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@ product dyimelndi onl ess

Greek |l etters

b) angul ar velocity, rad/s

i densQmy,

’ kinemati o i scosity,

: di spersed phasedWiinematic viscosity,
’ continuous phased Kinematic viscosity,
: ki nemat i ot \neisxctausifiet y

>
>

terfaciC tension,
Vi scodifa vy,
‘ di spersed ph&Fe viscosity,

o
o

ntinuous pHdse viscosity,

turbul enthJIWi scosity,
R turbulent enera¥PhP dissipation rate,
Tr i nput pionwearsaé@oe®

- t he mol ar abso+rption coefficient,

- t he mol ar abso+rption coefficient,

t t or,gue
. di sper seduphdaisme moiladnl es s
3 relevant ,aspemensianiess

| di ssipation rate exdeedmergsi bel agser ag

- radi us diantenosi onl es s

. di spphaed vol uyumei measitowhess
- Kol mogorov | ength scal e, m
r shear spifain rate,

: ionic @€Mengt h,
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Chapter 1:  Current Status of the Synthesis of lonic Liquids with

—
> =5 o

Chemical Reactors

1 Background

nic |iquids (I1Ls), as salts composed of (
emi cal properties, swoh aas!l 1 ow, meil ghngolpw
emi cal stability, whi ch make tihne mc gtraolny ssii
paration, solvents, and energy storage. Wi
stainable devel opment, the synthesis meth
novated. Trbadkietdi crhaelmi cdllevernetayga taidairad | lyavepl
chnol ogi es sauscshi sa se dmisg/rnda viadwsa iss taendd suyl i tr messo
thods enhance reaction efficiency and i mpr
ese synthesis muepateonts cotsitisl, fopee altuimm ad q c
mi tations. Therefore, exploring alternati:
guids to meet their growing application de
e choice of reactors and the opdgymtllzadii oinn
ni ¢ Duiequiodd.heir excellent mixing perfor man
e JTCaoyuleotrt e reactor (TCR) and high shear mi
at have become vital tools in vams oairsd smad s
ansfer between p-hagesd igrpegasgalalcy iiomsl,i dyi
rces from rodratdywlgi nderesr. alnmd ocowntr ast, t he
rces genespéed bgtatihnghrotor and stator t
d transfer within a short time, and ,jt is
d other multiphase systems.

mputati onal fluid dynamics (CFD) met hods
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performance to simulate and analyze the f1l ov

and HSMs. CFD helps researchers wunderstand
behavior, and shear effects | mpaecnettihealr eawcp
and experiment al gui dance for reactor desigr
CFD simul ations, researchers can predict t h

(such as r oviastd cosniatt icesgpiee dl, itdiei d osxaynt hesi s pi

reaction efficiency and reducing energy cons

Il n this Ph. D thesis, we discuss the synthes
the working principles and performance <char
kinetics experiments, dr op-mexi ngnagiaundi esmasAd

we explored how to optimize these reactors

conjunction with relevant CFD wor k.

1.2 The Fundament al Properties and Applicati

1.2.1 Classification of Il onic Liquids

As the name implies, l onic |liquids are com
intuitions, ionKE€honldOHepxursds onndgh iaas t hei r mo
temperatur es. Compounds made wup of ions are

anions anhdecafmnoddhs s category of chemical s,

are necessary to overcome the ionic bonding
l' iquids investigated in thi®nsegsgdantclal ame tad
at or near r[dohzt] etwepretra lay uwu eed f or | impditdc ni on

sabltsdedeud,angearly explorationi pvoicmraldow sci e
mel ti ng pptihnet tsearlm Opiaornti ¢ | i qui dé was al so wu
meanfid,g WMith the deepening of research, ma n \
can make the resear ch thweo rdk sttrionuch|li eosno nbee.t wWeoewe

mol ten salts 1is not mer el yloai enatt qui @s h &\ed
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characterig$emperatuhegmetrten salts, such as
Therefore, t he f styhreo niydnesa tohfa ti obneisct | i qui ds ar

flui dd@&mpelrawure molten saltoéo,[@-nd O6room ter

Thearlioastc | iquid, eftfBysNHB@mMmamimemtnintgr,ptoe nt
was i nt rWaludebffio weyver, the first patent for i
19341ln 1PrddbOnk Hurl ey and Tom Weir obtained a
war mdprowof organic sa(At L ®] avemi naml ghktoente
at room temperatur e, which became an | L. Sc
mel ting points couldnser ¢ ntbek%803e n rsOh & o mi
addition, before discussing the ionic |iquid
Chemi st r yacihs triwaeidmnulgyh adj usting and designing
reaction processes, tdaired Unraedmdduiln gb Wobrs tedl @i Enei dnea t
past decades of continuous exploration, Gr e
achieve economic concl usi snasf, ewdymhtee eerrvs u roinmmg
through basic [d@ilghei Mbst mat dedy studied nev
but are nomatleirmi tsaugp etr @ r if tr ieea Ip,rafclae isidaensi cs oll ive
Howedeteo t he controversy over the compl ex hi
i mpact and green chemistry hei BaradbayqDi ssu
l onic Liquids: From Fundamenthhel cPriopeCamlesi d
20171.4]1 Ther ef ocruel,t yt hoef dfiifffdi ng a suitable io0

complicated than i magined, but this is stildl
l onic |liquids typically consist of sizable o
are classified into two categories: simpl e
binary i1 onic | iquid§gs[,1.5heivcehr ymatihnetraei na reeq uail Isiob

are not only composed of (IibEH)&Hdduclo mes pdeodp c
' iquids that -Wependquwinl itfhted jiekne dOhap a8t r é@8ggen
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Obviously, in theveécddbad cafltieqrui dbe t he nu
compohlaishscr eased amwridtervadultd mees ,i mpossi bl e to
describing all the anions and cations. Thus,
be continuously i mprfovredlamdeareta2dleldg rt @ xaimpl er,
most common way to classify ILs is based on
[ 22 ] Di fferent cati ons afnar eemti oinfs 2..E¢p it ei d so
shows the common cationsirand esoiNyMédé & v & Cbo mmbd a c
i mi dazoN-siuwns,t i tuted paylrki ydli anti eudm, a nteebtkriyal enf e dt
phosphon[i 243n,Sientcce t he early papers on such m
ionic liquids are sallt-d€3i abhkgd omi darokommi aoa
pol yatomi,cformniexdampl ae i ons, tetAldagl,chl or
hexafl uor ®EhospearafBEl or db ar atpee-s (il Uompyl )meit m
ani O@GE®N) = bistrmiN)[ adpei proeduCcti on precess
t hsesubstitution of heteroatoms by protons or
| i gAddlsgm @ uRsantdfi ons to cations can synthesiz
i qui s i nddinhfgf er ence bet welekn iasprtontaitc parnod ipcr ol tl
acceptor and donor at oms anHb dardnientgfaly & thke, a
26] Another <classification method is based o
are divided imdauwt rlall ,c aaceigdoirci,esaflzk7adHddeti ahj r
according to the different cheméatad g stnobzsd ch n ¢
roenmmperature islpsec(i RTlcLsl)L,s t(arsSk Ls) , pol yi on
|l L memnes ,( AndMs®B3I]|]oNeverthel ess, the organi

i ntermol ecul ar interactions generated by mix
di verse field of ion research, making it T
Therefore, scientists need to have the abil:i
gui dKIIJyTo this end, epxepr| faoi rnmanngc et hree | satt ri uwoentsuhri e

necessitates a comprehenstiheeorient eg@id at iaonnd ocf

met hodoluosgiiets .i sThhnevitable that we must sum
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reveal the guiding principles inherent in th

| Cations | Anions |
o S TRl sl R y
R2
R4 R3
/
/7 N | N /_E CI,Br,I
N/)\Rz P R1/N\N/
® | '|“® ® | Al,Cl7, AlsClyg
R4 Ry R, Sb,F 41, FeaCly, ZnaCls, ZnsCly

PFg, SbFg’, BF 4,
(CF3S02)2N", N(CN)2', (CF3S03)3C”
BR4 ", RCBy1H¢"

NOg’, PO.*", HSO,", SO4%
T1 T1 T1
[C]
[ > Re—N—R, R—PZR, i

CF3S04, ROSO3’, CF3CO,, CgHsS05™
R—N
N
B D T ) W

| | |
| | |
| | |
| | |
| I |
| I |
I I

| imidazolium pyridinium pyrazolium | CuCly’, SnCly” :
| | |
| | |
| | |
| | |
| ! |
: pyrrolidinium ammonium phosphonium cholinium : :

Fi gurMai n cati odel aneatentkeo[dn3IHdtljer at ur e
Numerous anions anmbhngypnht beasi zaml erpaide i n d

[ 33 eir physical and ther mal properties high
and the I ength of theéeédhkekgybngrdepabhetbeecht
anions and cations to vibrate, rotate, and e
an ordered crystal structure. Completely dif
degree of tbhreanalhkaydg eqf otuop[ Bfi¢é¢scah i as hydroph
hydrophobicity fheaxibitlbeg] mpreeoaveidsscsaosigi yity
the maxi mum yield and conxcredhntfr@AGmoor ddif ng etp@ r
statiBltéchskofa,tamned Secdbden canlbdlebfBB]asi mahngn
of permutations are possible i f the outl ook
found -t empergdat ure 1 nofrgRmii < amotlnt &@mr dsianlatrsy c

diversity also tracks down possible approac

applications. By adjussiagdthei cosnbt natmiaomt
f eatoufr eeshe 1 ons or achieve parti al modi ficat
reactions ¢8d]blemrefadrig,edi oni c | iqui ds20are a
39Howeeeren that, dozens of comm®onmp hsyaslitcsals tainl
solvent properties, making generalization di
properties lhhdveaeamaeadmrdgi hLs$he | iteratmuevwe, t he
sol vensqisf fair @reefnetr ence, and the unpredictabl e
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obstacles in the path of exploration.

Neverthel ess, resear cherosv ellbasv. e Nuenegro ust d pumecc
and-bhagted composite materi al s have been pr o
(covalent functionalization or i on exchange
conventi onZahla nngateetriiaahesd. t he |-hhaesd sawam@anhcrssp
optical, energetic, anfd#dlO|]AHdaZbengdbtmmpabsed
the strobavaebvbbhdent avishndmdmoporous stfratfured
Cui eynbahesi zed n-loaentadribroipddegcelizoandh ¢ | i qui ds
vi a -orpiemg ng met at hesi s pol ymerizati on ( ROMP
(CHS®, CRS @, CR( GRS @, FS,ITAMN), amelse Intovekhi bited ex¢
mechani cal p r-hoegpeelritn e s¢ @b esfaridfy mtghdadi.nnovat i v
ammonium and p hwistphhoth hums dlLiscy !l i c aci d (TS
showmag dfbfait memowniemgy metal s fr dmaAFRlaaxchad s o
and AbdesdudNagsesfrul |l y synt(bewstilyle dip y wo o Iniodrierd i u
imi daz@MPtyed & Md -bus3mlet i yni d a zimil d a zngBlBav|l em| )M

andese Il Ls were designed to investigate t|
i midazol i um) and the di mbasedf 4l er ehkbemdr o,
Figueirexpl|l et e dilsmatgmeatt icombi ne theondemail i cahal
|l Ls wdt Bt ichaeptaicoi eedyot ext er nal [ 4@ ]gTnheetyi ca | fsioe Ihd sg |
the essenti al rol e ef uciotdipauit @ mplneaxd i tme t dhfo dtsh
Therefor e, Il Ls, with thedracmoonwdlexandd vex cii tti

research in IL chemistry and materials scien

1. Zharactefrilsanice Liqui ds
The preliminarychraegsaedreah teon@mmat groccused on
exploiting andcobo mpltethvweenedn ntgh e hper operti es an

and cations and the physicochl®&7 Tahl e pprroepreerqdt ui
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for the research in this directl®nwiitsh tdiaftf e
puiréhéave the apparent discrepancy presented i
vevyscous sol ventps ofcoaram®o e r enh @ mif ¢bedrseendt |ayn di n
tradi wit olbamaghi c2méddkang account of the wide
range of appl i oatbaybhtcehdall elreanggei,n g tf oirs r esear cl
characteristi cwntandadf gtilve [(dedn raade tarudrhds s en
di fferences or similarities among whempouand

physical pr[o5p,er3t9,es4 70]f | Ls

Due to the continuous efforts of research sc

t pehysi cal ahdreaebéemrsslypostcamt of I Ls in the

Ber tdhtodalp.or téelde t W& t Nat i onal l nstitute 60f St a
ia free inquiry database for concluding the
of [4A®lever al common | L properties Tabltlehemi c:
Not only that, but ot her properties such as
temperatur e, refractive I ndex, Il sentropic
functions, ,phasewebubi &sbmoae memorabl e prope

i terhAT ur.8®t &I0I sapfrfoepcetmi € a bk, raenadc tsioome ar e not

concerned about the results. Fost eex agnpp er, i @rn
of I Ls is theniurs,| aw ev aleasteialricthy val ue of the v
pressur e, h e aatn do ff | vaaspho rpiozi antti oonft most | Ls i s

usuitabl i tfuartyleolntestli ssdussed the ther modynami
Chl or oal umiCAAa t{Jel5.InNByt susi ng an i mproved boil i
pressur elmea HBwd i ydifdaz ol i M| ¥l vomiinduem (chl or i de
concent7T@0i onoMee® obtained atl9eganp6r7fat duss b
to complicate matters, I Ls have not only in
di poil gahd van der Waals interactionsmuthbat al

el ectrostatic attraction,reeplut i ionn diolhieticyh ah
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with pol a[r5.3]ubhsattancsesstri king is that there i
size of cat[i5o¥Mstahmonrde apnrioofnosu nd underfisnpanndviendg ¢
experi ment aalndt entohrnei qaucecsur at e data measur emen
| Lareontradictory to the previous resul ts,
distillability wunder ceanthhienradcaomtdett onosheiie

wi ndow]|[ ®&dTtheec to nteh icrihgath r i mpur i ti es have sever al

omn hheoni c | iquid mechanism. When watertiemy st s
amount wi || have an underlying i mpact on ac
interfacamad $®&ben 8@®]si des, the water in the
high conwentehrasttromg i nter mo[ 6.8l IvaBru hiem toe raanadt
Bal duetlillii z esde nssuirtfiavcee vi brati onal spectroscopy

the surfdeenpef at mdJel hleLsr esul t s suggest that

water mol ecul es to reorient t heir cations t

i mpurities, | Ls with s urpfraocpearritei cemsompédr ob € ©s iatni
hydrophilic and misciblan mawegy s 5l mhalteirsct @ tg ad li .
on the influence of | mpiucralt iaepsp eaantda napdedrietfi uvrees

| L[s5.8]t s exciting that they found that the v
predilte @adduhsee modwitsucroessi ty mainly depends on t|

mol e fraction rather than their characteri s

during the preparation of | LRec&mtreytgihda d9 cfac
guantifying impurities hsauveh basem hes omaaitdowo Pl
| GCGMS. Tperpres discussed below are al|l presu
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Tablll&ol vent [pS]Joperties

Ther mal Gener al SpectrosccChemical Toxici Electri Colligat

properti¢tpropertiepropertiesproperti and sapropert propert:.

He at Surface tRefractiveEmpiricaDbDOT ¢l onic Freezing

vapori zat par amet e UN haconduct constant
cl ass

Heat of 1Density Critical Aci dity El ectro Boiling

critical Fbasicity window constant

Heat capiViscosityOptical acToxicity

Ther mal Vapor preAbsorptivo-rFl ash poDielec
conduct i Il R wi nd o\ const a
cut of f I

compati bil
Ther mal «Surface t Di sposal Dipol e

wetting mo me nt
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. Viscosity

A promiokear @adt diLissiiisc osi t ysa whiifcfhu sfioornm bar ri
down the chemical wxeatl eritebanc triaotnes .i nT hdeirfeffuosrieo,r
viscosity can | imit [t3®dHiappl vcatosht yamgeg DI
decriemse® many orgabut aaldawmindie ndattfé usi on r at
s p e cGuersr.a rdtelnyt i dwyiisncgo s iatpy i Inmlaesqyuiisf @eme mtdva@aw ci ng
|l L symtehesairlenh gensrcals) ttiyhpe cval Lsh ad x oafeidssat er

simil ar tvoa rtyhierntgwd @&mnmliol Gt atnhbeiteenmp e,watt thr € he

trend changing i nver sdglb5y.T8rpd xclael tilsygmpal et bL t ein
adhertense tAo r he nwiutsh Laaw i netaweer| ahelonisSaehity
| i quicclhddeetdeong g apsloiMeemeemper ature depende
in I'Ls is more complicat.eddetnhceenr i mi mose-si mgl €
Arr hebehasi or , and t hese | Ls exhi Hiowevera,gi |
sometimes I Ls thatul dmegntmanno (VR&) Vegdelatwinon,

bel aB,amMT@=consf asdt)39]

W, 0
— onW

By detveacrtiionugs combi-oati @eom,s iof washiedcseaser ec

(1-1)

Vi scosityatwtarsi bWmbeemid ayn coefmewmman der Waal s f orcec
changing the [an9]o o s tohwacikitea coentv e rad d t hoaft t he
pyridbhagseaedn | Ls increases with the numbjer and
addiatl,l qwarst h trhéathi Wl@zol i um salts are usually
equi val ent pyridirhGuenavceosnpamoddgbsenmo md the ai
viscosity isiombhennsaeabpettonhp for exampl e, \
hydrogen bonding, and viscositils.7 RIrhee yp osstiatti:
that for appoevcolutsdo@éudmschattse dhavheat van der

increase by increasing the |l ength of the al/l
del ocalization of the charge on anions, for
the kweang of the hydrogen bonding. Consi de
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al kyl ammonium cations, they claim twhdathet he o

el ongoattheeb k y Iymohadvwseuhsti tuti on ofgr bypdtslox gt oo

al kyl chmpntolwe |Mi scosity dramatically. I n t
containing imidazolium cati omM® we Ychheayn gielses e rnv
viscosity of such I Ls are more subfaxlephi bete a

argued that -aisbosghythéshrgbBtrict their app
and synthesi s, i ncluding mixing orspacisf itc a
i ndussturcihe sas l ubrication dndyus datcihofo&ayt ogh a
Schol ars conducted zelX@8pediifnfeenrtesi tati ob r saynnctlare el soi n |
(DI'Ls), and t hec ocnopnacrlieuds iwoint hwatsh etctmdotisd nit ¢ aldL ¢ |
viscosity of DI LsCoingp alrieglh dano idthamas il @ied @ o

|l Ls containing branched al kyl chains Ihave h
group's substitutional positiWen mdWrotssdirs ® @ @ |
the relationship between c¢hemiccoanlt rrod d cetdi acrhse
reactions, the rate constant hgsobdnsdhjvense
Considering solvents' high viscosity, the
compared with thosEhei nmmcmdlveaduloanr esmm@mnwye otbd .e d

chemical reaction is approximately equal to

using the measurement results of the tempera

. Densi ty

Al most every application of I Ls must provide
of ,tbsbe measured and reported. dBReswmkhitheexp
most | atcealactwlreet a dtuehmprear at ur e, and t Rdrmost ¢
25.0f t enex hiatbeihtsy grhemaatt®err wi t h val uekt dc.h@angi n
g/ €[mb,. 6M3dr sthewdr dadd changelsal iBynlett he | d enn sliatz p |
hexafl uorophosphates ily|He0t@thindg rae atceammer atr er
60®alr3.7] The i maelsdelatthsat t he density dbeengabesofs
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t hael kyl chaRinl o pebe@alded. experi mental data on

for al |l possi bl e concentrationnamidlay&gl of k
met hyl imidazolium tetrafl Rdraonbdo raattneo swoi htehr iwca t|
[ 6.2]They focused mainly on the influence of

the physical properties. These results imply
decrease in the molbe nfarrayc tmioxnt uofe st Kve |l K B sl roiwe 1
et .palepavedl L5sO using i midazol i um, guaternary

chlori,declahgisngithiemieomn $ i SSaundidC AaGc3 | Based on

t he odnaamai ous physifcemdd uvaonied tchhee nsiycnatlhesi zed | L
stat ebetutie trend of density <change. Il Ls wi
i midazolium group than those with | ong al kyl

with theitoynpe aonfd t he order OGfni th@misiBizymifm om s
anBlzi MmBzAs for waenokeppainhg, the cation const a
proportional to the bulkiness of the anion a

t hceounter anion i §MN,SA@T & DFRARAMNICEA or der :

. Mel ting Point

Together, the melting point and ftolreruisalngst ab
sol veint ke mel bientghgep olionter | i mit of this range
by adjusandgsdimaon scholars have used this f¢
bet ween a gi veintmsdILt isn[g3uc]d itm te sea m & ond ehkadt b It h e
ionic |liquid is subhpfeccrtneadt itoon soufp eglceaosos i onrg tahr
exists in soiwveohs, mahesausenadtglse smalnttciend op
accur&t0el Y34Ev &8 ]J]wor se, there is no clear dis
[ 3.Flor example, there wasowedndxpelriigwei ndt, taon dp
mont hs to discover that it had crlymaltiida zed
freezing point very unrelidkifermindguglraps odt

transition temperature i s usually recorded
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temper at ur es,argel cabslysp itmianwv smatgtiolnamsd t he sol vent

real value I n mostzehemi edcgdr atact e ®ns at sub

Des pihties, researchers have verified the | aws
i nspedhaynmfaoanlosnhedt he connection between var |
structures and melting poi hasth@helyueadced st
me | ttienngp erodt urLes : t he cohfa ritgderelsido rsddaraighbawtid ot y

symmeatnrdy t he van def 3.Wa@dlIst s ncempaecsednsf | arg
ionypical llyowe xrheil btiiftn3g7 ,.p o4HBohts <, a ntehed t i n g poi nt
i midazol bamedlatmiein shes witthhe a:ni Zzencared s&s )y mmi
cat wbar easwiigth erhitseensc hi ng on[ 8 %h,e .@d nkpyd 5écdh awint h
t r adailtii,ecrdt i oni ¢c | Ls often ddiesppelnadgi nhghgher himg
Columbi datebse :d ihed. nfduwbesntciet voercta t gt ryopue@ n d

the physical and chemicalthpeawopbr di-éatoénil ¢ d
groppO]They di sackoiveeotesde rtthiadanalonl Lssy mmetry i s
factdrheredrt i ng poi nitnclFiodiamgclaenp | &1, ky | spacer
cationic groups can reduce Nbhet mellées n,g tploe |
unsaturated bonds resiubéesam&klgtdi nsg dpoceirhitb b a il h ¢
t he case iosf Gayhpeea h s pont b patt gromr me mdg Myt e dgen
work more challengiinmgc!| Udirng nmdidmizlodr usnt rl Lt u
(tri f1 y4N) amddmefrnd,f Itehtee l(ower mel ting temper at
the electron delocalization and the relative
with the proto®©66]Adft hblughc athieon nteraction b
remains controversial, hydr ogen ybsoincdosc hteari veea
property changes i n iinsihdaatz otlhieurne lilLss .i nAdne eedx aan
bet ween the protons of the | nM@akz=cCloo ™Mjn r i ng
[ 6.Blesi, d&8Il |l e and Dronskowski made d$daer alhem

|l Lsd6 thermodynamic properties wouadand beh awoges
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di stribution of ani ons[ Ga&]dudbdasteiqaresdtd vsatltuoddi eeds

similar classes of |l sghtasniget md ugh etclhoavya hl@and e d

regions of ions are |likely to figure promin
mel ting is primarily dictated by the entrop!
Consequentédmperratoumiet h l ow mel ting points g
unsymmetri cal ions that possess internal r

dynamic in[&9]liquid state

Considering the difficulty in ascertaining
structur e -garnodwi tnlge newar t o predict t he mech:
achiinmmy fairly reliable forecarsatt iiomnath&.esi gni
Katr iettz kagled t he CODESSA program to correlat
i mi da zalsiewdmr!| Lisoni c Iltagqudeéevalnap ogsol s for pr
ionic li[fqwijdhew!|l saccessfuldypaisstocoat edi dhe

benzi mi dazoliima ubdrionng dceisf f er ent Substituents

new imidazolium bromide derivatives should ©b
Tur eéersalu.d-h EllBynet hyl i mi ddacleidu n Ltahldeiyd eursii tnigo
cal cul ations met hod, and they demonstrated

interaction energy and found that the cal cul
l ength i ncr eakkeadk alte vt ehle, Hbauwtt etahse ntgr eamd owi trha c
f oulndKlat ri t aky ltehtedagluant i tpatoipwee tgyt mwedtadri eonsh
an excel | emtr eidn ccime dnttgo m dpfe@wi nbu st of pRRR2Bddnivems
bromjdepSt ati stitclidoumresnolstt si snpowt ant par amet
poi:hth®e coocdpaafttpadtaiscermso b a cgueloamatndy sy mmet r vy
el ectrostatic intenmndngiueerdafidyonhoemact oonak al
degrees of fr eedost sahaecthhien es oll etadr adi sndglo lia(eddlo)i d
emp!l dybeodr etchaestme |l t i digv prabswmtisntof g amnngns and
catiiadans
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IV. Ther mal Stability

Thma l decomposition, as oepodaseen ttusp ptelme | menl t
temperature rhk@e atai whiacim Tahhes sltiacuild t yh aosfe
empl mpsed odnwventash et uetmeer at ur e | iamilyti sddes no
chemical [ Bralchhi@arsi ¢c solvent s amad watitetai sBol
stability at té&mmperTahteurearspias chailghf aacst s have s
can maintain ther mal Stadmpercygivi me mmesmwirlt!l p
decompose as the exptolsaixter d meney i Incw awaadmdsry MM
require si mpaveachuevam itnog ruenndoewe water, so the
can be easilylppmbiNpsilsleed cthelpadwposde&et mat t he
of their-chebaenoah dnyhdertoegreoha tbeomindisen etsher mal st a
| 8 74]The t ¢ dadetnabyy @admi ne or phosphane al kyl a-
induced transal kyl ation or deal kylation reac
Considering that the ther mal g riasM iedeetf ryince da n a
reproduci bl e, abhdt heeasT GA omesaesturt empertad ur e a
reptolmer mal stability. It can be ddaernwifidomet
decomposed in an environment below td sonset
experi ments were proposed for a@ommervedirse alyipset
of experiment cannot gain a single number th
|l Ls with higher sSh@A eo rhs ggth etre mpearbatiurtey t han t
tempesander t he saftceonaexpewminmentHowever, mo r
i sot her mal mestperr if nte@atesdt kdeeyman @g@dr t appll acati on

where solvent &r mashhtati hridlgantgiveenl [ 5hli gh t empe

V. Conductivity
One of the most <critical properltsi @ss afo ncdhuecnii
|l Ls posseis@niscupeaociammxd ricrdgtatnd ¢ s ol vent s/ el ec

Some I Ls have Zm8do®&4 Jiamidt ys ourpe tsoy s L 86MS/ crman ev
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in atéamgér at ur e e n2v0 O Aolntnheonut g iseuectrht halesg pr es enc e

only ions in |ILs all ows ruesaltiot ypriesditchtath itghheic
room t enapreer ad futreen | oweornctemam at bds a.ggdhe su s se l
because conductivity is subject to the doubl
The® |l Large constituent ions reduce the i on m

butthe formationgofegiaomomaiwi $| amdi sagbe one of
in condulest t Wi hygher viscosity, on the contra
increasing the tetmperwaitsaices iwtiy Itohfe ®leldsiald @ty iitr
[ 6.1 ]Despite btehamgeappamaéhty correl ation bet wee
the behavior of conductivityMedrowHidl en,o0tt hee g
wei ght of ion factors must EaMébAohlaes dbendied
conductivity thanT4aNhteh ec orrerpersedscenndti @angs et letrsc &

same viscosity and slightly | ower density c¢
smal | e Ot menri omxampl es could be di €¢ MEBfend out s
anBluEtftTi™MMhave similar viscosity and density,

as diffftejnemost iodfweagze®d el Ls have higher condu

ones, and the conduwctiimdiettye yafi nseadl vbeyn tt sh ei st otnk

viscosity, deemisantiyc dhoanr gsei zcke | ,@mall iizoantiico nmo te
facf 8.6
V. Pol arity and Solubility

