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1. n1TanvuInaYnIA (Size reduction)
nsanrIneymAiivanss dddvinmslunsanuun 4 35 Teandendall
1. 38n13dm (Cutting method)
2. F5n130udn (Compression method)
3. 38MIvu nIgwnn (Impact method)
4. 7Bn15dend (Attrition method)
1.1 38n136a (Cutting method)
WumsanuaeymialasnisldmunuveduialunisdmasvuneynelsfivundnadliFesy
mudeans iiesdlefilindnnisanuuneynialagisnisda W Cutter mill
1.1.1 Cutter mill

wann1svinaulaensldluiialunisdn dauseneudmelulin 2 dwde dwlulinfigngnld

' ¥
v a a A a

ogfufiusniiuiiasuluveanias (Stationary knives) uazduvadlusiniiadeuilldegusinmununans
Yp31A384 (Rotating knives) Msvhauveaasedlngshmsdeuasidimiuuuvensies (Feed) msan
vneyMAIsAnTuIINNsT UL U AeuTvesluiausAunans BsasTiogsmindluiias 2 dauay
gndinvineenaniy ileanvuineynAliianasseny synafignanuuinasazgndavualasnnslduss
¥393AZUATI (Screen) WoimuvuIneyAATIFesnTs laiiloarsgninansuiniuldivuineyninniy

Fean1s anstuIziugnzLnsseenu kGt (Product)

Feed

Stationary knives
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Particle diamatar (um)

Rotating knives

AnUsenau 1 Cutter mill (Aulton et al., 2018)

dusnnldlunsansuineyniauuuneturesnsinunsyauiaieudiazthluneniin uaz ldansuin
ounevesasulnsiidnvadudule (Fibrous) Wy 510 wWien eufisgiayulnsluvhmsarin
1.2 35n150uUdn (Compression method)
Bnsanvnalaenistuda Muuanmswind3uudess 01aldlnswazgnings lneldusnasiiu
anlnss msﬁagjiwdwﬁﬂﬂﬁaLLazﬂawqﬂiﬂéﬂﬁimuﬁué’ngﬂammﬂiﬁlﬁﬂaﬂuL%SJG] Fretghapdesie

A5n150Udn v Roller mill



1.2.1 Roller mill
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Roller mill Usznausiegnnasmilzusiamsenseuandiui 2 8u v3eunndn nyudin
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i lngansavegseninsorinesgnnaaiaes Wulivesgnnasivudwniuasimilunsiudaans

Widvwneunadnadizos

Praduct

AmUsynau 2 Roller mill (Ortega-Rivas, 2012)

1.3 38M1U nszunn (Impact method)

o1evdnmsanvunlaenisliussyunienssumnansiidesnsanvuineynia @1sazgnyuvde
nszunnceussaianeluiFesauldvuinoyninvesasaudonis degruedesdlenliitnsmu
nsEWNA WY Hammer mill, Vibration mill i@y

1.3.1 Hammer mill

vdnmshanilagedouiavdndnvazinieudiou fdusenuanuinaununaisweueios

Famdouilld agvimihiilunismu nszumnansatelundeddiiAnnisanvuineynialuizesy aunsei
GummqmmﬁﬂLﬁmwaﬁ%mugmmmﬂ (Screen) sonuTundnsdaai (Product) mudeInIs
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AMnUsENaU 3 Hammer mill (Aulton et al., 2018)



1.3.2 Vibration mill
Fuaseadudmsinszuen aelunais nann1syulagnsANgnUeansINay Favtan
Mnaunuaansensuidosasluludisnaesas 80 veaUsunsds nsanvuInIBAnTusEnINeRia
vyusaUies dwaliiinnisindeudivesgnuea (Miling balls) Fsaziadeuiilunu nszunnansisifivunn

sunAinadlides unseiianunsarugnzwnsNsLInidesnseenuundnsdast (Product)

Feedin Out of balance weight

Milling balls ‘.‘
L \

'
Flexible coupling Spring mounting
to drive motor Product out

AnUdsenau 4 Vibration mill (Aulton et al., 2018)

