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SUMMARY.

There are four kilns in oroduction at the Jordan Cement
Factories Compeny, (J.C.F.C), in twc distinct production lines.
Kilns No.l. 2, and 3, the semi-dry process with Levpol grate ore-
heaters, form one vroduction line using the seme raw mill feed,
and Kiln No. b4 forms the second production line. This kiln is a

éry process unit with a four stage gas suspension preheater.

Although the daily total cliﬁker production from the kilns
exceeds the rated capacities by epproximately 17%, total
annual capacity has shown a decrgase over the last three years of
between €0,000 and 90,000 tons compared to 197k, as shown in the

following +table:-

Annual Clinker Procduction 1974 - 1979 (Tons)

Year Xiln 1 Kilp II %iln ITI Kiln IV
tc Marsh 31st

1974 108655 126951 136210 21171
1975 105638 127046 113676 209207
1976 107826 137875 1k2529 193845
1977 93C12 116529 124515 172916
1978 N/A® N/A* N/A*® N/A*
1979 88776 118192 124680 19329k

* Not available.

Thus there are good possibilities of restoring production

at least to the 1974 level with the existing installations.

The main drawbacks preventing full usage of the oroduction

machinery are, firstly, the wide swings of variation in the chemical

TOTAL

583532
555567
582075
506972
LoL63k
52L9k2

and physical composition of the materials at each stage of the production

process, These variations are mainly due to the difficulties of control
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because of the adverse desim characteristics of the cement plant. The expert has

made recommendations for minimizing these fluctuaticms.

Controlling these variations %o acceptable limi%ts would result

in the following advantages to cement manufacture:

1. Increased »roduction of the Baw Mills. Lower

specific power consumption, (X.w.h. rer tom).

2. A more consistent raw mill feed to the kilns.
Variations in titraticn of the kiln feed should
+ . . . .
be -~ 0.15 instead of 1.5 which is experienced

at present.

3. Smoo her rurning of the kilps and therefore
longer continuous operation, increased annual

output and longer wear of kiln ®rick linings.

L, Bett2r quality clinker. Less free lime and more
consistent chemical and physical compesition.
Better burning efficiency - lower specific fuel
consunction (K.cal/¥X.zm).

5. Increase production o2 the cement mills because

of improved grindability of the clinker and

therefore lower specific power consumrtion.

6. Overall reduction in ovroduction costs ter ton
of cement.
7. Improvement in cement quality. More consistent

chemical and physical characteristies.

The second major drawback to full vroduction is the absence of a
vlanned routine maintenance programme. The result is, frequent minor
breakdowns whieh could have been avoided. Thus, although the daily
oroduction of the kilns exceeds the rated cspacity, the total annual

orzduction is lower than necessary.

™irdly, dust vollution has now reached a stage where it interferes

with soth maintenance ard production control, 2rart “rom crea:ing very




F. C.

requested a special report on dollution, with recommendations for

unpleasant working conditions for the factory versonnael. J.C.

ninimising or even eliminating <he conditien.

The new rew mix advocated ty ithe Consultznts emtloyed byv
J.C.7.C., using smaller gquantities of tne marl component ard thus
lenthening the life of the raw material derosits, should droduce a

higher quality cement. The expert is in full agreement with this.

Suarry egquivment i3 adequate up o 19%23.

The main bottlenecks can e identified as folleows:

- Inadequate sevaration of thne four basic raw material

components.

- Trne almost imrossible control of quantity and quality of
milled materials with the vresent system of rotary feed

tables.

- The unratisfactory method of hlending vozzolanic material

in the cement mills which causes low droducticn and .high

specific power consumption.

- The unsatisfactory performance of ¥iin No.k.




INTRODUCTION:

The Jordan Cement Factories Company Limited (J. C. F. C.), is
extending its production facilities tc meet market demands. Production
from the existing two producticn lines (b rotary kilns), is spproximately
525,000 tons per annum ané cement sales, augmented by the addition of 15%

pozzolanic material totalled approximately 565,000 toms in 1978/1979.

A third production line, incorporating a £ifsth kiln of reted
capacity 2000 tons/day and auxiliarv mechinery is under construction end
is due to come on stream in Augusi/September this year, (1979), brinsing
the total production capacity to 3700 tons/day. The CJompany is planning
to extend its production capacity still further by the erection of a
fourth production line in 1982/1983, kiln No.6, with a rated capacity of

2000 tons/day. DPotential production is therefore 5700 tons per day.

Zventually production facilities will be co-ordinated Dby
linking up the new rplents with the existing imstallation, but meanwhile
J.C.F.C. consider thet the existing plant capacity is not being used at

ortimum level., The Company therefore sought assistance from U.I.D.C. in

ot

his connection.

Further background information is given in the Job Description,
"annex I.




There are two distinect production lines in the existing plent.
After passing throuch the crusher, the rew meterial is divided and
conveyed to two sevarate rawv material storage compounds with cverhead
cranes. From one stornge compound vaw meal is prepared for Kilms I, IT,
and IIT, forming one vroduction line, and the other storage compound
supplies raw meal through a separate raw mill and homogenisstion system
to kiln No.IV. Each production line has s separaste clinker storacge
hall, but the two lines are then linked together by transporting clinker
from one storage hall to the other by trucks, where the clinkers are
mixec by overhead crane before passing on to the cement mills. The fliow

sheet (hqux‘II)', illustrates the process.

