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PROPERTI ES The present invention relates to a nethod for preparing a 5
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conprising linmestone, fly ash and any additives, which starting materials
or raw materials are m xed, nelted and pul verised. Such a nethod is known
from European patent No 0 393 731, one of the inventors of which is also
menti oned as an i NVeErned IFOR tHREDUAINGD EESE R THAEFbRAALC RROPARTIESdI Ng t O t he
method is that is known therefrom the raw materials, which are based on
CaO, Si 2 and A1203, are nelted in a vessel at a tenperature ranging from
1400 Cto 1550 C, so that the result is a nelt conposed of 33-52 wt. % of
CaO 9-25 w. % of A1203 and 23- 45 wt.% of Si 021 which nelt is cooled after
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practice it has becone apparen that such a nethod leads to a vitrified

sl ag havi ngr aralwi mgte€agd scane aritxed 2@eBbech ahd ol Betigedn pat ent application No
766 032 and from Gernman Cffenlegungsschri{t No 2 122 027 there ii 5§gwn a
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45 wt.% of Si0,, which melt is cooled after tapping by passing it between
15 the rollers of a roller cooler {(calendar) until a temperature of
500-1000 °C is reached, after which the thus solidified mass is broken
and further cooled with air, with the heated cooling air being used for
further heating of the raw materials. In practice it has become apparent
that such a method leads to a vitrified slag having a high Ca0 content.
20 Both from Belgian patent application No 766 032 and from
German Offenlegungsschrift No 2 122 027 there is known a method for using
carbon residues and calcium carbonate, which mixture is heated to a
temperature of about of 1300 °C and subsequently baked at a temperature
of at least 1500 °C, during which process roasting and sintering occurs.
25 Sintering, however, is a process in which granules fuse at their
surfaces, causing them to bond together. This means that in the
arrangement as disclosed in the two aforesaid patent publications bonding
will take place at or just above the location where the fuel is supplied,
which is highly undesirable in practice, causing bonding and clogging of

30 the entire mass of solid materials in the pre-heater already, which is

highly undesirable.



WO 03/ 045870 PCT/ NL0O2/00773 2 In many countries traditional Portland
cenent is still being produced, the main conponent of which Portl and
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anot her object of the present invention is to provide a 25 nethod which
utilises t &R¢ sEANsE G PRstdYsEr ahbeh dag pracdicald yaidantdee] preerrddesn
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achi eve a maxi num t hr oghegtyifecef of ithedpisedtiCitnve@tiohhes to provide a method
for preparing a slag having hydraulically binding properties, in which
15 sintering into fist-sized or even larger lumps of the starting materials
that have been heated to a high temperature must be prevented as much as
possible during the course of the calcination process.
Another object of the present invention is to provide a
method for preparing a slag having hydraulically binding properties, in
20 which the starting materials are supplied to a heating furnace in the
form of granules having a known composition, which heating furnace
prevents sintering of the granules that have already been supplied in the
desired specific composition.
Yet another object of the present invention is to provide a
25 method which utilises the existing infrastructure of a clinker production
process in which a shaft furnace is used, and which adapts said
infrastructure in such a manner that slag is produced instead of clinker,
the aim being to achieve a maximum throughput of fired product for the
preparation of slag.
30 Another object of the present invention is to provide a

method and apparatus in which no bonding of the granules will take place
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or use in thgiyogippl ¢eid @Re Qfrapil@lst fédi BEGESi) at the upper side
of a cylindrical, vertical heat exchanger,

iv) supplying the fired product obtained at the bottom side
of said cylindrical vertical heat exchanger to a melting furnace so as to
obtain a melted product,

v) quenching the melted product obtained in step iv) so as
to obtain the slag having hydraulically binding properties, and
subsequently

vi) pulverising the slag obtained in step v) and mixing it
with fly ash and any additives, preferably an activator, so as to obtain
a binder.

By carrying out the present method in this manner, a slag
having hydraulically binding properties is obtained, which, after
pulverisation and mixing with fly ash and any additives, preferably an
activator, yields a binder which is used as cement. The present invention
is in particular suitable for use in the modification of shaft furnaces
of cement factories.

An amount of granules already comprising a solid fuel, for
example coal or fly ash having a high carbon content, is supplied to the
heat exchanger, the composition of each of which granules is already in
accordance with the desired specification, so that a slag having the

correct chemical composition is obtained at the outlet of the melting



of cenment factories. An anount of granules already conprising a solid fuel,
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the energygG9$Ld MOtné NGEtPERSCBEs fded) inks@Halso industrial waste having a
high Ca0 content, such as Ca(OH), or Ca0 residues, can be used in step i)
15 of the present method.

