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Completion of Advanced Small Module CEF'B Boiler Development
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Yoshihiro NAKATANI
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Overview of power plant with Small module CFB boiler
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The effective use of low grade fuels such as biomass
and low-grade coal has advantages for the prevention
of global warming in addition to saving running cost
for customers. These fuels are collected and has
been utilized in industrial area by CFB co-combustion
technology. However, still in local area, there are
problems by cost for collection and transportation.
‘Use in local’is the most effective way to utilize those
decentralized fuels, but collectable fuel amount
and construction inconvenience are pointed out. To
facilitate ‘Use in local, SHI has developed Small module
CFB boiler based on SHI co-combustion technology.
Features of Small module CFB boiler are module
design, short construction period and short delivery
time with basic CFB function.
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Base specifications of boiler
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Overview of Small module CF'B boiler
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Decomposition of industrial size CFB boiler
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s Decomposition of Small module CF'B boiler
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Construction flow of Small module CFB boiler
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2 Size of pilot test facility
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Over view of pilot test factory
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Development of Combustion Technology in CF'B Boilers
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Tomoo YAMASHITA Tatsunori SHIBATA

CFB/ N1 O b ERBRs
CFB pilot test facility
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BLUBENA F ¥ AB¥ L ESBES R ERBIRK
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#TIE, BEShZZEMBEICH L THEEREMD
3ONDHEBREB CH 5, FF(Fluidized Furnace) BRI
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I EEEABRAE & AV o AREERTE (C 6 & DUV RERE T &
ToTW35,
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Power generation utilizing potential fuels such
as biomass including unused forest residues and
waste fuels supported by FIT (feed-in tariff) scheme
is recently focused on for the mitigation of global
warming in public and for the demand for the power
generation cost reduction by users etc.. For this
requirement, the Energy & Environment Group in
SHI develops CFB (Circulating Fluidized Bed boiler)
technology for variety of fuels such as RPF (Refused
Paper and Plastic Fuel), TDF (Tire Derived Fuel),
various biomass fuels such as demolition wood,
sludge, and so on. These fuels, however, contain
many harmful materials caused fluidization problems
by agglomeration in furnace, draft problems by
deposit formation and serious corrosion problems
in superheater section. To solve the problems, SHI
evaluates these fuels by three original testing devices
with real fuels, FF (Fluidized Furnace), Deposit
testing system, and a large scale CFB pilot test
facility installed in Niihama R&D center. All detailed
evaluation is reflected to the boiler design to achieve
a reliable performance of commercial boilers.
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Principle agglomeration generation
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Additive amount of agglomeration inhibitor )
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Figure 1

Typical biomass CFB boiler configuration Ea

N F 7 2K EOBAFRERBOBFFIAL, HEKE
B{LIEDB =D S, B - BABEOIEERHORER
#BMELTEASAhTWS, —5 T, BAFRERFOFA
REICIIVWL DD DEBEFHB_ NS, REEERD
BWVIIRBBHRAR A T TIEEAEFIRERABOFIAFEA
TWHW, ChSDREEMRT BN, HEEMR
L DFoster Wheelertt 7R E § % 18R 7 &) E (CFB
Circulating Fluidized Bed) R4/ ZHifi2 6 &£ICL iR
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1 BACK GROUND IN JAPAN

For the world wide request of mitigating global warming
under Kyoto protocol, usage of renewable energy is promoted
in Japan especially after the year of 2000.

Biomass and some of the other renewable fuels (the
) are well known as

rest is omitted as  ‘renewable fuels”

‘. -"""ll"

R

i

For the prevention of global warming, the effective
utilization of renewable fuels such as biomass for
power utility is focused for an alternative to fossil
fuels. Conversely, utilizing those fuels for power utility
is restricted by problems in both quantity and quality.
Sumitomo Heavy Industries (SHI) has developed an
advanced co-combustion technology for renewable fuel
utilization, which is based on the circulating fluidized bed
(CFB) boiler technology licensed by Foster Wheeler. The
advanced technology is capable of utilizing renewable
fuels with various customers requests. This paper
describes SHI's advanced co-combustion technology and
contribution to the prevention of global warming with
our experiences. (This paper has been reconstructed
based on the content of the paper presented at the
Renewable Energy World Asia 2010 exhibition.)

Eco-friendly fuel. In addition, since the fossil fuel prices
are getting higher and higher in these recent years, cost
competitive renewable fuels utilization in stead of the fossil
fuels is in demand.

On the other hand, unique characteristics of those fuels
and its collecting problem sometimes hang around about

renewable fuels utilization for users especially power boiler

* TR K —BEEER
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Table 1 SHI's CFB boiler delivery record
Startup Reference Main steam condition Fuel mixing ratio (% thermal basis)
year Project Flow(t/h) Temp.(deg C) | Press.(MPa) Coal Pet-Coke Biomass TDF RPF,Plastic Sludge
1988 OHM 35 485 6.1 100
1988 CHF 54 500 10.8 100
1989 NSH 250 571 12.5 100
1989 NDH 150 541 12.3 100
1990 KGW 225 543 10.3 100 (15)
1995 SF4 120 540 12.1 100 (15)
1996 NSK 96 541 10.3 100 (30)
1999 SOK 230 541 12.8 100 (20)
2001 1PS 475 569/541 17.0/3.6 100 (20)
2003 VND 205X 2 540 12.7 100
2004 SMP 196 513 10.1 30 70
2005 TPS 525 569/541 17.0/3.5 100
2005 KPS 237 541 12.8 100
2005 BCG 220X 3 540 9.8 100
2006 HKP 195 513 10.0 40 60
2006 ONC 130 541 11.5 17 80 3
2006 CPF 130 530 12.2 22 6 60 12
2007 NPF 230 505 10.2 20 60 20
2007 DOP 300 541 12.6 70 30
2007 NPI 230 505 10.2 40 40 20
2007 NDT 180 480 7.8 90 10
2008 TPI 65 450 6.2 70 30
2008 KMH 250X 2 540 12.7 70 30
2008 NPA 170 510 10.2 22 54 20 3 1
2008 NPS 280 536 12.7 85 9 1
2009 OPT 300 485 6.9 49 30 21
2009 NDN 280 535 9.8 90 10 2
2010 TRE 156 541 10.3 80 20
2010 JOP 200 541 12.9 94 3 3
2011 KBP 137 513 10.2 100
2012 TBS 450 510 10.5 80 20
2012 ABP 80 493 6.2 30 60 10
2012 CPH 130 541 12.9 100 (16) (1.5)
2012 GKB 25 453 5.4 30 70
2012 GHA 25 453 5.4 100

on condition that high temperature and pressure steam
condition.

Because, generally, renewable fuels have quite low heating
value and contain much corrosive components and foreign
materials, there are risk for stable combustion and plant
operation. In addition, all these fuels are spreading over the
geographically elongate shape island country and it makes
difficult to collect single fuel for the plant.

Therefore, in order to utilize renewable fuels for power
station, there are two major design requirements as follows;

(1) Utilize renewable fuels for high temperature and
pressure boiler with taking measures to deal with
corrosion mitigation, contamination removal and so
on.

(2) Co-combustion technology such as utilizing variety
of fuels and its flexible mixing ratio change is strongly
required in case of large power generation in Japan.

For the purpose of solving these problems, SHI provides an

appropriate CFB boiler to meet each customer s situation.
Concretely, renewable fuel co-combustion with coal or
some of the other renewable fuels only becomes one of the
solutions to this kind of problem.