Raw materials and Quarry Sveration

The four raw material components recuired for the correct

composition of the raw mix are: limestome (95 - 9R% CalC.), marl (50-50C CaCOS

3

iron scale (95% Fe_ 0.), and sand (95% Si0.). The iron scale is imported,

273 2
but is only used to the extent of zuout 2% in the selected waw mixture.
The other three components are all to be foumd in the quarry which is

adlacernt to the factorv.

Estimated reserves are S0 million tons, which is sufficient for
25 - 30 years vlant oreration taking into account the two extensions. There
are further large deposits in the surrounding area. The following annual

quantities are expected to be extracted from the quarries.

1979 - 8LL,000 tons - supplying existine plant.
1980 - 83 - 1,837,000 tons, supplying existing plant and one extension.

198k - 2,825,00C tons, suppiying existing vlent and two extensions.

The necessary machinery and transport vehicles to handle the above
guantities of rawv materisls are graduallyv being built up by the Cement
Company, and & comrlete list of machines at vresent in use is given in
ennex III. These machines should be adeguate to do the job up %o the
year 1982, but bufore the second extension Nc.6 kiln is completed, quarry
equiprert will have to b2 reviewed and the number of loaders and the truck

fleet will have to be increased accordingly.
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Some of the present eguioment is in rather bad condition due to
lack of maintenance, and it will be necessary to tighten ur maintenance

proceedures t¢ maintein contiauiiy of operation.

Rew Mix Composition

Before the expert's arrival in Jordan, a Coensultancy Comrzny
was eagaged by J.C.F.C. fer the exploitation of the raw meterial deposits,
and tkis company carried out a comrrehensive expioration of the existing
deposits, with many core drillings, and develored a bench plan for the

econoric operation of the Juarry.

It hed been coasidered by the J.C.F.C. thet the Dresent raw mix
in use tended to use tco much marl in provoriicn to the limestone and
that, in future overation, marl would be a limiting factor for future
production, but analysis of eackh bench has shown thet marl consumption
can be as high as 30% for the next twenty years. However. the alumine
content in the marl is rather high, ard a more suitable rew mix would use
less marl in order to reduce the tricaicium aluminate (C,A) component in
the clinker. A high percentage of C_A in the clinker adversgely affests

3

cement quelity.

The Consultants suzgested a new raw mix which would increase {the
silica modulues (Ms) and reise the lime saturation favtor (L.S.F.) oy
fixing the alumina content at 5.20%. This raw mix would reduce the
consumption of marl thus give longer life to the quarries, and at the

same time improve the gquality of the cement.

A comparison of the chemical compesition of the clinker produced
by the raw mix at present in use, and the new raw mix proposed by the

Consultant is shown below.

The current rav mix components are calculated from the average
clinker analysis for the month of December 1978, (annex IV), which is

typical for the analysis throughout the year.




RAW MTX SROPOSED VEW
IN CURRENT
USE % RAW MIY ¢

Caco3 75.60 76. 71

Sio, 1h.21 1L.10

3

A.203 h.91 3.38

F3203 2.0b 2.26

Clinker components after calcining

Ca0 6L,58 66.10
Si02 21.50 21.68
A1203 7.L6 5.2C
-e203 3.10 3.L47
Ratios

L.S.F, 91.2 9€.0

Ms 2.1 2.50
M, 2.4 1.50

Percentage Theoretical minersl compositiozn in the clinker

€8 k3.5 63.0
C,S 25.0 1k.0
C,A 15.0 8.0
C, A¥ 9.0 11.0

It can be seen that these changes in the Raw Mix would reaise
the L.S.F. and the Ms, and would reduce the undesirable C,A in the mineral

composition and increase the C.S content.

3
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guality than that oroduced at present, having a hizher sirengih, more
resistance to sulphate waters and sea water, and a lover heat of

hydretion.

Crushirg Plant

There is one hammer mill crusher in operation for limestone
anéd marl producing crushed raw meterial for bcth production lines. The
rated caracity is U400 tons/hour, but the limestone and marl consists of
soft rock which is easily crushed and the actual production gres:ly
exceeds LOC tons/hour. A roughly proportioned mixture of iron scale
and sand are introduced or 4o the rubber belt conveyor to the storage

kalls without passing through the crusher.

Raw Material Storage

No provision has been made in the design of both the storage
compounds for keeping the different components separated so that. inevitably,
the romponents are subjected to guite a degree of mixing before
transferring to the raw mill hopper. This arrangement makes it very
égifficult to control the correct guantities t¢c the raw mill hoovver anéd is

one of the main causes of fluctuations in composition ¢of the raw mesl.

Treguent breakdowns of the coverhead cranes combined with
unusually small raw mill feed hobpers ceuse botilenecks in raw meal

production.

Production lipe Fo. 1

Raw Mills

™ere are two raw mills in operation for tnis production line,
numbered II and III. Mill No. I has not been used for some years and is
now obsolete. The mills are fitted with separate 0il heaters for dryins
the rav material. The milled product is controlled by titration to
77.0% Ca.CO3 and & fineness of 8% residue on 4900 mash sieve, The rills
have three feed hoppers and proportioning is controlled by rotary fsed
tables. Actual hour to hour titrations show variations between 80.C and 7Tk

and finenesses as high as 167%.
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Produrtion from raw mills IT and III is slightly less
t+han the total consumption of kilns I, II and IIT, it is therefor
necessary to use ground material from mill No. IV, (No.2 vroduction

line), to meke up the deficiency. -

Homogenisation

There are seven blending silos of 350 tons capacity each
and three raw meal storage silos, of 1500 tons cepacity each, for
No. I production line. The homogenisation system is the cuadrant
tlending method, aerating the four separate gquadrants in the base of
the silos, in segquence, by compre sed air. The two compressors,
capacity S3 m3/min., are in poor condition, and will be augments by
two new compressers c¢f larger capecity, 623/min, to increazse the
blending effect. The automatic sequence aerstion mechanism has not
been overating on all seven blendinz silos for some years, the result

is inefficient homogenisation.

