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Development of a secondary battery: a new crystallizer

Abstract

HEI
TSUZAKI Hiroya
EEBEAD
B TR
HEEERY V-7

The secondary battery market has been rapidly growing recently, together with the devel-
opment of materials that improve battery performance, resulting in higher capacity and
output. Reducing the particle size is an effective method to improve battery performance,
which can be produced by adjusting conventional crystallization technology. Although
the production of small fine particles needed for a higher battery performance is difficult,
we succeeded in developing the crystallization method. The crystallizer can transfer high-
efficiently strong shear force to the reaction field, which reduces the particle size. The
developed technology reduced the particle size of the high-capacity battery materials down
to an average of 1-3um, which to the best of our knowledge has never been done before.

EFBERELVW KBTS T S5EI5RE - SHALLEDEBIEREDE LEBAYEL /A
HRFELI-FBERS TEA TV S, B OMREZR LELZFHRELT. [HIFL] 3B EF

B THY), FERILClE, BT TIRTOT Ot AZMADREICE ST, MR FERIET R EN — KA
ICAHWSNTE UL, SUSMREEBIE T 20ICES L3R FLERBIC1d, fERDMALFLHM
TR REEELSTE TN B, ARFE T, B FLICE MR A SN RICRISHIEET S
ZET, MEREM TR F P RSN (RS T EB MM E TR FE IS0 T 1~ 3umET
WMRFLT BRI E. LU BITEBEDORREICHKIN 7

F—7— N KT SIHD. @ITREE. UF U LA F U Eith. £BKEEEY.
Keyword : Fine particle. Crystallizer. Shear force. Lithium lon battery . Metal hydroxide

E = RE TS & B R

ZIRBIITROSNDERII KL T T 04D TH 5,

(1) B (T AL F—5%E)
(2) &

(3) a Ak

(4) T4, By

BAE, ERAICE KL TWEY F 7 44 F Y #EibE, =TRE) ¥
WSRO ZHFE LI TH DY, TR —ErHb, =it
SRIFT AN F—EEATL, IR IR Z E Lz IR Hh
5720, INITHYD D0, Bkt EEAs L2 e S5 3 H By
OT/WEL THEHFSNTEZ, L2, AL EROI NNV IS
DIAAMPENIE, TANVF—FELEOLIIEEHIMIIBIT %4
WAMET T LT A H D, — s ) BERIE I v s
L7280, ZI0REDTANT2 ~ 3814, B Elhsmne
DREVEOT CTO D, B, T R F—HEEDMEL, HIb K7
. LI IHTHEEEAEL, BMOBRE 2 R— AR DH BN A
EORBHEIHEWMENDr — AN ol (F1IBH)

72720, SHUBURE M OMERETH Y. HA DA EHNITLD, BT
k. TR EOPERRIZESI EL T EZZONS, DTS, B
ENDEHOM B - HEOBMBIE RS o
(=R O IEMM B3]

CEORBEERE > ST VEFEROENNA = VREE

IR~
SR EMTT — MR L
I A MK - I TY—

(V) >~k RO EH 58]
CEERE - RN~ Bk

Fz, IR EBEO—>TH L EREEL. BIED =05
IZBU DA E R T 2 A BRI CEERZHIET, ZI0RICBIT
DEARRALICHEI LMD T 28 E T 22 s T,
(&R AR E (KACER) ]

- BB OB L), WAEREEZEHL TOLHERDY) 77 4
A F YEMICBIT BRI FKREDLDEEA L BEEDE .
AR E ML 2208 D) F 7 A4 F R TIE, Zeto
BLE DM CER oM B2 TEB IIITRD, 2545

ARSI TV,

ISR TH 5720 WARBB NI, A AREPEHEL
W% B, AR E & [R5 OA5E M 2 F5 D4 B B J6 2%
M DFRE,

PLEoWZE, BUE, ZREM S TR EN T2 R 5
D—HETHY, KA OB BB F1Z L I 5,

CITEEDEZDLOE, BHOI) BT A—h =D LG5 HO
UM BB ZE I Ly SRR CEAEA M2 TH S,

[EasAt], [EHI ) [Eweatt ], MK A MR 2E%R
ByEL, B X —H—, it A —A— D3PI L 7 M R oo P g
ZESITHIEHTH A= e L TTEXAILIIM D% E 2 72, [k 1
L] V) F—T—Fp% EL TS, FILEM O EHIBWTD, %
WAL S B2l koTHERIRIBE R L, BOSED ) L§ 5, 20
DODFOMREE SIS M T AL TETH S,

M DBATEHAMNC BT BF—HFA U MEL GEK Bk LS e
ENTOMRE TR T $528Ths. HifE, BiloEER
L2 HISE AW SN TRDNA =07 VR A8 RBLY O
AL E BRI L L CRIZE B OB L I S h 3 B2 b § 5.

R1VF I LAALBtOIEIEE LS
Table1 Types and comparison of Lithium ion battery

=iA U R
(NCM, NCA) (LFP)
. - 1. IEMRES NCM : LiNiCoMnO2 LiFePO4
til;abc: THLPHUS AT GEILEE) . BLO. FATE B OB : 2l L;N;Cgm’(‘)z
ATE]z, ZLC, ZOE, 1B omE R LI, MBS, EH 2. PERE
AR, EAHB) R E AR O v SR E T O MES DS ED BN THD = W EFZI0% UL oA =vr v FRds (1) T it O : EAEft A ER
B33 L4, 2022 4E BUAE, #9400GWh & X2 At 203045 F B AREALIC BT, EBIASH B X T 7Bk 7 CRIgR 128 (2) A O : @A A EH
TIZ3 ~ 5450 1,200 ~ 2,000GWhF I AT 2L PRSI TS, [ d50233 um PA T DR T) ORISR I 720 BB TR L B4 T (3) T:‘fm T A [EﬁEXI\L . g : i%rj'_:«k .
BRSSO SRR 5 L OE R A RBOE BkiE, O TR, e = (4) ZZEE, FFm A @ LFP (ZHE~ W : =R RICHAE
RSO0 E AR - Bl b0\ EON EiX, 5HBOE M FE RN KL, OISR R THY) . REEFEEHMICX T | T R eI Tt

