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AtsSTILAC '

Methyl chlorosilanes are in-rportant t'aw materials for the

production of polyalkylsiloxanes, the basic ingredient of silicone

oiis and silicone rubbers. One of the main rrrethods for the

corirmercial production of rlethyl chlorosilanes, known as direct

process, involves a reaction between eiemental silicon (Si) and

methyl chloride (MeCl). The principal product is

din-ret1-ryldichlorosilane, which is used to fom the

poiydimethylsiloranes.

The aim of thi-s v,rork is to pr:edict a mathen'ratica"l n-rodels

in rvhich it shows the behavior of the reaction. We predict four

moclels, these rr,odels tal<e in consideration the reaction kinetic

the physical, chemical, and design equation of fluidized bed

reactor.

The equations shows the conversion of MeCl as function

of tetnperature and time, conversion ol' silicone as function of

time, particle diameter as lunction of tilne. We have compared

the result from these models with practical result from

intenrational papers. and it shou's good agreement.
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Interfacial bubble area per unit bubble rroh;me, (.--,)
Orifice area ( cm2)

Column diameter (.rn')

concentration of Mecl in bubbre phase, (grnol/c,3)

concentratio, olMecl in the dense phase, (gmor/cm3)

Diarneter of equivalent volume sphere: bubbie diar-reter (cm)

Initial equivalent bubble size, (cm)

Maximum equivalent bubble size attainable by coalescence (cm)

Diameter of sphere having the sarne volume as the parlicle (cm)

Particle diar-neter (cm )

Dilfusivity of reacted gas ( crl2/s)

Column diameter (cm )

Molar flow rate of MeCI (grrol/hr)

Bed heiglrt, (cm)

Bed height at minimum fluidization (cm)

Reaction rate constant, (gmol MeCi/gm Si, itr)

Adsorption equilibrium constant for MeCl, (atm-r)

Desorption equilibrium constant fbr Siiane, (atrn-r)

Bubble to de,se phase rrrass transfer coefficiert (c*/s)

I



37

I

(37-62) Tikrit Journal of Eng. Sciences/Vol.131No.1/March 2006

Molecular weight of Si (gmol/gm)

Viscosity of reacted gas ( gm.cm/s)

Partial pressure of MeCl (atrn)

Partial pressure of din-rethy/dichioro silane (atm)

Volumetric flow rate (gmol/hr)

Density of solid particle ( grn/crn3)

Density of the gas ( gm/cm3)

Temp of the bed (C")

Temp of MeCl inlet (C")

Superficial gas velocity (cm/s)

Minimum fluidization veiocity (cm/s)

tri.ise veiocity of a bubble in a bubbiing bed (cmrs)

Weight of solid (cotact mass) (g-)

Conversion of MeCl

Conversion of Si

Density of Si (gm/cm3)

Ratio of gas florv via bubble phase to total gas flow

Fraction of bed occupied by bubble

Distance above distributor (Variable with bed height)(crn)
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II\TRODUCTION
When on May 10, 1940, in the research laboratory of the

General Electric Company in Schenectady, Ny, Rochow carried

out an experiment in rvhich he passed gaseous rnethyl chloride

through a crushed 50% Cu-Si mixture (previously activated with

gaseous HCl) in a tube furnace at370''C and obtained as products

a mixture of methylchlorosilanes (arnong thern (CH,), SiCl2, our

interest product).t11

Rochow's direct process is still the only economical route

to methylchlorosilanes. The direct process is shown in Eq.(1)

Si+ MeCl 280-350c" > MerSiCl. (Di , 70-90%.. (1)
Cu

+ Me SiCl. (Tri , 4-12%)

+ Me ,,SiCl (Mono , 1-5oA)

* Others (low traces)

The direct process is carried out commercially in fluidized-

bed reactors using powdeled siiicon at approximatell,. 300 C'.

Rochow's great discovery was copper catalysis. The reaction are

essentially inert without it.

A huge amount of research has been done to find

promoters that will result in higher selectivities to Di.t2l The rriost

rvorl< dorre by chemist scientist in ivl-rich they study the

rnechanisrn of the reaction.

