- 1 - Mbile device and nethod for concrete production with cooling of bulk
material The invention relates to a nobile device for concrete production,
conprising a cooling apparatus for cooling bulk material, in particular
aggregates for concrete production, the-cooling apparatus conprising a bul k
mat eri al hopper, a wetting apparatus and an air 5supply apparatus (130).
The invention also relates to a nethod for concrete production, in which

bul k material, in particular aggregates for concrete production, are
cool ed, said cooling conprising the steps of: storing bulk material,
wetting the bulk material with water and supplying air. The invention

further relates to a retrofit kit for adding to an existing aggregate

processi nNg idhiné aéVice ahd middot i ebritFet@prdgidtieewiiDEoo st batk eapriaduct i on,
conprising a device for cooling bulk material, in particular for cooling

aggregates for concrete production, Mbile devices for concrete production,

of the kind initially specified, are also referred to as nobile concrete

m xi ng plants. They are preferentially deployed on building sites where
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bui | di ng sisupply dgparatusd$dD)concrete made on site is normally then transported

fromthe concrete mxing plant to the place within the building site where

it is to be used. On large buildi ng sites, in a,rti,cuL,aI%b Ehe di st ances
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reason, nobile devices for concrete production are often used because the
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time taken to conplete a building. |If devices for concrete pr ion are
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or to the next place of deploynent, where they can be reassenbl ed and put
into operation. For this reason, it is preferred when the varjou

conponent s Mgbilg deyigsis |fer qugg_tleﬁqjglctfoar of the kind initially specified, are also referred to

as mobile concrete mixing plants. They are preferentially deployed on building sites
where large volumes of concrete are mixed. On such building sites, the supply of
15  concrete cannot be guaranteed in the form of, or not exclusively in the form of fresh
concrete delivered ready-mixed, so fresh concrete is produced in concrete mixing plants
on site, i.e. on or in the vicinity of the building site. The fresh concrete made on site is
normally then transported from the concrete mixing plant to the place within the building
site where it is to be used. On large building sites, in particular, the distances involved are

20 often more substantial.

The production of concrete on site is naturally only needed for as long as it takes to
complete the respective building or structural shell. Once the building or structural shell is
finished, there is no longer any necessity to produce concrete. For that reason, mobile
devices for concrete production are often used because the service life of such concrete
25  mixing plants is generally longer than the time taken to complete a building. If devices for
concrete production are embodied as mobile devices, they can therefore be dismantled
advantageously when a building site is finished, be transported to the next building site or
to the next place of deployment, where they can be reassembled and put into operation.

For this reason, it is preferred when the various components of a mobile apparatus for



- 2 - concrete production are sinple to transport, erect and dismantle, and
preferably are enbodi ed as standardi sed containers at |east partially and
during transportation at |east, or can be accommobdated in such standardi sed
cont ai ners. Such nobil e devices for concrete production are known from DE
299 23 531 Ul and WD 2001 01 411 5 A2, for 5exanple. The areas of
application for nobile concrete m xing plants are wherever najor buil ding
sites with a large denmand for fresh concrete exist. This is the case
practically worl dw de, so nobile concrete m xing plants are used under very
di fferent geographical, climtic and econom c conditions, where the
availability of various resources can also vary greatly. 10Bulk nmaterial is
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very high | evel of energy consunption. Another possible way of cooling the
concrete is to cool the aggregates before m xing the concrete. Here, too,
one known nethod is to cool the aggregates with liquid nitrogen. However,
as with cooling the fresh, ready-nmade concrete with liquid nitrogen, this
met hod 20i s very conplicated and expefsi ve. Another possibility is to cool
the aggregates with cold air. However, this variant has a very | ow degree
of efficiency and hence a very high | evel of energy consunption. Mjor
investnents in a suitable plant, with conveyor belts, water supply,

wast ewat er di scharge and filtering are required to cool the aggregates with
a wat er heat exchange process in 25 which the aggregates are cooled with
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sand. 30Anot her solution, known from Swedi sh patent specification SE 508
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t he af orenenti oned di sadvant ages are reduced or elimnated. 15Anot her

particul ar object of the present invention is to provide an apparatus and a
met hod Another possible way of cooling the concrete is to cool the aggregates before mixing the

concrete. Here, too, one known method is to cool the aggregates with liquid nitrogen.
However, as with cooling the fresh, ready-made concrete with liquid nitrogen, this method
20 is very complicated and expensive.

Another possibility is to cool the aggregates with cold air. However, this variant has a very
low degree of efficiency and hence a very high level of energy consumption. Major
investments in a suitable plant, with conveyor belts, water supply, wastewater discharge
and filtering are required to cool the aggregates with a water heat exchange process in

25  which the aggregates are cooled with water. This disadvantage is exacerbated by the fact
that separate heat exchangers must be provided for respective aggregates of different
particle sizes, so as not to have to separate the different particle sizes later at
considerable effort and expense in a sieving plant. Moreover, it is not possible with this
method to cool fine-grained aggregates as well, such as sand.

30  Another solution, known from Swedish patent specification SE 508 265 C2, involves
cooling aggregates by evaporating water. Here, the principle of evaporative cooling is

applied to the aggregates by wetting the aggregates with water and making air flow



for producing concrete, conprising cooling of bulk material and a
respective retrofit kit, that are suitable for use in particularly hot
climatic conditions. Yet another object of the present invention is to
provi de an apparatus and a nethod for production, conprising cooling of
bul k material and a respective retrofif. kit, which permt efficient and

ef fective 20 use of resources. Mre particularly, it is an object of the
present invention to provide an apparatus and a nmethod for concrete
production, conprising cooling of bulk material and a respective retrofit
kit, that are energy-saving. Another object of the present invention is to
provide an apparatus and a nethod for concrete production, conprising bulk
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The invention therefore has the advantages that nore uniform and better
wetting is achieved for all bulk materials and hence al so that a nore
uniform effective and efficient cooling of the bulk naterial is achieved.
Anot her advantage of the invention is that aggregates with a snal
particle size, such as sand or fine ggavel, are |ikew se responsive to
evaporative cooling. The invention can be devel oped by adapting and

di sposing the bulk material feeder in such a way that bulk material to be
fed has a | ower density at | east on the one part of the 5bulk materi al
feeder path than the bulk material in the bulk material hopper, wherein
said density refers to the ratio of bulk material particles to air in a
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between the individual particles. If this bulk material in the bulk material hopper is now
sprinkled with water, as proposed in the prior art, what happens is that, depending on the
path taken by the water through the cavities between the particles, not all regions of the
20 bulk material come into contact with water. The more bulk material that is stored in the
bulk material hopper, the greater the problems in wetting it thoroughly. In particular, any
bulk material located in the bottom part of the bulk material hopper is usually not wetted
sufficiently in the case of existing solutions. Bulk material with a very small range of
particle sizes, such as fine sand, for example, cannot be uniformly wetted in this manner
25 and is therefore not responsive to the evaporative cooling method.

The apparatus according to the invention solves these problems by wetting the particles
of bulk material when feeding them into the bulk material hopper. In this way, the bulk
material is already uniformly wetted when it enters the bulk material hopper, and wetting
of the bulk material is no longer dependent on how good the water penetrates through the

30 bulk material in the bulk material hopper and in what position individual particles of bulk
material are located in the bulk material hopper.

The invention therefore has the advantages that more uniform and better wetting is
achieved for all bulk materials and hence also that a more uniform, effective and efficient

cooling of the bulk material is achieved. Another advantage of the invention is that



It is particularly preferred that the bulk material |oosening device be
designed as a vibrating conveyor. The bulk material is preferably conveyed
on at |least one part of the bulk material feeder path through the bulk

mat eri al | oosening device in the bulk material 30 feeder. On a preferred

vi brating conveyor, the bulk material.g.s spread on a conveyor belt, as a
result of which the density of the bulk material is reduced in conparison
with its bulk density in the bulk material hopper, thus permtting nore
uniformand reliable soaking of - 7 - the bulk material when it cones into
contact, in the form| oosened by the vibrating conveyor, with the water
fromthe wetting apparatus. The invention can be devel oped by adapting and
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t he cont r aithere are larger air-filled cavities between the particles of bulk material than in the bulk

material stored in the bulk material hopper.

