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Whiteness index prediction of para rubber sheet during hot air drying
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Abstract

This research’s objective was to study the color change by analyzing whiteness index (WI) of unsmoked sheet (USS) during
hot air drying at different temperatures compared with reference USS dried by sun drying. Result data then was used to develop
the equation to predict the WI change by response surface methodology (RSM). The times to dry the raw para rubber sheet
(RPRS) at initial moisture content of 25.0+2.0 % dry basis (d.b.) with hot air temperature of 50, 60 and 70°C to final moisture
content of 3.0£1.0 % d.b. were 68, 44 and 16 hr, respectively. At the final moisture content, W1 values of the dried USS were
48.8, 50.1 and 54.5, respectively, whereas that value of reference USS was 43.3. Consequently, the brown color of dried USS
by hot air was not darker than the reference USS and regarded good quality color. In addition between the first and second
degree models of WI prediction, it was found the second degree model was better with a mean of coefficient of determination

(R?) 0f 0.9424.
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1. Introduction

Para rubber prior delivery for distribution must be passed
the initial process beginning from collecting latex from
rubber tree plantation followed by dirt and impurity
filtration, coagulation and sheeting. High-moisture content
RPRS then should be dried to USS to avoid mold problem
during storage and shipment. At the present, the general
methods to dry RPRS were sun or hot air drying. Although
advantage of sun drying had no energy cost, under daily
different weather conditions particularly in the South of
Thailand resulted in the longer drying time used for
demoisture process to 14 days, leading to frequent mold
problem [1]. For hot air drying, despite of its time shorter
than sun drying due to constant temperature control
advantage, physical effects such as air bubble, dark color
from burn, irregular USS color etc. might occur from the
unsuitable drying condition selected [2]. Other researches on
RPRS were the mathematical model developments and
designs drying chamber which significantly considered to air
flow characteristics and drying kinetics only [3-4]. At
present no researches on drying process effects to USS
physical change in the quantitative color have been available.

In this research’s objective was to study the color change
which was a significant USS physical characteristic using W1
as indicator. Result data then used to develop the equation to
predict change of WI value during drying by RSM. The
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research would be benefit of USS production to enable the
product quality on the required standard.

2. Materials and methods
2.1 RPRS drying

The RPRS used in this research was from Agriculture,
Food and Energy Center, King Mongkut’s Institute of
Technology Ladkrabang, Prince of Chumphon Campus,
Chumphon, Thailand with a 1:3 proportional reduced size
from the Rubber Research Institute standard size to
12.5x30x0.3cm (WXLXT) and initial moisture content of
25.0+2.0 % d.b. The RPRS sample was dried by the
60x70x100cm (WxLxH) hot air oven in Figure 1 at the
drying temperatures of 50, 60 and 70°C and air velocity of
0.7 m/s until the final moisture content reduced to 3.0+1.0 %
d.b. For the reference USS sample, it was the good quality
USS dried by sun drying for 14 day.

2.2 Whiteness index analysis

Color of the para rubber sheet samples dried by hot air at
different temperatures and time periods was measured with
colorimeter (Minolta, model CR400, Tokyo, Japan). The
parameters expressed by L*, a* and b* and then WI value
could be calculated by Equation 1 [5].
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2.3 Response surface model

RSM is a mathematical technique developed to form the
response of interest (y) and input or independent variables (x)
relationship. For the equation to predict change of WI value
during hot drying, drying temperature (T) and drying time (t)
would be the independent variables as functions in the
Equation 2.

Wi = f(T,t) @

Change of WI was expressed by the first and second degree
models in their general forms in Equations 3 and 4 [6].
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where B, is a constant ; B;, B; and f§;; are the linear,
quadratic and interaction coefficients, respectively; k is
number of independent variables and & is a random
experimental error assumed to have a zero mean.
Substituting parameter values to Equations 3 and 4, the both
WI prediction models could be written as the following
Equations 5 and 6.

