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ABSTRACT

The main aim of this work involyes the manufacture of 
sodium allylsulfoﬁate from allylbromide and sodiumsulfite by
using laboratory scéle testing of the commonly used industrial
| batch method(l).rYield of.sodiumallylsulfonate by processing

conditions were examined.

Sodiumallylsulfonate (SAS), is mainly used in nickel
electroplating bath as a brightening and levelling agent;
it hmmovesthe throwing power of the bath, thug; yielding
deposits of high brightness and good adherence. At the same
timeé, it possesses the other properties of brighteningAagents
by being a rapid adsorber omn the cathode with its subsequent
incorporation into the electrodeposit. It has strong inhibition
actioh on the diséharge of nickel ioﬁé_without significantly
affeqting the discharge of hydronium ion. SAS also possesses
the ability to considefably decrease the Nickel current
efficiency with incfease in SAS concentration in the electrolyte.
:Sodiumaliylsulfonate, besides the othe? unsaturated sulfonates,
is an important copolymerizable emuléifying agent in copoly-
merization with larger proportions_of acrylonitrile for the
preparation of dyeable acrylic fibers with improved whiteness.
Because of the molecular structure; having a double bond; a
sulfonate group and iow molecular weight, Sodiumallylsulfonate
is the preferred copolymer among the other unsaturated

sulfonates.
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'Thércompound was synthesized by using a new reagent
other than recommended in 1iteratﬁre. Allylbromide wasvuged
'instead of allylchlbride and methanol was used as the solvent
in the reaction mixture. The analysis of the samples obtainéd
from experiments, showed.the identical properties with the
cbmmerciallyl used sampie synthesized by allylchloride as the

primary reagent.

A number of experiments were carried out based on the
same procedure but with different experimental reaction
parameters. Physical and chemical tests were cafried out on
the products obtained. A processbwas then chosen to optimize
the cost and ease of manufactufe with the optimum results.
The repeﬁition of ‘the experiﬁents at the selected reaction
conditions Wére examined, and it was faund that at 44°C and
180 minutes of reaction time the beét yield and quality of

SAS samples were obtained.
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OZET

Bu galismada, alil bromiir ve sodyum stilfit kullanila-
rak ve en&ﬁstriyel'metodlarla, labofatuvar sartlarinda sod-
Yumalilsﬁlfonat iiretilmistir. Reaksiyon parametrelerinde ya-
pirlan degisikliklerin, iiretilen maddenin miktari ve kalitesi

iizerindeki etkileri incelenmistir.

Sodyumalilsiilfonatin (SAS) baslica kullanim alani Ni-
kel elektrekaplama btanyolaridair. Kaplanan alanin diizgliin, se-
viyeli ve herbir nokta31n£n esit miktarda kaplanma Gzeliigini
gelistiren bu kimyasal madde,_kaplémaya parlaklik ve iyi ya-

pisma dzelliklerini kazandirir.

" SAS, ayni zamanda diger.doymamls siilfonatlar ile be-
raber tekstilde kullanilan &nemli 5ir kimyasal maddedir. SAS -
molekiiliiniin ¢ift bag1t, sahip bulundugu siilfonat grubu ve al-
cak molekiiler aglrligl gibi molékﬁler yapisinin dzellikleri,
onun, diger doymamis siilfonatlar arasindan tercih edilmesine
neden olmaktadir. Akrilonitril ile polimer olusturarak, be-
yazllél gelismis ve boyanabilir akrilik elyaf iliretiminde kulla-
nilir. Akrilonitril, akrilik elyafa ﬁek_baslna yeterli teks-—
btil Bzellikleri kazandirirsa da, elyafin boyanabilmeéi icin

SAS ile polimerizasyon gereklidir.

Bu deneysel calismamizda SAS, literatiirde belirtilen

baslangi¢c maddesi olan alilkloriir yerine alil bromiir ve ¢&6-



ziici olarék metanbl kullanilmak suretiyle iiretilmigtir. Deney-
lerden elde edilen ©&rnekler ile alillklorﬁrﬁ baslangi¢c mad-
‘desi olarak‘kullanan’yﬁntemle iiretilen ticari drnegin analiz
~sonuglari karslla§t1r11d1g1nda, her‘ikisinin de ayni Gzel-

likleri tasidiklari saptanmistir.

Ayni deneysel ydnteme bagli kalarak ve degisik reaksi-
yon parametreleri kullanarak ¢ok sayida deheyler yapllmlstlf.
Bu deneylerin sonucunda elde edilen &rnekler, fizikselvve kim—
vasal testlere tabi tutulmuslardlr. Sonug olarak, ﬁretiﬁde
kolajllk ﬁe ucuzluk acisindan en iyi lretim y8ntemi se¢i1mis—
tir. Secilen sabit reaksiyon parametrelerinde, elde edilen
- sonuglarin dogrulugunu ve tekrarlanabilirligini saglamak igin,
birgok deney yapilmistir. Biitiin bu deneyierin sénucunda,-mik—
-tarAve kélitesi en yiksek SAS Srneklerihin, 180 dakikalik re-
aksiyon siiresi ve 4400 reaksiyén 1s1s1 kullanilarak iiretildi-

g1 saptanmistir.
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I. INTRODUCTION

1.1. PROPERTIES AND USES OQOF SODIUMALLYL.S'ULFONATE

Sodiumallylsulfonate is an odorless; white crystalline
compound. Commercially, it's produced and purchased in powdér
form. It's soluble in ﬁater and methanol. Its'>specific
gravity is 1,24-1.275. Other spegifications‘of’sodiumallyl—

sulfonate are listed in Table 1.1.1.1.

Table 1.1.1.1. Specifications of SAS(2)

Assay \ ' : 937 min. .
NacCl _ 17
NaZSO3 : ‘ - 0,057%
Losson drying 5%
pH : : 8,5-9,2.

SodiumallYlsulfoﬁéte is mainly;dsed in nickel electro-
plating  béths as a brightening agent to yield deposits of
high brightness,lgoﬁd adherenée and with good throwihg power
of the bath. It has all the other properties of brightening
‘ageﬁts and nowadays it's the most widely and commonly used
addition agent in nickel electroplaging baths. Detailed

functions of brightening agents and electroplating solutions



will be mentioned in Section 1.2.

