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SUMMARY. 

There are four kilns in production at the Jorda.~ Cement 

Factories Company, (J.C.F.C), in tvc distinct production lines. 

Kilns No .1. 2, and 3, the semi-d..ry process vi th Lepol grate :;ire­

heaters, form one :oroduction line using the same rav mill feed, 

and Kiln No. 4 forms the second production line. This kiln is a 

dry process unit with a four stage gas suspension p~heater .• 

Although the daily total clinker production from the kilns 

exceeds the rated capacities by approximately 17%. total 

annual capacity has shown a iecrease over the last three years of 
.... 

~etveen 60,000 and 90,000 tons comp~d to 1974, as shown in the 

following table:-

Annual Clinker Production 1974 - 1979 (Tons) 

Year 
Kiln 1 Kiln II !"..i.ln I!I r..i.ln rv 

to Ma?"Ch 31st 

1974 108655 126951 136210 211717 

1975 105638 1'?7046 113676 209207 

1976 107826 137875 142529 193845 

1977 93012 116529 124515 172916 

1978 NIA* NIA* NIA* NIA* 

1979 88776 118192 124680 193294 

* Not available. 

Th~s 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 production 

machinery are, firstly, the wide svin~s of variation in the chemical 

TO~AL --
583533 

555567 
582075 

506972 
494634 

524942 

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

process. The.le variations are mainly due to the difficulties ot· control 
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because of the adverse design chancteristics of' the cement plant. The expe...-..t has 

made recommendations for minimizing these fluctuations. 

Controlling these ·.rariations to acceptable limits ~ould result 

in the following advanl:a~s to cement :ne.nu:t"acture: 

1. Increased ~roduction of the Rav ~ills. Lover 

specific paver consumption, (!.w.h. per ton). 

2. A more consistent rav ~ll feed to the kilns. 

Variations in tit~tion of the kiln feed should 
+ be 0.15 instead of 1.5 Yhich is ex::ierienced 

at present. 

3. Sm.co· her ?"'Jil?ling of the kilns and therefore 

longer continuous operation, increased annual 

output and longer wear of' kiln brick linings. 

!i. Bett?r quality clinker. Less free lime and :no~ 

consistent chemical and physical composition. 

3etter burnin~ efficienc7 - love~ specific fuel 

consunption (K.cal/~.g!ll). 

5. Increase production of the cement mills because 

of improved grindability of the clinker and 

therefore lover specific paver consumption. 

6. Overall reduction in ?reduction costs ~er ton 

of cement. 

7. Improvement in ce!!l'!nt quality. ~ore consistent 

chemical and physical characteristics. 

The second ma.jar drawback to f1.lll ?reduction is the absence of a 

pl:A.n!'.ed routine Dintenance pro~a.mme. The re.sult. is, frequent minor 

breakdowns vhich could have been avoided. ~us, a.lthough the daily 

production of the kilns exceeds the rated c~pacity, the total annual 

prcduction is lower than ne~essar/. 

~irdly, dust pollution has r.ow reached a stage where it interferes 

•..ri th ':oth maintenance a..,,d production control, ~par"; ~:-om crea·::ini:? 'ter1 
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unpleasant vorkin~ conditions for the factor: personn~l. J.C.:. C. 

req_uested a special report on pollution, vi th recommenda-eions for 

:ninimising or e•ten eli:ninating the condition. 

The nev re.w :nix advocated by the Consul.tents employed by 

J.C.?.C., using smaller quantities of tne marl component and thus 

lenthenir.g the life of the rav !IU!.terial deposits, should produce a 

higher quality cement. ~e expert is in full agreement vi.th this. 

~ue!"'?"'f equipment is adequate up to 1983. 

The ma.in bottlenecks can be identified a.s follows: 

!nadequate separation of the four basic raw material. 

components. 

~ne almost impossible control of quantity and quality of 

:nilled ~aterial.s vith the present system of ::-ctar"f feed 

tables. 

The un~~tisfactory ~e~hod of blending pozzolanic material 

in the cement mills vhich ca.uses lov ~roduction and.~igh 

speci~ic pover consumption. 

:'he unsatisfa.cto?"'/ perforna.nce of Kiln ~To. 4 . 
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!X'!'RODUC'!'ION: 

The Jordan Cement Factories Company Limited (J. C. F. C.), is 

extending its production facilities to meet !!:B.rket demands. ?roduction 

~rom the existing tvo productie,,n lines ( 4 rotary kilns) , is approxi:uus.tely 

525,000 tons per annum and cement sales, au~nted by the addltion of 15~ 

pozzolanic material to~alled approximately 565,000 tons in 1978/1979. 

A third production line, incorporatin~ a. fi:""th kiln o~ rt.ted 

capacity 2000 tons/day and auxiliary machinery is under construction and 

is due to come on stream in August/September this year, (1979), brinving 

the total p~duction capacity to 3700 tons/day. The ~ompany is planning 

to extend its production capacity still f'urther by the erection of a 

fourth production line in 1982/1983, kiln No.6, •9ith a rated capacity of 

2000 tons/day. ?otentia.l production is therefore 5700 tons per day. 

Eventually production facilities ~ill be co-ordinatea by 

linking up the new plants with the existing insta.lla~ion, but meanwhile 

J.C.F.C. consider that the existing plant capacity is not being used at 

ontim'll?:! level. The Company therefore sought assistance from U.I.D.O. in 

this c or.nect ion . 

Furt~er background information is given in the Job Description, 
annex I. 
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FINDINGS: 

There are tvo distinct production lines in the existing plant. 

Af'te:- passing thro~h the crus!J.e:-, the ra.v m.e:terial is divided and 

conveyed to tvo sepa:-ate rav material storage compounds vith ove:-head 

cranes. From one stor~~e compound ~v meal is prepared for Kilns !, II, 

and III, forming one production line, and the other storage compound 

supplies rav meal through a separate rav n:i.11 and homogenisation system 

to kiln No.IV. Each production line has a. separate clinker storage 

hall, but the tvo lines are the~ linked together by transporting clinker 

from one storage hall to the other by trucks, where the clinkers a.re 

mixea by overhead crane before passing on to the cement mills. The t'lov 

sheet (8nLex-IIJ, illustrates the process. 

