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HEAT STERILIZATION AND ACCELERATED DRYING 
OF HIGH MOIfiTURE RICE FOR SAFE STORAGE 

SUMMARY 

Preliminary experiments on heat treatments and rapid drying of wet rice 
were carried out using the newly-fabricated rotary dryer prototype. System 
performanc~ test of the prototype indicated that heating and drying employing 
conducted heat at very high temperatures (greater than 100°C) coupled with 
ambient air rotary cooling are pr~ctj~ally feasible. Initial experiments on 
the rotary dryer have shown that (i) Iliilling performance of high moisture rice 
could be improved by suitable heating, cooling and agitation treatments; (ii) 
high temperature heating and drying at short exposure time significantly 
induced loss of seed viability; (iii) rotary cooling with ambient air 
immediately after heating and drying treatments may play an important role in 
maintaining the physical quality of the grains; and, (iv) high t8mperature 
conduction heating and drying of high moisture rice may not only shortened the 
processing time but also improve the head rice yield due to induced parbJiling 
effect. Detailed experiments need to be carried out to verify initial ~esults 
and to establish guidelines for rapid drying and arresting fungal invasion in 
wet paddy in terms of grain moisture content, heating surface temperature, 
grain exposure time and grain agitation speed. 

Research work on other heating and drying methods is also currently 
investigated and monitored to check and identify which technique may give a 
comparable and feasible alternative to rotary conduction heating, drying and 
cooling. Researches in progress include (i) heat treatment of wet paddy for 
temporary storage using a batch type rotary heater and microwave oven; (ii) 
characterization of fungal invasion in paddy; and, (iii) performance of a 
natural convection rotary dryer. Results of these researches are expected to 
be included in the 3rd progress report ending December 31, 1985. 

I. GENERAL 

For the period from January to June 1985, preparation and procurement of 
equipment, instruments and materials needed in the construction of project's 
working shed and fabrication of the rotary dryer prototype were successfully 
implemented. Immediately after completion of the prototype overall 
performance of the system was evaluated and preliminary test on the quality 
effects of high temperature short time (HTST) heating and drying of rewetted 
paddy followed by a rotary cooling with ambient air was carried out. 

I I. EQUIPMENT PROCUREMENT AND SITE PREPARATION 

A one kilowatt electric motor with variable speed gear reduction ranging 
from 18 to 92 rpm was purchased to serve as prime mover of the rotary dryer. 
Recently, another electric motor (0.75 kw) with electrically controlled speed 
setting was obtained to serve as drive mechanism for a batch type rotary 
cooler. Requisition of basic instruments such as infrared thermometer, analog 
temperature controller, digital moisture meter, digital carbon dioxide 
analyzer, etc. intended for accurate data gathering and performance evaluation 
of the prototype is in progress and hope to be acquired very soon. 

A working shed having a floor area of 96 sq m was constructed in front of 
the AIT Regional Experimental Center for housing the experimental prototype 
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and sbnilar units including tools and equipment required in operating and 
maintaining the project (Fig. 1). Also, it provides a working space needed in 
conduct.ing research studies and performing related works geared towards the 
attainment of the objectives of the project. 

III. PERFORMANCE OF THE ROTARY DRYER 

The rotary dryer was basically designed for sterilization and accelerated 
drying of high moisture rice for temporary and long term storage, 
respectIvely. The prototype is a continuous-indirect type rotary dryer 
employing conducted heat in effecting moisture removal from the grains. This 
type of dryer is suitable for heating, drying and cooling at wide ranges of 
temperature and at relatively low operating cost. It can provide heating and 
drying temperature up to 300°C and paddy capacities varying from several 
kilograms to hundreds per hour. The energy required to operate the dryer is 
supplied jointly by rice husk ap~ electricity. The specific power required to 
propel the rotary heater and cooler could be determined from the following 
equation: 

-4 -4 
Power (kw) = 4.5 x 10 Wv + 1.2 x 10 BDfN 

where: W = total weight of rotating parts of the prototype, kg 
v = peripheral sp:ed of carrying rollers, mls 
B = paddy hold-up in rotary heat exchanger, kg 
D = diameter of rotary heat exchanger, m 
f = average number of lifts, flight per rev. 
N = speed of rotation of heat exchanger, rpn 

The rotary heater and cooler is a continuous~ixing type heat exchanger 
in which the wet grains are frequently mixed by its rotation and helical 
baffles. The wet paddy either tumbles or rolls down through the heat 
exchanger surface and it gets heated and cooled while grains are conveyed to 
the other end until finally discharged into a grain container. 

