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Parameter

Bed void fraction, b
Particle of Pellet Normal Charge  Dense Packed

Tablets 0.36 031
Extrudates
Short 0.40 0.33
Long 0.46 0.40
Spheres
Uniform 0.40 0.36
Mixed Sizes 0.36 0.32
|rreqular 042(average)  0.42(average)
- Rase (1990)

Pellet void fraction,Sp
£p=0.4 (Snyder et al. 1993)

(Gas heat capacity ,cpo
cpte2 = 1208 +5.633x10 3 - 1.343x10V
Cp02 =5.731 +2.323x10 3 - 4.886x10"7T2
CpeB=8511 +951/x10 3 -2.325xl0V
Cr\2 =6.248 + 8.778x10 3T - 2.130x10'V
cp Btulbmol°R T R
JANAF Tables Fogler (1992)

Catalyst heat capacity,cpb
300-900 K ; cps= 1000 J/(kg.K)(Snyder et al. 1993)



Catalyst bulk density,Ps

+p =470 kg/m3

Equivalent pellet diameter,Dp
Rase (1990)

Shape
Sphere

linder with iength (L1
e%a] to diameter%dc)( )

Cylinder, dc 11

Ring with outside diameter of do
and nside diameter of di

Mixed Sizes

Irreqular Shapes

Dr
ds, the sphere diameter

de

6dc
4+2dcll ¢

1-5(d0-d;)

£Y;IDp,
where Yj is volume fraction of size i
SpDv

Dy = diameter of sphere having same
volume as average particle

0. o - surface area of sphere
P~ Sphericity = aveggl etsltéflfgce ?%of

A>oﬁ]roximate Dv as average diameter
from screen analysis

Sp= 0.5 t0 0.7 with lower value
being for rough surface.

'3, IS exterior surface area/volume of catalyst pellet.



Avg. total molar gas concentration,Ch

|deal Gas
|deal gas PV =nRT
Ch= P = :R=82.06 X 106m".atm
RT V mol.K

Pore Volume per Unit Mass,V0
v0=80(1-sp =04x(1-04)= 49 X14mVky
psbh 470 kg/m3

Effectiveness Factor, DTS2
De(rd2= 0.1 m2hr (Kadlec 1968 Rase,1977)

Heat of Reaction, Ah
Ah =98,700 Jymol  2(Snyder 1993)



diagonal

Tridiagonal (Owen,T. and Orville ¢. 1995)

b]Xj + CIX2 = dj -(1)
a2X1l+ b2+ C2X3 = d2 -(2)
ape2+ bpc3+ cpc4 = d3 -(3)
Qn-]Xn2  bT/X0/ Menxn  d,. A
QrixnL  "™bpen dn o)
X/ (1)
X/ + hiX2 =P, ; m=j-\p{=j-
, Xl 2) , ()
) : _ C ., _d2-a2px
X2 +hX3 =P2 A?'bZ-aZh_]’pz_ 2?' anl
Xn +hnK/\ 1 — Pn ’ :V A ;pn: Ta 7
hn= 0
() ()

XK . b Pk (1,230



(2 process gas stream

REICH ‘
Process gas stream sludge acid
(oxidation)
REICH(Reich Test)
process gas Stream
01
02+ [A2HZ) ---msmeemeee ) H&S04+ 2Hl
1
(annular grace) 2
slurry 100
0.2
2. HCI 1+1
50 . 500
200
500
3 0.1
Naj Z35HD 24.8
04 1,000
01 standardize

ICA-P,



.

6.

41

42

0.1
(KI) 2
(iodene bisublimed)] 127
)
41
1,000
0.1 standardize
KD 7
standardize Na2 20 2
KjO jOj
51 Kl 3 NaHC03
300 50
52 FCAJO, 120°¢
0.12-0.13
HCI (1+1) 12
5
Naj X3
2
NajSiOj
standardize 0.1
Na2s2 3
5
Ngj 2 3
1

0.1

51

Naj 2 3

500

1

4

(chromic salt)

125

5



1. REICH

250
stopcock
. REICH
stopcock
8.
8.1 Process gas stream
8.11 5 .
250 . 150-175
8.12 511
sampling valve ~ stopcack
Process gas stream
sampling valve 1-2
8.2 Process gas stream
821 1
50 150-175

8.2.2 8.12

(10-20%)