This makes it easier to wet the bulk material on at least one part of the bulk material
20 feeder path, since the water exiting from the wetting apparatus can enter the cavities
between the particles of bulk material more easily when the bulk material has a lower
density. In this way, particularly uniform wetting is achieved, also of bulk material with a

small particle size.

It is also preferred that the bulk material feeder includes a bulk material loosening device
25  which is designed and disposed to reduce the density of bulk material to be fed compared
to the density of bulk material in the bulk material hopper.

It is particularly preferred that the bulk material loosening device be designed as a
vibrating conveyor. The bulk material is preferably conveyed on at least one part of the
bulk material feeder path through the bulk material loosening device in the bulk material
30 feeder. On a preferred vibrating conveyor, the bulk material is spread on a conveyor belt,
as a result of which the density of the bulk material is reduced in comparison with its bulk

density in the bulk material hopper, thus permitting more uniform and reliable soaking of



25 directions of flow and novenent of the bulk material and air thus

achi eved, and due to the vertical conponents of novenent of the bulk
material on several parts of the bulk material feeder path, thus achieving
particularly efficient and effective cooling. The invention can be

devel oped by having the bulk material;feeder include a bulk material feeder
shaft which extends slantingly or perpendicularly upwards fromthe bul k
30material hopper. - 8 - fromabove. Oienting the bulk material feeder
shaft substantially or partially upwards (perpendicularly or slantingly)
has the advantage that a vertical conponent of novenent of the bulk
material on the bulk nmaterial feeder path is assured. It is particularly

preferred théalikthaehihemit &ieal inbeRAGE:, Skl fofn?idBs Bkt byoihe LiFatY! K
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with this jncreased energy requir
25 directions of flow and mdvement of the bulk material and air thus achieved, and due to

the vertical components of movement of the bulk material on several parts of the bulk

material feeder path, thus achieving particularly efficient and effective cooling.

The invention can be developed by having the bulk material feeder include a bulk
material feeder shaft which extends slantingly or perpendicularly upwards from the bulk
30 material hopper.

In one preferred configuration of the invention, the bulk material feeder has a bulk

material feeder shaft through which bulk material can be fed into the bulk material hopper



- 9 - The invention can be devel oped by having the air cooling device
include an air dryer for drying the air to be supplied by neans of the air
supply apparatus. Another way of increasing the cooling power is to dry the
air to be supplied by the air supply apparatus to the cooling apparatus
before the air is actually supplied. The drier the 5 air being supplied,
the greater the cooling power when the principle of evaporative cooling is
applied. This air drying nay be carried out, |like the air cooling,

i mredi ately before the air is supplied, which again obviates the need for

i nvestnents in equipnent for producing and storing ice or liquid nitrogen,
for example. By increasing the cooling power, this devel opnent of the
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rece can_it herefore be de avail or, further
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the ai ry;CoQbhRYordRN £ HadRpaskant fd bakthalralfesRfshdr. such a way that an air
outlet of the air discharge apparatus is connected to an air inlet of the

air cooling device, an ter tlet of the air. cpolin

connect ed %6‘ @eMP@Fregﬂ?‘@Y\% tt‘ﬁleih‘?/\}@f?'\ Ay S Pg P 405 an?ﬁ%ﬁmﬁ'gtd%\r"%egisons in
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resources is of special inportance when cooling bulk material. According to
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° a%paratus is cooled in an air cooling device before it supplied. The colder the air supplied,

20 the greater the cooling efficiency of the cooling apparatus and the more the bulk material
is cooled. In this way, the invention can also be used in countries with a very hot climate,
where such strong cooling of the aggregates is necessary. In such countries, cooling is
mostly insufficient because of evaporative cooling without cooled air, which means that
evaporative cooling cannot be deployed there. Without pre-cooling of the air to be

25 supplied, as required by the invention, it does not make sense to apply the principle of
evaporative cooling under such hot climatic conditions. The development of the invention
thus offers the advantage of being able to apply evaporative cooling to bulk material even
in very hot countries. Another advantage of the solution according to the invention is that
the air can be cooled immediately before it is supplied, thus obviating the need for

30 complex equipment to produce and store ice or liquid nitrogen, for example. Although
upstream cooling of the air to be supplied may increase the amount of energy consumed
in cooling the bulk material, the solution according to the invention is a very efficient
solution compared to other existing options for cooling bulk material, even with this

increased energy requirement.



- 10 - that the condensing water be recycled to the device. In this way, at
| east one part of the water fed to the device can be recovered by cooling
the waste air, as a result of which the device consunes significantly |ess
wat er. Furthernore, when recovering water by cooling the waste air, there
is no need for conplex processing of_ghe wastewater recovered by 5 cooling
and drying, in contrast to water recovery involving direct water cooling of
t he aggregates by direct exchange of heat between water and the aggregates,
since the wastewater is present as water vapour in the waste air and for
that reason does not contain any suspended matter or the like, or only very
little. The invention can be further devel oped by adapting and di sposi ng
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cooling device and a water outlet of the air cooling device is connecte toa water inlet of

the wetting apparatus.

30 In hot regions in particular, and/or in regions with water scarcity, thrifty use of water
resources is of special importance when cooling bulk material. According to this

development of the invention, it is therefore preferred that the waste air be cooled and



According to this preferred devel opnent of the invention, a water circuit
is provided in 15 which the water obtained fromcooling and/or drying the
waste air is fed back at |least partially to the wetting apparatus. It is
particularly preferred in this regard that the water recovered by cooling
and/or drying the waste air is firstlygcooled, before it is fed back to the
wetting apparatus. The invention is preferably devel oped by addi ng a water
cooling circuit in which the 20 follow ng conponents are arranged in
series: a fresh water tank, preferably a precooler, a chiller, a cold water
tank and an air cooling device, the water circuit and its conponents being
adapt ed and disposed in such a way that a water inlet of the air cooling
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appr oxi matelx 35C and 45C is provided in a fresh water tank, and a
precool er | RIGFRR™ e fresh water is cooled to a tenperature | ower than
30C is optionally provided downstreamfromthe fresh water tank,

par ti cul ar |Azcqmien ta this drealepmentofifes iavantien, ithe wastecait disghargediromdiereopingam f r om

the pregoolp aratu@rwéj'tﬁ’eeﬁlﬁ‘ |sMp6|y0 aﬂﬁéﬁﬁtﬁé P@@mléa&pm;rt.éw rﬁet’:ﬁ:ﬁalﬂ wamercoba@k in
variants without a reC water is

cool ed to £PPHAWEAY ﬁr°8°% a'}%Q;SldB thﬁtehe?iveegw ?E Egveogmgntfr}asmeﬁq *The wat er
i s then fedhatrnmiracicabibnatestablishedk imiwhich dhenait gsed orrpealing isr re- L@f)d least

appr oxi mat el Miafl,. y—\ﬂotﬁé%dv&t@&f & tﬁlk’luﬁéllwt)bnpg ﬁlfa?ﬁcgt%quqmcglr”l%@& drat R3& i n which
a subcoo |n CI rcurt” 1's provided between ‘??Yl?l"?%ée #Jank and the
o

chiller, (',th'strﬁ‘é"’lﬁ%t"@rth? F‘Br‘\’isf’rl’?ég%ﬁ‘?‘@rai‘!?\/\%ﬂdema EPYREE again to
t he chidol erusé ut hles thatthe atzk surrg;hed/ﬂxtdqrresest asovatératapour fir said winste aiglodatwat er

tank for th@as\"ﬁ%r{ yiAPRE! 8 RIS i rgfealio b uﬁamhanag bl LB lre 8%} %%J ap]d/ or

anbient air 1s ir coo device, or - in one variant Wt
wat er r ecovdischarge \Ra%acr%,*u%lquel tg t’f%ﬂait? @FanﬁS ceeled iy drigdpat lspsiPartoh thehe | att er

case, wat efwadr @nlRTRESRIdH &wﬁaa@QV@MblﬂﬁéreJ:d}ﬁtlrﬂﬁd‘l.&@ Witicdgh fr@sersegn
{ gcg\égr ??egﬁ%(r?%pé?n Wasctkeeaséa on a Olfrﬁ oFthrNar r&%tlv\%gt LR watst alr hSaU|n§ &')O[}éent ly fed

and, overed fromthe
wast e adsr iovoldt ansdufdfied; @rntoppprgmﬁy xedrecever handf f%%ﬂ? m érlpﬁllafh Kvakgrt B f r esh

wat er whi chy; rhtﬂfén&ﬁ:@l? Rellidt 'Tﬂ@ajahé(ntsy B%éc%ﬂiy ad\%ﬁfab&fusaﬁ P&SidnsOditht Wgted Nvent i on

