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Validation for numerical simulation of powder and granule

dynamics, and analysis of powder behaviors of indirect heating

type horizontal rotary steam tube dryer

Abstract

It can be expected that numerical simulation enhances design quality and operational efficiency by
development and engineering design of the powder and granule handling apparatus with the following
merits: 1) reduction of cost and period of time of experimental research, 2) deep understanding of phe-
nomena. For the purpose, it is required to show practicality of simulation together with the validation
of simulation approach and practical examples of numerical analysis on powder apparatus. This paper
focuses and discusses the rotary type solids mixing system. The following results were obtained: 1) Dis-
crete element method predicts experiments qualitative and quantitatively within error of 7.4(%) as vali-
dation test. 2) Numerical simulation in terms of powder dynamics of Indirect heating type horizontal
rotary steam tube dryer was performed and captured characteristics. It can be concluded that obtained

results through the research indicates feasibility of numerical simulation for engineering design.
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Validation for numerical simulation of powder and granule dynamics,

and analysis of powder behaviors of indirect heating type horizontal rotary steam tube dryer
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Validation for numerical simulation of powder and granule dynamics,

and analysis of powder behaviors of indirect heating type horizontal rotary steam tube dryer
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Elemental speciation analysis of Iron compounds

in carbonized biomass for fuel.

Abstract

Heat-generating phenomena appeared of carbonized biomass for fuel during storage. With the

aim of solving this issue, the oxidation reaction and elemental speciation of iron compounds were
analyzed using X-ray absorption fine structure (XAFS) studies. This report applied X-ray absorp-
tion near edge structure (XANES) method, which was selected from both methods of XANES and
extended X-ray absorption fine structure (EXAFS) of the XAFS studies. It was examined pretreat-
ment method and storing temperature to determine optimal conditions when applying XANES
method to carbonized biomass. XANES spectra of iron compounds shifted to a higher energy
side in the following order: carbonized biomass < dried biomass as raw material < post-stabilized
biomass carbide. Shifting high energy side shows iron compounds are more oxidized. When a
mixture of ferric sulfate and cellulose as a substitute were treated under the same conditions as
carbonization, K-edge analysis in XANES method showed various compound changing of substi-
tutes materials at several carbonized temperatures. Using XAFS method, chemical states of iron
compounds showed a relation to heat generation from carbonized biomass through analysis results

of iron compounds in carbonized biomass and its substitutes.
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Elemental speciation analysis of Iron compounds in Biomass carbonized materials for fuel.
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S0, % 269
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BOKEILA - Clever Filtration

Abstract

BOKELA is a medium-sized enterprise that ranks as one of the worldwide leading sup-
pliers of modern filtration plants for the the chemical, petrochemical, pharmaceutical, food,
minerals, coal and ore processing industry. BOKELA is Centre of Excellence within the
TSUKISHIMA KIKAI group in the field of cake forming filtration and dynamic crossflow
filtration, in particular for continuous vacuum and pressure filters. BOKELA’s filtration tech-
nologies define the state-of-the-art and offer economic and sustainable solutions. The modern
filtration technologies of BOKELA are high performance filtration technologies with innova-
tive design and outstanding hydraulic performance. The product range includes continuous
rotary filters such as vacuum filters (drum, disc, pan —filters), continuous pressure filters (Hi-
Bar Filtration), dynamic crossflow filters (DYNO Filter for dynamic membrane-, sieve- &
precoat filtration), quasi-continuous backflush filters as well as laboratory filters. BOKELA'’s
filtration technologies are coming along with an energy efficient process philosophy enabling
a fully automatic operation and simple implementation in the plant automation. Typical char-
acteristics are: very low cake moisture, optimum filter cake wash, high throughput perfor-

mance, clear filtrate, reliable and safe operation.