2 EXPERIENCES

In order to satisfy the design requirements described in
section 1, SHI developed co-combustion technology with CFB
boiler (Foster Wheeler technology).

SHI has supplied 18 renewable fuel co-combustion
CFB boilers up to mid of 2011.
construction stage and 2 boilers are design stage. 4

Currently, 3 boilers are

boilers are equipped with renewable fuel feed system after
commercial operation.

SHI's CFB delivery records are shown in Table 1. And
typical biomass CFB boiler configuration is illustrated in
Figure 1. From the developing history aspect, Table 1 is

rearranged in Figure 2.
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Figure 2 The development history of SHI's renewable fuels utilizing CFB boiler

2.1 Biomass co-combustion experiences

Renewable fuels contain foreign and/or corrosive
components. For example, wood contains building materials,
nail and hinge etc. In case of Tire Derived Fuel (TDF), bead
and radial wires are included. In addition, those renewable
fuels often contain some of corrosive components such
as chlorine, sodium, potassium and the other hazardous
components.

Those foreign materials become a trigger of poor bed
fluidization and circulation, blockage of bottom ash discharge
from furnace bottom area and damage of furnace water wall
tubes. And severe corrosion on furnace and superheater
heating surface may be caused by corrosive molten salt
formation. As a result, those troubles prevent stable
continuous boiler operation.

Therefore, contamination control and countermeasurements
against corrosive materials become primary importance.
For the above trouble potential, special attention and
consideration is taken into the boiler design.

Regarding the contamination trouble, step grid nozzle is
effective solution. Step grid is located at furnace bottom.
Since step grid has stair-like configuration (See Figure 3),
heavier foreign materials are roll down on the step grid
surface and discharged from furnace bottom via large size
opening of step grid.

In addition, Foster Wheeler's patent superheater called
INTREX™ superheater (the rest is omitted as “INTREX” )
functioning against corrosion.

INTREX is installed in the refractory covered box which
located in the lower part of boiler and the inside of the box
is always filled with hot circulating materials. Since INTREX
tubes are submerged under the hot circulating materials,
those high temperature tubes are never exposed to corrosive
flue gas phase and are protected from severe corrosion.

If a conventional type superheater is selected as a final

Figure 3  Step grid

superheater, severe corrosion should be occurred due to its
high metal temperature. Accordingly, INTREX is conducted to
these renewable fuel boilers.

3 COMBUSTION TEST

SHI has own CFB pilot test facility in SHI's NIIHAMA
works in Japan. Table 2 shows the main features of the

facility.

SHI developed co-combustion technology based
on coal combustion experiences with this pilot test
facility and actual commercial plant. Starting from
each fuels evaluation, co-combustion condition, burning
characteristics, corrosion data, ash characteristics etc. are
evaluated with this test facility.

Consequently, not only biomass but also the other up
coming renewable fuels utilization has been achieved.
The plant overview and schematic flow diagram of the
test facilities are shown in Figure 4and 5 respectively.

The pilot test facility has approx. 1 MW thermal input
capacity. The unit has been designed and extensively
used in developing support data for a design of
commercial plant scale boiler by firing a variety of solid
fuels such as any kind of coal, sludge, biomass, refused
plastic fuels, tire and so on.

SHI has been developed not only coal combustion
and also co-combustion with the other fuels such as
demolition wood, bark, Palm Kernel Shell (PKS), sludge,
TDF and Refuse Paper and Plastic Fuel (RPF). Actually, as
a result of the combustion test, SHI has been developed
TDF and biomass combustion technology and supplied
those boilers without any difficulties in plant operation.

Since the test results have been utilized to SHI's CFB
boiler design, those knowledge enable SHI not only to
do sure boiler design but also extend CFB combustion
technology.
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Table 2 Main feature of the pilot test plant
Items Unit Notes
Furnace inner diameter mm 600
Furnace height m 20
Thermal input MW Approx. 1
Figure 4 Over view of CFB boiler pilot facility
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Figure 5 The flow diagram of CFB boiler pilot facility

These experienced data is fully reflected to the reliable renewable fuel utilization in CFB boiler contributes to

CFB commercial plant design. CO2 emission reduction.

(3) In order to expand the source of available renewable
4 CONCLUSIONS

fuels, well understanding of the characteristics of

(1) It is considered that it takes long time to conduct each fuel is required. SHI has been developed the

the emission friendly technologies such as CO2
Capture and Storage (CCS) to the industrial power
plant.

On the other hand, there is no time to reduce CO2
emission due to global warming. From the above
point of view, since the renewable fuels are carbon
neutral, the technology of renewable fuel utilization
in indispensable technology.

(2) It has been proven that CFB technology has great
potential to utilize not only low grade coal, but

also a variety of renewable fuels. And eventually,

CFB and renewable fuel utilization technologies
in accordance with Foster Wheeler and CFB pilot
combustion test results.

SHI will keep on supplying ECO-friendly biomass CFB
boiler and added value solution to customer from now
on.
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Ultra Fine Bubble Membrane Tube Diffuser System
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Ultra Fine Bubble Membrane Tube Diffuser System (D-2000)
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In the sewage treatment process, air blowers consume

large amount of energy to send air to reaction tanks.
One of the technologies that substantially contribute
to reducing power consumption of the blowers is an
ultra fine bubble diffuser system. The ultra fine bubble
diffuser system drastically reduces the required amount
of air by generating ultra fine bubbles and efficiently
dissolving oxygen into water. The ultra fine bubble
membrane tube diffuser achieves of a reduction power
consumption and extends system life by using special
silicone rubber membrane with high durability, and
is adopted in an increasing number of applications.
This paper reports the results of evaluation of the
applicability of the ultra fine bubble membrane tube
diffuser to deep reaction tanks, and validation of its
power reduction effect and agitation performance.
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Tapered-Impeller Type Mixer
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Shigeru SUZUKI
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Tapered-Impeller type Mixer
(For deep tank)
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Recently, red tide or blue tide caused by eu-
trophication due to massive inflow of nutrient salts
(nitrogen, phosphorus) into closed water areas has
become an environmental problem. Advanced sewage
treatment removes efficiently nitrogen and phosphorus
from sewage by using a reaction tank consisting of a
conventional, aerobic tank and an anaerobic/anoxic
tank. The anaerobic/anoxic tank operation is generally
performed through agitation by a submerged stirrer.
However, the submerged stirrer has disadvantages
such as the necessity of various maintenance and
inspection work because it requires large agitation
power and is installed underwater. This paper
reports the results of commercialization of a tapered-
impeller stirrer under the product concept of energy
saving, maintenance saving and replacement saving
in order to solve these problems, and verification of
its applicability to a sewage treatment plant reaction
tank.
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A TELHPL AT LEHES>TNS,
HOERRBL - ME A2 RITRT
(1) W@y
BREPRGEL, EEIR, WOER, 27— Mk K UORA
TR IN, RISg vy 7o L) cEczs,
(2) P
IREPIEE CRAET AR & A Y RIIBET 8D
THY, MAEMEICEN72SUSSI6H Y DS # ik L L
TW3,
3) 1 vx3
AU RFE, 21T, RO B 5 el

T, W—haHEhER L BEIEENL, REOH 2
SN BT —S—HEIBIRE LT E, 4 YRS DE -
EEEL - BB L NI OTEIRR AREIC K O RET S
2, A VNG5~ 5 mFEE, HEEEIZ10~25r/m
TR DESROE T, L ~IWZES 1~ 2 mFeEs
B 2T H B,

