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YMBOLS

length of the bubble column m
diameter of the bubble column m
interfacial area per unit volume of dispersion m~!
cross—sectlonal area of the bubhle column m?
total surface area of the pas bubbles in the dispersion m?
coefficlent : 1
average mass of dry catalyst particles in the slurry kg a3

per unit volume of liquid

mass of dry catalyst particles in the slurry per unit kg w3
volume of liguid

drag coefficient for gas bubble 1
gas hubble diameter m
arithmetic mean diameter of a hubble of class i e
maximpm stable bubble diameter b
diameter of the orifice in the gas distributor m
catalyst particle diameter m
number~average particle diameter m
weight—average particle diameter m
Sauter mean bubble diameter (dS ='Znid13/znid12) m
Sauter mean bubble diameter in the on~stream zone m

diffuslon coefficient m’ g”-
probability density function of the bubble diameter -
volume~fraction distribution of the gas bubbles as a s ot
function of their velocity of rise {( /™ fj(w) dw = 1)
volume~fraction distribution of the gas bubbles as a ol
function of their diameter (,/® f,(dy) d{dy) = 1)
acceleration due to gravitation m g2

volume fraction of the gas bubbles with a velocity of 1
rise smaller thanm H{t')/t’ which has left the dispersion
at t = ¢’

difference between manometer levels corresponding to m
static and dynamic pressure in the Prandtl-tube

height of the upper measuring point (h; = 1.67 m) m
height of manometer level above upper measuring point m
difference between manometer levels corresponding to o
the points n and n + 1

helght of the dispersion during gas disengagement at m
t =1t'

height of the dispersien m
height of the dispersion without foam m

height of the dispersion at the moment that the bubbles m
with velocity of rise w have left the dispersion during
gas disengagement 3

clear liquid height ‘ m
height of the dispersicn during gas disengagement at m
time

liquid-film mass transfer coefficient m s~}
overall mass transfer coefficient based on the m s~!
concentration in the liquid phase

parameter 1
number of gas bubbles belonging tc diameter-class { 1
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v(t')

Vo (')

pressure
cylindrical coordinate

radius of the bubble column

radius of the core of the dispersion in the bubble
-column

time

sampling time

time at which the bubbles with velocity of rise w have
left the dispersion during gas disengagement

bubble column diameter

superficial gas veloclity

superficial liquid velocity

velocelty of a rising gas bubble with respect to the
surface of the dispersion moving downwards during gas
disengapement at t = t'

time~average axial liquid veloclity at the centre of
the bubble column

velocity of rise of a gas bubble in a swarm of bubbles
velocity of rise of a slngle pas bubble

terminal velocity of a single hubble

gas velocity in the orifice of the gas sparger
relative gas velocity

time-average radial liquild velocity

veloclty of the surface of the dispersion

moving downwards during gas disengagement at t = t'
time-average axlal liquid velocity near the wall of
the bubble column

time-average axtal 1liquid velocity at distance r from
the axis of the bubble column

terminal velocity of a single catalyst particle
time~average angular liquid velocity

volume of gas in the dispersion

volume of gas in the dispersion during gas
disengagement at t = t'

volume of liquid In the dispersion

volume of the dispersion

velocity of rise of the gas bubbles

rectangular coordinate

cylindrical coordinate (distance from the bottom of the
bubble column)

axial distance between measuring points n and n+ 1
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gas holdup

average gas holdup of the cross—sectional area of the
column

average gas holdup

average gas holdup between measuring points n and n + 1
porosity of the catalyst particle

average gas holdup between the surface of the
dispersion and the upper measuring point

average gas holdup for ug + =

viscosity of the gas

viscosity of the liquid

nth nmoment of the probability density function of
bubble diameters {p, = /7 dy™ £{dp) d{dy))
turbulent kinematic viscosity

kinematic viscosity of the liquid

density

Pa
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Pg density of the solid part of the caralyst particle

o4 density of the dispersion

Pe density of the gas

PL density of the liquid

op density of the catalyst particle (pores included)

