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Fig.1 High pressure DTA apparatus (I-B){1)re-
action chamber,(2)reference chamber,(3)di-
fferential thermocouple,4)insulation,(5)he-
ater embedded cast aluminum, (6)small
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Fig.2 Effect of heating rate on position of DTA peaks for hydrogenation of benzene
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Table 1 Tempereature of the DTA peaks,Tm,
for hydrogenation of benzene at
p=100kg/cm?

%ﬁ' (tﬂ;m ﬁg o X10° In b
43 3.30 433 2.309 | —10.951
41 2.69 429 2.331 | —11.126
42 2.71 429 2.331 | —11.128
44 2.17 425 2.353 | —11.331
948 2.17 425 2.353 | —11.331
45 1.94 423 | 2.364 | —11.434
46 1.73 420 2.381 | —11.533
49 1.48 418 2.392 | —11.681
47 1.29 417 2.398 | —11.814
53 1.15 413 2.421 | —11.911
52 1.01 409 2.445 | —12.019
54 0.85 406 2.463 | —12.178
51 0.61 401 2.493 | —12.485

a Initial pressure 100kg/cm?*(120-90kg/cm?)




Table 2 Kinetic results by DTA method (kissinger) for hydrogenation

of benzene

. S n E Kr
= (—) (—) In A (keal/mol) (rmin~?)
43 0.77 1.10 17.0 124C 139°C 139C 150C
41 0.54 0.93 17.0
42 0.67 1.03 17.0
44 0.60 0.98 17.0
94 0.57 0.95 17.0
45 0.61 0.99 17.0
46 0.63 1.00 17.0 16.3 0. 0257 0. 0500 0.0910
49 0.50 0.90 16.9
47 0.54 0.93 16.9
53 0.45 0.85 17.0
52 0.39 0.79 17.0
54 0.27 0.66 17.0
51 0.27 0.66 17.0
(1.0 (18. 6) {18.3) (0. 0236) (0.0557) (0.0983)
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Fig.3 In( ¢/Tm? vs.1/Tm plet for hydrogenation of benzene

L, #A7a= M5 7TCHHLERE, kKOL
IIRIGHHEITT 52 e Abh o,

OH HO

Table 3 {Zi38 1 ERRE, 45 2 BRSO RUGIIHT
BV — ZIEHSEEE TmARLTHY, Figd »5
LRV EYOBELARCEL, F2E-TLb
SRR T B I T Y — 7 OTHARES
BT+ 5Z&dhDhd.

Fig.5 3 Ing / T'm 3t 1/ TmX10° OBEFR &R



—
]

340

O 1w} i

D No.56

i~

J=

s 8F No.57

) 1st step ¢

joh

&

8 6 | N0.60

8 No61

=

poar

2

Pyt

= 2p N 7 T
O | 1 L |
100 150 200 250 300

Temperature(C)

Fig.4 Effect of heating rate on position of DTA peaks for hydrogenation of phenol

Table 3 The position of the DTA peaks,Tm,of each reaction step
for hydrogenation of phenol at P=100kg/cm’®

Exp. Stepsl of . ] . rl:m 1 % 10° In ¢
No reaction (T /min) (°k} Tm Tm?
56 1 3.32 439 2.277 —10.978

2 3.32 591 1.692 —11.566
55 1 3.25 437 2.288 —10. 985
2 3.25 588 1. 700 —11.577
57 1 2.68 433 2.309 —11.158
2 2.68 586 1.706 —11.764
58 1 2.14 429 2.331 —11.363
2 2.14 581 1.721 —11.971
60 1 1.61 423 2.364 —11.621
2 1.61 578 1.730 —12.245
61 1 1.05 409 2. 445 —11.983
2 1.05 573 1.745 —12.655
62 1 0.76 403 2.481 —12.277
2 0.76 571 1.751 —12.973

Lzb DT, BRX2LEKOEEL, F2REOR
WA AE b ALT— B, E.lLFhFh
12.5, 54.2 Kcal/ mol & 72 » 7=,