Ward, Ritzer, Carroll, and Flock ['], study the etlect of'

trace elernents on product distribution and rate. Fluidized and

stirred bed reactors were used. A catalyst system consisting of
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copper, zinc, and tin \vas discovered whieh yield g0%

dimethyldichlorosilane with nearly complete silicon utilization.

Lewis and Ward t2l used a contact mass of CuCl with

silicon and study the effect of added zinc and phosphorus to the

addition resulted in an increase in selectivity for Di, pirosphorus

appeared to cause an increase in forrnation of the eta phase

1C'L,3Si).

Many patents are preser-rt in this field, study the effect of

promoters on the selectivity for Di.

Aramata, Fujioka and Yuyaira ill invent a mixture of

catalyst, copper or copper compound catalyst and an activated

aluminum, aluminum a1loy or aluminurn carbide promoter. The

reaction is carried out at temp. 250-400 Co in stirred tank or

fluidized bed reactor, the inventiorr shorlens the time required for

activation irr the Rochow reaction and increase the selectivitv for

desirabie diorganodilialosilanes.

Aramata, Fujimoto and Saito tsl, add 50-10,000 ppm of

bronze phosphide to the contact mass (Metallic silicon and

copper catalyst), the invention is successful in efficiently

producing organoholosilanes in a high sty (space time yield) and

lou,T/D.

In this u,ork we try to find the design data for lluidized bed

reactor by using rnodels in u,hich it sl-rorvs the behavior of the

reactor and the reaction.
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THEORY

1- Model (1) Kinetic Model
For high production of Di" We assume that there is only Di

in the product, so the reaction equation of silicon with methyl

chloride is:

2CHJCI+Si 'ol'' > (CH-)-SiC/. +Orhers

,q*lsi----+1 B+C22

. (2)

(3)

Steps in a catalytic reaction
1- Adscrpticn of methyl chloride cn the surface of ccpper

11-; + s l.S .-----r- t.nr-,:K.tlrrr, ?). .(4)

2- Reaction of MeCl with silicon on the surface of catalyst (Cu)

,4.Sr Si +S -------:-B.S+C+S r" =K.rl C^ p.,,C,- C.' P C, 
I\ r, )

(s)

3- Desorption of Di (product) fiom the surface of Cu

( ^ _Puc, ),t 

-B+s 

t'o=Kol .;, -; ) . .(6)

rnost of the catalytic reaction is surface reaction limiting then

+=s1 .lr =0.c,, -krp,c,.cr.= hS,=rupu{.,
K1 KD 'J) '' on

/i :Ks (*, O, Ct. Ps, r,. -nT!g) (7)

{
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(t+o, P,,+rcuPu)

K (i( . , p- -K-aPrl^\
\ io. /

lt-o, i*"*3-

(B)

li= (e)

....(i0)

For irreversible reaction, let K=KsC? P*

-fr=ls=
Krc,P, gntol MeCl reacted

fi + ,<., P^ + rc, Pu]' gm solid (Si + Ctt) . hr

We can assume

as CSTR. Then:

the design equation of fluidized bed same

W- Fro X
I

-rA

From the stocl"riarnetrv

(1i)

6 * *7, Yrn =0.667, €=- A.661 , Pro=0.667 P, ,0t,=0 , u, =0.5

D _ D (r-x)
4 10 (t+e x)

p^=p (ou+u,x) T"n Aa (t-e r) r

Ii x',A.6a7 P,
(r-x)

1t*o-iai x) {r,'/ F.,,,}

(t- x)
$-o aat x)[,."- 

0 667

(12)
L r *r ,0.667
TID

0.sx
(t -o aat x)

r2T]!P. 
Irl



7 ll---_ a

42 (42-62
Tihrit Journal of Eng. SciencesiVol.l3/No.1/i\{arch 2006

The reaction rate take the exponential form, then assume

K -o',-KB=a e-'' r

By statistical program (specified legression) we find:

K:45413.7 1 n-338a 
3:: t 'r'

K .,t =0'00083 e62) 
6e3 t7'

K u = 0.004003 e1110 
si t7'

