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SUMMARY AND

CONCLUSIONS




Indanthroney a commerelally important vat dye and vlue
pigmenty 1s prepared by the alkall fusion of Z2-aminoanthraguinone,
ususlly by employing a mixture of sodium and potassium hydroxides
and en oxidising sgent at ebout 200-20°., The patent literature
describes sdditions of various chemicals to assist the fusion
resction and increase the yleld of the dyees dut even under the
most favoursble conditions the maximum yleld of the dye is only

about 55F (by weight).

A eriticel exsmination of the large number of methods
reported in the patent literature hes revealed the fact that
indenthrons had been obtained in varying yields. The information
avallable on the slkall fusion of le-aminoanthraguinone snd on the

continuous alkell fusion, however, claim higher ylelds of the dyee. '

The other important vat dgye, uibanzantgrone. is manufsctured
by the alkall fusion of benzanthrone in the presence of fluxcs
like sodium scetate, solvents such as naphtnelene, and snthracene
residues (free from carbazole)e Here also tihe literature records
variety of modifications of the alkali fusion process using
different additives.

An extensive survey of the literature revesls the sbsence

of systematic studies to prediet the effeets of various process

variables on the yields of indanthrone and dibenzanthrone.




A detaliled study was undertaken of the alkali fusion of

geagminosnthraquinone and bengenthrone with the following

main objectives:

1e to establisih the effect of different process variables

such 28 time, temperature, proportion of the reanctants,

jsolation of the produet on the preparation of ind-athrone

in bateh reactionsj

to study the effeect of the addition of surface agtive

agents such es elkyl phenols, fatiy alconols and

alkasli-steble anioniec and non-ionic surfactants during

the alkall fusion in order to economise the progessj

to repeat the study of the effeet of the surface active

agents in the alikell fusion of dbenzanthrone to diben:zanthrone

with & view to economise the wuse of nsphthalene [luxy

to optimise the proecess conditions for the preparation of

indanthrone by & statistical design;

to fabricate & continuous slkell fusion apparatus and

assess the feasibllity of its use in the preparation of

indsnthrone.

The considered varisbles in the production of indanthrone

and dibenzantarone which affeet the optimum yleld are cvaluated

to be 1. time of reaction, 8. temperature of reaction, S. welght

ratio of mixed ecaustic alkali to Zeaminoanthraguinone,
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4e welght ratio of the surface active agent to Zeaminoanthraquinone,
and Oe welght ratio of sodium hydrosulpnite to Zeaminoanthrequinone
in the ecase of indanthrone; snd l. time of reactiony, 2. tempersture
of reaction and Je welght ratio of naphthalene flux to benzanthrone
in the case of dibenzanthrone respectively. The experiments were
designed statistically and the results were analysed by the method
of canonical transfo.mation as proposed oy Box and Wilsoa to find
the optimum conditionse For the evsluation of the first orde:
effectsy a fractionsl factorisl design was used and the second

order effects were found out by adopting a suitable design.

The avove-mentioned objeetives were achleved to some extent
during these investigations. The ylelds of indanthrone and
dibenzanthrone voth of excellent tinctorisl strength were of the

order of &5 and 856f (by weight) respectively.

One of the main obvjeetives of these investigetions was to
determine the technical feasibility of using & continuous reaction
assembly for the alkeli fusion. The patent literasture refers
L0 a solitary attempt to make use of a continuous reactor system
in which & ylield of 656.9% of indanthrone (commereial strength)
is cleimed. The continuous resetor essembled by us consisted
Of an overhesd roservoir for molten alkall of 3 litres capacity
wileh discharged the melt into = measuring device vhieh fed known
quantity of the alkali melt into the resctor. The 2=aminosnthragquinone

s fed by a Serev-conveyor designed for this purpose. The reactor,

in the shepe of & 'V' contained two stirrers in both arms whieh

A—
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were deiven by two independent quarter (.P. eleetric motorse
The product was discharged from the left arm of the 'V' whieh

was collected and anclysed.

The data collected from the bateh alkell fusion reactions
for the preparation of indanthrone were employed in the
semi~continuous fusions. MHeasured quantities of 2~-aminocanthraquinone
pixed with sodium phenolate sand molten 2lkali mixture were
fed to the '"V' reactor at the time interwvals of &, 16 and 30
minutes respectively. 7Ten sueh runs constituted one bateh
in the semi-continuous reactore 7The produet of each bateh was
separately isolated and the yield and strength vere estimated.
Under optimum conditions a yleld of 68 (by welght) of indanthrone
(0 strength as compared to commerciasl 100 strength produet)

wes obtained.

A study with nearly 50 runs have indicated that a
sami-continuous reactor system of this type ean be used for
the alkell fusion reaction and its teciniesl use appears

feasible.




Introduction

Alkall fusion reaction i1s useful for effecting a variety
of condensation reactions, particularly where ring closures are
involvede some of the examples of these are the synthesis of
indirzo from phenyl glycine or its ortho carboxyllie aeidy the
srepareation of indanthrome and dibenzantnrome from 2-smino-
anthraguinone and benzanthrone respectively. 7The prime
necessity of this resetion 1: the exclusion of water in the
reactants and slso to remove the water formed in the resction
immediatelys in order to obtain good ylelds of the products.
This is carried out by a veriety of meeans such as the addition
of sodium amide or quicklime, by working under vacuum, psssing
through a stream of some indifferemt gases or by removal of

water with the help of solvents (l).

it 15 less expensive. However, there are quite s few cases
where rood results sre obtained only with potassium hydroxide
which also melts more readily snd is more active than the
soulum hydroxide. GLometimes mixtures 1# varying proportions
of both hydroxides are used beczuse of the still lower

melting points of such combinations.

The molten alkelil ean exert an oxidising action. This
15 illustrated by the faet that snthragquinons-2e-sulphonie aeld
does not yield the 2-hydroxy derivative, but alizerin in
alksli fusione. This can be enhinced by the addition of suitable

oxidising agents.




A bighly reactive slkealine reagent is prepared by

mizing caustie potash with ethanol or methanol (2). This

reagent 2cts a5 a substitute for molten csustic alkeli in

effecting ulksll fusion reactions.

The caustic alkeli used in the resetions should not eontain

excess of water. In the case of indanthrone, for example, the

yield of the dye 1s consigerably decressed and the formation of

by-products like allzarin lnereased with ineresse in water

content in molten alksll (S)e The proportion of unaltered

~aminosnthraquinone 1s 2lso increased with the water present.

Chemistry ol indanthrone
glstory (4 &)

The present century started vith an important discovery

in the field of val dyes when Keme' john synthesised indsnthrene

blue in 1901 by the alkell fusion of Z~aminoenthraguinone. SJohn,

in an attempt to prepere & blue anslogue of indigo, studied the

eyelisation of the condensation produet of Z=aminoanthraquinone

&nd monochloroacetic meld using ceustie slksli, and obtained & blue

dyey vihich wes nemed 'indanthrone's Later, Bohn obtained the same

dye by alkell fusion of 2-aminosnthraquinone itself, which was

therefore not an indigoid dyee The new dye synthesised had the

eonstitution of dihydrosnthraguinoneazine, which was later

conlirmed by vcholl and co-workers.



The discovery of indunthrone stimulated interest in

the field of fast vat dyes for cotton which were hitherto unknown.

Intensive research was undertaken on anthraquinone chemistry,

resulting in the synthesis of a varlety of complex ring systems

of both carboeyelic and heterocyclic classes which involved new

methods of comdmsation and cyelisation reactions especially

the ocholl condensation using anhydrous aluminium chloride.

WMW (“l’ 8)

The characteristie structural unit is substituted

anthraguinone. 7The parent ring system is known as phenazine

or simply as aziney, although the systematic nomenclature should

be dibenzopyrazine. (Formula I, chart I).

vince the discovery of indanthrone by Bohn, several

theorles have been put forvard to sccount for its formation by

the alkall fusion of Z-aminoanthraquinone. Rene' Bohn, in

his original synthesis, prepared indanthrone from 2-alinoanihraq11none

by fusion with ceustie potash. Flavanturone (6, liedidehydro=S,

l6=flaventihrene dione) and other impurities were 2lso obtained.

When an oxidizing agent was used in the fusion, indanthrone was

formed with other impurities except flavanthrone, but with

& reducing agent at high temperatures, flevanthrone was formed (6).
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Bohn considered thaty as Z~hydroxyaathragquinone gave

alizarin vhen 1t was fused vith potsssium hydroxides; the

gegminoantiaraguinone should also yleld EZ-aminod-hydroxyantiraguinone,

and then indanthrone as s result of dehydration (7). But

Seholl and Lberle showed that Z-amino-lehydroxysnthrequinone

was not an intermediste in indanthrone formation (7)e They
pelieved that the intermediate (II) might be a precursor of
indanthrone but it was shown that the formation of indanthrone
from (II) eould be only by use of strong acidse They further
suggested that the enolic form of EZ-aminoanthraquinone (I1I)

on formation would combine with ZSeaminoanthraguinone itself

to yleld the adduet (IV), from which indantihrone would result

by enolisation, additiony and finally oxidation (chart I).

The imine-addition hypothesis wss adopted by Barmnett who
regarded Z-gmino-l : 2'«disnthraquinoylemine (IX) as the most
probable intermediate in indanthrone formation. Mekl observed
that when Z-aminocntiraguinone waes added to molten potassium
hydrozide, it ylelded a violet melt from wiieh 2-amincenthraquinone
1tself was regenorated by addition of water, the changes belng
reversibles This action was catalysed by the sddition of phenol
(7) (see chart 1).

The mechenism of the formation of indentorone along with
alizerin and flavanturone waes explesined on the basls of
pequinonoid form of 2-sminosnthraquinone (8). According to
Tenaks (9) the carbonyl group in Z-sminoanthraquinone had a
great ianfluence on the lormation of indsnthrone. iusion of
2-~aninosanthraquinone with alkall at 160=70° in the presence
of an oxidising agent gave equal amounts of l-hydroxy-Z2-amino=-

anthraquinone and a green compoundy indanthrene 5 whieh




INDANTHRONE
XXV
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Tancka found as dlnydro-z'-anina-z.l'-aianthraquinonylamine. The

formation of indanthrene 3 from 2-aminoanthraquinone proceeded

through a pe-quinonoid form which was formed by the trensposition

of hydrogen in S~aminocanthraquinone when it was heated with

alkeli along with an oxidising agent and the condensation of the

p=quinonoid form and fegminosnthraquinone gave indenthrene B

vhich was en intermediate of tetrahydroindanthrone. FMurther

trensposition of hydrogen in indanthrene B in a sisilar manner

geve tetranydroindanthrone which on oxidation by eir geve

indanthrone.

sehwenk (8) favoured a guinonoideion=-radical hypothesis

while Bradley and Robinson considered (7) indanthrone formation

to be an sromatie substitution, the anlion of f-aminoanthraguinone

replacing nuclear hydrogea in another molecule of the amine.

Bredley and Leete indicated (7) that enolisation of

the Z-smincanthraguinone nucleus was not neeessary in indanthrone

formatione This was confirmed Ly experiments conducted with

the Ne-methyl derivative (XI) which cannot afiord am anaslogous

enolic form (chart II).

Bredley and Leete considered that 2-sminoanthraquinone

ylelded the 2-enthragquinonylemine snlon, which then replaced
hydrogen in another molecule of feaminoanthragquinone forming

feamino=-1y 2! ~dianthragquinonylemine. With the dissociation of

hydrogen from the amino group the two anions condense to

indanthrone. The negstive ion (XII) is utnhl;liad by resonance

as 8 result of the effeet of the strueture (III) and the

condensation of indsnthrome takes plsee with the repulsion of

2 protone.
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Formation of allizarin

fradleyy Leete and Stephens explained the formstion of

alizarin as follows (10)e At lover temperatures of slkall

fusion alizarin is formed in appreciallc amounts, G.ge at 180°

it formed 13F of the producte In the process of forming

indsnthroney the initial step oy which the anion of E~anthraquinoanyl-

smine links to the leposition of another molecule of E2~amino-

anthraguinone is reversibvles The direet hydroxylation of

g-aninoanturagquinone which leads to allizarin through the

g-amino~lenydroxyanthrequinons is, however, not & reversible

processy and below 200 1t represats sn important side reaction.

At tigher temperatures the rate of substitution by hydroxyl

gnd by 2-anthraquinonylamine anions ineresses and the formation

of indanthrone is favoured because the end product is stable

and the rate at which it 1is formed is higher.

O , garbass ¢ flaventirons

The caustic potash fusion of 2-aminosnthraquinone at 300°

mainly yields flavan‘hrone. Hohn's discovery of [lavanthrone as

& by product in indanthrone fusion was explained by &choll as

& result of the dehydrogenation of two molecules of Z2-sminoanthra=-

quinone to form 2 1 2'-~dlamino-l : l'=dlanthraguinonyle.

Aaebrding to schwenk Z-amincanthraguinone and alkall ylelded

the readiesl (X1IV) (probably XIV a) which on polymerisation gave

flavanthrone (XV).



spadley end Fursten (11) suggested that the formation of

flavanthrone probably originated in the process of ionisstion

as in indanthrone, the snion reacting with the second molecule

of segminoantiraquinone in the form (XVI) (echart IID).

e B 2

Both Maki and Tanscks have shown that when S-sminoanthraguinone

was heated with csustic potash at lbuo. fesmino-l-hydroxyesnthraquinone

(XVIII) was formed, whlch by further action of alksli was converted

in (XIX)e At the temperature at which the formation of

into slizar
vize 1%'2000'

indanthrene By snd 8lso alizarin, is most probable
4t is probable that both gesmino-l-nydroxyenthraguinone and 1'-hydroxy-
g Seaninoel, 2’ ~dianthrequinonylemine (XXI) ere present in the alkall
lﬂlt} formed by the hydroxylation of 2-sminosnthraquinone and

g-amino=1, 2' -dienthrequinonylamine (IX) respeetively (chart iv)e

of the two possible routes to the formation of the hydroxy

compound (XXI)y thet through (IX) is favoured beesuse the anion

(X11I) from S~-aminoanthraquinone is a stronger nucleophilic reagent

then the anion (XX) from g-amino-l=hydroxyantihraquinone.

