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Investigation on Development of New Wood-Bending Products Made
from Pre-compressed Woods for Wood Manufacturing Companiesin
Coastal Areas of Iwate Prefecture

Yasuhiro Aruga, Yasuji Naitou and Yasuji Namizaki

We developed a new bending wood product that utilizing the compression processing
wood obtained from "Comp-Wood System”. The proposed product is designed for bend
wood, and was tested in a small woodworking shop. The wood bending product due to
compressed wood requires no special tools or large jigs, and we confirmed that it can afford

to take the enough time for bending process.

key words: compression processing wood, wood-bending, product design
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Quantifying Handleability of Metallic Instruments (Part 1)

Hiroyuki Nagashima, Takashi limura and Kenji Inoue

This work investigated how the shape of medical instruments (e.g., forceps) affects their
performance. For the same, we conducted experimental surgical procedures and collected
and quantified work-efficiency data. Furthermore, we analyzed the outcomes of the
experimental procedures and the associated problems.
key words: metallic instruments, handleability, quantification
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Growth of Japanese Lacquer Trees Planted at
lwate Industrial Research Institute

Masanobu K obayashi

The Iwate Industrial Research Institute has 100 Japanese lacquer trees that were planted in
the yard in 2000. In 2014, the tree heights and diameters at breast height of the trees were
measured. Tree heights correlated positively with the diameters at breast height of trees. In
addition, tree heights depended on where the trees were planted. These results reveal that

windbreaks might be important for optimal tree growth.
key words: japanese lacquer tree, tree height, diameter at breast height
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Pedestrian-Detection System with Far-Infrared-Visible Hybrid Camera

Tatsuo Hasegawa, Takashi Kikuchi, Kojyun Utsunomiya,
Tomoya Kamata and Hiroyuki Kato

In recent years, the performance of car-safety technology has rapidly improved and has
led to the practical use of safety devices such as automatic brakes. However, detecting
pedestrians by using cameras remains difficult because of their ill-defined shape, which
leads to confusion between pedestrians and the background. In this report, we present an
improved pedestrian-detection system. The approach is based on using images captured by
cameras sensitive to two different wavelengths: far-infrared and visible light. The detection
algorithm includes motion detection based on optical flow, and the image processing uses
pattern recognition-based machine learning. The proposed agorithm achieves a

pedestrian-detection rate of 95.2% with our evaluation datasets.
key words: pedestrian-detection, far-infrared camera, visible range camera
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Pt/Mg,Zn,, 0 3wy bFx—T% FEA A — FRENEL VY

EE TR, EiE me

WAV Y ORRE R BERIEGIE A B E L, TR —EEHEHL
TMg & Zn OFARRIIZ K D N R ¥ » 7l L 7= Mg, Zn, 0 I % c~7Zn0 FEAk
WCHEE L7z, 2 Mg, Zn, 0 Wil 12 Pt 2 v hF—FBWZ BT 5 Z & T
MoV ERIEL, WA T AT — R TO50 R R A FE N L7255 5., 1 & 280
nm BV THRK0.72 A/W & EWERKENS OO THET 5,
¥—7J—F :MgZn 08E, YavbX—T+4 A4+ —F, k&RBHSE

Pt/Mg,Zn,.,O Schottky Photodiodes for Ultraviolet Sensing

Haruyuki Endo and Kyo Takahashi

To fabricate ultraviolet sensors, bandgap-controlled Mg,Zn; 4O films were deposited
on c-ZnO substrates by molecular-beam epitaxy. The ultraviolet sensors with a
semitransparent Pt Schottky electrode on the Mg,Zn,,O film were fabricated by
magnetron sputtering followed by liftoff. In the reverse bias mode, the maximum
spectral responsivity of the ultraviolet sensor is 0.72 A/W at a wavelength of 280 nm.
key words: Mg,Zn,O film, Schottky photodiode, flame detector
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Agricultural Hybrid Environmental Measurement System Combining
Sensor Data and Image Information

Takashi Kikuchi, Tsubasa Nomura and Yoshitaka Chida

This report describes a prototype of an inexpensive multipoint observable environmental
measurement system, which is required to decrease human labor in agricultural fields. The
system consists of a low-cost sensor node and software that collects and analyzes the data.
To evaluate the sensor node, we use it to measure temperature and humidity cycles in a
plastic greenhouse environment. The results confirmed the absence of water vapor ingress

into the housing.
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Fundamental Electromagnetic Field Analysis for @atiDevices

Kazuyuki Meguro

Designing optical elements with submicron structurge.g., light emitting
diodes, antireflection structures, etc.) requir@samalysis based on wave optics.
Although such an analysis can be built easily andeaply by using the
finite-difference time domain (FDTD) method, appigi it to systems with
complicated shapes requires considerable computemany. In this study, we
developed wave-optics analysis software using tleevequation FDTD method.
The calculation speed of the WE-FDTD method is 1-19%25% faster than the
conventional FDTD method and requires 75% less asi@pmemory.

key words :

electromagnetic field analysis, finite-difference time domain

method, wave optics, geometric optics
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Ultrashort Pulsed Laser for Microfabrication of Optical Devices.
Fundamental Experiments

Kazuyuki Meguro, Ryota Watanabe and M asahiro Daibo

Ultrashort pulsed lasers have become important tools for noncontact and
nonthermal microfabrication. For such fabrication, the precision-mechanics industry
requires that the processing parameters (e.g., material, laser power, and groove
width) of ultrashort pulsed lasers be optimized for a given application. Here we
report of the use of ultrashort pulsed lasers for microfabrication of grooves and

other periodic structures on a Si(100) surface. The results show that ultrashort
pulsed lasers are suitable for fine fabrication of various materials.

key words : ultrashort pulsed laser, micro-machining, laser-induced

periodical surface nano-structure
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Method to Decrease Volatile Organic Compounds based on
Electrodeposited Undercoating

Rei Sasaki, Yasushi Anazawa, Masumi Uchidate, Hiroshi Satoh,
Ryo Oomachi and Kazuhiko Asanuma

To improve the corrosion resistance of a powder coating and to decrease the volatile
organic compounds (VOC) emitted by solvent-type coatings, an electrodeposited coating
was examined as the undercoat for these coatings. In addition, the coating performance of
each coating was evaluated. The use of the electrodeposited coating improved the
adhesion and corrosion resistance of both solvent-type and the powder coatings. Moreover,
the presence of electrodeposited coating decreased the emitted VOC of solvent-type

coating.

key words: VOC, cationic electrodeposition coating, solvent-based coating, powder

coating
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Reduction of Volatile Organic Compounds by applying
Electrodeposited Undercoating on Die-Cast Products

Rel Sasaki, Yasushi Anazawa, Masumi Uchidate,
Masaru Kameyama and Toshihiro Hosokawa

In an effort to develop a painting technique that complies with environmental
regulations, we examine pretreatment methods for aluminum die-cast and magnesium
die-cast products, with the goal being to suppress emissions of volatile organic
compounds. We compare the performance (adhesion, weather resistance, corrosion
resistance) of the film coatings with that of the conventional solvent-type coating. The
results indicate that the performance of the film coating improves for aluminum die-cast
products, but that the corrosion resistance of the film coating decreases for magnesium

die-cast products.

key words: VOC, electrodeposition coating, aluminum die-cast, magnesium die-cast
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Microfabrication of Si wafer and Ni-Based Alloy
using Ultrashort Pulsed Laser

Kazuyuki Meguro

Applying ultrashort pulsed laser processing to precision mechanics requires the
identification of laser-machining conditions that offer the desired processing and
precision for each material. Depending on the overlap between the beam spot (scan
speed and repetition rate) and the laser pulse width, different thermal effects (e.g., the
heat-affected zone) appear at equivalent fluence. This study investigates the optimum
processing conditions for silicon wafer and nickel-based alloys. The workability of
these materials by ultrashort pulsed lasers is dominated by the thermal properties of the
material.
key words : ultrashort pulsed laser, micro-machining, nickel-based alloys
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Hardness of Plasr-Transferre-Arc Weld of Mixed Powders o
Co-Cr-Mo Alloys and Ceramic

Takayuki Kuwashima, Tetsuya Sonoda and Takashi Saito

Cobalt-chromiun—molybdenum (CCM) alloy has excellent properties fae as
biomaterial and can be welded onto mild steel upiagmi-transfe-arc welding. This stud
focuses on using this technique for industrial psgs. A mixed powder of CCM alloy d
Cr,C; ceramic is used as welding material. The welded Inetzarder than the CCM allc
alone, although the hardness decreases with inegeaglding curren
key words: CCM alloy, mixed powder, PTA welding
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Microstructural Change of Heat-treated Ni Coating Sprayed
by Low Pressure Type Cold Spray Equipment *

Takayuki KUWASHIMA*, Tadaaki SATAKE™™, Tetsuya SONODA™

The cold spray technique is solid coating process and has a superior feature compare with conventional spraying ones.
For a solid process it has some problem, for example cold sprayed coating has a lot of dislocation in the coating. Although
the coating has the same composition of bulk material, mechanical properties is different from bulk material. It is important
that the dislocation in the coating is evaluated because the dislocation affects coating properties such as corrosion-resistant
and so on.

In this study Ni coating sprayed by low pressure type cold spray equipment was evaluated using electron backscattered
diffraction (EBSD) analysis. Also the coating micro structure was observed by transmission electron microscopy (TEM).
From TEM observation, a lot of sub grain could be observed in the coating. Although Kikuchi pattern could not observe in
the coating completely. The area that could not observe Kikuchi pattern included a lot of sub grain. From results of EBSD
analysis, misorientation increased in grain average misorientation (GAM) and kernel average misorientation (KAM) by heat
treatment. It caused movement of dislocation from area that could not observe Kikuchi pattern. EBSD analysis is useful

analysis for evaluate strain of cold spray coatings.
Keywords : EBSD analysis, cold spray, microstructure, TEM, Ni coating
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Fig.1 SEM photographs of Ni splat.
(a) :overview, (b) : cross section
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Fig.2 SEM photographs of used powder.
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Fig.3 Schematic diagram of Kinetic Metallization System.

Table1 Cold spray condition.
TCU gas pressure (MPa) (He) 0.62
TCU gas temperature (K) 700K
Spray distance (mm) 15
Traverse velocity (mm/s) 50
Step (mm) 0.8
Powder feed rate (g/min) 15.6
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Fig.4 Schematic diagram of calculation for misorientation of
crystal grain.
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XRD patterns of used powder and coating.
(a) :powder, (b) coating

Fig6 TEM photographs of cross section of used powders
and their electron diffraction patterns.
(a) :large particle, (b) : small particle
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Fig.7 SEM and TEM photographs of cross section of
sprayed and heat treated coatings and their electron
diffraction patterns.

(a) :asspray, (b), (c) heat treated coatings,
(b) 673K, (c) :1073K
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Fig.8 Image quality (IQ) map and inverse pole figure (IPF)
map of used powder, as sprayed and heat treated Ni
coatings.

(a) :powder, (b) :assprayed, (c), (d) :heat

treated, (c) : 673K, (d) :1073K

Fig.9 Grain map in each coatings.
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Fig.10 Area fraction of grain size in each coatings.
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misorientation

Fig.11 Grain average misorientation (GAM) map and kernel
average misorientation (KAM) map of used powder,
as sprayed and heat treated Ni coatings.

(a) :powder, (b) :as sprayed, (c), (d) :heat
treated, (c) : 673K, (d) :1073K

ZTWA, ZOZLFBNHEZ L2 EbLLTIALY T
VF—Ta AL TWAZ LAY FELTWA LIS
RZ5, —RIICBMLIIZ L > CTEAPWEMT S L I3E 2
12, BDBIBIC X > TRBEI L TR EEZLDONR
YTHhb FigiOTEMBED#HERTHRLZ L D IZas
sprayed RIBIZZBEHICZBOY 77 LA VB E 7.
EBSD Tl T & 2 h o 2BEHSTIE, FlZZoy7s 1
4 UD%L, ERBFPEATVWDLEEZZ ONE, BULHEIC
XA EREROBIET, EAPBERENI2/20I28 My —
BHRICBIEREN. FLT, ZOFTTLA VICETRD
AR L TET 572720, GAMTREROHEIKE L
BoTwWb LI, KAMTIRBFICES - 2B OBET
SAFVZYT—Va VOEPRELL BB/ RICE 7L A
bhs.

ZDXHICEBSD T, BAFKEVWI—VFAT L -
AR OENT TiE, EEEZETLIRIZH L D00, EFEOR;
B TR AT AT RE T dH - 7z

4.2 £

TEM & EBSD T2 — )V F A 7L — L7zNi DN %
To7z. MBFOEAPKEL b LWENELVEZSLY
» 5%, TEMEIEHEETIE, BB 77 LA Vs
ZRBLE SN TWT, EBSD THIETE h o 2ifmid 7
TUA v RELEGHBEToTWBEEZLNDE. b
DZEEALTAT, I—IVFATL—L7zNikEHA
2 X BB RO %E Fig1212R3. 1370 V2T
OHFE T2 S % 5HEF, T— IV F2A T L —ETORER,

rain

dislocation

powder as sprayed after heat treatment

Fig.12 Schematic diagram of dislocation behavior.
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Micro Structure of Co-Cr-Mo Alloy Coatings Sprayed by Cold Spray,
HVOF and Plasma Spray Processes and Influential Factor of their Micro Vickers Hardness *

Takayuki KUWASHIMA™, Keiji YANAGIHARA**, Takashi IIMURA™, Tetsuya SONODA”,
Akira IwABUCHI ™™, Akihiko CHIBA™**

Co-Cr-Mo alloy has superior material properties such as corrosion and wear resistance and so on. Therefore the alloy is
applied to biomaterial. Most studies, however, have not focused on the thermal spray using Co-Cr-Mo alloy.

In this study gas atomized Co-Cr-Mo powder was sprayed on SS400 substrate using cold spray, HVOF and plasma spray
methods. Kinetic Metallization System manufactured by Inovati, USA was used as cold spray equipment. Plasma spray was
carried out in various spray conditions. Their coating micro structures were observed by FE-EPMA (JXA-8530F manufactured
by JEOL) and micro vickers hardness were measured. Cold sprayed coating and used powder were observed electron
backscatter diffraction pattern (EBSD). Also heat treated ones were observed, too.

HVOF and plasma sprayed coatings consist oxide in their coatings. Cold sprayed coating was dense coating without oxide.
Micro Vickers hardness of coating sprayed by cold spray was higher than other sprayed coatings. Micro Vickers hardness of
coatings sprayed by plasma spray tend to increase with increasing plasma power. It was due to quantity of oxide in coating.
On the other hand much deformation exists in cold sprayed coating from EBSD analysis. Used powder was y phase and cold
sprayed coating was almost ¢ phase. Stress - induction phase transformation occurs in cold spray process. It is clear that the

high hardness is due to deformations in the coating.

Keywords : Co-Cr-Mo alloy, thermal spray, microstructure, micro vickers hardness, EBSD
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SEM photographs of used powders.
Size: (a) -25 um, (b) 25-63 um
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Table 1 Cold spray conditions.
TCU gas pressure (MPa) (He) 0.62
TCU gas temperature (K) 700K
Spray distance (mm) 15
Traverse velocity (mm/s) 50
Step (mm) 0.8
Powder feed rate (g/min) 15.6

Table 2 HVOF spray conditions.

Flow rate 0, 293/1.03
F(’lr—érsnslz;)fg Propylene 79/0.69
(MPa) Air 350/0.52
Spray distance (mm) 175
Traverse velocity  (mm/s) 750
Step (mm) 3
Powder feed rate  (g/min) 38

Table 3 Plasma spray conditions.

Flow rate (L/min)/ Ar 50/0.52

Pressure (MPa) H 00/ | 05/ | 30/ | 95/
& 0.34 0.34 0.34 0.34

Current (A) 600
Voltage V) 38 | 52 | 60 | 76

Powder feed rate (g/min) 40

Spray distance (mm) 140

Traverse velocity (mm/s) 750

Step (mm) a
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Fig.2 Schematic diagram of blast erosion test.

Table 4 Blast erosion test conditions.

material Al,O4( #54)
Pressure (kPa) 340
Flow rate (L/min) 296

Blast quantity (9) 70
Blast angle ) 30
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Fig.3 Back scattered electron images of cross section of
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Fig.4 Micro vickers hardness of each sprayed coatings.
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Fig.5 Results of blast erosion tests.
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(a) powder, (b) heat treated powder (1073K), (c) cold
sprayed coating, (d) heat treated coating (1073K)
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Photocatalytic Properties of Visible-light Photocatalytic Coating
by Cold Spray Technique *

Takayuki KUWASHIMA™ Jyunichi YASUOKA™, Megumi SATO ¥ Takahiro HIRANO ¥, Hiroki KAWATA™**

Agglomerated visible-light photocatalytic powder was sprayed by cold spray equipment on an Aluminum (JIS A-1100)
substrate. DYMET 412k manufactured by OSPC was used as cold spray equipment and the process gas was compressed air.
The powder was prepared by the spray dry method. The primary particle size of TiO, MPT-623 made by ISHIHARA
SANGYO KAISHA, LTD. was about 20 nm and rutile phase. Also ST-41 powder that could absorb ultraviolet light was used
to compare with coating properties. The crystal phase was anatase. Phase transformation and grain growth of both powders

didn’t observe after cold spraying and provided antimicrobial and deodorization effects. Although their coating thickness was

about 5 u#m, photocatalytic properties were superior to HVOF sprayed coatings.

Tt was indicate that cold spraying was useful method to deposit photocatalytic powder.

Keywords : Cold spray, visible-light photocatalyst, microstructure, deodorization, antibacterial
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Table 1 Cold spray condition.
Air pressure (MPa) 0.5
Spray distance (mm) 15
Traverse velocity (mm/s) 200
Step (mm) 2
Powder feed rate  (g/min) 1

Table 2 HVOF spray condition.

O, 293/1.0
Flow rate (L/min) /Pressure (MPa) | Propylene | 79/0.69

Air 350/0.52
Spray distance (mm) 175
Traverse velocity (mm/s) 750
Step (mm) 3
Powder feed rate (g/min) 38
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Fig.4 SEM photographs of surface of HVOF sprayed coatings.
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Fig.5 SEM photographs of cold sprayed coating using MPT-
623 powder and the result of map analysis.

—
strong

X-ray Intensity

Fig.6 SEM photographs of cold sprayed coating using ST-41
powder and the result of map analysis.
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Fig.7 XRD patterns of used powders and sprayed coatings in

each powders.
(a): powder, (b): Cold spray coating, (c): HVOF coating
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Fig.8 Results of antibacterial activity of photocatalytic coatings.
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Fig.9 Relationship between time and acetaldehyde
concentration ratio C/Cy under ultra violet LED in
each sprayed coatings.
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Fig.10 Relationship between time and acetaldehyde
concentration ratio C/Cy of visible-light photocatalytic
plates under visible LED.
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Performance of Laser-Probe-Type Noncontact
Coordinate-Measuring Machine

Takeshi Wago and Hiroyuki Ike

Using three types of testing standard gauges, wst tke performance of a
coordinate-measuring machine (CMM) equipped wittaser displacement probe system
against the JIS B 7441:2009 standard (i.e., the %l standard). We estimated the
characteristic deviations of noncontact coordimagasurements, which were then verified.
The estimated points formed a normal-distributiooud! with standard deviatios; +2¢
error was used for PFS spherical form measuremBEotsCMM size measuremeBit PFS
occupies 41% of the error of indication of the CMWhus, PFS tends to decrease and
accurately indicates the value@f
key words: noncontact coordinate-measuring machine, ball bar, evaluation of

performance, noisefilter, error of spherical form measurement
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Electrical Discharge Machining for Processing Mal&iFine Holes on
Side of Thin Needle

Takeshi Wago and Hideyuki Shimokobe

We describe the development of a complete procgdsichnique to generate numerous
small-diameter holes by electrical discharge manbin(EDM) for Co—-Cr—Mo-alloy
needles, for which processing conditions are unknoWwhe results reveal the many
advantages of EDM, which allow precision machinififq@es with hole-diameter variance
o = 0.9um and a low electrode-wear ratio (32%; defined ad tonsumption length
divided by processing hole depth). The processifigieficy was high at 6 min 46 s per

hole.
key words :

electrical discharge machining of minute hole, Non iron material,

acupuncture-and-moxibustion needle, parameter design
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Reproducibility of Minute Holes Fabricated by Elecal Discharge
Machining

Takeshi Wago and Yuka Hosokawa

Medicinal needles for applications such as acupwactind moxibustion require specialized
fabrication techniques. This study demonstratesuieeof electrical discharge machining to fabricate
minute (0.1-mm diameter) holes in 0.25-mm-diameéle—Cr—Mo-alloy needles. This technique

assures the reproducibility of the minute holesteagiired to prevent the invasion of sludge inte th

guide hole and to give high elasticity for pipectiedes.
key words : electrical discharge machining of minute hole, reproducibility, sludge,

high elastic
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Conditions for Highly Accurate Microprocessing wkiectrical Discharge
Machining

(Method to determine conditions to assure accuaadyefficiency as a function of target)

Takeshi Wago, Takuo Asanuma and Hideyuki Shimokoube

This study proposes a method to determine thasiégeonditions as a function of target
to obtain accurate and efficient microprocessinge Térget in this study consists of a
0.25-mm-diameter needle in which numerous 0.1-mameéiter holes are fabricated by
sinking electrical discharge machining. By definingut—output relations according to the
purpose and conducting orthogonal-array experimeni$able processing conditions are
obtained. When using conditions for efficiency, frecessing time was decreased by 67%
compared with that obtained when using conditiamsatcuracy.
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Accuracy Evaluation for Noncontact Shape and
Contour-Measuring Machine

