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Ca0
s 3Ca0AL,0, Ca0Al, 0, TF’?O,
Sl Slam Slalow shy S 500 Dy,
CEMENT CALCULATION RELATIONS
Silica Module=8i02/(A1203 + Fe203) = SM
Alumina Module=AI203/Fe203 =AM

100(Ca0-0.7S03)
Lime Standard(KUHL) = =L.S.F
2.8S5i02+1.1A1203+0.7Fe203

Liquid Phase(1400 oC)=2.95A1203 +2.2Fe203 + MgO(max2%) + Na20 + K20

C38=4.071Ca0-7.600Si02-6.718Al203-1.430Fe203

C28=2.867Si02-0.754C3S

C3A=2.650A1203-1.692F

C4AF=3.043Fe203
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Oyl Ologs Dol )8 ad gl sl 50 sliand S 5 (V) J s

ESICE s | LOI SiO, | ALO; | Fe,04 CaO MgO SO; K,O Na,O Cl o
5553 \ n 4.02 0.71 0.81 | 51.52 1.61 n 0.22 0.08 n N
Olgiwol vy | 3531 13.25 3.01 2.01 | 43.46 2.45 n 0.51 0.35 n| 99.56
ol S vy | 3541 13.17 3.92 1.36 | 43.31 1.51 0.35 0.47 0.45 0.08 N
e v | 41.78 3.48 1.98 0.45 | 51.59 0.41 n n n n| 100.1
P v| 3138 | 22.44 2.29 2.08 | 38.17 1.44 0.82 0.62 0.18 n N
oL ¥ n 15.17 3.48 2.03 | 3997 3.49 n n n n n
Las Sal Ko =) =Y Sal Jyl=v s Sal =¥ sl =
P SICE s | LOI Si0, | ALO; | Fe,0; CaO MgO SO, K,O Na,O Cl o
55583 o| 21.02 | 41.56 10.41 321 | 17.92 3.22 n n n n N
Olgas! 5 n| 61.01 | 20.01 1.41 3.01 1.71 2.21 1.61 1.01 n N
Ak o| 2481 | 34.72 8.51 3.51 | 26.29 1.01 n 0.85 0.25 n N
RIS o| 12.48 | 48.15 11.78 542 | 10.79 4.99 0.56 2.65 2.22 n n
LS s Sl =0 G =F
S ls ol s | L.OI SiO, | ALO; | Fe,O4 CaO MgO SO, K,0O Na,O Cl o
Sl A 91 10.61 l1.61 6541 | 13.36 n n n n n n
55,5 q 6.09 | 75.62 7.81 421 224 1.21 n 0.31 0.22 n n
ol S A 2.58 8.19 623 | 76.21 4.67 2.73 n 0.16 0.52 n n
alussle VY n| 83.53 5.55 2.71 223 n n n n n| 94.01
olalow N n| 33.37 9.13 0.71 | 34.39 9.36 0.66 0.62 n n n
OLé s Ve 8.03 | 63.83 10.19 3.79 5.14 3.19 0.71 0.77 3.5 n n
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RIS w| 17.72 2.73 0.74 0.81 | 32.75 0.38 31.21 n n| 1285 n
5553 yww| 18.31 0.42 1.41 0.81 | 24.75 4.02 42.19 n 0.46 n n
g yww | 1953 2.81 0.31 n| 30.52 0.71 45.43 n n n n
laus & S =Y
Joe ol s | LOI Si0, | ALO; | Fe,O; CaO MgO SO; K0 NaO Cl o
syl VY 521 | 6831 13.21 5.31 3.61 0.91 n 1.04 1.01 n n
<) 10 221 | 57.51 17.1 6.1 6.93 2.76 n 3.01 4.01 n| 99.39
Ol e i 4.14 | 6247 17.47 4.16 5.04 0.81 n 3.11 2.61 n n
Oy V& 488 | 67.17 15.05 2.02 3.92 1.41 0 0.3 2.71 0.12 | 97.81
oleis \§ 0.43 | 58.76 2.02 6.41 7.84 4.1 0 1.71 3.41 0.07 n
el \$ 4.61 | 62.85 17.36 4.29 3.21 1.21 n 0.24 0.56 n n
o5 10 0.51 | 47.82 15.21 8.1 | 12.07 7.84 4.15 n n n| 95.61
s =Y iz =0 Gg=\ asial =N




b copacity . 1500 — 9300  t/d

1,68 kg/kg A2 Digmeter ¢ 3.6 - 6,2 m
50°C Jsb Length : 40 - 105 m
e ok Ay Jsh Cuwd Length/Diameter i 10 - 16

2,88 Jbs Kiln load (inside lining) : 3 —. 55 t/m3d

s60°C iy ddhla L BZ load (inside lining) : 200 -~ 350 t/m32d
Ui 2 <o pu Kiln speed : 25 - 35 rpm
0,98 udiKiln slope : 35 - 45 =
Cloa 8339 (b waa Spec. heat consumption : 3150 — 3500 kd/kg cli
. 750°C + 8 to 10 kd/kg cli per % bypass

—d
Filter |
870°C 0,32 Nm3/kg _
2 %20, ]

400°c | '
/l 0.02 kg dust discarded wL:.’-E EXENCRS
pcl 2070 ki/kg (50%)
tertiary oir 0,54 Nm3/kg, 730°C ;
P - um \ @
: = - ,D._"."_' LS55‘.23 Nm3/kg, 20°C Filter
350 °C €, sild

queriching air 3w LS‘J“ j_—-1 80 kJ/kg (40%)

(&

-50 mbar s .
3 % 0y . e — - 1 140 Nm/kg, 230°C
b2 134 Nm kg - . - j'
dusts 01  kg/kg 1050 °C bypass rate 20% (S 0% st Myl 1 kg cl, 1400°C |
oo - 3 mbar 0,09 Nms/kg secondary air : 0,36 Nm 3/kg, 1030°C

2 % 0, 150 °c 4 oild 51%@ : SRR S |
0.45 Nm*/kqg mbar : O

Lo o [ [ ]=
. L ST

v
. 1 kg cli, 80°C

) inazalled @ 3,0 Nm® kg, 20°C ok qual ¢l 52

Sair o Sig 35 operation : 2,3 paliiud 3ysa ¢l gd




QUANTITY

QUASI- QUANTITATIVE VARIATION OF MINERALS WITH

TEMPERATURE
i [l i i ] 1 i [ i i i | | i [
1 1 T i 1 i T 1 i T 1 i 1 1 i
) CaOgree C,S
C,5
/—@'
SPURRITE
QUARTZ CQAS
CLAYS - CaA
> @D PHASE LC}_EE
C,F - C AF
—t
400 600 800 1000 1200 1400 1400 1200°C
UPHEATING COOLING
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Table 4: Examples of EL.Smidth plants operating with low heat consumption
Heat balance (kcal/kg clinker)

Plant location Plant A Plant B Plant C Plant D
Mexico  Indonesia USA Thailand
Heat in exhaust gas and dust 134 184 135 182
Heat in free water evaporation 2 2 5 4
Heat in bypass gas 0 0 39 0
Radiation loss from preheater 37 22 48 35
Radiation loss from kiln 28 31 44 25
Total cooler loss 132 125 113 124
Heat of reaction 374 384 320 360
Free heat from air, fuel and feed -30 -29 -31 -33
Net specific heat consumption 677 719 673 697
(651 wifo bypass)

Plant A — 6-stage ILC preheater wi2-support kiln and conventional cooler (3000 MTED)

Plant B - 4-stage SLC-I preheater wiconventional cooler (7800 MTPD)

Plant C - 6-stage ILC preheater w/SF Cross-Bar cooler and 15% operating bypass (3700 MTPD)
Plant D - 5-stage SLC preheater w/ conventional cooler (10,000 MTPD)



ILC: In-Line Calciner

6 « Dry process kiln systems
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Special advantages

High material and gas retention time in
calciner due to its large volume and
moderate swirl.

Regulation range of up to 30% bypass
of kiln gas using ILC-| version.

Well suited for low-grade fuels.

Long refractory life due to low thermal
kiln load and stable kiln coating.
Lowest NOx emission among traditional
calciner kiln systems.

-465mm WG B material
293°C 1 M gas
2 — 4 l M fuel

. Raw meal feed

. Exhaust gas

. Kiln gas by-pass, if any

. Clinker

. Kiln burnar

. Calciner burners

. Tertiary air duct

. Tertiary air duct damper
. Cooler excess air

Features

MNormal capacity range: 1500-6000 tpd,
with muitiple strings = 10,000 tpd.
Ratio of firing in calciner: 55-65%.
Normal bypass of kiln gas: 0-60%.
Maximum bypass of kiln gas:

0-100% using ILC-l version.

Built-in low-NOx capabilities.
Caldnation at kiln inlet: 90-95%.

ILC kiln system with
five-stage prefeater and
5F Cross-Bar™ cooler
Typical temperatures in the
system are indicated,
together with the negative
pressure in the exhaust gas
exit, based on a system
designed for minimum owver-
all pressure drop. When
designed for bypassing 30%
or more of the kiln gases,
the layout of the system will
be slightly different, as the
tertiary air duct is connected
to the kiln riser duct at a
point below the calcner.
This system is called the

ILCH cailciner system.

