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I EIPLAHATOl.Y ROTES 

Usual technical abbreviations 

1 Ce.ent science: S • Si02 
A • A1203 
1 • Fe2o3 
c - CaO 

L.O.l. • Loss on ignition 
Si02 

S.ll. • Al 0 0 Z 3 -l Fe2 3 

A1z0J 
A.II.• -Fe2o3 

CaO 
B.11. • z,o Al 0 s... 2 + 2°3 + Fez 3 

cao 
L.S.F. - 2.8 5102 + 1.18 A1z03 + 0.65 Fe203 

CaO 
C/S • SlO 

2 
c

3
s • 4.071 C (7.6 S + 6.72 A+ 1.43 F) 

c2s • 2.867 S - 0.7544 c3s 
C~ • Z.65 A - 1.692 F 

c4AF • 3.043 F 
L.P. • liquid phaae., calculated at l,400•c 

• Z.95 A+ Z.2 F +Hg() (.ax. 2%) + Ha2o + ~20 
I.I.. • Iasoluble residue 

F.L. • Free liM 

C.L.W. • Clinker liter weight 

(Bote: All the cheaical analysis represents the 

percent by ffeight.) 

2 Coal science: B.B.V. •Bish heating value (kcal/kg) 

L.B.V. • Low heatiq value (kcal/kg) 

U.B.V. •Useful heatiq value (tcal/q) 

3 Production abbreviations: atpb • Mtric toa per hour 

atpcl ., Mtric toa per day 

atpy • •tric ton per 1•ar 
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Unfaailiar acro!ly!S, etc. 

llCB : llational Council for ee-nt and Building Materials 

UPSCC: Upper Paradash State Cement Corporation 

SP Suspension preheater 

PC : Precalciner systea 

CT : Conditioning tower 

ESP : Electrostatic precipitator 

OPC : Ordinary Portland ~•nt 

PPC : Pozzolanic Portland Cement 

L!IK : Loss free raw 8ix 

BWI : Bond Vork Index -

CC : Percent of calci- carbonate 

llC : Percent of ugnesiua carbonate 

lly sincere thanks is exte·..;Jed to Dr. R. C. Visvesvaraya, the Cbainan and 

Director General of the llational Council for Cement and Building Materials; 

Mr. D. B. Irani, the Director of the BaLlonal Council; and all the staff of 

WCI vbo are associated with this project, for their assistance and arranging 

tbe visits to the cement plants visited charing this secoml .Usf.cm. Tbanb is 

also extended to the foll.oving plants: 

OrisN Cement 

Gujarat .Alllnlja 

laj .. hree Cement 

Haclru Ce•nt 

and their perscnmel for the assistance, cooperation, friendly atmosphere and 

fruitful discussions. these ude the visit to the above-..ntioned plants most 

SUCCHSful. 
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Title : Productivity laproveaent through Ce•nt Rav Materials Tech1.10logy 

: DP/IRD/84/020/11-03/31.4.B 

Objective : To hlprove the industry's productiv:Lty and the technological 

level of various units of the ceaent irulustry in India by 

strengthening the national center• the Ra\:ional Council for 

Cement and Building Materials. 

llissian : Second - (First aission vas in <ktober and llovember 1986 for two 

90Dths.) 

Duration : Two and one-half W>ntbs (January• February through aid-Karch 

1987). 

Hain conclusions and recommendations 

1 Five cement plants were visited durin• the second aissiou. One of these 

five plants was visita in the first aission (Madras Cemnt Liaited) • 

The objective of the visit is to evaluate the rav 9&Urials, raw mix 

design, fla.e shape, coal characteristic and clinker quality. TheH 

visits vere organized '>y the Rational Council for Cement and Building 

Materials. 

2 Each of the four ceaent plants, which vere visited during this aission, 

is using different qualities of rav materials. Three out of these four 

are controlling the supply froa the q1Urry and continuously testing the 

quality of the lillestome. The fourth plant cannot control the liaestone 

supplied from the quarry due to poor quality control. National Council 

for Cement and Building Materials should expand its activity for this 

plant (Dalla Cement) and highly involve in its quarry operation to put 

this plant in a satisfactory condition. 

3 The quality of the cl inker which 19 now produced by Madras C.Mnt has 

been greatly iaproved and obtained a high compressive strength. This 

plant was visited in the first •ission and has adopted the rec011111ended 

changes with regard to the raw mix par ... ter1. 

4 Of the other four plants which were visited for the first time during 

this second mission, all but one plant, which is Dalla Cement, produce 

clinkn of good quality and have a good quality control. One of thisse 

plants which is one of the newest plants in India (Gujarat Allbuja) is an 
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updated plant vith closed circuit control aad its clinter is a lov alkali 

clinker. Cl:lnter produced froa lajasbree C-at is also coasWered low 

in alkalies. 

5 ee.eat quality produced froa Dalla ee.ent {by either wet or dry kil.Ds) is 

of poor quality• bas high free lime and expansion. Quality control is 

very poor• . or it can be said does not exist. Tile plant needs eo11plete 

, . rehabilitation. shake-up and structural change. Tile Rational Council for 

C-at and luildiag Materials should be :luvolved in rehabilitation of 

tbiS plant 11 should orgaaize its structurf' aad cc.'llplete cleaa-ep ill order 

for it to survive. Tile Baei.onal Comu:il should set all the parameters 

·for the prod.llction and qaallty control for both vet and 4ry process. 

6 All the plants visited use coal with Id.git ash coateat 11 lov vclatile 

mitters ..... heterogeuoas ill qaallty. The f1- ill same of the plants is 

long and lazy. It is preferable that the coal ash does not increase tbaa 

30%. Blending the coal and opt:bdzing coal particle size for both the 

rotary kiln and the precalciller are _,....ized. Fl- should be short 

8nd sharp and avow imping-at flame. Primary and secoadary airs should 

be controlled. Tile Rational Comu:il for Ce.eat aad Building Materials 

has the capability to prorlde the required apertife ill these subjects to 

the cement plants. 

7 liln dut is recycled to the kiln with the kiln feed without prebleading 11 

ill mat of the plants; this causes an erratic variance in the 

ca.position. Tile Rational Council bas the capability to find the 

application(•) for using this dust. One of its uses is in the production 

of aasoary CeMat, as it is explained later in this report. 

8 One of the cement plants visited during this second mission bas 

aineralizers (fluorine and phoapbate ca.pounds) in their raw .. terials. 

These .. terials are not taken advantage of during the burning process. 

The Rational ·eouncil should advije the ceaent plants about the 

application and the percentage of aineralizers used. A study is 

recomencled to be carried out at the Rational Council using its pilot 

plant cm the type and aaount of aineraliser to be used. Collplete 

·evaluation of the produced c...ut should be performed to study if there 

are any adverse effects on using the aineralizer on each of the raw 

aaterials. A disCUfllion ou the llineralizer is included later in this 

report. 

9 As the raw matertals are variable and usually aore thau one component is 

uHd, it is reca.ended to preblead the raw uterial• in a suitable 

prebleadiDI equi,..at with a hish prebleadin1 factor. 
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10 the other rec~D41atioas. given in the first report. also apply here and 

therefore th.ey are not given here. 

11 the Batioaal Council is equipped vith different equipment vhich is used 

to characterize the rav -terials. clinker. c-..eat aMl coacnte. the 

Council also is staffed vith a highly professional am experienced staff. 

cui-uindme4 that sc:amaing electron aicroscopy {Sfll) attached to it 

- energy dispersi•e s-ray aa.uyzer (ED&X). and otb.er Mftvares as 

p.rticle size analyzer• iensicy • porosity ~ particle shape could be 

attached to it. and an x-ray diffracit.oa &ml fluorescence. also mist be 

bcught. llodem. pol.arl.ze4 aic~ vith a.era anached mast also .:be 

foresee1.. All dais ecaa-i.pllent is a.ailable at tile CGUDCil but mast be 

11pdated. 
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IV nmtODUCTIOH 

The first wission of this project started in October 1986 for a period of two 

11D1lths. Detailed description of this project and hov it vas developed is 

given in the report of the first llission. which is dated Deceaber 1986 and is 

titled: 

"Evaluation of llix design. clinker properties and fl-.a.bility of 

coal in selected Indian cement plants" 

The title of the project is: "Productivity Enhancement and Modernization 

Prograa at KCB •" and the assignment• which consists of three subsequent 

llissions (each two months) is concerned with productivity improvement through 

cement raw ..aterials technology. The purpose of the project is "to improve 

the industry's productivity and the technological level of various units of 

the cement industry in India by strengthening the Rational Centre, the 

Rational Council for Cement and Building Materials (1'CB)." 

The first aission covered eight visits to eight different ceaent plants. 

Details of these visits are given in the report of the first llission. During 

this second aission five ceaent plants were visited; one of these plants vas 

visited in the first aission. The same procedure used in the first mission 

vas followed, where information concerned with the cheaistry and properties of 

rav materials, rav aix, kiln dust. coal and coal ash. clinker quality, clinker 

absorption of the ash. burning process, flame shape, etc •• were collected and 

discussed. A visit to the various depart•nts, froa the quarry to clinker 

cooler vas coapleted during the vis~t, accompanied by one or tvo experts froa 

NCB to strengthen their expertise. After analyzing the constraints which are 

encountered with each plant and collecting the information according to a 

questionna.!re designed for this project and relating to the raw materials and 

clinker quality, recomundations were given. These include raw mix design, 

coal quality, flame shape, burller pipe, operational parameters, etc. For each 

visit, a report was written including all the information collected and the 

recommendations to improve the plant efficiency and clinker quality. During 

this miHion, discusdons included kiln dust and its application, dusty 

clinker, aineralizer in cement industry, preblending raw materials, and coal 

quality. Th••• topics are discussed separately in Chapter VI ACTIVITIES AND 

OUTPUT. 

The plants visited during this mission include: 

1 Orissa Cement, lajgangpur, Orissa 

2 C',ujarat Ambuja Cement, Keshod, Gujarat 

3 Uttar Pradesh State Cement Corporation (UPSCC), Dalla, Mirzapur, U.P. 
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4 ltajashree Ceaent, Sedaa., Kamataka 

5 Madras Ce•nt., lla9asaay Raja Ragar., Tamil Nadu. 

Madras Ceat!nt vas visited during the first mission and rec~ndations were 

given to change their aix design for better quality and improveaent in 

production. The plant has adopted the recomaendations., and great improvement 

hae been achieved; another visit vas requested during this second mission for 

more discussions concerning what has been achieved and the possibilities ~f 

using lov grade limestone. 

• 
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1 The rec011aendat.ions which are given in t.he first. report. vith regard to 

the rav liMlt.erials. rav atx. coall kiln operation and fl.-bility,. fuel 

and power coDSU11pt.i;;,n. clinker ctuality. dust.,. pyroprocess. et.c.,. and are 

shown on pp. 11-14. of chat first. mission report,. apply here. 

2 As t.he rav -terials are quite varia1'le,. it. is rec~nded that a 

preblending syst-. should be supplied to the ce.ent. plant. for SllOOU 

operation. Alt.h.,.. some of the plants have a preblending syst-.,. it is 

not worked efficient.~ aa4 it.s blending factor is lov. These lititations 

should be resolvel for better quali.ty control. 

l There are few plant.s vhf.ch are producing clinker vith about 15% els and 

SO% c2s. due to deficiency of CaO content. These plants should practice 

operating their quarry efficiently and cont.rolling the rav aix before 

feeding the kiln. In this respect. liCB is capable of adYising these 

plants about the quarry operations and controlling the kiln feed. It is 

not practical nowadays, to produce ce.ent vith lov els and high c2s. 

4 RzOl CA120l + Fe2ol) after the coal ash absorption should be 10% and 

Al20l 6% maximm in the clinker. A.H. should be in the range of 1.4. in 

the clinker. 

S It is eaphasized here also in this report that coal preferably not have 

more than 30% ash. It should be blended before feeding the kiln and have 

about 1% moisture. The burner pipe should be suitable to burn high coal 

ash. In this respect, it is advisable to the cement plants to seek the 

advice of BCB who has developed two different types of burner pipe and 

utilizu the local coal. 

6 In the case of using lignite mixed vith coal, it is advisable that the 

moisture content in the fuel should be ainillull and a saall percent of 

lignite should be utilized. 

1 In the caH cf dusty clinker, it is recomended to adjust the liquid 

phase aad the clinker granulation. Coal with a high parcent of ash has 

an effect in generatiq dust in the sintering zone. Tbi8 subject 18 

discussed lacer in Chapter VI of this report, titled "Dusty clinker and 

how to avoid it?" 

8 Collected kiln dust can be utilized in the production ot masonry c ... nt 

.and in some other applications. Details of dust applications is siv•n 

ullder Chapter VI of tht. report, titled "Kiln dust and iu application." 
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It is advisable to find a 1m0re suit&ble application for the dust than 

adding it ~ t:te kil.D ·feecl uithout controlling :its quality and quancity. 

9 Maillt>!BL.'\Ce in one of the pl.ants (Dau.a Ce-.ut) is poor vbere dust is 

tbroutbout the plant. E.S.P. and conditioning tover are ·W<arking on 

positive pressure. there is lO!&kage fro:a different points in the kiln. 

etc. this plant needs coaplete rehabilitation. clean-up. and highly 

qualifiei personnel t-:> be keen for cnent quality. 

10 In the case of using mineralizer to £~uce the burning teaperature with 

the obje.ctive. of saving energy. it: is rec.a-ended to carry out 

experillents in the pilot plant of BCB to deteraine the aaount required 

and the properties of. the procluced cement. An economic study should be 

performed. Although one of the -eaent p~ts (Orissa Cemeat) ha.s natural 

aineralizers (J.- and P-c:oaponeuts) vi.thh its raw .. ter:lals_.- yet tile 

presence of c~ i,ese cQllPOWlds is uot taken advantage of as it is burning 

the feed hara. It is rec~uded to perfora a research study to find the 

aost econo.ic temperature. with the production of high cliilker quality 

and without c2s conversion. Discussion on aineralizers is given 

separately in Cbapt•r VI of this report. 

ll Pree Si02 is present in alllost all of the raw materials. It reaches to 

about 90% of the total Si02 of the raw milt (i.e., 10% out of 12%). This 

is considered a very high percent and to compensate its effect, either 

the raw a1x 11Ust be ground finer or aore iron •st be added. In certain 

cases, both should be adopted and this depends on the particle size of 

the quartz, the aineralogical composition of the rav .aterials, th.s flux, 

etc. Burnability tests should be done to find the most ecODOllic mix 

characteristics. 

In order to acoaplish the maxillull of the above rec01111endations, as well as to 

achieve better quality and maxiaua operation, it is advisable to the cement 

plants to ask and seek tile advice of the National Council for Cement and 

Building Material•. This will greatly benefit the plant•. 
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VI ACTIVITIES ARD OUTPUT 

A. Job description and objective of the second aissioa activity 

The duties of the second aiss:lon. as is given in the job description cover 

beside the entire spectrua of activities relating to rav -terials vith 

emphasis on "suitable -tcbing characteristics of various nev -terials and 

fuels. which vill produce good quality clinker out of lover grade limestone 

and coal in selected ce11ent plants, research into the use of aineralizers in 

the aanufacture of ce.ent." The purpose of the project is "to iaprove the 

industry's productivity and the technological level of the various units of 

the cement industry in India by strengthening the national center, the 

Rational Council for C...nt and Building Materials (BCB). The area of 

approach for this purpose during this aission vas: 

- the constituents of the rav -terials 

- aix design and its properties 

- preblending systea 

- coal quality 

- coal burner pipe 

- fuel consuaption 

- clinker quality and how to iaprove it 

Besides coal characteristics and its effect on the clinker quality, matching 

the clinker with the rav mix, flaae shape and characteristics, llineralizers, 

dusty clinker and kiln dust are discussed separately. Each area vas analyzed 

with the interaction of NCB and plant personnel. The production constraints, 

the bottlenecks and the technical problems were also diagnosed. 

Recommendations and methods of solving these constraints were discussed for 

each case and for each plant with the aha of iaproving the industry's 

productivity. In the energy field, reduction in heat and power consumption, 

increasing kiln capacity, and different applic;w.tions of kiln dust was also 

discussed during the visit with the plant personnel. The job description of 

this project follows this paae. The personnel of llCB who met during this 

mission and participated in the discussion. are shown in Annex l. 

B. Technical activities 

Five different Indian cement plants were visited durins thi• second mission, 

of which one plant (Madras Ceme~t) was visited during the first mission. Each 

plant was visited, as in the first mission, for a period of two to three days. 

A questionnaire re1ardin1 raw materials, raw mix, coal, coal ash, clinker, 

process, operational par••ters, fuel and eneray consumption and production 

problems was given to each of the new cement plants visited durins this 

lliHion. All the departments were visited, from raw materials deposits to 
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The National Council for Cement and Building Materi•ls, 
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national centre devoted to research technology 
develo,.ent and transfer, education and industrial 
services. lt provides the necessary technologic•l 
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The in1titute has an on-goinK progra11111e of productivity 
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CANDIDATES IEQUISTED IY 16 JULY 1985 
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clinker cooler. Intensive discussions vi.th the MIUlle9e1lt and the producUon 

personnel took place. Presentation including rav aix clesip and the 

par-ters and clinker quality by ai.croscope vas preseated to each pl.ant. A 

report was prepared for each plant visited. 11lcludillg a short description of 

the process. obser.ations. producti.on problas. lec~mlations vi.th the 

objective of illproring the clinker quality and reducing the production 

constraints and energy consumptions are given in the report. These are the 

aw recc endations which were discussed vi.th the plant personnel to help 

th• to illprove their production quantitatively and qualitatively. the 

informati.on collected frcm each plant in the questionnaire is also included in 

die report. llatlras Cetlent was vi.sited during the first llission where 

rae ,..•tions were given to improve the plant prod1activity. 'Ille 

ne 1 ulilationa vidl reganl to tile r• ah clesip was illpl.eileated. vllkh 

peatly improved production. The wjective of this second visit was to review 

tile achievments obtaiued and for further discussions. 

'Dae reports of the vi.sited plants are attached llerewith in .Anaex 2 - 6 and are 

88 follOWB: 

Annex 2: lleport on visiting Ori.ssa Caeut 

Annex 3: Report on visiting Gujarat .Aabuja Caents 

Amlex 4: Jleport on visiting Dalla Ce8ent 

Annex 5: Report on visiting lajasbree Caent 

Annex 6: Jleport on visiting Haclras ee-ut 

'?he first plant is producing clinker by vet process. 'rhe second plant is one 

of the .oat .odern plants and producing clinker by the precalciner proceBS 

using 5-stage preheater. The third has tvo vet kilns and another tvo dry (SP) 

kilns. The fourth plant is producing clinker by precalciner technology and 

using 5-stage prebeater. The fifth plant is using an SP system in producing 

the clinker vi.th firing in the riser duct. 

It is also emphasized here that in order to accomplish the maximum 

production-quality and quantity, it is advisable for these plants to ask for 

the guidance of the National Council for Cement and Building Materials. 

