the amount of oxygen used
in the bacterial decomposition of the piiluting orcanic matter in the
water. The critical deficit D. i1s reached ot the bottom of the sag when

the slope gg— is zero and the rate of supply of oxygen is equal to the
rate of deoxygenation.
The critical deficit is, therefore:

\
7

. 2.3 k‘LC - a
Dc =
2.3k

2

where Lc is the first stage demand at the bottom of th~ ~aa Conv.rsei:
if k1, "k, and a are known, the allowable first strce © ~:¢ L. for o,

.selected critical deficit D., may co estimated as 7ol cws:

2.3 kzoc + a
2.3 k]
It should be noted that above equations apply to the station at the

bottom of the oxygen sag if D¢ is less than the saturation concentra-
tion. Oxygen balance computations are usuvally started from a point just




upstream from the first point of nollution, and proceed downstream with
trial-and-errnr solutions for each reach. It 1s possible, however, ‘¢
start oxyger balance cumputations at the boitom of the sag, even though
the location »¢ this point is unknown with respect to pollution loads,
and to work urstream ‘0 determine the allowable pollution loads. Above
equation may > used tu compute L. whether or not there 1s settling out
of BOD, addit: n of B from the gnt?um deposits, or to*h, however, ‘nhese
factors mus' t» taken into account to compute upstream values of L and D,

In a grossly noliutet wtrear, the dicsolved txvgen concentration may be
reduced to sece 3t the bHottom ¢f the nag as shown i1n figure 26:1,
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Figure 26:1. Diagram of oxygen sag curve with oxygen concentration
reduced to zero

It should be noted that, even though the concentration is zero in the

reach ty - ty, oxygen is nevertheless being supplied by reaeration from
the atmosphere (and possible by photosynthesis) and the rate of supply
is a maximum becauwde D is equal to the saturation concentration. There-
fore, the rate of deoxygenation in the reach tp - ty is limited by, and



equal to, the rate of oxygen supply.

The rate of deoxygeration will decrease from the point of pollution *o
point t;, at which pnint there will be a discontinuity as the rate is
controlled by the axyqgen gvailable rather than by the R0, At point "2
the rate of decsypration jain becomes propurtional to the remaining
value of L, and downstream from ;)int tys dissolved oxyqen is supplice
faster than it iyt by the bacteria. The value of L at point
may be compyted from crgation above. The time interval tr -ty may be
computed hy nothrrs ti ot S oxyoen oy in the rearh s cqual to the
amount of cdissolved . aen gpplied,




BlA Y AN FEE L ENT WAT RS

In order to e atie to reduce the influence of discharged effluents
froi the ol ant paper naastry 1t s necessdary to have anowiedye
about the rela’ions between the effect upon the environment and the
parameter. ot the process. Our knowledge of how the discharged efflu-
ents affect trc water environment or the reciplents is not complete

and the »x1 © o rmethods to determiine specific vaiues are thus quite
doub* {1l Tre oo mared waste water from the pulying process 1s (0-
Joured, a0 higning, susperded naterials and sybstances wrich will
have a4 tioie g a0 oxyqgen denand \Bdh],, Certain discharqges can also be
toxic.

The Oavgin oo om0 F the 41, narges Jdepends upon in the first place the
contern of Sl ouaranr2eble SuLatences, mMaihily methanol, terperes
and . arhen,r .0 The ¢nitoor an thie effluents comes mainly trom their

coritent of v, oyt also to a great extent from mod)fied carbohydrates.

In the toll.win the most common methods of analyses applied in the 1n-
vestigativns of waters corcerning environmental effects are briefly ce-
scrbed.

Suspended Matter 1n Wdaste Water

The fibre content in white water is determined by measuring the amourt
of susperded raterial (SCAin W6:71 see appendix). tveritually can a cor-
rection be made for solid, unorganic compounds by after the determina-
tion to incinerate the sample. The suspended matter content value is
reparted 1n mg/|

.
Biochemical Oaygen Jemand of Industrial Effluents

The rate at which dissolved oxygen is used up in fresh sewage or sewage
poiluted waters has been studied extensively by many. The biochemical
oxidation has been found to proceed in a manner s milar to a unimole-
cular chemical reaction, that is, the rate is approximately proportio-
nal to the remaining concentration of unoxidized crganic matter, mea-
sured in terms of oxidizability, and it is a function of the temperature.
See the following figure no 29:1.
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The amount of oxvaen used up 1s called the 10 M1 A rvEy EMEY

or BOD for a partrcular fame and water _empera’ re. Ko tROC ny,
become standard practice and are now wo'ely oo e ostandane prooe
dures for the test are described 11 Standgrd Monods for fhe Lxge o
tion of Water dand Was‘owater, American ©p 00 magltn Aogid 401 n '
Sweden normally the we'tod develuped by *re sancintva n L0, Paler
and Board Testong carmitee 1g ysed (SMAN an 0 ces atges . o onany
countries an ircubaton period ot o days s cotmon o, abged The e-
riod of / days spec tied n this method 1o (orvene Uof o0 Taroratores
working a 5-day week.

The BOD of sample of <ewage, 1ndustr gl wastes or !l 0 1 wates
measure of the concentration of decomne & Orgdar (o e oon
sample. It has become the most usctul Livol d” T &

tine examination of sewages, tndusty 'al watte oot 0 e ntoant e
luents and, especrally, 1n the examing' on «° tw  cie . ng waters o
pollution studies. The BOD concent 'nvelves not  oly o amyiat ot r-
ganic material which 1s decomposable by bacter o ° Cothe tire

at which it w11l decompose aerob:.ally. The [l tec o | therer vy,
used as a laboratory model of the deoxygenat on yro oy °n tirg egeyitg
water.

The concentration of decomposable organic matter 1n wastewater or 1olle-
ted water is not directly measurable anc 's of 1. ttle importance + . ep’
that it controls the demand for dissolvec oxygen. The associated ¢ <o
ved oxygen demand on the other hand, 1s of major importance, an¢ N
is measured by the BOD test. Decomposable organic matter may be rv'Lieg
in concentration by a number of different processes 1n trectment | larts




S e the amount of the assucrated oxygen demand,

N A

rate U e atonnt st ooraenie matter, 1. the paraneter uf anterest,
VEoWac e e okt cractice to use the tern "BOD" anterchangeably win
the tevi 0 omposatic urganic matter” ain o discussiane of poilution 1oaas
and Rarge o anoame unts of organic matter. It s 1mporta~t to rote that

the uanti” o~ are of oxygen and not organic rditter.

Tio Koo e vy meen subjected to adverse c(riticism be_ause of the ong

t
perd ren s el for s compietion, 5 days r more, and substit.te Cte-
mio 1) tests coave been sought. (nemical test . nay be used,to determine
the . onces it moof chemically oxidisable organic matter, but the resuit

(N Ceoas e Kauchemically oxidizeole organic matter ana Wt
Thiiws I gt on e brochemical time rate.

o R © 1< rapfoemed by determining the dissclvad oxygen content of
tor oyl o e Lo prnning, and after varicus incubation periods at the
Ao el te erasare. 1f trnere s ansufficient dissolved uxygen in the

Goe fur o the Lomplete test, oxygen 1s added in dilution water or by
aeragt on. 1t . agr Jounrtant that the bacterial seed be the same as 1in
the weete  r oolluted water and that the nutrients and minerals be repre-

sentat've o! tne poliuled water.
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In conformity with all Y rochemical processes wher meaqurinn ‘f‘,‘t‘/ “he
OxyGen consumption shows In the beginning a slnwe phase the o g, o
incubation perocd. A Levand of antensive OXY T Conggmp e ygn g thae
followed , whore gt or v qame decreani, anson o g o mige t et
by curve A in the diggram shown in figure 300

The curve B i the wame diagram on the contrary <hows & cons derably

more complicats 4 (o r with repea‘od qrowth ans ctasnitan naricng,
Buth of the curver oo o tg e e qanp e f i f0 et wateor
froma chlor re st "ve Cfteront oo oraes are roplain by oot
feremce in the quality oc the bacterial seea  #woyir, 1t myst be poin-
ted out that *r« it ‘ironce which has heen shoanop *hic Caser 15 aQrea-
ter than that nurrally  Hteried when mesgrine 0V i efé] Jonts from
chlorine filters, The BUD,-values can be considoraly spreacded althosir

relatively irlepencent of the tyme, but i€ a hartoral coed 15 choser
which is more adapted te chlorire offluents a teg surear gf the sarms
is obtained. aron measurang 20N an the €0 ltear Teald stone
the spread is w1111 walder. BOUj to reparted oy mpivess ) cxynen de-
mand in mg per litre,

yopoon Q_b‘ d

Chemical Oxyge n Demand_of Industriel Effluents

Potassium permanqarate was first used as a reaqent to determine the Qay-
gen demad, (C, by organic matter [SCAN-W1:66, sce apperdix). This re-
agent ha: now been superceded by potessium dichromate, and the values
obtained are known 4s the dichromate oxygen consumed, DOC, or the ¢he-
mical oxygen cemand, LCD. Since the carbon and nyc¢rogen, and not the
nitrogen, are oxidized by the chemical oxidants, the COD is sometimes
erromeous ly assumed-to indicate the total carbonaceous organic matter
preseat. For nmost orgenic compounds oxidation is 95 to 1C0 : complete
with the dichromate method. Oxidation of short chain alconols and acids,
15 85 to 95 % complete f a s1lver catalyst 15 vood. Benzene, *oluene
and pyridine are not oxicized by this method whethar the cas < v+ g

used or not. The COD test is not a satis‘actory ~hstitute “or the 570
determination, but it may be used to redu & .. er of 0D oty wne
might otherwise be required, if the resul*s of ife two tests ar- .orrr
lated on occasional replicate samples.

COU is reported as chemical oxygen demand 11 mg por litre

Total Organic Carbon in Industrial Effluents

The deficiencies of the COD test can be avoided if instead the total
amount of crganic carbon in the sample is determined. Thi, analyse can
be performed according to two principles:

Combustion of all organic material to CO2 which then is detected
. by different methods




Pyrolyses of oraamic material to (Hy which 15 then vither oxt-
drzed 1o L0, for IR detection or 1s determined directly with a
flame 2unization detector

An analyceen of T gryes a messure of all carbon compounds (drvaded 2nto
Oy Qur e At ey ars arbon) on o the sample, T g e 0y st o f RO
provadyr e the SV e etean compagrts can b hioren down, The (v han (ome
POunGS whret o the ot place moke up the By valse are the cerbohy-
drates wreelo cor v tar o lignin has a very low B0y value, TUc-value
Veoreported e ]

Coloar o Tetl el brtlyents

The cole o of an effluent 1s usually meacured as the strenath of the
same 11t avserption as a chlorone-platinum solution has at a certein
wave lerglh (400 nmo . This test 1s usually made according to ASTM (3)
method.

When determirina the colour of filtrate from the bleach plant which con-
tain a.*t s v lorane Tt 15 necessary Lo Mane the sampling, dilution and
buffrirg 'v 4 riprodicable way as Lo me between thece working moments in-
fluence ‘e measured value obtained.

After neutralization the colour of the filtrate increases with the time.
Eventually this depends on an air oxidation of the sample and as a con-
seauence formed chromophores. The colour increases also with the time
when the .ample has been standing from the time 1t has been taken anc o
the time .he test 15 performed. Most likely the phenomena is related to
the rest cilorine of the sample. #hen the sample is neutralized hypochlo-
rite is formed which effectively bleaches the coloured groups in the lig-
nin. The lower “he rest chlorine content is the less hypochlorite is
formed and the less the bleaching effect will be.

Hydrogen Sulphide in Waste Water

This method applies to all kinds of waste water. If the sample contains
sulphur diorxide, a modification in the testing procedure should be used.
See appendix description of SCAN-W4:69 method and note 1.

After acidification of the sample the hydrogen sulphide is stripped off
by a stream of nitrogen, absorbed in an alkaline phosphate buffer solu-
tion and determined colometrically by the methylene-blue method. The test
value is reported as sulphide concentration in mg of Sz/l.

Non-Volatile matter in Waste Waters

The dry matter content of waste water is the ratio of the mass of the
dried residue of the evaporated sample to the original volume of the
sample, the drying having been carried out at 105 OC % 25 OC,

]
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and the resto o oo ot e o ted as mgy

Settleable Myt i o At Water
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waste water
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The sum of maares e and calcium 15 determined yol metrs aly with E07A
solutton., In a separete titration *he (alorum ye deterore 0 and She

amount of ma:r e um s ohtained as the Citferen e arorg T ISCANSy B,
see appendix .

Phosphorus 1n Haste dater

The sample i wo'-combusted with hydrogen neroxide and concentratec
sulphuric ac'd to cenvert all phosohorus compounas to ortophosphatles,
Addition of rolybdic acid produces 3 yellow <omplex, this 1s recuced
by ascorbic acid to & blue complex, which 15 determined colometrically,
The phosphorus -ortent s reported as g per litre or 'n ppm. | SCAN-
W8:73, see crpencrx ).

Regarding additicnal methods of aralyses of indus': "al wa.* wdl'r we
wish to refer to the literature n t g fiela Tronme e s
tion control and e<pecraliy to the Stancard M.t . putitsnes by The
Water Pollutron Control Federation (WPLFY, 2.0 W osccns™ fuvrue, wash-
ington, 0 C 20016, USA.

Sodium content of wet pulp

The sodium content of wet pulp is defined as the asmo'nt of sodium tha.
can be extracted from a sample of the pulp with nydrochloric acid under
specified conditions.

The pulp sample is diluted to a pulp concentration of about 2 % and acini-
fied with hydrochloric acid. The sodium content of a sample of the liguid
phase is determined by atomic absorption spectrophotometry or flare nho.o-
metry. The dry matter content of the pulp is determined gravimetrically

and the sodium content is calculated; it is expressed in kilograms of sodium
sulphate per metric ton of oven-dry pulp. (SCAN-C 30:73, see appencix)
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Figure 34:1

In the next figure 35'1 the chemical balance is demonstrated. One should
also observ that discharges of inorganic sludge from the green liquor
clarifying, reburning of lime/causticizing and fiber and bark sludge
are included.



)7uy\.:;" by, Electro

w - e |
}
-——-—p“
e pulp Wiy OOBP ]
_—.’.—-
|p.‘w ,__‘ _‘_._,_., WA wng “‘——»-«b ¢
. Ca .

PoooegNe 80,
2

650 ug Na ,50)
['] ‘un B
rs\...»v.(f?n et g

!

Frca weah tiquor
Wiosgtaa U}

j I/“

1
i
1
i
!
L

EJ“‘ te p ‘. rm
KUt vg

i
i o]
white |i BOG v ] leoe D o tar iflare Tt r?-d) SR :‘w”)
i ’ - - S . RCI
slarifieqe 1 v "”’"“l 0 ¢ [ : ‘ d_no,'% R
, T - W
' ‘ e L LT ] :
204y 0 i
fran lioe ‘ i
2ty servdber | IrgNaphly DNl
r— -j r‘...l r- N | . _] .
‘ * y —\‘
| Line Liae [} ime Bleck | te wesh liquor
slviee | _ — )'):q_j_aﬂh‘. IR thnrng =% 5, L N8 LSD
| uah ot alin 1o RS0 serebae wisiaf 274
l | \ i
I ’ J I
v
ol vess #i To tiee pludge vesher Dite . ¢ g
i 140 »g N.) . 20 0uLald Mg
' 6 iy anbo‘
|
| |
e e ———— — - —_——— e

Ceslen! balance ond disenerges of ehesisnle

Figure 35:1 ‘

Mr emissions from sulfat mills are of two linds, dust and gases. Dust
s minly coming from the soda recovery boiler as sodium salts and frem
the lime kiln as lime dust. The emitted gases are mainly containing
sulfur compounds together with water vapor and carbondioxide from the
Nﬂ‘ling of the liquor. Gases in greater amount are emitted from the soda

$
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recovery Wetrler, hime

kiln,

digesters, washers and tall ov1 plant.

Iootab'e 601 the amount of gases emitted and the sources arve listed,

Table 36:1
Mmoo o the air
L ‘ . - — —
{ B Siurcs Compound Amount
. Soda Recovery Bad smelling 10 mg/m3 flue gas
R Live Kiln Sulfurcompounds 100 " .o
Tall 011 cooking Hydrogen sulfu- and
Uigesters organic sulfur
khashers compeunds
fvaporation
Soda Recovery Sulfurdioxide S - 20 kg/ton pulp
Lime Kiln 0.1 [ "
Odourdestruction 2 -6 " "
Soda Rerovery ’ Dust 200 - 1000 mg/m3 flue gas
: Lime Kiln 200 - 2000 " " "
» Bark Burning 500 - 2000 " " "
Bleach Plant Chlorine Temporary emissions
Chlorinedioxide and ventilation emissions
" Sulfurdioxide

Urnidentified
emissions

Bad smelling
Sulfur compounds




Cookina, washing and «¢reeping

Cooking

The cooking of wund chips can take place in tatoh or contingys diarg-
ters.

The noncondencatile gase, when the batoh digester is relvefed from preg-

sure contairg Hheodes notroaen, carboodioyide, methenol, myratic acid
also very 111 smeliine arge ¢ sul*urconnounds as rydrogensulohice,
methyYmevrcantan (N0 metay boulpide (MO and dieat oy laisuipn e

(DMLSY. Most of the Tagt compounds may heve cnndenaa' el together with
the raw terpentine, The black liquur, obtained durina the cocl ng wnd
containing alkaly ard Tigquor cempounds, 15 1n 4 contirous digester with
a washing zone drawr oft from this ard th steam rejea.ed 'n twe steps
in two flash cvelones, The steam from the first flash  cyclong 15 use
in the presteaming of the choo, and the steam “row the secong flash ¢
lTone is utilized for the preparation of hot water., from the condensat
from the released <team raw terpentine cen be separated, The dlack Ti-
Guor goes to evaporation and burning.

!

ve-
o

Washing

As the blick liquor contains biochemically oxygen consuming substances,
sulphides and other environmental polluting cornounds 1n a high concen-
tration 1! is necessary to wash the pulp free from this liquor es far
as it possible also so that it can be further treated in the process.

For washing of sulphate pulp different types of apparatures are used,
which are discontinous as well as contineus. The latter types are now
dominantly being ingtalled. Of great importance for an effective washing
of the pulp has the counter current washing in the continous digesters.

1. Diffusers were formerly very common, but are now more and more re-
placed by continous washing equipments. In this the washing i: core by
replacement of the black liquor succesively oy pl¢ warm water, Aithe an
the diffusers can give a good washing result 1f cor-ecily ~imen<-onec
in relation to the production, they have several .. 'nesces, The lor
washing time makes them require 1ot of space and thuy have a not s 3¢
flexibility in regard to capacity. e course of the washing in them ‘-
instable and it occurs that the zone of displacei:nt happens to bLe un:
even or irriguiar, when umormally large amounts of wa.hing liguor is
required - high dillution - in order to achieve a good r»sult. The re-
producable washing effect is therefore not adequ:te ar1 is not meeting
the requirements in respect to pollution contrcl, as mocern washing
equipments do.

2. Filter washing is carried out through repeated dilution, dewatering
and displacement on usually four drum filters in serie. The washinc 1i-
quor is normally pure ware water or condensate added to the last filver,
The repeated dilutions to a low consistancy with following dewatering

require large buffert volumes for dilution liquor - filtrate - frum each
]




“1Yterang sten. Ar, which 1s sucked through the pulp layer on the f1l-
for vam, e 0o fcam o on the black liquor, which also recuires larqe

£ 1trate yo ! oo, In addition to this complicated systems for killina
the 1oam ar ' v avery of the liquor in the foam must perhaps be instal-
Ted. The larae voiures of the liquor mekes the system rather slow with
croat tume oot gt production chanaes before equilibrigm has been

reg e

Thece dgsads. +» tatns montioned are mutual for all types of filter washers
ard Grdener s nf mangtacture or construction. Open filter washers -
varuom Filte o - create leus qood woriing enyvrronment as large amounts
of morst yaror containiong pad smelling sulfur compounds are released.
Tryy prgbler nas oeen soived by pressure filters which have a complete-

ly (lused noud, as they are working under pressure instead of vacuum.

i, Screw presses have in some cases been used in combination with fii-
ters for wachine of sulphate oulp. As well screw presses as disc presses
¢ the Davenucre-type are used for washing of other kinds of pulp, main-
1y NuSC-pulp.

Instalatior of presses of some kind in the last stage of the washing
has 1%s advantales, With presses it is namely possible to reach higher
pulp concentretinns, 40 - 45 %. The quantity of liquor following the
pulp will then thus be very small.

The degree of washing efficiency for the press step is depending on a’
effective mixing and equalization, when the pulp 1s diluted before the
press, which sometimes 1S difficult to achieve.

4. Hi-Hoat washing in the washing zone of a continous digester takes

a time of 2 - & hours which is considered to have the same effect as

1 - 3 washing filters. The following washing is made easier as there

wili be no foaming problem. This counter current washing is very effec-
tive, and at least 4 hours should be given it to be performed. For pulp
with a high Kappa-number it is recommendable to prolong the washing time.

5. The continous diffuser (radial washing) is more and more used as a
complement to the build in hi-heat washing. Through such a combination

a completely closed system is obtained, when as well bad odours as mixin2
in of air in the black liquor causing foam is avoided. The washing in
diffusers takes place through displacement at unchanged pulp concentra-
tion, 8 - 10 %. \

Screening of the unbleached pulp is aimed to se&%rate an to remove larger
and smaller impurities such as uncooked pieces of chips, knots and not
completely defiberized fiber bundles from the out of the wood liberated
cellulose fibres. This separation is accomplished in screens, where the
pulp at a low concentration - in general 1 - 3%-is forced to pass
through screen plates with holes in different sizes and form, through



which the accepted pulp fibres can pass.

As ¢ complement to screens so called centricleaners ar vortex cleaners
are used. In these the centrifugal force is utilized in order to sepa-
rate particles which are heavier thaen the fibres e ¢ sard and even bark
pieces. In thi< cleancr. the pulp concentration 15 between (0.5 - 1 .

Screening equipment and olher auxiliary equipment can be arranged in
many differcnt ways. In a traditional screcning departmert in g sulp-
hate mill lavae pratical, gs knots are separated from the pulp in a so
called knotter. Therecfter a fane sorcening of the pulp taves p ace in
two or several steps. An cxample of such a screening system 1s shown
by the flow diagram in figure 39:1.

A 128 ) —
t>_ N . E>~\\ ‘ F(:::>1

1_7 Coarse » jset
A0

AW, to recseaing

Clocod aoroens, alt. B Closed sereer:, It C

Figure 39:1

In certain cases the accepted pulp from the primary step is passed
another screening step consisting of either ordinary screens or cen-
trifugal cleaners. This is called double screening, which is used
when higher cleaneness of the pulp is required.

When the knotters are placed before the washers, because of mixing in
of air in the black liquor, foaming will be a problem. Furthermore re-
b latively much of the black liquor will follow with the reject to tte
4 handling of the knots. It is iherefore preferable to let the coarse
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relect follow the pulp through the washing section. It is also common,
that the coarse retect mostly containina yncooked pieces of chips or
knots is deverted back to the digesters for recooking. In this case it
can be of advantaqe to separate the coarse reject befcre washing, as
the chemicals in the <ame in a natura)l way are returned to the liquor
cystem at the <ame time a5  the cooking liquor will not be diluted.

Keduction of Envivors ontal Polluting Effluents

Cooting
From well operated cdicesters during normal conditions there should be
very small a=mounts of effluents.

Sealing water to pumps and SO on is normally pure. Because of leakage
around the sndat it can be contaminated by black or white liquor and
terpentine.

Cooling water from concensors is normally pure. In the case there 1s
leakage n the heat exchange, the warm water can be contaminated. Then
it is unusuable.

Steam condensate from the heat exchangercan be contaminated by black
liquor if there is a leakage. In that case the condensate must be di-
verted to the sewer.

Condensate reliefed, when the pulp is blown from the digester to the
blow tank, is in gereral very much contaminated by sulfur compounds and

terpines depending upon now the terpentine recovery system s functioning.

These compounds make the condensate quite odourous. It contains also

dissclved alcohols, mainly methanol, which gives a high biochemical oxy-

gen demand.

The approximate amount of condensate from the digester blow and the
amount of contaminates are given in the following table no 40:1.

Table 40:1
' Batch digesters Contin digesters
of Lguo, |
Approximate amount /ton/ton pulp 1.0 - 1.2 0.4
Sulfur kg S/ton pulp 0.2 0.1

Biochemical oxygen
demand kg 3007/ton pulp 5 3
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Condensate fraom the diqge ter blow is normally so very ™ich contamine* »d
that i* should be transtered to a condensate purification system, The
general princoples for <uch a systom will be described later when deal-
ing with the «vaporation of black iquor,

Mashing

The amount of ::1ack liquor solids, which are remaining in the nulp after
washing is dissalved intn the weter used 1n the screening and is ther
carried with o« otflgeet fram the same into the recipient. This is cal-

led the washing ioss.

The washing lu-< is defired as the sodium content in the washed pulp ex-
pressed 2t sodiumsulphate per ton 90 % pulp (kg Na SO,/ton of pulp).

It s fairly vacy to quickly determipe the Na-contgnt'in the water ptase
of the pul). "re relatror between the Na-content and the content of (r-
ganic dry sol't ~ubstance - cr 80D, - in the waste liquor is also fairly
unambiguous ¢s long a< the washing loss is in the craer of 15 - 20 <7
Na2504 per ton of pulp or higher,

At lower washing losses greater consicderation must be taken to the 1if-
ference between “ecasy wasrable" and “tctal" sodium in the pulp because
of sorption phencmena. The method to get out the sodium (washing loss)
out of the pulp 1s getting then more important. Less sodium content will
then be of less interest ‘rom an ecconomical point of view, whiie colour,
BOD;, liquar etc  still cen be of importance in regard to the environmen-
tal pollution degree caused by the effluent. The washing loss defined as
above should rot be used as a measure of the degree of pollution.

Dilution .

DF. = vshower - (Lpulp - Lh'quor) ton/ton 90 % pulp

vshower Shower water flow ton/ton pulp

l'pulp Liquor in the leaving pulp ton/ton o.ln

Lliquor The amount of original liguor which co"tains correspond

amount of solid substarce as the washing loss ton/ton

The main part of the remaining black liquor in the oulp after washinc
goes with the screening effluents to the sewer. In a traditional mill
this effluent discharge corresponds to about 25 % of the to*al BODy 2is-
charged from the mill and to about 50 % of its total discharge of |i-
quor. The washing department is therefore one of the most important
points to which attention should be paid, if one wishes to decrease the
degree of environmental pollution. The effect of the washing can be im-
proved either by increasing the dilution or by instalment of several
or more effective pulp washers.

The simplest way is to increase the amount of waste water and thereby

-




vodrtution, s presupposes that the liqour evaporation have ca-
c 1ty enough,

from an economical point of view the optimal dilution is reached when
the value of the last reqained solid substances i1s halancing the marq:-

nel evaporat vor cost, Commonly it 1s demanded that ‘he washing Toss
o b reduesd to max 8 kg Nazsl)a/tw of puly.

v anstall oo egaipment in a new washing fepartment the choice of
Copeent Ce o s upon what Rind of cquipment there are 1n tne draes-s
Groroom. Iroa tamyr-digestor with ar inbullt four hours Hi-teat wact-
iy settor roLt of the vashong of the pulp s Laxaing place. With ad¢:-

kg, two washing steps it is then pussible to reach a washing loss
TR - 10 ko ‘mzf;ia/ton of pulp.

AMter batch digecters in general five washing steps is required 1n cr-
cer to reach a washing loss of 8 - 10 kg N32504/ton of pulp.

wher chosing washing equipment as a role a machine which is closed
against the atmosphere releases less odorous gasec. A machine, which
con work at hiqn oulp concentration, is less liab.e to aischarges to the
reciptent due to affluent liquor.

Jreening
Most of the open screens are of2rating most efficient at a pulp ¢once: -
tration of 1 - 2 %. This means hat before the screens 40 - 90 m° wat:r
per ton of pulp must be added. Because of the construction of the
:ﬁreens dilution and sealing water must be added in an amount of 10 - 50
ser ton of pulp.. It is not unusual that with adding all water to-
gether the consumption in a conventional screen room is as much as 150 m
water per ton of pulp or more.

3

Through internal reuse of white water from the screens it has been poss:-
ble to bring down the consumption of fresh water to about 50 m3/ton _of
oulp. It is possible, however, to bring down the same to 20 - 25 m3
water per ton of pulp.

The effluent from the screens contains a certain amount of black 11-
quor substance. This quantity is in general equal to that existing in
the pulp after the last washing step (= washing loss). This water has

2 brown colour and contains a certain amount of fibres. In order to re-
duce the degree of pollution several purification methods has been tried
mainly precipitation with alum and lime. Usually the precipitation of
the effluent from the screens is carried out ‘ogether with other efflu-
ents, e g from the bleachplant or the pulp drying machincs. Often the
precipitate is different to dewater and it is tnerefore difficult to
dispose the same,

Closed Screening

With closed screening it is uhderstood, that desired concentration is
obtained by dilution with water, which is removed from the pulp
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In most of the new mills the washing and the screening will most like-
ly be integrated intc a closed unit. In such a system the thickfer in
the screen room will be the last washing stage. The white water from
the screening will then be used for the washing of the pulp. Under nor-
mal conditions no effluent water will go to the sewer.

