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Development of oil/water separation system
for palm oil mill effluent (POME) by micro bubble
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Abstract

This research presents results of using tiny micro-bubbles (MBs, diameter range: 1-15 pm)
treatment and MBs combine with normal-bubbles (NBs) in the separation of finely emulsified oil
(EO, d < 15 pm) by modified column flotation. Synthesizing EO samples were prepared from palm
oil product (Z67, Japan) and warm tap water, and the chemical oxygen demand (COD) of the influent
and effluent was measured to estimate the treatment performance. The experiments were conducted
in batch mode to observe the effect of treatment time, initial EO concentration, NB flow rates, pH,
temperature, and salinity on the flotation method. Combination of MBs with NBs was found to be
more efficient in EO separation than the MBs treatment alone. For instance, at an EO concentration
of ~1000 mg.L-1 and under identical treatment conditions (flotation time: 60 min, pH: 7.0,
temperature: 36.5 + 0.5 oC, and salinity: 0.0 mg.L™"), MBs treatment alone and that with NBs (NBs
flow rate: 2.5 L.min") showed high EO removal efficiencies of 73% and 86%, respectively. For
separation of oil-in-water emulsions, the modified column flotation which using a variety gas
bubbles was shown a great potential approach for reducing floated produce, oil recovery, and simple
method for design of oil-wastewater treatment plant.
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Fig. 1 Schematic illustration of experimental apparatus (1)

Table 1 Experimental conditions (1)
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Fig. 2 Relationship between oil-water separation
and sampling time with different bubble diameter
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Fig. 3 Relationship between oil-water separation and
sampling time with different emulsion concentration
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Fig. 4 Schematic illustration of experimental apparatus (2)
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Table 3 Experimental conditions (3)
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Table 4 Flotation experiment result with micro-bubble
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Table 6 Experimental conditions (5)
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Table 7 Change in COD by charging banana peels
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Fig. 7 Relationship between oil-water separation and
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Fig. 8 Relationship between oil-water separation and
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Table 8 Experimental conditions (6)
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Fig. 9 Change in particle diameter of palm oil

by oil-water separation
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Fig. 10 Schematic illustration of experimental apparatus (3)
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Fig. 11 Change in oil-water separation

with different detention time
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With the aim of environmental regeneration

Kazuo YAMAMOTO? and Takuya MARUMOTO®

*Takino Filter Inc. and *Yamaguchi University

Abstract

We made a 180 degree turn from the usual fast revegetation technique and have established the revegetation
technique which enables to harmonize with surrounding environment while keeping soil condition to adapt
surrounding vegetation by the development of slow revegetation technique with post-planting care mat “Takino
Filter”which is superior in the prevention of soil erosion and the environmental harmony from the viewpoint of

“keeping soil in good condition”as the planting base.

Key words: Environmental destruction, Torrential rain, Takino filter, Keeping soil in good condition, Ecosystem
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Fig. 1 Conventional technique
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Fig. 3 Flow of water in model experiment

Table 1 Comparison of flow speed

Time Flow speed (cm/s)
(Min.) Bare Covered
5 8.64 4.28
45 11.46 4.03
105 13.64 3.96
125 15.00 4.48

DI EAURENT (Fig. 3).
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Fig. 4 Result of infiltration experiment in bare plot
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Fig. 5 Result of infiltration experiment

in plot covered with Takino filter
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Table 2 Precipitation converted against critical flow

in each protection technique [mm/h]

Types of protection
1 11 11T v
construction methods

Length of slope (2.2m) 545 | 185.5 | 158.2 | 750.0

Length of slope (10m) 12.0 40.8 348 | 165.0
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Fig. 8 Appearance of flow water in case of
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Table 3 Comparison in quality of water flown from slope set
by technique of spraying thick layer or covering MF-45R-10

vegetation mat with artificial rainfall equipment

Spraying NF-45R-10 Regulation values in Water

method mat method Pollution Prevention Act
pH 6.8 7.1 5.8~8.5
BOD [mg/L] 7.8 53 160 (daily mean 120)
COD [mg/L] 315 8.9 160 (daily mean 120)
SS [mg/L] 175 13.7 200 (daily mean 150)
T—N [mg/L] 20.2 5.7 120 (daily mean 60)
T—P [mg/L] 17.6 5.7 6 (daily mean 8)
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. Dam site

O Nukuidam, Hiroshima Prefecture, Japan
O April, 2000
% O TakinoFilter SP-45, Takino Filter MF-45R-0

23,525m?

Immediately after the

construction N
3 years after the construction

Right side

9yearsafter the
~.  construction ~

(N T
Fig. 12 Appearance after construction with both SP and MF

type sheets in Nukui dam site (Hiroshima Pref.)
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Fig. 14 Time course of total phosphorus and water soluble

total organic carbon in soil solution flown out from slope
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Microbial biomass (mg /kg dry soil)

2000 D], HAE 6~11 FIZF, Bl 3~5 [lfT
7.

ZOFES, Figs.13, 14 IR T K D12, BiBEKOLER,
Y v, KPR R R DOREEE, Ay — b
WRERICB W TS TR o7z, 20X IR
Ay — FOFEREERB LRV v oiiHiIckE 72
WRE G Z, AT — NRBSTEHP ISR TH
LNt s,

52 IWAR EBIL (£3<VY)

1990 4F 12 A (L EEEFHT R8P L (B2 1,015m) T
& =5 AR I OO R 22 TEARE O 12 OISR AT & — b & diak
L7z, Fig15 OFFIFENRTIEY, 104 H TIIAED
BRNELR, YUY Ty, YeUvY, VavuTnlR
AREROBEEDER I T,

T, NA AV RKE, N A~ AER, RIRERE
DO EMBEORHEEITo7-L Z A, Figl6 \[RTi@EY,
AT o — b OBERKIZEBWNT, BEMENLL o T
W, ZORERNG S ARk — OB RITEO+
BORFIHH RN DD LRD BT

Succession of native vegetation
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Fig. 15 Appearance after construction
with MF type sheet in Mt. Nagano (Yamaguchi Pref.)
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Fig. 16 Effect of coverage with non-woven fabric sheet of
Takino filter on soil microorganisms in the 10th year after

construction in Mt. Nagano (Yamaguchi Pref.)
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Prevention of red soil erosion

O Marine Corps Bases Okinawa Area, Japan
Inside Camp Hansen
Long Slope of Helipads (280m)
Ginozavillage, Okinawa Prefecture, Japan

O March, 2008

O TakinoFilter SP-45

10,000m?

