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Research on Application of Optical Coherence Tomography for
Food and Industrial Product Inspection

MEVTTTRNE LSRR No318

15)|

Shin'ya OKAZAKI, Toshimasa IIJIMA, Toshinori HONMA, Isao OHMURA
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FEWREE « FEEEM RGO Fln - WS 25 RIRJgER B E LT, Ktae—Lv vy R b EST T T 4
(Optical Coherence Tomography, VI FOCT) »d 5, FICEEZWHE L TCERbanTE D, JEHEM -
R, Hum~Etum &2 wEE, SHUMERESEE S mm & VWS FEEG LTV 5,

AWFE T, OCT OREZEDE ~DILT 2 HIN St 5 1 B 1 2 FHAEPIE R O 7o O R SD-OCT & &
TLEMEL, BMTREEZECHOTID G, THEMNTREND L 2= "= VEREFTERS T Y v
DHMAET 5 1o F DR, EBMIOBR~A 7 02— A — 45— « FTEOHMMNTEETH D, BN
P TEMGORMMICB T 2ERE~NOBEHMSAFETH 5 & 2R L1,

F—U—F e —-VLyRbEST T 0, B, LHEEE, NERE SOHRE

Abstract

Optical Coherence Tomography (OCT) can be used to measure the surface and internal structure of
an object non-invasive. OCT has been mainly put to practical use as a medical diagnostic technology.
OCT features are non-invasive, high spatial resolution of several gum to several tens um and
measurable depth of several mm.

In this research, an improved SD-OCT system for the purpose of applying to the industrial field has
been developed by expanding the measurement range in the direction of the optical axis. The fillet of
salmon with bone, the electric circuit board and the bearing with scratches and dents were evaluated
by the OCT system. As a result, the system has shown good performance, and we confirmed that the

system can be applicable to the internal inspection of food and industrial products.
KEY-WORDS : Optical Coherence Tomography, Food, Industrial Products, Internal Inspection, Product

Inspection
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Study on Object Detection Method by Machine Learning

Shouichi KONDOU, Keiki ZEN, Reo FUJISAWA, Takeshi HORI
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Abstract

Recently, the performance of object recognition has been improved remarkably by machine learning.
In this research, we tried application of convolutional neural networks (CNN) which is object
recognition method by machine learning to various fields focus on primary industry. We build machine
learning datasets for diagnosing of Fusarium blight of wheat grain, detection of wood cross section,
detection of potato-eyes and pose estimation of animals. We trained and tested by CNN, it was found
that good results are obtained by preparing appropriate datasets.

KEY-WORDS : Machine Learning, Deep Learning, Image Analysis, Object Recognition, Convolutional

Neural Network
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Development of Deterioration Evaluation Method
for Damaged Concrete in Cold Region

Koji ITABASHI, Hiroyuki TANAKA, Hidenori TAKAHASHI, Madoka TANIGUCHI*
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Abstract

The two methods were developed that a quantitative and three-dimensional crack evaluation method
using X-ray CT system and a quantitative analysis method of trace Chlorine infiltrated into concrete
using EPMA. There is an increasing demand for evaluation method of deterioration due to frost
damage and salt damage of concrete structures in cold region. We established the method to evaluate
crack of concrete structures nondestructively and three-dimensionally.This method is able to evaluate
the cracks of 0.200mm or more in concrete structures for a cylindrical specimen of 100mm in
diameter,with appropriative conditions such as taking the photographing conditions, crack extraction
method from the X-ray CT image and examining the quantitativeness of the extracted cracks. Using
this method, 1t was possible to grasp how the crack penetrated into the concrete specimen in the depth
direction by repeated freeze-thaw from one side. With regards to the Chlorine analysis method, we
established a quantitative analysis mapping method for chlorine in concrete using EPMA by making
calibration curve Corresponding to the low concentration range.

KEY-WORDS : Damaged-concrete, Cold-region, X-ray CT system
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Development of Paddy Rice Yield Prediction Tool
that can Deal with Missing Data
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Abstract

In rice farming in Hokkaido, in order to secure the stable production, it is necessary to carry out
surveys and growth tests of varieties that are not easily affected by climate change, and to grasp the
amount of harvest(yield). However, there are a lot of restrictions in the implementation of growth
tests, so it's required to predict the yield, using some forecasting methods. Growth data in the past of
the soil and weather is necessary to predict the yield, but there are any missing data, there are a lot
of cases from which a result satisfied with the usual predictive tool by which it's not obtained for
statistical analysis and mechanical learning. Therefore, in this study, we applied the T method of
Quality Engineering to create a yield forecasting tool that can be analyzed even if there are missing
data, and conducted prediction model creation and yield estimation by region and weather (high
temperature year, normal year, low temperature year.).

KEY-WORDS : paddy rice, yield prediction, Quality Engineering, T-method, missing
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Smoothing Process for Resin Type 3D Printer Models
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Abstract

Resin type 3D printers are becoming more diverse and less expensive, and many companies 1in
Hokkaido are introducing various models and are widely using. In general, 3D printer shaped articles
have roughened surfaces due to stacking steps, so to produce higher quality models it 1s necessary to
smooth the surface in a way that matches the characteristics of each shaped article surface. Therefore,
in this research, surface roughness, adhesion of paint, etc. were examined for representative 3D printer
shaped articles of five types of materials, and methods for smoothing the surface appropriately and

efficiently were examined.

KEY-WORDS : 3D printer, Surface roughness, Adhesive of paint
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Accuracy Improvement of Maraging Steel Parts in Powder Bed
Fusion Additive Manufacturing

Hayato SUZUKI, Atsuya TOBA
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Abstract

Additive manufacturing (AM) is a process of joining materials to make objects from 3D model data,
usually layer upon layer, as opposed to subtractive manufacturing methodologies. In recent years, AM
market expand rapidly with the development of equipment and materials. One of the methods for
producing a high-precision object is closed loop engineering that improves the accuracy of the object
by repeatedly feeding back the error to CAD data. However, there have been few reports of studies
that applied the method to accuracy improvement of metal AM products. The purpose of this study
was to examine how the precision of the product with maraging steel in powder bed fusion AM device
with a cutting machine was improved by using the closed loop engineering. As a result of this study,
it was found that the main error factor generated in the AM device was thermal expansion and
contraction of the product. In addition, it was demonstrated that the error of about 0.2 mm reduced
within 0.05 mm by modifying the CAD data based on the measured error.

