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Beenenne

Hacrosmas nmporpamMma KaHIUIATCKOIO 3K3aMeHa paspaboTaHa [UIs HayyHOH CIeluans-
HocTH 2.6.13 IIporneccs! B anmapaTsl XUMHYECKHX TEXHOJIOTHH B cOOTBeTCTBHY ¢ [To0oxeHneM o
IEpeYHe KaHAUJATCKUX 3K3aMEHOB, IPOLEaype CAaul KaHIUAATCKUX 3K3aMEHOB M IPHKpEIe-
HHM JIAI A7 cOa9d KaHIWJAaTCKUX JK3aMeHOB, YTBEpXIEHHOM MpukasoM ot 19.12.2022
Ne 15365-484.

Kannmnarckuii sx3aMeH pencTasiseT coboi GopMy OLEHKH CTENEHH IOATOTOBIEHHOCTH
COHWCKATENs YYCHOM CTeleHH KaHauJaTa HayK K IPOBEICHHIO HAYYHBIX MCCIIEIOBAHHH 10 KOH-
KPETHOM Hay4yHOH CHEHATBHOCTH H OTPAC/IM HaYKH, II0 KOTOPOH MOATOTABIMBAETCS UM II0/T0-
TOBJIEHA JUCCEPTAIIHSL.

Couckatens yueHOM cTerneHH KaHAHAAaTa HAyK JO/DKEH 110Ka3aTh BEICOKUH ypoBeHb cdop-
MHPOBaHHOCTH 3HaHHM, YMEHMH U HaBBIKOB CAMOCTOSATEEHOIO IIOKCKA, aHaIH3a U IIepepaboTKH
3apyOexHOH JTMTEPAaTyphl 110 TEMATHKE AUCCEPTALMOHHOIO MCCIEN0BaHHs; CIIOCOOHOCTH K Bhl-
CTYILIEHHUIO C JIOKJIaJaMU Ha HHOCTPAHHOM SI3bIKE U YYaCTHIO B MEXKIYHAPOIHBIX KOHpEPeHIUX,
IIKOJIaX-CeMHHapax.

Hpouenypa IIpOBECHHS KAHIHUIATCKOI0 3K3aMeHa

Kanaunarckuii ax3aMeH IpOBOIUTCA B (hopMe coueTaHus yCTHOH U MUCBMEHHOH hopM.

Kanmunarckuif 9x3aMeH 110 HHOCTPaHHOMY S3BIKY IIPOBOJUTCS B [IBa 3Talla:

1) acupaHT BBIMOJHSAET MUCEMEHHBIH NIEPEBOJ HAYYHOTO TEKCTa IO CIEHUANBHOCTH Ha
pycckuit s3b1K. O0beM TexceTa — S000 meyaTHBIX 3HaKOB; BpeMs BBIIOTHEHHS paboThl —45—60 Mu-
HYT. YCIEIIHOE BHINOJIHEHHE MMCBMEHHOTO [IEPEBOJIA ABIAETCS YCIOBHEM JOIIyCKa KO BTOPOMY
3Tally 9K3aMeHa;

2) acIMpaHT BBINOJIHACT TPH 3aaHus (YCTHO):

- U3y4arollee YTeHUE OPUTHMHAITEHOTO TEeKCTa 1o crenuanbHocTy (06seM Texcra: 2500—
3000 neyaTHBIX 3HAKOB; BpeM4 BBIONHEHUA paboTel — 45—-60 MHHYT; nepeaaya U3BJIEYEeHHON HH-
thopmanuy OCyIECTBIIETCA Ha PYCCKOM SA3BIKE);

- bernoe uYTEHHE OPUIMHAIBHOTO TEKCTAa MO creiuanbHocTH (00meM Tekcta — 1000-
1500 nevaTHBIX 3HAKOB; BpeMs BHIIONHEHUS — 2—3 MHUHYTEI); Ul IPOBEPKH OErI0ro YTeHHs J10-
IIyCKaeTcs UCI0b30BaTh TEKCT IEPBOro dTana KaHAUIaTCKOro IK3aMeHa;

- Decena ¢ sK3aMeHATOpaMK Ha MHOCTPaHHOM s3bIKe 10 BOIPOCaM, CBSI3aHHBIM CO CHELIH-
IBHOCTHIO U HAyYHOH paboTOH acnupaHTa.