Before the construction

2 month after the construction

3 years after the construction

Fig. 17 Appearance after construction with SP type sheet
along long slope of helipads of Marine Corps Bases

Okinawa Area, inside Camp Hansen (Okinawa Pref.)
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Membrane separation process for carbon capture

Izumi KUMAKIRI?, Kazuhiro TANAKA? and Hidetoshi KITA?

“Environmental Science and Engineering, Graduate School of Science and Engineering, Yamaguchi University

Abstract

Various process configurations have been designed to reduce the carbon dioxide (CO,) emission from
fossil fuel based power plants. One of the key developments to realize the process is CO, separation from gas
mixtures. Among various separation processes, the membrane separation process has a potential to be energy
efficient and compact in size. Inorganic membranes can be operated under high temperature and high pressure,
enabling the application of the membrane process to water gas shift reactions, natural gas sweetening and other
processes. A few examples of inorganic membranes and their typical CO, separation properties are explained in

this paper.

Key Words: Carbon dioxide separation, Membrane separation, Zeolite, Carbon, Dual-phase
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Fig. 1 Schematic diagram
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Table 1 Examples of CSS projects under FP7 framework program

Proj. name Budget Targets Coordinator/Number of Project
(abbreviation) M+) partners (countries) period
DECARBIt 15.5 Pre-combustion CO, capture (zero-emission | SINTEF Energy Research | 2008-2012
power plant) (sorbents, solvents, membranes) (Norway) /21 (5)
CAESAR 3.1 Sorption enhanced water gas shift process | ECN (Holland)/ 5 (4) 2008-2011
(sorbents)
iCAP 6 Post- CO, capture (solvents, membranes) NTNU (Norway) / 15 (11) 2010-2013
CESAR 6 Post- CO, capture (solvents) Delft (Holland) / 19 (9) 2008-2011
CACHET 2 52 Pre-combustion CO, capture (Hp-premiable | BP (UK)/ 8(7) 2010-2012
membranes)
DemoCLOCK 8.2 Pre-combustion CO, capture (Packed bed | SINTEF (Norway)/ 11 (7) 2011-2015
Chemical Looping Combustion (CLC) in a
large-scale power plants (500kW) (sorbents)
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Pretreatment of incinerator ash for recycling as cement raw materials

Haruki NOJIMA?, Yasuichi JOE?, Morihisa YOKOTA? and Fumio SUENAGA*

*Recycling&Environment Promotion Dept., Cement Business Div., Tokuyama Corporation
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Abstract

We have been utilizing city garbage incineration ashes as cement raw materials for ten years.
In this study, we report the outline of the treatment process, the problems which occurred past ten
years and the solutions we clarified. The prediction of general wastes in Yamaguchi Prefecture is

shown, additionally.

Key words: Dioxin, Fly ash, Bottom ash, Stoker furnace, Fluidized bed furnace
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Table 1 Property of dehydrated

cake before treatment

COD CL Hg Dioxin
[mg/kg] | [%] [mg/kg] | [ng-TEQ/kg]
Bottom
ash 4~120 1~3 <0.2 <0.2
Flyash | 560 | 5~29 | 0.5~20 | 0.9~2.9
Table 2 Property of dehydrated
cake after treatment
COD CL Hg Dioxin
[mg/kg] | [%] [mg/kg] | [ng-TEQ/kg]
Cake — <0.5 <ND <0.01
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Table 3 Characterization of wastewater

o COD SS Pb Hg Dxn
P [mg/L] [mg/L] [mg/L] [mg/L] [pg]
Regulation value 6.0~9.0 =99.5 =30 =0.10 =0.005 10
Waste water 7.5 17 <5 <0.1 ND 0.005
Table 4 Changes in de-dioxin rate Table 5 Powder characteristic
De-dioxin rate [%] Stoker Fluidized
Angle of Repose [ °] 51 = 51
Normal period 99.9=

Angle of Fall [ °] 28 = 27

Unstable period 96~98 Angle of reference [o] 23 = 24
Aereted Bulk Density [g/cc] 0.27 < 0.45

N N Packed Bulk Density [g/cc 0.67 < 0.91

3. B b OB & R v Leed]

Compressibility [%] 59.7 > 50.5
3.1 PEEEA Cohesiveness [%] 30.9 = 32.6

2004 4F 4 A LAV, BefBeRi Lo DR o psk | Angle of Spatula [7] 66 | = 66
AEHEDHIEA M > TE7-. LaL, BEoi@fc— | Dispersibility [%] 519 | > 37.7

W I FPIME TR A A 2 L 725 TUNG # A 4% | Flowability index 3 | =] 3

U DNIRBIR T AR ST, OO HES | Floodability index 78 > 70
Table 4 |Z7R7. Particle size [um)] 7.7 < 20.5
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Preparation of functional microparticles with emulsified liquid membrane

Eiichi Toon'sakaz*, Makoto Hirata® and Tadashi Hano*
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Abstract

Metal-silicate microcapsules were prepared by the emulsified liquid membrane method. The shell of the microcapsules was
formed by a rapid inorganic precipitation reaction at the interface between the internal aqueous and oil phases. Since the
rate-controlling step in the metal cation transport from the outer aqueous phase to the inner aqueous phase was the diffusion process
of the metal cation-cation carrier complex through the oil phase, the acceleration of the complex transport was an important factor for
the formation of the hollow structure. The rate of the complex transport could be controlled by adjusting the concentration of the
cation carrier and surfactant in the oil phase and pH of the external aqueous phase.

