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Abstract
- The paper quotes some important kiln developments
over a period of 60 years and logical advances made

with regard to rotary kilns upon processing raw
materials of satisfactory characteristics.

- The increased consumption cf cement all over the
world requires using raw naterials for burning
Portland cement clinker which were considered useless.
a few years ago.

- Humboldt Wedag have developed suitable technicil con-
cepts for meeting both recuirerents listed above.
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it was in 1824 when the brickiayer Aspdin was granted
the patent for producing Portland cement.

At that time, simple stationary kilns of low daily
throughput were used. Some of the kilns installed did
not operate continuously. The shaft kiln shown h

Illustration I
Development of the cement shaft kiln

was the burning equipment most appreciated at tha:
time due its continuous operation and the quite s3atis-
factory heat consumption, compared with other units.

The quality of the clinker burned and the daily output
were improved and increased round the turn of the century
by introduction of the rotary kiln. For more than 80 years,
engineers have tried to increase the daily output of

these kilns, accompanied by better clinker qualities,

and to reduce the heat required for clinker burni..g.

Especially Dr. Nacken evidenced as early as dudng the

twenties of this century that the rotary kiln is characterized
bv poor thermal economy over 2/3 of its length since it
requires more than 40 m out of a total of 60 m length

for drying the feed (raw meal), for heating it up to

about 900°C and for decarbonating it. This situaion is

shown in
Illustration 2

Temperatures of the feed material inside
A rotary kiln.

In 1932 0. Lellep dealt with better utilization of low=-grade

heat in rotary kilns. During these investigations he examined
the time required for thorougnly heating raw-meal briquettes

as a function of the diameter

iliustration 2b

-and developed the grate preheater featuring at that time
a heat consumption of about 1,000 kcal/kg of clinker.
illustration 3
Grate preheater
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This has been the trend-setting development for more
than twenty years in the line of rotary kiln design
until Pranz Miiller had a 4-stage cyclone preheater

set up in front of the rotary kiln for preheating and
partly decarbonating the dry and dust-—fine raw meal.
This very fine raw meal could not be used with the grate
preheater of O. Lellep (illustration 2).

In the course of 30 years, this last-mentioned calcining
system, i.e. the multi-stage preheater set up in front
of the rotsry kiln and followed by a cooling system

has been generally accepted.

The grate preheater and - to a certain extent - also the
cyclone preheater provided for partial decarbonation

until in 1965 a burning system has for the first time

been installed at the transition between rotary kiln and
preheater. This burning system succeeded in increasing

the degree of decarbonation of the raw meal in the pre-
heater. This Pyroclon technology has been widely applied

by KHD Humboldt Wedag AG. Details have been presented by
me earlier on the occasion of the first symposium organized
in Benghazi. '

The logical consequence of the Pyroclon technology providing
for up to 99 % decarbonation of the raw meal in the preheater
has been that residual decarbonation will no longer have to
take place within the rotary kiln so that the kiln tube can
be shortened. The time that elapsed between first installing
a burning system in the preheater and installation of a
correspondingly shorter kiln has been about 15 yeears.
Physical laws according to which:

- linear heat transfer is particularly good with contact
taking place over a large surface, i.e. raw meali included
in the gas flow of the preheater, and

- heat transfer is excellent due to radiation within the
sintering zone of a rotary kiln as per the formula
established by Stephan Bolzmann: C = Y x CS (4.96) x ( {%c’k

are fully utilized when designing new rotary kilns.
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Although Professor Nacken outlined the processes taking
place inside a rotary kiln in tha course of his investi-
gations'in the twenties of this century, we have by now
successfully applied the physical laws of heat transfer
in a rotary kiln reaching an output of 2,000 t/day.

Illustration 5

Pyrorapid kiln system with S-stage
preheater and tube cooler

The second firing system inside the preheater, which we

call 'Pyroclon', enables an almost complete decarbonation

of the lime while the raw meal is heated up to approx. 900°C
at the same time.

