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Influence of Nano Number Density in Ultrafine Bubbles Water on the Processing of
Waste Food Oil

Jun SHIMOIKURA ™', Atsuyoshi TAKAYAMA ** and Hirohisa MASUMOTO*®

Abstract

In Japan, a method of recycling waste food oil using ester exchange has been established to convert the waste
glycerin and methanol included in biodiesel fuel (BDF) for use in internal-combustion engines and other applications.
BDF is a plant-derived fuel that is carbon neutral, has the same properties as light oil, emits almost no sulfur oxides (S50O.),
and reduces soot. It is thus an environmentally friendly fuel. However, the resulting BDF is heavily influenced by the
properties of the original waste food oil. Additionally, byproducts are produced and must be burned. Other problems
remain in the whole process, such as clogging of the fuel-injection valve during use and subsidies for plant installation.
The present study is an attempt to utilize straight vegetable oil (SVO) without ester exchange by employing water
containing ultrafine bubbles (UFB) water in producing the fuel. UFB water has been widely studied because it contains
100 nm bubbles and radicals in solution. We found that micro-mixing UFB water with edible oil reduces the
hydrocarbons in the fuel oil but that there is an upper limit to the reduction rate. We also found that the rate of

hydrocarbon reduction varies greatly for different gases in the mixture, depending on the stirring time.
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WBDNBIRTH 5.

PLEDS, T AF VA% 77 SVO (Straight Vegetable Oil) DU - HKkix, T A VF—FFHE V) BN
PHATYH, BETHHEEZSNS, SVO IIZBEA 2B - BLERALER, KRN X 2 WMBEATEIES 275, ZEREN
DAL TREATHERITERE, HEHBIEREIC R T THEIZ OV T, HEOHETIRITITEE L Z T 2w EOMEN 2 S Tw
%9

DiERS, I ORI LB A i S 9712 SVO AR E AT 9 728, IMEE AR I 912 X 2 B0 %2 A7
X512, RIFFETIE, SVODE 5L AEMO 728912 UFB (Ultrafine Bubbles) K& W2 4D TH%. UFB KIZIZM
HAL S NSO ECEEICHED OH I VUMD HELEL TS I EBREINTBYOY ZoMllcia®Es OH 7Y
HIVHBER G2 B2 HIF L CIEEIT) DD TH 5.
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V— b OFERER L L COFEFEIRET SN TS, Al TEREML - fEHME, BREMLR SO FESHFEL
BWHTHERATERIEEL L. F72, 2 TAHRDL LIRS BERAEHMIIE 2 BINENICH 5. TETITERIIC X 2 HEINE
FAL L T 7228, WIREBIIZ I Y L— B R L Tn A 720 A @A SN 5, HATIIEARMZHWT
BDF 78k S 5 A, BEE MO BB A #ic X 2 BILE - REFIRIIEOERIZL Y, BDF ofikE —%
WEBRTARWZ &R, LD A= —HIER I N TR0 E, WEZISHEIIIEATH L. AT, BDF1L
DTT v N EFRETLEICIE, WG ICESEEOMPEEF M TELLENH LN, 7T POBRBIIS L T—%E
BEOBREHMEMMEL 21U, HEB 2RO LN TER VI EREAEND.

bR U2k 910, BRI E SRR O REN S (O, IREHORIE T—1K L 2o TR T 21 iE% 5 % wis & BDF
WIEBENGA A=V 0D5.

2 - 2 UFB (Ultrafine Bubbles) 7k

1 [um] R OFIBHELARBEEHIHBHIREA L TWb 0% UFBAKE W, fEkiZT /37 (NB) EFEIENRT
Wiz ZORIAITAIR TR TE T, KERIZECEHTHL. 51220 UFBIREADEMZTHTFTCWAD, UFB
AT LDV, ~4 27137 (MB : Micro Bubbles) & 1) & EHBAKFIHEET S22 LW ETH L. ERTF
HATEERGE, =275, XoFa), BENE, NEBBRR ELIEIZH72508 BATAEMRICL > TEEFELEHR
SHDLIEDPTIAR R RESELIEZEHA L 25, ZOHERFPICEIBZRAIE S L) FikiE, 19904K, KETH
F OB EIARH O N2 E TRELER 2BV, 202 L &2 CEETHMABOMENEli s T&
Tohs, BWGEE I L o TERDP R 572720, 20134F IS EIBEAEALRERE (ISO) T7 7 4 ¥ N T VT E MZ B4 (TC
281) DS BN, 20I7TAEIIE TV N T T 7 A YONT IV EBIRRICEFR S Nz, HARTIX, EFES NS LUEL 0 Wi T
bILTBY, 20124127 74 YNTIVEHS (FBIA) 2FELTWD. 22 TIE7 7 4 /N7 IV HA O E B LAl
FERER X ORI SS, B EEROINER E2REMNIAT) 7T v N7+ — AL LT, ¥R FE BT
T 7 A VNTVEEOBRELTTGIER 21T\, EESRONMEN 2FERELY Big LIEBIPITHONTW5 Y,