KEY-WORDS : Additive manufacturing, Powder bed fusion, Maraging steel, Closed loop engineering,
Accuracy improvement
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Production of 3D-Printing Metallic Mold that has Inner
Water-Cooling Channels by Maraging Steel.

Atsuya TOBA, Hayato SUZUKI, Shigeki HIRANO, Yasuhiro OSAFUNE*,
Katsuaki KASAI**, Takeo KASATI**
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Abstract

In order to get knowledge about the production of practically useable Metallic-Mold by metal 3D-
Printing method, we manufactured a Metallic-Mold for the plastic injection molding that located inner
three-dimensional water-cooling channel by using maraging steel powder. About the aging heat-
treatment after molding, we found the prior solution treatment is not needed, and surface hardness of
HRC50 degree was provided in 500 degree Celsius or less and 3 hours or more time. And, it was found
that there was little deformation caused by heat influence at the heat-treatment. We performed an
examination of resin molding using the metallic-mold by changing retention time after molding and
coolant temperature. And we measured a size of shrink deformation after demolding. As a result, we
found that there is the most suitable cooling condition to lower quantity of shrinkage for a material,
and deformation after demolding it became smallest when we set up coolant temperature with 30
degrees Celsius for PA and PBT. In addition, we checked it was able to get short retention time after
molding by forcibly cooling with the inner-cooling Metallic-Mold.

KEY-WORDS : Metal 3D-Printing, Maraging Steel. Inner Cooling Metallic-Mold, Regin Molding
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* Muroran Institute of Technology, ** Sakai-Giken Co., LTD.
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/10a (S fE) & L CRIARIZRE O FHIEIHE 21T - &
SWVTh, 60m A v ¥ aFHMLART — 5 OFN LD FEiE
ISV ESE SN,

T&FE H 235275 2 15 2 1B L T & [EkkIC makiDAS 12 & %
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551 LEBRIC60m 2 v ¥ 2 FEAIMLAR 7 — 7 1c kS CEHR
DI MFFEEIC K DTV ESF SN (R3),
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LEZ D,
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BEERE LAGEE N TV 2R8I & v FEEs 3 e 4
HEMBHCERE L, KRBT — s WEETT-> 7, 2 A
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OIEAENSVIHH IR L TERE 7 — 7 EEATEETH 5
CEDHERR T E I,

S 50T, KHEREIS B OO KRB € v 5 5
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R/NRD & vy FREARRIC L 2B SR T — 4 IS 0 R



I AR AU TR No318

ZHE9,

5| FASCRR

1) fRbIEE « IP1ES - SARE R EM | @EEM 27E/H L
oAk 3 = b sRdlEEE NIAES-090 8UEHk, A& i
%, 11%, pp.10-16, (201D

2) fEREE - ZPEY « HEAREHZE KT 2 P TEBED
Sl E & FIREIC 9 5 sl )E i, P RCR R, R
FRESE T2 2, 26, pp.6-7, (2010)

3) W B TASRTFT—s DAy vaflitownT, B2
SR, 48% 475, pp.379-383, (1993)

4) REPLZ « 122 RIER o RIRIR A L8 & FE T4,
SR AR A G DRI A v v 2 KR BKET — 7 OFE
B, AEPIE KR, 16%, pp.71-79, (2016)

5) ERRNF RIETEATS D A v v 2 BEKR T — ¥ 2R

L7ctiB & 5 & A C LI T~ 2 7 4, https:

//www.hro.or.jp/list/agricultural /research/konsen

/labo/sakumotsu/corntekikiyosoku.html, (2019)

BRI - Bk F S/ NEEFER Y —V~ND

AS, makiDAS, T-NDAS~, https://www.hro.or.jp/

list/agricultural/center/ndas/index.html

T) ERRNE REVEALS  kF &ML &3 nasl £F
Ely - VvRHoF5E,  (2018)

6

~—



AL AR ST A TSRS No318

PRI 2 B 5 2 VBB T N A ZIZBT 15
TE R, FH EE, BA

Research on Thermoacoustic Device with Advanced Structure

BA, BREE FHR

Shigeki HIRANO, Atsuya TOBA, Hayato SUZUKI, Hideo HOSHINA

w5

BBOHIEEFI L fe = 5 V¥ — S E DT 5 V¥ —ZHAEF 5 MEBHGC B 3 BB A1 - 72,
B E50mm O F RIBIHGED 2 7+ L 2 EE I HRECHE AT 5 & PITREE ERAE R & IR R O R B — %
SHE LT0ABREE O ER AT S &, HBEON 1/ AOMEBICR Y v 7 BB L, 25 v 7 BEFKBEEE L
BEO T 3V F — BRI ERT 3BT R ThH B, RMEEERASE SRS » 7 123D-CADIC & 0 3
U, L—#0E MV 2B RRIEERSD 7 ) » & 20T, SFEHESEKERIERTR Ui, Sl 0L
IS L DB S N3 BTGB S 4 210 K D IREEORA S L, IR IR R O i Rk i 1c & 5 SRR

FEAE DB S W TERINTRET 21TV, BGEEE TN A 2 ORBER S Bt 2] S h iz Lt

F—O—F I BEE zx¥F-—L 247, 3D-CAD, 3DF v ¥

1. RLOHIC

FEOILIEAF ALz 2 VF— LB ED T 3 ILF L
AT VR T H 5 AHEHRSL (Thermoacoustics) % Fll
L 72 BGEFEE TN 22> W T T 2, AFEIRR IR, X
gy 7 ENEEN S ZFUEBEAE T S EMICIREZESE L 2
LAEBI K HEA AT B Y v Koy 2 (Sondhauss) &
LA (Rijke) EELTHHONTBY, HATEREK
DARZER EDIIGETIT X D EFEXE LS IBEMFE LT, I
R OEFHEDEL EBHIO N TV S,

C OBIZ ARG IR AR F e S € CE B A AR S
FrRET T, FCBEICEELAE52 5041k, =
Yoy JITIREE AR S B T & b AlEEs, FEEIAD T 2
WE—EHIHRTH 2, ThoOHREHR U CAFEHR &
FEATWS (K1), ZOYHEBIRERNM L BEET x4
A IEEBEME S B CTRERT AL 2 v FF v 2L TV
T EENS, 1950FERD S MK P A2 F Hi BEE s, & L
THIR BB N s TE 213, EERFEERICB L
TOWRPHES, B PPEBERIT L, &80 o2& 1T
BHIRICOVTORENED STV BT, KK T,
BEE % O 7R S AFEBIR A MEET 5 & & b, 3D-
CADIC X DEEHL, L —¥HEREIC X 2 Sk RA ST
B (@E3D7Y vy) ZFHAVWT, IhETIRBOVH LWL