The rotary dryer prototype is presented in Figure 2. It consists 
mainly of a paddy feeder, rotary heater, rotary cooler, furnace, flue gas 
chamber, rockbed heat storage and chimney. A detailed description and 
performance of each part is discussed in the following sections. 

Paddy Feeder 

The paddy feeder has a capacity of 20 kg per batch. The feeder assembly 
consists of an electromagnet serving as a vibrator to regulate and maintain a 
desired feed rate, a hopper for loading the wet paddy, and a spout for feeding 
~he grain into the dryer (Fig. 3). Paddy feed rate could be regulated 
manually by simply adjusting the rotary feeding gate attached to the 
electromagnet. The feed rates that could b€ obtained vary from 1 to 45 
kg/min. 

Rotary Heater 

The rotary heater is basically a cylinder serving as a heat exchanger for 
conduction heating and drying wet paddy (Fig. 4). It has an internal helical 
flights welded inside the wall of the cylinder, machined girth sprocket ring 
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and chain drive assembly powered by an electric motor with variable speed, 
flat bar girth rings riding on heavy duty ball bearings, a discharge spout and 
chute from which heated or dried grains are unloaded. 

The hrrizontal travel of the wet grains in the heat exchanger is effected 
by the helical flights. As the heat exchanger rotates, these flights push and 
convey the wet paddy causing them to slide, roll or tumble through the inner 
wall of the hot cylinder. The helical flights actually serve as an additional 
heating surface aside from providing grain agitation and transport. The 
rotation speed could be varied from 1 to 45 rpn by regulating the speed 
control of the one kilowatt electric motor. 

Rotary Cooler 

The rotary cooler is made of a similar cylinder with 1.5 mm perforations 
all throughout its periphery and length (Fig. 5). rne perforations serve as 
inlet or outlet for ambient air desired for cooling the grains. The cooling 
section has internal helical flights exactly similar to the rotary heater 
where it is directly attached by a flange joint. This section provides 
cooling cf hot grains immediately after heating or drying. However, if rotary 
cooling with ambient air is not desired,- a discharge spout (10 x 20 em) and 
chute assembly is provided beneath the lower end of the rotary heater section 
for unloading or discharging heated paddy for subsequent cooling treabnent by 
other methods. The rotary cooler is actually a detachable unit and could be 
intentionally disconnected if continuous heating and drying experiments are 
desired. Cooling speed ranging from 1 to 45 rpn could be regulated by 
adjusting the speed control of the same electric motor used for the rotary 
heater. 

Furnace 

The furnace is the main heat source of the rotary heater (Fig. 6). It is 
fueled by a rice husk with a maximum furnace temperature of 800°C attainable 
at about 30 kg/hr feed rate. The furnace is made of hollow bricks and 
consists of a hopper, husk feeder, husk flow equalizer, inclined fire grate, 
ash dropper and ash collector. The husk feeder is of vibrating type which was 
designed and fabricated to facilitate uniform feed rate. rrhe husk flow 
equalizer regulates even distribution of the husk as it drops down to the 
inclined grate. The inclined grate is built up to 110 rows of sloping and 
horizontal fire bars. This is the main part of the furnace that is used for 
firing rice husk. The husk feed rate ranging fram 5 to 30 kg/hr could be 
regulated manually by adjusting the rotary feeding gate attached to the 
electromagnet or by on/off swicth mechanism directly attached to a 
temperature controller. 

In operating the furnace, rice husk is loaded into the fuel hopper and 
fed into the furnace through a vibrating gate and husk flow equalizer directly 
connected above the fire grate. Priming the furnace is simply don2 by burning 
scratch papers or spraying small amounts of kerosene or gas just enough to 
establish initial burning of the rice husk. As the husk burns and ash is 
removed (from the lower horizontal rO\,l of the fire bars), new portions of rice 
husk drop from the fuel hopper and move along the inclined fire grate by 
gravity. Firing of the furnace can be done intermittently or continuously 
depending upon the duration of heat exchanger surface temperature desired for 
heating and drying. In this type of furnace, the three stages of combustion 

\~ 
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are separated i.n space: the~al preparation of fuel occurs on the top section 
of the furnace; combustion of rice husk takes place in the middle section; 
and, aftercombustion products develop at the bottom section. This type of 
furnace is suitable for firing ~ice husk and involves less physical effort 
compared to a M~nually-operated horizontal fire grate. 

