1 29 MAY 2006 METHOD FOR PRODUCI NG SLAG W TH HYDRAULI C PROPERTI ES The
present invention relates to a nethod for preparing a 5 slag having
hydraulically binding properties on the basis of a m xture conpri9sMay 2006

| i mestone, fly ash and any additives, which starting materials or raw
materials are m xed, wahtmdoandoputiwer sisedviTSUBTDrRAUNEL BRcbErs1denOWN from
Eur opean patent No 0 393 731, one of the inventors of which is also
mentioned as an inventor in the 10 present application. According to the
method is that is known therefrom the raw materials, which are based on
CaQ Si a2 and A120" are nelted in a vessel at a tenperature ranging from
1400 'C to 1550 'C, so fleatpresent feeokion sebatwsl to compdsed fof B3p82ingt a% of
CaO 9-25 w.% of A120, and 23-. 45 wt.% of Si02, which nelt is cooled after
tappi ng by ($A3%ihying MydrawidRatly bhedingl Peapsrbresaof otheebasboladr a @akiaaar )
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cooling air heiNonised;fon e fn'f‘f?éd‘eﬁeﬂ%ﬁtd gp,ﬂ m@graw materials. In

practice it has becone apparen at su | eads to a vitrified

sl ag having a high CaO qant entiethd® RBokhodn @H@nBQ'u@@pQ@np@ét@ﬁt mppl Beatizen No
766 032 and from German O fenl egungsschrift No 2 122 027 there is known a

met hod for lQSE ngf tbar boventess ddeshiond 16as ioumectnbethatse anwhiventer xinurtee i s

heated to a tenperature of about of 1300 "C and subsequently baked at a
t enperdk ur ePr%ﬁe”étaﬂpéé%%t’QBOG‘“@"“H%@%&“WE@W‘Wéc'@‘@§ FodSerhgthgRgfrom,
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at their sdrfaces, EAL| Nng Hem't

arrangenent yassedi ¢! S ethpeRatie mya]& Ofﬁ}'ﬁaudo@atce% rzslm i-gat h@”?hab.o'ﬂﬂé ng
will take place at or just above the Tocation where the fuel is supplied,

whi ch i s hi ghtyl tuidesne dbtanponeprodcii-62, wtcaudi Agl.bodrth Y. and A.6ggihglef 30
the entire sy 21 810 MR acthos Boblts B PERh T B SAMig W Bl
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 Ng 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 1in 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.



hi ghly undesirable. 2 29 MAY 2006 In many countries traditional Portland
cenent is still being produced, the nmain _conponent of which Portland cenent
is Portland «clinker which is prepared in Za shaft furnace. This 29 MAY 2006

| abour -intensive production process, which hardly conplies with the
environmental 5 requirenEnt@nydgeentrigs &radationahndowifiacth kamenti mist attiidhs as

regards the _obtained clinker quality, does not hold.out nuch prospects as
regards the DFdW PERAUCER ea‘Eagiﬁt é?rﬁ'péﬁgntc Fﬁt w%cmﬁ)qrgéen & SR d\?eﬁ‘g‘ﬁ‘t &%r to
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over to 10 apeiduetidw Oftdek®N WhoeShaviliyChednipkead S owihdeSemi rbfingani C
bi nder for the construction industry which has practically identical
propertifes wequieegsends Slusthgtifi aind]pr codsdiinl hresbimitkttanesamsrepardsl ane
cenent. The object of the present invention is to provide a nethod for
preparing a QEgNehG ek eRyeiRaity c 4P4Sy NBE Aai hPupbrwisBrRTcaBeCtSnasuTiegArdst the

sintering ingo,fist.-sized or, even |arger of .the starting mater.ials
That “have beeithesvan €6 afhgi SR rBEr Tool d RESD ey B B 48 e
possi bl e ‘durjngtPrinCOYE SRaOfnoih@pGalel NAY 11N 1BEGBEES 1o ARIRERNODEEGY R the
present invention is to provide a nethod for preparing a slag having
hydr aul i cal | ynfrapthuvaguie epetiei €ésctorn, thQs wakedy thepsklsitel ng crainge i@lks o e
supplied to a heating furnace in the formof granules having a known
conposilfi on, anineh MHeduitignf prasase whpckyereywi s previdey of imeganicnblieeen hat
have al ready, be su ied.in the desi.r specific.co sitiqn. Yet another
0B ect  of t NPT EBE GTCFHEGHT GHTTSTY GBI G R e Tt WO L A e F s
the existing;d REEASLT UGkHES d Prblds OGS pPIQHIGLE D 230port1and cement.
The abject of the present invention is to provide a method
for preparing a slag having hydraulically binding properties, in which
15 sintering into fist-sized or even larger ltumps 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 aobject of the present invention is to provide a
method for preparing a slag having hydraulically binding properties, in
20 which the starting materials are suppifed 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 & clinker production
process in which a shaft furnmace 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