The following considerations favour the use of a very short
rotary kiln for clinker burning. Thermal decomposition of

the cz2lcium carbonate, of the clay minerals and other sus-
pended raw-meal components results in the production of
chemically active disintegration products. Their surfaces
display greater chemical reactivity than materials heat-treated
over long periods in long rotary kilns. Prior to the commence-
ment of the most important clinker reaction within the sinter-
ing zone, i.e. the formation of alites (C3S), heating above
decarbonation temperature of 890°C is unavoidably accompanied
by the reactions forming calcium aluminates (C3A), calcium
aluminate ferrite(c4AF) and, in particular, belite (CZS)'

The longer the heating during alite stability, the more will
the belite already formed and the remaining free i1ime have
an opportunity of re-crystallization. This will hinder the
delicate process of nucleus formation and complicate further
growth of alite crystals.

Therefore, one of the aims of burning must be encuring the
active material state after calcining by rapid heating up to
the temperature level of alite reaction and to utilize this
pericd for a quick and extensive formation of alite nuclei.
This will prevent re-crystallization processes and guarantee
short diffusion distances for alite formation, this being
identical to smzll alite crystals. Considering, moreover,
that lime bonding 1s consistently decelerated with the
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duration of burning, rapid heating after quick calcining
to the temperature recquired for alite formation, i.e. to
sintering temperature, is ecual to a multiplication of the
lime~bonding velocity.

Seen from this point of view, the short rofary kiln is
the ecuipment matched to the specific process requirements
for achieving quick clinker burning.

Practical operation of the 2,000 t/day Pyrorap'd rotary

kiln system has revealed that very homogenous raw meal has

to be fed into the preheater. If so, the residual CO2 content

of the kiln feed will range between 0.3 and 0.5 % being

equal to 99 % decarbonation during normal operation. The
hot-meal temperature will then vary between 890 and 920°%

and the waste-~gas temperature at the kiln inlet be near 1300°%

at a total heat consumption of some 750 - 810 kcal/kg of clinker.

The fact that clinker mineralization is quicker in a Pyrorapid
kiln than during conventional clinker burning, positively
influences clinker and cement properties.

A}

- high reactivity of the disintegration products originating
from the raw-meal components reduces the necessity of
proncunced sintering of the clinker granules which, in
turn, means improved grindability.

- the alite crystals remain small. This has early compressive
strength become less dependent on the Blaine value and
has it improved compared with slowly burned clinker at
identical lime standard.

- vice versa, it is analogously possible to lower the
lime standard at quick burning while maintaing the
strength development pattern.

- a positive or negati%e infivunce of secondary components -
being dependent on kind and quantity - such as alkalies,
sulfate, fluoride, heavy metal or transitory elements may
be more pronounced for quick burning, as secondary components
frequently affect, in particular, the formation of alite nuclei.
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In addition, quick burning comhined with preferably rapid
cooling results in structural activation of the clinker
phases. The crystal laitice may be characterized by dis-
arrangement and by foreign elements being incorporated
beyond equilibrium.

The opportunities offered by incorporating foreign elements
have another aspact of the Pyrorapid kiln come to the fcre,

such as e.g. circuiting of trace elements in cement rcta.y

kilns with cyclone preheater. We shall continue to

scgti these processes.

Clinker of good quality is produced in the rew Pyrorapid

kiln of a capacity of 2,000 t/day. It is suitable for the
production of cement of any strength in accordance with
the requirements of the corresponding German standard spe-
cifration DIN 1164.

The specific plant we are speaking about here in this paper has to be

operated at a free lime content of composition (see diagram 5):

CyS 56 - 60 %
C,S 22 - 27 %
C4A 5= 7%
CyAP 7 - 9 %.

This results in the following compressive strength figures
after 2 and 28 days respectively for the different cement
qualities:

cement grinding fineness compressiv5 strength
(em?/g) (N/mm?)

_ 2 days 28 days

PZ 3S P abt. 2400 18 48

PZ 45 F abt. 3400 28 55

PZ S5 abt. 5100 40 69

Good grindability values have beer. attaned for the clinker
wrich were evidenced by tests carried out with the "Zeisel"
tester by open-circuit grinding.




grindigg fineness spec. work index
(cm“/q) (kwh/t)
2000 13.9
2500 19.0
3000 25.5
3500 33.0
4000 T 41.5
4500 52.5

We attribute these advantageous figqures, in particular,
to the high porosity of the clinker and to the clinker
structure. The clinker appears extremely porous and
features an average weight per 'nit volume of approx.
1,100 g/litre with the values auoted referring to

the screened fraction of 4 - 8 mm size.

