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CIIAPTER FOUR
FACTORS AFFECTING RUBBER DRY ITNG
PROCESS

SUMMARY

Factors affecting the drying of rubber sheet was studied.
Experiments were carried out on batches of 15 kg rubber Lested in an
envirommentally controlled chamber. Parameters designed Tor the study
were relabive humidity (RHY of inlet air, air flow rate and loading
density (kg of rubber/m~ of chamber). Drying time was inversely
proportional to the relative humidity of the inlet air. Relative
hunidity of 40% at room temperature (20-32°C) is desirable. Air flow
rate had minimal effect on the drying behaviour of the rubber sheets.
A test with loading density similar to and specific air {low rate
slightly 1less than the actual practice but inlet air of 40% RH
resulted in a drying time of 40% of that is currently required in the
factories. Experiment on the effects of firewood moisture on rubber
smoking time was undertaken by firing two smoking rooms with green
wood (42.19% moisture) and dry woed (19.236% moisture). The room fired
with dry firewood shortened the smoking time by 1 day bul consumed

more pieces of firewood.

4.1 INTRODUCTTION

Results of the monitoring of the rubber smoking process (Chapter
3) revealed a significant amount of water inherent in the inlet air
and firewood. Generally, the per-batch smoking {ime is in the range
of 5-9 days depending on the seasons (dry or wet) which eventually
reflects the adverse effect of moisture in the atmosphere. It was
estimated that, for a batech of smoking, there are about 2 tons and 5§
tons of water inherent in the combustion air flowing through the
smoking room  ‘via furnace) during the dry and wet Seasons,

respect.ively, while the moisture removed from the rubber is
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approximately 1.2 tons only [181. Consequently, it was envisaged that.
the smoking time can possibly be reduced, and hence increase the
productivity, by the dehumidification of the combustion air [11,181.
However, the drying behaviour of rubber sheets with respect to the
humidity surrounded them is still quantitatively unclear. In general,
the decrease of the relative hunidity will result in sherter drying
time. .

This chapter sfives results of study, in a lakoratory secale, on
the effects of the air hunidity as well as other lactoers such as  air
flow rate and loading density (kg of rubber/m- room) . Results of
full-scale experiment when the smoking rooms were fired with green

firewoad and dry firewood are also presented.

4.2 FACTORS AFFECTING RUBBER SIHEET DRYING PROCESS

It is vnecessary to experimentally verify the effects of
parameters influencing the rubber drying process. Parameters of
part.icular interest are inlet air humidity, inlet air flow rate and
loading density (kg of rubber/m- of room)

4.2.1 Materials and Methods

An envirommentally controlled chamber, as shown schematically in
Figure 4.1, was designed and constructed from angle steel hars and
gypsum boards. The chamber has a volume of 0.6 X 1.8 x 1.8 m . AT
air compressor was used to supply relatively dry air to the chamber.
Humidity of the inlet air was adjusted to a desired level by a proper
mixing of two streams of air; the dry air from the compressor and
saturated air. The saturated air was obtained by bubbling the air in
a column of water. The humidity was determined by wet bulb and dry
bulb temperatures. Air flow rate was controlled and measured by an
air flow meter (Dwyer Rale-Master RMA -23, USA). The inlet air passed
through a set of electrical heating elements which were Tung
vertically im an insulated steel pipe. The temperature inside the
chamber was controlled at 85°C hy a temperaturc controller fﬂupef p-2

temperature controller, S. Pairach Supply Co., Thailand}. Rubber
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Figure 4.1 Environmentally controlled chamber
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sheet.s were graded by an experienced person so that consistent
thickness and wmoisture conbent of every sheets were atbained. The
nominal size of the sheet was 100 x 50 cm and 3-4 mm  bthick. The
average weight was 1.16 kg/sheet.. Rubber sheets were washed before
placing on almimm rods, which vere subsequently tied to a strain
gauge  type load owll (Transtronic FAD-10, Taiwan and MM-4051 signal
transmitter, Wilkerson Instrument Co., USA). Temperatures at various
points in the chamber, as depicted in Figure 4.1, were read hy K type
thermocouples and a digital thermometer (Omega  HH81  digital
thermometer, Omega Engineering, USA). There were § experiments in
this study programme as were described in Table 4.1,

