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ABSTRACT 

The Project: DP/IND/84/020/11-20 

PRODUCTrlITY IMPROVEM:KT TH.JtCUGH SELECTION, INSTALLATIGN, Uf:E 

AND EVALUATION OF R~RACTOR!ES IN CEMENT INDUSTRY 

Duration o: the :irst mission Jasted from 23 ~h Oct0ber 

till l~ th Decen~er 1986. The ~issio~ w~s foc~sed or. the 

:ollcwing fields o: action: 

Selection of suita~le refr8.Ctorie~ for varicu~ z0~es :~ 

rotary kil~s for Indian ceme~~ nlants; 

- Analysir.g causes of re:ractory fc..1.il:t!'e in diffe!"er:t zcnes 

of kilns, :ore heaters, coolers ar..i precalciners; 
~i~~ alu~ina, bas!c 

inoulatlng br!cke; 
Op~~~alization of h~atin~ up anj cooli~g down r-~cc~1es :er 

var~ous lin!~~ sys~ern~. 

'''"'t·nC'~, "'or ,.,..,,., 0 .,., .. ana· ~u1··1d;...,~ •.•-- ... er;,,,... /""f'"':lj '-·· PX,.. ....... ,..;cn~ ·~-..J" .. ; .... : - \_,l".°":,d. i.;•... ... ;~ ..... l~:· •~ct.·~ 4,,..._.._~ •• ..,,.... (.'·"' ..... .A.&. ..J~ .1 

:i.::.. 'chr.• fo:lcuin;:: 

Form~la~in~ ~rogra~rnes ana me~hodolories f~r solvi~g ~te~ and 
.. 
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By the interaction with the plant officials their re­
fract~ty problems were identified, relevant data influencing 
durability of lining were collected and recommenda-f::ions were 
made. The ~rouped data are to be found in the National Council 
for Cement and Building Materials in Ballabgarh, Haryana. 

The following recowmendations in general were ~ranted: 

l. The conte~t of ash in coal varies very much. To obtain 
tetter fla~e stability, blendin~ of coal is inevitable.This 
will give more stable coating in burning zone and I'.ence 

increased lining ~'~e. 

2. Wedge bricks should te ueed instead of cjrc~lar ones. !h~se 
a~e generally accepted for cemP.n: ~o~?.ry kiln as the c\e~all 

!:"tability of lining would be better. Combination of ~wo 
typ~s of wedges allows to lay the s~able a~d ~lawless li~ing. 

s~~ll t~~e wedgP /3 fo~~at/ can uE~fully ~~ 
- '. ;I a:'J'Oi. :.e, .. 

kiln especially in dry precess, rnapne~i~e chrcrne bricks o~ 
. ... 11... ;· ·~ 1·· . ... . 1/ \.. ld a"Jpropr.la.e gua .. y .. oge .... er w ... n r.:agnesi .. e S!Jl.ne S;1ou 

~e used instAad of hi~h alumina tricks. 

4. [::c<'ial g~ar!es of C?.sta'ble re:!"rac--:<:'ries s!'lculd 't'? produced 

!~ !ndia ~y manufacturers cf refrac~~ries. These ~aterials 
?.re low leve:!.. ce·N;n•. car.tent cas"'.:a::e, stee: ~=-~re re:!'l.:cr-

6. Co~te~t of alkalies in raw materi~ls shou:d ce c:nt~oll~d 
f:r ccrre~~ ctoice of f:reclay a~~ high a!~c~na ~~~cr~alG 

:or li~i;.? kiln, prehea:e~s ar.d coolers. 
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7. Furt~e~ improvement of NCB epecialists for profes:onal 
deter~ir-ing of refractory failures cy their visits o! 

domestic cement plants and foreign institutes. 
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! . .LNTRODUCT I ON 

A. Background 

Wet process practice for cement production still prevails 
in India /apprc ·mately 60 %/ but there is a tendency to rnake 

dry process predominant in a few years. There are more than 
9C cement plant with overall yearly production of mo~e than 
40 million tons of cement per year. The new cenent plants 

have perfect technological solutions applied by the help of 

well known manu~acturers /a.g. FI~, Fuller and o~hers/. The 
eJu1pmcnt of wisited cement :plants proofs this af.firnation. 

T~e ~ain role in modernisation e~pecially of olcer cement 

plants, has National Counsil for Cem~~~ a~d Building ra~erials 
1~-"'B/ · N n i· · "'·ti., \., h 1 .&" • l ' ~ . 11 b . 

1
i:·.., ln ew .... en:?.. nl. .. ti~e .e p 0- specia lS;..S lr. 2 '!'anc:leS 

c~ c~ment and building ~at 0 riaJ.s tec~nolo~!~s p~c~l 0~~ na~ be 

c"a!ists covers th~ field of inves~:iga~ic~ ?~~ re~e~~c~ ~erk, 

~ersonnel !ro~ factories ~nd indus:rial Eervice in ~~e cc~en~, 

construc:ion ~~terials and pa~tly refrac~o~y ~a~erials too. 

Produ~tivity of portland clinker is ~~s~ly d0pe~iaat en 
:he service lif"? of refractory li~!::~ ~,... ·~~"° :·::'..::-.• J...}~o.::-t 2ll 

:':ilr. shutdowns cause fa:.J. :1'.!'c of re :'ra~"'.': er~· 1 i ~in~:· c:;r:::'. t~~!n 

:i :i:) . . ,... .. ~ ': \, -;· 

::-.1~.:: "::ir.-h nlu!"lin2. a?ii fi!'ccle:.? r.i:::..:e~ia.ls !-.!F,:-. cor:7.e:-.• o: ?e...,C7 
~ -· 

~ ..... _.,.... .. '.i." .. c'.'.,"C,."!" ..... ':""O,~. u.1·1':".-!°'. C"',,... .... ,.,...,1- of' V(: l""'- ir h~C"1" ·~i~.,...:,~:::; ;..~;~~,.~ ~ - - . ,,.- ~ ,. - .... " -- •. " - - -c 3 .... -- .. - ,~.1. ,_ - ·'· ... -. - .. - - ' '' ~· 
in~laence~ ~he quali~y of su~h ~3~erials and ~hen ~he lining 

:~fe in ~c:3ry k:'..ln may te shorte=. 
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Magnesite chrome bricks are not used in all kilns !or 

~urning zones. High prices of magnesite chrome materials may 
be the fact why not all kinds of such refractories are made 

/magnesite alumina spinel materials/. 
Produced castables for certain parts of thermal equipments 

are convenient but so~e new types with special quality should 
be made in future. Such are low level cement content castable, 

steel fibre reinforced refractory castat:e and silicon carride 

cast able. 

B. The purpose of the mission 

Within the project ST~E:!!GTHENU:G NCB CA?AI:IlITY I!-7 PRCruc­
TIVI'I'Y E}!HANCEMENT OF CEr-'7.~iT ~}'.TIDSTRY there is a suc-:prQjec't 

"Productivity Improvement through Selec~ion, Installation, Use 
a~d EYaluaticr.. of Refractories in Cencnt I:::austr:v·. 11 ':'hi: a..~r.-. of 
this first ~isEin is to advanca ~he re!rac~cry p~actice -- ~ndi~n 

cemen~ plar.ts. In realiza:ion 
bee;: Fi v.en to the foliowi nr-: 

Comprehension of the pre~ent state in refractory practice; 

- Analysing the causes of refractory failure in dif~ere~t zones 

a~d sufge~ting rem~dial me~~ures; 

SP.lection of appropriate refractorie~ ~or ~a;icus zor.es in 

ce~~nt ~o~ary kiln syste~ for Indian c~ren~ plants; 

c."!~"'.:atles; 

vir.~ •he prorlems. 

?y }:no.....-le:ige irrro?."cvemen-: of :-efractcries -pecialists a: 



.~. 

... 
I 

I 

selection of refractoriea will be achieved, such as: 

reduced energy consumption, 
better efficiency of kilns, 
reduction in kiln shutdowns. 

C. Mission support 

I am ve~y grateful to the personnel of the Vienna 

UNIDO who tho~ou~hly o~ganized the whole p::-epa=a~ion and my 
mission in India which proved to be very successf'.lJ. r·:y ;;hank~ 
belong especially to ~r.~. Hamc!y, rt.:.r.M. Ivanov, r·:r.A. r-:ako-vets 

and others whorr. I had the o~portuni t~; to mee-: a-: TJTI:C. 

The expertise was supervi~ed by ?ro;e~~ D!rec~c::- of :!:e 

National Cou~cil for Cement and Buildin~ Ma~e::-ials !n ~ew ~elh! -
Dr.M.C. Visvesvaray to whom I an higtly ~~&~kf~l fer the effpc~~~e 
tende~cy cf ~te w~~le project focused o~ ~he ::-~se c: t~~ cer:~n~ 

o~ ny expertise in NCB Ballabgarh. 

~y ex~ertiEe was realised in the close 
M.,.. C' T 
l ·- • ..; ...... Rain~, ;.:r.E.C. ~harm3., 

:'C~pe:-ation 
...... "h \o.1 ••• 

..., .. 
1 ••• ~ 

My t•:an~s ~c all c-:hr.r ;:cople a~ ::!~Ii:C i~~ Vi~::1:~~, n;:? 

and NC:~ ir. Kew DeJ r.i wl':o shared i::i. m~r ~:-os?e!'our, ex~erti se 

du~!n ny stay in ~ndia. 
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lI. SUM~ARY OF FINDINGS AND RF.COMME~""DATIONS 

A. Findings 

l. High alu~ina bricks are stored mair.ly in open while 
magnesite chrome bricks and castables in covered store. 

2. Ash content in coal varies in th~ wide range. 

3. Thickness of lining in the kiln is not prcper. 

4. Wedge bricks only in one dimension are used. 

5. Alkali kcntent in used raw ma~erials is no~ deterrnin~d. 

6. Mechan1eal conditions of shell, tyre, bearings, kiln 
alignment and s~ock pulse measur~ment are not regularly 

-p~rfor;ned • 

.• ca!ity co~trol o! refractories!~ not a regul~r p~~~~ice. 

~. High alumina bricks o~ circular ~h~pe are ~a~~~i~~s ~£ct. 

c '·1· h a"' u ; na br1· ' - con· a~ n~ ng ..,"' ot A 
1 r-J • .i g; .L. m- CK.:> .. ... ... 1v ,'ll :\. 2 .... 3 

in calcining 

zone are used. 

:c. Lininf of retainin~ ring is no~ sta~le. 

11. Composition of the raw feed al io ... :s fc:-mat ion c~ high 

content l!.auic ';)h3.se :n t!:e c1.i::-.Y.er. 

14. Ca.stable in convenient qua.ii ty ;_s :io: used. 

15. Speci3.l ty:;:es of cas~ables ?.!"lct l:asic c:-icks a:-e not 

produced. 
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E. Recommendations 

1. All kinds of refractories should be stored in covered 
store. Dust and water may deteriorate their quality and 

reduce the durability of lining. 

2. Ash content in coal varies in the range of 25-35 %. 
The blen1ing of coal powder is recuired to get cons"ta!:t 
content of ash in fuel. ·This inprovement alcne woulc 
enal:le much higher stability 'Jf flame a!ld the coatimr in 

burning zone ~;1an wi-~~:.. b•; mo:-: stabilized, lining life 

will be longer. 

