CHAPTER V

RESULTS AND CALCULATIONS

5.1 Preliminary works

5.7.1 Volumetric titration Percentage oxidation at various

quantities of furfural and its relation with standing time were

obtained and shown in Tables 5.%1.1.1 and 5.1.1.2

Sl e Viscometry

5.1.2.17 Effect of ferric chloride hexahydratec on one

reactant at 25°C When 0.2M furfural was mixed with 5% FeC136H20
at:. 29 - O.5°C, a clear solution was obtained without any other
observable changes although it had been left standing upto 18
hours. However, with 0.7M phenol instcad of furfural, a violet
solution of a complex nature instantly occurrecd and yielding some
deep brown precipitates after 18 hour-standing. Because of the
complex formation, the ferric chloride could not be used as a
catalyst in the kinetic study of the phenol-furfural reaction.
Hydrochloric acid was the next choice from the selection list

of the catalysts(ﬁT).

5.1.2.2 Effect of hydrochloric acid on onc reactant and

both reactants at 25°C Using concentrated hydrochloric acid in

the same manner as in 5.1.2.1, it was found that at the beginning
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Relation between milligrams of furfural and % furfural oxidized

om. of 2.002% mg.furfural % furfural
furfural oxidized

0.2 L 100.00

0.5 10 86.91

1.0 20 83.92

1.5 30 78.91

2.0 40 75.67

Cp.) 50 7233

Table 5.1.7.2

Relation between standing tine and 1 yelume © of sodium

thiosulfate, using 4 mg.of furfural

Standihg time, min

™~

o T e
volume of 5203 s cm

>

10
15
20
a5
30
35

8.80
8.75
8.80
8.78
8.80

8.80
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of mixing the solution containing boeth phenol and furfural remained
colourless but that of furfural changed into pale brown one while
that of phenol remained colourless after 18 hour-standing. Conse-
quently, more details about the effect of hydrochloric acid on
furfural and the mixture of both furfural and phenol were studied

and given in Tables 5.7¢2.21 and 5.1.2.2.2

5.1.2.3 Kinetic data for the furfural-hydrochloric acid 5

reaction In accordance with 4.3.1.2.4, kinetic data for the
furfural-hydrochloric acid reaction at 30.4 I 0.1% was obtained ;

and given in Tables 5.1.2.3.1 and 5.1.2¢3.2

5.7.2.4 Study of the phenol-furfural rcaction at various

temperatures With reference to 4.3.1.2.5, viséosity data for the

phenol-furfural reaction in the presence of conc. HC1l at tempera-
0
tures 30, 40 and 50 C were obtained and given in Tables 5.71.2.4.1,

5e%1e2e4e2 and 5+.1.2.4.3 respectively.

513 Spectrophotometry Spectra of products, reactants,

both in absence and in presence of conc. HCl, are shown in Figures
5¢61¢3e1y 5413.2, 5.143.3 and 5.1.3.4. The reproducibility check
in the prescnce of phenol and furfural and reproducibility check
of furfural-conc. HCl system were also made. The results are shown
in Tables 5671431 and 5.71.3.2

Effect of hydrochloric acid on the phenol-=furfural mixture
was .studied spectrophotometrically and its spectrum is shown in
Figurc 5.1.3.5. After these, the UV absorption in the kinetic study

of the phenol-furfural rcaction in the prescnce of conc. HCl was
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Pable 551:2.2.1

\

Effect of hydrochloric acid on fuzfural at 2590

Time, nin Color of solution

0 Colorless

30 Colorless

60 Pale pink

90 Pink

120 Pink

150 Deep pink

130 Deep pink

18 hrs. Pale brown

Table 5.%1.2.2:2

Effect of hydrochloric acid on both reactants at 25°C

-\ @l HC1
\\ 080 1G22 TOG T JOb (0.8 1Yl 12.0 13,0
Time,ni :
0 CL CL CL cL CL CL CL 0.
30 aft 1 | 1 i1 " i1 1" it
60 n n d i i " BK BK
90 n W W W Y W i i
120 n " i PB PB i i "
150 i " " " i " i 0
180 " " " | B B BK L 1"
18 hrs " PB BN BN BK ¢ L "

CL = Colorless, W = Yhite, PB = Pale blue, B = Blue, BK = Black,BN =Brown
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Table 55%1:2.3."

