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PREFACE

In the present scenario of globalized economy and growing customer's

preferences, pulp and paper industry is required to ensure the quality parameters

of paper and paper products while maintaining cost effective production.

Indian paper industry uses a wide range of cellulosic raw materials, which are

forest based, agro based and recycled fibers. Several Kraft mills using

hardwoods as raw material and also recycled fiber based mills are facing severe

deposition problerfls generally referred to as Pitch and Stickies respectively.

The deposit formation occurs due to various chemicals, wood components and

physical changes occurring during papermaking process. With wide variations in

chemical composition of different cellulosic raw materials, there is a general

tendency of pitch and stickies to deposit on the surface of paper, which

subsequently deteriorates the quality of the final product. These two problems

namely; deposit formation and pitch not only inhibit the productivity, but have a

serious impact on the quality of paper, are serious problems of the pulp and

paper mills in India.

Keeping in view the importance of quality papermaking and productivity, the

Institute in cooperation with Centre Technique du Papier(CTP), France, took

up a project entitled "Understanding And Control Of Pitch And Deposit In
Papermaking". Two of the leading paper mills in India namely; Ballarpur

Industries Limited(BIL T), Unit: Shreegopal, Yamunanagar (Haryana) & J K Paper

Mills Limited, Rayagada (Orissa), participated in this joint program for Pitch

Control , and for the work relating to the "Deposit Control", Rama Newsprint and

Papers Ltd., Surat (Gujrat) and Khatema Fibres Ltd., Udham Singh Nagar (

Uttranchal ), were the participants.



The comprehensive study carried out by CPPRI's scientists at CTP, France,

with the help and expertise from CTP, have come out with the very useful

observations and recommendations. As a result of this comprehensive study

a lot of information and scientific data has been generated at CPPRI, and today,

the Institute has acquired expertise in the area of testing of pitch and deposit

related problems. Two Volumes of the comprehensive study should become a

prelude to the industry's personnel in understanding the mechanism of the

formation of pitch and deposit, and how to control them.

The study was possible with the continued support of the Cess Grant

Authority particularly; Shri S. Jagadeesan ,lAS, the then Joint Secretary(IPP),

Ministry of Commerce & Industry, Govt. of India, and active coordination

of Shri Rajeev R. Vederah, Managing Director, BILT. Institute would like to thank

them. Institute would also like to express thanks to Shri. S. P. Maurya, Member

Secretary, Development Council for Pulp, Paper and Allied Industries.

We would also like to express our sincere thanks to all the scientists at CTP

(France) in particular Dr. Gerard Galland, Director (Industrial Group Relations);

Dr. Thierry Delagoutte (Project Leader, DIP Pulps) and Ms. Joan Thomas
(Industrial Group Relations).

(Dr. A G Kulkarni)
DIRECTOR
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BACKGROUND OF THE PROJECT

Closing of water loop has become a worldwide trend in Paper Industry not only as a measure

for water conservation but also to reduce the effluent treatment cost. As a consequence of this

system closure the mills are facing problems of increased buildup of various organic and

inorganic components leading to deposition along the papermaking process, which in turns

adversely affects the quality of finished product. The problem has been found to be more

severe in virgin mills based on wood and RCF based mills. In virgin kraft mills where the

woody extraneous material is carried over with pulp cause pitch deposition in final product.

Similarly in RCF mills the presence of sticky contaminants causes deposit formation.

Due to lack of proper understanding of the physico-chemical behavior of these tacky

materials such as pitch in case of wood based mill and stickies in RCF based mills during the

paper making process, the virgin mills as well as RCF mills producing white grades of paper

are finding it difficult to cope up with the problem and a need is felt to systematically analyze

the cause and find out the strategies for control of pitch and deposits formation in virgin

Kraft and RCF based mills.

Pitch and Stickies deposit formation is an integral aspect of pulp and paper making. Pitch

formation is characteristic of the wood based mills where the lipophillic extractives, released

during pulping, form colloidal particles that coalescence into larger particles called pitch.

While stickies deposit are characteristic of recycled fibre based mills. Insoluble/ soluble and

colloidal particles released from synthetic adhesives, ink resins and coating binders contained

in the incoming waste papers, either agglomerate or precipitate to form stickies deposits. Due

to their tacky nature, pitch and stickies deposit on the papermaking equipment and cause

paper quality defects like holes and specs, frequent shutdown of the paper machine and loss

of productivity.

In India, several wood and waste paper based mills are facing severe deposition problems

that often lead to loss of paper quality and productivity. Substantial costs are incurred by the
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pulp and paper mills for eradication of the problem .However, due to the complexity of the

problem, effective control solutions are seldom achieved.

To look into the problems of these mills and find effective solutions for pitch and stickies

control, CPPRI initiated a collaborative project with CTP, France under the CESS grant

scheme. As a part of the project activity, 5 CPPRI scientists were deputed to CTP, France to

carry out joint research and training in the areas of pitch and stickies control. The findings of

this project were useful in understanding the deposition problems of the pulp and paper mills

and also provided a basis for evolution of suitable control strategies for their control.

This project report encompasses the details of the work carried out at CTP and subsequent

validation and implementation work carried out at CPPRI.

2
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PITCH - A GENERAL OVERVIEW

Closing of water loop has become a worldwide trend in Paper Industry not only as a measure

for water conservation but also to reduce the effluent treatment cost. As a consequence of this

system closure, the mills are facing problems of increased buildup of various organic and

inorganic components leading to deposition along the paper making process, which in tum

adversely affects the quality of finished product. In virgin kraft mills, the woody extraneous

material is carried over along with pulp causes deposition of tacky material which is known

as pitch.

Pitch is a composite material that exists in bark and/or wood in nature for protection against

microbial attack. Unmodified pitch in nature is in fluid form that solidifies on exposure to

environment. The reasons for solidification could be either due to oxidation or

polymerization. In general, Pitch is a low molecular weight, oleophilic materials extracted

from wood chips in neutral, nonpolar, organic solvents. Pitch occurs in pulp and commonly

deposits on machines producing pulp and paper. The pitch consists of resin acids

(softwoods), fatty acids (hardwoods), triglycerides, unsaponifyable matter (like sistosterol) in

addition may have lignin, hemicellulose and divalent cations etc, and other compounds not

well characterized.

Pitch Deposits
The chemical components of pitch are saponifiable and unsaponifiable compounds. The

saponifiables include fatty acids and their salts, resin acids (in case of softwood) and their

salts and fatty esters. These species dissolve or hydrolyze at a high pH, in the case of alkaline

stages in the bleaching process. The unsaponifiables mainly found in pitch deposits are fatty

acid ester waxes, di- and tri glycerides, fatty alchohols and sterols. These compounds are

conducive to pitch deposition because they are sticky in nature and do not readily hydrolyze,

causing a significant portion of the unsaponifiable material to remain in the pulp in the

papermaking process.

Often excluded from the list of troublesome forms of pitch, is high molecular weight

polymerized pitch. This product is often attributed to the polymerization of fatty acids

through addition of chlorine onto double bonds during bleaching. This material, not fully
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characterizable by presently available analytical methods, is very sticky, non-volatile and

non-ionizable.

Another form of pitch deposition is the metal soap deposition. Generally, these depositions

consists of dissolved multivalent metal ions - usually Ca2+,Mg2+,Ba2+or A13+ions from the

hardness in the water reacting with the anion of the soap of a fatty or resin acid according to

the equation:

Mn+ + nSoap------- ••

(Metal Ion) (Soap Anion)

This happens under the following conditions:

Paper has been manufactured at acidic pH values and the concentrations of soap anions are

low because they tie up with hydrogen ions to form insoluble fatty and resin acids:

Soap- + H+ • Hsoap ~

(Soap Anion) (Fatty or Resin Acid)

However, if the pH rises at some point in the process stream, appreciable concentrations of

metal soaps are often found in the deposits

MSoapn

(Metal Soap)

Deposition due to metal soaps will be particularly problematic in the bleach plant.

Brownstock washing can recover 95-98% of dry solids in pulp. The remaining 2-5% carried

with the pulp can contribute significantly toward mill BOD values and also result in

increased bleach chemical demand. Wood resin and metals not removed in the washer prior

to bleaching stages are more concentrated in a closed bleach plant than in conventional open

bleach plant. Sodium salts of wood resin are innocuous in kraft open systems due to their

solubility in aqueous environments but the presence of high ionic concentrations dramatically

reduces their solubility.

However, the sequence of chemical conditions in mills can cause reactive wood substances to

convert into new compounds that may be more problematic than the original extractives The

pitch consists of resin acids (softwoods), fatty acids (hardwoods), triglycerides,

unsaponifyable matter (like sistosterol) in addition may have lignin, hemicellulose and

divalent cations etc.

Wood extractives deserve serious consideration because of their potential adverse effect on

various aspects of pulp and papermaking. Wood extractives comprise about 1-5% of the

weight of wood but the problems they cause in open systems are disproportionately much

4
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larger than their concentrations. These problems are expected to aggravate due to reduced

water usage. When some dissolved solids in the white water system reach a certain

concentration, they begin to precipitate and interfere with papermaking. Below 10m3 It, the

concentration of dissolved solids increases very rapidly.

Locations of Pitch Deposits

There are different kinds of pitch problem in kraft mills. Usually the worst deposition in the

unbleached screen room is on

• The walls of the pipe

• The surface of the vats

• The screen plates

• The brownstock decker apron

• The repulper screw

Although the deposits sometimes plug screen slots and cleaners, which then have to be

cleaned, the worst problem occurs when the deposits break away from surface of attachment.

Pump impellers, agitators etc., and end chop them up as finely divided dirt in the final

product. In softwood mills deposition in the unbleached part of the mill, followed by dirt

problems, contribute the major kind problem.

The exact type of deposits found in pulp mill & bleach plant are dependent on the dynamic

factors of the system. Where the deposits occur is also dependent particularly on the ambient

conditions of the system.

Fatty and resin acid pitch deposits that are released chemically in pulping & bleaching

operation can accumulate on washers, storage tanks and stock lines. They can be released by

shock, mechanical, pH or thermal to accumulate as a colloidal suspension of negatively

charged.

Problems of Pitch Deposits

Pitch deposits and associated problems in paper machine system are likely to increase in

future. Faster paper machine means higher shear rate which aggravate pitch deposition.

5
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Sometimes-higher production rate means overloaded pulp washer which means pitch filled

pulps. Increased use of high yields pulps and secondary fibers means more contaminants and

pitch in the pulps. The trend towards increased mill closure and more water recirculation and

reuse means more pitch in the system, which ultimately increase runnability problems. The

pitch problem on the paper machine may be originating back in the pulp mill.

Pitch is released during pulping process in the form of hydrophobic, microscopic particles.

Colloidal pitch droplets carries negative surface charge and are in unstable state. The

colloidal emulsion breaks and form large agglomerates and sticky deposits in a paper

machine during the whole process.

Pitch content in wood can vary from 1 - 10% by weight and pitch released during pulping

depends upon the type of pulping.

Softwoods generally contain larger amount of pitch (due to the presence of resin canals) but

hardwood pitch is more difficult to treat due to the higher level of insoluble neutral pitch

components (e.g. waxes, fatty alcohols and sterols).

In wood based kraft mills, pitch is an agglomerate of undissolved extraneous chemicals of

wood i.e. resin which has a tendency of tackiness and deposits alone or in combination with

other raw materials like inorganic salts, fillers, fines/ fiber etc. on the surfaces of process

equipment in the later stages of washing or in the screen room and bleaching plant.

The extent of pitch deposition in the brown stock system is one of the most important factors

influencing the number of dirt specks origination from pitch in bleached kraft pulp. The

problems of pitch deposition attributed to wood extractives and the pitch deposition problems

cost the Indian industry dearly every year (about US $ 2/ton).

Mechanism of Pitch Deposits
Hydrodynamic or mechanical shear can destabilize the colloidal pitch emulsion, causing

pitch to agglomerate and deposits to form. Similarly, sudden temperature drops, pH shocks,

or the introduction of water hardness ions (e.g., from fresh water inlets or showers) can also

cause deposits by destabilizing the colloidal pitch emulsion. Inorganic salts such as calcium

carbonate can catalyze pitch deposition by acting as the "bricks" for the "mortar-like" pitch.
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Calcium ions in the white water can react with fatty and resin acids, forming insoluble, tacky

calcium soaps.

Effect of Various Pulping Processes on Pitch Components

Kraft Process: In the kraft process, the alkaline conditions serve to saponify the fats

(glycerol esters of fatty acids) and fatty and resin acids to their soluble sodium salts, which

act as natural surfactants for the neutral organic pitch components. Thus, removal of pitch

through an efficient brownstock washing stage is usually very good. In the kraft process,

much of the lignin is solubilized and many of the parenchyma ray cells (containing

encapsulated colloidal pitch) are ruptured, releasing pitch so it can be removed from the

system along with the lignin in the pulp washing stages.

Neutral or Acid Sulphite Pulping Process: In the neutral or acid sulfite pulping

process, fats are hydrolyzed to the free fatty acids and glycerol. Resin acids remain

unchanged, so to the neutral organics. All of these pitch components are insoluble under acid

pH conditions. Since the fatty and resin acids are not in their soluble sodium salt form, they

cannot act as emulsifiers for the neutral organics in the system. Although the sulfonated

lignins can serve as natural dispersants for the pitch particles, removal of the insoluble pitch

components by pulp washing is poor. Many ray cells remain intact during the milder pulping

process, so a significant percentage of the sulfite fibers contain encapsulated pitch. This form

of pitch can cause problems further on in the system, since it can be released when the fiber

cell walls are broken at the shear points.

Mechanical Pulping: in the mechanical pulping process the heat and mechanical action of

the grinders releases large amounts of colloidal pitch as an unstable dispersion. The pitch

component themselves are largely unchanged, lignin remains insoluble and many of the ray

cells are ruptured. Since little or no pulp washing occurs, all of the pitch released into the

system is carried along with the pulp. Severe pitch related problems could occur in these

conditions.
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Impact on Pulp Washing

The behavior of wood resin during pulp washing is important in kraft pulping. It is

influenced by dispersed and dissolved forms of the wood resin. Highly alkaline black liquor

contains fatty and resin acid soaps which are ionic surfactants. The ability of these

surfactants to act as dispersants or solubilisers of wood resin components that survive the

alkaline pulping process is dependent on ionic strength, temperature and pH. Conditions in

different stages of washing will determine the physical form of the wood resin. Laboratory

studies have shown that removal of wood resin by washing is impeded by high ionic strength.

Some resin remained precipitated and sorbed onto the fibres.

Dispersed Wood Resin
The concentration of dispersed wood resin in mill waters correlates well with pitch

deposition problems, provided dispersed wood resin is the source of the deposition. The

potential for pitch deposition and related problems increased linearly with increasing wood

resin particle concentration (provided dispersed resin was the single cause of the deposition).

Different mills can tolerate different concentrations of dispersed wood resin.

Polymerization
Wood resin components are known to polymerise to form products that are difficult to

dissolve in common solvents and in alkali. Such polymerisation increases with time

temperature and ion concentration.

Foaming
Wood resin components are surface active agents that often cause foaming problems in

pulping and papermaking processes. Their build-up with increasing system closure will lead

to more foaming problems in closed. The foaming can result in loss of vacuum, poor

drainage, poor formation, holes and thin spots in the sheet, and over-use of defoamers (which

can cause deposit formation).
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Wood Resin as Odorants in Food Packaging

In food packaging it is important to ensure that no materials will migrate from the paper

products to cause odor and taste problems for the consumer. Autoxidation products of wood

resin in paper products have been identified as the main sources of odour problems. The

mechanism of auto-oxidation of wood resin components is complex and is catal ysed

Due to lack of proper understanding about the physico-chemical behavior of these tacky

materials such as pitch in case of woodbased mills and stickies in RCF based mills during the

paper making process, the virgin mills as well as RCF mills producing white grades of paper

are finding it difficult to cope up with the problem and a need is felt to systematically analyze

the causes and find out the strategies for control of pitch and deposits formation in virgin

kraft and RCF based mills.

The severity of the pitch problem III the mills IS manifold. The problems due to pitch

deposition are

• Poor product quality

• Decreased efficiency of equipments - pumps, wires, clothing, driers etc.

• Instruments performance- sensors, flow meters etc.

• Capacity reduction -pipelines etc.

• Higher down time and man power use.

• Increased cost of production - chemical programs

• Customer's complaints.

Training At CTP, France.

For transfer of the technical know how, three Scientist from CPPRI were deputed to work at

CTP in the following areas.

• Understanding of Pitch deposition phenomenon,

• Control measures to be adopted for Pitch deposits.

9
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To understand the pitch deposition, following SIX species (from lK. Paper mills) were

choosen for R& D work carried out at CTP.

• Casurina

• Cashew net

• Acacia

• Eucalyptus

• Bamboo

• Vaneer waste

The study was aimed to characterize the colloidal wood resin released by a mechanical

treatment of the chips (native colloids) where no chemical modification will occur and the

colloids isolated after chemical treatment of the wood i.e. pulping & bleaching. This was also

completed by chemical analysis of wood dust which will detail the chemical nature of native

colloids.

The Characterization of the Colloids

The characterization of the colloids is based on the following determinations:

• Release of colloidal substances in water during the mechanical I chemical

treatment. This release is characterized by measurement of turbidity after centrifugation

which is specific of the colloidal substances. COD and cationic demand also give some

information. However, these two last parameters are not specific of colloidal substances:

they also characterize soluble materials contained in the water (pectins, hemicelluloses,

lignin fragments ... ). It is obvious that species inducing low colloid release must be

preferred.

• Stability of the colloids face to electrostatic aggregation. This test checks the

stability of the colloids (resistance to aggregation) against increased ionic strength

provided by addition of either NaCI or CaCl2 in the liquid phase. In this case species

inducing the release of stable colloids will be considered more suitable.

• Potentially precipitable soluble substances assessment. Some of the soluble

substances contained in the liquor may be precipitated due to increase of calcium ion

concentration (fatty acids for example). Precipitable substances must be as low as

possible.

10
Central Pulp & Paper Research Institute, Saharan pur. U.P., INDIA



(Draft Project !fZeport on Pitcfi <tt Deposit Contro[

The experiments conducted at CTP, France included the following:

• Production of water containing native colloids
After chipping of different species, the chips were subjected to refining in order to

achieve defibering and production of water containing native colloids. The fibers were

not used and only the water phase was utilized for the study for characterization of the

native colloids which are contained in the wood .

• Production of water /Effluent after chemical modification

To compare with native colloids bleached effluents at different stages were prepared by

pulping followed by bleaching. These bleached effluents at different stages were taken

for further studies.

The pulp after each bleaching stage is manually squeezed on a 100 urn metallic wire

(consistency reached is approx. 20%). The effluent is then recovered for further analysis.

A volume of clean water equivalent to the volume of effluent recovered is then added to

the pulp which is mixed manually. The pulp is finally thickened again by manual

thickening and then enters the next bleaching stage.

• Water extraction of the unbleached pulp

The objective is to characterize the release of dissolved and colloidal substances from the

pulp obtained after cooking and washing during an extraction carried out in water. This

procedure could bring some information regarding the content of the unbleached pulp in

materials liable to create deposition later on in the process. Only two wood species

(eucalyptus and cashew) were studied just after cooking and washing of the produced

pulp. This pulp of 2% consistency was agitated for one hour at 60° C & the process was

repeated 3 times

• Characterization of water/effluent generated by mechanical and chemical
treatments

Water/effluents produced during the refining and bleaching step is first centrifuged: 3000

g / 10 min. This step enables to separate suspended solids (which settle) from the

colloidal and soluble substances which remain in the supernatant.

11
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Release of colloidal and dissolved substances

Supernatant is collected and subjected to the following characterization:

• Turbidity: turbidity only refers to the concentration and size of the colloids which

are contained in the water. Soluble substances concentration does not affect the

turbidity measurement.

• Total dissolved and colloidal substances content: determined by water

evaporation. This measurement refers to all dissolved and colloidal substances which

are present in the water analyzed. No distinction between colloidal part and soluble

part is possible.

• COD: This measurement gives information regarding the quantity of soluble and

colloidal substances which may be oxidized. Usually this measurement moves

similarly in the same way than the total dissolved and colloidal substances content.

COD is determined with Doctor Lange Kit.

• Cationic demand: this measure characterizes the content of the water in charged

polymers. This measurement takes in consideration both colloidal particles (which are

negatively charged), but also soluble charged polymers (such as pectin or charged

hemicelluloses). Cationic demand is determined with Mutek PCT titration.

Polyethylene imine (PEI) is used as titrating agent.

• Conductivity: which gives information regarding salt content of the water

• pH: Usually pH measured in this study are in the neutral range (no chemical

addition).

Stability of the Colloids

This characterization is based on salt aggregation: indeed, increasing salt concentration

induces a reduction of the colloids zeta potential (due to compression of the diffuse layer)

so that the colloids become less stable. In some cases, if no static stabilization of the

colloids, this may induce colloidal particles aggregation and then precipitation. On the

opposite, steric stabilization of the particles (due to adsorption of polymer on the particles

surface), may prevent the salt aggregation.

12
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Consequently, the goal of the present test is to check if the colloids which are released in

the water/effluent in their native form or chemically modified fonn are protected or not

by an adsorbed layer of carbohydrates (usually hemicelluloses) so that they will resist (or

not) to salt aggregation.

Sodium and calcium chloride solutions of different concentrations in distilled water are

prepared and then mixed (50-50) with the different centrifuged water containing the

wood colloids.The final concentration (after mixing both solutions) of 0, 25, 50, 100,

200 and 300 mM of both salts are subjected to aggregation reaction at 45° C for one

hour in a water bath.

• Aggregation of Colloids is then Characterized as it follows:

Turbidity measurement after a centrifugation (3000 g for 10 min): this centrifugation step

enables the settling of the aggregated colloids. Thus, in case of strong aggregation

turbidity of the supernatant will be significantly reduced (due to aggregated colloids

settling).

Zeta potential measurement, which will inform about the evolution of the colloidal

particles charge, will enable to check the neutralisation induced by increasing the ionic

strength of the liquid phase. Measurement is done by using Malvern Zeta Sizer Nano ZS

Colloid particles size measurement: this enables to assess the evolution of the size of the

particles and therefore to highlight the aggregation state of the particles. Measurement is

done by using Malvern Zeta Sizer Nano ZS

Assessment of potentially precipitable soluble substances

Some of the soluble substances which are present in the water may, in certain conditions,

precipitate due to change temperature, pH etc.. For example, soluble fatty acids and

pectins may behave in such a way particularly in presence of calcium ions. To evaluate

the presence of soluble substances which may be precipitated, turbidity is determined

after reaction with calcium or sodium chloride without centrifugation. Consequently, if

materials are precipitated due to addition of calcium or sodium ions an increase of

turbidity will be observed.

Chemical analysis of five wood species
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The five wood species were choosen for chemical analysis. Samples were lyophilized for

24 hrs and then dust was prepared from each sample .The dust was extracted in a

automatic extraction device: ASE (Dionex) with Hexane and Acetone/water (95/5v/v).

These extracts were subjected to Gas Cromatography using Hewlet Packard (HP) coloum

and were analysed for resin content.

Technical solutions to avoid precipitation of resinous materials

In order to reduce the deposit tendency it was decided to search for solutions, which

would: (i) reduce the release of potentially precipitable soluble substances during EOP

stage. (ii) Stabilize the soluble substance to avoid their precipitation during D 1 stage.

Therefore, the following treatments were studied:

• Improvement of the washing of the EOP pulp in order to extract as much as possible

soluble substances

• Pre-treatment of unbleached pulp with lipases in order to convert triglycerydes into

fatty acids which could be better removed during EOP washing

• Ozone treatment of the pulp (introduction at different steps tested) in order to achieve

the destruction of the resinous materials contained in the pulp. Ozone was shown to

be very efficient to react and destroy resinous substances.

• Treatments with surfactants (non ionic and anionic) In order to quench the

precipitation of the soluble resinous substances contained in the liquid phase.

• Treatment with proteins in order to stabilise the colloids which are formed during the

precipitation of the soluble resinous substances and consequently avoid their

aggregation into suspended solids.

The efficiency of the different solutions studied are summarized in the following table:

+: small efficiency to control precipitation of soluble substances

++: good efficiency

+++: Very good

-: No efficiency
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Ozone washing +++
Comments

Efficient if applied before EOP stage (after C/D for
instance)

No really more efficient than a strong washing
performed after EOP however

Interesting if ozone is used for other purpose or if
mcrease of washing efficiency of EOP washer
impossible

Thickening of EOP
pulp

Increase of pulp thickening does not seem to
improve the situation in spite of the removal of
more important amount of water. Retention of
soluble extractives probably takes place during
thickening

Situation may depend on thickening devices used.
High thickening level IS reached by usmg
centrifugation at lab scale

Washing of EOP
pulp

+++ Strong washing is a very efficient way to reduce the
content of materials liable to be precipitated.

Ifpossible to improve washing efficiency in the mill
this would probably represent the most promising
and simple solution.

Limitation: the washing filtrates have to be thrown
away or treated so that the soluble substances liable
for precipitation really leave the process. Water
circuit design has to be maybe modified.

First point to check is the current washing efficiency
operates by the EOP washers implemented in the
mill.

++Surfactant Need of an appropriate structure:

Non ionic seem to be preferred

Hydrophilic moieties must have a sufficient size
(20EO efficient whereas 8 EO not efficient)

Dosage must be appropriated: concentration higher
than CMC seem to be required to induce formation
of composite micellar structures involving the
surfactant and soluble resinous materials.

Risks:

Concentrations to be used are rather high. Foaming
can be expected.

Pulp contamination with surfactants which could
later on negatively interfere with the PM chemistry
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Proteins +/- The proteins used (BSA) has the capacity to fix
calcium ions so that calcium induced precipitation is
strongly reduced.

However no real effect on the stabilization of the
soluble materials face to pH induced precipitation
(main process problem).

Calcium inactivation could also be achieved by
specific chelating agents such as EDT A.

Lipase pre-treatment - No significant amount of trigl ycerides In the
of unbleached pulp unbleached pulp which are the substrate of the

lipase.

16
Central Pulp & Paper Research Institute, Saharanpur. U.P., INDIA



Studies on

Understanding & Control

of Stickies Deposit



Draft Project <J<q!orton IPitch rt(, Deposit Contro[

STICKlES - A GENERAL OVERVIEW

In the recycling mills several contaminants are introduced in the process with the waste

paper. Efficient removal of these contaminants is therefore the key factor in the recycling

process .Despite the several cleaning and screening operations employed by the mills, some

contaminants remain in the system causing deposit problems in different sections of the mill.

With the rise in the utilization of waste paper worldwide, the recovered papers have become

more heterogeneous in composition. The proportions of components that are not recycled or

difficult to recycle have also grown. As a result attaining the required process efficiency &

product quality have emerged as the two major challenges for the RCF based mills.

Stickies constitute the major deposit problem in the recycling mills that greatly influences the

process efficiency, product quality and productivity. High cost of good quality recovered

papers have forced the papermaker to utilize waste paper grades like OCC, MOW and ONP

that have high stickies contaminant levels. As majority of the mills are not suitably equipped

for processing of such waste paper grades, stickies have emerged as the greatest obstacle in

the processing of waste paper. Due to the hydrophobic and tacky nature of the stickies, mills

often face severe deposit formation, paper breaks & paper quality defects. Different control

strategies may be employed by the mills to overcome the detrimental effects of stickies.

However due to the variable nature & size of the stickies a complete solution to the stickies

problems is seldom achieved by implementation of these measures.

Stickies Sources

Stickies is a collective term used to denote a mixture of organic compounds that interfere

with the processing of waste paper on account of their tackiness. Additives that have been

used during previous papermaking & converting processes are introduced through the waste

paper, as well as the additives that are employed during the recycling process are identified

as potential stickies sources. These additives include adhesives, inks, coating binders

chemicals & wet strength resins etc. Adhesives products are one of the main sources of

stickies while the second important source is the coating binders. Fig. 1 illustrates the

different sources of stickies.