WSO EICORESEEE LT T HETHY, MR A—h—,
B A—A—Tld, BUELHAE S THAMBFE 25D SN T A,
B EHE, KREFUTC A, Bfibr, BFE, L/ SL—%
PO SNTEY, PebIEMmmiE, BibEERHEv-7-Eib
PEREZ S 5 B Th %o
WA TIE, INFE TR O TR CTd 54 m K ER b1 o 55

DRGEENTZZo 7 VETT A 90% UL LA =0 VR SRR IRAL
Y OB TA BN, B o, B ORREE O RO, EbE
HEM B L THIREEN A,

AETIE REFEEATOBEE, BLO, PIFFSNBHRITOWTH
9 %o

8 TSK ##k 2022 no.25

TSK #%R 2022 no.25



BT LIKEIBPHIE BRI

Development of a secondary battery: a new crystallizer
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Development of a secondary battery: a new crystallizer
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Development of TSA (Thermal Swing Adsorption) system

for removing siloxane from digestion gas using waste heat

Abstract
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Recently, the utilization of digestion gas has become popular considering the need for renew-
able energy. In sewage treatment plants, many digestion gas generators are currently in operation.
However, the operating costs limit the installation of generators. One of the most expensive fac-
tors for the removal of siloxane is the activated carbon. In this study, We introduce a TSA-type
siloxane removal system from digestion gas using waste heat. We tested the system in a sewage
treatment plant using laboratory-scale equipment and found a siloxane removal efficiency of 90%.
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Fig.1 Outline of TSA system for removing siloxane from digestion gas using waste heat
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Development of TSA (Thermal Swing Adsorption) system for removing siloxane from digestion gas using waste heat
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cathode materials using the Flux method
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Abstract

The function of single-crystal small particles and their production
technologies in upgrading active cathode materials in secondary batteries
has recently received a lot of attention. A higher pressing pressure and
voltage compared to conventional batteries to increase ionic conduction
and capacity in solid secondary batteries is expected from these next-
generation batteries.

Finding battery materials with higher capacity, power, and lifetime
needs continuous technology development. However, material functions
are strongly influenced by crystal growth during high-temperature calci-
nation processes.

We have promoted joint research with Shinshu University to achieve
a highly functional single-crystal particle adopting the flux method and
report herein the joint research results.
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Keyword : Lithium ion battery (LIB), All solid battery, Cathode active material, Crystal
growth, Single crystal
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Fig.1 Example of active material production flow diagram for secondary battery.
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Fig.2 Relation of production technology to materials for battery function.
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Production technology development for next-generation cathode materials by Flux method.
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Fig.4 Crystal growth mechanism due to differences in the production method.
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Table1 Production conditions in various fluxes to single crystals.

No. | Flux ff Flux fpke | R

1 No Flux — 100 mol%
2 Li:BO; =: 80 mol%
3 NaCl+KCl 4:5 90 mol%
4 H3;BO; - 90 mol%
5 NaCl+KCIH+H:BO; 4:5:3 90 mol%

Helding time / min

NaCHKCHH,BOy

6 FluxiZ, RIFIFEODECL D BRERRF DR (1,000°C ,SEM % 5000 &)

Fig.6 Time-resolved SEM images of crystals grown in various fluxes at 1000°C (SEM X 5,000).
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Fig.7 Model images of single-crystal production mechanisms in various fluxes.
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Production technology development for next-generation cathode materials by Flux method.
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Decomposition of refractory compounds using photocatalysts
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Abstract

Photocatalytic treatment is an advanced oxidation process and effective method to decompose
refractory compounds. However, high turbidity and/or chromaticity of the wastewater attenuate
the light and effectivity of the treatment. Therefore, we studied a two-step treatment in which we
treated the wastewater with UV irradiation and aeration to reduce the turbidity and/or chromaticity
were reduced and then added the photocatalyst to the reaction system at the range where it worked
effectively. We applied this method to the filtrate of hydrothermally treated sewage sludge with a
soluble COD-Cr of 2,200 mg/L and chromaticity of 3,400 units. The reaction times of the first and
the second steps were 18 h and 12 h, respectively. As a result, turbidity and chromaticity decreased
to the effective range of the photocatalyst in the first step, and finally, the reduction of COD-Cr
and chromaticity from raw wastewater reached 90% and 99%, respectively.
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Keyword : Photocatalyst, Advanced Oxidation Process, Refractory compound, Turbidity, Chromaticity
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Fig.2 Outline of this study
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Decomposition of refractory compounds using photocatalysts
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Table4 Composition of raw and treated wastewater

[k ATEEILERS: | REHOER# | 20RE (%)
COD-Cr (mg/L) 2200 770 220 90
BOD (mg/L) 110 - 76 31
TOC (mg/L) 880 - 130 85
{5 B (EE) 3400 680 30 99
pH (-) 8.1 6.8 6.6 —
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Introduction and demonstration of an automated jar testing system

developed using a small 4-axis robot and loT technology
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Abstract

In this study, we proposed an inexpensive system that combines a small
4-axis robot and 10T technology with an existing jar tester (floc tester).

The system can remotely and automatically analyze water quality at water
treatment plants (WTP). We confirmed the effectiveness of the system by
installing a prototype at an operating WTP. The system automates the jar
testing process including transporting beakers, injecting raw water and
chemicals, running and stopping the jar tester, and photographing flocs.
This study presents the overall framework of the developed system and
the design of the loT devices used for each process.
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Introduction and demonstration of an automated jar testing system developed using a small 4-axis robot and loT technology
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Introduction of “Research on low-cost sludge reduction technology

using a biomass boiler to contribute toward widespread adoption of

sludge treatment in small- and medium-scale plants”™
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Abstract

Sewage sludge biomass can be utilized as fertilizer and biofuel. However, the technology
that converts sewage sludge into fertilizer and fuel is not widely available in many small-
and medium-scale sewage treatment plants. Because the introduction of these technologies
increases the cost burden, it is not easy to find users and maintain a close relationship with
them. Therefore, to promote effective utilization and ensure sludge treatment in the wide
small- and medium-scale plants sector, we developed a system that combines a low-cost
dewatering and drying system and a biomass boiler. The advantages of this demonstration
technology are the reduced construction costs due to the use of general-purpose packaging
equipment and effective use of the energy present in sewage sludge in the treatment plant
that contributes to the reduction in fossil fuels use. This paper introduces the results of the
research.
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Keyword : Sewage sludge treatment, Biofuel, Effective sludge utilization, Biomass boiler, Dewatering and drying
system
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Introduction of “Research on low-cost sludge reduction technology using a biomass boiler
to contribute toward widespread adoption of sludge treatment in small- and medium-scale plants”
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2018 Energy self-sufficient incinerator system at Tobu Sludge Plant
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Abstract

