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those for knovm arnounts of o-xyl cme only. 

The results of the regression analyses conducted were: 

O/OX: Gm-moles = (0.99 x 10-El) (peak height, of scale)/J 

Cff1A: Gm-rnoles = (0. 14 x 10-8) (peak height, of scale)/Q 

OT ?~0-X-Ox.: Gm -moles = (0. 13 x 10-8) (peak area, vernier units 

(V ) \·:here l VU= 5 Sq. mm.) 
0 

PA: Gm-moles= (0.92 x 10-<;)(r>eak height, 7~ 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 l ilV, in a scale span of fror,1 0 to 10 11 

(or, 0 to 100 small divisions). 

The calibration of air on the gas chromatograph vias desired to 

be obtained in order that a rapid check on the material balance may be 

made during experimental 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 reproducibility of consecutive samples on the g.c. to 

indicate \·1hether 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.~ samples taken during experi~ental 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 the sampling loop of the g.~sam­

pling valve. It was again noticed that considerable difference in 

the air peak would result with apparently identical samples injected 

in.the chromatograph. With 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 shov1ed, hov1ever, that the 

pressure indicated by the \·iater 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 effluent gas samples would be taken 

in for analysis, it Has decided not to use the pressure as shmm by 

the manometer on the sample line for quantitative analysis. Instead, 

the best course, which would ensure the best possible accuracy, would 

be to 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 peaks obtained in four simultaneous samples at atmospheric 

pressure was then related to the gn1-moles of air under those conditions 

and this calibration \'las used in order to minimize any possibility of 

inaccuracy. The resulting calibration was: 

Air: Gm-moles = (0.6954 x 10­6) (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 accu\·acy v1as borne out, a.s s!iol'm further 

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

A. 1. 2. 4. _Su~iested I!Q_provcr;1en_t_s i tJ__:thr:_ fm~lyti ~~-1 Te~1nt~~ 

Based on the present \·iOrk, so~ne furthei' irnprove1~1ents can be 

SUJgested for any parallel future \';ork: 

(a) 	 Use of a temperature-programmed gas chromatograph 1wul d 

considerably sir:iplHy tl1e analysis problor;1, possibly by 

the use of son':> cf the columns described earlier in 

Appenrlix 1.2.l. This could enable qood resolution of the 

different peaks, shC1rper neal:s for the less volatile con-· 

pounds and a reduction in thl! overall an2lysis tfr1e. 

(b) 	 lse of a gas c~rornatoqrarh instru~ent. equipne~ with a 

hydrogen flame d2tector could imrrove thr accuracy and 

sensitivity, thus cnubling analysis of con~1'ounds present 

in small traces even. 

(c) 	 ;~dclitfon of different coltn1ms, e.~., silica gel and rnolec·­

ular sieves to enable seraration of co2 , CO and H20. 

(cl) 	 In addition, to ensure the best accuracy, it vmulc be 

prefera~Jle to calibru.te the instrur•1ent usinJ gas sarn;)les 

of compositicins rnatchin~J as closely as possible 1·1ith the 

estimated reactor effluent strean. 

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 experimental 

program are summarized 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 temperature~ measured. 

A.2.1.l 	 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. 



155 


COLUMN NO. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

HEADING 


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. 

3Air feed rate, gm moles X 10 • 

50-xyl ene feed rate, gm mo 1es X 1 o . 

[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. (attenuat.ion 5), inches. 


Amount of a-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/Moles o-x] from g.c. peaks. 

( [Moles Air] from g.c. sample . [Moles Air] in feed)= z
Moles o-x T Moles o-x · 

o-x + a-xylene oxide in product, gm. moles X 108. 

