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ABSTRACT

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

PRODUCTIVITY IMPROVEMNT THRCUGH SELECTION, INSTALLATICN, USE
AND EVALUATION OF REFPRACTORIES IN CEMENT INDUSTRY
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Duration of the first mission lasted from 23
+il1l 16 *h Deccemher 1986. The mission was focuse

“ollowing fields of action:

ed on tre

- Selectior of suitable re;ractories for varicus zones in
rotary kilns for Indian cement nlants;

- Analyvsing causes of refractory failure in different zcnes
of kilne, preheaters, coolers ani precalciners;
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insuiating brick
- Op*imalization of heating up and cooling down shecdules for
5

various linirnc

Mue training of rafractories specialis
auneil for Cement and Puilding Materials /NCR/ by excursicns
i
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“p three cement plarnte, lectures and

PN -
3 S J-(,v‘d

+ B K bt < o T Cmr e T aNa ~
i ks hale A€ sva tosnnin2l vereeornrel frIm o TIANTC N
P - P S < - L P T AT - PR, -
- o - .‘”" - :v‘ 2 a - LA e

- s : 3 & A EF AT At e n Ay Apmave el o
v mtmarsTran in The area 21 YrerTAQTOMIerD v femarl INCAnV TN

in the follcwinf:




By the interaction with the plarnt officials their re-
fractoty problems were identified, relevant data influencing
durability of linirg were collected and recommendations were
made. The grouped data are to be found in the National Council
for Cement and Building Materials in Ballabgarh, Haryana.

The following recommendations in general were granted:

1. The content of ash in coal varies very much, To obtain
tetter flame stability, dlending of coal is inevitarle.This
will give more stable coating in turning zone and hence

-

increased lining " fe.

2. Wedge bricks should te used instead of circular cnes. These
are generally accepted for cemen* rotarv kiln as the cverall
s+ability of lining would be better. Combinatisn of Two
tvpes of wedges allews %o lay +he s*able and Flawless lining.
¢mall tyte wedge /7 format/ can usefully te apoviled Sor

lining of deforred areas of the shell .

Tayr imnravement of the lining life In turning zche ne *te

o
L]

kiln especially in dry precess, m2pneci
appreopriate guality /together with magnesize stinel/ should

he used instead of high alumina hricks.

4. Szeciel grades of castetle refractories should te gproduced
irn India %v manufacturers of refractories. These rmaterials

=vs jow level cemen* content casatie, steeZ fiTre rel nfor-
be

efrzctory castatle /SFRRC/ and silicen carride cas=zhle,

ced
od LN - P - ~ 3 & MR e - - i
5, "sacurerer*s of ghell ovali<y, zilr alignmen?, txre cloarance
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rg kiln, preheaters and ¢solers.,




7. Further improvement of WCB specialiste for profesional
R determining of refractory failures by their visits of
domestic cement plants ard foreign institutes. -
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INTRCDUCTION

A. Background

Wet process practice for cement production still prevails
in India /apprc "mately 60 %/ but there is a tendency o make
dry process predominant in a few years. There are more than
9C cement plant with overall yearly production of more than
4C million tons of cement per year. The new cement plante
have perfect technological scluticns applied ty the help of
well known manulacturers /a.g. FLS, Fuller and others/. The
irmation.

esuipment of wisi‘ed cement planis proofs ilhis affi

plants, has National Counsil for Cemon ard ‘zllciﬁg llateriz
NC specialil

B/ in New Delhi. With the help of

o” cement and building materials fechnolegises preflems mar b

sived in *he mentiored incusiries., NCE with ris stild cf eve-
c'alists covers *he field of inves*igaiicn 2rnc research wirid,
deveolonment of modern feshncliogies and trainm -ing of tecnniral

personrel from facteries and industrial eervice In *he cezent,

construction materials and partly refractory materials tco.

Produstivity of portlancé clinxer

service 1ife of refrazctory liring In *he ITT ’lzo:t
shutdowns cause failure of refractory lininfc
Not

anient refractory materials

uction of kilns falls dowr. ever-tire manslacTurers

"T"‘Nﬁuc\pu
vaducere. In epiue of this fact we mugt T
alunina and fireclay

eantent of

3 wia b

Hirh
influencer *he quali*y of such
kiln may te shorter.
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Magnesite chrome dricks are not used in all kilns for
burning 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 some new types with special quality should
be macde in future. Such are low level cement content castadle
steel fitre reinforced refractory castatie and silicon cartide

castable,

B. The purpose of the mission

I/
PIVITY ENHANCEMENT COF CEMENT INDUSTRY there 1
"Productivity Improvement through Selection, Installat
and Evaluaticrn of Refractories in Cement Incusiry.” The alirm of
~

Within the project STRENGTHENIKG NCB CAPAT
s

+hig first miscin is %o zdvance the relractery or racti
cement plants. In realization of *nig *ask separate accent has

been fFiven to the foliowinc:

- Comprehension of the present state in reiractory tractice;

4 £

- Analysing the causes of refractory failure in different zones
and sucgesting remedial meesures;
- Selection of appropriate refractories Jor varicus zones in

cement »otary kiln svstem for Indian cermen* nplanis;

= Fraluation of high alumina, basie and inswiating trisks anid

P P d
castakbies;
- Crwryetianing the exictins magpitititics A7 Ave Naticral
[a PRy B B -y - -~ T A N <, . - H &
Cpumeil for Cemsnt and Builsing Materiztig T Traivive mefrace
o, - s - - - - - . - Loy Ve e
netar specialists in respect of crurilzleg natiods of sci-

v knowledge imprcvement of refractcries -peci
Y02 and *echnical perscnnel in cement plants moTre DroTer
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gselection of refractories will te achieved, such as:

-

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

C. Mission support

I am very grateful to the personnel of the Vierna
UNIDO who thoroughly organized the whole prevparation and my
mission in India which proved to be very successful, My thanks
belong especially to Mr.5. Hamdy, Mr.}. Ivancev, Mr.A. Makovet
and others whor I had +the ovpcrtunity to meet at UYiZC.

The expertise was supervised by ®roiect Directcr of the
National Council for Cement and Building Material

r.M.C. Visvesvaray to whom I an higrly tranx
tendency ¢f the whole project focused orn <nhe rise cf inhe cement
productisn in Irdia. I alsc apﬁreciate +he snosorshiz of =he

er Nr.in. Fourr ard
A

[
.
-

K02 direc+or, Nr.D.Dn. Irani, oreorranll leac
ed a= *he crganization’

organizing leader Fr.V.K. arora who enar

0f mv expertise in NCB Ballabgarh.

My expertise was realiced in the close ccoperation wi
.¢.J. Rainz, Mr.S.C. Sharma, Kr.S. arfarwal, MNr.T.P. Sethi,
Mr.3. Gotal and at the workplace in Yyderatad Zr.R. Ragvendra,

~ .

Mr.t, Yasudeva and IDr.V.X. Mandal <o whom 1 2m Tuf
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czher people at TNILC in Vienna, UKDZ
ard N2B in New Delhi who shared in my Trosperous exger:d se

durin nmv stay in India,
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iI. SUMMARY OF FINDINGS AND RECOMMENDATIONS

A. Findings

High alumina bricks are stored mairly in open while
magnesite chrome bricks and castables in covered store.

Ash content in coal varies in the wide range.

Thickness of lining in the kilm is not preper.

Wedge bricks only in one dimension are used.

Alkali kentent in used raw materials is mot éetermined.

Mechanieal conditions of shell, tyre, dearings, kiln
alignment and shock pulse measurement are not regularly

nerformed.

(!
]

cality control of refracteries noi a regular praciice.
High alumina bricks of circular shape are some<lines usfec.
High alumina bricks containing 7C % Al Cq in calecining

zone are used.

10. Lining of retairing ring is nol statrle,

11. Composition of the raw feed ailows fermation ¢ high

14
15

content liguid phase in the clirnker,

>, Build uns in cmoks chamber and in IV, cvalons are not

. Castatle in convenient guality is not used.

-

. Special tyzes of castatles andi hasic bricks are not

produced.
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B. Recommendations

A11 kinds of refractories should be stored in covered
store. Dust and water may deteriorate their quality and
educe the durability of lining.

Ash content in coal varies in +he range of 25-35 %.

The blending of coal powder is recuired to get consiart
content of ash in fuel. This irmprovement alcne wouléd
enaltle much higher stability »f flame and the coating in
burring zone ihan Will D2 WGTE gtabilized, lining life
will be longer.