1.4 Famsidend (Attrition method)
vannshauresAdesaziinainnisindouiiveseyninvesasiidesnisanuuinnieluiedos
Tngnsiadeuiidanandsmaritliinnsdendiuesszniteuniavesans uaziiansdoadszning
sunatesanstuneluntimeadesiiatug wu Roller mills uonanazerdendnnisiudalunisan
yuneyMALd fendendnmadondlunisanuuineyniasiue ndesdiefiondeiBnisdundlunisan

v

vaeymai deuldlunisanvureyninvesudeiinszanedilui3u Wy suenungneu wad s Dy
a,

uenINTU veesileiendevansvdnmstiniulunisanuuineynia gy

Fn1swu nszunn 9ruiun1ndend (Combined impact and attrition methods) LA3esiiafiends
WANNTIBNTYU N3zUNn Sauiunsidend 1w Ball mill, Pin mill, Fluid energy mill {usiu

1. Ball mill
91fevanNISNU n3zunn Sawfunindend Tumsanvunneynin fiedosslunsenszuennans

anunsavyuseuseduniuey Tasussagnuendosay 30-50 vasUTinnst vurmesgnUoATUTUILA
fauazdnsnilunistouas wu dwundurigudnats 1 wes envezldgnueaswinduriaudnans 75
faduns nieonaldgnueanalsvuinsiuiuls lnegnuearunivgjastisanruIneuN1ALUUREIY
1ummsﬁgﬂuaaﬁummLﬁmmhaiﬁmumaumﬂLé‘ﬂazﬁammﬂﬁu lesanvesinsewitsgnuearinaiinas
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dadeifnadenisiiauvesedes Ball mill Aopmisilunsusyuvesdds Tasdanuidlunismyu
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Low angular velocity High angular velocity Critical angular velocity

amwnusenou 5 mimﬁ'auﬁmmqﬂuaalum%q Ball mill (Aulton et al., 2018)
2. Pin mill
Usgnauseiumaniiiuianandnvazimdioudy 2 uiu masznuiu Tasunusuuugndnog
YUl (Upper fixed plate) waghHufuawauisansyuindouiild (Lower rotating plate) Tngiilousiu
fussmyuedeudl synnvesasIzgnanuIalnsnsnssunuazideadveswiaduiveyninvesans

oA 4’ v v ' I a o ¢
sawlldluien ldrwnsynianiuisinisasiugneunsseenutlunindne (Product)
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i 2
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AMNUTENDU 6 Pin mill (Aulton et al,, 2018)

3. Fluid energy mill

~Classifier removes
fino particies
and fluid

AUsenau 7 Fluid energy mill (Aulton et al., 2018)



NaNN1TNI UV UATRLAENITEAVEUNAINTED1NA FILTAMUAUGITARNIUTVUIA
urAugnans 20-200 fadwns weliveuvafinwinidnuing (Micronizer) iWhlUluuinaduaswes
\W3ed veamavsenandadluarlunssunnuazidendiuans eanruineuniakasiinnisnyuinly

sruusiallealizos AunseNIldvuIneunIARINRBINIS

M50 1 uansnisidenldinsesdisanvuineunialivinsauiunna TR0 swasvIAYNATINBINIS

Mohs’ hardness Tough Sticky Abrasive Friable

Fine powder product (<50 micron)

1-3 (soft) Ball, vibration (under Ball, Ball, vibration, pin,
liquid nitrogen) vibration fluid energy
3-5 (intermediate)  Ball, vibration Ball, vibration, fluid
energy
5-10 (hard) Ball, vibration, fluid Ball, vibration,
energy fluid energy

Coarse powder product (50 - 1000 micron)

1-3 (soft) Ball, vibration, roller, Ball, pin Ball, roller, pin,
pin, hammer, cutter (all hammer, vibration

under liquid nitrogen)

3-5 (intermediate)  Ball, roller, pin, Ball, roller, pin,
hammer, vibration, hammer, vibration
cutter

