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[bookmark: _Toc505957265][bookmark: _Toc8567372]INTRODUCTION TO THE FACILITATOR IMPLEMENTATION GUIDE OF THE OCCUPATIONAL CERTIFICATE: SUGAR PROCESSING CONTROLLER: KNOWLEDGE MODULE 7: PAN BOILING THEORY AND TECHNOLOGY
Dear Facilitator
This Guide has been created to assist you to facilitate the NQF 5 Occupational Certificate: Sugar Processing Controller Qualification: Knowledge Module 7: Pan Boiling Theory and Technology.
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: _Toc8567373]
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: _Toc8567374]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: _Toc8567375]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: _Toc8567376]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: _Toc8567377]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: _Toc8567378]KNOWLEDGE TOPIC 1: THEORY OF CRYSTALLISATION (15%)
INSTRUCTIONS TO FACILITATOR
Purpose:	To introduce the candidates to Knowledge Module 7: Pan Boiling Theory and Technology.
Objectives:	By the end of the session the candidates will:
a) Have received their Sugar Processing Controller Knowledge Component Learner Guide – Book 7 (Textbook)
b) Have received their Sugar Processing Controller Knowledge Component Formative Assessment Guide – Workbook 7, 
c) Be aware of the topics that will be dealt with within this module.
d) Be able to demonstrate an understanding of the various terms used to describe crystallisation.
e) Be able to demonstrate an understanding of the factors affecting crystal formation.
f) Be able to demonstrate an understanding of the factors affecting crystal growth.
g) Be able to demonstrate an understanding of the effect of impurities on crystal growth.
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 7 (Textbook)
· The Learner Formative Assessment Guide – Workbook 7
Presentation:	Do a presentation explaining the Theory of Crystallisation covering the following aspects:
· Solutions
· Purity and Saturation
· Crystal growth rate
· Crystal formation
· Effect of impurities
· Boiling Point Elevation
· Measurement of super saturation
Slides:	Use the following slides for your presentation and refer frequently to the Learning Resource for further information.
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Practical activity:	Guide learners to Page 11 of the Learner Workbook 7. Learners are instructed to complete Learning activity 1.1. (45 minutes). 
	Guide learners to Page 13 of the Learner Workbook 7. Learners are instructed to complete Learning activity 1.2. (10 minutes)
Guide learners to Page 14 of the Learner Workbook 7. Learners are instructed to complete Learning activity 1.3. (45 minutes). 
	Guide learners to Page 17 of the Learner Workbook 7. Learners are instructed to complete Learning activity 1.4. (45 minutes)
Organise a visit to a Sugar Mill for a guided tour of the Pan Boiling Equipment 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: 7 hours
				Learning activities (1.1, 1.2, 1.3, 1.4): 3 hours
				Practical activity 6 hours
Close:				Move on to the next Knowledge Topic
[bookmark: _Toc8567379]

KNOWLEDGE TOPIC 2: EQUIPMENT DESIGN AND OPERATION (15%)
INSTRUCTIONS TO FACILITATOR
Purpose:	To introduce the candidates to Knowledge Topic 2: Equipment design and operation.
Objectives:	By the end of the session the candidates will:
a) Be able to identify examples of pan boiling equipment
b) Be able to demonstrate an understanding of the principles of operation of batch pans and ancillary equipment
c) Be able to demonstrate an understanding of boiling point elevation.
d) Be able to demonstrate an understanding of pan instrumentation, feed systems, strike receivers, seed receivers and valves.
e) Be able to demonstrate an understanding of how to start a batch pan.
Procedure:	Conduct a presentation and allow time for the learning activity.
Participant Materials:	The learner will use the following materials:
· The Learner Guide Book 7 (Textbook)
· The Learner Formative Assessment Guide – Workbook 7
Presentation:	Do a presentation covering Pan Equipment Design and Operation covering the following topics:
· Batch pans
· Operation and ancillary equipment
· Pan instrumentation
· Feed systems
· Strike receiver
· Seed receiver
· Valves
· Starting a batch pan
Slides:	Use the following slides for your presentation.
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Learning activity:	Guide learners to Page 21 of the Learner Workbook 7. Learners are instructed to complete Learning activity 2.1. (30 minutes). 
	Guide learners to Page 24 of the Learner Workbook 7. Learners are instructed to complete Learning activity 2.2. (15 minutes)
Guide learners to Page 25 of the Learner Workbook 7. Learners are instructed to complete Learning activity 2.3. (1 hour). 
Total time taken:		Presentation: 7 hours
				Learning activities (2.1, 2.2, 2.3): 2 hours
Close:				Move on to the next Knowledge Topic.
[bookmark: _Toc8567380]

KNOWLEDGE TOPIC 3: GRAINING OF A PAN AND GROWING A MASSECUITE (30%)
INSTRUCTIONS TO FACILITATOR
Purpose:	To introduce the candidates to Knowledge Topic 3: Graining a pan and growing a massecuite.
Objectives:	By the end of the session the candidates will:
a) Be able to demonstrate an understanding of the principles of graining a pan and growing a massecuite.
b) Understand the principles of grain formation, the concept of a slurry, how to grain a pan and how to control super saturation.
c) Be able to demonstrate an understanding of automatic vacuum control, how to boil a massecuite, the concepts of the Brix of a pan feed, the meaning of hydrostatic head
d) Be able to demonstrate an understanding of how to strike a pan and how to deal with highly viscous massecuites.
Procedure:	Conduct a presentation and allow time for learning activities.
Participant Materials:	The learner will use the following materials:
· The Learner Guide Book 7 (Textbook)
· The Learner Formative Assessment Guide – Workbook 7
Presentation:	Do a presentation on the principles of graining a pan and growing a massecuite, covering the following topics:
· Grain formation
· Slurry
· Graining a pan
· Control of super saturation
· Automatic vacuum control
· Boiling a massecuite
· Brix of pan feed
· Hydrostatic head
· Striking a pan
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 29 of the Learner Workbook 7. Learners are instructed to complete Learning activity 3.1 (45 minutes)
Total time taken:		Presentation: 7 hours
				Learning activity (3.1): 45 minutes
Close:	Move on to the next Knowledge Topic.
[bookmark: _Toc8567381]

KNOWLEDGE TOPIC 5: PAN CONTROL AND AUTOMATION (5%)
INSTRUCTIONS TO FACILITATOR
Purpose:	To introduce the candidates to Knowledge Topic 5: Pan Control and Automation.
Objectives:	By the end of the session the candidates will:
a) Be able to demonstrate an understanding of the importance of pan control.
b) Be able to demonstrate an understanding of pan control instrumentation, using conductivity and computer control, being able to list the instrumentation and explain their application.
Procedure:	Conduct a presentation and allow time for learning activities.
Participant Materials:	The learner will use the following materials:
· The Learner Guide Book 7 (Textbook)
· The Learner Formative Assessment Guide – Workbook 7
Presentation:	Do a presentation on the principles of pan control and automation, covering the following topics:
· Importance of pan control
· Using conductivity
· Using computer control
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 33 of the Learner Workbook 7. Learners are instructed to complete Learning activity 5.1 (10 minutes)
Total time taken:		Presentation: 2.5 hours
				Learning activity (5.1): 10 minutes
Close:				Move on to the next Knowledge Topic.
[bookmark: _Toc8567382]

KNOWLEDGE TOPIC 6: PROBLEMS EXPERIENCED DURING PAN BOILING (15%)
INSTRUCTIONS TO FACILITATOR
Purpose:	To introduce the candidates to Knowledge Topic 6: Problems experienced during pan boiling.
Objectives:	By the end of the session the candidates will:
a) Be able to list the problems experienced during pan boiling.
b) Be able to demonstrate an understanding of how to mitigate the problems experienced during pan boiling.
Procedure:	Conduct a presentation and allow time for learning activities.
Participant Materials:	The learner will use the following materials:
· The Learner Guide Book 7 (Textbook)
· The Learner Formative Assessment Guide – Workbook 7
Presentation:	Do a presentation on the problems experienced during pan boiling, covering the following topics:
· False grain
· Aconitic acid
· Water dilution
· Loss of vacuum
· Pan not boiling fast enough
· Purity of pan feed
· High viscosity massecuite
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 35 of the Learner Workbook 7. Learners are instructed to complete Learning activity 6.1 (15 minutes)
Total time taken:		Presentation: 3 hours
				Learning activity (6.1): 15 minutes
Close:				Move on to the next Knowledge Topic.
[bookmark: _Toc8567383]KNOWLEDGE TOPIC 7: THREE MASSECUITE BOILING (5%)
INSTRUCTIONS TO FACILITATOR
Purpose:	To introduce the candidates to Knowledge Topic 7: Three massecuite boiling.
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 masscuite boiling.
b) Be able to demonstrate an understanding of the impact of three massecuite boiling on factory performance.
Procedure:	Conduct a presentation and allow time for learning activities.
Participant Materials:	The learner will use the following materials:
· The Learner Guide Book 7 (Textbook)
· The Learner Formative Assessment Guide – Workbook 7
Presentation:	Do a presentation on three massecuite boiling, covering the following topics:
· Introduction to massecuite boiling
· The three massecuite boiling system
· Pan flow data
· Crystal size
· Types of crystal
· Viscosity
· Massecuite brix at strike
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: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ]
Learning activity:	Guide learners to Page 38 of the Learner Workbook 7. Learners are instructed to complete Learning activity 7.1 (45 minutes)
Total time taken:		Presentation: 5.5 hours
				Learning activity (7.1): 45 minutes
Close:				Move on to the next Knowledge Topic.
[bookmark: _Toc8567384]

KNOWLEDGE TOPIC 8: MIXTURE CALCULATION (5%)
INSTRUCTIONS TO FACILITATOR
Purpose:	To introduce the candidates to Knowledge Topic 8: Mixture calculation.
Objectives:	By the end of the session the candidates will:
a) Be able to apply formulae, perform calculations and interpret the data correctly.
b) Be able to explain the balancing of product streams to achieve final product specifications.
Procedure:	Conduct a presentation and allow time for learning activities.
Participant Materials:	The learner will use the following materials:
· The Learner Guide Book 7 (Textbook)
· The Learner Formative Assessment Guide – Workbook 7
Presentation:	Do a presentation on Mixture calculation, covering the following topics:
· Introduction
· Using formulae
· Using Cobenz diagram
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 43 of the Learner Workbook 7. Learners are instructed to complete Learning activity 8.1 (30 minutes)
Total time taken:		Presentation: 1 - 2 hours
				Learning activity (8.1): 30 minutes
Close:				Move on to the next Knowledge Topic.
[bookmark: _Toc8567385]KNOWLEDGE TOPIC 9: CONTINUOUS PAN BOILING (5%)
INSTRUCTIONS TO FACILITATOR
Purpose:	To introduce the candidates to Knowledge Topic 9: Continuous Pan Boiling.
Objectives:	By the end of the session the candidates will:
a) Be able to apply formulae, perform calculations and interpret the data correctly.
b) Be able to explain the balancing of product streams to achieve final product specifications.
Procedure:	Conduct a presentation and allow time for learning activities.
Participant Materials:	The learner will use the following materials:
· The Learner Guide Book 7 (Textbook)
· The Learner Formative Assessment Guide – Workbook 7
Presentation:	Do a presentation on Continuous pan boiling, covering the following topics:
· Basic operation
· Pan control
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 46 of the Learner Workbook 7. Learners are instructed to complete Learning activity 9.1 (10 minutes)
Total time taken:		Presentation: 1 - 2 hours
				Learning activity (9.1): 10 minutes
Close:				Move on to the next Knowledge Topic.
[bookmark: _Toc8567386]KNOWLEDGE TOPIC 10: CONTROL FORMULAE (5%)
INSTRUCTIONS TO FACILITATOR
Purpose:	To introduce the candidates to Knowledge Topic 10: Control Formulae.
Objectives:	By the end of the session the candidates will:
a) Be able to select formula, calculate and interpret the resultant data correctly as the relate to pan boiling.
Procedure:	Conduct a presentation and allow time for learning activities.
Participant Materials:	The learner will use the following materials:
· The Learner Guide Book 7 (Textbook)
· The Learner Formative Assessment Guide – Workbook 7
Presentation:	Do a presentation on Control Formulae, covering the following topics:
· Crystal content of massecuite
· Exhaustion
· SJM formula
Slides:	Use the following slides for your presentation referring frequently to the Learning Resource for more detail.
[image: ][image: ][image: ][image: ][image: ][image: ]
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Learning activity:	Guide learners to Page 49 of the Learner Workbook 7. Learners are instructed to complete Learning activity 19.1 (15 minutes)
Practical activity:	Organise a further visit to a Sugar Mill for a guided tour of the Pan boiling section 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 evaporation 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: 1.5 hours
				Learning activity (10.1): 15 minutes
				Practical activity: 6 hours
Close:	This concludes this Knowledge Module. Provide time for the learners to complete their Formative Assessments and to prepare for their Summative Assessments. Collect the Formative Assessment documents for marking. Schedule a date, time and place for the Summative Assessment and conduct this. Capture the marks from both the Formative and Summative Assessments in the Formative and Summative Assessment Guides as well as the NQF 5 Summative Guide.
Move on to the next Knowledge Module.
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* In the labile zone primary nucleation
takes place.

* The mother liquor is concentrated into
the labile zone and is kept there until
sufficient crystals are formed.

* The boiling solution is then diluted into
the metastable zone

* Kept there until the end of the strike.
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Solution is concentrated into the intermediate zone where secondary
nucleation will take place.

Small amount of powdered sugar is added and this induces the
formation of further nuclei.

Supersaturation must be higher than normal and is normally done in

refineries.

Once tiny crystals have formed throughout the solution the pan boiler
is washed (with water or diluted feed) to get the correct number of
crystals.

When there are sufficient crystals present the solution is broughtinto
the metastable zone and kept there until the end of the strike.