Table 4,5 121X 7 N1 Kissinger BT b 7=
1, E2BREORGIIHT 3EERN T4 %

w7,

PIED X )12 Kissinger Zi2td L TEEBEROF
WELRFTHY, AN ¥y, 72/-0,
V7 zZNI—-T N GRYOBEAFELELS
ARECSBEISITER L €, BKIGEERNT— 5
PR, TRICHIETE 32 i hhokss, X
SICHIEREIZ DWW TR E & £ 2 Twa,
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Fig.5 In ( ¢/Tm? vs.1/Tm plot for 1st and 2nd reaction steps of hydrogenation of phenol

Table 4 Kinetic results by DTA method {kissinger) for lst reaction

step of hydrogenation of phenol
Exp. s n E, kr
No (=) () A (keal/mol) (min)
56 0.67 1.03 12.1 130C 140C 150C
55 0.67 1.03 12.2
57 0.75 1.09 12.1
58 0.52 0.91 12.0 12.5 0.0302 0.0437 0.0631
60 0.55 0.4 12.0
61 0.51 0.90 12.1
62 0.76 1.10 12.1
Table 5 Kinetic results by DTA method (kissinger) for 2nd reaction
step of hydrogenation of phenol
Exp. s n E. Kr
No (—) (—) n A (kcal/mol) {min~")
56 0.76 1.10 44.8 300T 310C 320TC
55 0.82 1.14 45.0
57 0.88 1.18 45.0
58 0.67 1.03 45.2 5.2 0. 0758 0.170 0.371
60 0.67 1.03 45.2
61 0.65 1.02 45.2
62 0.54 0.93 45.0
Literatura cited 4) FHb, ®BE=ER, B8R (LTE 31
1) E. J. Borchardt, F. Daniels, J. Am. Scc., 79, 41 896 (1967)
(1957) 5) L, BEEMHA BREE LTS 71, 1783
2) H. E. Kissinger, Anal. Chem., 29, 1702 (1957) (1968)

3) J. N. Weber, R. Roy, Ameri. J. Sci, 263, 668(1965)

6) AR, A, BERK, LHR, TGS,



69, 1654 (1966) 8) S. Ueda, S. Yokoyama, T. Ishii, K. Makino, G.
7) EHR, #UiE—, TFOME, BEE TG Takeya, Ind. Eng. Chm., Process Des., Dev.,
74, 1377 (1971) 14, 493(1975)

An Application of High Pressure DTA
to the Study of Reaction Kinetics in Catalytic
Hydrogenation of Benzene and Phenol

Shinichi Yokoyama, Shigeru Ueda and Tadao Ishii*

Using an apparatus of differential thermal analysis (DTA), kinetic data of the hydrogenation
reaction of benzene and phenol under a pressure of 100 kg/em® were measured by the Kissinger
method.

Since the data thus obtained well agreed with those obtained in isothermal batch autoclave
experiments, it is considered to be a useful method to measure in a simpler way, approximate

kinetic data of the said reaction.

* Department Applied Chemistry, Hokkaido University, Sapporo
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Table 1
Apparatus

Fluidized bed
diameter
height

Experimental conditions

10.5em

ca. 1lm

Distributor (perforated plate)

hole arrangement

hole diameter

hole pitch

hole number
Particle (Z.0-Fe;05 catalyst)

catalyst weight

size

mean diameter

density

equilateral triangular
1mm

1. 75ecm

ng=37

Ws==1.81—2. 64kg
65—85mesh

dp:O‘ 233mm
Os=2. 65g/cm®

gas velocity at minimum fluidization

Umf =6. lem/sec

by air at 20T

void fraction at minimum fluidization

Fluid (raw material)
Composition
phenol
methanol
water
feed
Reaction temperature
TRIGS®5 L, KROS5 OORGHFEGREE L
THLZEHbhoTn5EY,
)
1 Ce¢HOH+CH;0H —0-C¢H,CH;0H+H.0
2 o-CH,CH,O0H+CH,0H

emi =0, 472

17. 2mol %
81. 2mol %
1. 6mol %
F,=0.015—3. 2mol/sec
360°, 380°, 420°C
—2,6-C,H; (CH;) OH+H,0
3 CH,0H — CO+2H,
4 CH,OH > 1CO,+3CH+H,
5 CH;OH+H20—C0,+3H,
Rl T7x/—No-7 L/ =Nz, &