Sodiumallylsulfonate, besides the'other unsaturated
sulfonates, is an important comonomer for the copolymeriza-
tion with \1ergef proportions of acrylonitrile for the
preparation of dyeable acryiic fibers(3). The acrylics.are
the third major class ef synthetic fibers. They should centain
at least 85 per ceﬁt acrylonitrile while modecrylics should
have between 35 and 85 per cent'acrylonifrile. These fibers
possess the properties of softhand, resistance to creasing
‘and qpick'drying. They are highly resistant to degradation,
to sun light and to various chemicals. They have properties
similar to wool and have replaced wool in many markets such
as for blankets, sweaﬁere,_etc.(A). fhe addition of SAS to a
spinning solution composed of 20 parte ef acryldnitrile-
sodlum p styrene sulfonate—v1ny11dene chlorlde copolymer
(66.5: 1 5:3.2) in 80 parts of- dlmethylformamlde (DMF), gave
acrylic fibers with improved whiteness after coagulation and

after thermal etretching(S).

‘Aerylic fibers with high density were érepered by first
spinning mixtures containing an acrylic polymer into heated
air. Then these fibers were treated with a coagulating 1iquor;
Thus, a mixture containing 68,5 per cent. 92:7.5:0.5
acrylonit?ile—methylacrylate—SAS copolymer was first spun
into air at 400°C. Then the mixture was iﬁmersed in a

coagulating bath, washed and drawn 350 per cent in steam at



100°c. This process was used to produce 3-denier/filament
fibers with bulk similar to that of wool. These kind of
"fibers have high affinity for basic dyeé and reduced boiling

water shrinkage(6).

The sulfonate group improves the dyeability of the
fiber. Otherwise, acrylonitrile provides the neéessary textile
characteristics to the fiber by itself. Thesé ﬁodified
acrylic pplymefs (acrylonitrile-SAS copolymer) show hydro—.
philicity, antistatic property and dyeability incréasing and
#iscosity decreasing. The copolymer has lower ﬁensile strength

than polyacrylonitrile(7).
Other main uses of SAS can be stated as below:

(a) Polyester warp is coated with an aqueous composition
containing 7.8 per cent 0.5:99.5 SAS-vinylacetate copolymer.
Then it's dried to give a warp with weaving efficiency

of 97 per cent(8).

(b) SAS—vinylacetate copolymér and nylon-6 (thermo-
plastic fesin) are spun together to produce..bicomponent
synthetic fibers. These fibers have improved affinity for
basic dyes and they are useful for the manufacture of silklike
yarns(9). ’ |

«©

(c) SAS-vinylalcohol copolymers are used in the pre-

paration of aminoplast which are used as wood adhesives(10).



As a conclﬁsion, wve may say that sodiumallylsulfonate
finds its main applications in electroplating and textile
industries, either by itself or by forming polymers with
various chemicalucompounds. Additiqnaiy, it can be used in

many different fields of industry.

1.2. ELECTROPLATING

The electrochemical deposition of dissolution of metals
is used in a number of metai working processes. Probably the
most widely used and well known is electroplating.‘Eléctro—
plating is the electrodepoéitioﬁ of an adherent coating on an
object in order to obtain a surface different from that of the
qndcrlying material(ll). In contrast to various.other‘ prccesses
of applying éoatings; electroplated coatings are appliéd to
improve appearance, corrosion resistance and physicochemical
properties of the surfaces (hardness, electrical and.thermal
conductiﬁity, solderability, reflectivity, etc.)(12). Some of
the advantagés of électroplatéd_coatings over the other methods

of applying coatings are as follows(13):

(a) Absence of an intermediate layer between the
coatings and the substrate metal as in the case of hot dip
dand diffusion processes.

(b) Fine structure and often very valuable phys1ca1
‘properties mentienod above.

(c) Easy control of the coating thickness to fractions
of a micrometer.

(d) Most convenient method of applylng coatings of
metals with high melting points as for example copper, nickel,
chronium, iron, silver, gold and platinum.



Electroplating is a surface treatment. The material
being treated is made the cathode in an electroplating
solution or bath. Anode is made of the metal being plated.
Such baths are always aqueous solutions so that only tﬁose-
metals:that_ cao be reduced from oqueous solutions of their

salts can be electrodeposited on one of the electrodes(14).

The basic components of an electroplatlng unit are,
a cathode an anode, an electrolyte and a suitable plating
bath. Addltlonal equlpment may be necessary for stirring, for
purification of the electrolyte, and to provide any
automation. .The electrical equipment usually consists of a
»step down transformer and rectifiers. They provide the

'necessary low voltage d1ractrurrent from the mains SLpply.

The metal is plated out in crystalline form. The size
and packiog of the cfystals, determines the adhesion,
continuity, éppearance, strength and other characteristics
of the doposit. The crystalline nature of the deposit is
determined by the characteristics of fhe platiog cell. The
most 1mportant of these is probably the chemical comp051tloo
of the electrolyte, followed by the applled current density.
The phy51ca1 characteristics of the cell are also lmportant
particularly the temperature, the stirring rate, the size and

the shape of the electrodes.

The thin layer being deposited sometimes is composed

of two or more metallic elements, in which case, it's an



alloy. The solution or plating bath contains dissolved salts
of all the metals which.are'béing deposited. It ofteﬁ also
contains an appropriate acid,»base and/or salt added for the
purpose of holding the pH at a desi;e& fixed level. Other
substanceé, called addition agents are often adde& to the
plating.bath for the purpose'of giving the plate a desired
texture; By this way, the plate can be strong,'adherent and

mirror smooth rather than rough, granular, loose and

mechanically weak(l5).

There is always a temperature rahge within which it's
desirabie to hold the plating bath. There is also a range of
current density witﬁin which it 1is desiraEle to hold the
current. The temperature affects the nature of the deposit and
increase in temperature may Iéadkto unsatisfactory plating. To
stabilize the temperature, heating or cooling coils may be
used. Solution can be also circulated thréugh a heat exchanger.
By current density, is meant the current. per unit area of the
&ﬁéct being plated. If the thickness of the deposit is to be
‘uniform, the current density must be the same at all points
voﬁ the catﬁode surface. Objects toAbe plated are often.
,irregular‘in shapevand with some plating baths such areas ma&
receive very little deposition. The term "throwing ﬁower" is
used to describe the ability of a plating system to produce an
even deposit an irregular cathode(16). It is determined by the
conductivity, the variation of current efficiency with current
density and the variation of the polarization with current

density.



The general properties conferred by electroplating
include the following points: good adhesion, improved corrosion
resistance, appearance, brightness, frictional characteristics,
wear resistance and hardneés, specif;c electrical properties,

high optical reflectivity and many others.

Most of the metals consumed in electroplating are nickel,

chromium, tin, gold, copper and silver.