A REUIT
P L AR

=

NA 2T K B T ROV F —[OEAT IR 2 BT

(LA EmEEHnT3
BEEAAYAT L

LA *r%& (Rijke Tube) By
s '
(F} 7l

BRERERZR
Thermo-acoustics
BOFR J
IRILF—ER

I8 g==
REEHN L

Thermo-acoustic Refrigeration

S

1 BREEHRROBAR

WEHTAREEED T 2 VF —LWEITSHN (R v 7)
DIFRLEIT - 720

2. EBAE

2.1 REEFNAZ

AMETIATERR DS S, HICHEREEHSETEL
AHEETH LR v JICREEERE S 2FERET- 12,
ER0mm D 2 7 v LV AEEZILEE LS L, W2 &
L, 9 HICRAE =4 %8s L O S & F Rz Sl L
too HIEERL2EHN14m © b (LI FShort Tube) & &K
#21m @b @ (Ll NLong Tube) @ 2 FEfiAMEL, Th
ZNOLEDON L/ 4 ONEICZAEERTH L RS v 7 &k
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Short Tube (£ &#91.4m)

(16 or 24 or 36)

l

$50 SUS tube

Long Tube (£&#£J2.1m)

(16 or 24 or 36)

543 A

/%\/X

AR

X2 BREEFNARXDOLAT7T b

Bl (XM2)o BEEF NS 2 3HLBS LItk DK
XHAFEGEMSEONE I ENMONTEY, MidEsE
TEIHEMEOEE, WML 1 /4B TREBREN
BONZYENSKRBEDOZONMBEILR Y v 7 Zi&E LT,
T/, ISR EX(Dic X viIES B H, LIBRE K
AR LB KO BEOR S ZERL 1,

V=f- A (1)
T,
Tl m/s, o EWE Hz, 2 D HE m

Tho, FHEBHEPER LT LS, hodiEHBon
DIRITZ S 7 BREESNDILHIZEOES, Z5 97D
(i & 30E L fe.

((

<

2.2 RH Y

ERBEBE 7N 2Tl N TE L EZIUEMETH B X
5w ld, KLIGRTEIICA y Y2 lROLfPE5 2 v
R, AF =Y — R ERQLEE S v S AR b O
NELBoNlc, TOXHBEE, BMHSETEZRS—ETIR
N EP, MEMNIERETHD &, SEOGAETHER
BETERLOVIEBENSR Y v 7 EEOBYLERN/NE <,
BT AR TH - 7o F1o, FE L 2B BEBE S~
WO g 72dic, BHADOBCIIE BN L 1D, HEE M
(ERAULSG 2 b, BHAEGETH 5 2 &ic & 2 HEfilhisic &
D, S oICABEICARISIRN E 78> T,

ZT7T, AWFETII3D-CADICL D &EEL, L — ¥kt
Kk 2B ARESEEEE (BE3D 7)) v¥) VT,
ZAUEMNE & BERE S — IR Lc R & v 7 ZELL 72,

25y 2 EE 1316, 24, 36mm D 3 FEEE Uiz, FEEIL 722
5w 713X 31TR T K 9 ISR REBICIE ££0.92mm O FL i@ ALY
ZHHEIONTED, TOHORIZ0411TH -7, BEBAR
MiEEHdT 228 9 713, BHHFHEETT- 7,

36mm

B3 255 0ME () & CAD I 3EER ()

2.3 BEEEER

M2 CRIRSOERLZEEY A 7 OMEET /N 2 21
EhENEWAEMNG L, 25y 7lIcRET 3RS EL
HIE L 7o MR IE#9100~600Hz O #HIPH THERE L, B L
VRS THC X D BBURIC THNE L, EEPHLIBOE VI
L0 T79.8-103.9dB DHEIPH & 75 - 720 K4 ITR F v 7 HjlFIC
U BIREEAZDRRHER 2 7Rd, COXLD, BFET N/
ADRA Ly 7 W, TS E & ITiR2 ICIREZENTE
AL, WI0MRICIZE—EOREELBOLET 5 LN
bt BTG EHRHORBERICEWT, ZOLELRE
ZZARAEL, 58RO RNEC X 2 REREZAEZE Lo,
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FINEEIC X 2 REEEZDENERX S ITRT, $HEE
DENIT otéiééizamﬁ?% T3 9 E R OB AKX 6

TITRT, K5 &0 RE—ANOHNEBENRE VEER S »
7 W AT AN AN K& {25 2 L bR sh,
BRI K FEREENRE LB LT 2 2 &b -1,

Fio, M6KUTXD, EELRKNREEEZEU 5 BB
HMEE72 D, Short Tube (1.4m) Ti3#J200Hz ThAEZEM 2.9K,
Long Tube (2.1m) T3#J150Hz TR SIKFE L 2
EDMERSI NI, Fh, FEHIcE > TIRR Y v 715
T 5mEENZL, SR & (RSO HR bR ons
&, FBEEIC XD T OIRBEFRAERE P RE S EBIN G C
RS NI, £, R4 v ZIESE36mm D b D THRA
DIREENR Sz,

4. BhHYIC

LML DT XV F - ZHEIT S BT N A R EFRIL
Z QFBERISHFEIC D W TERINTHET 21T - 720 RIS T
FEP DIREEAND T 2V F — A 1T 0 T O IR E A1
Sc Ui, F/3D7 ) vy O THicBEEEHET 5
ZHERTH R 5 » 7 2FR U2 IR L 72,

214.285Hz

A E(Y

250 300 350

1% 20
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Waste Water Treatment Technologies by Electrolysis

Takema SASAKI, Motoomi WAKASUGI, Tatsuyuki KAMADA,

w5

Keiichi TOMITA, Hiroyuki MITSUHASHI

HEKERIZ B W T, TEEETRES & OEYILE O A THOKEEE 73 D 3AS TIE R <, YBE L) io e
HikEDHlAGDLEBKLELINTVWE, £ I T, AT, GHANEHRTa vy s MOKUEREN Th 58
SOMRBICER L, Z OHAN IR AR 3 720, SHEEBELIEICE T BUERRZ1T - 72, DFEE,
PREEMR A W 7o BEERLERIC D W, BB 5 Ok O s HERE, BE L B SE & LEKE OBk, MR O
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DAL & R, BEREROHINERE 7S & OFLMEIRI R IE B A S i L,