Kinetic data for the rcaction between furfural and concentrated

hydrochloric acid

Reaction tinme, . Efflux time, sec

nin Fi;;t reading Second reading Avecrage
15 25741 2573 25%.2
- SR 25741 256.9 257.0
75 256.9 256.7 256.8

105 25740 256.8 256.9
150 256.9 256.9 256.9

18 hrs. 25647 2573 257.0

Tahie ~5+1.2: 3.2

Efflux time of doubly distilled water

1

Reading Efflux time, scc
1 25440
2 254.0

Average 254.0




Table S5.0i2.4.%

Efflux time of the reaction solution at 30°C

B

Reaction tine,

Efflux time, sec

min First reading Second reading Average
15 25546 e27ad 255.55
30 - - s
45 4 - -
60 256.0 256.1 256.15
75 - - -
90 - - -
105 = i -
120 256.0 8PpY6 2%55.8
150 - - -
180 25645 256. 4 256445
20 hrs. 256.1 25547 255.9




Table 5.1.2.442

Efflux time of the reaction solution at 40°¢

33

Reaction time,

Efflux time, sec

min Tirst reading Scecond reading Average
15 - - &
30 255.9 256.,0 255.95
45 - - -
60 255.9 25547 255.8
75 - - -
90 - - &
105 9 y -
120 L 1 ”
150 - - E
180 256.0 256.4 256.2
20 hrs. 255.0 255.2 255.1
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Table 5.71,2.4.3

Efflux time of the reaction solution at 50°C

caction time, Efflux time, sec
min First rcading Second rcading Average
15 2547 25k, 4 254,25
30 p: - i
45 - - -
60 25546 25642 255.8
75 - - -
90 " - i
105 T - e
120 - - A
150 & - .
180 254.3 25348 254,05
20 hrs. 256.1 256.7 256.4
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Table 5.7¢%e1
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Variation of rcaction time with absorbance of phenol=-furfural

mixture at wavelengths of 206, 217, 224, 270, and 275 nn

Reaction timc, A206 A217 A224 AZ?O A275
min
5 0.310 0.399 Oe 344 0. 737 0.693
15 Q.315 0. 406 Ce339 0.735 0.703
30 0.3 0.409 0.342 0.740 0.702
45 0.307 0.406 0.342 0. 734 0.699
60 0.309 0.408 04341 0.738 0.701
75 0373 0.411 0.342 0.738 0.702
90 0.326 0.423 04354 0.738 0.701
105 0.314% 0.415 0.348 0. 7hk 0. 704
120 0313 0.415 0.344 0. 7hk 0.705
135 0.319 0.416 04347 0.743 0. 704
150 0.318 0.418 0.347 0.743 0.706
165 0:535 0.428 0.355 0.743 0.706
180 0.335 0.428 0.355 0. 747 0,706

A = Absorbance
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Variation of rcaction tinc with absorbance of furfural-conc.HCl

system at wavelengths of 215, 224, and 270 nn

|

Reaction tine, A215 A224 A27O

nin

5 0.228 0.200 0.455
15 04229 0.203 0.460
30 0.229 0.204 0.463
45 0.227 0.203 0.463
60 0.226 0.202 0. 164
75 Q.P25 0,200 5.466
90 0.22k 0,202 0,466
105 0.223 0.201 0.465
120 0.223 0.200 0,467
135 0.222 0.200 0.467
150 0.221 0.193 0.467
165 0.220 0.198 0.468
180 0.220 0.199 ' 0.468

A = Absorbance
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obtained and present . in Figurc 5.1.3.6 and their visible absorb-
ance at several concentrations werec rccorded-and shown in Figure
561:3,7

Variation of absorbance with rcaction time of phenol-
furfural nixture in the prescnce of 1 and.ficméof conc. HCl at

wavelengths of 217 and 271 am is shown in Figurcs 5.1.3.8 and

5¢1¢3.9 and Tables 5.1.3:4 and 5:1.3:5

5.2 Kinetic study

Kinetic data for the phenol-furfural rcaction with conc.
HC1l as a catalyst at various conditions are given in Tables 5.2.1,
50242y 542435 5.2.04, 5.2.5,Upppbe=i0) .7 and 5.2.8 and Figures
Salels 54242y 54263y TR S e S 200, 2.7 and 5.2.8 reapec-
tively.

