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those for known amounts of o-xylene only.
The results of the regression analyses conducted were:

0X: Gm-moles = (0.90 x 10—8) (peak height, % of scale)

-0
MA: Gm-moles = (0.14 x 1077) (peak height, % of scale)

0T 20-X-0x.: Gm -moles = (0.13 x 10'8) (peak area, vernier units

(V ) where 1V U=5 Sq. mm.)

PA: Gm-moles = (0.92 x 10"8)(peak height, % of scale)

The peak heights, measured in % of scale span could easily be
converted to MV's, if other‘instruments were used, as the recorder used
had a span of from 0 to | IV, in a séa1e span of from 0 to 10"

(or, O to 100 small divisions). |

The calibration of air on the gas chromatograph was desired to
be obtained in order that a rapid check on the material balance may be
made during expérimenta] runs, by comparing the Air to 0-X molar ratio
as given by the g.c.sample and”as known from their respective feed
rates. This was also considered to be the most effective method of
checking the reproducibi]ity of consecutive samples on the g.c.to
indicate whether steady state had reached or not in the case of a
particular run. Initially, attempts were made to obtain an air
calibration by syringe injections, similar to the procedure used for
other components but it was found extremely difficult to obtain repro-
ducible injections. Such a calibration in any case would not have
been useful because of the vastly increased amounts of air which would
be present in actual g.c. samples taken during experimental runs. It

was therefore decided to calibrate the g.c.for air when it was present
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at close to atmospheric pressures in thé sampling loop of the g.c.sam-
pling valve. It was again noticed that considerable difference in

the air peak would result with apparently identical samples injected

in the chromatograph. Hitﬁ an extremely careful technique finally, it
was possible to obtain very good reproducibility among different
samples of air injected at identical conditons in a range of pressures
close to atmospheric pressure. The results showed, however, that the
pressure indicated by the water manometer probably did not accurately
represent the actual pressure in the sampling loop at the instant the
sample was swept in the chromatograph. Considering that the same

would be true when actual reactor efiluent gas samples would be taken
in for analysis, it was decided rot to use the pressure as shown by

the manometer on the sample line for quantitative analysis. Instead,
the best course, which would ensure the best possible accuracy, would
be tb use the peak height of air obtained when the sampling loop was
open to atmosphere, with no flow through it so that there is almost

no experimental error of any kind involved. The mean of the almost
identical four peaké obtained in four simultaneous samples at atmospherﬁc
pressure was then related to the gm-moles of air under those conditions
and this calibration was used in order to minimize any possibility of
inaccuracy. The resulting calibration was:

%

Air: Gm-moles = (0.6954 x 107 ") (peak height, % of scale,

at 1000 attenuation)
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A check on all these calibrations was later made during the

experimental runs and their accuracy was borne out, as shown further

(Appendix A.2.2 ) in relation to the experimental data.

A.1.2.4.

Suggested Improvements in the Analvtical Technique

Based on the present work, some further improvements can be

suggested for any parallel  future work:

(a)

(b)

Use of a temperature-proarammed gas chromatograbh would
considerably simplify the analysis prob]em,-possib1y by
the use of some ¢f the columns described earlier in
Appendix 1.2.71. This could enable good resolution of the
different peaks, sharper peaks for the less volatile com-
pounds and a feduction in the overall analysis time.

Use of a gas chromategraph 1nstrgment_equipped with a
hydrogen flame detector could improve the accuracy and
sensitivity, thus enabling analysis of compounds present
in small traces even.

Addition of different columns, e.q., silica gel and molec-
ular sieves tc enable separation of COZ’ CO and HZO'

In addition, to ensure the best accuracy, it would be
preferahle te calibrate the instrument using gas samples
of compesitions matching as closely as possible with the

estimated reactor effluent stream.


http:calibru.te
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A.2  EXPERIMENTAL DATA

A.2.1 Listing of Data

The observed and calculated data from the present experimentai
program are sumrrized in this section. The section is further divided
into two subsections, the first for listing the conversion data and the

second for the data on the temperatures measured.

A.2.1.1 Conversion Data

The column headings for the listings in this subsection are
given in the table on the following page. The calculations necessary

are self-explanatory from the headings as given in this table.
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COLUMN NO.

HEADING

13.
14.

Run No., followed by sample No., e.g., the four samples of
Run No. 1 are indicated by 1-1, 1-2 etc. Run No. marked by
a prime indicates a repeated run.

Air feed rate, gm moles X ]03.

0-xylene feed rate, gm moles X 105.

[Moles Air/Moles o-x] in feed.

Air peak height on g.c.‘(attenuation 1000), inches.

Amount of air in g.c. sample, gm moles X 105.

0-xylene peak height on g.c. (attenuation 5), inches.
Amount of o-xylene in g.c. sample, gm moles X 108.
0-xylene oxide peak area on g.c. (attenuation 1), Vu's

(1 Vu = 5 sq. mm.).

Amount of o-xylene oxide in g.c. sample, gm. moles X 108.

[Moles Air/tioles o-x] from g.c. peaks.

