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METHOD FOR CONTROLLING VACUUM PAN 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 
The present invention relates to a method for con 

trolling a vacuum pan used in the sugar manufacturing 
process. 

2. DESCRIPTION OF THE PRIOR ART 
The sugar manufacturing process consists of continu 

ous process at the anterior stages and batch process at 
the posterior stages, both processes being intricately 
combined. Among the individual processes, the boiling 
process to cause the crystallization of sugar is the most 
difficult to automate. 
The boiling process is performed in a vacuum pan 

7 and has been practiced for many years. Many attempts 
to automate the boiling process were made in vain due 

v: to the batch process which has complicated character 
istics. And experienced staff usually operated the vac 

v uum pan and the associated devices. There have been 

only a few successful cases, which were accompanied 
by some restrictions so that no de?nite method for au 
tomatically operating the vacuum pan has been estab 
lished before now. 

SUMMARY OF THE INVENTION 

One object of the present invention is to provide a 
method for automatically operating the vacuum pan 
without the difficulties encountered by the conven 
tional automatic operation. 
Another object of the present invention is to provide 

a method for controlling the vacuum pan according to 
which crystal growth is stably performed without the 
formation of false grains and the resolution of crystals 
taking place after seeding. 
An additional object of the present invention is to 

provide a method for controlling the vacuum pan ac 
cording to which the stable range in crystal growth is 
enlarged. ‘ 

A further object of the present invention is to provide 
a method for controlling the vacuum pan according to 
which crystals are stably grown even if there is a distur 
bance owing to, for example, a change in the sort of 
supplied solution. 
According to the present invention which has been 

made to attain such objects as described above, the 
quantity of supply of the solution is controlled by a sig 
nal obtained by comparing the reference signal from a 
programmer with more than two independent signals 
representative of the level of the solution in the vacuum 
pan, the inter-crystal gap length (or crystal content or 
consistency) or the average diameter of crystals instead 
of the level. 
Moreover, the quantity of supply of the solution is 

controlled by comparing the reference signal with the 
preferentially selected one of the independent signals. 
Further, the supply of the solution is controlled on 

the basis of the preferentially selected one of the com 
ponents (detecting signals) concerning the control of 
the supply. The control is temporarily held when the 
deviation of any non-selected component from the ref 

' erence signal exceeds a predetermined level and the 
supply is controlled on the basis of each selected com 
ponent when the deviation of the selected component 
becomes equal to a predetermined level. 
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2 
The present invention will be more clearly under 

stood when the'following description of the speci?ca 
tion is read along with the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. I is a block diagram of a system for controlling 
the vacuum pan, embodying the present invention. 

FIG. 2 is a graphical representation of the variations 
with time of variables important in the process of crys 
tal growth. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The conventional method of controlling the vacuum 
pan will be described here with the aid of FIG. 1 of the 
attached drawings. In FIG. 1, parts within an enclosure 
50.by the long-and-two-short-dash line is a means ?rst 
proposed by the inventors claiming the patentability of 
this application and the other parts or elements are fa 
miliar to those skilled in the art. And the conventional 
vacuum pan was run according to the following steps 
of procedure. 

I. Vacuuming 

At ?rst, an open valve 2 provided in a vacuum pan 
1 in FIG. 1 is closed while the main vacuum valve 4 and 
the cooling-water valve 5 of a barometric condenser 6 
communicating via a pipe 3 with the vacuum pan 1 are 
opened. As a result of these operations, vapor in the 
vacuum pan 1 is conducted into the barometric con 
denser 6 and condensed there into water by means of 
cooling water. The condensed water is evacuated and 
non-condensed vapor is ejected from the vacuum ves 
sel by means of a vacuum pump (not shown). By this 
process the reduction of pressure in the vacuum pan 1 
takes place. 

2. Liquorfeed 

When the pressure in the vacuum pan 1 reaches a 
predetermined value (about 400 mmHg Abs), the 
sugar solution, almost condensed up to saturation 
through the previous step, is sucked from a pan tank 
(not shown) through a pipe 7 and a valve 8 associated 
therewith into the vacuum pan 1. The valve 8 is closed 
as soon as the upper surface of the solution rises a little 
above a heat exchanger 9 in the pan 1. 