I's a met hOdscar(c):]cty tlzughelﬁlngrg \Ilvlpént rlegolvle ing ater by coohng tﬂe wggtg%lﬁ!cther% is no need

for complex processing of the wastewater recovered by cooling and drying, in contrast to
water recovery involving direct water cooling of the aggregates by direct exchange of
30 heat between water and the aggregates, since the wastewater is present as water vapour
in the waste air and for that reason does not contain any suspended matter or the like, or
only very little. This development of the invention is particularly preferred when the

discharged waste air has a lower temperature than the ambient air.



concrete, said nethod being characterised in that cooling includes the step
of feeding 25bulk material via a bulk material feeder path, the wetting
step being perfornmed on at | east one part of the bulk nmaterial feeder path.
The net hod according to the invention may be devel oped in accordance with
clains 15 to 22. These devel oped net.hgeds have features and/or steps that
make them specifically suitable for being used in an apparatus and its
further devel opnents according to the 30 invention. Wth regard to the
enbodi ments, specific features, variants and advantages of the features of
said nethod and the further devel opnents thereof, reference is made to the
above description of the respective features of the apparatus. - 13 - Yet

anot her aspRGhveafiont |E'%réféi'é(t9ﬁﬁé\@l%pé§ bPaddig #lbier Kbdin@bevidaGroKiddind et i al |y
specified f egat e processing plant, said

retrofit k‘?’%?erﬁ%g%ﬁ‘pg'ﬁgg’éﬂeéﬁ %@H’ ‘?"%t"’tg%’gf’ar S-conprises retrofit conponents

that correspond to the features of the inventive cooling apparatus for
cool i ng budrethernpessibility, fomiscrdesingr thb edoling power is &o egpd thegvatdhte biedmiapliel | nvent i on

is not Ii rBeF&éiut ts%uaﬁ%)bthé@é;é At&dTﬁEDMde?th@‘%\)é'te%ﬁbJ E)pl%gntﬁé EleStePfh@duct i on,
but may al S0 eously_for retrofit exi sting nmobile or

a advant a
st ati orfar \° '5\9| E‘Q@Pfoérth"pre&?ﬂ?@ ce‘ﬂ'ﬁﬁr £y adygiéagepus; Aeveogmgntsisr Vseee 1ife of
concrete mam|cdgrlph sevians irt WécH therg és aagreatat reeed foricoslieg,tdue nd edpasiallywaemand t he

| 'ar ge nunhgh RS coﬁ&ﬁ&{se&ewﬂ%)iﬁ@\garm \ﬁ&&%\/a‘tt{? SOV SGEE G thd Jvaé Efl igipkageous to

make t he advant ages associ at 0 I nvention ava| e by providing
a retrofi tfe%?ﬁc"f‘!ﬁ‘e weiting ?9?@’3&5@69 B?%mr?le)?i’?iﬁj bfaphagd- 1t is particularly
advant ageous to use the retrofit kit in nobile concrete m xing plants,

si nce t heskheamentimsUis pteferatiydddvalopecbyladsptiiy adddigposied tef dit cdoiidg desvickher efore
easi | y10' nta%grtﬁé \ﬁ%’gﬁq’]ae&prgogﬂsarﬁ I%% %‘Q&U Ethé‘@'atSPBSlfél Sfthé talr c§oI|R§lrdEV|ge ||sar ly

preferred th
cont ai ner s°°§’&f’°{qqéf’ a Wiatery iglet offthe Wﬁit'f‘g PRPasj g the Y"@)‘e"t ?lé'ﬁbﬂfoth? ai Psq*ﬁ‘é ret rofit

kit accor cedige pefdriitty béivgBdrinedledTdiy abRatbisdoey déleab apredatboinienef tide t he
features %ettnp% Sé?&’tl:é ng apparatus for cooling bulk material, as described
in the forego 5 I'nparticular for cooling aggregates for concrete
production in an apparatus for concrete production. Wth regard to the
enbodi mentAccordipg d tiscrreieged) deuelorignt of iihes Ingition A waferagjeyit éf proYidedfigat ur es of
sai d retroftidh tké watndbtained fromtdasingdedRl alHg ke while bR of fedrt%leebﬂ%@ﬁ i's made

20tothed tjion of the &S ectlve evi efea ur es 0 edlnthe
f or egoi ng i%ﬁ r@ftiéer ‘Fvgt?ngeﬁ%oc? R %”%uﬁqy Prr?\férﬁ?l IR ‘?ﬁﬁg(,\}e &' Yescri bed
with ref errewyered oy p@rélnsfﬁ@fmretymg the whabte lair isFiirgtlyrapoled, hefone isafed back to

t hr ee- di mapswaiR) apph@iisof a schenmatic representation of a first exenplary
enbodi nent of a cooling apparatus for a nobile apparatus for 25concrete

product i Or-ll;he invention is preferably developed by adding a water cooling circuit in which the
20 following components are arranged in series: a fresh water tank, preferably a precooler, a

chiller, a cold water tank and an air cooling device, the water circuit and its components

being adapted and disposed in such a way that a water inlet of the air cooling device is

connected to a water outlet of the cold water tank and/or a water outlet of the air cooling

device is connected a water inlet of the fresh water tank and/or a water outlet of the cold

25  water tank is connected to a water inlet of the wetting apparatus.

In hot regions and/or in regions with water scarcity, efficient water cooling is of special
importance in cooling bulk material. The arrangement according to the invention has
proved to be especially advantageous in that context. It shall now be described with
reference to an example, the temperatures and humidity figures specified in the following
30 relating to conditions in which aggregates stored in the surroundings have a temperature
of approximately 40-50°C and the ambient air has a temperature of approximately 30-
45°C, with a relative humidity of approximately 50-70%. Under such climatic conditions,



Figure 2: shows a plan view of the cooling apparatus according to Figure 1,
Figure 3. shows a cross-sectional view along the sectional plane A-Ain
Figure 2 through the cooling apparatus according to Figure 1; Figure 4:
shows a rear view of the cooling apparatus according to Figure 1; - 14 -
Figure 5. shows a front view of the cqpeling apparatus according to Figure
1; Figure 6: shows a cross-section through cooling apparatus according to
Figure 1, with additional conponents of a nobile apparatus for concrete
production; Figure 7: shows an enl argenent of a cross-section according to
Figure 6; 5Figure 8 shows a plan view of a second exenpl ary enbodi nent of
a cooling apparatus for a nobile apparatus for concrete production; Figure

9: shows aielRste e GbinaR&kodlih® BppHrRBD hadE t&rRsekdtBaf appranMatllyAoaBpeor di ng to
Fi gure 8; |FI%Fre 10: shomgpg rear view of the second exenplary
enbodi nent 284 2 ISPy G B ABSE WP%s: Fi gure 11: shows a front view of the
second exenpl ary enbodi nent of a cooling apparatus; Figure 12: shows a

cr oss- sect Bpmeahy ofibghinvéntivesenparatiseneapicelanin ghimerdierred devgiormertobe buly

appar at us Watdhatlivel Bhad 6 HAMNEN iehffatdte BPROJUE4RBP RN B aUSMpStuRAACT et e
15production; Figu . . shows an enl argenent of a cross-section according

re 13

to FiguPe RORTOHP Wd5P2-C¥UFRs an exenpl ary embodi nent of a part of a
nobi | e apparatus for concrete production according to the invention, in a
t hr ee- di neféitersla toopeeatarei of between approximatgly §aiCearib45°€ pmisvidetbin lecfresh
t hr ee- di meQsicPRAk, ahl §Wrddboidr iR@hich He fleBiewhRPE kSoi@PBaltéhptsathRlowdP iRaRI | €
concrete production according to Figure 14; .

30°C is optionally provided downstream™ from the fresh water tank, particularly when the

water temperature is more than 30°C. Downstream from the precooler — or directly

10  downstream from the fresh water tank in variants without a precooler — there is a “chiller”

in which the water is cooled to a temperature of approximately 5 to 15°C and from which

the water is then fed into a cold water tank with a water temperature of approximately 4 to

15°C. A particularly preferred embodiment is one in which a “subcooling circuit’ is

provided between the cold water tank and the chiller, in which the water from the cold

15  water tank is fed once again to the chiller for further cooling.