Moles Air

( [Moles Air
Moles 0-X

Moles o-x FoTes o-x 1N feed) =

-] from g.c. sample + [

o-x + o-xylene oxide in product, gm. moles X ]08.

% Conversion of o-x to o-xylene oxide.




1 2 4 5 7
1-1 | 3.86 3.036 127.1 5.21 3.63 5,60
1-2 | 3.8 3.036 127.1 5.21 3.63 5.78
1-3 3.86 3.036 127.1 5.30 3.69 5.74
1-4 3.86 3.036 127.1 5.21 3.63 5.50
2-1 3.86 2.126 181.5 | 5.60 3.90 4.88
2-2 | 3.86 2.126 181.5 | 5.20 3.62 4.28
2-3 3.86 2.126 181.5 5.20 3.62 5.51
2-4 3.86 2.126 181.5 5,26 3.66 5.0
2-5 3.86 2.126 181.5 5.19 3.61 3.85
2-6 3.86 2.126 181.5 5.13 3.57 4.40
257 3.86 2.126 181.5 5.13 3.57 5.45
2-8 3.86 2.126 181.5 | 5.20 3.62 4.90
2%9 3.86 2.126 181.5 5.30 3.69 4.59
3-1 4.69 3.886 120.6 5.49 3.82 6.60
3-2 4.69 3.886 120.6 5.30 3.69 6.20
3-3 | 4.69 3.886 120.6 5.43 3.78 6.60
4-1 4.69 2.686 174.2 5.42 3.77 4.18
4-2 4.69 2.086 174.2 5.50 3.83 4.4
4-3 4.69 2.086 174.2 5.24 3.64 4.06
4-4 | 4.69 2.086 174.2 5.36 3.73 4.19
5-1 4.26 2.866 148.8 5.15 3.86 4.60
5-2 4.26 2.866 148.8 5.27 3.67 4.60
5-3 4.26 2.866 148.8 5.16 3.59 4.40
5-4 4.26 2.866 148.8 5.32 3.70 4.91
525 | 4.26 2.866 148.8 | 5.15 3.58 4.90
5-6 4.26 2.866 148.8 5.35 3.72 4.52
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1 2 3 4 6 7
6-1 3.86 3.036 127.1 5.26 3.66 5.60
6-2 3.86 - 3.036 127.1 5.48 3.82 5.79
6-3 3.86 3.036 127.1 5.30 3.69 5.70
7-1 3.86 2.126 181.5 5.28 3.68 4.29
7-2 3.86 2.126 181.5 5.28 3.68 4.51
7-3 3.86 2.126 181.5 5.09 3.54 4.23
7-4 3.86 2.126 181.5 5.19 3.61 4.09
8-1 4.69 3.886 120.6 5.40 3.76 6.08
8-2 4.69 3.886 120.6 5.37 3.74 6.35
8-3 4.69 3.886 120.6 5.32 3.70 6.08
9-1 4.69 2.686 174.2 5.31 3.70 4.08
9-2 4.69 2.686 174.2 5.37 3.75 4.06
9-3 4.69 2.686 174.2 5.42 3.71 3.74
9-4 4.69 2.686 174.2 5.43 3.78 4.18

10-1 3.86 3.036 127.1 5.19 3.61 6.01
10-2 3.86 3.036 - 127.1 5.33 3.71 5.52
10-3 3.86 - 3.036 127.1 5.19 3.61 5.91
10-4 3.86 3.036 127.1 '5.16 3.59 5.59
11-1 3.86 2.126 181.5 5.28 3.68 4.05
11-2 3.86 2.126 181.5 5.20 3.62 4.11
11-3 3.86 2.126 181.5 5.10 3.55 4.45
11-4 3.86 2.126 181.5 5.17 3.60 4.02
12-1 4.69 3.886 120.6 5.45 3.80 6.31
12-2 4.69 3.886 120.6 5.49 3.82 6.58
12-3 4.69 3.886 120.6 5.48 3.81 6.42
12-4 4.69 3.886 120.6 5.38 3.75 6.29
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1 2 3 4 5 6 7
13-1 | 4.69 2.686 174.2 5.46 3.80 4.40
13-2 | 4.69 2.686 174.2 5.49 3.82 4.34
13-3 | 4.69 2.686 174.2 5.47 3.80 4.72
13-4 | 4.69 2.686 174.2 5.50 3.83 4.35
14-1 | 4.26 2.866 148.8 | 5.29 3.68 4.79
14-2 | 4.26 2.866 148.8 | 5.3 3.69 4.96
14-3 | 4.26 2.866 148.8 | 5.28 3.68 4.79
14-4 | 4.26 2.866 148.8 | 5.26 3.67 5.05
1455 | 4.26 2.866 148.8 | 5.38 3.74 6.66
1456 | 4.26 2.866 148.8 | 5.21 3.63 5,40
1457 | 4.26 2.866 148.8 | 5.23 3.64 4.30
14-8 | 4.26 2.866 148.8 | 5.31 3.70 5,25
1429 | 4.26 2.866 148.8 | 5.31 3.70 5.35

14}10 4.26 2.866 148.8 5.31 - 3.70 5.05

14-11 | 4.26 2.866 148.8 | 5.40 3.76 5.42
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Xe)

