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. direct cooling of fineparticle, pulverulent solid subst ammmmm“mmmum[)

cooling in bulk material packings in accordance with the pregghle of Cains

1 and 23. Countless, pulverulent solid substances are filled in bulk

mat eri al _packings for t r , t koOn from
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fine-particle, pulverulent solid substances is frequently too high for

trouble-free filling into desired bul k material packings on account of the

production or processing procedures. Wthout adequate cooling this can
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safety wth further handling (e.g. unloadi ng or transportation) through hot
surface @gcasdinglyfeaddeirnumaaie RERblens er drayp ‘H‘én?‘i’%\%ﬁ)‘;gr obl ens or
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packi ngs, whil’e other of the abovenenti oned problens or disadvantages (e.g.

| ow bul k excesspveliehightempgsature e solid svbtNCelonever are specific for the

hand! i ng g blik Weidh® oPéolid@uysthhatnatiiecdfeilingot , pul verul ent solid
substances In bulk materi al

K . _packings. In this sense such | veryl ent solid
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| astic or other material s. . , ,
P - strong tendency to dust during filling of solid substances in bulk material packings

- optically less responsive appearance of bags and pallets
- condensation effects inside pallets with shrink cap
- impairment of work safety with further handling (e.g. unloading or transportation)

through hot surface of bulk material packings.

The abovementioned problems or disadvantages during filing of fine-particle,
pulverulent solid substances in bulk material packings can occur both individually and
in combination. Some of the abovementioned problems or disadvantages are
anticipated when hot solid substances have to be handled and filled in bulk material

packings, while other of the abovementioned problems or disadvantages (e.g. low buik
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Basically such problens can arise during filling in bulk material packings
with all fineparticle, pulverulent solid substances, which have a higher

. tenperature resulting fromthe type of manufacture or processing, e.g.
follow ng calcining, calcining with subsequent mlling, drying, other

hi gh-tenperature processing or in a manufacturing procedure at high

t emperat ure
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the pi gmgphinesmaghlsat ed from the water vapour by neans of cyclone or dust
filter the tenperature of the bul k pignment containing water vapour is
typically still in the range of ca. 200 to 250C. Due to interimstorage in
silos or ngcbﬂ&gsﬁﬂﬁﬁ&wkﬁ%' (];ca(p.][a_rlgla_eummg ifiling am balki mateeialceackings witbali fing-st i | |
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the mnimal heat capacity. The result of this is that even when | arge
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in production capacity. DE 3 414 035 Al describes the indirect cooling of a
gas containing dust, in which the gas is conveyed via regenerators filled
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From experience, in t f ,higher solid contents in the gas phase the

danger of '%@?%RP%'”@E?%%%%B?MQ contact surfaces increases. The use of

cooling screws for indirect cooling of fine-particle, pulverulent solid

substances is applied in various ways, yet here too the disadvantages with
respect to sticking on, operating safety and investnent costs are

consi derable. DE 3713571 Al describes a device for filling plastic bags

wi th pul verulent or granulated materials, whereby the filled bags are

wel ded cl ose and in brought to a cooling zone to ensure stability of the

wel ded seam



Since the cooling described here is carried out only after filling in bags,
it is not suitable for avoiding the abovenenti oned di sadvantages. US 3 664
. 385 describes nmechanical conpacting o powders for filling of packings,
whereby a pul se of cooled air can al so be used for dust renoval. The
cooling effect of such a pulse of cooled air however is not sufficient to
achi eve adequate conpacting of fine-particle, pulverulent solid substances,
which is why the powders still have to be conpacted nechanically. Besides
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speci al very flne E | verul ent solid
subst ancesuntnss)mqblem @rrdl%ad\'ﬁatéﬂ?w@r a fﬁeﬁiyﬁ* ‘g ‘Ffﬁ’ﬂagﬂ"e DE 3941262
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their solutlon I'n handling and filling of fineparticle, pulverulent solid
substances in bul k material packings. US 3330046 descri bes the heat
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chanber s method das 0@h$'6@f@hle\/\ﬂ’1$i‘9‘{af‘%§e§&@hdﬁﬁp ¢ §EPFTAIRN BTG 42S; RN
opposi te fﬂdrnﬁ ] ‘nﬂé' anieR, FHu%Fulé’rﬁ%ha %bétbh@as S5 WNEAS iwite raspbot td> diflipg
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Ther ef or g, 444 epetulBRt §cﬁlﬁe§&§f‘aﬂ§es"f&ﬁ@u§rphlﬁrhﬂltﬂbmsermmborodledldepadpmurc
probl ens andthelr solution in rﬁglpandfl ng .of fine-particle,

pul ver ul emdes@mlkl,a!wwgt%!hwspﬁ%@r@ Hants fr #g9s. EP611 928 Al, EP501
495 A1 and DE 38 33 830 Al describe direct cool [ ng of mlled goods vvith

| ow- boi | i ng, condensed gases. But this ol n t | ac
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a significant reduction in production capacity.

DE 3 414 035 A1 describes the indirect cooling of a gas containing dust, in which the

gas is conveyed via regenerators filed with a heat storage medium.

These methods or comparable methods for indirect cooling via cooling faces or heat
exchangers are little effective, as considerable heat transfer surfaces would have to be
provided for this purpose. With this method described in DE 3 414 035 A1 the dust




t hrough the devel opnent of heat associated with the mlling, so that there
are no nore ‘advantages during filling. There are also no references to the
. abovenentioned specific problems and 4heir solution in handling and filling
of fine-particle, pulverulent solid substances in bulk material packings.
The aim of nost of the abovenentioned nethods is to reduce obvi ous thermnal

consequences by different variants, of coolin plicit nces,to the
speci f i doadiogipbihegases Wit ea.pad m%msaés VBRY| %'m%é’mm SOTPY aE[‘?b‘%'ﬁ‘a‘ﬁ‘E e*&Fd t he

very hi ?igﬁ ﬁ%bureefgﬁﬂg Susthf B 4 a8 p&%rﬁeﬁtoté‘chﬁ@oWWIﬂhCin&rmamcmllir)g andulk

di spers ments, “and

| ens associ at e thf bﬂgln
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above”‘?“%dhi] rl:%ﬂkerﬁ?st EQH@ hs phhsd tHef@hgépoﬂgtckmbldn thatc@olirig mﬁtact)sorfamst 0 a
m nor extent t ove escrl bed problenms with handling and filling of
fi nepar tincte@sepul verul ent solid substances in bulk material packings. This
applies in particular to the foregoing pignent- speci fic problens. The

obj ect was to provide a nethod, which enabl es i ne-particl
pul ver ul e usel bt coglinge sgievse &% cthdieRtncqlag S EnerPactre d UM SSic

di sadvang gaes, ‘é@ 7L 6&1@8“@0%6@%@9‘3 Slétﬂ%ré%d tH‘eI @sad@dht&@éﬂhﬂhheﬁﬁdtb

subst ances ahg ﬁ sequent fi'l na erlal packi ngs are

avoi ded stickingronf gbﬂy“m%f@Wlaé‘éé@VeéW §P§fé|ayec €.opj ect was to use the
| east possible gas vol ume during handling of flnepartlcle, pul ver ul ent
solid substances and during fllllngf i n bul k matter‘1 E i s in ?(ger to
keep expBERHG6ET Ahfiﬁfr?@bg‘éaéﬁeéﬁfé?f Bingrriastig bags With pylver gﬁnb'h"'% | ow as
possi bl e, alt%} a‘?sdq,hreféb? tﬁ@flﬁé&%ags'ére‘()@ﬁie@fbl@él #eitin beoyghti alewhndmnetn with
which a mxture i Si nIg fine-particle, pulverulent solid and a gas can
be cool eensuteatabihmféh%w&d@f’ﬁ?é‘i"‘ent manner. And it was also an object to
produce fine-particle, pulverulent solid substances present in bulk

mat eri al packings with a snmaller proportion of en as ¢co to air in
the gas ﬁmeﬁ%e@@b@erdeﬁﬁé?egmeir%l‘sr%"ﬁ%‘l"é§”'y aﬂf‘“%ﬁ&f'ﬂ% aﬁgsn@?&g RS in
accor dan g g@d,gga\)gmg%@gs task. The inventive nethod
conpri seg& Fg&gqhglgpg | ]DI ne-partic pul verul ent solid substances by
addition of a cooling agent and following this filling the mlled goods in

bul k ral 913 8l efiasks s, rﬁ@%%@éwarﬁ&&@ c6RPhELHG SUBWISOITDN filses obipabléngone or

nore differen oW 0| condensed gases,, or cons1| sts of a cold gas or
gas m xt wvherebys Dlﬂismfscqy@‘ﬁeﬁ"h‘t’%hﬁlfﬂ/b?rﬂé%foéf"”?}ﬁ%mm nore different

| ow boi I i ng, condensed gases, or whereby the cooli ng agent corrpri ses a cold
gas or gas m xture, which was pre-cool ed Iygms ns .o re. different

| ow boi | iTrh, CQQbh@i@ﬁgédOfg%'frBsa ptﬂﬁ? of GapIgE PIf Rowsvep iy f‘PtcﬁLIﬁE\?'erét 8T8 nce for
COOlb' |nE aéb?: Gé}@'“ﬁo% ctind bf‘gnélﬁalftlblaepﬁlaéﬂul@k %ohdwhwandeenwlh:cb:m avhyutbst gnces
in bul k rater;a suc rcia ail a ags
plastic kyelers G T S G I RTE R e oty of
mat erial Zoart-w@ Eﬁl@@r@%n@%hé' SGhoRghceg N@ith Cpdcialvi refuitdrhéritagwith Irespezhi tol es.
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t hos have i1 nert behaviour with.r
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cool i ng agen! is iORRARgEAGH %I&ﬁéraﬁéﬁﬁﬁ@'aerdsﬂmrof nmaﬁlcalcmﬂqmatmb ardl céth
ni trogen, oxygen or mxtures of the above %F‘g substances (e.g. air).

The cool i thet tagentross duendsd Ry Pirg %B&elﬂ?& rably obtained from
vapori sing | owboiling, condensed gases. Vol atl le nit rogen volatile air or

| ati| bon di oxi d L) cul arly suit g j d
A1 s Sui tBHBToE Seseiibes PiechARAin it hestind pPHBRy s o FERME Bl C° '

cool i ng aﬂigggeﬂ%? rofe?Eo {raR eRbbleGhe aaatibMof ehpeeatalelsenkitise wasking @owder e of
| ess than preferably | ess than -20C, particularly preferably |ess than

-40C, to @addiivesa significant cooling effect.