Pol ami tyuci al attrnihleutse |l fveernteled diedcdt ii mg c he mi
di scusgsuiromer mor e, nNo domectpamemestugarsm®rgte ssf U
char zzdtlerpo[l aREstep)ar chers have po o ptehsee dd @aliovheurtt
pol arlibsyi o€l udi ng expeg tqrileiqqua idd c-aad kgoguil dbr i
di stributi oemv arleupdotdidbsg steggnodonent effects i n ch
[ 20]The Ea(g@kowd pol ar moleaac wimptahBes @ 8B oe s of

mosgts. Howedvlesr ,arneanyns o lduibslseowavtee dijafi ff if tewht t o
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that of mol ecul abt (g8adl)wvwenstt yAwatb ues nipmi £t ar Rei ch

scale standard, the scienrn itshes dinfvfod rveedt piurtf |
hydrogedi ng interaamioirenssi ploagi aamimdhs scal e
solvation parameter mod el was used in |ILs t

bet ween I Ls and p4.&RhEBudriexamliaciarbeod vtemats f or t |

using different sol vextpeeah rmemitcal dymhdettsheor

(7]

concentration of I Ls can |l ead tdq7vigihengreat
i's al ways assoecfifactcetd aowa e idhh etrh ectad kb et weers t he
solvent and the ,specpbi @b tipouwtacrn|gt&hmet t sugplsut e .
empirical coefficient corresponds,ionlryo dtucc ead
expressly fThreyt lpiroovpuwregdodeér.e rel atipyasdhgenbet
bond basicity vaR8ebydomodgeadhee COSMOes -in equ
ani onwlpialtet e mpti ng to solve the | imitfd nddawesec
sel ecft i Thees .po |l ar i d ¢ p eoind st ehtei cmms ur e of the sub
the charged center. For the same substituent
from small to | arge: pyrrolidinium, pweydini
aresimiaaRk,BENGEC( CNGIOSCNCESG,I,CHS @, CHsS @,

N(CN) trifl WN@rBorad e tdaitmee,t hy | phoasmacetfed,Bebenzoat

1.2.3 Applications of lonic Liquids

lts widelyl lk}sachwrb et huasted as gr stem rseod lvaeme st raanc

vol atil e orNgpareitd ed elswsenttsh.e f ultsurien atphpee ad csmapit
synthesis, catalysis, materials science, phy
nucl ear physics, and phar maceuti cal -scchadnmei st r

research contfi2ues to advance

. Tonic Liquids in Chemical Synthesi s

The poladjuyt ablde odhddasdie®mpit sstoid ¢véeodrt ssol ving
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adi varsogfy organic and inorganic compounds. I

the appropriate 1L solvent can enhance the
Particularly in cases where traditipamali dssol Vv
an effective medium for dissolution. On t he
temperatures and harsh chemical conditions,
reactions. Compared,tolLsr adictieasal peatdat pn
formati on, and ex hiCuwirtr ebet yer t h eecsytcaldal beislhidia
applications of ILs in organic synthesis. T&h

Lewi spracmalt ed cra® &dntegl oonns ,t e i dé phygrdeatftesd The se
app!l ienrat aiolns leL@ws!| d niemgr al " solvents or | iqui
catal ysts. T h ei nfciom gploarsafipepcsi ifciact i lolns &S loirgan
extractantd 7f8dThmetaansbaosmati on of fluid IL
the distinctive properties of I Ls Whamhgcemnyve
alrrevi ewed the | atest devel opments in the d
applications in catalysi dd,79ddbeyphoboeagd sbasti

new research direction are stild!l in the ear.l

Bi opharmaceuticals are keyetiméicmoinodaddbill ntgy i a
st abinmpigtdyei r application and storage.f Ars a r

the preservation and enhancemeat saesf vrdei aocpthi aorr

media i n chemd.ClalLbuycmatinh eoni saesd iaal tteor nvad teer an
organic, seonlvememnngal ama o bsejenscelgaduiamg aci d a
peptligilag onsl] Further mor e, hi-ghBywemnkylnit miad a D2mls

acet[eeMlem](pCCOOH)] (BM)t dave a similar pé&ijlwhiveeef
| ow concentbrua3nleotnhsy | o fmi d a z ¢ | Mim MCrcrhdbauitdyd e

met hyl i mi dazol iim| [t $C Ndcay mpdett & t(her mal st abil
at agH @iFderreira et al. confirmed that l ow ¢

M) of i midazol-basedl lalmmoal em preserve the
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immunogl opd8KUiln G1

| Ls pceceantihreb hydrogen bond net worfkl eoxfiodb iltolgmeyl v
pol ymer chains and reduce f ridcitvieorns,e tnhoerrpehboyl
and mechanical properties. As a result, Il Ls
pl astifc8%]altti omas been demaumpesobbredt $ haor | Us
var iboiuospol ymer s, I ncluding carbohydatadleyz e dp!
pol ym&8mlddLs can affect both intermolecul ar a
bi opol ymer Ceblsstidishisl. ms prepared wi-a&IH3-y I Ls
met hy!l i mi daz(oAmiujm]-edthkByuole ti [yl | mi daz(o@ni umfp Cdhl or
Ibut3dymet hyl i mi daz ¢ &@nium) Cd heltrddyiledteh y(I i mi dazol i um
( @ni m] [)@eAdl]i bit superior clarity, stroagrhgetrh, e

compar ab] &7 ]fAddmstFii gnislsl hyo, ws common ioni c I i«
pl asticilfl®rsan]l@Whiem used as a plasticizer in
product typically exhibits | ower water absol

100% t ¢ 88QWdAN9g] prtomdsed a synt heshiass ende tphod dy nfec
ionic liquids (PILs) and[ @.6¢Thed hrears wlst iprl ga sma
t her maolmpyr e ndeod t r ansxaridortt i hgl aesthihaictgyd. e t al
demonstrp@medn] { atclcessfully modified starch
conduct|f 9.2]Hurltnhser more, in the design of bi oy

been suggested for use as both =electrolyte

pl ast i clignie d]awietdh i oni ¢c | iquids exhBB]lt high ¢
Cations: Anions:
© A ©
‘“Nfﬁ/ “‘N\;N/\% ©
[Csmim]* [Amim]* cr AT
ot g PLT
[Comim]* [N(CN)2” [TFsI”
©] o] F
~NTSN NS FuOF
\="/\/\ K )J\OG) F’E\F
[C4mim]* [Nz2ze]® [OAc] [PFgl”
PN REENC N o2
T Y o~ Pt
[Cgmim]* [(Cymim),]?* [EtSO,]°
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Figlkzleoni c | iquid ions are commonl[y8.5Jeporte

. T onic Liquids in Separation Technol ogy

In addition to replacing convdoetheal exgahl
physicochemilclasll spr diaert iae v,aurc atchdAsfe meacttii @l
el ectron transf erelrienmaicnta toinosn-¢ astuabdsytzietdunttieoancsi id
or nucl eophilic reactions,and as®idtgsh oma nmeh e |
advanced fluids that analyze natur al produc

techniques.

The significant I QR emi i acmy bom gl okxaldewar
change has become a prevalentC@onaptrwmeneuwmdiang
i s also a popular reseAmtchho dymnmwdegsatd lbad o @olru b iLl i
of nine di f[fBenri ewhtR 8g adseetse rimm n e@Q & xhhaitb iwa t seir g nainf
inter pfOBINoncso mp ar ithen sol ubility of gases |il
hydrogen, andC@ax hiolmietnssidni @ghled ,i ty in | Ls. Th
and purification steps of I Ls,C@tdohfusi oh ai
mass twhinasitieert,he maj or obstacles C&Qcapeéupeac
[ 94]1 Lcombienddcdh ot heubstuauam | es wat,eo addr asns
t his i ssue-amiSteandaxdur ds i ncl(ME A& -bfotBylet han
met hyl i midazol i umBnmiemragfFthQuroir otbwreag e -g8d MEA
hydr ox-gme thlyy ) i mi[| dHezm Im]ubmHE@Mi x t[ud.®]sRecent | y, o
eutectic solvents (DES) have be«rmiibntr oidiunee (
advant ageowd pr.eperntdi essre economical C® compa
capi@Zgou centemilcal |l y fixed i midazol &Qi onoi ¢ |
devel op a GOoOWBenl mBawhailcyhstwas confirmed i n batoc
the potenti al afionr&legiiefiilcifBatjuipopnod t smgt | Ls on

mat er alad swiiddel y used ap@@oapthufté&?7 Jeantheance t he
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Heavy metndlidheaahuwremans yrsett eanln gveisat i oy b ptoasn tniga la
tbuman health. Therefore, removing heavy met
metals from electronic waste has significa
Pol ymer i ncl sk pha steednbg eampmaer ati on offers the
extraction and stripping, while PIMs based
extraction and recoveOg] PIFMvarr p pphuess prhagtna lu mj
ammoni um, a-bdseuoifraesgoubesrptidéypoe t he transport a
ofCd (,ICl X ,IFlel()] ldfred Frlon chl ori de or ni9t9r,a tle0 Oa q L
Turgut et al. udadeidmildaaGlre mMmoaammi éaen df @mr e p a |
based on poly(vthr)laifdeamne ploRpy i gmica)rs&kraci k et

al . empl oylkralsaednildlaz ods carriers, dclhi2gvi ng u
The i mbdaletdlaer e used as the extraction solve
into the I L phase not only follows the ion ¢

t hpev al ue i n thd taguaemolbe glhase.dered suitabl e
phase -pér fhorgmance | iquid chromatographg to

neutr al amoBd aci ds

Currently, magnetic ionic | iqgai dwhl L(sMIrlesf)erarte
|l iquids in which magnetic materials, such as
to traditional | Ls, giving them magnetic pr

magneesponsi ve <char @ctldarqiusitdisc,s atld otwh e gi @ mien

physicochemical properties under the influer
the excellent propastiesy ofoliaomnil ¢ tlyi qwide, | $
and high solubility, while possessing magnet

magnet [ d5fH cerl dex ampgfte,andud iton tchhear acteri stic
(with an elect4®nandnftihgumati emtofon of | anth

cations as senskdtoidzeBanest, h YWl iLmi dcdaizxzdl iassm lhexabr
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[ €€ ] DysBe x hi bi t hi gh 10d4ifMInlesscahse perform

extracting and separating met al ions, such a
They can selectively extract met al ions fro
field, facilitveetriyn g hdull®sra]lgsteent r eco

. l oni c Liguids DevEoesgy Storage

l onic | iquids, with unique and highly tunabl
various energy applications. For g atitafmaet, orl
el ectrochemical stability have been widely u
Compared to traditional Iiquid electrolytes,

advant ages, ma k i n gt etnhpeemn ast wirteanbsl oen @ifheery hciagnh e n
safety, oper ati,ngantde mpree fad W8 Far aaodgtaymp li e ,e t a
devel oped an ionic |liquid electrolyte by <c
cations with bis(perfluoroal kyl sul vohylagiemi
l'ithiommbatt pil9g9FNnssems ectrolyte also ensur e:
temperatures, thus ensuring Wawmfgf i@eimeamtstp awer
t hat el ect[rBrmiym]e[TPERI[ICIH SdasiT MB A] [aTfTFeSImuc h safer
traditi onaéblascecar bedekit@]loH e/ t wisdsc assi toyneofof t he f
hi nder particle mobility. HY)R,r esfloBFrligR[@aTBIFLSS ] b as
[ PYR[ TESIHIMPPB [ TESlajJre widely studobwdnhdgotheiirnh
relatively |l ow viscosotystahgdhgoohemtdohdust
113]SimilarlYy¥asiedieddavzeot i emt r ol gwiets@ i tnh ebiart t keir
ionic conductivity aPldasrhenli atsi@uEedtyl@Bkwa v i lslc o
el ect redlydteces @ her mal sstabi bat vy difldsg od® luBxa)l
synt hesi z[eBImiam] flalFe&slloomposi t e el ectrolyte and
it loixymleinO2)( bat[tldrbiljfedsdi t i onal |y, |l Ls have be
| i tsiud mhsrodsitabltle, -l @amd ey daleamong ot himavexhbeehe

appl iaeld aiempdr capacitors to achi edesdfifnigcicerct
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| i[flel6The |1 Ls expl orgedeirmal $ yrp exriscuasopéas ¢ii madd asz o |
tetraal kyl ammoni um, pyrrolidiniumai npeidpler i di
mul ti functildia®Plamnetowneast i gateentp etrhaet ulrcew el ect r
effiegfacyymmetri c csonpse rmeiadpteecdnd @oge®d epor ous (o
el ectrodes and?2Bil et ealttrhoet ydhomigheleed c har gi ng me
in supercapacitors PDegtaniicngramedoc ki (eMOmRet
[ Emi m|l BFel e L eWa nygt eestt u édilreedl athbee hwbep ani on ty
the electrochemi @walsepersfupremarmapeacot ot s t hrou

simulat2?hs

The phase change properties of ILs allow the
particularly in renewabl e energy storage SYySs
storage capacity of |l Ls can opger ateemadtd almigy t
rel ease heat when needed, thereby 1i2n8p3 o vfianrg,

the phase change tehpesrat phasrcracdhangfe magter i
falls medlwe[dB2M]glIschows t he thermal perfor ma
series and their potenti al applications. | L s

108n200AC, with one cruci al appRbcalhé&h moeitn

studied group of | Lsi § mirdazAcelrimarh saletrg,y whio
antimicrobial properties wi t h i mi d@®d7]J um
|l mi dazolium ammonium |ILs can also be used as
theirC®adesagption and desorption capabilitie
[ 128but al so because imidazolium ammonium |
wi de range [df29 JAnmnit chietry advantage 1is their i
environment s, ma kti enngp etrhaet nu reell i r sepghuchedeek dofne me

condinarmdiismpogn direct softaempeadapkd®]§s nmnol arlay,
has been shown that r a ccihatriaocst emrfidsdamhcas @ nb d ta

i mi da zalsieudm mi cr oevraurl ygiinkgy $ wihtahn | epfdBH$ ar e
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Therefore, due to the advant ageadva aemindeaxzto |

generation PCRHNspeAf retvimeéw dHypports the

appl i

change materialsigndbempbepteaebsbdbimbead] ustin
t her mal pelrlsd 2Aharneccee mtf appl i cation of |1 Ls 1is
PSCs eémeregedeasf the most pr omi sdwigngp htohteoivro |

out stapdoelebar aoct.elalsse i kel ped addirneasdse g uoan ee

stabi |lrdapeataanbdi tharegge PISICe .lesedl met hyl ammoni um

(MAQIl as a dopant I|danddd itthbev sL(etwyi 3sn domaestihcy | ) i mi daz

( Bcmi)m]t® inhibit the degradation ofMAIrovsk

aggregation, and produce perovskite fil ms wi

phamsemogeneou[sl 3s2[flueitrurmet hod achieved the hi

and demonstermamedpéemnatgiZbmal adutcaabbislsiftuy.l y mi n |

MAP bsfprer ovskite film | asers to subwavelength

introducing ionic

absence

| i VLA Pdosip ret roo visnkpirtoev ef itlhmes ,q uia

grai ns, of pi[nh383H a g ,uestendd |iuonai sf soi rknt gcdoi v

e mb o s sfi anlgr Wticegh £i ci enc y2 D sperbd ves kgiutaes ng aglodrl ede |

phase di[stJdijbuuti emearch progresses, the appl
expected to bring more innovative solutions
comfort. This also proves that the demtasmmd f o
in I'L synthesis processes are required to me
;]35, E Q o @ @ ‘i% 4« Applications
=kn [ S 3 @NH,
Cold Space Water Heatin Electricity Waste Heat Solar —
Chain Heating 8 Generation Recovery Power Plants HN ~ NH H,N NH,
250 0 <©imidazolium A guanidinium
- Q.
o o 00 S
> 200 S o R Zc—ﬁ,) HzN/*%Hz
= rn S o - s - thiaHzoIium A formamidinium
< 150 2 " DAO - - .
£ A L ) 4 NH,
2 § woiml 0% o )
o 100 < S O AL H H;C” TNH,
g? - :: O_ % s £§BA ). o I SO A - :]pyrazgium ® acetamidinium
=50 & o ©a s © @H N
2 A nps o J NH, < DES
s ‘90 L N 3 .
0 -| : . : a : : O pyridinium A ammonium
-20 20 60 100 140 180 220

Melting point (°C)
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Fi gu3Teher mal data of different ionic |iquid
solvent plottedd@svmebusngee B! ppi ot (

1.2.4 Chall eqqigees of |l onic Li

In gener al , tlhhke aad vaambti aegnets toefmper at ure shall

the following items: andasitaibtly; slodwbvi stgs
pressurwoloat intoiatryn tlhemrgaanlkdebababveccpypwetsayvil ow
mi neral asc[id3d35RByndt baisebweaapsgrc Iporsees stuor enegl i gi |
Il Ls do not exhibit the same jraede arhely rairsek d ea
to cause side effects][ 28] @rtnbhobsep hioesrni tica wanhbdnt toyc h
resul tf liamnmdn | ity abeéepegatiurcednmentp eatndet her
di chl or p glphteh ainnei d alzad ed clalt $ oamr e particul arly
industrial applicati omesnol Tahealwi tngeoll tviantg opmo ipnrt
water stability, high conductivity, and wid
materials to besfexc eldltledibhjcsanfdsa ceirtnfait § Aleb gquit er i
| i quina@cfek@8B8land absor p[tli3o9n, hledalt] pumps

Despite the wide Irfainlger eofaraed vatnitlalges b a@lf|l en g ¢
i ndustri Llurpremadsysed.aborat or i iemcgopsrti maerdiulcyt i por
100 times or more to outperfoAmcompvehtnen

understanding of how the fundameotabupsbpeut

groups affect the chemical and physical pr
Unfortunately, there 1is antlsackf otfheexwyparri one:
propaméi eaafckr el ati vely reliable ther modynami

the existence of -bacmea ooamil mnfihgr naptpircosac hes,
struptaperty relationship (QSPR), the shorta
aa toxicity and corrosiveness-quamteivteatt isve hgn

predictions for [dofeuesseonfi ahtktaesodbr in ac
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for physical, chemical, and biological anal

comprehensive examinat idrThdaft tihse raenmaal riykbai bclael

the exponential grotwhé st femmd deft ap U sl iweatei kmg
routine analytical meyihemd $§ b or Cdevemntmi onal
distillation,foor etxhe amguarn iomi, c eetticane ematDr ghwyi
applicable to ILs becasuseh ods tlhhewrvamomgupr
solvation ability, which 2Jan | ead to deterio

Amt her hazar dousi sriushkeer t ar ntexampbat the pot
i mpact swhoifollsks ,al so be considered in any ass
i nspection and testirnegs tsthiadtde dciotmp,r itsheg,r rhault
hydrolysi,spedovenyg amnbdelkli shgease to enVild&@8fp ment
Thi s isn dahadhitfef emweante sthea bbb etswheani smpeBadsessi ng
the greenneEbesr efforlsde s bmusht pbrecewal uat ed, nam

manuf act ureisnigf eoroyxe®lss assessment siimgdiildya tceasnt |

infl ukbaecmanufacturing process, including the
communities, produxrediydehde anmnidme,uralkly of whi
scale of tHel4dRPldaobmesausedIl undoubtedly ari s

chemistry princilpdsed ni tesyat hesiiziumg i ons,

chemicals and sol ventlsk,arree seunhptli onygerdo ot uot tissyent t di
pose possible adverse effects on human heal
[ 145RAn 1 mport antl & sfsruoem trheaptl apcrienvge nttrsacdoistti.on al
However, the main reason is that the high <ch
[ 20]The obstacles&tonthbeadbpmi oal ofndustry
after all t he tecthenart adv erhad rmee,ngckse htaowr t he |

the current economic st[rlAcbtjlure of the chemic

The many complex problems in the field of I
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progress, and chemical engineers areFalkways

exampdepth knowledge of the i mportant physi
required by industries such as chemical ©proc
of fteres possibility of devel opBra@gqgelkirwtpsoasseme c

t hat the ecoll®,giscwdh gdifoedcadgsri, adfd byhli,ghyicost hei

applicat[ilodn7 |[Hawmagwerr,etii mige t he results of com
solvents is difficaftsdaot molthpl esendindat ocr
economic and | i fTheyy cloanbasnees shentmoneti zati

proaoedsehbndgl i fe cycl e eavsas eusascneeuwDtf (s LtChAe) anh d

the results pr coeplrdadviade trhe ve inded ahsb Wifeosre afructhu r
and devel opment. The appropri at e mestehloedc tfeodr
according to thechlay suicst adrfipaipddlgcicih@ mi aiah spec

sttiamg materials effectivled]l]y removes some con

1. Proclesensi Methodenand®e&bemi satorSyhohesi &i gL

1.3.1 Preparation of lonic Liquids

The gener al procketdsreahobesyatbhgeriz(fedqurato
1-49[ 74e first step in the synthesis ;dfhaltLs i
i s, amines are protonated by acid or t hrou
hal oal kane totdi®rgquatae i minksads é d nom etalce i @alnky |l a

obtain salts with different ani ons.

I n the case where the desired anion cannot
reaction, a further step is carri@dodastet o
Lewi shbaaxcedl 'L or to achieve anidqrnnbeAt/fgnge t
base salts are the most widely used Lewis ac
is involved in this soyrpemeotfals ahlatl iidne swha rceh niiex

f or miensgpecti ve acdidtiiconddls hwaltihde ns melci es. Mor
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can be formed according t®&X)haeandatlieawi sf agqu at
hal iMX)s (For exammi ea)n@AWECdne mi xed in equi mol
neutr al ionic liquids wildl beEmiomjp€E€lk,x carsd i wl
basic I Ls wednvereseNbyhsewdeacessi ve, acidic |
Besides, a feawmn med als ehndF ¢ @B A b pAACEGID 6L |

Lewis acids with one moreorhadniden se@xacdhfersge Anr
1,43 al ky!l i mi dazcod mnnaom cfaari oppese feakea b g ewd Letr The
metathesis is also applicablINQ,N@,BtEh(e@i | ver/

an@QCHor many more corresponding arfdi2gnsl®d ]fr e

NR,
+R'X | Stepl
' o
[RR;NI X (1) +Metal salt M*[A]”
Step IIb —MX (precipitation)
+Lewis acid (2) +Bronsted acid H* [A]”
MX, —HX (evaporation)

(3) Ion exchange resin

[R'RyNI [MX, _, 1™ [R'RyN]*[A]°

Fi gldPer eparation pathways [f04] synt hesi z

1. PrdceFstifbémiRealct oSy nf beloindicodi ds

. Traditional Synthesis of Il onic Liqguids

The synthesi s lodsbclales citnp rtervahdeiethinddaleoigoyus t ypes
Il Ls can be effibci enekyseaslynt b e@airraetkltsiaarcgh raesa
temperatur e, reaction ti me, and sol gsbcnatl.e Hov
reactors typically requires | ong reaction ti
is slow or the reaction conditions are har

consumption and mayoheadst®. hFgheexampldect i

i mi da zalsieudm | L s, the alkylation reaction ma
prolonged reaction times may result in the o
products. Mor eoofvelrls tohfet esny nrtehgeusiirses preci se t
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f or -nheilgthion gnt Il Ls, which typically involves

mai ntaining this heat for extended periods,

many | Ls can I|basbcsayermtchteosrisz end tihnout t he wuse of
processes stildl require the use of organic s
and |l ead to solvent recovery 1issues or incr

Additl gnathe synthesies of arldge roddae®tni orneqvess

treatment processes, which contribute -to hig
scale industrial production.

. Mi crowave I rradiations Synthesis of lonic
I n addition to traditional met hods, vari ous
range of ionic | iquids, such as microwave (

efficient and green method that taol Itohwes rfeoarc ti
system, promof 2§gr maheanmcaNamboaodi ri r-eporte
assisted synthesi-baslétd sienveam!|lopem daorotl a iume r
hali de r eac[tliodBH iceoprdoivieerbensiklie anlay decr eased tF
duration from sevelal sdays bttceaaasky tmenutoes c
mi crowave irradiation increased the polarit:?
absorption. However, their synthesis method

open containendi syrmtalzeagidoiursg i ghl vy hygr osc

containers under intense heating | eads to s
scalpgddi ti onal |l y, ctomay nfuoowmrnsd itrraadi ati on coul
of the cationic portion, Sso intermittent ir
necessary until a clear single Ilpawse@bowalsedor
out that microwave irradiation equi psnceanlte i s
production, whearcaltha seootf onfi clroawpve9dfeaygt or

also emphasized the significanthiaowe rchoeud tdi nge

uncontroll ed rferaee¢ i epst ems.soTlwentadded a pr
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Var ma and NlaInbwdordki r ahd opti mi zed reaction

mi crowave power | evawsehhddipe dtviermgnt smes odu.
ionic |iquiVhs maommar @Ni4bBut o d ihriis t echni que i s
synt hesis of al kyl bromi des.

Pal and Kumar synt hbaiszedd |l hovcelysit il danel iduau m

(MW) <conditions, whilamiitn edl,iusdced kchauli, adnaiatdioctd i 6 ¢
compohéab®¥ber a wide temperatur e arsaerdgd,0nsg acmd i
exhibited mesophase characteristics t hat C
successf uAl yula il soe .sayln.t hesi zed novel i mi da
di azoebnasuemd i onic | i-gesdst e ab@iyghecadrvalvaet er , Al
et syIint hesi zed a serheaesedfi cmmoiveel | ipgyuiids nu uim ¢
assisted method, achieving yields as high as
[ 15RPHaTnr uon e mptl oayle.d -ms st stvademet hesdisz etdo dporpeepd:
carbon dots (CDs) in the presence @ft IByil obase
met hyl i midazol[iubm3euhtylfagmopfradipeaxded an- i mpr o
step mi-agoiwatveddhesi s met hod ffuonrctpo@pai izeg sn
nanoparticles with high saturation magneti z

catal] ¥s4 8 hese examples demonstrate that mi ¢

l iquids is a rapid, efficient, and green met
ti mes, improved yields, reduced energiyooonsu
However, the method also has drawbaokg,h inc
uni formity control, and | imited applicabilit

irradiation synthesis with other synthesis m

fully.

. vltraswaesméeted Reactions for lonic Liquids

Ultrasonic synthefreqguwéncdyLsuluttrids azreisc hd ngenr g
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reactions and has gradually become a widely
rapid reaction rates, hi gh2ly®w’l cdsee meatih o & thd g h
ul t r aasssosuinsdt ed synt hes-bat3ynet pyepmrdazelvienml s d
BhR P CERS@anBPh and achieved]|[ $b8Ailfli ccaanste sr essh
noticeably higher vyields, significantly redt
Il n addhéi bbs were ready for wuse widtthemutbnmiegt
treatZmemtc.i so netheasdiizaezdolle, 3der i vati ves under
conventional heati Ng| kgembnesnhratetaogi bhaundbke
is considered environmentally friendly due
significantly shorter reaction t[ilnbe6 ]Z d cewid i entg
alconducted pol ymeroin3aecttidsd h nyelxipreird anemltisum br c
ultrasound ,aompdmoedcdt ¢ haanventi onal heati ng
exhibited higher pol ymer i z atli5o7nUlrtart ®@so uamndd hsa
been used to symasediizeniaommlioing wimd s . Fer i nst
but3ymet hyl i mi dazpBmiujm] Chl oradeufd effectively
of c halsiemde compounds with hali des, enabl i ncg
Addi ti onal leymp |Aonyeetele @e ta nadl sutlrtari agsisosuingdt wa r dne t h c
synthesi zebasnedakzbl[dleSnBi|[Viaaiivredidcsatheas t hi s me
required milder conditions, shorter reacti o
needirmghsition metals or base c-asal ygsed. s WHowk
ul t r aasssosuinsdt ed synthesis also has certain dra

with uniformity control, anodn Isiynsitteends .appl i ca

IV. Mi creactor s

Mi croreactor technology has been widely appl
especially 1in theodywrmst uensigsueofs mal 4, vind wanes e
excell ent heat and mass transfer [AB®p.erlt6i0gs

Renkenuteitl iazled a mi croreactor system to prod
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via a-fsclevearndtkyl ati on r-enad&hnaognn i taucdhe eivA cnrge aas ©

ti me ryildaltad e adi ti onal badtlé6l Apdo sMadbeiak & mme & h

al . enhanced [tBme mésnngheas i-flslooowf i muouer eactor
confirmed that even at 85AC, the microreacto
exothermic alkylation reaction, achieving hi

i n a -Beévmeopdie4d Fhi s pnbemrsbfiicati on d ohideved
enhancemetht menyspaddecompared toFcaohweHumooeal
et raelported kinetic s[tBRindiinre]sBran mt be os[iilaghzhleb i s
whil e GroCe B°wing and Jess designed a mi
ethyl methylimidazol i pin62fanyd cestmbd lae df rsegeh vk a
conditions with microreactor t ebcahsneadl d goynitco Isi
in a capillary microreactor using diethyl su
of 94% at 90AC with[ h64Fbeyeaktsotvmkei dat 800t

assoaieatcead on kinetics studay.e Thede mdxampleas

ionic | iquids i-savainngef fancd emitghleynmecagiytrol |l a
reaction rates, reduces energy consumption,
However, its hjgopegai pmeakt compkexity, and
its widespread application in some cases.

