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Design of a Rotary Kiln for Production of Sarooj

A. W. Hago* and A. A. Al-Rawas

* Department of Civil and Architectural Engineering, College of Engineering, Sultan Qaboos University, P.O. Box 33, Al-Khod

123, Sultanate of Oman

Received 3 March 2006; accepted 1 April 2007

zasball zad ylga Oph waeead

wlgfl Glo sl 9 220 walgll s

k) ) aa i sy BRI g Ogeanll g aSalgysaall ljaoadll g Gbibiall b Slgyoad Couls puly Gl e dosiun IS Ogjgull shaa il 79 kall : La
pladiuls zg;lall gty O pialoll (g - pgaiald] spuuyly susall swanSyl g Kabeull (o &dlS CilsoS (sle (sgad il dpdahall Ll (o Ainaa Blgal Gl b zg)lall g
clagai 58 Wl G o 1)alg cdale byl riS b dostuoll Gall pllis O S . Gllall #lgall b Ll G daais byl Jas alé ] ey Zilall (0 &y lea
08l s Dl oo Wil Gl B a9l S pub By I i ity Ka g0 13 O o5 Lyl Kiylall Jloaiuly piiad! zg,lall OF S - &acgall (o 25U
0l lo sy . zshall dcgt plo S50 Il dolgall paiid mgjlall ZU| L o Aol &ulya sl] Wi Sl 13a by Sl & je (o UL Ay dla
il O (e G lly - gigall b lguag (0 Gty Aol U amSyi (Sou g luall Y UBika 5190 Ob paoual ellig « g lall Y Gasd K 151 o5 « algall
Ailyadl) Q! g anall ) laaaty Juags o < mgllaall gigall Gl i Ly gl I Rawlgy a Olan LS coludl b zg,lall a Wl TghaS (il llgs
S W Dasdedll Ul Ghad Loy il boS « dauadills Ol owsd G2y (3 <yl 032 g . Al dlgdug «ilighe dalung Ojgll &l 7 yihedl 0,81 jliemg

g b Ol e e i W ALl il 55 i « el Gl gy gtiall gaylall e Gl A

il allge « JUES Oph ‘QSQ”AQA G| « G939 cggla : i iell cifayhodl

Abstract: Sarooj is a local term used for pozzolana. It has been used extensively as a hydraulic binder in buildings,
hydraulic installations, forts and castles, and in the renovation of historical monuments. It is produced by burning specific
clay soil that possesses adequate quantities of silica, alumina and iron oxides. In the past, the material was produced using
a large amount of energy most of which is wasted by blowing winds. The burning system was usually thermally inefficient,
and the output is rarely checked for quality. Test on products produced by using the traditional method may yield poor qual-
ity Sarooj due to inadequate burning or over burning or even insufficient grinding in the end. In this research, extensive
experimentation has been performed on the method of production of Sarooj to determine the factors influencing Sarooj qual-
ity. Based on these factors, a new method of production is proposed. In this method, a fully mobile kiln was designed to
produce Sarooj on the site. The kiln can produce 200 kg/h of Sarooj, and can be installed within one hour of arriving on the
site. It can be towed by a tractor or a normal vehicle to the desired location, connected to the natural gas supply and the
electric power. The construction is light, compact, and easy to start and shut down. In this paper, the plant is described in
detail, together with some preliminary results of testing done on Sarooj produced by the kiln. Full details of tests on the
product of the kiln will be given in a subsequent paper.
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Introduction 2. The sieved soil is mixed thoroughly with water to form

The traditional method that the Omanis has used in the
past for producing the Omani Sarooj can be summarized
in the following steps (Hago and Al-Rawas, 1999):

1. The soil used in producing Sarooj is usually brought
from farms and lands used for agricultural purposes,
and perhaps other specific bare lands. However, it
should be noted that the soil used differs in its clay
content, and chemical and mineralogical composition
from one area to another. This soil is sieved in order to
remove gravels and other undesirable materials.

*Corresponding author’s e-mail: ahago@squ.edu.om

"Ghailah" (soil paste) which should be left for one day.
This step is repeated for two consecutive days and
finally circular disks of soil are made and left to dry.
The process of drying the circular disks may take a
week.

. Dry logs of date trees are arranged in three layers.