Since the average particle size of the washing powder to be cooled is 500 pm (column
1, lines 24-25), this method described in US 4619113 offers neither a reference to the




The desired tenperature for the fine-particle, pulverulent solid substances
to be cooled or the mxture containing solids to be cooled naturally
depends on the type of solid substanceés and the quality requirenents of

t hese. The type and quantity of the cooling agent is preferably selected
such that the fine-particle, pulverulent solid substances to be cool ed by

at least 20C, are preferably cooled by at |east 50C. . Lin i [Lf ect
cool i ng $Recigt erabigray with fllingesf; 'ﬁ%@éf'cﬁaPP|WEWf%$IW"#@?%?%@%QREEI lka

maxi mim £0(erial pa%ki-ﬁBR R Mdingbl@@ant used for direct cooling contains
preferably less than 0.0001 nmass fraction of water. In this way, the dew
point of the solid-gas m xture can be | owered, which precipitates to form

aggl omrer BE%J%M‘ J8idHbRE HBE (RNAEBEY PulveRRbitcsubsianta by aseanByof walatitef
exanpl e the

ew point can be | owered advantageously in the_ bulk lid by
usi ng vonitiegers wharelythe siraam of gowder isRealsy %yn@faxk}%ﬂ’%aﬁ Lafise ebr?{ésrg(gool i ng
of the fhﬁﬁ'@é&ﬁté&'\/@th tReM8tig hffdges ol | d substances can in principle take
pl ace at |?ferent poi nts of the manufacturing or processing procedure, for
exanple directly follow ng thermal treatment of the pul verulent solid
substancpg, %éiwfzﬁem RicBE& el diffict @6bling B temeiitoby inhddnsgofi voldtik kitrageer i al
packi ngs. The i nventive nmethod js Earti.cul.argl_jﬁy;1 effecti ve i’lg mj same
fi ne- par whereby the eeraent|it hiasted| with tog Yol ULoggnJINO G BE S B BRI at
hi gh tengggatures on account of process technol ogical or |ogistical
conditions and the tenperature can be | owered only inadequately by
convection cooling or cooling with air, so that conventional filling in

bul k et gpigl nRafddsnagscibbd 36 (DE GoAsHEiP AL DE aderRaT 1 Eaasepbesudively
processes, ich the inventive coali nég_ﬂﬁian have . an adv‘talknta eg}ugl ffect:
[ S

- direct S'tlffu;i:icﬁg"f@n@u\‘ NPt am gnrspvement. iR Ahe filing ProRariag: for BAERY Y

ubst ances

fol | ow ng, h&edimp cl@r@éi. Nghewed deREmichisy n@ithéri gake difeearicectol theg spadfiti | | i ng
of fine-particle i

pul verul ent solid substances follow.n al ci ni nd
opt i onal FeauFemantso. vely flee-patics RYNSTARRF 4R IS RGIB95S TROTBRF [7gience to
pul ver ul gt a5Qlehitriisisd snere droblb@wiang tiReipyslotion inthamaling aret filingnef fineecess or
a conbustion process - direct cool|j r}ﬁ@(and fil I%P% of fine-particle,

pul ver ul @atticis Puleriant selicrbstapreoiRi il RatesR R4 MEF1 1ing. 1t has been shown

that with fine-particle pulverulent solid substances havi ng an aver age
particle size of < 50 Nm preferably < 2 but in rt&icul 1 &R very
fi nepart iU$ 3330044 %ﬁ?rmsu{)hénl‘e%to?’f%'ag%gieg 9RSRA ﬁggaftweé%ﬁé%goﬁ)'grti cle
tsihzehof drsuﬁstgﬁéeso@ﬁttl!&%bgfdé’sigé Qal‘faé@e{olmen<5%huﬂm w?érebv e device ccomp]giﬁiegt ies Fr
e handling properties depend cl ear on ] enper af ur.e, r.exanpl e
the bul k seuerghinteseormented cHAMPEISIS Uﬁ%ﬂ'@PH‘iﬁéwﬁ'Cééﬁ“? gg%?ﬂfi?%ﬁ%@o’ KRS H ar o
filled atinkt@"bé&@?@&ﬁ’édﬁbﬁ. in the customarily 9 used packi ngs such as

bags, barrels, big bags or silos, is significantly higher conpared to the
sanme product, which are filled at higher tenperature in these packings.

These fi nedRbit sk forlthis €ExicpBive 3l iadargelpiantity ©f codinhgas Golegdirechdhei | | ed

can for exanple be titani um dioxi ae, iro Xi de hr om i e- pr oof
pi gnent s, methird @ceRrdipaly Aes similargdisy Y?’Ea%sgﬂg'?ﬁ gt?dvﬁésﬁ%ﬁe g%‘ﬁ?éhs%;ltthsll%%goot or
Cement. guantities of air. Therefore there are no references made to the abovementioned

specific problems and their solution in handling and filling of fine-particle, pulverulent

solid substances in bulk material packings.

EP611 928 A1, EP501 495 A1 and DE 38 33 830 A1 describe direct cooling of milled
goods with low-boiling, condensed gases. But this cooling takes place before the
milling to optimise the actual milling process by increasing the friability of the milled

goods and does not consequently lead to a solution of the abovedescribed problems.

The drop in temperature caused by such cooling prior to milling is generally lost again




The fine-particle, pulverulent solid substances to be filled can also be

t enper at uresensitive conpounds or sol.id substances coated with

t enperat ure-sensitive conpounds. The Pnventive direct cooli ng by a cooling
agent can for exanple be carried out by the cooling agent being netered
into a feed pipe for pneumatic feeding of the fine-particle, pulverulent

solid supstances. It can also be advantage 1. d i nt in
at sever Hrough "E% Ps}ﬁ?b%??hcg?‘GBQ?%SPEB%%W'@‘ {P% S"é@ﬁ? gssoeth%p@ﬁg%)%ed{r}ggg%

t enper at gdvntdgestdarisg Miyg.t he cool i ng agent can optionally also serve as a
substantial contribution to pneumatic conveying. The cooling agent can be
injected into a supply pipe both in the direction of flow and al so agai nst
t he direthérenaref akbove refefzenes ng the abloeémenticied ospeciic woblghts and Bigience of
t he cooling. agent is. ainmed.for. The device for inv ' ' t. i ng
conpri se§°'§t'%§bﬁ‘%‘ﬁwgf g 5ifineRs e n%ué\geglélaﬂtggéﬂg‘s ¥§ba.c>gér{c§§dp ;t?‘@d
conpoundnfitdral padkivgen reservoir and supply pipe for pneumatic conveying of
the fine-particle, pulverulent solid substances, a nozzle for injecting the
| ow boi I i ng, condensed gases into the supply pipe and a control and

regul at i wge n@@haninssst Fhiheadbavehaytiondd netisodseishaa redudenvbyiouss éhefmabct

cooling over the nethod. of indirect _ cooling-vi,a.c S L.s. that no
| ar ge coRPRREAUETSEa \és‘ﬁfgﬁrgntr LA %(fff%ﬂp'?l%anéhr%gn%F%?&ﬁsn% i 1(:%? Sér:llﬁct he
cool i Ny tetimsite f dine-partiort polverlidny sbiids satstarvan, evgt thei vedy higbtreg@taniends whi ch

has parti cul arl dyant ageous effect . |if 2 t - itive
mlled g&’é}gs’e??‘%’ﬁ)?%ﬁﬁe 8?9\%}%&??938'33’98"%P%BEH@WS%@F} ae'?‘ %?hgrtgé ? ar geiééd ina
short pemksstiat&y witkSilling incauipmatesiahpackingk aredotrte b fowwl hetg t here is the risk
of | ocalised condensation, 10 in particular in the region of the cooling
surfaces on account of conparatively high tenperature gradients in the

mat eri al The drgwisarltethe Abeveatbntioteametiiods liethahthentdovet eliminate arsordyipar ed t o

cooling with |arge antities of ai.r fromthe i . utees.on the

one hand sPst°t£I‘1§?"9%f éﬁ%@tthﬁtq%z?i"??fslcggﬁJeProg’?wedn%t\'\ﬁ\(%az{a Br&%%ﬁ?ﬁg%ﬁ@é can be
achi eved phfRm®, dpulastlileAO@biidGsubstanged dnv-tadk | matgrialc packingse dT iR sapplien imccount
of their vaporising.enthal py. On thef.oth [ hand wi the the inventive nethod
a snal | erpav@rll?ﬁp@rgf@{§§°'aﬂéf§9é“ﬁ”§'sP%%dﬁ ?@g,em\fhi ch substantially facilitates

separation of the gas phase fromthe fineparticle) pulverulent solid

subst anc ri.or to or durjng filling.qof | K (- i
Fﬂrt her m%'s ?0'%1?@ wasto B'Fol‘J’ s rpe'éh%é,a\?m% 8%?‘%%@@* :f@éggﬁ@!gdgrg S/B[u)}ent
di m ni shegiid &pes probessadiduah tien teaabovatiestgibed dishdvdritagespritht the hendingl afer ul ent

solid substances by humdity, dust. car i 0X] . i nitric
oxi de, oi'l"e %‘l“’%ﬁﬁ'ﬂrs%gﬁfjgﬁﬁaﬂ%ﬁ %'pc?glgﬁns’;a Eéé&&ep Ff"'wgfjﬂ@g ore'q%voi ded.
I n parti qackihgs bre dvoiedastheoiliipohatdeast sxtehsiesy.of fine-particle) pul verul ent
solid substances (e.g. after chem cal treatnent with correspondi ng

conpounds) undesired neutralising of the surface by the acidic constituents

in air coaldthercetjéctwass td arsgethe Ueasti passibleo hasivioluaree dudrgl harglimgl ofyfine-he

resi dual npj.stness of the fine.particle | Mer ulk sal.i . anNces 1S
reduced b??r{'cﬁ% %@%%F'SQ{)P{;IH f/‘ﬂht?faq%ﬁ%riaglldt 9”@\5 ﬁ'ﬁ@jgg%glrk a’%@@i?@a&ﬁf @ool i ng
agent . Al grieughkesbysgenditure dating) gepdratidnmef-thergas cind, dysti Exteaatipe @s 1ew|asd
subst ances b?é’ means of | ow boiling, condensed gases is distinguished by

rel ati velRPSH costs for the cooling agent, on closer observation this
effect is surprisingly overconpensated by a whol e range of advant ages of

this nmethod of. operati.on. B f - - QW V, can
result f r'Hrﬁdf’ﬁ'Q”E%&)@S' 'R‘@%%algﬁggtetgg{&?%gy ég\f"}%%\g%@ﬁrh% 3? )ga%n%?%m t he

| esser spgdinkiparteie; puiverdentosolig aand( a ejast tare be costsldi sy simple eang effigienty
tenperature-sensitive plant parts such as e.g. rubber seals - |ess danage

to tenperBE0P¥: sensitive bulk material packings such as e.g. paper bags,
pl asti c bags because of |ower tenperature of the fine-particle, pulverul ent

solid subﬂ‘g R(\:Nea% a s?o grga ogjlelztl tg%roduce fine-particle, pulverulent solid substances present
in bulk material packings with a smaller proportion of oxygen as compared to air in the

gas phase between the solid particles.