1. ByhthPestcasss -CouctayloReélagdh e tMi xed

The TG@oyuledRetaect ori s( TcCRMmMonly wused to study flu
and the effects of shear on chemical reactio
nanomaterial synthesis, the use of iPonic |ig
noitnvol ving the syntheslJsowndgdiedonakerl elbuti dast t-
such as tetramet hyl ammd MA B,B[FEme ] &84t Bylr obor
met hyl i midazol i u(@mEme tmp)EIt SOn-dt Bgmee hyl i mi daz ol
hexafluor(pgmo p)jwkh BEthe wat er asastilweorkasneg d0oluvarmst

Coudtltoewsul ts hngbosbeadtamesdése & ,r aenfsff er, and s
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mi Xitmg outghheouentire | engdgihnids ofr @ hes 3 ealclt @ws f o
production ofle@®DFoanhbshemetuti | Jrpedgtké atroncg
and high mixing c-€@pabittietikswoeffroetep egerpaapyheecondee f:
di spersed in water, Raddrdpheng theabysathestah
ionic -dtigyme dhyl i mi[deanziod]iBaFsmn @ gr aphene exf ol
[ 168Jgvol idiestc otwleaheedkByret hyl i mi dazol i um hexaf |l
facegraphene exfoliati onr qwuiaayualgthrears cctad d mmidti
[ 16T7ddo envebtigated the combined effects of

vortex flow and the macromol ecul ar structure
protein cify&8Barlhleiyz aftoiuonnd t hat the uniform sh

vortex flow accelerated the primary nucl eati

polyionic liquids exhiybBittae¢d i ziaghem stod litli iotny
A ihgshhear mi xer ( HS M) i s primarily used f
homogeni zati on, whereas the primary applicat

Additionally, the high shear forcetsaiim iH&EM o
l iquids, thereby | imiting their application
or application of iPTonic Zhwywudelsaeluspead &SMov e

mi cmiox secgubbe r emover oinb milck yllla6t®ijlotns sofimhi x er en

the mixing of the two phases, thereby i mprov
ionic |liquids and extending the operational
Huangutetl aked poPENIOM])Clabi guniaduxiliary agent

to directly préparce i polayii areidc @N®B)Yp dfemhoem ngarnaopshh
[ 170]

l.149ntensification of the SynthegLiossieRt®cesses

Reactor and High Shear Mixer

The previous section has outlined various me
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their advantages and di sadvantages. As the

existing synthesis processes often fail to r
and cost. Therefore, there i enanaswddenmti vee
synthesis process to meet the demands- of i n
Couette reaxhears minxderhs gtho synthesize ionic

devices offer signif iecaacntti oand veafnftiacgieesn ciyn & mipe
reducing energy cons-Cmpetbae. réacsor pheviTahas
structure and shear forces that facilitate e
the reactiontyaoe thed sehelcesivs process. Sec

forceshehbhr gcminx esrisgni ficantly enhance the dis

the reaction rate while effectively minimiz
chaacteristics of these two reactors, we aim
technical support for future ionic liquid sy

1. AydrodyoédmirT&€pluernt t e Reac-Sbear akMidx &li g h

. TaylComette Reactors

The T&&ypyluette fl ow was named aflfagl @ valndd iM.vent
Coue[tlt7e2p u ewtatse t he f i r st systematic descript|
turbuleptéd2Hevelbserved that dthkee toutqaure aylqiun
the inner cylindAgst heemai madd admathdasappe@mmdyac hed
the critical speed, the flow transited from
when the flow was ufnstebbotertriTrhgeg dtoabrad i var t
turbulence intensity was increased in the gz¢
the instability of the fl ow betweenTawoorcon
both theoreticalllyTldan&floexepxgfiuelnt adppyl i ed | i
to viscous fl ow andoutoceopnaei ¢ th heet hadbrenhsca
Schol ars have published research directions

since the middle of the twentieth century. A
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and independent rotating cylinders ysli7zm3g f Il o
They revealed that the influencing factors
symmetry under rotation and refdrdtiloa, r atzat
frequencies of azilmuatddltitoayvethengreaasesi ol
dependbBReoymol ds number functi o@o ldtesmommserr ad red
that there are two different types of transi

cylipdéddFhe first i s t h@atn gwh eanr e twledt eides noyu t ecry |

cyliGBndéhe motion characteristic is called t
increase of speed, the secondary mod e, axi
crcumferentialt peeraivedi ¢intgy watvleat mosgd,e, wi | |

t hat when the angular velocity of the outer
is called a ca$Smapveepehi mentrahlsytdescri bed tF
onset of instability BrRhbhbigmpredladtiihge Ctoanatt e
axi s, thus verifyinlgb5pHoeweiveewrs prheedsiectdtondsi e
exploration of f leonwt |pyh e ntohnee npau.r pSousbes eogfu r e s e a
changes to the design of reactors and the ni
genem aanad axi alntdt e ffpaeyr-Bo woent,t e React or was ma

new device.

Abasi c-Cbaieltdre reactor usually comprises two
gap containing |liquid. Typically, the inner
The inner cylinder rotatioincesant gemreocmdtee ttol

medium to mix f[fadoal Lnw7¢thfee @aininweédaoyu eg & e a fe atch
various flow patterns can be formed with the

The Newtonian ifd uliadmicmairl df Imaw nara Couette fl oy

of the i nnerWhceynlritnhdeetri a fs $ peme d nenxecre ecdysl ian dcerri
val ue, t het rfalnostvrt@ eotntsamnnar fl ow to stationa
Tayl or vortex flow (TVF), due to a primary I
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cylinder further increases beyond the second
and cellular vortices oscillate axially with
fl ow ([WWR), 173Thel7c8]Jscades of flow instabil
essenti al i n i mproviffndgoawurfiehdesr stmhandadiomg | @
pol yaleay fl occul ati on, heterogeneoud i gardus

mi X[ AgThle T&Lyluette redconmrtiCoudbadsyrl drf owd fl o

The goal of precise control of various bioct
the reactor characteristics, such as the fl o
it i s everc hposvsei Ixloemtticmuous reactions by cont

i nto tHel8r0OdgBayc tvoarr yi ng the cylinder rotation

Tay-Couette reactor, one can set diflf efleoaw. mi
Therefore, the reactor can achieve the fl ow
process requirements, such as ranging from m

to Hloegw behavior due [t1o81h, gBYZHh oweaseigoreg adl €
put into academic applications, including r

met al catal ysainsgnzymat o catralaytii ® nf 1p8c0l iy unretr h esry

applications i ncl vualtei aopnp gsu,a tainedx t e @It Dir e n p ol
equi pmoe kte,wi sné xi n-Go uTeatytleor r eact or s i s al so d
applications, such as cell cultiyasB@R bilsoo
still l i mited by its changeable design and

terms of wi de auppp;l itchaus ,oni tanids s<tail lel worthy

internal fluid dynamics.

Tay-Couette Reactors can be operated horizont
of the rot &t gtHeenchy lgiti®)deer | { bot h types of <co
behavdhlmar zzdt Rboymogeneous di spersion, banded di
which two phases mainf{fdBdTlohe@iropred yedteisv @ ni

is critical to understand in advance the <corl
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state to anotherscaSlienceC mogui pmednutstah adses v

problem must be solved for vertical f1l ow.

Bef ore discussing and evaluatinQoudttapmpe acta
is necessary to fully understand the princip
of key parameters such as veddals, gomnmetorfy ta
i mportant concepts is to Tdhe&aiyneo rt (fnf bheth i e v a
characteriaesmplcoyreunbgwnii §lor mqg udd mtwisfhyei ngel at i v
contribution ofrwicemnadaus fiaighdirgaetricemelbevanedd c:
degrearbtilence. Some authors have also propo
number . | f t heime tihe a@rwysarmal ahbotver i mport a

parameter, namely the @axli7a6l, RLe7y9n o 11d8s0 ,n ulnBb3e]r ,

| 'g) 1-2
"Y e —| ,l ( )
| ’g) 1-3
YQ 1—5 (-3
yQ’?’Y 1_ q
YQ . ( )

wher @i shéeéhe ghatmewiradhus of the inner cylind
annul udL rwhiesm t he rotational 3speéetdeoki nkeeai n o«
of théY¥rfelpusedtmmeank i al o erddiowdertoyn tthréilcow!l uwmé e ar

t he -se ossbsoemfh t he annul ar gap.

When the axi al Remalbl der nmmbder at e val ue, t h
remains intact while vortices drift through
vel octGenefral ly, drift is obtained using th

the Tayl or and akil@ab] Reynolds numbers
Y (1-5)

When the relative ldrthe wedtoiccey mesveliosesudm

65364



carry all axial mass transport, and each vor
relative drift veltbei vprit®e xntahaexe qadé s Imatsdsy tp an
Thmas s bnael caenssseiat bty &a$s $s cautmvdamvagti ces to pro

fluid transportationl8&85,om8ele inlet to the o

~
Iy
o
R

7
4
)
K
A
b
~
ty
£

4
™

—
v -

Fi gutSechematic of vertical annul ar domai n:
stationary cylinder7,] (3) annul ar r
Outer
Cylinder Inner

fo

e
P Gt G T S QU U e Ty
— e N e e e N -y -
L L YL L L LY LAY L LR L )

...................................................................

Light Fluid

Heavy Fluid
Fi guGCer 0ssescti on of concentric cyl i-Gdeetst eand
contpt84fy
There are two critical parameters rellidatsed to

defi ned athet lehneuidtguinstot haeh iglbep , r addius daftiimed as
ratio of the radius of the inner cylinder to
the relative curvatur[fel 7r9a.WwyleBl3gf t hbest hueredost

not determined soddierligt i@y nc @ rhteaivrall ywear e@fmaj o
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the final selection of flow regimes. The f ul

sucht hdgay!l or vortices number, azi muth mode
par anelt7e3¥yevertheless, several papers have s
the annul ar where there is no axdifal Of 6@wanadr

1.)14 | amiTredlra) f | bavmi{ nar vort eakKsExd @O0,y tpearnisa dii
doubly peBDOdOx20PDwWwb Il ent 2W&Ttaelx0 0f0l 0o-)d;5(0 0 O
tur bul efmtl 5f0l0caWBNE mr i i denal fied a series of f

the ver(di=F0afusTGRy visualization and CFD tech

critical Reynolds numbers and structfur8a8l] f ea
Figar®hows the visualization of the fl ow st
turbul ence. Their results are consistent Wi

transi tThoen hpooriinzoant al TCR exhi bits doyilfifredernt
rotati ofCampepeoeeantdeVdgd | recent opticlailqgueixdper
systems by dleisqguii d i ndgte ¢l 10 xaohiwedy i toe i aaop i it end a
axi al f |-Oawu ePtdtaeg ear [ L 89 JThew) studied the infl
properties and oper ati ng Tlprae e ntkeitfefresr eomt tfhleo w
detectedthasedeonting conditions: a transl

homogeneous structure, or the alternating ar

(b)

Re=135

il

e

p NN
Wavy Vortex Flow (WVF)
NN
PSS
|

Re=267
NWW\

G

'm
N2

\,\/"‘

~~n. _,._~_,. '

Al

N P

MWVF) Re=800

Turbulent Flow

Re=3500

) .

fRe

— .-\,/v"‘ l

Figutld l ustration of —c&i 0f 8lbgnt (falowi segil meat
and (b) numedqil@d&&8l] si mul ati ons
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. Hi gShhear Mi xer s

Hi gh shear &l xe msaglhH&dM)e,ar r e ascttaotrosr (mH SResr)s,, r
shear homogena zdkrtiswdmo nmp axn enngt ,a sr et bheaonrde df itxoe d
el ememt @lr dxg mk tagswheet aTtloeaey e char acteri zed by h
speeds (rlh gtinod)gs Gerxotnt emel y hi gh 290M0ear troa tledsD 0O
sh hi gh | ocal i ze da de naecitegng dhiioxs inma thregalsve eatnals
consunmpotmpoanbea ca dli tanteanmai c al | y [sLt9i0r]Trheids vpehsssneol nse n
ascrtitoheednt ri fugal forces generated by the r¢
rotor and st dt0Od®dr t(emBOPMHeg dS$ireogmi fi cant shear
by the gap between the rotor and stator res
media in the HSMs. I n HSMs, the rotor's spi.
rotor to funcatli opnumgps. a hee mtortiofrugdr aws fl ui d
expels it through the snhaiat bborectnoasialkpon
des[ #482]JA single rotor and sitradwgt ruinaMt t ghrSdvt ei

Vi scositieBaAsewlsi dhhamakieés)d t he HSM[wu®I2dabl e p

HSMeaturing a high degreei fud od ad x tzerds ienelr g
i ndustri eshet ssdiizsepeocfsseldir pbagseéei viel n3]JMENMyYg have
practical appligaitdoesmul @i fliigaitiidon, especi al
viscoubi guigdi dilp9ed}s i boidtsukri=Omd Jgh scosity emul si
wel | @&snuthismions where the desired polymeri zat
to be fdBPev HBM])s aplei ead sion atphe manuf acture c

el ectronic product s t o produce hohege meau s

rheol ogical pr ople2@®D]saso fwenlaln oapsar ritni cclhees pr od
and crystall ifzophiaomape wiciecsadles t hat require
transfoff @6 jFaurs her mor e, HS Ms al so have app

processeprocduefdiimags chemi cal s[ 2dD Almd es mepdenas e
pol ymeri zatiigo2d OpjJr epar a
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The HSM designs have numerous geomkeinecamdr
batch 4dmints HSIMs i n the coamfeirars radidtabreeat toyopioc
teet heds omedn adenfi gurati ons. On the other h
di schar gedli sacrhd @ gse[glh9 6 , 211HSMs124are differen
conventional mi xers by having a controll ed,
enhance industrial pr oc e stshees mons t midxei rmagn do pnegr
[ 21 3gT r-st asttorruCaluse®e known as a generateor) cal
batch, or in a batch. Using HSMs, either on
(especially for mpatolgee rb wleks smil xsi) Rbgad¢pefino ba s s &@s o
by ndwag circul ati onc ofnlcoewetareadigege d@s it p@mign g nt h
batch HSM-winehmh&kMpadandi bl e to enhance produc
processing t-liimee whnilte dpher dathes i n[ a9Bditrcchul at
HSMs are capabl-ei stoprbygebbunds| ownd the ass
driving shaft with s&EppgpdaBteehgwr 60d3, har gdrov
experience a small <circulation flow due to t
HSMs are often wutilized in chemical I ndustri
new pr[odlu4icfitse proeepsc ogastofd |uehdaot uegdhcehuiet b |i es

usiinhgi ne WIBIMech ar e housed waint hinn ea caadsdi mogu tfl ee
HSMs can have different stator heaidrdgoampd si
Mul ti abpkisc aat rointadnrdy pi | ot scales can be ach

avail aklteagreu [HtSIMs .

= =) (b)‘&g\‘b‘
TR )
X © m
. )
o €=B

A

L s

© @D
i

69364



Fi gu8(ee) BatcH,i nendno(diei )ofi mperation with dif
head ((b) disintegrating, (c) squanmcdce,( f()d)arein
flow[H&&2(

The stator and rehear smietsras eofdi heghe, \
varying hol e shapeseeand odiozes,otaarnd omi,gh esul
patterns. Currently, the main Bkperfmehtdabft
shear mixers include CH&CD)e, ClagpdredD dDepli ere .
(LDA) , and Particle I mage Velocimetry (PIV).
i mi twheownshe stator and rotor shear head al
fl ow behavior of the fluid inside Mohret esntsaetno r
et al . used PIV technologyrboboostotiyathet faoR
rotor (witdhomill ssdasa)i gaand tst at2lr5 Whwent ht He nrgo
bl adescapphe stator holes, jet and recircul:
bel ow the rotor. Given the relativeisypeleadw f |
jet effectively transporitThet tageg ifelduifdaui a@duts
outer edge of the upstream stator opening,

velocity is approximately 1.3 times the tip
rotate towards$ he htpeersstiatnori rhot lees, st at or hol e
intensity in the shear gap increases. When t
jet intensity in the shear gap is the strong
alt.hrough experi ment al st odi ksetodrt ¢ mhiex € rl ,0 wd ii s
t hat at | ow Reynaocadvsi tnautnboenr sp, h ean oprseerodd® @rc ¢ u r
shear head, mvikxede ftl lue dwelsl sur r dundd e df obrymi sntga
cylindrii@dle Ashame Reynol ds nuombwirt atnicone aisse sy
di srupted, and the | ower portion of the cavi
cylinder wall. As the Reynolds numbeorf ftuiret he
fluid reach t hposwsientaicyreorsecsowlitci Mg xaicnogad efct edt a
thorough investigation of the i mpact of roto

on t he adtoem icshtaircs of a coaxi al sez2 Afi bdy HS N\
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conyv

met h
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rot a
Bat c
(such

cent

Mi s
and
hydr
foll

overed that augmenting the rotor speed
oved bot &)t mevdsttrmai numrdtuée ehce Binethe er
nNng heiang mheimhear gap bet we®j@niwiet Ist at o
s se awiegtalpt i ng a mor e pbUtomaoper€Cd niselue an d
enting the rotor speed can markedly enh

Hiiqqwiidd mass tranMfer activities in the I

r draw is an i mportant parameter that de
el ecting motors for mupkRadr rdedi gat edpt han
rr Pymbear a( function R¢, t meieRegmnoeldy puombpe
ach other in I aminar fl ow, wWhelRBeag iiers t u
een 1 and 6 wunder turbulent conditions.
B0 RAMMO[ 219The calculation of the power
ulence can bgpbeéeferedd {40 fshea tppoorer dr

entional stirred tanks is commonly <cal cu
ods and is expressed Pas2220]di mensi onl ess
. 0 (1-6)
0
”UO

hi Prepnttexeints DHenehastt peweNmmalilcart edi dr
r sJpseiegdni faineds t he dkekesgéeygmefry hef | ilgeaei de
tional speed, and properties of the fl ui
h HSMs have power draws thatcoeoemafriygudeptinad

as t hbea fpbrteessebnscjer uoefh d oamsiuenrt {ienggh b @B 6-i ng oOr
g rliomd)

VR (1-7)

t hemnMosquke r ot atreoahaar!l.b estpteeerd difst i ngui sh

0 ¢

turbulent flow using the Reynolds number
aulic characteristic | ength. The for mul e

OwS.
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" 0 (1-8)

Il n contrast to conventional mi xing tanks whe
di ameter is Reagnieh r ¢ @ rttybpeed eFh SN esy st ems ( mai nl
di scharge i mpell ers), HSMs need to take into
the nominal rotor diameter, the distance bet
andhthkheaul ic radius[AdabPO0t h&bBivaetndrn onRetnd/eld o Ine
P, based on tdhne mRamirméil caoé orhat the power ¢
in batch HSMs resemble those ofPorsdan[gla9edd ves
Nonet hehlee sasc,t u al power consumption of HSMs i
at hi gher r oltadt-2zedb enlail n esgppteeesd st he di mensi onl es

Newt onian f |l ui[dls9 3i]ln batch HSMs

Tablli2ZA summpowerofnumber correlations for Newt
mi x.er s

HSM configuraiPower number correlation

Greerco 1.5 HIg _fyQpmmkp8 c¢®in turbu
[212]

Ross ME 100LC §5e_— jndependent of stat
LAR218]

regidmecd8 of or the Ros9® kn

P& ¢c¢® f or the Silverson 1

regi me
V MI Rayner | HSM 0 opYQ23 AYQ pmim ;0 ko i
bl a[d256 ] turbulent regi me

Rotor Dond&YQ% HAYQ pmm koir
turbulent regi me

Dual shaft (P HysM obl y=iYyQ pmn

V MI Rayner. . .
Paravisc only ethYyOpalnt sh
bl ades)

[221]
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Jamescendatcted a comprehensive iQvéestcgasttan
and turbulenf{f2g@Wédair eruekx@res i ment al setups we
L5M, AX3, and GX10 HSM. The GX10 is the | ar
di ameter of 0.6096 m and a stator head compr
Wat er and Isisleircvoende aos Newt oni an fluids, whil
(CMC) solution Newtbino @Pedvied s1iceb.ntoampftoiro nv adda c
configurations arki gl@mpdnmear, lasmismawnf li aw ¢ 0|
numbPegrs | i near |IRe raendatietd itso itnrhdkcependent of th

conditions, the power number remains essent.i

10000

1000 o

T T T T
0.1 1 10 100 1000 10000 100000 1000000
Re

Fi gu4t9Pecowe curves for the (a) L5M, -6bptAX3, a
mi xpf92]

1. MiXing in the Synthesis Processes Coupling
Mul tiphase flow systems are widely present i
beds,-l Il gguddextraction col umns, and stirred
cl assi f Hedguiiedo bigddassc wil d ,d gluiigdyli idasudl Idig dsht ahsree e

systems. The progress of a chemical reaction
substances but also on the interaction betwe

enable the reactdfoer tloe toweceurr . p Masses tafatnen i n

bet ween reactants ilnf muhe ipprhoadsuec tfsl oow styhset erness
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tdéascean result i n changes in reactant concent

continuation of the reaction. Such | ocal cor
and |l ead to side reactions, t helrrebgddietdiucn r
chemi cabuthctsersatal ysts, solvents, reactant
factors also play a cruci al role in chemical
type, solvent viemosateg, aedcteactiaddi temper
the reaction rate, the distribution of reac
mul tiphase reactions, the mixing effect of t
retacnt s and the mass transfer efficiency, wh
Therefore, optimizing the mixing process in
reaction efficiency and productviceuwaltihtey .l iltrer

the multiphase mixing and reaction processes:s
these devices i mprove the flow and miXxing

efficiency.

. Mul ti phase mixing

Despite extensi-gbalsCbewy chheni smmpagt eof a sec
on the fluid dynamics of 3$&Rhewsdad ado mpu tbeet if
fluid dynamics ( CFD) and flow visualizatio
investi gphasé¢é heehawi or of wdtlé8drd JTahredy K eorunsde nt &
t wohasedydfdmiwns t he verztoircmaull daneniutlhaerr be uni f o
banded di spersed, separ aeaecdh, pohra seex hmabiintt asitrriar
They al so iatltudsrpmtad de aotrust icdoiseanags t at e map wi t h

Tayl or numbers as the two coordinates.

Two i mmi scible |iquids are radially stratif.i
coaxi al cylinders thatDersetildeef i vy et mheert addearmey

comparativelltyrifiami aéd surfackbdaremad Taylomre \w
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fluids when the inner cylinder rotates bey
facilitates significant mass transfer across
i ncorporating coBratercernir@neéd axhal prffalowid abi
Tay-Couvuette flow with the <countercurrent axi

characteristics 61 §R&®iEaxIpleyr ismernatailf ieevd dtewoc e

axi al di spersion dirmgiemicehesf athet hveoritreixt,i aMh e
transfer escal ates. i EBme aave @ rha ctthieo ni npcerrefaosri nmag
rotation speed, and the mass transfer coef fi

vortexvi deamggests that a higher relative rot.
hi gh extracltn oaadtdififai @mad nccuyl.at i on aspect, the
computational fluid pyowmdreel| iaarbel ec omebtii aedd ft
extractionTper fr@agmmemte. f | ow, enhanced by su
demonstrates superior performance and shows

reagttadsb]

Compared to a Continuous Stirred Te&mkueRdact
Reactor is more similar to that of a Plug FI
| arger heat transfer surface,t heen adbd vi anngt abgeda st e
in continuoudimpoletmeai iedatihen,free radical Col

met hyl met hacryl ate (MMA)awobhskkiysebet gsoni 6

as an initiatoacalienCteutyl eb drdtddToyey found th
hydrodynamic conditions, including the mean
di ameter, and gap width, influenced the poly

di stributi arnv)er alglee mgdieghdtear eweed wi th increc

ti me, which was closely related to the react
the gap. The width of the molecul ar weight
rescedemni me, increased with higher shear rate
cylinder diameter.
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A substanti al body of |itdéBtuntli ggpddisysoe
HSMgenerate intense shepreefioroé¢esattbnoodghthled
which effectively disperses partdclgeasdor | bghb
' i qui d,-l agqui dol it o small er tsiazesa. bTehiwse einn crh
enhancing mass transfer efficiency, particul
controls the r €amvsi etntebotdercte@®E mMaméehxer s i nto
production to assi st [i2m2 5t]Trhaen sneasntoesrci a liec ad ri copnl

t h e -shh egahr mi xer facilitated effective conta

mi ni mizing mass transfer resistance and driwv

product s. At ambdemptr esemper ataurreacti on ti me
conversion rate of 94. 5 %, which gradually |
Conpar ed -ttempheirgh ur e reactions wi t h l ong du

conditions-shearngi aehigh room temperature f.

conversion rate while consumi-sfgedd smicraens all ess
contr ol the size distribution of particles
suspensi on, adjusting the shear rate all ows

the final prYdar uesteldplghpart meser in the prep
oxi &€& (and nNi ckeNli (M doompasxi tle2228]€Eompadesds t
conventional stirring, the high shear force:c
aggl omeration of graphene oxide, allowing it
of GO while inhibiNii(neaH)tdh e regervaeinn i qirgo vatglg r e fg a
mi xing significantly i mproved the unGdf or mi t
Ni ( &cHompeo smat erial, resulting in excellent el
al so be applied t-wmapecdpar e2Dtmhmaeamogomapheintee s .
mai nsatnsmact gy efficiencyvi sgarstiitgyulfalruiydsi, n
system$ewtnoonni an fl uids, or systems with higtl

excellent potenti al Il n-vsyprtolse siyzisygtieonni ¢ | i
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. Mi c-mbxi ng

Mi cromi xing refers to the homogenization pro

convection [an2d7 Whe&nf utshe@nmi cromi xing rate 1is
chemical reaction rate, the effectiveness of
paral |l el competing reactions, including the
i nhopsgenati on reactions, az[o22a8q.u pFAunjg heematt
mi cromi xing can also have a significant 1 mpa
crystal size in [c23GJtallization processes

Currently, the performance of mi cromi Xi ng cC.
reaction systems. Commonly wused reactions inr
and paral l el competitive reactiormns)ysytsdman

invol ves tAwonBr ewbéematshe first reaRt iwhn cgene
t hen r eBicnt st wei tshecond reacti o59h Wbeprodedetbh
the micromi xing perfor masncoef obfotak) rreeaadtttol re,a ctih!
11D must be greater than or equal to the mioc

react9omh@@ul d be significantlldy. hling htelre trheaact

amount oBshoeuwlcd alnee | ess t han Atwi ee stuhe drhaun:
B is wholly consumed, allowing for the measu
(1-9)
0 0°0Y
(1-1%
Y 80y

The parall el competitive reaBt £o0dRe glkzatnamt $ nv

Csimultaneously cBmpetod uwi ldynQpe adwspretst i vel y.

used as a chemimiadr gmioxbien gt opeasfsoeasnsanc e, t he
reactions must be greater than or equal t o |
hi gher than the other. Unlike in aBaddtidnuou

Sshould be | ess ATypn ctahatpaofal Febctwandt conti nu
systems arieodtahhee iaonddi dtehe di azo coupling rea
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systems can measure processes with-iaodhRitgeh e

system offering advantages such as | ow cost
6w 111}
0O 0600
v w7 (1-1 %
0 600U

The micromi xi ngntpreircfactrenhaynhcee hiksed st r ulcitwr e wi
and dteredi ed t hefmhichhecmMCRivieq dfdwsy regi mes usi
Vil l eDmahman reaf[c2d3Tdrei gy stienrdi hgt 1 oedxoecrat sepdd e o
mi ni mal o nf Inuiecnrcoemi xi ng efficiencywhwemrdcars | ;
mi cromi xXi ngparekddlIcy eindgmrowedk turbulent Tayl o
investigated the micromixing etfifng i-iecodaytden f
reacti on2 3s2y[lshteeyn consi dered the effect of opet
reagent concentration) as -swvted tl orasc otnmbei niamp aocr
number of rotor and stator rings onatrheéeimincr
i ndXe¢x Their experimental r esulsttsationrd iccoanbeidn at
have simmiarngni efdi ciencies when operated &
addi tion ttiong etmboer sdmiipxeirnigo re fniiccrioency of HSMs
packed beds.i tl misxleantad tusenamigdpédh@ayi nt ernal stru

chemical reactions, and micromixing perfor ma

. Mass transfLeiug d np hLai sqgeusi d
The mass transfer characteristics of t he ho

device's mixiApecrrdreaene si sitnifclsuu.enci ng mass

i mmi sci ble | iquids in the mixing vessel i nc
mass transfer coefficient. The thorough <cor
inteaf@a@z® i s essenti al for the aocpteipmmi pened nd e <