Can be practised in refineries, but not in the raw house because the
bands of supersaturation are higher for impure sugar solutions, so the
solution needs to be concentrated more to get the correct
supersaturation.
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Relies on the fact that in the metastable zone existing crystals will grow and no new
ones will form.
Mother liquoris concentrated to the upper part of the metastable zone (SSC 1.25 -
1.35)
The required number of seed crystals is added in the form of a slurry.
Important to keep the supersaturation constant during this procedure.

Boiling is continued in the metastable zone until the end of strike.

With true seeding the number of nuclei will depend on the amount of slurry used.
Grain does not appear immediately upon the introduction ofthe slurry and can take
anythingbetween 5 -10 minutes.

In the meantime, the pan is kept boilingvigorously with the steam full on.

From then on the instrument keeps the supersaturation constantby controllingthe
water addition.

The grain grows and must be allowed to do so until the voids are filled and the grain is

close together.
Only when one is sure that this stage has been carried out that feed is introduced and

the boiling of the massecuite proper is started.
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True Seeding (cont.)
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In order to ensure that full seeding is actually taking place, it is necessary
to keep the boiling in the upper regions of the metastable zone.
In order to determine this in a practical way, the following method may be

used:
With enough A molasses in the pan allow boiling to proceed until the molasses start to
thicken, then take frequent samples with the proof-stick and examine a smear under the

microscope.

Carry on boiling and at a certain time microscopic crystals will appear almost at once.
Note this point. This is the lower limit of the labile zone.

Now open the wash water valve, dilute the molasses while taking samples with the

proof stick.
It is apparent after a while that the grains start to dissolve.

This is the start of the undersaturated region.
Note this point.

* Take the distance between these 2 points and at a position between % and
% of the distance from the saturation point is the region to grain.
* With trial and error this graining point can be very precisely obtained.
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Slurry is ideally made by grinding refined sugar in a miniature ball mill with
an organic fluid in which sucrose is insoluble.

The method of manufacture differs quite considerably from factory to
factory and the standard method of manufacture is difficult to enforce.

The S.M.R.I. recommended method is:

— 800g of refined sugar and 2 litres of methanol are tumbled for 12
hours.

— The ball jar should contain 2500 10mm steel balls and should rotate at
74 rp.m.
— After 12 hours the ball jar should be diluted to 6 litres with methanol.
If the slurry is made the same way all the time, uniform, uniform size
slurry will be made.

If the correct amount of slurry is used when seeding the crystal size and
content of the final massecuite will be uniform.
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It can be calculated how much slurry is needed to produce
a certain volume of massecuite of a fixed crystal size.

The quantity of grain in the slurry will determine the size
of the final grain and the exhaustion of the massecuite.

If a significant change in the final grain size is desired
starting from a normal size of 0.30mm, it is necessary to
change the amount of slurry by not less than 20% of the
original volume.

The amount of slurry used for C boiling is about
1000mm/35m? of massecuite and about half that for B-
boilings.
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How to grain the pan.

* This means introducing small crystals that are subsequently
used as nuclei to grow the main sugar crystals.

* The stepsinvolved are as follows:
Raise vacuum in the pan as described before.
Draw liquor of purity 75% (mixture of molasses and syrup) into the pan
by opening the feed valve.
The vacuum sucks the liquor into the pan.
Shut the feed valve when the level in the pan is about 250mm above
the top tube plate.
Open steam to the calandria so that the liquor boils.
Follow the progress of the boiling on the conductivity chart.
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How to grain the pan (cont.)

Open the water feed until the conductivity indicates that the
liquor is unsaturated.

This water “wash” is important to dissolve any small/fine
crystals that are present in the liquor.

The conductivity of the liquor increases due to increased
mobility of the ions present.

Draw a sample of liquor using the proof stick and check that no
small crystals are present.

Allow the liquor to boil so that its concentration increases.
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How to grain the pan (cont.)

Conductivity decreases indicating increasing concentration due
to evaporation during boiling.

The conductivity should be such that it indicates that the liquor

has a supersaturation co-efficient of 1.30 and is within the
metastable zone for a purity of 75%.

Water feed is opened so that the addition of water just
counter-balances the rate of evaporation.

When the reading is steady at the desired conductivity value
(i.e. the metastable zone), the predetermined quantity of
slurry is added through the funnel on the side of the pan.

Slurry is added.
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Graining a Pan
How to grain the pan (cont.)

» Crystals at this stage are microscopic and very widely
dispersed, so that that local rises in supersaturation can easily
occur with an excessive evaporation rate.

* These local rises in supersaturation can be ascribed mainly to
the greater diffusion paths of the sucrose molecules because
of the sucrose crystals being so widely dispersed.

For this reason it is endeavoured to grow the crystals so that
they practically fill the spaces occupied by the syrup or mother
liquor before the volume of the massecuite its increased.
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Graining a Pan
How to grain the pan (cont.)

At this concentration the crystals present in the pan will grow
and become larger while the total volume of liquid remains the
same.

This reduces the distance between crystals.

This step is called “bringing together” and is very critical in pan
boiling.

It must be well done so that, before going on to the next step,

the crystal content has increased to a high level which can be
assessed visually.
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Graining a Pan

How to grain the pan (cont.)

x UNSATURATED ZONE

CONDUCTIVITY
A

METASTABLE ZONE

INTERMEDIATE ZONE
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How to grain the pan (cont.)
* Bringing the grain together takes place from E to F.

* The level of supersaturation is controlled by careful boiling,

supplying sufficient water to replace the water being
evaporated.

Steam supply is also kept constant.

This boiling is merely to ensure circulation so that each grain is
presented with fresh liquor.

Bringing the grain together may take % to 1 hour.

Diffusion of the sucrose molecule is improved by the crystals
contacting each other and replacing the exhausted layers of
mother liquor around the crystal with fresh liquor.
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How to grain the pan (cont.)
* Diffusion rate in high purity boilings can be increased by raising the
temperature by reducing the vacuum.
Increasing the temperature will:
— Lower the supersaturation
— Increase the crystallization rate
— Reduce the viscosity
— Increase the mobility
This should not be done with low purity massecuites due to the risk
of reducing sugar decomposition at high temperatures.
When bringing together is complete the water feed is shut off (at F)
and the pan feed valve opened (syrup/molasses).
From F to G the grain is grown and the pan gradually fills up to the
strike level at which stage the pan feed is shut off (at G).
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How to grain the pan (cont.)

Under ideal conditions the liquor feed (syrup/molasses) should
be fed into the pan continuously.

If this is not possible it is better to give short regular feeds
rather than long ones.

Shorter, more regular feed, will not cause such a big change in
supersaturation.

From F to G the seed massecuiteis grown.

Since the crystals grow because of sucrose deposition from the
mother liquor; the impurities remain and accumulate in liquor.

The purity of the liquor is thus decreased.
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Graining a Pan
How to grain the pan (cont.)

* As mentioned before, this decrease in purity increases the
solubility of the sucrose.

* To maintain the liquor in the metastable zone, i.e. to maintain
the correct supersaturation coefficient the concentration of
the liquor (Brix) must be increased, hence the decrease in
conductivity.

Furthermore, when growing the crystals and keeping the
supersaturation of the mother liquor constant(1.3), the
conductivity will also naturally decrease due to the changed
ratio of crystal volume to mother liquor volume.
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Graining a Pan

How to grain the pan (cont.)

Depending on conditions in the pan, the feed during the growing phase can
be syrup/molasses, a mixture of syrup/molasses and sweetwater alone.
The pan now contains a mixture of small partially grown crystals and
mother liquor known as SEED because it will be used to start off massecuite
boiling proper.
At this stage:

— Steam to the calandria is shut off

— Water to the condenser is stopped

— The vacuumyvalve is closed

— The vacuumis broken.
The seed may then be transferred to the seed tank (using vacuum on the
seed tank) or part may be transferred to another pan to start up a new
boiling.
It is very important to note that the increase of brix during the boiling stage
of a seed massecuite is very slight.
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Graining a Pan
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How to grain the pan (cont.)
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Graining a Pan
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How to grain the pan (cont.)
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For effective pan boiling it is essential that the vacuum remains
constant throughout the boiling process.

Tampering with the vacuum can easily cause fluctuations in
supersaturation that can cause grain to dissolve or false grain to
form.

When the vacuum remains constant the temperature and hence the
total rate of evaporation of water vapour from the massecuite
remains constant.

How is the rate of evaporation controlled?

The rate of evaporation is controlled by varying the amount of water
that is available for evaporation.

This is done by varying the amount of water fed by varying the
amount of syrup/molasses feed supplied to the pan.
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If we wish to reduce the rate of evaporation from the massecuite in the pan,
we can take the following action:

* Add water: When this water is evaporated, the rate at which water is
evaporated from the massecuite itself effectively decreases since the total
rate of evaporation remains constant.

Increase the syrup/molassesfeed rate : The water present in the feed has
the same effect as described above.

If we wish to increase the rate of evaporation from the massecuite in the pan,
we can take the following action:

* Reduce the water added : Since this is now not available for evaporation,
the rate at which water is evaporated from the massecuite itself effectively
increases since the total rate of evaporation remains constant.

Decrease the syrup/molasses feed rate : Reducing the feed reduces the
amount of water entering the pan which has the same effect as described
above.
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Control of Super Saturation (cont.)
* When the crystals are small and the absorbing surface
is small, water is used to adjust the rate of

evaporation.

As the crystal grows and the absorbing surface
increases the water feed is reduced and finally
stopped.

* The rate of syrup/molasses feed is then used to
control the rate of evaporation.
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Should the evaporation rate prove excessive, causing the
supersaturation to rise to a dangerous level, remedial action can
take the form of the following:
* Feeding water to the pan to maintain an acceptable level of supersaturation.

This water, known as movement water, can be reduced as the crystal surface
increases, and finally closed off. This procedure is widely used in many

countries and is advantageousin as far as there is no disturbance of the
vacuum. The amount of water required is generally insignificant.

Feeding liquor to the pan to achieve the same results as when adding water.

Lowering the vacuum (i.e. increasing the absolute pressure) by
approximately 10kPa will raise the temperature by roughly 10,6°C, which will,
in turn, lower the level of supersaturation to within that of the metastable
zone. Crystal growth will increase £100% and the evaporation rate will
decrease by approximately 1/3.

Only reducing the steam supply to the calandria is likely to be the first
reaction of the uninformed, as under atmospheric conditions, reduction of
heat supply to a boiling solution will reduce the evaporation rate.
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In the case of a vacuum pan, attempts at lowering the
evaporation rate by reducing the steam supply, lowers the
production of vapour thus producing an increase in vacuum
due to an increase in the condenser water to vapour ratio.

This results in a consequent increase in the evaporation rate.

To prevent this in practice, when the steam supply/pressure to
the calandria drops (or is reduced) then immediately adjust
the condenser water to maintain the normal pressure
(vacuum) and boiling temperature which will prevent the
supersaturation from rising further.

Controlling a pan by varying the steam supply is best left to
pans having automating vacuum control installed.
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<= Control valve (21 — 103 kPa)

Pressure Controller

138 kPa Air Supply to Pressure Controller
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Automatic Vacuum Control(cont.)

i
The pressure controller senses the vacuum in the pan and adjusts
the water control valve accordingly.

With increasing vacuum (i.e. decrease in absolute pressure) in the
pan, the water supply to the condenseris decreased thus
decreasing the vacuum (i.e. increasing the absolute pressure) in

the pan.

This arrangement thus automatically compensates for variations in
vacuum should the steam supply to the calandria be changed.

The controller keeps the vacuum in the pan constant.

The pressure controller is supplied with air at 138 kPa and it
operates the pneumatic water controlled valve with an air
pressure of 21-103 kPa.
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* Starts off similarly to graining a pan except that
instead of covering the calandria with liquor the pan
is filled with seed to a level such that the top tube
plate of the calandria is just covered.

When the pan is started up it is sometimes necessary
to boil it on water initially to bring it together and
also dissolve any unwanted tiny crystals which may
have formed in the seed tank.

It is then fed on liquor and the concentration of the
mother liquor maintained in the metastable zone so
that the crystals grow as the pan level rises.
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When the pan is full the average size of the sugar
crystals can be estimated by observing a sample from
the pan proof stick under the microscope.

If the size of the crystals is too small the pan can be
cut to another pan and the boiling continued.

Cutting means taking part of the contents of one pan
to another.

When this is done the level of partially boiled
massecuite must always cover the top tube plate of
the calandria otherwise charring of massecuite may
occur when steam is opened to the calandria.
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The central technique used to recover sugar in the raw

house and the refinery is crystallisation of sucrose from
concentrated sucrose solution.

The process whereby sugar is recovered via heating
and the resulting evaporation of water is called pan

boiling.
The raw material from which crystalline sugar is
obtained is a syrup of about 65°Bx and a purity of 85%.

Crystallisation not only removes dissolved sucrose from
solution and recovers it as solid sucrose crystals, but it
also a very powerful purification process.
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Boiling of a Massecuite (cont.)
-
e Cutting may be carried out more than once
and boiling continued until the appropriate
size of sugar crystals has been achieved.

* When the crystals are big enough the pan is
struck i.e. the massecuite is emptied out.

* There are 9 distinct procedures involved in
boiling a massecuite.
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9 Procedures of boiling a massecuite:

Washing the syrup/molasses while the footing is gently
boiling. This is to dissolve any small crystals/grains.

Concentrating the syrup/molasses to the metastable
zone

Formation of the grain slurry seeding. This is unnecessary
if B-magma footing is introduced into an A- pan as a
footing. The footing is also washed to remove very small
grain and then normal boiling procedures take place.

Bringing the grain together
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9 Procedures of boiling a massecuite:

Growing the grain by the supersaturation in the upper
part of the metastable zone to encourage rapid crystal
growth. The pan boiler must check regularly for the
formation of false grain.

Cutting the seed across to another pan to split the seed
equally between two pans.

Boiling the massecuite. This involves growing the crystals
further.

Brixing up
Striking
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Brix of the Pan Feed
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The brix at which the liquor (syrup/molasses) is fed to the pan has
marked effects on steam consumption.

