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[bookmark: _Toc505957265][bookmark: _Toc532373915]INTRODUCTION TO THE FACILITATOR IMPLEMENTATION GUIDE OF THE OCCUPATIONAL CERTIFICATE: SUGAR PROCESSING CONTROLLER: KNOWLEDGE MODULE 5: SUGAR JUICE HANDLING AND CLARIFICATION
Dear Facilitator
This Guide has been created to assist you to facilitate the NQF 5 Occupational Certificate: Sugar Processing Controller Qualification: Knowledge Module 5: Sugar Juice Handling and Clarification.
The following materials form part of this programme:
	Name of Document
	Numbers required
	When to use

	Qualification Guide
	1 per learner + 1 for facilitator
	At start of programme

	Knowledge Component

	Learning Resources (Textbooks)
	13 per learner + 13 for facilitator
	Hand out at start of each module

	Learning and Activities Guides (Workbooks)
	13 per learner + 13 for facilitator
	Hand out at start of each module

	Learner Summative Assessment Tool (Assessment documents)
	13 per learner + 13 for facilitator/assessor
	Assessment to be conducted at end of each module

	Facilitator Implementation Guide (This Guide)
	13 for facilitator
	Retained by facilitator

	Facilitator Assessment Tools and Model Answers
	13 for facilitator
	Retained by facilitator

	Practical Skills Component

	Learner Log Book
	1 for learner + 1 for facilitator
	Hand out at start of Practical Skills Component

	Mill Supervisor Guide
	1 for facilitator and 1 for Mill Supervisor
	Retained by facilitator and Mill Supervisor

	Workplace Experience Component

	Learner Statement of Work Experience and Summative Guide
	1 per learner
	Hand out at start of Workplace Component



This implementation guide will provide the facilitator with guidance regarding the implementation of the programme. This guidance will include:
· Instructions to the facilitator
· The format of the facilitation
· Slides to use during facilitation
· Guidance on directing learners to their assignments
· Recommended reading and further resources to be used during facilitation
Let’s get started!
[bookmark: _Toc532373916]
PROGRAMME ADMINISTRATION AND PLANNING
There are several administrative activities that must be completed before, during and after the training. These include:
· Programme planning, 
· Learner recruitment; and
· Implementing the programme
[bookmark: _Toc532373917]2.1	PROGRAMME PLANNING
The project team and training division meet to:
1. Plan all the activities that must take place in order for the Occupational Certificate: Sugar Processing Controller to take place.
2. Assign people who will be responsible for facilitating the training (facilitators for theoretical component and instructors for the practical component), for assessment (Both formative and summative) and moderation.
3. Decide on the resources that must be purchased and made available during training.
4. Assign people responsible for gathering all the required resources.
5. Decide on the duration of this Occupational Certificate.
6. Ensure that all candidates have venues for the Work Experience Component (before the programme starts)
[bookmark: _Toc532373918]2.2	LEARNER RECRUITMENT
1. Provide learner information forms to all learners for completion.
2. Collect all learners’ qualifications, CVs and I.D. copies.
3. Evaluate the applications for eligibility for enrolment to the Occupational Certificate.
4. Inform learners who have been successfully selected to the Occupational Certificate by way of a welcome letter.
5. Inform learners who have been successfully selected to the Occupational Certificate of the first day of the programme.
6. Upload of learners to the AgriSETA database
7. Receive the proof of uploads from the AgriSETA
[bookmark: _Toc532373919]2.3	IMPLEMENTING THE PROGRAMME
1. Compile a detailed implementation plan and programme schedule.
2. Edit, print and prepare the appropriate learning material.
3. Purchase and prepare stationery packs for learners (if applicable)
4. Purchase stationery for facilitator.
5. Book training venues for theoretical and practical components as required by the programme schedule.
6. As the programme proceeds hand-out learning materials.
7. Train according to the implementation guidelines provided in this manual. Remember to be well prepared before each training session. Find additional learning resources such as examples, samples, photos, posters, videos, pamphlets and additional textbooks etc. which can add value to the learning experience. 
8. Build site visits and field trips into the programme as often as possible. Invite guest speakers from the industry and specifically from sugar mills to share their experience with the learners.
9. Guide the learners through their individual and group exercises and assignments in the Formative Assessment Guide and provide inputs where required.
10. Request the assessor to assess the modules as the training proceeds (Formative and summative).
11. Obtain feedback from the learners on, at least, a weekly basis regarding their satisfaction with the programme (Venue, Facilitation, Logistics, Amenities). Evaluate the feedback and address issues raised as quickly as possible providing feedback to the learners as to how these issues were addressed.
12. Ensure that learners understand the Training Provider appeals procedures and the Code of Conduct of the Training Provider.
13. As Competency Results become available ensure that these are sent to the relevant functionary for data capture and, if relevant, upload to the AgriSETA database.
14. Ensure that learners are eligible to proceed to the practical component of the Occupational Certificate before signing off on the Knowledge Component.
15. Ensure that learners are eligible to proceed to the Work Experience Component of the Occupational Certificate before signing off on the Practical Component.
16. Ensure that Mentors for the Work Experience Component are adequately briefed on their role and responsibilities before placing the learner for the Work Experience Component.
17. Plan for and schedule the Integrated Summative Assessment event (recruiting panel, providing the learner with the relevant case study materials, allowing enough time and resources for the learner to prepare for the assessment, scheduling the Summative Assessment date, time and venue, sending invitations to the panel and the learner).
18. Once competency is declared ensure that results are uploaded to AgriSETA and request the relevant department to print the award certificates (as relevant).
19. Issue certificates to the successful candidates. 
[bookmark: _Toc532373920]2.4	IMPLEMENTATION DOCUMENTATION
The Training Provider will provide templates of the following documents to the facilitator as requested:
· Learner recruitment form
· Training schedule
· Welcome letter
· Attendance registers
· Daily evaluation form
· Learner upload forms
· Individual learner progress report forms