5-10 (hard) Ball, vibration Ball, vibration,

roller

Very coarse product (>1000 micron)

1-3 (soft) Cutter Roller, Roller,

hammer hammer

3-5 (intermediate)  Roller, hammer Roller, hammer

5-10 (hard) Roller Roller
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2. msviuiAs (Drying)
msvutadunszuaunislumsienthesnanans ildusuailuaisiuanas Inetiiseie
ponaInansenarlifessemeiigaifien uildernminduarsduiiionsiooni Tnsanigansiidu
vowdeidonty Frsinasdonnunn AaudRnislvatarANaunsaluNMIgnaendavedans
Yaseiimsiarsanlunisdenismeiuidliuuizan Ao anulideninudouvesans snvaeni
MEANUBIES 5ITUVIAVIVBWNAIEBINTTEMEDDN Lavurawasnusey wy Toth i Wudu
wsasfladmunsviaud
MMIANBINANLTIU (Heat transfer) nuneis msLﬂﬁauﬁmaqmm%aumﬂu'%nmﬁqmmﬁqﬂiﬂﬁq
Unaudigaumgiisn uwiseonidu 3 Ussiam e
1. n1swiAu3au (Convection) L‘fJumimsJmmm%@uéﬁamﬁm?‘iauﬁﬂuaaawauLLasIuLaqaﬂJaq
a3 Sedanunduveanauasing iunsdsdiogangilnesnansiundouiilutugungiisae Tnedam
mwwmm%au%uag’ﬁummmﬂmwaqqmmﬁ AMUSwRINSIaTRIINaNe wazelinvaswedlua
2. msaru¥eu (Conduction) Wumsaremanuieunluananddlugdnluananis daog
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3. n15uHSAE (Radiation) Wunisanamanueusansauimniiavig lnalidesendesinanslunis

@ '

detnendanu nswsSedaunsadiemauiourtueiniald lneingilgaungigeasursadaaudu du

9 Ll Y
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a
noiidenmglidazusiisdaduen
2.1 muiuidlagisniswianuisudmiuvasudation (Convective drying of wet solids)
2.1.1 Fixed (or static bed) convective drying
msldiesasiionuulinrudoulnense Imaaﬁ%agjﬁ’uﬁ Lifinsindoulm fafu arsey
fuiatuanudeusnaimhvesnsinnniudnady vliasusnaiudienslduanudoulivits
1. ww3asaundisuuuann (Tray drier)
Tngtharsasliluaie azunss vieuduifigngu wdrvraneuvuiuludy
Aamtans niewdeainduiuniniisouliaunuld audeussnrudldluduans lesann
wldandoudiinnmiligenin ansiadeegia lddeliAanisduasiiieunsonisnszunnlag
ldiAaAnuidsnigannnisuanin mungAunIsevaIsnate g vie waUsunadsyg wisudu
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e

1. TgunsevarsuSunutiesls

2. annsaovaisanesdendeniuld Tnenisldanninauenduiy
Joide

1. gamgilusazdumiduiniosenalsiiniu

2. asonaldsunrudeuliaiaue msindsansldnszareiandutuune

2.1.2 Dynamic convective drier
Wunsvuaunmsviuidesiiansinisidouilussuu iy ansesduianinutouldedng
vhsarariiauesnndety
1. Fluidized bed drier
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AnUsenau 8 Fluidized bed drier (Aulton et al., 2018)
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a. fasaneduviduieansitseme enaviliAnnisssdals
2.2 mseuniilagdSnsuiranudaudusuvesudatien (Conductive drying of wet solid)
1. N199UWANHUUHYINIA (Vacuum oven)
THlunseuiedislasmuauumgisessuulii Inesulansfinansazduimia
fou vapiausinianisluinieseuntisazgngasenlaunisluiadesnatsidug yayinia esan
vounavdotnadiyaifiondnas iWeanuduusseinmaanas vilaansneuldautiusenaindiegsld

