CHAPTER IV
RESULTS AND DISCUSSION

4.1 Effect of feed compositions on m- and p-CNB crystallization

For this experiment, the effect of feed compositions on the m- and p-CNB
crystallization was investigated. The feed compositions at 61.0, 62.9, and 65.0 wt%
m-CNB were utilized. Figure 4.1 shows the binary phase diagram of m- and p-CNB.
Seven grams of m- and/>CNB solid mixture were melted in the crystallizer to obtain
a homogeneous solution. Then, the system was cooled by the cooling water from
30°C to a crystallization temperature. The precipitates were then collected, washed,
and dissolved with hexane before quantitative analysis by GC. The CNB
compositions of the feeds and precipitates are shown in Table 4.1.
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Table 4.1 Compositions of - and p-CNB in the feeds and the precipitates, and
crystallization temperature

Feed composition  Precipitate composition Crystallization

Feed (%) (Wt%) temperature
m-cNB p-cm m-CNB p-CNB (
Below the eutectic
com position 6105  38.95 4.96 95.04 22.0
At the eutectic
com position 62.89 37.11 62.80 37.20 233
Above the eutectic
64.97 35.03 92.73 7.27 23.0

composition

Without any zeolite, the result shows that the crystallization of m- and p-
CNB at the eutectic composition or 62.9 wt% m-CNB in the feed provides opaque
precipitates with the CNB composition close to that of the feed at 23.5°C. Above the
eutectic composition, the transparent precipitates appear with the composition being
rich in m-CNB, 92.73 wt%, while the />-CNB enriched precipitates are observed for
the ; composition below the eutectic composition. A possible reason why the
precipitate purity is not close to 100% may be from the contamination in the feed.
These results could be confirmed from the binary phase diagram as shown in Figure
4,
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4.2 Effect of FAU zeolite on m - and /J-CNB crystallization

4.2.1 Effectof FAU zeolites on the CNB feed solution compositions

The zeolites were calcined at 350°C for an hour before experiments. A
zeolite was placed at the center of the crystallizer. The solution mixture and the
zeolite were slightly stirred to minimize any concentration gradient in the solution.
Then, the solution composition after adding the zeolite was analyzed. From the
results in Tables 4.2, 4.3, and 4.4, the feed compositions before and after adding the
zeolite are still similar. The similarity seems to be independent of the m-CNB
composition in the feed and type of the zeolite. This implies that the presence of a
zeolite hardly affects the m- and /?-CNB compositions in the feed solution.

Table 42 m- and/>CNB compositions in the feed, 61.0 wt% of /«-CNB, before and
after adding the zeolites at 30°C

Feed composition Feed composition
Zeolite  before adding zeolite (wt%) after adding zeolite (wt%)  %difference*

rn-cm p-CNB m-CNB p-CNB
NaX 60.99 39.01 61.02 38.98 0.03
CaX 61.00 39.00 61.03 38.97 0.03
BaX 61.05 38.95 60.99 39.01 0.06
NaY 61.04 38.96 60.95 39.05 0.09
CaY 60.97 39.03 60.98 39.02 0.01

*Op difference is the difference between the m-CNB compositions in the feed with
and without a zeolite.
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Table 4.3 - and p-CNB compositions in the feed, 62.9 wt% of m-CNB, before and
after adding the zeolites at 30°C

Feed composition Feed composition
Zeolite  Dbefore adding zeolite (wt%) after adding zeolite (wt%) %difference*

m-CNB p-CNB -CNB P-CNB
NaX 62.88 37.12 62.90 37.10 0.02
CaX 62.87 37.13 62.90 31.10 0.03
BaX 62.91 37.09 62.93 31.07 0.02
NaY 62.89 37.11 62.88 37.12 0.01
CaY 62.87 37.13 62.87 37.13 0.00

*O difference is the difference between the m-CNB compositions in the feed with
and without a zeolite.

Table 44 m- and/7-CNB compositions in the feed, 65.0 wt% of m-CNB, before and
after adding the zeolites at 30°C

Feed composition Feed composition
Zeolite  before adding zeolite (wt%)  after adding zeolite (wt%) %difference*

m-CNB [T-cnb W-CNB P-CNB
NaX 64.99 35.01 64.97 35.03 0.02
CaX 64.96 35.04 64.98 35.02 0.02
BaX 65.02 34.98 65.01 34.99 0.01
NaY 65.06 34.94 65.02 34.98 0.04
CaY 64.98 35.02 64.96 35.04 0.02

*Oo difference is the difference between the OT-CNB compositions in the feed with
and without a zeolite.

