CHAPTER IV
RESULTS AND DISCUSSIONS

In this study, the eriments will be catago-

rized into four sectic ments 1 to 9 are con-
ducted to study the ‘ei o atures and pressures.
Experiments 10 to : condueted To study the effect of

the amount of cat vpe: 3 and 14 are con-

-iment
ducted in order A \.\\\*\\

ment at the condigfic / ﬁ “\ (pe ments 15 to 22 are

Dility of the experi-

conducted to stUdy/the ifﬂ3?‘;'f‘ .£rogen compounds on
hydrogenation o | sach experiment are
given in Table 4.1

In each e -=r_-r+ﬂ- ximately 300 cm’ of solu-
tion of benzene (75 @xane is used as a feed-
stock. n—Hexf¥1'§ in ord er to | e/ a ligquid carri-
er. The cataly Raney nickel. The

hydrogenation ik performed in a batchfeactor. During

each exper Fiﬂ t every 5 mi-
nute inte wﬂﬂ Mjmw 10 minute
interval ter that untif t vity
vanisaoﬁfqtaqm im ﬂ ﬁdﬁﬁh’j ﬁéﬁtmqm
compnunds}. The samples are analyzed for their composi-
tion by gas chromatographic analysis techniques. The
outputs from chromatogram show that cyclohexane, which is
identified from the standard retention time, is the only

product observed from benzene hydrogenation. The outputs

are used to calculate weight percent of benzene and
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cyclohexane in every samples, and then the concentration

of benzene (C,) at any time is calculated, by

weight % of benzene = A x 100
A, + A
weight % of cy exane = A, x 100
., =
—
and C, = Wt% Benzene, 0. 5 y feed (mol/1)
7k

where { [ peak area benzene
‘ | c:ycluhexana
Tables 442 foj4., ! -;2 : Che ,\. entration of ben-
zene (mol/lite) at a 1ime - of fe h, experiment. From
benzene concentrati6n ‘dat : lots of benzene concen-

tration versus time presented in Figures

4.1 to 4.6, ".s:g-—*—:?:::::_{;—m;;::; es 4.13 to
\ Y )
4.16., respectively

From the"” iterature? benzene h@drngenatinn reac-
tion was r ‘o ‘ f ith respect
to anenemﬁmmi mx 1971; Moyes
and Well ) ﬂﬂ%ﬁ i )T e indepen-
dent am}iac a mar ﬂzr la EI

-y = =-d¢, = k'C,
dt

and the hydrogen flow in this study is excess, thus the
reaction rate is independent of hydrogen partial pressure

and then;



Table 4.2 Concentration of Benzene & Time
Effect of Temperature and Pressure
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[ Time concentration of benzene (mol/1)
(min.}) 150 psig. 200 psig. 250 psig.
120 C 150 C 180C 120 C IEU_C__ 180 C 120 C 150 C 180 C
o| 7.7715| 71.71775| 71.7775| 7.77115| 7.7778] 7.77178| 1.7718| 71.77758| 7.771%
5 7.5%32 7.0740 7.5461 T7.6202 T7.2691 T.3450 T.6834 T.5743 6.6953
10 T.5447 7.2972 7.4035 7.5822 7.0837 T.3459 T.6441 T.5044 6.2057
15 7.4551 T.2177 7.2056 7.48B16 7.0164 6.7270 T.4631 6.7938 5.9325
20 7.3507 7.1096 7.0787 6.9186 6.3412 T.2403 6.4764 5.3859
25 T.2794 6.8551 6.0074 T.011%9 6.3265 5.0420
a0 T.2184 6.7605 5.7511 6.8905 6.0807 4.5782
35 T7.1432 6.6739 5.33486 6.7951 5.8169 4.1128
40 T.0638 6.4243 5.0896 6.5522 5.2324 3.7151
45 T.01086 6.3227 ol .8172 6.3938 §4.9223 3.1007
50 6.9378 5.9733 4. 5605 6.2602 4.6933 2.85T4
55 6.9007 5.9431 6.1188 4.4370 2.3308
60 65.8107 5.810 5.9879 4.2646 2.0955
70| &.7025| 5.585 5.7314| 3.7977| 1.5377
B0 6.6165 5.2871 £.5339 3.1300 0.9720
90 5.5382 5. 1008 5.2877 2.8043 0.4855
100 6.4855 4.7461 5.0739 2.1113 0.1078
110| 6.4432| 4.628 4.7942| 1.7582| o0.0238
120 6.41585 4.19% 4.4561 1.4496 0.0075
130 6.3408 3.9985 4.2063 1.0545
140 5.2955 3.68 3.9912 0.7776
150 6.2361 3.4 3.8786 0.3856
160 6.2216 3.3733| 3.6068 0.155%9
170| 6.1668| 3.151 3.4127| 0.0141
i80 6.1362 2.95 3.2657 0.0062
190 6.0948 2.6187 3.1015 0.0541
200 6.0218 2.4245 2.9425
210 5.9993 2.2781 2.83589
220 5.9891 1.9721 2.7108
230 5.9521 1.8330 2.5843
240 5.9093 1.6670 2.4623
250
260| sS.s648| 1 2.2592
270
280 5.8352 1. 2.03861
290
300 5.7661 1.8284
310
320 5.6666 1.6387
330
340 5.6366 ) 4412
] ol 2173
360| 5.598d] | 0 \ 2645
LI L]