Takeshi Wago and Hiroyuki Ike

Calculating uncertainty for contour form measurements is difficult because different
contour-measuring machines may use different measuring principles, leading to variations
in uncertainties. At this stage, some characteristic errors are extracted and considered, and
artifacts appear when lines and curves are measured by a noncontact contour-measuring
machine. As a result, errors influence the dependence on both circular and rectangular

gauge shapes.

key words. contour-measuring machine, artifact, evaluation method for measuring
precise, noncontact measuring

1 # B

TARRERZREFREAZHEER TH D720, JIED
ANl S Z T 212132 ORIEREEA ORIE PR 5
DN SFEAEEN 2B R D ED D D, TARHIER
I, F7IFREAR LS K DT ADMFEL, T
TERIPH, ofRaE. HERTREZMERIA R E 2N TR0
HESIFE SR DR A9 0, ARITER, PESEEN
R A SR S F I D BTG R E 2 0D
FHFEFFEE LTIHME L, TARBIERRO RS HIIE O
WHBITH %,

2T, FEEAITRINER AR L T ey b
FARDPRT T 0 b2 UES TRIEFERZATV, FEEL
HIERE COTRRIEIZI1T DR L RO T,

2 EBA*E
2-1 EBREERUAE

FEEEETERER L L — Y A — b 7 o — 0 AT
TR (NH-3SP, —JEyas) ZH L7z, £ 1IcE72ft
BREPESRM 2R, ARREEIT—E DL CHED
FHEBRELZD Z @Bz nF) =7 & /7~/uTH§(
THHNTHD, FFHEMATRIRRERORETIIE 1
RTEBD, kML RERIEITRE LT %;Bﬂ&bv%
WET 2 HXTH D L= —T %K 2, K 3177,

— VIS =T A= 0 2 FEE L, AUES
—UATFERIRO FIiEl SR OR E D3E2 5 MR

R1 EOHHREAESG

L—HFARIERBERE (e

NH-3SP)

FRaEZE: 1+8L/120 ym(ZF5 1),
INFhdeE i
INFRRTL 0.5+2.5L./150 um(X.Y J7[1)

HeE AL — (P K635nm), AFEY

BER7 =78 |y b sopte, 2ot M oum

ENHE 0.11 mm/sec

YoV 100 pts/mm

HIE E IR 21.1-21.5°C (Range 0.4°C)

SRk S LA TG S 3 —E L=

THEILA 1B D 2

1 AIES

?Bzﬁ?iiﬁﬁv’z L CHlE é ;mi % 0)( Liﬁﬁ%ﬁwﬁﬁjﬁf IEI$£
UUWWZ%)%) 7oA >< NN ia'?]‘f%’ﬂ ok :r/l/@ﬁ%'J

kR 23 MR PESESME S HEE S AR AR A RIS
ok BFPBHENES (B SRIEAHANED)

YRR TARFHHIATIE

112

= (JEENFEE)



HFRRIZERIN o & — e S

10

R R R 1
‘ [aN]
|
50 L E
85 (mm)
X3 &5—SOHE
(k:AWHy—2, T ARS5—D)
*2 RIFEER
B & T HIEEE
e s - o | PR, P ARLAEERX
FUES — | Mt EF 127 BORZ,
e ey cpaoge | T SERUEREX K
ﬁﬁ/b— v ll_rllﬂ'lu‘l'm HT UZ, %\%EODEEE
=3 FEFEKE
K U
AT 1 2 3
Al F—v HLIE £ 75
B | HEME | y=3mm | y=5 y=7
C| MviRL 18] H 25 H 3al H
D | WESM | &St
E| JEHm | NH-3SP

113

% 18 5 (2016)

M POESe EAEREAQTOATMHHEE

2, XRMERC, JEROEEERFEERRVERBOTO/ T MLHEM

Forcus Inspection Ver8.3 (Metris, Mitutoyo)

b ART— 07— ERR

PRI, E5es 4mm BAE, (Al C 50mm DL Eoo sifiiE
BEAID Z & CTholo, BIESRMHNIANK E AEOK T —
VTR —E LT D THIEIEZA LI DA T T 7,
WEHB X 2 b2 UER SR 2D L) Th D,
KT-EKkAEIFEIDELY & LT,
2-2 BIEEOELAE
NH-3SP CEH L7 it 2 FIH U CRBEHE Y ~ b

(Forcus Inspection Ver83 . Metris «+ Mitutoyo) (28 3
VOTIARZ TR L CRIEEA R LTe, ZokiEx
WD T L TR, IR, HLE O R COFARNGHE T
L0, T TRV BEREFL L T—2D 7 — Tk
720 12 D FTORIEESE ONEIEFE & Sk & Ok
ERH U, UV—7EERT IS~ OBAIE, X 4
D & X3 0 22 X SHEHR Eo> 2 5182 08% Y fil
WG Uz 4 JUCHERT 2 P, Bl X dlEskR Eo
2 JCIEAR UT-IERR, P i X B a g 4 rfuds X ARt
Y o FEsh Y R, 7 P o RZe R ez e s L
Too I —CO%EBRERIZN S D LB ICT — 7 J#
R 2 VERR LT, TIETRE 1T 21.1°C~2L5°C i CAH)
L. REZENEN 04CTh 7, IREIERIEL. HIE
F SN S W DITREREN I TE 5 &5 %
TATDZR o T2,

3 ERERRUER

K —2 L HHIEESE 1~6, W] 1~6 O 12 23HTD
WEHEHREZ L DFNCOE Y H18 30T %R0 K L 3 A
OFFQEIHIE LTz, 20 9 RRHIE L7 ED A fE & v
A HIEER MR Lz, 324 1B —V 0
LR, % 5 A — Y OTE A R E s
Y, WS — Y O RZAEDLE T, HRORNT
BEERAOZEN LR, #oSE, FrZ CMM
R L2358 TIETF » 7RO E W) B IE 5



FEREA TR ERE DN HE R AT T

x4 AWT—ODOFIELRERE

S (mm) TEHER 7 o (um)
T | R | POX | Pz | R | R | DX | ez | B
i1 | 04970 |-234196|-0.3518 | 0.0024 | 087 | 053 | 109 | 053
M1 | 04953 |-20.2197] 0.3512 [ 00030 | 112 | 050 | 109 | 000
M2 | 08072 |-16.7997|-05714 | 00037 | 1.64 | 050 | 167 | 050
M2 | 08034 |-13.1600] 05673 | 0.0029 | 142 | 000 | 158 [ 033
M3 | 1.2883 |-9.1797 [-0.9116 [ 00027 [ 071 | 050 | 073 | 050
M3 | 1.2869 |-4.8600 [ 0.9108 [ 0.0027 [ 060 | 000 | 050 | 050
a4 | 20496 [ 0.0000 [-1.4484 [0.0030 | 073 | 000 | 073 | o000
M4 | 2.0500 | 54000 | 1.4498 [ 0.0027 | 087 [ 000 [ 083 [ 050
5 [ 32798 [11.6690 [-2.3183 [ 00033 | 120 [ 000 [ 100 [ 050
M5 | 32806 [18.8090 | 23191 [ 00029 | 073 | 000 | 105 | 033
6 | 52468 |27.3303 [-3.7099 [ 0.0030 | 083 | 050 | 078 | 000
e | 52469 [37.2502 [ 3.7120 [ 0.0029 | 060 | 044 | 071 | 033
T -] [-00002 00029 [ 200 | 035 | .04 | 039
=5 ART—DOFEMELIZERE
FHE (mm) RERE o (um)
=% mz(z:)m seix | semiz s |eeR ”Z(;‘;'F s x| etz e [ eR
M1 [120.0178 [-23.4198 | 0.2028 | 0.0020 | 0.0017 176.38 044 [ 044 0.00 0.50
M1 | 120.0572 |-20.2197 | -0.2012 | 0.0022 | 0.0020 170.2C 071 [ 044 0.44 0.00
M2 |[120.0367 [-16.7991 | 0.3298 | 0.0020 | 0.0020 67.33 0.33 [ 0.44 0.00 0.00
[M2 | 120.0336 |-13.1591 | -0.3278 | 0.0023 | 0.0020 61.94 033 [ 0.44 0.50 0.00
M3 [119.9999 [ -9.1794 | 0.5264 | 0.0021 | 0.0026 26.55 0.53 [ 0.53 0.33 0.88
M3 | 119.9727 | -4.8592 | -0.5244 | 0.0020 | 0.0020 28.27 0.44 | 053 0.00 0.00
M4 [119.9933 [ 0.000C | 0.8381 | 0.0027 | 0.0018 9.35 0.00 | 0.33 0.50 0.44
M4 [119.9943 [ 53998 | -0.8376 | 0.0019 | 0.0028 15.57 0.44 | 0.53 0.33 1.20
M5 [119.9901 [11.6698 | 1.3393 | 0.0023 | 0.0020 7.56 0.44 | 0.5C 0.50 0.00
M5 [119.9938 [ 18.8091 | -1.3396 | 0.0020 | 0.0020 9.00 0.33 | 0.53 0.00 0.00
M6 [120.0049 [ 27.339 | 2.1421 | 0.0020 | 0.0020 3.06 053 | 0.33 0.00 0.00
M6 |[119.9924 [37.2593 | -2.1419 | 0.0020 | 0.0021 213 050 | 0.33 0.00 0.33
M 1200080 [ - [ 00005 [0.0021 [0.0021 | 7661 ] 045 [ 045 [ 031 | 048
40
—-y=3
: - A
30 —— ~®y5
d y=7 / V
E 20 A A \
M 10 Q{'
= NI / ,
\lvu—
0 ‘ . : ‘ ‘ . ‘
al kil % X N N = =
H H ~ = = = T T
g £ 5 5 5 5 B &
2] g = =l {[I g[l
e A
X6 HEr—C0RE
10
g —--y=3 11.0// \
g 8 --y=5 / \
©
o 6 — y=7
s A AN
R 4
£
M2
E 0 ==
x X N
& f Z oz owm 5 & M
8 & KO8 ¥ w = =
| | I cg E[ W om
g = oA E[ I I I I
g =2 g =
HIEEH
K7 ARyr—T k=

D NSVERNTY T ) o TED D 72 < Doty

EHEIZINT b ROR N TR T TURLy,

LT — 2 O R A TIHAE ER DR E VR, AT
THLNHRERA? NS S BAFCH D, AERHTI

114

{El 2% DEAROISTERY VST 72 ) BROBEOE S8
REVEE, TOMETERRT 2 ROEENZ < 720 Efe7e
FART MBRTETE D, — T TROBID R S 3
HEEROGAITRTAEDIEL S NKEL o Tz,
HEDHIFRIZE W IZD2ENKEL b AN RS
%o ZZCOREFEDAILL—F ARy MED 2um

DXt L o RS0 DNFN B RO K NCAEE R 22 2
ZEIN R BIIR, ARRIAE RO F L X, Fuls Z, il
DAZRL X, A Z, BEE L, HEE R IZHOWCIIE
RO R/ NIRRT DR AZODE IR AL oTz,
X 6 ([ZHIEF— VDR, X 7 I\CAIES — Y OfF AR
o Y WO 3 AKYERHI L TR L, FrT 1K
YEREIC 68, M6 {HDFT 12 [EDFERZ AL T\ D
NT T AL~ A FAMEEIRE L TR S0 X 91
MEHEICZ L L TN D EAEZ RN LT, 2O
BOFERITT R TT T ATRIRSIN WD, FEAEEIT4%
=0 “PERER (01 FRERDT) ™ A Lz, WE
U RIS KL B RE K28 um &7
ST, XU TN R CIIARKRME 91um & 7220 lE T
PROMADPKE e DEAA RSz, FLEEL Z
FFIA CRRAE 218 um, X A Cle KM 48um &7 0 Z
HETIRADKE,

I — T — & el U CIRZEDS IR/
S HEEERO 1O mAFHE L TREWVA, 1T &
WEDAOuMEL R & 2o TUVe, B —V L DRER

TEARODENIAIE S — 3T X TR ER TR S iz
FEThHoT,

4 £
#@%ﬁ%&ﬂm%@%%ﬁﬁ%ﬁ%ﬁét
72 BIMRARD 7 — %R U CHIE LIS, LT
ﬂ"i“ maf)ﬁ %’Eﬂf\_o
(D) XD ZFHE LI5ATE, B — U OEI3IE
BROI/NZBWTHEERZDE LA LR, AT
=V O, FROACT A (deg) DR HIZ BV THRIE
FEDV NS UORE AR AR X < 72 AHEAS RO,
) fWEZFHN L= a1, W —U i apsr—o Lk
i U CIFITMm AN K E < Too 7o, FHE 72 DX
— VO R TREDN K EVEHEA R b, A
—UTIEE A EDMRE 40um LA L7220 | WO
WNE ATES — O R CEM O S R Th o
77

L\ /\

£

ABFTEE, PERERAmEEEHE i R AR S R
BRGSO ILFERFZE & LTz, 5%
1T 9127 0 ARILEWFZE SN E 172 NMIJAIST, 2%
AR OEOZEE D)5 2 | IXE R TS A TES . ©
DAY CTEE#E T,



RSB~ =T+ 22 O & R E"

s /7. B 527 YEH

p k%

=
S P/N

5 i~ =27 ZITmEE, R, SRS DB I S T

BY.

HARIZB T 28 EEEOWN & OZERHLRO—D2 201G, ZZTlE, &

FRT¥EENE 2 —TO5lill~ = 7 ZEAICHT- 0 2O B B0
IZOWCTHRE L, FORE, BEWVERICHHET DI KT — 27 T om
FEMTOWMFIZRHETE D 5ffi~v =72 2 E2EALT,

X—DO—F :bEv=U T 4, 5ECAN BREEA, BIVHEL SEMNT

Features and Performance of Simultaneous Five-laishining Center

Takeshi Wago, Takashi limura and Masahiro Hotta

Five-axis machining centers are expected to pevthe processing technique required
for high-precision, high-efficiency, complicated afare work, thus giving Japanese
producers a processing advantage over foreign ciitonse In this study, we investigate the
purpose and machine specifications for a five-axéchining center at IIRIl. To respond to
wide-ranging requests, we propose to equip theecevith both high-precision-processing
and large-workpiece-processing capabilities.
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Comparison of Performance and Measurement Errors of
Contour-Measuring Machines based on Different Rpies

Takeshi Wago and Takuo Asanuma

Coordinate-measuring machines (CMMs) can measuwreshiape of workpieces made
from varying materials, such as automobile partg ather parts. However, the
measurement is often limited by the measuring plas used by the CMM. By scanning
the surface of the workpiece with a stylus, corim@asuring machines are versatile and

provide high-precision contour measurements.

Ins thesearch, we compare the

measurement errors obtained from several diffecentour-measuring machines. We find
no difference in measurement error between theocwimheasuring machines.

key words :

contour-measuring machine, performance comparison, measuring

deviation, detection principle, measurement realizable
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Length Measurement Error caused by Ram-Axis-St@fiset in
Coordinate-Measuring Machine

Takeshi Wago and Hiroyuki lke

We test the performance of a coordinate-measurimachine against the JIS B
7440-2:2013 6.5 standard. We obtained a testingdbthat allows the extraction of length
measurement error caused by the ram-axis-stylusetofiVe identified key points, and
showed that standard requires knowledge of the umeasnt position, stylus direction,

sequential program, etc.

key words : coordinate-measuring machine, JIS B 7440-2:2013, length measurement
error, ram-axis-stylus offset, EL test
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Holeplate Calibration and Performance of CoordisMé&asuring

Machine incorporating Holeplates

Takeshi Wago and Hiroyuki Ike

After calibrating holeplates using a reverse methoased on a high-precision
coordinate-measuring machine (CMM), we calculateel tancertainty in calibration. The
CMM performance is demonstrated by comparing thasueed dimensions of holeplates
against its design values. The result allowed usatoulate the uncertainty in calibration of
holeplates made from ceramics with a low thermalamsion coefficient. For a
measurement length of 350 mm, an uncertainty U(k=2¥4 nm was obtained, which is
less than that obtained with materials with norewéfficients of thermal expansion (e.g.,
gauge block).
key words: coordinate-measuring machine, holeplate, low coefficient of thermal

expansion ceramics, evaluation of performance, uncertainty of calibration
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Fan-Blade Duplication using Simultaneous Five-Axis Machining Center
and Machining-Surface Evaluation

Takeshi Wago and Takashi limura

We duplicated a fan wing using a simultaneous five-axis machining center. This showed
that this processing method applies not only to three-axis machining centers but also to
five-axis machining centers with five-axis computer-aided machining, because of the
resulting flexible tool path. Based on ball-end-mill processing with five-axis control, we
compared the roughness of the machined surface with that obtained by lathe turning. This
approach required the fabrication of afixed jig made of non-hardened steel (SKH51) to hold
the fan wing. The results suggested a longer tool life when using ball-end-mill processing
with five-axis control because it decreases rubbing between the tool blade and the

workpiece surface.
key words :

simultaneous five-axis machining center, five-axis computer-aided

machining, fan wing, roughness
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Workpiece Deformation due to Clamping Force in
Coordinate-Measuring Machine

Takeshi Wago and Takuo Asanuma

When using a coordinate-measuring machine (CMM)asueement error may arise because of

deformation of the workpiece due to clamping ford#e thus investigate the clamping force and its

effect on dimensional measurements made with CM& results show the necessity of avoiding

excessive clamping force, which can easily reachl36.g., in the case of screw clamping.
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Pinhole Processing using Sinker Electrical Discharge Machining with
Ultrafine Pipe Electrode

Takeshi Wago and Takuo Asanuma

We use sinker electrical discharge machining to fabricate minute holes <0.1 mm in
diameter. The holes were machined using a 0.08-mm-diameter pipe electrode. An electrode
made of brass is very rarely used for sinker electrical discharge machining because it
requires high mechanical strength to produce such small electrodes (diameter <0.1 mm).
Thus, copper and brass are found to have differing characteristics when used as electrode

materialsin electrical discharge machining.

key words : sinking electrical discharge machining of minute hole, ¢ 0.08 mm of
electrode diameter, copper, brass
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Machining Method for Medical Instruments made oFCo—Mo Alloy

Takashi limura, Takeshi Wago, Hiroyuki Nagashima and Kenji Inoue

Because of its corrosion resistance and hardnessCE-Mo alloy is suited for use in
medical equipment. For manufacturing medical insteats, we develop production

techniques that waste neither

material

nor machinitime, yet delivering

high-precision products. The proposed techniques @senachining center with a wire
electrical discharge machine and results in a 5@8tiction in machining time.
key words : Co-Cr-Mo alloy, medical instrument, processing method, machining
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Cutting Method for Machining Co—Cr—Mo Alloy Medichalstruments

Takashi limura, Hiroyuki Nagashima and Kenji Inoue

Because of its corrosion resistance and hardnessCE&-Mo alloy is suited for use
in medical equipment. To improve material yield, stedied the machining conditions
for Co—Cr—Mo alloy, because this material is expe@isand hard to cut. The cutting
force exerted by an 8-mm-diameter end mill was itied by measurement and was
used to calculate the deformation of the blank mate The results allowed us to
machine with nearly target accuracy when the wozkpiwas fixed with appropriate

jigs.

key words : Co-Cr-Mo alloy, medical instrument, processing method, machining
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Optimization of Wire in Electrical Discharge Machining
Condition for Cast-Iron Products

Takeshi Wago and Takuo Asanuma

Cast iron is an alloy that contains carbon and silicon in addition to iron. It is widely used
in molds for automobile parts or as structural material for machine tools. Cast iron offers
excellent vibration absorption and abrasion resistance because it has an alloy structure
containing graphite. For this reason, it is unsuitable for use in wire electrical discharge
machining. In this study, we explore the processing conditions suitable for machining cast
iron by wire electrical discharge machining. The results show that, under the conditions
detailed herein, cast iron can be machined by wire electrical discharge machining.
key words : cast iron, wire electrical discharge machining, conditions, optimization,
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Quality of Al-Mg System Molten Metal for Sand Malding Gas
Contest Test under Low-Pressure Solidification

Koji Iwashimizu, Hiroyuki I ke and Shingo Kurosu

In aluminum casting, Al-Mg alloy is valued becawgéts superior corrosion resistance
and strength. Thus, for strength and lightness ymamtor parts are made from Al-Mg alloy.
However, a few reports raise questions about tHequality of Al-Mg alloy. To clarify this
issue, the present study used vacuum tests to ¢hecjuality of Al-Mg alloy melt. The
results indicated that, in casting factories, eilitends to increase in the return materials.

key words: AC7A alloy, vacuum gastest
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NNEMFCEfiR LT, TRFRERET. X 1 OFFRREICAE -
TITUN, L VAR L 750°C CIRUEEEERBR A, NE
WIED K T—)v Rl 28 L7z, & L QIR B
WXL 0. 2wt% D7 T v 7 ZFNZ TEE, 7L A
(2 &0 AT AR 10 SrDILEREAT 512, E D%, W
JEEEERER . K B—v Rkl 4 55 iR A 24
(CCERIR U7z, 7o, AR ARSI L L D el
EATO T2, A1-5%Ti-1%B R ATAGEE% I A4
HHEROD 0. Lwt%shn L7z,

TRTEEERRBR L (IR Y H U 7= AR A, ke
ECREEEZRE L-, Z0tk, FRERF O PG
SN, Bk A 600 DT X ) —HETHIEE: B L7
%, Ru T 4 AR~ v T 7 K DR
A - BB CRIZE L, WREL. IR TS
L OTi-B I DB OV 21T o 72, £7-. B
U7 4 55 BRI L DREEAIE & 7 ) VRl X2
K AWEENIEE T 72, I, MR AR T 5 7= DEK
TN L DRy T & 4T - 1=,

