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PAN BOILING



After sulphitation on syrup to a pH 5.2 to 5.4, the syrup is subjected to vacuum pan boiling process. The pan boiling essentially consists of the removal of water by evaporation in single effect vessel known as vacuum pan and crystallizing out sugar by increasing the concentration. The vessel in which this boiling and crystallization process is completed is known as vacuum pan. The function of vacuum pan is to produce and develop sugar crystal of desired size from syrup or the molasses known, as mother liquor. Aims of Sugar Crystallization: 1) 2)



Separation of sucrose from it’s associated impurities by forming grains from liquid phase to solid phase. Separation of granular crystallizing particle by centrifugation and get maximum sugar recovery by maximum desugarisation of mother liquor.



Technical Terms Definitions: 1) Syrup: The resulting material obtained after concentration of clear juice by evaporation of excess water in the multiple effect evaporators. 2) Molasses: The effluent obtained from centrifugals on purging or spinning the massecuite. The discharged molasses before washing of sugar layer in centrifugal is termed as heavy molasses. The discharge molasses after washing of sugar layer in centrifugal is termed as light molasses. Page 2 of 31



3) Final molasses: The molasses obtained from the manufacturing process and from which no more sugar can be recovered economically under factory condition is called as final molasses.



4)



Massecuite The mixture of crystals and mother liquor delivered from vacuum pan at the end of each strike is called as massecuite. This can be further defined as A, B, C or D massecuites depending upon position of material in process. The massecuite may be further classified as High-grade massecuite & Low-grade massecuites. In general the massecuite from which the sugar is bagged is referred as high-grade massecuites. The massecuite from which the separated sugar is either used as seed for next massecuite or melted is referred as low-grade massecuites.



5) Granulation: It is expression for the crystallization process in which the sugar from a state of solution is transferred to sugar crystals or grains. 6) Graining or seeding or footing: This is the formation of nuclei or introduction of fine crystals as nuclei to be developed during crystallization to crystals of desired size. 7) Cutting: It is dividing of total pan content over two or more pans or storing of the part of massecuite or seed in special storage Page 3 of 31



equipment termed as seed crystallizer. 8) Feeding to Pan: Introduction of boiling house material (Syrup / melt /molasses etc.) as per need in a pan during crystallization process is generally referred as feeding to pan. 9) Strike: Each pan with full of massecuite is called as a strike.
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10) Movement Water: The introduction of water for movement in the pan during entire process of crystallization is called movement water. This is used mainly for a) To compensate rate of evaporation in boiling pan. b) To maintain fluidity or proper circulation resulting in better circulation. 11)



Hardening: Hardening means the development of crystal in proper manner by which consolidation of molasses in to crystal lattice.



12)



Footing: Quantity of seed magma used for each strike is called footing and it should be enough to cover calandria of pan.



13)



Seed Magma: It consists of low-grade sugar mingled with syrup or molasses or water and stored in crystalliser from which it is drawn in pan to start high-grade strike.



14)



Exhaustibility: Exhaustibility is the degree to which the molasses is desugarised or exhausted.
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SYRUP SULPHITATION: The concentrated clear juice obtained from last body of evaporator is called as syrup. The Brix % of syrup is varying from 55-60 o Bx and pH is varying from 6.5 to 6.8. In general, the drop in pH from clear juice to syrup (unsulphited) is of the order of 0.20 to 0.40. Syrup obtained from evaporator is generally sulphited to 5.2 – 5.4 pH and it is a common practice in plantation white sugar manufacture in India. Generally sulphur dioxide is passed through syrup in special syrup sulphitation tank till it reaches to 5.2 – 5.4 pH. The sulphur dioxide has a bleaching action on syrup and sulphitation of syrup assists the crystallization process in following ways. i) SO2 reacts with organic acid compounds of calcium to form Calcium sulphite releasing free organic acids. ii) SO2 reduces ferric ions to ferrous ions and thereby prevents development of dark coloured compounds resulting from the reaction of ferric compounds with polyphenols. iii) According to Zerban, SO2 most probably blocks the carbonyl group of reducing sugars thereby preventing caramel andmelanoidin formation.Out of the SO2 absorbed by the syrup a major portion finds it’s way to molasses while 20-30 ppm come with sugar. Excessive sulphuring of syrup below 5.0 pH serves no purpose but on contrary exerts adverse effects in following ways. · Good amount of SO2 escapes along with vapour in A-massecuite boiling leading to corrosion of pan vapour pipe. This also reduces pH of injection water and increases consumption of lime or pH boosters. · Low pH of syrup results in inversion of sucrose. Syrup sulphitation tank: Syrup sulphitation tank is of M.S. construction, having conical bottom and syrup outlet is provided through a siphon arrangement. The working height of sulphitor is about 1.5 to 2.0 m. This enables sufficient time of contact of syrup with SO2 gas.