Ap difference of density between the liquid and the gas
(dp = pp = pg)

a surface tension

Tyz sheatr stress

T shear stress at the wall of the bubble column
& volume flow rate of the gas

! cylindrical coordinate

¥ dimensionless solids concentration (¥ = Cp(z)/Eb)

R volume fraction of gas which has left the dispersion
during gas disengagement at t = t'

(2 = (Hp - H(E"))/(Ep - Hg))

Dimensionless numbers

Bo Bond number (Bo = gTZpy/0)
Ca Caplllary number (Ca = nLuGéd)
Fr Froude number (Fr = ug/{gT)¥)
Frop Froude number (Fry, = vgr/(gdo)%)
Ga Galilet number (Ga = gT pp¢/np2)
Mo Morton number (Mo = gipp/{np"g))
Rey, Reynolds number for gas bubbles (Rep = prvodp/rp}
Rep Reynolds number for catalyst particle (Rep = OLdem/ﬂL)
Se Sehmidt number (Sc = np/{pyD))
Sh Sherwood nunber (Sh = ky{T/D)
Mathematical functions
v(t')
Fylv(t')) = [ £1(w) dw
Chapter 3_
a interfaclial area per unit volume of dispersion
ay, interfacial area per unit volume of liquid
be barometric pressure after gas desorption
bo barometric pressure before gas desorption
Ca concentration of gas A in a liquid
Cab concentration of gas A in the bulk of the liquid
Cag solubility of gas A In a liquid
dg Sauter mean bubble diameter
diffuslon coefficient
g acceleration due to gravitation
G graduation reading
Ge graduation reading after gas desorption
Gq graduation reading before gas desorption
hp, difference between manometer levels indicating
overpressure of saturatlon column |
hy, hetght of liquid sample {n gas burette after gas
desorption
Hp height of the dispersion
Hg clear liquid height in column A;
Ja wmolar flux of gas A
ky, liquid=£film mass transfer coefficient
kg, mean liquid-film mass transfer coefficient

[l ol sl e e ]

mel m=2 s~t
m s~}
n sl
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length of the stream of liquid

mass of liquid sample saturated with gas

mass of vessel with saturated liquid

mass of vessel

amount of gas A desorbed from a sample of saturated
liquid

amount of gas in the gas burette after desorption
amount of gas in the gas burette before desorptlon
amount of vapour in the gas burette after desorption
partial pressure of gas A in the gas burette
partial pressure of gas A in the saturatien columm
pressure in the gas burectte after desorption
pressure in the saturatien column

vapour pressure of a liquid in the gas burette
vapout pressure of a liquid in the saturation column
gas constant (R = 8,314 7 mol™l ¥~y

radius of the stream of liquid

time

contact time {t. = L/vy)

remperature

temperature in the gas burette

temperature in the saturation column

velocity of liquid at the gas~liquid interface
volume of gas in the gas burette

volume of the dispersion

volume of gas in the gas burette after desorption
volume of 1liqulid in the dispersicn

volume of gas in the gas burette before desorption
constant (V) = 2.3 1077 i)

constant (V, = 6.3 1079 o¥)

rectangular coordinate

cylindrical coordinate

Greek symbols

5

Lav

“He

penetratlion depth

average gas holdup

viscosity of the liquid

density of the degassed liquid in the gas burette
density of the gas in the saturation column

density of the liquid in the saturation column
difference between the density of the liquid and the
gas Iin the saturation column (Ap = pg = pgl

standard deviation of the Henry number

Dimensionless numbers

Fo
He
Sc

Fourier number (Fo = DtC/RbZ)
Henry number {He = Cp RTo/ppg)
Schmidt number (Se = np/{pgD))

thermal diffusivity of the liquid

area of blocked segment of the sphere
concentration of additives
concentration of gas A in the solution
poelymer concentration in the.solution

