WO 2010/121882PCT/EP2010/053962 Metering ring  Metering of free-flowing media or gases, and
* the use 5 thereof. (Meth)acrylic acid and(meth)acrylic esters are important products in the chemical

industry, which serv starti aterials for many important 10 products. A maximum yield and a
particularly highﬁgéri?y@ggu}aég %\ﬁw low preparation costs are therefBieh ??e%%Pféa ?I?eg)égonomic

success of a preparation process for such an important product. Even relatively small improvements
with regard to the yields, the 15 service lives gé therplagtsrarsimilar process features lead to a
significant advance with regard to the amount of undesired by-products and the preparation costs. The
methacrylamide used to prepare methacrylic acid can 20 preferably be obtained by what is known as
the ACH proces¥epgicteging frofigrirdday épshideesid acetongagsioncasyinsirirint&eprepared
in a first step, anthistbes converted to methacrylamide. These steps are described, inter alia, in US
7,253,307, EP-A-1 666 451 25 and PCT/EP2007 059092. Acetone cyanohydrin is prepared by
commonly known processes (see, for example, Ullmanns Enzyklopdie der technischen Chemie, 4th
Edition, Volume ‘ffergllé)(ﬁlﬁﬁﬁ' 185 théfedbtanfbed 4REARIGTE Khd BydrE§erPEFanidé@ Tfhe reaction
is an exothermicirgacticann ordepthictuntedact dehempokition ©f 1he deeteseeyanokydiitformed in

this reaction, the;heafof regetionds fypically remgyed by pssuitahls apnaralys. Theygaetign 35 can in

principle be conducted as a batchwise process or as a continuous process; when_a continuous method

is preferreti” the RESHBATE fredtientld Pmed i BoofTéhctdr chftigut&d tardgpottisily. wo
2010/121882P CIVER 291 G/08RI6H.- 71 thhelavetmeepyarmhydrin prepared by differenttiaomn

preparation proGesses s ypicatly:subjgetedtag gistilative, wordp. His igvob(gélgrgfglgitgﬁ stabilized
mudeaCaDneC¥%g§@§gnfg#W£ggwngn important product. Even relatively
small improvements with regard to the vyields, the
15 service lives of the plants or similar process features
lead to a significant advance with regard to the amount

of undesired by-products and the preparation costs.

The methacrylamide used to prepare methacrylic acid can
20 preferably be obtained by what is known as the ACH

process. Proceeding from hydrogen cyanide and acetone,

acetone cyanohydrin is prepared in a first step, and is

then converted to methacrylamide. These steps are

described, inter alia, in US 7,253,307, EP-A-1 666 451
25 and PCT/EP2007 059092.

Acetone cyanohydrin 1is prepared by commonly known
processes {(see, for example, Ullmanns Enzvklop&die der
technischen Chemie, 4% Edition, Volume 7). Frequently,

30 the reactants used are acetone and hydrogen cyanide.
The reaction is an exothermic reaction. In order to
counteract decomposition of the acetone cyanohydrin
formed in this reaction, the heat of reaction 1is
typically removed by a suitable apparatus. The reaction

35 can in principle be conducted as a batchwise process or
as a continuous process; when a continuous method is
preferred, the reaction is frequently performed in a
loop reactor configured correspondingly.



5 constituents by means of an appropriate column. A suitable distillation process can, for example, be
" conducted using only one column. However, it is likewise possible in the case of a corresponding

purification of cryde n hydrin to use a 10 combination of two,or moreglistillation columns,
also in combinatf“c?%l v%ﬁﬁ'tglrgﬁc%/g%m evaporator. It is additionally poggl%‘@?dzg&rﬂ ih2%8%r more
falling-film evaporators or else two or more distillation columns with one another. 15 The crude

acetone cyanoh{idren issgenerably trapsfestgdifrom thersipeagedo tbe digillatienaith aemparature of
about O to aboutp%af%g{ggpl ieoperature qf abgz_%&ig%glis}u %jg &Ei%gipl% Ct)he %rude
' ' olumn. However, it

acetone 20 cyanphydrin can pe introduced directlﬁlnto the c as been found to be

useful in some cA3EE WHERATAE R rud& 55 RCetond By &nohy iRt ¥eshsorbE a8iRBans oha heat
exchanger, sometoilthid hesdfromithdeproduettaireadyqyaifiotipidistillatibn. Tberdfare] ii2p a further

embodimeny of thg peegassArseribed hefgathe cryde aé:ﬁtonglﬁy@gﬁpgg@%is heatgd by mgans of a
heat exchanger to a te eratggesgfﬁliout 60 to 80C. Thedistillativepurificationoftheacetone 30

C &' Q50 onPERGHRR havindhord an SEAEREreratiif more than

cyanohydrin is effecte yemeans 0 :
10 trays, or by nfsp@ustteeascadéd tweBl or@vsrrespohdingly sufralsteveistillatioh columns. The

column bottom i3 preferaly heated stk steam. Itias 3% gcg%r_l foynd tg be&;}g_@@g%gﬁgg§ﬂ@en the
b_ottom temperatyre does, Qggﬁéce%c%a te]r:anC?%atua[g gt% %égc; %}pggoq_iegeg KI%OBSSHQIS touascglevae good
yields and good purification when the bottorm emperature is not greater
2010/1218» PPt naNdsIn69f two or more distillation columns, also

in combination with a falling-film evaporator. It is
additionally possible to combine two or more falling-
film evaporators or else two or more distillation
columns with one another.

15
The crude acetone cyanohydrin is generally transferred
from the storage to the distillation with a temperature
of about 0 to about 15°C, for example a temperature of
about 5 to about 10°C. In principle, the crude acetone

20 c¢yanohydrin can be introduced directly into the column.
However, it has been found to be useful in some cases
when the crude cool acetone cyanohydrin first absorbs,
by means of a heat exchanger, some of the heat from the
product already purified by distillation. Therefore, in

25 a further embodiment of the process described here, the
crude acetone cyanchydrin is heated by means of a heat
exchanger to a temperature of about 60 to B80°C.