Uniform and fine distribution of gas in the tank is important and the SO2 gas distributor and baffle plates are provided for this purpose. The SO2 gas inlet is connected at the bottom of the Page 6 of 31



cylindrical tank, with suitable valve to regulate the flow of gas. The syrup enters in to gas absorption tower generally mounted over the top of the tank. The gas escaping the syrup passes through the tower, which is fitted with suitable baffles and thus partially absorbed, by the fresh incoming syrup. This syrup inlet in the tower thus reduces the SO2 content in vent gases from the syrup sulphitation tank.



AIM OF PAN BOILING: After sulphitation of syrup to a pH 5.0 – 5.4, the syrup is subjected to vacuum pan boiling process. The pan boiling essentially consists of the removal of water by evaporation in single effect vessel known as Page 7 of 31



vacuum pan and crystallising out sugar by increasing the concentration. The vessel in which process is completed is called as vacuum pan. The function of vacuum pan is to produce and develop sugar crystals of desired size from syrup or the molasses known as mother liquor.



THEORY OF PAN BOILING The state of saturation or super saturation of mother liquor or massecuite is very important factor in process of crystallization or in growth of crystals in vacuum pans and crystallisers. In general solution is said saturated when it has dissolved all the solute it can possibly hold. In other words a saturated solution is one in which an added crystal of the solute neither dissolve nor causes crystallization. If the temperature of saturated solution is lowered the solution will become supersaturated and will tend to throw out the excess of sugar above the saturation point until the sugar solution reaches to new saturation point. On the contrary, if the temperature of saturated sugar solution is raised the solution becomes un-saturated and will dissolve additional sugar until it becomes saturated again. If then certain amount of water is removed from a saturated sugar solution by evaporation the solution is then become supersaturated and excess sugar above the saturation point will crystallise if provided conditions are same. In pan boiling, we are evaporating water from syrup/molasses and convert them from unsaturated zone to supersaturated zone. The crystal growth takes place in super saturation zone. Classen gave a scientific touch to a subject of pan boiling. He interpreted degree of concentration as a degree or coefficient of super saturation. More recently, it is also called as solubility coefficient. The co-efficient of super saturation is defined as the ratio of sugar dissolved per part of water in a supersaturated solution divided by sugar dissolved per part of water in saturated solution at the same temperature. Coefficient of super saturation
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= Amount of sucrose/per part of water at super saturation Amount of sucrose per part of water at saturation at same temperature The degree of super saturation has a remarkable effect on crystallization. Nucleation, rate of growth, conglomerates, false grain, etc.



CRYSTAL GROWTH MECHANISM: The sugar crystals growth in super saturated sugar solution takes place as a result of following two processes: 1)



Transfer of sucrose molecules from the bulk of solution to the Page 9 of 31



2)



surface of crystal. Incorporation of these molecules in the crystal lattice.



The crystal growth depends on these two mechanisms and the slower process determines rate of crystallisation. In the case of sucrose crystal suspended in a supersaturated sugar solution, sucrose molecule from the bulk of solution will be transported to the crystal face by diffusion, as the film near the crystal will be thin. As the sucrose molecules get deposited in crystal lattice, the film near the crystal has a lower degree of super saturation than the bulk of solution due to reduction in concentration of solute as also due to the effect of heat of crystallization. The super saturation is main driving force, which increases the rate of diffusion of sucrose molecules to the crystal surface, and thus the rate of growth of crystals will be determined mainly by the degree of super saturation of the sugar solution. The rate of crystallization in pure and impure sugar solutions like molasses increases with temperature at high degree of supersaturatrion. Similarly at the same temperature crystallization rate higher at higher super saturation.
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EFFECT OF IMPURITIES ON CRYSTALLIZATION RATE: The non-sucrose impurities in syrup or molasses exert adverse influence on the crystallization rate. Beside the concentration of impurities the composition and nature of impurities decide the rate of crystallization. Electrolytes in general have retarding effect on crystallization rate. Similarly caramel and carbohydrates considerably slows down crystallization. This is the main reason of slow rate of crystal growth in low purity massecuite. According the Smythe’s studies on growth of sugar in pure and impure solution has shown that the impurities fall into two categories as follow: 1) 2)



Some impurities increases viscosity and retard mass transfer of sucrose molecule to crystal e.g. electrolytes, reducing sugars. Some impurities hamper the crystal growth by abstracting the incorporation of sucrose molecules in crystal e.g. – Oligosaccharides.