Key words: Emulsion, Microcapsule, Interfacial reaction, Extraction
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Internal aqueous phase Oil phase

Sodium silicate solution Kerosene solution

(containing Span 80 and D2EHPA)

Primary emulsification (2500rpm, 10min.)

|| W/O emulsion ||

Secondary emulsification (200rpm, 2hrs.)

|| External aqueous phase

Various metal chloride solutions

Washing and drying

|| Metal silicate ||

Fig. 1 Flowchart of preparation procedure for microcapsules
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R: D2EHPA

Fig. 2 Formation mechanism of metal silicate microcapsules

Fig. 3 SEM photograph of surface and cross section of

calcium silicate microcapsules

Left: surface of capsules, Right: cross section of capsules
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Fig. 4 Time course of metal concentrations in external

aqueous phase for different D2EHPA concentrations
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Fig. 5 SEM photographs of cross sections of
microcapsules for different D2ZEHPA concentrations
Left: 0.4wt%, Right: 0.2wt%
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Fig. 6 Time course of metal concentrations

in external aqueous phase for different Span 80 concentrations
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Fig. 7 Time course of metal concentrations
in external aqueous phase for different pHs.
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Table 1 Particle size and shell thickness

of various metal silicate microcapsules

(Values are mean)

Shell
Concentration Diameter i ¢ Formation
Metal thickness .
M] [pm] condition
(um]
Mg 8.8 1.3 +
Ca 12 1.3 Ay
0.75
Sr 13 1.6 +H+
Ba 7.1 0.8 ++
0.75
Mn
2.0 22 34 +++
0.75 11 - +
Co
2.0 28 43 +H+
0.75
Ni
2.0 31 39 ++

Formation condition
+++: almost all particles are spherical
++: proportion of spherical particles is high
+: proportion of spherical particles is low

-: few spherical particles are present

FNILEETHSTHY, WRIIINZ D & REEH L
TEEHIE SRS 725, 2D O Z &b, 'IEME (i
) BT B A A — RS R O JEFGE LAY
AT RNVERIZEBT DHEHERE CH DL LB bND.
23 FELAEBEICK YRR L-BLAOERH TEL
(kR % & @ A iRtERE~ A 7 o h 7L 8

K4 REE O CGRR L7 72 L O & RIEE
Table 1 127”3, WTFNOEBIZEWTH I 7RI
ITHRETH BN, BBFEIC Lo TIEPEN T LoT
WHDORBHoTe. Fio, BBERBERHWIZEAX, 7
VI Y R4 R LS PN KRR T 2 i < BRE LT
JhEAHEMEES 28Ik, REDTSEARTEK I
L EBHI DL oo, TR OB TR T OTR
ICREL HEA L0, fx O&BMBICH LS E
WUEL D,
QBB LR A REEE~ A 7 v e O 10
HEEMEZ @ D Z L2 HINE LT, BUflc~A7uah
TN AR D 2 BN A[HETd o 72 Ca & Mn & SR KAH
WCHWT, BEMPEEERT A BIENORb~A 7 ah
TR NOFMERI T, ~A 70l T A DL TR
Tholeh, H—ER7 A Bk~ 7 ah 72t
N, RMBLONmOMES BB ~72, 7ok, KeH o
TSR A A U REOEITRE S Bie-TEY, BEOHM

REERIY



b —ETIERL RO D LB HND,
()R F7 V> 7 BERIRAORE - DR 5L

BUAE, REED VLU NTHERGA, wHoRAl, EERFEICE
INKFERENTEY, 5B EOICHASENIERT 5 &
Bbhsd., BEMEE LToRED LYY BT, 2
P LB ERERkEIND. 22T, T bR
T & O ek RS L OYRIR NS — AR R L T
LBORBORI 7%, PWZKRRIZIREE T B U ¥ A, SRS
b 2% RAWCTHAGRBEC X0 sl Lz, fRie
W A TH LN AIRE RBEN G2 5 7 7/ LOD
TERUZREECd o 7oAy, WU R, s R,
RIEERIRE 2R ET D 2 ik v, SltEo BuEk
KR % 155 Z ERFRECTH o 72

3. EBMET /O TRIOEREEE

HALNEIZ X 2 B 72 V¢l WO/W =<
Nva VEMER L, SRR O&IRA A & A,

Z L TR~ S TR SO R 2 5 S ] 2.

ZDOFEZ LD RN TNV EERT D Z LN TE
D, VOB EE e 3 HH5R CORIE TIEA 7'V
OHEFEFEIRETH 72, £ 2T, Ak Liz&@A 4
Y OIFR~OHIH % 3V 7 Jg T ORI TH 5 U
1TV, ZO®%GBELTZMEr A BTN v axET
WO =< vva Y EIRETHZ LTI ETT
STy ZO—HORISIEHEIZ 2 A TITOND 729, K
ISR EE - FRIANES TH Y, FIoEkRIC ) 7
TLRRIATRETH 5 2 L M ERR S LT,

4. %

BT TR VITARE D TR 0L O A
HLTEBY, 5% bETETMIRHEESELRTHA D

Vol. 59, No. 4 (2012)

EX O, EBEZFIA LT, xR A Bk
MERD~A 70l TR NOREEZH R 22 ZoF
BIE, SR 2 IRk L, RS A A
fEEBNITHE~A 7 ah T EVERGICERTE .
WA T CRERT 27200 TR D 7 eV & BRI E
T & DAL L ER e 8 EETH Y, 5% OME
MM EIBARE A~ OIS AR HIFE SN 5.

References

. K.I. Drager and C. Taylor, Food Hydrocolloids, 25,
pp. 251-256(2011)

. Q. Zhao and B. Li, Nanomedicine, 4, pp. 302-310(2008)

. Y. Liu, X. Feng, D. Bao, K. Li and M. Bao, J. Mol. Catal.,
323, pp. 16-22(2010)

4. S.R. Jones, B.D. Grey, K.K. Mistry and P.G. Wildgust, J.
Microencapsulation, 26, pp. 325-333(2009)

. T. Takei, M. Yoshida, Y. Hatate, K. Shiomori and S.