Rav materials and Quarry et>eration 

The fou:- raw mate!"ial components required i"or the correct 

composition of the rav ~ix are: limestone (95 - 9P.~ Caco
3
), ~a.rl (50-80 CaCQ

3 

iron scale (95% Fe2o3), and sa..~d (95% Si02). The iron scale is i!!lported, 

but is only use<! to the extent "~ ~:iout 2% in the selected :·av cixture. 

The other three co!!!ponents a.re all to be found in the qua!"!"Y which is 

adjacent to the factory. 

Estimated reserves a.re 90 million tons, which is su:f!icient fo!' 

25 - 30 years plant o~·eration taking into account the two extensions. There 

are further large deposits in the surrounding area. The following annual 

quan~ities are expected to be extracted from the quarries. 

1979 - 844,000 tons - supplying existin~ plant. 

1980 - ~; 
_, ..J - 1,837,000 tons, supplying exist in~ plant and one extension. 

l98h 2,825,000 tons, supplying existing plant e.nd two extensions. 

The necessary machinery and transport vehicles to handle the above 

quantities of raw materials are gradually being built up by the Cement 

Company, and a comr~ete list of machines at present in use is given in 

e.nnex III. 'r'"nese mac!lines should be adequate to do the ,1ob up to the 

year 1983, but b~fore the second extension Nc.6 kiln is completed, quarr"/ 

equipmer.t will have to b~ reviewed and the nW!lber of loaders and the tru:k 

fleet vill have to be increased accordin~y. 
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~ome o~ the ?resent equipment is in rather bad condition ~ue to 

lack of maintenance, and 5.t vill be necessary to tighten up maintenance 

proceedu.""es tc maint!.in co~tinuity o~ operation. 

R£.w Mix Canti0sition 

Before the expert's arriv-cl.l. in Jordan, a Cc.nsultancy Cottpany 

was e~ga.ged by J.C.Y.C. fer the eX?loitation of the !"8.V material deposits, 

and this compa:iy carried out a cot?:prehensive expioration of the existing 

deposits, with many core drillings, and develo~ed a bench plan for the 

economic operation of the quarry. 

It had been considered by the J.C.F.C. that the present raw mix 

in use tended to use too much marl in proportion to the limestone a..~d 

that, in future oneration, !112.rl would be a limiting factor for future 

production, but analysis o~ each bench has sho~n that marl consumption 

ca.."'l be as high as 3C'% for the next t·.1enty years. However. the alumina 

content in the marl is rather high, and a more suitable :::-av miY would use 

less marl in order to reduce the tricalcium aluminate (C,A) component in 

the clinker. A high pe:::-centage of C~A in the clinker advers•ly affects 
_, 

cement quality. 

The Consultants suggested a new rav mix vhich would increase the 

silica zoodulues (Ms) and raise the lime saturation fa"ltor (L.S.F.) by 

fixing the alumina content at 5. 20%. This rav mix would reduce the 

consumption of marl thus give longer life to the quarries, and at the 

same time improve the quality of the cement. 

A comparison of the chemical composition of the clinker produced 

by the raw mix at present in use, and the new raw mix proposed by ~he 

Consultant is shown below. 

The cU?Tent raw mix components are calculated ~rom the avera~e 

clinker analysis for the month of December 1978, (annex IV), which is 

t~ical for the analysis throughout the year. 
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?P.OPOSED :IBW 

I~ (;',JRR!:NT 

USE ~ 

Caco
3 75.60 76. 71 

Sio
2 14.21 lh.10 

Al203 4.91 3.38 

Fe2o
3 

2.04 2.26 

Clinker components after calcining 

Cao 64.58 66.10 

Si02 21.60 21.68 

Al203 7.h6 5.2C 

!"e203 3.10 3.47 

Ratios 

L.S.F. 91.2 96.0 

Ms 2.1 2.50 

2.4 i.;o 

Percentage Theoretical mineral compositio~ in the clinker 

c
3
s 43. 5 63.0 

c2s 29.0 14.o 

c
3
A 15.0 8.0 

C AY ,, 9.0 11.0 

It can be seen that these changes in the Raw Mix would raise 

the L.S.F. and the M , and would reduce the Ulldesirable C~A in the mineral s J 

composition a.nd increase the c
3
s content. 
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quality than that produced at present. :.airing a higher strengt't., ::-.o:-e 

resistance to sulphat~ waters and sea vater, and a lover heat of 

!'!yd!-ation. 

Crushi~ Plant 

'!'here is one hammer mill cr'.l::iher in operation for limestone 

and marl producing crushed rav ma.t~rial for beth production lines. '!'he 

rated capacity is uoo tons/hour, but the limestone end marl consists of 

soft rock vhich is easily crushed and the actual production greatly 

exceeds 400 tons/hour. A roughly proportioned mixture of iron scale 

and sand are introduced on to the rubber belt conveyor to the storage 

cal.ls without passing through the crusher. 

Rav 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 ~omponents are subjected to quite a degree of ~ixin~ before 

tra.nsferrin; to the raw mill hopper. This arrange~ent makes it very 

difficult to control the correct quantities to the raw mill hopper anc is 

one of the main causes of fluctuations in composition of the raw mee.1. 

Frequent brealr.dovns of the overhead cranes combined vith 

unusually small raw mill feed hoppers cause bottlenecks in rav meal 

production. 

Production line No. l 

Raw Mills 

~ere are two raw mil2s in operation for this production line, 

numbered II and !II. Mill No. I has not been used for some years and is 

now obsolete. The mills ~re fitted vith separate oil heater~ for dryin~ 

the raw material.. The milled product is controlled by titration to 

77.0~ Caco
3 

a.~d a fineness of 8~ residue on 4~00 mash sieve. The ~lls 

have t 11ree feed hoppers and propo?"tioning is controlled by rotary feed 

tables. Actual hour to hour tit~ations show variations between 90.0 a..~d 74 

and finenesses e.s tigh as 16%. 