The distillative purification of the acetone
30 c¢yanohydrin is effected by means of a distillation
column having more than 5 and preferably more than 10
trays, or by means of a cascade of two or more
correspondingly suitable distillation columns. The
column bottom is preferably heated with steam. It has
35 been found to Dbe advantageous when the bottom
temperature does not exceed a temperature of 140°C; it
has been possible to achieve good vyields and good
purification when the bottom temperature is not greater



- 3 - than about 130C or not higher than about 110C. The temperature figures are based on the wall
- temperature of the column bottom. 5 The crude acetone cyanohydrin is supplied to the column body in
the upper third of the colugm. The distillation is preferably performed under reduced pressure, for

example at a pr&gu?eoa“P Jik &P to about 900 mbar especially of RESUBRR R 386 %mbar, and

with good 10 results between 50 and about 150 mbar? At the top of the column, gaseous impurities,

especially aceton@and hpdriegen syaride;arewithdiawReandihg gaserussubsianges reRoved are
cooled by mean 0 eat exchanger or a cascade of two or . more heat exchangers. In this context,
preference is giv%e%]g %%#gu r?necéc}o% mSSWit%re? teqr%%s‘éer'a urd of grggut‘ﬁatgiabgﬁpfgf.aﬁ%§ %ives the
gaseous constitRnt$ BEtHEAPBuUre$e 8Pportunity to condense. The first 20 condensation stage can
take place, for example, at standard pressure. It is, however, likewise possible, and has in some cases

been found £o be-gdvantageous. when thi érﬁgﬁgr&]g%aq | ected,uynder reduced
pressure, preferably at the presgure WhiCﬁ%S exists in the gs’%l%?%%i%ﬁe%‘gna%lr%a%g?'suﬁ%lssed on

into a cooled cofet¥g Vst antRRRE i theredt & i RRAIURE of ABSUIH BF A @B especially
at about 5 to abdwg 10G:<33:Thb Ypsepas tompsiindswlkieh dosnhtcaddense s the:first Eomdensation

step are removegfeqp fke reduced eSPRAE hyBEANSHS aVaCUIRPLMP, | i5,Bg5SiPle in

principle to use any vacuuTH)urg . However, it has gg)en found to be advantageous in many cases
which

GRRRES T its dedign 258N ot téhdfothe iATSHIEBR S2RqGd

when 35 a vacuumsump
impurities flo theggislsiredre ivesed. FrefardnabmiheléfOravgiean here to using, for example,
dry-running vacuum pumps. WO 2010/121882PCT/EP2010/053962 - 4 - The gas stream which
escapes on the ressu%%éc,ide g{)the pUmp i% conductefl through a_further heat exchanger which is

t Q ug, . 1m éﬁ? .
rine ata Pemperaturehseof about D10 abotit T5C- Fhis tORUeNSes Constituents

preferably cooled with b
which are likewiSEESIRERED 1 tAE LERBEIR e REPKRBAT OYES HE cofdehstidshdlray obtained

under vacuum canditianss Tha€eadensatiosRaitasmedandie pressara-siged the vagegyaepump can
pe effected sfor Hexampie, by s ganedieal excliandgl, bilalsg, with,a cagade ol tyo or more
heat exchangers arranged in series in Lrallel. Gaseous substances remaining after this condensation

step are removeBHMRPSR S anyrther il 506 F5F exaMpRES BRI difiza@dNen  to

using brine cooling with a temperature of about 0 to
about 10°C. This gives the gaseous constituents of the
vapours the opportunity to condense. The first

20 condensation stage can take place, for example, at
standard pressure. It 1is, however, likewise possible,
and has in some cases been found to be advantageous,
when this first condensation stage is effected under
reduced pressure, preferably at the pressure which

25 exists in the distillation. The condensate is passed on
into a cooled collecting vessel and collected there at
a temperature of about 0 to about 15°C, especially at
about 5 to about 10°C.

30 The gaseous compounds which do not condense in the
first condensation step are removed from the reduced
pressure space by means of a wvacuum pump. It is
possible in principle to use any wvacuum pump. However,
it has been found to be advantageous in many cases when

35 a vacuum pump which, owing to its design, does not lead
to the introduction of liguid impurities into the gas
gtream is used. Preference 1s therefore given here to

using, for example, dry-running vacuum pumps.



15 The condensates collected can likewise be utilized further in any way. However, it has been found
" to be extremely advantageous from an economic point of view to recycle the condensates into the

reaction.for 20 mspa?éiﬁ?elogfggpne cyanohydrin. This is preferabycqp %%&%Zgg@é)é points

which enable access 0op reactor. The condengates may in principle have any T osition
provided that they do not disrupt the preparation of the acetone cyanohydrin. In many cases, 25 the
predominant amount of the condensate will, however, consist of acetone and hydrogen cyanide, for

example in a maiaera of Ahald il byt L2 Lgguentl in g ol abgu L L3 Thegacetone
cyanohydrin obtajned from the bottom of the_distillation_column is first cooled In a first heat exchanger

by the cold crud& e HPcyhfof S h5hed s HEMparafiis 't ebo At (CAHRRRIET
Subsequently, thé dcbtohe cyardiauhinliy cooletidsy 36 ieahs dhat ledst @ané émplreratsatexchanger

to a temperature,of it 80 o akpukBatrand:optionally; stored infermediatehh WQRyent s _
2010/121882PC /EggOlO/%&P&% -5-Ina fU{Tgé%%{:e:sLs element, a&gjot%gte:ﬁanoh drlnis subjected

to a hydrolysis. X \Jliarlou%ﬁgmperaﬁ}vrésfgve?s? and-after a srelrietshgf r&S -t form& =€
methacrylamide"dsittie pfsduet S Fhetbenvemsisieisadamplisheehidn robtedriedwnpdese to the

person skilled invihewarbyJseaation beweenrrencestigiad-saiphutic peidmnedreetope cyanohydrin.
The reaction is gxolRieric. anlo At efreaglion,can 4.8 remgvadfram fne. system fn,an
advantageous manner. Here too, the conversion can ag%m“ﬁje perﬁ)rmed N a batchwise process or in
continuous ProcB¥&ER fhe 1BifeMRAcPfoGRE td'Bé BdRIFRAGESIRYN ity @&Hse’. 15 hen the

reaction is perfosmeth srthdecouise biva comtintous piosess, thectismgklosp aciergds baen found
to be useful. Loqp faactors Arelgiann Inthedechnical figlg, Theae. may De.canfigyred, fqr gxample, in

the form of tubular reactors with recycling. The 20 reaction can be effected, for example, in only one
loop reactor. HoWEVEr, EIREFHS aHFANagRbER wRET the FORYIGH is Hefforffdfin & Rasé&Be of two or

more loop reactérsrther utilization, for example a thermal utilization.

i5
The condensates collected can likewise be utilized
further in any way. However, it has been found to be
extremely advantageous from an economic point of view
to recycle the condensates into the reaction for

20 preparation of acetone cyanchydrin. This is preferably
done at one or more points which enable access to the
loop reactor. The condensates may in principle have any
composition provided that they do not disrupt the
preparation of the acetone cyanohydrin. In many cases,

25 the predominant amount of the condensate will, however,
congist of acetone and hydrogen cyanide, for example in
a molar ratio of about 2:1 to about 1:2, frequently in
a ratio of about 1:1.

30 The acetone cyanchydrin obtained from the bottom of the
distillation column 1is first cooled in a first heat
exchanger by the cold crude acetone cyanohydrin
supplied to a temperature of about 40 to about 80°C.
Subsequently, the acetone cyanochydrin is cooled by

35 means of at least one further heat exchanger to a
temperature of about 30 to about 35°C and optiocnally
stored intermediately.