KagecTBO nepepoia, BHIIOTHEHHOT0 aCITUPAHTOM B paMKax IEpBOI0 Tana KaH (i 1aTCKOro
JK3aMeHa, OIleHHBaeTCs o 3aueTHoH cucreMe. [lepeBox momikeH OBITH IPEACTABIEH B BUIE PY-
KOIIMCHOI'O TEKCTA.

l'lepeqenb 3aJaHU#N 1/ KAaHIHIATCKOT0 3K3aMeHa (l'lpOMe)Ry’l"O'IHOI‘O KOHTpOJISI)

IlepBhlii 3Tan 3K3amMeHa — o0pa3zel TeKCTa AJIs MHCEMEHHOI0 IIepPeBo/a IIPeACTaBIeH
B [Ipunoxenun 1.

Kputepun olieHK# epBOro 3Tala SK3aMeHa:

- «3a4umen0» — BBIOJIHEH BECh 00BEM MEPEBOA, OTOOpaHHBIE A3BIKOBBIE CPENCTBA COOT-
BETCTBYIOT MOCTABICHHOM 3a1a4e, HaOIrOaeTCsl ONpaBIaHHOE, [10C/IEAOBATEIEHOE U JIOTHIHOE
H3JI0XKEHHUE MBICIIH, OTCYTCTBHE IOBTOPOB ¥ HApYIIEHUsA CTHJIEBOTO €JMHCTBA TEKCTA, BApUATHB-
HOCTH MCIIONB3YEMEIX JIEKCHKO-CMHTAKCHYECKMX €IMHHI];, OTCYTCTBYIOT I'pyOble rpamMmaruye-
CKue, ophorpaduuecKre 1 JEKCHIESCKHAE OITMOKH B SI3bIKOBOM MaTepHalle;



- «He 3aumeHOo» — BBITIIOJIHEH He BeCh 00beM nepesoja, UMEHOTCA rpaMMaTHIECKHE, Op(iJD—
Fpa(I)H'—IeCKIfiC U JIEKCUYECKHE OIUOKH B S36IKOBOM Marepuale, IEPEBOA BRIIIOTHCH HEANCKBATHO.

3aanud BTOPOro 3Tama 3K3aMeéHa OICHHBArOTCA IIO T-ICTI:IpEX68JUII:HOﬁ OIKale: «om-
JAUYHO Y, KXOPOULOY, «yaoefzemeopumeﬂbno», «Heydosfzemeopumeﬁbno».

Bropoii 3Tan 3x3aMeHa — ofpasen TeKcTa A H3YYAIONIEro UTeHHs IIPEICTaBIICH
B [Tpunoxenuu 2.

KpuTepun OLEHKH TEKCTa 711 H3y4Yarolero YTCHUS:

- «OMAUYHOY» — NPEACTaBIIEH IOJIHBIA IIepeBOJl, aeKBaTHBIH CMBICIOBOMY COICPKAHHUIO
TEKCTa Ha PYCCKOM SI3bIKE. TeKCT rpaMMaTHYECKH KOPPEKTEH, JIEKCHUECKHE EAHHHUIIBI H CUHTAK-
CHYECKHE CTPYKTYpPHI, XapaKTepHbIe I HayJHOTO CTHIIS peyH, TepeBeieHBl aIeKBaTHO;

- «XOpouto» — PEACTaBJIEH NONHBINA NEPEBOM, HO BCTPEYArOTCH JIEKCHYECKHE, IpaMMaTH-
YECKUE U CTUITHCTUYECKHE HETOYHOCTH, KOTOPEIE HE IPEMATCTRYIOT 001IeMy TIOHUMAaHHIO TEKCTa,
OJHAKO He COITIACYIOTCS C HOPMAaMHU S3bIKa IEPEBOIa U CTUJIEM HAYYHOIO H3JI0XKEHHUS;

- Y0081 MEOpUMENbHO» — (PParMeHT TEKCTa NEPEBENEH HE MOJHOCTBIO HIIH C DONBIINM
KOJIMYECTBOM JIEKCHUECKHX, IpaMMaTHYECKHX M CTHJIMCTHYECKHMX OIIHMOOK, KOTOpBIE MPEMNST-
CTBYIOT 00IIeMy IIOHUMAaHHIO TEKCTa;

- «HeY006N1emeopumenbHo» — MPECTaBIeH HENOIHBIN NMepeBOol; aclHUpaHT AEMOHCTPH-
PYET HENOHUMAaHME COAEP)KaHMs TeKcTa, DOJIBIIOE KOTMYECTBO CMBICJIOBBIX W IpaMMaTHYECKUX
OIIHOOK.

Bropoii 3Tan 3x3amena — o0pa3zen Tekcra A5 OerJioro YreHus npeacrasieH B [Ipuno-
YKEHHUH 3.