Flue Gas Chamber 

The flue gas chamber was designed for enclosing the rotary heater and hot 
gases coming from the rice husk furnace. It sustains a given volume of hot 
gases required for heating the rotary heat exchanger to a temperature level 
desired for heating and drying the grains. The walls are mainly made of 12 em 
thick hollow bricks strong enough to enclose the protoype and the~ally 
efficient to prevent heat losses due to convection, conduction and radiation. 
A frame support assembly for the hollow bricks was made of 5 x 5 em mild 
steel angle bars and the sealing joints are enclosed with 3 rom mild steel 
sheet. The chamber bed was made of small rocks with a sloping configuration 
that induces complete combustion as well as draft of hot gases flowing from 
the furnace to the chimney. 

Rockbed Heat Storage 

The rockbed heat storage was purposedly incorporated in the prototype 
design primarily to help minimize temperature fluctuation of the heat 
exchanger heating surface. It consists of 8 to 10 em diameter ordinary rocks 
with a total volume of 0.5 cu m located just beneath the rotary heater. It 
absorbs heat coming from the fu~nace and its sloping surface arrangement 
induces draft. The highest temperature stored (based on preliminary runs) at 
the rockbed was recorded at 110aC lasting for at least four hours before it 
drops gradually into the ambient temperature. The stored heat helps stabilize 
the desired heating or drying temperature and sustains that temperature at a 
relatively longer exposure time. In addition, it keeps the system efficient 
and operating cost reasonubly economical. 

Chimney 

The chimney is the exhaust port of the unused heat by the rotary heater 
and products of combustion coming from the furnace. The main function of this 
unit is to establish the minimum draft desired for complete combustion and 
regulates the flow of hot gases (indirectly desired for heating and drying 
purposes) by manually adjusting (full open, half open or quarter open) a 
baffle located at its base. The chimney is made of a 1.5 mm thick mild steel 
sheet with a diameter and height of 20 and 365 em, respectively. 

IV. PRELIMINARY EXPERIMENT 

Heating and Cooling Test 

Paddy samples with initial moisture content of 23 percent, wet basis were 
heat treated at heat exchanger surface temperature of 100, 120, 140 and 160°C, 
grain agitation speed of 4 rpm and paddy feed rate of 10 kg/min. Heating test 
was started after setting the desired paddy fp.ed rate, grain agitation speed 
and after attaining the required heating surface temperature. Cooling test 
immediately following heating was performed in two modes: lapid and slow 
cooling. Rapid cooling was conducted at an average cooling rate of 3 ~C)min 
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using the rotary cooler and a nylon mat for spreading grains until its 
temperature has cooled down to ambient condition. Slow cooling on the other 
hand, was done by simply holding the hot grains in plastic buckets to cool 
gradually at an average rate of 0.3°C/min until grain temperature has reached 
ambient. 'I'he bulk grain temperature and moisture content before and after 
heating and cooling treabments were measured using thermocouples and Kett 
moisture meter, respectively. 'Panperature readings were recorded only when 
grain temperature has already stabilized. Changes in moisture content were 
monitored and five moisture readings were taken for each treabment. The 
moisture content, wet basis was adjusted to standard oven values using a 
calibration chart established for the meter. 

~le samples were conditioned at room temperature immediately after 
completing the treabnents to attain a uniform moisture of 14 percent, wet 
basis prior to milling and germination tests. Milling yields of treated 
samples including control were determined by following the standard laboratory 
milling procedure. 