In the alkali fusion of leaminosnthraquinoney much higher

yields of indanthrone are obtained and the formatiom of by produets

is found to be much lesse

hydroxylation to take place
than st the l-position in P-aminosnthraquinone, on account of the

It is wuch more difficult for
at the 2-position in l=-sminosnthrequinone
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jover electron density at the l=position caused by the

electrons withdrawel by the adjacent garboxyl groupe

Clerk suggested the following structure for indanthrene B

(12)y which was the lé-hydroxy derivative (XXIII) of the

{ndsnthrone isomer (XXII) (see chart V).

The constitution of indmnthrone was elucidated by

Scholl end nis co-workers (13), who considered it as N, H'=dihydro-1

2 s 1' : 2'-anthrequinone azine (XXIV). It contained two

enthraguinone nuclel in the molecule and is, thereforey, a diquinone.

Reduction with alkaline hydrosulphite takes place to the extent

of two equivalents per moley, ylelding & blue vate The resulting

hydroquinone ion is normally formulated as (XAV)e More

drastic reduction gives a brown, fully reduced vat (VI) in

which reduction has occurred to the extent of four iquivalonts

per mole (chart V).

It was suggested by Appleton and Geske (14) that the blue

vat was better represented as a resonance hybrid of a number of

structures of whiech (XXV) was one. The vat of indanthrone

could be oxlidised in four stages, corresponding with the four

oxidisable phenolic sroupsy #nd wnere were three oxidation produects

all of which were semiguinonold in character.







As indsntorome (XXIV) snd its leuco compound (XiV)

possessed the same blue coloury classz and Kuhn opined that

indanthrons had s bvetaine-like structure (XXVI) (13). This

formula was in conformity with the fact that only two atoms of

hydrogen were required to convert indanthrome into its leuco

gompounde. The most probable formula of the vat according to

Brasserd (13) would be (XXVII) rather than (XXV)e This view

was also shared by Clibbens (18).

According to Gill snd Stonehill (16) indanthrone snd

some of thelr derivatives were resonance hybrids of & number

of contrimting structures and that the resultant strueture

vas a hydrogen-bonded type. The hydrogen bonded struct?}o (XXVIII) was

& resonsnce nybrid of two distinet struetures, ome of which

was the classical form (XXIX) and the other the nydroxylipod
form (XXX) (chart VI).

Kobinson pointed the way for the application of roso@m:co

theory to indauthrone strueture (17). The conclusion of Gii%

and Ltonehill was supported by the Coplunar theory of substn+ﬁ¢vn
i : N

ayesy and also by Pauling's hypothesis that faclle resonsnce

A\
Such as was required by Gill and Stonehill's hydrogen bond t%eoryi

can only occur within Coplanar structures (17).

/

This viev was also shared by Dokuniknin (13) who susg&stodﬁ

the formule (XXXI) for lesucoindanthrone instead of Scholl's

formula (XXV)e This was confirmed by preparing the red diaulphnric\

@ster (XXXII) which was found to be guite distinet from the violet '
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disalphuric ester of dihydroindantirone derived from (XXXI)

by esterilication of the outer hydroxyls (chart VI).

On the basis of the spectroscopic studies on indanthrone

Wyman proposed a revised structure (19). The inira red

measurementsy according to Wymany suggested that indanthrone

existed in one of the two possible dienol struetures (XAXIII)

Out of (XXXIII)

and (XXXIV) instead of the keto strugture.

and (XXXIV) Wyman preferred (XiXIII).

This structure readily explained the reduction of

indanthrone to the blue vate The blue vat was probably (XXXV)

and the fully reduced brown vat was (VI) (chart VII).

But Purie and shannon (20), on the basis of vibrational

snd sleetronic absorption speetrs of indenthrone and other

avn;laule evidence favoured the conventionsl tetraketo form

rather than the enol form proposed by Wymane The postulstion
of amlde-type resonance in the form (XXXVI) accounted for the

properties of the molecule.

hein&tam and Merritt, Jre also coanfirmed that indantihrone,

edther svlid or in inert solvents, existed primarily in the keto

form (21).

Clark (22) proposed a structure which wes a resonance

hyorid ¢f two forms (XAXIII) and (XXXVIL).
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The various methods avallavle for the preparation of

indanthrone by the alksall fusion reaction or otherwise can

be clessified into the following mein headss

Alkali fusion of

(a) 2e=aninoesnthraguinone in molten caustie

alkall,

(b) Alkali fusion of Zesmincanthraguinone in presence of a
diluent,
Alksli fusion of

Zesminoanthraguinone by a continuous process

(d) Alkall fusion of lesminoanthraguinone to indanthrone, snd

(e) Alkeline ring closure of lesminosnthrequinone snd Ze-aminoe

anthraquinone using suitable solvent and other methods

The alkall fusion of Zeaminoanthraguinone is effeected by

means of either caustic potash alone or a mixture of caustiec potash

and eaustic sodae The caustic sods can be used to the extent of

even 50F of the mixture, but above 70f the fusion is not smooth (28).

Indanthrone and its derivatives are prepered by fusing

2=aminosnthraquinone or its derivatives in the presence of salts of

lover as well as higher fatty aclds, eegey potassium formate,

tartratey acetatey or sodium scetete and valerate. An oxidlising

agent sueh as potassium chlorate may be addeds An sleonolate

like sodium methylate, ethylate, butylate, isosmylate, diethylene

glycolate or glycerate and also phenolic compounds such ss sodium

Phenolatey cresolatey resorcinate or maphtholatey or a plurality

of the slcoholates or pheaslates ineresse the yield of the dye

(24=36).




24

According to Makl additiom of phenols and nsphthols

Selerated the formation of indanthrone over alizarine. When

" alksli fusion was carried out using phenol at 130° for 1 hour,
] an yleld of 86l.6f of indanthrone (36)s The fusion without

gave only 18% of the dye. A certain quantity of phenol

jad as catalyst while the excess was diluent. The catalytie

of the cresol isomers wes not uniform, the meta isomer
dng & les:zer effect (J)s It was also found that phenols and
her hydroxy derivatives raised the yleld of indanthrone but

i not affect the formation of by products, indenthrene 5 and C
amounted to about 20f yield irrespective of the additions

Fusion of E-aminoanthraquinone with caustic potash and a
Sdch as glucosey cane sugary or lactose gives indanthrome (37).
elso fused with caustiec alkall at 220-40° in presence of an

ile salt or salts capeble of acting es reducing agents (58,39).
ylelds are reported in such ceases. The inorganiec sslts

&re cyanides, sulpnides, and ferrocyanides af the

all metals.

2~aminoenthraquinone is fused with alksli in the presence
Xy aliphstie secondary or tertiary amines, e.gey di- or trie
at 200° along with other known in:;redients (40).

Borie acldy its simple or complex salts, or & mixture of
B &re used in the fusion of Zesminosnthraquinone (4l). The
i of soysbean protein (42, 43) to the fused alksll asccelersted
tion and incremsed the ylelds The reasom for the incressed
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yield wes due L0 the improved wetting property oi the raw

paterial in the alkall melt and consequent prevention of its

sublimetion. It was also confirmed that the leucine present

in soyubean played an important role.

4 mixture of caustic potash (34 parts)y water (6 purta).

and alkaline lignin (4 parts) wes heated at 200-20° for 20

gpinutes, and continued heating for 20 minutes more with

P=gminoantiraquinone (10 parts) at the same tulpcraturé. cosled,

giluted, aeratedy asnd the dye refined by use of sodium

hydrosulp:ite to give indanthrone (4.5 parts) (44).

2-aninoanthraquinone on being reacted with caustic alkall,

was added in the form of an squeous slurry to facilitate smooth

resction (40).

A mixture of S~aminoesnthraquinone snd eaustie potash is
ground in a mill together and then passed in & thin layer

through a heated chemuer to obtain indanthrone (46). The fusion

is also carried out in a rotation oven equipped with erushing
ballse The resulting melt is processed further after diss-lution

in the ssme or esnother equipment (47).

In the Cerman proecess (43) for indanthrone, sn slkali melt

consisting of potassium hydroxide (670 parts), sodium
hydroxide (270 parts) and vater (i=4 parts) and snhydwus sodium

acetate (270 parts) was reascted, under nitrogen atmosphere, with

S=sminoanthraquinone (800 parts; 36-37¢ purity)e The Z~aminoe

anthraquinone was fed at 180° by means of a screv coaveyor

Over a paried of 20 minutes. A mixture consisting of sodium




pitrate (60 parts), ceaustie potash (40 parts) and caustie

goda (20 parts) wes then sdded in the course of 2«3 hours.

The temperature of the melt was kept at 200-25%, The product

was drawn into water (11000 parts) end the resction kettle

wes rinsed out with another 2000 parts of water. The dye

was vatted at 40-3° for 2 hours with sodium nydrosulphite

(760 parts of 1&6f solution). The leuco erystals were filtered

off at 26=30° until the filtrate ran pale green. The filter

cake was stirred with water (1070 parts) and ceustic soda (507,

20 parts) end oxidised at 60° by air. The dye was filtered and
stirred with water (2000 parts) snd sulphuric acid (965 80 parts)

at 60°%, followed by filtration, washing neutral and dryiage
The yield of indantnrone was 56.9% (by welght).

The effect of variastion in the temperature of the fusion

was studied by Maki (36). Fusion at 130° for 1 nour gave the

meximum yleld of &l.8f« At 210° the resction was completed in

15 minutes. The decomposition veloeity was unduly ineressed beyond
210%,

The studies by Maki (49) on the decomposition of indanthrone
in slkall melt have indicated that when finely powdered indanthrone

(6 parts) was heated with potassium hydroxide (7568, 90 parts)

at 260°. there was 36f decomposition after 16 minutes and 48f%

after &0 minutes. The reaction curve rose awut as the third

pover giving an sverage veloeity constant equivalent to 0.047.
At 1a0°. the decomposition was 8% in 1 nour, at 180° 1t wes 165,
at 200% 1t was 257, at 260° it emounted to G1f snd st 290° 1t

was very considerabley f.e. Boﬁol




p) Alkali fusion in presence of a diluent or solvent

A hdghly resctive alkaline resgent 1s a mixture of ecustie

potash with ethanol or methanol in quaatity not exceeding half e

mole proportion while avolding pressure or admission of sir as

far a5 possiblee This reagent could be substituted for molten

gaustie alkell for fusion reactions. The reaction is earried out

by mixing E~aminocsnthraguinone with caustic potash and ethianol,

while avolding air introduction, and thea spreading the mixture
Or a mixture of caustie potash and S-snino-

in thin layers in air.

anthraquinone 1s spread out im the air snd the required quantity

The process may be carried out in »

of aleohol sprayed over it.

continuous manner and the evaporsted alecohol recovered (50).

The alkali fusion is effected in presence of an indifferent

solvent or diluent (51-563)e Less alksll is employed than usual

by use of the solvent. The solvent should boll at or above the

reaction temperature, say sbout 230% & purified kerosene oil

18 preferred. The dye 1s obtained in & {inely divided form.

In a typical processy caustic potash (30 kg) is graduslly added to
& aixture of mineral oil (200 1.) snd 2-aminosnthraguinone (40 kg)
at about 220«8° and the temperature is them raised to about 230°

for completion of the reaction and evolution of water vapour.

With a view to reduce the occurrence of locsl overheating

and the side phenomens associsted with it and also the fosming of

the melty Yoshlo Nagal fabricsted a device consisting of en externslly
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heated groove-formed boat with a stirring shafty running in the

longitudinal diregtions The stirrin: peds wers so built that at

the delivery snd for ths reactants thsre was a strong mixing and

in the remairping portion there was a low mixing till the 9x4t opening.

In order to make the device adaptable to various properties aecompanying

the raw materlels easily, the stirrer r.p.m. was made adjustible over

8 wide renge (200-8500)y and the angular position of the siirre

pads to the axls of the stirrer shaft.

Zesminosnthraquinone (30 parts) was cherged with an alkald

fluzing materisl (30 parts) consisting of csustie potash (63 parts),

giustic sods (27 parts) and sodium acetate (2¢ parts) throusn the

delivery #nd. The stir¥er r.p.s. wes sdjusted to 1850 end the

resction tempersture was meintained constantly at 220% from the

delivery to the outiet point. The yield of indanthrone obtained was

8585 (by wedght) and the dye was of commereial strength.

‘;.-*.

An improved proecess for prepering indsnthrone from l=2mino=-

antaraquinone is deseribved (66-57)e Potassium hydroxide (80f, 100

parts) ves sdded to molten phenol (160 parts) at 109-20°; the

resultant potassium phenolste was mixed with anhydrous sodium ascetgte

(40 parts) at 160-30%, sodium formate, propionate or butylate could

8lso be used in place of the scetate. A mixture of lesmincanthragquinons

(100 parts) end sodlum chlorate (&=£0 parts) vas added in lots

during S0-60 minutes. Ferric oxide or menganese dioxide (1 part)

Wes then added and the melt heatsd to 205° and stirred for 2.6 « 7

hours wnile the temperature was graduelly inerecased to 210°, 7The
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melt wes taken in water (3000 parts) and heated to boiling

for 1 houry the rusultanp erude dye was flltered, washed,

L

dried and then purified from sulphuric secid (33%) to give indanthrone,

68.2 partsy l.e. 708 yleld. The acld flltrate was further diluted

ard the product was sublimed to give recovered le-sminocanthraguinone

_ (Pe¥ parts).

The avove process has Leen wodified ps under (563).

{adanthrone wes prepared from l-asminosnthraquinone by oxidation

with oxygen containing gases, like mir, in the presence of oxidation

catalystse Thus potassium hydroxide (90f, 50 parts) were reacted

with molten phemol (76 parts) st 100°, and thea 4t vas heated

to 150%, Godium acetate (20 parts) was sdded at 140-60°. folloved

by manganous sulphate (l.O parts) and copper acetat. (2 parts),

and then leaminosnthragquinone (&6 parts) at 196+200° with vigorous

stirring along with iatroduction of airy the tempersture being

mointained at 210° for & 1/2 hours snd then at 220° for 2 1/2 hours

mnoree 7The melt was taken in water (2.1) and boiled for 1 hour.

