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FOREWORD

The need for guidelines to reduce water intake and waste-water disposal by industry is of

national concern in view of South Africa’s water scarcity.

To establish norms for water intake and waste-water disposal, the Water Research Commission
(WRC) in collaboration with the Department of Water Affairs (DWA), contracted Steffen,
Robertson and Kirsten, a firm of consulting engineers, to undertake a National Industrial Water
and Waste-water Survey (NATSURYV) of all classes of industry. The consultants identified 75
industrial groupings in South Africa, one of which is the paper and pulp industry. The results
obtiained in the survey of the paper and pulp industry form the basis of the Guide on Water and

Waste-water Management in the Paper and Pulp Industry.

It is hoped that this guide will be of value to the industry itself, and to other interested parties
such as municipalities, administrators, researchers and consultants in the water and waste-water
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SUMMARY

There are 21 mill sites in the Republic of South Africa ranging from small household tissue mills
to the most modern integrated pulp and paper mills, producing approximately 3 million tonnes
per annum of pulp and paper products. Specific water intake (SWI) varied between 33 and 136
m"/t for integrated pulp and paper mills and between 1 and 49 m*/t for pulp and paper products
plants. Specific pollution load (SPL) was found to vary between 9 and 80 kg COD/t and 21 and
183 kg TDS/t for integrated pulp and paper mills, and between 4 and 10 kg COD/t and 2 and
110 kg TDS/t for non-integrated plants.

The variation in water intake and waste-water quality is dependent upon the tree species or pulp
material utilized, the efficiency of the mill in terms of process control and operation, the paper
product produced and the degree of chemical recovery and waste-water treatment prior to

discharge

Forceful measures have been taken by the Industry in recent years to reduce the water intake
and pollution potential of pulp and paper mills. These measures include the tightening up of
water using systems, more effective waste-water treatment systems and reuse of treated water
sources, new production processes, technically improved machinery and equipment, as well as

improved management and operation of production.
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1.1

THE PULP AND PAPER INDUSTRY IN SOUTH AFRICA

Introduction

The pulp and paper industry in South Africa dates back to 1920 when the Klipriver mill
near Johannesburg was built to recycle waste paper into wrapping paper at a rate of 3 t/d.
It was another 18 years before the first fully integrated chemical pulp and paper operation
started operating using wheat straw as the basic raw material, from which it derived its
name Enterprise Straw (Enstra) near Springs. Initially two paper machines produced
approximately 40 t/d of fine paper. However, the straw process was not a success and in
1948 the mill changed to the pulping of wood as the demand for paper and pulp products

escaluted.

There are presently 21 mills ranging from small household tissue mills to the most modern

integrated pulp and paper mills of world standard, both in terms of size and technology "',

Paper and Pulp Production in South Africa

The major raw material is timber for which about 1.3 million hectares are cultivated, at an
estimated investment of some R 3 500 million. The Industry offers employment to
approximately 60 000 people.  Recycled waste represents about 309% of the raw material,
with bagasse from sugar cane providing a viable alternative in the cane growing regions.
Pulp and paper manufacture represents a direct capital investment of about R 5 000
million, provides direct employment to about 15 000 people, and generates about R 4000
million per annum turnover'”’, Some 3 000 000 t of paper products is produced annually,

broken down as shown in Table 1.

The pulp and paper mills in South Africa can be grouped into integrated, non-integrated
and secondary fibre mills. Mills which use waste paper as their primary raw material are

referred to as secondary fibre mills,

Mills that manufacture paper or paperboard but not pulp are termed non-integrated
mills™. A generalized flow diagram for the pulp and papermaking process is shown in

Figure 1.
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Fable 2 : Basic Raw Material Requirement
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242 Chemical Pulping
Mechanically produced pulps are essentially wood without the bark. Chemical pulps are

mainly pure cellulose, the less desirable constituents of the wood having been removed by

the chemical treatment processes.

The earlier soda and sulphite pulp processes have been widely replaced by the Kraft

process due principally to the demand for higher pulp strengths and a greater degree of

chemical recovery and reduced water pollution. The main steps in the manufacture of

chemical pulps are described in the following sections :

(a)

(h)

Cooking
Chips are cooked for between 2 and 6 hours in digesters at about 10 atmospheres
pressure and a temperature of 140°C. During pulping lignin is solubilised releasing

individual fibres and extracting resins, alcohols and sugars.

In the batch process, at the end of the cook the pulp and liquor are "blown®™ under
pressure into the blow tank. This is effected by the pressurized steam in the
digester, which also serves the function of cleaning the digester, ready for another
cook whilst the steam from the blow is utilized 10 heat water for mill use.
Continuous processes are considered to offer more control of product quality and

are becoming the norm for the Industry.