3. For the rotary kiln o! diame~~r 4,5 m. it is Eufficient tc 

use the lining of 20C mm thickness. The load on th~ kiln 
sheli, tyres and rollers wi 11 then be sraa ~.ler, and ~he 
total cost cf lin~~g will be ~~~u:e~. 

'· More stat}e lining can be la~d be ~eans of c~~~ini~~ ~wo 
s~a;:ies C·f wedf~ tri~ks for d~a:-:e~ers atau~ t. ,= m. '.L;;~PS 

of wedge 620 and ~20 ~an be ~sec. 

5. Alkali ~ontent in kiln feed o~st be cor.trolled as ~hey 
~ay ca~se aJkali bu~s:ing in discha~[e ~cr.e, calc!nir.~ 
zone and s~oke cr.ambe~. Euil: up~ in sm~ke ch3~be~ a~d 
iower uart of cyclons may be former. too. ~he cc~p~ete 
chemical analysis including SO-x ~nd Cl ccn:e:-.": s~culG be 

·' carr!eri cu~, to k~ow ":he rea~o~ nf ~uild ~~ ~crse:io~. 

~. Ki1~ ali~nment, stock ~ulee c~ rnlle~s, c~~l~~y of th~ 
,(\ 

r:~.:.1l ;:-'.":i ·:·r~ C":.£:1::-~;~" r:~~"': 't·" :-r-i: 1 1~·!-:.:· 7::1:,,-::-i, ?.-: :.e?.st 

7. T~e fo~lowing tes~s can be ~!rfor=ed !or quality con~rcl 
of r.ew refracto~ies in ce;nen": plant: 
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Chemical co~position of high alumina, firecly bricks and 

castables - content of Al2o3, Fe2o3, in ~agnesite chrome 
bricks content of MgO, cr2o3 , Si02 , Cao and Fe 2o3; 

Tests for bricks 

apparent porosity, 
colc crushing strength, 

shape and size tolerances, 
- damage of the surface. 

Tests for castable 

- % water content required for vibration, 
cold cruEhing strenr,th aft~~ dryinf at 110 °c, 

ld h • t ._h -"t • ~· t Cf"'IC ~(" r:- '!CCC CC, co crus.1ng s rengv. a~ er nea01ng up o c~ - v!· _ 

- total linear change after hea:ir.~. 

8. Wed~e ~~ickR should t.e u~ed ins~ead cf c1r~ular c~~s. T~~~e 

are ~enerally accepted for cem~n: rotary kiln 2~ ~~e overall 
stability of l!nin~ would te higt~r /~caller ~i~E~sio~E, bette~ 

adaptatiJity and more suit~ble !o~ de~orced Fh~l:/. 

9. High alt~~ina bricks with lower cor:tent o: Al-C-x /r.2-x. 5C 5;/ c ·' 
in the calci~ing zone can be u~ed. Fe~ he~t co~~~~p:icn 

eeonomy semiinsula~inr brick~ ca~ ~e a:~~ uPed. 

The monolitic lining in discharRe 
to cover thP retaining rinF. I~s:ead of ca~tatle " . .: .... .... ..,,_ u .. .. 