Microscopic examination of the clinker confirmed its
extremely high porosity.

The allte crystals were of surprisingly small size
and averaged 0.010 - 0.030 mm which is clearly below the
normal values of industrially produced clinker.

Because of low lime saturation, the portion of belite has
been high. It frequently occurred as small, nest-like con-

centrations.

So far, we have frequently noticed aluminate and ferrite
in the form of large crystals.

The low free-lime content could primarily be located in
smaller, nest-like concentrations which may be due to coarse
raw meal. Tne free-lime clugters were often completely sur-
rounded by pores. This high porosity is detrimental since,
in general, pores cbstruct reactions.

It has not yet been entirely sorted out whether the advan-
tageous clinker properties have to be attributed to the kiln
length which resulted in a short retention time of the clinker
in the kiln at high kiln speed. This would mean that the feed
proceeded to clinkering more rapidly than in conventional kilns.




It may, however, also be that the extremely advantageous

chemical and minerélogic composition of the raw materials
ejither by itself or in combination with the kiln system,

entailed these optimum conditions.

Clarifying this issue will be a main objective of further,

intensive examinations.

Fuel splitting in the plant equals 38 - 42 % inside the
kiln tube and 62 - 58 % in the Pyroclon, subject to normal
operating conditions. This means that the kiln tube is
subject to low thermal load. In spite of the diameter

not exceeding 4.0 m, the cross-sectional load is not

above 3.0 - 3.5 mill kcal/sq.m and hour, in accordance
with the specific production rate. Therefore, so far no
problems have turned up with regard to the kiln lining.

In summarizing the statements made it may be said that

the diameter/iLength ratio of 1 : 10 has been well matched

for the Pyrorapid kiln. The material having been decarbo.nated
up to 99 % in the Pyroclon is burned to portland cement
clinker of top cuality. The clinker is easy to grind and
vields any desired cement quality. At a specific kiln

space load of about 6 tonnes/day and cubic metre, utilization
of the kiln volume is improved by about 50 % compared with kilns
of standard length and pre-calcining system. A large number
of planned investigations have nct yet been carried cut

in this first rotary-kiln plant of that type. These cri-
teria can be assessed only on the basis of long-term
observations. We are convinced that there will be

additiornal reports in this respect.
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Secondly we would like to report below on a cement plant
which has no other choice than using particularly
poor raw materials for the production of cement

clinker.

Components such as 505, K,0, Na,0 and Cl- (Clorid) Iafluence
the process run during burning. Moreover, they will

be detrimental to the cement guality unless suitable
precautionary measures are taken during the burning
process already, i.e. by removing portions of these
components from the clinker by way of appropriate
process operations.

Illustration 6 is a summary of the raw materials
available giving their analytical data.

Illustration 6

The portion of components harmful to the process

is fairly high.

Raw-meal mixture calculations have been carried out
with the clay originating from Wadi Fathwa and

from Wadi Rahha; these are shown in

Illustrations 7 and 8.

Moreover, 't has to be considered for the burning
process that the sulfur content of the fuel oil may
be up to 4.5 %. This sulfur will be found bonded

in the clinker unless appropriate precautionary
measures are taken.
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In spite of the raw-material data specified above,

not only standard Portland cement but also sulfate
resistart clinker shall be produced. The following limit
values, laid down in the pertinent Iraql standard, have
to be maintained: ‘

CyA % S04 %
sulfate-resistant cement 3.5 at a max. 2.5 at a max.
standard Portland cement 7.0 1t a max. 2.5
standard Portland cement above 7.0 3.0

In view of the statements made earlier according to which
the high sulfur content of the oil may be carried on to

the clinker, adequate precautionary measures have to be
taken for the burning process to limit the sulfate content
in the clinker to 1.5 % S05 at a maximum. This is necessa-~y
for maintaining an adequate margin required with respect

to adding gypsum which latter is to requlate the setting
time of the cement.