The titration of the milled raw meal entering the blending
silos has a variation range of 6.0, and after homogenisation the'
titration varies between T77.5 and 76.5, a2 variation range of 1.3,
which is generally considered to be much too high for steady kiln
operation. The acceptable variation should be & maximum of : 0.20
ith a : 0.15 as a possibility. With the guesdrant seguence aeration
system it is normal to expect the variation range of the fully blended

product to be one tenth of the variation range of the incoming mixture.

Kilns I, II and III

The three kilns overating in Production Line No.l are all
desigied on the semi-dry principle with rotating pan modulisers and

moving grate preheater kiln feeds.

Kiln capacities and characteristices are as follovs:

Kiln No. Tyoe Rated Capacity Actual Capacity Svecific
Tons/day Tons/day Fuel Consamoption
K.cal /Mzm,
I Semi-dry 200 350 1000

Lepol grate
pre-heater system

II " 300 Loo 970
III " 300 Loo 1000




Although daily production exceeds the rated capacity
bty 43% approximately, total annual »roduction is low due to many
shut-downs for minor revairs. Thus, no long continuous runds are
achieved. resulting in high stecific fuel consumption. Kilns of

this type should be able %o overate at 900 ¥cals/kem. or less.
Principle causes of reduced annual output are:

- Unsteady %iln cveration due to excessive variation in .
the composition of the kiln feed. ILow litre weights, telow
1100 grams, and hizh free lime L.0% and more are experienced for
long veriods, necessitating reducing the kiln output to regain

sintering temperature.

- QOperation difficulties due to faulty control instruments.
The oxygen analysis on all three kilns have teen out of commission

for several years.

- Frequent shut downs for revairs which could have teen

avoided by planned preventive maintenance.

A1l three kilns receive the same feed from the three raw
meal silos. Clinker is discharged, through grate coclers, to a

common conveyor to the clinker crane storage compound.

Annex IV gives .he clinker analvsis for a tyvical month.
of production which illustrates the wide variations in the chemical

composition.

Production Line No. 2

Law mill No. L
This production line consists of a comvletely integrated

cement plant with separate raw mill (no. IV), two homogenising silos

and two raw meal silos. The kiln Is the dry process tyze with U - stage
gas suspension preheaters (Coopol), and the hot exhaust gases are used
to dry the raw material vassing throueh the mill. The moist gzases

then pass through two cyclones to remove the coarser particles, and

finally to the electrostatic precipitator.
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No provisirn is made ia the design of the plant to enable the
xiln gases to by-vass the raw mill and vass straight to the electrostati
precinpitator, and because of the permanent fixture of the kiln axhaus®
ducts to the raw mill, the kiln cannot rur without the mill overating
and the mill cannot operate unless the kiln is running. This is a
most unsatisfactory arrangement, as a long uninterrupted »m of the kiln

is rractically impossibdle.

Raw Mill Statistiecs

Mill Yo. Tvyte Rated Average Average Average
Capacity Production Fineness Power
Tons/hr. Tons /hr. Residue Consurreticon ’
on 4900 X.w.n/Ten.

mesh Sieve.

Iv. Closed €5 £C.5 15.0% 20.0
circuit

The mill has three feed hovvers and is controlled to a titration
of 77.0% CacO, and 15.0% fineness. The coarser raw meal being more
suitatle for Ehe Doppol preheater system. Rotary feed tables are fitted
which, as in the other mills, makes it difficult to avoid the wide

variations in the composition of the raw zeal.

Homogenisation

There are two mixing siles, capacity 750 tons each, placed abecve
two raw meal storage silos, capacity 2000 tons each. The same troutles
are experienced in achieving constant raw meal as in Preduction line Yo.l.
The aeration sequence distribution sys+em does not work and the compressors

have tecome inefficient with insufficient mainienance.

Xiln Yo.l
Kiln Yo. Type Rated Cavacity Average Feat
Tons/day. ' Production Feonomy
Iv. Dry Process 700 650 820

L stage gas
suspeasion

pre-hester
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As in the other kilmns, the oxyzen analyser iastrument has
not been in overation for a long time, aad the raw mill feed to the
kiln is irregular because the weigh feeder is frequent.y out of
comriscion. The result is that the exhaust fen is oparated at
maximum speed to avoid the formation of the explosive carben monoxide
(CC) 1in the kiln exhaust gases. There is a continuous discharge of
dust from the electrostaetic precivitator, probably caused by the large
inouts of excess air which would inerease the valesity of total gases
through the precipitator, beyond its capacity. To achieve efficient
overation, gas valosity through an electrostatic precipitator should

not exceed one metre per second.

Clinker Storage

The clinker production from Kilns 1, 2 and 3, are conveyed
+0 a covered crane store and the clinker from No.u kiln <o a sepzrate
open store without an overneed crane. Clinker is then transferred from
+the ocpen store to the rcovered store by trucks. The mixed clinker is

+hen transferred to the cement mill hopvers.

Due to market pressures, the total clinker stock is only
about 5 or 5 days kiln oroduction. Twn weeks kiln production is normally
the minimum, to allow for cooling and to ensure good mixing of the

linker before 4transferring to the cement mills.