BT WA FEEERL I B9 OB, X 2 12 UFB KAREEY RS . 400 UFB KARKIZIE, %~ 2, NIKUNI
B Y — € R Y T B L OIS SRR X Y OMBERE 2, O 2 5 EEZHNTT) . RNy 7 ANERNIIZESR TR
A&, Ry 7THIONCMEGREEEI I 92380 L CEREIT) . ZONMEBBESEN I T E 2200 2 M
(I EORIFPHI A L, BRI RETIRRE T 2L THERTICT ) 4 —F E TSN REEZRASEL L0
TH5bH. ZOMEGERFHEEEE V72 UFB KIZE R 28NS €5 2 8T, S/ HBHELZ LA SE5 2 LD HET
H5.

2 -3 EERHBLEEE

BRI E LT, BRERMEERE L 7 — UV RER LAY SELBE L AT LAPHITONLY. 7557 v
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(&, NIKUNI 858 — ¥ o R FTME SRR ZAT ) L FERS, MEEBEAER I 29 2@f§ 5 2 & THHM
A AN, HORRIKEIL X SR OFER AT, BERIh OB 2 EORIEEATH . B2 5 2 rid, LR
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SVO L AKBEARIREEEL LT, KHED OH TV B L ALFN 3B A E L2 O THSL. T2 THWS
HKix UFB K, #iKkB L OZOMTIEMKOMEHTETH L. HE3 57 7 3R ORERF B & LT, FYHRIER
NNy T =8 LCHEHWEETH S, REFSEICB 5, BEEHMAAREE CAER S NS FEMZ, KLy s
VIREITH B

KINY a VIREL LI, ARB—ICRES VbR vk EMzRASELBFOZETHE. W/O (Water in Oil)
A O/W Al (Oil in Water) @ 2fEIZIXp a1, MEOBEENFSINL I ED0—HINIIE WO MEHW5.
PEROFEHE LT, KR~y a VIBRENE, BREERFOKESIIRICE T 2 FIREOIRE L KROZEFIZBIT 5 KERED
T2 X % NOx DK, A TROBHALIZEED OH I AV OEBIZ X YRS EL, ARFL—F+ 708
BTH 5 PM & ORIBKEATEETH L. KR TIE, TORBBELZESELELIEICLIL0HT VI IVOR)E
L2V 0TH L. ZORABKEKREK, MABLOUFBKEZLSE, REOEREIT). TOBREEDHES
FEEAEEZR L, ZKOESVO & LTHRSOEZFT) D TH 5.

2 -4 EEBRFE

RIFFETHW 2 UFB K&, 477 8 RO-N60DMIAKEIEL{E % - 72Mk & 2 I OLMAE (Air, N.) Z8RH L7
< N — #L Nano Sight LM2012 & 2 F /Ki+ 5 v 3 v 7fifrE: (NTA ) 2HWT, KESMSB L Ok FH0EE
OWMEZFT > 72, UFB RO & L CEBEFEIEYE (TDS  Total Dissolved Solids) 13 Proster # TDS&EC # —
5, WAEEEFEEE (DO : Dissolved Oxygen) 1INy F A Y AV VA - ¥y 8 8 HI9147N-043 X U pH (Potential
of Hydrogen) 1338 DKK # HM-30P % H\WCHI%E % 1T - 72,

Wz, BEEMMmBORSSHE, H A2 < b5 7 FID (Agilent Technologies #7820A) (LLF GC &7dd) = H
Wi BB E bR EE 1 1000E A TIREG S8, 2RBEB I E-05 GC I THRLEM oMl iT->72. 2
DOBEDOXF ¥ ¥F ) —H T AREIZ40T S ERESS0C TH L. MBI 29> 70k, Frsna i, BEEmM, KiE
JKALER SVO, HiAMEE SVO, Air-UFB AALEE SVO_20min, Air-UFB ZKMLEE SVO_40min, N-UFB 7KALEE SVO_20min
B L O NL-UFB KL SVO_40min D& SHTH 5.