Accelerated Drying Test 

preliminary drying test :.vas run at 120°C heat exchanger surface 
temperature, 4 rpm grain agitation speed and 10 kg/min paddy feed rate. The 
technique employed in this study to accelerate drying was a combination of 
high tem~rature conduction heating and ambient air rotary cooling at very 
short exposure time. Initially, about 20 kg of rewetted paddy with moisture 
content of 25 percent, wet basis ~las dried using the rotary dryer prototype. 
Drying was started after setting the desired paddy feed rate, grain agitation 
speed and after attaining the required heating surface temperature. The same 
procedure carried out in heating and cooling test was followed in recording 
grain temperature, measuring grain moisture content, conditioning paddy 
samples, and conducting germination and milling tests. Paddy samples taken 
from the same sample lot used in conduction drying were also dried under shade 
to serve as control. 

v. RESULTS AND DISCUSSION 

Heat Sterilization 

The method of heat sterilization initially tested for arresting fungal 
invasion in wet paddy consists of a combined conduction heating and cooling 
treabments at short exposure time in the rotary dryer. Initial findings 
indicated that heating at 100, 120, 140 and 160 r C heat exchanger surface 
temperatures for an average exposure time of 165 seconds and grain agitation 
speed of 4 rpm produced a bulk grain temperature of 58, 65, 75 and 80 °c, 
respectively. Moisture loss due to heating was observed lowest (1 percentage 
point) at 100nC heating surface tsnpecature and highest (3 percentage points) 
at 160"C. Cooling treabnent irmnediately followed the heating process and ~laS 
accomplished in tow modes: rapid and slow. Rapid cooling (3°C/min) has 
significantly induced moisture removal in wet grains while slow cooling (0.3 

°C/min) did not show any meaningful ct-2nges at all (,rable 1). 

The quality effects of heating and cooling treabnents on high moisture 
rewetted paddy were evaluated in terms of milling quality and percentage 
germination. Other quality evaluation techniques sllch as dilution plating, 
carbon dioxide determination, etc. were not used due to inadequate 
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instrumentation, time and manpower constraints. 
will be tested and used for evaluating results 
succeeding experiments. 

However, these 
of replicated 

techniques 
tests and 

The milling performance of treated paddy samples is presented in Table 2. 
Both percent milled and head rice yields of heat treated grains were 
significantly improved by heating and cooling treatments at any given heating 
surface temperature used in the study. A maximum increase of 5 and 12 
percentage points over the control were observed for per.cent milled rice and 
percent head rice, respectively. In addition, both yields indicated an 
increasing trend with increasing heat exchanger surface temperature. Cooling 
treatment on the other hand, has shown that rapid cooling was favorable for 
temperatures up to 120°C while slow cooling was suitable for higher 
temperatures up to l60°C. These observations reveal that conduction heating 
in the rotary dryer accompanied by suitable grain agitation speed and cooling 
treatment at short exposure time can yield a desirable milling quality of the 
grain. However, a detailed study need to be carried out to investigate and 
determine the optimum conditions necessary for obtaining the ~ost feasible 
heating and cooling scheme without any substantial loss in grain qaulity. 

The percentage germination of the sterilized wet grains was drastically 
reduced in all treatme:1ts. Only 9 and 6 percent germination were observed for 
paddy samples heat treated at 100°C and exposed at rapid and slow cooling, 
respectively compared to 92 percent for the control. On the other hand, zero 
germination was observed for grains heat treated at 120, 1~0, and 160°C 
heating surface temperature. This observation indicates that the high 
temperature heating of wet paddy even for short exposure time can markedly 
result to loss of grain viability by actually killing the germ. However, 
rapid cooling seens to be better than slow cooling in conditioning heat 
treated paddy samples despite the dramatic reduction in grain vi~bility. 

Accelerated Conduction Drying 

The conduction drying process designed to accelerate moisture removal of 
high moisture paddy consisted of high temperature heating and ambient air 
cooling treabnents at short exposure periods in the rotary dryer. Initial 
drying results revealed that about six continuous heating and cooling cycles 
at 420 seconds total exposure time per cycle were necessary to reduce the 
moisture of a 20 kg rewetted paddy sample from 25 to 15 percent, wet basis. 
Host of the moisture removed from the grains ·\ .... as nbserved during the cooling 
treatment and not during heating (Table 3). It could be deduced that during 
conduction heating while the grains develop a high vapor pressure and give off 
moisture, the natural convection flow of air may not be sufficient to 
establish rapid moisture transfer out of the heating cyli nder. And hence, 
most o( the moisture is liberated during the subsequent rotary cooling with 
awbient air. Moisture removal during cooling was observed to be induced by 
the uniform agitation of the gnin. The maximum grain temperature attained at 
the end of the drying process was 75°C and the average heating and cooling 
rate of 11 and l2°C/min, respectively can be inferrf..d as one of the suitable 
conditions for high temperature short time heating and ambient air rotary 
cooling of high moist.L:re rewetted paddy. Further investigation of these 
results and detailed experiments need to be done to determine and establish 
optimum corrlitions for the most feasible accelerated conduction drying 
technique for cOnditioning high moisture grains intended for temporary or long 
term storage. 