17
Central Pulp & Paper Research Institute, Saharanpur. U.P., INDIA



rvraft Project IJ?§porton Pitch r.S(, Deposit Contro{

Pulper
Stickies Sources in Recycling

Adhesives * Wax
Inks * Coated Broke

I! :1
Coating Chemicals (Latex) * Recycle Starch I Deinking Wet-end I

Chemicals Chemicals Product
Additivesn Washing Screens I

v

I Recovfed Paper

----__l '7

blfV ~ '7

•• Y I, Paper Machine ~oduct

grc 7 "Broke"

I ,1
Clarifier

1\
L if"",,,'--

hite Water Saveall
'--- .--.,

I I
Felt & For

"Stickies" DCM Build Fabrics Spots

~~~
Paper Web W Holes
Breaks Decrease in

Dryer Stickies Final
Stickies Deposits in Recycling f)ennsitinn Product

";C

Figure 1: Stickies Sources and Deposit Formation in a Recycing Process

Stickies - Effect on Recycling.

The properties of stickies, in terms of size, shapes, density, rheology & surface properties

depend on their chemical nature. Given the variable nature and large number of compounds

that make up the stickies, it is difficult to completely remove the stickies contaminants from

the recycling system. Once a part of the ReF pulp stock, stickies deposit in various locations

of the mill. The stickies can deposit at any point of processing. This creates problems not

only in the paper machine but in converting, printing & end use of the product. Stickies

generally affect paper machine runnability by depositing on forming fabrics, sheets, press

rolls, doctor blades and dryer cylinders. Sheet quality is reduced by stickies, which causes

holes, bleed through & poor appearance. Stickies on or near the sheet surface affect coating

pick-up, printability & have the tendency to adhere to adjacent sheets, which causes breaks

during converting. Ultimately this results in loss of efficiency & increase in production costs

through increased cleaning & loss of product quality.
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Stickies - Classification
Due to the large number of contaminants that could be included in a stickies deposits, it is

necessary to classify stickies in order to tackle the problem in a more structured way.

Depending on the specific characteristics of stickies it is possible to predict their behavior

and then to choose the best quantification method and to select the best control strategy.

Several classifications of stickies have been proposed in the literature, based on different

characteristics. The two most common are based on size (rnacro-stickies and micro-stickies)

or on physico-chemical nature (primary and secondary stickies.) Macro stickies refer to

contaminants retained on 0.0006 in 0.15mm slotted screens and micro-stickies are able to

pass through. The reason for this classification is that macro stickies are generally removed

by existing screens and cleaners, while micro-stickies are usually accepted by screens and

cleaners and eventually agglomerate and form deposits on paper machine wires and felts.

Primary stickies are present in the incoming paper and are the insoluble components of

synthetic adhesives (hot melts and pressure sensitive adhesive), resin sizes, binders, wet

strength resins, etc., which are tacky under appropriate temperatures and pressure. Secondary

stickies are composed of soluble and colloidal components of various materials (adhesives,

waxes, coated broke, coating binders, latex, etc.) contained in recycled paper or in

papermaking chemicals. Secondary stickies are generated when sudden changes in the wet

end chemistry or process conditions occur which result in the destabilization of the dissolved

and colloidal materials producing the deposits.

Stickies Classification & Deposit Formation

+ +
Primary Stickies Secondary Stickies
Result from disintegration of Adhesives and are solid Are soluble & hydro-dispersible substances that turn into
throughout Pulp & Paper making process. Originates from solid phase when process condition changes. Originate
self adhesive labels etc. from waste paper contaminants or chemical additives

~

~ + ,
Macro Micro Colloidal/Soluble (potential stickies)
Solid tacky particles originating Tacky particles having size lower Having size lower than I urn.
from insoluble or non dispersible than I00 ~m not retained by lab destabilization possible leading to tacky
adhesive material rejected by a 100 screen. precipitation
urn lab screen.

~ ~ +I Paper Quality I I
Drying Section

I I
Wet-end Deposits IDefects Denoslts
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Management & Control of Stickies

Quantification of Stickies.

The quantification of stickies is an essential tool for their effective management & control.

The development of an accurate means of measuring all stickies in a sample would help

in evaluating the quality of furnish, in measuring the efficiency of removal process in

controlling deposits in papermachine, & in improving the performance of recycled paper

products. Several tests for quantification of stickies have been proposed. All of them have

their advantages & drawbacks. Nevertheless, they are important as they indicate the relative

level of contaminants & develop an awareness of stickies levels that will cause deposits,

quality problems, or runnability problems in the equipment. Yet it is necessary to identi fy &

adopt a suitable method that is rapid, accurate in terms of reproducibility & yield results in

mass per unit pulp area of stickies per unit weight pulp.

Methods for quantifying macro stickies primarily use laboratory screening to concentrate

contaminants, followed by visual instrumental examination of the tacky particles. Other

macro methods include examination of dyed hand sheets & examination of hot pressed hand

sheets under ultra violet light.

Micro & dispersed stickies are determined based on their tendency to deposit on hydrophobic

surfaces placed in an agitated pulp samples. Several materials which have been proposed as

stickies collection include HDPE, LDPE, Polypropylene & polyster.

Control Methods

The large number of potential sources of stickies & their interaction with various additives

used in papermaking make the stickies control a complex problem. As no single solution

exists for the wide range of problem caused by stickies, it is necessary to combine different

control strategies to significantly reduce the stickies problems in paper mills.

Mechanical Treatment

Contaminant control in most mills using RCF consist of mechanical separation of the

contaminants from the fiber stream. Screening, Cleaning, washing, floatation & water
20
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clarification are generally used to remove the contaminants from the system. All these

processes rely on differences in properties between stickies & fibre. When stickies & fibre

have similar characteristics, the separation process becomes ineffective. Depending upon the

method used, rarely are contaminants smaller than 150 urn removed from the process.

Contaminants of this size or smaller do not cause problems unless agglomeration takes place.

It is important that these remaining contaminants are rendered non-depositing and non-

agglomerating states to prevent their deposition. Several chemical techniques are known to

render such contaminants to a non-depositing state.

Chemical Treatment

Chemical treatment techniques for the control of stickies deposit include dispersion,

detackification, passivation, cationic fixation and the addition of inorganic such as talc. The

various chemical used have two main modes of action. First is to modify the stickies particle

remaining in stock via dispersion and detackification or by purging out the stickies from the

system, via the sheet, by attachment of the contaminants to the fibres.

Each of the above methods is effective under right conditions, but the limitations of each

program have prevented any single program from becoming the accepted standard method

for organic deposits control. It is necessary to evolve an effective stickies control strategy

that combine the benefits of different techniques but minimizes their limitations.

Stickies - The Indian Scenario
In India, waste papers contribute to 35 % of the total paper and board produced in the

country. While indigenously recovered papers meet only 20 % of waste paper demand, 80 %

of the waste paper requirement of the Indian Paper Industry is met through imports. Due to

the high cost of good quality imported waste papers, recycling mills are forced to use poor

quality papers that contain high levels of contaminants like stickies . As majority of the mills

in India do not have appropriate technologies for processing of stickies contaminants, they

face severe stickies deposition problems leading to paper quality defects like holes and specs

and dryer cylinder deposits and in some cases deposits on the press rolls. A study conducted

three years ago revealed that stickies is the greatest problem faced by the paper industry

when compared to problems of inks, wet strength resins and hot melts. While appropriate

deinking technologies are available, technologies for stickies control are inadequate and
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obsolete. While some mills do not have even a slot screen, floatation cells are not available in

several mills. Several recycled fiber based mills have also approached CPPRI with the

stickies related problems.

Project Activity

To combat the stickies problem in the waste paper recycling mills, it is imperative to have a

sound understanding of the fundamental as well as advanced & novel approaches to stickies

control. Considerable research activity has been carried out worldwide, by different workers

especially at CTP, France. CTP, France is considered a world leader in wastepaper research.

Training of CPPRI scientists at CTP, France was expected to provide the necessary exposure

on various aspects of stickies control & provide guidelines to explore a suitable control

strategy for Indian Recycled Fiber based mills.

With in the frame work of the project "Understanding & Control of Pitch and Deposits in

Pulp and Papermaking" CTP France was engaged by CPPRI to provide the necessary know-

how for control of stickies deposits in waste paper recycling mills. This included the training

of two CPPRI scientists at CTP, France on stickies control strategies.

Training at CTP, France

For the transfer of the technical know-how on Stickies Control to CPPRI, two CPPRI

scientists were deputed to work at CTP, France and were trained in the following areas

• Stickies Balance in a Packaging Mill

• Demonstration of Methodologies for Stickies Control

• Computer Modelling Studies on Recycled Pulps.

A brief description of the work carried out, as a part of the training is given below.

Stickies Balance in a Packaging Mill

The study was aimed to assess the stickies content of different pulp samples collected along

the packaging line and consequently to learn about the process effects of these detrimental
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substance. During the studies, the samples were collected from the different sections of

packaging mill producing packaging paper for corrugated board and based on 100%

recovered paper and boards as a raw material. Two ways of stickies characterization used

are: (1) classical macro- stickies determination or screening method and (ii) solvent

extraction method.

From the first method, the determination of macro stickies at different locations of mill was

done and based on the results the removal efficiencies achieved by different process steps

were calculated. The micro stickies content at different location was determined by solvent

extraction method. Results show that the micro- stickies are the dominant stickies species in

the recycled pulp studied and is the major origin of the deposits formed in paper machine.

While macro stickies can be measured and isolated from the system by physical separation

methods (such as screening or cleaning), it is not possible to remove micro- stickies by these

methods. The only solution could be to tum to physico- chemical treatments such as flotation

or dissolved air flotation used as water clarification system.

Detailed description of the work is given in Annexure II Report No 1

Demonstration of Methodologies for Stickies Control

The objective of this work was to demonstrate different methodologies that can be employed

for conducting a systematic study of stickies in a recycling mill. To make an overall

assessment of the stickies problem and suggest suitable control measures for a mill, it is

important to make -

• Accurate measurements of various types of stickies and

• Evaluate effects of different stickies control techniques

using appropriate methodologies. Following methodologies were demonstrated during the

training.

Measurement of Primary Stickies.

The aim of the method was to quantify the amount of primary stickies that attach themselves

to hydro-phobic surfaces on account of their tackiness. In this method primary stickies were
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allowed to deposit on a nylon WIre mesh that was either immersed in pulp suspension

contained in deposition tester or fixed on the wire of the laboratory handsheet forming

machine. This method is useful for evaluation of various chemical additives like talc that are

employed for primary stickies control.

Measurement of Secondary Stickies

Deposition Method

The aim of the method was to measure the deposition potential of secondary stickies that are

formed by the electrostatic destabilization of the soluble and colloidal stickies . Such

measurements can be useful in the study of wet -end additives on the formation of secondary

stickies deposits. As the secondary stickies originates from dissolved & soluble materials, the

pulp suspension was first centrifuged to recover the dissolved & soluble materials. The

deposit potential of the secondary stickies was then determined by measuring the plugging

rate of hydrophobic surface that is in contact with the secondary stickies. The destabilization

of the colloidal and soluble stickies was induced by the addition of poly -electrolytes. These

poly- electrolytes react with the colloidal and soluble stickies to form precipitates that may

plug the nylon mesh. The plugging rate of the nylon mesh was then determined using the

image analysis method.

Precipitation Method

The aim of the method was to measure the amount of dissolved and colloidal materials, in

process water or pulp suspensions, that are liable to precipitate and form secondary deposits,

using the turbidity measurement method.

The turbidity measurement method is based on the fact that turbidity of process water or

water from the pulp suspension that is free from any suspended matter corresponds to the

amount of the colloidal material. Addition of poly - electrolytes can however induce the

precipitation of dissolved and colloidal material leading to the formation of suspended

particles. The reduction in turbidity measurements made after the removal of the suspended

materials then gives the measure of the soluble and colloidal substances that are liable to

precipitate.

Detailed Description of the work is given in Annexure II Report No 2 (8)
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Studies on Dissolved Air Floatation of White Water

The objective of the study was to evaluate the efficiency of OAF technique for micro-stickies

reduction. The OAF technique is employed by several mills for white water clarification by

removing suspended solids and coagulation of soluble & colloidal matter. The technique is

however also known to reduce micro stickies content of white water. Recycling of the white

water in paper machine head box causes a build up of the micro-stickies in the white water

circuits, necessitating their removal. During the training, the OAF technique was evaluated

for micro-stickies reduction using different polymer chemistries. The OAF treatment resulted

in 90% removal efficiencies for micro stickies using POMAC ( poly diallyl dimethtyl

ammonium chloride) 50 ppm + CPAM (Cationic polyacrylamide) 2 ppm.

Study of Coagulation Treatment

The uncontrolled destabilization of the colloidal stickies, resulting in their aggregation &

precipitation, can be prevented by fixing the colloidal stickies on to the fibres. Fixation of the

stickies involves the attachment of the colloidal stickies to the fibres, through electrostatic

attraction on treatment with cationic polymers.

A study was conducted to determine the effects of coagulants on the retention of the colloids.

Depending upon its cationic demand, the pulp sample was treated with different dosages of

polymers corresponding to the amount required for 10, 30, 70,100% neutralization of the

pulp. The turbidity measurements were then made after filtering the pulp samples through the

Dynamic Filtration System (DFS) in the retention mode. The reduction in the turbidity

measurements before & after treatment indicated the retention of the colloids on to the fibres.

During the study the effect of four different polymers on the retention of the colloids was

investigated. It was observed that polyethyleneimine was most efficient for the purpose.

Detailed Description of the work is given in Annexure II Report No 2 (A)
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Computer Modeling Studies on Recycled Pulps.

The objective of the study was to design a computer model based on a simple waste paper

process that can help study the influence of different physico-chemical processes and process

modifications on the stickies content of pulp. The computer model was prepared by

simulating recycling pilot plant trials that included processes operations like floatation and

washing. These processes and also treatment with Dissolved Air Floatation (OAF) are known

to influence the micro stickies and hence the total stickies content of the pulp. As the pilot

plant did not have a DAF unit, samples for the pilot plant were treated in the laboratory OAF

unit. The Process Simulator software PS-2000 developed by CTP, was used in the study. The

building up of the computer model involved the following procedures.

• A Pilot plant trial using the sequence Pulping-Cleaning-Screening -Floatation-

Washing for re-pulping ofOCC.

• Characterization of the pulp and rejects samples from the plant trial for various

components like fibers, fines and Macro, Micro/colloidal & total stickies.

• Computation of Removal Efficiencies for pulp components across unit operations

(Floatation washing & OAF) & the whole process efficiency (Global Efficiency)

based on the experimental data from the pilot trial.

• Designing of the Computer Model by incorporating the values of the removal

efficiencies, across different unit operations, in the process simulator software.

• Identification & validation of the model by comparison of the simulated values,

for various pulp components & flow rates, with the measured actual values.

• Studying influence of various Process Modifications using the computer model.

Fi ure 3 : Flow Dia ram of Pilot Trial
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The influence of following process modifications were studied by computer simulation.

Influence of variation of flotation removal efficiency of micro-stickies.

This aimed to simulate either changes in the chemistry which may be added during flotation

or changes in the physico-chemical conditions which prevail during flotation (mainly surface

tension) which may significantly affect the micro-stickies removal efficiency. With 20%

removal efficiency at the floatation cell, the simulated results indicated 80% reduction of

micro stickies for the sequence floatation followed by washing. The process however induced

7% loss of fibers & 25% loss of total suspended solids.
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Influence of Implementation of a second stage of floatation

To reduce the losses of TSS & fibers, the influence of introduction of a second stage

floatation stage, that treated the foam from the first floatation stage, was simulated. Results

indicated a reduction of fiber losses to 2%. Micro stickies removal efficiency was comparable

to single stage floatation.
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Influence of Changing the Position of Floatation & Washing

Reversing the process configuration from Floatation - Washing to Washing - Floatation is

another way of reducing the process losses. The simulated results indicated a reduction of

fiber & total losses with stickies removal efficiency at comparable values.

Influence of OAF treatment on the Washing Filtrate

DAF may be used instead of floatation to treat the washing filtrate. However, this process is

less selective induced higher losses. The simulated results of all the above process

modification are summarized below.

Table 1:Losses of the Different Simulated Processes for a Micro-Stickies Removal

Efficiency in Flotation of 60%

Process configuration Fibres Total Losses Total Stickies Apparent

Losses (%) (%) removal ('Yo)

Flotation Washing Single Stage. 7,6 26,2 66

Flotation Washing Two Stage 2 17 61

Washing Flotation 2 14 58
Washing DAF 4,5 19 58
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The results show that the best compromise between stickies removal and material losses is

achieved with washing / flotation configuration and flotation in two stages I washing.

However, washing / flotation should be preferred since it induces the lowest losses for a

relatively higher stickies content reduction.

Details of the computer simulation study is given in Annexure II - Report No 3

Follow- Up action
For the implementation of the findings of this project, two Indian waste paper based mills

have been identified. The following stickies control program will be taken up in the mills -

• Complete Stickies Mapping for Macro/Micro and Colloidal IDissolved Stickies

• Assessment of Deposition Potential for Primary and Secondary Stickies

• Optimization of Unit Operations for enhanced Stickies removal Efficiencies

• Implementation and Evaluation of an integrated Stickies Control Program.

• White water Characterization and Clarification by employing Physico-Chemical

Techniques.

Conclusion
Like several other recycling mills, stickies is a major problem for Indian waste paper based

mills. CPPRI has been working on stickies related problems of Indian mills since the year

2002 and has also identified and adapted suitable methods for quantification of stickies.

Through the training of CPPRI scientist at CTP France, the technological know - how for

stickies control has also been acquired. The knowledge acquired will help in the development

and implementation of an appropriate stickies control program for the Indian recycling mills.
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Objective of this Study

The objective of this part of the study is to compare the properties of native colloidal wood
resin released by different wood species. Native means that these colloidal particles will be
released by a mechanical treatment of the chips so that no chemical modifications of particles
will occur. This will constitute a reference state against which results obtained with colloids,
isolated after chemical treatments of the wood and then the pulp (cooking and bleaching), will
be compared. This results will also be completed by the chemical analysis performed on wood
dust which will detailed the chemical nature ofthe native colloids.

The characterisation of the colloids is based on the following determination:

Release of Colloidal Substances in water during the mechanical treatment. This
release is characterised by measurement of turbidity after centrifugation which is specific
of the colloidal substances. COD and cationic demand also give some information.
However, these two last parameters are not specific of colloidal substances: they also
characterise soluble materials contained in the water (pectins, hemicelluloses, lignin
fragments ... ). It is obvious that species inducing low colloid release must be preferred.

Stability of the Colloids Face to Electrostatic Aggregation This test check the
stability of the colloids (resistance to aggregation) against increased ionic strength
provided by addition of either NaCl or CaCh in the liquid phase. In this case species
inducing the release of stable colloids will be considered more suitable.

Potentially Precipitable Soluble Substances Assessment Some of the soluble
substances contained in the liquor may be precipitated due to increase of calcium ion
concentration (fatty acids for example). Precipitable substances must be as low as
possible.

II Experimental procedure

11.1 Selected Species

Six species were selected to start the work. Their selection was based on their assumed
important detrimental impact in the process.

Casurina

Cashew nut

Accacia

Eucalyptus

Bamboo

Vaneer waste

11.2 Production of Water Containing Native Colloids

After chipping the different species, the chips were subjected to refining in order to achieve
defibering and production of a water containing native colloids. The fibres were not used and
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only the water phase was utilised in the following part of the study for characterisation of the
native colloids which are contained in the wood.

11.3 Characterisation of the Release of Colloidal and Dissolved Substances

Water produced during the refining step is first centrifuged: 3000 g / 10 min. This step
enables to separate suspended solids (which settle) from the colloidal and soluble substances
which remain in the supernatant.

Supernatant is collected and subjected to the following characterisation:

Turbidity: turbidity only refers to the concentration and size of the colloids which are contained
in the water. Soluble substances concentration does not affect the turbidity measurement.

Total dissolved and colloidal substances content: determined by water evaporation.
This measurement refers to all dissolved and colloidal substances which are present in the water
analysed. No distinction between colloidal part and soluble part is possible.

COD: This measurement gives information regarding the quantity of soluble and colloidal
substances which may be oxidised. Usually this measurement moves similarly in the same way
than the total dissolved and colloidal substances content. COD is determined with Doctor Lange
Kit.

Cationic demand: this measure characterises the content of the water in charged polymers.
This measurement takes in consideration both colloidal particles (which are negatively charged),
but also soluble charged polymers (such as pectin or charged hemicelluloses). Cationic demand is
determined with Miitek PCT titration. Polyethylene imine (PEl) is used as titrating agent.

Conductivity: which gives information regarding salt content of the water

pH: Usually pH measured in this study are in the neutral range (no chemical addition).

11.4 Characterisation of Colloidal Stability

This characterisation is based on salt aggregation: indeed, increasing salt concentration
induces a reduction of the colloids zeta potential (due to compression of the diffuse layer) so
that the colloids become less stable. In some cases, if no steric stabilisation of the colloids,
this may induce colloidal particles aggregation and then precipitation. On the opposite, steric
stabilisation of the particles (due to adsorption of polymer on the particles surface), may
prevent the salt aggregation.

Consequently, the goal of the present test is to check if the colloids which are released in the
water are, in their native form, protected or not by an adsorbed layer of carbohydrates (usually
hemicelluloses) so that they will resist (or not) to salt aggregation. Again, this will constitute
the basis of the study and results obtained after chemical treatments (next steps of the study)
will be compared to this initial state.

Sodium and calcium chloride solutions of different concentrations in distilled water are
prepared and then mixed (50-50) with the different centrifuged water containing the wood
colloids.

Final concentration (after mixing both solutions) of 0, 25, 50, 100, 200 and 300 mM of both
salts are applied.
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Aggregation reaction take place at 45°C during 1 hour (water bath).

Aggregation is then characterised as it follows:

Turbidity Measurement after a Centrifugation (3000 g for 10 min): this
centrifugation step enables the settling of the aggregated colloids. Thus, in case of strong
aggregation turbidity of the supernatant will be significantly reduced (due to aggregated
colloids settling).

Zeta Potential Measurement: which will inform about the evolution of the colloidal
particles charge: this will enable to check the neutralisation induced by increasing the
ionic strength of the liquid phase.

Measurement is done by using Malvern Zeta Sizer Nano ZS

Colloid Particles Size Measurement: this enables to assess the evolution of the size
of the particles and therefore to highlight the aggregation state of the particles.

Measurement is done by using Malvern Zeta Sizer Nano ZS

11.5 Assessment of Potentially Precipitable Soluble Substances

Some of the soluble substances which are present in the water may, in certain conditions,
precipitate. For example, soluble fatty acids and pectins may behave in such a way
particularly in presence of calcium ions. To evaluate the presence of soluble substances which
may be precipitated, turbidity is determined after reaction with calcium or sodium chloride
without centrifugation. Consequently, ifmaterials is precipitated due to addition of calcium or
sodium ions an increase of turbidity will be observed.

III Results and discussion

111.1Assessment of the Release of Colloidal and Dissolved Materials

From Table 1 it can be seen that:

Vaneer waste and Bamboo induces the lower release of colloidal substances (lower
turbidity level compared to other species). As a consequence, we may assume that these
species contain less resinous materials, or that the resinous materials of these species are
more difficult to be released in the water phase. Chemical analysis which are in progress
will answer to that question.

Regarding total soluble and colloidal substances determined through COD and TDS, it is
interesting to mention that vaneer waste and bamboo behave differently: indeed, vaneer
waste produces a water with a rather low COD and TDS level meaning that similarly to a
low release of colloids, a low release of soluble substances occurs. In case of bamboo, it
must be observed that in spite of a low colloids release (78 FNU), the level of COD and
TDS measured are quite high. This means that in case of this specie low amount of
resinous substances are dispersed in the water phase (due to low amount in the wood ?)
whereas considerable quantity of soluble substances (soluble carbohydrates ?) are
released.

In case of acacia and casurina, similar and rather important amount of colloids are
released in the water (turbidity values of 270). Regarding soluble substances, acacia does
not induce a strong release (in spite of its considerable release of colloidal materials).

3
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COD and TDS values are in the range of those observed for the vaneer waste. For
Casurina, disagreement between COD and TDS values does not enable to conclude
regarding soluble substances release (the measurements have to be checked again for this
specie).

For Cashew nut and Eucalyptus, both release of colloids and dissolved substances is high.

Table 1: release of colloidal and dissolved materials
from the different species

Colloids Soluble + colloids

Turbidity COD TDS CD (meq/l) Conductivity
(FNU) (mg/l) (gil) (us/ern)

Vaneer Waste 109,2 2660 2,4 0,33 380
Eucalyptus 542 5105* 0,76 * 321

284 3335 2,2 0,6 487
Bamboo 78,1 4500 3,7 0,07 469
Cashew nut 375 6260 4 2,41 475
t'"' 279 4200 1,3* 1,11 302

* To be checked again

From these results it can be observed large variations of the ratio dissolved substances / colloids, and
this ratio will be probably of prime importance regarding colloidal particles stabilisation. A way to
approach this ratio (dissolved substance / colloids) is to determine the ratio COD / turbidity. The
higher this ratio, the higher the ratio dissolved substances / colloids. This ratio for the different species
is reported in the Table 2.

From this table it clearly appears that two species are totally different compared to the 4 others:
Indeed, vaneer waste and bamboo lead to the higher ratio. From that observation, we may expect
differences in term of colloidal stability: species with the higher ratio could have better stability.
Indeed, higher soluble content probably mean higher soluble carbohydrates content and part of these
carbohydrates may be adsorbed at the surface of the colloidal particles inducing the formation of a
protective layer which will avoid agglomeration of the colloids (steric hindrance). This will be
checked now in the following part of this report.

Table 2: COD / turbidity ratio for the different
species

Species COD / Turbidity ratio

Vaneer Waste 24

Eucalyptus 10

Accacia 11

Bamboo 57

Cashew nut 17

Casurina 15

4
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111.2Evaluation of Colloidal Particles Stability Face to Electrostatic
Destabilisation

Colloidal stability is evaluated by increasing ionic strength of the water. The consequence is a
reduction of the potential zeta of the particles which may then agglomerate if not well
sterically stabilised.

Figure 1 shows as example the evolution of zeta potential and turbidity of colloids from
acacia. These results clearly show the decrease of zeta potential which reach value between -5
and -10 mv (starting from -20). Simultaneously to this evolution a large decrease of the
turbidity measured after centrifugation is observed (Pink curve of right chart) which indicates
a considerable aggregation of the colloidal particles due to the increase of the medium ionic
strength. In the case of acacia, it must be concluded that colloidal resin particles are not well
stabilised.

250,0 --
0,000 : : J....

190 290 390 40 200,0
: ...••.•.. ~

>' -5,000 5 .i-> ~ i.§. --oi.. : --I.. z
iij -10,000

!!::. 150,0

V.,
I : .?:- -+- Turbidityc: :;;i -15,000 :e 100,0

II " ~i __ Turbidityafter
s I- : centrifugation
~ -20,000 50,0 T---.... : --:.

: :
-25,000 ----- ---- --- 0,0

Calcium chloride concentration (mM)
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Figure 1: Evolution of zeta potential and turbidity versus calcium chloride concentration

To reach an efficient comparison of the different species in term of colloidal stability, an
aggregation index was defined as the variation of turbidity (expressed in percentage)
occurring between 0 and 300 mM sodium or calcium chloride.

This index is reported in Table 3. Two important things must be discussed from these results

Increasing ionic strength with sodium chloride does not induce significant destabilisation
of the colloids. This situation can be explained by the fact that Na is a monovalent ion
which is less efficient regarding reduction of zeta potential of the colloids. This is clearly
shown when looking at the zeta potential evolution versus sodium chloride concentration
(see Figure 2 as example which compared evolution of zeta potential versus calcium and
sodium addition in case of eucalyptus). Negative values of the index correspond to an
increase of the turbidity which is probably due to precipitation of soluble substances in the
form of colloids (which are therefore not settled during the centrifugation step).
Consequently, only values obtained with calcium will be used to assess the stability of the
native colloids produced by the different wood species.

3 species present low aggregation index. These are Eucalyptus, Bamboo and vaneer waste.
It is interesting to note that two of them was those which presented the higher dissolved