4.2.2 Effect of FAU zeolites on the CNB precipitate compositions
After adding a zeolite in the feed, the system was cooled from 30°c
until precipitates were observed. Then, the precipitates were collected, washed and
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dissolved with hexane. The CNB composition was analyzed by GC (Run#l). In
addition, the mother liquor was also analyzed for its composition. In order to
ensure that the system was reproducible and was not affected by the adsorption, the
mixture was heated backwards to the homogeneous phase and then cooled until
precipitates were formed again. Another CNB composition analysis (Run#2) was
then carried out. Normally, the precipitates were formed throughout the
crystallizer; the positions where precipitates were collected are specified as shown
in Figure 4.2. The positions 1to 4 are located near the zeolite or area (a) and the
positions 5 to 8 are located far from the zeolite or area (b). From the experiment,
the CNB compositions in the precipitates for both Run#l and Run#2 at every
position are illustrated in Tables 4.5-4.10.

1o Zeolite grains

Area (a)

Crystallizer

Water in ——— ——  Water out

Area (b)

Figure 4.2 Locations where precipitates were collected for m- and /2-CNB
composition analysis.
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Table 45 compositions of m- and p-CNB in the precipitates located near and far
from zeolites (Run#l) with 61.0 wt% m-CNB in the feed

Precipitate near zeolite Precipitate far from zeolite
Zeolite  Composition (wt%) % Composition (wt%) %
m-CNB p-CNB  difference* m-CNB  p-CNB  difference*

773 (1) 92.27(1) 5327 1029 (5) 8971 (5)  50.71
Lax 8.32(2) 91.68(2) 5268  11.19(6) 88.81 (6)  49.81
862 (3) 91.38(3) 5238  11.67(7) 8833 (7) 4933
638 (4) 9362 (4) 5462  1269(8) 8731 (8) 4831
502 (1) 9498 (1) 5598 1111 (5) 88.89 (5)  49.89
cax 658 (2) 93.42(2) 5442 1058 (6) 89.42 (6)  50.42
821 (3) 91.79(3) 5279  12.45(7) 87.55(7)  48.55
535 (4) 9465(4) 5565  1202(8) 87.98(8)  48.98
582 (1) 9418 (1) 5518  10.56(5) 89.44 (5)  50.44
. 6.24(2) 9376(2) 5476 1179 (6) 88.21 (6)  45.21
6.69 (3) 9331 (3) 5431  11.06(7) 88.94(7)  49.94
507 (4) 9493 (4) 5593 11.70(8) 88.30 (8)  49.30
1039(1) 89.61 (1) 5061  23.25(5) 76.75(5)  37.75
L2y 911 (2) 9089 (2)  51.89 2002 (6) 79.98 (6)  40.98
1755(3) 8245 (3) 4345 23,25 (7) 76.75(7)  371.75
17.93 (4) 8207 (4) 4307 22.05(8) 77.95(8)  38.95
6.76(1) 93.24(1) 5424 1397 (5) 86.03 (5)  47.03
cay 778(2) 92.22(2) 5322 1571 (6) 84.29 ()  45.29
1122 (3) 88.78 (3)  49.78  17.93 (1) 82.07(7)  43.07
767 (4) 9233 (4) 5333 17.70(8) 6230 (8)  43.30

*O difference is the difference between the m-CNB compositions in the feed and the
precipitates with a zeolite.

**The number in the parenthesis refers to the position where precipitates were
collected as shown in Figure 4.2



3l

Table 4.6 Compositions of - and JD-CNB in the precipitates located near and far
from zeolites (Run#2) with 61.0 wt% m-CNB in the feed

Precipitate near zeolite Precipitate far from zeolite
Zeolite Composition (wt%) % Composition (wt%) %
m-CNB p-cm difference* m-CNB ~ P-CNB  difference®

9.47 (1) 9053 (1) 5153  14.26(5) 8574(5)  46.74

Lo 1027 (2) 8973 (2 5073 15.87(6) 8413 (6)  45.13
1048 (3) 89.52(3) 5052 17.27(7) 8273 (1)  43.713