Water is now taken from the cold water tank for the wetting apparatus and for air cooling.
Either external and/or ambient air is fed to the air cooling device, or — in one variant with
water recovery — waste air is fed from the cooling apparatus. In the latter case, water at a
temperature of approximately 30-40°C which has been recovered from the waste air by
20  cooling or drying it is subsequently fed to the fresh water tank and, if the volume of water
recovered from the waste air is not sufficient, is mixed in the fresh water tank with fresh

water which has been additionally supplied.

Another aspect of the invention is a method, of the kind initially specified, for producing
concrete, said method being characterised in that cooling includes the step of feeding
25  bulk material via a bulk material feeder path, the wetting step being performed on at least

one part of the bulk material feeder path.

The method according to the invention may be developed in accordance with claims 15 to
22. These developed methods have features and/or steps that make them specifically
suitable for being used in an apparatus and its further developments according to the
30  invention. With regard to the embodiments, specific features, variants and advantages of
the features of said method and the further developments thereof, reference is made to

the above description of the respective features of the apparatus.



- 15 - Figure 17: shows a schematic view of an exenplary enbodi nent of a
cooling circuit according to the invention, with water recovery; Figure 18:
shows a schematic, enlarged representation of the air cooling device in
Figure 16; and 5Figure 19: shows a schematic, enlarged representation of
the air cooling device in Figure 17..4gi.gures 1 to 7 show a first exenplary
enbodi nent of a cooling apparatus 100 for cooling bulk material, in
particular for cooling aggregates for concrete production. Said cooling
apparatus 100 nay be part of a nobile apparatus for concrete production as
specified by 10 the invention or it may be part of a retrofit kit
according to the invention for adding to an existing aggregate processing

plant, in m&ﬁdtﬁéﬂaaﬁecﬁ & tRe iﬁ{/é}ﬁlén fs%rre%ﬂ@ﬁipgf' tﬁ@k.ﬁ@lﬂﬁ.&@ts%ec.@a%ﬂ AQingppar at us
100|s dIS ose corresponds to a 10- foot

hi gh- cube Sﬁteéﬁsh@raggﬁﬁ’?geqﬁ%‘?s? ’I"ﬁap'ﬁ’avgf’r‘l‘f éFﬂQPLtWab(e"lgv&')‘ar@BtﬁT'?eﬂd” dbérat us 100

can be cordompasestretrdfib compon2its ftlu:ammonresaomptorthatfeanmwmﬁ the ipestivercabling usi ng

"qui ck t eeppddfis fok eodhg Qtﬂlgﬁ%ﬁ'él dseerbbPhelBrbgblAg the addi tional advantage
that the cooling apparatus 100 is easy to trangpo t and can be conbi ned

with further nodules of a nobile apparatus for concrete production. The
manner sof Theeided ioDI’hvarlitrdnt|§1&106(l]ﬂimé1ﬂ&ﬂhéwly)fm§£ﬂ§birﬁlﬂnl@-ﬂi@ﬁ&é!;tfb‘ﬁ clafo')&?eteas part of

a nobile e I s.aretr nobi l.e o

st ati onar 39 %bgjr%t;%&e ¥ ,ﬁég&s@ b@%pﬂ{&an Vant%greou%%?oé etboih'n? ﬁx'§WST3tHIF|°éI ly the
sane way fSHioRsY Hevéﬁeé% Ptﬂdu%tquné@tel Bre togthel loag genvine lifefobeanctsswixinged here in
unitary fqudms, {hdemgé &ﬂéun&rofﬁwbﬁﬁmarnﬁdvalbéd/addd@éllb@aqhmsarm@&%F&ém&rne marked in

the Figure erence si ventive cqol i ng appar at us
100 conpr i i""e"g a2 Bl ﬁtef?c?falpesr ?&amﬁ%‘f%&m 1%53 the \ﬁﬁYaé‘E’QB?JIaRS%YeQr‘?"QI t(p‘f*s kept for
dosi ng'0puripissies auatiabieoby pravidingra mtrotiedisiongxistingnmkersieoniingtptantsBul & 25
mat eri al 'p%rt@ﬁla’iﬂeé/(ﬁgntb&oggw h{&thépa%h%vﬁ mdtfle \ébrﬂ:réle m@eﬁﬁr{ts hgldk 220,

whi ch does, not ng_? rd rg Wpf tus 100, from mat eri al
st orage bdﬁ?{s&areolt‘sugy 99@'@’@ epiod (ﬁffi’f&ﬁ't isi tRFioweeagiydutesiated MeheRg to t he
cool i ng apsanaddigonalnndudey diris bartitula?ly Prefered rtiedt erearotrofit kinbeé priotieéyinwaei abl e.

or more standard containers so that the retrofit kit is simple to transport.

15 The retrofit kit according to the invention may be further developed to include the features
of the cooling apparatus for cooling bulk material, as described in the foregoing, in
particular for cooling aggregates for concrete production in an apparatus for concrete
production. With regard to the embodiments, specific features, variants and advantages
of the features of said retrofit kit and the further developments thereof, reference is made

20  to the description of the respective device features as provided in the foregoing.

A preferred embodiment of the invention shall now be described with reference to the
Figures, in which:

Figure 1: shows a three-dimensional view of a schematic representation of a first
exemplary embodiment of a cooling apparatus for a mobile apparatus for
25 concrete production;

Figure 2. shows a plan view of the cooling apparatus according to Figure 1;

Figure 3: shows a cross-sectional view along the sectional plane A-A in Figure 2

through the cooling apparatus according to Figure 1;

Figure 4. shows a rear view of the cooling apparatus according to Figure 1;



- 16 - | oosening device enbodied as a vibrating conveyor 143 and a bul k

mat eri al feeder shaft 142. The bul k naterial passes along a bulk materi al
feeder path 141 (as indicated by arrow 141 in Fig. 3) via vibrating
conveyor 143 and through bul k material feeder shaft 142 in order to reach
bul Kk material hopper 110. 5A wetting-apparatus 120 is disposed al ong bul k
material feeder path 141. Said wetting apparatus 120 has a plurality of
water jets that distribute water as evenly as possible over the bul k
materi al noving along bulk material feeder path 141, thus wetting the bul k
material reliably and uniformy. It is preferable that cooled water is
sprayed onto the bulk material by wetting apparatus 120. 10Vi brati ng
conveyor 1£#3ule@?s efiswstdtRonbué o thé edolivy apparatUsaiccdréing ® Figuee f;ewer particl es of
bul k material and nore air in any unit of volune along the bulk materi al
feeder path than in a respective unit of volune in the bulk material hopper
110 fi || edFigutetf: behdwsrentress-sectionvihipugh bmnmemﬂe@@racmginm@@igér&u%%h bul k

mat eri al bei ng fegdé.tfdamc@hhlpknémt 8d Abbill apRestuslibPcdikbrRRDrédicionmat eri al  f eeder
path 141 to have a slightly lower density than the bulk 15material stored
in bulk material hopper 110. Along bulk material feeder path 141, the bul k
mat eri al | eRBevedshdwstdnielargenizer of bassanedibn beastinggaFigulel y verti cal
conmponent of movenment, in particular in bulk material feeder shaft 142
which is oriented slantlngly upwards. In particular, the bulk material
initialby Fightes: dehawsee rian view siascand exem ryf eraleodfnagnt o enefing apPaeivAg
conveyor 143 at | eRStm IS Eppafdids t&fcohdrbte pibdastlok; materi al feeder path 141. In
this way, the bulk material is wetted as evenly and reliably as possible on
at |l east one part of bulk material feeder path 141 through the wetting
appar at us EfQre 91 hehdwl & anesseectmhalt viswn aloea die sedinodl ldanevA-Br aacpdijgctonveyor
147 di sposed in by|k smterial feeder shaft 142, said conveyor being
designed as a 2|gz§b vibrating conveyor and 25 having a plurality of
substantially horizontally arranged floors 145 a, b, ¢ on which the bulk
material i FiguRMoe¥RsvDY Nabivaiv 8N theAs¢lotid adxeinplagf etlb&@imensisa ébing, b, c, d
are di sposed t herebetween, onto which the bulk material falls downwards in
subst an ially fre€Pi4T Yt o the next floor 145 a, b, ¢, or into bulk

mat eri al hopper 110. The air supplied via a fan 131 flows through the

addi ti onal py Ry At SAGC AMYEY Viewd BF 1R rs@aw@dexbmpuam kmb&irkérit o 4 @eeipg shaft 30
142 in a direction opposite to that shown by arrow 141 (see Fig. 3). This
configuration witRPRE"HYzag vi brating conveyor is particularly preferred
because the wetted bulk material is conveyed advant ageously al ong bul k

mat eri al feeder 4 er al
occasi ons, ;e_e it }%ghg\'}'sr éﬂé Eﬁe?éé%%r?%@tﬁ% %}é’coﬁ& %&ﬁp@r%?T?ogﬁ ?f%%oﬁlf?]}’; whi ch
means apparatus W|t additional components of a moblle apparatus for concrete