25 A suitable loop reactor in the context of the process described has one or more feed sites for
' acetone cyanohydrin, one or more feed sites for concentrated sulphuric acid, one or more gas

separatars, onev% rg%rfﬂryeﬁfgggangers and one or more mixers. ;g%z)%t)%%& g—ﬁ%gé@ Zscgirggg’se

further constituents, stich’as conveying means, pumgs, control elemer
the hydrolysis of acetone cyanohydrin with sulphuric acid is exothermic. In 35 parallel to the main
reaction, severaf aide refiatians=takepplace swhiefl erekio lowesisgaidheqyeldo/deiprefased

temperature rangg,the. decpmpqsition ofzﬁg:@ggﬁ gyanohydin, IQ;gM_s&l%n exq Qﬂﬂg rapid WO
2010/121882PCT/EE§610/053962 -6 - reaction,%f)!ays a significant role. Theﬁéggéoqf] react|8n which

arises in the colr§¥ 9t e r@diodditevar, REFtBe &t feadic@bsiafBy ecved REMShe system,
since the yield faits-lvitke increasidg Saapdrhegng tempetature and rising residence time. It is possible in
principle to @chieve rapid and comprehensive removal of the heat of reaction with corresponding heat
exchangers. Howeve% it may. g?\llso be, disadvar&;[age cool the mixture too greatly before 10 the

ous
metered addition OF aSStORE cyaﬁghfd?in?cs‘lcn%e%iéﬁ%?r%)ulﬁﬂc@iérﬁégbee]a RYBr M%nd*&nd for
efficient heat refhevaiiSin&etRasiscokiny bpthe Mixtbebeistimed Hees Sibpificistywsidnfalling

temperature, the-Hewduthiiance falls corespendingl\ inseme 15 Lasas dawmithedaminar range,
whiph leads in tq%ge%te%é@gg erto Ig%% g fi(_g}:;cerglt_g'eat lri%ﬁovgl,ﬁggtto s%ovy_,%raar& Iggsgoirpogeneous
mixing when the acetone cyanohydrin is me ered in: 28 atis requwea IS raplg mixing of dcetone
cyanohyd? andfe EBA R tUFE C8inE& h S HES B e ) aABhARYESHRME RIERt BRISIE t-decomposes

owing to the heating. Fine dropletization of the reactant, which means a large specific interface area,

causes a preferenge.for. 28 Ehe&ggir%;&p&yggﬁ ”l?a‘ii_l”)@%%%‘i{faﬁg 0 eéltigﬁgg%ngig tt&e droplet

volume with subsequent decomposition. A fine distribution of acetone cyanohydrin has been found to
be advantageolR25TREIRE re RFBATSRes Mhce Tthe HBPIELYGHSce BECCesses . The

latter has been found to be advantageous in many cases.

15 When the reaction ig performed in the course of a
continuous process, the use of loop reactors has been
found to be useful. Loop reactorg are known in the
technical field. These may be configured, for example,
in the form of tubular reactors with recycling. The

20 reaction can be effected, for example, in only one loop
reactor. However, 1t may be advantageous when the
reaction is performed in a cascade of two or more loop
reactors,

25 A suitable loop reactor in the context of the process
described has one or more feed sites for acetone
cyanchydrin, one or more feed sites for concentrated
sulphuric acid, one or more gas separators, one or more
heat exchangers and one or more mixers. The loop

30 reactor may comprise further constituents, such as

conveyling means, pumps, control elements, etc.

As already described, the  hydrolysis of acetone
cyanohydrin with sulphuric acid 1is exothermic. In
35 parallel to the main reaction, several side reactions
take place, which lead to lowering of the yield. In the
preferred temperature range, the decomposition of

acetone cyanohydrin, likewise an exothermic and rapid



Furthermore, excessively low temperatures in the reaction mixture can lead to crystallization of
~ constituents of the reaction mixture on the heat exchangers. This further worsens the heat transfer, 35

which causes a gj ni£ nt% clipe_in yield. Furthermore, the loop reactor cannot be charged with the
optimal amountswgf r §§Pe(n 213%%250 the efficiency_of the process sgﬁ&ém%P? w3 9%2
2010/121882PCT/EP2010/053962 - 7 - It is therefore an object of the invention to improve the supply
and the_ fine distﬂ@gﬁ&aﬁree-ﬁqwi@g m@c_iia Qﬁgﬂggﬁ_&g@i@eli@@m ,tubuiqlrereag@@ ang g idea_lly
also to improve Todeg ppgrafigns. ] his,onject is;achigyed by, an appargtus for ”}:‘??tgfz'ﬁgl”%e'f'ow'.”g
media or gases, characterized in that one or more metering rings with" metering sites T 0 provided

in pipelines, tubI8FRRFors B foobFeRGortard $REH. BHES baalk isunkthaEeRaNs%iHgRethe supply
and fine distributidre ensydacewith tha meteringeingyt&ads fieetflewingimadiubhetgasoyey the entire

tube circumierenge-Qripe grosssagelipnaliube area tesulis in g significantimprgyement of the mixing

operation. Large amoug}hi‘nscan be mixed over a short distanCe. 20 The inventive metering ring may

have various entbgafi ForiRstan®F TREAY Shall nf&tering?Stetg 181 mayaRs fcorpdPdled into the
ring, or few largecprpariiesitds/@Figmesvahe méteriesitdsmay al$o prejectthooughviuties [13] into
the interior of the:3% talke frgye2)nand iwﬂgg@ggmboﬁ%}ggl’so ggb%g,f differgntlengths. The

metering ring macﬁg% gglr?gaogre%e‘?éedc%ccggg[ﬂg {:%tehemrg?ctgﬂg tatsci)(bg%reatly before

10 the metered addition of acetone cyanohydrin, since high

turbulence is needed both for mixing and for efficient

heat removal. Since the viscosity of the mixture being

stirred rises significantly with falling temperature,

the flow turbulence falls correspondingly, in some

15 cases down to the laminar range, which leads in the

heat exchanger to lesgs efficient heat removal, and to

slower and less homogeneous mixing when the acetone

cyanohydrin is metered in.

20 What is required is rapid mixing of acetone cyanohydrin
and reaction mixture, since the acetone c¢yanochydrin
should react before it decomposes owing to the heating.
Fine dropletization of the reactant, which means a
large specific interface area, causes a preference for

25 the desired reaction at the droplet surface over the
heating of the droplet wvolume with subsequent
decomposition. A fine distribution of acetone
cyanohydrin has been found to be advantageous, since
the reaction takes place at the droplet surface.

30
Furthermore, excessively low temperatures in the
reaction mixture can lead to c¢rystallization of
constituents of the reaction mixture on the heat
exchangers. This further worsens the heat transfer,

35 which causes a significant decline in vield.
Furthermore, the loop reactor cannot be charged with
the optimal amounts of reactants, and so the efficiency
of the processg suffers overall.