mol

mo 1

nol

Pa

Pa

Pa

Pa

Pa

Pa

J mol™! ¢!
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kg o
kg a?
kg w3

kg =3
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R

=3

molar concentration of gas in the solutien at the
gas~liquld interface

molar concentration of gas in the solution at t = O
and at r + = for t >0

diameter of the gas bubble

diameter of the gas-bubble projection on the screen
diameter of the top of the truncated cone

diameter of the top of the truncated-cone projection
on the screen

maximum diameter of a gas bubble that stays fixed at
the tip of the needle

diameter of the needle

diameter of the needle projection on the screen
diffusion coefficient

diffuslion coefficient of solute A in solvent B
diffusion coefficient of the solvent vapour
diffusion coefficient of gas in the pure solvent
acceleration due to gravitation

enthalpy of vaporization of solvent R

enthalpy of vaporization of water

nolar flux of gas A

Boltzmann constant (k = 1.38 10723 1 ¥~ polecule™!)
length of slab of gas in the needle

radius of the inner cell

slope of straight line in eqn (4-20)

molar mass of solvent B

exponent 1n egqn (4-45)

amount of gas absorbed In the solvent

partial pressure of gas at the pas-liquid interface
polar coordipate

radius of the gas bubble

gas constant (A = 8.314 J mol™! k1)

radius of a molecule of solute A

radius of curvature of the bottom of the gas bubble
radius of curvature of the top of the gas bubble
difference of radii (AR = Ry - RB)

time

sampling time

temperature

temperature difference

molar voelume aof the solute A

volume of gas A absorbed in the solvent

volume of the gas bubble

molar volume of the solvent B

argument (z = (r — R)/(2(DAEt)%))

heat transfer coefficient

cone angle (see Fig. 4.2.)

thermal expansion coefficient of the solvent
fraction of the bubble surface available for mass
transfer

viscosity

viscosity of solvent B at 20 O

zero—shear viscosity

infinite-shear viscosity

viscosity of water

polar coordinate

heat conductivity of the liquid

El

mol mw™ ¢ g~1

J k7! molecule™!

m

=1

kg mol™!
1

mol

E?C?N‘mmEElBSLtBBEJU

=]
W W w

Ldl- - |

Pa
Pa
Pa
Pa
Pa
rad
Wl gl

w onmh®m

mol~! ¥t
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v kinematic viscosity of the liquid cw? 57!

PE density of the gas kg w3
L density of the liquid kg m 3
g surface tension . RBm!
op standard deviation of the mean diffusion coefficient m? sl
oq standard deviation of n 1

da molar rate of gas absorption from a sphere mol s”!
A molar rate of gas absorption from the bubble on the mol 5™}

needle
X assoclation parameter 1

Nimensionless numbers

Bo Bond numbet (Bp = pLgRZ/G) 1
Fo Fourier number {Fo = DGt/12) 1
He Henry number {He = cRiT/pR) 1
Nu Nusselt number (Nu = al/}\) 1
Ra Rayleigh number (Ra = 13gBAT/(av)) 1
Mathematfcal function
erfc (z) ~ complementary error function
erfe(z) = (2//m) | e X’ ax i
z
Chapter 3
ar, interfacial area of the gas per unit volume of liquid m-1
A1, interfaclal area of the gas m?
ag interfaclal area of the catalyst particles per unit 3 w1
volume of liquid -
Ca molar concentration of gas A mol m™3
Cap molar concentratfon of gas A in the bulk of the liguid mol o3
Cag molar concentration of gas A at the gas-liquld mol w™3
interface
Cas ‘ molar concentratian of gas A at the liguid-solid mol m~?
interface :
Cy molar concentration of component B in the liquid . mol w3
Cp "mass of dry catalyst particles per unit volume of kg w3
liquid
dp " catalyst particle diameter m
dg Sauter mean bubble diameter ’ m
D diffusion coefficient n? g1
p* - effective diffusion coefficient (D* = Dey/T) n? 571
E enhancement factor (E = $,/(kpapCay)) 1
kg reaction-rate constant for reaction of zero order (mol m~3)!7® g~1
in gas component A and oth order in component B
ky reactiod-rate constant for reaction of first order (mol m“3)'m P
in gas compcnent A and mth order in component B
ki, liquid-film mass transfer coefficifent at gas—liquid m g1
* interface
kq reaction-rate constant for reaction of nth order {mol n~¥yl-mn gl
in gas component A and aoth order in component B
kg liquid—film mass transfer coefficient at liquid-solid m s™!
" interface
m . order of reaction for component B 1
n order of reaction for component A
N, number of catalyst particles per unit volume of bulk w3



