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Chapter=1
IBTROUZTCT Im

2-0xynaphthoiec acid, comncrecilally known us 'BCN*
acid, is & valuable intsrmediste In the dyestuff Industry.
The arylamides of BCN acid (Naphthol /s series) have vastly
extended the :scope of azoic colors. The dyes produced on
cotton fibre by these naphthols are comparable to
anthraquinonoid vat dyes for their deep brillisnt shades
and all round fastness properties.

BON acid i1s prepared by the azction of dry CC, on
dry alkali naphtholate. The process is usually referred to
as the Xolbe synthesis aiter its discoverer. Later jchaitt
improved the process by carrying out the carbonation under
pregssure and at elevated temperatures, The method consists
of the following stages t preparation of anhydrous so 'ium
2enaphtholate {roa 2-naphthol and agucous caustic soda by
vacuum dehydration carbonation of the enhydrous salt with
CO, under pressure at 230-270°3 recovery of 2-nsphtholj and
puricication of the {inal product., The scheme of rcactions

may be represented as follows @

O

QU™ meon— (CLT™ o )
ONa ONa OH

2 + COp —> -



ONa OH
+ H,S0, —> + NasSO (3)
coomo == Oe COOH 2556

Rroadly speaking there are two aetheds of carrying
out the reaction. The so=called dry method, which is
extensively used in industry, employs a series of distilla-
tions to remove 2-naphthel as the re-ction progresses, in
order to facilitate an ineressed yield of the product. The
prineipal difficulty in this process I1s mechanicalj
neverthel:ss it has been successfully used in industry.

Several workers have suggested modifications to
the Yolbe-ichmitt reaction to overcome soae of the
difficulties encountered in the dry process. Asong these muy
be mentioned :

le The use of a ligquid medium, both for dehydration
and carbonation, e.g. 2=naphthol, dioxane,
pyridine, toluene and xylcne.

2 The use of sodium hydride along with anhydrous
alkali naphtholate during carbonation.

3. Th: elimination of the dehydration step by using
anhydrous XoCCg directly with 2-naphthol for
carrying out the carbonation at high temperature

and pressure (Marasse method),



4, Preparation of 2-hydroxy=-l-naphthoic secid and its
subsequent conversion to 2-hydroxy 3=naphthoie
acid (BOX acid).

Of all these methods the one employing a liquid
dispersent appears to have several advantages which include
reduction in mechanical load snd ifmprovement in muss transier.

¥uch has been published on the chealstry and
general technology of the Wolbe-ichmitt reuction, but there
is surprisingly little information on the process kinetics
of this reaction (with particular reference to the
preparation of BCH aeid). (n the scolvent dispersion metheod
the literature is particularly scaenty. 7he no-aal ylelds
obtatned in industry by the dry process are of the order of
@6 per cent with a theoretical conversion of sbout 35 per
cent. The prineipal resson for the low yleld 1s the loss
of ?-naphthol as undesirable tar. In the enly reports
avallable on the industrial application of the liquid
dispersent process, the conversions are stated to be 32 per

cent and the ylelds of the order of 60 per cent.
Cbject and [+ resent work

Both the dry and solvent methods are apparently
capable of improvement. In view of the relatively little
information available on the solvent process and its reported
advantzgesy it was decided to examine this nethed In a
systematic manner., Thus the present investligation was
undertaken with the object of studying the effect of several

process variables on the conversion of 2-naphthel teo BON



acid using a medium of kerosene oil for dehydration as well

as carbonation.

The dehydration step was {irst studied in
considerable details A significant ifaproveaent has been
introduced in this step by incorporating traee guantities
of an additive which cuts down the dehydration time (rom
24 hours to about 8 hours and also ensures total dehydration,
a necessary pre-condition for high selectivity during
carbonation.

Over 1CC runs were organised to study the
carbonation step, and it was found that under optimum condi=-
tions a conversion of about 33 per cent could be obtained
with a selectivity of about 59 per cent (yicld : 77 per cent),
It was also found that the high pressures normally used
in industry are not necessary and that pressures of 50=70
psig give the most favourable results., Tgher pressures
in fact tend to be detrimental to the desi~ed reaction.

A probable mechanism based on muss transfer has been
proposed for the Tolbe-Sehmitt reaction, and an equation
for predicting he overall reaction rate as a function of
reaction time hus been developed,
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Chapter~-I1
LITERATURE SURVEY

CHEMISTRY

The aetion of COp on dry sodium 2=naphtholate
glves two isomeric aeidaw. The salt of the valuable
2«hydroxy 3-naphthcie aecid forms at temperatures above
200%, preferably in the range 230-27C°, while the salt of
2-hyiroxy l=najhthoie aeid forms between 12C and 130° and
starts decomposing above 1307,

n

Isomers I and II undergo further reuzction with
lt:ading4 2=nsphtholate to give the corresponding disodium
salts .

COONa COONa

OH . Na ouo . OH
OH
. ONa ONa, OH
COONa COONa



The overall reaction for 2-hydroxy 3-naphthoic acid msy then
be represented as

2 ONa o ONa N OH
+ ——
2 COONa

The maximum theoretical conversion possible is thus only
50 per cent,
42,46 43,55 49

Tijmastra » >chwenk 9 Reimer Ticmann
31edel, wolf and Kransou’se and other workers nave
postulated theories for the mechanism of the carboxylation
of sodium 2-naphtholate by CO, (Yolbe-Schmitt reaction in
general). ‘55:;4 the theory put forward by Zarpuchin and
Chussid seems to be the most acceptable. They
pointed out that the produets obtained by carboxylation at
different temperatures exist in tantomeric forms. Thus it

has to be considered as a Mesomeric system.

B H\C P,

XS -0~ OO,

L

H

Depending on the temperature, the arrangement of CO, may
occur to give an alkall salt, 2~hydroxy l=naphthoic acid



or 2-hydroxy-3-naphthoic acid.
TZCNOLOGY

(1) Xolbe-3chmitt process (d

2
%olbe znd 3elmitt prepared 2=hydroxy l=carboxy -

_naphthalene (m.p. 154°) by treating dry sodlum 2-naphtholate
with COp at 120-145° st atmospheric pressure. The sodlum
salt of hydroxycarboxylic acid formed was dissclved in water
and acidified to give hydroxycarboxylie acid, but the acid
was unstable and decomposed easily to 2=naphthol and COoe

4
Later Schmitt obtalned 2=hydroxy=3=carboxynaph-

-thalene, a stable yellow compound (m.pe 216°), by carrying
out the carbonation of dry sodium-2-naphtholate at 200=250"
undor pressure. This method of manufacturing BCN acid hus
since remained standard in the cheamical industry. The
manufacturing process =s given In }310337 is briefly
deseribed belowv.

Csustic soda as 50 per cent liquor and 2+-naphthol
(4n the molar ratic 1l:l) cre charged Into a cast steel
vessel heated by a coil using steam at 45C psil and provided
with a fredreking type stirrer through an adjustable gear
box. “Tho sodium 2-naphtholate formed is complotely
dehydrated under vacuum, first at 190° under 40 mm vacuum
and {inally at zec-wf ander 15 ma vacuum. The dehydration
takes about 24 hours.

The dry sodium=2-naphtholate is then carbonated
in three steps starting at s temperature of 220-230° and



finishing at 260° with a final pressure of 4.5 atm. after
each step (lasting for 5-6 hours) the f(ree 2-naphthol formed
1s Aistilled at about 220~23C° under 15 mm vecuum. The
total free 2+-naphthol distilled in three (istillations is
nearly 42 per cent of the charge, and the total time lor
carbonation and distillation is 28 to 3C hours.