P Yro

'1O ' RTN

2- FLUIBIZED BED i}foBEL (ORCUT Ef ODEi,)

Trvo phase model

With tire assumption that there are no palticles in the

bubble pl-rase. The change in molar flux of species A at any high

in the bubble phase must be accourlted for by interphase transfer:

Change in molar flux: transfer fnom bubble to dense phase

p U dCru=Ko(C,,n-C.ro) oue,,dZ . (17)

II-U .

tl =*= fraction of gas which tlows through the br-rbble
LI

. (13)

.(14)

(1s)

P.*Q 

- 

(16)
lT" + 273)

From literature, reference (6).

280 0.24 0.0076 0.53

300 0.6 0.0068 0.4

320 t.t7 0.0057 0.28

phase at any high

I

T C.,
,, gtual

gm.hr

1
Kt 

-altix

1
Kp 

-
atn't
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\.

C^n 7 ^'f dCrn Knaoeo=fr-
I - =-_r-- l(l L

.J C,r-C o, B tj :I t,n Aa

at Z :0 C.,n:C ,,,,

K,, aoe o z

C^n=Cro *(lCr,,, -Cr)e u P

..(18)

....(1e)

A mole balance over the entire dense phase yieid:

Transfer by convection * transfer by diffusion = reacted

n

(t- p)U (Cr,,-C,,,,)* JK, 
(c ru-cnr) oueud z=(1-eoX1-.,,, )H K,, c'1,

.(20)

H *rQ*.,u)For first order reaction n:\.0 , H,,t=(l-.) H , K',=K,

c,,u -lp @ 
^u),=, 

+(t* fl) c..,,f= Ki C,,

Sub eq.(19) in eq.(21) then

cr,= c ,,,,(l- p n-')
l-Be-'+Ki

The final exit concentration is:

C,ro,,, : C .,,,, - C -l,c,tcrcd

=C r,,* KiC ro

Compare with eq.(21)

Then

U

.....(2t)

(:22)

.....(23)

lC,,ulr=, .. .(24)+0- 0) c,,
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.(2s)

.....(26)

. . ...(27)

/\
K,'{1- B e 'lv 

- 
r\ t / 'l

,, 1 t) _), vtt-/,) ( fAt

7-Fe'+fKi e'
1-p e''+Ki

To find the rate of reaction for first order:

.., L, /- (l-r)
-l',=K. L. -=j-=-'' (l-o.ool*)

T
--il =
T

KorRTopr,Kt=

[,n,.
0 667 -!-l) - T,

(t - o.ou r) r P, + r u0.661
0.5 x To

P],
(t - o.aat ,) r

(30)

u,-K, H,,, (l*',,0)
' IJ

K a e,H\a (l u l)

pLr

....(31)

.....(32)

[,*", 
066] p*f ] 1_o,ouu, (,_Z,tu:r.)? I

1

. ...(2e)

I-
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t) ry -(J ttrt
/) =- tl .(33)

/.,4'\
. . . ..\J't,/

.....(35)

.. (36)

.....(37)

. . ..(3 8)

.(3e)

. (40)

. .(41)

.....(42)

.. . (43)

. . ...(44)

..(4s)

K -O7\rr"-(l "" - - t1U

0.915 so25 dias,a
. l li

cleq" ''

6 *H-H,,, _11 -U,f
"o- duq 

!b- 
H z,tA

lf .a/1 - /'l-n t,o 4 
()t'

deo:1 38 (0: * 
) (g-" )

Qu= Ao (u -u,,0)

H,,,.r=u(t_ er)

if dP(=0.01 rT -

'+,1 (,, ,,57-0408 Ar)o'-33.7) .....{45),/;; ) C.0 , [1,,u =[* 
d, )

(or- prf"o g('e3^ cltls
ntf - 

1 1 1 1* /_La 
87 pa 066

ut:0.71 (,\nq*g)o'* (, -r,,,,)
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dr':7.13dP
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3 z t D

dent:o.374(o o' -(r- u,)l^
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3- Model (3) Particle Diameter

