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Research Title: Separation process of nano calcium carbonate particle using hydrocyclone
Researcher: Assistant Professor Dr. Wanwilai Kraipech Evans

Faculty: Engineering Department: Chemical Engineering

ABSTRACT

The aim of this research is to investigate the separation performance of nano particle using two types of mini
hydrocyclone; MZ and SWU hydrocyclones. The feed slurry were nano zine oxide and nano calcium carbonate in
water solution. The zinc oxide particles were in the average range of 50 nm. The calcium carbonate particle were in
the average range of 730 nm. The solid concentrations of feed slurry in this work were 0.5, 1.0, 1.5 and 2.0 percent
by volume, and the operating pressure drops were varied from 1 to 20 psi. The results showed that the MZ
hydrocyclone demonstrated ability to clarify liquid with up to 40% clarification efficiency. The highest separation
efficiency was found at operating pressure drop of 20 psi for 0.5 percent by volume of the feed slurry. An increase
in pressure drop leads to increase the separation efficiency. However, SWU hydrocyclone could not provide any
classification for all operating and concentration because the length of the SWU hydrocyclone is too short this causes
an insufficient residence time in separation. The separation efficency of MZ hydrocyclone has also been studied by
comparing two test substances, zinc oxide and calcium carbonate. In this study, the optimum separation efficiency
appears in the cases of feed concentration of 0.5% by volume (40% separation efficiency) and 1.5% by volume (27%
separation efficiency), for zinc oxide and calcium carbonate, respectively. It can be concluded that the factors
affecting the seprartion efficiency of hydrocyclone are size and density of the particle, operating pressure drop and

feed concentration.

Keywords : Hydrocyclone Nanoparticle Nano calcium carbonate, Nano zinc oxide, Separation process
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4 4 a9
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4
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1.1 1aTas Iy Iaau SWU vu1a 41 Uaawas
1.2 TeTas s Tnau Mz v 91 Hadiag
2. ganaaod lalas lylaau
Y
2.1 1NVIAAMUAUT NSV UUIA 0= 60 psi
3. DANAAAN VUIA 40 ANT
4. IMERANAIAAN UYUIA 5 AT
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6. TMNDS VU 1,500 Haaans
7. FOUANATT
<3 Y] [l A Aaa
8. YIANVAITAILI YUIA 60 UaAaNT
9. WIWNIULIAT CASIO

4 a 4 =
10. 1105 LuiA0s YUIA 0 — 100 DIAUBALTE
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YUIA(mm) D DS DI DO DU L LS
MZ 10.0. 100 22 2.0 2.0 90.0 0.0 4.0
SWU 10.0 100 224 26 2.0 41.0 - 4.0
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0.0
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3.3 AEMIAuHuOu
d' 4 [ v J U (% [ [
aouf 1 MinaaeuienIngANNFUIUTTEHINANUAUAANDEATIMS 11A (capacity
curve)
A
EMINAang
33.1 mi’d%}NﬂiW\liﬂﬂi;@u capacity curve
Y
3.3.1.1 imsaaadlalas leTaau SWU vu1a 41 diadmns
3 a o Aa a 4 o
3.3.1.2 950UH181UIU 20 AT NAIUDINAEANYUIA 40 BAT LNBIETENTINITNAREY
© 1 9 .
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A 7 ' 4 2 o s o .
3.3.1.4@andn 1 ogadn 9 el lwa lalas I Taauw vazdSunarauanuduanld 1 psi seau
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o oy 1 1 { o I .
3.3.1.6 MA15NAABINALATD 1.1.4 — 1.1.7 uarlasuanuauaailu 3,5, 10, uaz 20 psi
o w Ay v o Y Al ¥ ' ) a s P
33.1.7 19n51ms wa #lannmsiamenszuenataazilannmsorumalelsaiimesun aiie
@ v d 1 @ v W
NIMINATTIUNEAIN NN FUNUTTLHINANUAUAANUTATING 11 (capacity curve)

Y 9 : 3 ]
3.3.1.8 mmInaasssaanado 1.1.1 — 1.1.7 uglasu lalas lsTaawdlulalas laTnau Mz