1.2.1. Nickel Electroplating and Bath Properties

Nickel plate with or without an underlying copper strike,
is-one of the oldest protective-decorative elecfrodepoéited
metallic coatiﬁgs for sﬁeel, brass and other basic metals(1l7).
Thé first applications of nickel plate were for stove and

bicycle components.

Nickel has almost innumerable uses. It's plated in all
thicknesses and there are available many different nickel
electroplating baths, each with its own advantages and

limitations.

" Most nickel-plating baths of téday are based oﬁ the
bath originally formulated by 0.P.Watts, and these baths were
named "the Watts bath'". Watts bath is prépared with nickel
sulfate, nickel chloride and boric acidas main chemicals. The
éoncentrations of these constituents and conditions for

operating the bath are given in Table 1.2.1.1(18).



Table 1.2.1.1. Watts Nickel Plating Bath

'Constituent or Condition N Range
Nickel Sulfate, NiS0,.7H,0, gpl 300 to 450
Nickel Ch}oride,'Ni012.6H20 gpl : 45 to‘60
Boric Acid, gpl ' 35 to 40
Wetting agent, gpl 0.5 to 1.0
pH : 3.2 to 4.5
Temperature, °c | 51.7 to 62.7
Cathode current density,
amps /cm2 4.65x10% to 7.43x104
Anode current density, amps/cm2 1.86x10% to 3.72x104

For nondecorative (engineering) purposes, ductile,
pore free and smooth nickel can be deposited from this solution
without the need for addition agents. Brightening agents are

consumed in appreciable quantities for plating bright nickel.

Electrodéposits of nickel possess a wide vafiety of
properfies, depending on plating bath composition and opera-
tiﬁg conditions. They may Be classified according to application
or appearance as general;purpose, special-purpose, black and

bright(19).

General-purpose deposits (Semi-bright deposits)

'They are produced by Watts, sulfamate and fluoborate -

baths. Primary uses are to protect alloys based on iron, copper

or zine against corrosive chemical environments. They are used

for plating wire, rod and strip and also for electroforming.



Special—pufpose deposits

They are produced by all chloride or all sulfate baths
and used for plating the inside of steel pipe and fittings,

barrel plating and electroforming.

Black-nickel deposits

They are produced by baths containing zincsulfate or
zinc chloride. They are primarily used to obtain a dark,
nonreflective, decorative finish. Typical uses are for type-
wrifer and camera parts, military instruments, clothes,

fasteners and costume jewellery.

Bright nickel deposits

Bright nickel plating baths are modifications.of the
Watts nickel solution that contain inorganic or organic
brightening égents. These additions serve to produce a higher
than usual degree of brightness, reflectivity and hardness.
Generally these deﬁosits are used to provide decorative
finishes on metals. They are also used‘as undercoatings for

chromium or other precious metals.

Tn addition to these major applications, many other
uses have been found for electrodeposition of nickel. Omne
example is the use of nickel deposit to protect molybdenum

and uranium against'oxidation at elevated temperatures.
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Every plating bath contains ingredients to perform the

following functions (at least the first and usually several

of theh)(ZO):

(a) frovide a source of ions of met#l to be deposited.
(b) Form complexes with ions of the depositing metal.
(e) Provide conducfivity:_; |
(d) Stabilize the solution against hydrblysis or other
forms of decomposition. |
(e)vBuffer-the pH of the solﬁtion.
(£) Regulate the physical form of thevdeposit;
(g) Aid in anode corrosion.
' (h) Modify other properties peculiar to the solution

involved.

Nickel plating bath contains NiSO4 and NiCl both of

2’
which provide nickel ions and the necessary conductivity.

,H3B03 is added to'buffer the solution and organic agents

regulate the physical form and properties of the deposit.

1.2.2. Brightening Agents Properties and Uses

‘Brightening agents are small traces of organic.
compounds added to the salt solutions uséd in electroplating
béths. These compounds modify,'mainly by édéorption processes,
_fhe crystalline'growth of the deposited metal(21l). These
organic additives produce brilliant deposits and have the

following properties(22):
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(a) Strong inhibition action on the discharge of nickel
ions without significahtly affecting the.discharge of hydronium
ion. .

(b) Are‘nof sensitive to metallic contaminations,

(c) Are ﬁot highly toxic or'sensitive‘to anode effects,

(d) Produce deposits with fair ductility, low stress
and more important bright and levelled over a wide‘range of
current density; .

(e) Improve the cafﬁode efficiency of a plating bath

(f) Increase the hardness of the electrodeposit,

(g) Increase the throwing power of the bath.

These agents are key factorsviﬁ the electroplating
baths used for the deposition of decorative.qoatings as well
as corrosion protective coatings. The addition agents which
make poséible the brilliant leveling nickel plate are more
spécific, more stable and more gontroilable in their effects.
The? are éharacterized by,thevprgsence'of unsaturated bonds.
Adéorption of these agents takes place on the freshly deposited
nickel, through covalency with atomié d—orbiﬁals of the nickel

and the pi-electrons of the unsaturated bond.

Some examples of brightening agénts can be named és
‘the unsaturated sulfonic acids and.their salts, such as
vinylsulfonic acid, allylsulfonic acid, and sodiumallylsulfonate,
quinaldine, acidine, furfural, aromatic sulfonic acid imides,

aliphatic unsaturated tertiary amines and coumarin(23).
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IT, STATEMENT OF THE RESEARCH PROBLEM

The aim of this work was to manufacture sodiumallyl-
sulfonate, an impbftaht and widely used brightehing agent in
nickel electroplating énd also a copoljmer inlthe production
of écryiic fibers, by using 1ab§ratory scale testing of the
commonly used industrial batch method. Sodiumallylsulfonate
is not manufactured in Turkey and it's imported from various

countries for commercial use.

The first aim of the research was to produce technical
gfade sodiumallylsulfonaﬁe that is suitable for commercial
use, Experiments were performed to prdduce the desired
compound and fhen by varying the experimental reaction
parameters, the optimum conditions for the manufacturing
processywere obtained. As reaction parameters, témperature,
pH, stirring rate and time were chosen. After satisfaétory
results were obtained, reproducibility of the éxperiments
were tested. The obtained saméles were Analysed qualitatively
using Infréred Spectrophotometry and quantitative‘expethmnts

were also performed.