F—0U— FEROME, SR, BEE, 7 v E=THER

1. RLBHIC

PRI B W T—REHNT ] O & 1 B UG R, AT
RESEDEYIIETH 2, L L, ToOhER, RIGHE
DRV D K E LGS NEET, S OICEMAE DL
{b75 & OB TUIEDALIEITIE D T 0iE & OREL %1
ATWb, T, SMEEE - AEIKICTSRE O GHYI®
HEOMRVEME 1S E G ENT WSS, HKIEEEIE L B L <
AR S D, YN O THREA T O 3L WIR
HEL->TWE, 2D, JKIEZ o2 i2BWT, ¥
B LA I RS T AR A b B BN E E > TV B,

BRI, GIENESTI v NI b THBEI EDD,
AR A RISES H AR E L TiffshTuwd, Lol
WG, TNETIHREN TV ZKUE T o+ 275 &,
BLLFTETHOONTV S L DEZFIL 72 b DML L,
MK B/ 4 2551 3B oS, BIESRER L
MRS BN B B,

AT, PREEMRZ O 72 BHEAE S X OORNAM A
MAuier ve=T7HERRELENZRIC, JOKLEICSE S 28
SRR D F AN 1S VB AR 5 S LA HIE LT,
Bz 1556 TNy F O BRI AR Z 1T\, EEREM
WU R 4 B LIt > W THRE L7, B, Bl 238
SNREOEFRAZENT I EASIAICE X, PkicEEE

A REUIT
Y XU AR U BRI 1< B 9 5 BFAE

WA iziE L CEROHT 5, SBEEZRNL WS, 3R
B BN Rk EL S X ST L,

2. HEEICK DEENIE

2.1 FRELIEH
B1ok5ic, #hedE
M & U CHER B Z Wi
T5 L, B SHkNE
HL, BEERAIE [ERRICE
M4 5, BRIETHEAEED
E OB ke R ) IR
L7V = &ts & Dk
BHIEL D SLEMENEV

*U)ﬁxbi% E)o if:, ) v ;EE&
DBEITBVT, b
DEER M LT, S Bl SREEEIC LD

E LIB DRE
Yy R L. RELEORE

FEAR— 2N S HEYE SN TN S,

2.2 HEBHE

Pk & LB E (SS) #31,000mg/L &78 5 £ 5 i
TRU 7oA & YFBENLEE TV 2o COHKkD pH (38,5
BRULER I 1.9mS/cm T, ZOMMO/KEHHRIZELIOE S
DTh-to, 158, EAEEEKZE (TOC) BLUasEdk (T-N)
13 TOC-TN & (WEEEYErT TOC-VCPH, TNM-1), 7
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vE=THER (NHN) BLU4LY v (T-POy) BR—%
T IVIRSESEEERT (N 74 DR 2800) THIE L 72,

BRI OB 2K 2 1257, 1 LE—# — otk
K500ml 2 A, 2% —35 —THEL 7, EE L THELD
mm X fE50mm X JE & 1.0mm O#ME 2 AV, £hh
Pk, fefns Lico TS 2ME10mm, Z#&50mm THEK
hiciREL, HRGEEREE WFREZL 27 bo=72
CMB0-13Rb5) o #efkt L7, EEHME — FTHEL, &Hifis
= 2 el iE L 7eo

R I XTI BE TN 5120, &l
F OB AL LS, ThZ oK TNy Fom
PHEABR AT - 7o FEIRI30.25A, 0.50A, 1.00A, EFEEFHE
1543, 3043, 6043, 12043 & Uic, MHEEHE %, WLER/K %500
ml & VIS L, —BeFfE Lok, LEAHmAERIL TK
BANE L, 7z, MIERFRICE T 2 EMmOERE (L1 5,
PROFE M EE KD,

=1 #HE#k0KE

KEIEE TOC T-N NH,-N  T-PO,
BIEE (mg/L) 905 253 171 121

f;- R
2 BELEHROEE

2.3 TEREEBR

2.3.1 #OBEHEM

B O OO EHFHERIAS 2T 2 70w, WEERTHZ O
EE IR Lo, WMEEROEMOIET %X 3 1I0Rd, BEfo
FEITIZ, FLAEAON DA VADHEHICEE SN, &
T OFEE, GO A TERODSED Sh, KBEL
UHTICBI2RVERE2DEBD TH -1, TOTEDPD,
SoEHIIGmRO A THA L, HEHEIEEE L CERRICT
Ble s &b, 1z, 1F (=96,500C) X7z O
BiEtaEssky 5 E£27.8g (=0.498mol) &7 0, 2 ik
MIEH T 2BOMERIEE —BK L, Lichd->T, mEROIRE
BEkoEEEFESICHfcE 3 SRS b,

=tE, SMAl

F5HE, SMAl

HE, Pl
K3 HEETROBBORT

fefE, ARl

X2 BRBBEHICEIZBEORIE

B (A 050 050 050 025 1.00
EERME (52) 15 30 60 120 30
E- - (0)! 450 900 1,800 1,800 1,800

BEEALE (ng) 130 258 519 519 518

2.3.2 BEZXHLLIEBEME

Ei0.50A TMERT 41553, 304), 605 E& LS i
HORRIREEK 4 1087, EENESEWIZE, SR
TS 5 T Ebir -ty BTEBESMITE T 2 0EKD
IKERMEREED S, WEFTOKE IS 3 s KD 1
(K5) o &MMICHEELLBLXENZVIEEBRERNE]
B AEAAR SN, FiTSS, TOC, T-PO: DIHHTEWVER
EEnB o, —HT, T-NORBRELRMIZHLAEL -
too ThE, T-NO S 568%% 59 5 NHi~N OFREZLMNK
Motc T EITENT 5 EHElls N5, 8, Bk UmE
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ZIEDONB D - o BEXEDEUEE, X3DLBVE
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4 MIBKOEEIRE
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9 e %
X = R 3
80 [IXlEs % 28 X X
B 5 x| ® < <
0 (BS°SH X3 8 «5:% <88
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# 50 55888 5
gm ° SExx K
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BERE (5) 60 120 30
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EHEE V) 11.1 5.6 205

fite/h& < LI EEMECMA 6 n, HEEIRI/DE
THEL. —HT, MR EL 53, 2D, WHEd
BHK DR P8 E10h U B B SR 28 E S 5 46
b bHLEEZ LN D,

2.3.3 t@MRERICK D EELFIH
WifiE—E L LClEERT 5 &, RAICHNELED LR

I AEHPDSED S tc, BEK TRICEMEZT S L5 &,

6 DL ICEMUNICEEMDBMNEL Wl s, T
BRIRTLE 12 - o EHE S N B,
zlT, —ERM T &R

S R Y R E i

119 HAail At BETldK

FHAPFET L0, —FEf)