Here lies a further advantage of the inventive external ring which is not heated by the surrounding
medium, for example a metering lance inserted into the tube. In addition, this ring could be used to
cool the acetone 35 r hich would be much more complicated in construction terms, for
example, in a m%e” erﬁ%éiﬁﬁédl%év 2010/121882P9T4E92010/05398§?é"3-9& PR3 Hoodiment is
a metering ring in which the metered addition is effected under elevated pressure. The apparatus may
assume any suitable three-dimensional 5 shape, and is preferably constructed in the form of a ring. It

is also possible here g usg gp!gr%r n;gllti%%irigg? Ehtxle rggtéariqgﬁ?ggﬁggrtig@ar%sgg‘%e for use in
10 continuous processes. The metermg ring 1s’preferably used in the continuods pre&’aratlon of

methacrylamide By SHENSHY ofaR@toRB @y dnbh§driiwie Shiphine agd Ofecacipie bhanother
field of use wouldeskithe prepasation of acetdipe tyarchydin frambatetone aadtksdaydragen cyanide.

According tg the;igugatiQn, eaction | ted.continou I ular reactor or loop reactor.
Qn.4he seactionys efectegicontinugusly n g dyhu

The terms "continuously™ and "tubular reactor" are known in 20 the technical field. A continuous
reaction is understood to mean especially reactions in which reactants are added to and products are
removed from tHeyeactivhi @idturé everchpriwmiyebperod. Appaaatsastofoconmpriserdiieast one

tubular region ingwieh 2hibergactionicanduroenak I hese rsacterstypicallyhaveraelatively simple
construction, and so the capital cgsts are comi)arative‘IAY, low. The reactants can be introduced into the
Or = more eter T i [11]

tubular 30 reactor by means of's pumlpr.lgro pre\r/lgnst miihtdhanfigtering  sites
10 provided in pipelines, tubular reactors or 1loop

reactors are used.

It has been found that, surprisingly, the supply and
fine distribution, enabled with the metering ring, of a
15 free-flowing medium or gas over the entire tube
circumference or the cross-sectional tube area results
in a significant improvement of the mixing operation.

Large amounts can be mixed over a short distance.

20 The inventive metering ring may  have various
embodiments. For instance, many small metering sites
[11] may be incorporated into the ring, or few large
metering sites (Figure 1). The metering sites may also
project through tubes [13] into the interior of the

25 tube (Figure 2), and in particular embodiments also
tubes of different lengths.

The metering ring may be cooled or heated according to
the metering task.
30
Here lies a further advantage of the inventive external
ring which is not heated by the surrounding medium, for
example a metering lance inserted into the tube. In
addition, this ring could be used to cool the acetone
35 cyanohydrin, which would be much more complicated in

construction terms, for example, in a metering lance.



related operation shutdowns, it is also possible to provide two or more pumps which can be connected
- in parallel. Viewed in flow direction, the reactants can appropriately be mixed with a metering ring
upstream of 35 th n_the pump suction side, and the system more preferably does not
have any furtherInt #ﬂ%@%ﬁﬂﬁg in the region between the pum f 6%??@a%&or. The
metering ring may, WO 2010/121882PCT/EP2010/053962 - 9 - however, also be part of the pump

and may be integragec- e te puedinisineg T hese snqasteasi e achigve sURPHISHY advantages
with regard to 09%@%%3& rgl&ﬁ@x&qd tgeég% %Il\{ies of he plzint and d1 5 relatlon to the yield and

the purity of the product. The components of the rcome mto contzﬁ:]lef% corrosive
substances, especially the tubular reactor, the pumps and the phase separators, are built 10 from
suitable materialshfor axpmpe an acityTesistantaneial; fencxaaiille zitherismnd iartakihariikanium or

stainless stegl, %ﬁa‘i&@teddmtai whichhas, fgexample.an enamel {ayef gL a giseaniyp layer. Itis

additionally also pQSSIb e to use polymers, for exam Ie 15 PTFE-coated components graphitized

components or graBfite pafts, é‘?pecﬁl@?n RRfigible here to use  double or

multiple rings.

The metering ring is particularly suitable for use in

10 continuous processes. The metering ring is preferably

used in the continuous preparation of methacrylamide by

hydrolysis of acetone cyanohydrin with sulphuric acid.

One example of another field of use would be the

. preparation of acetone cyanohydrin from acetone and
15  hydrogen cyanide.

According to the invention, the reaction is effected
continuously in a tubular reactor or loop reactor. The
terms “continuously” and “tubular reactor” are known in

20 the  technical field. A  continuous reaction is
understood to mean especially reactions in which
reactants are added to and products are removed from
the reaction mixture over a prolonged period. Tubular
reactors comprise at least one tubular region in which

25 the reaction can proceed. These reactors typically have
a relatively simple construction, and so the capital
costs are comparatively low.

The reactants can be introduced into the tubular
30 reactor by means of a pump. To prevent maintenance-
related operation shutdowns, it 1is also possible to
provide two or more pumps which can be connected in
parallel. Viewed in flow direction, the reactants can
appropriately be mixed with a metering ring upstream of
35 the pumps, i.e. on the pump suction side, and the
system more preferably does not have any further
internals for mixing in the region between the pumps

and the tubular reactor. The wmetering ring may,



In one configuration of the process, part of the volume flow of a stream of acetone cyanohydrin,
* preferably 20 about two thirds to about three quarters, is introduced into a first loop reactor. A first loop
reactor preferabr% has gne or more heat exchangers, one or more pumps, one or more mixing

elements and o oorzl%%% b?a%%%f)arators. The circulgtion flows wh%ﬁﬁ%g%%%ﬂ%%ﬁé first loop

reactor are preferably in the range from about 50 to 650 m3/h, more preferably in a range from 100 to
500 m3/h and agditierally, prefesablydn paange froahabeuiS 0ad SR 3. In atlegshenasfurther

loop reactor whigh follows downstream, of the first loqp 30 reactor, the circulation flows are preferably
in a range from a o£uc% 4\8%1;656) ‘rlnn}ﬁh r%%lfl(as %)Pegrérat_) y iy rar%%dﬁgnr"le% to 500 nisy . :éﬁggadditionally
preferably in a réWjePFéfiasbut BGYGBE8FR37h. Mdrebver 2 greidrretemperaietdifidhce over
the heat exchangeilisathiold 8p laioR0chepasictiarquaefeiance heingpigep taaboutahd 74n WO

2010/121882PCIERIGIO/053967.5 10:Hhe SURPL AL IR ACEIGNe evanaydiggsorcing (o the

invention via a metering ring, can in principle be effected’anywhére in the lo6p reactor. However, it has
been found to be advantageous when the supply is 5 effected into a mixing element, for example into
a mixer with movihg partsnprastetie nmter, et @haliimixddisite. Hoemsulphuric acidrisact

advantageously guppliedd#steeam, of the.acetone-Quanohydrin.additign, Othgrwise, loweyer, itis
likewise possiblerteoal i}ntrodt ce the suI%huric ac%?éinto he loop reactor aréywhere. The inventive
metering ring is USAF 16 feed i The”RARINT 10 XA RS sUTSRHALAE Bt tHFScetdtet 5
g g Ly ) - - ¥ L] - -
cyanohydds®, jusE ipstresisi bbbl th apbmipl Fhas, thenigalyaurgerafiow i therparhptimusing is
utilized metal, for example zirconium, tantalum, titanium or
stainless steel, or a coated metal which has, for
example, an enamel layer or a zirconium layer. It is
additionally also possible to use peolymers, for example
15 PTFE-coated components, graphitized cowmponents or

graphite parts, especially in pumps.