Studies conducted by Smyth have thrown light on the retarding influence of small concentration of raffinose and kestose on the growth rate of sugar crystal as they are adsorbed on growing sugar crystal. Raffinose and dextran are known to cause habit modification of sugar crystals resulting elongation of sugar crystal. In factories processing stale cane the phenomenon of elongation of sugar crystals is often noticed due to presence of dextran formed in cane juice as a result of bacterial infection during the long delay between harvest and processing. The elongation of crystal results from preferential adsorption of dextran on the growing sugar crystals.



MASSECUITE BOILING SCHEMES: Page 11 of 31



The concentration of syrup coming from evaporator is processed further in vacuum pan. The first massecuite obtained from virgin syrup is called A-massecuite and the mother liquor separated from Amassecuite in centrifugal is called A-molasses. However this A molasses still contains a high proportion of crystallisable sugar. It is therefore collected separately and used to build second strike. This operation may be repeated by several times, but number of boilings soon becomes limited due to, -



Molasses becomes more and more exhausted i.e. purity of molasses lowers. All the sugar from molasses is not crystallisable since non-sugar immobilizes a certain proportion of sugar. The exhausted and low purity molasses becomes rich in non-sugar and viscosity increase beyond processing limit. The high viscosity creates circulation problems.



For this purpose the number of boiling should be kept minimum. The number of boiling mainly depends upon syrup purity. Depending on syrup purity generally used boiling systems are as follows: a) When syrup purity below 80-Two massecuite boiling b) When syrup purity 80 and above -Three Massecuite boiling or three and half Massecuite boiling.
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THREE MASSECUITE BOILING SCHEME: In Indian sugar Industry for the plantation white sugar manufacture, generally the three massecuite boiling scheme is preferred due to it’s proven advantages. The different three massecuite boilings are as below, A massecuite: Generally A massecuite purity is maintained from 85 to 90. A massecuite is boiled either with B magma or dry seed as footing. The A massecuite is further developed with syrup, melt and A-light molasses. B massecuite: Generally B Massecuite purity is maintained from 68 to 75. In most of cases B massecuite is grained by true seeding method. But in some factories C double cured magma is also used as footing for B massecuite. B massecuite is further developed with A heavy molasses. B massecuite is generally water cooled up to 50oC. C massecuite: Generally the C massecuite purity is maintained 55 + 4. In most of cases C massecuite is grained either with mixture of AH + CL molasses (purity- 65-70) or only with CL molasses (purity- 63-64) by true seeding technique. C massecuite is further developed with C light molasses and B heavy molasses. C massecuite cooled up to 40oC and again reheated up to saturation temperature. The three massecuite boiling scheme : Double curing of C massecuite single curing of B massecuite, melting of CAW and use of BFW as a footing of A massecuite. True seeding of B and C massecuite.
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A MASSECUITE BOILING: The detail A massecuite boiling procedure generally adopted in Indian sugar industry is as follows, 1)



Pan is washed carefully either with exhaust steam or vapors . After attaining 80-90 oC temperature, the discharge valve and vacuum break valve is closed tightly. The injection water valves are opened, if closed earlier. Then vacuum established to 25” of Hg. If vacuum is lower, again the discharge valve and vacuum break valve are opened and closed tightly. The leakage through discharge valve is mainly due to the unwashed crystals at valve spindle.



2)



After vacuum reaches to 25” Hg, a mixture of syrup and melt introduced in pan about 6-10” above calandria level. During feed intake exhaust/vapour valve is opened. If melt is at higher brix %, then pan material is checked for presence of fine crystals. If crystals are present, these crystals are to be melted either by lowering the brix % or decreasing the vacuum. Decreasing the vacuum, results in increasing the temperature of pan content and helps for dissolution of crystals. Many times the B seed is stored separately and it is melted in pan with syrup while starting the pan. This is done to have higher purity material at the time of pan start.