After the third distillation, water is introduced
into the kettle and the reaction mass brought to about
145°. “he solution 1s then dumped ‘in a neutralisation tank,
Free 2-naphthol is precipitated at a pH of 6.8 and BON
acid at a p7of 2. The following yields of BCN aecid are
nornally obtained.

72.6 per cent on 2=-naphthol consumed
35,6 per cent on 2-naphthol charged

(5ee page 32 for definitions of yield and conversion)

Other methods described in the patent
34,6, 12, 14,17, 23,29
literature on the dry process do not

deviate significantly from the proccss described above.

(2) Maragse method

Mnraaso&’ in 1893 proposed a simple modification
to the Yolbe-ichmitt reaction in order to overcome the
difficult and time consuming preparation of the hygroscopie
naphtholate, The procedure involves heating Z=naphthol with
an excess of anhydrous K,COg at 230° under a high COg
pressure (1200=2000 psi ) to give the K=szlt of
2-=oxynaphthoic acid. Acidification releases the free acid



in good yield, but there is also a likelihood of the
formation of the isomer, Z2-hydroxy=-6é-carboxynaphthalene.

This -odu‘lcgtlgn has been applied to approximately
one mndred pmhw’.,l’aa and hns given good results in
many cases. The excess of potassium carbonate acts as an
extender and prevents the fusion of the amixture.

Industrially this procedure is exponsive since only
potassium, rubidium snd cesfum carbonates huve been found

suitable.

(3) Use of liquids

(a) Solvents

7.9’ 10’ 10. 32, K5
In some patents 2=naphthol has

beon exploited as a solvent. Since 2=naphthol dissolves
its sodium sslt, carboxylation would be asdvantageocus {rom
& teemical standpoint, 7he resction

OH " ONa __o ONa " OH
COONa S COONa

leading to the formation of the disodium szlt may be
suppressed to somec extent by using excess of 2-naphthol

(a8 solvent). Thus it should be possible under ideal
conditions to obtain conversions of over 50 per cent. The
theoreticzl conversion is usually restricted te 5C per cent
in view of the above roact?%on going to completion. But

the reported observations are not promising. 2-Naphthol
was not found to be inert in the Kolbe-ichmitt reuction,



and as a result large quantities of tar are formed under
ecoertain eonditions.

organic liquids, which have a solvent action on
2-naphthol and alkali 2-naphtholate but do not dissolve the
alkali salt of 2-naphtholacarboxylic acids and which are
stable and chemically inert, aay be used as solventis.
Dioxane, pyridine, their homologues snd acid soluble coal
tar fractions fulfil these conditions and have been tried;
for practicasl reasons dioxune has received greater

18, 19,20, 21, 22, 54

consideration than other solvents .

2-N§zphthol 1s allowed to rezct with an equivalent
or excess amount of NaC' in the solvent. WNa=2-naphtholate
1s then dehydrated by azeotropic distillation using fresh
dry solvent (for sdjustment of volume). If an excess of
Nacd is used, the mixture is refluxed for scme time, and
the aqueous layer is then scparated und dried over a
dehydrating agent, e.g. caustic soda, calcium oxide, barium
oxide or calcium carbide.

This procedure leads to officient dehydration, but
is time consuming. To shorten the time of azeotropic
distillation, a third solvent (;33. benzene) which forms a
minimum boiling mixture is used . After dehydration,
carbonation proceeds smoothly under normal conditions.

The liquid method hsas a number of advantasges. It
ensures efficient drying of Na-2-ngphtholate. Fo
difficulties are encountered resulting from local overheating
or inadequate stirring. It reduces the formaticn of



by-products such as xanthone or tar. 4s a result
hydroxycarboxylie acids can be obtained in higher purity
and ylelds. It makes it possible to carry ocut carbonation
at the optimm temperature of 250° (from the beginning of
the reaction) which is not possible in the dry process.

The principal disadvantage of this method is the
use of excessively large cquipment and the additional
investment for handling of solvents wnd their recoverye.

(b) Dispersents

Some organic liguids (e.g. paraffin, toluene,
523,47

xylene and tetralin) have been suggested as
dispersents (diluents) for carrying out this reuction. These
do not dissolve the alkali metal naphtholate and do not
react with the starting materials and intermediate or final
products. The use of kerosene oil as a dispersent in one
of the industrial plants is also known. 3Such diluents
facilitate the preparation of anhydrous naphtholate. lowever
they tend to have an undesirable effect on the ¢ -rbonation
reaction because COp dissolves but sparingly in the diluent
(hydrocarbon) and the eontaet of CGp with the suspended

and coated naphtholate particles might not be efficient.

It 1s therefore necessary to use as little of the
diluent as possible and also to get the naphtholate in a
finely divided state for the carbonation to proceed smoothly
and with the required resction rate.

(4) Cther methods



Dry sodifum 2-naphtholate is subjected to the
action of 002 at a temperature of 40-60° (or in some cases
at 120-130%) with or without a liquid medium under

11. 1:5. 27' 28’ 30, '“,5"&
atmospheric pressure « The product
48 obtained as a discdium salt of 2,l-hydroxy-naphthoic

aeid. It is then processed in the usual aanner.

COONa

N OH

The conversion of 2,l-hydroxy-naphthoic acid 1s practically
quant {tative, i.e. 50 per cent on the 2-naphthol charged.
This can be increased to 100 per cent of the naphtholate
charged if an equivalent amount of metallic sodium 1s used.

COONa

This reaction 1s best carried out in an indifferent ligquid,
or preferably in a liquid which is a sclvent for both
naphthol and naphtholate.

The disodium salt of 2,l-hydroxy-naphthoic acid,
substantially free from naphthol and other materials
eontaining free hydroxyl groups, is heated to 220-360° in
a chemically indifferent solvent uncder No or COp atmosphere
t1ll the tautomerisation is complete. “he conversion to BON

13, 36
acid is substantially quantitative. It is claimed .  that.



this method cazn be made continuous.

In another proooua‘ the disodium salt of
2, 1=hydroxynaphthoie acid is heated to 235-45° under a CO2
pressure of 4.5 atm. with intermittent addition of 2-naphthol.
After the tautomerisation the free Z2-naphthol is distilled
out in vacuo and the product is separated in 65-7C per cent

yield.

These processes involve the additional cost of
preparing 2, l-hydroxy-naphthoie acid, and i a liquid medium
i1s used the cost of solvent handling and recovery is ulso
added upe rFurther there is nc improvement in the conversion

and yield as comparcd with the direct methoeds.

(b Tse of sodium hydride

33
A patent  has described the preparation of dry

Na-naphtholate by using FaCH or Ka'l in a nitrogen atmosphere.
The dry salt 1s treated with COp at a pressure of 5 atm.

at 230-250°, preferably with the addition of more Na'.

Higher ylelds are clsimed by a further reaction of the
carboxylation product with COg and additional NaMl.
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Mter-lll

The experimental assembly for this Investigation
was set up with the object of studying the erfect of process
variables on the ¥olbe-ichaitt reaction leadling to the
formation of 2CH zeid in the presence of kerosene oil as
a "ispersent, The principal features of the cxperimental
tee'migue are briefly described under tne heads 3 (1)

equipment, (2) principal rew materials, and (3) operation.
1. . JIFMERT

All the experiments in the course of this
1n§es* igation were carried out in two reasctor :zssemblies.
Rezctor A, in which the earlier part of the Investigation
was carried out, was the smaller of the two and was not
provided with a sanpling device. ~he latter part of the
investigztion was carried cut in reactor B which wus not only

larger but was 21lso provided with an arrangement (or sampling.
Rguetor A

A disgrammatic sketeh of the rescter and accessories
1z shown in Pig. (1), and a photograph of the unit appears in
Flge (2)e “his consisted :ssentlially of 2 stainless steel
reactor, 8 cu diascter x 19 cm height, with a volumeiric
capascity of 85C ml. The reactor was provicded with an
anchor type stirrer which could be driven at 16C rpm
by a § H.P. motor through a suitable pulley srrangement.