It can be proved by calculation that nearly twice as much steam is
needed when using a molasses of 55°Bx than when using a
molasses of 70°Bx.

High brix feed does have its limitations:

— In the case of syrup, excessive scaling can result in evaporation tubes if the
syrup brix is too high

High brix molasses means a high level of sucrose saturation which can
increase the presence of unwanted crystals (false grain)

Circulation in the pan can also be reduced by excessive viscosity caused by
high brix.
To minimise steam consumption and prevent a loss of time,
molasses should not be conditioned to below 70°Bx.
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Hydrostatic head is the pressure experienced at the bottom of
a massecuite due to the height of massecuite above.

This increased pressure prevents the massecuite at the
bottom from boiling.

In effect, boiling takes place only in the upper layers of the
massecuite, whilst circulation in the tubes below is provided
by convection currents.

The hydrostatic head causes the bottom of the massecuite to
be at the higher pressure than the top of the massecuite.

The result is that the boiling point of the lower layers of
massecuite is higher than the top.
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Influence of Hydrostatic Head (cont.)

Theoretically (see table provided), the temperature difference
between the upper and bottom layers is 33.1°C.

Such a large temperature difference is not recorded in practice.

Furthermore, heating a liquor of 1.20 supersaturation at 58.6°C to
a temperature of 91.7°C would result in the solution being
undersaturated, thus able to dissolve the grain.

There is no evidence of this occurring.

In reality, boiling takes place in the upper 40cm of the massecuite,
whilst only heat transmission takes place in the calandria.

The heated massecuite is circulated throughout the pan.
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Influence of Hydrostatic Head (cont.)

The average temperature difference between the top and layers
of massecuite is from between 2 and 3°C, depending on pan

design.
Any false grain formation is thus likely to take place in the upper

layers of the boiling massecuite and the higher the head of
massecuite, the greater will be the boiling temperature of the
massecuite in the tubes under equal conditions.

The better the circulation, the more uniform will be the
temperature distribution.
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Influence of Hydrostatic Head (cont.)
* It is preferable to have:

—the massecuite restricted to 1.37-1.52m
above the tubes

—a pan designed to give maximum
circulation

—mechanically augmented circulation
(stirring)
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The Step
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Brix up the pan.

This involves shutting off the feed to the pan and allowing evaporation to
continue.

The supersaturation of the mother liquor will increase and crystallization
continues giving improved crystal yield.

The final brix is assessed via instruments (e.g. conductivity meter) or in the
absence of instrumentation this is determined by taking a sample from the

proof stick and forming a cone or a ball in the palm and noting how quickly
it flattens.

Note that overbrixing will make the massecuite too viscous and it will not
flow from the pan.

Should this happen the pan must be restarted by shutting the discharge
door, raising vacuum with the vacuum pump and diluting the massecuite to
make it fluid enough to be discharged.

Under these circumstances entrainment is likely to occur.
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Striking a Pan — The Steps involved (cont.)

- e i
When brixing is complete shut off steam to the calandria.
Close the vacuum valve.
Shut off the injection water to the condenser.
Open the vacuum breaker valve.

When the pan has reached atmospheric pressure open
the discharge door.

Control the rate of discharge to prevent massecuite
spillage.

When the pan is empty, open the steaming out valve and
observe the pan discharge.
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Solutions
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¢ Sucrose is very soluble in water and dissolves readily.

* Example: 150g of sucrose dissolves easily in 100g of water
at 60°C to give a solution of 60°Bx.

Mass of dissolved substances
150g sucrose Mass of Solution & 100
100g water
= — 08— % 100
(1504 100g)

60°Bx (at 60°C)
60°C
Unsaturated solution

* Since the solution is able to dissolve more sucrose at
60°C, the solution is said to be unsaturated.
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Striking a Pan — The Steps involved (cont.)
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e When the pan runnings have changed from

massecuite to a consistency of syrup (a
subjective evaluation) direct the pan runnings
to the steaming tank.

* As soon as steaming is complete, raise vacuum
in the pan as described previously or leave the
pan if it is not required for further boiling.
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When the mother liquor of a massecuite has a very high no-pol
content, the massecuite will have an abnormally high viscosity
i.e. a viscosity in excess of that dictated by the brix of the
massecuite.

When dealing with very viscous massecuite the following points

must be borne in mind:

— Boil these viscous massecuites relatively slowly using movement
water. This will ensure good circulation to compensate for the slow
rate of diffusion. Localised rises in supersaturation and resulting false
grain will be prevented.

Do not reduce the steam supply to the calandria as the massecuite
could easily lose its fluidity and become too viscous to handle.

Care should be taken when raising the temperature of the massecuite
as the increased evaporation rate could easily cause localised
increased supersaturation with resulting false grain formation.
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Importance of Pan Control

%
For good pan operation the following is important:
Constant pressure saturated steam at the required minimum pressure.

Batch pans are not conductive to steady steam pressure as their steam demand
varies from 0 to maximum available.

Steam flow to the calandria is generally lower at the start of the cycle than at the
end, as the viscosity increases and circulation rate decreases as the pan builds up.

Pan vacuum should be kept constant.

Fluctuations in the absolute pressure can result in changes to the level of
supersaturation, which can lead either to false grain formation or crystal
dissolution.

It is important to reduce the absolute pressure to as low a value as is practicable.
This is to reduce the temperature of the massecuites to avoid Maillard Reaction.
Note:

— Refinery pans > 20kPa abs.

— A-pans 17kPa abs.

— B-andC-pans 14kPa abs.
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For good pan operation the following is important (cont.):

The higher the absolute pressure the higher will be the
boiling point of the massecuite.

This results in faster crystallisation rates.
It also leads to higher sucrose losses and especially other

undesirable reactions such as the Maillard reaction — hence
the lower absolute pressure in the B- and C- pans where
higher concentrations of impurities (such as reducing
sugars and amino compounds which are the reactants in
the Maillard reaction) occur.

The temperature of feed and/or water to the pan should be
higher than that of the boiling massecuite.

This causes flashing as the feed enters the pan.
The brix of feed should be constant.
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For good pan operation the following is
important (cont.):
Feed to a pan may be added continuously or in slugs.

At first glance it would appear that continuous feeding
would assist in giving steadier operation of a pan.

However if uniform distribution of feed in a pan is desired
slug feeding should be more effective.

This is because slow continuous feed will all be distributed
through the openings in the feed ring closest to the feed
pipe entry, while full flow for short time intervals should be
distributed through all the feed ring openings.

Unnecessary addition of hot water (movement water) to a
pan is wasteful of steam and should be minimised.
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For good pan operation the following is

important (cont.):

* Whenever pan automation is applied it is important to
maintain manual checks.

* The evaporation rate should be equal to or lower than
the crystallisation rate in order to avoid the formation
of false grain.

Although evaporation rate is often controlled in
continuous pans because of the stable conditions, it is
seldom controlled in batch boilings because of the
wide variations in flow which depend on prevailing
conditions.





image140.JPG
: — _
The aim of pan control is to keep the massecuite in the correct
supersaturation zone during the boiling.

The supersaturation is controlled by controlling the brix of the
solution.

Conductivity is used as a measure of the brix.

It is very important to carry out the whole process at constant
temperature because supersaturation is effected by
temperature.

To maintain the correct supersaturation using a conductivity
curve as indicator of the brix increases during the growing phase,
the temperature must be constant.

Different boilings utilise materials of different purities, hence the
different boilings will have their own requirements in order to
maintain the desired supersaturation i.e. each type of boiling (A-
,B- and C- boilings) will have their own conductivity curve.
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Conductivity is mostly used on lower grade boilings, for various
reasons.

Although, like other indirect measurements, it has its
disadvantages, like being influenced to a certain degree by grain
content, its simplicity, fast measurement response and low cost
make it very attractive.

Small incorrect influences on the conductivity are for a low grade
massecuite of relatively small importance as the lower the purity
of the massecuite the wider the metastable zone.

Conductivity cannot be used for high grade boilings
(purity above 90) as the ash content is too low for
reliable measurement and frequent control point
changes will have to be made as opposed to low
purity massecuites, where the set point may even

remain unaltered for an entire crushing season.
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* Modern pans are automated so that they

require less frequent supervision by the
pan boiler.

¢ There are different methods to automate
a pan, of which only two will be briefly
discussed.

* Method 1: Computer control

¢ Method 2: Calcor Instruments
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An unsaturated solution is one that contains less than its maximum
amount of dissolved substance (solute) at a particular temperature.

* Sucrose can be added to the above 150g sucrose/100g water solution
and it will dissolve.

However, a point is reached where the solution contains the maximum
amount of sucrose possible at 60°C and the solution is then said to be
saturated.

A saturated solution is one that contains the maximum amount of
dissolved substances (solute) at a particular temperature.

At 60°C the saturation point is reached at approximately 290g
sucrose/100g water. The brix of the saturated solution at 60°C is
74.4°Bx.
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This method involves feeding a computer the required
conductivity curve according to which the massecuite must

be boiled.

This is done by entering different massecuite levels in the
pan together with the required conductivity at each level.

As the pan boils the level of massecuite inside the pan rises.

Level sensors detect this rise in level.

As the level increases the computer varies the feed to the
pan the so that the required conductivity is maintained.

In other words, as the level increases the conductivity set
point changes.
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In practice the pan started is on manual control.

The steps involved are:
— washing the massecuite if necessary
— brixing to the required supersaturation for graining
— adding slurry.
The pan is then transferred to automatic control by the
computer.

As the pan fills up the computer decreases the conductivity set
points so that the brix of the liquor in the pan increases.

This is essential to maintain the correct level of supersaturation.

If the purity of the liquor and feed changes, the conductivity set
points must be changed accordingly.





image145.JPG
"] (cont )
J | \&\‘ I

VUL,

If the purity of the material used decreases, the liquor must have
higher brix valves to give the required supersaturation.

This is done by controlling the pan according to a lower
conductivity curve.

If the purity of the material increases, the conductivity curve is
raised.

The decrease in conductivity can thus be changed so that the pan is
boiled at optimum “tightness’ without forming false grain.

Instead of conductivity, radio frequently (RF) or boiling point
elevation can be used as a measure of the brix the massecuite.

The principle is the same — the brix must increase as the pan level
increases to maintain the correct supersaturation.
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Method 2: C

Here the pan is fitted with 6 level probes.

A control panel is fitted with 5 conductivity control pods.

Each pod is activated at a certain level.

A pod is set with the brix that we wish the massecuite to have at
that particular level.

Each conductivity pod is set using arbitrary valves between 0 and Calor ControlPanel

10. ®

For example: for a B-massecuite
At level 1, the pod is set at a value of 6 ° o
At level 2, the pod is set ata value of 7
At level 3, the pod is set at a value of 8 h
At level 4, the pod is set at a value of 9 45‘("";{@753‘””11\2
At level 5, the pod is set at a value of 9.5

The Calcor controller thus senses the increased level in the pan and
decreases the feed accordingly to achieve increase in the brix of
the liquor.

* The arbitrary pod settings are not actual brix values, but are

_related to brix values.
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Advantages of Automation

Faster boiling.

— This is because the optimum supersaturation
coefficient can be maintained during boiling viz.
high in the metastable zone but just below the
intermediate zone.

— As a consequence better utilisation of equipment
(pans) is achieved.

* Improved quality of product.

— More regular crystals free of conglomerates and
false grain is produced.
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False Grain
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Conditions Conducive to False Grain:
* False grain is unwanted grain whose size does not
compare with the desired size

* |s formed during the growing process of existing
crystals by secondary nucleation.

False grain is thus a new crop of crystal formed
during a boiling and is caused when the
supersaturation enters the intermediate zone but
can also occur in the upper metastable zone.

The term “false’ is misleading because the new
crystals formed are real sugar crystals which grow in
the supersaturated mother liquor.
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False Grain (cont.)
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Conditions Conducive to False Grain:
* Low crystal content in the boiling massecuite

— Too few nuclei were introduced during the graining
process.

— This results in a small crystal surface area with the
crystals far apart.

— The sucrose cannot be deposited fast enough so new
nuclei come out of solution.

* Evaporation rate in the pan too fast for the
crystallization rate

— Rapid boiling results in high supersaturations.
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False Grain (cont.)
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Conditions Conducive to False Grain:

* Poor circulation
— Poor circulation in the pan results in areas of high supersaturation.

— A loss of circulation will cause the top of the pan to cool off with an
increase in the supersaturation of the mother liquor.

* Grain in the feed

— Small crystals in the feed (or in the pan) from a previous boiling.

— Small crystals move through the centrifugal screen with the
molasses and if not removed by molasses conditioning they will
serve as nuclei for new crystals.

* Very large sugar crystals being boiled

— The relatively large distances between these large crystals results in
large diffusion paths for sucrose molecules and hence leads to areas
of high supersaturation.
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False Grain (cont.)
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Conditions Conducive to False Grain:

Air leaks

— Cold air leaking into a pan may shock the mother liquor when the supersaturation
is near the intermediate zone.

— This will result in a crop of new crystals.
High concentration of certain non-sugars

— There is a depression in the growth rate in low purity massecuites where the
concentration of non-sugars increases during the last part of the boiling.

It appears that some of the non-sugars are deposited on the crystal surface
preventing growth.

— As growth slows down the supersaturation increases until secondary nucleation
occurs.

— This can happen in the crystallisers as well, where the cooling increases the
supersaturation.

Sharp increase in vacuum or a drop in temperature during boiling
Turbid feed

— Small particles introduced with the feed may initiate crystallisation by acting as
nuclei.
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Solutions (cont.)
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If any additional sugar is added to the saturated solution at
60°C, it will not dissolve but will simply lie at the bottom of

the container.

asogsucrose | isogsucrose, | 2O

100g water 100g water

50g sucrose

P

Saturatedsolution Saturatedsolution

60°C 60°C

It is possible to prepare a supersaturated solution that
contains more solute at a certain temperature than a
saturated solution at this temperature.
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* What should NOT be done in the event of false
grain formation is the reduction of steam to the
calandria to try and reduce the crystallisation
rate.