Kpurepuu oueHku Texcra s 0ernoro 4reHus:

- €OMAUYHO» — UYTEHHE KOPPEKTHOE, NEKCHYECKHE €OMHMIIBI M CHHTAKCHYECKHE CTPYK-
TYpBI, XapaKTepHBIE AT HAy9IHOTO CTHIIS PEYH, IPOYHTAHEI IPABUIILHO;

- «XOpouio» — BCTPEUAIOTCS HETOYHOCTH B MPOM3HONIEHWH, KOTOPBIE HE MPENSTCTBYIOT
o01IeMy MOHUMaHUIO TEKCTA;

- KY0081EeMEOPUMENLHO» — (PParMeHT TEKCTa, NMPEIIOKEHHOIO Ha 3K3aMeHe, ITPOYHTaH
¢ OONBIINM KOJTHYECTBOM OIIUOOK, KOTOPEIE MPENSTCTBYIOT 001IeMy TOHUMAaHHIO TEKCTa;

- KHEeY006IemEopUmenbHO» — aDCONIIOTHO HEBEPHOE MPOYTEHHE TEKCTA, OOIBLIOe KOIHYe-
CTBO OMIMOOK B IPOU3HONICHIH.

Bropoii 3Tan 3x3aMeHa — epedeHb BOMPOCOB s Geceabl ¢ YK3aMeHATOpaMH Ha HHO-
CTPAHHOM H3BLIKE 10 BOIIPOCAM, CBS3AHHBLIM ¢ HAYYHOMH CIIenHAJbHOCTBIO M Hay4Hoil pabo-
TOH acnupaHTa:

1. When did you first think of becoming a scientist?

. Why did you decide to enter the post-graduate courses?

. Do members of your family have science degrees?

. Who is your research advisor?

. What is the subject of your research?

. Is the topic of your research connected with your graduate work?
. What is the motive force of scientific progress?

. Can science do without theories and hypotheses?

9. Do you think you could make a discovery?

10. Could you describe the present state of research in your sphere?
11. What latest discoveries in your field of research do you know?
12. What characteristics should a scientist have nowadays? Why do you think so?
13. What scientists in your field of research do you know?

14. Who do you think is the founder in your field of research?

15. Did you take part in any international conferences in English?
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16. How often are international conferences held in your field?

17. Have you got any published articles?

18. Are you satisfied with your level of English?

19. Do you think it is important for a scientist to communicate in English? Why do you
think so?

20. Do you think it is important for a scientist to translate English texts?

Kpurepuu oueHku 6eceanb! ¢ 9K3aMEHATOPAMH HA HHOCTPAHHOM SI3bIKE 110 BOMPOCAM,
CBA3AHHBIM C HAY9HOH cNeNHaIbHOCTLIO H Hay4HoH padoToi acnupaHTa:

- «OMAUYHO» — aCIHUPaHT clIocobeH BecTH Oecely HAa HHOCTPAHHOM fA3bIKE, HE JOIYCTHUII
CYILECTBEHHBIX OIIMOOK B IIOCTPOCHHH TPEUIOKEHHH, IPABHIILHO YIIOTPeOUT BUIOBPEMEHHEIE
(dhopMEI r1arona;

- «XOpouio» — aCIIMPaHT B LENIOM criocobeH BecT Oecey Ha HHOCTPAHHOM SI3BIKE, ACTIH-
PaHT JAONYCTHJ HE 3HaYHTENbHBIE OMMOKY B IIOCTPOCHHUHM IpeIoKeHu# mubo B ynorpebieHun
BHIOBPEMEHHEBIX (POpPM rnarona;

- «y0061eMEOpUMenbHO» — BeeHHe Oecelbl BBI3BIBAET Y acIIUpaHTa CYILECTBEHHEIE 3a-
TPYAHEHHS, JONYCTUJI OIIHOKH B IOCTPOSHUH NPEAJIOKEHUH THO0 B YIIOTpeOIeHHH BHIOBPEMEH-
HBIX (popM riarona;

- (HEYIOBJIETBOPHUTEIBHO» — acCHHpPAHT HE cIIocOOEH BecTH Oecelly Ha HHOCTPAHHOM
SI3BIKE, OTBETEI HE COOTBETCTBYIOT JIEKCUKO-IPAMMAaTHIECKHM HOpPMaM HHOCTPAHHOTO SI3BIKA.

Hrorosas oleHKa 10 KaHIHUOATCKOMY 3K3aMEHY BBIBOJUTCH KaK CPEOHAA OLEHKA YJICHOB
KOMHCCHH 3a 3aJaHHA BTOPOro 3Talla 9K3aMCHA.

KonkpeTHsle 3aaHus K KaHAUAATCKOMY 3K3aMeHY MOAOHPAarOTCs MperoaBaTeneM B co-
OTBETCTBHH C TEMATUKOH Hay4yHBIX MCCIIECIOBAHUH aclIUpaHTa.