The blow tank contains the pulp and black liquor, the latter consisting of the spent
cooking chemicals, lignin and other solids extracted from the wood. The pulp and
black liquor are diluted and pumped to the brown-stock washers, where the liquor,

containing the soluble residue from the cook, is washed out of the pulp.

Washing and screening

To achieve high brown stock washing efficiency, multi-stage, counter-current washing
systems are employed. The circulating water of the washing-screening system may
also be connected with oxygen bleaching (delignification). In a closed system, fresh

water may only be introduced to the washing stage after oxygen bleaching™®'.

After washing and screening the pulp is sent to the bleach plant or paper mill.
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Displacement bleach plants have also been built to replace conventional systems, where the

various bleaching stages can be performed in the same bleaching tower.

Oxygen Bleaching

In the Sapoxal process, which was developed in South Africa, the unbleached pulp from
the digesters is reacted with oxygen under high pressure and temperature together with
caustic soda and magnesium oxide for approximately 45 minutes to obtain semi-bleached

pulp.

Fully bleached pulp is obtained by further treatment with chlorine and chlorine dioxide.

Between each stage the pulp is thoroughly washed.

Bleach EMuent Quality

In bleaching Kraft pulp, the waste-water volume leaving an old bleach plant may be as high
as 80 <120 m*/t pulp. In modern four- and five-stage bleach plants the waste-water volume
is 30 - 40 m*/t pulp. In displacement bleaching the waste-water volume can be as low as

10 - 15 m*/t pulp, depending on the consistency of the chlorination stage'”.

Bleach waste waters are not normally recovered and become the major pollution source
of most pulp and paper mills, containing degradation products originating from the lignin,
carbohydrates, simple phenols and neutral and acidic compounds. These are generally
regarded as not readily biodegradable, due to the presence of bio-toxic constituents such

as chlorphenolics'. A typical bleach plant waste-water analysis is shown in Table 3
Colour
The colour pollution arising from a modern conventional pulp mill principally originates

from the first alkali stage of the bleaching process due to the lignins, tannins and

hemicelluloses present from the wood processing,




lable 3: Bleach Plant Waste-water Analysis (example for a Kralt pulp process)
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PAPER MANUFACTURE FROM PULP AND WASTE PAPER

Stock Production

The paper machines may draw wet or slush pulp direct from a pulp mill or baled pulp from
associated pulp mills, and from waste-paper plants. The slush pulp passes to the stock
preparation section where the various types of pulp are blended. the proportions being

used depending on the grade of paper being made.

Al this stage various chemicals and additives are mixed with the pulp to give the desired
finished paper product qualities, the stock is diluted progressively from 4% to 0,5% then
cleaned and screened to remove grit and dirt particles.  Sizing agents are added to
increase the resistance of paper to water and fillers such as calcium carbonate are added
to increase the density of the paper, making it less transparent and better suited to

printing,

Paper Machine Feed
The clean, diluted stock is pumped into a head or flow box which has a narrow opening
across its width. The head or flow box jets a wide, thin sheet of stock on the fast moving

"wire”. This "wire® is a continuous woven flexible plastic mesh belt.

Water drains from the stock through the wire, helped by foil elements and vacuum suction
boxes, leaving a web of pulp fibres on the wire at about 65 moisture. This is known as
the "wet end” of the machine. The press section further dewaters the web with the aid of
roll pressure and felts to about 48% moisture content. The remaining moisture is removed
in the dryer section by close contact with steam heated cylinders.

The calender stack of steel rolls further smooths the sheet and improves surface
properties.  The paper is reeled up into large reels, known as jumbo rolls, prior to

trimming, finishing and sale.
Coating
Coating with a clay slurry may be used to create a smooth, even surface for printing

purposes. Gloss paper is created by passing the coated paper through the alternate metal

and synthetic rolls of a super calender.
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Water and Waste-water Management

The results of this study reveal that although a degree of water management is practised
in many mills, and that the water use figures are generally impressive in terms of
international practice, there is still considerable variation in water intake between factories

producing the same commaodities.

In many cases this occurs because:

. the mill has ample process water available;

. historically the installed plant has not been designed or managed for optimum water
intake;

. discharge of mill waste water to high volume rivers close to sea outfalls has generally
been considered acceptable;

. until recently optimization of water intake, chemical and fibre recovery, and
minimizing pollutant loads have not been allocated a consistently high level of

priority by the Industry.

In terms of water and waste-water management, the mills in South Africa perform between
average and highly efficient in relation to international practice. The pressure to improve
efficiency in production coincides with advances in product loss control and chemical

recovery, reduced bleach plant waste-water discharges and improved process sequences.

