; e3e) 7) 223d44052666T7X 9 WD 02/ 067062 PCT/ EP02/ 01670 Method of regul ating
a property of a product resulting m m ycal transformation 5 The
present invention relates to a rreI mﬁmmm'm mm ating a property of a product
resulting froma chenical transformatiggg,Process and to a regulating
devi ce, aswoebb/as7be62a chenical transfornmation pr ocgég-/ggloagog%?h 10 a

met hod or such a regul ating device. The industrial application of any
chemi cal transformation process, such as for exanple a synthesis,

pol ymeri zation, degradation or 15 depol ynerization pr ocgﬁﬂm on
the one hand, that relatively strict technical specific m’mm’m ”mm
product be met and, on the other hand, that the incom ng mategjal be used
econonical ly anq,I ﬁéé)l e tlg Th | neV| tabl e guto at i on t_hat resul ts

t herefrom 20 the : : oxi-H ol or

regul ati ng met hodsrﬁtmaltmgoﬁ\mmea chhemmaalptnansﬁesmbmba optimally
controkl ed. The mathematical nodeling attenpts that are based on 25 these
met hods are as nunerous as the chemi cal processes to be controlled. The
nmodel s co tFoRAPRy ERpPRBFéAnareleiese tof a Metrdl tgpereghaatisgto say

those conpf i $imer if ORF t i0NBhrokigc® @BsuNEe@LAl £EBFHM andcﬁeﬁliééfr enti al
term for | ndi vi dual |\ control l'ing a 30 relatively | arge. nunbe

par anmet er & (af%sr Pt BFPEESEur¥d pFBss%rEeg’f‘iLBW-PQt éﬂseVJé%%r )aSHovvever
this typewslhooel to sanohemasally tapplsifoaiat itch prarges nugbeg shcghen cal
transf gr tll,pé:} 19 Cess Si ng often bl em shed by | engthy
domtil[ﬁegado Cgfglcg}gs/sg&éh g?‘hf?ﬁéng §8g§g €itself or in the measurenments
needed for feeding into the m)del These consequently result in substanti al
anmount s ofprser ap ihiRis tdags not YA t hggspec cati for -
2 exanpl e due 3 t he phenom&*non?mf;L oscillation cauéé ?ﬁ%m%g%%rret ers in
t he nodel tﬁéqﬁ_}é%?ar%ﬁréd P9I andFUAHer ePSre §Pten ?Gémmll@h & The

predicti orsyﬁ'ﬂﬂmnlcwes developated Ofaf £sPONdi Ng a@?fg@aught iatl OnérﬂOf t he
o suppl ant ese

onv%gl ora%l d er q_ts not been abl e successf

met hods Wi émé Jl 1 o PERSISSP : 16°FE T RGEN d ‘?IFler Qr 876 HaRdrabl e to
have an ertﬂlarteIwelaijimml}absErxegutat:hngcaét h@xédﬁtﬂlcdaumr&t nfbertigad better
suited to Ghemgal gda r 0G8S nt i.vent
consequentply pr.ovi de{: ggrrtgt @dﬂ O%{S regul ac%l ng a%arer(?)(?ertth%‘f é}b T oduct
resul ti ng FCoMiasL Hes ealal rbﬁsﬂéeﬁa?p@now@@édy agshstsiiaientaldyin

modeltl ng trh@fr;aiﬁéwaém@ b%d@%ﬁh@:t@?ﬁ prt%%r:yréaglEQar a@ﬂ@féﬂérﬁ

guan ie € process; i ng, a setpoint_val ue sal

pr opé (§ %5ﬁr<?)tj?3rr?p| h??‘dﬂﬁ@?ngﬂ’t%agﬂsee't pBPAt LRI fit 0 CEYEEGH a®F ng syst em
based on trleguiedainobietilnedk | th4®) asboasthe appeiicall lRasdei®s to

charact er gt iy %tq%%qtln\éyconq:q{gﬁttﬁheéj fromthis setpoint value, to the process;

d) in conputi ans e nodel defined in 25 (a), corrected by a
factor that tares the delay into account, of a nodel value of the product

property oer asponghag: £1t he GhARASt Bk Sl <C- AROL | LW AURDLLY s, def i ned
by thzesregHI atin ystem

ese methicds are as numerous as the chemical processes

to be controlled. The models conventionally employed
are those of the PID type (that is to say those
comprising a proportional term, an integral term and a
differential term) for individually <controlling a
30 relatively large number of parameters (for example
temperature, pressure, flow rates, etc.). However, this
type of model 1is not easily applicable to a large
numper of chemical transformation processes, since
these are often blemished by 1lengthy downtimes or
35 delays, either in the ©process itself or in the
measurements needed for feeding into the model. These
consequently result in substantial amounts of scrap

that does not comply with the specifications set, for



e) in continuously neasuring tie actual value of 30 the product property;

f) in determning the difference between this actual val ue and the nodel

val ue of the product property; and g) in using this difference, a=ter
filtering, to 35 adapt the setpoint value so as to align the actual val ue
and its nodel value. According to a prefjerred variant, the regul ating

nmet hod according to the invention includes the conputing (d) - 3 of the
model va} ueaimphe Anepert yttfoe)rplgs?omdhbg toéf tdec chasechar ic%hic?f‘elgi by
quantity/q it ing t el _ohbtained.in (a), correcte t"he

fact or thaﬁﬁ?%kggggﬁg%éggﬁylﬁngguﬁc@8uﬁ? 3%3”5% % FEC5E hEPOt the 5
dynani cs ofantthethgeefesei afbeactoontucBuch a net hod, whi ch conprises only a
single regulating | oop and which does not involve direct conparison between
t he setpoint value and the actual value of the 10 property, consequently
has an AdvartgB PRICELRE crechmpEiert WeKaekoned Eomvenespoatlihge o ques
whi ch conprilse aimagultatdn basednan éhe EQRPaLESONOfntRE actyal, val ue
with the s%%point al ue on w%iigris su erpgsed a regul ation involyving,
separ at el y °X hote! € 15UFGESEhE LMo el s ShRAaM o ddte $ormeRBods| ahialor eover
t he use of adef imedpImtthenatpay . nodel s for conputing the nodel val ues nmekes
it possible to conputerize, and consequently conpletely automate, the
process without the need for any human intervention with regard to 20
conmpens@t i AF fepulde Wrevefodee he desideltdye otof ohavéhein exnerinally

perturbati @REomEtiab et %J‘?é/tﬂ‘?gerﬂ?éeﬂgg f 9hi By fclgem-s(i?nl i angtor mation
process, sych as a synthesis process, a pol yaddi f - on “process,

pol yner i zatiSd §r stbded L rdtemnhea pr bEess foxmgsgoad mrasessetess, etc
However, it should be understood that the envisioned process may al so

i ncl ude otQ%% trggtnqpt.st%gs whet her they be of a chem cal npature and/or
of a physicar FAtUre " vl 6F 358 EORSEGEETI Y SRATIRSY hBedserr &f end
product® Azegmletdmy ea mEnpentymyobeamapecdtichonbgeni g ahiont rdh Xiang,

washi ng, dryi r |_atd i . The r.el evant product propert
g E%eggcaq %%%ﬁ?%éﬁ#%{g%g é%%c%gg CORSigt P property

(or properties) to i tored 0~ be“regultatdd ‘obvi ousl y depends
(or depend) bot BloA™ henpdeterg erfleoyededationship obfjeciesr psedded. As a

nonexhaust pyeplebleys tidt ik r B # 08 [BYhEn PRede of o?fh%h%h%q]of@éss; .
characteristics, .sych as the nature or the conpaosition of ‘the resulting -