- the option of using nore cost-efficient packings because of |ess thernal
| oad hi gher bul k wei ght of fine-parthIe) pul verul ent solid substances at
the tine of filling ' ~11 - better Vventilation during filling of bulk
mat eri al packings and silo vehicles on account of the |ower viscosity of
the gas phase - higher fill quantity of bulk material packings and silo
vehicles - faster filling of bulk material packings and silo vehicles -

| ess danmege to bul k nmaterial packings (e.g. paper bags) from excessively
hi gh filAimgtheal i a deoke ineadeordgndeowithsClaitas | hearkli RBi sgiveofthis task.
fine-particle, pulverulent solid substances in bulk material packings -

| ess gas volune in pneumati c conveying or cooling; therefore smaller filter
surface fi igsitive enemall Esraprisebedigss coolihg gifefind-phiticleg redvsadénty solid h

constant filter surface -, opticgall re.r i Ve
of ‘bags. siRHtasaPt BY acdtipat Hanfal pdeTirareraRautls Rify BESRRAE Bsobsn I EIPoF
ot ovene R B ot | onert erPEL At e g hont iq‘E,mﬂS?p@p '
_ ] . rou ower. . r
fi ne- par fifferest '%@W'MF%#G@S? 4 %3015’5?%# &I'etggggrclgﬁgjagucg§ggt?@ﬁt{a?ﬁand I ng
]g e 9. ! IC)ﬁds rg%an@rratécr Bylji?r&fhrnbadfic:m) orTinerec diffeest ave boitiig, tdeadenaedngdsge. fet hod
oolin I ne-particle ul verul ent, sol | i
proportiWHg@PV%\%g‘?@'nQﬁQF &) %ﬁEﬂaaCQFdeQ%. 6r&a§gﬁ&@g§§@ﬁ%ﬂu§/agpg éés/d ? hleOWer
ﬁSSﬁS nagwmewes?flc&nerr@f @ofe Hiffatene lapboiting, coondemsedegased. Thipanethgd d5 of i | 1 ng
isns as well _as a J esser tendency tg@. , : i :
responsi PEUEYES E‘Qp'f'ﬁwgaHPﬁﬁB 'ngfar?‘ﬂﬁ'ﬁ}‘f(%@f"q%%gn%gg%gﬁsg%lgér%égfﬁ;ﬁt i ve
g}e; fr;gﬁt L_ §%ﬁér§dﬁ§% Bﬁlk)gnéiéiiélﬁclgipﬁjisueh:as eap lcommenéiallynavadatrie paper kaggani ¢
, eir subsequent ing,in.bul k i al j ]
D R Fhcs SseACTo0MRTY G i) chalifele BB Y ief b Baerhpcause,
t o di spenpkhtetdd Edn&8EBS berefidiahivith fiing aitevahicies.t he rheol ogi ¢ properties or
the handling 'of the ground pignments are of particular significance. The,

speci fic advantages of the inventive nmethod when applied to pignents are
that subskipiidsal congsounds, which eavpi igertritehavisurc hvith esprst! talithp 8neipsrticle y,  good

optical properties an ood handl i,ng of gt d, pj i il L i
bl k. mat Bvivaruioss SR geoaes 2 SHepter PisSUBBR e beUES eBefd ThA farl By 08, ("
properti s @kampr hndlgasgs peament diesidef nittageantaxydepenrd miduessdef dbey on

their tenperature. So, for exanpl.e, the bul k weight of pignment whi
11 ed aPePUHBPMEBASSHERENES RO normal 1y used .~ © oo e Are

The cooling agent used for direct cooling is preferably obtained from vaporising low-
boiling, condensed gases. Volatile nitrogen, volatile air or volatile carbon dioxide are
particularly suitable. Solid carbon dioxide is also suitable, particularly when it is in finely

distributed form.

The cooling agent used for the direct cooling preferably has a temperature of less than
0°C, preferably less than —20°C, particularly preferably less than —40°C, to cause a

significant cooling effect.

The desired temperature for the fine-particle, pulverulent solid substances to be cooled
or the mixture containing solids to be cooled naturally depends on the type of solid
substances and the quality requirements of these. The type and guantity of the cooling
agent is preferably selected such that the fine-particle, pulverulent solid substances to
be cooled by at least 20°C, are preferably cooled by at least 50°C. Cooling via direct
cooling is preferred at a maximum 100°C, particularly preferably at a maximum 70°C.




~12 packi ngs such as bags, barrels, big bags or silos, is significantly

hi gher conpared to the sane product, .ghi ch are filled at higher tenperature
in these packings. In steamjet mllinRg of pignments the cooling of the

m. | | ed goods can take place, for exanple, directly behind the steamjet
mll, after a separation device such as e.g. a dust filter or a cyclone in
supply pipes or imediately prior to filling in bulk material packings. It
can be advantageous if the cooling agent is added only when the parti al

wat er vapasicobRrRSagert ukd foredigms cpbimgecantaind prefiérablgdessothds G.0001Texaapl e

al ready has_adequately |l.ow values due.to.partial N Ghd Hijon of

t he vvatefraqé)ﬂo?fﬂ”?}?r'de{rtt“si"Y‘?yoh?eéeW(?og\/c?f ﬁ"et %%ﬁagg%x'ﬁlo}ﬁﬁg% Qﬂeﬁlﬁ‘é"gﬂ@éé’r ow as a
resul t ofyhibhreedipiened ioform Rygloaterdtey with tdéminished serelanty tot safiil Iskibstgneespor t i on

of the gas phase cont ajni wat er v ur 1s _fir r. d. qff..if pin t he
ground pRyHa ¥ exRgAe, CF p%'Pﬁ%%?"dY%ﬁ??d\éarnzé%ec%fgpﬁd@weab@{(rs 8'(':({ 8)(I:ool i ng
by nmeans yghgaorerR! ritiehenoeti its kiiemebenimimaliwateradongenpor ti on of the gas phase
contai ning water vapour is carried out for exanple by neans of a cyclone
and/or a dust filter. The inventive nethod is suited in particular to

titani umodofnd Bethei faweestricle URivieeulértesotidl Isobgianaes| aaenio eriotipledate placaraé on

paraneters_such as the, bul k i,ght during f.illi . r.Li : e

i nvent i v@'ﬁ?é?mo%?"ﬁ?ﬁetgetraarﬂgg%%ﬂq 8[le5%%§8'3§1\})5§%§§£%[}(§9 %érﬁ@%ﬁ]&{ec%l?t ani um
di oxi de qaiRWirg esmaticatmet of treauliepulentyselic gulptarstes cinrfeedepipes or directipr

di spersi on dtye@. and OQ aﬁcoqnt of their specific conmposition have a

parti cul &Pyt fipady PRk RAteHA! Packings,i s way al ternative methods such as e.g.
granul ation or pelleting can be dispensed with. Al so, a di sadvant ageous

i nfluence_on the tendency.to disinte tio f LG.addi Ll t he
pi gment  Sier HYENtve; Me Eggﬁ&'gyla@é\r??%g‘é"lel 3 tﬁ? i @iegﬁﬁ‘ﬁebggg%"lﬁ@m%oat ed
pi gnent s dubsahédsy brel e@afidadup@sesssldi sthhighnempenatures ool ascohetvel progegsat i ve

effect on the shade of calqur. This is | jkew se avoi in tive
met hod. TRENOIASAGH iQfeIOHE‘ﬁﬁ%dc?%d'tﬁgPt f’%%ﬁh?ﬂ‘?”l?&ﬁae?ﬁ%c?gﬁ t?%/ |é\8§rg'ga}§ﬁ|2t eam
jet m |l Snadequarsy By edniettipmicadlingl oracablingavithi gih st thatcontentional Hiing iachi eved
inthis V\B.){ can be %I??.\Nereg i Es terrﬁera% ureblonl y i nadequately through
convect i dtcBaIeALPAFINGE ABFACESANEITEIARTP P P3 et hods. The inventi ve
method is also well suited to iron oxide pignents. The advantages here are
simlar as for titani um dioxide pigments. Wth oxjdi le i.r i

pi gment s, BX@mples FQSrP"B‘i‘?Sags'p'f’gWﬁ’Fé ™ %Wef%@'ggn%agi ?%uc%a rl‘grq%htﬁ%érégﬁl s al so
the fact dfeat: t hrough usi ng non-oxi di sing gases such as e.g. COz or N2 as

i nt the t i dati dur i : : i d
ctoring caresogies gnt 0ng g e utie: Siaehlul afvasiS o R ARRRG " A1
at nospher i gryingyg@npdsyiblyheiliegol i ng agent. In addition, the reactivity of

t hese pignments as conpared. to si dual ., porti 0 |C nis
clearly detgfrﬁgs@%o"ﬂ"ﬁrgrﬂfgﬁﬂ\ng\/\/o{ g'ﬂf)’é’?gichef eé@‘deg@ggc%?ﬁlggﬁﬁgﬁﬁ?efc?Préve tive
net hod dur eglginingldndroptibmalipaghing By means of the inventive nethod it is thus