.C\ 
\ 
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The quality effects of accelerated drying treatment on high moisture 
rewetted paddy were evaluated in terms of mi lling quali ty and percentage 
germination of dried product. Preliminary results indicated that both percent 
milling yield and percent head rice of dried paddy were significantly higher 
than the control by an average of 3 percentage points (Tuble 4). The 
significant increase in both yields can be attributed to an induced parboiling 
effect. This was observed to be favorable for high moisture r.ewetted grains 
exposed at high heating surface temperature and short exposure time. 

The high temperature short time exposure of rewetted paddy for six 
continuous heating and cooling cycles has dramatically reduced the percentage 
germination of the grains. A zero germination was observed in all samples 
compared to 65 percent indicated by the control. This shO'..,rs that the grain 
germ was completely destroyed by several exposure cycles and high temperature 
heating of the grains. 
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a. Perspecti ve view 

b. Close-up view 

Fig. 1. The USAID Dryer Project Working Shed 
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a. Preparing paddy ~les _ 

b. Loading paddy ~les at inlet hopper 

Fig. 2. The Rotary Dryer 

,)­
'I: 
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c. Preparing grain container for sanples desired 
imnediately after rotary heating 

d. Preparing grain container for heated and cooled sanples 

Fig. 2 The Rotary Dryer 
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Fig. 3. 'll1e Paddy Feeder 
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a. Perspective view 
(main heater is enc~osed by the brick housing) 

b. Paddy samples discharged llnmediately after rotary heating 

Fig. 4. The Rotary Heater 
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a. Perspective view 

b. Discharging heated and cooled paddy sCItIPles 

Fig. 5. 'Ille Rotary Cooler 

'\ 

'j \0 I " 
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a. Perspective view 

b. Close-up view 

Fig. 6. The Rice Husk Furnace 
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Table 1. Heating and cooling treatments on rewetted paddy at grain agitation speed of 4 rpm 
and paddy feed rate of 10 kg/min 

Sample Heating 

Size HST GEil' GT1 GT2 M:1 M:2 

kg DC sec °c DC % % CR GT1 
o C/rnin °c 

5 100 165 29 58 23 22 
5 120 165 29 65 23 
5 140 165 29 75 23 
5 160 165 29 80 23 

HST Heating surface temperature 
GET Grain exposure time 
GTl Grain initial temperature 

21.8 
21 
20 

3 
3 
3.1 
3.3 

GT12 Grain temperature after ~otary cooling 
GT2 Grain final temperature 

58 
65 
75 
80 

r-t:::1 Grain initial moisture content, wet basis 
MC2 Grain final moisture content, wet basis 
CR Cooling rate 

Cooling 

Rapid Slow 

GT12 GT2 r-t:::1 MC2 CR GT1 GT2 r-t:::1 MC2 
°c °c % % DC/min DC °c 0 

'6 % 

46 32 22 20.6 0.29 58 32 22 21.8 
54 32 21.8 20 0.30 65 32 21.8 21.6 
56 32 21 19.4 0.32 75 32 21 20.7 
58 32 20 18.8 0.33 80 32 20 19.8 
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Table 2. Milling and germination performance of heated and cooled paddy samples 
at grain agitation speed of 4 rpm and paddy feed rate of 10 kg/min 

Heating Temperature, °c 

a 
Quality Index Control 100 120 140 160 

R S R S R S R S 

a. Percent Milled Rice 67.4 69.5 68.7 71.4 69.8 72.8 72.3 73.0 73.9 
68.6 69.1 68.5 71.3 70.5 72.4 72.8 72.3 73.7 

Average 68.0 69.3 68.6 71.4 70.2 72.6 72.5 72.6 73.8 
b 

b. Percent Head Rice 48.4 50.8 48.9 55.2 51.1 57.2 58.2 59.5 61.2 
50.1 50.0 48.8 53.9 52.7 56.5 58.0 58.2 61.0 