substances / colloids ratio (vaneer waste and Bamboo).
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Regarding eucalyptus, in spite of a poor dissolved substances / colloids ratio (10), a good
stability is observed. Nature of the soluble carbohydrates is may be the reason for that.
Comparison of carbohydrate content in eucalyptus, acacia and casurina could give an
answer to that question.

Table 3: Aggregation index

Aggregation index

Species NaCI CaCI2

Casurina -46 80
Cashew nut -3 79
Eucalvptus 4 17
Accacia -19 78
Vaneer waste 10 33

Bamboo 9 15

0,000 ! ! !
100 290 31)0 4 0

-5,000 r ----
-10,000

:
~ I ••>
g -15,000 ~
Q. U

~N
-20,000 r\( • I-+-Nac',1

--~--

-25,000 : -CaCI2•
-30,000

Salt concentration mM

Figure 2: Evolution of zeta potential of eucalyptus colloids
versus NaCI and CaCI2 concentration

111.3Assessment of Potentially Precipitable Soluble Substances

To check this point, evolution of turbidity before centrifugation is controlled. Indeed, an
increase of turbidity at this point will only be the consequence of generation of either new
colloids or new suspended solids originating from the precipitation of soluble substances.

Results presented in Figure 1 clearly show that addition of calcium chloride induces a
significant increase of the turbidity measured before centrifugation (blue curve of the right
graphic).
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As in the case of the study of the colloidal stability, a precipitation index was here also
defined as the variation (expressed in percentage) of the turbidity observed between 0 mM
and 300 mM. This index for all the species studied is reported in the Table 4.

Table 4: precipitation index

Precipitation index

Species NaCI CaCI2

Casurina 61 120
Cashew nut 10 163
Eucalyptus 53 151
Accacia 14,7 62
Vaneer waste -4,3 102
Bamboo -2 47

Two comments on these results:

• First of all, precipitation index is always lower for NaCI (monovalent ions having less
activity for precipitation). However, for 2 of the species (casurina and eucalyptus)
precipitation index is rather high, meaning that the soluble substances originating from
these species can easily precipitate.

• Regarding calcium chloride precipitation: all the species induces the release of
dissolved substances which can be precipitated by calcium ions. However, Bamboo
and acacia seem to release the soluble materials the less sensitive to precipitation
(lower precipitation index with these two species).

IV Conclusion

To sum up all these results a synthesis table which gather the 3 parameters studied was built (Table 5).
Only results with calcium chloride are summarised here as they seem to provide the most relevant
information.

Casurina

Native wood colloid Colloids stability face to Precipitable Dissolved
release (turbidity at 0 mM) Ca substances with Ca

Aggregation index Precipitation index

Table 5: synthesis of results obtained for the 3 parameters studied

Bamboo

115

129
Cashew nut
Eucalyptus > ,< -,. 260

....
Accacia
Vaneer waste 52

34
33
15
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The colour code of this table must be read as it follows:

Green cells: behaviour which can be acceptable

Orange cells: intermediate behaviour

Red cells: poor behaviour

From this table it appears that both bamboo and vaneer waste present the native colloids and dissolved
substances probably having the lowest detrimental impact: low release of colloids (but the reason has
to be checked), good colloids stability and low to medium potentially precipitable dissolved
substances.

For the four others species, the situation does not seem so good since their colloids and soluble
substances (at least in their native form) present a possible detrimental character.

Eucalyptus however, could constitute maybe an intermediate species: Indeed, in spite of large colloids
release and high potentiality of precipitation for soluble substances, the stability of the colloids
generated by this specie is rather good.

This finally represents the state of the colloids and dissolved substances when they are found in their
native form: directly transfer from the wood to the water without any chemical modification. Next step
of the study will now focus on the modification induced by cooking and bleaching.

8
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Objective of this Study

The objective is to characterise the behaviour of the liquid phase recovered after each
bleaching step.

The characterisation is based on the following determination:

Release of Colloidal Substances in Water. This release is characterised by
measurement of turbidity after centrifugation which is specific of the colloidal substances.
COD and cationic demand also give some information. However, these two last
parameters are not specific of colloidal substances: they also characterise soluble materials
contained in the water (pectins, hemicelluloses, lignin fragments ... ).

Stability of the Colloids Face to Electrostatic Aggregation. This test checks the
stability of the colloids (resistance to aggregation) against increased ionic strength
provided by addition of CaCl2 in the liquid phase. This test enables to highlight whether
the colloids, which are release in the water phase, are stabilised by a protective layer
inducing a steric stabilisation. Indeed, the presence of this protective layer will prevent
salt induced aggregation and therefore makes the colloids more stable in the process
provided no major change which could affect this protective layer takes place.

Potentially Precipitable Soluble Substances Assessment. Some of the soluble
substances contained in the liquor may be precipitated due to increase of calcium ion
concentration (fatty acids for example).

II Experimental Procedure

11.1 Cooking

VANEER WASTE
Active alkali % 18

Sulfidity % 25

Maximum temperature (0C) 615

Time (min) RT to 165 90

Time at 165°C (min) 90

Bath ratio 1 : 3,5

Final pH 12,27

Residual alcali pH 10,7 4,9

Screened yield ( 0,2 mm ) % 53,9

Total yield % 54

Kappa Number 19,3
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11.2 Bleaching

11.2.1 CD

Total chlorine: 4,82% as:

o Ch: 2.9% as chlorine (60% of total chlorine load)

o CI02:O.73% as chlorine dioxide (40% of total chlorine load)

Temperature: 55°C

Duration:45°C

Consistency: 9%

11.2.2 EOP

NaOH: 3,4%

H202: 0,9%

O2 pressure: 2 bars

Temperature: 80°C

Duration: 120 min

Consistency: 9%

11.2.3 D1

CI02: 1%

Temperature: 75°C

Duration: 180 min

Consistency: 9%

11.2.4 D2

CI02: 0,2%

Temperature: 75°C

Duration: 180 min

Consistency: 9%

11.2.5 Interstage Washing

The pulp after each bleaching stage is manually squeezed on a 100 urn metallic wire
(consistency reached is approx. 20%). The effluent is then recovered for further analysis. A
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volume of clean water equivalent to the volume of effluent recovered is then added to the pulp
which is mixed manually. The pulp is finally thickened again by manual thickening and then
enters the following bleaching stage.

11.3 Characterisation of Bleaching Liquor of the Different Stages

Effluent produced during the different bleaching stages is first centrifuged: 3000 g / 10 min.
This step enables to separate suspended solids (which settle) from the colloidal and soluble
substances which remain in the supernatant.

Supernatant is collected and subjected to the following characterisation:

Turbidity

Total dissolved and colloidal substances content

COD

Cationic demand

Conducti vity

pH

11.4 Characterisation of colloidal stability

The goal of the test is to check if the colloids which are released in the bleaching effluent are
protected or not by an adsorbed layer of carbohydrates (usually hemicelluloses) so that they
will resist (or not) to salt aggregation. This test shows how stable are the colloids in the
different process steps.

Calcium chloride solution of different concentrations in distilled water are prepared and then
mixed (50-50) with the different centrifuged effluent.

Final concentration (after mixing of both solutions) of 0, 25, 50, 100, 200 and 300 mM are
applied.

Aggregation reactions takes place at 45°C during 1 hour (water bath).

Aggregation is then characterised as it follows:

Turbidity Measure,ment after a Centrifugation (3000 g for 10 min): this
centrifugation step enables the settling of the aggregated colloids. Thus, in case of strong
aggregation turbidity of the supernatant will be significantly reduced (due to aggregated
colloids settling).

Zeta Potential Measurement, which will inform about the evolution of the colloidal
particles charge: this will enable to check the neutralisation induced by increasing the
ionic strength of the liquid phase. Measurement is done by using Malvern Zeta Sizer Nano
ZS

Colloid Particles Size Measurement: this enables to assess the evolution of the size
of the particles and therefore to highlight the aggregation state of the particles.
Measurement is done by using Malvern Zeta Sizer Nano ZS
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11.5 Assessment of Potentially Precipitable Soluble Substances

Some of the soluble substances which are present in the bleaching effluent may, in certain
conditions, precipitate. For example, soluble fatty or resin acids and pectins may behave in
such a way particularly in presence of calcium ions. To evaluate the presence of soluble
substances which may be precipitated, turbidity is determined after reaction with calcium or
chloride without centrifugation. Consequently, if materials is precipitated due to addition of
calcium ions an increase of turbidity will be observed.

III Results and discussion

111.1Bleaching Effluents Characteristics

Table 1: bleach effluent characteristics

CO EOP 01 02

Turbidity (non centrifuged) 24,9 104 34,6

Turbidity (centrifuged) 7,7 34,2 22,9 (15)* 10,7

CD (meq/ml) ° 13,23 0,21 0,045

COD (mg/l) 1945 2370 333 145

TDS (gil) 13 ? (to be 5,5 3,8 1,4
confirmed)

IpH 1,88 11,8 5,2 4,9

Conductivity (ms/cm) 15,6 9,3 5,1

* Value in brackets is obtained after 2,7 urn filtration: settling during centrifugation being
very difficult to achieve.

From these results it can be observed that:

Very low amount of colloids are generated during the different bleaching stages: indeed,
turbidity after centrifugation (which corresponds to colloids concentration) is always very
low. This is especially true in acidic treatments such as CD and D bleaching. In these
conditions, resinous material cannot be efficiently dispersed or dissolved in the water
phase (no ionisation).

In EOP, colloid content is slightly higher due to the alkalinity of the medium which
enables a better release of resinous substances such as fatty acids or triglycerides
(hydrolysis). However, the high alkalinity of the medium probably induces an important
solubilisation of these substances so that the colloidal content (measured by turbidity)
remains rather low.

Dissolved materials generation is important in the two first steps as shown by the high
TDS and COD achieved. In CD stage these dissolved materials probably mainly come
from the dissolution of chlorinated lignin fragments. Dissolution of resinous materials in
this stage is however unlikely due the very acidic conditions.
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In EOP stage, important amount of dissolved substances are also released in the water
phase. Again, dissolution of lignin which has been modified by the CD stage is probably
responsible for the major part of the generated dissolved substances. However, this time,
we may expect, that part of the resinous material is also dissolved due to the alkalinity of
the treatment (fatty acids ionisation, triglycerides hydrolysis ... ). The presence of this
dissolved resinous materials will be clearly shown by adding calcium chloride to this EOP
effluent (important precipitation will be observed).

5
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111.2Characterisation of Colloidal Stability

Unfortunately, due to the low quantity of colloids generated, it is impossible to characterise
them regarding their stability to face to electrostatic destabilisation especially in CD, D I and
D2 stages. Indeed, value of zeta potential determined on such effluents, due to the too low
quantity ofpartic1es counted, are not relevant. Moreover, turbidity values before any addition
of calcium chloride is very low (around ten) so that variations due to addition of salt and then
centrifugation (to make settling of the aggregated materials) are probably not relevant (see
Figure 1). Maybe just in case of Dl were turbidity is slightly higher we can see a trend
indicating a poor stability of the colloids present in the effluent.
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Figure 1: Evolution of turbidity after centrifugation versus calcium chloride concentration

In case ofEOP bleaching, a slightly higher quantity of colloids is present so that zeta potential
and size determination can be done. However, turbidity after centrifugation, even in absence
of calcium chloride is still low so that colloidal stability is difficult to approach in an accurate
manner. Nevertheless, the trend, given when increasing the concentration of calcium chloride
could indicate a very poor stability of the colloids which are contained in this effluent (Figure
2). However, once more, it must be underlined that colloidal content is very low probably due
to a good dissolution ofthe resinous materials in the particular conditions of this EOP stage.
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Figure 2: Evolution of zeta potential and turbidity after centrifugation versus calcium chloride
concentration

Conclusion

Due to the too low amount of colloids generated in the different bleaching effluents, it seems
difficult to draw a precise conclusion regarding their state of stability. Maybe a trend can be
given which could indicate a poor stability of the colloids found after EOP bleaching.
However, this poor stability should not be a problem with respect to the low amount of
materials involved.

111.3Assessment of Potentially Precipitable Soluble Substances

To check this point, evolution of turbidity before centrifugation is controlled. Indeed, an
increase of turbidity at this point will only be the consequence of generation of either new
colloids or new suspended solids originating from the precipitation of soluble substances.
This aspect is particularly important to follow in the bleaching stage which induces important
release of dissolved substances (CD and EOP).

In the case of CD unfortunately, measurements of turbidity before centrifugation were not carried
out so that no information regarding precipitation of soluble substances due to calcium addition is
possible.

The case of EOP bleaching is particularly interesting from this point view: indeed, a very
important precipitation is observed even at the lowest concentrations of added calcium
(Figure 3). This shows that this effluent contains rather large quantity of soluble substances
which may be precipitated due to changes in the process conditions. It has been checked by
absorbance measurement at 280 nm (Table 2) that the precipitated materials is not lignin
(soluble lignin fragment should not be sensitive to calcium):

Absorbance of supernatant at 0 mM calcium added 1,3

Table 2: UVabsorbance (280 nm) of supernatant from EOP effluent

Absorbance of supernatant at 25 mM calcium added 1,6

Absorbance values are in the same range showing that, no lignin has been removed by the
centrifugation step. This probably shows that the dissolved materials involved in precipitation
phenomena can be part of the resinous compounds which were solubilised during the EOP

7
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stage. This will be confirmed by chemical analysis which will be performed of the EOP
bleaching effluent before and after addition of calcium ions.

-- -~-::J 600,0zu.
-:- 500,0.;:-s:: 400,08
CI> 300,0"-0
't 200,0.l:l
>-- 100,0=0:c"- 0,0::J
t-

O 100 200 300 400

Figure 3: Evolution of turbidity before centrifugation versus
calcium ion concentration

Calcium addition is used in the test to show the potentially of certain dissolved substances
to be precipitated. However, it can be assumed that pH change, and particularly
acidification (as it occurs in the process) could also induce such precipitation phenomena.
This has been checked by playing with the pH of the EOP bleaching effluent (Figure 4). It
clearly appears that, as expected, decreasing the pH provokes a sharp precipitation of
soluble substances. However, contrary to the case of calcium induced precipitation, this
time, precipitation of lignin is probably also involved as shown by UV absorbance
measurement.

Table 3: UVabsorbance (280 nm) of supernatant from EOP effluent

Absorbance of supernatant at pH 11,8 2,6

0,8Absorbance of supernatant at pH 3

Unfortunately, it is impossible to estimate the part of precipitation originating from
soluble lignin and the part originating from soluble resinous substances.

300,0

~250,0

~ 200.0
!:.
~ 150,0
"0:e
:> 100.0I-

50,0 ....•..

0,0 --
0 2 4 6 8 10 12 14

pH

Figure 4: Evolution of turbidity versus pH
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In the case of D 1 and D2 effluent, small amount of dissolved substances may be precipitated
in comparison to EOP stage (Figure 5) and this for 2 reasons:

EOP washing enables to remove the major part of the soluble substances which could
further precipitate.

Moreover, during Dl, acidic conditions probably induced the precipitation of part of the
"precipitable" soluble substances, so that low amount of these substances are available in
the precipitation test with calcium ions.

Conclusion

It has been shown that:

EOP stage induces the release of high amount of soluble substances.

Part of the substances release during EOP may be precipitated by addition of calcium ions
or decrease of pH.

Soluble lignin is not affected by calcium induced precipitation, which would tend to show
that dissolved resinous substances are involved in this precipitation phenomenon.

Acidification (pH lower than 5) induces also important precipitation of soluble substances.
But here, lignin precipitation is shown to be involved.

In case ofDl and D2 few amount of precipitable soluble substances remain in the water.
This due to EOP washing and precipitation of remaining soluble substances occurring
during Dl stage. This could be the reason of the deposition observed in the mill after D I
stage (revealed during D 1 washing).

-=> 600,0z -+-Eopiu,- 500,0 1- -;

'i: _D1- -l D2c: 400,0CI> I
0
CI> 300,0 ~
"-0.•..
CI> 200,0.c ~
>-

:t:! 100,0 •••:2 ----''-".c -""-~ 0,0I-
0 100 200 300 4001

Figure 5: Evolution of turbidity before centrifugation versus calcium
ion concentratio for EOP / D1 / D2 sta es
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IV Synthesis

From this part of the study it can be concluded that:

Low release of colloidal substances occurs during the various bleaching stages. Probably
colloidal substances are not responsible (at least in the case of this wood specie) of the
deposition which occurs in the last bleaching stages.

An important release of dissolved substances occurs during first two bleaching stages (CD
and EOP). Moreover, the dissolved substances released during EOP appears to be capable
of precipitation as indicated by the precipitation test performed in presence of calcium
ions addition. In this case, lignin precipitation does not seem to occur Acidification also
lead to a sharp precipitation of part of the soluble substances. Here however, lignin
precipitation takes place. Data regarding the nature of the substances which are
precipitated in both cases (calcium addition and acidification) will be soon available
(chemical analysis in progress).

Finally, from these results, we may draw a first hypothesis regarding deposit formation (at
least in the case of this particular wood specie). Indeed, we may assume that most of the
deposition problem could come from the soluble substances and particularly those which
are released during EOP bleaching. Indeed, this alkaline stage probably induces the
dissolution of resinous materials. Although a large part of this material is probably washed
away during EOP washing, the remaining substances could be precipitated during the
acidic Dl stage. Then, the precipitated materials could be agglomerated (and therefore
revealed) during the subsequent washing stages (D 1 and 02 washing).

10
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Objective of this Study

To analyse de resin content of 5 of the wood species sent by CPPRI to CTP. Characterisation
of remaining species will be done afterwards.

II Analytical Procedure

11.1 Sample Preparation

11.1.1 Lyophilisation.

Sample is lyophilised at least during 24 hours.

11.1.2 Milling

Papers and chips are milled and the dust produced is lyophilised again

11.2 Extraction

Dust is extracted with automatic extraction device: ASE (Dionex).

Two extractions are performed.

11.2.1 Hexane Extraction

• Extraction temperature: 90°C

• Extraction time: 10 min

• Cycles number: 2

11.2.2 Acetone Water Extraction (95/5 v/v)

• Extraction temperature: 100°C

• Extraction time: 10 min

• Cycles number: 2

Organic phases obtained after extraction are adjusted to 100ml and then stored at -20°e.

11.3 Analysis

11.3.1 Extract Preparation

In a vial are introduced:

• 50J..lL of the solvent extract

r'o"t"n(m"(,, •.•..1' rPl7nor(i)o{'onrr(' tn crrt n ro (!nl1nYfll1n,/y
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• 250~L of a solution containing the four internal standards: heneicosanoique acid, betulinol,
Cholesteryl heptadecanoate, 1,3 dipalmitoyl 2 oleyl glycerol.

Solvent is dried under nitrogen flow

11.3.2 Sylilation

To the dry sample are then added:

• 40~L of pyridine

• 160~L of Bis(trimethylsilyl)trifluoroacetamide (BSTFA)

• 40 ul, of Trimethylchlorosilane (TMCS)

The vial is heated at 70°C during 1 hour.

11.4 Gas chromatography

11.4.1 Column

Hewlet Packard (HP), 15m, diameter: 530f!m, film 0.15f!m.

11.4.2 Operating Conditions

Injector "on-column" with temperature programme, injection volume: 0.5f!L

Temperature programme: 100°C: 1.5min. Then, 12° C/min until 340°C. Finally 340°C
during 10 min.

Detection FID

11.5 Results

For each of the 6 families of compounds analysed (fatty acids, triglycerides, lignans, sterol,
steryl esters and resin acids) a window of retention time is defined.

Areas of all the peaks included in one window are added

Based on the area of corresponding internal standard (see table below describing
correspondence between IS and the families of compounds), the concentration of the di fferent
families of products is determined.

Families Internal standards

Fatty and resin acids heneicosanoique acid (C21)

Steryl esters Cholesteryl heptadecanoate (Ch 17)

Lignans and sterols betulinol

Trig! ycerides 1,3 dipalmitoyl 2 oleyl glycerol (Tgly)

2
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III Results

Analysis were performed on the following species:

Accacia

Eucalyptus

Casurina

Cashew nut

Vaneer waste

Analysis were carried out twice

Table 1 to 4 report results of all analysis (duplicate for hexane extraction and for acetone
water extract).

Table I :Hexane extract - 151 serie

Fattya. Resin ac. Lignans Sterols Steryl esters Triglycerides Total

mg/g mg/g mg/g mg/g mg/g rna/a mg/g

IAcaccia 0,19 0,12 0,471 0,547 0,27 0,01 1,609

Cashew nut 0,23 0,03 0,00 0,455 0,03 0,16 0,910

Casurina 0,09 0,03 0,006 0,292 0,13 0,03 0,582

Eucalyptus 0,005 0,01 0,005 0,136 0,22 0,04 0,416

~ aneer waste 1,210 2,29 0,024 0,393 0,10 0,14 4,161

Table 2 : Extrait hexane 2nd serie

Fattya. Resin ac. Lignans Sterols Steryl esters Trial ycerides Total

mg/g mg/g mz/z mg/g rna/a rna/a rng/g

[Acaccia 0,04 0,02 0,903 0,755 0,671 0,05 2,433

Cashew nut 0,05 0,02 0,00 0,229 0,01 0,17 0,477

Casurina 0,04 0,03 0,010 0,305 0,26 0,12 0,753

lEucalyptus 0,00 0,01 0,007 0,127 0,16 0,12 0,422

~ aneer waste 1,43 3,211 0,013 0,483 0,12 0,13 5,392

3
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Table 3- Acetone water extract l " serie

Fattv a. Resin ac. Lignans Sterols Sterv I esters Trialvcerides Total

mg/g mg/g mg/g rna/a mg/g mg/g mg/g

Acaccia 0,00 0,00 0,312 0,082 0,207 0,00 0,601

Cashew nut 0,175 0,01 0,193 0,453 0,015 0,01 0,851

Casurina 0,248 0,02 0,049 0,046 0,078 0,21 0,643

Eucalyptus 0,004 0,01 0,004 0,175 0,077 0,13 0,399

Vaneer waste 0,368 0,635 1,607 1,168 0,107 0,91 4,791

Table 4- Acetone water extract 2ns serie

Fattya. Resin ac. Lignans Sterols Stervl esters Trizlvcerides Total

mg/g mg/g mg/g mg/g mg/g mg/g rna/a

Acaccia 0,00 0,00 1,086 0,076 0,00 0,00 1,162

Cashew nut 0,273 0,020 0,172 0,250 0,031 0,02 0,761

Casurina 0,248 0,02 1,150 0,018 0,024 0,24 1,693

Eucalyptus 0,018 0,02 0,008 0,274 0,024 0,45 0,788

Vaneer waste 0,295 0,583 1,369 1,448 0,114 0,03 3,835

From these values average composition of wood extractives were determined including both
hexane and acetone water extract (table 5).

Total extractives (summ of hexane and acetone water extract)

Fattyac. Resin ac. Lignans Sterols Stervl esters Trizlvcerides Total

mg/g mg/g mg/g mg/g rna/a ma/z mglg

iAcaccia 0,11 0,07 1,39 0,73 0,57 0,00 2.88

Cashew nut 0,36 0,01 0,18 0,69 0,02 0,01 1.29

Casurina 0,31 0,02 0,61 0,33 0,25 0,22 l.n

lEucalyptus 0,Q1 0,02 0,01 0,36 0,24 0,29 0,92 I

tvaneer waste 1,65 3,36 1,51 1,75 0,22 0,47 8.95 I

These average values are represented in the next graphic
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Vaneer waste

From these results vaneer waste appears totally different compared to the 4 other species: total
extractives amount is very high as compared with others (8 mg/g compared to I to 3). Moreover, the
presence of large amount of resin acids in this sample is not understood: indeed; vaneer waste
originate from poplar (hardwood) and should not present such high amount of resin acids.

Results were however repeated twice and GC MS analysis confirms the presence of large amount of
fatty acids and resin acids in this sample. We have no explanation for this situation in the case of
vaneer waste. Maybe an exogenous contamination of this particular sample has occurred making It
non representative of the reality. As a consequence, we propose to have other vaneer waste samples In
order to repeat this analysis. Comparison with poplar wood will also be performed.

Cashew nut Casurina EucalyptusAcaccia

5



Pitch control

Report-4

Comparison of Behaviour of Vaneer waste, Cashew,

Eucalyptus, Bamboo and Acacia during Bleaching

CTP-CPPRI collaborative project

Rajnish TANDON

Thierry DELAGOUTTE

July 1st 05



Index

Particulars Page no.

Objective of this Study 1

Experimental Procedure 1

Cooking

Bleaching 2

Characterization of Bleaching Liquor of the Different 3
Stages

Characterization of colloidal stability 3

Assessment of Potentially Precipitable Soluble 4
Substances

Results and Discussion 4

Bleaching Effluents Characteristics 4

Characterisation of Colloidal Stability 8

Assessment of Potentially Precipitable Soluble 10
Substances

Conclusion 12

Synthesis 13



'R§pon - 4 Comparison of <Befiaviour of 'Vaneer waste, Cashew, 'EucaCyptus, <Bam600 anti )lcacia rfurill{] <Bfeacfiill{]

Objective of this study

The objective is to characterise the behaviour of the liquid phase recovered after each bleaching step.

The characterisation is based on the following determination:

Release of colloidal substances in water. This release is characterised by measurement of turbidity
after centrifugation which is specific of the colloidal substances. COD and cationic demand also
give some information. However, these two last parameters are not specific of colloidal
substances: they also characterise soluble materials contained in the water (pectins,
hemicelluloses, lignin fragments ... ).

Stability of the colloids face to electrostatic aggregation. This test checks the stability of the
colloids (resistance to aggregation) against increased ionic strength provided by addition of CaCI2

in the liquid phase. This test enables to highlight whether the colloids, which are release in the
water phase, are stabilised by a protective layer inducing a steric stabilisation. Indeed, the presence
of this protective layer will prevent salt induced aggregation and therefore makes the colloids
more stable in the process provided no major change which could affect this protective layer takes
place.

Potentially precipitable soluble substances assessment. Some of the soluble substances contained
in the liquor may be precipitated due to increase of calcium ion concentration (fatty acids for
example).

II Experimental Procedure

11.1 Cooking

Vaneer waste Eucalpyus Cashew
-

Active alkali % 18 22 23

Sulfiditv %
-

25 25 25
Maximum temperature (0C) 165 165 165

Time (min) RT to 165 90 90 90

Time at 165°C (min) 90 90 90

Bath ratio 1 : 3,5 1 : 3,5 1 : 3,5

--- -
Final pH 12,3 12,6 12,7

Residual alcali pH 10,7 4,9 9,23 9,03

Screened yield ( 0,2 mm ) % 53,9 45 47,4

Total yield % 54 45,5 49,4

Kappa Number 19,3 22,6 18,1
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11.2 Bleaching.

11.2.1 CD

Vaneer waste Eucalpyus Cashew Bamboo Acacia

Total chlorine % 4,82 4,65 4,25 5,30 ~,23

Ch as chlorine (60% of 2.9 2,79 2,55 3,17 3.14
total chlorine load) %

C10z as chlorine 0.73 0,72 0,65 0.73 0,8
dioxide (40% of total
chlorine load) %

Temperature: 55°C

Duration:45°C

Consistency: 9%

11.2.2 EOP

NaOH: 3,4%

H202: 0,9%

O2 pressure: 2 bars

Temperature: 80°C

Duration: 120 min

Consistency: 9%

11.2.3 Dl

CI02: 1%

Temperature: 75°C

Duration: 180 min

Consistency: 9%

11.2.4 D2

CI02: 0,2%

Temperature: 75°C

Duration: 180 min

Consistency: 9%

2
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11.2.5 Interstage Washing

The pulp after each bleaching stage is manually squeezed on a 100 urn metallic wire
(consistency reached is approx. 20%). The effluent is then recovered for further analysis. A
volume of clean water equivalent to the volume of effluent recovered is then added to the pulp
which is mixed manually. The pulp is finally thickened again by manual thickening and then
enters the following bleaching stage.

11.3 Characterisation of Bleaching Liquor of the Different Stages

Effluent produced during the different bleaching stages is first centrifuged: 3000 g / 10 min.
This step enables to separate suspended solids (which settle) from the colloidal and soluble
substances which remain in the supernatant.

Supernatant is collected and subjected to the following characterisation:

Turbidity

Total dissolved and colloidal substances content

COD

Cationic demand

Conductivity

pH

11.4 Characterisation of Colloidal Stability

The goal of the test is to check if the colloids which are released in the bleaching effluent are
protected or not by an adsorbed layer of carbohydrates (usually hemicelluloses) so that they
will resist (or not) to salt aggregation. This test shows how stable are the colloids in the
different process steps.

Calcium chloride solution of different concentrations in distilled water are prepared and then
mixed (50-50) with the different centrifuged effluent.

Final concentration (after mixing of both solutions) of 0, 25, 50, 100, 200 and 300 mM are
applied.

Aggregation reactions takes place at 45°C during 1 hour (water bath).

Aggregation is then characterised as it follows:

Turbidity measurement after a centrifugation (3000 g for 10 min): this centrifugation step
enables the settling of the aggregated colloids. Thus, in case of strong aggregation
turbidity of the supernatant will be significantly reduced (due to aggregated colloids
settling).

Zeta potential measurement, which will inform about the evolution of the colloidal
particles charge: this will enable to check the neutralisation induced by increasing the
ionic strength of the liquid phase. Measurement is done by using Malvern Zeta Sizer Nano
ZS

3
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Colloid particles size measurement: this enables to assess the evolution of the size of the
particles and therefore to highlight the aggregation state of the particles. Measurement is
done by using Malvern Zeta Sizer Nano ZS

11.5 Assessment of Potentially Precipitable Soluble Substances

Some of the soluble substances which are present in the bleaching effluent may, in certain
conditions, precipitate. For example, soluble fatty or resin acids and pectins may behave in
such a way particularly in presence of calcium ions. To evaluate the presence of soluble
substances which may be precipitated, turbidity is determined after reaction with calcium or
chloride without centrifugation. Consequently, if materials is precipitated due to addition of
calcium ions an increase of turbidity will be observed.

III Results and discussion

111.1 Bleaching Effluents Characteristics

Table 1: bleach effluent characteristics
Vaneer
CD EOP Dl D2

Turbidity (non centrifuged) 24,9 104 34,6
Turbidity (centrifuged) 7,7 34,2 22,9 10,7
CD (meq/ml) ° 13,23 0,21 0,045
COD (mg/l) 1945 2370 333 145
TDS (gil) l3 5,5 3,8 1,4
pH 1,88 11,8 5,2 4,9
Conductivity (ms/cm) 15,6 9,3 5,1 1719

Cashew
Turbidity (non centrifuged) 11,53 135,8 187,8 89,9
Turbidity (centrifuged) 4,01 71 57,1 50,8
CD (meq/ml) Cationic Cationic Cationic
COD (mg/l) 1030 2310 460 339
TDS (g/l) 2 4,6 3,5 1,9
pH 2,23 11,78 5,06 4,93
Conductivity (ms/cm) 7,44 6,82 4,9 3,14
Turbidity (non centrifuged) 27,7 89 169,9 38,2

Eucalyptus
Turbidity (centrifuged) 5,09 60,2 31,5 13,96
CD (meq/ml) Cationic Cationic Cationic
COD (mg/l) 2725 3620 439 244
TDS (g/l) 3,2 6,6 3,8 1,2
pH 1,94 10,2 4,4 4,7
Conductivity (ms/cm) 17,08 7,79 5,8 2,62
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Bamboo
CO EOP 01 02

Turbidity (non centrifuged) 104 34,6
Turbidity (centrifuged) 34,2 22,9 10,7
CD (meq/ml) 13,23 0,21 0,045
COD (mgll) 2370 333 145
TDS (gil) 5,5 3,8 1,4

pH 11,8 5,2 4,9
Conductivity (ms/cm) 9,3 5,1 1719

Acacia
Turbidity (non centrifuged) 11,53 135,8 187,8 89,9
Turbidity (centrifuged) 4,01 71 57,1 50,8
CD (meq/ml) Cationic Cationic Cationic
COD (mgll) 1030 2310 460 339
TDS (gil) 2 4,6 3,5 1,9
pH 2,23 11,78 5,06 4,93
Conductivity (ms/cm) 7,44 6,82 4,9 3,14
Turbidity (non centrifuged) 27,7 89 169,9 38,2

Graph corresponding to these values are given in Figure 1

These results shows:

General trends for all species:

Important release of TDS during EOP bleaching compared to the other stages for all 3
species studied, Just in case of vaneer waste, result obtained after C/O (13) is very high.
But this value is not confirmed with COD (which usually moves similarly to TDS). Thus
this value probably corresponds to experimental error.

COD confirms the trend observed with TDS: EOP induce the higher release.

Regarding colloids determined through the centrifuged turbidity, usually level are rather
low. However, as for TDS, EOP induce the higher release of colloids.

Moreover, analytical results (resin analysis) confirm this trend and show EOP as a stage
inducing the highest release of resinous material (not shown here - only preliminary
results available).

Regarding comparison of species:

Eucalyptus induce the highest release of soluble substances during EOP as shown by
TDS and COD.

Regarding colloids, during EOP Eucalytus and cashew release comparable amount of
colloids. Lower quantities are released by vaneer waste. This must appear in
contradiction with results of wood analysis which showed a high content of resin and fatty
acids in vaneer waste. However, this must be the consequence of the very efficient
removal of these materials during pulping and washing (after cooking). This may indicate
the exogenous origin of these extractives contained in vaneer waste as we supposed in
the last report: this materials would be located outside of the fibres so that it will be very
sensitive to cooking and washing.

5



CRgport- 4 Comparison of lBeliaviour of Vaneer waste, Cashew, 'EucaCyptus, lBam600 and';l cacia dunnq lB(£ac/iing

Figure 1: Evolution of water characteristics (TDS, colloids & COD) in the different bleaching