Continuous interaction between the plants and the National Couucil will 

benefit not only the cement plants on short and long tet1U, but also will 

benefit the national interest. 

C. Observatiou and findina• 

Table 1 is a list of the five cement plant• visited during the second mi•1ion. 

It al10 shov• the plant locations, process and coaaent• on the raw material• 

and the utilization factor of the plant. All the plant• visited in the 1econd 

•i•sion, except Dalla Cement, are producing a 1ood quality of cament and the 



Na• of Plant 

1 Oriaaa Ceaent 

2 Gujarat Aabuja Ceaent 

3 UPSCC - Dalla 

4 Rajaahree Ceaent 

S Madras Ceaent 

Table 1: Li•t'of Plant• viaited int~• •econd· !6!!i!!! 
Location 

Rajaangpur, Ori••• 

Keahod, Gujarat 

Proc••• an4 C91•t• 

Wet proceH, with preclvction capacity of 1, 100 mtpd, 
Another pl'ecalciner •y•tem (1,5QO atpd) la undH 
con•tructioa. Tit• raw material ha• P C and 
F-compound8e The preclucticln la Htidactchf with 
hiah utilimation factor. 

Dry (PC) proce·H with 5-•t•I• preheatH, and a 
precalciner . GDOnL/PMrot. Sy•t•m) with production 
capacity of 1, 700 at.... Th• raw material hH low 
alkali content, thua pr..tucin1 low alkali clinker, Th• raw mix i8 charactui1·ed by an •••Y burnin1 raw 
•ix. Th• production h ••t:l.•factory with hi&h 
utilisation factor. 

Dalla, Mirsapur, U.P. Wet and dry (SP) pronHH, with production capacity 
of 3, 600 mt pd. Mix 4••iP cannot be c.ontrolled due 
to poor quality cotall'Ol. Thb rHult i8 producinl 
variable clinker quality. Th• plant nHd• complete 
l'ehabllitation. 

Sedam, lCarnataka Dry (PC) pl'OCH• with 5-•tai• preheater, w:ltb 
production capacity of 1, 758 mtpd. Th• raw uteriall 
contain about 901 frn HG of 12. 501 total HO , 
The production 18 aatidacfory and th• ut:llisat:l~n 
factor h 1001. 

R R Nagar, Tamil Nadu Dry (SP) proc••• with firin1 in th• l'i••r duct, 
with production capacity of 1,600 11tpd. Thia plant 
wH vidted in the first 11iadon. Rav 11:lx ha• bHn 
modified aa pu th• pl'evtou• recomendat:lon•. Th• 
quality haa bHn 1rea'1y i11pl'oved. 

""" ..... 
I 
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plants are aaintained well. Dalla C-ut is in a bad situ.ttiou vith poor 

clinker quality. Vell experieucK and qualified persmmel are required for 

this plant. as well as ca.plete rehabilitation and clean-up of the dust and/or 

the raw llix or dry slurry froa all the plant aucl floors. Continuous advice 

aucl guidance froa the Rational Council 911St be sought. aucl should be 

implemented. 

'Dae observations and findings of the first aission. as showu on pp. 21-31 of 

the first report are applied here for this report. Besides. these points. the 

follOlling is added: 

l The constituents of the rav -terials: the cheaical and llineralogical 

coilpositions of the raw -terials diff•r froa one plant to aaother and 

accordingl.y the behaTior of the raw a1x in the rotary kiln. Preseace of 

quartz is •st c~ anA it reaches aboat 90% of the total 5102 of the 

U.stone (lajashree Cement). Lav quality of 11-stcme is c~ except 

Gujarat Aabuja Cement, where the limestone is high in carbonate content. 

2 ll:ls design and its properties: ll:ls design of the cement plants visited 

in the second aission is shown in Table 2. vith the llix properties. % of 

dust and heat, and powr consumptions. the plants which are poor in 

quality control. as Dalla Cement, show .any variatioas in the raw aix. 

This affects the kiln performance. production (quantitatively and 

qualitatively) and usually an inferior cement is produced. Gujarat 

.Ambuja and llajashree Ce9ent have a raw a1x vitb becter properties and 

within a narrower range. They are producing a high clinker quality. 

Although llajashree has 10% free 5102 in the raw llix, it can be tolerated 

and a good clinker is obtained. Orissa ee.ent needs to adjust their rav 

llix and feed the kiln within a •ix of a narrower composition. The 

recommendation of the different par ... ters, based on the clinker produced 

after the ash absorption, is given in the individual report of each plant 

in the Annex 2-6. . 

3 Preblencling system: Those of the plants which have preblencling systea 

unfortunately is not working efficiently. this piece of equipmant is 

essential for the Indian cement plants due to the variation of the raw 

materials. Measurements and corrections should be done in those plants 

that have a preblencling syst• that is not working efficiently. The 

preblencling subject is covered in reference 1. 

4 Coal qualitI: Coal used in the four new c ... nt plants visited during the 

second mission is also variable and has hiah ash content. Gujarat '\abuja 

is using coal with 281 ash (301 maximum), which is considered the best of 



Table 21 aav •ix 2ro2•rtia1 1 I of du1t and •n•raz oon1ua2tion 
of th• 21anta vi1it•d durinl 1eoond ai11ion~ 

Gujarat RajHhn• 

Plant Ori• .. Cement Aabuja Cement UHCC - Dalla Ca•ant 

aav Kix COllPOl~tlon I 

S102 11.80 - 12.50 12.60 10.50 . J3. 50 12.04 

Al2o3 
2.10 - 2.50 3.21 3,00 - 3.70 2.82 

F•203 1.60 - 2.00 2.54 1 • .0 - 2.10 2.94 

CaO 44.00 - 44.40 44.00 41,50 - o.Ja 44.60 

MaO 2.90 - 3.40 0.84 2,80 - 3,00 0,40 

so3 
N,A, 0.01 N,A, 0.21 I 

.... 
r..20 0.40 - 0,80 0.16 N.A. 0, 16 '° 
Na2o 0.50 - 0.15 0.20 N.A. 0.14 

L.O.l. 35.SO - 36.00 35.61 35.50 - 37.00 36.50 

Total - 99.20 - 99.81 

S.H. 2.8 - 3.2 2.20 2.10 - 2.50 2.06 

A.K. 1.1 - 1.36 1.26 1.70 - 2.00 0.95 

H.K. 2.6 - 2.8 2.39 - 2.5 

L.s.r. 1.10 - 1.17 1.08 l.00 - 1.25 l.15 

Free Silica 3.S - 4.8 :.3,0 H,A, 10.0 

c.c. 75.8 - 76.2 77.0 75 - 78 79.5 

M.C. 3.2 - 3,6 1.35 4.5 - 6.0 ':1110.8 

Finan••• +170 •••h 15 15 15 - 18 20 

+ 72 ... h - 1.8 1.0 - 2.2 1. 6 



Tabh 2 1 Cont. 

Gujant RajHhn• 

Plant Ol'iHa Ce•ent Alllbuja C•Mnt urscc - Dalla Ceaent 

I of dult 10 - 14 ' - 10 
N,A, 5-7 

Heat con•uaption kcal/kl 1,500 770 950 - 1,050 (Dl'y) .130 - ¥50 
1,450 • 1,550 (Wet) 

Power con•waption (kwh/ton 100 120 112 (Wet) 135 
117 (Dl'y) 

* Do•• not include Hadr•• Ce•ent, •• thi• w•• vleited in th• fll'•t ai••ion. ~ 

-
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all the visited pl.ants. Coal consumption alsc. var iu •~i;ording to the 

process used. but in general. it is lov b the case of usirg coal with 

lOlr ash content. It is rec~nded .uJd preferable to use coal with ash 

content not .,re than 30% 3nd it should be blended. Coal fineness should 

be adjusted for becter aJMI opttm. flae shape and characteristics. 

Table 3 shOlrs the coal and coal ash properties• fuel consumption and 

percent of ash absorption of the plants visited during the second 

aissiou. 

S Coal burner pipe: the flw of the first. third and fourth plants 

visited is illpingeMUt. long and luy. The priaary air percent cannot be 

coutrolled. resulting in high o2 percent at ltiln inlet. Gujarat Wnaja 

ee.ent is using a suitable and an updated 1>urner pipe. 

6 Fuel CO!!!U!ptiou: This is considered high for the first and third plants 

rlsited. Quality control is very poor in the third plant. 

7 Clinker 911alit.y: Table 4 shows the chemical analysis of the clinker of 

all the cement plants visited during this aisGion. The best is 

considered Madras ee-nt and Gujarat Ambuja ee-nt. Clinker produced 

froa Dalla Cement is considered the worst clinker with c
3
stc2s : 0.24 -

0.49. It bas c
3
s between 10-32 and the clinker produced froa the vet 

kiln during the rlsit was disintegrated as soon as it reached the clinker 

hall. Clinker produced by Gujarat Aabuja and lajashree Cement is 

considered good. but requires a little Vllprovement. as it is stated in 

Annex 3 and S, re•pectively • of this report. Or issa clinker need~J to be 

aodified and changed according to the rec09llendations given in Annex 1. 

In order to iaprove the clinker quality of the plants •isited during this 

aission. new parameters were given for each plant (except Madras Cement) 

in the renpective Am.ex. Clinker of Madras :aent has been greatly 

illproved wit!! better strength, granulatometry and &riadability. This was 

achieved after implementing the rec0111endations given to the plant during 

the first visit. This is described in Annex 6 and is verified by DD 
which is done by the !'fi?.dras Cement. 

D. Coal characteristics and its effect on the clinker guality 

Coal, unlike oil or natural gas, contains considerable quantities of ash and 

water. The ash and moistur• contents of coals from different sources can vary 

widely, resulting in a widespread of calorific valuH. !ven coal from the 

ume colliery .. , fluctuate sipific:antly in ash and moisrure content and 

hence in cal~rifie value. Coal is extremely dirty and of ten contribut1i.:s a 

lara• amount of raw .. tarial to the process. 



Table 3: Coal and coal a•h Eroeerti••i fuel con•umetion and 

X ash absor2tton of the El.ante visited dudn1 Hcoht miHion* 

Gujarat :'"\ RajHhree 

Plant Oriaaa Cement Alllbuja Cement UPSCC - Dalla· ', .C•111•nt 

Coal properties: 

Moisture X 2 - '• 1.30 3.0··4.7 2.20 

Ash content X 28 - 32 28.00 29.0 - 35.5 30-35 

ll.H.V. kcal/kg 4,800 - 5,200 4,830 N.A. 4,500 

L.H.V. kcal/kg N.A. 4,500 N.A. 4 ,2G"O 

Usable R.V. kcal/kg N.A. N.A. 3,900 - 4,500 Ill.A. 

Coal consuaption % 29.0 - 32.0 :::::17 N.A. ::: 20.3 N 
N 

% Coal fineness 

170 aesh 15 - 20 \2 - 14 14 - 18 10.0Q 

72 aesh - - 1.0 - 1. 5 0,5 

Ash analysis: 

Si02 z 56.9 - 59.9 58.90 61.00 - 62.50 58.38 

At2o3 % 24.0 - 27.9 22.20 26.00 - 27.00 23.92 

Fe2o3 l 8.0 - 9.5 6,30 8.50 - 10.50 8.28 

cao z 3.3 - 5.0 - - 4.83 

Other l 1.6 - 2.0 12.60 2.00 - 2.50 4.85 

X Ash absorption 6 - 8 5 - 5.5 7 - 10 7 

* Does not include Madras Cement as this waa visited in the first mission. 
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Table 4: HCOnd 11:1.11:1.on 

r. ,.. __________________________________ _ 
. Gujarat RajHhrH 

. 
11 

Co~t~t~•~ts ;;. Oriaaa Cement Ambuja Cement UPSCC - Dalt. C11n1nt Madra1 C11n1nt 
! ,, ~ • 
. .. ' ~.:tOt., 21.40 - 22.40 21.35 22.20 - 24.00 22.12 21.20 

·,.:; ,· · A.1
2
0; s.oo - s.3o 5.78 6.4o - 1.20 s.20 s.4o 

Fe;o3.. 2.60 - 3.10 4.24 3.20 - 4.,00 4.10 3.70 
CaO 63.90 - 64.90 65.42 60.00 - 62.50 65.20 65.8 

MgO 4 • 40 - 4 • 70 1 • SO 3, 90 - 4 • 30 

so
3 

N.A. 0.21 

K
2
0 , .<'. 0.50 - 0.90 0.26 

"\ \ ' 
Na

2
o . · ·.Cl~'40 - 0. 90 0. 30 

L.O.I. 
Total 

C.L.W. 
F.L. 
S.K. 
\\.l4. 

H.K. 

L.S.F. 

. C/S 

Potential 

<::091PosiUon* 

c3s 
c2s 
c3A 

c4AF 

-'. ' .... 

1,000 - i,500 

0.80 - 2.50 

2.7 - 2.9 

1.6 - 2.0 

2.0 - 2.2 

0.90 - 0.96 

2.80 - 3.0 

50.0 - 60.0 

20.0 - 32.0 

8.0 - 10.0 

8.0 - 10.0 

99.06 

1,220 

0.88 

2.13 

1.36 

2.06 

0.94 

3.06 

SS.Sl 
19.04 

8.15 

12.89 

N.A. 
N.A. 
N.A. 

0.40 - 1.50 

1,100 - 1,350 

1.00 - 2.80 

2.00 - 2.40 

1.60 - 2.00 

N.A. 
0.79 - 0.84 

N.A. 

10.00 - 32.00 

42.00 - 65.00 

9.50 - 12. 70 

10.00 - 12.00 

0,81 

o. 71 

0.31 

0.21 

-2.:.li 
99.33 

1,100 - 1,150 

1.2 - 1.30 

2.24 

1.40 

2.04 

0,91 

2.95 

47.6 

27.5 

8,30 

12.40 

2.00 

1,200 

1.5 

2.33 

1.46 

2.17 

0.96 

3.10 

SS 

18 

8 

12 

N 
w 



Table 4 : Cont. 

Gujarat Rajallhne 

Constituents I Oriaaa Ce11ent Ambuja Ce~ent UPSCC - Dalla Cement Madra1 Ce .. nt 

Liquid Phase 

c
3
sJc2s 

2S.77 - 27.28 

2.S - 1.9 

28.44 
•2.92 

* Theoretical calculations baaed on Boau• formulae. 

....... ~~~~~~~~~~~~~~~~~~~~·-~-

30.00 - 33.00*" 
0.24 - 0.49 · .... 

27.80 

1. 73 

~e.z 

J 

** calculated liquid phase by the plant does not aar•• with th• stve~ analyR.i• in th• ca11 of UP8CC-Dalla, 

~ 
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Using coal in the c ... at industry has a aajor effect on the chemistry of the 

clinker,. as the ca.position of kiln feed has to be Hjusted to acc~ate 

D&orptioa of ash. The ash content of coal u:ists as both extraneous .. terial 

and inherent -tter. The extraneous .. terial -y occur in the se• itself or 

it .ay be illcluded fraa its surroundings. The inherent -tter is finely 

disseainated and interlocked and cannot be separated by physical -aD• • and 

they therefore fix the Jdnf- ash content. The c ... nt industry in India is 

burDiDg coal nth a wide spectrua of properties. High ash grHe coal,. new 

coals nth unbown burning characteristics,. blends of coal and lignite,. etc •• 

are c~ in the c-nt plants which demand dilferent burning syste9S. 

llMl#an coal Q8ed in cement production: 'rb.e Indian cwnt plants receive coal 

fraa 9Drr than one source,. and accordingly the coa1 properties are quite 

different. Ash con.tent available to the cement industry varies froa 28 - 42%. 

Tbe supply of coal to each plant is not homogeneous,. as it can be seen froa 

Table 1,. page 27,. of the first aission report dated Decellber 1986 and froa 

Table 3 of this report. 'rb.e use of high ash and variable quality coal usually 

resulted in various pyroprocessiDg operations and clinter quality proble9S. 

This requires continuous adjustment of the composition of the feed,. and in 

llOSt of the plants this cannot be achieved. as the kiln feed already is 

ground. High ash coal requires the kiln feed to be high in CaO content. The 

more the ash in the coal• the •re Ca is required• which in turn requires high 

grade of liwestone in order for the ash to be absorbed and fora the clinker 

compounds. The amount of high grade l:lllestone is lillited. 

Coal ash is characterized by high 5io2 (it varies froa 56 - 63%),. and Al2o
3 

(it varies from 23 - 28%). Fe2o3 
in ash varies from 3 - 10%. eao. K2o, Na

2
o, 

Cl are also present in the ash, while 50
3 

is present in small 8llOUnts. Ash 

absorption varies from 5 - 10%. 

Hardness and 110isture of the coal are variable affecting coal mill production 

aad the particle size, which accordingly affect the kiln production, flame 

shape, flame temperature, etc. 

Kost of the cement plants in India are suffering f roa the lack of coal quality 

and they cannot match their kiln feed with the supplied coal. As there is a 

certain amount of coal ash which can be fused to the clinker particle surf ace 

where it reacts with the clinker, therefore, it is preferable that the ash 

should be limited in the coal to 30% uximum. Udng high arade coal o~ 

li&nite to improve the ash in the coal must be foreseen, if the coal delivered 

to the plant ha• more than 30% ash. Burner pipe should be adopted and 

suitable to burn such a hi&h coal ash. Each plant should exerci•• 1rindin1 

tbe coal to different particle sizes and bum theH to •elect the best 
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finenass which can give opt:lmua ft.me shape. Blending the coal, which is not 

~ practice in Indian cement pl.ants, .ust be foreseen and is highly 

rec.-nded. Tbi.s vi.11 narrow the fluctuations in the coal properties and ash 

content. Reserve for at least ten days .ust be available in the plant site. 

Effect of coal properties on clinker chemistry: Coal ash causes a significant 

lovering of the lime saturation factor {L.S.F.) necessitating a kiln feed 

target L.S.F. considerably higher than that required in the resulcant clinker. 

As a rough guide: 

a. Absorption of 1% of a typical ash on the clinker vith an Si02 content in 

the region of SO% by the rav feed lovers the L.S.F by about 4%. Such 

effect vill be greater for an ash vith a significantly higher Si0
2 

content. 

b. Coal asb vill contribute about 4 - 5% to the clinlter, in the case of 

about 15% is the coal use and with 26 - 29% ash. 

c. On dry basis, 1% coal ash causes 1% drop in c
3
s, i.e., if 30% ash is in 

the coal, so c3s vi.11 drop by about 30% in the clinker, over loss free 

rav .eal c3s projection. 

d. Lav sulfur coal vi.th about 6% ash reduces L.S.F. froa 97 in the rav .. al 

to 95 in the clinker and increases the liquid phase froa 27.1% to 27.6% 

in the clinker. 

e. High sulphur coal reduces the L.S.F. froa 97 in the raw .eal to 86.5% in 

the clinker. At the sa.e tta.., the liquid phase is increased to 30% and 

so
3 

is remarkably increased according to percent of so
3 

in coal and its 

use percent. 

