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Table 1 Chemical composition of concentrate samples.

As Cu Fe
D1 conc. 1.40 22.7 24.6
D2 conc. 5.76 30.8 12.9

Fig. 1 XRD pattern of concentrate samples.
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Fig. 2 Leaching behaviors of D1 and D2 concentrate as a
function of leaching time. (Conditions: Fe;(SO.); 0.1
mol/L, NaCl 0.34 mol/L, temperature 160°C, pulp
density 100 g/L, stirring speed 750 rpm, Total
pressure 1 MPa (O, gas + vapor pressure))
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Fig. 3 XRD pattern of leaching residues which are obtained
from investigating of leaching reagent effect for D1

and D2 concentrate treatment.
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Fig. 4 Leaching behaviors of D1 and D2 concentrate as a
function of leaching time. (Conditions: Fe,(SO,); 0.1
mol/L, NaCl 0.34 mol/L, temperature 160°C, pulp
density 100 g/L, stirring speed 750 rpm, Total

pressure 1 MPa (O, gas + vapor pressure))
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Fig. 5 XRD pattern of leaching residues which are obtained
from investigating of time effect for DI and D2

concentrate treatment.
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Fig. 6 Leaching behaviors of D1 and D2 concentrate as a

Vol

function of leaching reagent. (Conditions: temperature
160°C, pulp density 100 g/L, stirring speed 750 rpm,
Total pressure 1 MPa (O, gas + vapor pressure))
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Separation of Materials Utilizing Magneto-Archimedes Method
by Superconducting Magnet

Yoko AKIYAMA

Graduate School of Engineering, Osaka University

Abstract

As a physical sorting process for material recycling, magneto-Archimedes method
was studied that has a possibility to separate several kinds of materials with high
accuracy. This method utilizes the differences in the forces acting on each separation
objects under magnetic field, which depends on the differences in the specific gravity
and the magnetic susceptibility. The experimental result showed that the mixed
plastics as an example of industrial waste were successfully separated continuously by
magneto-Archimedes method using a superconducting magnet.

Key words: Superconducting magnet, Magnetic separation, Magneto-Archimedes method,

Material recycle, Magnetic susceptibility
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Fig. 2 Separation flowchart of mixed plastics.”
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Magnetic susceptibility : 1.06X 10
Magnetic field product : -3.8 T%/m
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Magnetic field product : -22.2 T¥/m
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Magnetic susceptibility :-3.85X 104 [|--- """ -------------o-

Magnetic field product : -38.2 T/m
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Vertical magnetic force field [T%/m]

Fig. 3 Levitation position of each plastic (Calculated
results).”

Magnetic flux density at the center of the magnet
6T 7T 8T

Fig. 4 Levitation position of each plastic
(Experimental results).”
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Fig. 5 Separation mechanism in the flow path.
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Direct Measurement of Interaction Forces between Liquid-Gas and Solid-Liquid Interfaces by
Atomic Force Microscopy

Naoyuki ISHIDA

Graduate School of Natural Science and Technology, Okayama University

Abstract

The interaction forces between surfaces are critical to understand the behavior of colloidal
particles in liquids. The interaction forces between solid surfaces in liquids, therefore, have been
measured directly in a large variety of systems over a past few decades. Recently, much effort has
been paid to enable direct measurements of the surface forces adopting atomic force microscopy
techniques between “soft” interface, such as oil droplets and bubbles, which are important to
mineral processing. It is the purpose of this paper to illustrate how the interactions between
various interfaces can be measured quantitively, particularly focusing on hydrophobic attraction,
and to summarize the literature describing such experiments.

Key words: Interaction Force, Atomic Force Microscope, Liquid-Gas Interface, Solid-Liquid Interface,
Hydrophobic attraction
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Fig.1 (a) Schematic drawing of the atomic force
microscope and (b) scanning electron microscope
image of a colloid probe
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Fig.2 Typical approaching and retracting force
curves between the silica surfaces hydrophobized
with octadecyltrichlorosilane (OTS) measured in
water.
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Fig.3 AFM image (3 x 3 pm?) of the silica

substrate hydrophobized with OTS obtained in
water.
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Fig.4 Approaching and separating force curves
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surfaces in 1 mM NaNO; solution obtained after
the nanobubble-removing process.
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Copyright (1996) American Chemical Society.