Al
2
c

3 
the ~o called LLC /1 ow lC"ve l of ce:.;An: ccn~e-:~-;,/ 

castab!e P~ould be used. T~~ ~~~e~Fth of ~uc~ rar:at~e 
~~~~ft~•o 2.S n~~Q-~~·o~ ~~a· -0·1 ~in _, . .-.,r.av.: ~··-M''··-~~·- <'.' •••• t:- ...,_\..? .. 

11. The siJica content in raw feed ~t:uld te increased ~c S~ 
2.2-~.4 and simult~neously Fe 2c3 ;nd Al 2o3 conte~~ s~ou:~ 

te decreased to increase the viscositv o~ the :icu:c ~hase . . . 
as well .-:.s to de~.'reasP. :he ccr.":er;: of the. l!.cui::! ::!'.asr- .:".n 
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tha clinker. This is to ensure stable clinker coatin€'. in 

burning zone. 

12. As it has already been mentioned in 5. the complete 
· analysis should be. ca!riee out to knmw the reason of cuilc 

up ~ormation. The chemical analysis together with the tech­
nical analysis of the reason of build up fcrmatior. can be 

done with the help of NCE. 

13. Mi!'leralogical composition should be determined by optical 
~ic=oscopy measurements. The aim is to recognize the proper 

clinkerin~ of raw feed. 

14. Castable with higher porosity can be used fo= the li~i~f in 
the grate cooler where the te~perature char.fes ~re greate~ 
/a.i. bull nose/. In discharge zone lIC casta:Je ca~ :e u~ec. 

15. ~p~cjal grades of i:-ast3.'tles ~uch as c;::.statle wit!: lo: lei:el 

cer.,e~t cor.tent, steel titre reinforce~ and si:iccn c.:i=-"tide 
s::o1.!ld te :>rod uceC b:,r Indian refract c:-ie s m8.::ufacture~E". 

~a~nesi:~ sp~nel t~ickE should be a!sc manufactured. 

16. F~r~her activities in r~alization of the project Productivity 

I~provemett through Selection, Installation, UEe a~d Eva-
luation ~f Refractories in Ce~ent I~dustry should te done: 

- closer conta~t between specialists from NC3 in cecer.t 
plants by attending and solving technical problecs !n 

!'.'!":men .. ~ v:orks, 
- ~o im~rove kncwled~e in ref~actory p=-~ctics, advancet ~~a!-

_; __ rf9 C'"~-,-..;":l1il'!•c 
- - l .i ~ ,_: - ~: !-• ~ ..... - l "' - .. ..... - .. 

~n~ulc t~ real~zed. 
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III. THE CAUSES OF REFP.ACTORY FAI.i,URE IM CEMNT ROTARY KILN 

SYSTEI"iS 

A. General 

Rafracto::-ies play an important and vital role in the 

cement industry. Refractor~r lining li!"e affects not only th~ 

production but also the economy of the plant. 

Approximately during the last two decades, rotary kill). 

technology has changed extensively, involving mainJ.y the su~'"' 

pension preheater and flash calciner techniques, t-:~.:::.'.'";;. t~p t·::-
60 ~ of the total heat energy supplied to tr.e kiln is intro~ 

duceti in the kiln 'back end (11. 

In vi~i:~d cement pl8.r.:•:r:, two of t!-1~i7i a'!'e l't'.'l';i~'PfH~ w"..~t-.... 

prec~lcinin~ systera, third plan~ 1~ ~repari~R for co~st~~c~~o~ 
pr~rDlcJ~e~ ~oo. Therefor~ attc~ticn ~o this ~y~t~~~ w!2l t~ 

i:-j• .. ::"~ .• 

The consecuences from the mentioned chanfef: are as foll, ~11~: 

- n decrease of tte spP.cific hent ccnsur:ption f!'('l!!l 12CO kcal .JY,~ 

of ~lit\c!', 

a ~ecreasr in the radia~ion los~es :h~ounh th~ ~!ln shell. 

- a~ in~reoFP in th~ specific produ~t!o~, 

- ~ ~e~rca~r in thr ~te!'~al cha!'~cr in ':he ~il~ C!'~~re~ti~~ 

.i.-,~. v·:·lti.::"".'.' ::'ro'.!1 r.;,:- Gr:'l.~/n 2 h 7.C'l 3/: ·:c~J_/:- 2 !:, 

c~~uld be !ncrcasc~. 

The ~~!~ task~ o! refractories are in t~A p=~t~ction c~ 
:r.e':a.l partc of heat C:?Uip:;.ent froi:', tr.c direct effect cf hif)J,. 
te~perature, in reducin~ of heat ~assen, parti~ipa:ion in :.~~r, 

trar.sfer while burning of raw feed an:i s~rYi!'lg as working 3:-/ ~ 

transportin~ surface for the feed passing ~hrough the kiln. 
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Raw material components cause wear of refractories by infi~a­
tion and corrosion by melt from clinker ar.d condensation and 

infiltration of alkali salts. Fuel causes chemical cor;-osion 
too, mainly in the case when the ash content is high, Thermal 

. stresses from shell, tyres, rollers and te~perature oscilations 
act in wear of refractories too. 

B. Refractory ma~erials used in different zones and areas of 

rotary kiln systems 

Refrac~oricc in cement heat equipmen:s are exposed tc 
various te~pe?:'atures, rnec!'!e.nical stres~es anc chemical attacs. 

Fro!"'! this -poin": of view, th'"' au~litative p?.r.arrt~terf' 2re ac!e-
o ua'te 1 i.fferen't. 

1. Rc~ractorie~ in suPpenPion ~reheaters a~j rrecal~i~erP. 

~ith ~~ra~ilty of li~i~~ in th!n arPas ~~n ~ct ~~ncial 

difficu!~ies. L!nin[ iE ~on~c~cd from ~w0 :~~ers: ~L~ula~ig 
) ayer is on the shell, and the second layer is of cense re­

fractory materia.i. For ir.s~~atin;:: la~;er fireclay ~rick~ or 
castable i~ u~Pd. Fe~ workinf, second !a~~r, ~irecla~ ~~ickE 
er castahle~ are used. Firecla~ hricks ~~d ca~~~t:es !o~ 

workin~ layer are dense ~aterial~ be~a~sc o! a~ilty to wi~h-
stand t~e n~rasio~. 

2. ?re~a1cin~nq zone. The tenpera~ures he~e n~~ rench 120C oc. 
S~i:at~e re~rac~ories !or this zone are ~ireclay trick~ 

con~ai~i~g 33-37 % A1 2c3 , for use in ~te lesz c=!~ical ;arts 
~! the zc~e, fol1c~~d ty 44 % A1 20 7 f~~e~l~y brick fer ~ha 

_J 

~igher te~perature end of this section. 
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In precalcining zone preferable fireclay bricks with 
higher porosity lining can be used /for economizing heat 
consumption/. Cold crushing· strength of such bricks must be 
minimally 15 MPa for ensuring convenient lining life (2]. The 
chemical composition ~f refractories depends on chemical 
composition of raw feed and fuel. If the content of alkalies 
is higher, the content of silica in fireclay caterials in 
calcining zone used must be higher and con~cnt of al~~ina 

oxide ~ust be lower. 

The thickness of the lining is regularly the sa~e aE 
in other z~nes of the kiln. High alu~ina bric~~ for this 

zone are not needed. 

~. Transition zone. In thP. tran~itior. zone cf the kil~ high 

i~ 1! t~tter to use ~a~nesite c~rorne or rna~n~si~e s~inel 
~ricks ins~ead of h!~halumin~ bricks. 

temperaturer alkali salts with lo~ neltin£ pc!~~~ ~ay 

a~is~ (3.t. ,5]: 

8Cl of"' ~e 1 ~i_nr. ·J ' "(] oc , .. n. r.e ... vlnF. 
,.. 

F~: ,_;(; 

1~~,~ 
0,. ,, 

~--. t"•,,.. 
' I ..... I ~ t..~ -

'f 

II 

" 
,::,...,....,,....-.~ 
~ ... ·-. : : . - .. ··. 

/5 - Ko:-uncum, K20/!;a2c/. !.1A12c3 
Kaliop~ilit, K20.Al2o3.2sic2 

Nephelin, Na 20.A12o3.2s102 
Leucit, K20.Al2o3

.t£i02 

FS1 o,. 
" , .. 

,.. 
rf~ ,~ '· r. " 

-!·• 
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Arissing of new minerals is acco~panied with changes in 

the volume. 

At the temperature higher than 1;50 °c anorthite 
/Ca0.Al2o3.2s102/ and gehlenite /2CaO.A12o3.s102/ may arise. 

4. Burning /sintering/ zone. In the burning zone the burnt ma­
terial reaches a temperature of 1400-1450 °c, falling at the 
end of the zone to about 1300 °c. ts the kiln rotates its 
l~ning first receives the actio~ of hot kiln ga~en at a te~­
perature of 1€00 °c, and· then is coated with a layer of 

c!inker at· 1400~1450 °c [~]. 
Refractory materials cf the burninf zo~e ~ust b~ chemi­

cally basic because of the hiFh ca~cium contP.nt in the tu~Lt 
r~w mat9rial. In adition to the cb~ious properties of high 
:ns~i~g !JO:int and refrac~nriness u~der lo~d and alE:o a h:gh 
~lux resistance, the hurning zone liniL~ must also be volu~e 

~~ahle, have a hi~h ther~al ~~~ck re~i~t~nce, and ~ust re 
a~Je to hold of fcr~~ti~[ clinker ~oating to prc~ect i 4 ~e:f 

~ram further attack. The mos~ ~a~isfac~ory ref~actory :.a~e­

rials for good coating formation and other cement kiln con­
~i tions is magnesite chrome brick bonded radial;y ~!th ~~eel 
~heets, which when oxiriisert tc FeC.Fe 2o3 r~acts ~i:h ~~~ 

~agnesia in tee lini~~-and yields a monolit~:c ma~nesitc­
:'erri -:e bor.d. 

Unstatlc coating can be cbtai~ed with ~irt alumina 
~~f=actcries bec~u~e of pe~~ar.e~~ ~eac:i~~ alkalie~ ar.d 

·:-urning zcne. 

In basic brick even wi~h high initial te=pe=a~ure re­

la: ive ly little liouid is formed. Selective interac~ion 
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of alkalies from clinkers with the bonding phase of refracto­

ries results in a liouid phase that promotes reaction 
with clinkering material as to help building up desired 

coating. 

Condensatio!l of salts like Ca~o4 , x.2ca2/sc4/ 3, x2so4, 
Y.Cl and sodium salts form of deposits (7 ,e ,S]. Sal ts condense 
from vapour uhase and r.i~rate in the liouirl state withi~ - .. - . 
the brick until th~y solidifay ~t a te~perature depe~di~~ 
on their composition. Solidifica~ion occurs wit~in the 
range of a~~roxinately 700-lCOC 0c. It results i~ thP for­
mation of ~enser internal structure deen in t~e brick w~th 
an increased risk of c'!'"ackir.f as a result of te~i:era'";!lre 

variations. 

Alkali salt~ can also .react ~ith cr2c3 or cr.~owespir.el 
~ 

r~f~r2c4 + 2K
2
o + ~c2 _,, 2;:2crc4 + r~r:-c 

cf hexavalPn: ct~c~!u~ ions which ~ave rcme ~re~ p~~t~ c~ 

the brick c:oFe to :he hot f2ce cf~e~ fiVe3 ~~~se s~lid~-
fied interr.al deposits yellow colour due tc the formation 
cf x

2
cro

4
• K

2
cr

2
o

7 
o~ K

2
/Cr,S/o4 cc~~ounds. 7he~e condensates 

o~i.y· a 1i~tle nlter ~h~ str~ct1Are cf hu=:ic bricks 'teccuse 

c,f the : o": ion exc!:ar.ge te::ldency ·::·et ween !r.'.lfne~ i um an:'. a:.­
~ali ion$. Alttcu~h the sulph~~e has a!raost cc~p1e~cly 
fi11~~ ~l~ poreG in t~e tri~k, the frni~ str~ct~~e cf the 
~~ic~ 1~ st!ll virt~ally in~ac~. :he f!lled pare~ arc ~e~­