2-2 EERBERLER
2-2-1  ACTA # 3 & USHIMER| %7500 L F= i85 M E ST

X 2 12k, 32 ORfNo] OYRLHT L DYRIRE . IR
B ABRA% OPR U ERRER A W, MR K e AR,
ACTA B4 D 20°CIZE1T HEEIE, 2. 66g/cm’ ThHHM3H 3
\Z& D& AL, ERREED 2.52g/ e, VAL
BRIES 2.59g/cm’ LW O EEA R LTS, FTo, R
Efk., BENPRMEOREREERS A &b, EOR 52
WDIRNZ ENDIRGHO T ATV EZ Bnd,
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BREE
BERERBR A
Wi
REEE (g/cm?) 2.52 2.59
Kl 10< 0.27

X2 FHOBRER. SSHLEREORSITE

VR FRIE A% OISR A Wi 2 Bl53 92 i R e
T B, ARBRR W NERIC B L, ERRTIE, &
SIS/ o7 4 BRAELTND, ZHLE L,
TRGHERM% OWIEEEERRBR A NI, AT 4 23
20N, ETo IMVEWEE R KA, BRER K>10 T
BDM, EEHBERLIT, SIEH K=0. 27 THY | MW
BNZWERe T ¢ BAEEPEINT 2HEICH D, 2
UL, WS ONTEN, EEERE, R T 4 EREE S
Tpofel- bBEZ DD, MRBIEZIToTofbR, Ak
T NEBOFESERI A ZOEN NG, EEEDF BT
R L OSNEB L W NE~EATSZ E 3D, T2, IR
FRIE 1% & VRIS OS2 32 & TRIGILER %
DRFENARZN, TAUuZ, TERRIEZ OREOWITEER
BRI, BEERE, TSRO TEDN AL FEAAZE L 720 | HERK
DR SNT= Z L3 HEER T X 5, LLRIZ X 0 U
5% T ACTA BB DGR L DR 7 4 54
BRI DZE/ R EIMER T E 12,

BIERBERB A
L)

A (g/cm3)
Kl

2.50
10<

2.59
0.27

2.47
2.36

3 FHIZTi-B A& DR S

B 312i%, 322 OUfiENo2 DA L ARER%. A
BrUBRA%  T1-B % OB GEE m F B LM
K2, IBUEEEERR A W OB 23 5 & |
RfREIE, BERAEICR 1 T ¢ AR LT
LN, BB X 0 R o T 0 N L, Rk
L pote, F0%, Ti-B Z2UNd 5 Lk b s
. Ti-BIRIMORSHER TE 72, L L, AR
WZiE, Re T o BEEDD RS, Ti-B 2T 52
LIZED  Re T o DSBRAE U IRRIE R & b UL
BB TD, Fiz, AR RGAERZ I
NEF LTS ZEND, WHTFOT AL LT &
Ez o5,



B EEEIC L 5 Al-Mg RWH A4 OWRE:

RY# EHLEE [ Ti-BEME \

BERERR A
¥ E

ERER

2.57
0

2.55
0.2

HHE(g/cm3)
Kiill

2.58
0

4 RYMICZ&L BB

4\ZIE, 2 OIRFENoS DU DVRFRIE, ., TasL
P%. Ti-B UNINROIEEEERSR Ak, REEE, K
Bz"d, BWEHE, ROMOBEFNTOEH, ¥
B DONEMED K=0 TH Y . JBERHERER o _EER
DIELHET2NT LD WS, EHRRIREEZ 25
N5, Ziuk, @&fiNes OEALEEETH -7, K3 &
[FIERIZ, TRIRIEL D DIRGEEAZ1T S Z & TRy 7 ¢
BT Lo, 20t%, Ti-BEZIRIT 5L, FAnr
ST AEDEIL, IMEE ST AR H D,

IO DFERDNG | IAIRIE ., W%, Ti-B SN
HBOENZIUC L DI E RIS FIRE T o 72,

2-2-2 RYMHIBESZRETEICE X 22 EDERE
5121, % 2 DN, 3. 4. b DI OVIRIE:
PR OV e W 29, W kR
FEAAZ BN T bIRRERR, TR ORISR A
W £33 L OVK HORE R DIRGHEL O R D s T
&7, WRREBRONEDE R T 25 & I ON1EY)
BORbE, AERICBWTHEMN LR ML, TR
FEATZ S 2 N7 T A N R OB LE-C A & R
KL, ZOZ ehn, RO UEAT OIAD

Dial | BIRED KIFIZE B2 52 T2 LB B,
TRfINoL, 3 DIRFRIE R ORRER W & bl 32 & | 1A

fi#No3 DIRERFWIEICRE L= o7 4 AARE VN, K

% bl % LIAfNol O KAEASE Y, UL, 5T

i REA
SBENe | FH . RUMEIS BRER BHNEE
10:0
1
K{E
5:5
3
K& 0.27 0
3:7
4
K{E
0:10
5
K{E 0.45 0

X5 #. RYHMICKHHABRER

ONTEEDEINT D = & CHEERE, MEmE R L
L. BUFeHARNGELIZZ ENEZDND, N4,
5 1%, WHEIR OR O M OBIE DR EOD, EERREZD
AW OR T T 4 DD 7N LD A B D
WEEZLND,

6 1Z1%. XI5 (Zd61T DA% TR E R
Wi & BT DOV ORT, IRfENoS OORRIER Wik
X, oORBR A & L T, Re T o £,

B ENe

oM RYM

AR E AR A
W

513R5&REE (Mpa) 215 198 192 201
BU(%) 16.7 9.6 8.8 6.3
B XHB (10/500) 52 57 55 55
& (g/cm3) 2.59 2.59 2.59 2.57
Ki& 0.27 0 0 0

6 M. RYMDEESDELC & SRR LismaEE
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B FR TR & — S

LorL, BIRMEEINol 23m <, ik, RE<EeL
TR, ROMPEINT % Z L2 K A5 IR, s
BB RIC BV T REREN 2ol L, RYM
DEIGIEZ D & ODME T2 dh 5,

=3 FM. RUMDERE LT-EEDHE
mMassYBHERADADFCLS
FHRYM | Cu Si Mg Zn Fe Mn Ti Al
10:0 0.006 | 0.076 | 4.41 | 0.010 | 0.118 | 0.004 | 0.013 rem
5:5 0.004 | 0219 | 4.23 | 0.008 | 0.116 | 0.004 | 0.013 | rem
3.7 0.006 | 0276 | 4.11 | 0.009 | 0.113 | 0.004 | 0.014 | rem
0:10 0.007 | 0378 | 411 | 0.010 | 0.123 | 0.004 | 0.015 | rem

< 31TIE, X 6 OGO A~ T, ZHUC X
Dl ROMPEIINT S & Mg A L, Si 23T %
B d > 72, Mg 1, BRLOMEAAS Al IZEE~SR 2,
TRFRVEZEPICER S EEZBFE L T- L B 2 Hivd, HIZ,
R OB 5 & Si NI 2 H 70, Z Ol
ANZOWTIE, FF-Cmit ki, A-SORIENE 2 5
NHN, FROFFEIZIZE > TRV, L, Al 5480
etk & LT Si N2 & | MHEEREM:, 5RO fiEhiE:
W B 203, MODMK T 25680305, Uk &
MBS RO Si BN LV UOME T Lz &%
bz,
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PLEX D RO, il CRim Om Ui A FrES
52 LT, WHDOEWRGEZRFLNDA, R OMAL
(3 Mg 2MET L, Si 2SI DA D Z LD AkSY
EHEEEEATOBERDD LEZ BN,

3 F&H
AFENFEZ I TRIEEEEIEIZ LD ACTA B LT
Ti-B 2% L7250 s EEHil & = 0 #7258 EIZ B 2
Lt LIS, LU O MG b,
« JEEEERSR 2 VT, B OMER D FTRE T d
Do
« JUTHEEERER I Ti-B 2 USN9-5 2 & G L
DB TE 5,
cTiBEWINTHER T AN FEL, Fryv
TABRNRKEL RoT2,
 ROM OB T ORGSR, RO M ORI Z SIS
BE, Mg 5B L, Si A A H -7,

X i
D Bz, (M) Fester 22—
N OAFERAT p116 (1993)

OB A T A



(xHaam B8]

MAGH LT, FFAI 215 T HALHRICE MRS

Feak HB5E,

SV VEEREY BERAT YY) HHO
D VB v A DERE X O

e 0 AR - THEFESR? - WA BE® - tEmet 2t - PTinE &t -

R

¥—7—FK Vv ElR, TEREEBEEY,

1.1 U &

HEEEMmcEmAL Y v (P) SEaoMBEEIE v v ER
DAL B E <5 LWIERHIREE 24 L, BEoD
R BB R BN LT\ B (IR, 1993 1 K05
2011). B v vERERECVCHARREDE 2L, Y
vEA () vERIERERD ofREMREY ) v EREERE
Wik t-EAERLTW5 (GFE B, 2009 ; HE 5
2012). z oV »FARABHHOREE LT P 2 14#%
(wt%) &, TKRERBEHKSATEEIR TS, ZOF
KIGIRBFEHIK S EMCERENS {, WHRE MRS
FiOMRNEBEDEHE L - Tk b, £ OABEIT
WMoAHEMERD TS b, MTOPEHE
OEBDV T A BRENLEN TH D &b, )V BIE
BloZeissrniityce 5. Bre, FTRBIREEAK DO P
7 0h Vi UcEUE SRR & h, BRITTZE L E
LITHIE BT, V) v bR o G AL E R
Twa (Ex Kb, 2010).

—J, TFAKRBEBEHK LD PE2%L &% HFH®
WEFEh T RFIHEED L LT Y v EEREEAULE
TRERAT v v E¥%2A7 v ) PERBIRTWA. &
DA F v Y, ) vERE(LREAEE (f—a —I) TR
BFWTEBERHEL, BEIER2ET 2 1LEIOHEIN
Tw5 (A 2010). £ 025 921k, PEREX
F156~20wt% (150~200gkg™) &tr, TEXEP &
HEERTWTH 5.

U RSB, SRRl s & DAL SR

(Z

TARBIZR, TR 22~24 SEFE BRIEA [BREWNERSHEES
MBS (H ERMHSERHEESRSE) | o—RE
LCER L. T, AREO—E R LB %EE
HokZ (2012.9) @B THREL
ST AT BREA  BFR TR+~ 2 — (020-0852
BT AR T 3-35-2)

TETRE ZREMEHEERRE (020-8550 EEREITH LT 3-
18-8)

AR B (020- 8550 BERITT LM 3-18-8)
PAFR OREEGEE FARERER (020-8570 &R
10-1)

Corresponding Author : f& 7 AIE{=
201247 A 13 A=A - 201348 A 2 O&#
HALEIDEFHEEE 558445 855 p.367~374 (2013)

Y VIS E R TR A T » v,
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Vv ERRER,  RERENTH L

RSB L, BRR 2ED s8R 08b s =
DTRIZT 4+ v 7HA (MBEEP~NUBEN G RES
#HHR) B—EHITHD, U VBEES AR (%
) thA BN G2 RET A LT, IR DR
LI i1 A4 v (Fe't) LMEBHOY vBEAF v
(PO BRILL, B0V vE#k (FePO,) #34E+
A ZOEHEATF v DL FePO, AT EL, U vERIE
# (Zns(PO,),) Dz, NaFeP,0;, Fes(P0,),, LTt
Zn,Fe(POy), 75 &, Bex 7oV vEBIEMBEANELEL T 5.
S HIC, MEMERkROSBRS, BE TREBROMT,
BXOFERHRROEY) v —%EA T 5.

BEER S DR T A AEITAT RN T50~60 #fF
L, 1#bich) ER ke~ B HtREOEERS » ©
HRHHL T3, BETEREYETHHRENE L, DA
7 v VONGHER I UCWUHBERARCEEL T 5. &
AT E LT, BERIRAE 2 TGy ¥ fcik & 2
YIMEAGEMELTAURLTWAE, B¥ERT o o0ER)
IEIERAABIIRE I Tt

AP TIIEIEA T » o& ) vEFEO—D> L LTHER
L, TARBIEEEAKO YV vEIRTHH IR TND, 7498
VR X B ) v EEIER E 2R o ARG R
1Tt TARGIREARK O B~ OEEHIESHEIRM o3
b rs, BEAT » SITEEFIICHEZ R U TR
HkOBES (HaE06EY, &8 2#&ATw5. £
T, BiEA T v orhogSEERET 5 DI EREER L
BEEi L, OB »H P+ 5B0HESRE
DEHZER AN, ChbHEERT KM L) vk
FHERoAEEEBEL, b1, RAIFLLY v#H
vy A OEERSEOSHER L UICE s HrkiciES< v
YEEEAERDOFH AT - 72D THRET 5.

2. MBBLUAE

1) BEIS v

frElbEh, BEFEANLEAL I vEH S hici
7 v VEEME A AfEREZEA T » 21k, BA
BENETHEE TR S LEEENRNE {, —BY
74 v ZHALENLHH I 2. AR (&
EAZ 9 ) OFMERIE 1oy b (—A%20L) %
105 ‘CEEZEE, codnb 1ke ZHIL, HEEE—
B&L @EAs 92 (105°0)).

p367-374 (2013) 1 HimH L F L7z,



H oA BRI

F84E Hd=

(2013)

2) pthAE

WRAS » PREThBILRILONT, HHXX KD
Pl (A <27 VA (B) f8: K MagiX—Pro
PW2592/45) &MV~ @S Ha S L7

Bt S e R 3 X OERHIGHE: o H EEER S ©
ERTHNL, — 7 v o v VBLICP B0l (ST
F 77w o— (B #H#: A SPS3520UV) & A
WHIE LTz (BA, 2010). = oS50 AR OFEL T,
AT o 2% 1g (—#05g) FHL, HNO; (10mL)
I X BInEG R, REKAINL K (100mL) & L7
BEA 7 v v () —iBkESN R bhicicy, B
1gwEKS0mL 2L, B iR (NOx 74
EE ), HNO;5mL, H,0,1mL, ¥ X t*HCIO,
SmL #IEFHML, & bemig e -7 K (He),
0% (As), BIU—Ho P OEESH (EEE) 3, 8
MG Hrg: (HATZEEERAS, 2008) W
B S5 , SIS Thoiieonwt, FT-IR HlEss
(M—E7 4 vvr—FATYT 47427 (B FE:
3 Nicolet 6700FT-IR) #H\, EHTHiZ11- 7.
W o HEE ORI & LT, TREIEERE Kok
DG & &) OBIEA T » SRERTEE (TR LI 2 v
va FCHBIER) L, EbicEmL, KEgAS » o
GHRFE Lz, o &a R JISK0102 D~F 4 v

BT X DB L 2 ~F o hIHERE @B 2 7
BEEET A MG OEHERET, 850°CHRI X 2EREM
b (BB OERE LS Th) RHlE LHEE L
AN oK EF R, Wy oHEE % 105 CHEE
WXy, EEHAE (105 CLITF O S4B OfEs
bEEhan) ZHELERLL. Tk, KI&FEERIL
~F U E AR TR LTS

GHAEID ¥ 7V v kR DRz 5 2 23
LR L, Bbhic 2 MogHifEROFEOEEITR Uiz (&
1. 2).

3) HMNEERNORE

BEA T » ohOMyRBIEHKDO R ) v —REDL
W, BRI X HEREREIT, RILSHE (O i
M ERE (CO,) 4R L AR bT B HRET L. ¥
A 7 v 2% PSRN T L, 200 CEHT 3 RHEIKR
BER A FEMEE, 5°Cmin ' & T80°Cic AL, 6K
HIREE L Tl S H bR EA 5 » D28 BRA S »
2 (850°C)).

4) ) L &K UMb S A ek

MO ETBRELLERAT v oL P L L
T, 7ous VB (R7vn vk SFED, 2009) &
e ZORT AR VL, BEEAME AR KL Y A
(NaOH) BHhico 452 & T, &ahRig Pt sy

F1 BEAZ v (VBRI LR TRIEE A S » ) DMK ISR
BT v SERT
TLHRA P Fe Zn Na Mn Ba K
(A7) (gkg?) (gkgl) (gkg?!) (gkgl) (gkg!) (gkgl) (gkg?)
A Z 22 (105°C) -
-17L‘//7”)LA 160 150 100 46 15 24 0.50
BERLA Z » 2~ (850°C)
B A A 210 230 98 33 i o 4.0 0.60
BEEHEE O FEAED bh T 2705k (BERTSTRIEED
V] Al Cr Ni Pb As Cd Hg
(Hfr) (gkgl) (gkg?!) (gkg!) (mgkg!) (mgkg?!) (mgkg?!) (mgkg?)
R R s e » & = - = 2
(R 75 YR e D) =05 =03 =100 =50 =5 =2
w35 o2 (105°C)
+ ,/}_f e A 042 0.06 1.6 3.3 <01 <0.1 <0.01
BER A Z » ¥ (850°C)
.5 e I 0.68 0.06 3.0 8.8 <0.1 <0.1 <0.01
fEi% 2 R O P fE A FR.
BE L LT, e EoBHIE (BTG IEERE) 2FRR
#F2 ARIRE OB TR
TRA P,0. £a0 K,0  Fc,0, Zn Na,0 MO BaO  ALO,
(A7) (gkg!) (gkgl) (gkgl) (gkg?!l) (gkg?!) (gkg?!) (gkgl) (gkgl) (gkg?)
A B 470 480 52 <0.1 <0.1 0.50 <0.1 <0.1 0.2
MEH i s 2L HE
FEEPATE (BEHIEIREESE) dEonk
B4 Cu Co MgO Cr Ni Pb As Cd Hg
(HAL) (gkg!) (gkgl) (gkg! (gkg?!) (gkg?!) (gkg?l) (mgkg?! (mgkg?!) (mgkg?)
& REAEE <0.1 <0.1 <0.1 <0.1 <0.1 <0.05 <10 <1 <0.01
AU s S HE =05 =0.3 =01 = 50 =5 =2

[F— 2 TR EHE]
ffivk 2 RIEOFEHEAET.
% L LT, IR EoEEIE (BERGRERE) #FEm.
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PeaA s THE- W& 4l WY - TR 5 vEEREEY B¥E2A502) o000 vEI A vy ADEKS X Uk

RETHB AWHET BEEEZO2 YL (K) 28
LKA Vv A (KOH) BHEAXH, BlAZ » o%
KOH #¥H iz # LT P M A7

HEPR NS ERAE L LT, BERA S » 0% 5 g FHL
L, FIEREOKOH B~ b0mL Iz, EREIEE 5
XD FTEE T 30 7 EE A2 T > /. PR E
KOH % & oBthoai AL, B (22 CO) B Figk\\ ¢,
05,1,2,3,4~12mol L ! ® KOH K&K ANz 1=, —7,
P hhiEE LR EEFE ORI 1mol L ' @ KOH %M\,
30,40,50,60, % L 70 CEE T CH 2T -7 56
i, IURHE AT AL, BERA T » 2% 100g
FELL, 05,1,2,3,4~12molL ! » KOH /KE#% % 1L in
ZTRELEE sy bAx—F—%H, TOCEET
T30 ZEHELME 2T - 7. WTh oS L B
NobC A (7 ¥ 3v T v 7 3 NobC A#) VT
AL, P & RSB L

£HS OtR) OBHFL, BEAT v PEIThBE
TLREE (wth) LEHEE (wt%) Obx% (-t v 1)
THEIL U, M, R 3 [l SRR A i U 7.

5) ExREkE

BEA 7 v DIE T h AL (Fe), wv#>¥ (Mn), B
Y=y 7 (Ni) b oELBORERAEELT 7
A ) RO AIE L, SRKEM Y GRS #
BT X BB BE Lic. MREO 7 v ) i o,
# (Zn) EomtTiRiieE KB A ERed, P
MR~ 2 E0b, ERITHEC L 5 Zn DK
ks L UBREE R Ui (BREZ0y, 2004 EX$ES05E
24, 1986).

PN BT T 5 Zn B L OCHELE O BN HE
fFe LT, wERmEREE dbELT B #3 HAB-
151A) AV, A% (Gx3em® DBEME L ORI
EEM LOAZHMML, =W (22°C) BRE T T 12 FfEE
RITH 21T > 7o, BIERIRAYES 57 P il (B
HhOElE 1 A v HBRET AMERSHH D, KT h
ZHEE L, E#E P MO ERNT 21T - 7o

oLy, TaAa VL b B PiHERYER
GETAZ L, BELLY YK (V) vERMBR
1R

6) U EALZIREDER

) vEEIEEH IR © I O b OB R SR B D, AT
Y v EAOSN OIEEME TH B Cay(POy), ERIL L
HEicn s, Vvgarsvy 208Ky B L.