10.50(4) 89.41 (4) 5050 1889 (8) 8111 (8) 4211

6.32(1) 93.68 (1) 5468 1285 (5 87.15(5)  48.15

cax 752 (2) 9248(2) 5348  14.46(6) 8554 (6)  46.54
977 (3) 9023(3) . 5123  1515(7) 84.85(7)  45.5

7.89 (4) 9211 (4) 5311 14.09(8) 8591 (8) 4691

6.39(L) 9361 (1) 5461  11.29(5) 88.71(5)  49.71

o 572(2) 9428 (2 5528  11.34(6) 88.66(6)  49.66
726(3) 9274(3) 5374 13.01(7) 8699 (7)  47.99

6.69 (4) 9331 (4) 5431  1209(8) 87.91(8)  48.1

861 (1) 91.39(1) 5239  1982(5) 80.18(5)  41.18

L2y 1238 (2) 8762(2) 4862 2197 (6) 78.03(6)  39.03
15.95 (3) 84.05(3)  45.05 2131 (7) 78.69(7)  39.69

14.35 (4) 85.65 (4)  46.65  20.87 (8) 79.13(8)  40.13

881 (1) 91.19(1) 5219 1323 (5) 86.77(5)  47.77

cay 652 (2) 93.48(2) 5448  1572(6) 8428(6)  45.28
958 (3) 9042 (3) 5142 1728 (7) 8272(7)  43.73

9.22 (4) 9078 (4) 5178 16.67(8) 8333 (8)  44.33

*0 difference is the difference between the m-CNB compositions in the feed and the
precipitates with a zeolite.

**The number in the parenthesis refers to the position where precipitates were
collected as shown in Figure 4.2,
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Table 4.7 Compositions of m- and p-CNB in the precipitates located near and far
from zeolites (Runé#l) with 62.9 wt% W-CNB in the feed

Precipitate near zeolite Precipitate far from zeolite
Zeolite  Composition (wt%) % Composition (wt%) %
W-CNB [7T-CNB  difference*  m-CNB  /?-CNB  difference*
7.13 (1) 9287 (1) 55.77 10.51 (5)  89.49 (5) 52.39
Nax 8.25 (2) 91.75 (2) 54.65 12.90 (6) 87.10(6) 50.00
8.41 (3)  91.59(3) 54.49 1761 (7) 82.39 (7) 45.29
8.37 (4) 91.63 (4) 5453 16.25 (8) 83.75 (8) 46.65
6.75 (1)  93.25 (1) 56.15 10.83 (5) 88.17(5) 52.07
cax 1.22 (2) 9278 (2) 55.68 11.41 (6) 88.59 (6) 51.49
9.33 (3) 90.67 (3) 53.57 1593 (7) 84.07 (7) 46.97
8.64 (4) 91.36(4) 54.26 14.47 (8) 85.53 (8) 48.43
7.17(1) 9283 (1) 55.73 10.24 (5) 89.76 (5) 52.66
Bax 6.22 (2)  93.78 (2) 56.68 12.03 (6) 87.97 (6) 50.87
9.16(3) 90.84 (3) 53.74 18.43 (1)  81.57(7) 44 .47
8.12(4) 91.88 (4) 54.78 15.04 (8) 84.96 (8) 47.86
6.49 (1) 93.51 (1) 56.41 10.91 (5) 89.09 (5) 51.99
Nay 7.07(2) 9293 (2) 55.83 11.23 (6) 88.77 (6) 51.67
9.16(3)  90.84 (3) 53.74 16.06 (7) 83.94 (7) 46.84
8.39 (4) 91.61 (4) 54.51 1457(8) 85.43 (8) 48.33
591 (1)  94.09 (1) 56.99 12.81 (5) 87.19(5) 50.09
cay 6.16(2) 93.84 (2) 56.74 12.65 (6) 87.35 (6) 50.25
8.66 (3) 91.34(3) 54.24 15.87(7) 84.13 (7) 47.03
8.04 (4) 91.96 (4) 54.86 14.84 (8) 85.16(8) 48.06

*0 difference is the difference between the OT-CNB compositions in the feed and the
precipitates with a zeolite.