Cement Mills (clinker grinding)
T™ere are four cement mills in operation. Three are open
cimouit mills and one uses the closed cirsuit system. Descriptions of

mill characteristics are as follows:

Mill Tyoe Rated Average Production
No. Capacity Produetion Percentage
Tons /hr. Tons/hir. of rated
Capacitv
1 Open Cirecuit 20 12.9 6k.s
2 Opren Circuit 30 20.8 £9.3
3 Oven Circuit 30 21.¢€ 72.0
L Closed Circuit L3 39.3 87.5




Pozzolanic material is used as an additive to +he clinker
to increase the cement production ané reduce production cost ver

ton of cement.

The pozzclan is stored in the clinker storage compowund and

is added to the clinker hopper by the overhead crane and interground

with the clinker. It is rrovortioned by adding the required number

of grabs by the crane, which is not a very satisfactory method of
mixing. One of the problems is the comparatively large piece size
of the pozzclan, a high proportion being 20 cms. or more in diameter.
These tend to accumulate in the first chamber of the mills. Pieces
as large as 2 cms. have been found at the diaphrem between the first
and second chambers, thus tending to restrict the free vassage of

clinker particles and causing reduced production.

Because of its property of combining with alkalios, pozzclarn
is a useful means of preventing expansion and as the free lime in the
clinker is often as high as L% it has a beneficial effect on the
cement. In this case, however, some means of recducing the size of
ithe pozzolan appears to be essential to increase the output o¢ the

mills.

Another constraint to proutuction is the mill temperatures,
vhich sometimes reach 160°C, normal running temperatures should not
exceed 120°C. The high temperatures could be partly the result of
using fresh hot clinker. Sometimes the mills have to be stopped to

allow for cooling.

Still another restriction tc cannot mill output is the heavv
coating which occurs on the steel balls. This coating reduces the
impact effect, and the grinding efficiency. The probable cause of
the ball coating is the creation of static electricity by grindine
two different meterials, the fine particles of one becoming positively
charged and the other negatively charged. The opvosite charges
attract each other and be~ome agglomerated on the steel balls. This

could also add to the elevated terperstures experienced in the mills.

A erinding aid such as ethyl glyecol or triethanolamine, which

are in common use, should effectively oreveat ball coating.
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JProcess Coptrol

The complete programme of chemical and physical control

tests in the latorztory is set out in annex V.

It will be s2en that very little sampling and analysis is
carried out at the quarry. I: is essential tc obtain the chemical
composition of the incoming raw materials as near as possible to the
source, in order to adjust the vroportioning at the crusher arnd throucgh
the raw mills., This shculd be regarded as the first step in reducing

the variation in chemical composition of the raw meel.

The remaining sempling fregquency and chemicel analysis appesars
to be carried out fairly accurately by comparisor with a standard samrle

of cement which is kept in the laboratory.

Tt would e in the interests of the laboratory +o keerp
composite daily or weekly samrles of cement and clinker in sesled
contrainers Tor six months, arnd labelled with the date of manufacture.
These samples can then be referred to should any dispute with customers
arise. This is common practice in meny cement factories. The
laboratory should also send occasional samples to intermationally
known dublic leboratories to check on the accuracy of their analytical

wvork.

The Standard Manual of analysis in the laboratory is very
brief, with the minimum of information on analytical deteil.
The writer was able to suprly the laboratory with detailed chemical
analytical procedures, which explained the theoretical principles of
analysis as well as the practical methods, sources of error and the

ways and means of correction.

Factory Organization

The proposed Organisation chart which has not yet been made
official, illustrates the responsibvilities allocated to the managerial,
supervisory and svecialist positions. There s+ill seems to be some
key personnel missing. In the writer's ovinion, the Cement Company
should appoint a Chief Fngineer, a person with high academic
qualifications, as well as wide experience in the cement industry, or

other industry handling heavy mechinery. A person of this stature
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would be in Keeving with a factory of this size, which is erowinz
rapidly and which will eventually be using the most modern technology.
Eis main function would te to lay down a programme of continuous
co-ordination and co-overation with the }unior engineers and producticn
staff, and create and maintain a planned maintenance schedule in grest

detail for every production department.

Equal in status is the Production Manager, whe would be
resoonsible for the cuantity anéd guelity of the materials produced. In
order to carrw'out‘his duties satisfactorily, the laboratories would
come under his control, so that he can define the sampling and
analytical requirements according to the demands of the vroductiecn

process.
Job descriptions of all sernior and junior staff shouléd be
learly defined and recorded, to avoid unnecessary overlarping of

respensibilities and authority.

2lant Records

The present system of recording statistical data, suck as
laboratory analysis and troduction records, in large books seems %o
the writer <0 be cimbersome and does not lend itself to easy reference.
It is strengly recommended that a card index system be introduced.
A daily average record could be extracted from the various books and
only relevant data transferred tu the cards. A separate card would
record the daily averages of plant performance, such as the crusher,
1aw mills, kilns, cement mills, laboratory analysis, for one month,
Monthly averages and yeerly totals can then be easily calculated. The

cards should be just large enough to fit a standard filing cabinet.

This system indicates at a glance any trends away from
optimum operating conditions, and enables the process staff to take
immediate steps to rectify the situation which might otherwise be
overlooked. It also provides a visual historicel record of plant
verformance which could prove very useful in the future. It is also
recommended that a specigl clerk should be employed to keep the records

up to date.
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RECCMMENDATICORS

As stated, the mein cause of low annual clinker production,

Inconsistent cement cuality, Poor mill performance, and thus high

oroduction costs is the fluctuation of chemical and physical

corposition of materials abt 2ll stages of manufacture.