A concentrated solution of sodium bisuiyuite (6 ml.) was added

and the mixture was filtered hot, the {ilter cake was washed

with hot water and dried. The dye was subsegueatly purified from

33f sulphurie acide.

Alkaline ring closures to produce vat dyes like indant:rone

vere accomplished without an alkalil fusion by conductimg the

reaction in a rotatable bell = or rod - mill »t high temperatures (&89). |
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A mixture of dimethyl sulphoxide (20 parts)y aqueous
,.t.ssiul hydroxide (80f, 240 parts), snd leaminoanthraquinone

(10 parts) were refluxed under stirring st 116-20° for 7 hours,

diluted with aleoholy filteredy washed with alcoholy and dried to

gdve indanthrones The eddition of suitable ingredients, like sodium

porates venscium pentoxide ané otioers to dimethyl sulphoxide are

also mentioned (60).

Indanthrone is purified (61) from admixed flavanthrone by

treating the crude resction product with alksll or alkall earth

hypocnlorites like sodium hypochlorite, chlorates, permenganstes,

or persulphates, and subsequently filtering and washing.

Indenthrone 1s also purified by dissolving the fusion product

in water and the slkeli metal salt of the leuco dye 1s erystallised

from the resulting solution (62).

Pure indsnthrone is prepared by precipitating the sulphate
from its solution in sulphuric acid of high percentagey followed
by addition of dilute sulphuric secid and hydrolysing the sulphate

with watere. It is then filtered and washed (63).

Miscel]  matand o ats

Indanthrone is obtained by dehalogenst.ng hale indanthrones

such as dibromoindanthrone formed by condensing lyi-dibromo-2-smino-

snthraquinone. The dehalogenation is csuseé by alcotolic potashy

sodiun smalgam, glucoss and csustic alkaliy and copper with or

without a diluting sgent or catalyst (84, 65).
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Indsnthrone or its chloro derivetives are produced by

condensetion of elther lechloro-f-sminoanthraguinone or 1l,3e

dichloro-E-aminoanthraquinone in the presence of & copper

gatalyst such &s cuprous iodide and an inert iiquid reaction

medium such as molten naphthalene or orthodic: larobcna'ne and

s ecld-binding medium such as snhydrous sodium acctnvp or

sodium cerbonstes Similar condensations are also cer#ipd out

using cuprous ovromide in place of the 1odides The cupréus halide

is prepared by direet unlon of finely divided copper ann-a halogen

in an organic solvent (66-70).

Indanthrone disulphonic acid is desulphonated by

electrolytic reduction in a divided celly in alkaline solution (71).

Zeagminoanthrahydroquinone=v,l0=iisulphurie astorxla

oxidised by using cuprie sulphste or chloride with tneladdition
of sodium hydroxide or hydroechloric scid in order to 9#¢Vent

over-oxidation and obtain indanthrone (72). The disulphqric ester

of S-sminoanthraguinone is prepered Ly treating the anld& with

sulphur trioxide compounds of strongly basiec tertiary aulkua

in agqueous medium. The oxidation of the disulphurié tst0¥ 1l

also dome im the s:me medium with hypochlorites, ferrie ¢h1d11dc

|
and hydroe:loric acidy ferricysnides, silver salts, etc. Wa)n

The tetrasulphurie cvster of leugo indanthrone is als;

formed when the alkaline solution of Z-sminosnthrahydroguinone

disulphuriec ester is heated with lead superoxide (74). The b

yield of indenthrone is reported to be 68%.

leating & g of 1y2eanthraquinone, 100 ml. of formamide snd ﬁ

!
6 ml of scetic acid at 150° glves bis-ang-dianthrece o=-pyrazine {

(anthrazine)e Oxidation with dichromeate in sulphuriec acid pives
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indanthrone (75).

— T

2,9,10#tr1aminoanthracene (82.3 g) 15 boiled with 10 volumes

of pyridine followed by addition of potassium permangsnste

(105 g) and keeping for 15 minutes after whiech pyridine (10 volumes)

is ageln esddedj the product is filtered hot and the solution

evaporated to give indenturone in 80f yleld. Hy starting from

Z2-aninocanthracene=d,10-bis (pyridinium chleoride), indanthrone

is obtained in s similar fashion in 46F yleld (76).

Dibenzanthrone, one ol the oldest known anthraguinone vat

dyesy 1s a polyeyclic quinone containing & perylene nucleus whieh

is made up of nine condensed benzene rings snd two keto groups

(77)e It was discovered by Oskar Bally in the year 1905, when

hé applied the technique of the setion of fused alksli hydroxides

for deciding the structures of benzaanthrone - guinoline and

benzantihrone (73).

ihe constitution of the new dye was established by Scholl

wiho phowed that naphtnaleney on heating with sluminium chloride,

yielded perylene (AXXVIII)y and that phenyl “~nsphthyl ketone

vith the seme reagentl gave benzantihrone. iHe synthesised

dibenzanturone (iL) from dibenzoyldinaphthyl (XXXIX) (738).

As in indantironey the name of the dyey violanthrens

was subsequently changed to violanthrone or dibenzanthrone in

recosnition of its ketonie nature (73).

Sally's preparatory method for divensentihrone was to

fuse two molecules of benzanthrone through s common benzene ring.

The benzanthrone nuclel are joined either as 3y 3" ~éi benzanthronyl
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(XLI) or 4y4'-dibenzelthronyl (XLII) which are further ring

closed to dibenzantarone (XL) (77).

sehwenk (738)y in 1923, put forward that bengzantiurone
rescted with csustiec alkali to give the dirsdieal (XLIILI)
widch formed dihydrodibenzanturonyl (XLIV) on polymerisestion

and subsequently dibenzanthrone (XL)e

Luttringheus end Neresheimer, in the next year also
established that 4y4'-dibenzanthronyl (XLII) 45 an intermediste
stage in the formation of dibsn“antnrkne which required strong

alkall as shown by Schwenk (78). l

|
sradley has observed (73) that when benzantirone is
'

heated with caustic potashy the result is greatly influenced
by the presence or absence of oxidnntl; The produet is meinly
hydroxy benzanthrone (XLV) in the prosﬂ@cc of an oxidant,

but when 1t 1s less, the formation of dihensanthronyl and
dibenzanthrone is fevoureds In the absende of oxidants,

seli-condensation becomes the main reactiom.
1A

dydroxylation and lolr-condonsntionﬂxbaet1ons are )
simultaneous and similsr reagtions, the rqlqt&:o oceurrcnco
depends on the amount of the oxidant presdnts The hydro#ylatiou
end self-condensation of benzanthrsae anqlve\tah sttnek of

anions (hydroxyl and the anion of bunzantnrnnni on bansanturonc.

For the formation of dlbenaanthronyﬂ havfp@ the X

structure postulated by Luttringhasus end N?ronha#p'r. the E‘
benzanthrons anion should have the ntructunc (ALVII)- The

anion of benzanthrone will attack nnioniso¢\bennnqturonn to |
i

form the adduet (XLVIII) wnieh 15 changed %o;dibenhgnthroqx}{
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end finelly dibensanturone (XL) (73).

wanslick snd Ahrens assumed (30) that (XLIX) was a
resonince hyorid of (L) and the michael addition of the hybrid (L)

to benzaathrone (XLVI) leads to (XLII) through (XLVIII) or (XLIV).

sradley and Jadhav (31) found that 6, 6~dibenzenthronyl
: (L1) reacts with potassium hydroxide at 240«50° to form a mixture

of acids together with some dibenzenthrones The main produet at

260-70° was divensanthrones The need of a strong slksli and

elevated temperature suggests thet (LI)y like (XLVI) is a very
vesk selid ylelding the anion (LII), end that (XLII) 1s formed

from tids by a cationotropic chenge in which the migrating

benzantnronyl group elther gives <4 6'-d1bo#=antnronyl (LIIXI)

at an iantermediate stage, or more likely ruir:angos at the time

of migretion snd forms (XLII) directly.
The formation of violsnthxone 5 (32)

puring the a.kall fusion of benzantnrenor\a blegk violet

by-produet which is worthless as a vet dye is obﬁanad. Maki
E
nsmed it violsnthrone B and suggested the formula (LIV) with

one carbonyl groupe

Nagai et al suggested that the é-position of banzanthrone
contributes to the formetion of the Becompound. Qonioquentlyb
Aoki recommended an isomeric formula (LV) to the qrpothatic'
skeleton (LVI) submitted by Maki which coineclides v}tn the above

fagts.
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The methods known for the preparation of dibenzsnthrone by

elkali fusion are grouped &s unders

(a) Alkeli fusion of erude benzanthrone using molten caustie

alkald,
(b) Alkeli fusion of benzanthrone in presence of a solveat,

(e) Cyclisation of Jyi'-and 4y4'-divenzantihronyls to

dibenzanihroney and

{4 Miscellanecus methods

Bensenthrone is fused with caustic potash im the

pressnce of a suger such as glucoscy eane SUgLTry lactose,

fructose or formose (83 34).

Divenzantiwone 1s prepared by the alksli fusion of
benzantorone in the presence of aldehydes or their derivatives

or compounds which behave like aldenydes. Use of para formaldehyde,
sodium formaldehyde bisulphitey sodium formeldehyde sulphoxylate,

sodium glyoxal bisulpuite, sodium benzaldehyde bisulphite or

the corresponding zinc compounds are mentioneds The amount of the

sldehyde derivatives used is 10~20F of the welght of benzanthrone

(85=37)

A mixture of beanzanthrone, caustie potash (317) and
phenol in the ratio of & & 20 3 6.2 at a temperature of £20°

sives 49.27 yield of divenszanthrone. Ineresse in the quantity

of phenol snd conducting the reaction at lower temperatures
inereased the yleld of the dye (33-80).
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Benganthrone, caustic potash and finely divided
sluminius ere heated together at 235-40° to get dibenzenthrone

(21l)e

The presence of alkali-insoluble fmpurities in benzanthrone
during the alkali fusion along with a reducing agent is reported
to incresse the yleld of the dye (92).

Oxicising agentsy e.ge metal peroxides, chromates,
oichromates snd permanganstes of alkall metals, metsl nitrates
and chlorates, oxides and salts of copper snd nitrobm zene
sulphounic acids are used in the alksli fusion of bensanthrone
to get very nigh ylelds of dlbenzenthrone. An acetate or
propionate of en alkali metal may be added to inhivit the
formation of other undesiravcle products like isodibenzantironé.

0xidising agents, such as sodium nitrite or ehlorate are also
sdded to the melt before processing the dye in order to get
a product free from impurities (93-85). |

porie secidy, its simple or complex sallsy or a lixﬁ;n
of them is used in the slkali fusiom of benzanthrone with | i
potassium hydroxide to form dibenzantlrone (96). l\

A mixture of bensanthrone (10 parts), phensnthrens! ‘
(26 parts)y sodium hydroxide (13 parts) and potassium Woﬁd.
(19 perts) heated first at 180° and then st 226% and the
reaction produect suitably purified, geve dibenzenthrone (W parts)e.
when anthracene wes used instead of phenanthrene,; the yield

wvas somewhat lower, which was further reduced (&50%) when "‘.‘;

|

neither of them was wsed (97).
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Senzenthrone is alkasli fused with potassium hydroxide along
yith sodium ecetate and sodium nitrate in the presence of diphenyl
or 8-(or 4-)hydroxydiphenyl to give dibenzanthrone with nearly

| 86§ yield (23).

In the I.Ge process (99), benzanthrone (240 parts) and

fenthracene residues poor in carbazole' or nsphthalene as flux are

melted together at J.:eo". and s mixture consist ing of 67-68Ff cuustie

potash end 27-23% caustiec soda (600 psrts) as in the csse of indanthrone
fusion, slong with anhydrous sodium scetate (860 parts) is added.

The resction commences at 180° and is carried out at 226-30° for

1 to 1.6 hourse The dye 1s purified by vatting, clarifying the

solution with Kieselguhry filtering, and reoxidising. 7The yleld

of the dye is euvout 73.7%.

(b) {

Alksll fusion of benzanthrone is effected using liquid
hydrocarbons such as kerosene having » boiling point of a2btout 280°,
Less alkali than wususlly needed 1s employed in such progesses.

A reducing agent like dextrin, atarchy ecellulosey, aminophenols, and
others is also added (100«103).

Bensanthrone 1s heated with alcoholie potash at 140° or
in 2 nsphthalene melt in presence of oxidising agents such a8 alry
and with the addition of an oxide of an aliknli metaly e.g. sodium
oxidey in an amount at lesast sufficient to take up the water in

the reaction mass (104).

The fusion in presence of an oxidising arent is improved by
carrying out the reaction in a cellosolve type of solvent, thus
permitting the temperature of the reaction to decrdase from 210° to
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146°% (106).

Benzanthroney; on fusion with an alkell mixture (potassium

hydroxide 3 sodium hydroxide : : 14 3 10) in the presence of

sodium nitrite and any ethanolamine or glycol (e«ge triethanole

amine or triethylene glycol) under reduced pressure (600600 mme)
at 160=70° for 1 hour, gives dibenzanthrone in 94-97¢ yield (106).

gy &'~dlbenzanthronyl is treated with alcoholic caustic 107

otash at 130° in presence of an indifferent solvent or diluent
P

sucin as ketoseney, xylene or petrol. Heating 10 parts of it

with 50 parts of esustie potash and 50 ml. of methanol at 116-20°

for 2 hours gives dibenzanthrone (103). The .y 3'~dibenzanthronyl

is converted to dibenzanthrone under much milder conditions of
It wvas ealso found

alkali fusion than the 4 4'~derivative.
that the eyclisation of the §y 3'~derivative is facilitated by

the presence of about & fifth of its weight of glucose (109).

The cyclisation of 3§y S'=dibenzanthronyl is also effeected

by hesting in presence of the tetrachlorides or bromides of titanium

or zirconiumy, forming thereby the titanium or zirconium complexes.