%Conversion of o-x to a-xylene oxide. 
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l 7 

l-1 

1-2 


1-3 


1-4 


2-1 


2-2 

2-3 

2-4 


2-5 


2-6 

2'-7 


I 


2-8 

2~9 

3-1 


3-2 

3-3 


4-1 

4-2 


4-3 

4-4 


5-1 

5-2 


5-3 

I 


5-4 
, 
5-5 


I

5-6 


2 


3.86 

3.86 
3.86 

3.86 

3.86 

3.86 
3.86 
3.86 

3.86 
3.86 
3.86 
3.86 

3.86 

4.69 

4.69 
4.69 

4.69 
4.69 

4.69 

4.69 

4.26 
4.26 
4.26 

4.26 

4.26 

4.26 

3 


3.036 
3.036 

3.036 

3.036 

2. 126 


2. 126 

2. 126 


2. 126 


2. 126 


2. 126 

2. 126 

2.126 

2. 126 


3.886 

3.886 
3.886 

2.686 
2.086 

2.086 

2.086 

2.866 

2.866 
2.866 

2.866 
2.866 

2.866 

4 


127. 1 

127. l 
127. l 

127. 1 


181. 5 


181. 5 

181. 5 


181.5 

181. 5 


181. 5 

181. 5 


181. 5 


181. 5 


120. 6 


120.6 
120.6 

174.2 
174. 2 


174. 2 

174. 2 


148.8 
148.8 

148.8 

148.8 

148.8 

148.8 

5 


5.21 
5.21 

5.30 

5.21 

5.60 
.. 

5.20 
5.20 

5.26 

5. 19 


5. 13 

5. 13 


5.20 

5.30 

5.49 

5.30 
5.43 

5.42 
5.50 
5.24 

5.36 

5. 15 


5.27 

5.16 
5.32 

5. 15 


5.35 

6 


3.63 
3.63 

3.69 

3.63 

3.90 

3.62 
3.62 

3.66 

3. 61 

3.57 
3.57 

3.62 
3.69 

3.82 

3.69 
3.78 

3. 77 

3.83 

3.64 
3.73 

3.86 
3.67 

3.59 

3.70 

3.58 

3. 72 


·s.60 
5.78 
5.74 

5.50 

4.88 

4.28 

5.51 

5.0 

3.85 
4.40 
5.45 

4.90 
4.59 

6.60 

6.20 
6.60 

4. 18 

4.41 

4.06 

4. 19 


4.60 
4.60 

4.40 

4.91 

4.90 

4.52 
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1 

6-1 

6-2 

6-3 


7-1 

7-2 


7-3 

7-4 


8-l 

8-2 

8-3 


9-1 

9-2 

9-3 

9-4 


10-1 

10-2 


10-3 


10-4 


11-1 

11-2 


11-3 

11-4 


12-1 

12-2 


12-3 

12-4 


2 


. 3.86 

3.86 
3.86 

3.86 

3.86 
3.86 

3.86 

4.69 

4.69 
4.69 

4.69 

4.69 
4.69 
4.69 

3.86 
3.86 

3.86 
3.86 

3.86 

3.86 
3.86 

3.86 

4.69 
4.69 
4.69 
4.69 

3 


3.036 
3.036 

3.036 

2. 126 

2 .126 


2~ 126 


2. 126 


3.886 

3.886 
3.886 

2.686 

2.686 
2.686 
2.686 

3.036 
3.036 

3.036 
3.036 

2. 126 

2. 126 


2. 126 


2. 126 


3.886 
3.886 

3.886 
3.886 

4 


127. 1 


127. l 
127. l 

181. 5 

181. 5 


181. 5 


181. 5 


120.6 

120.6 
120.6 

174. 2 

174.2 
174.2 
174.2 

127. l 
127. 1 


127. 1 

127. 1 


181. 5 


181. 5 


181.5 

181. 5 


120.6 
120. 6 


120.6 
120.6 

5 


5.26 
5.48 

5.30 

5.28 

5.28 

5.09 
5. 19 


5.40 
5.37 

5.32 

5.31 

5.37 
5.42 
5.43 

5. 19 

5.33 

5. 19 

5.16 

5.28 

5.20 

5.10 

5. 17 


5.45 
5.49 

5.48 
5.38 

6 


3.66 
3.82 
3.69 

3.68 
3.68 

3.54 

3.61 

3.76 
3.74 
3.70 

3.70 
3.75 
3. 71 


3.78 

3.61 
3.71 

3.61 
3.59 

3.68 

3.62 

3.55 

3.60 

3.80 
3.82 

3.81 
3.75 

7 


5.60 
5.79 

5.70 

4.29 

4.51 
4.23 

4.09 

6.08 
6.35 

6.08 

4.08 

4.06 
3.74 
4. 18 


6.01 
5.52 

5.91 
5.59 

4.05 

4. 11 

4.45 
4.02 

6.31 

6.58 

6.42 
6.29 
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2
l 3 
 4 
 5 
 6 
 7 