Small openings are left between the logs of trees to
allow for air circulation. Dry leaves are placed
between logs of dates trees to help in the burning
process. This arrangement, shown in Fig. 1, is known
as "Mahabba".

. The prepared soil disks are packed on the top of the

third layer of the dates trees. They can reach a height
of one meter.
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5. A layer of white Wadi limestones is placed between
the soil disks for the production of "Al-Nourah" which
will be mixed with the soil during the burning process
and gives it its white colour.

6. After completing all the preparation of the Mahabba,
the burning process starts. Copious fumes are pro-
duced in the process (Fig. 2) and with time they disap-
pear. The Mahabba is to be visited after four days from
burning, no traces of fire could be seen, but the burned
soil disks will still be hot. The logs of the date trees
will be completely destroyed by the fire, turning them
into ashes. Water is then sprayed over the Mahabba, in
order to extinguish any fire that could not be detected.

7. The sarooj must be left at the site for a period of about
two months, before it can used. It is believed by

Sarooj experts who worked with the traditional
method that this period would give the Sarooj more
strength. After that, Sarooj is ground into a powder
form.

Figure 2. Sarooj Burning

In this method of Sarooj production, temperature
recording is not possible and the period of calcination can-
not be observed or controlled. The calcined product is pul-
verised through two operations: primary and secondary.
The primary operation is done manually, using tamping
rods and shovels which involve a considerable amount of
effort and time, while the secondary operation is done

mechanically using compacting rollers which are hand
driven, see Fig. 3. The end product is screened to get the
required fineness. Although the capital cost of production
is not usually high, high thermal efficiency cannot be
obtained due to the small size of the work and the inter-
mittent operation.

Figure 3. Grinding of Sarooj

The proposed design should consider these aspects. The
calcination process involves baking the raw material in a
heat transfer apparatus like a kiln. The feed for a kiln is
required to be of a particular size, shape and density
according to the likely breaking down of the feed during
its travel through the kiln. A variety of fuels can be used
to obtain the required calories of heat per kilogram of
charge to be calcined. However, in the process of the
design of the kiln, the following aspects should be consid-
ered:

1. Feed size, shape, density and moisture content;

2. Hoisting and charging arrangement;

3. Thermal efficiency in terms of tons of Sarooj produced
per ton of fuel;

4. Control of temperature and duration of burning;

5. Operational efficiency.

In order to meet a local small demand, small capacity
plants have been developed, using different heaters as ver-
tical shafts furnaces or rotary kilns of fluidized beds
(Thate and Patel 1978; Gupta and Rao, 1978). In all of
these Kilns, the installations are fixed in position, which
increases the cost of production for a small intermittent
plant operation. To reduce the cost, a semi mobile
flash/dryer calciner unit was proposed by (Salvador and
Pons 2000). Still the size of their plant was too big for
small demand production. The overall size of their kiln
was 14.5 m long, 3 m wide and 4.5 m high weighing 23
tons. Clearly such a plant cannot be fully mobile.

2. A Better Design
The review of the existing method given above indicat-

ed a need for a new design which will incorporate the fol-
lowing improvements:
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1. Hoisting and emptying of the feed into the kiln can be
mechanized;

2. Easy firing and efficient use of energy will be provid-
ed by the use of natural gas burners;

3. Kiln shell should be structurally strong and be
designed for temperature and hoop stresses;

4. Inthe shell, a non-conductor lining should be designed
to withstand the high temperature of the kiln;

6. Reduction of heat losses so as to reduce cost of pro-
duction;

7. Good utilization of space of the kiln as reusable. The
traditional method abandons the area where the
Mahabba is established until Sarooj is removed. This
could take more than two months to allow reuse of the
place occupied by one firing operation;

8. The continuous calcination temperature recording
through thermocouples can help control the movement
of the calcination zone;

9. Easy handling and movement of the kiln.

Specifically, the designed kiln should meet the follow-
ing specifications:

1. Operating temperature = 750°C;

Maximum temperature not to exceed 1000°C;
Temperature on the outside surface of the kiln not to
exceed 50 °C;

Rate of feed to the kiln = 200 kg/h;

Natural gas pressure = 3 bars;

Volume of air for combustion = 16 m3/h;

Speed of rotation of kiln = 30 rpm.

w N
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3. Raw Material Processing And Handling

The excavated material from the clay bed comes in the
form of fine soil varying in size from 20 mm to fine pow-
der. The material can be hard desiccated clays and shale,
or it can be granular soft clays. Two methods can be used
for preparing the material for burning in the kiln, depend-
ing on the hardness of the raw material:

3.1 Hard Desiccated Clays and Shales

Desiccated clays and shales of sizes ranging between 5
mm to 10 mm can be fed directly to the kiln without pro-
cessing. These materials are usually stiff and unsolvable in
water. They can withstand rolling in the kiln without dis-
integration. Particles larger than 10 mm have to be sepa-
rated by sieving and broken to a size roughly less than 5
mm or can be excluded all-together if it was in small quan-
tities.