After hydrolyslis the dye, which 1s obtained in the reduced state,

is subsequently oxidised to the quinone (110).
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When 3y3'~dibenzanthronyl (17.0 parts) i1s refluxed with

sodivm hydroxide solution (3f; 1000 ml.) for omne houry the

mnixture filtered snd the residue washed with a solution of

sodium hydroxide and water, dibenzenthrone is obtained. When

10 parts of 1t are heated at 430° for 15 minutes and the residue

wished with boiling chlorobenzens (200 parts)y it gives 9.6

parts of dibenzanthrone. oimilerlyy, whem 10 parts of it is

heated under a stream of nitrogen st 330-90% at 10 mm. pressure

for & minutes and weshed with cnlorobenzeney 9.3 parts of

dibenzanthrone are obtalned (1ll).

Sy d'=dibenzantiironyly on treatment with sulphuriec acid

(86%) end srsenie seld (HgAs0y)y gives dibenzanthrone by

cyelisation (112).

Yodi

The ring closure of 4y4d'=dibenzanthronyl is effegted by
using 80-90f sulphuriec scid at 115-40° slong with oxidising
agents such as sodium nitrite, nitrosyl sulphuric acidy, sodium

arsenate and arsencous oxide (113).

Dibenzanthrone 1s obtained by oxidation of 4y4'-dibenzan-

taronyl in an 30-100f squeous solution of hydrogen {luoride

(114)e In an exampe, 44'=-dibenzantihronyl (1 part) weas

taken in hydrofluoric acid (9793 5 parts)y and potassium

dichromate (1 part) being agded portionwise at 10%. 7The
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nydrofluorie acld was separated by distillation subsequently.

The thermel treatment of 4y4'~dibenzanthronyl as the

Sy o'=compound ylelds dibenzanthrone (1l&)e The 4y4'-derivative

is also cyclised using aluminium chloride or csustiec potash

at 200-20° (116).

(4/ Wiseellaneous methods

Dibeqzanthrane 1s obtained by baking dibenzoyl perylene

with aluminium cnloride (117).

4y 4'=divenzoyl=lyl'=binspnthyly obtained from l,1'-
binaphtinyl, benzoyl culoride and aluminium chloride in carbon

- disulphide, 1s converted to dibenzantirome by treatment with

eluminiue chloride at 95-100° for 3.6 hours (113). 4y 4'=dl bengoyle

lyl'=binaphtuyl 4s also prepared from 4y4'-~dicysnoderivative by
sapordfication with alcoholic alkall st 160-900° in sesled

tubes when the dicarboxylic &clid is obtaineds Changed

into tné acid chloride and hested with benzene and aluminium

ehloride for ¥ hours at 7a-b°, glves the 4y4'-dibenzoyl derivative
(119).
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. {mental sete
Experimentsl work in the alkall fusion of E-amino=

anthraquinone and bensanthrone required the assembly of two

different reactor systems, one was the bateh reactor and the

other continuouse All preliuminary data were colleected in the

batch reector whieh were optimised by statistiesal methods.

On the basis of the results obtained in the bateh reactor,

a continuous reactor was fabricated which involved considerable

efforts in the designy erection and operstion.

A schematic diagram of the ateh reactor cssembly hss

been suown in Flgel.

The recctor was constructed from stainless steel (plate
thickness: S mme) and had a capseity of 2.4 litres. It was 200
mue in height and had a dismeter of 125 mm. The resctor top
vwas closed by a stalnless steel flange with openings for
cherging solidsy sight glessy ges vent which also could be
used as condenser for distillstion of naphthalene, and for
fizxing & thermowell for measurement of tempersture inside.

A gless thermometer was inserted inside the thermowvell for

temperature recordinge The reactor was provided with an anchor

type stirrer made of stainless steel, whose speed could be
adjusted by & pulley system run by @ 0.0 HePo motorj the
speed was kept constent at 140 r.pem. curing the alkeli fusion

stud.ese The heating was done by electrical resistance wire
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which was wound on the outside surfece of the resctor.
this arrcngement a temperature ol aiout $00° eould be easily
obtaineds The radtation losses vere minimised by eflfliclent

lagging outsices The electrical input was adjusted Ly means

of a variec which controlled the temperature at desired values.

A smaller bateh reactor set-up of csst iron was 2ls0 used
while carrying out smaller bateh runs. This was gas heated

and provided with isgging to minimisc radistion losses.

+ @

The continuous reactor asseubly consisted meily of the
follovings a resctor tube in the shape of a 'V'j liquid feed
arrsngement; and solid feed arrangement. A zchematle dlagram

o the assembly is shown in Fig.Z2.

deactor

The details of tue reacgtor are shown in Fig.3s The
recctor was mede of mild steel pipe 6O mae dismeter. The resclor
consisted of the following sections: (a) the mixing zone () the

reaction zoney, and (¢) the discharge end.

The volumetric capacity of the reactor was J.3 litres.
As the reactants were introduced in the form of =014 snd liquid,
2 thorough mixing of both phases was ound negessary for efficient
reactions This was done by vulging out tine left arm of the V
tube to a diameter of 1560 mme A flange was welded at the top

in woieh errangement was provided for introducing the s0lid and

liquid reactants through separate charging holes. A paddle type

e




stirrer was provided in ioth the arms ofthe 'V'. Both stirrers
were driven by two separate 0.20 H.Pe motors through V-beltsy the
speeds of wniech were meinteined at 440 repem. by suitable pulley

arrangements.

The temperature of the reaction was measured in two
dgifferent places at the bvottom portion of the Vetube. Separate
thermovells were welded inside the Vetube in which glass

thermometers were introduced for tempersture measurement .

The bottom of the V tube was provided with s steinless

steel globe valve for drawing out samples whenever needed.

The discharge hole was situated at the top portion of the
right srm of the V-tubes A differential height between the
charge and diseherge levels facilitated smooth diseclarge of the

product.

The V tube was heated by electric resistance wire as in
the ¢ase of the bateh reagtor eand was lagged to minimise heat
lossese The left and right arms of the V tube were heated
separatelyy, the heat input in both arms being controlled by two
éifferent variacs. Useparate gas heating arrengement was provided
at the points where ligquid leed wes introduced and the
discharge of the produets. It was found necessary as the
molten csustic alkall had a tendenecy to sollidify at these points

owing to cooling of the surface.

The products were collscted in separate enamel lined

uild steel vessels for further processing.




ihe reactor assembly was fixed on slotted irom stand

50 that the discharge end wus st a height of 1.2 meters from

the ground leval.

dolten alkell feed arrspsepent

The liquid feed assembly consisted of an slisli melting

vessel of a working cspacity of & 1. (Figedd)e This was

provided with three slanting side disecharge holes through one

of which molten alkali could be drawn into a measuring device.

The side discharge was found necessary as the bottom diseharge

did not work satisfactorily. The molten slksli contained

insoluble impurities like dirt and carbonate which formed a

sediment on the top of the valve seat, obstructing thereby

the free flovw of molten alkall tiarough the velve. This

difficult y was completely overcome by the arrengement mentioned

aL0Va.e

The molten alkall was drawn into & messuring device
fabricoted out of & mild steel pipe of 45 mm. dismeter with a
conicsl bottom. The function of thds tube was to discharge

known quantities of the slksll melt turough the bottom valves.

The measuring was done in the following menner. At #novn

hel; hts in the tubey, open slanting pipes were veldcdﬂvnich

\
acted as overilow levelse The bottom valve was [irst ¢losed,

6likali melt was drawn into the tube till part of it overflew

through one of the side tubess The alksli melt cont?tnnd in

the tube wes then discharged through the bottom outhé\into

the V tube resetore %he wolume of the alkali dilcnnrﬁip was




thus pre-calibreteds The alkall melt in the over-head reservoir

and the measuring device wes kept molten by providing ges

nesting and slectrical heating respectively.

g ﬂ] id €9d _srrengens n&

The solid feed device employed is suown in Figeds This

was essentidly s screw conveyor, the piieh of the serew being

1/2 ine ine sSErevw Trepele could be varled by means of a
reduction gear and a pulley set. The vessel had a conical

ecross=section and had a volumetric capacity of about 500 ml.

The serev rotated at the bottom of the conical shaped vessel.

By adjusting the re.pem. of the screwy the feed rate could be

varied to any desired smount. This device worked well with

fezminoantihraquinone.

The solid feed eomsisted of 2 mixture of Z-aminocanthraquinone

and sodium phenolate and the liguid feed consisted of molten
elkall containing caustie soday, eaustic potasi, snhydrous sodium

scetate and sodium chlorate. The feed rates of the above

reactants could be controlled in the menner described above and

the product from the discharge end could be processed in the

manner deseribed under bateh alkall fusions.

| Bt s

A1l rav meterials employed in the studies in alkall fusion

were snpslysed to asssess their perceatage purity. The various

methods employed and the results cotained are detailed below.




2=aminosntiraguinone

g-aminoanthraquinone vas analysed by columa chromatography

on grade I slumine by the follovwing method (l)s acout 0.25 gme

of Z~asminocanthraquinone was g ccurately wveighed and dissolved in

& mle of this solution was chroma=

pyridine and made upto 25 nml.

tographed on slumina greade I column made by wet filling with

penzenee 7The developing solvent mixture consisted of 1 part of

pyridine and O parts of benzenes The orange red band was

eluted into s welghing flask and the solid estimated by

evaporating the solvent. The Z2-sminosnthraguinone was found

to be ¥8.0 per cent pure.

caustic sode and potash

The caustic alkalies used were flakes of commercial grade.

Their purities vere determined by titration with standard

potassium hydrogen phthalate solution.

A sample of the phthalate was dried for 1 hour at 100-50°,

0«6 gme of the phthalate (dry sample) was transferred to a

conical flaske 100 mle of water was added to dissolve to

Two drops of phenolphthalein were added

povder completelye.
and the solution was titrated with the alkali solution (0.1 N)

taken in the buretie.



1 gme Of CODHCGH WCOOK = 041969 gme of NadH

——

= 028748 gme of L0H

The purities of the caustic soda and potash were 9l.00 and 36.0

percents respectively.

Lodlum acetate
Pure anhydrous sodium acetate was used throughout the

investigations. The moisture content was estimated and freshly

fused sample wes used wheredver necessary.

The assay in snhydrous sodium acetate was determined by
About l.& gme of the dry

the nethod deseribed by Rosin (2).
sample was accurately welghed and ignited in a crucivle

protected from the flamey geatly at first, then at a low red

heat until thorougnly carbonisede The mass was then cooled,

disintegrated and thea pleced slong with the erucible in a beaker.
Water (76 mle.) and 086 N sulphuriec scid (50 ml.) were added

and the contents bolled gently for 30 minutese The contents

were iiltered end washed with hot water until the washings

ceased to redden blue litmus papere. 10 the cooled filtrate,

2 drops of methyl orange was added and the excess acid titrated

with QO N Nali.

1 mle Of 048 K HghOy = 0s4201 gue of NaC2iig0,

\
The sodium acetete used wag found to have a purity dﬁ 93

\‘n

per cent on drying. |




20uium ohlorate
dodium chlorate of 99 percent purity wes used in the

iavestigations.

The assay in the sodium chlorate was determined by the

method given below

0«8 gme of the sample was dissolved in 100 mle. of water.
10 mle of thls solutlion was transferred to a stoppered bottle
and 25 mle of neld ferrous sulphete solution was s dded. 25 ml.
of potessium 1olu.l.do solution was then added and the contents
were alloved to stand in dark for 1 houre &0 ml. of water was
added and the liberated iodinme was titrated with 0.1 ¥ sodium
thiosulphate solution. A blank experiment was simultaneously

earricd out.
d mle of Oel N Ba26203 = 00017756 gme of 'ICIO&

woulup phenolate

sodium phenolate was estimated by titratiom with standard
sulphuric acid solution.

The percentage purity of sodium phenolate was found to be
0.8,

eodlun hydrosulondte

The analysis of sodium nydrosulphite wes earried out as

describved pelow (2) o Atout 1 gme of the sample was a courately

welghed and dissolved in e mixture of 10 mle of formaldehyde
and 10 mle of water contained in & small glass stoprered flask,
end allowed to stand for 30 minutes with frequent agitation.
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The solution was then made upto 2560 ml. in & volumetric flask
with 160 mle of water and 3 drops of methyl orange solution '
followed by dropwise addition of 1IN sulphuric ascid to a siight

gelid reaction and finslly with water. 70 00 mle of the solution

2 drops of phenolphthslein were added followed by just sufficient
Dol W NaOH to produce a slight pink colour. This was titrated
with 0.l N iodine using stareh indicatore.

1l mle of Dol N lodine = 0.004368 gme of Na g0,

The percentage purity of sodlum hydrosulphite wes lfound to be \

394560 |
aensantirons |
The benzanthrone was estimated in the following msnner: !

A semple was accurately welghed and extragted with acetone in :
a soxhlet apparstuse The extrsction wes continued till the i ‘
extract became colourlesse The trnimble from the apparatus was |
taken outy dried and weighed. In an exampley 0.8972 gue of

benzanthrone was extracted which gave 0.861 gm. of the acetone 1
soluble frectione It was multiplied by a fasctor 0,870 which
gave the a&onnt of benganthrone wuieh actually went in acetone

solventes The perénntas;,e purity of the sample was

100 x 0861 x 048975

2 36,80

10 a 00972
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Hephtnslene
Technicsl grede nephthalene was found suitable for the

alkeli fusion studies. It was powdered before use in the

reactions.

The strengths of the dyes were evaluated by dye trials.

The dyeing of indenthrome was carried out at 60°. 7For 1¥ shade

on & ¢+ of cotton yarn the materials requirement weres

Indanthrene sSlue RGN 3 50 mge NeOH (328)8 4420 mle Water (taken

initially)s 4 mle Godium hydrosulphite: 05 g. pdspersol (10f):

06 mle Water (subseguently): 91 ml. to make up to 100 nley

MLR being 1:120.
The dye was irst vatted at the dyeing temperature (60°%)

for 20 minutes after whieht he dyeing was carried out for <0

minutes more. An after treatment was given to the yarns with
8¢ soep solution (4 mle)y 1¥ soda ash solution (4 mle) sand glucose:

D.02 gme to brighten the shades.

“he hanks, immedistely after dyelng, were vashed in cold
running wveter before the dyeings were oxidised.