3)



The pan material is concentrated up to 75-78o Bx. Once pan material reaches this concentration, pan footing either Dry-seed or B-seed magma is introduced in to pan through cut over line up to required level. The volume of this footing is checked either with number of crystals on glass or volume reduced in seed crystallisers. Mostly this is depends upon individuals art and number of strikes to be made e.g. 2A, 4A etc. This operation is called as footing.



4)



After footing operation completes, next step is to wash fine grains. This is done by slightly lowering the brix % of pan content to 73-75 by introduction of movement water. This operation will take generally 10-15 minutes. This operation is generally called as ‘washing’ of footing. Brix % is maintained 84 + 2 afterward. Page 14 of 31



5)



After washing operation is finished then smaller drinks are given to pan, number of times till pan material reaches to highest allowable height in pan. After the washing finish the brix % of the pan material is always kept 87 + 2 even just after the feeding. The drinks are so chosen either syrup or melt in first stage. Generally higher purity material drinks used first and then lower purity. But AL drinks are used only for single A pan and at the end of strike. This is followed in view of reducing high coloured material effect on crystal colour.



6)



If the strike type is 4A then half of the pan material is cut to or transferred to other pan or vacuum/seed crystalliser as per availability. The remaining material contains number of crystals sufficient for 2A pans. So this pan is again boiled as per above procedure.



7)



If the strike type is 2A then half of the pan material is transferred to other A massecuite pan or vacuum crystalliser as per availability by using cut over line. For cutting the pan to adjacent pan, the vacuum of the pan is reduced to 15-18” of Hg. This creates the difference in pressure in both the pan and pan material is transferred in other pan. This operation generally known as cutting.



8)



After cutting the pan material will have number of crystals sufficient to only one pan. Now this pan is filled with syrup first and last few drinks with AL molasses. During whole this operation the brix % of pan material is maintained at 87 + 2o brix.



9)



When level of massecuite reaches to maximum allowable limit syrup/melt/AL drinks stopped and massecuite tightened to 90 + 1o Bx. The A massecuite becomes ready to drop in crystallisers.



10)



For dropping the massecuite in crystallisers, injection water valve of condenser is closed and vacuum break valve of pan is opened. Some times exhaust/live steam valve going to pan body is opened to break vacuum. This help to reduce air intake in pan and for next cycle the vacuum creation is becomes easier. After reaching the pan vacuum to 0” Hg, pan discharge Page 15 of 31



valve is opened and through massecuite gutter, massecuite channeled to flow towards desired crystalliser. 11)



Similar operation from No. 8 to 10 is repeated for other half strike.



12)



The volume of drink should be kept minimum and number of drinks should be increased i.e. more frequent drinks should be given. This is because if large drinks given then due to the lower brix of drinks, the pan material brix reduce drastically. This may cause grain dissolution as well as crystal growth rate reduced drastically. In such cases exhaustion in A massecuite will be low. The result of this is higher A heavy purity and further purity balance get disturbed. Same thing is applicable to low grade boiling also.



13)



The efficiency of pan boiling operation is may be expressed by purity drop between massecuite purity and heavy molasses purity. But the pirity drop figures vary from massecuite to massecuite. In some factories, where A massecuite purity is above 90, one may obtain hardly 8 to 10 units purity drop. In other case when A massecuite purity is low i.e. 85-86, one may obtain 12 to 14 units purity drop.



B Massecuite Boiling The B massecuite boiling procedure generally adopted in Indian Sugar Industry is as follow, 1)



Pan is washed carefully either with exhaust steam or vapors . After attaining 80-90 oC temperature, the discharge valve and vacuum break valve is closed tightly. The injection water valves are opened, if closed earlier. Then vacuum established to 25” of Page 16 of 31



Hg. If vacuum is lower, again the discharge valve and vacuum break valve are opened and closed tightly. The leakage through discharge valve is mainly due to the unwashed crystals at valve spindle. 2)



After vacuum reaches to 25” Hg., graining material generally AH molasses is introduced in pan about 1-2 ft. above calandria level. Graining material is checked for presence of crystals. If crystals are present, then all these crystals melted either by lowering the brix by introduction of hot water or by rising the temperature by breaking the vacuum slightly. At last the graining material is assured crystal free. Otherwise as this graining material will reach in intermediate zone will start formation of new crystal without slurry introduction. This will give rise to different kinds of crystals, which are not desirable.



