APPENDIX A

SUMMARY OF EXPERIMENTS AND EXPERIMENTAL CONDITIONS
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The wvarious sxparimencs condunted duriog the pressnt study were
distinguisked 5y run numbers. & Tun nunber congiste of TWe paxts;] the firsT
.part is the batch-vumber fcr the wax used Zpn tha:t yun, and the gecand part
‘5 the exper<ment pumner with the given bateh of wax. For exaawle, Run 3-7
sorresponds  to the second exverimsnt with wax batca-number 1. The zet of
run  rumoers uased for cxperimenzs condusted In the 0.0581 m TO glass and
stezinless =te=l calunns are diffesent from the set used for experiments
conducted im the 0,229 m 1D zlazs and 0,241 n ID stainlsss szesl  columas.
Thiz is heﬂauﬁe two different waw stovegs tanks were used for the two
different se=s of colums (sse Szevlon IV-B.Y, each with i.s own set of wax
sat-h-meEnasrs .

4 mew baten of waw was vsed once the old wawx Lepan o turn dark yellow
ti.e. FT-290 zpnd BT- 200 waxes, wﬁiah originally &re clear) or when expeari-
ments with a new type of Wwax ware to be conducted. Durire the first Two wax
changes {i.e. Detwech wax batch wumbere 1a =nd 1k, and ketween ib and 1:z3),
The entire hatch of old wax was not replaced with Zresh wax. Ingtead, ths
new hateh coasisted of a lerpe amcurt of fresh wax added t2 a zpall amount
af the oid ﬁax ifrom the orevicus batceh). Sinre the ~hree batches of wax
origirated fron the fame batch of fresh wax, they were nuroered la, 1b and
T, O en aversge, six runs were conducted with a batsh of FI-300 waux
bofore a4 chsnge Was Tecessary. a relatlvely large voaber of runs  were
conducted with bateh-membars “a to 3 in ths 0.031 m IL ccluwng besauvce  the

' . . —_— 3
war during Lhese runs wes sterec in the large sterage  tame (0.083 m
. ) . ) sy b )
copacityy while tTha zmell stolrage tans (3. 20% m” capacity) wszs us=d for
bazch-nurbers 4 and highex

Three @ifferent tyvpes o sa venis werz csed o clean the Subble colums
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apparatus during the present studies. Kerosene, which 1Is relatively
ingxpensive, was used for series la runs, however, due to its dark color,
kerosene was replaced by a mineral spirit (wvarsocl) after Run lc-5. Toluene
was used in addition to wvarsol ffom Run 2-5 onwards. The use of varsol was
limited to instances when the column was fairly dirty.

The column and the distributor section were cleaned with toluene
between runs. Approximately 1 liter of the solwvent was introduced into the
column and the température maintained between 100 and 150°C. The toluene
vapors rose through the column and condensed along the walls, stripping any
wax remaining on the walls. After zpproximately 20 minutes the toluene was
drained through the distributor, removing any wax present in that sectilon,
A ;mall nitrogen flow was maintained during the éleaning process. TFor
instances when the column was fairly dirty (i.e. when walls were signifi-
cantly stained with wax), the toluene wash was preceded by & varsol wash.
The wvarsol was introduced into thé column up to a height of approximately
1.5 m and & relatively high flow rate of nitrogen maintained for 20 to 30
minutes, after which the solvent was drained through the distributor. When
a different type of wax was to be used, the cleaning process also included
the wax storage tank and the wax inlet line. The varscl was drained from
the column into the storage tank, through the wax inlet line and then
drained through the opening under the storage tank. This process was then
repeated using tolusne.

Pe%iodically the columns were removed and cleaned manually using steel
wool and a cetergent. The columng were then rinsed with distilled water and
dried. A similar procedure was used to clean the distributor section and

the plenum chamber,
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473 ewperimemts conducced darving the eourse of this siucy are
summar’zed in Tes_ca &i-- and &-2. Tabla &-1 swmmarlzes runs conducted in
the §.051 m ID glsss am! stainless stsel columds, and Table A-2 summarizes
runs comdusted ir the ©.2329 1 ID glass and the 2.241 n D staircless steel

enlUmes .




Table A-1. Summary of experiments performed in the small bubble columns (0.051 m

ID).
Run No. Wax Type ColumnID Temperature Distributor Start-up Static
(m} (°C) velocity height
(m/s)  (m)
la-1 FT-300 0.051 (glass)  230-280 1.85 mm 0.01 2.2
1a-2 " " 230-265 ’ 0.03 2.1
1a-3 " 230,250 " 0.065 1.9
la-4 265 0.055 )
la-5 " " 280 0.066 1.9-2.1
la-6 " 265 " 0.024 1.7-2.2
la-7 250,265 0.09 1.7-1.9
1a-8 " 230,250 : " 1.8-2.2
1a-9 " " 230 6.10 2.2
la-10 " 265 " 0.067 1.8-2.2
la-11 " 160 0.07 2.0
la-12 " " 280 0.045 14-1.7
1a-13 230 4.0 mm 0.093 1.9
la-14 " " 265 " " 1.7
la-15 " " 280 " " 1.5-2.1
1b-1 " 230 40 um SMP  0.09 1.3-20
1b-2 " " 265 g g 0.9-2.1
1b-3 280 y 0.8-1.7
1b-4 : " 265,280 0.02 1.6
le-1 " 230 1.85 mm 0.10 2.0
1c-2 0.051 (SS) 265 0.01 2.3
1c-3 " " 4.0 mm " 22
lc-4 g 40 pm SMP 0.6-1.9
le-5 N 0.051 (glass) 1.85 mm 0.10 2.0
lc-6 " 4.0 mm" " 1.9-2.0
le-7 " " 40 um SMP 1.2.2.0
1c-8 1.85 mm 0.09 1.6-1.9
1e-9 " ; " " " 1.8
2.1 " " "
2-2 " ! " 0.01 2.2
2-3 " " " " 0.02 2.1
2-4 " " " " 0.01 "
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Table A-1. {contd )