3. Concentration 

The steam valve 10 of the heat exchanger 9 is opened 
so that the heating of the solution in the pan is initiated. 
In order to prevent the heat exchanger 9 from appear 
ing above the solution of sugar due to the reduction in 
volume of the solution owing to the steam heating, a 
supply valve through which additional sugar solution is 
supplied into the vacuum pan is so controlled as to 
rmaintain the surface of the solution at a constant level. 
The inside of the pan 1 is kept at a pressure of 50 to 150 
mmHg Abs and at temperatures from 50° to 60°C. 

4. Seeding 

When the sugar solution is so far condensed till it 
reaches a supersaturated condition, crystal nuclei 
(seeds) are added to the solution through a valve 12. 
There are other methods of producing crystals, such 

as 

I. Natural seeding in which condensation is per 
formed to excess so as to form natural crystals, and 
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II. Shock seeding in which inhalation of air with or 
without a small amount of seeds is used to form crystals 
by means of external shock. 
However, it is difficult with the above methods to 

form a desired number of crystals. Therefore, accord 
ing to the method preferred at present, there are added 
to the solution seeds equal in number to crystals de 
sired to be formed. Moreover, instead of shock seeding, 
a method has been proposed in which seeds in the form 
of alcoholic slurry are mixed into the sugar solution in 
an air-tight condition. 
The present invention can be applied to any one of 

the above described method. 

5. Crystal growth 

In the vacuum pan wherein the operation of seeding 
has been completed, the surface area of any crystal is 
very small in comparison with the speed of vaporization 
of the solvent and the crystallization speed is slow so 
that either the formation of false grains or the resolu 
tion of crystals once formed takes place. Therefore, the 
growth of crystals is very unstable. In order to improve 
the stability of crystallization, the following processes 
may be recommended. 

I. To decrease the quantity of steam fed to the heat 
exchanger and to limit the speed of solvent vaporiza 
tion. In this case, however, with a vacuum pan having 
no stirrer therein, the vaporization speed can not be 
rendered slower than a limit attainable with a vacuum 

pan having a stirrer. 
2. To supply hot water through a valve 13 corre~ 

sponding to the difference between the speed of vapori 
zation of solvent and that of crystallization. 

3. To decrease cooling water so as to increase the _ 

pressure within the vacuum pan. As a result, the speed 
of vaporization is suppressed, the temperature of the 
solution rises, and the degree of supersaturation is lev 
eled down, so that the speed of crystallization de— 
creases. 

When the unstable phase just after seeding shifts to 
the rather stable phase of crystal growth, the above de 
scribed processes are cancelled and the sugar solution 
is supplied again. Crystals of sugar grow gradually and 
the volume of massecuite (a slurry composed of crys-‘ 
tals and molasses) also increases gradually. 

In this stage, the surface area of any crystal increases, 
self-equilibrium is established and a quite stable condi 
tion is reached. Namely, as the surface area of each 
crystal increases. the speed of crystallization of sugar is 
accelerated. The crystallization speed depends on the 
degree of supersaturation; the speed is quickened with 
the rising of the degree of supersaturation and slows 
down with the fall thereof. Thus, the change in crystal 
lization speed tends to decrease that in the degree of 
supersaturation. However, care must be taken of at this 
stage since adhesion, twinning and conglomeration of 
crystals are easily caused. 

6. Boiling-down 

When the diameter of each crystal reaches a prede 
termined dimension, the supply of sugar solution is 
stopped. Then, heating is continued to perform the 
boiling-down. This step is necessary to make the solu~ 
tion have such a ?uidity as is suitable for the centrifugal 
separation as the next step and to increase the rate of 
crystallization. - 
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4 
lfa desired consistency is reached. the valve 10 of the 

heat exchanger 9 is closed and the valve 2 is opened to 
reduce the pressure in the vacuum pan 1. 