Closing of the system washing-screening will at least have two conse-
quences which must be observed. On one hand the temperature in the
screening will be much higher than usual, on the other hand the re-
mining black Tiquor substances in the puip will be carried on to the
following departmant, bleach plant or paper mill,



The high temperature poosibly 70 - 909 € or more, wil? reauire special
attention *o *the equiprert how this 15 formed, The coreen, mynt he
closed and 1 the roject handling equipped with hoods ard yentilation
facilities.

Carry over of hlack liquor substance from the washing via an open screen-
ing system to the folloarrneg departrents 15 tormally neqgiected dependira

upon the «¥ttyve soubaag of the pulp whioh takes place 1n the screentna,
The cleaned woihed pale cantaine a few kile, of dry subigtance (1S) and
BOD, 0cyge:n consuming o tances.

Pulp from the screering wi*h a washing loss of 10 kn MapSl, per ton con-

tawns five to ten tines as much TS and By as the above mentioned clean
washed pulp. If the scre-ning is closed without any other measures are
taken, about 50 1 of the o impurities will be transferred to the follow-
ing department.

1f this pulp is pumped to a conventional chlorire bleaching, the consump-
tion of bleaching cnomicals will increase cue <o *tnc black ligquor sudb-
stance and thereby cause higher running costs. The transferred amount of

will increase the BOD, discharge from the (nlcrine staqe. Furthermgre
the quality of the pulp can be lowered aue to irreversible precipitation
of in the black lTiquor dissolved substence.

Sorption Phenomena

The relation between remaining sudium ¢s sulphate, alkalilignin and bio-
chemical oxygen demanding substance in sulphate pulp, which has been
washed in different ways has been studied.

]

It has been shown that the amounts of sodium, alkalilignin and BOD sub-
stance in the filtrate from the washing were higher than the calculated
amounts being in equilibrium. This shows *ha. the components, which be-
fore the washing was sorbed on to the fibre phase, had desorbec to the
filtrate.

furthermore the laboratory trial results indicate, tnat ~r- *rinsport
of materia from the interior of the fipre out to the <o i vy tanes
place more rapid the more the pulp i, delignified, ¢ . *hat “here is no
appreciabie difference between sodium ar. Tignin,

Mowever, there is a difference between different puips and also diferent
fibres. For instance the sorption effect is much more appcrent with a
bagasse filter. It is also commonly known that bagasse pulp is more
difficult to wash than softwood pulp. Therefore the bagasse fibre re-
Quires a larger amount of wash water than softwood p.lp and usually in
the washing operation a dilution factor vhich is two times higher must

be used.

may the practical concequences of the sorption effects are amon)

r things, that the environmental pollution degree is not directly
]




propurt sy o the "washing loss™ that s the total content of sodium
mothe ol
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Lately "mere nos hopn an ancreasing 1nterest for the use of presses as
the Tast -~ tane an ke owashing., Trials have been carried out to invest:-

Gate *he e wfh
When o P ar et ikt pLlps are pressed it could be established,
that treves oot Drguer had g Tower (rncentration of sodium and 1i73-

P othar tee T o, to which the pulp was in equilibrium before the
pressira startes, The ngre the pulp i1s pressed the lower the concentra-
tion will be. Tmis caircumstances will lead to a not satisfactcry efiect
of the washing operaticn,
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Black Liguar tvaporation

In order tu be 4ble to burn the recovered blacs 1oquor obta ned throunh
the washing of “ro o uTn 00t Gf 1ts water must te removed be o eyanora-
tion, This will " oe place tn qeyeral otaps . and *ve o al Cyortem -
sists of five < wgllii retneyp avtaratures, whicl woere onder ygogom .,

The units ar v v vred acording to the flow of tee Gtegm, No 1 s the
one to which Ty wteyn vy supplie’, In the fFollowirg cfens for effects”
the steam vapor vy 4 Ylacl g e o preceden nrten v, gt aed
for heating, fror v Ty oot tie Loggnr v oo fnoa surface ror-
densor, In ubt o v e o et g e bt e ot The
principle of a five effect evaporats - is shown i figure 4701,

Alr rolesse
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: tank Collocting tamx Fer rruse e the strip,-r column
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Figure 47:1

Reduction of Environmental Pol} ution Effluents

Condensates from the evaporators and the digesters contain the below
listed amounts of pclluting substances.




Table

Condensate

441

Total condensate
from digesters

Total condensate
from evaporators

Type of (igestor Cont Batch Cont Batch
BOD kg/tor pulp 2.6 4.9 9.0 5.%
Dry substance " " 0.05 2.0 3.4
Sulphide " " 0.07 0.15 0.28

fiber in the liquor

to evaporators
Average mg/kg liquor . 16
Max " " 50

As can be seen from above table the content of BOD substances in cor-
densate frum continous digesters is lower than those from batch di-
gesters, while it is the revers regarding BOD substances from the evi-
porators, The total amount of BOD substances is, however, about the
same, 11 - 12 kg/ton*of pulp in both cases.

30 - 50 % of the BOD content in the evaporator condensates are coming
from the surface condensor and the rest from the evaporator bodies
themselves.

The relation between the degree of pollution and different factors has
been investigated. For instance it has been proved that a relation bet-
ween the solid carry over and the volume load in the last effect is
existing,

There is not a clear relation between BOD and kappa number, dry substan-
ce and viscosity, and other factors.

When installing a evaporator station, which desirabl{ should give the
least degree of pollution consideration shall not only be taken to ca-
pacity, heat economy and so on but also to such questions as the follow-
ing: :

incrustations and liqour quality

talloil recovery

washing of uncrusted surfaces

- dry substance carry over ip the separators
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Precprtato ot B dn cgn also corur, e g if the pH s netting low,
which caovy v 8 T ar fece como e neal paly i mined with black
liquor. The problen wr ] be averied it NaOH i< added.

Incrusty one ran alan we o tained, 1f the Jicuor is rontaining to much
’ . 1
tall or1. Theo ar g’ Lo caune forang in the last evaporator stage.

When operat ne with % anod quality 1iquor incrustations can still occur.
These are novrmally vovoved with intervals of 2 - 7 days. Incrustatiorns
cén be obtained 17 v cvaruration 1S operated with super heated steam
and 1f tne 11 or o tains Fibres. With alros® without exception all
evaporator <totrons are equinead with fiftors, which remove the fibres
in the hiquor ‘rom the wahing, A higher fibre content than 20 mg per
liter on a RO mesh screen 15 not tolerable.

[f the evapurators have stairle; steel tubes there are generally no
problems with 1ncrustations on the steam side of the Same.

In Sweden all evaporators are equipped with stainless steel tubes.

The most common methods to wash the evaporators is to replace the weak
liquor to evaoorator 1 with water, condensate or mixed liquor, which
s allowed to pass body 1 and 2 and them pumped to the thick liquor
tank, weak liquor tank or mixed liquor tank all according to change of
the solid content. The wash liquor can also be circulated within the




pvaporator ' and 2 during the washing itself. The whole time the eva-
poratorstatron as oberatong with Jimited Tive stean, which means, that
a certain amonurt 1s eve,orated from the firs* two bodies and also from
the three last ones, in which the liquor is run as usual.

ihis descrited wash Lystim is not particularly qgeod in respect to en-
vironmental o)) 2ta0n. For instance it mxed liguor is used for the wash-
ing, metharn! 11 enter the wrong condensate, Furthermore the station

g disturnes oo mucn and there 15 a risk of dry substance carry over.
With this washing method tao liquors do not enter the erdinary tanks and
therefore thare 15 also a ris. to overtlow these. [t 1< necaessary to

meintain a <harp control of the washing during the two hours it lasts.

To remove 1ncrustations of silica, lime nr fibres by this washing method
cannot be done. The cleaning of the tubes must be done mechanically,
through high pressure hose or by special c¢nemicals.

Dry Substance Carry Over in Separators

With respect “o increased BOD material in the cordensate, but also be-
cause of economical reasons a reduction of BOU from 300 to 100 g/ton
cvaporated water has becn achieved in some miils,

Befure in order to reach 300 g/ton it was a question of dimensioning the
expander vessel large enough. The conditions required was also that the
evaporator were operating evenly and without pulsations.

One way to improve the conditions is to return the liquor, which is se-
parated, when the vapor from one body goes into the steam distribution

chamber of a following body. The inlet can be arranged tangentically or
radically.

By this methods the amount of dry substance in the condercate from res-
pective bodies can te halfed. The cost for making this arrangement is
neglible, as only a small pipe with a seal for the returning of the se-
parated liquor to a suitable point in the evaporator can be installed.

The same or even a better effect can be achieved by installing a cyclone
in the separator.

A further step towards a cleaner condensate is achieved, if a secondary
separ2tor in the form of lamellas dimensioned for the vapor volume is
introduced after the primary separator. This one can be placed in the
separator or in the steamline.

A degree of separation of about 90 % can be achieved by these arrange-

ments. The following can be concluded regarding the dry substance carry
over:

- The primary separation steam - liquor should be improved according to
‘certain recommendations
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Table 62:1

Pulp prod ton/day 300

Preasumptions

Evaporator caepac:ty ton/h 100

Before drop senarator:

Dry substence loss g/ton evap 200

Dry substance loss kg/ton pulp 1.6

Type of separator Demister Lamella separator
"single"” “improved”

After drop separator.

Dry substance loss g/ton pulp (100) 25 2

Dry substance loss kg/ton pulp (0.8) 0.2 0.2

Pressure drop mmw s 60 20 80

Gain BOD7 kg/ton pulp (6.3) 0.4 0.5

Pulsations in Evaporators

In order to prevent’pulsations in evaporators the following points should
be observed:

- Great care should be taken when planning the control equipment and the
systems for air releasing and the planning of liquor- and concendaste
handling

- Buffer vessels for the liquor between the single evaporators should
be installed. These can eventually at the same time be made so that
they can function as expansion vessels,

- There should be possibilities to add certain evaporators cool thin
liquor quickly if necessary.

In general the contrnl equipments equipment has the objective to assist

the ooeration of the evaporators so that an optimal utilization of their ca-
pacity and at the same time as much as possible eliminate disturbances, whic
among other things can cause carry over of liquor in the separators, can b:
achieved.

An optimal utilization of the capacity means that the pressure of the live
steam and the dry substance in the thick liquor are kept at such a level,
that the frequency of washingiof the evaporators maintuins acceptab:e.




The pressare 2a e the S tece condersor has d great mburignce.

Coneyiry e S, hie, e it s bk tgena randancate Tine
SOtat or e g L ey b yertad tn tre o
r otk e, cooentee e e e bected s gty cogntrply
are requircen e edey b yppt coy ek oac dry eyaparatior in
mair ly the b canr e e e g ar pompe £ e h bodes sto; .
the "o 0 en b et by T, e hgt ot o

by et ' C o

With e Lt o oty ot et f 2 bt £ 0% can be
avhvege o Uy gl toont oty Lonared mitrarts gn Jerera)
doho o tor oLt gt e mae bewr angtalled, A calculatoor
“how., th. ! CLb oty particularly niah foe tnp ipypct-
L T O B LY TL O T T TR S S SFUTTTRVINY SR e
aalite g T e e oty o whYch e e ey Yoager e f -
| G O TP S Ny, ! CSUL e O G et

TooThe ey ol mnce cont it Viguar a0 the Vel tner evacoretor-
are Choses st en ther g C1aad D gude thacerers, The ros
of difacult v astatces an the 1oLt tady can then be roduced. The
forced Corcalarion apbor e use . are we hed alternatively, Thus they are
made so that o rgher v otatior s dccaring,

2o Ttwill be eas o0 w0 avern the burming of tha liquor in the recovery
bovler, heoa e the e e 0f et e or particles in the flue -
ses wirll Le ey,

3. Theoretically o proner pecitic load of the recovery boiler can be
allowed. "hrc & "1 mean o reduced investment cost for the recovery boil-
ter. Itois difiyo it to cetermine how much the load of the boiler can
be increased. towevor vt o, not to optimistic to calculate with an
increase of ¢ 'y 3 4,

4. The temperat oo will be P oamer in the lower part of tke furnace. There-
by a hiaher decrer ot reduct o (an e encountered. At the same “ime mos
possthly the cortent of 0 ygnich causes corros on, can be reduced.
Furthermore the ontent of b5 in the flue gases can be reduced, which

Ts valuable from the point of environmental pollution.

5. The ric<k for a so called "black" hearth will be exceedingly small,
which will mean improved operating conditions of the recovery boiler,

The conclusion is that the evaporation to a high solid content (~ 65 %)
can be recommended.
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Proess Technyo,e

Wner manufact.oira sulphate pulp at several points of the process evil

samllirg qusr o0 condensates are formed, Tne smell 1s cauced by the
Gulpr e e eoard arganic sulphides. The condensates nave N o(er-
ty o e ey Covqeal oprywn caneymptaen, which s Wa1n1y causec
b, o T ) VL ey met g

The s o el gy the sordemsates are @n gpparent environ-
Mt e e e s e teng nave heen aeoveloped in grder to reduce
Creovont e e e eyt eonment ang the rectoients. Several of the
wwritigk o ok eyl have already  or planning  to ntroduce some type

v

L8 oeeard oo sonsats e “ioatien, 0 the following a short description
with general eircinles for cuch systems 1s given.

Ndornys and ro e consuminn sondencatec are formed partly during the
CoekIng and jartiy 2t the evaporation of tne licuor. Together they have
an oxygen cont ootron of 11 - 12 kg K00, /tor of pulp. However, the dis-
tribut1on be*weor the diaesters and the evaporation depencs upon the
arrangement ¢ the digesters. From a continous digester the condensates
hac a lower o.ycon consumption than from batch digesters. The reversed
conditrir vs tavnyailing for condensates from the evaporators. The distri-
buticr ©f the «-yger consumption in ‘' evapc-ator condensates 1s such
that 1/% of *his falls upcn the conder wates from the evaporators.

A gereral principie n orcer to reduce the environrintal influence of the
condencates r< *n try to separate these in the first place and reuse then
in different places wn the process. The separation of evaporator conden-
sates is basecd on the fact that condensate from different apparatuses are
differently contaminated. In the following table fig 54:1 average values
for flow and amounts of contamination for the essential types of conden-
sates are given, This values are valid for a mill with continous digester
and the liguor flow in the evaporators is 3-4-5-1-2.

Figure 54:1, Flows and degree of contamination for different types of
condensates from a mill with a2 continous digester

Condensate from Approximate 80D Sulfur compoundec
flow ton/ kg/(on kg S/ton pulp
of pulp of pulp

Flash tanks (a) 0.4 3 0.1

Terpentine separator  (b)

Apparatus 2 and 3 (c) 3.2 0 0

Apparatus 4 and 5 (dy




fondersate fro Approsiiste BOD{ Sulfur compounas
on

flow ton/ kg/ Kg S/ton pulp
of pulyp of pulp
Sartace o e (e 4.5 7 0.2
Sevondary o e o \f/
Vao cu o e (g 0.3 Z 0.3
Tatal 8.4 12 0.6
Red s Ui [T N AN i i\,«.]\,_H_"-'J' fff‘._t_n‘n_ts
Srlppt T wrav b e SEL Godon
Auswal notr ot 5 oty cooudensate is to lead the flows from the di-
gesters, wov vy ol rsor and thee vao am opump pit to a still column.,

Togehter they make about 0.7 ton/ton pulp.

The <tr11 column, tn which the condensates shall be freed from the sulphur
compounds, i aiternutovely a separate  arrancement as in the figure

below or Cun be 1 tegratod with the evaporator station. in the first al-
ternat ve tne hu:umu‘r‘ operated with live steam and 1n the second :i.er-
native w. th stean r—teased from the liquor. When Jive steam is usec tne
consumption or tne sarme 'S about u.d ton/ton of condensate. The purifica-
tion effect 1n regara t) metharol 1s about 90 %. The release of sulpnur
compouniis Wiil 50 nearily coaplete. The released gases are lead to the

lime k1ln or a svparate furnace, where they are burned.

The purified conderisate can be reused in the process 3is a replace-
ment fur warm wator suitable as wdasn water in the wash roori, screen room
or for tne sludye filter.

The metranel contarring conuensate from the latter part of the evaporator
station can Le raused 1n tne wash room or in the caustizing plant. When
using 1t four wasaing of pulp 1t is necessary to limit tne guantities so
that they correspond to the dilution. The showers in the filters should
also be su sectioned that pure water can be added in the last shower.
About 40 % of thus added methanol quantity follows the black liquor back
to the evaporators, 40 % goes with the pulp and most of it goes then to
the sewer, whiie the rest, 20 % evaporates to the air.
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In this case the stripping column has been integrated in the evaporator

station and is operated with a
first effect.

part stream of liquor steam from the

In the case there are several evaporator stations the
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collected amount of condensate is so great that the whole steam flow
i< meeced *rom the first effect in one of the statrons in order to
cperate the column,

When (oblect g amt transporting the odorous cases 1t should be obsered
‘nat *hey Sn mixture with air are explosive within a con entration 11-
et by tween ahout O e 90 1, Because of safety one should therefore
work w0 o Ltet ca e under 2 b or alternative’y with highly cencen-
trated ases,

In orc:o to decredse *he rick for explosions and reduce the damages which
may be au-od @ compination of arrangenents is used as flame guards,
explosine ¢raphrames, liquor seals, velocity quards, locks, automatical
air releases ete. I systems where concentrated gases are handled a sligh:
over prossore should he maintainad in order to avord leakage cf air inte
the <ime, “he dimensicen of lines should be chosen so that the velocity

of the gas with ar. ample marginal 1s maintained greater than the velcci-
ty of burning.

Except for the risks of explosions it should be observed that the odorous
gases are poisonous ever at relatively low concentrations. This is espe-
cially applicable to hydrngen sulphur. In order to minimize the risk for
poisoning the system should be so formed that eventual leakage of gases
from the same can be taken care of by ventilation and the gases diluted
to mot dangerous concentration,

Burning of cases in the lime kiln has several advantages. First of al

a complete oxidatinn of the sulphur comiounds takes place and therefore
no special measures are needed in order tc avoid the escape of the formed
sulphur dioxide as this is absorbec¢ by the lime. In order to el'iminate
the explosion risx :ke gas should be diluted with air to about 25 % of
the lower explosinn limit before the gas is introduced in the kiln. This
can simplest be done by mixing in the same with the combustion air.

Alternatively the gas can also be burned in bark or 0:1 furnaces or in a

separate furnace. However, some of these can be of disadvartage when dis-
turbances in the operation of thes~ furnaces ocCcur.

Liguor Burning, Causticizing, Lime Reburning

- . . . - . e . W -

The effluent discharge to receiving water from a soda recovery plant
should in a wel! operated mill be very little contaminated. Mainly it
consists of sealing water. The wash liquor from an eventually installed
scrubber is diverted to the causticizing plant. Almost neglible amounts
of chemicals in the produced warm water in the scrubber is for instance
diverted to the bleach plant.

From process technir.! point ?f view there is no necessaty to discharge

v
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water from the cauct: oorg plant to the recipient except from the
points, namely e owa b v of arety fram slaker-o lacsfier ant qada
sludqe or qreen liguor o0 jqe from *he edimentation in g areen 13-
quor clarifier. The areen liqunr sludae 1o washed with weler in a Se-
parate washirg *onie o o special woashing sludge filter,

The snda 1ot o0 vy vl ok ey of yror and other feeavy me- {
tals. Trromn e e gt s T fram tne cystem a bullt up of these '
Mmetals o tro L e Cootvye o Howeyer oo tre s ludoe 15 Nt so

€asy Lo wd''e ar L gttricLit o et o0 A Small quantity of glkaly and '
alkaiv ~ulypra o oh g Lo T amenrt of T or Teavir y toqgetrer

with the <oda slofge caronoona oy be of the magratude of 0.1 ton/ton of ‘
pulp. [

Regarding eff) vt the yocaprert from the lime reburnirg there are
risks for over “loue frae rainly Sl ie silog and o] terks. The qreatest
discharae «f e uent g nogneyer comaorg from the <orgbher, Fram a scrubber
of the Peabuidy i re nr gl il e ot g ngae eagnt e tha arger

of 100 - 20 m’ b« the g o o at 00 tons per cday.

Soda Recovery ‘Hniler

The soda ~ecovery hailer 1 sine of the most air polluting sources of a
sulphate 111, A lut o nterest hes been devoted to the same by the
SSVL preyect. A pracert “amngtor cnntral 0f the soda recovery boiler”

is beinn carvied cut 3t G vnn's sylohate miliL In connection with this
Project an improved conctriction of the furnace spray nozzles has been
made by which ‘he amount o liguor can easely be varied. How the cond -
tions in the boiler )hf]uvhgxs the primary emission has also been stuidied.

The ameunt of soda dust wnich follows the flue gases from the furnace is
of the magnitude of 50 - t0 «g/ton of pulp. Most of this dust is sodium
sulphate. Sodium carbonate and sodium chloride are also present. The chlo-
ride content is of course dependent upon the chloride content in the black
liquor system. At a tho greast g excess of air a sticky dust can be ob-
tained, which sti_«s to the heating surfaces and thereby decreases the
heat economy. "nis is considered to be caused by the forming of sodium-
hydrosulphate. A high content of chlorides can also give a melting point
depression of such a magnitude that there is a risk for stickyness of

the dust.

PRl g A L T L T

Interesting studies of a new soda recovery boiler installed in Gruvon
mill, Billerud AB has been made, which was included in the SSVL project.
The objective of the same was to construct a control system, which uti-
lized the ordinary equipment in such a way that a high and even produc-
tion was maintained and that the emission of unburned sulphur compounds
(H2S) was minimized.
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Process_Description

Gruvons mi 1l produces about 300 000 tons of sulphate pulp and about

130 000 tons of NSSC-pulp per year. The row material for the sulphate
pulp is mainly pine wood and small amounts of spruce wood. The NSSC-
pulp is snlely made from birch wood.

The recovery of black resnectively "red"” ligquor from the two different
cookinn prozessas ta-es pliace in a compined recovery system so called
"Cross Recovery System" according to the figure no 60:1  below,

Sulphur sddition

!

KaOn
| ”'—_‘—'1
roaitton 1 wsse-tiwer : - |
proparation f 2 NS3(-digaster ——————— i NSSC pwlp -m‘—-——
i tiquer !
Noet owighwrie seid
" fran tall ofi plart
e Suiphete sd¢ition
Seds resevery
T boi lor | Gvaperstion
4
Cavsticizing Suiphate Sulphate puip
T 7™ Liee sl i —
‘::hl‘.ll‘” digesters wveghers
Red liquer

Figure 60:1

In the table no 61:1 on the next page is shown the chemical composi-
tion of cooking liquors and respective black and red liquor.

1
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lable 611

White liquor Black Yiqonyr NSSC-cooking licoyr Red liquor
Mol 7 Werght 1 Mol % Weight 1
(Nau“‘,2 £ ,A C 31,4 (NaUH}L, 8,5 C 25,3
NaZCOB 14,5 e 4,1 NaZCO3 19,6 H 3,3
Nazs 24,7 0 34,1 NaZS 12,5 0 43,0
Na2504 2,8 Na 19,6 Na2503 50,7 Na 18,2
S 3,9 NazSOA 8,4 S 10,2
Na28203 2,3
100,0 100,0 100,0 100,0
The analyses of white liguor is based upon: Degree of reduction 97
Degree o* Causticizatiorn €2
Sulphidity 30

Cooking ligquor for tiue sulphate process is white liquor made in the con-
ventional way from green liquor recovered in the recovery boiler. The
cooking liquor for the NSSC-prucess is made from green liquor from the
soda recovery boiier sulphite enriched caustic soda, which is obtained
ir 8 gas scrubter by abserbina S0, in the flue gases €rom the recovery
boiler in a NaOH-solution, and of‘added chemicals. The latter are com-
pensating the chemical losses, which is different from an ordinary sulp-
hate mill where these are comnensated by sodium-sulphate.

Under ncrmal production conditions the chemical part from the red liquor
is 158 % of the total dry substance amount to the evaporators. At distur-

bances in the production of sulphate pulp the share of red liquor can
be higher.

The variations in the composition of the liquor are normally slow due to
large storage tanks between the digesters and the soda recovery boilers.
As the red liquor is directly mixed into the black liquor, the relation
between red/black liquor can vary considerably,

- . o . e o L S L



Evaporation and Recovery Boilers

The evaporation of the liquor is carried out in two conventinnal 5-
stage evaporater stations cach with an eveporator capacity of about
180 tons/hour. Additionally there are two booster evaporation thick-
ners with ‘orcet carculation which increase the dry content of the 1i-
quor to aboyt t4 . The evaporator stations are run in parallel with
the utrhiz:tion ot mutual storage and sodp ollect ng tanks for weak
Higuor, mised Yinuor, seconary liguer and thick liguor.

) tonstrartion Detsils
nv
o The injection of liguor takes normally place via one or several sprav
nozzles. Because of the size of the boiler the same is equipped with
two movable spray nozzles in each opposite wall in tho furnace. lhe
y greatest prohlem is arising every time the load of the boiler has to Se
T cthanged, and the spray nozzle must be shut off and ta.en out *o0 he re-
' Placed by a nozzle of a different size. This means great disturbances in
the operation of the boiler. Therefore a variable liguor spray nozzle has
been constructed, which can considerably eliminate this problem,
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Figure 62:1
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Gradually occuring coating on the spray nozzle distribution plate can
cause variations in the distribution of the liquor. In order to prevent
this the combustion air is supplied Lo the furnace via a great number
of air ports, which are mounted in the four walls of the boiler at four
different levels.
ﬁ Flue gas
|
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The two lower levels of ports are connected to one so called ommary

air fan and the two upper levels to a secondary fan. The opening of

each air port can be manually adjusted. Furthermore before the air

ports there are a number of manually handled dampers, with which indi-
vidual air pressure can be adjusted in different air registers around
the boiler accoring to the judgement of the cperator of the boiler. In
practice it is difficult to reach an even or against the liquor injec-
tion corresponding air distribution. Gradual build up of coatings around
the air ports influences furth.ermore the air distribution. One has tried

¢
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to solve this oroblem in two ways, vartly through intermittent and auto-
tical rer ove of the formed coatiny, partly to prevent or to detain
the formation o* plugs in the air ports.

This is done by letting the air blow over the surfaces or places where
coatines ars rominning to form, The ports are therefore provided with
an incert ) wreo ig made tight against the air reaister front. A ring
formo s (oluy 1s formed petween Lhe insert and the normal port. All

atr iy bluvr cnro this cotumn. Consequantly no air 19 blowing wihtin
e rsere s e g il low avr strean s formea. Sce the follwwng fi-
cure mn o C0 0 whicn snows the proncinle of this arrangoment, Tne air

incert i nrovided witnh a sharp edge in the front. The 1nsert can be
mingally moved o far ia past the center of the tubes that the formed
coat g can Lo hrushed off.

Figure 64:1
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The atr pressure obtained at the most upper air level is often too low.
In this place the best possible mixing of the air with the flue gases
is desired in order to Leep down the HZS-content in the same,

If the soot-blowing «ystem 1¢ not correctly dimensioned areat problems
with cloggire, 0% the cognomiter part of the boiler cen arise. Certain
close sectinrs in the flge qas channels have alsn been the cause for
cloggings, woich Timite tne capacity of the hoiler. If this is the case
the channulf haye toeo he altered arad a higher precsure in the soct-blowing
apparatuses used,

Circulating sourum sulphate powder coming partly from the ash pockets un-
der the eccnonicsors partly from the electro-stat:c precipitators 15 as
usual mixed 1nto the liquor hefore it is sprayed inte the furnace. Varia-
tions in the amcuat of poweerresult 1n a varying chemical composition cf
the liquor spray, whicn caus: disturbances in the operation of the boiler.
In order to cdecrease th-ose variations the order in which the soot blowing
dapparatuses are heing used, has been spaced in such a way that the best
equalization has been obtained, Thoere are two separate computers ¢n :ich
side of the boiler which requlate the soot-blowing apparetuses. Two soot-
blowers are always working at the same time, but they biow different parts
of the economiser and/or superheater,

The following figure no 65:1 shows the arrangement and a flow diagran of
the biggest recovery boiler 1n Gruvon mill,
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Main cates of the soda recovery boilers at Gruvon mill

i3 14
Nominal capacity tp 90/day 375 760
Talculated maw caunacity " 450 1 0:¢
:\'_‘,' suhutance oy tOn/h 21 4:
Seears e ey ahs press 34 65
Stean fenpratura _ . ol 380 G
Fecd wator termpera® ive oC 115 144
ATE teaperature after air preheater oC 120 140
“lue gas temperature after economiser oC 125 15¢
Steem production ton/h 76 15¢
Flue gus flow ... AU Nmd/h . 110 000 216 070
P-air far flow Nm3 /h 62 0CO 130 C°
-air fan pressure mmis 280 465
S-air fan flow Nm3/h 62 000 130 COCC
S-air “an pressure mgws 480 613
Combusticn surface m2 2 340 5210
Furnace area m 50,58 x 11,5
Furnace height m 16 22
Furnace volume m3 805 2 000

A similar soda recovery boiler installed in Varo mill is shown in the
attached figure nc ¢é./

7}
Results Obtained

The study of the control system started in may 1973. The following sum-
mary of the results obtained can be mide.