9819590157 wazan nsreg1dinuiy Inageugayainia (Vacuum oven) 93%131u52uAU Vacuum
pump LeAABINABENANEDY
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ANUTLNBY 9 Vacuum oven (Aulton et al., 2018)
2.3 nmseuwislagisnisunsedanuieudmiuresudaien (Radiation drying of wet solid)
AMsuHSIdEANSaUILULANAI9AINNTEIANNSPULAYN1TNIANNS B s lddesendudinans
(voude vauwad Anw)
2.3.1 msanemanusaulnen1suHsed (Radiant heat transmission)

1. Microwave

Alr-cooled
[— S magnetrons
’—| Polypropylane
indiow
— "

L

. Vacuum outlet

= Dirying chamber
| jacket

— == Dirying boand

]-\_—__l|l
'-III / = Support table
| Drying chambar
.f-"‘ drain

AMUsENaU 10 Microwave drier (Aulton et al., 2018)
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2.4 A1SNIRAIEINSTUEITATAIBWALAITWYIUALNOU (Dried for dilute solutions and
suspensions)
1. iosouuiauuugnAAT (Drum drien)
feuldfuarsiiduvesnas Feoraifuaisazans (Solutions) nioansuviungneou
(Suspensions) hlWufsauiduvesuds Tnen1sdouarsiigesnisilduiuniovduduuisy
fiiavtivesgnnia Gevharnmdnliadn Aufou anslugnndsnatsuarldfuaiiufouann

a o w =

arulusiglaumielniln ausiignnismdwmyuasissuvdeouarsavarevilvaisazanuinad

Y

v
a o

dnwaugduiadouvuilvesgnnisanvugiluuruiiduuiey n&91nHuITLAANITaI8IMAI1Y
Younnfvesgnnasludafldurnsatsazatsdrenisiiaiiudeu ognnauadeudily
ATUTOU @sazatsazuianenudignyneenineldluin (Knife edge) Fearsazarsuviaiiliay
fidnwauziluwiuung (Flake)
Hadeiifinasondniosi

1. gnsnisteuasdngszuu (Feed rate) sndufuld agldianlunisviwiaunu dewan widuss
Auld anseorawislaiviusionisvunilsseu

2. AumITeILHUNELIUugNNAT (Film thickness) dwmniAuly a1senalsiuta uddunaiuly ans
a1aludllel

3. $nsndlunsviuvesgnnaa (Speed of rotation) dduiuly agldinalumsvhusiouny Feran

widsuAull anserauialiviusienisuyunilssou

Y o

4. gaumaiivegnnas (Temperature) ddniuly ansenaliuis uitaaiuld enviliansuisaulng

—

A

a6l

e

1. vhuldesnesings fddnalunisyiusidu

2. nesfievualilugann

3. nAndaeifildasduwiuuicg (Flake form)
Joide

1. sosprunuiadesingg vounsaslimnzay Wy gnsnsleuasidigsvuy ANNNUITRILHUTIAY
‘ngﬂﬂayq a”mw,%ﬂuﬂﬁmguﬁuaagmayq Qquﬁﬁuaqgﬂﬂé tHuduy

2. MsauwisuuUnWuelay (Spray drier)

fouldtvarsiddnvasiduaisazatendevaunartu (Slurry) Tnsdrarstunundu

azoodlunszuasinialininudeu elduiuduneteuivzanasun (desrnludrwsnansas

fidns1audugs Jededldaangladunisszime winishuisaziadaduluaisinsouin

o
ad o

wazeyninvendndudiazlifesdudaduaavgligaduaiuiu BT wnsavhuieansaily
atesdondudould ilildarsdalidnvazvesoynialunsinan dwaliauandfnisiva
2998156 wardiaruisausuruinveteunialanienisusuvuinidurigudnalsveaiiny

o

av009 nAndudlddiuniniioyninvuinlvgninazanasdauans 1Sen31 Chamber product uae
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Tangential
alr inlet
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r ~ Liqud
Hot air | >\‘,. = Y feed
= St oy oy R

- /]:_ okt Atomizor

- - _ Drying
chamber

\ .