r~rcus only on repid cocli~g do~~ o~ hea:i~~ up cf :he k~ln 

;::.r~ it is be~:er to u~e chrcme ~::-ee i;:aF;nesite al:l:-:;in3. 

f;;:-in<:l brLcks. 
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5. Cooling and discharge zone. In this zones high sp~lli:lg 
resistance refractories are used. Lining undergoes fluctua­
tions in temperature from the clinker at 1400-1450 °c to 
secor.dary air contact /temperature depend on type of cooler/. 
A dense 65-70 % high alumina brick with a very high 

abrasion resistance is often used in this zone. 

Por the no~e ring /int~~ case of grate cooler/, or 
disc~arge end of the kiln /in the ca~e of satelite cooler/ 

tifh alu~ina dense castable often ere used. Llu~ina cc~­
tent in these types of ca~ta~le is in the range 75~90 %. 

The various lining zones overlap, ~nd no ~trict divisicr. 

can be laid dawn to cover all ~ize! of kiln. Eowezer, aE a 
~er:eral r:i1~ the fcllowir.g figures p.:ive so!':le g•.iidance: 

6 kiin diar.:e-:er!": 

2-3 ki"':..n c:i ia:::~·t er::--

4-5 
.... 
1:1_n c :..a:r.ete!"~ 

c~oli~~ a~d di~ch.z. 1-1,5 k~ln ctja~~ters. 
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IV. SELECTION AND EVALUATION OF REFRACTORIES 

A. The ee1ootion of refractori•• for rotary 

kiln ayatem 

'1b.e se1ection of refractory materials £or a given 

zone• of rotary kiln system will be determined by the 

conditions preva:iling, e.g. highest temperature, 

Crequency of' temperature changes; chemical and minera­

logical cor.ipo~aition of raw feed and fuel; mechan:l.ca1 

stresses to wbi.ch refractory aateriala will be exposed; 

the gaseous atmosphere,- the presence of liquid phase 

with its viekoaity and chemical composition; insulating 

capability or abrasion resistance; coat of refractories; 

the abil~ty to hold coating. 

It is therefore obvious, that temperature is by no 

means the only criterion and in fact the degree of refrac­

toriness, or the fueinc point of a material, will give 

only a very limited indication of how it will resist in 

operatinc conditions in cement rotary kiln system. 

Therefore there is a practice to characterise ref racto­

ries by a combination of properties, the testing of 

,,-hich is the subject of' continuo~ research and develop-

1nent as yet no perfect test ms been deYised to :provide 

all the necessary in:formation about the service of 

P. ref'rnctory material in kiln system. 

'n>e mnin deterc.inations for eelection of refracto­

ries include: 

Apparent porosity and bulk density 

- Ref'ractorine8s under load 

Permanent linear changes under high tf '1perature 

- Cold crushing strength 

- Ref'ractorineaa /pyroplastic cone equivalent/ 

Shape and size tolerances 

Chemical cor:ipoai tion 



r 
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- Thermal. abock resistance 
Exter.ior d~ge /edges, corners, cracks and surface 

f"usiom/. 

In the caae o'f' caatablea further determinations 

are .important: 

- Cold cruab:ine strength after drying at 110°c 

- Cold crushiDG atreneth after £iring at 800°C or l000°C 

~ water needed for vibration 

1he above mentioned determinations are included 

in standards. Besides the mentioned tests :further 

examinati~ of refractories can be executed: 

- Determ:Uiation 01' the creep in compression 

- Determination o:f the modulus of elasticity in terusion 

- Determination of the torsion strength ~odulus 

of rigidity 

- Determinntion or the linear expansion 

- Detormination of' the heat conductivity 

- DetorndnatJ.on of' the chemical resistance to the 

main ch.arcs component 

The conditions for zones of rotary ce~ent kiln 

systec ·were 1:1ontioned in Chapter III. 

=· !he evalu?.~ion of refr&ctories for ro~~rv kilr. 

In visi~ed plants preferably dome~tic refr~ctories 

are used. ~:: manufacturer catalogues lo:ery \o:ide grades of 

!'irecl;iy /FC/, hiF-h alumina /Er./, magnesi t chrome /i:CH/, 
ir.agnPsit epinel /MSF/ and lirht insulatinF. tricks are 
proc1uced /I~S/. Castable l!laterials /Cast/ o:-i h~tcraulic bondin@' 

are produced too. 
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Main characteristic of ~efractory materials produced 
in India are given in tables 1, 2, 3, 4 and 5. 

Table 1 

Fireclay bricks 

Characteristic FC 25 ! J'C 30 FC 35 j FC 40 FC 45 
I 

Al2c
3 , % 25 30 I ~5 I 40 45 

Fe2o3 ~ % 2-3 2-4 

.n.F' o: 18-25 /0 

I 

ED, p/cm3 1.9-2.l I 1. 9-2 ·~ 2 .0-2. 2 I 
I 2.1-2.21 

CCS, MI-a 25-50 25-4C 

FCE-Orton Cone No 26-2a ! 2s-31 3C-32 I 31-33 1;2-34 

oc ' 1280- , 1300- I I RUL, I 1350- 14CO- 1400-
I 1320 1350 I 1400 1450 i4eo 
: I 
! 

"H(" W/K,m ··"' 

' 
at 400 °c 0.85-1.1 

at llCC oc l .0-1. 3 

flC, ~ !0.7 l + -1.0 1!1,2 

LE at 1400 o,, 
\i, % C.6-C.8 O·E-0.9 

I 

,.. b"t:!'eviat.i one: 

-•P- apparent poro~ity; !'D- tu1k ~en~ity; CCS- cold cru:or.i:-.g 

~t:-t:!1f~::; FCE- p;Topleistic co:i~ .:=qui~alcn~ t:; C:-tor.. co:-:i; 

~Gl- refractoriness cnd~r load~ ~C- teat conductivity; 
::::.c- permanent linear contraction; Lt- linear e1~ansion. 

.. •. o; 

i 
I 
I 

I 

i 
: 
i 
I 

; 

I 
I 
1 
I 

r 

! 
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Table 2 

High al~mi:.ia bricks 

Characteristic F.A 50 HA 60 HA 7CI HA 75 HA eo 

Al2o3, " 50 60 70 75 80 

}'e
2
o

3
, % 1.5-3 

AP'"° 16-23 17-23 lE-23 

ED, g/cm3 2.25- 2.4- 2.45- 2.6- 2.7-
2.4 2.5 2.6 2.8 2.8 

ccs, MPa 35-50 40-€0 40-E5 40-ec 
·------ ----------- ---------- -
P:'.:E-Crton 34-35 35-36 37-38 38 38-39 -t -----
Rt.TL, oc 1400- 1450- 1450- lr.50- 1450-

1500 1550 16CO 1620 1650 
. 

HC, W/¥.,m 

at 4CC 0 c 1.40 1.45 1.75 1.ec l.EO -
at llC'O 0c 1.50 1.57 1.70 1.80 1.~c -· PLC, " /!/ 
at 15C'C °C/2 h 

C,5-1 0,5-1.5 

LE c:.t 14CO 0 c, % 0.7 0.8 I 0 0 . _, l.C· 

11· ..... •• o 1...e: For tr2.nei tion and cooling zones of the ro~ary ce~en~ 

kiln~ with di2meter >4.C rn hifher content of Fe2o3 is not 

conv~nient ! 
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Table 4 

Insulatinf brick~ 

! 
Ins6a I Ins7C I Ins73 Characteri~tic InsEC Ins6C Ine£~! 

' 
Ai.2c3 , " 35 liJ -· 
S102 60 63 6f 7C I 73 

P~2o~ I 2. ;j l.f. 

AF, ~ I 45 'aC 
i _,~ 

(. " 
I I 

I !ID' r-J cm"" 
! 

1.C5 1.25 I 1.35 1. t:c l.tO l.tO I , 
-· 

_J CC~, MI-a I 4.7 I 7 11 2C: 15 I 
I 

ICE-Orton 
I ·.c·· 2C 18 26 f 26 I i _,\... ' 

Cl2sificatior10 
. i;.sc I 14CC I 125C 

I 
l~~i(; 1;cc I 125~ tr>r;ir-er~ture, C I I I I 

' t I ' 
't 1.4 l ~l.o I'LC, ~ I l ,, 

I I - • £. 
I I - ----- --"··--- .. --···- ----

FC, 'i!/¥.. ,rr: I 
I 
i 
I 

e\t 600 oc 
I C.4 I c.s C.f 

ECC 0 c I C.4~ I I 

i :t.t. 0.5'3 C.4£ C.t (: i c. •. (; o.€4 · 
I 

:·:~~ I 

I ot lCOC oc I o.53 0.60 . L.tl6 O.t4 C.83 
,.. 

'° I O.EC I G.f;C 1-· t 11(;(: ~c, c.sc C.75 · l!. :\. 
I • I 
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Table 4 

Insulating bricks 

I 
Characteristic InsEO InscC In£6:~i 

I 
Ine68 Ine70 Ins73 

Al20~ 1 " 35 18 

5102 60 i 63 6c 7C 73 

Fe2o"3 2.5 l.E. 

AF, " 45 ,5 
:BD, r/cm3 l.C5 1.25 1.35 l.6C 1.£0 I 1.60 

CCS, fliPa 4.7 I 7 11 20 15 

PCE-Orton 
I 

18 26 26 I 3C 20 
I -

Clasification
0 temperature, C 1350 I 14C·C 125C 1350 130C 125C 

:PLC, " -1.2 +1.4 +1.o 

FC, W/K,m 

at 600 °c C.4 c.s C.€ 

8CC 0 c 
I I 

at 0.4~ . ·0.56 0.46 0.6() C. IC o.6~ 

at lCCC 0c 0.53 0.60 0.46 0.€4 C.83 o.6S 

LE at 11(;0 oc, '° c.50 0.6C c.ec C.75 0.10 
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Castables 

Cbaracteri::tic 

ED, r I cm3 

ccs. ?·~a 

after osvj ng­
at 110 C 
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Cast· 
40 

40 

1.8-
2.1 

30 

Cast 
50 

50 

2.e:-
2.3 

40 

Cast 
60 

60 

2.2-
~-4 

ca~t 

7G 

70 

2.2-
2 .5 

45 

i Cast }I I ec 
I 

eo j 

I~ 2. 3- I 
I 2 • 7 j 

! I 
j I 

Cast 
so 

so 
2.6-
2.e 

5G I 5C 
r---~-~-~--t~--t--~--+-----+~---+----+----

! ! a.ftP.r firinf 
r .Ao 1 -·cc o,.. . <!I. \_ ' _, 35 25 30 ~c ! 35 I 40 
------------1---~----+----+----------------.i 

I CE-r:1_··_ ... _o_n _____ L_2_6-2e 1·.--~8-32 31-33 32-35 i 34-36 ! 36-)t 1 

ci:1-[' 1-:ic: .. t ion i i300 t 13cc- i-4-5c-·-_....I. -il_5_n ___ ·1--i--5-~:-r··-1·65~-~I 
te:nr:~rat'irt-, 0c I 1450 15CC I j_:i'.)f· ; i65C j 17~ 

HC, W/K,m -r- 1' 

at 100 °c 0.96 i.24 I 2.~2 
1--~ .. -~--l-l_O_o_0_c __ ~-----1-.-12__,----·--1-.-2-7----~5! 
t--~~~~-~~-t-~~---~-+--~~-~~--:-~~~~~-~~ 

U., ~: 0.4Cll C.1 .'15 C.55 I C·.50 i ._ ______ __. _____ ...__ __ _._ ______ ~-~~---J 
t;·~ pc of l"o:-?d ir.r I tyctrc u 1 i c 

-
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V. A REPORT ON REFRACTORY PRACTICF.S, PROBLEK5 

AND POSS:rm..E REMEDIAL MEASURES FOR THE CEMENT 

PLANTS VISITED 

During the course of stay in In~a, the ~ersigned along 

with NCB-PEP team visited J cement plants with the programme 

given below: 

discussion with technical st~~~ responsible for re~racto­

ries and their applications in cement plantf 

observinc the relevant areas in plant; 

bneed on the observations and discussion with technical 

porsonnel, recomJ:Jendation ~or solvitlB' problems ~ere civen; 

get.tine technical plnnt data in the ~orrn 0£ a ~un~­

tionnairc 

- 1orture on the topic "ncfractory practices in cemnnt 

rotary kiln systo~s". 

Hajor suppliers of" re"fractories to Indian cement 

plants arc as !'01101..-s: 

1 Oriss~ Cement Ltd 

~ Sh".'i Natnraj Ceramic Chomical J.ndustrics Ltd 

J 0.!":i.ssa Indu& trio:; Ltd 

Ku~nrdhu~i Fireclny Si lien iior:<s I.td 

6 r:i .".'borurdm:i Uni vora::i l Ltd 

7 v n "' Refrnctorios 

Types o'f' re'.fractorio.o used in the !"lc.nts visitod 