10

11 12 13 14
1-1 - 28.0 11.20 1.460 129.8 1.02 29.460 4.95
1-2 28.90 113.80 1.800 125.6 0.987 30.700 5.86
1-3 28.70 13.40 1.749 128.7 1.01 30.449 5.74
1-4 27.50 10.10 1.318 132.0 1.039 28.818 4.57
2-1 24.40 7.60 0.992 159.9 0.880 25.392 3.91
2-2 21.40 9.60 1.251 169.1 0.933 22.651 5.52
2-3 27.55 10.0 1.305 131.3 0.724 28,855 4.52
2-4 25.0 9.90 1.291 146.2 0.806 26.291 4.91
2-5 19.25 5.70 0.744 187.5 1.031 19.994 3.72
2-6 22.0 5.80 0.756 162.1 0.894 22.756 3.32
217 27.25 7.04 0.918 130.9 0.720 28.168 3.26
28 24.50 6.44 0.840 147.9 0.814 25.340 3.32
2-9 22.95 7.30 0.953 160.8 0.885 23.903 3.98
3-1 33.00 11.06 1.44] 115.8 0.960 34.441 4.19
3-2 31.00 2.60 0.339 118.9 0.986 31.339 1.08
3-3 33.00 5.44 0.709 114.5 0.950 33.709 2.10
4-1 20.90 4.16 0.544 180.2 1.032 21.444 2.535
4-2 22.05 1.12 0.146 173.8 0.996 22.196 2.658
4-3 20.30 5,70 0.744 179.2 1.029 21.044 3.54
4-4 20.95 9.78 1.272 178.3 1.021 22.222 5.72
5-1 23.00 1.54 0.202 167.9 1.129 23.202 0.870
5-2 23.00 1.36 0.177 159.5 1.071 23.177 0.765
5-3 22.00 1.98 0.258 163.1 1.099 22.258 1.160
5.4 24.55 4.12 0.538 150.8 1.012 25.088 2.145
525 24.50 4.00 0.522 146.0 0.982 25.022 2.085
526 22.58 4.26 0.556 165.0 1.11 23.136 2.405
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] 8 9 10 1 12 13 14
6-1 28.00 1.30 0.169 130.8 1.028 | 28.169 | 0.600
6-2 28.95 2.08 0.272 131.9 1.035 29.222 | 0.930
6-3 28.50 2.82 0.368 129.4 1.081 28.868 | 1.275
7-1 21.45 3.75 0.490 171.5 0.945 21.940 | 2.235
7-2 22.55 2.79 0. 364 163.1 0.900 22.914 | 1.590
7-3 21.15 2.60 0.340 167.2 0.922 21.490 | 1.581
7-4 20.45 2.16 0.282 176.5 0.972 20.732 | 1.360
8-1 30.40 6.74 0.879 123.8 1.026 31.279 | 2.810
8-2 31.75 5.94 0.774 117.9 0.976 32.524 | 2.3®)
8-3 30.40 2.66 0.347 121.8 1.01 30.747 | 1.130
9-1 20. 40 2.46 0.321 181.2 1.04 20.721 | 1.550
9-2 20.30 0.98 0.128 184.8 1.059 20.428 | 0.625
9-3 18.70 1.46 0.191 202.0 1.15 18.891 | 1.010
9-4 2090 6.32 0.824 181.0 1.039 21.724 | 3.795

10-1 30.05 2.80 0.366 120.1 0.945 30.416 | 1.201
10-2 27.50 5.08 0.664 134.2 1.053 28.264 | 2.345
10-3 29.55 6.92 0.903 122.1 0.960 30.453 | 2.96
10-4 27-95 1.66 0.217 128.3 1.009 28.167 | 0.77

11141 20.25 7.60 0.991 181.8 1.0 21.241 | 4.66

11-2 20.55 6.20 0.809 176.1 0.97 21.359 | 3.79

11-3 22,25 4.82 0.629 159.3 | 0.878 22.879 | 2.745
11-4 20-10 5.20 0.679 179.1 0.987 20.779 | 3.275
12-1 31.53 4.36 0.570 120.2 0.998 32.100 | 1.775
12-2 32.90 6.32 0.825 116.0 0.963 33.725 | 2.445
12-3 32.10 7.86 1.028. | 118.8 | 0.985 33.128 | 3.10

12-4 31.45 4.44 0.579 119.1 0.990 32.029 | 1.805
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1| 8 9 10 1 12 13 14
13-1 22.00 2.54 0.332 172.9 0.99 22.332 | 1.49
13-2 21.70 5.58 0.729 176.0 1.0 22,429 | 3.242
13-3 23.60 5.20 0.679 161.0 0.922 24,279 | 2.795
13-4 21.75 5.04 0.657 176.1 1.01 22.407 | 2.930
14-1 23.95 6.20 0.810 153.9 1.032 24.760 | 3.28
14-2 24.80 3.62 0.422 148.8 1.0 25.222 | 1.672
14-3 23.95 3.84 0.501 153.9 1.032 | . 24.451 | 2.05
14-4 25.25 2.72 0.355 145.1 0.976 25.605 | 1.387
145 | 33.30 5.60 0.731 112.1 0.754 34.031 | 2.15
1426 27.00 3.90 0.509 134.2 0.902 27.509 | 1.85
1427 21.50 4.46 0.583 169.1 1.138 22.083 | 2.64
1428 | 26.25 2.66 0.347 141.0 0.947 26.597 | 1.31
1429 26.75 2.22 0.290 138.1 0.930 27.04 1.071
14210 | 25.25 5.44 0.709 146.2 0.984 25.950 | 2.735
14211 | 26.60 7.56 0.986 141.2 0.950 27.586 | 3.580