4 product, but Pabdve SEILIHY thes HHpRIREI VR hEPaEPET Seiid ronastws t he
mol ecd@r wei ght)orint he mad @it atg wetBhs disstcihdiwd onyaihe nehtbnggpoi nt,

the stiffn iscosity,. the.nelt flow index (I t he t swell, 5

the bubbl e%?é‘%%ltgi??é), %&Sie’ﬂ%a%%?t?%ulig‘? 8‘:%3531 r%éﬁalo‘%é? hénp?ggeﬁP

i nvention EﬁoytaesapﬁﬂYSU@h_alﬁﬁgu1aMnﬁ;lﬂhdﬁ&bi@mbetapplQEdptdta,process

for franstebfibnded BQohils At @ditidpiiudd FOI (£XaBRIReddl S My be a
s S

pol ymer cros |asln process. i n which crosslinking agénts chdsen, for

exanmpl e, from p&f oxPd& FGHOIs B¥dGeafo Tonpbendedale debinedt ins
pref erdbl y (a) depainmesi gt bon Pr e6esdrust g A2 LRACEABL Ye1WRP QhtBDre

polyners a Qne. or re 15 d | yneri zation ents. The objective of this
depolyneri%nggﬁtﬁayggfo? éQﬂﬁ%?e,V%£u?o ﬁgjuggeth%r?%ESFogPEQPeﬁFBperties
of the endcprovdappndsaigd taepdig nehazattemivery afianting) adhngigest her

st eps (Calb@ﬁiﬁgatb&f@ﬂ%ﬁ%@b&?&ﬁ%QQ J§gt§%anple granul ati on of the product
out put by the extruder. !
e) in continuously measuring the actual value of

30 the product property;

f) in determining the difference between this
actual value and the model wvalue of the product
property; and

g) in using this difference, after filtering, to

35 adapt the setpoint value so as to align the actual
value and its model value.

According to a preferred variant, the regulating method

according to the invention includes the computing (d)



The pol yners envi si oned include olefin polyners and copol ynmers contai ni ng
two to eight carbon atons, for 25 exanple ethyl ene, propylene, etc. Typical
pol yol efins are ethyl ene and propyl ene polynmers and copol yners, such as for
exanpl e a pol ypropyl ene (PP) honopol yner and copol yners of propylene with
secondary anounts of other olefins. 303The nature of the depol ynerization
agents is not critical provided that they are suitable for this purpose.
Exanpl es ard dhgemdekygehiei ch tbhappunger tyuchoase geomxisgstopensul f at es
and di azo nds-4 re I lis i on ents.includ iaryl,

di al kyl anggg?%IaIkifggéfoxégééggEggﬁgﬁﬁgﬁﬁﬁl%%,5%?%$%rt- ylﬁ8§8£y)hexane
is very suPPisiged tin s(a) socposerbed by tve fardcal el yakes zaheon

agents - delagepandbel ¥cObuAs aafld XM €.a The ctigactants” taﬁ%susgﬂem thin
t he cont ext, of the pgﬁéﬁg% i nvention, "al so i ncludes ot her substancés whi ch

5 are meceSYARPFS & WG P eRSCe8be carried out correctly, but

which are not directly involved in the reaction or reactions proper. These

may be any ful | tives or, adjuvants, such as stahilizers

ant i oxi dantsg,%%alr%t ingetdca OIdC' a“(f:jeln(f}%,c%rp%]éhls%sd%@?’ @ rerE e oy yhehi®gand

fillers, eleop iendei Wiigbssidoles foott hésecdda t idiesand astipaahsent o be

added al ang-amanopndls (Il Ilus, She addi LLen, apahake o) ace
ifferent Ste of the

si mul taneously) in mxing, successively or even a
process. dBPEREFRY onCPRECHUEHELY15NaRd athe afdveattiagre ofint heeaudi t0fe or

adj uvant ipifpestiey. Anasher tﬁéDE%rR)‘eﬂﬁf‘orPéFSeetechﬂ‘i%-%h@son WRYLR! ons
measuring the actual_ val ue of,thedgroduct progerty on a 20 speci nen of the

end product BRE1R6t dnIEAYACPRedrat e plBduEhe £OmMBar o ofr tthiect at es,
in order tactedilicevhheeef fvéth ofthkhe sdelpayntThivilie begauSghid@s Wes

ment i oned e jority.of chem cal transformation ocesses
used in ingg§¥? O%E?o%%ég%%ggégﬁ?%llgﬁg'Wﬁﬁg%ﬂﬁﬁeﬁr%%ﬁiYCaF‘é?g%ﬁ bef or e
t he i AtPend&8r prtdfuchrpsesst &inteda Teslgdr opert ids oflelhiys Mackmtenrs e

consequent el el o0 gdENYES OVRI H W2t | QR s’k ot hespr Q.Ccﬁ'i‘.?utl gThi S
ge o

variant of the present invention thus has the further advant al so

i nt egr ati ng*®i APESEhe 3R dPbas dEh&CSRIRLR bE®i 6REPURST iz aanrdci at ed
with the poshsegeahtint @mphetHrPdectitorddne thechpisabsknNsiyimpt ation
used to an@}llgz%éé}% %roduct and to_det e%m' ne_the act ua,!_1 val ue of the
product property obviousl  depBRE8Ront ThE Y EREEPD bt tis 18¥2Edi tRal . The
choi c@0wi | ¢ofpendaringe Uependeorethersi mpld cikby e i delleyenbat i ook t he

reliabilitysnhéheexte 15 .rapidity or the availability. For
exanpl e, for det%?n?ﬁ?ﬁg P%gtngggﬁfg%'index (MFI), rheometric techniques,

spectroscopi ¢ nethods (IR, NIR NVR) and ultrasonic analyses are suitable,
but not exthlsi véerethod may be employed for any chemical

transformation process, such as a synthesis process, a
25 polyaddition process, a polymerization process, a
grafting process, a degradation process, etc. However,
it should be understood that the envisioned process may
also include other treatment steps, whether they be of
a chemical nature and/or of a physical nature, which
30 are needed for obtaining the desired end product. As an
example, mention may be made of homogenization, mixing,

washing, drying, granulation, molding, etc.

The relevant product property (or properties) to be
35 monitored and to be regulated obviously depends (or
depend) both on the process employed and on the
objective pursued. As a nonexhaustive illustration,
mention may be made of the chemical characteristics,

such as the nature or the composition of the resulting



The actual value of the property is used to determne the difference

bet ween this actual value and the nodel value, that is to say the val ue
conput ed by neans of the nathematical nodel and corrected by the del ay
factor and optionally the dynamic factor. This difference is then enpl oyed
to adapt the setpoint value so as to & i-gn the actual value and the nodel
value. In a preferred aspect of the present invention, this difference is,
however , f@?éﬁ??tsuBFEchav€oa&1fOﬁtéth?hM%ﬂFqkﬂ¢h¢%ﬁ¢ﬁﬁ¢ﬁ5€n©$

moder at i ngsudte aggressi weneswlek thei gegubat ofhe f %1@&%&&&9 ‘Pé(l%rﬁtf oduci ng

an appropridate. filter h as filter of the | ow pass t
adjustableci %%&é?%nt%ﬁt PﬁgiﬁﬁﬁtrBPlpﬁop ERRe %ﬁ%ﬁéﬁﬁ?ﬁcalth%del

i nvol ved |ws¢resxrtathodhef ndlec pf EswentindexenMAr) myhde measedspen an equati on

of thegty ]5'”3) |Y+~~C|j[R]JI +~~dlj[Tj]t+i— j=1i=1
j=1np Jﬁ?efgdb g@cﬁaflty’ ?tc p'.l ~1i=lj=11i=1j=1. 25 30

where: MW represents the nodel value or estimated value; |V represents the

initial vaile Yadiieproperdntodfidnt CRILSANS (NS LaNCCN TALLONS, OF the

reactants T~] represents characteristic tenp ures of
process; FBEQVidgs e%%ﬁt §U€Haﬁa&e&qlﬁq1@%r%@m@st©f behenmldssbsto [ F-~]

r epr esent sa theotkow r%:.est%nblﬂ@rilﬁn@ﬁgt ant o19mdr bin Cﬁm élk&ruc?ézif andlfl b
are cppst S re natural integers greater than or equal to
Anothgg e%g%ﬁf%§Wﬁ%% %r%@%nﬁ |ﬁV893V@ﬁr S$TLSFY INdgRRBERF RS hod i n
whi ch t he impdétid¢ls baeedlmnkange@@anum1dHoé@e tfae e&amp1d9|ﬂxbﬂA/