3 R COBMIRIE

3.1 HBREMF
3.1.1 HBRERIZAT
AR I, TN TEHERRMZ B2 7 v T b eE vk

FEREEWIEIR No.177 2011



X - HE T—/N— A N TREMRE

HERIEE
*2 Examinations items
A R H A fili H H IR % 1
Ao | BRREERE 2 W/ms AR 0 m/slL -
(KT #0.1 m/sBA 1)
LY S W& ISR D (MLSS%5#)
Bt | MLSSEE | e 0w T
W)y RE) PR e
Rt T LIEIRTE Bl e — 2
e R PRSP RUBRIEH PG TEE D EEPIS (Y
WRTREEEE ) o s | LR TEA Y T R
y Tt R KBRS
ACRIE | g LHNT RS
%3 BRERDBIFEEE
Measurement items at each measurement point
b E = O A B C D E F
Huod & OFfiEE  r(m) 0 15|22 |36 | 41 | 45 | 5.0
o) h m| - -]-]-1-1]-
[T 4 I R T e e
AKifi (k#E0Im) | — | @ e o — | — | o
Wik @ | EEOKEL~) | — | — | @ | & | — | — | —
€ EH KR | — | — | x | x | x | x | —
. Kifi kEOIm) | — | — | @ | ® D
MLSS |&&fifi kE 1~9m) | — | — x X | = | — | X
& (kE99m) | — | — | O | O | O | — | —
Ahaxz | KE9m) | — | — | — | — | — | & | —

H oo x O A RIMWEHILTESM

DN CERL T 2 WE B Wm b E b v 2 —
D 4 R 4 - 1 RG24 ~ 2 5 7 b (L) &
RENRAREE LT, BEEORPHEBKIGEET —/3—4
UNRFABIEIABICE TR TEML 72, MEROKPH
HENRE SN 4-1RFIOBED 4-2 RFNE 7% Z DMt
BIRAKEE L7,
3.1.2 HERERfEDOILH

K112, RBAIRAKEDOF =5 —4 VRS ABE L,
SO R AN O AR BB O AR R 2 R4, WA
kT, FEHA697m3, MEREEA 1 1.1, KRES10mOFE
RRIGZ v 7 KT H B,

T =8 =4 VR T AR A B & Tl
TOMENH 5,

- BRSBTS (f X T) &R Ta <, M RICEE X

NTVBBDT, AVTFVANES,

- B KR BB D 01/10f8E L BT %

{b% 8,

- 4 VR ENARPEEE O 4 5FE L ERE A<

L9,

A Y RTBEMENETIEL T, KEREEERL T
Y,

S HEPPENIBE S, VI T M F TR P23 T

ENRREL LD, HPEEWEREBKPEEEOL1/25E
Ji§ LR,
3.1.3 HERRMH
FRERHIIZ 20094 6 F A 52010455 £ T& L7,
R2ITRT LIS, B M, B B,
MERSFIME 3 & OB 22 & 01 H OBk A 5 FHlE H &

2.5 —~
B 2°09/06/08 ©°09/07/16 130 Z
2 2.0 H 4°09/08/26 %x°09/09/11 O
= ©°09/10/05 1°10/02/04 E
) 1.5 [ 0°10/04/27 12.0 =
2 Qo= swm) &
® 05 s j10 &
J : M &
W00 CEERS ; . . 00 =

0.8 |

07 1
i; 0.6 — JEEB AR (E)
= 05 B
204 AR ree”
= Pae="" SN
g - A (C)
MET( .-'g'--‘- MM

01 e D>
0.0 : . a .
4000 -

a3 C i CHlE
S 3500
g T § 9 o)

o 3000 E T
wn
2 2000 1 -
=
e 1500
5 10 15 (18rpm) 99 25
[l % (rpm)
T 2B DES
4 HI xMEEORE L

Optimization of energy saving performance
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Feffr) & HUS L, AR & BAkiapili & A7z & & 5 T 3%,

72, 2000F A SMAZERIML, AT, BAVTE
KUHY VA 2 &M T 2 BBRTIERICHRE L TH D,
20134 AR & TIZA0BLL EOMAR AZ T 5, Gk,
ARBRAE & T AALERS A LEE R i o i ERIE AL P L SR
TARRICEIR X €2 XL, RISENI LT IIFTS %,
AHCAR U 7 alBARIE, W & ORI 7SR R & % &

iz [o)yabixii)

9 X . ..
- Simulated stress profile of mixing shaft

W=D Ths, HREMNEIZIENT, SEIELHT FVL 2
EZWhEnizond, EREEENIBREE T AGERR, Wil
ERAEAL, WICHAX Y FF Y2y =7 ) v otk
Rott BEEHHEEN OBERIZO» SR L R 5.

(BEXH)

(1) HEZEABXTKERS, F47E T RERRRRFESE, 2011,
p.471~473.

(2 MEEATKEHFEMASERE, BRRNTEEMAT RERMRE
EBERER T —/N— A > RSREBHHEEE, 2010.
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MBR Treatment for Waste Water Containing DMSO

0k  Ef” A & BT B oA K @ H H th —F B A W B
Naoki CHO Kenji YAMAMURA Daisuke SHIMAKURA Yuichi SUDA Youhei HASHIMOTO
‘ ’ .
A B - ‘
il
ey ’
EA RS RRALHRERE

Field test apparatus of MBR
(membrane bioreactor)

DMSO (Y A FILZIVEX D N)EFHKDONEE £
MUEBEMTITI>CLEEENEL T, BEABEMTE
WIERERZEIT > /2. T HRHBROFER, DMSOEE300~
1800 mg/LDHEK ICxF L DMSO/MLSS GEMFIRIEE)
B ORRIZ£90.2kgDMS0O/ (kgMLSSd) TH - 7=,
COEEDOREKRTOC(2FWKFE) BE X 5mg/L
(DMSO 25mg/L) AT TH Y, BIREMEBHSFEETH
-7z,

LCD (H&T 1« 7L A1) BETHICHBREEEHE
LU, ZHKENRICEKIERERZ1T> 7. DMSO/MLSS
ERE SRRRCTEONABARARMUTELD LD ITE
EEEZITI)CET, FFAHREAZEDOUEHELBS
hiz, AHBRTIEIDMSOFDHEILSO” (A +2) %
TEtsh, ERIPEEE L SDMS(BED X FIV) &
EOFBERMOERIE LD >, T, BIELLEN
IR DMEMEE (2 HyphomicrobiumB DMEFBLE S
Zib5h7,

1T Fzapz

AP T.CDELE T2 & h 513, HEEAIRTESAlIE LT
DMSO % &H 9 2 vkidk 2 Pl & Ty 3, DMSOIZIZ#H]
HHEZ 0D, Bk 0D e LT TEANOHE 4 HIR LT
WB TN, ZOMEEE LT, PrEi b o4 i

A demonstration test for examining MBR (Membrane
BioReactor) treatment (activated sludge treatment
combined with submerged membrane filtration
process) was conducted with the aim of treating
waste water containing DMSO (dimethylsulfoxide)
with biological treatment alone. Laboratory scale tests
revealed that the limit of DMSO/MLSS (activated
sludge concentration) loading was approximately 0.2
kg DMSO/(kgMLSS-d) in the case of waste water
with a DMSO concentration of 300 to 1800 mg/L.
The TOC (total organic carbon) concentration of the
treated water was 5 mg/L (DMSO 25mg/L) or less,
which indicates that MBR is capable of providing
high-performance treatment. A demonstration test was
conducted, in which test equipment was installed at
an LCD (liquid crystal display) production plant and
an actual factory effluent was used. By controlling the
operation so that the DMSO/MLSS loading did not
exceed the limit load obtained in the laboratory scale
tests, treatment performance equivalent to that of the
laboratory scale tests was achieved. In this test, sulfur
in DMSO was oxidized to SO,* (sulfate ion), and no
intermediate products such as DMS (dimethyl sulfide),
which produces offensive odor, were accumulated. In
the microbial community of the acclimated activated
sludge, Hyphomicrobium sp. bacteria seemed to be
the dominant species.