Keyword : Rotary Vacuum Filters (Drum, Disc, Pan Filters), Continuous Pressure Filters (BOKELA HiBar Filtration),
Dynamic Crossflow Filter (BOKELA DYNO Filter), Filter Revamping

2 Technology profiles

2.1 Vacuum Rotary Filters

BOKELA disc, drum and pan filters are modern high performance
technologies which define a new state of the art in rotary filter
technology. The modern design leads to outstanding hydraulic
characteristics and provides for high throughput capacities,
excellent cake washing and dewatering and ease of maintenance.
2.1.1 Drum Filters

BOKELA drum filters are characterized by high throughput
performances, intensive cake wash, low moisture contents,
complete cake discharge, reliable operation and modern
control philosophy. BOKELA drum filters can be equipped with
FrameTrak - the new and innovative method of attaching filter
media on drum and pan filters.

Fig.1 BOKELA drum filter (40m?2)

Drum filters with exchangeable filter cells are high performance
vacuum drum filters which are specially made to come up with
challenging demands in the chemical industry.

2.1.2 Disc Filters

Boozer disc filters represent a new generation of vacuum disc
filters. These high performance disc filters run with high filter
speed up to 6 rpm and have outstanding high throughput rates.
Main fields of application are in the raw material industry e.g. in
alumina refineries, in coal washeries or for dewatering of residues
from ore and mineral processing (tailings).

Fig.3 BOKELA Boozer disc filter

2.1.3 Pan Filters

Pan filters are used for filtration and washing of coarse products.
BOKELA pan filters represent a new pan filter generation with a
lot of innovative features like the forced feeding system, quick
drainage cell, pre-separation control head and FrameTrak - the
new and innovative method of attaching filter media on drum and
pan filters. BOKELA pan filters save up to 25 % of wash water.
Application areas cover industries such alumina refineries, iron
ore concentrates, quartz sands, fertilizer etc.

BOKELA# D& RIZT L 7 ZIVEBRBIETIERT7 IIVIF - AR%E BOKELA - Clever Filtration
RRAIET DM DB LETLERHAINTSY, FICTILIFER BOKELA is a medium-sized enterprise that ranks as one of the
TIIHRRICHARIBEL DA BEA—D—EL TOHAEZENTL worldwide leading suppliers of modern filtration plants for process
%, FHIZERABFMOAL Y ILT12 TEDIDIEZ—RLTHI, filtration. BOKELA's filtration technologies define the state-of-the-
BAICHA SR ARG T AR M EL TTIRAL A>T F 2> X DE art and offer economic and sustainable solutions
UL VEBRRRBREOHEREEMBEARETIILICL
TEEDFEHFEEAA YN IEETEROMLAICERICEVTEE
LT3, ATETIEBOKELAEZDHF THRRM LA BHEESR
BNET S,

Fig.4 BOKELA pan filter

Fig.2 BOKELA drum Filter with single-cell design
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2.2 Continuous Pressure and Steam Pressure Filtration
2.2.1 HiBar Filtration

HiBar Filtration is the most modern technology for continuous
pressure filtration and offers new solutions for filtration, washing
and dewatering of fine grained suspensions. HiBar Filtration
uses a drum or disc filter which is installed in a pressure vessel.
This enables filtration with a pressure difference Ap of up to 6
bar. Consequently, higher throughput rates and lower residual
moisture contents are realized compared to vacuum filtration and
even fine grained products can be filtered.

Fig.5 BOKELA HiBar drum filter (40m?) inside pressure vessel

Fig.6 Filter building with two BOKELA HiBar disc filters (70m? each) for red
mud filtration in an Indonesian Alumina refinery - TSK was EPC for this Alumina
refinery with BOKELA as supplier of the complete filtration equipment.

2.2.2 HiBar Steam Pressure Filtration

The patented HiBar Steam Pressure Filtration uses steam for
demoisturing, washing and drying of the filter cake leading to
very low cake moistures. Thus, downstream thermal drying may
be replaced.

Hi-Bar plants are available with horizontal pressure vessels for
large units and as Oyster Filter with vertically opening vessel for
smaller filter units.