(See page 13)
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Coolax Grate Cooler

The COOLAX high efficiency grate cooler
has greatly improved heat recuperation com-
pared with traditional coolers.

The efficiency of a grate cooler may be
characterised in terms of cooler loss, this
being the amount of clinker heat not recircu-
lated to the pyroprocess. Traditional cool-
ers have a loss of about 140 keal'kg clinker.
The COOLAX has a loss of only 95-100
kealkg clinker.

In the heat recuperation zone (CFG zone)
the cooling air 1s supplied direct to

CFG zone

o -
- Clinker heat including dust

B. Secendary air to kiln
C. Tertiary air to calciner

Heat Values in Keal'kg clinker

the grate plates through a system of ducts
and hollow beams mstead of via an undergrate
compartment as in conventional coolers. Only
a small portion of the air enters the clinker
bed from the undergrate compartment Thas 1s
the sealing air.

The CFG zone is divided into sectors sup-
plied with cooling air from separate fans. The
sectors are subdivided into smaller segments
each with their own adjustable damper i the
air supply system.

RFT zone

235kg’ 32°C

D. Radiation losses

E. Excess air

F. Remaining clinker heat
G. Cooling air per kg clinker

The heat balance shows a high recuperation of clinker heat resulting in effective cooling of the clinker and
substantial fiel savings due to the high secondary air temperature,

Grate plates

The pressure drop across the CFG grate plate
is higher than in traditional grate plates. This
ensures perfect air distribution through the
clinker bed and greatly improved heat recu-
peration.

In the CFG zone the cooling air is in full
contact with the inner surface of the grate
plates which are thereby constantly cooled.
The thermal load on the plates 1s therefore
low:

The plates are designed to prevent dust from
falling through. Each pair of slots 1s shaped
like an inverted T section. The principle is
that air will always travel outwards through
the slots while any dust entering the slots dur-
ing a stoppage will be trapped in the labyrinth
instead of falling through into the hollow girder
below.

A small amount of clinker dust will inevitably
fall through the slots when the kiln and cooler
are shut down. The dust is automatically
cleared by the air flow at the next start-up.

After the CFG zone comes the after-cooling
zone with the Reduced Fall Through (RFT)
grate. Here cooling air is supplied from
undergrate compartments, as in conventional
coolers, but the grate plates are 1dentical to the
ones in the CFG zone. The CFG system may
m special cases be used throughout the entire
cooler.

The movable grate rows start at the cooler
mnlet, which prevents build up and reduces
snowman tendencies. Heat recuperation 1s also
improved this way.

The drive

The first grate is driven by a centrallv posi-
tioned cylinder and the following grates by
cylinders placed on either side of the cooler.

The hydravlic dnves consist of axial piston
pumyps with electro-hydraulic servo-adjustment
of the o1l flow to the cylinders which have
built-in linear transducers. The system 15 con-
trolled by a PLC.The pump units have built-in
“swash” plates to regulate the o1l flow and 1ts
direction.

This ensures verv smooth operation of the
moveable grate rows and perfect grate control.
The system 1s very reliable and maintenance
costs are low.

Ifpreferred, a conventional mechanical drive

15 (F) can be supplied instead.

CFG grate plate with three double rows of air slots for conirofled air fow.



Flexible connections

The air distribution svstem consisting of
ducts and hollow beams incorporates
specially designed and highly reliable
flexible connections between the fixed air
ducts and the moving grate rows.

Intermediate roller crusher

If the clinker 1s to be cooled to a very low
temperature a special type of roller
crusher may be fitted between the grate
sections. The crusher reduces the size of
the clinker and lumps of coating to attain
faster and more effective cooling.

Also retrofit
The COOLAX-CFG system 15 also well
suited for upgrading existing grate coolers.
In addition to the energy savings and
improved operational performance a
retrofit also allows increasing the through-
put within the overall dimensions of the
existing cooler casing.

The high-efficiency COOLAX features

e Fuel savings of 30-40 kcal/kg clinker

e 30% less cooling air and 40% less air to be dedusted

e low overall power consumption

e effective and consistent cooling of clinker

e more stable high capacity kiln and cooler performance due to
less dust circulation and no blowing through of cooling air

e low maintenance costs due to minimum wear on grate plates
and movable parts

e less red river tendency due to the Controlled Flow Grate
system

e less snowman tendency

e less falling through of clinker
e small overall dimensions due to high specific grate load (up to
60 t/m’ per 24 hours).
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Temperaturmelistellen , M

Temperature measuring spots “M*

Blechmantel /
Shell

Loch / Hole

Thermometer

MauerwerK / Isolierung /
Brickwork Insulating Material
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a) Kurze Brennerlanze / Short Burner Lance

|
= ~——
Eé_“l]:::\éA:_Iﬁ:::A::'::%::::A::::'1|
- - - - -—
h;\f’——,hrl—?*};7—:-'*—1—*—*1——*1
A LAY I
i
—:———¥'———:————_————:————:'v Gas
g =
\ Brennerlanze / Lance 2"
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Isolierung / Insulation

Beton / Castable
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Temperatur der Steinkopfoberflache

Futterstiarke

Lining Thickness

(Ansatzfrei) [mm]
Brick Hot Face Temperature
(Without gjoating) Futterstarke / Lining Thickness [mm]
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Oberflachentemperatur in der Brennzone
Surface Temperature in the Burning Zone
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Heating-up Curve for Rotary Kilns
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REFRAGCTORIES

Tertiary Air Duct: Damper closed !!

Tertiary Air Duct Kiln Hood Temperature Measuring Spots

\

Exhaust Air
Valve open !

‘HL\

Intermediate Wall

Temperature Measuring Spot Auxiliary Burner Hammer Crusher

SK 08: Drying of a Cooler

ENZA Page 24 /24



2)9S [)2ililgs —KE—P
33 e ol b il 2 50 O 1 i S )5S 05,5 5 e by
pints S Btes b0y 8 038 5w 5d o 3 0558 ol TY sl
iy LU Ay 1S 3 5 s 2 S s 038 5w g s Sl Sl
0 s K5 05 oy addate Sy U 1O w0y S e SLES Sl B il
Ol g 658 OLd 3w 3l a0 0l OLL 5o Ll aslsl Jdb- o Ll el
LossS b oo o aidate (S 05 Sl Oy pRa 65 S 5L 1) 0 4z o
35 Olg e Cou aihe S0 a4 Odewy Ol e A 2 e Bl
0555 Mol o 4 U il i 0 poler SOl 4 1 oS LS el
Koy Vor %0y il ) S Gl Sl s Sl (e
Al ey S Ll

:V.g.“\:&.?

L (oS w0 azmus 23l L) 1ea 0L 51 eslinsl ooy 58 058 B
S S5 S e e 15 038 5 S ekl s Sl O 0L
S b gy 5 s Al 3 T b b s s s
Syb g S | DA

S1aS oy p S8 O Samd Y Wbo) S oS 00 35w 5L s Sl ey
5 oV 5h ¢ rede ¥ ogls W5 5l dtes 3oy S Sl BB s a2
) Sy 53 S S s S eslinad Ll 035 oS oS
oalizal Gl Sl e e OlKE e yn g s esliad ol 8550 51 i

.
.
.

.



’n.g.nl:llS.i—El—l'
el S5 &Y plSotal 65 |5 A3l 15T 6y S o 3 e oK LS
S A3lge 53 bais WiSs ealinud o 2T gl Slasb 2, 51 ST s dalss
b Ol oS ol ol am s plad il 2 1y o) S ;pd»rﬂwjlmm
05 el Al e gdome S5y dihe e i\; cb.w o by sgh oo U

Syten Ol gedyr Q3L 2l Bl s 0 b po ol a3 4SS50
S Cgla S (sl Lab a5 6,58 055 58 Jeal s 5 e platal,
Al o plonil e 5 o Ll o

Ll EL Y 028 2 S L 5 008 St oo 5o Bl 5 kS 4S50

By g § g ol ozl b 1) 58

2)93 Uailspo lan.i.m slolas -Y-p

s sLes <l il e

Sl dol Gb lessS | (Soust g s s Y OAS F| a5 0L

.Dj.w o.l.;.sl?—ﬁ

dold Gbo)sS SAL 2| Sl Sad dlesl @b LS Os e S DA 2
\‘Ji.;ﬁ@mguj Lo st 0,8 QUL > as LS oLl = L
ozl sl ge Y 551 e oK 0555

0555 S OBLL & Doy ]




Aol 3b oy S 0Ll

(o Y L il &S

85 05 e

YU s ke Sl | ol Y 0 mm s 0T 0S| Sl oS
STINPS
e
03 5 S sla Ol | ol o b 51 50 b Las sl 03,8 Six
) a8 oo b adl | slas s 5 ol Y 55 545 S
S e SO s 53 4, IS
oo b el YT Sl :(..@,uuij
o (s o) S sl Sl
a5 g sla
Ob estke 0556 A oseysS ad gle a5 00 G O35 5
oS ad oS Kot sls oS S0 Sl blsl| wlas St
Le 08 (nl) g etk 0255 I
polde it o L
(LS 8 e,
oy J e 335 ol oalal | (slasys 04 5L (6,8 5l O 3 o S P& i
O o ¢ ialasl 3| s glalpie 0Us st g 1 s (bl 03 S