In most cases, dewatered sludge contains approximately 80% moisture, and during the incin-
eration process, fuel such as gas or oil is used to keep the temperature inside the incinerator
at approximately 850°C. Recently, dewatered sludge has become highly combustible while

dehydrated sludge has a low moisture content due to advances in dehydration technology.
Incineration at approximately 850°C can be achieved without fuel by using the combustion heat
of the organic matter in the sludge. The use of these so-called “self-combustion” sewage treat-

ment plants has increased. At the Tobu Sludge Plant, by reducing the moisture content of the
dewatered sludge to 71-74%, the use of “self-combustion” that does not require fuel, genera-
tion of excess heat in the incinerator, and use of the excess heat to generate power are possible.

HTH =
MACHIDA Takao
KRB B HEAER
7T MRATER
#HITIN—T

As a result, an “energy self-sufficient incineration system” is introduced that covers the power
consumption of the incineration facility with the power generated. This “energy self-sufficient
incineration system” is realized by combining Tsukishima Kikai’s ultra-low water content dehy-
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Abstract

Recently, the Ministry of Land, Infrastructure, Transport and Tourism (MLIT) has been promot-
ing Building information modeling (BIM) in public works projects to improve productivityl).

BIM refers to constructing an information models with attribute information such as material,
dimensions, and quantity, in addition to 3D shape information (3D model) created on a computer.

We are operating an integrated model that combines 3D CAD and a stationary 3D scanner to
reproduce the existing plant and surrounding environment as a point cloud in a BIM model with
attribute information. The effective use of 3D scanners, which can acquire accurate information on
existing facilities, contributes to improved design accuracy in water and sewage facilities, where
scrap-and-build is common. Currently, we continue to expand the effective use of BIM design and
introduce new technologies to further improve spatial design accuracy and productivity.

Herein, we will present examples of our most recent efforts: chute design using Autodesk

Inventor, VR review of 3D models, and the use of piping work volume historical data.
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TE BELEDBMEREHEHDBERET IWVEBETILEIETEETHD,
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* —77— K : Building information modeling (BIM), Virtual reality (VR)
Keyword : Building information modeling (BIM), Virtual reality (VR)
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Abstract

In a plastic chain flight type sludge collector used in the first and final sedimentation tanks
of sewage treatment plant, the main chain has been broken due to highly acidic condensa-
tion water. Therefore, we focused on polyethylene terephthalate (PET), which is an envi-

ronmentally friendly material with excellent acid resistance and commercialized the chain.
In addition, Conventional products were imported from overseas, and the delivery was
extremely unstable due to the influence of the new coronavirus, however the PET chains are
domestically manufactured products, enabling short delivery and stable production. Proto-
types were repeatedly produced, and acid resistance tests and breaking strength tests were
verified. In the acid resistance test, acid erosion was reduced compared to conventional
products. In the breaking strength test, the results satisfied the guaranteed breaking strength
and average breaking strength specified in the Japan Sewerage Works Agency’s standard
specifications. Based on these results, the system was delivered to the M sewage treatment
plant together with the floating type chain flight sludge collector in 2022, and is currently in
operation. In addition to the development of the PET chain, we developed a 4-shaft chain
flight type sludge collector with an earthquake resistant mechanism. This mechanism has
cutouts at both ends of the flight, through which the running rails are passed. Currently, the
company is conducting public relations activities where the combination of a PET chain and
an earthquake-resistant mechanism is packaged and promoted as a chain-flight type sludge
collector with excellent earthquake resistance and environmental resistance.
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Keyword : Polyethylene terephthalate (PET), Plastic chain flight type sludge collector, Floating type chain flight
sludge collector
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*The displacement at 0 KN test foree are 0 mm, 4 mm, and 8 mm. The positions are adjusted for visibility.

X2 PET Fx—> OB Kis&E R B TSR
Fig.2 Results of PET chain rupture strength test
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Introducing the self-circulating

CIP dissolving tank mixer “MIXILATOR”

Abstract

Recently, the labor shortage in domestic factories has become an issue. In 2017, we developed
“MIXILATOR” a dissolving tank mixer that supports a clean in place (CIP) that contributes to
labor savings for our customers. The mixer drives coaxially with the mixing blades that stir the

inside of the tank and circulation blades installed under the tank that have dispersing and pumping
functions. The agitator features a single motor capable of agitation inside the tank, external circula-
tion, and circulation cleaning. Three types of mixing blades were prepared to support a wide range
of viscosities, but those for high viscosity did not allow CIP self-circulation cleaning, and the dis-
solution time was long for materials that easily clumped. We solved these problems with newly
developed mixing blades, for which we summarize the improved “MIXILATOR” features, which
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Fig.3 Mixing blades for old type MIXILATOR
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Fig.4 Baffle for LEVIASTAR
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Fig.5 Stagnation by baffle for LEVIASTAR
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Introducing the self-circulating CIP dissolving tank mixer “MIXILATOR”
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Fig.6 Flow diagram of new MIXILATOR
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Fig.7 Mixing blades and baffle for new MIXILATOR
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Fig.8 Pump casing for old MIXILATOR
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Fig.9 Pump casing of cost down type
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Fig.10 Bubble outlet hole of pump casing
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Fig.12 CFD analysis results of MIXILATOR vessel bottom flow
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Introduction of a small scale solid-liquid separation

equipment for a pilot plant

Abstract

cess verification.

| _

When considering the applications of solid-liquid separation equipment to a new process, it is
necessary to perform pilot scale testing using small equipment after beaker scale testing.