Capacity ,

The boiler has been operated steady at a load corresponding tv .JO tons
of sulphate pulp per day. At few times the dry substance flow corres-
pondec¢ to about 1 Q00 tons per day.

Th2 capacity was limited by the air fans and also earlier by clogginrgs
in the econcmiser part. After installation of tertiary air fans an im-
provement was achieved and there were no limitations caused by air flows
or by the load of the furnace itself,

Degree of reduction

During a testing period the average degree of reduction was 93,8 % ¥ 3,5
%. The boiler was during the same period working at a constant 1oad
of 85 % of its maximum capacity.

]
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Jeqrve of efficiency

Eased upor muasured data the degree of efficiency was estimated to
about 7+ &, 1% kg of sodium sulphate per ton of pulp was then added.

S0,-tontert ir the flue gases

Treogyerane | clye for the S0p-contert before the -crubber has been arourd
1 00 mg /N Great variations have, however, occured, ~ven when the poi-
Yer ras been «neratrd with nther noticable variations. In the scrubber

ahsut ¢0 . of the 5“2- gases re absorbed,

HyS-rontent ir the flue qases

A* periods wnhen the load has been around the nominal capacity tre H,S-
emission has been very little. The main reason for hinher HpS-content
has teen the over loading of the air su,ply system. H;S emission of tem-
porary duration can be caused by the following reasons:

change of liquor spray nozzles adjustment of air €low
cleaning of the nozzle plate formed caves in the hearth
cleaning of air po-ts fall downs of liquor lumps from
adjustment of air ports the wall

Conclysion

The project study was carried out with the help of a process computor,
which had great advantages as several alternative control strategics
could be tried. The following conclusions in short could be made:

$
1. Through better “howledge of the behavior of the recovery boiler, ac-
curate control and thorough supervision the boiler could be operated more
even. This has contributed to a reduction of air polluting emissions from
the same.

2. The best result from both process and environmental preservation point
of view was obtained if the steam production was held as constant as pos-
sible. Thereby variations in the furnace temperature, the size of the
hearth bed, smelt flow and emission was equalized.

The presence of hydrogensulphide in the flue gas depends upon uncomplete
combustion. In order to el‘minate the hydrogensulphide in the fluegas it
1S required that:

0,-content in the flue gas is high enough (in general 3 %)

tge mixing in of air in the upper part of the furnace (tertiary
air) is good

the boiler is operated as even as possible

temporary disturbances due to manual operation of the boiler are
as small and short as possible

A1l rapid adjustments, both ma'nual and automatic, should be avoided, as
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they in general cause an increase of both 502~ and H,5-content in the

flue gas temporarly. e

3. The main points in a control system for a soda recovery boiler can
be summerized a5 follows:

Variations n the physical and chemical properties of the supplied
Tiquor stall b cgualised hetfgre entoring into the boiler furnace.

The toad flus of e, wnior ds nearly prooortinnal o the cteam
procbe sion, seall U T g constant as posscble. Variations in
the cscrag of iy D5 - antent an the flye aes) depanding unor ya-

riations in the (henice! cornsition of the Yiquor, shall He com-
pensatesd by contralling tne oir and the Tiquor ' Flow, [4 the ai-
pressure can be held cons*ant at the same time as the air flow

is varved a variable blacr liquor spray 1s reauired, The soda dcw-
der from ash poceets arad from the electro static nrecipitator
should be collected in a container ané from this in determinad ore-
‘portions fed to the Ylace Tugor.

Eventual equalization of the variations in the SN_-content in tre
flue gus should be done hy adenuate adiitions of Enemicals to tne
liquor, as an even sulphide content in the smelt and at the same
time even SCy-content in the flue gas only car be achieved if the
relation S/Na in tne ‘njected liquor is even.

Extensive adjustments of the production should be followed accor-
ding to fixed schedule, so that relations between liquor and air
flow as much as vossible are maintained.

’

One has otserved va;"iations between different recovery boilers and dif-
ferent operations of the same in the sulfur emission, which are difficyl=-
to explain. The objective of the study of the recovery boiler in Gruvon
mill has also been through dotailed measurements in a recovery hoiler ang

calculations of the balance for acdequately small parts of the same to try

" to describe the soda recovery process. In consideration to the high tem-

peratures it is likely that the chemical reactions in the different par+s

of the furnace will reach almost equilibrium. As a consequence of bad

mixing in the boiler and of the high viscosity of the gases at existing
temperature most likely, however, there are inhomogenities as well ho-
risontally as vertically.

Furthermore the objective for this investigation has been to establish
basic facts, which make it possible to estimate the effect of different
changes in the operating conditions regarding emissions of sulphur (S)
and sodium (Na) and the possibility to control and also reduce the same.

One condftion for the investigations has also been to study the recovery
boiler under normal operating conditions, that is at nominal load.

The figure no 69:1 on the next page demonstrates the measured flows of
]
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sodium and sulphur at normal conditions. The width of the arrows 1
corresponding to the magnitudes ot the flows. The rectangle 1ngicates
the recovery boiler itself. The figures, which in/icate the s ;e of the
emission, are expressed n per cent of the amount of sodium re nective-
ly sulphur in the thick black liquor 1njected in the furnace.

Liquor DS content 60 9%

/o s =[]
Air ratio sec/prim. 027 Ne-
Excess oxycen 45 %
Load 100 Ibs.DS/sq.f1-h
S 759
Ne0.5%
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Figure 69:1 Flows of S arul Na in the recnvary boil.:
under narv.:! ewating concitions
(nominal 1;‘—,«;.

The total emission of sulphur and sodium consists of emissions from the
bed of the smelt and from the seconday air/liquor injection level. Nor-
mally the emission from the bed level is somewhat less than that from
the seconday air/liquor injection level.




In the flue gas channele ahout 1/5 of the totally emitted sodium pow-
der is separat:d and then collected n the soot or ash pockets. The

main part of tre remaininag rest 1y caught ir the electro static preci-
pitators. The total separation of powder before the scrubher 15 about
95 1.

In the table below the romposition of the smelt in Lthe bed and in the
spout is indicdated

Table

Bed Spout

Na2C03 mol i 59,7 (35,8) 59,8

NaZS mol % 33,2 (56,0) 31,8

: NaCH mol % 6,2 ( 7,2) 5,6
g Na2504 mol % 0,8 ( 0,1) 2,5
) S mol % 0,1 ( 1,0) 0,3
¢ Carbon weight % 5,0 (6,0) 0,5
’ Degree of reduction % 97,5 (99,8) 92,0

/

The composition of the smelt coming from the spout is fairly constant.
The degree of reduction is lower in this smelt than that one in the bed,
and it varies more.

; . The composition on the bed is about the one given in the above table. In
: general it applies that the process chemistry of the recovery boiler with
fair approximations can be described with "lokal" chemical equilibriums

1 in regard to for instance the bed, or part of the same, and the adjoining
i gas phase. The temperature in the bed is in general nearly following the
i melting point curve for the system NapS - NayCO3. Therefore besides flow-

ing smelt there exist solidified "smelt" in the bed. It is assumed that
this can contribute to the termal and physical stability of the bed. At
complete solidification (temp = 750 OC) a rich NaC0,and a rich Na.S solid
phase precipitate, which is normally so well mixed, that a sample taken
from the bed Shows the original gros composition of the smelt. Locally
in the bed a segregation can take place because of differences in densi-
ty, so that single sample with deviating composition, e g high Na,S-
content, can be found. The column with paranteses in the table exgmpli-

} fies this.

The content of carbon in bed s about 5 ¥. In the case the bed has an

’
e
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unnormally low temperature, as in "black” spots, the same is in general
higher. In one sample taken out from the bed a carbci content of § % was
measured,

The condition for a forming of carbon takes place when all the water has
been evaporated from the thick black 1iquor when 1t is falling down *o-
wards the surface of the bed and that at the <ame time the temperature

s lower than £00 0L, Tre precipitationr of carbon is thus depending on

the temperat re, and it is tasing place near the surface of the bed, wher.
"black” <pats are tormed.

Tre sulphir as hydrogensulphide from both the bed and the liquor partic-
ies emits 'o the gas pnase above the bed. However, when passages are very
much formed in the furnace, the degree 0 combustion can locally be high,
which causes sulphur dioxide to be formed. Sodium emits primarly in the
form of gas as Ne and “aOH, which then <ublimates and forms the pracder.
The composition of the cas and the powder above the bed is shown in the

1

Tullowing table no 71:1,

- e .. . .. ..

Table 71:1
Measured Theoretically calculated
H2 s 03 s
HZO ’ 4 12 %
co 6 5%
CO2 13 14 %
02 5 0%
N2 58 65 %
CH4 0,! 0x
H25 300 365 ppm
SO2 ] 1 ppm
Na 1,8 1, 5% of added Na
NaOH

In principle the gas in the furnace is in equilibrium. However, passages
containing partly not consumed combustion air exist. Traces of not burned
gases as Hz, €0 and HpS can alco exist. When the relationship sulphur-

v




sodium is sufficiently big the powder exists almost entirely as pure
Na in the upper part of the furnace. The amoy... of carried over
1Guor particles are quite small,

How the temperature is distributed in the bed 45 well as in the verti-
cal part of the furnace 1s of special interest, The figure below de-
mons trates how the temnerature 15 distributed when taking a cut through
the bed. From *he syme one can divtinguish three zones. The hotest zone,
the white ring, arise~ ot those nlaces, wrere the orimary and hich pri-

mry air are bitting the be ! survane,
the air jots *remidd s nart wiil be souevhat cnoler.

fncouyse of the Timited reach of

ihe air will also

not reach the ‘irnace walls and bLecause of the cooling effect of the

walls the temperature will be lower.
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DISTRIZUTION IN CHAR B7D
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Figure 72:1 LspoutV M.spoutV Rspou?"Jf

In the next figure no 73:1

it is shown that the distribution of the

temperature is important, Through analyses of gas samples taken from
Places above parts of the bed with different temperatures it has been
found a distinct dependence upon the pressure what concerns the emis-
sfon of sulphur. With the assistance of the temperature and the local

’
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Jegree of combustion above respective parts of the bed it s possible

to make a fairly good estimation of the maximal respectively minimal
sulphur emissions from the bed.

A normal dis*ributinn of the temperature in the vertical part of the
furnace is <town 1n figure no 73:1.

T+ - T = Tert. air .
S = Sec.air
P = Primary air
. BS - Bed surface
B - Bed
|
S

L

00 1400 1600 1800 2000 2200 °F

Figure 73:1




The ?rey field indicates the spread of the temperature in respective
levels. The thick “lac: rurve indroater  the averaqes, The figyre in-
dicates that there are two temperature maxima, one at the surface of
the bed and one ar iund the <secondary air level. Between these there

1s a minimum near **e area of the prinary air level, The maximum of
the temperature - eventually in a thin gas layer Close to this - de-
pends upon the rea taon of carbon to carbon mornonxide, which is strong-
ly exotermical. At the final combustior around the seconcdary air level
also strona wsatermine 0l pegetiong ake place, as burnina of carbon mo-
nooxide to cartun Lo ide @t hveroger to water  vapor,

The profile of the torperature yncreasi s in width at the secondary air
Tevel which 1y~ e« *nat trae are hemegen: bies in the different

partd¥iin a cut nt rosd Tthe furnace, Conseguently there are also dif-
ferent demyces of ovraution 0 the qame, By studying how the profile 15
getting m re rovvow Voo Ly 0 tne furpace, one can gt en idea how

well the comb cticr Aty has heen dispeened, and consequencl, alse about
the homogenaty in “ne Jast stage of the combustion of the tlue gas.

Conclusions

1. Theenission of sulphar and sodium originates both from the bed and
from the neconiary air/liquor spray level.

2. The eniissions of sulphur dioxide and hydrogen sulphide consists of a
smaller port of thee total sulphur emiscion from the hoiler. The main
part of the sulshur “ound as powder of “he emitted sodum, and only the
rest will emit ir a gas form. Relatively small changes in the primary
sulphur and sndim enjission can therefore to a great extent influence
the S0, emission. .

3. Primarly the sulphur is omitted from the bed from those areas, which
have a low temperature. An essencial part of the sulphur emission is create:
in the liquor spray level.

4. Sodium emits to a large extent from liquor particles and areas in the
bed, which have a high temperature. The temperature determines in general
the extent of the socium emission.

5. Jrregularities in the temperature increases the emissian of sulphur
as well as sodium. It is therefore important to maintain a constant
temperature all the time.

6. Increased dryness of the air promote decreased emission of sulphur
dioxide.

7. Primarly the sulphur is emitted from hydrogen sulphide.

8. Incomplete combustion in the upper part of the furnace forms hydro-
gen sulphide in the flue gas. In order to prevent this besides an ade-
quate amount of air an effective mixing in of air in this part of the

furnace is required.

/
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From environmenta! pollution point of view it s necessary to study

the soda recovery process as well as the whole sulphate process itself.
It is obvious that more sophisticatec methods are required in order to
control the sulphate process. In certain cases perhaps an entirely new
control technique must be applied. It does not seem rigit that the los-
ses of chemicals 1n the differea parts of the sulphate process shall
be compensated juc! in the recovery boiler. Perhaps the losses should
be compensated at those points in the process where they occur, and
thereby resulting in a better control of the chemicals ~irculating in
the process.
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BLEACHING

In order to characterize environmental polluting effluents to the re-
cefving waters (rocipient’ such *erms as hiochemical oxygen demand [(ZC00°
colour (Pt), «hemical o.yaen demirnd (COD), total organic carbon (7000,
"lignin®, <uanded roterials (S4) and 50 on are used. Our owled o
about the rolitigne hetween theye factors and their inflyence aDnn the
environment o oguite ircomnlete. Thorefore efforts should be made to

establish *b o redar oo The ritiheds of measyrement are encurnered
with quite 3 1ot of oorianti o oon cortein cases. (his is especially
true for the ooterningt n gf 3 yoof certain effluonts,

In the followarg tableor o 7601 envirenmeital polluting effluents from -
d relaviely rodorn sylibate mill with a conventional bleach plant ard
condensate treatment ar: Jisted.

Table 76:]

—

Source Discharge kg/ton of 90 % bleached pulp

80D, Colour (Pt) "Lignin"

Digesters - washingf— screeﬁing 4,5 15 5
Condensate 2,5 - -
Bleach plant 13 165 44
Temporary discharges 3 10 3
Total 23 190 52 o
The share of the bleach plant % 56 87 85

Among the factors, which are of importance in regard to pslluting eff-
lvents from the bleach plant, the following can be mentioned:

The content of Tignin in the unbleached pulp
+ The degree of washing of the unbleached pulp

s g ol e oy < = v
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The carried out conditions during the bleaching as
degree of delignification in the primary bleaching
used bleaching chemicals

bleaching sequences

temperature etc
final brightness and strength properties required

Furth:rmore to a certain extent the degree to which the

bleach plant has been closed and the filtrate from wash-
ers h:s peen broscht back in the system has also an in-

fluer-e on the environmental pollution,

How effluents from a bleach plant is influenced by the Xappa number of
the unbleach -d pulp studies have been made in a laboratory, where a serie
sulphate pulps with Kappa numbers from 23 to 45 was made in a laboratcry
digester. Th- following conclusions could be made:

The colour o° the effluent is linearly depending upon the release of *he
lignin which is presumied to be directly proportional to the lignin con-
tent of the oulp. The colour intensity of the effluent from C and £
stage is given as a function of the Kappa number of the unbleached pu'p

in the following figure 77:1,

zso-r
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Figure 77:1
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The BOD, of the effluent from the C and £ stage i1s also linearly de-
pending upon the release of Tignin. Mixing in of chlorine ciaxice
sults in a lower BOU, in the effluent, about 1 kg/ton of pulp lower

over the whole interval of yield. The total BULy; as a function of the

Kappa number is given in the following figure no 7§:1.

104
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% 30 3 4 )
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Tolal 6X3_ fréu pricary blecauia] of wablesched

sulphate pl‘o with Jifferent Kipps mumber

Figure 78:1

By increasing the delignification during the cooking it is possible
to reduce the environmental pollution effect of the bleach plant.
How far it is possible to go is among other things depending upon
which pulp quality one tries to produce. Naturally it is depending
8150 upon the cost of wood and chemicals and so on.
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How much the unbleached pulp has been washed influences among other
things the consumption of chemicals during the primary bleaching and
also the properties of the effluent. / laboratory investigation was
carried out with a well washed sulphate pulp, when the wash losses was
simulated by mixing the pulp with between 5 and 25 kg Na2504/ton of
pulp in the torm of Dlack liquor.

The demand of chlorine increased linearly with the wash loss at chlo-
rination to the same rest chlorine content. Each kilogram of sulphate
required 1.3 kg cnivrine and additionally an increased alkali charge
of 0,2 kg NaOH in the first alkali stage.

The BOD, in the effluent from the chlorine stage increased with increa-
sed was‘ loss according tc the diagram in figure no 80:1 , while the
effluent from the alkali stage was not affected.
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In regard to the colour of the effluent the condition is somewhat dif-
ferent. Most likely the lignin in the black liquor becomes more inten-
sified coloured through the chlorination, which is shown in figure 80:1
above. j

Factors of polluting character in the effluent from bleach plants are
mainly determined by the degree of delignification in the primary bleach-
ing (CE) and by the final brightness of the piulp required. The degree
of delignification in the primary bleaching is directed by the addition
of chlorine and alkali. The final brightness is achieved partly by the

‘ primary bleaching and partly by the addition of chemicals as hypo chlo-
rite, chlorine dioxide in the final bleaching stages.

At constant conditions in the alkali stage increased chlorine addition
results in a certain increase of the BODy-discharge from the primary
bleaching. See figure no

This fact is, however, connected to an decrease of the Kappa number after
CE-bleaching. See figure no 81:1.
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At normal chlorination (low temperature chlorination) a single rela-

tionship between ‘the Kappa number after CE and the B0D7-discharge from
this stage exists.

The discharge of BOD;7 from the CE-stages at chlorination at 40 °C is
depending upon the Kappa number after the Cf and the alkali addition in

the E-stage. AL the same Kappa number the discharge increases, when the
addition of alkali increases.

When the addition of chlorine increases and the conditions in the alkali
stage are constant a slight decrease of the colour dischar%e at normal
chlorination {s taking place, which shows in figure no 82:1.

When chlorinstion is taking place at 40 9C the colour discharge increases
in the beginning somewhat with the increased addition of chlorine. At
addition over about 1,2 x Roe number the colour dfischarge decreases again.
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Increased addition of alkali in the Ej-stage results in an increased

colour discharge at constant chlorine addition. This is valid as well at

normal chlorination as high temperature chlorination with mixed in
chlorine dioxide (chlorination at 40 °C).

From the following figure no 83:1 it can be seen how the colour
discharge from the primary bleaching changes when the Kappa number
after CE has been varied with the addition of alkali.
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i The discharge of colour from the hypo-stage (CEH) is very low in com-
parison with the same from the CE-stages. It increases somewhct vith
increasing Kappa number after the CE-stages. However, this increase is
small in comparison with the change of the colour discharges from the
CE-stages, which is affected by the changes in the Kappa-number after
this stage, which is shown in the following figure no 84:1.
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An increase of the final brightness of fully bleached pulps can result
in considerable increases of the BOD;-discharge, when the bleaching
conditions are pressed.

. Modified Bleaching Téchnique °

The total discharges of BOD; and colour (Pt) calculated on 90 % dry
bleached pulp from sulphate and sulphite bleach plants are grouped
together in the following table no

The figures are based on an investigation made by the SSVL Environmen-
tal Care Project in 1971. :

Table 84:1

8leach stage Sulphate Sulphite
8007 ~olour BOD7 Colour
Kg/ton Kg Pt/ton Kg/ton Kg Pt/ton
(5 4,6 7 5,8 25
2 4,8 138 4,7 4
Final bleaching 2,6 9 1,1 0(0,1)
Total ' | 12,0 154 11,6 66




The discharge of BOD, is concentrated to the chlorination and the first
alkali stage (about }5 1 of the total discharge). When bleaching sulp-
hate pulp the dominating discharge of colour comes from the alkali stage,
while when bleaching sulphite pulp the discharge of colour from the
chlorination as well as the first alkali stage is relatively large. Con-
sequently 1t is important to find such measurements which reduce effluent
discharges from tne chlorination and the first alkali stage.

Chlorine Dioxice in the First Bleach Stage
An environmental effect can be achieved by adding chlorinedioxide to
the chlorine stage, whereby colour as well as BOD, from the C- and E-
stage discharged to the recipient will be decreased. The discharge of
biochemical oxygen consuming substance from the C-stage increases with
increased chlorire addition. See the following ficure no 85:1.

The addition of chlorine dioxide (6 % of totally active chlorine) will
lower the BOD7 discharge about uniformly with approximately 15 %.
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The discharge of biochemical oxygen consuming substance from the E-
stage deponds partly upon the addition of chlorine in the previous
C-stage and partly upon the addition of alkali in the E-stage. See
the following figure no 86:1.
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_When chlorine dioxide (6 % of the addec chlorine) is added in the C-
stage the diccharge will decrease. At small additions of chlorine the"
effect is limited. However, at normal addition of chlorine (1,3 x Roe
number) a decrease of 10 % of the discharge is obtained. At excess

chlorination the BOD, discharge will decrease with 20 % if chlorine di-
oxide is added. /4, :

The discharge of coloured substance is concentrated to the E1-stage in

the bleach plant. The addition of chlorine dioxide in the chlorine stage
will decrease this large discharge of coloured substances. The filtrate
from the chlorine stage is, however, not affected.

At chlorination without addition of chlorine dioxide the colour of the
alkali effluent discharged will increase with increased addition of chlo-
rine. Increased addition of alkali in the E-stage will also make the dis-
charge more intensive coloured. This effect is most apparent when the ad-
dition of chlorine is rather low. See the following figure no

A pulp consistency of 6 % in the alkali stage corresponds to a discharge
of 125 kg Pt/ton at 1,3 x Roe number (3 % alkali).

The addition of chlorine dioxide has the effect that the colour does not
change at increased addition of chlorine. At a total chlorine addition

= 1,3 x Roe number an addition of 6 % chlorine dioxide decreases the

colour with about 15 %, at excess chlorination this colour decrease will
be about 20 %. :

}
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This method of adding chlorine dioxide in the C-stage will result in
higher costs for chemicals, if at the same time the temperature is
increased in this stage. However, an ir.rease in the temperature will
reduce the environmental effect. This p-ocedure demands also chlorine
dioxide resistant equipment in the chlo:ine ctage.

The difference in investment costs for rew plants compared with the al-
ternative chlorine bleaching and chlorine - chlorine dioxide bleaching
is small, as the cost for brick lining of the chlorine tower, which is
necessary in order t,g protect the same against chlorine dioxide, is
slightly higher than the cost for rubber lining of the sarme.

An environmental effect can be achieved by the addition of hypochlorite
in the first alkali stage, as this decreases the coloured substances
in the effluent by almost 30 ¥ discharged to the receiving water.

This decrease seems to be fairly linear with increasing addition of hy-
pochlorite. In the E,-stage a color reducticn of 20 % at a charge of
10 kg hypoch]orite/t&n pulp and <. 10 % with at the same of 20 kg hypo-
chlorite/ton of pulp can be achieved. The corresponding total reduction
of discharged coloured substances from the whole bleach plant will be
15 respectively 25 to 30 %. At the higher addition of hypochlorite the
addition of chlorine dioxide should take place in the chlorine stage in
order to maintain a good quality of the pulp. The discharge of BOD; de-
creases also somewhat and about 15 %.

The discolouring ability of the hypochlorite can depend upon the fact,
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that this bleach chemical oxidizes auinoides and phenoiic lignin ele-
ments to alipnatic unculoured fraqguents, eventually all toe way to
carbondioxide and muratic acid. Thus a proportion of the i.ypochlorite
added reacts with the lignin, wnich still should have been extracted in

the alk11i stage, and a discotouring of the effluent is consequently
taking place,

At moderaty additions of hypochlorite, less than 10 kg/tor of pulp, no
extra custs for chemicals will be cxpected as less chemicals can be
added in the final bLleaching. At higher addition of hypochlorite the
costs for chemicals will increase if a certain brightness of the pulp
will be maintained, partly because 0f the cost for hypochlorite, part-
ly because chlorine dioxide must he added in the first chlorine stage.
This is nccessary in order to maintain the viscosity of the pulp.

As a new blcaching chemical it is possible-to use ozon instead of chlo-
rine in the primary bleaching of pulp. The used bleaching liquor from

a ozon staje should ve broujht back to the reccvery boiler and be burn-
ed i the same. Bleaching with ozon is. however, not yet fuliy explo~-
ed. Although bleaching with ozon seems to give a lower viscosity of :he
pulp the strength properties of the same are not affected. Today ozcn

is more expensive than oxygen gas. However, it may have some advantages

as more simple equipment can be used anc less amounts of chemicals haye
to be added.

The most important application of the ptroxide bleaching is most likely
sequences for the manufacturing of semi bleacned pulp of the type DP,

CP or OP. (UP = chlorine dioxide-peroxiae, CP = chlorine-peroxide, OP =
oxygen-peroxide). The paper properties of the pulp made according to the
sequences JP or CP are satisfactory. The sequence (P should be able to
make a semi chemica}' pulp without effluents.

Chlorine wwnoxide can replace chlorine in the primary bleaching and
chlorine dioxide in the final bleaching of the pulp. Bleaching of pulp
in the first stage with chlorine monoxide decreases the discharge of
coloured substances in the effluent and also the BOD7 in the same with
40 respectively 20 %.

In order to decrease the environmental polluting effluents from the bleach
Plant new bleaching equipments shall give a direct decrease of the dis-
charged polluting substances and/or decreased effluent volume. A decreased
amount of polluting impurities can be achieved through a reduction of tem-
porary discharges (better control of the bleach system) or through reduc-
tion of normal discharges (high yield bleaching - bleaching in gas phase).
A decreased volume of the discharged effluent can be achieved by new me-
thods of washing the pulp (radial washing, press washing), and through

a new bleaching technique (closing up of the bleach plant, bleaching at
higher pulp concentration, dynamic bleaching, puls bleaching, displace-
ment bleaching). A reduced effluent volume does not give a reduced en-




vironmental pollution, but the handling of the effluents are less cost-
ly.

Oxygen Bleaching

Oxygen bleaching is characterized by the treatment of chemical pulp with
oxygen at @ high pressure and increased temperature in the presence of
alkali. The destruction of the cellulose is reduced by magnesium inhi-
bitors. In comparison wich the conventional bloaching it is passible to
achieve apparent acvantages from the onvironmen’al pellution point of
view by using the oxynen bleaching, providing thi: oxygen stage 1is

placed in a suitable way regarding the washing ¢ the pulp and further
fitted into the alkali recovery system. “he desiruction of orcanic ma-
terial and the recovery of inorganic chemicals con teke place via the
recovery system of the sulphate mill without bronoing the chiorite con-
tent in the liquor system to such a level that corrosion will be a cange-
rous factor.

From an environmental pollution point of view an essential fector to te
considered is - because of guality reasons - how far the delignificetion
of the pulp in the oxyagen stage can be allowed to be carried out, and
how big an amount of lignin will remain in the pulp to the following
bleaching stages. When bleaching a sulphite puin to a brightness of 92 %
SCAN it is normally estimated that besic2s the cxvgen stage further five
stages, for instance C/C, E, D, £, 0, a2 recuircd.

In order to obtain a good recovery of e“flyent liquor from the oxygen
bleaching and reduce the environmental influence o€ the bleach plant

in an econcmically satisfactory way it is required that the oxygen stace
is integrated in a closed washing and screening System. in many cases

it can also be necegéary as alkali in the oxygen staqe entirely or oart-
1y to use sulphur containing alkalies in order t¢ avoid an excess of al-
kali in the mill. This has been studied at ore ¢f *he mills in Sweden,
The vesults from this investigation and severa!'c.oer ones are commen-
ted in the following.

At the mill trials efforts were made to fairly exactly establish how

far the delignification in the oxygen stage can be carried out when
bleaching sulphate pulp add when considerations were taken to the pulp
quality and to environmental effects anticipated in connection with these
trials. As basis for forming an estimate of the different mill trials as
referens was used a period when NaOH was addea as alkali in the oxygen
stage, and when the white water system around the oxygen stage was open.
The results from tnis referens period showed a good contormity with triais
in the laboratory.