For the rotary kiln of diamezer 4,5 m, % 1is cufficient <c
use the lining of 20C mm thickness. The load on the kiim
sheli, tyres and rollers will +hen be smallier, and ke
total cost of lining will be rec¢uced.

vore statle lining can e 1a:d be means of contining “wo
shapes of wedee tricks for d.ame<ters atout 4,7 m. T¥TeS

of wedge 620 and 220 can be used.

Alkali eontent in kiln feed must e conirolled as they
may cause alkali burs-ing in discharge zcre, celel

zome and smoke chambeT. Puild ups in smcke chamter and
ilower part of cyclons may te formecd too. The conmplete
chemical analysis incliuding 303 and C1 ccenternt sheculd be
carried cui, to know <he reazon of tuild un fcrmation.

r FY - i’ e,V b oas £ =
vilr alignment, srnock pulse Ch rpoliers, ¢vVality OL ihf
a
ce1l zwmd *vre ocleararee must Ya repmir i talien at lezst
s F R £ - - - P ~ Y -
a+ter 2-7 vears of %he Kin Iterast-.od. Tne 27 cam e

The following tests can be gerforzed for guality contirol

W
of new refractories in cemen< piants
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- Chemical composition of high alumina, firécly bricks and
castables - content of A1203, Fezo3, in magnesite chrome
bricks content of Mg0, Cr,0z, $1i0,, Ca0 and Fe 03.

Tests for bricks

- apparent porosity,

- cold crushing strength,

- shape and size tolerances,
- damage of the surface,

Tests for castable

% water content required for vibtration,
. . 0
- cold cruching strengith after drying at 11C “C,
- cold crushing strengih after heating up to €2C "C or 1CCC °C,

- total linear change after healing,
Wedge bricks should te used instead of circuler cnes. Thece
are generally accepted for cemen® rotary kKiln as %he cverall
stabilitv of lininz would te higher /emal

..J
N
'
=1
D
]
0
re
o
°3
"m

P
, petier

adaptatilitv and more suitatle for deformed shell/.

High alumina bricks with lower cortent of AlZC, /r=z%. 5C %/
. *he calcining zone can be used. Fer hea+ consurniicn
[ >4

etoncomy semiinsulating bricks can be alsn ure
The morolitic lining in discharge zcne shcuicd te Trolonge
40 cover the retaining rinf. Instead of cas o1
Al,Cy the so called LLC /low ievel of cement ccnzent/
castable should te used, The sirengih of such cacialie

/ohemical reagents as phcs:hates arnd gel S1i0Q,
£
(s

vt
()

»
-

R/

a4

°n

A sl e
P PR

)
ed castabiles the sirongih

cally tond ih
The silica content in raw feed shculd Te increased tc &
2.2-2.4 and simultaneously Eezc, and A1203 content snould
-
te decreased to increase the viscosity of the Zicuicd phase
o)

23 woll ac 4o decrease the centent
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16.

the clinker. This is to ensure stable clinker coating in

burning zone. :

As it has already been mentioned in 5. the complete

" anmalysis should be carrieé out to knew the reason of tuild

up formation. The chemical analysis together with the tech-
nical aralysis of the reason of build up fermation can e
done with the help of NCE.

Mineralogical composition should be determined by cotical
microscopy measurements. The a2im is to recognize the trorer
clinkering of raw feed.

Castable with higher perosity can be used for the lirizng in
the grate cooler where the tenperature charges are gre

')
prs
[¢9]
i

/a.i. tull nose/. In discharge zone IIC castatle can e ursed,

in

pecial grades of castatles such as casiatle witk lcw level
cortent, steel fitre reinforcei and silicen cartide
t

Fnesit
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nroduced by Indian refracteries manufacturers,
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spinel tricke shouid re alsc manufactured.
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+her activities in realization of the project Productivity
Irprovement through Selection, Installation, Use ard Eva-
luation of Refractories in Cemant Industry snculd te cone:

nser contact tetween specialists from NC3 in cepert

'
0
o

lants by attending and solving technical provlens in
rement works,
- to improve knewledce in refractory practice, advencsd tral-
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IIIf THE CAUSES OF REFRACTURY FAILURE IN CEMNT ROTARY KILN

SYSTEMS

A..General

Rafractories play an important and vital role in the
cement industry. Refractory lining life affects not only ths
production but also the economy of the rlant.

Approximately during the last two decades, rotary kilin
technology has changed extensively, involving mainly the sugA
pension preheater and flash calciner <echniques, whrers up U

<«

€0 % of the total heat energy supplied to the kiln is intros
duced in the kilm back end(1].

In visi<ed cement plants, two of them are eaquinped wilk
b o

-
’

precaleinineg systen, third plant is treparing for censtruct JN
rY
e

precalciner tvo. Therefere at

The ccnsecuences from the menticned changes are as fol} Yi\:
R

- a decrease of the specific heat ccnsurptiion frem 12CC keal 4Y

¢f rliker,

- a decrease in the radia*ion losses *hrouph the Ikiln shell,

H - 5 ¥ K a3
- an increase in the sypecific producticon
2 ]

3 . - 3 - - — : > .3 , :
- o Seecreane in the 2ihermal charger in the Filn crcogssectlicn
2 =

- -~ e -3 e 4 2 b
amZ welnme from §,% Geal/n“h %o 7,6 Jeal/rth,

me<zl parte of heal cauipment ¢
temperature, in reducings of heat losses, par 3
+rar.efer while burning of raw feed and serving as working avwy

0
transporting suriace for the feed passing “hrough the kiln.




tion and corrosion by melt from clinker and condensation and
infiltration of alkali salts. Fuel causes chemical corrosion

+00, mainly in the case when the ash content is high, Thermal

~stresses from shell, tyres, rollers and temperature oscilations

act in wear of refractories too.

B

-

Fefractory materials used in different zones and areas of

rotary kiln systems .

Refractoriee in cement heat equipments are evposed t¢

_ : . . t
Raw material components cause wear of refractories by infiltra-

various temperatures, mechanical stirescses and chemical attacs,

From this point of view, the gualitative parameters are ade=-

guate different.

].

Pefracteories in suspencicn vreheaters ard rrecalcirers,

p..a.

vith durabilty of linirc in thig areas are rnet s7
difficul*ies. Lining is compcoed from twe Zavers:
layer is on the shell, and the secand laver ic of
fractory material, For insulatingz laver fireclay
castatle ig used., Fer working, secund laver, £

e
¢r castahles are used, Tireclaw btricks and casial

working layer arec dense materiales tecauese of arility tc vi

stanéd the arrasior.

Some prohlens in leover parte cf susnencicn trehecter

are cornrected with duild up fermation, 7o prevent

PR . . . . . - , . .
P L 2 [ S e o, et -
S LAl LoD LS TGl e oo TR Aren . 2T - .

»izls to prevent aibkall Yursting eheuld Te uced

PO Y

Frecaicinine zone. The temperatures here mar reac!

9
Suitatrle refractories for this zore are Jireclay tri
-~

containing 23-37 Al.Ca, for use in *he less cri
follewod Ti 44 % Al,
higher temperature end of this eectiorn.

nf the zore,

Q. Téiveclay brick
7

pY
[y )

i

N

irsuiat

-
FY

E

cdence re-

nricks cor




In precalcining zome preferable fireclay bricks with
higher porosity lining can be used /for economizing heat

consumption/. Cold crushing strength of such dricks must te

minimally 15 MPa for ensuring convenient lining 1ife[2]. The
chemical composition nf refractories depends on chemical
composition of raw feed and fuel. If the content of alkalies
is higher, the content of silica in fireclay nmaterials in
calcining zone used must be higher and conient of alumina
oxide must e lower

The thickness of the lining is regulariy the came ac
in other zones of the kilm. Eigh alurinra oricke for this
zone are not needed.