7. Discharge 

The discharge valve 14 of the vacuum pan 1 is 
opened and the massecuite is discharged to be treated 
by the next separation process. The massecuite is then 
divided through centrifugal separation into crystals and 
molasses. Thereafter, the separated crystals are passed 
through a dryer and a cooler and stored in silos or sugar 
bins and the sugar is packed and sent to the market. 

8. Washing of the pan 

A washing steam valve 15 and a washing water valve 
16 are opened and the inside of the vacuum pan 1 is 
cleaned with steam and hot water. Thus the vacuum 
pan 1 is prepared for the following boiling step. 
Reference numeral 17 designates an ori?ce; 18 a 

pressure-difference detector to detect the pressures of 
steam before and after the orifice l8; 19 an arithmetic 
unit to measure the ?ow rate of steam on the basis of 
Bemoulli’s theorem in response to the output of the de 
tector l8; and 20 a programmer for the quantity of 
steam flow. A signal from the programmer 20 is applied 
through a selector 21 to a steam flow controller 22 and 
the aperture of the valve 10 is controlled in response to 
the deviation of the output of the arithmetic unit 19 
from the reference signal of the programmer 20. A 
pressure detector 23 measures the absolute pressure in 
the vacuum pan 1, a temperature measuring element 
24 measures the boiling point of the sugar solution in 
the vacuum pan, and a pressure-temperature trans 
ducer 25 obtains from the absolute pressure in the pan 
the corresponding temperature in accordance with the 
pressure-temperature characteristic of the solvent 
(water in this case). A supersaturation detector 26 re 
ceives the outputs of the element 24 and the transducer 
25 to obtain the degree of supersaturation. A cooling 
water controller 27 receives the output signal of the 
pressure detector 23 to control the cooling water valve 
5. An electromagnetic ?ow meter 28 delivers an output 
proportional to the ?ow rate of sugar solution to be ap 
plied to an arithmetic unit 29, the output signal of 
which, representative of the ?ow rate of sugar solution, 
is applied to a sugar-solution supply controller 30. 
Now, the principle of the present invention will be 

described. By maintaining the degree of supersatu 
ration of the sugar solution in the vacuum pan at values 
of from 1.00 to 1.25, i.e. at a quasi-stable condition, 
during seeding, crystals can be stably grown from 
added nuclei. The degree of supersaturation indicates 
the condition of the crystals growth during the time 
from the step of seeding to the middle point of the step 
of crystal growth. 
After the middle point, the consistency of the solu~ 

tion is the most important indication of the occasion for 
boiling-down because of the following reasons. 

1. During that time, the level of the solution rises and 
the consistency becomes smaller, so that the speed of 
the circulation of the massecuite slows down. The de 
crease in the circulation speed causes the degradation 
of the heat transfer capacity of the heat exchanger and 
therefore the time of boiling down is prolonged and the 
quantity of solvent vaporization decreases in a vacuum 
pan using natural convection with the result that the 
circulation is further decelerated. Moreover, the de 
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crease in the circulation speed tends to cause the adhe 
sion, twinning and conglomeration of crystals. 

2. If, however, the crystal content is diminished, the 
circulation speed of massecuite increases while the in 
ter-crystal gaps increase to leave more room for the 
formation of false grains. Thus, the uniformity of the 
diameters of produced crystals is adversely affected. 
The experiment has it that the gap should be dimin 
ished gradually during the step of boiling~down up to 
about 0.2 mm in the end. > 

However, the gaps between the crystals are not con 
stant and 

1. during seeding that quantity of sugar solution 
enough for the heat exchanger to be completely im 
mersed in the solution which is needed in the step of 
condensation, determines the gap length. The gap 
length is usually larger than in the end of the seeding 
step so that it must be gradually lessened to a required 
value. 