In actual prachice, where the capacity of the room is about 40-45
tons of ruhbber, the specific air flow rate was quoted at ©0.02 m°/h
for a kilogram of rubber (Chapter 3). 1In order to determine the
effects of the inlet air humidity, the air flow rate for experiments
1-5 was set to the actual figure (0.02 m /h/kg or 0.2 m /h) but varied
the inlet air relabive humidities from 80% to 20%. Likewise, the
effects of the inlet air flow rate were determined from experiments
6-8, where the relative midity was fixed at 40% (the predetermined
and expected an appropriate value), by varying the air flow rates from
0.18 m /h to 1.2 m /h (specific [flow rate 0.012-0.08 mafh/kg].
The lgst experiment was conducted at  40% relative humidity and
specific air flow rate of 0.018 mg/h/kg but, the loading density was
identical to the actual practice (87.73 kg/m3 which required about
124 kg of rubber sheets). In this experiment the whole unit was
placed on a 500 kg capacity scale (Berkel, Rotterdam-Holland,
resolution 250 g) Lo mwonitor the weight loss in stead of using the
low capacity electronic load cell. Data were acquired every 320
mimrtes. The end of the drying process, which was Jjudged by an
experienced worker from a rubber factory, was indicated by the clear

appearance of the whole and every sheets.
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Table 4.1 Programme of Experimenis

Experiment, RH Air flow Mass of
(%) rate (m" /h) rubber (kg)
1 ac G.3 15.620
2 680 G.3 15.385
3 A0 0.2 16.285
4 20 0.3 14.975
) 20 0.2 15, 340
6 40 0.18 15.742
7 40 0.6 15.455
a 40 i.2 15.651
g 40 2.01 123.90
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4.2.2 Results and Discussion

The experiment results are presented qrantitatively in Takle
4.2. In general, the moisture removed from the rubber was less than 5%
of jits initial weight.

4.2.2.1 Effects of inlet air moisture

Experiments 1-4 gave the effects of the inlet air moisture an the
drying time of the ruhber sheets. The relative humidities in the
study were 80%, 60, ‘40% and 204 at ambient temperalure of  20-22 “C.
The correspending Figures for the test cell temperature (85 () were
154, 11%, 7% and 2.5%, respectively. Figure 4.2 shows the drying
characteristic of the rubber sheets at various relative humidities of
the inlet air. It is obvious that the Ilower relative humidity
resulted in shorter drying time. High dryving rate, due to vaporization
of the wetted surface, at the beginning was apparent for every
experiments. When the surface of the sheet was still relalively wet,
the sheet was at the wet bulb temperature of the surrounding air.
The rate of evaporation was controlled by the rate at which heat could
he transferred to the sheet to pravide latent heat of evaporation of
the water. Heat transfer and, therefore, evaporation depend on the
temperature difference between the air and the sheet. Another word,
the drying rate at this stage is proportional ta the difference
between the wet and dry bulb temperatures of the surrounding air.
That is, relative humidity is a prime factor at this stage.

Drying times for the experiments with 680%, 40% and 20% RH were
76.6%, 59.6% and about 50% of that for 804 EH  experiment,
respectively. It is interesting to find that high portion of
steady-weight period occurred in the high hunidity cases, Figure 4.2.
Drying wmechanism in the steady-weight period is diffusion, which is
influenced by the humidity of the surroundings and the temperature.
The  humidity affecls Lhe equilibrium molisture contenl, while Lhe
temperature affects the diffusion.

