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USunaansdusius | dadrudaluan (molar ratio) Smsmslva (flow rate), Tua3i
(stoichiometry) (Molarity)

Lalung naildlunisaunanludaway (stiring L’Jmﬁaﬁagiuﬁaﬁqmiwﬁ (residence
AU nTen time) time)

AUAENSNNT
AU nTen

(reaction kinetics)

AuAslnesvezaansegludanay

(reagent expose time)

muAslaednsnsiva (flow rate) ves

REAUY

(concentration)

thiinswasuulamasanaiuaznis
HaufiATdmd Ay fiazanauuansing
YOIAULUTY (concentration
gradient) Tlzdwnasiovaumansve

Ujjnisen

ANAINITHER wingdmsunisnaaluliunaiosass | wngdmiun1snanasaazain ¢ 809
(productivity) A¥IOUNIINAR (batch) #oLllad (continuous)
Audnduresas | Anudnturesasaswiuwasndnduen | luldazaveavionauaunsauenla
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wiReiudignussyeglunivuzussglaeds

setaiinisirausenaulumenisniwes

19 9 lunsauaunsdunsizanise
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vantdudiinuusulowazaiunse

Ysuwasuluauanuwmuizaulunsay
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0y

U371 sauludanisianiudjasen
da1u1savinlanasniiainazaiuse
asvaeuldagssoiiles mnnTEuIuNIS
Juasgidufianainaziinisgnyde
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NAaRAUNNUBYUINLUDENYUNUNIT

Y

ANATILNANTIUDINAN LAgNAITAIAUN

lunszuiunsla q Jeaunsavunly
usold wndinmsinatisaluusslenioshs
Salunrvadynssulunisdunsiei
a15d1Ay @135978 nIeldnanindysug
M3uiidlyannfigaiesanszuuveaad
nslnaianansaananudssiienaiag
Talunszurunsdunsieit Inededveenis
daunsigiaiaaiinisivaaiunsaasula

samalull
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Jonvauaiinisiva

1. @U150AUANNITITB S 9 1
P8lunTzUIuNIINITEWATILILALNS
yhgnTiAneuuUsUTIUe

2. mié’qLﬂﬁzﬁﬂﬁﬁ%mﬁwma%umau
annsaduasesildegsieiodnglidos
solasalundazUiizen

3. anunsnufuasugunsalildly
szuuaiinisivalaegianuizauiu
Ujnsen

4. sguuniinisinalinnulasniogs
3 nnIsanniIsdudaarsiivsinluda
ansadungiufizerfiaunsoseide
lpognaUaonsie

5. anansnthgunsaliinsesiivanzan
amé?qiwﬁ’umﬁmﬂwmﬁamuamqwmw
lanasaian (In-line analysis)

6. if1den1snanfiganazaiunga
Fuaswildogeeiilos

7. WiununmiazUaesHandusl
dauusznavvauaiinisiva

n1sfiszuuiaiinasivadatuisn
penuUUTuRBUNSH AT ZR Lz AL
fuufnsenla diulszneureaniinisiva
d3sdndudenfugunsaifianuisn
U¥udsuldmuanumangay viliad

o

nstuatuiinnunainnatelun1sing

¢ v O o & ~
gunsal faugunsalvugiulussuuiadl
nsluandAgdsed [3]
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1. Ju (Pump) T mugaansnie
a1sazateingssuuiaiinisiualag
aunsaususnsinisiva (Flow rate) 1w
aanndenuUiseIn1sdunszile lag
silavesduiildialulusyuuiniinisiva
LU syringe pump, piston pump N30

peristaltic pump (E‘Uﬁ 3)

SUT 3 uansdnualzued

(n) syringe pump, (¥) piston pump Lag
(R) peristaltic pump

fi311: Britton J, Jamison TF (2017)

2. defanau (Mixer) ABUIIIUTOMD
TWanssagududanauiu Tnofuaud
nanednuarslieduegfuUssinnyes
ansfifosnsnauvievifisenduansly
gﬂﬁ 4

SUT 4 uansdnuazvesiineesiuy
(M AT, @) 6 Y wag () 6 X
fian: Britton J, Jamison TF (2017)