2. When the diameter of each crystal is smaller, the 
formation of the false grains tends to be suppressed 
even if the crystal content is small. Moreover, since the 
speed of crystal growth can be increased too, crystals 
can be produced at a high rate of circulation. There 
fore, the above described matters have to be taken into 
consideration in order to grow crystals under an opti 
mal condition. 
FIG. 2 gives the summary of the foregoing consider 

ation, which shows an optimal model of crystal growth. 
The model has been obtained as follows. It has been 
proved that it simulates a practical process of sugar 
boiling with a high accuracy. ' 

It is here assumed that the crystal is a cube. And it 
follows that 

where Q is the total volume of the massecuite in the 
pan, N the number of the total crystals, a the length of 
each edge of each crystal, and g the inter-crystal gap 
length. The ratio (D of the net volume of the total crys 
tals to the total volume is expressed by the formula 

II 

) (2) 
(I 

d) u+g 

where ‘D is the crystal content. 
The crystal content cannot be determined by direct 

measurement but it is well known that it can be indi 
rectly measured by means of a consistency meter. 
Namely, the consistency can be given by the expression 

K, ) 
(3) 

where x is the consistency, x0 the reading on the consis 
tency meter when <I> = O, k 1 and k2 constants. It is 
known empirically that the size of each crystal and the 
total volume can be expressed respectively by linear ex 
pression whose value increases with time, and the inter 
crystal gap length is optimal as in the model shown in 
FIG. 2 so'that the model can be obtained by substitut 
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6 
ing quantities from the curves in FIG. 2 into the above 
mentioned formulae. 
From the above description, it can be deduced that 
l The variations of two variables with time must be 

independently speci?ed so as to determine the condi 
tion in the vacuum pan. Namely, in this embodiment, 
the speed of crystal growth and the rate of increase in 
volume of massecuitc have to be prescribed. Both the 
speed and the rate can be independently determined. 

2 The change in consistency with time is generally 
considered to vary linearly but in fact it varies non 
linearly. The reason is that the boiling of sugar solution 
is performed with non-uniform inter-crystal gap length. 
As described in the previous embodiment, two inde 

pendent programs are necessary to specify the condi 
tion in the vacuum pan. It is theoretically preferable to 
control in program the average size of crystals and the 
crystal content. The crystal content, as described 
above. is related to the inter-crystal gap length and can 
be controlled according to the gap length and the aver 
age size by directly measuring the gap using an indus 
trial television system or pattern recognition system. 
Here, the average diameter of crystals and the crystal 
content are controlled with the level and the consis 
tency of sugar solution in the vacuum pan. This will be 
explained by reference to FIG. 1, in which are shown 
a level detector 31 for detecting the level of the sugar 
solution in the pan, a consistency meter 32, a trans 
ducer 33 for obtaining the consistency of the solution 
from the output of the consistency meter 32, a pro 
grammer 34 for controlling the level of the solution, 
and a programmer 35 for controlling the consistency of 
the solution. 

In addition, the present invention has the following 
features, which were devised to increase the range of 
stability. 

1 . The vacuum pan forms a part of the mutually inter 
related, complicated systems and therefore the control 
system is given priority. Usually, the quantity of sugar 
solution supply is controlled by the programmer 34 re 
lated to the level of the solution in the vacuum pan and 
the level controller is actuated according to the devia 
tion of the output of the level detector 31 from the ref‘ 
erence signal from the programmer 34 to operate the 
sugar—solution supply controller 30 through the level 
controller. 
However, if the output of the transducer 33 is smaller 

than the reference value of the programmer 35 during 
the time when the degree of supersaturation or the con 
sistency is a better indication of control after seeding, 
respectively, then the signal from the programmer 35 
is selected by means of the selector 37 prior to the sig 
nal from the programmer 34 so as to control the quan 
tity of supply of sugar solution. Thus, there is provided 
a control system almost free from disturbances and 
‘with ease of programming by employing the method in 
which the control of consistency has priority to that of 
the level of the solution. The control of consistency 
consists of control to provide additional sugar solution 
successively, control to dilute the solution in the vac 
uum pan and control to continue boiling the solution 
with the program stopped for a moment. And by per 
forming any one of these control operations can be 
controlled the inter-crystal gap length under an optimal 
condition. In FIG. 1 are further shown a supersatu 
ration controller 38, a consistency controller 39 which 
delivers an output according to the deviation of the 



3,899,386 
7 

output of the transducer 33 from the output of the pro 
grammer 35, and a switch 40 selectively switched over 
when the consistency is a better indication of control 
than the degree of supersaturation after seeding. The 
programmer 35 controls the hot water valve 13. 