The decreased L.S.F. of the clinker will cause lover initial strength of the 

cement and an increased so
3 

content, in llO&t cases, vi.11 decrease the setting 

tiae. The extent of ash absorption is largely governed by the type of 

process. careful blending of the coal is highly desirable, especially where 

ash contents are hig~t. This ensures stable kiln operation and homogeneous 

clinker quality. During the burning process, ash should be effectively 

ab80rbad into the clinker and its quality depends upon this. Failure to 

effeccively absorb ash, especially with high coal ash, can cause heterogenity 

in th• clinker:o . ard burning, upset kiln operation, ring formation at the 

preheatiug zone, etc. Fine grinding of the coal, suitable choice of fuel 

injection conditions, milling/firing •Y•teaa to be matched to the coal quality, 

kiln procHs, raw ual quality are the most important factors in u•ing of 

high coal ash. 

Factors affecting burner performance: For any given coal, th• majnr 

properties aff•~tins burner performance are finene•s, density, moi•ture, and 
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volatile contents. the teaperature, quantity• velocity, and turbulence of the 

coal-conveying air are variables of the burner systea and should be 

controlled. Of these variables. the aost iaportaut is the teaperature. 'Ihe 

heating rate of the coal is inhibited by low teaperature conveying air 

(prillary air). A reasonable time in terllS of combustion rate is required to 

elevate the coal particle to a teaperatur• sufficient to start the igni.tion 

process. high teaperature supple11ental prillary air can be introduced vith the 

coal prior to its entering the kiln. 

To optiaize the burning operation. it is essential to winiwize the quantity of 

coal-conveying air and to aaintain direct control over the air/fuel ratio as 

well as the temperature of the air. The cl:lnlter cooler provides the source of 

high temperature priaary air. 

The heating value of the coal is an important factor as this deteraines the 

amount of coal which 911St be handled by the systea. The ash content affects 

the clinker cbeaistry. as it vas •ntioned earlier, and is also iaportant in 

dete .. -.ining the wear rate of the mill fan and the mill itself. The variations 

in ash content affect the amount of alkali contributed to the process, and 

therefore affect the sulfur to alkali ratio, which is iaportant in case of SP 

systea. High ash content usually reduces the heating value• and this requires 

a greater quantity of coal. The variations in heating value content of fuel 

results in an increased need for fuel. This can result in burning zone 

temperature instability. 

The grindability detenaines the size and power draw of the coal grinding 

device. The moisture content has a direct influence upon the quantity of 

primary air and henee the efficiency of the kiln system. the volatility 
~ 

determines the tendency of the coal particles to ignite and this is related to 

coal grindability. The variation in volatile content affects the 

sulfur/alkali ratio and burning zone stability. It also affects the operation 

of a PC system, leading to a flame instability, loss of flame or carryover of 

incompletely burned carbon to the upper stages of SP system. In general, as 

the calorific value decreases,, the volatility of th~ coal increases. 

~rinding the coal: The coal fineness necessary to produce a suitable flame is 

given by the following equation (2): 

% passing 170 mesh • 100 - (0.S to 0.7) X % of volatiles. Fine grinding of 

the coal is necessary to assure complete combustion of the carbon to produce 

an optimum reaction and to give a short, hot and stable flame. Th• required 

fineness of the pulverised coal is dependent upon the volatility content, as 

coal ignitH more readily and rapidly as the volatility increases. A low 

volatile coal requires more srinding in order to achieve the correct 
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combustion rate characteristics of the coal-Ur miltbare. 'Ille temperature of 

the pr1-ry air is also a factor. and is important in preventing premature 

ignition of the coal-air aixture. Moisture content affects the grindability 

as veil as the burning process. 

Coal firing systea: 'Ihere are three standard coal gX"inding circuit 

configurations. mmely: direct firing systea; semi-direct firing systea. and 

indirect firing systea. 

Indirect systea is the .ost econoaical systea froa a.fuel point of view. but 

in practice it requires the .ost attention and offers the explosion risk.. 

Host of the Indian cement plants .t&ited in the first and the second aissioas 

are using indirect firing systea. Utilization of a indirect coal firing 

system :blprcwes fuel efficiency of a coal-fired kiln. 'Ille utilizaeicm of 

recycled hot air froa the cooler will lead to f.mprcwed flame control and 

clinker quality. reduced grinding costs and flexibility. 

Controlling the COllbustioa process: 'Ihe modern and the nev cwnt plants 

.t&ited luwe the controlling instruments for measuring the oxygen percent. 

pr1-ry and secondary air teaperatures. amount of sec:oadAEy air, teaperatures 

at different le.els of the cyclone, etc. 'Die oli plants and those which are 

poorly -inta~.ned have no or fev instnments for combustion controlling. In 

this respect. it is rec0111ended that such plants should put all the required 

instruments in satisfactory operation and .aintain the combustion paraaeters 

within the given figures of the equipaent supplier. 

For SP or PC sys-tea. the oxygen content in the gaa to be maintained at 4.0% at 

k.il.ll inlet, 2.5% at the fourth cyclone outlet and 3.0% at the induced fan 

outlet. The 4.0% oxygen at k.il.ll inlet 18 the optt.ua value for combustion 

iuide the k.il.ll. 'Die rate of prf.aary COllbustion air supply is 9% for the kiln 

and 3% for the calcining furnace, which cOllbined with the entrai .... nt air for 

fuel transmission, 8llOUnts to 14% for kiln and 8% for the precalciner. A 

representative operating data for a SP and re sy•t• are given in the 

following table, Table S. 
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Table 5: St:andard operat:ing dat:a for SP ancl PC syst:w 

n- SF PC 

- Fourth cyclone exit: gas t_,erature. •c 870 850 

- PC exit: gas t:_,erature. •c 865 870 

- Imlu.:ed-draugb.t: fan inlet gas t:emp •• •c 365 340 
3 - Preheat:er exit: gas vol-. • /kg-cl.inker 1.49 1.36 

- P01Jer consumption, kwh/kg-cl.inker 12 9.6 

- li1.n exit: gas o2• % 4 4 

- Fourth cyclone exit: gas o2• % 3 2.5 

- Fourth cyclone exit gas co. % 0.3 0.07 

- First cyclone exit gas o. % 3.5 3.0 

Firing a paberi.sed coal is acc:....,.ied by air-co1m1yed into t:he furnace. The 

'90lat:ilization syst- is controlled by rate of temperature rise of the coal 

particle. luruing the '90latile -terial in t:he coal :lnvol•ea the fol.loving 

variables: 

1 Quantity of primary ai.r 

2 Velocity of prmary air 

3 Temperature of prmary air (coal/air aixeure) 

4 Quality of oxygen in prmary air 

5 Temperature of the c:c11bustion zone into winch the coal is discharged 

6 Coal characteristics (ultmate.ancl proxmate analysis ancl nelling index) 

7 Coal fineness 

8 Quantity of inert gases in the primary air (usually water •apor) 

9 Relative •elocity between the coal particle ancl the prmary air 

10 Turbulence between o2 ancl fuel 

11 Secondary air temperature 

12 Seconclary air velocity 

13 Duse in the coN11stion zone 

All th•H variables must be controllecl. For given coal variations, these 

factors v.:.ll influence the ignition rate, n ... length, heat release. flaae 

teaperature, clinker crystal formation ancl their sizes, etc. A burner systea 

should have efficient flexibility to vary these factors over a vicl• range of 

fuel characteristics. Supplemental pria&ry air of varyins tnperaturc ancl 

quatity can be used to achieve this. 

Coal with hip 110isturc content ancl/or hip ash content: Coal with hip 

110i•turc content or hip a•h con . '1t or both i• characterized by less 

theoretical adiabatic flae Uaperaturc than the conventional fuel. The 
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overall heat consumption (kcal/kg clinker) vill be higher than when fired vi~b 

a ccmventioaal fuel alone. Moisture cout~nt has a ~rked effect on coal 

efficiency and on the unheated air used to inject it. Lov grade fuels _, 

~ s.-.e effect on the clinker output of the rotary kiln systea due to 

l:ltited gas velocity. pressure drop. or induced draft fan capacity. Lov gr..te 

fuel greatly affects the thex.ally efficient SP or PC processes 110re than the 

less theJ:Ully efficient vet and long dry processes. vbic!i affect the output. 

unless this was considered. It is re.ca ended to use a 3-cluumel burner pipe 

where the axial and radial air flov can be adjusted. 

In this respect• 1'CB has developed two different burner pipes-stepped and 

svirl--vhich are suitable for cement rotary kilns and shoved iaprovement in 

kiln operation. Hore intense fluie ad better visibility in bura.ing zone 

along with increased production has been obtained (3). It is rec~Dded for 

the cement plants to use these burners and select the one vbich gives better 

fluie. 

Coaclusion: the Indian cwnt industry 91st cope with the coal which is used, 

as it is high in ash content. Coal up to 301 ash can be tolerated and used, 

but great consideration should be given to the burner pipe, percent of primary 

air., coal fineness. teaperature of air., etc. In the case of higher values of 

coal ash, coal preparation should be c011Sidered. • Coal preparation is a 

mechanical process which benefits coal by sorting to size and/or density to 

r..,,,e the available portion of ash. the preparation techniques include: 

l Processing coal through a rotary breaker with rejection of fines 

2 Crushing and sizing coal with a screen and again reject fines 

3 Washing coal in a screening plant 

4 Using flotation processes to benefit screening 

S Air cluaifying screenings 

6 Any other appropriate procesaing vbich el:lainates the size fraceions 

which contain the ash 

Airy of these techniques is costly and will result in wasting a certain a.ount 

of the coal (as aah). 

Unifomity of coal to the kiln ia a process which ia aissing from all the 

c ... nt plants which hne been visited. Therefore, it is recoimended that coal 

should be crushed and blended in an efficient blendin& system at the plant 

site to a size which can elia:l.nate variation• within required quantitative 

values necessary for successful kiln operation. n ... stability i1 most 

illportant to sive stable kiln operation and this is achieved by uling a 

bomoaeneous coal feed stock. 
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Using a suitable burner for the Indian coal, where the quantity of coal and 

air flow (axial and radial}, 9USt be foreseen ill order to control the aiount 

of prt.ary air to obtain a sharp, strong and short fl-., as much as possible. 

Coal should be dried as much as possible and ill the case of using lignite 

. .U:ed vicb coal, the a.ouut of moisture should be coutrolled and winf••. It 

is also advisable and recc ended that the rav -terials be preblended to 

ensur~ homogeneous operatiou and Mxiw• efficiency of the kiln. 'Ihe subject 

of preblending t~e rav -terials is given ill reference (1) vhicb can also be 

applied to c::.al blending. 

E. llatc:hing characteristics of various raw -terials and fuels 

In general. the raw -terials used by the cement pl.ants visited are suitable 

for cement productiou. In some plants. carefully selecting the raw -terials 

and disregarding certain a.unt of lov 11-stone are a ... t. Using high grade 

l:lmestone as sweetener to increase the Ca content of cbe 1lix is bigbly 

rec~nded for some plants. It is necessary that CaO percent of the clinker 

after the ash absorption should be ill 64 .SZ •fniw•. Some of the raw 

.. terials have natural aineralizers (F- and P-compaunds} and others have a 

a.all percentage of carbou. Rav Mterials with high lfgO coutent should be 

carefully selected. so that the clinker contains less than 5% lfgO. All the 

rav Mterials of the plants visited contain lov so3• "-2.0• &a2o and Cl, vhicb 

is a great advantage. In some cases. low alkali clinker is produced without 

having an alkali-bypass. 'Ihe ce•nt proclnced frca such clinker can be sold as 

low-alkali cnent, as ill the case of Gujarat ubuja CeMnt and Rajashree 

CeHnt. 

The coal used ill cement intustry is characterized by high ash (28 - 40%) lov 

ill sulfur content and with high beating value less than 5,000 kcal/kg. The 

coal ash has high Si02 and Al2o3
z. S.M. of the ash is variable and ranges 

frca 2.1 - 2.5. Fe2o3 of the ash is also variable and A.H. of the ash ranges 

frca 3.0 - 3.5. so3 and alkalies content are lov. Some of the coal ash has 

Cl, anc1 a small part of it is absorbed by the clinker. Absorption of coal ash 

by the clinker varies from one plant to another. It reaches to 10%, and in 

sOlle cases is as low as 5%. Those plants which uae coal with high ash have 

encountered many operational problems. u the coal used is variable and not 

bleaclecl, therefore there are Mny variations in the kiln operation and clinker 

quality. 

Calculating the clinker produced from the loss-free raw aix and the ash used, 

from the respective percentase, as it is siven by each plant, it was found 

that when the coal aah absorption to the clinker is aore than 5 - 6%, the 

produced clinker does not match with the calculation, in ao1t of the cases. 
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this can denote that about 5 - 6% of the coal ash can be absorbed by the 

clinker during the sintering of the rav ab. the eD:ess of the ash is 

recycled in the systea. and can cause operational. probleas. therefore. it is 

advisable that the coal used in the c-nt inclustry contain ash in the range 

of 30%. Bleaiiing the coal is very iaportaat. 

F. ltiln dust and its application 

ee.ent kiln dust is quite variable in cheaistry and physical properties. the 

simple approach to use liln dust is to be recycled as mach as possible. With 

rising energy and capital costs• recycling kiln dust is an inexpensive way. 

If the rav feed is lov in alblies. and the lov-albli clinker is required. it 

is abantageous to utilize the dust in other applications. 

'Ille kiln dust produced froa the Indian ce.eat plants is usually added to the 

kiln feed. through the feed pipe going to the kiln without preblemlf.llg. when 

the raw aill is down. this results in aa erratic and unhomsgeaeous kiln feed. 

vhich affects the kiln operation and clinker quality. la the case. if the 

aill is working. the dust is added to the aill product. then to the blending 

syst•• where it can be homogenized and blended. Consequently. a vi.de 

variation in the feed 1dla can be observed. when the rav aill is down and when 

it is operated. Unless the kiln dust is engineered carefully. by having a 

separate silo where the dust is collected (when the 11111 is dOWD) and added 

in specific a.ouats to the 11111 product and contilluously hollogeaized in the 

blemling silo, the kiln feed will be erratic in COllPO&ition. 

Bovever. there are di!ferent applications for the dust such as: 

1 Production of .asonry cwnt: Vhere certain 890\lllts of kiln dust is 

ground with limestone and clinker. An air eatrainins -terial is added 

during grinding aad such a cwat has a high workability and is suitable 

for -80Dry vorb. It cannot be used in reinforced concrete. the 

presence of air entraining is an advantage to a country like India, where 

the temperature is high in sUllller tiae. 

2 yriculture use of kiln dust: liln dust can substitute lime to adjust pH 

value of the soil. liln dust can control pH and also can supply valuable 

soil nutrient• such as potash CK
2
0), calciua and sulfur. 

3 liln dust for emrirowntal i!provwnts: liln dust can be used to 

neutralize acid waste aines, instead of liMsto.. and Ca(OH}
2

• liln dust 

can stabilize or precipitate heavy metals in sevase treatment or landf 111 

runoff. 

4 Flue 1as desulfurization: When slurry kiln dust is pumped and so
2 

is 

scrubbed from the sa• stream. 
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5 Production of clinker in a flu:Wized M41: Mtaere ..U cli.Dker Nils act 

as die seed in die flu:Wized 1»ed ... die ltilD dust is reacted oa die seed 

surface aad grov ill size. 

Bowe.er. die •st eco-1c aad p~ appllcatioa of 1ti1D dust fraa the 

aitiowe .eatioaed is the productioa of wouy c-t. In dais case. if this 

idea obtained the appron.l. dierefore it is ~oa aded that 9CI C&R7 oat die 

refl'dred oped.Mn:: to detem:lae the percent 

pnperties of the produced ... omy c .... t. A good ,UH.city is required for 

this c .... t. its application. its -...tage as a ... oary -terial. 'rile user 

shoald be -re that ies applicatioa is u.ited only to .asonry vom. ... it 

~t be used ill reillforced coacrete. 

G. Dus!I cli.llker aad bow to ao:W it? 

Clf.Dbr porosity aad she distrihtioa of the clhbr particles leariug the · 

rotary kil.D are the quality-effici.eacy factor of the c-.t iadustry. In 

other voru. it caa be said that if the grmmlation of portlaad cement cl:lnter 

is poor. it -y gbe rise to probl .. ill die operation of the kiln ... cooler. 

Dusty clinker is generally well aodulized. but co;itaiDS a high proportion of 

the fine unnodulized graills. lids creates a dusty coadition around die fl­

aad can cause loss of controlling the burning zone. Because dusty clinker is 

harder to grind. it causes lov cement mill production and causes problas in 

the cooler and its dust collector. 

There are some cement plants a.>ng those that were 'Vi.sited. that are producf.ag 

dusty cliDlter. The most important factors controllf.ag cliDlter graaulation 

are: 

1 The 8llOUllt of liquid phase present in the clialcer and its Yariation vidi 

temperature 

2 Particle size distributioa and the aiaeralogy of the kiln feed. If the 

s10
2 

is present. heace what is its percent and its miaimua ancl .aximua 

size? 

3 Percent of aiaor oxides. such u MaO. 1.20. Ba2o. so3, r2o3• etc. 

4 Feed resideace tt.e in the teaperature zoae in which nodulizatioa takes 

place. 

S late of heatin1 the feed on leavin1 the calcinin1 zoae. 

6 Type of pyroprocessin1 systea, kiln slope and round per ainute. 

7 Di .. eter of the kiln in relation to fuel consumption rate. 

All thHe factors af feet clinker crystal size and its distribution, liquid 

phue, surf ace tension and viscosity, and the rHidence ti.a•. The a110Unt of 
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11.,.U pltase is Yery 1-portant • especially at the l...er taperablre of the 

....itsatia:a &OM. nae A.II.• llgO COD.tent• alkalies• nlfur, P 
2
o

3
, F-c.Wlll C"•nds 

greatly inflaencN dae liquid fomaUoa. 

Particle size of the kiln f...i. die heating rate after caaplete calciDation 

... die -t of calcite ... f(1l&rb crystals affect dte crystal size 

tiatr:UtuUoa, die lifl'Wl -.at aBll its ri.scosit:y ariag nodul.ization oi dae 

cliUer. Slos heaU.ag _. coarse lila feN prod1aces coarse Hlite crysUls 

a4 free u.e. vllich resuU ~.a large alite crys~.ala. law mxes vi.th high 

albJfes tenli to prothace coarse alites. 

Vell D04alizd ... easy-griadi.Dg clinker is that where there are a la=ge 

lllllllter of -11. UllCGmleCted pores• vllile banl-grfJMliDg clinker is 

claanct:erized lty f-r .- iatercoaaected pores. It is desired that alite .­

HU.te crystals H ..U :la size. s.dl a clfn•er is well aodulized. easy 

gri.Dlling vi.th -U _. uacoaec:ted pores. Longer crystals tend to produce 

tlae laner t:ype. 