In one configuration of the process, part of the volume
flow of a stream of acetone cyanohydrin, preferably
20 about two thirds to about three quarters, is introduced
into a first loop reactor. A first loop reactor
preferably has one or more heat exchangers, one or more
pumps, one or more mixing elements and one or more gas
separators. The circulation flows which pass through
25 the first loop reactor are preferably in the range from
about 50 to 650 m’/h, more preferably in a range from
100 to 500 m’/h and additionally preferably in a range
from about 150 to 450 wm’/h. In at least one further loop
reactor which follows downstream of the first loop
30 reactor, the circulation flows are preferably in a
range from about 40 to 650 m°/h, more preferably in a
range from 50 to 500 m’/h and additionally preferably in
a range from about 60 to 350 m®/h. Moreover, a preferred
temperature difference over the heat exchanger is about
35 1 to 20°C, particular preference being given to about 2
to 7°C.



20 advantageous manner. The ratio of the reactants in the loop reactor is controlled such th_at a
* sulphuric acid excess is present. The excess of sulphuric acid is, based on the 25 molar rafuo of the
constituents, about 1.8:1 '[2 about 3:1 in the first loop reactor, and about 1.1:1 to about 2:1 in the last

loop reactor. In St 842 S];Wa%zbeen found to be i\gvantageous BIRY ERAARR (RSR2680n in the

loop reactor with such an excess of sulphuric acid. The sulphuric acid here may serve, for example, as

a solvent and kegpéhesuispsity-gf tbﬁéea@aw@twfalawwh@rﬁaf;]a%&%%ﬂﬂ@e E%PLGE%TOY?(; of
heat of reaction wer 35 temperature of the reaction mixture. This can bring significant yie
advantages. Theq?elzqﬁ”lgprlé%éﬁﬂe in the r%acﬁgrt;’ Rixture is aB6Ut 85 76 abblit 1%6&%/@?63 be

2010/121882PC ¥Rt l053u62eT e - The FioEPOPhe&RAS BRSUreHBWeOIREGr rbrelieat
exchangers in thisdeap refaniad It has been faudiekiodae;advantagaeus Whea the gt gxchaggers

possess a sgitabé%%Q%cgéys}ﬁtpgorgdjﬁm@e %Gloéigg gut ,rin %r)g%n ﬁolgrev]%{% gxcgssive
cooling of the reaction mixture for the reasons mentione above. or
mixer with moving parts or a static mixer, or at a
well-mixed site. The sulphuric acid is advantageously
supplied upstream of the acetone cyanohydrin addition.
Otherwise, however, it isg likewise possible to
10 introduce the sulphuric acid into the loop reactor

anywhere.

The inventive metering ring is used to feed in the

medium, for example the sulphuric acid or the acetone
15 cyanohydrin, just upstream of or in a pump. Thus, the

highly turbulent flow in the pump housing is utilized

to mix the reactants, thus utilizing a conveying

machine simultaneously as a mixing machine. The mixing

capacity of the pump is therefore exploited in an
20 advantageous manner.

The ratic of the reactants in the loop reactor is
contrelled such that a sulphuric acid excess is
present. The excess of sulphuric acid is, based on the
25 molar ratio of the constituents, about 1.8:1 to about
3:1 in the first loop reactor, and about 1.1:1 to about

2:1 in the last loop reactor.

In some cases, it has been found to be advantageous to

30 conduct the reaction in the loop reactor with such an
excess of sulphuric acid. The sulphuric acid here may
serve, for example, as a solvent and keep the viscosity
of the reaction mixture low, which can ensure more
rapid removal of heat of reaction and a lower

35 temperature of the reaction mixture. This can bring
significant yield advantages. The temperature in the
reaction mixture is about 85 to about 150°C.



example, it may be advantageous to measure the heat transfer at certain points or continuously in the
" heat exchanger or in the heat exchangers, and adjust the 10 cooling output of the heat exchangers

thereto. This ca%e flggﬁ(hgrleg ple, via the coolant itself. It is alsﬁ%%%f#g?%%ﬁg% dggﬁ%gr?isf\/g] .

corresponding heating eaction mixture throyg@lcou[respondin
reactants and through the 15 generation of more heat of reaction. A combination of both possibilities is
also conceivablertidne iomporeattonrefesaltly ddditienallirpdssessesakleast oavgas Iepatrator. The

Jas separator Rl Lisgd LB osihcraPradudl faimed eopiwiopalyd s fhiey oo o eactor

Secondly, gases formed’in the course of the feaction can thus be withdrawn e reaction space.

The gas formed }BARGAIRPES bor RihoxilBSTheidluct FRFBRRFTHBM (RO TS Ractdr is
preferably transfewidtialtbea secomedoop sgatem In thisrsecaddusting the cooling

5 output, in order to prevent excessive cooling of the
reaction mixture for the reasons mentioned above. For
example, it may be advantageous to measure the heat
transfer at certain points or continuously in the heat
exchanger or 1in the heat exchangers, and adjust the

10 cooling output of the heat exchangers thereto. This can
be done, for example, wvia the coolant itself. It is
also equally possible to achieve corresponding heating
of the reaction mixture through corresponding variation
in the addition of the reactants and through the

15 generation of more heat o©f reaction. A combination of
both possibilities is also conceivable. The loop
reactor preferably additionally possesses at least one
gas separator. The gas separator can be used firstly to
withdraw product formed continuously from the loop

20 reactor. Secondly, gases formed in the course of the
reaction can thus be withdrawn from the reaction space.
The gas formed is principally carbon monoxide. The
product withdrawn from the loop reactor is preferably
transferred into a second loop reactor. In this second

25 loop reactor, the reaction mixture comprising sulphuric
acid and methacrylamide as obtained by the reaction in
the first loop reactor is reacted with the remaining
substream of acetone cyanohydrin. In the course of
this, the excess of sulphuric acid from the first loop

30 reactor, or at least a portion of the excess sulphuric
acid, reacts with the acetone c¢yanohydrin to form
further sulphoxyisobutyramide (SIBA). The performance
of the reaction in two or more loop reactors has the
advantage that, owing to the sulphuric acid excess in

35 the first loop reactor, the pumpability of the reaction
mixture and hence the heat transfer and ultimately the
yield are improved. Again, at least one mixing element,

at least one heat exchanger and at least one gas



25 loop reactor, the reaction mixture comprising sulphuric acid and methacrylamide as obtained by the
" reaction in the first loop reactor is reacted with the remaining substream of acetone cyanohydrin. In the

course of this, the.e ric acid from the first loop 30 reagtor, or at leas grtign of the
excess sulphuri@?gci)%cf?r%%gg \?VI he acetone cyanohydrin to form f?ﬁ%é?gélgﬁﬁzﬁ%&?u% amide
(SIBA). The performance of the reaction in two or more loop reactors has the advantage that, owing to
the sulphuric acisepeess i35 the fistlongaaaciar iie pumpakiiysidhe mastior abdyre.and hence
the heat transfergpd yiimaielyihe yiglskare improusd Againsatisast anemixng,element at least one
heat exchanger and at least one gas WO 2010/121882PCT/EP2010/053962 - 12 - separator are

arranged within tHe*§3E67a 1865 FadBr. trheéhAekiort 28 Serature in the second loop reactor is
likewise about 90 to about 120C.