[bookmark: _Toc532373921]KNOWLEDGE TOPIC 1: SUGAR JUICE HANDLING AND CLARIFICATION: BACKGROUND
INSTRUCTIONS TO FACILITATOR
Purpose:	To introduce the candidates to Knowledge Module 5: Sugar Juice Handling and Clarification
Objectives:	By the end of the session the candidates will:
a) Have received their Sugar Processing Controller Knowledge Component Learner Guide – Book 5 (Textbook)
b) Have received their Sugar Processing Controller Knowledge Component Formative Assessment Guide – Workbook 5, 
c) Be aware of the topics that will be dealt with within this module.
Procedure:	Hand out the participant materials and conduct a presentation. Allow time for learning activity.
Participant Materials:	Hand-out the following participant materials
· The Learner Guide Book 5 (Textbook)
· The Learner Formative Assessment Guide – Workbook 5
Presentation:	Do a presentation explaining the Sugar Juice Handling and Clarification process in general covering the following aspects:
· Background to Sugar Juice Handling and Clarification
Slides:	Use the following slides for your presentation and refer frequently to the Learning Resource for further information.
[image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ]
Practical activity:	Organise a visit to a Sugar Mill for a guided tour of the Juice Heaters, Clarifiers and Filters of a Sugar Mill factory. Spend some time looking at the equipment – It would be advantageous if some of these components can be viewed in a workshop or as non-installed components so that the learners can view the working parts of the equipment and the insides of these chambers. Learners are instructed to take notes and photos during their field trip and compile a report from the visit. (6 hours). A follow-up field trip will be done again at the end of this Knowledge Component to view the equipment in operation with some practical demonstration of troubleshooting and operation.
Total time taken:		Presentation: 2 hours
				Practical activity 6 hours
Close:				Move on to the next Knowledge Topic

[bookmark: _Toc532373922]KNOWLEDGE TOPIC 1: JUICE HEATING (40%)
INSTRUCTIONS TO FACILITATOR
Purpose:	To introduce the candidates to Knowledge Topic 1: Juice Heating
Objectives:	By the end of the session the candidates will:
a) Understand the components of Mixed Juice and why clarification is necessary
b) Be able to demonstrate an understanding of the process steps and use of equipment related to juice heating
c) Be able to list the key control points related to juice heating and explain the controls
Procedure:	Conduct a presentation and allow time for the learning activity.
Participant Materials:	The learner will use the following materials:
· The Learner Guide Book 5 (Textbook)
· The Learner Formative Assessment Guide – Workbook 5
Presentation:	Do a presentation describing the properties of mixed juice and the juice heating process and principles.
Slides:	Use the following slides for your presentation.
[image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ]
Learning activity:	Guide learners to Page 11 of the Learner Workbook 5. Learners are instructed to complete Learning activity 1.1. (2 hours). 
	Guide learners to Page 13 of the Learner Workbook 5. Learners are instructed to complete Learning activity 1.2. (2 hours)
Total time taken:		Presentation: 4 hours
				Learning activity 1.1: 2 hours
				Learning activity 1.2: 2 hours
Close:				Move on to the next Knowledge Topic.
[bookmark: _Toc532373923]

KNOWLEDGE TOPIC 2: CLARIFICATION (40%)
INSTRUCTIONS TO FACILITATOR
Purpose:	To introduce the candidates to Knowledge Topic 2: Clarification (40%)
Objectives:	By the end of the session the candidates will:
a) Be able to demonstrate an understanding of the process steps and use of equipment related to clarification.
b) Be able to list the key control points in juice clarification and explain the controls.
Procedure:	Conduct a presentation and allow time for learning activities.
Participant Materials:	The learner will use the following materials:
· The Learner Guide Book 5 (Textbook)
· The Learner Formative Assessment Guide – Workbook 5
Presentation:	Do a presentation covering the following topics:
· Sugar Juice Clarification
Slides:	Use the following slides for your presentation referring frequently to the Learning Resource for more detail.
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Learning activity:	Guide learners to Page 19 of the Learner Workbook 5. Learners are instructed to complete Learning activity 2.1 (10 hours)
	Guide learners to Page 33 of the Learner Workbook 5. Learners are instructed to complete Learning activity 2.2 (5 hours)
Total time taken:		Presentation: 6 hours
				Learning activity 2.1: 10 hours
				Learning activity 2.2: 5 hours
Close:				Move on to the next Knowledge Topic
[bookmark: _Toc532373924]