=a' +b' I og ] =1 i=1 .n p n p
e'lj ~pj §¥tﬁfld§ ?éﬁp hfé dfag %Mﬁgs aﬁ% Nﬁed yt [
T~ ] , [ prefergbly- | a |danélymhaweathenneaprngessnd|wsim@,abame and a

, €' I reac®arts, ©nd~ & ford~ g?ét aghy - ,pQ The fagtor taking
the % |nt account may be represented y any suitable nomn met hod, for
exa %Rﬁ "SSHRRYS predictor” as described, for exanple, in
Chemi cal Engrneerrng Progress, Vol. 53, No. 5, May 1957, pages 217-219. An
advantagegﬂg objective of this depolymerization may, for

example, be to adjust the rheological properties of the
end product, said depolymerization very often including
20 other steps (called post-treatment steps), for example

granulation of the product output by the extruder.

The polymers  envisioned include olefin polymers and
copolymers containing two to eight carbon atoms, for

25 example ethylene, propylene, etc. Typical polyolefins
are ethylene and propylene polymers and copolymers,
such as for example a polypropylene (PP) homopolymer
and copolymers of propyiene with secondary amounts of
other olefins.

30

The nature of the depolymerization agents is not
critical provided that they are suitable for this
purpose. Examples are oxygen, oxygen-rich compounds,
such as peroxides, persulfates and diazo compounds.
35 Preferred depolymerization agents include diaryl,
dialkyl and arylalkyl peroxides. 2,5-dimethyl-2,5-
di(tert-butylperoxy)hexane is very suitable. It is also

possible to use several depolymerization agents



25 enbodi nent for inplenenting the regulating nmethod according to the
invention provides for the factor taking the delay into account to be
obtained by using a shift register. The factor taking the dynam cs of the
process into account is advantageously represented by 30 an "LAG'-type
function or a lowpass filter. One funﬁilon of this particularly sinple
type giving good results is a function d]lomﬁng the formalismof Lapl ace

transforns t'fﬁ@%{g}é*‘?§q¥a$199u¥gt) 1/ (1+pTp) in which p

represents t e peri e nmeasurement and Tp “the tinme constant of the
process. Such nethods and functions are well known to those skilled in the

art. S Fur%ﬁfém&%actt%%t@eseafs 'ﬁg%at'wtﬁ.&ﬂw@@é AGEOL L NG, £ 0.gRot her

aspect, a device for regulating_ a property of product resulting froma
cheni cal t PARTB et PO bt @R es3 1 SLoAprS 1 %ﬁer afuUPERERCERe WiALCh f or

regul ats ng sate Ixe@@ésgaﬁycma&a@}ﬁar i éﬁwﬁsﬂbﬂéal byo@réstéwet@aﬁés c@frrdeget poi nt
val ue of the erté ﬁo b rquhated - St on utin% unit for
det er ni ni n@ EFe 5f¥e b?%pé??@ T% 1FEGH éie YRYFE 18 basis
of the vaIuﬂ&ao&ebhelcmarartereatt¢oquanprbpéquanTheses1d£¢innd Byt he
regulator; ”5 fd%rlt%’l?fé nyusl, [IE%%%UJA ng 4 gﬁ&ﬁ a%‘s“a'st 8l yg b .t he

pr oduct proper - means eter ni ng t'’he erence etmeen 50 the
act ual vaI@@Qﬂﬂ*#dﬂﬂﬁ%de&DVaB@étett&ﬂﬁ@ﬁ@pepﬁga@m$f@we$llﬂémﬁﬁglth|s

di fferphcer bt JTRANS £0118£8D1 LRG . thqtsqa@lqa@tpcyﬁéysléofaa% kRekeduce
this d|fference 25 The _device accord g to the invention preferably uses a

regul at i ng oy $5 %E@o?ééHBéQﬁ%rFQh eppedet athvERYi BRPFAPEHE tRanner

descri bed ahgmgn;Anotmgﬁsenbodnﬂgnt praMitdesh a deyice itaidi chpllee30
conputing unit uyses a nmodel with $ort|ona ral and/or differential

t
terms, correciedBFAT TcwlTaRP He dﬁPSﬁéF%gggggboﬁﬁt ENFo8Sibly by
a factor t@mﬁﬁpﬂdnx(gmewmcsfotheh@nmdasaﬁ;denendmm@uqn tBB hatome

enbod|f§nt (yetﬁﬁgugﬁﬁl gﬂlt o¥sesy %peédgm¥f$éof eaggﬁggngengaated for
he

t he conputlng uni aracterlstlc guantities o em ca
t r ansf or natuSEs tPr¥tess that can be controlled by the g _ 5 10 device of
the invention are anong the reactants, tenperatures process. concentrations

t he residence . . L
Another aspect of the present invention envisions

measuring the actual value of the product property on a
20 specimen of the end product and not on an intermediate
product, as the prior art dictates, in order to reduce
the effect of the delay. This is Dbecause, as we
mentioned above, the great majority of chemical
transformation processes used in industry involve
25 several chemical and/or physical steps before the
intended product is obtained. The properties of this
product are consequently liable to change over the

duration of the process.

30 This wvariant of the present invention thus has the
further advantage of also integrating, into the
regulation, other perturbations that are associated

with the post-treatment of the product.

35 The technical instrumentation used to analyze the
product and to dJdetermine the actual value of the
product property obviously depends on the latter, but
is not critical. The choice will furthermore depend on

the simplicity of implementation, the reliability, the



_ chosen, for exanple, fromand flow rates of the tines, the pressures and/or
of. one or nore of the steps of the Mreover, the present invention

envi sions a chem cal transformation process that uses a regul ating device
as descri bed above, or enploying a regulating nmethod according to the