In summary, the following points were aimed in this

research:



13

(a) To manufacturevsodiumallylsulfonate in laboratory
.8scale using allylbromide as the starting reagent,

(b) To choose the optimum reaction conditions with .

respect to technical and economical considerations.
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[I1. CAPACITY ESTIMATION

The capacity estimation of sodiumallylsuifonate is
based mainly on literature survey and market s@rvey.
Information obtained from literature is dependent omn the
‘reports of Basbakanllk Hazine ve Dig Ticaret Miistesarligi
‘Fiat Tetkik ve Tescil Dairési. Visiting certain companies that
- are the main consumers cf sodium allyisulfonate is the basis

of market survey.

In industry, SAS is consumed mainly in two fielas. One
is the nickel electroplating industry and the other one is
the textile industry. Nickéi electroplating processes are
'performe& in ratﬁer smali but by a great number of companies.
Therefore; to get in contact with each of these fifms was not
possible. In textile industry, the'plants manufacturing
aCrylié fibervconsume this compound and among them, falova
Iplik Qe Elyaf San. is the only company using SAS. Each of
the individuai firms consume SAS in different proportions but
when the.total consumption is estimated, a considerable

amount is obtained.



Based on the information received both from market

survey (Gamtas, Nikelaj Galvano, Yalova Elyaf San.) and

literature survey, the following approximate values are

obtained for the years 1981, 1982 and 1983.

“Year
1981
1982

1983

Observing the demand for SAS in the previous years, an

estimation can be done for the future demand roughly. It's

Use of SAS(tons)
680
740

1.200

seen that every year total consumption shows an increase.

15

The demand in a five year period is calculated by increasing

1200 tons 20 per cent each year. By this method, it's found
that in 1991, full capacity of the plant can be .  assumed as

5100 tons of SAS per year.

This result, as explained before is an approximate

estimation of rough values obtained from literature and

market surveys.
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IV, EXPERIMENTAL

4.1, MATERIALS USED

Allyl bromide: It's purchased from Fisher Scientific

Co., U.S.A., with the following specifications; boiling range:
69.4—71.600; specific gravity: 1.420 and used in chemically

pure form.

Sodium Sulfite: Tt's purchased from Fisher Scientific
Co., U.S.A., with the following specifications; anhydrous and

assay: 98.4 per cent, and used in aqueous form.

Methanol: It's purchased from Rafineks Kimya Sanayi
with the following specifications; boiling range: 64—6500,
density: 0.790-0.792, refractive index: 1.328-1.33 and used

in chemically pure form (99 per cent).

Sodium hydrexide: It's purchased from E.Merck, Darmstadt

and pellets were dissolved in distilled water to produce

aqueous solution.

Diethyl ether: It's purchased from E.Merck, Darmstadt

and used in chemically pure form (99.5 per cent).
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Ethanol: It's purchased from Kizilay and used in

chemically pure form (95 per cent) .

4.2. EQUIPMENT

The system used in this study comnsists of the following

components and is shown in Fig.4.2.1.1.

‘(a) Constant temperature bath

(b) Reaction vessel

(c) Heater

(d) VvVariable speed mechénical stirrer

(e) Extraction flask with a long thin tube at the
bottom |

(f) Thermometer.

Also, common laboratory glassware such as beakers,
funnels, evaporation dishes, extraction flasks, graduated

cylinders, etec., are used.

4.3. PRODUCTION METHODS OF SODIUMALLYLSULFONATE

Generally, the method to produée sodiumallylsulfonate
in emulsion is by reacting allylchloride with aqueoustaZSO3
solution which is preheated to the desired beginning reaction
temperature of 33-70°¢. Allylchloride solution is stoichio-
metricallj‘in excess of 10—40 per cent. The reaction is carried

out by mixing intensively and by keeping the pH range between

7-11, preferably between 9 and 11 until the complete consumption .
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of Nazso3 is observed. NaOH is added to the solution in order

to keep the pH at a constant value between 7 and 11.

Reaction is_carried out with a NaZSO3 solution of 23.5

and 28 per cent by weight. 28 per cent Na2503 and 23,5 per
cent N32803 solutions are used for the initial reaction

temperatures of 339C and 70°C, respectively.

The production of SAS takes place by the reaction of
allylchloride’with sodiﬁmsulfite in aqueous alcoholic solution
according to the following equation:

AlC/HO

YCHZ CH CH2C1 + NaZSO3 —_—— CH2 = CH—CHZSO3N3 + NaCl

However; this method hés low yieldé due to the
considerable hydrolysis reactions. Therefore, the selectivity
of the reaction is decreased. kBesides, according to 1itératur:e(24),
reactibn time of twelve hours are needed. Since the solubility
of Na2803 in water-alcohol mixtures is low, relatively dllute
reaction solutlons will be used in order to optimize the
‘energy needed for the evaporathn. Acqordlng to other .
methods(ZS), gaseous allylchloride is‘infroduced in an aqueous
Na2803'solution} A part of allylchloride is consumed. and the
rest remains‘unreacted and unconverted to4;he products. It
can be returned by condensation and reevaporation, but these
processes consume high energies because of constant evaporation
and condensation. In addition, the method explained above

requires relatively long reaction time as it takes longer

for gas-liquid phase contact.
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Thevunavoidable hydrolysis df allylchloride which runs
'simultaneously with the formation of SAS, is not considered

by the two methods described. here. Duripg.the reaction, HC1l
which is fgrmed through the hydrolysis, décreases the pH of
the end solution to ; value of about 4. At these low pH
values, the reaction is considerabiy slbw. To avoid this, it's
neéessary to keep the pH value in the range 7 to 11;
pfeferably between the range 9 and 10, by adding NaOH. During
the addition of NaOH, pH value should not exceed 11, since

the hydrolysis of allylchloride increases in strongly alkaline

medium and accordingly selectivity decreases.

SAS is recovered from reaction mixture generaily by
evaporation of the solution. Extraction Witﬁ alcohol and
crystallization from alcohol proceeds at allater stage.
Therefore;'it's'necéssary to findva'method which makes it
possible to produce SAS through conversion of allylchloride
in a Na2803 solution, concentrated as much as possible and

also, in a short period with higher selectivity and low

energy consumption.

A theoretically significant temperature for the
reaction is 44°C. This is the boiling point of the attained
azeotrope of allylchloride and water, under normal pressure.
'Thereforé; the reactions at higher temperétures should be
run under pressure. For a desired rééction temperature of

: SOOC, the necessary'pressufe is 1.3 bars, for 60°C and 70°C,
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it's 1.8 and 2.25 bars, respectively. At temperatures above
(o] : 3 . . I3

.50°C, the reaction 1is carried out under nitrogen pressure.

Reaction period is; about 240 minutes at 45°C, about 155

. ) . . : : .
minutes at 50 C, about 75 minutes at 60°C and about 40 minutes

at 70°C.