In order to bring these variations under conirol, the

following recommendations are made

=

Increase the laboratory conircl of the quarry by more frequent
analysis of the borehoie drillings, particularly in the marl
section. Establish long stockpiles on the guarry floor for

pre-blending.

Change the Raw Mix at present in use to the Raw Mix described
on page 11,%y increasing the L.S.F. to $6.0 and the M to
2.50. This will produce a better quality cement and lengthen

+he 1life time of the gquarry.

To separate the four raw material components build four

walled corpertnents in both raw material sterage compounds.

Install four feed hoopers for the re2w mills, one for each

component.,

Peplace the rotary feed tables on the raw mills by weigh-
feeders, or volumetric feeders which can be calibrated. This
conversion would ensure optimum mill control of production
and accurate proportioning of raw materials to produce a

consistent rav mesal.

Control the fineness cf the raw meal from all three raw
mills co the same consistency, say 12% residue on L9000 sieve.

This could be achieved when the weigh feeders are installed.

Restore the automatic aeration seguence mechanism of the

homogenising silos to full working order: and maintain
an adeguate stock of spare parts for revlacements in

the event of further breakdowns.
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Install the two new increased capacity air compressors

for the homogenising silos.

Aim for incoming raw meal to the homozenising silos to
have a minimum variation range of 2%7. This shculd be
possible vhen recommendations Nos. 2, 3, L, ané@ 5 are
carried out. THomogenised raw meal should then have a

variation range of 0.2%.

To level out the varietions of the kiln feed still

further, raw meal should be milled to at least two of

the mixing silos at the same time, and two, or if possible,
three, mixing silos after aeration should be transferred
to the same storage silo. Finally, two silos should be

fed to the kilns at the same tirme.

Restore all kiln instruments to full working order,
perticularly the oxygen analysers, as kiln ccntrol is

impossible without these essential instruments. Make sure
that stocks o the necescary spare parts are zlways kept

et satisfactory lewels.

Estanlish a dzily routine imstes<icu by the inst—ument

engineer to meke sure that all instruments are overating

Arrange for all four kilns to devosit clinker in one
storage hall with travelling crane, using one conveyor
if possible. This would avoid the double handling as
practiced at vresent and would provide better mixing of
the clinker from ¥iln No.k with Kilns 1, 2 and 3.

To improve the performance of No. 2 oproduction
line, kiln No.4 and raw mill No.s must be made
to overate indevendently of each other.

A by-pass svstem must be installed to allow
the kiln gases tc pass direct <o the electiro-

Static precipitator.
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15. Try and reintain a clinker stockvnile of at least two
weeks kiln oroduction hLefore starting to mill, and
arrenge the stockpile in long heans instead of conical
heans. This helos to cool and mix the clinker at the

same time.

16. Reprlace the feed tables on the cement mills by weigh

feeders or vclumetric feeders.

17. Convert the cement mills to intermal water spray

cooling to reduce cement temperature.

18. Reduce the size of the vozzolan pieces to be equal to
or less than the particle size of the clinker by

(2) passing through a crusher ané storing in 2 separat

[t 4

compownd in the crane store or (%) by using No.l
cement mill, which contributes little o total cement
production, exclusively for grinding pozzclan, The
ground pozzolan could then be accurately proportioned
continously with the elinker by a separate hooper anéd
weigh feeder. This arrangement would imprcve cement

mill production and produce a more consistent cement.

ternatively, arrange with the supplier to reduce
the particle size to less than 25 mm. before delivering

to the factory.

19. Recruit top level personnel as described under Factory

Organization (page 18) as soon as possible.

20. Irplement the Card Index system for plant records to

facilitate process cortrol. (Pef, page 19).

Further U.N,%.D.0. Assistance

There is great need for improving the maintenance in all
departments of the existing installation. A specialist U,N.I.D.O.
maintenance engineer, to provide assistance in this respect, is

therefore recommended.
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Annex I

JOB DESCRIPTION

(SI/JOR/78/805/11-01/32.1.4A.)

P0ST TITLE:
DURATION:
DATE REQUIRED:
DUTY STATION:

PURPOSE OF THE PROCECT:

Cement Process Control Expert
Two Months

As soon as possible

Amman witk travel in +the Country

To assist and advise in planring and possibly
in impiementation of improvements in the

cement inéustry.

The expert will be assigneé to the Government
0 Jordan to assist and advise The Jordan
Cement Factories Company regarding maximum
atilization of the existing installationms.

Particulary the expert will be expected to:

Ixamine the available raw materials end check
whether the raw mix selectced represent a

resonable utilization of existing reserves.

Examine transport equipment and mechines
and report whether their production outout

cor.esovonds with the rated capacity.




GUALIFICATIONS:

LANGUAGE:

BACKGRCUND
INFOPMATION:

-2h -

3. Zxamine the individual troduetion lines
and identify vossidble botlenecks and eive

Proposals for their elimination.

L, Check the established prccedures for
process control and sampling from querry
to finished cement and advise on improve-

ments whenever possible.

Industrial Fnaineer with extensive experience
in Cement Production and rvrocess Control in

Cement Factories.