2.2.3 HiBar Oyster Filters

The compact HiBar Oyster Filter is made for challenging
applications in the chemical, pharmaceutical and food industry.
Hi-Bar Oyster Filters ensure high specific throughputs, best
washing and demoisturing results, reliable and flexible operation.
Oyster drum filters with single-cell design ensure an unmatched
fast re-clothing. The hermetically closed system enables fast and
easy access by fully automatic opening of the pressure vessel (like
an oyster) which provides for short downtimes.

Fig.7 OKELA HiBar Oyster Filter

2.3 Dynamic Crossflow Filtration

2.3.1 Dynamic Membrane Filtration

DYNO Filter is a dynamic cross flow filter for ultra- and
microfiltration which enables thickening of suspensions to an
unmatched high concentration and simultaneous washing. It
is applied for suspensions in the chemical and pharmaceutical
industry, for filtration of fine minerals, organic and inorganic
pigments etc.

Fig.8 BOKELA DYNO filters (10 m? each)

2.3.2 Dynamic Sieve Filtration

As dynamic sieve filter the DYNO-Filter enables continuous
removal of low concentrated, disturbing coarse grain from
viscous suspensions like in the production of polymeric foams.
2.3.3 Dynamic Precoat Filtration

Dynamic precoat filtration which is the latest process innovation
with the BOKELA DYNO Filter. This new process combines
cake forming filtration and crossflow filtration and is applied to
completely recover solids from a suspension and to produce
a particle-free filtrate. Dynamic precoat filtration offers process
solutions for difficult separation tasks e.g. with hot suspensions,
suspensions containing solvents and/or fine particles where state-
of-the-art technologies like membrane filters or centrifuges fail.

2.4 Backflush Filter

The BOKELA backflush filter has an advanced design which
allows improved polishing filtration of liquids with (very) low solids
contents. Main application is the cleaning of pregnant liquor in
Alumina refineries.

2.5 Optimisation of Filter Plants

The modification and modernization of filter plants by the
BOKELA “Filter Revamping programme” is a very economical
and quickly feasible method to improve the performance and
profitability of running filters. BOKELA is the No. 1 in filter
optimisation bringing competitive filter technologies to the most
modern BOKELA design standard.

2.6 Laboratory Filters

FILTRATEST is a compact, portable laboratory filter apparatus
which enables easy and fast filter tests to achieve reliable scale
up data. With a small product sample the required filtration data
and product parameters can be determined.

DYNOTEST enables the analysis and scaling up of crossflow
filtration processes with small product samples.
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Dry Super-powdered Activated Carbon (S-PAC)

Injecting Facilities

Abstract

This facility was created by adding “dry pulverizing function” to the existing dry pow-
dered activated carbon charger to produce and inject super-powdered activated carbon on
site. 2-5[m super-powdered carbon can be produced by one-path pulverization. Adsorp-
tion and elimination performance especially for components of offensive taste and odor is
increased 2-3-fold before pulverization. The facility is able to continuously run for 2,000—
3,000 hours stably producing super-powdered carbon. It is confirmed that the number of
particles leaked from the water purification filtering bed is equivalent to the existing dry
powdered activated carbon in the injection rate considering the adsorption performance.
The facility thus ensures stable water treatment. The dust explosibility is equivalent to the
existing dry powdered activated carbon, and operational safety is secured. Activated carbon
before and after pulverization can easily be used together and it makes it easy to optimize

the size of super-powdered crusher system.
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Keyword : powdered activated carbon(PAC); Super-powdered activated carbon (S-PAC); pulverization; purification
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Fig.1 Flow diagram of S-PAC injection equipment
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Fig.2 Picture of experimental plant
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Fig.3 Pictures of PAC and S-PAC
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Table1 Adsorption performance evaluation results for PAC and S-PAC
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Fig.6 Pictures of methylene bule adsorbed on PAC and S-PAC
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Fig.7 Elimination efficiency of PAC and S-PAC and consumed amount of that in
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Product introduction RotaCut F450T
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reclaimed wastewater.