A.2.1.2 Temperature Data
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The column headings for the listings in this section are given

below. Column 1 gives the run numbers and the sample numbers in the

same manner as in the previous sub-section (A.2.1.1).

COLUMN NO.

HEADING, TEMPERATURES (OC.) MEASURED IN

g s W N

© W O N O

12

HTS Bath

Vaporizer outlet (See Figure

Reactor tube (positionk17(]) i
Reactor fube (position 17(2) i
Reactor tube (position 17(3) i
Reactor tube (position 17(4) i
Reactor tube (position 17(5) i

Reactor tube (position 17(6) i

G.C. Oven (Column)
G.C. Gas sampling loop # 1
G.C. Gas sampling loop # 2

Figure
Figure
Figure
Figure
Figure

Figure

9)
9)
9)
9)
9)
9)
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1] 2 3 4 5 6 7 8 9 10 N 12
1-1]460.0 | 304.5 | 455.5 | 457.5 [ 461.5 | 456.0 | 456.0 | 456.0 | 246.0 | 160.4 | 162.8
1-2 | 459.0 | 305.0 | 455.0 | 460.5 | 450.5 | 457.0 | 457.0 | 455.5 | 248.5 [ 161.0 | 162.8
1-3 1 460.5 1 305.0 | 454.5 | 457.0 | 460.5 | 457.5 | 457.5 | 456.5 | 249.0 | 161.2 | 162.8
1-4 | 460.5 | 305.0 | 454.5 | 457.0 | 461.0 {456.5 | 456.5 | 455.5 | 247.0 | 160.4 {162.2
2-1460.5 | 304.5 | 455.5 | 457.0 | 461.0 [457.0 | 457.0 | 457.0 | 246.5 | 161.0 | 163.0
2-2 | 460.5 | 305.5 | 456.0 [ 457.5 | 460.5 | 456.5 | 456.5 | 456.5 | 249.0 | 163.0 | 164.2
2-3 | 460.5 | 305.5 | 455.5 | 457.0 | 460.5 | 456.5 | 456.0 | 456.0 | 247.0 | 162.4 | 164.6
2-4 | 460.5 | 305.5 | 455.5 | 457.0 | 461.0 | 457.0 | 457.0 | 455.5 | 247.0 [ 162.4 | 164.6
2-51460.5 | 305.5 | 456.0 | 458.0 | 456.5 | 456.5 | 456.5 | 456.5 | 246.5 | 162.4 | 164.4
2-6 | 660.5 | 304.0 | 455.5 | 457.5 | 460.5 | 456.5 | 456.5 | 456.5 | 246.5 | 163.2 | 164.2
2-7 | 460.5 | 303.5 | 452.5 | 456.5 | 459.0 | 456.5 | 456.5 | 456.5 | 249.0 | 162.4 | 163.8
281 459.0] 302.0 | 452.0 | 456.5 | 457.0 | 455.5 | 455.5 | 456.5 | 250.0 | 162.2 | 163.2
2l0 | 461.0| 301.0 | 452.0 | 456.0 | 459.0 | 456.5 | 456.5 | 456.5 | 250.5 | 162.28 | 163.6
3-1459.5|310.0 | 455.5 | 457.0 | 460.5 | 457.0 | 457.0 | 457.0 | 246.5 | 162.0 | 163.8
3-2 | 460.5 | 314.0 | 454.5 | 457.5 | 460.5 | 457.0 | 257.0 | 456.0 { 246.5 | 162.0 | 163.2
3-3 | 460.5 | 313.0 | 455.0 | 457.0 | 459.0 | 456.0 | 456.0 | 456.0 | 246.0 | 161.0 | 163.0
4-11460.5{310.5 | 455.0 | 457.0 { 460.5 | 457.0 | 457.0 | 457.0 | 246.5 | 161.0 | 162.6
4-2 1 461.0 | 311.5 | 455.5 | 457.5 | 460.5 | 456.5 | 456.5 | 456.5 | 246.0 | 161.0 | 162.2
4-3 | 461.5| 313.0 | 455.5 | 457.5 | 460.5 | 456.5 | 456.5 | 456.0 | - |161.0|162.8
4-4 1 459.5| 310.5 | 453.0 | 456.5 | 459.0 | 456.0 | 456.0 [ 455.5 | - |160.2 [ 161.2
5-11445.0 | 309.0 | 442.0 | 442.5 | 447.0 | 442.5 | 442.5 | 442.5 | 251.0 | 162.6 | 163.8
5-2 | 445.5| 307.0 | 442.0 | 442.5 | 447.0 | 442.0 | 442.0 [ 442.0 | 250.5 | 162.2 | 163.6
5-3 | 445.5 | 304.5 | 442.0 | 442.5 | 445.5 | 440.5 | 440.5 | 440.5 | 250.5 | 161.6 | 163.2
524 | 444.5 | 305.5 | 442.0 | 442.5 | 446.5 | 442.0 | 442.0 | 442.0 | 250.5 | 161.6 | 163.2
525 | 442.5 | 304.5 | 432.0 | 438.5 | 447.0 | 230.5 | 438.5 | 438.5 | 250.5 | 160.4 | 161.56
576 | 445.5 | 304.5 | 440.0 | 410.5 | ag6.5 | 241.5 | aa1.5 | aa1.5 |250.5 | 160.4 | 162.2
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1 2 3 4 5 6 7 8 9 10 11 12
6-1 430.5 |299.5 [427.0 {427.0 | 437.0 [429.0 {430.5 {430.5] 250.5 [161.0 | 162.8
16-2 1429.5 | 300.0 [430.0 [429.5 | 437.0 [ 435.5 - 429.51 250.5 1161.0 | 163.0
6-3 |429.5 ]299.0 [425.0 {425.0 [ 433.5 1425.5 [ 425.5 [425.5] 250.5 1160.4 | 162.8
7-1 }1430.5 | 300.0 [426.0 |426.0 | 433.5 [426.0 {426.0 [426.01 251.0 }160.4 | 162.0
