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MASS FLOW RATE CONTROL SYSTEM The present invention
relates to a dosage systemfor a static mxer, in

wopasvi4siivar a mcro-reactor, and a control netPl@@EP2006/010203

thereof. Static mxers, such as nmicro reactors, serve
for mxing and/or reacting f1lui ds or reactants
contained therein. Static m xtures conprise at | east

one, usually twaaddlebw Fhet ddyeren@vetrvrore fluids and
conventionally said fluids are fed to the m xer by a

punp, in particular a piston punp. Such punps,

homeveg generate pressure fluctuations within the

m xer due to their I 4.SL.CS: .
e Lo S B il GRS SBE 388 n paricutara
IRIFR]-teabloRINE aadactobinathiod therxeft s wi t h structured i nner
cavities and surfaces and with or wthout tenperature
control, higher pressures are necessary, enornous X

pr eﬁmcEmp)ers asscles ariciorresciols, oV Entmiging anrgjar geagting fluids or

rgacgants?’ AoﬁtQ%F:& ttﬂergﬁ"lp 'S%t& Ifn%&&e? ERPHEE al félaktv&{ee %S@Mlyatwo inlets

onven t I Ona to.a mcroreactor.

for dwsomecof Mese @@M%ﬁgd cq>rrye9ta@qaillézmagjr Blrdésagﬁ rf%é'l &J |tl§ee§nxer by a
Igf?rlxgpcﬁi"rﬂahﬁgllérn aC Q%Y&ﬂtplﬂﬁlﬂ Sﬁé’rﬁtlﬁlﬁﬁpsl I’de@leﬂg generate pressure

Iver ) ad
ﬂ‘&é‘tat“lo%é”wlflhﬁhﬁ ‘F‘%/?@ %"ic f%frsg}":j%?? 1y e r%%c%lsncs Since in
| SiMmiéroreRdtbs) sﬁfallkﬂlmemmdeciitstletImxﬁs with structured inner

articular i1f th
Gt ey bt SRS Spod: %&%&t@eféﬁ%% ph préhures are
wpeasshiyt, yenofméusuprissure vilseasecid m/vswét goryfentiged %‘YISE?FT& Fig. 3A
%%\{/% be ﬁ%?&%@%é%r@ Oftiivelele By Wa t BollieBRodl € pistdropumdd to a

[ measuring mass flo t
wisrorghdten] Suieh peIspYre r@scglaﬁlgaw g Bhﬁt%ﬁ\/gr rg?esg%ﬁ/:;é}ses s occurring in

%@g;&ﬁmydt&% iAclh@ng deiivady puHyss, \thdyr advdigplwafﬂectathe chemical
n

ese
SeHiHO R SHATEREY (S HEYagese b oo Reipg Tomation of by-
ploan@s ted.), Sihi peaticular @ theheeantior v ercoeniximgcohieplhsk er pressure
ﬁ%}h%known CMFCs the m ni num mass fl ow for accurate
Pment nust be at |east 10 g/mn. Additionally,
in order to achi eve good precision at |ow flow rates,

ﬁeggsgaer@)e/} tbv\% 1% asa@s'lﬂed sl OF f(i@s$hd haBs I1eW) raits of each fluid

R LML SR R R
requires relative |long residence

A known method for measuring mass flow rates is a so-called coriolis mass flow
controller (CMFC). A CMFC comprises a long metal tube vibrating with a certain
amplitude. However,. these vibrations may degrade the stability of the apparatus and
the characteristics inside the microreactor. Furthermore, with known CMFCs the
minimum mass flow for accurate measurement must be at least 10 g/min.
Additionally, in order to achieve good precision at low flow rates, a tube with very
small diameter (less than 1mm) is necessary, which may cause additional problems in
terms of plugging, clogging etc. Moreover, a CMFC requires relative long residence
time in the metallic structure, so that problems and undesired side effects like chemical

reactions, corrosion, apprehensive effort for pre-heating or pre-cooling may arise.

Therefore, it is an object of the present invention to provide a dosage system for
a static mixer, wherein the mass flow can be controlled avoiding or at least decreasing

one of the aforementioned drawbacks.



10

15

20

25

30

35

time in the metallic structure, so that problems and
undesired side effects |ike chem cal reactions,

WO00T@s509n, apprehensive effort for pre-heati ®gTEP2006/010203

pre-cooling may arise. Therefore, it is an object of

the present invention to provide a dosage systemfor a
static m xer, wherein the mass flow can be controll ed

avoi di ng or at |east decreasing one of the

af orenenti oned drawbacks. Sai d object is solved by a

dosapel shjsitasssleadbylh dgsdge sgitanmedordigdoshym Isyst em

for feeding a fluid Ato a static mxer 1, said system
conprising a tank 2 containing said fluid A at a

pr ed%t@sagmeﬁstpme@wf@da‘rgd aaflpideds to i Zistagiceméxasni, gaid system

i Ylsgll Sk b R 5 e Huy gssdp r£, re@ef&xﬁﬁ&dpﬁﬁﬁﬁ@ and a
oA § prdieier

ing sai C m xer 2, a scale 5
m@asemmagelcmentm& rorviding sk pfqdateammeéopﬂe&%%da iIfl ppgsage 3

c%nn@cu'ﬁg @Blﬁ%kade%ﬁér £ 2R @xkaded sk fsldateszﬁhgl tHd \Uél@ht PV M of fluid
to control oW 0

assa
Kivastain 5okt s birel Ui | BoileaiPitin SR 3o convol
tﬁ@lﬂo"weﬁﬁsalﬂ Thid A &bgﬁkalﬁltﬂw ? aite s3fd Qatdé nurerdl;fd vomtrodler 6 for

t
RO R B S e p S el low 3R PTG of said
fluid diand tiongutautiaiz\aecqntrol sigoal MU _&dpusgtd @cmérOﬂ vakye 4 indicating a
\{@ﬁge V\PomfdﬁdtB%dgs‘P%eeﬁ’é\b %@&Wﬂ%@shﬂﬁtcﬁ@u@b \%Jﬁild actual flow