BREME LTl Pt EESG 2 Y, BERA
Z 5 v 100g 5 L 3mol L' KOH B 1L »&|& T
PR AT, EFTHEC I 0B LY v IR
B oy vHHESROPEEERICPREXS X
Gk hvERL, BHEINKLPEE (mol) LT
Cas(POy), DR (= lt) WhBEieh v 4 (Ca)
BE (mol) 2BEH U7 Caflsiniciy, w4tk
YT BOREH L7 4 (CaCO;, $9100g) %
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HNO; (BRIl hBism P B) LffKcX v BERL, 1L
CER L. Ca R A M, 2o Calfig (1L) &V v
Mehhti (1L) %= (22°C) & Vo B HRE
L, 747 VK (pH14) T 30 ZERIG S It 2 157
Boni- B s AR08 (7 ¥ v 7 9 7 #5 : No.bA
AR L, #K2L TR L, 105°CE&HEF ClHERRES
T, ) vigh v s (HEHR w137
AIELIY vBA v o (BRI ok
OHEEE, X fREHTEE (R V72 78 B RINT
R-2200) Z=f\v,, X#EHTHEC L T 17

7) BERLEDCEAILS I LAORSNS SUERN L

ilak & i

GRIER O P OIER 22 fc, RS-
TY vEeeR, 7BEEY B AR Y R KB v
Meaoht Lic (BEF, 2000). i, vV vEBBOTEIL Vv
RFFe) 7T VBEC Y ABEEEEC L v T o7

3. BREIUEE

1) BRI Z v T OERK

WIRA 7 COMEX B M ET2712LT 5, P,Fe,
ZoMn BX O+ U v 4 (Na) 75 1wt% (10gkg™) *—
=P Eewmii S hie. B S-S B X O
E Lol gIrEiconwT, ICPEETHfREEE1
wwrd. PHET160gke * (PO B C370gke ) #*
L, MEREOPEANAD LRI FERAT » DIk
v ORHESAESR, PHET210gke ! (PO, BT 480 g
kg Rl &L LT, READBHBEHEE
A7y vDOPERRYRELILLIA PHETI80g
kg ' ATV U VAR [BPL (BonePhosphate
of Line)] W3 25L&, F— 2 IEM LI, HELE
BIAT v o) VB RDIES D TH BPL68 %L
kO vgEROSEEYd - mWALY v ECRICERYS T A1)
LT (BEIR S, 1993). 1, BEA2A5 » Uik
FePO, #EW5 & L, Zn Dizhs, MBS Gk o
BHESGTHAH Mn B L NI 28 A T\

—7, RSN TEEEAIC RoHS | (EUEEz &
w3 288 AERG AT 2HE) ofliurdh (EUR
—Lex, 2003), %< DHAMFENZhBHEIHIEL T
WA,z AR Pb=1.000 ppm, Hg=1,000
ppmy, BILOH F 374 (Cd=100ppm 7 & 0HFHIHE2
Wi T hENAS B, i, Y v BB I T,
ZTHHOFEHEGENMI LA LG TR TR, ZOD
SEEA L BEA T o Dk, EhERE (Pb) <10mg
ke !, He<00lmgke ', HICd<0lmgke '&RL
TNz,

ENHGE LT, BEabGiREER &4 2 0BG e
NEEh X5 & h, REFORER I i oisiizh
Fh As=50mekg !, Cd=bmgkg !, He=2mgkg !, Ni
=300mgkg ', 7 v & (Cr) £500mgkg ', % L ' Pb=
100mgke ' DRHEMEA M- T BEI B 5. £ 1R TE



H A L EIR e MERE

%84

% #bh5 (2013)

D, AWiiGEREA 5 » 23 Ni OfEO A EEEEOF 5.3
s (BERCHEEM Y 10 £5) 2R L Tuied, fllops ik
F B AEE TRl T

2) BERIC & BmREDRE

BTy ooEKE (H0), WoyE&ER (2 r=en
~F - viiHihg), X0 850 CHERIC X 5 HEHA &
(LEFI Rk DK G EY, BEBRORY v—) 1L,
FhFh130gkg™?, 39gkg™, BL 1 130gkg ™! (BkE
BIUO/ v=n~FyviHEERERL) Thoto Fio
Hos (1983) oFEIC LS, 7 A<wA~FH Vi
DFT-IR 7 ofER, HRALLBEAT v Ohici s
7 4 YRGB EEFN T\ BerRebh s IEEE
BICH T, RboREREY (BELER fskomss Lo
RV 2 — e EORAZIET B1ch, BERERECX
% FORFRTAUEL B R T OB R 0 BN b

BERRIC L B &1 A% v v i FOREEZIHA 5 10w,
850° COEM T CRBEABR LIz 2 h, A5 » o
DT TR F fo1dBRE: (COy It X A5 Ehie.
B LRI, PHETELEOAR (Hil) wkh,
) IR L S EEDSATRE T H - T

WA » CLEERA T » PORERNET A L, BER
AZ 9 TR B E Fe RBEDPHLICEE - T
R, OB A &S TERREDORE & £ OZEENEIXR S E
Wit -7- (D, Thil, BBA7 > D& Th 5
GFRREY v — OB L ATLRORITNHE LD EE
z bz

3) U imERhRE L RS HER

7AnY (KOH) REDZ(bC X % P iithi&hE oz L
M 1iCRd. LOMH AT 5 h, PRI 0.1
WELFChH-72. —F, KOHO5mol L' IEH A A 1235
&, PHH®EIMO I L L7z, b, DBEEMFT

100

PHitiZh=R (%)

[
=}

4 6 8 10 12 14

KOH #g  (mol L)
M1 KOH#EEOE(EY v (P) Miliz=EoT L

i (22°C) BET Thh.

v TR —REER ey P b 3 AL

fiEiL 3 OIS A =

ARHE bg BEL L KOH &# 50mL ~4-#x.

BERA Z » 22 (850°C) tho PeBicl, MHEER+bOPE

BEAXEEL, PHHDE % HEH.
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(22°C) CKOHBEA#H 7ML TP B LT 16
E 13,6 XU 12mol L iwk i AHHaIR Iz Fh 7
113, 18, 39, BLWI98 %A m L. =HnEH FTtKOH
BEAHENIESZ LT, P95 %Ll EF <
=L, KOHEED lmolL *#Em3 sz & TRET
A VDR METTD, REET LR ) FIHITSERD
Tl ST E i,

PiitH =2 A MEBE Do, KEET L5 ) R AV,
MR I X 5 P HziRodEE > #Ef L., KOH
KEFE 1mol L IV, HhHHIEE & P hiHahR oBfR%
K2 cnd. #BRE 30 CoOEE, PhilizhiEIH 8%
BETH-720 40°C, 50°C, 60°C, B L 70 CicIs
T, ehER1L, 14, 22, L0943 % & PR odt
EARON, HEREAYSDAZ LiCL ), REMCP
R oHENRED BRI, LrLl, 70°CxEB2 5
HIBRIE ORET TSR E A E D LB T,
WEax b ovyF v 7B S AR T, RS
tromRKRES 70 ClciE L, Lo Y o7

70°CINEEHTickiT 5, KOHEEOELE P
R OBAREZ K 3 1R, 70 °ChHnR A 4k P shHih
BAABCEEL, 2mol LT REDEK 7 v ) ERETP
HI80 U I . oz Ennb, MHERED FRIC
Xh, (EKKOHEEI L5 P &R AR m 45
ZEBG ot ek, 12molLT @ KOH %5 &
T, PANZIE 100 %HH It

Chb—HOEREREALHEM L, 2~3mol L fEE

O HEHEREE o KOH 2\, 70 CHitixfT5 2 & T
PRI I hi- o E b, Zo%&Mdy P ok
&ML L

B Liz@bh, BERS » oo S & L TFe Zn
Mn Ni BLUNaEETh oz b, PHiEOEE
Z (T0°CEH) B s M bOTEOBHEXZTEL
50 ¢
40 |
30 f

20

PiHZhR (%)
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20 30 40

FHHHEE (°C)

K2 HHREEEY v (P) g0z
1molL ' @ KOH #&#ic X b fiktl]
B 3 RO TFHEEA T
KXBHE 5 g B L KOH %W 50 mL ~7-L
BEfiA 7 » 2 (850°C) P LB, MEHE+bOPE
HRXEREL, PHHHE %) *HEH.
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oK - TBE - W - (R - TS - EIR R vEEREY BKAT v P) b0 ) BT ADREE L ORI

fo. ICP#®XG KA ofER A7 v MK (gkg™) &
H#iL €, Naix#10gke ', BLOZn 18 20gke ' H
WARBEH L, Fe Mn, BIUNIOBEHIZ01gke 'Y
DTFeifl i ELBILIIITEBE~BTL, PHLK
ICIEEAEBEL TR0, Zn DLBEENS
Dotz ek, Zn bR BUTHETHAL T A I =T A
(AD) DEHIL BT o SHhoEERID IO &b
B (FE1D, 01gkg HMUTFER L. Zn DFEcEH
Bl lh, BHIVPHEIAICBEAT » oD Zn
BEY SeECHTLIIREOHMICI YRR, BIt
50~100gkg  #&r = LB E > T D GHEDS
1996).

KOHEEOZ( (1~12mollL™Y) @k 5, P
D In EHBIER (BHE) 2K40R8d. ZnBEHEER
Pich~YE<, KOHlmolL'T#H12%%m=L, 2 3,5,
6, FX W 12molL ' TlL, ZhFh#41, 19, 40, 46, B
FU6D UDEHERAR LI Licd -7, Piodiitsk
e A KOH EEE 2~3 mol L ofiflic s\~ C, Znli
4~19gkg ' HERMB RIS T h s MR EICH L 4~
19 9%424) 2B LT e

—J, KOH2mol L' A\ THEWAZ » ob P
R LcEE, BMb#k (Fe,00) EEbhaihl (58
) N Ule.  OfhiE AR5 B (No.5C) BNEEECTH D,
EBABEPEI Wiz, LN KOH3mol L Bk hHl
HERBEEE L.

TARVWCIABEEAT v (EPHG U VEEED Fho
POS i # » = X a i A1, W7 47 ) BE
L3R, §5hic PHHEE® X BEE %17 -
7o, IR, KOH (743 Vg BE S5
ZETPHBERIMEL, FARCHELICERILY VB
oIk (Fes0,) ~EMELL T (F—28).

ORI, TR ) HHEOBEAYEHHZ LT,
NaOH, KOH 7c ¥ o /Kfg{t# 1 4+ (OH) & FePO, %

100 |
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40 |

PHitHZhE (%)
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HHiRE 70°C

0
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KOH & (mol L-T)

M3 KOH®REEMAZZLSY v (P) HEEROZAL (70°C)

BRI L 9 70 Ciinis Ui % E i

B 3 RO FHEE TR

FAEHL 100 g FELL 7 v ) B 1000 mL ~5- 5%

BEREA Z » ¥ (850°C) o PaBicdL, MEEFOPE

AEAXTERL, PHHEE (%) HEH.

X O Zny(PO,) HERLT 5 PO, L olicks\ T, BN

VYT vh VIEAND A F v AgiE{GE L, U v R GF
) PAHEE T AL TFe0, BENEONL AL D LR
Ihb.

— W T Zn OEFLRRC BT, pH105 Ll ETi,
EFo oAl iimgE 1 4+ v ((Zo(OH);(H,0)],
[Zn(OH)(H,0),F) 7 E & BMEM L CHEML,
PO ¥ Zn? ORIz 7 4 ) DEE O BRI
REIhsEEZOND () B FEE: AT AR PR,
2008). L7:#»T, pH14b EoE7 A5 ) (KOH2
~3molL™) Hick\ T, Koo Zn ik P
FETHLDLEEZLNAD, HROFKREOED, %<
O Zn BHBEETCE > TvW5b. ZoBRICE Y, Zn
(% Zns(PO,), DDA TIZIRL, BHAZ v v (Vv
20 IR T A, —MEENTICIRY AT h, B
HLIC{ \WFe & Zn OERIEEL L THFATHEEZD
ha (7, 2002). HE B v E Fe BX U Zn Off
TH FePO, %5 X U8 Zng(PO,), 2T 5 L INE LTcEE
Fe BX U Zn BECHFAELTWA (K1), Zhbhok
Ry, BR Gy, FeB IO ZniiA s » okt
NaFeP,0;, Fes(PO,),, ¥ X U8 Zn,Fe(POy), 7s & O
DFEDIED, HWHEEARLTW53 D LHEZTEI NS,

4) ) i EPDOERRE

PHHIEICI32 B0 POS AE T h, O &iffE
Mz X b pHA Fi# T Zny(PO,), L EHNCH T 5 2 &
PSS hi PHEEC S L OV X BEHTE oRSE, pH
6 1T X » Zny(PO,), 25 72 T L, pH4.2 f:f T
It RS bR, M, bdloy v EES T XD
Bohni V) vEERHERLE, OH @2 POS #IFL, K
ME{LHigh (Zn(OH),) Ti3E<, V v (Zny(POy),)
IR T A 2 EAEB I E 5T

—7i, Zny(PO), HTH OB%, MISEUC X b Wi o L5
Hikd bt In L& HERMEBIERES W L 25,
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KOH #®#E (mol L)

R4 KOHREOZ(LLMR (Zn) hhHzEE (FHE) OF

1t (70°C)

T0°CBHET (M3 :R%) ThHrEk.

it 3 RIEOFHEE MR,

FEHE 100 g FEL L KOH ¥ 1000 mL ~47ik.

BEAZ » 2 (850°C) P LBiIcH L, Hll#EF® Zn

BRHELZERL, Zn QMR HHE %) ZEH.



AARTEIEESHMIE H£84% HELHS (2013)
Zn OEME L HEIER I 2 5 -0%H (15°CHie) L, XRD : 40kV,30mA * Can(POs)s(OH):
ABTEEET -1 TR PhiE#ETS O Zn 2§ 90
WL LSBEE () T2 ENARETH-7 FHE o (@&mol L) (#Att mol)  (ER=E)
Ca:P=3:2 Ca:P=34:2 959%

TEEERE T, ) R O Zn BEA R L 1wt% (10
gkg!) MMLTCEBT S LT, SR vBH LY
2 (Capp(POy)s(OH),) (#2ah) @ ZniBAE% 0.5wt% (5
gkg ) LTz 5 ERFRETH T, EfiflE LT,
BIAT » Do InH Bekg ' ETNBEE, BB OR
& CE BRI P DO Zo BE 15g L
ThHYH, PRIk LOARGEELRD ) vEERMEBES O Zn B
Eiz5912g L &R L, BXF92%HYD Zn KiKA T
BBThote. 0V vEMHEEHNTY) vBHI LT 4
EER LR Zn OHEEFRIIN 28gkg ! Tho1e.

EEEHILHE (BB BT A LG 0ESBESOEN
BUIEIC R A2 BILNE) 1wk B b, Zn OFHILHE (1kg +
) 12120megkg ' THH (FREIHE, 1984), ZnRBANE
BT - ORI ATEE S5, B
2T, P RO Zo (XTREAPR b, KPE fidbR T
HZERHEE LW EEZ B,

In LB DR~ OERE IO EHEIC X » TS
{, pH BE, Fl3BBXIU7id ) EBESEOLEHT
X0 ET B, PHHESO Zn BEA 0.1 wt%iH4
DFicMz s EREEL. F2THEPIFETIL, BRI
HIRC X 2 MEEE Zn O o B2 BEt Lic. Zon 1X pH
T Az LML T A VAl (pH14) TOEMHTH 2]
BEThH, PHIHEK (742 )) *EEEBEHTEIES
LT, PHIHEFO ZnEE % 100mg L™ LA F I (&
THZEDARETH T

—7#, NO; NMEFE L7 PHtEEBENE T 2854,
A omy, HrHER EOBRMEE 2D 5 MBS
Hote. Licti->7T, BEERE BRHEE) B L OBERS
DA FVEBESIZ LY, Zn OWIHEE (ERZIE) 21K
EL BB Loh, BICHRERER A &0 5 &R
FETHB.

5) ULEEAILY Y LDERSE &S UFHE

Bk o@D, B AT v Phic PIZPETH210g
kg 'EHEh Tk, BRITLHED ) vERMEK 1L FC P
P20 LM EER Tz S0 U vERRINE A Ca R
WAL, B5htc) v vy a0 X HEHT 2 —
vERSIRT. Bhhiy vEEs v v A (SRR
O X BEHTHIE 21T - e HR,  Cayw(POL)s(OH), 123
SEYTE— 27 BNHERI NI — T, Vv ALY
23813 Ca B L O P OFFEEIR IR 2 ek AR L, Fic
X #ET e — 2 AL TV 2BE0 % . Bhintc)
VA A ADETE— 272N T u—FThHAHZ LD,
Ca:P=10:6 D mol iz ZA B L T B d D L H#ELE
Ihh.

B IR OB MikE R A2 2 1R, IHEEd ko
K e EoE2HETEDLD, Znix01gkeg ' DITF KR (B
) R Zhie ¥, HEAMBOERSTHS Feln
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Intensity / a.u.

10 20 30 40 50 60 70 80 90
degree (20/0) / CuKa
B5 ARAER () vEI v L) O XRER S —

[E47 /% % — » X JSPDS No. 74-0566. No. 89-6495, No. 22 -
0805,No01-0667 i24:% £,

[ET A AOHEE 2° min .

105 °C Tz, X BRIl A 5 .

FOESEHLER GrE) Sh, ORGSO Gl
RS b EEEELL R AR LT,

fER STk kS E GRIER AR L -2 h, U v
WeB470gkg!, 7MWY vE400gke™, AWMV
v 150gkg™, KEMEY v 11gkg ! THot (P05
i), Cap(PO)(OH), MK B Foo ) v k4Bt
424gkg THHH, THHE L TRALIK Nakk
ALY vEEIEE LTHAEL, EHIEPH IV Caiil
D—FHPIERRMEL E L THFEL T Do, EEOP
DOPEEL BB FEl->Twab D g3 hs, Tl
Rt DRI R S & T2 &, 7 EEY YEIIE ) v off
LLEofEch b, gty vBoW TR Y v EEGKIEA
DEETH 7. 2D b, BRERE L oLl
L9, IBRE Lo isiEsh i i h s Z L AL E
otz Tk, EEOWER L OIESRBRCOWTL, FH
WA ER S i L e B b TH 5.

4. & &

VvERELTRERAT » o (LERS ) v EHEEY)
CEAL, U ERIRGRRER S L Cof R 1T -
7z, AHICHEWT, FriofERaE.

OB L7z ) vEAESME B TRER A 5 » 2 (&
AT ) ZPERI6WtHRES SR —BHI
FePO, % Ttk & LT Zny(POy), 3 &1r 2 &, AEKHR
MEHEBE IR TWANIRZEGLC L, BIUOWMTEYR
B ENER EORETH D = LEEDI

OWALcBEEAT » P& 850°CTHERT 5 2 & Tl
SEOBRENTETSHD, 2O PEBELS PO, BET
370gkg ' 5 480gkg ' ~NEETE Sk

QP S L L TTFKBRENK CHV-HOh T3
7Tk )R E L, KOHERKT X oHiH
Bagit Lol A, m#ESEMHIL70°C, KOH2~3
molL 1 Th-te.

@A 7 v P& Eh A Fe Mn, X UNig, 72



Berok - THE - T4 - B - BT - B0 : o) v RIS (B3R 7 » ) DY VEEA LYY ADARS I U

A )M KOH B T35 2 & CTTREREO&E
KL ETZE L, MhbEEE L CoBiTcE e, P
HEMH & TH S KOHEE 2~3 mol L ! O Hip
TRWT, &HZIn i PHEREPT4~19%BT L
Toted, TLABERNRALETH - 1
®V viH#T O Zn 1k, EEFTHEEICHTAZ LT
100mgL ' IF g T, ARiEkhO®EE 0.1
kg Rl & fno e

@EW LY vEEI Ay 23, V) VEAREBERL L
CTHAWEE e Fad o 78 4 P 2ERTEL, 7
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{bipzEl), v vIRIELE U CRIETTEE R v S it h -
7o. ¥, BEHESBEORAIZRD LT

TDXHE, VYA 7 A Hi R SRR LR E L O
FBRALF ORI XIGAT 22 LT LERY v SHEEY
FIH Loz mR L, BEA T » 20b Y v B{LAIE
HRRERME B T,

BOE AT PR 22~24 R BRIEY (BT
WAEREEE S IeEZE (HIEEREH ST HEERZE) |
DA TR LTz,

AR ERIC HT- D, ) AFERTFERN ¢ 2 —
ol R EFEEMIMER qOR HEK FSEPIHER
P22 KEEIG, WEffiA 2 » 7 DEEEK BIIIE T
Ma—7F 4 %—%— RIGLRK, [ 2 —HiffifeE7
PR A~ BEEZEL (BF), HETEASRER
£ FERETHELoWRe, EER7 PS4 Ak
EEREh A, OX VRSB L ETFES
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Synthesis of chemical phosphate fertilizer by recovery process
from industrial waste of the paint sludge

Teruhito SASAKI, Hiroaki KUDO?, Shigenao KAWATL’, Yoshiyuki SATO?, Takashi ABE" and Ryukou SUGAWARA'
' Iwate Industrial Research Institute
? Iwate University,” Iwate Prefecture Government

The aim of our study is to develop a practical method to recover phosphorus from industrial wastes in order to obtain
phosphorus compounds for fertilizer use. Among the various phosphorus—rich wastes, we used the paint sludge which is
generated during the Parkerizing process, because the sludge contained large amount of phosphorus. The sludge was
free from toxic heavy metals such as cadmium or mercury, but contained oil and polymer substances. We chose an alkali
extraction method for phosphorus recovery tfrom the sludge. Before phosphorus extraction, the sludge was heated at
200°C for 3 hours and at 850°C for 6 hours in an electrical furnace in order to remove oil and polymer substances. Then,
phosphorus was extracted by potassium hydroxide solution (1-12 mol L) under controlled temperature (30~70°C). We
needed avoid contamination of some metal elements, such as iron or zinc. Iron was not dissolved in extracted phosphorus
solution. Zinc was removed from the solution containing extracted phosphorus by lowering the pH of the solution to
about 4.0 with 6 mol L™ nitric acid or by employing electrodeposition. After that, calcium salt was added to the solution,
and the extracted phosphorus was precipitated at different pH (pH 3~14). Results showed that an optimal condition of
phosphorus extraction from the sludge was incubation with 3 mol L™ potassium hydroxide at 70°C. Removal efficiency
of zine by electrodeposition was better than that by neutralization with nitric acid. In addition, as an optimal condition of
phosphorus precipitation, we chose an addition of calcium solution which dissolved calcium carbonate in nitric acid and
precipitation at alkali condition (pH 12). The recovered phosphorus was precipitated as calcium phosphate containing
few and little impurities. Thus, we propose that this method is applicable for recycling phosphorus in the paint sludge and
producing phosphorus fertilizer.