After pulverisation, the slag is finally mixed with a
substantially identical amount of fly ash to obtain a binder as the final
product. The present method has several advantages compared to the
clinker production processes according to the prior art. Since the slag

20 is of a high quality, unprocessed fly ash can be added in an amount of up
to the own weight of the slag (slag : fly ash = 50 : 50). As a result,
the production costs and the energy costs for the present final product
are reduced to a level below that of common Portland cement. In addition
to that, a significant reduction of the use of limestone per unit of

25 final product is achieved. This leads to a strongly reduced CO, emission
(a reduction by more than 50%). Another advantage is the fact that the
final product can be produced from coal fly ash as an alternative raw
material in an amount of up to 70%.

The term additives is understood to include agents such as

30 binders, fillers and correcting agents, which latter agents are

considered to be agents which, as a result of their chemical or
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decarbonaiwé%Qei§a§@¥”6¥”¥%e ﬁﬂ?{\ﬂ@ furnace in full or in part. It should be
understood that the heat exchanger may also be heated by means of other

15 energy sources, such as coal, usual fuels or natural gas.

In the present method is it is in particular important that
the temperature in the cylindrical vertical heat exchanger be controlled
so that sintering together of the granules supplied in accordance with
step iii) is prevented and complete decarbonation is achieved. Such a

20 temperature adjustment will effect a minor ceramic binding within the
granules during their residence and movement through the heat exchanger,
after which the granules are carried to the melting furnace, where they
will react in a manner which is known per se.

Furthermore, the temperature at the bottom side of the

25 cylindrical vertical heat exchanger is preferably about 1100-1300 °C and
the temperature of the melting furnace is preferably about 1400-1550 °C.

In principle, two partial flows can be distinguished in the
cylindrical vertical heat exchanger, viz. the granules being supplied at
the upper side and the hot gases from the melting furnace being supplied

30 at the bottom side. Due to the high temperatures of the gases from the

melting furnace, the package of granules slowly moving through the



20 tenperature adjustnment will effect a mnor ceramc binding within the
granul es during their residence and novenent through the heat exchanger,
after whiw whessge anul es are carried to the nelting furnaeer/Nuvener7s hey
will react in a manner which is known per se. Furthernore, the tenperature
at the bottom side of the 25 cyllndrlcdi vertical heat exchanger is
preferably about 1100-1300 C and the tenperature of the nelting furnace is
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package oL@granules nmovi ng in downward direction through the cylindrical
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take place in the cylln rical” vertica
additives are already present in a desired proportion in the granules
15 that have been formed, which has a positive effect on the chemical and
physical processes that take place in the cylindrical vertical heat
exchanger and the melting furnace.
In order to obtain a binder having excellent hydraulically
binding properties, it is preferred to add an activator, for example a
20 substance exhibiting an alkalic reaction, such as NaOH, Ca(OH), and the
like, as an additive in step vi). Another suitable additive to be added
in step vi) is dried, natural pozzolan which has been pulverised to the
dimension of cement.
The granules to be produced in accordance with the present
25 method in particular vary only to a slight degree as regards their grain
diameter, with a diameter of, for example, 1-2 cm being preferred, which
granules may be obtained by the possible addition to the starting
materials, viz. limestone, fly ash and any additives, of a component
which is conducive towards the physical cohesion between the pulverised
30 starting material components. The use of granules is in particular

advantageous in order to prevent undesirable variation in the adjusted



exchanger and the nelting furnace. In order to obtain a binder having
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1. A nethod for preparing a slag having hydraulically binding properties
on the basis of a m xture conprising |inmestone, fly ash and 5 any

addi ti veswowhioeis7at arti ng materials are m xed, nelted andPoaiNI@eHEEs,
characterized in that the nmethod conpris$es the follow ng steps: i) m xing

the starting materials, viz. limestone, fly ash and any additives, in the
desired wejlghs ratio, ii) granulating the mxture fromstep i), whilst
adding a 10 solid fuel, iii) supplying the granules fromstep ii) at the

upper side of a cylindrical, vertical heat exchanger i V) supplying t he

fired product obtain [ [y 4

heat exchanger to :a " Iﬁf"ﬂﬁ’ &Oztio%gmﬁhgsa tsg gi@ gﬂgﬁjrﬁ%h ? layebr1%@ﬁdct
v) quenchlpr%gﬂérfméméﬁ etheP HRSHLC lofOR @i Ntde | tonfpirePirigV )l i REs tRRe, L wtafsal fnd he
sl ag having hydraulically binding properties, and subseauentl

pul veF i si ragytm;mnmgs,ohhmhnedantmn@tnepewman@renmxx&ﬂg ine1tedoand PhNWSQ%,h and
any additiyes so a t b accor dj to claim1l,
char acterlcx‘éﬂaqtﬁr”ﬁi{ 115‘h a%hgn 88@5’5 f?"@mﬁf‘e %ngrﬁge@ “are supplied
to the bottom side ofs ﬁnﬁiu@ylthﬁdsrﬂa%inngaimahshe\atz EXAMARGRY, fWE' &¢h hot
gases nove through th eat “exchanger 1I'n counterflow with the pa age of