- dN. :-bdt{,=-[^'l dv =- ( c" )o(r o ,,)\M,) lM )t: j

:-4r Pt' ,.t d,.
M,,

1 d lV..
---rr=bi'{,C.,

Vdtt4a

I (o\.r1r
- , ltrl -,l' I r' -=bK, C.,+ , lM",) drlTf ' )t /

3

. . (48)

. ."..(4e)

.....(47)

.(50)

dr
'' , rlt'_t-t-
it'

bI{tcA,tM"i

dp,=dp e

3 ps,

_b K1 c 4,t ,\'l 5:i /

3 p,si

=c,,,tr- P u-')
1-p e-'+Ki

4- Model (4) Conversion of Silicon

1- X,s, =
Volunte of ttnreacted core

Total volutne of porticle

. . (s1)

C,,

4
- 7T t"-
J
4 ir ll'
a
J

rs?\

. ...(s3)

.(s4)

-1(r\
= 

[^,

/ ,. \r\. -,lt 
I-,r c, -r-i l,"|Dl

\,\ ./
.. .(ss)

I.

+
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_bK. cA,1 lfsi t

\r 
-1 ^ P,tii\qt-L-e . .(s7)

Computer Frograrns

Four prograrns w'ere piesellteci by Quick Basic io pi-edict

the data flom above models.

l st program, kinetic rnodel was used to evaluate the

conversion of MeCl as function of Temp., using trial and error

method because the conversion variable (X) rvas impossible to

separate.

2nd program, salrle us in one, colrversion of N4eCl rvas

evaluate as function of Temp., by using model tr.r,o.

3rd prograrr, used model three with two to predict the

paiticle diameter as fuirction cf time, elsc different palticle

diameter mean different U,,,, (minimum fluidization velocity), ir-r

r.vhich give different ratio of gas flow via bubble phase to total

gas flow p(/l:t,-u',,,/ lU), so this can be used to show the

conversion of MeCl as function of time.

4th program, model four u,ith three and two u,here used to

shorv the conversion of Si and MeCl as function of tirne.

or

\/ ', ( ar,\'
4.!,-l-] , I

\al? )
. ..(s6)



-I.
48 Tikrit Journal of Eng. Sciences/\/ol.l3lNo.1/March 2006

RESULTS AND DISCUSSIO]\
1- Data obtained fi'om model one and two for different r,veight

of contact mass (silicon/ capper) and molar flow rate, these

data compared with observed data i;l as sho."vn in table ( I ).

These data were presented in Fig. (1) and Fig. (2), they

show a good agreement between the observed and predicted

data, also it show the increase of Mecl conversion with

increase of Temp., this result frorn increase in reaction rate

constant.

2- Fig. (3) and Fig. (a), for different weight of silicon and

(48-62 )

different velocity of MeCI gas, the tu,o models are showing

accelent agreement with each other, also it shows increase in

conversion oi x,ieCl witir incleasing weigirr of coniact mass

(increase in height) this due to increase in contact time

between MeCl and Si, and decrease in conversion of MeCl

rvith irrcreasing velocity of MeCl, this is due to decrease in

contact time.

3- Fig. (5), shows the decrease of particie diarneter (dp) with

time, this is due to consumption of silicon due to reaction with

MeC1.

4- Fig. (6), shows decrease of MeCl conversion and increase

of siiicon coriversioii witir tiine, because with tirne 'rhe t,rral

consurlption of Si will increase and this mean decrease in dp

or decrease in weight of contact mass, this will lead to

decrease the contact tirne for Mecl with si, this lrrean

decrease MeCi conversion.