7-2 [430.0 [299.5 [ 425.5 |425.5 | 431.5 [425.5 {425.5 [425.51 250.5 1161.0 | 163.2
7-3 1429.5 1 300.0 }425.5 [425.0 | 433.5 |426.0 | 426.0 | 427,04 250.5 (161.0 | 183.2
7-4 1429.5 1300.0 {425.5 1425.5 1 432.0 [425.5 | 426.0 [ 425.51 250.5 }161.0 | 163.2
8-1 1429.5 [ 305.5 [ 427.0 [427.0 | 430.5 |427.0 { 437.0 {427.0] 250.5 {162.0 | 164.4
8-2 [430.0 [305.5 {427.0 {427.0 } A431.51427.0 |427.0 [ 427.0] 250.5 | 160.4 { 162.6
8-3 [430.0 {305.5 | 425.5 {425.0 | 431.5 | 426.0 | 427.0 | 425.5| 247.0 { 160.2 | 161.6
9-1 1430.5 | 305.0 | 426.0 {427.5 | 433.5 | 426.0 | 426.0 ;226,01 250.5 | 160.4 | 161.6
9-2 | 420.5 | 305.0 | 426.0 |427.5 | 433.5 | 426.0 | 426,0 | 426.0| 250.5 | 160.4 | 161.6
9-3 | 430.5 | 305.0 | 427.0 |427.0] 434.0 [438.5 | 438.5 (428,51 247.5 1160.2 | 161.0
9-4 1432.0 j305.0 | 429.0 [429.0] 431.0 {429.0 | 429.0 | 429.0; 250.5 { 1€0.2 | 161.8
10-1 [487.5 1299.0 1 479.0 1485.5 | 485.5 | 484.5 | 484.5 [ 484.5| 250.5 | 160.4 | 162.2
10-2 {489.5 1299.0 | 479.0 | 485.5| 466.5 [ 434.5 [484.5 [ 424.5] 250.5 {160.4 { 161.6
10-3 [ 488.5 1299.0 | 473.0 | 486.5 | 486.5 | 484.5 | 484.5 | 484.5| 250.5 1 161.0 | 162.6
10-4 1490.0 | 299.5 | 479.5 1 486.0| 486.0 [ 484.5 | 484.5 | 484.5| 250.5 | 161.0 { 163.0
11-1 | 439.0 [ 299.5{ 479.0 [485.5 1 485.5 | 484,5 | 484.5 | 484,5| 249.5 | 161.2 | 162.8
11-2 | 488.5 | 299.5 | 478.5 [ 405.5 | 485.5 | 484.5 | 424.5 | 484,51 250.5 | 161.4 | 163.0
11-3 [ 489.0 [ 299.5]473.0 1 485.01 485.0 {484.0 1 484.0 1484.0) 250.0 [ 160.4 | 162.4
11-4 1 488.5 | 301.0 | 479.0 | 486.0| 485.5 | 484.0-; 484.0] 424,01 250.0 { 161.0 | 162.2
12-1 1489.5 1 309.5 | 478.5 [ 486,51 48C.5 [ 484.5 { 184,51 484.5 | 250.0 ) 162.0 | 163.4
12-2 1 489.5 1 309.5 | 478.5 1 486,01 485.5 | 484.5 { 484.5 | 484,51 250.0 | 162.0 | 1£3.4
12-3 :490.0 | 306.5 | 479.0 | 486.5] 486.5 | 484.5 | 424.5 1 484,65 { 250.0 1 162.0 | 163.6
12-4 1 489.0 | 309.51 479.0 | 456.5] 4856.5 | 484.5 | 484, 5 1 484,51 251.9 { 162.0 | 163.6
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1 2 -3 4 5 6 7 8 9 10 11 12
13-1 [489.5 | 309.5 | 479.0 | 426.5 [486.5 | 484.5 [484.5 | 484.5 | 250.0 | 161.6 | 162.8
13-2 {489.0 | 309.0 | 479.0 | 486.0 [486.0 | 484.5 [484.5 1 245.51249.5 | 161.6 | 162.8
13-3 [490.0 { 300.0 | 479.0 ] 486.5 [486.5} 484.5 | 484.5 | 484.5 | 250.0 | 160.4 | 162.2
13-4 1489.0 ) 300.0 | 477.5 | 486.0 | 485.5 } 484.5 | 484.5 | 484.5 | 250.0 | 160.2 | 161.6
14-1 1475.5 1 303.5 | 468.0 {474.5 }1475.0 | 473.0 | 473.0 | 473.0 | 250.0 | 161.0 | 182.8
14-2 1475.5 1 303.5 | 468.5 [ 474.5 | 475.0 | 473.0 [ 473.0 | 473.0 | 250.0 | 161.6 | 1€3.2
14-3 [475.5 | 304.5 | 460.0 [ 474.5 [ 475.0 1 474.5 | 474.5 | 474.5 | 250.0 | 161.8 1 163.2
14-4 1475.0 | 305.0 { 468.0 {474.5 1 475.0 1 471.5 } 471.5 | 471.5 | 250.0 | 161.6 | 1€3.2
1455 [475.5 | 309.5 | 467.5 | 474.5 | 474.5 | 474.5 | 473.0 | 473.0 | 250.5 | 162.2 | 163.8
1456 [475.5 | 309.5 | 466.5 | 474.0 | 474.0 | 474.0 | 471.5 | 471.5 | 250.0 | 162.0 | 163.2
]427 475.0 1 305.5 | 466.5 { 473.0 } 473.5 } 473.5 1 471.5 | 471.5 | 251.0 | 161.0 | 162.6
1425 [475.0] 309.5 | 465.0 | 472.5 | 475.0 | 475.0 | 473.0 |473.0 |250.5 | 164.0 | 165.2
149 | 476.0 | 309.5 | 467.5 | 474.5 | 474.5 | 474.5 | 473.5 473.5 [250.5 1 164.0 | 165.4
14210] 475.0 | 305.5 | 465.5 | 471.5 | 471.5 | 471.5 | 470.0 |470.0 |250.0 | 162.4 | 164.0
14:11 476.0) 305.5) 46€.5 | 472.5 1 471.5 | 471.5 | 472.0 |472.5 |250.0 | 162.4 | 1£3.8
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A.2.2 Check on HMaterial Balance