Key words: phosphorus recycling, industrial waste, waste phosphate sludge, phosphorus fertilizer, electrodeposition

(Jpn.]J. Soil Sci. Plant Nutr, 84, 367-374, 2013)
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1. & U ®

HE, U VBRI ORI TH B U v OEBEEL
I L (KA S, 2011), EEMY v (P) BEEOTE
REBHBEIN, &Y YEBREEN TH S FKHIESEH
IKAEFRE Uiy vIRE IR (Bl Y v IRk %) ol
EHERR” EREIRTWE (SFED, 2009 ; HR b5,
2012 ; TS, 2012 th#x AR5, 2013 ; THE 2013).
O FIRGIREEAK Y, AR RLORE KE - +5)
PLTFRABETETHWERLEER (713 =24 (AD
RBEA, # (Fe) RBEALLE) OFE\ID, Vv
B S TR A MEME OB K E L £ins. DY
VEREE ORI E LT, BB I U T Ah ) B LSS
(Al, Fels®) LG LSRR vEEEL, Mo
LFaedF7214F (HAP) BXU) vli<= 7 F v v
a7vE=v A (MAP) D) vERED 2 I HAE
L, £OfFFELDNY v EBRHEORRAK S &> 5 2
T35,

Flz i E,

=

-
(5

a—uy SFEERE, FECHKES &

TR, PR 22~ 24 FEEEBRIEE [BRIBUISTE S EE
) ETredZE (1B BERAES T ER B wE)
)] O—BELTERLE.

Ui i AT BOE A AFR TR+ 2 — (020-0857
BE R T-EERE 2-4-25)

TEHTRY: SRR EHEEERE (020-8550 RERTH LM 3-
18-8)

PHAE ATR BRI KRS (020-8570 BT
H# 10-1)

YETE EFRCEXERNEMAYE BT (028-
3615 HRPELANUT AT RIZNE 10-3-1)

sy g — 2 —FAEH R&D £ #— (101-0041 F1%
HXHEZAREET 1-25 JR MEHE )

SERASHHEANA T 79 A v A GG (104-
0041 FhXHE 2-15-5 RBM FEithe 1)

TENTAFIEN EFRF RS (020-8550 Bt B 3-
18-8)
Corresponding Author : #£ % ARWET
2015 1 A 13 H=AF - 201546 A 5 H=Z#
HA LB AMRE 32865 45 p.291~299 (2015)
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) EM, FARIGURBEENK, T VEEH, T A9 VR,

Y v ERHEH

T AR T F AR AKIE I v A (Ca) o= 7%y

7 & (Mg) B9 H0%<EHT52», HAP ® MAP %
TARGRCELE G E. 72, Ca Mg KoLy v
B (PO & ORSEME D THiV 28, WA Tl
R BN BERE AT CRFA I Tv5 (MFrang,
2012). L2 L, BREMEHHCIcSE, FRGIREEA
B Eh 2 EEWHEOENZREL, EIRLA) v #D
BRI A 4 v ke CORE R ITREYNEL T 57
W, a2 AEETHLRNMERI TS,

ERE T, HECE Th s 0KEG st (2 —
oy REEET E) e s Rk cH 0, kil
tE+Ehko Al Fe N TABAKCEEh, &5
ICREFIORS b b5 iz, Al Fe s & OBE S
MeEmE D, HAP 3L O'MAP @3y, ) vig7 43
=4 (AIPO,) ®V vE# (FePO, mEOEEY v
R oA R A ENS. CofosBE Y v, %
ISR FmESRE E L TOREECSE L
HLT B, BRI 0T L h ) IR LAIETH Y (5F
B 5, 2009 HHE 5, 2014), 2 Ok O #IRH
AEETH D, ZO5b 7T AN Y iYL Y vEBORME &
R T AKTGIEBEENR I & ¥ h 5 BB O EHIH 2 R
FTZLLUETHY, V VEBUTEOMIE L HEa 2
k DR ICR S Aizsd, ENTIEL7 A3 VL (K7 4
AV SFED, 2009) NEHERTWA,

—J, FAKBIRBERK Z R & L BRIER ogs, B
B  (BBETBEER, 2014), §EE£BES @
FEENAFELSHFIZ R TV 55, HERic X 5 K
HRMAKOAEESRE G (Pb), 7 FIva (Cd E5)
DN HEEFE I BSEI R Tw5 (AHFH, 2012).
T BT, BEEWHKOFEFIICEIGERES EoBHTRLL
AOWELHETROGEIHTEI LS. Ll, FERE
7 A F ARG IREEHIKLH R DT, P iR
BT 5 o R LISt o TR S RHE G B
Wi X 5 B5Hin &) o, FRGIREEA
K26 0 v @%b U CiRR 2 AT 28R, Fhbmi¥
WEIE RIEEAEAT T 5 EE o\ T O FE 7R S 6
OEL DT, Iz, 7oA ) BB

86 &, 45, p291-299 (2015) 2Bl L £ L,



AARTEMRSME F£86% H4s (201H)
B, VvEEs vy s (IBED BLEa A - OERAATEE FLUOCER 2446 HERED). CoFE7vh )i, BT
ThHD, VvEBEFEEo®EM (3940 Hkeg ' (2012 WEETEI DS TEZHEHESZ w5 TRICK\ W TEBIT

EFE) exL, 7an v HcHECA KB b Y Y
A% GAIENaOHH ; DT, R¥E7 15 Y) ohinsik
BEIEIE {, BEREDMERE L URCSANEETH -1
(ER S, 2012).

AL TIL, FARIGIREEAIK A U v Bk ARk o 5ok &
L CREADFIHT 2703, BN TR L 7= FAGIEEE
HIK CEFEN 2 Hilkds X o6 B AR TR0 & Eh
IR (T2 05HK) oW, FI2 ICP 3595t
BIC X D FEED I E T 1. i, KT AH VS
HARLL, VvysHA 2z o) vHIHEED 2 2 B
R, HFRNEERE (BT 7Y v HiRES
FED NEEHSOLENCHN T AT A ) R (BT v
HU) OREFIHESE Uiz, ZOEHFELRT v ) K
(RS HREERETEY)) BFRFIR (V1 2 AHEH 1
£ DAKBE=—TbH5. Ebic, EAEZEELR
s =77 v b (FABIRBEHIK 50~100 kg H 0 REH
aEE) kB Y vEEH v A () vIEFAERERD &
ATV, BEEWIER R OB D 0SB ) B v
7 ANBATTAEE T TN, Ch bR e
i, EERFMOEGHHCLZY v v AR
FoZEHIEOTREERE, SO Ay vBHh vy
2 DOBFERST P, 35 X 0BRSS O FEREEAE A 2R L 72
DOTHRET 5.

2. MEEHE

1) TKBRBRAIK

U v FEAER O P R & 7o B KGR BERKIL &
FRACH 2 TR 2 X7 #Eibt v 2 — (&
i), bbbty 2 — b EAD) 22068 LE: CLF,
K A, LR B). X5, hHEGEHIRRY v 7k
LT, WAoo PRI 1 H2EFT (A HAHME) TERIL
T TAREIEEAK (LT, BAEHARK C) gL
HHKAR LI EKBIL, HeiEEBRECL b
FAE LU TRBREER b BK B OB (8
850°C) DETEREFETE Y, WHHFRKITELFHRES
HEEL L TWARHLETEEAEL T, i, AF
HIIHAAKNESR CER2343 H 11 B) o852,
EREEHO TRAENMERZIC L ) WK TH - oo,
TFARTGIRBEHIK DMK G HT 3 X ORI (L ORR A, B
B CEEERD o+ v 7 EEKA JLEKB: FR22
FT7 AR IO 229 12 AR (X ERErRIEH v~
FURER 2246 AEI)) RV WBHARKCIE,
EBROEELZI O ko, FI4A (B 24
£5 AEE) DK AR L1

2) E7NAY (KEEF b LEER)
PHtHHRET v 2 ) oREME L LT, EFRNET
BEERELEMNE D - HEEH X ke NaOH e (BLF, BE
7o) BHV CER22F9 8, FR234F5 A,
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PEiEh Tk, %, FHIEHEEETNE L T X
hTwa, Fi, 74% ) RBEIX NaOH EL TH 0.3
~07molL ' #/RL, ATFEATHHEIhBET LA ) D
KFELEDTNB, ZOET AN Y HHEME L LTHG
B 7V v EdskomE s IR (7)) BAMK
(BA, 7 FAY T v 7 {8 kSO WELY T A
YHAWCERE, EREAEEPHCIREEEAL

3) Ur (P) HHEMEOR

FE7 A ) AT 5K NaOH #E T 0.5~1mol
L! o cERNTFEI NI, 7 A ) BERRE
NaOH (—#%aAZ% ; BIRLFAE) 1wk v, 0.5, 0.75, B X
Clmol L' D&FciEL, Ehi7 7 v b (B o
AR ATEERE (mAMET0°C) PITHOC, 60°C, 5 X ¢
T0°CicZEibxx, il P MBSt aket.. 22Tt
BEHIR CER 2247 AHHD 300g e L7 45 ) K
SLAEMGTHHL, 1&kimHKE 1 st R B
BEL, XDICFARO7 AR ) ERE AT 1 ki BEE
PHEME L, 2o 1 &bk s 2 i a RS LT3R
Fhg & L.

¥, BE7AH Y 04Tmol L™ CFEE 22 45 9 AFED %
Huy, 50°C, 60°C, 53X 70°CieZE k&, 33 NaOH
FROCICES ERCRAREFC I Y, Rolils ) v il E&E
AR

4) IZT5> ML B CEREFIRAE R OB
ERMbEBIETEhich, KBRE v~ ORISR
BEALv<L (BES—2) ORFHERLERBZ L2
o, 100kg REBEBEO s =77 v+ () v EIREE
AEFZ v b Aay e —a2—fE) RFEAL, L3O
K (EREEIK A (PR 234 3 AERIY, dbBEKB (CFRE 23
F4AER), BLIOBEBAARKC (P24 %4 BHED)
ETARVH RETAH), FETAY) (HRKAR
T odb B B 3B - SER 23 45 AEEER, TIHAK CH
Bl PR 244F 6 AFEED) 2#AWC, R7 vk VI
X5V Vs vy A GEEE () VNGRS 21T -
7.

=77 v b0 P&, KEHE (1b5m®) ©
FHEL-RE7ALI Y (Amd) FHEFET7AH Y (05
m?) & 70°Cinid L, TFARBREERIK GAEE7 2~ )R
BalF 100kg, BE7 4 U ABREF b0 kg) AR 30 5
FHRRES Lic. il A6 (A85AHY) X v ER
SEERITGC, 1R VR S L O ERE A . X
Bz, 1[81H OFE S HEC R AEE 7t P 233 B < [[lR
T, 1 EbEBEA~F - RRE T ALY (Imd) %
FUXBET A A Y (05m®) Nz, FEOL&Mtc ) H»BE
i QEREHD 21T, 23R VR R X O ER
BEB. BN, 1KY vERRHERE E 2R Y v BRI
WAk, VB 9 1lm® 200 2m®) 2
HHEKABSLIOAdERBEZREEE Lic) vEEH Lo



fe oA - Tl - 0EBR - PTET - - SR - 0L 3R - W8 0 FERMIRR oA L AT ) Vb A v v A DIBREHERTT S L OHETROBAHE

& (Cas(POy),) D&M, V vEEFHEW C PEEME
D13 fEFiYT 5 (Bl 3) ofEHERIcI b)) HAK
(Ca(OH),, —#k: BIsALF 48 23Rl Fil (20£5°C)
T 12 FEEHRA T X v frbhi. ARK C &R &
Licaiy, #RR A 2R E LIsSEiRmL 7 Ca &
B OMWHR AL 7.

5) SrAE

EAGHTERR D~ 7V v ZiIdF—FkhoR 5 2 4
FIi 3 E bR L, BEGHEEOY Y 7Y v 7 iA
—R 25 2 [BEEE U 7o, Gtk R I E R Eh o s
DEGE A 7R LTz

M E T h 3ROSR E LB EE
R, B XOBEY (7)) SaBE Los o @
HEEOHE 1L H D UDHO X B idEE (A<=27 b
Y AfB 5 MagiX—ProPW2592/45) 2 X % %€
G EfT -t F, XEDEIERE (Rigaku 8
A RINT-2200) X b XRD (X #0752 — ) HIE
T, BRI h AW ERET L. TRGREAKZ
B+ sk T, EPMA (BT# 7 e—7<A127a7F
7 4%, BARBEFHE B JXA-8900M) H\- Bz
ETHR~ v BV T E Tl T O, AR ORILET
B (M) AEw L (HAFKERS, 2007 0 HATK
Ehe, 2007 ; HALEFEERES, 2008 &, 2001),
Bk ORI A B RRHA BRI A v — 7 v v+ LELICP
B IETHER (AN A T 294 = v A58 B
SPS3520UV) ZF iR T s YR (BEetsl  #
KX AA-6300) HHWTERSH E1BTaLHED S
B, C N, S Hg BLUSi ¥\ 72 67 THK) {77
@ FARIGUIRBERNIK D55 H7
TARBIEBEHIK LRI RS b A Z L b, 100g H
PMETEHEL, 100°CERHETCTEERE LY Tzl
BREIE—A I (7)) vF 2 - Uy vl B P-4)
X b B Lo b R EIL 1.
TKIGIRBEHIK O BRI B 1T 5 72, 7% ) iRk
BRIC X 2 2R 2 CRIRDFE YT -1z, Akx Y
Ava=wa (Zr) $lli= v F o (Ni) B 520E~ 05~0.1
gL, EHI7AB VEFIE L TMAYERY 5 7 A
(Li;BsO; (EAK/NRD, Hrl o FOEHERAED, F 2ok
£ bV 7 a (NaO, (RitR), il 2 427 fH8) kLot
REEF MV 7 & (Na,COs, Hflk 0 FOGHIZEASR) 4 3:
2 TG Lica#Ex e h Tl o 10 S48 4 3
L, 7vEvA—d—%fWciEBuc X h 75 Y A
fT-otc. RS XOWEH, 5oV BER % KK Tk
L, 200mL ¥—# —~B L AR, HEWE2EE (HNO,)
FHH (HNO; (EL % ¢ BARAb 2SR - A AK=1:1)
D EEEEL, 250mL oKV zF LBl AT 5 2
SF7iH T ARGl 27 5 2 0 AGEBEREE R I TER
Lic. Z0tk, I OFERRAIETHED & OREREICHE
HAKEHACTESRL, BERMEC XD AE L (X
2012),
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G FENEH KD THBKE (He), 0F (As),
FnFE (S, £%F (N), ®FE (O), WHE (8), —F
DEEERS (Ca, SV 74 (Ba) OERESH, B
UCKGERERETITE, FARBESHTES LTJIS (K
0102) wHE X h 58S LS Hrid CRBER A BRI &
SECE R Lt (HARTKERS, 2007 ) OARTEEAER
£, 2008).

QFE7 v Y Do

A FINTAMIT L ) K E R UIcBE T v ) A A
75 22 (100mL) ~ 5mL ¥7:1% 10mL B L, % (HC1
F 7203 HNO;) Thfntg, XS5 bmL B (hfmc vz
) %Nz KHKTHERLI. F0#H WETKS LDk
BEECHALLIFLAATFAT~SRL, Bk LUK
HAREZHEML CESLER L. M, ICP RS XKH5Hr
217 5 BRI BRI X v e L (BAR, 2012).

QBERY vlEH v 2 DGR

BBV v BH vy s ONERE S O R, R B
REHOKPE S R2EBRIS RN e ] GBREF, 2001) 12hELy,
ERETWET -7 BRI BRE IR ThiRb s o
EESTHRERAEL ERAR 1~05gx T 7o v F
foldy 7 AR e — —~FRIiREE, FK (HCl CRk : BAE
b8 - HNO; CEl  BIsfby B =1:1) 50mL
N2 TMEGRZ1T\ -, 0%, HNO;bmL, #EE1L
KFEK (H,0s, Bl s BB b ED) 1ml, B X OuEE
FEE (HCIO,, ik ; PR 8 Sml ZIECHEML,
S Emsafr-71. M, HEE (C) BAKL 5
WA EES A TR L AB 1~05g 1 HNO; 10 mL %
my, BerchBERET -7 BbhcgE s
@iy, AR (5C, 7 ¥ v 7 v 7 {8 i@ X B B SBEE
FREIAR A N2 THEE (100mL) & L7z (B, 2012).

6) SR\ BRIV ) LDOERRE 7 BT

BoHNIERY v vy a3, ) VEBERE 7Y
VR Y VR 35 X OVKEME Y vEEAHIE L B
5 2001). ¥/, VvBOERITAAFENEY IT VR
VE= Y AR X AWIEEE A AV

3. BRBLUEE

1) TAKERBEIR DR

HHMEK A L EKB CPR 2247 AR X UHEF 12 A
WCERED, BLOPEARIK C CFERE 24 4 5 AFRED DMK
SR RAYE L crd. 3FERELT S, P, Al Ca, BI T
Mg #FEHaEL, 7rHV&RE (U 7a (Na), 7
Vs (K)), 7uh)VEHEERE (AravF 7 A (Sr),
Ba), Witk (#Eh (Zn)), B3 X FE&EBHS (5% v~ (Ti),
< v #v (Mn), Fe,Cuiz¥) #&A Tz, Piif0.10
~015kgkg 'FRESEHE L, HAP, MAP, V vE7 o ¢
=v A, BIO) vEBEREFOBET PARAETATH
BhOLHEIR. ¥, TR &) L1278 &%)
HEWT, 12 ABROTRKGREENKIL P O&HEHIME
T aEAIAROITD, Fe® Al EOMTICKE IR



A A LB AR

He6HE H4T

(2015)

F1  TARGIEFEHIK OB TR R

S [ =] Li Be B C N Na Mg Al Si
T [#fi7] (10%kgkeg Y (10°kgke D) (10%kgkg? (10%kgkg?) (10fkgkg) (10°%kgkg? (kgkg? (kgkg?) (kgkg?)
BEHEL Y 2 — (EFR) (H22.7 80 <100 <100 <100 2300 <100 4,300 0.050 0.066 0.11
FRBIRBEHIK A (H22 12450 <100 <100 <100 1700 = 4,700 0.040 0.075 0.12
By 2 —(EFR)  (H22.THI <100 <100 <160 1900 100 1600 0.052 0075 012
FATGERHIK B (H22.12 1) <100 <100 <100 2100 - 4,600 0.066 0.076 0.10
74 [ A% (H24.5 550 <100 <100 <100 5= = 3,800 0.0099 0.14 0.13
TATGIREEHIR C
StHa [THFis] P 5 K Ca Sc Ti v Cr Mn
e [HARE] (kgkg?) (10%kgkeg!) (10%kgkg?) (kgkg?) (10%kgkg?) (10%kgkg?) (10%kgkg?!) (10%kgkg? (10fkgkg?)
— (H22.7 #80 013 2,500 7,200 0.082 <100 4,200 <100 130 1,500

TFKE BRI ) * ’

AISRHHIR A (H22.12 B8 0.094 3,200 8,300 0.077 <100 3,200 <100 110 1,000
su (H22.7 #50 011 2,800 8100 0.074 <100 3,800 <100 110 1,200
) K : \

AR D (H2212#:H0) 0.088 4,800 6,700 0.083 <100 4,200 <100 150 1,900
. X (H24 550 0.13 == 9,000 0.042 <100 3,100 <100 <100 1,000

TAKTGIEBEEE C R
RE [k 5] Fe Co Ni Cu Zn Ga Ge As Se
) i [HLRE] (kg kg™ (10°kg kg™ (10°kgkg™ (10°%kgkg™ (10°kgkg? (10°kgkg™) (10%kgkg?) (10°kgkg™ (10%kgkg™)
s (H22.7 850 0.068 <100 110 1,300 3,100 <500 <100 <50 <100

CKTGRUEHIK A .