4.69 2.686 174.2 5.46 3.80 4.4013-1 

4.69 2.686 174.2 5.4913-2 
 3. 82 
 4.34 
4.69 2.686 174.213-3 
 5.47 3.80 4. 72 


174. 2
4.69 2.686 5.50 3.83 4.3513-4 


4.26 2.866 148.8 5.29 3.68 4.7914-1 

4.2614-2 
 2.866 148.8 5.31 3.69 4.96 
4.26 2.866 148.8 5.2814-3 
 3.68 4.79 
4.26 2.866 148.814-4 
 5.26 3.67 5.05 

i 

4.26 2.866 148.814-5 
 5.38 3.74 6.66 , 
4.26 2.86614-6 
 148.8 5.21 3.63 5.40 

I 


4.26 2.86614-7 
 148.8 5.23 3.64 4.30 
I 


4.2614-8 
 2.866 148.8 5.31 3.70 5.25, 
5.3514-9 
 4.26 2.866 148.8 5. 31 
 3.70 

{14~10 
 4.26 2.866 148.8 5.31 3.70 5.05 
I 


14-11 
 4.26 2.866 148.8 5.40 3.76 5.42 
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159 


1-1 

1-2 

l-3 

1-4 


2-1 

2-2 


2-3 


2-4 

2-5 

2-6 


I

2-7 


I

2-8 

2

1
-9 


3-1 

3-2 

3-3 


4-1 

4-2 

4-3 

4-4 


5- l 


5-2 

5-3 


I 


5-4 

I 


5-5 

I 


5-6 


8 


. 28.0 

28.90 
28. 70 

27.50 

24.40 
21.40 

27.55 
25.0 
19. 25 

22.0 

27.25 
24.50 

22.95 

33.00 
31.00 

33.00 

20.90 
22.05 

20.30 
20.95 

23.00 
23.00 
22.00 
24.55 

24.50 
22.58 

9 


11.20 

13. 80 

13. 40 

10. 10 


7.60 

9.60 

10.0 
9.90 
5.70 
5.80 

7.04 
6.44 

7.30 

11. 06 
2.60 

5.44 

4. 16 


1. 12 


5.70 
9.78 

1.54 
l.36 

l.98 
4. 12 


4.00 

4.26 

10 


1. 460 


1. 800 

1. 749 


1. 318 


0.992 

1.251 


l. 305 


l. 291 

0.744 
0.756 

0.918 

0.840 

0.953 

1. 441 

0.339 
0.709 

0.544 
0. 146 


0.744 
l.272 

0.202 

0. 177 

0.258 
0.538 

0.522 
0.556 

11 


129.8 

125.6 
128.7 
132.0 

159. 9 


169. 1 

131. 3 

146.2 
187. 5 

162. l 

130. 9 


147 .9 

160.8 

115.8 
118.9 

114. 5 


l 80. 2 


173.8 

179.2 
178.3 

167.9 

159.5 
163. l 

150.8 

146.0 

165.0 

12 

1.02 
0.987 

1.01 
1.039 

0.880 

0.933 

o. 724 


0.806 
l. 031 
0.894 

0. 720 


0.814 
0.885 

0.960 
0.986 

0.950 

l. 032 


0. 996 


l. 029 


l.. 021 


l.129 

1.071 
l .099 
l. 012 

0.982 

1. 11 


13 

29.460 

30.700 
30.449 
28. 818 


25.392 

22.651 
28.855 

26.291 
19.994 
22.756 

28.168 

25.340 
23. 903 


34.441 
31 .339 


33.709 

21. 444 

22. 196 


21.044 
22.222 

23.202 

23. 177 

22.258 

25.088 

25.022 

23. 136 


4.95 
5.86 
5.74 
4.57 

3.91 
5.52 

4.52 
4.91 
3. 72 

3.32 

3.26 

3.32 
3.98 

4. 19 

1.08 

2.10 
. 
2.535 

2.658 
3.54 

5. 72 


0.870 

0.765 
1. 160 


2. 145 


2.085 
2.405 



1 

160 


6-1 

6-2 


6-3 


.7-1 

7-2 


7-3 

7-4 


8-1 

8-2 

8-3 


9-1 

9-2 


9-3 

9;_4 

10-1 

10-2 


10-3 

10-4 


11-1 

11-2 