By closing tr: white water system waste liquur from the oxygen stage was
brougnt back -ith the pulp to .he oxygen reactor. It was found that the
wasr2 liguor Y.-om the oxvaen pleaching did nut affect the quality of
the oaygen bleached f''» or the consumption of chemicals in the oxygen

stage.
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The effect of black liquor (not oxidized) in the oxygen stage was also
studied partly by adding the same b>fore the stage and partly by in-
stalling a closed screening system before the oxygen stage. The pre-
sence of black liquor caused a certain impairment of the quality of
the oxygen bleached pulp especially in respect to the viscosity of the
same. Furthermore the black liquor caused an increased consumption of
oxygen but a decreased ¢ikali demand. If one wishes to produce a fully
bleached pulp with strength Propcrties comparable with those in pulp
bleached with conventignal bleaching sequences, it is recommended to
ensure that the amount of unoxidized black liquor dry substance, which
follows the pulp into the oxygen reactor is not exceeding 20 kg/ton of
pulp.

At the conditions, which were existing during the period, when the
screening system was closed, the washing on the filters, which followed
after the oxygen stage, was more effective for inorganic material than
it was for organic material.

From both mi11l and laboratory trials the following conclusions could he
made:

1. The final shape of the chlorine stace 1s of great impurtance for the
finally bleached pulp its strength properties and ity viscosity.
With chlorine dioxide present in the chlorine stage a significantly
higher viscosity and tearing strength of the pulp was obtained. Addi-
tionally the environmental polluting discharges became smaller.

2. Strong delignification in the oxyger stage (% 60 %) resulted in
lower strength properties of the finally bleached pulp compared w:th
3 pulp bleached in a cenventional b-stage bleach plant.

3. Bringing back wa;‘te liquor from the oxygen bleaching to the follow-
ing chlorine stage resulted in a certain decrease of the viscosity
providing chlorine dioxide was not added in the chlorine stage. khen
black liquor was transferred to the chlorine stage in a conventional
sequence the result was also a decreased viscosity.

Wite liquor and green liquor besides NaOH was also tried in the oxygen
stage. When solely white or green Tiquor was used a distinct impairment
of the viscosity of the oxygen bleached pulp was obtained, while the
oxygen consumption also increased. When half of the alkali was NaOY and
the other half white liquor or green liquor a fair viscosity could be
mintained. Through the use of only white liquor, which had been oxidized
negative effects regarding the viscosity and the chemical consumtion
could be avoided.

In summing up the mill trials and the laboratory trials, which were car-
ried out with pulp from the mill it can be concluded, that with a oxygen
sequence OC/DEDED a delignification of about 53 % (Kappa-number after
the oxygen stage 15,5 - 16) produced a pulp with the same strength pro-
perties as a pulp bleached in a conventional sequence CEHDED. How big a
degree of delignification which can be allowed in practice depends to

& large extent upon which vari'ations in the lignin content of the

’
K4




unbleached there are. Therefore a rigid control of the coc«ing of the
pulp is an important complement to the oxygen bleaching.

When establishing the effects of the environmental neasurements it

must be pointed out that regretably the determination of the B0Dy-values
is rather uncertain. The reduction of the values when changing from the
CEMDED-sequence to the OC/DEDED-sequence at about 53 % delignification,
about 20 kg unoxidized black liquor substance per ton of pulp to the
oxygen reactor and about 80 % waste liquor recovery, will be about the
following percentages:

800, (Biochemical oxygen demand) 45 - 50 %
COD {Chemical oxygen demand) 55 - 60 %
Colour (Pt) 70 %

The degree of delignification seems to be of less importance in regard
to the BOD7-value than to the colour.

The introduction of oxygen bleaching results in an increased load of 3
to 5 T on the recovery boiler caused by a higher amount of dry substance.
In a mi1) where the recovery boiler is the bottle neck this will mean a
reduced production. When oxidized white liquor is used to 100 % in the
oxygen stage an increased capacity in the causticization and reburning
of the lime is required, which can be about 7 %. The transfer of waste
liquor from the oxygen stage can also require increased capacity in th2
evaporator room providing the washing of the pulp after the oxygen staje
is not sufficiently effective,

The increased investment costs.fof the installation of an oxygen bleach
plant is about: ) ' :

10 milifon SwCr for a capacity of 300 tons/day 90 %
unbleached pulp

22 - 23 million SwCr for a capacity cf 900 tons/day 90 %
_ unbleached pulp

If a recovery of 80 X after the oxygen stage shall be achieved, the two
filter stages must function very well, if the above mentioned gains of
the environmental measurements shall be fulfilled.

At a oxygen price of 0,20 SwCr/kg the yearly operating costs compared
with those for a conventionel bleach plant will be about the same in
the f:lrst case but about 1,9 million Swer lower at a production of 900
tons /day.

Ar interesting application of oxygen bleaching is in the menufacturing
of semi bleached sulphate pulp, which has bee: studied at Husum mill.
A pulp with a brightness of 50 - 55 % SCAN was produced. This pulp has
been afterwards tried as an enforcing pulp in newsprint paper with a
very good result.

At the same mill the bleacMng‘ sequence OCED has also been tried. A
brightness of the pulp of 89 % SCAN was obtained during the trial pe-
riod of three weeks. : .
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At the Norweigian University of Technology one has among other things
studied the sequence OC/DPD. With a peroxide aadition of 0.9 % and

an addition of 2 % chlorine in the chlorine d oxide stage a brightness
of 92 % SCAN with acceptable viscosity of the pulp was obtained.

When birch or hardwood pulp is bleached with oxygen, the gain regarding
the environmental care in absolute figur2s is lower than oxygen bleach-
ing of pine sulphate pulp. This is due to the fact that the lignin con-
tent of unbleacned Hbirch or hardwood puln is lower than in pine or soft-
wood pulp. when the delignification is carried quite far, over 50 %, a
strong Jdecomposition of the c2llulose wil) take place as well as at che
same time a lower yieid and viscosity is obtained. A suitable Kappa-
number after the oxygen stage seems to be 9 to 10.

Oxygen bieaching of magnefite pulp has alsn been studied. A delignifica-
tion of a magnefite pulp (Kappa-numoer 30) to about 50 % required about
20 kg NaOH per ton of pulp. The delignification in the presence of only
Mg(OH), became as low as 10 - 20 %. This will mean that in the recovery
of the waste liquor from an oxygen stace in a magnefite mill sodium
salts will be introduced in the recovery system. Furthermore this will
mean that the economical conditions for an introduction of oxygen bleach-
ing is considerably less in a magnefite mill than in a sulphate mill.
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Closing of the Rleaching System

The closing of the water system in a bleach plant is primarly carried
out in order to reduce the consumpticn of water and thereby the amount
of waste water. From environmental care point of view the closing of
the system results in a decreased load on an external purification
stage at the same time as the handling costs of the water is decreased.
The same results also in a decreased discharge of fibres and most like-
ly also marginal reductions of the discharged quantities of BOD, and
coloured substances. Furthermore it can result in a saving of heat.

The closi of the chlorine stage will not result in changes of the pro-
perties of the pulp, but it can cause operative disturbances. However,
it will result in increased costs for alkali in the F}-stage.

The returning of hypochlorite white water will give small advantages in
respect to the environmental care as for instance reduced colour in the
E)-filtrate and no effect on the properties of the pulp. When applied
il can reduce the costs for chemicals ir the stage mentioned.

It is possible to contemplate at least three main principles for the

‘closing of the water system in a bleach plant. See the following figu-

res.

A. Returning th. white water (filtrate) in one acid and one alkaline
line,

8. Bringing bick the white water (filtrate) in a strict counter current
stream,

C. A mixed counter ,éurrent wishing comprising of a combination of A and
B. This type of closing is recommended bv many among other things

with the motivation that it will be able to give the est costs
for chemicals.
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The following alternatives for the closing of the white water system
from process and operative point of view has been investigated.

1. Returning in an acid and one alkaline line (A). Open chlorine stage

2. Returning in an acid ond one alkaline line (A). Closed chlorine stage

3. Returning in a strict counter current stream (B). Open chlorine stage

4. Returning in a strict counter current stream (B). Closeu chlorine stage
)
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The amounts of discharged water in the four alternatives has been cal-
culated, and the result is shown in the following table.

Table 99:!
Alternative Effluent discharge m3/ton 90 % bleached pulp
1 38
2 20
3 3
4 13

The first alternative corresponds to what can be achieved with the
best technique of today without any great disadvantages.

The next alternative no 2 is considered to be able tc cause complica-
tions in the form of foaming on the chlorine filter resulting in de-
creased capacity difficulties to control the temperature during the
chlorination and so on.

Alternative no 3 can give problems when acid and alkaline liquids are
mixed on the chlorine filter and in maintaining the correct temperature
fn the hypo chloritesstage.

I'd

Alternative no 4 will give the same complications as alternative no 2.

Treatment of Waste Liquor from the Bleach Plant

Besides a modification of the bleaching or the introduction of new bleach-
ing processes as oxygen bleaching it is possible to reduce the effect of
the waste waters from the bleach plant upon the envirorment by treatment
of certain discharged effluents in different ways. The costs are in that
case very much depending upon the magnitude of the amounts of waste wa-
ter discharged, which shall be treated, that is upon the degree of the
closing of the system in the bleach plant.

There exist treatment methods, which have a practical application, while
others are being developed. Today mainly precipitation with 1ime and
biological purigicauon (in combination with other d1schar?ed effluents) is
in practical use. In Japan a precipitation with iron and lime is applied.

Methods which are bzing developed comprises among others treatment with
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fonerchangers, adsorption by active carbon, amine extraction and re-
versed OsSmosis.,

Lime_and Iron/Lime Precipitation

In principle the method using lime for the precipitation is carried out
by treating the filtrate from the two E-stages, after this has been
used in the wood rcom. The precipitation is carried out with 1ime added
as milk of Time. The lime sludge is separated by sedimentation., The
sludge is dewatered further after an addition of lime mud. Thereafter
it is fed to the kiln for reburning.

Based upon laboratory investigations the consumption can be determined,
and the following results listed in the table below have been obtained.

Table 100:1

Primary alkali stage Screens + primary
alkali stage

300 t/d 900 t/d 300 t/d 900 t/d

Specific costs SwCr/ton

90 % unbleached pulp 9,70 7,15-7,80 13,85 9,65 - 9,60
Ca0 addition, t/d . 23 69 30 90
Decrease in B0D; 3~ about 30 about 30

* % Pt-colour % 80 - 90 80 - 90

The method of using iron/1ime for precipitation is carried out by using
an iron solution (Fe2+ - Fedt), which is made by dissolving iron metal
in the form of scrap in waste water from the C-stage on the bleach plant.
This fron solution is mixed with the waste water (filtrate) from the E-
stage. Lime is then added in order to increase the pH.'There will then
take place a precipitation of Fe-organic (and most possibly alsg Ca-or-
nic) substances and Fe-hydroxide. The precipitated substancg is form-
?:g f?ocks. which are seperated by sedimentation. The sludge is after-

wards thickened, dewatered and burned.




Biological purification of effluents from the bleaching in combination
with other effluents has got its application in USA and Canada in a
number of mills. The reduction of BODg 1s supposed to be between 60 and
80 %. Biological purification will be dealt with later in this paper.

Among the methods being developed a special interest should be given the
treatment of waste water from the first alkali stage with ion-exchangers.
The method, which has been developed by the Uddeholms AB, is now being
tried in full scale in order to confirm earlier obtained laboratory re-
sults. These indicate a purification effect in practise of 95 % for co-
loured substance and 60 % for BOD;.

The following figure shows how a treatment of waste water from the bleach
plant is carried out with ion-exchangers.
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At St Regis Paper Co, Pensacola, Florida, USA development work is carriec
out to produce active carbon as a biproduct from the recovery system in
the sulphate mill, and investigations are being made to use tha same for
the purification of the waste water from the bleach plant. These investi-
gations will be reported very soon.

Reversed Osmosis

The use of reverse osmosis for the concentration >f different discharged
effluents from the forest industry is since 1966 >eing investicated by
the Institute of Paper Chemistry (IPC), Appletnn, Wisr., 'ISA, The costs

for purification of waste water from bleach plants are considered to be
too high at present.




TEMPORARY DISCHARGES
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The total discharges froma pulp mill can be divided partly in "normal
process discharges”, which depend upon the lay out of the process and

upor. the equipment used,
discharges, which to an

partly in temporary discharges. These are such
essential degree surmount those for the process

and for the cquipment normal discharges or which in some other way are
not normal for the process during the operation.

The temporary discharges can be divided in three main groups according

to cause:

Faults in the equipment (Example: A hole in the filter cloth)
Human factors (Example: Forgottan valve to the sewer)
Mishandled control (Example: Running over of liquor tanks when
the process is operated out of the line)

According to investigations
rary discharges correspond

made and all infcrmation collected the tempo-
to 20 - 50 % of the tota) discharges of che-

micals and to 30 - 50 % of discharged fibers from the mill.

Temporary discharges are often of a short nature (10 minutes). The ex-

tremly short discharges can
tinous measurements and con

intervals.

Investigations made

therefore only be discovered either by con-
trol of sewers or by taking samples with short

in the Swedish pulp ind paper industry revealed that

through temporary discharges about 80 00) tons of fibermaterial are lost

yearly to “he recipients.

Furthermore it was established that temporary

discharges of chemic#ls from the sulphate mills corresponded to about
100 000 tons per yedr as NapSO4. The value of the lost substance is es-
timated to about 10 SwCr per ton of produced pulfp.

Below some of the most common reasons for temporary discharges are listed:

Faylis_in_equipments

..............

Digesters

Screen room and
Bleach piant

Liquor system
general

Tanks and
Pulp chests

General

Leakage in heat exchangers

Torn holes in the filter cloth, inferior sealir
of the filter drums

Leakage in pumps. If the sealing water is leak:
ing into the liquor the evaporators are more
loaded

Mot correct indicating level indicators cause
over flows ‘

Pipe fractures close to the tanks can result i
large discharges

Power failures result in verios disturbances
in the operation, which often are followed by
temporary discharges

Tt e A ot 3w W M 4. SO PP ———————————reye A s S
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Mismanouvering

Digesters Blowing over of liqaur from the blow tank is
easely done, if its blown too warm, The larce
gas volumes is then cverloading the blow tan-

Wash room Overloadirg result, in foaning end over flas
from the wash filt s

Screer room Rejects are tompnrarly “iverted to the sewer,
and fror there thev arve curoed 0 the sedimor -

tation instead of being returned to the syst

Bleach plant Unevenly cocked pulp “ror the digeiters can v
sult in diffucultics tc add correct amounts
chemicels in the bleaching stages, which e:sv

+ can cause increased discharges

Evaporator room Foaming and over flows because of overloacin.,
If the skimming of tull 511 is rat funmctionir -,
a condensate i< obtained, which canrnt be re-
used and thus has to be discharqged

Tanks and If a too high production level is demanded toe—-

Pulp chests porary discharges are forced furward, especial
ly if the pulping section has a higter capacit.
than the ligour section

Causticezation Over flows of mixersand ligquor tanks. Over ficw
of water from the lime kiln scrubber

External purification Fiber recovery installations and settling bha-

systems sins are overloaded

General J Start and stov routines are often such that

temporary discharges cannot be avoided

Evaporator room Mismaneuverings at coupling or dec :pling of t.«
evaporator effects when veing wasncd can resu’s
in foaming and discharges of liaour

Bleach plant Discharges of gas force the personnel to leave
the plant

Tanks and Over flows

Pulp chests

General Mi.naneuverings because of lack of training,
not sufficient operating instructions or in-
attentiveness

There are reasons why temporary discharges are so little observed in
spite of the considerable consequences, which they have in regard tc
the environment and the costs being caused the industry. -

1]
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The temporary discharges are often caused by human factors. The opera-
tor or the foreman does not always have time to take all flows, levels,
buffer-storages and so on, which influence the process, into considera-
tion. Sometimes this can mean that temporary discharges will not be
known to the managemant.

Another cause is the conflict between the choice of temporary discharges
and an undisturbed production. Because of economical reasons a temporary
discharge is prefered than a loss of the production.

Measurements in order to avoid Temporary Discharges

AL R cnsastecadae e - ——--- - - - -

Already when laying out a flow diagram for a process one should have in
mind the possibilies to avoid temporary discharges. At an early stage in
the planning start and stop routines should be discussed as well as also
interlockings and catastrophy routines. The control should be so arrange
that the operator with so simple maneuvers as possible can increase or
decrease the production. The risks connected with different disturbances
in the operation shall be weighed against each other so that a maximal
security at a resonable cost is obtained. This philosophy shall then re-
flect itself in the operating instructions. In this the personnel shall
be given clear and unbiased instructions, which also concerns the opera-
tion in adjacent departments. The operating personnel have often diffi-
culties to se "their" equipment as a part of a long production chain.
When there is a question about how much buffer tanks between departments
shall be filled, conflicts can arise between the same.

$
Dimensioning of Profess fquipment and especially Tanks and Chests

In general tanks within single process departments are 2 part of the
process itself. Their main purpose is to give enough retention time or
equilibration of fluctuations of concentrations of the through fiowing
media. The volume of the tanks are so determined, that required reten-
tion time is achieved at maximal production.

Tanks and chests between different process departments function as in-
termedia storages and must be dimensioned So that one department can be
operating even if departments before or after the same are stopped.

A third category of tanks are those so called collecting reservoirs.
These make an extra buffer capacity and in the same various discharges
are collected.

To determine the volume of a collecting reservoir is not as simple as ¢t
dimension a process tank. 1f one only considers the time it takes for
an overflow from a tank within the process, because of for instance lack
of information (incorrect instrumentation) or watchfulness, moderate vc
luv]n:s are adequate in comparison with the tanks within the process 1t-
self,

]
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It is easier to estimate a suitable volume of a collecting recervoir,
if one desires to have the reservoir on hand in order to make it [pOsSi-
ble to empty the ordinary process tanks for inspection dand maintenance.
A collecting reservoir shall then be 50 dimensioned, that one or severa
tanks can be emptied to the same without anything going to the sewer. |
such aspects are laid upon the dimensioning one collecting rescrvoir wil’
in most cases be so big, that it can receive unintentional ovorflows fre-
process tanks during normal operation or at stop and start during a suf‘i-
cient long time, so that measurements are ready to be .aken before the
collecting reservoir in its turn will over-flow.

A mill should have collecting reservoirs, which form the last link in the
chain. For instance it is suitable to place a collec:ing recervoir one
before and one ifter the soda recovery boiler, as it is unsuitable to

miy pure inorganic liguor with black Yiquor. The content in the collect:r
reservoir should slowly be returred to a suitable point in the process.
An example how this can be made is showr in the figures on page

In a sulphate mill there is a great number of tanks for liquor and oil,
e g thinn liquor, intermediate liquor, mixing liquor, thick liquor, green
liquor, weak liguor, white liquor and oil for burning. Furthermore there
are tanks for e g sulphuric acid and sodium hydroxide. Safequards in the
form of dammings or embankments are reguired according to regulations on-
ly for certain inflamable material. However these regulations cannot be
applied for above mentioned different kinds of liquor. However, in order
to make possible a satisfactory safequard against temporary discharaqes,
every tank should be provided with overflows to collecting reservoirs.
If this is not possible they should be provided with an adequately de-
signed overflow to e}ﬁbanked pond or placed within a damming or an embank-
ment. The latter should have such a size that the operating personnel
will have time to take measures against overflows, before its volume is
completely utilized. :

The damming should not have any outlet. Rain water and eventuel overflows
shall be removed via a pump pit within the damming itself. The ground
should be made tight so that no out flow via the ground water is taking
place. Such overflows should be returned to the process.

In order to avoid that tanks are leaking because of for instance corro-
sfon, they must be reqularly inspected, when the degree of corrosion is
measured, and other measures are made to detect leakages in the same.

In order to prevent overflows to occur and secondly to collect overflows
and leakages in concentrated form to be reused a protection system can
be laid out in the following manner:

Continous measurement of the level in all tanks
|}
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Sounding alarms for high levels from a separate gauge
fmankmenrt outside the tank
Sounding alarm for high level inside the embankment

The size and the frequency of overflows depend to a large extent upon the
attention from the personnel. In order to facilitate a better superinten-
dence every tank sh-uld be provided level measuring instrument (indicating
or registrating). tosides this the tank should be provided with an alarm
for high level (about 95 % full), which receives its impuls from a sepa-
rate gauge.

In the pulp industry an efficient measurement of the level is made diffi-
cult because of the properties of the liquor to incrust, corrode, foam,
sediment and so on.

A1 equipment for the superintendence of tanks and embankments should be
regularly controlled in order to prevent faults and to maintain a high
operating security.

Interns] Measures in the Process Departments

As a principle for all internal measures in the process departments p-o-
cess and discharge systems and sewer systems should be so planned tha:
discharges can easily be collected so cloce to the source as it is possi-
ble and so that it can be returned the shortest way to the process.

These measures are of the following type:

Equipment shall be so dimensioned that unnecessary bottle
necks exjyst in the process

Interlock the equipment electrically so that start respec-
tively stop take place in a correct order

Around equipment where overflows often occur embankments
with separate outlet to a suitable reservoir should be made

The equipment should be on levels so that spillways can be
arranged from a process technical point of view in a suitable
manner

A1l equipment for collecting temporary discharges shall be
dim::ioned according to the largest possible discharge ex-
pect

A1l environmental protecting equipment should be so formed,
that the personmnel will have & minimum of extra werk, Other-
wise it will be difficult to maintain the same at 900d work-
ing conditions

Examples of these measures .2 demonstrated in the figures on page
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The Lay OQut of the Sewer System

Included in the measurements against temporary discharges are not c¢nly
the installation of buffer tanks, dimensioning of equipment, superin-
tendence and control but to a large extent alwo a correct lay or. of
the sewer system. The sewer system shall be so differiciented and so
flexible that the continous aml temporary disrharges from the di‘ferert
department: of the mi11 can he returned, Civerted for treatment or only
discharged, it no treatment i required,

In the conception souer systom the ‘firgl gutiet of the discharges to the
recipient ic of courte included.

Under certain conditions 1t can be relatively easy to plan a sewer sys-
tem, if there s no need to take a chaiginag attitude from the suthori-
ties or decided chanaes in the wrocess or relocation of certain narss
of the process into consideration.

In spite of these reservaticons it can Se appropria‘te to have a rodel o
work from. Therefore & SSVL.-group has made stuzics of a few rewly laid
out sewer systems and tried to combine these in ¢n 1deal solution, whicn
is demonstrated 1n the attached figure.

Each discharge is guarded by a System in which sampling equipment and
measuring gauges.

At normal operation purified discharges can be contaminated due to ope-
rating disturbances or break downs cf machineries. Conductivity guards

give then an alarm and by these contaminated water 1s diverted to those
waste liguor contairing discharges, which shall &gain treated in the eva-
porators. At installations of this type a throrough superirtenderce znd
control of these guafds must be e«ercised so that the unnecessarly diverte:
water into the evapbrator system,flws me# will cause incressed operatinc
costs. A single liter/min which unnecessarly is diverted *his way will

result in an extra cost for steam ¥ about b00 Suir Ter vear to cvaporate,

and 1t requires an extension of the evaporator and tiw reccvery boiler

capacity for about 5 000 SwCr.

Basically it is common to distinouish between three types of industrial
sewer systems, namely such ones for sanitary water, rain and cooling
water and process water,

According to common practice the sanitary water is directed to the com-
munity for treatment, while rain water and cooling water, which is re-
garded as pure, directly can be discharged to the recipient.

The process water discharge fs divided in a number of sercarate systems
before the purification of the same.

Water containing bark sludge is directed through a special sewer to a
settling basin for treatment.

Fiber containing discharges contain such large amounts of fiber that
1t must be separated before ft is finally treated to recover the same.

i




This {s done in a sedimentation basin. After the same the pipes are
combined again.

It can be suitable to arrange a special system for process water, which
contains dissolved organic substances and chemicals but not fibers. This
can be applied to floor draifs from the digester house and the alkali
preparation department and to excess condensate. These drains are connec-
ted through collecting reservoirs to be treated for recovery of the che-
micals.

From a bleach plant acid and alkaline discharges are diverted normally
separated, and a mixing of these take place at a suitable point outside
the mill, It is then directed infthe same pipe to the sedimentation basin

or eventually as fiber free water to the recipient.

When combining different discharges there is a risk that hydrogen suplhide
and other poisonous gases can be formed. Great care must therefore be
excersiced that the water seal against the mill department is functioning
all the time.

Iraining

It cannot be enough emphasized the importance of the training of the per-
sonnel in environmental protection care. It is difficult to limit th:s
training to a special part. The best result will be obtained {f the ‘rai-
ning is integrated in the normal training of the mill personnel.

/
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EFFLUENT CONTROL BY C1OSING THE WATER SYSTLM IN THE PAPER MAKING PRO-
TESS

Overflow water created in the paper making nrocess contains materials
in different forms as suspended particles and dissolved compounds.
The suspended meterigl are mainly fiber fragments and fillers as kao-
lin, while the crssolved materials consist of wood cubstances as car-
bon hydrates, lignin and resin comnounds. A1l these materials will
follow the excews water from the paper mechines to the recipient, un-
less they are not reagved by some kind of purification treatment of
the white water. From the viewpcint of environmental control thus the
handling of tne white water is the main problem.

However, there are twu good redsors for being concerned about the eff-
Juents from a paper macnine and ite white water system, These ere to:

1. Reduce pcllution of the receiving water

* 2. Retain all valuable suhstances and expensive raw materials,
which are existing 1n the excess process water

It is self-evident that the lower the volume of water can be kept the
easier, e;onomically as well as technically, the elimination of the
pollution hazard caused by the solids and the dissolved and colleidal
materials can be carried out. In order to achieve this consequently
it is necessary to close the white water system so that excess water
from the paper makiny process is minimized or completely eliminated.

A subproject group of the Environmental Care Project (SSVL) carried

out an extensive rcséarch and development program in order to find

from economical point of view the most optimal means to solve the en-
vironmental problems of the paper industry. The results reported have
been reviewed in several articles. Thus we wish to refer to the artic-
le by S Martin-Lof and co-workers with the title "Establishment of a
closed system for the paper making process". In this paper we will only
deal with some practical aspects regarding how the :losed systems should
be arranged, which are based upon said report.

Present and Future Conditions

According to the investigations made by SSVL in the paper industry re-
garding the degree of closeness of the white water systems of the paper
machines this varies between different types of machines. The following
figures exempl1fies this both in regard to specific water consumption
/ton of paper) and to the loss of material (kg/ton of paper) for
different kinds of paper produced. The lowest values represent estima-
ted losses assuming best available technique and are related to the
best conditions, which have been able to be achieved in practice during
8 long period of time without observing any negative effects on the ope-
ration or the paper quality. Jhus the figures are related solely to

1
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those conditions which exist during continous and normal operating
condfitions. Thus so called temporary or accidental discharges should
be added to the given values.

Accidental discharges are caused partly because of mechanical failures,
partly because of the necessaty to open the svstem for cleaning the
machime when running certain qualities.

Short trials have been performed, when the closing of the system has
been carried still further. The problems, which have arisen at these
occasions, have been of a more colloid-chemical nature rather than of
a mechanical character.
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Figure 115:1

The stock, fresh water, broke and white water systems of the paper
machines must fulfill many demands. These vary from product to pro-
duct, and the lay-out of the systems must be applied to the local
conditions. Furthermore the composition and colloid-chemical proper-
ties of the paper stock and the white water vary quite a lot. Because
of all these factors a specific system solution which functions well
in one mi11, cannot simply be applied in another mill.

]




Closed System Solutions

The amount of effluent water which leaves a paper mill is determined
entirely upon how much water is added to the mill,

Water, which comes into the paper mill, comes out as effluent.

Water, which has transported f:bers, contsins fibers, fiber substan-
ces and dissolved colloidal material and fillers in some cases.

In order to reduce the effluent from the paper mill in the first place
it is necessary to reduce the amount of water going into the same. Se-
condly the water, which does not necessarly have to come into the fiber
carring syster, shall be entirely kept apart frorm the same. Furthermor:
the water quantity, which must go into the fiber carring system, must b
purified. ’

Y. Open and closed systems

#n figure no 116:1 a classical entirely open system is illustrated.
or each ton of paper produced a couple of hundre¢ cubicmeters of wa-
ter pass through the mill. Each cubicmeter of water carries 3,5 to 5
kg substance to the sewer. The discharqed quantities are completely
unacceptable, why such systems hardly exist anymore.
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Figure 116:1
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In the next figure no 117:1a common relatively open system is shown.
The pulp from the pulp mill carries about 30 m’ water/ton of paper.
Sealing and shower water is added in the stock preparation and on the
paper machine. Additionally sealing and cooling water for the vacuum
pumps and cooling water for the steam condensor, motor drives, pope
and so on are acded. All the added water, about 100 to 200 md/ton are
collected in a combined discharge. Therefore the samc will carry fib-
res. The white water, which is discharged, is the one from the paper
machine having the lowest conceirtration,

The content of solid substance can be of the order of 250 mg/l corres-
ponding to 0.25 kg,/m3. The discharged solid substance will then be

about 25 to 50 kg/ton finished product. \
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Figure 117:1

In order to decrease the consumption of fresh water and at the same
time the amounts of effluents a such equipment (stuffing boxes,
spray pipes, vacuum systems etc) is required, which uses very small

smounts of fresh water or which can work with fibre-poor or fibre-rich

water.
1}
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Furthermore the following conditions are required:

Systematical returning of fibre carring water to points in the
process where it can be tolerated. For instance at the adiust-
ment of the concentration dilution can be done with not purified
white water.