Average 49.3 50.4 48.9 54.5 51.9 56.9 58.1 58.9 61.1 

c. Percent Germination 88 10 7 0 0 0 0 0 0 
96 8 5 0 0 0 0 0 0 

Average 92 9 6 0 0 0 0 0 0 

a 
Air-dried under shade 

b 
Based on 125 g paddy sample 

R Rapid cool ing (- 3 "C/min) 
S Slow cooling (- 0.3 °C/min) 



17 

Table 3. Accelerated drying test on rewetted paddy (25% w.b.) at heating 
surfacE' temperature of 120°C, grain agitation speed of 4 rpn and 
paddy foed t().te of 10 IrS/lIdn 

Pass Heating Cooling Drying 
Time 

No. GET HR GTl GT2 Mel MC2 GET CR GTI GT2 Mel MC2 
sec °C/min °c °c % % sec °C/rnin °c °c % % sec 

1 165 13.8 30 68 25 23.5 135 12 68 41 23.5 22 420 
2 165 10.5 41 70 22 21.8 135 12.4 70 42 21.8 20 420 
3 165 10.9 42 72 20 19.5 135 12.9 72 43 19.5 19.3 420 
4 165 10.9 43 73 19.3 19 135 12.9 73 44 19 18.5 420 
5 165 10.9 44 74 18.5 18 135 12.4 74 46 18 17.6 420 
6 165 10.5 46 75 17.6 16 135 12.4 75 47 16 15 420 

a 
47 30 15 14 

a 
Ambient cooling by spreading thin layer of grains on a nylon mat 

GET Grain exposure time 
HR Heating rate 
GT1 Grain initial temperature 
GT2 Grain final temperature 
Mel Grain initial moisture content, wet basis 
Me2 Grain final moisture content, wet basis 
CR Cooling rate 

Irp 
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Table 4. Milling and gennination perfonnance of conduction-drie~ 
paddy (14%, w.b.) at heating sura[ce tanperature of L.lJ 

°C, grain agitation speed of 4 rpm and paddy feed rate of 
10 kg/min 

Quali ty Index 

a. Percent Milling Recovery 

b 
b. Percent Head Rice 

c. Percent Gennination 

a 
Air-dried under shade 

b 

Average 

Average 

Average 

Based on 125 g paddy sample 

a 
Control Treated Paddy 

68.4 70.3 
68.7 70.9 
68.6 73.9 

68.6 71.3 

46.5 48.8 
47.5 48.0 
46.8 52.8 

46.9 49.9 

64 0 
56 0 
76 0 

65 0 



PRESENT ACCOMPLISHMENT AND MAIN ACTIVITY 

I. PRESENT ACCOMPLISHMENT 

As of December 20, 1985 about 200 drying treabnents and 2 heating trials 
were already carried out on the rotary dryer employing selected combinations 
of the following drying and heating parameters: 

1. Heating Surface Temperature 100 - 180 C 
2. Grain Agitation Speed 2 45 rpn 
3. Grain Exposure Time 1 - 30 min 
4. Grain Feed Rate 10 - 40 kg/min 
5. Grain Moisture Content 22 - 28 % w.b. (Initial) 

14 - 18 % w.b. (Pi nal) 

A detailed description of methods and results wi 11 be covered in the 3rd 
progress report ending 31 December 1985 scheduled to be submitted in early 
February 1986. 

Photographs of the rice husk fired rotary dryer are presented in the 2nd 
progress report. Photographs of other related accomplishments directly in 
line with the objectives of the project are shown in Figs. 1-5. 

II. MAIN ACTIVITY 

The main activity undertaken at present is rapid drying and heat 
treatment studies on wet paddy using the rice husk fired rotary dryer and 
electric powered rotary heater, respectively. 
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On-going Research: 

Heat treatment of high moisture rice for temporary storage 
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Fig. 1 The Oatch-Type Rotary Heater 
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Fig. 2 The Oatch-Type Rotary Cooler 
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Completed Research: 

Micro\Olave heating of high n"'isture paddy for safe storage 

-_ ....... -_ ..••. _--... -_ .. 

MICROWAVE OVEN 

Fig. 3 The r1i crmoJa ve Oven 
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Completed Research: 

Characterization of fungal invasion in paddy 

---- ..... --•.. 

I CARBON DIOXIDE SET-UP 

Fig. 4 The l\bsorption-'rype Carbon Dioxide l\nalyzer 
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Completed Research: 

PerEonnance of a natural convection rotary dryer 

Fig. 5 'rhe Convection-'rype Rotary Dryer 