AOUTN 2 MINANDINDMIHAVBIAIANUAUAA OATIMITOUTTHEY LAZANMTUTUVDIET
dld 1 a a g’/ a d' 9y 9 < I 4
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Tae5uas TagldeumnurTugroon ladmiluaisnan
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33.2.1 MINAADIUNBHINAYDIAANUAUAA 0ATINITTPUMIHaNLAZANTNTUVYDIaTToUNT)
[ Aa A a 4 o
wanollszansnalunszuiumsnendanoon lad lasms 19 e Tas 1o Tnau
o a2
33.2.1.1 mmaaaadlalas e Tnau Swu
o =1 4 s 3 o [ a <3
3.3.2.1.2 W@15a2a18 LAATENAITUBIUA 0.5 15 1Fua laelTuas maaluasvuna 40 ans uaziny
a 4 4
50T TIADN I¥AlITUINT 60 ml

33.2.1.3 Aladueguasazaaing sz
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Y 9 T i v
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a 4 — and s o 3
UARALFIUAITUBDIUANUUN LS ’CTﬁW?fiJu'lIu‘ﬁNﬂﬂﬂﬂ"lglfﬂﬂl‘ﬂiﬂ NUUI

I5NMINAA0I
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a 4 o
ATzUIUMINENTaAeon bud Iaoms 19 lalas laTaau
e d
3.3.3.1.1 Mmmsaand lalas laTaaw Mz
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a 7 4
A15azaesaneen l¥al311as 60 ml
a & d' Y 1
3.3.3.1.3 Alatlueguansazmeingssuu
A s ' 4 o s o
3.3.3.1.4 Wlanad 1 ee1adn e Itensazare Ivarinlalas s laauuazlSunalauanuduaa’ld 1
psi SOIUANIZAIN
o [ A Y 9 1
3.3.3.1.5 nszuenaeiadiiasvesaisazaien asenneauuuazaiuasved lalas laTaau
[ o <3 o [l
WounuTuna Az U NNaMINAARY NUAIDE
o ¥ % 1 1 { o 33| .
3.3.3.1.6 MNMINAABIHIAUATD 3.1.4 — 3.1.5 uanlasuanuauanilu 3, 5, 10, 15, 1ag 20 psi
o ¢ a9 v Y 9 &
3.3.3.1.7 NN1INAABIIALATE 3.1.2 - 3.1.6 uardsuanuuduvesasazateu 1.0, 1.5 1ag 2.0

ilofiFud lasSunas
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psi I0IUANIZAIN
o ] d’ 9 Y '
3.3.3.2.5 1nszUonmialSuasvesaisazatsn maoonnasuuutazaaved lalas ly Taau
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W ounuIUNA AT UNNHANINAADI NUAIDE
o ¥ 2 v e = @ < .
3.3.3.2.6 MINAADIHIAWAYO 3.1.4 — 3.1.5 s asuanusuaaily 3, 5, 10, 15, uag 20 psi
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HUIMInaaeeenii 3 Tuasu A 1.MINARDUNDNINTIUANNFUNUTITZHINANNAUAANLOATING 1A
1 9
(capacity curve) 2.m3inaaeuienagoulszaninmlumatenoynau TuveslalasleTnauns 2 wiia Tae
a J I3 4 1 @ @
TFouniau Tugsroon laaluvesnay 3.minaasailonnaveenInNUAUAn 5ATINMIMIToUVDIA1THEN
uazANuENTuvesastlou Alkanedszaninmlumsusnounnvedlelaslelaau Mz Taeldmsiou 2
a Y = o T, a J P
¥ila laun esnauLAnFoumMSUoAnUN tay asHauul lugneon lsanuii
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Tumsnanes 1dunTugssesn lyavinadumugudnatunde 5o wiluwas waunuiniluasway uay
9 = k4 9 ] o A v ¥ g o A
THunadoumivoaunaduriuguinalimag 0.73 luasou wauniuiuamsnay hinsnaaesiaim
y 9 s 3 o o ¥ .
[Wudu 0.5, 1.0, 1.5 uag 2.0 wleiidud lagf5uas uazanuauandaua 1,3, 5, 10, 15 1ag 20 psi
HAMIAUUUITY
~ 4 @ 4 U @ ¥ W
4.1 poufl 1 MsnaasdionniANNENTHETEHIANNALAANDSAI1MS 1A (capacity curve)
A = , b v ¥ <
Hamsnaaednel)Teuiey capacity curve vod lalas la Tnauna 2 vuia Taelsiii RO Wuasnageu