KNOWLEDGE TOPIC 3: PROBLEM SOLVING (20%)
INSTRUCTIONS TO FACILITATOR
Purpose:	To review sections of Knowledge Topic 1 and 2 as they relate to problem solving in sugar juice handling and clarification (20%)
Objectives:	By the end of the session the candidates will:
c) Be able to demonstrate an understanding of trouble shooting and standard responses related to juice handling and clarification.
Procedure:	Conduct a presentation.
Participant Materials:	The learner will use the following materials:
· The Learner Guide Book 5 (Textbook)
Presentation:	Do a presentation covering the following topics:
· Heat Exchange problems and corrective measures
· Liming problems and corrective measures
· Clarification problems and corrective measures
· Filtration problems and corrective measures
· Mud recycling problems and corrective measures
Slides:	Use the following slides for your presentation referring frequently to the Learning Resource for more detail.
[image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ]
Practical activity:	Organise a further visit to a Sugar Mill for a guided tour of the Juice Heaters, Clarifiers and Filters of a Sugar Mill factory. During this visit view the equipment in operation with some practical demonstration of troubleshooting and operation. Learners are instructed to take notes and photos and to compile a report regarding the operation of juice heating and clarification equipment as well as provide several trouble shooting instructions that have been demonstrated or discussed with them during the field trip.
Total time taken:		Presentation: 5 hours
				Practical activity: 6 hours
Close:				Move on to the next Knowledge Module.
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KNOWLEDGE COMPONENT: MODULE 5:
SUGAR JUICE HANDLING AND CLARIFICATION:
BACKGROUND
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ugarCane Processing Steps: Juice
Clarification

STAGE

Juice extracted from the crushing mills contains

- i
Sugar Juice impurities which are removed by adding lime and

Mixed Juice heating the limed juice. The lime neutralises
Tank acids and precipitates impurities which *settle
<= L.P.Steam out” in large specially designed vessels called

Primary
Heater

clarifiers. The clear sugar juice is run off from
the top of each clarifier.

Muddy juice extracted from the bottom of

the clarifiers is mixed with

Secondary fine bagasse and then

To g ke
Heater Evaporator filtered using cylindrical

rotati cuum filters to
recover the sugar. The mud and
bagasse mix (filter mud) extracted by
the filters is used as a fertiliser on cane
Mud arms and in gardens. This recycles

much of the phosphorous taken up

Mud Disposal Mud Filter ~ Mixer from the soil by the cane plant.
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* Crushed juice and first mill juice are mixed and

screened of bagasse particles
* This mixed juice is pumped to the mixed juice
scales DemioncFloceutne |

Aflocculant is a substance which

s MIXed juice: promotes the clumping of particles;
— Is a cloudy, greyish or greenish, foaming liquid
— Has 80 to 84% water content

— Contains sand particles, fine bagasse particles,
cane wax and air bubbles
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* Removal of impurities

* Done by:
— Heating to +/- 104°C
— Liming (defecation process)
— Settling of mud
— Decanting of clear juice
— Filtration of mud
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. Mixedjuice is weighed
* Pumped to a surge tank
* Pumped to the juice heaters

* Heated in two stages

— Primary heating to 70°C (Using vapour from the
first or second effect evaporator)

— Secondary heating to 104°C (Using exhaust steam)
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Juice heaters

— -_V 3 - B —
A steam chest with tubes through
which the juice flows and around
which steam s present

Tube plates form compartments
Baffles force the juice to change

direction to and fro

The juice is heated to about 104°C
and limed to 7.5pH

Then passes through the in-line mixer
to the

Flash tank where the juice is exposed
to atmospheric pressure to remove
air
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Milk of lime is prepared by slaring burnt lime or
quick lime in a slaker

Slaker consists of stirrers with cold water
Lime is present in suspension (and a small part in

solution)

To prevent lime particles settling in the pipeline it
is pumped around continuously

Milk of lime is kept in three buffer tanks

Milk of lime is continuously added to the hot
juice in the perry tank with the pH controlled
automatically
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Purpose of Liming

Mixed juice is acidic (5.5pH)
Milk of lime addition causes a precipitate of
calcium phosphate

This removes suspended solids from the juice

After settlin gof this precipitate (mud) a layer of
clear yellow juice will be seen.

This precipitate is filtered and the filtrate
returned to the mixed juice after the mixed juice
scale.
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If clear juice is heated at a pH below 7:

* Sucrose will be hydrolysed and form invert
sugar

* Quantity of sugar inverted depends on:

* The pH (more sugar is inverted at a lower
pH)

* The temperature (the reaction is speeded
up, when the temperature is higher)

* The time
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The Purpose of the correct liming

* [f clear juice is heated at above 7.6:

* The reducing sugars form coloured bodies and
acids

* This affects the production of white sugar
* Optimal pH is 7.2
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Clarifiers

Two types of clarifiers in South Africa
SRl clarifier
* Juice enters tangentially from the sides
* Short retentiontime
Rapi-Dorr clarifier
* Operated on the counter-flow principle
* luice enters from the top
* Longjuice retentiontime
Flocculantis dosed continuously to the lime and heated juice before the clarifier
* Polyelectrolytes
* Separan R300
* Magnafloc LT27
* Talosep A3

* Forms polymers with attached (mud) particles
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The Clarifier

From the perry tank the juice flows to a clarifier

Here continuous settling takes place

Conisists of a cylindrical shell with four conical (sloping) trays
The clarifier fills from the bottom up

The hollow central shaft:

Through which the juice enters the clarifier,

Feeds the four compartments

Slowly rotates

Has 4 scraper arms

Scrapes the mud from the sloping trays

Mud is pushed into the mudwell by the scrapers
* Clear juice is drained off from the top of the clarifier
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Filtering of the Mud

i
Mud from the mudwell is pumped (or gravity fed) to the mud
box
This flows to the mud mixer
It is mixed with bagacillo (which serves as a filter aid)
Processed using a vacuum filter drum

Undissolved dry matterin the mud is retained on a screen on
the vacuum drum filter and is removed as cake
Mud particles passing the screens of the vacuum drum filter
are returned with the filtrate to the mixed juice