r, r

&
&

Ta

liquid

polar coordinate
radfal distance in the catalyst particle at which

Cp =0

radfus of the catalyst particle

rectangular

coordinare

volume of the catalyst particles (pores included) per

unit volume

of liquid

volume of liquid

dimensionless ratio

(T = kgag/(kpap); T' = kgag/(kpap(l - adN
thickness of the liquid film (& = D/ky)

linear distance in the liquid film at which Cp =0

poresity of

the catalyst particle

effectiveness of the catalyst particle for zero-order

reaction in

effectiveness of the catalyst particle for

reactlon in

gas component A

gas component A

modified Hatta number for heterogeneously catalyzed

reaction of

zero order In gas component A (G = Ha°¢5)

modified Hatta number for heterogeneously catalyzed

reaction of first order in gas component A (8 = Hal¢%)

modified Hatta number for heterogeneously catalyzed

reaction of
coefficlent
first order
coefficient
first order
coefficlent
first order
coefficient

zero order In gas component A (A, = ROCBmdpzl(ZbD*CAi))

coefficient
first order
coefficlent

nth order in
(hq = k,CpPd
density of ¢

tortuosity

nth order in gas component A (O = Ha,$?)
for heterogeneously catalyzed reaction of
in gas component A (A = (k1C3m¢/D)5)

for heterogeneously catalyzed reaction of
in gas component A (A' = (klcsm/D*)k)

for heterogeneously catalyzed reaction of
in gas component A (A" = (k]CBm¢"/D)%)
for heterogeneously catalyzed reaction of

for hetetogeneously catalyzed reaction of
in gas component A (A = kICBmdPZIQIZD*))
for heterogeneously catalyzed reactfon of
ag component A
Cat™ {n + 1)/(24D*))
Re catalyst particles {(pores included)

volume of the catalyst particles per unit volume of
liquid film (¢ = Cp/(ppar8))
volume of the catalyst particles per unit volume of

bulk 1iquid

(0" = T/ (pp(1 = ar5)))

velume of the catalyst particles per unit volume of

liquid (4"

Epﬁpp)

gas absorption rate per unit volume-of-liquiﬂ

Dimensionless numbers

Hatta nunber for zero-order reaction in. gas. component

A (Bay = (1/ky){2k,Ca®D/Caq}¥)

Hatta number for first—prder reaction in.g
A (Ha, = (1/kL){k1cEmD}¥>

Hatta number for nt

(Hap = (1/kp) {2k CplCs ™ 1D/ (n + 1)}

first—order

—

-

1

1

kg n3

1
1
1

1

mol m~3 g-!

1

as component 1

order reactfion tn gas‘component Al
)
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a7, interfaclal area of the gas per unit volume of liquid m

—1

ag interfacial area of the catalyst particles per unit w!
volume of liquid

b slope of straight line in eqn (6-7) s71

Ca molar concentration of gas A In the bulk of the 1liguld mol ol

Ca° molar concentration of gas A In the bulk of the liguid mol m?
at t = 0

Cay molar concentration of gas A at the gas-liquid mel w3
interface '

