














































































































































































































































































































































































































































Appendix D - Catalyst characterization data

Sample weight 0.0611 g

Evacuation rate 500 mmHg.min·\

Measured free space -0.739 cm3 STP
Analysis mode Equilibration
Evacuation time 5 mm
Saturation Press. 771.13 mmHg
Equil. time 10 s

Surface area 147.8248 m2.g. 1

Slope 0.02906
Y-intercept 0.000388
C 75.860008
Vm 33.957737

Relative pressure Pressure Vadsorbed Time

rmmHg] rcm3.g"I] [h:m]
0.0501 38.63 28.467 00:35
0.0752 57.96 31.207 00:41
0.1003 77.31 33.48 00:46
0.1254 96.67 35.484 00:51
0.1505 116.06 37.328 00:56
0.1757 135.46 39.055 01:01
0.2007 154.80 40.692 01:06
0.2259 174.21 42.223 01:10
0.2509 193.49 43.752 01:16
0.2762 213.01 45.313 01:20
0.3013 232.37 46.728 01:25
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Table D.3 BET Multipoint surface area report (Micrometrics Gemini) - Spent catalyst B (460°C,

96.41% 1-hexene, 336 g.min.mor l
, 6 hours on-stream)
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MASTfRSIZfR
Result Analysis Report

Sample Name:
A_av

Sample Source & type:

Sample bulk lot rer:

Particle Name:
Silica 01

Particle RI:
1.544
Dispersant Name:
Water

Concentration:
0.0554 OfoVol

Specific Surface Area:
0.232 111=;g

SOP Name:
silt_fine_sand

Measured by:
Mark

Result Source:
Averaged

Accessory Name:
Hydro 2000MU (A)

Absorption:
0.1
Dispersant RI:
1.330

Span:
3.566

Surface Weighted Mean 0[3.2]:
25829 um

Measured:
19 February 2008 11 :39:23

Analysed:
19 February 200811:39:24

Analysis model:
General purpose

Size range:
0.020 le 2000.0... um
Weighted Residual:
0.320 %

Uniformity:
1.25

Vol. Weighted Mean 0[4.3]:
123.274 um

SenSltJvlty:
Enl10nced

Obscuration:
14.87 %
Result Emulation:
Off

Result units:
Volume

d(O.1): 9.461 um d(O.5): 74.351 um d(O.9): 274.61 B um
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Operator notes: Average of 3 measurements from DLokhaL ChemEng

Figure D.l Malvern® Mastersizer™ 2000 results analysis report - catalyst B crushed (Run 10)
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MASTfRSIZfR
Result Analysis Report

Sample Name:
B_C1V

Sample Source & type:

Sample bulk lot ref:

SOP Name:
sllt_flne_sand

Measured by:

Mark

Result Source:
Averaged

Measured:
19 February 2008 I 14E,:07

Analysed:
19 February 200B 1145.08

Particle Name:
Silica 01

Particle RI:

1544

Dispersant Name:
Water

Accessory Name:
Hydro 2000MU lA)

Absorption:
0.1

Dispersant RI:
1.330

Analysis model:
General purpose

Size range:
0.020 to 2000.000 urn
Weighted Residual:
1355 %

Sensitivity:
EnlKlnCed

Obacuration:
1261 %
Result Emulation:
Ott

Concentration:
08082 %Vol

Span:
0.785

Uniformity:
0.248

Result units:
Vdume

Specific Surface Area:
0.0142 m'ig

Surface Weighted Mean 0(3.2]:
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Vol. Weighted Mean 0(4.3]:
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Figure D.2 Malvern® Mastersizer™ 2000 results analysis report - catalyst B normal (Runs 1-8 and
11-12)
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Particle size distribution - cumulati\e CUMl
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Figure D.3 Cumulative size distribution curve (image analysis) for catalyst pellets - catalyst B
normal (Runs 1-8 and 11-12)
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Appendix

Solution of the unsteady state material balance
for saturation of nitrogen gas with I-hexene

The residence time, for bubbles of an average R = lmm radius, required to reach 99% of the

saturated vapour concentration at the bubble centre, was calculated using the theory of transient

diffusion. Assuming a constant binary diffusion coefficient and one dimensional mass transfer

in the radial direction, the model of transient diffusion of species A (l-hexene) in a stagnant

medium reduces to:

(E.I)

with an initial zero concentration within the entire bubble,

and two generally established boundary conditions,

aeAI =0
ar r=O

(E.2)

(E.3)
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The second boundary condition is valid only if there is no mass transfer resistance on the liquid

side. This is true since l-hexene is assumed to be a pure liquid.

For 99% saturated vapour, the dimensionless concentration of l-hexene at the bubble centre is:

, CAS -CAt',O)
YA = ' =0.01

CA,S -CA,;

where t' is the time instant at which 99% saturation is achieved.

(E.5)

(E.6)

Assuming an infinitely large mass transfer coefficient (no resistance to mass transfer on the

liquid side), the mass transfer Biot number,

Bi = kcR
m DAB

approaches infinity, or Bim -I ~ O. The Fourier number for mass transfer in a sphere is:

D _ DABt'
rOm ---2-

R
(E.7)

The dimensionless concentration plotted against the Fourier number for mass transfer (Heisler

chart), enables one to estimate the diffusion time t' for bubbles of diameter 2R.

DAB may be estimated from the following empirical equation of Fuller, Schettler and Giddings

(1966):

D _ 0.00143T1.75

AB - PMABO.5[(Lvt~ +(LV)B~r

where DAB is in cm2.s·\ P is in atmospheres, Tis in Kelvin,

(E.8)

(E.9)
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M j is the molar mass and I v = summation of atomic and structural diffusion volumes. For the

binary system concerned, "'" v = 18.5 and "'" v = 123.12.L.J N2 L.J C6H 12

B,-I D~H
1 =--
m k,R
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Figure Kl Centre-line dimensionless concentration as a function of time for a sphere of radius R 

Heisler chart (modified after Incropera and de Witt, 1990, p. 250)

From Figure E.l, with YA' = 0.01 and Bim -I =0, FOm =0.52. The average time required to

reach 99% of the saturated vapour concentration at the bubble centre (2mm diameter bubbles in

a vessel of I-hexene maintained at 57°C) was found to be 0.21 seconds.
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Appendix

Mass and energy balances for the I-hexene feed
tank

The development of the mass and energy balances around the feed tank were based on the

following set of assumptions:

• Constant average properties

• Clean heat transfer surfaces

• Contents of the tank well mixed (lumped parameter system)

• Heat loss to the vapour space above the liquid from the copper coil was not considered.

JJ--
I I

Figure F.l Flow model of the feed tank assembly
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The following set ofba1anee equations was used (Ineropera and de Witt, 1990):

1. Liquid phase

Mass:

hmDt =0.664 ReO.5 SeX'
DAB

Energy:

T - TJO +TJexit
JA - 2

209

(F.1)

(F.2)

(F.3)

(FA)

(F.5)

(F.6)

(F.7)

(F.8)

(F.9)

(F.lO)

(F.II)
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Coil:

Metal wall (lumped capacitance model):

h 2D
o /.01// =O.27Rao.25
k~
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(F.I2)

(F.l3)

(F.I4)

(F.l5)

(F.l6)

(F.l7)

(F.l8)

(F.l9)

Appendices G and H may be found on the CD on the inside back cover of this dissertation.