- invention, for nonitoring and regulatlng a property of a product resulting
froma chenlcal transformation process. As indicated above, this chenical

t ransf or mat § y15 pr t i for anp or

synt hesi s, % lgggltld%P yner?ggg?%%ﬁlgﬁa?tlngggnd/%gaﬁgﬂradatl%ﬁ st eps
and, optlonQFF?rmbﬁéngr ﬁ§¥% ﬁﬁ?%ﬁca§1%Wocé§é?§s (MFEN .as toewgentizat i on,

m xing, dryteghnggassl, ats@@ctﬂ@bdbﬁgc ehechddle pref er kask ,20nPpR9Cessq
accor di ng to.the inventi Ogé'l S a mer.ization reactl on usi ng one or nore

pol yners and! bhasgrt fofBe ﬁ&lsyr‘?gﬁ lltc?rP]aegerﬁ% dOF cFEFAHELVEThe nature
of the pol ymers was descri bed above and is 25 pref erably a polyolefin, such
as pol ypro n de nerl t|on a S |s/are sen, es eclally from
anong oxyggﬁﬂlgogygé}%ﬁr i C u oun%l %er% (Ei Spel ngesd %nﬁjr% Zo
conpounds, @gedéséieb@@cabd»@tww%hm Iaa\telariemabmdaaﬂome imodeslin
principl e pesshb! etth%tm{‘ét@b WA, pmgewayhpé LB ﬁ@gdprﬂ’)ﬂuﬁmtea nEhuse N one

nmet hod of i npl enenti ng Erocess according to t rese |nvent|on t he

pr oduct proﬁ%?ty“%Bh%@aﬁﬁﬁP or Bgdsg aﬁﬂdre§9M§99§QQsiﬂﬁarﬁhQ fdel@y ndex
(MF1) hy actadgosn tahﬁi ab@wrmmalqwed RALAMEH LR Smidhe f@&eofl OWTM&X i's
det erm ned, fgé exa ??Pt' nuo s si ng rheopeter,

spect r onet 671 F 5 R sbéc §Hbfgp IPAVES skt o FeF%%ﬁﬂWﬂtzﬂﬁlH?rasonlc
anal yzer, es¢hes to allgndltﬂrmctalqtual |rakbuorapd et ReabbWedn valspeci 1ien of

t he end progdu asyre i nval ve the vvlthdrawal of part 5
of the pr oﬁcﬁB g%g%gf of §eg§ 8f| mgg% £as&%h PYFTUS N JPst$ eam of
the dye in &rbeerenceeed s he d‘w»@e?remnal fiesitlivor eularrplceeal r heonetar .
owevens aperelsom ! he.dpaniack W Seh, Sogeasyr oB daan ot gonsi der

any variations associated with the post treatnment o roduct
further di SREFEAHEERESt BE t akBR | rﬁ%glb]cﬁ'l"s‘?ﬂer atfiogn, @§ﬁ@@ﬂ~&l | & del ay

that is nevmt:h@di@(sSncboag (a@iymﬁﬁetdawthllhertl BRceONsd agt fafl tdie ¢f ocess),
even in th S | ine rreas renent rOX|mt of sensitive
rreasurerrentetrg%pg?atﬁsés 35 nd?”b t i Fé@ﬂﬂ a%d'esp% 8% EQUF i@ﬁ%ﬂt Bt the
producti on gheantontQont i hoops det ernination on the end product is therefore
preferpgd. It should be noted. that what is 20 neant by continuous

measur ement_of the actual value of the product property is a nmeasurenent

carried out™® BoLBgHP&Lcedt empyeheditvoveth ant oreei Sddne apflis.thhen t he

process acGHrehdige t antRe tArRsSeRhy i MENLA0851 Sr25aAPRIG AL 14 t Be ragul ation
of the MFI,_the nodel value of t%e MFI may be conputed on the basis of the

model : MFI CRAB . MFI | NtC . [ PER] +D . T 30 where: - M-l out represents
the estimated nelt flow index of the depol ynerization product;

n p . n P :
MV=a+blV+ 3% > cilR; 1+ > dylT) +

i=1j=1 i=1j=1
n p ., h p .
l 1
2 2. elPil +2 3, fylF)
i=1j=1 i:]j:l
25
where:
MV represents the model value or estimated value;
IV represents the initial value of the property:
30 [Ry] represents the concentrations of the

reactants;

[T;] represents characteristic temperatures of the



- MFlin represents the nelt flow index of the polyner reactant; 35 - A B,
C and D represent constants; - [PER] represents the concentration of
depol ynmeri zation agent in the material entering the process; and - T
represents the tenperature at which the - 11 depol ynerization reaction

t akes pl ac
melt flow

e. In other cases, the procegs_applied to the regulation of the

i ndex (MFI) of a polyner, in which the 5 nodel of the M

satisfies prbiesle;order equation in the concentration of depolynerization

t PER] ~ f the t o MFl.out =A' B' | VFI cC . PER
igegr é{se L éegéﬁg-g?ﬁéfg%ﬁﬁﬁ |dﬂ8¥fﬁﬂﬁ$%h?tﬁﬁ B ?S$£E%W#IFH£CEEI.

+C2" . [PERko2eBs;. T 15 where MFlout. MFlin,” [PER] and T have the meani ngs

gi ven above and A" ' " . sent
20 Tﬁéjhefﬁﬁr%EE g% gﬁ Fﬁgwdgégesc%gé ?%?E%¥%%¥h§%é descri bed

above W thin the,cént éxi, odijt heipreeskrf:;i avencpoatantdsmay be defined by any

constants.

met hods known per .$@, SUGl: as {F L1 PALLLGYL 8T b¥e5@8§etﬁﬁﬁt Ion

In practic

e, althoughthe nodels adopted above inplicitly use

+D .
[ PERJ

qgﬁégpve 25

concentration oft fe depol yneri zation agent to regulate the melt flow

i ndex, it
adjusting
| atter cas

depol yirter i

is also p055|ble to acquire this property nore sinply by

T

he feed flow rate of t O depol yneri zation agent., In the
AnSrheey SrBdE i Ao Ui v PTREPRh aoaveBtIaR aife dmants of

zegudaataggntmethod n iot helhiwvbr ddhe t reddill uts obaekidecotn ian

negligi bl e, qggtkgP ne Q :%?@ nmet hod of inplenmentation, the flowrate
the epo

(concentratiron) o

sinple | oc

rization agents) is in turn regulated by a

al feedback | oop, for exanple of the PID type, so as to control

the flowrate (the concentratlo%actually |vered by the - 12
nmet ering deyvice The I r at gﬁ ed by any device
sui tabl e foergtM?/s ﬂuT 99 ICyl_/ "5 as a Coriolis

fl ow neter.
i nner the
pi ston of

15

20

25

30

Anot her very si rrp1=dja;ﬂd of ten si#¥ji=di ent possibility is to
flowrate fromthe speed of rotation and fromtie stroke of the

the pu P ., np .
C S e r )+ 3 S e

i=1j=1 1::]]::]
where:

Mv, IV, [Ry1, [Ty}, [P3)], [F3], i and 3j have the
meanings indicated above and a’, b’, c’'i;, d’i5, e’;; and

f’';y are constants.

The factor taking the delay into account may be
represented by any suitable known method, for example
the method of the “Smith predictor” as described, for
example, in Chemical Engineering Progress, Vol. 53,
No. 5, May 1957, pages 217-219. An advantageous
embodiment for implementing the regulating method
according to the invention provides for the factor
taking the delay into account to be obtained by using a
shift register. The factor taking the dynamics of the
process into account is advantageously represented by
an “LAG”-type function or a 1low-pass filter. One
function of this particularly simple type giving good
results is a function following the formalism of