L BRI S 2 2R

PR T 5, Aib DR & [

—DEHTI5 T &Ik s

T 1RER, MToL ik
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3. F"AMEBICLE 7 VEZTHERRKRE

3.1 EFEEIEH

T vESTHERE, BRO LB EEMRIC X 2 BRI
TRBREFRIMED - 7203, RNEHEmEEH T &ickD
RIRBIIS R EISvIREL 78 5 ANEYEERE 3OS 2I3ES
g tmEF s visLoEMica -5 v LikcboT, T
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NEHOTHE/AY A 4 v (C1) 2ELKEBROHET 5 &,
X 8 @ & 5 IcikditE#EEE (HCIO) MR 3, T kit
REOWALERIC LY, 7rE=T7HER (NH,N) F€/
ya35 3y (NHLCD) ®vY27 a5 3y (NHCL) 2ECER
AA (Np) R0 REEN S,

oKk, EYRIETH L - iEkE Rz, £ ¥
) =V EDRBEANEE L\, £, A 4 v
Hokdic—EREE N +

TwhiE, #nEFET Il Il
BTENTE B, __ | Pt Sus|
~B)D UGB 5, m u

HE L CEBRMTRTT
vE=THEROBRLEI
Hbons LIET 5 &,

Imold7 vE=THZE
FAERBRET DD E
BT OYEE T 3 mol,

®
q&i
&

EXEICHE 4 5 £2.89 K8 RAMEWCLD
X 10°CE1 5, 7 VEZ7THERBREDRE

(548 D St

2C1" — Clz + 2~ (1)

werh o Bt

Cl: + H,0 — HCIO + H" + ClI” (2

NH; + HCIO — NH.Cl + H0 (3)

NH.Cl + HCIO — NHCl, + H.0 (4)

NH.Cl + NHCl; — N, t +3H* + 3CI~ (5

(3)X 2 +4)+(B)&L b

2NH; + 3HCIO — N; * + 3H,O + 3H" + 3ClI” (6)

3.2 HAEAE

HEERPEK I, MEOE /LT v E= v o B X OE/LF N Y Y
LA HHE L 2 ATHIKRT, 7vE=7HE#H100mg/L,
BALYr 1 A4 »2,000mg/L 2 BAMMA & Lo, MBS 2 X
9ITRT e 1LOE—H—I2fK1,000ml 2 AN, 25 —3F—
THE Lo, EMi, BRI iE150mm X 50mm X 1.0~2.0
mm O AAEEBEM, ERRIC 1 150mm X 50mm X 1.0mm D X
7 v LA (SUS304) lAERH Wi, S5 2k 5 mm, EX
50mm THEKICIRE L, HEiEHREE CHIMEEE—E & L
TwE L, £, pHa v b v —35— (WHEHHEL NPH-
690D) Ic kb, pHMBLLIT &S 726 7IvA ) & HER
L, pHZHIEL 7z, BREEOBREETE, BLTHPKD
pH Z58#GElE L 72

TR D—E 2+ 7 ) v 7 L, #—% T VIE
JEEEF (v 7% DR 2800) itk b, 7rE=THER
WHHER B LU LERDOREE, 14 v 7a=3br 57 (X
Fe -tk IC861) ITk b, EALMIA A v B X ORI
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FOREANE L 1

7, TUESTHEREERICHRET B DICHELE
WMBELEE, EICEBLLBELED S, R(N& b B
il iy PSR oY

BIRFTNE (%) = M%@ﬁ— :ii;XIW (7)
FERRIC TCEXE

9 7UVEZTHEROKREHIREE

3.3 WEREEBR
3.3.1 7UE=ZTHERKRELpHOERK

et R FAE B A O, BIINEIE 5 Vel L 7B
D7 v E=THERLE pHORERELEZKI0ITRT, 7 E
= TSR GERANCED L, 2 KA THRENSTET L,
pHIR7 v &= 7WEROBRENET L TV AKX Lt
B, TRV ORINCED 5~6ZEF-TWic, UL, B
ENETTSE, pHIF EFICIE U7, T v E=THEHRE
V7 NE A LTARES 20 kRE Th 555, pHIEAESITHI
ETEB, O EDD, NWHOKENApHOHER THNL S
@Hﬁ%@ﬂﬁ&%iéﬂéo

iz, WREHER LGRS (=2I8F% —EEHESR) DR
ZbEX11ITRdT, ZIT, K%ﬁ?i%ﬁh% ARk
A RIERRE, BOERTPHEAERThE s n T I v E
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AERRERS (BRRS)

11 EBEREEEEROERREL

TryE=THERERIGEL e Y v Emn (K3B), @),
¥, 75 vbHEerIcER T RICERENS GB)
EHElEN D, Lichi-T, TONBETRIGMmICE T 2164
DR GR(1) A E 7> TV B EHEER SN, T DFERT
vE = THERNEAICED Lz EFZ o0 D,

3.3.2 EREHROLE

Rt SRR SR, BRBEFE &M, HeEmE O,
FINEE S VTlEL B 7 v &= T HELZORKLE LE
X121z, PR & BRARNEENHR 2 2R 4 1SR AUELEEE 13
HFEAEN, BEREH, O@olfiicE<, WEFESE L
NI i - foo & DHEFAFEA I EEAR (R SRR A R D B
MmTh, TNEENMNTBHERLEL -7,

7, 7 rE=THERORLT MEOMBIKICE, —
DHRMESERICEBMINTEGFT 2 EDbh o1, TDIR
g, ERFEAANL3me/L, BERFEAEMDL4me/L, H
BTImeg/LTH -7, Lich-T, HEREFEHEMIT
SRS 35 & VLR ICE N, ORISR OER S I
HlTcEa I EDBHOMER 5 12,

AL A A VIR, LN OEmIC B VT B LER% T
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EFEREA

0 \\‘
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K12 BEAICEITFTE7 VvE=T7THEREORELEL

x4 BEIICETZTHERLBRLIEHR

EWDIELE ERHEER BERER =ES
EHER A) 0.540 0575 0.487
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3.3.3 &b+ VBEDLER