This will certainly reduce the evaporation rate,

but in doing so will reduce the amount of vapour
to the condenser, resulting in lower condenser
water temperatures and increasing vacuum
levels.

This increases the supersaturation level, makes
the mother liquor more viscous, and favours the
development and growth of false grain.
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The problems caused by false grain are experienced in the
centrifugals.

* Inhibiting curing (centrifuging).

— The most dramatic effect is when the false grain has grown to
a size such that it blocks the passages between the larger
crystals and prevents drainage of molasses.

— Poor quality sugar results and under extreme conditions it is
impossible to make an acceptable sugar.

* Increased sugar losses.

— If the false grain has had limited growth it does not block the

drainage passages in the sugar layer but is carried away with
the molasses.

— This leads to reduced exhaustion and, in the case of C-
boiling, to reduced BHR.
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False Grain (cont.)
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False grain must be removed quickly because the longer it is there the
harder it is to remove.
To re-dissolve false grain the supersaturation coefficient must be
reduced to just below the saturation line either by:
— Diluting the pan contents with water or
— Heating up the pan by reducing the vacuum (i.e. increasing the
absolute pressure)
When this is done the massecuite will be slackened off and it will have
to be tightened up again later.
This must be done gradually or the false grain will come back.

If the false grain has grown too much it is impractical to try and re-
dissolve it.

When removing false grain at the beginning of the boiling, care must
be taken not to dissolve the small massecuite crystals.
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» Towards the end of the strike false grain is difficult to
remove as the massecuite is tight and circulation not
as good as at the beginning of the strike.

Raising the temperature might dissolve the grain but
the massecuite will now be too hot to strike and
cooling might induce further false grain formation.

Water cannot be used at this stage of the boiling as
the volume of water required would be too great and
sugar and water would be carried over into the
saveall.
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The concentration of aconitic acid in cane sometimes reaches levels
such that it crystallises out, usually in the C-boilings.

It looks like false grain under the microscope but differs in that it is
not re-dissolved readily.

To confirm whether the “false grain” is aconitic acid or not, a sample

of massecuite is heated in a saturoscope and observed through the
microscope.

If solution of the false grain is not affected when the temperature
reaches about 80°C, the presence of aconitic acid is confirmed.

Alternatively smear a sample of massecuite thinly across a
microscope slide and observe under a microscope.

To check whether the “milkiness” is false grain or aconitic acid,
simply add a drop of water.

If the milkiness disappears, the presence of false grain is confirmed.
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Sometimes during boilingthe massecuite may become more dilute unexpectedly.

Causes of this may be:
A leaking calandria. When a tube is broken the steam and condensate in the
calandria may enter the massecuite in large amounts causing dilution.
A badly leaking internal condenser.

Water entering the pan because it does not escape fast enough down the
condenser tail pipe. This occurs sometimes when the tail pipes discharge into
a ring pipe returning injection water to the cooling towers. Such ring pipes
must be adequately vented because air is often entrained with the water in

the tail pipe when a pan is started up.
— A badly leaking water or feed valve.
— Afaulty controller
In extreme cases the crystals in the pan may all be dissolved.

The pan contents must then be returned to the relevant feed tank or, if not
possible, used as feed through the cut over-line to another pan.
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Causes of loss of vacuum may be:

* Interruption of the injection water supply.

* Hot injection water being fed to the pan
condenser when the cooling tower fans

trip
* Small losses of vacuum indicate a problem

with the vacuum pump or possibly a
collapsed tray in the condenser.
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Loss of Vacuum (cont.)

* In such cases the pan must be shut down

immediately.

* As this is an emergency shut down, the steam to the
calandria is shut off as is also the pan feed.

* In contrast to this, a controlled shut down of a pan
involves:

— Partial dilution of the massecuite during boiling
(grain must not be dissolved)

— Shut the feed and steam supplies
— Shut the condenser water and break vacuum
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Pan not Boiling Fast Enough
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A slowing down of the boiling rate may indicate scaling of the tubes or
fouling on the steamside.

Cleaning of scale from pan tubes is necessary on A-pans on a monthly or
bi-monthly basis.

B-and C-pans require less cleaning than A’s.

A fouling of the massecuite side of tubes in sometimes experienced often
late in the season.

It may be necessary to boil the pan out with water after every strike.
The basic cause of this problem is not known.

Incondensible gasses build up in the calandria and can easily be cured by
increased venting.

Some steam is always lost with the incondensible gasses.

Inadequate condensate removal is often detected by banging in the
condensate piping or calandria.
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Purity of Pan Feed

P
Boiling rates are sensitive to purity and slow boiling

may indicate leakage of lower purity materials into the
pan feed.

Specific impurities (some are oligosaccharides) affect

the shape of the crystals growing in the massecuite by
inhibiting the deposition of sucrose on some crystal
faces. A

n extreme case is the formation of needles.

In effect, sucrose is deposited on only two faces of the
crystals so a marked reduction in crystallisation rate
occurs.
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Solutions (cont.)
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A saturated solution can be prepared by evaporating water from a
saturated solution.
When 20g of water is evaporated from a 290g sucrose/100g water
saturated sucrose solution at 60°C, a supersaturated solution of 78.4°Bx is
formed.

T 20g water evaporated

290g sucrose 2908 sucrose

100g water 80g water

Saturatedolution Supersaturatedsolution
oc soc

This new supersaturated solution is unstable since it contains more
dissolved sucrose than a saturated solution at the same temperature.

This solution will seek to return to its saturated state by expelling the
“extra” sucrose it contains.
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Low Brix Feed

* Low brix feed to a ban
markedly increases the
evaporation load on a pan.

* See examples in notes
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When the massecuites have a high non-pol content the
massecuites tend to be very viscous, especially if they contain a
relatively large amount of gums.

Highly viscous massecuite cannot be boiled at the optimum brix
(‘tightness’) as they lose their fluidity.

Since the brix cannot be increased so as keep the massecuite in
the upper part of the metastable zone, the rate of crystal growth
and the amount of sucrose recovered from the mother liquor is
reduced.

Exhaustion is thus reduced.

This effect occurs periodically and is unavoidable since it is caused
by components in the mother liquor which, in turn, is a function
of cane quality.
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High Viscosity Massecuites (cont.)

* Chemicals can be added to reduce the viscosity, but this is
expensive and the cost of chemicals must be balanced
against the reduced recovery of sucrose that results from

boiling at lower brix.

* The temperature of the pan can also be increased slightly
by lowering the vacuum (i.e. increasing the absolute
pressure, but this reduces the supersaturation co-
efficient).
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Introduction
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So far we have restricted our discussion to the operation of individual
pans but the operation of the overall pan floor is more complex.

The amount of crystal present (crystal content) in a fluid and
manageable massecuite must be less than 66%.

If we were to attempt to exhaust syrup in one boiling from 80% to 30%
purity, we would end up with an unmanageable viscous massecuite of +
83 % crystal content.

Furthermore, if you have a supersaturated sugar solution with a
supersaturation co-efficient of say 1.3 the best that can be done is to
reduce the supersaturation co-efficient to 1.0.

However, the solution will still contain a large amount of sucrose.

To recover more sucrose, the crystals are recovered and water is again
evaporated to make the solution supersaturated.

As the supersaturated solution then returns to saturation point, more
sucrose crystals are recovered.
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Introduction (cont.)

e
* Itis therefore necessary to boil more than one

grade of massecuite.

* When selecting the process to be adopted the

followingis taken into account:

— The keeping quality of the sugar

— The refining quality of the sugar

— The amount of product recirculation (i.e. remelt)
— Flexibility and simplicity as a factory operation
— Steam consumption.
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The Aims of Pan Boiling
_ — _ .
* Quality
— To produce sugar of:
* high purity,
* low colour and
* uniform crystal size

* Minimize losses

— The aim is to recover the maximum amount of sugar at the
desired quality.

— To do this, maximum exhaustion be achieve in each boiling.

— By doing this the quantity of massecuite boiled will be
minimised.

— This is turn will minimize the quantity of steam used and

further, will help to reduce the losses which take place in pan
boilings.
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When syrup is boiled in a pan to produce a

massecuite the crystals are separated from the

mother liquor in a centrifugal to give A-sugar and A-
molasses.

The A molasses still contains sugar in solution which

can be crystallised.

Consequently a second boiling is made and the

products from centrifuging this B-massecuite are B-
sugar and B-molasses.

In the same way B-molasses can be boiled in C-pans
to give C-sugar and C-molasses (final molasses).

This is called the 3-massecuite boiling system.
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The quality of the sugar produced decreases from A- to B- to C-
sugar.

The quality of the B- and C-sugar can be increased appreciably by
dissolving the sugar in water and recrystallising it.

The B- and C-sugars are dissolved in the same tank (remelter) and

added to the syrup so that only a single grade of sugar is produced
by the factors.

The practice of dissolving sugar in water in a factory is often called

melting though it is actually dissolving a solute (sugar) in a solvent
(water).

Most South African sugar factories practice a partial remelt system
in which all the C-sugar is melted but part of the B-sugar is used as

footing (starting material/seed) for A-pans and only surplus B-sugar
is melted.

It must be noted that the cost of the recrystallization of B-or C-
sugar is appreciable in terms of energy (steam) and extra
equipment viz. remelter and pumps, pans and centrifugals.
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The saturated solution contains 290g sucrose/100g water.

* The supersaturated solution contains 290g sucrose/80g water
which is equivalent to 363.5g sucrose/100g water.

Reason:

290g sucrose in 80 g
=(290 x 1.25)g sucrose in (80 x 1.25)g water

=362.5g sucrose in 100g water

¢ The supersaturated sucrose solution (362.5g sucrose/100g water)
thus contains 72.5g more sucrose for every 100g of water than the
saturated solution (290g sucrose/100g water) at 60°C.

If some small sugar crystals are added to the supersaturated
solution, it will return to its saturated state by depositing sucrose
onto those crystals and in the process the crystals will grow.

However, if the supersaturation is increased too much, then the
solution expels sucrose spontaneously as many tiny crystals
instead of just growing existing crystal.
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In order to use B-sugar as footing for A-boilings, sugar from
the B-centrifugals is mixed with a little water to make a
mixture of crystals and mother liquor called B-magma.

This mixing in the magma mixer removes the molasses film
around the B-sugar crystals.

Of course some crystal will be dissolved in making the magma.

The magma is pumped to a stirred tank on the pan floor (the
magma receiver) and, when required, drawn by vacuum into
an A-pan so that the top tube plate of the calandria is
covered.

Boiling of the pan is started and fed with syrup.

The resulting sugar crystals consist of a nucleus of B-sugar
surrounded by a layer of A-crystal.

Magma footing thus starts the A-boiling with relatively large
(100 to 200 um) B-sugar crystals.
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After the B-magma footing has been “pulled” into
the pan to cover the calandria, the magma is washed
with water to dissolve the smaller crystals.

This method of creating uniform crystals is successful

because the dissolution rate of small sucrose crystals
is greater than that of larger sucrose crystals.

In addition, broken sucrose crystals grow on their
broken surfaces (faces) so that broken crystals
“repair” themselves.

The results are crystals of similar size and uniform
shape.
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This system produces a good quality ‘A’ sugar which is
suitable for export.

The quantities of massecuite produced by this systemin
volume per ton of brix in mixed juice are:

— ‘AN'- Massecuite -1.08m%ton brix in mixed juice

— ‘B’- Massecuite -1.04m%ton brix in mixed juice

— ‘C’- Massecuite -1.25m¥ton brix in mixed juice

B- and C-massecuite are started by slurry seeding
(graining).
At the start of the season where no B-sugar is available
the A-pans can also be started with slurry seeding.
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One other aspect to be considered is pan graining.

It has been found by experience that a purity of about 72 is ideal for
graining a pan.

At higher purities a less regular grain is formed while at lower
purities the rate of growth is much slower.

Many factories start B-boilings by slurry seeding A-molasses which
often has a purity about 70 - 72 but if the purity is say 62, syrup will
be added to bring the purity up to the desired level.

C-boiling is started by slurry seeding a mixture of A- and B-molasses
of 70 - 72% purity.

When it is desired to mix two liquors to achieve a particular purity of
the mixture the quantities of each required can be calculated.
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Summari

C-massecuite (52% purity) is produced by slurry seeding a
mixture (graining charge) of A-molasses and B-molasses and
thereafter the pan is fed on B-molasses.

This produces C-sugar (81% purity) and final molasses (36%).

However, if the C-massecuite purity were to be, say, 45 because
the B-molasses purity was very low it would be necessary to
feed the C-seed on A-molasses initially and then change over to
B-molasses in order to obtain the desired C-massecuite purity.

If the C-massecuite purity were too low the crystal content
would be too low and exhaustion would be lower than it should
be.

C-massecuite purity is usually in the range of 52 - 56.
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Summarisation of 3-Massecuite Boiling (cont.)

The C-sugar is melted with the excess B magma and the melt
(87% purity) is returned to syrup.

B-massecuite (69% purity) is produced by slurry seeding A-
molasses to produce B-sugar.

Some B-sugar is mixed with water and made into a magma (92%
purity).
B-molasses (47% purity) is produced.

A-massecuite (87% purity) is produced from the B-magma footing
and syrup.

This A-massecuite produces A-sugar (99% purity) and A-molasses
(69% purity).

If the syrup input contains 100 parts of sucrose, approximately 90
parts will be found in sugar and 10 parts in final molasses.
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Summarisation of 3-Massecuite Boiling (cont.)

- T e
* The graphs below show the variations of

crystallization rate, sugar purity, viscosity and sucrose
removal for the 3 boiling stages.

Sugar
Purity

Rate of
Crystallisation

Sucrose
Removal
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* If the B-molasses purity is low, A-molasses
will be used as footing for a C-boiling.

* The C-pan is then fed on B-molasses.