said controlle based

retst RY cQ éel saig cenirelles Oabased OB VM P fi%tﬁtct%‘%iaé s7alg ? gpdifferent
ﬁc@nt@'?o‘fl tinles tGahd tf. |Sﬂl&j Ry ma§ b2 d llugl-id @r @rgaé, fpagxample a liquid or

exanp aliquid
Bt HE e b ER B SRS SR B ferin
order to control mass flow of said fluid into said

glr Oég%ﬁtg cﬁgl%r%{lomg ngévl/ %}P’g){m %fuup ?nt(gl ?518 r@x&e Qnaﬁg—la? I'vgltuﬁw flow

as ow e are enp

most dgedessratiesd. dihetetea seale and auﬂ%nstumior gereaepleyrd in the dosage
%Sﬁfegmf @k prf@nf in"&bﬁlcﬁ'xo 'Stu%er’[ﬁg vde[ghtt e tHeaMidaonidBldd iAhe tank as

lbrrent theovgradhaigeal 15 e il oS SPASTRAG Glmet only
$HABgdsABK thet hewf dfowdid a@ued oht bf’lfhef tank dthe aftovb eatd etfetherifluidi can be
%25}%8{1%@? 8 W tbg w&:léiué gltf éﬁe 1511 cfo]nga?rge:] 4nnt?lg t%rﬁ( zgshc?etéc%ﬁ(by said
dcalves . different péintshef timesghite. dfthe weeight unf dheyvﬂpm WIthmeth? dank or the
gverglpsys?er? 3k lde§r¥§ste8rﬁ)p Q%eﬂ%‘ﬁrzﬁﬁ&ﬁl‘# FHm 4 &%fnaﬁl‘ﬂe perlod flow

In a certain tinme perio low rate
n‘ambﬁthresﬂlgd oy by AMOUGF Bl el s Paroq Brcitrably said

Jﬁ?‘iodfrﬁf\ﬁli@m»yelélﬂl e ddté@ec{)ﬁyltw&calafanwprs&ésw Bhtsaid flow

estxmat(gregﬁeegloszn sm%llse%glugh ?o }’ICPC[ (s)uf‘?imse%%i acpé{lracy 0 tfhI Wow rate, but

large enough to avoid sample noise.

With such control of mass flow, in contrast to known CMFCs, the reaction
media vessel can be made of any material suitable for the reaction, e.g. steel, glas,
email, polymers. Furthermore, the complete controller can be constructed with simple
and cheap elements and is not sensitive to environmental influences as conventional

CMFCs or other known mass flow controllers.

In one embodiment, the pressurizing element comprises a pump feeding the fluid
out of the tank into the mixer. Said pump may be constructed in any known way, €.g.

as a piston pump or a syringe pump. The pump as well as the tank should be paced
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estimator, are chosen small enough to yield sufficient

accuracy of the flowrate, but |arge enough to avoid
WOa0ii485080i se. Wth such control of mass fl owPCIAEP2006/010203

contrast to known CMFCs, the reaction nmedia vessel can

be made of any material suitable for the reaction,

e.g. steel, glas, email, polyners. Furthernore, the

ugﬁmt)h %IGCQN '5}9 A gfm %@fénﬂ%eg‘?ﬂéwéﬁﬁ %%mtd'f thé MREE c?ﬁigined in

I's not sensitive to &nvironnen
thmtamlsn@ndélse a@swm@wﬂe@wm Advrasagenushy lsaifl eAGiRANRE geset to an

llfllltlgm th('czéx%l DA beldie Qﬂaﬁlr%rf@ eI, int diBePioasBribateithigconstant
t ri ses atﬁ)u eding the fluid out of the

weagtks phithg aPH@aH%SQ’é‘F s B RPMREY be constructed in
any known way, e.g. as a piston punp or a syringe

Phe Wik & FRRPEATEN R GRPBFAT oS RALoBFSNT: warpgs and
méssteepiilbesi chayoodcar rsddésaribdie it aimk imtrmiiuctien. Thus, in a preferred
e%bbe?%ﬁéritztbn%re%glg x{fé eﬁ%ﬁ@&%?% :ﬁlgé’ an %@%rggﬁgiaétea pédetermined
sesantei wigich ¢ $wf'é@em i pressi the Sk fWhli@i léItP e fed ente e mixer, out of
th& 2%{1@%d V}ﬁ'ﬂog 1§ Rixet he RO E)%&Eér'ﬁuﬂédkﬁregshﬁe t Fhits, VibRtions and

ressurl zing elenment co Sl
pg@ﬁq}pre rpg{@gs@,egenemt%ir B oS &nQuﬁlﬁ’g R e@s@?’@l gp gé@n}%&ously in this
éﬁ@&ifél‘imé&& dReA! h&ﬁdlbrﬁldhghendl YHerﬂUQi&lgOGQSa?gb usysteinn @lows further
referr i ment the pressuriz
BBS5T 1B LB roP G P TG s Preg By B BB ing Rt vith simple
tubd cdnniesticsf fi cient to press the fluid, which is to be

fed into the m xer, out of the tank and into said
m xer at the predeternlned pressure. Thus, vibrations

and Ifseidsnareflpdl fhaves igeneichianly cpptaining thg thid, b Wechiodeded into
t‘gﬂgﬁg%rﬁg%g{#ta\ﬂ WBig hhbﬁsa@d‘mﬂlcﬂl&lﬁges a&%&&m@@n Sdidtaneidowever,
ows,

qqs @108 sflsch gna %ﬁ% 8§fff%§u1%pw igh Béltﬂgburfeg?\%bdo B G "dha thus
\kfblﬁlﬂ&af&?eCer}omlﬁ sk flomedétedmnc Thered, itk mertl fluid sidgtantageously is
i nert [ LA

Rl D B g, St K b et
ohsssowd detarrkinehem gigsifiendy. cMmg:pyer Sa'.jhd.’:rfﬂi&ﬁg)é( be corrected within

t\'}/}gﬁ%\%ﬁéstmﬁ?&sitsg t reflect mass flow of the fluid,

ch is'to be fed into the mixer, and thus vvould
cause errors in nass fl ow detectlon Thereto, the

I nerlt’refér&t]bcl? saldwamt ROROESEM]Y Brrgsuchekidt egespe dDUtid dntb dhve mixer
gquSI : oétﬁc’eulg:resswe 1n51dg%§1t1 tajﬁ(f sllgl\ﬁlﬁt h%lryemc does not

In the preferréd embodiment a fluid passage connects said mixer and tank,
wherein a control valve is provided within said fluid passage to control the flow of
said fluid from said tank into said mixer. A controller receives a target flow rate of
said fluid, selected by an operator, and an actual flow rate of said fluid. Said controller
then outputs a control signal to said control valve indicating a valve position to adjust

the flow rate accordingly.