AL A A v R DS BT 9 B A T B 10w, HiK
DALY A A v %1,000mg/L, 2,000mg/L, 4,000mg/L
WA LS Wi, B BRI HEMmRE YV, HINEES V
THELZEO T v E = 7 HEROBHE(LAKI3IT, B
R, SEIERE K OBRNIRSRE L 5 1IORT, LY
A A VIBEEDNE O 3 & TR & AR AN < 8 5 e
FXE L TR, EREORINC X D ESURELRIE D,
BRSEINL Iz EBEBEZLONDE, ST, HEkW1 4 viE
FED FRUCHEY, @ L cERURICH T B EEOAE, 3
Kb BERDENG L Lo EHEIIS N B,
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EHER (A 0.350 0.540 0.696
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3)  EANICEENRERETTS T & T, BEO LAAMEIT
XBEMbhot, TOT EMS, HEEIEDHIR
IRDBHRFCTE 5,
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Removal of Arsenic and Selenium with Iron-Based Materials

Keiichi TOMITA, Motoomi WAKASUGI, Yasuhiro AKEMOTO, Hiroyuki INANO

F—O—F 0%, wr v, BIKEBLE:, HgLE Sy v TR —= kX Vb

1. [IL®HIC

FIZRHR DB g I B9 2 D v 2 G 8 T HEH JuofsR
HOUOE CERR22ME) Shfce THITPEW, IR H AL
MEDOSNTVARIHHD S B, HARHRGIRDOAHEMED & %
HHELT, AR Y4, 7os (VD, KR, 2Ly (U
Se), &, UF (LIFAs), 3-%, BIXENEMT LI E
218D, o OTEGIEIC T B RE I O o 7 G
REMPEENTWDS, —4, dLENICBEVWTE, £2< D
FEHOAEITCHRICH L TE Y 2 7 8IS OB LIS
b, HAMERY), DEEMERY), REWE (As), EIEHER
Y1 (As U Se) 75 E 2D HARHR LD S DiEHI ) =2 7
BHIGNTWBY,

HRAHEOMIED LT, Xy ¥ 7 h ) — b4V,
AR i3 o aMIEAEL, AR, Ak, (LEsos
MEZWHEO = 2 VF—FHE LU TRHA L, (KR RSFE
72 CET RO cHiE ST 2 X O 2, hIEEE 20
5 C g o JEIS W LS 2 TN TikTh 52, 201k
W, JEAEO = 2 vF BB D <, HRTIEOBEM S
WO THRAL ER S SRk S BRI R O BRBE B S A LTS
WEEE LTEHS N TE D, BRI, ATERHK
PEAIR KBS 78 S K AU D 1E A, K1 ICRd G IED
HiT KR W 7 7K P 2 2 SO D &M & (L 72 57558 S BE
(Permeable Reactive Barrier, VI NPRB)* VA2 %&E L, &
EYPEAERNCHESRVEIITT B YR F ABRETEhTL
%, PRBEHETIEICAEEN 2 GEYE #HERLET 2/
dTEnwiey, 2ToFEYEARLT 5 £ TiIENEE
BT o0, Tk, EitHEaETcoMEA vrF T -
W<, JLiEED & 5 BREFHIC B O TUHA O RTF O RS
SR EREBRESD B,

EELEZ, AEWEE LT 2 v o205k 20

HEY EHEIR
Y AE TR R TIEO(L PN TR L CIEELE M I
B4 5 W%

ZIRTCARICE LT, DULMSIE /S E1C 2 W C O E s 1 %
fT-T&7,

AW TIE, As U Se AU 5R & L, BRbEfkieo |15
75 G i T O I E0.01me /L @ 10~1000f5F2 R o 75
GLDYRHRS 2 Z R U R E M O S 217 - 7oo 72,
PRBIz&k /%y v 7 MY — b2 v b EHELT, BKEE
PR T B 7o DA~ OF 2 ME L, AFE oL
B9~ 2 RLHREN 73 BSOS & i~ 7o

HRIIE

K1 #=BZKRIGE (PRB) O#EX

2.1 EERURAE
2.1.1 %8

Rk aBERBICIEY = —H — (YAMATO®ISA-31
T k& HIE4A0mm) %, k& 5 HEE 2 200rpm TR L 72,
HENC & 2B Ea I3 Y ¥4 — (EYELASIEEIR E 5
B+ 2 — b 3+ —CM-10002, #& & 5 3 mm, [A[E:%400
rpm) 2 L7ce 71 7 2B CEKITERY ZRI VT 4 v 7
K7 (L—=VvEDYNAMAX PR-1M) %, #41%1.30mm
NE0.85mm D ¥ 1 = R360THLF = — 7% & v P LTT®
8 & R EOBIRE MR L THH L, 715 & 3EHRRE
#l% 5 » HLC-15S8!, # 7 AE150mm Z (L 72,

2.1.2 AHE

rEaBic O s A EF ek & LT, As (ID JBIEFBOES
HrAREERR (v 5 {LFAs 1 1000mg/L, KK =L "0
F, WEEREEM), As (V) BOBKFEF b v skl
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P (ROEAEERL, H58), Se (IV) (3 -F I B R HE7E
(F v #{b2Se - 1000mg/L, JEE :di+ L v ), Se (VD)
v ik (AR FED 2 AV, ICP AL Lo EE
(BHEBEFTEIICPS-8100452, LIFICP-AES) i< & b #5hE
CER L CEBERN L TR L, &7, pHEEFKRE LT
RERKFEF ~ U o o (BIR L FE, Rl 2R L7,

brZommihicid, HRWLMSEM EE 2 oh s8R0
amE LT, Bk (F vy E8c, STEREM, 0.2~0.9mm),
PU=ifbsk (RIS b8, —f, M5 gk (BIULF8Y, 4
), HRAtKERALER 3KER(LE: (D (F >~ 5L 78, [approx.
FeO (OH) | &fddia T d) oXil#EAH W, K21
SR EM 2R T .