Small-scale pilot test equipment that has the same functions as commercial equipment and can
realize the same operating conditions of commercial equipment is very important for smooth pro-

Recently, there has been much demand for testing using a smaller sample size. This paper intro-
duces a small-scale solid-liquid separation equipment that has been improved to meet these demands.
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Keyword : Small scale test equipment, solid liquid separation, pilot plant
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Table2 List of small-scale pilot test equipment
No 4 # g MR G E
1 MESIL b7 4R i 0.1m? HZEAHE HFE:5um~100um
TRFEAI R T 4 R4+ i 0.1m?
2 Yaga oy HE58/EEk | BFESum~10um
ER7 0 —fRks : 0.4MPaGLLTF
2@Ei : 0.013m?
3 BoCross®7 4 /L& | 5B : 0.13m? SAA70—-A8 [KFE:01um~100um
% BEH : 0.26m?
¢ 1008
4 EW3RH s D R - Uy FIFEE 100 pmblE
¢ 180/230%!
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Introduction of a small scale solid-liquid separation equipment for a pilot plant
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Fig.1-1 Horizontal belt filter small-scale test equipment for pilot test

1-2 BRFEAT XMEE
Fig.1-2 Horizontal belt filter small-scale test equipment for sale
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Fig.1 Horizontal belt filter small-scale test equipment(0.1m?)
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Fig.2 Horizontal belt filter and compression blow dehydrator small-scale test
equipment
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3 BoCross” 7L 2/\ES 5 ER# (0.013m?)
Fig.3 BoCross" filter small-scale test equipment(0.013m?)
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Fig.4-1 Front part
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Fig.4-2 Back part
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Fig4 EW push type centrifuge small-scale test equipment(Type ¢ 100)
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Fig.5 Fully automatic batch type centrifuge small-scale test equipment(Type ¢ 400)
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Operational performance and effects of a sewage sludge digestion

equipment at the Nakagawa Water Circulation Center
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Abstract

Tsukishima Kikai Co., Ltd. has completed several constructions

of sludge treatment equipment for the Nakagawa Water Circula-
tion Center. In addition, we received and completed an order
from the Japan Sewage Works Agency to support the start-up of
the sludge digestion equipment after the construction. After the
sludge digestion equipment operates on a full scale, almost all the
raw sludge can be treated, and the generated digestion gas can be
used as fuel for the No.4 fluidized bed incinerator and power gen-
eration of the gas engine.
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BEROA 2T ORBICFISA TS,

%7 K ER. BATKEFEE. BRBHLS > 7 8EH 2. %R

Keyword : Saitama prefecture, Japan Sewage Works Agency (JS),
steel digestion-tank, digestion gas, power generation
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Fig.1 The picture of sludge digestion tank (Steel-plate sludge digestion tank).
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Fig.2 Process flow of digestion equipment at Nakagawa Water Circulation Center.
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Actual operation of the Rono-press delivered to Omura City
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Abstract

This is widely used because it is highly adaptable to fluctuations in sludge properties and can

operate stably with sludge that is difficult to dehydrate.

The small installation area of conventional belt press dehydrators limits the processing perfor-
mance. Because the dehydrator has an open structure, a deodorizer cover is required to increase
the installation area. By combining a belt press dehydrator with a concentrator, Tsukishima kikai
developed a Rono-press that aims to overcome the above problems while maintaining the key fea-
tures of the belt press dehydrator. We received an order for the first unit from Omura City in 2020,
which started services in July 2021. In this paper, we report the operating results after the start of
treatment operations and the results of the trial calculation of the maintenance and management
costs due to the introduction of the Rono-press.
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Fig.3 Progress of sludge input amount and digestion gas volume.
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Fig.1 Rono-press delivered
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Actual operation of the Rono-press delivered to Omura City
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Chemical Plant Construction in Phu My3 Specialized Industrial Park

Abstract

TSK ENGINEERING (THAILAND), hereafter “TET,” received the order from Arakawa
Chemical Vietnam Co., Ltd in July 2020. The main product of the factory would be an internal
paper strengthening agent. The construction area is located in the Phu My 3 specialized industrial

park, Vietnam.

i This is the first project for TET to perform as the main contractor outside Thailand.
This article summarizes the development of the project.
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AALEEINT,

E72H RN - WA - BHIH - EEERSITRT,

F3IBWTC, FTHHEEHO I RECT T T B SN/
Thkbo

W - OO F BB ETS TETOHE

3.1 BGHAR

RERDIFTED, EEBDBIGEB OV 7 3 AT M ATREER
BERHRELGERN T 22T TR DS Ml ik 2T
BEICL. DIXELBROMRELRT 75— —E 2% W ik Hl e § 519
LT\,

Fo, N F ATOWEALEZFH BT HLEHIT, N A THE
DI BEZ B SRR B L CIEs A THIE - N b A% § 52
LT, ALK - W - 3 2 MOTH CIRE L B R T 570

1 IEHRE
Table1 Outline of Construction Works

: RbhFLRYTT 2748
e 7 — 3 —3 HHTHE
il %7 30,000 m*
(FRAMEL. SEIG1IHEIS)
TEXE Ik T E#EE St
SERED (BE) [0 40,000 +/F
THE 2020F7H228 ~ 2021%€128148
®R2TIHEI7RE
Table2 Construction Schedule
20204 20214
2Q 30 40 1Q 2Q 3Q 4Q
FREEEAGN - FFE]
TR BRETH
BEIE
BRETE
BRIE
A —
R3 BERFABTEHRAL. STEACEE

Table3 Contents of Construction Permit, Government Ministry, Schedule and Actual Date of Approval
¥ MHIERBEICHVWTIN) T T 2B EEB

HENE Bk iHHER £
REBRE AR 7— -3 FRlTERA 2020448308 | 2020558298
EIAB S R ARG B 2020464308 | 2020488280

iHBh R YT T e a N 2020466 A 158 | 202058A87H

HAGERE NS AR (%) 20204E7H208 | 2020%12A8H

M I HEMEEF IXHAHERR 20204£8H318 | 2020494258
- AR AR R R A nSAER (%) 2020410818 | 202118188
Hh RG] TEMAMERR 2020104208 | 2021%2A3H
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3.2 2 RCHhIAH T