MMsnaaesnaNuauan 1,3, 5, 10, 15 11ag 20 psi aans i 1

) Capacity curve of SWU, MZ
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*
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w
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Pressure drop (psi)

[ Y Y
AN 4.1 aaeamInfTeuiney capacity curve ¥4 la1a3 laTaauna 2 vuna Tagldni RO Wuesnaaeon
4 “ 2 2
10 317 4.1 msnfFeuiion capacity curve ¥04lalas laTnauns 2 vuna Tasldi RO Wlumsnadou uaas
= o v d 1 [ v W 3’, 1 ?.’,
DANNFURUTIEHINANUANAANUOATINS Inavedlalas leTaauns 2 vuia wun lalas lelaauns 2

Y o = @ 1 v oI Y @ dy
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] T Y ]
TugaNuAUENAY AANNAY 1 psi on31mM3 Inaveslalas loTnaunis 2 vuia 1 a1 lndiReedu Hnny
[ . v 9 1w a Aaa 1A A o 9
A 1 psi 89513 Iamaitved lalas lsTnaw Mz 51AU 11.00 HaaaasaeIuii sas1ms lnatvealalas
T Taay SWU mfU 13.00 Haaanineui 119991nNnNuau anyazms lvavesvosnannelulalag
U 1] J 1 [y g’; U [ a' = 1 v
oy Taanda luawysal (fully developed) Tumasnnuauaua s — 15 psi 651013 Ivamadisuiimsuana1any
d' o Y . [ 9 1w a Aaa A A o
iennmauaang s psi lag oasims luanveslalas lalaau Mz iy 17.70 Tadansaedunil 6asINs
£ T @ A Aaa [ a A =
TramadvedlslaslsTnan Swu mt 21.70 Taaaniaeiui iesnnlalas lelaay SWU Jwnaues
MaeenmuuY (overflow) 1nnlalaslslaan Mz 9 ldeasims lmamadiueelalas lulaau swu
"o ] o ) ' o I
11NN IamativedlaTas e Iaay MZ tazensims lvan1adueaued [Mauana1an uNIN 1o
v Y v
ANVAUNNTY IUDI AANNFUAA 20 psi 80513 Iamatived laTas lslnau SWU iy 36.40 Hadans
" A = 9 (Y Aa Aaa [ S W 9 ?,’,
@017 0a51mM 3 lamadvedlaTas lsTaau Mz 9101 35.80 HaaaninouIf 9931013 IHanuiuoIna
1 Y H '
goaliAiNIuIPIANNALAA 1 psi wazann i 4.1 agillan mauanuduaailioasinms lvanadh
v 9
vo4'1aTa3 T Taaumiuuuainals uazoas1ny lavesvod Ivanielulalas lsInau SWU anneasinslna
vo3ved amelulalas laTnan Mz
~ 2 PPN e
42 aoud 2 mInaasuienageulszaninmlumsuoneymiauiluvedlelaslalnauns 2 wuia
= = o
TaelFoyninu Tugenven lesiduvond
A a A ¥ " A 9y 9 J < g
aouh 2.1 wam3inaaedllszansanlunsusn (separation efficiency) NANMANTY 0.5, 1.0 1)o1dua
=y a 7 J
Tag15u195 vosasnauu ludinAoen lua
A ~ 1 o Y 9 A 1 Aa A
wamInaao WS eumeuannusuan  LazaNuETuveIaItounnaaaszansamlumsuenuea

oymnodlalas lelnan sSWu laaaninn 4.2

N Separation efficiency of SWU
23
o |'=0.5%V
wl
€ {~ ol
13 -
3 @

1]

I S e S S 14,16 18 20 22
i
Pressure drop (psi)

A A a a A 9y 9 - .
NINN 4.2 !L’ﬁﬂ\1ﬂﬁLlﬁ'EJTJL‘ﬂfJ‘]J1J58’ﬁ‘ﬂﬁﬂ1W1uﬂﬁLLﬂﬂVlﬂ'JUJ!"U3J"UH 0.5 118 1.0 L“]J’E]‘i&“]ﬂnlﬂiﬂﬂ