Kiyoyama, J. Biosci. Bioeng., 106, pp. 268-272(2008)

6. T. Takei, M. Yoshida, N. Hayashi, C. Hatanaka, E.
Toorisaka and Y. Hatate, /TE-IBA Lett. Batt. New Tech.
Med., 1, pp. 60-64(2008)

7. 1. Morishige, M. Hirata and T. Hano, Journal of Ion

Exchange, 14, pp. 365-368(2003)
. I. Morishige, E. Toorisaka, M. Hirata, T. Ohtake and T.
Hano, J. Microencapsulation, 22, pp. 291-301(2005)
. E. Toorisaka, I. Morishige, M. Hirata, T. Hano, ITE-IBA
lett. Batt. New Tech. Med., 3(4), pp. 36-40(2010)

10. E. Toorisaka, I. Morishige, M. Hirata, T. Hano, ITE-IBA
lett. Batt. New Tech. Med., 3(4), pp. 46-52(2010)

11. E. Toorisaka, I. Morishige, M. Hirata, T. Hano, Funtai to
Kogyo, 37(6), pp. 53-60(2005)

12. Y. Nakahara, M. Mizuguchi and K. Miyata, J. Colloid

Interface Sci., 68, pp. 401-407(1979)

—_

wWN

W

o]

O

185



BRETE IR T4 59 : 186-189 (2012)

5l
WO

AR HER AR S !

MR e

Ferrous ions save the world

Mikio SUGIMOTO?

*Move Laboratory

Abstract

Ferrous ion is a one of the essential minerals to enhance reproduction of photo-planktons existing at the bottom
of the food chain. Therefore, the development of a cost-effective, easy maintenance and longstanding technology to
effectively provide ferrous ions into the aquatic environment leads to the enhancement of reproduction of
photo-planktons which brings many benefits to ecosystems including carbon dioxide fixing, water purification, and
diversity of creatures. In this report, various technologies we developed to easily provide ferrous ions into the aquatic
environment are introduced with the previous successful experiences.

Key words: Spent head pad, Ferrous ion, Photo-plankton, Food chain, Water purification
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ADOEREWINS, BHECEE DR RD T, W, L
TEFLoTWET.

2. Zffigk( Ao oEBsteSE

PEHEDNED LTV B ERERIZE > TOMHEI R TV
THD AMiRA A E NIEADDT N THND THHG D
BFEWET D) Z&THMT T 7 b REGTER
RERDONT U AZT v T EHDHIENTED”

Z DA A TSR, MBFERT Tk & e gk
T OB ITEEARBE L CEXE LI, 22 TIRED
—HEELET.

21 fELMETHARA

ERBOIA v ORHILEE > THY, ZOBEFBL
7o B TR ) & TEMER] D FE Y Fe/C A3EAE LTk
REOPRKEFTT. ZOgMmIE, £OREIIHEILLTW
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THNEIL DTN O RIBIEDOERDFE-> TNDHDT,
Z DERRF T 2 KRR DK IR BT 5 & AR B
PR E 720 | BT K DB L £ (Fig. 1). <
LC, #k0BRFBICELHTND Z & THOIMIL SN,
TAMBEA A FeF KT T o T3, Kzl
2L FPNIEM 7 7 v 7 b S X DA R E I LT
L0IRLHAA, BRFEOFKER>TNDHY L
BIREO 2R T 5 Z T 2EE(bT 52 LT
FEALOBGIEIC BB L 3. &1, HERICE DK
Bo¥ b cEET.

EBEOHENETHA v DN FITETH Y TV TT.
FEWHE B OISR B A2 A v 2 RILEED THY ,, KD
WD H DL RTNNZHTFTHEL E 6 » AL BT
5L HOMOW R PR NEEL L E T, ~RaR
BEIE T ORI CHAUE, HIlgiZ L0 =R ITH 0 9723,
3y ANBEZRTT. WAKTHMLZSEE, finikbo
BRI aoh EE TR HL, B LTT T
Z— < H - li7e EOLITRECTREE, IHHROMILT
WEIL AT VT NERL, IEEERAE RO D Z LN T
xET.

HNETH A 7 & V2B, ZAUE CIOHng
BB B AT IR B AR IR S H T T & IT(Fig. 2)72 SRk~
RGFTCEE SN, FES LWERE BT TOET.
22 $mAod

A% DDA 2 lCE D ENIBEIC RER D Ak &
n, ZAGERA A E2HBT 2 NIEHEV m<H Y £
Ju. FIT. LSRRI MRS AU RS S S
LEHNE LTE SN0 EK S > 2T (Fig. 3).

BRI S L I TAGERA A2 % T D LA T
A ELRUTT. &I, BPLUOREDRIA & 75T
WHBEMC A L CES R E T, £/, ST
LB HAEOUIEIEI 0 B EHWET. 2ok &gk
EEEBALT D2 ET, ARICELWER S I3

. \ -

Fig.2 Application of spent head pads
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Fig.3 Picture of Fe/C balls (Tetsu-sumi dango)

Fig.4 Picture of Tamura’s pearl farm

K ENBDTT.

BRI A v TN ZNFE TS, BN,
B AL, R R RHETTC B D A RO RS
72 ERR A TR CIEN TR A LT ET. BRI,
FERWI LR 2 P L QD BT ELER O 25 (Fig. 4) T,
1985 4FRIiENHDHBHHETH LA ¥ T a v A DRE
RERHEIEIZ IO, M/ N KRR ST L.
TDORKD DN, A rFa A w#EETDHDDFR
v "B~ KFRETHEEVZEZILTLEY, BEOY
RFEP I TON TV RN LB bNE L. 22T,
Foy MZEEL UTogkR & v o BRGIcifm Lz e 2
A, ~RallX b %y hORGEEY BRESN, 47T
aUAADOREESRETDHZ LN TEE L(Fig. 5). =
DX, BRRA L ITE Y MR A 2R LT
L2 LT, ILDORETNRT UABRRRTLE 724
NERZ B e AERER A LEE T H Z LN TE DT,
23 VIR -AVTTS