Transition zone. In the trancsition zone cf the kilzn high

alumina, ragnesite cirome and magrecite spinel Ttricks are

used., The choige cf gquality of relracicry raterials deepend
on trerrai and chenica conditions in the kiln, vwhen the

rontent of alkaliec is hiphnr and termrerature is higher toc
i* ic retter to use marnesite chrome or magnesitle stinel
rricks ins*ead of highalumina bricks.

in raw naterials at nirh

s
temperatures aikali salts with low melting peinle nmay
s

arise {2,4,5]:
¥ PR ¢ 143 Ay, Caq 4
¥l ¢ C melting p. MYall &Cl "2 mel4ing T.
~
- O e o}
KAl gc ¢ " Ya,n04 8s1 "¢ "
i
O - -~ ° . n'
KTYC/ 1060 70 1 ¥a.co, eeL o U
R e e - A
Cafl, docnnn, -~ L #
q.
L kali salts with highaluminz m2tericls recacets to

form minerals:
/3 - Xoruncum, X C/nu-C/ 1181 c3

Faliophilit, KOO.A1203.28102
Kephelin, Na20.A1203.28102

Teucit, K,0.A1

01,0

L4810

3 2
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Arissing of new minerals is accompanied with changes in
the volume. .

At the temperature higher than 1350 °C anorthite

/CaO.A1203.25i02/ and gehlenite /2030.A1203.5102/ may arise.

Eurning /sintering/ zone. In the burning zone the burnt ma-
terial reaches a temperature of 14C0-1450 °c, falling at the

.end of the zone to ahout 1200 °C. Ls the kiln rotates its

lining first receives the action of hot kiln gases at a tem-
perature of 1€00 °C, and then is coated with a laver of
clinker at-1400-1450 °c el

Refractory materials of the burning zore nust be chemi-
cally basic because of the high calcium content in the turat
rzw material, In adition to the cobvious proverties of high
Zuassing veoint and refractoriness under load and also 2 high
Tlux resistance, the hurning zone iining must also be voiume

ztable, have a2 high thermal shock resictisnce, and muct Te

I¢

zhle o hold of fermatirg clinker ceoating to pretect i*sgelf

l

Zrom further attack. The most saitisfactory refraciory ra‘*e-
rials for gocd coating formation and other cement kiln con-
Zitions is magnesite chrome brick bonded radially with sieel
cheets, which when oxidised to -eC.-e203 reacts with 4he
~agresia in the lining-and yields a monclithic magcnesito-
“errite tond.

Unstatle ccating can be ctteined with Xirpk alumins
~efracteries because of permanent reaclicrn alkalies and
“ire on tiho eantoant =8

»fasre retvoen briolk and fand, Tlerea

Tore basic refractories are more convenient for liniig <he

In basic brick even with high initial temrera*ure re-
latively 1little liguid is formed. Selective interaction




of alkalies from clinkers with the bonding phase of refractoe-
: ries results in a liguid phase that promotes reaction
' with clinkering material as to help building up desired
coating.

Condensation of salts like CaSO4, K20a2/504/3, K2804.
KCl and sodium salts form of deposits([7,8,S]. Salts condense
from vapour phase and nigrate in the liquid state within
+he trick until they solidifay at a temperature deperding
on their composition. Solidification occurs within the
range of approximately 700-1COC %z, It results ir the for-
matior of denser internal structure deep in the brick with
an increased risk of cracking as 2 resull cof temrerature
variations

Alkali saltis can also'react with Crz'3 r chromestirel

MECr,C, + ZK,0 4 20, —> 2¥,CrC, + MiC
or o<her reacticrne to form hexavalern® Cr ions. The tresernce
cf hexavalens crrcomium ions which nave come frem paris ¢f
e 20 *he hot face cfien gives “hrse sonlidi-

fied internal devosits yellow colour due to the formaticn
of KhCrC4. KZCr

5 K2/Cr,S/O4 ccrpounds. These condencsates
only a little al
e

er <he structure cf tasic bricks teccusse
¢f the low ion excharnge tendency Tetween magnesium and al-
e sulphale has almecst completely
filled *hLe pores in the Yrick, thz grain structure cf <he
111 wirtually intact. The Tilled pores are den-
rercus only on ravid cecling down or heating un cf <he kiln
arsicen fooree

Tyred m ey Fal 3 P F 2 = > A
shaptdowng of the kiln are often anl coniany

o
nigh it is be*ter %o uce chrcme free magnesite alumina
i
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5, Cooling and discharge zone. In this zones high spalling
resistance refractories are used. Lining undergoes fluctua-
tions in temperature from the clinker at 1400-1450 90 to
secordary air contact /temperature depend on type of cooler/.
A dense €5-70 % high alumina brick with a very high
abrasiorn resistance is often used in this zone.

Tor the nose ring /in the case of grate cocoler/, or
discharege end of the kiln /in the case of satelite cocler/
righ alurina dense castable often 2re used. fLlumira cor-
tent in thesce types of castadle is in the range 75-9C %.

The various lining zones overlap, 2nd no strict divigiern
can be 1laid down to cover all sizec of kiln. However, &t 2
gereral rule th fcllowirne figures give scme gaidance:

naleination cone 6§ k3iin diareters
“ranciticon zone 2-2 %iln diameters
Jurring 2rme 4-5 »iln dlameters

foolinz and disch.z, 1-1,5 kiln adjameters.
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IV. SELECTION AND EVALUATION OF REFRACTORIES

A. The selection of refractories for rotary

kiln systen

The selection of refractory materials for a given
zones of rotary kiln system will be determined by the
conditions prevailing, e.g. highest temperature;
frequency of temperature changes; chemical and minera-
logical compo_sition of raw feed and fuel; mechanical
stresses to which refractory materials will be exposed;
the gaseous atmosphere; the presence of liquid phase
with its viskosity and chemical composition; insulating
capability or abrasion resistance; cost of refractories;
the ability 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 fusing point of a meterial, will give
only a very limited indication of how it will resist in
operating conditions in cement rotary kiln system,
Therefore there is a practice to characterise refracto-
ries by a combination of properties, the testing of
which is the subject of continuous research and develop-
ment as vet no perfect test has been devised to provide
all the nececssary information about the service of

e refractory material in kiln systenm,

The main determinations for selection of refracto=-

ries include:

- Appareni porosity and bulk density

-~ Refractoriness under load

~ Permanent linear changes under high t¢ 'perature
- Cold crushing strength ‘

~ Refractoriness /pyroplastic cone equivalent/

- Shape and size tolerances

~ Chemical composition
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« Thermal shock resistance
IS « Exterior damage /edges, cormers, cracks and surface
fusions/. |

In the case of castables further determinations
are important:

- Cold crushing strength after drying at 110°¢C
« Cold crushing strength after firing at 800°C or 1000°c
- % water meeded for vibration :

The above mentioned determinations are included
in standards, Besides the mentioned tests further

examinations of refraciories can be executied:

- Determinmation of the creep in compression
- Determinction of the modulus of elasticity in tension
- Determination of the torsion strength nodulus
of rigidity _
- Determination of the linear expansion
- Detormination of the heat conductivity
- Determination of the chemical resistence to the
main charge component

The conditions for zones of rotary cement kiln

systen vere montioned in Chapter III.

3. The evaluation of refractories for rotarv kiln

8vete
8:e.e2

In visited plants preferably domestic refructories
are used. By manufacturer catalogues werv vide grades of
rfireclay /FC/, high alumina /Ei/, magnesit chrome /I'CH/,
ragnesit spinel /MSP/ and lirht insulating tricks are

rroduced /INS/. Castahle materials /Cast/ on hyvéraulic bonding
are produced too.
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Main characteristic of refractory materials produced
in India are given in tables 1, 2, 3, 4 and 5.

Pable 1

Fireclay bdbricks

Characteristic FC 25 L PC 30| PC 35| FC 40 |FC &5

' Al,C5, % 25 30 25 40 45

AE, % 16-25

ED, g/cm’ 1.6-2.1 1.9-2.7 2.0-2.2[2.1-2.2

cCS, Mra 25-50 25-4G

FCE-Orton Cone Ko 26-28 | 28-31 | 5(C-32 31=33 |32-34

RUL, °C 1280- | 1300~ | 1350- 14C0- |1400-
| 1320 | 1350 1400 145¢ |14&0
]

HC, W/K,m :

at 200 °c 0.85-1.1

at 1100 °c 1.0-1.3

FIC, % 20.7 1.0 11,2

LE at 1400 %¢, % C.6-C.8 ) 0.€-0.9

~btreviations:

AP~ apparent porosity;

¥D- tulk dencitvy CCS- cold cruching

£irenftn; PCE- pyroplastic cone eguivelent ti {ztorn cone o

FUL=- refractoriness under load; HC- reat conductiviily;

10~ rermanent linear contraction; LE~ linear exnansion.