Soldae Osliw 3 oy oS 585
Sy JH Sl
sblesl o 05 S

Lo S Y o bl
oY 5l o 4 DA 5 S -

(S5 gl







2)93 1503 )U gl -1-

S el e B LB il oo Sy s 5 0555 e la i (3l esle]
28 o 0ysS Ak

52 Olsie 5 Sl azby VU B 03Il 4 0,68 (SO g Dl a3 a> o ol o
55 ot 15 g e 335 il Ll sla L3 5 o

LS oS 10y S 53 ASe Ol e

oo o Jade ) S 03 Se sz el Al oy ool ade 40 1) s
b U das adsl 1y o) 055 S ee 5 ol it sl dlad 051 o S
Ay sllas Sl s 40y S 058 0 S S

Ll oy 1y SlS 5 228, jLe JUml b gl

Sosb b (F 008w) 56 5 iy 0l Ol 03 5 0555 ST el a2 33
D Culda 055 ol Hpl G a oS Sy aS AeS el

3)93 waiwi loaiio -P-H

Lo dey 315 Sl 4z VO 51 VL @ 000w 5 ol ol ams B
SASOL s3lal 6,58 el s pB,1 L Slgrend L3 Sl amus s Okl s 3

.

s

53 3l Olm Blye U5 S e (65 Sy s Slib 5 1 SLE AL e
CS o ol bl e by s il b OIS e s 5 e leis
il Ll 51 slse Sse S5 edae 4 ol bl cpl e ame s O3y &S > S
el i 0l (S8 Sl 4l (gl ol K



ILC Calciner

e burner nozzle is adjustable both vertically and horizontally
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PROCEDURE FOR HEATING AND STARTING
OF KILN WITH CALCINER, TYPE ILC.

- Id Z
s 03P (s

TEMPERATURE
o« b
2
200 - 4 ’ -
= y FXIT Sth STAGE
)

AS0T1
EXIT 1st STAGE

Jsl cele ¥E oy S pf
NORMAL HEATING PERICD = 24 h. [DRY‘NG AND HEATING PERIOD FOR ]

NEW AMD RFPAIRED LINING = 72 h

r e e

FEED A2
FUEL  —
Yo A& wT -
I i Feed to preheater
100 —+ | Sen e |
| [ o QJ =)
§0 -+ Fuel to caldner .\ 1<, 4
Fiel ta kiln g r(ma"‘ burner) 7T B
60 -+ I —— :
LO' -4 \ F_’_,—— ————————— b))D 4 S g ué‘.)
- Fuel to Kin
o IS E L == i (maln burner]
| | o
0 1 { i l % 1 e
0 8 or less HOURS <=L
0= 8 . 16 24 L < sl
S e b ooyS QAJL:. ol o Lo OXEy

TURN THE KIN AS DESRBED " | MAINTAIN KILN ROTATION
IN PRESENT MANUAL i WITH MAIN MOTOR
I

|
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Material Marl Marl | Lime Stone | Lime Stone Iron ore
Contituents BH9 BH10 BH4 BH6
L.O.I 31.38 26.46 41.8 40.59 n
Si0, 20.11 31.55 3.05 4.31 8.29
ALO3 4.34 4.52 2.12 0.88 0.61
Fe,O5 2.56 1.63 0.44 1.02 87.24
CaO 38.46 32.62 51.88 50.36 2.00
MgO 1.48 0.99 0.68 1.11 n
SO; 0.45 0.27 0.21 0.73 n
K,O 0.80 0.76 0.24 0.26 n
Na,O 0.40 0.38 0.10 0.38 n
Cl 0.03 0.03 0.04 0.03 n
Total | 100.01 99.21 100.56 99.67 98.14
Onoda Co. 22.12.1990 -\ J s>
Material | Lime Stone Marl | Iron Ore | Silica
Constituents

L.OI 38.80 31.12 7.28 1.50

SiO, 7.38 20.47 21.76 84.00

ALO; 1.99 5.30 5.40 2.00

Fe,O3 1.60 2.56 59.2 5.00

CaO 47.54 36.48 0.60 3.00

MgO 1.35 1.08 0.07 1.00

SO, 0.93 1.31 1.67 0.002

K,O 0.35 0.56 1.01 2.00

Na,O 0.18 0.27 1.40 1.00

Cl 0.04 0.03 0.002 0.002

Total 100.16 | 99.18 98.39 | 99.51
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Material Lime Marl Raw | Clinker
Constituents Stone Mix
L.O.1 38.80 31.12 34.64 0.00
Si0, 7.38 20.47 14.47 22.14
Al,O5 1.99 5.30 3.78 5.79
Fe,0; 1.60 2.56 2.12 3.24
CaO 47.54 36.48 41.55 63.57
MgO 1.35 1.08 1.20 1.84
SO; 0.93 1.31 1.14 1.74
K,O 0.35 0.56 0.46 0.71
Na,O 0.18 0.27 0.23 0.35
Cl 0.04 0.03 0.03 0.05
Total | 100.16 99.18 99.64 | 99.44
L.S.F 90.00 CsS 46.98
Lime% 45.83 C,S 28.24
Marl% 54.17 GC;A 9.85
L.P 27.11 C4AF 9.87
SM 2.45 AM 1.78
A=0.1319 7=0.574
C=0.007 E6 Jdl>
S=0.2175

dge g5 55 b (3l Olagw Slisloes =¥ J 5

Material Lime Marl | Silica Iron Ore | Clinker
Constituents Stone
Spec. 1 2 3 4 -
L.O.I 38.80 31.12 1.50 7.28 0.00
Si10, 7.38 20.47 84.00 21.76 22.24
ALO; 1.99 5.30 2.00 5.40 4.63
Fe O3 1.60 2.56 5.00 59.20 4.63
CaO 47.54 36.48 3.00 0.60 63.56
MgO 1.35 1.08 1.00 0.07 1.88
SO, 0.93 1.31 0.002 1.67 1.58
K,0O 0.35 0.56 2.00 1.01 0.75
Na,O 0.18 0.27 1.00 1.4 0.40
Cl 0.04 0.03 | 0.002 0.002 0.05
Total 100.17 99.19 | 99.51 98.40 | 99.72
L.S.F? 90.00 CS  51.95 Lime% 64.48
SM? 2.4 C,S 24.60 Marl% 29.79
AM? 1 CA 4.44 Silica% 3.97
L.P 27.01 C4AF 14.10 Iron 1.76
Ore%
A=0.1443 7= (A-C)/S=0.7
C=0.007 J
S=10.195
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Calculatin:
A: Mole Of K,0+Na,O Per Kg Clinker
C: Mole Of Cl, Per Kg Clinker
S: Mole Of SO; Per Kg Clinker
Z: (A-C)/S

A<0.16

C<0.004
S<0.17

Z~1 > 7<0.5

A 4

O

3l 5453 5 8 NS ES 5,10 34 9 (gl dlies El
303555 S Pl E6 303555 IS S Pl E2
J%L:AJL:J&\%JBJJMQ)M E7 3,03 555 IS i E3
Sl 355 IS5 SWG Pl E8 3035453 58 5 8 ool E4

(Holeim o 51 J&) Jpo cod Slma =) K2




45 C.wv\ 6JJ}A d}q..}l.o Li“’:h“] o)js 6‘)}?- cbjfjf J\u\.ia M\f—b &)YL’L’
E6 Sl x ol A<0.28 5 1>7>0.5 0T s

S sbul 45 5,1 sy (ol i I pl 3 35d e i 4S5k
OB ke il s 5 S a5l L5k B ge )3 Al LS
ohy oS Shyt S 5 oS al, Ol 5 a1, i sl 5t ol
b GBSl 5 3 gl AST e W eas S 3,555 1
GV s bl 5l ek 0,8 S w0 bl slalSs 2o 5 s

.JwﬁMﬁw.vbﬁjﬂwj\obu;ﬁ»\d_}&rﬁoic@})b



Uloyw a) ¢S cuiic |,506)5 j1 (gl aspad -W-V

aasbs -1-W-V
B s s 1y s ol LB, ey S a eSS sl S gl sy
edl il 1y Solae gla ol boges il Sla o) 58 4 D (2150
Cond ledd Sub Jpol 51 a8 o sd o amste gl Lo ba ol ol (55

-

e 5o 5 @il Sy e VL es) Hn i s Olaws Dl 51 S0
Rl A e 5 0 Ko S e b IS 1S (15 5 sdgm 1 S st
SYb Ol e Gl See ol 5 Kr ol Ll L S
JNte pdy L35 Cu e 5 Gl e p A8 LB L e g 3 s

.,\iJdej\Jd\o\)aJLﬁ-)lSJ@fLo.x;%-jM
s 5 F5 gl o bl 5 ad S oLl S ol (oIl el 5 B ol s
Sl b la dor b Ik s g o ol il sl ble b (5343
o oslezsl 5 a5 a5l e 5wl e O S By s ol S s rd s
ol s S5 mls s b andls JUisl gy | alis oy Ll adls all-
G 2 L S S O il S R Sl s ml el S 0t U8