The comparisons of the dyeing were made with Navinon Blue

uiﬁlar dyeings were carried out for evaluadi ng Indgnthrene

Park BSlue B) sauples.
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For & ge of the yarn {cotton hank)y to get 1f shade,
the anounts of the materials used veres Indanthrene Dork Alue
BOs 60 mge; RoOH (32%)1 0.26 ml.-(initially); Water ({4 nl.
(initially) and sodium hydrosulphite: 0.1 gm. (initially).
sulficient quantity of Turkey Hed 04l was added to the dye to

make a paste.

The s tock vat was further diluted to a totgl volume
of 100 ale by the addition of NaOH (32f) : 4 ml. sodiun
hydrosulphites Oe«4 gey dlspersol LT (10F) 3 0¢b mls and water

91l mle The MLR was 1120 as in the case of Indanthrene Blue RSN

The dyeings were carried out at 565-60° for 30 mimutes.
After dyelang, the hanks were sgueezed and allowed to stand
in the air until the shades were fully developed. They were
finally soaped at boil.

The ylelds of indanthrone and dibenzentorone were

based on 130 and 160 per cent strength as compared to standard

Nevinon dyestulfs taken as 100 per cent.
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CHAPTER-3

RESULTS AND DISCUSSION




To start with the experimentsy a few runs were taken using

caustiec soday caustic potasiy anhydrous sodium acetate, sodium

chlorate and sodium phenolate. The quantities of the resctants
used are tabulated in Table (1)

The reactions were ecarried out in the folloving maaner.

Caustic soday ctustie potash and anhydrous sodium acetate
(as per quantities given in Table (1)) vere charged in the

same order into the bateh resctor (deseribed im Chapter 2).
The contents wers first heated to 260° followed by cooling
to 200% at whieh temperature sodium chlorate was ecarefully
added after discontinuing the hesting. Duriny the sddition

of ehlorate the stirrer was stopped and care wes taken to

see that the chlorate did not fall on the utlade of the anchor

stirrer. Crystalliine sodium chlorate was used in preference
to the powder brand depending on its avallability. The
temperature was meintained at 180° and 2«aninoesnthraquinone
and sodium phenolate added alternatively over a period of

2 hours andy finally, 2-aminosnthraquinone alone (1/6th of
the total amount taken) over the mext 1/2 hour. During the

entire addition of S-aminosnthraguinone and sodium phemolate,

the temperature showed a tendency to decrease first and

finally rise to sbout 200% The temperature wvas fuwrthe




paised to 206° over the next 1/2 hour after which 1t was
discherged into water cnd processed sceording to the method

‘deseribed in Cemean llterature.

The fusion product was discharged into water kept at

40°% The procuct remaining in the kettle was separately vatted

and sdded to the mein bulke The contents were taen cooled to
48° and vetted st 48%°-42° for 1 1/2 hours by addition of
um hydrosulpnite. The leuco indantirone erystals were

filtered in a vecuum filter and weshed three to four times
With slkaline hydrosulphite solution till the filtrate rem pale

Brown in esloure. The filter eake was then dumped in hot

» at 60° and oxidised to the dye at 90° for & hours. After

agy the dye suspension was treated with coneentrated
ie scid, hested to 60° and filtered hote The dye eske

washed with a dilute solution of soda ash to remove the

ty and subsequently with hot water follOWed by a 1F Tamol
D solution. The eake was finally dried at 100«6°. The

1.1- rength and gquelity of the dyes were compared with standard

Nevinon sample and the yleld was reported om 130 per cent
th as deseribed in Chapter 2.

The results of the experiments carried out are reported
Table (2)s Under the laboratory conditions, the yleld of
throne wes not at sll sstisfactorys The metnod of
paration wasy thereforey sultably modified to get substaBtial

Jield of the dye and quality product.
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The next set of experiments were carried out with |

the follovwing modifications. While the quantities of the

r resctants and methods of isolaetion of the dye remsined the same,
the preparatory method was altered. AR intimste mlxtured of

g-aminosnthraguinone and sodium phenolate was added to the

slkali melt es guiekly as possible instead of 2 1/2 hours

as in batches 1 and 2+ The temperature at which 2-amino~-
anthrsquinone and sodium phenolate were added remained the

! J ssme at 130°. After completion of the addition, the kettle
wes heated and the temperatur: of the conteants was raised to
200-6% at which temperature they were held for 1/2 hour to

complete the resction. |

The results of these experiments (shown in Table (3))

neve indicated definite improvement and the quality of the

produet was also good.

It was, therefore, necessary to determine the effect
f of the time of reasction, temperature of reactiony alkall to |
gesminosntaraquinone ratio, sodium phe ndlate to S-amino=-
enthragquinone ratioy and sodium hydrosuipnite % f-aninosntira=
quinone ratio on the overall yield of indanthrone. In all {
!
é

these runs the proportions of enhydrous sodium acetate and
‘ " sodium chlorste were meintained constant at 0.64 and 0.15
parts respectively per part of Z-asminosnthragquinone.
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Gffsct of the time of reagtion

The preliminery experiments (deseribed in the previous
section) have indicated thet carrying out the resetion for
J hours considerably reducedt he yleld while it was not
affected when the time of reaction was 1/2 hour. A few runs
were taken varying the time of reaction with & view to
determine the optimum reaction times The results have
indicated that an optimum resction time was 1/2 hour in
which case reasonable ylelds of the dye were obtained and
quality wes also good (Tatle 4)).

&ffect of reagtion temperature

The alkall fusion reactions were cerried out at two
dirfereat ranges of temperatures: one between 200-5° snd the
other between 216-20% The purpose of these experimest s
was to escertain the yleld and quality of the dye at these
temporature levelse The results have broadly indicated that,
when the reaction was carried out st 200-5°. the yields and
Quality of the dyeswvere satisfactory (Teble 8).

£ ::ﬂﬂi of Bl il to a“‘ﬂﬂlMIﬂ§MIﬂ!ﬂm ratio

The increase in molten alksli content inereased the
fluidity of the reaction messe It was, thereforey, decided to
study the effeet of alksll to B-sunoanthraqﬁlnono ratio.
The cost of the vat dye beilng very ndgh, any variation in

the alkali content would not affect its cost to =ny apprecisble

extent.
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The amount of alkall required for the alkall fusion

vas gradually cut down to & minimum snd its effect on the
yield of the dye was eveiuat.d {Table (6)).

" When the amouut of slkall wes cut down to 57.5¢ of

the originsl wvalue, the yleld was not affected appreciabdly.

fut during processing, the leuco indanthrone filter cake

required more washings by alkesline hydrosulphite solution
in order to eliminate the impurities like alisarin and
others. 7The quality of the dye was not good if the washing

of the ecake was improper.

The role of sodium phenolate is to act as an antiefrothing
sgent in the alikali fusion reaction. Due to the high

exothermicity and evolution of geses in the resction, the

contents of the reactor always had a t endency to froth out.

It vas considered worthwhile to determine the optimunm

requirement of sodium phenolate for smooth reaction. The
ratio of sodium phenolate to E~aminosnthraguinone was varied

to different values snd the results obtained are summarised

in Table (9)).

From the six experiments indicated in Table (7)
it could e observed that reduction in the amount of sodium

phenolste up to 1/5rd of the original level did not appreciaily

affect the ylelde 5But in sll such esses the batches {rothed

oute It isy therefore, necessary to add full quantity of

sodium phenclate as mentioned in Table (1).
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It ves observed that when the product after alksli

fusion was dumped in vater, the vat dye formed remained in tie
reduced state to a considerable extent. Consequently the
requirement of sodium hydrosulphite as reducing agent was much
less than required by theorye. The quality of the dye depended
mainly on the crystallisation of the leuco dye from the solution.
Improper ¢rystiallisetion resulted in inferior quality of the

dye.

A detalled study wes t herefore mede to determine the
quantity of sodium hydrosulpuite required for erystallisation
of the leuco derivative of the dye.

The results obtained in this set of experiments are
tabulated in Table (8).

ihe optimum conditions obtained ss a result of the studies
vith dirfferent process varisbles were established by e:rrying
out few more runs at the optimum levele. The optimum level
fixed wess (1) resction time : 30 minutes af ter the addition
of E-auinoapthraqninono vas ¢0l:10£0 and the temperature
reached 200°; (2) reasction temperature s 200-5°; (3) alkall to
2-aminosnthraquinone rotio 1 4.32 3 1; (4) sodium phenolste :

E-aminosnthraquinone s 1 0.33 parts s 1 part; and (5) sodium
hydrosulphite Z2esminoanthragquinone s s 0.0 part s 1 part.

Tiwe results obtesined sre given in Table (9).
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Investigations were carried out further to study the

effect of various surface active agents such as alkyl phenols

(or their sulphated products), fatiy alcohols (or thelr |
sulphated products) end other alkali stable enionic and non-ionie
surfectantse In all the previous bateh runs ecarried outy the
yleld of indanthrone was of the order of 556§ or less. Use

of sodium phenolate as an sati-frotoning agent gave

satisfactory results but it wes used in large amounts and also
presented difficulty in'atoragc end handliing due to its
hygroscopic and toxic natures. 7The present studies were directed
meinly to use various surfece active agents having superior

qualities as compared to sodium phenolate end others.

The following surfece sctive agents were used during
this investigations (a) phenolic compounds such as ethylphenols
(ortho, mete and para) and its homologues upto dodecyl phenol,
o-phenylphenol and p-phenylpnrenoly olsphenol and compounds of
e similar typej (b) fatty alcohols such as lauryl, cetyl, oleyl
alconols and other compounds of a similar typej (e¢) surface |
active agents such as metallic stearates (like Aly, Pby Zny etes)y
anionic surfactants like alkylaryl sulphonates with one or
more alkyl groups having eight or fewer carbon stoms, disodiume
N-octadeeylsulpnosuccinate, sodium sslts or sulphurie acid

esters of alcohols haviag eighti or less carbon atoms, sodium
s:1ts of sulpaurie acid esters having more than eight carbon




atoms, products obtained by sulphonsation of seondary '
alcohols and similar ones, as also non=-ionic surfectants ﬂ
such as ethylene oxlde condensation products of fetty |
aleoholsy etiaylens oxide condensation products of phenolic

|
compounds having en alkyl sidee-chaliny and similar compounds. ' ‘

The results of the beteches using some of the snti-frothing
egents listed sbove are summarised in Teble (10). |

ihe use of surface activs ogents as substitutes for |
sodiua phenolate gave dyes of optimum tinetoriel strength ‘
and festness with comparsble ylelds. They were used in smsller | !
amounts ss compared to sodium phenolate and were stable and |
non=-toxice Thelr sdventage over the use of sodium phenolate
is well establisheds 'Iho use of various surfuce asctive sgents
(either alone or in combination with sodium phenolste) gave
better results eas indicated in Table (10).

This investigation was ¢arried out to study the alksli

fusion of benzentihrone to dibenzentihrone. The rezction

earried out was as followss caustie soda (0.8l part) and caustie
potash (l.46 padts) were heated t.o,,ethér to 260° as in the

case of indanthrome and ecooled to 220° st which temperature
anhydrous sodium scetate (0.214 partf{) was sdded. After
eooling Surther to 20{)°. required smaupt of maphthalem (as per
the amounts needed in each batech) was chargede This was
folloved by the addition of one of the surface sctive agents,
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(as described in the previous section)y wherever Necessary,

which wes 0400 part per part of benzanthrone. This was followéd

by the sddition of benzenthrone (1 part) at 170° in four

equal portions as indicateds first quarter i-twotn 170° and
177°; second guarter between 177° end 183%; third quarter
at 133-189° and last at 189-195°. The temperature during
the sddition of benzanthrone was not allowed to go below
160° or avove 196° st any stase. A3 soon as the aidition
was completedy the contents of tae kettle were heated to
203° when distillation of nephtihalene started vigorouslys
The distilletion was continued till the tempersture reached
9005% The amount of distillst e collected wes about 76-30%
of the initial charge of naphthalene. The alkali melt
cont.ining the product was then dumped in water (450 parts)
in vhien Kieselguhr (0.0 part) was suspended slreadye.

The temperature of the water wes kept initielly at 6a°,
The dye was vatted by addition of sodium nydrosulphite

(DeiB8 part, at 68°. under periodic stirringe. The produet
left out in the kettle was separately vatted with a mixture
of water (12.6 parts), csustie soda {0+l part) and sodium
hydrosulphite (0.16 part) and thds solutlon after wvatting
for some time was also added to the mein bulk during
filtration. The total vatting time was 2 hourse After
completion of vattings the slurry wae filtered in a filter
press and the nephthslene cum Kieselguhr cake in the press
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was washed with water (20 parts) containing caustic sode
Oel part) and sodium hydrosulphite (0.16 pert)e The weshings

were repeated till the colour of the filtrate turned pele red. i
|

The filtrate snd the washings were collected and aerated along

with open steam to precipitate dlbenzanthrone. The dye was

then f{iltered and washed free of the fluorescent substances

formed in the resction snd the excess of alkall present.

The first set of experimemts were carried out with

the following objective. In the alksli fusion runs, excess

of naphthelene (2.16 parts per part of benzanthrone) was

taken normelly end distilled over for re-usein subsequent

|
batchese The distillation of naphthelene used to take a
long time and only 80f of the naphthalene charfed initlally 1

could be recoveredes It was therefore planned to perform

s series of experiments using only 20f of the naphthalene
origimlly charged and perform the alksli fusion without the

distillation of nsphthalene. The naphthalene was alloved to

reflux at the reaction temperature.

The results are tabulated in Table (12).

The results have indicated that the average yleld of
dibenzantihrone was 64f (by weight) with the produets
comparable to standard semples. This yleld was far awey
from the expected yleld of aiout 35f.
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It was decided at this stage to employ one of the
surface active sgents used in indanthrone fusion snd study

4ts effects in benzanthrone fusion. The next set of experiments

were taken using Temol HNO (interaction product of naphthalene-

fesod ium sulphonate and formsldehyde), the amount taken being

5% on the weight of benzanthrone. The naphthslene as in batches

1 end £ was sllowed to reflux at the reaction temperature.

The results obtained are given im Table (13).

Under the circumstances deseribed in batehes 5-7 ean

avera e yleld of 63% was obteaineds This also did not indicate

substentisl ineresse in the yleld of the dye.