English

The Jordan Cement Factories Compeny was

established in 1951 with share capital assets

of JD k.5 million. As a result of subsequent
expansion, the Company's capital has increased

to JD 15 million in 1978. The Government was
allotted 19.5% of the shares and the balance

was offered for sale to the public. Currently,

the Company employs 1200 perscons. Plans are

being made to expand its plant to increase the
production capacity from 1700 toms to 3700 tons

rer day in 1980. The total estimated expansion
capital cost is JD 10 million. Moreover, technical
and economic studies are being made to determine
the feasidility of establishing 2 new cement nlant
in the Southern region of Jordan. It is further-
more felt that existing plant cavacity is not being
used at ovtirmum levels. The ccmpany seeks advice
from UNIDO this connection.
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Annex IIY

LIST OF QUARRY MACHINERY OPERATING IN JULY 1979

Excavators

1.0 and X B H 140 5 m3 capacity bucket
1 Wesserhutte Excavator W 2k

Whee> lLoaders

L Cet 980 mechanical shovels
2 Cat 988 " "

Bulldozers
2 Cat DBF bdylldozer
1 Cat D6 "

Pump Trucks

1k N. A. N. Dump trucks 22215 - 15 tons capacity
5 Perlini Dump trucks DP 363 - 35 tons capacity

Rock Brills
2 HALCO Drill rigz C 73 ER, Halcotrack 150

Compresscrs
3 Hollman Com. 37 HP X Rotair

Road Graders

1 CAT 1L0 Grader




CLINKER ANALYSIS, DECEMBER 1978

Annex IV

O SSra————

DATE L.O.I s10, AL,0 Fe,0 CaC Meo 50, 8.M, .M, 1.M, L.S.F. TOTAL
1 1.002 20.6M T.17 3.10 65.56 1.12 1.03 2.00 2.13 2.3 0.95 98.25

3 1.002 20.12 T.h1 3.10 65.56 1.17 1.63 1.90 2.15 2.39 0.95 98. 77

5 1.002 20.32 7.65 3.10 65.07 1.26 1.20 1.88 2.10 2.L7 0.95 98.71

8 1.002 21.82 7.80 3.21 63.07 1.26 1.3h4 1.97 1.93 2.43 0.86 98.60
10 1.002 21.i2 6.92 3.10 65.32 1.17 1.03 2.10 2.10 2.23 0.90 98.75
13 1.002 20.92 7.66 3.10 6h .82 1.17 1.10 1.93 2.06 2.h7 0.92 98.87
15 1.002 21.22 7.h2 3.10 64 .16 1.26 1.25 2.00 2.07 2.39 0.91 98.76
17 1.002 21.2h 7.16 3.10 6h.31 1.26 1.3k 2.06 2.05 2.31 0.91 98.80
19 1.002 20.42 T.h2 3.10 65.07 1.22 1.0 1.93 2.11 2.39 0.94 98. 77
22 1.002 22.02 7.16 3.10 6h .07 1.17 1.20 2.13 1.99 3.31 0.88 98.81
2k 1.002 21.62 7.66 3.10 63.82 1.26 1.20 2.00 1.98 2.47 0.88 98.76
26 1.002 21.22 7.15 3.10 64 .56 1.26 1.27 2.06 2.06 2.31 0.91 98.68
29 1.002 21.12 T.h2 3.10 6h .56 1.08 1.23 2.00 2.05 2.39 0.91 98. 6

RVERAGE .1.002 21.60 7.46 3.10 64.58 1.18 1.20 2.0h 2.13 2.h1 0.91

-La-



Annex V
PROGRAMME FOR ROUTINE TESTING

{Numbers of sampling positions are indicated in anrex II)
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Annex VI

—————

LIST OF PERSONS MET DURING MISSION

Mr., W, Asfour, Chairman of the Board of Directors

Mr. S. Sboul, Managing Director

Mr. Qusem Abu-Sheik, Assistant Managing Director

Mr. Khamash, Technical Manager

Mr. Dheknous, Works Manager

Mr. Feyez Kudeir, Production Manager

M», Mahmouéd Sbeih, Administration and Supplies Manager

Mr. Halaseh, Chief Chemist.
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Annex VII

REPQRT OR AIR POLLUTION CONTROL AT THE JCRDAXN
CEMENT FACTOPIES COMPANY LTD.

Introduction:

The J.C.F. has reguested the expert for a special revort on pollution
conditiors in the existing Cement Factory and where dossible to suggest

methods of minimising or even elimineting the condition.

A permanent 100% cure does not, at first sight appear to be
practical in the old part of the Factory. Kilms, 1, 2 and 3 are now
over 20 yeats old and the pollution problem has been obviously worsening
over the years. It is therefore proposed to examine the vroblem to find a partizal
solution, which can be carried out irmediately, and then to investizate
the possibilities of maintaining a comparitively clean enviroment in the
factory srea on & vermanent basis in the future which may involve capital
expenditure for additiornal equipment and mechanical modification to the

existing machinery.

Generel Consideratioms:

The waste gases fror the kilns and drying plants consist meinly
of Carbon Dioxide, generated from the Calcium Carbonate in the raw
materials, and water vapour. Very ozasionelly Carbon Monoxide is
generated, but to & very smell extent, and of usually short duration.

The waste gases are not harmful and therefore cannot be regarded as a
form of pollution. Very dusty conditions .revail, however, in all
oroduction departments and large quantities of dust and rubbish have

been allowed to acecumulate for several years all over the Factory, inside
and outside the duildings, thus creating a serious menance to machinery
bearings and electrical equipment, not to mention very unpleasant working
conditions for the staff and operating personnel. The dust consists of
limestone, marl, clinker and cement and therefore, in itself, is not
harmful, it can however cause eye soreness. It also constitutes a

serious loss of material.