b2 0EZ N BB AMARE 1 HENP ST 5178,
PR B S S R B R R T B VTR O 2 B IS B A
X ZErbEALIhTOEN, 77, BREEDOME
HFTRTHECEREA AN 25 E0MERH 5, Zhb0
Z &0 — AN AERE AR T, 2 OEHNERS LAY
MEEDATITH ZEHRHEEN S,

HEREEHI N0 MFREH  * * AR
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Test apparatus for activated sludge treatment

X1

o BN ST ||
HIEEAK ) _QRH%"&%I:k %

e i
! K

i ST ARk
N %
® ® |

FORKE BT a T BGORE L OLRHUEARRY B R Y S
JEURAR 7" Mg (37 i 2151)

RO BEMSRAERHREE

&3 Flow of field test apparatus for MBR treatment

DMSO&EH YA & EWIFR B354, VEFIEEA D 5 Bt
KRB B L, BHRT O ZOREWEEEL NS
DMSZA EAER XN, WMORKERET S &0 BEI 5N
EhTWah, —HTik, BEBREMLEIC X HhDMS0%
W4 A Y & TRALSRL T B HI e MG ch a2,

7T, WMV A R IS 5 2 TRE L R
DAATHE & 75 B B B TS VRS TRV O RV A RRET L 72, Al
T, SR E O 2 5 R kB L OLCDELE T 032k
K& O IR ORI DN THE T 5,

2 HEFE
21 HEREE

GBI 7 A RO TIZ 7 & ) L BLOUE R & YR
Rl U220 (X AR 2 L, MR 1L) %
vz, RIS, BEEOME 274, Bk
FOBERT 5 L& I, HERPAIRIS B A O,

F 72, [ A B U 72 55 Bt v VG YR LB 5 AR AR
B TILEWIE v B o M A BEXERER 7L, A5
JET R0 1 m2DIRHERI IR & HLD D 7 56 & V72, B2
12, BRI OBESE AR, R0 & T SE T S B s 22
SUSMRO TER & DG L, % 4 s | LAWK & L CTHL
DL 7=,

312, Tk ERIRE Lz FallBREED 7 9 — 4R

BRAOBEAMESIRAE S R R

2
Test apparatus for MBR treatment

T BRSO (R A 2215 L) 1RSSR (IR A 4.5 m?) %
LD D TR & U2z, 2R HGIEHER X Y T VR
Br&UEE A VN TT 5 72,

Ak, FRORBER TG BEFEOpHIEIZpHT &
P =KD HEEREE U,
2.2 fEHEK

7 FRBO@TIZDMSO, MEA(E/ T4 /=L T7 3 V)
B X ORFEEL EWTEIRE & & 5 & 9 ICHBL L 25k
K& V72, LCDELE TR I51F 2 9258k Tld T30 F)
HEREAR % F O 72,
2.3 KES

JFoK, AEKROpHAE, DMSOWRE, TOCHYE, CODerfdi(ft
FBRERE), SO R, MLSSIRE & & % 34T UL
PR DG 547 572, DMSOWBH 22 u~ + &' 7AW,
KW G TIEDMSOIRE E R/ FR225mg/L.Th 5 Z &2
5, MEMERIEET L L CTOCHRE Calilid 2 2 & & L7,
TOCHREEIZTOCHMENT & % /1L, CODerfllidMBA IRk,
SO IR A Xy v u~ 25 73, MLSSHEEIIHEERIC
DL 72,
2.4 SEMTEROEIE

DMSO% & LCDHLE T35 FIBEPEAK %, MRS HHT I
WA 48HFM & 75 B & S IS lA LS 5 Z & CHlHEHTRD
W38 %47 5 72, FRHTRICIZHLRETG)E & F b, W% OMLSS
PE £20 000 mg/LIZ 3 L 7=, AUEREIE I35 (20~25C)
E L7z, 727 RER, F2atikln & RIARIC IR XU N O pHil
136.512HI L 72,
25 SEMERMEEADRE

B K ODMSOWRE L i A=A 2 b X &, B 1 Dbk
PEE & VTR MEGTRLEE 17, DMSOA ff AL 5.
A BWBIZOWTCHRE L2, 4y, AR I3EE (20~25C)
& L7z, B CEINEE A2k X 8, BRI ORE DR
DWW THGET E1T - 72,
26 FHKEMRE L KRR

7 KRR O@ DR & FPK TREES 5 ~<, B3 Dkl
B 4 LCDELE THINICERE U CILERBR 2 1T > 720 PN
LUIEE TR, S Pt S B gk & L7z, MLSSIRE &,
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1
= Test results of activated sludge treatment using sham water 140 280
— rop - pop W 48K TOC
: 7 4RO o REERQ 120 Sran DMSOL 240
WIS BB | K B ERTRRS | B B PSR LR . 4 =
X = J5AK TOC 200 mg/L

%&%ﬂ— > 100 DMSO 500m:/L’ 200 2

I h 24 4 6 E o E

DMSOERMANM  kgDMSO/(m’-d) 1.81 1.80 2.60 ® g » 160 ETE

DMSO/MLSSE i kgDMSO/(kgMLSS-d) 0.18 0.22 0.17 % O

e c 20 20 25 S 60 120 &

pH 6.5 6.5 6.5 ) ® 2

MLSS mg/L 10300 8300 18500 Eﬂ«z 40 u 80 =i
JEARPER =

DMSO mg/L 1810 303 700 20 40

TOC mg/L - 117 296 ™

CODer me/L. 859 180 389 0 a8 0
WP 14 16 18 - 20 22 24

i (C)

DMSO mg/L <25 <25 <25

TOC mg/L - 3.7 4.3

T-CODer mg/L 62 54 - I () Bs

— 4
S5-CODer mg/L 31 6 = Effluent of treatment temperature

JFAGEA R & FE U O E Bl & LALPRMERE & T2, E 72
WEK R OSSO R DZLEIE L, R5IELE % 5 P4
PWOZBERIZDONTERE L 7=,
2.7 MEEERT

FRBRTHIEE U 223G BT IC ) L, 16 S,CDNAEIC & b ik
YIREDOME % 4T > 720 W v TIUTEIRIZE DM, AL
B L ORI IZE 5 =X » b2 5DNAZHIH L 7=,

WIZ, PCRIKIGIZ & 1 16 STRNAME (R 7 I % iR L
2o TIAV =y ME, BRI Z27f (AGAGT
TTGATCMTGGCTCAG)", % X 1'907r (CCGTCAATTC
CTTTRAGTTT) WA L 7=, B9lE L 7216STRNAKTF I,
Bl ro—=v s L0s, 3TCT—HgE#EL (o=
—EFEL, Y= 2V ¥ VTR o TS A PE L 72,