The stirrer stufling box was provided with a Jacket (for
the portion inside the reactor) for water cooling. In the



flanged 114 of the reactor were openings for charzing,
vapour outlet (used ‘uring distillation of the solvent)

ant "0, dnlet. A thermovell of sppropriate length was also
proviced. 7he reactor was heated by eloctrical resistance
vire wound over its outer surlace, snd the heat inpul was
controlled through = variaze and an amscter. The entire
resction assembly was tested for a pressure of 3CC psig

at 35¢° and was found to be leak=proof.

The agsembly also had provision for «dequute
¢rying of "G, and for eondensing the mixture of kerosene oil

and water during dehydration.

Reactor B3

“his assembly 1s shown diagra:sticelly In
#1:5. (3 and 4). ‘he reactor (stainless steel), 20 cm diameter
x 20 ca height, had & velumetric cspacity of about 6 litres
an’ wus flanged at the top as in reacter a. In addition to
the .Jeatures already described under reactor ., this reactor
was provided with a bottoam discharge fitted with s ¥ ineh
stuinless steel gate valve. 4 stainless stecl pressure
tube, approximately 20 ml in capscity und closed at one and,
wss itted to the gate valve at its open end. whenever It
wus (desired to colleet a sample, it was only necessary to
£111 the tube by opening the valve, close the valve again
and then remove the tube from the reactor assembly. an
arranzement wss provided in this sssembly for reco ding the
temperature continuously through & Caabridge circalar recorder.

A photograph of the asseambly appears in Fig. (5).



?, PRINCIPAL RaW MATERIALS

In the course of this investigation the following
chenicals of specifications stated against them vere used @

(1) 2-Naphthol - Technical grade; brown
grains; purity 96-97 per cent.

(in Sodium hydroxide =~ Commercial grade; {lakes;
parity 93-94 per cent,

(111) Carbon dioxide = Commercial grade; dry Clg
from cylinder.

(iv) Xerosene oil = Superior Purmah Shell grade

kerosene coil; boeiling range
160-265%; 60 per cent
distilled below 200°.

3. CPLRAT ICN

The operation of the reactor assembly was essentially
according to a pre~determined procedure, Several [{actors
were varied In the process, such as kerosene oil te
2=naghthel ratio, temperature, pressure and time. A brief
description is given below of the essential features of the
operztion under the heads s charging, dehydration, '
carbonation, working up of reactor mass and analysis of
products. The exact procedure, which would include details

oi time temperature and pressure, will vary froa run to run.

Charging

Kerosene o1l and 2-naphthol were charged in the
reactor in a pre~determined ratio. Stirring was then started
and CEAdEDN OXEREODR Nall was added as 50 per cent liquor.
Heating wvas commenced and the temperature brought to about

60° in } hour. An accurately weighed quantity of an additive



was then added to the reaction mass.

DC&dl'lt ion

An air condenser and a water condenser (along with
a separating furnel as recelver) were connected in series
with the distillation arm of the reactor. The feed hole
of the reactor was connected to a graduated reservoir of
fresh kerosene oil. ‘leating was then increased und the
temperature raised to 9C° in another } hour. At this
temp rature a mixture of kerosene oil and water started to
¢13t111 over. In order to ensure a constant ratio of kerosene
eil to 2-naphthol in the reactor, kerosene oil was
introduced into the reactor through the grsduated reservoir
at the same rate at which it distilled over (rom the reactor.
In order also to ensure that molsture was not introduced
along with the kerosene oil, carefully dried kerosene oil
was used. (In the later part of the investigation it was
found unneccssary to dry the kcrcsene oil before use since
the water content of the oll was found to be negligible us

detormined by Xarl Fischer reagent.)

By this distillation almost all the wuter (water
added with caustic soda plus water formed during the reaction)
could be removed in the first two to three hours. fThe lust
traces of moisture came out in the form of droplets in the
distilling kerosene oil. The quantitative removal of
water was ascortained in each run by measuring the water
removed, Dehydration was considered to be complete only
when the wator removed was equal to the water udded and
that formed during the reaction. In order to make sure thnt'

547657 (0/_/%)
PH



the last traces of moisture have been completely removed,
distillation snd addition of kerosene oil were continued
t1l1l1l there were three complete change-overs of kerosene oil
from the resctor. This meant the addition of 6 litres of

kerosene oil to the reactor during distillation.

The next step in the dehydration ecycle was the
ad justment of 2=naphthol to kercosenc oil ratio in the
reactor to a pre-determined value, either by adding or
removing kerosene cil. At the end cof this udjustment, the
temperzture in the reactor reached a stable valugf?!ac to
235° in the majority of runs. The total time of dehydration

was then defined as the time required to reach this stage.

Considerable care was exercised during dehydra=-
tion since even traces of moisture are known to interfere
seriocusly with the carbonation of Na-2-naphtholate to RCON

acid.

Carbonation

The condensers and feeding line wvere disconnected
and these openings in the reactor were plugged. 7The needle
vslve (ixed to the reactor was then connected to the COg

cylinder through a trap filled with silica gel.

COp was Introduc=d inside the reactor st a slow,
regulated rate at the desired temperature. The pressure
and temperature were then varied according to a pre-determined
plan. It was found that at the begimning of carbonation the
control of the resction temperature was diificult, also

an appreciable absorption of COp was noticed in the first



tvo to three hours, after which there was practically no
absorption till the end of the reaction. 7The reaction
was stopped after the desired time interval, and the

products of reaction were worked up.
wWork o

After carbonation the heating was cut off and the
resctor nass was allowed to cool down under stirring. Wwhen
the temperature cazse down to 90°, the residual gas was
released slowly. wWater was then added and the mass heated
to about 125° to ensure complete dissolution of the product.
The solution was cooled to about 90° and was discharged
through the bottom valve. 7This solution varied from dark
brown to dark red in colour. 150 to 20C ml. of a 20 per
cent solution of NaOW was then added and the solution was
further diluted by water to 8.6 to 10.2 Twe

The diluted solution was heated to 70-80° by steam
for 15 minutes, after which steam was stopped but stirring
was continued for one hour and then allowed to settle for
+ nour., This procedure helped to separate the tar
efficiently.

The tar was removed by filtration. The filtrate
consisted of two layers, the aqueous layer containing BON
acid and 2=naphthel and the organic layer containing
kerosene oil plus dissolved tar., The kerosene layer was
removed, and the squeous layer was worked up for the
isolation of 2-naphthel and DON acid in the following manner.

The aqueous layer was heated to 65-70° and the pH



brought down to 6.8 by 50 per eent sulfuric acid when
2-naphthol was precipitated out. The complete precipitation
of 2-naphthol vas ensured by the following test : a sample
filtered through a dry filter should remain clear with
further dilution with water, The precipitated 2-naphthol
was then ffltered and the filtrate worked up for BCN acid.
2=Naphthol cake was washed with a little carbonate

solution and then with water to neutral pHe The crude wet
cake was dried in a vacuum dryer at 40-50° and its purity
estimated. In a few test cases, the wet cake was distilled
under high vacuum in a specially comstructed distillation
unit and the purity of the cake determined directly.