£ 7o, MK L= EG S 284K E LTl 5 SiEibe
U 7o SRRV K O o i i (e (BB b2,
EHFTERELS L — 1) SRR GIREEL, JHFIots i
) 2R, #KE KGR E (ELGA-A v/ 3l
PURELAB ultra Analytic) THSEL L 7zistiKk 2 /A L 72,

%(Fo) MZBILH(Fe0) BILB-H(e0) BIKBILS(FOOH)
B2 SRLAnRE

2.2 BESWHE

TR O 4 T FR IR I E 12 1 IR FRISC IS U T ICP-AES
T2 3 ICPEESITEE (agilent #7700x B, LI ICP-
MS) 2R L7z, 72220, WERICEBEMESGEN T
LA, BEICH U TR 2um A v 75 v T 4 v —
TAHM LI, Fi, BREEMOXMmMBIZ LEERE UM
(HAE T ISM-6610LA) KX U = % v F — 3kt X4
SirgEE (JED-2300/DrySD#&hes) % f 7o,

2.3 BREEMOEE

As U Se DEREEM & L TEHEBKLEY G Ok
REJIIC D W THRET L Tco As & 7213 Seldil & S & LEM %
BEL, k&9 25y FRBREAERETT - 720 X3 13UER
D7 v =%, RIGATOHFWHE RIS 2 IUSHTE O
HEWERLERD /Sy ebriR e LTRBIL 7,

2.4 BRALIKBRALEKIBFFYIIC K B AsBREDIRE
FRALKIRAILE 3, PRBECEM S 5 ic 3D/ NS <3
IKEEDE O, FKMIEOEREHIE LT, b Skl
{LKERALER 2 s 7o EM ZE (K 4) L, AsiAR &R
Glire 295y FHABRERRZT-> 720 Kb icEErD 7
0 —%Rd, ZOEMTRRAHLOBERIC X SHIRE <
fed, HHRERPICE S RREORIRE L Lic, BB, RERK

2mLELE

LB RIEEMAE 0.10g
J<CUOFRFIFELY 100mg/L 2mL
4cm, 200rpm 0.5h

N

12300G, 5min
N2
4 #7 (ICP-AES)

3 BMRILEYMEHE)ICLB As, SelrEHBRT7O—

4 R LB bk (b ekiniF IR EH
(3B#%E 10.8mg/g-wet)

50mL/{" /u

VSBIFIREEM 1.0g-wet
L<CUOFBR 10mL (F£7F:1mM NaHCO,)
[#EE> |3mm,400rpm. %38 (#525°C)

U (BBERODRODICEKTERE)

N
HE(ZHLT.20umT(ILA—THiB
N

S (ICP-AESET=(XICP-MS)
5 ER{bIKER{LEKIBIEMIC L D AsrEREB 7O —

FF bY o A FpHARWGTICT 270012 I mMIBEIT
&ML 7z,

2.4.1 EBILIKBRLEIBIEYIC & B AsREBRIOZEDRKET

RIEEM DS As #1592 DICHLBEREERTIC > LTINS
to¥, L DM E0.25~21h Ic & b s ¥ TR ERBZ1T -
7o BAEEM ORI R 1310.8mg/g-wet & L 72,
TR D Asld Il CHIERE 1310mg /L & L 72,

2.4.2 BRALIKER(LEKIBFRIMIC K B AR EEOFE
S 2 As Ofli (T, V) M OREE (0.1~10mg/L) %

ZALSHT241H L MO Z 1T - 7o BAMFEM IR

EECbDERY, MBERE 4h & L

2.4.3 BRALKEBRILSIBFRFEOLE

BT RERYRLER (6 U TR KR Lk % 0 ~16mg/g-
wet £ TEALS U EM 23 /E L, B As (1)
DYIRERE10me /LT 2.4 130 & AR DOABRZ 1T - 7o JLEERE
flidbh& L,



2.5 BERILIKERILSKIBIFYIC & B SelrEDIRET

Se (IV) ZHWT24. 134 L [Ek DBRER 21T - 7o BIEEM
DA L/KER LR R 1312.0me/g-wet & L7z, B D Se (IV)
B X 10me /L, HEX10mL & L, F72, Se (VD) i
DV, BILKEBR{LEIERFE10.8mg/g-wet DINEEM %
1.0g DA DL G & REAMEEML.0 g 12 #k1.0 g ZMA 7215
G ORI ET - foo SR EIERE G 6 M) T &K% thiF
Lk e+t 2ot vk Lic b o 2 {HH L 7.

2.6 BERALIKERILSKIEEYIC L 2 BKMEDKRES

TR OB IKIE THe & N 7o BRI LK R LB R ALER b o % 25
X 6 1TR LIc BB T AE L ich 5 402, #kE 1
R L, BREDMER 1T - 72,

BT ANORBEREHHICHEY -V EREL, FoKkikEL
7o b Sl %A 5 A0 E THUKZE WO T LiIAS R %
SFictns Lk IR ALK LSk R 0 ~6.1mg/g-wet
@@’th@ﬁﬂ:ﬁiﬁﬂ FRILEIEAT10 g & HfikpE L 7o iEmb10 g
ZRALTHKTHRLAA, #1354 BigE Rk b SiEw
FimicLico RURINVT 4w 7KV TDFa—7E
PTIFE# D F 2 — 7 THFiL7co # 5 4 13N 15mm TRt
IR LSRR B E R B D JE S (3 FEMT2mm T d > 7o, 1D
Cf3%) OHEILE2.659 & 0 ERROKREEZFR L, & 512k
ImLbch RS &Ftds SR O 2 B L 7o,

6 BRILIKERILEKIBFFMFTED S A

3. HRLEER

3.1 BREEMORE

TICBrEEM IS 2 As (D) KT Se (IV) BrtiE 4R
To RTOEMITBWVTAs (D), Se (IV) & biAKTP DR
FERRD Ui UL, BRERICEENR SN AT LT
Se FBREFRBENERNC D - 7o T, #RBHT K BPREFR
iZOVﬂi?ﬁ'ﬁ&ﬁ< P9 = A bk M O R AL EE 8k < 1330~70%,
R ILIKBRALER TIZIZIT100% TH - 725 L7ichi-> T, BRLK
Rk, #kkbia & Lo BrERNE <, EEEEMED 100045 E
FE (100mg/L) D AsF 7213 Se# 2 IXTERICKRETEZTSIE
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Fe Fes04 Fe203  FeO(OH)
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3.2 BERALIKERALSKIEIFYIC £ 2 AsBREDIRES
3.2.1 ER{bIKER(LEKIRIEMIC & B AsRRERBRIOZEDKRT
STk & HMITIc & 3 As (I O & D EEZE L%
T CNED, AsSEEIZ2hTREERL, T0k, #
PPIETFTLTWL EEZS5NETEns, DB TR
P& OWRIAZ dhE/Eoh& L, UL, 21hiETH As
(I FREBBREISNLE P>, TOEEBRESINIZASOD
B OilET 2 LIHEY) 1 g-wet (BRIL/KEE(LEL10.8mg) T
120.08mg @ As () ZkpETE, hi3EILKEBRILE
LTCO.TA%DETH %,
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8 EIFMICL D As(TDBREICXTT 2 NIRERIDEE
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3.2.2 BRMLIKBR(LEKIBIMIC K B ASEH R BEDOSE