Ca molar concentration of component B in the liquid mal m~3

Cp mass of dry catalyst particles per unit vclume of kg w3
liquid

dy inside diameter of the syringe m

d catalyst particle diameter ©m

D diffusion coefficient me s=-

D* effective diffusion coefficient (D* = Dcp/r) m? 8™t

Dy inside diameter of the Whitman cell o

E enhancement factor (E = &4/(kpaplai)) 1

kg reaction-rate constant for reaction of zero order in  (mol n-3)% &t
hydrogen and half order in hydroxylamine

k* modifled reaction-rate constant for reaction of (mol ma)!ls kg"l s~L
zero order in hydrogen and half order in hydroxylamine
(ko* = ko/pp)

k) reaction-rate constant for reaction of first order in s~}
hydrogen and zero order inm styrene

k% reaction-rate constant for reaction of half order in (mol m'3)5 s~!
hydrogen and zero order im J-pentanone

ki, liquid-film mass transfer coefficlent at gas—liquid m s~!
interface

kg liquid-film mass transfer coefficient at gas—solid n sl
interface

AL displacement of the plunger of the syringe m

m order of reaction for component B 1

My, mass of the liquid in the Whitman cell kg

n order of reaction for component A 1

PHZ partial pressure of hydrogen .in the gas phase . Pa

P total pressure in the Whitman cell Pa

Py vapour pressure of the liquid in the Whitman cell Pa

R gas constant (R = 8.314 J moi~! K°1) J mo1~! &=}

Sp internal specific surface area of the catalyst n? kg‘1
.particles

t time s

At sampling time 8

T temperature K

Vi volume of the liquid in the Whitwan cell m3

Vo volume of the pores in the catalyst particles 3 kg'l

Creek_symbols

r, o dimensionless ratio 1
AT = kaasf(kLaL), 't = kgag/(kpap(l - ap6)))

& thickness of the liquid film (& = D/ky) m

ép pore diameter m

€p porosity of the catalyst particle 1

Na effectiveness of the catalyst particle for zero-order 1
reaction in gas component A

my effectiveness of the catalyst particle for first-order 1
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Ty

reaction in gas compoment A
wodified Hatta number for heterogeneously catalyzed

reaction of zero order in gas component A (8, = Hand?)

modified Hatta number for heterogeneously catalyzed

reaction of half order in gas component A (0 = Ha%¢5)

modified Hatta number for heterogeneously catalyzed

reaction of first order In gas component A (@; = Ha;0?)

1

1

1

coefficlent for heterogeneously catalyzed reaction of m 1

first order In gas component A (A" = (kyCgMs"/D)%)

coefficlent for heterogeneously catalyzed reaction of
zero order in gas component A (A, = ROCBmdpz/(ZQD*CAi))

density of the catalyst solid

density of the 1liquid in the Whitmar cell

density of the catalyst particles (pores included)
tortuosity (Tt = 3 for cathon particles [1191)
volume of the catalyst particles per unit volume of
liquid film (¢ = C /(ppaLa))

volume of the catqiysc particles per unit volume of
bulle Tiquid (¢’ = C,/(pp(1 - ar6)))

volume of the catalyst particles per unit volume of
Hquid (6" = €y /00)

gas absorption rate per unit volume of liquid

Dimensionless numhers

Ha;

S5h

Hatta number for zero-crder reactlon in gas component

A (Hag = (1/kp){2k,Ca®0/Ca, } %)

Hatta number for half-order reaction in gas component

A (Hay = (1/kp){6ksD/(3C,, %) | %)

Hatta number for first-order reaction in gas component

A (Hay = (1/kp){kCpmp}®)
Sherwood number for the catalyst particles
(Shp = ksdp/D)

interfacial area of the gas per unit volume of liquid

interfacial area of the catalyst particles per unit
velume of liquid

coefficient

molar concentration of gas A at the gas-liquid
interface

molar concentration of component B in the liquid
mass of dry catalyst particles per unit volume of
liquid

mass of dry catalyst particles per unit velume of
liquid film

outside diameter of spherical layer (film and bulk) of

liquid around the gas bubble

catalyst particle diameter

Sauter mean bubble diameter

diffusion coefficlent

effective diffusion coefficient (D* = Dép/t)