ARIASNTAUMINEA



TABLE 4.3 Concentration of Benzene & Time.
Effect of Amount of Catalyst.

2104
0

250
260
270

o UE7

0.0583

Time Concentration of benzene (mol/l)
(min) |cat. 3g | cat. 2g|cat. 1g |cat.0.5g |
0| T7.7718| 7.73775| 79775 71.77115
5 7.5008 - 7.2691 7.5692
10| 7.4080 7.0637| 7.5246
15 7.4572
20 7.4178
25 7.3488
30 7.2782
35 7.1718
40 7.1076
45 7.0329
50 6.9719
55 6.9016
60 6.8965
70 6.8838
80 6.8055
90 6.7430
100 6.6931
110 6.6802
120 6.6143
130 -
140 L) -
150 Y} 6.4457
160 77 4 =
170 0.6478. -
180 ¢ 0.5083 6.3714

NUNTRIHENT

6.2283

i aenpalun TRy Y

6.0948
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TAEBLE 4.4 Concentration of Benzene & Time
Experimental Error

Time Concentration of benzene (mol/l)
(min.) | Exp. 5 | Exp. 13 |Exp. 14 |Average
0 7.7775 T7.7775 T.71T75 T 115
5 7.2691 7.5506 7.4630 7.4276
10 7.0367 7.3557 7.4795% 7.2808
15 7.0164 B 7.2334 7.1465
20 6.9063 6.8999
25 6.4 5. 6350 6.5499
30 224 2433| 6.2405
35 . ST8565| 6.0056
40 83564, M54 39 5.7015
45 b 4457 L 03| 5.4218
50 087 [\ 5007 5.2135
55 4.9765
60 4.7248
70 4.3768
80 3.9718
90 3.6134
100 3.2011
110 2.8430
120 2.5284
130 2.2426
140 1.7993
150 3 1.4565
160 10 0.9708
170 ) .8 54 0.7159
180 =0. : G 0.4454
1380 Qe 3812 0.272% 0.1083 0.2540
a é; 0.1563
Boll £ abeb| Elofbsgsl| I o833 o 0365
o 0.0073 0.0000 0.0000 0.0024
‘ 0,00 'j i.gjun

50
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- Ya = =dC, = k
dt

then integrate the rate equation, we obtain
Cp- C, = kt

Therefore, a plot of benzene concentration versus time

give a straight line with slor -k. Tables 4.6 to 4.9

t sections and Figures

4.7, 4.10 to 4.12 ~-..“°» : i k values of each
experiment sectio y
There 0%/ ‘js of nitrogen

~~air features, such

w ty. In this study,

compounds in nat
as characteristi

the main effects g ’ ‘oden) ot ds are catagorized as

JH-.
I&QET,H

- the effé qﬂ_ﬁp ity: \py idine, guinoline

the following:

are compared with g and carbazole.

- the effe 5: pyridine, quinoline

- the effec ation nitrogen

compounds: pyrro a is compared with pyrrolidine.

mmmmm;t;:m
ARSI AN e

4.1 Effects of Temperature and Pressure.

A set of experiments, listed in Table 4.1 as
experiments 1-9, is conducted to study the effects of
operating temperature and pressure. The catalyst used in

this set weighs 1 gram. raney nickel. The temperatures
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are varied from 120°C to 180°C (at an increment of 30°C)
and pressures are varied from 150 psig. to 250 psig. (at
an increment of 50 psig). Figures 4.1 to 4.6 show com-
parison of benzene concentration at any time. The results
show that the reaction rates depend on operating temper-

ature and pressure; as temp ature and pressure increase,

the reaction rate inc _. result is in accordance
O % = Ae S/"t where E is
the activation energy am constant. Similar

results were also_ebtefved by P %5- enin et al. (1972)

From this_ge ”{S;T; iments,. the suitable
temperature and préss y ” osen e suitable opera-
ting temperaturefec ' : he ones that give a
\ be observed from a
total reaction time .1..-? too® long or too short.
It is also pnssihle tég?iii Y
rate reaction is‘a £ f th 1=
choosing a modé ':W- 13- hat the effect

of addition of trogen compound, ei

QD kv 1v) 0l N
e A ETSET R TR

quently used to study the effect of the amount of cata-
lyst.