3)



All the required graining material quantity should be taken in pan in one step. If graining material is not taken in one step, then for each time the crystal dissolution operation is to be repeated. This will lead to wastage of pan boiling time as well as higher steam as well as water consumption. The quantity of graining material shall be sufficient after concentration i.e. at the time of slurry feeding, level should not fall below calandria level. The quantity material to be introduced for graining may be calculated as follows, Pan Capacity= 60 MT Graining Volume = 38 % = 60*0.38/1.5 =15.20 m3 Brix % of graining material= 72 Specific Gravity at 72o brix = 1.361 Brix % of graining material at slurry dosing point= 90 Specific Gravity at 90o brix = 1.481 Grain material to be taken in pan (m3) = = 15.20 * 1.481 * 90 /1.361 * 72 = 20.675 m3 Thus for 60 MT pan with 38 % graining volume, one has to take minimum 20.675 m3 graining material of 72o brix, so that the concentrated graining material will be just equal to calandria level at the time of slurry dosing.



4)



The crystal free graining material is concentrated to 86-87o brix. As this material does not contain crystals, though super Page 17 of 31



saturation reached in intermediate zone, this will not give any nucleation. A calculated amount of slurry dose is fed in one step in the pan without introducing any cold air. Cold air entry is restricted due to as cold air enters inside the graining material forms low temperature pockets. Due to this the super saturation status at these pockets may jump to labile zone and these pockets will give rise to new crystals, which are not originated from slurry. The point of slurry introduction is decided either by refractometric brix or string proof test some times called as thumb rule. 5)



For testing the graining point, the pan materials is taken in between the forefinger and thumb and stretched for generation of a thread. The unbroken thread length is decided as a indication of grain point. However the length of unbroken thread is depend on number of factors such as temperature of the material, purity of the material, viscosity of the material, impurities type in the material, the time in between sampling and testing etc. To judge the grain point and the length of unbroken thread is different for the each case and needs field experience as well as continuous observations.



6)



After introduction of slurry, one has to remain alert for watching crystals. Generally when slurry crystal grows from 5 micron to 25-30 micron size, we may locate or observe them visually. One has to check these sugar crystals continuously till sufficient crystals appear on the glass. To identify and control these numbers of grain is job of skill and experience. Generally for B massecuite 7-10 minutes required from slurry feeding to grain



control. As soon as sufficient grain appears, hot water condensate valve is opened suddenly and brix of graining material reduced to 82 + 2. This introduction of water for controlling the numbers of grain is called as movement water. 7)



With the introduction of movement water, the grain hardening operation starts. Grain hardening means development of sugar crystal in proper order and size. At the end of grain hardening crystal edges becomes hard and if crystal taken between two fingers the crystal edges found hard. Generally this stage Page 18 of 31



reached when crystal size grows to 70-75 micron. During grain hardening time hot water flow going to pan is adjusted in such a manner that always pan material brix % remains 8.2 + 2. For this purpose it is better to use condensate of same pan through siphon. In some factories batch drinks of water are also preferred. For B-grain hardening 15-30 minutes were found adequate. 8)



After finishing grain hardening, further pan boiling operations starts. Similar to A massecuite boiling drinks are introduced in pan. Only the drink material is either A heavy or B light molasses. The brix of material is maintained 90 + 2.



9)



After reaching to allowable height the pan is cut to vacuum crystalliser or B pan. If grain made for 3B pans then 1/3rd material cut to other pan and 2/3rd boiled in same pan. Again this 2/3rd material filled up to allowable height and then half material cut to other pan/vacuum crystalliser.



10)



After cutting the pan material will have number of crystals sufficient to only one pan. Now this pan is filled with only A heavy molasses. In some factories C light molasses is used for topping of B massecuite to reduce purity of B massecuite. But this should be avoided as C light molasses is heavily coloured as compared to AH molasses though purity of both are almost equal and also highly viscous than A heavy molasses. During whole this operation brix % of pan material is maintained at 92 + 2o brix.



11)



When level of massecuite reaches to maximum allowable limit, drinks stopped. Massecuite is concentrated for 30 minute up to 96o brix. This operation is generally referred as tightening of the pan. Now B massecuite becomes ready to drop in crystalliser. It is dropped in crystalliser in similar fashion of A massecuite.



12)



Similar operations from No. 10 to 11 are repeated for remaining 1/3rd or half strike.



