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Abstract

The production of high quality oil to meet new
standard needs a ‘next generation innovative oil
refining tool in paradigm shift. ‘Nanoneutralization’
using controlled hydrodynamic cavitation—assisted
Nanoreactor is successfully being introduced and
commercialized into edible oil industry and it plays a key
driver for sustainable development of food processing.
This emerging technology using bubble dynamics as a
consequence of Bernoulli’s principle by hydrodynamic
cavitation in Venturi—designed multi—flow through cell
is radically changing the conventionally chemical—-

oriented neutralization. Nanoneutralization derived
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by the creation of nanometer—sized bubbles formed
through scientifically structured geometric channels
under high pressure has been proven to improve mass
transfer and reaction rate so substantially reduce the
chemicals required for refined vegetable oil and to
increase oil yield while even improving oil quality.
More researches on science behind this revolutionary
technology will help us to better understand the principle
and process hence makes its potential applications
expandable in extraction, refining and modification of

fats and oils processing.
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Generation, growth and collapse of bubbles
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Release of large magnitudes of energy
over small area
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/pressurel,000-10,000 K with overall ambient conditions
‘Physical’ Effects / \
- High turbulence
- High shear forces

‘Chemical’Effects
- Fragmenting of molecules

- Full disruption of micelles

- Fine emulsions

Fig. 3. Physico—chemical effects by cavitation (Svenson, 2011).
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Table 1. Comparison of reaction yield between the conventional mixing and cavitational mixing (Gogate et al., 2006)

Technique Time (minutes) Yield (%) Yield/kJ of energy (kg/kJ)
Acoustic 10 99 8.60 x 107
Hydrodynamic 15 98 3.37x 107
Conventional
- with agitation 180 98 2.27x 107
- under reflux 15 98 7.69 x 10°°

&2 8719 70| 2=, 8717t 2= aE0|
Aot = TS Zh=t} ik ofyal, HA|e] 7
BN} ASHA] Sob 25k ket TH] 1)
Ho = Qlaf AUAA| =& 7F o] ks W= EF
7} vk 4= Qi a8y 8 5=
ut F-Eool Mk e 54 2719 871 A
=3 asith 7 & Aol ofgt W &2 H]

£ Table 19]] YEFHTHGogate et al., 2006).
AYRA = AFEFAY oYA] v]§o] G&&
2 F7kskaL Q7] izl ol = s17] ¢
= ©=shal o|A] avjE A3
L wjHc} AAgE A]7]o|T.
whEbA|, 2|40 FAA FAHH GO R HiA o
Ao g E A 4 = 185 oiRF
BFA72) (flow—through - hydrodynamic

cavitation devices)2] & @ AJo] T =¥ ch

AE =0l 229 553 A9 AE S5

7] A3l =2 sk ARl tigt At Aol &

UIO o

oxl Py

o]

El

£r g 2% 9] ©m(Carpenter, 2016), 58 &
FAAE 7|HEo 2 Bl AR 7 A E] o] E5
2 &% 11 )t Gordon et al., 2010; 2016; 2018;
Kozyuk et al., 2008; 2016; 2017).

IV, Y2 A E(Nanoreactor)

|, LrteRloyEte] X
SY FRANS Ao St Lhegejgl

= AN v FEddE EASH
(Gordon et al., 2010). T} F53HAr
Az Qs ERA HA| o WS 4l
o Qo A19f HEE o] gsto] AAIE e
= o4ty Bl a1¢] et Ao W 2
2o whet Fs7]Ee] A AIZE A 1A 1
2 2712 slEHeE Aojgict. oS B4 4
3= 35K controlled hydrodynamic cavitation)2} 3tc}.

TRINNEINN, QOO .\}\\\\;\‘

N7 '
S

A
R
K

3

S

Fig. 5. Internal structure of Nanoreactor and cavitation inside the reactor (Gordon, 2010; Kim, 2014 ).
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Fig. 6. Schematic representation of hydrogen—bonded network destruction due to cavitation effect.
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Fig. 7. Dissociation of metal ions from NHP and hydration with free water molecules by means of cavitation.
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2 ZeRaL e IR E 2 AEA g o= gy
a-go| 7HAEHGordon et al., 2010; Ashokkumar
et al., 2012; Krasulya et al., 2015). Ui=2] A E = 2|
oot L ehate] 218 oAU S 744 Fig ol =
Noz erey.