The data in the above Tables and Figures was used in
plotting graphs of absorbance at wavelength of 635 nn (A635)
against time. All of the resulted graphs are linear as shown in

Figures 5.2.9, 5.2.10 and 5.2.11
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Table 5.1¢3.3

Variation of rcaction time with ultra-violet absorbance in phenol-
furfural reaction with conc HCl as a catalyst at wavelengths of

217 and. 271 nn

Reaction time, 08T, Bsng

nin

2 . 0.993 0.322
30 0297k 0.311
66 0.990 0.319
90 0.978 0.319
120 1,014 0.325
150 0.973 0.312
180 0,993 0.323
2bo 0.9380 0.309
360 1,014 0.334
22 hrs. _ 1.076 0.335

A = Absorbance
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Variation of absorbance with recaction time in phenol-furfural

Table 5.1.3.4
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mixture in the prescnce of 1 cméconc HC1 at wavelengths of 217

and 271 nn
Rcaction time, A217 A271

* nin
2 0.671 0.245
60 0,698 0.254
120 0.698 0.250
, 180 0.663 0.242
240 0.654 0.240
22 hrs. 0.698 0.247

A = Absorbance
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Variation of absorbance with reaction time in phenol-furfural

Table 5.1.3'5

3
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mixture in the prescnce of 3emZ.conc HC1l at wavelengths of 217

and 271 nn

Recaction tinme, A217 A271
nin
2 0.710 0.211
60 0.715 0.213
120 0.764 0.237
180 0.709 04220
240 0.717 0.218
22 hrs. 0.761 0.238

A

= Absorbance
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Table 5.1.3.6'

The variation of reaction time with absorbance at wvavelength of
635 nm (A635) for the phenol=-furfural reaction at 500(1 in the

presence of conc,.HC1

Reaction time, A635
hr
A 0,000
b 0,000
6 0.000
B 0.013
10 0,040
12 0,065
14 0.095
16 0. 122
T 0,150
20 0.138
28 0.225
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Fige5.2.1 The variation of reaction time with absorbance
at wavelength of 635 nm for the reaction between
0.7H phenol (45 cro) and 0.2M furfural (15¢md) in

the presence of conc.HCLl (3cm?) at 53 C
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Table 5.2.1

The variation of reaction time with abgorbance at wavelength of
635 nm ( A635 ) for the reaction between 0.7M phenol (450m§) and

0.2M furfural (150m?) in the presence of conc.lCl (3cm?) at 53°C

eaction time, == e,
hr '

N 0,138 0.276
6 0,335 0,670
3 0.515 1.030
10 0..720 1.440
15 1,160 24320
16 ma26s 2.530
18 1,482 2496k
o 1.710 3.420

k = 0.193 hr™]
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Table 5.2.2
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The variation of reaction time with absorbance at wavelength of

635 nnm ( A635 ) for the recaction hetweén 0.7M phenol (45 emdand

0.2M furfural (15 c.m?) in the presence of conc.HC1 (30m‘-.5) at 50°C

Reaction time, bess B dheds

hr

8 0.240 0.480
10 0.365 0.730
12 0502 1.004
14 0,650 1. 316
16 0.810 1,620
- 0.950 1.900
0 1.118 2.236

k = 0,147 hr~

1
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Table 5.2.3

o7

The variation of rcaction time with absorbance at wavelength of

635 nm ( A635 ) for the reaction between 0,71 phenol (45cm§) and

0.2M furfural (15cm%) in the presence of conc.HC1l (30m3) at 4500

leaction time, A635 X 2A635
hr
" 0.020 0.040
6 0.040 0.080
10 0.110 0,220
19 0.157 0,314
" o,é35 0.470
16 0.300 0,600
18 0.368 0.772
20 0.480 0.960

k = 0,057 hr~

1
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Table 5.2.4

The variation of reaction time with absorbance at wavelength of
635 nn ( A635 ) for the reaction between 0.7M phenol (450m§) and

0.2M furfural (15¢m?) at 50°C in the presence of Gem> conc.HE1

Reaction time, Agzs sl
hr
:
L 0,158 0.316
6 0.324 0.648
8 . 0.521 1.042
10 0.738 1. 476
12 0.970 ' 1.940
b 1.180 2.360
1€ . 1.398 2.796
18 ‘ 1.640 3.280
30 1.845 3.690
k = 0.215 hr™"
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Tdble 5.2.5