The filtrate was heated to 70-8C° and the pH
brought down to 2 with 5C per cent sulfuric acid when 3BON
acid precipitated out. The slurry was then cooled to 50°,
filtered, and the PCN acid washed free of acid. 7This was
dried in a vacuum dryer at 40=-50°,



ANALYSIS

Primary aromatic amine salts are quantitatively
dfazotised by nitrous acid at low temperature (0-5%).
The resulting diszonium s:lts are very soluble in water,
and couple rapidly and guantitatively with naphthols in
alkaline solution. This forms the basis for the estimation
of naphthols.

The iodometric method was tried for the e¢stimation

37,963,462, 64

of naphthols under different titrating concditions
but this did not give consistent result under any of the

conditions.
Preparation of stand dai goluti

3odium nitrite solution (0¢5N) was prepared, and

its exact strength was determined by sulfanilic acid 2nd
60,68,63,64

oxidation with potasssium permagnale « This
standardised sodium nitrite solution was used in finding out
the content of p-chlorcaniline in a prepared solution (0.20N,
in excess HCl). A known strength of p-chloroaniline
solution (50 ml) was taken in an ambered colored volumetric
flask (250 ml capacity) snd was diazotigzed at C=5° with
sodium nitrite solution; a little amount of potassium bromide
was used for stabilizing the diazo solution. “his standard
diszo solution was used in the estimation of naphthols as

given below.

Preparation of naphthol solutions

2=Naphthol



1l.44 gm 2-nsphthol was dissolved in 1C ml of
2N NaOH and 400 ml water, and then made up to 500 m=l,.

BON aecid

1.82 gm of BON acid was cdissolved in 10 nl of
2N NaCH and 40C ml water and then made up to 50C ml.
37460

Estimation by standard diazo solution

2-Naphthol

50 ml of 2=naphthel solution was transferred to
a beaker, containing 20 ml of 2N NanCO3z (buffer) plus some
ice pieces and cold water (total volume about 200 ml).
The standard diazo solution from the jacketed burette
(eooled by ice cold water circulation) was added to the
naphthol solution in stages of 0.5 ml each with efficient
stirring., Each time a drop of the mixture was spotted on
a clean filter paper. The clear outer ring was tested by
spotting with diazo sclution and with a fast ooupli'ng
(H-aeid or J-acid) solution. In the beginning the clear
outer ring gave & colored rim with diszo solution whieh
became faint and then vanished with further addition of
diazo solution indleating exhaustion of 2=-naphthol in the
titrating mixture. At this stage the clear outer ring was
tested by spotting with H~acid solution indicating the
presence of excess diazo solution in the titration mixture.
The end point wus taken us the mean of the last spot with
diszo and the first spot with the H-acid solution.

BON _aeid



The estimation of BON acid was carried out by a

similar procedure.
37

Estimation of 2=Naphthol in BON acid

18.8 gm of BON acid was creamed with 9C ml water
and dissolved in the cold with 11C =1 N/1 NaCH solution.
This solution was treated with 5 gm pure ammonium sulfate,
The separated free 2-naphthol was then extracted with ether
three times taking 25 ml ether for each extt;action. The
total ether extract was filtered and evaporated. The residue
was dissolved in the minimum amount of N/1 NaOH and water,
the volume was made up to 10C ml, 25 ml of this solution
was then titrated with standard diazo solution for
deteraining the total amount of 2-naphthol.

68, 63,64
Sodium hydroxide

Commercial grade sodium hydroxide (flakes) was
analysed by titrating against standard potassium hydrogen
phthalate solution and was found to be 93 to 94 per cent,

T apr

The tar obtained in each run was dried and weighed

as suche
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Chaptep-IV
RESULTS AND DI3CUSSICNS

In this chapter the results obtalned will be
discussed under the following bdroad classifications
dehydrat 1a;?and carbonation.

Details of experimental procedure and working up
of reaction products have been described in chapter III,
and unless specifically stated it may be assumed that this
procedure has been adopted in obtaining the data presented
and discussed in this chapter.

R _HYDR AT ICN

In the experiments designed to study dehydration,
the conditions of carbonation were ixed on the basis of
the data reported in the literature. It was thus ensured
that any variation in conversion was due to changes in dehyd-
ration conditions on]:,v,.

(a) Preliminary experiments

A few preliminary runs were cuarried out in reactor
A maintaining the reuzction conditions generally as described
in the literature. The conditions used were as follows.

Charge s

Chemicsal Amount 3pecification

2=Naphthol 149 gms 97 per cent
Casustic soda 42,5 gms 94 per cent



Chemiecal Amount Specification

Water 92 ml Distilled water
Xerosene oil 450 ml 180-21c° range

Dehydration @

4,0 litres of kerosene oil were continuously added
during distillation in order to maintain a ratio of 1:3
(2-naphthol to kerosene) over the entire dehydration period.

Dehydration time = 24 hours

Total water = Water added (92 ml) nihu

recoverable resction water (18 ml)
= 110 ml

Carbonation

2=Naphthol to kerosene ratio = 1:1.3

Teaperature = 230°-250°
Pressure = (=150 psig
Time = 24 hours

CO, was Introduced at 230°, and the pressure and
temperature were raised gradually to 150 psig and 2509,
respectively, in the course of five hours.

Several runs were made under these conditions, and
they are recorded in Table=l. In all these runs the
conversion to BON scid was found to be poor, varying generally
from 5 to 10 per cent, against the theoretical conversion
of 50 per cent. The total water recovered was never 10C per
cent and, as can be seen from the table, it varied irom
90 to 95.5 per cent even though the final temperature attained



during dehydration was 200°%

The complete removal of water before carbonation
i3 essential since it inhibits carbonation and leads to
side rezctions resulting in the loss of 2=-naphtholate, water
forms strong chelation with sodium 2-naphtholate, thus
preventing the addition of 602 to give BOH aeld. The
hydrolysis of this complex gives free 2enaphthol and sodium
hydroxide; introduction of CO, then leads to the formation
of sodium bicarbonate which decomposes to sodium carﬁonato
and water again., The total reaction is given by

ONa OH
2 +Hy0 + CO, ———)2 +N02003

2=ngphtwl does not foram sodium naphtholate again, since in

its fused form it is inert to alkali.

In another side reaction one mole of water is foraed
per mole of xanthone (the main constituent of by-product
tar)e.

C-0

COONa / e

OH 0
2 ‘O +N02003+H20



Hence it is essential to ensure the absence of
molsture during the reaction and alsc to avold the side

resctions which result in the formation of water.

(b) Effect of temperature

In all the runs discussed earlier, the water recovery
was poor. It 1s likely that under the distillation conditions
used the wvater present In physical combination with the
naphtholate may not have been removed. It was therefore
thought that the last traces of water could be removed by
heating the naphtholate to a high temperature (270-320°) 1n
the final stages of dehydration. Temperatures above 307°
might be more effective as sodium naphtholate melts at that

temperature, thus facilitating the removal of bound water.

The experiments carried out for investigating the
effect of temperature were divided into four groups : (1)
experiments st 2000; (2) at 230%; (3) at 280°; and (4) at
320°, The experimental technique involved in group (1)
where the temperature did not exceed 220° (which is within the
boiling range of kerosene) was in accordsnce with the procedure
described earlier. For groups (?), (3) and (4), where the
final dehydration temperatures were ",300, 28c° and 320°
respectively, this procedure could not be followed since it
would not be possible to obtain these temperatures by the
open d1stillation method adopted at the lower tempersture.
The procedure used is briefly described below. Distillation
was carried out by the usual method up to 200°, at which stuge
the reactor was closed and heating continued. The water
(along with kerosene) from the reactor was then cischarged



intermittently by opening the valves. It was observed that
after three such discharges there were no visible droplets

of water in the kerosene discharge.