Table 2 Experimental results

Exp. no. Temperature Ws/Fo Xo X Xea

[T] [g-sec/mol] [—1 [—1 [—]
11, 360 0.907x10° 0. 157 0.130 0.278
12 360 1. 373X10° 0.241 0.176 0.323
21 380 0. 587x10° 0.235 0.235 0.228
22 380 0.782x10° 0.293 0.284 0. 233
23 380 1. 175x10° 0.377 0.321 0.277
31 420 0. 666X10° 0. 357 0.748 0.116
32 420 0.852x10° 0. 286 0.792 0.101
33 420 1. 306%10° 0.304 0. 854 0.111



Conversion of methanol, Xm [—] Conversion of phenol, X, [—]
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Fig. 5 Conversion of phenol
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Table 3 Reaction rate equations and their rate constants

r1=K,pppm/ (1 +Kop,+Kepe +Kxpx)®
I'2=szcpm/ (1 +Kppp+chc+prx) :

I'sngpm
I‘d:K.;pm
Is=KspmPw

K,=1.10x10%xp (—30800/RT)
K*=3.52X10%exp (—36800/RT)
K*=1.77X10"exp (—70600/RT)
K,=5.56X10"exp (—79300/RT)
Ks=1.90x10"exp (—52700/RT)

[mol/cm® sec]
[mol/cm® - sec]
[mol/em®- sec]
[mol/cm®- sec]

[mol/em® - sec]

[mol/em®-sec-atm®]
[mol/cm® - sec-atm?®]
[mol/ecm®-sec-atm®]
[mol/cm®-sec-atm?®]

[mol/cm?®-sec-atm?]

K,=5. 72X10 "exp (20000/RT) [—]

K.=2. 14X "exp (2380/RT) [—]

K,=3. 0610 exp (17400/RT) [—]
Subscripts

p: phenol, m: methanol, ¢: o-cresal,

x: 2, 6-xylenol,

WE, KIIER, e 3T AOMETH S,

Y, FRELURISREICETS (dfps) D
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He=9,42X107°+3,83X107"t—3. 28X 107"t

[g/cm sec]
t=200°~450°c ................................ (16)
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Fig. 8 Comparison of observed conversion
with calculated conversion
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Table 4 Data for simulations

Bed diameter

Hole number of distributor

Mean diameter of catalyst particle

Particle density

Void fraction at minimum fluidization
Ratio of wake volume to bubble volume

Coefficient of bubble rising velocity

Total pressure

Composition of feed gas

D,=10. 5cm
ng=37
dp=0.0233¢m
Ps=2. 65g/cm®
Emf=0.472
£=0.22
ky=0.711

Pr=1.0atm

mol fraction

phenol 0.172

methanol 0.812

water 0.016

Cal. no. t U Ws F,
[C] [em/sec] [g] [mol/sec]

11 360 4. 86 2638 0.0291
12 360 4. 86 2594 0.0189
21 380 4.72 1854 0.0316
22 380 4.72 1854 0.0237
23 380 4. 72 1810 0.0154
31 420 4,44 1985 0. 0298
32 420 4. 44 1985 0.0233
33 420 4.44 1985 0.0152

— 15
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DETFNDEZYEEZFRL DIz T7 2/ =L R
g/ — VOB LEESE - LA X A HEE R
IGERET VY, ZORREIIaL—T vtk
SETEMER 2L 720 FEBRE L GTEEITITR
We—FErL, BEL ZEFVIREE T
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ARWFHRIZH 720, FHEIE K IGR OEE I EHER)
WEE T L REEERE I, FEBRRED
(ER & IO TR 2 EE & HE 2 n
2ZEELUABINE, IFRE, THBROEE
BIBECEHOBELRLE T,

Nomenclatures

At : cross-sectional area of fluidized bed {em?]