2. Moreover, according to the present invention, 
when the level of the solution is deviated from the 
range de?ned by the used program, the progress of 
the program is temporarily interrupted. At this 
time, the solution is supplied to the pan in accor 
dance with the programmed value of the supersatu 
ration or consistency. Thereafter, the program of 
the level control program is resumed when the 
level of the massecuite is gradually restored and 
reaches the predetermined programmed value. 
This method of control is especially effective in the 
case where the program of consistency control can 
no longer be continued since the concentration of 
the sugar solution to be supplied is too thick to ren 
der control of consistency prior to the control of 
the level of the solution. For the consistency, con 
trol can be resumed when the condition suitable for 
consistency control is reached again by vaporizing 
the water of the solution with the level of the solu 
tion kept constant. 

With the conventional non-automatic vacuum pan 
1.5 X 1 to 2 man-hours for control for soft sugar, 1.5 
X 2 to 4 man-hours for ?ne granulated sugar and 1.5 X 
6 to 10 man-hours for remelted sugar were required so 
as to produce sugar from a solution having a purity of 
90 to 100 %. On the other hand, using the automatic 
control method according to the present invention, a 
0.5 X l to 9 man-hours can complete the whole process 
of boiling. It is quite natural to decrease the amount of 
labor where automatic operation is employed, but the 
reason for reducing the running time is probably as fol 
lows. The boiling process is performed nearly at the 
upper limit of the speed of crystal growth and therefore 
continuous control at a constant rate is very easy with 
an automatic operation while the control is stepwise 
with manual operation with the result that the accuracy 
of control is degraded to prolong the time of operation. 
As described above, with a vacuum pan according to 

the present invention, all the requirements for auto 
matic operation can be satis?ed and the labor of the su 
pervisor can be decreased to a great extent. The pres 
ent invention can be applied to such processes involv 
ing crystallization as the productions of some drugs and 
of sodium glutamate. 

I claim: 
1. In a method for controlling a vacuum pan accord 

ing to which heat is exchanged between a heat ex 
changer and a massecuite to generate and grow crystals 
in the massecuite in a batch operation, the improve 
ment comprising (a) measuring the inter-crystal gap 
length of the crystals grown in the solution and control 
ling the quantity of the supply of the solution on the 
basis of the measured inter-crystal gap length to effec 
tively grow crystals, and (b) measuring the value of at 
least one other parameter indicative of the progress of 
the crystal growing process, comparing the measured 
inter-crystal gap length with a programmed value for 
the inter-crystal gap length provided by a ?rst program, 
comparing the measured value of said other parameter 
with a programmed value for said other parameter pro 
vided by a second program, automatically preferen 
tially selecting either said ?rst program or said second 
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8 
program for controlling said supply quantity, and con 
trolling said supply quantity on the basis of the devia 
tion of the measured value from the programmed value 
of the parameter corresponding to the selected pro 
gram. 

2. A method for controlling a vacuum pan as claimed 
in claim 1, wherein when the deviation of the measured 
value of at least one of the parameters corresponding 
to the non-selected programs from the corresponding 
programmed value exceeds a predetermined level, the 
progress of the program is suspended; and when the de 
viation of the measured value of the parameter corre 
sponding to the selected program becomes equal to a 
predetermined level, the control of the supply quantity 
of the solution is resumed on the basis of the selected 
program. 

3. A method for controlling a vacuum pan as claimed 
in claim 1, wherein the average diameter of the crystals 
grown in the solution is used as said other parameter. 

4. A method for controlling a vacuum pan as claimed 
in claim 1, wherein the level the solution is used as said 
other parameter. 