Tsukishima Technology Maintenance Service Co., Ltd. (TTMS) proactively develops
machinery to solve ongoing Operation and Maintenance (O&M) issues, as well as machine
failures faced in water and wastewater treatment plants across Japan. This is done through
deriving solutions from real-world O&M and repair works faced by TTMS itself. In this
document, “RotaCut” — a grinder that provides solutions to clogging and twining of solids
inside pumps, mixers and heat exchangers — will be introduced, as well as the “F450T” — an

air-activated automatic strainer that removes screen fouling from suspended solids (SS) in
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¥ —7— K ! RotaCut, F450T. ##ERE R, EHEIR A INME. HIFEREL
Keyword : RotaCut. F450T. reduction in maintenance works. added values in O&M. client requrements in O&M

21 REGEREEMK

IEATECEAEL-REMDREDBET DL, ZDZE<H 100mm
LIEOD [E2 ] P EHEIBATVTERELEDD THo 7 [EE2] 1.
RAPIAIRTHL, FEHMEICE A, HAELON)) PEEGHHEFICHE
AFERT VN H D, Fo RUO[EE] IZHBIFE, IEAFERP
EEREANDEZALDIREL, FEMDRPTRINPTED, %
ZT BWEE| GG 32824, ThSRESDINEI%)
REMEEL 7=

2.2 BEHE

[RotaCut| (B1-1) I3, R —JAEHIEICL2DBE) N LA
T (R1-2) okl AMEASICEESNZHEE X7 —2 (K1-3)
IZHL. AE—TEETHLET 3, NIEEEER )-8 LD %
75200 ~ 300min-1 CHEL, SEE X7 )—2 58BT3 HE
RO [EE]| 4 REPDMEICSOMmM U TICHMT2 (M1-4), %
b BEEEFTIIET. BT TRTERBLON
FEROBRZBIBREHEEBEEL TS,

2.3 EHAREEFER
2.3.1 AR GE(EEME BEBRI A

AIPIZ Tl SEEBRER 1 U CHEHTHER (XR/INI1FL
BT H2Z) DFAZEICEY. 1 ~ 2:BREIC 1 BOEE CiEREERL
TWz, ZZT. [RotaCut] #HILERER 71 > DHZHzmD L
FBINEA (2015 FE2A258) L-#ER. BB OHEI FIHS
ho 1 ELUERELAE&SEEMEEL TV (K1-5),

B 1-1 [RotaCut] RCQ-33 #1&1
Fig.1-1 External view of the [RotaCut] RCQ-33
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Fig.2-8 Improvement after augmentation
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Abstract

Daido Chemical Engineering Corp. has two departments: the
plant division, which mainly sells acid recovery equipment, and the
eliminator division, which mainly sells the mist eliminator.

The mist eliminator is an important product with a long track
record. It has been installed in the flue gas desulfurization system at
a Tsukishima Kikai 700MW-class power plant.

This report introduces the product outline.

KBETIANIL T ZTY TR SR TCEBAIRNEEEENETET S
UMNEESEIANTIVIFR—E—FTHETEITIF—2—FELD2EXE
ERH* B,

IZARTYIR—E2—(E BROEEEES. 7T00MWROREFREEAS
AR DBEE B FREL i CHEAIN TV SRR THS,

F—T— K IAMIYIR—%2— A X HHERRER
Keyword : Mist eliminator, exhaust gas, flue gas desulfurization
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Fig.1 The Mist Eliminator
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Fig.2 The principle of Mist Eliminator
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Table1 Lineup
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<<< | |
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A ; 0 5
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ﬂ;;g*" e KR WER | APd-BEAR | AVRE-EER
ﬁm I | K F-Bm/sec [ HKIE10m/sec
R B4 Im/sec -3 8m/sec