Kanunarckuii 3x3aMeH IPOBOAKTCA B CMEIIaHHOH (opMe: 3aiaHue IepBOro JTamna KaH-
JMJATCKOTO 3K3aMeHa BBINONHIETCS MUChMEHHO, 3alaHus BTOPOro srana — yctHo. Jlis noaro-
TOBKH COMCKATEb HCIOIb3YET 3K3aMEHAIMOHHEIE IHCTEL
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ARTICLE INFO ABSTRACT

The present paper alms ar groposing 2 complementary view of process intensiication (F1) dased on the
concepts of local intensification and giobal intensification, Loczl intensification is defined here as the
classical approach of Fl based on the vse of techiniques and metlods for the drastic Emprovemant of the
efficiency ofa single unicordevice. Some exampiles are given te Divstrate that locsl processintensification
presents several limitations when compared to hollstie overall process-hased intensification, named
- glabal intengificativn, Indeed, when PI focuses on single units {reactars, separatars, hybrid separators.
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ﬁfﬁ:ﬁ:unﬂﬁmm e, the sreng interactions amang all units within the process are [gnored and the impact of bseal
Trocuss system engintering intengification of a single unit can ba very Samited, resulting in weak improvement of the whole process.
Process setolit This paper identifies that process intensification Is broxder thar technical improvement of devices or
febartleneciing processes and hias to consider several drivers swch as econamics, safety, ecn-efMiciency and sustainabilive

to fulfiil the key objectives in desipning new plants and rerrplindng existing units,

@ 2014 Elsevier BV, All nights reserved.

1. Intooduction

Pigeess intensification {Pl), formally regarded as process
improvement strategy, consists, acterding to Stankivwicz and
Maulidn {15 in nove] equipment, processing techniques. and pro-
cess development methods that, compared to conventional ones,
offer substantial improvements in (bio) chemical manufacturing
and processing! I is ralated to new and innovative technologies
which replace large expensive and energy-inrensive squipment
b devices which are smaller, less costly and more efficient [3-4),
Among the different strategies, a well-cstablished approach is the
design of multifunctional devices, which merge several unit apera-
tions, e.g. reaction and separation into one apparatus [2]. However,
recent approaches in Pl predominantty focus on equipment and
morespecificatly on microssruensved reehnologies, providing s high
surface-to-volume ratin, hence increasing mass and hear transfer
by several orders of magnitude [3] The revolutlon-like manners
inwhilch microrechnelogy develops {and as which it is sometimes
praised) manifest themselves in the vast number of patents in this

Adlroviariong; AT, active plarmacestical ingredione; CSTR, consinuaus soirred
sank resctor; GHG, greeahouse gases: LOA, life cycle assessment; P, process
imtensification; PFR, plug flow reactor; PR, process renvofin PSE, proceds spstem
enginaering: RON, return on investmest time; RSR. sactor separator recyie.

* Carrespanding aurhor an Univeosing de Lotraine, Laboratoire Résctions &t Génle
des Procédés, UMR 7234, Nancy F-54001, Franoy, Tek: +33 383175004,
E-meil pddress: lavreatfallfuniv-lorrainesri L Falk)

ez fidn.delor g 10 H0 ] fcep. 200405402
2552700/ 2014 Elsevies BV, A rights reszreed.

field of researcis. Every year, nUmernus patents are repostad for
microtechnology-related areas. Focusing on micrereacions, more
than 1500 patent publications in different fields of chemical apoli-
cations slready exisl, annually rising in number by more than 250
new patents [8]. Then, from the numerous studizs published in the
lizerature, itis clear that Pl focuses on the equipment improvemnent,
which can be defined as a lecal approach of process improvement
strategy.

On the nther hand, pracess syctam engineering (PSE), sccerding
o Grossmann and Westerberg {7, aims at improving decision-
making for the creatien and operation ofthe chemical supply chain,
which deals with the discovery, design, manufacturing, and dis-
tribution of chemical products. From this definition, PSE can be
considerad as a global approach of process improvement strategy.
Racently, Mowlijn et al. J6] fell that it was timely to attempt to
berter define the plaze of Pl in eelation with other chemical engi-
neering disciplines, such as PSE. Based on the preliminary approach
by Grossmiann and Westerberg [¥] and Marquardt et al, [9), they
propesed to define Flin conjunction with PSE The fecus and action
0f PSE take place along the product creatien chaln, as & top-down
appeoach fram the enterprise to the molecules, while the focus and
action ol Pl are on chemical enginesring aspects of the process units
separately. Pl has @ more creative than integrating character and
primarily alms at higher e(ficiency of individual steps in that chain,
forinsrance by offering new mechanisms, materials, and structural
building blocks for process synthesis,

I addition, the scales considersd are different; PSE focuses less
o1 the seale of molecules, sites and (nana-} structure, wiereas Pi
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explicitly incluges this level but aften pays less attemtion te the
highest levels, 1t is clear that Pl has consequences for the “iongitu-
dinal" actien of PSE; for instance, development and application of
4 reactive separztion can influence the PSE over the whole chain,
from malecule vo site, i not to enterprise.