Air outlet

y Dry
product

awUsenau 11 Spray drier (Aulton et al., 2018)
bl
1. wdndueinladvunn gunss adiate Wesnnldimuivnaduiigudnaind

IYRY) =

2. sumaveaian ynludnuifdudaunidudaniuiou ilinisssmevesdvinazateintuegis

590157 Faldardulunisvinuia

¥
AN ada o o

3. wandanlamdunsinan vwadn dwalinisavaaiiauegeninsa Weswndnuiiadudaunn
4. wandaueisumsanay iiauaudinisluaresasuazanuannsalun1sgnaendn
v a
Toide
1. wieedvunlng wazadsinismivauladenisinueingg veunsedvianyay
o Y Y < = T Y o Y Y .
3. MIWEIRI8AMNEY isan1sududsdvinliuwislugeninia (Freeze drying)
maviliaswislasnissziiaieenanaisluanneiiluiudeduaningaania arsazgniiili
Wuasaudsgadonudeegnesimdauinnsluasnatadudinds dudanardiflelszuanudouiiniu
wazAUANAMUAUEINAlIMIEaNrTaAUANANNRUlTYIAUYTaRINTIALGY a IalURBuan Y
T8 a I3 RS 5% = I3 i a o ¢ v Ay
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e
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unnfisn F9kifnasonisvinauveseuley Nsaanusvesans

Y
o

—
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o

2. whndauanfiladanvausdugngu iinsazanevesasiintued1singa

9
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3. nMsway (Mixing)

mamsgusiuen dulszneulusisuuesnainendidguad Selszneumeanstigdus fsudu

o

Tush$u dafu nsuaulvaduusyneusneg lusuiinsnsyanesetsaiaues uluduneuiiddeyi
dwmaronmTwYewEn e TaludnudnvaenemenTn nislanUdesiendesnaaditvunuagns
pongusUIIUsTiFean s (usu Tnsenguiuusieg asfitumeumanamdunssuiunsiiddnylu
WA 19U MINaNNIELAzasTIEssY dmfuenlusuuuuedie suadga msnauveamadiidiiiy
dwmsueluguuuuendanees eniiaeed nswanveanadiliiiriudmiveluguuuudiadu alu uas
nsnsraneveddlussuudmiuensunuueuuiungnou inad [Wusu

Mswa Ao N3i1ans 2 wiavdesnnninnpaniy MINaNLUUANARTIFBINNIABLUY Ideal 13e
Perfect mix fio asaunsonsenefmaniuldogsainase udluamuiuat asazsiAananauuuuds
(Random mix) uena Nt naiildluniswandududnuilsladedfaii dnadensyuiunisuau Tnenin
ansiiuaniu fuwreynaiiuandaiu Weldnalunswasuunniull axdsaviiliAanisuen

nauinTuls (Complete segragation)

Complete segragation Anideal or perfect mix A randomn i

MNUsENDU 12 dnuweuze9InT1sHad (Aulton et al., 2018)

3.1 nesilafldluntsnsunaen
1. Tumbling mixer/ blenders
Tumbling mixer fpsltluniswanunsyanionsendilualsd Tnsfiniseenuuudiaieamans
E‘UWSQ LU Double cone mixer, Cube mixer, Y cone mixer Lﬂ%‘lamzﬁwmu‘[mmsmmauﬁaLaﬂ,‘u
wuunuuey dwaliansnelueissianaedoufinautuesniglufieios uenaniu ieliaans
\ndouiivosoumavesansneluiaiesuuudunindedu viauedesdiodediniseenuuuliiiunuluinie
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¥-cone mier Rotating cuba
Double cona Oblique cona

VAN

Twin shall (V) mixer
with agitator bar

NWUIENOU 13 Tumbling mixers WUUMA1499) (Aulton et al., 2018)
2. High speed mixer granulator
wieafleunsiinanunsavildvatewiig wu High speed mixer granulator a115aNANA1TM
Wiy uazannsovhunsyaldtheniglueieafeniu msvhauveaededasusiumandiuaauasluin
suthavesaiesasmyuiitonanan s dunsliidniu ndsmninmaudnfuiud axdinsivansdanizd
Tluszuuiitevhunsya Tasnsnyuvesusiumanduaaagluiiasuiraasesasdrelunsualiansio

mzwaviswandniuasinnsinzngudusnsyafswu

AnUs¥nau 14 High speed mixer granulator (Aulton et al., 2018)