5. A method for controlling a vacuum pan as claimed 
in claim 1, wherein the average diameter of the crystals 
grown in the solution is used as a component for con 
trolling the supply quantity of the solution. 

6. In a method for controlling a vacuum pan accord 
ing to which heat is exchanged between a heat ex 
changer and a massecuite to generate and grow crystals 
in the massecuite in a bath operation, the improvement 
comprising (a) measuring the crystal content of the 
massecuite and controlling the supply quantity of the 
solution on the basis of the measured quantity to effec 
tively grow crystals, and (b) measuring the value of at 
least one other parameter indicative of the progress of 
the crystal growing process, comparing the measured 
crystal content of the massecuite with a programmed 
value for the crystal content of the massecuite provided 
by a ?rst program, comparing the measured value of 
said other parameter with a programmed value for said 
other parameter provided by a second program, auto 
matically preferentially selecting either said ?rst pro 
gram or said second program for controlling said sup 
ply quantity, and controlling said supply quantity on 
the basis of the deviation of the measured value from 
the programmed value of the parameter corresponding 
to the selected program. 

7. A method for controlling a vacuum pan as claimed 
in claim 6, wherein when the deviation of the measured 
value of at least one of the parameters corresponding 
to the non-selected programs from the corresponding 
programmed value exceeds a predetermined level, the 
progress of the program is suspended; and when the de 
viation of the measured value of the parameter corre 
sponding to the selected program becomes equal to a 
predetermined level, the control of the supply quantity 
of the solution is resumed on the basis of the selected 
program. 

8. A method for controlling a vacuum pan as claimed 
in claim 6, wherein the level of the solution is used as 
said other parameter. 

9. In a method for controlling a vacuum pan accord 
ing to which heat is exchanged between a heat ex 
changer and a massecuite to generate and grow crystals 
in the massecuite in a batch operation,_the improve 
ment comprising (a) measuring the consistency of the 
massecuite and controlling the supply quantity of the 
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solution on the basis of the measured quantity to effec 
tively grow crystals, and (b) measuring the value of at 
least one other parameter indicative of, the progress of 
the crystal growing process, comparing the measured 
consistency of, the solution with'a programmed. value 
for the consistency of the solution provided by a first 
program, comparing the measured value of said other 
parameter with a programmed value-for said other pa 
rameter provided by a second-program, automatically 
preferentially selecting either said‘?rst program or said 
second program for controlling said supply quantity, 
and controlling said supply quantity on the basis of the 
deviation of the measured value from the programmed 
value of the parameter corresponding to the selected 
program. ' . 

.~ 10. ,A method for controlling a vacuum pan as 
claimed in claim 9, wherein when the deviation of the 
measured value of at least one of the parameters corre 
sponding tothe non-selected programs from the corre 
sponding programmed value exceeds a predetermined 
level, the progress of the program is suspended, and 
when the deviation ‘of the measuredvalue of the param 
eter corresponding to the selected program becomes 
equal to a predetermined level, control of the supply 
quantity of the solution is resumed on the basis of the 
selected program. ‘ 

11. A method for controlling a vacuum ' pan as 
claimed in claim 9, wherein the average diameter of the 
crystals grown in the solution is used as said other pa 
rameter. ‘ - 

12. A method for controlling ‘a vacuum pan as 
claimed in claim 9, wherein the level of the solution is 
used as said other parameter. ' 

13. In a process for controlling a vacuum pan in 
which a raw solution is heated to cause said raw solu 
tion to reach a supersaturated condition, crystal seeds 
as nuclei are added'to the raw solution to form mas 
secuite, and the massecuite is furthher heated and addi- ’ 
tional raw solution or water or both are supplied to the 
massecuite to thereby generate and grow crystals in the 
massecuite, the improvement comprising: i 

l. controllingv the supply of raw solution to the vac 
uum pan with reference to the deviation between 
the signal produced by a ‘level control programmer 
and the detected level of the massecuite in ‘the vac 
uum pan, " ' i 