Thus the fluid is provided to the mixer due to the over-pressure inside the tank in
the preferred embodiment. Therefore no pump, in particular no piston pump, is
necessary which in conventional dosage systems implies pressure fluctuations within
the feed flow. Thus a dosage system according to this embodiment of the present

invention can provide the fluid with less or no pressure pulsation within the fluid feed
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mass flow determ nation significantly. Mreover, such
errors may be corrected within the flow esti mator

WO 206#045509Pr ef erabl y said tank is sufficiently PCarEpe006/010203
such that escape of fluid into the m xer does not
affect the pressure inside sdid tank significantly. In
the preferred enbodi nent a fluid passage connects said

XQt K i \ - r e system

T B 8 AR e PSRl fOBE T PR LB e sy
at¢andlinigito dhe prefeiradasiRbodimenisef the ProseRt inXeRtfk ) 4ag,be seen from

chBpRHESwith PR, 9Al prebitt Eidr R tdstiedsfodthenshigifitanlyed by

an operator, and an actual flow rate of said fluid.

Said controller then outputs a control signal to said
contEyofecdBdckecdntdl @dtthe1gomrolalaire bassd tonothetdiffextpes between the
t he fI rate accaordingly., Thus the-fluid i.sip i

0% BB LAy G shop A, MG s s
flow tde car bé e¢alizdd evithoblighenturacfheitbdarlknovdeqaengf, pump parameters

particul a [ i e ' - ts,
285 eféen%tic.o E]%Iirt]l?eg%ggég %Bg&%?@ﬁg pl%ﬁ:g)l %@gﬁ% éelosdsgl{}Jr 1251 dr@y reduc.es costs
Huk aiso auoide irspwiitiesi introdeced &y ¢aid pwmp ghigakage RswEwe at said pump.

s 1 LRbACGefediNg WiRknt dbafing WGBS Fluldveardr €8eftovide a much

I nvention can provide the fluid with |l ess or no
bsttessealed spitF®at i on within the fluid feedflow Fig. 3B
depicts feed pressure del-ivered to a mcro-reactor by

a dgsage t em according to.the eferr ' :
o " TRECRRRL IR TR ARPELAT aadictctfeobloRs By £ RpRTRAMERBORea saic
mixepavits an  withbutFitgmp&aupr eestorle having axttustured jqayities and inner
S th si gni.fi y e C r t ired
THRR R LETLRBIRLY o e BB i v dosi

ahamiged refagien.f | ow rate and the detected actual feed
flowrate, said desired target feed flow rate can be

realized wi {h hi ccuracy without _know edge. of p .
par dftespih %reééregﬁ%@l@?*&? EPIHIRSE El?e ﬁdﬁl Sty i He tank '
dppited a¢\sanihag €hiié| Thereto said tank edomes clditmallpsaidaned fluid at a
avoi ds .i npurities intr ' . I ;
e AT Bl b arosEhE AR £E: ABUERirRe pERRARn of said
fliad land ge-wstetlishinezthd presdetdrmingd oxaUPreasre by whRRlY @ pddHional inert
Reter sealed system Preferably the static mxer is a

mcro-reactor, i.e. a small-dinensioned static nm xer
with or without tenperature control having structured

cavi $4i@ sneaGuidpieferably fsamasernas; ivhixh is paefetaplynimgoloble or poorly
go?t%lee 9n ggié Hu{:da t[%'ug/ 8}1 %hea(()jnaqua%g, éh%n}ipa? rga%tc'liorrﬁ Qre not affected by said
inert gas while at the other hand such inert gas is easier to handle in contrast to inert
liquid and in particuiar can be compressed to a higher degree. Additionally, bubble
formation due to the pressure drop behind the control valve advantageously may be
prevented by using such a poorly soluble or insoluble inert gas. The over-pressure by
supplying a gas will add an additional mass upon the scale, if the gas’ reservoir is not
placed on the scale too. However, due to the wide difference of the specific density
between the pressurizing gas and the fluid fed into the mixer, said additional weight
can easily be compensated in computation. Additional weight of pipes and the

connecting system does not affect the accuracy of the dosage system.

In order to further avoid or correct for noises due to sample rate, numeric
operations etc., said weight is time-differentiated analogously or numerically to yield
the actual flow rate, while said weight and/or the value resulting by time differentiated
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chem cal reaction. In said preferred enbodi nent
over-pressure of the fluid contained in the tank is
wopwpl/48809by an inert fluid. Thereto sai d tank P€OmPadnes10203
additionally said inert fluid at a predeterm ned
pressure pressurizing the fldid. This allows sinple
pressurizing of said fluid and re- establlshlng t he

;{)51 g? el(leétf | o tﬁ?eg oré% %ﬁr rﬁlrg}’paﬁgpﬁét)f Aafstibhd @BAtrol of mass

I ner era 1S . .an |nert
figasnayhe @hrfosnepﬂr e/itbraalﬁlpyeqlﬁ% remlréd &alﬁ@m%)"% i1 liygjted only by

tﬂeg) (?élgnf«lh&‘ir%rtl {lléstl% -deifye@R@chaRNthf tRb serl& al
reac

Ions are not affected by said inert gas while at
the other hand such inert gas is easier to handle in

Contl"hﬁsciet%rﬁnﬁdiﬁ)h:]of'thﬂ adtGaldhsy tdte g%rddlﬁ vhmbe parforreed at low cost,
conmpressed to.a ee.. i tian