One might  argue thal  Lhe variation of the drying Limes  in

experiments 1-1 was Just the effect of the differences in initial
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Table 4.2 Resulls of Experiments

Parameter Expt RH  Air flow Moisture Drying Relative drying
(%) ratetm /h) removed (%) time (min) time (%)

180 0.2 3.65 4230 100
2 80 0.3 2.60 3240 76.8
moisture 3 40 0.5 2.37 2520 55.6
4 20 0.3 2.09 2040 48.2
5 20 0.3 3.24 2160 51.1

6 40 0.18 3.5 2760 100
Air flow 3§ 40 0.30 2.37 2520 91.3
rate” 7 40 0.60 3.76 2640 95.6
8 40 1.20 4.7 2460 89.1
Loading 3 40 2.01 4.6 2700 -

densit,yH

¥ Average loading density = 7.98 kg/mg, specific air flow rate
= 0.02 n /h/kg.

@ Average loading density = 8.03 kg/ms.

% Loading density = 83.73 kg/m3 and specific air flow rate
= 0.016 m"/h/kg.
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moisture of the rubher, because, accidentally, rubber with higher
moistire  was  thested with higher air humidity (see Table 4.2). An
experiment. with 20% relative humidity was repeated (experiment &)
with the rubber as moist as that of experiment 1. The result of
axperiment. 5, which was included in Figure 4.2, confirmed the
advantageous effect of the low relative humidity of the inlet air.

Since the end of the experiment. was determined by the clear
appearence of the whole and every sheets, the iInconsistent or
nonuniform initial condition of the rubber sheets (in the same test)
would inevitgbly affect the result. That iz, the drying time of each
experiment depends solely on the thickest and moistest sheet..
However, the irregularity of the samples seemed insignificant as the
drying time, Figure 4.2, strongly depended on the inlet air
humidity. -

4.2.2.2 Effects of air flow rate

Results {from experiments 1-5 revealed that the less hmidity of
the inlet sir used, the shofter drying time was obtained. However,
the minimam relative hmmidity (20%4 RHY may not be economically
practical. There was only 10% difference in drying time between the
40% RO and 20% RH experiments. The advantage of shorter drying time
at 20% RH could possibly be overridden by the higher cost of acquiring
such dry air. It is, therefore, al this stage, desirable to limit the
inlet. air relative humidity at 40%. The effects of air flow rate on
the drying behaviour of the sheets were determined by keeping the
relative hunidity of the inlet air constant at 40% but varied the flow
rate as shown in Table 4.2.

Surprisingly, the results, Figure 4.3, showed that the air flow
rate had little effect on the drying time. The experiments in this
series had maximum air flow rate of 6.7 times of the minimum flow rate
hut, the difference in the drying times was Jjust less than 10%. The 10%
discrepancy might be the hidden effect of the difference in initial
moisture content of the rubber ralher Lban the direct effect of the

air flow rate. An attempl to shorten the smoking time by installing



AUZTGE JUSTem [BUTd ‘UTW Q9rg sulg SUTAJY ‘ays w0zt O

%EZTO6 JYSTem [RUTH “UTl Opug Suly Sutdag ‘ays W 090 v

#2976 WSTIam [BUT] ‘Utul Qggz awig SuTfdg ‘Jys W 80 @
o

70798 YUBTen [BUT “UTW 09iz ouiy Burfaq ‘uy/ w 8170 X

(IRI #0y) 9WIY BULAJD UC 99RJ MOTJ JIB JO SY08JJH £ adngid

(utw) swrg

54

00Z¥ 009€ 000¢g 00¥%2 008t 0021 009 0
ot " “ + ' t 4 + “ + t h _ | Z6
+ £6
+ ¥6
T 56
N JWJWIU:O + 96
MMV at- ol 2R ~o.
.IX!. Q/ /O
——0—0—0_p_0._o_ Tu~ v