[ 23883dhi ndl eruard &€tbybakbBdephasefjdanspdewater (1

to expl offeed¢ heopatraesedtonass sf er coefficients fo

baffl efil28¢Fdhelimasdcldtthsa t continuous phase ma:
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positively <correlate with the-phmapgel lheorl dRe@y T
analyzing the relationship between the hol du
these coefficients are wusually aoamrtheigxni gt
correlation of suspeklidedasoufddypalrfhédehgars
with water as the dispersed phase and water
di fference Iin the frbgquenewntetl bygyaussoagnael w
substantially smaller density diffe[2B8BB6¢ bet
Keey and Glen alge®eestmadised rtamesfareaoeffici e
cont i-maroked x2t3réaHtoowervser , t hey chose a ternar
is extracted from the dispersed phase to th

coefficients relate to the assumption of a |

Thsee studies have not established a comprehr
characteristics because they are | imited to
influence of impeller type, speretdhesmizeingod

of two Iimmiscible |[23uFdseisyatemsf wedevesed
general correlation of mass transfer coeffic
and correlated thenscsbeticoettsi phase wmwmash t hi
si,taking into account the mass transfer tha
renewal rates associated with dropl et circi

cont pRBadY

This chapter wil/ ekRamaoketimegl mapgbase sy s eer

di ffusion of mol ecul es at phase boundaries

-

endering it a critical consideration in r
mul tiphase syskteasdi sedanséeéetdhasmass transfe
general |l y kinssifgrna o uenatnlty;s itcee mmas & hter dk) ggfue rd c
Sinkkishal | eaogomtga,in disr egpl ¢ akd, vy whalchuli at ¢ tieu
of the mass trkanafnar tdee fifa) {cd@hdtc ia@ld ar edae e (
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understanding of various fluid dynamics and
more <clearly distinguish the contribution o
parameters, and physical propesitiebusf the o
transfer coefficient and inteer2f3@8ccalrdangatar
du-di I m tWkior madet an be used directly to cal ci
at the interf$acequilTbidachueveonbkbientrations an
mu st beTlktloavwl. if duiiqdui d <waydtiemnd ae e d od il owli e g

stat ¢@ndnof

d 6O i O @Yo (113

&Ci s the concentnr atthe nexgpraedd indn ff or esti ma

mul tiphase systems, the interface area is al
more phases in close contact in the reactor
The commonly used expression is

& % (1-1%

agi s the di s p-8pasnedd sp htahsee Shaoultder mean di ameter
The former var pabpeorft eap npeasretnitcsu ltahre phase di s|
another continuous phase, and the | atter wvar
This formula i1Is conti ngteomttalupwml utnheew loufAd ied lolr n
pr es etrhva retgort fad ¢ et haer eian i a & nasl e npbal ret, i cw héi ucbhb | ceocsmp r
dropl ets, ofFneets ivdg attormbgacsiee ss.gset emmi he t he di
formul as that need to b&uandmbi wvead i wiutsh ctomel i
effective twey dtis peo IsStkeend | denfdi deentdi loknpre el a si mi
model for calculating the transient Sauter m
i n batch algiquatde ddilgspgeussddens ng t he significa

continuous phase, diepemasd] dhhesfeor two ph

The tot al mas s transfer coefficient i s com

coef fk)aineBlhe (i sped sed®Prephvavaers(y, a significar
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data and mathematical $eygomralsup@ronrdldatqitun s ei
agitation batch and continuous fl ow systems

size distribution, breakup and coal escence,

-

esi stance dofcoditd paircuesd pdhhrases can strongly i

-

esu24@The Whifimantthwory referenced herein g

film resistances significantly exceedowshie i n
p G P (1-1 )
';'Q ?’Q 7
0 p -
g o Q1%
Oh

The vanwriepbldeshentds stri buti on coefficient amon
di spersed phases has the greatest imnpaetrgn
small; in this case, the mass transfer of th

factor, especially when its vi[s2c3dBs i t2y4 0g x c2ede2d

The reactor design philosophy fully utilizes

(7))

ignificantly | imits tThhee rfeoalcltowinngore xpe Bars:

-

el ationship between the diffuB)i oandcoeléi omia

—+

ransfer coefficiek)t: of the continuous phase
e 0 (1-1)

The exphmsnta Uni form val ueTlomas each dopvl adrpgods efld! lor
two main models for processing the mechani sm
phases: film theory24a8rTdnh epye naeltsroa tci oonnc | tuhdeeodr yt h
applicable to sol vwehitcitheeepegthiesebppnpgfeb| dms w
and fluids in turbulent flow, the transfer

turbulent state, and the transfer between t\
(but 1 f the miwwngtperninleihd htehmionat he t wo th
the analysis of the |liquid phase). They indi
are complementary instead of mutunalsl yboedxwelewns
l1/a&2nd which al sopénél oavsi dapetrii @ddmyc awiltyh var yi
81364



renewall rate pr opos e[d2 4y K oSzki enl sl kar necha inaerwaeKdi Mage th i
theoretical mechanisms, ndmd bso tdrogmes|ltson i ismes|
[ 24BYy measuring the desorption rates of sev
nitrogen carrier gas 1in agitated and baffl e
the effect of molecular diffusigquig ohasthea
mai n and ifqrueeed ganst er f ace. The various model s
wel | as conflicting statement d iagluduwt slyisgweinds

to be resontvagl@dydrxperi me

Based on other I|literature, Shhewti médnsiaonbess
anal ogous to the Nussied ttmadnberfynmaesattitam
decrialmecdati o of effective masshecompasfed to g
di ffusion mass transfer iStanad stthaet inco rsey setaesm.|

di ffusi onDijc oiesf ftitcare nuls[fd8GJo det er mi ne

fort (11

0O
Studies on the d§oaeti te oéatcher Tayeosol ved by
and determining the s&eg@mpHas i DnH reismp ff | otw anlu.mbce

some genelriaddlzyattioonprnavsi def shhyneér edcyphi@mehc pher

exhibits significant periodicity in the axis
as the axial fl ow i ncrSevaislels,b & hdei ssti mrutseod daan d
wi | | delc8rOe[alseer e f e 8difst lpeosv ali vely assodlcai at ed

but negativelgRexi th the number

The above analysis indicates that the disper
mass transfer iNMosnulgdgt phiase PBBywvwe emsen purely
on the breaklP6,0f246 ppYenhleral, an i mmiscible

di spersed into a mai nlrye axotnotaiméut cuinsge shaszsergtlhi

the flioawl dtdmcenteraction bet ween tvhei ah,s pier s
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turn, ad dhre effffaacti ency and kinetics of the di:
of droplets in a given system are | imided tc
be homogeneousau thdaradn eafnodst)ee,ri n(ditdeedk | onffu m di a met
(dnak i n -Bi ugdi dystem i s employed to describe
are shown sevedsamlndheiom r ld[E2M% 4 .0 n1s9 5 ]or

B £0Q (1-13

o
h B &0

Whenes the numdbies ®©Ohe dmnomisnm@ai s dit hemenempenand

Fur tdhean be expressed in terms of dispersed
Yoo -
Q, (12§
W

whetries the volume of atihse tdhies peortsad d i mmhtes & aacn da
for the mixetdhe haltemi.cal | nddastayr ansg@m eft $0i
whil eciosmehecs, phar maceuti,cailts,camdbbgalb et wd
em. Concerdshimagildi gmud si ons, dropl em[ Z4&kms ca

comparison of drlopgusiidz es yfsotreTna hitldenl ibgeu isde en i n
Tabll3®r op size classifitagquod|[ahPOitmmssci bl e |

Equi pmentEnergy diDrop Comment s

ran(g—¢ SI(ZG)
Static mi 1a000 500 Narrower DSD t h
Agi tated 0 .-110 0 2600Usually broad L

turbine in a fu
Ro tsotrat or 10a0MO000 O0.-150C1I t can be smal |

chemistry

Val ve hon ~19 0.-15 Requires hivgthrtrc
p fumigi "Q
Ul tsroni c a- ~19 0.-®@. '!'Sonification

devi ces
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Hi n[z24aN]d Kol & gd@ejvoeflfoped t wo mechani sms for ¢
turbulent regi mes, ass ulnhien go eah auniiofro ronil yd riospolte
byi nerti al hydrodynami c , s tarse sniddebse mha gddy2 B0ulr f a c
although4adilniziebaut e mlg wprhniet dynamics to viscol

tensi on.

The definition of the wuniversal equi l i brium
related to the smal/l and statistically stal
Kol mogoroff s theoretical asesqumpltiiborni uing stthaatte

solcend yt he ener gyadids ¢ ihpa tkii mregnida ti Mo @yo scfofsd ¢ yl

speed, and time scale are defifR8B]from di men
(-2}

& QEM@ e 'Q i—
o (1-2 }
0 Q& € i@@E'Q T -~
O 1-2
0 Q4 '@ iy Q - (1-23

Droplet size distribution can be related to

' i quid systems usiClg itnhe acnaipnialrl afrl yo waVganmbdenrt h(e

turbulent fl ow. Laminar and turbulent fl ow r
L. 100 (1-2 ¥
0w _
Qr Q 1 6r (1-2 3
0 5 8. 8v 8 1-2%
Qr 6- 8 1-2Y)
Q 6r  &- 8 (1-2 %

wheC€a&i s the criticaliscapiel Giae ntrmen mibrett gr f aci a
is the wihcecrmtsinyolios phaesenergy di ssjcipsattitoen r
densitthgeoaof i nuodhsi sp htatse , maxi muBi-Cdarne eampier, i ca

constEgnutast.i-dh s aff2ly (were deWWehppéedlaBguming t
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di sruptive nor mal Sstresses become significal
|l ength scal e. AdHdad8 | waal ldyeveEgopadi ofnor ( dr or

Kol mogorov's | ength scal[&5dnd subjected to s
IV. Ki netic Study of Chemical Reactions

|l momeacti¥veéequi durnagst d maardded reerdmgt thees mass tr an
coefficient andnt heaichitdef aspsblemaceaodes e cC
on the over anlulstt rbaen stf @k e[n2 4ibogét o s iacgoe@enmi alfi ng
reactriapms,cnaisxwibsg anti ally enhémoeimegaatt Donr .
ti medeanrdetahsel nrgeact or volume; for multiple re:
rat edr amat i c &lhley dmesdirfiyobuti on of reaction pro
i's signiufsiecaint ®owegment s product y-pebdsct p,r e
streamlines manufacturing isolation and pur
mat eri al s Umdeor sptraordduiicntg .t he i nternal mixing
to analyze the product -phasseipbamehtriebhcmbaon:
capacityt te ymodlid yof r eact drmtr oprgdhdelna ttcda |c anme abrx
such as <catalysis, asolwephysamataninsp,eradauhlr eas ea

intensity, reactpr27ype, and solvent type

It is well known that the entrainment and mi
pl ane mi xi ngr dacyteirvewvicadnadiotni ons aoafe ldaoorageaat e
vortical structures. Under a mixing backgrou
is their different molecular diffusivities,
on the contrary, lilgyia pbhbwewsmasar@¢i2pasman ec
there are chemibwdlennedd tudicmimtsviatid pianrgrtwatéeecpm r s t
order, -atvlee atgieme eacti on rate needed depends o
simplest reacdnommegpr ciscandge &ifds, &5 4fJol | ows

6 £8001 £0Q6Q0 (1-23
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Wi t h tchoen trraatlel i ng st ep
I R (1-3 %
Hence, -ahher ageerate for an isother mal react.
ir Q66 oo (1-3 )
The key to praevdercatgien gr acbbee étiimnse whi c¢thei s cl os
turbulent mixing and chemical reactions. Thi
how the reactants are introduced into the re¢
[ 253 ,Ve2r5y4 ]f ast bi mol ecul ar reactions are qui c
thin reaction zones ofr sheets that separ at e
throughout the t;mabuolaeanpemfeobgseeeg@grani on r e
average coh®2866b§¥lihen imateemsi ty of agitation al
prodiuch es-pthacse multiple reacnso®aut ilwne ar edpnpred
mi xXi ng in the r eaactteorp,r otdhuec tmoyriee lidnst.e rimme daid d i t

increase the division betwe2m] the yields of

Il n thtilqgiugui dbi phaslbosofylhowtr adctpoonved that t
tube reactor can increase the reaction rate
l ead to a | ofwebr6 Mceraecatileoonw rkabtegnat i on depends
tube diameter, mi xer size, and pump mechani s
flow will become an obstacle to scaling up r
scal e r estprriocptoisoends ,r etphlleayqiun-pdh dtdvesr dl di agwi iodn  wi t
Tayl or vortex reactor. Il n fact, research sut

reactor i s supefrlioow styostbeamsc.h and sl ug

Consider t he -ocrognatnai ccAd | difgwa in ea&r an ester) wit
containing aBbréeéauothvasahydno®wi de ions) that
The reaction occurs by partitioning organic

reacting there. The overall reaction rate 1is

86364



Set on diffusion resistang25@%h the organic s

C-t.m
alaw
rlur:tiun<
—____ l;ml
il sicn
film
=0
crganis GUeOUa
phoss phoss
Fighr®@oncentration profiles across the film
[ 257]
The mass transfer rate is given by:
AT O R TA YA R (1-33

ki s the masai ¢ rtames fiemds giraft &ediiea Ishodnu@phleag ey o f

is the actual Aiud Bpthbeaseentration of

Assumi fog dfeirr ofiri-opsstleeurd or Riarc tti loen Brpeh@aesiev,i mdhe che

reaction rate is given by:
SR TA IR (1-3 %
Vis the volume of the phases in which the re

These two rates must be equal
D O FOTAINN (1-3 ¥

Putaamd rearranging this gives:

& w Qw (-3 %
T Qo
@ 1-3
i 0wd'Q — (133
2 B
Q Qw
When a chemical reaction is more rapid than
i O Qb (1-3)
When mass transfer I s more rapid than the <c¢h
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i 6 0 (133

1. Modelling of lonic Ligqguid Synthesis Proces:

1.5.1 Mat hemadtites Inormdtehd sSing Process
As highly promising alternative compounds,

devel oping new technologies due to their un

reali zation of thevdetsevenmitoduiteety ya ddpupr @ece |
i dentLisf ywi th opti mal perf or mance at-efafne dtnidwes
and sustainable technol ogical devel opment .

applicatisemal @f rmsletair ch prnerndadbidgm hdaxe gleisfetagd h

experimental studiescompat abmbnakdpeapess mem
Therefore, sebéeiBalulseswisngome power ful simul at
the synthesis, applications, and process op

devel opment ané&igoimpel ish etaheen etsysp.i cal sequent |
i not hreesegarchrr espondi n gtz dti oat chceo mméhtels mdnsa r y

responwifbicloint¢éiegndd a smmayti amleer i ng i n chemical pr

. COSMEBS

The Coddwket &Srcr eeni ng nMordobdilc(e@®d S M@) [SZHh&], r ma
serves® practical variant of the dielectric ¢
comput atiwbnbke tRiSe of@uIMiGkre Screening Model f ol
an extension of COSMO that goes beyond the
thermodynamic approach basa&nmda BNSEBOISIMO eq ucaonr teu
concept OoOf-REhmo®OISMIOs t o treat molse cmulleast iansg
di stribution of el ectronic density within I
thermodynamic properties by cal cuRStiisngwitdel
used t o predict propertoeaes cese€thi casend el uban

Furthermore;RSt modEOSM@I ps researchers predi
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l i quids and other solutes (such as organic

providing theoretical support for the appli
processes, catalysis, and other fields.
Liu esedl CRSMOvwaluttei fferent I Ls to achieve

t hpgr fdbrpreocess simulations to eC@bhbabept henc
[ 26Q@iJ]ven thetpegrmi sgi Bhd[ BmismpAIfyc odsdrn sgs t
wi t h t h@Qshalguhbeislti t y Samd i agloeetti wilty.screened
using thkRS COStMDo d a[nEmiindledGNo ki ede most effec

[ 26RiIJlgkrZ2hows a comparison of-assotcivatiyngoedlf

cesolutes at infi €QRsel dbliuitgnj nas Lwel Uusasg
COSMRS model . ThHanr esgtlGtdgr K rdenmonstrate that

parameters -®S mModeCOPMOVIi ded the most reliab

Il n additi omrrogesad @etpradcedur a aftarb adev eloanpion
and specifyi-934C t phreo pCe¥SEMM™ dnvoadrerlaa setd ahe COSMC
SAC/ Aspen model and the I LUAM dat ab@&@saesetdo sc
extraction characteristics for nbepanaei nagnd
mul ticomponent reformate gasoline mixtures t
and {duWwrei6tPyal omasredett haeRSCO&EMM od t o predict t he
l i quid vol ume -boafs e4d0 iiomiidca zZloilqgiuprdl s r amd| pcapase
to simul ate pur e [i2006n/i]Keé &l.5ajrud edn ecdb nBOAQ npdess si b |
by CORMO selecting 40 cations (including i
ammoni um, and phosphoni um) -lainglui2d axtfrfaateindn
remove phenol 28 bmpoahdese predicted the sele

Il Ls for removing phenolic compounds at infin
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IL compound definition

l
Design

Product &
Pure compound and mixture s

Process
property models Design
e Operation units
design & simulation
| Sensitivity analysis |
Sepacalion Chemical Energy Equipiment
Conversion | Consumption | Consumption Size
e Process
modelling & simulation
| KPi analysis
Chemicals Energy Costs | Environmental

Process optimization ®
Process
Design l,

Comparison to available technology ®

o ¥ —
Laborato Digital
9 ex”rim;) ( Pfﬂ;‘:::P? ) L Pilot Plant )

Figur®tepsed strategy for applying process

analysis, and-bhdesedl apmpemntcadfi @IBI®] at proce

10.0

80 - COSMO-RS Model
6.0 | forlonic Liquids

-8'0-8.0 . -61.0 . -41.0 ‘-21.0 ‘ O.IO ‘ 2.0 4.0 6.0 8.0 .10.0
Inyeo (exp.)
FiguUrZompari sem l«tpwe i ment al data and predi
RS model i n di2fefdelr ent versions

. Density functional theory (DFT)

Density Functional Theory (DFT) is a quantum
to study the el ecalrontircomtgwusttaime. oDF Tmainy b e
Kohn theoremShard ddqeatkKiodhms, the | atsefFrvpngvi

system's energy through electron density. I
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understand and predict I mportant properties

and sol uarid ittypically composed of <charged ca

structure and strong electrostatic interact
experi ment al met hods to describe themeaccur e
the influence iafoniirmdilvigdiuals ioaanssol vent mo | e
compounds. Seydadheolsisgge Al eAAJad .| i qui d and u

simul @Qeaptusvsre [cRara b iedtdsdad) .DFT cal cul &tQ ons t
adsorption process and confi C@éed ftbam thebar
[ 271 P anes@&®DBT mul ations to study the interac
of (di,m&E)t hyl i mi dafg omimi opheCrd kel olrii qdused idmew-Bhbehx y ( 1, 4

glucopyr a(Moesteh @axnydpriietntyd ¥y et hanol , representi.
and l i ghisn plesp2CEl vteh ¢r mor e, DFT combined
spectroscopy was used to investi datsedpddsi aln

t hei-paiironmol ec (l2arr3 |Grtirmuneempette geeld. -adad rsrpeeatsd o nDF
met hods to calcul ate the diss emiiatni oans spati en

representing ionif@7l4ilqui d structur al uni ts

. Mol ecul ar dynamics ( MD)

Mol ecul ar Dynamics ( MD) i's a compdependenat

behavior of molecular systems by numerically
the dynamics of mol ecules and t hsetiuwdyi notfe rlalcst
i nvestigate their structur e, dynamic prope
interactions with solutes or other il ons. F C
physpircoaplse rotfe éluLcdi,ii@at mi cr os asp Go@a dnee h@tnii sn, and
the behavi or eoxfandiLiseh e R@@dcdescaert pthil o.in npgr o psehr & i nee |
of amorphous polystyrene (aPSsS), using MD sir
solubility an@Q[ai7f5flRursa koans hr aatned oMenkat nat han

study the mol ecul-mre s@Gahdesnoirspi &4 pehfL yB[i$2 Hh6 |
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Budhat ho&kmp leoty eddl MC and MD simulations to <c
di ffusion €Q&fHf i andnt seof mi xt[ugne gf]BENhatt he i «
di fferent2 pdregs sewanedsi ned MD and DFT to study

i mits oft e mp g artouorne Il Ls composed-buwfylt wo

met hyl i miBlmnigmn BNjNdomm o(py | met hy I P33, r calnidd i tnh rueme (c ¢
ani %8Bk and bis(trifluoromethyl sdulhfadnyl oismil
mat ch exi sti ngl 2ex8MMe-Mdnealt as atatal . used MD s
the structure and dynamics -bbdt3ymenhyg!l i mgdads|l
( BmiymlJand three differentPkantens a{bhk g satnbdoo at
bis(trifl uor omeNZF)y,| sdud pfeodnh ywi)tihmivdaer i ous mol ar
[ 27 9]

IV. Computati onal FIl uid Dynamics (CFD)
Computational Fluid Dynamics (CFD) is a comp
al goridaddrsd suspd sfsluewrhe CFD modsepatciaalc udmd etse
di stributipar eoshe speheylsiacsalvel oci ty, pressur e,
ai dinemgeairc heompr ehendi hbdgadmi GEBcpst magi |y
fluid dynamics equaStokses enohudong,thedNavi
using discretizati émumeetamadsg i Inii Kk «C Rdlh dcfdenr reani tcde

in studying the fl ow behavior,l Lweedertdahéke

conditions, especially in industrial applic
processes. Due to the unildueg sphlys iacso chhi egnhi cvail
volatility, and high ionic conductivity), tr
them accurately. CFD provides a powetrifauns t oo

ofl &. For exampl e, CFD methods can BiCQdy bub
systkas .dtevel oped a CFD algorithm with two ¢
equation suitable for I L systems andC@ mass

concentration in the | idqu®Ri8&l]pheaetealbna td@Fele v o
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model t oascdiersac tfll yu i ah adryancat neor€i slcliosn v @ ma miomea |
solvents, studying ftlimuédedl eorcgiot uimngainds ciompa |

viscosity with[t2i8rldSeu neanploimepestrodad etntes separ at i

—+

of hree new g[rBeneinmgl|[LBsmi ni] nfcB[E dhi mds], EtWS @ h pur ¢
water through simulations t o Qawarlowatle etfifa cf
t hrough membr[a2n8e2 Jlclhoentraed wirtss conf i rmed t hat
menti oned above, significa@@mpl empresedompar
pure water. Pourtal ebi et al. found through

that the addition of nanopar t@CQ@dkeso r(ptBisgn and

@)
(@)
S
7

i dering thel &Wan gu eutspeadb pae rctePuBpS egdd dGHD f or

first time to predict CRabmaspttoansh&4]loohar

Bao eftorand.l at €€FD model withtaildoolrdpdy 56 eme , e
i ncorporati@@cdrmeeretfrfatcitomfi n the |l &qundt péaa

ma s

(7))

trang2@0]Tmegelregressedin heellabf@@mnd tva s
concentration in the | iSqwikde sp heagsuea ta nodn ss aulsv end
momentum equations, the VOF foglC®Dmaecs, famdti f
FigLlr®i stinguishes between their si mhhleayt i on
obt ai nGkQ@cotnhceent rati on fthebdghnsi onl &t il omwu,i da
showed the dist€Obehiod bhedbaebbl egesd for ming
ionic |iqui &sglhe Addiwtni oinnal | vy, their CFD r
bubbl e behavior and m@OIMastsr amafnesrf eacharsa ctoart i
in pure ionic |liquids, wChGemn aesass tirna nasqgf ueer o uiss i cc

thermodynamics.

Al i st uai ed ([BrhirneleS[BMIL sn]s,B Fdhind mlg)PR a 3D fl at b
column and carefully examined their hi gher

sol v[e2n8tilsfThey appPBMdJEU Iher iICEMD met hod for si mul
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velocity of the I L increased with the height
vel ocity of the i1onic |iquWiQexdhe dri-¢d esle hdWMenlc e
behavior in the ionic | lguipdhse,nowteinlae wea al escs
ami ne skFoilgvidmptrse.sent s snapshots of the flow p:
sol vents atQven oappamkshe0 .fO00Jludr e shows that w
range PRPdA®D. P2A6khéNad an ndaoeesnctiilclaadt or CQf | ow p

bubbles in the iTonic | i quiQQ®a sdciedodneostt aonstd iyl |ie
straight trajectory within the Vviscous i oni
hydrodynamic data confirmed the viability of
volatile and readil £YOcegéretabhedeovncesliqui

Most researchers fo€OsrontabbPogpihitbbawdwers, of
this work emphasizes CFD silmmul athieored oirre,t e e
provides some CFD simul atigonidteghehesebabed
| & Fora ndpe , Semnatucdled CFD simulations whil e
i mi dazalsieddiret Bynlet hy !l i mi daz ol i[uBmi ent] )EItiIS®OuUu BT a
mi croreactor, simul ati ng rmownetnhtiunm,t hhe2 @rbi] c raonrc
The simulation results were uBieglhltG®@hacws fti ren
variation in t hneetdondemtdraaztoilen aacfross t hree
observed that the serpentine and segmented r
effects compjaurnecdt i oam tmher dr e afcrtoom . t MMihe irmu

effectively confirmed the experi ment al trend

Using CFD techniques, Nandwani et al . si mul
geometrie8mPdel surfactant wussed iinn ttyh e qutewd\s
cont atihseunggact ant][] dmo mi) B @lrhmegq-mo i ¢ surfactant (
159). The mixture model was treated as a mul

apacked. They incorporated a mass transfer m
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the surfactant transfer ddnbhetkwe d nBetnisdeudipld va/n c

assumed no chemical [ 28A&a(¢{lthiegynsf oiumdt héiant rmdce

system exhibited higher efficiency i-howil r e
interfaci al tension between the surfactant
surfactant ilntaond hber irnees,i dwhailc hoial | Yae dEwegéh v

et eanlp.] «CfFeDd s i muli amtvietsee E ggtaext racti on of -ar omat
supported | iquid membr amevmdest aatamrsf amnd megrcd
elucidatebserved changes|[ 28ZHtuh ed eevxad eorpiende nat anlc
tapered vortex shear mixing washer and si mul
| o569 The newly devrelxopnegd wsatsahteirc emmihcarnoc ed t h

mar kedly improving the eafefmocliitenngcryd opgr acall dkmad iir

oper atyict malloaflck yhleat i on o | uni t .

Overall, CFD is a power ful and valuable tool
di fferent operating conditions. However, res
processes is relatively scarsemuliwatihomo.stTlse
this work will consider the unique physicoch

i mpact of different reactors under rvakrmoulber
foll owing sect ihoens,aswe wihlelordyi soddusds ftf er ent C

of simulations applicable to other reactors,
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(_Start

Initialize and specify

boundary conditions

Solve the continuity and -
momentum equations

Hydrodynamics model

* Drag force source term

Surface tension source term

Solve the VOF equation

* Calculate the bubble
diameter and velocity

* Calculate the mass transfer
coefficient through correlations

-

Solve the CO, mass fraction

l Mass transfer model

. f---1  Mass transfer source term
transport equation !

