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High Temperature Process in UBE UBE

Coal Gasification Process Waste Plastics Aluminum Wheel

Gasification Process for Automobile
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Cement Factories in UBE

Isa Limestone Mine
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Practical Applications of FactSage in LJIBE uBcE
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Cement Making Process UBE

Counter Current Process _,_’-_, Solid Flow
12 or more)System Elements Gas;k)w
Fe-Ca-K-CI-S-Si-Al-Mg-Na-O-N-C  C4[.f Pa)

- | <=
Formation of clinker phases ,
Alite 3Ca0*Si02 \\7 £ C3
Belit Ca2SiO4,Fe2Si04,Mg2SiO4 ?
Aluminat 3caO*Al203 c2 Y
Ferrite Ca2Al205 Ca2Fe205
— =l
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Fuel(Coal) C1
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Waste and Byproduct Utilization in Cement Factories

uBeE

Inorganic Waste(Raw)

Organic Waste(Alternative Fuel)

Sewage

Public refuse incineration ash
Water supply sludge

Coal ash
Gypsum

Slag
Controlled soil
Hydraulic cake

Waste plastics

Waste oil

Waste tire

Waste pachinko panels
Waste tatami mats
Bone meal

Waste and Byproduct Utilization in Cement Factories
Usage of wastes and byproducts: ktfy

Cement factories (3 factories)

Coal ash 320
Sludge 180 3
Cinders 500
Coal shale 0 o _ )
Others 50 Finighing mill Product silo
Raw mill Kiln
Cement production:
— E — - 5.99 million tons
| ﬂ ! pper year
For fuel: 50 For mixtures: 1,250
‘Waste plastics Byproduct gypsum 290
Recycled oil, etc. Blast furnace slag, etc. 980
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Cyclone clogging caused
by-Chloride and Sulfate accumulation

Chloride Conc. Sulfate Conc.
Raw Meal 60ppm 200ppm
4 430ppm 2,000ppm
C3 840ppm 4,900ppm
C2 1,630ppm 11,100ppm
Cl 11,880ppm 35,000ppm
Clinker 70ppm 4,400ppm

Chloride KCI, NacCl
Sulfate K,SO,,CaSO, etc

Accumulation of Chloride and Sulfate

Formation of low melting point gampanent

N
Cyclone clogging

Plant Operation Shutdown/!
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Chloride and Sulfate at High Temperature UBE
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Chlorine Bypass System uBc

25000
mCl
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E m SO3
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Process Simulation Tools UBbE

PC

OS Windows XP
CPU  XEON 3.0GHz

RAM 2.75GB

Internet:

Warning: This program and itz databases are protected by copyright lawes.
Unauthorized reproduction of the program or data is not permitted and is ilegal.

Aspen Plus 2006
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Aspen Plus model with Chloride Bypass System UBE

O ChemApp Equilibrium Block
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High-Chlorine Bypass System UBE

10% = — =
« Clinput 1,600ppm |

5§ 8% |4 S - =
9
E o q\ Dust Collectorﬂ
3 Design Point
f 4% of Bypass Ratio —
E i
S 2%
S P ftgf_:;

0%

0% 5%
Bypass ratio 75

Chloride containing Waste can be
used as an alternative raw materials

Allowable Limit of Cl is 1,600pp

per Clinker production
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v Solidification Analysis with correct thermodynamics
v Fitting Heat Transfer Coefficient

Molten Metal / Die during solidification

Die / surroundings  during die cooling
v' Die temperature change with production cycle

8-

Dynamic Simulation of Die Casting

“ChemSheet” + “FSlight light alloy database”
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LIBE Squeeze Casting Process ~ —9&=
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Solidification of Aluminum Alloy UBE

AC4CH
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Comparison with Literature

uBeE

Table 1. Chemical compasition of the investigated aluminium alloys and steels according to charge
analyses. Elements in parentheses were not considered in the simulations.