Laplace transforms satisfying the equation vy(t) =



10 The nodel on the basis of the nethod of the present invention may in
sone cases be further sinplified. Unless raw materials of sufficiently
constant quality are used, it may be assuned, for exanple, that the polyner
reactant nelt flow index (MFlin) is invariable. 15 The sanme applies to the
tenperature (T): if the process is cargied out under essentially
steady-state conditions, the equation i1s further sinplified. 20 In
practice, 1%@1%@% Wikl dhesnbepr edused & f fiHsSt Yedarod | Rgar ciedel in a
single variabl e. e factor that takes the delay into account may al so be
reduced t o"82pU¥ & gBIa IﬁﬁdTﬁafjH% éﬁﬂﬁoyﬁﬁuﬁyﬂ§hy°§ui§ | BTRELREd, for
exanpl e bystbr "feihddpr ethdt Guncappreachr2b welby kisduwg ashithbseegi ster
In practice,t th tqr . taking the dynami cs of the process into account
IS usuallys¥% 3%gdl§oE§%fFF§f-order | ow-pass filter. Figure 1 shows the
overal I5 net hod according to the 30 invention. Figure 2 shows the diagram of
one possi J io S J ti nagely A4
depolyner?ﬁgfﬁgﬁkggg%ésgjgidépgggﬁgggﬁgfgﬁﬁg& égﬂgghod bfa?ﬁgrg%ggent 35

i nventi on. tF giodBshoveethe Gastevicy | §0F e rEoyEiatd Y s? nprPPEEGY
first-ordeprmdebyro@sstiMagiRaing herdfmBeratdtiecandtei-Ba sfekinatliow i ndex
(MFI) are constant. - 13, Figure 4 shows exanples of the perfornmance
obt ai ned i RHFPRESEasEBPTEPP9%esin. 5 As figure. 1 shows, the setpoint

val ue1Q0SP) is intradudethdmtontéhenieguiat | nggsyateény( reagule@sst bdhebased on
t he nodel n d.Ln.ste .and in f e, the._i e of this
mdel 10 Tecrasariobid naurdbiER 8 athe Be T R s ter e

regul at i ngvaheeacfushevaropestyt ke peop@aniatRd; and on the nodel (3) in

order to conmpute the q%gi,t vahie ddiue iHhe a6l valroral ecéR¥iniggmeasur ed
and conpared wth the nodel value ( in order to determ_ne the_difference

15 (E) t hereBelweenluahiof dEhrerfeReTEYt Heéh PRI tep@dlanadt R f itheer ed
d}f‘;] engnﬁebéEiés i's dﬁeﬁ Sﬁeadgp&alﬁ% set @(ﬂihnt ft_ﬂf@)- Ehgweet2ristar exanmpl e
of how the present ,net i.S plied. e first. case concerns a process
used for aﬁ?ﬁEF?H§/9H§ngﬁ§&F§g%%%ﬁnfﬁﬁggb}@ﬁrﬁﬁQﬂ§Qﬁoﬁmnypropylene ( PP)
resins. The initiamernasi nfpfl utbnA)inardsdyhemeaddirtinges thig) arcéeualxed in

the extru (1) -th a I i j agent (L) is added, before the 25
gk o%egﬂgnﬁg%8%C¥W§f%§gﬂ € typical duration of this first

conpound is extru granul ted. TI .
step is around O. 1MARAGt eS0T THEL g ERLNERT artd1e held hfestrar g 2Petesined (3)

and dniced {Ae. attR1SteR1L¥PILR] | YnbakRAd. Sval adt @F dhe bHesweitig
granul es that regrgiint t he end prqgggt are 30 then subjected to
r heol ogi caffled8fir ErehEE IRFFE L& Gt LRI STy for exanple in a

Cottfert-type rheometas. fore ddawtimdkenhensehippicaserdlsyje foo axama e

around 5t 1 S.q: f the diagramin figure 1 is applied to the
process ofg?égﬁggggggtgé%gfagpg%ﬁ n figure 3 is obtained. In the case of
said figure 3, the nodel is a sinplified nodel of the type MFIo"t - K f g.

[ PER] oGas dgschibedcabeveldihg fractile takiogcihe gdynapiapiintiaeaceount is a
- 14 function_of the type 1 + p. ' u3|n%tthe,fornallsn1of Lapl ace

) - TP
transf or meYegRY2 588 dE8EEHPbd BBovECCeTIans e ha'ifdl aytafRd PRES % er s
produced byndehthehi @A the manner described above.

Another embodiment provides a device in which the
30 computing unit uses a model with proportional, integral
and/or differential terms, corrected by a factor taking
the delay into account and possibly by a factor taking

the dynamics of the process into account.

35 In one embodiment, the regulating unit uses the inverse

of the model generated for the computing unit.

The characteristic quantities of the chemical

transformation process that can be controlled by the



of the type 1 (using the Laplace formalisn) in 1 + p.Tp which p represents
the period of the neasurenent and Tf the response tine of the filter. 10 As
we saw in figure 2, the typical delay (i) ranges fromb5 to 20 m nutes or

| onger. The factor taking the delay into account is in this case, for
exanple, a Smith predictor or any otheg appropriate nethod. The setpoint
(MFISP) is used to determ ne the anount (or 15 concentration) [PER] SP of

depol ynmerigabiea agenthaeededntins £08CeRLERN,ONfdS Lhamdi, M oguggad into
the nodel and the result, that is.to say tqtfne gtidel val ue, is conpared with
1 né e

the actual @03 %e 8 P-5ORREBFYBF1PHSde F3EFen® (E5h®et ween
them AftereOtéhtieritige thesifddies edididd er ehee gEéysiiBeyseshd popdapt the

set poi nt  (VE ... The concentratiqn of depol ri.zatign agent_is_varied by
an anount %—’ﬁ%ét%%r 8%def°5§? TOM hE© Otﬁ/fw?r}cqeur r&ﬁ%t arts tflaevary

until Bt agadeessabilizes at a value MFlout + ~I"IFlout. The various
regul ating paraneters may then be determned as follows: - process gain: g
= ~EIR~; - constant of the nodel K= MFIo"t - g.[PERJ; 30 - the tine

const ant MO¥P@VeFocddie Presalithelnyeddd ¥o PE¥ARiERS0 af ehrmigg¥l out

t aki ng t het fghayoimb Bl BnageRlss tHAE k488 sopshantrhielAtddg d® &l tering
the difference Ekr%)tm n the nmeasured, val ue and the 315 conmput ed value is
set to 1.5®fnt? f BPPER’ ng Bx a1 F i gbr e &9 Ial}:s’tlgt dgeed - 15

i nventlioon. adxen@ieg5 Aol wreopylheanrent®Bn ,r esforw trhomabtonihgal ard of
around 1 1L . under goes _d | yneri zati o ~ T | ymerization is
carried o%&%%g%agh}égnga ap%(())ﬁ)\?en i oﬁgl %I %—rtoy%ﬁlec?egglsglﬁigﬁéygrmgﬁég‘ a‘gﬁ)d once
usi ng t he ¢kegmlearlngrapsfiogdmet ioke pprossss. | nvention based on 10 a
first-order nodel + delay + dynamic factor. Figure 4 illustrates the
performance obtained with_and wi thout regulation according to the present
i nvent i on ¥Yr AP 8L thd 2BV espEAE VEPGTICRA tHeARFEPRERLLRAB IBRY | ne
expregsed +&phogesti Sopl otdatbrsé e Xoaxi aiplde Moheexpressedirén 9/ 10
m n, nmeasured usi ng a Gottferi. .apparatus :Ls gl ott%d on the 1%/-@2;15. The
graphs al s&/FHafehte th?oaaﬁé#dlaﬁd’q'omerb?'ﬁ“ §16P tRE 'spedFitat™®ns. WO
02/ 067062 andfor PEDrEERA/IGIE78tELAI MDD, lopAimetldy,of omeguiratmogea
E[)ﬁgiegiyn [hs PLQIUGE S ES4hEL09 fLomma £hemGalqdd Anst pLTat ipn, process,

drying, granulation, molding, etc. The preferred

20 process according to the invention is a
depolymerization reaction using one or more polymers

and one or more depolymerization agents as reactants.

The nature of the polymers was described above and is

25 preferably a peolyolefin, such as polypropylene.