2 K-201 it
Table2 Specifications of K-201

KT _ EER ‘
BEFERE | 5~6 m/sec | 25~3.8 m/sec ‘
BN TR 20~22 pmilk | 25~30 pmblE ‘

[ 99% | 99%
EhiRE 0.08~0.12 KPa | 0.04~0.07 KPa

<3 K-301 st
Table3 Specifications of K-301

| KER | FEMER
BofEBFE | 5~6.5 m/sec 23~3.3 m/sec

14 gmBlE | 17~19 gmBlE
WA TE 995 99%
EhiBk 01~0.17KPa | 004~0.07 KPa
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Fig.3 An example of K-201 simulation
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Fig.4 An example of K-301 simulation
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Fig.5 The Pilot test at Ichikawa R&D Center

5 HHUIC

AEZE 200U EDFEFEEEF D XA ES-THD, 5HD
MEREMRL. PEHRICEFESTOELEIFREIEBALTVELL,

36 TSK #2016 no.19

TSK #%k 2016 no.19 37




Ron i@

Vacuum Mixing Dryer
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Abstract

The vacuum mixing dryer (VMD) is a device developed based
on a universal mixer introduced from Mischtechnik International
GmbH in Germany in 1988. The VMD is a mixer designed for
vacuum mixing and drying and is used as a batch dryer. We sold
our first unit in 1994 and have delivered 17 units by 2016. They are
best suited for applications such as thorough drying of products to
several ppm of moisture, and drying under reduced pressure without
raising the product temperature. Among the units we delivered, one
in 2015, used for drying nickel compounds, demonstrated outstand-
ing drying capabilities that had never been achieved by vacuum
mixing and drying with conventional MTI mixers. This article intro-
duces the features of the VMD and its performance in drying nickel

compounds.

INF1—LIFITRTAY (LT V.M.D)IE 1988 FE IR 1Y D MTI*t
(Mischtechnik International GmbH) £VWE AL ZN—HILIxH%
ICHALEEBE THD, ERREHZEAEDIX YT, NyF TORIEHELL
TERAINS, 1994 F(Z1 SHERFTELTHS 2016 FXTIT17 BEMAL
Teo BWEKDD PPM A —S4—DFERTIE. HaBEE I LVTRE
T CORIGREENBENEFELD, FTH2015 FITMALENI{EEH DR
BIZHEWT, EROMTI IX Y DERREEZETEIEZSNEVLILRY
R IREBE S ERERAL 720 ATETIEV.M.D DIFHENI{E B M DEZIEERE
ERBNT

F—T— R IMTL IFH— BE. IR EZHIE
Keyword : MTI, Mixer, Mixing. Drying. Vacuum drying
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The application of the “BMB absorber” to the digestion gas

refinement process in “Collaborative research for demonstration of

hydrogen production”.

Abstract

’ IELHIC

NAFIZIZINF -3 [REMBESE] L. CO2BEHELAEVDHD
(B=R>Za—bFI) ELTRONTEHY), HECRBRIEXRICERD
THdEr. AREKEERBROBRE,»S. TNBAIEELFELS
w3,

ZONA AT ZAIXIVF—D—2EL T, FKBRMNIEDBIZT
ZETDHIEH XOBHF AN EEIN TS,

JHAE A X13#960% D CH, £ 40% D CO, £ ER 7 & ¢ 3R] A%
HATHZ7=0. BHELTHRIRRIRETHY ., K1 7—XHILH XRE
DKL BiRBEAIFE ORI L EICHAZINTOE T —ZbH 5D,
FRAZNhTOWEWRRLEIEA 2D &V, ZOHEEH XFRIZEEN
BCH,1ECO, D25 FEHMBEMNREHF D2, ZOEFARANMH
TRZEBRE FFELVHDTIIEL BEBRAMLAIIN TS,

ZZT EEH ZOBHFIEEL T, BE#HIIHERE [T AL
BIGOORETZHEA XDODKFRE ] ICHFTBHRMARE (L.
AERMAR) EXBTIIEERY, ZOKFEE O ID—FD
EAEHZBRIFRICSEVWT AEBRIEI D7) JDBMB 7
TI—N—&EATIEEE o B ICAKFERRRICE DS
O—%7R7,