The addition of water to the process must be minimized. This can
be done by reducing the addition of fresh water and by reducing
the amount of water transpurting the paper stcck.

A1l excess white water shall Le purified internally in a fibre
recovery unit, This water should be the poorest in regard to
fibres.

Not all fibre-carring water as cooling water shall be diverted direct-
ly to the recipient, if it cannot be used instead of a necessary
fresh water addition. This requires that there is a complete separaticn
of fibre-carring and not fibre-containing water,

A system where cbove points have been observed is illustrated in figure
no 117:1,

The amount of water coming with the pulp to the paper mill is small, as
the transport water has been replaced by white water.

The return water from the wet section of the paper machine can be divided
into different types depending upon the content of fibres.

Fibre-rich water from the wire table

Fibre-poor water from the wire showers

Relatively fit;ﬁe-poor water from the separators after the suction
boxes

The most fibre-containing water is returned directly to the fan pump
with the addition of the relatively low fibre-containing water from
the separators after the wet suction boxes. The most fibre-pcor water
swire wash water, separated water from the dry suction boxes «nd water
rom the press part) shall be diverted to the fibre recovery eguipment.
Thereafter it can be reused as shower water in several places.

The water consumption in a closed system of this type can with the to-
day's best available technique be brought down to about 20 m3/ton of
:per. As the amount of filterable substance in the leaving water can
mintained in a magnitude of 50 m3/1 a totally stable discharge in
the order of 1 kg/ton or 0,1 % of the production can be achieved. To
this discharges caused by disturbances in the operation should be added.

This exasple shows how in reality the discharged amount of filterable
substances can be reduced from the quite unacceptable level of 20 to

30 £ in the entirely open mill to 2,5 to 5 % in the conventionally clos-
ed mill and further to 0,15 % of the production at a systematicaily
carried out closing of the paper machine system. '

L4
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Figure 119:1

Example of water balance (m/ten) for 8 nawspr-
machine, closed system,

’ ’ '
Placing of White Water Filter and Broke Pulper

The placing of the white water filter and an eventual broke thickener
in the system is very essential, In some systems an adjustment of the
conceniration of the broke takes already place in the dissolver for
wet respectively dry broke, while for other types of paper it is ne-
cessary to use a thickener for the broke before it is returned via 2

chest to the process.

The filtrate from the broke thickener has in general an amount of
fibre, which in the same order as that in the white water from the
suction boxes. The concentration can even be higher. Depending upon
the amount of fibres the white water from the broke thickener should
be returned to the white water system for dilution of the paper stock
or for purification in the fibre recovery equipment.

A flow diagram how the broke thickener and the filter for fibre re-

covery are connected with each o

ther is exemplified in the figure no

120:1 . The unfiltered white water is used for consistency r ulation
fn the stock preparation as well as for dilution in the dissolver for

wet and dry broke.
]
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In the chest for not purified white water a deficit of water exists
even when the broke thickener is working in full. The richest water
from the collecting cistern for suction box water is used for main-
taining the level of the white water constant and the same is thus in
that way returned to the system,

Only the richest white water in this system namely from the part of the
collecting cistern mentioned, which receives water from the couch and
the dry suction boxes, is diverted to the white water filter,

The preformed pulp mat on a white water filter shall not contain fine

materizl and dissolved and colloidal substance. Therefore unbeaten pulp
should be used for the preforming of the mat on the save-all.

Te bester roen
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__@_o Te stesh preperetion

Frem wiee
shower

1 Swertoner pulp

Figure 120:1

The wire wash water, which contains only a small amount of fibre ma-
terial and mostly long fibres, should if possible be diverted direct-
ly to the filter.

As ﬂm‘c must be a chest for purified white water, this can also be
vtilized for a certain degree of purificauon as by sedimentation,
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Aoter for tve owire wash, showers and S0 on is taken out Trom the

hittonm 0f ‘v choct whole overtlows to the sewer or to the final

P et o beaving from the top ot the chest, Thi, arvan,erent
cag increass tno dearen ot recovery of fabres sonewhat.

1o Closir of the va num systen

e owire arc the o are. . o octon wee oty cpmipned with deweteray
Acyices, whiet wars 2 Vg proonave on o vegunr, Such oyices are Tur-
Sign hoxes, wot vt ey, couch roll with ne dro tw0 suction charbera,

Pogt ang terc o neens it cuot tor hoxee in the rolls and a umber

1% su e ot o wacuwre tee @bl these st en positions s
D cained Froo s Fierent typos or vaecam punps . The Tash Tiguid-vang
Cyoe DUMDS, Th Suisor veenser turbhine or e preating pieton ceme

pressors and other tyees are used for this purpose in the paper machine.
The Nash purcr cors.me relatiye ly maon frosh woter, Yhedr functior Je -
perds upon it “act that a liqurd ring of low terperature 1§ maintaines.
{f the Y guic-r 75 ¢ots 100 *han, the vacuum capatity decreases, while
at a too thicx 1iguid-ring the power consumption increases very much.
The Vioe d-ric 1 of the Nash puims 1y 3170 to a Tiote eatent deperdine
upon the tervar. yre in order to waintiin steb e vacuum cond’ £ions,
Therefore the hash numn shogld be supriied with cold fresh water.

-
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Th: amounte - ¢ ack water to tho Nash pumps vary ycually botween 50
and 400 . /inn. “aper tichines with a daily production of abuut 300

tons car thoc consute a_aut 30CH lmin frest sater an the vecCium sys-
teo, of *he Louonsysten furthar.ore s not equpned with vater se-
peratnrs in che citfevent sucticn pesitions addctional great amounts

Of wiite wrt Feuw fLe pauer shiecl are added. Tii white water coniaiis
then a larae omeent. Hf finre materiais, which will be mixec into the
cooling wate = ae wenet water flow from the vacuum systen s an thet

~

case shout 477 1/mn.

The Sulzer turline as a v.cuum pulp consumes on the cther hand only
small amounts of fresh water as cocl.ng water in its bearings. when
this vacuum L 0 acts as a condensator turbine no water is needed for
ity fynction. a2 Sulzer turbire is wsually of such a size that only
2 few turbin., are enough for a modern largs neper machine, This will
mean that the iatar consumption can be reduced to about 100 to 300
1/min for o paj :r machine of the above mentiored size.

Also reciproc’ «ng Liston compressors of different manufacture are us.:d
as vacuum pu S, These pumps do not usually require any fresh water in
order to fur:*nrn. Such pumps have been used in 3 couple of Swedish
paver mills for ahout four years without any serious operating prohlems,

I_\H abrve mertioned pumps have practically identical output capacity
in regard tc porwer input. The reciprecal piston compressor needs the
least room -t tl.e -~mo time as the sound level is *he lowest,




Within the paper industry today Nash pumps are mainly used. Modern
larger production umits usually require 10 to 13 pumps. These are di-
vided so that two or three are reserved for high vacuum for among
other thing the uyction chamber in the couch roll. The rest of tne
pumps operats ma:nly at a lower vacuum for suction boxes in the wire
section, pris-up roll and suction presses in the press section and

in felt < v10on boxeu in connection woth a felt washer. 1¢ each pump

1s supplred i th siealing water in the qwount reqiired the witer consumn -
tron will Lo et ot 300 to #9000 1 /man,

In order to redy e the weter quant ity to the whole vacyum system the
following sy.ton, have been deve loped:

Installatron of water separators and reuse of added cooiing water
in the wire ara the press section

Installation of heat exchangers, by which the water quantity sucked
from the peper shect is cooled and then reused in the acuum Sys-
tem

Utilizatrur of dfferent wator temperatures. The sealing and conlirc
systenis are cascade conneced 1n two steps

Through ‘the installation of water <eparators in each vacuum section as
1llustraced in the following figure no 123:1the fihre containing water
from the paper sheet can be separated from the air before it goes into
the vacuum pusps. The water separa*tor can be fairly simple in its con-
struction, whicn is deronstrated by figure no 123:1 below. The obtainec
water from the paper sheet 1s pumped from the separator to the collectinc
tank for the suction hox water, Consequently nc fibre mater:al is adcec
to the vacuum system, why the fresh water added to the waculm system

can be diverted directly to the recipient or alternatively ¢fter heating
in a scrubber be reused as shower water in the wire and the pre<s sec-
tion,

Ir order to guarantee that required purity of the circulating sealing
water is maintained, the water should pass a simple filter before it

s deliverea as shower water. In order to control the amount of sealing
water the vacuum pumps are equipped with pressure and temperature gquarcs.
The water separator shall be equipped with a level control so that at a’)
times there is a certain liquid level in the same.

An other method to reduce the fibre containing white water quantity from
the vacuum system is shown in figure 123:2  In this system there has
been installed a heat exchanger connected as shown in the figure. The
diverted and obtained water quantity is allowed to pass through the
vacuum pumps, 2fter which it is collected in a so called vacuum pit.

The collected water is then pumped to the heat exchanger , whereby the
heat content of the white water is reduced to a suitable level with
cold fresh water. Thereafter the chilled white water is reused as cool-
ing or sealing water in the vacuum system. By this method a certain
excess of white water corresponding to the water quantity which comes

.
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from the paper sheet exists. This white water quantity 15 diverted
to the collecting tank for the suction box water directly from the
collecting tank after the vacuum pumps. The fresh water consumed is
thus leaving the heat exchanger somewhat warmer. It can either be
diverted directly to the recipient together with the fibre-free dis-
charge or it can be reused as warm shower water in the wire and the
press section, as this water does not contain fibres.

As mentioned above there are no <uch problems with the Sulzer turbine
and the reciprocating piston comressor as these are requiring less
or no watcr at all. Houwever, a crrtain separation must take place in
the water-air dispersion leaving the same. Usually this will be done
in a separate water seporator to wnich the water-air dispersion from
all the pumps are going. This is illustri‘ed in figure no :

The separated water in the separator is pumped either directly to ‘e
internal fibre recovery system or to the collecting tank after the
suction boxes, where it is mixed into the white water and thus returned
to this system. It should be observed that the fibre content in this
Jsystem commonly will be relatively high, 400 to 1000 mg/1.
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4. Shower water systems in the wire and pres: section

Very much water is consumed in the wire and yress section of a paper
machine for cleaning, spraying and wetting ot the wire, press rolls
and press felts. Earlier only fresh water was used 7or this purpose.
Naturally it depends upon the fact that fresh water has been easaly
available and it has been more simple to use, 25 at the same time the
advantage of using warm water was not thought of.

A wire section is usually equipved with a shower pipe next to the
breast roll, a few shower nozzles around the deckle, a shower pipe
near the suction box in the couch roll, two or several edge sprays,
one or severa! shower pines for spraying the paper sheet down into
the couch pit, two extra showers for the edge also to be sprayed
down into the couch pit and finally shower pipes for each guide roll
in the wire. Most of these shower positions are supplied with fresh
water. In the rollowing table the consumption of fresh water in dif-
ferent positions is listed.

Table 125:1

Position Type of water 1/min per Pressure
FW or W m width kp/cmd

Breast roll x 150 Ca
Deckle showers x 30 Ca
Couch roll showers x 25 Ca
Edge sprays . : x 25 Ca
Shower pipes for spraying

the sheet into the couch pit 1 x 250 Ca
.Sprays for edges into couch 2 x 100 Ca
pit 5 x 150 Ca
Guide roll showers W

The amounts of shower water indicatéd per meter wire width are re-
fered to a modern paper machine.

From the table it can be seen that for a five meter wide paper ma-
chine with five guide rolls the water consumption for the wire
section will be approximately 6.250 1/min. Of these usually 5000 1/min
is fresh water and the rest white water,

In order to reduce the fresh water consumption in the wire section two
different methods can be applied. First of all the consumption of water
shall be reduced as much as possible, which can be done by cutting of¢
two or three quide roll showers, take away the deckle showers and for

the other showers except for the edge spray reduce the pressure of the
water. The other method is based upon the reuse of unclean or cleaned

wire shower water. In order to achieve a good result these two methods

-




should be combined.

Regarding the first method a reduction of the water consumption of
about 40 T be achieved in the wire section. In crder to be ahle to
perform this work on the machine a long tarm trimming period is re-
quired, when the operating personnel shaH he made partly respon-
sible for the maintaining of the least water consumption. [t is im-
portant to ~eep 3 continous superintenconce, as otherwise after a
time the water consumption tends Lo inirease.

If the shower waoter i reune!, however, the largest redu.tion of the
fresh water concumitinn on a cor’inous basis has been achieved. For
doing this scveral different me*hcds have Heen developed. The most
common one s the one when purified white water from the 1nternal
fibre recovery system is reused. The seme is then used for the guide
roll showers, hreast roll shower and the edae spraying of the sheet
into the couch pit, while the same for the whole sheet is supplied
with fresh water. See the following figure no 126:1.
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This can in this case result in a reduction of about 90 %. When white
water is recirculated as shower water special nozzles are required.

In principle the nozzle holes are made somewhat bigger than when fresh
water is used. Furthermore the surfaces should be polished in order that
the fibres in the white water shall collect on the same and cause
troubles with clogging of the nozzles. By this method the recirculated
water quantity ban be increased with about 15 &.

The quide roll showers are often connected in serie, so that one shower
is supplied with fresh water, which is collected and mixed into the wa-
ter for the other showers. This me:ns that atout 1/5 of the fresh water
quantity the whole time flowing through the shower water system by which
the fibre content in the same is relatively low. This shower water quan-
tity is all the time kept separated frem other white water except the

1/5 part suplied to the white water system. See the following figure 127:
In order to get rid of eventual solid material there should be installed
a some kind of a course filter. This very simple method often results in
a reduction of the fresh water consumpiion in the wire section of about
70 %. In many modern mills instead of ‘resh water, water from the dry

+end of the machine, for instance discharges of water from the vacuum

system and other cooling positions, which can be obtained as pure water.
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This water is often heated in the dryer scrubber, by which warm shower
water is obtained. Thereby the stock temperature on the machine can
be kept fairly tigh which is an advantage as tetter drainage on the
wire is achieved.

Another method viry much utilized is based on the knowledge about tre
variations of the white water quantities along the wire. The curve in
the figure no 12¢:1 below demonstrates the variation in the fibre
content of the white water coming from different points along the wire,

.
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Figure 128:1

The magnitude of the fibre content in the white water varies from
machine to machine and between different types of paper products.
In a paper machine producing flutina, newsprint or magazine paper
the fibre content in the white water is often as high as 1500 mg/1.
The dissolved and colloidal materials are of the same amount. In a
kraft paper mill the fibre content seldom exceeds 500 mg/1 and the
dissolved and colloidal substances does not exceed 100 mg/!1.

If an intermediate wall is installed at point B in the wire through
the white water quantity obtained between A and B is separated from
those quantities received between B and C. In this way a white water
is obtained between B and C which contains relatively little fibres.
This quantity can with advantage be reused as shower water, ultimate-
ly in both the breast roll shower and in the guide roll showers. By
making the above mentioned changes in the process the fresh water
consumption in the wire section can be radically reduced at the same

’
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time as the temperature of the stock is increased and the 1dss of
materials is decreased. No changes in the quality of the paper
should take place.

In the press section the fresh water consumption is distributed to
the following points:

Sprays in the pick-up roll, sprays in the press suction roll, srowers
for cleaning of doctor blades and showers for cieaning of felts.

Fresh water is usually usecd in 211 these positions, why the water con-
sumption in the press section often is high. Nobody has experience from
recirculating the white water in the showers in the section. Therefore
today the only possibility to save water is to cut down the consumption
in each single position, "

In a few machines the problem with the high water consumption has bren
abated by replacing the continous felt washer with an intermittent
working high pressure shower. The result from these trials have been
xquite promising, as felts with a high content of synthetic fibres have
been used. The intervals between the washings vary from case to case.
Thus in some paper machines the washing of the felt is done one or

a couple of times each shift, while in others the washing is done only
once a week. Besides a favourable effect, which this measures have uoon
the water consumption, these have resulted in a prolonged life time >f
the felt.

Conclusively it can be said that it is possible to decrease the con-
sumption of fresh water in the press section considerable by above
mentioned measures without harming the felts and their life time and
affecting the moisture content in the paper sheet unfavourably after
the presses. ) :

5. The seal water system

In a paper mill a large part of the fresh water consumption is the
sealing water for pumps, screens, agitators and so on. Usually there
are about hundred positions where sealing water is used. The sealing
water is mainly mixed into the white water system and thereby increas-
ing the quantity of contaminated water discharged to the sewer.

By the introduction of modern sealing systems and for an improved
control of the water consumption in sealing devices the discharged wa-
ter quantities can be reduced considerably.

As there exist different kinds of sealing devices for pumps, it is re-
commendable to consult a manufacturer of these equipments concerning
which kind to use in different positions.

A check valve will prevents the liquor to force itself through to the
sealing gland, when the sealing water is accidently cut off. Therefore
this type of valve us usually installed immediatly before the pump.
Besides the obligatory check valve a screen, flow indicator, orifice
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plate and eventually a pressure gauge can be installed as shown in
the following figure no 130:1,
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Flgure  130:1

The pressure gauge is naturally valuable for the personnel for the
control of the pressure of the sealing water. It should be installed
next to the seal.

The purpose of a flow indicator is to indicate that the sealing wa-
ter has not stopped to run. If this is the case serious harm can be
dom‘ by the increased temperature in the liquid film between the seal-
ng rings.

To have an orifice plate installed in the pipe line for the sealing
water can be very suitable, as by the same a simple arrangement is
obtained by which a certain control and limitation of the consumption
of the sealing water can be achieved when the pump is in operation as
well as it is stopped because of for instance a wire change.

In order to supply all anv‘tgs in a mi1] with sealing water required




it is recommendable to distribute the same in an entirely sepa-
rate pipe line as exemplified in the followirg figure no 131:1.

The pipe line system should be layed out and meunted in the mill

in sections, which are provided with branches to suitably located
pump groups. Al the pipes should be made of <teinless steel. In or
order to premote a secure oneration only absolutely necescary shyt-
of f valves should be nstalled, furthermere tie hand woeel for the
valves should be reroved or *he valyes should be locked, s¢ that un-
intenticnal shoo-0ffs of the water sepply cannat occur.,

1}

'i;, Directly after the in-take of the fresh water line into the paper mil!
"‘:’ a suitable amount 0f water is directed to a level controlled water se: .

- from which a feeding pump is pumping the water through some sort of

micro filter. In the same particles which have a wearing effect on the

. equipment are removed. This is of great imporiance in recard to the

. life time of the sealing glands and so on, and that the micro filter
) .

!'.(Z) has adequate capacity to purify the water consumed.
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Eibre_Becoyery fquipments

Without comparison the filtration of the white water to recover the
fibres is the most common method. tquipment fur sedimantation func-
tions very good for white water obtained when producing paper quali-
ties with a high degree of fillers.

The following aspects on the equipment for filtration Of the white
water can be mentioned.

By filtration the suspension of materials is dewatered on a fine mesh
cloth. Most of the white water canrelatively casely freed from sus-
pended material by retention means. Dissolved and colloidal material
will normally not be separated. )

When filtering white water the filter c1oth cannot normally have so
fine a mesh that it retains fine material. Therefere ncrmally a more
open cloth is used, upon which a filter mat of coarser material is
forming the actual filter media.

»

At present two methods are used to forr this filter cake.

By the coating method, which is ofter used for drum and wire filters,
the filtration is taken place in two steps. In the first step the fil-
ter cake is formed. The same consists of usually unbeaten pulp. In the
next step the white water is added and filtrated through the formed
filter cake.

The amount of solid, which is separated from the white water, is in
mneral considerably smaller than the amount of pulp in the filter cake.
he filtrate rrom the first step contains rather much fibres, and it is

therefore returned’to the head box of the filter.

The mixing-in method is applied mainly when disc filters are used. In
this case the amount of suspended material in the white water is increa-
sed by an addition of pulp so that a concentration of about 5 g/1 is
obtained.

Besides the concentration of the white water, type of fibre and fillers
the capacity of a filter depends meinly upon the effective filter area
and the available pressure difference.

The filtration process can be carried out with several types of appara-
tuse;:

hum filter
Blt filter
bisc filter

The drum f11ter consists of a vertical rotating cylinde, which is
covered with a wire cloth. The latter s woven with a thread of dJif-
ferent material, ¢ g phosphor-bronze, stainless steel or plastic.
Usually a filter cake is formed with unbeaten pulp. These filters
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operate often with a pressure difference, which is obtained by the
level difference between the outside and the inside of the cylinder.
The fiitration can take place from the outside and to the inside or
in the revers direction,

The belt filter consists of a drum and a trough as the above described
filter. The principal difference is that the filter media consists

of an endless wire, which runs off the filter to discharge the filter
cake, cleaning and new forming of the filter cake with pulp.

The disc filters are built up by a number of circular discs dressed
with cloth, which in the center are fitted to an horisontal shaft,
Fach disc consists of several sectors. Each such sector together with
the corresponding sectors in the other disc are cornected to 2 sepa-
rate channel in the shaft. The water flows from both sides of the disc
into the hollow sectors. The required pressure difference is created
by a vacuum pump or more common with barometric drop leg. The latter
requires a certain minimum of liquid load in order to be able to give
a good result.

A relatively large white water chest should be installed in order to
equalize the load on the filter. A chest should also be installed
after the filter, which can be so dimensioned that the purified water
can be utilized instead of fresh water.

When chosing the dimensions of a filter the retention properties of
the fiber material must be taken into cronsideration. Also its com-
pressibility should be determined so trat the pressure difference and
filter speed required can be calculated. In this case it is recommen-
dable to turn to a manufacturer of filters who has such data for di-
mensioning a filter!, which he has built up by experience.

If consequently carried out the above mentioned recommendations for
closiirg of the paper machine systems will give drastic results in
regard to partly a decreased amount of discharged solid materials as
fibres and fillers and dissolved and colloidal materials to the reci-
pient, partly a decreased water consumption resulting in considerable
economical gain,

It was mentioned above that there are actually no ideal models for clos-
ing of the piper machines. Each mill and each paper machine must be gi-
ven its own system closed. It would carry to far to describe all closed
systems applied for different types of paper manufactured, which have
been studied by the Environmental Care Project (SSVL). Instead we have
allowed ourselves to include some of the flow diagrams given in a report
by SSVL. When these are carefully studied a lot of valuable information
can be obtained from them. °

. .
I
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EXTERNAL TREATMENT OF WASTE WATER FROM PULP AND PAPER MILLS

Today's technique offers excellent possibilities for internal measures
in order to reduce the discharges. As a complement to the internal mea-
sures a separation of the suspended materials in the effluent is re-
quired before the same arrives to the recipient. This separation can
suitably take place in a sedimentation basin, which should have such
a size and shape, that it can function as a "police” against temporary
or accidental larger fibre discharge,, e g at failures in pipe lines,
holes in filter cloths eic.

In certain coses screening or filtration can replace sedimentation, for
tmstance when a discharged water can upset the function of the basin to
the disadvantage of other discharged water. This is the case regarding
for instance discharqed waste water from the bleach plant, which partly
mormally contains a small amount of fibre and partly often reduces the
efficiency of the basin.

The separation of solid material from the discharged waste water is some-
times called primary treatment.

When it is judged that the recipient do»s not have the capacity to receive
the discharged waste water the same mus. be purified and freed from oxy-
gen consuming substances by a biochemical treatment and from suspended

or dissolved substances by chemical precipitation. Such a purificaticn
process is called a secondary treatment

A secondary treatment can result in considerable complications in the ope-
ration of the mill without giving a corresponding gain in the environmen-
tal protection. In Jdition to this problem there will also be a problem
with the treatment of the sludge obtained and the dispasal of the same.

Sedimentation

Nowadays most mills in Sweden have special sedimentation equipments. Se-
dimenta.ion means that particles are removed from the water by gravity
and the sedimentatinon is therefore dependent upon size of the partic-
les, the temperature of the water, the water flow and so on. Theoreti-
cally the sedimentation is only depending upon the surface area of the
sedimentation equipment. Therefore - s*ill theorctically - the sedi-
mentation basins should have the right area but need no depth. It has
been shown in practice, however, that the basins need to have a depth
of almost 2 m. This means that a circular sedimentation basin should be
8t least 2 m deep at the periphery. This depth of the basin is natural
because there must be a magazine that can be used, when the basin is
loaded momentarily with a high concentration of fibre suspension. See
figure 134:1 on page 134,

The load of the sedimentation basin is expressed in m3/mé/h. For all se-
dimentation Hazen's surface 1Qad theory should be applied. According to

’
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the same in order to be removed a particle must reach the bottom of
the basin before the water leaves the sedimentation basin. This will
mean that the particles should have a rate of descen& which is greater
than the flow velocity per sedimentation area (Q/A m /mz/h). As some
of the particles are coming into the basin under tha surface and thus
have a shorter distance to fall, other particles having a lower rate
f descent will also be removed.

If a particle has a rate of descent v, and arrives into the basin at the
surface (see figu'~ below) and reaches the bottom at the out-let, the
following correlation 1s obtained:

Figure  135:1

sedimentation velocity m/h

the width of the sedimentation basin

the length of sedimentation basin in meter
the depth of the sedimentation basin in meter
the flow m3/h

the ares of the basin in .2
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Ihe surface load Q/A 1s thus equal to the limit rate of descent v, for
those particles, which will be bare ':r removed.

Thus depending upon the size of the particles which have to be sedimen-
ted in the bas‘n, the load will differ from a very low to a high value.
for waste watcr coming from fine paper mills the value is about 0,5

,m‘/h and for waste water coming from a pulp miil the figure is about
¢ m3;méin,

Dep=nding upon the internal mecssures taken in different mills it is ad-
vi(ahle to inyegtinate *he waste witer which shoyld be cleaned by sedi-
mentation. .t is naturally important to find out how this water will
Jerdve in a sedimentatien basin defore this one is constructed and given
1ty dimensions,

Circular sedimentation basins are mostly used in Sweden because the machi-
nery is cheaper than for rectangular basins., In countries where there are
no nroblems with snow and ice, the rectangular basins may probably be of
greater interest.

The effects obtained by building sedimertation plants depend naturaliy
on the quality of the incoming water, but the outlet should have a fibre
enntent ranoing from 30 to 10 ppm if the bagins are functioning satis-
factory.

There are also other types of fibre remcving equioment. One is the verti-
cal sedimentation basin. This functions in the manner that water is in-
troduced into the basin at the bottom and the inflow of water creates a
circulating stream in the basin. This circulation causes coagulation of
the fibre content. In some mills a rather good result nas been achieved
with these types of basins.

Flotation

Instead of letting the fibres descend to the bottom of the tank it is
possible to make them float up to the surface with the aid of very small
bubbles of air. This called flotation and the method is frequently used
for fibre recovery inside the mill. A typical one is the so called Sveen-
Pederson saveall. As this equipment is depending upon the air pressure,

it 1s not so useful as the sedimentation basin for the final treatment

of waste water. In order to obtain a good result with the flotation equip-
ment it is mostly necessary to introduce a coagulent into the water such
as aluminium sulphate.

Chemical Treatment

Chemical treatment of waste water from pulp and paper mills is not usual
for the reduction of only the fibre content. In the last years, however,
chemical treatment of especially the waste water from kraft mills has

attracted great interest. In }he following table values obtained from an

¢
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investigation in a kraft mii]l is tabulated.

Table 138:1
Before sedimentation After Flocculatir-
“internal measures” sedimentation after seciment. > =«
mg/1 mg/1 mg/1

fibre content 200 - 300 18 - 36 11 - 28
DOD, 100 - 135 100 44
Colour Pt 810 - 870 740 - 772 150 - 182
* kg/ton pulp kg/ton pulp
Fibre content 1.8 1.2 - 1,6
NO, 9 3,5

Column 3 shows how the water from the sedimentation basin is reduced ‘n
80D, with about 50 %‘by coagulation of the water with 100 g aluminium
sulphate per m3 of water. This precipitation of waste water is, however,
limited to the wash effluent from the kraft mills and is unfortunately
mot of use for waste water from a bleach plant. The only way to reduce
the BOD in the same seems to be a modified process. However, as mentioned
previously new bleaching methods using cxygen under pressure have been
developed. This means that at all events 50 per cent of the bleaching
effluent can be reused in the chemical circulation of the kraft mill.

8iological Treatment

3

It has not yet been quite possible to solve the condensate problems in
the sulphite process as it has been done in the kraft process. For the
former condensates, therefore, there remains only the possibility of
using biological treatment.

Biological treatment of effluents from forest industries is used on a
full scale in the United States and also at some mills in Europe and
Asia, Most of these treatment plants are built for kraft mills. The
plants use mostly the activated sludge method but are constructed in
different ways. The reduction of B(I)7 in these plants is normally

]
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75 - 90 per cent. A conventicnal activated sludge plant consists of

a sedimentation tank in which the oxidation and the BOD; reduction
take place, and a sedimentation or flotation plant where the activa-
ted sludge is separated. As the waste water from pulp plants are poor
in nutrients, 1t is necessary to add phosphorus and nitrogen.