3.2 Soft Granular Clays Soluble in Water

Such soils cannot withstand the rolling that takes place
inside the kiln and can easily disintegrate into powder.
Once disintegrated, they can stick to the sides of the kiln
and hinder the easy flow of the material. They can also
create lumps in the kiln which require more time for com-

plete burning. In order to overcome these effects, such
soils have to be mixed with about 12% water and molded
in a form of balls or pellets before putting in the kiln, to
facilitate their movement inside the kiln. The pellets are
obtained by using a pelletizer designed specifically for the
purpose, see Fig. 4. The pelletizer is composed of a cylin-
drical drum 600 mm in diameter and 2 m long, rotated
about its longitudinal axis which is supported at its ends
by roller bearings. It is rotated at a speed of 20 rpm by an
electric motor. The moistened soil is introduced into the
pelletizer drum through a side opening. After the soil is
loaded the opening is closed with a cover, and the motor
is started to set the drum in rotation. In three minutes, pel-
lets start to form. The size of the pellets is controlled by
changing the moisture content of the soil. The moisture
content of the soil can be increased by spraying water
through end openings in the drum. When all of the soil has
changed into pellets, the motor is stopped, and the pal-
letized soil is extracted from the drum through the side
opening. The pellets are then spread in the sun and left to
dry. After drying, they are ready to be loaded in the kiln.

-

Figure 4. Pelletizer

3.3 Loading of the Material into the Kiln

The feed to the kiln, whether processed or unprocessed
material can be loaded into the kiln by using a manual pro-
cedure, or by using a hoist. The hoist, Fig. 5, consists of a
steel bucket 2 mm thick having dimensions 30x30x40 cm
and can hold 40 kg of soil. The bucket rolls over a pair of
mild steel channels 160 x 80 mm, each made by welding
2 angles 80x80 mm. The supporting rails have an inclina-
tion of 80° with the horizontal, and are tied to the frame
supporting the kiln. A pair of guide wheels attached to the
bucket roll inside the channels. The bucket is pulled along
the rails by means of a 5 mm diameter wire rope tied near
the bottom on either side. The wire rope is passed over a
series of pulleys and is pulled by means of a manually
operated winch. The bucket rolls over the rails till they
curve downwards at the top of the kiln. The guide rollers
stop at the end of the rails and the winch winds up some
more length of the wire rope to haul up the bottom of the
bucket and turn, it upside down in the chute. After empty-
ing the bucket, the winch pulls out the rope which puts the
bucket down on rails again right side up. The empty buck-
et slides along the rails to the bottom of the lifting rails
where it is filled again.
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Figure 5. The hoist

4. The Kiln

Depending upon the heat transfer unit selected the cost
of calcinations forms 40 to 60 % of the total cost of man-
ufacture of Pozzolana. A mobile cylindrical double-coned
rotary kiln was proposed for this design. Various alterna-
tive shapes could be have been adopted for the kiln, but
the selected shape was favored for several reasons viz.
minimum wear and tear of lining due to sliding of charge;
minimum choking and clinkering; more uniform burning
and a better distribution and flow of the charge through
the kiln. The kiln was designed to give the required opti-
mum temperature (750°C) and a period of calcination of
two hours.

The designed kiln was built from 6mm steel plates of,
and consisted of three parts: a central cylindrical drum
1200 mm external diameter with a length of 15 mm, and
two truncated cones at the ends, see Fig. 6. Each cone was
tapered from a diameter of 1200 mm at the mating end
with a central cylindrical portion to 300 mm at the free
end. The overall length of the kiln was 3170 mm.