44

T T
o
&
l A 8 fI
! | I
o[ L 3
= | / i
£ 14 4 14
b=
£ | A Soluti
queous Solution
£l |
1 Particle
® Particle #1 (104°)
; < Particle #2 (68°)
¥ Air (Bubble) = Particle #3 (34°)
2 1 i
0 2000 4000 6000

Distance h [nm]

Fig. 6 Approaching force curves s between a
bubble and silica particles of different
hydrophobicities  hydrophobized  with  OTS
measured in a 1x10~° M KNO; solution.

BRI TIEPIT D &, WEERITIER OB S 45°, 90°
DEEXZENENFH08nm, 1.0nm & BfEL bz, Zh
VAR O B A8 < BOKYES | ORI L TR
KINDOBOKIEDE S 62 25 L3I ITEIEEEC 72> T
WhHEWZ D, Ko TRIE-EIRMOBIKIES )23, ik
FLIC@< ER & TR LR H Y, IR
ELICFHELVRHRMLETHA S,

S HIZZOFRTHREEERIND S &, HAEROZ
T3 L 0 EMECR D 20, T A RIS K
ORE T, EHREER T, EHRIOWEICEY v
IRLF-RE OBUKMESBEINT 2 L5 h3MB<, —F, &
T B REI CIIRE T- OB 3 K E WIS b b B9, Al
HAERIERE R E b, 20 L%, FEICHEET
BIEMR D F OSSR EAERIC B2 52T 5H 2
LERLTWVD,

5. [k (B&LUVKK) SEMBEEER

i ASHORE - [R] = O FH FLAE ) D BRI E 1320004 o>
DD INT TIThN D L5/ oT-, AFMY B —
T RIA DR & [HE T 5 7o dI2iE, Jeimlcie
FonWh o F L= Ta—TEHNTC, hoF
U=l D & — Il h 785 L, TOMHSET A
—MZ RV BARIET D, ZAUT KV Il A2 L EICRRF T
ELHARNy R TEDLOT, FHIZAER L7 LR
ZBAE L, AR B hiE R & OF AR &2 RE
T 5,

BEANVRIV L RED I N—TF1%, ZOHELRADOE
& EMICRAED 2 BEHREA AT 2 2 LT, Kiak
w8 < AR AVEH 2 BRI R L 722, £ 0
FER, E9HEAREOR EAEMAIXIZIEDLVOERIZHE W,

REERIF



ZNLSN OB T H SnTehotz, Tihbb,
RIBOIEF @ VBRI b 53, 2 oFmEMIZIX
BKMERI I DBMBN RN &N D, ERDFE 2 A8 LR
WEEENR I,
NZH2b o TRIEANEG—T 8L LTI, K
TAREA S XS DB N D, KR8]
NOFBRERH I N TS, bDHFREOEE TRIAEH
TEE5 L, Fig 7(@D IR END X 91, HEE L &
HICRmATSL &, FABEKL, EATEEPTE
B SbRD D & TR BI I FREL LA 5, T ORFD
E, F, G, H& s CORMM O HHEE L KIa ORI %GR
X VRkwizb 25, FigTbWmnaEnd k91, 5I&BEL
HHC BRI R M B OKOFILH LIC X0 il B KX
ITANTNE, ZHICHES THRA ISR D X 9B
T 5, £LTOWITIERAEROTARINZ LY, HO XS
WBHAVICHBNSMIZ R D L BRI 25 Z &0y
Moty ZOMBIZRSEEO, V2RO S (KE)
TRENDHED) NBEWHKbITSX, ZDOMHEEFI5
nmbPL FIZ72 % &van der Waals /) (Z DA1X581 /) 2ME
M5, 20720, ANNE ST RO OBICTFE

(a)20 E

15
Retract

Approach

Force (nN)
S

(= 2]

-5

-10

(b) 50

h(r,{) (nm)

r (um)

Fig.7 (a) Measured and calculated
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A superconductive magnetic separation was applied for purification of soil
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Magnetic separation by a superconducting magnet
Takefumi NIKI,Yasuhiro NODA,
Koushi FUKUNISHI and Yoshiyuki KAKIHARA
MS-Engineering Co.,LTD.

Abstract:

contaminated.

and iron powder and a superconducting magnet with high gradient filters.

This system mainly consists of a tank mixing contaminated soil

Arsenic,

lead and VOC components in soil were absorbed on iron powder and effectively

removed by the high gradient filters.

Superconductive high gradient magnetic

separation (HGMS) system for purification of water and soil is reported.

Key words:
Pb and VOC from soil
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Superconductive High Gradient Magnetic Separation, Removal of As,
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Fig.l An image of the magnetic field
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