effluents.
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Characterisation of Colloidal Stability

Characterisation is done only for EOP, Dl and D2: the quantity of colloids release in C/D
being too low.

As EOP produced the highest quantity of colloids, we will mostly discussed the results
obtained in this case.

As shown by Figure 2, colloids produced by the 3 species present a poor stability face to salt
aggregation meaning that they are poorly stabilised by the presence of a protective layer of
carbohydrate. These colloidal materials will therefore be very easily aggregated in the process
if change occurs such as pH decrease.

Just eucalyptus seems to produce colloids with a slightly higher stability (higher Ca
concentration required for precipitation). This could be associated to the higher COD release
in the case of this species: higher COD means higher soluble carbohydrate content and
therefore perhaps a better stability.

Fi ure 2: Evolution of turbidit after centrifu ation versus calcium chloride concentration
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In case ofDI and D2,very low amount of colloids are present in the effluent. In case of

vanner and Eucalyptus, so that it is difficult to give relevant conclusion regarding colloidal
stability.

In the case of cashew, colloid concentration is slightly higher (18). Colloidal stability is still
poor (Figure 3 shows as example situation in D 1 effluent)
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Fi ure 3: Colloidal stabilit in D1
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Conclusion:

Generation of colloids is usually relatively low

Highest generation in EOP

Poor stability of these colloids whatever the effluent considered

IlIA Assessment of potentially precipitable soluble substances

To check this point, evolution of turbidity before centrifugation is controlled. Indeed, an
increase of turbidity at this point will only be the consequence of generation of either new
colloids or new suspended solids originating from the precipitation of soluble substances.
This aspect is particularly important to follow in the bleaching stage which induces important
release of dissolved substances (EOP particularly).

In the case of CD: no precipitation of soluble substances occur whatever the species
considered (Figure 4). This show that this stage induces mostly the release of soluble

10
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modified lignin. Poor amount of precipitable dissolved substances (such as fatty acids) are
released. This is confirmed by chemical analysis (not show yet).
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Figure 4: Evolution of turbidity before centrifugation versus
calcium ion concentration

The case of EOP bleaching is particularly interesting from this point view: indeed, a very
important precipitation is observed even at the lowest concentrations of added calcium This
shows that this effluent contains rather large quantity of soluble substances which may be
precipitated due to changes in the process conditions. It has been checked (in case of vaneer
only) by absorbance measurement at 280 nm that the precipitated materials is not lignin
(soluble lignin fragment should not be sensitive to calcium) - see previous report:
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Figure 5: Evolution of turbidity before centrifugation versus
calcium ion concentration in EOP effluent

The only thing to check is the possible precipitation of calcium hydroxide due to the alkalinity
of this effluent. This will be done by studying the addition of calcium chloride in bleaching
liquor.
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In case of D1 and D2, small amount of precipitable substance are present: turbidity increase
up to 100 as shon in which reports results obtained in case ofD2.
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100 Vaneer

:,- ---*- Accacia
I- 80 ~Bamboo~
>- 60..-:c
:c•.. 40:I
I-

20
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Figure 6: Evolution of turbidity before centrifugation versus calcium
ion concentratio in D2 effluent

Conclusion

It has been shown that for the 3 species:

EOP stage induces the release of high amount of soluble substances .

.Part of the substances release during EOP may be precipitated by addition of calcium ions
or decrease of pH.

Soluble lignin is not affected by calcium induced precipitation, which would tend to show
that dissolved resinous substances are involved in this precipitation phenomenon.

Acidification (pH lower than 5) induces also important precipitation of soluble substances.
But here, lignin precipitation is shown to be involved.

In case of D1 and D2 few amount of precipitable soluble substances remain in the water.
This due to EOP washing and precipitation of remaining soluble substances occurring
during D1 stage. This could be the reason of the deposition observed in the mill after 0 I
stage (revealed during D 1 washing).

Moreover, chemical analysis carried out in the case of vaneer waste confirmed the important
precipitation of soluble / colloidal resin which take place when calcium ions are added or
when pH is decreased (not shown here - available in next report)

12
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IV Synthesis

From this part of the study it can be concluded that:

Relatively low release of colloidal substances occurs during the various bleaching stages.
Cashew and eucalyptus however release more colloidal material than vaneer. Moreover,
most release occur during EOP bleaching.

An important release of dissolved substances occurs during EOP. Moreover, the dissolved
substances released during EOP appears to be capable of precipitation as indicated by the
precipitation test performed in presence of calcium ions addition. In this case, lignin
precipitation does not seem to occur Acidification also lead to a sharp precipitation of part
of the soluble substances. Here however, lignin precipitation takes place. Chemical
analysis in progress seem to indicate that precipitated material correspond to resinous
substances (fatty acids) in case ofvaneer waste at least.

Finally, from these results, we confirm the hypothesis made in the previous report
regarding deposit formation. Indeed, we may assume that most of the deposition problem
could come from the soluble substances and particularly those which are released during
EOP bleaching. Indeed, this alkaline stage probably induces the dissolution of resinous
materials. Although a large part of this material is probably washed away during EOP
washing, the remaining substances could be precipitated during the acidic 0 I stage. Then,
the precipitated materials could be agglomerated (and therefore revealed) during the
subsequent washing stages (Dl and 02 washing). Moreover, we may add that when
present (however in low quantity in the case of these 3 species) colloids are not stable and
may also be involved in deposition phenomenon.

13
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Objective of this study

The objective is to characterise the behaviour of the liquid phase recovered after each
bleaching step.

The characterisation is based on the following determination:

Release of colloidal substances in water. This release is characterised by measurement of
turbidity after centrifugation which is specific of the colloidal substances. COD and
cationic demand also give some information. However, these two last parameters are not
specific of colloidal substances: they also characterise soluble materials contained in the
water (pectins, hemicelluloses, lignin fragments ... ).

Stability of the colloids face to electrostatic aggregation. This test checks the stability of
the colloids (resistance to aggregation) against increased ionic strength provided by
addition of CaCh in the liquid phase. This test enables to highlight whether the colloids,
which are release in the water phase, are stabilised by a protective layer inducing a steric
stabilisation. Indeed, the presence of this protective layer will prevent salt induced
aggregation and therefore makes the colloids more stable in the process provided no major
change which could affect this protective layer takes place.

Potentially precipitable soluble substances assessment. Some of the soluble substances
contained in the liquor may be precipitated due to increase of calcium ion concentration
(fatty acids for example).

II Experimental Procedure

11.1 Cooking

Vaneer Eucalpyusl Cashew I Bamboo Acacia
waste

Active alkali % 18 22
T -- t 24

t
23-1-_23 I

~Sulfidity % 25 25 25 1 25 25- ~-~

Maximum temperature (0C) 165 165 165 165 I 165
Time (min) RT to 165

t

90 90 I 90 90 I 90I

Time at 165°C (min) 90 90 90 90
1 : 3,5

90
1 : 3,5'Bath ratio 1 : 3,5 1 : 3,5 1 : 3,5

---I --

Final pH 12,3 12,6 12,7 12,53 _+- 12,88
Residual a1cali pH 10,7 4,9 9,23 9,03 ~,39i 1,.68

--

Screened yield ( 0,2 mm ) % 53,9 45 47,4 37,5 47,9
-- ~- ;

Total yield % 54 45,5 49,4 38,7

I
49,4

- - ~~--- f-

Kappa Number 19,3 22,6 18,1 21,2 20,9
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11.2 Bleaching.

11.2.1 CD

Vaneer Eucalpyus Cashew Bamboo Acacia
waste

Total chlorine % 4,82 4,65 4,25 5,30 5,23

Clz as chlorine (60% of total chlorine load) % 2.9 2,79 2,55 3,17 3.14

CI02 as chlorine dioxide (40% of total 0.73 0,72 0,65 0.73 0,8
chlorine load) %

Temperature: 55°C

Duration:45°C

Consistency: 9%

11.2.2 EOP

NaOH: 3,4%

H202: 0,9%

O2 pressure: 2 bars

Temperature: 80°C

Duration: 120 min

Consistency: 9%

11.2.3 D1

CI02: 1%

Temperature: 75°C

Duration: 180 min

Consistency: 9%

11.2.4 D2

CI02: 0,2%

Temperature: 75°C

Duration: 180 min

Consistency: 9%
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11.2.5 Interstage Washing

The pulp after each bleaching stage is manually squeezed on a 100 urn metallic wire
(consistency reached is approx. 20%). The effluent is then recovered for further analysis. A
volume of clean water equivalent to the volume of effluent recovered is then added to the pulp
which is mixed manually. The pulp is finally thickened again by manual thickening and then
enters the following bleaching stage.

11.3 Characterisation of bleaching liquor of the different stages

Effluent produced during the different bleaching stages is first centrifuged: 3000 g / 10 min.
This step enables to separate suspended solids (which settle) from the colloidal and soluble
substances which remain in the supernatant.

Supernatant is collected and subjected to the following characterisation:

Turbidity

Total dissolved and colloidal substances content

COD

Cationic demand

Conductivity

pH

11.4 Characterisation of Colloidal Stability

The goal of the test is to check if the colloids which are released in the bleaching effluent are
protected or not by an adsorbed layer of carbohydrates (usually hemicelluloses) so that they
will resist (or not) to salt aggregation. This test shows how stable are the colloids in the
different process steps.

Calcium chloride solution of different concentrations in distilled water are prepared and then
mixed (50-50) with the different centrifuged effluent.

Final concentration (after mixing of both solutions) of 0, 25, 50, 100, 200 and 300 mM are
applied.

Aggregation reactions takes place at 45°C during 1 hour (water bath).

Aggregation is then characterised as it follows:

Turbidity Measurement after a centrifugation (3000 g for 10 min): this
centrifugation step enables the settling of the aggregated colloids. Thus, in case of strong
aggregation turbidity of the supernatant will be significantly reduced (due to aggregated
colloids settling).

Zeta Potential Measurement, which will inform about the evolution of the colloidal
particles charge: this will enable to check the neutralisation induced by increasing the
ionic strength of the liquid phase. Measurement is done by using Malvern Zeta Sizer Nano
ZS

3
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Colloid particles size measurement: this enables to assess the evolution of the size
of the particles and therefore to highlight the aggregation state of the particles.
Measurement is done by using Malvern Zeta Sizer Nano ZS

11.5 Assessment of potentially precipitable soluble substances

Some of the soluble substances which are present in the bleaching effluent may, in certain
conditions, precipitate. For example, soluble fatty or resin acids and pectins may behave in
such a way particularly in presence of calcium ions. To evaluate the presence of soluble
substances which may be precipitated, turbidity is determined after reaction with calcium or
chloride without centrifugation. Consequently, if materials are precipitated due to addition of
calcium ions an increase of turbidity will be observed.

III Results and discussion

111.1Bleaching effluents characteristics

Table 1: bleach effluent characteristics
Vaneer
CD EOP Dl D2

Turbidity (non centrifuged) 24,9 104 34,6
Turbidity (centrifuged) 7,7 34,2 22;9 10,7
CD (rneq/ml) ° 13,23 0,21 0,045
COD (mg/l) 1945 2370 333 145
TDS (gil) 13 5,5 3,8 1,4
pH 1,88 11,8 5,2 4,9
Conductivity (ms/cm) 15,6 9,3 5,1 1719

Cashew
Turbidity (non centrifuged) 11,53 135,8 187,8 89,9
Turbidity (centrifuged) 4,01 71 57,1 50,8
CD (meq/ml) Cationic Cationic Cationic
COD (mg/l) 1030 2310 460 339
TDS (g/l) 2 4,6 3,5 1,9
IpH 2,23 11,78 5,06 4,93
Conductivity (ms/cm) 7,44 6,82 4,9 3,14
Turbidity (non centrifuged) 27,7 89 169,9 38,2

Eucalyptus
Turbidity (centrifuged) 5,09 60,2 31,5 13,96
CD (meq/m1) Cationic Cationic Cationic
COD (mg/l) 2725 3620 439 244
TDS (gil) 3,2 6,6 3,8 1,2
pH 1,94 10,2 4,4 4,7
Conductivity (ms/cm) 17,08 7,79 5,8 2,62

4
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Bamboo
CD EOP Dl D2

Turbidity (non centrifuged) 104 34,6
Turbidity (centrifuged) 34,2 22,9 10,7
CD (meq/ml) 13,23 0,21 0,045
COD (mgll) 2370 333 145
TDS (gil) 5,5 3,8 1,4
pH 11,8 5,2 4,9
Conductivity (ms/cm) 9,3 5,1 1719

Acacia
Turbidity (non centrifuged) 11,53 135,8 187,8 89,9
Turbidity (centrifuged) 4,01 71 57,1 50,8
CD (meq/ml) Cationic Cationic Cationic
COD (mgll) 1030 2310 460 339
TDS (gil) 2 4,6 3,5 1,9
pH 2,23 11,78 5,06 4,93
Conductivity (ms/cm) 7,44 6,82 4,9 3,14
Turbidity (non centrifuged) 27,7 89 169,9 38,2

Graph corresponding to these values are given in Figure 2

These results shows:

General Trends for All Species:

Important release of TDS during EOP bleaching compared to the other stages for all 5
species studied. Just in case of vaneer waste, result obtained after C/D (13) is very high.
But this value is not confirmed with COD (which usually moves similarly to TDS). Thus
this value probably corresponds to experimental error.

COD confirms the trend observed with TDS: EOP induce the higher release.

Regarding colloids determined through the centrifuged turbidity, usually level are rather
low. However, as for TDS, EOP induce the higher release of colloids. Moreover, colloid
release is not equivalent for all species studied.

Moreover, analytical results (resin analysis) confirm this trend and show EOP as a stage
inducing the highest release of resinous material: comparison of C/D and EOP bleaching
effluent for vaneer waste has been carried out and clearly shows a higher release of
resinous material during EOP (Figure 1)

5
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Figure 1: Release of resinous materials in bleaching
effluent: com arison between EOP and C/D sta es
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EOP CD

Regarding Comparison of Species

Eucalyptus induce the highest release of soluble substances during EOP as shown by TDS and
COD. Contribution of acacia and Bamboo to COD is almost comparable to Eucalyptus in
term of COD release.

Regarding colloids, during EOP Accacia release the highest amount of colloidal
substances (turbidity after centrifugation of 110). Then, Eucalytus and cashew release sti II
important amount of colloids (but two times less approximatively than acacia). Lower
quantities are released by vaneer waste and bamboo. This must appear in contradiction
with results of wood analysis which showed a high content of resin and fatty acids in
vaneer waste. However, this must be the consequence of the very efficient removal of
these materials during pulping and washing (after cooking). This may indicate the
exogenous origin of these extractives contained in vaneer waste as we supposed in report
n03: this materials would be located outside of the fibres so that it will be very sensitive to
cooking and washing.
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Figure 2: evolution of water characteristics (TDS, colloids & COD) in the different bleaching
effluents.
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111.2Characterisation of Colloidal Stability

Characterisation is done only for EOP, DI and D2: the quantity of colloids release in C/D
being too low.

As EOP produced the highest quantity of colloids, we will mostly discussed the results
obtained in this case.

As shown by Figure 3, colloids produced by the 5 species present a poor stability face to salt
aggregation meaning that they are poorly stabilised by the presence of a protective layer of
carbohydrate. These colloidal materials will therefore be very easily aggregated in the process
if change occur such as pH decrease.

Just eucalyptus seems to produce colloids with a slightly higher stability (higher Ca
concentration required for precipitation). This could be associated to the higher COD release
in the case of this species: higher COD means higher soluble carbohydrate content and
therefore perhaps a better stability.

However, it must be reminded here that the colloidal content produce even during EOP is
usually low. This is especially true for Vaneer, Eucalyptus and bamboo which induce very
low turbidity of the EOP bleaching effluent.

Figure 3: Evolution of turbidity after centrifugation
versus calcium chloride concentration (EOP stage)
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In case of Dl and D2,very low amount of colloids are present in the effluent. In case of
vanner, acacia, bamboo and Eucalyptus, so that it is difficult to give relevant conclusion
regarding colloidal stability.

In the case of cashew, colloid concentration is slightly higher (18). Colloidal stability is still
poor (Figure 4 shows as example situation in DI effluent)
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Haute 4: Colloidal stabilitv in D1
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Conclusion

Generation of colloids is usually relatively low (except in the case of acacia and cashew)

Highest generation in EOP

Poor stability of these colloids whatever the effluent considered

111.3Assessment of Potentially Precipitable Soluble Substances

To check this point, evolution of turbidity before centrifugation is controlled. Indeed, an
increase of turbidity at this point will only be the consequence of generation of either new
colloids or new suspended solids originating from the precipitation of soluble substances.
This aspect is particularly important to follow in the bleaching stage which induces important
release of dissolved substances (EOP particularly).

In the case of CD: no precipitation of soluble substances occurs whatever the species
considered (Figure 5). This shows that this stage induces mostly the release of soluble
modified lignin. Poor amount of precipitable dissolved substances (such as fatty acids) are
released. This is confirmed by chemical analysis (see Figure 1).
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Figure 5: Evolution of turbidity before centrifugation versus
calcium ion concentration

The case of EOP bleaching is particularly interesting from this point view: indeed, a very
important precipitation is observed even at the lowest concentrations of added calcium This shows that
this effluent contains rather large quantity of soluble substances which may be precipitated due to
changes in the process conditions. It has been checked (in case of vaneer only) by absorbance
measurement at 280 nm that the precipitated materials is not lignin (soluble lignin fragment should not
be sensitive to calcium) - see report n02.
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Moreover the nature of the precipitated materials was analysed in order to confirm the
presence of resinous materials. This was done by performing chemical analysis on bleaching
effluent previously treated with calcium chloride or previously acidified. Aggregated
materials was then removed by centrifugation. Untreated and treated effluent composition
were compared (Figure 7). This results clearly show the precipitation of the soluble resinous
materials which occur either when acidification of the bleaching effluent or when calcium
ions are added. This confirms that precipitation of lignin is not the only reason for the increase
of turbidity observed during acidification.

o 25 50 100 200 300

Figure 6: Evolution of turbidity before centrifugation versus
calcium ion concentration in EOP effluent
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Figure 7: Extractives content of EOP vaneer bleaching
effluent. Influence of Calcium addition (EOP + Cal and
influence of acidification EOP acidified

The only thing to check is the possible precipitation of calcium hydroxide due to the alkalinity
of this effluent. This will be done by studying the addition of calcium chloride in bleaching
liquor.

The precipitation of calcium hydroxide due to the alkalinity of the effluent occurs as shown in
the blank trial (performed without pulp): turbidity increases in this trial up to 100 for the
highest Ca concentrations (Figure 6). However, for the lowest concentrations in calcium, this
increase of turbidity in the blank remains very low compared to the case of the trials
performed with the different woods. This clearly indicate the precipitation of soluble organic
materials originating from the pulp.

In case ofDl and D2, small amount of precipitable substances are present: turbidity increase
up to 100 as shown in Figure 8 which reports results obtained in case of 02.

Figure 8: Evolution of turbidity before centrifugation versus calcium
ion concentratio in D2 effluent
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Conclusion

It has been shown that for the 5 species:

EOP stage induces the release of high amount of soluble substances.

Part of the substances release during EOP may be precipitated by addition of calcium ions
or decrease of pH.

chemical analysis carried out in the case of vaneer waste show the important precipitation
of soluble / colloidal resin which take place when calcium ions are added or when pH is
decreased

Soluble lignin is not affected by calcium induced precipitation, which again show that
dissolved resinous substances are involved in this precipitation phenomenon.

Acidification (pH lower than 5) induces also important precipitation of soluble substances.

In case of D I and D2 few amount of precipitable soluble substances remain in the water.
This due to EOP washing and precipitation of remaining soluble substances occurring
during Dl stage. This could be the reason of the deposition observed in the mill after 01
stage (revealed during D 1 washing).

12
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IV Synthesis

From this part of the study it can be concluded that:

Relatively low release of colloidal substances occurs during the various bleaching stages.
Accacia, Cashew and eucalyptus however release more colloidal material than vaneer and
bamboo. Moreover, most release occurs during EOP bleaching.

An important release of dissolved substances occurs during EOP. Moreover, the dissolved
substances released during EOP appears to be capable of precipitation as indicated by the
precipitation test performed in presence of calcium ions addition. In this case, lignin
precipitation does not seem to occur Acidification also lead to a sharp precipitation of part
of the soluble substances. Chemical analysis indicate that precipitated material correspond
to resinous substances (fatty acids/resin acids) in case of vaneer waste.

Finally, from these results, we confirm the hypothesis made in the previous reports
regarding deposit formation. Indeed, we may assume that most of the deposition problem
could come from the soluble substances and particularly those which are released during
EOP bleaching. Indeed, this alkaline stage probably induces the dissolution of resinous
materials. Although a large part of this material is probably washed away during EOP
washing, the remaining substances could be precipitated during the acidic 01 stage. Then,
the precipitated materials could be agglomerated (and therefore revealed) during the
subsequent washing stages (01 and D2 washing). Moreover, we may add that when
present (however in low quantity in the case of these 5 species) colloids are not stable and
may also be involved in deposition phenomenon.

From all these results, it appears that soluble substances released by acacia and bamboo
are less sensitive to precipitation induced by Ca. In this respect, these two species could
appears to be more preferable than the others. However, increase of calcium ions
concentration in the process is probably not the reason of the precipitation. Acidification
during Dl is more likely, so that precipitation test with acidification should be performed
in order to confirmed the good properties of these two species.

13
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Objective of this study

The objective is to characterise the release of dissolved and colloidal substances from the pulp
obtained after cooking and washing during an extraction carried out in water. This procedure
could bring some information regarding the content of the unbleached pulp in materials liable
to create deposition later on in the process.

II Experimental procedure

In the case of these trials just a first attempt was made in order to see whether this
characterisation procedure could lead to relevant conclusions. Consequently, only 2 wood
species (eucalyptus and cashew) were studied just after cooking and washing of the produced
pulp.

11.1 Cooking I washing

See previous report

11.2 Water extraction of the pulp.

Pulp consistency: 2%

Temperature: 60°C

Time: 1 hour

Agitation: rotor

To reach an enrichment of the water in dissolved and colloidal substances the procedure is
repeated 3 times, keeping the same water to extract each time fresh pulp (see Figure I below)

1
Fibres

(removed)Pulp Filtration

Stiring:
60°C, 1 h, 2%

Piaure 1: extraction procedure including water recvctlna
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The last filtrate produced is then kept for analysis (colloidal stability and precipitation of
soluble substances).

11.3 Characterisation of the Water Extract (filtrate from third stage)

As done in previous studies (TDS, COD ... )

11.4 Characterisation of Colloidal Stability

As done in previous studies: salt aggregation of colloids is studied by addition of calcium
IOns.

11.5 Assessment of potentially precipitable soluble substances

As done in previous studies: precipitation of soluble substances by addition of calcium ions is
checked.

III Results and discussion

111.1Bleaching effluents characteristics

Table 1: water extract characteristics
Eucalyptus Cashew

Turbidity (non centrifuged) 29,6 49,3
Turbidity (centrifuged) 22 16
CD (meq/ml) 0,425 0,185
COD (mg/l) 437 224
TDS (g/l) 0,1 0,1
pH 6,99 7
Conductivity (ms/cm) 269 428

From these results, it comes out:

Very low release of colloids occurs during water extraction as shown by the very low
level of turbidity obtained after centrifugation

Release of soluble substances is also rather low (low COD and TDS)

2
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111.2Characterisation of Colloidal Stability and Precipitation of Soluble
Substances
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Fi ure 2: evolution of turbidit versus calcium concentration

Eucal tus

It is shown from results reported in Figure 2 that:

Colloid stability cannot be assessed due to the to low colloidal content of the water.

Part of the soluble substances present in the water (even if quantity is low) may be
precipitated in presence of calcium ions. This confirmed what was already shown in the
different bleaching effluent and particularly in the case of EOP stage: soluble substances
released in the water (in case of water extraction or in case of EOP extraction) are
sensitive to precipitation particularly in presence of calcium and may be the reason for
deposition.

IV Conclusion

The water extraction procedure leads to water containing low amount of colloidal and
dissolved substances

This lead to difficulties to assess the colloids stability (however, it was already the case in
some of the bleaching effluent)

Precipitation of soluble substances is clearly shown which confirmed the trend observed
when work is done directly on the bleaching effluent.

This approach is maybe not interesting to develop for all species and all bleaching stages
characterisation (as done with bleaching effluents). Probably results very similar to those
already obtained with direct study of the bleaching effluents would be obtained. However,
to confirm this, one test with one EOP bleached pulp could be interesting to perform.
Precipitation due to acidification, in order to simulate conditions occurring during D I and
D2, could be done in complement to the study of precipitation with calcium.

3



Pitch control

Report 7

CTP-CPPRI Collaborative project

Behaviour of Mixed Raw Materials during Pulping and
Bleaching

.:. Production of pulp stock

.:. Set up of precipitation test

Ravi Godiyal

Thierry DELAGOUTTE, Bernard BROCHIER

December 2005



Particulars

Introduction

Material & Methodology

PUlping

Bleaching

Inter-Stage Washing

Result & Discussion

Development of Precipitation Test

Conclusion

Index

Page no.

1

2

2

3

4

5

6

7



'RsPOT1. 7 rJ3enaviour of:MiJ:!tf <1(aw:Materiat"s tfuring lPu(ping anti rJ3(eacning

Introduction

In mill practice, the amount and composition of dissolved and colloidal substances carried
over to the paper machine is influenced by the many process factors, such as quality of wood
species, pulping process conditions, possible washing of pulp and water system configuration.
In the process water the dissolved and colloidal particles may accumulated, they can interfere
with the papermaking by reducing paper machine runnability and product quality.

A large part of the colloidal substances, which are contained in the water originate from wood
extractives. These materials in hardwood are mainly composed of fatty acids, fatty acid esters,
steryl esters, waxes and triglycerides. These extractives when released during the pulping
process can cause significant problems as they are deposited as pitch, either alone or in the
combination with fibres, fillers, defoaming agents, coating binders. In neutral to acidic
processing of the wood the lipophilic extractives are difficult to remove. However, during
alkaline pulping such as kraft pulping the triglycerides are completely saponified and fatty
and resin acids dissolved. Glyerols esters, sterols and some steryl esters and waxes don't form
soluble soap under alkaline condition and therefore have a strong tendency to deposit on
equipment and cause pitch problem.

The interactions between various process water components likes wood extractives, fillers,
fines and dissolved substance and their consequences in terms of deposition are not fully
understood. Consequently, a better understanding of these mechanisms of deposit formation
is a pre-requisite for finding effective ways of avoiding deposit formation, resulting in better
runnability and improved product quality.

In previous studies (report Nos. 1 to 6) it was shown that EOP stage seems to be a key step in
the bleaching process regarding deposit formation. Indeed, during this bleaching step, residual
wood extractives contained in the pulp are solubilised in water phase. Moreover, it was
established that these soluble materials may be precipitated if specific changes occurs in the
liquid phase such as pH decrease or increase of calcium ion concentration. In process
conditions it may be assumed that part of the soluble substances released during EOP are
washed during EOP washing. However, some of these substances will remain in the pulp and
will be (at least partially) precipitated during the 01 stage, which induces a sharp decrease of
the pH of the liquid phase. These precipitated materials are probably responsible for the
deposition phenomenon observed in Oland 02 washing.
To go ahead in finding solutions in order to reduce the deposit tendency it was decided to
search for solutions, which would:

• Reduces the release of potentially precipitable soluble substances during EOP stage.

• Stabilise the precipitated materials formed after acidification occurring during d I
stage to prevent their deposition.

First part of the present work is therefore devoted to

• The preparation of a stock of a model pulp including a mixture of the various wood
species used in the Indian mills.

Central Pulp & Paper Research Institute. Saharanpur.
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• To set-up a simple precipitation test, which will be used for the control of the
efficiency of the solutions studies.

Objective of this work

• To produce a stock of pulp from wood mixture, which will be used for further evaluation
of technical solutions to reduce deposit problem

• To set up a simple precipitation test indented to control the efficiency of the pitch
control techniques studied

Materials & Methodology

Pulping

Pulping is carried out in laboratory digester having six bombs, each bomb of 4.0 litre
capacity. The bombs rotate in an electrically heated oil bath. Each bomb is usually loaded
with 500 gram Oven dry wood chips of the mixture of different raw material like Daba
Bamboo(Assam), Poplar, Acasia, Subabul, Cashew nut, Eucalyptus, Sal, Chakundra and
Casurina as used by JK Paper mill in India. The required volumes of the white liquor and
water are added to the bombs, which are then closed and placed in the oil bath.
At the end of the cooking the bombs are removed from digester and quenched in the water.
When cooled, each bomb is emptied on to the container fitted with 200 mesh, to removed the
black liquor. The chips are placed in to the defiberator for disintegration for 10M in. The
pulp is finally washed until the filtrate is colourless.
Washed pulp is screened on a laboratory screen fitted with appropriated screen slot size 0.20
mm. The screened stock is collected and centrifuges to get 30 % dryness The screened rejects
are collected and oven dried for determination of % reject based on weight of original wood.
The screened pulp is stored in polyethylene bag for determination of uniform moisture
content prior to determine the screened yield. Cooking conditions and results are given in
Table 1.

Table: 1 COOKING CONDITIONS AND RESULTS

PARTICULARS
Active alkali % 25

Sulfidity % 25
-

Maximum temperature (0C) 165
-- -

Time (min) RT to 165 90

Time at 165°C (min) 90
-

Bath ratio I : 3,5
~-

Final pH 12,83

Residual alcali pH 10,7 12,27

Rejects, % 0.94

Screened yield ( 0,2 mm ) % 45,72

Total yield % 46,66

Kappa Number 18.00
.-

2
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Bleaching

Chlorination Stage

The Chlorine demand is determined when chlorine! chlorine dioxide mixture are used for the
chlorination stage on the basis of kappa No. and using kappa factor 0.25. Screened
unbleached pulp is taken in the plastic bag. The required volume of chlorine water and
chlorine dioxide water are added to the pulp and bags is immediately closed. Pulp was
mixed properly and placed in the temperature controlled water bath. The conditions for
chlorination stage are given in Table 1.
After 45 minutes the polyethylene bag is removed from the water bath, pulp slurry filtered
through a Buckner funnel to collect the filtrate for titration to determine the residual chlorine