Cannot. be* GiBantPans e 8 S ABRRREIE eeElet SR heBof TaltFuRs '

ef f i caci oupymiytit imzgutaetiing grezes bea cambustahpradessed in bul k nateri al
ki cording to 1f t ] | - t
F ﬁg Isg??d? |g$c[t icle{;'lgg, grgitﬂl?@éfﬁﬁ@%a&lc@ev.t u‘%ﬂ%ﬁ}(ﬁs@@é sh?s&%é&g}%%:gﬁn{i@%ﬁeahﬁ ween

particul ar jat ritieg.er ably |1 ess than 15% by wei ght oxygen or a mass ratio of
nitrogen to oxygen of nore than 4.7, preferably nore than 5.7. Because

fine-particle, pulverulent solid substances can show clearly differing
r heol ogi citbedzaveenrsndenethat mgthofines-particlei puleernieot isplid rsubsteocsss bavinafanienci ng

of the conveyi ng properti an_b rt t j Ll ection
of the adarerbeniaRerrare bt g Mol k< 1t Ao HEperBaR Al R fre
dependi ngpatiicieheRTY peiverlienbkold substannes paving ab @veragarparticle sire ebcHarMcal

conveying or. only after caonyeying c . efigia i Ng

i medi at eP?mﬁ?"PE& ArefeEb an q/"ﬁ %&I @%ﬁgggf%%eﬁ%g k‘lg'Jn{g?.’éa h%nndﬁhg%éﬁﬁgg%%nt age.
A pref er r ddparidocidaneon tidir teneperaturentSoofor iexamplectbel bullh weighh et finergadicie, used
for pneumat)c conveyin nd to Lry ot direct ' f i

fi ne-part Pt vgr,u?%ﬁgﬁq aﬁgﬂ§ncse3, iwg&é1 u%’& Q%geét l§§’i tﬁgﬁ’t%tg'%c@ @EE@%%“)}?F% air
as cooling agent. The tenperature of the conveying air can be sel ected such
that after being m xed with the fine-particle, pulverulent solid substances
to be cooled the desired final tenperature is reached. Cooling of the

conveying air can be done for exanple by neans of a heat exchanger or



~14 via direct supply of |ow boiling, condensed gases or solid carbon
di oxi de .in the conveying air. Cooling of the conveying air by neans of heat
. exchanger can be carried out in accor dance with any nmethod famliar to the
expert. It is particularly advantageous with this nethod of operation that
indirect cooling takes place here in a gas free of solids and that the

solid-gas mxture is cooled directly. Cooli.ng of .the A i sed for
pneunat | BSRIRARKINER §UEH F%Lag% @Eﬁ?a@ﬁ B3P% AT ?‘R’g' PiS ?Egﬁ@{]%&e{%rq%u \?éerdJul ent
sol i d suRsfrans@se bde, anheste ditlad e higher ténapavatuebinethese packingss Thegshnol ogy

ternms than cooling of as,. containin olid S_.ocLur m Xi ng
t he convBY§-RaMSler %V?rH?ePﬂémeﬁ‘@ng%{PFF g? ée Cp?l?'fe{?e%ihcﬁl}ﬁ% %ag\ @E egﬁraél'%gé]eces to

be conveygdiun Hiokide k&0 oxae SéHadrRiurDoxiderifade ptdoé pigmets, aotogredogjemiets, By way
of exanpl e, both cooli ng C{f t he onvei/irn% airt (directly or indirectly) and
direct cBERRPIgNeDeTBE-RHLEHP G Y B YH t he | atter can take place, and

additionally direct cooling of the solid-gas m xture (e.g. with

| ow- boi | i ng,, condensed gases) can bhe undertaken. .| nde he type
of cool i H-Bgafﬁ‘é?ﬂarqqlﬁ’t%‘%éég% %‘ﬁ'gﬁ*’g’s}aﬂ%%tt? @8%9 h(%g %ggl%lgpt %h‘%e%% ing of
fine- par theditee PednvsSuRbENtor Seblidl subssdrens esobtied opithi clemperatwetreseitive ont r ol
and regul ation of the overall process with respect to tenperature-dependent

par anet eF8MP8UNESy t i cul arly advant ageous. By way of exanple, an optimal and
constant tenperature of the fine-particle, pulverulent solid substances can

be adj usted by regul ating.the additional  quanti f t t he
cool i ng J@@d‘ﬂ‘{enalé%aﬁ%‘?tr?@gm by,8 %P@Iﬂﬁ?e,nt gﬁ'a?{’rh%}ém&l%hgg%grego%gyﬁﬁ%

propert : @8oliNg édéﬁt p&iag evdtered iritgra feed bipedobpridumetic deedirg ?fabkifing@a_db;lle, be
precisely contro , optims an ept .const an [ , e,

pul ver ul @vaegﬁ?qt§°§85§?£ﬂl"§§' 'grc@” a%ﬁ?ef)@d%npqgggu% ¥ %Q%g‘re %?B’g@%?é’gﬂﬁst ic
bags Vidaa@séi/érlﬁli diferent fpoihm, ﬁm]?tfslamf tdsad:l"iiflﬁ ésbdrgs@rsp amtempliratuggpe this ur es 0;
60C and over the use o ost-efficient astic ba : out of,
pol yet hy M&@&Yethr © ér‘?p? | e PPN \ér?ésfdglsﬁver i e%%ﬁa{tsn%%l%?ng%gg%ﬁgand
expensi venelimatic oragidmgwi t h hi gh tenperature stability can be used for this
purpose. By neans of the inventive nethod it is possible) however, to nake

use of cost-effective 15 pol yet hyl ene or pol ypropyl ene bags, instead of

t hese costHeycdoling bhénttamspe infictddhint, a sapply pipeaboth énfrer ditastiers of flow laedr egi on
of 60C or less is generally required.. The use.of nore c ; v paper
bags wi t 7130 PORIRS! t@q aﬁ‘?‘?t'iof‘ﬁf ﬂBg” BW|rpa%waFWﬁr 3tr%%?rh§§|htcﬁﬂ@ﬁd§ cgr

synt het i gnhg eoBTIMGEIYent ik Airkdtefor.egi on of wear is feasible by neans of the
inventive nmethod. The inventive nethod al so enabl es the use of other

packi ng neans, which are not durable conpared to the tenperatures occurring
accor di ngriedddvite fBF invéntRetdireet @olitid corbprises zareservoin farllaw-boitisg, wiondendedi nal

thermal |oad capacity or other te ratur L st icNg.

Exampl e 19558 paL ol Sl e R HOpRE Fostal Bl Epely B fbr pRARRITE.

accor di ngecdrefifg opthiedfineaparticle, pilesralent sdid substasicesna jnerzlerifér| injecting the
low-boiling, condensed gases into the supply pipe and a control and regulating

mechanism.

The advantage of this method of inventive direct cooling over the method of indirect
cooling via contact surfaces is that no large contact surfaces are required for heat
transfer. in addition, the cooling takes place substantially faster than with indirect
cooling, which has particularly advantageous effect, if there are temperature-sensitive

milled goods involved or when large drops in temperature are targeted in a short

period.

By way of comparison, with indirect cooling there is the risk of localised condensation,



The product-steamratiois 1 : 2.2 parts by weight. The tenperature of the
steamis 260C. Ca. 100 nB per tonne Ti02 ‘conveying air together with the

. pignent to be ground are introduced i o the steamjet mll. The
tenperature of the pignment-gas mxture after the steamjet mlling is ca.
230C, after the pignent is separated off fromthe gas phase by neans of a

cyclone the tenperature of the bul k pi nt containjn . is

ca. 180C. inTpasticarap thgfeginp Jrihe 15Q0 s@%gg qrga%cg_ungg&)c%\@b%p\\éﬁf?ﬁhhe wat er

cont ent féﬂnaemu.@a%&amﬁwﬂﬁlmbmtéaezbaad.i s ca. 0.2% by weight with a bulk
0

density of Ti02 0.5g/cnB. Following interimstorage in a silo the bulk
pi gnment contai ni ng wat er vapour is conveyed pneumatically to the baggi ng

&_HChit ne. Tﬂ@@d@éﬂﬁéﬁél & 'éféth@fntvdh’d'i\%dnémd?}!icbg\p:?:rddZﬁO_$03®gT®i“p@f9¢ quaTditias ob. |

i nety- seven iquid nitrogen per .tonne Ti i,S .intro upply
pi pe vi adig figpy theeamipigat feé’ﬁﬁf’g?télfqrjf’% tg opfdanf s Aialid 5?%§$®§%g%t%]§?{r eis
her eby | qRf EddAy 14kt t earBYe. athievathitfesm caindotneoating t bsingy dewsdodlieg. i s
accordingly ca.1 by weight, \M?i | e the.waterthclontent of the gas phase

rel ati vecersienserbgasesop dcgoud,of el ERANYPHER Y separated fromthe Ti 02 in
the filling silo, fromwhich the bags are filled. The tenperature of the
gas-contai ning bulk pignent _at the tinme,of filling in pa i S. 60C.
The conp®¥i theopther haRd Wile thealbuerive Woethof 2 Sﬂaaﬁ'gﬁglf’ﬂ%c&géaéﬁﬁﬂ? ]Elée%paper
bags i i 6 r%?%@yw}ﬁ&l%h?éubs{‘é?tialwghzcm%tw slaﬁérlgh?n goIB.thél' ltgasvmase fmmttbﬂ(t)fin@f t he
gas phase relative to Ti is calculate :

wei ght . PAdElSe Rel¥erulept 8plid ?H-[@taf’ﬁﬁs Riig 20 I‘?éguﬂ?ﬂa h@(q ﬁgﬁg* Q?ager%[} %@km\/%y ght of
adsor bed pyyah&mord NRe Ebdtlof Bastaadova ol thkigas ishedmaiderably diministeedf i [ 1 ng of the
bags is good due to the high bul k weight of the gaseous bulk pignent. As a
consequence the pallets have an optically responsive appearance. Exanple 2:

AhPOSt -t %\%H%{rﬂnﬁgﬂ%bﬁdnﬁﬂdﬁﬁ@idﬁnﬂwdim?ei-ﬂmicﬂé,gWnérurmmsbmttsubsidne&scby ding to
the prior "art for dyeing plastics is mcronised in .a steamjet m W th
the addi tugydityf dusbs GRFONRdiRdey F SUPhUT | XI5, 95 'F'fj“%ﬂé'g?’u?? ﬁea#egeaﬂ‘é"n”@é of the
met hod URoh@ndihdrtd REm hehfgi réaldeaver dvoidedi m Partioyibe i thel caseoofta hasict o
Exanple 1 the filling. is done into