2 o 1 GUISS sl 06 ) S 5 L

2)93 WIBe (,A38)5 Jas —P-W-V
SU IS A ke LIS (31 ol 5 (St s 3| Ul ands dir Oles 3
el 5 s S 4 5l ol 2o S J= JB ISl sl gl as a0
G5 O-F ol 53 6 5y ol JSKEe il eld Ol 5 Slatoe Jillas



e ey S Jllia 5088 Db ey S cde oS e 80,8 WS
Auled SU 5 a3 S sS 1 oy S Lol aily JUE 5 0l 08w B s S
S haie 5 Bl s e E1S 655 () B bl L «
i o Gl sl e ol s cﬂb 05 o5 eizle SlaS 5l asl
b s oy S Syt S5 i Ll ol el 4oLl OF s oS s Ty
sl ol plas 3y ol 3 S 5 D 583 ek oS 583 kS (oAl S
L3 g0 Sl 0,8 ol gl Ve Jg Lo s Can s 5w ol 451

RIS Sl s e K Lo et S Sleten s 53 U o)l
Lo Sl o J3 38 o Mg i IS (655050 53 A edes s sl el
Slolr Culg 3 538 o ad, S5 Tots ey 03,5 L8 5 Wlal 5,
355 0l s (5LSk 0,8 By

S wlie gla oy S L la e ol &S ol i SOl s oy opl ed o
¢L¢s&;L?JJ-\.M;Wuwwj%;wuﬁ%ubd&@m
sl s g Olpl e mbis Olesle Olasw 055 il 25 Oleww Sl S

Ja oy —p-p-y

Sod= sl adlols s e o 3 S5 4SSl L s 8 ool sl s ()
wb&)‘&fJYQW(‘@‘JWJ‘CW‘M‘MMW&&
Ll 8
(sj,\.uLg\lecLgLanﬁ);SJ%;JfWQ)Md\@JShéﬂ
Slp el YL bogas s 6la 0,58 L anslie 53 0,58 e &yl > am s A

1O gmed (Ll 39 (6305 s ol sl pl s



Shst oS5 mf (S5 s S JRals )5S Ll SRl oS iSe SRl
D Sl gl o 3 oSl K 358 Sl oplr G g adad IS i 0 S
5355 o delS Ogpm e Sk Sy 4 Jade gl S A ) e
bame 351 3 g0 K0 gl oD 5 CS > ) s g el (5l

Sgpoesleax ol s S >

0)dhs —IC-P-V
S Bl mtee 5 Jew S Olaw o5 (oMo 0 DS Losas
5 oabu sl 358 o o (B S e el Y 5 S ab s S
S (63,555 adls W5 3,58, A ppl da sl T e ey eslil bt



)9S wiic 1,308 tfolgc — -V

b -\-Ic-V

SVl 5 Jab OF 53 65 Conl et slas STy 0 S 55 5l S Olagw o) 58
0oy Sl ol (S cnl 3 43,800 o oy ol e
o SOl egd eS8 ol dlss s plags 5 Sila e S ols
oo i b o O Clasl s (s 3 5 At 4 55 5 Ol LB Ssl
chm\w‘b%@)bﬁ\Ostw&uL;lﬁ;wjbu»b‘w\f
6w¢j@@¢w\muamwﬁupuﬁbggws
o355 8 o 6 50 e bl

S5 3 Oles SR AL wyS che (S8 8 I syl 3 ol s
4\5&)4_:\‘/“1 DL C,.ejf OJ\..’.JL.: b o)jf)l._, 4.3..)\33 )‘J\.EA DL QL.M:).’}O‘)}S LS‘))}
o)js A 6.&&1) a)js g_,\.a& u&é co)js 092 cC,\}j..w )‘J.E.A ﬂb &Lﬁﬂ.&:ﬂ
(o] oJﬁTwﬁ.ﬁ: uﬁ.,\.a LS‘)’ 0)‘55;._,“5.9 L>'<:'9J§ oJ.ng: Lfb G IS W LQJK.‘JMJ
DS My o) S Sl plend S 5 ds po | e o) L s

J..lL.Z CM.N\ S Vot CM‘}‘ 4?-‘51.0 OJJS)‘}:\J.:\J‘}«A foj C,wu\ 03)}5-(,.&4.30)}5
CA.J&U.}'.,\.:LijJ\.:\o.)\.ﬁuoj.:)lscgjﬁMb)ﬂjwéu)\f‘swwh

w\oMupj&ngjbb’j@u@)g)‘&nys

Olw)d § (Sxiams gjle3 ~P-ic-v
LS5 55 Jisn o, OF s o8 (Salis ol 3 S 0ls o ) S8 8 g A

ampp g 53 S B8 Al e BB O e kS s pse Slag s sy



5 G sy ol mensd Jlanl LSL i 0 555 Aale gl
o D e Sl L 5 e e 3L OT O S ol s S8 S

Xl
Lyl i S1 b dy 0 0555 e & Oy dats 5 o3bel (3050 e a4,
Jolse b oaxlsn 5tz oy 4 Wl slse l & AEL Ol 3 g e
4 oS LT B S o iy aalsl sl ge e Anl b oS ol and 05 ol b
s 22l 3 (ol el 5L 5 S B b 0L > blie 5o g e
ook Kgd e slge 5 3 Ll Ll gls JUK e 0580 o) S i

Bls 03 Ligd o LAI 5 50 Sy e bl s b W28 0 S8 S
O s s s e s i 5B 0L &S s b o DB &S

..mdaw;;\\)@hwpww&uwﬂss
Jf\L\oﬁ&mwé\qubé%ﬁf{jﬁﬁb@\ﬁ:Wwy
LS S = VU Cas 0 5 amtn 95 cpl Slilge 0 sle 5 58 bl 51 SL >
jswd.u\)’ﬁ:\}a&um}}\&&?’-)\.&a.JﬁTqu&&\&J&;’;.a
OMJ.;U.,b}wQQﬁJ)\JJLQMJQU;};@.?JQ%‘QJ.J%&C«?—W
AL el G8 Jol 0L = 4 Shd 0us sy i 53 e 2SS

L o olge 5 58 0L 2 ol b



slgs 9 35 obys

| Jaib
Gl sl b sl Slio b g5lse 58 0L 2 Sl gl 4 S 5 2 >

YU Cas 0 o Sltn L 38 56 5555 0 s 4 &gl 53 doled 355 5
Ob o amio 95 o woly lad oo Il cpl jo sl wsly 5 s oS
5> Ghae D3 o 3 0T s 5 S8 T e Sy St 5 5oL S

QeSS sl JS0e s S 3G
sl Sl ogs el d Db L 6l oY bl Sse cnl o
CMe 5 et Sy cpl 55 350 Al S S ey 4 s D S K

335 o o8l (KBS 6,5 sl Y

@\/
/

<
/

=

slgs 935 obys P JSib

WA
e




NI TV SRy S

56 e 53 a8 Shd el alIS 5 Clde O3 s 5l ol Shir
s ) e ax s s s S L sleasl b Ol S L mls
S bogd e mie S5 bl St Gl il zio (el i)
Ll 55 gl LS 5 IS ph e ar e oUIE Sl (S5 Sl
s Olae 5l GV 4 Son 5 68 g b Gl 5 0058 e Sl
o S8 5 Lol belse 51 (oS ol bl es 4 dites mlbe 5 sle]
.@\&Lﬁl}ogﬁs;)\mjﬁjjcoJ;@

(212) 0 5 mle 2,55 5 (S 1S (g0 2555 2 0y 93 4 (Sl oy 2
ke Jo 53 ol 4 O Odrer 5 e sleasl 5 (35 1) 3w mlacs &
ol 3 o Sl Sl Oln 53 5 30 Sl oy ST sy ey ! 6l
Jiisdtu.wwdbf@jxjw@jsﬁwngWGwé
r't.“su‘w"ﬁ V'i)b Loopd I Sl o ol Al &S ol (6350
53 o st $ BB sl S ) s Wl s e o e OF & Oz
5okl dezwie Sewd 32 bl 5 5 ls 3z Cos Cugby Le S ol &l
A s b Cewd S Lol o

ol ) dsl sle i 5o abez Sl o)l sy Sl S G (ol oo sl
S b 0 s S8 8 S Olen Ll Sl )8 5 S g5l
Slao 3l gols p Agad 3l e 3 el oS LB A4 e ol 50 9 0 ool
el slord s 5 58 la JUS 5 b 0w la o)ldr 4 ol ol
03 SRS sy A SUIS 4nd Sl S 5 el 5l S ud e gl
o a4 el s O ol s 60 S e oS St il 5 LS
g‘&wQ‘JSJ‘ﬁ-ﬂ&GMJW\OM.&‘JQ“‘b.g:,éq:‘\.s.b.'«d




9‘F|;Jﬁ6uo)‘.k.>_-d.3jﬁmﬂ‘w)o)jsw." oo A.s)lfdb.d&-bo\/.w
J"""Mg}'{‘;‘;ﬁ.
).‘LS‘;USmﬁﬁj;MJ‘&"}JM°J)6L§,L‘“J&AQ{\C§‘})J