CGTRE PER RS B e’ aﬁﬁuiaﬁ BB R i oo avoids
intédavien v antaggmeasiry appa;aﬂueespanelvtbmteéue bgnpms\feﬁ gealudragteristics

ly sol ubl e ert € the fl timator
EVE{‘ rdz’éigfresﬁyen%upp Vi nggousp Fugt??rm%g ° How em
alddan be padvidekia thpoontrdiier gtthe élOSar&e sY¥ieMgas' reservoir

is not placed on the scale too. However, due to the

wi de difference of the specific densit etvveﬁf C{w th trol

pr edm ur furthey RyefsrTad enehndimen; ig ?Ibau‘ioﬁl%‘ct‘??éltr Xgyde the contro

?g%hﬂoftﬂ?t’ thitRO8dnti vallve c@ﬂrpn@@gsa J:thrbﬂeﬂotﬁtpenwhtchatormsponds to a
utation

f n
Errhas poryoey b hragetow drleopid. B RABTNAN Tk M spid fuid. This
c@ﬂﬁ’@l% @;tpmtemaylbe calaantet] opreferabthe byaway @f qrromlp@%lt integral or
noi.ses. d i g S thereof. Al
RO SR g i i RAPME b b arlWFED @392‘%2“89%% oo A
odnernumrﬁrqlcaieﬂgodtsoasylfélty tchatrele t Rearalt pefyyorky O Wi ke may be

gﬂpéjy Wwei ght and/or the value resulting by tine

erenti atedsaid weight is filtered before output.
Principally, determnation and control of mass flow

may IHQ)r@&rtBCihmédse\MeE}bbraeyofphiesccbrmodiar reefpailfoedtardSaingroller output,

PhEC ol b PR ool LS APAC i, OREtEr o o
cdﬁtrellm nedtyi lenadsfed tth éhecontedllef output tr formothe saniFolkgigng utput to

BEf Lo aRfe. S%e%’%&nveﬁﬁgﬁﬁlrPIDgcd?ﬁloYleﬁacSt@Qip@n&ﬂé’orﬂrolled error
€5l € I}atln unit to process the weig but al.s % hich
mm)stargﬂ en@e@mﬁlnglwwawécmﬁ%{ﬂﬂérsa%ﬁxf 2 LERAIR dglay, in whic

staih‘i‘t %Bf%lged 'E?Fo?vﬁﬁsts galld clipnagt eédo‘ilgh c® gleld he suffiage control
system advant ageo rt 0
anatc ahddee p?oW‘Eﬁé&é&”lﬁr’#heth %({;no B 8?“ r(flle @:‘iﬁ nﬁlt‘ Eontrast,

&Waht@pously yields a significant control signal ab initio.

A first and/or second ramp unit can determine a target feed flow rate trajectory
and feedforward controller output respectively, based on a time period and the target
feed flow rate/~feedforward valve position. Since input of a constant target value all of
a sudden (corresponding to a step-wise target trajectory) would lead to an abrupt
change of the controller output and thereby to a pressure pulse within the dosage
system, it is advantageous to smoothly increase the target value up to the
predetermined amount, giving the dosage system time to follow such smoother

change.

A dosage system according to the present invention may further be operated in a

manual control mode alternatively. In such manual control mode a manual valve
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In a further preferred enbodi ment in an automatic

control node the control signal output to the contro
WOV VESHINpri ses a control l er out put whi ch coPCaFgPeMEL10203

to a difference between the target flow rate and the

actual flowrate of said fluied. This controller output

nay be cal cul ated preferably by way of proportional,

nt.egr al differenti cont i [
o Bl GG Bl SOPHEEL o S gt R 0 shilconl
vaBt hesieadast thelzantrailenoniput. neural networ ks or the I|ke
may be enployed. In order to increase response of the
controller, a feedforward controll er output, which
cor IGempohdwdes mayfheesyitthgd fony antomage 4¢ masal Pfyice pgrsa by the

Qrag?e xftthr rlatrtéi1 ctaEEe a@Qﬁtﬁ@ohﬁSf thd B¥nkA v%[i@q;bsitﬁ)nt Mgy be selected

on ro out forn1t contro%ﬁg g@@ oquvE qumnc
ag ahid fé@lf@ﬁwdw&iwﬁeposéf%éf S & SPSHL I ip mantal to au
RO £l beLhichidiled, SIRON aBfiR0 fier fokhedprerselactddanamen vabegmsition is

and act ual u h contral l.er :
el B SR RAT L o BT B0 Sk Pupgps s itrence of
dotial shdardedfae fhvo g isoinymiskd ba thuddnitrolleneutpeint r ol

anount. Adding a predeterm ned feedforward controller
output, in contrast, advantageously yields a

Si gr(Dmelcab]tectsofq:amq:s aidgadylantages off thie Presant mvenptiop, derbye from the

cfe?&?cﬁg EdlHs %e%&rqﬁﬁ)ﬁro%fk@er?ed aheRlimbeedThdrewy rate

aJec ory a edf orward control |l er output
respectively, based on a tinme period and the target

f eedrif| Pehdwd searEtatyRGsagalsysenamtbidary toSimesbodiment of the
of a constant target value all of a sudden

Resht WYFBHYbng to a step-wise target trajectory) woul d
| ead to an abrupt change of the controller output and

ther ey, L0k BECSIHUR Biths Coiiial T #igeLdgage system

i 'S S AUV an ageous to snoot y I ncredse the target
value up to the predeterm ned anount, giving the

dosages sySt AINdbpidBtHe Fetd bfe@éﬂll@ Hééﬁzéd@?h%sa@&@ﬁ@n with a pump
dosag& system according to t inventi on MY e tively.

ngra gRSPEHY StRR A 1n §a§r%°r‘f8§’|“??2§’ﬁ‘% Bresgutjaven

alternatively. I'n such manual control node a manua

val \égp‘gs [ % % |059§te #J 0{5’}{§ d&g @ﬁ]@uﬁ?nent Rgnhk ﬁpr@éétnp YhveRBion can

sai ontrol valve | nstead
progidecntoiodr| lewvl'fdlua Puid A&rtrﬂ flesiregritoss raia P gv\l,ah%thlggh pressure
hLQRkomatic to manual or vice versa by the

Thereto the system comprises a tank 2 containing said fluid A and an inert fluid
B with a predetermined pressure. Said pressure is sufficient to press the fluid A out of
tank 2 and into mixer 1.