' 
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?rodu~tio~ from r!l.W mills II and III is slightly less 

than the total consumption of kilns I, II a.~d III, it is therefor 

necessary to use ground material from mill No. IV, (No.2 production 

line), to ma..1<e up the deficiency. · 

Homog:eni sat ion 

There are seven blending silos of 350 tons capacity each 

and three raw meal storage silos, of 1500 tons canacity each, for 

No. I ?reduction line. The homogenisation system is the quadrant 

blendin~ method, aerating the four separate quadrants in the base of 

the silos, in sequence, by compre se~ air. The two compressors, 

capacity 53 m3/min., are in poor condition, and vill be augments by 

two nev compressers of larger capacity, 62 3/min, to increase the 

blending effect. The automatic sequence aeration mechanism has not 

been operating on all seven blending silos for some years, the result 

is inefficient hom::igenisation. 

The titration of the milled raw meal enterin~ the blending 

silos has a variation range of 6.o, and a!'ter homogenisation the 

titration varies between 77.S and 76.5, a variation range of 1.3, 

which is generally considered to be much too high for steady kiln 

operation. + The acceptable va::-iation should be a maximUl!! of - 0 .20 
. + 5 ... Wl.th a - 0.1 as a possibility. With the quadrant sequence aera·:fon 

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 operating in Production Line No.l are all 

desig:1ed on the semi-dry principle with rotating pan modulisers and 

moving grate preheater kiln feeds. 

Kiln capacities and characteristics are as follows: 

Y'.iln No. 

I 

I! 

III 

Semi-dry 

Rated Canaci tv 
Tons/da.v 

200 
Lepol grate 
pre-heater system 

" 
,, 

300 

300 

Actual Can e.ci 't v 
Tons /day 

350 

400 

400 

Snecific 
Fuel Cons"!mltltion 

K.cal/Mm. 

1000 

970 

1000 
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Although daily ?reduction exceeds the rated capacity 

by 4 3% approxi!?IS.tely, total annual ::iroduction is lov due to many 

shut-~ovns for :ti.nor repairs. Th~s, no long continuous r'..mds are 

achieved, resulting in high specific fuel consumption. rilns of 

this type should be able to operate at 900 Kcals/kgm. or less. 

Principle ca:ises of reduced annual out?ut are: 

Unsteady kiln operation due to excessive variation in 

the composition of the kiln feed. Lev litre veights, belov 

llOO grams, and high free li!!le 4.0~ and more are experienced for 

long periods, necessitating reduci~g the kiln output to regain 

sintering te?:Perature. 

Operation difficulties due to faulty control inst:-uments. 

':'he oxygen a."lalysis on all three kilns have been out of commission 

for several years. 

Freque~t shut downs for repairs vhich could have been 

avoided by planned ;irevent i-re :nainten~ce. 

All three kilns receive the Sa%e feed from the three ra~ 

meal silos. Clinker is dischar~ed, through grate coolers, to a 

common conveyor to the cl.inker crane storage compound. 

Annex r'V givet he clinker &nal.Ysia for B tYt>ical ~onth. 
of production which illustrates the •.tide variations in the chemicltl 

composition. 

Production Line No. 2 
Lav mill No • 4 

This production line consists of a com~letely inte~rated 

c~ment plant with separate raw mill (no. r:r), tvo homo~enising silos 

a.nd two n·" meal silos. The kiln :s the :ir; process t::r~e with 4 - sta.ge 

gas suspension preheaters (~oo~ol), and the hot exh~ust gases are used 

to drJ the rav material oass:n~ through the ~ill. The :noist gases 

then pass throu~h two cyclones to remove the coarser particles, and 

finally to the electrostatic precipi.ta.tor. 

- -- -- ._ 
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No provi.sirn is made in the desi~ of the plant to enable the 

kiln gases to by-pass the raw !llill and pass straight to the electrostatic 

pred?itator, and because of the pe~anent ~ixture ot' the kiln -!Xhaus~ 

ducts to the rav mill, the kiln cannot run vithout the :nill operating 

and the !llill ~annot operate unless the kiln is 1"'1.lnning. '!'his is a 

!llOSt unsatisfactory arrangement, as a .:.ong uninterrupted !"".m of the kiln 

is practically impossible. 

Raw ~ill Statistics 

Mill ~o. 

rr. Closed 
circuit 

Rated ---Canacity 
~ens/hr. 

65 

Avera.re 
Production 
Tons/hr. 

60 .5 

Averaire 
Fineness 
Residue 
on 4900 
mesh Sieve. 

15.0% 

Avera;re 
Pover ---Consumotion 
K.w.h/~cn. 

20.0 

The mill has three feed hoppers and is controlled to a titration 

of 77.0~ Caco
3 

and 15.0% fineness. '!'he coarser raw meal bein~ more 

suitatle for the Doppol preheater system. Rotar'/ feed tabl~s are fitted 

which, as in the other mills, ma.kes it difficult to ~void the wide 

variations in the composition of the raw ~eal. 

Homogenisation 

There a.re two mixing siles, capaci~y 750 tons each, placed above 

two raw meal storage silos, capacity 2000 tons each. The same troubles 

are experienced in achieving constant raw meal as in Preduction line No.l. 

~e aeration sequence distributiou sys~e!'l does not work and the compressors 

have become inefficient •.ri.th insufficient maintenance. 

Kiln ~o.4 

Kiln ~To. ~ 

!"T. Dr; Process 

4 stage gas 

suspension 

pre-hee.ter 

Rated Canaci ty 
Tons/day. 

700 

Ave-:-arre 
Pro duet ion 
Tons/1fay 

650 

t:ea.t -Economy 
!<.cal /k .... -::ns. 

8?0 
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As in the other kilns, the oxy~en analyser inst?"".mient has 

not been in 0peration for a lon~ time, a...~d the :-av mill feed to the 

kiln is irregular because the veigh feeder is frequent·.y out of 

commisdon. The result is that the exhaust fan is operated at 

maximum speed to avoid th~ formation of the ex..,ilosive carbon monoxide 

(CO) in the kiln ex.~aust gases. There is a continuous discharge of 

d~st from the electrostatic precipitator, probably caused by the large 

in:outs of excess air vhich vould increase the valosity of total gases 

through the precipitator, beyond its capacity. To achieve efficient 

operation, gas val.osity through an electrostatic precipitator should 

not exceed one metre per second. 

Clinker Storage 

The clinker production f::-om Kilns 1, 2 and 3, are conveyed 

to a covered crane store and the clinker from No.u kil!! to a sepE.rate 

open store without an oV'!rhead crane. Clinker is then transferred from 

the open store to the ~overed store by t!'Ucks. The ?!!i.xed clir-~er is 

then transfe:-:-ed to the cement mill hopuers. 