FZIKALEE SVO OB EEHIE 2L, LA v ) 07 =2 2 A7 SO-8Y08% JHW 72, MREHREEEIZ60 [C] FEE &
L, 3EEEE T4, MEHBRE#IZ20-100 [cSt] TH Y, —EORETMEZRMILT MM A MEL, fH0
WCEREZIETE 25D TH 5.
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3 -1 UFBZK®OM4I

FLIZKAKDOVER, £ 2128KkDF 7 HEHE S L O 312 LM20IC BT 5 %Kk0F / \E#E %579, £1 0 TDS
731 [ppm] T&H Y UFBKIZ L THMEICEILA 2 s, MEEETY B2, AAaIEs 124 7% v UFB
KOEBICHY L2 E 425, DOEIE NEZRASEZZET, KIEICEKTLZ ZHUEAYY —0FEIIZE 20T
HY, BHBEEIRETHL ZEPEBRFERLIVHLNE 2o 72

W2, F2BLOK3IEF 7 HEHEOHEREZ RS, #AKiZ2.55x10" [fll/ml] TH AR L, Air-UFB K_
20min 132. 79 x 10° [f#/ml], Air-UFB 7K_40min 1Z8.54 x 10° [{fl/ml], N,-UFB 7K_20min {32.48x 10° [ff/ml], N,-
UFB 7k_40min 138.55x 10° [ffl/ml] & $~_T® UFB AKIZHBWT100 [nm] fHEiIcE— 2 88m L TBY, REL
UFB OERBICHEII LS 2 5.

3:2 GCHIUEHMEEDATRSE

41% (a) FramEmm, (b) BEHMO GC 2L 2 ERMETH Y, 5% () AREAME SVO, (d) #EKWLEE
SVO DEBERTH 5. M6 1ZFALKZEDREIKE Do 72 (d) FAMLFESVO & (e) Air-UFB AKMLFE SVO_20min
DFERZRT. W7D (e) BLU (f) 13 Air-UFB KM SVO. 72, (g) L (h) 13 N-UFBMLEE SVO % /R
SIIHRMILE OBREE OFERTH D, X 9 IZZIKAILFE SVO OBl O %% /R

FIX4D (a) & (b) by 5 &, EHAMERE L TV b EEMEEALKEZE KR AHER S N7z, ZE e
BF D225 & OB ARG 2 12 X0, NERRIIMOLFAZ b Z2 RIE L T b, X4 TEHB LEVA, Zoffic
$15 [min] FTIEHED/NERE =7 OHMZHELTWED. RIZKSBLIUTH6D (¢), (d) BV (o) %I
ToHE, RAKICEHDLLT—HOE — 2 TRIBIZRA L7722 L 2R L7275, WA TAHL L (e) Air-UFB KALEE SVO
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_20min AA—HFARE L, RWT (d) FAMLEESVO, (c) KEKMISVODIETH 72 2512, K7D (g) N-UFB
JKALEE SVO_20min T b A ¥ — 7 O AFER S 7275, () Air-UFB ZKALEE SVO_40min O IR % B4 X &
72 O TIHEFEENKE KT L, ZOEEERITKEARLIE SVO & RSO R L 72, — T (h) N-UFB KL
SVO_40min Tlt (f) &3R4 ), KEKL72FFTH-o77% (g) LHFEVWE—7ERE R -7

8 12 IKMLIE SVO OB DI ERE B % 77 3. IRA KR D T B EE OMRIR % 752 L, N-UFB_20min %%21. 23[cSt]
TR L, KW T N-UFB_40min 7521. 48 [cSt], Air-UFB_20min #%23.36 [cSt] DNEIZE L o7 AT, #
FEBFR 2 40min [ZHEIN S 72 500HT Alr, NZGIZEPREEE (38909 2458 & 72 ), Air-UFB_40min (2 L CI1Z SVO O #)
K823, 63 [cSt] b THIC E3523.70 [cSt] Tho7-.

913500ml i D KK A HM ST, BEHHSELEETH LD, WEMEKIITHEL LT WA, T EREE
BIFHTHF/LENTVAE I ETHEEIRREIZL, SHEBMUEREBSE2VEZD L) RIREIZITEL 2 h o 72
L7275 T, NEEBIEEER 3 5 0@ VRS S 7z,

Pure water _

Back

Front

Fig.1 Schematic view of Mixed

pressure dissolution and stirring Fig.2 UFB water generator
Table 1 Properties of each water Table 2 Concentration of UFBs
Pure Air-UFB water N.-UFB water UFBs Mode
water | 20min | 40min | 20 min | 40 min [fE 18 /ml] [nm]
TDS [ppm] 1 1 1 1 1 Pure water 0.25 196.7
DO [mg/L] 10.2 838 8.6 24 2.2 Air-UFB_20 min 279 1019
pH 581 5.78 591 6.52 6.73 Air-UFB_40 min 854 87.1
EC [us/cm] 2 2 2 2 2 N.-UFB_20 min 248 82.9
Temp. [TC] 159 273 281 32.3 355 N.-UFB_40 min 8.55 82.7