Table 2

High alumiaa dricks

HA 70

HA 75

Characteristic EA 50 HA 60 HA EO‘JH

81,04, % 50 60 70 75 80

}‘3203’ % 1'5-3

AP,% 1€-23 17-23 16-23

BD, g/cm’ 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-€5 | 40-€C

PCE-Crion 24-35 35-36 37-38 38 36=39

RUL, °C 1400~ | 145C- 1450~ | 1450- | 1450-
150 1550 16C0 1£20 { 1650

HC, W/F,m 1

at 4cc °C 1.40 1.45 1.76 1.c | 1.e0

at 1100 % 1.50 1.57 1.70 1.60 § 1.cc

=

PIC, % //

o c,5-1 G,5-1.5

at 1s5cc °¢/2 n

1IE =t 1460 %, % 0.7 C.8 6.% 1.C

Note: For tranesition and cooling zones of the rotary cenment

ROt

kilrne with diemeter >4.0 m higher content cf Fe203 is

convenient !




Table 4

Insulating bricks
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!
Characteristic Ins€C| IncstC Ins€3§ Ins68 | Ins7C | Ins73
A1,C4, X 35 1#
510, 66 €3 6€ 7C 73
Fe ,0, 2.5 1.&
AF, » 45 35
ED, rjcm’ i 1.c5 1,25 | 1.35 | 1.6c | 1.€c | 1.€c
cce, Mra 4.7 | 7 11 2C 15
: |
FCE-Crton i 2 2C 18 2% Z€
Clzsification. i q-cn _ N - _
fommerature. 0¢ | 135C | 14CC 1125C | 174 13CC | 125C
L
FLC, % b -1.2 | +1.4 +1.0
5 + e
FC, W/R,m '
at 600 °C c.s 'c.s C.€
}
at ece °c | 6.45 | 0.56 | C.4€ | C.€C ; C.mC | 0.6¢
at 1ccc °c C.53 | 0.60 | C.46 | 0.4 C.83 | C.€¢
IT at 11CC °C, % C.50 0.€c | c.e< .75 | €, 70




Table 4

Insulating dricks

- 2% -

Chafacteristic Irs€0| Ins€C|{ Ine63! Ins68 | Ins70 |{InsT3
41,04, % 35 18

s10, 60 63 66 7C 13
Fe 0, 2.5 1.6

AP, % 45 35

ED, gfcm’ 1.c5 1,25 |1.35 | 1.6c | 1.€0 | 1.60
ccs, MPe 4.7 | 1 11 | 2¢ 15
PCE-Crton 3¢ 20 18 2€ 26
e Tlcationog | 1250 | 14cc | 125€ | 1350 | 1300 | 125C
PLC, % -1.2 | +1.4 +1.06

FC, W/K,m

at 600 °c C.4 | C.5 C.€

at sce °c C.4% | 0.56 | 0.46 | 0.6C | C.7C | 0.6€4
at 1c0c °C 6.53 | 0.60 | C.46 | 0.€4 | .83 | C.€©
IE at 11ce °C, % .50 0.6C | c.ec | €.75 | 6,70
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Table §
Cacstadbles
Characteristic Cast - | Cast Cast Cast Cacst Cacet
40 50 60 7GC ec S0
A1203 40 5C €0 7C &0 18]
ED' H/Cm—j 1.8" 2.(«'- 2.2- 2.2" 2-3- 206-
2.1 2.3 204 205 2.7 20&
ccs, lFa
after dgying
at 110 “C 30 4G 4C 45 5C 5C
after figing N
=t 10ee °c 25 30 3¢ 35 75 | 40
ICE-Crion 26-2¢ | 28-32 | 31-37 | 32-35 | 34-36 | 36-3¢
Cincifiecntion 13CC 13CC~ 145C- 1480~ 175C~ 165C-
temrorature, °C 145C 15CC 155 1£5C 17¢C
-1
HC, W/K,n
2t 700 % 0.96 1.24 2.7%2]
i
2% 1000 ¢ 1.12 1,27 2.1512
IF, o 0.4(:5l C.45 C.55 C.50 |
Tipoe of Ytonding rydreculic :
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V. A REPORT ON REFRACTORY FPRACTICES, PROBLEMS

AND POSSIBLE REMEDIAL MEASURES FOR THE CEMENT
PLANTS VISITED

During the course of stay in India, the undersigned along
with NCB-PEP team visited 3 cement plants with the programme

given belovw:

= discussion with technical staff responasible for refracto-
ries and their applications in cement plant;

- observing the relevant areas in plant;

~ based on the observations and discussion with technical

porsonnel, recommendation for solving problems were given;
- getting technical plant data in the form of a quesw

tionnaire

-~ lecture on the topic "Refractory practices in cement

rotary kiln systoms",

Ma jor suppliers of refractories to Indian cement
plants arc as follows:

Orissa Cement Ltd
Shri Natarai Ceramic Chemical Industries Lid

3 Orissa Industries Itd

)

I  Kumardhuhi Fireclay Siiiea Vorks Ltd

ACC ) Retat

P

“t

6 Carborurdum Univorsal Ltd
7 VIR W Refractories

Tvpes of refractories used in the plants visited
and their properties ere given in Table 6,7,8 and 9,
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TABLE -~ 6

HIGH ALUMINA BRICKS

Specification Type of Bricks
HA 70 HA 70 HA 70
A1,05, % 70 70 70
Fe,0,, % 1,5 3,0 2,5
AP, % 25 23 18-23
BD, g/cm 2,55 2,60 2,50
CCS, MPa 50 50 50
PCE=Orton Cone No 37-38 37 37
ruL, °c 1500 1450 1450
PIC at 1500°C 2n, % 2 o,s 1,5 1,5
TABLE - 7
FIRE CLAY AND INSULATING BRICKS
TYPE OF BRICKS
Specification FC FC FC 32 FC °C C | Insu=
25=35 25=35 32-35 10 t5 | lating
(1) (2 (3) (4) (5) [ (6) ] (7) | (8)
NI 25-135 25-35 32 | 32350 ko | k5 | 7o
277 (e304) !
P oo ? !
Fe203, “ L Iy 2,5 3 3 20 | -
AP, % 25 30 23 23 2 23| 65
BD, g/col 2,10 1,80 2,1 2,4 2,15 2,2 0,75
cCs, MPa 20 15 27,5 2 Lo 30| 1,22
PCE-Orton 28 28 30 30 32 33 1.6
%UL, °oc 1350 1350 1350 1380 [1450 {450 | 1100
(v}
chhatglhoo CA 41,2 21,2 |21 +1 [+1 - -




MAGNESITE CHROME BRICK

Specification Values
Meo, % 75,0
Cr 04, # 12,0
A1203, f 3,3
Ca0, % 1,9
10, % 1,0
AP, % 16 - 20
B D, g::l/c:m3 2,9 - 3,05
cC3, MPa min 40
PCE -~ Orton 4o
RUL, °c 1 720
PLC at 1500°C 2n, % 2 o,3
TABLE - 9
CASTABLES -~ HYDRAULIC
Type of Castablo/| Cast, Cast, Cast, Cast, Cast, Cesnt
Specification Ly 55 65 60 83 00
' A1203, 4 Le.lin 50=55 60=65 |75..80 53 Co.0%
Fo,04, % 3,0-4,0 1,0 |1,0-1,5 |3,0-4,0 0,5 |,k
BD, g/cm> 2,1 2,1=2,2 2,4 2,6 [2,8-2,9 2,8
C€CS/110°C, MPa 30 50 30 30 - 35
CCS/Temp, °C,MPa  [25/1.300 60 25/1500! Ls/1450 80 W0/1550
PCE -~ Crtoa 23 28 33 32 33-34 | 36-38
Max, grain, ma Size 3,0 - 3,0 3,0 - 4,0
% Water/Vibr, 12,0 - 10,0 12,0 - 10,0
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NARMADA Cement CO LTID
Post Box No, 10

I Jafrabad 364 540
Amreli (District)
Gujarat

Relevant Technical Plant detalls are given
in Apnex 2

OBSERVATIONS

1. High alumina bricks are stored in open while magnesite

chrome bricks and castables in covered store.

2. Ash content in coal varies in the range 25 - 35 %

3. Thiclmess of lining in the kiln is 229 om

4, Vedge, briclks, only in one dimensions are used

5. Content of alkalies is not determined in raw materials
used (coal, rav feed)

6. Kiln alignment and shock pulso measurement on rollers

arce not done

7. Measurement of shell ovality was dono by NCB -
8. Quality control of refractories is not a regular practice
9, Hizh alumina bricks of circular shape are used in transition

zZzone

~2
O
hit

10, In calcining =one, high alumina bricks containing

A1203 are usecd

11, N¥arrcw part of precalciner inlet pips is worn oul br

abresion ecsily

13, Nose ring in discharge zone has short lining 1ifc (dense
castable containing 90 % A1,04 is used)

RECOMMIMDATIONS

1, All kinds of refractories must be stored in covered store,

.