ML N\ \T 86
x> e L 55

/x

001

(3ybTeM [BTITUT JO % ) Jagquy Jo IybIem



55

ventilation fans was done in some factories. However, it did not anly
fail to serve bLhe objective It alse resulted in higher fuel
consumpt.ion in order to maintain the required room temperature [19],
Hish air velocity works well for the evaporation ¢when the rubber is
sti11 welr but not for the diffusion which is Lhe  mechanisn
responsible  for the removing of the moisture in its last few percent
ra2o,zi1i. In actual practice, the combustion air of ahout 700 mslh
wrs  already found unmecessarily high 1187, Therefore, if dry oir  is
incorporated in  Lhe process, a lower (Lhan 700 mS/hJ capacity air
dehimidifier should be used effectively.
4.2.2.3 Drying with high loading density

lLoading density has direct effect on hot air circulation inside
the room. Although the previous experiments revealed that air flow
rate, hence the circulation, had unnoticeable effect on drying time,
the final experiment (mumber 9 was carried out with loading density
equal to that is presently practising in the factories (63.73 kg/ma).
Air flow rate was 2.01 m /h (specific air flow rate 0.016 m /h/kg).
The drying characteristic of the high-lcading-density experiment is
shown in Figure 4.4. It is obvious that the drying curve in Figure
1.4 is different from the curves of the low-loading-density ones.
Figure 4.4 has lower drying rate at the begining of the process
compared with the low-loading-density results. It exhibited no steady
weight period at the end neither. The drying time was 2700 min which
was in the same range of the low-loading-density experiments.

4.2.3 General Triscussion

For.rapid drying, the rubber sheets should he as thin as possible
(to reduce the diffusion time), high temperature and low humidity
should be used throughout and in the early stage high air flow rate
should be advantagous (for rapid evaporation). It was reported that
.air speed of 0.5 m/s gave an evaporation rate two te three times that
obtained under mnatural convection condition [43. Air speed that
passing along the rubber sheets in this experiment was far helow the

figure quoted in the literature. There are pracltical limitations to
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achieve tLhese conditions. If the sheets are machined too thin, the
space requirad for the rubber and the labour needed for handling the
sheels are all incressed. Extremely high temperature will damage the
sheets by blistering. The bigh air flow rate will inecresse Tirewood
conzumnpl. ion.

Reosults from the experiments indicate thal Lhe use of dry air
©should  greatly affect the rubber smoking industry in'the senses  of
incre=asing  the productivity and decreasing the firewsod consumption.
Change in production cost depends on the cast of [irewood that can be
saved and the cost required for dry air acquisition. Assuming that. the
amhient relative humidities of the wet and dry seasons are 80¥ and
T0%, respectively. The corresponding amounts of water that have to he
extracted from the 700 mgfh air flow rate are 9.6 kdg/h and 4.9 ka/h in
order to obbtain 304 relative husidity at 32°C. Dehumidifier that
possesses such capability and economically viable has therefere become
the ultimate goal of this project. However, it must be borne in mind
that the results obtained from Lhis study may differ from the reality
because smoke was excluded from the experiments. Smwoke impeded in the
ruh&wrr could retard the transportation of water inside the rubker to

the surface and results in delayed processing time.

4.3 TRIAL TEST WITH GREEN AND PRY FIREWOCD

4.3.1 The Experiment

Green wood contributed substantial amount of water (about 24%
see  Table Z.3) to the process which eventually is not desirable for
drying the matter. Effect of water contained in the firewood was
determined by smoking the rubber in two rooms simultaneously (in order
to achieve identical ambiernt. condition) but using green firewood in
one room and dry firewood in the other. Green and dry firewood were
sorted according to Lheir appearence, storage history (bhe ones  down
under in  the stock pile were usually the dry ones). Every firewood
was welghed and ot in the niddle for o slice of  akoul 1 e in

thicknessa. The slices were weighed and dried in am oven at. 70 ¢



58

unt.il constant weight was obtained. Moisture content of every pieces
af firewoond were subsequent.ly caloulated. Rubber sheels in the smoking
rooms were regularly observed to prevent. unnecessarily prolonged
smoking  and hence obtain the correct smoking time. The two smoling
rooms  in this experiment were room  nusber 3 (green woody and 1 odry
woodi . The firing started at 4 pn of Octeober 11, 1891,
4.3.2 Results and Discussion -
r