3 BRBLUVEE

3.1 SEMEROEIE

BALREEYE 2 FRT5IE & L CLCDELE Lo #gkAueg 4
175 Z LIC kK D EMGIROHIFE %17 - 72 JRAKDDMSO#RE
13320mg/LCd - 7=,

WLFRBHAATR, $97 H S TRAFEKDODMSOREE 4325 mg/L L
Texb, UK TDMSOSREE & A3 2 WikiEe % BilsE 4
BTENTET,

3.2 DMSOEE b LUV EFEFOKRET

F 112, BRI EGIREE 5 RARBRIC B 5
JUBIR I % R,

JHAKDDMS ORI 12591 800 mg/L, T Ak oD G S felivifs 1 W )
13245 TDMSOAE R A A 131.8 kgDMSO/ (m3-d), DMSO/
MLSS#ii30.18kgDMSO/ (kgMLSS-d) T& - 7z, JHAK
DMSOUEEE % #9300 mg/L & U 7= 3 ar 1S B & 3 2 B SRia ks
R 4L BT, ZDOEMIZE T AR AR I3F1.8kgDMS0O/
(m3-d), DMSO/MLSS#i1i130.22kgDMS0/ (kgMLSS-d)
TH otz WHAKDTOCHKHE X 5 mg/L(DMSO25mg/L)
UTFTTOCKHERIZIS U LETH -7, nk, T1IIRT
& DI AKRDS-CODerfi (JUELA % AHNo. 5 CT AL 72
AHEDCODerfiE) & T-CODerfi (AMEFTZDE 7ML 7
CODecrfl) & DIz B 1, WHHEGRO—EFAFmH L7228
DLEZENS,

3.3 WEEEDEE

A BLE TIFOHBEPEK 2 5 5 & U 227G S TRLEt ¢,
MUEREE DB A ZITRTVE VI REINH LT L h 5,
ARER T BRI 12 DWW TRET L 72, I 422C, 20C,
18 CH & UV'16°C L HKZ L X ¥, DMSORE #500mg/LiZ
A U 7oA K O LN 5. 7 % PR D W TRET L 72,

R 412, AERERE & AFEKODMSO, TOCHER DB %N
¥, 20°CLLETIRFARDDMSOREE 1325 mg/LEL T, TOC
W6 mg/LU T TREZRIZONTh 95 % LOREF &
WPRPEREN R B =, LA L, 18~20°CLITF TIZAEEAD
DMSO, TOCHYE A E5 UAEMERED AL 2580 6 h 7z,

DMSO, TOCRKRZ95 % M EOEIMERE 218 5121F, AL
PR IZ20C Y L T2 ERH B EELZ LN B,

34 BEoBEEMERLED R

WEVES VRV 5 R ERBR D TIZALEL KA O TR B FH A R
bh7-Z&»6, HREHPIEEEED T Vs HMEEHB
L LT, B2 0REBEE & O TR S SRR 5 R R
BR@%E 1T - 72,

JE K D I SR v E R & — o (6 BER) & L, JFRAKDMSO
W & BRSO L LB A 47 5 7245 R, IRABRRE AN
3.0kgDMSO/ (m3-d), DMSO/MLSSH7ii30.2kgDMS0/
(kgMLSS-d) TH - 7=,

DMSO/MLSSE faf D BRAUE 130 175 7 R 5k & FIRE T
b7 &m 68, DMSO/MLSSHAf Gz 51 5 B
GEHEEEEZ RS, R1ITRT LIS, KkBRTIE
FAMGIE OMLSSHEE 1314000 me/LT & - 72 4% 3 » A%
18500 mg/L & T ki L7z, IRABATREDLIAKDTOCIRE
13 4 mg/L (DMSOUREE 25mg/LLIT), FE#iZ98% TH D
MEIIEFIZ BRI Th > 72,

35 THKERAWEESBEEESREERR
351 BESEEEMEIREICK 2 RHkQE

7 RO THIEE U 2275 &2 i L, DMSO/MLSS
F23$90.2kgDMS O/ (kgMLSS-d) & & % & 512, AN
HROMLSSIEE 2 5 LA 5 WP A2 BMA L 7=, RS ICAL
BB ORREERT, EiRG% 3 H B3 Lsiko
TOCIZ 5 mg/L (DMS025mg/L) LA F & 7 1), ALPESEE 3 IE
FNNL B B o 7z, BRI IZ19~29C, KFARKDODMSO
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&5 .
MBR treatment of waste water containing DMSO

#%13350~600mg/L (TOCIZ130~280mg/L) TZEB L 7=,
FH#R H $10~18 H DORIZDMSO/MLSS B 28k % < AH L,
0.2kgDMSO/ (kgMLSS-d) ## A 2 RPARN =2 Z & 5,
HHR18~20 HIZ 2 ) TR AKDTOCRE RN LR T2 45 &
WD FEALHRD iz, 2D, DMSO/MLSSE fif %
0.2kgDMSO/ (kgMLSS-d) A F & & 5 & 5 IC A faf &SI+
32 LT, MPAKRTOCIE 5 mg/L (DMSO25mg/L) LT @ K
IR PR SR S NIz, THED T Eh 5 LHOEP K
2B T R % H 0 72 7 R 3R & [ 25 0 LB B A
R X 7=,

F72, LD 2L 2 R5E U 72 5Hif 2 s ik
DRk GEHR44~51H) 217 - 7=, K 1 BB 4 L%,
UG IR XS e <, 1EAREE O THOBEREIEIZIZ
FARIETEBEELONSD,

3.5.2 DMSODEMNEERY

DMSO % M B 316§ % L AP OB E A, 5 S0
DAL B, WHEHAKSOZ IE DA 6, KRBk Tl ALE A
R & 2 BRSO B IE R AR R DT75~95% TH
o7z, Fle, RIBICHEOCHE T2 707 ) & & BRSO,
A 2 DI BELMEERISIEIT UL Tz, 5612,
KRB I RROR LGRS h A > 72 enb, B
XL TN BEDMS%A EDHEA KM OERITEZ & & h -
72 DEHESINS,

35.3 EMBREARDED B

5 RRBO@Ob K OHEIRBRIZ B W, EHEREATD
I35 2 Bl 1 R R SIS & 0 AT 5 720 RO Flux (B3R H)
#0.25m3/ (m2-d) e L UCHIRT 2 Z &2 kD, OS]
ZIE & 11kPaf2fE (HEDE X N 2 2511320 kPalIN) (ZHEF T %
7o F72, ARBRBIEAEETO LFIE RS B
B4 2MMEIEC b -7z, R THROERIBETEE
ROMNEE L IR ONT RIFARAMENTAEELON
%,

3.6 BIEFROMEMBHERITER

WG RAEE S RREBO THIE L 2B RIS L
16SrDNA Y u — VR %47 > 72, fR5N72962 0 — 2D
DNAFH] #BLAST#ZR U 2%, Hyphomicrobiumlg & 97 %
Y LEoMEET—3%T2 20— 2402 9 — Y {FEL 7=,
X612, 16 SrDNAMRIIOMEH E/7RT,

SEMEEIE D16 SIDNABETHER

=6 16 SrDNA analysis of activated sludge

ZDZ L5 RENTGIE TIZHyphomicrobiuml@ DN 27 T
V7 BMELTEEE X SNz, Hyphomicrobiuml®EiZDMSOD
SIRIZBIS T A MEME L THREIATE DY, AT
Hyphomicrobiuml& D732 7 1) 7 PDMSOD I RIZH S5 L T
gD EILLND,