inside diameter of Whitman cell

enhancement factor (E = ®p/(kpa1Chy))

fraction of gas-bubble surface area occupied by the
projection of the catalyst particles in a monclayer
clear liquid height

gas—film mass transfer coefficilent

1

mol m~3 g-1
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-1

k1, liquid~f1lm mass ‘transfer coefficlent at gas-liquid m s
interface

kn reaction-rate coastant for reactfon of nth order (mol w-33yl-m—n g1
in gas component A and nth order 1in component B

ky liquid-film mass transfer coefficient at gas—solid m 5!
interface

m order of reaction for component B 1

n order of reactlon for component A 1

ny number of gas bubbles in the dispersion 1

ng number of catalyst particles per gas bubble in 1
cross-sectional view with depth d

np number of catalyst particles in tge di{spersion 1

np* number of catalyst particles per gas bubble 1

apo number of catalyst particles per gas bubble in the 1
liquid film

Pa partial pressure of gas component A Pa

Sp internal specific surface area of the catalyst m? kgl
particles

T bubble column diameter o

T' temperature L 4

ug superficial gas veloclty m g~}

uy, superficial liquid velocity zw s}

Vo terminal. velocity of a single gas bubble m gl

Vg volume of the liguid film m?

Vg gas volume in the dispersien o?

vy, liquid volume in the dispersioen m?

Vp volume of the pores in the catalyst particles w3 kg"1

r, r' dimensionlessg ratio 1
(T = kgag/(kpap); I'" = kgag/(kpap(l - a8)))
& thickness of the liquid film (& = D/kp) !
£ gas holdup 1
Eav average gas holdup 1
£p porosity of the catalyst particle 1
n viscosity Pa s
On modified Hatta number for heterogeneously catalyzed 1
reaction of nth order in gas component A (8, = Hap$?)
Ag coefficient for heterogenecusly catalyzed reaction of 1
nth order in Eas component A
= knCp%dpCay™ L (n + 1)/(24D%))
[ mass fraction of catalyst on catalyst particles 1
p density kg m?
°p density of the catalyst particles (pores included} kg m~3
o surface tension N w!
T tortuosity 1
] volume of the catalyat particles per unit volume of 1
liquid film (¢ = /{p aLB))
$' volume of the cata{yst particles per unit volume of 1
pulk 1liquid (¢' =C /(p (L - a6
[ volume of the catalyst particles per unit volume of 1
liquid (6" =C p/Pp)
da gas absorption rate per unit volume of liquid mol m ¥ s~}
Dimensionless numbers
Hap Hatta number for ntP order reaction {n gas component A 1
(Ra, = (1/kp) {2k, CAi“'ch'“D/(n + DY
He Henry number (He = CAikT ea) 1
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Shp Sherwood number for the catalyst particles - 1
(Shy = kgd,/D)

Cy1,+-,C2g9 locally defined constants
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SAMENVATTING

In dit proefschrift worden de resultaten weergegeven van een onderzoek van het
stoftransport in een driefasige slurry reactor dat is ultgevoerd in de perlode
april 1977 tot juni 1981 in het Laboratorium veor Chemische Technologie van de
Universiteit van Amsterdam. )

Het onderzoek heeft betrekking gehad op de gas-gercerde slurry reactor waarin
de vloelstof de continue fase en het gas de disperse fase is. Het gas stroomt
in opwaartse richting. De vaste stof bestaat uit katalysator die fs aangebracht
op actieve kooldeelties welke homogeen In de vloelstof worden gedisperpgeerd
door de gasstroom.

Voor het ontwerp van slurry reactoren is het noodzakelijk te heschikken over
informatie betreffende:

- het hydrodynamisch gedrag van het slurrysysteem:

- de kinetiek van de reactie;

- de transparteigenschappen van het reactiesysteem;

~ het gas transport naar de actieve plaatsen van de katalysatordeeltjes.