.Mlﬁ&&)\f&éﬁlﬁjos\:;\ﬁswa\

sols @ sals gspums —IC-KE-V

by IS 5,5 Osmer Al s aprs or S 51 s £5
S 5l aly o Sl s 5 Sl S Gble B gle o I STl
Cb..uc\.gg_éﬂQ&ASJ%\aJ\;“:}J%\waJM\)QWoﬁdﬁwu)l{
Ol el 4l sl 4 el O Oy LSl e 4l OBl
LWl Ol sla Ol 51 S 5o = e Z'Lé: Jlov Cla a6 51 s
wumu&)\édﬁ@ﬁs L_Sy))jﬁﬁw‘ 8 Y C;‘j ((L;L.,m))d\??
oJJSJJjﬁ-ﬁ4.3L>'-Lgﬁ-fj\ﬁ;gjaijf@d'ﬁl%j\csﬁoﬁbqﬂ?;&\&w
i8S 34 odmnrr Sl sla | a4 Olanl 50 sy 55 s 5 aSul el g
Lol 4 olor Oy il 03352 s SOASS @ oy (o0 S
J?JCE"UJ>V-Ub‘Jéwtj‘w‘J‘du“}“ﬁUWUJSVbJ’
C,.oﬂcu_ASMUJ\JSLSJ:?L;L;-j@.?JLS\ﬁLSJpr)‘JLpUCEM
OF C3late 5 033 g3 Sl 5 358 0 Dol a4 fdS 03 e 555

.ijfﬁﬂa)\.)q-d\.go)'bow



Sy A S5 S5 (DM g s I gls b S s DS 5 ) 2
Rl Gl @pSis U5 el Omen 45 250 o e DT L sl L

LS e Jee O3
5 5 JSE Som il DS 5 e 55 5 s en 4 503 Sl w
S dls e el S3L al e le e DDl OAS
5510 g\%wo)jswﬁﬁjb ooy opl andl Al S mens el ge

A O3 -0~V
S cedle ik anil o) G (S8 F 50 e LIS 0 8 6500 el
£ Bl KaS L e 4 bled o O3 (LS e e dr (g
Fap D3 ama Xpd e A e 2t O LS sl Ol
UKie S W oy 5 s g0 bl ees 4 s el Sl Bl ol il
g s d eSSyt e &l i LAl 1) oS cie S8 S

SR A ~¢-Ic-V

Y- i s asl dhex SlogsS cie gl S8 5l gl el 30as gy o 5
Sk O Julse okl W aS 3s e JLis 4 b e A o Ll Ol
Q‘ﬁ@&ﬁﬂ;cwowwbﬁﬁbﬂé}ﬁ%)bw
ojﬁw‘)\d”@MWUMQJ}&}J&LAQW@L&UJJ

Al esls il S 8 s 8l slaslas Wl O



2)9S wuiic |,856)S ppo Cumlo -d-v

assds -1-0-V
0558 e (S8 bt 5815l 5 s e e S s Sl iy Jd Dl o
Alae (K53 55 Fae galy gl mel il (KBS 55l oslss s S oS
e K58 5 b o Canle 3)5e 53 iSu pl 3 s S 4 e Lt g

.J}.«iwd,&qo)js%,io

$A38)5 (s)lb OlLoAks -P-O-V

ooy Sl Sl K 0,8 Cab S Sl e, S e gy K S 5 e
o3le .Uyl oo 35 g 1y oSl 5 St ¢ Jolsite (gl 03 5 45 Ated (g oo
35S Sl a3l GolMs oS el 0,55 STy s o cnledias B 5 il
b 0w s il i b ol sa) oz opl 3l o WGl ol en 33
Shls 5 Al o Ly (b o2l) Ko Kb oS Sl s> S8 JUS
e Olgl 3 S Keal 5 e gl
Lﬁ\g_é,uuﬁ)w\.w|@\j;)\j@wsuf,;;\jwwéﬁwﬁj
U PN NG JE IR WU PSSR | O S e Sl s s ez ol & dies
S edalie 5o ol U3 5 Gme 4S (S5 0,5 3lge Ol e bl
03 25 ¢ 55 3 (5 e s Al S Gols Sl nl ( (KBS 0 e 4
dopn Vo Sy ps dtend S b5 S ¥ Y Olele L ooSl e
sl Y Y Olele BB 5 Lo go A= s Ju&flﬁa S glie 5 5yl s
0355 3158 za A 5 0K b s o AV Y 5 (Slte e 05 6l
a\,;ﬂ\uzsq);@@ﬁ JUES VL sls fom 5o i S plsl o sdee ois



2ol (5)3 -W-3-V

ety 5 ke 2 558 IS 5 DL 55l a8 e e gle (KBS e
e Ll b el ] F 5 5 e oy 4 Slgmy ) bl s 4 5 As
NSl 5 3 53 KlE e be el D3 S8 sl e L gl s

K, O=1-30% Na,0O=0-2%
SO;=1-35% Cl=1-25%

s 315 Ol L 53 13 sl ge ke S s e L Sl 835050 50
oy 3l @l cae la uf:.ejfff- wlhead 5 6 b Olasiie ) Jadr o
Woshls Jgds opl ool ol zo° Holcim sS4 Gl gla Uy (la
1l 23 O

S Sl S8 e ¥ Ogien oy 590 A O Ot Sonly 4 o
JLE men 5 S0 S Sy o5h 05w (s e 5 Gl sl nd ol
Jole G- FOXY gl Oy il o Riser Pipe) o, S 51 >5 = 38
SLS 5 nl 51 o w by s 6,1l SO;, CL NayO, KO pns ) 3
ple Gl crd V Og 53 o SKuSK b oline [l cilie gl o, S ()
ol 0l 535 S S

sla K5 S Sal sylhliad 5 el (b la s VAN gla sz s
Visle Osiw 5 ok pb)l S S o dlemdle il sl atdp )y 5, 50
Soslize uS b il gladsly gl # Y Gl O dSbes Ve
Lea

s 3 i o) Sl i 68l Cands sdias OLEITAY la 0 5
@T&UMWj@jacgmaﬂ&u;uvﬁ@\.@\g@v
spdedeliS o Wl 6oy G55 et U S Sose v Sl ) esB L3y
72 W 05 53 b Sai S Sl S sl aeiS b ol 31 G (Streaks)



Sl by K55S pl 3 o 65 me Dbl G-V Ot .l ol
.MM\fos\syjd@JQ;w.Bﬁ

10 Oy 53 aSusk 4 el OLS L e ) 8L T O e
Aiea Jodste (25 000 ) p 3050 Gla Wl (Fn 050 e daDle
ey odas |5 Olp3 o3I Ot 5 50 i o3I VE sla O i o
.w\a,\,;c);obﬁ,,a

SUTY Jodr 53 5 ¥ 050w 51 ola @es plawd 5IUTY Jsdr 5 pioman
o hd 3 0555 (83505 3 =l onl el sl K S Sl ale W glend

-

NGV



1 2 3 [ 4 [ 5 [ 6 7 8 [9 10 11 [ 12 [ 13 14 15 16 17
Volatile Elements Alkali Moduli General Appearance Texture
Plant Location Sulphur Colour  of | Mineralogy | Layer Pore Size | Bid.  Units
K,O Na,O Cl SO; Ratio SR AM LSF Strength Colour Streaks Sampled (um) (um)
A 1* cycl. 7.6 0.18 1.6 29.7 0.16 1.76 2.77 62 | Strong Yellow Red/Brown - - 1-10 >1-10
nd Dense >1-5 2-3
A 2" cycl. 11.4 0.16 1.2 24.0 0.36 2.05 2.77 86 Strong Yellow Red/Brown - Porous 1-10 2-10
A 3" cycl. 4.8 0.09 1.8 2.56 0.85 2.25 3.44 124 Weak Yellow None - - - -
B 3eyel. | 13 065 | 109 [360 |o002 238 25 149 Strong Yellow/Brown | Dark Brown | - Dense <13 15
Porous 2-5 1-5
th
C ?Pipe)cyd' 0.8 0.11 1.2 0.61 | 087 2.4 1.69 339 Strong Yellow None - - - -
th
C ?Cone(;YCL 0.19 0.09 0.38 0.40 0.38 3.33 1.70 180 Strong Red/Brown None - - 10-20 10-20
4" cycl. Dense 1-5 1-5
D (Cone) 3.6 0.78 3.1 7.9 0.07 1.46 1.45 198 - - - - Prous 10-20 25-50
4% eyl . . Pores KCI1-200
E (Cone) 28.0 1.0 19.3 0.02 (164.9) 3.01 2.28 103 Medium Brown White/Green | - - Filled Charge 1-5
4% cycl. Pores KCl  Cont.
B (Cone) 23.8 1.8 19.3 0.33 2.31 32 2.8 104 Weak Brown None - - Filled Charge 2-3
4% cycl. Pores KCl  Cont.
F (Cone) 31.5 0.33 23.4 0.16 4.86 2.62 2.36 89 Strong Yellow/Brown None - - Filled Charge 0-5
Major:
Calcite,
Sulphate
D Riser Pipe | 3.6 0.98 27 159 | 0.08 1.61 1.59 157 - - - ifgme’ - - -
Minor:
Spurrite,
CaOf
G Riser Pipe | 4.8 0.85 5.0 20.2 -0.03 2.5 1.3 196 Strong Yellow/Brown None - Porous 10-15 5-10
A Kiln Inlet | 8.4 0.19 2.1 7.3 0.69 3.2 2.13 114 Weak Yellow/Brown None - - - -
B Kiln Tnlet | 7.6 11 027 | 46 1.65 2.09 5.89 52 Weak Khaki None - Dense I-3 20-30
Porous 20-30
. Dense >1 KCl  Cont.
H Kiln Inlet | 6.9 0.34 0.09 27.6 0.22 1.48 0.68 75 Strong Red/Brown Black - Porous 100 20-30