4 IV

(1) BEHEK % O 72 W75 7 RO 6 & O3 ifing
PEETE 7 RBE@O &R, DMSOUREE300~1800mg/L
TIZRRADMSO/MLSS &1 130.2kgDMS 0/ (kgMLSS - d)
Thorze TOEEDOUIKTOCHREE X 5 mg/L (DMSO
25mg/L) LN CTRIFAWUBAAEETH - 7=,

(2) LCD$L3E 1235 o I #E b AR % F v 72 32318k T,
DMSO/MLSSHE i % 7 Rkl T/ 5 N - [RA AR LT
LB EIHEESHY 22 LT, TARREBE RSO
PMRENS 57z,

(3) ARBATIEDMSOFFORiHEIZSO £ Tlkb & h, BRI
P & 2 2 DMS 7% & OHBIAERMOERIZ 80 > 72,
(4) BIEE U =16 WG RO MR X Hyphomicrobium/E DMl

EOEEREEE 2 bz,

(BEXH)

(1) HEAZH)E T AR KB, REFFHREE, FEXBR, I X FIVRILEFX
¥ FEBHEK OB FiT, K IEBH T, vol.42,n0.12,2001,p. 3~ 9

(2) MHFEEFHRBEKOMSOBEHK)DNAF VYL IS XT LY
v — 7%k, 8735,1999,p.20~24

(3) Lane,D.J, 16S/23S rBNA sequencing, In E.Stackebrandt and
M.Goodfellow(ed.), Nucleic acid techniques in bacteria sys-
tematics, John Wiley and Sons Ltd., Chichester, United
Kingdom., 1991, p.115-175.

(4) Lane,D.J.,B.Pace, G.J.Olsen, D.A.Stahlt, M.L.Sogint, and
N.R.Pace, Rapid determination of 16S ribosomal RNA sequences for
phylogenetic analyses. Proc. Natl. Acad. Sci.USA 82:6955-6959,
1985.

5) REFS FEEXTHICE T IERERDOEIREF —NIFUH1Y
WO RFLICEBHE— TV ZHILLE 12—, vol.71, no.3, 2004, p.14
~17

(6) Kuniki Kino, Takako Murakami-Nitta, Masashi Qishi, Seij Ishiguro,
and Kohtaro Kirimura, Isolation of dimethyl sulfone-degrading
microorganisms and application to odorless degradation of dimethyl
sulfoxide, J of Bioscience and Bioengineering, vol.97, no.1, 2004
p.82-84.
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Technology of Transparent Conductive Oxide Film Deposited by RPD Method for Thin Film Solar Cell

@ ¥ B oZ2* W % T W’

Hiroyuki MAKINO Ryoji CHIKUGO
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RPDEEEIEE
RPD deposition system

FERAGEMRICEL 2 BHEBEFICOVT, Ltk
B ®RPD (Reactive Plasma Deposition) ;%% &M U 7=
BEFEMIC OV THET 5. RPDEIF, REMEL T
FAVEBEBLTAA LT B ETRIDMEZEDH 2K
BETHY, BirkMee2 5 OBHEEESRETRET
H3, BESIKBGERERE L TIE, GZO(GazidmmL
-BLER) #FERALTCHY, CZTREABRELGa
RMBOHEICOVWTKREEL =, £/, Ty FJIC&
YREIICT 7 AF v —BEEMERT I EICLUEVA
1 XEERHEL, THShFEOH EEFEEE L, CIGS(Cu,
In, Ga, SeD{k&#) KEBFERARE L TIE, ITO(Sn
ERMULZBEA> DO L)&EAL, REREERE
BOTF=Z—IVDOFEICODVWTHRIET S EEHIC, Snik
MEFARIFTHEICOVWTHKRIEL . BShLERY
5RPDENERETCH B EVEREREZFEI L TEER
FCL, TMEOHLEFREE L, REBICEENR
LIChELR, KEENOREZRERL /-,

1T Fahe

I —IEONYE, COMEHNIT & % Huskiiig k22 & D
HEE» S, BEWMRIALY —AOHEAREE > TS0
BAMODOZE L TH 5, FIT (Feed-in Tariff [HEflifEEH
) #0 E T AERLNLOBMLEH D, T ZRET
KEGEHIE SR A2 RT3, Lo Lad o KB

IR

ik

This paper describes a film formation method that
adopts SHI’'s original RPD (Reactive Plasma Depo-
sition) method for a transparent conductive oxide
(TCO) film suitable for thin film solar cells. RPD is
a vapor deposition technique that achieves high
reactivity by ionizing the evaporation material
passing through plasma, and is capable of forming
a transparent conductive film with excellent
performance. GZO (Ga-doped zinc oxide) is used as
an application of thin-film Si solar cells. The effects
of the amount of the introduced oxygen and the
amount of the doped Ga were verified in this paper. In
addition, a high haze ratio was achieved by building a
texture structure on the surface by etching to improve
the conversion efficiency. ITO (Sn-doped indium
oxide) is used as an application of CIGS solar cells.
The effects of the deposition temperature and the
anneal after film formation, as well as the effect of the
amount of the doped Sn, were verified. The acquired
findings indicate that the conversion ratio can be
increased by reducing the film thickness while taking
advantage of the low electric resistance, which is a
feature of RPD. Finally, film formation on a large area,
which is required to increase the productivity, was
validated.

aZMEFEEL, RS KR I Z MEBAR»EED,

L&z KBEEM & LT X h o 38R A G
1213, ISR E M E CIGSR, CdTe(Cd, TeD{LAM) (2
RESNBILEMKREEMD S 5, Zh o HERAPE O
ZHRHIER I IEEHEE A S h, ZORMEICB VT
EWEERE & ROEBXITI R 6B, ZOERE K
FTARSARTIE, HFRA GBI 5 BB R

* BT HRBEED
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EZHREE T B, YA ORPDE:D RIEHAIZ DWW T4
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2 RPDZEOREZIOEX
RPDIEIARIEOE LICEEE T 7 A~ A BEL, A¥EL
BREA A @RI TS I Itk D, ERMBEA A UL
CEM LRGN A R B3 EEETH B, R1ITRT &
502, ENEAERRIT 7 X< 420, BRROBA THRR X hue
T -V bu—3% FIP I L URBMEHIG
B E A bEZY 2T LIC L DRPDILIZER X M 3,
FEEHAER T 5 X< 9 V1%, Ta® & LaBs Gt s2Y)
PR DA ekt & Fr A & DR & B, IR & O
IZEEAFBT B Z 8T, SMELIST 2 B A 2 < Wi
ELTED, B & 2280 & ORISR %RE U 72 IR
T RBEMEI RN TES, EAREINEZT I
1%, 100 VELF O{KFEIE & 100~200 ATEE OKEFIZ T

EhThh, BEEEIKeV, BHEEI210% M/ cm’ g %
BLEESEERT I X~YTh b,

FIXvE—say bu—3i, ERELEDOLELTER
ICHAE a4 NERE L, ZEREO LTI H 2 TR &R
FTHZETE— L%V ZASR, FHERXETHOERHE
DHE LIZEEET 7 X7 BB ERKL, 61T —LEER
MRHCE L&D ASt X85 X5 Ichid 28 cH 5, 2%
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4 CIGS XEGEMAZREBEADE

CIGS KRG ML, HIER KPR O TRV Hgh#HE
PEBEXNTED, TRV TIERE20.3%, EFEL NI
TIF12~13%12E &, ZHEMSIAGE N & FfEE O %
35, ZTTHOLhSEMEEEIZ A8y 41 V7RIS
K BITONE, AZORE (A1ZRML 7= HisH) ®, CVDIAIC
& B2BZOMR (BAHM L 2B LHiSH) & &, BEBMFFMET 5.
RPDIEIZ & BITOME L, KWESENIE W RFRAWEH» L
HFLTX B Z N 6TH I TS,