In dit proefschrift wordt aangetoond dat het mogellijk is ontwerpregels voor
commercigéle slurryreactoren op te stellen m.b.v. informatle verkragen ult
afzonderlijke experimenten op kleine schaal voar elk van de vier hierhoven
genoende onderwerpen. Juiste combinatie van de vereiste informatie over deze
onderwerpen leidt tot betrouwbars ontwerpregels.

In hoofdstuk 1 wordt een overzicht gegeven van gas-vlcelistof-vast reactlie-
systemen en van reactoren dle deze systemen bevatten.

In hoofdstuk 2 worden de resultaten van het anderzoek van.het hydrodynamisch
gedrag van pasbellenkolommen en slutrykolommen besproken.

Deze resultaten hebben batrekking op:

= de gemiddelde volumefractie gas;

- de verdeling van het gasvolume over de reactor;

- de concentratieverdeling van de vaste deeltjes;

- de axiale vloelstofsnelheldverdeling;

= de gemiddelde gasbeldiameter; :

- het specifieke gas-vlceistof oppervlak.

De experimenten zfjn uitgevoerd in een kolom (T = 0,29 m, 1 = 4 @) waarvan de
afmetingen zo zijn gekozen dat de verkregen informatie representatief wordt
geacht voor het hydrodynamisch gedrag van het systeem in een commerciéle kolom.
In de hoofdstukken 3 en 4 worden methoden besproken voor de bepaling van twee
van de transporteigenschappen van het reactiesysteem t.w. de oplosbaarheid en
de diffusiecoéfficiént van matig oplosbare gassen in de betreffende vloeistof.
Een methode voor de bepaling van de oplosbaarheid van matig oplosbare gasaen
in vloelstoffen alsmede resultaten van het onderzaek van de oplosbaarheid van
waterstof in een gantal reactiesystemen worden in hoofdstuk 2 toegelicht.
M.b.t. de diffusteccéfficiént van matig oplosbare gassen in vloelstoffen
worden theorle, gebrulkte apparatuur en resultaten van onderzoek in hoofdstuk 4
beschreven.

De methode (Constant Bubble Size method) 1s door ons ontwikkeld daar er
behoefte bestond aan betrouwbare informatie over de diffusiecosfficisnt van
gassen in vloeistoffen. De CBS-methode leldt tot nauwkeurige en betrouwhare
gegevens van de diffuglecoéfficieént van matig oplosbare gagsan in vloelstoffen.
In hoofdstuk 5 worden drie modellen ontwikkeld voor het trangport van een gas-
vormige component ult de gedispergeerde gasfase naar de actleve plaatsen van
de katalysatordeeltjes die in de vloeistof zijn gasuspendeerd.

Er worden modellen besproken waarin de katalysatordeelt jes homogeen verdeeld
zijn:

- alleen In de bulk van de vloeistof:

- alleen in de vloceistof film;

= in bulk en vloeistof Ffilm.

Voor de berekening van de gasabsorptiesnelheid in een heterogeen gekatalyseerd
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reactiesysteem is een gemodificeerd Hatta getal geintroduceerd. Dit gemodifi-
ceerde Hatta getal gaat over in het klassieke Hatta getal als de heterogeen
gekatalyseerde reactle overgaat in een homogeen gekatalyseerde reactie.

Ne theorle van hoofdstuk 5 15 in hoofdstuk 6 experimenteel geverifieerd; de
resultaten van de experimenten met enkele driefasige reactiesystemen worden
besproken. Deze experimenten zijn ultgevoerd in een Whitman cel (1.5 dm?). In
deze cel worden vlcelstof en gas afzonderlfjk geroerd. Het gas-vloeistof grens-
opperviak is horizontaal en vlak; het specifiek oppervlak 1s ongeveer 9 o

In hoofdstuk 7 wordt samengevat welke gegevens van driefasige reactiesystemen
nodig z1jn en hoe deze faformatie moet worden verwerkt om slurryreactoren te
kunnen ontwerpen.