As the conversions of o-xylene obtained in the present
experimental programme are quite small, being usually lower than
4%, a check on the méteria] Balance and the extent of the experimental
error involved in the system can be obtained by comparing and analyzing
the air to o-xylene molar ratio (a) as Ted in the reactor, and (b) as
shown by the g.c. analysis. The calculation of the disappearance of
o-xylene in the reaction from these fiqures, however, cannot be taken
to represent the conversion. This is s¢ because in low-conversicn work,
as in the present case, the calculation of conversions in this manner
would involve measuring small changes in large quantities, which is prone
to large errors. The uncertainly involved in the calculation of conver-
sions would thus tend to obscure the low conversions obtained.

In the listing of the conversion data in Appendix 2.1.1., the
~values obtained by dividing the air: o-x molar ratios as indicated by
the g.c. peaks in different samples, by the corresponding air: o0-x
molar ratios in the reactor feed are compiled in column 12. If these
values are designated by, say, z, then thé fractional disappearance
(say, f) of the o~xy]éne fed calculated by this manner is given by
(1 - 1/z). As the z values obtained are, in general, close to 1, and
also, because the conversions calculated from the amounts of the product
formed are low, the values of z can be used as a check on the overall
material balance, as well as for estimating the extent of the experimental
error involved. The difference in the z and f values is not significant

for this purpose.
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“Accordingly, the z values for the different runs are tabulated as
shown in Table A.2.1., these values for the three sets of runs of 4300,
460° and 490° C. (Runs 1 to 13) are shoun against the corresponding air
and o-xylene feed rates. Those for the runs conducted at the centre points
of the factorial experimental design, at 445 and 275 ¢ (Runs 5 and 14
réspective]y) are shown separately alongside. The z values shown are the
average of all the values for the different samples taken for any par-
ticular run as shown in the coversion data listed in A.2.1.1. These
samples numbered a mininum of 3 for each run and usually more than this
number-up to a maximum of 11 samples. The % ¢ deviation from these aver-
age z values is also noted. |

If there were no experimantal errors involved and if the o-xylene
fed to the reactor passed completely unchanged, the z values should be
unjty. In the present work, with conversions to the only product
obtained being from about 1 to 4% , the average values ought to be in
the neighbournood of 1.03, omitting all experimental errors. The factors
due to which experimental errors could be associated with the computation
of these z values, and their poséib1e limits, can be described as follows.