Dust and water can deteriorate their quality,
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2. The blending of coal powder is required to get
constant content of ash in fuel, The coating
"in burning zone then will be more stable,

3. For the rotary kiln, used, it is sufficient to
use 200 mm thickneas of the lining, The 1oad on
the kiln shell tyres and rollers will then
be smaller, and total cost of lining will be

reduced,

L4, More stable lining can be laid by means of
combining two shapes of wedge bricks for diameter
4,57 end thickness of the lining 200 mm,

5. Content of alkalies in kiln feed must be controlled
as they may cause alkalili bhursting in discharge

zone and smoke chamber,

6. Kiln alignment and shock pulse mpeasurements on
rollers must be m2asured after 2 - 3 vyears of
operation of the kiln, The job can bc entrusted
to NCB.

7. The gap between shell and tyre wvas measured by NCB
but this requires to be supplemented by measurerconts
of shell ovality, alignment of theo kiln end ghock
pulse on bearings /transition zone/ =as is
recommanded in 6 above,

(¢s]

For quality control of new refractories in cecent

plant, the follovwing lteots can ho rerfornnd:
a/ Chemical coempositien

High alumina and fireclay bricks - contont
of A1203 and Fezoa, magnesite chrome bricks -

content of MgO, Cr203, 5102, Ca0, and F0203 ;
insulating materials -~ centent of 5102, A1203,
F9203,

Castables ~ content of A1203, Fe2 3




9.

10.

11,
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b/ Apparent porosity

¢/ Cold crushing atrength
d/ Shape and size tolerances
o/ Damage of the surface.

For castable:

4 water content required for vibration
- CCS after drying at 110°cC

cCS after heating up to 800°C or 1006°C
total linear change after heating.

The wedges instead of circular bricks are more
ent for all zones of the kiln (smaller
better adaptability and more suitable

conveni
dimensions,
for deformed shell)

Hich alunina bricks with lovwor content of A1203
/max 50 $/ can be used jn the calcining zone

SiC casteble lining of thickness 15-20 rra can be
used for the narrow part of precalciner inlet
pipre. Such material can prevent ‘abrasion.
Content of SiC in castablo should b3 60 % (min).

Castable with higher porosity can be ugsed for
th2 1ining of bull nose in the grate cooler.

the lining 1ife of ths discharge end can te

i-proverd byv:

a/ Frolonging tho length o< castable lining
from 0,5 m to 1,0 o,

b/ Instead of castable with 90 % AL1,0,4, use
the so called LLC (low level of cecent content)
cagtable” The strength of such castable

(chemical reagents as phosphates and gel Si0,
ere present) increases with rise of thoe temp.,

while in hydraulically borded castables the
strength is falling down,
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In both cases free anchoring asystem may be
. used, The metallic plates with openings are welded to
the shell, pulling the normal anchors through the openings.

TEXMACO LIMITED
Yerraguntla 516 309
Cuddapah (Dist)
Andhra Pradesh

Relevant technical data are given in
Annex 3

OBSERVATIONS

1. In the pipe from smoke chembar to IV Cyclone
build ups are formad vhich caused frequent kiln

stoppages.

2. Very heavy coating loss can be observed in tho
burning zone, vhere high alumina bricks are used
for 1lining. High alumina bricks contain 1, 5 % of
F°203'

3. In the middle part of burning zone, shell of
the kiln is visibly deformod,

. For brick 1lining, two types of wedzos 420 and 620
ere used, Tha same wedses are 2loo used for lining

the zeona wizore cleli is delermne,

5. Lininsg on rotaining ring is not stable and it was
observed that the reteaining ring becacd exposed

p—

during the operation of tho kiln,

6. Bull nose in cooler is worn out easily in spite of
use of high alumina castables,

7. Hugh alumina bricks are stored in open, lying on the
ground, Casteble is stored in covered storage yard,

8. Tho composition of the raw feed allows formation
of high content of liguid phase in the clinker,




The viscosity of liquid phase must be very low
because of low content of Si0, (SM in feed = 1,44)
and high content of A1203 and F9203. Liquid phase
can easily penetrate into pores of high alumina
bricks and react with refractory components,

9, Mechanical condition of shell, tyre and bearings
is not measured,

10. Mineralogical composition of colinker is calculated,

RECOMMENDATIONS

1. The complete chemical analysis including alkalies,
SO3 and Cl content should be carried out, to know
the reason of build up formation. The following
recormmendation can bs given to prevent the build ups

in IV cyclono:

a/ to lower the smoke chamber temperature
(below 960°C} by using lifter plates (refrac-
tory steel) in calcining zone to ensure the better

j heat changing effect;

b/ to provide the refractory steel lifters into
the inlet zone of tho kiln.

2. The silica content in raw feed should be increased
to SM-2,2=2,4 and simultaneously F0203 and A1203
contont shiould be decreased to increase the
viscosity of tho liocvid rhaso as vell ns to decrenne
the content of the liquid phase in the clinker to

ensure stable clinker coating in burning =zone.

3. For doformed area of the shell, small type of

bricks so called B-format can be used.

4, In the burning zone, especially vwhere coating is
formed magnesite chrome bricks should be used
instead of high alumina bricks,




Same wedges 420 and 620 type or 320 and 620 type
can be used with metallic jointas sheetsin the ring
(thickmess 1 mm).

5. The monolithic 1lining, in discharge zone should be
prolonged to cover the retaining ring. If the
problem continues, the retaining ring may be
removed because of conical ending of the shell which
can withstand the pressure caused by lining (slope
of the kilnm).

6, It is recommended to use castable with higher
- porosity instead of dense ome., Such cestable enables
easy evaporation of ithe water and will be able to
withstand the thermal shocks,

7. High alunina bricks should be stored in covered
storage to protect thom, against water soaking and
dust,

8., Tue recommandation is same as given in point 2

above.

9. Moasurewent of shell ovality, kilm alignment, tyre
clearance and shock pulse on bearings must be

regularly taken,

10, Minoralogical couwposition can bo calculated by
optical microscopy weasurements, The aim is to knows
tko propor clinkorization of raw feed,

AY1HOND CEMENT VORKS
Gopalnagar 495 663
Bilagpur (Dist)
MADHYA PRADESH

Technical data are given in Annex 4

OBSERVATIONS

1, In the smoke chawber, build ups are formed,‘g;ning
in this area is castable with 55 % A1,0, content,




3.
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Fusing of the surface is observed.

High alumina bricks in transition zone are worn out
early (bursting of the surface).

The end edge of nose ring is cracking. Materials
used for lining 1is castable, sometimes  plibrico
strong mix®" with 45 % A1,04 content castable is also

used,

The separating beam in grate cooler has short l1ife.
Beam is made of 55 % A1203 castable with anchors
welded to the arch of the cooler,

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

6. Facilities for measurement of ovaldty of the kiln,
kiln alignment and shock pulse on bearings ere not
availabie.

7. The brick lining is mechanised,

RECOMMENDATIONS

1. Build ups in the smoke chamber can be caused by

‘alkalies or by formation of spurrite type minerals,

In both cases refractory lining is not responsible
for this phenomonen. Duild-ups only partially can
be reduced by using SiC tvyrno of casteble in a layer
of approximately 20 mm thi.cl:, Smelting of ths surface
of lining cen be caused by alkaliosn, in such a case
it is better to usce acid kind of castable for lining,

It is recormsnded to use direct bonded magnesite
chrome bricks in the transition zone instead of high
alumina brick ti improve the lining 1life in this zorne,
As in this zone, no stable coating is formed over the
surface of the bricks, thecse are directly exposed to

the processing material and gases present in kiln,




So surface of bricks get reacted with alkalies and
partially with CaO to form feldspar. Reaction of
CaO and alkalies with MCH brick is not so vigorous,

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

by large ash coating falling. LLC castable (instead
of castable 90) with mullite type of grains should
be used., If content of alkalies are high, the castable

with lower content of A1203 can be used,

The separating beam hanging from the ceiling of
grate cooler into it can be made from steel fibre

reinforced refractory castable (STRRC).

The lining of deformed area of shell, smaller
type of wedges (B 620 and B 320 can be used.