nn<l their properties are given in Table 6,7,8 and 9. 
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TABLE - 6 

HIGH ALUMlNA BRICKS 

Specif'icati.on Type of' Bricks 

HA 70 HA. 70 

A1 2o
3

, 

"' 
70 70 

Fe2o
3

, ~ 1,5 J,O 

AP, ~ 25 23 

DD , e/cm3 2,5.5 2,60 

c c s t MPa 50 50 

PCE-Orton Cone No :n-Js 37 

RUJ,, oc 1500 11.50 

!'LC n t 1500°c 2h, ~ "' .:. 0,5 1,5 

TABLE - 7 

FIRE CLAY AND IlJ'SULATlNG BnICKS 

TYPE OF DnIC:.1.rn 
Speci:fication FC F'C FC J2 FC KC 25-J5 25-JS J~-J5 •0 

(1) i ( .... ~ .. , (3) ( l1-) (5) (6) 

Al 2o
3

, ~ l 
25-35 25-JS J:! I J~-J5 

l~O I ! 
i Fe".,C,, ~ c~~ I 4 l~ 2,5 J 3 r• ·- _; 

A p , c; 
I 25 JO .2J 23 23 

B D , c/cc3 2,10 1,80 2,1 2,c 2,15 

ccs, ?-!Pa. 20 15 27,5 25 40 
PCE-Orton .28 28 30 JO 32 
RUL, oc 1350 1350 1350 1J80 1450 

PLC at 14oo0 c1 :1,2 + 1,2 t 1 1 - + + l 
2 h % - ~ 

HA 70 

70 

2,5 

18-23 

2,50 

50 

J7 

ll~50 

I 1,5 i 

Kc ! Iusu-
•5 latins, 

(7LJ_J_~L 

t~5 l 7n 
d~.; n..,) 
I ..... "·' 

.20 I r. 

2J 65 
2,2 0,75 
JO I 1, 22 

JJ 7.6 

1450 1100 

- -
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TABLE - 8 

MA.GNESITE CHROME BRICK 

Specification 

Me;O, '/, 

Cr203' "' 

At 2o3 , 1' 
eao, '/, 
SiO'), ~ ,... 

Fe 2o
3

, 1' 

A p ' ~ 
D D, e;o/cm3 

CCS, MPa 

PCE - Orton 

RUL 0 c , 
Pl..C at 1500°C 2h, '/, 

TABLE - 9 

CASTABLES - HYDRAULIC 

Type of' Cnotablo/ Cant. I Co.et. Cast. 
~r·cc:i.:flcr tion 1~5 55 65 __ ,____,__ 

I 
i Al 2o

3
, <' 

,~ l!.C,, .. l~:, 50-55 60-65 

Fe2o3 , % J, 0.1., 0 l,O i,0-1,s 

D D, a/cm3 2,1 2,1-2,2 ,, 4 
.... ' 

ccs/110°c, MPa. 30 so JO 

CCS/Tem!'.°C,MPa 25/1300 60 25/1500 
PCE - Orton 23 28 J.3 

Ma.2:.grnin, me Size J,O - 3, 0 

% Wator/Yibr. 112,0 - 10,0 

Values 

75,0 
12,0 

3,.3 

.l, 9 

1,0 

3,0 
I 

i6 - 20 I 
2, 9 - 3,05!1 

min 40 
4o I 

I 

1 7.20 

! 0,3 

Ca.ot. 
80 

175-80 

J,o-4,c 

2,6 
JO 

' 

Caet. 
88 

I 
I t"'~ 

0'.,J 

0,5 

2, 8-2, s 
-

45/.1450 80 

JZ JJ-34 
3,0 -

12,0 -

I CnDt.j 
!~~ 

I 

c ;._. ~!. ' 

i 
o,4 

2, 8 

35 
140/1550 

36-38 
4,o 

10,0 
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Relevant Techni.cal Plant details are ~ven 

in Annex 2 

OB.5ERVATIONS 

1. High alwnina bricks are stored in open while magnesite 

chrome bricks and castables in covered store. 

2. Ash content 1.n conl varies in the range 25 - 35 % 
3. Thickness of' linine in the kiln ie 229 mm 

l•. ·wedge, bricks, only in one dimensions are used 

5. Content o:f' aUmlies i.e not determined in ral: materials 

u~ed (coal, rnu feed) 
6. I<:iln ali~o:it and shock puleo men..surecicnt on rollers 

arc not done 

7. M3nsurement of shell ova.lity 'ms dono by i.;cn • 

8. Quality control or refractories is not a reGUlnr practice 

9. Hi~h alwnina bricks of circular eb~pe are used in transition 

zone 

10, In calciniD.G zone, lrlgh alumina bricks contni:tl.ng 70 ~ 

Al 2o
3 

a.re u~cc:l 

11, Narrctr part of precnlciner inlet pip9 in \·:orn ou!: b~· 

abr-~cion c~sily 

lJ. Noae ri~ in discharge zone has short lining life {dense 

ca~table containing 90 ~ At 2o3 is used) 

RECOM!f!~IDATIONS 

1. All kinds of' re~ractories ~uet bo stored in covered store. 

Duet o.nd tmter can deteriorate their quality_ 
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2. The blending 0£ coal powder is required to get 

constant content of" ash in £ue1. The coat:lng 

·.in burning zone then will be more stab.le. 

3. 

4. 

For the rotary Jd. ln, uaed, it is sufi'icient to 

use 200 mm thickness ot: the lining. The 1.oad on 

the ld1n ahell tyres and rollers wil 1 then 

be smal.1.er, and total cost of: .lining ldll be 

reduced. 

More stable lining can be laid by means of 

combining two shapes of wedge bricks for diameter 

4,57 and thickness of' the l:in:l.ng 200 mm. 

5. Content of alkalioe in k:iln :f'ced muot be controlled 

as they may cause alkali burstinc in diecb!lrge 

zone and smoke chamber. 

6. Ial.n alignment and shocl• pulse men5urom-3nt.o on 

rollers muDt be meaDured a~ter 2 - 3 years of 

ope~a.tion of the kiln. The job ce.n bo entrusted 

to NCB. 

?. Tho gap between shell and tyre ~s measured by NCB 

but this requireo to be supplecentcd by men.suroo2nts 

of shell ovality, alicnr.:ent o~ tho kiln end chock 

pulsa on bearines /transit:Lon zone/ no io 

rocon:!!!;!Oded :l.n 6 abovo. 

8. For qun.lity control o:f new re:!'r:ictorics ln cot:ent 

a/ Chc~ical co~pooiticn 

HiGh alumiD.!l and :!'ireclay bricks - contont 

of At 2o3 and Fe 2o3, l!lll8'0CDitc chroma bricko 

content of Ms<>, Cr2o3, Si02 , Cao, and Fo 2o
3 

; 
in.eulo.tiD.G' 1m:iterinlD - content o~ s:1.02 , A1 2o

3
, 

Fe2o3• 

Ca~tablee - content of Al 2o3
, Fc2o

3
, 
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b/ Apparent porosity 

c/ Co1d crushing strength 

d/ Shape and a~ze tolerances 

e/ Damage o'C the aurf'ace .. 

For castable: 

~ water content required 'Cor vibration 

CCS a:fter drying at 110°c 

CCS after heating up to 8oo0 c or iooo
0
c 

total 1inear change af'ter heating. 

9. The wedges inetead of circular bricks are more 

convelrlent for all zones of the kiln (smaller 

dimensions, better adaptability and more suitable 

for deformed eholl) 

10. Hi~h alU&lina brick~ ~ith lowor content o~ At 2o3 
/'liJA~ 50 ~/ can be uocd in tha calcining zone 

11. SiC castable linius of thiclmoss .l.S-20 cc::1 can bo 

used for the narrow part of precalcinor inlet 

pire. Such material cnn prevent ·abrasion. 

Content of SiC in castablo shou1d bo 60 ~ (D.in). 

12. Castable with hiaher porooity can bo uDed for 
th~ tin.inc o~ bull noeo in tho grnte cooler. 

lJ. The lininG life of th~ diccbartio end can bo 

n/ Frolo:l.Gins th'!l lcncth of cnstnble U.ni:i!; 

froo 0,5 o to l,O c. 

b/ InDtead of cnstablo lr.lth 90 ~ At 2o3, uso 
the so called LLC {low 1cvol 0£ cecent content) 

ceotnblc~ Tl•O otrcnGth of such castable 

(chemical reagents as phosphates and gel Si02 
are present) i.D.creasos 1d th ri.se o'C the temp. , 

~hile in bydraul~cally bor.dcd castables the 

strength ie £alli.ng down. 
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:rn both cases free anchoring system may be 

used. 'lb.e metallic plates with openings are welded to 

the ahel.t, pul.ling the nonal anchors through the openinga. 

TEXMACO LIMn'ED 
Yerragunt.la 516 .309 
Cuddapah (Dist) 
Andhra Pradeeh 

Re.levant technical data are given 1n 

.Annex 3 

OB.5ERVATIONS 

1. In the pipe ~rom emoke cheober to IV Cyclone 

build ups are f'orr.!9d 11hich caused frequent kiln 

etoppages. 

2. Very henvy coa tin~ lo"o cnn be observed :t.n tho 

burning zone, where high alumina bricks are used 

for lining. Hiah alumina bricks contain 1, 5 'f:, of' 

Fe2o3• 

). In the middle part of burn.inc zone, ahell of 

the kiln ie vioibly deform~d. 

'•· For bricl< liru.n{;', two tyP9a of 11odcon ! 1 20 end 620 

e.re uaccl. Th9 sa.?!!9 wcd!:;CO nre c. loo uocd f'o.r:- lin~.nc; 

5. J.1n1ns on rotainin~ rin~ l8 v.ot sta.ble and 1.t nln 

observed that th~ retninin~ rinG beca::') e~poood 

durinc the opera tioo of th9 Jd ln. 

6. Bull nose in cooler i" worn ou.t easily in spite of 

use of high alucdna castableo. 

7. Hugh alumina bricks are stored in open, l}ing on the 

ground. Caetable is etored in covered etora~e ynrd, 

8. The compoei tion or the raw 1'eed a1lo,.1s :formation 
o~ high content 01' liguid phase in the clinker, 
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'1be v:lacoaity 0£ J.i.quid pbaae mu.et be very low 

because 0£ 1ov content of Si02 (SM :ln feed = t,44) 
and hi8h content 0£ A.120.'.J and Fe2ol. Liquid phase 
can eae:lly penetrate into pores of high alumina 

brick• and react with refractory components. 

9. Mechanical. condition o~ abe.11, tyre and blt)ar;i~a 

:la not measured. 

10. Mineralogi.cal compoai.tion of' olinker :f.e calculated. 

RECO~~fit;NDATIONS 

1. '!be complete chemical analysis includi~ alkalies, 

so
3 

and Cl content should be carried out, to know 

the reason of build up formation. The followiDB' 

recoctmsndation can be given to prevent tho beild ups 

in IV cyclone: 

a/ to lower th13 smoke chnmbcr tc:nrcrnture 

(belou 960°c} by u~int; lif'tcr plates (refrac-

tory steel) in calcining zone to ensure the better 

heat cbangio.« effect; 

b/ to provide the refractory ste0l liCtcrs into 

the inlot zone of tho kiln. 

2. The silica contont in raw f'eod should he increased 

to SH-2.2-2.4 nnd simultaneously Fc 2o3 and A1 2o3 
contont ohould be dccrcnscd to incrcn.oo tho 

the content of tho U.quJ.d pha:ia in tho c1;.nkor to 

ensure stable clinker coatinc in burninG zono. 

J. For doformod area of the shell, small typo of 

bricks so called B-format can be used. 

4. In the burnins zone, eopocially llhere coatinc is 

formed magnesite chroMe brick~ should be used 

instead of high alumina brick5. 
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Same wedges 420 and 620 type or .320 and 620 type 

can be used with metallic joi.nta eheetein the ring 

(thickness .1 mm}. 

5. '1be monol.i.thic lining, in discharge zone should be 

pro.1onpd to cover the retaining ri.Dg. It" the 

problem continues, the retai.Di.ng ring may be 

removed becau•e 0£ coni.cal endin8 of the shell which 

can w:itbatand the pressure cauaed by li.ni.n$ (slope 

of the k:iln). 

6. It is recommended to uee castable with h:l.gher 

porosity in.stead of dense one. Such caetable enables 

easy evuporation of the water and will be able to 

withstand the thermal shocks. 

