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Design method for reasonable operation of industrial crystallizer using neural
network model
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The use of a neural network model to determine the operational conditions for the production of

crystals of specific size in a continuous industrial crystallizer with an actual heat exchange area of

100m- is discussed- The product crystal size is well determined by the neural network model

consisting of three explanatory variables: steam flow rate, suspension density of crystals in a

crystallizer and frequency of the circulation pump. The most suitable learning number of

iterations for the neural network model obtained by the leave-one-oul cross-validation method is

50.000. and the mean estimated error of the product crystal size is about 0.03mm From these

results, it is believed that the neural network model is sufficiently accurate for pract ical use. and

is effective for the design of the operational conditions required for manufacturing products wiih a

specific crystal size in industrial crystallizalion. A practical method for constructing the neural

not work model isproposed

1.INTRODUCTION precisely the rebitionship between produel
crystal size and other operational conditions.

In the operation of an industrial crystallizer for example. circulation rate of slurry
for manuiacturing salt. there exist various suspended in a crystallizer or crystalliza ion
operational conditions that are thought to temperature.
affect the product crysial size. 'Toyokura and In this study, a neural network model (NN
Aoyama proposed a design theonry for the model) construeled with data obtained under
operation of a continuous industrial various operalional conditions is utilized to
crystallizer based on the relationship between determine the most suitable operationa;I
productivily and pioduct crystal size conditions for the production of c-vstals of
di irihmion [11 h1 is difficult 1( d irm in sIiweifie Size in a coIiinuous indlisti1
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crystallizer [2].
In this study, steam flow rate, frequency df

circulation pump and suspension densiTy

2. OUTLINE OF NEURAL NETWORK crystals in a crystallizer were chosen as ih

explanatory variables that affected prod,

The neural network has high capability as a crystal size.

tool for approximating nonlinear data. The
neural network is composed of a dependent
variable layer. a multiple explanatory
variables layer and a calculating network utl tube 1

called the intermediate layer. as shown in gauge7
Figure .
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Ti a Complete NN model. the

ependent variables estimated through the ea w e
mtermediate laver Lre evaluated, then. if the steam flow rate, was controlled at a constant

,siimated error can not be permitted. this value within the range of 7-14ton/h. The

leanint usrepeateihi th nactuali frequency of circulat ion pump 2 characterized

leanng isrepate byo~, thed ibacks-propagaedalion1.20g/n*~ h~

method [3] byN the flow rate of slurry in a crs iallizer wa,

fixed at 45, 50 or 60Hz. The pressure

difference AP measured het ween two pressure

:. EXPERIMENTAL METH10l) gauges 7 and 8 (Ah=2.8-50mmr) was controlledl

at constant value within the range of

The schematic diagram of the evaporatim, -30- 0nnl. adtednivo oh,

industrial crystallizer with an actual hew liquor p:, observed byv desimieter 10 wa,

exchange area of -100m- use d in this study I- o tohd i .00 120so h

,h-vn in l 2- l""lu~n ,on densby of crslals in a crys talhzer
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(1 -) was calculated using equation 1 [41. the over learning [51.
The size distribution of the product crystals

removed[ from valve 9 was measured at 2 hour 06

intervals. When the size distribution of the

product crystals became almost constant, the
operation of the crystallizer was regarded to

have reached the steady state. and the U 8 0

experiment was terminated

(lr)=AP/Ahg-Pm)/(pe-PJ) (1) I

pc density of NaCl crystal 06
g: acceleration due to gravity o 40000 SUOU(

Learning number 1-]

4. RESULfS AND DISCUSSIONS Figure 3 Estimated results

4.1 Most suitable modeling condition

The most suitable learning number for the Figure 4 shows the image of over learnim In

const ruct ion of the NN model was determined Figure 4. white circles indicate real values of

by the leave-one-out cross-validation method product crystal size under condition A and

(LCV method) 51. In the LCV method. the NN the correlation between the product crystal

model is construcied with the remaining data size and condition A is shown by a dashed

after removal of a datum from all the obtained line.

data. and then the dependent variable under

each removal condition is estimated using the (a)
obtained NN model. When the estimated

error was the minimum. the most suitable

learning number could be determined. 0
The change of correlative coefficient and the

moan deviation between measured product

crystal sizes and estimated ones obtained

with the LCV method are shown in Figure 3.