Good filter operation depends on:
* Good retention
* Low pol% of filter cake
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=

Properties of Mixed Juice !

| e T ET .
* The major constituents of cane juice from the

extraction plant are:

In suspension
(insoluble)

* Bagasse
 Sand

« Clay

* Chlorophyll
* Wax

* Starch

* Air
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Sucrose

* Adisaccharide

* One molecule of glucose plus one molecule of
fructose

Sucrose
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Qi

\L’ g(wu SD Glucose

6 cyom
5

Reducing S

Monosaccharides B

Simple sugars

Glucose and Fructose Fructose
Not removed during clarification
Reaction products are highly coloured ol
Can be destroyed by heat under alkaline conditions
Degradation of reducing sugars must be prevented

Acids produced by reducing sugars must be neutralised
by lime

Reducing sugars decreases the solubility of sucrose and
increase sucrose recovery during pan boiling

H
'Y/ chyon
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Combinations of positive and negative ions

Positive ions : K*, Na*,Ca%*,Mg?*,Fe*
Negative ions: CI,SO,*,PO,3> and SiO,*

Not removed in the clarifier
Precipitate as sacle in the evaporators
Ends up in final molasses

Increases solubility of sucrose — thus
decreases the sucrose recovery during pan
boiling
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Organic salts

Glycollic, suxine, malic, oxalic, tonic, citric,
acetic, and aconitic acids. A

All form soluble lime salts and are not
removed by clarification.

Oxalic acid reacts to form calcium oxalate that
normally precipitates at higher brixes in the
last vessels of the evaporators - forming a
hard scale.
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Coloured bodies

* Plant pigments
— Chlorophyll A and B (green)
— Carotene (yellow)
— Xanthophyll (yellow)
— Removed during clarification

* Flavanols

— Polyphenols e.g. Anthocyanins (red, blue and
violet)

— React with iron and oxygen to form dark coloured
compounds in alkaline solutions
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Iron compounds, Tannins and Pectins

* Fe?*and Fe3*ions
* Tannins consist of complexes of esters and ethers of
various carbohydrates
— On hydrolysis gallic acid and glucose molecules are
formed
* Pectins
— Gelatinous carbohydrates
— Increases viscosity of solutions
— Increase the solubility of sucrose
— Slows down crystallization process
— Hydrolysed in alkaline solutions
— Precipitated and removed during clarification
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Gums and Proteins

* Gums
Colloidal polysaccharides
Pentosan units
Increase the viscosity of solutinos

Cane which is left standingin the field after cutting or
diseased cane contains higher gum content than fresh cane

* Protein
 Large molecules
* Made up of amino acids in chains to form peptides
* Originate from tops and trash
* Coagulated by heat and lime — removed by clarification
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Found in the nodes and the rind of the cane plant
60 — 80% is retained in the bagasse

Wax removal is dependant on the temperature of
the imbibition water

Physically removed with the mud during
clarification and can be recovered from the filter
cake

Some wax may remain in suspension and occlude
into the sugar crystals
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Starch is composed of glucose units strung together

An undesirable impurity in cane juice

Causes difficulties in refinery filtration

Insoluble in cane juice — becomes soluble above 70°C

Above 70°C the starch granules burst releasing colloidal starch into the
juice

Small amount is removed during clarification

The remainder is occluded in the sugar crystal and slows down the
crystallization rate

Removed using enzymes (amylase) which hydrolyses the starch to
glucose and maltose

Amylase is added between the 2" and 34 effect evaporators.
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— g ,
* Interferes in any clarification process

involving settling
* Removed by heating and flashing prior to

clarification

* Solubility decreases with an increase in
temperature
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The Need to Remove Colloidal Substances

If not removed, results in:
* Increase in viscosity of syrup and molasses
Slows down filtration
Causes foaming
Increases the colour
Interferes with crystallization of sucrose

A particular problem group are the pectins, gums and proteins

After a severe frost the concentrations of pectins, gums and
proteins increase

If cane is allowed to stand and go stale:
* Organicacids increase

* Gumsincrease

* Reducing sugarsincrease
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Inversion involves the decomposition of sucrose into glucose
and fructose

Glucose and fructose are called invert sugars or reducing
sugars

Glucose and fructose cannot be converted back into sucrose

Glucose and fructose are lost in the molasses

The rate of inversion increases with:

o Increase in acidity (pH>7)
. Increase in temperature
= Increase in the time of the exposure to the above mentioned conditions

It is impossible to control all three things (above) at all times

The entire factory is designed to control at least 2 of these
factors at all times
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Effect of Clarification on Juice Colour

Colour normally increases in the clarification process

Dark colour of raw juice is cause by polyphenol derivatives —
notably tannin in the presence of iron

If iron is absent the colour will be darker

The precipitate of calcium phosphate formed in liming absorbs
some colour

The amount of colour absorbed increases with the phosphate
content of the juice

The defecation process is used to rid the juice of suspended
and colloidal matter but does not reduce colour
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The Purpose of Heating

Heat is a form of energy — measured in joules

Heat moves from one place to another in three ways:
¢ Conduction
* Convection
* Radiation

Heating and boiling in the factory is done using conduction

Measurement of Heat Transfer
¢ Using the heat transfer co-efficient

* Heating surface
* Temperature difference

¢ Using the specific heat capacity
* Mass of juice

* Temperature change

pecific heat cap:
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Types of Heat Flow