In spite of shortér reaction timés, high temperatures
are not recommended since the hydrolyzed amount of
allylchloride increases with temperaturé, for example from
0.3’per cent at 36°C to 1.4 per cent at 70°¢C. Thus;.further
increases in reaction temperature, decreases the selectivity

strongly.

The reaction ofballylchloride with Na2803 is an exo-
‘thermic reaction., Because of thié exothermicity it is
recommended to add the allylchloride into a sodium sulfite
solution,‘which is preheated’to a temperature sufficiently

lower than the desired reaction temperature.

As the simplest case, the initial temperature will be

chosen as 44°C. This method saveés emergy in two respects:

(a) At least a part of the reactiom heat evolved is
used to heat the reaction mixture (comservation of energy in

large scale).

(b) At lower temperatures higher concentrations of

2°73

with increasing temperature (from 28 per cent at 33°C to 23.5

' Na,SO. éan be chosen, since the solubility of Na2803 decreases
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‘ 0 \ . . 3 -
per cent at 70°C). By this way, concentrated reaction mixtures

are obtained thus; evaporation costs are minimal.

According to this method(26), if the whole procedure

is summarized, manufacture of SAS will involve the following

steps:

Allylchloride-is added to an aduequs Na2803 éolution
which is heated to the desired initial reaction temﬁeréture
in the range between 33 and 70°C. The pH ofvthe resulting
solution will be between 9.and 10. Allyichloride is added under
normal pressure at the initial temperatures ﬁp to 44°C. over

o PO T .
C, the addition must be carried out under nitrogen pressure.

44

{

Effective stirring during the reaction period is
necessary. Reaction temperature should lie between 45 and

70°C, especiallyl between 50 and 60°C.

During the reaction, aqueous NaOH solution is added to
keep the pH value in the range between 7 and 11, preferably
9 and 10; When the sulfite content in the aqueous phase qf
the reaction mixture is decreased to 20.03 per cent, the

reaction terminates.

The aqueous reaction mixture which contains essentially
SAS and NaCl is evaporéted and then extracted to purify SAS.
Although it's difficult to obtain high yields of SAS using
’allylchloride because of the sensibility to hydrolysis, high
yielas of approximately 99 per cent are obtained by this

method.
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In another method(27), the preparation of SAS is
~improved by treating allylchloride With aqueous Na2803 solution
containing a surfactant such as hydroxyethylated alkylphénol
or‘sodiumstyromaleéte and copperchlofide‘catalyst. Meﬁhanol

can also be added to the reaction mixture as the solvent in

order to obtain a homogeneous mixture(28).

The experimental method carried out for the production
of SAS in this work is generally based on the methods mentioned
in this section. However; some modifications were made and

the complete procedure is explained in Section 4.4.2.

4.4. EXPERIMENTAL PROCEDURE
4,4,.1, Preliminary Work

Before starting the experiment, amounts of reagents
necessary are calculated and then solufions are preparéd
according to stoichiometric ratios. Aqueous‘sodiumsulfite
solution, allyibromide, methanol and 0.1 N sodiumhydroxide

solution are the starting reagents for the reaction.

The following are the work outs of the solutions

prepared and used throughout the reactions:

2500 gr, aqueous Na,S0, solutiomn and 483 gr allyl-
bromide are needed. Na2503 solution is 26,5 per.cent by

weight.
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| 2500 gr. x 0.265 = 662.5 gr. Na2803

1 mole Na2803
662.5 gr. Na,SO, x -=5.26 mole Na,SO

2773 126.04 gr.NaZSO3 2773

_ 1 mole _ ;
483 g-r. CH2 = CHCHZBI X m.— 3. 99 mole CHZ—CHCHZBI'
Mole Ratio = Allylbromide _ 3.9924 _ 1

Sodiumsulfite . 5.2563 1.3

We want to reduce the amounts of reagents, therefore;
without changing the mole ratio, the amounts are taken as 15
per cent of the calculated values.

0.15 _ Allylbromide
0.198 = Sodiumsulfite

Then Mole Ratio 1is

< 126.04 g Na2503

1 mole NaZSO3

0.198 moles Na2803 = .24,96 gr Na2803

0.265 x = 24.96 = X = 94,189 gr. solution

2803 is dissolved in 70 ml of

distilled water to have the desired aqueous solution.

Thérefore; 24.96 gr Na

120.98 g allylbromide

T mole allylbromide =-18.147 g allylbromide

0.15 moles allylbromide x

1
1.483 gr/ml

18.147 g allylbromide x 12.24 ml allylbromide

0.1 N NaOH solution is prepared by dissolving 4 gr of
NaOH pellets in one liter distilled water. Physical properties

of the reagents are listed in Table 4.4.1.1.
)
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4.4,2, Experiment Part

The amounts of allylbromide and sbdiumsulfite required
are calculated according to their molar ratios. The temperature
of the water bath is kept constant.up to +0.5 by thé aid of é
contact thermometer and constant stirring. All of the
sodiumsulfite solution is placed in the reaction vessel and
by constant stirring, the solution is heated to the desired
rgaction temperature; The‘temperature of the reaction mixture
is recorded by a thermometer inserted to the reaction vessel
throughout the experiment. Sodium hydroxide solution is
filled into an extraction flask aﬁd placed by the'reaction
vessel. Then the necessary amounts of allylbromide mnad
meth;nol ére added to the sodium sulfite solution and the
reaction starts. Methanol is added as solvent to pfoducé a
homogeneous reaction mixture (Physicél properties'éf reagents
ape tabulated in Table 4.4.1.1). The reaction period varies
from run to run and the reaction is carried out at the set
temperatures f§r each experiment by operating’the variable
speed stirrer to achieveva thorough mixing. The reaction can

be represented by the following chemical equation:

; CH3OH/H 0 :
CH2 = CHCHzBr + Na2803 ——————- NaBr + CH2 = QHCHZ SOBNa

As the reaction starts, samples are taken from the
reaction mixture at regular intervals in order to test the pH

of the solution. To keep the pH of the mixture at the range.
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between 9 and 10;_aqueous NaOH solution is added dropwise

from the extraction flask situated on top of the reaction
vessel, Sample taking and accdrdingly NaOH addition procedures
are continued until the reaction period is terminated. Then ~
the ?ea?tioh mixture is filteféd and unreacted NaéSO3 is
removed from the réactionmixture, During all filtration

processes throughout the experiments, ashless No:40 filter

papers by W. and R.Balston, Ltd., are used.