VI~ e AT T T, KETTAR(Fe/C) A I
EL, BREAICERR BEORAE O A (B o
A A ) EBAERLT, KELEO ZAGigkA 4 &2 AL
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Fig.6 Picture of spent Fe/C balls

IZHERGT 2 2&® 9. WRHIBGIE L 72 &)@ (Fe/C) & e
THIENRTEDIZY, BRY TN ATTAMEEA A
v O EIFERIC R E LTIER, £oRR, —
kA A BRGS0 Z LA TEET

3. &

NHEDNETE LE B e DU E, bW E okt %58
BIZIEDHZ LIFTEEEA. LL, HROENZS]
FHLTRDZET, BRI TEWE O o R
WA D2 EMTEET. ZLT, TOHARDK %5
X 97 DITIE M8 A A DU LT T, ki
B D EWHESOESFETR Y 7T 7 b T
A, REMIAREDERBICH DZMHEI R T LD
fligkA A % “WER0 H BB TRWT 5 1217 T,
W77 b REROERENRT 2 L B EITE
ELET. 612, KOFRIZIA TY Y EIROFHE &
EY, —EEfbRFOEENL, KEOZ a7 ViR
TN DA F RN F—DEFE LI TE ET.

AEE TN EE TN ENETH A v, T8k
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Fine particle separation technique using froth

Eishi KUSAKA?

*Graduate School of Energy Science, Kyoto University

= FiEEE (1) 1@
Flotation (1) —
Abstract

Flotation is a selective separation process by attaching hydrophobic particles to rising air
bubbles to form a particle-rich froth layer on the pulp surface, which flows over the cell.
Hydrophilic particles are unable to attach to the bubbles and settle to the bottom of the flotation cell
to be discharged. Flotation has been the useful technique of the mineral industry for a century and
more and has significantly been developed into many other fields, such as deinking, wastewater
treatment, and separation of organisms including plastics, proteins, etc. This article reviews the
fundamental aspects of flotation and the interactions among them.

Key words: froth flotation, foam flotation, bubble, solid-solid separation
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Wi EARSTHEE) , TRUERELE] (flotation) 7 & & R
A, M NI EE um LT 10 pm A2 DL E Ok
AR R A A HET A RS LTHREBLTE . i
FRA RIS T 5 &, TEARK T O KRR T
AL, JKEBIUT S WBZKPED BRI Z Va2 A1 G
SE TR EBET 2 51k LS50, BETHIERAR
F I O ST HMBERITART, Hikh%E, anA
K- Ry, - B, IR - B TR
L, BRx 2 AR O IREF O AR A 2 L, FRITEN
FNOSEICET DRSO G LISMAAERY A Sh
R BAEHETHRREICEKATND.

KT LRy FRG 2HEEDA (BJESAIY)
EERDOTINE NS T ERRERIICA LTI Y, Ak
ROGBESF T 0w AFIHENTE, BEEE LT
B & 72 AR 72 FFFIE 1860 412 55 [E > W. Haynes
EoTimofRbicmaE vz miziEk (oil
flotation %) (2375 (Table | Z/) . Z DM T
IXERNEROFPIICE EEV REARBBERTH 2 &
W7o 7208, 1900 FERIC 7 - Tl v IcK a4 A
W5 Z & THLER R b QN AL L SRS T v 7 L
7o 2 SN TESERDMBEFRAICRIE L, 20 tHHt o &
FELZTEIe, L LAans, il T b ek
%, HER D DT EH IR OFEE, ik D DL - RS
B EORBICHL R OND K512, Z ORI 235
FTHHAM G ML STRATE Y, NEOA )RR
L OFCThb L, BERBZORBERIZHELLTHD
F 7RI E Lo T W AE £ TOHMFT,
FEEE EORBRREMNCHD L bbb,
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Table 1 Important steps in the evolution in flotation'

Year Inventor Invention

Table 2 Important steps in flotation in

e #5 il N
1860 Haynes Usefulness of differences in wettability of 1901 (1.34) FE R TGN R > & — 2 T
minerals by water and oil. L)
1886 Everson Acidulated pulps desirable. 1909 (B 42) [ | R 2 — R
1902 Froment, Potter &  Gas as a buoyant medium. (BER®EL) , 77—
Delprat MNHIFRIEIZ LY Pb/Zn D
1905 Schwartz Sodium sulfide to recover oxidized oyHE _ _
base-metal minerals. 1909 (W] 42) BAESE LI Cu FEAIZDNTHR Y ¥ —ik
; P p & B el
1906 Sulman, Picard & Reduced amount of oil; introduction of — —
Ballot gas by violent agitation. 1914 Ok 3) SR ﬁufﬂf!{gﬁ;; MS g
— oA
1909 Greenway, Sulman & Soluble frothing agent. = RO —— =
Higgins 1915 (K 4) EEFSRIL {1:%%&374 Af) Cu m%
- - 1916 (K 5) SRR MS BRI A Bl L TR
1913 Bradford Copper sulfate as activator for sphalerite. BRI BRI
1913 Bradford Sulfur dioxide to depress sphalerite. 1916 (K 5) R - BUEGE L | MS BUIyEsepglc X 5 iRk
1921 Perkins Specific organic collectors. FEHR B AR
1921 +oveenenes Alkaline circuits. 1916 (K 5) ARRASL L (&’;;{;J%g?%@&ﬂq
1922 Sheridan & Griswold Cyanides to depress sphalerite and pyrite. o7 O~ © ERURT EEAN A LR RER
1924 Keller Xanthate. 1917 (K 6 HGEL | MS TUFR 6 X gl LBE
1925 coveveeees Soaps for flotation of non-metallics. BHAG  (FE R85
1918 (kK 7) H SEgEl BREAER (733) SRR
AU 1920 (K 9) Al E {REAIEE, AT A AZxFL
AARIZ I8 2 FiA DRI ARG B 2R 8 E AR LT {Eﬁ'ﬁ@i@%iﬁﬂ%
DX, 1910 FA%, 72 b BUFs T % AV 7= L Ok 1928 (1H 3) L L W OEER, ARl
4 44 (E REEZ0N)
ARBGSNTHLEND Z & RFRIZARD (Table 2 TR T T80 CuPb TEEATE
S LR, %@ AT, A S OFLILIZ 3 Tk Chf 1 810)
» S Ay AT " 1934 (1 9) SR THEEOEA
SRR IR MS TEFEG A J TS ARBTIEA DA = 1938 (4 13) BRI | BRI Cu ORI
hqmwﬁ_ﬁﬂ%Mﬁﬁ¥ﬁtﬁéifﬁﬁﬁﬁﬁﬁ A

e LTI 90 £E1FE i T2 ES TIL Z OREICE; -
TR E a2 L N Y v F T TR N B D WDITHREEUK
SEARIEATEDO AR OGP A 2R DB X 1T L.