WI =B, + BT + St (5)
WI = Sy + BT + ot + BT 2+ Bot? + STt (6)
3. Results and discussion

3.1 Drying kinetics

Figure 2 shows evolution of the RPRS moisture content
during hot air dryings at temperatures of 50°, 60° and 70°C
which were found in the first 6 hr that the sample moisture
content was still high evaporation from sample surface to
drying air at all drying temperatures. Afterward as the drying
time increased, the evaporation rate would directly relate
with the drying temperature level. For reducing moisture
content of RPRS to desire level, the required drying time at
temperature of 70°C was 16 hr whereas that of value at
temperatures of 50°C and 60°C was longer at 68 and 44 hr.

3.2 Change of WI during drying

Figure 3 shows WI change of sample during hot air
drying at temperature of 50, 60 and 70°C. The initial WI
value was in the range of 86.7-87.4. When the drying process
was started, the trend of WI decreased as the drying time
increased. In addition as drying process continued more than
6 hr, the increasing of drying temperature would have direct
effect to decrease of WI value, particularly at temperature of
70°C. At 3.0% d.b. final moisture content, the WI values of
dried USS by hot air drying at temperature of 50, 60 and
70°C were 48.8, 50.1 and 54.5, respectively, while that of
value of reference USS was 43.3. Figure 4 illustrates color
quality at final moisture content of reference and dried USS.
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It revealed that dried USS had brown color and not darker
than reference USS, corresponding to WI result.

Air out tube

H 5

JGjl""] D
t A

Air in tube
-

Blower 2.0 kW

A5
o b N7

-
Heater 1.0 kW

Figure 1 Hot air dryer

30

ol -

10 47

Moisture content (%odb)

Drying time (hr)

Figure 2 Moisture content evolution (HA = hot air)

90.0 OJHA 50C
- EHA60C
2 800 WHA70C
= 70.0
g
g 60.0
E
= 500
40.0

0 1 4 6 10 16 24 32 44 56 68

Drying time (hr)

Figure 3 WI Change during drying by hot air

Reference

HA 50°C

HA 60°C

Figure 4 RPRS, reference and dried USS at final moisture
content



KKU ENGINEERING JOURNAL 2016;43(S2) 333
Table 1 Coefficient values of first and second degree models
Coefficients
Degree of model fo B 1 s i s
First 142.3383 -0.2070 -0.5257 - - -
Second -2459.0846 15.3272 3.3850 -0.0231 0.0102 -0.0138
3.3 Prediction of WI o HASOC
90.0 O HAG0C
Figure 5a and 5b show WI 3-D surface plots by the (a-first degree ) A HATOC
Equations 5 and 6, first and second-degree models, which é 80.0 s - - - -PD50C
coefficient values calculated by the least-squares method as £ 200 Roean =08716 | — — ;g igﬁ
shown in the Table 1. As found from the figures at the first Z ' o
stage of drying process, responses of both degree models £ 60.0 .
showed the decreased trend of WI as the drying time = o \-g
increased. When the drying time proceeded, however, only g 0.0 R
the response of second degree model showed effect of drying 40.0 4 i
temperature on decrease of WI value, relating with the 3 50 0 &0 20
experimental result. For comparing WI between o
experimental and predicted value, the second degree model Drying time ()
revealed the better fit with t?e experimental result, s msC
confirming by higher in mean of R? (Figures 6a and 6b). 90.0 (b-second degree) o fo c
. A HATOC
4. Conclusions % 80.0 e - - _PD5SOC
'E R,iem =09424 | — _ ppnesocC
In the range of scope study, the drying time affected — 70.0 PD70C
decrease of WI value, particularly in the first 6 hr of drying B
. : 5 60.0 S
process. When the process was more continued, drying 2 % ®g.¢ o
temperature was important factor to decrease of WI; WI § 50.0 'ﬁ;—a S
value decreased with increasing the drying temperature. At -
the final moisture content, the dried USS had good color 40.0 -
quality in required standard. For prediction of WI value 0 20 40 60 20
during hot air drying, the result by proposed second degree Drying tirre (br)

model was satisfactory fit with the experimental result.
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Figure 5 WI Surface plot by first (a) and second (b) degree
models

Figure 6 Comparison of experimental and predicted WI
value (PD = prediction)
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