A : coefficient defined in eq.(13) [1/cm]

A, : coefficient defined in eq.{13) [em?-sec/g-mol ]

B, * coefficient defined in eq.(13) [1/cm]

B: " coefficient defined in eq.(13) [1/cm’]

Bs * coefficient defined in eg.(13) [em-sec/g-mol ]

G * concentration of feed gas [g-mol/cm’]

dy > bubble diameter [em]

dbm " maximum bubble diameter calculated from eq.(7) [em]

dbe " initial bubble diameter calculated from eq.(7) [cm]

De . diffusion coefficient of gas [cm®/sec]

dp . particle diameter [em]

Dy > diameter of fluidized bed [em]

Ee > gas dispersion coefficient in emulsion phase [em’/sec]

14y . volume fraction of gas in bubble phase [—]

fis > volume fraction of particle in bubble phase [—]

{e : volume fraction of gas in emulsion phase [—]

fes . volume fraction of particle in emulsion phase [—]

F, . feed rate of reactants [g-mol/sec]

g . gravitational acceleration [em/sec’]

i . subscript for i-component

K > constant in eq. (15) [—]

Kie . overall interchange coefficient between bubble and emulsion
phase based on bed volume [1/sec]

{(Kye), - mass transfer coefficient between bubble and cloud based on

bubble volume

[1/sec]



. mass transfer coefficient between cloud and emulsion phase

based on bubble volume [1/sec]
ng . orifice number of gas distributor (]
o . subscript for initial condition
Iy . reaction rate in bubble phase [g-mol/cm’ - sec]
Te > reaction rate in emulsion phase [g-mol/cm’® - sec]
t . temperature RO
Us > bubble rising velocity [em/sec]
Ue > gas velocity in emulsion phase [em/sec]
Unmt : superficial gas velocity at minimum fluidization [em/sec]
Us . superficial gas velocity based on empty tube [em/sec]
W I particle mass in fluidized bed (g]
x : bed height [em]
Xa . selectivity of alkylation [~——]
Xn . overall conversion of methanol [—]
Xp . overall conversion of phenol [—]
Vbi . mol ratio of i-component to feed rate in bubble phase
[—]
Ves > mol ratio of i-component to feed rate in emulsion phase
‘ [—]
Y; . coefficient defined in eq.(12) [1/cm]
o . ratio of cloud volume to bubble volume [—]
. r;itio of wake volume to bubble volume [—]
& : volume fraction of bubbles in fluidizéd bed [—]
Emt . void fraction of bed at minimum fluidization [—]
e/k . characteristic constant of interaction between molecules
[X]
. . viscosity of gas [g/cm-sec]
Os . particle density [g/cm’]
¢ . characteristic diameter of molecule [A]
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A Fluidized Bed Reactor Model for Complex Reactions
— Application to the 2-6 Xylenol Synthetic Reaction —

Minoru Tomita

This paper presents a simulation model to predict the performance of complex reactions in
fluidized bed reactor from the operating conditions. The complex reactions of phenol with metha-
nol on a zinc oxide-ferric oxide catalyst containing 0.5 wt% MnO were monitored in a 10.5 cm
diameter fluidized bed reactor, and the overall conversion and the selectivity were measured.

The model was used to predict the conversion and selectivity for the reactions. The re-
sults were found to be in good agreement. It is confirmed that the presented model is applicable

to the performance of complex reactions in fluidized bed reactor.