11-3 


11-4 


12-1 


12-2 

12-3 

12-4 


8 

28.00 

28.95 

28.50 

21.45 
22.55 

21. 15 

20.45 

30.40 
31. 75 

30.40 

20.40 

20.30 


18. 70 

20 .. 90 


30.05 


27 .so 

29.55 

27-95 


20.25 

20.55 

22.25 


20-10 


31.53 

32.90 
32. 10 

31.45 

9 

. 1. 30 


2.08 

2.82 

3.75 

2.79 
2.60 
2. 16 


6.74 
5.94 
2.66 

2.46 

0.98 

1.46 

6.32 

2.80 

5.08 
6.92 
1.66 

7.60 
6.20 
4.82 

5.20 

4.36 
6.32 
7.86 
4.44 

10 


0.169 

0.272 

0.368 

0.490 

0.364 
0.340 
0.282 

0.879 
o. 774 


D. 347 


0.321 
0. 128 


0. 191 


0.824 

0.366 

0.664 
0.903 
0.217 

0.991 
0.809 
0.629 

0.679 

0. 570 

0.825 

1.028. 
0.579 

11 

130. 8 


131. 9 


129.4 

171. 5 

163. 1 

167.2 
176.5 

123.8 
117 .9 

121.8 

181. 2 

184. 8 


202.0 

181.0 

120. 1 


134.2 
122. 1 

128.3 

181.8 
176. 1 

159. 3 


179. 1 


120.2 

116.0 
118. 8 

119. 1 


12 

1.028 

1. 035 
1.081 

0.945 

0.900 
0.922 
0.972 

1. 026 
0.976 

1.01 

1.04 
1.059 

1.15 
1.039 

0.945 

1.053 
0.960 
1.009 

1.0 
0.97 
0.878 

0.987 

0.998 

0.963 
0.935 
0.990 

13 


28. 169 


29.222 
;28.868 

21.940 

22.914 
21.490 
20.732 

31.279 
32.524 

30.747 

20. 721 


20.428 

18.891 
21. 724 


30.416 

28.264 
30.453 
28.167 

21.241 
21. 359 

22.879 

20. 779 


32. 100 

33.725 

33. 128 

32.029 

14 

0.600 

0.930 
1 . 275 : 


2.235 

1.590 
1. 581 

1.360 

2.810 

2 .38) 


1. 130 


1.550 

0.625 

1. 010 

3.795 

1.201 
2.345 
2.96 

0. 771 


4.66 
3.79 
2.745 

3.275 

1. 775 . 

2.445 

I 

j 

3. 10 

1 .805 
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9
1 
 8 
 10 
 11 
 12 
 13 
 14 


22.00 2.54 0.332 172. 9 
 0.99 22.332 1.4913-1 

5.58 0. 729
21.70 176.0 1.01 22.429 3.24213-2 


23.60 5.20 0.679 161. 0 0.922 24.279 2.79513-3 

21.75 5.04 0.657 176. 1 
 22.407 2.93013-4 
 1.01 

23.95 6.20 153. 9
0. 810 
 1.032 24.760 3.2814-1 

24.80 3.62 0.422 148.8 25.222 l.6721.014-2 


3.84 0. 501 
 153.9 . 24.451 23.95 1 .032 2.0514-3 

25.25 2. 72 
 0.355 145. 1 
 0.976 25.605 1 .387 
14-4 


I 


5.6033.30 0. 731 
 112. l o. 754 
 34.031 2. 15
14-5 

27.00 0.509 134. 2
14-6' 0.902 27.509 1.853.90 

I 


21.50 4.46 0.583 169. l l. 138 
 22.083 2.6414-7 

I 


26.25 2.66 0.347 141.0 o. 947 
 26.59714-8 
 1. 31 

I 


2.2226.75 0.290 138. l14-9 
 0.930 27.04 l .071 
' 25.2514-10 
 5.44 0.709 146.2 0.984 25.950 2.735 
I 


26:60 7.56 0.986 14 l. 2
14-11 
 0.950 27.586 3.580 
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A.2.1.2 Temperature Data 