To prevent deformation of the shell, reguiar measurea=
ment of ovality, gap, kiln alicgnment and shock rulse
ust be taken. NCB can provide this facllity to the

rlant,

Periodic quality control checking of bricks «rnd

castables is necessary.
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VI.. STRENGTHENING OF NCB IN THE FIELD
e OF REFRACTORIES FOR CEMENT INDUSTRY

At present the activity of a group of specialists
in NCB for refractories is directed to the following
areas: '

- the research of properties of newly developed mate-
rials in NCB conditioms,

~ the evaluation of manufactured materials qualitative
parameters according to Indian Standards,

- special high-- melting, microscopic, X-ray investigations
and termal tests,

~ training of employees in the cement industry,

For the more efficient operation of NCB in the alm
of the cement produotion enhancement in Indiea it is
advisory:

1. Creation of a staff of specialists,
There is a need of training more specialists for the
research, realisation and consulting activities in
the sphere of refractories to ensure the more intensive
contact betweon cement works and NCB specialists,
At least fifteen experts are needed in a group focused
on refrectories with their orientation on:

- Testing and evaluation of qualitative paracoters
of the used end notw kinds of ehapsd refractories

and refractersy cencrote,

- Control, rmeasuromont, evaluation and preparation
of a precaution plan in the machanical condition
espocially of cement rotary kilns,

- Expertise in solving actual problems in cement works;
analysis and proporsals to eliminate difficulties.

- Training of employees in cement industry by means
of lectures and seminars where they are informed
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about checking tests and laboratory equipment

= for refractories,

2, Imatrument equipment

At present NCB instrument equipment enables to
perform tests by Indian Standards for Refractories.

To strengthen the effective aid in cement industry
it is important to:

- Equip a laboratory for refractory testing of castables
and processing, including the machinery convenient
to usc these materials in cement works (vibratories,
gunite and ramming machines)

~ Equip a research workplace with electronic microprobe

to study reactions refractories matrix

= Equip hightherm1 laboratory with instruments for
reasurement of nonatandard properties of refractories
(creep in compression, modulus of elastiecity in ten-
sion, torsion strength modulus of rigidity).

3. NCB experts training

For the closer contact among specialista it 1s adviso-

ry to ensure:

- Permanent personal attendance of exprerts in cement

wvorks to solve arising problems in refractories,

- Attendence of exports at temporary emnlovnoent
in rescarch institutes applving refractories in ce-
ment works and in institutes of refractory manufactu-

res,

The temporary employment is proposed in the following
institutes:

Research Institute for Cement, Moscow, U,S,S.R,
Didier VWerke, Wiesbaden, West Germany
H8ganis AB, H8gands, Sweden
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Refratechnik GmbH, G8ttingen, VW, Germany
Yeitacher Magnesitwerke AG, Viemma, Austria
Plibrico MBH, Vienna, Austria
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UNITED NATIONS April 1335

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

UNIDO

PROJECT IN TEE REPUBLIC OF INDIA

JOB DESCRIPTION
DF/IND/35/320/11-20

Exnert in Productivity Improvement through Selection, Installation,
Use and Evaluation of Refracteries in Cement Industry

Two months in the first mission with the possibilities of further

Four months in subsequent missions.

1 May 1685

llew Delhi, with extensive visits to cement plents and with the poss
of travel to other CRI-Uxnits within the ccuntry, as may be rejuired.
ve the total productivity factor in the industry and the te:zhno-
logicel levels of thre wvarious units of the cement industry in Indiz
through streng+ehening of the national centre - the Cament Fezearch
Institute of India (CRI).

The expert will be attached to CRI as a part of the international %tean
lead by the Project Director, and will work under the supervision <7

the Institute's Chairman and Director Gemneral..

To inrr

Whilst the field of work of the expert will cover the entire spectirur
of activities relating to modernisation of refractcry practices in India-
cement plants, the special thrust will be in the following areas:

First Analysing causes of refractory failure in different zcrnes
Mission: and sugzesting remadial measzureg;
Selecticn of eprrogriate refrastories for variius zones
in a cement rotary kiln system for Indian cement rlants;
fwaluation of rnigh 2lumina, btazic and castatle refractiriss
and insulating tricks.
Subsequent Tre mechanization fcor delining, transpor*aticn and instzllazizn
Missions: of these bricks;

Optimizaticn of heating up and cooling down schedules
various lining systems;
Development of simulative testing method feor evalueting
burring zone refrectoriss,

R A

7.31=33106

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

Project Personnel Recruitment Section, Industrial Operations Division
“UNIDO, VIENNA INTERNATIONAL CENTRE, P.0O. Box 300, Vienna, Austria




Qualifications:

Language:

Background
Information:
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In the above areas the expert will specifically be expected

to essist CRI in strengthening the existing capabilities of

CRI in: .

a. Effectively 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
incredse in esarnceity utilizztion, decrszze In ziln Zowiize
and reduction in heat consumption, and estabiish a central
date base at CRI for monitoring the various productivity

indicators.

The expert will also be expected to prepare a technical repor:
setting out the findings of the mission and reccmmendations
to the Govermment on further action might be taken.

Ceranic /Refractory/Chemical Technologist with 20 years of
externsive experience including adequate experience at respons-
ible ard senior levels in Fefractory Industrry with srecializazion
ir cement plant refractory lining. The exzert s culi heve ean
intimate background of prroductivity managerment in rela ion to

the atove and te familinr with methodologiss of stuilies fcr
Productivity Znhancement.

Znglisn

Today the cement industry in India ccmprises 94 cement plants -
having a total an~ual installed capecity of 2¢.5 million tonnes.
Refractories uced in Indian cement prlants are mostly alumine
bricks (of 3%, SO and 70 rercent Aluminum Txide content only;
for wvarious zcres in the x,ln. Scme of tre new plants of
higher capacities are usirng basic bricks as well, <Casteables
are used in several plants tut monstly in turner piges, hccds,
cyclone preheaters ete.

Cement Research Institute of Irdia (az%zch

o Industry, Goverrzant of India) is the

devazed to necearr% Techncliogy Cevelormen

£3u2atisn and Tndustrial Zervices; 14 rrew

tecrnrological services to <he cerent induz: ne

level. The Institute has zan 9n-going troer T i
enkzncenent and modernization, and 2 mumter of cement plants

have already derived benefits from this pregramme. :
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ANNEX 2

1 : Name of the Plant & Address

NARMADA CEMENT CO LTD

DCST BCX No.10

DIST ZMRELI JAFARRRAD 364 540
GUJ~RAT

2 " Name and the designation of the

technical staff

Mr H S PaTEL, DY WCRKS MAYAGER

Mr V M NEMNE, FRCCUCTICN *A1IAGER

Mr ¥ S MAZUMDAR , ASSTT FRODUCTICK MATAGER

3 Incharge refractory section
¥r V¥ NEUE, PRCDUCTICE MANUAGER

4 Capacity of the plant p.r year
'
! Zre Milliorn Terne
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)
T

¢  TSCHNICAL DATA OF TRE KILN -

. Process Capacity Year of Supp~ Kiln Shell RPM Type of" ’

- instal- lied dim thick- preheater;
lation by (Lxd) ness A precal/
mm " cooler
Dry 1 ¥ Tonne 1982 Ful- €7.5x 25 mm/ 0.3  Suspension
ler's 4.57 38mm to Flash calciner
US A 3.3 Four stage Sush»
prshkeeter

Two ctage grate
cooler

7 Chemical composition kiln feed (%)
101 SiOz A1203 cao MgO NazO K20 503 cl

3c,50 12.50 4.20 45.0 0.5 - - - -

M SM LSF
2.4 2.10 1.09
size distribution 9f the kiln fesd -5 sk ma mzah
r 20.C% €.5%
8 comnosition of clinker (%)
-102 A1203 cao MgO Nazo KZO SO3 Cl
ZZ.5 5.5 65.6 1.0 8-10 - - -
“REE Cal c.S c,S CaA C 4AF
1.2-2.5 435-45 2c=22 e=-10 iC=ll
9 Fuel:
Ash contrnt, % Max 35 Min Z5 Averaje 30

Chemical composition og ash, %X

E’ . 18. 12 E 0.;0 - - 1-8 -~ 8.0
c§4?ltlc va?um. kcal7k1 > 4iqg
consamptlon ot fual/tonne ot clinkar 32
AVt A hiaat consumption 8 Kcal/kqg clinkot cs0
Lo S1an latribution ot tusl 170 mesh (40%) 100 mesh (283

Whetior coal fasd rate {s controllad Yes




19

11
11.1
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Kiln Operatlon detalls

Tomperature of the shell In burning zone 3in/320°C (Mox) "

Maasurement of ta ahell v omperavure pojation Eoromens zoond S Scannnr

Temperatur2 2f the flu= qasea 140°C (Same gon Lo diverted to Paw will f.r limestone Prying)
Seacondary air temperature nene .