**The number in the parenthesis refers to the position where precipitates were
collected as shown in Figure 4.2



Table 48 Compositions of m- and /7-CNB in the precipitates located near and far
from zeolites (Run#2) with 62.9 wt% m-CNB in the feed

Precipitate near zeolite Precipitate far from zeolite
Zeolite  Composition (wt%) % Composition (wt%) %
m-CNB P-CNB  difference* m-CNB  p-CNB  difference*

6.92 (1) 93.08 (1) 5598  12.46(5) 8754 (5)  50.44
Lax 8.34 (2) 91.66(2) 5456  11.89(6) 8811 (6)  51.01
921 (3) 90.79 (3)  53.69 1878 (7) 81.22(1)  44.12
8.66 (4) 91.34(4) 5424 1420(8) 8571 (8)  48.61
555 (1) 9445 (1) 57.35 1191 (5) 88.09 (5)  50.99
cax 751 (2) 9249 (2)  55.39 1141 (6) 8859 (6)  51.49
823 (3) OL.77(3) 5467 1449 (7) 8551 (1)  48.41
0.06 (4) 90.94(4)  53.84  12.22(8) 87.78(8)  50.68
6.94 (1) 93.06 (1) 5596  11.29 (5 88.71 (5) 5161
. 8.37 (2) 9163 (2) 5453 1295 (6) 87.05(6)  49.95
9.03 (3) 90.97 (3)  53.87  18.74(7) 8126(1)  44.16
879 (4) 9121 (4) 5411 1612 (8) 8388 (8)  46.78
6.86 (1) 93.14(1)  56.04 1058 (5) 89.42(5)  52.32
L2y 730 (2) 9270 (2)  55.60  11.82 (6) 88.18(6)  51.08
9.86 (3) 90.14(3) 5303  10.44(7) 8056 (1)  43.46
957 (4) 9043 (4) 5333 1323 (8) 86.77(8)  49.67
588 (1)  94.12(1)  57.02  12.39(5) 87.61 (5) 50,51
cay 711 (2)  92.89(2) 5579 14.00 (6) 86.00 (6)  48.90
8.14(3) 91.86 (3) 5476  1577(7) 8424 (1)  47.13
6.48 (4) 9352(4) 5642 1575 (8) 84.25(8)  47.15

*O difference is the difference between the m-CNB compositions in the feed and the
precipitates with a zeolite,

**The number in the parenthesis refers to the position where precipitates were
collected as shown in Figure 4.2.



Table 4.9 Compositions of m- and p-CNB in the precipitates located near and far
from zeolites (Runl) with 65.0 wt% m-CNB in the feed

Precipitate near zeolite Precipitate far from zeolite
Zeolite  Composition (wt%) % Composition (wt%) %
m-cNB P-CNB  difference* m-CNB  p-CNB  difference*

796 (1) 92.04(1)  57.04 1227 (5) 87.73(5)  52.73
Nax 1.25 (2)  92.75 (2) 57.75 11.71 (6)  88.29 (6) 53.29
8.39 (3)  91.61 (3) 56.61 18.61 (7) 81.39(7) 46.39
9.66 (4) 9034 (4) 5534  16.82(8) 83.18(8)  48.18
753 (1) 9247 (1) 5747 11.88(5) 88.12(5)  53.12
cax 731 (2)  92.69 (2) 57.69 12.34 (6) 87.66 (6) 52.66
9.86 (3) 90.14(3) 55.14 18.98 (1) 81.02 (7) 46.02
8.17(4) 91.82 (4) 56.83 14.72 (8) 85.28 (8) 50.28
7.50(1)  92.50(1) 57.50 12.65 (5) 87.35 () 52.35
Bax 7.12(2)  92.88 (2) 57.88 13.99 (6) 86.01 (6) 51.01
10.27 (3)  89.73 (3) 54.73 14.74 (1)  85.26 (7) 50.26
9.27 (4) 9073 (4) 5573 1469 (8) 85.31 (8) 5031
6.09 (1) 93.91 (1) 58.91 10.65 (5)  89.35 (5) 54.35
Nay 6.35 (2)  93.65 (2) 58.65 11.89(6) 88.11 (6) 53.11
9.61 (3) 90.39 (3) 55.39 12.21 (7)  87.79 (7) 52.79
8.40 (4)  91.60 (4) 56.60 13.56(8) 86.44 (8) 51.44
7.29(1) 9271 (1) 57.71 10.10(5)  89.90 (5) 54.90
cay 8.64 (2) 91.36(2) 56.36 13.35 (6) 86.65 (6) 51.65
9.45 (3)  90.55 (3) 55.55 16.27 (1) 83.73 (7) 48.73
813 (4) 91.87(4)  56.87  17.44(8) 8256 (8)  47.56
*O difference is the difference between the m-CNB compositions in the feed and the

precipitates with a zeolite.
**The number in the parenthesis refers to the position where precipitates were
collected as shown in Figure 4.2