Erom k values which the

The reason for

er increasing or
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Figure 4.6 Concentration of Benzene at Pressure 250 psig. and Various Temperatures
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Table 4.6 k Values of the Reaction at Various

Temperatures and Pressures

- = —— ———

temperature pressure k values

(°C) (* 1077 mol/l.sec)

(psig.) )

120
120
120
150
150
150
180
180
180

] 1_
AULINENINYINS
AR TN TN

60



I

[F5]
T

k values (x 0.01 mol/l.sec)
]
;'1". .E_" i

o

180°C
Tmpc rature

f w"ﬁ f E’H o T—
R BB

61
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4.2 Effects of Amount of Catalyst.
A set of experiments, listed in Table 4.1 as

experiments 5, 10, 11 and 12, is conducted to study the
effect of the amount of catalyst. The reaction is
performed at 150°C and 200 psig. The amounts of catalyst

are varied from 3 gm., 2 1 gm., and 0.5 gm. The

major product shown ogram is cyclohexane.

Figure 4.8 and Tab rison of benzene
2s of this set of

indicate that the

concentration at =
experiments, resp

reaction rate is t of catalyst,

i.e. reaction ra amount of catalyst

increase. When 3 #nfapd 2 g A'uz;-;ﬂ\yst are used, the

reaction rates aftre s hj,ff@ r'_f L ifs total reaction
times are approxima ly;ﬁﬁﬁﬁﬂi;-,?‘ hours. While at

amount of 0.5 gm cataliyst, lf te of reaction is rather

slow. Consequently,-the am W& ¢hosen is 1 gm of cata-
Y
lyst. These cpsiatiing et ad-Giand 200 psig. and

1 gm of catalyst; =;ﬂ’as a reference

experiment.

Susdngngnens
e I TN DAL ATE AR

and 1 gm of catalyst, in order to study the repeatability

of the experiments. The results are nearly the same as
shown in Figure 4.9. The k values are shown in Table
4.8. From these exparimants, average benzene concentra-
tion at any time and k values are calculated and are used

as reference data. An experimental error is calculated
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Figure 4.8 Effect of Amount of Catalyst on Concentration

of Benzene
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Table 4.7 k Values of the Reaction at Various Amounts of

Catalyst
amount of catalyst k values
(granms) (* 107 mol/l.sec)

e ——— -_— —_————— —— ———

J (* 10 mo}/1l.sec)

TRy
P aenTalInIIhenat

average 1.60
max. error +4.38 %

min. error -5.00 %




k Values (x 0.01 mol/l.sec)

o
(7

¢ dmount of G‘atal %
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to be in the range of = 5 %.

4.4 Effects of Nitrogen Compounds
Selected nitrogen compound is added to the ben-
zene solution to make a solution containing 0.0015% N as

nitrogen compounds and is ogenated at the same opera-

e experiment. Nitrogen

ments are pyridine,

trogen compound ¢ ;1-;‘,‘_ml-a7nn affects hydro-
genation of benzene. ':. eattior tes are obviously
lower than the one f_*?f7;§ énce experiments. This
indicates that these ceampoundsiddsorb on active sites of
being adsorbed 6n the c & which in turn re-
duces the totallmunversion of the reac

the poisoni f ‘ﬁ m on benzene
hydrngenat@ijeiln ﬁﬁ iﬁ Dj:ftircgen com-

pound?qt e as

ant. Furthermore,

in the following. = o/
TaNNFU AN Y
4.4.1 Effect of Basicity of Nitrogen Compounds
Basic nitrogen compounds used in this study are
pyridine and quinoline, and non-basic nitrogen compounds
used are pyrrole, indole, and carbazole. Figure 4.13
shows a comparison of benzene concentration at any time

taken from experiments using pure feedstock, and the
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Table 4.9 k Values of the Reaction at Various
Nitrogen Compounds

nitrogen compounds k values
(* 10* mol/l.sec)

j .,
AULINENINYINS
ARIAATAUUNIINGIAY
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k Values (0,01 mol/|.sec)

L N T - T - S T -1

AUEINEINENT
TR TR ST ANYAR o v

at various nitrogen compounds.