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 ai mbeing to achi eve a maxi mrum t hroughput of fired product RBMAYI2006
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cl oggi ng of thé hastEsSpradt praddy i@l ddedexcl uded. The present invention as
referred to in the introduction is 5 characterized in that the nethod
conprises the foll owi nglhetesent )invanti evg as eefsreadt tong nnbiteeri nbraluc Vioa. is

| i mestqne, f ash ., and any . additives, in the desired weight ratio, ii)

gr anul ingck%@Cﬁ?Wﬁﬁqé”fﬂ§ﬁ1gF%EEVWE %ﬂ?f%@saaﬁihﬂﬁawk%lﬁHeW%el, 10 15 iii)
suppl ying the granul es fir step, 11 . 1 h r side .0 I indrigcal
vertical heat exchangeﬂ)_ﬁg%iguggﬁf%ﬂgaphéﬁﬁgfﬁgspr%ﬁhcg3@%&3ﬁ%@ étaqhe
bott om si deanplanpaiddi eiweb NAhi &Rl d¥arbd GakgHieaitigxchanger to a melting |
furnace so as to obtain a nmelted product, v) quenching the nelted product
obtained in step iv) sdiasgranol olitqi thet hextskagfmavitey Hydraullstadddyndiandi ng
properties, and subsequently vi) pulverising the slag obtained in step v)

and m xi ng FQ7“NWQ&LfIy ash and any additives, preferably an activator, so

as to fﬁbtf“ n i11) supplying the granules from step i) 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 sa as to
obtain a melted product,

15 v) guenching the melted product obtained in step iv) so as
to obtain the stag having hydraulically binding properties, and
subsequentiy

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

20 a binder.

By carrying out the present method in this manner, a slag
having hydrautically binding properties 1is 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

25 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 granuies is already in

30 accordance with the desired specification, so that a slag having the

correct chemical composition is cobtaired at the outlet of the melting



20 a binder. By carrying out the present nethod in this manner, a slag
havi ng hydraulically binding properties is obtained, which, after

pul verisation and mixing with fly ash andjany additives, prefer@8MA¥3006
activator, yields a binder which is used as cenent. The present invention 25
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cenent factories. An anount of granules already conprising a sol for

exanpl e coal maerfdly th:HﬁMbngeawhn@hemaébOﬂzQﬁﬂbﬁnhcelﬁﬂﬁuﬁﬂbFed)tquthe
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correct chem cal nP05|t|on IS og ﬁ%ﬁﬁd at, the outlet of the pelting 4 29
MAY 2006 furW&e”ePH J58ET ¥ac ehbda £68 i1 Fae JEany pl &N 1416865 YHEAT tdng
materiaks th v ul, in,.a o l‘esult
of the %reseﬁ%épﬁﬁ?agiﬁma@h ﬁﬁ!u?ﬁﬂ ﬂm ﬁﬁﬁbgépagor%%gnéé?gv”ﬁn @?hgrd

reaction wildnyt akediph age tne t@refagésaruhbeaoﬂ nwm'hcl@xﬁér'ﬂhﬁrtbdh%ﬁg %fgﬁ@tévetnake
pl ace only within the granules, so that there will be hardly ~ any bondi ng at

t he surfacesreshét etf , clohgiiy exdt etheamasmndiinge nilghtgravwehes riesval theem ¢€lldggi ng
of the mass. Since the granul es have been fully decarbonated in the
cyl i ndri cal dﬁeathcmatedheatt@xch@mgerca t verti exfpbeat wxehangert Hdenbempersturecal |y
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or CaO residues, can he used in step i) 15 of the present nethod.
mentioned as the starting material herein, it will be apparent to those
skilled in the art that besides limestone also 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 fina?
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 Tevel below that of common Pertland 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 ccal 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