The resulting reaction mixture is extracted with
diethylether in order to remove the excess allylbromide £from
the solution. The aqueous phase obtained from extraction is

put into an evapofating dish and evaporated.

¢

The step féllbwing tﬁe evaporation involves treatment
bf the resulting precipitate with ethanol. Thé preéipitated
éompoﬁnd is dissol&ed partly iﬁ ethanol and tﬂen filtered
to remove the undissolved sodiumbromide froﬁ the reaction
mixtufe.‘This process is repeated twice and the resulting
sqiution is'again transferred to an evaporating dish and
to the hot plate for further evaporation. When the alcohol is
COmélétely evaporated, the crude samplé of sodiumallylsulfonate

precipitates out of the reaction mixture.

To get rid of the remaining impurities, the sample is
dissolved in methanol and it's recryStallized'from the solution
first by filtration and then by evaporation. This step is
repeated more than once. The purified sample is dried in ovén.

At the end white crystals of sodiumallylsulfonate are obtained.
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4.5, PURIFICATION OF THE CRUDE SAMPLE :

After the completion of sodiumallylsulfoﬁate production,

- Small samples are taken for solubility tests in water and in-
methanol and laterhfor'infrared spectrophotometric analysis.
The presence-of extra peaks and deviations of the peaks from
the original data in the infrared specfra show the existence
of some impurities and insufficient purification. Therefore;
further purification of the crude sample is necessary. This‘
is achieved by dissolving the samples and washing ﬁhem
thoroughly in mefhanol; Undissolved particles are removed

from the solution by filtration. Sodiumallylsulfonate~crysfals
ére dbtained by_evaporation of the solution on hot plate and
drying in the oven. This procedure is repeated more than once
to pﬁrify the crude sample and by this way the white COldr of
thé crystalls is also improved. However; since sodiumallylsul-
fonate is soluble in methaﬁol, there 1s some ‘loss of crystalls
during thié purification step. The effect of this loss is

discussed in Section 6.1.1.

4.6. ANALYSIS OF THE SAMPLE
4.6;1. Infrared Spectrophotometric Analysis

The quality of the samples obtained from experiments

are investigated by infrared spectrophotometer.
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4.6.1.1. Infrared Spectroscopy

The infrared region of the electromagnetic spectrum

extends from'the end of the visible spectrum to the microwaves,

that is, the region includes radiation at wavelengths between

0.7 and 500 um or in wave-numbers, between 14000 cm_1 and
-1 :
20 cm ~. The spectral range of greatest use is in the mid-

infrared region, which covers the frequency rdnge from 200
-1

cm to 4000 cm_1 (50 to 2.5 pm). Infrared speétroscspy involves

the twisting, bending, rotating and vibrational motions of
atoms in a molecule. Upon interaction with infrared radiatiomn,
portians of the incident radiatioh are absorbed at particular
" wavelengths. The multiplicity of vibrations occurring
éimultaneously produces a highly complex absorption spectrum,
which is a unique char;cteristic,of the functional groups
comprising the molecule and of the overall configuration of
the atoms as well(29). Infrared spectrophotometry 1is most
useful for identifying organic compounds and deducing the
sﬁructure of newly synthesized compounds.‘To establish a
background for these uses; a brief introduction to the
absorption of infrared radiation will be presented first,

followed by statements of the instruments and sample handling.

Molecular Vibrations

Atoms or atomic groups in molecules are in continuous
motion with respect to each other. A molecule can be viewed

as a set of ballsv(representing‘atoms)'connected by springs
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(reprgsgntiﬁg chemical bondé);‘In the ground state, the atom
balls vibrate'somewhat on the bond springs. Absorption of
infrared energy at particular wavelengths (ifg., frequencies)
increaées.this motion. The frequency of the incoming radiaﬁion
must match that of the atom balls vibrating on their bond
sbrings. This is called a "condition of resonance™. Although
;he vibrational changes in a chemical molecule éré caused by
the absorption of only certain frequencies of infrared energy,
there also numerous rotational energy changes; Because of

these, spectra consists of absorption bands rather than lines.

The molecular vibrations observed are ofAtwo types;
stretching and bending. Stretching is a rhythmical movement of
the atems back and forth along the bond axis. Bgﬁding ig the
vibration which implies,movement of atoms out from the bonding

axis. Four types can be distinguished:

(a) Deformation or scissoring: The two atoms connected
to a central atom move toward and away from each other with

deformation of the valence angle;

(b) Rocking or in-plane bending: The structural unit

swings back and forth in the symmetry plane of the molecule;

(c) Wagging or out—of-plane bending:“The structural
unit'swings back and forth in a plane perpendicular to the

molecule's symmetry plane;
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(d) Twisting: The structural unit rotates back and
forth around the bond which joins it to the rest of the

molecule.

Instrumentation

The essential components of an infrared spectrophoto-

meter are given in the figure below:

Source of)
Radiation

—— |Monochromator (——{Sample Cell Detector

Blank Cell{,’

Read-0Out Device

Fig.4.6.1.2. Components of Infrared Spectrophotometer

Ifnrared Radiation Sources

The only important infrared sources are continuous
sources which emir rediation ﬁhose intensity #aries smoothly
over an eXtended‘range of waveiengths. Tungsten lamp is a
SOuree of infrared but its output is limited tolaﬁeut 2500 nm
(2.5 pm). Therefore this source is more useful for the near'
infrared region. Two most importaﬁt infrared sources are the
Nernst glower and the Globar. Speetrai energies ef the Globar

and the Nernst glower are comparable except in the region
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below 5 um (5000 nm), wheéere the Globar provides a significantly

greater output,

Monochromatoxrs

The’function‘of-a monochromator is to select‘a beam of
one-wavelength radiation that can be varied over a Qide range.
key eiement is the dispersing device and the diffraction grating
is used for wavelength selgcﬁion. Light striking the grating
is diffracted so that different wavelengths come off at .
different anglesf Rotating the'grating makes it possible to

select light of the desired wavelength.