* In the event of the B-molasses purity
being very low, A-molasses is still used as
footing for the C-boiling, but C-pan is then
fed alternately on A- and B-molasses.
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Pan Flow Data

The following diagram shows overall pan — flow data:

- —~—— S

Syrup
85% purity
65% brix
55.2% sucrose
9.8% non-sucrose

vapour -
water

electricity =

99.5% purity 35% purity
99.9% brix 80% brix

99.3% sucrose 28% sucrose
0.5% non-sucrose Yy y 52% non-sucrose

Sugar Final molasses
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Purity Brix Boiling Time =
83.5 65 A
83.5 95.8  3-4 hours
A-molasses 65.1 78
B-massecuite 66.6 94.8 4-6 hours
B-molasses 4572 78
C-massecuite 53.8 96.6 8-10 hours
|C-molasses 34.0 80
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Solutions (cont.)

Itis also possible to prepare a supersaturated solution by cooling a saturated
solution.

Example:

At 60°C a saturated sucrose solution contains 290g sucrose/100g water and 70°C a

saturated sucrose solution contains 320g sucrose/100g water.
If a saturated sucrose solution at 60°C is heated to 70°C it will be able to dissolve

40g more sucrose per 100g of water before it again becomes saturated at the new
temperature of 70°C.

o sucrose

Ubadtianted soleicn atedsolution  Satursted soution (74.4°81)
Derg S don  Sewnated souton (74485

= 2s0g/100gwarer |

Saturoted solation 78.7°8)
Solubity
=330g/100g water

Note that in this the supersaturated sucrose solution holds 330g sucrose/100g
water instead of 290g sucrose/100g water.
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Crystal size influences the exhaustion of the mother liquor as
well as the curing of the massecuite and the formation of false
grain.

There are both advantages and disadvantages of big and small
crystal.

The ideal crystal size is very seldom achieved and the crystal
size that is boiled is a compromise.

A big grain (0.65 - 0.75mm) cures easily in the centrifugal but
false grain forms easily due to the limited crystal surface area.

A small grain does not cure very well, but because there is
more crystal surface area, false grain doesn’t form easily.
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Crystal Size (cont.)

The false grain appears when the supersaturation is high and

there is not enough crystal surface area for the sucrose to
deposit itself on.

The false grain is usually lost through the centrifugal screen
with the molasses.

This has the effect of raising the molasses purity.

If the false grain is of a grain size that does not go between the
centrifugal screen it will block the passages between the larger
crystals and poor curing of the massecuite will result.

This is more noticeable in batch machines.
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Crystal Size (cont.)

* The target grain sizés are:
—V.H.P. sugar is 0.65 - 0.77mm

—‘B’ sugar is 0.35mm

—‘C’ sugar is 0.15mm
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Types of Crystal

* False grain

— “False grain” are small that formed spontaneously during the
graining process of existing crystal.

* Mixed grain
— Mixed grain is a mixture of crystals of different sizes caused by
false grain that is not removed but is allowed to grow.
— The following can result in mixed grain:

* A too high supersaturation coefficient after seeding that
allows nucleation to occur.

* Adding slurry too late after grain has formed on its own
(spontaneous nucleation).

* Grain present in the feed.
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Types of Crystal (cont.)

* Conglomerates

— Conglomerates are three or more crystals stuck together. This
happens mostly with high purities.

— They are caused by a high SSC immediately after seeding.

— Conglomerates are very problematic as they trap mother
liquor and do not dry easily.

— Furthermore, washing in the centrifugal cannot remove this
trapped mother liquor.

* Rolled grain

— Rolled grain is formed when one crystal grows through the
centre of another.

— This happens very rarely.
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Types of Crystal (cont.)

* Elongated crystal: needle grain
— Needle grain is the term given to elongated grain.

— Elongation DOES NOT occur because the crystal is growing faster along
axis, but because the crystal is not growing along the other axes.

lllustration:

grows this way grows this way

— - _— (cause)
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* Elongated crystal: needle grain (cont.)
— The reason for this aberration is as follows:
* Due to the regular packing of sucrose molecules into the

crystal, different faces of the crystal accommodate
different impurities.

* The faces that don’t grow have an affinity for tri-
saccharides that are attracted and adhere to the faces
preventing further sucrose molecules from crystallizing
onto this surface.

* Crystal elongation causes a reduced rate of crystallization.

* The elongated crystals are very fragile - they break and go
through the centrifugal screen resulting in sucrose losses
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* Elongated crystal: needle grain (cont.)

— The tri-saccharides which interfere with crystal formation
are substituted sucroses.

* Kestoses: These are sucrose substituted with fructose to
yield G-F-F or F-G-F

* Theanderose: These are sucrose substituted with
glucose to yield G-G-F.

— Needle grain makes boiling difficult and because of the
limited surface area causes false grain formation.

— It also makes it difficult to exhaust the molasses as on
curing it can go through the centrifugal screen causing high
molasses purities.
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Types of Crystal (cont.)
* Soft grain
— Soft grain is formed in the pan during boiling.
— The corners of the crystal are rounded off due to:
* Poor circulation

 Low vacuum (relatively high absolute pressure) and
resultant low supersaturation coefficient.

— High boiling level which reduces circulation.

— Soft grain can be hardened by improving the circulation.

— Soft grain crumbles in centrifugals causing dust and
reducing the yield as fragments end up in the molasses
causing a purity rise.
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Viscosity
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Viscosity is the resistance to flow.

Viscosity can affect ‘A’ and ‘B’-massecuites but will
have more of an effect on ‘C’-massecuites.

Viscosity in massecuites is caused by a high non-pol
content (mainly waxes and gums).

This usually happens when the cane is stale and
sucrose deterioration has taken place.

In certain cases raising purities can help overcome the
viscosity problem but this does not help the
exhaustion of the massecuite.
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Solutions (cont.)

i
The degree of supersaturation is defined by the supersaturation co-efficient (SSC).

s Concentration of supersaturated solution at purity p and temp t

Concentration of saturated solution at purity p and temp t
ORr

o Sucrose% water of supersaturated solution at purity p and temp t

Sucrose % water of saturated solution at purity p and temp t

For the supersaturated solution in the preceding example:

ssc = 3208/100gwater
290g/100g water

= 110

A solution with a SSC of 1.1 at 60°C contains 1.1 times the amount of sucrose that it
would have contained had it been saturated at 60°C.
The supersaturated coefficient is the “driving force” in sugar boiling.

Supersaturation is a state of tension and the solution strives to return to its saturated

state by expelling sucrose - that is - by forming new crystals or by depositing sucrose
onto existing crystals.
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When viscosity problems are encountered the following should be

remembered

— Extra care is needed when seeding as viscosity will affect the feel
of the slurry addition point.
Slow down the boiling by using movement water. Viscosity slows

down the diffusion rate, so by slowing down the boiling there will
be more time for the sucrose molecules to move across to the

crystals.
Do not reduce the steam as this will reduce the temperature

which will increase the viscosity.

Boiling at a slightly higher temperature will reduce viscosity. This
temperature must not be too high as false grain will form when
the massecuite is cooled before striking.

Chemicals can be added to reduce the viscosity
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Massecuite Brix at Strike
i
The brix of the massecuite at strike is governed by:
— Pan discharge door size and design
— Pan gutters
— Crystallizer design
— Massecuite pumps

Maximum exhaustion of massecuites is only possible with high
brixes.

High brixes also save time and fuel as less steam is needed in
the later stages of boiling where the efficiency is low.

Low massecuite brixes could mean that up to 30% more
massecuite would have to be boiled.
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Massecuite Brix at Strike (cont.)
Brix of strikes encountered in a raw sugar

factory:

—A strike = 90 - 94°Bx
—B strike =92 - 97°Bx
—C strike = 95 - 99°Bx

* Brix of syrup, and A and B molasses is
between 55 and 70°Brix.
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Massecuite purity
Molasses purity
Masssecuite brix
Exhaustion

Crystal content
Purity drop

86
66
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68
55!
20

70
45
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65
43
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‘N Molasses
‘B’ Massecuite

‘B’ Massecuite brix

‘B’ Molasses
‘C’ Massecuite
‘C’ Massecuite brix
‘C’ Molasses
Exhaustion
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KNOWLEDGE COMPONENT: MODULE 7:
PAN BOILING: KT 8: MIXTURE CALCULATION
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Introduction

.
* As mentioned previously a purity of about 72% is ideal for
graining a pan.

When it is desired to mix two liquors of different purities to
obtain a mixture of given purity, the relative quantities need

to be calculated using mixture calculations.

Consider the case where a feed of high purity is mixed with
a feed of lower purity to give a mixture of a certain purity.

Feed of higher purity

Feed of lower purity
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Using Formulae
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The following formulae apply:

1 TRy = IMIPPM-PPR)
(PPFy; - PPF)

2. TR = TM-TFy

Where:

TFy = Tons feed of higher purity

TFL =Tons feed of lower purity

PPFy = Purity % of feed of higher purity
PPF|_ = Purity % of feed of lower purity
PPM = Purity % of mixture

TM =Tons mixture
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Example: Using Formulae
%
* A molasses of purity 74% and B-molasses of
purity 45% must be blended to prepare 100 tons
of mixture at 72% purity. Find the amounts of
each molasses required.

100 (72 - 45)
= 74-45

100(27)
29

TFH

93.10 tons

100-93.10 = 6.9 tons
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Solutions (cont.)

« Different supersaturation zones exist that are determined by the sucrose
concentration (i.e. sucrose/100g water) and by the temperature of the
solution.

ZONES OF SATURATION

ssC=13

T SSC=1.2
ssc=1

SUCROSE
CONCENTRATION

LABILE
INTERMEDIATE_

METASTABLE UNSATURATED

TEMPERATURE =
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Usmg the Cobenz Dlagram

* The Cobenz dlagram convenlently summaries
the calculation performed in 7.2 above.

* Thus: D = C— B (D = higher grade feed relative
quantity)

* E=A-C (E=lower grade feed relative quantity)
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A-molasses of purity 74% and B-molasses of purity 45%

must be blended to prepare 100 tons of mixture at 72%
purity. Find the amounts of each molasses required.

7 D=72-a5-27

Instead of the mass of mixture that needs to be prepared
we can use the volume of mixture that must be
prepared. Using the Cobenz diagram we will determine
the relative volumes of feed that must be combined.
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KNOWLEDGE COMPONENT:
PAN BOILING: CONTINU
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Continuous pan design and basic
operation

* Continuous pans are
divided into a number of
cells/compartments (usually
12) that are separated from
each other.

* The massecuite in each
compartment is heated by
steam fed to a calandria.

* The large calandria
stretches throughout the
pan.
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Continuous pan design and basic l
operation (cont.)
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Seed massecuite is pumped into the first
compartment of the continuous pan.

The massecuite overflows from one compartment
to the next via a weir.

The flow of massecuite is driven by the flow of seed
massecuite into the first compartment.

Each compartment has a feed system to supply
molasses (syrup in the case of a continuous A-pan),
water or steam.

As the massecuite flows towards the last
compartment, crystals grow on the sucrose supplied
in the feed.
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* At any point in time the massecuite in the different
compartments is at different stagesin its change
from seed to fully developed massecuite at the
discharge end.

As the massecuite progresses each subsequent
compartment is set at a higher brix to maintain the
massecuite in the metastable zone.

* The brix in each compartment is usually measured
using a conductivity probe and is automatically
controlled by varying the feed to that compartment.
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Continuous pan design and basic
operation (cont.
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* The following table and graph shows the brix
profile for the different compartments of a
continuous C-vacuum pan as measured by
conductivity probes.
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Continuous pan design and basic
operation (cont.

The low conductivity in the last cell is due to the “brixing up” that is
necessary before discharging the massecuite to crystallisers.

In this case every second compartment is monitored for control
purposes.

The brix curve above is based on a massecuite purity of 53%.

If the purity decreases the brixes of each cell must be increased to
maintain optimum boiling conditions and vice versa.

Conductivity Set Point
Brixof Massecuite:

Cotrol Compartmonts
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Pan Control

Once a day, samples of the massecuite in the different
control compartments are taken and sent to the laboratory
for brix analysis.

The results are plotted and compared with the target values.

If the brix of a particular cell is too low (i.e. the massecuite is
‘slack’), the conductivity set point of that cell is reduced so
that the brix will increase.

If the brix of a particular cell is too high (i.e. the massecuite
is too ‘tight’), the conductivity set point of that cell is
increased so that the brix will reduce.
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Three zones of supersaturation are defined for pure sucrose solution:
* Unsaturated or stable zone (SSC<1.000) : Crystals dissolve and all
sucrose is in solution.

Metastable zone (1.00<SSC<1.20) : At concentrations that fall in
the metastable zone any sucrose crystal present will continue to

grow until the concentration falls to the level at which the solution

is just saturated.

Intermediate zone (1.20<SSC<1.3) : At concentrations that fall in
the intermediate zone crystals will not only grow, but new crystals
will form in the presence of other crystals.

Labile zone (SSC>1.3) : At concentrations which fall in the labile
zone, new crystals will from spontaneously. Crystal growth will be
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Pan Control (cont.)

Each cell is also regularly checked for its feel (slack/tight)

and for the presence of false grain.

If false grain has formed in a cell, the brix of the preceding
cell is reduced by increasing its conductivity set point.

The crystal content of all cells must also be checked
periodically.

The crystal content must be kept between 30 - 33%.

If the crystal content is low, the rate that seed massecuite is
fed to the first compartment must be increased and vice
versa.
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Pan Control (cont.)
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* The seed for a continuous pan is grown in a pan which is a
batch pan using graining with slurry.

* A continuous pan is continuously fed with seed into its first
compartment.

ToCrystalliser
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An A-continuous pan is fed with B-magma.

Since this seed contains some small crystals; the feed
is washed in the first few compartments by adding
water to dissolve these small crystals.

A major difference between batch and continuous
pans is the difference in hydrostatic head of the
massecuite.

In a continuous pan the hydrostatic is small and
remains constant.

The difference in temperature between the top and
bottom of the massecuite is thus small.
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E COMPONENT: MODULE 7:
CONTROL FORMULAE
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Crystal content of the Massecuite

To control the operation of the pan floor and ensure maximum recovery of
sucrose, we need to calculate certain performance parameters.