.CO rcially ayail ahl ene
bags. owsa!tfefémﬁftf"@rwwéemwef%’i}#ﬁ aﬁ“@s‘?%rfceﬁﬁs-\ﬁgaﬁ SHEMY '&%‘%’?E%h(eoq
at the tidgReSboriding icompolnds)eumddsid opataiisingadfs thdesudfacs bo thanagdicat al |
to the bags. The fgi |11 n%; and vgnti | ation ﬁehai/i.our during filling of the
bags is ¢opstitaents inait s AGRE WhED JAIES apaniiies i 27 W&ugsﬁg of the gaseous bul k
pi gnent. As a consequence the pallets have an optically responsive
appearance. The pignent is parti arJy suited to dyeing. j Lt is
possi bl e Ripallyt ithg sesidypb "B?'@E’Eﬂ% omé%tf\%?p%cﬁ% F?LH‘éerB%ﬁka@fdﬁé@%‘ ér"gc%ts I'I§' in the
t r eat ment oRfi e Sthe BXSEFBAIIE of Rurhiditpof thengdherallgieerpidgyresdiingagetced accor di ng
to the prior art and posttreated and dried with overall 15% by wei ght of

Si 02 and Al 203 (relative to Ti02) is mcronised in a steamjet mll. The
further sgH&REErRigehidecodRid16tififepartivie, biiaéruient ElahpubstanceT oy Meansi ofg and

Lot ot oA eea BPgr e B8l PO S o 8 o
consequenggent Nén BREECBseMation ahis agffect &l Syrprisgisgipsercomappeaiediby e Wikle
pigment | rsangg1 rotfIa(ijl\Jllar(’ilt'ralgé/s Séy Itrgise gnettr?oé rcla? oBcrer% |<l>Jr(1:.tI§)9 'evagf ofdé@?rﬁﬂé - fcqpé%g
advantages can result from the lower temperature of the solid-gas mixture and from the
lesser specific proportion of gas (relative to solids):
- less wear by temperature-sensitive plant parts such as e.g. rubber seals
- less damage to temperature-sensitive bulk material packings such as e.g. paper
bags, plastic bags because of lower temperature of the fine-particle, pulverulent solid
substances to be filled
- the option of using more cost-efficient packings because of less thermal load
- higher bulk weight of fine-particle, pulverulent solid substances at the time of filling



17 Exanple 4: An iron oxide red pignent (Fe203) produced according to the
prior art by calcining frommagnetite, js mcronised in a steamjet mll.

. The product-steamratio is 1 2 parts 10&/ wei ght. The tenperature of the
steamis 260C. The further sequence of the nethod follows that in Exanple
1. The filling and ventilation behaviour during filling of the bags is good
on accounf _of buI ej | B acupP, it is
possi bl e E;%t?efrivppﬁgﬂcgggy ﬁw&é{g@%km&%ﬁ rl;?ﬁgi anu@\edtjﬂi?hleeﬁe or pg(l:ygr opyl ene
bags due bﬂthbh@:véromscbeltm@‘nae paepli@@C) of the gaseous bul k pigment. Exanple
5: A nick tile eII ulﬁﬁﬁsl ng to the prior art by
cal ci ni ngﬁpg 3!"0‘1&&?8 tlyr?f g@/arqmgﬁ%tpagfr?& "g%ﬁ%g:snt erimstorage in a silo
t he bul k- fastaritihg iof b matsriad packingsestnidcsiib Ivghitlest he baggi ng nmachi ne.

Sufficient liguid nitr ' RéEsRERGiIGH fllidy Nozzl e
for the fkﬁﬁé%ﬁl%?gﬁ’f‘&tg'ﬁ%eé%' e%&'@gg?%gdp%%?rgﬁ%gg{&#%e tlsrregoflgﬂl "i?gl ng in
bags to beokfe. The filling and ventilation behaviour during filling of the
bags is gpod.on ace [ £dss btk

oy gment . 5o EPePEr &'y Bt Gitp ook pllter et 0% ARSEACES B

pol yet hyl emtemil pRckiygs opyI ene bags due to the | ow tenperature (60C) of the
gaseous b t &ih L‘chetfg t he
prior art’ %Paggﬁ‘me ' png{fﬁaﬁc 9%1 y F\Q%f%oélﬂ th@Fé?ﬁr’g gas"@g %;rg and r

i nt eri m stdpsednovakfran the gfrarhighee fiing bapasiy with songantditetsritaceal | y to t he

baggi ng mac Sufficien itk i into the supply
pi pe via -&p R@@%Fbo"? Eﬁs ﬂ%V% a%g\?% urtgtro?&ﬁﬁle %gé@%us ‘gﬁllg% soot at the tine
of filli agesismubddity ib thebpro8dEtnrdhgh abdarbhabiitnatthe epelingagedsh behavi our during
filling ofthe ags..i the high bulk weight of the
gaseous B Q02" a}i?'i&g’%g%aﬂ&sEa\ﬁtﬁ%Mﬂf]k 8%

I'STPOSSI R fill the product in conventional
pol yet hyl-émprovempol nprarpshistetrivaugh Idwer tempenasuteosf the ppefaged fiseadicle. of t he

gaseous bu'@ve{lﬂ tprs‘EﬁangpﬁsthcéA‘ RARG! I dubs L.%'ﬂan'\al(cﬁ'néo‘@ gP’ RYHRE or

accordi ng R F's™ground®in a eam | et After extensive
separ at i onrarfspbitstiopns phase by neans of a cycl one 18 or dust filter and
interimstorage in a silo the bulk pigment is pneumatically conveyed with
nitrogen as conveying gas to the baggi ng machine. Sufficient liquid
ni trogen Tre torsequermedofi thednvdndive u\prpihgd Mrp@d«na finerparticles Fubverylerd solid

e Rl S LT o i i £ i o

be a maxi ven aV|our durlng filling
of the baa]sa has theadided advardages oﬁmoneerehatmowakommcgmsedfcapﬁ@tyg%f ¥Bds bul k

pLOTeNt . REAEHIoFE 3o LBl 351 ¥ osk LA AR 1oy 08 ioResHIRIRd O

account ng temperatu et streammnilled magnetite
exhi bi t s apticell dppearahce ef ipdividual tmgs op asliats: and di spersibility.

The inventive method is particularly suited to direct cooling of inorganic or organic
pigments and their subsequent filling in bulk material packings, because particularly
high demands are often placed on these pigments with respect to dispersing or
fineness, and at the same time the rheologic properties or the handling ‘of the ground

pigments are of particular significance.

The specific advantages of the inventive method when applied to pigments are that
substantial demands on the pigments, such as good dispersibility, good optical
properties and good handling of ground pigments during filling in bulk material
packings, can be fulfilled at the same time. The rheologic properties or the handling
properties of pigments depend considerably on their temperature. So, for example, the
bulk weight of pigments, which are filled at lower temperature in the normally used




Exanpl e 8 (conparative exanple): A post-treated and dried titanium dioxide
pi gnent .produced according to the pri.]%r art is mcronised in a steamjet
mll. The product-steamratio is 1 : Z 2 parts by weight. The tenperature
of the steamis 260 C. Ca.. 100 nB per tonne Ti 02 conveying air together
with the pigment to be mlled is introduced into the steamjet mll. The

tenperature. of th ignent - ] le S =YY o B M kg A 230G
after sel ng?oﬁlﬂcﬁfa%t spf’ﬂﬁ%ﬁt%ﬁ@ﬁ% 1(:;6 ﬁg‘ﬁ%sgsls %szigé Abts h _aérgsdoo a('% cycl one
t he t enpgeatariesprodudt hehittubie fified @Ehigherdatmpersaturg imtese peelirgsr i s ca. 180C.
The water content of the gas phase is ca. 95% by wei ght, while the water

content of the gas phase relative to Ti02 is ca. 0.2% by weight at a bul k
density pf si€a2jebmiling of pigtnenEotieovbaliggiafttee inmillest goedsecam takesplaee, tfie bul k

. ! o . . . q ool ,
e ne. SRR PeBind B Ha Jot Il L6 2 BEGaamL 68Uod shéh pp'e D N0
wat er codtgrifiteobr aheyclpae iptsapplyimpesaor imedigtelyeprightte filinglie bukematearial

tent of th h i ] i d . th h
o separ BrentE fripri stadtoly & P Py 4t s fadd odly aifen fhe pdam PRISC
filled Wagrivapparmbssuze of thehgasgpisaseus theiimkligsl gonsistfoaexanple riraadyohasg i | | i ng

i n paper hags.is, 110C The co il f - ; Ti 02
particl e?g‘?‘ﬂ‘aﬁ\ébﬁ"a}g eso%Lbes&)l é%@g%rﬁé&g\%&rédﬂ@lcﬁ]gﬁ t@%%%%\g‘%ﬁg 5&?%\ 19
The fill brigr enavoicihiei deat paimt falbhgbielowrasdnesuitjofiditelct ¢apling. t he bags is poor
due to the | ow bul k wei ght of the gaseous bul k pignent. As a conseguence
the pallets have an optically |ess responsive appearance. Filling in

comrer ci @réfgrabiyabiterbine steameiehyliting a0 portioh yairtbp ydasnphasegeontainingt Wales si bl e

on account of .the_ high i i . A
post-tr gé(?%ﬂ‘rd‘ﬁars&rsiag%fa{ei%@ﬁfr%%h?&%@@é@ﬁ@tﬁgﬁgﬁggﬁ?iédgrg’g@gﬁ@ nég})t% o the
prior artard Sodled viandireecdolingi by tresams job b avpling agdné Thie deparatingeefra pertien is 1 :