The improvement of processes must also be examined in the
context that 2 major portion of the chemical Industry has matured.
Most chemical plants were buill ata ime when profit rargins could
be kept large and thus were not typically designed o be the most
efficlent from an energy and raw material perspective. Nowadays,
competitive pressures have greatly increased the need for moge
efficient processes claiming for the redesign and the moderniza-
tion of existing facilities. Grossmann et al, [10] sstimated that, in
theend of the 80s, 70-80% of 21l process design projects in the west-
prn countries deatt with the redesign, e, retrofit desigs of existing
facilities.

Alsg, the successiul commercialization of specialty chemicals
requires the ability to redesign progesses guickly, to respond to
¢changes in new technology and to the short life orele of hew prad-
ets. According to Grossmann and Westerberg, the developmest
of retrofit design strategies is a more dificult peoblem than the
design of new processes because Itincludes i far greaver number of
alternatives than the grassroots problem, due to the need to evalu-
ate and use existing equipment. The nature of the petrofit problem
is by savure complex and multidimensional, They propose a list of
technical objectives as the increase of the throughpus by debottie-
necking and by higher conversion of feedstocks, the processingofa
new feedstock and the improvament of the quality of the prod-
wer Sustainability is also considered by the increase af process
safety, the reduction of the envirenmental impact of an exist-
ing process, the reduction of energy input per witlt of production,
and the higher operability of the provess {fexibility, controliabii-
y)

Concerning econemics and the major constraints of process
retrofit (PR), several approaches can be developed. The change of
the operating cenditiuns of the process can enable 1o keep the
same implamented eguipment which is ahbyiously the lzast costly
in terms of investment. The change of architecture of the pro-

255 by changing the piping that connects the devices is another
alsarnative, For example, with respeet 16 the cost of purchasing
a mew colums, repiping typically incurs very modest costs. It s
also possible Lo keep the process flowsheet intact but to chaage
the equipment sizing, sometimes in ways that the external phys-
jcal dimertshons of the equipment are not algered. Such changes
could include installation of new tube buadles inside existing
heat-exehanger shells, closer packed trays of even packing inside
columns. snd Anally, the fastapproachis the addition of pew equip-
ment to reach the objectives,

From the defnition proposed by Grossmann et ab [10) it
is obyious that PR shares numencus keywerds [improvement of
conversion and yield, reduction of energy consumption and envi-
ronmental impact, safety considerations, e1c.) with process system
engineering and process Intensification. This large overlapping
between those tkres concepts shows also that PRis concernad by
locat and global intensification and that synergies between them
may exist.

Hywever, 2s stated by El-Halwagi and co-workers [11], there are
same Himitations i most of the previeus warks focused on wnit-
based intensilication when cempared o holistic everall process-
pased intensification.

El-Halwagi and co-workers identified process integration as a
holistic and systematic framewerk for intensification where, how'-
ever, process intemsification has 3 bypader scope. They defined
pwo main classes for intensification! single-unit intessificarion
ang plant inténsification, Usic intensification refers to the previ-
ous definition of process intensification. On tlie other hand, plant

Intensification focuses on the improvement of the global process:
maximize the thraughput, mininilze inventory, or minirize utility
materials and feedstock. In case of planl intensification, units that
will be intensiied are not pre-specified and more thag ane unil Lan
be intensiAed simultansousty.

The preseat paper aims at proposing complementary view of
process intensification based on the concepts of local intensifica-
rion and global intensification. Local intensification is defined here
a5 the classical approach of P1 based on the use of techniques and
meshads for the drastic improvement of the efficiency of a sin-
gle unit or device {FEACTONS, SEPAALOTS, MIKErs, exchangers, etc),
0 pvercome specific limitations that can be related to thermo-
dymamics, kinetics, heat or Mass transfer and energy supply. (€
maialy focuses on the tachnical improvement of the performances
of equipmest but the iteraclions amony ath units within the pro-
cess are ignored and the impact of intensifying a single unit on the
rest of the process I8 net considerad.