& chlorine dioxide. The pulp slurry was thoroughly washed till colourless filtrate and then
centrifuged to reached dryness up-to 30-35 %. Detailed washing conditions are given in part
O.
Ta I 1 C dlti f Chi f Stbe . on I Ion or onna Ion age

UnbleachedPulpof KappaNo.
18

Total chlorine % 4,5

Ch as chlorine (60% of total chlorine load) % 2.7

C102 as chlorine dioxide (40% of total chlorine 0.68
load) %
Consistency, % 9

Temperature, Uc 55

Retention Time, Min 45

Alkali Extraction

C!D bleached pulp is placed in the bomb of the laboratory digester. The required amount of
NaOH and H202 solutions are added to the pulp on O.D. basis. Oxygen gas is applied to the
bomb up-to 2 Bar pressure. The conditions are given in Table 2. After extraction filtrate is
collected for characterisation studies. The pulp was thickened up to two consistencies: 30%
& 20 % consistencies. The filtrate is kept for characterisation study in the cold room at
temperature 60C.
Tabl 2 C ditl f Alk rEt f Ste . on I Ions or al x rae Ion age

Unbleached Pulp of Kappa No. 18

NaOH, % 3,4

H202% 0,9

O2 Pressure, Bar 2

Consistency, % 9

Temperature, Uc 80

Retention Time, Min 120

3
Central Pulp & Paper Research Institute, Saharanpur.



'RfpOl1 7 (jJefiavwur of:MiK!iI'R!lw :Materinfs durinq !PU{ping ana (jJfeacfiing

Inter-stage Washing

The pulp after CD bleaching stage is divided into two parts:

• One part is manually squeezed on a 100 urn metallic wire (consistency reached IS

approx. 20%). The effluent is then recovered for determination of residual chlorine
and chlorine dioxide. The pulp is thoroughly washed with fresh water. The pulp is
finally thickened in the centrifuge to reached 30 to 35 % consistency. With this
procedure, fully bleached pulp is produced (100% washing efficiency).

• The second part of the pulp is manually squeezed into the GF/A filtration (n02). The
volume of the total effluent is measured. A volume of clean water equivalent to the
half volume of effluent recovered is then added to the pulp, which is mixed
manually. Centrifugation of the pulp is done for thickening up to 30-35%
consistency. With this procedure washing is not complete: 87% washing efficiency is
reached.

The CD Bleached pulp is kept in freeze for further bleaching stages.

Characterisation of bleaching liquor of the different stages

Effluents produced during the CD & EOP bleaching stages are first centrifuged in SIGMA 3-
16 at 3000 g for 10 min. This step enables to separate suspended particles (which settle) from
the colloidal and soluble substances which remain in the supernatant.
Supernatant is collected and subjected to the following characterisations:

• Turbidity

• Total dissolved and colloidal substances content

• COD

• Cationic demand

• Conductivity

• pH

Dissolved and colloidal materials preparation from EOP bleached pulp

EOP Bleached pulp having 30 % & 20 % consistency were disintegrated for 3 Hrs at
60°C at 2% consistency. The fibrous material was then removed by filtration using G2
crucible. A fresh EOP bleached pulp was added to the filtrate of first batch for
enrichment of the dissolved materials, same procedure was repeated once more. Then.
filtrate of second batch was collected and centrifuged in Sigma 3-16 at 3000 g for 10
min. The centrifuged water was characterised by the analysis of turbidity, COD, cationic
demand and total dissolved substances.
Turbity was determined using Nelpha turbidity meter. The cationic demand was
determined with polyelectrolyte titration with polyethylene imine solution having
concentration of 9.7 ueq/ml using a Mutek particles charge analyser, COD was
determined using Dr. Lange kit LCK 514 (spectrophotometer for tubes reading
references: sensor Array Photometer LASA 20).

4
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Results and discussion

Bleaching effluent characterisation

Two batches of C/O bleaching effluent have lead to water having different characteristics
(see Table 3): Higher release of soluble substances is observed in case of 100% washed
pulp (COD and TOS values are higher). However, washing effect has nothing to do with this
results since characterisation is done before washing (directly on bleaching effluent). The
reasons is probably different efficiency of C/O stage during the 2 batches. Comparison of
Kappa n° and brightness achieved after C/O could bring some information regarding this
point.

---

Table 3: characteristics of centrifuged CD bleach effluent

100 % Washed 87 % Was
Turbidity (centrifuged), FNU

-- - -
4.56 1.58

CD (meq/ml) 0.09 0.024
COD (mg/l)

~.- ~-

1790 1290
TDS (gil) 4.45 2.75
PH 2.00 2.02

hed

EOP Bleaching effluent of characterisation

Similar characteristics of the two batches (l00 % and 87% washed) of EOP are obtained
(Table 4). These results confirm the important release of soluble substances as indicated by
high value of COD and TDS. Colloidal content is low (low turbidity) as already observed in
previous work.

In conclusion, no particular observation regarding the production of C/O bleached pulp.
except the fact that two batches having probably slightly different characterisats were
obtained. However, it seems that this does not affect so much the release of soluble
substances during subsequent EOP stage.

--

Table 4: characteristics of centrifuged EOP ble

100 % Washed
Turbidity (before centrifuged), FNU 19.36
Turbidity (centrifuged), FNU

~---

8.56
CD (meq/ml) 19.06 -ICOD (mg/l) 2216
TDS (gil) 4.45
PH 12.07
Conductivity (ms/cm) 872 I

ach effluent

87 % Washed
23.3
13.60
16.55
2388
2.75
11.80
791

5
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Development of a precipitation test

The goal of this test is to predict the behavior of the soluble substances, which remain in the
EOP pulp after EOP washing. This particularly regarding the ability of these substances to be
precipitated. For this purpose, soluble substances from EOP pulp are extracted in water (see
procedure in III. 4 of this report No.7). Prior to any analysis, this water containing the
soluble substances is centrifuged in order to remove all suspended solid. Only colloidal and
dissolved substances remain (usually colloidal content is low however). The centrifuged
water is then submitted to known physico chemical modifications to induce precipitation of
soluble materials: pH decrease (which is a situation close to the mill practice) and increase of
Ca ++ concentration.
Evaluation of turbidity increase occurring during these condition changes is carefully
controlled. This increase actually represents the amount of precipitated materials formed in
the water phase. The higher the turbidity value, the higher the quantity of precipitated
material.
Table 5 reports characteristics of water obtained after re-slushing of EOP pulp. It appears that
low amount of soluble substances are released as indicated by the low value of COD & TDS
measured. However, this probably corresponds to the situation of the mill process. Indeed,
during EOP washing, the main part of the dissolved substances produced during EOP is
probably removed. The most important aspect to check is therefore the ability of this soluble
materials to be precipitated by changing water conditions. This is reported in figures I & 2
which show the evolution of the turbidity of the water versus pH (figure 1) and versus
calcium ions concentration (figure 2).
It clearly appears that decreasing pH (Fig. 1) of the water has a significant effect on the
precipitation of soluble substances (turbidity is multiplied by 3). Moreover, as shown in Fig.
2 Ca ++ addition also induces strong increase of turbidity indicating the strong precipitation of
the soluble substances contained in the water.

Table 5: characteristics of water extraction of EOP bleach pulp in to different
consistencies

Se.No. Particulars 100 % Washed 87 % Washed
Consistency, % 30 20 30 20

-
Turbidity (centrifuged), 8.55 11.32 13.34 13.95
FNU
CD (meq/ml) 1.08 2.86 1.06 2.31
COD (mg/l) 389 429 361 491
TDS (gil) 0.58 1.03 0.82 1. 15
pH 10.16 10.85 9.91 10.31
Conductivity (ms/cm) 825 1363 873 1356

6
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Fig. 1 Effect of pH on Turbidity of 100 % washed
at 20% consistency
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Turbidity at pH 1.50 after centrifugation is 9.04: meaning that the precipitated materials
can be considered as suspended solids not as colloidal materials.

Fig. 2. Turbidity evolution versus calcium concentration (100% washed, 20%
consistency)
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In conclusion, it seems that with the reference pulp (which has not been submitted to any
pitch control treatment) the precipitation test gives a relevant answer: indeed, this test
enables to highlight the presence of potentially precipitable soluble substances contained
in the water phase studied. This test will be used further for the assessment of pitch
control treatments performed at various steps of the bleaching sequences.

7
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Introduction

In pulp and paper industry, closing of paper machine circulation water systems and reduction
of waste water leaving the paper mill becomes a world wide trend. The closure of white
water systems leads to build up of various organic and inorganic components causing
deposition along the papermaking process, which appear to adversely affects the runnability
on the paper machine and quality of the end product. The problem has been found to be more
serious in the virgin mills using wood as raw materials containing more resinous materials.
Different wood components are released from the fibres during pulping and bleaching into
the process water of the paper mill. These components are present in process water in the
form of dissolved and colloidal substances (DCS), which are mainly hernicelluloses,
lipophilic wood extractives, lignans, pectins and lignins etc. Dissolved and colloidal
substances can be carried over to the paper machine, where they can interfere with
papermaking process.
Wood extractives comprise about 1-5 % of the weight of wood but the problems they cause
in open system are disproportionately much larger than their concentrations. These problems
are expected to be aggravating due to the reduced water usage. When some dissolved
substances in the process water system reached a certain concentration they may be
precipitated due to interference with papermaking conditions, temperature effect, pH shocks
and ionic strength, addition of chemicals ...
There are two ways to stabilize the colloidal droplets in the process water i)Electrostatic and
ii) Steric stabilization. Wood resin in the process water presents the form of dispersed
droplets. The ionisable fatty and resin acids are responsible for the charge and reactivity of
the colloidal resin. The colloidal component may be electro-statically stabilised by these
charge surface groups, which originate from the dissociation of the acid groups inducing
repulsive force to keep them apart from each other. The electro statically stabilized colloids
are destabilized and consequently agglomerated to form suspended solids if the concentration
of electrolyte increases in the surrounding medium. Electrolytes reduce the double layer
thickness and consequently the particles charge. This lowers the repulsive force between the
colloidal particles and favours their aggregation.
Colloids may also be stabilised by a steric mechanism. Process water contains a large amount
of heterogeneous group of polymeric materials such as hemicelluloses (glucomannans and
glucuronoxylan) particularly in hardwoods. These polymers may be absorbed on the surface
of the colloidal resin droplets, which prevents the colloids from aggregation. Colloidal
stability is also influenced by process variables such as pH, temperature, concentration of
electrolytes and shear forces;
However, it must be recalled that in the case of the particular problem studied in this work
colloidal substances are not the main responsible for the deposition problem. Soluble
resinous materials, which are dissolved during EOP stage in the water phase, seem to be
mostly involved in the deposition phenomenon observed in the mills. Indeed, it was
established that these soluble materials may be precipitated if specific changes occur in the
liquid phase such as pH decrease or increase of calcium ion concentration.
In process conditions it may be assumed that part of the soluble substances released during
EOP are washed during EOP washing. However, some of these substances will remain in the
pulp and will be (at least partially) precipitated during the D 1 stage, which induces a sharp
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decrease of the pH of the liquid phase. These precipitated materials are probably responsible
for the deposition phenomena observed in D 1 and D2 washing.
To go ahead and find solutions in order to reduce the deposit tendency it was decided to
search for solutions, which would: (i) reduce the release of potentially precipitable soluble
substances during EOP stage. (ii) Stabilise the soluble substance to prevent avoid their
precipitation during d 1 stage.

The following treatments were therefore studied:

• Improvement of the washing of the EOP pulp in order to extract as much as possible
soluble substances

• Pre-treatment of unbleached pulp with lipases in order to convert triglycerydes into
fatty acids which could be better removed during EOP washing

• Ozone treatment of the pulp (introduction at different steps tested) in order to achieve
the destruction of the resinous materials contained in the pulp. Ozone was shown to be
very efficient to react and destroy resinous substances.

• Treatments with surfactants (non ionic and anionic) in order to quench the
precipitation of the soluble resinous substances contained in the liquid phase.

• Treatment with proteins in order to stabilise the colloids which are formed during the
precipitation of the soluble resinous substances and consequently avoid their
aggregation into suspended solids.

Materials & Methods

Principle of the study

Case of ozone, enzymes and washing treatments

The unbleached pulp is bleached according to either a conventional sequence (reference) or a
modified sequence including a stage (ozone, washing ... ) devoted to the reduction of the
material liable to be precipitated.
Bleaching sequence is stopped after EOP in case of ozone and enzyme treatments which are
performed in the early stages. In this case pulp is just thickened up to 20% after EOP. In case
of washing study, EOP pulp is washed (according to different conditions) and then thickened
up to 20%.
In all cases, the resulting pulps are then water extracted and the soluble materials, released
during extraction, are characterised in term of quantity (characterisation of extraction water
properties) and overall in term of content of materials liable to be precipitated either by
acidification or by addition of calcium ions (precipitation test).

Case of Surfactant and proteins treatments

In this case the situation is different: the conventional sequence is run until EOP (EOP pulp
thickened to 20%) and the pulp is finally water extracted. This extraction water will then be
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treated with surfactant or protein addition. The efficiency of the treatment is then controlled
by both pH and calcium ions based the precipitation test.

Pulp preparation (cooking, bleaching, storage).

Chemical pulp is produced on the basis on the raw materials supplied to CTP (see report
n07). Bleaching stages are carried out according to the conditions described in report n07,
Storage of the pulp (when needed) is done at -20°e.

Treatment intended to reduce precipitation of resinous substances

Ozone treatment

Ozone treatment is performed on:

• C/D bleached pulp

• EOP bleached pulp

Ozone applied on C/O pulp

Ozone is dissolved in water at a concentration of 72 mg/\. This water is then added to the
pulp slurry whose consistency is adjusted to 3%.
Two concentrations of ozone are applied: 0.1 and 0.2%.
Two types ofC/D pulp are treated: i) 100% washed C/D pulp, ii) 87% washed C/O pulp,
Contact time in presence of ozone is 5 minutes with vigorous mixing in order to make react
all ozone introduced.
After ozone treatment, the pulp is thickened up to 30% (centrifugation) and then submitted to
EOP stage (EOP conditions described in previous report). After EOP, pulp is thickened to:
20% consistency.
Water extraction is then performed on these EOP pulps followed by the precipitation test (pH
and calcium chloride).
Ozone applied on EOP pulp
Two EOP pulps are treated: i) from 100% C/D bleached pulp, ii) from 87% washed C/D pulp,

Ozone dissolved in water (72 mg/I) is added to the pulp slurry. Consistency during treatment is YYC,

Ozone concentrations applied: 0.1% and 0 (control to evaluate washing effect induced by the
treatment).
Contact time in presence of ozone is 5 minutes with vigorous mixing in order to make react
all ozone introduced.
After ozone treatment, the pulp is thickened up to 20% (centrifugation) and then submitted to
water extraction followed by the precipitation test (pH and calcium chloride).

EOP Pulp Thickening and washing

Different thickening I washing conditions are evaluated:

• Low thickening: in this case the pulp after EOP is just thickened up to 20% and then
submitted to water extraction. Here just a small washing effect should take place.
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• Strong thickening: the pulp after EOP is thickened up to 37% without any addition of
fresh water. Thick pulp is then diluted down to 2% for water extraction. Here a washing
effect is expected since a large part of the water is removed.

• Medium washing: after EOP, the pulp (9%) is diluted down to 3% consistency with
fresh water and thickened to 20%. This thick pulp is then diluted again to 2% for water
extraction.

• Strong washing: after EOP, the pulp (9%) is diluted down to 1% consistency with
fresh water and thickened to 20%. This thick pulp is then diluted again to 2% for water
extraction.

Surfactant treatment

In the case of the study of surfactant action, the treatments are directly performed (for
practical reasons) in the water recovered after C/D-EOP pulp (thickened to 20% after EOP)
water extraction (water extraction described in section II-4-1).
150 ml of centrifuged water extracted from EOP pulp are taken in polyethylene container. 1.7
ml of ionic or non-ionic surfactant solutions are added to the water to get the desire
concentration of surfactant. The solution is stirred for 15 min, then precipitation test is
performed with both addition of calcium chloride and pH decrease (see section IJ-4-2 and II-
4-3 for description of precipitation test).
Additional surface tension measurements are performed in this case on the water with Kruss
tensiometer Kl 00 (plate tensiometer).
The following surfactants are studied:

• Two non ionic surfactants Nonyl phenol 20 ethylenoxide and nonyl phenol 8
ethylenoxide. Commercial names of these products are Nonfix 20 and Nonfix 8 from
Sasol. Both of them are studied at the concentrations of: 5.10-4,5.10-5, 5.10-6 and 5.10-7

M.

• An anionic surfactant Sdium dodecyl sulfate (SDS). This product is studied at
different concentration: 5.10-4 and 5.10-5 M.

Proteins treatment

As in the case of surfactant, protein treatment, is directly performed in the water recovered
after C/D-EOP pulp (thickened to 20% after EOP) water extraction.
Nature of protein used: Bovine Serum Albumine (BSA).
150 ml of centrifuged water extracted from EOP pulp are taken in polyethylene container. 7.5
ml of protein solutions are added to the water to get the desire concentration of protein. The
solution is stirred for 30 min, then precipitation test is performed with both addition of
calcium chloride and pH decrease.
The following protein concentrations are studied: 10, 25 and 50 mg/1.
A blank precipitation test is also performed: protein alone dissolved in distilled water (25
mg/l) is submitted to precipitation test (calcium chloride and pH decrease).
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Enzymatic pre-treatment

Unbleached pulp collected after cooking and washing is submitted to enzymatic treatment.
Following conditions are applied:

• Enzyme type: lipase - Resinase A2X from Novozymes

• Treatment conditions:

o Pulp consistency: 10%

o Temperature: 50°C

o pH adjusted at 6

o Duration 1 hour

o Dosage: 0.05, 0.1, 0.3% (corresponding to 5, 10 and 30 enzymatic units
introduced per 100 g pulp) and control without enzyme

Procedure to carry out the treatment

Pulp is diluted with water to 10% and pH is adjusted to 5 with sulphuric acid. The pulp is
then heated in a water bath at 50°C for 10 min. This allows to reach the treatment
temperature and to stabilise the pH at a value close to 6. Pulp is then thickened and the liquid
phase is collected. Enzyme is added into this liquid phase which is then re-mixed with the
thick pulp. The mixture is finally placed in a water bath for 1 hour at 50°C.

• After enzymatic treatment, the pulp is thickened up to 30% and C/D followed by EOP is
performed as usual. EOP pulp is then submitted to water extraction which is used for the
precipitation tests (pH decrease and calcium chloride).

Characterisation of treatments efficiency

Water extraction

Dissolved and colloidal materials preparation from EOP pulp

About 50 g on O.D. basis of EOP pulp are diluted with distilled water to reached 2%
consistency. The pulp slurry is continuously agitated for 3 hours in a water bath at 60° C.
After 3 hours the pulp slurry is filtered through G2 crucible, the pulp fibres are removed. A
new batch of 50 g O.D. EOP pulp is then added into the filtrate obtained from the first water
extraction. The same procedure is repeated for enrichment of dissolved & colloidal
substances. The filtrate of the second run is centrifuged at 3000 g for) 0 min using Sigma 3 ~
16 centrifuged. The supernatant containing dissolved and colloidal substances is taken out
with care, avoiding re-dispersion of sedimented fibres material. The water is kept in the cold
room at temperature (4°C) for characterisation studies.
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Characterisation of extraction water properties

Turbity is determined using Nelpha turbidity meter. The cationic demand is determined with
polyelectrolyte titration using polyethylene imine solution (9.7 ueq/rnl). A Mutek particles
charge analyser is used. COD is determined using Dr. Lange kit LCK 514
(spectrophotometer for tubes reading references: sensor Array Photometer LASA 20). Size
and zeta potential of colloidal substances are determined by Malvern Zetasizer Nano ZS.

Precipitation test with Calcium Chloride

The precipitation tests are made with the centrifuged water extracted from EOP pulp. 20 ml
of this water are taken into different plastic bottles, then 20 ml of CaCI2 solution of different
concentrations are added to each bottle to reach final concentrations of 15, 37.5, 75 and 225
mM. Precipitation reaction takes place during 1 hour at 45°C with stirring. Turbidity of each
sample is then measured at 450 nm on a ISO Turbidity meter before and after centrifugation.
The results are expressed in FNU.

Precipitation test by pH decrease using HCI

The precipitation tests are made with the centrifuged water extracted from EOP pulp. 50 ml
of this water are taken in a beaker. Then, pH is decreased by adding progressively small
quantity of IN HC!. For each pH value reached, the turbidity is measured. The experience is
stopped when pH reach roughly two. For this pH value only turbidity before and after
centrifugation is checked. During this experiment room temperature is used (no heating at
4S°C).

Results and discussion

Ozone treatment

Ozone is known to be a very efficient oxidant which has the capacity to oxidised wood
extractives such as fatty acids, triglycerides, resin acids ... Ozone may react with the fibre
surface and causes extensive oxidation which may affect the extractives which are adsorbed
on the fibres surface resulting in a large number of polar substances. This is beneficial as it
facilitates the removal of resin during washing. Consequently, pulp washing with small
amount of ozone could have a positive impact regarding deposition phenomenon. In this
study ozone is studied applied at two different steps:

• After C/O bleaching. In this case ozone will react with extractives which are mainly
still included in the fibres structure (adsorbed extractives). The consequence of this
treatment should be a reduction of the extractives available to be released in the water
phase during subsequent EOP bleaching.

• After EOP bleaching. In this case ozone will react with extractives which are
dissolved in the water phase and consequently reduce the potential of this water to form
precipitated materials.
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Ozone applied after C/O bleaching

Sequence is there: C/D - W - Zw - EOP - T
C/D: chlorine I chlorine dioxide stage
W: washing stage (dilution with fresh water + thickening)
Zw: Ozone washing stage
EOP: alkaline extraction
T: Thickening (20%)

Water from EOP extraction was first characterised before the precipitation tests. Results of
this characterisation are reported in Table 1. Precipitation tests based on calcium chloride
addition and pH decrease are reported in Figure 1 and Figure 2.
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Table 1: EOP extraction Water characteristics

100% Washed C/O 87% Washed C/O Control 1* Control 2**
Pulp Pulp

0,1%03 0,2%03 0,1 %03 0,2%03 No washing Washing
IpH 9,51 9,45 9,31 9,21 10,8 8,6
Conductivity, mm/cm 609 638 648 604 1363 433
Turbidity after centri, FNU 14,5 16,5 16,7 17 11,32 11,9
T.D.S., g/I 0,57 0,57 0,65 0,55 1,03 0,48
COD, mg/I 388 430 443 405 429 238
CD, meq.!1 396 358 495 393 286 238
Zeta Potential, -mY -41,97 -47,94 -53,41 -50,41 - -56,3
Size, nm 223,4 219,3 222,2 256,9 - 277,5

* Control 1: Sequence is: C/D - W - EOP - T and will be considered for the whole study as
the reference sequence corresponding to the mill situation. In case of control 1elD washing
efficiency is 100%.
** Control 2: EOP pulp which is here produced with additional washing performed after
EOP (dilution to 3% with fresh water and thickening to 20%). Sequence is there: c/D W
EOP-T-W.

Discussion

• When C/O - W - Zw - EOP - T sequence is compared to control 1 sequence (C/O -
W - EOP - T), it clearly appears that ozone washing has a positive impact regarding
the reduction of materials liable to be precipitated. Indeed, in the two precipitation
tests (with calcium chloride addition or with pH decrease) the ozone washed pulps
lead to significantly lower turbidity increase (128% increase in case of control 1
versus 36% average increase in case of ozone washed pulp - case of precipitation
with pH decrease).

• Moreover, it must be pointed out that most part of the positive effect observed comes
from the addition ozone and not from the additional washing effect which results from
this treatment. Indeed, in case of 100% C/O washed pulp there is no reason for any
additional removal of soluble substances if a second washing is performed in
absence of ozone addition.

• Nevertheless, the comparison of C/O - W - Zw - EOP - T sequence with control 2
(C/O - W - EOP - T - W). shows that ozone washing induces only a slight
improvement compared to a simple washing located after EOP: 36% increase of
turbidity versus 59% in case of control 2 (pH based precipitation test), This can be
easily understood: in case of control 2, washing is performed after EOP stage which
has dissolved most part of the resinous materials. Consequently a large part of the
soluble substances can be removed in the case of this sequnece.
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• Concerning the dosage of ozone required : it seems that low dosages are sufficient
to reach an efficient effect. Indeed, 0.1 and 0.2% give very similar results. This may
be explained by the fact that ozone will mainly react with extractives localised on the
fibres surface and we can suppose that 0.1% is sufficient to react with most of these
substances. Dosages lower than 0.1% could maybe give good results.

• Some comments about calcium chloride based deposition test: Regarding the
comparison of C/O - W - Zw - EOP - T sequence with control 1 (C/O - W - EOP -
T) similar conclusions are achieved than in the case of pH based precipitation test:
ozone washing induces a sharp reduction of the content of material liable to be
precipitate by calcium ions additions.

• However, the comparison with control 2 (C/O - W - EOP - T - W), leads to a
different situation: indeed, in this case higher precipitation tendency is observed with
ozone washed pulp (13 times turbidity increase versus 8 times increase in case of
control 2). This may appear in contradiction with results obtained in case of pH
based precipitation test. This behaviour in calcium ions based precipitation test may
however be explained: indeed, ozone treatment induces the dissolution of organic
substances which, for some of them, carry acidic groups (muconic acid for instance),
Some of these substances may form complex with calcium ions and give rise to
precipitation.

• Moreover, this release of organic dissolved substances during ozone treatment is
shown by the levels of COD and TDS measured in the water which are higher than
those observed in case of control 2 (see Table 1). Cationic demand is also higher in
water coming from ozone washed pulp which tends to show the release of
substances carrying charges which may originates from acidic groups.

Ozone applied after EOP bleaching
Sequence is here: C/D - W -EOP - T - Zw

C/D: chlorine I chlorine dioxide stage
W: washing stage (dilution with fresh water + thickening)
Zw: Ozone washing stage
EOP: alkaline extraction
T: Thickening (20%)

Water form EOP extraction was first characterised before the precipitation tests. Results of
this characterisation are reported in Table 2. Precipitation tests with calcium chloride and pH
decrease are reported in Figure 3 and Figure 4.

Irable 2: C/O - W -EOP - T - Zw -T extraction water characteristics

100% Washed c/D Pulp 87% Washed C/O Pulp
Control* 0,1% 03** Control 0,1%03

IpH 7,36 7,44 7,58 7,66
Conductivity, mm/cm 83,4 106,2 102,2 140,5
Turbidity after centri, FNU 7,42 5,95 13,1 12,6
T.D.S., gil 0,09 0,11 0,1 0,16
COD,me:!1 76,5 125 104 121
CD, meq.zl 22 40 29 52
Zeta Potential, -m V -15,57 -25,55 -18,25 -21,06
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Figure 4: precipitation test with pH decrease performed on EOP-T-W (Zw) extraction water

Discussion

• Regarding water properties: Both control pulp and ozone washed pulps lead to close
characteristics. However, it seems that TDS and COD are slightly higher in ozone
washed pulp which probably corresponds to the dissolution of polar substances
during ozone treatment. This tends to be proofed by the cationic demand evolution:
indeed, in ozonated samples CD is always higher showing the presence of charged
substances produced during ozone washing. Differences are however very small.

• Regarding precipitation tests: control pulp (simple washing) and ozone washed pulp
give very similar results. It means that washing effect is here sufficient to remove the
soluble extractives and consequently to improve the situation in term of precipitation
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(when compared to the reference sequence). Ozone addition during washing
performed at this step does not produce any further improvement.

Conclusion

• Ozone washing is efficient when applied after C/O. This treatment enables to
strongly reduce the potentially precipitable substances generated in the subsequent
EOP stage.

• Ozone washing after C/D is however just slightly more efficient compared to a strong
washing stage performed after EOP.

• Ozone washing applied after EOP is not more efficient than a strong washing
performed after EOP.

In conclusion: if ozone has to be used, it would be better to apply it at a step where
extractives are still adsorbed on the fibres surface (during C/D washing for instance).
Nevertheless, a strong washing (without ozone added) performed after EOP enables to reach
almost similar reduction of precipitable substance. As a consequence, at industrial scale, it
would be relevant to applied ozone only if washing efficiency after EOP could not be
sufficiently improved.
Pulp washing

Increase the washing of the EOP pulp could be an efficient way to reduce the quantity of
soluble substances carried over the next steps (D! and D2) which promote their precipitation.
Different washing condition were studied in order to evaluate the benefit of such a solution:

• Control: is still the reference sequence C/O-W-EOP-T (thickening to 20% only) -
small washing effect in this case

• Strong thickening: sequence is similar to the reference C/D- W-EOP- T but this time
thickening is much higher as 37% consistency is reached. Washing effect is then
higher since most of the water is removed

• Medium washing: sequence is now C/D-W-EOP-T-W (dilution during washing to 3%
with fresh water). Here washing effect is stronger since fresh water is added.

• Strong washing: sequence is similar to the previous one, only dilution with fresh
water during washing is more important (1%). Strong washing effect is expected here.

Characteristics of the water coming from extraction of the different pulps (having different
washing levels) are gathered in the Table 3
Results of the precipitation tests (pH and calcium ions based) are reported in

Table 3: extraction water from pulp at different washing levels
I

Control Strong Medium
Particulars Low thickening thickening washing Strong washing
pH 9,73 8,72 8,63 7,75
Conductivity, mm/cm 1281 738 433 258
Turbidity after centrifugation, FNU 15,24 12,64 11,9 12,35

T.n.S., I!/I 1,12 - 0,48 0,28
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COD, mz/l 459 450 238 115
CD, meq./I 1063 - 237,5 99,64

Zeta Potential, -mY -54,35 -57,65 -56,32 -36,45
Size, nm 241,9 310,1 277,5 267, I
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Figure 6: precipitation test with pH decrease performed on
pulp having different washing levels

Discussion

• In case of precipitation test including calcium addition, a rough view to the curve
representing the turbidity evolution versus calcium concentration leads to the
conclusion that washing does not change the situation regarding precipitation of
soluble resinous materials. However, when looking at the values obtained for the
lowest calcium concentration - 15 mM (bar graphic on right of Figure 5), it is possible
to clearly observed the effect of the different washing conditions applied,
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• In fact, probably due to the too strong precipitation induced by calcium ions it is
difficult for the highest concentrations applied to have a good discrimination, whereas
at lower dosages the sensitivity of the test seems to be better.

• Thickening without any addition of fresh water does not appear so much
interesting. Indeed, even at high thickening level (37%), the pulp still contains a lot of
substances which may be precipitated during pH decrease: 37% thickening gives
roughly similar precipitation tendency than 20%. To explain this result we must
assume that part of the extractive can be retained during the thickening stage with
the fibres. However, adsorption forces must be very low since only a simple dilution
with fresh water enable to re-dissolved these substances in the water phase.

• The comparable COD values measured for 20 and 37% thickening confirm the
previous observation made with the precipitation tests.

• Washing: increase the washing by addition of fresh water has a very positive effect
since it strongly reduce the formation of precipitate during acidification or addition of
calcium ions (for the lowest concentrations). Dilution level does not appear so much
important especially in case of precipitation by acidification: indeed, similar
precipitation tendencies are observed for both washing levels (3% and I% dilution).