7. Hich aluraina bricks ohould be stored in covered 

storaBe to protect th.om, a60inst water soakill8 and 

dust. 

8·. 'lho rocoilllilnndntion is GaJ:le as gi von in point 2 

above. 

9. Moaourewent of she'll ovality, kiln alignment, tyre 

clearance aud ollock pulse on beariIJes must be 

regularly taken. 

10. Hinorolocical composition can bo calculated by 

optical ctlcroocopy C?oaauremento. The aim is to kno\; 

tha propor clinkorizntio~ of raw feed. 

RAYlIOHlJ CEHENl' llOIU\S 
Gopa tu.agar 4 95 66 3 
Bilnopur (Diot} 
MADHYA PRADESH 

Technical data are given in Annex 4 

OBSERVATIOllS 

1. In the emoke chauiber, buJ.ld ups are f'ormed, 1:_ining 

in thJ.• area is costab1e with SS ~ At2o
3 

content. 
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Fuaill6 0£ tbe aurf"ace is observed. 

2. High a.ln•1na brick• ill transition zone are worn out 

early (burating 0£ the aurf'ace). 

l. The end edge 0£ nose ~ is cracking. Materials 

uaed for 1ining ~ caatab1a, aomet.imee . pl.ibrico 

strong aix 9 vi.th 45 ~ At 2o
3 

content ·caatable .:le also 

ueed. 

4. The separating beam in grate cooler bas short life. 

Beam is made of SS ~ Al203 castable with anchors 

welded to the arch of the cooler. 

5. Two types of wedges /620 and 320/ are used for llrdng. 

6. Facilities for measurement of ovality of the kiln, 

kiln alignment and shocit p\tlee on bearings ere not 

avai1ab1e. 

7. Tho briclt lining :is mechanised. 

RECOMMENDATIONS 

1. Build ups in the emoke chnmbar can be caueed by . 

·alkalies or by f'ormation of' apurrite type minerals. 

:In both casco refractory lining is not reepon~iblo 

for tlrl.e phenomonon. Duild-ups only pnrtially cen 

be reduced by uoing SiC typo of castnble in n lnyer 

of a.ppro~:i.r.:~to1y 20 C!:1 th;.c1;. Smeltin!;' of' tbs our.face 

of linin!; can be ca.ucod b'j' e lka lion, in euch n C'nso 

it is better to uce acid kind o~ castable for lining. 

2. It le reco:!!!:lended to use direct bonded macnesite 

chrome bricks in the trnnoition zone inotead of high 

alumina briclt ti ir.lyrovo the lining l:f.f e in tb.ie zone. 

As in this zone, no stable coating is formed over the 

surface of the bricks, those are directly exposed to 

the processing inaterial and gases present in Jd.ln. 
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So surface oC bricks get reacted with alkalies and 

partially with CaO to form feldspar. Reaction of 

CaO and alkalies with MCH brick is not so vigorous. 

3. The cracking oC the edge of nose ring can be caused 

by large ash coating CalliDG. I.LC castable (instead 

of caetable 90) with mullite type of crains should 

be used. If content of alkalies are high, the castable 

with lower content of At 2o3 can be used. 

4. Tho separating beam hancinc ~rorn the ceiling of 

grate cooler into it can be oado from steel fibre 

reinforced refractory castable . ' ( Sii'IlRC, • 

5. The lining of deformed area of shell, smaller 

type of uedges (B 620 and D J;;O~ cnn bo used. 

6. To prevent def'orrnation o:f the shell, rec;ular measure­

r:icnt of ovo.lity, gar, kiln nlic;n.'7lc-r1t and shock rulse 

must be tnken. NCD can provide this facility to the 

plant. 

7. Periodic quality control chcct;:ing of bricks c.:.:r:.d 

castables is necessary. 
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n .. STRENOfiiENDG OF NCB m 'DIE FIELD 

OF REFBACTORIES FUR CEMENT INDUSTRY 

At pre~ent the act~'Vi.ty of a group of epecialiata 

in NCB for refractories is directed to the followint; 

areas: 

the "research of properties of newly developed mate­

rials .in NCB conditi.ons, 

the evaluati.on of manuf'actured materials qualitative 

parameters according to Indian Standards, 

special hi«h-- meltine;, microscopic, X-ray investigations 

and termal teats, 

- training of employees in the cement industry. 

For the more efficient operation of NCB in the aim 

of the cement produotion enhancement in India ~t is 

advieory: 

1. Creation of a staff of epeoinliste. 

There le a need of traini115 more specialists for the 

research, realisation and coneulting activities in 

the sphere of refractories to en.eure the more intensive 

contact betweon cement works and NCB specialists. 

At least fifteen experts are needed in a group focused 

on refractories 'ffi.th their orientation on: 

- Testing and evaluation of qualitative pa.rru::otcre 

of the ueed end no11 kinds of ch.aped refractories 

C\nd rcfro.ctc~· ccr:~rotc& 

- Ccntrol, r.eaourom~nt, e~'Rluntion and preparation 

o~ a precaution plan in the rtr3chanical condition 

espocially of cement rotary kilns. 

- Expertise in eolviJ16 ftctual problems in cement works; 

analysi~ and proporsale to elicinate dif!icultieot 

Training o'f employees in cement industry by means 

of lectures and seminars ,,hero they are in1'ormed 
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about checkblg teata and laboratory equ:ipuont 

for refractories. 

2. :In.atrument equ:ipment 

At present NCB instrument equi.pment enables to 

per£orm testa by Indian Standards £0~ Re£ractories. 

To strengthen the e£rective aid in cement industry 

it is important to: 

- Equi.p a laboratory £or refractory testing or castablea 

and proceeeing, in~lud.ing the machi.nery convenient 

to uao these materials in cement works (vibratories, 

gunf.te and ramming machines) 

Equip a research workplace with electronic ~.icroprobc 

to study reactions re~ractories matrix 

- Equir hie;hthermal laboratory with inDtrummts :!'or 

meaeurement of' nonetnndnrd propertieo of' rei'ractories 

(creep in compression, modulus of elaetir.ity in ten­

sion, torsion strength modulus of rigidity), 

3. NCB experts traini~ 

For th9 closer contact amoll6 srecialiste it is advieo­

ry to onsure: 

- Permanent Jlereonal attendance of experts in.cement 

\;orlrn to sol vo arising problem:J in refractories, 

- At tcnc'0nce of exrort.e n t t~t'!pornry erri1 oyr:~~.':: 

in research inetitutcs appl.yinc refrncto!:'ios in ce­

ment uorl;s and in inotitutots of refractory r.ianufactu-

res. 

'Ille telIJ!'Orary employment is proposed in the following 

inetitutes: 

Research Institute for Cement, Moscow, U.S.S.R. 
Didier Verke, Wiesbaden, Yest Germany 

Htsgnntis AB, H8ganiis, Sweden 
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Ref'ratecl:m:lk Gmbll, Gatt~n, Y. Germany 

Veitacher Magneaitwerke AG, Vienna, Austria 

P11brico HBll, Vienna, Aaatria 
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UNITED NATIONS April l.;85 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATIOS 

UNIDO 

PROJECT IN 'l'F.E REPUBLIC OF WDIA 

JOB DESCRIPTION 
DF (l.1@/3'.o/ ~20/11-20 

:::x,ert in Produc~ivity !m~rovement through Selection, Installation, 
Use and Evaluation of R~fractcries in Ce::!lent Industry 

Tvo months in the first mission vith the possibilities of further 
Four mo~ths in subsequent missions. 

1 ~.ay 1985 

:!e'J' Delhi, with extensive visits to ce:ie!':t plents ~nd with :be rossibili::;· 
of t.ravel tci other CRI-L'dts vi thin t!le ccu.'1try, as :nay oe re.iuircd. 

~o i::i~rc·:e the total prod·Jctivit;r '!'actor in the indu!;try ar:i the te.:!'mo­
Purposeof project logi.:a.l levels of tl:e ·10.rious units of the cement inJ:.:.str;r in It;di.::. 

thrv!.!g!': st.reng:.henir:g of the nat.ior.al ·~en:re - the C6:1.cr!t ~.eseo.rcri 

Institute of lndia (CF.I). 

Duties 

., • ~ 1-33106 

'!'he expert •ill be attacl:ed to CRI as ·9. part of the intern3.tional te1::1 
lead by the Pro~ect Director, ~r.d will work under the supervizion c: 
the Institute's Chairman and Director General .• 

Whilst the field of \<Ork of the ~x:pert will cover t!'le entire 3pec':.::-~T. 

of activities relating to modernisation of refractory practices in :~dia~ 
cement plants, the special thrust •ill be in the folloving areas: 

First 
:.~ission: 

Analysing causes of refractory failure in different z::::-.<:-s 
and suggesting remedi~l m~as~res; 

Selec~icn of ap;ropriate re:~~ctories f~r ~ari:~l zones 
in a Ce!:!ent rotary kiln s:rs:.~ for Ir.di'.l.n c'::!!ler.t plan:;; 

2·laJ..\l!lti,:in tJf :--~:g:: g,2,·~ina, b:l=:.c and c~stat2.~ :--:::"!"ac· .. :::-:~s 
and ins:llatin5 cri~ks. 

Subseq'Jent T"ne mec:-.ani::a.tion fer delinir.g, transpor":.ati~r. a.r.j ins:::...:la:::.:n 
Mi~sions: of these.bricks; 

Optimization of heating up and cooling do'.l!l sc~edules ::r 
various lining systeits; 

Development of simulative testing method fer evaluating 
burr.ing zone refrac~ories. 

. ... I .. 

Applications and communications regarding this Job Oescr1pt1on should be sent to: 

Project Personnel Recruitment Section, Industrial Operations Division 
. UNIOO, VIENNA INTERNATIONAL CENTRE, P.O. Box 300, Vienna, Austria 
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In the above areas the expert vill specifically be expecte~ 
to assist CRI in strengthening the existing capabilities of 
CRI in: 

a. Eff~ctively diagnosing technological problems and 
productivity constraints in cement industry; 

b. Formulating programmes and methodologies for solving 
technological problems and improving productivity; 

c. Implementing solutions as arrived at in (b) above 

the enable it. in co-operation with the industry. to achieve 
ir.·=!9~:lse i~ .~g,;-:.cit:r u~:.!.i:.=:.~i·J~., -=.ec:-~:.~e ::: :::.::n -=.i:-:~~e 

and reduction in heat consumption, and esta~lish a central 
dat& base at CRI for monitoring the various productivity 