¥ Temp |3 AEREZDOMETH 5.
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Fig.3 UFBs concentration
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Fig.4 Experimental results of relation between food oil and waste food oil
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Fig.5 Experimental results of relation between tap water and pure water
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Fig. 6 Experimental results of relation between pure water and Air-UFB water_20 min water
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Fig. 7 Experimental results of GC at stirring time

|II| i

SVO tap pure Air-UFB  Air-UFB  N2-UFB N2-UFB
water water 20min 40min 20min 40min
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Kinematic viscosity [cSt
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Fig.8 Comparison of the kinematic viscosity of each fuel

(c) Tap (d)Pure () Air-UFB () Air-UFB  (g) N,-UFB  (h) N,-UFB
water water 20min 40min 20min 40min

Fig.9 Comparison of each water treatment SVO
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AHFZETIE, BEEF & MR SVO 2 R L 728312, REKZ DT RILKEDWA DR TE /2. TIIMEE
FRBEIRA I U 2l X4 5 2 8¢, BEMMT OAMY O AWALE D b, L S R 05 R ICRA &
W72KHEO OH TV ANIMNEH L2 DL EZ D, FKEKROEE, WERLHESHESNTNL720, EHELI AT
WDKK TIZHERELTBY, Ko THETHSL OH TV VOVEHDBIHE SN2 WMRESZ 2 5N b, fiAKkE D
UFB KZEH W26 0 1 KE IR LA E LT, UFBAKIC&EINL F /ABEEL F -7 0HFVH N
OFEDRREVDL O EHEHT S, GC OLEWIMH S NS F TIZhH 5 EHE (RT : Retention Time) £V, 4K Z
CARE L 7216min fE 0 ALK FE 1L, @EOEBHIR L VIR A 7V TH L LHETEHH, ZORGERIZIE, £ 3
A/ ml LT o 2 5 D —F IR IAER T 5 L 52 5.

UFBKIENZIVOACHERICT DA ND5A L, /SR LE 7 VA VOREIZIET 5 Z & b Twn
L7200 FORBLTEFITER Y, 22T, FEICOH 7Y VPRI N TWS Air-UFB 7k & N-UFB /K% 4
B LEBRETo7-E A, FEBEEICL > TRBOZES A SN2, WINOBE S 3 &I/ ml LLUF A% b bk
FOEDHE TH - 7275, Air-UFB ZKALEE SVO_40min TlI/KEKMLEE SVO & F& F TIT L, N-UFB /KALE SVO
A0min 13K, IR L7-F 7207 L7222 T, I 0NV ELEDSATHHEABRDE D 5 RelE S E.

B OWEERAR LD, REKE UFBKICT 2 2 & TERTE IR L, PR A520min O34 258 b R L 72,
Air-UFB L3 SVO_20min & N-UFB KMLEE SVO % LB L€, RALKE L EREEEICEDE U8B E LT, UFB KD
PREEFIRECH L L L, UFBAKROMWIRICKE S BEZZIT TV EEZLZL. INLOZ L2 BE2 5L, B
FHMR O RAKEE F / BEEE RS 2 A DEPFAET DRESKEZVEEZ L. AT, HInzv)L
Va VERBORBEBIZE LY, Air-UFB KL SVO OA SVO LK E DM O 3EAFERTE . 20X HIRAK
RS 5 720 THEIRAIL SVO OZFDMIZZALDPRE TV AT LEZ ONL. Lz -> T, ZOF 3@k
SVO DR L 72 ALKFEDIFER EE L ARG VSWETH A EEZ A, L L) s, UFBKEZBEEMMOFAEZ
72 2 & TRAVKEDRIEA IR TE 22 b, 45D UFBKDIGH & LT REENIEN 0725 DEFR 5.
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3. RALKFEDBIFIAEH T 5 UFB KD+ /I EIIEH 5 —E D LIRMIEIAAET A RetEasm e, Tl 2 7 v
DY, BAGKMKIZE S, & 512 3EM/ml LUF 2% bR L 72,

4. N-UFB_20min 2% b PR EEARGRICVER L, HEHEH 2540min Ti& Air, NABZEMT 28R E R o7, ZL T,
Air-UFB_40min O &5 E 1L SVO & IZIZFEEOR R E o 72,

5. HERD SVO LK EDMIZE 3EDPHERTE L% L, BRATERD R 57200 THRITH L TEFR SN
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