I
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5- Z , ( drstance above the distributor ) , it is very impor-tant

factor in the second mode1, it icrease with increasing weight

of contact rnass and increasing velocity , it mean it is a

function of high of the bed.
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Table (1) observed and predicted data for conversion of
MeCl as function of Ternp

W : 66.5 gm. Fao : 6.435 gnrol/lr

W: 53.5 gm, FAn:,1 gml/hr

0.20

x 0.15

:
$ o.ro

E
o 0.05

o'6 o.oo
L()

h '0.05 lao
-0.1 0

T Xobserved Xmodel-1 Ymodel-2

303 0.0043 0.0r 0.009
) L-) 0.0075 0.01 0.016
343 0.0264 0.03 0.026

289 0.007 0.0l 0.013
310 0.0i 8 0.02 0.025
11/
-l --) + 0.04 0.04 0.042
359 0.084 0.08 0.081

300 320 330

Tempreture(T),f

Figure (1) Conversion MeCl (X) Vs. Temperature (T)
comparison between observed and predicted data

W:66.5 sm" FAo: 6.435 srnol/hr

I
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0.15 
|

x

6o.ro
o
=
o

o
'40.05

o

oo

320310
0.00 L

280

Tempreture(T),f

Figure (2) Conversion of MeCI (X) Vs. Temperature
(T) comparison lretween observed and predicted data

W:53.5 gm, FAo: 4 gmollhr

1.0

^0.9
5a
o0,7
Soo
E0,5
c 0.4o'a 0.3

Io,
50.1
o0.0

240 300 320

Tempreture of the Bed ( T ), 0

Figure (3) Conversion of MeCI (X) Vs. Ternperature
(T) Model (1) and (2) for different weight of Si dp :

0.1 cm, U:4 crn/s, D:5 crn, T0:300'C

360280260

t

370

340
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1.0I.U L

^nql
";; I

fn, I

9oo
E0.5
c 0.4o'., 0.3

Io,
5 0.1

o0.0
240

-0. ruodel 111 ,u=+.tL 
tttodet 12), u=+

'I- Nooet 1t1,

\ uoaet1z1,

360340260 280 300 320

Tempreture of the Bed (T ), e

0
. I l,UU

l 12
o

-10F

o

a8

Lb
o
o
E4
.g
I

a

G
(.,

L0(E,
L.l

Figure (4) Conversion of MeCl (X) Vs. Temperature
(T) Model (1) and (2) for different velocity of MeCl

dp :0.1 cm, W:500gm , D: 5 cm, To:300oC

3800 4ga0

Time(t),Secound

Figure (5) Pantial diarneter (dp) Vs. Tirne(t)
Model (3), dp : 0.01 crn, U: 4 cm/s, 11: 27.44 crn , D:

5 cnr. T.Tn:350" 300"C

(52-6?;

+
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1000 2000 3000 4000 5000 6000 7000

Time(t),Secound

Figure (6)Conversion of MeCl and Si Vs. Time(t)
Model (4), dp - 0.01 cm, U:2 cm/s,H:27.44 cm,I)=

5 cm, T,To:350,300'C
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Program - 1

Pt: ?

W:?

3600

v:?
FA : (.0081282* Q * pt) / (y + 273)
PRINT "LI: "; TAB (5) ; U; TAB (15); "Cru / s"
PRINT "Q: "; TAB (5);Q; TAB (15); "Cm^3 /hr"
PRINT "pt: "; TAB (5) ; pt; TAB (15); "atm"
PRINT "W: "; TAB (5);w; TAB (15); "9,r"
PRINT "To: "; TAB (5) ; y; TAB (15); "C"
PRII{T "FAo: "; TAB (5) ; FA; TAB (i5); "gmo1 / hr"
PRINT "TAB (4);"X"; TAB (.I7); "T"; TAB (32);"V"
PRINT "TAB (3); "------"; TAB (16); "-----"; TAB (31);"-----
FOR T : 250 TO 350 STEP 5

F'OR X: O,O TO 1 STEP. O1

K:45473.1r * EXP (-3390.3571T)
Ke: .00083 * EXP (622.693 lT)
I(e: .004003 * ExP (1310.53 lT)
A : INT (X * 1000 + .5) / 1000
B:Ka*.667 *pt(ylT)* (1 -X) l(1 -.667*X)

TT-O
LT-J

Q:U*At*

C:I{*B
D:1+B
E:I(g * .667 + .5 * X * pt * (y l T)/( 1 - .667 * X)
F:C * (*/FA)/(D+E)^2
R: INT (F * 1000 + .5) / 1000
G:R-A
v : INT (G * i000 + .5) / 1000
IF V < .01 AND V >: O TFIEN PRINT A, T, V
NEXT X
NEXT T