After pulverisation, the slag is finally mxed with a substantially
identical anmount of fly ash to obtain a binder as the final product. The
present method has several advantages corfpared to the clinker pz'mk?tio%‘
processes according to the prior art. Since the slag 20 is of a high

quality, unpiccedsgital I(;omastn tcann, kerseided nintare, aM®WArt Afudp a mxtie ewn
wei ght of the slag (sl ag ash 50 : 50). As a result, the production
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i s achi evedindha§ hQafs ko) fnestdrRnghy 1 pdideerh ey 8 §fi n by
nore than 5N.). Another advantage is thg fact that 'Ephe]S t?]:én%‘l(é%ewg%%b%an
producéd frommodar fd ywbasin ake adesardderchaticee orawineralegicall tampani gmwpupt of
up to 700. The termadditives is understood to include agents such as 30
bi nders, fithegsirhgscorrecti ng agents which | atter agents are considered

to be agents which, res t of their chem
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i mestone a f h 0 b th osition and
green st reng‘ﬂﬁ] |%d tet?]jeth ﬁggma?} {Jﬁjwca] ﬁe[; %ﬁﬁlﬁg %rge ﬂ%ﬁgh ggaest 8%V he
raw nater i at?&ohgmﬁkomﬁaﬁ@cﬁiﬁgeﬁsﬁ | BusteR) b mhtm PEERRAL oFBL AR & 1 N
order to obtain the desired chém cal or mneral ogical conpdsition o t he
granull@s. Pnefiegabl ypwitwaed hbitregtases Jucohora hbe gasl vildgdfwy maee, aeeartsupid i ed
to the cylindrical vertical heat exchanger, which hot gases nove _through
the heat ex#Manddit¢ ntheoumeprenssy W“%th aTRe PpETHAQE nofthgrﬂﬁ@ﬂuégs 10Frrﬁ5\/|ang in
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efficiency |dsthSgHesi 1@bkge t Re1@PAA ﬂlrﬁft% RAt fGRS&F fimOMakhe 1t should be
understood that the heat exchanger may also he 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 togethler of the granules supplied in accordance with
step i1ii) 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 cylindrica) 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

elting furnace, the package of granules slowly moving through the



waste gases of the nelting furnace in full or in part. It should be
under st ood that the heat exchanger may al so be heated by neans of other 15
energy sources, such as coal, usual fuelsgor natural gas. |n theyPy@sestos
method is it is in particular inportant that the terrperature in the

cylindrical oniqq0 [
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will effect a mnor ceramic binding wwthin the granules during their
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are carried to the nelting furnace, where react in a manner which
is known per&Xdangens thdraging, famés tpéﬁfﬁ'rﬁah{més%ﬁ”?%@tbb*ﬂq ORPRY gédefoft He 25
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vertical heat exchanger, viz. thé granul es being supplie e upper si de
and the hot gases1f harh thehangdrt i g heufatacenaheind sampbe edndficak ihe bedtt om
side. Due to the high tenperatures of the gases fromthe nelting furnace,
the package @fl 1grtanul By Silioed gestovd Ingubsiasogh danebé 2l eAYeRGO6 they kppadr i cal

vertical heat excha%lg%r will be heated by the hot gases bein suppl ied in
count er f | ow Y H&rdwi bt nedh eéFr(ﬂPé’EEfé’ysEPd‘%’?tt‘of‘% O o WeBPY indel nad | agté%% in

upwar ddi rection thr ougrtll tpeS ceym P%n@%fﬂme%?r Jtc?g #gqgam%xctgg“ %af’ taught

fan i s preferably i nstall pér side o cylin et't'i cal

heat exchang®irnacinaaddiet tpnahrﬁdvamragwOBem@xcmg&awm e %rﬁml ng
in downward direction through the cylindrical vertical heat exchanger is

t he fact thaﬁorsmedpmekaﬁigenfufncbalonso]asrag1d5|5twoobcalslJemztmeltmgyfdnnaeer esi dual
subst ances can be collected at the uppe side of the heat exchanger by
conventional dust renovieERPTEHSt é‘PIta?lRfﬁéE”t method, limestone, fly ash and any

additives are already present in a desired propartion in the granutes
15 that have been formed, which has a positive effect on the chemical and
physical processes that take place in the cyiindrical vertical heat
exchanger and the meiting furnace.
In order to obtain a binder having excellent hydraulicaily
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



10 In a special enbodinment it is desirable to use a shaft furnace as the
cylindrical vertical heat exchanger and a nelting furnace for the
preparation of rock wool or glass wool as/the melting furnace. A Jidet O
the present nethod, linmestone, fly ash and any additives are alreaé
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advant ageous in order to prevent undesirable variation in the adjusted 7 29
MAY 2006 prepetd il#d 6P dmenejadherdt 8aupseiusatry in the melting furnace.