The biological plant functions as follows. The first sedimentation act
to reduce the fibre content. In the aeration basin the pretreated eff-
lent is mixed with return sludge. nutrients and possibly chemicals for
PH control. Aeration can be done by turbines or other sorts o” aerators.
In the second sedimentation basin the treated water is separated from
the suspended solids. Most of this as activated sludge is returned to
the inlet end of the aeration basin. The excess sludge is brought to

the sludge handling station. In order to reduce the phosphorus content
in the water this biological treatment plant has to be combined with a
chemical treatment plant.
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The cost of the biological treatment depends naturally unon which part
of the effluent has to be treated. The estirated ‘treatmert cost in
these cases 15 somewhore between 2 and 4 US dollars per on né urgdyrad
pulp. The figure no 139:1 illustrates a lay-out of a Dioisgical *trege-
ment plant according to the active sludge metrod,

Sludge Handling

Scientists have developed methods for mechanical, binlonicel arl ¢
cal treatment of waste waters. At the end of thene processes 2 sly
of various character is obtained, !Infortunately so far there 15 no
form solution as to how to handle t~is sludge,

From the sedimentation basins a sludge is taken cut with a dry content
of about 1 - 2 per cent. In some cases this slude» can be hrouahrt hack
into the production, but the sedimentation basir =u-* ther not he lezded
with bark or rejects froo centriclearcrs, Usuyally tne slucte canrot he
reused and in these cases it is dewatered to aboit 5 - 6 por cent dry
content in special basins, Afterwards it is corditioned with <ome wind
of dewatering apparatus. The dewatered sludge with dry cortent of about
30 - 40 per cent may be burnt together with barx from the wood cepart-
ment in the mill,

If the waste water is treated with alumirium suiphate the sludge will be
very voluminous and difficult to dewater. In some cases this sludge just
as well can be reused, but mostly it has to be treated. This problem was
almost impossible to solve before a new type of centrifuge has been con-
structed in Denmark. This centrifuge makes it possible for the flocks %o
keep together when the water and sludge enter the slowly rotating com-
p:rtnent of the centrifuge, where the speed is up to 1600 revolutions per
minute.

The problem is even more complicated when it is necessary to treat the

effluent biologically. In Swedish sewage treatment plants it is a prac-
tice to use some kind of a digester to break down nart of the oraaric

substances in the sludge. This also reduces the bacteriological problem
of the same. Sludge from the biological treatment plant of wood-preoces-
sing mills has no harmful bacteriological effect. It is therefore possi-
ble to stabilize this sludge aerobically by putting it on the ground as
fertilizer. This is a possible but, unfortunately, not a final sclution,
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SUSPENDED MATTER IN WASTE WATER

Definition Preparat.on of sample

For the purpose of this method suspended niatterin Remove ficating material and other particulite az-

waste water is defined as the matter retuined whey Flomerates not dispersed on agitatirg the gross

& sample of the water is filtered through a speafied  sample. Aliow this to attain ambient temperature.

flter. Floating material and supernatant layers of

nonaqueous liquids should be removed befure the Bec.use some kinds of effluents . for e,

filtration. those finm kraft mijls — are unstable. the sqmj..a
shouid he analysed without delay.

Object and scope

The test specified In this method is intendd for
measuring the amount of suspended matter present Ap.tate the gross sample vigotously and transfer
in a sample of waste water. [ : immediately a suitable volume tsenerally ca. 100

ml) toa measuring cylinder rapidly and in one por-
tion. The volume taken should contain 5 to 100 mg
of suspended matter and should be chosen so that
the filtering time is less than 1 min, Read off the
sample volume on the cylinder seale.

Procedure

rd
While the test is applicable to most kinds of offly-
ents, special care is required when filtering waters
fontaining suspended matter that builgs up a filter-
ing layer having a smaller pore size than the actua]
filter (Note 1). The method is not intended for the

determination of suspended oils. Dry a filter for 1 h at 105°C = 5°C in the drying

oven. Allow it to attain cquilibrium with the amos-
phere near the balance and weigh to the nearest
0.1 mg. Ensure that during this procedure the filter
T.c sample is filtered through a filter parer of wlacs s not eontaminated by dust,

fibres, and the retainsd dry matter is weiicd. Rele-

vant details concerning the filter are presenicd Place the weighed filter |n the Bilchner funnel and

Prnciple

under «Apparatuss, apply suetion. Moisten the filter with & few drops of
distilled water and check that it fits the funnel
Apparalus tightly.

1. Glass-fibre filters (Note 2), pore size APProXi- Trangfer the sample quantitatively to the funnel. If
mately 10 ym (Note 3), 55 mm in diameter the time required for the sample to pass the filter
(Note 4). exceeds 1 min, record the time needed. Rinse the
Biichner funnels, with an inner diameter to teke cCylinder with 20 ml of distilled water and use this

"~

the filter papers. . fqr washing the .ﬂlter. Riqu. the sides of the funnel

. ' B with a few millilitres of distilled water. Remove the

3. f liter pump and filter flask, for thl Buchser filter carefully from the funnel and dry it in the
unnels,

’ drying oven for 2 h at 103°C % 5°C. Allow to cool,
4. Drying oven, adjustable to 105°C + 5°C and weigh as befors. Check that the tempersture

S
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and relative hu..id:iiy near the balance have not
changed appreciabiy since the filter was weighed
prior to fultration.

Carry omt the procedure in duplicate. The results
should agree within 18 per cent.

Calculalon and report

The suspended-mmatter content is given by the ex-
pression
X = 1000(a-~-b) ¢
where
a = weght o/ 7 Wr and residue, my.
b = weight of {:iter, mg.
¢ = velame taken for analysis, mi.
X = swmpended-matter content, my 1.

)
(’ If X is ot least 5 mg |, report to significant fig-

PR

ures: otherwise report the resuit as «less than

5 mg/ls.

The report should also state:
)
‘ (a) The time elapsing between sampling and ana-
lysis.
(b) The manufcctures of the filter, its pore size
(where known) aid other relevant wnformation,

(¢) The filtering time, if longer than 1 min.

$

Fhis method has been published in: .
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(d) 1f relevant, that suspended matter formed a
filtering Inyer having a pore size smallcr than
that of the filter itseif, aad that the modifica-
tion in Note 1 has becn used. In this case, the
two eamnple volumes should be reported. Suate,
then, that the resuits are approxiniate.

Note |

Many efflurnts frem pulp, paper or wallboard miiis con-
tain minute particles which can block the tilier by ad-
hering to the walls of the porex thus dinunishing the
pore size. When this happens the filiration tune will be
prolongzed and the resuits will vary with the sampie
volumne taxen for analysis. In this cuse filter two sam-
ples, vne tw.ce the size of the other, but bo'n ralhar
amall. Report the two resuits and the sample volumes
and state that tre resuits are approximate.

Note 2

Filters made of cellulosic {ibres. such as Schicicher and
Schitii 5%9 or Munkteil OOR, are In common use n mii
control, If such filters have bcen used, Lhis shouid be
«tated specifically. The resuits shall then not be reported
as being obtained In accrrdance with this standard
mcthod.

Note 3
A sultable filter is eWhatman GF/A»,

Note 4

1f the amount of suspended matter ls large, larger fiiters
and funneis may be used.

?

Norsk Skogindustri 5 (1971):12. 389—-393. (English, Norweglan)
Paperi ja Puu — Papper och Tril 33 (1971):12, 735--740. (English, Firnish, Swedish)

3 Svenak Papperstidning 74 (1871):23, 809—810. (Engligh)

Bvensk Papperstidning 74 (1971):24, 845—846. (Swedish)

Q

SOAN testing methods are issuod and recommended by the Central Laboratoriss of the Pulp, Paper and Doord
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BIOCHEMICAL OXYGEN DEMAND OF INDUSTRIAL EFFLUENTS

H

Definition
The biochemical oxygen demand of an industrial
effluent is the amount of dimolved oxygea that is

consumed in biochemical oxidation of organie matter
under specified conditions (Note 1).

Scope

This method is designed for application to normal
industrial effluents containing no other toxic or
interfering substances thar active chlorine, sulphur
dioxide, hydrogen sulphide or other volatile sul-
phidu. $ J

rd

Principle .

The pretreated and suitably diluted sample is seeded
with domestic sewrge to initiate biochemieal oxida-
tion. Incrganic nutrient salts are added and the
oxygen oomtemt is measured immediately and after
an incubation period of 7 days at 20°C (Note 2).

The oxygen dissolved in the sample is determined
by adding M»=* jons, which are oxidized to manga-
neae(II1) )hydroxide, 3InO(OH). On the sddition of
pitassium jodide and acidification an eguivalent
amount of iodine is liberated and this is titrated
with sodium thiosulphate.

Apparshs
1, Giless incubation bottles of volume os. 130 ml,
with ground-in tapered stoppers. The volume

of the bottles witih tho stopper inserted should
be known to the nearest millilitre.

2. Comstant temperature bath adjustable . to a
temperature of 20.0°C + 1.0°C.

Reagenis

Check the quality of all the distilled water u:ed in
this method as descrihed in Note 3.

1. Ntrient solutions:

(1) Phosphate buffer. Disaclve separately in
sterile distilled water (Note 4) 8.5 g of
potassium dihydrogen phosphate, KIH:PC,,
21.8 g of dipotassiury hydrogen phosphate,
KeHPO,, 33.4 g of disocdiumhydrogen phos-
phate, NayHPO, - T H:0 and 3.24 g of po-
tassium nitrate, KNO;. Mix the solutions
and dilute to 1 litre with sterile distilled
water. Store in a dark, cool place. The
solution easily becomes infected and has a
short shelf life. Discard solutions that have
become turbid or that are more than one
month old.

(B) Magnesium sulphate solution.
) 22.5 g of magnesium sulphate,
Mg30, - 7 HO in distilled water and make
up to 1 litre.

Dissolve

(C) Iron(Il)chloride and calcium chloride so-
lution. Dissolve separsntely 0.25 g of iron-
(III)chloride, FeCly -6 H{O, and 27.5 g of
calcium chloride, CaCl,, in distilled water.
Mix the solutions and maks up to 1 litre.

8. Beed. Domestic sewage, preferably taken from
the effluent from the secondary, or alternative-
ly, the primary clarifier in a sewage treatment
plant. Before use, leave the seed in contact with
air in an open vessel for 24 to 36h at 20°C. Take
a portion from the centre of the liquid with a
pipette and filter through surgical cotton or a
paper filter (Note 8).
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3.

6.

-

14.

15.

18.

Dyiut.on water. Distilled water, {ree from copper
8ad having an oxygen content it 20 °C. of 8 to
W my por litre, obtained . bubbling air
threoph the water. If compressed air is usid
for the puijuse 1t should be purified by fitter-
ing. It must pot eontain foru.yun sublstances,
saeh as o, water or exhaust yases Check the
axy pen cuhitent as described unider «Procedures.

Sulpruric acid, .86 M. Add 28 ml of con-
centrated H-504 (p= 1.84) to ca. 700 mt of
st ied water and make up to 1 litre.

auin hivdroxide solutiou, 0.1 M. 4 £ of NaOll
§T iLre,

~ad it sui; hute solution, eg. 0.0125 M. Dissolve
1A of \ag.\(). in distilled water and make up
to 1 litre. As this solution is unstable, use only
freshly prepared solutions.

fatessaimn iodide solution, 10 7, 10 g of Kl
per 100 1,

Acetic ooid, 87 M. Add 230 ml of glacial
CHCOO0H (5 = 1.049) to 250 ml of dist:lled
‘waler,

Slarch andicator solution. Dissolve 1 g of
esoiubie starch» in 200 ml of hot distilied
waler, Add a small amount (a few miil-
grammes) of mereury(IT)iodide, Hgls, as a
preservative.,

ARaline indide solution. Dissolve separately
S0 g of sodlum hydroxide, NaOH, and 150 g
of potassium iodide, KI, in distiiled water. Mix
the solutions and dilute to 1 litre. Add a
solution of 10 g of sedium azide, NaNj, u\ 40 m!
of distilled water.

. Maaganese(II)sulphate solution. Dissolve 480 g

of MnSOQ, - 4 HeQ in distilled water and make up
to 1 litre. Filter the solution if it is turbid.

2. Phesphoric acid, HyPO,, concentrated, ¢ = L83

. Sodium thiosulphate solution, 0.1 N. Dissolve

248 g of Na»8.0;3 .5 H-0 in dlatilled water and
dilnte to 1 litre. Shelf-life limited.

Sodium thiosulphate solution, 0.01 N, standard-

. ized, normality known to 0.0001 N.

Glucose-glutaminme solution. Dissolve separately
in distilled water 150.0 mg of glucose, CsH,20,
and 187.2 mg of glutamic acid hydrochloride,
CiHyNO, - HCl (both substances dried over
phosphorus pemtoxide). Mix the solutions in a
1-Wtre volumetric flask and make up to the
mark. The solution should be freshly prepared.

Todine solutlon, 0.01 N. Dissolva 1.28 g of iodine,
1, and 20 g of potassium todide, KI, in 40 ml of
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distilied water 11 1 1-litre volumetric flask and
miake up to the rark. Let the solution stand for
24 h before v~ ¢ and etore It in a dark, glase-
stoppered hottie. Commercially evailable atan-
dard solutions of iodine may be used.

All chemucats should be of reagent grade (pro
analysi)

Preparahion of sample

Instructions for transport and storage of samples
are given in Note 6.

The jreparation of the sample is dependent on the
presence and i.stire of interfering substances. These
should be elimiiated as instructed below. Shake the
sample boltie delore removing any part - of its
content.

fa) Activechlorine

Active chlorine is reduced in acid solution by
the addition of an equivalent amount of sodium
sulphite,

To 100 ml of the sample add 10 ml of the
potassium iodide solution, 10 ml of the acetic
acid and a tew drops of the starch Indicator.
1f a blue colour appears, titrate with the sodium
sulphite solution (consumption @ ml). The end-
point .s indicated by the disappearance of the
blue colour.

To a second 100-m] sample, add @ ml of the
sulphite solution and, after 10 min, potassium
iodide solutina, wucetic acid and starch aolution
as above. If the solution turna blue add more
sulphite (b ml) until the colour just disappears.
Add to the sample fa+ b) ml of sulphite
solution per 100 ml.

(b) Sulphur dioxide

Under the conditions of the BOD determination
sulphur dioxide consumes oxygen and must
therefore be rciaoved.

It the sample contains aulphur dioxide transfer
a measured volume to a beaker and acidlfy
with the sulphuric acid to pH 3 or just balow.
Note the volume of acid used and take this
into account when calculating the dilution
factor (see below under «Dllution of samples).
Pzss nitrogen through the sample for about 30
min by means of a glass tube to whose lower
end is connected a piece of fritted glass, or by
means of some other suitable devics for pro-
ducing small bubbles of gas.

Check the immediate oxygen demand by titrat-
ing & known volume of the sampls with stand-
ard iodine solution; 1 ml of 0.01 N iodine
Solution corresponds to 0.08 mg of oxygen. The
immediate oxygen demand of the final test
sampie should not exceed 0.1 mg per litre.

fc) Hydrogen sulphide and
other sulphidaes

* Remove with nitrogen at yH 5 or lower, as
described under (d).
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fd) Suspended materini

M the sample eumtains suspeided material it
should be decwved whether its biochemical
exygen demand & to be included in the test
(Note 7) if it shall be included, homogenine
the sample in a mixer; if it shall not, remowve
the suspended material by sedimentation: shake
the anmple and transfer a part of it to a beaker
or a flask. After 30 min take the amount re-
quired from the supernatant solution.

The presence of suspended material in the test
samples may lower the precision of the test.

fe) Oxygen

If the sample comtains oxygen in cxcess of the
eguilibrium amount at room tcmperature (o,
® mg per litre )it should be removed by passiag
air through it.

It no interfering substances are present, or if these
have been eliminated as instructed, dilute the sample
as described belouw.

Dilution of sample

Although this mecthod covers effluents coutaining a
wide range of conceatratione of oxygen-consuming
matesial the oxyuen content at the end of the in-
cubation period X; should be withln 35 to 60 per
cent of the original value Xo, which is 8 t0 9 mg per
litre. The unginal cample will therefore normally
have to be diluted, and several «test sampless of
different dilutions mrust then be prepared from the
same original sampla. The dilution is expressed in
terms of a dilution sactor, d, which is the ratio of
the volume of the diluted sumple to that of the
origimal sample.

$
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The dlution factor 4 plotted the diochemieal
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of X, of 5 and 3 mg/l, respectively.
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Prepare the test samples as follows

Bring the sumples and dilution water to a tempera-
ture of 20.0°C + 1.0°C.

Transfer to a 1-litre volumetric flask a volume not
less than 5 mi original simnle, selected to give an
oxygen content at the end of the incubation pericd,
X;, of between 3 and 5 mg per litre. If the dilution
factor to be used is greater than 200, the dilution
must be made In two steps. If the sampie rontains
large amounts of suspended material use measuring
cylinders.

If the approximate oxygen demand of the original
sample is unknown, prepare 3 or 4 test sampies
having dilution factors forming a series the con-
secutive terms ci which do not differ by more than
a factor of 2.5, A suitable series in 1,2.5,5,10,25. ..
(Note 8).

Prepare each test sample in a 1-litre volumetric
{lask. Before making up to the mark add to the
sampie 1 m| of cach of the nutrient solutions A, B
and C (Note 9) and 1 ml of the seed. Check that the
pH of the solution is between 6 and 8. and ad;ust if
necessary with & few drops of the 0.1 M sodium
hydroxide solution or the 0.05 M sulphuric acid
(Note 10).

Perform all dilutions with dilution water.

Procecure

To check the procedure run 3 control samples
parallel with each Latch of test samples:

1. A coatrol sample containing 25 ml of sced per
litre of dilution water.

2. A coatrol sample containing 1 ml of seed and
15 ml of the glucose-glutamine solution per
Yree.

3. A reagent blank contalning 1 ml of seed per
litre,

All 3 control samples should contaln the normal
quantities of nutrient salts (Note 11).

For each test or control sample rinse 5 incubation
bottles with a small portion of the sample, fill them
to the rim and Insert the stopper. Check that no air
has been trapped In the bottle.

Place 3 of the bottics in a constant-temperature
bath at 20.0°C + 1.0°C for Td. Exclnde light to
prevent growth of oxygen-producing algae. Deter-
mine the amount of oxygen in each of the 2 remain-
ing bottles. Remove the stopper and deposit, at the
bottom of the bottle, 1 ml of the alkaline iodide
solution, and just below the aurface 1 ml of the man-
ganese sulphate solution. Replace the stopper, there-
by expelling approximately 2ml of the so. 1tion. (This
is corrected for in the calculation.) Shake the bottle,
Jeave for & min and shake again. Allow the pre-
cipitate to settle — this will take about 15 min.
Remove the stopper carefully and at the surface
odd 3 ml of the phiosphoric acld; replace the stopper
immediately ; about 3 ml of solution will be expelled.
(Ne correction is required.) Shake the bottle until
the precipitate is dissolved,
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Transfer tre contents of the bottle (Note 12) to a
titratsom fiask. Titrate immediately with the 0.01 N
sodiuem thwsulphate solution. Towards the end of
the tikration add a few drops of the starch solution
as an indicator. Calculate the ozygen content from
the empression

8000 a »

Xs = 32

where

¢ = wolume of sodium thiosulphate solution con-
ssmed by the sample, mi

n = mormality of the sodium thiosulphate soiutioa,
equivaients per litre

b = weolume of the incubation flask, ml

X; = exygen content, mg of Oy per litre.

Record the mean to 3 significant figures as the
oxygems content.

Determine the oxygen content in the incubated
flasxa after 7d *+ 6 h and recurd the mean as X.

Calculation and report
Calculmte the oxygen demand from the expression

ROD; = dl(Xy—~ X;) - (Cy — C7)]
where

Xy = oxygen content in the test sample at the start,
mg of O; per litre

X; = oxygen content in the test sample after 7 4,
mg of O: per litze

Cy = oxygen content in the reagent blank at the
start, mg of Oy per litre J

C: = exygen content in the reagent blank after 7 d,
mg of O per litre

d = dfdution factor, the ratio of the voluma of the
@luted sample to that of the originai sample.

BOD; = biochemical oxygen demand, mg per litre.
Report the result to 2 significant figures. Report
any pretreatments and if the seed check (control
sample 1), the standard mixture (control sample 2)
or the reagent blank has given values outside the
ranges specified in Note 11.

If 2 test solutions made from the same original
sampls but having different dilution factors give
differemt oxygen demands for the original sample,
report both values, provided that the oxygen com-
sumption lies within the limits specified (35 to 60
procemt of X;). The difference may be due to poison-
ing of the seed by toxic components.

Nole 1

The purpose of a determination of dlochemical oxygen
demand is 10 measure the amount of organic material
decomposed and oxidised by natural aguatic micro-

organisimg (mainiy bacteria). t/nder ths conditions of
the test, however, several inorganic compounds or jons,
for inatance 8O.2- and Fef+, consume oxygen. These
interfering substances sre therefore removed before the
test ia started

.

Nots 2

In many countries an incubation period of 8 4 is com-
moniy appiied. The period of 7 d specified in this method
is convenient fo~ laboratories working a 5-day week.

Note 3

Distiiird water sometimes consumes oxygen Check the
quality ol the water in this respect by determining the
permanganate number of the water as tsken and after
it has been bolied for 20 min. The method is described
iIn SCAN-W 1. If the differencs in the consumption of
0.01 N sodium thiocsulphate soiution exceeds 0.15 mi the
water should mot be used for prsparing solutions or
dijution waster.

Nots 4

Because nutrient solution A Is susceptible to bacterial
contamination, mterilize the water used for its prepara-
tion hy boiling fc.' & few minutes; aiso steriiize the bottle
for storing the soiution by heating it to 120°C for 3 h.

Do not dip unster.iized objects such as pipettes into the
solution. Do not return unused portions to the storage
bottle.

Noie S

To avoid infectéon of personnel, estreme care should be
sxercised when Pandling the seed. Rinse pipettes and
other glaas-ware thoroughly after each test not put
used plpettes on laboratory benches, but use a pipette
stand.

After working wi.h the seed disinfect the hands. At ths
end of cach working day sterilise all the glass-ware
(except Incubation botties).

Note 6

Industrial effluents with a high oxygen demand and
other properties (such as a high or low pH) that inhibit
or provent spontaneoua biochemical processes may be
stored for 1 to 4 days after sampiing, preferably at 4°C.

Non-sterile samples (contaiming effluents from paper
mills, food factories and domastic sewage) should be
tested as s00n as possibie after sampling. Delay due to
transport and other causes should not exceed 1 day.

‘Keep the sampies at a tempersture of 4°C.

Nole 7

For example, If the object of the investigation is to
study the performance of a biological treatment with
regerd to degradable dissolved as well as suspended
mat: rial, suspended material should not be separated.

Note 8 '
In sclection of the dilution factors to be mpﬂd the
diagram In FPigure ! may be used as & guidance. The
diagram illusrates the relationship between the BOD,
for the original sample and the dilution factors to be
wlected for X, = 8 mg/l and X, = § mgA.

Note 9

If the number of samples to be analysed is large it may
be convenlent to use dilution water coataining 1 ml per
Itre of each of the nutrients A, B and C.

Note 10

It the pH is adjusted before the final dilutions, the
propertiea of ths sample may be altered; where possible,

B
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M sdjustmeats during the preparation of the sample
&ould therefore be aveided.

Note N

withia the range 50 to 300 mg O, per litre. Control
mmple 3 should Bave a BOD, of 725 mg + 10 mg of
gen . A reduction in the oxygen content of
e reagent bank exceeding 0.7 my of oxygen per litre
one of the reagents is contaminat-

M large number of boltles are tested It may be more
ssuvenient to use the following technique:

it the neek of a 100 m! volumetric flask at
Bl$ ml + 03 ml. Plass a rubber gasket around the
Wm, invert the bottlc and press the gasket into the
Bouth of an incubatiom bottie. Turn bottle and flask
& that the flask fills. When the flask is free from air
Bmbbles remove the bettle and truunsfer the aliquot
€016 ml) to a titratiom flask. Titrate with 00125 N

This method ras been publiahed in:
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sod.um thiosulphate solutlon as described above and
calculate the oxygen content from the expression

X=80n,/
where ™

#y == normality of the sodlum thiosulphate solution,
equivalents per litre

! = volume of thiosulphate solution consumed, ml

X - oxygen content, mg of Oy per litre.

If the normality is exactly 0.0125, the expression reduces
to

X=1
The volume of the volumetric flask is calculated aa
follows :
100 x 130
130 —g "=1916 mi
LAterature

1. Rouveng, H. and Karlyren, L.: Vatten 83 (1967): 2,
170—1171.

2. Standard Methods for the Exa:nination of Water and
Waste Water, American Public Health Ass., 19893,
p. 406, 418,

Norsk Bkogindustri 235 (1971): 4, 113—117 {English)

Norak S8kogindustri 85 (1971) 7, 199—203 (Norwegian)

Faperi ja Puu — Papper och Trii 53 (1971): 4, 233—290 (English and Finnish)
Paperi ja Puu — Papper och Trk 58 (1971): 8, 329—333 (Swedish)

Svensk Papperstidning 7§ (1971): 7, 201—205 (English)

Svensk Papperstidning 7§ (1971): 11, 358— 359 (Bwedish)
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PERMANGANATE NUMBER OF WASTE WATERS

Definilion

The permanganate number of waste watcers is de-
fined as the number ¢[ milligrams of potassium per-
manganate consumed by one lltre of waste water
under standard conditions of test as specified in
this method. %

r

'd

Principle

To the acidifled sample is added a known amount of
potassium permanganate at the temperature of a
boillng water batli. The consumption of permanga-
pate is taken as a measure of the content of organic
matter In the sample. Unconsumed permanganate
is determined iodometrically.

Scope

This method ap)plies to waste waters and receiving
waters, or dilutions thercoi, contalning less than
300 mg of chioride ions per litre.

Apparalus

1. Water bath with rack for sample tubes 35 mm
X 85 mm (Notel).

2. Sample tubes, 25 mm > 83 mm (Note 2).

3. Glassrods ca 5§ mm X 120 mm, flaitened at one
end and bent at the other to form a handle; for
stirring during titratlon.

4. Piston burette, 5 ml, graduated in 0.005 ml.

Reagenis

1. Potassium permanganate solution, 0.01 N. Dis-
solve 3.16 g of KMnO, in distilied water and di-
lute to 1000 ml. Filter this stock solution (0.1 N)
and store in a dark bottle. Dilute the stock solu-
tion to 0.01 N immediately before use.

2. Sulphuric acid, 4.5 M. Add cautiously 1 volume
of H;80, (p = 1.84) to 3 volumes of distilled
water.

3. Potassium iodide solution, 0.1 M. Dissolve 4.15
of Kl in distilled water and dilute to 250 ml.

4. Starch solutiou, 2 g per litre. Add a few grains
of mercuric jodide, HgI4, to the solution.

5. Sodium thiosulphate solution, 0.01 N. Dissolve
2482 g of Na_S,0; - 5 H,0 in 500 ml of dlistllled
water, add 10 il of isobutanol, (CH,) ;CHCH,0H.
and0.1 g of anhydrous sodium carbonate, Na,CO;,
and dilute to 1000 ml. Normallty known to an
accuracy of = 0.00002 N. The solution may be
stored for up to 6 months.

All reagents should be of analytical grade.

Prepanalion of sample

Analyse the samples as soon as possible, and not
later than 3 days after collection. If the storage
time will excoed 2 days, store at 0 to 5°C.

Preserve samples that might oontain a large num-
ber of bacteria (domestic effluents, paper mill of-
fluents, heavily polluted receiving waters) and that
cannot be analysed immediately, by adding per litre

Agoopied - Saplomber 1y: -
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of sample | ml of & satur.:icd wolution of mercury (1)
chiordde, Hg('l, Acadafy sum:ples contamuny ciilorine,
hydregen :.ul, 1ide, sulphuiic dioxide or iron (I1) saits
with & few drops of sulphuric acid and acrate before
analysin.

Allow samples containing rusily sedimenting par-
licies t® settle for 1 h (alternatively 30 nun). Ins-
card the acdiment and shake the solution before
taking & jortion for analysis. Ay necessary dilu
tion shall be made after the sedunentation. Samples
a0t reguiring sedimestation shouid be shaken be-
fore taking 4 portion for unalysis.

Procedre

Tramsfer & 10 il portion of tie sample or a dilu-
tion thercol (Note 3) to a sample tube. Add (.5 mi
of the sulphuric acid and 2.0 mi of the polaxsium
permamganate solution (Note 4). Place the tube
& bollimg witer bath for exactly 20 min nnd then
cool immediateiy in cold water. Add 1 m} of the pot-
assivm iedide solution and, us:ng starch as indicator,
titrate with sodium thiosulphate :olution until the
blue osdour disappears. Run a blauk, in which 10 ml
of distilled water is used wistead of the sample.