Infrared Detectors

Infrared radiafioﬁ may be measured by detecting the
temperature change of a material in the infrared beam; this
.type of a detector is a thermal detector. Anéther, but less
used detector is the photoﬁ or quantum detector, which‘depends
on internal photioconductive " effects resulting.from the
transition of an electroﬁ from one valence bond to a conduction
bénd within the semiconductor receptor.“Quantum detectors are
faster and more sensitive but restricted to range of wavelengths
to which they can reépond. Thermal detectors are usable over
a wide range of wavelengths but they suffer from relatively
low sensitivity and slow response. This 1s because of the
radiant power of infrared radiatioﬁ being so weak. The basic'
forms of therm#l radiation detectors are the radiation

thermocouple, the Golay detector and the bolometer.
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Sample Handling

Gases, liquids in solution and solids are handled in
infrared spectrophotometers. For gasysaﬁpies, a variety of
cells are used with path lengths that range from a few
centimeters to several meters. For'liquid samples, solvents
such as carbon disulfide, carbon tetrachloride, tetrachloro-
ethylene, chloroforﬁ, dimethylformamide, dioxane, cyclohexane

and benzene are used. Because of the tendency for solvents

to absorb, infrared cells are much narrower (0.1 to 1 mm) than

those empioyed for cell windowé in the infrared region.
Insolubla sampies or ones that, for some.feason, cannot be
analyzed in solution can be determined in two ways. In one a
mull is'prepared by dispersing a finely ground sample in a
refined hydrocarbon oil (Nujol). The resulting mull is then
examined as a film between flat salt plates. In the second
technique, potassium bromide pellets are préparéd and this

method is explained in detail in Section 4.6.1.2.

4.6.1.2. Infrared Technique Used.

In the analysis of sodiumallylsulfonate crystalls,v
pellet technique is used. This technique involves mixing the:
finé gréund sample (a milligram or less) and dried KBr powdér
and pressing the mixture in an evacuable die at sufficient
pressure (12 tons) to produce a transparent disk.'KBr becomes
quite plastic at high pressure and will.flow to form a clear

disk. Mixing is done in a vibrating ball-mill. The disk is
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then held in the instrument beam for spectroscopic examination.
—The resulting spectra frequently exhibits bands at 2.9 and 6.1

pm (2900 and 6100 nm) due to absorbed moisture.

In the analisis of samples, disks are prepared by
mixing one milligram of sample with approximately 300 mili-
grams of KBr. The mixture is put in a vibrating ball-mill
for threé'minutes.vThen»the sample is placed in é steel
cylinder anq comﬁressed usiﬁg a vacuum pump (Shimadzu Rotary
Qapuum pump. Type SAlS) up to 10 tons. The IR spectra of thé
KBr disc 1is thén taken (Shimadzu iR Spectrcphotémeter IR—435)

and compéred with the original.

4,6.2. Qualitative Experimental Analysis

Qualitative analysis of the samples is based on the
solubility, pH and experimental tests to determine the percent

of sodiumallylsulfonéte present.'v

The results of solubility tests are successful since
all of the sémples obtained are soluble in methanol and water.

.The results of pH tests are listed in Section V, Table 5.1.4,.

4.6.2.1. Sample Preparation

For the experiments, the equipment used is the normal

laboratory equipment.
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Reagents

Bromine: Manufactured by Fisher Scientific Company and

used in chemicaliy pure form.

Sodium Bromide: Manufactured by Fisher Scientific

Company and used as both saturated solution and chemically

pure form.

Methanol: Manufactured by Rafineks Kimya Sanayi and

used inbchemically pure form (99 per cent).

Sodiumthiosulphate: Manufactured by Panreac ‘and used

as 0.1 N aqueous solution.

‘Potassium Iodide: Manufactured by Labor Kimya Sanayi
and used as 10 per.éent sdlution.

Solutions

(a) Bromine—-Bromide Solution:

5.5 ml of bromine is introduced in one liter calibrated
flask, containing 500 ml of methanol and 100 g of NaBr. It's
diluted to one liter with methanol and shaken till complete

dilution of NaBr.

(b) Saturated NaBr Solution:

200'g of NaBr is introduced in a volumetric flask

containing 200 ml of distilled water and saturated solution
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is prepared by using a stirrer (Corning hot-plate stirrer,

Type PC-351).

(¢) Potassium Iodide Solution

25 g of KI is introduced in a volumetric flask

containing 225 ml of distilled water to prepare 10 per cent

KI solution.

(d) Sodiumthiosulfate Solution

24,82 g of Na,S,0, . 5H,0 is dissolved in 2 1t of

distilled water to prepare 0.1 N solution.

- 4.6.2.2. Experimental Procedure

0.1-0.2 g of sample is weighed.exactly in a 200 ml
g}ass stopéeréd volumetric flask. 10 ml of distilled water,
10 ml of saturated Nan solution and about 5 g of NaBr are
added. Then, from a burette 25 ml of the bromine-bromide

solution is ad¢ed.

The resulting solution is allowed to sit one hour with
occasionél swirling. Then 50 ml of methanol and 10 ml.of 10
per cent KI solution are added and immediately titrated with
0.1 N thiosulfate until the color of the solﬁtion turns from

dark brown to colorless. The blank test is carried out in the

same way.
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Expression of the result

Per

cent Sodiumallylsulfonate (SAS) = (A—B)Xg'0072 x 100

ml Na25203 0.1 N_in the blank test

ml Na25203 0.1 N in the proper test

g weighed substance.

results of these tests are 1isted'in,Table 5.1.5.
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V. EXPERIMENTAL RESULTS

In this wofk twelve‘experiments were‘carried oﬁt at
various reaction temperatures-and reaction periods for the
manufacture of sodiumallylsulfonate: The mole ratio of
allylbfomide to sodiumsulfite is 1 to 1.32 and it is constant
throughout the expgrimenﬁs:'Thé oferatihg temperature‘is
- varied between 35°¢ and 70°C and reaétioh'period is varied

between 60 minutes and 360 minutes.

The experimental conditions used throughout the
ekperiments are all tabulated in Tables 5.1.1 through 5.1.6

and the results are discussed in Section VI.

The results of the infrared data for the experiments
1 through 12 and the original sample can be seen in the
figures 6.2.1 through 6.2.16. They are compared and discussed

in Section VI.