2. after a predetermined time period or‘when the 
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level of the solution in the vacuum pan reaches a ‘ 
predetermined level after addition of the vseeds, 
preferentially controlling the supply of raw solution 
and the supply of water to the vacuum pan with re 
spect to the deviation between the detected value 
of the supersaturation of the massecuite in the vac 
uum pan and a signal from a consistency control 
program, the preferential control of step 2 being in 
preference to controlling the supply of raw solution 
by reference to the deviation between the detected 
value of the liquid level and the signal produced by 
the level control programmer, the preferential con 
trol of step 2 being automatically selected by 
means of a selector, and 

3 after another predetermined time period or when 
the level of the massecuite in the vacuum pan 
reaches another predetermined level after the addi 
tion of the seeds, preferentially controlling the sup 
ply of raw solution and the supply of water to the 
vacuum pan by reference to the deviation between 
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‘ thedetected value of the consistency of the mas 
secuite and a signal from the consistency control 
programmer, the preferential'control of step (3) 
being in preference to control by reference to the 
deviation of the detected value of the liquid level 
of the massecuite and the signal from the level con 
trol programmer, the preferential control of step (3 
being automatically selected by means of a selec 
tor. ' 

14.-The process according to claim 13, further com 
prising stopping the progress of the programs in the liq 
uid level controller and the‘ consistency controller 
when the detected level of the massecuite in the vac 
uum pan is different from the programmed value of the 
liquid level by a predetermined value, allowing heat ex 
change to be carried out while controlling the supply of 
raw solution and water with respect to the signals pro 
duced by said liquid level control programmer and said 
consistency control programmer at the time of the 
stopping of said programs, and resuming the progress 
of the programs in the level control programmer’and 
the consistency control programmer when’ the level of 
the massecuite reaches a predetermined level. ‘ 

15. In a process for controlling a vacuum pan in 
which a raw solution is heated to cause said raw solué 

tion to reach a supersaturated condition, crystal seeds _ 
as nuclei are added to the raw solution to form mas 
secuite, and the massecuite is further heated and addi 
tional raw solution or water or both are supplied to the V 

massecuite, to thereby generate and grow crystals in the 
massecuite, the improvement comprising: ' 

l. controlling the supply of raw solution to the vac 
uum pan with reference to the deviation between 
the signal produced by a level control programmer 
and the detected level of the massecuite in the vac 
uum’pan, and I 

. 2. after theaddition of the seeds, automatically se- .' 
lecting by‘ means of a selector the deviation be 
tween the detected value of the supersaturationof 
the massecuite in the vacuum pan and a signal from 
,a consistency control programmer in preference to 
the deviation between the signal from the level , 
control programmer and the detected level of the 
mas'secuitein the vacuum pan for controlling the 
quantity of raw solution supplied to the vacuum 
pan, said consistency control programmer further 
controlling the quantity of warm water supplied to 
the vacuum pan. , 

16. The process according to claim 15, further com 
prising stopping the progress of the programs in the liq 
uid level controller and the consistency controller 
when the detected level of the massecuite in the vac 
uum pan is different from the programmed value of the 
liquid level by a predetermined value, allowing heat ex 
change to be carried out while controlling the supply of 
-raw solution and water with respect to the signals pro 
duced by said liquid level control programmer and said 
consistency control programmer at the time of the 
stopping of said programs, and resuming the progress 
of the programs in the level control programmer and 
the consistency control programmer when the level of 
the massecuite reaches a predetermined level. 