Aoy Al C Cr
A3S6 Bal | - | -
AMGOE2 Bal. - - {'EI.CI'F] 0.26 0.98 .64 - prrobnnt
ALY Bal. - 380 0.14 0,37 ) (0.02) | (0.02) 1.0 - I .
100Cr6 Lo [ree | - | Ba | - |03 0o —— Schet

: : : ' : 094 -—- Equilibriurm B
HS56-5-2 - 0.86 4.05 - Bal. - (0.29) | 4.59

X210CrW12 2.18 | 11.64 Bal. - 1029 | (0.11y 0.8+
LAl . i
k)

_ o _ 3 0.6 -
“Thermodynamic Criteria for the Selection of Alloys < 05 |
Suitable for Semi-Solid Processing” 2 n-4

- . . . el B B
,Evgueni Balitchev, et al, Material Chemistry, i
RWTH Aachen University 037 I
0.2 , : -
0.1+ r""'j; (j/ i
Al [ si [ mg [ Fe | TL Te Ts | T50 DA o S .
0 540 570 600 630 660
ACACH |9243 | 720 | 024 | 043 | 614 | 568 | 557 | 575 |FactSage Flight ;
Temperature, °C
A3D6 9238 | 743 | 035 | 014 | 614 | B6ET | BET7 | B74 |Thermocale d as function of temperature for the alumini-

9th GTT Technologies Workshop, June 20-22 2007, Aaciicn

um alloys A356, AAB0B2 and A319. Solid lines show Scheil-Gulliv-
er calculations and dashed lines show equilibrium calculations.
Small kinks are visible at fairly regular temperature intervals in the
Scheil-Gulliver calculations. These are numerical artefacts and do
not indicate a change of phases present.

-1 -



Solidification and Die cooling model with ChemShe

Molten Metal
Injection and
Solidification

Die Cooling-1
Pressure release

Die Cooling-2
Cooling
Natural Convection

Die Cooling-3
Cooling
Lubricant Splay

Die Cooling-4
Cooling

R

EIA A

adiabatic

B il ':Ilri{: 1 I

beat transfar coef
il

TRV O LT

heat transfar coef
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TIK

Metal Die
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Solidification and Temperature change UBE

1

09 .
o Die side
o °
‘= o7
6:5 0.6 =0
o5 _ —=-0,0005| |
o " _ ... 0015
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Temperature Profile of Die in One Cycle UBE

450 |
Die 50mm thickness
‘ — 0.005
400 - Die temperature 0.01667
: Contact to Molten Metal ‘ 0.02667
Die temperature 0.03667
3 390 opposite side 0.04667
5 /TN / |—0.055
S 300 /
: -
" — B i
__..--""""f —

200 High Pressure Cooling
Solidification  time / sec

4—>
Molten Metalu_" H
|

jecti Lubricant Splay
Injection Pressure release

| |
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Die Temperature during Production Cycle

Die temperature contact
450 P

Die 50mm thickness

|

|

|

- 7 tonMoltﬂen Me”tal f\
¥

\
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|

|

|

L

\
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— 0.005
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N
AV AVAT A A A

150

W '[kw - w W T
[ N
200 VAR
Die temperature opposite side

time /sec
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Modeling of “Moving Bed Reactor” UBE

Gas Solid
(Product) (Reactant)

0¥ o
!
'

Gas out

: axis

|
|
]

N Gas(i) Solid(i)
Moving bed » =
of solids — —% 2 LT v
2\ldz Reacti(ozl Heat 4" ? cat traTlsfer I
Ly = o rom Wall (Twall)
= S Gas(i+1) Solid(i+1
Reactant ¥ 8:) - N
gas in '

Assumption of Modeling A |
No temperature difference Gas/Solid | v
One dimensional(height) Model Gas Solid

(Reactant)
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Specification of ChemApp Block