* In a heat exchanger there can be three types of flow:

« Co-current flow T - — ethld

Heat flow

f— s,

Cold liquid

* Countercurrent flow Hot liquid

T, 3= T

{ Heat flow

lowe— ¢

Cold liquid

* Cross flow

Steam
Tl

Heat flow
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Heat Calculations

* Juice velocity and heat transfer

K=1.165 T, (5+ v)

* Pressure drop through a heater

P =0.0245 x (vAC /D) x (1 + L)

* Heating surface

:_In to| . ]4.187
3600
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Juice Heaters

Shell and Tube Heaters

A cylindrical steel shell with brass or stainless tubes expanded into tube
plates at the ends

Vapour is fed around the tubes
Juice is pumped through the tubes
Plate and Frame Heaters
* Consists of a bank of corrugated stainless steel places that hang in a frame
* The space between the plates is alternatively filled with juice and steam
Flashing and Flash Tanks
Open to the atmosphere

Juice under pressure at 105°C enters the flash tank and boils violently (i.e.
flashes)

Definition: Flashing is violent boiling caused by a pressure drop
Rids the limed juice of entrained gases
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Purpose of Juice Heaters

* Scaldingjuice heaters
* Associated with diffusers
* To control microbiological losses and to facilitate sucrose extraction
* Mixed juice heaters
* After the juice scales but before the clarifier
* Facilitates clarification by:
* Promoting coagulation of proteins
* Increases the rate of precipitation
* Removes air by flashing
* Controls microbiological losses

* Clear juice heaters

¢ Other heaters — used to heat:
* Intermediate juice
* Press water
* Imbibition water
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KNOWLEDGE COMPONENT: MODULE 5:
SUGAR JUICE "E\T‘ LING AND CLARIFICATION:
KNOWLEDGE TOPIC 2: CLARIFICATION
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Why Clarify Mixed Juice?
* Mixed juice contains many impurities
* These are present as:

— Insoluble matter

— Colloidal matter

— Soluble matter

* A clear juice MUST be produced:
— Of the correct pH
— Free of suspended and colloidal matter

— With minimal loss of sucrose or destruction of
reducing sugars
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Summary of Clarification

Mixed Juice Heaters

Vapour 2 Vapour 1

(100°C) (110°C)
pH Control
Mixed Jui
ixed Juice | Flash
60°C 85°C 105°C

Exhaust Steam (120°C)

To evaporator
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%
Clarification is done using heat and lime
Liming produces an insoluble calcium phosphate
precipitate:
— This traps the impurities
— Settles out

— pHof 7.0to 7.2
Temperatures must be raised to a maximum 103 to 105°C

The mixture is then “flashed” to atmosphere and the
precipitate settles out

Juice is removed from the top and the solids are removed
from the bottom of the clarifiers

Defecation removes the insoluble matter (but not the
soluble impurities)
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B %
Increases the rate of the reaction between

lime and the acids
Can be slow at low temperatures
Cause coagulation of the organic constituents

(e.g. albumin protein)
Heating above boiling point allows for flashing
Flashing removes air

Heat destroys microorganisms and enzymes
(reducing sucrose losses)
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Causes coagulation of some colloids and thus, their
precipitation

Neutralizes free organic acids
Causes change in pH from slightly acidic to neutral
Insoluble solids (sand and fine bagasse) are caused to

settle out
Change in pH reduces investion
The precipitate contains:

— Insoluble lime salts ( e.g. Cas(PO),)

— Coagulated albumen (protein) and varying proportions of
fats, waxes and juices.

— The flocculated precipitate carries with it most of the
finely suspended material left in the juice.
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Lime and Milk of Lime

Either as Milk of Lime or Lime Saccharate

Sources of lime include:

— Limestone
— Granular lime
— Powdered lime

Milk of Lime must be kept moving all the time
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Sources of Lime
* Hot liming
— Heating followed by liming
— Short retention time at 103°C
— Most used method in South Africa

* Saccharate liming

— The objective is to form the most soluble salt
(mon-calcium saccharate)

— Requires an excess of sucrose
— Temperatures below 58°C
— Rarely used in South Africa
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Removes air from the juice and flow

Causes particles of bagacillo to burst and sink
with the solids

Results in a uniform and constant
temperature in the limed juice

Uniform temperature prevents thermal
currents and promotes good settling

Temperature of juice must be at least 103°C
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Observe the way condensed vapour is given off the flash-
tank vent pipe — no steam — something is wrong

The downward velocity of the juice in the juice/air
volume of the flash tank should not exceed 500mm/min
to allow escape of the bubbles

The diameter of the flash tank should be rated to that
velocity

There should be no restriction in the exit path of the
escaping air and vapour from the juice

The diameter of the pipe used should be such as to allow
an upward velocity not greater than 1.7m/s
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Allows precipitate to flocculate
Precipitate collects at the bottom of the clarifier
Clear juice is removed from the top

Flocculation and settling can be helped by addition
of symthetic water soluble polymers

Good juice flow is vital

Large and sudden variationsin juice dlow interferes
physically with the contents of the clarifier —
causing floc to contaminate the clear juice.
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The Precipitate

An amorphous calcium phosphate (CaP04)

Crystallises into hydroxyl apatite [(Ca5(OH)(PO4)3] which is more stable.
Attributed the amorphous phase the composition of tricalcium phosphate
(Ca3(P0O4)2).
Precipitation takes place in two stages:

* First small particles form

* Particles grow and rearrange into an intricate floc
The floc traps and absorbs all suspended solids.
Also included are the other non-sugars— These are precipitated by:

* the reaction change,

* by the heat,

* by the calcium and

* by the increase in pH.
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The Role of Phosphates in Clarification

- — :
Phosphate must be above a certain amount

At least 300ppm (0.3%)

If below 300ppm phosphates must be
added

Either:
* Phosphoric acid (H;PO,),
* Phosphoric acid paste or

* Mono calcium phosphate (CaHPO,)
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pH and pH control

Sucrose inversion is accelerated by acidic conditions and high
temperature

Reducing sugars are destroyed at high pH and high
temperatures

Both reactions are time dependant
Time cannot always be controlled, but pH can
pH can be controlled within a range

pH must be high enough to:
* Obtain complete phosphate precipitation
¢ Without producing excess soluble lime salts

Allow enough time between addition of lime and thorough
mixing before measuring pH
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Flocculation

Primary flocculation
Impurity particle
Particles in suspension with a negative charge

Reducing the pH neutralises the negative charge

Introducing a bridging mechanism allows for the
formation of an inorganic precipitate
Secondary flocculation P ——
High molecular mass polymers
Attach to adjacent impurity particles
Synthetic water-soluble polymers are used in SA
Good ones:
Improves flocculation
Increases settling rate
Reduces mud moisture
Decreases pol in cake

Increases the clarity of the juice
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Settling Theory

Floc is separated from juice in clarifiers.
Settling rate of particles depends on:

— The densities of the particles of the precipitate and of the
liquid

— The size, shape and diameter of the particles

— The viscosity of the liquid

Not much can be done about the density and viscosity of the
juice.

Thus only the size and shape of the particles can be controlled.

This highlights the need to avoid all damage to the floc after
liming out and the addition of flocculants.
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Types of Clarifiers

Rapid-Dorr Clarifier

Difference in arrangement of compartments
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Filtration

Mud from a clarifier appears to be a thick fluid

Contains only 3 to 5% mud solids on a dry matter
basis

90% of the mud is clear juice and must be recovered

The filter station separates the mud solids from the
clear juice

Objective of filtration:

— The separation efficiency must be as high as
possible

— Sucrose losses must be minimized
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Rotary Vacuum Filter
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Rotary filters

s SN S — 2>
Eliminates manual labour (compared to filter
presses)

Filtrate not clear enough to go to the evaporates
Filtrate thus sent back to the mixed juice
Increases load in milling factories by 20%

Performance depends on:
* Mud solids concentration
* Retention
* Bagacillo ratio
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Filter aids / Mud Conditioning
Cane muds do not filter well

Bagacillo is used as filter aid

— Is the fine bagasse particles separated from the
bagasse by suction through inclined screens

— Forms a porous mat
— Traps mud solids
— Allows drainage of filtrate

Low filtration rate and long residence time reduces
filtrate purity
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Filter aids / Mud Conditioning

* Aflocculant (coagulant)is also added to improve
filtration (different from the flocculant used for
clarification)

Using polymers in mud filtration:

— Reduces the insoluble solids content of filtrates (0.4 -
2%)

— Reduces moisture content of filter cake (75 - 79%)
— Reduces percentage pol in filter cake (30%)
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Filter Operation - Retention

* Retention is defined as the mud solids in the filter cake
as a percentage of the mud solids in the filter feed

* If all the mud solids remained in the filter cake and all
the juice was recovered as filtrate, then filter retention
would be 100%

* Retention can be maximised by controlling:
Bagacillo quality
Bagacillo quantity
Mud solids concentration
Pickup vacuum

Filter speed
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Filter drum speed rotation influences the formation of cake

Revolution should be 1 in 6 minutes
This slow revolution gives wash water time to displace the juice
Effective cake washing depends on:

* Effective reduction of the pol in filter cake

* Wash water equal to volume of juice in mud

Washing performance depends on:

Wash water temperature
Pick-up vacuum

Dry bagacillo % feed
Filter speed

High vacuum

Bagacillo quality

Spray nozzles
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Disposal of Filter Cake

* Difficult due to:
* Transport costs
* Locations for dumping
* Has some value as fertilizer

* However, “smuts” (cane disease) are sometimes
included with the filter cake making it unsuitable
as fertiliser
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Imbibition Water
500 tons

Mixed Juice

120 tons
Cane Brix=12%
100 tons J Purity = 86%

Brix = 15%
Purity = 85%
Fibre = 15%

Bagasse 30 tons
Brix=2%
Purity = 50%
Moisture = 50%

Evaporation
1ton

Flocculant
Lime

Clarifier feed .
Clear juice

125 tons
200 tons

Brix=11%

Filtrate Mud Rurity=86%

5 tons 4 tons
Brix= 8% Solids = 4%
Purity = 84% i.e. 0.16 tons mud solids

Bagacillo 0.2 tons

Water 1.8 tons
Filter cake 1 ton
Pol = 1.2%, Brix = 1.4%
Purity = 84%, Moisture =
75%
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KNOWLEDGE COMPONENT: MODULE 5:
SUGAR JUICE "b\f‘ LING AND CLARIFICATION:
KNOWLEDGE TOPIC 3: PROBLEM SOLVING
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Heating — Problems and Corrective Measures

The purpose of heating:

— Promotes coagulation of proteins

— Increases the rate of the precipitation

— Removes air by flashing

— Controls microbiological losses

— Facilitates sucrose extraction
Heating is done between 65°C to 90°C in the first stage and 90°C to
105°C in the second stage
Above 105°C melted waxes emulsify and become difficult to
remove
The velocity of the juice through the heater tubes should lie
between 1.5 to 1.8m.s™! to:

— Get good turbulence and heat transfer

— To reduce incidence of scaling
— To reduce heating surface (smaller heaters are then possible)
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Liming — Problems and Corrective Measures

At the milk of lime plant, there are three buffer tanks, where a supply of
milk of lime is kept

The milk of lime is continuously added to the hot juice in the perry tank,
pH being controlled automatically

pH and the temperature must be kept constant to obtain maximum
purification
If the pH controller fails to control:
— It must be switched to manual
— Lime dosing is controlled manually with the aid of indicator paper
— Willturn a shade green for the correct pH
— If the colour turns yellowish, more lime must be added
Also used for manual pH control are
— Phenol red and bromothymol blue
— These indicators change colour at approximately pH 7
— Colour change is from yellow (acid) to red (alkaline)for phenol red
— Colour change is from yellow (acid) to blue (alkaline)for bromothymol blue
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Liming — Problems and Corrective Measures
— cont.

Use a Beaume Spindle for rough estimation of lime
concentration

If the clear juice is heated at a pH below 7, sucrose will be
hydrolysed and form invert sugar

Sucrose inverted depends on:

— The pH (more sugar is inverted at a lower pH)

— The temperature (the reaction is speeded up, when the
temperature is higher)

— The time

At higher pH values:

— The reducing sugars will form coloured bodies and acids, These
cause many troubles in the production of white sugar

It has been found that keeping the clear juice at about pH
7.2 is the optimal pH
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Clarification — Problems and Corrective
Measures

* For proper clarification the following points should be
kept in mind:
— An alkaline reaction causes:
* Destruction of reducing sugars

* Coloured products are formed

* Increased viscosity in massecuites and molasses, causing:

— Poor curing
— Lower exhaustion

— Negatively affects the quality of the sugar
— An acid reaction causes inversion of sucrose

* Higher temperature speeds up the two reactions above

¢ Short retention times are desirable, as the reactions
above are time dependent
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Clarification — Problems and Corrective
Measures (cont.)

Filling and emptying the clarifier is critical and should
be done slowly

Bypass gate must be fully open

Before starting the juice feed, start the scraper
mechanism

Fill from the bottom up

Mud pump must be started soon after the juice starts
flowing into the clarifier

To empty: The centre tube bypass valve must be
opened and the unit emptied slowly

Once empty the clarifier must be thoroughly washed
out with water
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Clarification — Problems and Corrective

Measures (cont.)

If the top compartment overflows — pump mud out faster
Lower compartment overflows — raise the overflow sleeve

If all compartments overflow
— Pump mud out faster
— Slow down the feed rate
— The settling properties of the floc may have changed. Check:
* pH
. j)uice quality
* Temperature
No juice flow from lower compartments
Feed might be below capacity
Mud removal is too fast (thin mud). Slow down the pumping rate.
Overflow pipe may be blocked. Clear blockage
The juice in overflow pipe may have cooled which will raise its density.

Lower the sleeve to regain flow, then raise to original position again.
Or use an air or steam line in the juice pipe to lift the juice
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Clarification — Problems and Corrective
Measures (cont.)

S
* Mud is thin
— Removal of mud is too fast — Slow down pumping rate

— Clarifier may be overloaded and does not have
enough time to thicken

— Slow down the feed rate

* Unable to pump mud

— Mud may be too thick — Flush the pipe with water and
pump out faster

— Pump may not be working — Check and correct
— Pipe may be blocked — Try flushing with air and water
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SRI Clarification — Problems and Corrective
Measures

Flocculant dosing rates: Periodic settling tests should be done
to ensure correct dosage rate

Flocculant must be distributed evenly
Check:
— Adjustment of flowmeters

— Strength of flocculant

— Pump operation

— Flocculant tank has flocculant in it

— Lumps in flocculant

— Right pH. Check the pH control system and dosing device
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SRI Clarification — Problems and Corrective
Measures (cont.)

Juice temperature entering the clarifier must be at least
100°C. Foam on the feed launder is an indication of air
entrainment and poor flashing.

It is critical that the rate of feed to the clarifier not
exceeds the settling rate. If the settling rate of the juice
reduces, the action is taken in the following order.

— Add more flocculant or change the flocculant
— Add phosphoric acid to produce more precipitate

— Reduce the mixed juice flow rate by slowing down
the mill
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Juice Deterioration

Effect of pH

— Purity drip increases as pH falls below 7.2 at a temperature of 88°C over a 40-hour
storage period

— If a longer storage period is expected, the pH must be increased
Effect of temperature

— Minimum purity drop between 71 and 74°C.