Calodation and report

Carry eut two determinations and calculate as foi-
lows:

where
e = gadium thiosulphate solution consumed in the
- titration of the sample, ml.
» = ssdium thiosuiphate solution consumed in the
titration of the blank, m!.

X = 3160mc (b a)

This method has been published in:

-151

hormality of the sodium thiosulphate solutior
¢ - concentration of waste water in the portion
taken for anayleis, ml/mi.
X .- permangansate number, mg KMnQO, per litre of
waste water
Report the incir of the two determinations to two
significant fipures Keport ulso the storage time «if
more Lthan § days), the time for sedimentation (6.
30, 60 nun) and, if relevant, aeration and addition
of preservative.

Note 1

The heat capacity and power of the water bath should
be large cnough to cusure that boiling will be resunied
within 2 min of the tubes having been piaced in the
bath. kxampie Rack for 30 tubes, power of water bath
2 kW

Note 2

Sample tubes are made by shortening standard 2o mun
% 125 1nm test tubes.

Nole J

Milute waters wita a hijh permanganate consumption to
give a permanganate number of ca. 10 to 40 mg.l for
the dilution, corresponding to a value for @ of ca 0.6 to
1.6 mi

Note 4

The use of an accurate dispensing outfit is recommended
for adding the pcrmanganate solution.

Literature

1. Holluta, J. a1 Hochmiiller, K.: Vom Wasser 26
(1959) 146.

3. Bouveny, H. (*. and Olsson, E.. Bvensk Papperstidn.
08 (1965):23, £39- 841,

Nersk Bkogindustri 20 (1996):10, 608—400. (Engiieh and Norwegian)

Paperi ja Puu — Papper och Trk 48 (1966):10, 611 -612. (Finnish)

Paperi ja Puu — Papper och Tri §8 (1966) .11, 77--T10. (kinglish and 8w cdish)
Svensk Papperstidning 69 (1966):19, 671—874. (Bwedish and English)
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" HYDROGEN SULPHIDE IN WASTE WATER )

Scope : . ™
This method applies to all kinds of waste water, If
the sample contains sulphur dioxide, the modifica- k
tion in Note 1 should be used. '

Principle \

After acidification of the sample the hydrogen sul-

| phide is stripped off by a stream of "nitrogen, ub-
u sorbed in an alkaline phosphate buffer colution and
,' determined colorimetrically by the methyiene-biue

~, method (Note 2). E J
-J’

! Apparatus L

' 3. Apparatus, for stripping off hydrogen sulphide, 8

i
‘) ! as shown in Figure 1.

2. Apparatus, ror standardization of hydrogen
sulphide solution, consisting of i thick-walled
conical flask, 250 ml, with ground-in joint and ’
& separating Tunnel, 50 ml, with grouud-in
joints (Figure 2). B A

3. Bpectrophotonieter or filter colorinieter.

Reagens "
1. Distilied water, to be used for preparation or \/ ...LL' ; !
dilution of standard solutions er samples, freed \.\"J
from dissolved oxygen by boiliny, and kept oxy- L

gen-free by bubbling nitregen through the Figurs 1. Apparsiua for siripping
bolled water,

'
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guew 8. Apparatus for standardization

A and B. Jround-n frint no. 14
C. Greund-in joint no. 24
D. Thick-walled coincal flask

. Egdrochioric acld. ra. 6 M. Dilute 500 ml of HCI
= 1.19) with 500 ml of distllied water.
. ption solution: Dissolve 20.56 g of diso-
dmm hydrogen phosphate, Na .HPO,. 2 H.O,
" @R g of sodium hydroxide, NaOH, and 1.8 g of
agdllum hydrogen carbonate, NaHCO,, in distill-
ol water in a 1 litre volumetric flask and make
WP b the mark with distilled water; adjust the
i %0 105
. Aamime-sulphuric aci® I. Add 25 ml of econ-
emmfreted sulphuric acid, Hi80¢ (; = 1.84), to
2B ml of distilled water, eool and add 17.5 g of
praminc -N.N-dimethylaniline oxalate,
{€OBL,) -NCgH,NH: | (COOH)s. When the amine
hme dissolved. dilute to 50 ml with distilled
walder.
. Swlphuric acid, ca. 9 M. Add 300 ml of con-
esmbrated sulphuric acid, H:80; (p = 1.84), to
889 ml of distilled water. Cool to room temper-
afave.
Ammime-sulphuric acid 1I. Dilute 3 ml of amine-
sufighuric acid I with 485 ml of cs. ® M sulphuric
asll. The solution is stable for at least 1 month.
Team (111) chloride nolution, 1.2 %. Dissolve 2 g of
MY - 6 H-O in 100 mi of distilled water.
Iadiime solution, 0.1 N. Dissolve 12.8 g of iodine,
Ia and 30 g of polassium iodide, K1, in 40 ml of
dintilied water in a 1 litre volumetric flask and

’

make up 1o the mark. l.et the soiution »tand for
24 h belore use and store 1t in a dark, glass-
-stoppered bottle,

§. Sodium thio~ulphate solution, 0.1 N, standard-
ized. Norimahity known to an uccuracy of
4 0,000, N,

10, Starch solution, 2 g per itre, Add o fow gl
of mercune sodide, Hgl |t the soiation
1L, Standad suiphiae soicon, Rinse a few laige

sodiunr suipinde aystais, Na.S #1.0, with
diatilied water and trionsfer 1.3 g of thern. while
still wet, to a 1 litre vo.umetric flask. Dissolve
them unmediately in oxyzen-free distilled water
and make up to the mark.
Al eageats shouid be of anniyuicai grade (pro sna-
lysi)

Cabibration

Standardize the standard solution as follows: Py
pette 5.0 ml of 0.1 N indine solution and & ml of
8 M hydrockicrie arid into tie thick-walle. conical
flask and councet the separating funnel (. ire 2,.
Evacuate the fhisk throngn the funnel by oeans of
a filter pumi, close the stop-cock ard d. ~connect
the pump Pipette 50.0 ml o tne standard . olution
into the fuimel, suck it down carcfuliv so inat uo
air is adnitied and rimse with about 15 ml of
distilied water. Suck down tie ninsing waer into
the flask. Kepeat the rinsing once and the:. shake
the flask vigerously. Transfer 20 ml of wistilied
water to the funnel, open the stop-cock and suck
down the water; remove the funnel. Titrate with
0.1 N sodium thiosulphatc solution using the starch
solution as an indicator, and denote the consumption
by a ml. Titrate a biank coasisting of 100 ml of
distilled water, 25.0 ml of iodine solution and 4 ml
of 6 M hydrochloric acid. Denote the consumjption by
b ml. Calculate the sulphide concentration:

X = 16000 n (b--a)/c

where

¢ = volume of sodium thiosulphate sclution con-
sumed in the titration of the sample. mi.

b = volume of sodium thiosulphate solution con-
sumed in the titration of the blank. ml.

¢ = volume of the standr~d solution, ml.

n = normality of the sodium thiosulphate solution.

X = sulphide concentration oi the standard solu-
tion, mg of ¢ /.

The standardized solution should contain maximum
180 mg of S* 1. Dilute it immediately with ahsorp-
tion soiution, 1:100, and transfcr aliquots of 1.0, 3.0,
5.0 and 10.0 ml of the diluted standard solution to
four 25 ml volumetric flasks. Add absorption solu-
tion to give a final volume of 10 ml. Use a fifth flask
for the preparation of a rcagent blank.

Mix 10 ml of the amine-sulphuric acid solution II
and 10 ml of the iron(lll)chloride solution. Add cau-
tiously 2 mi of the mixture to one volumetric fiask,
dilute to the mark with distilled water and shake
the {lask vigorously. Repeat the procedure for the
other flasks in the same way. Measure the absorb-
ancy within 5 min — 2 h at 670 nm, usiag the rea-
gpnt blank as a reference. Divide the reading by the



length of the eell in centimetres. Plot the values
obtaincd agmnat the suiphide eoncentrations, ex-
pressed a8 mulhgrammes of 57 per itre of coloured
solution and eheck that the poiuts lic on a straight
hine thirough the oniiin of coordinates.

Precaration of somply

Wica sampline, add mmuncdiately ce. 4 g of zine
accinte, Zn(CH L0001 2THLO, per litre of waste
water.

Refore removing a sample for analysis shake the
sanipic  bottle vigorously to distribute the zine
sulphide precipitate evenly and immediately take an
aliquot tor testing or ditution. M necessary use a
pipette with wide opring.

Suniples contming Lirce amounts of aulphides. such
as conensates, should be diuted  wath distilled
witer juxt befure peiforming the test.

Procedure

After shaking the saunple bottle, pipette a voluiue
of ample not exeecding 40 ml (Note 5 into the
sunple contmmer (Figure 1) (Note 1), I the sul-
phide content of the waste water i huh oaly asmuil
sample volume i taken; then add distibled water ta
a volume of 20 ml — 40 ml. Transfer 10.0 ml of
sbsorption solution to the absorption vessel, Assem-
JMe the apparatus, close the stop-cock and transfer
¢a. 7 ml of 6 M hydrochioric acid to the funnel. Open
the stop-cock, loosen the absorption vessel for a
monient and bold it 50 that the tip of the glass tube
is just beneath the surface of the liquid to avoid
eounter-pressure, thus ensuring that tne hydro-
ehloric acid rums down into the sample container as
fast ns possible. Close the stop-cock immediately,
fasten the absorption vessel and allow a rapd
eurrent of mitrogen (ca. 200 ml/min) to bubble
through the spparatus for 20 min.

Immediately pipette a volume containing not more
than 18 g 5% of the solution in the absorption
vessel into € 25 ml volumetric flask and add 2 ml of
the reagent mixture as described under «Calibra-
tion». Dilute to the mark with distilied water and
shake the flask vigorously. Measure the alsorbancy
within 5 min — 2 h at 670 nm with a rcagent blank
as a refercnce and divide the reading by the length
of the call.

Phis method haa been publisked in:

SCAN - W4 . 69

Calculahion and repert

Carry out two determinations and calculate as

follows:

Y=defigh

where

i e sulphide coucentration, obtained from the ab-
sorbaney value and the calibration aive, mg
of & per hitre of caloured solution

¢ = valume of the colonred solution, ml

| = volume ot the absorption solution, ml

@ = fraction of absorption solutior. taken, mh

A = volume of sample taken, ml

¥ = sulphide concentration, mg of 52 L

fleport the result to two significant figures.

Note |

t1 the waste waler contains sniphmr diexade the Lydro.
(hlore acid rhould be repluced by an ucetale hatfer of
pH 40 45 icqual volumes of 1 M acetic  acd,
CH,COOll. nnd 1 M sodium acetate solution,
CH3yCOON.). Dissolve 80 Z of ethylenediaminetetra-
acelic acid, disodium satt, C,gH;4OsNeNa, 2H.0, per
litre of noctate buffer sointion to nask the zinc lons
preaent in the sampte,

Note 2

The stupmng apeiation may be excluded if jolot Usts
have cicatly shown that the 1esults oitained with this
type of sample are ndependent of strippin:. In this
case pipeite a sultable sampie volume tnto a 25 mi
volumetric flask and add the reagents as descrbed
under <Catibrations. With organic matter prosent rhe.

‘Imting th: iron the prescribed amount ol wwontlili.

chloride solution might be Insufficient for complete
colour developinent and a further addition of > ml cf &
6 %% lron{Iilichioride solutton or the equlvalert amount
of tron(l.Iichiortde must then be made.

Note 3

To check the apparatus, ireat a suitable volume of the
standard solution as dexcribed under «Procedures,
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1. Bethge, P. O.: Anal. Chim. Acta $(185]).2. 120—139.

2. Bethge, P. O. and Jarlion, M.: Svensk Papperstidn.
71(1968):23, 864—058.

3. Gustafsson, L.: Talanta (19G0):4, 227—235.

4. Ouentin, K.-E. ond Pachmayr, F.: Vom Wasser
XXVIII Band, 1981, 7)--83.

5. Standard Methods fo: the Examination of Water and
Waste Water, American Public Health Ass, 1968,
4290432,

Morsk Bkogindustrt 23 (1969):3. 87—89. ( English).

Norsk Bkogindustri 23 (1969):4, 121—123. (Norweytan).

Puperl 3a Puu — Papper och Trii 5 (1069) :4a, 333— 331, (Englsh, Finnlah, Swedish).
Svensk Papperstidntng 73 (1969):6, 190—192. (Engtish),

Svensk Papperstidntng 78 (1969):7, 233—234. (Swedish).

SCAN teshing metheds are lssued and recommaended by the Central Laberalories o/ the
Industries in Demmar's, Piniend, Norway and Sweden. Disiridution: Seovetariet,

, Peper + nd Board
Pulp, spor ond

Board Testing Commiltes, Dretining Kristines vilg 41, Btockheim O, Bweden.




4 MNLAND EBAWAT IWIDEN

_]55-

44&‘%11414$&$

ULP, PAPER AND BOARD
. TESTING COMMITTEE

2224443444242 2442 4822

Divmate VINLANG - MOGWAY (WADIM Biwmate NLAND - mOGWaY twiodn -

SCAN-W 3.68

Accepled - May 1968

NON-VYOLATILE MATTER IN WASTE WATERS

Definit

The dry mattor content of waste water is the ratio
of the mmsss of the dricd residue of the cvaporated
sample to th: o1 ginal volume of the sample, the dry-
iag bavimg bec:n carricd out at 106°C 1 5°C under
specified condit. »ns.

The residue on i nition ‘s defined as the ratio of the
mass of the n;mtad dry matter to the original vo-
lume of the sample, the dry matter havicg been
ignited at 600°C + 25°C.

The loss on igmition is the difference befween the dry
matter coatent and the residue on igaition.

This method is intended for unfiltered samples of
waste waier having a dry matter content of leas
than 50 g1.

. Dishes of platinum, quarts or glased porcslain,
for smunple volumes of 10 mi — 100 mi.

3. Vemtliated d-ying oven with means for circulat-
ing the air, adjusted to maintain a temperature
of 188°C £ 8°C (Note 1).

3. Eleetric muffie furnace, ndjusted to maintaim s
temperature of 600°C+35°C. N

¢

Reagent

Ammonium nitrate solution, 1 %. Dissolve 1 g of
NH,NO; in 100 ml of distilled water. The reagent
should be of analytical grade.

Procedure

lgnite an empty dish in the muffl: furnace at
600°C + 25°C (Note 2) and allow to cuul in & desic-
cator. If several dishes are cooled in the same desiz-
cator, allow a cooling time of 3 h. Weigh the dish to
the nearest 0.1 mg.

Wlth a pair of forceps remove large ohjects, such as
pieces of bark, that are not actually su .pended in the
sample. Shake the bottle and mes ure into the
weighed dish a volume of sample lai e emough to
produce a dry residue of 15 mg — 560 mg. Evapor-
ate the water no. dry the residue for 2 h at
105°C 41:5°C in the drying oven. If the sample con-
taiits spent liquor increase the drying j -riod to 24 h.
If several dishes are cooled in the sanie desiccator,
allow the dish to cool for 1 h. Weigh tl.e dish to the
nearest 0.1 mg.

Place the dish in the muffie furnace and ignite for
2 h at 600°C + 25°C (Note 3). If the samplo contains
spent liquor increase the heating time to 4 h or un-
til the residue is greyish-white. If the ashing is not
complete, i.e. if the residue contains hlack particles,
moisten the residue, after cooling, with a few drops
of ammonium nitrate solution. Evapori.te the mais-
ture, ignite the residue at 600°C +25°C for 30 min
and aliow to cool in a desiccator. If scveral dishes
are cooled in the samc desiccator, allow & cooling
thme of 3 h. Weigh tho dish to the mearcst 0.1 mg.

*}-«~$4~
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‘ Calculation and report
\ Calculate as follows:
X = 108(a — c)/d
Y = 10%b—c)/d
L = 10¢(a—Db)/d
where
a = mass of dish and sample residue after drying.g.
b = mass of dish and sampie residue after ignit-
ing, g
¢ = mass of the empty dish, g.
d = volume of waste water sample taken, ml
X = dry matter content, mg 1.
Y = residue on ignition, mg/l.
Z = loss on ignition, mg/l.

Report the result to mot more than two significant
figures. State the drying and heating times used.

Note 1

If the drying oven has no means of circulating the air,
evaporale the samples to drymess on a bolliag water
bath before placing them in the oven.

Note 2

If the residue on igniticn ia not required, the dish may be
heated in the drying oven at 108°C + 8°C.

Note 3

If the dry residue contains fibres it may burn with &
flame: to avoid this the furnace temperature should oot
exceed 200°C when the dish is inserted; it shouid them
be raised siowly.

Norsk Skogindustri 83 (1968): 10, 358—359. (English and Norwegian)

y J
This method has Deon pudlished in:
ja Puu — Papper och Trd 50
Paperi ja Puu — Papper och Tri $0 (
Bveask Papper. . dning 71 (1968): 20,
$
’
& ’
\’,

(1968): 10, 609—4610. (English)
1968): 11, 697—700. (Finnish and Swedish)
751—754. (Bwedisb and English)
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SETTLEABLE MATTER IN
WASTE WATER

Definition

For the purpose of th's method settleable matter in
waste water is defined as the matter that separates
on sedimentation und:r specified conditions

Object and scope

The test specified in this method fa intended for
measuring the amount of setticable matter present
in & sample of waste water.

Principle

The sample is shaken and & known voluma is with-
drawn and then aliowed to settie for a specified
time, generally 30 min. The supernatant water is
removed by suction and the remainder is filtered.
The solid matter 30 obtained is dried and weighed.

Apparatus

1. Imbhoff cone (conical vessel of glass) capacity 1
litre.

2. Glass-fibre filters, pore size approximately 10
pma (Note 1), 55 mm in diameter (Note 2).

3. Bichner funnels, with an inner diamoter to take
the paper filters.

4. Filter pump and filter flask for the Blchner
funnels.

5. Drying oven, adjustable to 108° C £ 8°C.

Preparation of sample R
Remove floating material and other particulats ag-

glomerates not dispersed on agitating the gross
sample. Allow this to attain ambient temperature.

Because some kinds of effluents — for example
those from kraft mills — are unstable the samples
ahould be analysed without delay.

Procedure

Agitate the gross sample vigorously and immedi-
ately transfer 1 litre of the contents to an Imhoft
cone. Agitate with a giass rod until all air bubbles
have escaped.

Allow suspended matter to settle for 30 min, or, if
this occurs slowiy, for 60 min. Withdraw the super-
natant water by means of a filter pump, taking care
that'no sedimented matter is iost.

Dry a fliter for 1 h at 105° C * 5° C in the drying
oven. Allow it to attain equllibrium with the atmo-
sphere ncar the baiance and weigh it to the nearest
0.1 mg. Eunsure that during this procedure the filter
is not contaminated by dust.

Place the weighed fiiter in the Biichner funnei and
apply suction. Moisten the welghed filter with s
few drops of distilled water and check that it fits
the funnel tightly.

Transfer the sediment quantitatively to the funnei
and rinse the cone with 20 mi of distilled water; use
this for washing the fiiter. Rinse the sides of the
funnel with a few milliiitres of distilled water. Care-
fully remove the filter from the funnei and dry in
the drying oven for 2 h at 105° C + 5° C. Allow to
cool and weigh as before. Check that the tempera-
ture and relative humidity near the balance have

IWIDEN GINMAEE fiNLemG NOIWar 1®IOIN
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not changed appreciably since the filter was weighed
prior to filtration.

Carry out the procedure in duplicate. The resuits
should agree within 10 per cent.

Calculation and report
The axaount of settieabie matter is given by the
expression
Xma—Db
where
& = weight of filter and residue, mg.
b = weight of filter, mg.
X = settlcable matter content, mg/l.

This method has been published in:

The report should also state:

(a) The time elapsing betwean sampling and ana-
lysis

(b) The manufacturer of the filter, ita pore sise
(where known) and other reievant information

(¢) The time allowed for sedimentation.

Noie |
A sultable f.iter is «Whatman GF/A».

Note 2

1f the amount of settieabie matter is large, larger filters
and funnels may be used.

Norsk Skogindustri 26 (1972): 2, 47 30. (English and Norwegian)
Papert ja Puu — Papper och Tré 5§ (1972): 1, 11- 16. (English, Finnish and Swedish)
Svensk Papperstkining 75 (1972): 4, 143—144. (English and Swedish)

o e,

SCAN testing methods are irsned and recommended by the Central Laboratories of the Puly, Paper ond Doard
Indusiries in Denmark, Finland, Norwoy and Bweden. Distribution: Secreteriat, Scandingvien Pulp, Paper and
Board Testing Commitiee, Box 5604, 8-114 86 Stockholm, Bweden,

1900 - 3-72 - LN .




_]59-

ULP, PAPER AND BOARD

* TESTING COMMITTEE
4

SCAN-W 2:67

Accepled - Februsry 1967

1334322322022 34022203220220202020220040240422

ALK < FOIAND - NORWAY - SWIDENM  DANMARK - [INLANG - NOBWAY - SWEDEN - DINMARK < HINLANS - NORWAY < SWEDIN - DENMALK - 1INLAND + NOAWATY - SWIDEN

MAGNESIUM IN WASTE WATER

Principle

The sum of magnesium and calcium is determined
volumetrically with EDTA solution. In a separate
titration the calcium is determined, and the amount
of magnesium is obtained as the difference.

Reagents

1. Hydrochloric acid, ca. 6 M. Dilute 500 ml of HCl
{p = 1.19) with 500 ml of distilled water.

2. Hydrochloric acid, 1 M. Dilute 823 ml of HC!
{(p = 1.19) to 1 litre with distilicd water.

3. 8tandard EDTA solution, 0.01 M. Dry a portion
of sthylenediaminetetrascetic acid, disodium
salt, C,(H.,O,N,Na, - 2H,0 at 80°C over a period
of 2to 3 days. Weigh 0.01 mole (3.722 g) of the
dried substance to the nearest 0.001 g into a 1-litre
volumetrie flask. Dissolve in re-distilied or de-
jonized water and make up to the mark. The

where a is the amount of dry product taken in
grammes.

Potassium hydroxide solution, 8 M, 450 g of KOH
per litre.

. Buffer solution, pH 10. Transfer 70 g of ammo-
nium chloride, NH,Cl, to a 1-litre volumetric flask
and add 570 ml of ammonia, NH, (p = 0.90).
Dilute to the mark with distilled water.
Potassium cyanide, solid or solution, 0.3 M. Dis-
solve 20 g of KCN, in distilled water and dilute
to 1 litre. The reagent is poisonous.
Hydroxylamine hydrochloride solution. Dissolve
2 g of NH,OH - HCI in 100 ml of distilled w..ter.
The reagent is poisonous.

Eriochrome black T indicator. Rub 100 mg of

1-(3-hydroxy-2-naphthylaso) -8-nitro-2-naphthol-

.

4-sulphonic acid, sodium salt, in a mortar, with
20 g of sodium chloride, NaCl, to form a homo-
genous mixture. Store in a dark bottle,

9. Cal-red indicator. Rub 100 mg of 2-hydroxy-1-
+(2-hydroxy-4-sulpho-1-naphthylazo)-3-naphthoic
scid in @ mortar with 10 g of sodium sulphate,
Na,80,, to form a. homogenous mixture. Store in
s dark bottle.

Ali reagents should be of analytical grade.

Preparation of sample

8haks the sample container before taking each sample
for titration. Pipette a portion containing between
0.5 and 5 mg of magnesium (Note 1) into each of two
conical flasks of 250 ml and dilute to 50 m! with
distilled water.

Samples without turbidity can be analysed as de-
seribed below without further preparation.

To diasolve any solid magnesium compounds, add to
turbid samples 2 ml of 6 M hydrochloric acid, heat
to boiling and cool to room temperature. Neutralize
the soiution with 1.5 ml of 3 M potassium hydroxide
solution.

L]

Procedure

A. Determinaiion of the sum of magnesivm and
calcium dy titration.
To one of the samples for titration add 5 ml of
buffer solution, ca. 100 mg of potassium cyanide
or 8 ml of the solution, 2 ml of hydroxylamine
hydrochloride solution and ca. 100 mg of erio-
chrome black T indicator.
Titrate with EDTA solution to a colour change
from wine-red to blue (Note 2). As the colour
change is not instantaneous, add the EDTA solu-
tion slowly towarda the end of the titration using
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a titrated sample for comparison. Record the
amoun: of FEUTA comsumed as b ml (Note 3).

B Cerrectwom for the calcmm contcnt.

Te the second sample add 5 ml of potassium
hydroxide solution and, after 5 min with occasio-
aad shaking of the flask, ca. 100 mg of potassium
qgunide or 5 mi of the solution, 2 ml of hydro-
xylamine hydrochloride solution and ca. 100 mg
of cal-red indieator. Titrate with EDTA solution
% a eolour chaage f rom wine-red to blue. Record
the amount of EDTA consumed as ¢ ml

Caladation and report
Caleniate the magnesium content as follows:
X = 2432 (b — ) My, - 1000/d

where
:. volume of EDTA solution consumed in
titration A, ml.
=: volume of EDTA solution consumed in
titration B, ml.
Moy = molarity of the EDTA solution.
4 = volume of sample taken for titration, ml
X = magnesium conteat, mg/l.

»u Repert the result to the nearest whole number.

Note 1 .
1f the calctum content is known to be negligible compare]
with the megaesium content titration B may be omitted.

Phis method hos boon publiched in:

AN

Note 2

If the water rample is so strongly coloured as to mesk
the colour change of tiie indicator, prepare the sampte
as follows:

Evaporate 1000 ml to dryness tn & platinum dish and
ash the restdue at 573°C + 25°C Add 5 ml of € M hydro-
chloric acid and rvaporate to diyness on » steam bath.
Dissolve the residue in 5 mi of the hyarochioric acid,
transfer the solution to & 100 mi voiumetric flask, add
35 mi of 8 M potassium hydroxtde solution and dilute
to the mark with distilied water. Pipetta two equal
volumes containing between 0.5 and 3 mg of magnesium
tnto two coaical flasks and dilute to 50 mi with distilled
water. Continue as described under ¢Procedures.

Nole J

When Liti ating water samples containing less than 10 mg
of magncsium per litre, the colour change for titration
A 18 not sharp. In this case modity the procedure by
measuring 1000 mi of the water sample for each titration
and adding 1 ml of & 0.1 M solution of EDTA-disodium
magnesiun sait, C, [H O/N Na Mg, befors the titration.
Titrate also a reagent blank With 100 mi of distilied water
instead of the sample and record the amount of EDTA
solution consumed as ¢ ml. Caiculate as follows:

X =2632 (b— ¢ — o) Mupe, - 1000/d

Literature

1 Poczt:on, 4. ond Reeder, W.: Anal. Chem. 58 (1088) :6,
1026.

2. Bohwarzendoch, G.and Fiaschks, N. 4.: Die komplane-
metrische Titration, Ferdinand Enlks, Stuttgart 1965,
p. 123, 144,

Nersk Shogindustri 81 (1907): 4, 164—167. (English and Norwegian).
Paperi ;2 Pun — Papper och Tri 0 (1967): 4, 311—316. (English, Finnish and Swedish).
Svensk Pappesstidning 70 (1907): 7, 247—250. (Eugtish and Swedish).
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PHOSPHORUS IN WASTE WATER

Scope
This method applies to all types of waste water.

Principle
The sample is wet-combusted with hydrogea perox-
ide and concentrated sulphuric acid to comvert all

phosphorus compounds to orthophosphates. Addition
of molybdic acid produces a yellow complex; this is
reduced by ascorbic acid to a blue complex, which is
determined colorimetrically, (Note 1).

Apparatus

1. Giass bottles, : litre, with ground-in stoppers.
3. Kjeldah! flasks, 100 mi.

8. Combustion racks with burners.

4. Spectrophotometer or filter colorimeter.

Clean all glassware to be used in the determination
with dilute sulphuric acid and rinse with distilled
water. Do not use detergents.

Reagents

1. Sulphuric acid, 2.5 mol/l. Add carefully 70 m! of
HeB80, (p = 1.84) to 430 ml of distilled water.
Cool and dilute to 500 ml.

3. Hydrogen peroxide, 30 % HeO,.

3. Sodium sulphite solution, 0.5 moVl. Dissolve
6.3 g of NayBO, in distilled water and dilute %o
100 ml

4. Phenciphthalein solution, 1 %. Dissclve 1 g of
phonciphthalein in 100 ml of othanol, Cyi,OH.

8. Bodium hydroxide solutlon, 8§ mol/l. Dissolve
20 g of NaOH in distilled water and ¢ iute to
100 ml.

6. Ascorbic acld solution. Dissolve 2 g of ¢ corbic
aold; CeHeOg, in 18 ml of distilled wat r. The
solution is stable for one week. Store in a ccoi,

dark place.

7. Antimony potsssium tartrate solution. I issoive
3.38 g of K(8bO)C¢H,Oy-1/2 H;O in 1C) ml of
distilled water.

8. Sulphuric acid, 4.5 mol/l, for preparatio: of \he
molybdic acid solution. Add earefully 27 ) ml of
Hl80( p = 1.84) to 750 ml distilled wat r. Cuol
and dilute to 1 litre.