Dusty clinker coasists aaillly of large alite crystals vhich results in poor 

grbldaility. Such a clinker produces a syst- of coarse pores vhi.ch results 

ia a less griadable cliake~, presumably because :lncliYidual pores provide 

escellent sites for stress concentration during grinding. Clinker vi.th saal.l . 
pores is ground to a ..all particle sin than clillker vith no internal pores,, 

as t~e latter is much harder to fracture. 'Ibe rav feed properties 

{composition alMI ldaerology),, and calcining ancl clialtering atmospheres. 

heating rate. uxima te11Perature aad mechanical factors during burniag have 

mch influence OD clf.ater pore size and crystal size. The liquid phase 

properties such as viscosity and surface tension, at various temperatures and 

COllpOSitioas is considered an 1-portant factor. In the case of dusty clinker,, 

it is rec.om eaded to exercise burning different raw aixes vi.th variable 

c_,osition and liquid phase until the optimua is obtained. It is usually 

bowD that liquid pbu• of approxillately 28% is considered an ideal for 

1ranulation ancl &rinding. However, some plants experienced values .ore than 

281 (up to 30%) for better 1ranulation and less dwt. Those Indian ceMnt 

plants which are sufferins froa dust clialter, it is advisable to analyze these 

dusty .. terials to identify this dust, as it can be 1enerated frOll hish coal 

asb and improper burner-pipe. 

H. Kineralizers in c ... nt incl .. ••!!2. 
Certain ainor c09Ponant•, includin& a nullber of oxides a~d fluorine-containing 

COllPound• can function as fluxes or aineralizers in silicate •Y•tems to lover 

th• tniperatun of ult f oraation and to accelerate the formation of many 

c09Pounds which crystallize out of this Mlt. The temperature of th• Mlt 

formation can be decreased by the presence of l••••r quantities of additional 
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oxicles such as lfgO. Ba2o. ~O and so3 • Collpomuls such as fluorspar (CaF 2> 1."'311 

further reduce the aelt formation and increase the lille assiailation in the 

foniation of calcit1m silicate. resulting in lover burning teaperatures. 

aesicles CaF2• there is a widespread. but highly fragaentary. !ne;.oosistent. and 

coatroversial literature (4. 5) concerning the benefits tmd/or deleterious 

effects of complex fluorine cOllPOUDd such as al.k.ali and &lkaline earth 

fluosilicates. Such cnmpounds act lS flmteR and -1.aeralizers. 

s.al.l addition of certain cowpouals. such as fluorspar to the ceaent raw ailt 

facilitates burning and accelerates the silicate foi:mations. List of the 

different llineralizers/fluxes used in the cement industry and their effects is 

given in reference (6). la general. the lab expert.eats shoved that rav aixes 

burnetl without aiaeralizer additions were poorly clinkered at I.3oo•c and well 

clinkered at l.45o•c. Vith aineralizer additions. the raw ailt vas veil 

reacted at 1.3oo•c. as free lble. and alite contents are lov and high. 

respectively in comparison to raw llb without aineral :;zer. nm:ed sa.tJles 

burned at 1. Joo•c appeared in terms of free lime and alite contents. to be 

s••Uar to the unfluxed compositions which were burned at l.45o•c. The flux 

used in the case was caF2 and eas116 .2a2o. where the differences were not 

significant. 

In case of U&ing Caf 2 or CaSiF 
6 

aa aineraliz:&.ng agents• there is usually a 

change in the aluainate phase. The addition of fluorine-containing additives 

resulted in the fonaation of c111;. ear2• which gives rise to the peak at 

33.4.29 and the complete disappearance of the C-16 peak at 3J.0•2e when 

exa.ining the clinUr by DD. .,.-c2s (at 29.65• and J2.s•2e) can also be 

formed in case of aixH with a low c3S/high c2s content. 'Y -c2s cauHs the 

appearalh:e of friable clinker due to a /J to 'Y-C2s polymorphic transformation. 

'l'bis destabilizaeion of /J -c2s appeared to occur in all samples containing 

ear2 or easu2 .tner.alizer additions. and burned in the lab at l.:?oo•c. As 

the clinkering teap~:t:"ature · i• incree~ed. the ternary compound c11"7.CaF2 
diaappears. and c

3
A 1• appeared. The ternary compound generally is fonaed 

between i.290•c and 1,4oo•c with CaF2 and an ind.uatrial raw meal (7). This is 

cODverted to c~ at temperature above 1,4oo•c. 

The addition of fluorine-containing aineralizer. • ha• an effect on 

dHtabilizing the alite. The lab resultii showed that as the clinkering 

temperature increased to l.3so•c. there was a slight decrease in free Cao, and 

a dpificant increase in c
3
s amount. All the temperature was increased by 

another so•c incr ... nt, the mount of free Cao increased, and there •1a1 a 

simultaneous deer•~•• in tha alite content. 
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It is usually observed that in the raw aix containing fluorine as 

aineralizus. y-c2s is present at 1.300 and t.3so•c,. but it disappears at 

l,.4oo•c. This suggests that at 1,.40\J~c,. c2s stabilized in /J-fora. Moore (8) 

studied the effect of fluxing calcined industrial •als with 1% - 3% additions 

of CaF., • and upon rapid cooling of the clinker found no . evidence of 

polymoqihic transformation of fJ to 'Y -c2s. The addition of CaF2 resulted in 

, increased aaount of c3s and also increased the degree of fJ to 'Y -c2s 
inversion. As the burning temperature was increased to l,.4so•c,. however,. no 

T -c2s was foraed upon subsequent cooling. 

Effects of aineraliz~rs on clinker CO!J?OSitions: The interaction of fluroide 

or fluosilicate aniO!l& to a c-nt raw aix results in changes in the phase 

coapositions. It lovers the eutectic temperature and accelerates the cheaical 

reactions resulting in els foraation and decreasing free eao. The presence of 

aineralizer can change and/or modify the reaction resulting in nev coapounds,. 

depending upon the inittill raw aix c011position, the specific aineralizer used, 

and the burning conditions. 

The fluorine ions can enter the crystal lattice of els and change the 

structure. Clinker c011pouncls containing fluorine show no dramatic losses of 

strength (9). In all cases,. pure els aixes containing greater than 0.5% 

fluorine were substantially weaker than the corresponding mixes without 

fluorine. Fluorine increased the early heat liberation,. but did not 

accelerate the early hydration reaction (10). 

Potential problems: Presence of Cal 2 in a raw aix may result in certain 

deleterious effects such as refractory deterioration, kiln ring formation, 

clinker dusting, coating loss, or low strength in hydrating cement (11,.12). 

It is necessary, therefore, to understand the limitations and possible 

problell!s associated with the use of a particular additive to a particular rav 

aix. It is suggested that each plant is interested to use mineralizer, that 

NCB should conduct a complete study using the pilot kiln available at the 

facilities to determine the effective mineralizer and its dosage, quality of 

clinker and cement, the energy saviug and the &110Unt of its use. In the case 

of Orissa Cement Ltd., where its rav material contains fluorine and r2o3, it 

is highly recoamended to have a broad study to investigate the effects of 

these 11ineralizers on the burning procese and the quality of cement. The 

limits which £hould be tolerated without affecting the quality should be 

determined. In this respect, it is also recommended that P2o5 and F should be 

detected for all the nearby existing plants, to determine if these compound• 

exist in their raw materials or not. 
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I. Expert appraisal. BCB .for.at-
'· ~ 

Annex 7 shows the KCI fonsat for expert apprais!l for all the ceaent plants 

viaited during the seco'Dci aission. These fot95 11ere ftiled and delivered to 

llCB. ThE1 ~rize the ilaportant aspects covered durirlg-~he visits and the 
-· details are found in the plant visit report. 

J. llesults of the fiadiogs and thei~ •Cilization 

A report is written on each plant visit including die r•c.,...ndatioll vldch 

should take place by the plant personnel to bipTiwe · --'': enbance the plant 

productivity. The report vill be sent to the p~t ~a.ent through the 

llational Council. The rec~adations were given ~ed ·en the dat.a obtained 

froa the plant persoanel during the discussion. as veil-"is fr°" t:be ·'-ollected 

data. The reco- adations are for short and long teras .- _. The short-tem 

reco..endations include 1-diate action to illpro" tb raw ab desigD. its 

burnability. coal qwality. kiln operation. ,?t:c. Long-tera rec,...udat.:m1& 

include selective quarry t>perat:ion. effective p:i!l•lending and blending sy&tt!m. 

blending the coal. and rehabilitatioa of the plants that .are in bad condition. 

such as Dalla Cement. In the case of Madras Caient. which vas visited in the 

first aission. the plant iaplemented the rec~ndations in a satisfactory way 

and the clinket ~uality. ki.in operatioa and strength of the cement have been 

greatly iaproved. lt is txpected that the cement plants visited during the . 
first and second aissions follow the saae iaplementation as Madras ee-nt. 

K. Raw aix desisns and clinker ouality 

Kost of the.cement plants visited during this aission are producing a better 

quality ceaent, except Dalla Cement. The discussion which was aentioned in 

the previous report of the first mission pp. 31 - 33 also applies here for the 

second aission. It is highly recomended for beuer quality and high strength 

to keep the produced clinker after the ash absorption within the follovins 

range: 

S.M. : 2.4 - 2.6 

A.M. 

R.M. 

L.S.F. 
C/S 

c3s 
c2s 
c3s/c2s 
L.P. 

. . 

1.3 - 1.5 

2.15 (t0.05) 

0.94 - 0.96 

3.lS (tO.OS) 

=SS 

24 

2.3 

28% 

Finene11 of the raw mix to be around 12% on 170 me1h and 2% on 72%. If the 

rav aix ha• high f rH 1ilica, thi1 can be compensated by grinding the mix 
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finer aniJ./or ad.di,.& .ore ir . ItzOJ in the clinker should not increase .ore 

than 10% and Al.~03 not -.on ~ 6%. Cao uoc less than 64% in the clint.er 

maat be foreseen. to obtain high percent of c
3
s. Exawining the clinker by the 

idcroscove technique ou a regular basis and by DD on an irregular basis is 

rec.• znded 11 as the Bogue formulae are only theoretical and give the potential 

and not the accurate figures. 

L. Conclusious 

Yari.Ule rav -terials and coal are c.-.i in the cement industry in India. 

law -terials ban quartz and calcite crystals vbile the coal has high ash 

COD.ten::. Selective quarrying and preblendiug the raw -terials and blending 

the coal. preferably with 30% coal ash. are the requirements for good clinker 

quality. Limestone as neetener is required in -.ost of the plants to correct 

the rav mix and to obtain -.ore c
3
s than c

2
s. It is rec.a aded to keep the 

clinker parwters as meutioued above. Detailed studies should be done., 

before using the aineralizers., to detenine the percentage of the aost 

effective .. terial., the siutering teaperature. the quality of the clinker and 

cement followed by au ecODOllic study. 

Dust collected from some plants is high and corrections should be done to 

decrease it to about 7% of the kiln feed. Imrestigation of di.fferent 

applications of the dust 8U8t be foreseen instead of adding it to the systea 

without blending. in most of the tiae. llec~ndatious presented to each 

plant after the visit must be implemented to enhance the quality and 

productivity. 
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OB.ISSA CEMENT LDllTEll 
RA.JGARGPUa. OB.ISSA 

Orissa ee-nt Liaited has two vet kilns producing approx:laately 1.100 atpcl 

clinker. A precalciner plant is under construction. with a capacity of l.SOO 

atpcl. where the rav -terials will be ground in a vertical aill. 

The limestone used is crystalline with variable percentage of eaco3 • It 

contains Ca-silicate compounds• pyrites• 11g-carbonates and saall a.ounts of 

phosphates and fluorides. Chlorides• sulphates and sodiua are lov in the kiln 

feed. but potassiua teaches about 1% "-2.0 in the slurry. The plant bas 

established a preblending systea recently to preblend the 11-stOlle but its 

preblending factor is 1 : 4 ••dmm. 

The vet plant is operating with a utilization factor of 100% and with power 

CODSUllPtion of about 100 ltvh/t of cement ground at 2. 700 ca2 /ga. which are 

very good figures. llevertheless • there are some probleas with the existing 

plant operation; which are -1nly: 

1 High fuel C0118Umption ( 1. SOO kcal/kg clinker) • although the raw meal 

contains natural aineralizers (phosphates and fluorides). 

2 Longer initial setting time, which can reach to about 200 ain. 

3 Dusty clinker; usually in kiln 2. 

4 Ball formation and overburned clinker. 

AIJ the productions of the vet kilns will be stopped when the dry process 

starts, hence this report will not cover any observation with regard to the 

vet production, except: 

1 Air to the slurry basin should be regularly operated, without 

interruption, as this causes sedimentation of the slurry, feeding the 

kiln with erratic feed resulting in unstable burning process and variable 

clinker quality. 

2 Dust should be added regularly (quantitatively and 

qualitatively) otherwise disregard it. 

3 The plant is not taking advantage of the presence of natural mineralizers 

in the kiln feed. The burning temperature is high, resulting in 

overburned clinker and high fuel con1umption. 

4 Kiln feed 1hould have a narrow deviation in it• chemical analy1is. 

S Maintenance i1 con1idered poor, and 1hould be improved. 
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this reports covers recommendations for the following: 

A Rav -terials and raw llix design 

I Dry process operation 

C Effect of aineralizers on clinker properties 

D Economic burning process 

A law -terials and raw llix design 

1 'Ihe use of a preblending systea vi.11 help in narrovillg the variation 

of the ezisting raw materials. 'Ihe prebleuding efficiency (1 : 4) 

is considered lov and -.sure.ents should be taken to increase it to 

1 : 10; approximately. 

2 'Ihe raw llix which is presently used to feed the vet kiln is 

considered high in S.11. and A.II. It is highly rec.a ended to adjust 

the kiln feed so that the produced clinker. after the coal ash 

absorption. falls within the the folloving par .. ters: 

s.11. 2.4 - 2.6 

A.II. 1.3 - 1.6 

B.11. 2.15 :!: o.os 
L.S.F. 0.94 - 0.96 

C/S 3.15 :!: o.os 
c3s SS 
c2s 25 

L.P. 28% 

c3s/c2s 2.3 

!t should be noticed that the raw llix of Orissa Cement is considered 

relatively easy burned aix (without taking in consideration the 

percent of free Si02 and its size). It contains high alkali content 

and two other uterials which are considered as aineralizers 

(phosphate and fluoride) • 'Ihese •hould be considered in a way to 

design an economical aix design. which can be sintered ea•ily to 

produce a high quality clinker with an ecoa.oaic fuel consuaption. 

In this respect. it i8 rec~nded to: 

1 Perform burnability te•t• for several desipecl mix•• (within 

the above given rans•• of the clinker) and ••l•ct the optimua 

one. 

2 Di1regard the •iliceou1 rocks, as such .. i• possible fros the 

morrum and clay. 

3 Increase the iron content in th• raw llix. 
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4 Keep llgO content in the clinker to about 4. 5% aaxf••. 

5 Deteraine r
2
o

5 
and F contents in the rav aix, which is a must. 

Deteraine the •xi- percentages which can be tolerated to 

produce a high quality clinker. 

6 Experience burning the rav aix at lover temperature (in the 

range of l,lso•c> due to the effect of the phosphate and 

fluoride in the rav aix. Fuel COD.5U11Ption should be 

decreased acccrdingly. 

B Dry process operation: It is high recownded to start to perfora, on a 

regular basis, the aual.ysis of Cl, F, sol' ~O, 11a2o and r2o5 for the rav 

-terials, slurry and the produced clinker of the existing pl.ant. 'lhese 

ainor oxides are iaportant and will give a clear picture about the kiln 

feed and to prevent any future build-up or cyclone plugging. Froa the 

available data, it sems that there wi.11 be some deficiency in sol 
content in the systea. Adding sol to the feed or using high sol coal 

vill help in decreasing this deficiency; in the case where build-up 

occurs. Moreover, installing an air bluster and a bypass are a good 

provision for saooth operation. 

'lhe plant personnel should be well erained in dry process production and 

the problems associated with it. 

C Effect of aaintenance on clinker properties: Cal 2 is considered as a 

flux and aineralizer. It lowers the temperature at which liquid is 

formed, thus reducing the clinkering temperatures, but also increases the 

reactivity of free cao with the clinker llinerals. ear2 causes a decrease 

in the viscosity of the liquid phase, a reduction of the temperature at 

which the liquid is foraed, and a higher reactivity of the mix 

coaponents. The introduction of fluoride to a cement raw mix results in 

the changes in the phase foraation and composition. It lovers the 

eutectic temperature and accelerates the cbeaical reactions. 

It has been suggested that it is likely that: 

1 car 2 aids in the conversion of C-fa and c2s mixtures into c5A3 and 

c3s. 
2 Depending on the percent of car 2, there are poHibilit1es that 

cc3s) 3.ear2 or cc11s4).ear2 can be formed. 

3 ear2 readily combines with the alumina and ferrite containins liquid 

phases of portland c ... nt clinker. Fluorides can cause the 
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decomposition. of ClA into C~ and CAO., which the latter reacts with 

c2s to fo'Ca •re els. 

4 Cl~ .CaF 2 can be foraed by reaction of CaF 2 with CA. Also c11A.4• 

CaF
2 

was detected. At higher teaperatures. the fluorine appears to 

eater the silicate phase rather than being volatilized and fo'Ca ClA. 

There are .any publications Oil the use of fluorides as a aineralizer and 

each study shows different results. this depends on the percentage used. 

the rav -terials and the buruiag process. Ia this respect., it is 

adri.sable to but.\ the rav -.ix at different temperatures in the rotary 

kiln (in the range froa 1.300 - l.,4so•c) at approximately so•c intervals. 

The produced clinker should be evaluated by x-ray diffraction. and 

complete cbeld.cal analysis. Also the produced cement should be tested 

carefully. 

The retardation. of setting time of the produced cement can be attributed 

to aany factors., such as: 

l Lov COD.tent of c3s in the cement will produce lov percent of 

ca(Cll)2 in the paste liquor on hydratiOll and with presence of 

relatively lov quantity of CJ'-• will unduly retard the setting or., 

aore accurately., the hardening of the paste. 

2 CJ'- is not formd., but the dissolution of the silicate shows that 

CJ'- exists. It -y be that CJ'- is with low reactivity. 

3 Formation of any other coapound(s) where the fluorine is 

incorporated., and can retard the setting tille. 

4 The quantity and quality of gypsum, and its minor constituents. 

S The W/C ratio used., and the rooa temperature. 

6 High alkalies content and low so3 which can contribute to 

incorporation of more alkalies in the crystals of the cement 

ainerals., thus forming solid solutions which can delay the setting 

tiae. 

Generally fluorides tend to stay in the clinker, partly in the 

fluro-aluainate phase CC11A,.C&P2) which is very reactive and can cause 

"flash setting.," which is not a known practice with Orissa Cement, as per 

their technical personnel. 

However, there are soma other factors with regard to the mix design., such 

··= 
1 High S.M. 