~ue to market pressures, the total clinker stock is only 

about 5 or 6 days kiln production. Tw~ veeks kiln production is normally 

the minimum, to allow for cooling and to ensure good ?!!i.xin'1: of the 

clinker before transferring to the cement mills. 

Cement Mills (clinker grinding} 

There a?"e four cement mills in operation. Three are open 

circuit mills and one uses the closed cirsuit system. Descriptions of 

mill characteristics are as follows: 

Mill 
No. 

1 

2 

3 
4 

Open Circuit 

Open Circuit 

Open Circuit 

Closed Circuit 

Rated 
~ity 
Tons/hr. 

20 

30 

30 

45 

Averatze 
Produetion 
Tons/hr. 

12.9 

20.8 

21.6 

39,3 

Production 
Percentage 
of rated 

Cana.ci tv 

64.5 

69. 3 

72.0 

87.5 
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Pozzolanic material is used as an additive to the clinker 

to increase the cement production anc. reduce production cost per 

ton of cement . 

Tha pozzclan is stored in the clinker storage compound a.~d 

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

vith the clinker. It is ~roportioned by addin~ the required number 

of grabs by the crane, vhich is not a very satisfactory method of 

mixing. One of the problems is the comparatively large piece size 

of the pozzolan, a high proportio1: being 20 ems. or more in diameter. 

These tend to accumulate in the ~·irst chamber of the !!:ills. Pieces 

as large as 2 ems. have been found at the diaphr!..!!!. between the first 

and second chambers, thus t€nding to restrict the free passage of 

clinker pa~""ticles and causing reduced production. 

Because of its property of combining vith alkalies, pozzclar. 

is a. useful means of preventing expansion and as the free line in the 

clinker is often as high as 4% it has a beneficial effect on the 

cement. In this case, however, some ~ee.ns of reducing the size of 

~he pozzolan appears to be essential to increase the outp~"t of the 

mills. 

Another constraint to proc..•1ction is the mill tei:.peratures, 

vhich sometimes reach 16o0 c, normal running temperatures should not 

exceed 120°c. '!'he 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 to cannot mill output is the heavy 

coating vhich occurs on the steel balls. This coatin~ reduces the 

impact effect, and the e:rinding efficiency. The probable cause of 

the ball coating is the creation of static electricity by ~rinding 

tvo different materials, the fine ?articles of one becoming positively 

charged a.nd the other negatively charged. The opposite char~es 

attract eaeh other and be~ome agglome~ated on the steel balls. This 

could also adn to the elevated temperatures experienced in the mills. 

A ~inding aid such as ethyl ~lycol or triethanolamine, vhich 

are in common use, should effectively ~reve,t ball coatin!. 
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Process Control 

The complete pro~amme of chemical and physical control 

tests in the laboratory is set out in annex V. 

It vill be s?en that very little samplin~ and analysis is 

carried out at the quarry. !'; is essential to obtain the chemical 

composition of the incoming rav materials as near as possible to the 

source, in order to ad.just the proportionin~ at the crt:sher and throug!'l 

the raw mills. This should be regarded as the first step in reducing 

the variation in chemical composition of the rav meal. 

The remaining sampling frequency and chemical analysis appears 

to be ca?Tied out fairly accurately by comparison vith a standar1 sample 

of cement which is kept in the laboratory. 

!t would be in the interests of the laboratory to keep 

composite daily or veekly samples of cement and clin..iter in see.led 

contrainers for six months, B.l!d labelled with the date of manufacture. 

These samples can then be referred to should any dispute ~th customers 

arise. This is common practice in me..~y cement factories. The 

laboratory should also send occasional samples to inter:iationally 

known public laboratories to c!leck on the accuracy of thei:- analytical 

work. 

The Standa?"d Manual of analysis in the laboratory is very 

brief, vi th the minimum of information on a:1alytic:a.l detail. 

The vriter was able to supply the laboratory with detailed chemical 

analj"'tical procedures, which explained the theoretical principles of 

analysis as vell as the practical methods, SOU!"ces of error and the 

ways a:id means of correction. 

Factory Organization 

The proposed Organisation chart which ha.s not yet been made 

ofticie.l. illustrates the responsibilities allocated to the mana~erial, 

supervisory and specialist positions. '!.'here still seems to be so~e 

key personnel missing. In the writer's opinion, the Cement Company 

should appoint & Chief Engineer, a person with high academic 

qualifications, as vell as wide experience in the cement industry, or 

other industry handling hesvy me.chinery. A person o~ this stature 
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would be in keeping vith a factory of this size, •"hich is graving 

ra!Jidly and vtich vill eventually be using the most mode:-n technolory. 

Eis ??:a.in function vould be to lay dovn a pronamme of continuous 

co-ordination and co-operation vith the junior engineers and produetion 

staff, and create and maintain a planned maintenance schedu2.e in great 

detail for every production department. 

Equal in status is the ?reduction Manager, vho vould be 

responsible fer the quantity and quality of the materials produced. In 

order to carry out his duties satisfactorily, the laboratories vtJuld 

come t.lllder his control, so that he can define the sampling and 

analytical requirements according to the demands of the production 

process. 

Job descriptions o't all senior and ,junior staff should be 

clearly defined and recorded, to avoid unnecessary overlapping of 

responsibilities and authority. 

?lant R~cords 

'!'he present system of recording statistical data, such as 

laboratory analysis end production records, in lar~e books seems to 

the vriter to 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, 

i·av n:ills, kilns, cement ir.ills, laboratory analysis, for one month, 

Monthly averages and yearly totals can then be easily calculated. '!'he 

cards should be .just lar~e enoue:h to fit a standard ~iling cabinet. 

This system indicates at a glance any trends away from 

optimum operating conditions, and enables the ?rocess staff to take 

immediate steps to rectify the situation which mi~ht othervise be 

overlooked. !t also provides a visual historical record o~ plant 

performance which could prove ve!7 useful in ehe future. It is also 

recommended that a special clerk should be employed to keep the records 

up to date. 
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?.!:CO~-!E~IDA'!'IONS 

As stated, the main cause of lov annual clinl:er production, 

inconsistent cement quality, poor cill performance, and thus. hi~h 

production costs is tne fluctuation of chemical and physical 

co??r.)osition of :ciaterials at all stages of manu~acture. 