15 production;
Figure 13: shows an enlargement of a cross-section according to Figure 12;

Figure 14: shows an exemplary embodiment of a part of a mobile apparatus for concrete

production according to the invention, in a three-dimensional schematic view;

Figure 15: shows another three-dimensional view of a part of the mobile apparatus for

20 mobile concrete production according to Figure 14;

Figure 16: shows a schematic view of an exemplary embodiment of a cooling circuit

according to the invention, without water recovery;



that the bulk material can be cooled in an particularly effective and
efficient manner. As can be seen fromFigures 6 and 7, in particular,

cool ing apparatus 100 is preferably di sposed as pad of a nobil e apparatus
for concrete production on a dosing substructure 5210, with which the

cool ed bulk material 500 can be wei ghgd out, dosed and transported to the
pl ace of deploynment for further processing. Air that has preferably been
dried and cooled is supplied by an air supply apparatus 130 to cooling
apparatus 100 and fed frombelow into bul k material hopper 110 via a fan
131. Fromthere, the supplied air penetrates bulk material 500, which is

| ocated in the bulk 10 nmaterial hopper 110 and which is already soaked as

hormogenoustiguras7: poews Al @herﬁﬂﬂ mweeerd%xénkm&v@hmbbmhténtnataeE:d;o’ﬁhg treser shaft

142 as heated vvastc(eora [ oGl water into a region 144 of broadened

cross-section and prerer ab‘?'nvee'x '1“%"”3:"0"8%E i 5 &¥par at us 100 through an air
di scharge apparatus (not shown) The path taken by the air thr ough cool i ng

appar at us Fl%ge 18 shHW sénemBlid Hﬁl%e@reﬁ%@e&atm{ of the afi"(: NG ddviteGPBLIARY

apparatus 1 As16can be seen, said arrows run iIn e opposite direction to
arrow 141 in Fig."%"%he cold air is sucked in by bI ower 131 and blown into
bul k material hopper 110. Since bul k nat er| aI hopper 110 is cl osed

airtight, I%/meXI tsfhg\&sl %(Q&le&%c! Sﬁlarhgcf r%g%?ir? ion .0 (tezlgl{r Icoaollnqlgeeovlcggrln n'g‘?%gn\%gsort he

air can on err al viia Z
147 di sposed in Bdl k materi al feeder shaft 142 and 20 must thus flow
t hrough and around the bulk material 500 and/or particles of bulk materi al

| ocated in.bul k r opper 110 apd erin throu h bul k materi al

f eeder shgh‘qur?ﬂztm’tﬁi‘ Wadc'rsp g "i‘?‘b'%g’&b?i{']’ﬁ?’gf)f o 112?9 HEPAIpr ef er abl y
di sposed ibulkbnatkriakee epitiedlarffereehelingsdpsfdgatbd 2or @ndetﬂLpeocmotuthaudmnclmgi tantly
opposite Cﬂpb%ﬁjk %’@m'a@bé‘fé & trﬂﬁ)llé‘bﬁpm @%Jﬁc%tﬁédu%onﬁggpgg@gg&t he flow

of air aroun teri I's especl al t hus
achi evi’ng "beaW‘?r%'Pg 't e pg P‘E",’T %frﬁ 'e’éi?fﬂ k\éP‘F‘@&’d’ig\)e “E?o'BYQ"H‘@i‘ fON’qdé}g PRB air has
f1 owed t hrexistyiy bggrégatenpecesaingfpardein strlilr 1612 planot bedboid ednctete.t he t op,

ther eby at@ﬁﬁr@ ébgarg%@ﬁog%%vdﬁgéeﬁtﬂh?ra&%qm m%h B?e érébﬂ go?rﬁggongéj oka ﬁPt erial, it

reaches an air ow ve i's reduced. As
a resul t, RidsBrrdRRicoAneEThisgrmgs diessadvprgaas thatdwo F‘Pﬂﬂt\g ARRgAtusHE0tosaRE por t ed as
free part icoeided Nno tibren ai RQ-foba ltrandpatdtion Nir, tpheﬂieralﬂy |d@fn§t 1q[]ﬁ@k giegrveyer, which

means f.hat, i ped s I cl ea is has the
advant %ge trf%nfe'ﬁlg\?'ﬁ%% f%Imre" 1%(? hggh% aéggoe'}? dc‘jlamf %/e tﬁata[@%‘éo ?pé)agpqs 1-Egnd when
is easy to transport and can be combined with further modules of a mobile apparatus for

concrete production.

The manner of operation and the components of cooling apparatus 100, as part of a
mobile concrete mixing plant and as a retrofit kit for mobile or stationary concrete mixing

20  plants are described in substantially the same way for both areas of application, and are
therefore described here in unitary form. Identical or substantially identical components
are marked in the Figures with the same reference signs.

The inventive cooling apparatus 100 comprises a bulk material hopper 110 in which bulk
material is kept for dosing purposes and for further processing to make concrete. Bulk

25  material is conveyed to cooling apparatus 100 via a conveyor belt 220, which does not
belong to cooling apparatus 100, from a bulk material storage bunker or storage unit 230,
which likewise does not belong to the cooling apparatus. Conveyor belt 220 is preferably
infinitely variable.

In cooling apparatus 100, the aggregate initially arrives in a bulk material feeder 140. In
30 the example shown here, said bulk material feeder 140 consists of a bulk material



- 18 - recycling the water that is fornmed thereby, it is possible to

di spense with conplicated filtering. Figures 8 to 13 show a second

exenpl ary enbodi nent of a cooling apparatus 100' for a nobile concrete
production apparatus, for cooling bulk material and in particular for 5
cool ing aggregates for concrete produggion. The second exenplary enbodi nent
of cooling apparatus 100" corresponds in many respects to the first

exenpl ary enbodi nent of cooling apparatus 100 as shown in Figures 1 to 7.

It is also preferred that the features of the first and second enbodi nment
be conbi ned or swapped. ldentical or substantially identical aspects of the
two enbodi nents shown are therefore to shown with the sane reference signs

a?rb i 3 t het fdoééﬁng&{ébi@élbmsa&ed M4 hb:@fhg’im%beWarﬁed Bk muf‘ef.awf@aen é’haft he second
e odl nen

t t
aspects t hé\?4 %8 41k 'f‘@tFP"‘f\imtp? e&&?ﬂ“ﬁﬁ?@g"ﬁ% ”?' fse‘fw?”gtg 8?%@?%?'?% bﬁr cogl i ng
appar at us 200V 41t ih&igadviegbratng donetybry143rand treaugh ull niatgrial feedee shiafll 142 eeder

140" . In t BeoreradRbE SNOWReE heppePMok material feeder 140' consist of a
bul k material [oosening 15 device in the formof a vibrating conveyor 143

and a bulk material feeder shaft 142'. A fall plate 221' prevents bul k
mat eri ab t Pavetiigr dppesituéi 1200 BigErsed alday bulk Mkterianfebddr lpatvatddr Ball wetteder 140'

fromflyi “ﬁﬁéa‘?ﬁgé ‘?{0 W%Q% IUYJJIW&WaEQ fgsqngt%?r[bu%%% er alggerﬁkge&orgﬁﬁgé{/é? nmves

al ong a bu eri a 1 via and
t hr ough bultie prik @atesipl meéepeuabgmw matorial ffepdep gath 1 | upreedinpghe Relbper 110" .
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di st ri but e "Rt Bro¥YAEC EVERPIAHE "Possi bl e over the bul k material noving al ong
bul k material feeder path 141', thus wetting the bulk material reliably and
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bul kK mat er I'ng conveyor terral to be
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mat eri ab f epgeEl tabdinbdk mdtdianndpper o) kK 30material stored in the bulk
mat eri al hopper 110'. -19 -

Along bulk material feeder path 141, the bulk material loosened in this manner has an at
least partially vertical component of movement, in particular in bulk material feeder shaft
142 which is oriented slantingly upwards. In particular, the bulk material initially falls
downwards in substantially free fall from vibrating conveyor 143 at least over part of the

20  bulk material feeder path 141. In this way, the bulk material is wetted as evenly and
reliably as possible on at least one part of bulk material feeder path 141 through the
wetting apparatus 120.