* Solve the liquid
viscosity equation

Fi gltlrEr amewor

t he

025

Fi gur£02 mass

Update properties

Convergence or not
Yes

End

k of simul ati on

con@CEMmei d[o2dd 0 ]

procedure (

CO, mass

fraction

2.0x10%
1.8x10™
1.6x10
1.4x10*
1.2x10%
1.0x10*
8.0x10”
6.0x10%
4.0x10%
2.0x10%
0

035

1045

055

fracft €o m]fliB&l d tiemipQe,u ragruerses ur e
MPR 280]

Volume fraction
of CO2 [-]
7.0x10%
6.2x10”
5.4x10%
4.7x10%
3.9x10%
3.1x10%
2.3x10%
1.6x10™
7.8x10%
0.0x10*®

10,65

(b)
[hmim]BFs

0.080
0.071
0.062
0.053
0.044
0.036
0.027

| 0.018
l 0.009
0.000
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https://www.sciencedirect.com/topics/materials-science/computational-fluid-dynamics

Figlr®nstantaneous snapsitgt $ nofcofmpawi pagt taeni |
(i) with sapdrofcd dOy@ulodf CO

— -
[S—
—

C =745 kmol/m’
Cyin= 4.98 kmol/m®

 ——
—

Cinar=6.87Tkmol/m’ Cpax=11.45kmol/m*
(',"‘m=5.81)kn10|/m‘ Cloin =1.14 kmol/m®

Fighlr@oncentratimetmyofiimi eésazol elin tke thre
residence time and reaction temperature of

concentr-metbpbi mfdazpk85ht the outl e

1.5. 2 Mo@hd nmiiRkRmaglcbdr s

The irregularly rotating motion .oéIxtempeisds i n
spatially extended nonlinear di ssipative sy
excited and firmly coupled. This phenomenon

astrophysics, oceano2g88phy, and meteorol ogy

| n he t hfelowiyd ohechani cs, the mass conservat.
equati on, and t he momentum <conservation eq
Theoretically, amauyntleett ¢ ownf orematicam be obt ai
equation directly, and the accuracy of the e
cal culsaitncoensno assumptTwmisulaernet immottrioodnu ciemv o
t hr ouaphroouatd sopfe cstprautm al anrdaintygmp o roanl t healme s,r
t he mac,r osco@mrassi ng both energy exchanges
energy e k a hggomaglees . voptt ¢ ¢ @twli yaarien bly u etnhcee dbound a
conditions of the flow, with their di mensi on
s masliclal e vortices are mainly govermedsbyi vgs
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mer eltyhomeandt 2z eoffd fotwh &f @ el d. Moreover, the ra
increases rapidly WigThetbkbPéoReyndidschlumbenl ¢
equations (i .e., Direct Numeri cal Simul ati on
computational effort required. Turbulent f 1
Reynol ds n u nhbee rcso mpnuatkai tnigo nta | compl exity chal
computer storage capacitPN8ndsppocmasihyg spge
mechani sms of fl ows dR e 200w d Rewy rt dili chs sn umpl eer
bound@fraitespl at e & ofdunldlayr yd d vaeylea)p[ e2d8 9c,. A a2dnO& le r f | ¢
compromi se approach is called Large Eddy Sin
the turbulent fluctuati onS$t dokye saveeq uaagtiinagn s( fwil
spati al domai mctad er edavessmhaloim the fl ow fi e
satisfied by ((The liafdecadedi e t he small edd]
the | arge eddy tquaodtyi @ersg adhn-d dihd eemgondad Islu bt o s i
effects of .Thessmal beeddsesthe structure of
depends on the boundary shape and boundary c
model s have difficulty describing | arge eddy
making direct Ssimulation mdpensui tdableet | §gma
boundary conditions and ar-gr-spdrailnear mo geliss ot
remar kabl eSunceebDsadPlllomfefer ed t he engineeri ng
computations, the LES model has become one ¢

[ 22B5]However, it is still constrained by <co

Reyn¢ROFrJloposed the concept of Reynol ds aver
averaged equations. To close the sysdém of e
The main task &fngt ursbutloe nntoed emhd dtehoerodReerly a s £ d s h
system of equations. Research on turbul ence
deepening understanding of the turbul-ence m

viscosity momementindl esuaoad modweil scotsoi trnyo nnhoi dn
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Addi tionall vy, the empirical cali bration of
der i vlahtei otnr.adi ti onal model of turbulence is I
Currently, statistical mechanics methdd&, su
29%Ind renormali zaBio@n ¢iMdvlep atlhseoorbyeen succe.

st udtyumlgul ence model s.

Various | evels of turbulenrdgigiemExateipon f omet K
al | require the construction of turbulence
factors affecting the accuracy of engineerin

computational fluid dyynamihces fsoirnmsl aotfi ovnasr.i oQiu

are highly diverse. Hoaweeraged hequatoisame wo&n
| ackitdregpptihn research into the coordination ani
various inteagxcftlioomss. i n compl

G]"h, >

O

WS . & 4

R AR R\

\ g \/)[/, “‘,— ~ o\;_;‘—»‘ ..(\':’\ 0
R e ) & N . O\V

- ,/’/
Large-scale

. Dissipating
A Flux of energy | g
eddies | S ! | eddies
! ley oy n=1Re;**
Resolved |
1
Direct numerical simulation (DNS) Arie
“'DNS
Include Resolved Modeled Increase
more PESSSE S S s i — computational
physics Large eddy simulation (LES) 4 cost per
iteration
U Resolved i Modeled k|_J ;
5| < o N T A A =
Ipans Reynolds-averaged Navier-Stokes equations (RANS)

(turbulence models)

FigLUr'® generic multiscale framp@®062k for m

. EddWi scMedey

Bouss[ 33I@3]qg st proposed the eddy viscosity con
model . He believed that the essence of turbt
turbulent vortices increase theebktifeEeivecwe
the eddy viscositySttokédi eqgerati oms tthe Namule:

proceansad the value of t hse deeddeyr miinsecdo stihtryo ucgadne
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met heidsh further reseassieegdsyhei sonsepy bhsBe
series of models collectively known as eddy

eddy viscosity models can be expressed as fo

66 I o 2 O 133
o) Tw Tw

geis the eddy vidcosisytbheet uirbiuéemnt kinetic

The earliest proposed eddy viscosity model a
stress and the strain rate. Once the mean v
eddy viscosity coefficient mRésoaws. oTilei $ oeddy
coefficient, whi ch lesl ibgyotsrodpviicn,g csaonmeb ea dmho
quantities such as taupdaifeind yddii gswsiti ppasttoeaore r rgaat
other turbul @én@®d pa@Famevi@ebspending on the i
turbulence quantities, different eddy viscos
us &tlankly model and theg¥, kflelmodeVvel dhed eddy v
coefficient can 6@ ¢éxpr@Fssednds ! ©6Qtor

* UMy respectively.

To close the governing equations, t he numbe
must equal the number of additional di fferer
number of differential equat i ocnlsa sssoil fvieedd, itnutr

categordewat izemr cengu &1 iso n omeedgeu ast,i cam dma dveol s .

. Zerequati on model

The-cabl eadlqueatrioon model refngr & hteo edlidrye o/ti Isyc oma
eeusing average flow physical guantities wit
This model type primari-dmpirreilciaeds foor marh@isr itc

turbul ent eddy . Wwiogc cesxiatmp InagxeifRfrgaciidefm3y'dGigds] taheor

typicaabuaeron model
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‘edT_é, (1-4 %

T w
li s the mixing | ength.
Under tlmeazerom model f rLaonmeawo fmi® @ wfl hteh eB amodswi nw i
used. The€omBax dwion e | applies to turbulent b
contribution |Iies in adopting a zonal eddy v
rate, and modifying thefmexeng mexghy hengt h
empl oyed for the inner and outTehre |-eagueatsi oonf
mo d e | is simple and computationally effici:

encounter difficluiled etso wthleen @u merccitd gl apipmul a

. Ohequation model

| n t heeq waetrioon model ,eratnudr bmi Ixe Imtg | veiessaggdRRiytnyo | d s
to the mean velocity gradient, considering

convection and -dgfdusoomonmodélke snnhgbeéuces a t
typically a functnieaongyqgf atldrobw Inggn tt hkei rseg/tsit e me ¢
The seighugatei on model commoAll lymatedse mgIBE 6 ]lat h e

turbul ence model sepe oisfpiaca! layppdesciagneodsf ompa
wabbunded fl ows such as the {BOwW, f iFH®Buwe vaemral
despite its relatively -elgoua tcioommp unoadteilo niasl ncoots
types of fl ows. 't may produce significant e

as planar and circul ar jets.

IV. k-Ut wequation model

The stkddmddeld requires solving the traksport
and its dilsTshiep attuircbnu lreantte ki neti c energy tran
exact equations, while the dissipation rate
mat hemat ilicrad anoalledgous to prototype equatio

tur bul ent fl ow wher e t he effects of mol ecul
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st ank@amadel iI's only suitable for Simué at i ng

di ssipation rate of the turbulent kinetic en

. T To (1-4 3
T Tw
I n thekepsaikiflenmdie! , thekemaanei assfdbblows:
R , A" R RQ ORQ 0 T T T (1-4 }
o 0 e To, TR To T T
-F]” '-h”_
= (0] -
TO Tw
R R , - T T Fo (-4
To , e T ° 0T Te T
° 7%
Among them, the turbulent vi kea@riamelcyain be e
‘ n"TQ (1-4;
°
CgCwanGare empiricalikam@aseé anhse, Pwandel number

to turbul enkankd ndeitsisclpeansepregoyt r aé ey .

The stkddmddeld was lpawpdsredap® 0Bddil tdi mmal |y, t
various i mpr ovwd®mnodel s iRiNMisUmotifed ta@]d t he Real i z
k-Umo d[e3 1ble]i ng among the most kWnioddeelly iuss ekdn o winh e
robust nefsfsgctcioseaness, and reasonabl e accurac
|t i s -eapisreimd a | model , wi t h i ts equations

considerations and empiproitealt i @albs d raw&t ioofnspr e

scenari os, sucthplasx dferad @ ngheaevarnt hf lcows , strong
flows, or flows with cklmueddl stemamhsnensne bhe
turbul ence models in Computational Fluid Dyn
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The R&lsi |l on model is derived using a statis:
theory. This approach -syaltemabitc dinlsy f r ®mmo vte
equations by representsogl &d hmotri eefd eatyd mbd
ter ms. The model i ntroduces an additional t
accur acys pfecerd Hilgphws and accounts for the inf
the stkikmoddeld is suitable for, hilgeo MREGNnOi ke
equations provide a means to derive effectiyv
number effects. However, the effective use
treat mentwalfl trheegineme sT mak a-Ufhaddée IRNMGor e accur .
reliable thiklmodkeé scaowmdar d brThaderquradn @a so f

foll ows

- 0 -
O Tw (1-4 3
0 R R 0 FO T T
oo | o T o To o
-F]” - (')'F1” -
TO o (1-4 §
h ‘ iE W - O T To ez T
Too | o ° 0T T T ° O
The vasmima®diaerse calcul ated using the followin
‘ r (14}
6° 0 0~ p -F
pT- (-4 %
_ oy 82
Y'Y "2 (1-4 §
~ P o T L5
The turbul ent epMiss ccaad shudloaviefdi caise nt
. Q ’ ,
Q— =10 (15}
V- p O
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' T,0 pmmBy integrating this equation, the
transport can be det er nitnheed dfedem hlaomw | Rggy t diled 9

and -walalr f | ows.

The REBh@del i's capable of effectively simul af
such as jet i mpingement, separated fl ows, S
still shares some of t hé&Unsoadmeel ,d rsamcbha cekss talse

predict the spreading angle of a round jet a

I n the REmddelabltethe turbulent viscosity inco
and curvature, and a new transporltn ecduat imord e
t he ¢ &xnisnt atnite cal cul ation formula for turbul
instead, it varies with the devel opment of t
equaftorodhi bei pation rate is derived from the
fluctuations.

The model ed tr akasngdom tt lee ukdkna biems a b loe

o R R, R R TFo TO (1-5 }
% T T ~ To T To fo
-ﬁ’l - (')-F]”
O TFoo (153}
h .~k sy g o TO TOTO
To T ™ ° VT T To
f —
T
wher e
6 1 Ao 6— (-5
0 15
W (15 3
N vy (15 §
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The difference k&hoeaid tthhee rsetad kildzeartsk bia  dt RNG

Ccis no |l onger constant. It is computed from
o P
wher e
Y Y'Y mom (I-5 %
And
m Mmoo G ] (153
m om0 (1-6 9

whemei s the mean ratve eid a otatabinng ensDer en

angul aryweTlhe i mydé&landanst gnven by

o 181 (1-6 )
o Vighé i %o (1-6 }
wher e
. —— 1-6
%o gcbéil/lcp(b (163
YUY 1-6
o X (16 )
Y
v vty (-6 ¥
w PP T (6%
¢ fw Tw
Theal i k@nbd dee | i mproves the accuracy of comp
boundary | ayer flows with strong adverse pr e
fl olvwever, this model has a | imitation: whe

and stationary fluid-phggioak, tutbelaeangenei a

applying this model in multiple reference frr

V. kkyt wequati on model

ThlkepsiklQowo d(e | struggles to predict adverse p
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encounters numeri cal di fficulties in the vi
Wi | ¢ 8dp2r]jo p o skeednetgklmemodel , which overcomes man)
of kUmedel , partwabl af lkgmonefie@amcor porates mo
account for | ow Reynolds number effects, con
performs better in predicting free shear f1 ¢
pl anar, circal aivegwawneakyrmaoitied | ijsetsuscepyti bl e
in the fMeet&S8tldBcdmim.ned these two models usi
preserving the f avokyamhddeelc hiaavatbth ee rreegdkidas aa fl
model in the free shear | atyhreea fwhad &$ toeveca BaoIm
on kyrmeodel , he further refined thecdesiadetiog
the transport effects of turbulent shearndstr
devel ofedart hstrel3MmMddehspeomptaridmodekt g the
SST model enhances the accuracy of predicti

adverse prefs3L4e YJraldi ent s

I n thkertSTbul ence model, Mentimaoddlniitritad |tyhe r:
t hkeemodel . The transformedkikmotheldi byenddingm

di ffusion t-bamdosi dbeofighe etqoefionjewhschA

di ffusion term is neglected, which doFRrs not
is applied to combine the two model s.
$"Q h . RQ TO - (1-6 Yy
B R
$”—| -F]‘ ‘-ﬁ‘ r o n 5 ”
30 To . o T AiEg T Q ¢ p (16 §
pT @1
Tl Toelw
I n this context, the turbulent shear stress
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., T 1o, < 1o (163
A To T ol & o

and the eddy viscosity coefficient is denote

o) (1-7 %

1
I n the region cl|l oskKi $ 01}t he ckwianvoddteil ;i eatsiv et Ihiee de

from the whilalppromachdase 9, t her eb Uneocdteilev.a tTihn g

per f or mame ehyldri d model I s 590udcth tthhea t b o unn daapr py

regi on, I t behlknyweosd esli, miwharlley itno otthheer ar eas

mor e | klneo dteHm anld@r epr esent t h ek-ycnoondsetl a na rsd i tnh

transkOmondeedl , respecti Wiehyt htherwt hg bc ons tmam!
.« O p O (1-7}

NotFei:s a bl ending fun@Ganlddepehditngaonheshbetws
wal | .

The ok¥v¥mgodal

™ (2-7 ¥

™ (2-7 }

I T8I (1-7%

N (17 §

I ™ p (-7 %

[ 1— R a7
The tr akUrodarerhe d

P (1-7 %

L @ (2-7 §

- TR (-89

(B (1-8 )

I 8 p (1-8 }

I (-8 }

— 1 hrr:
FTZWTT
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The def i nbilteinodni nogFiifsuhnec t i o n

0 OATdE (1-8 ¥

N ~

nQ wmrht.a”, Q

[y n, T Z F4 ) - _ 1-8
O Qi ENl Ag b)(bhdﬂ ORR (1-8 }
o pT 1. (1-8 §
00 I A 7 —_—— Tt
4 1 T(x)T(x)ho

ydenotes the shortest distance from the curr

Menf{ &8rll3ilmi ted the eddy viscosity in regions

energy exceeds its dissipation, thereby <con
viscosity coefficient formula is:
‘ | (1-8)
[ A®@ 1 g0

lqji s the magnitude of the Uv=003L Feiquyal serds am,
boundary | ayer and The i Br adhehdw eas sthm@ttihder yre
free shear | ayer, necessitatingltmhadidfei oh, t
production term is grimabeundarayn Itdyemds swii tphat:
gr ad(@eUn).The swit dch sf udnecftiinoend as f ol l ows:

0O OATdE Q (1-8 ¥
o NQ .
LY L3} 1_8

I n addild=F00.nBS trdeehi hbhe SST model .

From the above descriptions of wvarious model
viscosity models |ies in their direct establ
and the mean velocity field.sdAddbwewvet hesBonas
assumpftddy viscosity, they share several cor
model s are purely dissipative and cannot r e
Secondly, they cannotata cocno u nstu cfho ra st hde se fi fnegcuti
shear, pl ane strain, and rotating plane she
modelbss ot Repéyxgtwi th the devel opment of chemic

108364



the flow problems that need to be addressed
consideration of chemical reaction effects.
of eddy visCosse¢qguenotdle,s.researchers have b

devel oping a series of nonlinear eddy viscos

VL Reynol ds stress transport model s

The foundati eor defr tmbenesmie candsure model s t
equation, which treats Reynolds stress as th
model . This equation inherentd¢fyoRepnohdasstoe

thereby refllleaaliintgy tdife thombul encéd.hcelfTheume de
t he fundamental govlengi hgeegawtyonet bpdmodd,]

transport equati on antdi Hceoentba gnei dn gc ot nhteimm uw it tyh

Reynolds stress transport equation is given
T—”()c') T—”c')()c')
To Tw
| I .
Y 6006 N7 06 1 O
r ... , .. 16 10 (191
— ——00 00 — 00 ——
Tw Tw Tw T®
T 1o ToT10

¢’'m 66 - 00 -
The second theammd on dtehefl efhrte eqU@&) | On t-bet hieg
hand side, the first t@f)m tsetbecbndbteemtid
vi scous difiYy,usihen ttharrmd term is f{(P)e tsheafrostt
term is the buoy@Rcy hpr dddathi drertme ¢ip ttthee pr
sixth term is the Q)i sacrodu st hdei sssé wpertti o nt & rem mi

product(Fign term

Cho[u3 lsbnAo t[t3alnfadde pi oneering contributions t
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directly <calculating the RSetyonkoelsd se gsutarteisosn st ¢
Reynolds stress transport equations or their

concept of the turbulence viscosity coeffici

Building on the worllkhuaoflet heir apredecads drai
various model s and est abrmhoméretd dlhas3ulr@e omaldnells
mo d e | has | ong been regamoenénas ctitlosubenaoloma i
the fundament al f rmoneevotlr K modelt hlrassemotndund e
changes, with only somkenigmpgiipeygstuincehetase mandee d iof

term, -pteasoreerm, and dissipation term.

Unli ke standard turbulence model s, t he Reyn
solves for each component of the Reynol ds st
the anisotropic effects of tumbuldhfheet ssuch
effects.wabhhdehteacts. Additionally, this mod:«
more equaticeqmuatti banttuwdul ence modeslusi.t edo nfsoerc
scenari os +4pee@ui si og hautgiboun se,n cseucphr eadd i nt er ne
and compr esgpserds ,ailrifdlhow i nteractions with col
mi xi ng and heat transfer wi t ha i kooamgpsl ext ga
significantly higher computational expense t

requirements on mesh r essolruotrigo dciatpyf 6 e efc omaea,

mo me nt cl otsaurei moldette compl ex fl ows, its ap
i mited.

VILProbability Density Function Reynolds Stre
I n statistical mechanics, a certain probabil

particles, uwaleitcdh oohatnaibne i nf ormati on about t

evolution of the probability density functic
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Reynolds Stress Model I's an advanced met hod
concepts of the probability density functic
turbul ent flows from a Lagrangian ppelresxpect i
statistical characteristics and Hawbrnbaani
Pomeest abl i sthaeesde da nkoDdFe | by describing the uniwv
parti cl[e& 1Mmdithieon r ansport eqarad i dinrse otf | \Regymnlou &
PDF framewor k. These equations describe the
space, including convection, diffusion, prod
PDF and Reynolds sasresgutirassmgdorntsue @udtoirot h
preswalrecity correlation terms. The main adv:

to handle complex reaction kinetics and mul

additionalonasoumpi mplifications in traditior
hi gher computational expense.
VIII. Renormalization Group Method

Yakhot awedr &rsbkhagfirst to apply the renor mal
of turbul ence kdmad edle vbed soepde[d8 it hhiemi ¢ hteieorayp pr o
introduced the "corresp&ho&ese epguiancioplse’ nt «
using Gaussian statistics to expand the equa
i nvol ving thescealnonachmp f asthat he rescaling of
derived an egogateomofioons argkbere the influen
is represented by turbul ekdmodebgecoshey RNSi miol

empl oygu athieones for turkbubedti kenellssti pralee g

equations include additional terms and <corr
theory. These terms enable the RNG model t o
Al t houkddhut hel ence model based on renormali za

as the kUWnaoddietli,o niatls coefficients are derived

empirical dat a, o f-weaelrli ntgr emsdtvneennita.g @0 Mo d e & a it ¢
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fl ow mechani sms and may not perésrm wel|l I n

IX. Modi fiacfattilopen ModbéuHRlt@mw Pnewshwod Solid Walls
I n turbulent fIl ows, the presence of solid w
Therefore, turbulence modelagscmusat eby dpprcopt
behaviour-walnl thegmems mainly because most ex
based on high Reynolds number fl ows, appl i ce
fl ows constrained bsyl iwalclonkdd un danr ineesa,r tthhee nw
vel odintsiugdd i ci ent | y edevaelldo psenth | tl tlerrb lRleeym ol ds n
results in the turbulent boundary | ayer neat
those of fBpecttrbal epceturbul ence fluctuat.
the wall, exhi bidtiimeg sproanmadurhad atchreege sti cs ¢
such as the appearance of l ongi tudi nar vort
|l ayers of the turbulent boundary hayboufHdamg
| ayer. Addi tional l waltumkwli@emcei si nhitghd ynaar
i mper meoaftbh d i wal | |, and the velocity gradient
turbulent viscosity being doiinngande q tAm®itchre,r
wher dttehrem appears. k6éguahse =2HdbedwwaltlEt causir
approach infinity. This results in a | arge s
t he resul ts torec,onkieghgbe ReYhetl d§ number tur
appropriwat ¢ meain f i cat i on s-bowhnedne da pfplloiwesd. tToh e

solutions currewalFyn ctviadrd arné tehwiaed v a dthokls é re

Mo d e |
The wall function-emeti hodabmplooys|l aemiand fun
guantities at the wall with the solution va

variable values of the controly solwvmnmeag ddjeasc

empirical formulas and functions. When wusir
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unnecessary to refine the mesh at the wall;

the |l ogarithmic | aw region, ensuring 1t is
Through wal | functions, t hel teud biurn emegi arod ed
wall, thus reduci nTghe hceo nenoenrpcuitaalt i FoLnlAH N Tl osaodf. t
functions, including estqaundarbd iwan Iwafldn dtuinacnt s
wall functi owalaldotpmhest li dnekadd inrecher and pSpoavli ddiendg |
achi satngéibmbubayi on results i n preqguiilciadr ieunmn
wall function method is more sensitive to pr

the mean velocity aayned ecnopnicoeypst a odro uwchaleecgy at i |
near the wall. This approach addresses the s
cell s ne@®re tnhoestwarlelp.r ens e rhtea tliowe Rmeoydmell ds © heb
| ow Reyno kUdnso dneu mbperrd pose dab[g3 2GJlundehi s model
fl ommstlhowmw Reynol ds number are primarily char e
t he Vi scous effects of fluid mol ecul es p |
modi fications must be mad&BEmadelt.heFihrisghl yRe ytn
coefficients in the governing equations mus:|i
coefficients to reflectsitlgye Septbuodhyge Dhe mo
governing equations need to account for t h
ani sotropy of turbulent kinetic energlk dissi

equati on.

1.5.3 Model Validations

CFD is a mature swdrtiwardeultentetmadelos feos se
reactor, whether the fl owhaegiinggua sdh, s gl dieqdutihde r
solliidyui-ph atsweo, o# i qualdi dgp htshsree,e as wel | as th
chemical weantpbasebetall significantly i nf]l
These factors directly affect the accuracy

efficiency, and reeatcton, raan&snguithiensehect

118364



turbul ence model critical for accurately simn
reactor. Given that our research focuses on
' iquid synthed$&WM, uschogsiTCR tame appropriate C
on different operating conditions, such as
temperature. Therefore, this chapter will fo
characs$ eponfstTiCR and HSHMeccbhesi oprirmagi hfge cenc
subsequent numerical simulation work. This a
oft hsei mul ati on results but also provide theor

and industrial applications.

. TaylComette Reactor

Many researchers have explored theTGRhow and
previou[sl&tT udl®is] anf 3RBpenda ndii r ect numeri cal s
to model the fl ow of -Cowletmer agp@lautaitaurss iTrh eay
Tayl or vortices induced by the polymer split
wall shé&ao eihmmpadbyedEahe#E llluwal met had ftl w esntced
of bubbl es-Comet he Tanpilwogp atthteertnr adnusi ti on fromn
vorti cla3l2 3f[Ttbeycedbvehat the gas velocity influ
and increasing the gas fl ow rTiten ceatusagldat &e
mi croreacto-Cowet heard@dagtor (TCR) in a micror
pr oduccft r@i,N2énzot hi dZBRI4T hdeiys uallfsiodeused CFD t ec
the mixing charhaabariasnpgpebieetl aiCRystematic (
simul at ephdase | digfufi dsi on and oenvecuirVERQr ams
and extracted statistical data from | arge e
stress[ 3no5de€hey validated that the numeri cal
published toFQuikr&hhowse |l talhe omaver age XZ pl ane
Ree430006an be seen that the vortices between

nearly c¢closed flow structures with a high fI
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t hat t he advection mas s concentration bet we

significant jumps. They characterized the re
defining a new | ocal turbul ent Poel cdl se t n unnubnebre
doubl ed, the turbulentZengtededmtliymni nwegteiagae

' i quid i mmiscible fl ow &md ema ses ntirca ndsr3ezecd tionr

However, due to rosabilenelfdedkaphanad miacwo
hel i cal ri bbons rather than as dispersed dro
movement and inclination of the ribbons, hel

and stationarsy (hSeHVi)c aclanv obret icci sti ngui shed. L
performance of the TCMMRoatsamey say swiad me,r / ddred ztoh «

t hat the mass transfer coefficient could inc
i o N (b) © N (d)

vy’
(wry)?

5.0e-03
ol

| Ju|? uw'u’
i (wry)? (wry)?

-0 50 -5 0e-03

| 0.40 4.0e-03

4.0e-03

0.30 3.0e-03 § 3.0e-03

2.0e-03

1.0e-03

. 1 r q

Fi gUiIr®l ow visualizati onRedfl3lthhe (X&) phmaar \ ¢IE
showi fgytbe,voéb)i €¢é&si d Reynneotlidcso espternegsyst ( o)
t reaedi al ,dandc{iddnReynol ds stress [@B&RmBgdonent

. Hi gh shear mixer

Currently, when examining the geometry and f
mo st -atnidnecfofsecti ve met hod. The accuracy of f
to the choice of turbwéalehceomodei aogspelat ment
bet ween the stator and rotor, and computatio
to the Multiple Reference Frame ( MRF) mo d e |

suitable for simul atraomgg tirmtnesri amtti @ oltetswBeesn
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https://www.sciencedirect.com/topics/engineering/taylor-vortex
https://www.sciencedirect.com/topics/engineering/reynolds-stress
https://www.sciencedirect.com/topics/engineering/radial-direction

I n the I|literature, al most all CFD simulati or
stankldaudbul enTcaecblMpd el experi ment al and numer i
out several ti m&gu7shiyn gl atsh eEsskaamee tmaatl ddrail al £tus
al[.328]The Quadrature method of momentklU ( QMOM
turbulence model to simulate the breakage Kki
and an increase in rotor dsxpNemdriedl tionwae gteip
HSM performance were carried out to scale up
[ 329 Jasi sknaadndAtagdlygd 380 ]Tdle. combinati on of

contributdepttho umderstanding of the dropl et

di stri bthteotsdrat or app asi 8t ,. 3B\ Nn] panmesraoatvatdi ve
t heorfertanmeawor K gh e uendiendignyi-mwalttiiomcal e ( EMMS) c
refi nnBEBR@F®i mul at iaosnes siyns tneunlst.i pThhe mesoscal e
consi dresoldvet ot he popul ation balance equation
wi t h t he expebLamgat aelddy essuilniusl ati ons predi
characteristics of HSMs -amerageae&t dlhaselmet hbod
Both Direct Numer i cal Simul ation (DNS) and

excessi-eehgummi mg and | mpsaxlte caplpnficrddiiinadnmsnt, r
simul ati ontdioquitdhefllowquin agitated tanks usi |
val i[dad32Bmong turbul enckddlmmddkel 5s whdebyandad
drawback, however, i's the inalbihlei t nathd lodvé yc
a complete and detail ed desdr3i3pdtmwhoinc ho fi st uar bcuc
problem in the iimpeller regi on @ardo ntehoe eitmpa
concluded that the Reynolddd fawmdbmngiemg sofa t\
approxi,matiowing a systematic and rigors ev,;
ReynavesidlgeSenkes (RANS) si mikUmadelnscludsurie
stirred 3¢ sdmRANS met hods wcompapapriopmalal

turbul ehaog mmggthaclee pri mamsfyorn ncoemuenmamor ar y

applications
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Recapitulation and Concluding RemarKks

ecent years, il onic |liquids (lLs) have at
rial s. Due to their unique physicochemi
tility, excellent sol wlriel ictoyn,s ianed ebdr o adde ¢
various applications in catalysis, separ
ntroduce sever al recent advancements in
viors andl védcsat oime z athieanma properties,

wabl e ther mdlB0¢&rmerygyarset carlasgope cruci al as
trochemical ené¢rl@®y |JFsutrarheeg enotr eeg h n d.lso gdi eenso
ntial as efficCinnt cc-awaléwespsodumcrconveaend.i
-omegtaanli ¢ framewor &rpdr MR )s i ma@gmp s igtaesss and |
baebs

the growing demand for green chemistry
usses how this demand has driven innova
i ti olmeaad e ds od veemitc a | reactiong eldaby @madga
nol ogi es, - d iugdti eddy Iy rctalsesshivwst, e d u | styrnat shoeus
oreactor synt hesi s. These methods offer
uct purity, and perfolrlmafncee dHhoavelverge &1
pment cost s, operati onal compl exity, 3
strialization of I L synthesi s. Therefor
ore new synthestie betatcdror me eatn dt Ipg ot ema rec

strial applications.

selection of reactors and ©oplth ms wn tnlge soip

i dering the high -phasesregcoiohsési andl v ¢
ess, this chapter mainly addresses the
oduces two reactors owvathnexetefl enentmi m
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capabil it i-QGosuettthee Rleaaycltoor ( TCR) and the High

to traditional stirred tanks, tubul ar react
TCR is able to effectively cmoenrtatoilngnadsisf fterraer
flow regi mes, of fering a controll able resi de

the TCR helps reduce velocity distribution i
i mbal[ah&®Fhese advanthagdeserr eqielrtgy di ssi patio
mi xing in |IL synthesis. Meanwhi |l e, the HSM

through-spkeedhigheraction of a rotor and st a

mul ti phasystreems.t ilotns skey features, such as 1
speeds, have mad e t he HiStMt ewisd eley pu &€ s 3 ens
emul sification, depolymé¢Bid3bsdati on, and chemic

Il n addition to reactor selection and perfor
pl ayed an i mportant role in developing IL sy
commonly wused simulation methodad,omwitlhe mBoOS§ N
modle269However, Computational darueedabDygnadmaess
power f ul t ool for optimizing reactor perfor
understand fl ow behavi gbutthtawrslou lad n ®mev, fand t fihk
of how different operating parameters (such

synt hesis process, thus further I mproving re

Overall, although the new synthesis methods

related to reactors remain as bottlenecks hi

Therefore, this chapter | aysitveerffachnaoatsi am
intensification strategies. The foll owing c¢h
reaction Kkinetics, mass transfer, and micro

optimizing ftdhle ssey mtelegetd i0@FsD hgiomul ati ons.
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Tabld®et ail s of previduguCEDdIdstspey simonl iqquiddfferent reactors.