Al

feedstock mixed with nitrogen compounds and Table 4.9
shows k values of the reaction. The pKa values given in
Table 4.10 represent the basic strength of various
nitrogen compounds in water (the higher the pKa, the
greater the basic strength). The results show that the

a=zes the concentration of
& -esults from three non-

Th&cates that basic
- -

characteristic of srface of the\catalyst.

addition of pyridine incr

unreacted benzene mor

basic nitrogen co

nitrogen compounds D ave”

ties than non-basi

The effecE afnE '-iTJi ;:_ .;ults of La Vopa and
Satterfield (1988}/w studieddt @ pbisoning of thiophene
by nitrogen comptu
nitrogen compounds -'mnns for thiophene
hydrogenation , but £ for desulifurization. The degree

of inhibition of thar?#F¥EF175' :rJ ds was correlated

with the strengfh of their basicities’ J'pDeactivation was

7 . .

Of nitrogen compounds

generally grea :2
increase. The

ot oo P ANNINE T e e
L 135 b b e N T

fact that quinoline has lower poisoning effect than pyri-

sult also agreed wi " the Masatoshi

dine may be due to the effect of basicity of pyridine.
But the reason why this compound has lower poisoning
effect than non-basic nitrogen compounds is still a con-
fusion. This shows that thier is a complexity in the

characteristic of the nitrogen compounds.
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Table 4.10 pKa Values of Nitrogen Compounds

pyridine ; 5.3

quinoline
butylamine

*From Handbook of |
Company, 60th Ed.,

AULINENINYINS
ARIANTAUNNIING 1A Y
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4.4.2 The Effect of the Structure of Nitrogen
Compounds.

These experiments are conducted to investigate

the effect of structure of nitrogen compound, i.e. the
effect of ring structure and straight chain structure of

nitrogen compounds. Butylamine is chosen as a chain

structure model compoun
chosen as a ring st ACEAYE m -mpound. Figure 4.14
shows that the po fe 0==:=E=5ﬁase in the order
butylamine < guin oy “E“!qqak

effect of linear Jompare - lic nitrogen

accompanied by Eion '] ;7:,;@' ese results
agreed with the j ' etot (1992) who
studied the effect o ] ;_'fll ounds on nickel catalyst
in benzene hydroge : d that the toxicity
of sulfur compounds ;_der thiophene ~
thiolane > prapas

sulfide.

rrole an Ffrolidinesare chosenito repre-
e B ParR mzhﬁum SNUAAL cerrec-
tively. Figure 4.15 and Table 4.9 show a concentration
of benzene versus time and k values with the addition of
these two compounds in the feed compare with the case of
pure benzene. The results show that pyrreolidine has
lower the reaction rate than pyrrole , in spite of being

a stronger base than pyrrole. (pKa,, ..= =3-8, PKa,  qiaine =
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11-12). This can be explained that aliphatic cyclic
compounds have lower adsorption constants than the
heterocyclic aromatic compounds. The effect agreed with
the work of Masatoshi Nagai et al. (1986). They studied
the poisoning effect of nitrogen compounds on dibenzo-

thiophene hydrodesulfurizat

—-compounds in reducing

n on sulfide NiMo/Al,0, cata-
lysts. The poisoning 7

hydrogenation funct in the order:

acridine> quinoliW' Wdine > cyclo-
hexylamine > ¥ -pic 4 \ " = 'h y explained that
the adsorption consfa L ic , was higher than
those of pyridine gt :jif 3:;~ \{f similar pKa
values. Furthe 'p i a‘ has the methyl
group in the par
adsorption constan us, there is a
great gap between AGS0rpt f,j onstants of the various

added nitrogen compogngﬁgggg cheir solution basicities.

‘NHitrogen Atom.

e 4.16, pyrazine which has two nitro-

gen atoms i ﬁ fﬁ rate of
reaction ofﬁtﬁ ﬁﬁm ﬁ nriina. The
different in rate constanfs (k valames) fall i the exper-
inenca|ebiod Ghidd SABABI N e
that the different in the number of nitrogen atom in the
molecule affect the reaction rate of benzene hydrogen-
ation. However, Gonzalez-Tejuca, et al. (1977) proposed

that H,S and COS deactivated Pt/Al,0, and Pt/SiO, catalysts

for hydrogenation of olefins and benzene less than CS,.
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The reason was due to H,S and COS deactivated one platinum
site per molecole adsorbed, whereas CS, generally deacti-
vated two platinum sites per adsorbed molecule. Thus,
the effect of the number of nitrogen atom on the reaction
rate of benzene hydrogenation should have the similar

result.

In summary) Froi is study, the deactivation

effect of nitroge following order

pyrazine - pyridig carbazole >

quinoline > pyrro

AULINENINYINS
PRIANTUAMINYAE
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