END SHELL

Figure 6. Parts of the rotary kiln

The fire brick used in the lining of the kiln was manu-
factured in the laboratories of the College of Engineering
at Sultan Qaboos University. A fire clay containing a high
percentage of alumina was used for this purpose. Special
molds constructed from steel plates were manufactured

for casting the fire bricks. Fire clay for making the bricks
was imported from Pakistan and was supplied by Skylark
Company for Building Materials in Sharjah. A hydraulic
compression machine was used for pressing the clay in the
moulds. The mortar used in building the fire brick inside
the kiln was made of high alumina cement with sand. The
mortar courses were only about 5 mm thick, so as to
reduce thermal volume changes in the mortar when sub-
jected to a high heat input/discharge. The thickness of the
brick lining in the kiln was 170 mm in the cylindrical por-
tion where the fire was concentrated, and 120 mm in the
conical portion, Fig. 7.

Figure 7. Lining the Kiln with fire bricks

The kiln was built over a trailer made of steel rolled
sections with four wheels to facilitate movement both dur-
ing manufacturing and operation stages. It can be disman-
tled, moved over land (road network) and sea, and assem-
bled within few hours. It rests on four roller supports fixed
over the trailer. The four rollers allow free rotation of the
kiln. The kiln rotates about its longitudinal axis with a
speed of 30 rpm. The rotation is provided by a 10 hp elec-
tric motor through a steel shaft, two pulleys and three
belts, Fig. 8. When dragged in place, the trailer was sup-
ported by four jacks on the ground to anchor the wheels
against rotation. Because the front two jacks were short-
er than the rear, the overall body of the kiln became tilted
about 1 to 2 degrees with the horizontal to facilitate with-
drawal of the product at the end.

Figure 8. Kiln mounted on a trailer
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One gas burner was used to provide the required heat
energy. The burner was BP7 premix type manufactured by
Australian Combustion Company. The burner uses natural
gas at a pressure of 3 bars and with a rate of 16 m3/hr. It
includes an automatic ignition of the flame and flame
safety detection. The detection system utilizes the flame
rectification principle. For complete combustion, an air
blower was needed to supply the burner with air. Air and
gas are mixed in the burner at a well calculated ratio by
the mixer itself, depending on the temperature of the burn-
er. A small processor unit controls the operation of the
burner, and the whole process is automatic. Assuming a
calorific value of natural gas of 38 MJ/m3, this means that
heat is input to the system at a rate of 608 MJ/hr. Attempts
to estimate the necessary heat requirement to produce
sarooj from clayey soils by field experimentation gave an
estimate of 5579 MJ/ton of soil (Hago, et al. 1995 and
Hago and Al-Rawas, 1997). Thus for a given size of feed,
the duration of burning can approximately be determined.
A batch of 0.2 ton, needs 2 hours calcination time.
Figure 9 shows the burner and blower mounted in the kiln.

Figure 9. Burner and blower mounted in the kiln

The operation of filling the kiln will be done in batch-
es of five buckets each. The volume of the calcination
zone was designed to hold one batch's production.

Temperature in the kiln was monitored by means of
thermocouple inserted through the kiln drum. The
arrangement enables the monitor to read the temperature
on the display of the burner control unit.

The shell of the kiln is designed to serve three purpos-
es. viz., withstand the calcination temperature and struc-
tural stresses as well as minimize heat losses. Inside, a 170
mm thick fire brick lining made of fire claim was used.

The desired calcination temperature was 750°C.
However, structural components were designed to take up
a maximum temperature of 1000°C which may happen
due to accidental rise in temperature. The temperature on
the outside of the outer shell will be slightly higher than
the ambient temperature. The thickness of each compo-
nent of the kiln was selected to minimize the heat loss
through conduction as much as possible. Most fire bricks

withstand a temperature of 15000C.

5. Structural Design of the Kiln and its
Supports

The design was carried out on lines of that adopted for
steel structures. It was checked for combined stresses due
to internal load and temperature. Tensile stress in steel
(hoop tension) was assumed at 460 N/mm2; compressive
stress in brickwork was assumed at 14 N/mm?2, with
cement-lime mortar grade 1V according to BS 5628-1,
1992. Unit weight of charge of loose clay soil was taken
as 14 kN/m3. The coefficient of thermal expansion of
brickwork and steel was assumed to be 6x10¢ and
11x10-6 per degree centigrade respectively. The total
downward load includes the dead weight of the kiln shell
plus the estimated soil charge plus the weight of the sup-
porting frame itself. Due to the small size of the installa-
tion, wind load was neglected in the design of the support-
ing structure. Safety factors on all loads were taken as 1.4.
Full detailed set of drawings for the construction the kiln
is given in Figs. 10(a) and (b).