Frequency | (a) Without ta-l Cnce a menth

ulqsrq*ajq (b) Lower fe=d with fuel 7 to B times

Shell ovality : / Z."Eésuremen: caroied

Frequency of measuring of vvality ,/a sut enly cnce

Measuring the gap betw=en tyre and kiln shellyinir.=2 lcs. At Jus essive distance of 20 m from discharge end of kiln
Metallic retaining rings and their position -

in the kiln. The length the flame and its position -
in the kiln whether auxiliary drive is available Yes

Refractory lining practice

Zoning of the rotary cement kiln

Zone: Drying Calc. Transitlion Burning Cooling Dlschara&
Lengtn, m i 13 <8 : c.t t:q Lnrome tricks are wedge Lype
- 70 a Arch type
grade of KA cLofeL Jeo Mag c'ro e HATO HA Cattzble(désie,) \HA 70 & Lojf 0 are ype,
refractories (238 2f.,0:) (76 my0) IY
Shape of bricks :
Lining thickness 229 mwm ‘
Linlng life C 4 years € wanths € movithy s 2 wmeviths 6 mowths
Supplicr of Sillea-alumina oulaua &bnﬂwu‘lﬂdwﬂ Cinvmaie e )
refractortes Magnesitchrome  Owvie. eewat b
Insulating Daf ma e {h}.-*zln'u,
g:ts\.tg‘:“':le Ace / Gunboranitam wvrnl\‘
Lining Ring btliding Castable Others

Constructlon P)
)

Combination of Same si~~ and chepr with key tricks
brick shape

Kind of oxpan- Axial cardhboard fitied with ¢u~1 brink
alon jointa radlal Metal shim

Linin) with mortor -

Alnlxtuces to mortar usud.(uator. chnmicals)

Lintng in J(vy way

Instaliation technlgues us-4 Uning Mechanleal jacks
fnatlng/aaoling acheddules 16 hrs heatinn/24 hrs cooling
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Chating derails : Length »f coaating, m 20,
thicknaas . 1AW -T2 rm
Saiiorminy -

svabilicy -
nature (Fo: o4 ,/ hardnnsql cle:s) “ari Toos
Remark abont tyne A€ wear/roaions -

How do you analysae the perisrinance of rerractori=s -
in different zones

Areas of frequent problems -rinviti~n zcne/ncs-ring

Please give refractory lininj charts

11,2 ) Preheaters, coolers, firinj hood, burners A Referctoresitied we

Preheater ducts - coctatln Cooler-si wwill !'ined with astarle and roof with tricks
‘ Cyclone -~ castatle in ¢nne nonition Firing ho~d lirn:i with castakle
Ericks for ¢ lindrical vortinn and roof fturner pipe 1i- @ with castable

average refractory consumption per tonne clinker 0.7%7 ve for kilm (1985) ‘ o . -
produced e N -

11.3 Storage of refractories: Silica-alumina bricks In covired room/In open yard with concr:te floor and Tarpaulin cover

maynesitechrome bricks Inside covered room
castables, morctars » " "

11.4 Quality control measur=s adopted for selectlon of (1) Dirsnsion * “(2) ccs (3) Chemical analysis (4) AP & BD (5) FPCE
refractories, ) (6) RUL (8) PLC (9) HMCR ’
12.0 'Mechanical Maintenanc~ of Filn -

12.1 Kiln alignment

12,2 sShock pulse measurement of
the bearings )



L)

1 Name of the Plant & Address

TSXLAECO LTD., YERRAGUNTLA 53¢
2UDDAPAE (DIST:: ANDHRA PRADZSH

2 Name and the designation of the

technical staff

n Sy S N.Kameha{ - cu} Exienlive

MOS8 Sivezeiba o Gowend Mumegpr {Werhs )
;":|), :: 2.6: Kunv - CJ\'.A} Eleebndeat &7\3(&\/@.,\”@_‘,5}‘:,‘ -‘w(’kams:
v? Sui ;‘-S‘ Dubf? - g‘.'CfiuLan Mam »:
viv Sw ) . C"“‘J’ Medlgmiad t:*'ﬁi'n;u

Wt ored Sepy i Buovan

R Rgan - hiduenon Baginea
3 Incharge refractory section

Production Manager
Deputy Chief Burner

4 Capacity of the plant per year

7,5 Million Tonnes

5 Process
4 SP Dry Process
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£ 6 TICHNICAL DATA OF THE KILN
.« Process Capacity Year of Supp- Kiln Shell RPM Type of
: instal- 1lied dim  thick- preheatez/
lation by (Lxd) ness precal/
. mm cooler
Dry 1500 T®D 1985 L&T 4.55m 23 1.5  TLS 4
rL3 X 68 m stage pre-
design heater
7 Chemical composition kiln feed (%)
LOI Si0, Al,0; Ca0 MgO Na,0 K,0 504 Cl Ry,
AM SM ' LSF
1.04 1.44 1.46
size distribution of the kiln feed
8 Composition of clinker (X%)
$10, Al,0; Ca0  Mg0  Na,0  K,0 50, Cl Fucs
22.24 8014 62.11 1.30 - - - - 4“‘
1.54 22,41 42,84 11,71 17.34
9 Fuel: )
Ash content, % 40 2 Max 33 4 Min 3¢ 3) Average

Chemical composition of ash, %

Sto2 Al 03 Cao My0 Na2o Kzo So3 Cl
62.0 22.8 1,0 7.0
Clarlfie valuu, kcal/k; Ao

Consunption ot tual/tonne ot Clinkﬂt‘24o

Avorage hagt consumption g
Sle distribution of funl :

Whothag coal Cead tate s conlgollnd

Kcal/kqg cllinker 1024
20-243,

residue on 170 mesh
Yes 3-47% on 2 mesh




| PRI NS

10

11
11.1

Hnot spot = 40N°C = 450°C
arnage - (Monthly § tn 6 times)

Frequencyf (a) dirnont fnel
qusrqynd( {b) Lower feed with fuel

0

J
[}
o

’ L
~ L ‘ ' :
- 48 -
¥iln Cperatlon details
Tamparature of the shz2ll in burning zone 250=17T 0
Measur=ment of th= shell temperature Raliat #iln snell ta2nmn 1~ Mormal -~ 240°C - 320°z
Tempirature 2f the flu: jases 33 - Radiation = 350°C - 400°c
Sa-szIniary air temperature paelal
Dur

Shall ovality NZe-2

Frecuency of measuring of ovality ne vear

Maasuring the gap berw2en tvre and kiln shell wiil n: dsne in facure
Merallic retaining rinjys and their position

in the kiln. Th=2 length the flame and its position ‘'lo- av:ilable
in the kiln whether auxiliary drive is available k4

2

[h]

Refractory lining practice Lining wich Wzl 2rizic «i<h Jazt fixing. Use of two stane of wedge brick Glefyyo
Zoning of the raotary cement Kiln ad :
2one: Drying Calc. Transition Burning Cooling\Discharye
Ammeh 27 a4vli. 1D A maeas A . 14 !
cngth, = 1N maenr N4 3,02
grade of Al 0 . S ey
refractories 241ﬁ 797% n1203 7% .».1203 7% AlL2,
Shape of bricks We-lia Type
Lining thickness 230/230 mm  200mm 200mm 230mr c:3tabla
Lining life - - . 70dzays 9 montns
Supplier of Silica-alumina VR Refractories, Madras,
refractorles Magnreattchrome An'l Shri Nataraj C-:remic and Chemical Industrial Ltd
Insulating ACC, Katrui, M P, Dzimia Puram
Castabhle
Others
Lining +Ring binding Castable Others
Construction

Combination of

Only wWedaa Rrick ¢
brick shape nly Weda C1ofuto

Kind of oxpan- Axial No Exbinsinn Joi ) "

No Exn-ns Joints for PBrick Linin
sion joints radial 3
Linin) with mortor tlo

Admixtures to mottar used (water, chamicals)
Lining {n Jdvy way
tnatallatlon toechaliues used By Jacla {n¢1