Appendix

FORTRAN SOURCE LISTING
£ e e e e e e
C SIMULATION OF FLUIDIZED BED REACTOR WITH COMPLEX REACTIONS
£ o e e e e e~ e
0001 REAL LS
0002 COMMON M,Q(32),Y(32)+2(8)sDT4AT»AND»DP,LS,,tUMF>EMF,BETA,AKB»T»PTHEE
#>U0sCOsWSsDB2UB»DLTASALFA»AKBEFB,FBS»UESFEFES,AL1A25B1,B2,B35F0
0003 DIMENSIOGN F(32),C(10)sRAC10)
0004 DIMENSION CA(10}
0005 10 WRITE(6:20)
0006 20 FORMAT(1H1,'SIMULATIQON OF FLUIDIZED BED REACTOR BY TOMITA'»//)
: C  —eme—- INPUT DATA 1 ~--=-=
0007 READ(5:30) AND
0008 30 FORMAT(Fl0.4)
0009 IF(AND) 1305130940
0010 40 WRITE(6550) AND
0011 50 FORMAT(IHO»4Xs4HND= 2F10.45//)
0012 READ(5,60) DT»AND
0013 60 FORMAT(2F10.4)
0014 AT=(3,1415926%#DTH#2)/4,
0ols WRITE(6+65) DT,AT»AND
0016 65 FORMAT(LIHO »6X+2HDT »10Xs2HAT»10X92HND,//33F12.4)
0017 READ(5»70) DPsLS»UMF,EMFsBETA+AKE
opls 70 FORMAT(&FL10.4)
0019 WRITE(6375) DP,HLS»UMFsEMFsBETA»AKB
0020 75 FOGRMAT (1HO+6X»2HDP 10Xy 2HLS 10Xy 3HUMF 29X s 3HEMF 39X » 4HBETA»8X s 2HKB» /
#/356F12,4)
0021 READ(5,80) T,»PT
0022 80 FORMAT(2F10.4)
{ crmrecmmcmccccrm et emmimr——em——-————— e e e = ————
0023 0G=0,048101+6,1769E-4#T+7 ,4266E-THTHT
0024 EE=DG/3,
0025 RT=1,9872#(T+273.,15)
0026 Z(1)=1,10E6H%EXP(-30,8E3/RT)
0027 Z(2)=3,52E7HEXP(-36,8E3/RT)
0028 2(3)=1,77E1BREXP(-70,6E3/RT)
0029 2(4)=5,56E21%#EXP(-79,3E3/RT)
0030 Z(5)=1,90E13%EXP(-52,7E3/RT)
0031 2(6)=5,72E~THEXP(20,0E3/RT)
0032 Z(7)=2,14E-1#EXP(2,38E3/RT)
0033 Z(8)=3,06E-6%EXP(17,4E32/RT)
0034 WRITE(63585) TsPTH»EE
0035 B5 FORMAT(1HOs6X»1HT311X»2HPT»10X»2HEES//+3F12,4)
0036 WRITE(6+8B6) (Z(I1121=1128)
0037 B6 FORMAT(1HO»&X»BHZ(I)= 18E12,4)
C - INPUT DATA 2 ~-—-=-
0038 READ(5560) FOsWS»>(Y(I)sI=1,10)5(Y(1)y]1=21,30)
Q039 90 FORMAT{(2F10.4»/s10F7,4»/s10F7.4)
0040 C0=273,15%#PT/(22414,%#(T+273,15)#1.,)
00641 UO=FO/{COX%AT)
0042 WRITE(6195) FOrUQsC0WS
0043 S5 FORMATC(LHO6Xs2HFO»10X»2HUO»10X»2HCO, 10X 2HWS»//34F12,4)
C m e e ————————————— e e e
0044 M=32
0045 X=0,
0046 Y(31)=U0
0047 Y(32)=0.
0048 YRH=Y(1)
0049 YME=Y(4)
0050 CALL_ FNCT(X»F)
go51 CALL RATE(CHRA)
0052 Do 97 I=1,10
0053 Y(I+10)1=(FBS+FES H*RA(I)/Y(3])
0054 97 CONTINUE
0055 100 CONTINUE
C - PRINTING OF RESULTS  --=---
0056 IF(UE)Y 205:20545207
0057 205 D0 206 I=1,10
0058 Ca(ly=vY(I)
0059 206 CONTINUE
0060 G0 TO 215
0061 207 CONTINDE
0062 po 210 1=1,10
0063 CACI)=(FBR#UBRY (1) +FERUERY(1+20))/Y(31)
0064 210 CONTINUE
0065 215 CONTINUE



0066 WBF=Y(32)/F0

0067 XPH=(YPH-CA(1))/YPH

0068 XME=(YME-CA(4))/YME

0069 IF(YME~CA{4),NE.O.) GO TO 217

0070 XAL=0.

0071 217 XAL={CA(2)+CA(3)%2)/(YME-CA(4))

0072 WRITE(6+218)

0073 218 FORMAT(1H1s////7/7)

no74 WRITE(6+220) XsY(31),Y(32),DBsDLTASALFA»AKBE

0075 220 FORMAT(1HO 95X 1HX 29X 2HUO » X1 2HWS 38X ZHDB s 7X s 4HOLTA» 6 X2 4HALFA6X»3
#HKBE s //7F10.4)

pov76 WRITE(6,230) UBsFB,FBS,UE,FESFES

0o77 230 FURMAT(1H0,5X,2HUB’BX)ZHFBs8X13HFBS97X)2HUE&8X:2HFE:8X:3HFE5://;6F
#10.4)

po78 WRITE(6,240) Al»AZ2,B1,B2,B3

0079 240 FORMAT(1HDs5X»2HAL»10Xs2HAZ210X»2HBL,10Xs2HB2,10Xs2HB3,//55E12,4)