ir!dica.tors. 

The expert will also be expected to prepare a technical repo~ 
setting out the findings of the mission and recommendations 
to the Government on further action might be taken. 

Cer8!:1ic/Refractory/Chemica.l Technologist vith 20 years of 
extensive experience including adequate experience at respons­
ible ar.d senior levels in Refractory Ir.dustr:: •.tith s;eciali::a:ion 
ir: ~e::ier.t plant refractory lining. The ex;:ert shc:a:i he.ve ~n 
intf!::ate background of rrcd:!cti Yi ':.y r:.anage::e!'lt in relation to 
the atove and te familirir. -..i th c.ethodol.ogies ·:!' st 0..::.:.es fer 
Productivity ::nhanc E?!len t . 

Today the cement industry in India comprises 94 ce=ent plants -
having a total an~ua.1 installed capecity of 36.5 million tor.r.es. 
Refr~ctories used in India~ cer:ient ~lants ar~ ~ostly al'.lI!l.ina 
bricks (of 35, ')0 and 70 ;:~rcent Ali.;oin~ Cxi~e cor~te11t only} 
for various zones in the ~iln. Scme of tte nev plants of 
higher capacities are usir.g bn.sic bricks as well. C"9.stebles 
are used in sevP.ral plants tut monstly in t:.irner Fi~es, heeds, 
cyc:~ne prehe~tPrs etc. 

Ce.::;ent Researcr. Institute cf Ir.dia (attac'.-:ec·:o t!":e ~-~inistr: ... 
o:· "ir.d.ustry. Goverr.=ent cf India) is t::e r.a<:i::nal ·::~ntre 
d.e\"'~:ed to ResParch, Tec::::.:lcgy ~evelo~e:-.t ~z:d ·:-ra~sfer, 

:a~73':~::n 1r.d !nd~s:ri~l 2er~ices; ~: ~rc~i!~s ':~e necessary 
tec'.".r.o:ogica.l services to :~.e ce=ent i::di..::o:::-:,; s.t t:·.e na.t:cr.::;.: 
level. The I:-.sdtute has an ·jr.-goir.g :;:ro~r==:e or. :;:rcductivi::: 
entance:ient and ~odernization, and a n1..::lber of cece~t plants 
have already derived benefits froc. this pr~grQ"""'e. 



ANNEX 2 

1 

2 

3 

4 

5 

- 42 -

Same of the Plant & Address 

~'ZA~AD.~ CE!~EtlT CO LTD 
PCST t?CX No.10 
DIST A!-:RELI JA fA;<A?AD 364 540 
Gt:J . .:,AAT 

~ame and the designation of the 

technical staff 
r-~r H s P.~TEL' D'l t·:ORKS r-:A!:AGER 
r-~r v r-! NE!·'.E, FRODUCTI Ct! r-~;..r:AGSR 
Mr ~ S !~J,ZU!'·~DAR , ASSTI' ??.Oi.;t:CTIGI·; ~:.;:-:.;G~~R 

!ncharge refractory section 

Capacity o~ the plant ~-!r year 

: r:-s !-: i:: i or, ':'or.::ie 
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~ T~CHNICAL DATA OF THE KILN 

.. Process 

- - - -
Dry 

7 

8 

- - - - - - - - - - - - - - - - - - - - - - - -
capacity Year of Supp- Kiln Shell RPM Tyoe of· 

· instal- lied dirrf thick- preheater/ 

lation by (Lxd) ness precal/ 
nan cooler 

- - - - - - - - - - - - - - - - - - - - - -- - - - -
1 M Tonne 1982 Ful­

ler's 
US A 

67.Sx 
4.57 

25 mm/ 
38m.rr. 

0.3· s~s~ension 
to Flash calciner 

Chemical composition kiln feed 

LOI 5102 Al2o3 cao HgO 

~: .• so ~2.50 4.20 ~s.o o.s 

AM SH 

2.4 2.10 

siz~ J.i.~tributi.:.n .:>f ~he ki::-l 

com;")osi ti0n of clinker ('") 

- I 0 Al 2o3 
cao HgO 

- - 2 
~- ~ 
L,:. • - 6.5 65.6 1.0 

~.5-2.5 

Fuels 

Ash Ct)ll t•'nt, ~ Max 

~hl.!mica L compo:si tivn of ash, 
, 

Sto2 
Al 2o3 

cao M,JO 

s1.s 1s.i 1,, ~ 0.60 
kcl.171<-1 <.: .,d t I c va U•'• 

I~ •11:-111111\ll'. l•Jn ~lt f11.ll/tM\nd .~: 

/'\V•'l ·1•1•' "'"' t 
c-:'n~111np t. i, 1n 

,, t 
l "'' l 

3.3 Four stage susrA 

(%) 
Na 2o K20 

LSF 

1.09 
fe~ 

Na2o 
5-10 

35 

~ 

-•. 
..t •V IP:::;l L 1 

20.0% 

K20 

C 4AF 
.. r· 1,.. - ,_..-,; ~ 

Min 25 

Na 2o K20 

lrr <! . nk.,r 1 :;)CI 
~ ·-' l<J 

p;:etee.t er 
Two ~tage g:::-ate 
cco1er · 

503 Cl 

...,,., 
---~ ' "- auc;.-' • • 

6.5% 

503 Cl 

Av~r.S•Je 30 

503 Cl Fe,.,:J 1 L. -' 

1 Q - 8.0 ... ..., 

Kcel/kti cllnk11r 840 
1 7(1 mesh (40%) :oo mesh (:: s~.~· 

:.H ... ;, .11:1trlhutl•'" 
w11~1 ,,,,r 1:•)8 i fe11J t'4tf'! Ls .·.mt rol l·'d Yes 
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~iln OperQtlon detalls 

T·•"'peratur~ of the sh".!l l ln h11c-ninq ;?•)ne 
M•! 1:Jllr"m·.·11t •l{ t.1•! :1h"l l ~ 1111 .. ·r.it:•Jr<? 
T~mp~rat•Jr~ -:>f the tlu·~ ·1·~·:•·:J 
Seconiary air t~nperature 
Fr"!!qucncy f (a) :'lithout t·1»l 
a.,,I., <;h~t'"J~ (b) Low~c- fe·"d . .,i th hl~l 

J!0/3:!0°C (l·'::i<) 
:· .. 1.-,ti,.,n r~··: · ''"'~-· :- .. rid ~·~·,·Ll ::.cn~~:-v .. r 
~4o~c (::u1n•?

0

t:•'" l.: rli'.•"cl···d t1J r>o1w mill 
10onc · 
•:nee a month 
7 t•l A times 

Shell ovality __..::, { :·e.;,sure!':'!dr~ .:;.·,r;-i.~d 

f·.r:- l lrnmitQnc dryin9) 

' 

Frequency of measuring of uval ity ...,...-- /l ':\.!t. ~nl:· <.r:ce ~asurinq the qap betwe"!n tyre ~nd kiln shell~l'fir·,~ t:cs. t'.t .'1!::: e!isiv·, .Hst~nce of 20 m from cHscharc;ie end of 'kiln 

~1etallic retaining rin'J3 a;ici their position..J -
in the kiln. The lenqt~ th~ Cl~ne dnd its position 
in the kl ln whether uuxi l i-1r·1 dr~·1e is available Yes 

11 Refractory lining practice 

11.1 Zoning of the rotary c".!:nent kiln 
Zone; Drying Cale. Tr<>n:>itlon Burning Cooling Dischal)~ 

~~ c n c 
i.engt.n. m ~I lS ~v ~ w•-

grade of "A ".fO lO ( P~ °JO M~q c~ rv '3 H.l\7o HA Ca::~.i:.t•let"lci1At,o.) 

ref;:actories < ,. ~·~1.r •• 0.1 l 'I•· I "'l'l ) 
Shape of bricks 

Lining thickne.3s '229 .... ...., 

t.1n1nq life )'\y.-.·~ ''\W'IO"'\t""\, I ... o.rti_ • 12 .,. • .;it... ,; "-'•_.,.._' 
Supplic't' of 
refractorles 

Sil l1·:1-.""1luinin-'I 
M·''l""'' l tch romf! 
In:..ul.1t lnq 

P .. ~ .. ,.:.. '1•1• .. ~1,,. .. , l N.J..,16; ~.,..,,.,;, •) 
l'Y1~ .. '"' et-"•·" L1•\ 

Lining 
Construction 

Rlnq 

castahle 
Oth·~C:J 

bl11d lng 

w-: ... ~~.·~· ... ~ 
~ t ~ I ,.,.r,. • .....,,....._.., IM.,l.,,, .. s..{ 

cast able Others 

C'31nhlnation of 
brlck sh.,pe 

::;:,me si'.'·' ilnd !Ch<>p··: with kt>y bricl<s 

Kind of .~xpan­

sion joints 

Llnln•1 with mortor 

Ax l .s l 
[<\d l.il 

C<tn:ll)Ourd fit• ed with ~Ml'A\ 
t-•etal shim I 

Aol111lxturP.s tll mllrt•r us•:d (water, ch•imicala) 

Llnln·1 ln ,h·y way 
11~ tr1ri ~1~r.h.1n lc·-il jacks 

t>r i·~k 

I n.Jtll l l .\t l·lO t•••'hl\ 1°111,.:1 11,~ti 

11"'4\t l O· 1/•~->'3 l \ O· I :t1'h"•lll l ••S 36 hrs hP.et.inn/24 hrs coolin11 

t·:g (.nrome l:::-rick:.i are w .. J<J., type 

1
HA 70 & 1.oJ.J • 10 are Arch type 1 

__ '! 

."1 
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L'!n1th --,f c'1atin'l• m 

thic:knn.is 

·;·1i:H:ril._., 

stabil it'f 

20, 

l·}:·-::~n ~~ 

nature ((': • · -•i / har·j~ ~1 ~roe-·)~ .. ~ ... l .. - - ..-• .. • _ .... __ •• o;t_ •·'··-...> 

Rcmarl< abo•at ":.y:)e ".IE w•: .. lr/c·•·t:•->ris 

How do you analys~ th?. f"'rt H:n.rnce of reiractori~s 
in different zones 

Areas of frequent problems - r. -,~,:; i ':.i-.n ;,cne/1'<:!l' .. ring 

Please give refractory lin~n-i charts 

' 

11.2) Preheaters. coolers, firLn'J hood. ~·urners 
Preh<!uter duct:s - c .. ?:I •t l·~ 

A il.~-J•'·• '•"'' 1t~..J..:.. 
Cool·~r-sl· '".:.·.! ! ! incd with ens table and roof with l:;rick.11 

cyclone - castable in <·nri~· nn::iti•.>r. 
E.ricJ.:3 for c',·lin<lricdl r•r;ttl·Jn <1r1d roof 

Firing ho'·d lJr .. i with castable 
~urner plpe 1!- d with castable 

average refractory c~nsumption per tonne clinker 
produced 

o.~~ %7. f~r kiln (1985) 

.• 1 

11.3 Storage of refractories: Silica-alumina bricks 

ma·:inesitechrome bricks 
ca9tdbl~s. mortars 

In cov•-r.f"!d room/In open yard with concr·!te floor and Tarpaulin cover 

11. 4 Quality control me~s11r~s adnpt~d for s~lectlon of 
refractori~s. 

12.0 ·~echanic~l Maintnnancn of ~lln 

12.1 Kiln alignment 

12.2 Shock pulse measurem0nt of 
the ooarinqs 

In~ id?. co,·1•red room 

( l ) 
(6) 

" .. 
Pirr :•!'l:Jil"n • 

fHIL ( 8) Pl.C 
'(2) ccs (3) Chemical analysis (4) AP~ BO 

(9) HMOR 

' .. 

(5) FU: 
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... 

•· .. ~ . ~ 
• ·. l . 

Name of the Plant & Address 

T~x:r:Aco L'I'D., Y!:R!V-.GT..."NTLA 516 309 

t:L"D'.J,::,?A.~ (DI ST:- ; ;..:·IDHP.A PR • .;D2SH 

Name aud the designation of the 

?reduction Manager 
Deputy Chief Burner 

Capacity of the plant per year 

0.5 Millian Tonnes 

Proce~s 

4 SP Dry Process 



, __ 
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6 T.~CHNICAL DATA OF THE KILN 

- - - - - - - - - - - - - - - - - - - - - - -Process Capacity Year of Supp- Kiln Shell RPM Type of 
preheat er/ 
precal/ 
cooler 

inst al- li~ dim thick-
lation by (Lxd) ness 

mm 
- - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - -

Dry 

7 

8 

1500 TPD 1985 L&T 4.55 m 
FLS x 68 m 

design 

29 

Chemical composition kiln feed (%) 
LOI Si02 Al203 Cao HgO Na20 

3S.O 12.04 

AM 

4.96 

SH 

43.i52 1.15 

LSF 

1.04 1.44 1.46 
size distribution of the kiln feed 

Composition of clinker (%) 

s102 Al 2o 3 1 
cao MgO 

22.24 8.14 62.11 1. 30 

:'HEE Cao c 3S 

1.54 22.41 

1.5 FLS 4 
stage :?re-

9 Fuel 1 

A~h cont<m t, " 4o· a. Max ,3. ~ Min 3 l.· ~I Av~raq• 

Chc!1nic.sl C1)mposi ti on o t ash, " 

S to 2 Al 2o3 CaO M\JO Na
2
o K20 

62.0 22.8 72 . 1.0 7.0 
CL•t"l fie v.stu.,, kcal/k•J ~ ~ _ 
t:·in:uunpti...>n 1>t l'111tl/t1)nnd •>t cllnk,.,r .24D~ 
.'\v••r4•J•' h•Mt 1~1Hl:l111npti•in 1 Kcal/l<11 cllnkr1r \Ci:21 

so 3 Cl 

:H~~,, 1il:ttrlbuti11n "' fu•1L 20-24%, residue on 170 mesh ; 
Wh .. t.h•tt' ,~,,.,l f•ctd rattt is .. onl rollrtd Yes 3-'tY. "" rZ mesli 
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11 
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~~ 

48 -

Yi!n Cp~rati~n details 

54'-J: '.•l.: T~p·~rature of the shell in burnin.q zone 
:1edJur~ment of th~ shell tempera~ure 
T~mp·iraturo af thB flu! ~ases 

.:Hi!t ·~:-: · ··· :~. ~-·r: (1) ;:11" snell ti:!'""' 1- ~'"C"mal - 2•1o•c - J()l)•o:: 
3) - r:•o . i<adiatilJll - 35o•c - 4or.•c 

Se·;·;n':ar., air t"1llp•!roture :J'J - ~:1° Hot !!oot - 41)0•c - 45o•c 