13)



If C seed is used for B pan footing, then point No.2 to 5 omitted and instead of it A massecuite boiling points No.2 to 4 are followed. Changes are only to drink type given. Page 19 of 31



14)



The various crystal sizes kept during B massecuite boiling are as follow, a)



When true seeding technique used Slurry size Grain control Hard grain Grain cutting (2B) B massecuite (dropping)



b)



below 5 micron 25-30 micron 70-80 micron 140-150 micron - 240-260 micron



When C seed used as B footing : C seed or footing At cutting (2B) B massecuite (dropping) -



15)



150-200 micron 250-300 micron 350-500 micron



The slurry size should be maintained 3-5 micron. Generally slurry dose followed in sugar factories was found varying from 2-6 g slurry sugar / ton of B massecuite boiled.



C Massecuite Boiling: The C massecuite boiling procedure is exactly similar to B massecuite boiling procedure. Only difference is in C massecuite boiling pan feed materials are B heavy and C light molasses. Hereunder we will discuss the points, which are dissimilar than B massecuite boiling. 1)



Graining material purity is important factor in C massecuite boiling. In olden days graining material used was combination of AH and CL molasses and purity was maintained 68 + 2. But from 68 purity, it was very difficult to drop C massecuite of 54 purity. High purity graining material was preferred, as shorter time requires for grain hardening. (In general, when crystal size reaches to 70-80 micron, the crystal edges are well developed and feel harder. The time required to grow the crystals from 2530 micron to 70-80 micron in C grain is mainly depends on Page 20 of 31



purity of the material. In general at lower purity, the crystal growth rate is slow. Therefore at low purity graining material, the required grain hardening time is higher.) But now days graining material used is the same combination of AH + CL but graining material purity is kept 62 + 1. If CL purity is lower than 62 then only AH is mixed otherwise only CL molasses is used as graining material. For grain hardening 4060 minutes needed depending on purity. 2)



After grain hardening, the grain pan first filled with CL molasses and then with BH molasses. The brix % of pan material is kept in the range of 94 + 2.



3)



After cutting, only B heavy molasses used to fill C massecuite pan. The brix % of pan material is kept 98 + 2 or as high as possible.



4)



At the end of strike pan is tightened fully generally up 102o brix and then dropped.



16) Similar to B massecuite slurry size should be maintained 3-5 micron. Generally slurry dose followed in sugar factories for C massecuite was found 6-14 g slurry sugar per MT of C massecuite. As per VSI study 12-14 g slurry sugar per ton of C massecuite was found adequate. 5) The various crystals sizes kept during C massecuite boiling are as follows’ Slurry size Grain control Hard grain Grain cut (4C) Grain cut (2C) C massecuite (dropping)



3-5 micron 25-30 micron 70-75 micron 90-100 micron 120-130 micron - 180-200 micron 200-220
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DIFFERENT GRAINING (SEEDING) TECHNIQUES Graining or seeding is defined as a process of establishment of fine sugar nucli or grain in graining material for further development during pan boiling operation. The establishment of grain of right size and sufficient numbers in impure sugar liquors is rather art of skilled pan men’s than technology. Primarily the graining techniques can be classified as follows, 1)



Waiting method Shock seeding method True seeding method



Waiting method: This method was abandoned since long ago. In this method syrup or graining material is concentrated till it reaches to labile zone of super saturation. As per the characteristics of labile zone fine grain nuclei appears suddenly without any presence of crystal. The indication of this labile zone of super saturation is obtained by taking sample of thick syrup from sample key between thumb and forefinger and forming an unbroken long string of the viscous syrup, which serves to guide the pan man. But as the purity of graining material decreases the solubility of sucrose increases and viscosity of material also Page 23 of 31



increases. This will give proof stick test much earlier, even below 1.4 super saturation. So one has to keep this effect in mind before graining by waiting method. As per characteristic of labile zone, grain formed suddenly and required quantity of grain is detected and controlled by experienced pan man suddenly. When sufficient grain nuclei established, further grain germination is restricted either by reducing vacuum 2-3” or by application of movement water or both and bringing back the super saturation in metastable zone. The concentration kept in metastable zone for hardening of grain.