0080 ' WRITE(6:250) (Y(1)»1=1r10)

0081 250 FDRMAT(IHO:14Xy4HPHDHs6X’QHCROHvéx:4HXYUH:6X14HMEOH!6X13HH2D:8X’2H
#H2 98X s 2HCO s 7X s SHCO2 27X s 3HCHS 3 BX 9 2HNZ 4/ /54X THYB(1)= »10F10,4)

go82 WRITE(69260) (Y(I)s1521,30)p(CACI)sI=Ls10)s(Y(I)»1=11+20)

0083 260 FORMAT(1HOs3Xs7HYE(1)= s 10F10,41// 14X+ THYA(])= »10F10.44//33%X,8HDY
¥E(1)= 21QF10.49/777)

00B4 WRITE(65280) WBFsXPHsXMEsXAL

008s 280 FORMAT(1HOs3X»S5HW/F= 3E12,43//14Xs5HXPH= s FLO 4s/ /714X »SHXME=
#F10.4s//7 24X BHXAL= sFL0.40/7//)

[T A ittt tdnte bbbt bbbt

0086 H=D8

0087 IF(Y(32)-WS) 1104120120

ppses 110 CALL RKGM(XsH)

0089 G0 TO 100

0090 120 GO TO 10

0091 130 STOP

0092 END

[ i SEGMENT CONTROL FOR RKG  ==-—=-—-

0001 SUBROUTINE RKGM(XsH)

0002 COMMON MsQ(32)1Y(32)9Z(8)sDT+AT»ANDDP,LSUMF»EMFBETA,AKB,»TSPT,HEE
%sU0sCOsWSIDBsUBIDLTASALFA,AKRE FB.FBS»UEFEFESsALlA2,B1,B2,83,F0

0003 DIMENSION Y1(32),Y2(32)

0004 1H=2

0005 X0=X

0006 DO 10 I=14M

0007 Y1(I)=Y(I)

0008 y2(I1=Y(I

0009 10 CONTINUE

0010 15 X=X0

0011 DO 20 I=1sM

0012 Y(I)=Y1(1)

0013 Q(1y)=0.

0014 20 CONTINUE

0015 HH=H/FLOAT(IH)

0016 DO 30 1=1»1H

0017 CALL RKG(XsHH)

0018 30 CONTINUE

0019 DO 40 I=1,M

0020 DE=ABS(Y2(1}=Y(I1))

0021 IF(DE-0.D00001) 40+40,50

0022 40 CONTINUE

0023 G0 TO 9¢C

0024 50 DO 70 I=1sM

0025 Y2¢Iy=y(n

0026 70 CONTINUE

0027 IF(IH-200) 80,80,90

Q028 80 IH=2%IH

0029 GO TO 15

0030 90 RETURN

0031 END



€ -emm-- RUNGE-KUTTA-GILL METHOD  ------

0001 SUBROUTINE RKG(XsHH)

0002 COMMON M3Q(32)3Y(32)2Z(8)yDTrAT»ANDSDP L S»UMFEMFsBETA,AKBTH»PTHEE
#sU0»COIWS»DBsUBYDLTAPALFAYAKBEsFByFBS»UEYFESFES»AL»A2,BL1+B2,83,F0

0003 DIMENSION A(4),B(4),C(4)sF(32)

0004 A(1)=0,5

0005 A(2)=0,29289322

0006 A(3)=1,70710678

0007 A(4)=0,16666667

0008 B(l)=2,

0009 B(2)=1,

0010 B(3)=1,

0011 B(4)=2,

0012 C(1)=0,

0013 C(2)=0,5%HH

0014 C(3)=C(2)

pols C(4)=HH

0018 X=X

0017 B0 10 J=1»4

0018 X=X0+C(J)

0019 CALL FNCT(X,F)

0020 DO 20 L=1,M

0021 AK=HH3F (L)

noz22 RF=A(J)# (AK=-B(JI)HQ(LY)