2 High lime content 
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In order to decrease the setting tt.e (shorter initial setting). besides 

the above •entioned experi.9ellt to sinter the rav aix at differuat 

t_,eratures to identify the rav ab: composition and burning conditions 

of the clinlter which gives lover initial setting u.e. it is suggested to 

add saa.11 8111QU1lts of IJPSua to the rav -terials or use high S coal ill 

onler that the produced clinlter contains about 0.60% so3• this will 

enable combination of so3 vi.th K.zO and some of free CaO to fora : 2 

easo4.K.zso4 which is knovll as l.angbeillite. lllen calci- langbeillite is 

hydrated. it foras syngenite (CaS04 ·Kiso4 ·8i0) and &JPSU9 as hydration 

products. Syngenite ill ce.ent causes seYere pack set probleas. 

therefore. it is rec~uded that ...U UIOUllts of IJPSaa be added to the 

rer -terials. An experi.8ellt can be carried out by burning BUch as 

slurry in one of the existing liln and then evaluate the produced c-ut. 

Increasing A12o3 in the rav lliJt (.a. 5.8% in the cliubr) can produce 

high e~. vhich will hasten the setting time. Al.so adjust the rav aix to 

obtain .ore e3s and in this respect use the aicroscope tecludque to 

evaluate quality and quantity of e3s crystals. 

It is also rec~Dded to study the hydr.-ted cement vhich is aov produced 

by XllD to inYestigate if ettringite is formed or not. 

It is usually knowD that Bogue formlae are only indication of the 

potential coapositiou. They do not reflect the actual 9ineral 

coapositiou of the produced clinker, as there are several factors tbat 

affect the percent of each aineral. It is usually experienced that e3s 
percent is higher than the calculated formula, as is detected by XllD aad 

aicroscopic ex•fnation, while c2s is decreased. Also, the use of car2 
appeared to result in higher c3s (which is not taken in consideration in 

the Bogue Formula). In this case and at higher temperatures, there is a 

possibility that c3s is decomposed with au increase of-free lt.e. 

It is rece>1111ended that a broad study be carried out by using lllD, DTA, 

TGA, etc., to evaluate the rav materials, rav aix(es), clinker and cement 

to get the optillua paraaeters. It is advantageous that the raw materials 

have natural fluxes (phosphate and fluoride), so aax1- benefits in 

reducing the cost (especially in fuel consuaption) and obtaining a high 

quality should be achieved. 

Economic burning process: Rav aaterials with fluorine~containing 

aineralizers--cau lover the clinker temperature, either broaden or narrow 

the sintering range, and change the viscosity and the amount of the 

liquid phase. It has been reported that use of higher burning 
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temperature for rav .. terials containing CaF2 (as it is practiced in .oat 

cases by Orissa c-nt) can cause for.ation of large clillker balls and a 

sticky cli.Dker-ad.ding to this high lfgO content. Vi th proper temperatul'e 

control. filleness of the rav a1x and f1- shape. clinker stickiness can 

be controlled. 

The presence of CaF2 ill a ravaix can result in some deleterious effects. 

such as refractory deterioration. cli.Dker dusting (besides high S .II.) • 

coating loss. clillker ring formation and f.Jacoasfstent strength. 

Therefore. it is necessary to liait the percent of F vbich can be 

tolerated. It is abantageous that Orissa C-nt bas a vet process plant 

and a research iastitute. so it can perfoxa the experllleats and tests 

required. 'lbis vill help for ...oth operatioa for the dry process. 

Coacluaioa and lect11 rNlatf.ons: The presence of phosphate and fluoride 

are considered m advancage as they are aineralizen ill clillker 

production. Orissa Celleat is not taking advantage of these. as fuel 

coa.sumption is ye-ry high. The rav aix is hi.gh in S.11. and A.II. and about 

3.0% MgO. Dusting. balling. OYUburning. iastability of coating. longer 

initial setting time are the problems encountered vith Orissa ee.ent. It 

ls requested to lover the S.11. 9 and A.II. and keep the liquid phase in the 

range of 28%. Homogeneous feed is emphasized and is better to disregard 

adding the dust to the slurry (imrestigate other application for dust 

use). The sinter'!.ng tempe~ature is high and it ls recomiended to haYe a 

research progr• to detendne the .est.. burning temperature and the 

corresponding cement quality. Tricalciua aluaiaate ls formed in the 

clillker. as it ls shown by XID Mfter rellOV'al of the silicate. In order 

to investigate the reason for longer setting time. it ls recom11ended to 

study the quality of the gypsua aclcled to the clinker ia the cement aill. 

V/C ratio. etc. Also, it •Y be grinding gypsua vith the rav materials 

vill help ia decreasiag the setting time. 

Preblending of coal must be foreseen and great atcention sust be paid to 

the plant maintenance. Deteraiaations of all the minor constituents oa a 

regular basis for the rav aaterials, slurry. clinker, coal ash must be 

performed. This is very important for the dry process operation. 
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OUSSA CEllEllT Ll1llftD 

Information Collected 

._. -terials: Limestoae. clay. and 90rna are the rav -terials used to 

produce cement by Orissa Ce8ent Lilli.ted. the 11-stoae is a crystalline 

-~rphosed deposit. Four tifferent quarries are in operation. of vhich 

•-rries 1. z. 8Dd 3 are considered 'bamtgeneoas 9 high in carboaate 8Dd also 

high in Ilg-content. Quarry 4 is heterogeneous• lov in carbonate and high in 

l!g-coatent 8Dd alblfes in COllparison vith the other three quarries. Yiens of 

calcite are c~y distributed besides quartz. 'Ibey are in the rate of 3 -

- O.Z - 8Dd 0.1. - O.Z -· respectbely. 'Ihe properties and chea:lcal analysis 

of the raw -terials are as foll011S: 

U.Utoae ~ llDrnm 

Property Crystalline Plastic Plastic 

llD:lature o.s - 1.0 10 - zo • - 15 

5102 9.00 - 12.00 60.SO - 66.50 3S.SO - 41.60 

nzo3 1.40 - 2.50 11.90 - 13.80 9.00 - 15.00 

re2o3 o.eo - l.ZO 8.30 - 10.50 24.80 - 34.00 

CaO 45.30 - 46.50 2.00 - 2.50 1.00 - 3.00 

lfgO 2.70 - 3.60 0.50 - 1.70 1.00 - 2.10 

503 B.A. B.A. B.A. 

1..zo 0.15 - 1.50 0.44 - 1.00 0.13 - 0.31 

Ba20 0.04 - 0.10 0.04 - 0.26 0.04 - 0.08 

L.O.I. 36.40 - 38.20 7.00 - 12.50 8.10 - 11.80 

Free 5102 3 - 4 1'.A. B.A. 

Cl B.A. 1'.A. 1'.A. 

Total Alkalies 0.14 - 1.09 0.33 - 0.92 0.13 - 0.28 

IU.aeralogically the limestone consists .. inly of calcite and quartz, sericite 

and pblogopite as Iii.nor constituents. The limestone contains fluorides froa 

the pblogopite (up to 0.25% P) and also phosphates. 

law mix: Slurry with 29 - 30% .oisture content and 95.2 : 3.9 : 0.9 

liMstona, clay and morrua; respectively. 

11.80 - 12.50 

2.10 - 2.50 

1.60 - 2.00 

44.00 - 44.40 

2.90 - 3.40 

I.A. 

0.40 - 0.80 

0.05 - 0.15 

S.K. 2.8 - 3.2 

A.H. 1.1 - 1.36 

H.K. 2.6 - 2.8 

L.s.r. 1.10 - 1.17 

C/S 3.4 - 3.7 
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Free 5102 

FineDess 

Total Al.lcal1es 

CaC03 

llgC03 

Clillter: 

5102 

Al.203 

'Fe2o3 
CaO 

lfgO 

503 

I.zO 
Wa20 

Total Alkalies 

C.L.V. 

F.L. 

S.K. 

A.II. 

B.11. 

L.S.f. 

C/S 

c3s 
c2s 
C-f6 
c4AF 

L.P. 
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35.SO - 36.00 

3.50 - 4.80 (7 - II vas also reported) 

15% on 170 aiesh (11DStly calcite) 

0.40 - 0.70 

75.8 - 76.2 

3.2 - 3.6 

21.40 - 22.40 

S.00 - 5.30 

2.60 - 3.10 

63.90 - 64.90 

4.40 - 4.70 

B • .A.. 

o.so - 0.90 

0.10 - 0.22 

0.40 - 0.11 

1.000 - 1.soo gm/litre 

0.80 - 2.SO 

2.7 - 2.9 

1.6 - 2.0 

2.0 - 2.2 

0.90 - 0.96 

2.8 - 3.0 

so.o - 60.0 

20.0 - 32.0 

8.0 - 10.0 

8.0 - 10.0 

Plant process and capacity: Orissa Cement Limited started production in 1951 

by a kiln producing SOO atpd. Later on. another kiln vu added to produce 600 

atpd. Both kilns are using the vet proceH and were supplied by F. L. S.idth. 

Five hundred sixty-one and 672 atpd can be obtained from both kilns. 

r .. pectively; and have a utilization factor 100%. the first kiln is supplied 

with planetory cooler while the second with a grate cooler. Tvo slurry mills 

are used to produce 60 - 65 atph each. with power consuaption of 15 kvh/t. A 

precalciner plant (1,500 mtpd) is under construction nov by KBD. 
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42 - 49 

2.4 - 3.2 

2 - 4 

28 - 32 Ash 

B.H.V. 4.800 - 5.200 kcal/kg 

firing systea: Indirect. with particle size of 15 - 20% residue on 170 aesh. 

% of pd .. ry air: 25% 

% of ash contribution: 6 - 8% to the clinker 

Ash anaI.:r:sis: Si02 56.9 - 59.9 

A1203 24.0 - 27.9 

Fe2o3 8.0 - 9.5 

CaO 3.3 - 5.0 

HgO 1.6 - 2.0 

Fuel cOD!Ul!Ption: In the range of 1.500 kcal/kg clinker (29.0 - 32.0%). 

LifetiM of bricks: 4 - 6 -.niths 

Thickness of kiln coating: 6" - 10" 

Percent of dust: Varies froa 10 - 14% and the dust is added after mixing it 

with water to the slurry. 

Burning temperature: Approxillately 1,500 •c 

Back end teaperature: 150 - 16o•c 

Type of dust collector: ESP 

lvh/ton of cement: 100 k.vh/t of cement for OPC ground at 2,700 ca2/gm. 

Plant problems: 

1 Longer initial setting time 

2 Clinker dusting 

3 Ball formation and overburned clinker 
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OllISSA CEMENT LIMITED 
RA.JGAHGPUll. OllISSA 
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GUJARAT AMBUJA CEMEllTS LDIITED 
mDDIB.., DIST. AMRELI. GUJARAT 

Annex 3 

Cujaret Ambuja Caients Lillited is considered one of the newest cea-~nt plants 

operated today in India. It is operated vith a 5-stage preheat~r and a 

precalciuer. The equipment is supplied by ltrupp Polyisus., Vest Germany; using 

DOPOL/PREPOL systea. The production capacity of the lilu is 2.400 atpd., but 

2.,700 atpd can be achieved. 

The plant was just comaissioned about five 90nths ago and all the equipment 

is working vith great satisfaction using the 90St aodern and highest 

technology iu ceaent production. The process--aaterial and heat-is 

controlled using a closed circuit process control for the raw aill. kiln and 

cooler. coal aill and ceaent aill. The plant is operated by qualified 

perscnm.el. 

the 11-stone--eaiu component of rav -terials-and the -rl are cousidered 

pure -terials vith very lov percentage of aiuor constituents (sulphate., 

alkalies, chloride). A very saall aaount of phosphate is found vith the raw 

-terials. Sandstone vith about 3% is added to the limestone and aarl to 

increase the Si0
2 

content. The raw a1x is considered an easy-burning aix., 

producing a high quality of h0110geneous., non-dusty and of. about one inch 

clinker balls. The fuel consuaption is less than 800 kcal/kg clinker. All 

the information collected is attached herewith. 

Plant problems: Practically• it can be said that the plant has no problems 

with the raw aaterial deposits., raw mix burnability., clinker quality and 

production capacity. The difficulties which are encoun.~~ed with Gujarat 

Ambuja Cements Limited are mainly associated vith: 

l The raw materials handling., due to the stickiness of the marl and the low 

hardness of the lillestoae. Marl and limestone are crushed to produce a 

closer raw mix composition. Finer adjustments take place by the bins 

ahead of the roller mill. 

2 Flame shape and its affect on bricks lifetime. 

Materials handling: In this respect., it is recommended: 

l The crushed limeetome and marl ehould bf! coarser. The impactors of the 

crueher should be readjusted to produce moetly coartier products. The 

roller mill can handle 7.5ma 1i%e 1tone easily. Using a ripper for the 

lime1tone i• les1 costly than using explo1ive1., but maybe more fine• will 

be produced. The lime1tone i• coral in it• formation and ea1ily 

frapented. 
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2 Adding a saall percentage of sandstone to the rav -t•riala to be crushed 

in the crusher can help in decreasing the _,..t of fine. and increase 

the crusher production. 

3 llaYing a lov and high rav aix coapositiou. could be handled easier. In 

this case. lov ab can bypass the crusher. A study for this idea vill 

shov its feasibility. 

4 Stacker requires same modification. the variation of its perforaaace 

between day and oight should be o.erca.e. 

S To have air blasters aearer to the discharge openings of the rav 

aaterials hoppers. 

6 To cover the belt conveyors of the r- -terials and add a dust 

collector. Spraying a little amount of drinkable water vill decrease the 

dust. 

Flaae shapes and its affect on bricks lifetime: . The plant is firing the coal 

without 28% ash using Pillard burner pipe• which :ls considered the •st 

efficient one. It is rec~nded that: 

1 the flame sould be intense. sharp• and slightly directed to the kiln 

feed. Trials to be perfomed to opt:laize coal particle size. 

2 Avoid vide and illpingaent flame. 

3 Priaary air should be exactly -asured and the a.ount of oxygen 

controlled at the different points. as per the supplier's instructions. 

4 Use homogeneous coal with optiaua particle size and ainiaua •isture 

content. 

5 Coating should be--.:>re or less-evenly distributed through the burning 

zone. with a reasonable thickness. 

6 Burner pipe should be moved in aad out constantly. to evenly distribute 

the coating. 

7 In the case of ... 11 thickness of the coating over the bricks. increase 

the liquid phase (especially the iron content) in the rav llix for a f ev 

days. The liquid phase which is currently in the clinker (28%) is an 

ideal one of clinker grindiq aad .. y not be sufficient to form a 

relatively thick coating. 

General rec01111endations: 

1 In order to avoid ceaent expansion. it is recoimended to increase the 

S.M. to the range of 2.3 - 2.4; while keeping the A.M. about 1.36. Avoid 

increasing a2o3 more than 10% and Al2o3 110re then 6%. 
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2 lteep B.M. 2.15 (:!:0.02). C/S : 3.10 :t 0.05 and L.S.F. 0.94 - 0.95. Liquid 

phase in the range of 28% is a good figure. c3s and c2s according to 

Bogue calculations should be in the range of 55 and 22, respectively keep 

c3s/c2s in the range of 2.5. 

3 the rav -terials used have lov f.apurities which is a big ad.vantage, as 

the clinlter which is produced is characterized by lov a1kali contents. 

In this case• the c-nt can be sold as lov alkali c ... nt which is 

required to avoid alali aggregate reaction and for long durability. 

Perforaing alkalies CJJa2o and ~O) should be carried daily and perhaps on 

each shift, in the case of -rketing the cement as lov a1ka1i. Testing 

at outside organizations. to confira the results, is of great advantage. 

4 H:lnor constituents (so3, Cl, r,_o, Ba2o, r2o5) should be deterained on 

regular basis for the rav -terials, kiln feed, clinker, cement, coal, 

coal ash, kiln dust. where it is applicable. 

5 It is advisable to control the CaO content of the kiln feed by using an 

x-ray fluorescence rather than the acid-alkali method. CaO content of 

kiln feed should be kept in the range of :t0.1% for saooth kiln operation, 

and hoaogeneous clinker quality. 

6 Preblending the coal mast be foreseen for maxi.mm efficiency of the 

pyroprocessing process. 

7 Covering the storage areas and top of cyclone I is recommended to 

counter-effect the 110nsoon season for continuous operation. 

8 The collecting devices of the l.D. fan bag-house should be revised to be 

able to accommodate all the collected dust. 

9 It is a great advantage to convert the existing open-circuit ceaent mill 

to closed circuit, as present power consumption (48 kvh/t cement) is very 

high. This will S!lVe quite a few kvh/t cement and increase the mill 

production, as.well as the strength could be improved. 

10 It is highly recommended to apply the microscope to the clinker quality 

to determine the optimum strength with regard to the crystals quantity 

and size, clinker grindability, raw mix design, flame shape, burning 

temperature, etc. 

11 The raw mix i• considered an easy burning mix, it i• recommended to lower 

the burnir.g temperature to about l,350°C. This will slightly increase 

the free lime in the clinker, and lower the clinker litre weight. It i• 

expected a •table coating in t~ 1.n and an easy grinding clinker. 
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GUJARAT AHBUJA CEJlEll'IS LIHI'IED 
KODIHAll, DIST. AMRELI. GUJARAT 

Information Collected 

Rav -terials: the -in rav materials are l:lllestone and -rl. which exist in 

the s811ie deposit; are about 2 lea from 1:he plant. The thickness of the 

limestone beds is about 10 meters, and is followed by the -rl. Sandstone is 

added as a corrective -terial for Si02• These rav -terials have the 

follovi.Dg properties and analysis: 

ProEerties L:lllestone Marl Sandstone 

Plasticity Non-Plastic- Moderate Non-Plastic 
Coral 

Hardness 3 6 7 

Moisture % 4 - 6 7 - 10 3 - 4 

5102 5.90 32.38 92.98 

Al203 1.86 8.33 2.83 

Fe2o3 1.39 9.26 0.35 

eao 49.69 23.38 1.30 

MgO 0.64 2.86 0.10 

503 0.01 0.02 0.05 

"-20 0.16 0.30 0.23 

Ra20 0.11 0.40 0.03 

L.O.l. 40.07 23.07 l.:t2 

Total 99.90 100.0 99.09 

Free Sio
2 

2.50 7.00 90.00 

Cl 0.008 0.006 0.005 

Total Alkalies 0.21 0.60 0.18 

P205 0.10 

The limestoue is considered a high grade deposit. It coutaiu about 90% 

eaco
3

, with negligible amounts of impurities (minor oxides). 

Mineralogically, it is mainly calcite (90%) with soae other different minerals 

forming 10%. Due to the purity of limestone and low 510
2 

of the marl, 

sandstone is added to iucrease Si02• 

law mix and its chemical analysis: 

law mix r:oaponents: Limestone 

81.3% 

It has the following chemical analysis: 

12.60 

3.21 

Marl -
15.3% 

Sandstone 

3.0% 
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Fe2o3 
2.54 

CaO 44.00 S.M. 2.20 

lfgO 0.84 A.H. 1.26 

so3 
0.01 H.K. 2.39 

1.zo 0.16 L.S.F. 108.00% 

lla20 0.20 C/S 3.68 

L.O.I. 35.61 

Total . 99.20 . 