This method is entirely dependent on the skill and personnel judgment of pan boiler. As the crystal appears suddenly, it is very difficult to control number of grains and uniformity of grains. Again at lower purity graining material (below 65), the viscosity increases very high in labile zone of super saturation almost ceasing circulation in pan. In this case it is very difficult to form uniform grain. The coefficient of crystal variation is always above 30 %. 2)



Shock Seeding; The shock seeding method of graining, results in distinct improvement over the waiting method. For shock seeding method one has to concentrate the graining material to intermediate zone of super saturation. When concentration reaches to intermediate zone, a finely ground white sugar is charged in to the pan. As per characteristics of intermediate zone, the fine grain nuclei start appearing due to presence of crystal. Some time to give shock cold air current is also passed along with powdered sugar. The air current cools the graining materials as well as improves circulation for short period. Without instrument control proper time of powder feeding is decided by stretching the viscous material between thumb and forefinger. The length of string generally kept 5-10 cm but mostly depends on purity of material as discussed in other sections. In this method the particles of sugar serves as shock for establishment of new grains. If the shock is given before Page 24 of 31



proper super saturation level, the grain may not appear or may be too inadequate. If the shock is given late conglomerate formation and mixture of different crops of sugar grain appears. After the required grain appears the concentration brought down to metastable zone by introducing condensate water and grain is further hardened. Similar to waiting method, it is very difficult to produce required grain uniformity in this method also. The coefficient of crystal variation is always above 25%.



Only skilled and experienced pan men can practice both these methods and slight error of judgment may create serious centrifugation problems. 5)



True seeding method: This method of seeding is generally practiced by pan boilers. In true seeding method no nuclei formation in graining material but introduction of fine sugar nuclei in the form of slurry is practiced. The weight of sugar in slurry to be fed is decided depending on slurry crystal size, final massecuite crystal size, crystal % massecuites and massecuite quantity. In this method graining material is concentrated to the boarder of metastable and intermediate zone i.e. 1.20 – 1.25 coefficient of super saturation. This point is generally decided by usual method of stretching a thread. The length of thread is kept little low 2-6 cm depend on purity of material. Use of conductivity or viscosity based instruments also made in some modern factory. At graining point a full dose of pre-decided quantity of slurry is introduced in pan suddenly. Due to 1.2 coefficient of super saturation, crystal nuclei from introduced slurry starts growing in size but take little higher time than shock seeding or waiting size it can observe on glass. Then further nuclei growth is slows down by introduction of hot condensate water in pan. The grain is further hardened as usual. In this method when graining point kept in only metastable zone, then no new crystals formed. Only present crystals grow Page 25 of 31



in size. For this case uniformity of sugar crystals variation is remain even below 20%. But when slurry dose used is lower than required then pan boiler either introducing air shock or slurry feeding at higher concentration i.e. in intermediate zone or after introducing slurry the graining material concentrate to intermediate zone. Due to this there is germination of new crystal other than slurry origin. In such case uniformity of crystal reduces & the co-efficient of crystal variation increases even up to 40%.



During introduction of slurry, passing of air should be strictly avoided due to fear of cooling of graining material due to air and concentration shifts to intermediate zone giving germination to new crystals.
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Modern Slurry Preparation methods: (A) Grinding i) The technique of obtaining uniform seed grain by milling granulated sugar in organic solvent was developed in Java in 1934 by Alewijn, a technologist of Java experiment station. The procedure adopted by Alewijn is as follow: 25 g high grade coarse refined sugar + 90 ml aerogene ¯ Grinding in French square bottles with steel balls number of balls – 500-600, weight of balls – 140-150 g grinding time – 12 to 24 hrs. ¯ Final slurry size – 3 micron This method further improved by using regular ball mill in porcelain and marble or porcelain balls. The ratio of sugar and solvent increased to 30 g refined sugar/100 ml of solvent. ii) Another method originated in Java used 140 g sugar and grounded in 250 ml gasoline in a 500 ml Pyrex bottle with 80 numbers of 12 mm dia. steel balls for 24 hrs. They reported average grain size of 3-5 micron. iii) In India S. C. Gupta and others prepared slurry in porcelain jar ball mill containing 150 porcelain balls. The 600 g of white sugar with 3 litres of shell vitrio oil is grounded in this ball mill. Slurry containing 5-micron size sugar grains was obtained by running the ball mill at 65 rpm for 32 hrs.
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Slurry preparation by precipitation technique: (Alpre slurry) In Indian contest, S. C. Gupta & S.K.D. Agarwal of NSI developed this method. In short this method is described as follows, Sugar is dissolved in water at the ratio of 28 g sugar/10 ml water at 70oC ¯ Hot clear and turbidity free above solution is slowly added in running ball mill with alcohol ¯ The ball mill rotated for 30 minutes ¯ The mixture is allow to settle for 10-15 minutes ¯ Supernatant alcoholic layer replaced by fresh alcohol ¯ The fresh mixture is further grinded for 10-30 minutes in ball mill ¯ Slurry transferred to bottle and 10 ml castor oil added before keeping it for further use. The slurry size obtained by this method is reported in the range of 3-15 micron size. The alcohol is to be replaced to remove water used for sugar dissolution. Otherwise during storage it may give further growth of sugar crystals. As per our observation this method with only 30 minutes revolution could not give uniform quality slurry of 3-5 micron size. To obtain average slurry of 3-5 micron size with 10-15 % coefficient of crystal size variation, the following modified method should be preferred.