UBE

o Subroutines | of Uzer Aay:  Configured Yariables | Calculation Dptions

L~
Stream Flazh 1 ; P . T

— Configured wvariables

Label

Walue

p ICALC_TYPE_1_TO_4

1 4

SPEC_PRESSURE_PA

EER N

SPEC_T_U_OR_THMIM

SPEC_THAX_OPTION

MNO_OF_TARG_1_Mdx

0

MO_OF_PHASE_IDS

1

2; P,dH(W), incase of dH=0 adiabatic

3,4; Target calc.
v Pressure;Pa i

Temperature(K) in typel, dH(W) in type2

Number of Phase

in this sample only “Slag-liquid” was considered

— Calculation method

* Fuortran

Number of Components

FH&SE_IDS(1) SLAG
NO_0OF_COMP_IDS 273

COMP_IDS(T) H.G1

COMP_IDS[Z) HZG1 Name Of Phase
COMP_IDS(3) MN.GT

COMP_IDS[4) NZ G

COMP_IDS(5) N3G

COMP_IDS(E) NHGT
COHE D5 e ¥ Ueine ¥ Lalculate

" Excel

— Enter executable Fortran statements

JDefine ¥ Calculate JSequencel Tears | Steam Flash | EO Options |

Faortran Declarations |

F PPFACT_FILEN = 'pbzn.CET'
F PPFACT CADEBG =

definition of cst file name

9th GTT Technologies Workshop, June 20-22 2007, Aachen
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ChemApp Reactor Block with Heat Transfer uBtc

— Assumed Value
ChemApp Block has only 2 mode ! Heat Transfer QQ

B Constant Temperature
P ChemApp Block

Equilibrium Calculation
with Heat Transfer QQ
— Equilibrium Temperature Teq

ChemApp Calculation , l
with heat transfer Calculator Block

Q = UA(Ta - Teq) Calculation of Heat Transfer Q
Q=UA(Ta-Teq)

B Constant Heat Flow

Design Spec

U : Heat Transfer Coefficient
A : Heat Transfer Area

Ta ; Surrounding Temperature No
- QQ - Q < Tolerance
Teq ; Reactor temperature

Yes l
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Input of “Calculator” and “Design Spec”

ASPEN PLUS “Calculator”

“--IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII...

*

*
*

S

“IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII...
.

L 4
*
*

*

Valuable Definition

JDefinelJCalculate|JSequence' Tears | Stream Flash | ECQ Options I

ariable name | Info. flow | Definition

H1 Farameter Parameter no.=1 Physical type=Heat-Trans-C Unitz=kcal /hr-sqm-£.
11 Farameter Parameter no.=2 Physical type=Area Units=sgm

a1 Parameter Parameter no.=3 Physical type=Enthalpy-Flo Units=kcalhr

D14 Farameter Parameter no.=100 Physical type=Length Units=meter

L Farameter Parameter no.=101 Physical type=Length Units=meater

T1 Strearnar Stream=5-1-00UT Substrearm=ClISOLID Yariable=TEMP Urits=k
T51 Farameter Parameter no.=4 Physical type=T emperature Urite=C

TT1 Farameter Parameter no.=5 Physical type=T emperature Urite=C

Calculation of Heat Transfer Q

W Defing J

— Calculation method
{* Fortran

flJSequencel Tears | Stream Flash | EO Options |

= Excel

Fortran Declarations |

— Enter executable Fortran statements

Iy *
L et A

C Hl = heat transfer coef ; kcal/mZ /hr/K
C Al = area ; mF
C 0l = heat flow ; Ecalikr
H1 = 30
TE1l = 200
LIL = 0.E5E
L = 1.5
Al = DIA**2*3_ 1415/4*L
. TT1 = Tl-273.1%& S
’, Q1 = H1*al1*(T21-TTL1) .’
0. ‘0

.
...IIIIIIIIIIIIIIIlllllllllllllllllllll“

ASPEN PLUS “Design Spec”

“--IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII...

'y *
s uEsEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEssEmEsssmmmemmmnn®®

* L 4
o - e .,
Valuable Definition :
: JDe[inelJSpec | o ary | Fortran | Declarations | ED Options |
n
|}
|}
- Flowsheet variable | D efinition
: oot EBlock-ar Block=B1 Warable=REAL-VAR Sentence=REAL Element=2
: 01 Farameter Parameter no.=3 Phyzical type=Enthalpy-Flo Units="a/ att
= Al
|} - -
: Convergence condition
|}
|}
. — <0.1
&  Define S pec |J"Jary Fartran I Detlarations | EQ Options |
|}
L] . e . .
n Dezign specification espressions
|}
. Spec: Q141
|}
- Target: ]
|}
: Tolerance: 01
|}
|}
: Vary QO
: JDefinel o Spec Jfvam | Fortran I Declarations I EQ Options
|}
:  hanipulated wariabls r~ Manipulated variable limits
: Type: Loweer:|-1000
: Block: B1 - Upper:| 1000
: Wariable: Ml REALAAR VI Step zize:
L] P erE— . .
u Sentence; REAL M aximum step size:
|}
n Elemnent: 2
u r~ Repart label:
: Lire 1: Line 2 Line 3: Line 4:
|}
. | |
- .
. —ED input
“ Oper vaniable:
* - L4
* Diezcription: >
* ‘0
* “

9th GTT Technologies Workshop, June 20-22 2007, Aachen
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Modeling with Aspen Plus UBE

.Hl:-l cagegiudy 2hip = Rupem Phee 2004,1 = sspemOME = [Process Flowshest Window]
M Bl [t Weew Data Teole Fun Fhwshest Livary Windw ik

LTS
=1® =]

D] S ©(@ || gl=r|sl s (<la] v | ele|w] =] B # Kle] @

s al@E] B | = 2lkele) (s

FIR[F a0 =] a|]si| =] (% ©HcH

]
AlZ]D[A] AR SN[ N — e S[0 =] BLIIU] [= =15] l
Moving Bed Reactor is modeled 5 series of “ChemApp” reactor

47 —
A Raw Material Gas
P‘roduct Glas |’_-Y_»_ - _Y- il
Bed Material IN - - - o o o e e e e e e e e e e - - = = -~ Bed Material OUT
- .

limitation of model
’ one dimension (length of reactor, not radius)
[?

Miwace Sphitns | Gopasion

equilibrium reactor
= (b4

STREAMS ' Moo Flipsl Sl rl
[ [ [ W Aspen TechW Aspen Flus 201 UM |Pequired keut Conplate
#A—F Cymowe [~ Bot casmstaty ana_ o AR D=0 |« e
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Moving Bed Model by “ChemSheet” UBE

ChemSheet Model

T ‘-5“ = ChemSheet Model is under development
@ ::a‘r transfer coefficient Coope rati On

Ao with Mr. Fukayama, RCCM, Japan

;
heat transter coefficient .
Wall / Furnace MOdeI TOD'CS
HiorTng Bed weral wall v'Some cells are set in Radius Direction
ermal conductivi Thermal con LICTI\J'IT}/" . . . p
N eirirorioe || mererzars | v'Restricted Equilibrium calculation
sl Ehns1 }/
jpeci;}i; heat — speelile how] at eaCh Ce”

height

Advantage of ChemSheet Model

v'Radius Temperature Distribution in
moving bed
= M!ﬂ@ v'Restricted Equilibrium calculation
v'Accurate estimation of Reactor
radius . Performance

— Electric Furnace
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Calculated Example

Bed Material

B 1400-1500
W 1300-1400
[01200-1300
B 1100-1200
[ 1000-1100
W 500-1000
[1 800-900
[0700-800
B 600-700
[ 500-600

Hot Wall (furnace)

o
wa

0.1
4] m j14) m 4] m 4] m j14] m
hn 14] j14) o] Iy} [+ ] 0 h m
C g o 7 =2 < o o o m
C o o © © O o 0 ©O 0

radius — »

19

L7

Reactant Gas 15

13

11

[0.05-0.06 s
B0.04-0.05 '
00.03-0.04 0
0002-003 '

0001-00?
30-001 05
03
01
14] m 14] m 14] m 14] m 14] m
o I3] 14] 3] Ia] [+, 4] D [+, ]
9 6 9 9 4 4 8 8 W m
O o o © 0O 0O o 0o o0 o
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UBE
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Product Gas

0007-008 T °°
m006-007
00.05-006/-—07
M004-005) | |
0003-004[ 1 ys
0002-003 |
B001-00?

m0-001 0.3

14} m j14] m j14] m 14} m j14] m
o 14] j14] o] Ity [+ ] 0 [+, m
C 0 0 % =% =2 N N o m
O o o © ©O O o 0 0O O
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