L"l order to bring these variations under con-~rol, the 

follo•'ing recommendations a:-e made : 

2. 

3. 

4. 

5. 

,,. 
o. 

7. 

Increase the laborator.r control of the quar:-y by more frequent 

analysis of the borehole drillings, particularly in the marl 

section. Establish long stockpiles on the quarry floor for 

pre-b:.ending. 

Change the Rav Mix at present in use to the Raw ~~x described 

on page ll,bY increasing the L.S.F. to 96.0 and the Ms to 

2. ;o. This rill produce a better qual.i ty cement end lengthen 

~he life time of the quarry. 

'!'o sepante the four raw i::aterial coI:1Ponents build four 

valled compE:-t~ents in both rav material. storage compounds. 

Install four feed hoppers for the raw mills, one for ea.ch 

component. 

Replace the rotary feed tables on the ~v cills by veigh­

feeders, or volumetric feeders which can be calibrated. ~is 

conversion would ensure optimum mill control of production 

and accur~te proportioning of rav materials to produce a 

consistent raw meal. 

Control the fineness of the rav meal from all three raw 

mills ~o the same consistency, say 12% residue on L900 sieve. 

This could be achieved when the weigh feeders are installed. 

Restore the automatic aeration sequence mechanism of the 

homoge~ising silos to full ~orking order: and maintain 

an adequate stock of spere parts for renlacements in 

the event of fu..""ther breakdovns. 

---~ -~-
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:ns-r.o.:!l the t·.ro nev inc:-eased capacity air compress;irs 

for the homogenising silos. 

Aim for incoming rav meal to the homo~enising silos to 

have a minimum variation ra.~ge of 2~. 
.,.,..,, . 
••• l.S she. uld be 

possi~le vhen recommendations Nos. 2, 3, h, and 5 are 

carried out. Homogenised rav meal should then have a 

variation range of 0.2%. 

l8. To level out the variations of the kiln feed still 

further, rav meal should be milled to at least tvo of 

the mixing silos at the sat:ie 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 time. 

11. Resto:-e all kiln instr-.l!:lents to full working order, 

pa:-ticularly the oxygen analysers, as kiln ccnt?'Ol is 

impossible without these essential instr.:ments. ~a.k~ sure 

that stocks of the neceszary spare pa:-ts are always kept 

at satisfa.cto=-Y le•.rels. 

12. Establish a daily routine in spec":: ::n by the inst-Jment 

engineer to make sure that all instr~nts are operating 

perfectly. 

13. Arrange for all four kilns to deposit clinker in one 

storage hall vith travelling crane, using one conveyor 

if possible. This would avoid the double handling as 

practiced at Present and vould p!'Ovide better mixing of 

the clinker from r.iln No. 4 vi th Y.ilns 1 ·, 2 and 3. 

14. To improve the performance of No. 2 production 

line, kiln No.4 and raw mill No.4 must be made 

to operate independently of each other. 

A by-pass system must be installed to allow 

the kiln gases to ?ass eirect to the electro­

static precipitator. 

l 

I 
I 
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15. Tr:r and ~aintain a clinker stockpile of at least tvo 

veeks kiln production before starting to mill, and 

a.rra..~~e the stockpile in long hea~s instead of conical 

hea.ns. ~is helps to cool and mix the clinker at the 

same time. 

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

feeders or volumetric feeders. 

1 7. Convert the cement mills to inte!'Ilal. water spra:r 

cooling to reduce cement temperature. 

18. Reduce the size of the pozzolan pieces tc be equal to 

or less than the particle size of the clinker by 

(a) passing through a c~sher and storing in a s~parate 

compound in the crane store or (b) by using No.l 

cement mill, which contributes little t? total cement 

production, exclusively for grinding pozzclan. ~e 

ground pozzolan could then be accurately proportioned 

continously vi.th the clinker by a separate hopper and 

weigh feeder. This arrangement would improve ce?:?ent 

mill production and produce a more consiste~t cement. 

Alternatively, arrange with the supplier to reduce 

the particle size to less than 25 mm. before delivering 

to the factory. 

19. Fecr.rit top level personnel as described under Factory 

Organization (page l8J as soon as possible. 

20. Implement the Card Index system for plant records to 

!acilitate process coLtrol. (Pe~. page 19}. 

Further U. N. :: . D. O. Assistance 

There is ~eat need for improving the maintenance in all 

departments of the existing installation. A specialist U.N.I.D.O. 

maintenance en~ineer, to nrovide assistance in this respect, is 

therefore recommended. 
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Annex I 

JOB DESCRIPTION 

(SI/JOR/78/805/11-01/32.l.A.) 

Cement Process Control Expert 

Two ~bnths 

As soon as possible 

.4.:II!!lan vith travel in the: Co'Wlt!'Y 

?URPOSE OF TP.E ?nO~ECT: To assist a..~d advise in planning a.nd possibly 

in implementation o~ improvements in the 

DUT!ES: 

cement industr/. 

The expert will be assigned ":.o the Gove!"ru!lent 

o~ Jordan to assis~ and advise The Jordan 

Cement Factories Company regardin~ ma.xi.mum 

utilization of the existing installations. 

Pa...~iculary the expe::-t rill be expected to: 

l. Examine the available raw materials a..~d check 

whether the raw :nix selected represent a 

resonable utilization of existing reserve~. 

2. Examine transport equipment and machines 

and report whether their production outnut 

cor.esponds vith the rated capacity. 

I 
I 
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3. Examine the individual. procuction llnes 

and identif'y possible botlenecks and ~i7e 

proposals for their elimination. 

4. Check the established procedures for 

process control and sampling from q_uaIT"J 

to finished cement and advise on iI:1.Prove­

ments whenever possible. 

Industrial Engineer vit~ extensive experience 

in Cement Production and process Control in 

Cement Factories. 