Crystal content is the mass of crystals as a percentage of the mass of
massecuite.

Purity of massecuite - Purity of molasses

Crystal content = B Bl
E 100 —Purity of molasses rix % molasses

It is obviously desirable to maximize the crystal content of a massecuite but
there are certain factors that limit crystal content:

— Impurities

— Viscosity/handling
* The viscosity increases as the crystal content increases.

* The crystal content can thus not be too high or the massecuite cannot
be handled in the factory.
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Crystal content of the Massecuite (cont.)

* In the raw house impurities limit the crystal
content, while in refineries the viscosity

/handling limits the crystal content.

¢ In the raw house the crystal contentis as follows:

— A-massecuite 55
— B-massecuite 43
— C-massecuite 30-35

* In refineries the crystal content can be as high as
50%.
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Exhaustion

This gives the amount of crystals of sucrose recovered as a
percentage compared to the amount of sucrose available.

" N Massecuite purity - molasses purity
Massecuite exhaustion & s 10000
Massecuite purity (100 — molasses purity)

The normal exhaustions obtained in South African factories are:
— A-massecuite (typically 68%
— B-massecuite (typically 65%)
— C-massecuite (55 - 60%)

The factor (purity massecuite — purity molasses) or “massecuite
purity drop” is important to exhaustion.

In general, the greater the purity drop the better the exhaustion.
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Exhaustion (cont.)
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SJM Formula

e L .
* This formula gives the % recovery of sucrose from a given feed,
where sugar and molasses are made.

* Itignores all losses except to molasses.

S{I-M)
SIM recovery = T % 100

Where: J = Purity of feed
S = Purity of sugar
M = Purity of molasses
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SJM Formula (cont.)
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* The SJM formula can be applied to all the following

cases:

sugar
syrup L
molasses
) sugar
massecuite
—]
molasses
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Affect of Purity on Saturation

e
For pure sucrose solutions the approximate widths of the zones
of supersaturation are:

Metastable zone 1.00<S5C<1.20
Intermediate zone 1.20<SSC<1.30
Labile zone SSC>1.3

In the case of impure sucrose solutions the band widths are
larger. The presence of other compoundsin a sucrose solution
may increase or decrease the solubility of the sucrose.

In the case of invert sugar, which consists of equal amounts of
glucose and fructose, the solubility of sucrose is reduced. This
means that less sucrose is able to dissolve before saturation is
reached.
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SJM Formula - Example
- R - -
* Calculate the SIM recovery if the syrup purity is 85%,
the sugar purity 99.5 % and the purity of the molasses is
35%.

S{I-M)

SIM recovery e — ® 100
_, 99.5(85-35)
= 85(99.5-35)

90.7%

# 100

* This means that 90.7% of the sucrose in syrup has been
recovered in sugar.
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Inorganic salts increase the solubility of sucrose in aqueous
solution - more sucrose is able to dissolve before saturation is
reached.

The concentration of sucrose at saturation point is thus greater if

inorganic salts are present in solution.

Cane sugar solutions are of this type where the impurities
present increase the solubility of the sucrose.

Such solutions require a higher sucrose concentration than pure
sucrose solutions to reach the same zone of supersaturation.

In other words, sucrose solutions containing inorganic salts
require a higher sucrose concentration to bring about the same
crystallisation phenomena.
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Affect of Purity on Saturation (cont.)

e
In the preceding slide’s graph the SSC’s of both lines =1.

— For pure sucrose solutions the metastable zone lies between a
supersaturation of 1.00and 1.2.

For sucrose solutions of purity 70 - 73% the metastable zone lies
between a supersaturation of 1.00and 1.35.

However, between 1.00 and 1.3 the rate of crystal growth is too low for
practical boiling and hence the practical metastable zone starts above
the 1.30 supersaturation.

The zone for introducing slurry and growth of seed nuclei is therefore
between a supersaturation of 1.30and 1.35.

With proper control of concentration (Brix) of a supersaturated solution the
degree of supersaturation can be controlled and the solution can hence be
kept in the metastable zone.

Here existing crystals will grow without the new crystals forming.
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To boil a pan the following information is
important:

* At what temperature will the pan be boiled?

* This is found from the saturated vapour
pressure in the pan.

* The concentration of sucrose (Brix) needed to
give the required supersaturation coefficient
at the temperature concerned.
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Crystal Growth Rate

B e il
Rate of crystal growth is called crystallisation velocity.
Measured in milligrams of sugar deposited per minute per
square metre of crystal surface (mg/min/m?).

In a massecuite crystal growth is greater the larger the crystal
surface are i.e. the smaller the crystals (The total surface of a
lot of small crystals is greater than the same mass of big

crystals).
Involves two separate stages viz.

— migration of the sucrose molecules from the solution to
the surface of the crystal, and

— orientation of the molecule on the surface of the crystal
prior to its incorporation into the crystal (rate controlling
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Crystal Growth Rate (cont.)

* Crystallisation velocity is determined by:
— the rate at which sucrose molecules arrive at the thin stationary
layer of saturated solution surrounding the crystal. This depends on

the relative speed of the movement of the crystal through mother
liquor i.e. the rate of circulation in the pan;

the rate at which sucrose molecules will diffuse through the film
which surrounds the crystal. This depends mainly on the viscosity
of the film and on the degree of supersaturation of mother liquor
in contact with it;

the rate at which sucrose molecules are deposited on the crystal
surface. This is influenced by presence in mother liquor of some
impurities like raffinose and other oligosaccharides which interfere
with incorporation of sucrose molecules into the crystal lattice.
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Factors that affect the rate of crystallisation

Purity of Massecuite
* Crystallisation rate decreases as purity decreases.

* The rate of crystallisation in the raw house is thus slow too very slow
compared to crystallisation in a refinery.

Crystallisation Rate
2 000
(mg/m/min)
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Factors that affect the rate of crystallisation

Degree of Supersaturation

¢ This is the main driving force for crystallization.
An increase in supersaturation has the following effects on crystallisation:
Increases the rate of attachment of sucrose molecules onto the crystal that
increases the rate of crystal growth.
Increases the viscosity of the solution that reduces the rate of sucrose
diffusion.

Increases the rate of diffusion because of the big difference in
concentration between the mother liquor and the film of mother liquor

around the crystal.

* The rate exhaustion of sucrose from solution by crystallisation is
proportional to the square of the supersaturation coefficient. So, in
practice, for pure sucrose solutions, a supersaturation coefficient of 1.44
(i.e. 1.20%) should not be exceeded as crystallization becomes
uncontrollable and false grain results.
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Factors that affect the rate of crystallisation

Viscosity of massecuite

Viscosity is very important because it affects the mobility of the sucrose
molecules.

A more viscous massecuite offers more resistance to the movement of
sucrose molecules as they migrate towards the crystals.

Massecuite viscosity decreases with increase in temperature and increases
with decrease in purity.

Viscosity also affects the mixing between mother liquor and crystals.
Viscosity is the measure of resistance to sheer or angular deformation.

The metric unit is the poise (dyne second/cm?), while the SI unit is Pascal
second (Pa.s = Centipoise x 10°3).

Viscosity in centipoise at different temperatures and saturations is
provided in the table in the learning material.
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Factors that affect the rate of crystallisation

Viscosity of massecuite (cont.)

* Because crystallisation velocity to a large extent depends on diffusion
velocity, which is governed by supersaturation, viscosity and temperature,
a pan boiled at high temperature and supersaturation will produce better
crystallisation velocities.

The table provided in the learning material illustrates this.

At 90°C (supersaturation 1.30) the viscosity is lower than at 30°C
(supersaturation 1.10).

If the mobility of the sucrose molecule isimpeded by high viscosity, and
the supersaturation level is high, false grain formation will occur.

This can be prevented by increasing the amount of crystal in the pan,
thereby increasing the surface area available for the sucrose molecules to
crystallise onto.
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Factors that affect the rate of crystallisation

Temperature

* Sucrose crystals grow faster the higher the
temperature.

However, a higher temperature reduces the
supersaturation which is the main driving force
of crystallisation.

The higher the temperature, the higher the
concentration required to maintain the same
rate of crystallisation.
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Crystal Formation

Mechanism of crystal formation and growth: A crystal is a
regular, uniform and reproducible arrangement of molecules in
a solid form.

In supersaturated solutions crystallisation begins with the nucleation
mechanism by which a small crystal forms.

In homogeneous liquids the process starts with random association of
soluble molecules occurring by normal molecular motions.

In some cases additional molecules join the cluster which begins to assume
a regular spacing of molecules and is called an embryo.

The embryo is usually short lived, but in a sufficiently concentrated
solution more molecules join the embryo which grows and stabilises to
become a crystal nucleus.

Thermodynamics of surfaces show that the solubility of crystals decreases
as their size increases.
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Thus, once a crystal nucleus is formed it tends to grow.

The formation of crystal nuclei in supersaturated solutions by
aggregation of molecules is called primary nucleation.

Only a small portion of crystalline material is formed by primary
nucleation.

Most of the solid formation is due to precipitation of the solute
(sucrose) onto surfaces of existing crystals.

Secondary nucleation refers to sugar crystals formed in a
supersaturated sucrose solution in which sugar crystals are already
present.

The occurrence of both primary and secondary nucleation is a
function of the supersaturation and purity of the sugar solution.
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Crystal Formation (cont.)

* High purity sucrose solutions (Purity above 85%)

— Primary nucleation occurs at a supersaturation above 1.3 (labile
zone).

— Secondary nucleation occurs at a supersaturation between 1.2
and 1.3 (intermediate zone).

* Impure sugar solutions (Purity 75%)

— Primary nucleation occurs at a supersaturation above 1.6 (labile
zone).

— Secondary nucleation occurs at a supersaturation between 1.35
and 1.6 (intermediate zone).

* It is thus easier to grain (i.e. add very small crystals) at 70 - 72%
purity in order to grow crystals than it is to grain on syrup of 85%
purity as false grain is easily formed.
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Crystal Formation (cont.)

Mechanism of crystal growth is as complex a process as
nucleation.

Growth occurs at dislocation found on crystal surfaces.

The dislocation is self-perpetuating and crystals grow in a
spiral as a result of surface forces.

The deposition of sucrose molecules on a solid crystal can
only occur if the concentration of the bulk fluid is greater than

saturation.

A perfect crystal generally has 12 faces or sides.

The crystal does not always have a perfect shape as there are
many factors that make some faces grow faster than causing

odd shaped crystals.
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Crystal Formation (cont.)

Once the habit or shape of the sucrose crystal has been established it
remains more or less the same as the crystal grows.

For example, if the crystal formed had a twin or needle or flat shape this
shape would stay and the full-grown crystal would have the same shape.

In a commercial process unhindered crystal growth seldom occurs:
— Crystals agglomerate,
— impurities are occluded,
— nucleation occurs both in solutions and at crystal surfaces and
— crystals are broken by pumps and agitation.

The net result of all these factors is spoken of as the habit of crystal
growth.

The habit may affect the product purity, appearance and behaviour and
therefore may seriously influence the product quality.
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Effect of Impurities on Crystal Formation

Impurities slow down the rate of crystallisation (e.g. starch).
Different impurities have different effects.
Rate of crystallisation is affected by:
— the concentration of impurities and
— the type of impurity.
During crystal growth in the pan there is competition for growing crystal
surfaces between the sucrose molecules and the impurities.

Impurities can determine the shape of the crystal (e.g. twin crystals are
common where reducing sugars are present at high supersaturations).

Colour of sugar is affected by coloured non-sugars which are absorbed by
the sucrose crystal (Occlusion (entrapment) of dark coloured impurities is
especially noticeable when a dark seed sugar is used in “A” boilings. A layer
of light coloured sucrose can be seen covering the dark seed crystal).
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Boiling Point Elevation — Due to Pressure
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From steam tables one can see that the temperature at which water would
boil at different pressures above and below atmospheric pressure varies.

In a batch pan the hydrostatic head due to the height of massecuite causes
the pressure at the bottom of the massecuite to increase as the level in the
pan rises.

This causes an increase in the boiling point of the massecuite at the bottom.
In a batch pan the boiling temperature is thus a function of the height.

The hydrostatic head also causes the massecuite at the bottom of the batch
pan to be more viscous.

This necessitates the use of movement water to ensure circulation.

The effect of hydrostatic head limits the height of massecuites in batch pans
to 1.35m.

The movement water used is at a temperature such that it will flash (boil
violently) as it enters the pan, thus causing turbulence and promoting
circulation.
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Boiling Point Elevation — Due to Brix

Sugars and salts dissolved in water always raise the boiling point.

This boiling point elevation is dependent on the quantity of
dissolved material and is independent of pressure.

The Boiling Point Elevation Table shows the increase in the boiling
point of cane juices at different brixes and purities.

Using the boiling point vs. pressure table and the boiling point
elevation table the boiling point of any sugar solution can be found.

Example:

What is the boiling point of 80°Bx massecuite of 50% purity at
25kPa?

Boiling point of water @ 25kPa = 65°C
BPE due to Brix = 13.1°C
* Boiling point of massecuite = 65°C+13.1°C=78.1°C
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Measurement of Super Saturation

* Forgood crystal growth the supersaturation coefficient (SSC) of
the sugar solution must be known.

* Instrumentsused to control a boiling measure some property of
the solution which is related to Brix and then to SSCi.e. the SSC is
measured indirectly.

Using Conductivity

* SSCcan be obtained indirectly by measuring the conductivity of
solution or massecuite.

Sucrose itself does not conduct but some of the impurities
present do, especially the salts present.

For concentrations up to 30 Brix the conductivity of solution
increases due to an increasing concentration of ions.
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Measurement of Super Saturation (cont.)

Using Conductivity (cont.)

Above 30 Brix the conductivity reaches a maximum before falling due to
the effect of viscosity reducing the mobility of the ions.

The part of the curve which applies in sugar boilings is indicated. It is
clear that increases in supersaturation correspond with decreasing
conductivity.

The conductivity between a pair of electrodes mounted in the wall of a
pan is measured in milliamps when a constant low potential (32V AC) is
applied to them.