0023 Y(L)=sY(L)+RF

0024 Q(L)=Q(L)Y+3, ¥RF-A () #AK

0025 IF(J=-4) 2030530

0026 30 Q(L)=Q{(L)-0,333333341AK

no27 20 CONTINUE

0028 10 CONTINUYE

0029 RETURN

0030 END

C  rew=e- FUNCTIONS FOR RKG  ===-===-

000l SUBROUTINE FNCT(X,F}

06002 REAL LS

noo3 COMMON MyQ(32)4Y(32)92(B)sDT»AT»AND,DP,LSUMFEMF,BETA,AKB,T4PTHEE
#sUNsCOIWSH»DBUBDLTASALFASAKBE»FBsFBSsUEsFELFES AL1+AZ2yB1,B2Z2,583,F0

0004 DIMENSION C(10)3sF(32)»R(20)3RA(2D)

0005 CALL BUBBLE(X)

0006 Al=AKBE /(FB¥UR)

fpony A2=FBS/ (FB#UBXCO)

pons 0o 90 I=1,10

0009 C(ly=Ycl)

0010 90 CONTINUE

001l CALL RATE(CHRA)

po12 DO 100 I=1,10

0013 R¢IN=RA(D)

0014 100 CONTINUE

00158 po 110 I=1,10

0016 Cely=Y(1+20)

0017 110 CONTINUE

001ls CALL RATE(C,RA)

0019 DO 120 I=1ls10

0020 R(I+10)=RA(I)

0021 120 CONTINUE

0022 B1=UE/EE

0023 B2=AKBE/ (FEMEE)

0024 B2=FES/(FEXEEXCQ)

0025 DD 130 I=1,10

Q026 FOI)=AI#CY (I+20)-Y (I} )+A2HR(I])

0027 FOI+210)=~BlstY(I+10)+B2¥(Y(1)=Y(I+20))+R3%R(I+10)

0028 F(I+20)=Y(I+10)

0029 130 CONTINUE

0030 F(31)=0,

0031 F(32)=LSHATH(FBS+FES)

0032 RETURN

0033 END



C = CALCULATIONS FOR BUBBLE DATA  --=-=-
NOnl SUBRQUTINE BUBBLF(X)
0002 COMMON MyQ(32)sY(32)»2(8)3sDTsATANDIDP LS, UMFEMFH>BETA,AKBsT#PTHEE

#2U0sCOIWS»DBUBSDLTASALFA, AKBE »FR,FB! s 2
0003 ;1=;(3i)-GMF, ’ »yALFA, AKBE »FB»FBSsUESFE,FES»A13A25B19825B3,F0

0004 W2=ATHWL
0405 [F (AND) 3030440
0096 30 D1=0.
0007 GO TQ 50
0008 40 D1=0,347%(W2/AND)##0, 4
poay9 50 D2=0.00376%W1%xN2
0010 IF(D1-D2) 60,70+70
0011 60 DBO=D2
0012 G0 TO B0
0013 70 DrO=D1
0ota 80 DBM=0.,06528W23%3%0.4
0015 ADB=EXP(-0.3%X/0T)
0016 DR=0BM=-ADB}(DBM~DB0)
no17 IF(DT-DB) 90+100-100
0018 50 DB=DT
0019 100 CONTINUE
0020 UB=AKB¥(980,7%DR)%%0,5
5021 UB=UQ-UMF+AKB3 (980, 7%#DB) ¥%0.5
0022 CALL GLDIV-
0023 RETURN
0024 END
€ mmm--- GOLDEN DIVISION METHOD  ==----
000l SUBROUTINE GLDIV
0002 AL=2,/(1,+SQRT(5,))
0003 XL=0.
0004 XM=1,
0005 1=0
0006 D=XM=-XL
0007 20 DAL=DXAL
0008 1IF(D-0,0001) 10»10,11
0009 11 IF(1) 12513514
0010 12 X1=XM-DAL
001l CALL CRTF(X1,F1)
0012 G0 TO 15
D013 13 X1=XM-DAL
0014 CALL CRTF(X1,F1)
0015 14 X2=XL+DAL
0ote CALL CRTF({X2,F2)
0017 15 [F(FL1-F2) 16,17,18
0018 16 XL=X1
0019 X1=X2
0020 F1=F2
0021 1=1
0022 D=0DAL
0023 GO TO 20
0024 17 XM=X2
0025 XL=X1
0026 1=0
0027 D=DAL#ALH#®2
0028 G0 TO 20
0029 18 XM=X2
n030 X2=X1
0031 FR=F1
0032 I=-1
o33 D=DAL
0034 G0 TO 20
0035 10 TF(I) 2122523
0036 21 X=X1
0037 G0 7O 30’
0038 22 X=(X1+X2)/2,
0039 Go TO 30
0040 23 X=X2
0041 30 CALL CRTF(X»F)
0042 RETURN
0043 END