The raw mix has 77 .0% eaco311 1.35% Kgco3 and 0.008% Cl. It is ground up to 

15.0% residue on 170 aesh and 1.8% residue on 72 aesh. 

Clinker: 

Si02 
21.35 

Al203 5.78 

Fe2o3 4.24 S.K. 2.13 c3s 55.51 

eao 65.42 A.K. 1.36 c2s 19.04 

KgO 1.50 H.K. 2.06 c3A 8.15 

so3 
0.21 L.S.F. 0.94 c4AF 12.89 

K2o 0.26 C/S 3.06 L.P. 28.44% 

Ha2o 0.30 

L.O.I. 

Total 99.06 

F.L. 0.88 

C.L.W. 1,220 

Plant capacity: It is 2,400 mtpd (designed), but 2,700 mtpd has been 

obtaiued. The utilization factor of the plant is approximately 110%. 

Process: It is dry process, using DOPOL/PREPOL system supplied by Krupp 

Polysius. It is a 5-stage preheater and a precalciner with a rotary kiln of 4 

mt. diameter (inside shell) and 60 mt. length. The kiln is not provided with 

a bypass and clinker cooling takes place in a grate cooler. The fuel is 

splitted 60 : 40, precalciner : kiln with a calcination of 90% in the 

precalciner and in most of the cases less than 0.1% CO at the PC exit. 

Fuel: Bituminous coal with: 

51.5 

3.8 

1.20 

4.80 

1.30 



Ash 

H.H.V. 

L.H.V. 
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28.00 

4.830 kcal/kg 

4.500 kcal/kg 

Firing systea: Indirect using Pillard burner 

Particle size of coal: 12 - 14% residue on 170 mesh 

% of air: Prillary 12% 

% ash absorption: 5.0 - 5.5% 

Ash analysis: Si02 
Al203 
Fe2o3 
so

3 

58.90 

22.20 

6.30 

3.20 

Others 9.40 

Fuel COn&U!pCion: 770 kcal/kg clinker 

Lifetime of bricks: 60 - 75 days-using 70% Al2o3 refractory 

Thickness of kiln coating: 200 - and is unstable 

% of dust: 5 - 10% 

Burning temperature: l.400°C 

Back-end temperature: l.050°C 

I.D. fan temperature: 320°C 

T%pe of dust collector: Glass bag-house 

ls dust usable: Yes--with the mill produce when the mill is working and back 

to the silo when the mill is not working. 

Clinker size: Kin. -1 - and max. 30 ID 

Total kwh/t cement: 2 120 kwh/t cement at 3,300cm /gm; using open circuit mill. 

Breakdown of kwh/t: Crusher 3.0 

'law mill 21.0 (including preblending and 
blending) 

Kiln 41.0 

Cement mill 48.0 

Packing houae 4.5 

Mile. _bi 
120.0 



Tecbni.cal problems: 

l Rav aaterials handling 

2 Lifetime of bricks 
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3 Further illprovemeut in COllJ>ressive strength of the cement. 
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GUJARAT AlllJJA CEMEllT LDIITED 
ICODDIAlta DIST. AMRELI • GUJARAT 
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2 Mr. D. c. Mank ad 

3 Hr. v. v. ICarambelkar 

4 Hr. G. D. Bhosle 

s Hr. B. r. Dulan1 

6 Mr. H. L. Clumoli 

7. Dr. Y. z. Pathak 
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1 Kr. A. D. Agnihoteri 

2 Mr. T. B. Verma 

General Manager (Tech.) 
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Sr. Mgr. (Elec.) 

Sr. Mgr. (Engg.) 

Sr. Mgr. (Prod.) 

Manager (Prod.) 

Asst. Manager (Process) 

Scientist 
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DALLA CEMEl'I r UPSCC 
MDZAPUR 

this plant vas started in 1971 by tvo vet rotary kilns. each producing 600 

atpd. In 1982 another tvo kilns vere added. vorlting by dry process (SP 

systea) • each designed to produi:e 1.200 atpd. The obtained capacity for the 

vet kiln is around 630 atpcl and for the dry kiln is around 1.000 atpd. The 

inforution collected froa the plant is attached herewith. 

The rav aaterials are about 2 ka froa the pl.ant. where the l:laestone deposits 

are. They are aixed vith clay and shale (about 7%) in different proportions. 

The limestone is a aixture of calcareous and dolomitic stone vith nine 

different beds where six beds are only utilized at present. Calciua carbonate 

ranges from 75 - 76%. whereas -gnesi- oxide is about 2% in the beds froa l 

5. while heel 6 has 3% MgO. The crushers are located in the quarry and the 

crushed l:laestone after "preblended" is transported to the pl.ant by a ropevay. 

The crusher of the first plant is single closed circuit lualmer crusher vith a 

sieve. while the extension has tvo crushers; primary and secondary. The 

priaary is gyrotory and the secondary is tvo lummer crusher (from tvo 

different suppliers) • A sieve for clay and shale separation is established 

between the first and secondary crusher, where the sieved limestone reaches to 

about 80% calciua carbonate. White aarble (85% eaco3) is used as sweetener. 

The crushed lillestone is preblended in a circular stacker reclaimer, where the 

stacker is not working due to aalfunction of its radial shaft. 

Although the vet and dry processes are about 15 and six years old, yet there 

are several probleBUJ and production bottlenecks for both the processes. The 

plant needs coaplete clean-up and rehabilitation. The plant is working with 

less than 50% of control instruments. Understanding the basic of quality 

control in cement industry, maintenance of the equipment, reducing the dust 

emission, continuous checking of the calciua content in the raw mill and kiln 

feed, adjusting the feed, etc., are weak and loose with minillua (or perhaps 

none) supervision. During the visit, it was noticed that the clinker 

producing from the vet kiln is disintegrated to powder just when it reaches 

the clinker yard. The total carbonate during this period (from 7:00 a.m. to 

5:00 p.m.) was less than 75.00%, and no action was taken to correct the kiln 

feed. M it was informed from the production manager, there is no manpower 

for hourly checking the carbonate of the kiln feed, as well as no chemicals 

for testin1 the clinker for free lime. However, the f olloving are the 

recoamendations: 
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lav -terials: 

l To t.pro.e the quality of the 11-stone. 8Dre clay alMl shale are required 

to be removed by increasing the sieve opening. 

2 Eopevay for handling the crushed lillestone is a big bottleneck. anodler 

-thod should be evaluated. 

3 lav -terials should be controlled 

carbonate content of the be.ts. crushed Ullll stacking -terials Ullll ..tding 

the required ..:Nat of high grade lillestone. 

4 Circular stacking reclailler is inefficient in stacking. it should be 

operated satisfactorily. 

5 E:itperillents should be done to improve the efficiency of blasting. by 

using different explosives. pattern. depth. dimleter. etc. 

6 Quarry equipment should be reri.eved. It seems that more equipment is 

required. 

7 llgO content in the clinker should be controlled fraa the deposits. It is 

advisable to be less than 5% in the produced clinker. 

8 In the case of using -rble as a sweetener• 

deterained and its affect on burnabilicy. 

its percent should be 

clinker quality. kiln 

performance and production. It seems that. no one nov bows what i.s the 

percent used and the effect of this amount on burnability. 

9 Sweetener should be stacked in the plant. vi.th an 8llOUnt sufficient for 

at least a week. Its percentage should be added exactly through an 

accurate weight feeder. 

10 Dust froa vet and dry process is transported to the limestone stack 

yard. Application of the dust sho~ld be engineered carefully and it is 

preferable to be added to the blendifeg silo of the dry process. through 

accurate .uurements vi th the rav aill product. Transported the dust 

and mixing it vi.th the limestone. beside increasing the cost; will 

generate some problems in dry aill grinding. 

Wet plant: A complete rehabilitation. maintenance, new control instruments, 

repair the equipment vbich are out of order, cleaning, etc., are required. It 

is recoaaen<'ed. 

1 The feed table of the raw mills to be used for controlling the a.ount of 

the feed to the mill. Sweetener to be added with controlling the aaount. 

No control for the feed and there ii only one coaponent, as whatever 

comes from the quarry is ground. Quality control is very poor and 

reluctant. 
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2 Two slQrTY silos out of tbe six are aot operateil for a loag tiae. The 

plant vas supplied by six slQrTY silos for better operation and 

controlling the lil.a feed. 

J Oaly one -ter oat of the six -ters of the sl~ basin depth is 

approx1-tely the effectiTe depth for lil.a feed. Au.toma~ic rotatioa is 

out of order. It is highl.y rec--nded to c1U1l all the depth of the 

slQrTY basin. 

4 During the risit. only one lil.a vas operated and the fl- vas long. lazy 

vi.th loag g1-. Leabge is high through all tbe pyroprocessiag systea 

froa different places. Coa£rol instnments are not vork.iog. Aaomlt of 

coal to lil.a is unconttolled and has high .oiscure. Prf9arJ air • ....mt 

of o
2 

at lil.a ialet. etc • ., can not be memred. lll.D coatiDg is weak and 

fuel CODSUllptiOll is high (l.,450 - 111 550 kcal/kg clf.Dbr). 'Ihe liJ.a is 

rvr ·>fag without ch•fns. Bo contilluous checking for the carboaate of the 

lil.a feed. It is :lapossible to r\18 a lil.a with these conditiou and to 

obtain a good clinker quality. It is highly rec.-nded that direct 

actions should 1pe taken to correct these abnoxmalities and weak 

supenisio1l. Large sizes of "clinker" balls., vhich is grey in color fro. 

the outside (about 2 - thickness) and the inside is calcined slurry• was 

noticed during the visit. 

Dry plant: 

1 There is no control to the amount of the rav -terials as it is only one 

aix component. Whatever -terial. which is uaually one component. co.es 

fro. the quarry is ground without correction. The weight feeder is not 

steady and is cbangable every 2 - 3 clays (as per the production manager). 

2 Rav 11111 is double rotator with less production than the designed. Tests 

to be done to change the allOUllt of feed to each cospartaent and to check 

or change the ball charge. 

3 Fineness (14 - 17%) is considered high. with regard to the present rav 

111:, composition; free liae is not detemined. autoclave expansion 

(sometilles) out of specification. KeasureMDts should be taken to 

correct the aix as it will be stated later. 

4 Blending si.los are working with low cospressed air. resulting in 

uncospletely homoaenized kiln feed. 

S Kiah UIOUnt of leakaae at several points in the pyroproceHing syat•. 

liln draft is lov. a space of about 10 C1I around the burner pipe. door of 

the kiln hood is closed about 213. t•peratures cannot be Masured. 

oxyaen at kiln inlet is 4 - 6% 11 and at the preheater fan 19 16%. P 
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across the preheater is lov. C.T. and E.S.P. are working under positive 

pressure. thin coating inside the kiln and lifetime of bricks is lov. 

wariable Ula feed. fuel consu11ption 9SO - l.OSO kcal/kg. etc •• are soae 

observations. It is highly foreseen to put all the pyroprocessing in 

right operation. 

S- Mix: 'Ihe rav llix which is burned nov either in vet or dry process 

produces clinker vhich is characterized by deficiency in eao. high Si02· 

unbabnce4. vith Al
2
o

1 
aver 7%. It is not veil hC*)genized and incoasistent. 

DD shoved that the produce4 clinker has high amount of c2s. lov c
1
s. high 

C"J'-• and contains free Si02 and liae and Kg(). Coal vith abo.t 38% ash is 

used. resulting in high ash circulation. poor clinker quality, and ash 

absorption varies from 7 - 10%. In this respect. it is rec.-nded that: 

1 To ha·.e a rav ah such that when it is burned. vill produce clinker. 

after the ash absorption; within the following liaits: 

£.K. 2.4 - 2.6 

A.II. l.l8 

H.K. 2.lS~ O.OS 

L.s.F. 94 - 96% 

c1s ss 
c2s 2S 

L.P. 28% 

c1s/c2s 2.3 

The Al2o3 should not exceed in the clinker more than S. 8% and the r.oal 

preferably not contain more than l0% ash. Opt:lmua coal particle size and 

burner pipe which gives an intense. short and sharp flame should be 

utilized. 

2 Free liae in the clinker should not exceed more than 1.2% for OPC. 

l Produced clinker should be tested by aicroscope techniques to optimize 

the quality and the burning process. 

4 Free Si02 and the ainor oxides should be detcr.ined for all the used and 

produced materials, where it is applicable. 

S Burnability tests to be carried out to determine the percent of sweetener 

to be adde~ and the required particl~ size. 

Quality control and lab: The quality control is poor, the lab is not 

orsanbed and several tests are not pe~formed. In this respect, it is 

rec01111ended that: 
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l ltiln feed. either vet or dry. should be tested on a regular basis. every 

hour. beside aill product. 

2 Sampling should not be "grapping." but it should be a representative one. 

3 Use llF to deteraine calciua content. rather than using the titration 

aethod. 

4 Lab equipment should be updated and the personnel to be upgraded and keep 

up-to-date with the technology change. 

S Representative average clinker saaples froa each kiln to be analyzed 

daily separately. Free lille to be done for average saaple/shift/each 

kiln until stability and good quality is obtained. then daily for an 

average saaple for each kiln. 

6 Coal should be blended in an efficient blending systea before grinding 

it. and with 30% 118Ximua ash. Moisture in the coal to be around 1%. 

7 Control instnments should be put in operation including recorders. and 

stop the leakage froa all the points. 

Rotes: 

1 Dalla Cement is considered in a bad situation. Complete rehabilitation 

and shake-up should be considered to retum its operation as a normal 

cement plant. 

2 A short visit vas completed to Churk Cement Plant which is another plant 

associated to UPSCC (U.P. State Cement Corporation). Credits should be 

given to the plant personnel for keeping it very clean and in good 

operation. Also. to their awareness of the quality. Some modification 

to the aix design and buming shape are required for the Churk Plant. 

lec01111endation» were discussed and explained. 
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DALLA CEMENT, UPSCC 
KIRZAPU1t 

Inforaation Collected 

l Lillestone deposits aixed with clay and shale in different proportions, 

affecting carbonate content. 

2 Marble with soae quartz crystals. 

3 Blue dust as a supplier for iron ore. 

The chemical analysis of these rav materials, are as follows: 

Li.lies tome Marble 

Si02 
11.00 - 13.50 9.00 - 19.20 

Al203 3.00 - 3.70 Nil - 1.80 

Fe2o3 
1.40 - 1.55 1.00 - 1.55 

eao 41.80 - 43.70 41.20 - 47.00 

MgO 2.80 - 3.20 2.10 - 2.60 

so3 
N.D. N.D. 

r.20 N.D. N.D. 

Na20 N.D. N.D. 

L.O.I. 35.00 - 37.20 33.90 - 38.50 

Free Si02 
N.D. N.D. 

Cl N.D. N.D. 

Blue Dust 

3.50 - 4.26 

4.00 - 4.30 

89.00 - 90.50 

Traces 

Nil 

N.D. 

N.D. 

N.D. 

0.80 - 1.00 

N.D. 

N.D. 

Rav mix: law mix is considered as one component, as the limestone which is 

feeding the plant is used as it is, without any corrections. It has the 

following analysis and modulus: 

Si0
2 

10.50 - 13.50 

Al203 3.00 - 3.70 

Fe
2
o

3 
1.60 - 2.10 

CaO 41.50 - 43.50 S.M. 2.10 - 2.50 

MgO 

so
3 

'K.20 
Na2o 
L.O.I. 

Cl 

Free s102 
FineneH 

2.80 - 3.00 

N.D. 

N.D. 

N.D. 

35.50 - 37.00 

N.D. 

N.D. 

15 - 18% on 170 mesh and 

1.0 - 2.2% on 72 mesh 

A.M. 

L.S.F. 

1.70 - 2.00 

1.00 - 1.25 



Si02 
Al203 
Fe2o3 
eao 
HgO 

503 

1.zo 
••20 
L.O.I. 

S.11. 

A.II. 

L.S.F. 

c
3
s 

c2s 
c3A 

c4AF 

c3stc2s 
L.P. 

F.L. 

C.L.V. 

75.00 - 78.00 

4.SO - 6.00 
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-~e produced clinker bas the following range of analysis: 

22.20 - 24.00 

6.40 - i.20 

3.20 - 4.00 

60.00 - 62.50 

3.90 - 4.30 

H.A. 

B.D. 

H.D. 

0.40 - 1.50 

2.00 - 2.40 

1.60 - 2.00 

0.79 - 0.84 

10.00 - 32.00 

42.00 - 65.00 

9.50 - 12.70 

10.00 - 12.00 

0.24 - 0.49 

30.00 - 33.00% 

1.00 - 2.80% 

1,100 - 1,350 

Process: Vet (2 kilns; 1 and 2) and suspension preheater (2 kilns; 3 and 4), 

without bypass, and with grate coolers to the four kilns. 

Fuel: Coal, with 29.0 - 35.5% ash, 3.0 - 4. 7% moisture and 3,900 - 4,500 

kcal/kg U.H.V. Coal has residue of 14 - 18% on 170 mesh and 1.0 - 1.5% on 72 

mesh. 

ca2acitI: 1 

Design 600 

Obtained 600 

Utilization factor: 100 

Firing •I•tem: Indirect system 

% of 2rimary air: Not available 

2 

600 

600 

100 

% a1h contribution to clinker: 7 - 10% 

3 

1,200 

1,140 

95% 

4 

1,200 

1,140 

95% 

mt pd 

mt pd 
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Fuel consU11Ption: 1.450 - 1.550 kcal/kg (wet) 

950 - l.oso kcal/kg Cary> 

Ash ana11s1s: 5102 61.L.J - 62.50 

Al203 26.00 - 27.00 

Fe2o3 
8.50 - 10.50 

so
3 

H.D. 

Others 2.00 - Z.50 

Lifetiae of bricks: 45 - 60 days 

Thickness of coating: 6 - 8" 

% of dust: H.A. 

Tniperature. •c: 
Burning 

Kiln inlet 

Fan 

Vet Kiln 

1.400 - 1.500 

190 - 200 

H.A. 

Dry Kiln 

1.350 - 1.450 

820 - 840 

340 - 360 

Dust collector: Dust collector is through the smoke chamber in the wet 

process and ESP in the dry process. 

Using the dust: Using the dust in the dry process. it is aixed with ground 

raw meal going to the silo. 

'fslh/t cement: 112 for wet kiln and 

117 for dry kiln 

Bottlenecks: 

1 To achieve Cao in clinker 64.0%, what we should do? 

2 Marble is contaminated with quartz 

3 Coal flushing 

4 Kiln feed and raw meal flushing from weight feeders 

S Pressurization in conditioning tower and ESP 
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DALLA CEMENT. UPSCC 
MillZAPUll 
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4 Kr. IC. It. Sharaa 

5 Kr. D. D. Maheshvari 

6 Hr. Joginder Singh 

7 Kr. 0. P. Jain 

8 Hr. llavinder Singh 

9 Kr. P. B. Challary 

10 Hr. Phojdar Singh 

11 Kr. It. Kumar 

12 Hr. H. K. Sharaa 

Bame of BCB Counterpart. 