As the brix of a sucrose solution increases, the density and viscosity of
the sucrose solution increases, and the electrical conductance
decreases due to the restriction of free ions.

This can be used as an indirect method to measure the supersaturation
coefficient.
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Measurement of Super Saturation (cont.)

Using Conductivity (cont.)

* Several trial boilings are done and a conductivity curve is
plotted that will maintain the correct supersaturation for
good crystal growth.

Once the curve is drawn, a massecuite can be boiled
according to conductivity.

As the Brix increases the conductivity is kept as prescribed by
the curve by regulating the feed or — in emergency feeding -
with water.

To draw a conductivity curve, conductivity readings must be
related to supersaturation coefficient.
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Measurement of Super Saturation (cont.)

Using Conductivity (cont.)
* The conductivity is noted:

— Where crystals in a massecuite just start to dissolve. This is
detected by rounding edges and corners of crystals - this is the
conductivity of the saturated solution.

— When false grain (i.e. new crystals) start to form in the
presence of other crystals- this is the lower limit of the
intermediate zone.

— When a solution without crystals present starts to crystallise
spontaneously - this is the upper limit of the intermediate zone
and hence the start of the labile zone.

* The conductivity probe consists of a cylindrical outer electrode
insulated from a second electrode placed inside.
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Measurement of Super Saturation (cont.)
Using Conductivity (cont.)

* Advantages:

Useful for massecuite strikes of below 95% purity (i.e. Raw House
pans)

Price of equipment and maintenance is low.

Variation with temperature is very small for constant
supersaturation. On increasing the temperature of a crystal/liquor
mixture the tendency towards increase in conductivity is
compensated for by an increase in Brix due to solution of part of the
crystals. Such a mixture is in a constant state of saturation and
shows small fluctuations in conductance with temperature
variations.

Measurement is quick and simple.
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Measurement of Super Saturation (cont.)
N
Using Conductivity (cont.)

* Disadvantages:

Unsuitable for high purity boilings such as refined boilings because of the
low ion concentration.

Scale build-up and metal corrosion due to electrolytic action makes
frequent recalibration and cleaning necessary.

The measurement is sensitive to temperature fluctuation
Boiling house products in cane sugar mills with a purity between 69 and

85%, and temperature 65 to 75°C, show the following relation between
conductance and supersaturation:

88
70
54
44
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Measurement of Super Saturation (Cont.)
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Using Boiling Point Elevation

* When sugar is dissolved in water the boiling point of the
water is higher than that of pure water.

* The higher the Brix, the higher is its boiling point above the
corresponding boiling point of water (at the same pressure).

* The difference between the boiling point of a sugar solution
and the boiling point of pure water is called the boiling point
elevation (BPE) and its value changes with the temperature
at which the solution is boiling.
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Measurement of Super Saturation (Cont.)

Using Boiling Point Elevation (cont.)

T

sugar solution

T g

At a pressure P, water boils at T°C and the water and vapour temperatureis T°C.

At the same pressure P, a sugar solution has to be heated to higher temperature before
its vapour pressure is to P, and it boils.

The temperature of the solution is thus (T + t) °C, while the temperature of the vapour
above the solution remains T°C.
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Measurement of Super Saturation (Cont.)
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Using Boiling Point Elevation (cont.)

* The BPE of a boiling sugar solution can be correlated with the
concentration and hence SSC.

Since boiling is carried out at a reduced pressure, it is
necessary to compare the elevated boiling point under exactly
the same pressure.

The BPE is practically found by inserting one temperature
probe in the massecuite and another in the vapour steam
above it.

Advantages of using Boiling Point Elevation:
* Can be used on all solutions.

* |tis particularly applicable to pure solutions.
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Measurement of Super Saturation (Cont.)
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Using Boiling Point Elevation (cont.)
Disadvantages of using Boiling Point Elevation:

* Constant vacuum is essential to get a good
measurement

* The changing level in the pan complicates the
measurements thus requiring compensation.

With impure substances the BPE only measures the dry
substance (Brix), not the sucrose concentration of the
mother liquor; therefore supersaturation cannot be
defined accurately.
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Measurement of Super Saturation (Cont.)
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Using a Radio Frequency Probe
* Conductivity measurements generally work well for raw sugar boilings
but not for refined sugar boilings.
Measures the electrical properties of massecuite i.e. the resistance and
capacitance at radio frequencies.
Either one of the signals can be related to the SSC and hence used to
control the pan.
The RF signal combines the conductivity and capacitance of the
massecuite and the magnitude (size) of the RF readings increase with
increase in supersaturation coefficient.
Advantage: Can be used on impure solutions (resistance signal) and
pure solutions (capacitance signal). Control of supersaturation in
refinery pans is usually done using RF probes, in A-pans by RF probes
and in B - and C - by conductivity.
Disadvantage: Encrustation and scaling occurs in raw sugar pans.
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Measurement of Super Saturation (Cont.)

Using Stirrer Torque

¢ This method makes use of measuring the stirrer motor power
consumption.

The Torque required to turn the stirrer in a solution increases
with increase in concentration.
Advantages:

— It can be used on all purities.

— Itis particularly useful for determining the end point of a boiling.
Disadvantages:

— The measurements are very much dependent on the crystal content.

— When there is little or no crystals as around seeding point, the
sensitivity of the signal is low and very temperature dependent.
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Measurement of Super Saturation (Cont.)
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Usmg a Crystal Scope

Good instrument for observing the crystal growth and its uniformity in the pan

during sugar boiling process.

Crystal size

— False grain affects the crystal size distribution.

Crystal type (Crystal Habit)

Crystals can be deformed in many ways:

— Conglomerates (multiple crystal joined).Two types are:

* Twinning: This is the phenomenon whereby two or more crystals share a
common face or edge.
* Aggregate: This refers to a “starry” mass of crystals.

— Elongated crystals formed (Due to the presence of dextran, small
polysaccharides i.e. kestoses (Glucose-Glucose-Fructose), and Theanderose
(Fructose-Fructose-Glucose).

— Impurities are trapped in crystal (occluded impurities).

Perfect crystals will only be formed if there is a slow rate of growth at a low
supersaturation.





image49.JPG
KNOWLEDGE COMPONENT: MODULE 7:
PAN BOILING:
KT 2: EQUIPMENT DESIGN AND OPERATION





image50.JPG
e L

Further evaporation of water and the formation of crystals is done in a vacuum
pan.
A vacuum pan is an evaporative crystalliser or single effect evaporatordesigned to
handle highly viscous material.
A device for starting and controlling the crystallisation of sugar by the evaporation
of water from the concentrated sucrose solution (mother liquor) to maintainthe
desired concentration.
At the correct supersaturation the pan is “grained” i.e. small crystals are added.
These crystals are grown and the mixture of crystals and mother liquoris a called a
massecuite.
A massecuite containing partially grown crystals is called a “seed” massecuite since
it is the starting material from which a massecuite is grown that contains crystal of
the required size.
The effect of vacuum is to reduce the boiling point of the solution. This has two
main advantages.

— It reduces sucrose decomposition due to high temperature and

— Improvesthe heat transfer by maintaining sufficient temperature difference between the
steam/vapour and the boilingliquid, thereby maintain a good evaporation rate.

Sugar boilingwas traditionally carried out in batch pans, but the modern trend is
to use continuous pans.
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Batch Pans
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* Modern batch vacuum pans are vertical welded steel

cylinders.
* The walls of the pans are lagged to minimise heat

loss. —
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Batch Pans — The Calandria
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Heating element of the pan

Consists of a large number of cylindrical tubes fixed to a top
and bottom tube plate.

— Tubes have a diameter of about 100mm with their length being in the
order of 1000 - 1500mm.

— Tubes usually made of stainless steel.
The steam which supplies the thermal energy is separated
from the boiling massecuite by the metal surfaces of the
tubes while the massecuite boils inside the tubes.
The number and size of the tubes determines the area of the
heating surface.
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Batch Pans — The Calandria (cont.)

%
Two versions of the tube calandria in use

The fixed calandria— The floating calandria—

tube plates attached supported in the middle of

to the sides of the pan the pan with an annular
and a central downtake. The bottom tube

downtake. plate is usually stepped.
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Steam is the energy used to heat the massecuite.
V1 vapour is bled from the first effect evaporator.

The driving force is the temperature difference between the
massecuite and the steam.

The temperature difference causes the steam to condense (give
up its latent hear).

The condensate is forced out of the condensate pipe and
through the steam trap by the pressure of the steam inside the
calandria.

The rate of steam usage and condensate production is
dependent on the temperature difference between the
massecuite and steam.
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Steam (cont.)

* When the pan is first charged the temperature difference
is greatest and because of this the steam valve must be
opened slowly to warm up the calandria and reduce this
temperature difference.

If this is not done a vast amount of condensate will be
produced which could cause the calandria to water log,
because it cannot drain away fast enough.

The sudden heat change could also damage the
calandria.





image56.JPG
Batch Pans — The Calandria (cont.)

Vacuum system - Condensers

As the massecuite boils in the pan, a large quantity of water vapour is
generated.

In order to maintain the vacuum (low pressure) in the pan this water
vapour must be continuously removed.

Done using a condenser.
A condenser is a vessel used to condense vapour to liquid.
The condenser is either connected to or is enclosed in a vacuum pan.

Once the vapour is inside the condenser, cool water (condenser water) is
sprayed on it causing the vapour to condense.

The purpose of a condenser is not simply to condense vapour but to use
this condensation to create a vacuum which can then be controlled by the
condenser water.




image57.JPG
Vacuum system — Condensers (cont.)

At -80kPa vacuum (20kPa absolute) 1kg of vapour occupies 6,6m? of space.
This vapour can be condensed by 15 kg of water to 0.001m? of condensate.

Condenser made up of a series of baffles or perforated plates which causes
the water entering at the top of the condenser to form a series of
saturating showers or fine rain-like droplets.

Gives efficient condensing of the vapour entering at the bottom.

Condenser water enters at the top and falls under gravity to the outlet —
(the tail pipe or barometric leg).

The vapour is sucked into the condenser at the bottom by the vacuum
created from the condensation taking place and is drawn up through the
falling water and condensed.

Some of the vapour cannot be condensed (incondensable gases) and these
gases are removed by the air pump (vacuum pump).
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Vacuum system — Condensers (cont.)

* The vacuum can be controlled by adjusting the amount of water entering
the condenser.

An increase in the amount of water increases the vacuum (to a maximum of
approximately- 90kPa).

A decrease in the amount of water decreases the vacuum (i.e. increases the
absolute pressure).

An increase in vacuum (reduced absolute pressure) reduces the massecuite
boiling temperature and increases the rate of evaporation.

A decrease in vacuum (increase in absolute pressure) increases the
massecuite boiling temperature and decreases the rate of evaporation.

Taking this information into consideration it is easy to see why it is easy to
raise vacuum in a hot pan and extremely difficult to raise vacuum in a cold
pan.
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Vacuum system - Barometric Leg

* Asthe pan and condenser is under vacuum and the water
in the sealing well is at atmospheric pressure there must
be a seal to prevent the water in the sealing well from
being sucked into the pan.

This is done by means of a barometric leg or tail pipe.

The tail pipe must be at least 10.4 metres long to balance
the difference in pressure between — 80kPa (gauge
pressure) in the condenser and the atmospheric pressure
at sealing well.

If the barometric leg is too short the condenser will fill up
with water and possibly flood back into the pan.
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Batch Pans — The Calandria (cont.)

i
Vacuum system - Approach Temperature

* A condenseris said to be working well if the approach
temperature is low.

This approach temperature is the difference between the inlet
vapour temperature and the outlet water temperature (tv—

to)-
The more water used the lower t, becomes.

This increases the approach temperature and the condenser
becomes less efficient.

Water control is thus important to ensure that the condenser
is working efficiently.
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Batch Pans — The Calandria (cont.)
B aciua

Incondensible Gas

* Steam also contains some air and other gases that cannot be condensed - incondensible
gases.
If not removed will accumulate in the calandria reducing the steam pressure and
lowering the temperature of the saturated steam.
This will reduce the temperature difference (AT) between steam and boiling liquidand
reduce the heat transfer.

Incondensible gases are removed by pipes extending to the bottom of the calandria
which have holes along their length so that both heavy and light gasses are vented.

Vent pipes are connected to regulating valves outside the pan.

The pipe after the valve can lead two places:
—  Itcan vent to atmosphere (Not tidy - water splashed on the floor and lagging on the pan deteriorates quickly.
Can be avoided with good control. Possible to see if there is steam wastage. Steamiis lost to the atmosphere
together with the incondensible gases.)

It can vent into vapour space of the pan (Tidy setup. Impossible to know whether incondensible gas and
steam is going into the saveall. Thus the possibility of the steam wastage.)
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Batch Pans — The Calandria (cont.)
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Incondensible Gas (cont.)

Vapour evaporated from boiling massecuite contains gasses like air that cannot be
condensed in the condenser.

These incondensible gasses must be removed.

Air pumps are used to extract incondensible gasses from vacuum pans via the
condenser.

These pumps do not pump vacuum so technically their usual name of “vacuum
pump” is wrong.

Liquid ring air pumps are universally used.
Consists of a shaft carrying radial vanes rotating in a drum.

Shaft is eccentric to the drum and in this way, as the vanes rotate, they enclose a
space increasing for suction and then decreasing for compression of air and delivery.

Space in the pump is limited by an annular ring of water lining the drum and held
against the walls by centrifugal force.

Liquid ring pumps take up little space and require little attention.
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Batch Pans — The Calandria (cont.)
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Condensate Removal using steam traps

Float type traps

Thermodynamic

Thermostatic traps z :
i traps with valve disc
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Condensate Removal using U-leg

Consists of a long U-shaped pipe.

Top of one leg is connected to the
calandria drain

Top of other leg is connected to the
condensate tank.

Bottom of the “U” as low as the ground
level will permit.

“U” acts as a seal between calandria
pressure and atmospheric pressure.