9. Molybdic acld solution. Dissolve 4.04 g >f am-
monium molybdate (NH¢)e: M010p-4 1,0 in
45 ml of distilled water. Add the solution slowly,
with stirring, to 200 m! of 4.5 mol/l s iphuric
acid and then add 5 ml of the antimony potas-
sium tartrate solution. When stored in a cool,
dark place the solutlon is stable for several
months.

10. Standard phosphorus solution, 100 ug « f phos-
phorus per millilitre. In a 1.litre vo umetric
flask, dissolve 0.4392 g of dried potas: ium di-
hydrogen phosphate, KH,PO,, in distille i water,
add 3 ml of 2.5 mol/l sulphuric acid and make up
to the mark with distilled water.

All reagents should be of analytical grade.

Preperation of sample

Analyse the sample as soon as possible 2 ‘ter the
sampling. Keep the samples in the glass bot’ les with
ground-in stoppers, cleaned with dichromate-sulphu-
ric acid and thoroughly rinsed with distllled water.
Add a8 s preservative 3 ml of 2.5 mol/l sulphuric
acid per litre of sample. .
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Calibration

Dilute 10 0 ml of the standard phosphorus solution
to 1L mi im a1 Ltre volumetrie flask From a bur-
ette mirasure portions of 0.5 1.0, 20, 4.0, 100 and
200 m! .containng 05,10, 20, 40,100 and 200 .g
of phospnoras) of the diluted standard solntionnto
50 ml volumetnc fiasks Iilute with distilled water
to ca. 40 ml, add o drops (0.25 mh of the ascorbic
acid soiution, nux, and add 1 ml of the moivbdic acd
solution. Make up to the mark with distiied water
and m.x The solutions contain 0.5, 10. 2.0, 4.0, 10.0
arnd 200 ug of phosphorus per B0 m! After D mon
measure the absorbancy at 850 nm (Note 2 a H0
mm celi. usang distilled wiater a8 the referenoe,
Detorinine the absorbancy of a reagent blans and
Bubliact this vilue from the absorbancies of the
siandard solwtions. Draw 8 caiibration graph by
plottin.r “he absorbancy ajainst the amount of phos-
phorus per 4@ il of coloured solut.on,

Procedure

A. Orthop hosphate

To a4 50 mi volumetric tlask transfer a sample of
aot more than 40 ml, centaining less than 20 ug
of phosphorus (Note 3), and, 'f necessary, add
distilled water to & volume of 40 ml. Add ) drops
of the ascorbic acid solution, mix and add 1 m! of
the molybdic acid solution, Make up to the mark
with ‘distiled water ané mix again. After 5 min
measure the absorbancy, using distilled water as
the referemce in the same way as for the calibra-
tion. With every group of samples run a standard
to check the calibration curve.

B. Total Phosphorus

To a Kjeldahl flask transfer a sample containing
less than 20 ug of pho:phorus aud add 6 ml of
2.5 mol/1 sulphuric acid and 2 glass beads. Heat
the flask and boil slowly unti! the water has eva-
porated and fumes of sulphur trioxide are visible
in the flask. The mixture will now normally have
a dark colour. Allow to cool for at least 30 s and
add one drop of the hydrogen peroxide, Repeat
this procedure until the solution is colourless.
Boil for 10 min, allow to cool a little, add 1.0 ml

_of the sodium sulphite solution for each drop of
hydrogen peroxide and boil for 5 min.
Allow to eool, add ca. 50 ml of distilled water and
boil until the volume is reduced to ca. 10 ml. Cool
to room temperature, add 4 drops of the phenol-
phthalein solution and then the sodium hydroxide
solution dropwise until the solution turns . faint
pink. Tramafer the solution to a 50 ml volumetri¢

This method has been published in:

_149.

flask, rinse the Kjeldahl flask with distilled
water and adjust the volume to ca. 40 ml; add 5
drops of the ascorbic acid solution, mix and add
1 ml of the molybdic acid solution. Make up to
the mark with distilled water and mix again.
After 5 min measure the absorbancy at 880 nm in
a H0 mm cell with distilled water in the reference
cell. With every group of samples, run s standard
to check the calibration curve.

Prepare a reagent blank and measure its absorb-
ancy with distilled water as the reference. Sub-
tract the absorbancy of the blank from that of
the sample and read off the corresponding
amount of phosphorus from the calibration

graph.

Calculation and report

Carry out duplicate determinations and calculate as
follows:

1000 s

N
where
@ = amount of phoaphorus obtained from the cal b-
ration graph, ug
b = sample volume, ml
X = phosphorus content, ug per litre

Report the result to 2 significant figures, and values
below 10 ug/l a8 ""less than 10 pug/l”.

Note 1

Arsenate and siiicate ions also form complexes with
moiybdic aci¢. To avoid interference from srsenats iona,
ascorbic acid is used as the reducing agent; the reduction
of the arsenate complex is slow and stili incomplets after
1 h; by reading the absorbancy of the sample after 3 min
the interference fron: arsenate is kept at an insignificant
level. Interference from silicate jons is obtained only if
the acid concentration is tro low.

Note 2

If an instrument for measuring the abeorbancy at $80
nm is not avaliabie, it may he measured at lower wave-
lengths. though not at iess than 690 nm. The calibration
must then be carried out at the same wavelength.

Note 3

If the sampie is turbid, centrifuge or filker R.

Literature

1. Murphy, J. and Riley, J. P.: Anal. Chim. Acta 87
(1962) 31-—36. !

Norsk Skogindustri 27 (1973):11, 3233238, (English)

Norsk S8kogindustri 87 (1973):12, 390—301. (Norwegian)

Paperi ja Puu -— Papper och Tri 55 (1973):12, 975—-980. ( English, Finnish, Swedish)
Svensk Papperstidning 76 (1973):17, 653—855. (Swedish, English)

SOUAN testing m:thods are iswued and rccommended dy the Central Laboratories of the Pulp, Paper
candinavien

Industries tn Denmark, Finland, Norway and Sweden. Distribution: Secretariat, §
Boord Testing Committce, Box 5604, B-114 86 Stockholm, Bweden.

ond Boerd
Pulp, Papor and

1900 - 974 LN




SCAN-C 30:73

Accopted October 1973

N PULP, PAPER AND BOARD
' TESTING COMMITTEE

FAAA00000000000000 000000800 00000004044

AR - FIIAND - NOIYWAT - SWEBEN « DENMARK - PORAND - NOSWAY - SWESEN - PONMASE - HNIAND - NOTWAY - SWEOEN « DINMALL - HNLAMD - NOTWAY - SWIDIN

Sodium content of wet pulp

Delinition

The sodiym content of wet pulp s defined a8 the
amount of sodium that can be extracted from a sample
of the pulp with hydrochloric acid wnder specified
conditions.

Scope

The method is intended for use in determining the
amoust of cooking chemicals left in the pulp after
variows operations. It is recommended for determining
the Joss of cooking base meta) from one section of the
mill 10 another or to the snvirgnment.

It is designed primarily for the determination of
sodium in pulps produced by the sulphate process but
it is also applicable to pulps produced by other pro-
cesses in which sodium is the base. With relevant modi-
lications. it can be employed in the case of pulps pro-
ducdbyprocminwbiehmamﬁmisﬁubuc
metal.

Recommendations for sampling are given in the Ap-
pendix. They are: intended for use in process control,
especially for the purpose of reports to various autho-
rities, but do not form a part of the standardized test
procedurs.

Principle

The pulp sample is diluted tu a pulp concentration of
abowt 2% and acidified with hydrochloric acid. The
sodiuncomemottunpbollhcliqnidphuis
determined by atomic absorption spectrophotometry or
flame photometry. The dry matter content of the pulp
is determined gravimetrically and the sodium content
hdcuh!od;ithupmmlinkib.nuolwdm
sulphate per matric ton of oven-dry pulp.

Apparatus

Flame photometer or atemic absorption spectrophoto-

meter, squipped for the determination of sodium.
Becaute small amounts of alkali may lead to apprec!-

nbhmmhthrmn.dlv.ehnu*qu

ovensh papporatidaing o ¢ 906

must be thoroughly cleaned with hydrochloric acid and
distilled water.

Reagents and chemicals

1. Distilled water
2. Hydrochloric acid. $ mol/|
3. Sodium sulphate. Na,SO,, dried to constant weight

Calibration

Prepare a stock sodium sulphate solution in a 100 mi
volumetric flask by dissolving an accurately weighad
smount of sodium sulphate (not less than 300 mg) in
distilled water. Make up to the mark and mix well.
Prepare :alibration solutions by diluting the stock
solution with distilled water. Use pipettes of not less
than 10 ml volume and measuring flasks of not less
than 100 ml capacity. Use at least 4 concentrations ol
sodium sulphate, selected to cover the working range of
the instrument. Store the calibration solutions in stop-
pered polyethene bottles.
. Prepare a calibration graph by plotting the instrument
reading against the sodium sulphate concentration.

Sampling
Recommended sampling techniques, including sample
sizes and sampling frequencies, for use in mills with
various pulp-washing systems, are given in the Appen-
dix.

’

Procedure

The amount of sample, especially a gross sample, re-
ceived in the laboratory is often 30 large that a smaller
test sample must be taken. Befors doing 30, dilute the
sample with distiiied water to a pulp concentration of
2%, preferably in a plastic bucket. Mix the diluted
sample by intense stirring. When necessary, disintegrate
the pulp in a kitchen mixer or, if the sample is large,
in a laboratory mill. Remove large shives before the
analysie. While mixing. take the test sample, quickly and
in one stroke, using a scoop with a capacity of about
hall a litre. Transfer the test sampls to a glass beaker.

@




Add 10 m' of the Mydrochicnic aced and min welt for
10 wun Fi'rer the pulp savpenson throuph a Rudhmer
{ummel [itted with an “ashiess™ {ilter paper. tor example
Mumkie!! OOR of known osen dry wesght

Collect the titirate m a filter flask and remove as
maach water from the puip as possible by suctien and
by presang v hoa thack e roed having o flat end
Wash the nu o the fupco e imee with S0 oml
of disi-led waor, presune 1 each e with the plass
rod.

Remove the nressed pu'p andd the filter paper from the
fummel and 'y overnght in a lnyng oven at 1St
Place them 1n an desxcator and a''ow to attin room
temperature  Wegh, subtrac the weight of the {ilter
paper and note the waight of e oven dry puip o o
the nearest 0! g

Daiute the combined fittrate and washings so that the
sodarn conter 15 within the tange covered by the
calibeation so ut.ons, measure the total volume b Chedk
that the solution 1s free from tihres and other parhicutate
matter. Deternine the sodium content by flame photo
metry or atomic absosplion spectrophotumetry. follow-
ing the instructions given by the manufacturer of rhe

instrtument. Check the calibration graph frequently, pre:
ferahty after each determination.

Calculation and report

From the calibration graph read the sodium sulphate
coment, u. of the diluted Uitrate.
Calculate the sodium content, expressed as the sodium
sulphate content of the dry pulp, from the expression
a-b
X = —

[}

where

Y - the sodium suiphate content of the pulp, kg/ton

e = the sedium concentration n the diluted filtrate,
mg of sodium sulphate per litre

b - the volume of the diluted filtrate, |

¢ = . the weight of the oven-dry puip. g

Expresi the resuft in kilograms of sodwwm suiphate
per (metric) ton of oven dry pulp to the nearest 0.1
kg/ton

-y

Appendix — Recommendations for sampling

Geueral

These recommendations relate 1o sampling and tests per-
formed 10 determine the washing lusses, i.e. the part of
the sodium added in the cooking process which is not
retwrned 10 the recovery system or any similar closed
system. The procedures must be modified to suit the
local conditions and therefore no precise instructions
can be given. This Appendix is not to be considered
as part of the standard method SCAN-C 30073,

It is often difficult to obtain a sample from the
poimt where the pulp leaves the system, this may not
be easily accesuble or the pulp may not be properly
mined. The sample should then be taken at the first
accessible point downstream where the pulp is well
mined and where a minimum of diluting liquor has
bees added.

Recommendations are given for sampling in various
types of putpwashing systems and for calculating of the
washing losses.

Ia the calculation of the washing losses, the amount
of sodium returned o the system from s later stage
should be subtracted from the amount of sodium found,
om the other hand mo correction should be made for
sadium added to the system from an earlier stage or
from the spent liquor evaporation system. The precision
required when determining the parameters for calculat-
fmg the corrections dapends on the refative magnitude of
the correction iweif. The amount of sodium returned

should be measured by a technique corresponding to
that described in the standard method.

The sampling frequencies and the sample sizes re-
commended below are intended for continuous mill
control for the purpose of internal and external ac
counting.

The composite samples obtained from a certain
sampling point within a certain time interval may be
combined to form a gruss sample.

The recommendations do not cover tests for measuring
the efficiency of a washing system, for example in an
acceptance test; in this case & somewhat different tech-
nique should be used.

Sampling in different pulp-washing systems

Continuous digester with hi-heat washing
The washed puip is blown to a blow-tank.

Recommended First accessible point where the

sampling point pulp is properly mined, for ex-

ample, on the pressure side of the

pump after the blow-tank. In

mmpling from closed pipelines

the pulp concentration should be

loms than 4 per cent; the sample

‘ - should thersfors not be taken
from the blow-line,

svensh pappesetiduing ar 2 W0
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Sampling frequeacy Three consecutive random samples,
when at intervals of at least S min,
are combined to form a compo-
site sample.

A random sample of pulp suspen-
sion should contain not less than
25 g of dry pulp and should weigh
ot least | kg.

A correction must be made for
the amount of sodium added to
the washing system upstream from
the sampling point with washing
as didution liquor.

The outlet from the washer.

Three consecutive random samples,
taken at intervals of at leamt $
min, are combined to form a
SEMposite sample.

A rendom sampie should comtain
sot Jess than 25 g of dry pulp
ond weigh at Jeast 250 5.

A correction must be made for
the amount of sodium added to
the washing system upstream from
the sampling point with the wash-
ing o¢ dilution liquor.

Filser washing system

Resemmended (a) The screw after the last filter.
.*; point () The point whers the pulp
leaves the last filter.

Sampling frequency (a) Five  contecutive  random
mmples taken at intervals of at
loast 5 min are combined to form
& compesite sample.
®) A series of random sampies
taken acrom the pulp web are
combined to form a composite

mmple.

In order that the composite
mmple shail be representative of
the crows-section of the web the
ssviss  should compriss ome
madom sample per metre of fil-
Sor width.

@) A random sample shouwld con-
in mot less than 25 g of dry

s mumber of random samples
roquired. Each random mmple
" dhould be at least 0 mm by
N mm.

osumb pagpesetiining ar § 1990

Corrections in
caiculating
washing losses

Washing presses
Recommended
sampliag point

Sampling frequency

Sampile size

Corrections in
calculating the
washing losses

Batch diffuser
Recommended

sampling point

Sampling frequency

Sample size

Corvections in
calculating the
washing losses

A correction must be made for the
amount of sodium added to the
washing system upstream from the
smpling point with the washirg
or dilution liquor. The relation
between the volume of diluting
liquor and the amount of puip
should be krniown, as should the
sodium con*ent of the hquor.

In a random sample, the top and
wire side of the pulp web should
be equally represented. It s there:
fore recommended to remove from
the filter a fairly large area of
pulp web and to take the randoin
sample carefully from this.

Immediately after the press mp or
at the point where the pulp leaves
the press, for example, after the
crew.

Three consecutive random samples,
taken at intervals of at lcast §
min, are combined to form a com-
posite sample.

A composite sample weighing rot
less than 250 g.

A correction must be made for
the amount of sodium added o
the washing system upstream the
sampling point with washing or
dilution liquor. The relation
between the volume of diluting
liquor and the amount of nrulp
should be known, as should the
sodium content of the iquor

After the diffuser bin. Provided
that the stirring in the bin is very
efficient the sample may be taken
in the bin itself.

Three consecutive random samples
taken at intervals of at least $ min
are combined to form a composite
sample.

A composite sample of pulp sus-
pension should weigh at least | kg
aad contain not less than 25 g
of dry pulp. If the samples are
taken from a pipe, sach random
wmple should be this size.

It should be taken into account
whether the washings are recir-
culated or discharged (1o the re-




cipient) and whether revirculated
white water 1« used  for  final
washing or rinving of the ditfusr

Displacement in discontinucus digesters wndlor homs

Tt is assumed that the pulp s transfesred 1o a hinor a
armilar container, where it 1s washed and dramed

(1) Bin emphied with 4 conveyor
-~ Take the samp.c on the con
veyor.

(b} Bin empticd by rinsing
Take the sample a' the Girst poent
after the bin whare pulp i well
mixed.

Recommended
ampling puoint

Sampiing frequency  (a) Five  consecutive random
samnles, tahen at intervals of 10
min, .re combined 1o form a com:
posite sample. 1f water 13 added to
the bin for washing, the intcrvals
must be increased sa as to cover
the entire emptying period

(b) Three consecuive  random
samp'es, taken at intervals of S min.
are combined to form a composite
samp-e.

(a) A composite sample of at lcast
1 kg of wet pulp

(b) A random sample of pulp sus.
pensicn should weigh at least 1 kg
and contain not less than 25 g of
dry pulp.

It should be taken into account
whether the washings are recircu:
lated or discharged (to the recr
pient) and whether recirculated
white water 13 used for final
washing or rinsing of the diffuser.

Sample size

Corrections in
calculating the
washing losses

Corrections

If the pulp is diluted (for example, with white water)
between the washing system and the sampling point, a
correction must be made for the sodium content of
the diluting liquid. The pulp concentration at the samp-
ling point should be approximately 1%. Sampling at
pulp concentrations below 2% should be avoided be-
cause the corrections will be unreliable, and large errors

““amay be incurred in the (inal result.

.

Determine the flow of the diluting hquid with 4
measurement orifice or calculate it from the difference
in pulp concentration before and after the point of
ditlution. At the same tme take a sample for determina
tion of the sodium content of the diluting hiyuid.

Correct also for the sodium  added with washing
hquid obtained from any point downstream from the
sampling point

Sampling from pipelines

The sampling device used in sampling pulp suspensions
in pipehines must be designed to avoid systematic errors
in the concentration of the pulp sample. A fairly hieh
rate of pulp flow and a fairly large cross-section area
of the pulp stream are required. Fig.  shows the mam
principles of a simple sampling device designed to avod
plugging and systematic errors. In some cases more
claborate sampling devices are required. such devices
are commersially available.

Some devices can be used for pulps of high concentra.
tion. for example. a type which takes out a pulp plug
from the stream pasung by, With such devices the
risk of loosing liquid phase to the lower part of the
pipe must be observed.

® f__J L--rs.mm

Fig. 1. Device for sampling pulp suspensions in pipes.

(A) In order 1o minimise the hold-up of fibres the sampling

tube protrudes at least 25 mm into the pips and is set at

an oblique angle. The opening of the sampling tube is cut

of { obliquely.

(B) Tube diameter 25—40 mm.

(C) A ampling valve with a minimum of constriction is

placed in 2 straight section of the tube.

(D) The sampling devics should not be placed immediately

after a bend, especially a long, gentle bend, nor afier long

:-lod:iomul siraight sections, especially if the pulp flows
owly. .

SCAN testing methods ure issued and reconsmended by the Central Laboratories of ike Pulp, Paper and Boerd Industries
in Denmark, Finland, Norway and Sweden. Distribution: Secretariai, Scandinavian Puip, Peper and Bourd Testing Com-

mitice, Box 3604, 5-114 86 Stockholm, Sweden.
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ENVIRONMENTAL PROTECTION LEGISLATION IN SWEDEN

New environﬁental pfotection legislation went into effect in
Sweden July 1lst, 1969; an environm~ntal protection law, passcd
L, Sweden's Parliament on May 28th, and a Royal Ordinance on
environmental protection.

The legislation provides comprehensive regulations concerning
various kinds of environmental disturbances from industrial
and municipal installations.

A new government agenty, the Environmental Franchisc Board,
has also been established through the new legislation.

" Applicability of the legislation

The environmental protection legislation applies to a wide
area. It concerns the use of real estate for various kinds
of operations that imply a danger to the environment. The
lav makes the fol.owing definition of these operations:

"the discharge of waste water, solid matter, or gases from
land, buildings, or 1nltal}ationl into water-courses, lakes,
or other water areas;

"the use of land, buildings, or installations in a manner
that may otherwise cause pollutions of water-courses, lakes,
or other water areas)

*the use of land, buildings, -or installations in a manner that
may cause disturbances to the environment through air pollution,
.noise, vibrations, or light, or from similar causes, if the
disturbance is not wholly temporary”.

 Rules_for agceptance ' .

An essential section of the lavw contains the rules stating

the conditions for allowing certain operations. The basic
principle behind these yules is that disturbances should be
provided against in advance as far as is practicable, and

that in any case unnecessary disturbance should not be tolera-
ted.

The law states that 'uhooo;vtr engages in or intends to engage
in astivities that have detrimental effects on the environment

Best take the protective measures, accept the limitations to




-168-

his activitics, anda obr2rve the additional precautio.s that
reasonably may be decmed necessary to prevent or remedy
injury”.

The interpretative rules added to this general rule state
that the duty to take protective measures etc. must be judged
cn the basis of what is technically possible. The operator
must use the most efficient technical equipment and methods
available. Technical advance must continously be utiliged

to improve environmental planning and protection.

The rules also state that the autho}ities must give due con-
sideration on the one hand to the characteristics of the affcc~ |
ted area and the importance of the effects of the disturbance,
and on the other hand the advantages of continuing the distur~
bing operations and the costs for the protective measures.

This means that if there arec particular circumstances, envi-
ronmentally detrimental operations may be allowed in spite

of their causing serious disturbance. Such circumstances

would exist when there is a clearly established utilitariarn
advanéage to society or to individuals in continuing the opera-
tions, for instance if serious unemployment were the alterna-
tive.

Advance licensing

The law requires that an operating license be sought in advance
for such new industrial and other installations that will have

a disturbing effect on the environment. For certain other new

installations, advance -otice to the County Administration is

sufficient. (The categories are listed below).
[

| é
A similar procedure is required for certain changes or additions %
to existing installations belonging to these categories. Lven %
in cases where a license is not definitely required, the opera- :
tor is free to apply for one. If the license is granted, it

would then provide the operator with a certain amount of securi-

ty parallel to that inherent in a court decisicn.

The ordinance also states that certain types of sewage may not
be let out without a license. The application of this rule
includes sewage from built-up areas with more than 200 inhabi-
tants. o '
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The ordimance also provides detailed procedural rules for |
the asthorities that have environmental jurisdiction,

Licensing authority

Applications for licenses are considered by an administrative
authority. The legislators feel that this {s a better method
to achieve efficiency, speed, and flexibility than judicial
procedure, since the necessary discussions botween the appli-
cant and the authorities may then be conducted more informally
than eourt procceiure would allow.

A special board - the Environmental Pranchise Board - has baeo
established to deal with licensinga. To a certain extent, it
has comrt status, but it should rather be regarded as an im-
partial arbitzal tribunal. The Franchise Board consists

of a President and three more members. The President rust %e
learned in the law, one member is a technical expert, one mom-
ber must have “experience in matters belonging to the compete: -
Ce of the National Environment Protection Board” and the fourtn
. member must have "industrial experience". When in the Presi-
dent's opinion the matter under the Board's consideration con-
cerns municipal affairs, the fourth member should instead bo
one with municipal experience.

The decisiors of the Franchise Board may be appealed to the K:ng
in Comeil. Reconsideration of stated rules and conditions is
also possible to a certain extent.

Dismmtim

There is, however, no definite obligation to apply to the Franc- ®
hise Board. The National Environment Protection Board, and in
Some csses the County Administrations, may consider individual
applications for dispensation from the obligation to apply to

the Franchise Board.

L A S g

The legislators have intended the consideration of applications for
. dispessation as an essential part of the new system. When dealinc
with sech an application the National Environment Protection Roarc
must conduct negotiations with the applicant to try and estahlish
vhat conditions must be met with before the applicant may start
operatioms. A dispensation differs from a license in not be:ing
legally binding. It may be recalled if necessary. However, a
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dispensation cannot be grantéh until careful investigations
have been made. The dispensation decision will also include
directives regarding precautionary measurces. In practice,
dispernsation will imply a safeguard to the interests of the
applicant. A decision to grant dispensatibn may not be appea-
led.

Inspection

The environmentaiiy protective duties of the authorities are
not limited tc such matters as the scrutiny of applications,
The authorities must also engage in tracing such cases where
further action is necessary, inspect sources of disturbance,
and supervise compliance with the regulations. The central
supervision is the duty of the National Environment Protec-
tion Board, and the local, continuous supervision that of the
County Administrations.

When the case arises, it is the first duty of the authori-
ties to try and effect a voluntary adjustment., If these ef-
forts are not successful, the authorities have such tools at
their disposal as a reques£ to the Pranchise Board to prohibit
continued operations or to make a number of precautions manda-
tory for continued operations.

Court Procedure

The basis for environmental action by the authorities is main-

ly to safequard public interest, but private interest must also

be taken into consideration. The legislation includes rules
regarding procedure for dealing with private claims against

_ environmental disturbances. A private individual may sue
the pollutor in a real estate court, demanding prohibition
against environmentally dangerous activity or a ruling estab-
lishing compulsory precautions. ' '

The real estate courts also handle damage claims arising from
such cases.

Responsibility

Violation against several of the rules in the new law are
punishable by fines or a maximum one-year prison sentence.

U
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Appendix A: .
Industrial and other installations for which a license is ™
necessary
l. mines, dressing plants;
2. sintoring plants, iron works, steel works, ferroalloy
plants;
3. metal works, mectal refineries;
4. metal surface treatment plants;
5. cement factorics;
6. plants manufacturing 1.me through burning shale;
7. mineral wool factories; .
8. mechanical pulp mills, paper works, chemical pulp
factories, fiberboard factoriss;
9. sugar factories;
10. starch factories;
11, dairies, powdered milk factories, ice cream factories;
12, . abattoirs, meat-packing plants, refuse incinerators;
13, fishmeal factories, fish-oil factories, fish-refining
and canning factories;
14, refiring and canning factories f~r vegetables, root
vegetables, fruits, berries;
15. margarin factories;
16. yeast factories;
17. bone meal factories, hide glue factories;
18. breweries, malt factories; '
19. textile refining Plants, textile dyeing plants, wool
scouring mills;
20, laundries with a capacity exceeding 22000 lbs (10000 kilo-
©  grams) per twenty-four hours;
"~ 21, tanneries or other plants for dressing of fur skins;
22. factories producing staple chemicals;
23. fertilizer factories; .
24.. factories producing plastics, synthetic fibers, synthetic
rubber; '
25. rubber factories;
26, carbon b;aci factories;
27. pharmaceuticals factories;
28. gunpowder factories, explosives factories;
29. oil refineries, fat refineries;
30. factories producing dyes, resins, varnishes, solvents)
3l. . detergent factories) ‘

& tme e - m eeem - ——— o
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32, facstories prednoing oest ane ingect control chemicals.

33. nuclear power plants;

34, steam power plants and other plants using fossil fuels
and with a power input cxceeding 50 megawatts;

35, coal gas works, plants for production of town gas from
naphtha;

36. plants for the treatment or disposal of refuse 1f the
refuse input exceceds 50 (metric) tons annually, plants
for treatment of oil refuse or other special refuse)

37. animal breeding plants with space for over 1000 slaughter
hogs or over 10000 poultry; .

38. plants for the drying of animal manure.

Appendix B

Emission dispensation requirements (water)

The follovwing five categories of sewage from grounds, buil-

dings,or installations, may not be discharged into water-

courses, lakes or other water areas or into sewage disposal

systems of other owners, without previous permission from

the Franchise Board or a dispensatlion from the Environment

Protection Board:

1.

2.
3.
4.
5.

sewage from built-up areas with more than 200 inhabitants,

or from barracks, hotels, hospitals, or similar installaticns
intended for the use of more than 200 people;

juices squeezed in silo plants;
urine from animal byres;
whey (but not as spillage);

metal surface treatment baths, or concentrated rinsing

fluid from such baths.

*Appendix C

Industrial and other installations requiring advance notice

to the local County Administration

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

foundries;

cable works;

crushing-mills, macadam works, stone-works;
asphalt‘works, oil gravel works;

plants for production of lime or lime products;

chalk works;

plants for production of mineral construction materials;
rock pits, stone pits, gravel pits, sand pits;

china factories, glazed tile factories, potteries;

glass factories;




11.
12,
13,
14,
15,
16.

17.
l8.

19.
20.
21.

22,
23.
24,
as.
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- wood impregnating plants;

pre~-checked food factories, smoke-curihg plants;
coffee‘roastcrieSp ) ,
distilleries; |

soft drink faétories;

plants for impregnating paper materials, plastic
materials, synthetic f{iber materials;

plastic products factories;

electrode cokc factories, graphic factories, graphite
electrode factories;

filler factories, pigment factories;
acetylene gas works;

laundries with a capacity exceeding 2200 1lbs (1000 kilo-
grams) per twenty-four hours;

waterworks serving more than 5000 people;

gas turbine power plants;

s&lvage dumps, plants for scrap handling;

plants for centralized collection of oil refuse and

. of other special refuse.