The column headings for the listings in this section are given 

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

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

~OLUMN NO. HEADING, TEMPERATURES {°C.) MEASURED IN 

2 HTS Bath 

3 Vaporizer outlet (See Figure 8) 

4 Reactor tube {position 17(1) in Figure 9) 

5 Reactor tube {position 17(2) in Figure 9) 

6 Reactor tube (position 17(3) in Figure 9) 

7 Reactor tube (position 17(4) in Figure 9) 

8 Reactor tube {position 17(5) in Figure 9) 

9 Reactor tube (position 17(6) in Figure 9) 

10 G.C. Oven (Column) 

11 G.C. Gas sampling loop f l 

12 G.C. Gas sampling loop f 2 



--

l 12 

1-1 

1-2 


1-3 


1-4 


2-1 


2-2 


2-3 


2-4 


2-5 


2-6 

I 


2-7 

I 


2-8 
,
2-9 


3-1 


3-2 


3-3 


4-1 


4-2 


4-3 


4-4 


5-1 


5-2 


5-3 

I 


5-4 

I 


5-5 

I 


5-6 


2 


460.0 

459.0 

460.5 

460.5 

'160.5 

460.5 

460.5 

460.5 

460.5 

460.5 

460.5 

459.0 

461.0 

459.5 

4G0.5 

460.5 

460.5 

461.0 

461. 5 


459.5 

445.0 


4Li5. 5 


445.5 


41M. 5 


442.5 


445.5 


3 


304.5 
305.0 

305.0 

305.0 

304.5 

305.5 

305.5 

305.5 

305.5 

304.0 

303.5 

302.0 

301.0 

310.0 

314.0 

313.0 

310.5 

311. 5 


313.0 

310.5 

309.0 

307.0 

304.5 

305.5 

304.5 

30'1.5 

4 


455.5 
455.0 

454.5 

454.5 

455.5 

45G.O 

455.5 

455.5 

45G.O 
-~ .- c:- r.: .. ,J~ • ...) 

452.5 

452.0 

452.0 

li-55. 5 


454.5 

455.0 

455.0 

455.5 

455.5 

453.0 

442.0 

442.0 

442.0 

442.0 

438.0 

440.0 

5 


457.5 
460.5 

457.0 

457.0 

457.0 

457.S 

457.0 

457.0 

458.0 

457.5 

!~56 .. 5 


456.5 

456.0 

457.0 

457.5 

457.0 

457.0 

457.5 

457.5 

456.5 

442.5 


442.5 


442.5 


442.5 


438.5 


·1'10. 5 


6 


461. 5 

460.5 

%0.5 

461. 0 

461.0 


460.5 


lf60. 5 


461.0 


45G.5 


460.5 


459.0 


457.0 


459.0 


t160. 5 


460.5 

459.0 

460.5 

460.5 

460.5 

459.0 

447.0 

447.0 

445.5 

446.5 

447.0 

'146.5 

7 


456.0 
457.0 

457.5 

456.5 

457.0 

456.5 

456.5 

457.0 

456.5 

1156. 5 


8 


456.0 
457.0 

457.5 

456.5 

457.0 

456.5 

456.0 

457.0 

45G.5 
t;.56. !') 

456. 5 1 456. 5 


456.5 

456.5 

457.0 

457.0 

456.0 
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479.0 486.0 486.0 484.5 484.5 249.5 249.5489.0 309.013-2 

490.0 4E5G.5 160.4 l ri2. 3 
300.0 479.0 486.5 484.5 484.5 42A.5 250.0 

160.2 161. 6
489.0 300.0 477. 5 
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I 


ll7l.5 163.814-11 
 476.0 305.5 46f. 5 
 472.5 471. 5 
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A.2.2 Check on Material Balance 