2.2 parts wei ght . The_t enpe f. St j a%ﬁﬂ ' 0% 48 per
tonne Ti @ﬁlﬂ{eog% Fﬂﬁe 8?’??3'8\“8 \?/%t?& g%ocugds :“(Q)'S'S? hogg%vd% t ée:begi grr%r;r]lst tho be
ground t @ytlbee ahd?ama pedt filtel. | . The tenperature of the pignment-gas mxture
after the steamjet mlling is ca. 230C, after the pignent is separated

fromthe gas phase by neans of a cyclone the tenperature of the bul k
pi gnent Opetiaveriting methed is/ apitear ini sarticuldrsi@Citamoml dinkide pigmerts dvedpithe st or age

in a silo,the. hul k pignent nt ai ni t ' : m

Ipneuma!ti SHPNY 'fﬁlﬁefeﬁé’fgg‘a‘aﬂ?gﬂﬁgﬁﬁ%ﬂ% 0 %ﬂ%@ggéﬂ#(ﬁ&c e\ré'?xﬁggllh?ghdnof t he
tit ani umpdrtiaxiate the? #venBreoimetiood, gyoveg i be pearticuariye advatagaoys ul9e BUCFhe gas
hase | eparated from.t he Ti02 i j ; ki he ba
onase S SR AL ST R Rk i Pl h b kR bao:
filling idyepapebnhaagsurt sf BEICspSefitacaupasitionthavee pgaculshiiday bak weightildat ed on
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enl arged With.t er surfaces are available for renoving dust fromthe conveyor
gas. 20 Cains: 1. A nethod for direct cooling of fine-particle, _
pul verul ent solid substances by addition of a cooling agent and subsequent
filling imshukkdisadwentageopackilvense omdhebiendencyf tn dlisiziegriatier af opiagnic

subst ances  have an aver. LCl sl -z I LaRN A2 Wih fhshieagbl y
| ess t hanadé{'}'vﬁﬁ]onaﬁ% %ﬁ%gb%ﬁﬁ%%ecé@gﬂgngg%%nﬁigm i ges ! _5 ¥
coated pigments from high temperatures, which can in particular have a negative effect

on the shade of colour.
This is likewise avoided by the inventive method.
The inventive method is particularly beneficial if several steam jet mills are operated in

parallel and the high pigment throughput achieved in this way can be lowered in

temperature only inadequately through convection cooling or other conventional



a) either one or nore different | ow boiling, condensed gases b) or a cold
gas or gas mxture, which is created g?/ nmeans of one or nore different

| owboi I i ng, condensed gases c) or a cold gas or gas mxture, which is
pre-cool ed by neans of one or nore different |ow boiling, condensed gases.
2. The nethod as clainmed in Claim1, characterised in that the

fine-parti &}?% pul verul ent solid substances have an average particle size ~
of |ess PRHIFIS Nm) preferably less than 1 Nm 3. The nmethod as clainmed in
Claim 1, characterised in that the fine-particle, pulverulent solid

subst anc C £l Le: ] J 4.
The  mot ot Ivenfis AEE € &g el TRRiE rbR BRAERifm Sty IRPRNEnRRIRRIE, G e
pul ver ul erst snsmhn ab fmh&armmwwdﬁ bigmeotsl ¥dthaerddisalie éran exidesigmentane-gm

di oxi de, . iran [

pi grent 51 iron) oxid lplggr?ent% nmeﬁ?éH&tQMO%?Lcaﬁ&p%&%@QSQ tl‘%'ﬁ'&f Fh)at ﬁf?&ib‘l'{ rrlgétilnh ] 4 as

cl ai med nm-@kldlsmg]gasehauetca@elgs@zm Nzraatcophm agmtrmﬁenﬁ%w t° Gﬁld@té?"hl ent
solid to be c T a Claim
1, char agFr qggéd%lgH%tghog lpH?%g‘?'bg; a%%”?t{&flré ean B?\}%\t]%nt %goﬁllbdbgﬁglstbgnces
ar e terrpextahsmedsetwemenbotamnsphem oxygsolbydthgmtméggntcwa@@f&“% fthe

nper at ur e;.sen | I rHZFa%
char act ef?ascgﬂ'{e ?? %‘%1 pl§lﬁgﬁ$| ncejC%{)na[)é{eldclpere%&?&%n@S%ﬁgo [ lers]%g;ét aIH]](I:%S are
m || ed peiearly tdectdaseqtiooeduriaw tsmpprabiresii aeechievssl bighe inventige MetBodret hod
as cl ai ngd | n@lprﬁ’grﬂa% characterised in that the fine-particle, pulverulent
u

solid s gf’% p| gnents, which are cooled directly by addition of a
cool ing agent between the procedural step of steamjet mlling and the

rocedur en of L = ood
Cont ai ne Py, Mege gl ng A BBl nfe e ospbiclR Tdiaegt 1Ry cmii e 20O0F
t he m xt wueh pfgﬁ!ﬁnmJMIqh gsually cannbt pegrotndsby oweanaiohsiegmyist avllsy WB S pr esent
i mredi at eléﬁ E%ang i J] ng a part of the gas phase contai ning
?mFé’ %ﬁfcfas Iarg;:x{ge h

wat er va romthe ground pignents by means of a
cycl one and/ or a dust f| I ter and then the ground pignents are cool ed by

direct c %8’? Iﬁgga 0d lnoétf ﬁn{é?%?L &kﬂ&%%cc%ﬂw tguse %Qﬂ%\%ﬁtl&ﬂ Raveed in

Claim1, or direct cooling
has a t enpahatgaseptase| Etweernhdre 6djd paé&@sabtqﬁer‘ab@slesmﬂ’ﬂﬁn 20%, bpayeightul arl y

prefer ab|%¥é%eps ?R-?t’{']a rlyt %Qfefr ey 198EnaRT 24 b@sw&bﬁ'{ gﬁygeh NorQ #hdBsleatio of

characte par Icle, pulve solid substances for
filling initrdgenko nuygamqilmqjamanrrgé ayeferasty meresiipR Sgloods cont ainers are
conveyed pneumatically and the gas used for the pneumatic conveying is used
as cooling agent for direct cooling, whereby this gas is cooled prior to
contact vBedaushéind-particieaptivertient salicvaubstiaegs eas| shevseleariyditeringsheplggic

| ndi rect |y 0fr H%I ne Cg'ﬁggg&ﬂ@l‘,o rpffo&d%\ééc?(ﬂ'\fiubﬁﬁng PRt BSRbymgses or

directly Dy 1njec or fer ent | ow boi | condensed
gases. 1a)roﬂ'¢memahdle asdmtaiqenemrqugh@mr pprigte @elactien of |t§%dadidﬁ'°t‘ neft thehe
cooling & ' Nt &1 tHNEBER iselif @Byl Ng of
the fine- %% aéeﬁ pu wgrglﬁlltmgﬁ ?ngé) dé)?g%cesg bl e

prior to pneumatic or mechanlcal conveying or only after conveying can be more

beneficial. Also, cooling immediately prior to filling in bulk material packings can be an

advantage.

A preferred embodiment of the invention is to cool the conveying air used for
pneumatic conveying and to carry out direct cooling of the fine-particle, pulverulent
solid substances using this cold conveying air as cooling agent. The temperature of the
conveying air can be selected such that after being mixed with the fine-particle,
pulverulent solid substances to be cooled the desired final temperature is reached.

Cooling of the conveying air can be done for example by means of a heat exchanger or



13. The nmethod as clained in Caim1l, characterised in that gaseous

ni trogen or 'gaseous carbon dioxide is used as cooling agent. 14. The method
as clainmed in Caim1, characterised ¥ that liquid nitrogen or liquid or
solid carbon dioxide is used as cooling agent. 15. The nethod as clainmed in
Claim1, characterised in that the fine-particle, ~22 pul verulent solid

subst ances are, cool ed thin.the_ bri Lod,. T i XN M th t
cool i ng ‘éi@e‘_ﬂfe,d (yPRY ?ﬂ"é‘t‘b‘ﬁﬁ@; cporngF g%eggﬁéé%ybéts%ﬁga%%%gox%_ ,nT%ee met hoge
as g:l ai ngshveinglagi m 1, characterised in that the fine-particle, pulverulent
solid substances are cool ed to maxi mum 100C, preferably to maxi rum 70C. 17.
The nmethod as clainmed in aiml1, characterised in that the cooling agent

i s introdusR bP thd@ommyingy binchygaahsrof pimeati nexchanger asasp be tcariiash ogf it he

fine-particle, pulyerul en | i d suhbstances, ;

i nto conperancBimihamsBRnad Soplecitalt BT APl achapgda R T

Il’esghﬂ] Zﬁﬁgmoeﬁml ¢fr‘orp{elgdttgntthet indioddt regolingeta kz&upkade E\pre dh a@eﬁ fr@g(ﬂfia@QdQ:ont ai ns

nass 0 and in this way the i nt of

the gas aﬂgﬁﬁ?@@rﬁﬁ'ﬁﬁﬁa@aﬁ'a§°$"§%@£§§e"¥ed. 19. The rre%/hod ase\(lzvl g?Irrgd ?n

d gl [n 1, charactelr: sgd in that the fine-particle, pulverulent solid

subst ances are ed in paper S Sl '

o0l 1 ng. Cognaraeheetauanad A edd PRovRafbAReSRETaRP 16 BORaE WRREY

1(‘: Io prgl- Ef-r ghﬁ-b]?nicléulpyl%tdlezt?tsag_dlsiurbsmnbsst ibmcbesccwi&ﬂ tamh [hedmiore $avograbihil es on
Il on of cooling. . JEine-part] I u [ t [

bul k mat BFYCEPS E&BR?'H@Q%’HE ﬂbqno%ﬁ?@@% oté g?% gghr#g}éﬁ{gnéoga%i%%htagc%gg%caﬁtgf?:ehni n

that t he gy aBé tdopveydig talrewigashe imeealtiteremivertientp sgjite aubstances cloeke

contains | ess than 20% by wei ght oxygen, preferably |less than 15% by wei ght

oxygen. COPVEYeRi ne-particle, pulverulent solid substances in bulk material
packi ngs and produced as claimed in Qaiml, characterised in that the

conposition of the h t ' ' '

rati o of ' alsgoes B aBeRerb e iz ol SR SRR ST e 770
23-b A de aife Eerveslingesit (dreclyi ogindiredtiyneng alirectctasling of ther soligrgassoixiute
substances, 3p GLaled LR QLM aGR5ARY Hrb&CLhaliN bf e SllSpaihixife

consi st s
(e.g. with low-boiling, condensed gases) can be undertaken.