Qbservations:-

The main sources of dust creation in the Cement Factory are as

follows : -

———
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Crushing Plant:

Dust is caused by lorries tipring their loads into the nopper.
Sometimes a small amount of material remains outside the hovpler
ané this is allowed to accumulste =2nd wind & oassing vehicles

tend to disperse the dust to other varts of the Factory.

Raw Material and Clinker Storage Compounds:

The travelling cranes cause considerable dust clouds when
transferring material to the mill horvers. These clouds of
dust are disversed by wind and are r= distributed round the
Factory. The Clinker fines constitute preduction losses which

cannot e made up.
The short shutes from the Clinker cenveyors from kilns No. 1 2 and
3 give a long free fall of Clinker and agein the firze particles are

blown away and lost to production.

Double Fandling of Clinker:

Clinker from No. 4 kiln is discharged to = senarate stcrage
compound. It is then conveyed by front end loader toc the
storage compound for kilm 1, 2 and 3, a distance of some

100 m. The spillage from the front end loader and the clouds
£ dust from the discharging action of the loader causes

Clinker dust to be re distributed to the Factory area.

¥iln Buildine:

The burners vlatform is comparitively free from dust, although

by some effort on the part of the burners to instruet the
labourers, it could be much cleaner. During %iln shut down
periods, when work such as replacing bricks and other recei:s

have to be carried out, it is impossible to avoid dust and rubbish

accumulati 7 in the immediate area.

The floor under the burners platform where the Clinker coolers
and Clinker Convervors are situated is very much worse and has
been used more or less as a rubbish Aump for 2 long veriod.
Under kiln No. 1, the accumulation there is very great. The
conveyers tunnel and cable troughs also contain Clinker

srillage and dust accumulation.
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Kiln No. 4, Raw Mill snd Flectro-Preciditator:

The exhaust gases from kiln No. L are at the moment, the

worst source of dust generation in the Factory. The dust-
laden exhaust gas, during the three weekly veriod under
observation, has omitted dust continually in greater or

lesser amounts. After discussion with the electrical

enzineer a2nd the production Manager, the writer is assured

that this is !ust a temporary phase in the cperatinn, and that
in the near “uture dust will be almost entirely eliminated from

the exhaust gzases.

At first sight it seems that the Electro precipitator is at
fault, but further investigations show that it is the process
control of the kiln and raw mill which is the reel cause of
dust creation. Mechanically and electrically the trecipi-
tator is working normally. The high tensicn voltage is

78000 volts, the rapping gear is functioning satisfactorily,
the extraction convever is operating normally and the gas
temperatures at the input and output of the raw mill are in

accordance witn specifizations.

The oxygen snalyser on kiln No. L4, as also in the case of

the other three kilns, is not working which makes the operation
of kiln No. b more difficult, and increases the incidence of

CO in the kiln gases. When CO occurs, the electro-precivitator
sutomatically cuts out and the dust is not removed from the
wvaste gas, during that time. Hence a large amount of dust is
discharged into the atmosphere which settles down over the

whole factory area.
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Another, and more frequert, reason for dust creation at this
voint is the irregular overation of the raw mill. The mill
oroduction is sometimes erratic, due to the mill hopvers
being short of materiel, or the feed tables blocking up, or
other operational difficulties, while the hot kiln gas flow
is particularly constant. These irregular conditions upset
the function of the electiro trecivitor resulting in the

discharge of dust %o the atmosphere.

The writer is assured thet the electro precipitator receives
thorough and regular maintenance by the mechaniczl snd
electrical engineering staff, and does operate well under

statle running conditions of the raw mill and kiln.

o)

ng Plant and Disvetch Denartment:

(20

ack

7

s Department is one of *he most serious source of dust

»
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end waste in the factory. All racking plants shoulé be
spotlessly clean., Any dust contamination here is cement
dust, in other words the finished procduct, so that the
amount of waste in this depar:tment far outweighs, in

imoor+ance, the dangers of dust contamination.

It appears that very little atterpt is made to clear the
cement, caused by broken bazs and lesking spouts, until

the end of the 3ay when loading is completed at 4 p.m. The
floor is then cleared of cement by sweeping it into the
spillage conveyor which returns it to the machine hoppers.
Meanwhile cement dust is trampled about on the floor, much
of it falling into the roadway to be spread over a wide

are by the wheels of the lorries.

It seems that there are only two labourers available %o do
the job of cleaning up in addition to <their mein job of

sunplying empty bags to the packing machine overators.
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Power Station, Mill Building and Workshovs:

Tese Devartment have obviously been kedt clean from the

start of operation, but they are good examples of what can

be done by dasy to day efforts on the part of the working staff .
to maintain clean surroundinzs. There is no reasson why the

kilr devartment end surrounding area shculd not be maintained

to a similar stendard of cleanliness although admittedly, it

would be more difficult to &o so.

Internal use of Companv's Vehicles:

It is noted that works staff frequently use vehicles such

as Land Rovers to travel short distances to inspect the various
departments in the works. DPossibly this is due to the un-
pleasant and sometime even dangerous, walking conditions at
present prevailing. The movement of these vehicles, usually
driven at excessive speads, causes clouds of dust which is
blown about by the wind making it very umpleesant for pecple

walking in the vieinity.

When a cleaner factory environment is achieved, the use of

cars, for this purvose, should be minimised.

Recommendations for immediate action:

l.