Vg



Plant C C D E B F
Location 4. Cyclone

LOI 35.7 37.3 |15.0 1289 |21.7 11.6
S10, 5.0 90 |79 |9.1 10.8 | 9.7
AL Os 1.3 1.7 |32 |21 2.5 2.6
Fe,O; 0.77 1.1 22 1092 |0.88 1.1
CaO 54.4 50.1 [540 295 350 |275
MgO 1.3 024 |1.1 0.59 1049 |0.87
SO; 0.61 040 {79 [0.02 ]0.33 0.16
K,0O 0.80 0.19 |36 |[28.0 [23.8 |315
Na,O 0.11 0.09 [0.078 | 1.0 1.8 0.33
Ti0, 0.18 0.16 {0.10 [0.06 |0.11 -
Mn,O; | 0.05 0.04 {0.09 [0.03 ]0.03 0.02
P,0s - - 0.11 1004 ]0.09 |-
Cr 1.2 0.38 |3.1 21.5 193 |234
Total 10.1.42 1 101.2 [ 99.08 | 121.83 | 116.83 | 108.84
SR 2.42 333 |1.46 |3.01 320 | 2.62
AR 1.69 1.70 | 145 [228 |2.84 |[2.36
LSF 339 180 | 198 |103 104 89

Y g




Plant D G A B
Location Riser Pipe Kiln Imlet (DS)
LOI 11.8 10.1 7.1 2.6
Sio, 9.2 7.4 15.6 259
Al,O5 3.5 1.7 3.4 10.6
Fe,Os 2.2 1.3 1.6 1.8
Ca0 49.3 46.1 55.4 45.1
MgO 1.2 2.0 1.5 0.83
SO, 15.9 20.2 7.3 4.6
K,O 3.6 4.8 8.4 7.6
Na,O 0.98 0.85 0.19 1.1
TiO, 0.09 0.15 0.15 0.41
Mn,05 0.07 0.01 0.03 0.04
P,Ox 0.11 0.09 0.05 0.38
Cr 2.7 5.0 2.1 0.27
Total 100.65 |99.7 102.82 |101.23
SR 1.61 2.47 3.12 2.09
AR 1.59 1.31 2.13 5.89
LSF 157 196 114 52
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-465mm WG B material ILC kiln system with
293 1 W gas five-stage preheater and
2 5F Cross-Bar™ cooler
th\ H fuel Tvpical temperatures in the
\ system are indicated,
1. Raw meal feed together with the negative
AT C 2. Exhaust gas pressure in the exhaust gas
. . exit, based on a system
+ A% 3. Kiln gas by-pass, if any designed for minimum over-
J 4. Clinker all pressure drop. When
650° C 5. Kiln burner designed for bypassing 30%
g l 6. Calciner burners or more of the kiln gases,
\J : ) ) the layout of the system will
7. Tertiary air duct be slightly different, as the
739 C 8. Tertiary air duct damper tertiary air duct is connected
* ,d% 9 Cooler excess air to the kiln riser duct at a
\/ ’ point below the calciner.
890° C This system is called the
ILCH calciner system.
g J (5ee page 13)
\J G 1000= C =~
B *—_FEB -— A f—— e 280° C
gt y p .1_5
——— — ¥ 100°C
EMms
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SUPETHERM 1500 SUPETHERM 1500

SUPETHERM 1500

COMPRIT 135 HSR SUPETHERM 1800

MAXTAL 382,COMPRIT 115

RESISTAL B&0Z

25 || 115

SUPETHERM 1500 SUPETHERM 1500
COMPAIT 115 § SUPETHERM 1800
o MAXIAL 3822
25 70 115

SUPETHERM 1800 SUPETHERM 1500
SUPETHERM 1800
SUPETHERM 1800
T 115 § COMPRIT 120 Z ————
Maxial 42
B 150 70 115

SUPETHERM 1800

MAXTAL 382,COMPRIT 115 COMPRIT 120 2

SUPETHERM 1500

RESISTAL B50 7, DIDURIT 150

COMPACTHERM-CS1100 SUPETHERM 1800
LEGRAL GRAL 35

RESISTAL BS0Z f DIDURIT 160

SUPETHERM 1500

COMPRIT 115 § MAXIAL 330,RESISTAL EBO Z,COMPRIT 150 2 LIURITHES

MAXIAL 330.COMPRIT 135 H
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RHI'

REFRACTORIES CyCIOnES

SUSPENSION BRICKS [ Cyclone Roof (lower stages)

RESISTAL-BSOZIS

Cyclone Main Lining

RESISTAL-BS0ZIS

O i (50555 5 S g ol 0 A (F) S

REFRACTORIES Riser Duct & Kiln Inlet

INLET CHANBER ;_ RESISTAL-B50ZIS
or
RESISTAL SKB0CIS

N INLET

| RESISTAL B50ZIS |

0555 83505 5 S S S sl (0) K
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RHI

REFRACTORIES Zones of Kilh - General

BASIC NONBASIC (Alumina)

NR Nosering, Outlet

LTZ Lower Transition Zone

ceZ Central Burning Zone (stable coating zone)
uTZ Upper Transition Zone

sz Safety Zone
PHZ Preheating Zone
| 4 Inlet / Calcining Zone (precalciners only)

Ol 53 6555 el b ) Cilisen bl (5) I3




\j
RHI Kiln Zones - Alumina

REFRAGTORIES

BASIC NONBASIC (Alumina)

NORMAL CONDITIONS f Precalciner

ELEVATED Alcali LOAD / Preheater

CRITICAL KILN (HIGH TH. LOAD,

——
—
e ——
ELEVATED CHEMICAL ATTACKS) [T I m—"
£ g
- —

CRITICAL KILN with high
percentage of waste fuels

o B75Z B757I%

Sl T b bl l )5S ol 5 0 semliondS (3555 bl 53 b s S pud sla =T (V) 02
Lyt o 555 ALOs 5>

)
RHI Kiln Zones - SPINEL - BASIC

REFRACTORIES

BASIC NONBASIC (Alumina)

R TN T R T e b e

NORMAL CONDITIONS / Precalciner

ELEVATED THERMAL LOAD [ Preheater

CRITICAL KILN (HIGH THERMAL LOAD,
ELEVATED CHEMICAL ATTACKS)

CRITICAL KILN with high
percentage of waste fuels

I z1R1/R2MV1 = ZE/XERE B x
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RHI'

REFRACTORIES Grate Cooler / Kiln Hood

RESISTAL-B75ZIS

Kiln Hood Top and Bottom L e

RESISTAL-BTEZIS

Cooler Front [ Side Walls

or
RESISTAL SK60CIS
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RHI

REFRACGTORIES

Matrix

Dolomite
(NATURAL)

PREFABRICATED
Electrofused
Sintered

FA
{Hercynite)

MA
(, Standard” Spinel)

Raw Materials - Combinations - Brick Types

Chromite
(NATURAL)

IN SITU
During Burning Process:
*Corundum
*Tabular Alumina
*Calcined Alumina

Ca0-2r0,
(SYNTHETIC)

MnA

{Galaxite)

Olosws 0,55 o aibaie Cilises gla 250 )3 b e &wéuﬁfajﬂmqp

Basic Rotary Kiln Bricks

RHI

REFRAGTORIES

C03

Chemical analysis

Replacement Raw material

Product for Bt

Yo Yo Yo

ALO; Fe 05 Cry0;

Cold
crushing
strength
MnO Alr

glem® Vol % Nimm? 1,°C
% Cycles:

Thermal Refractorines
shock 5
resistance under load

Bulk Apparent
density porosity

Thermal c onductivity
at

500°C 750°C
Wik

1000°C

i News Magnesia = 0
ANKRAL Z1 Development Hercynite 920 34 g - — 306 140 700 =100 = 1700 360 300 270
Maanesia
ANKRAL ZE ANKRAL R63 St 850 30 T4 - - 3,05 15,0 700 =100 = 1600 300 270 240
Newy Magnesia : A 5 . : 7
ANKRAL X2 Developrent Galasits 910 35 o7 - 28 296 150 90,0 =100 1700 360 300 270
Mew Magnesia
ANKRAL XE R Bt i 867 28 4T - 28 08 145 80,0 =100 =1700 320 280 250
RADEX AS90S Magnesia 3 A 7
ANKRAL R1 ANKRAL R19 MA.Spinel 915 70 05 = s 296 15.0 60,0 =100 = 1700 450 350 3,00
ANKRAL R17 Magnesia
ANKRALRZ  CE " TR MASpnel 875 05 04 - - 2w 180 650 2100 >1700 430 350 300
ANKRALRE  ANKRAL R1TE ey e 870 105 05 -~ - 2% 160 €5, >100 21700 430 350 300
Fused MgQ
ANKRAL V1 Mew Development Fused 895 86 04 = = am 155 600 =100 > 1700 430 350 300
MA-Spinal
ANKRAL §1  ANKRAL H25 Magnesia 750- 20 B G2 - 303 180 550 >80 > 1700 340 300 270
Chromite
RUBINAL FZEXTRA  Magnesia
ANKRAL 52 RADEX EZ80 Chrormite 815 22 g0 58 — 3,03 175 55,0 =80 = 1600 290 260 230
ANKRAL 565 Magnesia - i o ABE -
ANKRALSE [ CTRC O At 770 28 89 80 304 175 550 =100 >1650 270 240 210

T

Ol 6555 53 B pan LIS sla 2T gl (S5 5 abend Slasiia (V) Jsir




Fireclay and Insulating Bricks

RHI

REFRAGTORIES

Product

LEGRAL 30/5Z
LEGRAL 30/6C
LEGRAL 267
LEGRAL 358
LEGRAL 350
PYROSTOP ISOL 600

Raw material
base

Lightweight Fireclay
Lightwaight Fireclay
Lightweight Fireclay
Lightweight Fireclay
Lightweight Fireclay
Perlit

Chemical analysis

44 25 44

25 53 72
2 18 B2
33 16 60
3 22 €0
14 44 69

Bulk
density

gl em’

15
1,65
06

08

1.0
06

Apparent Cold crushing Thermal shock
porosity strength resistance

o 2 Cycles
Vol. % N/ mm* p
{Water)

30 20
30 20 -
75 15
68 a =
60 6
74 25 =

RUL 5
(Classification
Temp.)

