CHAPTER V

DISCUSSION AND CONCLUSIONS
DISCUSSION

5.1 Air Flow Rate

In Figure 4.14, at 76 °C and 2.2 mn gelatin thickness, the
drying rates at 3.86 and 4.39 m/sec air flow rate, were the same
and were greater than that at 2.16 m/sec. In Figure 4.15, at 98 °C,
the same result was obtained, i.e., the drying rates at 3.84 and
4,39 m/sec air flow rate; were greater than those at 2.72 and 3.37
m/sec, and that at 3.84 m/sec was slightly greater than that at
4,39 m/sec.

It can be concluded that the drying rate is independent of the
air flow rate of greater than 3.86 m/sec. Consequently, the resistance
to mass transfer in the gas phase is negligible. Thus an air flow

rate of 4;39 m/sec was used throughout the other drying experiments.

5;2 Effect of Temperature on Drying Rate

The plots in Figures 4.16 - 4.19 show clearly that the drying
rate increased as the air temperature increased. For example, at a
moisture content of 1.0 kg water/kg dry gelatin in Figure 4.16, the
drying rate was 0,1900, 0.4200, 0.5600 and 0.6350 kg water/hr. m?



at the air temperature of 32 °C, 57 OC, 76 °C and 98 ¢ respectively.
This ‘was due to the increase in heat transfer by conduction and con-
vection, and in mass transfer by diffusion in the gelatin sol as the
temperature was raised. When surface evaporation occurs, there must
be a movement of moisture from the inside of the gelatin sol to the
surface. As the temperature was raised the value of diffusion rate

~ was increased which permitted this movement faster and resulted in
higher rate of drying.

5;3 Drying Rate at Various Thickness of Sol

The plots in Figure 4.20 to 4.23 show that the greéter the
thickness of éol was, the slower the drying rate was; Thié could be
explained that when hot air flowed pass the sol, some part of the
heat would be spent for the evaporation of the water from the gelatin
sol at the lower solution. When thickness of sol was higher, more
heat was spent before it reached the upper part. The time of
diffusion movement from interior to the surface, was dependent on
the length of the path; The thicker the sol was, the longer time the
diffusion took.

However, the difference in the drying rates of slabs of
various thickness is small, especially at low.temperatures, namely
32 °C and 57 °C. This may be because of the main resistance was at
the hardening surface. At moisture content of less than 1 kg water/kg

dry solid, the rate is almost independent of thickness;

5.4 Effect of Humidity on Drying Rate

The Figure 4.24 shows that in constant rate period, the drying



| 76
rate of low humidity of air was higher than that of high humidity; But
in diffusion rate period, it had the same drying rate; This was due to

case hardening at the surface.

5.5 Thermal Degradation of Gelatin

Therma] degradation of gelatin can be determined by measuring
the change in gelatin properties. The properties meésured are the
Bloom strength and the viscosity. The experiment revealed the Bloom
strength of the dried product decreased as the temperature of drying
increased; Figure 4.27 shows the relationship of“Bloom strength and
the drying temperature to be approximately linear in the temperature
range of 30 °C to 98 °C. Gelatin is highly thermal degradable in the
sol form. In the dried powder form when it was heated longer than 5
hours, the low Bloom strength was obtained. So heatingltime is an im-
portant factor as shown in Tables 4.2 and 4.3. Bloom strength of
dried product decreased as the temperature increased; The increased
temperature of drying lead to a reduction in the total number of

hydrogen bonds.

Table 4.1 shows that drying temperature of 36 °c to 76 °C has
no effect on the viscositv of the product. However, at high dr&ing
temperature of 98 °C the viscosity of the product decreases slightly;
At a specified temperature and concentration, the viscosity of gelatin
solution is a function of molecular length. Theretore, drying at 98°C,

the average length of molecules is probably sliglitly reduced.

The gelatin powder was heated at high temperature nn. . rious

times, and no effect on the viscosity of the product was found.
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5.6 Characteristic of gelatin drying

The plots between drying rate and water content showed clearly
that they have constant rate period and falling rate period. When the
gelatin surface behaves essentially as a free water surface, the gel
temperature approximates the wet bulb temperature of drying air, which
will be very much below the actual air temperature. This is the
"constant rate" stage of the drying. When this phase is over and the
falling rate drying period takes over, the temperature of the more
concentrated, partially dried gel raises toward the drying air tém-

perature and reaches it as drying ceases.

When free water is eliminated there is a tendency to form a
sheath of partly dried gelatin at the surface (case hardening) and the

drying rate decreases sharply.

Because of there is case hardening in the drying of gelatin,
so control rate depends on the speed with which the water migrates
from the interior of gel to the sheath of partly dried gelatin and
the speed of the water moves within the sheath of partly dried gel.

When case hardening occurs diffusivity of water can not be determined.

If the high temperature of the drying air is used, there is
strong foaming of the gelatin solution, and the surface of gelatin
product is not smooth. From experiment, the surface of gelatin product
was smooth if air temperature was less than 32 °c. At air temperature

of 57 0C, weak foaming occurred.

Browning reaction did not occur in the drying of gelatin,
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because the product had the same colour at different air temperature.