Ref Systemestigated Wor king fluid Research

Continuo Di sper se

PpT@ART dens YoRQTH densi Stan®aq+;d GF

i - e TTTwE vi s c ¢ MTNI A vi sc.
[ 33 Bl i-mdde HSM T8t @l T8 @ PBM
SSirred tanks WOQPTH densi pndXTh densi Stan®a+,;d GF
[ 33 TP Vi sco MinnXdi vi sc PBM
4 LRT (Sil vadlritsno nt)a cwio Water - Stan®a+ d
model ;
[ 33 del L
ASi Il ver sonist 4R®rr ot Wat er - Stan®a+ d
[ 33 model ; L
Ul tTrus rax stirred Asurfactant Mi ner ap ioddil Standa+ d
34 subsbiceane Vi scosi't model ; L
[

St andard Rushton d The barium xy8aQ®h densi EASM; stQan
[ 33 aquesooulsut i TBITLW® visco -model
Acyl indrical t a ok awdie wat er - EASM
[ 34 Rushton turbine and f

Abaffl ed stirred vetsyE water - Stan®a+ d
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[ 34 of mpel l ers (DT, PBT,R6(
HF)

So | vexitt r g StXi) o-piuxne r

[ 34 R320 i mpeller with va
with an auxiliarny u
An unbaffled stirred
[ 34
The stirred vesse
[ 34

model ; RS

LDA
woaTh densi

PTTOEH densi 1-EQ-8GI KE ES

TP Vi sco TN vi sco model ; F
pTMTEN densi - The SmagVar
TSt TPdDi Vi sco Dr i e sgtr isdul
mo d e |
PTAXEN densi - SST 1 mode
Mp WA vi scec The SmagVar

Dr i e sgtr isdul

mo d e |
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Chapter 2:  Experimental Investigations on the Synthesis of thenic

Liquid 1-Butyl-3-Methylimidazolium Bromide ([BMIM]Br )

2.1 I ntroducti on

l onic | iquids have emerged as weéerd®eatrialneg ea no
appli caatahysis, electrochemistry,[ InBa5t,e rli3ad,s
34%510ue tthei r |l ow vapor pressur e, high ther
excellent soll2at3idF i pmopmed ssagsnd$i cant advan
traditional vol atil e organic SOol-lvetdyls . Al
met hyl i mi dazo[l BMImMM]Biram®i dgeai hed considerabl e
effectiveness as a catalyst, el ect riomlmatses i n
proce[s3shi8ngs well as itéaddef 8dhwedByo fl toevn cwssea d

starti ngsyat [®at shiere tfimonncitd .olniagui ds

The synf BBBEMEBoada strongly exatchietomi an aé ktyh atl
react-9@&d/ mb4™Mog date, most reported research
t he study of t he phys-buwetmleeémytami dpaopleirum e
( BMI NN Barnd t he applications of] 3i519s. &@®iewaetri, v
significantmahal i en[gBMitMd eBgdi it Mm@ r -biansiedda zi ool nii uc

l i gyi3ddsl]such as |l ow reactiibonefdscsenscubsha
consumpti on, and potenti al t her mal -srcuarl &way
industrial production and-bmrsadt ii @ali capplgiua at:

identifying an efhidcisent avsyetlcbeims cptocesasta

t her mal runaway and achieve high conversion
advancement of I doi @adldirgegsisd t hesmi <thrayy.l| enges
di fferefntchemiesalo reactor s, i ncluding a trac

mi croreact or -Glewdtgtnes ,r eaa eSthcgrh,o ram dx ea . hiBgh ev al
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reactors based on their conversion rates and

we aim to determine the most efficient react

Mo s t reporiteelde r le himesr aatduorper € @ d  tt asnykn t rhieeasni tzoer s
|l igwidsred tank reactors are widely used fo
handl e various Hoeve dtaieqo rt oc d rhceei tcioonrppd .ex fl ow dy
l ow amdchhidfomr m mi xing rates, they may not al w
achieving high conversion ra$eshaaodman nlieandz i
to inefficient reactions and increased energ

synthesizing [iBwMiiMg Blri qui ds | i ke

Addi t itohea laldystyinotnhaels he d o fdaedd siorgwtetnM&sshe r eact
systiame stitoedricheamwm!| . rdonwevagr , t hieadapm@r o
prol onged reaction times, | ioiweerm i coc olniveear isid conm u n
[ 144, l1bRes 8612 mitations become partieularly
purity i1 oniecsaloggsddei hbhbeeased .f olnheitcseeget apr
t heex paltoiroanl toefr nat i ve rtea cetnohrandcesirgemact iloon and

recent decadeactmrs have emerged as promi si.

tank reactor s, of fering advantages such as
over reaction conditions, and368c.al3a6b4r]l bty
mi croreactor designs, i ncluding ci mmi xlears,, s

have been investigated for thei[r36tehd5H.,al 340
Addiotnal | 'y, & gbethdastd ecsangbni ne mi cr or eawdroag s wi
al so ataempvedage the stia8Rdgtlhesweovferhotdhespy
i nnovations, akhgewvemgsibe dat ebsaesdnd tshyentmhi egi
[ BMI M]ié@Bmains a significant <challenge, I ndi ca

reactor design and process optimization.
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MeanwhiHsdgamairxserhave al soi rbeseynretexepslilairsd ddeuier t o
potenti al to i mprove mixinghe&afi migacyg aadil
mass transfer and uniform mixing through i nt
achieving high conversioninatlkeemiodlTeHnpi beéese
The T@yue®trte react ocrh esniaenadis oawst daumreontg i1 ts un
generates high turbul ence and 3s&7ela]rT hfec rTaeg/d ow
Couette reactohe cbhatbcveoomeantoygind odyl i nder
complex flow patterns that enhance [M3%2]ng a
However, published I|iterature has pnCootueytdte r e
reactors in synthesizing ionic |liquids. Seve

play significant rol es drn tdheitserprnurnpomsge.t heir

Thichapatiems t ot hraletet 1 f g1 ent react[oBrvsl M @8r syn
conduekpagi ment sc hietmi dial f erreecanttr ads t i omal udit mg
reactor s,s mil adobuoeetatcet orre ach @ars , miaxar ©1i ghhe eva
i nclcocheeer si on ratedvodhd whe #ihdent e gmivregs) ame t
the overall efficiency and scalability of th
performance aofn tlhe stehnnshewd dbesrecmi ne t he most
reactor desygel do-podhkeybfpbpbgboducti on of [ BMI M]

2. E2Xperi ment al

2.2.1 Materials

Imet hyl i mi d-dZ/ql e 9 9(UHriddmolb ut a6n5e, (29 %H)u,t3y |1

met hyl i midazol i-u#h, brombolle €8HFEDN0AGe8W) ¢ 4ddtl
( *®=! , chr omat o,garnadp ha cce tgir & daeo 9d9 %) 6 4wer e pur ch
Shanghai Ti ©OQagDBxileindgtidd callCove, all/l reagents
oAnal yti cal purity anki g2aséhotwsr & dieeq v aftagqowd @ tome
synt hg 8iMABMn.g The physirealct@amad searateidesgilicmidd uec n
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2-1[ 37 3]

r/ N

R e /0 B
EN/> - /”\\/“W

Fi g2YReeacti on equmat h elsbiudt3yold tthhyed ismi dazol i um b
( BMI M].Br

Tab2lldhe physical mpeaptant es of each

Physical 1bromobut ilmet hyl i rlbut3yl

Br bu Ml M met hyl i mi da
(CsHoB § (CaHsNy2) br omj BEI §] B
(CeH1 NB §

Mol ecul a113g/ mol 82/ mol 21®/ mol

AppearancCol orl ess Liquid White cryst
l'i qui d

Mel ting }-112 -6 76

Boiling 103 198 273 (decomp

temperatur e
Rel ative 1. 267 fl 1. Og3/6ml 1 .93 ml
Surface 12.c6P 3.48P 14
I nterfaci[ Br Bn[dBMI M]sBrMon®da5 40

Heat cap:i- 132)/7Kg/ k1. 3b¢@Q/ K
[ 285] (at )R374]
Heat of - - 2 9k J/[K3g7 4]
SolubilitEt handl / E Wat-¥¢r Wat er/ ACNY E
Wa t-N r EA/ Al-Mane

The [ BMI M] Br density trHremg@®&2wi th temperature
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ToL) ERSEISE S—— . 1 —— SR R— ——

' Slope = -0.00067 |

Density (g/em’)

. P R R
0 20 40 60 80 100 120
Temperature (°C)

Fi g&2Deensi ty measubetByet hgl | pni da z[dB MIuM| Brr o mi

as a functi on3705f] temperature

2.2.2 Analytical Met hods

. UMW i s

UV spectcrambaopygterize ionic |liquids due to
peaks of organic tattbrwesbuthhasU¥VYemegitsesnwer

using Ther mo Evolvutsiiobn e2 Oslp eltlttrroasvciooplye t

. NMRChar acteofi zlalt i ®tnruct ur e

Nucl ear Magnetic Resonance ( NMR) techniques
density aroundMHamd@NMR' cheamicd&®lusshi fts are t
used analytical met hods for detecti7bg. t3W& ] C
The products obtained in this experiment wel
spectro4G@yp ywi(th deut e COGE da £ hi Ifkei ogf 2e8p egnd rfh te
synt hesi § BpMi o/dl Behti cihs does not affect the NMR
the apBdMhM]sBra bromine ion.
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v

C4Hg

Fi g&3Tehe chemical structure of [ BMI |
Il n NMR, the nuHabteormsandn tay preolocefcul e can be dei
shift values of the absorption peaks, group
confirms the structure of the i1Tonic |iquid.
of BMI M WaBy mea22bmusd ngt deut er(@DEschlher sfod vrant
the isebBaoaWwhi gh4d e The NMR hydrogen spedtrBwm of

anMl Mas measur ed usiangdhted ear letasnb bimg2dh ad

'H NMR (400 MHz, Chloroform-d) & 10.29 (s, LH), 7.59 (t, J = 1.7 Hz, 1H), 746 (t, J = 1.8 Hz, 1H), 4.29 (t,J = 7.4 Hz, 2H), 4.08
(s, 3H), 2.26 (s, 1H), 186 (1, J = 7.6, 6.6 Hz, 2H), 1.33 (h, J = 7.4 Hz, 2H), 0.91 (1, J = 7.4 Hz, 3H).

TR Ty = 400

10.29

350

F300

F250

F200

1 Br
RN

< 7N N—CHs 7 F150

2 /5

8 =y

F100

o Two o 8070 60 50 a0 30 20 Lo 00
f1 (ppm)

Fi g24Téhe NMR spectrum results of [ BM
The analysi #ANMKR &4MHAo0CH loasksp f ddishH2NCHN, 7. 59
(t, HHINCH)=, 1, .HBICH)=, 4, .H28CH), 4 .HBICE , . BB (
-CHCHCH) , h.BZHCHCH) , 0 . HBCHCH) .
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W 19 18 17 16 15 14 13 12 11 10 8 & 7 6 5 4 3 2 01 23 45 6 120 1o 100 | 99 80 | 70 60 50 40 | 30 20 10
1 (ppm) £1 (ppm)

Fi g&5Tehe 1H NMR speMitMamBageylts of

. Rheol ®Pgopadti es

Al t hough there is a wealth of data in the |
l'imited imafvaili mmathlees oms irteya cotfi ntghlemicht wWryae,ami c a
varadselse react[i ©4h,3p39 elreadss b e enhienecpceratsa ch gt hva ts
and the formation of biphasic phases during

transfer|[ A ,iTddeEa0gchydeest andi ng these dynamic
optimizing reacmpoovecogdiovieoadfhapdoesesarehfn
of fer mor et Wed aa 4 ist ya bdoantapditatslemno §@deact i ng mi >
ultimately | eading to more efficigeal i agpdi sa
l i gwidgosity measurements were carried out
rheometer. This viscomNtimeo M@ nd Bdofgequenoy
of 6r.&2d/os P&@/ §he instrument has a nlaxiamudn t e

a mini mum of 40 bel ow ambient .

IV. Hi gepher f or mance Liquid Chromatography (HPLC)
Oneal umedtilreod t o determine the conversion rat
using [HPRU4C 3BHe SBd&hiatysi s method foll ows:
consists of acetonitrile and ammommoin/ Boet at
varying ratios. The f | momwmiawiet o fa tU\e dreotbe cltei
of ”mO0OThe i nj ectelL,onanvdo ltuhmee cihsr o2ndat ogr aphi ¢ c
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Pl €4 8 &m, 4.6mM.290e standanidn]sBucoestfroucted u
external st akhRIla@ d mameds throadme nt s wer e carried

ULt i mat e3000.

V. ConducMetvhadbetfeart Cogc eéher ati on of || Ls
Sincallkahtei on reactions proceed sl owly at roor
anal yerstankobvtadiindi nkgi net | MI Bpa[tBuo p rBee-cramrs e
wher[eBaMl M]sBri oni c, we identified a method for
[ 285, 38¥ond&@4jtivity measurement oZhaogver si
all].16wHo synthesi zed -btaesterda ail knyil ca mMimoqu iudms (I Ls
and triethyl amine i n ThAeycapiohibadye doiomrdaurce a
determinations by dissolving the chllliecd &d
correlkai shheetdwe e n t he conductivity and t he
[ N2}of E4]iS® et hanol, suggesting that the conce

can be oqwamntkigftitdgde conducti vity meter.

The procedure is based on determining the ic
which is rel aftBMI MpoBrgtehneer@adndcwgEt r 8t 1ty amett lao
calibration curve i speacndt ralc tgetdamiidiatvijdBsa o | v i
fixed volume of anhydrous ethanol at room te

resulting solution.mAfteheeacl@cexperimhémtentd

of anhydrous ethanolur ddel instcomelntctwas tgal
standar dbo ed wlr et ibohmde aasfutreerme nt s . The temperatu
mai ntati nreadom t emperature. Each measurement w:
values wemMbisemendeded value and the calibr e

conversion rate of t heCopnrdoudcutcitvsi tiyn nhehaes ureeancd r
out using a Mettler Toledo/ SevenDirect SD30

rangeseSf/frtaom 2060 & mfThe Iimoed$ s amesetall e r e DADIlut i on
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and an aGcu¥%acy of

VI. Vi sual Metato @médoact erBhaiSegt t« Reat tSaosnhem

The evolutions of the dr o[pBMItd] Riranrgs dtgarntkb @ s
reaanarhshhédar reactor were phot ogr mpohfedt hwei t h
sampl e was taken far odn ft fher e redancd ii polena cseyds ¢ senmad s
A hisglked microscope camera instantly photogr
(optical 8 Ocr Fo,s cNoVE L(bLN Yongxin Optec I nstrum
with -apédedhc aregragp i (x20 , gMOVOPL,ecYonnst rument Cc

(magni fication is 40 times or 100 ti mes)).

2.2.3 Experimental Apparatus and Procedures
. Deter miEret hbe miScntoliRr Dice s s

There is no heatihrgeaacnd omo c o thliddrtniBio@msd loalkq u al
ratweorse wei ghed and adeéeekledi rleaskyfitotad twirte
(Fi g&68.e The experi mental procedure was divide
was kept under nitrogen throughwuMy tex mourde

to air, and t he -mddakad ifnl avshk cvwa & hfei rt shtr efel us h

nitrogen was turned off, and the reaction sy
materials. A ther momedwernfacesaend ede dled d wt d htel
with a rubber stopper, was used to detect t

reaction temperature insiadei eémte tfé ip&kCytecioa d
additionmauthefktaskewas wrapped in ther mal w

from escaping.
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Fi g&GDe rectexnp i inment alphaopg paprregpdest (i a) hdi.agr a m

. Synt hesis of [t BEI MpmBia 3tiiqrurields Tank

The experi ment al procedure wused t[hBEMItM]aBdri t i

First, the reaction systlkimgmrass Thessembl e, wa
heated in a water or oil batil OtOAA Cma iAn tt diem ma |
was inserted into the system, submerging the

oMl Mas accurately weighed using amlLteHreed r on
necked flask. Once BrhBuasempewhiyunddsetdaldir bpwe
a control iFEmmirretDairomg0the r eactnieccrk,e dt Wd arsdkt ¢
set to 600 rpm, and cold water was circul ate
a consistent temperature and prevent evapor a
ho bath operated at a paddle speed of 300 ry
t he (bxap 4 31 2

Upon completion of the reacti on ;wattheer pbraotdhu c t
crude product wasmlohertwyd hadewiatt 8; tGOmgso ¢ @
remove impurities. The washed sample was dri
which the final product was stored in a refr
of t he waesacddatoear mi ned through mass cal cul at
conducted wunder varyiBh MJ®Bridti hi bhe dtet @pirlep a
T a b2k3e
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(a) o . (b)

Condenser

Hot bath

Fig&atTae experi memsiagg appad at askschemat ogr ap
di ag(rbaym

. Synt hesi s of | BRI Mjpimiifcf eMiiegnuto desact or s
Mi croreactors are highly preferred in the s\
areansd efficient 1hdat 36B s sT@dd, | «BBUSd]ly conduct

experi ment g BM Mljgghrnlgedi zé€erent, tgpeshagiummicr

28. The microreactors employed include the fc¢
Type:aMicroreactors with a single internal ¢
Type Circular structure with an inlet diamet
mm.

Ty poe Single serpentine channel with an inl e

di ameter of 1 mm.

Ty pceA izgzsahgaped continuous serpentine channel
reaction channel diameter of 1 mm.

Typle A combination( byapdéawa mi)croreactors

Ty peCombianems cr ¢t gcgpentdo ran é¢ ik eece f | as k.

Al | mi croreactors were fabricated using stai
had a uniform di ameter of 2 mm, and both the
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according to the specific design of each mic

TheL symtylsd eims compr i s-esx,@nwdf g g@ds umec PTG FE p
HANGZHOU JITHGAOHhDNO.ODDL CORZPD4R wWo reactaant sto
cold bath for ,aodl iaa th odfitoroc slaantpil egg hot hmedi ul
requirettemeeceixereiCoenndtuscneiavsiutrye ment s wer e c a
determine the condgariMlrMdmBiromiSpecsyayxhdeszgad p

and reaction settings for each mi clradb24eact or

35] Microreactor (Constant temperature bath)

Microfluidic

—‘]] junction

Inlet tube

(—' AN

Pump

(b)

Fi g2a8Tae experi mewmdiang agipfafrean esirst mi cr or eact
schemati o bdi.agr am

IV. Synt hesi s of [ BKI Mjpdliacy {Qmmgeutitdes React or
Thexperi ment al setupi OB e MER siyss tydlseeps imst ceamp i
di ffer emitt hT CVRosb 8 md|& wof -hi ghsur e PHARNEGZHOMp s (
JI NGTé&NhnoO.o, gL C-0OREZPD4F wo reactaamtcaltdrlagtht
Ci r cucloaotImemg um ttheeeabobfy gber TCRE hahadrcaul hmdti nk
hot medi umhreoq wiomd ¢t ®empac eixeree iTMEICIRsONSsi st s of
t wooncentric cylinders: the inner cylinder i
outer cylinder is .Maobddk2edfo w3lled rRitlreeuadntl erses EFdreal
ofhdCRissed in the present work

This work employed batch and continuous met
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synthesis involved preheating the reactor er

i nnceyrl immpleeed t o the required rotational Sspee
introBuBinMgMMi multaneously. After a reaction
the bottom of the reactor, and the conversio
The continuous synthesis method is similar

environment preheated to tleéisnpdegeud rseedt taemdp esrt:
aniBlr BalmMlI Mntroduced at different feed rates.
reactor volume and the totabmpbkedgratemse af t
the reactor 3s temewr ddhet o else d2nce time, wit
experi ment to ensure the accuracy of the <cor
conditions dab2d5pmrnadscetaimeecwdc tiinvi ty measur ement s
determine the condeBMIrMgtBirohi ef ssuwdyhesi zed

Tab22&t ructur al pay ECoe eRetacc t @fr .t he T

Structur al Par ameReign

React orf(@ldpngt h, 99
Outer cyl iifdigr rab?2
|l nner cyli(der rab50
Gap Xaxne, 2
Total &gl ume ( 63.45

Rel evant aspec() r49.5

Ratii o- () 0.96
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(@) (b)

Sample
for test

et —
I

Outlet

TC flow

reactor

100

i 104

K
] v Hot bath
. 4 Qz —
> L
[MIM/—Q_
Inlet 1

Inlet 2

66
Tofttel tof 63 fF toF tF fof tF fF tof

UG 6 B S

Fi g&9Tae experi mewmdiang atppeauraagyeésoReact or: pho

schemati o bdi.agr am

V. Synt hesis of | BRI Mjpmia-stiieqgui M x er

As outlined below, the detail edBMIx\WeBuwiome etda l
fast pouriippi Bigg&isPp.ow dr

Fast Pourihg Meadabobdon system was first assem
desired temperatuoé&atEhme baithculhatihen) aspé&eded
at MB4i nwith a fixed distance of 4 cm from t
of O.5MInw4 1 od) was introduced into the jacke
temperature of the -sheaul smt xprg wasesetThe R

Separatel Br B06. 8. mogpr etae at ed in a hot bath tc

qguickly poured into the | acskheetaerd nmmiexaecrt oirmmel
increased to 6000 rpm, and temperature vari
recorded. Atvdl §f esamplceoantwedricsei oo s tt ®ad ft e r e

Sl owp Dirng Met idddopp gl ogv experi ments, the react

heated to a constant temper at urMd Moafs 6wbe iogrh edd0

with an el ectroni c bralt &nmneeec kaendd fploausrke.d -Ti hnet or oa

shear mixer was set to a rotational speed of

0.5 nmriBwa$ added dr opwi se i-prteos stunree fP TaFsEk puusr
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control | eédnl/miant g hef vl ocity of the external
rel atriapreddtye t o maintain consistent cooling.
throughout the reaction. After completion, t

cold bat h.

The product was tnlbeh wahbikedawidt httidnPelsr etpoe art e
i mpurities, and dried in a drying oven at 70
a refrigerator QGamndmuacitnitvaitny snteaabsiulrietme.nt s we
met hods to det er[mBMleMdtidmec enTmtbAhGesunaneadr i zes t |

experi mental conditions and results from the

(a) (b)

Thermometer

Hot bath

Fi gar®he experi mewmdiang ag plair@h ushe asc hmimaern c p
di ag(rbaym
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Tab2A3&x per i mentsayl n tdhéedisaiti3yme t h gl i mi dazwrddearm dirfofma(rdnitr rceodh dTiatni ko)n s

Exp. Iysgo dysge Hot 4o Resi de Conver State of Me c han
Numbei DOcm O- m () Ot = time (rate stirr
Exp. 1 0.18 0. 1! 4 0 0. 2 30 75. 7 White cr N
Exp. 2 0.18 0. 1! 50 0. 2 30 75. 9 White cr N
Exp. 3 0.18 0. 1! 60 0. 2 30 97. 4 White cr N
Exp. 4 0.18 0. 1! 6 5 0. 2 27 62. 2 Yel |l ow cI N
Exp. 5 0.18 0. 1! 80 1 20 43 . 4 Yel | ow c | N
Exp. 6 0.18 0. 1! 90 1 16 41 . 4 Yel | ow c N
Exp. 7 0.18 0. 1! 90 2 16 77. 8 White cr N
Exp. 8 0.18 0. 1! 100 2 16 74. 2 Yel |l ow ci N
Exp. 9 0.18 0. 1! 100 3 16 78. 9 Yel |l ow ci N
Exp. 1 0.18 0. 1! 100 4 16 81 Yel |l ow ci N
Exp. 1 0.18 0. 1! 110 4 16 55. 7 Yel |l ow cI N
Exp. 1 0.3 0.3 6 5 0.5 24 96 . 7 White cr Y
Exp. 1 0.3 0.3 6 5 1 20 95. 4 White cr Y
Exp. 1 0.3 0.3 80 1 20 96. 8 White cr Y
Exp. 1 0.3 0.3 90 2 16 96. 8 White cr Y
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Exp. 1 0.3 0.3 100 2 16 96 . 3 White cr Y

Exp. 1 0.3 0.3 100 2 10 95. 6 Yel l ow cr Y
viscous | i

Exp. 1 0.3 0.3 100 2 6 90. 4 Yel vowd o s Y

Exp. 1 0. 3 0. 3 100 3 16 96 . 4 Yel | ow c | Y

Al'l experi mentast hwee rsea nteo nmdaugentéeDdO ¢ psnt | Ther mepbeadi cal stirring

ahot bath.

Tab2d&x per i me ntsayl n tdhedi saiti3yme t h gl i mi dazwrd d eurm ir fofme(rddena r ccroenald ttad ro)n s

Exp. PreHot Qsrbu Quim React VieacMi ciHot I React State of Proc¢
Numbe eatbat (ml /1 (ml / tuben rec-typfor t i me

() ) n in I engy (m) STR (
Exp. 1760 80 4 2 5 15. a - - clear phase s
Exp. 260 90 4 2 5 15. a - - cl ear phase s
Exp. 60 90 4 2 8 25. a - - cl ear phase s
Exp. ¢« 65 10( 2 1. ¢ 8 25. b - - the heterogeneous

whiftleoc s

Exp. £t 65 10/ 2 1. ¢ 10 31. b - - the I'ight yellow

13/7364
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E x

E x
E x
E x

E x

E x
E x

E x
E x

E x

©

T T T ©T

.1
.1

65 11(

65 11(

65 12(

65 12(
75 10(
75 11
75 12(

- 10
75 90
75 10(

D o o N

(@]

(@]

(@1

(@1

10

25.