For immediate action, the whole factory area should be cleaned
up quickly. The writer considers that the complete clearance
of the factory is such a big operation that it is beyond the
scope of the present Company persomnnel. It is recommended
therefore, that an outside contractor should be employed to
cerry out this task. There are many hundreds of tons of dust
and rubbish which has been accumulating for many years and
the contractor, after discussion with the management, should
outline a plan of action, acceptable to the company, over

a fixed period, say one month, to quarantee the complete
removel of all dust and rubbish, inside and outside the
buildings ané the entire factory area.

be considered as 2 first priority.
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fMer this first orocedure has been carried out, no worker
should be allewed to dump rubtish indiscriminately, or allow
dust of any kind to accumuiate. Evervthing should be cleaned
ur right away and removed from the Factory. A disused part
of the quarry might be chosen for this puvroose. This would
need considerable organisation from the mesnagement and a
directive from the Works Manager could be circulated and
some form of discipline introduced. The resoonsibility
for plant cleanliness could be given to the plant of shift
foreman who, in turn, would be responsible to the Production

Menager.

Alternatively, a smzll labour force of, say, twenty labourers
could be employed specially for keeping the Factory clean.

A foreman in charge of the labour force, and systematicelly
vatrolling the whole plant, couléd be made responsitble to

the Production Manager.

When a clean environmen: is achieved, the use of Factory
vehicles for short journeys to visit works depertments
should become un-necessary. Meanwhile a striet 15 k.p.h.
should be imposed. Speeds beyond this 1imit cause clouds
of dust to be distributed by ﬁhe wind, making walking abnut
the factory compound very unpleasent. Not only would the
speed limit keep dust by this cause to a minimum, but the
Company would gain financially by prolonging the life of

the vehicles and reduce maintenance costs.

Large notice boards indicating the speed limit should be
placed at strategic points. For wvisiting vehicles a large
notice board should be placed at the Factory entrance, and
the gate keeper should be instructed to warn 2ll incoring
drivers to adhere to the regulated speed limit. The Factory
roads shoulé be sprayed with water, if availadle, at regular
intervals, and roads leading to the Juarry should have waste

0il spread over them.
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Wherever possible a2ll internal roads should be hard surfaced,

and crumbling surfaces revaired.

The Packing Plant is badly in need of re-organising. OCverating
staff should he instructed <o sweer 211 cement srillages from
troken bags, leaking spoutr etc. to the spillage convevors
immediately. The people concerned should be made awazre that
the dust created in the vacking plant is the most valuatble
and therefore should be treated with respect and not wasted.
The packing machines appear to te in neeéd of revair and
oriority should be given to this work. As already stated a
vacking plant should be spotlessly clean, and the writer

sees no reason why it shouléd not be achieved in this case.
Fossitly the emnloyvment of two more labourers would be

advantagecus.

Kiln No. 4 2nd Raw Mill.

The process control of this produciion line should receive
oriority. It is essential that the dust created by the
exhaust gases should be dbrought under control as early as
possible. The process workers concerned, the crane drivers
and the millers, should be instructed to perform their duties
aceurately and, above a2ll, consistently, to eliminate all
irregularities in the performance of the raw mill. All
instruments not functioning, in need of repair, or waiting
for spare parts snould be repaired as cuickly as possible.
For essential instruments such as the oxygen analyser, it is
sometimes preferable to purchase a completely new instrument

and use the o0ld one for spare parts.

Unless the dust control from this particular plant is rectified,
it will be a continuous source of contamination to the

surrounding area.
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. Faw Matarial and Clinker Compounds.

It Is very difficult to eliminate dust creation from these

areas because of the oper structure of the tuildings, but

y
4]

s recommended that the itrevelling crane drivers are

-
(¥

instructed to te more careful in handling the material.
Material shouléd be lowered into the mill hopvers instead
of dropring it in, and all efforts should be made to aveid

doubling handling of meterials.

Recommendations for future consideration.

The writer understands that the future policy of the -
Cement Company is to link up as far as possible the new plant,
at present under construction, to the old »lant. From the
peict of view of eliminating dust pollution, this is an excellent
policy, and it is strongly recommended that it should bte carried
out to the fullest extent.

It is proposed to convey proportioned raw materiasls from
the new plant via the sampling station ané continuous tlending
compound to the raw mills of the old plant. The tables of the mill
would be replaced by weigh feeders. This syvstem would have two

major beneficial resulis:-

1. It would make obsclete the travelling crane and oven raw
material storage system at present in use which creates dust

pollution.

2. It would produce a much more homogeneous Zaw Meal and
more constant operating conditions for No. L kiln and raw
mill, thus enabling the electro-precipitator to work better

and stop the discharge of dust to the atmosphere.

Similarly, it is provosed that clinker from the four
existing kilns would be conveyed to the new clinker storage
silo and returned by covered conveyor to the cement mills in
the 0ld plant. This system would make obsolete the clinker

storage area with the overhead travelling crane.
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Thus, these two provosars would remove two of the mejor
scurces of dust pollution in the factory. It is stronely
recormended, therefere, that the Company should troceed with

these plans.

Conzliusion.
1. Exhaust gases from the kilns do not, in themselves

constitute a pollution protlem.

2. Bust vollution is the major vrotlem in the factory,
but it is possible to achieve and maintain a comparatively

dust free environment within a short time.

3. The recommended prograrme of dust control impeses great
effort and self discipline on the Senior Staff and workers,
but as the factory environment tecomes c¢leaner, the work
will bvecome less srduous, and every cne should enjoy the

benefiis.
L, To achieve a lasting sclution to the dust problem, it
will be necessary to educate the work force on cleanliness,

and gradually instill a new atitude towards their work.

5. In the future, the vroposed plans for technological ties

with the new plant should finally reduce dust pollution to

- - = ..

a minimum.
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