Said inert fluid B preferably is an inert gas B, which more preferably is poorly
soluble in the fluid. Argon (Ar), Helium (He) or Nitrogen (N2) may be used

advantageously as inert gas for example.

Mixer 1 and tank 2 are connected with one another by a fluid passage 3, wherein
a control valve 4 is provided. Said control valve 4 allows adjustment of the actual feed
flow rate PV_Q of fluid A delivered to mixer 1. Thereto control valve 4 receives a
control signal from a controller 6 in order to adjust the feed flow rate. Said control

signal may, for example, indicate a valve position MV _L of control valve 4, wherein a
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operator. In the latter case, advantageously the

manual val ve position may be selected as said
wof2eedi4ssonar d val ve position. Then a snooth tr Z043IEPR006/010203

from manual to automatic node can be achi eved, since

at first the former pre-sel ected nanual val ve position

is maintained via the feedforward controller output,

and subs entI t he .dj fee :

R SRS okl LOBRBGE el Akl Ml iogia convo
vﬁtvhesapbelemit&,co&xeat wiles and advant ages of the present

i nvention derive fromthe depending clains and the
description of preferred enbodi nents. Thereto Fig

showsids Shenmatd sagstimatedi By @g@oeﬁv@moacEb@rat%@et‘&elaht PV_M of
fﬁﬁ@%d&d'fﬁﬂhecpfn Hﬂﬁ Ple&adtted Bﬁ’@%hl@%’ SEhE 5 ?orsék@mi)ld hay detect
structure of the controlle and  Fi
thg oyespll cweight of dagk 3 dludA 8 e%fsb’é Prigadfheréin or - not
rﬁb’e%"szﬁﬂy\ﬂﬂthé" tankps! aRd amh gastloigln mysbe pubtidctedaDifferentiating said
0 Sent nventl

?ng_g/l é’y&‘g?%{lﬁe 5&1 n['aaStS 8vgr tlIIelﬁt\)Vo rfe%@?ﬁtats tX ﬂley mass flow

r@“’eeﬁeﬂlﬂlldl Avespaping foam tmkoﬂl &eomemwmds 1Sll\hlrt1¢tlr¥g n @F@alAwelght

Fé\f N tg)eﬁ' ! Sﬁeééﬁﬁﬁg (évt@%%t E =) ti}fal'ﬁlvﬁﬁ@b? rtl?esel'd)gﬁd time period

t em Cco ' ses
(Hont®) yiFig teafeed iy st Py (Qn[(PNeMr?)lr): HU MY £ O] nan

a‘i’treﬁﬁﬁ(/@ Mbﬁﬁgneﬁ{t esﬁﬁlufnﬁss §@W0}afér R8P beelilides Bhyf lGdenA dedsity so
ﬁress t he |UId A out of tank 2. and into m xer 1. Said

thaieryolyme, fepddlqyy éeft%Fﬁb\’%/d‘?t‘%mHHeq ‘ﬁ‘é‘re?dgas B, which nore
preferably is poorly sol ubI e in the fluid. Argon (Ar),

Hel i_um t

adv aIHtQééeero Serg}oc'gb c; ge%:fl n nacl)é ef %5%815:%5 Lﬁ%?s% %ﬁnerated by tlae numeric
dparutiods,ar flteofmand/eda \ﬁulueh Somaydhltsr hbfr sigpalainflicgiieg welght PV_M
tpe?ér?a%ﬁi ﬂ‘em%léf :ﬁng ﬁfenh{eﬁl ﬂH@l Y&e 4PVSprn°‘é| Qfﬁ&llat-ﬁﬂi Gnit 5b

con WS aJUS nent. of the act

esneatively eAFSWdeoﬁ’rdPT fiter, A yderwarthe fl t?foorn«'f%?t 9 & 6t Known may
bemBloYed ARt fidr y@'ayle/o{l 5ce@e¢tme1ya t%ntrfdeberﬁllegmallgnﬁlr filters are

Sabneberoty eomeiehiiset BoALIEah e BRI Bi,
position MV_L of control valve 4, vvherel n am)re opened

val 5, BRA RS ShR foll ool e F e now e PV_Q i
feedbagk-controlled in controller 6. Thereto said detected actual feed flow rate PV_Q
is input into said controller 6 as well as a predetermined or target feed flow rate SP_Q.
In a preferred embodiment controller 6 comprises a first ramp unit 6a which
calculates a target feed flow rate trajectory SP_Q(t) to reach the target feed flow rate
SP_Q smoothly within a predetermined or freely selectable time period T_ramp. Such

trajectory may for example satisfy the following equation:

0 t<0
SP_Q
T _ramp

SP_Q t<T ramp

‘t < 0<t<T_ramp

SP_O(n) =

The detected actual feed flow rate PV_Q is subtracted from said target feed flow
rate trajectory SP_Q(t) or target feed flow rate SP_Q to yield a controlled error e(t)=
SP_Q(t) — PV_Q(t). This controlled error then is input into a control unit 6b which
yields a corresponding controller output u_L. Said control unit may employ any
known control algorithm like e.g. a proportional (P), integral (I) or differential (D)



15

20

25

30

Said flowrate is estimated by a fl ow estinmator.
Thereto the weight PV Mof fluid A contained in tank 2

Woi280e¥et ed by a scale 5. Scale 5 for exanpl @CkggP2006/010203

detect the overall weight of tank 2, fluid A and inert
gas B contained therein or - got necessarily - the
tank's and inert gas' wei ght may be subtracted.
Differentiating said weight PV Myields the change o

mggllgrv@rr apy gemiHiagAN db?rp@% AB iR Pff‘(fellf?fb emgélmqr6wonfa@bunlt 6b

&hplbldih BIA eSS Rir NGus wmn)tcaﬁdfol?er ldMdiak A&onieN&Soutput
subtracting an actual wei ght R;(tl) by a preceding

wei ght PV_M1t0) and dividing by the el apsed tine

per i@wd ()t Pe(ty q)D ﬁ(e@d))i&t-thf{e(ft)aétd flow rate
PV_Q(t)=[(PV_Mtl) - PV .MtQ)/(tl - tg)]. In an
alternative errbodl ment said mass flow rate may be

di vidketeiny P{ | i dhd IAddsotsi predsterminad or \fodelymeselestadile controller