The variation of reaction time with absorbance at wavelength of
635 nm ( A635 ) for the reaction between 0.7M phenbl (45 c;m?) and

0.2M furfural (15¢m?) at BOOC in the presence of ‘lc’-m; conc.HC1

Reaction time, Kgzs X = 2hg5,
hr
6 0,035 0.070
8 0.070 0.140
10 0.112 0.224
12 0,166 0.332
14 0.220 0. 440
16 0.278 0.556
18 0.340 0.680
20 0.408 0.816
k £ 0,054 hr
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Table 5.2.6

The variation of reaction time with absorbance at wavelength of
635 nm ( A635 ) for the reaction between 0,71 furfural (45cm§)

and 0.,2M phenol (WSOM%) in the presence of conc.HC1 (3cm§) at 55°C

Reaction time, Agss £ = 2hgss

hr

" 0.274 0,548
6 0,754  1.508
8 04875 1750
10 1.108 24216
12 : 1.350" [ 2,660
14 1.552 3. 104
16 1.718 3.436
18 1.900 3.800
19 1.980 3.960

k = 0.2 hr™]
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Table 5.2.7

The variation of reaction time with absorbance at wavelength of
635 nm ( A635 ) for the reaction between 0,7M furfural (45¢nd5

and 0,2M pheuol (ﬂicm% in the presence of conc.HCL (BCmé) at 50°¢C

Reaction bime, 835 = Flaae

hr

L . 0.259 0.518
p 0.532 1,064
8 0.812 1.624
10 1,035 2
™ 1.238 2.476
" 1,445 2.390
6 1,628 3.256

k = 0.227 hr™
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Table 5.2.8

The variation of reaction time with absorbance at wavelength of

635 nm ( A635‘) for'the reaction between 0.7M furfural CQch3) and

0.2M phenol (15cm3) in the presence of conc.HCL (30m3) at 470C

Reaction time, s AT ek

hr

B 0.412 0.22k

6 ’ 0.232 0. 464

8 0.392 0,784

10 0.568 1136

12 0.738 1.476

" 0.862 1. 72k

i 1.017 2,03k

18 | 1,125 2,250
% 1,258 2,516

k = 0,147 hr”
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5.3 Determination of specific rate constant, k and reaction order

The specific rate constaont of the reaction was obtained from
the slope of the rectilincar plot of X vs timc as shown in the
same Tables and Figures as section 5.2 and from the plots, the
order of the reaction was found. The values for k are given in

Tableg 5.3.1, 5.3.2 'and 9:3.3.

5.4 Calculation of activation energy, Ea and frequency factor, A

Based on Arrhenius equation,

- _/RTP
k = Ae =
K . ™
or ln —'I-{T% + lnA uo.a‘.o.ncoooooooo.oo(5.1)
Let k = k1 at T = T1 and k = k2 e T2

substitution of k's and T's into equation 5.1 yields

k E T,= T
1 a ( 1 2 )
ln koo = g tooo-9000090000000000(5.2)
5 R 4t

Substituting the values of k and T from Table 5.3.1 into equati&n
5.2, the activation energy, Ea could be calculated and substitu-
tion of k, T, and Ea in equation 5.1, the frequency factor, A is
finally obtained.

In this case,

H )
k, = 0.147 hr™" T, = 325°K
1 sl 26 ° &
k2 = O- 93 hr [} T2 -~ 3
using R = 8.314 joule deg-1 mole~1, thus
% -1
E_ = 8.01 x 104 joule mole
and A =3 1,32 x 1012 ="
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Table 5.3%.1

The variation of k with temperature when an excess of phenol and

> éil> of conc.HCL were present
g -1
e ky hr
318 0.057
323 0.147
326 0.193

Table 5.3.2

The variation of k with temperature when an excess of furfural

>

and 3 em” of conc.HCl were present

or ""1
P K k, hr
320 O0e 147
323 0.227
328 0214
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Table. 5.3

The variation of k with volume of conc.HC1l when an ecxcess of

phenol was present and the reaction temperature was fixed at 50°C

eimconc JHC1 i hy
1 0.054
3 0,147
6 0:215
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