1 Dr. (Miss) K. Raina 

Master Burner 

Dy Manager (P & Q) 

Dy Manager (Inst.) 

Sr. Chea. Eng. 

Chea. Eng. 

Cheaist 

H. S. 

Q. K. 

Q. K. 

Scientist 
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llajashree Ceaent started in 1984 vith a single unit of 1.506 atpd production. 

The kiln is a S-stage preheater with a precalciner (Pyroclone Systea) supplied 

by IGID. Vest Gena.any. The size of kiln is 3.8 • x 50 • (inside shells) and it 

was expected to produce about 19 750 atpd. which vas obtained. but not 

frequently. The percent of kiln slope 1.s 3. 5. The clinker is c .JOled by a 

grate cooler. supplied by another supplier. vith an efficiency factor of about 

70%. Grinding the rav materia1s takes place in a ball aill supplied by a 

crusher ahead the aill to reduce the feed. The aill is guaranteed to produce 

130 atph. but 105 - UO is obtained. The rav materials have free 5i02 which 

is about 90% of total 5102 in limestone or rav aix. The information collected 

is attached herewith. 

The plant runs noothly although it bas soae constraints related to the 

rav aill. grate cooler. free silica in the rav -terial. formation of snowman. 

dusty clinker. occasionally jmming in cyclone II. etc. Fuel consumption 

ranges froa 830 - 850 teal/kg clinker (which 1.s considered relatively high). 

The following are the observations and the recommendations: 

1 Higher coal consumption; inconsistency of fuel consumption can be related 

to one or more of the following factors: 

a Change in size and quantity of free 5i02 in the raw mix. as 90% of 

the total 5102 1.s free 5i02 which is considered very high percent. 

Accordingly the mineralogy of the kiln feed is changed. Both have a 

great affect on the burnability. 

b Fineness of raw mill (12 - 14% on 170 mesh) is considered high for 

raw materials having 90% free 5io2• Of course, there is a 

constraint on the raw mill production which cannot produce finer 

product can als" produce different particle size if free 

5i02 increases in the raw materials. 

c Coal is ground to 10 - 11%, which is considered fine as the ash 

content is high (reaches to 35%). Coal is variable as it is not 

homogenized and is fed to the kiln wi~h moisture (more than 1.5%). 

All these factora affect the variable fuel consumption, beside some 

other operational factors, such as primary air. secondary and 

tertiary airs, degree of calcinations, etc. In this respect, it is 

advisable to have: 

i Constant operational parameters. 
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ii Increase coal fineness to about 12 - 14%, and -ybe to higher 

values. Coal to kiln should have :ainimm moisture and 30% ash, 

aaximm. 

iii Constant bed coaposition (aineralogy and particle sin 

distribution) with less residues on 170 and 12 aesh (if 

possible) than the present values. 

iv Adjust the feed as it is detailed later. 

2 Clinker snowman is formed at the cooler entrance which can be attributed 

to high liquid phase and/or to less quantity of air in the cooler and/or 

to aecbanical design. In this respect, installation of air blasters at 

the cooler inlet ar.' modify the cooler entrance are recom1ended. Pushing 

the bumer pipe inside the kiln can help in reducing the snowman 

formation. 

3 Variation in coal quality and quantity, moisture content and the kiln 

feed (quality and quantity) can result in fluctuated CO percent at the 

preheater outlet. In this respect, it is recomaended that 90% 

calcination should be obtained in the precalciner, all the · ' -~. CO 

content at the precalcir~r outlet should be monitored and be kept to the 

.. ., "lilmmt ( 0 .1%) • 

4 feeding the dust direct to the kiln with the kiln feed without blending, 

results in fluctuated ~peration. It is advisable that dust handling be 

carefully engineered. 

5 Spraying reasonable amounts of water in the cooler (fifth compartment) 

and as long as it does not reach the clinker bed so closely, will not 

affect the clinker quality, but it may affect the steel structure of the 

cooler. In this respect, it is advisable to ask the cooler supplier. 

6 .An industrial gun can be used to break heavy coatings in the kiln and 

snowman at cooler throat. Precautions should be taken to protect the 

lining. 

7 To decrease the amount of the clin~er dust, it is advisable to increase 

the amount of liquid phase by increasing r2o3 in the raw mix. But this, 

without modifying the cooler, can produce more snowman. Presence of high 

amunts of free silica and high ash content in the coal and high 

perc1ntage of primary air, can generate more dust in the kiln. All these 

can be related to the kiln operation, including kiln speed. In this 

respect, it is recommended to fix th• cooler first and then modify the 

mix parameter by increasing the liquid pha1e. 
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8 Rav materials vitb high carbon content can lead to plugging the cyclones 

and especially cyclone II. The limestone bas about 0.92% C and 

interaittent j-1.ng and build-up occurred in cyclones II. III. and IV. 

Presence of C in the rav .. terials lead to early ignition which affects 

the so
3 

and alkalies in the systea resulting in partial aelting at lower 

eu~ectic point and hence sticking to the walls. Air blasters vill help 

in continuous cleaning the systems. It is rec~ndecl to 110nitor the C 

percent regularly and deteraine the liait which can be tolerated. 

9 In the case of using insulation bricks underneath the fire bricks• at 

kiln inlet. consideration should be taken to use the right bricks and not 

to reduce the effective kiln diaaeter. 

10 It is rec01111ended to keep the.following paraaeters for the clinker. after 

ash absorption: 

Si02 21.4% 

Al203 5.5 - 5.7% 

eao 65% 

S.K. 2.2 - 2.3 

A.K. 1.3 

H.K. 2.15 :!: 0.02 

L.S.F. 94 - 95% 

c
3
s 52 - 55 

c2s 22 - 25 

c3stc2s 2.5 

L.P. 28% 

It is &dvisable to decrease the fineness of the kiln feed (although there 

is some limitation in the raw mill). or increase the iron content 

slightly and accordingly tt.e liquid phase. The latter will produce more 

snowman unless the cooler is fixed. Controlling the particle size of the 

kiln feed and especially the quartz (quantity and particle size) are 

essential for smooth operation in the precalciner and kiln, and energy 

saving. Ninety percent calcination should be achieved and run constant 

in the precalciner using coal quality as mentioned earlier. 

11 Dried coal with about 30% ash should be used. The flame is recommended 

to be sharp and intense. Avoid impingement flame. Different trials 

should be done to obtain the optimum particle size of coal for better 

flammability. 

12 It is recommended to use the microscope technique for quality control of 

the clinker. Optimum quality with an energy saving clinker can be 
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obtained by aicroscopically exawining the cli•er and correlating its 

structure to the rav aix properties. flaae shape. coal properties. 

retention tbte. kiln speed. feed and coal rate. clinker grindability. 

ceaent strength. etc. Generally. els with lO - 40 aicrons and c2s about 

20 aicrons are required. 

13 It is advisable to control the CaO content of the rav aix by x-ray 

fluorescence. Using x-ray diffraction is of great benefit especially for 

the presence of high free Si02 in the rav aaterials. to deteraine the 

ainerals of the rav aix and the clinker. 

14 It is recommended to perfona the ainor constituents (Cl. Ba2o. K2o. sol. 

c. P2o5) for all the rav aaterials. by products. final products. where it 

is at'Plicable. Tlds should not be done ca a regular basis. but only for 

records for any sudden change occurs. 

15 In order to obtain high early strength, it is rec01111ended to 'llOdify the 

raw mix as it is earlier rec01111ended and the flame should be sharp and 

intense. Avoid lazy and long flaae. Cooler should be put in correct 

operation. 

16 In order to reduce the setting tiae of the ceaent. it is highly 

recommended to use natural gypsum. By increasing the els amount in the 

clinker, the initial setting tille will be decreased. Higher ClA reduces 

the setting time, but it is not advisable to increase AI2ol. due to the 

presence of high free silica in the raw materials. 

17. 

18 

The temperature of the cement exit and cement mill should be kept at the 

range of 100 - lso•c. Avoid overheating the cement and low temperature. 

2 The kvh/ton of cement is ll5 at l.OOO cm /gm for OPC. in this respect, it 

is recOllll42nded to have an energy audit with objective of energy 

reduction. The raw mill is consuming more power and producing less. 

Considerations should be given to overcome this problem. 

Other subjacts discussed: 

1 Formation of hair-cracks at spun pipe: This is attributed mainly to high 

W/C ratio and to the fine particles of cement. 

2 Concrete failure: Can be attributed to many factors other than the 

cement (as long as it is complying with the speciiications). These 

factors are water, admixture (if it is used), aggregates, moulds. method 

of mixing. workmanship, etc. 

!.:...!.:,: The information collected from Rajashree Cement shows that the clinker 

has 0.31% K2o and 0.21%, which represents 0.41% total alkalies as Na2o. In 
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this case, this ceaeut can be -rket as "low alkali ceaeut" which is required 

to avoid alkali aggregate reaction and for long durability. Alkalies should 

be carried daily and perhaps on each shift if the ceaent vill be market as low .. 
alkali ceaent. Testing at outside organizations, to confira the results, is 

of great advantage. 
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llAJASDEE CEMENT 
MALIBED • GULBUltGA 

Information Collected 

Rav aaterials: Liaestone. hematite and bauxite. The liaestoae deposits are 

2 ka fro. the plant and have an overburden of 2 at. followed by 2 - 21 at of 

low grade liaestoae (72 - 76% total carbonate)• then followed by Mgh grade 

liaestone (82 - 86% total carbonate). Both lov and high grade liaestone are 

used and the controlling point is 82 - 83% total carbonate. Additives are 

added to bring down the carbonate to 80%. The liaestone is hard. more or less 

homogeneous vith Bond Work Index of 14. 1 - 2% moisture and free s102 of 80 -

90% of total 5102• The cheaical analysis of the raw .aterials is as follows: 

5102 

Al203 
Fe2o3 
CaO 

MgO 

so
3 

1.20 

Ra20 

L.O.I. 

Cl 

P205 
c 
Free Si02 

Liaestone Be.atite Bauxite 

12.50 

I.SO 

0.90 

46.30 

o.so 
0.10 

0.14 

0.18 

37.70 

0.009 

0.15 

0.92 

9-11 

2.60 

0.80 

94.50 

0.30 

0.04 

0.40 

0.20 

0.08 

0.89 

M.A. 

5.98 

40.60 

28.00 

23.90 

Rav mix composition: 95.5 1.7 2.8% limestone Hematite Bauxite; 

respectively. 

Si02 12.04 

A1203 2.8?. 

Fe2o3 2.94 

CaO 44.60 

MgO 0.40 S.M. 2.06 

so3 0.21 A.M. 0.95 

J.20 0.16 H.M. 2.5 

•a20 0.14 L.S.F. 1.15 

L.O.I. 36.50 

CL o.oo 
Total carbonate 80.00 
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lfgC03 0.90 

Fineness 20% - 170 aesh 

L6% - 72 aesh 

Clinker: 

5102 22.12 

Al203 5.70 

Fe2o3 
4.10 

cao 65.20 

MgO 0.81 

503 0.71 

~o 0.31 

BazO 0.21 

L.O.I. 0.34 

Cl <0.01 

S.K. 2.24 

A.H. 1.40 

H.K. 2.04 

L.S.F. 0.91 

C/5 2.95 . 
c3s 47.6 

c2s 27.5 

c3A 8.30 

c4AF 12.40 

L.P. 27.80 

F.L. 1.2 - 1.30 

C.L.V. 1,100 - 1,150 

Process: Five-stage preheater with a pyroclone precalciner sys tea (KBD) , 

without an alkali bypass. 

Kiln: One rotary kiln with a capacity of l,750 mtpd which was achieved. The 

utilization factor of the kiln is 100%. Grate cooler is uaed to cool the 

clinker. 

!.!!!!= Coal with splitting of 60% in the pyroclone and 40% in the kiln. 

Coal anal1sis: c 45.00 

H 4.50 

N 1.00 

0 5.00 

a2o 2.20 

Ash 30 - 35 



Cross H.Y. 

llet H.Y. 

Coal firing syst•: Indirect 
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4.500 kcal/kg 

4.ZOO kcal/kg 

Particle size of coal: 10% on 170 mesh 

0.5% on 90 mesh 

% pr:lmaq air: 9%; and 11% includiag coUYeyiDg ai.r 

% of ash contribution to clinker: 7% 

Ash anaI1sis: Si02 58.31 

A1z03 23.92 

Fe2o3 8.28 

CaO 4.83 

lfgO 0.98 

503 1.95 

'-zO 0.58 

Ba20 0.31 

L.O.I. 1.04 

Cl 0.013 

Fuel CODSU!Ption: 20.3% correspondiag to 830 - 850 kcal/kg clinker 

LifetiM of bricks: 150 days for burning zone 

Thickness of coating: 10 - 12" - U11Stable 

T!!!Perature: BuruiDg 

liln inlet 

fan inlet 

% of dust collected: 5 - 7% 

Type of dust collected: ESP 

SOiie operational data: 

1 % primary air 11% 

2 Temperature of 
secondary air 900•c 

3 Teaperature of 
tertiary air aoo•c 

i.2so - i.35o•c 
i.04o•c 

290 - 31o•c 

Method of using the dust; llecycling in th• process 

Clinker quality; 10% with size - 1 aa and 5% on + 25 .. 

Kwh/t c ... nt; 135 kvh/t for OPC ground at J.ooo ca2/ga 



- 76 -

r-:-r..•Jwp of bria/t: Cn~lter 2..66 

law Kill 49.t;J 

Coal M:f.:...i a.as 
Clinker 35.32 

Amr.iliary 0.67 

Mi.see! '..aneaus 2.42 

Ceeeut Kill 37.45 

Pacltiag Rouse 1.72 

Total 133.65 

B.':>Ulene~: 

l s..,...- f or.atiou 

2 Duscy clinker 

3 OCher problems related to light b.aildup on cycloue II riser duct. 

precalci.Dter. low rav aill production. et:c. 

~ .. ' • .s..l ~ • ' •' • ,....... • ~" ,..., • 

> ' \• • , • • , • ' • , I ....., ,• ~ •, • • . • . , • , , "1 . 
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UJASllREE CEMENT 
MAUllED GULBUllGA 

Ma.es of persons vho participated in discussions fro. llajashree Cement. 

l Kr. R. L. Manibar 

2 Kr. s. s. Sharma 

3 Kr. T. B.. Venugopal Rao 

4 Mr. B. L. Raina 

5 Kr. s. l.nkrishna 

6 Mr. K. v. Kori 

7 Kr. s. K. Gupta 

8 Mr. K. V. Mudda 

lla9e of MCB Counterpart. 

l Dr. (Kiss) K. Raina 

Sr. Jt. President 

Jt. President 

G. K. (T) 

V. K. 

Kaster Burner 

Asst. Prod. Mgr. 

Dy. Chief Engr. (Process) 

Dy. Engr. (Process) 

Scientist 
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MADIAS CEMENTS LIMITED 
RAMASVAKY • ltAJABAGAR 
IWWUJAll DIVISIOR 

Annex 6 

This plant was visited in the first ltission and the visit report is shown in 

Annex 9 (pp. 109 - 114). of the final report dated December 1986. the purpose 

of this visit to this plant was to f ollov-up the rec011mendations given during 

th~ first visit besides different points to be discussed. 

'Ibis plant is doing substantially very good. although it has some lilli.tations 

{no raw materials preblenciing. no efficient raw meal blending. no coal 

blending). the raw a:lx design has been changed according to the 

rec~ndations given during the first visit and a great iaprov-nt and 

achievement have been gained. 'Ibis report includes tvo parts: 

a improvements achieved in clinker quality by changing t:he rava:lx 

b recomaendations for the new points discussed during the second visit. 

a lmproveaents in clinker gualit:t= Previously the clinker was 

characterized by: 

S.M. 2.20 - 2.40 

A.M. 1.80 - 2.00 

L.S.F. 90.00 - 94.00% 

c
3
s 47 

c2s . 26 . 

Now. the clinker has the following paraaeters: 

S.M. 2.3 - 2.4 

A.M. 1.4 - 1.6 

L.s.r. 0.96 - 0.97 

c3s 54.00 - 58.00 

c2s 17.00 - 20.00 

Granulation of the clinker in the kiln, clinker size and grindability, 

coating in the kiln have been areatly improved. Dust in the kiln is 

minimum and the strength of the ground cement for OPC (at 2,700 cm2/'IJA) 

bas been remarkably increased. Table 1 shows the chemical analysis for 

both the old and new clinker. while Table 2 shows the old and new 

compressive strength for OPC cement, ground both at 2,700 cm2/'IJA. 



Si02 
Al203 
Fe2o3 
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L.S.F. 
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L.P. 

c
3
sJc2s 
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Table l 

Clinlter cheaical analysis of Kadras Ceaent L:laited 
before and after Nov. 1986 

Before Rov. 1986 After llov. 1986 

21.30 - 22.00 21.10 - 21.30 

5.80 - 6.40 5.30 - 5.50 

3.00 - 3.50 3.50 - 3.90 

64.80 - 65.50 65.30 - 66.30 

2.20 - 2.40 2.30 - 2.40 

1.80 - 2.00 1.4 - 1.60 

0.90 - 0.94 0.96 - 0.97 

47 55 

26 18 

10 8 

9 12 

28.7 28.2 

. 1.8 3.00 

As it can be seen, a great iaprovement bas been achieved in the clinker 

composition, based on Bogue FOrmula; although the S.H. is the same, but 

the nev clinker bas less Si02 and ablost the same percent of Rz03• 

A1
2
o

3 
is decreased and re2o3 is increased for the nev clinker, and thus 

A.H. is reduced in coaparison to the previous clinker. L. S. r. has been 

increased due to high percent of CaO. As a result c3s is increased and 

c2s is decreased, C~ is decreased and C4AF is increased based on Bogue 

Formila. The liquid phase is slightly increased. c3s/c2s is greatly 

increased, and is considered now on the high side. The percent of free 

lime is the same as it vas before (1.5 - 2.5%), but there is no expansion 

from both LeCbatelier and/or autoclave. Bish free lime is preferable for 

producing the PPC. This result is reflected by XllD which vas obtained 

froa the plant and ia shown in FiSure 1 and 2 for old and new clinkers, 

respectively. Due to overloppins the peaks, comparison can be clearly 

made at 29.45 and 34.4 2•e. In the previous clinker intensity is about 

42 and 52% (Figure 1), respectively; whereas in the new clinker, it is 

about 70% and more than 80% (Fisur• 2). In the case of c2s and comparins 

the peaks at 36.8 2°8, the intendty is about 11% and 14% for previous 

and present clinkers; respectively. Th• area between 32 2•e and 34.5 2°9 

shows a reurkable chanae, where more intensity is shown for cement 

phases for the present clinker. As a result, the compressive strength 

has increased and better quality is obtained, as is shown in Table 2. 
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Pi1ure 1: XID for clinker produced before 
the first mission visit 
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Table 2 
2 Co!pressive strength (kg/ ca ) of previous* 

and present ceaen~* 

Coapressive '.;tregth Previous Ceaent Present Ceaent 

1 Day 116 .-120 200 - 220 

3 Days 220 - 250 280 - 320 

7 Days 300 300 - 380 

28 Days 45.0 560 

2 * OPC Ceaent with 2,700 ca /p, ground in an open circuit. 