1 o

3. duvinUFATeN (reactor) Aoviafide
Audaronay tavaiulng uaidiuni
Ufisenasziianvaziuvevuiaéanivn
Lagszzmuana1afuly (SUl 5) A
g iotuandudiuiiniuauszerinains
\AnUFA381 (Residence time) 9A23817
vosvieuardnsnisinatuazgnuiuli
duiusiunuszezIa1veINIsiuisen

aaa

Tunsiazufisen

U7 2 uansdnuazvesdinvinufizen
(n) wuuvie way (v) wuululasvgdand
fia: Britton J, Jamison TF (2017)

4. AOANUNITHATIENR (column
reactor) ApdutN1 T BATIERTUT N
wugniudmyinuiisen (Reactor) usilu
pofuind AT daT0UTI9aTee
UAA387 (catalysts) n3oanseaduiliiy
Y9ud4 (solid reagent) L lUyINU{ATEN

luszuuiaiinislvald (53U 6)

JUT 3 uansanuarvasreaulmIdunTe
#i17: Britton J, Jamison TF (2017)

5. A3IAIUANLIIAU (back pressure
regulator) iuduiimuauuswiuluszuy
wilnslwalagazvinissefiusiamisesn
va95zuUnouNandutarlualiiiuly

ABULUTTY (FUN 7)

SUT 4 wansdnuaizuesfmUANLIY
fi117: Britton J, Jamison TF (2017)

6. d1uUa1un14 (downstream unit)
youaiinsinaduaiuisadediures
309iia3iAs199 (in-line analytic) n3e

(%

atuisadeldigiuneunisudnsely
(work-up operation)

7. dufinldudmiuauauaniagly
ANSEUATITI LU heat, cool, oscillator,
electrochemistry, microwave, light lLag

ultrasound (gﬂﬁ 8)

SUN 8 wandnuazvetgunIainluAy
¥ a <3 [

AUTBULUU (N) EVUIALNALAZLUY (V)

g1anTau

71317: Britton J, Jamison TF (2017)
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a T Y ]
wisliwmasnanagyluaiinislva
3ngunsailuszuuniinisivatnesiull

aru1saaluaulalagyiinisiivua

'
aaa

113783619 9 Iaenndeaiulfizend
Jvnsdunszil Inemsfwesndfoy
Usznouniey USUTuaIsdunus
(stoichiometry) wammﬁmia&ﬂu‘iwﬂ
W03 (residence time) USunnsuasssayil
duna (volume and space at steady
state) N1SWEN (mixing) N13a18louuIa
(mass transfer) g% (temperature)
WagAIUAU (pressure) Inaw1siiines
wdnidsmalnensaieUTunLazAMA TN
YoINANAUNN1TUSULRaE NI TN e LI
wnzandaduisesdfy lneseaziden
AMUAIAYUAZANUANRUSVDILADE
wsiwmesuandumidossluil

1. YSUeudsaUNUS (stoichiometry):
AaAUdUNUSYRIENsluNITARULAT 8
maniilagluipiinisivasggnatuauain
nswisnanuduiuluansivosanshagu
(molarity) hazdns1n1sina (flow rate)
999815 Feia 2 Jadedasdnisusuly
Fuwusfulnednsnisinadudmass
sgpynaiasisiutusgmeluiuoninos
WioiAnUfATenarSidimarenunmues
wanAuails Tnedasinsinatuiuin

Taanaunns
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dVv

=%

Taedi Q #e Sasnisiva (flow rate)
dV #e Usunsveweslnadildeu
wiaaly (volume)
dt o nafdsunlasiivemwes
lua (time)

§n51n151navesansiuas duwusiv
mududuluansivesansaadi (molarity)
738 9MIIAINULTNTUVRINITINAG (molar
flow rate) @unsamuInlAINALNT

n=cl
Tnefl 1 Ao Sasudutuvesnisiva
(molar flow rate)
¢ o Anududuluasivesansis
#u (molarity)
Q e ws1n15lua (flow rate)

2. s:aznmﬁaﬁaQ’Lu%uamma%
(residence time) %ﬂmﬁmmaﬁﬁwznm
Tun3viufisevesans (Reaction time)

anasaAuIlAINENAIS

lngf T Ao szuznaianseylusuonnes
(residence time)
V fs BSunsvastsuanmas (volume)