Al t hough fly ash fromcoal-fired plants is consistently nentioned herein,
it is also possible to use other residual substances, such as incinerator
resi dues, other types of fly ash, purified steel 5 grit, sewage sl udge,

sl udge from sewage treatnent plants, asbestos, netallic slags, dredged

mat eri al and ot her substances contai ni ng



inmpurities, In the preparation of the present slag having hydraulically
bi ndi ng properties it it furthernore inportant for the nielt not to
crystallise but to remain in its vitrdous state, because cryst2IN4XH08h 10

woul d | ead to an unusable final product. 8 29 MAY 2006 CLAIMS 1. A net hod
for preparing a slag having hydraulically binding properties on the basis
of a mxture conprising |imestone, fly ash and., 5 any additives conprising
the follow ng steps: mxing the starting naterlals supplying the m xture
at the upp&LAdMde of a cylindrical, vertical heat exchanger, suppl yi ng the
fired product obtained at the bottom si de of said cylindrical vertical heat
exchanger to a nelting furnace so as to obtain a nelted product, quenching

the nelted, product, 1 u ri.spng an i Xi nd_any
additives 50 as to %t ?ﬁnc@ w?cﬁe‘";bgl’gwgrgc{%ﬁl E%’ nbnmf(hjgf‘ {%a]é}gt gfr{dfjﬂ
material s dgpi f d t K 91 phar o t t t hus
obt ai ned- ”ﬁ%ﬁaﬁgﬁﬁlg?egwtﬁﬁfgf&gdglmgﬁgggoc?@#] 1Mﬁ,1&gg$§§ftgfy?%§ gﬁgnules
conpri si nginysaidiisobdsd Eampl-iaid stiee t ifog orbdcer isaéps :ar misingpl iled toartheg

vertical heat 15 exchanger 2. A method according to claim1l, characterized
in that tH@teRbRisgagurp iem thte Helk gl dhAacersi e igispifi éd 93 10%e cbbt t om

de of li,nd t I h
through SRS Kk TEREhERUEITT cOURERR opwrt red il tphER B8 wPor Ehurie
movi ng i n 20k oyypsarg %i’@céy]Q'ﬂdr?caTAv@EttﬂBQﬂ REKOTIREnd > Y HNFe19in
preceding clains, characterized in that the tenperature in the cyI|n rlcal

verti cal Heanaceemhamgtmr obsziciort mel teddpsmlut hatquehditiegi nbe tregeetepralfict,he
granul es upplied is prevented and conpl ete decarbonation is achieved. 25

4. Alret h@ada@u;blremwgt@n@dwdﬁ@ b \rﬁﬁhefbf 45He ap¢ etBdiadgitives so as to
obtain a binder, characterized in that the starting materials are mixed

in the desired weight ratioc whereafter the mixture thus obtained is

granulated whilst adding a solid fué], whereafter the granules comprising

said solid fuel and starting mater%a]s are supplied to the vertical heat
15 exchanger.

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

20 downward direction.
3. A method according to any one of the preceding claims,

characterized in that the tempefature in the cylindrical vertical heat
exchanger is conirolled so that sintering together of the granules
supplied is prevented and complete decarbonation is achieved.

25 4, A method according to any one or more of the preceding
claims, characterized in that the temperature of the melting furnace is
higher than the temperature of the cylindrical vertical heat exchanger.
9. A method according to claim 4, characterized in that the
temperzture at the bottom side of the cylindrical vertical heat exchanger

30 is about 1100-1300 "C and the temperature of the melting furnace is
about 1400-1550 "C.



clainms, characterized in that the tenperature of the nelting furnace is

hi gher than the tenperature of the cylindrical vertical heat exchanger. 5.
A nmet hod according to claim4, charactéerized in that the tenperstMA® 28b6t he
bottom side of the cylindrical vertical heat exchanger 30 is about 1100-1300
"C and the tenperature of the nelting furnace is about 1400-1550 "C. 9 29
MAY 2006 6. A nethod according to any one or nore of the preceding clains,
characterized in that a shaft furnace is used as said cylindrical vertica

heat excharger. 7. A mat hethaCeREEHdIggt €0 anyy o r nRie of the precediyg S
clainms, characterized in that a nelting furnace for the preparation of rock
wool or gl adsimpokhirscteddedsi nsdbat rethafigffrmanaces. uged Asneatbdydtntridihg to
any one or nore ?f the preceding clains, characterized in that pulverized
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10 claims, characterized in that the additive as used in mixing with slag
cemprises an activator.

10. A method according to any one of the preceding cliaims,
characterized in that the additive as used in mixing with starting
materials comprises a correction agent.

15 11. A method according to any one of the preceding claims,
characterized in that the additive as used in mixing with slag is dried
natural pozzolan, which has been pulverized to the dimension of cement.
12. A method according to any one or more of the preceding
claims, characterized in that the granules vary only to a slight degree

20 as regards their grain diameter, the diameter in particular being 1-2 cm.