Independently of the type of cooling agent in the case of the inventive method of direct
cooling of fine-particle, pulverulent solid substances the option of focussed control and
regulation of the overall process with respect to temperature-dependent parameters is
particularly advantageous. By way of example, an optimal and constant temperature of
the fine-particle, pulverulent solid substances can be adjusted by regulating the
additional quantity or temperature of the cooling agent, depending on the product, and
thus e.g. the conveying properties or the properties for filling bulk material packings can

be precisely controlled, optimised and kept constant.

The fine-particle, pulverulent solid substances are usually filled in paper bags or plastic
bags via a filling silo by means of solids feed systems. At temperatures of 60°C and
over the use of cost-efficient plastic bags (e.g. those made out of polyethylene or
polypropylene) is generally ruled out. Only special and expensive plastic bags with high

temperature stability can be used for this purpose.

By means of the inventive method it is possible, however, to make use of cost-effective



boi l i ng, condensed gases, an insul ated connection pipe between the
reservoir and a supply pipe for pneu i ¢ conveying of the fine-particle,
pul verul ent solid substances, a nozzl¥ for introducing the | ow boiling,
condensed gases to the supply pipe and a control and regul ati ng devi ce.
24 Amended Clains: 1. A nmethod for direct cooling of fine-particle,

pul verul ent solid substances of |ncreas e r ; i 4 of a
ool i ng BEIEYIEiIOE BDEHRBI P9 e Fot BLIE Ret oty it By £or T

char act egdating at enigepdtudstotie regiongeA0°Cearipss isigegera)ly esiquited. one or nore
different | ow boiling, condensed gases b) or a cold gas or gas m xture,
which is created by neans of one or nore different | ow boiling, condensed

gases C)TRé ude 6Phdre asst@ffecthve papst bags withiadbwesstpbilityc ooparer posdh® of one

or nore different | owbgil.in condensged Sel S _LE : antity
of soli dsﬂﬁfiﬁtl"im@ ?fr%@ﬁ?‘?f'i: r‘fg"“gﬂ”%” 31’%\@3 %Qi’ﬁ iof I“Zeag i.’}}Z%QCQ).P Ezzle!g/stng? ﬁsaﬂfJSO pm
pr ef er abjne ihessivé Athod) Nm conprising an i norganic or organic pignment, in

particular titaniumdioxide, iron oxide, chrom um oxide, a fade-proof

pi gnent, a coloured pignent, a netallic pignment, a nagnetic pignment or

S00t, ~ Ghe SORINtRS nfeth@pBbadnabessibasiski ofeotbempacking means,swhichl aseimot ance
coated with a tenperatur ensitjive co . | aigred i n
ool m 1 duRRRcBPaTER |0, e trmporeintSs BREAT Bedrah tae 10Pr 7. £

subst anc gggd dage@bnapRERGE WA hinthal theeealolbad expatityanr Btham tepipefadirgbl y | ess
than 1 Nm 3., The nmethod.as clained in Claiml or 2) characterised in that
the fineSBAFYUeRIBSICRACAANE ent solid substances are milled prior to the

procedural step of direct cooling. 4. The nethod as clainmed in any one of

t he precedi ng cl aj ns,, .character,.i. i.n_that. ine- i : | ent
Sl i 0 SuExpRAet 2 Bogr i € e ftabP’ d8ked ARleL Hif ek fedaeddis tl B0
cool i ng aggiatpripebmecmidroviseal ineedeamietstikp of steamjet nilling and the

procedural step of filling in bulk material packings or nobile bul k goods
containers. 5. The nmethod as claimed in daim4, characterised in that of

the m xtume srbdgdt@uth patpnent : aripares by lnasght cOing témperatuveaobthevetp@ris pr esent

water vagBUCiG roPet Reyting U FRGRMB L tofiung BrE pRiTEfICogbRAN T
cycl one apdirrodacestiinto thelsteaim jeamdll. The terhperayre afttie pigmenticas ardutsodfteasd by
direct cq[rc‘)é istrégmbjgt r?\ﬁn%%%s 8;. HE)QC;C a?f?elr it#egpiSr%%Rtt is separated off from the gas phase
by means of a cyclone the temperature of the bulk pigment containing water vapour is
ca.180°C. The water content of the gas phase is ca. 95% by weight, the water content

of the gas phase relative to TiO, is ca. 0.2% by weight with a bulk density of TiO, of
0.5g/cm?®.

Following interim storage in a silo the bulk pigment containing water vapour is
conveyed pneumatically to the bagging machine. The quantity of dried conveying air is
75 m® per tonne TiO,. Ninety-seven | liquid nitrogen per tonne TiO, is introduced to the
supply pipe via a nozzle. The temperature of the titanium dioxide-gas mixture is hereby
lowered from 110°C to 60°C. The water content of the gas phase is accordingly ca.1%

by weight, while the water content of the gas phase relative to TiO, is ca. 0.2%.

The gas phase is separated from the TiO; in the filling silo, from which the bags are
filled. The temperature of the gas-containing bulk pigment at the time of filling in paper
bags is 60°C. The composition of the gas phase between the TiO, particles in the
paper bags is: 87% by weight N,, and 2% by weight O,. The water content of the gas
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Example 5: A nickel rutile yellow pigment produced according to the prior art by
calcining is ground in a Raymond mill. Following interim storage in a silo the bulk
pigment is conveyed pneumatically to the bagging machine. Sufficient liquid nitrogen is
introduced into the supply pipe via a nozzle for the temperature of the gaseous bulk
pigment at the time of filling in bags to be 60°C.

The filling and ventilation behaviour during filling of the bags is good on account of the
high bulk weight of the gaseous bulk pigment. Also, it is possible to fill the product in
conventional polyethylene or polypropylene bags due to the low temperature (60°C) of
the gaseous bulk pigment.

Example 6: Furnace soot produced according to the prior art is separated using a dust
filter from the gas phase and in interim-stored in a silo. From there the soot is fed
pneumatically to the bagging machine. Sufficient liquid nitrogen is introduced into the
supply pipe via a nozzle for the temperature of the gaseous bulk soot at the time of
filling in bags to be 60°C.

The filling and ventilation behaviour during filling of the bags is good on account of the
high bulk weight of the gaseous bulk soot. Also, it is possible to fill the product in
conventional polyethylene or polypropylene bags due to the low temperature (60°C) of
the gaseous bulk soot.

Example 7: A magnetite pigment (Fe;O,) produced according to the prior art is ground

in a steam jet mill. After extensive separation of the gas phase by means of a cycione
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with nitrogen as conveying gas to the bagging machine. Sufficient liquid nitrogen is
introduced into the supply pipe via a nozzle for the temperature of the gaseous bulk
pigment at the time of filling in bags to be a maximum of 30°C.

The filling and ventilation behaviour during filling of the bags is good on account of the
high bulk weight of the gaseous bulk pigment. Reactivity relative to residual parts of
oxygen is prevented on account of the low filling temperature.

The jet stream-milled magnetite exhibits excellent fine particle capacity and
dispersibility.

Example 8 (comparative example): A post-treated and dried titanium dioxide pigment
produced according to the prior art is micronised in a steam jet mill.

The product-steam ratio is 1 : 2.2 parts by weight. The temperature of the steam is 260
C. Ca. 100 m® per tonne TiO, conveying air together with the pigment to be milled is
introduced into the steam jet mill. The temperature of the pigment-gas mixture after
steam jet milling is ca.230°C; after separation of the pigment from the gas phase by
means of a cyclone the temperature of the bulk pigment containing water vapour is ca.
180°C. The water content of the gas phase is ca. 95% by weight, while the water
content of the gas phase relative to TiO; is ca. 0.2% by weight at a bulk density of TiO;
of 0.5g/cm3.

Following interim storage in a silo the bulk pigment containing water vapour is
conveyed pneumatically to the bagging machine. The quantity of conveying air is 150
m?® per tonne TiO,. '

The water content of the gas phase is ca. 1% by weight, while the water content of the
gas phase relative to <RT| TiO; is ca. 0.2%.

The gas phase is separated from the TiO; in the filling silo, from which the bags are
filled. The temperature of the gaseous bulk pigment at the time of filling in paper bags
is 110°C. The composition of the gas phase between the TiO, particles in the paper
bags is: 76% by weight N2, 23% by weight O-.
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Filling in commercially available polyethylene or polypropylene bags is not possible on
account of the high temperature.

Example 9 (comparative example): A post-treated and dried titanium dioxide pigment
produced according to the prior art is micronised in a steam jet mill.

The product-steam ratio is 1 : 2.2 parts by weight. The temperature of the steam is
260°C. Ca. 100 m® per tonne TiO, conveying air are introduced together with the
pigment to be ground to the steam jet mill. The temperature of the pigment-gas mixture
after the steam jet milling is ca. 230°C; after the pigment is separated from the gas
phase by means of a cyclone the temperature of the bulk pigment containing water
vapour is ca.180°C. Following brief interim storage in a silo the bulk pigment containing
water vapour is conveyed pneumatically to the bagging machine. To achieve sufficient
cooling of the titanium dioxide, 730 m?® of conveying air per tonne TiO, are used. The
gas phase is separated from the TiO; in the filling silo, from which the bags are filled.
The temperature of the gaseous bulk pigment at the time of filling in paper bags is
60°C.

Separation of the gas phase is complicated on account of the large quantity of gas.
Only considerably less titanium dioxide per time unit can be delivered and filled, if no
correspondingly enlarged filter surfaces are available for removing dust from the

conveyor gas.
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1. A method for direct cooling of fine-particle, pulverulent solid substances by

addition of a cooling agent and subsequent filling in bulk material packings, whereby

the fine-particle solid substances have an average particle size of less than 50 um,

preferably less than 20 ym, and whereby the cooling agent comprises

a) either one or more different low-boiling, condensed gases

b) or a cold gas or gas mixture, which is created by means of one or more different low-
boiling, condensed gases

c) or a cold gas or gas mixture, which is pre-cooled by means of one or more different
low-boiling, condensed gases.

2. The method as claimed in Claim 1, characterised in that the fine-particle,
pulverulent solid substances have an average particle size ‘of less than 5 um,

preferably less than 1 pm.

3. The method as claimed in Claim 1, characterised in that the fine-particle,

pulverulent solid substances to be cooled and filled are inorganic or organic pigments.