17. In a process for controlling a vacuum pan in 
which a raw solution is heated to cause said raw solu 
tion to reach a supersaturated condition, crystal seeds 
as nuclei are added to the raw solution to form mas 

secuite, and the massecuite is further heated'and addi 
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tional raw solution or water or both are supplied to the 
massecuite to thereby generate and grow crystals in the . 
massecuite, the improvement comprising: 

1. controlling the supply of raw solution to the vac 
uum pan with reference to the deviation between 
the signal produced by a level control programmer 
and the detected level of the massecuite in the vac 
uum pan, and > ' 

2. after the addition of the seeds, automatically se 
lecting by means of a selector the deviation be 
tween the detected value of the consistency of the 
massecuite in the vacuum pan and a signal from a 
consistency control programmer in preference to 
the deviation between the signal from the level 
control programmer and the detected level of the 
massecuite in the vacuum pan for controlling the 
quantity of raw solution supplied to the vacuum 
pan, said consistency control programmer further 
controlling the quantity of warm water supplied to 

' the‘ vacuum pan. 
18. The process according to claim 17, further com 

prising stopping the progress of the programs in the liq 
uid level controller and the consistency controller 
when the detected level of the massecuite in the vac 
uum pan is different from the programmed value of the 
liquid level by a predetermined value, allowing heat ex~ 
change to be carried out while controlling the supply of 
raw solution and water with respect to the signals pro 
duced by said liquid level control programmer and said 
consistency control programmer at the time of the 
stopping of said programs, and resuming the progress 
of the programs 'in_ the level ‘control programmer and 
the consistency control programmer when the level of 
the massecuite reaches a predetermined level. 

19. In ‘a method for controlling a vacuum pan in 
which heat is exchanged between a heat exchanger and 
a raw solution to generate and grow crystals therein, 
the improvement comprising measuring the value of a 
?rst parameter indicative of the progress of the crystal 
growing process, comparing the measured value of the 
?rst parameter with a programmed value for the ?rst 
parameter provided by a ?rst program, measuring the 
value of at least one other parameter indicative of the 
progress of the crystal growing process, comparing the 
measured value of said other parameter with a pro 
grammed value for the other parameter provided by a 
second program, automatically preferentially selecting 
either said ?rst program or said second program for 
controlling the supply of the solution fed to said vac, 
uum pan, and controlling the supply of solution fed to 
said vacuum pan on the basis of the deviation of the 
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measured value from the programmed value of the pa 
rameter corresponding to the selected'program. 
' 20. The process according to claim 19, wherein when 
the dcveation of the measured value of at least one of 
the parameters corresponding 'to the-non-selected pro 
grams from the corresponding programmed value ex 
ceeds a predetermined level, the progress of the pro 
grams is suspended; and when the deviation of the mea 
sured value of the parameter corresponding to‘ the se 
lected program becomes equal to a predetermined 
level, the control of the supply quantity of the solution 
is resumed on the basis of the selected program. 
21. A method for controlling the liquid level, the 

amount of solution feed and the amount of solvent feed 
in a batch process for generating and growing crystals 
in a vacuum pan comprising measuring the liquid level 
of the solution in said vacuum pan; comparing the mea 
sured liquid level with a programmed value for the liq 
uid level provided by a level control programmer; mea 
suring the value of at least one other parameter indica- 
tive of the progress of the crystal growing process, com 
paring themeasured value of said other parameter with 
a programmed value for said other parameter provided 
by a second program, automatically preferentially se 
lecting said second program for controlling the amount 
of solution and solvent fed to said vacuum pan after a 
predetermined time period or when the liquid level in 
the vacuum pan reaches a predetermined value, and 
controlling the amount of solution and the amount of 
solvent fed to said vacuum pan on the basis of the devi 
ation of the measured value from the programmed 
value of said other parameter. 
22. The method according to claim 21, wherein said 

other parameter is the consistency of the solution. 
23. The method according to claim 21, wherein said 

other parameter is the degree of supersaturation when 
the crystal growing process is in- an unstable phase, and 
further wherein said other parameter is the consistency 
of the solution when the crystal growing process is in 
a stable phase. 
24. The method according to claim 21 wherein said 

other parameter is the supersaturation of said solution. 
25. The process according to claim 24, further com 

prising determining the value of the supersaturation of 
said solution by comparing the boiling point of said so 

' lution with the temperature in said vacuum pan. 
26. The method according to claim 25, wherein the 

pressure in said vacuum pan is measured and the value 
of the temperature in said vacuum pan is determined by 
means of a pressure/temperature transducer. 

* * * >l< * 