N M AIZBWTIE, 2020 4FBX0°2021 4F- 3 HE Tl R EGEIZ
IZHERREIN T, AEIFEEFRELIFEEEAS L EESINLTEAT TH -7z,

2021 4 4 HICEI N &G DS A § L& 2o DI I & Ge 5 251
L, —HU7=0 AR EORGEEA6 AZid—T5 AE B 2. 8 HIZ
QPN ch

Bk STk e x g+ 12 Ebh, X Ao AEIZB:
THHEAEIZB W THE BIZZRVIRIU 5T S,

JEGeE OB BB R LD, bk LW Tl mE ik
LHGMoAEUAGZED LN T, B ¢35 — Bl
72072,

ZOXI BRI TIZBWTD, FhDOOM IO RSB T4
ZHDHIETLHLEYOF I XPELEEIR T AL MRz, ZoEk
DB ERNERDELE LT DA ZEF SN,

C DA A ROBE T IR ARERITHIL T, BT
ENDECBICIR SR TR O EZIIR - G5 EATTE
720 IO F RIS REAVE L 7283 IR R R I A 3 52878
TE72,

- HAOBETOHRTIE, HAR - 54 - R F 2L 3P ETHRZERHH, 2
O F A OKEb 250, HBR O R E 2 A o B T
By, P ol e 2 32 = r— a8 o7, (BLERIA
FTITRGLBRH R A=V DRE TN T A Va— e
D7ANTED G A 5 TH o720 )

S AT, FYP=YEWHIESB Y A7 2B WA EIZEY, Fi
BIUORVT—HIZBT, BT [ EH R AKGRIRNL, AT P2 —
NVAHIRT A LN FETHY, BER TRUTEDSNIZRIHEA Yy Va—
WAEVER UIESE 228 TIRIFIRIE R TOBIS LR LR~
Bt/ METHIENTE

- B THICBOTIIEFIELOMR DD o720 HROY 73w
ELZCERHIL T 2720, 20 HIZRS 3 A A U2z BHIE Bk
OB, A RO B SO A R WA DO RH IR S 2 5
ZENITETZ,

- TET 503 HERH 3 NdfbRVE Tl 14 7 HlTb7zh)—
Ji S T B AEL C LB IO T v M s dh 720, Ao
LROENGWELBIOY 7 3 VOHR AP LOE RS TET 2,

WKL TR EBIOY 7 a v L Eik - BiEER— - gL
T ZETHRITRE DWW b &L Tn b,

— T HRE BB B IR T 1 F SRR B SRR, T
RINCREREL TBINEMHHIEDO SN DI LT TEN B DD 7L &L
TWbo ROFIHIBNTZLYREBIICHOM D589, ZOHGBE
TR R R R PN BI A T L TR R D72,

B snuic

JEAE, NP F ATIEGDP DR FICALNDINT, FEFOMENH
UL B THRREABIML Tnde S HRBRBIIR N ATo1L
7T MNERRE MR ER L, TSK N/ A4 B B BT )
FTREDEHEL ThEZ,

2% - 5IAXM

1) JETRO K—Lr—Y
https://www.jetro.go.jp/biznews/2022/04/9fa3b7cf414e3410.html

2) 7—-3-3%R| TERMF—LR—T
http://www.phumy3sip.com/ja-JP/default.aspx

3) BSkMIEE R—L—
https://www.nst.nipponsteel.com/business/infra/vietnam.html

2 BEBRBER
Fig.2 Site Photo
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BRIV W —T#Parté

Introduction of CAE Group

TR R ER ~sPssiFszo2~

1. BLsIC

PASANEE FRZSRIRT mRir o L —7 M &G

ATEHEN T ARBVSRAET A TH B8 % (BREEE)

ERFAECOVWTEIEZEALTE,

<BFEENFEDEN>

&FiE  BREAEZEET RN Z AL ORADES = B,
Z < DIFAREENTY 7 NCHEA.

D . FERIC 51 B EBREOER

K% RFOBEEFZEAT B ETREDER = HR,
BHRREDHTHIEE.
S BENCONPTVFEL TR EOBEREREZ ST
TR 2 BN £ (S BT FIEDE WV PIERE D EBHER(CD WL
THENT B, CCTCHHEXEE IIASREDEREZIET,

BAEENFHETIIEBEREDBRTECRDLIREVD G S,

2.1 BFEICIZERXEOHER

B ECHBEREERIET S AE(C Volume of Fluid 5& (R
'VOF& I &EWD) hdd. CNIFFTEBEOAYS 1 78|(CLVE
MENERERBC EICRBERBEOHRBEN R EUEHEKH
HIIRT DA A CTHD, BRRADHEIREIAYS 1T 1 X(TKE
L. SFH(CAT I 23 a (FEAKREAFE DAY 1 DMD Y. /8

SHVREEC LB EHEE DT,

RESEIOREMTEIEHRANRELCREDHZ5THIT S

3. EHEOEREEOREN

EELWVOREZ AW ERBNZTV. BREOHESERI> 5 —
M(CL)BEHEXEZARELE,

2.2 HFECIZERRADOER

KA TIIRIEBD DHERFTET IULL. BEITBHIFICL
WERXEZBRT S, FEMRERFENRETSMPSIETI(IH
FHREEZAREL MO EBRRECELTVSHZHEL TS,
BHERE O FPRARDLSRAMIZUIALF TIEESL TV
FCHARNTHFHRENNE LB,

WMEPRDOEE, RIMEERESTSFTHBENTHVSNSE
#ICHWT. BEREXRA(CEAISZ Ny L TREERLOBHE
EDLFH(CEB UZARNGHNSTHNTVS, COBHBKRE
DL 1FH FFEHRBEAEY) T BEFRN B EBEMRL. HHER
DREDEE CHERSZBHEN D, Xk TIEHEHERD
MAEBZERIT 2 L TCERGERNLIEEFEZ FATS77E

ELUTRANMREST N TLS,

- ’ 29
Tgi= \/TH(THZ - Jmt- 2 hw)

(525 ]

rc : EMABIEIERIE AR [M]

w . BRREANEIDREERET HHEZF [M]
hv IBHERLTOBEBHEZEENE [M]

g : BAMEE [Mm/s’]

W : EI#R#L [rad/s]
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SEIBEREL DEHEZNRIC. BRXE DL FHZERTF
EEMFECHRUEGNEEGEESYEZ FATSEZBMEL
TR AZ ML, St ORRE KB U, B 1 (SRR
BE%E, &1 (CRITICAVYEEEZ ZNZTNRT, XKk (|
L\ BT R AR 240 [mm] OFBE SRS L. FOIIC 68/ VR
IRZRT, B EE#Z 130, 150, 170 [rpm]&& bS8 T2,

2 [CHERMTFIRDOBIERZRYT. BPECEIRBELUVTUEDE
BRE(ICAY 1 Z2EREL. BHEREANFIEREICRZLICR
1 - SIHDERED R HEMC LR [CERER =117z, 5THA
AERDTZH. ERELUVEEABDORNOFRLEZFHRLTE
3DESICEHEMBEED 1/6 DEE= FIVEY, YIRTE (CAHER
FMeBR LU, B PETRFEAY 2T X% 2.5 mmelLT
fET 2 RIEL (IS, Ay a DRIDEICKWUBETREE DR Lz
#1z.