4. The method as claimed in Claim 1, characterised in that the fine-particle,
pulverulent solid substances to be cooled and filled can be titanium dioxide, iron oxide,
chromium oxide, fade-proof pigments, coloured pigments, metallic pigments, magnetic
pigments or soot.

5. The method as claimed in Claim 1, characterised in that the fine-particle,
pulverulent solid to be cooled and filled is cement.

6. The method as claimed in Claim 1, characterised in that the fine-particle,
pulverulent solid substances are temperature-sensitive compounds or solid substances

coated with temperature-sensitive compounds.

7. The method as claimed in Claim 1, characterised in that the fine-particle,

pulverulent solid substances are milled prior to the procedural step of direct cooling.
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8. The method as claimed in Claim 1, characterised in that the fine-particle,
pulverulent solid substances are pigments, which are cooled directly by addition of a
cooling agent between the procedural step of steam jet milling and the procedural step
of filling in butk material packings or mobile bulk goods containers.

9. The method as claimed in Claim 8, characterised in that of the mixture of
ground pigment and gas phase containing water vapour present immediately after
steam jet milling a part of the gas phase containing water vapour is first separated from
the ground pigments by means of a cyclone and/or a dust filter and then the ground
pigments are cooled by direct cooling by means of a cooling agent.

10. The method as claimed in Claim 1, characterised in that the cooling agent used
for direct cooling has a temperature of less than 0°C, preferably less than —20°C,
particularly preferably less than —40°C.

11. The method as claimed in Claim 1, characterised in that the fine-particle,
pulverulent solid substances for filling in bulk material packings or mobile bulk goods
containers are conveyed pneumatically and the gas used for the pneumatic conveying
is used as cooling agent for direct cooling, whereby this gas is cooled prior to contact
with the fine-particle, pulverulent solid substances either indirectly in a heat exchanger
by means of low-boiling, condensed gases or directly by injection of one or more

different low-boiling, condensed gases.
12. The method as claimed in Claim 1, characterised in that the cooling agent is
added in to the supply pipe during pneumatic conveying of the fine-particle, pulverulent

solid substances.

13. The method as claimed in Claim 1, characterised in that gaseous nitrogen or
gaseous carbon dioxide is used as cooling agent.

14. The method as claimed in Claim 1, characterised in that liquid nitrogen or liquid

or solid carbon dioxide is used as cooling agent.

15. The method as claimed in Claim 1, characterised in that the fine-particle,
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the cooling agent, by at least 20°C, preferably by at least 50°C.

16. The method as claimed in Claim 1, characterised in that the fine-particle,
pulverulent solid substances are cooled to maximum 100°C, preferably to maximum
70°C.

17. The method as claimed in Claim 1, characterised in that the cooling agent is
introduced to the conveying gas for pneumatic transportation of the fine-particle,
pulverulent solid substances, before the conveying gas comes into contact with the
solid substances.

18. The method as claimed in Claim 1, characterised in that the cooling agent used
for direct cooling contains less than 0.0001 parts by mass of water and in this way the

dew point of the gas phase containing solids is lowered.

19. The method as claimed in Claim 1, characterised in that the fine-particle,
pulverulent solid substances are filled in paper bags or plastic bags on completion of
cooling.

20. The method as claimed in Claim 1, characterised in that the fine-particle,

pulverulent solid substances are filled in silo vehicles on completion of cooling.

21. Fine-particle, pulverulent solid substances in bulk material packings and
produced as claimed in Claim 1, characterised in that the composition of the gas phase
between the pigment particles contains less than 20% by weight oxygen, preferably
less than 15% by weight oxygen.

22. Fine-particle, pulverulent solid substances in bulk material packings and
produced as claimed in Claim 1, characterised in that the composition of the gas phase
between the pigment particles contains a mass ratio of nitrogen to oxygen of more than
4, preferably of more than 5.7.

23. A device for direct cooling of fine-particle, pulverulent solid substances as

claimed in Claim 1, characterised in that this device consists of a reservoir for low-
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boiling, condensed gases, an insulated connection pipe between the reservoir and a
supply pipe for pneumatic conveying of the fine-particle, pulverulent solid substances, a
nozzle for introducing the low-boiling, condensed gases to the supply pipe and a
control and regulating device.
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1. A method for direct cooling of fine-particle, pulverulent solid substances of

increased temperature by addition of a cooling agent and subsequent filling in bulk

material packings, characterised in that a cooling agent comprising

a) either one or more different low-boiling, condensed gases

b) or a cold gas or gas mixture, which is created by means of one or more different
jow-boiling, condensed gases

c) or a cold gas or gas mixture, which is pre-cooled by means of one or more
different low-boiling, condensed gases

is introduced to a quantity of solid substance presenting an average particle size of less

than 50 um, preferably less than 20 pm comprising an inorganic or organic pigment, in

particular titanium dioxide, iron oxide, chromium oxide, a fade-proof pigment, a

coloured pigment, a metallic pigment, a magnetic pigment or soot, or soot or a

temperature-sensitive compound or a solid substance coated with a temperature-

sensitive compound

2. The method as claimed in Claim 1, characterised in that the fine-particle,
pulverulent solid substances have an average particle size of less than 5 pm,

preferably less than 1 ym.

3. The method as claimed in Claim 1 or 2, characterised in that the fine-particle,

pulverulent solid substances are milled prior to the procedural step of direct cooling.

4. The method as claimed in any one of the preceding claims, characterised in
that the fine-particle, pulverulent solid substance are pigments, which are cooled
directly by addition of the cooling agent between the procedural step of steam jet
milling and the procedural step of filling in bulk material packings or mobile bulk goods
containers.

5. The method as claimed in Claim 4, characterised in that of the mixture of
ground pigment and gas phase containing water vapour present immediately after

steam jet milling a part of the gas phase containing water vapour is first separated from



1 109 ()-s !10% ()-s !10% ()--dYNC8 10 10 1034s! 10% () -

Y+ 100 () - &L1 109/ () - &$10%! ()- 1" 1 109& () - ~i zdEYNCS

"N 11098 ()-s! 1098 ()-s! 10%& ()-" s!109& ()- "Ls!10%& ()-10%& ()--./0dYNCS
10 10 1037s!109& ()-F1! 109& ()- Y+ ! 109& ()- & !'109%& ()- $mLO% () - 03[ dEYNCS
| 1109 ()-s!109& ()- s 109 ()- ~ s!109%& ()-

L9t | 109&;, - R - | %1 /4R, _ R . N 0/0! R

o1 100’ (12 TE0T Bkl HE ity o 7 Ieeng et fistimer afd MGk bgraind 53 -
" Headi ngp@§Bients arbisadied ytipet'coolirgby mgaBspicthe Cppligiaggnt3] c* " Headi ng 73] c”
"Headi ng 83]c" "Heading 93]c"A "Default Paragraph Font{Z"*2|;

DNLUy”. gpx6Y/ C%?aZuZC&Z$' c- . 35| >BEDI 6MOWY[ _e. j o\ sy} *tdj 6m O[ C6Ti mes New
RonanAr i 8 CouiThermétaod las Riimegrin ppvnerefcthfateerding claims, characterised in

that the cooling agent used for direct cooling has a temperature of less than 0°C,
preferably less than —20°C, and particularly preferably less than —40°C.

7. The method as claimed in any one of the preceding claims, characterised in
that the fine-particle, pulverulent solid substances for filling in bulk material packings or
mobile bulk goods containers are conveyed pneumatically and the gas used for the
pneumatic conveying is used as cooling agent for direct cooling, whereby this gas is
cooled prior to contact with the fine-particle, pulverulent solid substances either
indirectly in a heat exchanger by means of low-boiling, condensed gases or directly by

injection of one or more different low-boiling, condensed gases.

8. The method as claimed in any one of the preceding claims, characterised in
that the cooling agent is added in to the supply pipe during pneumatic conveying of the
fine-particle, pulverulent solid substances.

9. The method as claimed in any one of the preceding claims, characterised in

that gaseous nitrogen or gaseous carbon dioxide is used as cooling agent.

10. The method as claimed in any one of the preceding claims, characterised in
that liquid nitrogen or liquid or solid carbon dioxide is used as cooling agent.

11. The method as claimed in any one of the preceding claims, characterised in
that the fine-particle, pulverulent solid substance is cooled within the brief period,
required for mixing with the cooling agent, by at least 20°C, preferably by at least 50°C.

12. The method as claimed in any one of the preceding claims characterised in that
the fine-particle, pulverulent solid substance is cooled to maximum 100°C, preferably to

maximum 70°C, in particular to < 60°C.

13. The method as claimed in any one of the preceding claims, characterised in
that the cooling agent is introduced to the conveying gas for pneumatic transportation
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of the fine-particle, pulverulent solid substance, before the conveying gas comes into

contact with the solid substance.

14. The method as claimed in any one of the preceding claims, characterised in
that the cooling agent used for direct cooling contains less than 0.0001 parts by mass
of water and in this way the dew point of the gas phase containing solids is lowered.

15. The method as claimed in any one of the preceding claims, characterised in
that the fine-particle, pulverulent solid substance is filled in bulk goods packing, in
particular in paper bags or plastic bags, or in a silo vehicle, on completion of cooling.

16. The method as claimed in any one of the preceding claims, characterised in
that the solid substance is supplied with the cooling agent and filled in a bulk material
packing, such that in the bulk goods packing the gas phase between the pigment
particles contains less than 20% by weight of oxygen, preferably less than 15% by
weight of oxygen.

17. The method as claimed in any one of the preceding claims, characterised in the
solid substance is supplied with the cooling agent and filled in a bulk material packing,
such that in the bulk goods packing the gas phase between the pigment particles
contains a mass ratio of nitrogen to oxygen of more than 4, preferably of more than 5.7.

18. A device for carrying into effect the method as claimed in any one of the
preceding claims, whereby direct cooling of the fine-particle, pulverulent solid
substance is carried out after steam jet milling, comprising a reservoir for a low-boiling,
condensed gas, an insulated connection pipe between the reservoir and a supply pipe
for pneumatic conveying of the fine-particle, pulverulent solid substance, a nozzle for
introducing the low-boiling, condensed gases to the supply pipe and a control and
regulating device, characterised in that the conveying pipe is assigned a steam jet mill
and a separator separating the solid substance and the steam, arranged after the
steam jet mill in the direction of feed and before a bagging device.