The error involved in the metering of the air and o-xylene streams
was probably within £ 5% for each case. This figure is based on the
assumption that in the type of rotameters used, the maximum possible
error at full scale reading is ¢ 2%, and prdportionate]y higher at the
lower scale levels. It should be mentioned here that through the

estimate of * 5% error in the metering of the air stream is probably



Temp: 430°c Temp: 460°C Temp: 490°C Feed Rates||{Feed Rates, gm. moles x 103:
gm. moles [{Air: 4.26; o-x: 2.866
z ; z X 703 : 7
Run no. Run no. Run no. iRun no.’ Temp.°
Average | Range% Average | Range% Average | Range% | Air | o-x jAverage| Range%
6 1020 [08 1 1 hooz |7 10 | 0.9 -2 1386 |3.036
| +5.8
+4.0 ' +21.9 5 & 445 1.07 :
710935 | 377 |282°10.8%4 19579 91 | o.0s9 | HE2 |38 |2.126) 5 -8.2
+1.1 +2.2 +1.4
g [1.014 [Ty 3 fo.965 | Tl | 12 [ 0984} Ty | eg |3 g6
] +17.6
14 & {475 0.968 | 55’
o |roz |*3 1 4 e | 53] 13 | 0983 -8 169 |2.606) 14 22.1
Table: A.2.1 Check on Material Balance

891
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conservative, it is not unlikely that the estimaté for the o-xylene
rotameter might be too Tow. This is so because the o-xylene rota-
meter used was of the lowest capacity available-which might be accom-
panied by higher than ncrmal errors in metering the feed rate. This

is further‘discussed later in this section. The other errors involved
were in air and o-xylena g.c. calibrations, as well as in the operation
of the g.c. unit itself, and each of these were probably well within

t 5%. The net average effect of all thesec errors for a particufar
sample would appear in its z value.

A net average positive effect of the experimental error would
tend to increase the z value to much higher than about 1, as would the
conversion of o-xylene to anyv undetected product. A value of z much
lower than about 1 would seem to lead to the unrealistic conclusion
thatrproportionately mora o-xylene is appearing in the g.c. sample
than is being fed in to the reactor. This could only be caused by a
random net negative effect of the experimental error; In addition, the
extent of % ¢ deviation from the average value of z for a particular
run would reflect the accuracy and reproducibility of the samples within
that run.

An analysis of the average z values from Table A.2.1 shows
that in all runs {(except in run 2, and to a lesser extent in 7 and 11,
which are discussed later), the values are almost exactly evenly dis-
tributed and are also close to unity. Considering that more precisely,
these values should be around 1.03 rather than 1, there probably could
be some systematic negative error involved but not exceeding 2 to 3%.

Also, in these runs the %* range of z values is within 2 4% in nost
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cases, with a maximum of 8% occurring in only one run,and this shows
the excellent reproducibility of samples in these runs.

In runs 2, 7 and 11, the average values are consistantly lower
than 1. It is noteé that for all these three runs, the o-xylene feed
rate was the lowest used in the present experimental program, with the
resultant possibility of increased errors in metering and adjusting
the feed rate, as mentioned earlier in this section. In runs 2 and 14,
and to a lesser extent in &, the % % deviation from the average value
is found to be the maximum. This is explained by the fact that all these
runs were repeated to obtain an estimate of the maximum possible error.
Whereas run 5, which has a relatively lower deviation in z, was repeated
by disturbing the steady state slightly and fhen allowing the system
to reach steady state again, runs 2 and 14 were conducted by completely
altering the history of the runs, which probebly introduced higher errors.
In spite of the relatively higher error obtained in these two runs
(2 and 14), it is noted that it compares favourably with another comparable
work (5), where an gssentia]]y similar system was used and maximum mat-
erial balance errors of up to 30% to 40% were observed.

Thus, a good check on the material balance and the experimental
~ technique in general isvobtained. Also, since the average z values are,
generally not much higher than about 1.03, it also provides an indirect
confirmation that no other products, which might have passed undétected,

were formed to any significant extent.
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A.2.3. HMeasurement of the Product Peak Areas

It was observed early in the experimental program that the
product peaks traced out on the g.c. recorder were rather Tow due to
the low conversions obtainéd. The Tow peaks would tend to magnify the
" errors iﬁvd]ved in estimating the peak areas and therefore a planimeter
could not be used without increasing the chances of higher errors. For
the maximum possible accuracy, the peak areas were therefore found by
actual counting and measurement of the peaks traced out on the recorder
charts. An associated problem due to the low peaks was also that,
though the peaks did not exhibjt significant tailing during pure com-
ponent calibrations, in the product peaks there was a relatively higher
proportion of the total peak area which was enclosed between the peak
tail and the base line. Moreover, since the peak tail was essentially
low and close to the base line, in some cases it was difficult to judge
the exact point where the beak actually coincided with the base line
finally. Some irregularity about this point was also observed among
a few apparently identical samples (as found from the air: o-xylene
ratio in the samp]e'taken in the g.c.), and this could be ascribed only
to the instrumental errors inherent in the g.c. and the reccrder
instruments. In order to damp out these possible errors, the best
approach was considered to be to extend the neak tail smoothly to a
fixed point for all the samples analyzed. To ensure that no section
of the peak near the end would be missed, it was considered necessary
to take this point as the farthest of a]]lsuch points - based cn the