X1 9 1T As Dl CWIHHIREE 2 28 2 TR kel 217 - 7o
ERERT, AERMICIiiL o VoA BREENE L, FF
ICHIIEREE 1 meg/LU T TIRIBIEREICKBETETVDET &
Mbh ot

As b & & SALG I O i > 5 DKLk ILIE T, V
oAk LeduEanTs?, As (V) ©1F 5 »k
k&Y L cofitnm <, BRERS S - 7 RS
N3,
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9 EEYICL B As REICKIT B As DBER Y
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3.2.3 BRILKERILEXIEFEDORE

X10ic, BRALKIRILEHFR 22t s & TAs (D ZfrE

L7k A2Rd, Thnr s, HIKRTH ZEMOATIEAL
As (I »fpkanTts 59, HEEOHEINC-NT,
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201
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B L KBR L 851815 = (mg/g-wet)

10 $EFYIC LB As REICXST BERLKERLEMBTFE
DFE (WERE  10mg/L, LB : 5h)

04
0

1 EFYOEENEFEMREE (REEFIFKR)

BUB DM X #R#&

10mg/g-wet £ T, AsDRERSIINGT 2 EDbo -1,
Lzl bl RERPEINLEWI L5, BRIbK
BRILEkIE DIE & 72 K938 L T\ B nlREMEAVRIE S N 5 55F
fEAHTH 5,

F 7z, 11128 910.8me/g-wet fHEH) O & AR FE T-BAM
fEEE (ETILHRG) ROSOREXE G &, ik
HEanwwinsnd b, FTic—@HFEEL TV b T &
BENhic, InLb, KTH10me/g-wet FEFE D fHE
FLWI EDRDbY T,

3.3 ERALIKERILSKIEIFYC L B SebrE DIRES

B121cHk & 5 MERIC L % Se (IV) DR & & DA%
KT, TNED, SelEEIFAs (ID Tt 2h TREKNL,
ZTOHBEPPITEF LTS, UL, 24hiZTd Se (IV)
FEAICHREE NS, KIET 2 SeiEE 13 As (I & HEKL
Toml, SICHET 5 & RIKBILEL12.0mg 1< L TD
Se (IV) Bkl 0.032mg &7 0, T3 b/KERbEk 16
L C0.27T% D&, Wbk bakioxt L ThrErTRE R As (1D
DHF (0.74%) &L THESLITTH 5,

iz, X131z Se (IV), Se (VI), Se (VI) (Fz72 L, MLFE
B E U CERALKER LR 1 8003 & s ) 1c% 4 % Se
DRERZIRT, Se (IV) DRRERIZ20%FEE (K<, Se
100
S8\ o
téo 9
X
% O
3
H i
&
f 2)
0 3 6 9 12 15 18 21 24
AEREER (h)
12 BEYIC KB Se (IV) BREICXI T D NIBEEOFE

(4B & : 12.0mg/g-wet)
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13 $EEFYIC L D Se BREICKT BB UHKRMDELE
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(VD iz EALREansv, Lol, SRBEHEHET 2L
Se (VD) 394%krEahtz, 2hid, Se (VD 2#Ic LD
BILENSe (IV) 1250, &SI LKER(LEHEE 725 T
BBMLUASBOERR TS SenplkanTcnidions®
AoNb, 1L, EBOPRBECHAT 254, #id
5 ORI F RIS LKA ZE L KT S 5 nlfetkEni d
B, SORIMHDPBETHEEHFL LN 5B,

3.4 BERALIKERALSKIEHEFYC £ B BKMEDRES

B 2 TR B 7o D IR LKA LR R S OV 2 e
L7ch 5 aiciliZk% 1 mL/h R TEWIBIEK L 720 #HE
JE IR ZERRED S OFHED 51.39em/h TH %5, T DHHT
K912 Ak LicE T AHEE b P_E LAIC X 218
BREDOSNE -T2, TOHN S LE2DRL, BHEEhTO
TR AR L 2L 2B, 2 HEE v PR TE T oS
LD SN -7, TNED, KEMBENRZELT
BRMEAMIFTE I EDB DT, L, COBEMIRE
R I KB LskEsE O #ETh b, Fnticofdif
HRIC3HEFIC L ZREFEORENH D, HLEGVRLX
L LMADBMLETH L EEZ 5N D,
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GYRAEEEM I O TRET L7 RE R, 861, =R ik,
b 8k, ER{L/KER(LEkIC & v As (D), Se (IV) D
EosnlgET, ERILKER(LER A I bR EMEREDS S W T L h5D
o Ts

(20 PRBETOMHZAICEKIEEAT 2EMBHBET
H2BTEWD, BAUKBLEEDOREICHES 28
MAERIEL, SHEAsKUSelr Lz iTo7c& A, As
(MXTV), Se (IV) iIco W TIHBREARET, it s
&5 B IR LKBR LS BN FH T4 B B LRI > LT DORRE
BOHOMITE - 1o & 51T, BALKERILER T L TR
FEEBAs (D >Se (IV) TH 5 &, KR TficzE
T2FETICERAhBEOKUENPLETHZ LD -
720 F12, Se (VD) IZ5 W T RABHMEMTIIREE NG
WA, S AIRAS L THFT 5 2 & THRETHEE 5 - 72,

(3) PRBZ&EHIC, K&EM D EZRS L THEBEO LHEE
BLIch 5 a2 EL, RIIMOEKERERAET-7c& T
%, BHFE139cm/hicB VT, D & b2, AR
Hitik b LR FoBEN S EHTE 2 2 Ehbh ol
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ARWIFETHF L ik « BftkEhE ~ 2 7 4, ICPFLS
Jeo kA, ICPERAITREL, B O filh %520 TR
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Heat Recovery from a Hot Spring where Scale can Easily Stick to
a Palisaded Heat Exchanger Combined with Plastic Pipes
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Metal Recovery by Melting of Leaded Glass, Printed Circuit Board
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