•:r.i:-:_1 .... , · -:- .:';.'.hr~ ~ ES? :ltl'l!'.''.'.''!'Je - (M~nthl;• 5 t;, 6 ti~sl Fr~';•Je:'ICY "} (a) :ll ~:1n•Jt f•:el 

~I .. s~•rr"]< (b) Lo"Her teed "Hith fuel '"-4S)~ 

Sh2ll oval i.t:r ~lC9-9 

Frequency of mea9urin~ of ovallty ~n9 ~eat" 
~asurinq the qat) b•!t'"·~en tyre and kiln shell ;1~: L :; ' l~:-,·: i; f·1ture 
:1et:allic retaining r.<n1s and their position 
in the kiln. Th~ len•Jth the fl3llle an..i its position 'lo~ a•.':.i!cble 
in the kiln wheth.:or all><iliary dr-ive is available 'f":s 

Refractorf lininq prai::tice Lir.!.r.·; 

Zoni:-ig of the rotary C'.:11t'!nt kiln 
Zone: Drying Cale. Tr-an~ition 

Lc::-:.~-t.~. ~ 

qrade of 
refractories 

21.·" -h. l"!.0 ~·~t:·!~ 

Al ??iJ ', 70;~ ;1;>03 

\-le··~~:-~ Ty9e 

2J0/230 m~ 200rrvn 

·,·i"":h '::-::~! !·~ ~r1~· .. :- ·.•!-:"·1 .J~r:·: 

... J 
Burning Cooling\Oisct..?~ 

I) 
:~."! ~ ].~!~ 

7')~~ .\1~03 

200mm 

70ci3y5 

7 ~ .. J ... 
. . 
;\t '"' ~ - :: 

230•n:I' c~zt,1bj3 

9 110nths 

VP.".I Refract·:>rie:>, Mal'ras, 

fixin<J. 1.J!!e :)f t·.·1"1 s~-.l'.'.''! 0! wedge brick '1•/'41o 

Shape of bricks 

Lining thickness 

Lining life 

Suppl le' of 
refracto:-ies 

Silica-alumina 
l4~'J~9-itchzome 

Insulating 
castahle 
Others 

An·! Shri ~ataraj c ~rc'"•ic ilnd Chemical Industrial Ltd 
.\CC, Katrui., MP, D.;i,;:ii3 ,~uram 

Lining ~Ring bind lng cast able 
construction 

C.>mhln.ttion or 
hrlck sh.\pe 

On I'( ~1"d•1<> nr .lck r; J.o/i.z.o 

Others 

K 1 n...t of .~xi)an­
s ion joints 

Alf1al 
t"d..11.sl 

t~o E:<D··nsir)n .Joint.!'! f')r t:!r·ic": Lininq 

Llnln-1 wlth mortar- tlo 

A.tml><tures t<l m-.>t tar- u"~d (water, chtm1icals) 

Lin ln·I ln ,fry way 

I n:1 ta l lat l·ln t·~-=hn l· 111..,s us~d 

"'"•\tln·1/c->-.>lln1 :1.:i, ... h1l•'• 

B1 J..cl> -f;,.,:d 
25°C to 3'1°C r1'iS'! '."'r ho"J: ·'• .'1.-.,,.,. he11r.inJ 2·1 h •lurat:lon 
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coating details : ~en1t~ of coating, m 

t:tickness 

r:nifor.ni ty 

l 50-:ljl) mm 

stability t!ot ~~c~ stabl'? 

nature (for~ L4 .5 I hard~) - ?croo.v> 

Remcirk about type of wear/reasons : ·::'),:tin9l-Jss. 'i-:.ea'rt 

How do you analyse the performance of refractories 
in different zones 
Areas of frequent problems b::=11::i:.=:·.: z:~:-": es?ec.:.a:l":,.r 

.. U''J~, --,..-~,on 

Please giv~ ~efractory lining -ch~rt~--- · 

11.2} Preheaters. coolers, fir!ng hood, burners 

4S~~ ~.!~·J~ 
c--- _,_ 

.... -

average refractory consumption per tonne clinker 
produced 

11.3 Storage of refractories: Silica-alumina bricks 
Y.::rd magnesitechrome bricks 

castables, mortars In closed yard 

11.4 Quality control measures adopted for selection of 
refractories. 
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Name of the Plant & Address 

RAYMC1'"D CEMENT WORKS, 
GO~AL~;AGAR 4 95 663 
DISTT: EILASPUR 
MADHYA PRADESH 

Name and the designation of the 

technical staff : A D KHATRI, ~:. c AGR.:,WAL, 
R N VERl'.A 

Incharge refractory section 

R N VEP.MA 

Capacity of the plant per year 

1.25 ~illion tonnes 
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6 T~CHNICAL DATA OF THE KILN 

- - -
Process 

- - -
Dry 
with 
pc 

1 

9 

- - - - - - - - - - - - - - - - - - - .. - - - - -
Capacity Year of Supp- Kiln .Shell RPM 

. 
Type Of 

instal- lied dim thick- preheat er/ 
lation by (Lxd) ness precal/ 

rrun cooler 

- - - - - - - - - - - - - - - - - - - - - - - -. -
3850PTD 1982 FLS 4.55M 28mm 2.5 FLS/ 

through >c and FLS 

L&T fis.u at Fol ax grate 
tyre cc.=l!.;~ 

SOmm 

feed (%) Chemical composition kiln 
LOI 5102 Al 2o3 cao MgO Na 2o K20 so3 Cl Fe~O-

36.5 11. 5 :?.75 41.5 3.5 0.10 1. Cl(! ('). 30 

;.M SH LSF 

1.30 2.40 113.00 

size distribution of the k!.ln teed 

-' 172 = 18.5% +72 = '. o~~ 
.: ... -,mposi tion of clinker ( %) 

Si0
2 Ali'.)3 cao MgO Na 2o K20 5~3 Cl 

:::.oo 5.70 62.50 :·.00 0.20 1. ?:J C.40 

7'!~EE CaO c3s c 2s 

1.50 ':: O' 
,... _to' 

~ - /Q 
~ ,:.1.., 9% :o~.: cs or. :.~:::.?6 

Fuel a 

,\:sh C.Jllt 1•nt, " 
Hax 42% Min 33% Av~raqe 36% 

C..:h~inii:al c.1mpo:5ition ot,ash, ~ 

Sto
2 

Al 20 3 CaO M~O NaJO 
:z2.oo a.so 2.00 o.30 -
;..~t.n·ltlc v.,l.ta••, ki:.,l/k'J 360C 
..:: ·n:H1111pt 1.,n ,,r f1111l/t.1n11" ,,, ·~linlc.,r 
\ v. · 1· .1. 1 •• h '"' t "''" :tump t l ·in a Kc a l/k, l 
:ll.~·1 .tl;Hrlhut.l•in <>t fllr~l 1"'.'C· - t~··/. 
.~ll··t !I •r ,~.isl tll•'•1, r-.,t,, ls .-.101t"l.)l1·"1 

ic 2o 503 Cl 

C.40 

~ ""~:" 
- - ·o 

1~l I nkr.,r ~c.c 
_.., - ..,, . 

; 1.:, .. . :. 

:·es 

L < -
2,11 

~L~ _:; 

j ·S" 
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c./ 

b/ 
c/ 
a/ 

e/ 

ti 

~ • 
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r 
Y.iln Operation details 

T~m;:>~rature ".lf the shell in b11rning zone 
Me-'3::.ur'!!lllent 'Jf the :;hell t·:mp•:rature 
Temp~rature of the flue ~as~s - 34Q'C 

1ao 0 c;tn1nsition :-o~·c - :>45"C 

Sec~n':!ary air temp~rature -1or-Q 0 '.:-1C50°C 
Frequency•J (a) ·.~ithout f•~el (;nee in a cay 
JJI .. ';hf'r·~~ (b) Lower feed with fuel 

Shell ovality not t~sted 

Frequency of measuring of ovality 
Measuring the gap between tyre and kiln shell ~··ec.sured curin::i Y.iln stoppages g/ 

h/ ~etallic retatnin~ rin1s and their position About 470rr.11 frc.n the outlet sector 
in the kiln. The length the flame and its position About 10!: 
in •' .. lciln whether auxiliary drive is available Yes 

11 f.. --t:Ory lining ?ractice 

11.1 ; , .i:l-J of the rotary cement kiln 
~vne1 Drying Cale. Transition 

a/ Length ... 

b/ grade of 1.1 2 0
3 refractories 

25 

40% 

Wedge 

Ca"""' 

:5 

70% 

7r"IO. mm 

Burning Cooling Discha~-

20 B 

70% 70% 

~00 r.1.rn 200 rn"I 

2 )'"!ars ;,\'·(·U~ 8 mo:-iths 6-8 r'.onths 1 ye«r 

cl 
d/ 

e/ 

f/ 

Shape of bricks 

Lining thickness 

Lining life 

Supplle~ of 
refra;::tories 

Silica-alumina t'./s r:::tr<1j ~ramie and Ch .. ·:·,!cc·l lndu~tries l.td., 1:a11a1:ltudi 
Hagnesitchrome · 

g/ Lining 
Construction 

h/ C·1111hination of 
brick sh,'\pe 

>./ KinJ .:if <!X:>an­
si.:in joints 

Ring 
"!~!i 

In!:ulatina 
Castable · 
Others 

bil'.d ing 

A.xi al 
r.\11.\l 

j/ Linln..:i with mortor l ! l 

1.·/~ 
l\. ,C" 
• :1 .... 

~'~+:!"~j 

A C C 

Castabl~ 

Vit:~ting 

C''e~E!!!'i'= 
ratni 

Others 

:.~t ~~ovid!:-.g 

Jr./ 
1/ 
m/ 

A·ltniitture!I tll mllt"tar us.id ( wa t~r, ch.imlcal•) Water 

l.lnln 1 in ·try willy Yes 

I n:1tll l I ·"t I »n t·~··hn I 111·~:1 ·u:,.-d l <o::-1: l:•'.:'l'l'l ~·'•C~tinq 

ri/ 11 ... ,t ln.1/-: >-'l ln 1 :i.•h ... tul··• :•t:-49 !'rs I 24-~2 hrs 

=~1 C'~.·:-: ·.!=~l !'."'.:!"..:!' ~=-!~!:' !...~-:! 

• 
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coating details : Ler.qth of coati:'lg, m 

thickness 

Uniformity 

stability 

Al:cut le-'20 ?-: 

Unifcrm 

Stable 

r.lature cforD 1'l I hardma.ss> Because of 
Ea rd . 

mate~ial abrass1on. 
coa!i~g e~~- tc . T'""l1. ... 

• 

Remark about type of wear/reasons --- _ing e .. st Of:"O<'-V~ !' 
How do you analyse the performance of refractories 
in different zones 

Ey Sp. cor:su.T.~· 

tio?l of refr. 

Areas of frequent problems · Transition zo~e and NcS2 ring, =urner 

Please give rafractory lining chart~ ~!re 
11. 2 ) Preheaters, coolers. firing hood, burners ,! ltlj•-'< "''"' ,..,J ,:,.. 

Fire bricks 
Insulatina 
hric-ks -
Castable 
cal silicate 
Blocks 

30-40% Al 2o3 

60% Por:Jsity 
30-40% 

Used 

+55% 
+90% 
Used 

55% 

average refractory consumption per tonne clinker 
produced 1 kg in 1985 

11. 3 Stor; ~e of refractories: Silica-alumina bricks ir~ co~t?-:-"-~! 
magnesitechrome bricks 
castables, mortars 

11.4 Cuality control measures adopted for selection of 
refractories. Yes 

• 
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ANNEX 5 

WOR~ PROGRAMME OF ~!P.CS~V POTANtOK EXPERT FOR REFRACTORIES 

~?/lND/84/020/11-20 

Post title 

Duratioi:: 

D~te 

~(~rd Cct to 

~2r.d r!o .... 1986 

~7~h - ;ct!: 

Expert in Productivity Im~rovement tr.rough 
Selection, Installation, Use and Evaluation 
of Refractories in Cement Induetry 

Two month~ in the first mission 

.A.ctivity 

~:i.llahgart. 

:iscu~~ior.s on t~e sutject of 1mpro¥ement 
of refractory practice with l~C.B specialists, 

i:::trocuct ion t c Indian ccner.: industry, stu-
c:ti?:F. the r,rorle:r:~ of refro.ctory niate:-ic.ls 

usej - tn€ir ~elec~ic~, tertinf and evaluation. 

- In~reased lining life in cement rotary kiln 
system with special references to the 

a~plication of taPic bricks and refractory 

concrf'r.t. 
- f\tfractory pr,\ctice in cPir.ent industry. 

o~ reco~~enctat!o~s. 

Vi~it to Texmaco ltd. 

D; --....... I.. • Cuc!daJ.>a.!·., 

Andhra Pradesh. 



1st 
Dece~ber 1986 

4th - 7th 
De=e!!l'ter 19€6 

8th - lE:th 

Dece!I:'ter 1966 

- 55 -

Visit to NCB, research point in Hyderabad. 
~iscussicns with NCB personnel on the prob­
lems in Texmaco Ltd. plant. 
lecture: Quality control of refractory 
materials ty cement plant laboratories. 

Vi~it to Raymond Cerr.ent works. 
Dist. Bilaspur, Gopalna?ar 495 €63 

t':ac h:f:? Pr:>.d e sh. 
Lecture: Refractory p~~ctice~ in cement rotary 

kiln sy st er.is. 

r:c"E ?9.llabgarh. 

s:rster.ii ~e and ar.aly£e t!':c- tc c !:ni cal data 

from cement plant~ wi tr. ~~i.e assistence of 

~CE' ~p~ciali~~S in rE·!·'!·.-..::torie::. Frep.::::.ratior. 

cf re;ort wit~ fin~l~~~ a~c recommendations. 
lecture: Installation and m~intenance of 

refractory lini:if in cPr:nt>nt industry. 

• 

• 
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