With regard to the raw aix, it is recommended to keep the aix paraaeters 

as it is nov without any change, except to slightly increase the iron 

content. Free 5i02 in the kiln feed should be kept within the existing 

percent. The clinker moduli and coaposition should be kept as it is now. 

Continuous DD of the clinker (as it is at present) :.~ recommended to 

correct any abnormality. 

The flame shape is long• lazy and impingement • Flame should be 

corrected. By obtaining a perfect flame (short, sharp and intense). more 

and bettn quality will be achieved with the new mix design. 

b Recommendations for the new points discussed during the second visit: 

1 Using low grade raw materi3ls: Low grade raw materials can be used. 

as long as the final product will fall in the same range as the 

present clinker. Free Si02 in the raw mb:: should not increase than 

the present value and also the minor oxides (Cl, so3 , K20, and 

Na2o). F~r any new rav materials, detect the percent of P2o5, F and 

c. 

2 Lignite firing in kiln: The lignite analysis has high 503 content, 

which can cause buildup. In general, lignite can be used, but it 

should be dry as much as possible, and a certa.in percentage can be 

used so that not much H20 will be in the system. Using lignite, 

will result in changing the mix design due to the low ash content of 

lignite, and this should be considered, so that the produced clinker 

has the same specification as it does n'>W. It is an advantage to 

use lignite, as it has high heating value and low ash content. 

Lignites contain a large amount of volatile matter, including a high 

percentage of noncombustible co2• They are characterized by their 

high moisture of crysralli~ation, which on heating causes them to 

crumble. In the case d us:l.ng lignite, the axcess air 1.s a little 
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bit higher than coal, but as the recOllllended percentage which will 

be used froa lignite is 511811 (about 5%) , not mich change can be 

noticed. 

3 Reducing clinker temperature: The best equipment to reduce the 

clinker temperature exit the cooler is the grate cooler. As 

planatory cooler is used to cool the clinker, it is recomaended to 

spray little wateo:- on the clinker in its vay to the storage. 

Reducing the priaary air will help in increasing the secondary air 

and accordingly decrease clinker temperature, relatively. 

4 Using aineralizers to improve the burning process: Kineralizers 

have been known for a long time to reduce the burning temperature. 

Small amount of CaF2 or P2o5 or CaSiF6 or MgSiF6 or boric acid can 

be used. Each aineralizer has its advantage and disadvantage. In 

this respect it is rec0111ended to perform an experimert on the pilot 

plant at NCB to determine the effective material and the percentage. 

Complete study and evaluation of the cement for a long period of 

~iae should be performed, followed by a feasibil:f.ty study. About 

200°C can be saved from the suitable mineralizer, but some (if not 

all) has a reverse affect on the clinker and accordingly the cement 

quality. Sintering and cooling the produced clinker should be 

performed carefully. 

~ Developing sulpho-aluminate phase in clinker: This clinker is 

produced by modifying the portland cement composition such that c3s 
and c3A are replaced by c4A3s and CS, and higher proportion of 

ferrite compound and c2s. T"nis clinker was produced in a research 

lab at about l,200°C, but it is not considered as portland clinker. 

The cement produced from this modified clinker is cha~~cterized by 

zero c3s and rapid hardening. It contains about 50% Cao and 

considerable q\•antities of sulphate, alumina and iron co•i . . raw 

materials are required. Before producing such a cement. .;' .~;11p ·_te 

economic and feasibility studi"s are required, as well as how the 

market will respond and react to this cement and what will be the 

recommended applications and specifications. Long-life '.'''· .!d~· of its 

durability is required. 

6 1!!£!!!-s• Fe 2Q3in raw mix: 14 it is 1'entioned earl ir: is 

recom ed to increase Fe2o3 slightly. Increasing f .. 2 .J~. will 

increase the improvement of clinker nodulization, reduce fuel 

consuu.ption, increase kiln production and increase kiln coating. 

Fe2o3 should not be hlghly increaoed, as this ~~1 cau~~ more 
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chocking in cooler aouth. A.H. should be kept around 1.38 in the 

produced clinker. 

7 Use ~f coaputerized aine planning: Use of a computer in the quarTY 

will help in better raw materials control (quality and quantity) 

which accordingly will result in hoaogeneous feed and product. In 

this case. all the available information (a broad raw .. terials 

investigation) should be fed to the coaputer with the required 

paraaeters. The program will calcuatP. the eaount of each component 

required to run the plant. It is highly recommended to use 

coaputerized aine planning. and the amount of igneous rocks which 

will be disregarded should be indicated to the coaputer. 

8 Use of kanlter lumps in raw aix: After reviewing the available 

aralysis and XRD • it was recomaended to use those which have low 

free 5i02• Those which nre heavier in density and have high free 

Si02 should be disregarded. The mix design should be kept in the 

parameters which will produce a clinker with the saae compositions 

as it is now. Free s102 from black stone and kanker lumps should be 

kept as it is now. Increasing free 5i02 will upset the kiln 

production. quality and quantity of clinker and clinker 

grindability. If the low grade limestone contains high free 5i02 • 

it is recommended to stop use of blackstone. Burnability test can 

be done in order to determine which percentage of free 5i02 can be 

tolerated when using low grade limestone (kanker lumps). with and 

without blackstone. If the strength of the ceaent produced by using 

kanker lumps will be less. decrease its percentage to get bRck the 

strength. 

9 Preblendins syst•: Long:f.tudi.nal .i preblending system is 

recoimended for its advantage in i .. c; capability of any future 

expansion of the plant. Blending of coal is necessaTY and in this 

case circular blending system is preferable. However. both 

preblendina the raw .. terials and blending the coal are prerequisite 

and highly rec01111ended. Both will eaee the operation of the plant. 

with better quality control and improvement and stability of kiln 

operation and production. The clinker will br. homogeneous in 

quality. It is also rec011111encled, in the case uf preblending the raw 

materials to use two beds, one 18 high and the other is low in Ca 

content. When th1se are mixed together (usually l:l) in the mill. 

th~ required raw mix i• obtained. 

10 ~ing in th• planatory cooler mou~: ThiG can bo .. eributed to 

hiah burning temperature and burnin~ behinJ the cooler mouth. where 
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there is not enough tiae for the clinker to be cooled. High 

percentage of primary air will result in lower aaount of secondary 

air, thus le~s aaount of air will pass through the cooler mouth. In 

this respect, it is recomaended to push the fla.e further inside the 

kiln and burn at a relatively lower temperature, and decrease the 

aaount of the primary air. It is advisable not to alter the cooler 

elbow without asking the equip .. nt supplier. 

11 Controlling the primary air by bnassing the air from the fan 

outlet: It see11S that the pri.aary air is high, and controlling this 

amount is highly recommend•-* as this can help in reducing fuel 

consuaption. The percent ! at kiln inlet and after I.D. fan 

.ust be carefully controllC\o. In this respect, it way be necessary 

to change the burner pipe to an efficient one, where both the air, 

amount of coal, flaae shape can be controlled. This is the only 

part which is required after the raw mix has been adjusted and a 

high quality of clinker is obtained. By obtaining the right flame 

shape and burner, the maximum production and quality will be 

obtained. 

12 Reduce fuel consumption: The current fuel consumption is about 950 

kcal/kg clinker. It is on the highest side. As long as the lea~age 

exists, feeding coal with moisture, primary air cannot be 

cont~olled, no weight feeder to the coal etc., therefore it is hard 

to reduce the fuel consumptior.. It is recommendec! to adjust all 

these limitations and use an efficient burner pipe with suitable 

coal particle size. In this case, the fuel consumption will be 

dropped. Cooling the clinker with planatory cooler has an affect in 

increasing fuel consumption, in contrast to the grate cooler. 

!:!.:_: The plant is working by two fan systems (not witt-. one fan syi;tem as 

•ntioned earlier in the previous report). The raw nill is limited in 

handling the preheater gases. It is advisable to increa~e the mill fan to dry 

the mill product to about 1%. 
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MADRAS CEMENTS LIMITED 
RAMASVAKY, RAJANAGAlt 

lfaaes of persons vho participated in discussions froa Madras Ceaents. 

l Mr. P. R.. aa.asubramaneya Raja Managing Director 

z Mr. R.. Natarajan 

3 Mr. s. N. Balla Raju 

4 Mr. v. Jeganathan 

5 Mr. H. V. Sethuraa 

6 Mr. s. Anandan 

7 Mr. ll. Kurugan 

8 Mr. s. Natarajan 

9 Mr. s. llajagopal 

10 Hr. A. Velayuthaa 

11 Mr. It. Ramakrishnan 

12 Mr. It. Subramaniam. 

Name of NCB Counterpart. 

l Dr. (Kiss) K. Raina 

General Manager 

Administrative Manager 

Works Manager 

Kines Superintendent 

Deputy Kines Supdt. 

Superintendent (Prodn. & Q. C.) 

Process Control Engineer 

Senior Cheaist 

Works Engineer 

Development Engineer 

Head B1~rner 

Scientist 
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Annex II 
: Annex III 

Please ref er to the 
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Location: Orisaa Cement Limited, Rajgangpur (Oriasa) 

Sl 
No 

Subject covered 
in fiLst .U.aa~on 

l 2 

l CaF2 as a.tner­
alizer and tts 
effect on 
clinker ?roper­
t ies 

2 Raw •ix design 
for wet process, 
bu1·ning process 

3 Longer setting 
time 

4 Clinker phase~ 
and how the 
aineralizf<r 
affects them 

Di~gnoaia 
:) 

PRODUCTIVITY ENHANCEMENT ASPECT 

ASPECTS COVERED 
Methodology Implementation 

4 5 

Slurry con~aina about 0.4% 
CAF2 and s~a\l am~unt of 
phosphl'te 

CaF2 acts aa a 
mineralizer and 
advantage of it 
should be taken 

Outcome in terms of 
Project Objectives 

Achieved Expected 
6 7 

R.eco111111endations 
were given 

Lower fuel 
consumption 

Slurry has S.M. 2.e - 3.0 A.M. 
1.7 ~ 1.8. The clinker. is 
over but'ned with·fuel con­
sumption; 1,500 kcal/kg 

High S.H. renders New parameters Bettu clinker 
quality 

Initial settina ti$e reaches 
to about 20~ min. 

Potential calculatio~a does not. 
agree with XR.D analysis 

the r•w mix to were given 
burn and p1·oduce 
much dust 

·XRD shows the 
pruence of c1A. 
.f'lheck tha gy.pium 
quality 

This is r.!ue to 
the pres\tnce of 
mineralinr and 
the burning 
proceaa 

Recommendations 
were diucuaaed 

Decrease setting 
time 

C]S is increased, Cao is decreaaed, 
possibility of formation of 
CllA'l.C"F2 

S Raw mix design lteeommendations w•re given 

I 

03 .... 
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Sl 
No 

1 

Subject cOV\U~d 
in first aiasi~n 

2 

Location: Gujarat AmbuJa Cement, Dist. Amreli (Gujarat) 

PRODUCTlVl'.l.'Y ENHANCEMENT ASPECT 

Outcome in t•r•• of 
ASPtCTS COVERED Project ObjectivH 

Diagnosis Methodology lnplementation Achieved Expe,ted 
3 4 5 6 7 ---------------------...-.t· - .. 

l Raw materialti 
and aix design 

2 Coapressive 
st\."ength of the 
pr-:»duced ce111ent 

3 Preblending raw 
111aterials and 
its efficiency 

An easy bvrning raw materials, with low alkalies 
(total alkalies about 0.45% as Na2o). Clinker 
some cime shows \\igh expansion 

Method to i111prove the strength 

Its efficiency is decreased by night, affectjng 
the raw materials supply to the plane 

4 Ceaent mill and ls relatively high (48 kwh/t) 
power consump-
t it'n 

New para~etera were di1cuased and 
recommendations were 1!ven to 
achieve better quality with no 
expansion 

By controlling the mix as the 
recommendatlonn, itrengtb and 
brick lifetime will be improved. 
Coal ia preferred to be blended 
for smooth operations 1.1! th·a 
kiln 

Mechanical and electrical device• 
to be checked 

Reco111111endation• were given to 
convert the existing open circuit 
mill to closed citcuit 

a> m 
a 
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CV 
Location: Dalla Cement, UPSCC, Di1t. Mirzapur 

PRODUCTIVITY ENHANCEMENT ASPECT 

Outcome in term• of Sl 
No 

Subject covered 
in f irat aiasion 

ASPECTS COVERED Project Objective1 
Diagnosis 

3 
Methodology Implementation Achieved Expected 

4 5 6 7 l 2 

1 Raw uteriala 
deposits 

2 Wet plant. 
production 
?.nst~bllity 

3 Dry plant. 
c1>r.trolling 
the pyro­
proce$9fog 
"1}'stem 

4 Raw eh d.:alga. 
lls!ng urble is 
sveetl:!ner 

Shale and clay are associated with 
L.S. Sieving is not effective in 
reducing caco3 

2 slurry silos are not working. 
Slurry is hardened in slurry 
basin being only 1 mt out of 
6 ~t 

T.C. & E.~.P. are working under 
+ve P, besides leakage from 
ae•1eral points 

1t is expecte1\ the.t some 
difficultioD will be in~urred 
by adding the -~rble 

S Quality cont.r.ol Very pool' for 1~oc:h plaa;es, 
and 11aintliir.ance affot.tin1 clinker quality ae 

·it dlsinuaratH by c.:oolir.g. 
Dust through all the places 

Sieving ahould 
be more eff ec­
ti ve 

Slurry f eedina 
the kiln ii 
unhomoaeneoua 

Affectina th• 
atability of th• 
burnina proceH 

L.S. with high Caco3 will be 
achieved 

Slurry 1iloa and ba1in ahould 
be cleaned for amooth produc­
tion 

Operatina T,C, • E.S.P. under 
the de1igned condition• and 
prevent th• 1eakaa• 

Hard hurraing mix, To perform burnability tHt 
affecting the to determine th• marble % 
clinker quality and f inen••• of kiln f aed 

Quality control 
ii con1j cl tired 
not exilJting 

Required hard work and 111ore 
motivation from lab quality 
control and maintenance 
penonnel 

N.ll,: TlllS Pl.J\NT Nl~l\l>S COMPLETE R~HABli.lTATlON AND COMPlET~ SHAK£ .. UI', OTHERWiSE IT W'!'Li NOT SURVIV!' 

CD 

'° I 
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Al\nex II Pl•••• r•f •r to th• 
main repo-rt Annex Ill 

Location: Rajaahree Cement, Sadem, Malkhed, Gulbur1a 

PRODUCTIVITY ENHANCEMENT ASPECT 

Sl 
No Ou ;o.c:ome in ter1111 of 

~PECTS COVERED Project Objectjv...,e..,.1.__~--
Dtagnosia HethC\dology Implementation Ac:hilved !"(pet!ted 

Subject covered 
in firat aisoion 

1 i ________ 3 4 s 6 .J. 

1 Raw .. teria:a.a 
and raw mix. 
Dusty clinlteT, 
intendttent of 
the cyclone, 
fuel consuap-
ti on 

2 Flame shape, 
quality 

3 Foraiatifln of 
snowman 

4 Raw mill and 
fineness of the 
raw a~x 

L.S. has 90% free Sio2, 0.15 ' 205 
and 0.92 c. Free SiO in the raw 
mix roogea 9 - 11%, risulta in 
hard burning mix, presence of C 
c•n be the reason for intel'IUittent 
jaa1111ing of cyclone II 

Flatli~ is bushy. ash in coal 
rr-achea 38% 

Cooling air. in the grate cooler 
is not sufficient 

Re~iJuea on 170 and 72 meshes 
are very high 

N•Y rarameter1 To ach1•Y~ b•tt~r clinkar quality 
of raw m:\.x ded1n wieb lower ~uel c.,a1umpti4ln 
we:·• di1cuaaed. 
Nothing cl'ln be 
done with regard 
to c, i&xcept 
continuous 
cluaning 

Thi• has am 
effect on 
clin\c.er quality 
and unetable 
ainterins pro­
cess with more 
dust 

Has a!hr:t on 
amount of vented 
aii: 

Res'11 tr: hard 
bu rnif\8 mix 

Recommended flam• 1hA1pe ,,a1 
di1cu11ed. Coal with not more 
than 30~ aah i1 recoll\lftended 

To check with the cooler 
1uppli~r 

It 1eem~ that the mill t1 
smflller in r.lr.CI 

~ 

I 

~ 
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l!c iT.g phospho-
gypsu11l to be 
ground with the 
clink.el:' in the 
ceaent mill 

Reasons of 
hair cracks 
and ic.w 
strel'gth 
c'lncrete 

Clinker 
aicroscopy 

Use of phosphogypsum will affect 
the setting time and the strength 
of cement 

Discussions related to these subjects 
w~re held 

Presentatior. vas given 

Recommendation• were ;ivan not t~ 
u1e it, aa long a1 th• plant i1 
concerned with th• quality. Very 
small amount can be used aa it has 
no affect on quality 

Reasons for these two phenom•na 
were explained. Recommendations 
were given 

'° ~ 
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Annex II Pl•••• refer to the 
main report 

Company--Second viait to follow-up the recol11Jllendatione 

Sl 
No 

Annex Ill 
Location: Madras Cement 

Subject covered 
in first mission 

given during the first visit 

PRODUCTIVITY ENHANCEMENT ASPECT 

ASPECTS :::OVERED 
Methodology lmplementatiOi\ 

l 2 
Diagnosis 

3 4 5 

l 

2 

3 

4 

s 

Discuss the new 
properties of 
the clinker 
produced by 
the parameters 
given during 
the first visit 

Kiln operation 

Using low 
quality of 
liaestone 

Computerized 
quarry opera-
tion 

Preblending, 
blending and 
coal blending 

c3s and strength from 1 - 28 days has been 
greatly increased, high clinker quality and 
grindability are substantially improved 

Smooth, l•as kiln dust, flame needs some 
adjustments 

As long aa free Si02 is not high and within 
the limit of the current mix, it can be used 

Discussion was held with tbe concerned 
parties 

Discussion was held and the recommendations 
were given 

Outcome in terms of 
Project Objective• 

Achieved Expected 
6 7 

Strensth 
1 Day 
3 Days 
7 Daya 

28 Days 

Wa1 no 
220 - 250 

300 
480 

Now 
200-=-220 
280 - 320 
300 - 380 

560 

For smooth operation and more 
kiln production 

Raw mix parameter&, ahould not 
be changed to obtain the present 
quality 

Thia will help in smooth plant 
operation 

Plant requires preblending of 
raw materiMls, good blending of 
kiln feed and blending coal 

I 
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