The bulk material then reaches another vibrating conveyor 147 disposed in bulk material
feeder shaft 142, said conveyor being designed as a zigzag vibrating conveyor and
25  having a plurality of substantially horizontally arranged floors 145 a, b, ¢ on which the bulk
material is conveyed by vibration. A plurality of drop zones 146 a, b, ¢, d are disposed
therebetween, onto which the bulk material falls downwards in substantially free fall to the
next floor 145 a, b, c, or into bulk material hopper 110. The air supplied via a fan 131
flows through the additional vibrating conveyor 147 arranged in bulk material feeder shaft
30 142 in a direction opposite to that shown by arrow 141 (see Fig. 3). This configuration
with a zigzag vibrating conveyor is particularly preferred because the wetted bulk material

is conveyed advantageously along bulk material feeder path 141 in substantially free fall



The bulk material |oosened in this manner has an |east partially vertical
conponent of novenent along bulk material feeder path 141', in particular
in the bulk material feeder shaft 142' oriented slantingly upwards. The
bulk material falls, fromvibrating conveyor 143", downwards in
substantially free fall over at |eastizpart of bulk material feeder path
5141'. In this way, the bulk material is wetted as evenly and reliably as
possi ble on at | east one part of bulk material feeder path 141" through
wetting apparatus 120'. As can be seen fromFigures 12 and 13 in
particul ar, cooling apparatus 100" is preferably disposed as part of a
nobi | e apparatus for concrete production on a dosing substructure 210",
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130" to cooling apparatus 100" and fed from below into bulk material hopper
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t hrough an al ara ROtY shown). The path taken by the air
through cooling apparatus 100" is shown in Figures 12 and 13 by arrows in
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mat eri al , ches a anber 144" where the flow velocity of the
air is reduced due to the larger cross-section of chanber 144'. As a
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arranged above a dosin structure ates are
wei ghed Od?cateadré Egdk 51ﬁ@nﬂﬁ1@@per 110 and entering through bulk material feeder S aft 42.

Due to the zigzag vibrating conveyor 147 being preferably disposed in bulk material
feeder shaft 142, and due to the concomitantly opposite directions in which the air and
bulk material 500 flow, the flow of air around the particles of bulk material is especially

25 good, thus achieving particularly efficient and effective cooling.

After the air has flowed through bulk material feeder shaft 142 from the bottom to the top,
thereby absorbing heat and moisture from the particles of bulk material, it reaches an air
outlet 144 where the flow velocity of the air is reduced. As a result, suspended matter and
dust particles that might be transported as free particles in the air, fall back onto the
30  vibrating conveyor, which means that the waste air being discharged is relatively clean.

This has the advantage that, when drying and/or dehumidifying the waste air, and when



5 available for further processing. Bulk material to be cooled, in
particul ar sand and fine gravel frommaterial storage hoppers 230a, 230b,
is fed via conveyor belts 220a, 220b to cooling apparatuses 100a, 100b.

Anot her aggregate cool er 300 suitable for aggregate with a |arger particle
size, such a coarse gravel, is |ikew.gg-di sposed on dosi ng substructure 210
and may al so be configured as an aggregate cool er of the kind known 10from
the prior art. Figures 14 and 15 al so show a precool er 410 and a chiller
420 for cooling water, which are provided as elenents of a cooling circuit
of the nobile concrete m xing plant according to the invention. The cool ed
water is stored in cold water tank 430. An air cooling device 440 is al so
present. Thayingahd ab@E tHhshopsedoBbreBE Nt & PREELIE GO Svitdmpidateai 1 manner
of operatlgp are shown in nore detail in Figures 16 to 19. Figures 16 and
18 provide er08hemati ¢ view of one variant of a cooling circuit of a nobile
concrete m xing plant according to the invention, in which the waste air
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tenperature of approximtely 30- 2545C, with a relative humdity of
approximately 50-70% In the variant w thout water recovery, shown in

Fi gures 16 Identical 81, substantialle iventical awetts ofthegyecabodmens shaym aredhdrefgrebul k

nmateriah i Sh&PWh tHenséMH Fék‘bré’rg:grs?dﬂl§ta@, Mt firdt &rﬁméﬂt Wi & agRpeshsi mat el y
40-50C i s fed in

p coo e (9.9} mat el y
15-25C. - 2¢ng SH{’Jbeé’r'at"E%s‘fmg ‘ilmﬁféng‘ ‘E%f@?‘@'”%f’%fﬁﬂ?%i'i‘%ﬁf 48- soc,
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water is fornmed and is channelled via line 448 at a tenperature of
approximately 25 to 40C into a water tank 450 into which fresh water can
al so be fedn cadied arpagatus Hiopdrenpagragaterfirstiyeaardves éha Relk sieterighieedes 14Pploxi mat el y
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140’ from flying too far onto vibrating conveyor 143'. The bulk material moves along a
bulk material feeder path 141’ via vibrating conveyor 143" and through bulk material
feeder shaft 142’ to reach bulk material hopper 110'.

20 A wetting apparatus 120° is disposed along bulk material feeder line 141’. Said wetting
apparatus 120’ has a plurality of water jets that distribute water as evenly as possible
over the bulk material moving along bulk material feeder path 141°, thus wetting the bulk
material reliably and uniformly. It is preferable that cooled water is sprayed onto the bulk

material by wetting apparatus 120'.

25  Vibrating conveyor 143’ loosens the bulk material such that there are fewer particles of
bulk material and more air in a unit of volume along the bulk material feeder path than in
a corresponding unit of volume in the bulk material hopper 110’ filled with bulk material.
Vibrating conveyor 143’ thus causes the bulk material to be fed to the bulk material
hopper 110’ to have a lower density along the bulk material feeder path 141’ than the bulk
30  material stored in the bulk material hopper 110’



10 feeds it to the cold water tank in which the water has a tenperature of
approxi mately 4- 15C. The cold water can be fed fromthe cold water tank
back to the chiller in a subcooling circuit, as shown by the broken arrows.
Heat exchanger 443 in air cooling device 440 is fed fromcold water tank
430, and a supply line to the concretig.m xing plant is fed fromthe cold
wat er tank, which neans that 15directly cooled water is al so used for

m Xi ng concrete. The water provided fromthe cold water tank has a
tenperature of approximtely 5-15C. Qutside air 441 is fed into air cooling
devi ce 440. A condensed water contai ner 444 from which the condensed water
can be punped or re-used via a water punp 447 and |ine 448, is disposed, in
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is variant, the water consunption is |ower

to air coo 4
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in air comrlermgrtd’dnil«matdrlwfeadud path 14 Etthroughdveiting appanstusi?®’.t 0 t he wat er

circuit. However, the air heats up when it is dried, with the result that a
great er anmpunt of energy is needed to cool the air in air cooling device
440. - 220s.capdRsesndtan ég'éfﬁs 2P inperisyer4golg@Epazratus RGO’ & rrefambly a

t enper at urdispofedaR a0l Bwiolle/apparatudFér contrbt prodiigtlontoh \eedoBiF s Ghstriictrk
appr oxi mitz%%’ wﬁrQVNZigl%he cooled bulk material can be weighed out, dosed and transported to

10 the place of deployment for further processing.

Air that has preferably been dried and cooled is supplied by an air supply apparatus 130’
to cooling apparatus 100’ and fed from below into bulk material hopper 110’ via a fan
131". From there, the supplied air penetrates bulk material, which is located in the bulk
material hopper 110’ and which is already soaked as homogenously as possible, and

15 proceeds through bulk material feeder shaft 142’ as heated waste air enriched with water
into a region 144’ of broadened cross-section and preferably exits cooling apparatus 100’
through an air discharge apparatus (not shown).