English 

The Jordan Cement Factories Company was 

established in 1951 with share capital assets 

of JD 4.5 :nillion. As a rest!lt of subsequent 

expansion, the Co?1I?an7's capital has increased 

to JD 15 million in 1978. The Government was 

a.llotte1 49.;~ of the shares and the balance 

was offered for sale to the public. Currently, 

the Compe:ay employs 1200 persons. Plans are 

being made to expand its plant to increase the 

production capacity from 1700 tons to 3700 tons 

per day in 1980. The total estimated expansion 

capital cost is JD 10 million. Moreover, technical 

end economic studies are being ma.de to deter.nine 

the feasibility of establishing a new cement ?la.nt 

in the Southern re~ion of Jordan. !t is fur;~er­

more felt ~hat existing plant caDacity is not bein~ 

used at optimum levels. The company seeks advice 

from lnTIDO this CO!"lnection. 
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Annex III 

LIST OF QUARRY MACHINERY OPERAT:tlfG IN JULY 1979 

E.xcava.tors 

1.0 and K R H 140 5 m3 capacity bucket 

1 Wesserhutte Excavator W 24 

Whee: Loaders 

4 Cat 980 mechanical shovels 

2 Cat 988 " " 

Bulldozers 

2 Cat D8F bylldozer 

1 Cat D6 " 

Punro Tr-..icks 

14 N. A. N. Dump trucks 22215 - 15 tons capacity 

5 Perlini Dump trucks DP 363 - 35 tons capacity 

Rock Brills 

2 F.ALCO Drill rigg C 73 ER, Ha.lcotrack 150 

Compressors 

3 Hollman Com. 37 HP X Rotair 

Road Graders 

1 CAT 140 Grader 
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Annex IV 

CLINKER ANALYSIS, DECF>!BER 1978 

--~---

DATE L.0.1 SIO,.. 
c.. 

AL2o
3 

Fe2o
3 

CaC Mgo so
3 

S.M. JI. M. J.M. L.S.F. TO'fAL 

---
1 1.002 20.64 7.17 3.10 65.56 1.12 1.03 2.00 2.13 ?.11 0.95 98.25 

3 1.002 20.12 7.1n 3.10 65,56 1.17 1.63 1.90 2.15 2.39 0.95 90.77 

5 1.002 20.32 1.65 3.10 65.07 1.26 1.20 1.88 2.10 2.47 0.95 98.71 

8 1.002 21.A2 7.80 3.21 63.07 1.26 1. 3h 1.97 1.91 2. li 3 o.86 98.60 

10 1.002 21.12 6.92 3.10 65.32 1.17 1.03 2.10 2.10 2.23 0.90 9l\. 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 ] .002 21.?2 7 .t.2 3.10 6lt .J16 1.26 1.25 2.00 2.07 2. 39 0.91 90.76 

17 1.002 21.21' 7 .16 3.10 611. 31 1.26 1. 3li 2.06 2.05 2. 31 0.91 98.80 I\) 
~ 

19 1.002 20.42 1.1t2 3.10 65.07 1.22 1.111 1.93 2.11 2. 39 0.94 9A. 77 

22 1.002 22.02 1.16 3.10 611.07 1.17 1.20 ?. .13 1.99 3.31 o.8A 98.81 

24 1.002 ?1.62 7.66 3.10 63.82 1.26 1.20 2.00 1.98 2.li7 0.88 98.76 

26 1.002 21.22 1.15 3.10 6h.56 1.26 1.27 2.06 2.06 2. 31 0.91 98.68 

29 1.002 21.12 1 Jt2 3.10 6lt.56 1.0A 1.23 2.00 2.05 2. 39 0.91 9A.61i 

--------

VF..RAGE , 1. 002 21.60 7.li6 3.10 61t.58 1.18 1.20 2 .oi. 2.13 2.hl 0.91 
------~ 

------
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Annex V 

PROGRAMME FOR ROU'rINE TI!!>TING 

lNumbers or sampling positiu11ii 1Lre indicated in annex II J 
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Annex VI 

LIST OF PERSONS MET DURING MISSION 

~!r. w. Asfour, ~airman of the Board of Dir"!ctors 

Mr. S. Sboul, Managing Director 

Mr. Qusem Abu-Sheik, Assistant Managing Director 

Mr. Khamash, Technical !l.anager 

Mr. Dhaknous, Works Manager 

Mr. Fayez IQ:ideir, Production ~ager 

Y.r. ~.a..'imoud Sbeih, Administration and Su?plies ~anager 

Mr. Ha.las eh, Chief Chemist. 



- 30 -

Annex VIl 

RE?OR'l· on AIR POLLUTION CONTROL AT TEE JORDA..~ 

C~!EN':' FACTO?::::Es COMPP.~TY LTD. 

Introduction: 

The J. C.F. has requested the expert for a special report on pollution 

conditio~~ in the existing Ce?t.ent Factory and vbere possible to su~gest 

methods of minimisin~ or even eliminating the condition. 

A pe?'!ll8.Ilent 100% cure does not, at first sight appear to be 

practical in the old part of the Factory. Y...ilns, 1, 2 and 3 are nov 

over 20 yeats old and the pollution problem has been obviously worsening 

over the years. It is therefore proposed to examine the problem to find a partial 

solution, which ca.n be carried out immediately, and then to investigate 

the possibilities of maintaining a comparitively clean enviroment in the 

factO?"'J area on a perma.:ient basis in the future whic~ ma.y involve canital 

expenditure for additional. equipment a.~d mechanical modification to the 

existing machine!"Y. 

General Considerations: 

The waste gases fro~ the kilns and drying plants consist mainly 

of Carbon Dioxide, generated from the Calcium Carbonate in the raw 

materials, and vater vapour. Very o:asional.ly Carbon Monoxide is 

generated, but to a verJ smell extent, and of usual.ly short duration. 

The waste gases are not harmful and therefore cannot be regarded as a 

form of pollution. Very dusty conditions _,revail, however, in a.11 

production departments and large quantities of dust and rubbish have 

been al.loved to accumulate for several years all over the Factory, inside 

and outside the buildings, thus creating a serious menance to machinery 

be&rin~s and electrical equipment, not to mention very unpleasant workin; 

conditions for the staff and opera.tin~ personnel. Tne dust consists of 

limestone, marl, clinker and cemen~ and therefore, in itself, is not 

harmful, it can however cause eye soreness. It also constitutes a 

serious loss of material. 

Observations:-

The ma.in sources of dust cre~tion in the Cement Factory are as 

follovs :-

--- '!99 

I 
' 
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l. Crushin~ Pla.~t: 

Dust is caused by lorries tipping their loads in~o the hopper. 