If “U” is not long enough to balance this
pressure difference, water will be forced
out of the “U” allowing steam to escape.
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Batch Pans — The Calandria (cont.)

i
Pan Feed System

Objective is to give an even, unrestricted flow of feed into the
pan.

The best place for this to be done is under the calandria.

Here the feed blends in with the natural circulation and good
mixing is achieved as the massecuite rises up the tubes.

The feed ring or distribution pipe under the calandria should
ideally be connected to the feed valve by a pipe entering under
the calandria.

The feed ring can be attached to the side of the pan, be halfway
between the downtake and side of pan, or have a star
arrangement.
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Circulation
Good circulation critical for good/effective pan boiling.

Promoted by bubbles of vapour agitating or mixing the
massecuite as they lift it towards the surface.

Massecuite boils and rises in the tubes and then moves down
the central downtake to the bottom of the calandria.

Heating thus causes circulation.

Circulation can be said to be good if the difference in
temperature between the massecuite under the calandria and
40mm above the calandria is not more than 3°C when the pan

is nearly full.
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Batch Pans — The Calandria (cont.)

Circulation (cont.)
* Hindered by the resistance of the shape and position of the tubes
and by obstructions in the downtake.
Important for bringing new mother liquor into contact with the
crystal surface thus assisting crystallisation.
Stirrers are used in pans to improve the circulation (especially white
sugar).
— Stirrer speeds about 50rpm are used.
— Helps to minimise the formation of clusters of crystals (known as

conglomerates).

— Advantages:
Shorter boil times
Lower steam pressure requirement
Lower temperature requirement
Less colour formation due to lower temperature
Stirrer current requirement can be used as an indication of the strike point.
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Batch Pans — The Calandria (cont.)

: :
Entrainment separators: Savealls or Catchalls

Small drops of mother liquorand/or crystals are thrown up into the vapour steam
when massecuite boils - Called entrainment.

If not saved they will be lost causing pollution and money loss.

Saveallis used to trap these entrainment particles — can be internal or external
Design principle involves:
— Arapid change in droplet direction
— Areduction in droplet velocity
Can only work well if clean — should be cleaned weekly
De-mister screens can be used to minimise entrainment.

A seal prevents vapour droplets from by-passing the separator. Common systems in
use include:

— Jtubes,
— bayonet clip pots and
— Ulegs.
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Batch Pans — The Calandria (cont.)

Cut-over Pipe
Large bore pipe of 250 - 300mm
Connects the pans, seed receivers and magma tank together.

Purpose: To cut/transfer the product (seed and magma) between pans and
receivers.

Makes the pan floor more versatile as pans can be used for more than one duty.
Seed is transferred from pan to pan by a difference in vacuum.

Co-operation between pan boilers is necessary to prevent the mixing of seed.
Must be thoroughly steamed out and drained after use.

Flanges are connected to a low pressure steam supply (V; vapour) to flush the
line.

The pipe must be cleaned to prevent a massecuite build-up and possible
blockage and also to prevent the mixing of different sized grains which will
affect the final sugar quality.
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Batch Pans — The Calandria (cont.)
Sight Glasses

Port hole-like windows up the side of the pan

Allow the pan boiler to see the level of boiling massecuite in
the pan.

Good illumination is provided and a scale calibrated in m?
gives an approximate measure of the volume of massecuite in
the pan.

A wash line (either hot water or steam is used) to wash the
inside windows — sometimes manual cleaning is necessary.

Rubber seals ensures no air can leak into the pan.

Scale is removed with hydrochloric acid.
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Batch Pans — The Calandria (cont.)

Breaking Vacuum

The vacuum breaker valve is a valve isolating the air space of the
pan from atmosphere.

The purpose of the valve is to allow air into the pan to fill up the
space under vacuum.

This is necessary when the pan is ready to strike (be emptied).

The condenser water valve should be closed and the air pump
stopped before the vacuum is broken or sugar could be
entrained.

The vacuum breaker line is fitted with a silencer to reduce the
excessive noise experienced by air rushing through the line when
vacuum is broken.
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Proof Stick

A device for withdrawing a sample of the boiling
massecuite from the pan whilst the pan is under
vacuum.

Mounted above the calandria and, below it on the
side of the pan, there is a wash basin.

Important that the proof stick be clean before
pulling a sample - Pulled out and washed clean,
allowed to return into the pan and withdrawn again
with the sample.

Should be held and guided back into the pan, not
released and allowed to go back on its own.

If allowed to return on its own it can be sucked in
quickly with the possibility of breaking or damaging
the handle.
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Batch Pans — The Calandria (cont.)

Manways
Also called manhole
Provides access to the inside of the pan.
Rubber seal ensures that the door is air tight when closed.
Before closing the door:

— Ensure that the seal is clean as any dirt or sugar on the seal could cause
an air leak which would make vacuum control difficult.

— Make sure all equipment is removed and

— Make sure nobody is inside before closing the door.
Do not overtighten the door.
Overtightening will

— make it difficult to open and

— could also damage the threads on the locking bolt making it impossible
______toopenorclose
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Batch Pans — The Calandria (cont.)

Pan Discharge Door
Used for emptying out the massecuite on completion of a boiling
Has a diameter in the order of 0.75 metres.
Can be manually or hydraulically operated.

Can include lights to show when the door or valve is fully opened or closed
(These lights can be operated by pressure switches or limit switches).

Non-return valves used to prevent the door or valve moving in the case of
an oil leak in the piping.
Leaks must be repaired promptly.
The cylinder controlling the operating of the discharge door can be :
— Underneath the pan where maintenance is difficult, or

— On top of the pan with a long shaft running through the pan and
downtake to the door.
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Batch Pans — The Calandria (cont.)

Steaming Out

* Steaming out valve isolates the vapour 1 steam line from the air space of
the pan.
Purpose: To admit steam into the pan after it has been struck to melt all
traces of the grain left behind.
The steaming should be sent to an appropriate tank and not dropped onto
the just-struck massecuite.
Steaming out of a pan makes raising vacuum easier because there is a lot
of hot vapour available to condense in the condenser.
Possible to break the vacuum in the pan by opening the steaming out
valve.
This practice, although time saving, can cause problems. Because of the
big pressure difference there would be a waste of steam and the steam
could also melt the grain on the top of the strike as it is discharging.
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Batch Pans — The Calandria (cont.)

Pan Instrumentation
Funnel
— Mounted on side of the pan.
— Used for adding slurry when graining the pan.
A thermometer
Avacuum gauge
When pairs are automatically controlled:
— Avacuum controller

— A massecuite level measuring device such as a DP cell or one
measuring the capacitance of a wire partially immersed in the
massecuite

— Anindirect measure of supersaturation coefficient such as boiling point
elevation conductivity or radio frequency.
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Other Pan Floor Equipment

Molasses Blow-up Tanks
Used to supply conditioned molasses to the pans.

Stirred vessels fitted with direct injection steam as a means of temperature
control
Usually small and mounted above floor level.
Function of the molasses blow-up tank is two-fold:
— The molasses is heated so that it has a temperature higher than that of the

pan into which it will be introduced. This has the advantage that the
molasses will flash when entering the pan, thus promoting circulation.

— The molasses is diluted with steam hot water to have a 70°Bx. The brix is
measured by a conductivity meter that operates a valve to feed
water/steam.

Contents must be well mixed by a stirrer (or by a steam jet mixer) to prevent
local hot spots with possible deterioration of the molasses.

Only the required amount of molasses is conditioned at any one time.
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Strike Receiver
* Mounted below the discharge valve of a vacuum pan

* A launder or pipe to transport the massecuite to the

strike receiver when the pan is struck (emptied).

* Strike receivers are special surge vessels designed to
receive the massecuite as it falls from the pan.

* The strike receivers are fitted with stirring devices to
keep the crystals in suspension and prevent them
from settling on the bottom of the strike receiver.
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Other Pan Floor Equipment (cont.)

Seed Receiver

* Immature (partially grown) massecuite that contains small crystals that require
further growth is called a seed massecuite.

Seed receivers are:
— Usually totally enclosed cylindrical tanks with stirrers.
— Connected to the pans by the cut-over line, and
— Used for the storage of seed.

Sight glasses are provided.

To cut or transfer a seed between a pan and a receiver there must be a
difference in vacuum between the two vessels.

Should be steamed out as often as possible
— To prevent mixed grain being used as seed
— To stop any decomposition and fermentation that could take place.
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¢ Avalve is used to isolate or regulate flow in a pipe line.

* There are many different valves available for many different
uses.

— Diaphragm valve
— Gatevalve

— Butterfly valve

— Slide valve
Steam valve
Ball valve
Float valve
Non-Return valve
Safety valve
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Valves (cont.) — Diaphragm valves

Most common type is the Saunders valve.

Regulation by a rubber diaphragm that acts against a ridge in the path of flow.
Good seal is provided.

Easy to overhauland does not have to be removed from its position in the pipe
line to be overhauled.

Has no glands so there are no leaks unless the diaphragm ruptures.

Grease is not compatible with rubber so when overhauling, the spindle area must
not overfilled with grease.
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Valves (cont.) — Gate valves

Relatively expensive.
Contain many moving parts
Not particularly reliable

If not treated/worked properly they
will not seal off tightly.

Spindle turns in a gland that
frequently leaks - either liquid out
of the valve or air into the valve if it
is under vacuum.

Frequently used to regulate feed to
pans and to control the cut-over
line.
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(cont.) — Butterfly valves

-

The most common use is for the
automatic control of condenser
water.
Problems can be caused by:

— Aloose blade,

— Aworn shaft and

— Gland leaks.

Prone to jamming is closed too
tightly.

New designs are extremely |
reliable

Can be used as cut-over valves ¥
and as discharge valves.

Extensively used on pipes
carrying  massecuite, syrup,
molasses etc.
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Valves (cont.) — Slide valves

Most common type are Stafsjo valves.

Are good for massecuite and magma as
the tongue or slide is smooth.

Tendency for crystals to pack at the
bottom of the slide causing leaks.

Glands can also leak.

Steaming out points on the valve is
advisable to clear stuck massecuite and
free the slide if it jams with cold
massecuite.

There are self- cleaning slide valves
available which do not have the
problem of leaking due to crystal build
up, but they have an extra gland which
is another possible source of leakage.
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Valves (cont.) — Steam valves

Steam valves, globe valves or ' l, J

plug and seat valves are tight
sealing valves suitable for high
pressures.

Reliable

Glands can leak.

Not suitable for liquids with
suspended matter as this could
damage the sealing surfaces.
Actuators can be fitted to this

type of valve for automatic
control.
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* Quick acting valves.

* Only real use on the pan floor is on the graining funnel.
* Very little maintenance is necessary.
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Can be fitted either to the calandria or the body of a pan.
Fitted in the calandriain case there is a build-up of
pressure.
— Only likely to happen when the normal vapour pressure
is exceeded due to malfunction of make-up valve from
the high pressure steam line.

Guards against excessive pressure inside the pan. This

would only happen if:

— the discharge door was closed,

— condenser water closed,

— air pump stopped and

— the steaming-out valve opened.
With no safety valve the sight glasses would break causing
possible personal injury.
To be effective it must be regularly overhauled.
Overhaul should not consist only of a coat of paintbecause
excess paintwill jam the moving parts making the valve
inefficientor inoperative.
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Valves (cont.) - Others
* Floatvalve = : ' 7 7

— Used to maintain a fixed level of liquid in a tank.
* Non-Return valve
— Inserted in a pipe line to prevent liquid flowing

back along the pipe.

— The most common type uses a pivoted flap
which falls over an opening preventing reverse
flow.

— The Saunders non-return valve uses a rubber
flap while other makes use of brass or cast iron
flaps.
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Starting a Batch Pan

Before starting up a batch pan a number of checks should
always be made.

These include checking that:
The pan is empty
There is nobody in the pan
The manhole doors are securely closed
The calandria has been drained of water- especially after testing for leaks
The calandriasteam valve is closed
The condenser water valve is shut
The vacuum pump is off
The incondensible gas valve is closed
The steaming drain and/or discharge door closed
The cut-over valve is closed
The vacuum breaker valve is closed.
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Starting a Batch Pan (cont.)

S ————————
After the checks the pan is ready for vacuum to be raised.

Possible to raise vacuum in a pan using the vacuum pump
— This is a very slow process
— May take about half an hour.

The best way is to fill the pan with steam and after closing the discharge door,
to condense this steam by opening water to the condenser.
The sequence of steps involved is as follows:

— open the discharge door (or drain valve)

— open steam into the pan body (not the calandria)

— wait until the pan temperature has reached 90-95°, then :
« shut the discharge door (or drain line)
* shut the steam valve
* open the condenser water valve.

Full vacuum will be obtained within one minute.
Note that the steaming out operation heats up the body of the pan which is
desirable for boiling a massecuite.
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Starting a Batch Pan (cont.)
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Problems
* Should a pan not reach, or fail to maintain, vacuum, a leak is indicated on the
pan.
¢ Theitems to check are:

Joints between flanges on the pan or lines connected to pan flanges

The discharge door seal on the pan and other valves, viz. vacuum valve, vacuum
breaker, cut-over valve.

No injection water or else hot injection water. The latter happens when the cooling
tower fans trip.

A leak on the condenser tail pipe often at the water level in the sealing wall.

The calandriamay have broken tubes or tubes may need to be re-expanded.
Sometimes it is necessary to blank off leaking Calandra tubes if there is insufficient
time to replace them.

The glands on stirrer motor shafts.
Collapsedtraysin condensers.
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Starting a Batch Pan (cont.)

Problems (cont.)

* Calandria are tested for leaks by filling with cold water and
looking underneath the calandria for leaks.

If difficulty is experienced in locating a leak on a pan, the pan may
be either:

— filled with steam, or,
— in extreme cases, filled with water.

At the start of a new season it is good practice to test all pans for
possible leaks by raising vacuum, then shutting the vacuum line
and observing the rate of fall of vacuum over, say, half an hour.

Modern welded pans should show less than a change of vacuum
of 3kPa in 30 minutes.
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