5 The problem of pumpability of the reaction mixture, of
heat transfer and of a very low reaction temperature
applies as much in every further loop reactor as it
does in the first. Therefore, the second loop reactor
too advantageously possesses a heat exchanger, the

10 cooling output of which can be regulated by means of a

corresponding sensor gystem.

Again, the acetone cyanohydrin is supplied in a
suitable mixing element, preferably in a static mixer
15 or the inventive metering ring. The product can be
withdrawn from the gas separator of the second locp
reactor, and it can be heated to a temperature of about
130 to about 180°C to complete the conversion and to
form the methacrylamide.
20
The heating is preferably performed in such a way that
the maximum temperature is attained only for a very
short period, for example for a period of about one
minute to about 30 minutes, especially for a period of
25 about two to about eight minutes or about three to
about five minutes. This can in principle be effected
in any desired apparatus for achieving such a
temperature for such a short period. For example, the
energy can be supplied in a conventional way by means
30 of electrical energy or by means of steam. However, it
is equally possible to supply the energy by means of
electromagnetic radiation, for example by means of

microwaves.

35 It has been found to be advantageous in various cases
when the heating step is effected in a heat exchanger
with a two-stage or multistage arrangement of tube

coils which may preferably be present in an at least



5 The problem of pumpability of the reaction mixture, of heat transfer and of a very low reaction
" temperature applies as much in every further loop reactor as it does in the first. Therefore, the second

loop reactor too adv I ssesses a heat exchanger, the 10 cogpling output of which can be
regulated by me@ﬁs%@?gzﬁgrﬁeis%gﬁding sensor system. Again, the a%gﬁrfép%yn%ﬁ%ﬁr? gzsupplied in
a suitable mixing element, preferably in a static mixer 15 or the inventive metering ring. The product

can be withdrawddfutshéhe gapsenargtos of theecend loopheacten enddhcanibe-heatedit a
temperature of ahout 130,13 bayl 140C 10 copplstehe conyersion and for the gagthacrylamide.

20 The heating is preferably performed in such'a way that the maximum temperature is attained only
for a very short period, for example for a period of about one minute to about 30 minutes, especially for
a period of 25 afitngt twamtbdebod Elgittiminutéhos abobtthiemtd aboytherairiutes hBhis can in

principle beseffeciedin any desired apparatus for achipsing %ﬁ&%m%ﬂ@t%&g@%&ém”
period. For exam;ﬁe,é?)e ener%]é can be su%)ged in a conyventional way by means 30 of electrical
energy or by meahs 6FS8Em. HEwewRr, 54 efually BBLSiBR td-SupbSAREEHENGBy MESTS of
electromagneticrhéatida ofdE exgmpléby heeansosfshictawvaves. 35 It has been found to be
advantageous in various cases when the heating step is effected in a heat exchanger with a two-stage

or multistage arrangement af tube coils.which may preferably, be present in an at least WO
20101121807 P HAb67C 15" OSE, oSG artSEma e TREFEI O it is

heated ragifily t&Besrhpalatube 8EEE6ESL30 161€86C. Fhe arfiigeysol it e omapmblelgenerally
has a 5 temperafigte=nf more than 100C, typically a temperature of about 130 to 180C. Cooling to
temperatures less than 130C is likewise possible. In addition to the use of the inventive apparatus in

10 chemical processes, there are many further possible uses. For example, the metering ring can also
be used in overlBRE pifEIFRYSr mikBFal BiEfakditHt. FbRHe can also be used in

overland pipelines for mineral o0il transport. Flow

15 improvers have to be added to the crude oil at regular
intervals. At these feed sites, the flow improver is
usually added through a nozzle. The large wvolume flow
forces the medium metered in primarily to the inside of
the tube, and the conversion proceeds poorly and only

20 over a long distance. With the inventive metering ring,
it is possible to ensure that the flow improver is
added to the crude o¢il over the entire tube cross
section.

25 A gimilar application is in the additions of chemicals

needed in oil and gas extraction.

The invention further provides for the use of the
inventive metering device in chemical processes,

30 preferably in processes in which rapid mixing and fine
distribution of a medium are required. Ideally, at the
point of metered addition, the medium supplied is
reacted or mixed completely with the medium flowing
past. In the case of metered addition, for example, of

35 one drop of liquid, until fine mixing with the other
medium, a minimum distance should be covered to the
mixing point.



15 improvers have to be added to the crude oil at regular intervals. At these feed sites, the flow
* improver is usually added through a nozzle. The large volume flow forces the medium metered in

primarily to the ipsid Ii h él:ge nd the conversion proceeds poorly and only 20 over a long
distance. With tr%e%inggo t#\gl ?e%%g ring, it is possi Ig to ensure th FIT\ZEI‘ H’r%l%%rgig%dded to the
crude oil over the entire tube cross section. 25 A similar application is in the additions of chemicals
needed in oil and gashexsrageen ThecimvantieR4urthenprovidesstor the usqLf dhq iyentiygdnetering
device in chemicéq,k GESSES) 3 referably in processes in which rapid mixin fine distribution of
a medium are requ#fe%. Ide%?y,gﬁheléc%%tyofrﬁgtéﬁe% a%itigﬁﬁ%%rrgéaﬂmlgj% i6d iS Yéicted or

mixed complete§fwitA4RE Heditim Fermglilait indhdesseiof Alet&reaeridiaibn, oeexarpib, of 35

one drop of liquiditetil fine mixing with the other medium, a minimum distance should be covered to
the mixing point. WO 2010/121882PCT/EP2010/053962 - 14 - It has been found that the inventive
metering ring enables almost ideal mixing or conversion in the case of supply or free-flowing media or

gases at one feet SRS B CorParddtfo tHeBERMEARSIR mBRIREHharRESHAThaE bRB metering
site, more homoyemMeoustdistriisitioniover #icttebe mwss séutiongseéfented i therddsetafdie inventive

metering apparatieviane ringpaithhaJ9spludity ofmetering sites. Jdnis; sigrifigantlydmprgves the
mixing result an%ﬁiemullt%\r}go%sl)(rshort ns the mixing time. The inner wall of the metering ring is
permeated by any number ot injection chanhets. BRIHEFEB™ o YtPand hor Pr&feriblf163njection 15