D o O W
N N N

100
100

6 h
6 h

t

t

t hdeaykl | ow visco

i ght yellow, vis
l i gkt |l ow, Vviscous
l i gkt |l ow, wunifor
turbid solut

the heterogene:

t

s ol

ut

i on

he heterogeneous

whiftleoc s

he | ight yell ow
soluti on
t he h et eyreol gseonireuot u

cont awhniftheg c s

he heterogeneous

whiftleoc s

uni f or mlsyo lvuitsico

Ye l

Ye l

ow

ow

cryst

cryst
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Exp. 1775 10(C 6 4 8 6 2. e 110 6 h Yel |l ow cryst
Exp. 175 11(C 6 4 8 6 2. e 100 4 h Dark yell ow c

Al | anemdrs were used 0. 15mol BrBu and 0. 15mol MI M.
Typenhet tube: wnl eti sl ebrig2tBhe aicst i 2om, t ube: o hpgrnoecteesrs 2insm;b etfhoer ep rtehhee ai
Typenbet tube: wnl eti sl erig2tBhe aicst i 2om, t ube: O npgrnmoecteesrs 2insm;b etfhoer ep rtehhee al
Typentet tube: iwnl eti sl eBniglighr eihse altm,t ube: | ength is 1m, dV apmenteilfed i ¢
tubey 5H5ml; reaction tube: diameter 4mm for nghecés g biiers|4entf tapardo c2ensns ;f o
Typed nd et tube: wnl eti sl eBrigltdhh ei st stbiee cfoinmetc t amidx esre:.c olnan gnti lt rios 0. 8 m,
() is nd. 5 eaction tube: diameter 2mm; without the preheating pi

Typeyee c t+knStirred

Tab25&x per i mentsayl n tdhedisaiti3yme t h gl i mi dazwrddearm dirfofma(rdeanyClomrende.t Reacsct or )

Exp. By ey 1y syo Hot b Fl > 4o Ly Ly |l nner cyResid:' Caovaérom
Nu mb e Oc m Oc m () OO e OW s speed ( ti me rate (
Exp. ! 0.5 0.5 85 3 2 3000 0. 22 51. 6
Exp. ¢ 2 2 90 3 2 3000 0. 22 78. 8
Exp. : 0. 25 0. 2! 80 - - 2000 0. 25 41. 3
Exp. ¢ 0. 25 0. 2! 80 - - 2500 0. 25 4 3
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Exp. ¢ 0.25 0. 2. 80 - - 3000 0.25 50. 1
Exp. ¢ 0.25 0. 2. 80 - - 3000 0. 33 56. 7
Exp. i 0.25 0. 2. 90 - - 2500 0. 33 59. 4
Exp. ¢ 0.25 0. 2. 90 - - 3000 0. 33 60. 2

Tab26&x per i mentsayl n tdhedisaiti3yme t h gl i mi dazwrddearm dirfofma(rdéersgrheaao n dni txiean s

Exf@Wumbe Hot ba)t [f,4O0W1 = Rotor spe Residenc State of Conver
( h) (%)
Exp. 1 35 Fast pot 6000 3.5 Turbid and 65. 9

Vi scous s

Exp. 2 40 Fast pot 6000 3 White cr 83. 8
Exp. 3 45 Fast pot 6000 3 White cr 83. 9
Exp. 4 50 Fast pot 6000 2 White cr 94 .7
Exp. 5 55 Fast pot 6000 2 White cr 95. 5
Exp. 6 6 5 2 4000 1 White cr 96. 29
Exp. 7 80 4 4000 0. 67 White cr 96 . 2
Exp. 8 90 6 6 0. 17 White cr 98. 9
Al | experiments werBer lwmmd r0 dBEMmoawlt wi th 0. 5mol
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2.3 Reshildsusaaqnidons

2. Prbperloindicqoifds

. Charact er[iBMItN]oBir of

The reactl| BNMI Pr®mWdsctt o form crystals when th
system or the ambient temperature during su
product' s .Aeelsth davgry Bplole ntthe product was a whit e
end of the reactidart A® mebmi BéMihpgeBab go &5 . 6

[ 375]

Figadr®Broduct crystallization after washing
product after drying

The absorbance of dilutd BddIM]iBirb M OmmdaOntghee st
was deter mi ned ugismd varctt amidt rrid feeraanc e, r

concentrati ong/dnat WegH 8T2h5d 3r6ébs ulRisg2edrri2e s hown

2.5
—ACN
—0.0365 g/L
2.0 =—0.03285 g/L. - {
—0.0292 g/L
~0.02555 g/L
15 ——0.0219 g/ -
" =—=0.01825 g/L
§ i
B e | B e e S e e e e S S e i S e
osp- N SR P S—
0.0 . i L
200 250 300 350 400

Wavelength (nm)

Fi g2a2r2V absorption spect[rBaMIoM] Brhe st and
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The maxi mum absorpti-d0mwawvgleemgmiai ins Tloas?ac
mas s concehBMaM| Bhs odn bEiI gsideth tfhhreomabsor pi
wavel ength curves o[ffBMtd Md Bdteons o Irut ieonast odi
concentrations showed an 4@@mtiTbkbal dti agndmi nr
the results of the standa®&8mMd N¢ iartv ec oonfc esnttarnadtair
mmo | /Mol /Mol /WMol /Mol / B mdnodd)ill ut ed 600 t i me
acetonitrrndsspeocotliuvtdloyn, whi-hsispedcwort o gphiotbymet

wavel engrnm of 210

2.0 : : : ra
: ! ! s
: 1 b
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V
4
rd
e
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Fig2adrFhe standarfdMliaiBoveéinagui 210

The structure of tHeBMIiWyBEeanatgzednby HINWMR
NMR spectroscopy apparatus, and t[hBEMlaM]aBry si
Th®NMR spectrum was al most devoid of impuri
and the integration yielded thb¥pNMRIdsPE cwi @h
result of some Bargpl&dheamg dslogwm ispectra of
the various ekPHWKF MpniBanntdsa radn ds atninpel es ar e hi ghl
are no MdedanRls Baafpr oving that the products obt s
hi gh [pBRIMIi M]yBr
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HSM-Exp. 3
S —— ] L N ALJJ; "

HSM-Exp. 4 ‘
|

HSM-Exp. § ‘ J

STR-Exp. | ‘

STR-Exp. 2

STR-Exp. 3

STR-Exp. 4
|

L ILs S

20 19 I8 17 16 15 14 13 121110 9 8 7 6 5 4 3 2 1 0 -1 -2 -3 4 -5 -6
f1 (ppm)

Fi g2r®80MHZHNMR spectrum resul tsfif @dsetsiornmmee dpar
tank and high shear mixer.
It shoul d be shcootseidt yipdinses iatcledrtupmaged it yuofds, si

influencing the diffusion of s upbrsetpaanrceeds rdei ascst

The viscosity of i1ionic liquids is primarily
interactions,n wnldiaagg hydlr agon symmetry, whi
[ 38l6dni c | iquids can ex-NewtoneabhhéelroiNetwebava

on the speciofmmide tproepar dtni ¢ mec case-Nefwtiomn iam |
fluids, the viscosity will ndt38b/dl hai sc odnespteanndt ¢
is a key factor thatDsnieneudsattioonbse clTdires irdeerod do
ionic | i gBiMdHIrcsaunc hbeasmodel | e d-da s Waal -& ahye 0 Wesrt
equatgdgetni(an)[ 388,, 3Wwh9]jch can weld hicmapitmug eornt he
thickening behaviour over a specified range
troor (1)
whelis t hessshsat hets)ad esr trheet € o(nsind tse 1t hiye iprodve X
l aw iFnidgeesd 8 hows the rheological test results
the experi ment s aantd dtiefnipEereecantiu sseghBebdl riviyeBantfe s s e s
slightly as the shear-t mianmi nrgHoOweelvaeaiso tihred ivd a
tends tasbBeabédbDdDe@Dofapproaching a nearly con
of a Newtonian f1l uid.
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di fferent temperatures.

The mel tingMlpMilidrta popfr o x i Hheaw eV g/r ,6 0i t i's not
bel ow the melting point |t i's glassy and
paint and honey. Therefore, the viscosity
This particul amotp hleemnemmeabhe hhe gi venawreasoa
regarding t[h3ef9Dheckhasicemi ty of the i omRi5c | i gt
to 1)00i s prkisehit@ad amd tihreditchaattud t e vi scosit
with increasing t e ndpeepreantduernet. vTihsBdvd sihsByegr pait eutr e
by the Arrhenius pl ot Bf g2l@hc)eEkhrteys udag anionnsl ti nte
curve that i s sinishatbeaingdlI hlat descri bed by
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Accurate and rapid detection of the conver.

reqguirement for ensuring the reliability anct
initiallypeefecrmadcbei ghqui d chromahegrcaphlerE
rate. To optimize the test conditions, vario
evaluated, along with gradient elution tect
screening, achieving eftfseatnidv ep roapmeart ast iuossn naf
i mpossi bl e. Thi s i mi tation hindered the g
throughout the reaction. Consequentl vy, we a

met hod to monitorhitsheappracad! no wearocaeme .t ife s
provided a simple yetiiaenfef enotniive®ralntgerordat iheer
raffTehi bangu et al. found that|[ BMleM]oBom cklwlasteidv
with iognctremp@3nabihe tendency of conductivity
in the same solvent -depepntdenhteandl yheonherdte
to increase with temperature is appfFdXljmat el
Theref orse,wesraamipkleepom temperature during the
Fi gaarghows the correlation bet ween[ BMIeM]cBrl cu
and the conductivity values measur edt rboyngt he
l inear relationship can be found, i ndicatin

determining the conh®8&MhtMi B8ri on of the product

3000

2500

2000
y=15188x+76.009

'J=
1500 | R*=0.9954

Conductivity (us/cm)

1000 |

500

0 1 1 1 i 1 L 1 L L
0.00 0.02 0.04 006 0.08 0.10 0.12 0.14 0.16 0.18 0.20

Concentration (mol/L)

Fi g2 Fhs ancuaridet wiehfeB MI MpBrc entamat itdhre el ectr

conductivity
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. Det er miErRet hbe miScntoli e[d Ehiedl MIf Br

The synthesis of this iPTonic liquid iIis spont;
reactions. B-f e aatdsatpro ngp ear amo on f or an equim
di r ecnilxye d oi n an ecd ko sfelda stkh rseyaotl @ mpul g2dand @&d3
nitrogen andeak ©Opanktodgpepamge@. 2vi t h ni tr oge
spontaneity of the reaction process and the

obsefvegadl .

130

=0~0.2 mol (closed system)
=0=0.3 mol (closed system)
=/~ 0.2 mol (open system with N>

120

110
100 |

Temperature (°C)

0 50 100 150 200 250 300 350

Reaction time (min)

Fi g2r&emperature rise curve of directl
It can be noted that thmopemkxtegpexpeéeur ment

faster t hammotlhani xafn gt heex ple.rd ment . I n additio
mo | mi xi ng experiment with the open system i
peak time is delayed by about one hour. Give
it can easily lead to the reacti-pnodect s ngt o

reducing the atfionendhweot&fohe, raltering t he

reactant to be added dropwise and controllin
change during treyirmmaotlieon.s Siodcueblle i n i oni
boiling point that is difficultBt Bwarse mdiwe etnh

dropwi sMd Mo t he
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lll. Dr o pBedtavBed wde mBaun [d B MI M] Br

Sol viearete mMKk Mm@Ir 8in an equi—mél p)r rreastulot s( i n a

homogeneous reacti oM Nhathbe[ PMleM]ss® thu byihl, i twh ea
BrBuw highly insoluble in thdg 3@r2dMiutcht t(hneo Iree &
proceeding, tthigfeBdvie dMd Bad h ppaeduct phaMeM i s f
conversion between D%Wealed ,taG%ceBt Bmd d esd eodefl oH
the solubil iM WwWdnwarts iwhrehb Bhcheevbsc B OfMeans t he
can be obrtragd@@ywi ng to the unique BrrBougerty
mut ual | y hseo Iruebdl cbh aidnt stl i ght |l y s ¢ IBMbIMé Birtn itsh eo
interest to study the relationship between
percentage occBrpBam@diBéMs MD BTt hweereenf or e, the vol
BuBWM Mvas choséat ta@amlbieerltt temperatur e, and dr
4000 rm@mm and f eDreonptl etti nseiszes were analyzed u
mi croscopi c (Fiig2ri®en gT hdee veivcoel ut i ons of the dro
during the synthé¢BM MpBirnmrdqhseseheminglct ehcgardund

conditions were photogr &phged@wi t h a microsco

Figar®l early illustrates that, despite opera
1 hour, t[hBEMIpNgaRte Bweanfai n di stinctly separat e
phase separation within the system. Furthe
unchanged throughout the reaction process, ¢
at the omgetAdbdFisgar@eéipiyct s the phase state ¢
system over ti me [dBuMIiMjgBdehehagagmt be@esdist iodns o
6000 rpm.[ BMI MJeBgilnys tass form, the reaction s\
phase tpchaset wd at e, indicating a tendency f«
reaction progresses and achieves a PpPphgbecon
st aties. plrhocess i ndischaetaers ctohnadti tuinodnesr, htihgeh r e a ¢

compl ex phase transitions,pmhagde agsy $hti ggrin tasom vree
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a siprhgplsee system. These dynamic phase change
i nteragcBMbhidEkWBoifng the reaction process, suggc¢
conditions to mainglaase ar enatei st advy £t esm.n g% ec
enhance reaction efficiency and 1 mprove prc

sepanataind ensuring uniform mixing throughout

% W 4 20 oo oty 478 ¢ 'L, ‘v' §2 %‘@ . 9 ro,voo'(? v;"n oy, 508
" 0y Qs kO ot i (o ® o °. 0" o4 o855 .o L e a0 o P “0200
2 2® 5 O s . o s - a’ S ;- oé 0
| o ‘ J &P bgpo. joo i@ 6 s orF % °°°°° - =3 5 o O:‘C S C(;?o ?
% . Bog" 8 e (. & °°%3‘k § , ﬁf\; d o,
R % > o~ 5 R Mo te O OO P [+) O
. P ; .. . o 04 .
s e Sl B Aot 5P S 6 o0y £
g » W ia O 9 ) 099 o 0%
o Ny W B ‘% ’ ¥ o ¢ L A >y'%°°’9° 9.0
= S s i ~ j£°° R A L O [omoa® e

Fig2ar®iBr fd ow pahtitgelrenasr wmt Rk er L as the contin
di ffer eamiddedrd OnEespos 06,0 mi n from. I eft to ric¢

(l{ 2 )\1‘;\,\. ) PRI AT TSR3 B T AT
ftermhihg 05h\ =0 e SRR After mlxneg lh Ondaies  Aftermixing 1:88h - 7 anaS®
P OSAARAIOAY S0 LA A o R
N ¥ ¥ % § & O,‘ e, (/; ¢ - "
‘ & O :
. £ '(,-\( 4 «
C Y
Sy ¥
7

Al xR »}ifﬂ b % ¥ ' e ey : :
» . e - 7 - »
After mixing 2h & ¥ Aftel’n;lxmg 2.5h ? U - Aftermixing 3h %

1 m i s g
. A ) P e e

Figa2®hoto of dispersed phaseudihngsheas at d
m xer 3( EX@lb2l6e

2. To2nparilsohicpdi ds SPYPnt heRe@ast ons

. StirMmaeRReact or

The experiment dhb2dBdeamomise s @an e tthilane reich e re awcd ion
to synthesi zleBMIhM]mMBdemi ¢ elaicdq u idld?l € ,0 nadad v ermnsi d&rx
exceeding 90% were consistently achieved.

sufficiently long (010 hours), the reaction

ratfeBMiM] EErven at a relatively | ow reaction t
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ssed 95%. Téiistamkldr eatesrtbbafethevel y f
ss under prolonged reaction times. Howe
l'y 6 hours), i ncreasing the reaction te
y 90ed4®, wand nhoticeable effects on the
suggestdssi rtahreld rwehaiclteort haec hi eves hi gh con
esi s undee tixmendedt rescdesnict ates | onge

ete reaction progression.

ermore, the introduction of mechanical
di ssipation significantl[yBMd dMiBtri tvied ly
ratures. AsFicg2a&der Ime cihlalnu s£tal atsed rirn ng e
emperature within the reaction system,
ct quality. Therefore, subsequent synt'
rm and stoankdlid ilbeast itro ensure the smooth

stency of the product.

dition, detailed records of the tempera

il on temperatures but varyimkigg22exe dl hreat e s

i ment al results indicate that fl ow r at
rature fluctuations and the owémahl rec
el ease of reaction heat is relatively s
eaction system. Il n onymirnadthe a&aty shiegnh erx
temperature increases accompanied by

sts that hi gher feed rates can effect]
sive temperature nilsesuhaméihehe apal §81 5
di fferent r ecaocntpiaan bt empna rt aht udriefsf eareen t r
nce, yell ow crystalline produolt mji wer e

er, such crystalli zall iméFm gdi2dde nTbhtinsdC agr
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is attributed t

t he

o] accelerated reaction ra
i ntr oBlruBledher eby reducing the accumul ation c
and minimizing the risk of ther mal runaway.
and the initial reaction temperatureéemeff ec
temperature can be achieved, thereby opti mi
occurrence OThessieader ersetehcattsi aimessli cd amee ti me and

par amesentaridnreactors that must be careful |\
specific reaction requirements to achieve a
l i qui ds.
Fig22Ei nal pr ¢ dheecger ifmeasits rueidndd, amk (FExpag.2, 1
15 fTrad?h3e
70 (®) 135 (b)
e | | 100°C
65°C
Opyp,~0.5 ml/min (Exp. 12) ot I
2| e ) 15 e O, ml/min (Exp. 13) 125 R
‘ ; I
9 O 120 F----F-1-%" e e e e R e
T 66 b--FMgo-f -1 JPMENIVON e\ My A - b eeae N
2 ENSp---
E E
;"64 I §|10 B I e e e
e 105 - - - L A b
62| ..................................................... 100 F===F=co=csopocesastzcea e ettt et o wokze skt
U 15=16min ‘
y ‘ ' 95 R g ot NN )
ey, 15=36min - 12=65min | | '};\,uo=l Omin
60 i i i i 1 90 ' L 1 1
0 25 50 75 100 125 150 0 10 20 30 40 50 60

Reaction time (min)

FigazZemper atur e

adl?9

II. Mi croreactors

The experi

mMearb#®-4el n ddi act aat ei

Reaction time (min)

var i atuisam go fs tsiyrirehde & Basn kfp 6 oE
fTradhZh3e .

nt hat when using micr
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ionic[ BMgM] BBrhe resulting solutions wunder va
exhibit pronounced phase separationSuocrh vi s«
behamalbes the accurate determination of reac
based on the observed state of the product s,
rates are (Beg2Zkml| Despotwe attempting four to
synthesis systemsypeneludtngasheemessary to
stirred tank rea@tmhourfort eanomtdaiin i omydt &l | i n

effettbBigh temperaturesTiweref oone¢, eatnoedlyl ei

mi croreactors is their ability to facilitate
ti mes; however, the overall conversion rates
wer eamdnd | i meter scal e, which was more signif
ot her studies. This size discrepancy may be
conversion rates. &Adtddrti spyat hgsi 4§ hseyaniemor e
demonstrate significant advantages in heat

reactionl af fsiuenmamgy. al t hough microreactors

enhance mixing efficiency and reaction contr

as | ow conversion rates and insufficidemnt h e
adopting smaller scale microreactor designs
reactors' heat dissipation capabilities, ther

synt hesi s.

Fig22Fi nal pr ¢ deecper if menhit fsf Mursetrngigpe r eact or s
100( Exp5, 10, Tab2epl15 from
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. TalgCou eRetaect or

The experiment dbhb2bendi ga¢ £e h hTe@R wai etnh uas icnogn tai
met hod f or f Bl sy iEr hcessn wserosfi on rate of 78. 8%
short residence time of only 13 (@MOanded&i gihde
rotati onxd00Gprd@d)s demonstrates the significez:
high conversion rates within a brief timefr:
f JrBMI Mgyt hesi s, increasing either the rotat
not substantially i mprove conversioompat &tsi, v

outcome wunderscores the superior perfor man

conditions. Furthermore, this series of expe
of t h eCoTuaeytltoer Reactor i n t he ssuymtelseasing dft s
significant role in future ionic |iquid prod

batch conditions, t he T@B&ptixmidbing exmctilhen

processes, warrantievegl|l opmemeéer research and

IV. Hi gShhear Mi xer

Fig224|l |l ustrates the temperaturesy8Mil MjBon o
| Lisa hslgéar ami gef fteegmmds eiamiche@ t ai o b mgttartti on

speed of 6000 rpm. Alalsdea mpedtiome ntos i wnttirloidaed
As shown itnhet hreg pfsibgadoryie ,e x periresee d nad @timpga tat |
al |l tkeanprer atNowntadl vy, evern eanp e tolbes AChrgahxeismu nb at h
tempenatcurease r elnba.i nfewdr tbhed romvwo rtee mptehreedttledr ev a t
reacstyisomamsm qui ckly st ahil nge dadbtyr ithahtee o trtromun g
turbul ence and rapi d heatshit gansafgart dathe mer astp
observati drmtaltheigghipl enegdxstex hi bit excel |l ent temper

fast pouriefgf eotnidiagliyonsr duesynwgnigesver heating

The data s 0mbthéan dzieaddatiens t hat batlhy mpanptes at lue
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conversion rate under fast pouring condition
conversion rate of the reactant is only 65.9
contrast, when the bath t enspieornatruartee idnrcarneaatsie
to 95.5% with a shorter reaction time of

temperatures can substantially enhance the e

I n addidiodippimegtehod yi el ded higher conver si
shorter r eactfasto utrmenahpso dt. h adnp ¢gtelnmegthhoed, t he r ec¢
ti me was significantly reduced wigiula¢ i aghi @ewni
l i quid products at the same or | ower reactio
mi xXi ng efficisdhray «fdfeairtsh osglsb sa ant i al advant
[ BMI M] Bbrarti cul arly in managing complpexvpmas e
reaction efficienlchyeraerdrerodwdéiwr @b éalemieme chh
[ BMI MBmt hesi s prebesas wvohdei t hogh to enhanc
product(Figauk2ewthy | e expl oring more efficient |

supporstcalaer gper oducti on.

;:
2
=
E
(7]
=9 :
5 6000 rpm
(V] D
= -0-35°C
20 . : -0=40°C
-A-45°C
10 : : ; ~7=50°C
=C=55°C
{) L L L L i
0 20 40 60 80 100 120

Reaction time (min)
Fig22Zemperature variations inside the HSM
temper ab6r(@BExHf3r5dmb2ee n -pasnti ng feeding mo
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Fi g2d2%i nal pr @ deecper ifmermt g hwesair( ghkag e rTa bfl reo m
2-6) .

2. CGonclusi ons

This study has comprehensively evaluated va
efficient system for slyntByme s hg I noi dahzeo | ii arrmi
( BMI M].BrThe reactors assessed include tradi
mi croreactorCaesttgensredalyéms, maxdr ii ghhe eva
focused on conversion rates and m@gssyemnlcesis

efficiency and scal ability.

The experiment al resul ts usbadgar v ot axlelrys doeunc
traditional stirred t aqmika I[iBNIcMoB sd ubcyt s a onhi it d
significantly shorter reacdemaon dttihmeetsesbTshiasnt
upsofdelsihglar technology in ionic |liquid synth
reaction efficiehcycandr psobduthequati oys mi c
in this study failed to achieve the anticipa
in their current configurations for ionic |

mcroreactors offei nthemmsitimgaédef faidviaen aygeasnd

practi cajlsuchhelalsetnoggessi ze ,amdthéoéat adldpgealgiazde o «

their Motr emtvieal, . t he ex{o®muiemert ¥ ewicttlor $§a yleowre
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aspect s, particularly the generation of hi g
efficient mi xing and reaction Kkinetics. Ho w

purity were not as hi-gheas mIh»edewsea ctho klnmiandiithay

in reactor size and rotational speed. Despi
Tay-Couette reactors indicate significant pot
ionic liquid synthesis.

I n summarhy,arhinglhxer s emerge as the most effec
off BMI M] Borf fering considerabl e advantages o0VeE
While currently Iimited by -€peeiféecrepertrat s c
viable alternative that warrants fiwmr tChherptiemyv
8 future research will focus on r efCioruientdg et he
reactors to enhandcerebgi rc opkddvwalaringenteo

efficient and scalable methods for i1ionic |ic
the gap bet ween current l i mi tations and th

technol ogi es i-pursiytnyt hiesnizd nlgi diu igds .
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Chapter 3:  Synthesis of 1butyl-3-methylimidazolium bromide

([BMIM]Br ) the lonic Liquid by SolventFree Method ina High-Shear

Mixer
3.1 I ntroduction
l onic | iquids (lL) have become i ncruenasqgunegl!l y
char act,ersibotvi maponopokasiurleammabohi ty, | ow t
t her mal stalmbbstypnnononi que dissolutamdh pro

recycl&hi-35i512 sper opesatk e t hem valuable as alte
organic solvents in organfit23yabdl@i&Jyd sprammndi seixi
application potenf3@06ihababRhdoe893ya@xthreasctsi o
and sepaB8ti d0@)| e4 ® 1[jolc3h7ednli &Qtarbys o r putmposh3 e a't

l14@hd ot h[e4@@8llealsdsusual ly consi st of rel ati
cations and weakly coordifd®ti.nd hiéd onmogd n ic® Mano
include i-bmal sdeadz ol iLembagydi dlilns,ur@alsesp hlolns ,um a
ammonbasmed | Ls. These ILs are characterized

influence their properties and applications.

| mi dazboalsieudlm | Ls are a widely studied class o
Among [tBMIMVEI i de I[LBsMI Mjugi\VH NasHdB MI M]Have gar ne.
much attention due to their excel,lammt ht lgédr m
condudtBMihvwyi de I Ls are also commonly wused a
of other [IBMIiMsduah | afjsBrMdiMgkx af Euor ophBMIpM]at e,

bis (trifluoromethyl sBMIf danlyil de ilmi o ety prihea Isly
al kyl ation reaction between an i midazole pr
hi ghly e[xlo4t4h]do weadelrengeehs -aciase pnodacgeon du

for precise control of reaction conditions
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Scaling up the process whil e maiisntaaimaijnogr eofbfs
t r oddamindga zboalsieudm | Ls . Consequently, consider

focused on studyBMdiVd lhiedes yint hesasmiofig to un:

kinetics and intri deateeadtiamts hopHiylgwyond eretsii ess
process. The wultimate goal is to enhance vy
sustainability of | Ls.

The conventi ¢BMInElyindéd elsis rodquires substant

reaction temperature and avoid thermal runaw
solvent quantities in batch synthesis- | eads
procgsspoatentially diminishing production ef

pol |l Addonhitohnealsllyow additi on olfeadbctq@adisi ¢
ti mei ncreaspogsiebrillaibtsyeasnidl mahg i n [ héfAfi tbn
362TNo solve the problems raised in convent.
devel oped pmeotdhloddssn gf 0irng mi cr oreactors, which

batch synthesis off1l4sde | e2481384d b&bmpboaurnrdser s t o

application still exi ¢$t4&4fFuvrrd etxhaantp |teh, e Wad atr k¢
|l L synthesis in the microrelagsbhe reabbBiomeh
potenti al to run out of controlHen dednarn en gi ¢ 0

considerabdevealrggermdtfyi ¢ inent alntde rsn anpitl i &dimeedt h o «
be scaliendd wspy nfitorksi s. The i deabtfpeotesvss ehouj

have simple operation procedures, enabl e col
facilitheadé sguipearksmaneitnroum fl exi bility in cust
t hleL s

Thid gshemirx (ISM¢ omprai daes ven mi xi ng tehpe nexntmidas
of fi xed aslt @ mevrgtiesnleahsa g & s nfiox ibreg .speci fi c, t he

rogemesr aat r essure gradient so that the rotor
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draws fluid in axially towards the center an
and tangentially peépelrediangromgt ae hdgéi gregr e
di ssipation, HStMe HWawe speeadfapphbdication in
di spersedeplhadtd onieae { 198 Thmiisi ngait has al so
to improve the efficiency of mi Xing on a s
which is crucial itgr aopt ipmiozdiurcg sydled atsi vi n
reactiop28ysteéemdlj ti onallly, HSMs havlei gpuiaadt i
emul sification, especially-lfiogruitdh ed ipsdpdedrscitoi nos
bitulmekng 9Bi]lghscosity emul siteanud si @ swaevlhler as t h
pol ymerization and the contifdl99qf R@@depnitelty, s i
brominatitbhawrn yof at eothol has been successfully
i mpove the mixXilBhi proopanakyewsd nftsh sexpl ori ng whe

could be extended to I L synthesis reactions.