Y31103 ANNAU 1-20 psi o4 lalaslaTaau swu
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d' I3 J [ Yy 9 d’d J a A
NANNR 4.2 uaasmslTeuiisumanuduan uazanudutuvesastdouniinanedszanianlu
A Yy v P L 9 . A
msuenvedlalas lalaau SWU Aanududu 0.5 uaz 1.0 Wosidud lasdsuias anuau 1-20 psi 91nANH
1A g o o & '
42 WuNAANUENTY 0.5 waz 1.0 Wodbud laedSinas anuauAa 1-20 psi lalaslslnau swu lu
a 4 a
aunsauonoynaul Tudedoon lad 18 1tieennlelas lalnau SWU Hszoznarlumsiiamsuen (residence
. a J J Y 1 [ Y a A = o
time) 0YNIAU TUFIAODN ladtios MT1211A W81 (L) vod lalas laTaau SWU Ay 41.0 Tadmas 3997
1 { o a J d a a
Iliszoznan ldiisanenagsi lounau Tugsseon laainamanyuiuniolulalas e Tnauudunans

[ v @ o o 1 [

uen i I anuuTuvesvesnauaetounuaeeen (e’ Iwlatas Ternes Ivla) Tauniu
nansnaasuieivuieumaNuaAuan pazaNMtuTuvesmsfouniinanadszaniainlumsuen

oumavedlalas laTaau Mz laaanini 4.3

50 Clarification efficiency of MZ

0 2 4 6 8 10 12 14 16 18 20 22
Pressure drop (psi)

{ A a a A -
M 4.3 mafFeuieuiszans o lumsueninnaududu 0.5 uaz 1.0 Wesihud lasdSinas
ANUAY 1-20 psi Vo4 lalas laTaau Mz
~ =1 [ Y] Yy 9 A 1 A A
M 43 uaasmsSeufeumanuduan tazanudutuvesanslounlinasedsz@niamlu
A Y 9 -2 o . A
msuenued lalas laTaau MZ Anaududu 0.5 wag 1.0 osidud laolSunas AWAYN 1-20 psi 1100 INH 4.3
1 a 4 13 A 3 [ a A
wu'lalas laTnau Mz aunsausnoyninut Tudedsen laa 18 uaziioanusuaaiiuan i lddssaniam
A 2 4 Y v P = o LA a A
Tumsuenaymamuay AaNuUNIY 0.5 1WosiFud lasl/suas Nanuauan 3-15 psi Nilszansmmnlums

A 9y 9 - IL
LYINUTINNITMNAINLVNUVU 1.0 Lﬂ@it%uﬁiﬂﬂ‘iﬁuWﬁi
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43 aouil 3 MIinAaeUNDMIHAYEIAIAINALEA BATINMIMIToUVEIMITHAY tazANUTUTUVDS
mstlou Nnanelszaninmlumsuenoymavedlalas lalnau Mz Taeldarsiou 2 viialdun arswan
4 (] [ 1 J a § [ ’.3
HAAFENMTVOIUAANUAU Y 2,71 NTUABYNINANUANAT VUIAMAY 0.73 TuTaswannD uag 13

a J J 1 [ ' J a { o 3
e Tudaroon lad lod (ANUWLLIN 5.61 NFNADEMNARTUAILAT VUIAREY 50 W1 TuwAT)AUTH
AOUN 3.1 HAMINABDIUTTANTMNVDINTUYN (separation efficiency) NANUAYNIY 0.5, 1.0, 1.5 LA
L= a o 4 A = ' o
2.0 wosdudlanfFiag vesensnauddvenlad namsnaasuienSeuiisumanuauan tazaw

Wwutuvesmsiountnaaelszansnmlumsusnued lalas laTaau Mz ldaan1nn 4.4

Separation efficiency of Zinc oxide

' 3 .....-......u_.-,-,.. .._.._....I_.,.,....,:
Nk G, T a2 Ry
W G
§20 :‘ A
104 4
0