Thermal conductivity

400°C 7 1000°C

o

1400(CT) 067 073 079
1350(CT) 055 057 059
1250(CT) 049 024 020
1380(CT) 025 029 033
1380(CT) 032 037 041
900 (CT) 016 020 -

1320 1,20 1,30 140
1440 1.20 1.30 140
1250 1.20 1.30 140
1380 1.20 130 140

MAXIAL 25 Fireclay 28 20 67 220 17 45 10
MAXIAL 42 Fireclay 42 18 54 222 18 45 15
MAXIAL 382Z Fireclay 30 14 62 222 12 &0 10
MAXIAL 310 Fireclay 44 16 51 226 16 55 16
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High Alumina Bricks

AEFRAGTORIES

Proaduct

Raww material
bas=

B Lo, Firccly

Chearmical analysis

Bulk
density

glem?

RESISTAL BEOZ Zzo 17 400
RE3ISTAL BSOZI3 Bauste, Fireclay Lau 1¢ 420 ZEn
RESISTAL BESZ Baw te, Mireclay EE S 15 240 Z 50
RESISTAL BT&6Z B L Lo18 140 273
RE3ISTAL BTSZI3 Bau te ey 14 105 |
RESISTAL B)Z B te Ez0 4 120 =75
PRESISTAL BEOC RBian: e &1n 1 Hn
RES3ISTAL SK50C Ahdalls te, Coraidin ceu Ce 360
RESISTAL SK&0CIS Andalis te, Coraadim ZE2 [ RN z G2
RESISTAL SBEW Sredal i e, Tonoenl e B2 A & 345 TR
RESISTAL KESC corner Ancalus te Elu LA g0 2
L3 ——

Apparent Cold crushing Thermal shack

porosity strength resistance
Val % M mnt G
[Wiater)
180 30 lE
14,5 0 il
i 36
2 a5 &l
155 “50 a1
215 15 3
0 i) an
150 30 2U
(it S0 C
155 75 ar
115 gl 2

RUL ¢
(Clagelfleatlon
Temp.)

Thermal canduetiviby
at

400°C  700°C
Wimk,

100¢°C

1410
14Lu
1260
1480
1480
1470
14¢0

1EED
100
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Hydraulic and Low Cement
Alumina Castables

REFRAGTORIES

B Material  Water crf:,:?ng Limit of Thermal conductivity l;'::ﬂi';l

required required application at )
Product Raw material base strength SApRIEION
A 1100°C . 400°C  800°C  1200°C  1000°C
N mm® i WimK %

COMPRIT 115 M 15 46 - - Fireclay 200 12 20 10000 1150 070 070 g7 00To 0,35

COMPRIT 120Z AN 5 S50 Fireclay 212 85 651000 1200 090 1.00 110 opt®e
COMPRIT 135 47 15 40 — — Fireclay 2,00 11 35 1400 067 0,67 081 0,35
COMPRIT 138 47 19 4Bl = = Firaclay 215 87 50 1400 098 097 120 050
COMPRIT 150Z 56 03 165 225 - Synthetic rawmaterials 240 65 100 1550 1.62 173 187 0,70
COMPRIT 160H 74 13 185 — - Bauxite 245 85 55100070 1600 130 125 140 0,60
COMPRIT 175H %4 01 04 — — Sintered alumina 2,75 85 80 1700 255 2,02 250 0,75
COMPRIT 180H g5 01 02 — - Sintered alumina 274 8 80 1800 260 2,08 280 0,75
COMPRIT 185H 97 01 02 - - Sintered alumina 298 65 100 1850 320 249 244 075

LOWANDULTRALOWCEMENTCASTABLES

DIDURIT 140 40 08 52 — Fireclay 2,20 85 L] 1400 0,90 1,00 1,30 0,60
DIDURIT 160 520 L0 A s Fireclay 235 55 a0 1500 150 1,60 190 055
| DIDURIT 170A 60 10 35 . Andalusite 249 53 110 1650 175 1.70 200 055
DIDURIT 170 8 14 14 - - Bauxite 285 5.0 100 1700 180 1,80 2,10 0,60
DIDURIT 175 88 06 8 — Bauwite, Corundum 3,10 45 45000000 1750 100 1,80 210 0,70
DIDURIT 123SIC 3 07315 — 30 Fireclay, SIC 247 56 13099 1550(red) 2,65 2,60 260 050
DIDURIT 126SIC 21 07 165 — 60 Fireclay, SIC 247 56 1300000 4550 (red) 310 290 290 045
DIDURIT 1668IC 43 04 45 - W0 Andalusite, SIC 270 46 105 %" 1550 (rad) 280 275 285 055
DIDURIT 160T 34 02 24 30—  Synthelic rawmaterials 335 40 100 @90 1700 175 170 182 0,71

R — T 7
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Auxiliary Materials - Felts, Fibers,
CaSi-Boards, Ceramic Paper & Wool

REFRAGTORIES

Bulk Ci ) i Thermal conductivity
density e re at

e : 5 400°C 600°C 800°C 1000°C
kg i m’

Product Chemical analysis e

Wimk

PYROSTOP SUPERFELT 1300 475 52 190 1300 010 014 018 020 6,10, 13, 20, 25,40, 50
PYROSTOP SUPERFELT 1400 53 170 1400 010 014 019 022 6, 10,13, 20, 25,40, 50

PYROSTOP BLANKET 128/1260 47 53 -— — 128 1250 010 015 020 027 6,10,13, 19,25, 38,50
PYROSTOP BLANKET 128/1430 35 S0 14 — 128 1400 010 015 020 027 13,19,25,38, 50
PYROSTOP PAPIER 1260 47 53 — — 210 1350 008 013 020 - 12,3
PYROSTOP PAPIER 1400 B0 40 — — 210 1400 009 012 0320 — 123

MINWOL LW 20 37 - 24 150 750 0.1 s
PYROFIBER 1260 44 92 - - 265 1260 - =~ - =
PYROFIBER 1430 35 a0 15.0 - 265 1430 - -
SUPETHERM 1500 0z 44 -— 43 240 1000 010 014 017 — 25,3040, 50, 60,65, 70,75, 100

SUPETHERM 1800 TpE I 240 1000 010 014 047  — 25 30,40, 50,60, 65,70, 75, 100
SUPETHERM 2000 e 75 1050 010 014 018 . 25 30,40,50,60,65, 70,75, 100
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SiO, 21.76 21.34 21.62 2191
Al,O4 5.44 5.44 541 5.54

Fe, 05 293 2.87 2.9 2.94
CaO 64.04 64.56 64.17 63.88
MgO 3.15 3.11 3.09 3.1

SO; 0.14 0.15 0.14 0.14

K,0 0.95 0.97 0.97 0.99
Na,O 0.4 0.42 043 043
Total 98.81 98.86 98.73 98.93

C;S 54.20 59.56 56.03 51.72

C,S 21.52 16.27 19.74 23.82
C4AF 8.92 8.73 8.82 8.95
C;A 9.46 9.56 943 9.71
L.SF 92.72 95.14 93.51 91.77

SM 2.60 2.57 2.60 2.58

AM 1.86 1.90 1.87 1.88

LP 25.84 25.75 25.14 26.23

Total Alkali 1.03 1.06 1.07 1.08

Sl SlaslS Sl ey sS Sl U=V Jsu




SRS sl
a3 5 3, S S S kb ﬁ'T S 35 Gl g e Ll e e el
S s Jalid oy lesl cpladl el sid SU b ces Sl OIS sles
Liodao 5 59 0558 53 S8 5 35 035 Jeo 5 sl Wgeme ol S A
game G5l i 534Syl el g ekile SU O e 51 Ss ole ix

30 esle il anls i Coles s
ails ooy S adsd Jowe ey S Sl 3l dges SGoda (G155 4 sad adex
S Al Oles oKilesl 4 Cnd K5 Al Cand e 4 4 ged A
@z\,\@isMug\ygfywjmes\nwuwu@uj@m

el ol z 3 A Jsdr oislasl 3 opl 5L =l A

oK..LiLA‘)‘ 44\7-)[5 C?-J,c
4 gos )b 435k 3, 35k 59,
SiO, 22.34 21.36

Al,O4 5.53 5
Fe,0; 3.36 3.14

CaO 64.64 65.7

MgO 2.03 2.23

SO; 0.33 0.47

K,O 0.97 0.98

Na,O 0.26 0.14

Total 99.46 99.02

CsS 50.47 65.71

C,S 26.00 11.70

C4AF 10.22 9.56

C;A 8.97 7.94

LS.F 90.73 96.84

SM 2.51 2.62

AM 1.65 1.59

LP 26.64 24.78

Total Alkali 0.90 0.78
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CLINKER LIQUID INFILTRATION
TEXTURE CHANGED

REDUCTION OF
re203, Cr203
CoaTING SPALLING OF BRICK

OVERREATING CONDENSATION OF

Na20, K20, €02, 803, Cl

REDUCTION ZONE
MECHANICAL CRUSHING

CRACK
ZONE
KILN SHELL CCRROSION
BY EO3 AND Cl
NORMAL BRICK
TEXTURE
pores in vol.% phases in mass %
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The cross sectional view of this
magnesia chrome brick shows a thick
clinker coating on top of the brick. The
hot face zone of the brick is
degenerated by forming coarse pores
and clinker infiltrations.