HIF75C (358 ILIRREDIRAH D EB 73 D 97 (CHIF = HIHAECE L T2
B(CERAERETZTo7z, 6. BIUTIRETHIHERE U T2k

=1 YEfE
Tab.1 Material properties
PERTR Y M =E | ek
o] e Kg/m? 1.188 998.2
HEEE! Kg/(m * 5) 1.824x10°3 1.002x10
=3 FRESRIE? N/m - 7.275x10°2

) s

%1 :20[Cl. 0.1 [MPa]lCBIIBZEEBLUKDOWIEME, ik 2 kD
X2 20 [CllcBH3AESICET ZhOEmMEND. Xt YLD

240

100

120

BN : 6 U TRIL

4240 SHEMHT: [mm]

B 1 AR SRAEE ]
Fig.1 Schematic diagram of analysis target

WL T
RARAESL ZUmE | e |
Aw 2 ERk
EAERRATEE SIRHITINTE
-EHOBEIE -EhoEE
-t nalgEsE -EH SRRl E
-IBREY -HITFIE
-fEA8 - SR OYIER -HRRG
- - IFEFER -8 - SAEOYIEE
-RERDETILIEE -JEEWETIRERTE
-RAERETILEE e . -RERDETILRE
-SLIftET)LERTE EEEEE IEE -ELRETIVIEE
-fSRRE. BARENHR 6 1 15 A -IBRBE. BAELEIR RARG) AR
EEE e t\_ulj L =
AN e A S
Mt | Lo ¥IF OYIHAACE S

[ wm | itm

[ LRI R L

wEEyuE

B 2 T FIR
Fig.2 Analysis procedure

SR : IR

H31/6EFIL
Fig.3 1/6 model
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BRI —T BN Parte REMITFER ~BFELMFEZD2~

FIIEERBRBER CENORE TR T OREEEDD LS (CET
BEd5H. BRERENEEL CHOEHRZDERSE/z, I
FETIFHF T %5 mm, 2.5mm DIFE TR =ML
A BT 1A XOMAETEETEEDR EARS
n@h-ote, 0. STERBOHRSNSHT 1 X% 5 mm
EU KT DEMAPKFONENDAS S CHEZSR3/\Z
A—GEERBST D (TR, FBITRBEDR EEE M,

M4 (CHRFESLURFERCLZEREXEDIREERE R
9, /o, K5 (CEEHEBHERADBEES LUBEFSEIEF
ZoOBfFZETRT. HETEBREXREADEEE (hvithe) BLUER

MIE RIS re DE B E% S E B U RRERT., LWIN
DN ICEVWTEREHENKRTVAIEHERLOBEHERED
FENME NI BEANBRIN NS, KETFECISERN
EIFRIE R re D FARBEL[C DV TR ETTHEDRMATHRSNTL
BH NI S—2BLCEHREDETNETHS h ORBE
DHENFRETH D EN DN >TE, o BEFRRIEEREFRE rc
Fxm " CEEERICESTFEF—EDERLEZDCX L. MBI
BRTEESDENAELBBEDDOEMENTTFETOTFIE(CK
LTE10%REECNE-TE.

130 [rpm]

170 frpm]

E—a\ U @\ N

IS A—S AR

130 [rpm]

170 [rpm]

NSA—SHEER

130 [rpm]

170 [rpm]

BB IR\ N

4. 5bYIc

SREIRFELNFECERERZ S CRPEDRAKFITEE RIFERTIL T X LDKELRRB e HEFLLE U (CKVEMD
Tl BT FIRDBV S MEE DB EIT>/2, WINDOFIAIC 2h\ ToRBBER_ LPFEREREDER CREY L HEZ
SV TEEHERADBRNTRETHD MRS N, BFEL TV BFEOA )Y NEED LBV FICEIFTOERL,

WEEXHEE D

1) BHE TR MBEEASHE HENEX/ NI BZHERCEPEOREHRAL R CREFIBERTEDOTE CETHRXE, 255,515 ,p12-17
2) BAEMY R TZER, EH SR ,p291-296

3) EEIXR b2 THEE, YWELH6R,po6

[EliEEY by by hy+hye s ic Ic g
B8 R BB DR & [rpm] [mm)] [mm] [mm] [mm] [mm] [mm]
ETEEET Xk 130 20 4 24 61 358 B
181 R AE OB B EL B 150 26 5 31 61 352 355
i BHEIOEES 170 34 6 40 61 356
i R th, BFE 130 16.6 53 219 753 310
150 223 6.3 28.7 752 312 312
ha| by ‘;l\— 170 29.1 109 40.0 752 314
; LR 73 130 7.1 27 938 65.1 199
_ NSA—% 150 15.8 24 182 76.0 2538 242
el 170 218 4.0 258 754 26.8
' HT*E 130 186 24 210 742 330
i NSA—5 150 223 32 255 743 312 310
mz 170 247 30 278 76.6 287
60
50
10 N - @ = ikl)

—— R TS A—9BEE

—— KT IS A

BHBNEOMEES h,,

0
120 130 140 150 160 170 180
E#E2% [rpm]

50
g 10
f % ________ P ——-—— E ]
: 30 = —— —— —
& T
= 20 o
% 10

120 130 140 150 160 170 180
[El#=E [rpm]

5 ElE# & HHREOSEE S S UEERHEERFEDORR
Fig.5 Relationship between rotation speed and height difference of free surface, radius of cylindrically rotating zone

X4 BHBZRE O AFRER
Fig.4 Free surface visualization result
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Introduction of R&D Center

KB RBROIEETRAE

1. BULsIC

BASAEE R&D 29— AT I —T R EE

EE (3. EBRMIE - ICALFES (IUPAC) DEH(CLB L.
EMH S ERE SN B BRIEFE (CPDE (KICHRE) 2E R
FEDESNTVD, | SELERMEAYNIEE CHESNZ NN
REMZEDICS. BEIHBBETEEINZNILA B, HBV (SR
BNV ) EI AT IVEGLIENI U ESAR(TYILY
Dt O—IlL LT EN3B) hibFoNns, TKBERFHCEEN
BRENZEMBOERLEBEZR (ORT.