CIGS AR MDY 7 v v 213, MIESIAR ML 13X
Rz, ZXmMNZ A A > TCIGSHWINGE RTEME), /Ny 7
7B X OCMRHEREER L, Z0LISEEERE R %
ZEh, RBERERX X —DDRINEZITBZ LIZK B,

RPD T INEAE I & MBER (BB CTT7 ==L

M EEE)IZED, 22007 0¥ Z48IRT 52 L 2A0H
Thb,
X412, 200C &M THAEL 721TO (5 wt%Sn02) IE, ¥

K OERRIEL 12 7 =— LA (200 °C L2 T3047, KKUEPAR)
T oz & FOBXBIIR L KHRIZH T 2088 RhH %
R, MEEIZAY150nmTH %, 200 CRIETIX1.3X106Q -m
DIEBXTIEMAEH I T3, —F, FiKIETIZITON
DRI L TOan T & A SBRESUZE < BEEE & K0
A, T VR AT S T & TR AEA, BRIEHIE#EIE
b BHEEE TR A5, EBRITHHEHBR TRE S
FWERMTEE T R4 55200 CHIREL O & En O IRREE
5 (@) IR, B 5 (b) ICFRREZRO 7 = — il
BIZL5F v )V TEEE RS- LBEEEZZhZTHRT, v
7R, HER ORI IR O SnAsn & E i L 7=
FF—DRMEEZ BN, F—LBEEE, KhoWDHiF
RTINS EIEERTEDOEEZ OIS, WFH & IHE
H(BRIEPROWE) D35 A =2 TH D, HEEBXIK
PIRIHEL &%, RIERE &L £ 212 EBHEILEL &Y,
Mt nEEL N5, £+ ) 7HEEIXIS0CTK
<{MmkEL T3,

—, BERESRO T = — VT F v ) 7 EE L Rl
JEIH BT 5, IMBURIRD & & LT 5 &, BEE RS
LB HE v ) TEEITE, AR OSSR I

FEREEWIEIR No.177 2011



X - #E  RPDIAIC & % EERKGEME f EHAE B R

(a) substate temperature as deposition ( deg. )

(b) annealing temperature after no heat deposition
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Environmental Atmosphere Suspended Particulate Matter Analysis using PIXE
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General view of analysis device
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One of the environmental indicators of the atmo-
sphere environment is suspended particulate matter
(SPM). Recently, the concentration of particulate
matter under 2.5 micro-meters (PM2.5) among SPM is
regarded as important, and an environmental standard
has been established for PM2.5 concentration. S.H.I.
Examination & Inspection (SEIl), Ltd. analyzes the
components of PM2.5 by particle-induced X-ray
emission (PIXE) using a Van de Graaff accelerator.
SEI’'s PIXE analysis system quantifies the components
by an external standard method. As a method
for validating the reliability, the certified values
of standard matter SRM2783 were compared with
SEl’'s analysis values, and it was confirmed that the
uncertainty of the analysis values of PM2.5 with this
analysis system was within 10%.
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Comparison between analysis values and certified values

X - HE RN TFREE X EAMTEPIXE) IS & A IREATFENFRVEOMI T —E X

DEEfE D LB

RIS &k B E R

FRRIEAE F 72 13 2 A

R S £ i & 1 Hxpp SRR/ R + Rl X
/ng iz + RHfEH X /ng
Na 839 £ 20 19% 0.45 £ 0.09 1845 £ 100
Mg 8736 + 74 5% 1.01 £ 0.08 8620 £ 520
Al 22179 £ 124 2% 0.96 = 0.03 23180 £ 530
Si 89482 + 2431 3% 1.53 = 0.08 58600 £ 1600
S 859 £ 22 5% 0.90 £+ 0.25 950 % 260
K 4663 + 114 5% 0.88 = 0.10 5280 + 520
Ca 14460 + 167 7% 1.10 £ 0.16 13200 = 1700
Ti 1445 £ 29 6 % 0.97 £0.17 1490 £ 240
Mn 279+ 14 13% 0.87 = 0.13 320 =12
Fe 23920 £ 105 5% 0.90 = 0.07 26500 £+ 1600
Cu 379 £ 13 8% 0.94 +£0.13 404 £ 42
Zn 2005 + 31 3% 1.15+0.10 1740 =130
Pb 309 £ 58 37% 0.98 +0.44 317 =54
k1 AhfEA SIEEB ORI AE D X & IE RO R & 2 53K 72,
*2 AHED ST BAGRONHES & & GEEHE £ 7213 B HME DO RHED & 20 53K 7=,
ERITET B R, FHPES & BRI DO W TN RIS N
6 LIV

KRS AR T 2 Z & T, RUSREANEDITTE (Ge,
Ru, RhA &) DEEREAHIBLERTSI LN TE S,

12, R L 22 n R 2 & EC R MR AR O &
B A R, BEHRE KT 5 &, Nan6KETOILH
TIFECRMUBRI B ORE 2 & <, CallfRDICE TIZPEIT
FORI B ORRE N LN D Th 5

4  PIXE (2 & 29t DEFEMETM

41 KSBEZEENE (SRM2783) BlE"

7 A Y A BN EHERARE AT (NIST) 2> 5 Fidfi St b
KB EERE UEM ] SRM 2783 0D G AFE & 43 it % hiss 4% 2

L2k, PIXEIZ&B09H Y 25 4 ORFHEM4FHII L 7=,
SRM27831213 27 TC I DWW TERAHE » % W ISR &
D, 2055, PIXETHI X N7213TTRISOWNTHER & 1T
-7

K213 L 22 LRO B L GEHEA T L 728 DT h B,
ZOMR» 5, BILKRORIMEIZHNT 2 HEOTHhE 7o
v b LZEDNRRETH S, Naxkfi<12I6RIZONTIE,
10%LANDET—EH L T 5, NaldFEEHE IS L T54 %{K
W AR LU 72, ZhUd, NaDFRPEXH (K-X#) = 3L £ =23
1.04keVT& B DIZX LT, SRM2783IZ& N5 ZnD X
(L-X#) T 3L ¥ —231.01keVEIERISEHEL TNBZ LT,
Na® ¥ — 7 @I ZndD ¥ — & Sy EEASE B /T b, F8EE
lHEOEWEEE 5228 DEEZ NS, XBWOK-XHtE
L-X#ROFA IS FIERIE Y SHERE TIRE SN T B DT,
ZnDK-XHHD Y — 27 31 Eh 6 NaDXHRO ¥ — 7 G B % fliiE
T5Z LT HFICTEETH B,

S SHROER

SHOERE LT, KRBEBEE=4) V7 &175 et
12, PIXEIZX 2PM2.5D&BKFDZELANOIEEE1T -
Tb, BUE, Bt 651250 ATHN TS,

F7z, NNV T T T TN TIEPIXERISLO 54 & lHET
bHb, ZHEOSNY —C2EEHT LT LICkD, FEWE
ERONB XHIIBOHTNS,

EHEABRIERSHTIE, NV T2 T 7 IiEE A T
PIXEIZ & 3PM2.5DO &R D34 — € 2 &2 L T
%, ZOSHNISHERIELERIZ LD ER L, FEHEYEE T
10%AND Ty 2T ADARMEN X 52/ H I LN TE I,

(BE3TH)

1) RET AKROFBRICFEIREEEICOVT BIMISES AREFE
R25%,1973.