The estimated accuracy "as maximum w~hen (b)

the learning number was 50.000. and the

mean estimated error of the product crystal

sie was about 0.03mm Therefore, the most 1< £

suitable learning number for the construction

ofthe NN model was 50.000 A' b

Tho main reason that the estimated

accuracy decreased ifir the learning number Condiion A
of 50 000 was Iue wo the phenomenon (alled

Figure 4 Image of over learning
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Black circles represent practically observed
values which include errors in measurement The product crystal size obtained from the

of product crystal size distribution or multiple regression model, which utilizes

operation of the crystallizer. In the initial product crystal size as the independent

learning process. the prediction using the NN variable, and steam flow rate. frequency of
model is shown by a solid curve line in Figure circulation pump and suspension density of

4-(9). and the estimated product crystal size crystals in a crystallizer as the explanatory

al point. A of condition A is represented by a variables, is shown in Figure 6.
black triangle
Iv iteration of the learning number. the

prediction using the NN model in Figure 4-(a)
0.7

is (hanged to the solid line that passes 7 0

through all the black circles as shown Figure
4-(b). and the estimated error increases 00 o
comparing with one in the initial learning dZ 9 *
process.0 ()5

4.2 Construction of NN model 0
The NN model was constructed using all

dala obtained in this study at a learning

number of 50.000. The predicted product 0.3
crystal size using the NN model is plotted leasured value mm]

against measured ones in Figure 5.
Figure 6 Predicted product crystal sizes obtained

-- - from multiple regression model

00
a o In the NN model, the product crystal size

was well correlated with the three
explanatory variables: the correlative
coefficient between predicted values and
measured ones was above 0.97. On the other
hand, the predicted values using the multiple
regression model showed poor correlation
with the measured values. i-c. the correlative

0 coefficient was below 0.8.
0.3 0 5 07 From these results. it is thought that the NN

MIeasured value [mmni model is effective as a design mothoid of the

Figure Predicted prodiel crslal iz }lFut q alon for ,ro()(lt lon of r slals of snechili
obtamil r-or NN madc SIz, n Indul ril (rvstallizal ion
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4.3 Characieristic of the NN model crvst al size and various operational
The change in product crystal size with the condi ois is well correlted by (he NN model.

steam flow rate and the suspension density of
crystals in a crystallizer al the circulation
pump frequency of 451z predicted using the
NN model is shown in Figure 7. The product
crystal size rapidly and directly increased
with the suspension density of cryslals in a
rystallizer, but increased in a curve with the

steam flow rate

Figure 8 Change of product crystal size at
circulation pump frequency of 50 lz

1iLure 7 Chauge of product crystal size a-
circulation pump frequency of 451lz

Figure 8 shows the change in product crystal
size at the circulation pump frequency of
501Hz. The product crystal size is increased in
the same manner as that in the case of 45I1z.

Figure 9 shows the change in product crystal Figure 9 Chauge ol produc1 crystal sizc at
size at the circulation pump frequency of circulation pump frequency of 6011

OHz. The product crystal size slightly
decreased with an increase in the suspension
density of crystals in a crystallizer. and was 4.4 Practical method for construction of NN
almost constant with the increase in s earn model
low rate. The NN model requires many crystalli;atnon
From these resuls. it is thought im ilm data to improve its accuracy for the

CoI 1)1 CataeTd rnit ( sIhFip mm_ ;tIT o r III determination of the most sifable
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operational condition. Ilowever. it is difficult 5. CONCLUSIONS
lo obtain such data quickly in a sah-making
factory because each product is manufactured The use of a NN nodel to Idetermine Ihe

under fixed set of conditions. Therefore, a operational conditions lor the produliuon of

practical method for the construction of the crystal of specific sizes in a continuous

NN model is proposed in this study industrial ervstallizer with an actual heat

The NN model is divided into multiple exchange area of 400m2 was discussed. The

models to reduce the number of explanatory product crystal size was well determined by
variables. For example, the frequency of the the NN model consisting of three explanatory

circulation pump was fixed in the operation of variables: steam flow rate. suspension density
the industrial crystallizer in this case. the of crystals in a crystallizer and frequency of
NN model could be divided into multiple the circulation pump. It is believed that the

models. NN model is sufficiently accurate for practical
The NN models at the circulation pump use, and is effective for the design of the

frequencies of 45, 50 and 60Hz were operational conditions required for

constructed. and the correlative coefficient manufacturing products with a specific

between the measured product crystal size crystal size in industrialerystallization
and the predicted one exceeded 0.98. This was

(cause these models were hardly affected by
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