Summsry  of  Pliresvowd used s Labulabed in Table 4.3, Assaoning

Lhal, Lhe  rubber in the Lwo roons had,ﬁhe same initial conditions,
Table 4.2 implies that smoking Lime één be shortened by 19%  if  dry
firewood 1s used. The actual moisture contents of the rubber in the
two rooms were not determined in the experiment because there was
insufficient. data to perform mass balance caleulation. However, the
furnace operator and the factory manager both agreed that the smoking
with dry firewood in this experiment (room 4 finished ahout 1 day
befare the usual schedule, Although the total mass of firewood used
by the two rooms was different, apparently the two roons consumed the

sane  amount, of the "real dry wond™.  The real dry wood is the total

mass of  firewood sublracted by the wmass of moisture. More dry
firevond, In herwm of plecss, was requiral in comparison bo Lhe  groen
firewood hecause the dry firewvood was burnt, at. a Faster rate. This

™4 b

resulted in twe undesirable consequences.  TFirstly, it caused  shortoer

furnace refill period (2.3 h v.s 2.2 h' and higher number of refill
48 Limes v.s. 41 Limesy even Lhough the processing time was  shorter
(110 hov.es. 125,58 hy, froom musher 4. More labouricus iolv Tor  the
furnace operator 1s nob avoidable., Secondly, the fuel cost will he
Nigher since {irewood is heing sold on volume basis. Bul. Lhe increase
in fuel cost should be insignificant as it contributes only -84 of
overall production cost [187,

™ 41 ‘.

Figure 3.5 shows that e Direwood Ll owing Inle Lhe furnace afl

room 4 was always less than thaft cccurred in room 2. The pallerns of

f'*-'"'—='-~.-' ] R A I s T Y. e = o L 1 by

T SR T . 1y - .. L
A RS R o L A KIE R 11} e l_.j,j_L’. baiewd ) I ik Vet gowY

siwmilar,  Accumulotive firewond consunpl.ion Tor the two rooms is shown

o]
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Table 4.3 Firewood Used : Green and Dry Conditions.

Room
3 fgreen) 4 idry
Swoking time (hi ' i35.5 110
Firewood - tohal consumphtion (kg) 3384.9 2405.3
- number of wood (piece) 419 580
- average weight (kg/pieced 8.1 4,1
- average moisture (%) 42.19 18,36
- real dry wood (kg 1956.8 1939.8
-~ water from wood (kg) 1428.1 465.7
- times of furnace refill 41 48
- average hour of refill (h) 5.8 2.3
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in Figure 4.6. Figure 4.7 is the humidity ratic of the exhaust of the
two rooms. It is obvious that the exhaust of room 2 (green woad) was
wetter than that of room 4 which was the result of moisture in the
green firewood (1428.1 kg compared to 465.7 kg for dry woodd)., Tt must
“be noted that at some instance the femperature in rocom 4 wazs too  high

s0 that. the furnace operator had Lo put down the fire.

4.4 CONCLUSION

Drying characterist.ics of rubber sheets with respect to
surrounding hunidity, air flow rate and loading density were
examined. The drying time was inversely proportional to the relative
humidity of the inlet air. The effect of air flow rate was determined
at.  40% relative humidity and specific air flow rates of 0.012-0.080
mslh/kg. Within this range of air flow rate, there was no clear
evidence of the role of the air flow rate. An experiment with a
loading density equal to the actual practice in the factories was
conducted at 40% relative humidity and a specific air flow rate of
0.018 msfh/kg. At the conditions similar to the actual practice but
used drier inlet air, the drying time was found to be 2700 min (45 h)
which is about 404 of that 1is currently taking place in the
factories (116 hr) [181. Comparative experiment with dry firewcod and
green  firewood  demonstrated  that moisture in  the Firewood
significantly affected the smoking time. This leads to a strong
confidence that delmidification of inlet air should be a promising

technique that accelerates the rubber smcking process.
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