REICH
stopcock

12
sampling valve

blow

(02-1.0%)



9 ' [PIOCESS (s Stream

%802 Nux V2 1,09440

NDxVPX10944+ C« - 7\8/0\3/

Vapor Pressure of Liquid Water t
10, (percentage conversion efficiency)
% =( 02 - 02 ) X100

02



VAPOR PRESSURE OF LIQUID WATER FROM 20°C TO 40°C

57

v'C 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

20 17.535| 17.644| 17.753| 17.863| 17.974| 18.085| 18.197| 18309 18422  16.535
21 18.65|  18.765 18.88]  18.996| 19.113| 19231 19.349| 19.468] 19.567|  19.707
22 19.827|  19.948 20.07| 20.193] 20316 20.44|  20.565 2069 20815 20941
23 21.068] 21.196| 21.324| 21453 21.583| 21.714] 21.845| 21.977 2211 22243

24 22377| 22512 22.648] 22.785| 22922 23.06] 23.198| 23.337| 23476] 23615

25 23.756] 23.897| 24.039| 24.182| 24326| 24471 24617 24.764] 24912 25.0;
26 25209 25359 25.509 25.66| 25.662| 25964 26117 26271| 26428 26,5525
27 26739 26.897| 27.055| 27.214| 27.374| 27.535| 27.696| 28.858] 280.21|  28. lSSi
28 28349 28514 28.68| 28.847|  29.015| 29.184] 29.354| 29.525] 29.697 29_311
29 30.043] 30217 30392 30.568] 30.745| 30.923| 31.102| 31.281] 31.461| 31.64 u
30 31.824]  32007]  32191]  32376] 32561 32.747| 32934 33.122| 33321 33.503
31 33.695| 33.888| 34.082| 34.276| 34.471| 34.667| 34.864] 35062 35261| 35.462

32 35.663| 35.865| 36.068] 36272 36.477| 36.683| 36.891| 37.099| 37.308| 37518

33 37.729| 37942 38.155| 38369 38.584| 38.801| 39.018 39.237| 39.457| 39.67°

34 39.898|  40.121| 40344 40569 40.796] 41.023| 41.251 41.48 4171 41 .94;
35 42.175| 42409 42.644 4288| 43.117| 43.355| 43595 43.836] 44.078 44,;
36 44.563| 44.808| 45.054| 45301 45.549 45.799 46.05| 46.302| 46.556| 46.611

37 47067| 47324| 47.582| 47.841| 48.102] 48364 48.627| 48.891| 49.157| 49.424

38 49692| 49.961| 50231] 50.502| 50.774| 51.048| 51.323 51.6| 51879 52‘55
39 52442| 52725 53.009] 53.294 53.58| 53.867| 54.156| 54.446| 54.737 55.03

40 55.324 55.61 5591 56.21 56.51 56.81 57.11 57.41 57.72 58.03
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. 4210

1385 12

. (dp= 15(0.0125-0.005) = 001125
. 1050 m

-gas flow rate 5,500 Nm3hr

-velocity(u) 397.11 mihr or 0.11 m/s

-Operate condition : Pressure = 1.4 atm
Temperature = 425 °¢

-502Concentration = 105 %

parameter Aa',a"  Bb'b"
50 nodes  AZ =0.50/50 = 0.01 m
step 1 At=1sec

by + - (1 a,=0 1=1 =0IFj=y
/'+1+v\£ yar Ky o =d, (122 ) a,=A" 1=1 (=-A
ny.-ﬂ.+b,,y:|| =dm am=1'5" O O
Az — = Ao s
b o4
A=A (04T 250
A" = AAt2AZ

F” = A'f(yn,Jnj)At



an +bjTr+cjT"

=d, (i=2.... ) ~= 5= ci -b" d
- 1 ]
&11+1fl ia'm% + Cr-n% =dm 3 =1 bm=-1cm=0 dm=0

~cp.guChb 3027x 0.11)(16.03

. D0 ( ) ) =.114*10 4
{ebcpjlc b + 0.4)(30.27)(0.016) + (470X 1000)}
B (1-g &A/l B (1- 04X 98,700)

1.26

= ( bcpgCh+ Pshcps) = {(0.4)(30.27)(16.03) + (470X 1000)} =

B =B.At/2AZ

Gnl=B'f(yni, T i) At



1 .. 2512

2533
.. 2538
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