A, Ul 2|l o] MRE-EEEe ol o] Ao r
A 5 .

= o
r= —dCA/dt = kﬁa(C; — CA) ............ 12)
oJ7]A r & W&, k = - Zulo) g

S WOl R Wot 215K BAAEAS,
a = AEFO] o3 vhg-A 11| S== a5
7bshe WA 281 (c) - ¢, )& 78R Qs
HHE9] =7 wolAHA F7tske BESSE
(5 7127)og, HE Feados Qs g
oJ8FS- HF=THThompson and Daraiswamy, 2000;

Zimmerman et al., 2008).

-

D

d

V. U2l I} SporerAl YISk
(Nanoneutralization)

s
H—
10
ohl
ol

2
Zasta 49l 6935 (2018)

Uie ek 7|9 sfstEibglo] viee]dlE
= F7F At 24 aE4E =ol7] sl F AN
o] AEE FZ(control loops) 2 T4 EtHDe Gryet,
2012). 3ht= q1gF Hao] 7p LEHE ZA o

/AR 4 A2 FAIsH=S
dge} JHGEEE 243 OE shube=
o S TF3k= =] ¥ = (surge tank)
o] gl EzilAu]E|(level transmitter) 2, Wk 2}l
g AW E 0 N E S5l A
=

SHER Gt 7|20 A%

H o
olN
ot
Fo
¢

AFE74 & Fig. 99] Lebsict.

Folel A Helold aTEE FHLwel 80-
90°C thAl 40-60'CoM = 4o] 7Hs 5tk Lee]
o] Zcke] A %L 100 barg7bx] & % )
oL} FAe] 2B 60-70 bargo] ™| £ 9]

—

© 34 bargo|t}. A A Pl SRS
Table 29} LT

2. YL EAe] & Mefef Hel ot

ekl ssbslA ALSRES svldes

A = Qe AlVsR A5 EIL tkKellens,

2012; Kim, 2014)



Table 2, Typical process conditions of Nanoneutralization (Hendrix, 2013)

Operating parameter

Process condition

Temperature

45-757T, Also cold processing (10T) gives good result

Pressure

55-75 barg, No risk for emulsion formation ()200 barg)

Maturation time

5-20 min, Longer maturation time not recommended

Energy consumption

2.5-4 kW/ton, Slightly higher than for Ultra High Shear Mixers (Silverson, IKA,...)
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water—wash” 53} A5 QoFslo] 7|&35% Lt o]
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g A E g AAA Y= B OR
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Table 3. Nanoneutralization explaining beneficial effects (Hendrix, 2013)

Benefits Proven saving

Explanation

Less phosphoric acid 90% less

Nanoreactor destroys typical PL structure.

As a result, nonhydratable PL become more hydratable with nearly no acid.

Less caustic soda Min. 30% less

Less caustic required for neutralization of phosphoric acid.

Less excess caustic for FFA neutralization due to better mixing effect

Ni It h
owa e? .Was Min. 50% less silica
Less silica

Better phase separation because of less salts/soaps(less acid and caustic) gives lower
soap content in once-refined oil(after first centrifuge).

Increased oil yield 0.2-0.4%

Less excess caustic gives less oil saponification and less neutral oil entrainment in soapstock.
Refining losses: (FFA+PL+MIU) x 1.35

PL: phospholipids; FFA: free fatty acids; MIU: moisture impurities and unsaponifiable
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Table 4. An industrial data of Nanoneutralization of soybean oil (De Greyt, 2011)

Water—degummed soybean oil (120—170 ppm P; 0.45-0.55 FFA)

Feedstock
Nanoneutralization Classic caustic refining

Process parameters
~ Phosphoric acid (ppm) 0-100 850-900
- NaOH (% 16.6° Be) 0.7 1.2
~ Pressure (barg) 65 Low
- Temperature (C) 50 70-80
Refined oil quality
~ Phosphorus content (ppm) 1-3 6-8
- Catt & Mg+ (ppm) {1 (3
- FFA (%) {0.03 {0.05
= Soaps (ppm) {100 200-300
— Trans Fatty acids (%) 0.53 0.57
~ Color (R-5 1/47) 1.2 1.2
~ Tocopherols (ppm) 815 792
= OSI (hr at 97.8C) 15.5 15.7

OSI: Oxidative Stability Index
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Fig. 10. Potential applications of Nanoreactor in oil processing (Kim, 2014).
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