Table 4.10 Compositions of m- and p-CNB in the precipitates located near and far
from zeolites (Run#2) with 65.0 wt% W-CNB in the feed

Precipitate near zeolite Precipitate far from zeolite
Zeolite  Composition (wt%) % Composition (wt%) %
W-CNB P-CNB  difference* W-CNB  p-CNB  difference*

7.43 (1) 92.57(1) 57.57 13.21 (5) 86.79 (5) 51.79
NaX 7.35 (2)  92.65 (2) 57.65 14.92 (6) 85.08 (6) 50.08
9.89 (3) 90.11 (3) 55.11 16.45 (7)  83.55 (7) 48.55
8.25 (4) 91.75 (4) 56.75 15.74 (8)  84.26 (8) 49.26
753 (1)  92.47(1) 57.47 11.88(5) 88.12(5) 53.12
CaX 731 (2)  92.69 (2) 57.69 12.34(6) 87.66 (6) 52.66
9.86 (3) 90.14(3) 55.14 18.98 (7) 81.02 (7) 46.02
8.17(4) 91.82(4) 56.83 1472 (8) 85.28 (8) 50.28
7.54 (1) 92.46 (1) 57.46 15.64 (5) 84.36 (5) 49.36
Bax 8.82 (2) 91.18 (2) 56.18 15.94 (6) 84.06 (6) 49.06
9.21 (3)  90.79 (3) 55.79 16.99 (7) 83.01 (7) 48.01
10.87 (4) 89.13 (4) 54.13 17.78 (8) 82.22 (8) 47.22
5.69(1) 9431 (1) 59.31 11.12(5) 88.88 (5) 53.88
NaY 6.58 (2) 93.42 (2) 58.42 11.77(6) 88.23 (6) 53.23
9.51 (3) 90.49 (3) 55.49 12.33 (1) 86.22 (7) 52.67
8.96 (4) 91.04 (4) 56.04 13.78 (8) 87.67 (8) 51.22
752 (1) 92.48 (1) 57.48 11.00 (5)  89.00 (5) 54.00
Cay 7.05 (2)  92.95 (2) 57.95 11.40 (6) 88.60 (6) 53.60
8.11 (3) 91.89(3) 56.89 1529 (7) 84.71 (7) 49.71
8.91 (4) 91.09 (4) 56.09 13.66 (8) 86.34 (8) 51.34
*0 difference is the difference between the m-CNB compositions in the feed and the

precipitates with a zeolite.
**The number in the parenthesis refers to the position where precipitates were
collected as shown in Figure 4.2
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The presence of the zeolites in the feed at the eutectic composition
results in the transparent precipitate formation instead of opaque precipitates and
their compositions are rich in /?-CNB. Below the eutectic composition, the CNB
composition in the precipitates remains rich in /?-CNB although its composition
slightly decreases, whereas the composition of the precipitates obtained from the
feed above the eutectic composition is shifted from being rich in - -CNB to rich inp-
CNB. Considering the two areas where the precipitates were collected, area (a) and
area (b), the results show that the precipitates located near the zeolites (area (a)) have
a higher amount of /?-CNB than those located far from the zeolites (area (b)).
Moreover, the precipitates from Run#2 of every feed provide the composition of
CNBs close to those from Run#l. The result can confirm that this system could be
reproduced.