Tevens wordt nagegaan welke imvloed de volumefractie gas, de beldiameter, de
concentratie en de grootte van de katalysatordeeltjes hebben op de gas absorp-

tiesnelheid.
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SUMMARY \
L o

In=thits thesis, the results are presented of an investigation into mass
transfer in 2 three-phase slurry reactorf The experimental part of the .
investigation was carried out from Aprfl 1977 to June 1981 in the Laboratory
for Chemical Technplogy-of-the=UniVersity of Amsterdam.
This work is related to gas-agitated slurry reactors in which the liquid {s the
continuous phase and the gas the dispersed phase. The gas flows upwards.
The solid consists of catalyst on activated carbon patticles, which are
homogeneously dispersed in the liguid by the gas flow.
For the design of slurry reactors, information is needed about:
= the hydrodynamic behaviour of the slurry system;

.the kinetics of. the_reaction,, Y
- the transport propetrties 6f the reaction system;,
- the gas transport to Fhé active sites of THe catalyst partleles.
In this thesis it {s demonstrated that 1t is possible to draw up rules for the
design of commercial slurry reactors using information obtained from smali-
scale experiments relating to individual aspects from the list of four items

given above. Appropriate combination of the pieces of information obtained

lead to reliable design-rules.}L________M“
—

In Chapter 1, a summary is given of gas-liquid-solid reaction systems and of
reactors containing such systems.

In Chapter 2, the results of the Investigation of the hydrodynamic behaviour
of bubble columns and slurry columns are discussed.

These results relate to:

- the average gas holdup;

- the gas-holdup distribution;

- the golids c¢oncentration distribution;

= the axial liquid-phase velocity diatribution;

- the Sauter mean gas bubble diameter;

= the specific interfacial area.

The experiments were carrfed ocut using a column (T = 0.29 m, 1 = 4 @m) whose
dimensions were so chosen that the informationm obtained could be considered -
representative of the hydrodynamic behaviour of the system in s commercial
column. In Chapters 3 and 4, methods are discussed for the determination of twe
of the transport properties of the reaction system, viz. solubilicy and
diffusion coefficient of slightly soluble gases in the liquid. A method for the
determination of the solubility of slightly soluble gases {n liquids and the
results of the Investigation into the solubility of hydrogen in a number of
reaction systems are explained in detail in Chapter 3.

Theory, apparatus and experimental results with regard to the diffusion coef-
ficient of slightly soluble gases In liquids are described in Chapter 4.

The experimental method (Constant Bubble Size method) was developed by our-
selves in view of the need for reliable Information about the diffusion coef-
ficlent of gases in liquids. The CBS method provides accurate and reliable
data on the diffusion coefficient of slightly soluble gases in liquids.

In Chapter 5, three models have been discussed which relate to the transport
of a gas component from the dispersed gas phase to the active sites of the
catalyst particles suspended in the liquid.

In the models discussed, the catalyst particles are assumed to be homogeneously
dispersged:

= in the bulk of the liquid only;

= in the liquid film only;

= in both the bulk and the liquid film.

For the calculation of the gas absorption rate in a heterogeneously catalyzed
reaction system, a modified Hatta number is introduced. This modified Hatta
number changes into the classical Hatta number if the heterogeneously
catalyzed reactlon changes into 2 homogeneously catalyzed reaction.
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Experimental verification of the
where the results of experiments
are discussed. These experiments

In this cell, liquld and gas are:

theory of Chapter 5 is provided in Chapter 5§,
with a number of three-phase slurry systems

were carried out in a Whitman cell (1.5 dm3).
agltated separately. The gas—liquid interface

is horizontal and flat; the specific interfaclal area Is about 9 m L.
Chapter 7 contalns a summary of the data on three-phase reaction systems that

are needed and the ways in which
of slurry reactors.

they are to be processed to enable the design

In addition, it is investigated how the gas holdup, the bubble diameter and
the concentration and slize of the catalyst particles influence the gas absorp—

tion rate.
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