0 C2. A28 N 12 9 161§ 720 22
Pressure drop (psi)

~ A A A S 3 P
AN 4.4 manfFeuieulszansamlumsuennanudusu 0.5, 1.0, 1.5 uag 2.0 1lossud lag

Y31105 ANNAU 1-20 psi voglalas laTaau Mz

d‘ = J [ ) d’d J a A
NNNNN 4.4 Llﬁ'ﬂ\iﬂﬁllﬁEJ‘UL“VIFJ“Uﬂ1ﬂ’J13Jﬂuﬁﬂ lLﬁ$ﬂ’N§JLGUNGUL!*UE)\1ﬁﬁﬁE]HVI3JWaﬁﬂﬂigﬁwﬁﬂWWiu
4 J I I v .
msuenvedlalas lsTnau Mz Aanududu 0.5, 1.0, 1.5 wag 2.0 1osidud laed3unns aAnuau 1-20 psi 910

d‘ 1 a 4 9 di [ A 49! o Y
MAN 4.4 ‘W‘]J'Nllﬁiﬂﬁll“]ﬁﬂ'ﬂu MZ ﬂTiJ"Iif]LLEJﬂﬁTiWﬁﬂ%ﬂﬂﬂﬂﬂl’l%ﬂﬂlﬂ taziiennuanaaNIY

4 2

a a { { [ J 3 o 1
Usganiamlumsuenuiin ianududuvesastfoudesigaminy 0.5 nlesidud laolSuias wuail

[ ] ] Y
Uszansamlumsuenanga lusasanuauaai 1-20 psi tiesnniemstfoulinnuindugeiuzivsum

a 7 (& é’ =2 Aa o ' é} . . . =
E]HﬂiﬂUWIuGNﬂﬂﬂﬂllcﬁﬂiJlnﬂﬂlu WUNALUIINTENITTHINIUNTIANINUY (particle interaction) §1THEUNAIY
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A 2 o quy ) o A A Y a A ~ 7 A 4 2 A Py
nilaunay M lndedlsanuauaage mensgliinans anlsamigudna1aneuenmsmuAL 1az1Ho9INF
A ¢ o . ¥ ' A Y Y =2 A , Aa X
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P~ A Y 9 I A o . a a a
MIUBNOUNIA NN 4.4 WUNNANWINTY 0.5 1o51F U Tas151105 NANuAUAa 5 psi dzlszanTNN
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Separation of Nano Particles using Mini Hydrocyclones

Wanwilai K. Evans* and Prakob Kitchaiya
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Institute of Technology Ladkrabang, Chalongkrung 1, Ladkrabang, Bangkok, 10520,
Thailand, tel. +668 69998908, fax: +662 3298360

* Corresponding author: wanwilai.ev@kmitl.ac.th

The aim of this research is to investigate the separation performance of nano
particles using two types of mini hydrocyclone; MZ and SWU hydrocyclones. The feed
slurry were nano zinc oxide and nano calcium carbonate in water solution. The zinc
oxide particle size was in the average range of 50 nm. The calcium carbonate particle
size was in the average range of 730 nm. The solid concentrations of feed slurry in this
work were 0.5, 1.0, 1.5 and 2.0 percents by volume, and the operating pressure drops
were varied from 1 to 20 psi. The results showed that the MZ hydrocyclone could clarify
liquid with up to 40% clarification efficiency. The highest separation efficiency was
obtained at operating pressure drop of 20 psi for 0.5 percents by volume of the feed
slurry. An increase in pressure drop leads to increase the separation efficiency. However,
SWU hydrocyclone could not provide any classification for all operating and
concentration because the length of the SWU hydrocyclone is too short and this causes
an insufficient residence time in separation. The separation efficency of MZ
hydrocyclone had also been studied by comparing two test substances, zinc oxide and
calcium carbonate. The optimum separation efficiency appeared in the cases of feed
concentration of 0.5% by volume (40% separation efficiency) and 1.5% by volume (27%
separation efficiency), for zinc oxide and calcium carbonate, respectively. It can be
concluded that the factors affecting the seprartion efficiency of hydrocyclone are size
and density of the particle, operating pressure drop and feed concentration.

Key words: Hydrocyclone, Nano particle, Separation process
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