As the conversions of a-xylene obtained in the present 

experimental prograrrnne are quite sma 11, being usually l 01·1er than 

4%, a check on the material balance and the extent of the experimental 

error involved in the system can be obtained by cor.iparing and analyzing 

the air to a-xylene molar ratio (a) as fed in the reactor, and (b) as 

shown by the g.c. analysis. The calculation of the disappearance of 

a-xylene in the reaction from these figures, however, cannot be taken 

to represent the conversion. This is so because in low-conversion 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 lov 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: o-x 

molar ratios in the reactor feed are compiled in column 12. If these 

values are designated by, say, z, then the fractional disappearance 

(say, f) of the a-xylene fed calculated by this rianner is given by 

(1 - l/z). As the z values obtained are, in general, close to l, and 

also, because the conversions calculated from the amounts of the product 

fanned are 10\·1, the va 1ues of z can be used as a check on the overa11 

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 430°, 

460° and 490° C. (Runs l to 13) are shown against the corresponding air 

and a-xylene feed rates. Those for the runs conducted at the centre points 

of the factorial experimental design, at 445 and 475° C (Runs 5 and 14 

respectively) are shown separately alon9side. The z values sh01·m are the 

average of all the values for the different samples taken for any par­

ticular run as shown in th~ coversion data listed in A.2.1.l. These 

samples numbered a minimum 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 experimental errors involved and if the a-xylene 

fed to the reactor passed completely unchanged, the z values should be 

unity. In the present work, with conversions to the only product 

obtained being from about l to 4%, the average values ought to be in 

the neighbourhood 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 possible limits, can be described as follows. 

The error involved in the metering of the air and a-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 t 2%, and proportionately higher at the 

lower scale levels. It should be mentioned here that through the 

estimate of ± 53 error in the metering of the air stream is probably 



3
Feed Rates, gm. moles x 10 :Feed RatesTemp: 490°cTemp: 460°CTemp: 430°C 
Air: 4. 26; o-x: 2.866gm. moles 

_,,_ 7
z x 103 
 . T z 
.I Run no.I Temp. 0'q 1
Run no~Run no.Run no. Range%~veragelo-xAirRange%AverageRange%Average·Range%Average 

+6.2+3.7+0.8 3.036386
0.99210
1.0021
1.0296 
 -4.8-1. 7 

+5.8 


-0.7 

l.07445
5 &+21.9+4.0 -8.2+4.32 &2' 0.8540.9357 
 5'2. 126
386
0.95911
-15. 9 
-3.7 -8.5 
+1.4+2.2+1.1 0.98412
0.9653 
 -L6l.0148 
 3.886469
-2. 1 


+17.6 

-1.3 

0.96814 &. I 475 
 -22. l +1.8+1. 3 
+7.3 14'2.686469
0.98313
1.0194
1.0729 
 -6.2-2.3-3.l 

Table: A.2.1 Check on Material Balance 
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conservative, it is not unlikely that the estimate for the o-xylene 

rotameter might be too low. This is so because the o-xylene rota­

meter used 1·1as of the lowest capacity available-1·1hich might be accom­

panied by higher than normal errors in metering the feed rate. This 

is further discussed later in this section. The other errors involved 

were in air and o-xylene 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 these errors for a particular 

sample would appear in its z value. 

A net average positive effect of the exrerimental error vmuld 

tend to increase the z value to much hiaher than about 1, as would the 

conversion of o-xylene to any undetected product. l\ value of z much 

lower than about 1 would seem to lead to the unrealistic conclusion 

that proportionately more a-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 %t deviation from the average value of z for a particular 

run 1·1ould reflect th2 accuracy and reproducibility of the samples \Vithin 

that run. 

An analysis of the average z values from Table A.2.1 sho~s 

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 l, there probably could 

be some systematic negative error involved but not exceeding 2 to 3%. 

Also, in these rnns the%± range of z values is within t 4~; in most 
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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 l. It is noted that for all these three runs, the a-xylene feed 

rate was the lowest used in the present experimental program, with the 

resultant possibility of increased errors in metering and adj us ting 

the feed rate, as mentioned earlier in this section. In runs 2 and ld, 

and to a lesser extent in 5, the t %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 then allovling the system 

to reach steady state again, runs 2 and 14 \vere conducted hy completely 

altering the history of the runs, \'thich probably 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 essentially 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 is obtained. 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 undetected, 

were formed to any significant extent. 
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A.2.3. Measurement 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 low due to 

the lm·1 conversions obtained. The low peaks would tend to magnify the 

errors involved 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 exhibit 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. 11oreover, 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 peak actually coincided with the base line 

finally. Some irregularity about this point \'Jas also observed among 

a few apparently identical samples (as found from the air: a-xylene 

ratio in the sample taken in the g.c.), and this could be ascribed only 

to the instrumental errors inherent in the g.c. and the recorder 

instruments. In order to damp out these possible errors, the best 

approach was considered to be to extend the peak 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 thi~ point as the farthest of all such points - based on the 

product peeks as well as the pure component calibration pea~s - at 
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n - k - l degrees of freedom. The F value calculated from the data can 

then be compared with the critical value corresponding to the same degrees 

of freedoml and the null hypothesis that all true partial regression 

coefficients equal zero is rejected if the calculated Fis larger. 