Tahble 4: Specific Water Intake (SWI) for Various Mills

Mill Production t/d | Water Intake m’/d SWI m'/t
1 650 44 840 70
2 1200 39 320 33
3 290 20 000 69
4 900 122 400 136
5 145 2700 19
6 120 1000 8.0
7 900 32 600 36
8 2 230 11
9 185 145 08
10 15 740 49
1 148 2 800 19

——
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Mills 1 - § are integrated mills (pulping and papermaking)
Mills 6 « 11 are non-integrated (papermaking only)

Table 5: Waste-water Quality Discharged (mg/f)

Mill coD SS TDS Na Cl S0,
l 1 100 100 1470 =50 38 290
r . 674 342 999 230 320 Ux) [
1 3 2 201 2 284 2224 203 433 173 |
4 780 408 1 782 - . -
B 3393 3 200 13400 177 127 149
6 2353 3200 12965 | 157 103 258 I
;- 7 259 227 2 760 | 495 S03 526 j
‘[ 8 2216 1 750 1 082 132 5 a
‘ Rl 17 402 81 380 9 690 920 100 145
; 10 521 550 563 66 106 78
11 1788 | 12¢ A2 N

Table 6 :  Specific Pollution Load

| SPL
Min i Production | Waste-water Discharge | SEV kg kg kg
t/d m'/d m'/t | COD/t| TDS/t | SS/t
| 650 27 200 42 9 62 <
. 1 200 a7 250 23 1S ek S
—_1 i | .3"] _J N 17 300 o0 131 Z 132 136 *
4 o) T 92 260 103 S0 IS} | 42
5 145 2 300 16 54 21 51
6 120 8% 8.0 92 1o he)
- X 25 000 = 7 77 | 5
8 2 45 { 2 3 s | $
) 188 A3 T N3 6 3 T 28
+ :
0 | 15 280 19 10 1n | 10
i 1 148 1 900 13 | 34 23 |
. Outiving results

Mills 1 - 5 are integrated mills (pulping and papermaking)
Mills 6 < 11 are non-integrated (papermaking only)
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These improvements include reduced water consumption by closing loops throughout the

production line, and by pretreatment and total treatment of final waste water prior to re-

utilization or discharge.

Water intake

Specific water intake was found to vary between 33 and 136 m*/t for pulp and paper mills

and between 1 and 49 m*/t for paper products factories.

The following points were noted:

The SWI varies widely amongst factories processing the same commodity.

Water of higher quality is sometimes selected where water of lesser quality could be
usexl.

Individual process steps within the overall processing cycle consume different
quantities of water at different factories even if similar plant is emploved.

Due to the complexity of an integrated paper mill imbalances sometimes occur
between different parts of the process, leading to loss of reusable water,

The absence of water meters and flow recorders on each process line at some of the
factories, makes record keeping and hence control of water use difficult.

Internal water conservation measures include extended white water collection
systems, high-pressure machine cleaning showers, reuse of decontaminated
evaporator condenser water and fibre-recovery save-alls. External treatment includes
clarification, fibre-recovery and dewatering as well as biological treatment.

In view of the diversity of the Industry it is recommended that targets are set by the
management of each plant based on their individual circumstances and that
programmes are implemented to monitor and improve on these targets on an on-

going basis.

Waste water

The following points are noted:

Waste-water qualities vary widely between factories processing the same commaodity.
Recovery of chemicals used in the processing of pulp and paper leads to greater
cconomy in production, and significantly reduces inorganic and organic loads

discharged as waste water,
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suited to white waters that contain large amounts of filler. Filtration is suitable for white

witers that contain low levels of solids and filler.

Generally, the brown grades of paper are most tolerant of recycled water, followed by
newsprint and tissue types. Fine papers (high whiteness) are very sensitive to colour and
certain metal jons, particularly with respect to aging and colouring. The colloidal chemistry
involving paper sizing and resin applications is sensitive to phosphate and other dispersants

and some metal ions.

WASTE-WATER CHARACTERISTICS OF PULP AND PAPER MILLS

Suspended Solids

The presence of suspended solids in mill waste waters is due to the fine bark particles and
silt from pretreatment, the overall retention on the paper machines, which is affected by
the use of retention aids and save-alls, and the loss of fibre/filler in spillages or during

wash-ups and grade changes (see Table 6).

The load of suspended solids in untreated mill waste waters varies over the range 1,1 - 51
kg/t of product. At a number of mills, however, waste-water suspended solids are not a
genuine loss, as the waste-water clarification plant is operated as a save-all 1o recover
material for reuse in the mill, particularly in the recovery of fibre in waste-paper-based
paper production. The settleable solids portion is usually in the range of 75-95% of the
total suspended solids. Much of the non-settleable solids is fines and colloidal material

which are difficult to remove by conventional means'’.

The composition of suspended solids is equally varied depending on the type of fibre
(waste paper or pulp) and filler (clay or chalk) used, whilst the ash content of mill sludges

varies from 5 1o 50%.