Someti~ej a small ai::iount of material remains outside the hop)er 

and this is allowed to accumulate and wind a.. ')assing vehicles 

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

2. Rav Material and Clinker Storage Comoounds: 

The travelling cranes cause considerable dust clouds whe~ 

transferring material to the mill hoppe:s. These clouds of 

dust are dispersed by vind and are re distributed round the 

Factory. '!'he Clinker fines constitute production losses which 

cannot be made up. 

The sho~ shut es from the Clinker conveyors from kiln_s No. l 2 and 

3 give a long free fall of Clinker and a.~ain the fine particles are 

blovn away and lost to production. 

3. Double !land.ling of Clinker: 

Clinker !'roll!. Uo. 4 kiln is discharged to a separate stc:r-age 

compound. !t is then conveyed by front end loader to the 

storage compound for kiln 1, 2 ~d 3, a di~tance of some 

100 m. The spillage from the front end loader a.~d the clouds 

of dust from the discharging action of the loader causes 

Clinker dust to be re distributed to the Factory area. 

4. ~~ln Building: 

The burners platform is comparitively free from dust, although 

by some effort on the part of the burners to instruct the 

labourers, it could be much cleaner. During kiln shut down 

periods, when vork such a.s replacin~ bricks and other rl"~a..:. · ·s 

have to be t"arried out, it is impossible to avoid dust and rubbish 

accumulati r in the immediate area. 

'!'he floor under the burners platform ~here the Clinker coolers 

and Clinker Converyors are situated is very much verse and has 

been used more or less as a. rubbish dump !or a long ~eriod. 

Under kiln No. 1, the accumulation there is very great. The 

conveyers tunnel and eable troughs also contain Clinker 

spillage and dust accumulg,tion. 

--- ~ 
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K., .. • 
U..-n ~•O. 4, Raw Mill !!.nd Electro-?reci~itator: 

The exhaust gases f~om kiln No. 4 a.re at the !!!Oment, the 

w'Orst sou~e of dust generation in the Factory. The dust­

laden exhaust gas, during the three veekly period under 

observation, has omitted dust continually in greater or 

lesser amounts. A±'ter discussion vith the electrical 

en~ineer and the production ~anager, the vriter is assured 

that this is .~ust a temporary phase in the operat51'n, and that 

in the near future dust vill be almost entirely eliminated from 

the exhaust gases. 

At first sight it see~s that the El.~ctro precipitator is at 

fault, but fu.""ther investigations show that it is the process 

control of the kiln and ra.v Ir.ill which is the real cause of 

dust creation. Mechanically and electrically the precipi­

tator is working normally. The high tension voltage is 

78000 volts, the rapping gear is functioning satisfacto~ily, 

the extraction conveyor is operating normally and the gas 

temperatu..-es at the input and output of the rav mill are in 

accordance with specifications. 

The oxygen a.~alyser on kiln No. 4, as also in the case of 

the other three kilns, is not vorkin~ which makes the operation 

of kiln No. 4 more difficult, and increases the incidence of 

CO in the kiln ~ases. When CO occurs, the electro-precipitator 

automatically cuts out and the dust is not removed f:-om the 

vaste gas, during that time. Hence a large amount of dust is 

dischar~ed into the atmosphere which settles do;m over the 

whole !actory area. 
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Anot~er, and more frequer.t, reason for dus~ creation at this 

point is t!ie irregula.:- operation of the :-av mill. '!'he mill 

production is sometimes e:-ratic, due to the mill hoppers 

being short of materiel., or the feed tables blocking up, or 

other operationa.l diff~culties, vhile the hot kiln gas flow 

is particularly constant. ~ese irregular conditions upset 

the function of the electro p::-ecipitor resulting in the 

discharge of dust to the atmosphe~. 

The V?"iter is assured that the electro precipitator receives 

thorough and regular maintenance by the mechanical and 

electrical engineering staff, and does operate vell under 

stable r.inning conditions of the rav ~ill and kiln. 

c. ?ackin11: ?la.nt '"!ld Disne.tch Denartment: 

This Department is one of the most serious source of dust 

and waste in the facto::-y. All packing pla."lts should be 

spotlessly clean. Ar.y dust contamination here is cement 

dust, in other vords the finished product, so that the 

az::ount of waste in this department far outveighs, in 

importance, the dangers of dust conta!!lination. 

It appears that very little atter.pt is made to clear the 

cement, ca.used by broken ba~s and leaking spouts, until 

the end of the day when loadin~ is completed a.t 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 roadvay to be spread over a. wide 

are by the vheels of the lorries. 

It seems that there are only two labourers available to do 

the ,job of clean in~ U!l in add.it ion to their main .1 ob of 

sun-plyin~ empty bags to the packin~ ma.chirie o-perators. 

' 
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7. Power Station, Mill Buildin~ and Workshons: 

~~ese Depart~ent have obviously been kept clean from the 

start o!' operation, but they are ~od examples of what can 

be done by day to day efforts on the part of th~ vorking staff 

to !nainta.in clean surroundin~s. ~ere is no reason why th~ 

kiln department end surroml.din~ area should not be tlaintained 

to a similar standard of cleanliness although admittedly, it 

wuld be more difficult to do so. 

8. Internal use of Co?!!Oanv' s Vehicles: 

It is noted that works staff frequently use vehicles such 

as Land Rovers to travel short distances to inspect the •ra.rious 

depa.""tments in the works. Possibly this is due to the un­

pleasant and sometime even dangerous, valking conditions at 

p~sent prevailing. The movement of these vehicles, usually 

driven at excessive speeds, causes clouds of dust vhich is 

blo~ about by the wind '!IIS.king it verJ unpleasant for people 

valking in the vicinity. 

When a cleaner factory enviroruten~ is achieved, the use of 

cars, for this purpose, should be minimised. 

Recoml!lendations for immediate action: 

1. For immediate action, the vhole factory area should be cleaned 

up quickly. The writer considers that the complete clearence 

of the factory is such a big operation that it is beyond the 

scope of the present Company personnel. It is recommended 

therefore, that an outside contractor should be employed to 

carry out this task. There are many hundreds of tons of dust 

a..1d rubbish vhich has been accumulating for many years and 

the contractor, after discussion vith the management, should 

outline a plan of action, acceptable to the company, over 

a fixed period, say one month, to quarantee the complete 

removal or all dust and rubbish, inside and outside the 

buildings and the entire factory area. 

be considered as a first priority. 