Equivalent to making an F test as described above is to test the 

significance of the multiple correlation coefficient for the regression. 
2The population multiple correlation coefficient squared, Py~ , 2, ... ,k 

is defined as the fraction of·the total variance of y that is accounted 

for by its regression on the variables x1, x2, ••• ,and xk. The best 

estimate of p;/1 •2•••. ,k from the sample is the sample multiple correlation 

coefficient squared, ~;11 ,2, ••• ,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 bl al Y + b2 a2 y + ..• bk akyr I - _____________,,__ 
y 1 ,2 •••.• k - (A .3 .25) 

The numerator and the denominator in this equation are related to 

the standard error of the estimate squared S~/l ,2, ..•• k and the total 

variani:e of.y respectively by equations A.3.2.2 and A.3.1.2. 

Simplifying equation {A.3.2.5), therefore, 

2 
(S2/l,2, ..• ,k) {n - k - l)n 

{A~3~26)= l - y 2 2ry/1,2 •••. ,k n E: y - {E y) 
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The multiple correlation coefficient itself is always taken as 

the positive square root of r 2 
L' and it is never greatery,,1',2 ... ,r~ 

that unity, in fact, 0 ~ ry/l. 2, ... 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 

S~/l , 2, ••• ,k, standard error 
of estimate, squared 0.757 


(n - k - 1), number of degrees 

of freedom 20. 


64.864 

4207.34 

175.070 

According to equation (A.3.26), therefore, 


r 2 = b. 757 x 20 x 29 

y/1,2, ... ,k 1 - T29x17s.on - (4207.34T 


= 0.496 


• r = 0. 704•• y/1,2, ... ,k 

Now, a value of zero for the multiple correlation coefficient 

ry/1. 2, ..• ,k would indicate that there is absolutely no correlation 

between y and xj's whereas a value of one \'JOuld 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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r k would lie between 0 and 1, as, because of random fluctuations,y/1, 2, ... , 

r k is almost never zero even when there is no correlation 
yI 1 ' 2•... ' 

between y and xj's in the population. The statistical significance of the 

calculated value of ry/l ,2••.. ,k is therefore tested. 

To test the statistical significance of the multiple correlation 

coefficient calculated, a null hypothesis is made that the ry/l, 2, ••• ,k 

calculated is zero if it is less than the tabulated critical absolute 

value of the multiple correlation coefficient at 5 or 1% level for the 

corresponding number of variables and degrees of freedom. These tabulated 

values (57) for the present case are: 

r0.025 (j + l){n - k - lt. O.SG3 (at 95% level) 

0 652 (at 99% level)r0.005 (j + l){n - k - 1) = ·

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 r /l 2 k· is less than the calculated value, at the 
y ' ' ••• ' 

95%, or at 99% level. Thus rejecting the null hypothesis, it is concluded 

that the regression of yon xl' x2 , •.• , xk 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 	 Simrlified Equation 

The data for this case are: 

n, number of data points 29 

s2 
y/1,2, ... ,k standard error 


of estimate, squared 0.6602 


(n - k - 1), number of degrees 


of freedom 23 


64.864 

4207.34 

175.070 


Substitutinq these values in equation A.3.26), 


2 	 0.660.x 23 x 29r 	 = 1 - ~~~~--..,.~-,.-~~~
y/1,2, ... ,k (29 x 175.07) - (4207.34) 

= 0.495 


· r = 0.704
y/1,2, ... ,k 

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): 

o. 532r0.025 (j + l)(n - k - 1) = 

and r0.005 (j + l)(n - k - 1) = 0.619 
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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 siqnificant amount of the total 

variance observed in y and that the resulting correlation is significant 

at the 997; level. 
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