Firse, ghobal (or overall} intensification has a more generat
view on the whels process, considering fissta multi-dimensionai
approach consisting in the simultaneous improvement of several
units, The process s improved by inventory and utility minimi-
zation and by theoughput maximization, Process intensification is
achieved using the classical methods of local intensification and
hear and mass kntegrations meaning hata complex flowsheat or
architecturs should be designed to increase the overall proress effi-
cizncy. The impact of a incal change will have an effect on theentire
process due to the strong interactions bemween units and sheuld
therefore be studied at the wliole process scale.

Secondly, giotal intensification possesses a multi-¢imensional
aspect where differentdrivers (economic, safety, eco-cificiency and
systainability) are included in the strategy. There are scing limi-
rations in mest of the previous ¥l works a8 they focused mainly
on technical drivers but did not develep an holistic view, omitting
ta include the different drivers, This is not the case with retroflt
design that recently included various methods o evaluate and
reduce the envirenmental impact of chemical provesses. Sun al.
112} propesed the formulation of 2 rralti-objective optimization
problem o determine sustainable chemical process designs fak-
ing {70 account economic. environmental and societal aspecis.
El-Halwagi and co-workers [13} presented a multi-phjective W HE
mization procediure for the recycle and reuse rietworks including
the epvicommental implications of the discharged wastes using
life-cycle assessment. Mone recently, they developed |11} & Arsc
attesnpt to couple an intensification stratesy writha multi-objective
aptirization problem, but the mathematical funclions used o r2p-
sesent intensification lacked for realism. in a recent study, Ganiand
co-workers [14] presented the development of a soltware tocl and
its application 1o chemical processes. based on the implementation
of an extended systematic methodology for sustatnable process
design.

Further work is still nesded to combine process regrofit, pro-
coss intensification and process system engineering o define an
Intensification strategy which (akes intu account both the local
approach of Pl and the glabal approach of PSE considering the
whole process by multi-chjective optimizalion 10 Propose sus-
rainable and intemsive chemical process designs. The strategy
should answet the following questions, Which equipment should
be intensified in a procass? What is the impact of local process
intensification of a device on the overall process perforanance?
Hew should new process architecture be achieved? Which aptl
mization criteria should be chosen? What are the criteria of saler
nrocesses?

In the present paper, some examples will be gven to illus-
(rate that the classical approach of process intensification hased on
single-wnit intensitication presenis soveral limitations when com-
pared to helistic oyerall process-based intensification.
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Crystallization with Compressed Gases

E. Reverchon, H. Kriber, U. Teipel

41
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Many product properties that are of relevance in industrial use can be adjusted by
changing the particle size and particle size distribution of the powder. This
statement is valid in several fields, ranging from polymers to pharmaceutical and
inorganic powders.

In the case of solid explosives and propellants, small particles are as a rule
required to improve the combustion process. Indeed, the attainment of the highest
energy from the detonation of a solid explosive depends strongly on the particle size
of the material.

Grinding and crystallization from solutions are largely used as micronization
processes in industry and have been described in previous chapters. However, these
processes suffer from some limitations: it is difficult to control the particle size and
particle size distribution of powders, especially when very small (micron-sized)
perticles are required. Liquid crystallization also suffers from the problem of solvent
contamination of the precipitate {crystal inclusions} and jet milling is not suitable
for the treatment of shock-sensitive substances.

As an alternative to the traditional techniques, various supercritical-fluid based
precipitation processes have recently been proposed. These techniques can poten-
tially overcome all the previously described limitations of the classical micronization
processes. Supercritical fluids are compressed gases that are used at temperatures
and pressures higher than their eritical point. At the critical point, the liquid-gas
phase boundary disappears and the surface temsion approaches zero. Near the
critical point, even small increases in the applied pressure cause a sharp increase in
the density and, correspondingly, the dissolving capacity of the supercritical fluid.
Supercritical fluids exhibit properties that are a combination of liquid and gas-like
characteristics (Table 4.1). The density of compressed gases is in the same range as
that of organic liquids, while the viscosity is dlose to that of gases. Because their
diffusion coefficient is larger than that of liquids, supercritical fluids have enhanced
mass transfer properties, making them especially suitable for extraction operations,
Fergetic Materials. Edited by Ulrich Teipel
Copyright © 2005 WILEY-VCH Verlag GmbH & Co. KGad, Weirheim
ISBN: 3-527-302409
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Table 4.1. Comparison of some physical data between gases, liquids
and compressed gases.

o {kgfm’) 7 (10° Pass) D (mifs)

Gas at 0.1 MPa:

$=25°C 0.6=2.0 0.01-0.03 {1-4) x 107°
Supercritical fluids:

L pe 200--500 0.01-0.03 Tx 10"

T, 4%p. 400-900 0.03-0.06 2% 107%
Liquids:

at8=235°C 600-1600 0.2-3.0 {0.2-2) x 107%

particularly in the foodstuffs industry. As a result of these special physieal proper-
ties, solid particles can be processed by supercritical fluid technologies. Supercritical
fluids, in principle, do not give problems of solvent contamination because when
decompression occurs, they are completely released from the solute.