@ Fs dns1n1siua (flow rate)



svezinalunsinufizenduaninge
muqmlﬁmmzEJSL’Jmﬁmifuﬁmﬁﬁ%m
melusueawmes (Residence time) lngagil
SYHEIATMUIUT UATLAIN B1IVDISLOA
wesrsesnsnsivafianas Fasvuziiand

o w

a1siudveglurietwdudsddgylunis

aaa

ﬂ')“Uﬂllﬂ’]iLﬂ@LLa ﬂ'ﬁ‘ViEJWLJQﬂiEJ’] Tuuns

Direction of flow

UfATeNTisanans (Intermediate) lailafiesh
ansaldiafinsvafidviedunsyyividuas
Tutumeuineufiazlnatnluyiuiiseiu
ansdnlu sassiilinansausiilatusnnny
MIduaTRssdnauiifessolrn ey
fuasadunouriufasedalud syl

Y ! = < A v
AINANUNEIULFAN WU UETO U [4]

molm
A 200

—a

Direction of flow

so

t=1s

‘i
-

t=3s

[t=10s

—

—

[t=60s - y 1
L J v .

-
-

t=10s

(-

t=30s

~=|

t=60s

- AT 1

5UT 9 uanadnuaznisanglewveananisluy (n) uazlanieuen (v) Nszezeng 9 luluenwmes

fi1n: Eduardo Garciadiego-Ortega et al. (2020)

3. USumsuazszeziianga (volume
and space at steady state) IULLﬁiazﬁm
YOITUDAABSTITEEEAN q TudILNTaUs
venlafsanududulanig (specific
concentration) Y8 IA15AIFULALNAN
faurdntulalaglifinsdsundaade
i%UULﬂﬁﬂ’]ilMa‘SUL%’]ﬁﬁMﬂa (steady

state) NAMALDLAALNISITLADSUUAIN

araduduanizluusasgaduiady
anwuzlanizlussuuiaiinislva dqe
Snuauziiietuiluslndnsiiaufasends
anusoesureldessesfidiuniasng 9
8 1Ay 9 1o f1981991ud8904
Garciadiego-Ortega havAmM g lAK1n1S
J1a89n15lnan18AvURNUADS (com-

putation fluid dynamic) ¥9In15aNA&"T
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1Y

grsilow (uranium) fe¥paiaiianety
(heterogeneous phase) A8t ALiALAL
n1slna mﬂgﬂﬁ 9 qgiuIINISAAATS
g1elouua (mass transfer) 379 n1A
wilsludednignianidailoszezinan
WasulUlneszeznaiasuluiuann
narfiansaseglusuenines (residence
time) fdsanunsadiuinndulvifuszey
(reactor length) id 1w es1e 9 vo93
weaneslavinlulunnssuzrassuonnes
fufianududuresasluudazqndaiu
dnwuzlanzeunadaainisiva [5]

4. pasuan (mixing) Tun1sduasnzi
anstunsravansliiau et
(homosgeneity) Shuludosddetiunn
Tnganizlunisdansgiiiujazend
Aetuiss Faniswanluainisinaiay
Fuiusiudnvaznisinaluriedsszneu
luaenisiua 2 afiafe 1) nsluaunuy
avnane (laminar flow) e dnwazns
Ivafieyniavesvosinaindoudiegaduy

sueululuiiamaiontu (gUil 10 n) 2)

n1stnasuuduvau (Turbulence flow)
feo dnwagnisinafieyninvevedlva
waouitegaliifuszidou (57 10 )
Tnednwaznsimatuaunsasualéan
ANSEluanluLues (reynolds number)
PENNTT

VD

7}
a9l Re fs awsdluaniuiues

Re

(Reynolds number)
P Av ATUMUILUUTRURIlva
(fluid density)
V fio avuduadevewesiva
(fluid velocity)
D fie durugudnansviedauasisnt
(tube reactor diameter)
U A anunilavssvedlng
(fluid viscosity)
Tnefiansdluasduiues (reynolds
number) Huvendnuarnsinaniumag

2

AN5199 2 wanIASSluan UL UBSARdNwMENIS VA

Ansgluantuiues (Reynolds number)

<2,500 2,500-4,000 >4,000

nslnaluvaENe

(Laminar flow)

sl uunEl

(Transition)

Asivakuututiu

(Turbulence flow)
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n laminar flow

g turbulent flow

M
& ¢ < .