TABREAR (H22.12 50 0.064 <100 100 2,200 3,100 <500 <100 <50 <100
s (H22.7#00 0.023 <100 <100 2,200 3,500 <500 <100 <50 <100
HiRHEHIE B 2 ] ' -

TRGIESEHR (H22 1248 0.021 <100 <100 3.700 3,500 <500 <100 <50 <100
- . H24 50 0014 <100 <100 1,100 1,300 <500 <100 <50 <100

TamRgg e R 3
(SR [rs&id =] Rb Sr ¥ Zr Nb Mo Ru Rh Pd
) i [EfE] (kg kg™ (10%kgke?) (10%kgkg? (10°%kgkg?) (10%kgkgl (10°kgkg? (10%kgke?) (10%kgkg?) (10°%kgkg?)
[ (H22.7 810 <0.01 520 <100 <100 <100 <100 <100 <100 <500

KGR SERIK A -

TAGRER (H2212 480 <0.01 630 <100 <100 <100 <100 <100 <100 <500
555 (H22. 7 5§50 <0.01 680 <100 <100 <100 <100 <100 <100 <500
HEHEHD :

TGRSR B (H22.12470) <0.01 600 <100 <100 <100 <100 <100 <100 <500
s ~ (H24.5 850 <0.01 <100 <100 <100 <100 <100 <100 <100 <500

TAREIRSEHIK C
BHA] [EHiLE] Ag Cd In Sn Sb Te Cs Ba Hf
i ) [Hf7] (10%kgke®) (10%kgkeg ) (10%kgkg? (10%kgke? (10°kgkg? (10fkgkg? (kgkg?) (kgkg?) (10%kgke?)
54 (H22. 7 5§50 <100 <100 <500 <100 <100 <100 <0.01 0.013 <100

TKTGIESEAIIR A (H22.12 450 <100 <100 <500 <100 <100 <100 <0.01 0.021 <100
o (H22.7 850 <100 <100 <500 <100 <100 <100 <0.01 0.018 <100
ik K B :,

THRISESAR (H22.12 80 <100 <100 <500 <100 <100 <100 <0.01 0.015 <100
- . H24. 5 810 <200 <100 <500 <100 <100 <100 <0.01 0.0032 <100

FhmRgaKC (LSRR = = =
e &A= Ta W Re Os Ir Pt Au Hg Tl
) i [#f7] (10%kg kg (10%kgkeg") (10%kgkg") (10°kgke? (10°kgkg!) (10°%kgkg? (10%kgkg!) (10°kgkg?) (10°kgkg?)
s (H22.7 850 <100 <100 <100 <200 <100 <100 <100 <1.0 <100
THIRBERIK A ;

TRIERAIK (H22.12 550 <100 <100 <100 <200 <100 <100 <100 <1.0 <100
o (H22.7 8§50 <100 <100 <100 <200 <100 <100 <100 <1.0 <100
ik K B 5

TFATGESHIK (H2212 880 <100 <100 <100 <200 <100 <100 <100 <1.0 <100
s _ H24 5800 <100 <100 <100 <200 <100 <100 <100 <1.0 <100

FamRIARC o SRR h h
S [ERL=] Pb Bi 5 Ce Pi Nd Sm Eu Gd
) i [T (10%kgkg?) (10°%kgkg™ (10°kgkg? (10°%kgkg? (10°kgkg? (10°%kgkg? (10°kgkg? (10°%kgkg? (10°%gkg?)
e (H22.7 850 100 <100 <100 <100 <100 <100 <100 <100 <100

TARTSISHR A (H22.12#:H0) <100 <100 <100 <100 <100 <100 <100 <100 <100

e (H22.7 550 <100 <100 <100 <100 <100 <100 <100 <100 <100

FATGRSEAK B (H22.12#:8) 100 <100 <100 <100 <100 <100 <100 <100 <100

N— (H24.5 500 <100 <100 <100 <100 <100 <100 <100 <100 <100

TATGIRSEHIK C - -

SR [TFELZ] Th Dy Ho Er Tm Ybh Lu U Th

) i [HLRE] (10%kg kg (10°kgkegD (10°kgkg? (10%kgkg? (10°kgkg? (10°kgkg?) (10%kgkeg?) (10°kgkg? (10°%kgkg?)

o (H22.7 550 <100 <200 <100 <100 <100 <100 <100 <100 <100
KA 7

AR (H22 1248 <100 <200 <100 <100 <100 <100 <100 <100 <100

- . (H22.7 550 <100 <200 <100 <100 <100 <100 <100 <100 <100

KIGIREEHIE B i

TRDRSE (H22 12480 <100 <200 <100 <100 <100 <100 <100 <100 <100

e H24 5% <100 <200 <100 <100 <100 <100 <100 ==

TRk e (o4SRR

RS BN~ 1. BN FARGIEBEANKSE HIcBI4
Al oWEHEFB T, Si P, AL Fe, Ca, $X0'Mg
DILHREEAT N EPRREZI R T5 (S, 2012).

SHrE: 3 REOFSETH D, AT 2 ks o iFEENME TR LTI BT 1 ik s
ERETREZZETRECXSIZ2 501 OfF (100 (10-kgkg ! IKEE L
DHRREE L, 100 (10~ ¢kgke 1) AFEETE VLA 100 (10 ke kg 1) LLETHE 2 ioE & FRIEE ST
TRERDS S, SikkU BalrERYE, CHIUS3RERERE, He dWERENTE N EANE R EE @,

1250 (10—*kgkg 1)) ORERHEEIC L b G EA R

A L TGRSR L, B TR TN & h 2 5
#l (AlFR°Fe ) oG BL, HEKA, b KB,
BIXUOWHAERKCIIthEThixEt, FRKE BITh
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ek T - TR - T8 - B PR L B A SR OMAGA L ARY Y Bt 4o v A DIRETIS L ORETEROB TR

FTAELXZEL T, XEEFEES L OCEPMA L %
FTFOLR y €V 7HIEORER, VBT LI =7 A
) v S BT Y — 2 BlE SR (K1), TKE
PeBERR i i s B R EI A < EFh Tk D,
HAP # 7 MAP # X LT aK TRENED DL (&
FED, 2012).

—J, IERESRE EREIEh T3 Cd, 724 (Cr),
As Ni, XU Hgit, HElE (EdoEdcsEL L
Pfid) iTofEERLE: (FD. ¥4, HgxIl®
ELEBSAESRBO% 12, FARBROBERME 9

850°C) TRHRECHBWTHERETAILDLIHEEI L. O
37, BEEIBREINAEREITE (T4 (Te), £V

724 (TD,$ (Sn), 7vF v (Sh), BL Ut L v (Se))
DEARIL10%10 kekg LU F AR LTS Pb &
A BRI EoBEIE (1.0x10*kgke™) RifkT
FEHR BRI

TGRS L O F OB ORI, Bl o iR
JECTEL %L, IEREGE EEE S0 P i &0
HABHIENE TEH T 2560 bhaTc®d, LR

- SR

g g () B o 5 —
£
z

) b L v & —
20 40 60 80
26/6 (deg.)

K1 TFRGIRBHIK® X #Edr L s —

3 ORMESME  XHIEFEL LT CuKa, 40KV, 30mA, AlIE

FEE5~00°, Fel- BELA D » F 17 WAV » 1 03
mm, A 2° min L.
¥R X BETE I X 2 e 2 £

FHE 21 4 6 B~ F o,

BfRe L BOREMROBE X D, TRGIRFEAK 2 BER
kL E L THG S5 IR oLENED bk,

2) BE7ILH Y DR

BET7T v ViE TR AERS, FEEMHEGIE: Lo B
SR, B X CIEREUEE EORFIN SRR OERST Vi
Rt 2R T, HALET A7 VPR 224
08 (B7arn @), FR23FELA (FE7LH V@),
BIUPR 246 H BE7A20Q) wrhZThiFRL
feb o THY, NaOHBEEHAE TEhEh 047, 065, B
FO'036molL o7 vk ) EBEARLT. BV Vb
FEHEL G L LI h b 2 £ A5, RoHS
HH (EUR-Lex, 2003) writLTEh, EFFV v
HEoLETRI VNI I hBET A Y (H5EH
KD 13, Cd P HguEnofREMBEERSHIZEALS
ATWIEW(Cd<1.0x10°gL Y, He<1.0x10 gL ™) 2%,
CugHRITFNFR 27, 5.7, HX0r20x102g L &R
LT (E2).

¥, WHEOEFEEEDCHEITsENHEGIE: LT @
R ELS i b ah BRBIEE GET (B &rF
138 (EEEEMCEINIERBEORTEFE)) IR
bEELWZ Eonh, ZoBHIE GREEE, 2014 DT, B8R
L1358 REERET ANV EFLLHE L. ok
RO LAE7AD VI Cur S TR 35x10%gL?

G, BRE1I3SHEECRK 2 EofEx xR Lizss, Cull
HOFES EREEL T AR LI M ICP #EE9 94

B L A ERSWORERE, £ 2 ORI TR UNORS (F
1B TFs&8BHT) P5H, Nak UK %B<THR
1X1.0x10° gL A FTH -1

—77, TRBGIEBEAK 1 kg EBE7 5 Y 10L 5k E
LTEbhtz) vEEA AT A ($9200g) KRBT, BE
7AA Y 1L Cu? 6.0x102gL ' &F (FUEfERA
57x107%gL'&H) L, E7 42 Y 10L AvT4EE
TLIzERE LA, mK06g D Cux GRIERINE
Tt BEI L - TR Lo+ BEF YR »"E#HE &
feh. L, 01molL™ (NaOH) LAFDEETT A%
VAT o 78 E, Cu D% L Kb % foidfh sk

#2 FE7TA»VE (NaOH) HOEER S5 HTREER

GekEE] Hg cd Pb Cr (VD As cu Zn Be e Ni v s 7 . g y
(B (103gLY)  (10°gLy)  (10°gl®)  (10°gLy) (10%gL®) (10°gLY (10%gLY (105gLy (10%gL1) (105l (10%gLY (10%gLY (mollL )
[+ 7ng]
DtE7 5 D <0.001 <001 <001 <005 0.01 27 0.05 <001 <010 <010 <020 <0002 047
DHETAH)D <0.001 <001 013 <0.05 0.01 57 0.14 <001 011 <010 <020 <0002 065
DEETADIE <0.001 <001 0.08 <005 0.02 20 0.06 <001 <010 <010 <020 <0002 036
[R5 13 538 <0.025 <01 <1 <05 <015 <10 <20 <25 «2 <12 <15 <01
[LELE] He Cd Pb Cr (VD)
[Hf] (10fkgkg?) (10¢kgkg?) (10fkgkg?) (105kgkg)
5% [RoHS FAHHE EU)] <1000 <100 < 1000 <1000
[THRES] Hg cd Ph As Cr Ni
(4] (10°kgkg?) (10%kgkg® (10°kgkg?) (10°kgkg?) (10°kgkgy) (10°kgkg?)
5% (ERRFERNE (B0) <2 <5 <100 <50 <500 <300

¥ ST ATENE 2 KE OV ISER Fm.

OBELLT, BEFEE 13 55T (BREDLUMEE, @AWy (B74h))) OFEME RoHSIES (EU) OHHIE & L CIRBHGE (AE) OFEE BERHIEEY) 2R

K OBET A VENH1IPH 224090, 2PH 2345 A, 3TH2446 .
7 U REDT NaOH BRI 2 3.
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A& LEBIER MR

B86% 4w (2015)

Eodir BF) EIicmHBREcHiR S h, GREE
AEE o7 (B, b, BE7A4 Y 10LIK
GEhABBMEOHFINRITRNY vBH v v AHTH
B (R ~EBBTLERELTHE LA, B
LRIER Y VERS vy AT E R ABEIR D SEE
e b (BERLTGUREEHE) OMGIE EHATEEER
2014) 45 PRS2 ERHLITH T

Cu D1 EEH I iR 2 BB ILHE [ (HCR2)] R
544, 2014) 324E1kg > 125mg Kili TH 5 24,
K7 nn ) gExEBCT Pt E2IT 2856, GRY YD
7 ANOEGBEADMIMIh 5708, BE7 4H VT
HEEAREE LTI cfIHTRETH A LAFEDLA
e

3) U L mBEGORE

HE7vH vV RE, MHERE BIUCPHEE (7o
H V) hOPREORFRERI LK. B7An ) O
FEZEENNE (%9 0.5~1.0molL 1) T7 v ) 2 BN X 4,
Inik ATRERIEE TN L CRBR A M LIk R, B L REE
OEFE7 A ) KO PEE (PHBE) »EHEMIC
BN s8R 0RBDbhicicd, B7AH ) FERFFOR
HHILEEZ 70°C (77 v M INBAMTEERAIRE) & L.
F7-, FREREEDETAH Y (047mol Lt NaOH
WH) BIORE7 L5 Y (050mol L) EMAWV/-PHh
HEREsEE A i Lk oA, PRI 7 A ) %
NEEEHBEREO R I CEE D, FEEOSEILP
T AR ITIzERETH S Z LD bR,
LnL, FREREHNRKICEEhHEY) v BRCHT 5
HEr RS L, KA RICIEEKB CER 2247 A
B i 1keHich #hth P (PR #130g ¥k
13 110g EEROM 1 EIRBEEHFL 500 1), 05
molL ! ®»FEE7 L Vi (70°C) DBE, FhEID
g Foiw4TgBE L, EEETCERENIN030ke
kg ! 721389 043 kgkg ' BEOMBETH Y, £HLDP
PRI ~BF L T\

P2 050kgkg ' U TicE > T aMb L L
T, HFRAFIO FKRBGIEBEAKIL HAP ® MAP &£ L
TY VEBBEDOE S NEAEL, 7 A ) ik LSRR A
AT DEHEINT. EHIT, Al Fe DFFFEIEC
DWTh, Al®Fell&ThanaBy vgE (V) Vg
TAI=va, VVBEEED) & LTOEEEIEGHMEL,
LEBH L L CoEErE - ELFERO— L LT
Zxht. EEXRD ol X b, &< oER{CY (@
bk, b7 3 = aipd) S i v — 2 7\EgE
Shtsh @), £V vBETOSBRY v EEOHE
PMEWZ ERGRD bR

4) IZT T2 MILD) B ERIEEER

BEAM BB V) v BRI D FE oy OB TR IE
WCHUR T 20, =75 v ek s PiHRBH
Wi FAKTBIRBERIIK. (CER 2344 ) oFEEk g o5
BRICOWTER LIRS, FHoER F1 iR LIGE
TR OBR LML, E7rr ), RE7LH
VSR X AESESORAIIFED BRIz - 1.

F i, BT B X OV B ARMK OQEE TR L KL,
025 ke ke MOV vEESER (P00, 1E) %
RL7=12h, Mg, AL Fe, KXOCalgd, VvBLES
HEE S BN OSHBEICE  THIZE N ED bt X
bz, FEARK CITEREK A Lo K Bickb~, Al
BRENMI25EEL, —7, MEKABIUCILEKB
BAHAKCELERCagHE M NIZEEL1. 20
EERRML T, TRERERENKCZEEZh2 P amexl,
Y vEH vz A (Cag(POy),) & LTHIRE M BEIEGD
HFEK A B L OdE EK B (89 0.15~0.18kgke ) kb,
AERKCE030kgkg DitE -7 ZhbER LD,
7oA ) HOE, CaiEGHED ) YRR I3,
AlREARED ) vEEE RIS Z L 2R LTV 5,

—77, MR (BEANTGIEEEHE) oMFIT 05 b
Pb o ZH AR A R THE PRSI, Mo
EHBIEL T 2R L7

&3V vEEFOZ RS fhiligt o v v (P) REZL

o ERC Rk T::83 WHEE MHEPEBE s 7ok Y R THEE P RE
TARTGIEREAIR (mol LY) C) R (ol L) C) (gL-1)
1 70 2.25 1 70 2.60
1 60 2.14 1 60 256
1 50 2.18 1 50 2.50
0.75 70 2.92 0.75 70 2.49
0.75 60 2.02 0.75 60 2.50
BRI A 0.75 50 2.00 JE 1K B 0.75 50 247
(H22.7 ) 05 70 1.97 (H22.7 }1) 05 70 237
0.5 60 1.84 05 60 240
05 50 1.89 05 50 231
BEETAHY (047) 70 1.91 BET7TAHAY (047) 70 2.38
BrANY (04T) 60 179 Erany (047) 60 2.19
ETAHY (047) 50 191 ETAHAY (047) 50 214
% BEHIK 3008 KA L7 4 ) H& 3L A CHil LB A5 L0 2 E R Zh Z oIk L Ba B
O {Eix 2 KIEOFEERER.
S BT A ) FRLUN ST A ) PR
W OETANIVIRE2ODHET LN QR HEH.



fere R - Tl - 0Bk - FIIE - S5 - S - 0L - R - U BERMIRR ORAEEA L A VB A v 0 A DIBRHERTT S L OH BT ROBTHE

Chbiz=77 v rABOBRL D, TAKHREHK
#035~0.60molL D7 A~ ) (NaOH) ~r#L,
P it X ORI EES I, 7 ViER Ty v
iy BRI UTCS A, PARIGIEEERIK 3 X OB
7 h ) iR ORFIRA R GEE) AEEL, AR
fig EoHFIN RITROBAZIEIT A Z L ATETH-
Fes

ZOX S, K7 ovn YL, EaE (2012, TES)
&G L C P I ER LR S, P R B o AR 5
(BEHY) TEREZEMRTLILENMEL, LEIfERTH
HEDMER T, Ibic, RAOWROREL BPEHAK
CELETAHVERACESSGL, IEREEE EoEESE
B EME Lrz) v Eh v A (IERERD of#K (K
TR VE) DATRETHA ZENHLME R T

5) 3ZT7F MILUBONS) BNV LDER

I=77 v bk B, FAKGREAK (F4), AET
AhY, BIUETAHY) HHEKARIUIEEKB®

BARE20BETAHVEQ, AHARKCOBAEIIE2D
BETAH V@) BERE L) VRS AT A DRSS
MEREAELSRT. K74y ) Bk 288000 06
I cig T 2 A FERBE OBHIE A K a5 EE
v Iy

i, ARIEHO CusHBA G LR 01gke™!
NFamRL, 75 ) KD Cu DRASIH I LT
fo. balidi@ b, CulZHBERELEC KV CHE (L2
lkgie2& 125mg £if) ShTWwa2, HHLEY ¥
fh vy A X b, HEEHYARS| &R bt
AN LWL RS T

—H, UV vEEA LY AL PEES CalBEOE I E
BRI L Y RS B bR T
BN (KD, 1993), RE T LAY FIWIET ALY X
WELhicY vEBEHI ALY AL, BEWRY vERE (K
) M —F L, e sTh KFEZRS -
e

#4477 BT IS P ARTGIERERIIK DT R TR R

[BE57] P05 MgO Al,0, Fe;04 Si0, Ca0
[Hfr] (kgkgl) (kgkg?) (kgkg?) (kgkg?) (kgkg?) (kgkg?!)
Fr4]
#HK A (H23.3) 0.27 0.044 0.099 0.094 0.18 0.14
JdEKB (H23.4) 0.28 0.063 0.097 0.028 0.25 0.14
FEEAIK C (H24.5) 0.24 0.016 0.26 0.027 0.23 0.056
(e TERHTE: (BERNTGIRALEE) RSk
h h Cr Ni Pb As Cd Hg
[Hf7] (10%kgkg)) (10%kgkg!) (10°kgkg?) (10°kgkg?) (10 °kgkg?) (10°fkgkg?)
[Ar4]
#WER A (H23.3) 200 <100 100 <20 <1 <0.005
Je EK B (H23.4) 100 <100 <100 <20 <1 <0.005
FEHAK C (H24.5) <100 <100 <100 <40 <2 <0.01
R i s 2 1 ) =500 =300 =100 =50 =5 =2
¥ E 2 KEOPFHEZFRR.
¥ 2FL LT, IBREHETE EoREE (BERGRLRE) 2R
#£5 1=FFVvrRBRIC I DALY vEES v T A DRGSR
2%l P,0s CaO Si0; Al1,0; MgO Fe 03
[HAr] (kgkg!) (kgkg!) (kgkg?t) (kgkgt) (10%kgkg?!) (105kgkg?)
[GREY vEEH vy 2 R BHA]
AET ) HEEK A (H23.3) 0.29 0,585 0.022 0.018 6,900 4,100
HE714 9 +4b EIKB (H234) 0.28 0.46 0.013 0.026 6.400 2.400
AET L) FEEARRKC (H24.5) 0.33 043 0011 0.020 5,600 3.100
BEE7 vh U +HEKA (H23.3) 0.30 0.52 0.018 0.010 6.100 2,700
BE7 AU +dE ERB (H23.4) 0.31 0.49 0.020 0.018 6.100 2.000
BE72rh ) +WEAERKC (H24,5) 0.32 0.45 0.017 0.020 6,300 5900
(s B JERHRAE (BERBIEEER) MRk
) h h Cr Ni Pb As Cd Hg
[#fr] (105kgkg?) (10%kgkg?) (10%kgkg!) (10%kgkg?) (10°kgkg?) (10%kgkg?)
[GRY v Bh v 53R ]
AE7 4400 +#FMIK A (H23.3) <50 <50 <50 <10 <1 <0.005
HAE7 24V +4b EIKB (H23.4) <50 <50 <50 <10 <1 <0.005
RE7 4 ) +FEBAKRKC (H24.5) <50 <50 <50 <20 <2 <001
Be7 vh ) +HEEK A (H23.3) <50 <50 <50 <10 <1 <0.005
BE7 A ) +4b EKB (H23.4) <50 <50 <50 <10 <1 <0.005
BE7 L U +PEAARKC (H24.5) <50 <50 <50 <20 <2 <0.01
2% [NERHEH ] =500 =300 =100 =50 =bh =2

¥ fEIL 2 RIEOFESEEER
X BEL LT, IEREURE EoBAE (BRAGTEREEE) *ER.
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AR LEBIER MR

55 86

& H4v5  (2015)

#06 IERMOATERIZ KB ) v RS v A EEERTHERE R

[H457] PR s 7MY afErE Y B AEEE )
. ) Y vERSR] MY vERAR] Y VAR
[E0r] (001keke™  (ho1kgke?  (001kgkeg™  (0.01kgkg™)
[(BRY vEEh v ]
ST A )RR A (H23.3) 100 89 23 0.02
WE7 A0 U +ILER B (H23.4) 100 87 19 0.03
AT A ) HPEHAKC (H24.5) 100 82 &1 0.38
BT v ) +HEIIK A (H23.3) 100 88 17 0.02
BE7 A5 U+ ERK B (H23.4) 100 88 18 0.06
Be7 s ) +FAARK C (H245) 100 93 7.7 0.63

® BER T EE i HEHL
% i 2 REOFSEYFRR

PHHARK C k0GR IEE () v vw ) i3,
AFBEN T RIGIRBEHPOTEER P &AH EREW O &
IRt Thig BEAKRFO Al SHEENE L, B
U VBB LS LY YT VI =7 A OEFEENE
fodb, 7oAk VN X 5 P o EA M L, S& &
KA EFBEAARRK CcAWicHAKRIIRL) oh iy
7 ARICH L, POHEAE D EHEI N

6) ST MILUBLNAEYCEAILD I LD

Y2 i

Boni) v LT AD ) VERSE 7Y VR
AEEY v B X UK Y vBRO SRR Y 6 iR
4+ (BE, 2001). #EK A LA KB fko ) vk
H oy Ao EE T 55, WHEKC Hko
VR vy 2NN Y vEEIMEL, KEEY v
(=R =gt i3S

COFMELT, CaDENEIZEHEKA B X OHEHA
JRCORBICENTERBTHAD, )V vEILyT LM
D5 bLPEARMAEWD, Cak L UPO, THAREX
NHBEREENEEL, P& Ca DG HeEEL S
Z L THREBEDE OV EHEE S R (B, 2007).