The supercritical fluid of election is CO, since it has relatively low critical
parameters (8. = 31.1 °C and p. = 7.38 MPa), it is not toxic, non flammable and
cheap. The operating conditions for supercritical fluids processing are generally
mild, thus giving no problem to process ‘sensitive’ materials. Also, the control of the
particle size and particle size distribution of the micronized material promises to be
relatively simple to obtain by continuously modulating the process conditions.

Various supercritical {luid-based precipitation processes have been proposed.
Jung and Perrut summarized the experimental and theoretical work on these
techniques and gave an overview of substances which were processed by these
processes [4.1]. In the following part of this chapter we will discuss their major
characteristics.

4.2
Rapid Expansion of Supercritical Solutions

The first micronization process based on supercritical fluids that has been proposed
is the Rapid Expansion of Supercritical Solutions (RESS) [4.2-4.4]. In this process,
the solvent power of the supercritical fluid is used to dissolve the compound to be
micronized by fluxing the supercritical fluid in a fixed bed formed by the particles of
the starting material. Then, the solution formed is depressurized down to atmos-
pheric pressure in an atomization nozzle. The fast expansion of the supercritical
solution reduces the solvent power of the fluid to nearly zero and the solute
precipitates in the expansion chamber. A schematic flow sheet of a typical experi-
mental setup is shown in Fig. 4.1. A more detailed description of the experimental
setups used can be found in the literature [4.5-4.7].

Using this technique, it is possible to obtain very high supersaturation ratios that
can result in the production of very small particles. Some studies on the RESS
process were devoted to the identification of the process parameters that control the
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Figure 4.1, Flow sheet of the experimental setup: W, heat exchanger;
P, membrane pumy; Fl, mass flow meter; FL, liquid CO; reservoir:
D, pressure control.

precipitation of particles [4.4]. The main parameters that control the RESS process
are pre-expansion temperature and pressure and expansion chamber temperature
and pressure.

It is difficult to propose a systematic description of the investigated substances
and morphologies obtained by RESS since a large variety of particle shapes and sizes
have been observed and very different experimental arrangements have been used.
Moreover, many different substances were investigated (organic and inorganic
materials, polymers and biopolymers and biodegradable materials) which differed
in their physical and chemical properties so that a comparison is difficult. Kréber et
al. micronized benzoic acid and cholesterol as model substances for pharmaceuti-
cals under different process conditions [4.8]. In contrast to the experimental work of
other groups, their investigations were carried out with nozzles up to three-times
larger than normally used so that an industrial application was simulated more
realistically. The first theoretical descriptions demonstrate the complexity of the
process, but only provide a rough, qualitative interpretation of experimental results.
Tiirk showed the calculated ternperature, pressure and supersaturation profiles as a
function of capillary length for various experimental conditions [4.6).

10
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Investigation of power characteristics in a novel cup-shaped-blade mixer E ¥
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ARTICLE INFO ABSTRACT

Kayworde: . . The impeller performanoe and energy ntill;ntlnn are elosely yelaned o e agitator design. In this Qrcir:e,ﬂ el:z

Cup-shapzd-tlade impailer
Fewer shmsninplios
Puwir soerelalion
Compurariczal stimulaioe

poiver charneberistics of the novel cop-shoped-blads (GR) impeliers were tnvestigated by usiog the Mewtoniay
fukd i o stisser tank, considering the effects of shape parametess, angle of tho Mades, baifles, agitator speed and
physicsl properties of wosking fuid. An accorate pawer cormelation for e CB inpeliers was established, Tn
additivn, e CFD method was employed to simelaze the power consumption and fow characteratios, and tw

caleulated power value Stted well with the experimental value. The ohtained resuits could provide the basis for

e design and scale-up of the CB impellers.