éflr t&t%t &@Gv&ﬁ S50 ebREARG o ﬁ)%{ 630 theht28Hd%ut a;%d? éo gontrol valve

et'ection nolse as wel " as—nol se gener
4h?eamfﬁ@l|S’cgnéb1éﬁt§ﬁl@g1§alV9PP$1ll‘PreM\SeL and/or a filter 5c
may filter the signal indicating weight PV._M before

and after .calculati.ng the feed flow.rate PV

cal I%P’I’%W%%f‘g@bnﬂgégﬁ% e@l(f ggxp%} feedforward corrt?ol er output FF L is
siledndtiy dextrdller toatputal huﬂhe:revmr}terbﬁdrdtble inpats arfyedbodnard valve
]T;_gl%sét%oz{ lgg{}\? V\ﬂ%_v\rtgylln (gdgrn% 9&4?8&8? tﬁ I cgrr%lte?e co%rt]r%l %Erclé and to limit

ependen
zpiemﬁtmhaeghs afgheivglve fp@SAbEngm/hlshl gfmald cHfuse Ipeessmal nalsga d controller

vgﬁﬁééb%"sf\%n %aﬁ/alc&ﬂbﬂgésf 2 (f'cg?@r}ax‘ﬁ t Qﬂ?t 6C vQﬁm r@lculates said

e as OWF

ké@féﬁﬁ%}ﬁ sentraller| @(‘}PWh FEoR® olo| &gach. thph& Q{V\@gql dvalve position
ﬁﬁsneqireai aaiosdlly f @adinf |a0‘15‘refd@ieﬂni?1\édQ)f Sfrée'D)DLHelchHb(Ib Sihél period

troller as well as edet er ed or targe
FARRCpsY closPrey P il 6 el PG SCPOMTENPU iy g1 dpegorvard
mmrptlexsempat FFristt) armngldedii yieldengnthie clontral sighalty d=u L + FF_L

\%vﬁfcg Gf{ v;ttgsgto <{o?1¥¥of g'cil% %ﬁﬁ%ﬁ&&l@&%{%?se&% %)%}151{165 t$EE Heafxﬂ:% therein.

ed flowr
%m@@@ﬂémmh@@dmﬁﬁdééw FEeLedeldp éasmrrresn@eset saithmt therigrget flow

aHcdp tqurggg}@ayngf@)guf&[y exanpl e satisfy the follow ng
equatT on SP Qt) t <=>0t T ranmp T

_ranp
In a manual control mode valve position MV_L may also be input directly by

the operator as manual valve position MAN_L (see Fig. 2). Controller 6 allows -
switching between both control modes by switch 6d which either selects the control
signal u_L + FF_L or manual valve_position MAN_L as output signal MV_L to

control valve 4.

In order to provide a smooth switch from manual to automatic control mode,
feedforward controller output FF_L may be set to the manual valve position MAN_L
(not shown) upon switching. Thus valve 4 will firstly be maintained in the former
manually determined valve position MV_L=MAN _L=FF_L and afterwards will be
adapted smoothly to the selected target feed flow rate SP_Q due to the controlled

€Iror.

An upper and lower limit of the valve position MV_L may be predetermined in

order to avoid exceeding mass flow or back flow.



SP_ Qt <T_ranp The detected actual feed flowrate PV_Q
is subtracted fromsaid target feed flow rate

WOot20¢7/@8309ry SP_Q(t) or target feed flow rate BRTEPRG6/010203
yield a controlled error e(t)= SP._ Qt) - PV.Qt). This
controlled error then is input into a control unit 6b
whi ch yields a corresponding controller output u_ L.
Said control unit may enploy any known control ) ..
al gdiietorpire} descrbesl above mpayobe qeeﬁ%ﬂd pEny Knayagyay. e yn a digital

P’ aﬁ’dl&% el 4dd Gaaf red |igipléherddy HONDI MadrbRBntroller, freely
t hereo referred enbodi nent co&%rol unit 6b

In %Pe
PERIPBRELLE BB RPTOP REFSOnRh BRI 95 RSk ol | er
yielding a controller output u L(t) = P e(t) + D
d(e(t))/dt + 1 J(e(t))dt wherein P, D and | denote
predeterm ned or freely selectable controller
paranmeters respectively. Said controller output u L
then can be output to control valve 4 as a contro
signal indicating valve position M_L. In a preferred
enbodi nent an additional feedforward controller output
FF L is added to the controller output u L. Thereto
the operator inputs a feedforward val ve position
MAN FF_L. In order to snoothen the conplete control
cycle and to |imt abrupt changes of the valve
position - which would cause pressure pul ses -
controller 6 advantageously may conprises a second
ranp unit 6c which cal cul ates said feedforward
controller output FF_L(t) to reach the feedforward
val ve position MAN FF L snmoothly within a
predeterm ned or freely selectable tinme period
anal ogously to first ranp unit 6a. Then controller
output u L and feedforward controller output FF_L(t)
are added, yielding the control signal W_L=u L + FF_L
which is output to control valve 4 and indicates a
val ve position to be realized therein. Such additiona
feedforward term FF_L yields a faster response so that
the target flowrate SP_ Qis reached nore quickly. In
a manual control node val ve position MV._L nay al so be
i nput directly by the operator as manual valve
position MAN L (see Fig. 2). Controller 6 allows
swi tchi ng between both control nodes by switch 6d
whi ch either selects the control signal u L + FF_L or
manual val ve position MAN L as output signal M/_L to
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control valve 4. In order to provide a snoboth switch
frommmnual to autonmatic control node, feedforward

woosrsiober out put FF_L may be set to the manwall/Brados®10203

position MAN L (not shown) upon switching. Thus val ve
4 will firstly be maintained ii&% the former manually
determ ned val ve position W_L=MAN L=FF L and
afterwards wi Il be adapted ?599{1 Iy to the sel ected
target feed flowrate SP_Q o the controlled
error. An upper and lower limt of the valve position