product peaks as well as the pure component calibration peaks - at
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n -k - 1 degrees of freedom. The F value calculated from the data can
then be compared with the critical value corresponding to the same degrees
of freedom, and the null hypothesis that all true partial regression
coefficients equal zero is rejected if the calculated F is larger.
Equivalent to making an F test as described above is to test the
significance of the multiple correlation coefficient for the regression.
The population multiple correlation coefficient squared, 054,2,...,k
is defined as the fraction of ‘the total variance of y that is accounted
for by its regression on the variables X1s Xps eees and Xy e The best
estimaté of 05/]-2---"k from the sample is the sample multipie correlation
coefficient squared, ri/],Z,...,k, which provides a test of the goodness
of the fit based on the ratio of the sum of squares removed by the correla-
~tion to the sum of squares of the original experimental data. Thus,

2/ _b] ayy+ b2 a, y + ... bk aky
W2, k" (A.3.25)
y

a
Yy

The numerator and the denominator in this equation are related to
the standard error of the estimate squared 55/1,2,---.k and the total
variance of.y respectively by equations A.3.2.2 and A.3.1.2.

Simplifying equation (A.3.2.5), therefore,

(55/1:2,0..0K) (n - k = 1)n
Y

2

r =.‘-'
y/i,2,...,k n L yz-(Zy

(A.3.26)
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The multiple correlation coefficient itself is always taken as

2

the positive square root of fy,1 2 and it is never greater
[ Sl B

k?

that unity, in fact, O gnry/] 9 K :< 1. The significance of the
correlations, both for the complete equation as well as for the simpli-

fied were tested accordingly, and are considered next.

A.3.2.2.1 Complete Equation

For calculation of the multiple correlation coefficient, the data

are as follows:

n, number of data points 29

2
< .
y/1,2,... .k standard error

of estimate, squared - 0.757
(n - k - 1), number of degrees

of freedom , 20
Ly . 64.864
(z y)? . 4207.34
T2 175.070

According to equation (A.3.26), therefore,

.2 .. 0.757 x 20 x 29
y/1.2,.. .k (29 X 175.07) - (4207.34)
= 0.496
= 0.704

Ty ,2,0 0k
Now, a value of zero for the multiple correlation coefficient

fy/].Z,...  would indicate that there is absolutely no correlation
between y and.xj's whereas a value of one would show that the correlation
is perfect and all the sample points lie precisely on the regression

plane, in an ideal case. In actual case of experimental data,
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Tvr1.2 r would lie between O and 1, as, because of random fluctuations,
y/1,2,...,

ry/1,2,...,k is almost never zero even when there 1is no correlation

between y and xj's in the population. The statistical significance of the
calculated value of ry/],Z....,k is therefore tested.

To test the statistical significance of the multiple correlation
coefficient calculated, a null hypothesis is made that the ry/] 2 K
calculated is zero if it is less than the tabulated critical absolute
value of the multiple correlation coefficient at 5 or ]% level for the
corresponding number of variables and degrees of freedom. These tabulated

values (57) for the present case are:

0.025 (j + 1)(n - k - 1) 0.963 (at 95% level)

r0.005 (5 + 1)(n - k - 1) = 0.652 (at 99% level)
where j is the number of independent variables and (n - k - 1), the number
of degrees of freedom. |

The null hypothesis that the population multiple correlation
coefficient is statistically not different from zero is rejected as the
tabulated critical f&/],z,...,k-is less than the calculated value, at the
95%, or at 99% level. Thus rejecting the null hypofhesis, it is concluded
" that the regression of y on X1s Xos eees Xy accounts for a significant
amount of the variation observed in y and that the correlation is significant

at the 99% level.
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A.3.2.2 Simplified Equation

The dafa for this case are:

n, number of data points 29

2
Sy/l_,2,...,k standard error

- of estimate, squarqd 0.6602

(n - k = 1), number of degrees

of freedom 23

Ly 64 .864
(z y)? 4207.34
£ y? ©175.070

Substituting these values in equation A.3.26),

2

r 0.660 x 23 x 29
y/1,2,...,k

=1- (29 x 175.07) - (4207.34)

0.495

ry,2,.. .k T 0704

Again, as discussed in the preceeding subsection, the statistical
significance of the multiple correlation coefficient calculated is tested
by comparing it with the critical tatulated values at 5 or 1% level for
this case, which are (57):

'0.025 (5 + 1)(n - k - 1) = 0:932

and = 0,619

"0.005 (5 + 1)(n - k - 1)
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It is noted that, in the same manner as in the preceding case, the
null hypothesis that the correlation coefficient is statistically not
different from zero can be rejected in this case too. It can therefore be
concluded that the regression of y on the variables incorporated in the
simplified equation also accounts for a sianificant amount of the total
variance observed in y and that the resulting correlation is significant

at the 99% level.
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