Page 28 of 31



Modified method for slurry preparation Sugar dissolved in water on the ratio of 28 g sugar/10 ml of water at 70oC. (560 g sugar + 200 ml water) ¯ The above mixture is to be slowly added in alcohol with constant stirring (mechanical stirrers preferable). Alcohol to be used should be 3-4 times higher than sugar solution (v/v). ¯ The mix transferred to ball mill having 100 balls/kg of sugar in solution and rotated for 30 min. ¯ The mixture is allow to settling ¯ Decant the supernatant alcohol and replace by fresh alcohol. ¯ The ball mill to be further rotated for 6-10 hours and checks the crystal size before deciding fix time. ¯ Use this slurry for further graining. Merits of Alpre /precipitated slurry method over grinding method i) In grinding technique sugar is to be crushed from 500-900 micron to 3-5 micron. This process is time consuming and requires 30-48 hours for uniformity. ii) In precipitation technique, the precipitated sugar is of 40-60 micron size and so lower time required for it’s grinding as 4-8 hours only. iii) In grinding technique the coefficient of crystal variation was found very high due to initial variation and some slurry crystals may be below 1-micron size while in precipitation technique the co-efficient of crystal variation is on lower side. iv) In precipitation, the precipitated sugar crystal contains minimum impurities.
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Organic Solvent for slurry preparation: A large number of organic solvents have been tried out for slurry preparation. The basic requirements of organic solvents to be used for slurry preparation are as follow: · Boiling point of organic solvent should be lower than water. So that after introduction of slurry in pans, all organic solvent gets evaporated. · Solubility of sucrose in such organic solvent should be minimum or negligible. · Should not give any odor to sugar. Some gasoline fractions may give odor to sugar. The Toluene and Xylene penetrating odor to sugar even in extremely small traces in plantation white sugar. The various organic solvents tried for slurry preparation and their boiling point are as below, Solvent i) Acetone



Boiling Point (oC) 56.1



ii) Methyl alcohol 64.6 iii) Carbon tetra chloride 76.7 iv) Ethyl alcohol (95%) 78.3 v) Benzene 80.1 vi) Isopropyl alcohol 82.4 vii) N-Propyl alcohol 97.5 viii) Tolune 110.8 ix) Xylene 138-144 x) Gasoline (mix. of hexone & nonane) 45-195 xi) Aerogene (Pentune, hexana heptane, octane)
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In the use of gasoline, it is suggested always to check the volatility of aromatic substances in the gasoline via practical boiling test by introducing 1 liter gasoline in pan. See whether gasoline can be detected from massecuite or sugar by odor. This can be detected by actual testing. For this take a spoonful sugar in the mouth whether faint taste resembling the sense effect of kerosene.
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In using organic fluids organic fluids it is suggested to use either a stopper ground carefully in mouth of bottle or cover tied to the opening with a clamp. It is suggested to prepare standardized sugar slurries in the laboratory and to make a number of bottles with the exact volume in uniform concentration of sucrose for using on the pan floor, with the use of gasoline, isopropyl alcohol, absolute alcohol it is possible to store these slurries without any change in their characteristics even for 3 months. Speed of revolution: The circular speed of ball mill should be kept 30-50 m /minute i.e. for 8-12” diameter ball mill the rpm should be kept 60-100 only. At higher rpm the grinding effect is reduced instead of increased. Number of Balls: As per VSI study balls should be of different size generally 30% of ¾” size, 50% of ½” size and 20% of ¼” size. These different size balls will results in better grinding efficiency. The number of balls should be depending on sugar weight to be grinded. The number balls for 1 kg of sugar grinded should be minimum 100-120. The filling of jar or bottle with mixture of sugar or organic fluid must be 50% of the gross volume of bottle
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