Haatin/coroling ach.wlulns 25°C to 3IN®C raise oor hoogo, Flow heariny 24 h Auration
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Coating detalls : Lenjth of coating, m

1€ =
5 thickness  150-200 mm
raiformity
stability 1ot muzsh stabla

nature (forius / hardmass) - levoun

3 £ . - .-

Remark about type of wear/reasous : Tnatingloss. Heavy
How do you analyse the performance of refractories :p- z2--=
in different zones B

(o
‘
[ ]
W
[$ 1

Areas of frequent problems Surning zare especially in the
: buliqg=23 ~2rtion
lease give refractory lining charts

11.2) Preheaters, coolers, firing hood, burners A kgﬁ{hﬁaocuLJA;

us
g
[
)
[}
.
g
!
F
)
O
iy
i
’0
n
[
n

~r ~raheztar

average refractory consumption per tonne clinker
produced :

11.3 Storage of refractories: Silica-alumina bricks Ir cnen

magnesitechrome bricks yzrd

castables, mortars In closa2d yar

[N

, . 11.4 Quality control measures adoptaed for selection of
refractories.

et avzilable
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1 Name of the Plant & Address
RAVMCND CEMENMT WORKS,
GO™ALNAGAR 495 663

DISTT: BILASPUR
MADHYA PRADESH

2 Name and the designation of the

technical staff : 2 D KHATRI, M C AGR:WAL,
R N VERVA

3 Incharge refractory section

R N VERMA

4 Capacity of the plant per year

1.25 Million tonnes

5 Process ; pr- with Preczlzinator
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T=CHNICAL DATA OF THE KILN

/
v

Nhieothoep sl tend rate s controlloed

[

6
Process Capacity Year of Supp- Kiln Shell RPM Type of
instal- lied dim thick- preheateq/
lation by (Lxd) ness precal/
mm cooler
Dry 3850PTD 1982 FLS 4,56M 28mm 2.5 FLS/
with : through X and FLS
PC L&T 68y at Folax grate
tyre ccoLleTr
5 Omm
7 Chemical composition kiln feed (%)
LOI SiO2 A1203 Cal Mgo Nazo K20 503 Cl ‘:‘eZCE
36,5 11.5 2.75 41,5 3.t ¢.1c 1,00 0,30 - 2,01
~M SM LSF
1.30 2.40 113.00
size distribution of the x1ln teed
1172 = 18.%% +72 = 2.0%
8 composition of clinker (%)
sio, ISPOT cao MgO Na,o X,0 S0, Cl ke,
21,00 £.70 6€2.50 .00 £,20 1,47 C.40 - 2.5
“REE Cad C3S c,S .C3A C‘AF
1.50 £2% 224 o°; 100, 25 on [..:.26
9 Fuelt
Ash coatent, % Max 422 Min 33% Average 3€%
Chemical composition of, ash, X
Sto, Al,04 cao Mg0 Na,o K,0 S0y <€l Fe l,
22,00 , 8.8 2.00 0£.30 - ¢.40 - - 2:,:%
Slaritle va?uw, kcal/k1 5800
S onsumpt Lon ot fual/tonne of elinker 22%
AV Ay hnat consumpt ton 8 Kcal/k.y eclinkar  7°C
31z Jdiatribution ot tuel 170 - 1Y e 73 - 2%




10

v/
a/

e/
£/
h/

1
11.1

a/
b/
c/
a/
e/
£/

q/

h/

o/

i/
v/
1/
m/
n/
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L
¥iln Operation detail

Temperature 2f the sh
Measurement 2f the sh
Temparature of the f1l
Secon3ary air tempera
Frequencyr{ (a) Witho
tala shoppage” (B)  Lower

Sh=11 ovality not

Preguency of measurin
Measuring the gap bet
Metallic retaining ri
in the kiln. The len
in ** = %iln whethor a

F-. : ..tory lining pra

. :.4dng of the rotary
wune: Dryling Calc.

2ll in burning zone ]80°C)transition rzore = D4ASCC
ell tomperature
ue gas<es - 349°¢C
ture -1070°C=1C50°C
ut fuel Cnce in a céay
feed with fuel

tested
g of ovality

ween tyre and kiln shell veasured durino kiln stoppages

n33 and their position About 470mm frcn the outlet sector
gth the flame and its position Abkout 10!

uxiliary drive is available Yes

ctice

cement kiln
Transition Surning Cooling Dischara&

Length, m 25 'S 20 8
grade of Al 03 40% T0% 70% T0%
refractorieg
Shape of bricks wWedge
Lining thickness Cawwn 200 mm 200 rm 200 mm
Lining life 2 y=ars &rcut 8 months 6-8 months 1 year
Supplier of Silica-alunina /s I'traj 2ramic and Cheiniczl 1ndustries Litd,, Kalla“kudi
refractorlies Magnesitchrome
Insulating W/e Yavrai Ceramie and Clonicz) Ivducericc 14
Castable ¥M/s A C C FKatni
Others
Lining Ring birding Ccastabl: Others
Construction Yes - Vitrating -
Combiination of
brick shape
Kind of exnan- Axial Cy e dlid
aion joints radial Lot proviaing
Lining with mortor 13l
Adnlxtures to mortar used (water, chemicalas) watsr
lining in dry way Yes
Inatalltatlion toechal aes uaed Ty brick laving nachine

Heating/cmling achedules =49 'rs / 24=22 hrs
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Coating details : Length of coating, m

&tout 1€-IC ¥

thickness 200-307mm
Uniformity Unifecrm
stability Stakle
nature (Porews /é\eacrgmf ma'}égzl:cilal zhrascion,
Remark about type of wear/reasons falling c2 woating ¢uz. te . .
stopozye’

Ev Sp. COnSWUTE
ticn of refr.
- mransition zome and NCS2 ring, turner

Tipe

How do you analyse the performance of refractories
in different zones )

Areas of frequent problems

Please give refractory lining charts

3

1‘-..2) Preheaters, coolers. firing hood, burners . Radrrctmied waed b~

Fire kricks 30-40% Alzo
- 3
Insulating
kricks 60% Porosity
Castable 30~-40% +55% 5%% wU%
cal silicate +90%
Blocks Used Used
average reafractory consumption per tonne clinker
produced 1 kg in 1985
11.3 Stori e of refractories: Silica-alumina bricks in covarsl
storsg?

magnesitechrome bricks
castables, mortars

11,4 GCuallity control measures adopted for selection of
refractories. Yes
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ARNEX 5

WOEK PROGRAMME OF MIRCSIAV POTANEOK EXPERT FOR REFRACTORIES

TP/1IND/84/C2C/11-2C

Post title Expert in Productivity Improvement through
Selection, Installation, Use and Evaluation
of Refractcries in Cement Industry

Duratior Two months in the first mission

D=te Activity

22rd Cect to Nnw pallabgark.

cerd MNov 19EE vigcuzcions or the sutje of improvenent

of refractory practice with ECB specialisis,

irtroduction t¢ Indian cement industry, stu-

¢virg the protlems of re: fractory materizls
uced - tneir selecticr, testing and evaluaticr.

Tortures in refractery vriactice in cement

ingquzTry:

_ Increased lining life in cement rotary kiln
system with special references to the
anplication of taeic dbricks and refractory
concreet.

- Retractory practice in cement induetry.

Z3rz - Yiun Vieit tg harmadsn Cemert Lo,

Nvenrer 1654 miee imreli, Jufarztid TEL 34C
FREVIRATS A0
Tizouzsbepe witr plant snecizlists, sictenlise
and erzlyse the technical data and creraratiocn
o recommendationeg,

<7t - 30%h Vvieit to Texmace 1td.

icvember 19¢8€ Lizt. Cuddapath, erracuntlz 326 209



T 1st - 3th
Decerber 1°86

4th - Tth
Decexter 19E6

gth - léthn
er 1666

r

Decer
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Vieit to NCB, research point in Byderabad.
niscussicns with NCB personrel on the prob-
lems in Texmaco Ltd. plant.

Lecture:; Quality coatrol of refractory
materials bty cement plant laboratoriee.

Vicit to Raymond Cement Werks.

Dist. Rilaspur, Gopalnarar 495 €€3

Macnyn Pradesh.

TLecture: Hefractory pructices in cement rotary
kiln systene.

mice and aralyse the technical date
nt plants with the assistence of

ialiste in rerractories, Preparation

refractory lining in cement incdustry.
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