The depolymerization agent/s is/are chosen especially
from among oxygen, oxygen-rich compounds, peroxides,
persulfates and diazo compounds, as described above.
30
As we have mentioned above, it is in principle possible
to monitor any property of the end product. Thus, in
one method of implementing the process according to the
present invention, the product property to be monitored
35 and regulated is the melt flow index (MFI) by acting on
the abovementioned parameters. The melt flow index 1is
determined, for example, continuously using a
rheometer, an IR spectrometer, an NIR spectrometer, an

NMR spectrometer and/or an ultrasonic analyzer, either



a) in nodeling the relationship between said property and characteristic
gquantities of the process; 10 b) in setting a setpoint value for said
property; c¢) in introducing this setpoint value into a regulating system
based on the nodel obtained in (a) so as to apply at |east one
characteristic quantity, conputed fromothis setpoint value, to the process;
15 d) in conputing, by neans of the nodel defined in (a), corrected by a
factor thaditekedytha déheyoirnpeefereinity of a spadeimegal o€ ahet Ravdpr oduct
property gfrégéggpding to the quantity/characteristic quantities defined by

t he regul ?ng SyStem 20 e) in continuously neasuring the actual val ue of

the product property; f) in determning the difference between this actual

val ue and e RAel nxalug sQf chlde LPHIANS, &Y OPSE tyi tREFa%810b i hadsi Ng this
difference, after filterin to adapt the segp0|nt value so as to align the

g
actual Sval ¥k 4RE IREOHHel SYAFER: 2OThE*FBELFatiThgthEt FRFAsOEl &hed i n
claiml, iéx8Pusbbsh ddwexradel ofal ypecodyespandondetro tbe fded addrsi stic
guantity/quantities if conputgd using t@e nodel , defi ned in5&%% corrected by
the factor~tHat"t aRB3IYRE  del 8971 nEF“BRESUNE ahBEBTCE Fact SIPHSVA: t akes t he
dynam cs ddpathe frecesshentdraatecint th85 Fudihear egrd sy argenet otk sas
claimed | 1,61t A8 Qact) Al 82899 c30nPPLL 801 Qe BaPIAGEPSAQ! Jdansiorm ng
a polyner in an extruder ch™as,” for "exanple, a -1 epolyneri zati on
procedd ustreponenbr ofiptbeprpdmcs arfineendr dhprevaepaPgreMusdt ikth agent s

as reactantgked: iHI® MBLAGUaBS Atk BhTRebPealy 1 0pe Hf gehaMBrlato P S5 in
whi ch the actual_  value of the product prqeggtgbls neasured on a §Q§C|nen of

the end pridgletthsleshe Loagu St PRgeRBEho Qi réd'S n“3N§ BhRE t he
precedi ng ghai peoceBsWi efvdrheirdi ther cased o5 ntdvdd pessuryperfdlter. 6.
The regul at.i ng net hod. ¢l ai 1t 5, Jdn which e ion Qf the type: 15 np
. I\/h/:a+b1$":|-h(i ~p5Prf91§¥l Eﬁla§§Qﬁ%ﬁﬁX§ii% %ﬁ@ggﬁéngf %R@%ﬁ%ﬁﬁgéi based
on anlp , apdliow~ ~théj' [Fdalltingl jsgage p reuwiyenidpt ~| of ~thHae| [Fj~i

i =1 =1 #{53u£tf&nm?§5ﬁﬁ'wv represents the nodel value or estimated
val ue; represents the initial value of the property; [R~] represents

the concentrations of the reactants; [T~] represents characteristic
tenper at Ur@snOintbesPr WOSSimination on the end product is

therefore preferred. It should be noted that what is
20 meant by continuous measurement of the actual value of
the product property is a measurement carried out at a

regular rate by means of an automatic apparatus.

When the process according to the present invention is
25 applied to the regulation of the MFI, the model value
of the MFI may be computed on the basis of the model:

MFIgyr=A+B.MFIiy+c. [PER]+D.T

30 where:

- MFIo: represents the estimated melt flow index
of the depolymerization product;

- MFI;, represents the melt flow index of the
polymer reactant;

35 - A, B, C and D represent constants;

- [PER] represents the concentration of
depolymerization agent in the material entering the
process; and

- T represents the temperature at which the



25 [P~] represents characteristic pressures of the process; [F~] represents
the flowrates of the reactants; a, b, ci~, dig) ei~ and fib are constants;

i and j are natural integers greater than or equal 30 to 1. 7. The

regul ating method as clained in any one of - 18 clains 1 to 5, in which
the nodel is based on an equation of- tthe type: n p n P J~ogW = a +b'log |IY
+ ~~c ~[Rj )t +~~d'ij [T}J~T +i=l j=1i=i j=l npnp~~[p~t +~ ~
t~lj [F~—~tepolyelkizktic Deadteien tMkeeplesents the nodel val ue or
estimated value; IV represents the initial value of the property; [R~]
represents the concentrations of the reactants; 10 [T~] represents

char act eri §ni othemperasases Wie t hpropesseeppliRrd teptbsenteyuwdhariast eri stic

pressures gf ttl?le MAGESEi ok F Adéﬁpmﬁfﬂtéftﬁepeh%e&at 9% Qhildif diRAct ants;

15 a" , b d i~ are consfants ;I and j are

nat ur al> i nf“@&@rls ‘@1? edter Y¥Ran W“écfdﬁs t% firgt-mHderegamatFagnmetthod as

cl ai med Int@@ydﬁﬁtéﬁtﬁgkpéﬁlaﬁ B 1{md 1 261 t AgehactQpERaki nek t he
delay into is obtained using a shift register. 9. The regulating

met hod as 5%§| % n any one of clains 1 to 8, in which the factor taking
t he dynam cs 25 of the process into account |s represented by an LAGype

function or a | ow pa ter |ce 1ipg a property of a
product resulting frzﬁgﬁk&ﬂéﬁﬁbgg tra%91 orha |o é@séﬁ 30 conprising: -

at leas? one unit for regulating at |east one characterlstlc quantity on

the basis @gf 213&! ROIJU- M W fr IR A QRETtY to be regul ated;
1ogMFImm=A"+B”.logMFInﬁcl".[PER]+C2”.[PER]2+D”.T

15 where
MFIouw, MFIy,, [PER] and T have the meanings given above
and A’, B’, C’, D', A", B”, Ci1”, Cy;” and D” represent

constants.

20 The delay factor and the dynamic factor are those
described above within the context of the present
invention and may be defined by any methods known per
se, such as more particularly those mentioned above.

25 In practice, although the models adopted above
implicitly use the concentration of the
depolymerization agent to regulate the melt flow index,
it is also possible to acquire this property more
simply by adjusting the feed flow rate of the

30 depolymerization agent. In the latter case, it is
assumed that volume variation due to variable amounts
of depolymerization agent or, in other words, the

dilution effect, is negligible.