Of particular importance to secondary biological treatment is the concentration of non-
settleable, colloidal solids present in the clarified waste water. The concentration of

colloidal solids increases with increasing use of waste paper and starch and with decreasing
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specific water intake, Both inorganic filler and non-biodegradable lignins represent an inert

load on treatment systems

Dissolved Solids

Organic matter

Depending upon the pulping procedure and yield coefficient of pulp from the wood,
hagasse or waste paper, up to 60% of the raw material is suspended or dissolved and
becomes a potential organic pollutant load. The loss of dissolved organic matter in mill
wiste waters also arises from non-retained wet-end additives and materials dissolved from
pulp or recycled broke and waste paper. In practice the majority of this material is

recovered for reuse.

\s measured by the COD of the mixed waste water, the specific loss of dissolved organics
ranged from 4.4 - 80 kg/t (Table 6). The strength of the waste water depends on the load
loss and the specific water intake and varies over an extremely wide range (200 - 20 000

mge/ 2 COD)

Inorganic matter

Fotal dissolved solids loads ranged from 2 - 183 kg/t of product (Table 6). Pulp liquors
containing discharges from the black liquor, washing liquors, overtlows and storage residue
contribute to the high TDS levels in the form of salt cake, sodium, calcium, carbonates and

sulphates

Bleaching liquors are usually high in chloride content. The concentration of soluble cations
(particularly sodium, calcium and magnesium) can reach high levels in closed water

!

sVsiems.

Sulphides occur in mill svstems as a result of microbial reduction of sulphate and

contribute to corrosion of the system. As with anaerobic decomposition of organic solids,

sulphate reduction to sulphide occurs in attached slimes or stagnant, quiescent zones of
'

the machine system. The sulphide levels measured in waste waters arise from soluble

sulphides that have diffused from the generation zone or insoluble sulphides that have

been scoured from surfaces by changes in water velocity”
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WASTE-WATER TREATMENT PRACTICES

Waste-water Treatment Technologies

The pulp and paper industry utilises a wide range of technologies in the treatment of waste
water. Most mills utilise primary methods of treatment such as screening and settling,
while there are several secondary and tertiary methods that are also in use to various
degrees. These include flotation, micro-straining activated carbon absorption, steam or air

stripping, polymeric resin treatment, and biological treatment.

Biological Waste-water Treatment of Pulp and Paper Waste Waters

Aerobic treatment

The conventional treatment of pulp and paper industry waste water has been by means of
acrated biological systems with sedimentation. These have been in the form of aerated
lagoons, aeration stabilization and settling basins, activated sludge treatment, or
biofiltration plants. These processes differ primarily in the manner in which the organisms

come into contact with the organic material,

Aerobic treatment does have certain disadvantages, namely the high energy demand that
is required for efficient aeration, and the excess biological sludge that is produced,

requiring disposal.

Efficiencies regarding COD removal employing purely aerobic processes vary greatly and
are naturally dependent on the exact nature of the influent and bleaching processes
applied. Efficiencies of 45 to 57% COD reduction are not uncommon'”, and can be as low
as 20% for chlorinated compounds from bleach plants'™. A recommended route for the
biological treatment of pulp and paper effluent is the use of a two-stage aerobic treatment

rather than a single treatment stage'™®

. or combining aerobic and anaerobic treatment.
Anaerobic treatment

Since the early 1980s interest has been growing in the paper industry in the use of
anacrobic systems for the treatment of waste water from pulp and paper mills, coinciding
with improvements in papermaking practice and closing up of water and effluent systems

which have resulted in lower volumes of effluent but of high organic content.
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aerobic and anaerobic biological purification of waste-water side streams
(evaporation condensates, bleach waste waters and final plant waste waters as well
as final effluents)

chemical flocculation or precipitation of organic pollutants in effluents (by lime, iron
or aluminium salts and organic polyelectrolyte)

removal of organic pollutants, particularly hazardous substances, by adsorption
processes using activated carbon, pyrolysis coke, aluminium oxide, magnetite or
adsorber resins

recovery and reuse of sulphite and sulphur, or biological reduction to reduce
hydrogen sulphide and sulphur dioxide discharges

application of new technology for the removal of suspended and colloidal solids, eg
dissolved air flotation, crossflow microfiltration, ultrafiltration, floating media
filtration

closed-loop recycle of process waters with improved purging of chlorides, salts, and
organics

use of neutral sizing, as opposed to alum-sizing, to reduce sulphate discharges and
also inhibition of anaerobic pretreatment

neutralization of spent liquor in order to bind organic acids as non-volatile salts
use of fungi for the degradation of bleach plant residues and other components

resistant to conventional biological treatment.
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