channels dfangedHerdddeneousfy ovaetrrdinr@imferdticesare uSdd. sTheseigry fihdiiduldly or in
common, be tiltethipighvespeehis the innes wadgfthe pipalineiahan-angleof 1yto 448 prefasably of 20
to 120, more preferably.Qf.60. In the case of the known 20, metering apparatus with one metering site,
strong flows witﬁ{l%ﬁuﬂlt%%%av%%g fesult that the me ?t?lm %eté:r}g iﬁ??%%@@toﬁh%%&g wall by the
medium flowing PEEMERAESEncdnly FEOF mikHELEENY, fkes pladecHicde mabangsiles therefore
cannot be used Prsieuitariepusly foomixing aRawnstream pf tieemelaring shesimpdag oparations
additionally have.in,be injtated. This isdane by theingarparation of stafic mixing ¢ nts or the
incorporation of Eumps or the like. % The known, methodsgof mgegtgre%d%%d%%n%orﬁ%%u %egwith a

plurality of meteAR§ sitd€&fe unSiREHle IR Ynany- L QrAlotesstE, siite the®heficab®nversion
is adversely affetteteder the bbng esippgtdistanceh@hénner wall of the pipeline

at an angle of 1° to 179°, preferably of 20° to 120°,
more preferably of 60°. In the case of the known
20 metering apparatus with one metering site, strong flows
within the tube have the result that the medium metered
in is forced to the tube wall by the medium flowing
past, and hence only poor mixing, if any, takes place.
Thesge metering sites therefore cannot be used
25 simultaneously for mixing. Downstream of the metering
sites, mixing operations additionally have to be
initiated. This is done by the incorporation of static
mixing elements or the incorporation of pumps or the
like.
30
The known methods of metered addition along a tube with
a plurality of metering sites are unsuitable for many
chemical processes, since the chemical conversion is
adversely affected over the long mixing distance. The
35 1long mixing distance results in thermal decomposition,
and the yield is thus worsened.



35 long mixing distance results in thermal decomposition, and the yield is thus worsened. WO
2010/121882PCT/EP2010/053962 - 15 - It is possible to dispense with the use of static mixing

elements which,j tg of corrosive media, additionally have to be ex?an ed regularly
and hence lead ‘f@s §t§§2\/%%rﬁl§§ The use of st _ticlrgixlng 5 elemgrﬁgéﬁﬁ%?slgl 8?6.96?0%2[0 undesired
pressure drops. It is particularly advantageous to install the metering ring upstream of a pump. Ideally,

the metering ring s positigpedsdiisdly Westrernmétike sugtiothstuihef theskD cgulation pump. It is

thus possible tojtijzg e tyylgaces g g puglp formixing, '3 payaly pgesipls o use the metering
| ic e ki

ring in the centrifugal pump, ideally close to the point at which 15t netic energy Is at its greatest, in

order to bring aftiftideal mﬁﬁlﬁ%@é@ RN R tHemitdePemEs dukPpeaas ithardfect that
the distance fromehepuirgadutiet issbngdmedrhentedbe nitieg distanse isalsoiengn 20ingpecial

cases, it is possibie.fdisPenseuil & MixenfARump thoyoh the 4 Péé@%@ta%%’flg- For

example, the supply of a gas, optionally of an 25 inert gas, can generate turbulence in the medium
which flows through the tube. It is thus possible to prevent sedimentation of a suspension by laminar
flow within the tde. 89 Aarsd-add hbmoydvients damitsutivn oves tieléntirberesstseciiog of a tube
can be achieved-by¥irtugaf taametering sitesPr tubrsafithe matering.fing being.of diffefent lengths.
tis thus possiblg (g fpeter the teagtantinfo e {ybe nterior jn 3 conirplled manngr ¢~

10 circulation pump. It is thus possible to utilize the

turbulences in the pump for mixing.

It is equally possible to use the metering ring in the
centrifugal pump, ideally close to the point at which
15 the kinetic energy is at its greatest, in order to
bring about ideal mixing. Metered addition in the
middle of the pump leads to the effect that the
distance from the pump outlet is long and hence the
mixing distance is also long.
20
In special cases, it is possible to dispense with a

mixer of a pump through the use of the metering ring.

For example, the supply of a gas, optionally of an

25 inert gas, can generate turbulence in the medium which
flows through the tube. It is thus possible to prevent
sedimentation of a suspension by laminar flow within
the tube.

300 A broad and homogeneous distribution over the entire
cross section of a tube can be achieved by virtue of
the metering sites or tubes of the metering ring being
of different lengths. It is thus possible to meter the
reactant into the tube interior in a controlled manner.

35
The inventive metering apparatus has a broad spectrum
of application, wherever rapid and/or homogeneous

metered addition of free-flowing media or gases is



35 The inventive metering apparatus has a broad spectrum of application, wherever rapid and/or
- homogeneous metered addition of free-flowing media or gases is WO

2010/121882PCT/EPR CZ - 16 - required. It is possible to meter jn liquids with low or high
viscosity, but als%ésu%%bqéjﬂ E%%i,%g%ulsions, gases, etfsltjs used in E%&?@rﬂé%ﬁéﬁ as
pipelines or tubular reactors. The metering ring serves’s as a metering apparatus and/or mixer. In a
particularly prefereegidppigatian, thesmptasingying issisekirethe hydrolygisiefactone cyanohydrin
with sulphuric agig.to giva m ¥| ide. 1 e ipyention, is_illustrated in detail hy the drawings
which follow: Figure 1 1%‘.053%%&?5@_ dtiongf?{?ougjghY gaopi gﬁlnsep sezlc%ﬁ)%nv?ith instaned- r%%?e’ring ring
Figure 2 Enlarge¥f§5fal diddram 6Fa mBdifstFEmbiddli ppcal systems such as

pipelines or tubular reactors. The metering ring serves

5 as a metering apparatus and/or mixer.

In a particularly preferred application, the metering
ring is used in the hydrolysis of acetone cyanohydrin
with sulphuric acid to give methacrylamide.

10
The invention is illustrated in detail by the drawings
which follow:

Figure 1

15 Longitudinal section through a pipeline section with
installed metering ring

Figure 2

Enlarged partial diagram of a modified embodiment
20
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The drawings show two working examples of the inventive
metering ring.

30 According to ¥Fig. 1, the inventive metering ring 4 is
mounted by means of clamping means 5 shown
schematically in a pipeline 1 through which a medium M
flows, between two tube flanges 2 and two seals 3.

35 The metering ring 4 has a peripheral distributor
chamber 6 which 1is supplied with the fluid F to be
metered by two feed stubs 7 and 8.



16 Metering point 20 dDiameter of injection channel 11 External diameter of tube 13 aAngle Radial
projection of 13,15 Medium 25 FFluid The drawings show two working examples of the inventive

metering ring. 30 According to Fig. 1, the inventive metering ring 4 is mounted by means of clamping
means 5 shown% hgﬁjgﬂ%#)}g pipeline 1 throqgr]lysvhjph a medidr ﬁB&Bléét%%ﬂ%o tube

flanges 2 and two seals 3. 35 The metering ring 4 has a peripheral distributor chamber 6 which is
supplied with the'fleid inieche melared by 840 faedl stei=t-ang 8rME 4 is permeated
2010121882P GLERRQUPEANG? 518 lie 19A9ial 30 oL e meleringng. 4 5 ggegied by
preferably sixteen injection chanhels 11 glstrlbut d homoé_geneous y over the circumference. These
are, again prefeRBIPIRORBESINANIRe 5P 66 MAHRESHI BB thd e waka 2 crdriFipeline 1.