ChboEERLIY, GRLEZY VB LY AL, VY
LI O o A 7 B, IEEHE LCEEREL T
TR E RS,

4. F & ®

) B EEERE O REL (V) vERR) oL L TR
BEEHK AZER L, S PHAEHELTTAH Y
BEWd (BE7 ) v, V) vEEA vy a (U vERE
FRERERD DGR & £ ORI 21T - o

AT E\ T PR
O 7 Ah ) FREEEERERC X M B RS T

i\, PRMAEEITHEEZHLE L. BFEN
2HEB IO (AR OREHELIER P
EHERIFRABRETH-H, AlBIUTCadEEN
KELHERY, K7 AH VL 5 Pl EAR -
fo. R U TARGIREEAIR Y, FERHGE: (5
RAEHLEE) Eo Ph &HBEOREIECLS <HEM
B0, BRI 248835 LT 7Ad Vv iilE (K
TAR V) KL AEEABRETH . IHIL, B
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TAAVEHNPHEBICY VI ALY AL
B, ko7 2 BN o FKETREERIOFIH o]
el A RR s .
TFARBRBEHK 26 P 2B+ 5854 |77V v
b EMGEER A 7 4 Y BER (NaOH BEiR) =il 7
Ak ) EEORB E LTHIAT S 2 EARTRETH
D, =77 v FRBCEWTL, V YEMEFIRE ()
VEEH L A) HRSEEETH 5T
JR7 5 DIk ~T, 7ah )R ORE L iRE
oL PHERAAETBEZ LD, TKE
JeBEHIK & 7o P4t & LT, 70 “CihE 4t
AREE L. Th, PHIHERWT, 740 VE
WERET v VIROURBA R LIER 740
BT O OFENRHONT, T s U EERN

EHETHDHZ LB

DX S, FKGRIEAIK & RGO 7 v )
BEW (PRl EERBEEY) RIEH T2 & T IERHEURL
D HHESBEBEBIMAL TR L, FEEYO A%
ELTY vEEA v A () Y EFIERERD &R
AHEThH B o L BEELT-

S

NPAS
ey

S OB AWITRI, BRIEE [BREUITE G HEEE HED
SUFRFE (H ERMESHEEENETE | o
(H22-24) %Z 0 ER L. KMIFRERCHH, 5F
B B B3k TAGESE BT MILFEK, SFRBEE
REBAZE M NREER, AFRFELH SRS &
WMAEEE, SFETERfivy 2—Fgxz 7 BIIE
TR, CHHXECTEREEER LT

X Bk

EAEA 2012, ICP FE6517 - ICP B &5 HT 0 28 & B ()
HAG b2 HR, A+ — a4k

KAARK « BRI - IAAE—R - BEHES - {H4005% 20110 ~
HEEGEE L e, KR IRS

MEFET - EPAMK - ILEF - REER - ZEXE - il
2012. TAKIGIRRKALY OWpHETHE & 4T &~ DB E DR,
+AEGE, 83,125-132,

REA EEEEMCEIh2EBEORENE http//www.
env.go.jp/hourei/syousai.php?id=11000178

BREY, TEOFRICHRZBRFELERCOWT (JIFR RETSETR



oo - TR - Bk - BTE - EIR- SFRE - AU - OB - TG REMEROMRSEE L AR v B 4y 0 A DRFHET TS L CRETROBTHE

46%57). https://www.env.gojp/hourei/01/000057 html

THEFESR « e 2 KIBC - MG RE - EiktEZ - &L - BERE
1L 2012. Z5F R CHEH S h 2 TRFHIRBEANIK 35 X OBelE %
Wz YA S w e A DR HAERE 83,288-291.

TREHFR 2013 5 FRATHH S h 5 TRBIRFEAIK 5 X O&E
Bew vtz ) v BT v e A DBRHCOW T BAEFIH, 37
(No.138) 61-67.

TGRS TTESEIEBE SRS 2007, TKBRG . (A8 BX
FAGEE.

HEEFIEZE 2001, 58 kT sEAIICEH T #TEE, p.96-106, &

e 7 KIBE - TREEESR - WS RE - fefete 2 - PfEE - EREE
L 2013. @) v &HEEN (BEAT7 v 2) hbo) VEEH L
o7 A OGHE X ORI ARG 84,367-374,

etz - ANUmEH - SHIFE R - 22 ARIEE 20128 F RO K
HIRBEHIK OLBERE YO 7T A7 » A VESWE 7 + 57— &
LCo@Emk. JMMIJ 128 519-525.

BRI 2007, 85 ) v EBBEO SR SAFH LI TARLDY
VER T e AORE FREAFAFHEE LFRAR St
http://dspace wulwaseda.acjp/dspace/bitstream/2065/28407/7/
Honbun-4395_04.pdf

TR - Ve~ KIRC - P& - e - BEEE B 34—
KRR » THEER - A RUE « /DL - PR &4 - B
g B HbAE: - REE S - FIURERED - SFE M - PN

T 2012, Hic k5 ) v ERREEY ) 1 2 L OBEL &
23 MR ERIRR T2 MR RRa R Uk B8-7. 315-316.
http://jsmewm.or.jp/taikai2012/files/2012/11/B8-7.pdf

EIRHETL « 2 KIREC - PIEERE - (EBREEZ - SFEHA - PILEE
KEE 2012, BE7 A4 VFIBIC X 5 Y v [NSSEERABER 00 v (o]
75 @22 +RE F230REEDERBR ISR
F o OCE, B8-5,311-312,

REATEERR. IR ETHEL http://law.e-gov.gojp/
htmldata/S25/525F00601000064.html

HA T ERES 2008.JISK0102 THHRAE . (—#) H
A2

Franz, M. 2012. Phosphate fertilizer from sewage sludge ash
(SSA).J Environ.Sci.24,1533-1538.

SFEE - FEFER - #hmE#— 2009. 7 40V fhE X 5K
JEBEENK A0 ) YA A7 A, Bk EHEK, 51.833-838.

L A - TR 1993 s OFFanE ) vgAh vz 2 2f8T 5
e Gypsum & Lime, 243,108-116.

EUR-Lex 2003. Directive 2002/95/EC of The European
Parliament And of The Council of 27 January 2003 on the
restriction of the use of certain hazardous substances in
electrical and electronic equipment., http://eur-lex.europa.
eu/LexUriServ/LexUriServ.dofuri=CONSLEG:20021.0095:201
00925 EN:PDF

Measurement of the elements of sewage sludge incineration ash and alkaline waste water, and assessment of
component of phosphate and toxic elements derived from raw material in the recovered phosphate fertilizer

Teruhito SASAKI!, Hiroaki KUDQ?, Yoshiyuki SATO"?, Takashi ABE'4,
Ryukou SUGAWARA?, Yusuke MORIYA?®, Shotaro HATSUYAMA?, Naoki SOETA® and Shigenao KAWATI”
Y wate Industrial Research Institute,* Organization of Revitalization for Sanriku-vegion, lwate University,

3 Present addyress: Iwate Prefecture Government,* Present address: lwate Industrial Technology Junior College,
S METAWATER Co., Ltd. R& D Center,5 Hitachi High-Tech Science Co., 7 Faculty of Agriculture, Iwate University

We examined alkaline extraction of phosphorus from sewage sludge incineration ash as a practical phosphorus
recovery method for manufacturing phosphate chemical fertilizer. In addition, we examined whether alkaline
wastewater can be used for the phosphorus extraction process. The extensive analysis showed that the major
components of the sewage sludge incineration ash were phosphorus (0.13 kg kg1), silicon, calcium, aluminium, iron,
magnesium, barium, potassium, and sodium. The results of analysis for trace elements showed that lead content of
the sewage sludge incineration ash might exceed the Japanese regulation value (1.0 X 104 kg kg1). Therefore, in order
to prevent farmland contamination by toxic heavy metals, we chose the way to recover phosphorus from sewage sludge
incineration ash rather than that to compost it. The phosphorus extraction efficiency by the alkali extraction method
showed a result similar to that when it was obtained with 0.5-1.0 mol L? solution of sodium hydroxide under 70°C.
In this case, heavy metals were not detected in the extracted phosphorus fraction. When alkaline wastewater (its
alkaline concentration was 0.5-1.0 mol L) was used instead of the sodium hydroxide solution (prepared with a
commercial reagent), we obtained the same result as the case employing the commercial reagent in phosphorus
extraction efficiency and contamination of heavy metals into the extracted phosphorus fraction. The employed
alkaline wastewater did not contain heavy metals such as cadmium and mercury because the factory that discharged
the wastewater is compliant with the Restriction of Hazardous Substances. Thus, the alkaline wastewater can be
used in the phosphorus extraction process. We obtained calcium phosphate from the extracted phosphorus fraction.
The obtained calcium phosphate contained 0.3 kg kg1 of phosphorus without contamination of heavy metals. Our
results propose a possible strategy for producing high-quality phosphorus fertilizer from sewage sludge in
combination with some industrial wastes.

Key words: phosphorus recovery, sewage sludge incineration ash, alkaline wastewater, alkali extraction method, phosphate fertilizer

(Jpn.]J. Soil Sci. Plant Nutr,, 86, 291-299, 2010)

185



=HhAME EidtLll ORRE
ML BRI Rz

4|

(BR) BKH A B PE)E L 0 f2ft S - & efl & L CEIM AR OB Z1T - 72,
R EKEOFREIL, O/ e T 7 —BEE, Q@27 v I —8igtE, OFEoE
BERTAR & L7z, MR, B T TORMED BRAF 235 5 h o 72735, A0K139
(4. oryzae) & AOK39 (4. sojae) DfIHE O CTHEZITH) Z L CTRELREWRLED
TENTE, ZOFHLWEREZ FEEHL0L) bmd L,

The Development of Aspergillus Fungus “Nanbu Moyash
for Soy Sauce Brewing

Makoto Hatakeyama and K azuhiro Ohikawa

Aspergillus fungi for soy sauce brewing are seléctsing the candidate spores of
Aspergillus fungus provided by Akita Konno Syotend(). The selection criteria were (1)
high protease activity, (2) high glutaminase atfjv@nd (3) sensory evaluation of soy sauce.
As a result, no single fungus had all the desiregerties. However, good soy sauce became
available using a combination of the spores AOK{89oryzae) and AOK39 (A. sojae).
This new Aspergillus fungus is named “Nanbu Moydshi.
key words: soy sauce, spore of Aspergillus fungus, Nanbu M oyashi

1 #
T, HROEOZA RN T L 0 Ef o HifiT
B> O85> TRy, EHELEREICE > TR
IR T2 NEA R L 72> TN D, Z OFREE
iR DR 0 2T & & BT, KT A —— & Dffi
Kt B 2 TSR LT,

Z 2 CRNARZE & SEE TR LAY A EEE I
WA Z bk v EREERoEIbERA ZEE Lz, &
[l IS mEESS RO A R, THEPERERE, Ml
MEFERE) DO b, FEMOMWRIIKE 8% 5 2 5 10%
D AT T,

AFBR I, (R FKES IS L v b and- 12 £
OEAERE A VT, BRI D2 VRN 21 D 72012
TaT T —BiEEE IV I F—BIEEREVZ &L &R
VR OB RERHIAS BN 2 & D 3 D% HEEHRIN DS
L Tl L i E R A D 7,

i

2 EEBAE
-1 FERE
KEIL, HEHALRERI IR 22 FERE X T %
BEALGRERI 1L 24 FEPEF VT o A & Lz, /s
ZHTIT BR) )RS O RIEI Y N2 2 B I %
Rz, SR L-fEs £ 1IOR Lz, 1280

x1 EHAEESE

No. Rapiss ifE
1 AOK12-2 A. oryzae
2 AOK39 A. sojae
3 AOK65 A. oryzae
4 AOK77 A. oryzae
5 1 AOK98 A. oryzae
6 . AOK139 A. oryzae
7 i AOK210 A. oryzae
8 | ¥k AOK224 A. s0jae
9 AOK231 A. oryzae
10 AOK1638 A. oryzae
11 AOK1641 A. oryzae
12 AOK1654 A. oryzae
13 FutE SP-01 A oryzae + A sojae
14| L5 SP-05 A. oryzae
15 iﬁ Bioc % A. oryzae
16 FROA)-4 AY A. oryzae

oA & RIS TTARRRRS 4 #4564 FV V=,
2-2 [REEAZE

B 1T 1 BRI KT 750 g . MRTEIRYINE 750 g &
FERE1 g Z#fH Uiz, THlEIIA— D —fEE&EMHEA L
77
2-3  [RELE

KEEVE L —BERERK =06, AGIY LA—

s SRR 25 AREE BRARAY - SEMAOBANTOITEB S L, YRR 26 FREE SRk

sk FEEERNEL
wlx BEEHITE (BL BESHER)



PR o 2 — e

k27 L—7"C121°C, 45 ZfflzA Lz, ZA# KRG 28C
FTHA%. TORERE DS TR RTEIRY N2
LIRS LT, 4500 B =— LT AT,

2-4 B34

BIHEIEURL 2 AALT- B = — AT IR E - o 550
EANTAZFKED., RE 30°COERIEDITHHE L, R
fE s Uiz, 2 HHOBRIRHIEEI BB L, RE
JREE, A 28°C, 95%RH & L7=7 RovT w7 SEiR
fEAs THG102FB PNIZ AL, 4 HEBE L CRUREAIT -T2,
FANTE, 1 EBFFAN. 2FBFAND 3EUT, 15
FANOERHERIEREOIRERE % 22°CIT 7=,
VUL ESBBRDOHANERE TH 50N, TR X 0 R
BT D 72 D F AFUSOIR EERR E 28 ST D e =i R FE
WCEBZ 22N X IR EFEAS 2B LN Ol
1To77,

2-5 FHEROMLAH

BB HIAZ TIEER 700 g % 2 OHEFEIC AL, ZHUC
20% FHE7K 1250m0 (12 7K) ZNZ TERREW L Lz, &
EHHAI L 2 FEEOIF 2 24 Eh 350 g Ad, [Flkk
(KA N Z EEER L L,

2-6 FEEFARL

PR OMAL B, M HFLERE 2 2m0isin L7z,
HAB# 1 7 H H £ TrEka 15°CTHAE L, T D% 30C
\CHIR Uz, Z ORI AEERZ 20meiRin L7z, F8i#
BAUL5 7 A B E TR L, WO 28I L7220 D
T EAEANILELIT T,

®2 EHEOBERAM (KEE2FF 74/ vER)

% 18 5 (2016)

2-7 EEMRODER

RO T LTZfRE T AT 7 A R—T )L H —
(7 RR27 v 7 GA-100) Cli L, A= &
L7z,

ESEARES sl
! l
Ve B R A —
l |
- T |
l |
B A —
l
B (408
l
FHERAAL frtfok
l
JeR% - 2k (5 4 AH)
l
l l

1 EhEED 70—

===l
No. FHE4 K5y (o) 47 057t /NS a7t (L
U/g) (mU/g) U/g) U/g)

1| AOKI2—2 28.0 157 0.98 2821 408
2 AOK39 26.6 406 0.82 183 468
3 AOK65 26. 4 156 0.92 5839 1198
4 AOK77 25.7 121 1.54 5095 984
5 AOK98 26. 1 292 0.56 1993 963
6| AOK139 26. 4 121 4.11 4575 1673
7| AOK210 27.5 373 0. 64 1994 1052
8|  AOK224 26.7 312 3. 14 150 500
9|  AOK231 25.6 159 1.36 6336 1246
10 | AOK1638 26.9 159 0.19 5431 1042
11| AOK1641 24.7 181 0.75 6177 1279
12 | AOK1654 26. 8 190 1.87 6220 1246
13 SP-01 27.6 185 1.40 1478 856
14 SP-05 26. 4 258 0.63 2014 1030
15 Bioc 25.7 205 1. 06 1850 1005
16| A)-54¥ 26. 4 304 0. 62 2235 1005
No13-16 SEHAE 26.5 238 0.93 1394 974
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FEmAMERE (EmboL) OB%S
*x3 EH (BEEMDAA) ORHEES ERESHE
No. FEERA E BEFRHO) | BT ® | 7 va-a(g/L) pH 77 VI (mmol /L) = ZHGES
>
1 AOK12-2 24 1.34 15.6 0.73 | 4.70 84 3.0
2 AOK39 26 1. 37 15.0 1.13 | 4.66 104 2.8
3 AOK65 22 1.44 15.8 0.57 | 4.66 89 2.7
4 AOK77 22 1. 36 15.9 0.64 | 4.71 90 2.8
5 AOK98 24 1.40 15.8 0.50 | 4.88 84 2.7
6 AOK139 24 1. 36 16. 1 0.65 | 4.69 92 2.6
7 AOK210 24 1.42 15. 8 0.51 | 4.84 87 2.6
8 AOK224 26 1. 39 15.8 1.30 | 4.90 116 4.3
9 AOK231 24 1. 37 16. 2 0.64 | 4.66 88 2.5
10 AOK1638 24 1. 37 16.0 0.58 | 4.68 71 3.4
11 AOK1641 22 1.43 15.9 0.59 | 4.67 90 2.9
12 AOK1654 24 1. 37 15.9 0.59 | 4.67 88 3.2
13 SP-01 22 1.40 15.9 0.69 | 4.91 85 2.9
14 SP-05 26 1. 37 15. 7 0.58 | 4.88 72 3.0
15 Bioc 24 1.34 16.0 0.75 | 4.86 79 3.0
16 A)=5" 4% 24 1.33 15.8 0.52 | 4.87 82 2.7
x4 EH EEMDAA) ORHEE ERESHE
No. FéERA E BEFHO) | BT % | 7 va-a(g/L) pH 77 VIV (mmol /L) = ZHGES
>
1 AOK139 + 39 22 1. 36 15.3 0.42 | 4.86 109 2.4
2 AOK139 + 224 24 1. 39 15.3 0.41 | 4.91 91 2.4
3 AOK210 + 39 20 1.42 15.1 0.41 | 5.12 98 3.8
4 AOK210 + 224 24 1.41 15.5 0.41 | 5.13 96 3.6
5 AOK231 + 39 22 1. 38 15.3 0.40 | 4.92 89 2.4
6 AOK231 + 224 24 1. 36 15.3 0.39 | 4.95 97 2.2
kX EMGEEAIL L ~5 A TERAL, TR NIV ERNFERICEN TSR TH D,
x5 Bl EEMLAA) DT/ H=E
o A, SV HOET 2 & ERT X R (B%R+HR)
’ (mmol/L) (mmol/L) (mmol/L) Wk
1 AOK139 + 39 153 113 193 1.38
2 AOK139 + 224 130 94 171 1.31
3 AOK210 + 39 145 111 214 1.19
4 AOK210 + 224 142 109 213 1.17
5 AOK231 + 39 129 98 182 1.24
6| AOK231 + 224 142 105 200 L o4

* BERY X VBRI NVE IV, TANTXUBOT, HET I BRIV T I=0 el 'Y oR,
HTRT I BRI T 2o VT T2y, Fuvy, TAX=Y A Vaf vy, afvy, RNy AFF=r VY

L DOFITH D,

2-8 o
DKy LT aT T —BOSINLL X 5 wpakayE
\ZEnTz, FELIIE o 7 2 7 —BRIEIZET v a—
DOEEEOHTY v MW=, 72 I F—BiEHL. ¥
<Y L-I7NH I UEERAES v ML ERWTHE LT,
o223, Tecator #H5U KJELTEC AUTO SAMPLER
SYSTEM 1035 Analyzer Z VT L7z, 7 2 /BRI,
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2-9 EHEEHE

9D/ SFT—IZ 8D 5 AT & S WAAT T,
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3-1 HE{LAH

BADWER M ZFR 212,
RE2FRIITRLT,

27 1T 7 —PiEMILAK39, AOK210 & A0K224 TrEi< .
TNE I F—PIEMIL, AOK139 & AOK224 TEiH o7,
AOK39 & AOK224 Ta 7 X 7—ENE LTz,

AR S TlE, AOK39 & AOK224 DV L a— R & J LA
UEENED ST, VLT — ARG EDNE DI O E
WDIpNE END A sojae DI EEZ HiLb, AOK139
TIFED 7N X F—BIEEDR BT S 3o 5§
DI NH I REITR -T2, T T RRIRERT
TR VMREETHDH I NH I T—RBIIZVR, 27 a7
T—EMENZ END X LR EERIHNERT A= R
BFREROTEHEMEN -T2 B2 BIvD, DO enb T
WA I UREINSWENEE D IR, &7 e T T —BiE
P& 7N I F—BIEEOWE TR NT A R L ETH
DI ENTNRE N,

O ERESMOE Y AOK139, AOK210, AOK231 134T
A oryzae Toh-oT-, &7 0T 7 —RIEMNEL ., ZJH
IUMEEELE A sojae (A0K39, AOK224) 3:iiEs
T LHaHlinE < Zenote,

FERL LT, HETE T 7 —BIEME, @2 2
F—BIEE, BAFRERERHEO 3T Ao 3R 3 e
ol
3-2 ERLAH

OB R BIf T o 7= A oryzae 3Kk (A0K139,
AOK210, AOK231) &4 mT 7 —PRiEMANE < Biltho
TINE S RIS A sojae2 ¥k (AOK39, AOK224) %
BB CRIMAESSE L=, TORIMOSHTEL BHE
FHMMAEFE 41T~ LT,