Run Mo. Wax Type

Column |5 Temperature

Distributer  Start-up  Statc

{m}) {(=C; velocity  height
(mis) . (m)

2-5 FT-300  0.051 {glass} 266 4.0 mm 0.01 21
2-B " "’ i 0.09 "
2-7 1.85 mim 0.0l 18-22
2-B : ' 009 1.8
2.9 40 um SMP 00l D617 .
Z-10 " .17 D.7-1.8
3-1 1.35 mm (.01 21
-2 o N !
3.3 80 pm SMP ' (.8-12
3-4 0.051 (55) " 1.5 mm " 18
3-5 " " .09 "
3-k 4.0 mm 1.01 1.7
3-7 " 40 wm SMP " !
3-8 (.051 (pglass) 1.B5 mm
4.1 " ! 1.8
4-2 " 0.12 "
4.3 " 200 " 0.01 “
4-4 FT-3002 265 N 2.0
4-5 FT-300% " X
4-6 FT-300t 44 ym SMP 0.8-1.5
5-1 FT-300 ! ! " 0.8-19
5.2 " ! " N 0.12  0.&21
5-3 " 200 " 001 1018
B-1° " 265 1.85 mm " 18.22
£-2 " i 4.0 mm " 21
63 " " 012 "
7-1 1.85 mm 0.1 "
72 . " " &40 pm SMP " 09.1.4
T-3° 185 mm D12 21

& FT-300 - 5% stearyl a

lcohol By weight.

B FT-300 + 5% stearyl alcohol + 5% stearic ecid by weight.

© Long term stability run - Duration -

4 hou-s per velocity




Table A-1. (contd.}"

Run No. Wax Type ColumniD Temperature Distributor Start-up Static

(m) (°C) velocity  height
(m/s) (m)
8-1 SASOL  0.051 (glass) 265 185mm 001 1.9
8-2 " " " " 0.12 "
8-3 " 200 " 0.01 "
B.4 " 265 B "
9-1 MOBILd " g " " 2.1
9.2 " 200 " " "
9-3 " " 265 7 0.12 2.0
9-4 " " 40 pum SMP 001 18
10-1 SASOL " " " " 2.1
11-1 FT-200 " 1.85 mm " "
11-2 " " 200 " " "
11-3 265 0.12 "
11-4 " " 200 " 0.01 '
11-5 " " 265 " '
12-1 " 200 ' 1.8-2.1
12-2 " 265 2.2
13-1 FT-300 " " " 2.1
13.2 " 200 "
13-3 " " 265 St 0.12 "
14-1 " " " 0.01 2.0
14-2 " " 0.12 2.1
15-1 " " 1.0 mm 0.01 1.9
15.2 " " " 0.12 1.8
16-1 " " 4.0 mm 0.01 2.1
16-2 . " " 0.12 17
17-1 FT-200 . 1.0 mm 0.01 15-2.0
17-2 " " : " 0.12 1.4
18-1 " 1.85 mm 0.01 1.6
18-2 " 0.12 "
19-1 200 0.1 1.9
20-1 265 40 pm SMP " 6-1.9

¢ Composite from Mobil’s runs CT-256-9, -11 and -12.



Table A-1. (czontd.)

Fur No. Wax Type Column ID  Temperature Distributer  Start-up Static
' {m) (¢C) velocity  height
{m/s) {m)
21-1 MOBIL®  0.051 (glass) = 265 1.85mm 001 19
21-2 . ' " " 40 pm SMP " "
21-3 1 mm "
21-4 " 200 1.85 mm " 2.0
22.1 MOBILT 265 A0 g SMP 1.%
22-2 " " 1 mm 20
t22-3 * 1.85 mm 1.9
224 200 " "
23-1 MOBIL® " 265 40 pm SWP " 2.0
~1% FT-200 - '
23-2 MOBILE "
— 3%, FT-200
23-3 " " 1 mm
24-1 MOBILT g 2.1
+1% FT-200
24-2 MOBIL
+3% FT-200
2d-3 MOBILT 2.2
~5% FT-200

2 Composite Trem Mobil's runs C7-255-4 and -7.
T Composite from Mobil's runs £T-256-5 and -§.
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Table A-2. Summary of experiments performed in the large bubble columns (0.229 - 0.241
m |D}. ' :

Run No. Wax Type ColumnID Temperature Distributor  Start-up Static

(m) (+C) velocity height
(m/s) (m)
1-1 FT-300 - 0:229 (glass) 200 19x1.85mm 0.01 1.9
1-2 ) ! 265 " S "
1-4 g " " " 0090 2.0
1.5 " " N WVx1l5mm? 001 1.8
1-6 : " " 19 x 1.0 mm " "
2-1 " " 200 " " 2.1
2.2 : "’ 265 " " 2.0
2-3 " " : " 19 x 1.85 mm " "
2-4 o g g g 012
2-5 " - 0.241 (SS) ! " 001 1.3-2.0
2-6 "’ ! 200 " " 1.8
27 " 265 g " 2.1
2-8 " 0.229 (glass) " " " "
2-9 " " 265 " 0.12 2.0
3-1 SASOL  0.241 (S$) " " 0.01 "
3-2 : 0.229 (glass) " " " 1.7
3-3 ’ ! ! " y 2.0
3-4 " " 200 ! " g
4-1 FT-300 y 265 5x 1.0 mm " 2.1
4.2 " " 170 " " 1.9

2 perforated pipe distributor.
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