3. Fluidized bed mixers

\n304 Fluidized bed \uniasiifinuandivainvatewtni nanfe aunsoviuiidueies
Wawl La3eavinudis La3esiunsya uazindeandeuldniglurdondsniu Tnsnswdsurinueusiuman
fudnamdesiisesiuans (Air distribution plate, Orifice plate) warnswasumumisiausddmnsuny
asazans vdnmvnuveneieslnsmtuauviea A unesoynaastulukaf dwalioynia
Anmsaseiuasndeulmiadouduredinaluszuu lnsaudraglnariuanduaisdugduuu dafy
oynangluaiesduedouiituluiuafninuinumusnauaesudinnamiaseuuenauiu T
Snwmgn1slnavesauidrufugusnawes Arr distribution plate idaugu suninazindoudinaon
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4. Agitator mixers
silnveandemalariutudnuazLarmsndeuiiveddui avioluiaildlunisaunauans Wy
Ribbon mixer, Planetary mixer {{usiu nénmshauveaaisdasnsyusousaoweduiiniiionunas
anslidnfy urenafiunsusnailidiinnsuay (3onin “Dead spots” fatiu 3elinsiauniedesdiolddl

N39yuYedlUTNTBUMILDILAL NYUTOUATBINY WBLIANNITNANDE1VDNNEITY
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MwUsenau 15 Ribbon agitator powder mixer (Aulton et al., 2018)

Containar

Rotational path
of blade edgs

Rotational path
of blade shaft

II Body of mixer |

AUSENBU 16 Planetary mixer (Aulton et al.,, 2018)

3.2 nsasdefildlunsnauvesmasfidriunaseuuaunznau
vouuariilvaldfazdnmunintesuazaruisonaulidnfula e widwesnasfiniunie
Wty dawalinnsaunanlidrfuildsninnddy uianunilnveweararaztivansnsnislunis
ANAYNBUVBIL LV IUALNBULS
1. Propeller mixers
nsuauvosnalonly Propeller lunisaunau Tagasrvssluinaziinanofianienis
waouTiveswanalunisaunaulidf
1714 Propeller AeUTIAINa oIt IHa suaamafmsLﬁmmsmﬁauﬁmmumﬂmw’%nm
Asnanaisseanlududnafissfieniafien daiy Sedimswauielhinnisindsuiilunsnayansly
vhiandatu Tnonsinge Baffle Whluusnamuinneluds wetielfansiianisindouilunaneiiama
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.

Unbaffled tank Baffled tank

Awusenau 17 Propeller mixer (Aulton et al., 2018)
2. Turbine mixers
Turbine mixer @unsalglanuraswainiinnunin Wy seuudtatunsensy lngvounaiay

Y] v < = 3 vy < o § w1 o v
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¥
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|- Central turbine

AWMUIENBY 18 Turbine mixer (Aulton et al., 2018)
3.3 |AsasilonlduaNaNTIeUT

1. Sigma blade mixer

AwUsENau 19 Sigma blade mixer (Aulton et al.,, 2018)



16
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2. Planetary mixers

=

Tuflanseluiinaziivanezunse msvinulagdmauazgndnsgiun dwluianieluine

Y

\ndeuNyUToUMLBMAT Y UTBUTmaNLalUNMAaTsTaUUTINNUR Ve wan TiAnn1THaN s

PN EITU

AUsEnau 20 Planetary mixer (Aulton et al., 2018)

P

A3nsEAnenelugINUAILTe LU ASH U TAAansadeg1sasinatevinlaenn iesanly
[

ansavsausuIneynalamenUar Jserasududedldiniasiiots 1w Roller mill, Colloid mill
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