6. Pulverising

After allowed to cool in natural air, the calcined prod-
uct drawn out from the kiln can be carried in 2-wheel trol-
leys straight to the pulverizer. The crusher used for this
purpose is a disc mill used for batch or continuous fine
grinding of soft to hard material (hardness grades up to 8
Mohs), having a capacity of 150 kg/hr. It can be adjusted
to any desirable size of the final product.

7. Sample Results of Tests on the Kiln
Product

Clay samples were produced from 3 sites in Oman and
were burnt in the kiln to produce Sarooj. Mixes were pro-
duced from Sarooj and lime and were designated as Fanja
(K), Al-Fulaij (K) and Bahla (K). For comparison, the soil
from the same sites was used to produce sarooj in the lab-
oratory and mixes produced in this way were designated
as Fanja (L), Al-Fulaij (L) and Bahla (L). Results of the
initial setting, slump, consistency, density, compressive
strength tests on the two series are compared in Table 1.
The initial setting times of the laboratory-burnt and kiln-
burnt samples for each site show differences of 1.5, 3.0
and 5.5.0 hours for Fanja, Bahla, and Al-Fulaij samples,
respectively. The initial setting time was maximum (11
hours) for Fanja (K) and Al-Fulaij (K) samples, and min-
imum (3.5 hours) for Bahla (L) sample. The slump values
for the laboratory-bunrt and kiln-burnt samples of all sites
are similar and consistent. Bahla (K) sample has the high-
est slump value (55 mm) whereas Fanja (L) sample has the
lowest value (14 mm). Al-Fulaij samples show intermedi-
ate slump values (25-28 mm).

Table 1 also shows that the consistency values of Fanja
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Table 1. Results of the engineering tests of Sarooj

Sample Temp./ Initial Slump, Consis- Density, Compressive Strength, MPa
Designation Duration, Setting mm tency, kg/m?
°C/hour Time, % 7days l4days 28days  90days
hours
Fanja (L) 740/2 9.5 14 31 1985 5.04 1111 17.63 26.50
Fanja (K) 740/2 11 15 30 1964 4.39 10.37 18.36 23.80
Al-Fulaij 740/2 55 28 35 1989 5.52 6.64 8.63 11.98
L)
Al-Fulaij 740/2 11 25 33 1952 4.07 5.46 7.58 11.82
(K)
Bahla (L) 740/2 35 53 37 1990 5.84 6.29 7.33 8.79
Bahla (K) 740/2 6.5 55 46 1953 1.83 2.54 3.05 4.82
1
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Figure 10a. Details of the mobile rotary kiln for Sarooj production, Drawing 1/2

and Al-Fulaij samples are comparable. The density values
showed slight differences between the laboratory-burnt
and kiln-burnt samples for all three clays. Al-Fulaij and
Bahla showed a difference in density of only 1.8% while
Fanja samples showed a difference in density of only
1.1%. Results of the compressive strength showed an
agreement between the laboratory-burnt and kiln-burnt
samples for Fanja and Al-Fulaij clays. However, notable
differences were recorded for Bahla samples. Fanja (L)
sample attained the highest strength of 26.50 MPa at 90
days whereas Bahla (K) sample showed the lowest
strength of 4.82 MPa for the same duration. Al-Fulaij (L)
and Al-Fulaij (K) samples exhibited strength of 11.98 and
11.82 MPa, respectivley. All samples showed develop-

ment of strength with time. Compressive strength and
consistency results showed a similar trend.

8. Conclusions

Based on the research findings, a new method of pro-
duction of Sarooj was proposed. A fully maobile kiln was
designed to produce Sarooj on the site. The kiln can pro-
duce 200 kg/h of Sarooj, and can be installed within one
hour of arriving to the site. It can be towed by a tractor or
a normal vehicle to the desired location, connected to the
natural gas supply and the electric power. The construc-
tion is light, compact and easy to start and shut down.

Preliminary tests showed that the designed kiln could
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Figure 10b. Details of the mobile rotary kiln for Sarooj production, Drawing 2/2

produce Sarooj with properties comparable to those of
Sarooj produced under controlled conditions in the labo-
ratory.
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