The results of these experiments are summarised
in Tsbles=-2 and 3. The runs recorded in Table-2 were carried
to completion, while the runs recorded in 7able~3 were
stopped after dehydration in order to observe the physical
state of the naphtholate. It will be cobserved that in the
first two groups the recovery of water was of the order of
95 per cent. This recovery figure 1s in consonance with
the values recorded in Table-l for the preliminary experiments
which were also carried out under similar conditions.
Observations about the physical state of the sodium 2-naphtholate
showed that it was in the form of finely divided grains well

sugpended in kerosene.

Contrary to expectations, the conversions to BON
acid obtained in groups (3) and (4) were lower than at the
lover dehydration temperatures. It will be observed irom
Tables=2 and 3 that in both these cases the recovery of water
was over 98 per cent, which is higher than the recovery at
the lower temperatures. The physical lora of sodium
naphtholate provides a possible clue for the low conversions
in spite of superior water recovery. At both these temperatures
(220° and 320°), the sodfum naphtholate was observed to be
in the form of lumps which were not probably accsssible to
carbonation to the same extent as finely divided grains.

The obvious conclusion follows that although
inereasing the temperature of dehydration enhances the rowvéry



of water, a necessary pre~condition for efficient carbonation,
the conversion to BON aeid 1s still poor in view of the
unfavourable physical state of the sodium naphtholate.

(e) Use of sdditives

in alternative method ,for the complete removal of
moisture,is the use of a suitable additive along with the
normal charge. Chemicals normally used for dehydration
were tried and screened for this purpose. The chemiculs
investigated were NaOW, *UW, CaCOgzy CaClyy silica gely
bauxite snd kieselguhr. Dehydration runs were carried out
using these chemicals (independently) to the extent of 1 to
5 per cent (on 2=naphthol charged). The principal object of
this study was to examine the effect of these chemicsls on
water recovery and also on the physical state of the
naphtholate. The data on dehydration alone are sunmerised in
Table=4,

The results show that CaCl,, bauxite, NaC', and
KOH give a water recovery of 99 to 100 per cent when used
along with the normal charge (to the extent of 1 to 2 per
cent on 2-naphthol) without affecting the fine grain
structure of the naphtholate. In other cuses the recovery of
water i1s not satisfactory.

Using these sdditives (CaCly, bauxite, NaCH, ¥CH)
both dehydration and carbonation were then carried out in
order to observe the effect of these additives on the
conversion of 2-naphthol to BON acid under experimental

conditions described on page 24.



The results cbtained are summarised in Table=-5.
It will be observed that in the case of CaClg, recovery of
water as well as conversion to BON acid are superior to the
results obtained with the other chemicals. In the case of
bauxite the 2-naphthol recovered was greenish in colour.

From Table=4 it may be observed that the use of
about 2 per cent CaCls (on 2-naphthol charged) is a'equate to
ensure quantitative removal of water., In all the runs
discussed so far, a dehydration time of 12 hours was

arbitrarily fixed using 2 per cent CaCl,.

Another series of run- was organised in which the
amount of water removed was determined as a function of
time. This was done in the following way. During distillation
the separable water removed with kerosene was measured, and
the water content of kerosene was also determined by the
Karl Fischer reagem.?l separable water ceused to come out
after three hours. In Fig. ( 6 ) the water content of
kerosene 1s plotted as a function of time. It will be seen
that the water content levels off after about 6 hours at a
value of 8 mg of water for 5C ml cof kercsene oil, which
corresponds to the normal solubility of water in the oil.
The higher proportion of water in kerosene at lower dehydration
times i1s due to the physically bound moisture in the oil as
evidenced by the turbid nature of the oil. Although the
separable water 18 removed within 3 hours, it is evidently
necessary to continue the dehydration to about 6 hours in
order to ensure the removal of moisture physically held by
naphtholate.



In summary, the results of experiments carried
out on the dehydration of sodium 2=naphtholate show that,
with 2 per cent CaCls (on 2-naphthol charged) .nd s dehydration
time of about 6 hours, quantitative removal of water is

pessible.
CARBONATION

The principal object of the studies on carbonation
was to optimise the conditions for conversion and yield
with respect to the three significant process variables @
pressure, temperature and carbonation time. The ranges of
these variables within which the conditicns were sought to
be optimised were determined from the reported literature

datae

In the dry process as practised in industry, the
reaction 1s not carried ocut at sny particular temperature
or pressure, tut both are varied during a batch according to
a pre=ietermined pattern snd the reaction mass is held at
the {inal temperature and pressure for a specified period.
In the dispersent method used in the present study, it was
found possible to obtain the final temperature snd pressure
within a very shert time, and the reaction could therefore
be carried out at any specified temperature :nd pressure.
fue to the presence of a dispersent it should be possible
to obtain similar conditions Iin a larger unit,

It has been pointed cut earlier that the 231 isoaer
predominates at carbonation temperature below 800°, and this
acid shows a strong tendency for side reactions leading to



the formation of tar. At the outset, thereicre, it was
decided to use temperatures above 220° in the present

investigation.

Definition of terms

A reference to resctions(l)and (2) shows that,
under ideal conditions assuming full conversion to BON acid,
half the quantity of 2-naphthol charged should be recovered.
The maximum conversion bssed on 2-nzphthol charged cannot
therefore exceed 50 per cent., Since 2-naphthel (produced
during reaction), BCN acid and 2-naphtholste all tend to
form tar, in industrial practice the yield of the reaction
is defined in terms of the two useful products recovered,
namely BON acid and 2enaphthol. Conversion and yield are
therefore defined as 1

Conversion = -

Yield QS

wvhere

a = total moles of 2=-naphthol charged,
b = moles of 20N acid formed,
and ¢ = moles of 2-naphthol recovered.

In defining the conditions for the maximum utilisation of
2-naphthol for the production of BON aeid, it is eonvmient'
to define another term which will be a direct measure of
this factor. This term which may be called selcctivity will



be expressed as

b
Selectivity =

The results obtained will now be discussed in
terms of conversion, yleld and selectivity. A high selectivity
with too low a conversion may not be economical, while at
the same time high conversion with low selectivity will
certainly be wasteful.

Varisbles and their ranges

The variables whose effects were studied together
with the ranges of these variables are listed below.

Temperature : 230-270°
Pressure H 20-150 psig
Carbonation ) 4 to 16 hr (5 to 220 minutes

time in the kinetic runs)

2=Naphthol to 1:1 to 1:2
kerosene oll
ratio

2=Naphthol to kerosene oil ratio

In addition to the three important variables listed
above (temperature, pressure and carbonation time), the ratio
of 2=naphthol to kerosene oil is also likely to influence
the rate of the reaction. The major role of kerosene oil
(or any dispersent) 1s that it dissolves the COpy and the
reacticn between sodium naphtholate and COp then proceeds
by the transfer of COyp across a film of the dispersent

surrounding the solid particles of naphtholate, Dutails of



the mass transfer mechanism assoclated with the reaction
will be discussed in a separate section.

From the practical point of view, it was considered
desirable to vary the ratic of 2-naphthol to kerosene oil
from 1:1 to 1312 and to see if any systematlc trends could
be observed. Experiments were carried cut in reactor i
under the following conditions i

Charge
Chemical Amount
2=§aphthol .o 149 gn
Caustic soda .o 42,5 gm
Water .e 92 ml
Kerogsene oil .o 450 ml
Calefiusn chloride .o 3 gm
Dehydration @
sdditional kerosene oil .e 4L
(used during distillation)
Average time .o 6 hr
Final temperature - 200-205°
Total water recovery .o 100 per cent

Carbonation @

Carried out at different 2-naphthel to kerosene
o1l ratios (1:10.6, 1l3l, 1:1.5) and pressures (20,50,100C,
150 psig) keeping temperature (250°) and time (14 hr) fixed.