The path taken by the air through cooling apparatus 100’ is shown in Figures 12 and 13
by arrows in cooling apparatus 100’. The cold air is sucked in by blower 131’ and blown
20  into bulk material hopper 110'. Since bulk material hopper 110" is closed airtight, except
for the outlet through bulk material feeder shaft 142', the air can only exit bulk material
hopper 110’ via bulk material feeder shaft 142’ and must thus flow through and around
the bulk material 500" and/or particles of bulk material located in bulk material hopper
110’ and entering through bulk material feeder shaft 142'. After the air has flowed through
25 bulk material feeder shaft 142’ from the bottom to the top, thereby absorbing heat and
moisture from the particles of bulk material, it reaches a larger chamber 144’ where the
flow velocity of the air is reduced due to the larger cross-section of chamber 144'. As a
result, suspended matter and dust particles that might be transported as free particles in
the air, fall back onto the vibrating conveyor, which means that the waste air being
30 discharged is relatively clean. This has the advantage that, when drying and/or
dehumidifying the waste air, and when recycling the water that is formed thereby, it is

possible to dispense with complicated filtering.



In the variant with water recovery, shown in Figures 17 and 19, an

i nventive cooling apparatus 100 for cooling bulk material is shown, in

whi ch aggregate with a tenperature 5of approximately 40-50C is fed into a
bul k aggregate hopper and cooled to a tenperature |ower than approxi mately
20C. Air which has been cooled to apppgexi mately 10-20C noves fromthe air
cooling device 440 via line 446 into cooling apparatus 100. The waste air
di scharged from cool i ng apparatus 100 has a tenperature of approximately
40-50C, with a relative humdity of up 10to 100% When the air is cool ed,
condensed water is formed, and the anount thereof is greater in the case of
waste air recycling than when anbient air is used, because the humdity of
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appr oxi mat e wat er romthe co wat er tank
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Heat eXChal@%‘truéMr% 210 a8dl na @BbibaGoARNieesbhagorghte dobleroantisokintl kmiver t ank
430, anlg afg%qlpe%l I | Qe to the concrete mxing plant is fed fromthe cold
wat er nk rreans that 25directly cooled water is also used for

m xi ng concrete. The water provided fromthe cold water tank has a

t enper at ur jffesARRIKAN5 FRbShYw REr&WokPL10 didea mfeﬁhmﬁﬁ' Bodkhd whier, dféni nto air
cooling device 440 via line 4 ? condensed wat e

are provided as elements of a cooling circui of the moblle concrete mixing plant

according to the invention. The cooled water is stored in cold water tank 430. An air

cooling device 440 is also present. The interrelationships between these components and

15 their manner of operation are shown in more detail in Figures 16 to 19.

Figures 16 and 18 provide a schematic view of one variant of a cooling circuit of a mobile
concrete mixing plant according to the invention, in which the waste air from cooling
apparatus 100 escapes from the plant and ambient air is fed into air cooling device 440
via line 441. In this variant, the water consumption is higher but the energy consumption
20 is lower, because the air does not need to be dehumidified, so less energy is also needed

to cool the air, since the air is heated when the air is dehumidified.

The temperatures and humidity figures specified in the following by way of example are
for a region with a hot climate, where aggregates stored in the surroundings have a
temperature of approximately 40-50°C and the air has a temperature of approximately 30-

25  45°C, with a relative humidity of approximately 50-70%.

In the variant without water recovery, shown in Figures 16 and 18, an inventive cooling
apparatus 100 for cooling bulk material is shown, in which aggregate with a temperature
of approximately 40-50°C is fed into a bulk aggregate hopper and cooled to
approximately 15-25°C.

30  Air which has been cooled to approximately 10-20°C moves from the air cooling device

440 via line 446 into cooling apparatus 100. The waste air discharged from cooling



contai ner 444 from whi ch the condensed water can be returned via a water
punp 447 and line 448 to the water circuit is disposed, in addition to air
heat exchanger 443, in air 30cooling device 440. Mdre condensed water is
formed In the variant with water recovery, - 23 - shown in Figures 17 and
19, than in the variant shown in Figyyes 16 and 18, due to the higher
humdity of the waste air. The air which is cooled in air heat exchanger
443 is returned via a fan 445 and line 446 to cooling apparatus 100. - 24
- CLAIM5S 1. A nobile apparatus for concrete production, conprising a

cool ing apparatus for evaporatively cooling bulk material, nanely
aggregates for concrete production, said cooling apparatus (100) conprising

a bul k nat@baraiushomwa terhpéhhturetof WBRrbliMStelRDBO R, Uith & 1dQle AlMHidRNofAbr supply
appar at us 5&%&5 characterised in that the cooling apparatus is di sposed

ina frame® espondl ng to a standardi sed container, and the cooling
apparatus has a bulk material feeder (140) for feeding bulk material into

the bul k Wﬁﬁhélalr@%?erd YdrRefel Walkr @froﬁﬁ%daéndf@g%ﬁfl%?% I(n%%h ’a}; gai d bul k

materi al feeder (140 10 conprrising terial Teeder t (142)
whi ch ext dFGReTB{HR a%p"?’?"ﬁ?f?'t’ ngtoo‘lﬁ’l & M weteaenhifiete waish fiesh wilecgena zi gzag
Vi br at isng asorvedgddr i s arranged, wherein bulk material to be fed is guided
on several parts of the bulk material feeder path on a path of novenent
correspondi ng substantially to free fall of the bulk naterial, the bulk
mat eri al fEedeter jgeperaiereiethe ifragh waipriank g pbrekimgtely RRp5EC I%teraow;lerstsed in

such a 15s vairdhils tRidh kvatBr ik iwith ﬁa@brféeaft@-ﬁpe?&m%f la;BBr&qrﬁQc@lEt%@MS@ at | east
one part f eeder, i.s bei

eri al W
di scharged T F%Oﬁ?rqﬂé C%"%? Wateéf)%tgﬁﬁeé‘?peéﬂﬂe °Lap@ilﬂxlfi@ée'¥)€° %%Pd’“ﬁg‘?ef’ of the
bul k mat erdhiier 420erdirit. Fhe bhilen ceclptietwatdr doww &mbert tocpprogisiplyd-MifCsmbst ant i al |y
to freg fabddsGftotiteecdithiterBAEH Which tR \Water has a temperature of approximately 4-

16°C. The cold water can be fed from the cold water tank back to the chiller in a

subcooling circuit, as shown by the broken arrows.

Heat exchanger 443 in air cooling device 440 is fed from cold water tank 430, and a
supply line to the concrete mixing plant is fed from the cold water tank, which means that

16 directly cooled water is also used for mixing concrete. The water provided from the cold
water tank has a temperature of approximately 5-15°C.

Outside air 441 is fed into air cooling device 440. A condensed water container 444 from
which the condensed water can be pumped or re-used via a water pump 447 and line
448, is disposed, in addition to air heat exchanger 443, in air cooling device 440. The air

20  cooled in air heat exchanger 443 is supplied via a fan 445 and line 446 to cooling
apparatus 100.

In the variant of a cooling circuit of an inventive mobile concrete mixing plant shown
schematically in Figures 17 and 19, the waste air from cooling apparatus 100 is supplied
via a line 442 to air cooling device 440. In this variant, the water consumption is lower

25  because the water present as water vapour in the waste air condenses in in air cooling
device 440 and is returned via line 448 to the water circuit. However, the air heats up
when it is dried, with the result that a greater amount of energy is needed to cool the air in
air cooling device 440.

The temperatures and humidity figures specified in the following by way of example are

30 for a region with a hot climate, where aggregates stored in the surroundings have a



the bul k material hopper is closed airtight, except for the outlet through
bul k material 20 feeder shaft, such that the air blown into the bulk

mat eri al hopper by the air supply apparatus can only exit the bulk materi al
hopper via the zigzag vibrating conveyor in a direction opposite to the
bul k material feeder path. 2. The appagatus of the preceding claim
characterised by an air cooling device (440) for cooling the air to be
supplied by neans of the 25air supply apparatus. 3. The apparatus of the
preceding claim characterised in that the air cooling device (440)
includes an air dryer for drying the air to be supplied by nmeans of the air
supply apparatus. 4. The apparatus of any of the preceding clains,
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precedi ng g% arac s q '%5 tting apparatus (120), the air
di schar ge %a}“’lﬁ'? ﬁée Me ‘f’ﬂ'g' il Fp‘ZfS’Sm? g 293?& (440) are adapted and

di sposed in such a way that an air outlet of the air discharge apparatus is
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of approximately 40-50°C is fed into a bulk aggregate hopper and cooled to a

temperature lower than approximately 20°C.