(s4-62)

{
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Program - 2

Pt: ?

x: /

R: 82.06
dp: ?

rp:2.32
rg : .001073
Me: .000215
Z:?
W:?
€:?
H:w l((At 'o rp) * (1 -E))
D:?
g: 980
U:?
C .-r',lttt - !

li_oul -j
A()- I

dv:1.13*dp
Ar : rg * dv " 3 * (rp-rg) * g I Me n 2

IF dp a=.[1 TI]EN Urnf :((rp-rg) ^.934 * g^ .934 * dp ^
1.8) / (1111 * Me^ .87 * rg ^ .066)
IF dp > .01 TI-{EN ljmf : (Me Lg* d,r) * ((1135.7+.0408*4.)^
.s- 33.7)

B:(U-Lrrnf/Lr
d"n, : .3J 4 4' (3. 14 * (D " 2) * (lJ - Uml)) ^.4
Qo:Ao*(U-Umt)
d"o: 1.38 * (Qo ^ .a) * (g n -.2)
d. : dern- (dern- cieo) * EXP (-.3 u Z I D)

I{q: .75 * Umf+ .975 * g^ .25 * di ^.5 I de^ .25
a6:6 I de

uu: .71 " (g * d.) ^ .5 + (u - LImf)

E,:(u-umf)/ua
XC :I(q't' ab * q, * Hl (B * Il)

-a-
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Hrnf:H*(1 -q,)
PRINT "Pt:"; TAB (5); pt; TAB (15); "atnl"
PRINT "To:"; TAB (5); y; TAB (15); "C"
T)T)T\T.r c(\r_)). .T. A D /(\. \2. -I- A D /1 <\. (( 

')I t\LI\ I /\ ) L I\D \J/t, r\1 t rru y.t t )1

PRINT "R:"; TAB (5); R; TAB (15); "cm^3/atm gmol k,'
PRINT "z:" , TAB (5); z; TAB ( 1 5); "cm"
PRINIT "H:"; TAR (5); H; TAB (1-5); "clr"
PRINIT " €:", TAB (5); E; TAB (15); "---"
PRINT "'W:"; TAB (5); W; TAB (15); "gm"
PRII'IT "HmfL"; TAB (5); Hmf; TAB (15); "cm"
PRINT "dp:"; TAB (5), dp; TAB (15); "crr"
PRINT "D:"; TAB (5); D; TAB (15); "cln"
PRINT "g:"; TAB (5); g; TAB (15); "emlsn}"
PRINT "IJ:"; TAB (5); U; TAB (15); "cm/s"
PRINT "Umts"; TAB (5); Uml; TAB (15); "cm/s"

PRINT "9,,7:"', TAB (5); Emf; TAB (15);

PRiNT "di:"; TAB (5); di; TAB (15); "cm\?ls"
PRINT "Ao:"; TAB (5); Ao; TAB (15); "cm\2"
PRINT ;TAB (4); "T"; TAB (17);"X"
F'CR T : 250 TO 350 STEP !O
K: 45473.71 * EXP (-3380.351 I T)
KA: .00083 * EXP (622.693 tT)
KB : .004003 * EXP (1370.53 lT)
A : (K/ 3600) * KA * R * 2.34 * (y + 213)
81 : 1 + .667 * KA r' (y lT) * pt * ((1 -X)/(l - .667 * X))
C: .667 * KB * .5 * X * pt * (y I T)/(1 - .667 * X)

I(1 :A/(B1 +C)^2Kd:Kl * Hmf * (1 * 9,,)lrJ
1 - B 

* EXP (-XC) + B'* I(d * EXP (-XC)

L:1-B*EXP(-XC)+Kd
Xl : iNT ((1 - (J I L)) * 1000 + .5) / 1000
PRINT T, X1, LImf
I.]EXT T

I
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Program -3

R: 82.06

op: l
rp:2.32
rg:.001073
Me : .000215
MB :28
Z:?
W:?
-: /

rp) * (i -E))

C.o\nl: !
l:-oLll - l

Ao: ?