(2) FHAM®, SPM,PM2.5,PM10, -,
= 1 — 220% 55,2001.

3) REE /IR FRYPEICLIATOFRICFEIREEEICOVT,
Trg214 9 BB 47R33%5,20009.

4) REE M NTFRYEREZEREREE,2007.

(5) TR M, AR FRYEPM)DFERIC DOV T,NMCCEEF
R 7R R HRICE13,2005.

6) BEBR— 5,1 A RHENDANRY hOXAE—EZDISH, BASE
2oBIEED ) —X14,1987.

(7) FLA i, FEABRBREMIXSHPIXEY AT LICK I EENE
SRM2783MBIE, $27EPIXES > KT ™ L1,2010.

S E S E LN TFRYE, ELIREH

FREEWIEIR No.177 2011

34



EIRILF— - RIBRENE

35

EHEREY AT LDOE I XIVX —{bEM

STHRIE Y 2T LD T 3IILF—{C il

Energy Saving Injection Molding System Technology

X ¥ ot mr B ff 5 MYt

Mitsuaki AMANO Masahiro ABE

BRI N A

Katsunobu HANO

SRR & s

Injection molding machine and products
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EMI7O0tXTREOBEHEEL THY, BERR
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SRR & 1990403 & 0 HIER A & 2EEXNOAT
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EBHRASEH TS, Std 75 2F v 7 B0 SR X b
Rtk 1 2 FE B XA R O BT I HL D A, 19984F-1Z 10
a4 L2 b P54 7 (DD)BHEZRA L 2SE-Sv ) — 2
EREL, 2EIHFHHBEEICENT) —T 4 Vo h = —
DR % 5Tz, ZO8%, 20014EIZHE 2R LA L7 RS
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Energy saving of the injection molding process has
made dramatic progress thanks to the change of the
drive source (transition from the hydraulic system to
the electric one) of the injection molding machine
starting in the late 1990s. However, in the current
global situation, there is high demand for further
energy saving. To meet this demand, we reviewed
the production system and the operation environment
and state again by measuring and analyzing the
energy consumptions in the current injection molding
processes (injection molding plant). As a result,
further energy saving was achieved even in the
current electric injection molding machine. This
paper describes these energy-saving technologies. In
particular, the injection molding process consumes
much heat, and therefore, it is important to develop
a heating method based on the operation status and
reduce the heat discharge. In addition, focusing also
on the process of filling molten resin into the mold
would clarify the waste in the current process.
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Injection Molding Operation
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Method of driving clamping unit / injection unit

X2

ST -H@EL, ME72F2z—2GHEY Y Y& EE)
IZ& > THUEMA T AL F —ICEB_LT, ZOTRILT—
ERAULLEFE 275 T3, SEMEIZIZIEREN T3 2,
TEERBOWE EFRICHES ORMHA s EOREIZ KD, &
& P RTHIBREEE 2SO, F 72, BB IMIES —
ENR DR FITHER Y TRHOBEE A FFH B THELD
BYHETHY, 51T EAHOIEIS, WRIEA AL s —
FIZHHIAREBLTHEDT, BXRAREEDT Vv=Vv
2 b DRI A & 0,

— B, KEEOWBEZ L I2y —RE— 4 2 HH
LTHD, L b, s LR - 5Dk & &5 LT
IALF—Z{REL TV B A, BT XL — Of5E A E
M2 Z &2 HMER & AN FOLE =i & <, HlFERE
LEV, F72, T2 3RS EEL TWE &2 DAHE
52 ehs, BINHEEMIALZLNTE S, ZOfh,
R T —2ET 7 VIS KB STASR TR E - THD,
MR S HI RO R A KIRICHIR T Z % &0 725
BEHT5,

MHEERIIHT0%HE S h, EEHHTBIEED = 2L %

—SIEOBEEAEML T E, 72, WmHKHEERIZONWT
ARG L, $995%HI X T s Y,

3 HHEEFED 1 Y1 7 ILOEE

SHHRIHEE &1, B 3L X - BIC & > TIARIRREIZ &
> 7o % SO U GHE USRS % BB 4 2 B © &b 2,
SHEBIERE, K& <0 CHHIEE & BIREEE TR S h
5, SHUEEIL, BHEZARI LGN T2 RETH 5, Tl
i, MO EC - E DT 2 RETH B,

JEAEIC & 2R (XL v b)) ZSHHIREE CIERIL, B
BT 6 M7= SN OZER (F v €7 1 ) IZHHHSGE T At
U CREfb & 8728, MiEc&MARE, JRE2W T

VS —HOBE (194 7)) 2 DBE LTS ZLIZXDHE
— R AR CREICEFETZ ST 5,
1, HFHEREO 14 2 LOWEERT,
TRUBH + TR oo FEHE & N B MRS TR B A 7
WK S B AT S o
R % O SRINNTERIENE 2 3% D AT,
{%H_:‘ ........................... ;‘:_;(,l:‘ﬁ‘—,f%)lj(‘%ﬁig-g‘%o

FREEWIEIR No.177 2011

36



37

X - HE HHBREY AT LOEI RILF —{LEH

Gt ’60 — I S
6% 10.0
[ 036 BT~
9.0 0.36 e | OB VX -4
[ o 2 | [ | — - —
e, = &OkAA I S ok
370 2.93 1
49% = ol
: 445
# 50| 3.35
@ 40— 2.89 =0.36
% ;_g — 0.60 [
Lo 3.53 2.59 2.87 Bl
SHIRA R 5.811 kWh/h Lo — _—
E—4% 2925 kWh/h : o - P -
2 2850 LWL AL 244 ftsrh a7 b
3 4 BTz H) OREY - U OBEBRBHEST =4 BERRICH T IEEYLZYDHEBEBEHESMM

In production (in continuous molding) analysis of energy
consumption
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Power analysis at various operational states
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Power consumption of injection molding system
in clean booth (per day)
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(BEXH)

(1) PBBZ HHEPEOEL XX —AOMV BH, EEER, 7155,
2010,p.12~17.

(2) TBEEE— Zero-molding 14 U F- X453 B AR DB/, FE S,
702%,2009,p.11~15.

(3) MHAES ERMHHRIC LT 3 BEH OB, ERERRBR,
171%,2009,p. 5~ 8.
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COz2 reduction activity and the ecologically friendly product of Sumitomo Heavy Industries, Ltd. Group
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COz2 reduction result of our group companies
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SHI Group is pursuing environmental management
under the environmental philosophy of contributing to
the realization of a sustainable society while adhering
to the “Sumitomo Business Spirit.” The Group has
conducted anti-global warming activities since fiscal
2005, and in fiscal 2010 achieved a CO2 emission
reduction of 24% as compared with fiscal 2004. The
reduction was 32% as compared with fiscal 1990,
and this indicates that the Group has achieved a
figure exceeding 25 %, which is the medium-to-long
term target of the government, ahead of schedule.
In addition, the Group indicates that it intends to
contribute to environmental protection through its
products in the environmental medium term plan. The
Group’s products are evaluated in terms of whether
they are environmentally friendly using a unified
evaluation system. This system is used to evaluate not
only energy saving, but also resource saving through
downsizing and weight reduction, resource recycling,
service life extension, and harmful chemical reduction.
The result of evaluation in fiscal 2010 indicates that
three products were regarded as environmentally-
friendly products. In the future, the Group must pursue
development and improvement that will raise the
product score, and activities that will increase the
percentage of sales.
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