5.7 Diffusivity of water in gelatin gel at 25 °C

The drying rate curve of gelatin gel at 25 °C is shown in

figure 4.25. Diffusivity may be obtained by the following equation. ‘®’

2 #
t 48 1n 8 (X; - X )
1‘2 ’ 2 * “ee 0(5-1)
D, 15X - x¥)
Where t = Drying time ’ sec
S = one-half slab thickness |, cm
1
Dv = Diffusivity of moisture through solid ,
cme/sec
Xl = initial moisture content at start of drying
when t =0 , kg water/kg dry solid
X* = equilibrium moisture content , kg water/kg dry solid
X = moisture content at time t., kg water/kg dry solid
: 8(X, = X¥) . !
Plotting t versus 1n 2 y @ straight line was
- Y
_ MX - X¥%)
obtained in Appendix D and its slop is equal to 67.34 min. So that

diffusivity of water in gelatin gel is equal to 1.214 x 10-6 cma/sec

5.8 Normalization of experimental Data for Design Application

It was found that the experimental data of rate of drying in
Figures 4.16-4.19 could be normalised by defining
f RAB: o 0 o e .{5.2)
"and ¢ (X - X¥) / (X_.- X¥) re— (5.3)
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where f = relative drying rate

R _ = drying rate per unit exposed surface,
kg/hr. m2

Rc = constant drying rate y kg /hr. m2

® = characteristic moisture content

X = average moisture content, kg water/kg Hry
®1id

op = critical = point moisture content, kg water/kg dry soli

X#* equilibrium - moisture content, kg water/kg dry solid

The results of the plots of £ versus d) is presented in
Figure 5.1. This is a very useful result, since only this figure is
required to characterize the drying of gelatin sol. Use of Figur-e 5.1

in design is discussed in section 5.9.2.

It is evident that, in Figure Bodly
d> 2 1 ’ f= 4
0<d < 1 os<f 1

5.9 Application

oo wislk5sht)

The result of this work will be helpful in drying process
design of gelatin. Two major considerations in the design are:
(@) property and appearance of the product desired.

(b) economics of drying.

5.9.1 Operating conditions

Property and appearance of the product depends on the
operating conditions. Drying of gelatin sol above 50 °c will ca;use

foam formation. The higher the temperature tne more foam are formed.
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At high termperature, around 90 °C, tear and scratch at the surface
will be apparent. Gel strength decreased as drying temperature

increased as shown in Figure 4.27.

Appearance depends on the drying rate. The other parameter
which influence the drying rate, besides temperature is humidity.
However; by the experiment (Figure 4.24), tne rate is not sensitive to
clange in humidity. Good appearance may probably be obtained at
humidity closed to saturation at which tne rate will be very slow and
this uneconomical. Good appearance can certainly be obtained from dry
gehtin gel at low temperature. The rate of drying may be increased
by lowering the pressure. This operating condition may not be econo-
mial in a tropical country.

If appearance is not the major requirement drying gelatin sol
at high temperature is probably the most economical. Another advantage
of high temperature drying is that the bacteria growth can be eliminated.

5.9.2 Drying Time

Drying time is a major factor in designing a dryer and
effecting the economic. One may use values of the reciprocal rate

( d8/d® ) to estimate drying times, since

£ = Jd)‘_é_ﬂ_-d@ B

¢, dd

The value of dg /d§ is found from the absolute
rate R in the following way :

R = -d(fx/a)" e [56)
da '
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Where @ is the surface area of the drying gelatin per unit
volume and j's is the bulk density of the bone-dry gelatin. From the
definition of the characteristic moisture content @ in Equation

5.3 if follow that

d;g = —1—*—.' d—x ....(5.7)
de (X,,-X ) de

so that from Equations 5.6 and 5.7
de =1 Fg Kep = XM ssakBe8)
EQT aR

Substituion of this expression for <9 into Equation 5.5
yields tne working relationship

t = =P (X - X¥) Q‘dé e £559))
R

a

0
R = FK G0 -1 ....(5.10)

5
@
@
w

a dimensionless of the moisture content

as defined in F:l.gur'e 5.1. It takes account
d the thermopnysical properties of the
gelatin being dried.

K = mass transfer coefficient characterising
the operating of tne drying equipment.

the humidity conditions

a
>

zl

OI'<
1

humidity potential coefficient

RSN
"

£F-<
n

wet - bulb humidity.

<
1]

bulb - gas humidity.
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The integrand in Equation 5.9 may be evaluated numerically or
graphically. Figure 5.1, 5.2 and 5.3 the values of f, X* and ch

respectively.
CONCLUSIONS

The result of the experiment was concluded as follows :

(1) Case hardening occurred in the gelatin sol drying.

(2) Drying rate curve of gelatin sol consisted of constant
rate period and one falling rate period. |

(3) The drying rate increased as the air flow rate increased,
but when the air flow rate was greater than 3.86 m/sec, the drying rate
was independent of air flow rate.

(4) Temperature had an important effect on the drying rate.
The drying rate increased as the air temperature increased.

(5) The thickness of sols had small effect on the drying rate.

(6) Only in the constant rate period, the drying rate depended
on air humidities, the drying rate of low humidity of air was higher
than that of high humidity.

(7) Bloom strength of gelatin decreased as the temperature
of drying increased.

(8) Diffusivity of water in gelatin gel at 25 °C was calcuiated

6 cm2/sec.

to be 1.214 X 10~
(9) All of the experimental data could be normalized to give
a single characteristic drying rate curve. This result makes design

calculation more convenient.



(10) Equilibrium moisture content and critical moisture

content were determined.
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