0001
ooo2

0003
0006
0005
0006
non7
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023

0001
noo02

noo3
0004
0005
0006
00407
0008
0009
oolo
0011
0012
0013
0014
0015
nole
0017
noLe
0019
0020
0021
0022
noz23
0024
0025
0026
noz27
0028
0029

------ CRITICAL FUNCTION FOR GLDIV —me———

SUBROUTINE CRTF (XXF)

COMMON M»Q(32),Y(32)5Z(8)Y,DTsAT»ANDsDPLSyUMFHEMF,BETA,AKB»T»PTHEE
#sU0>COsWSHNB,HUBDLTAALFA,AKBE+FBs»FBSsUESFEFES»AlA25B13B2sB3,F0
DLTA=XX

W1=(1.-DLTA~DLTAXBETA)*UMF

W2=(1l.-DLTA)HEMF#UB-W1

ALFA=W1/W2

AKBE=11.0%#DLTA/DB

DG=0.048101+6,176FE-4%T+7 ,4266E~-7%TH#T

AKBC=4,5%UMF /DB+(5,85%DG%%0,55%980,7%#%0,25) /7 (DBux1.25)

AKCE=6, 783 (EMF#DG*UB/ (DB#3%3) ) %%0.5
AKRE=DLTA%AKBC#AKCE /( AKBC+AKCE)

FB=DLTA%(L1, +ALFAXEMF)

FES(1.-DLTA-DLTA%ALFA)REMF

FBS=DLTA#ALFA%(L,-EMF)

FES=(1.~-DLTA-DLTAMALFA)#(1,~EMF)

UE=UMF/EMF-DLTAXBETA%UB/ (1.~-DLTA-DLTAKXBETA)

IF(UE) 10+20,20

10 UE=0.
20 CONTINUE

10

20

W3=Y(31)-FB*UB-FE}UE
F=-W3#W3

RETURN

END

————— CALCULATIONS FOR DIFFERENTIAL COEFFICIENTS  ==ue=e-
SUBROUTINE RATE(C,R)

COMMON M38(32)5Y(32)+Z(B8)sDTsATsANDDP LS sUMFHEMFsBETAAKB»TsPTHEE
#5U0sCOIWSIDByURSDLTASALFASAKBEsFByFBS»UESFESFES AL »AZ23B19B2+B3,F0
DIMENSIAON C(1G)sF(5)sP(10),R(10)
W=0,

DO 10 I=1,10

W=W+C(1)

CONTINUE

Do 20 I=1,10

P(I)=CLII¥PT/W

CONTINUE
SM=1,+Z(EIHP(1I+Z{7)IHP(2)+Z(B)I%P(3)
SM=SM#SM

Fly=Z(1)y#P (1) %P (4)/5M
F(2)=Z{2)%P(2)%P(4)/5SM
F(3)=Z(3)#P(4)HP(4)
Fl4)s2{4)%#P (4 )8P(4)
F(S)Y=2(B %P (4)Y%P(5)

R(1)=0.-F(1)

R(2)=F(1)=-F(2)

R(3)=F(2)
R(4)=20,-F(1)-F(2)-F(3)-F(4)=F(5)
R(5Y=F(1)+F(2)-F(5)
R(EI=2,#F(3)+F (41+3 . 3tF(5)

R(7)=F(3)

R(8)=0.5%F (4)+F(5)

R(9)=0.5%F (4)

R¢(10)=0.

RETURN

END
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The design and test of coal paste
feed pump for continuous coal hydrogenation bench
plant

Shinichi YOKOYAMA Shigeru UEDA Yosuke MAEKAWA

The high pressure coal paste feed pump was designed and manufactured. The design was done
with pay attention to avoid errosion.

The test was done successfully by using crystal contained anthracen oil
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