— Below this microbial activity increases — drop in purity

— Above this temperature chemical decomposition increases — inversion increases
Control deterioration as follows:

— Cold storage: Maintain a juice temperature below 71°C and treat the juice with a
bactericide like formalin

Hot storage: Maintain a juice temperature above 75°C and increase the pH by
adding more lime

Keep mud levels as low as possible during shut-down periods

During weekend or emergency shut-down — liquidate the clarifier if possible
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Clear Juice Quality

* If clear juice quality is poor, check:
— Juice flow — Increased juice flow causes disturbances in the clarifier
— If the juice flow is steady check the pH and temperature
— Check on the brix of the incoming mixed juice
* Incomplete settling may be due to:
— Small size of particles
— Protective colloid action
— Density of some particles not greater than that of the liquid
* Slow settling may be due to:
— Viscosity of the liquid
— Large surface area of particles
— Small density difference between particles and liquid





image76.JPG
Clear Juice Quality (cont.)
* Large volume of settlings may be due to

—Large amount of precipitable material,
particulary phosphate

—Low density of settlings

* Low density settlings may be due to:
—Shape and size of particles
—Hydration of the particles
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Filtration — Problems and Corrective
Measures

The criteria of a good filter operation are:

* Good retention, depending on:
Properly adjusted distribution head
No worn or broken screens

The bagacilloratio:
* The ratio between bagacillo and mud shouldbe +/-0.6 to 1.
Bagacillofineness

+ Approximately 80% dried bagacillo should pass a 20 mesh screen.
Rpm of the rotatingdrum
High and low vacuum

* Low pol % filter cake, depending on:
Amount of water

Proper distribution and spraying of wash water covering the whole surface of
the drum

Temperature of the wash water should be approximately 90°C
Rpm of the rotatingdrum

High and low vacuum, of which the ratio should be 2:1 with an optimum high
vacuum of 50kPa
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Mud Retention — Problems and Corrective
Measures

* Bagacillo quality:
— Must be fine (mostly pith)
— Free of long fibre

— Should pass through a 0.8mm screen (90%) and a 0.5mm screen
(70%).

* Bagacillo quantity:

— Dry bagacillo % feed - 3%

— More than 3% - mixing and pumping is difficult, and

— Wash water causes channeling with resultant poor washing
* Mud solids concentration (MSC):

With a low MSC (thin mud) a lot of filtrate passes through the filter
screen before the filtering mat is formed - causing poor retention.
With a MSC of 3% or less — poor retention

With a MSC of 3%-4% higher retentions are possible provided the
bagacillo ratio is correct.

More bagacillo is required as the concentration of mud solids increase
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Problems and

* Pickup vacuum:

— A low pickup vacuum allows the cake to build up gradually
and form a porous cake that allows for effective washing

— The pickup vacuum should not exceed - 20 kPa.

— A high pickup vacuum results in cloudy filtrate due to the
solids being sucked through the screen.

* Filter speed:

— Speed of the filter drum influences the formation of the
cake

— Maximum speed should be 1 revolution in 6 minutes
— Faster will reduce the retention

— Optimal speed will give the wash water sufficient time to
displace the juice
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Cake Washing — Problems and Corrective
Measures

Wash water temperature:

— Alow wash water temperature (below 70°C) reduces efficiency
because of the solidification of waxes

— These waxes solidify behind the screen and the screen and the wash
water has difficulty in draining away

— Atoo high water temperature can cause flashing at the filtrate pump
Pick—up vacuum:
— Alow pick-up vacuum results in a porous cake with good washing
properties. The pick-up vacuum must be less than -20 kPa gauge
Dry bagacillo % feed:
— If the dry bagacillo % feed exceeds 4% channeling of the cake will
result which will reduce the washing efficiency
Filter speed:

— Lowy/slow filter speeds give the cake more exposure to the wash water
which will improve the washing efficiency
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High vacuum:

— Agood vacuum (at least -60 kPa gauge) will draw water through the
cake with a greater force - thus improving efficiency

— If the vacuum is too high (about -80 kPa gauge) there will be a
possibility of flashing at the filtrate pump

* Bagacillo quality:

— Fine bagacillo gives a cake through which the wash water will be easily
drawn

— The water will not run off but go through the cake and improve the
removal of pol

* Spray nozzles:
— Blocked nozzles stop the flow of water with no washing of the cake

— Partially blocked nozzles cause the wash water to squirt out with
considerable force

— This results in channeling, excessive washing of part of the cake and
dilution of filtrate

— Nozzles should be checked regularly and cleaned whenever necessary
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Filtration — Further Problems and Corrective
Measures

Filter feed temperature should not be less than 85°C after bagacillo addition.
— Screen blinding may occur at lower temperatures through solidification of waxes.

The addition of feed to the filter trough should be continuous and proportional to the
filtration rate.

— The mud level in the filter trough mud boot should be constant and evenly
distributed over the length of the filter.

— Mud overflow into the overflow tank should be avoided and if it does occur the
mud should be pumped back immediately to avoid cooling and fermentation.

The addition of flocculant at 4 - 5ppm can sometimes help filtration but is not essential.
The cake thickness will vary with filter speed.

— The thickness can be increased by slowing the filter and by increasing the bagacillo
ratio.

— At the normal speed of 10 - 15 revs per hour the cake should be 5 - 6 mm thick.
— Athin cake will result in poor retention and blinding.
The pH of the feed should be adjusted after the clarifier to about 7.5 with milk of lime.
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Sucrose losses — Corrective Measures

Sucrose losses in the filter cake are between 0.2 and 0.3% of the sucrose in
cane — Acceptable
Sucrose losses in the filter station due to microbial activity is not acceptable
Associated with

— Low temperatures

— Long filtrate residence times in the filter station (should be 14 to 46
minutes)

Corrective measures:
— Reduce the heat loss which results from long retention times
Increase wash-water temperatures to at least 80°C

Reduce the heat loss caused by poor distribution and circulation of filter
feed in the filter boots (check for “dead spots”) — modify feed piping and
use steam sprayers in the boot

Increase filtration rate, to reduce number of filters — thus reduce filtrate
retention time

Check mud pH — An indication of deterioration in the clarifier (Should be
higher than clear juice pH because of the lime particles.)
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