3. EFEORE

FEREE, BVIELICAR DD, Fig | O X5 7pMEEE
FAN T TRE AR 1 O K MERRIRIR P ICTE 28 A L, K ETH
FUE < WBIOK P O [ (AR 7 2 Yl AT 35 &8 CF BBk
L5 THY, WAIAET LGN EEGR S DHH
fiickhsd. Lo, “BUKE" Lo Sk
—U— RPEERERZH L LI D. 22Tl
ﬁ@@%$%&ﬁ@ﬂomfﬁ@k%%ﬁ%ﬁm%%%

AT 5.
REFEHIZLIHMFOZFEN Fig. 2loxEnd L 91,
*@r(méiﬁi)®ﬁﬁm% SIS UKL E
A ERICE > CWDHIGE, RiraEhstksed5
7]0)2%@'}%7] () IC X D% 513 2nry, sing, THEEND.
Z ZTCOEEEREFmOEAA OkAlOME) ThDH. it
WAE <, EEARAFEIEL LT, RFoOKEICHKmE
TR LD 2 DO FEALFER ST A — 2 BHBLL
TWDHRIZHD. BHFEOREK OK) OREENIFRETE
PEAI (H2ik OFFUAND) % VT H K 50~70 mN/m D FipH
(A EGHEBEE 22 K SIFIER L) o, [ GUT
1% 0~90° OFIFAT) Bl AR E WEEIZ LT ET
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Fig. 1

Liquid

Flotation test machine of agitation type

Vapor

V22

Solid

2r

Fig.2 Bearing capacity of liquid surface
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W] EW D EHEIIRBUC: D, L LR L, BEICIE
BT TH L ZEITEIETHRY. ZOFEITR
WZHBIND,

SADME L EMA  Fig. 3()D & 9 I2KIBDERE A~
DR ET B 54 QWAL RIS 7= 0 OB BT R L F—41k
AGy,,, B x 5. BHOREL R L-5E,

AGgy ) =7s—(rs +71) [1]

THEIND. ZTIT, o lFBEKAOERT R LF— (JH
—RARmEET)) , yg WFEEAERT, p i FRRE
s (R L ORMmES) THD. 22T, s, 7
BEOy, ENm' ORI EA L, BLEFEHZ 0 Dz x
NX—LRERULKRTE Um?) THDHIEICEEShV.
WO EBRIZIB T, rg BE W g 13392 EHIE
RV TH Y, [1RIZT D & 2D AG,,, 1£F
BREICIREARATRECH D L IR A 52, B—K—K 3
RO O BWEBZBET 5H L AG,,, (XFERIC
REFREL 72 5.

AN BRI A U7t O P22, Fig. 3(b)D £ 9
12, E—R—iE 3R ETORE (FHE) EHO# A
WAL,

Vs =7VsL+7Lc0s0, [2] (Young »=X)

TRIND. 0, 1T (vapor) FIZH 1T HiA L OfFE A
KX T 28MATH D, 11N ERIEENTT D &

AGgy ), = (Vs —Vst) + 71 =7 (cosf, 1) [3]

BB, FEWFRERNEE CRIBETE S, BIRERD
RV, (cosd,—1)<0 THHDT, BI)FHIE kEH
FROBEA 2 72T BRI TR CRRFTRECTH D) &)
FEEmICET D,
WAE Wettability : 4, B & RIKSEATERECH: L C
WD —A%EE %, Z ORIk EE SRR T & B
OIZEF AR LT, bbb, WIKOMNE
ft5F (W) #%&x%. Fig. 3BV T vapor & liquid
AN Z CTRAZWIC LA OB mESH -0 0
e e Y [t 1< s RS
Wo=7rs Ty 7s [4] (Dupré D)
2] ERAL T,

W, =y, (1+cos,) [5]1 (Young- Dupré M)

RIKDOEEEMLE I W, =2y, THDHOT, [1REEEHEZ
LERDEHITIRD.

AGgy,, =W, =W, [6]

a c

Fowkes (2 &0, W, (3R HEIIEMT 20 RIS Lz
WS ODDRGITHEITEL LIRS TND L
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TRbb,
Wo =Wl W AW e ]

VR d 1% London 7318 1, h 13/KFEREARTI, e lTEFEN
H#EHET. &5, Laskowski & Kitchener’ 132 = R /L
X—DRRDLBUKIEE W DL Do E RT3
Z L R ERR E R ORI A A S e VR
FTRTHKMETH B Lt Cna. i, HRIck
W CEHEEA L ST BUKPERE R A YRl 35 S 51213
WORIANC L v Z OB CAER SN KBS 5
WIS RTIREERZ D, o, NEI O RALKERE B
AKIL) A KB IA T T Bl ks S5 2 & CARDOFRHEBE
M2 PEBR L, #JEMICRIE DM E ICE R 7RI 2 7E D
HyEE9 2B T S, UL, BEORESTIE
B TR U5 2 &1L, BISGRIICTR ORI 3R IO K
TEEEWTHILICRDN, R0 X oI, KOsy
FRS172 82 EE L2 2 7 v R R OE IR THE 4
RESNTND Z LBV T ENTHh D, &
7o, IR D, KIAO VI 2 A iR
(i — s CIEBEBA T h 2 I — KSR 3
KR EDOZNLED H/IE L2 0 AGy,, OkHiziT
2 11 O [ R~ F 5RO H B L —21k) 23k
ISR oD b, Fe, <A 7 n T LR
D KD BRI E G b LTeER O A Fiko K5 72
sV DREACENE & A LIS L 725 2 & (R,
0, MREL RDEMEGRM &~ A 7 0 /R T NVZEROEE
< 72 DUSIEMEEELT 2) 2 LIS HERE L.