2 BMB 7 7 /—=/\—=I_&TB3HILH ADOER

BMB 77 —/\— (Bamboo 7 7V —/\—) &IZHIEH Xeh D
CH,ECO, DA BEERIRMICITHDIC. BEREBEI V-7
THRRLEA ADOWRER ILEEEETEBMB 2 7—&F AL
HDTHD, KUTICBMB 2T7—DEBEEEDHIZBMB 7 7/ —/N—(C
DWTECH T 5

2.1 BMB #7—D4%H#

REXPWIN, MEICFERINITREMEREICSVT, TIFEEX
WERIE DH B LPHRDEMF G, BOBENRFEICIIAZED
35, B2 IRULARIESE TIThh 32 &P B,

SUREMEBEN TRIIREICERINZGE. &/ A XL (L/G) 1
THEHSDOTEEEELTM/ (Ly/Gy) = 0.5~ 1.0 DEE THRHS
NBZEN B, T BWROMED KITBRRUIKL AT
BmPAREWGE, REISHLTHXENFEEIS/NSVIREEE LS,
BZIE AN)—EHN 1000 LD ESBIBE. HRABILRED
1/1200 [mol/mol] KTFIZH2, ZDEE, RES RERRIEMSE
B&, BRTRATRANCELS LR H ROREN X3, mhAR
TH AN IRESNBIER. H RAIEEDH—EA Y., RRERD
RN BELTLED,

The BMB absorber is applied BMB Tower technology developed by Tsukishima Kankyo
Engineering Ltd., and is used in digestion gas refinement. In the BMB absorber, digestion
gas (CH,) can be purified because CO, in digestion gas from sewage treatment plants is
effectively absorbed by water.

The BMB Tower’s feature is that it is equipped with a structure to prevent back-mixing
of gas inside the tower. Gas—liquid contact is possible in an efficient manner without back-
mixing of the gas by the internal structure, even with very high L/G(liquid-to-gas ratio). It is
thus possible for the tower to be more compact than conventional packed towers.

Digestion gas refinement in hydrogen production is going to be demonstrated using this
BMB absorber. This report thus introduces the outline of this BMB absorber.

BMB 77 V—/N—&ld, BEBIEBI LU= 7 IHRRELEBMB 2 7T—DORiEN—2EL T, H
B A ZDOBEUFIBLZDDTHD, ZOBMB 7 7 V—/N\—Tld, TKIIBIGHSFE T SE{LH X
D COL BN RINIKWING B2 &LV, BIEH X(CH,) DIEREITIZEN TED,

CZTERINSBMB 2 7—DHEHELTE, SEREBICH ADOFREERALET2HIBEHA TV BIL
THdo ZOHREABHIEHABICE), L/GOIEBICKZBRIEICBVWTHH AR ETHIERL $h=
BARREMTZIEP TR LY, ZORRELTRERDTTIEE LVEBE L INTMNITEIEN T BE
%53,

ZNOBMB 7 7 V—N—%#F|ALT, KFEELEICHITDHEH RDBEEREEILTBIEIE-/=DT, &
B TBMB 7 7 V—/\—DBEICDWTREN T3,

F—7— K kA R CH,. CO,. BRIX
Keyword : Digestion gas, Methane, Carbon dioxide, Absorber
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Fig.1 General flow sheet of hydrogen production from digestion gas of sewage treatment plant
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Fig.2 Range of operation (Packed Tower, Tray Tower)
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The application of the “BMB absorber” to the digestion gas refinement process in

“Collaborative research for demonstration of hydrogen production”.
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Fig.3 Conceptual diagram of Packed Tower and BMB Absorber
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Fig.4 Flow sheet of digestion gas refinement system
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Table1 Experiment condition and result

BRBATT BRI
sk [ e = HiEA A [ R A
Wk |  mE | it | CHARE | COXBE | CHARIE | CO2RIE
m’/(m’h) T Nm'/(m’h) vol% vol% vol% vol%
Runl 30 17 159 63.5 36.5 9.9 01
Run2 | 50 | 21 [ 67 | 363 | 993 | 0.7
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