It wes therefore imperative that the distilld ion

of nsphthalene plays sn important role in inereasing the
yield of t he dye. To ascertain tidsy few experimert s wvere

carried out using excess of neplithalene (2,15 parts/part
of beazsathrone as in Idle (11)) and distilling 1t out.
The results haveshown marked inerease in the yleld of

divengsnthrone (iable 14).

Consequently, the optimum requirement of mph&r;alene

was the next factor to be determined. In the ‘mten«l‘} 8 and 2
\

the amount of naphthalene taken was 2.16 parts/part _o‘f\ engane

i ﬁ.!'st.

tir onee. T0 2scertain the minimum requirement, it was

cut down to 1.08 parts and later on to 04763 part (&

:oapectivoly of the initial smount. The results are &

in Table (18).
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The aversge yleld of dibenzsnthrone was 83% (by weight) |
and the quality was very good.

The next step was to determine two more factors: (a) the
‘ [
possiidiity of roducing the amount of alksli used in the 1 '

fusion as in the case of naphthalene and (b the role of the
surface setive agents in the fusion. rurther runs were taken

in the manner described below. .

Ine one bateh (bateh Ho.l2) tue naphthalene wes taken
in the seme smount given in the previous bateh and excess of
it was distilled outs The amount of alkell was also eut down
by Balf (lel4 parts/pert of bengenthrone)e The reaction wes
performed for 27 minutes with distillstion of naphthalene
simultaneouslye The yield of the dye was only 22.6f (150 strength ‘
and comparable to standard).

In the next few bateches nsphtialene was colpiotaly

eliminstede The fusion was done using the surfactants The g

F amunt of the surfactant wes &§f on the weight of benzsnthrone l t
as in the previous eases. The results sre recorded in Table (16). :

The average yleld of dibenszant rone was 437 only.

The results of the stove 20 batehes could be summarised
s undere The alkall fusion of bensanthrone to dibensanthrone
using excess of nephthelene and distiliins it out during the
course of the reaction gave exeellent yleld of the dye with

. ‘ €00d tinciorial strengthe The optimum requirement of maphthslene
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vas found to be 0.765 part/part of bensanthrone. By using

Q¢43 part of naphthelens aznd refluxing it at the reasction
temperaturey, it guve lesser yislds of t he dye which did not
laprove to e larger extent even oy use of surface agtive agenis,

Yhe fusion without naphthalene and using only t he surface

agtive agent gave poor ylelds of the dye.

The equipment used for the continuous alkall fusion studies
and its fabricational details have been deseribed in Chapter 2.
Hajor difficulties were experienced during its fabrication and
operations Originally = device illustrated in Fige® wvas
constructed to carry out the resction. Ihds design wes of the
type of a 'venuleth dryer' wherein excellent mixing of the soldd
-zminosnthraquinone in the molten 6likall medium could be
aehlevede The assembly fabricated consisted of an overhead tank
made out of mild steel which hads volumetric capecity of 22 1.
4he molten alkall mixture from tils tank could be fed into the
reactor tube by operating the valve at the bottome 4As the
capacity 6! the tank was very larges, the flow veloeity of t he
liquid feed turough tiae bottom valvey and conseguently the amount
of alkalli mixture charged would not appreelably ehange with
cosnge in the level of the liquid in the tank. It was found
by experiments that the flow veloeily of the liquid turough the
valve did not change more than &% when 3 litres of the liquid

Wweére discharged from the tank when it was fillled upto its total
capagity.
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The recetor (Flg.6) was made out of a umild steel tube

100 mme in dismeter which was closed at both ends by screw caps.
A norigzontal stirrer with plates welded throughout its full length ‘
was held in position at one end over & conieal seat which was fr
fized to one of the serew caps insides At the other endy the i
stirrer shaft passed through & horizontal gland «nd stuffing box ﬁ‘

arrengement. A three step pulley was fixed to the stirring |

shaft which vas driven by & 00 HePs AsCe motor tarough a Ve-belt.
The reactor had arrsngements for feeding solid snd liquid reactants
gt one end and s produst overflow at the other ends The total hold
up capacity of the reactor wes 24 le after which the contents
overflew through the disecharge end. At the bottom of the tube

a8 valve was fixed for withdrawing samples st regular intervals

and also to empty the reactor for cleaning purposese The whole
unit wvas sounted on angle iron stand for operation at convenient

devel.

One of the major difiiculties experienced was with respect
to the ligquid feed arrangement. The device described sbove was
not found suitable for the purpose. 7The bottom discherge arrengement
did not work sstisfactorily as the molten alkall conteined insoluble f;
impurities wileh formed a sediment over the valve seat obstructing N

f tuereby the flow of molten alkall through the valve. 4
modified feeding arrsngement described in Chapter 2 was found most !i
sultable and it opersted well with the molten alksll mixture. ‘
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A measured quantity of the molten alkall mixture vas
fed at reguler intervals of &y 15 and 30 ainutes respectively.
The smount of slkali fed into the reactor could be varied

oy unplaying: verious overflovw lovels im the alkell messuring

device.

The design of the reacilor itself posed many problems.

the horizontal stirring shaft passed through a gland and stuffing

boxe The glend materisls could not withstand the molten
alkeli whieh resulted in constant leakage through the glande.

It was thuerefore necessary to isolate the gland from the
reactants. One wey to achiewvs tuds wes to provide few vertical
stirring shafts from the top portion of the reactor tube

to agitate the mixture inside. In such & case the nedium
becase very turbulenmt and the flow tarough the tube was not
smoothe This difficulty was overcoms by a design shown in
figure 7. The volume of the reactents in this sssembly was

ket nearly the seme ss in the horizontal reactor. The glands
were not in contact with the molten alkall and were not demaged
by ite The solid and 1iquid reaetants were charged in the
right arm of the tube and the overilov was collected from the
left arme 4 bDottow fAlSgharge velve facilitated withd@rawal

of samples periodically and also cleanlng whenever negsssarye

This unit vorked satisfactoriiy wut the feeding of

Sesninosnthraguinons prosented difficultiese The s0l1id was not

mixing well with the moltem alkell at the point of feeding.
Furthers there were stagnant portions of the liquid st the

sottom of the reactor due to improper stirring in that area.
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The fina)l design (described in Chepter 2) overcame all |
the difficulties and worked well for the semi-continuous alkall ‘
; fusion reagtions,

g' A screv conveyor was found to operate well with the
¥ ‘ g-aminoanthragquinones The amount ol the solld feed was I
{ | adjusted by varying the speed of the rotating serew which was W

? also pre=-cealibrated.

B."I&' n‘ !‘m:].m&. :m‘“!!ﬂ 1‘ &"g !-Inn :l“lﬁ '
On the basis of the rosults obtained from bateh slksld |
fusion resctions in the ease of indanthrone, trisl runs vere

1 taken with a view to study the performance of the continuous

‘ resctor.
In the first set of experiments, molten alkall mixture

consisting of caustic soday caustic potas:y snhydrous sodium |
acetatey, sodium chlorate and sodium phenolate was charged ‘-w

into the Wube till the overflow level was reschede The i

composition of the mixture was the seme as in the bateh

: - reactions. The melt in the resctor wes kept at 200° by |
régulating the heatings Fresh charges of molten alkall and
2~aminoantihiraquinone (92 gme. and 9.5 gme respectively) were
introduced together st regular intervals of 15 minutes. The
product was collected after every 2 1/2 hours which was
corresponding to 90.0 gme of Peaminocanthraguinone feed. The

yvisld of indenthrone was caleulsted in the usual manne® and

its quality determined. The results of the first set of elght
experiments have indiceted a maximum indantinrone yleld of «l.2f
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The results have indicated the feasibllity of utilising

this seteup for carrying out the alkell fusion. It, hovever, |
did not specify snything regarding the equilibrium conditions I
{n the set up. In order to study this faectory the next ;
series of experiments were carried out inm the following manner.
The Vetube wes {illed upto the overflow level with the product
obtained from a lmten reagtor inwhich equilibrium conditions
pave slready been obtained after 30 minutes of alkall fusion.
The product in the Vetube was maintained at 200° before fresh
charges of alkslii melt and Z-aminoanthrequinone vere introduced
as in run numbers le8. Five runs taken in this manaer

gove the following results (Table 13).

It was found negess:ry at this stage to ascertain
whether the formetion of indsnthrone wes eemplete under the

’
L

above conditions or the product decomposed after formetion
pecsuse of prolonged heatinge This was verified by anslysing

the products obtained after two bateh usions for the indanthrone
content. The ylelds of the dye obtained were 63 and 82F
respectively (bssed on 130 strength).

In order to study the performsnee of the semiecontinuous
resctor, ten more runs were taken without interruption over a total
period of 256 hourse 7The products dbtained after esch 2 1/2

hours period were processed as in batches 1 - 1lie The results

have indicoted an sverage yleld of 43,28 (by weight) (Table 19).
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Note: From run number l4 onwards the resetants fed into the

Vetube were as mentioned belowve

Liquid feed 92.0 gme. (consisting of easustic soda, caustiec

|
potasiy anhydrous sodium scetate and sodium ¢ hlorate) snd the '
8011d feed 12.3 gme (consisting of Z-aminoantihraguinone and

sodium phenolate in the same proportion as givem in bateh |

reactions)e. The proportions of the resctants were the same

as in the previous runs.

The produet from the V-tube reactor weighing 5.806 Kge

Was processed for indanthrone which gave an yield of 427 ‘

based on the Z-sminosnthraquinone eharged initislly. The
strangth of the dye was 130 per cent and the guslity was good.

Fuarther studies were made to determine the dfect

of the time of addition of Z-sminocanthraquinone regarding the |
yield of the produecte In the preceding 25 runs the time of \
addition of E-sminoanthraquinone and alkall melt (both added

together) was at intervals of 16 minutese. The averase yield

of indantihrone was 43.23f. In the next set of runs the |
time of addition of both resctents were fixed at 30 minutes ‘;'
intervelse The results obtained (Teble 20) gave an yleld of | I
O2434% ol tieory woleh wvas comperable with the beteh yield.

The above runs have broadly indicated that lesser
yield of indsnthrone in runs upto 23 might be due to incomplete

reaction of Z-aminoanthraquinone. It was, therefore, decided
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to cut down /the time oi addition to & minimumy ieee & minutes
/

intervale 'In these runs it was found that, under the existing

conditions of mixing, the Z2-aminoantihraguinone charged did not

mix up well especially during latter runs. The average yleld

of indanthrone under these conditions amounted to 47.5f

(Table 21).

Discussion of the results

The essential feature of tils study wvas to exmaine

the fessibility of designing =2 unit smaller in size but at the

some time elficlent in operatione AS in the case of bateh

reactions, good delds were obtained when the resction time

was 50 minutes. In spite of continuous operation over a peried

of 43 howrs, no appreciable decomposition of the dye was

This su zests the use of the

observed in the reactor.

reaction medium in the semi-continuous reactor over & long

periods 7The operation of thds unit wes very simple and the

temperature of the reaction was controllable with esse.

The lack of adequate solid dlspersion in the reactor
wvhen the time of reaction was reduced to & minutes was malnly

due to improper arrangement for mixing of sollds in the liguid

mediume With the exception of thls difficulty the performance

of the reactor wvus satisfactory.
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The scope of the Vetube reactor's use in other unit

processes is very consideratle. An ultimate design of such r'

g set up would be one illustrated im Fige3 whorein a constant

level of the products could be maintalred as in the V=tubee \

T8 overflow of the products im this system would be controlled

by the resctants charged into ite This unit eould be wsed for |

many continuous operations for carrylmg out sul nonationy

nitration snd other unit progcesses.




CHAPTER-4

STATISTICAL DESIGN




%he alm of the present investigation 1s to estimate ,
the best operating conditions for the aliald fusion resection ‘ .

by maximising the ylelds of the dyey indanthrone. When the

optimum conditions for the meaximum yield are far removed | |

from the base level, the method of steepest ascent seems to I

be the most efficient technigque of arriving at the result.

As the optimum 1s approached, the method of loeal exploration

by fitting response surfeces is used so that the optimum

eould be‘speclrled more preelsely and the conditions most

sultable for practical use determined. The method of BHox

and Wilson olfers a very systematiec solution for sueh
problems (1)

An analysis of this type was carried ot by
Balasubremanien and Poraisvamy (2) (see also reference (3)),y

employing the German process lor the preparation of §
indenthrone (see chapter 1) wherein the alksli fusionm was |
effected by roaetxna ﬂ-am&noanxnrnquiaonn in an alkali b
melt consisting of caustie so0day caustie potashy enhydmous '
sodiun acetate and sodium nitrate. The meximum average yleld

of indsnthrone was reported to be 63.4f by welght (based

on commercisl strength taken as 100%) under tho folloving
optigum conditions:

\




Hesction temperat ures 291°

fime of addition of oxidising agent aNaHJa) &0 mimates L
iieanction time: 12] minutes
Hatio of 2eaminocsnthraquinone to fluxing S5

agent (anhydrous sodium acetate):

Hatlo of slkall to 2eamincanthrsquinone: S907

The process employed im the present analysis essentially

differs {rom the above investigation in that sodium ehlorate

was used as the oxidising agent and an anti-frothing agent,
sodium phenolate, was added during the resction.

A preliminsry analysis of the reaction for the

preparation of indanthrone by this proeess hes indlested

that & reasonably good yleld of about 657 (besed on the

commercizl strength) could be obtained under the following !

conditions.

hesction temperature: 190° N

iime of reactions 60 minutes '

wWelght ratio of alkall to Z-aminoanthraquinone 61 1

Welght ratio of sodium phenolate to Del6 3 1
Zegminoanthraguinone

This process for the alkell fusion is sdvantageous
considering that the time of resction is short snd the yield

of the produet is better than the previous process.




In practice, a functionsl relationship exists between

one oF more guantitative responses such as yleld of the product,

cost or purity on the one hand and sets of controlled variables

1ike temperature, feed compositiom, reaction time, etec. on the

othere This can be represented mathematieally as .

y= £ (x Hgy eesesceedy | 9 B0y sveseny Gp) sesenaell)

Yy & yield
Eye Xgy eseseceveely § independent variesbles and |

910 9 ..........ap $ unknown parameters.