granul es randi &gy addi tAveslpvimweired des iredt wedight Jrato et hod according to any one

of the preceding clains characteri ed in that the tenperature in.th
cylindrical vertical éttgraé‘%&ﬁtdrﬁ‘éeF ¢ dixbpge gr%dsf@a ﬂ: "ﬁ‘é'f eaHaﬁ@g a

t oge of anul es supplied in accordance with step iii) is
previ@tedsgaggqggprete 30 decarbonation is achieved. 4. A nethod according

to any one or nore of ifhE quppTEiGgNEhe\Pr&in104560m $Ep/ N0 07 dpper side
of a cylindrical, vertical heat exchanger,
iv) supplying the fired product obtained at the bottom side
of said cylindrical vertical heat exchanger to a melting furnace so as to
15 obtain a melted product,
v) quenching the melted product obtained in step iv) so as

to obtain the slag having hydraulically binding properties, and

subsequently
vi) pulverising the slag obtained in step v) and mixing it
20 with fly ash and any additives so as to obtain a binder.
2. A method according to claim 1, characterized in that the

hot gases from the melting furnace are supplied to the bottom side
of said cylindrical vertical heat exchanger, which hot gases move through
the heat exchanger in counterflow with the package of granules moving in
25 downward direction.
3. A method according to any one of the preceding claims,
characterized in that the temperature in the cylindrical vertical heat
exchanger is controlled so that sintering together of the granules
supplied in accordance with step iii) is prevented and complete
30 decarbonation is achieved.

4, A method according to any one or more of the preceding



9 clainms, characterized in that the tenperature of the nelting furnace is
hi gher than the tenperature of the cylindrical vertical heat exchanger. 5.
A et hod woaoondismg to claim4, characterized in that the pramieeatse at
the bottom side of the cylindrical vertigal heat exchanger 5 is about
1100-1300 C and the tenperature of the nelting furnace is about 1400-1550
C. 6. A nethod according.to, any,one . or re of the.precedin | ai ns, .

char act er i &M n ﬂ‘é‘l“:tﬁgﬁ%ﬁ tmfﬁr?#aégéi%o"\%'é%tuﬁ ggi%‘ecwiﬂﬁpi itéqnacse}s“ cal
heat e_XCharﬂ%ﬁér_' thn 7tg1eA'téﬁﬁk?8QJr@C&prtﬂb NG14 RAAIRY] ORe L PEaIMRESL @kchdiRer.
preceding ¢lainms, characterized in that a nelting furnace for the
preparatidn of rock Woaethod gicasedingoto i glaimed, ashazattenieed i ing thatndbe. 8.

A hod di ) f the, di ) i ,
e st er Rt SR vBRFRe B, Pl BE B FERC B LSRR ercpgnaer
accorﬁ'?‘”ceis‘é“PﬁéhtStlf@%-'lhoo 9¢ cﬁd”gﬁé‘ct@mﬁ&r%%pé RG £ FRY+NEFOnaR! £ Qbolihe

pr ecedi ng alns, characterized 1n that the additive in step vi) conprises
an activara0-1560. ‘CA nmet hod according to any one of the preceding clains,
20 characterized in that the additive in step i) co r%sei a correction

°n

agent. 11.6:A nethod adcdiedhety 36oaH%orte 8Vt ARE pPect cIthf nRreceding
char act er '(ﬁgﬁimé n cwraz}ctrepﬁzet%g% Leeh\égid @hﬁteq’u}‘ée)ce' s qfshﬁ’gassn%fﬁ ibmgéﬁn’

whi ch has en pul verizZe mensi on of cenent.

accordi ng Jeptad AB&L @kchangerof the preceding clains, characterized in
that the granules obtained in step ii) vary only to a slight degree as
regal@s thbir grain difametbed acserdingnderdnynongaet jtanearfhdhpgpieceding

claims, characterized in that a melting furnace for the preparation of

rock wool or glass wool is used as said melting furnace.

8. A method according to any one or more of the preceding

claims, characterized in that pulverized starting materials are used in
15 accordance with step 1i).

9. A method according to any one or more of the preceding

claims, characterized in that the additive in step vi) comprises an

activator.

10. A method according to any one of the preceding claims,
20 characterized in that the additive in step i) comprises a correction

agent.

11. A method according to any one of the preceding claims,

characterized in that the additive in step vi) is dried natural pozzolan,
which has been pulverized to the dimension of cement.

25 12. A method according to any one or more of the preceding
claims, characterized in that the granules obtained in step ii) vary only

to a slight degree as regards their grain diameter, the diameter in

particular being 1-2 cm.