TIKERICIE, —RREPEEREDNS FKEICHIHSINS
BREYRBRROBEER DN EEINDG, THKILERR. 5RNE

MERICSVTISEL. BEORE, RT—ILDPR O LOKE, 55
SRDIEREME - BRAKEOE T, SEHRERAIE DB ROBSIE ML
ADBRERE, SESEREEQRALDS, Y

Wit FTKALIE, SBRABDL < DEBEFHITTVS, Yt
R&D > 4—HH 4V IL—7 Tl B DLS R ER 5253 K
SERERDIEEICH LT, DA EDEREMRBECEIUEAT
W3, SEEDRE OER. TERODNFE TR TSR E
BRSO EE HE T, FEF R DI EEL =
FTENTEBLS LT AT BBET BN EA BN T3,

=1 TKERPICEENZ ARSI EZ DYIEE"
Table1 Properties of typical fatty acid contained in sewage sludge *

— — —
5 AT Bk o o xR
SYAF Uil C;;H»COOH 14 0 2284 54.1
paffsiiE:  SL3IFUEE  CH,COOH 16 0 2564 626
AT TV ik C,;H;sCOOH 18 0 2845 70.5

LA C;;H;;COOH 18 1 2825 133~162

A fafnfs e U — Lk C,;H;;COOH 18 2 2805 -52~-50

oY /LU CiHuCOOH 18 3 2784 -113~-110

2. EEOARAEEATES]

ATNKIIBIG C B T 25EEF RS . RAIES CIRERS NI HAsk
B (K1) 0. EERD DOIEREER 2 [CRTEEEIC MR
TZNZTNORITEE (CDVWTEND,

2.1 IEEOKE - M. /LAY U HEmE
TAERIRFDIEEDOREEZRI PMEEE LT, HtTE
TR EFR L. BRAOITEISEMLUZAEZ FICHAL TV,
ERERCHU T T FILI—TILICLRBRY v A L—HEZ(T
V. B OB ZIREEHCDEE S ELTERRTDHE
TH3, CDES IUPACOERICETENZV, £YHBEXRTER
WAYY TFIL I —T ILICAR7R, v Hhe € AIES
ULCEESNS., AICHIT2EEMDEIE. R2([CRTEEY,
I=HE e C 7.8dry%. SHAEIRER ClE 49.2dry% CTdh> Tz,
Fle. AITEERLTOWZWA, BULIEEDBERZ TS
MIER (. T IILRILAF T B IE H b . FKEERAE (1S
K 0102 [ [CRESNTVBRELATHY. RIEEHNEDD
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PKEEDIEED—D(CIEETN TV S, BIKRHIEICREETS
A DFZE S RNEEHKAT B,

2.2 [EBhEEER 74T — 58 44E-GC/FID

BEEERLSY (23t U BERAEE O B S KU RBRREEA F LA DEHE (55
BRME) ZToTe DB KBRA T ALEHESEEBEV AR 70T
N2 7 (GC/FID) CRIET 2 LT, BIESREZEET 2.

MERFIEERD THZ. P TFILIT—FI)LimEYy IR TT—
TV EWVWD) ERRISAEETUV. WEEERSRAEE ST > L
) O0—-ILDEFEN AT O—IIBECEND—BEHEBRTS
EmBZ SHO—1ETEEUCTEMBRELL TS, AMICHL
TlFE R2P I -7 )LHHEYICRT EBY. IBIHEEE 3RES
FETHE3.1dry% (B2 L T, MURREER) . ShIERERF
YCEE5EH17.0dry%s THY. WITNDFEABHCHEWTE/NILIF
CEBEAREEENSL. DVWTH LA VB X T 7 EBOIEIC

Bhorz,

—ATC PIFII—TI)ILEEEE (AN T -7 L%
A1 EVD) [CHUTERRDFERL-GC/FIDAITERH; o &
A R2F|FI—TIILHMBRECRT EBY. BIEERTIEAET
0.8dry% CdhoTzD(Cxt L. HISKEEY T[dE5T22.9dry% D
BEREED EE SN, FERAERIZ T —7 L&) T—7 L&
BOADKI6Aryk L <ELENHERINE, T—7 JLhETRE
RICEZFENZEMBOEFEERELL T, BIEBENSBETHRLME
SLTCERLIZEBAR. SLUERBBRD LBE [CEEEE

FEESNTEVI—TILBETES [CHEThBVWIEE (CCT
(& MBI AR E W\ D) A E R ENS,

2.3 ERAOBOFEHREREHRE
2.3.1 EERARDOEFERHST

9 HIERERYCEENZ TR THRMERBERDZH(C, &
HXRAMZIToTeERZERIICRT, B|ETHEDOS Cah\iy
47%Ash (Ca0ELT) & LB RS NIz,

1 hBEIRERZ

Fig.1 Fat-like solids

®2 BEERS HHTREE
Table2 Analysis results of lipid components
I HE G E ik By
SrHTHELE HA{iT afk  ToTN I=FN| ah T—FA T=F
! Y R i fhttn AR
HLAGN: dry% 7.84 = 492
SYRF i 0.12 0.04 0.78 0.89
PNVIF LR 12 0.25 7.6 15
AT TV R dry% = 058 0.11 — 2.5 64
A LA B (BBl = 0.89 022 43 0.47
Y J— e IZHLT) - 028 0.12 - 1.6 0.08
a-) L <001 003 | — 0.08 <0.01
(AERGEE6 D & i) = 3.1 0.8 17.0 229
£ 3 EHTRER RS