SUT 10 wansanwaen1siva (n) wuvastalawas (3) n1siaskuutiudiu

=2

a

111: CFDsupport (2018)

Reservoir

Pump

Reservoir

Pum

v 6

SUN 11 hAAIALAUIVDITLYET NN FUNUS

U

a

141: Plutschack MB et al. (2017)

a v

dHosnssvuiaiinslvailliveriidy
f1ugUENaNIYLIn 0.5-2.0 Hadinsdadl
yuiidnunn mslnaluadinnslvaiady
Fnwaznislvanuuaitane (laminar
flow) ﬂﬁiﬂﬂ’]iwﬁmﬁuﬁﬂLTJUIUEULLUU‘U@Q
nsuns (Diffusion) vadluianadsgud 11
TEL AR R TG e PPV ERVER IR
WwesAnNTuUNTaNysal Aanguiives
nsunstunarilflunisunsveduana

2 UsHUNSINUMAIAD9UDITLULN N LY

Tunsunsaeaunis
X2
i
D,p
et e narildlunisuns

X A9 STuEnaAlunISLng

funainnsunsanysallusuennes

D, fo &uUszAvsveanisuns

Fuszezmslunsunsiiduadusyuy
gouninisinadildvonslusuinfidnas
denaliiinnisnanvesasiisimdrdsly
gusailalumafianisdansigvilueg
Wed [6]

5. n15a18lauua (mass transfer)
MndnmduiiuiiadeUsinnsfigdlunis
5&Lﬂi?$ﬁﬁ1ﬁfﬁﬂ?ﬂ@i?ﬂﬁu (heterogeneous
phase synthesis) LU LA@/UDILNA
YpIT/84a7 U0 suaqmmﬁsuauﬁﬂ/

YaaaIntlvauln Juduseansainunn

o
a

& o ¢ & & A
T Tnggunsallumsdunsgiiuasinug

RsaUSunsidulusumisen 3
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a = = & da a ] a A o ¢
M1919N 3 LLﬁﬂQﬂqiLﬂiﬂUW]UUWUV]N?@@Uﬁmqm{[’u%@agsﬁu®7@QLW@UﬂﬂqﬁaﬁLﬁiqgﬁ

winvasgunsainisdaunsngs fiufifaseUinam [m¥m?’]
Microreactor'® 10*
Microreactor (gas-liquid)™ 5000
5 mL Round bottom flask 141
50 mL Round bottom flask 66
250 mL Round bottom flask 38

[a] llps3uemnosusunms 140 ul waz Wudiia 400xa00 um?

[b] aunfliuTunsvenialazesnanyiniulaedanuenviidulaeiinueniues plug

length tJu 2 Wihvesunisweie

FenrsfnufiiafnoUsuInsuIN Uy
SR uRRduia (Surface area
contact) vesansHumnTumelussuuLail
nslnadanerinliufaseduialfisadu
FaituinnfudsaroduUszavinsaneleu
178 (Mass transfer coefficient) AglN1S

Mass transfer coef ficient = k;a

Tnefl k Ao Adudszansmsanelewina
VDIENT
a Ao fiufiRavesoune

nsfiduUszaninisaislounnags
e BUsEANS AN TR0IN 1SN ALR I8
Wwunulngunfnal tlulassueaines
(Microreactor) ﬁ?uﬁﬂlﬂ k.a # 0.15 - 15
Fuit dausuemnosiugiuiildly

WoeUURNT W vInfunay A1 ka ¥
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0.001 - 0.02 U LWeUINIATUI
538LLIANNANTANAUND (toquiiorum) bY

aunis 1
tsqua’h’bra’um = .IE(L(I

W oo AB TEEERANASARANNR

o

ka Ao duuszdndnisanslouuna

nuItulAsIweALmes (microreactor)

tuldnanfisadndesfililiaindig
aunananfeUsAnsnImmINaNuAde
\uriu (6]

6. gUNAN (temperature) N15AIUAL

a o = p=3 [
Augunililudnuiladadelunns

—

AnufAzeLeadiznIsNsruuaiinisival
X ode o a 4y, Y~

NuNRRaUSUWINUINTUdINalminnIs
aewmAusaulf g1 uRLaYsINLEI
nsiiiunseangungidadudednvinla

a1unsaauANaungilldetsliuguag



feanunsavioumngiilagindiuniiainnis
Wawssauilvdfaseninniuiou
8981a (superheating of reaction) L% u