Mor epovbetrar ei ngbl e ilsisseimdc adas gpreir mge aafyadrr s

|l L synt Hewkesgser, the compl erdt ghiley ttrlmensi ¢aon
homogeneous to heterogeneous phases and back
chall enge in acquiri nd Istyhnet Aneesciaesshsilagr vye tkii lmeed a tc
i n styhnet hesc esB° wifnd LBB &2ogoowssed a kinetic mode
free-phanvoe sy n tbhuaeZmlebty loifmi az ol ((uBMMI BIh Ciam i de

mi cr orTehaec tfoirndi ngs i ndmet@aheldi tvihdt a wihems it dhre r |
is 0.8%, a direct synthesis results in two s
butGiBYy ( MIi bl ubl e i n botmtphadwudcamgHoWwate2 0 %
transforms the yhmatstee pirso cierstso aar ds ibrogplsd s t he
promoting I L formatioAcdd&maiwmg atso { BEORB@Il dw ec
sol ubiMl Mtny tohfe[ PMioMuBrithi gla,so rdohneorb(Bt Bimse hi ghl vy
insolubl e i n t he product ( mol e fraction af

[ BMI M]iBch prodscgepéaMedonwbewn pdds and 10%
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Besides, theBrcHBuwmddrst rbaetlioomn tdfe sMbIMudn M artsyi dn
reasOlOed5 %,ndi catsinmggltdhaphase canoihecbbthangdn
phase situations with the reaction proceedin
kinetics . dh&lrefloeteibeerhsavi or of the droplets f
[BMI MBjwas i nvAlsthagwudRdmany studies have been c
of I L syntkeesmsgdittkieragemaiicnse ¢ onsy e nsttiiornradd t an
reacotmoircsr osfeb44 orl1éd,s i3t6 2ils wort hwhile to stu

in HSM more thoroughly to understand the rea

Based on the above analysis, t[hB Ml M|yBrd hesmsl.
Subsequentl y, [ BMIleM$kBint ehteisciss oMer e carefully

evolution of droplets during | L s[yBiMIhM]sBrs a

product were analyzed. Furthermore, t he st
temperatur e, and feeding rate on the react.i
influence thet 8HINM hseyssitsenmo.f | Ls i n

3.2 Experiment al Procedur e

3. Exberimental Materials

Thaeet ainlfeod mati on of materi a2s2ubeMptaladedt oli s s
Fi g2Tsehows t het hseyancttbi foBAMEBND r

3. Exderiment al Setup

Fi g8&deepi cts the experiment al $ éperueps euntti | wazrekd
feetaurmai n reamnd ok ed maclkeedtsedr fl ask with a she
its central neck. The flask has an inner di e
an inner hei §ghgG8b¢a)l)5.0 Tnnme (confi gurations f
components of the XHCOL{BHARBBHAGTr U dFRisgouraey e d

31 b) and (c). The rotor head iIis submerged i
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bel ow the | iquidnigat 26f anene 0of c drhree sspheerad head
flask's bottom. Additionally, the system inc
hot medium for regulating the desired react

HSM are moinndg otrtreelr mocouples installed from t

Part A

Rotor

(b1) Rotor (c1) Stator
Stator 1 @

18mm

15mm

I1mm

\ . 1
l i . Meim or
= Hot Bath Meim and Brbu

Fi g83#rSechematic diagram of the,aexpéhniemsntadlor
I n this study, wewenpfl e egocidncgo nepsatr h bsbodRs tgiBraditee d i n

(g)reheat esd srwa ddtl amitxewr edd reecchhg mebhyhemf daghk
added first)] owdohpdaednpibigus igakige ephr e s s urPeu MPT F E

(ANGZHOU JTmTa6Gidhodd ot GO RZOUK )t he second feed
t hBeBur eact ant is fed into the reactor throug

positioned parallel to the central shear hea

Based on the above analysi s, 18 FBME MpBr e x p e
this workTalB8d4e | i sted 1in
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(a) Fast-pouring (b)

Set hot bath to desired tem perature (35-
50°C) and set water bath circulation to

1

Dissolve samples in anhydrous ethanol and
test each sample for conductivity

Setup Reaction

Slow-dripping

Heat the reaction system at a constant

- )

times, then evaporate in drying oven at
70°C for 5 hours

Setup Reaction 1547 mVmin System temperature (60-90°C) in an oil bath
System l
) Weigh 0.5 mol of 1-methylimidazole (41g) and
[ LR T ] /[ pour it into 250 ml three-necked flask
II.I_]eCf 0.5 mol N-methylimidazole (41 g) [ Set HSM speed to 4-6 ke/min ]
/ into reactor when tem perature matches
water Reactant __ | ¢
¢ Introduction Add 0.5 mol 1-bromobutane dropwise (68.5g)
[ Set HSM speed to 1 kr/min ] via high-pressure pump at 2-6 ml/min
Reactant | l *
Introduction \ Adjust extemal water circulation to a fast
Preheat 0.5mol 1-bromobutane (68.5 g) to speed
water temperature and pour it to HSM ¢
¢ { Record temperature variation throughout ]
\[ Swiftly adjust HSM to 2.5-10 kr/min J reaitlon
l M l:.'r'oc.ess d Cool sample to 20 °C when reaction
[ Take samples at different intervals J onitoring an. completes
Product Collection
Sampling and l ¢
Testing [Wash sample with 100 m1 ethyl acetate 2-3

Fi g32Eexper i ment al
TabB3EExperi ment al

procedunl@z)ys dloow (&ni pRisn ¢
d Bt wmtBynls t htyol i pni & @ & rauéniduem

di fferent conditions.

Exp. Hot nBfhinM{NM I nl et RotorReactConyv:
numb bath (mol )(mol )of Bspeecti me i on

() (ml/ m) n(kkr /)m

Exp. 35 0.5 0.5 - 6 71 2 65. 9
Exp. 40 0.5 0.5 - 6 3 83. 8
Exp. 45 0.5 0.5 - 6 3 83.9
Exp. 50 0.5 0.5 - 6 2 94 . 7
Exp. 55 0.5 0.5 - 6 2 95. 5
Exp. 50 0.5 0.5 - 2.5 2 90
Exp. 50 0.5 0.5 - 4 2 93. 2
Exp. 50 0.5 0.5 - 8 2 96 . 4
Exp. 50 0.5 0.5 - 4-8 2 96. 3
Exp. 50 0.5 0.5 - 10 2 95. 5
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Exp. 60 0.5 0.5 3 6 2/ 3 94 . 7
Exp. 60 0.5 0.5 6 6 2/ 3 94. 5
Exp. 65 0.5 0.5 2 4 1 95. 5
Exp. 70 0.5 0.5 6 6 1/ 2 96 . 1
Exp. 80 0.5 0.5 3 6 1/ 3 96. 5
Exp. 80 0.5 0.5 4 4 1/ 3 96 . 2
Exp. 80 0.5 0.5 6 6 1/ 3 96. 2
Exp. 90 0.5 0.5 6 6 1/ 6 98. 9

3. An& | yMetchad d s
. NMR fClharacteri Lla¢emiocShalbtt utLe
The NMR hydrogen spect | BMI BiWfaBsa msd aa2nbdraer dln dta mp

the resultsFiag24d eresented in

I. ConducMetvhadbetfearnr Cogceéher ati on of | Ls
Therefore, condu(cdetva ly2 diteiafsnuar | eyWWeCrmtrasd u dvteit vhiotd)
Met hodBetfean iCogcemter at | oorh 2)@fe raedLospttee dt aha
concentrati opBMKF Mlsriy mtthhiess i ztewdldy wusing the Met
SD30 conducg¢t tnhounsiyt tome@tnege act i on progress durir
pr o dreisgsZT e

. Vi sual Metato @mdoact erfFhaiSiegt tRR ac Sy ®the m

The evolutions of the dr opBHBLI Bj HBiurg -sdh elihgeh s
reactor under different conditi onTlShdweeaaal Iphot
procedarug2eisn. 2 Anal yVYIive a lu a MMezthhbod@hrd roact er i zi ng
PhasSteat uRedd¢ tSyapmenpbBYJEurt her mor e, the 1 mage p
provided with the Visualization Equipment wa

i mageag ufamit i t ati ve analysis of the dispersed
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3. 3 ReKaicntebtound y

I n thisappaldemetihe par amet e[rBMIoMyBirlee esy m tmae ¢
based on the AssulkporifedmrfHd8ma tr kewlcataiodn oat ef

[ Br Ba[dMI Mpl | ows -6t hedesercoadtliddn WKil®égti cs

L 08 . @D (3-1)
| 6 6 95

wh e rkei s t he  tdeenppeenrdaetnutr et er m, i .e. ,Citshet reeac
concentration.

According to the e@exmerrigmuaBmBamidMpMpeedome)] et e
mi sci bl e at a concentration of 0.5 mol for

concentration of each reactant at the Dbeginn

. . ™ - (3-2)
; ;i ————— U8t
0 i 0 R o® U T L8t P WE A
At tdo me
0 R 0 R 0 R 0 R 0 R (3'3)
0s . ¢ L, W (3-4)
o R 0 R 0 R o R 90
(04 : _ (3-5
QQ 0
0 R 0 R
p" _ p 06 (3-6)
o) R 0 R 0 R
p Y] 00 (3-7)
L8t P WO o L8t P W

Thkcan also be determined using the Arrheni

dependency of the reaction rate constant:

. (3-8)
QY 0Q
I n the | inear form, this equation can be wri
N ... O »p (3-9)
I 1Q "y 11 — =
0 Y Y
wheRies t he gw&aiss ctomes ttafennsp etrhaet ufrreeecqxypeomeeyn tdral p rf e
Eai s the ener®ynoft &abeivewcomon is a fast ex
process only considers the 1 nitial stages o
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reaction occurs in the product phase at the

of Brba]the 1| L.

3. Rlesul tDesandsi ons

3. L£hhr act er[iEMItNM]oBir o f

The react, [oBhMI pdiwdasu c ¢ h 02w N3P rilanp e r toinelsc g o, fl d s
Characte[ BMaAM] Bpayglehe r es UHNMR osfp echte3-ma arfd Exp
135 | isabddearn e shawd3iend it can be seen that
of the samples obtained f[ BWMI ¥VgtBer nvdaarrido ussa nmepxl pe
highly owebhbapeMlkidnpBRIrfBundi ¢ @taitng he products o
the experimentfscBlIM] Bf high purity

(Experiment. 3)

(Experiment. 4)

(Experiment. 5)

(Experiment. 13)
1 | | Lk l
(Experiment. 14)
I Il i ol
(Experiment. 15)
1 I I it .‘ .
MG BRI 09 8 7 6 5 43 21 023 45 6

f1 (ppm)

Fi g3#36e0MHZHNMR spectrum results for sa

Fi gekd&s hows t he correlation bet ween t he cCa

[ BMI M] Br and the conductivity.

3. AIhEf f ect Reoafc tTehogme r at ur e
Temper Bt wprbeayg(smuaeliali n the reaction rat,e and
especially in highlyTeeoéehies macquieaktamad isyts
Il L synthesis experi ment at the beginning of

runaway and discdlTohreatif omiemtdghmabo i etmpreadu aur e t

16A364



the synthesis process asdeobhiadsvos gy ngr ancku
were chosen to investigate the dfafseactpoaufr irmea

| owemper at ur ea resh voiwr odmeppti Nty t emper at ur es

Under the reacti on MlodrRirtBiuotnhse otfwoa slu:bls traantcieo:
guickly into the reactor. The -gpdeod sheaerd mia
Additionall vy, rapidly circul atingnawatar neidn
temperatures of 35, 40, 45, 50, andTh&AC f
relationship between reaction time Bhdutempe
2-24Hi gher i niti al temperatuseat eéeadmper ai wigé
55AC condition exhibiting the moGan\sdtgmdlfyi,ca
35AC condition exhibits the | east deviation,
temperatures areWmblre ahkermpéstl g mb ba thd ihteirz e

initial temperatures show mor et epmmpoesautnucreed de

Fig3%4id |l ustrates the effect of reaction tempe
ratExp)Thi s Hi ghlrieght s the cruci al role of t
kinetics and achieving hi gher C 0 n \Lerwsiro n r

temperatures (35AC) res(lekss i hhaardo Wektv ea o novveer

efficiency, suggesting that energy I|Atmitat.i
temperatures of 50AC or higher, a conversion
Tab3llal so il lustrates the specific experi ment

18) wusedl dwrdstyhmpeph dagigss @mi martklse endippinghe
prodaeapspi ng atpipmenxtBe I5y);mihe ti me regpingdpfocesth

reach its maximum conversi oaf apmduerri engc tmuam.
Further more, i ncreasing the reaction temper
conversion rates. For instance, at 9OACs 98%
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behavior aligns with reaction rate theories
mol ecul ar energy, over comi ndglhec thiivgahteiro nr ebaacrti
observed during slow dripping compabedteo f ¢
contact time and.Fiumdrheaswd es ursfl oove darig@agi ng
and gradual di spersi on dfhoreagh ami ,i ngvhiamh
di stribution in the reactiiomt areadtuimansT,hienhi

reaction rate.

l t sruci al to consider that el evated temper a
[ BMI MpBodb&cCc g B6e ompatrhees product produced at
demonstrating significant discoliesgmptirani at
restrict the reaction skowerdatelarpd hgas bebow
di scol oration, a[s363x]dicated in reference

100

80

60

0pF '
4 6000 rpm

=0=35°C
| I ! -0=40°C
G R S WO
i ‘ i i == 50°C
=0=55°C

i i i

0 30 60 90 120 150 180 210

Conversion rate (%)

Reaction time (min)

Fi g34Conversion rate as a function of reacti
and 6000 -pogumr iimg ffassedi ng mode.
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Conversion rate (%)

Reaction time (min)

Fi g8&5Cenversion rate as a function of reactd.i

6000 rpm, and a mbhmhadti ppowgr &eedohgh6n

Fi g3@GPe ct ures showi ng BMleMecBoldarctofatt e f fiem

temperatures: (a) 90AC (Exp. 18) and

3. AhEf f ect Rootfa ttSpoeneadFafsBoru r Mo d e
|l ncreasing ehbanbéeosmi spergdof reactants and
howev&lrsocrspawer ¢ onfTsou nepxtdimoenn.e mpact of rotor

reackExmpn, Bxp EExp Ex®,anfixd0 mnab33laver e conduct ec

explore its effects on the mixingRoGQ&FTeact ar
t hhaetdpi te the variation in rotational speed,
after the initial rise, suggesting that the
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speed. The minor differences between speeds
substantial enough to calhse i grhil fiighdarst tthleen
and efficiency of the system, even at hi gt

applications where temperature regulation is

At rotor speeds equalb6l)ffo(gdiRbeaowolbO00allpen
bet ween t Be lplharsies avnd hin the reaction sol ut.i
mi xi ng. However, as the rotor speed increase
gradual di sappearance of this stratificati ol
higm speeds. Specifically, at 4000 rpm, the
to eliminate the stratification. Consequentl
the initial phase of 't he0O0rOe atcot | 800n@ GB8salponsvs t h e
that the [EBHNVBeBmaocinnsofconstant during the ini
t) , while the overall conversion ratesoifmprov.

H3Mariees high rotational speed and the powerf

As the fluid traverses the shear gap in an
down | arge eddies into smaller emneseh&mrgyboo
process i s antici padteevde!l t omimtnimagmicyepwo@anloge ¢ owinar

effi didelnfclonsequentl!l vy, the-l@9gR8PApremyiopledad i ag'l
conver safotnber arteeact i on due t o tlhne steh ee nfhiannacle ds
comparative experiments, a | ower speed (4000
reactiont)(f ifrodtl obwewr by a higher speed (8000
to enhance the overall FogmB®Wertshenr esatlet s Aal
expectations. Using the variable speed appro
achieved by mai ntaining a constant speed (
i mpl ementing this opemralt icommJ e rsstiraant ergayt, e  oa m
were achi eved:schdteurpea oidudcu dtomi glr ocesses can

synthesis approach.
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100

L 50°C

- - -=0=2500 rpm |
=0=4000 rpm
=4 6000 rpm
. ==28000 rpm
== 10000 rpm

Temperature (°C)

0 20 40 60 80 100 120

Reaction time (min)
Fi g8tTeemperature variations at dpbdbberegt r

feeding mode.

100

50°C :
90 - =0=4000 rpm ------- bossncagamasy
== 6000 rpm |
80 F —g=8000rpm | 4
= 70 = lI()OOO pm______
S | .
O B0 hsscssstaiosssdigecoalsasa
£ 60 / 3
& 50 fp-<-n-i-mgffmamneatanas e
g °
2 40 s
8
I | 120 128 130 135 140}
20 demmemes O e SEEEEE
(1 ey R SRR demeeeee e
i i i

20 40 60 80 100 120 140

Reaction time (min)
Fi g3#8Conversion rate as a function of react

in pasti ng feeding mode.
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100

50°C ! : L | _k
0 —o=do00mpm  Hooo o
g0 .. =V~ 8000 rpm N Y
=0=4000 rpm (0-1 &)
= 70 F- and SQOO rpm(l'-z ) o
] . -4 -
s | =
S SOp-mmi e j
]
 40p------i - ,/O
=
=)
© 30 -------------------- I_E_-”us, 120 2 [ o
20 kol dcusssespmerees !...>..j ......................
l '
10p#----4------ctcccceo ' -----------------------------
4
OL A s . l s 2
0 20 40 60 80 100 120 140

Reaction time (min)
Fi g8#9Conversion rate as a function of reacti

8000 rpm, and 4000 rpm for the firopobumouwmmg fcC

feeding mode.

WY :
b

Fi g3#r®hase stratifi catwiotnhpddi @asitrnagm faete d2i 5n0g0 nmeptn

3. Ah&ef f ede eRaft e Df iop pFe B d Ma d e
Li eft4 laBbj]s er ved that i f the feed tube oper at e

fl ow of fluid within the reactor, t he sol uti

of the tootsheducde8MmeShil $ i n inadequate mixin
tube due to | ow turbulence, |l eading to insuf
Conversely, materi al aggregation occurs | oca
si@acitions. Ther eB8ufee,edt reatiempoanc tt hoef rtehaect i o1

sectiobhl 2ExgairbtlY Fi g@tH®mnHiIi gB1t2 ||l ustrate the r
bet ween temperature and reaction tinmerguunder
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at a constant rotational speed of 6000 rpm.
fl ow mhtmi Me&ésul ts in a more pronounced tempe
reactant caoccnceed nbteraati iigoginfee alt a voenr. nfl I/ mr ade c € 8
smoother and more stable ther mal behavior, a
Howewerr,eaisi ng the starting temperature (fror
|l eading to more prgceemro uncaehd |Bhreakta sofuniamtdiirnegsan r e
t hneeceseti bptimizi ngdjfd®twi rpdlest empler atur es t

stability and avoid runaway reactions in pra

Fi g¥rZ2nki g¥r 4l | ustrate the conversion rate as
di fferent flow rates at constant rotational
note that the starting point for thbheréaetdi

concl udes -dirni pepaicrhg sdxoper i ment . At 60AC, the |

flow rate significantly influencesmlt/hme nrea
accelerates the conversion process, l eading
However, the reaction is much fladtercoaveBdA
within just a few minutes, regardless of flo

as the reaction prdoeetd®s anhanmadi mbenr matk ee

flow rate for processes operating at | ower t
reduce reaction ti mes. Optimizing the tempe
compl et e conylesi e m@maer at ur e s, mi ni mi zi ng t
adjustment s. Therefore, designing the exper

factors such as the temperature of the heat

of faeded rfor the reactants to achieve opti mal

171364



120

T

|
100 k
|

Temperature (°C)

60°C; 6000 rpm
=D Op,p, =3 ml/min

0 10 20 30 40

Reaction time (min)

Fi g3r®emperat ur e v aimBirdteieodn sr aat telsd i3 earnedd AGC wi

6000 rpm in dripping feeding mod

120

|
[' A (I
100 f q S 8 | :
| b Af"f S > A
/ ‘]I sl X ‘{ rq W‘ﬂ‘*{"‘{?ﬂ*
[$ PO *C‘*{,H
—~ 80k ) et s S B P e ==
& WS | 1 : :
Py ‘
3 | ‘ ‘
IR i i i e ey ity PSR
5 I | |
=
5 |
= 40fp----- s IR
80°C; 6000 rpm
| == Opppy=3 ml/min
20k | g _ .
1= Opypy=6 ml/min
| |
t=4.8 min | |
() l AL A A
0 10 20 30 40

Reaction time (min)
Fi g3rZFemper at ur e v amBir dteieodn sr aat relsd i34 earnddd AC Wi

6000 rpm in dripping feeding mod
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Conversion rate (%)

100

40
30p ;
60°C; 6000 rpm
| e ST, SYSS 0= Opppy=3 ml/min - ]
7Y A S I == Qpppy, =0 mi/min |
0 A L L L
0 5 10 5 20 25
Reaction time (min)
Fi g83TrEonversion rate as a functiomBradff react
andnl )niat 60AC with 6000 rpm in drioppi
100
&__r——-—-—'—”_'.
90T - it SEEEELEESE SELERRES
sof §
g I e e . ------------------------------
(| EEEEEAEE e St
e 1
8 S0k e Rt EECEEEEEEE
S s AR
2 : : ‘
3 30 I R S : 80°C; 6000 rpm 7
' L == Opypy=3 ml/min
20t S - Oprpy=06 ml/min--
10 p---mmmmmmtmmmmmoo oo e R EEr TECEEEEE
0 f ; f
0 5 10 15 20 25
Reaction time (min)
Fig83r&£onversion rate as a functiomBradff react
andnl& mitn)80AC with 6000 rpm in drippin

3. DropBedtavDuo i n @y nthie’r vice s s

Schwol oWy 3 68ckognadlu.ct ed

[ BMI Mj Br

[ BMI MPBrBur

out |

dur i

et

ng

a

avin db y

of

t

he

a st-udg

mi croreactor dev

analyzing th

theFrgdkehctBaseasd (

syhBMe M| BrigEcassngf a
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captured simultaneously at various stages o0
di fferent 1 mage conversion points correspond

ternary phaseFidg8adga.am (refer to

[MIM]
0005 60

1.00 y 2 ¥ \ .

00
[Brbuj ; 5 0.25 0.50 0.75 1.00 [BMIM]Br

Fi g3#r®ernary phase diagram with the experi me
twohase | iquid phasBeMl M eBrméTdr £d groitnge dt hba mo d a |
a rough estimation of tphhea ssee praerga toino n akbeotvvee e
t he-pthewes e regi on-g(rbagyl afv8 &i2den )cur ve
Fig3#r&@hows that the -phasestlhowsaadp heaossev & g 1osw
after a specific conversion value since the
al kyl at i-mrgomaglewmttaifd) phase. Therezaerandi gamb.
density of thesditshpeeprrseesde efdloenpdebpl et appear
reactidepeadi eg onexper irmarct oalr aonmd ig&ilrens. A:
the dispersed droplets evolved significant/
progrébmasisdrveepl et s appeared when the conver
reaction proceeded, the dropletas gradoaklygiad

oBl.6% and finally f or npehda sientvoi sac chuosmolgi egnueiodu.s

Throughout the reaction proceoschbsctcbmpleax |
stage of MhMnBlreBwt uah] y di ssol ve twhiflbee m t h

smal | amount [oBfMItMdeEBrgbenerataeade i s the disper
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| adge®pl ets i n the (Feaadid®ah Tshoel utairegrecrés §d¥r toepnh e
em, with the major i tmandiesBtOrlinb uttheed nbi edtdw eee ns t1alg .
Figdxed)), the overall solution v[iBMIoM]iBry i |
and MIM graduadbkFby t henssiytsiteems of Bbuutou atlhes ol
[ BMI MpBaTke dropl et size gradually decrease
nar stoow angel GmwiSdhop!l et dm algteteendpartiimar y behavi
phakste the | ater stage of[BMINEBIN segehepbpated hado:¢
the primary phase, wi tMi Man stnhailsl pahmaosuen,t wohfi |uen
oBbubecomes the d&igpegrd. pAsasehé¢ reaction c
oBbuf al | st thee | dbiw$ $ anlint[BibdeEeBImM hase (accor-dhaget o |
di agirmimg 8 ®Att hi s tphcei notv,er al | soluti omhaoaee 0 me
(Fig8I®gh)); with continued -pur[BtMi|Blgr and aplyi
precipitates out HingGitlge Ther mi gbrergesoal de g

representation of-ltilgai @dvoleatcitomnofsyatlkeimquaicd
stages$94( 1730 . The progression consists of a
increased di sperbsiilonz,dtheedi emé et palodsca phas
highlights the i-drpiowvdmnrcea otfi oonnst earfdactehe ¢ o]
mor phol ogy and reaction completion. Such in

synt hesis processes.
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Fi g3#rééemages showing the reaction phase progr
(a) Conversion 15%, (b) Conversion 32.6% Ob
mi nut es af(tsecralseampalri ngs 100

Fi g3 ®i croscopic images of dispersed phase d

15%, (b) 32.6%, (c) 46.5%, (d) 55.7%, (e) 64

The reaction was conducted at 50AC.4ith a r

( mi cr os caorped, 0Otwintejsl dtn dsiiczastaendd assc al em.bar i s 1
176364



3.4.6 Keacettiicn St udy

Reactiinenilc data is i1 ndispensallldeetftoerr tuhned edress
the kinetics of Il L synthesis and develop ef
[ BMI M]Brsynt tMd ddin®&lr Bueornre st udi ed isthoavmbgtucke HS
34,t haep parreeandt i on ki netics were enhanced with
was a constant decrease in the reaction rate
to the heterogeneous di frfelascktiamenhii oo deéat agc &aie
reason for the wvari at i a@amme cihna ptenses preecétbi evieo e apt
bet wdleMnBlr ils expected to be a secondary rea
concent MatdinBInsu omfce t he death i S3ngelpcrhiocafne & 5n|
Thus, the reakisomnetatremi oedsbgnt he quotient
substrate &amud esn toiVatMiodonpsl.et s (di spersed phas
reaction phase due Tberapopgl|l etiresunmigt snatandH
in s84tb5o08show the inevitable phase separatio
rat e%@fi g eTherefore, the rkaas i oal ¢calt &t ed
data from the initicolnver 89és whfer £ henaseadtria

negligible.

The plGdOsQodfrom e (Bdpvdrosaurse expected to be a
seerriig@r@&hTGapparent or intrinsoaotregehéonmpno
rectti iomean dbedfweem t he sglrompesdirmfge mpheer at ur es .
reackiiment i ¢ rkaite icrofnlsuemded dlys yttehmgp eArant e rei wa:

where the activation energy ankd tBlye pleoddt ing

natur al |l ogari t himk)afgai hetr ahe conetgotamf t h
Arrhenius plot 1is obtained.k)l mntdhias tsiEyuady ,o nt
for the imidazolium ared el lcaFuog8agdadmwse sthieg ¢

Arrhenius plot, whi ch vyi kk)aegd ilah. §9A s aa gheé s b li t
val BEhed0 .k6J4 mpAl=1.19130m/ moweirse deri ved.
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Tab32éi st s t he strwedicdignoat i cy name stilsei r resul t
for synthesibiasgdi mMiLdaz ol Tdheh fleirreetti o efacft @orr er
anghvary amonigLd.i fHewewndr , even for the same
paramgartriscul-axpgneéeéhmiwAi phetaobserved under di i
operating conditions. From a thermodynamic p
should remain constant. 3Newklthelpessedaki abk
espedj adéyend t o some ext erneta cotno rt [heerh@iloongfe dg u r
that ydhreseynhami c var iraebacetsordicfoinefri gaamartg ons
research groups, some variation in the repor
expetteds shown that the activation energy
70 .k6J4 mowhi ch means that compared to other re

of ILs to occur with |l ess energy.
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Fi g3 &raphs showing the correlation between

(G) at different temperatures: 35AC, 40
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Fi g83Y®rrhenius plot showing the relationshi

reaction taj{&adaodnshente€i plr/olcal of t e mgp

3.5 Conclusi ons

Thi s study successf uflrlegge alcati celv e dshyuaByhle @il & e
met hyl i mi dazolBMIMN]Borosimmgedadhi gohxer . Two di s
met hods, fast pouring and slow dripping, wer
of the synthesis process and their i mpact 0
i nsights ftdre @ptoidmicZ]iiBii MJ rBohcee srse soul t s + eveal

dri pping method significantly hedoaoe@érseaati

compar ed -ptoou rtihneg fnaestth o d . Furthermore, the st
temperature, ippiog speed, oand heér system's cor
that i ncreasing the feoaatiingn moamp egrestudrtedi nr
rates, achieving a 95% conversion rate withi
moal, hi gher reaction temperatures |l ed to qui

with a 98%Wteomacédi evablreawi thin 5 minutes at

Rot or speed had a negligible effect on the ¢

but wa s f ound t o i ncrease t he final conver !
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