The results of this investigation are summarised
in Table=6. It will be observed that there is a general

tendency for the conversion to incresse with decrease in



the ratio of 2=naphthol to kerosene oil. In other words,
the lesser the quantity of the dispersent used the higher is
the conversion., The experimental values for the ratio 1:0.6
at 100 and 150 psig are not reproduced in the table as there
i{s some doubt about their accuracy. With respect to yield
and seleetivity, no particular trend is observable (rom the

datae

A further series of runs was carried ocut in reactor
B at a pressure of 70 psig, temperature of 250° and
carbonation time of 4 hr. These runs vere carried out after
the effect of temperature, pressure and carbonation time
was evaluated, in order to determine the Influence of this
ratio under the optimum conditions of pressure, temperature

and time. The experimental conditicns employed were @

Charge @
Chemical Amount
Caustic soda .o 212 gm
dater oo 46C ml
Kerosene oil .o 200C ml
Caleius chleride .o 15 gm
Dehydration @
Additional kerosene oil .o 6L
(used during dehydration)
Average time .e 8 hr
Final temperature .o 230-250°
Total water recovery .o 10C per cent

Carbonation @



Carried out under different 2-naphthol to kerosene
o1l ratios (1:1, 1:1.3, 1:l.5, 13:2) keeping temperature
(250°), pressure (70 psig), and time (4 hr) Cixed.

The results obtained are summarised in Table=7.
1t will be observed that, as in the case of runs carried
out in reactor A, the conversion shows a definite tendency
to decrease with incresse in the kerosene oil content. The
results are plotted in Fig. (7). There is no observable
trend in yield and selectivity.

Effect of temperature and pressure

The effect of temperature and pressure was studied
(1) in reactor A at a fixed carbonation time of 14 hours,
and (2) 1in reasctor P at different carbonation times. In
both these cases conditions of dehydration were maintained
as described under dehydration. In the present section the
results of runs carried cut in reactor A will be described,
while the results of runs carried out in reactor B will be
diseussed in the next section.

The experimental conditions used were ine ssue a8
those described on page 34 with this difference that the
ratio was maintained at 1l:l but the temperature was varied
from 230 to 270°.

It is evident fram the results summarised in
7Table~8 that higher pressures =nd temperatures are detrimental
to the reaction. The data obtained show a systematic trend
in econversion at 250°, while at other temperztures maximum

values of conversion, yield and selectivity are discernable.



The reaction involved being very complex, it is not possible
to derive a generalised conclusion from these results.

t t a e

These runs were carried out in reacctor B as 1t was
provided with a bottom discharge (chapter III). while it
was possible to operate this arrangement satisfactorily,
it was considered desirable to discharge the entire mass
after a specified carbonation time rather than analyse the
reaction products by sampling through the bottom discharge.
A few test runs showed that the analysis of a sample at a
particular carbonation time was some what different from
that of the entire reaction mass when it was discharged at
that carbonation time. The results discussed below are
based on runs for which analyses were carried ocut by

discharging the entire mass,

Table=~9 summarises the resulis at 2300; pressure
was varied from 20 to 100 psig and carbonation time from 4
to 16 hours. Tables=10 and 11 summarise the results at
250° and 270°, respectively, for the same ranges of pressure
and carbonation time. As the rezction leading to the
foranation of BON acid is cne of several competing reactions
possible, generalised conclusions about the trends in
conversion, yield and selectivity from these data are not

justifiable.

The results hovever confirm the earlier conclusions
(from reactor A data) that higher pressures and temperatures

are detrimental to the reaction. A further conclusion can



also be drawn : higher carbonation times are zlso
detrimental to the reaction. There is a steep fall in
selectivity as csrbonation time increases, and it appears
that a carbonation time of about 4 hours gives the most
favourable results. In Fig. (38) conversion has been
plotted as a function of pressure at 230°, 250°, ana 270°
at a carbonation time of 4 hour. S3imilar figures for yield
and selectivity appear in Figs. (9) and (10, respectively.

From these figures, it is possible to define the
optimum conditions for obtaining the best results :

Temperature = 250°
Pressure - 7C psig
Carbonation time = 4 hr

Tnder these conditions the following results may be expected 3

Conversion = 33.5 per cent
Yield = 77 per cent
Selectivity = 59 per cent

Using the optimum conditions summarised above
several runs vere carried out to see the reproducibility

of the results (Table=12). The average derivations were :

Conversion = 3 per cent
Yield = 4.7 per cent
3electivity = 2,7 per cent
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Several reactions are possible In the Xolb-Schmitt
earbonat ion of Na=2-naphtholste. Assuming complete reaction
of Z*nsphthol to the sodium salt during dehydration,
the sodfum salt can disappear to give BON aeid, free
naphthol and a variety of other products which together will
be caslled tar. The propertion of these different products
will depend on the rates of several possible reactions,
including subsequent conversion of BON acid and free naphthol

to tar.

The prinecipal overall reaction can however be
easily recognised: disappearance of sodium naphtholste by
reaction with COpe In this chapter a plausible mcchanisa
for this reaction 1s proposed based on heat snd mass

tranafer considerations.

Reaction model

A diagrammatic sketch of the propesed reuction
model is shown in Fig. (11), It will be sssumed that the
naphtholste particles are in a state of suspension in the
reaction mass and that each particle 1s surrounded by a film
of dispersing agent (kerosene oil). It will further be
sssumed that the resction takes place by the diffusicn of Clp
aeress this film to the particle surface and that the particle
is spherical in shapee.

71ge (11) shows a sphere (naphtholate) of radius



] on whose surface the reaction takes place by the diffusion
of COg (at an initial partial pressure of p°) acrcss an
equivalent kerosene {ilm of thicimess lye 48 the reaction
progresses, the reaction plane retreats inside the sphere,
leaving an outer crust of reaction products and an unreacted
sphere of the naphtholaste. 7Thus, at any time © let the
reaction plane be situsted at a distsnce r [roa the centre.
This unrcacted sphere will then be covered by a shell of
resction products (and possibly the dispersant as well)

the depth of which will be given by (R-r). The rate of
diffusion of CCy through this 0th11 will depend on its
effective diffusivity. wWith this model of the reactiocn,
appropriate equations can be derived for the rate of
d1sappearance of sodium naphtholate from considerations of

mags transfer as well as heat transfer.

Mass trunsfer

it any time 6 , the rate of diffusion of CUy
across the product layer is given by
r, = kp (C~Cp)
D
= -: « C oo (1)
kL =

vhere

ol

The number of moles diffusing per unit time 1s therelore
given by 3

4TI TRD g

Rep

N =

A « C see (2)




where 477 PR repréunta the geometric mean of the two

gurfaces 471 R and 47 re

The effective diffusivity De may be written as
D° = mm ere (3)
where D $s the diffusion coefficient and E i3 an eapirical
constant. Eguation (?) may now be re-written s
k;4 T rREZy,

N, = c ece . (4)
- Re-pr

“he rate of diffusion of Cly across the cquivalent
£1la of kerosene cutside the product shell is given by
PA = kL(co‘c)
or N = k4T 82(cg=C) (5)

&

from a consideration of mass balance it is clear
that the rate of diifusicn of CCyp across the kerosene ila
should be cqual to the rate of diffusion scross the product
layer. Thas, from ecuations (4) and (3), equztion (o) may

be written by appropriate rearrangement:

RCO(R-r)

c = s (b)
EZyr + R(R-r)

substituting equation (6) In (o) and simplifying:

Ky 4 T B2CE 237
H = see (7)
B'Zyr + R(R-r)




r
Let r' =
R

R
and “u, = ._.....&L“_
£
o
. k'ATTR‘COr'
- L )
.o, o= (8)

[ '+ xQ=r") ]

For every mole of COoy two moles of naphtholate
react. Feeping this in mind, the rate of diffusion of COg
can be cquated to the instantanecus rate of disappearance
of the naphtholates

- ar
N = ". 4 TT r« pem——— eee (9)
o ~2 ¢ ae
where the right hand side represents the rate of the chemical
reaction. Using the parameter r' as defined earlier,

ecuation (9) may be re-~written ass:

o o dr'
“;\ = -2 Q 4-rr R-‘r' ‘R ——— see (:LC)
46

From equations (8) and (10), we may write;

-de -) .__.__.I'LQ R][ a ‘(r' ! kﬂ(l-r'))] dre? (11)
_ m% v

¥ow ©' represents the fraction of the sphere that has not

reacted. Thus, if x is the total conversion of the naphtholate
to various products,



r! 8% = (1-x)

= y(say) coe (12)

Integrating equation (11) between the limits

6= 0 r* = 1

and B6=0, r =y

we obtain, on simplification,

0= ay [c.aa(l-ya) + k:4(0.17-0.5y2 + r.33y3)j --- (2
Zy € R
where AH = L ( see (1‘4)
kLcC!

Remembering that y = 1-x, equation (13) can be used to predict

resction time us a function of overall conversion,

Verification

It is theoretically possible to caleulate Ay and Ky
from their respective equations. mat us there is considerable
uncertainty in the compositicn of the product layer, 1t is
not possible (with mvailable data) to calculate the effective
diffusivity or the empirical constant Z. VYalues of Z'L snd
Ky, cannot also be caleulated accurately. Thus it is
advisable to caleulate these constants from experimental

conversion data.

A series of experiments was carried out under
conditicns where tar formation would be minimum so that the
overall disappearance of sodium naphtholate can be caleulated:



with reascnable aceuracy. The conditions employed weres

2-faphthol to kerosene ratio = 1:1

Carbonation teaperature - 250°
Carbonation pressure - 70 psig
Carbonation time - 5=3120 mimates (varisble)

"he results are summarised In Table=13.

Tar formation during these runs was less than 3
per cent, and was therefore neglected in calculating the
overall disappearance of naphtholate. The overall conversion
esn now be essily calculated from the quantities of 2engphthol
charged and recovered and BON aeid produced (Table=13)e

From these conversion figures the constants /iy and
k,, have been csleulated by the method of least squares which
gives the following two ecqustions for simultanecus sclution:

8c + 0,75859b = 202,9 = © .o (15)
C.75%a + 0,092052b = 24,734 = 0 .o (16)
giving a = 6.06%25 and
b = 200,8
where a = 0,33 A and

b= im'm
The velues of the constants thus become:

K, = 12.39
A, = 10,93

Fige (17) shows a plot of O vs x from the calculated
values of ‘H and Ao The experimental values are also plotted.



The average deviation is ;¢ per cent.

Heat transfer

A similar approach based on heat transfer is
possible, but as the mass transfer approach vas found to be
of more direct use in the present study, equations based
on heat trsnsfer have not been presented here.
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NOMENCLATURE

Concentration of CO» in kerosene in

2
equilibrium with its initial partial

pressure p°.

Concentration of COp on the reaction
surface between unreacted naphtholate
and the product shell.

Concentrstion of CO, on the outer
surface of the sphere.

pDirfusion coefficient,
Effective diffusivity.
Bmpirical comstant. '
Henry's lew constant.
Mass transfer coefficient.

piffusion rate of COpyy moles per unit
time.

Partial pressure of COg.

[

Radius of a sphere of sodium naphtholatee.

nadius of a sphere oi sodium naphtholate

after an interial 6.

Rate of diffusion of COpy moles per
unit time per unit surface.

Depth of product shell.
Thickness of kerosene oil film.
Reaction time.

Density.
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Table=1
RESUL: 3 CF verln!HzEaK RUNS ON DEIYDRAL ION ARD CARBOUNAT ICR

e —————————————— S S

Dehydration time - 24 hr
Expected recovery of water - 11C ml
Carbonation time - 24 hr
2=Naphthol to kerosene ratio @
During dehydration - 1:3
During carbonation B 1:1.3
Final Jater reccvery Conversion
Neo. teaperature to BON
oc ol % acid %
1 190 99 9C 2
2 190 101 92 2
3 195 103 9349 ]
+ 205 103 9340 4
3 200 103.5 94 &
6 200 104 94,5 6
7 200 103 9345 8
8 195 102 9249 negligible
9 200 105 95,8 10
10 200 103 93.5 8




Table=2

Dehydration time = 24 hr
Expected recovery of water B 110 ml
Carbonation time - 24 hr
2=Naphthol to kerosene ruatio :
During dehydration - 1:3
During carbonation - 1:1.3
Finesl Water recovery Conversion
No. temperature
¢ ml # %
1 200 103 9345 8
2 200 104 95.C 11
3 230 103.,5 94,0 9
4 230 104 95.0 13
5 280 107 975 3
6 280 108 o8 3.5
7 32¢ ic8 : o8 1
8 320 107.5 98 negligible




Table=3
EFFECT OF DENWDRAT ION TEMPERATURE ON THE Emuoxr 3T ATE COF 2=NAPHTHCLATE

Dehydration time - 20 hr
Expected recovery of water - 110 al
2=Naphthol to kerosene ratio =~ 1:3
Final Water recovery
No. temperature Remarks
°¢ ml %
1 200 103 93,5 Finely divided
grains,
2 200 103.5 94 ~do=
3 230 104 94,5 ~do=
B 23C 103.5 94 =do~
5 280 108 98 Lumps became
very hard on
8&5“.
6 280 ic8 o8 -do=
7 320 107.5 o8 ~do=
8 320 108,0 93 -do=




D HYDRATION DATA SHOWING T

HE ZPFECT OF 4DDITIV

ilii

Tsble=d

53 ON TOTal wWal iR RECOVERY

Dehydration time - 12 hr >
Final dehydration temperature = 190 =200™C
2=Naphthol to kerosene ratio - 1;3
Amount of Water recovery
No. Additive additive Remarks
based on
2-naphthol
£ ml #
1 2 3 4 5 6
1l Caustic soda 1 108 93 -
2 Caustic soda 2 109,5 ice -
3 Potassium hydroxide 1 108 98 -
4 Potassium hydroxide 2 109 99,5 -
5 Caleium chloride 1l 109 89.5 yuick water recovery
6 Caleium chloride 2 11C 100 Quick water recovery
7 Caleium chloride 4 110 10C wuick water recovery
8 Caleium chloride 6 11¢ 100 Quick water recovery
o Bauxite 1 109 99,5 quick water recovery
but c¢istillate turbid