IM_Ly gp%%@ gﬁggg@t REMP G (B B& stdR AV ¢l C?e%(éi& e@litard

nass Ml | ow. The control described above may
be regIPIE®E in any known way, e.g. in a digital or

anal0gnie @) icofalrfihg adid IRy (A)eat b ppd R tBRMmied f¥ssare and a pressurizing
m cr cont oller, freely programmbl e nulti-purpose or

per ?Tputer or the like.Cains 1. A dosage

systaeﬁnmﬂ @assfagedi)mgnﬂedtﬂnglsdld(s&)nctrmxar @b ahd canki(REr (1),

sai d syst

T T N
pr e sswmim| m@ve (@mmldQcBWthm sfa{) dfledpassege €3)(t8control the flow of said

k (2 |
(o) 0 (AProR! oAk ie) aaly (e AREARK ()] B S hed

in tagemtolyr (%é contr ol vaI ve (4) provi ded within said
fluid ppgsa@amg 3) to control the flow of said fluid

A) from sai d_tank ot o saj.d static, mxer (1); a
c(:o)nt r ol 1%ATEEs fOPgAter é%epg Pﬁﬁalih{“élr(ﬁ‘gt él}dl oer at ((a )( SP_Q
of sai d dnlashul (18, raen@Va)adsaidlfluid GW;rate (PV_Q of
sai d_flui . I : nati
o b ing BUSUOY B U, 195 i OBbillvaRledBndicating o
posntall\mpqsmoaldp@élustlhéﬂol%wtﬂr,atl@ and a flow esti mator ]
out pyﬂ?\!v '39t1rﬁ§ﬂog o@@hﬂﬁllg sﬁidoé@nfaﬁﬂgw(rgg_(@\/ () t§84id controller (6) based

controll er based cted by.said

scaIQél((Pé/}_l\é}t aSoqqt?Cé?dew S%%ﬁqﬁ% Syt 41? tp?lats figjmes (10, t1).

2. The dosage system of claim 1, wherein said static mixer is a microreactor.

3. The dosage system of claim 1 or 2, wherein the pressurizing element (B)

pressurizing said fluid (A) comprises an inert fluid (B).

4.  The dosage system of claim 3, wherein said inert fluid (B) is an inert gas (B) which
is preferably poorly soluble in said fluid (A).

5. The dosage system of claim 4, wherein said inert gas (B) is Helium (He), Argon
(Ar) or Nitrogen (Ny).

6.  The dosage system of any of claims 1 to 5, wherein said control valve (4) is a

pneumatic control valve.

7. The dosage system of claim 1 or 2, wherein the pressurizing element (B)

pressurizing said fluid (A) comprises a pump.
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2. The dosage systemof claim1, wherein said static
mxer is a mcroreactor. 3. The dosage system of claim

WOR0g1042509wher ei n t he pressurizing el enent (B) PCT/EP2006/010203

pressurizing said fluid (A conprises an inert fluid
(B). 4. The dosage systemof tlaim3, wherein said
inert fluid (B) is an inert gas(B) which is

LA PRl LR el Ol el gompries
[ S kelculdtiog ke (SHArigovhi¢hisald wrelgth (ogdnis(thag- dlff@enﬁaﬁ@d to yield
dosaag a%%%f ﬁ%qae%pw Qf) ;ﬁ} ains 1 to 5, wherein said

I

cont neurrat ic control valve. 7. The
dos aderay said rwmhthM_M)landror the vehes spyltipg by time- differentiated said

pr e%?e&‘%ﬂﬂé AferRl %sr%rmte(r %hn@;@%%yﬁomeg befird ahd/dt SfidrAhid

es a dosage” system of any of clains
703%’&1@?#“%2?@ fl ow estimator conprises a
cal cul ation unit (5b) in which sai d weight (PV_M is
ctual .fl ow

differentjate t .
b 165 Soses SBRES Y HIABE ik B MR i B R ) comprises a
]\C/a: wentrelsuit ( (6bg abﬁ vilienein dail fcontesitsi gitabM¥aild oweiug bt saidcontrol
Ite t er \"
and /VS vegftflya az%%satlo r%ﬂ a(flﬁg 2, %15 @ggu%ﬁgﬂagssaédlg control
sy stuam(6b) mscsmndcmwormdlifemc@ betwc;em saigd targetdflow rate (S Q) of said
cont o | aargp% hi & RS FRBS rafe WN@%f sHfdl i BR) in ADStomatic control

wherein's ontrol signal L) output to said
contm@sle. val ve (4) relates to a control |l er output
(u_L), which is calculated by said control unit (6b)

O BN S b 5 25 S B 17 bt

rate (PV_Q of said fluid (A) in an automatic control

e[he]cf%sz}%eh% %gf&g&aﬁﬁl %BEW) %héf‘él 'a%gdfgywﬁﬁ%bﬂtrél?ér%utput

contr ol contro Fg
syst(EfL bk, whl@h ¢nrespendsgo adprsifenyird valye apgfiga (Y AN_FF_L) input by

gon:jafﬁQJpEFartcarQHtﬂli’éJ&orﬁlFoﬁeHrs adatl Q@ﬂﬁ@ohﬁ&ﬂmpﬁﬂu aL) calculated by

eedf orward va

opersatdgontrgl ypb @é nrg '\%ﬂé@g Fibé’ug%‘ﬁ ¢ 5qid gpntrol

out puatve(4).L), cal cul at ed by sal d control unit (6b), to

formthe control signal (MVJL) output to said control

12. The dosage system of any of claims 9 to 11, wherein said controller (6) further
comprises a first ramp unit (6a) for determining a target feed flow rate trajectory
(SP_Q(t)) based on the target feed flow rate (SP_Q) and a time period (T_ramp).

13. The dosage system of claim 11 or 12, wherein said controller (6) further comprises
a second ramp unit (6¢) for determining said feedforward controller output (FF_L)
based on said feedforward valve position (MAN_FF_L) and a time period.

14, The dosage system of any of claims 9 to 13, wherein said control valve (4) further
comprises a switch (6d) for outputting a manual valve position (MAN_L), input by
an operator, as said control signal (MV_L) to said control valve (4) instead of the

controller output determined by said control unit (6b), in a manual control mode.
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valve (4). 12. The dosage systemof any of clains 9 to

11, wherein said controller (6) further conprises a
WOf200%4550anp unit (6a) for determ ning a targetPCrgPd006/010203

flow rate trajectory (SP_Q(t),)l based on the target

feed flowrate (SP_Q and a t i fre period (T_ranp). 13.