ALReAUNAYRIUIN 100°C LT BAS1

n Batch

Temp

Time

wsasuluszuuainisivaanuisaliny

a

aaumQiilane 150°C Ausedueinia U
12 wansliiudanswasuuuasaungll
vosnsuanlufmauwazsruuAiinslva

Flow

Temp |=

-
E

Time

JUN 12 wanenswdsunlasgamgiveamsduasigine (n) dwauuay (v) winsiva

fiun: Syrris (2022)

Mnnsmlagiuiissuueiiniglvaty
gungiamsnfisiuiigaaunaldodig
sasnarinwiguvndldediened
pasAnaRanzaNna Wevinisuiuan
aaungfiasnanunsoanatliodnesinisa
wagvuiigdunsnanlufawanazifiud
mmLaﬁaﬂumimﬁauLLUaaqmﬁgﬁﬁ
founinannisfigumgiiazaey q Ll
Juiaugauaziilefsangiauganying
mmﬂﬁﬂiaumaqqmmﬁﬁmﬂm"]LLazms
anguunnituflildanegrsasnaue
Uszansanlunisateleuainuauly
sruuainisinaaiuisavenianigan
§hsndaunsuaniUdeunnuou

(B; Ratio of heat exchange) MuaNNT

Heat generationrate

Heat remove rate

_r'ﬂhrrxn dg‘
4AT, %

Taeil B Ao Shdunsuaniudsuey
Jou (Ratio of heat exchange)

1 Ao 8n3IN15inUHA381 (Reation
rate)

AH

MsnAUN381 (Reaction enthalpy)

ren A9 ALFRUTIUAEULUATLUN
dy fig W nvedUUAUEINA1NTDS
JuoALmo3 (Diameter)

AT, Ao ﬂﬂiLUﬁauLLﬂaqqmgﬁLLuu
pyIALLLURAN (Adiabatic temperature)

K Ao duuszansnisunsanudou
¥89d15 (Heat diffusivity)

Fansfignsnvesnnudoudiiniy

(heat generation rate) TnaLAEIAUTAT)
N19A19AA21USDU (heat remove rate)
agiinlian B 1dnlng 1 Fanunedanis
wanUasuadtufeuduiluluegas
ainane uidaAn B idruan Ju

RUIWAIUITEUULNITUANIURBUAINN
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o w

Y] A 1A A Y] o ‘:4'
5@14‘1/]11]@Lu@ﬂﬁ]qﬂﬁ)ﬁiqﬂ'ﬁqmﬁauwgﬂﬂq 9

Uuliimsaneaiudnsnveinusauninvu

31nUHA3E1 IngAuduiusseninewuin
¥ 1 6 % a tg
LWunuAuInans (dg) wazduyuszansnis

heat exchange in

microreactor
R,

dh
JUN 13 uanansmanudniusveszuin
WUl uAUgNaNYaSHOALDTILaY

FuUszavsnisunsanudeu
fan: No&l T et al. (2015)

WNsAUToURIAT (K) Tuguil 13 9
= \ = & P
WIS IElalAsShaAWmasNLYUIRLAY
H1uAudnans (dg) ey tu agvinlvien
AUUTLANTNITENTAUSBUTDIES (K)
dufianann wagan B nlng 1 Fmuneis

a Y pRp P
A5aNUALUAINUSIUNALUTEUULATINIT
Tva [4]

7. AuAY (Pressure) TussuuLAiinig
11aAIUAUSINYBITEUY LAATURIN 2
Jady Aa 1) AueudaunduaINNIS5 g
v99U04lna (Back pressure due to flow)

Tngagindusiain1siiudnsinistva T
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SueAwmosfidusiuAudnanuAy vo
asmaruildfianuniaunn 2) arusu
doundauainnisliasneunseau (back
pressure intentionally applied) 19 ¢

gUNIRIAIUANLIIFU (pressure regulator)