PruNT "pt:"; TAB (5); pt, TAB (15); "atm"
PRINT "To:"; TAB (5); y; TAB (15); "C""
PRINT "T:", TAB (5), T; TAB (15), "Co"
PRINT "R:"; TAB (5); R; TAB (15); "cmn3 atm/gmol k"
PRINT "z:"; TAB (5); z; TAB ( 1 5); "cm"
PRINT "H:", TAB (5); H; TAB (15); "cm"
PRINT "MB:"; TAB (5); MB; TAB (15); "grn/gmol"
PRINT "dp:"; TAB (5), dp; TAB (15), "cm"
PRiNT "D:"; TAB (5); D; TAB (i5); "cm"
PRINT "g:"; TAB (5); g; TAB (15); "cm/s^2"
PRiNT "U:"; TAB (5); U; TAB (15); "clrls"
PRINT ".W:"; TAB (5); W; TAB (15); "gm"
PR1NT " €:") TAB (5); E; TAB (15); "---"
PRINT "Me:"; TAB (5); Me; TAB (15); "grr.crr/s"

PRINT "9,4:"' TAB (5); Emf; TAB (15); "---"
PRINT "di:"; TAB (5); di, TAB (15); ".trr'/r"

r:i7

Pt: ?

Y:?
T:?

H:w/((At*
D:?
g: 980
U:?

E-
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PRINT "Ao:"; TAB (5); Ao; TAB (15); ,,cm\2,,

PRINT "rp:"' TAB (5); ,p; TAB (15); ,,gm/cm^1,,

PRINT ".g:"; TAB (5); rg; TAB (15); .,gmlcm^j,,
PRINT ; TAB (4) ; "t"; TAB (17 ) ; 

,,X,,

CAi : .567 * pt / (R * (y -r- 273))
K:45473.7r * EXP (_3380.357 lT)
KA: .00083 * EXP (622.693 lT )
KB : .004003 * EXP (1370.53 lT)
A: (K/ 3600) * KA * R * 2.34 * (.t,+ 273)
81 :l+.667 *KA*(ylT)*pt*((1 -x)/(1 _.661 *X))
C: .667 * KR {' .5 * X * pt * (y I T) I (1 - .667 * X)
I(1 :A/(81 +C)"2
FOR I : 60 TO 72A0 STEP 60
dv:1.13*dp
Ar:rg * dv ^ 3 * (,p-rg) * g I Me ^ 2
IF dp > .01 THEN Umf : (Me Lg* du) * ((J 135.7 + .040g * Ar)
^ .5 - 33.7)
IF dp <:.01 THEN UmF((rp-rg)^ .934*9^ .934*dp^
I .B)/(1 i 1 1*Me^ .87{'rg^.066)
B:(U-LLnf)/U
d.,,, : .374 * (3.14 * (1-) " 2) * Gf - Urnf)) ^ .4
Qo:Ao*(U-Lfmf
d.o: 1.38 * (Qo ".4) * (g " -.2)
d. : dem -- (dem - deo) * EXp (-.3 * Z I D)
Kq:.75* Umf +.915 *g^.25* di^.5 lde^.25
a6: 6 I de
uu: .71 * (g * d") ^ .5 + (U - IJmfl
q,:(U-Urnf)/ua

Hmf:H*(l-q,)
XC:Kq*ab* E,*1,1-l(B*Lf)

Kd:Kl *Hmf*(1 - 9dtU
52: Kl * MB * I *CAi * (t-B*p)(p (-XC)) / (3*rp*(1_B EXp (_
XC) + Kd))
dp: dp * EXP (-S2)
J: 1 - B 

* EXP (-XC) + B 
* Kd * EXp (-XC)

q
I

I

I

l

I

i

j

I

I

l

I

r
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L:1-B*EXP(-XC)+
Xl : rNT ((1 - (J tL)) *
PRINT I, X1, dP

NEXT

Kd
1000+0.s)/1000

Program - 4
T)+-9I L- l

Y:?
T:?
R: 82.06
dp: ?

dpi: ?
.r:.'t: ) 7)

rg : .001073
Me: .000215
MB:28
Z:?
W:?
t: /

H: u,/ ((At * rp) * (1 - E))
u- !

g: 980
TT Ot)- !