To begin withy however, we do not normelly have any

knowledge of the nature of the response funetiomn. In such cases l

it can be assumed that the functional velationship 1s approxizated
by & polynomiel funetiom. Eliminsting the higher order ter=s,

Ve havey

’ = ﬁg + plxl + pgxa * eewees ﬁ'kxk .........(2)

Geometrically it means that the response surface is approximated
by & plane in a small experimental subereglons The slopes of this

plene sre estimated by performing a sultably arranged set of

triels in the suberegion. The relative magnitudes and signs of 5
these slopes ealculate the direetion of the steepest ascent. r

This 15 the direetion at right sngles to the: canteur lines and

shows the relative amounts by which the factor should be veried

to give 2 maxisum inercase in responses Ihe procedure then 1is




to organise a set of experiments in this direction to

re=deternine the slopes end this proeess is repeated. In ‘

this wayy by a stepwise procedure, optimum conditions ean

be approached. However, the extrapolation becomes ineffective

when second order effects become more significant near the

stationary region.

Since the value of the independent varisbles corresponding

to the highest yleld would provide an estimate of the optimum

levely, = polynomisl equation is now fitted to the

experimental data by the method of least squeres through a

proper design of experiments. The position of the true .

poximum occurring within the range considered could then be

estimated by differentiating the fitted expression and |

equating the derivative to zero. When thls procedure is ]

generalised for 'k' .isctors, trials are performed through a |
grid of points throughout the experimental region snd a I
yleld surface is plotted through these points.

One of the striking features to come out of the
application of the response surface fitting has been the power
of elucidation afforded by snalysis of the fitted second
degree equatione By reducing the equation to its canonical j
formy it is possible to interpret the factor dependencies \l

intrinsic to the system under studye. The reduction of a second

degree equation to canonicel form is a standard procedures
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7he procedure is to calculate:s ,\
le the position of 'G'y, the centre of the system of
cantours end the value ¥g of the response prediected

at this point
2« reduction of the eguation to the e¢anonieal form 'ﬁ

de estimation of the direcetion cosines of the
transformed axis to the originsl design axis

Based on the earlier experiments for the preparation

of indanthromne (Chapter 3), the following fectors (independent I ]
variables) were considered to be of importance. 1

x] & reaction time (after the resctants attain the .

reaction temperature)
Xg § reaction temperature a4

Xg ¢ velght ratio of mixed alkall to 2-sminoanthraguinone [N

: and x; 3 welght ratio of sodium phenolate to a-aninoanthraquinan

I

N
These were the only variasble faetors in the i ‘
\ investigation keeping the following conditions constants " |

; [ ‘ ~ le the time of addition of Z-aminoanthragquinome was
- woninutes throughout; (After the addition of :
~ P-sminoanthraquinone to the alkali melt the contents ﬁ i i

of the reactor were brought to the reaction temperature ] :

in Iive minutes in all the runs); | ' ]




'
the smount of anhydrous sodium scetate
vas 0464 part/part of a-aninoanxhraquinggs|

the guantity of sodium chlorate as the oxidising
agent was 0.16 part/pert of g=sminoanthraguinone

4. sodium hydrosulphite (0.12 purt) was added
for isolating the product.

The physical factors like the effeet of agitat1$h, 0

ste. were not considered in the present investigat ion.

In the present analysis the response measured vwas
the percentage yield of indsnthrone expressed on the basis
of 130% strength in comparison to the standard sample taken
gs 100%.

The levels of factors .... X]y Xgy X5 and X, are
given in table 22, In the initial trisls, the centire point
of this gave sn yleld close to 62.6f« In view of the
expected increase in the yleld and conscquently the probable
remoteness of the starting conditions from the optimum
lovdl sy it was felt that the first order effeets vould be
predominsnt and that higher order effects negligible.

A set of eight trisls arrenged as a halfereplicate of & full
fectorial design vas therefore corried out (Table 23).

From the theoreticel considerationsy it was thought that

the effects most likely to interact would be x) end X2

gnd provision was therefore made in the design for the
isolation of any intersction betwveen these variables. Thus,
no extra factor was sssociated with the comperison measuring

the intersction between X3 and Xge
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The prineipal eim being estimstion of the first

order effectsy the frectionsl fectorial design wa:s resorted
to ia this investigation. The advents:e of the factorisl
design is that the affactf eould be deteramined in a simple
namner sinee the leest square estimates of the constants

are orihogonal linear funetions of the observations. Bessuse
of this orthogonality esch coeffiecient P may be caleulated
separately as though tuls comstant is the only one estimsted
by the datas The estimate of § is given by the simple
formulas

f ssyx /sx®
ehd the variance of § is gd ven Yy
ViE) = sYsx®

where 2 is the experimentel error varisnce.

The result of the anslysis is given in Table 24.

Latimation of the second order effegts

Table 24 shows the estimated slopes ealculated on the
assumption tnat the second and higher order effeevs are
small enough to be ignored. However, the significence tests
indicate that the second order effsets am dominant.

éince the second order effects also had to be detersined, |

‘ \
& composite design as proposed by Box and Wilson was ubeds

Composite designs for determining the effects ﬁp to
the second order are built up from full tvo~level rhetorlll
desigus or fractionsl factorisl designs. The procedurs is
first to choose a two-level design so that all effeects of
first order and all intersction effeets of second ordir ean




be estimateds This desigan is then supplemented with

further points which allow estimation of the guadratiec

effectss The advantage of composite designs in preference

to the three-level factorials is that the second order "

effects can be estimeted with a niniamum number oi triasls

without losing the orthogonslity and the set of trials

can be carried out sequentially.

The results of the composite design are givean in

Teble 26+ It can be noted here that this set of trials

includes fractionsl factoriasl design used for estimating
the first order effects. &inee it was found that the

first order effeets were inadequatey it wes negessary to
embark on the full faetorial design and the composite part
to estimate the quadratic effects.

The constants for the first order effeets and the

sacond order interaction are estimated straightaway by

teking advantage of the orthogonality of the design. Howvever,

the rest of the second order terms were estimeted by
euploying a slightly differeat form of the fitted eguation.

nerey

Y " FPo* P1¥ * PoXg * PgXy * Pgxe *
Pl1¥%)) * PogXep * Pag¥ag * Peg¥eq * eee()
PlaXyXp * Pia%iXg * Pig%1%e *

PegXe¥s * PogXe®y * PagXsXy

where x;; = 112 -= 11‘?' / ny etes and the estimate of by 1s

caleulated by
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3 2 2

- b44:§x42 /n
where ¥y 1s the average of all the yields.
The fitted equation in the present case 1s:
Y = 5049 = 074X = 0428Xp + 0.83xg = 0.75xg + .
LR 7)
1051112 + 1-51122 - 2.96X32 » 0.46142 -
0.15x3%xp + 1e83x1Xg = 0.53x1X%, + 0ed0XpXg =
0.391:2!4

The 'lack of fit' term which meamures the
departure of the fitted second degree equation of the true
response surface is insignificant in relation to the
experimental error. irom the previous experience the
experimental error variance is estimated to be 1l.61 from
a set of & replicated experiments. This indicates that the
above eguation can be considered to be the empirical model
of the response surfacee. As such the equation is not very
helpful in indicating the effeet of the changes in the experiment:
conditions on the overall yield of the product. The canonical
transformation of the variables will, however, simplify
the interpretation of the fitted equation.

mation
In the canoniesl transformationy, the first
step is to estimate the centre of the response surface.
The fitted equation is differentiated with respect to each
independent variable and the resultant expression is equated

to zero. In the matrix notation it is represented as:




= - = = o =

] ¥y

€1 T Pt Bt by X °

' Bl B RA " *g e | % (.9

By ¢ boo 420, * b X, b..

(] £ ol & v - ‘

Bia * Bpq * by, *ED.. Xy b {

- — 1= - L - 1

By solving the above egquation, we get | |

p i A o -‘ .
11 OOwOuﬁ |;
12 . 0«191P i
xd D«2710 |

|
a | !
x4 10714 r
|
|

which are the coordinates of the centre (8) of the response l |
surface and the yleld (y.} at this point 15 estimated to be l
i "’0.453

| . 1
The equation is now reduced to the canonical form JJ

.. 28 2 2
T oXy "Bk ¢ Bpgly™ * B, X"+ B X,

...l...(g)

wvhere 911.7322. Bab and B“ are the roots of the charsecteristie

equation J
. - A\
' b,, = B /e 1/2 /e A
. 11 Be o T £ he |
1720y ¢ bgp = B 1/2bgy 1/2by4 1
59 | i
1/2b, . 1/8b.. D.. = B 1/2b.,
R T 23 33 54 os(10) '
1/2014 1/dh2‘ .‘l/:‘:h.,;““l beg = B
Smbstituting the proper values and expanding the avove equation
in the determinant formy we get, |




iS‘i - De86 Bb - 2,85 32 * 1le54 B * 040 = 0 sesessnseseslll)

roots of this equation are found oy the Newton-iaphson

metiode Accordingly,

= 0-550‘ 52:-;_ = -0-0-’33’ 3313 e 1400 and 5“ = »],766

The canonical form of the original eguation is

Y = 504 = 0,660 ;(12 - 0,088 ng + 1.456 sz - 1,768 _{42 eseseelll)

above equation is the result of the transformstion of the

Ltype

X’ﬁ(x'laj oo.oco(l:))

Uhurﬁ L]




In the present case,

M= | 051 04608 0.788
0465 04061 0020
0.026  0.133 0422 sasssssses (24)
04286  0.012 040566

shd (h‘) = -—0.0036
01939
02716 sesssssecee (15)

10714

= -

The yield y may be predicted from equation (12) for any
arbitrary set of conditions. The coefficlients on the right
hend side of equation (12) are negative except the omes for X,
end X e oince only square terms are involved, to maximise ¥,
the other two transformed varisiles X, and e should be set to
sero and x1 and xa should be increased. In other wordsy the
level of thase {actors should be moved sway from the origin
along the trensformed axes x1 and xa. It 1s ovident that higher
ylelds are possible by increasing slong xa than along xi. &
sories of experiments clong the Ia axis however failed to show

any incresse snd the yleld wes constant near its maximum valuee

From the above analysis it is clear thst the optimum
conditions for the alkall fusion of S-sminoantiraquinone ares

Temperatures 103°
Times 64 minutes

Alkalis G454 parts/part of
2-aminoanthraquinone




a4
Sodiun phenolate: 0405 part/part
of Zeaminoanthraquinone |
i
The méximum mean yleld at this point was experimentally found '
to be53+8% with a standard deviation of 0.056. \
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Materiel Mol Quantity Mole Molar Part by
Wt (g) Propore veight
tion
podium hydroxide 40.01 21.80 2.08 12.10 217
Poteasslium aydroxide 06.10 248,50 Sec2 26470 Ce47
podiun ecetate (annydrous) 32,04 24.00 0.20 l.74 De64
dodium chlorate 106.560 S50 0.06 D.31 D16
2-Aminoenthragquinone 223.20 o7e00 017 1.00 1.00
Sodimm phenolate 116,10 12.50 O.11 Deb4 Dedd
Water (for dumping the
produet of resction) 13.02 2250400 124480 7422.00 60.01
Water (for weshing the 13,02 26000 13.87 825.60 ©.70
kettle)
- Sodium hydrosulphite 174.10 408 0.08 D16 D.12
Water (during eir 13,02 12%0.00 60,40 412,90 do ek
oxidation)
sulphuric acid (econcentreted)93,08 16,86 017 1.08 De4dd

Water (lor washing the
filter cake)

bodium hydroxide
o6° Boh¥)

Godium hydrosulpite

i13.02

40.01
174.10

(9.2

<000

1.26
(0.625)
(subsee
Quently)







Time of Temparature ¥ yleld of Quality of the
Number reaction o0i reaction indanthrone dye
{minutes) (degrees)

130 strensth and
close to standard

130 strength but
dull snd green

130 strehgth but
orizhter than
standard

130 strength and
close to standard




sateh
Fumoer

Time of

reaction
(minutes)

Teaperature
of reaction
(degrees)

# yield of
indanthrone

Cuality of
the dye

i0

il

o2

14

&0

ZLo=20

210=-20

200=5

200=0

200=0

46

1350 strengthe
Trifle greener
than standerd

150 strength.
8lightly

duller and
greener than

standerd

standerd

standard

standard

130 strengthe
Comparable to

130 strengtn.
Compares tle to

130 strengthe.
Comparable to




Taten Time of Temperature ¥ yieid of Guality of a
Number reasction of reasction indanthrone the dye.

130 strength.
Close to '
standard

130 strength.
Close to |
standard \

130 strength.
Close to
standard

130 strengthe
Close to
standard




Table 6

Bateh Amount of Time of Temperature § yleld of Cuality of
Number alksll  reaction of resetion the dye the dye

14 100 @G0 2005 o3 130 strengthe.
Close to standard

100 33 200=5 52 130 strength.