The effect of the dilution level is more visible on the COD release in the water phase
(lower COD for 1% dilution) nevertheless this parameter is not speci fie of
precipitable substances.

Conclusion

• Washing is an efficient way to decrease the content of soluble resinous materials
responsible of precipitation during acidification. In this respect, EOP washing step is
probably a very important step which must be carefully control.

• Mill situation regarding the washing efficiency achieved during EOP washing is a
primordial point to be controlled. Depending on the results of this evaluation action to
improved this stage could be envisaged

• Increase of thickening level does not appear as an efficient way to decrease to content
of precipitable material of the pulp. Retention of some of these substances with the
fibres is probably the reason of this situation.

Surfactant treatment

Influence of 20EO
Increasing concentrations of20EO surfactant are added in the EOP extraction water to reach
concentrations moving from 5.10-7 up to 5.10-4 M. Figure 7, Figure 8 and Figure 9 reports the
results of the precipitation test based on pH decrease and calcium ions additions.

pH induced precipitation
It appears that 20EO has the ability to efficiently prevents the precipitation of the resinous
soluble substances induced by a sharp pH decrease. However, sufficient concentrations have
to be used (5.10-5 M is the lowest concentration at which an effect is observed).
The influence of20EO surfactant was tested a second time on a new batch of EOP extraction
water in order to check the repeatability of the interaction between surfactant and soluble
substances contained in EOP extraction water. Results are reported in Figure 8 and clearly

13
Central Pulp & Paper Research Institute, Saharanpur.



!J?spm18 'Evaluation. of 'Iechnical Solu tious to }hlOia Precipitation of 1\§sinolls 'Materials

confirm those obtained in the first set of test (comparable results are obtained in the two
tests).
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Figure 7: preci pitation test based on pH Figure 8: precipitation test based on pH
decrease: influence of 20EO dosage decrease: influence of 20EO - comparison of

results of 2 different experiences

Calcium chloride induced precipitation
Calcium chloride induced precipitation leads to the same conclusion (Figure 9): in presence
of20EO surfactant the precipitation tendency observed when calcium ions are added is
strongly decreased. Only for the highest calcium concentrations high precipitation is reached
(comparable to reference experiment). However, for the lowest concentrations, precipitation
rate is always much lower than in the reference experiment performed in absence of
surfactant (Figure 9 right bar diagram).
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Figure 9: precipitation test based on Ca++addition: influence of 20EO
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How to explain the role of the surfactant?
It is interesting to note that efficient protection (against pH induced precipitation) induced by
this molecule starts for a concentration of 5.1 0-5 M (Figure 7) which roughly corresponds to
the critical micellar concentration (CMC) of this surfactant in this particular water. Indeed, in
Figure 10, which represents the evolution of surface tension of the treated water versus the
concentration of surfactant, it appears that for concentration higher than 5.10-5 M no more
decrease of the surface tension is observed. Consequently, concentrations in the range of 10'
5 M may be considered, in the conditions of this water, as the CMC.

60 - -

- 55 l-------
E
Z

l.s 50
c::
0
'iii 45c
(1) ~-(1) 40 c-CJ

~:J
35(/)

30
O,OOE+OO 1,00E-04 2,OOE-04 3,00E-04 4,OOE-04 5,00E-04 6,OOE-04

Surfactant concentration (M)

Figure 10: Evolution of surface tension of EOP extraction water versus
20EO dosage

From this statement we may propose the following hypothesis regarding the action of this
surfactant in term of prevention of soluble substances precipitation: when the CMC is
reached, micelles are formed in the bulk solution and it may be assumed that these micelles
will include some of the dissolved substances which may be precipitated. Substances such as
fatty acids or resin acids, due to their more or less amphphile structure, could probably be
trapped in these "composite" micellar structures which, consequently, could decrease their
sensitivity to the pH induced precipitation (see Figure II).
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Figure 11: hypothesis regarding possible interactions between soluble resinous materials and
20EO surfactant

Influence of BED
Results of precipitation tests performed in presence of different concentrations of 8 EO
surfactant are reported in Figure 12. This product appears much less efficient, compared to
20 EO, to control the both pH and calcium induced precipitation of soluble substances,
Moreover, it would seem that in presence of the highest concentration studied (5.10-4 M) an
increase of the precipitation is observed (higher turbidity increase in both precipitation test
compared to reference test). This situation could be explained as it follows: at 5.10-4 M
possible formation of "composite" micellar structures as in the case of20 EO. Unfortunately,
due to the smaller size of the hydrophilic moieties of 8 EO (compared to 20 EO), the resinous
soluble substances (fatty and resin acids) trapped in the micelles cannot resist to the
precipitation induced either by pH or by calcium ions addition. Co-precipitation of the
composite micellar structures (initiated by the precipitation of the soluble resinous
substances) could then take place which would explain the highest precipitation rate
observed.
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Figure 12: precipitation test: influence of 8EO addition in EOP extraction water

Influence of 50S
Results of precipitation tests (Figure 13) show that SDS has the capaci ty to decrease the
precipitation rate of soluble substances" However, two cases may be distinguished:

In case of Ca induced precipitation, SOS presents a rather good activity in term of
precipitation preventing" Indeed, only for the highest calcium concentrations, high
precipitation is reached (comparable to reference experiment)" However, for the lowest
concentrations (15 mM or 37 mM), precipitation rate is much lower than in the reference
experiment performed in absence of surfactant (see bar diagram on bottom right of
Figure 13). Situation in this case is somewhat similar to what was observed in case of 20
EO addition,

In case of pH induced precipitation, the situation is different: Indeed, here SDS only
slightly prevents the precipitation of soluble materials and this even for the highest
concentration studied. Precipitation preventing achieved was much higher in the case of
20 EO (see Figure 13 left graph). This could be explained by the nature of the surfactant:
Indeed, SDS is an anionic surfactant containing an suflate group (anionic hydrophilic
moieties). It is likely that in acidic conditions a protonation of this sulfate group partially
takes place. As a consequence, a decrease of the activity of this molecule to stabilise the
soluble substances can be expected.
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Conclusion

~ The addition of specific surfactants appear to be an efficient solution to prevent
against the precipitation of soluble substances which takes place during a sharp
decrease of the process water pH.

However, it seems that not all surfactants can act in an efficient way:

• Non ionic surfactant having a rather large hydrophilic moieties seems to be the
most suitable (case of 20 EO). Moreover, concentrations equal or higher than
the CMC seem to be required to achieve an efficient protection. Test of
surfactants having still higher hydrophilic moieties (50 / 100 EO) could be
interesting to complete this study.

• Non ionic surfactant with smaller hydrophilic moieties (case of 8 EO) does not
appear suitable to prevent precipitation
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• Anionic surfactant such as SDS presents some activity, particularly regarding
the prevention of calcium induced precipitation. Poor activity against pH
induced precipitation is however achieved with this product. This therefore
strongly reduces the interest of this product since pH shock is believed to be
the major responsible of the troubles observed in the process.

This study was performed on laboratory samples. Selection of surfactant to be used in the
process should be done with mill samples.

Use of surfactant in the process may induce some drawback such as excessive
foaming, interaction of the carryover with the retention system of the papermachines.

Proteins treatment
Proteins are known to have the capacity to be adsorbed at the surface of colloidal particles
which may in certain cases increase the stability of these colloidal materials (steric
stabilisation). That is why at the beginning of the study we thought that proteins addition
could have a positive impact by preventing aggregation of colloidal resin particles.
However, it must be reminded here that, as the deposition problem seems to mainly originate
from the precipitation of soluble substances (and not from aggregation and precipitation of
colloids), this treatment will probably be of poor efficiency.
Simple tests are performed as explained in materials and methods section based on the
addition of protein at different concentrations EOP extraction water. As usual, both pH and
calcium based precipitation tests are performed.
Results obtained are reported in Figure 14 and Figure 15.

,
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1600 \-- - Water + prot

~ 1400 \-- - --.- Control 1 - EOP.
~ 1200 -- water without prot.
'6:e 1000 ---- x- EOP water+ prot.
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~ / ... ... EOP water+ prot.'i 600 ~~'.~ 25mgll&! -400 .•. ~......•. ".:, •.
.---:~..~~ - -* - - . - - ----- EOP water+ prot.200 30mg/l

0
0 20 40 60 80

Calcium concentration (mM)
I

Figure 14: Influence of protein addition on calcium induced precipitation of soluble
substances
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Figure 15: Influence of protein addition on pH induced precipitation of soluble substances

Discussion
The two precipitation tests do not lead to the same results:

• Calcium based precipitation test shows that addition of protein prevents the precipitation of
soluble substances (Figure 15).

• On the opposite, pH based precipitation test shows that proteins cannot reduce the
precipitation of soluble substances contained in EOP extraction water. The presence of
protein has even an negative impact since higher precipitation levels are achieved (Figure
15).

These results can be explained however as followed:

Some proteins have the capacity to fix calcium ions and consequently decrease the efficiency of these
ions to provoke the precipitation of the soluble resinous materials contained in the water. In fact this
reduction of the precipitation does not come from a stabilisation of the soluble substances but from
the lower availability of calcium ions in presence of proteins.

As a consequence, in the case of pH based precipitation test, no positive impact of the presence of
protein can be observed regarding the precipitation of soluble substances. The higher precipitation
rate observed in presence of protein at low pH is however difficult to explain since no strong
precipitation is observed in the case of the control experiment performed in presence of proteins only
(control 2). Maybe some co-precipitation of soluble resinous materials and proteins could take place
which could explain this observation.

Conclusion

Addition of proteins, as expected, does not appear as an efficient solution to prevent the precipitation
of soluble substance contained in EOP water.

Enzymatic pre-treatment
Enzymatic pre-treatment of the unbleached pulp is tested. Enzyme used is a lipase whose
purpose is to catalyse the hydrolysis of triglycerides into fatty acids. The generated free fatty
acids could be then more easily washed especially in alkaline condition compared to the
triglycerides.
The treatment is applied on the unbleached pulp as described in the materials and methods
section. The bleaching sequence is then applied with usual conditions on this enzymatic pre-
treated pulp. Pulp after EOP is thickened up to 20% (as usual) and submitted to a water
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extraction. EOP extraction water extract is then evaluated regarding its ability to give rise to
precipitate by pH decrease or calcium concentration increase (precipitation tests).
Results of both precipitation tests are reported in Figure 16.
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Figure 16: Influence of lipase pretreatment on precipitation of soluble substances
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Discussion
Calcium based precipitation test shows a slight positive effect of enzyme treatment. Indeed. a
reduction of the precipitation rate occurs for the lowest calcium concentrations. Curiously.
the lowest enzyme dosage seems to give the best results, since precipitation is decreased in
this case for all calcium concentration values. This is however difficult to understand.
pH based precipitation test on the other hand does not show any improvement of the pulp
quality in term of content of precipitable soluble materials. Very similar precipitation
tendencies are observed in the case of pretreated and non pretreated pulps.
This contradiction in the results given by the two tests cannot be explained easily. However.
we think that, the slight positive effect detected with calcium based precipitation test is
probably an artefact due to the presence of residual protein (enzyme) which could bind part
of the calcium ions introduced in the test and consequently reduce their efficiency to
precipitate the soluble substances such as fatty acids.
Similar situation was observed in the case of the introduction of protein (BSA) in the EO?
extraction water (see previous section). This effect is however in the case of enzymatic pre-
treatment much lower, compared to the case of the direct introduction of proteins in the water
(comparison of Figure 14 and Figure 16). This comes from the fact that the lipase is
introduced in a pre-treatment performed at the beginning of the sequence. Thus. during the
following bleaching steps most part of the introduced enzyme proteins are degraded and
washed away so that only a small amount remains which is extracted during water extraction
ofEOP pulp.
As a consequence, it seems that pH based precipitation test gives the most relevant answer
regarding the evaluation of the lipase pre-treatment which appears therefore to be totally
inefficient to decrease the content of potentially precipitable soluble substances of the pulp.
The inefficiency of such a treatment can moreover be easily explained:

• First of all, lipase only converts triglycerides into fatty acids which are even more
sensitive to calcium or pH induced precipitation. Just slight improvement could be
expected if all free fatty acids generated were washed away after alkaline treatment.
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• The quantity of triglycerides in the unbleached pulp is very low (determined by
chemical analysis): for all the wood species studied, trace of triglycerides are detected
but cannot be quantified. Quantities are always lower than detection limit: 0,05 mg/g
(see Figure 17). It is moreover interesting to not that in Eap pulp fatty acids represent
50% of the total extractives content.

Consequently, lipase treatment will not modify the content of potentially precipitable soluble
substances contained in the pulp after Eap. This can be observed when comparing the
characteristics of the water obtained after water extraction of Eap pulp for the different pre-
treatment conditions (Table 4)

lTable 4: EOP extraction water characteristics

Lipase concentration in pre-treatment (%)° (control) 0,05 0,1 0,3
IpH 9,9 10,1 10,1 10,2
!conductivity (mSmlcm) 244 247 244 263
trurbidity after centri. (FNU) 12,4 15,3 II ,4 12,9
lr.ns, (gil) 1,06 1,05 I 1,04
COD (mg 02/1) 495 497 461 452
Cat. Demand (meq.!l) 1170 1405 1351 1529
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Figure 17: composition of unbleached pulp (from individual wood species) and EOP
pulp (from wood mixture) in wood extractives

- Top graph: absolute value

- Bottom graph: relative values (%)

Conclusion
Lipase pre-treatment does not seem adequate to reduce significantly the content of soluble
material liable to precipitate after EOP stage.
This is mainly due to the absence oftriglycerides in the unbleached pulp which constitute the
target of the lipase treatment.
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Synthesis I comparison of the different treatments
The efficiency of the different solutions studied are summarised in the following table:

+ small efficiency to control precipitation of soluble substances
++ good efficiency
+++ Very good

No efficiency

Treatments CommentsEfficiencv
Ozone washing +++ Efficient if applied before EO? stage (after C/O for

instance)

No really more efficient than a strong washing performed
after EOP however

- Interesting if ozone is used for other purpose or if
increase of washing efficiency of EOP washer impossible

Thickening of
EOP pulp - Increase of pulp thickening does not seem to improve the

situation in spite of the removal of more important
amount of water. Retention of soluble extractives
probably takes place during thickening

- Situation may depend on thickening devices used. High
thickening level is reached by using centrifugation at lab
scale

Washing of
EOP pulp

+++ - Strong washing is a very efficient way to reduce the
content of materials liable to be precipitated.

- If possible to improve washing efficiency in the mill this
would probably represent the most promising and simple
solution.

- Limitation: the washing filtrates have to be thrown away
or treated so that the soluble substances liable for
precipitation really leave the process. Water circuit
design has to be maybe modified.

- First point to check is the current washing efficiency
operates by the EO? washers implemented in the mill.

Surfactant ++ Need of an appropriate structure:

- Non ionic seem to be preferred

- Hydrophilic moieties must have a sufficient size (20EO
efficient whereas 8 EO not efficient)

Dosage must be appropriated: concentration higher than
CMC seem to be required to induce formation of composite
micellar structures involving the surfactant and soluble
resinous materials.
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Risks:

- Concentrations to be used are rather high. Foaming can
be expected.

- Pulp contamination with surfactants which could later on
negatively interfere with the PM chemistry

Proteins +/- The proteins used (BSA) has the capacity to fix calcium ions
so that calcium induced precipitation is strongly reduced.
However no real effect on the stabilisation of the soluble
materials face to pH induced precipitation (main process
problem).
Calcium inactivation could also be achieved by specific
chelating agents such as EDT A.

Lipase pre- - No significant amount oftriglycerides in the unbleached
treatment of pulp which are the substrate of the lipase.
unbleached

pulp

Perspectives I industrial trials
To validate the conclusions of this work a study could be done in the mill site with the
objective:

• To characterise the behaviour of the soluble substances responsible for the precipitation.

• To check the efficiency of some of the most promising solutions tested at lab scale.

The following programme may be proposed:

Characterisation of soluble substances behaviour along the process

Sampling
Sequence is: Unbleached pulp-7C/D-W-EOP-W-DI-W-D2-W
Samples have to be collected at every point of the process:

• Unbleached pulp (just before C/D)

• C/D bleached pulp (before C/D washing)

• C/D- W pulp (collected after C/D washing)

• C/D-W-EOP pulp (collected after EOP)

• C/D-W-EOP-W pulp (collected after EOP washing)

• C/D-W-EOP-W-Dl pulp (collected after DI)
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Characterization

To be performed on each sample

A- Preparation of water:
Separation water / fibres by filtration (l00 urn) - collection of the filtrate

Centrifugation of filtrate and collection of supernatant

B- Characterisation of filtrate supernatant of each sample:
Water properties

• TDS

• COD

• Turbidity

• Conductivity

• PH

• Cationic Demand

• UV280

Precipitation test

• Calcium based precipitation

• PH based precipitation (only in case of water sample having a pH higher than 6-7)

To be performed only on selected samples (extractives balance)

Samples to be selected

• CID-W (pulp before EOP)

• CID-W-EOP (pulp after EOP)

• CID-W-EOP-W (pulp after EOP washing)

Characterisation of resinous content of these samples on

• The fibres fraction: fibres have to be collected by filtration of the pulp sample on a filter
paper (pad making): here the fraction of extractives bound to the fibres will be determined

• Water fraction: prepared by filtration and centrifugation as usual: here the fraction of soluble
extractives will be characterised.

Based on these results it will be possible to approach: the rate of dissolution of extractives during
EOP (transfer from fibres fraction to water phase) and the washing efficiency of the EOP washer.
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Evaluation of solutions to reduce precipitation tendency

Increased EOP washing and surfactant addition could be studied on mill samples:

Increased EOP washing

• Collection ofa sample ofEOP pulp (before washing)

• Increase the washing efficiency: use washing water currently used in the washer.

• Compared the characteristics of the water after stronger washing with the current
situation (water properties + precipitation tendency).

Surfactant addition

• Collection ofa sample ofEOP pulp (before washing)

• Addition surfactant at different concentrations (below and above CMC could be
interesting to study)

• Collection of filtrate supernatant of the EOP surfactant treated pulp

• Evaluation of precipitation ability of soluble substances (pH and calcium based test)

• A test after washing (addition of surfactant on EOP washed pulp) could also be
performed.
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STICKlES BALANCE IN PACKAGING MILL

Introduction

Mills producing papers (particulary packaging papers)made from recycled fibers very often
face an important formation of organic deposits on various equipments of the paper machine
(formation wire, presses, drying section cylinders and wires .... ). Moreover, many problems
are connected to these deposit formations: breaks, paper defects (presence of spots, holes;),
and reduction of the drying section efficiency due to the felts clogging. As a consequence,
these phenomena cause many shutdowns of the machine for the cleaning of the clogged
equipment.
These deposits in the drying section mainly originate from contaminants present in the fibrous
suspension, which were not eliminated by the decontamination steps performed during the
pulp preparation. Analyses carried out on deposits collected in the paper machine, show that
they mainly consist of polymers, which are used, in the formulation of converting additives
such as adhesives for example. The polyvinyl and polyacrylic esters are very often found as
main components of the deposits in the drying section.
In fact, these detrimental contaminants involved in deposit formation, constitute the materials
so-called stickies. Nevertheless, it is possible to classify the stickies into three categories.

¢ Macro stickies are solid and tacky contaminants rejected by a 100 urn slotted
laboratory screen. These macro stickies are consequently considered to be larger than
100 urn in equivalent diameter.
In fact these stickies category belong to the fibres fraction.

¢ Micro stickies are also tacky particles but having a size between 100 urn and 1 to 5
urn. Contrary to macro-stickies, which are retained onto lab screen the micro-stickies
pass through the screen and consequently are difficult to isolate selectively.
This stickies category belong to the fine element fraction

¢ Colloidal stickies: These are the stickies smaller than 1 to 5 urn, which consequently
belong to the dissolved and colloidal fraction. In this category, the stickies may be
considered more as potential stickies. Indeed, due to their size, these stickies do not
have (until they remain in this colloidal form) real detrimental impact. Nevertheless, it
is reported that their destabilization (especially by cationic polymers) may induce their
precipitation and the formation in some case of tacky precipitates called secondary
stickies.

Macro-stickies are quite well known species since these particles are relatively easy to isolate
and consequently measure. Indeed, numerous methods exist which enable to quantify the
macro-stickies content in a recycled pulp. The most common macro-stickies measurement
methods are those based on a lab. Screening step (100 urn slotted plate), which enable to
isolate the stickies from the recycled pulp.

On the opposite, the situation is different for the micro and colloidal stickies. Indeed, there is
a lack of accurate monitoring tools for these species. Indeed, the majority of the methods
proposed are deposition tests, which aimed to assess the deposition of micro or colloidal
stickies on particular surface and in very specific conditions, Unfortunately, these deposition
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tests do not measure micro-stickies concentration, but only provide an estimation of the
stickies quantity, which may be deposited in the very particular conditions of the test (which
may be far from industrial conditions).

Recently, methodologies were developed by various research teams in order to directly
measure the concentration of micro and colloidal stickies in pulp samples,. The techniques
proposed by these authors are either based on improved solvent extraction followed by a
quantitative FTIR analysis, or on Total Organic Carbon (TOC) measurements of filtrates
obtained by filtration and ultra-filtration.

CTP also uses solvent extraction method for the measurement of the different stickies species
in recycled pulps. This measurement seems to represent a good indicator of the deposit
potential contained in the pulp. Indeed, it has been found that paper machine deposits contain
large amount of extractible compounds (30 to 50 %), which inevitably must originate from the
pulp. Moreover, this is also confirmed by the fact that FTIR analysis of solvent extracts
performed on both the pulp and the drying section deposits give comparable spectra (Figure
1).
Based on this solvent extract measurement, a study has been conducted at CTP with the aim:

To identify the main deposit potential source (in terms of quantity) among the various
stickies species identified (macro, micro and colloidal stickies).
To evaluate the influence of different recycling lines (mainly packaging and deinking) on
the removal ofthe main deposit potential source(s).
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Paper Machine Deposit Pulp Sample

Figure 1: FTIR spectra of pulp and deposit dichloromethane extract

Objective of the Study

To assess the stickies content of different pulp samples collected along the packaging line and
consequently to learn about the process effects on these detrimental substances.

Description of Packaging Mill Studied

The mill studied for above project is a packaging mill producing packaging paper for
corrugated board. The mill is based on 100% recovered paper and boards as a raw material.
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The mill has two paper machines with a production capacity of 700 - 800 tonnes per day on
one machine and 400 tonnes per day on second machine.
A general simplified process for pulp preparation plant is given in fig. 1. For confidentiality
reason, this flow diagram does not represent the real process.

Process I!!I EJ £J

Fractionation
Vers recupereteur

fibres

Machine a papier

/ /

Eaux
fralches

/

vers stauon
Effluent + oooes

"
/

/

Decnets
/

Pulp samples were collected from different points in the mill and analyzed at laboratory. The
list of sampling point is given below:

.:. Outlet Pulper

.:. PPOE - Pulp after coarse decontamination

.:. Inlet T 9 (fractionator)

.:. Accept T 9 (short fraction)

.:. Reject T 9 (Long Fraction)

.:. Long fraction after screening

.:. Thick pulp outlet Andritz filter (thickening of the long fraction)

.:. Thickening filtrate (Andritz filter)

.:. Long and short fraction mixed -

.:. Bending chest before PM (mixing of pulp form mam line, brokes, pulp from save all

filter)

.:. Head box Paper machine 6

.:. White water - top wire

.:. White water - bottom wire

.:. Inlet Beloit filter (fiber recovery) - after mixing with pulp

3
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.:. Clear filtrate - Beloit filter

.:. Cloudy filtrate - Beloit filter

.:. Thick pulp outlet - Beloit filter

.:. Inlet elephant filter (reject thickening)

.:. Filtrate from elephant filter

Methodologies Used In the Study

Two ways of stickies characterization are used in this study:

Classical macro-stickies determination (Screening method)

Solvent Extraction method

Classical macro-stickies determination: This includes enzymatic digestion of pulp,
screening using a 100 urn slotted plate, fixation of stickies particles by specific coloration
and quantification by image analysis. Description of the procedure is given hereafter.

(i) Enzymatic digestion of pulp sample

Preparation of buffer solution for enzymatic digestion: Take about 357 gm of
sodium acetate trihydrate and dissolve it in 3 liters of distilled water under constant stirring.
Add about 145 ml of acetic acid to the solution and make the total volume of buffer solution
to 5 liters pH of buffer solution must be about 4.6

Take 25 gm of OD pulp in a conical flask. Add 1% talc powder and 5% cellulase enzyme on
O.D. basis to the pulp. Add about 700 ml of buffer solution in the conical flask and put
beaker in water bath. Maintain the temperature of water bath at 37° C. Start the stirrer of
conical flask. Agitate initially at higher speed and then reduce speed slowly. Put the solution
under agitation for 24 hrs.

(ii) Screening on Somerville Screen: After 24 hrs, the pulp treated with enzyme is
screened on laboratory Somerville screen using 100 um slotted plate; The adhesive particles
retain onto the screening plate are then collected in tray. The adhesive particles are recovered
onto the paper filter placed on the top of rapid kothen sheet former. Dry the filter paper at
room temperature.

(iii) Fixation of stickies: The dried filter paper is kept in oven at 105° C for 15 minutes.
Take them out and put a silicon paper (with glazed side on filter paper); Put another blotter
over it and press it by rolling iron roll over it. Clean the filter paper from fibers etc by gently
brushing it followed by cleaning with air blowing.

(iv) Coloration of stickies : ( if needed). If stickies particles are not sufficiently colored
(to be measured by image analysis) proceed to coloration. For that put the filter paper in oven
for another 15 minutes. After 10 minutes take out the filter paper and put it over the silicon
paper darkened with carbon black. Remove the excess carbon black particles by blowing air
on the filter paper. The macro stickies particles are darkened carbon black. They represent
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only the macro-stickies part that is to say the adhesive particles having a size and a shape
making them unable to pass through the screening plate.

(v) Quantification of Macro stickies by image analysis: The method used in image
analysis of particles is called simpatic method. The method is based on software named
SIMPLAB 3.00 developed by TECHPAP.

First scan the standard image of the size and select the boundary. This will helps in analyzing
all particles scanned within that boundary. Put the filter paper to be analyze on the scanner
and scan it. Select the family (Noir de carbon) before scanning the filter paper. The
programme will give the different values macro stickies in number, n/m-, and area (mm-j/m",
The results are then expressed in mm- of macro-stickies per kg of pulp. This can be done by
multiplying the total value by the area of sheet (0.042m2) and dividing it with the amount of
o.d. pulp taken; (i. e. 25 gm).
In terms of method accuracy, it must be pointed out that, variation lower than 10% of the
stickies content cannot be considered as significant.

Stickies characterization by solvent extraction methodology

This methods involved different steps which are described below

(i) Preparation of samples

Pulp samples collected in mills are prepared in order to be able to perform solvent extracts on
different fractions. The different preparations are reported hereafter.

Preparation of dried entire pulp: about 5 g (o.d.) of the pulp sample is introduced in a
pre-weighed aluminium cup. The water is then evaporated by heating of the cup in a water
bath (90°C). The evaporation residue is then oven dried for 1 hour at 105°C.
This preparation enables to obtain dried entire pulp containing the totality of both the
suspended solids and the dissolved materials. Solvent extraction performed on this material
enables to estimate the contribution of the 3 stickies species: macro, micro and colloidal
stickies.

Preparation of dried hyper-washed pulp: about 10 g (o.d.) of entire pulp are placed
onto a 100 urn metallic wire. The pulp is then thoroughly washed using tap water until the
filtrate becomes entirely clear. A pad is made with the residual pulp by thickening onto a
paper filter. This pad is then oven dried at 105°C for 1 hour.
This preparation enables to produce a pulp fraction free of both fine elements (fines and
fillers) and dissolved and colloidal materials. The remaining elements are only the fibres and
the macro-contaminants (including macro-stickies). Consequently, solvent extraction
performed on this fraction enables to assess the contribution of the macro-stickies.

Preparation of process water free of suspended solids: about 100 g (o.d.) of
pulp are pressed onto a 100 urn metallic wire. The filtrate obtained is centrifuged (3000 g,
15 minutes). The supernatant is then placed in an aluminium cup and evaporated by
heating in a water bath (90°C). The residue obtained is finally completely dried in an oven
at 105°C.
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This preparation enables to isolate the dissolved and colloidal materials contained in the pulp
sample. Solvent extraction performed on this fraction enables to assess the contribution of
dissolved and colloidal stickies.

(ii) Solvent extraction with dichloromethane

This operation is carried out in Soxhlet apparatus: either the dried entire pulp, or the hyper-
washed pulp, or the dissolved and colloidal fraction is placed in the soxhlet cartridge.
Dichloromethane is used as extractive solvent. The extraction phase is performed for 6 hours.
At the end of the extraction phase, the totality of the solvent is recovered and evaporated,
using a rotary evaporator, in a pre-weighed vessel. The residue obtained after solvent
evaporation is then entirely dried in an oven at 105°C and finally weighed.

The results are in first expressed as 9 of extract per 100 9 of dried materials.

Then, based on the determination of:

• The rate of total dried materials content in the entire pulp, including suspended
solids and dissolved and colloidal materials (expressed as g of dried materials per
litter of pulp).

• The hyper-washing rate, which is the rate of residual materials retained onto the
wire after hyper-washing (expressed as g of residual materials per 100 g of entire