(%
Y 1

Nfnntegn1eesnvewmdnineilussuy

= o Y 1 lej
wini1slva n1sAtulIausuluviad
a1usaruInlAINaLNISTRIaMAU-UIT

[

L& (Hagen-Poiseuille equation) [7] mﬁ
8uLQ
mR*

AP =

Toeit AP e ussfunigluvio (pressure)
U Ao pumilavesediva
(fluid viscosity)
L @9 Auenvemie (tube length)
@ e dns1nslua (flow rate)
R #e Saflvowie (tube radius)
1NaUN15V8 I8N U-TIT Lz WU
9 " X z
Anuiunsluveluargeiuilovativaiy
o & A X A X
1ANUNRUANFITU AUYIINONUINTY

gnsnstnaiiglu uazsalivoailianas

=

v a a d’{ Q’lj =< U
FIAIMUAUNNAVUURNIYAIAN1ITLAIUAY

1%
a a =<

Mnaduvesdnsen vindjnsen

a

duasigniunein1sANuiuNgduLay

= é} ¥ U b2 1
szvutpiinasivatiadrsaudulaly
=~ v fa a Y
Wiganeazarursaldaunsalilisendnga
AIUALLTINY (back pressure regulator)
WannassauauluszuulngnA1ves

AMUAUTNNUNTT U A UNalNUB s

Y



AIUANLIIAUTIEINITOATIAABUAILIN

ANEVRWIAT I TR UTLALN

nsldadinisnaludandsnssy
1. NMTduATIERENTaAY NI
(chemical synthesis)
lAssas19vesa1sding (active
pharmaceutical ingredient; API) & n
Tnssadnafidudon dduneunsdunse
wanetumauLazasTldaInnsdaasey
fadsrnutuneunisviiliuians 3adu
Anuvmglndlunisldiadnasluadiun
THlun1sduastgimileliAvArIuLn
Aaodgrenisdaasieilayln iy
(ibuprofen) Tud a.¢.2009 Tnsudaaan
(McQuade) wazame dugaEudunisi
wilnsivauduasziasdrfey laonis
é’umwﬁlau\)lw&ﬂmmuﬁmme‘ﬁ%

UAseT0a-AT MY pzAaaty (friedel-

A x 20 eq. KOH
| in MeOH/H,0
)\ P s o
Teqd. 454 iLimin
O
|
HO{J\/
eq.
FiC—S-OH
=w 28.7 pLimin
0
5eq.
— 131.5 pLfmin
1 _ e
PhI(OAc), and TMOF
1eq. 4 eq.

Crafts acylation) lagagvi1nashen
(migration) U89 1,2-aryl LagiinIsg
llnslada (Hydrolysis) fisuniaeaines
Tnennsandaszuuaiinisinaiifuluany
Ul 5 FalduIunvedloylnsinu 51%
W§191NN1SRINISANEEN A (recrystal
lization) [8] eiau1Tul A.A. 2015 Lalidu
(Jamisin) LagAMElAMINISNAILINTLUIU
nsdansesiloylnsmulagnisldnisuen
ArewmAllALLUTY (Mmembrane separator)
Wandadsluszuuiieddalasiinuodn
(triflic acid) m’mgﬂﬁ 15 1floannis
\AnUjATereendiadudidinasiouiuia
¥99a157 L9a dliuIunave sloylnsiny
83% ImﬁwzL’;aﬂumiﬁmiaﬂu%aﬂ
We3 (residence time) LHSWA 3 WIALA
f1&In15Wan 8.09 nSusedilusunazddl
ANNUTEVISL 1NNTT 98% wwunARBURY

wiata H-NMR [9]
C

OH
)v©/‘\0n/

Ibuprofen
51% vield after
recrystallization

aaa

JUM 6 wansszuuaiinslvalunsdaasigiileylnsiuveadaweadldufisensing-

AT DzAaLaTY (Friedel-Crafts acylation)

fian: Britton J, Jamison TF (2017)
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/\/@ 114 pLmin

1eq.
o]

ACl 136 pl/min

1.02 eq.

90 °C, 1 min
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fan: Britton J, Jamison TF (2017)
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nl Reaction times of 2 h n
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Reaction times of 6 h ¥

Reac_tion times of 4 h

JU7 16 wansdnvugndndarinisdunzieunaluduniwesdlolain -8l leaiand

AuAs1zviaensuanludwan gl (1) 2 9lue (@) 4 37149 (A) 6 Tk (3) 16 TIluway

(1) adnsousiflaannaiiniglva
fa: Choi H-S et al. (2015)
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wiluAuineugnszsuIunsinly [16]
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