Liquid ¥
v
| Solid |
(b) 7L
Vapor

6 Liquid

s : Solid >7SL

Fig. 3 Schematic representation of (a) bubble-solid

adhesion process and (b) balance of y, 75, and y;.
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100 T T T
80+ E
S
~ 60F il
=
3 r 1
s
g 40F —4—PS 1
o 3 —»—PC ]
—e—PET
20¢ —a— PMMA 3
o 1 9 1 1 1 1 1 1 1 1
30.0 32.0 33.0 34.0 35.0 36.0

Liquid surface tension (mN/m)

Fig. 4 Floatability of plastics vs. liquid surface tension’®

4. HUIEPEE

NI &, y o Earvie—AT5, Thbh
W ORE A Z(L EE 5 2 LI & VR T O E /BN AT
REL R DFSTmICET D, ZOZ BRI LI-mRae i
VIR LR, T AT v 7 O A EEO IEREIRTZEIC
JERAEN TS,

Fig. 4 [ZTAWV DRI CERSAEIE — K% BT OFIG TR
B) OERMEHEFTET T AT v 7 O EROERE R
Li2bDThHhE. REENPMETTDETTAT IO
FERLELIKTL, HIREENEIL T CTERICR
5. ZOFREBESIMEITESRFEEN L EEN, ERAUT
DOEMESEE AT DIRIRIITERITEmN D (Ehe)
LWH ZEEEWT S, Fig 4 lorahd X oz, A
DR OFmESMEE 312 mN m' ICERETDHZEICK
D, PS GRYZAF L) —PC (KU H—R%x—F) BE
FIAF v i LEME PET-PMMA (727 VL) RE
TIAF I FEEMITEE R GHFCE A2 2R LT
W5, LRRAET T AF v 7 OSBRI O R R
NOHE DI TR CE D [~ ] 1220 T
IR,

5. REA
5.1 F## (flotation reagent)

A CIREN R RIFE O TITZHZ &R LT
B, FEOXDBRBNIHA /2 — A Th > T, FEREITIE
LdE, FR{LEE e & CIEERm RO D THLLE - 7= SR e
EERSHEO R LT HEONREETHD. LER-T,
H & 3 2 EAR 2 BIRBIC BOK LS 21T O S mis
PEF (U & FR97) BN, Eha@shT 2% o
RIEDRIMARAI K L 720 TNVD. ZZTIEEI Vol
PRI ORI DWW T B RER T 5.
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5.2 j2;a%&l (frother)

EVAANTIRE VNS BT LB IR TIRE A TR S
HHHMCTHEHAIND. BANTITHZARVEZTERKR S
H, BIAANPEH SN D LN D ENHI BDOTH
5. A& O T V21— (—O0H), 7 F(—C=0), =AT
JU(—COOR), #/VA »E(—COOH), — B0 S Al
TR EOLEGER BN BTS2, AR D S
TAbE LRI S d, ERG 037 L B R A — /L (terpineol)
T2/ U, Al R4 —/(cineol) TH % —41 U iH
T ENRbH D, LFHRERE LT, OXMM, OIRRET
%, OINEEN BN L, @pH IR E 72 & ok
BACTFIE L7 Z &, @KR~OEMENEELE TH D =
ERERFEFOND O
53 4ER#El (dispersant)

ST TS RO B A e R D H Y CfE
MAanhsd. ThaKcIed<35) EARDLWE
ThY, aaA FRPTE I 0BALIZERETHD.
BIR O NI LR TH D . e LD i
BHIRDBFBLL T L E O O THRMEEIITALOOEE
LTI D KT A RY Y RSO LA 4,
D SMA SRR, [F7 4, HDHVIE, PR &
PR &3 ks 7R LSRN G 1 &5 L7120,
WABEREREL LTV THHENHL DO THD.

5.4 FHURAE (collector)

FHUAI CCHRIC & 0 8RR & Ril s D) 1Rk EE (R
{bk#HH) LBUKE (Fhekk=KIEi) /72 Mo
FETEVERIC, kK@l ZWas L O & BUkPEic 35
HyclER Shs, gk Lz g, 22y hue—Ld5%
D, Thbb, ZELE-KAHEHRSELHOT
HY, FRIZE > TR D EERAEO—-STHSH. HA
SHEDG G, LS T DRMSITEERAE L, IRAaIYS
TR RWVEITITRE L e W ) RO H 5
b DDIBEDLAE DHEEIRED . I E LT, &Kid
RELL LT TR LRI A D L) L Eh, Zo
b a A ML AL o CEEE D, HIGE OH]
ELT, FALSEOMASEECH W B, LR AE &
FATL2V = (TAXAXT 2 NFUEE) b
O, WENRRAEEFRT 26D E LT, TAFLEE
b oA A UEREIEER] (T XTI, TFL
TRREHE, TR ANKRUBIERE) , oA LA v
MRt (alR) o7 X VR Y, OfmEs b
WM Z RIS 2 IEA A MR mEIETER 2R &, SR
RAEWILEYRIREND. LER->T, HROMED D
VMBI IV TSGR 1263 2 g PR I
FIOBAYE & 2 OVERIBERE ORI B 2 b D3 EH I L
AN
* > 47— I (xanthate)’ : xanthate & [IHCF Y 2 viED
WEEEWRT D “xanthos” IPHLHKTHHLDOTH LN,
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Table 3  List of xanthates

Xanthate Formula

Sodium ethyl C,H,0CS,Na

Sodium isopropyl  (CH,), CHOCS,Na
Sodium isobutyl (CH;),CHCH,0CS,Na
Sodium sec-butyl  (C,H,)(CH,)CHOCS,Na
Sodium amyl C,H,,0CS,Na
Potassium amyl C,H,,0CS.,K

(L& BRI 19 AP B ARSI TEY, L—a 0
BFEHEAT & LTA T HRIABE T, FROSEFT
1Z1924 12 Keller i kD F A B AL ENT-DODBHEE Y
T, ZTOMEDRE . FHILRES) D & & 6 HAJE Offb
FLOFRICB O TRERMICHER RN X Tholz. 7L
a—)L TR D BEKEEY), TRALIRFEN DRI
fEpZ L T&E 5.