pulp).

• The dissolved and colloidal materials concentration (expressed as g of dissolved
and colloidal materials IIof process water).

• It becomes possible to calculate the contribution, in terms of extractible materials,
of each fraction (hyper-washed pulp, dissolved and colloidal fraction and fine
element fraction) expressed as grams of extractible per 100 g of entire pulp. An
example of calculation is given in the result part. The measurement done on
different samples enable to evaluate:

• The amount of extractible associated to the fibrous fraction. These extractible
materials are those, which are retaining with the fibre during an intense washing
(hyper washing) with water onto a 100 urn wire. In some way part of these
materials represent the macro-stickies content of the pulp.

• The amount of extractible associated to the fine elements fraction: This is the
extractible fraction, which is removed during the intense pulp washing. This
fraction represents in some way the pulp micro- stickies content.

• The amount of extractible associated to the colloidal and soluble materials: This
represents the pulp colloidal/soluble stickies content.
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RESULTS

A- Conventional macro-stickles measurements

The results of these measurements are gathered in the Table 1. Based on these figures, it

is possible to calculate the removal efficiencies achieved by the different process steps

(Table 2)

Table 1: Macro stickies determination in different locations

Sampling Points Macro- Macro-stickies
stickies (mm2/kg)
(mm2/m2)

Outlet pulper 5725 9619

Outlet chest 16C0201 6426 10796

Inlet T 9 (fractionator) 5469 9188

Accept T 9 - Short fraction 672 1129

Reject T 9 Long fraction 4403 7397

Long fraction after screening 1152 1935

Thick pulp outlet Andritz filter 1289 2166

Long & short fraction mixed 5121 8603

Blending chest 5607 9420

Head box PM 6 5661 9500

Inlet Beloit filter (fiber recovery) 5326 8948

Thick pulp outlet Beloit filter 995 1672

Values at the end of the process (which appear in italic character in the table) are not
correct (end of process must have low stickies content). This is due to filter coloration
with carbon black (in these cases background is very high). This shows the drawback of
this coloration technique which need to be used very carefully to avoid the deposition of
carbon black on the filter itself. Consequently, when coloration is not required (stickies
sufficiently colored which is often the case due to presence of ink on the stickies) it is
better to avoid the coloration step.

According to previous measurements carried out in this mill, we know that no big
changes occur between long and short fraction mixing and PM head box in term of
macro-stickies concentration. As a consequence, for analysis of these results it has been
decidied to use for the end of the process an average value of 1650 mrnvkg as stickies
concentration, which correspond to average contamination brought by both long and
short fibres fraction. This average value was used for calculation of global stickies
removal efficiency of the process (table 2).
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To give a good overview of the macro-stickies balance, a simplified diagram of the
process including the stickies concentration determined is shown hereafter (Figure 2).

Outlet pulper

9619

Coarse
decontamination

10796

9183 r--F-ra-ct-io-n-at-io-n-f----'

thickening

2166
PM headB.

1650

Bending
chest

1650

LF+SF

1650

Figure 2: Diagram of macro-stickies flow over the process (stickies values

expressed in mm2/kg appear in bold character in the chain)

Table 2: Removal efficiencies of various process steps and global process

Steps Removal efficiency (%)

Fractionator T-9 (in short fraction) 88

Screening of long fraction 74

Global macro stickies removal efficiency of 83
chain

Conclusion

Efficiency of all individual screening system (T 9 fractionator and long fraction screening
) is good. (75 to 80%). Consequently the efficiency of global chain (i.e. from pulper to
paper machine) is good ( 83%). This correspond to the situation observed in previous
stickies balance performed in this mill. (75%).

B- Solvent extraction methologies

The results obtained by solvent extraction of different pulp samples are reported in figure
3. It describes the sharing of the different extractible materials between the different pulp
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fractions considered in this study. These results shows that the level of macro stickies
reduces as we proceed from pulper to paper machine. (from 43% to 17%). After pulp
fractionation, the major part of macro stickies goes with long fraction which is again
screened out of the process after fiber recovery. The level of micro stickies increases in
short fraction due to more fines with short fraction. There is a rise in the level of micro
stickies in head box. This is due to the dilution of pulp with back water in short loop
system.

As no selective removal of micro-stickies takes place in this process, the extract content
of the pulp is more or less proportional to the content of fine elements in the pulp. This is
shown by figure 4 which reports the evolution of DCM extract versus fine elements
content.

The case of reject treatment line is different: here maximum of extract comes from the
macro-stickies which appears to be a normal situation. Indeed, this flow gather all solid
rejects from the process (from screening / and cleaning stages), which explain decrease of
macro-stickies contribution over the pulp flow. Consequently, reject flow is very rich in
macro-stickies compared to pulp flow.

o Mcro-stickies

I!!IMacro-stickies

o Soluble stickies

2,500
reject
treatmenCi

"5
0. 2,000 -t--"======"----
e
~
~ 1,500
oo.•..
~- 1,000 +-----------
t)e
)(
~ 0,500
oc

--~I---~

Pulp line

0,000

Out pulper long Short Head box Inlet reject
fraction fraction thickening
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Figure 3: Distribution of stickies in different process locations

Figure 4: Evolution of total stickies content vs fine elements content
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Figure 5 shows how the different stickies species are affected by the process when
moving from pulper to head box. It clearly shows that only macro-stickies contribution is
decreased whereas micro-stickies contribution increases to the increase of fine elements
content of the pulp in the last process stage.

The absence of selective removal of micro-stickies is clearly shown when looking at the
specific concentration in DCM extract of fine elements fraction. Indeed, this speci fie
concentration is almost constant all over the process and 5 to 10 times higher than the
fibre fraction specific concentration (figure 6).
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Finally, this would indicate that the micro-stickies are the dominant stickies species in the
recycled pulps studied. As a consequence, this is certainly this category of stickies which
constitutes the major origin of the deposits formed in paper machines. This would explain
the difficulties encountered by the papermakers to control the deposition phenomena
especially in the packaging field. Indeed, there is no way to remove micro stickies by
physical separation processes (such as screening or cleaning) as shown by these
measurements carried out in sthis study. The only solution to improve the situation could
be to tum to physico-chemical treatments such as flotation or dissolved air flotation used
as water clarification system.
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Appendix A: Calculation of OCM extract

Calculation for sample from outlet pulper is given hereafter as example:

In this sample, total material concentration is: 61,3 g/l

Contribution of soluble substances to OCM extract:

Specific DCM extract concentration of soluble material is: 0,17 gil 00 g of dried

soluble substances

Concentration of dissolved substances in water: 8,7 gil

- From this 2 figures we calculate the quantity ofDCM extract from soluble

substances contained in 1 liter of water: 0,171100*8,7 = 0,0148 gil

- From there we calculate the quantity ofDCM extract from soluble substances

contained in 100 g of the total materials: 0,0148/61,3*100 = 0,024 gil 00 g of

entire pulp

Contribution of fibre fraction to OCM extract

Specific DCM extract concentration of long fibre fraction is: 0,61 gil 00 g of dried

long fibre fraction.

Concentration of long fibre fraction is 37,6 gil

- From this 2 figures we calculate the quantity ofDCM extract from long fibres

contained in 1 liter of water: 0,61/100*37,6 = 0,23 gil

Then quantity ofDCM extract from fibres fraction contained in 100 g of the total

materials is calculated: 0,23/61,3*100 = 0,37 gl100 g of entire pulp

Contribution of fine elements fraction to OCM extract

Total DCM extract content is: 0,93 gl100 entire pulp

Extract from fine elements fraction is therefore 0,93-(0,024+0,37) = 0,53 g/ 100 g

entire pulp
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Appendix C: Definitions
Entire pulp

Pulp including all its components (except water) soluble materials and suspended solids are

therefore included in the entire pulp.

100 g of entire pulp may be shared in 3 different fractions: x % soluble materials, y %fine

elements fraction (see definition below) and z % fibrous fraction (x + y+ z = 100).

In the report many extractible concentrations refer to 100 g of the entire pulp.

Fine elements

Materials which are washed away during a pulp hyper washing (intense washing with tap

water) performed onto a 100 urn washing wire. This fraction mainly contains fines and

fillers.

Fiber fraction or Long fibers

Fraction recovered after the hyper washing onto the wire. Mainly contains the fibers.

Soluble materials

Materials contained in the supernatant obtained by centrifugation (3000g, 10 min) of the

water phase, which accompanies the pulp samples. This fraction in fact contains soluble and

colloidal materials. In the report this fraction is often called total soluble fraction to make the

distinction with soluble extractible fraction, which represents only a part of the soluble and

colloidal fraction.

Extractible intrinsic concentration of a given fraction

Usually, the extractible concentrations used in the report refer to a mass of the entire pulp

(usually 100g); thus this makes possible to establish the contribution of each fraction to the

total extractible content of the pulp.

Nevertheless, in some cases it is interesting to express the extractible content of a given

fraction (soluble fraction, or fine elements or, fibers) per mass of this fraction. This way to

express the results is usually called in the report" intrinsic extractible concentration of the

fraction x". It represents the extractible concentration "inside" this particular fraction.

15
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Future Work (proposal)

Finish stickies balance made in deinking mill: extraction are currently proceeded at

CTP

Simulation study of Indian (packaging or deinking - to be decided):

.:. CPPRI gives flow sheet of one Indian mill

.:. CPPRI has to gather all information needed (flow, cO,ncentration ... )

.:. CPPRI has to make a measurement campaign in the mill and measure

all parameters which have to be simulated

.:. Decide for scenarios of simulation (what we want to simulate).

Work on stickies control techniques

.:. Stickies passivation with minerals (test of various minerals)

.:. Stickies removal by flotation and dissolved air flotation (for control of

micro stickies)

.:. Stickies removal by screening for control of macro-stickies and

especially hot melt particles - however, this is well known. Maybe not

relevant to work on this?

16
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METHODOLOGIES FOLLOWED AT CTP

I. Studies on Micro Floatation of White Water

Introduction

Previous studies carried out on the "Balance of Stickies in a Packaging Mill" have indicated
an enrichment of micro- stickies content in the pulp due to the recycling of the white water in
the paper machine head box .The closing of the white water loops and the in-effectiveness of
physical means like screening and cleaning to selectively remove the fine element fraction
lead to the accumulation of micro - stickies in white water. It is therefore important to
evaluate the use of physico- chemical means like Dissolved Air Floatation that can
selectively remove the fine element fraction and subsequently reduce the micro - stickies
content of white water.

Objective

To evaluate the efficiency ofDAF technique for micro - stickies reduction in white water
using different chemistries.

Equipment Description
For the above study, laboratory Micro- floatation unit is used (see following picture) .The
equipment consists of the following units:

• Stirring device.
• Cylindrical glass vessel with outlet valve at the bottom for the collection of the

clarified water.
• Pressurized vessel that allows for dissolution of air in water.

Central Pulp & Paper Research Institute, Saharan pur.
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Method Description

The DAF is a method for separating and removing suspended solids from a liquid.
Depending on the chemistry used it is also possible to get removal of colloidal substances. In
this case neutralisation of colloids with a coagulant (short chain polymer with high charge
density) is necessary prior to addition of the flocculant (long chain polymer with low charge
density). To achieve the coagulation of the fines and micro- stickies particles in the white
water and their subsequent flocculation, different polymers are employed Pressurized water
is then introduced in the sample .As the air pressure is realized, the sample is saturated with
micro-sized bubbles. Suspended materials attach to the bubbles and float to the surface of the
water. Heavier solids settle at the bottom .The middle layer containing the clarified water is
collected after discarding the floated and heavier sludge.

Methodology Followed
The following sequence is followed -

• One litre sample is taken in the glass vessel and stirred for one minute to
homogenize the sample

• The coagulant is then added and the stirring continued for another one minute
• This is followed by the addition of the flocculants
• After stirring for one minute, stirring is discontinued.
• 200 ml of pressurized water is introduced in the sample
• After a retention time of 4 minutes, the clarified water is collected
• The inlet white water and clarified water are then analysed for micro-stickie

contents and the removal efficiency calculated.

Chemistries Studied

PolyDadMac (10-50 ppm) + CPAM (2 ppm)
Bentonite (100-300 ppm) + CPAM (2 ppm)
CPAM (1-5 ppm)

PolyDadMac is poly diallyl dimethtyl ammonium chloride: coagulant
CPAM: Cationic polyacrylamide: flocculant
Bentonite: alumino silicate: adsorbent

Result
The result of the above study will be given in the report on "Pilot Plant Trial and Computer
Simulation Studies"

2
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II. Study of Coagulation Treatment

Introduction : It has been established that the major stickies deposit potential originates
from the fine fraction of the pulp. However, colloidal stickies may also induce some trouble
when non controlled destabilisation occurs in the process giving rise to the formation of
secondary stickies. To control this detrimental phenomena coagulation treatments can be
used so that these colloidal species will no longer interfere with the paper making process.
Treatment by Fixing Agents (coagulant) can induce the fixation of the colloids on to the fibre
and thus reduce the colloidal content of the water in the PM short circulation, preventing the
uncontrolled destabilisation and aggregation of these materials.

A study was thus conducted to demonstrate the effect of coagulants on the retention of
colloids.

Objective
To study the effect of coagulants on the retention of colloids.

Equipment Description

In the above study the Muteck DFS -03 (Dynamic Filtration System) was used in the
Retention Mode . DFS measures the drainage and retention of the fibre suspensions and is
used for laboratory evaluation of different chemical additives .The equipment consists of a
sample holder equipped with a stirrer, a wire mesh and a sample outlet valve at the bottom.
In the drainage mode, filtration is achieved as a result of drainage through the fibre mat. As
soon as the stirring of the pulp suspension is stopped, due to their natural flow, the fibres
accumulate on the wire forming a mat.
In the retention mode, due to the continuous stirring of the pulp suspension during the
filtration process the formation of the fibre mat is prevented. As a consequence the retention
which is observed is only due to physico-chemical interactions occurring between fibres and
the fine elements which have to be retained.

3
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Methodology Followed : The following sequence is followed -

Pulp Preparation:

• TMP pulp is repulped in a helico pulper at 6 % consistency, 50 ° C for 30minutes
• The water from the pulp is collected after centrifugation and is reused for repulping of

fresh lot ofTMP (The first lot of pulp is discarded ).
• The resultant pulp is diluted to 4% consistency and used for subsequent study.
• A portion of the pulp is centrifuged to recover the water which is characterized for

TDS , Conductivity, Dissolved COD

Treatment with Coagulant

Cationic Demand Determinations are made with the following polymers
• Polydadmac
• Polyamine
• Polyethyleneimine

Depending on the cationic demand, the dosage of polymers required for 10, 30, 70, 100%
neutralization of 250 gm of pulp( 4% consistency) sample is determined.

Test of Chemicals

• 250 gm ofpulp( 4% consistency) sample is distributed in a beaker at 40°C and the
required dosage of the polymer is added. The pulp is stirred for 5 minutes reaction
time.

• The pulp is then diluted to 0.9 % consistency and filtered through the DFS .The
following stirrer profile is maintained - 1500 rpm for 60 seconds before filtration,
then stirring is maintain during filtration process.

• The filtrate is collected and the turbidity measured after centrifugation.
• The different polymer dosages are plotted against the turbidity measurements to asses

the effectiveness of the polymers for retention of the colloids.

Results

The results of the above study are as given below:

Table 1 : TMP Water Characteristics

TDS 2.85 gil
Dissolved COD 3700 mgll
Conductivity 826 us Icm

High TDS and Dissolved COD levels indicate a substantial release of colloidal and dissolved
substances in the water. This means that this water can be considered a good model solution
for conducting the above study.

4
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II Table 2 Turbidity Measurements for Filtrate samples obtained after
addition of different polymers

Polymer Added Dosage % Turbidity (FNU)
Poly- ethylene amine 10 152

30 106
70 8.34
100 6.42

Polyamine 10 159.4
30 157.7
70 92.2
100 57.3

Polydadmac 10 158.2
30 134.1
70 33.5
100 15.31

Blank - 163.5

Figure 1 :Plot of Neutralization level vs Turbidity Measurements
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• The figure shows a sharp drop in the turbidity levels in the case of all the three
polymers applied ,indicating a decrease in the colloidal content of the filtrate after
polymer addition.

• The removal of colloidal content is maximum for polyethylene imine indicating the
suitability of this polymer for fixation of the colloids for instance .colloidal stickies
on to the fibres thereby facilitating there reduction in the PM backwaters.
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ASSESSMENT OF STICKlE DEPOSITION POTENTIAL

Deposition Tests for Measurement of Primary and Secondary Stickies

Precipitation Test for Secondary Stickies

Introduction

The recyclers of recovered papers often find it difficult to tackle the stickies deposition
problems. Their difficulties stem from the following facts

• wide variety and types of stickies encountered In paper recycling that call for
different control strategies and

• lack of effective quantification methods that can asses the deposit potential of
different forms of stickies .

While there are number of criteria for classification of stickies , based on the behaviour of
their formation, stickies are classified as

• Primary Stickies and

• Secondary Stickies
The primary stickies are formed as a result of the disintegration of adhesives during pulping
and stock preparation and are solid through out the pulp and paper making process. Primary
stickies originate from the self - adhesive labels, envelopes, stamps, waxes etc.
Secondary stickies on the other hand result from the soluble and hydro-dispersible substances
which are dispersed during stock preparation .These substances can originate from waste
paper contaminants or from chemicals used in the process or from natural wood compounds.
Secondary stickies are thus formed by following mechanism:

• formation of soluble and colloidal materials during pulping and

• destabilization of the soluble material either by addition of cationic poly-electrolyte,
pH or temperature shock or other means that decrease the solubility causing the
colloidal or soluble substances to precipitate.

The adverse effects of Stickies in the pulp and papermaking process can be controlled by
making an assessment of the stickie deposition potential of the recycled pulp. For a complete
and accurate assessment, it is essential to make measurements of the stickie deposition rates
for both the primary and secondary stickies .
A description of methods for the measurement of the primary and secondary stickies
followed at CTP is given below.

I
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Measurement of Primary Stickies
Description of :Metliotfofogies for Stickies Control

The aim of the method is to quantify the amount of primary stickies that attach themselves to
hydro-phobic surfaces on account of their tackiness. Such measurements can be useful in the
evaluation of different chemical additives that are used for Primary stickies control. Two
types of tests may be used: deposition test applied on pulp suspension with specific
deposition tester and handsheet deposition test

Deposition test in deposition tester

Method and Materials

Preparation of model pulp suspension
The measurements were made on model pulp suspension that was contaminated with stickies
. For the purpose adhesive was applied at the rate of 1% on the pulp pads. A mixture of long
and short fibre pulps was used in the ratio of 1:1 . The pulp was then disintegrated in the
Lhomorgy pulper at 3% consistency and 20 minutes duration.

The Deposition test
The pulp was then diluted to 1 % and fed into the deposition tester (see picture below and
drawing in appendix) . To determine the plugging rate of the stickies, a nylon wire mesh
,mounted on a metal frame, was suspended in the deposition tester. The temperature of the
pulp suspension was maintained at 45°C. The nylon wire was allowed to move in the pulp
suspension. The stickies being hydrophobic in nature were attached to the nylon mesh. After
a duration of 20 minutes the nylon mesh was removed and then washed under a slow stream
of water to remove the adhered fibres. The stickies however remain attached to the nylon
mesh. The washed mesh was then allowed to dr ovemi ht.

Quantification of Stickies
Quantification of stickies was carried out by the Image Analysis method. For the purpose
,the stickies were first coloured by gently brushing the pigment from a carbon paper using the
fingers (see picture below which shows the coloured stickies stuck on the wire). The stickies
were then scanned and measured by the Simpatic Lab Dot Measurement Software developed

2
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by Techpap , France .The software determines the stickie deposits by measuring the area
covered by the stickies in mm- 1m2 of the nylon mesh .

•

Without Talc addition
Picture 2: view of the wire with stickies after colouration

Passivation of Stickies using Talc
The above test method can also be followed for evaluation of chemical additives that are
used to passivation of stickies, for instance talc . Talc when used as a passivating agent ,
shields the stickie tacky surface that inhibits their deposition .The effect of talc addition is
determined by measuring the reduction in the stickies deposits that attach to the hydrophobic
surface, compared to a reference sample (without talc addition). To study the effect of talc
addition in the laboratory, talc was added at 1% on O.D weight basis at the time of pulp
disintegration .

Result and Discussion
The result oflmage analysis of the Primary Stickies deposits obtained for the reference pulp
and the pulp after talc addition is given in the table below.

Table: Stickies Deposition Area as determined by Image analysis method
Sample Detail Stickie Area in mmv m-.

Pulp without Talc Addition
Field 1 2227
Field 2 1864

Average 2045
Pulp with Talc Addition

Field 1 285
Field 1 237
Average 261..

The above results show the ability of talc to de-tackify the pnmary stickies and thus reduce
their deposition on hydrophobic surfaces. In the above test a reduction efficiency of 87 %
was achieved. This shows the ability of this test to characterise the evolution of primary
stickies tackiness face to different situations (addition of chemicals). This test maybe also be
applied with mill samples in order to control the stickies tackiness along the process.

3
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Nevertheless, it must be mentioned that industrial pulps already contain a lot of fillers
(coming from the raw materials) and consequently talc which play the role of endogenous
passivating agents. Consequently usually, the deposition rate observed in mills are much
lower (depending on the stickies content however) compared to the situation of the test
perform at in presence of model stickies.

4
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Handsheet deposition test

Materials and methods

Preparation of model pulp suspension
A model pulp suspension contaminated with stickies was prepared using the procedure
described above .To ensure the proper sampling of the stickies, the pulp suspension was
diluted first to a consistency of 6 gil and then to 1.2 gil prior to the preparation of the hand
sheets.

Preparation of Hand sheets
For the deposition of the stickies , a nylon wire mesh was cut into size and placed on the wire
of the hand sheet former . A plastic ring was then placed on the mesh to ensure that all
stickies deposit within the limits of the mesh for the purpose of quantification. The hand
sheet was then prepared from one litre of the model pulp suspension that was made up to 7
litres in an automatic cycle consisting of 10 seconds of vacuum. The hand sheet was then
separated from the nylon mesh by gently pressing two sheets of blotters on the hand sheet.
The separated nylon mesh was washed under a slow stream of water to remove the adhered
fibres and replaced on the sheet former. For deposition of a sufficient amount of stickies ,
four more hand sheets were prepared on the same nylon mesh by repeating the above
procedure. To ensure the accuracy of the results, for each sample measurements were made
in triplicate. In order to fix the stickies , a silicon paper was placed on the nylon mesh and
pressed by a metallic roll . This is important as the stickies that are not pressed may roll
during the subsequent coloration step.

Quantification of Stickies
For the coloration and quantification of the stickies, the procedure described above was
followed.

Results and Discussion

The figure below demonstrates the effectiveness of the hand sheet method for the
characterization of evolution of stickies tackiness under the influence of passivating agents
.The suitability of the method can be assigned to the following reasons

• The deposition of the stickies are carried out under conditions that closely simulate
the conditions of paper formation and pressing in a mill . The method can therefore
generate laboratory results that can more closely be translated to mill applications.

• Compared to the deposition test in a deposition tester, the hand sheet method requires
lesser volumes of samples . The test can thus be carried out in duplicate or even
triplicate ensuring the accuracy and repeatability of the results.

• The method also presents the flexibility of making measurements . For instance,
depending on the amount of stickies that attach to the nylon mesh, the number of
hand sheets prepared on the same mesh can be varied. However for a particular study
it is important to follow the same procedure for all measurements.

5
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Measurement of Secondary Stickies
The aim of the method is to measure the deposition potential of secondary stickies that are
formed by the electrostatic destabilization of the soluble and colloidal stickies . Such
measurements can be useful in the study of influence of wet -end chemistry on the
formation of secondary stickie deposits

Method and Materials
The deposition potential of the secondary stickies is determined by measuring the plugging
rate of hydrophobic surface that is in contact with the secondary stickies . The destabilization
of the colloidal and soluble stickies is induced by the addition of poly -electrolytes . These
poly- electrolytes react with the colloidal and soluble stickies to form precipitates that may
plug the nylon wire mesh.
For the demonstration of the methodology, DIP was prepared in the laboratory and was
centrifuged to recover the DIP water. The DIP water was the subjected to chemical
destabilization with solutions of PEl and PDMAC .

Preparation of Deinking Pulp
A model deinking pulp suspension was prepared from 50% magazine and 50%Newsprint that
was re-pulped in Helico pulper . Following conditions were maintained in the pulper .

Table: Pulping Conditions For DIP

Consistency, % 9,0
Chemical additions, %

NaOH 0,75
Hydrogen peroxide 1,0
Sodium silicate 0,75
Soap (sodium Oleate) 1,0
Pulping Duration, Minutes 20

Recovering Soluble and dissolved Materials
To separate the pulp and recover the DIP water, the pulp was diluted to 1% and thickened.
The DIP water, coming out of the thickening stage, was again centrifuged at 3000g / 10
minutes to remove all the suspended materials. This DIP water ,that contained only the
colloidal and soluble substances was characterized for total dissolved materials, pH ,
Conductivity, Turbidity, COD, and cationic demand with PEl and PDMAC .

Precipitation and Deposition of Secondary Stickies
One liter of DIP water is taken in a beaker and warmed to 45°C in a water bath. The volume
of the electrolyte required for the 114, 112, 3/4 and complete neutralization of one litre DIP
water is calculated for determining the dosage of the Poly-electrolyte addition. The first
dosage of the poly -electrolyte is added with stirring using a magnetic stirrer. After a contact
time of 5 minutes, a nylon wire mounted on a metal frame is placed in the beaker. After 10

7
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minutes the wire is removed from the beaker and allowed to dry overnight. The procedure is
repeated for the next dosage. A blank run is also made.

Determination of Plugging Rate
The Image analysis method is used for determination of plugging rate. The nylon mesh from
the above deposition tests are scanned after covering with a black surface and the area of the
blackened surface measured by the Simpatic Lab Dot Measurement Soft ware. This
measured area corresponds to the area of the wire that is free of any depositions .The
plugging rate is then determined as -

Plugging Rate % = Total Black Area - Black Area of sample X 100
Total black Area

Where,
Total Black Area Area of Blank Run

Result and Discussion

Characterization of DIP water
The characteristics of the DIP water is given in table below.

Table: Characteristics of DIP Water
Parameters Values
Total dissolved Material % 0,05
pH 9,06 at zs-c
Turbidity NTU

- Before Centrifugation 55,9
- After Centrifugation 12,09

Conductivity f..lSI em 521 at zs-c
COD mg II 234
Cationic Demand ,ml for 10 ml water
- With PEl (10 gil) 0,337
- With PDMAC (5 gil) 0,151

From this characteristics It can be concluded:

• The water from DIP preparation presents very low load in dissolved and colloidal
materials: 0,5 gil of dissolved substances and only 12 unit of turbidity for centri fuge
water.

• This water is therefore not representative of industrial water. This is unfortunately a
major problem when process water is produced at lab scale by repulping of recovered
paper in lab pulper with fresh water. To improve the situation it can be possible to
make multiple repulping with water recycling which will increase the concentration
of dissolved and colloidal substances. This however is time consuming since at least
10 cycles are needed to reach values which may be compared to industrial values. In
this kind of study the best way to proceed is to use directly the water from the mill

8
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which has to be studied. Moreover, the composition of the water is specific to each
mill and this may affect strongly the reactivity of the chemicals that have to be tested.

• Concerning our study, we should expect low precipitation and deposition in the tests
as the quantity of potentially precipitable materials (colloids) is very low.

Stickies deposition and Plugging Rates

The stickie deposition rates as measured by the area of the blackened surface and the
plugging rates are given in the table below.

Polyelectrolyte Dosage Fraction Black Area mmv m'. Plugging Rate %
Cationic Demand

Blank - 118606
PEl Y.t 92222 22

12 71165 40
Y4 107969 9

Total 112222 4
PDMAC Y.t 127923 - 8

12 112050 6
Y4 94238 21

Total 112442 5

Main conclusion from these values

. PEl gives higher plugging rate compared to polydadmac (maximum 40% compared to 20%).
This situation is usual and was already observed by CTP several times. Two particular things
must be underlined with PEl addition:

o This chemicals may induce an medium plugging rate even with very small
quantity of colloids presents in the water phase.

o The maximum plugging rate occurs for the lowest dosages (1/4 and 1/2)
which does not represent a common situation. Indeed, usually maximum
plugging are achieved for 3/4 and complete neutralisation. In the case of this
particular study, plugging test was performed a day after the cationic demand
measurements and this may explain an over-dosage of PEL in the deposition
test: micro-organism growing has probably decrease the concentration of
materials able to react with PEI so that during the test lower quantity of PEl
would be required to reach the neutralisation. It is important to point out that
the deposition test has to follow immediately the cationic demand
measurement. Moreover, it must be recommended to perform the test with
water as fresh as possible: ageing induce changes in the composition which
may affect the deposition tendency.

9
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Figure :Deposition of Secondary Stickies -
Plugging Rates With PEl and PDMAC
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Measurement of Secondary Stickies by Precipitation Method

The aim of the method is to measure the amount of dissolved and colloidal material in
process water or pulp suspensions, that are liable to precipitate and form secondary deposits,
using the turbidity measurement method °

The turbidity measurement method is based on the fact that turbidity of process water or
water from the pulp suspension, that is free from any suspended matter corresponds to the
amount of the colloidal material ° Addition of poly - electrolytes can however induce the
precipitation of the dissolved and colloidal material leading to the formation of suspended