Close to stendard

100 K5 200=0 49 150 strengthe
(recner than
standard

180 strengthe
Close to standwrd

150 strengthe
irifle greener

130 strength.
Puller and
greeneyr

130 strength
srighter then
standard

130 strength.
Comparable to
standard

150 strength.
Slightly greener
and duller

130 strencthe
Comparable to
standard

130 strengthe
Greener




In ell ceses 50F of alkall (482 perts/part of 2-suinoanthraguinone)
vere usede

Bateh Amount of sodium Time o) Jemperacure $ yield Quaiity

1102
i | | gaa |
|
|
I

to s tandard

Humber phenolate used reaction of reaction of the of the
(£) (min.) {degrees) dye dye
26 O«33/part per 36 200=5 49 130 strength.(§ |
pert of Z-anino= ‘Trifle il
anthraguinene (100) greondr !
26 100 &0 200=0 49 130 strength
Creener than A
standard |
27 100 94 200=5 &l 150 strength @ [}
than L I
standard 1;
1
| 1
| 23 Sdevd o8 200=5 S0 130 strength | ei
\ Trifle It
| greener |
' 29 BOeBG a2 200=0 @G 150 strencth @l
Comparable ' Wl
to standard ir
I
<0 RPN a2 200w prees 130 strength § |
' Comparable @ |

e




103 .
|
f‘j |
|
i P"Ehlg «‘i
1 |
r:‘ ‘
Amount of sodium ¥ yield of Quality of the
hydrosulpnd te the dye dye "
: ) |
k .
|
l.8/part of o3 150 strangthe |
' 2=gminosntinra~ Close to standard IS
f quinone |
142/ =do= 52 130 strengthe ]!
Close to standard QN |#
| \
Del8/ =do= = 130 strengthy . 1‘
but greener than il
standard (1]
Do/ =do= 51 130 stremgth but | M
greener than K
standard : :'
f i
|
Oei/ =tdo= oz 130 strengthe. ' '.
. 4 Close to 10
I
Fl ‘! I ":
| t
1 r i {
|
il
‘ {
i .
] \ ‘ '
- .I ‘ [
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Takle §

104

% yleld of the dye

Cuality of the dye

&

&

(2

o2

L0 strengthe Comparatle

to standard

130 strengthe.
to standard

150 strength.
to standard

150 strengthe
to standard

130 strength.
to standard

150 strength.
to standard

130 strength.
to standard

130 strengthe
to standard

130 strength.
to standsrd

Compurable
Comparable
Comparable
Comparable
Comparaile
Compara ble
Comparable

Comparable

e e e
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iatle 10
A Paten  Anti~irotaing &gent qQuantity Yidd of Quelity
1 Number used of the indanthrone of the dye

suxiliary (%)

4 sodium oetyl phe= 0.17/part o4 130 strengthe u
nolate of 2~amino< QLOuQ to ]
anthraquie stendard
none |
42 =-30o= “d o &7 -do= l
J 43 ~do= 04083 64 =do= Al
4“4 ~do= “do= 54 do> ! ! E
| 46 ~do= 0408 83 ~do= |
46 Octyl phenol 0.083 &7 ~do= R
47 «lo= - 0= 80 =do= }
| 43 -do= 0403 49 ~do= 3 [l
49 doe 04083 81 ~doe i
&0 p=phenyl phenol D032 47 (0=
) § o=p enyl phenol e ot P -0 ' |
| 62 Mixéd xylenol -i0= 47 -do= |
o Bisphenol -do= o0 =do=
| o4 Lauryl alcohol (0= 56 -Ao=- \
H
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agble 11
Jateriel MOloWts f;\(x;)ntity Mole Molar Part by
sodiun hydroxide 40,01 236,00 7.12 Ce71 De31
potassium hydroxide 66.10 &11.00 Pell 8.59 1.46
godium acetate 32404 70«00 0«91 D86 D21
(annhydrous)
Haphtu&lune 128,00 768400 Se33 Jedd 210
Benzanthrone Sa000 6000 1.06 1.00 1.00
water (for dumping 13.02 175600400 27080 016+.40 50400
the product)
Water (for washing 13,08 437600 241,60 =130 1260
the kettle)
pocium hydroe 174400 158400 0477 072 0.38
sulpiite
(for vetting)
Kieselguhr - 17600 - - D50
Lodium hydrox:ldo 40401 G600 0«83 DeBy 0410
(for vatting
left out product
from kettle)
Sodium hydrosulpnite
(for vatting left 174.00 5€.00 Ded2 Ced0 Del6
out produet in
kettle)
Water (washing) 13.028 7000400
“odium hydroxide 4001 50400
(weshing)
“gdium hydro- 56400

sulphite 174.00
(washing)




Bateh nesction time neaction % yleld of the OQuality of
Num ber { hour) tempersturs dye the dye

¥
& hours after 220 60 160 strength
sengantinrone Comperable |
addition wes to standerd*
complete. - ;
Addition eof
benzsntnrone:
1 hour

1 hour after 220 o8 . 180 strength
venzanthrone slightly |
addition was gresner
complete. than

Addition of standard*
vengantnrones

1 hour

1 bour 220 04 160 strenzti
at duller
and greener

160 strength
Close to
standard

* otandard - Nevinon Dark Slue 40 (strength 100)e After
removing water soluble diluents, the standsrd
gave 1o0 strength.
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‘|I \é
I g
Zable 13 1
| | B
: 1
}h Patch lieaetion Heagtion # yield of the Quality of the 1
Number time teaperature dye dye 1
fhours) SQQ Erees) '
1
& 1 1/2 (after 226320 63 160 strengthe 1
penzanthrone irifle greener ‘al
\ addition than standard §
‘ vas l g
conplete) | V
|
6 11/2 225=50 20 160 strengthe ! i
| Close to J‘
! standard Iql
1
7 1 1/ 225=30 6o 150 strengthe W '
\Jf Close to h
{ standard l“
1 1
: 3 l1l/2 26 (L 1560 strength. [r,
; Close to r
standard ‘o
| 1
v o 220=30 04 160 strength [LL
Close to l 1
standard |w.
|‘ 1|“
|
! i)
i
i
|
- il
! I
|
o e
i
i
1l




.
1848
I‘\.\
L
Ty I
;aten iime of reaction Temperature § yleld Quality of :
Number of resciion of the the dye i
(degrees) dye | ﬂ
N ' I
i 11
.““ lL | ‘I‘l
10 27 minutes alter 218=0 36 350 streagth. | |
penzenthronse frifls redder |
addition was then standprd ] Il
complete { - . “
.
11
11
11 3 hours after 21l2=0 Ba 150 strength. H |
venzanthrone ' Close to 1
addition wes standard b
complete i |
1
1
||
,L i
'
ill?‘ |
f |
1
| ;
1
| -“ 1
1
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is

14

16

16

17

Tateh

% yleld GQuality of

of the

dye

the dye

Amount of “ime of Temperature
Eumber naphthaslene reaction of
taken reaction
b RAEE) (desrees)
1.08 parts/ 1 hour and 203-20
part of 62 minut@s
benzanthrone after .
( 608) benzanthrone
addition
was complete
808 1 hour and 20830
4 minutes
1.08 parts/ 45 minutes 20820
part of after
benzanthrone benzanthrone
(50%) addition wes
connlete.
0475 part/ 26 minutes 203-20
part of
benzan=
throne
(36%)
0476 part/ 36 mimutes 203-20
part of
benzen=
throne
(36F)
SOF 36 minutes 20820

81

81

3o

@0

150 strength.
Slightly
redder than

standard

160 strengthe

8lightly dull.

150 strengthe.
Close to
standard

150 strength.
Close to
standard

150 strength.
Close to
standard

160 strength
Close to
standard

e g
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aable 16
Time of Temperature ¢ yleld of Quality of the |
reagction of resction the dye dye

{(bour) (degrees) ‘

1 203=20 . 45 150 strength. 'r'
Close to :
standard L-

1 208-20 40 150 strength, |
at duller 1
than standsrd it

:

Closes to

1
i 208=20 4 150 strength. -fh
standard
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112 r.
dde 39 1
- ‘ |
Aun welight oi product Quality of \
Number collected the dye ‘
& ()
. : 1 1216 6 .8 130 strengthe |
| ' Comparable to Pl ]S
t standard | ‘
l’ 2 987 12 11 «d0= .l
] |
3 1108 12 11 (o= ' |‘ .
' i
4 1080 19 18 0= \ |
| Bl | ‘ t
6 854 18 17 wdo .
I
51 g6l S0 23 - i
7 1440 Gea 41 L
| |
| | !
8 1209 42 o8 (0= |
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Sateh wWelight of product
Number collected

Sre e

Quality of
the dye

K (&)

r o 662
|
|

| 10 1023

: 1 93n

12 1448

13 903

27 2%
40 43
370 4]
&0 w4
a o4

130 strength.
Comparable to
standard




R —, T —
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nun welght of product Mﬂﬂ;}g_ﬂg Cuslity of the
Humber collected g _ : dye :
Lg)

14 1567 &6 B4 130 strength, |
Comparable to
standard

16 1210 42 a9 . =iQge

16 1077 4% | =do=

17 1077 a3 s -do=-

13 1a62 62 61 | =do=

19 12 58 “ “do-

20 992 a2 83 «do=

_ N

21 1096 36 a “+do=

22 1221 a7 43 ~ipe

23 1216 87 43 -dom

!
by
- %.

il
1
' |||
1




Welght of the - Cuality ol the
produet o dye
collected

)

Za 1200 49 87 130 strengthe.
Comparable to
standard

2o 1127 pne) “(iQ=

26 8oJ % -dQ=

27 1186 40 47 O

23 1286 b3 62 o=

29 1167 47 (O

<0 1u64 80 o9 (0=

al 1109 40 47 - O

ol 1158 62 6l o=

33 1200 at o7 (o=

s 1187 42 <9 -l

oo 1196 40 47 -l 0w

| T

et ek A s, s e — -
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dable 21
Hun Welght o. the E t Cuality of the
Number product i ) dye :
collected
()

! | I
| 86 1470 a 43 130 strength, Il
! Comparable to |
é standard |
|
r I
," 87 1217 43 60 «do= |
58 1214 36 ~do=
i iij
} | av 1167 35 4 ~doe |
40 963 al 26 ~doe j.( ;
a 1058 68 o8 ~do= | ”‘ |
. 42 L) 4l 43 -do= ' i Jj
\ﬂ.
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] | -
| -4
r. |
| s
Fagtor levels Basle level | k
$1 e} 0 | _‘
il
\
heaction temperature rl
(degrees) 200 180 180 o
ieaction time 20 40 60 : | 1
(minutes) [ ﬂ
smount of alimli 3 4 o | ;.
(Pars) | ‘ !
Amount of phenolate Ded 0ed 036 s
(Part) | "
; | ‘
1
Goded Variables
. o {0 e i » ]
n o A

- "
. o
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|
Table £ ij
Factor Level Yield (¥) | |
(1) (xg) (xg) (x) (¥)
+1 =1 1 =1 4349 1!
*1 +31 o1 ¢1 4547 W'
+1 «l +1 +1 5140 f
+1 +1 +1 =1 5341 ;
1 -1 - 1 -1 + 1 54.1 J
| ;\J \
1 -l *]l =1 -1 53l ”\1'
[w e 3 el +1 -1 5246 |
‘ -l +1 +1 +1 5547 (]
-I 1
| 1
| ;|,
|
N |
i i",
| ' '
1
1!-
1
\-;;]
!
|
i
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Constant S %, =y= Estimaie Component
estimated - sum of squares
(1) (2) (8) (a)/e) (8)%/(2)

" 3 4041 6081 20412410

%

bl 8 -1.1 -0o14 3.27

So 3 -Be7 «=De34 $5.61

ba 3 86 1.06 Pl

bﬂ 3 «lle2 =led 13.68

Peviation from regressions 351.47

Totals

£1,207.16

T M

ey
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el BGEOr Jevels Yieid
% e (y)
F— o3 ek 5341
1 -1 -1 43.9
1 -l -l 6341
5 %) -1 51456
1 +1 -1 5246
1 +1 -1 5407
1 +1 -1 8347
1 +1 -1 $3+1
1 -1 +1 540l
1 -1 +1 4944
11 -1 +1 -l +1 5140
12 +1 +1 -1 +1 45.7

18 -1 -1 +1 +1 61eb
14 +1 -1 +1 +1 5140
16 -1 .1 *1 .1 5307
16 +1 +1 +1 +1 6146
17 - 0 0 6145
18 g 0 0 0 6341
19 0 -% 0 0 5341
20 0 +ag 0 0 6146
21 0 0 - 0 4647
22 0 0 * % 0 4Ded
23 0 0 0 - oy 5407
24 0 0 0 * o 8341
25 0 0 0 0 4949




|

Toble 26

Constant Degree ofl Estimate
estimated freedom

Component
sum of
squares

Mean sum of
squares

o I R R I

i
1
1
1

o

604828,058
10.304
l.124
2312
11.250
7413
7410
234470

0.638

0e450

46.820

Le0l2

G200

3042
0

Leviation from regression = 52463

(Legrees of freedoa = 10)

Total: 65y 907.560

Variance ratlio ol deviation from regression to

experimental error

2.02

F(10'4, at 968 confidence level 65.96

65,828,038
10.304
l.124
2.312
11.280
7410
7410
£3.470

04633
0450
464320
GeB512
3.200
8.042
0
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25 s

MAIN BODY. 200 x 125 @
STUFFING BOX

STIRRER SHAFT
STIRRER

THERMOWELL

VENT

CHARGING HOLE

SIGHT GLASS

ELECT. RESISTANCE WIRE

W oo

ELEVATION

PLAN

FIG. 1. BATCH REACTOR ASSEMBLY
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'ff r'
it i
l |
)
} |
L ]
U =,
i ]
l
i
{
4 i
|
( :

| I OVERHEAD RESERVOIR

2 STORAGE VESSEL FOR
| ‘ ALKALI MELT

3 MEASURING DEVICE FOR
LIQUID MELT

4 SOLID FEED (SCREW
CONVEYOR )

S V-TUBE REACTOR

FIG. 2. SEMI -CONTINUOUS REACTOR ASSEMBLY . |
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{

[——

REACTOR BODY |

STUFFING BOX ‘
STIRRER SHAFT |
STIRRER 4
THERMOWELL ;
CHARGING HOLE |

BOTTOM OUTLET |
OVERFLOW | l
STEP PULLEY !

O o N o ;W N

FIG. 3. V-TUBE REACTOR - DETAILS l




.JID FEED RESERVOIR




b.—————2 150

FIG. 4b. LIQUID FEED

(STORAGE VESSEL)
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|
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1
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FIG. 4c. LIQUID FEED

MEASURING DEVICE
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170
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3. REACTOR FOR CONTINU

FUS

S AND SEMI-
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CONTINUQUS
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Havinon Blue HEN
standard - 100f strength

Bateh No.6 (using sodium phenolate)
1004 strength

Navinon Hlue RON
standard - 150F strength

Bateh Noe42 (using surfactant)
1008 strength
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Navinon Blue RSN
standard - 130f strength

otatistical bateh No.l
100% strength

Nevinon Blue HoN
btandard = 130f strength

Run No.36 (semi-continuous resctor)
100% strength
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B

Navinon Dark Blue B0
Standard - 150% strength

Bateh H0.9 \
100% strength

Nevinon Dark Rlue BO
standard - 160% strength

Bateh No.l9® (using
surfaetant)
100f strength
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I sm deeply indebted to Professor BeDe Tilak,
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