The dosage systemof claim 1l or 12, wherein said

qg.m’[rh? ldbSdge ggteﬁ%ftg‘ﬁfnsqq %ﬁ' laeé‘vh@reﬁle aps S\fvﬁ&’ﬁngl Bwvitch (6d) from
(6c) rmnin orward contr.q

out AL 5o%sce¢dm8ﬁ?@a oy PSR R pSF yEn Ewwﬁs selected

( MANs 5 d lded@bavaad Valve ppsitib@ VAN FFThe dosage system of
any of clains 9 to 13, wherein said control valve (4)

further conprises a switch (6d) for outputting a
rménwamenkdvfer paridilicna (dsale kystern apuordiby t@anppeelatney | to 15,
as sai d .cont al (M_L) to said control vaI ve

(4) CPRereRg tﬁ&tfﬁe&gont rol |l er output determ ned

sai deasoving oltargefi flowy 61 (SF_eandnzgiuat Bowirate (Wa&) P@ said fluid
The( sgge systemof clains 11 and 14, wherein, upon

SW t'c |n swtch (6d) from panual to auto Z{lc cont rol
rmdé)UtHéJétiH%B oriEal SEarl Qo1 1B QODRRL Y31VF LdBfiGang valve

bl@loﬁQ@ Q&JQEtWﬂé ﬂo\&ﬂ*atéeoaﬁ&ﬁd)ﬂ b2 ta(r@%MnEEaltl)acthﬂoﬁ rate (SP_Q,
ER?CE s%_k%nﬁr’g Aing a dosage system according to
any ‘o 6 conprising the steps of
receiving a target flow rate (SP_Q and an actual flow

1?:,] t Fr)h/%t%% gf cl?ﬁ}k/q EJ; \!v{férgm(@cil acﬁﬁg ﬂ8wrQ{ét <l/"\/n g)f}s determined by a
i ndiftee estignaton/edsed op esyaiglynP VQMidaf@lsﬁt ﬂ‘tﬂﬁéAf) P@Wamﬁti én tank (2) as

bas rate (SP_Q
P QR 4] Sl R oL s Lo o 26,

wher ei n said actual flowrate (PV_Q is determ ned by
a & | mehbdef flaihas e’h@binssaiteweilght (PRV M) isaimd-tiffeténtiatkd to

(A) cgntai,ne ) etect.e V.
R L i
cl aivalderesulihng by ItmEa(ihﬁfem.tlgﬂqd s@@\wmhtus filtered before output.
time-differentiated to yield said actual flow rate

(PV_Q; and wherein said weight (PV_M and/(l)r t he

Ve Uherraeitipd ohgnbgt ¢laims. 1ff tofl r@h@qem%aedgra}t fignghMY gL relates

filtg rae;%n{%sﬂ&rcﬁuﬂut(@ L!L‘) whih Jbﬂcmtemdrreépoaamgab a difference (e(t))

?L?L{*@E\g&e% sald target \ﬁ%w ra e (S%absl og garl]é ﬁ id (%\)ganalsaﬂi acfua} flow rate

(PV_Q) of said fluid (A) in an automatic control mode.

20. The method of claim 19, wherein said controller output (u_L) is calculated
comprising a factor corresponding to the difference e(t), a controller parameter
corresponding to the time derivative of said distance (d(e(t))/dt) and a factor

corresponding to the integral of said distance over time (J(e(®))dt).

21. The method of claim 19 or 20, wherein a feedforward controller output (FF_L),
which corresponds to a feedforward valve position (MAN_FF_L) input by an
operator to the controller, is added to the controller output (u_L) to form the control

signal (MV_L) output to said control valve (4).

22. The method of any of claims 19 to 21, wherein a target feed flow rate trajectory
(SP_Q(1)) is determined based on the target feed flow rate (SP_Q) and a time period
(T _ramp).
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to a controller output (u_L), which is cal cul ated

corresponding to a difference (e(t)) between said
woraeyessobl ow rate (SP_Q of said fluid (A andC3a&iPdoos/010203

actual flowrate (PV.Q of said fluid (A in an

automatic control node. 20. Tht method of claim

19, .wherein said controller output (u_L) is calculated

conpr|3|ng a factor corresponding to the difference

a controller et er .corr nding to t :
35+ Whameyoirt a2 Bk B e d5 g e PR ehipht (PFL) s
cor H@t%ﬁﬂﬁl@ﬂ b@sddoor $aed foatifawadld valvesiuisilioai (M ANCEF oledand a time
time (J(e(t))dt). 21. The nethod of claim19 or 20,
wheP@i ‘a feedforward controller output (FF_L), which
corresponds to a feedforward valve position (MAN_FF_L)
2le’l'the b et (ﬁ QP& f%rlz%lfn? 15”? 2? O\%Lfrgxlnl anlat va4d %gsﬁlgn (MAN L),
t'he con e cont rol. si gnal
( Winput bmap@tpeta@rs aambet:@nwt@s smémo&trtq Ipjgnap M Vi o Said control
rret I@Qgr e@h) R%a®bf HeRoiRoll& otugmﬂn a }‘H&ﬁﬁzﬁ'c@nﬁfol mbget
f eed IOM/rate trajectory (SP_Qt)) is determ ned
based on the target feed flowrate (SP.Q and a tine

Rar ITp¢ nﬁe’t‘h;_scaapalalzres 2 [Thel e wheskigfupoh awm:lﬁng faim ARnual to

wherejn said fe rward con | | er .out ERL,

ot SR BALELaRE S FRBL AR AN, 2 sdbred as said
( MANeddforiv)ardmalva positren (AN EF_PA. The nethod of any of
clains 19 to 23, wherein a manual val ve position
(MANJL), input by an operator, can be output as said
control signal (MV_L) to said control valve (4)
instead of the controller output in a manual control
node. 25. The nethod of clains 2 1 and 24, wherein,
upon switching frommanual to automatic control node,
sai d manual valve position (MAN L) is selected as said
feedf orward val ve position (MAN FF L). File:

Anm LOB088B3

File: Anm\LO8088B3