35 In one practical method of implementation, the flow
rate (concentration) of the depolymerization agent(s)
is in turn regulated by a simple local feedback loop,
for example of the PID type, so as to control the flow

rate (the concentration) actually delivered by the



- 19 - at least one conputing unit .for determ ning a nodel value of the
property to be regulated on the basis of the values of the characteristic
gquantity/quantities defined by the regulator; 5 - nmeans for continuously
measuring the actual value of the product property; - means for determning
the difference between the actual val 2 and the nodel value of the property
and far filtering this difference; and 10 - neans for adapting the setpoint
val ue so arcterirgudevipes.difference. 11. The device as claimed in claim
10, characterized in that it uses a nmethod as clainmed in any one of 15
clainmse 1 tg 9. 12. The_device as clained in claim 10, in which the

conput i ng The t 26588 1a FHRI| TREEh TRVPEEt | SREFTTI PRSP I/ 6EVACE er ent i al
terns, cordweiciaeldyrarf apter pligldod@ ,2Qdriver- el aya | plewageeurnt apdrpossibly
by a fgctor taﬁéng.tye d¥ am cs of the process into,account. 1:‘%. ' The

devi ce”as & &t nedt AL EPai AP Y2 PS5 Tvhi tH THE r 6T at bR l8ednPhotitMPer se of

t he nodel gyemferatedt f pos2ibtiie tgonjsit kg imfidr the Hiewlevace dzomd ai med in
any one ofy,¢l a%ﬂ;@eéoo%orgsg)atkgn\’\@n%lh f}]%%%aéa&ﬁleékétbg gt{%nb'its't%% of the
chem cal transftormation process are chosen fromanong 30 the“concéntrations
and flow raft ehofp@neR. reactants, the residence tines, the pressures and/or
tenperatures of one or nore of. the steps of the process. 15. A chem cal
transformation process using a 35 requl ating device accqording to any one of
cl ai ms¥10 the 1808R le i oty RE$€JulOFt | FEenetafdiPhsOE| ditRdPERSERY one of

cl ai Ims 1 tim\%ﬂtﬂiorlri]mﬁ@\é}ﬂlr g @@gher egulsals Nea EUQlahékyzgfim%é@I‘fQ%th
resulting_froma chem_c t ransformat i pp, process. - : rocess
as cl ai medE%S affﬁ]wlé?grc%]éjr%ﬁ?eﬁ eﬁufﬁlghﬁpgiﬁe ORFH TR 9}151%%3? mat i on

i s a depolageer usad,oniteacdy olbeusaaguore ,or foor eexyohyher s thandttiee or nore
depol yneri ' agent t - T , j inclaim
16, char aé’:‘jzi ized In tﬁaﬁa%g?gag?ggnéaé %t Rg%%ﬁfeésfﬁgggféo gbl efin. 10
18. Th2 process as clainmed in claim 17, characterized in that the

pol yol ef i mies ohyPAERYE EBC Lol hel RRnY QLRSS &S( ) ai {BdthB aRpcerg of
clainms 16 to 18, characterized in that at |east g e de ol\a/ rizati on 15
agent is ctibsen“3FohfAnmongUbxygéRdsdxy gt Feht @ fﬁboun e gg’r'éfia&@s,

per sul f at esorahid: thraz 0 cloapewndsi oAd0isTHarpheeesimgd idliaded i n any one of
clainms 16 to 19, characterized in that the product property to be 20

nmonitored and regulated is the melt flow index (MI).
20 In practice, the model will then be reduced to a first-

order 1linear model in a single variable. The factor
that takes the delay into account may also be reduced
to a pure delay and may be employed by any suitable
method, for example by the “Smith predictor” approach
25 or by using a shift register. 1In practice too, the
factor taking the dynamics of the process into account

is usually reduced to a first-order low-pass filter.

" Figure 1 shows the overall method according to the

30 invention.

Figure 2 shows the diagram of one possible application
of the present invention, namely a depolymerization
process that is regulated by a method of the present

35 invention.

Figure 3 shows the case of figure 2 using a simplified
first-order model, assuming that the temperature and

the melt flow index (MFI) are constant.



21. The process as clained in claim20, characterized in that the nelt flow
index (MFl) is deternmined using a rheoneter, an IR spectroneter) an NIR
spectroneter, an 25 NWVR spectrometer and/or an ultrasoni c analyzer. 22. The
process as claimed in any one of clainms 15 to 21, characterized in that the
actual value of the product property-is3deternined directly in line. 30 23.
The process as clainmed in claim?22, characterized in that the actual val ue
of the product property is determ ned on a specinen of the end product. 35
24. The prodesseasi céhdwed exaralesoner ot hel gicrs ckndric23cbepphigd 10 t he
regul ationtf tgesem%l <,:{‘I}_pg(vli,néjex (MFI) of a polyner, in which the nodel

val ue of the M nmay be corrpu?ejdnbn the basis of the nodel: - 21

MKl out=A+B . MFIin+C . [ per ] +D . T where: - Mlout represents the

est i mated It 44 i ndex he oly, i L on_product ; o5, MFLiI_N
repr es.eiﬁt sg%he frrjéﬂ}% |'Q\?V [ !r':]s exw%T t%ggpolyér%rgeég%%ct X%tl?l%- A(SPB) c'&nd D
represent EHAFOARCED - INBER] thepr sseMletifg coueesty atlregudtry 1)

depol ynmer i zalsie@n Rgaie mdler dehBPhESENtS Idhed ermeratar gsahgwhisgh the
depol yneri zati or61 re% on takes (g%ace, 25. Tge process as clalinmed in any
one of claffE™6S 0 IPVELSF iRt tB1EnBOAEdul ation of the melt flow index
(MFI) of a polyner, in which the nodel value of the MFI is conputed on the
basi s t model : ICC))q_thFI out=A"_+B. .. | i n+ . PER] + T,20 where:
- MFI oftﬁ rgglreegg%tusltt he e%}tl? nﬁ?%ﬁi%ﬁfmf I%)%v%léi r?&leg}bgf EE%%C%%EOR;I)YEPIYZEI“ on
product ; - rEBhilatiow ddentacthel neblukl oW ithdexowfpehay 26PPbl amér oneact ant
" A B CnoaBdddy ey enent. 80RSERN Ry dPRRle RRIEE CPASuLNry) .
concentration of depol ynerization agent; “an

The actual value (PV) is measured and compared with the

model value (MV) in order to determine the difference

15 (E) therebetween. This difference is then filtered and
the filtered difference (Ef) is used to adapt the

setpoint (SP).

Figure 2 is an example of how the present method is
20 applied. The first case concerns a process used for
adjusting the rheological characteristics of
polypropylene (PP) resins. The initial resin (fluff Aa)
and other additives (B) are mixed in the extruder (1)
then a depolymerization agent (L) is added, before the
25 compound is extruded and granulated. The typical
duration of this first step is around 0.1 minutes. The
granules are then washed (2), drained (3) and dried
(4). This step typically takes 0.5 minutes. The
resulting granules that represent the end product are
30 then subjected to rheological measurements (MFI) after
melting them, for example in a Gottfert-type rheometer.
The time taken in this case is, for example, around 5

to 20 minutes.

35 If the diagram in figure 1 is applied to the process of
figure 2, the diagram in figure 3 is obtained. In the
case of said figure 3, the model is a simplified model
of the type MFI.,. = K + g.[PER] (as described above) -

the factor taking the dynamics into account 1is a
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] cal] ca] caleca] cth]eca:}es@ba\/j tdedaVisa to say the model value, is
compared with the actual value (MFIpy) in order to
determine the difference (E) between them. After
20 filtering, the filtered difference (Ef) 1is used to
adapt the setpoint (MFIgp).

The concentration of depolymerization agent 1is varied
by an amount A[{PER]. After a delay T, the MFIy: in turn
25 starts to vary until it again stabilizes at a value
MFIouwe + AMFIo... The various regulating parameters may

then be determined as follows:

o - AMFI ,
- process gain: g= ZTFEE7
- constant of the model K = MFIo: - 9.[PER];
30 - the time constant of the process: Tp = time

needed to reach 63% of the AMFI.: taking the delay 7
into account;
- the time constant relating to filtering the
difference E Dbetween the measured value and the
35 computed value is set to 1.5 min.