C,H,, OH+MOH +CS, —C,H,,,0CS,M+H,0 [8]

22T, niX2 (ethyl) ~5 (amyl) OHPATHY, M I

FAWD T HVIZEY Na£7/215K Tdh 5 (Table 3 B ).

Fr—hrAF4r (X) Enfliog&REA 4 MY &K
I L, KRR AL Z BT 5.

M X — MX, K,=[M"]XT [9]

TF AV — PO pK,fE (logK,) & LT Zn TIHf
%, Pb T 16~17, Cu T24~25, Ni CI2~137pL &7
0, WALMERIE CORMLBAERDORILL 22> TN D,
—T7, BIBA A XT VDY R CRE IR A TR
FTHDOT, Porb— A AU LIRS 5.

MX,+nOH = M(OH), +nX, [X] =constant  [10]
[OH]

Z ORI Barsky O BEGR & FEEH, KB LI X 2 il
BHFNCB S e iR % 5.2 5 & & b, B Rz h
LIEEN A& SR> T 72,

5.5 jEMEH(activator) & HIHIH(depressant)

TEPEA & mRANI TR EORMR 2O T—HE L Ttk %
A3, WEME (0D AR R E SRS L, EIH RS
B D WA R et () 32 BR CER &L 5.
TEPEAN AN B CrBEm G S AL 7o §EM OV IE 2187 S &
ZHMTHWAEALHS. LENR-T, FORMENIEG
PEITHIGE & 0 b PPERER S D 7 — AL\, &
PEF - BIfIFI OIS A E LT, o '— hpg
BT DHNEMAL, BACR D& BRI X HIEMEL,
TTATF v JRRICBT DAY (READ WXk 5
SRR i 72 &, o B 3B S AN R & =5 1%
L2 ORIE L ERBERE ORI EE RN b,
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Fig. 5 (a) Zeta potential of goethite at three levels of NaCl
addition and (b) its flotation recovery in the presence of 10~

M anionic and cationic collector, as a function of pH

6. EthoFR

Z T, Bk GGEBkE gL 0 Et) &
T DA O RN 72 FIE W TR AT 5

Bl e O &Y A~ 2SKERE(=M-OH) Dk
RETHETHONEBRTH D, Z ORMEABCWIRE —
HHREROSIZ L0 K TIRRD & 5 (iS5,

=M-OH+H' <>=M-OH;  (EiEm) [11]

=M-OH+OH «<>=M-0 +H,0 (7L UMD [12]

KFA A HY) L AKEEE A A > (OH) DS Z D (i g —
WIERIRERE L, Thbb, BAREA A & LTHE
AL, KiTORMER, A A AERHIH O A5 RS,
L7278 > TR ORI O Foiill pH 2R ET 5.

Fig. 5(a) 1F—fl& LT3R L LT NaCl i & 251k
SHIGHEOTF = A & ($HEk8E) O¥— 4B % pH
O E L TORT S Kb and ko, ¥—2EN
X pH IC k> TE{LL (H'E OHIXZ —H A b OBk
EAAX L ELTERL) , FEARpHO6.7 THDHZ &
D FEMEIREE 2N % &8 — 2 BALOHHE D
INEL T DD, BRZEBOEMICEID DO THS.
[ U7 =W A b & O CERROMRERZ RIE Lk R %
Fig. 5(b) (27”9, pH 6.7 LL FOREMEFEIR T 72 67—
A FAIEICHE L TWD pH EIE TlZa A A o PEFHI A
THDH KT IIVEEEED, pH 6.7 LLEDOT V7 U Pk

REERIY



T bbb —H A RPAITHEL TV pH s8I TIX
A A HEHINAI D BT 2T I DN RANCER LT
WD T ENGND. 7B, pH 12 UL ETRIERRE v ff
T ERDDIZRFTINNT I NS T & 7220 A HE
ALz Thb,

Fig. 6 13, AEEZ T NF)LT I UEEEEHE TS 58
B, MWBESET VR T S v OBUKIED RE A Tl x
ZAL ST THEREDORRE LT Ty hLZBLDOTH
%% ZOKEY, REFDEL RDITE L0 IKHEER
BT RNE LI D 2 E RSN D . ZTAUTEIKIEN
DAF L H(—CHy,—) 1 mol &7z OWAEH BRIV
F—DETHLELND LD THDLN, TORILKERLD
TWRTTHERE (X IRV ERRESRTWE) 23R SRR
WHELTWAZ L EZRTHLOTHD.

L RERES, oA BRYE O EERICRE T 5 A o & ENC
DNTIRARZZN, THED LT T —A/ LT A X IIVOER{EY
R Bk 2 v A RGOSR TT O BRCITHE 2%
ICRETT 2 FETH D Z & 21T D,

100

80F

60f

40+

20+

FLOTATION RECOVERY (%)

8 7 6 5 -4 3
log (CONCENTRATION, M)

Fig. 6 Effect of hydrocarbon chain length on the flotation
recovery of quartz in the presence of alkylamine
acetate at natural pH
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7. B#Ic

FRIRO FEALT A B U CrpilEs Bk o 268 LS H o
T DONWTIRAR T, RO ENT D720 T
BER—VIZOl 5 HREN S OH, RONMKE TS
NEMMTHZ EIFBO THEECH D, L Lanb,
NP LERAIILODTAHAII LT H V=T DOEHE
DFIETITRITENTH S.
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