1. Imtroduction

Mixing in stiver tanks plays an lmportant rale in vasious industries
processes in the ficdd of food, agrichemicals, cosmetics and beverage
industrizs ete [13, The agitetor i a key part in the mixing vessel whicly
directly determines power characteristics and the wmiving performance
of the mixing system. It is widely recognized that the power con-
sumpton is one of fundsmental deslgn perameters [2-4). Iy recent
years, & Lot of workt has been done on the power consemptivn for dif
ferent liquids using varlous agitators, adepting both expasimental and
simulated techniques to carry the ressarch on power clasacteristics. 0t
i desirable to design a new type agitator blade to fulfill the require
ments af differest situstions, besides the spplications of existing aygi-
La1ees in muld-combinatien Modes,

The madification of agitarors has been rapovted yecendy. For ex-
ample, floman et al, [5-7] studied the characterdstics including power
consumption, complete suspension speed and pas-liquld transfer effi-
cleney of a modifled blads Rushoon turbdne (n different systems, They
found that the modified blade rurblne wae moere efficlont than the
standard wurbine. Niedelelske et sl [3) inwestlgated the power eoat-
sumption of a ribbon impeller with particular design and found that the
geometrical paramesers had @ significant impact on power cansumption
and efficiency of agitator, On the ather hand, for the high viscesity
system, with the first report by Schnetder et al. [9], intensiva researches
on the cosxial mixer wera reported by the Canadisn Tanguy's group
[10-15]), According to different mixed matestals and working condi-
tions; they designed and studled a serles of mew multiple impellers.
their research, che proximity impelless (helical oibbon, anchor) and

disparsing wrbines pitched Slade turbine (PBY), rushton turbine (RT)
were used together. The power consumption and mixing performance
of coaxial mixers were mainly studied, The resuits showed that these
multiple impellers exhibited excellent mixing performance in many
specific situations. &t praseat, thece are fow stodies on nowel agitators
which bave a sioyple structure bl extensive applications. So far no
regat hos besn found on the type of eup-shaped-blade {CB)} impellers,

Compulational fluid dynamic (CFM) has been widely adepted to
understand deeply the pewer consumption, flow field snd the turbulant
kinetic eneryy in the stirred tank [16-207, with the precision increased
gradually. Thus, the ohjective of this paper is to study the power
characteristics of the novel CB impellers, in combination with the CFD
memerical simulition to predict the power consumptinn and Aow pat-
terns Kxgenmental and smulzbion methods are pertermeed considering
the differsar pacaecseters, such as impelier geomatry (impeller twpe and
blade angle), agitativa condition (impeller speed and power) and pro-
coas condition (wasking fluid concentration).

2. Expenmental materials and methods
2.1. Experimentol setup

The expariments were carrled eat in a pilotscale rransparent tenk
made from plexiglas equipped with flar bottam, with the agilaters
mounted centeally. The miver and the detailed grometrical dimensions
are showa iz Fig. U, In the experiments, the liquid beight H is equal to
the tank diameter T and cortesponding to a liguid volume of 0.4 m®
The distance C of CB impeilers is T/9 whereas that value of PBT and RT

* Carrpspoeding suther av: Seheel of Chemical Enpincering and Technology, Thazin Unlvessity, Tianjis, 300072, PR Chine.
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Fig. 2. Schematic dingaam af the tupdhaped Sadis,

le 143, The four removable bafes dre T/I10 long, Smm thick, 83 cm
high and can be installed into the tank every 90%

Fig. 2 showed the schematic dingram of cup-shaped blades pro-
duction and blades that were cut by the 90° stniniess stesl elbow with
an inner dinmeter of 56 mm. Theee types of the cupwshaped-blades
(CH1, CBZ, CB3) gprovided by FLAUKQ {China} were stedied. The CB
impellers conalst of three cup-shaped bladee and the angles of blades
ein ba edjusted Aexibly. Another two widely wsed tmpellers PBT and &T
were plso investigated as comparisons. The impellers and detailed
geometrical dimensions are shown in Fig. 3 and Table 1,

2.2, Meterigls

Wialt syrup (PO-100 wisi) was employed as the Newtontan Suld, of
which the viscosity could be adjusted by adding the puze water [21,22].
The rheelogieal propesties of malt syrap were determined by rotational
visoometar (Broolfleld DV-C), The density of the Newtonian fulds is
berween 1000 and 2450 kg/m®, and the viscosity ranges from 0.001 to

4,56 Paes, The measurements as well as experiments were performad a1
29 = 1°G, Table 2 lists the specific experiment conditicas.

23, Metheds

‘The power numnber is o reliable design specification in the mixing
aperation and has been widely used to predist the process resuits, fol-
lowing the first report of poser copsumption on 1934. Recently,
Chapple et al. [4] studicd the power consumption of PBT, RT through
aguirate torgque miessurement teshnigues and perforated the generie
power number turves. Liv ef sl [22] stidied the power consumprion of
a double inner impeller and the power curves under different candi-
tions. Tanguy et al. [10] studied the power consumption of the blade-
helieal ribbon Impellers at different speeds and performad a generalized
POWEr curve.

To determine the power consumption, the motar has been coupled
o the wrue sensaz and the power could be calealated from the torgue.
The net power comsumption can be obralned by the following formida
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