1 2 % 5 6
10 Bauxite 110 100 Quick water recovery but
distillate turdid
11 Bauxite 110 100 Quick water recovery but
distillate turbid
12 Potassium carbonate 103 93,5 0.5 gn Z-naphthol came out
13 | Potassium ecardbonate 106 96 Water droplets were recovered
M over longer period
14  Potassium carbonate 104 94,5 Lump formation
15 | Caleium carbonate 106 96 Water was recovered over
longer period
16 Calefium carbonate 106 96 Lump formation
17 Silica gel 107 97.5 Water was recovered over
longer period
18 S1lica gel 107 97.5 Water was recovered over
longer period
19 Kieselguhr 104 94,5 water was recovered cver
longer period
20 Xieselguhr 105 95,5 Water was recovered over

longer period




Table=5

DATA SHOWING THE EFFECT OF DIFFERENT ADDITIVES ON CARBONATION

Dehydration time - 12 nr
Expected water recovery - 110 ml
Final temperature of dehydration - 200°C
Carbonation time - 14 hr
2=Ngphthol to kerosene ratio @
During dehydration - 1:3
During carbonation - 1:1.3
No. Additive Amount of Jater recovery Conversion Hemarks
additive
based on
2=naphthol
% ml » %
1 Sodium hydroxide p { 109 99,5 24 -
2 Sodium hydroxide 2 109,5 100 23 -
3 Pot assium hydroxide 1 109 99,5 22 -
4 Potassium hydroxide 2 109 99,5 22,5 -
5 Calecium chloride 1 110 100 27 wWater recovery
was rapid
6 Caleium chloride 2 110 100 2840 Water recovery
was rapid
7 Bsuxite 1 110 100 22 Recovered
2=naphthol was
greenish
2 Bauxite 2 110 100 21 Recovered
| L 2=naphthcl was

| eex e £ i
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2-Naphthol to kercsene oil ratio during

Dehydration time

dehydration

Lftect of

.- LR

7 ab

la=6

:t o hr

2-naphthol tc kerosene

Carbonation tempersture .. 20C°
Carbenation time ee 14 hr
Additive-CaCls .+« 2 per cent
(on 2-Naphthol)

Conversion, # Yicld, % Jelectivity, %
No. |Pressure
psig Ratio
—_ | 1:0,.06 1:1 1:1.5 1:Ce 0 1:1 1:1.0 1:C.6 1:1 131.5
3 1CC 35,02 27.87 7770 34,03 79069 58,32 79.28 5l1.12
4 | 150 36.31 22,31 | 62,23 72,23 76.83 | 4l.86 22,71 04.01




2~Naphthol to kerosene oil ratio during dehydration t 1:2.5

Dehydration time t 8nr

Carbonation tempersture s 250°

Carbonation pressure s 70 psig

Carbonation time t 4 nhr

sdditive, CaCl, (on fensphthol charged) t 2 per cent
No. 2=Naphthol/ H Conversion | yYield Selecetivity

kerosene oil | ”
| * “ % #

1 111.0 | 33,75 73,14 53,71
2 1:11.3 31,09 | 73,5 59,19
3 1t1.6 25,07 73.6 48,72
% 132.0 24,52 7977 54480
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Table=R

D e

Effect of temperature and pressure

Dehydration tize s o hr Carbonation time s 14 hr
2=Naphthol to kercsene oil ratic

during dehydration H 1:3

during carbonation ] 1:1

Conversion, # Yield, # Selectivity, »
No. |Pressure | Teap.
psig oc¢
—_— 230 250 17¢C 230 250 270 230 200 270

1 20 11,69 19,36 19,01 &ﬂ.oﬂc 76,79 T6.33 30 o8 S56e1 42,0606
3 plgle 2C,41 35,02 23,32 02,47 B2,9 67.38 70.86 79,28 46.C6
r 15C 15,31 3631 - 7442 72,23 - 36.9 82,21 -




n

?=Naphthel to kerosene oil ratio
during dehydration
during carbonation
CaCle (on 2=-narhthol

..

.o

Table=9

Effect of carbonuticon time

112,85
1:1

? per cent

Dehydration time

Carbonation teapersture ..

3 hr
Q.Gﬁc

charged)

Time of Press- Conversion, % Yield, % Selectivity, »
No. |carbon~ ure

ation psig

hr —_ 20 5C 1cc 20 30 icc 20 a0 ico

1 4 23.1 ’0.%6 26. 79 80,88 76,58 71.08 266 67 56.03 48,07
3 12 31.19 27.92 33.64 | 70,91 69.13 72.09 01.77 47,47 54,67
4 16 31.19 27.71 30,47 69 64,12 606,88 50,19 43697 47,9
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Table=1C

et n

Effect of csrbonution time

2=Naphthol to kercosene oil ratio Dehydration time .o mhwm

during dehydration .o t 112,95 Carbonation temperature e 2

during carbonation oo s 1:1

CaCls (on 2-naphthol .o t 2 per cent

a:m—.moaw

Time of |Press- Conversion, % Yield, % Selectivity, »
No, |carbon= |ure .

ation psig

hr > 20 30 100 20 5C 100 20 a0 100

1 4 24,34 33,904 34,36 | 77.11 77,27 76.83 | 97,52 99,88 59,9
2 8 22,09 33.03 29,35 | 71.99 71,94 63.66 44,28 54.05 44,68
3 12 - 30,16 28,32 - 67.17 09,24 - 47.87 41.0




Table-11

uffect of carbonation time

2=Naphthol to kercsene oil ratio Dehydration time .e 8 hr
during dehydration .o : 112,65 Carbonation temperature .. 270°
during carbonation .o H 131
CaCle (on 2-naphthol .o t 2 per cent
charged
Time of |Press- Conversion, # Yield, # Selectivity, #
No. |carbon= |[ure
ation psig
hr -t 20 50 100 20 50 100 20 50 100
1 4 14,62 28,22 3C. 4 80.5 71.09 70.13 42,85 49,39 50,49
2 8 w“wog H&owﬂ OHQ‘Q @.Nonuﬂ aog OH.@@ N\\oanv NAUQOP wcoow
3 12 8,181 13.29 8,698 | 49,55 24,41 43,13 13.94 1,732 13,75
o 16 - c.3181 - - 19,27 - - 1,002 -




2=Naphthol to kerosene oil ratio 3

during dehydration .o 1:12,5 Carbonation time ] A
during cerbonation ee i3l Carbonation temperature
CaCls (on 2+=naphthol chargedl.. 2 per cent Carbonation pressure s 7C psi

g ! T
h Deviation, #
No. Conversion | Yield Selectivity -

® _ % H
H,v M Conversion _ Yield M Jelectivity
1 33,75 73,14 55,71 | 1.26 | 6.09 4,03
2 31,39 | 83,10 59,02 5.5¢ | 6,70 | 1,67

|
3 34,56 7640 59,43 4,0C 1.90 w 2.38
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PHOTOGRAPH OF REACTOR A ASSEMBLY
Fige -2
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1 MAIN BODY, 808 X 190

2 CARBON DIOXIDE INLET, 1080
3 KEROSENE OUTLET, 10 9

4 THERMOWELL, 100

5 COOLING WATER INLET, 68
6 COOLING WATER OUTLET, 680
7 KEROSENE INLET, 100

8 PRESSURE GAUGE

9 STUFFING BOX,

10 SUPPORT BRACKET

11 V BELT PULLEY,300

12 STIRRER, 70 @ X 180

13 JACKET FOR GLAND COOLING
14 ELECT. RESISTANCE WIRE
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PHCTOGRAPH OF REACICR B ASSEMBLY
Fige = O
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CONVERSION

40

30

20

10

6’3

CARBONATION TEMPERATURE — 250°
CARBONATION PRESSURE — 70 PSlg
5554 CARBONATION TIME — 4 hr.
O
| | | |
05 1-0 1:5 20

PARTS KEROSENE OIL PER PART OF 2-NAPHTHOL

EFFECT OF 2- NAPHTHOL TO KEROSENE OIL RATIO ON CONVERSION

Blg =7,
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CONVERSION,
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O 230°
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X 270
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50 100 150
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2-NAPHTHOL / KEROSENE = 1:1
100/— CARBONATION TIME = &4hr.
90—
80—
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60—
N3
o
ks
W 50 f—
S
40—
30—
0 — 230°
A — 250°
o X — 270°
10—
| ] | Y
0 50 100 150
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