(= -.)\ttl - !

l: 
- 

oui-l
AO- I

PRINT "pt:"; TAB (5), pt; TAB (15); "atm"
PRINT "To:"; TAB (5); y; TAB (15); "Cu"
PRINT "T:"; TAB (5); T; TAB (15); "Co"

PRINT '(R:"' TAB (5); R; TAB (15); "cm^3.atm/smol k"
PRINT "z:", TAB (5); z; TAB (15); "crr"
PRINT "H:"; TAB (5); H; TAB (15); "crr"
PRINT "MB:"; TAB (5); MB; TAB (15), "gm/grnmo1"
PRINT "dp:"; TAB (5); dp, TAB (15); "cn"
PRINT "D:"; TAB (5); D; TAB (15); "cnr"

59
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PRINT "g:"; TAB (5); g; TAB (15); ,,cn)lsA2,,

PRINT "U:"; TAB (5); u; TAB (15); ,,cm/s,,

PRINT ".W':,,; TAB (5); W; TAB (15); ,,gm,,

PRNT " e:"; TAB (5); E; TAB (15); ,,---,,

PRINT'"Me:,,; 'fAts (5); Me; 'l'Ats (15); ,,gm.cmls,,

PRINT "9,r/:"; TAB (5); Emf; TAB (15);
PRINT "di:"; TAB (5); di; TAB (15); ,,cm^?/s,,

PRINT "Ao:"; TAB (5); Ao; TAB (15); ,,crn\2,,

PRlhlT "rp:"; TAB (5); rp; TAB (i5); ,,grn/crr.\3,,

PRINT ".g:"; TAB (5); rg; TAB (15); ,,gm/cm^3,,

PRINT ; TAB (4) ;"t"; TAB (17) ; "Xm,,; TAB (31); ,,Xsi,,

CAi : .667 * ptl (R * (y + 273))
K:45473.71* EXP (-3380.351 lT)
KA: .00083 * EXP (622.693 lT)
I(B : .004003 * EXP (t310.53 lT)
A: (K/ 3600) * KA * R * 2.34 * (y + 273)
Bl : 1 + .667 * KA * (y I T) * pt * ((1 -X)/(1C: .667 x KB * .5 * X'* pt * (y l'I)/(l - .667
K1 :A/(B1+C)^2
FOR i : 60 To 7200 STEP 60
dv: 1.13 * dp
Ar:rg * dv ^ 3 * (rp*rg) * gl Me ^ 2
IF dp > .01 TFIEN llmf : (Me / rg,'dv) * ((1135.7+.0408 * Ar)
.s*33.7)
IF dp <:.01 THEN UrnF((rp-rg)" .934'og^.934*dp^
1.8X1 i 11*Me^ .87*19^.066)
p:(IJ-Urnf)/IJ
d.,,. : .374 * (3.14 * (D " 2) * (IJ - Umf)) ^ .4
Qo:Ao*(Lf-Umfl
d.o: 1.38 * (Qo " a) * (g n -.2)
d. : dem - (dem- deo) * EXP (-.3 * Z I D)

I(q:.75* Umf +.975 *g^.25*' di^.5 lde^.25
a6:6 I de
uo: .71 * (g * d.) ^ .5 + (U - Urnf)
q,:(U-umf)lua

- .667 * X))*x)

E

t
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Hmf:H*(1 -q,)
XC:Kq'*ab* q,*IF'l(p*U)

Kd - K1 * I{l:lf * (1 €,,,1) t\}
52 : K1 * MB * I * CAi * (1-p * EXP (-XC)y(6*.p* (l-F*EXP
(-xc) + Kd))
dp: dp * EXP (-S2)
J: 1 - B 

* EXP (-XC) + p * Kd * EXP (-XC)
L:1-B*EXP(-XC)+Kd
Xl : rNT ((1 - (J lL)) * 1000 + 0.s) / 1000

X): INT ((1 - (dp/dpi)) *1000 + 0.s) / 1000
PRINT i, X1, X2
NE,XT
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