Crack formation at the border between
original and damaged brick structure
(arrows). For details click
microscopic pictures below.
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Cwerheated magnesia chrome
brick with spalled off hot face.
Mon-infiltrated

original brick structure,

infiltrated area affected by clinker
melt liquid and part of

clinker coating.

Coarse pores due to matrix
coagulation caused by overheating
farrow).

The textural overview under the
microscope (below), taken from
approximately 45mm from the hot
face, shows infiltration of clinker
melt into the brick structure.
Sintered magnesia {1} and
chromite (2). Densified fines area
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The small picture below shows a used magnesia-chrome brick
from the upper transition zone of a cement kiln. The cross
sectional wiew reveals a deep reaching clinker infiltration.
Furthermore crack formation is also visible {arrows).

The sample shown left is from the same area and basically
shows identical signs of wear. The big crack near the cold face
results from simultaneous alcali salt corrosion.
The structure of the clinker coating is very dense.
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Highly densified brick structure. The
crack is covered with alkaline salts
{13, Light brown coloured surface
due to deposition of clinker dust (2},




Ll o3 S 35 01 53 (gsb ldes SLLG el oS ol Gl edias OLEY-Y ojlus Se

WQJJ:“”;)JJ}TJ"")E";M‘)""°‘>JSJ?.‘JJ'>'TJ‘>"'>)‘>L;LQ°]D'}




ol Sl | Bls v (53150 S5 5 S cl 215l abais oY ojled Se
o (S| re Sl 2l Bl 53 5 Wl e S 358 T s bl B SLS Sl ol

(JZ.L.B J’:A) oo L;LC'L'; CW‘ &’)““?.MLSL@'SL:"”‘.’.JSJ‘ o.)\ﬁ.&ﬁ 6}; |




dalsl ol s o adlaie B 358 Sdd Sl 03 S 358 | 3 ook GBSOl 0-Y Se
S Ut crl e bl sla S5 bl 5 el 03 S 0SS b 1 T fls a5 il
o315 2alS sl Jlties 1) 1 gl Gllanl LS POl 3b3 35l ol Do e
ol am s bl e el esls il T el > sl el Glejen 5 ol
el 4y SYL G ] 53 0,58 A

bl ol Bl e ek A spis Gas 51 g sSas Son (o) Wgad oS0 s o 3
25 ) alSize gls wls e VL) L Canad la 6 Joee s Ol gt L dades OLES
FSE5 0T Cdlaze 5 2l el Loslsn ool S5 5 36 (S5 5 LB 5le 354
S e, |y S 5

Used brick heavily infiltrated by alkaline salt. The infiltration reaches the
cold face of the brick and has damaged the hot face area, which is wery
brittle and destroyed by cracks.

This heawy infiltration reduces the brick's flexibility significantly and also
increases its thermal conductivity, leading to elevated kiln shell
temperaturas.

The microscopical views below shows the area approximately Smm from
the hot side. A strong wealkening of the binding structure caused by
alkaline salt corrosion and consequent formation of cracks (arrows) can
he observed.




o) b Gla s o155 T s WS Ol esladl B g8 35 edias LS #-Y Se
CM"" sl °M%5TJ%M)°W" 2 8l glyls ,>-T 'C(JCEM.C.M»\( PSe iy
s ki o Ssl o S| T jaae 35 5 il 03 S e s ol 51 SLL
o> r)b &)JSJ}J@FTGﬂ&bJﬁCJLoQJﬂ w‘u)lﬂ.’lﬂ)\‘}gj Ll el

JJMLSA

Extreme alkaline salt infiltration and compaction in
the center of the brick (light). Hot face brick structure
brittle and severely weakened in bonding due to
corrosion by transpassing alkaline salts.

Consequent repeating of this attack leads to very
quick wear (see below time sequence of attack).
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The cross sectional view of the brick shows loss in bonding
structure and a crumbly brick structure near the hot face (top).
The small, clearly brightened zone results from reducing
atmosphere, caused by delayed or incomplete fuel incineration
Additional wear factor in this case had been severe alkaline salt
infiltration almost reaching the cold face of the brick.

This manifests itself in a clearly visible densified zone up to
approximately 20mm from the cold face brick end.
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This sample of a magnesia spinel brick shows a series of cracks
running perpendicular and under a certain angle to the hot face
{arrows).

Furthermore wide cracks can be observed on the cold side as well as
signs of relative movernent between brick and kiln shell.

The severe crack formation can be interpreted as a combination of
high thermomechanical load by the condition of the kiln shell and the
additional lining movement

The cross sectional view reveals inclined an perpendicular cracks
{arrows). Mo signs of any chemical attack or infiltration are visible.

The microscopical investigation (bottom) shows heavy cracks, partially
also affecting the coarse grains (arrows)
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Twisting and spiralling of the lining as well as movements of
single bricks within one ring can cause severe lining failure and
cracks caused by shear stress. Furthermore the cold face of the
affected bricks is damaged by relative movement between brick
and kiln shell, in many cases causing clearly visible scratching.

The cause for this kind of wear are mostly relative movement of
the lining against the kiln shell in combination with incorrect
{loose) installation, elevated shell ovality or dilatation and
contraction phenomena during stop-and-go conditions.

To avoid this kind of wear it is highly recommended to use a kiln
rig like RHI's DAT device to secure a tight installation of the
bricks. Furthermore the number of stops should be reduced as
far as possible to avoid frequent thermal expansion and
contraction of the lining.
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"Pillowy shaped" wear producing a convesx surface can occurin
single bricks orwithin larger zones of the lining. The spalling
occurs in axial direction due to excessive axial pressure.

The reason for this type of wear is insufficient dilatation allowance
in axial direction, for example caused by lining the bricks without
cardboards. [t might also happen when heating up the lining too
Ui chdy.
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Circulation of Chlorine

Chloring is the most volatile matter compared to sulfur and allkalis and can
therefore reach also the upper stages of the preheater & areas beyond.

It mosthy originates from the rave meal but can also be introduced into the
process with alternative fuels - especially solvents and plastics.

If the chlorine content exceeds values of 0,05 to 0,06 % itis very difficult to
impossible to keep the process reasonably running wihout installing a
bypass.

Chlorine in finest dust
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Circulation of Alkalis

Alkalis are more volatile than sulfur and can reach higher areas of the
preheater tower as they condense and solidify at lower temperatures If Alkalis in dust
alkalis are in excess, they wil damage above all high alumina linings and
lead to the so called "alkali bursting”. Furthermare alkalies also lead to P
buildups and can damage basic bricks, too - especially by forming alkali ([ 2
sulfate components which damage the bricks' binding structure. P

Eszpecially magnesia-chrome bricks are sensitive to excessive alkalis as the
latter damage the chromite component of the bricks.
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Circulation of Sulfur

Though sulfur is the least volatile substance compared to alkalis and chloring,
it may lead to severe problems for the refractories as well as for the process
itself by damaging the refractories' binding mechanisms on the one hand and
by producing nasty buildups in the kiln and preheater tawer f calciner.

S00-1000C
(opt. 800°C)

50, + Cal(&CaCO,) — Cad0, -

SO, + AT O&ARLLO) > ARSO,

»

Decompesition...of .. . CaSO, s
(A0,
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REFRACTORES Chemical Reactions During Alcali Attack

A. Reaction to Fieldspar or Fieldspar-like glasses beyond ca. 800 °C

Mulite A V=08
Ma,0 + 3@Al ,0,x2810 ) Ma,0 x Al ,0, x6Si0 , (Fieldspar)
+8Al ,0, {Corundum)
Chamotte with 45% AlO AV= + R
Na,0 + (A ;S, + 48) > Na,0 x Al ,0, x6Si0 , (Fieldspar)
+2Al ,0, {Corundum)
B. Reaction to Fieldspar Derivate substances from ca. 800 °C = Layer Formation
mulite AV= +18%
Na,0 + Al ,0,x28i0 ,) . Ne,0 x Al ,0, x2 Si0 , (Nepheline)
+2Al ,0, {Corundum)
Chamotte with 15% ALO AV= +36%
dNa ,0+(A ;8,+48) >  3NAS {Nepheline)
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