particles ° The reduction in turbidity measurements made after the removal of the suspended
materials then gives the measure of the soluble and colloidal substances that are liable to
precipitate °

Method and Materials
The test was initiated with DIP water from the deposition test ° To remove the suspended
matter, the DIP water was centrifuged at the rate of 3000 g / 10 minutes . 40 ml of the
centrifuged water was then taken in 5 separate beakers and the different dosages of Poly-
electrolytes, corresponding to 0, 114 , 1/2 ,3/4 and complete neutralization of this water,
was added to each of the beakers ° The beakers were then placed in a water bath at 40°C and
the solution stirred with a magnetic stirrer ° After the elapse of 15 minutes, the beakers were
removed from the water bath and the water was centrifuged ° Turbidity measurements were
then made on the centrifuged water °

10
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Result and Discussion
The turbidity measurements made on the DIP water after the precipitation of the dissol ved
and colloidal substances with polyethylene amine and Polydadmac are given in the table
below.

Table: Turbidity Measurements For DIP water after Precipitation and
Removal of Soluble and Colloidal materials.

Dosages of Poly-electrolyte Turbidity in NTU
Blank 6,19

Polyethylene amine
~ Volume of cationic demand 1,13
Y2 Volume of cationic demand 0,37
% Volume of cationic demand 0,62
Total Volume of cationic demand 14,96

Poly dadmac
114 Volume of cationic demand 0,90
112 Volume of cationic demand 0,69
3/4 Volume of cationic demand 0,79

Total Volume of cationic demand 7,82

Unfortunately, due to the very low quantity of colloids contained in the DIP water (6 units of
turbidity) , the test cannot give relevant results. Even the lowest dosages of coagulants induce
decrease of the turbidity which is not a normal situation: usually effect is detected for
dosages higher than half neutralisation.
To give a better idea of the results which may be reached by using this test data from
previous work are given hereafter. The goal of this study was to evaluate the activity of
different products as coagulants. For this purpose, water from a DIP plant (filtrate from
second loop) was used to test the different products according to the precipitation test
presented here above. Characteristics of this water are reported in the following table.

Dissolved materials (gil) 0,7
COD (mg/l) 490
Turbidity after centri. (FTU) 98
Conductivity (us/ern) 1090

From these values, it clearly appears that this water contains more colloidal substances
compared to the water produced at lab scale (98 vs 6 units of turbidity).
Results of precipitation test are reported the figure below which represents the evolution of
turbidity after centrifugation versus the neutralisation achieved for 4 different chemicals.

11
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It appears that the test enables to make discrimination between different products: indeed, in
the present case, 3 of the products studied behave similarly, whereas one (P/H) present a
higher efficiency for the coagulation of the colloids which are contained in this particular
process water.
This test is therefore convenient for the determination of the most suitable coagulant to be
applied in a particular process. Moreover, some information regarding the dosage at which
the polymer has to be applied is gained.
Nevertheless, it must be pointed out that it is important to complete this test with the
deposition test. Indeed, it is required to ensure that the coagulation which takes place does
not lead to the formation of tacky materials which could be deposited in the paper machine
afterwards.
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Conclusion
In this report three tests are described which enable to characterise the behaviour of stickies
in different conditions.

o First test is devoted to the characterisation of the ability of macro-stickies to be
deposited in wet conditions. This test is useful for the evaluation of different
techniques (chemical treatments most of the time) which aimed to decrease the
deposition ability of the macro-stickies (by reduction of their tackiness).

o Second test is devoted to evaluate the presence of colloidal substances which may be
precipitated by the addition of coagulants. This test may be applied either to quantify
the evolution of potentially precipitable materials over a particular process (same
precipitating chemistry has therefore to be used in this approach), or to evaluate the
efficiency of different chemicals to coagulate the colloids contained in a particular
process water flow.

o Third test directly derives from the previous one and completes it: this test is devoted
to the characterisation of the behaviour (particularly the deposition ability) of the
materials which is precipitated by coagulation of colloidal materials.

Finally, it must be emphasis that to achieve relevant results, and particularly to be able to
make some mill diagnostic, industrial pulp or water have to be used as materials for the tests.
Each process water will react differently face to the same chemistry so that it is impossible to
draw any general rules regarding the use chemicals (nature and dosage) for stickies control in
deinking process.

13
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COMPUTER MODELLING STUDIES ON STICKlE CONCENTRATION

OF RECYCLED PULP - SIMULATION OF PILOT PLANT TRIALS

Introduction

Stickies are the most deterrent contaminants encountered in the recycled fibres. These stickies
originate from various organic adhesives, tackifiers and coating binders used in papermaking
and conversion operations and include styrene -butadiene rubber, acrylates and polyvinyl
acetates. When recovered paper containing these contaminants is processed, the stickies are
reduced to particles of different sizes . Despite various cleaning steps in the paper mill
recycling system, residual contaminants remain leading to deposit problems . While the
macro-stickies that originate from the insoluble and non-dispersible adhesives are
considerably removed by screening and cleaning the micro and colloidal stickies are carried
over to the paper machine leading to runnability problems and paper quality defects.
The detrimental effects of colloidal and micro-stickies can be minimized by employing certain
physico-chemical techniques like floation and DAF units in the process line that can induce
the removal of micro-stickies. However, different techniques can have different bearing on the
reduction! carryover of the stickie deposit potential to the paper machines. It can therefore be
interesting to study the influence of such process modifications on the reduction of stickies
content of recycled pulp.
The influence of such process modifications in the process line can be simulated using
Computer models based on separation coefficients derived from real measured values of
stickies content. Thus for carrying out studies on the evaluation of stickies content all along
the process line, the application of Computer Models can prove useful.
Studies were therefore initiated for design of a computer model based on a simple waste paper
processing line. For the purpose, a Pilot Plant Trial was conducted that was complemented
with laboratory DAF (dissolved air flotation) studies on the pilot plant process water.

Objective of the Study

The objective of the study was to design a computer model based on a simple waste paper
process that can help study the influence of different processes and process modifications on
the stickies content of pulp.

Pilot plant trials

For the purpose of determining the stickies separation coefficients for various processes of a
recycled fibre line, a pilot plant trial was carried out by pulping of raw materials used in an
corrugated board producing mill (old corrugated containers).

Procedure description

For the pilot trials the process sequence of Pulping - Cleaning - Screening - Floatation _
Washing was used. The sequence is depicted in the flow diagram below :

1
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Flow diagram of pilot trial

Pulping
PUlping was carried out in the hydra - pulper. The following conditions were maintained in
the pulper-

• Consistency 5%

• Temperature 40° C

• Duration 30 minutes
To simulate the mill conditions, pulping was carried out using the water that was previously
prepared by repulping and thickening of recovered paper seven times.

Cleaning and Screening
This was followed by high density cleaning and screening in the pressure screens at the
conditions given below

• Consistency 2.5%

• Rej ect Rate 2%
To attain the required consistency in the pressure screens, dilution of the pulp was made
using the filtrate recovered from the washer.

Floatation
The pulp accept from the pressure screens was then floated in the two vertical pilot floatation
cells (see picture below).Accepts from the first floatation cell was floated in the second cell
before being sent to the washer .Following conditions were maintained for floatation:

• Air ratio 200%

• Addition of Sodium Oleate 0.2 gil

• Addition of calcium 0.15 gil

2
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Washing
Washing was carried out in a pilot washer called "Classiflux" developed at CTP (see picture
below) . It consists of a sloped wire of l Ouum . Dewatering of the pulp suspension is
achieved as the pulp, introduced at the top of the slope, reaches the end of the slope and the
water passes through the wire .Following consistencies were maintained during washing:

• Inlet consistency 1 %

• Outlet consistency 10 %

Pilot plant Classiflux washer

Dissolved air flotation

The Dissolved Air Floatation technique is used for the separation of fine suspended material
from a liquid. When different chemistries are employed, the technique can also facilitate the
removal of colloidal substances. The DAF technique when used as a water clarification
system can efficiently remove the suspended and the fine element fraction in the clarified
water and significantly reduce the stickie deposition potential. No DAF treatment is
implemented in this particular pilot trial. However, to determine removal efficiencies of the

3
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various components which would take place in such treatment, some test were performed at
lab scale. Washing filtrates were then collected and submitted to clarification by the mean of
the laboratory DAF unit - Flottatest FTH3 (See Picture below).

DISSOLVED AIR FLOTATION LABORATORY DEVICE

Waters+
polymer '" ....----1-- .....

/-----¥-~---~f-""7'"""f1ressurised water

Lab DAF unit: Flottatest FTH3

Characterization of Pulp and Reject samples from the Pilot Plant Trial

In order to study the evolution of the various pulp components all along the process line ,the
following samples of pulp and rejects were collected.

• Pulper Outlet

• Outlet Coarse Screen

• Inlet Floatation

• Accept Floatation

• Washer Filtrate

• Washer Accept Pulp

• Rej ect Coarse Screen

• Floatation Froth

• DAF (lab) accept
The collected samples were then analysed for the various parameters that were considered
relevant for the subsequent modelling studies. The different parameters and the methodologies
followed for their determination are described below.
Fibres : The fibres were determined as the fraction of the suspended solids that were
retained on the 100ym wire after intense washing UlyPer washing) by tap water. The
consistency hyPer washing therefore represents the fibrous fraction ofthe pUlp.
Fillers: The fillers were determined as the amount of residue obtained after ignition of the
pulp samples at 525°C i.e. by ash measurement.
Fines; The fraction of the suspended solids which is washed away by hyper washing contains
the fines and the fillers. The amount of fines were thus calculated as-

Fines = Fibres - Fillers

4
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Stickie content

The stickie content is assessed by the concentration of the dichlromethane extract contained in
the pulp samples The rates ofDCM extractible materials performed on different pulp fractions
gives the estimate of the different stickies content:

• Total stickies : DCM extracts performed on the dried entire pulp give an
estimation of the total stickies concentration .The dried entire pulp contains the
totality of the suspended solids and the dissolved materials and thus contains the
contribution of the macro, micro and colloidal stickies .The dried entire pulp is
prepared by drying 5 gram (o.d. weight) in pre- weighed aluminium cup ,over the
water bath followed by oven drying at 105°C for I hour.

• Macro Stickies : DCM extracts performed on the dried hyper washed pulp give
an estimation of the macro stickies concentration. The hyper washed pulp fraction
contains only the fibres and the macro contaminants and is free of the both the fine
elements and dissolved and colloidal materials . Consequently the solvent
extraction performed on this fraction represents the contribution of the macro
stickies. The hyper washed pulp was prepared by washing about 10 g (o.d.) of
entire pulp on a 100).lm metallic wire using tap water till a clear filtrate is obtained
. The residual pulp is then thickened on to a filter paper and the pad oven dried at
105°C for 1 hour .

• Micro/colloidal stickies: Micro stickies are the tacky particles that have size
between 100 urn and 1-5 urn while the colloidal stickies are smaller than 1-5 urn .
Thus the fraction of stickies that are not retained on hyper washing consist of
contributions from the micro and colloidal stickies .The micro and colloidal
stickies were thus calculated as

Micro / Colloidal Stickies Total Stickies - Macro Stickiesl

5
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Result and Discussion

The results of the analysis are given in Table 1. From these results it was possible to
establish the complete balance of the pilot plant process for all the pulp components studied
(fines, fillers, fibres, micro and colloidal stickies, macro-stickies and total stickies). This is
reported in the figure 1.

Table 1 : Characterization of Pulp and Reject Samples for various Parameters
Pulper Outlet Inlet Accept Washer Washer Reject Floatation
Outlet Coarse Floatation Floatation Filtrate Accept Coarse Froth

Screen Pulp Screen
Consistency 2/1 47.32 25.95 13.32 12.66 2.52 77.97 14.42 17.20
Consistency 32.61 15.28 8.15 8.92 0.42 62.84 1.81 3.75
Hyper-washing gil

Hyper-washing 68.9 58.9 61.2 70.4 18.9 80.6 81.9 21.8
rate %

Fillers 2/1 8.56 4.5 2.38 1.31 0.70 5.49 - 8.31
Fines WI 6.15 6.17 2.79 2.43 1.4 9.64 - 5.14
°SR 45 60 50 - 32 - -

Water Retention 1.14 1.12 1.19 1.21
Rate 212
Rejects Somerville 1.09 0.07 0.09 0.14 10.10 0.04
10/100 cellulase
Total stickies , 0,964 0,927 1,147 0,725 1,220 0,302 2,806
gl100 g entire pulp

Macro Stickies, 0,436 0,324 0,236 0,196 0,098 0,273 0,119
2/1002 entire pulp
Micro/Colloidal 0,529 0,603 0,912 0,529 1,122 0,029 2,686
Stickies, g/IOO g
entire pulp

6
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Flotation Efficiencies

Flotation efficiency is defined for each pulp component as its transfer rate from the pulp to
the froth.
Although the balances are quite complete, the flotation efficiencies are determined according
to the two calculation ways:

Calculation based on the difference between the flotation inlet and the accept outlet:
froth transfer rate = ((Qinlet - Qoutlet accept)/ Qinlet)* 100 (1)

Calculation based on the froth: froth transfer rate = (Qoutlet froth)/ Qinlet)* 100.(2)
The values from these two calculation modes are reported in the table 2

Table 2 :Flotation Efficiencies (%)
Based of Accept Based on foam

--
TSS 18 18
Fillers 53 48

- -- -
Fines 25 26

- -
Fibres 6 6
Total stickies 48 48

---- -
Macro-stickies 32 10
Micro-stickies 52 58

18
Avera e

6

51
25

48
21
55

The differences observed between the two calculation modes comes from the fact that for
some components the balance around the flotation is not complete. This situation (which is
usual) originate from experimental errors which take place during sampling and
measurements.
Nevertheless, these efficiency values clearly show the good ability of flotation to remove
stickies and particularly micro-stickies (55% removal efficiency) which corresponds to a
common situation already experienced in previous studies. Moreover, it must be noted that
fillers are also strongly affected (51% removal efficiency) which is not so common: usually
fillers removal during flotation is not so high (25 - 30%). This could be due to the fact that
rather important amount of soap was added (1.5%). Anyhow these values will constitute the
basis for the design of the model flotation cell in the simulation work.

Washing Efficiencies

Washing efficiency is defined in this work as the passage rate towards the washing filtrate
achieved for each individual component. As in case of flotation, 2 calculation modes may be
used to determine these efficiencies:

Calculation based on the difference between the washing inlet and the thick pulp outlet:
passage rate = ((Qinlet - Qoutlet thick pulp)/ Qinlet)* 100 (1)

Calculation based on the filtrate outlet: passage rate = (Qoutlet filtrate)/ Qinlet)* 100. (2)

8
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Values are gathered in table 3. They show that still for some components the balance is not
complete (differences observed between the results given by the two calculation modes).
This is especially true, unfortunately, for the stickies and particularly micro-stickies where
removal efficiencies of 95 and 54% are found. In this particular situation it does not seem
relevant to use the average value for the design of the model washer (in the simulation
study). Indeed, according to our experience, 54% is very low for the transfer of micro-
stickies in washing filtrates. Usual values are found to be comprised between 80 to 90%. As a
consequence, it will be considered that the value determined by the calculation mode based
on inlet and thick pulp compositions is the right one. Therefore, in the simulation a
separation coefficient of 90% will be set in the washing device for the micro-stickies.
Nevertheless, it can be observed that the washing stage really plays its role as it enables to
send most part of the micro-stickies in the filtrate.

--
Table 3 : Washinz efficiencies (%)

Inlet/Thick Filtrate/Inlet
pulp

TSS 17,3 17,2
Fillers 43,7 46,3

-
Fines 46,8 49,9

-
Fibres 5,4 4,1
Total stickies 69,2 42,9
Macro-stickies -2,5 12,7
Micro-stickies 95,9 53,8

-
Average

17,3
4~0 I
48,3 _ -1
4,8

-~
5,1

74,9

Whole Process Efficiencies

As the whole flotation / washing process comprises a dilution loop (washing filtrate being
reused to dilute the pulp at the flotation inlet), global process removal efficiencies for each
pulp component are different than those determined in the flotation step.
To determine process efficiencies, again, two ways of calculation may be applied which in
theory should lead to identical results. Nevertheless, due to experimental errors, these two
ways lead to slightly different results and consequently average process removal efficiency is
determined on the basis of the two calculations.

Calculation based on the difference between the process inlet (pulp chest before dilution
with washing filtrate) and the thick pulp coming out from the washer:

Process efficiency = «Qinlet - Qoutlet thick pulp)/ Qinlet)* I00 (I)

Calculation based on flotation froth rejected:
Process efficiency = (Qoutlet froth+ Qremoved filtrate)/ Qinlet)* 100. (2)

Global process efficiencies gathered in the table 4 show the very high efficiency of this
process to remove micro-stickies: more than 95% of the micro-stickies present in the initial
pulp are removed.

9
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Table 4 : Global efficiencies (%)
Based of Accept Based on total reject Average

TSS 25 24 24
Fillers 69 63 66
Fines 61 35 48
Fibres -3 9 3
Total stickies 77 78 77
Macro-stickies 41 10 26

-
Micro-stickies 97 114 105

Moreover, it appears that the process specifically affects each pulp component selectivity. As
a consequence, the resulting pulp will have a composition (respective proportion of each
component) different compared to the initial one. Based on this evolution of the composition
between the process inlet and outlet, it is possible to calculate the apparent removal rate of
each pulp component considered.
Table 5 reports the relative pulp composition and apparent removal efficiencies for all pulp
components.

Table 5 : Evolution of pulp composition between inlet and outlet process -
apparent removal efficiencies

Inlet composition Outlet Apparent removal!
composition _effic~encie~o/<0 J

Fillers 17,34 7,04 59 ,
Fines 23,78 12,36 48

- I
Fibres 58,88 80,60 -37
Total stickies 1,00 0,30 70 i

- - --i
Macro-stickies 0,35 0,27 22Ie---- ~- - -j

Micro-stickies 0,65 0,03 96---.~

These results clearly show an improvement of the pulp quality:

• Proportion of fibres has increased (37% more fibres in the pulp composition) which will
induces higher physical properties.

• Total stickies content is strongly reduced (70% less stickies in the final pulp) mainly due
to the high reduction of the micro-stickies content.

Conclusion

This process works efficiently to remove stickies from the pulp. This is the consequence of:

• A good micro-stickies removal efficiency during flotation

• An efficient separation of the micro-stickies during washing: most of them follow the
filtrate.

• Combination of both techniques which enables to achieve very high stickies global
removal efficiency. Indeed, stickies which are not removed from the pulp during flotation

10
Central Pulp & Paper Research Institute, Saharanpur.



~port J Computer :Jvioae[fingStudies on ~cycfea rpufps

will be separated from the pulp during washing and have a second chance to be removed
during flotation (dilution loop). This explains the fact that the global efficiency is higher
than the flotation one.

• The only negative point is the losses induced by the process:

o Total losses are: 24%

o Fibres losses are: 9%
This process will be the basis of the simulation work: a model including the different steps of
the process will be designed. The different removal efficiencies of each individual step
(flotation and washing) will be applied in the model. Running of the model in these
conditions which represent the initial state should lead to values close to those gained during
pilot plant trial.

OAF removal efficiencies

To reach efficient flotation with DAF, fibres present in the filtrates were previously removed
(filtration). Consequently only removal efficiency for fine elements (fines and fillers) and
micro / colloidal stickies were considered. Balance of these materials are given in the
following figure.

Volume (I) 0,05
Fine elts (g) 0,8755
Micro-stickies (g) 0,0178

Removal eff. (%
89
91

Volume (I) 1 ~I DAF cell I Volume (I) 0,95
Fine elts (g) 0,98 I I •.. Fine elts (g) 0,1045
Micro-stickies (g) 0,020

~

Micro-stickies (g) 0,0017

Figure 2: Balance ofDAF treatment - Chemistry: PDMAC 50 PPM + CPAM 2PPM

Values found correspond to what is usually observed in case of DAF treatment (80 to 90%
removal efficiency of the suspended solids which are present in the treated water). These
values will be used in one of the scenario of the modelling we will study.

Computer Modelling Study

Modelling description

The Simulated process

The process run at pilot plant was modelled (figure 3). As the first part (pulping and fine
screening) of the process does not work in a continuous way whereas the second part
(flotation and washing) is continuous, it was not possible to simulate these two parts at the
same time. Consequently, it was decided to only focus on the second part which is of prime
interest regarding micro-stickies removal: the pulp feeding this part produced after repulping
and fine screening (discontinuous process) having a constant and known composition.

11
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Non simulated Simulated part
CPPRI - Pilot plant I _ £J

r Fibres (%) 792

Fines (%) 127

Fillers (0/0) 80
I Macro s. (°/0) 0.39

I Micro s. ('Yo) 008

Fibres (%) 53.2

bales-conveyor Fines (%) 18.1

Fillers (%)
Macro s. (%)

Micro s. (%)

pressure-screen
/

IIcs:"g 5

chest

I Fibres losses (%) 7b

I Fines losses (%) 48.2

I Fillers losses (%) 58.2

I Macro s. losses (%) 229
I Micro S. losses (%) 93.7

/ /hd-cleaner

Fi ure 3 : descri tion of the simulated rocess

The parameters followed

The following parameters were studied in the simulated process:

Fibres

Fillers

Fines

Macro-stickies (measured as DCM extract)

Micro-stickies (measured as DCM extract)

Identification and validation of the model

After model design, according to the mill flow-sheet, an identification and validation step is
required. The goal of this step is to ensure that the model fits to the reality. This means that
the values of the measured parameters correspond to the simulated values.

For this purpose, the measurement performed during the pilot plant trial were used to set the
flow rates and separation coefficients in the different equipments simulated (flotation and
washing). Values reported in the table 3 and 4. After setting these values, the model was run
and the generated values were compared to the measured values (validation step).
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Fibres Volumetric flow
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Fi ure 4: Validation: Com arison of measured and simulated values

Figure 4 reports the validation for volumetric flow, total suspended solids, fibres and micro-
stickies. It clearly appears that simulated values and measured values are very close. This
validation has been done for all the parameters studied and the results are always good:
simulated values are close to the measured values.
As a consequence, the model in this form represents the process run pilot at pilot scale and
may be considered as the initial state: for all the process modifications studied, a comparison
to this initial state will be done.

Test of various process modification

Different process modifications were studied by simulation:

• Influence of a variation of the flotation removal efficiency of micro-stickles. This aimed
to simulate either changes in the chemistry which may be added during flotation or
changes in the physico-chemical conditions which prevail during flotation (mainly
surface tension) which may significantly affect the micro-stickies removal efficiency.

• Influence of implementation of a second stage of flotation: as shown in the results of pilot
trials, losses are important. Implementation of a second stage could be a way to reduce
the losses, keeping the reduction of the stickies content of the pulp still at a high level.

• Influence of changing the position of flotation and washing: the aim is to perform
washing before flotation. This kind of process was shown in previous study as an
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efficient way to reduce the pulp stickies content (micro-stickies removal) without
excessive losses.

• Influence of DAF treatment of the washing filtrate (instead of flotation): OAF may be
used instead of flotation to treat washing filtrate. However, this process is less selective
and could certainly induce higher losses.

Influence of flotation removal efficiency
To evaluate the different situation in term of reduction of the stickies content, the relati ve
concentration of stickies in the pulp was determined for each conditions. Macro,
micro/colloidal and total stickies were considered. Results are reported in the figure S.
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Figure 5 : Evolution of pulp stickies relative proportion versus micro-stickies removal
efficiency during flotation

Conclusion

• No significant effect of this process on macro-stickies concentration: even a slight
increase of the macro-stickies concentation is observed and this whatever the micro-
stickies removal efficiency. This results is expected, indeed, flotation induces the
removal of macro-stickies (20% removal efficiency), but simultaneously, flotation
induces the removal of fines and fillers so that at the end of the process the relative
concentration of macro-stickies has not really changed. This trend is commonly
observed in mills,
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• Even at low micro-stickies removal efficiency the process is efficient to decrease the
micro-stickies pulp content: 80% reduction at 20% removal efficiency. This is the
consequence of the high efficiency of the washing process which enable to send most
of the micro-stickies towards the flotation cell (90%).

• Finally total stickies content is much lower for all micro-stickies removal efficiencies:
55% reduction up to 70%.

• Nevertheless, the losses induced by such a process are still very high (more than 7%
for the fibres only and around 25% for TSS) which makes this option di fficult to
recommend from an industrial point of view.

Implementation of a second flotation stage
A second stage is implemented which treat the foam from the first stage. Accept from second
stage is then re-introduce at the inlet of first stage. Running parameters of second stage are
similar to those of the first one (same removal efficiencies).

Non simulated Simulated part..

bales-conveyor
I Fibres (10) 75.0

I Fines (%) 149

I Fillers (°10) 10 1

I Macro s (%) 042

I Micro s (%) 011

Results are summarised in the figure 7 which reports the evolution of the relative micro-
stickies concentration in the pulp between inlet and outlet of the process and this for the two
conditions (single stage or two stages). Moreover, fibres losses are also reported for the two
conditions.
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Conclusion

• No significant change regarding the reduction of the micro-stickies content: 92%
reduction in single stage conditions versus 89% in two stage conditions.

• However, fibres losses are strongly reduced from 7% down to 2%.
• In this configuration the process probably looks much more attractive: high stickies

removal for rather low losses.

9,000 0 Single flot stage

.2 flot stages

Ebres losses of
global process

t 8,000

~ 7,000 -j--------
III

-!I'~ 6,000
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;g 5,000 +----
:s
o 4,000
c
8
III 3,000
<II

~ 2,000 - -
Vi
::L 1,000

0,000 +--'------
Inlet Outlet Fibres losses

Fi ure 7 : Influence of a second sta e of flotation

Flotation of washing filtrates

To avoid excessive losses floation of washing filtrates is a good approach (it works in the
opposite way compared to the previous one). Indeed, washing will send a majority of the fine
materials in the filtrate, whereas the major part of the fibres will remain in the thick pulp. As
a consequence only a few amount of fibres will reach the flotation cell.
The simulated process is describes in figure 8. Parameters of washer and flotation cells are
kept constant (same efficiencies compared to the previous simulation).
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Non simulated Simulated part....
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Figure 8 : Implementation of a washing flotation process

As in the case of the previous simulation (flotation / washing), the removal efficiency of
micro-stickies in the flotation cell was varied from 20 to 80% (initial state value 55%).
Results are given in figure 9 which represent the evolution of the stickies relative
concentration in the initial and final pulp. Comparison is done between both scenarios
(flotation I washing and washing / flotation).
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Figure 9 : Evolution of pulp stickies relative proportion versus micro-stickies removal
efficiency during flotation

Conclusion

• Macro-stickies: an increase of their concentration is observed in the pulp. This
situation is expected: Indeed, this process remove suspended solids (mainly fines and
fillers) but very low amount of macro-stickies since most of them are retained with
the pulp during washing (95% retention of macro-stickies). Consequently, the relative
concentration of macro-stickies increases.

• Micro-stickies: Strong reduction of their relative concentration is observed: situation
is very similar to the other process design (flotation washing). Even for the lowest
flotation removal efficiency an important reduction of the micro-stickies relative
proportion is observed. The slightly lower efficiency of this process observed for the
highest micro-stickies removal efficiency (compared to flotation / washing process
orange doted lines) is not significant. It is due to the fact that in the washing /
flotation configuration slightly more filtrate is directly rejected from the process
(excess of filtrate) and do not achieve flotation cell.

• Finally this very good micro-stickies reduction induces a strong decrease of the total
stickies contamination of the pulp since micro-stickies are the predominant stickies
species,

• Regarding losses the situation is here much better compared to the flotation / washing
configuration (table 6): only 14% losses are generated. This option is even slightly
better in term of yield than the implementation of two flotation stages treating the
pulp flow.

Table 6: Losses of the different simulated processes - values obtained for a micro-
stickies removal efficiency in flotation of 60%

Fibres Total Total stickies apparent
losses (%) losses (%) removal (%)

Flotation washing single stage config. 7,6 26,2 66
Flotation washing two stage config. 2 17 61
Washing flotation 2 14 58
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Washing - OAF configuration
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OAF can be a way to treat washing filtrates (already used in deinking mills). However,
selectivity of this treatment is lower than the selectivity of the flotation. Indeed, in OAF all
suspended solids are roughly removed with same efficiencies.
Flow diagram of the simulated process is reported in the figure 10. This configuration is very
similar to the previous one. Just OAF treatment is implemented on the washing filtrate
instead of a flotation.

CPPRI - Pilot plant £3l

Non simulated Simulated part

Fibres (%) 749

I Fines (%) 12.0

Fillers (%) 13.1

I Macro s. (%) 0.44

I Micro s. (%) 0.13

Fibres losses (%) 4.5

I Fines losses (%) 40.5

Fillers losses (%) 43.2

I Macro S. losses ('10) 4.8

I Micro s. losses ('10) 89.3
Fibre (%)

bales-conveyor Fine (%)

II

($;" s
Filler ('10)

/

process-water

Macro s (%)

pressure-screen
/

/

Figure 10 : Implementation of a washing OAF process

Figures 11 represent the evolution of the micro-stickies content of the pulp between inlet and
outlet of the process for two configurations: washing / flotation and washing / OAF. Losses
are also reported.
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Figure 11 : Evolution of pulp stickies relative proportion and losses in the different
confi uration (washin / OAF) and washin / flotation

Conclusion

• Removal of micro-stickies with washing / OAF configuration is as good as in the case
of washing / flotation.

• However, as expected losses are higher due to the poor selectivity of the OAF
process.

• Comparison of the different scenarios tested (table 7) show that the best compromise
between stickies removal and losses is achieved with both washing / flotation
configuration and floation in two stages / washing. However, it seems that washing /
flotation would have to be preferred since it induce the lowest losses for a still very
good stickies content reduction.

Table 7: Losses of the different simulated processes - values obtained for a micro-
stickies removal efficiency in flotation of 60%

Fibres Total Total stickies apparent
losses (%) losses (%) removal (%)

Flotation washing single stage config. 7,6 26,2 66
Flotation washing two stage config. 2 17 61
Washing flotation 2 14 58
Washing DAF 4,5 19 58
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