Table3 Analysis results of inorganic composition

RE4 Bz | NaO MgO ALO; Si0, P,0, SO,

Cl K,O "Ca@® TiO; MnO Fe,Op CuO ZnO BaOD

HAER - %Ash | o4 57 g5

Bl () 124 4.1 8.0

0.3 0.6  47.0

1.2 0.2 6.4 0.1 0.3 2.7

(FE)600°CIRLFELfIE |, A&t RIZR LM E L TIEEZ R
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R&D > ¥—#N TKEREROEENAE

RIC,HEEREN DT —7 )L HEERAED XiRET E—2 /%
H—>%R2(CTRT, KFICE HEEREEYOI—7 L%
BCZLEENTWE WNILIFUBERT TV BOECahA
RREHZE D XIREIT E—20 /N —> % HEE L TWVD D SHESIREF
MOI—7 I)LMHREICE. NS Ca AREEECREMMGE—
JEBAEICE—oD SRS NI,

BEmcesl, COMBRERYIC(E CaA@NIENTLS
EHESND,

2.3.2 EEERREHREAE

CaABEI—T ILICRABEEZA TV, F L1 B Cahaid
[CDOWTEY I FILI—FTILICEBY v A L—HmHTHESIN
BENREZFAVCERBRICEWVHIBBLIZESD. LUIEHICERE
AMEEZROBZEHICE. ST FILI—FILICHESNZ AL

1V BECABZERDBUEN DS EN DN >TE, TIT K3 (C
RIEBY, T—TILEYHO CAREZFERS T 7 XAV H
FenKatmE (ICP-OES) TAEL. TNHA L 1 B CadRT
HBIEDERELT, T—7ILHHEBEROZ L 1V BRECEE
(=7 LHEEYRHS FRE) $22 LT ERABRS LU
HMREEELTCOF L 1 VBREZ R IS 2L,

KM OHBBERETY (CBRALERZXR 4 (CRT, T—7 )L
EYFROF L A BEOS51.2dry% h CaBRBAR THo e & H
BREN. TORKR HEREE YD S5 24 1dry%k HEBARS
JUBMEEREEHROBERRB THD LTSN, S50 2
NICHEPER D1EZMA 2 £ 73dry% E730), ZOHMIERERY
D 70dry% A ENBEBER A B 5V ICEBAM TERINTNS S
EDTREEE NI,

] 5\]‘

AR R E Y - it

'—\HJ _}h’_\_’__ e e

20 (deg)

30

2 HBEREY T —7 )L RAD XRETE—0 /N9 —>
Fig.2 XRD peak pattern of diethyl ether extraction residue of fat-like solids

ot DRL Pk T—FL FRIE D sagsg MR e
prevy Alitt A ne —GC/ED Y (ce—sadqmmety Lo o] Ml
Ao AECatien | ___ &
A LA :
_ i
—|CP-OFS ¥
i : CallIEMS , A LA HCath KD :
ALA AR5 : b 1
R i Bk
e "f."(_‘?f_*il'l'[—‘ N AL - o Rl P B
|| i o (=—F AR T) b oo > HienRILRR
600C IR AL — i X (XREF) 234 4 T 4L R

3OMBIUHET O—Fr—h
Fig.3 Flowchart of analysis and estimation
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F4 SEABEEHT
Table4 Estimation of the concentration of metal soaps
AR E AR BT
> %o e e &8 iR
ST E Hi{y otk T—F)N T—F) ST IE A Bifif P o — HECF
s Hit®  mhHRRE = 9 fEdTh HH
| Y R it e
HUAERA dry% 492 HENS dry% 492
AT R : 0.78 0.89 Y ATk 0.78 0.89
INNWETF R 76 15 PVETF R g 76 15
AT TV 25 6.4 AT TV dry% 25 64
Y, A I e e  TTTTTTTTTWwmrwhs S v 7" ¢ ¢ T N ]
AL dry% - s 047 "IN AL ek 1 3 16 !
Y — L Laussis l_T(:___T}EJS__, Y — iZHLT) e 008
=7 HLT) - = . = : 2
a-Y /L 008 <0.01 aY/LB 0.08 <001
(RElh Ee6Tl D& & /D) - 170 229 (REHG A6 O & & 1H) / 15.8 24.1
Ca {0082 1 2
AW T T IR AL A BRI EEIC . 2dry A B L7 55,

fHH P OCah AL A BECath B THhOH LT HIE

Ca 0.082dry% |48 454 L A B8 Z1. 2dry%

3. FbYIC

SRABBIUBESIEEHEOA LA ETHEETS,
(HEE B e = — 7 76 1L 2dryi & L D)

ABTE IR S OMIEE S L UBMBEE DRIER E2 8
NIBELEC MERETEY D28 TSN (C B> Te 2R
ARDFERR T ES S UREREREDACDOVWTEHLEZ, <D
A (C L EBAEE 2 OER OREMBEEZRI &N
TEDLD (R, TKALEIG D HRAIEERMBA TDIEE R D
Atz SOCEFICE. RAERKOHETE PUBENER R E(TE
AEhtTua,

WSEXR(FH

ARTE TABRHRDEENTTELHIT>THEN LA\
Z DR S, BRI REEFERD FHKLERERECE
o CRREFIEECHD ERDONS. HBNHMT IRl
2 FNOREFICEEAL TV ET, YtV I -T2 ORI
STESFRRMBK(CRIUDAN T —F DRRHBHN TEBL5K
HTULL,

1) IUPAC Gold Book.https://goldbook.iupac.org/terms/view/L03571 (202257 B 21 BIRE)
2) REEAFEA BATKERSR: TKEHEAKR EE)20124Fh0,p.377 (2012)

3
4
5) BAMEZ R (L2 E ET 4 R 2R 11, 1E(1993)

)

) N EER MTAESR, BENEL: £FEHKPOMD OMIRAE(CH S BRI, BRI, 8 26%, 835, pp.155-159 (1997)

) N R, TERE G, IMBRIE : R AIR(C S 32 A RS RIEMB OBEES LU NRBRE, BETFEMRRNE, 5 26%, pp.1-8 (1990)
)
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1. ZLsIc
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