The following example and figure 4 1illustrate the
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Figure 4 illustrates the performance obtained with and
without regulation according to the present invention
(graphs 4A and 4B, respectively). In the graphs, the
15 time expressed in hours is plotted on the x-axis and
the MFI expressed in g/1l0 min, measured using a
Gottfert apparatus, is plotted on the y-axis. The
graphs also indicate the upper and lower limits of the

specifications.
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5 1. A method of regulating a property of a product
resulting from a <chemical transformation process,
consisting:

a) in modeling the relationship between said
property and characteristic guantities of the process;

10 b) in setting a setpoint value for said property;

c) in introducing this setpoint wvalue into a
regulating system based on the model obtained in (a) so
as to apply at least one characteristic quantity,
computed from this setpoint value, to the process;

15 d) in computing, by means of the model defined in
(a), corrected by a factor that takes the delay into
account, of a model wvalue of the product property
corresponding to the quantity/characteristic quantities
defined by the regulating system;

20 e) in continuously measuring the actual wvalue of
the product property;

f) in determining the difference between this
actual wvalue and the model value of the product
property; and

25 g) in using this difference, after filtering, to
adapt the setpoint wvalue so as to align the actual

value and its model wvalue.

2. The regulating method as claimed in claim 1, in
30 which the model value corresponding to the
characteristic quantity/quantities 1s computed using
the model defined in (a) corrected by the factor that
takes the delay into account and by a factor that takes
the dynamics of the process into account.
35
3. The regulating method as claimed in either of
claims 1 and 2, applied to a process for transforming a

polymer in an extruder such as, for example, a
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5 in which the actual value of the product property is

measured on a specimen of the end product.

5. The regulating method as claimed in any one of the
preceding claims, in which the filter used is a low-
10 pass-type filter.

6. The regulating method as claimed in any one of
claims 1 to 5, in which the model is based on an
equation of the type:

15

n p . N (N C
MV =a+dlV + Z Z cij[Rj]l +Z Z Cl'ij[zj]z +

n p . . n p ,
2 2 elPi Y+ 30 Ay
i=1j=1 i=1j=1
where:
MV represents the model value or estimated value;
20 IV represents the initial value of the property:
[Ry] represents the concentrations of the
reactants;
[Ty] represents characteristic temperatures of the
process;
25 [P;] represents characteristic pressures of the
process;
[F;] represents the flow rates of the reactants;
a, b, cij, dij, e;; and f;5 are constants;
i and j are natural integers greater than or equal
30 to 1.

7. The regulating method as claimed in any one of
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15

20

25

30

e mo on an

equation of the type:

n p , np .
log MV =a'+b'loglV+ 3. 3 cy[R;1+D> > d' (T +
i=1j=1 i=1j=1

n p , n p .
Y ¥ ey PY Y Y LAY

where: _

MV represents the model value or estimated value;

IV represents the initial value of the property;

[Ry] represents the concentrations of the
reactants;

[T5] represents characteristic temperatures of the
process;

[P;j] represents characteristic pressures of the
process;

[F3] represents the flow rates of the reactants;

a', b’, c’'y5, d';5, e’y and f’;; are constants;

i and j are natural integers greater than or equal
to 1.

8. The regulating method as claimed in any one of
claims 1 to 7, in which the factor taking the delay

into account is obtained using a shift register.

9. The regulating method as claimed in any one of
claims 1 to 8, in which the factor taking the dynamics
of the process into account is represented by an LAG-

type function or a low-pass filter.

10. A device for regulating a property of a product
resulting from a chemical transformation process,
comprising:

- at least one unit for regulating at least one
characteristic quantity on the basis of a setpoint

value of the property to be regulated;

@ 10%&
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value of the product property;
- means for determining the difference between
the actual value and the model value of the property
and for filtering this difference; and
10 ~ means for adapting the setpoint value so as to

reduce this difference.

11. The device as claimed in claim 10, characterized
in that it uses a method as claimed in any one of
15 claims 1 to 9.

12. The device as claimed in claim 10, in which the
computing unit uses a model with proportional, integral
and/or differential terms, corrected by a factor taking
20 the delay into account and possibly by a factor taking

the dynamics of the process into account.

13. "'The device as claimed in claim 12, in which the
regulator uses the inverse of the model generated for

25 the computing unit.

14. The device as claimed in any one of claims 10 to
13, in which the characteristic quantities of the
chemical transformation process are chosen from among
30 the concentrations and flow rates of the reactants, the
residence times, the pressures and/or temperatures of

one or more of. the steps of the process.

15. A chemical transformation process using a
35 regulating device according to any one of claims 10 to
14 or employing a regulating method as claimed in any
one of claims 1 to 9 for monitoring and regulating a
property of a product resulting from a chemical

transformation process.
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17. The process as claimed in claim 16, characterized

in that at least one of the polymers is a polyolefin.

10 18. The process as claimed in claim 17, characterized

in that the polyolefin is polypropylene.

19. The process as claimed in any one of claims 16 to
18, characterized in that at least one depolymerization
15 agent is chosen from among oxygen, oxygen-rich

compounds, peroxides, persulfates and diazo compounds.

20. The process as claimed in any one of claims 16 to
19, characterized in that the product property to be
20 monitored and regulated is the melt flow index (MFI).

21. The process as claimed in claim 20, characterized
in that the melt flow index (MFI) is determined using a
rheometer, an IR spectrometer, an NIR spectrometer, an

25 NMR spectrometer and/or an ultrasonic analyzer.

22. The process as claimed in any one of claims 15 to
21, characterized in that the actual wvalue of the
product property is determined directly in line.

30
23. The process as claimed in claim 22, characterized
in that the actual value of the product property is

determined on a specimen of the end product.

35 24. The process as claimed in any one of claims 16 to
23, applied to the regulation of the melt flow index
(MFI) of a polymer, in which the model value of the MFI
may be computed on the basis of the model:
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)-E{{|e||||z[<uvq A, B, C and D represent constants;
- [PER] represents the concentration of
10 depolymerization agent; and
- T represents the temperature at which the
depolymerization reaction takes place.

25. The process as claimed in any one of claims 16 to

15 23, applied to the regulation of the melt flow index
(MFI) of a polymer, in which the model value of the MFI
is computed on the basis of the model:

logMFIgue=A’'+B’.logMFI;,+C'.[PER]+D'T
20
where:
- MFIo: represents the estimated melt flow index
of the depolymerization product;
- MFIi, represents the melt flow index of the
25 polymer reactant;
- A', B', C'" and D’ represent constants;
~ [PER] represents the concentration of
depolymerization agent; and
- T represents the temperature at which the

30 depolymerization reaction takes place.
26. The process as . claimed in any one of claims 16 to
23, applied to the regulation of the melt flow index
(MFI) of a polymer, in which the model wvalue of the MFI
35 is computed on the basis of the model:

10gMFIoyr=A”+B” . LogMFI;,+Cy” . [PER]?D".T

where:
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- T represents the temperature at which the

depolymerization reaction takes place.

10
27. The process as claimed in any one of claims 24 to
26, in which the delay factor is obtained using a shift
register.

15 28. The process as claimed in any one of claims .24 to

26, in which the factor taking the dynamics of the
process into account is represented by a first-order

low-pass filter.

20 29. The process as claimed in any one of claims 24 to
28, in which the melt flow index 1is regulated by
adjusting the concentration of depolymerization agent
or by adjusting the flow rate of said depolymerization
agent.

25
30. The process as claimed in any one of claims 24 to
29, characterized in that the melt flow index of the
polymer reactant (MFI;j,) and/or the temperature (T) are

assumed to be constant.