About 10 years aqo hardly any machine supplier would
have been prepared to set up a cement plant to be
operated with the raw materials described above.

On the occasion of the first symposium held in Benghazi

I explained to you circuit phenomena of Cl and sulfur

between the sintering zone of the rotary kiln and the
preheater. You will remember that I reported on the
installation of a bypass at the kiln tube inlet which

enabled an effective interruption of such circuits.

The examples quoted below shall give you an idea of the
solutions implemented with respect to process enaineerina.

We have chcsen no more than 3 arrangements forixﬂayackmonMHaxion:

{llustr. 9 - providing for 100 % withdrawal of waste gac
1l1lustr.10 - providing for 25 - 60 % gas being withdrawn
illustr.11 - providing for 0 % gas being withdrawn.




Any percentage between the values quoted will be
possible.
At this juncture I would like to remind you of the

table shown in
Illustratiorn 1/

wh.ich outlines the opportunities for setting the
bypass withdrawal portion as a fu..ction of the
analytical data ascertained for Cl and SO3 for
the hot meal at the last cyclone in front of the
rotary kiln. This possibility of adjusting the
percentage of waste gas to be withdrawn enables
troublefree plant operation and the production of
clinker of optimum quality.

The statements made will have given you an idea
of the approaches that can be made by machine
suppliers to arrive at the required clinker and
cement cualities in spite of unfavourable raw

material conditions.
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' Entwickiung des Zementschachtofens Berech.auryen
Development of the cement shaft kiln 82
1915 1925 1950 Entwiddung
-
fﬁpi‘dty , {Durchsotz 1oto 355 70-90 155-190 p 7))
e oS N g Khintsr | 1600-1400 | 13009200 | 1100-1000 900
Air requireme Srbrennungs-
luft m?/min 50-45 80-190 140-150 . 165
‘.Jorking ; iruck mm WS 100-300 500-700 1400 -150G 1600
pressure. 20 75
Exhpunirppe, [\becstemperchr) 500 400
Ciinker . Klinker- ~
temperature. | temperatur® 450 400 S DS O 20
~
~ = by
*o F a & . ’él-)
5 %) Q 5 +O
Y g b 9 &
N o . $ o oc' o
Y < v Y © Ao
o g o * Sy
A A % 5 g
O& ~5<' & & RS Q

Johe | Kiinker- 1 o m| messer | Durchsatz] YWarmevarbrauch Gebidse
. kealfkg Klinker Zug

1880 I schlecht | 8-9 | 2-22;, 2 1200-1100-1000 | (notirl.)
1910 | mittel 8-9 | 25-26 | 35- 55 | 1600-1500-1400 16
s | . W14 | 27-29 | #0-100 | 1400-1300-1200 16
1938 gut $-12 | 24-28 | 100-150 | 1300-1200-1100 0G
1990 'uhrgm 8-9 | 24-25 | 150-180 | 1100-1030-1000 DG

1952 - - 9-i0 <23 | 180-20 { 1000 -~ 900 DG
]
Bezeichnungen:
TG = Turbogabilse, centrifugal blowér

0G = Drehkoltengebldse Rootes compressor

Nach W. Aasela: Der Schadvefen, Temenl -Keik-Gigs, Sonderovsgede Nr.1, 1952, Seite § ond 5.
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Drehrohrofen mit Rostvorwérmer
(etwa 1950)
rotary kiln with grate preheater

(abt. 1850) DP 413-004 D/E
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of cement

CsS '56-60%
C,S 22-27%
C:A - 5- 7%.
CLAF | _ 7#’ g C‘/_0 o
cement” -cm7g  N/mm?  N/mm?’
: - 2days 28days
PZ 35F abt. 2400 18 L8
PZ45F abt.3400 = 28 55
- PZ55 abt.5100 40 69
-cmzlg | kwhlt
2000 130"
2500 - 19,0
3000 25,5
- 3500 33,0
4000 41,5
-4500 - 52,5 |
| -characteristic value EE