Air which has been cooled to approximately 10-20°C moves from the air cooling device

440 via line 446 into cooling apparatus 100. The waste air discharged from cooling

apparatus 100 has a temperature of approximately 40-50°C, with a relative humidity of up
10 to 100%.

When the air is cooled, condensed water is formed, and the amount thereof is greater in
the case of waste air recycling than when ambient air is used, because the humidity of
the waste air is greater than that of the ambient air. The condensed water which is formed
is fed via line 448 at a temperature of approximately 30-40°C into a water tank 450, into

15 which fresh water can also be fed.

The water temperature in the fresh water tank is approximately 35-45°C. Pre-cooler 110
is fed from this fresh water tank with water at a temperature of approximately 35-45°C.
Pre-cooler 410 cools the water down to a temperature of approximately 30-40°C and feed
chiller 420 with it. The chiller cools the water down further to approximately 5-15°C and
20 feeds it to the cold water tank in which the water has a temperature of approximately 4-
15°C. The cold water can be fed from the cold water tank back to the chiller in a

subcooling circuit, as shown by the broken arrows.

Heat exchanger 443 in air cooling device 440 is fed from cold water tank 430, and a
supply line to the concrete mixing plant is fed from the cold water tank, which means that
25  directly cooled water is also used for mixing concrete. The water provided from the cold

water tank has a temperature of approximately below 10°C.

The warm waste air is fed into air cooling device 440 via line 442. A condensed water
container 444 from which the condensed water can be returned via a water pump 447
and line 448 to the water circuit is disposed, in addition to air heat exchanger 443, in air

30  cooling device 440. More condensed water is formed In the variant with water recovery,



characterised in that the air supply apparatus, the air discharge apparatus
and the air cooling device (440) are adapted and di sposed in such a way
that an air outlet of the air discharge apparatus is connected to an air
inlet of the air cooling device and an air outlet of the air cooling
S5device is connected to an air inlet.ogaf the air supply apparatus (130).

7, The apparatus of any of the preceding clainms, characterised by a water
cool ing device (410, 420) for cooling the water to be supplied by neans of
the wetting apparatus (120). 8. The apparatus of the preceding claim
10characterised in that the air cooling device (440) and the wetting
apparatus (120) are adapted and disposed in such a way that a water outlet

of the ai rsheR®in MUV &R 195 tHaR @6 Lshnt gqownwr:fgures b %ﬁd % dub% Wet ti ng
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wet ti ng applamed vig.a fén 44bread fipgdbae clind appasatusf100.he precedi ng cl ai ns,
15characterised by a water cooling circuit in which the foll ow ng
conponents are arranged in series: a fresh water tank (450), preferably a
precool er (410), a chiller (420), 20a cold water tank (430) and an air
cool i ng device (440),




the water circuit and its conponents bei ng adapted and di sposed in such a
way that a water inlet of the air cooling device is connected to a water
outlet of the cold water tank and/or -24water outlet of the air cooling
device is connected a water inlet of the fresh water tank and/or a 25water
outlet of the cold water tank is connected to a water inlet of the wetting
appar atY4AlM330) . 10. A nethod for concrete production, in which bulk
material, nanely aggregates for concrete production, are cool ed by
evaporation, said cooli conprising.the steps of: stori bul k terial
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in which a zigzag vibrating conveyor is afranged, erein bul erial to
be fed is ddfled on several parts of the bulk material feeder path on a
pat h of novenedharacerisedsipanaglithe) csdlibg appratad isydisppséd @ea fraimke @fredpoediligitoka
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- the bulk material feeder and the wetting apparatus being adapted and disposed in such a
15 way that bulk material to be fed comes into contact on at least one part of the bulk material
feeder path with water that is being discharged from the wetting apparatus, and is guided
on said part of the bulk material feeder path on a path of movement corresponding
substantially to free fall of the bulk material, and
- the bulk material hopper is closed airtight, except for the outlet through bulk material
20 feeder shaft, such that the air blown into the bulk material hopper by the air supply
apparatus can only exit the bulk material hopper via the zigzag vibrating conveyor in a
direction opposite to the bulk material feeder path.

2. The apparatus of the preceding claim,
characterised by an air cooling device (440) for cooling the air to be supplied by means of the

25 air supply apparatus.

3. The apparatus of the preceding claim,
characterised in that the air cooling device (440) includes an air dryer for drying the air to be

supplied by means of the air supply apparatus.

4, The apparatus of any of the preceding claims,
30 characterised by an air discharge apparatus.

5. The apparatus of the preceding claim,
characterised in that the wetting apparatus (120), the air discharge apparatus and the air
cooling device (440) are adapted and disposed in such a way that an air outlet of the air
discharge apparatus is connected to an air inlet of the air cooling device and a water outlet of

35 the air cooling device is connected to a water inlet of the wetting apparatus.



characterised in that cooling of the discharged air also includes drying
the discharged air. The nethod of either of the two preceding clains,
characterised by the step of: -using.bbhe cool ed di scharged air for
supplying air. The nethod of any of the three preceding clains,
characterised by the step of: - using water fornmed when cooling the
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corresponding to the features of the 25apparatus of claim1l for cooling
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characterised by a water cooling device (410, 420) for ¢ olmg the ater to be supplled y

means of the wetting apparatus (120).

8. The apparatus of the preceding claim,
10 characterised in that the air cooling device (440) and the wetting apparatus (120) are adapted
and disposed in such a way that a water outlet of the air cooling device is connected to a water
inlet of the wetting apparatus, the water outlet of the air cooling device preferably being

connected via a water cooling device (410, 420) to the water inlet of the wetting apparatus.

9. The apparatus of any of the preceding claims,
15 characterised by a water cooling circuit in which the following components are arranged in
series:
- afresh water tank (450),
- preferably a precooler (410),
- achiller (420),
20 - acold water tank (430) and
- an air cooling device (440),
the water circuit and its components being adapted and disposed in such a way that a water
inlet of the air cooling device is connected to a water outlet of the cold water tank and/or a
water outlet of the air cooling device is connected a water inlet of the fresh water tank and/or a

25 water outlet of the cold water tank is connected to a water inlet of the wetting apparatus (130).

10. A method for concrete production, in which bulk material, namely aggregates for concrete
production, are cooled by evaporation, said cooling comprising the steps of:
- storing bulk material in a bulk material hopper (110),
- wetting the bulk material,

30 - feeding the bulk material via a bulk material feeder path (141), in a bulk material feeder
shaft (142) which extends upwards from the bulk material hopper and in which a zigzag
vibrating conveyor is arranged, wherein bulk material to be fed is guided on several parts of
the bulk material feeder path on a path of movement corresponding substantially to free fall
of the bulk material, and

35 - adding air to the bulk material hopper,
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- the wetting step being performed on at least one part of the bulk material feeder path and
the bulk material being guided on said part of the bulk material feeder path on a path of
movement corresponding substantially to free fall of the bulk material, and

- the bulk material hopper being closed airtight, except for the outlet through bulk material
feeder shaft, such that the air can only exit the bulk material hopper via the zigzag vibrating

conveyor in a direction opposite to the bulk material feeder path.

The method of the preceding claim,
characterised by the step of:

- cooling the discharged air.

The method of the preceding claim,

characterised in that cooling of the discharged air also includes drying the discharged air.

The method of either of the two preceding claims,
characterised by the step of:

- using the cooled discharged air for supplying air.

The method of any of the three preceding claims,
characterised by the step of:

- using water formed when cooling the discharged air for wetting the bulk material.

The method of the preceding claim,
characterised in the water formed when cooling the discharged air is cooled before and/or

during its use in wetting bulk material.

A retrofit kit for adding to an existing aggregate processing plant, in particular a plant for
concrete production, comprising a device for cooling bulk material, in particular for cooling
aggregates for concrete production,

characterised in that the retrofit kit has retrofit components corresponding to the features of the
apparatus of claim 1 for cooling bulk material.

The retrofit kit of the preceding claim,

characterised in that the retrofit kit has the features according to any of claims 2 to 9.