The CNB compositions in the precipitates from Run#l were
calculated in terms of - to /?-CNB ratio as illustrated in Figures 4.3-4.5 to give a
clearer picture in the tendency of the precipitate compositions. The -//[?-CNB ratio
of the precipitates far from the zeolites is higher than that near the zeolites, which
means that around the zeolites the precipitates have higher amount of /2-CNB than
those far from the zeolites. From Figure 4.3, when -CNB in the feed composition
is below that at the eutectic point, the result shows that the X zeolites give slightly
lower -/[?-CNB ratio of the precipitates than the Y zeolites in both areas.
Considering the precipitates near the zeolites, the presence of the alkaline-earth
cation-exchanged zeolites decreases the -//?-CNB ratio of the precipitates compared
with the alkaline cation-exchanged zeolites except CaY which provides the higher
/17-CNB ratio of the precipitates than NaX. For the precipitates collected far from the
zeolites, the -//?-CNB ratios of the precipitates are similar whether alkaline or
alkaline-earth cation-exchanged X zeolite is present. However, the ratio increases
when CaY and NaY are used. In the feed at the eutectic composition, the -//?-CNB
ratio of the precipitates seems to be independent of the type of a zeolite as shown in
Figure 4.4. This remark is true for the precipitates near the zeolite, while far from the
zeolite the ratio is slightly decreased under CaX and NaY. Above the eutectic
composition, the tendency of the precipitate compositions with the zeolites as shown
in Figure 4.5 is different from that below the eutectic composition. Using BaX, NaX,
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and CaY results in the similarity of the -//?-CNB ratio of the precipitates near the
zeolites. However, the ratios are slightly higher than those obtained from CaX and
NaY. This result indicates the decrease in the amount of /?-CNB in the precipitates
under BaX, NaX and CaY. Far from the zeolites, both X and Y zeolites give almost
the same m-Ip-CNB ratio of the precipitates except NaY.

Comparison between the -//?-CNB ratios of the precipitates obtained
from all feeds shows that, at the feed below the eutectic composition, most of the
ratios change with the change in the cation or type of the zeolite, while the change in
the cation or type of the zeolite in the feed at and above the eutectic composition has
very little influence on the CNB ratio. In other words, the cation and type of the
zeolite have an influence on the /?-CNB composition in the precipitates in the feed
below the eutectic composition more than those in the feed at and above the point.
Moreover, the range of the m-lp-CNB ratio of the precipitates in the feed below the
eutectic composition («0.05-0.30) is boarder than that of the other two («0.08-0.20).
The presence of BaX in the feed below the eutectic composition leads to the lowest

-/[?-CNB ratio or the highest /?-CNB composition in the precipitates. Similarly,
NaY gives the highest /?-CNB composition in the precipitates when the feed
composition is at and above the eutectic composition.
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Figure 4.3 Comparison of m-lp-CNB ratio of the precipitates from 61.0 % m-
CNB in the feed without and with zeolites (BaX, CaX, NaX, CaY, and NaY).
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Figure 45 Comparison of m-//?-CNB ratio of the precipitates from 65.0 wt% m-
CNB in the feed without and with zeolites (BaX, CaX, NaX, CaY, and NaY).

From the results, the presence of the zeolite affects the CNB
compositions in the precipitates, especially those obtained from the feed above the
eutectic point. It may be because of the formation of the temperature variation of the
mixture insice the crystallizer when the temperature was being decreased. According
to this hypothesis, the addition of a zeolite may cause the change in the solution
temperature; therefore, the temperatures of the solution with and without zeolite were
measured by a thermocouple in five positions as shown in Figure 4.6. The results
were then compared and shown in Figure 4.7.
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Figure 4.6 Positions in the crystallizer, where the temperature of the solution was
measured (a) without zeolite and (b) with zeolite.
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Figure 4.7 Temperature of the solution containing 65.0 wt% m-CNB in the feed
(8) without zeolite and (b) with Cax.

Figure 4.7 shows the temperature of the solution containing 65.0
wt% /ft-CNB in the feed without and with CaX. The temperature was decreased
from 25 to 17°c. The result reveals that the solution temperature is independent of
the position even with the presence of the zeolite.