-- _ ..... -
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2. A~er this first ~rocedure has been carried. out, no ;.rorker 

should be alloved to dump rubbish indiscriminately, or allov 

dust of any kind to accumulate. Everythin~ should ·oe cleaned. 

up right ava:r and removed from the Factory. A disused part 

of the quar~ might be chosen for this P'l'rpose. This vould 

need considerable organisation from the ma.nagement and a 

directive from the Works ~ager could be circulated and 

so~e for.n of discipline introduced. The responsibility 

for plant cleanliness could be given to the plant of shift 

foreman vho, in turn, vould be responsible to the Production 

~'1anager. 

3. Al~ernatively, a small labour force of, say, tventy labourers 

could be employed specially for keeping the Factory clean. 

A foreman in charge of the labour force, and sys~ematically 

pat::-olling the vhole pla.~t, could be made responsible to 

the Production Manager. 

l:.. When a clean environment is achieved, the use of Factor; 

vehicles for short jou.""!leys to visit vorks depa:-tMents 

should become un-necessary. Meanvhile a strict 15 k.p.h. 

should be imposed. Speeds beyond this li:nit cause clouds 

of dust to be distributed by the vind, making valking about 

the facto~ compound very unpleasant. Not only vould the 

speed limit keep dust by this ca.use to a minimum, but the 

Company would gain financially by prolonging the life of 

the vehicles and reduce maintenance costs. 

~arge notice boards indicating the speed limit should be 

placed at strategic poi:lts. For vh ~ting vehicles a large 

r~otice board should be placed at the Factory entra.~ce, and 

the gate keeper should be instructed to varn all incoring 

drivers to adhere to the ~gulated speed limit. '!'he Factory 

roads should be sprayed vith vater, if available, at re~a~ 

intervals, and roads leading to the ~uarry should have vaste 

oil spread over them. 

~1 

' 



- 36 -

Wherever possible e.11 internal !'Cads should be hard sur!'aced, 

a.~d crumbling surfaces repaired. 

5. ~e ?acking ?lant is bacil:r in neeC. of re-or~anising. O?era.ting 

staff should oe instructed to sveep all cement s-pillages from 

broken ba.~, leaking spout; etc. to the spillage conveyors 

immediately. The people concerned should be made awr-re that 

the dust created in the packing plant is the most valuable 

and therefore should be treated with respect a.~d not wasted. 

'!':le packing machines appear to be in need of repair and 

priority should be given to this work. As already stated a 

packing plant should be spotlessly clean, and the writer 

sees no reason vhy it should not be ac~ieved in this case. 

Possi'tly the e::n~loyment of two more labourers would be 

advantageous. 

6. ¥'.iln No. 4 and Raw Mill. 

The process control of this produc~ior. line should receive 

priority. It is essential. that the dust created by the 

exhaust gases should be brought under control as early as 

possible. '!'he process ~orkers conce:-ned, the crane d:-ivers 

a..~d the millers, should be instructed to perform their duties 

accurately and, above all, consistently, to eliminate all 

irregularities in the performance of the raw mill. All 

instruments not functionin£, in need of repair, or waiting 

for spare parts snould be repaired as quickly as possible. 

For essential instruments such as the oxygen analyser, it is 

sometimes preferable to purchase a completely new instrument 

and use the old one for spare parts. 

Unless the dust control from this particular plant is recti~ied, 

it will be a continuous source of contamination to the 

su?Tounding area. 

I 



- 37 -

7. ~aw ~at~rial and Clinker Comnounds. 

It :s very difficult to eliminate dust creation from these 

areas because of the open structure of the cuildin~s, but 

it is recommended that the tre.velling crane c!rivers are 

instructed to be more careful in handl.in12; the material. 

Materia.l should be lowered into the mill hoppers bstead 

of dropping it in, and all efforts should be made to avoid 

doubling handling of materials. 

Recommendations for future consideration. 

The writer understands that the future policy of the · 

Cement Company is to link up as far as possible the oev ple.nt, 

at present under construction, to the old plant. From the 

point of view of eliminating dust pollution, this is an excellent 

policy, and it is strongly recommended that it should be carried 

out to the !"ullest extent. 

It is proposed to convey proportioned raw materials from 

the nev plant via the sampling station a.'ld conti:luous blend~'l'lg 

compound to the rav mills of the old plant. The tables of the mill 

vould be replaced by weigh feeders. This system would have tvo 

major beneficial results:-

1. It would make obsolete the travelling crane and open rav 

material storage system at present in use which creates dust 

pollution. 

2. It would produce a much more homogeneous ~a.v ~<ieal and 

~ore constant operating conditions for No. 4 kiln and rav 

mill, thus enabling the electro-precipitator to work better 

a.'ld ston the discharge of dust to the atmosphere. 

Similarly, it is proposed that clinker from the four 

existing kilns vould be conveyed to the new clinker storage 

silo and returned by covered conveyor to the cement ~~lls in 

the old plant. This system would make obsolete the clinker 

storage area with the overhead travelling crane. 

' 
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T!lus, these two pronosa..i.~ would remove two of the ~ajor 

sources of dust pollution in the factory. It is strongly 

reco!!!!:!ended. therefore, that the Compa."ly should proceed with 

these plans. 

Con::lusion. 

l. Exhaust gases from the kilns do not, in the!!:Selves 

constitute a pollution pro~lem. 

2. wst pollution is the ma.Jar proble?l! in the factory' 

3. 

4. 

but it is possible to achieve and maintain a co~paratively 

dust free environment within a short time. 

':'he recommended programme of dust control imposes great 

effort and self' discipline on the Senior Staff !?!ld workers, 

but as the factory environment becomes ~leaner, the work 

will become les:; arduous, and every one should en.joy the 

benefits. 

~o achieve a lasting sol~-tion to the dust problem, it 

will be necessary to educate the work force on cles.."lliness, 

and gradually instill a new atitude towards their work. 

5. In the futu:-e, the proposed plans for technological ties 

with the new plant should finally reduce dust pollution to 

a minimum. 

- - - - -
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