This ensures homumaeabd ynjedtiom 9 néthedftuichh intadieflaw ofthe cmediartM xr&@geesolution

according t@ Fige 2 anyisagesdgsering into the iniedion;happgls 41 tubes 13 which have a radial
projection Y with respect to the inner wall 12 of the pipeline 1. 15 In this case, the end of the tube 13,

which thus extends somewhat into the flow of the medium M, constitutes the metering point 16.
This ensures homogeneous injection 9 of the fluid F

into the flow of the medium M.

10 The solution according to Fig. 2 envisages inserting
into the injection channels 11 tubes 13 which have a
radial projection ¥ with respect to the inner wall 12

of the pipeline 1.

15 In this case, the end of the tube 13, which thus
extends somewhat into the flow of the medium M,

constitutes the metering point 16.

This optimizes the introduction of the fluid F into the
20 flow of medium M, in such a way that the fluid F cannot
run along the inner wall 12 of the pipeline 1, and the
droplet is torn off only in the media flow as such at
the metering point 16, owing to the flow of medium M
around the exit edges 15 of the tube 13.
25
In order that the tubes 13 cannot be pressed into the
distributor chamber 6, a stop collar 14 is provided,
which is formed by the diameter difference between the
diameter 4 of the injection channel 11 and the outer
30 diameter D of the tube 13.

This construction feature results in rational mounting
of the metering tubes 13, while simultaneously ensuring
the predetermined position of the radial distance Y of

35 the metering point 16 from the inner wall 12 of the
pipeline 1.



This optimizes the introduction of the fluid F into the 20 flow of medium M, in such a way that the fluid
- F cannot run along the inner wall 12 of the pipeline 1, and the droplet is torn off only in the media flow
as such at the metering point 16, owing to the flow of medium M around the exit edges 15 of the tube
13. 25 In order M@t #1523 UBEANNot be pressed into the distribURSFRABRASEL B/ 8536 8ollar 14 is
provided, which is formed by the diameter differericefetiveen the diameter d of the injection channel
11 and the outer3Q digg(‘%n?l% th g‘;lélgle %%eggg%%c%?gyctégg éea re égsulf%p r%g@@g ounting of
the metering tubes 13, whilé simultaneously ensuring the predetermined position of the radial distance
Y of 35 the metérinSGREE6Fom Bfe it wRIF S eRthe pipERRS 10qyo but are not
2010/121882PCIdERRD0/@F3962 s t19icHimgxanipesigivemhéminaiier atkgiveietoribeter
illustration of thespresent inyention,;hut are not capable of restricting the invention to the features
disclosed hgrein. 5 Examples In several operating tests, yield determinations were carried out. This
experimentdetermined the effect of 10 the metering ring. The yield was determined in a process
regime with metBrageihgsand a downstream pump as a dynamic mixer, compared to the static mixer
used conventionally. The 15 pump is arranged immediately after (connected downstream of) the
metering ring in the flow direction. The metering ring is flanged.(mounted) directly onto the suction
ozsle of the publb, FETER b CHREFE & Ve Tt ShRL A b M Py and 1o
carried out. This experiment determined the effect of

10 the metering ring.

The vyield was determined in a process regime with
metering ring and a downstream pump as a dynamic mixer,
compared to the static mixer used conventionally. The
15 pump is arranged immediately after {(connected
downstream of) the metering ring in the flow direction.
The metering ring is flanged (mounted) directly onto
the suction nozzle of the pump, 1in order to ensure a
very short path of the ACH before mixing and thus to
20 achieve very rapid mixing. The pump, in the process
regime with the inventive metering ring, is a
circulation pump, which is used in a 1loop reactor

typically for circulation of the amide mixture.

25 The vields obtained are compared in graph A. Various
test parameters were varied, and the vields were
determined by sampling and analyses of the amide
mixture.

30 The majority of the measurements give an increase in
yvield. Positive vyield differences up to 3.2% show an
improvement in the yields as a result of the use of the
metering ring.



20 achieve very rapid mixing. The pump, in the process regime with the inventive metering ring, is a
~ circulation pump, which is used in a loop reactor typically for circulation of the amide mixture. 25 The

yields obtained C ared. in graph A. Various test parameters were varied, and the yields were
determined by sﬁépﬁé@%&gge#a%ses of the amide mixture. 30 The %Zﬁwjtﬁé ?r?é‘agﬁ?ements give
an increase in yield. Positive yield differences up to ?g% show an improvement in the yields as a
result of the useaf diegetering ring. WO 2010/121882PCT/EP2010/053962 - 20 - Claims 1.
Apparatus for metering free-flowing media or gases, characterized in that one or more metering 5 rings

with metering sites E‘;ll] provided in pipelines, tubular reactors or loop reactors are used. 2.
Apparatus according to"SRAiR AL tRaratRFizedaT sothaganyimaabér omietkringefda [11Pare

provided in the meteringaegs 3. Apparatisadeordingdo Elean losbaracterizee imidakthergetering
sites can besimplementgd,in a 15yids, varigty gf diffgrent.qrientations and I%Q% gegi. Apggratus
' adde

according to Claim 1, characterized in that the free-flowing media or gases are via 20the
metering sites at elevaRUesSRe: 5. AP aTs KEESHMGTo BRimACRh&EREHPES in3R& the

temperature of the metas®giring is controlled. 25 6. Use of the metering apparatus according to Claim
1 inchemicalprocesseswithrapid mixing
2. Apparatus according to Claim 1, characterized in
10 that any number of metering sites [11] are

provided in the metering ring.

3. Apparatus according to Claim 1, characterized in

that the metering sites can be implemented in a

15 wide variety of different orientations and
lengths.

4. Apparatus according to Claim 1, characterized in
that the free-flowing media or gases are added via

20 the metering sites at elevated pressure.

5. Apparatus according to Claim 1, characterized in

that the temperature of the metering ring is

controlled.
25
6. Use of the metering apparatus according to Claim 1
in chemical processes with rapid mixing
operations.

30 7. Use of the metering apparatus according to Claim 5
for preparing methacrylamide from acetone
cyanohydrin and sulphuric acid.

8. Use of the metering apparatus according to Claim 1

35 in ©il and gas pipelines, and in drinking water,

gservice water or wastewater conduits.



operations. 307. Use of the metering apparatus according to Claim 5
* forpreparingmethacrylamidefromacetone cyanohydrin and sulphuric acid. 8. Use of the metering

apparatus acco%?@gzté)\’m%faﬁzin oil and gas pipelines, and in drinking water, service water or
wastewater conduits. 1882PCT/EP2919$5§962 21 -BF ¢ha nqa%ﬁrqﬁ apparatus
according to Claim 1 in pipelines at feed sites for free-tflowing or gaseous media. _
9. Use of the metering apparatus according to Claim 1
in pipelines at feed sites for free-flowing or

gaseous media.