The FAU zeolites preferentially adsorb m-CNB more than p-CNB
due to the higher basicity of OT-CNB (Lerdsakulthong, 2007; Yensukjit, 2008).
Thus, an adsorption selectivity of the zeolite might be a possible cause of the shift
of A7-ONB composition to be rich inp-CNB in the precipitates. To prove whether
the zeolite selectivity plays any roles in the precipitate composition, a silicalite,
which selectively adsorbs p-CNB more than m-CNB hecause of its shape
selectivity effect (Guo et al., 2009), was used in further study. The precipitate
composition was compared with that with NaY because NaY gives the highest m-
[p-CNB selectivity among the studied FAU zeolites in the adsorption
(Lerdsakulthong, 2007). Furthermore, in the crystallization, NaY also provides the
maximum and the minimum p-CNB composition in the precipitates when the feed
composition is below and above the eutectic composition, respectively.
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It was postulated that the composition of the precipitates with the
silicalite might be rich in m-CNB if the selectivity of a zeolite has the effect on the
shift in the CNB precipitate composition. From Figures 4.8 and 4.9, the precipitate
composition with the silicalite from both feeds is still rich in /?-CNB as the same as
with NaY. Moreover, the presence of the silicalite provides the m-Ip-CNB ratio of
the precipitates lower than that with NaY. In the feed below the eutectic composition,
the precipitates near the silicalite have a lower m-fp-CNB ratio than those far from
the silicalite as in the case of NaY, while the ratio becomes similar for both areas
when the feed composition is above the eutectic composition. These results indicate
that the shift in CNB precipitate composition is independent of the zeolite selectivity.

In addition, an activated carbon, a non-selective and high surface
area sorbent, was used in this crystallization to investigate whether the difference in
adsorbent structure and surface area, as listed in Table 4.11, has any influence on the
CNB precipitate composition. Glass bead, an inert and non-porous material, was also
included in the stuay. It is expected that p-CNB may be selectively adsorbed by the
activated carbon more than m-CNB as m-CNB has a lower polarity (its dipole
moment is 3.73 compared to 2.83 0f/>-CNB (Lerdsakulthong, 2007)). To minimize
the effect of the adsorption selectivity, BaX, which has the lowést m-//>-CNB
selectivity or the greatest p-CNB adsorption capacities among the studied FAU
zeolites (Lerdsakulthong, 2007; Yensukjit, 2008), was chosen to compare the result
with the activated carbon and glass bead.
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Table 4.11 General properties of glass bead, activated carbon, and BaX

BET surface Pore volume ~ Type of

Material  Structure Property aea(mag)  (cmdg) surface

Glass bead Glass innert N/A N/A~ Non-porous
. A modified -
Activated graphite-like Hydrophobicity 540 0gy  Non-Uniform
carbon Porous

structure
BaX A crysalin Hydrophillicity 422 0.20 Uniform

aluminosilicate Porous

1 (10H

008 -

Near ackorbent  Far from ackortent
Precipitate collecting area

Figure 4.10 Comparison of m-Ip-CNB ratio of the precipitates from 61.0 wt% m-
CNB in the feed with glass bead, activated carbon, BaX and without zeolite,
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Figure 411 Comparison of m-Ip-CNB ratio of the precipitates from 65.0 wt% m-
CNB inthe feed with glass bead, activated carbon, BaX and without zeolite.

The m-lp-CNB ratio of the precipitates around the adsorbent in the
feed below the eutectic composition decreases when the adsorbent is changed from
the activated carbon to glass bead; and BaX provides the lowest ratio albeit higher
than that without an adsorbent. Far from the adsorbent, the activated carbon still
provides the highest m-/p-CNB ratio of the precipitates but the lowest one is offered
by the glass bead as illustrated in Figure 4.10. From Figure 4.11, the m-Ip-CNB ratio
of the precipitates with the activated carbon for hoth areas is similar with the feed
above the eutectic composition. Near the adsorbent, the m-Ip-CNB ratio of the
precipitates increases from the glass bead, activated carbon, and BaX, respectively.
The ratio with the activated carbon slightly changes with the collection areas, while
the ratios with the glass bead and BaX slightly increase. The lowest m-Ip-CNB ratio
of the precipitates far from the adsorbent is obtained with the presence of the
activated carbon and the highest ratio is from BaX. From the results, considering the
ratio of the precipitates from both feeds, it shows that the m-Ip-CNB ratio of the
precipitates in the feeds is changed with the change in the adsorbent. In other words,
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the difference in adsorbent structure and surface area has an influence on the ratio of
the precipitates in the feeds both below and above the eutectic composition. However,
the tendency of CNB precipitate composition still remains rich in p-CNB. It implies
that the difference in type of adsorbent and adsorbent structure affects the change in
the CNB precipitate composition, while the reason why the precipitates composition
in the feed above the eutectic composition is shifted from being m-CNB to p-CNB
has to be further investigated.
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