FOFER, AOKI39 & AOK231 ZAfi -~ 7-3E M 4 I3
TS 7Tl & 0 FHlA RAF Cdh o7z, AOK210 A ffio72
o 2 RUFFHIENS o 72, FHED R -T2 48 TI BT
BRERREI To72 8 2 A, 9L4D/RFT—DH B 5408
AOK139 & AOK39 DAt % —3 B A R AT,

AOK139 & AOK39 Titi» 7= 8T /L& 2 Ui —5&
20, AT RV BEE TR IIEE Ch L RERES
HR S TH D 7L a— 2 BN DT TiEARVy, 7

SO & EHERPAOR
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AOK231 OFHITXERERENI0DZ, % AOK210 DL v 71
B UBREIID TR, ZHBDZ LD S B REHM SR
THERIIMIZH D HD B BT,

BRT X BB, HURT X R, FERT R RO R
EHET X BREICKIT D B E HHT X RO
a5 IR LT, BREFHIDS 5 AOK210 OFEL, &
WO HBET 2 VBRIV D IR ND TR . FRBITH L
FERTENZ T X BRED L, T AOK139 & AOK39
AT EMITEIR T 2 BRE 6 LRI
SUEL HRDOT I BEENS, 23 AOK139 & AOK39
EAEAG ORI EN O BRI RAT 7B L HEfl S 4
7

-
—

4 %%
() FK A BF PN & 0 B S 7t & A T
Haikbh & SR ERR A1 T o ., B OfRE S 7 1
FTT7—BiE L I E 2 F—RiEENE L . REERo
BRERHmA RAf7e 2 & & Lz,

a7 7 —PEIT AOK39, AOK210, AOK224, /&7 /L
Z 2 F—PHIL AOKI39 & AOK224, ‘BREFHEODEV EEIL
AOK139, AOK210, AOK231 THh -7z, LirL., TR
FEMEA 7RI IAE Le o T,

2 CERETHL O BAF72 A oryzae 3KE (AOK139,
AOK210, AOK231) & Z' L% X UBERDE\N A sojae 2 £k
(AOK39, AOK224) ZAHAG R CRIMBEE 21T 72, £
DGR, A0K139 (A oryzae) & AOK39 (4 sojae) DFHA
Ao RS T 8 & L GBI, oM
HE IR T T FIIETER T X BRIk L TR
ICERE HBROT X VBEENZNZ Lo T,

Z O LN A FAZ L X 9 PFOORC
v Lol b Sz,

Bt
ARz JEfti S d 7 R AR < fR kLT
TZT2 T (BR) K FEA B RS EARL R T o LE TS

x ®|
DL x o el : MEREN AASRWATIERT (1986)
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Rha IR LBARICIUD MATZ, 5T 2 T HROTIELEERIT, T& X 50 W17 75 B
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Development of Iwate original sake yeast

Shigeki Nakayama, Yuichi Yonekura and Naruhide Sato

We are developing an Iwate original sake yeast and emphasizing a novel sake taste and
excellent fermentation. Using the non-foaming yeast from |wate-2gou, we select yeast with
early fermentation, low acid product, and the desired characteristic odor. This yeast received
higher evaluationsin brewing tests and is expected to be put into practical use.
key words: sake yeast, yeast strains, low acidity

1 #% &

W 2 —TIIRA Y D LEEREE LT, [ T5HE 2
Tl [Panr=ofi~y, Tpd Zofv) 2% L.,
BUEZ < OB CHER SN TS, ZIVHERHT, #E
NSRS B AT AR Ch D, — 7, B TFR TR
ST B S 402 LIRTORERI40 475 50 A2 T
UET2 5, 17 3 5| & FHE DEEREZEAT L CU 2,
UL, BB CII B B T VR R O E S
A NRMEEN HAREE D WA D Ve IR C
BATL Qo T,

EH O IIORRIERE & B DT IR WA D) VR
ORfFEZ BIEL, SPICRFL Tz BEF2 %) TR3
5 BRI L, REERER, IMEARER A T o 7o
K. 2 SRR AELEHRETGT 52 LN TE T, 2D
RIS COEMEEE TH BRIF CTH-T-DT, 2D
ZLZOWTHET S,

2 SEEGE
-1 FEEAER

AT 2 SO 5 £k (2-3, 2-8, 2-9, 2-10,
2-12) EIEEBIG CIAHDOITNATE L 900 T 5
BROME 701 5 ZH, 5% ORERHEIZHK 300g
DFRPFERFR AT T2 (1), HEIAIEFREGAIAC L D
RIAKEES L, 881 L b= —b—%2HVvE
IRFSNITKR Z IR 0 IR B A T o 7o, BRI, A TR
IR CREK LTz 25 455E W5 A3 | REKHR G 55%
R, SEICIEFIRAY VR [BER ) (W
KA EFREIERY) 20 Lz,

R1 XK 300g HEGEROIDARS (g)

KE | MR | R | RIS ki
ek 18 36 93 153 300
K 0 36 75 129 240
K 18 0 18 24 60
ok 75 0 117 228 420
< KEB : TRoKIZ 2X107 cells /ml 12725 X 9 \THERERE
M7=,

2-2  IMBAER

AR 2-1 FEREAERC RAT & HIE LTZEERHZ DUV T,
SlEfrE ik 30kg /IMEIARERZ T o7 (3% 2), HREE
B LTT T AR L L, BRERIT 100 L AT LA
20 VSRS XORE~ » Mo X 0 iREEH %
1ToTe, JREEKIT, AFRBFERSKETCHRK LTz 25 47
PENS & W DSRERAE 55% %, FliI T TREBESR) (BREKH
LRppEIERY) A U, obmid, ERUTRTEHHE Y
WZHEC T T o7, BB MM Ioa IR TR o & — Tk
BE 54T 175,

K2 KK kg /IMDAHERDALIARL S (ke)

7K IS s ST 7
FaoKk 1.7 3.7 8.6 16 30
7K 0 3.7 6.7 13.6 24
K 1.7 0 1.9 2.4 6
Bk 5 3 12 19 39

« 7K : TBIKIZ 500ml DFFREEEEIRATRINL 72,

sk SERK 25 AREE BRI - SRR BANOTTEBE S B E, Rk 26 FRFE

ok ERIGHAN

Bt — XA E R (BEAT—)
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=3 AEEBBOREHR
BERE | Tva— [BAREE | BRE |V va— BRTT | BHRS YT | BT u i (T Aa—r | RS
V55 (%) (ml) Z (%) | /v (ppm) <L (ppm) F v (ppm) | ULAFER (%) (%)
2-3 19.0 +11 2.5 0.7 58 3.6 0.9 29.4 52.0
-8 19. 2 +9 2.5 0.9 71 4.3 1.1 29.6 54.0
-9 19. 1 +8 2.4 1.0 65 3.8 1.1 29.3 53.1
-10 19.5 +9 2.5 0.9 75 4.3 1.0 30.6 52.3
-12 19. 4 +9 2.6 1.0 76 4.3 1.0 30.3 53.9
K701*! 18.9 +6 2.4 1.1 71 3.5 1.0 29.1 51.9
K7*2 18.2 +7 2.5 1.0 51 2.2 1.6 27.3 59.1
*1:TZ X IDNT0L B, *2: TE L5075
=4 ERBRO/NMGAAFER
BERE | TV A |BRE |73/ o | Filg Felie( v | A7 B | BRE | 7Ta— [HBE
a— L | JEEE g | — % | =F 7V T F ) IV 3R
(%) (m1) (m1) (%) (ppm) (ppm) (ppm) (H) %) %)
2-8 17.2 -1 1.9 1.2 0.03 66 4.8 1.1 22 328 38.0
2-9 17.1 -1 1.9 1.2 0.04 51 3.5 0.8 21 313 41.5
K7* 16. 8 +0 2.3 1.2 0.04 47 2.5 2.6 24 324 41.7

* (XX 90N T 5

3 EBRHERBLUER
31 AEEROFKEEAR

HERFRR & RIRD (& 1 90701 &) T& X 90T
5] BEREZ PV TRCK 300g DFEERBR 21T - 7=, TRk
DRGy & ARG E R 3R SR T v a—u gy,
HAEERS LT L 2 — /USRS R L 0 &<, &
FERED Feor 7238l 12 LU,

BURIE OB RESHI I, 2-8, 2-9 KOV N
BV IREREE CTHoT=D T, 2D 2 REAERE LT,
32 AEEEROK 30kg HASHER

AR CRHI N BV > 2-8, 2-9 BRE RO [& 1 H )
VT B BEREA IV CROK 30kg DOFEEERBR AT o 72, B
FBABEDR Y & 5 % 2 4 R T, R 2 BRI IR e
FRH BV L T BRGHED 7L 20— VR DN S\ VST
DR BBEME -T2, F7-. BHigs V7 INh T
2 AR T NVEOFLZR D IREL, FNENR e 53T
YAThoT,

RGEO B RERHIORE R A2 5 1R T, FHl R D B
DoTeDIL 29K ThH o7, WOMENH D HED R X3
P S, 2-8 BRI OSSN IHEA, MRV 23 <
BERDSANTIE X D20 T 55 ) BERE L 0 3l > 72,
FDIImEE S (X X900\ T 5 BEREE B/ DAY
REFY Tholze HVICOWTIIS BT A D 5 TE
THD,

#&5 30kg HHAHER TORAIET

BERE | AH I AL b

2-8 3.3 | ERIReBR, MO, BEE FD ORHY
2-9 2.3 | BROERHDH, BHR, OV EFD
K7 3.0 | MR, R EUE. =ATVE

FEA TRV 2% 3 UNAY RHIE 3 40T
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33 EF 2 Sa LESORERS

ST 72 2-9 BRICHOUWTIE, RN 2 11l
NEEFA L, EHE O COMBAR S E CRBRESE 21T -
7o BEEHMSFORTRORIN AR 6 IZFE LT, Fan
1T T/ IMEARRER & I ERRE I NER CHRUSIE Ol
EWLIR BB LTV DRH D E VI EEENRH Y BT

o1,

®6 FEHERETORR

B R)

IAE

2-9

AFLERRE, 77X BREEDMERU Y,
BV ITEHED © RIEE AR L Y B

BALIECHRED | ZORERFE R T T,

4 %5

il

ABFFETIE, /e THE AR R 2 B3 D720, Ja ik

U LTZE T 2 SR O DI A 7RI 2, DR

AT 2 S HAIERE D B 103 < | IRk D70 <
P HE B AERT HIERE ST 5 Z N TET,
BETORMEEETH ALY RVBE) TZ0Of
R T 720 SO EEZE RS,

A%, EATFOFBEREE L TERSELTFETH D,

X m

1) EEREZRESH 55 4 MISCERERBUTETE T

(1993)
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T, KOREZ L VS EH LEEEOFMREE > Ty, [Fo&E] o.LAR
INS KRB NIRRT DR/ EEAED LS ABE L ELFE N ER > TE TV 5,
T 2 THERABA 30%E TORKRBRZAT o 7o f B, KkBA 40%0 TImEE)] kv b
NGRS E DR, RFRAKESRL ZENTET,

F—IJ—F  BEFER, BOEF. BREER

Polishing Test of Sake Rice Yuinoka

Naruhide Sato, Shigeki Nakayama and Yuichi Yonekura

Several features are desired in sake rice. In particular, the strength of the rice grain is
important for brewing high-quality sake. In this study, to clarify the suitability of Yuinoka for
brewing high-quality sake, we submit Yuinoka to polishing tests. The results reveal that the
unavailable ratio of Yuinoka is less than that of Yamadanishiki. This advantage of Yuinoka is

because of its small white-core region.

key words: sakerice, Yuinoka, polishing test

1 # E

THEOT L2 —/L R0k, HIRR BRI, Kbk
FUT B EOF LRGN DK ORER L AR
BRI ORFEC L D b7 3vd, BRI IHEGE Y OEE
TRIFEFCH Y | KO AR & U CREED R
HIZ e mlEHD e KENEBEOWEIZS 2 H52IIE
WICKEW, LovL, KIS ~NESEBI T D L ) 7
FHERZR BRI | 7o, THEORGE TR Tl
MET, TREEENEEO RTICEERET 5720, 1HiE
M e L ToOXROREHES TARAEFHOHS I ERT 5 &
TANKE, IS KOS OHERYE L L
T

O ALNEHTRUVEANTESHZ L

@ BHEOMIEALN RN &

© Wb LD X2 &

@ RRITLHEDS HIE K

® MWE T BLONEMD DN &
NETF O, DEOEBZZ V7T U KRR E &
MEEN D, F7o. FROSEEEICE SN D RFEAFREIC
AW ONDIEEFEKT, KEOHIL DTS EDT,
HIC L2 R EDONRT Y XTNRELL RO NET, K
REME S IEELFE K OB E/2MHE & B 2 BTV 5,

MEOFE] 1 TE TR TR 24 AR SFREER S 7=l
TERFHCK T, FRARS 40%DfK RIS s ST
W5, BHGRERZB W CEERHES B — IR L &
DTHRFT S, fBFEREOVK, BaE TR CORIERED

FAMELINZ D MRS O ORIESM 2 R L
Too TORER, BT TIIMELL RISy, Mk
DR REETCA Y XU EE LI 0 o9
IR & L CRVAHBAZ S TS, I, KORHRE &
0 51& H LIiHEORHEA S £ > TR | [FE0E] Ol
EAVINE RRIH NI RELT DR R A0 LT ks i
YEER L EN RS TE TS, # 2 CABIE Gl K
Hh 30 E CORKHBRAITV Y, RO TRIER IO
BN DT HA TS T2 D THIET S,

2 EEAE
2-1 EMENEAE

B KITOTAR 26 FEEEBYNTEED [FEDF] & v -,
7o, RHRE UCFRR 26 (FEZREIRPE [1LHSR] 2 Hv
Too HRREIE (BR) H & 7w VRIS KK NDB-15A 2 H o
—/VHT0 TREF L, 3RV IAZR LK 600kg % R FEAHR
£ 30%E THIA L7c, #kaHIR 1I1TRT 280 TH
Do
2-2 FHMiAE

ZKD SIS R R — a1 HE L C
T LT, E7o, ZKOMFEIRL - RERIOHEIT K 3
2 B EERGQT-10A 2 L. KDL ARIE
342 —Th3g /- RiceCheckl] 7v /"o A%k
RV, KK ORMI I TRIEZHIE L, Bk
HBEHEHL,

% PR 26 I JRFIAFZE
s BRIGHIRED
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B FR TR & — S

&1 BN
RETE
B |RKSE |@EY | BERE | REF | HE
ATV | (%) (rpm) | (A) BAEE | BARE
1 920 1 5
2 95 970| 185 2| 5
3 90|  920| 195 3 5
4 85| 860| 175 3| 4
5 80| 810| 16.0 3 3
6 75| 750 145 2| 3
7 70| 740 140 2| 3
8 62| 720| 135 2| 3
9 54/ 700 13.0 2| 2
10 46| 680 125 2| 2
11 38| 660 12.0 2| 1
12 30 650 120 2| 1
3 SRR
31 RHRSHIRR

A [alERER U7 R O TiE R 235 2 12, kB <
DIWTHRER A 31T, K 26 FEEDEFRNOKS
TEIILIRE D H BRIREE 23 4% Tal> CTRaE L, B4
ITRRRR L o2 2 2D [THEOFE] OTRIEIT AL
25 FEEI TR TR T Lz, F70. BEWILIBOKIR
T EERNRDICHERE L= 2 &b, [FEOF ] T1LmE]
EHITHE LWL > YO | Brix EAEMLE, S
BIZ [FEDOFED 13FRK 25 FREIZ LT T0%EIEIRF DML &
VRTEIHET L2 b OORKRITR00BE N Uiz, Rk
25 AEPE | Z AR THRERIOFIE 23 Lz b DD, AL
DOEEPEIMLUT-T- B2 b,

32 FEEDBEBIERER
MFEo#] & TILmER] OTFRONF PG 2 1 12,
NS O - AL E OO A R BLEMTRE ST

% 18 5 (2016)

X1

IDEBIERER
A $0DF B : LM

180
160
140
120
100
80
60
40
20 ZNOL o 0
b |
30 50 70

il €<—
2

BOE

—IEB

i AR BREE

pixels)

90

110
KomwhbE —> w1l

DERIREFTER

WCK 2177, TREOFE] 13 TIHHSR] (2T
NZHELT 2 DASBTRE DMK | RRHL oL EFEE
SREEDS Do T, UTFEOBEEHITOMER: 8D | 1k
FELARBARER LRMARNH D OO, EmREA
2R D B2 ADOIEBIEIR O 23072 < | K
KIDOHINIHBLT 5 Z LN E L, [FEOE] i3shek
BRIEFED DR EE B8 L CRRI O D A 2B
DA FEEN R S CE 72 ¥, AERIT MFEoFE]
DEFENPE LB BHEFF SN TWVD Z 2R L TN D,

&2 FRHROTHRER

XK | EY g 205> | 1209 | Z‘EH Brix S/BE | MA Y
RIE4 | | B4R | FHIE (kx| BIKE | IRk E | RkE B g
(g) (%) (%) (%) (%) (%) | (%) [ (ml) (%)
Ho6 4 HDE| BR[| 3% | 242 2.6 6.2 26.5 27.7 344 |11 0.7 40
“lILmes | ERE | 5% 2715 -0.5 43 27.6 28.6 353 |11.2] 06 3.8
Ho5 4 HE | BR[| 3% | 247 0.7 2.8 255 27.0 343 |[10.1 0.9 45
“lums | EE [ BE [ 271 1.4 7.4 28.4 29.0 376 [106] 0.7 43
=3 FBHRHIFHEO TR
¥ m\ = AN (A === RN -
si% | b | b | wmm | ome | mew | SO0 e
K& 282 394 293 9 6 16 1000
H26 £
FE L8 179 430 280 12 99 0 1000
K& 109 652 161 1 72 5 1000
H25 4
FE LI FE$E 410 340 245 0 1 4 1000
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&K RO OREARR

3-3 FERHERER

F A [HEOFE] OIERSE, 5 ISR AR~ T,
BECHRR L 725 TILHHER] .0 FSEBIRE AEMI 5RO
ZEPHLINTH T2, BRI KARE DI A2
B 1= OB RS O i 30°C & FIR & U CHaks 24T
SHT, ZORER. TREOFE] OfFEREFE ML) &
Lg% LIEFIZBAFT, ARG 40%0 TLE#] X
0 HIEKAE 30%D [HEDFE] OEEHEKAGIIRL 72
STz, BEERAAEIMEL Zeo 2 H i & L OIS0 E]
OLEFBNLED [IHHES] &g LTl hs <
FELT D T2 DITHERF ORI LIZ K W2 & HEER
SNz,

—J5 . REKEFRI RS 40%LARE DHSRE I C RREH &
BT HRERE Mol WE OIS TIXe —/14#60 THK
A 40% F Theminii 35°C & _EFR & LT 50~65 FRFHEIFEE
TRTT5, SEIOMEBRTIE, BREECNICIERET S
HETr—/WH70 ZfEH L, R0 mekinagimz %
72 DI BTG 2 AR DITRRE U Clemndtdin 2 N &7
ST T 2720, KW EIZRIF Cho7ob D
OIFERFRNERIL L2 b0 L E 2 b,

BEOIRIT2EMC A CHIER AN Z < BB
KT A FOmNHLERREHEA RO HILDH 720, BAXbh
Bkl SPITHEER 28 < T 2185 ORER S
BOMBELE LT N,

=4 [ME0OE] DiEEEe
HBIE &

B = | AR | SHRE BERATYT

ATv7 | kke) | (CC) | (°C) Pl E B i
1| 600] 13 14, OH 14 M
2| 570 22 15/ 1H 48 M
3] 541 25 15/ 1H 15M
4| 513 27 14 3H 26M
5| 482| 26 14 5H 29M
6] 459 26 15 11 H 41 M
7] 421 27 14 11H 51 M
8] 375 24 12| 10H 55M
9] 325 24 13 11H 18 M
10| 280| 22 13 13H 15 M
11] 229] 25 14| 13H 32 M
12| 180] 23 14| 21H 29 M
&it 106 H 13 M
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x5 AEAFHBROMER

BRSE | THE | EDHERSE
(%) (g) (%)
30 8.53 5.20
1\0)
"OE 40 10.85 4.80
AR 40 12.61 5.84
4 # B

AHFFETIE, [FEDE] OFERA L0 51 & H L72iE
fE % HEE I 72 ORRARE 300 E TORKRBR 2T,
T ORER, KRS 40%0 TILES] L0 b KR
AMELS, B2 ARESGD Z LN TE L, ZHUT [
DOF] B DRRFT ST E 72 DRI/ & <
FHET 208 &V mUORKRERRMEZ 5 L% BHERF L
TWBdEEZLND,

ST BB Z I & ST 2 < 354
S ORI TV, ZE L CRIEL D Kt S 5
Z LT ROFE] OFEE X0 51 & L RRB%RICS
RFTDNE LY,

x #
1) JEKATIES « EE R R —oAris  (1996)
2) ViR Kat—, IS TSRS D E ]
DILNAFEEL & BEEREE, HUOTMNATBOE NS FIR T
Kl o 2 — RS p25 (2014)

M. Okuda, K. Hashizume, I. Aramaki. M. Numata. M. Joyo,
N. Goto—Yamamoto, S.Mikami :

Characteristics on Digestibility of Steamed Rice

3)
Influence of Starch

Grains under Sake—making Conditions, and Rapid
Estimation Methods of Digestibility by Physical
Analysis. J. Appl. Glycosci. . 56, p185-192 (2009)
BERHE, flwc, WEEFR, EHAED, #
ERE, = REI KT —# L RBREK O IE
& DR, BEW 104, p699-711 (2009)

RIS, B, )RS - RISEE R
AKFEEFE DETHE 98 5 OB/, FAk 23 R A
TFIREEMIEE v ¥ — R JE AR E, E-03-1

(2011)
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