In Table 5.1.1. experimental conditions are tabulated
in detail and»amounts of product obtained are listed. The

molar ratio of allylbromide to sodiumsulfite is kept constant

throughout all the experiments as 1 to 1.32. In the first two
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runs the amounts of reagents are two times more than the
other runs and they are reduced in the following runs in order

to consume less amounts of reagents. The amount of methanol

added to the reaction mixturé as solvent, is also kept
constant throughout all the experiments. The amount of
sodiumhydroxide added to the reaction solution in order to
keep thé pH value between the range 9 and 10, varies from omne
experiment to another. Siﬁce the function of sodiumhydroxide
zsolution is to neutralize the forming HBr and allylélcohol

in the reaction migture, the consumption changeé according to
the formed amounts of both acids. Reaction temperature is
varied between 35°¢ and 70°C. The last two experiments are
carried out at_44°C to test the reproducibility of the desirgd
result. Since satisfactory results are obtained at the end

of twelve experiments, no further experiments were performed.
The pH value of the reaction mixtures is kepf in the range

of 9 and 10'iﬁ all runs. This is tested in regular,inﬁgrvals,
by adding aqueous sodium hydroxide solution and using the
special-pH'test paper. Reaction period is v;riéd\between 60.
minutes and 360 minutes_according to the selected reacﬁion~
temperature. As tempefature‘is increaséd,'reaction period 1is
decreased and also at constant temperatures different,reactipn
-ﬁefiods are tested. In the experimental ﬁrocedure, the first
step after the reaction is finished is to filter and remove
the ﬁnreacted sodiumsuifite content;fThe amount of unreacted
sodiumsulfite'#aries from one experiment to aﬁother related to

the reaction temperature, reaction period and stirring rate.



Table 5.1.2. Experimental Results

Run No NapS03 un¥eacted NaBr obtained SAS“obtained Yield of
. (moles) (moles) " (moles) SAS
(per cent)
1 - - 0.0107 10.66
2 - 0.1305 0.0193 19.27
3 - 0.1167 0.0494 | 49.39
4% 0.0346 0.1132 10.0638 63.794
5 0.0674 0.1218 0.0101 10.08
6% 0.0417 0.1066 0.0618 61.8315
74 0.0572 0.0930 0.0632 63.15+3
g#x 0.0456 0.1268 0.0714 71.3845
9*' 0.0421 0.0778 - 0.0823 82.25%3
10% 0.0345 0.1022 0.0662 66.23+2
11k 0.0425 0.1052 ' 0.0956 95,5522
12%%% 0.0317 0.0881 0;9937 93.67+4

%: Experiments performed twice
%%: Experiments performed three times
*%%; Experiments performed four times

41
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Amounts of sodium bromide obtained as a by-product of the
reaction also depend on the experimental conditions and they
are listed in the table. Finally the amounts of product

obtained from each .experiment are tabulated.

~In Table 5.1.2 onlf the experimental results are
tabulated. The molar concentrations of unreacted sodiumsulfite,
sodiumbromide obtained as by-product and the desired product
sodiumallylsulfonate are listed. This table is the brief
representation of experimental results without relating the
results tokany experimental qonditions and it's'derivedbfrom
Table 5.1.1. Yield of sodiumallylsulfonate in perceﬁt form
fis'calculated using the one to one molar ratio of the feéction
stoichiometfyo The molar conceﬁtratiohs of allylbromide and
sodiumsulfite ére.0.15 and 0.198, respectively in experiments
four through tﬁelve.'Accofding‘to the stoichiometry of the
reaction, the products should have molar concentratioﬁé of
about 0.15 at the end of the reaction period when theQrethuﬂly
hundred per cent conversion is considefed. The numerical values
listed in this tabie aé moles of sodiumbromide obtained and
moles of sodiumallylsulfénate obtained -show appreciable -
experimental results. As it's geén in the table, the last
two experiments have the highest yields of the alllexpérhmums

and therefore no further experiments were carried out.

In Table 5.1.3., per cent yield of sodiumallylsulfonate
obtained from each experiment is listed and compared with both

reaction temperature and reaction period. As the temperature

is increased, the reaction period is decreased and vice versa as the temperature
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Table 5.1.3. Correlation of Per cent Yield of SASVto reaction

parameters
Run No. Reéction(gg?perature React%;gnieriod. iiilgezg
SAS
1 " YA | 240 . 10.66
2 : 44 240 : 19.27
3 - 44 .240 » 49,39
4% 35 240 | 63.7954
5 60 105 | 10.08
6% | 50 155 ‘61.83i5_
7 k% - 60 , | 105 63.15:3
EE 60 ' 75 7;.38t5
9% ,' 70 ‘ 60 82.;5t3
10%* 35 360  66.23%2
11%%* . 44 180 95,55%2
12%%% 44 120 93.§7i4

%: Experiments performed twice
%%: Experiments performed three times
%%%; Experiments performed four times
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is-dec?easéd, the decreased, ;he reaction period is increased.
In experiments 7 and 8, the temperature is kept comstant at
60°C and the reaction.period is decreased from 105 minutes to
75 minutes to observe any changes in,thé results. Likewise in
experimenté 4 and 10, the temperature is kept constant at
35°C and the reaction period is increased from 240 minutes to
360 minutes. When the per cent yields of the reactions are
considered, it's seen that there are no large variatioms in
the fésults. In funs 1, 2’.3"11 and 12 the temperature is
44°c but in the 1last two, the reaction periods are changed.
Aé the per cent yields are comparéd, it's seen fhat the last
two have thé.ﬁighest yields even though the reaction periéd

is dgcrgased. This is due to expérimenﬁal errors'or trials
done in the first r@ns to decide on the complete procedure for

the following experiments. As the number of experiments increases,

the per cent yields obtained show considerable improvement.

Table 5.1.4. pH of SAS Samples

Run number pH
1 6.20
2 6.23
3 7.72
4 7.65
5 6.43
6 7.70
7 8.03
8 7.93
9 8.06
10 8.05
11 ' - 8.03
12 8.00
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» In Table 5.1.4, pH value of the obfained product
sodiumallylsulfopate in each run is listed. According to
literature(30), the PH value of # commefciaily uséd sodium-
allylsulﬁonate sample is feported as in the range of‘8.5 and
9.2, When theAexperimental results are observed, the;values
vary from 6;20 to 8.06, Generallly, the samples showing‘.l
'Qualitatively»and quantitatively similar propefties‘have

almost the same pH values.

In Table 5.1.5, per cént of sodiumallyléﬁlfonate in
each sample is calculated folléwing a special éxperimental
procedure ekplained in details in Section 4.6.2.2. Aécording
to the procedure, a weighed amount of sample is titfated.with

sodiumthiosulphate until the end point is observed. Then,

the percent of sodiumallylsulfbnate in the sample is calculated

by using the aﬁount,of sodiumthiosulfate used both in the
blank tesf and  in the préper test énd alsQ the ;xact weight
‘ofbthe sample{ Each of these values are listed in the table
with the corresponding experiment numbeF.FThe'first rbwvshows
the results of the test performéd on the obtained original
éémple of sodiumallylsulfonate. The lowest value obtained in
this test is 48.96.in experiment one and the highest yalue

belongs to the original sample.

The others vary in the range of 70.56 and 87.32 per
cent purity. The original sample shows 98.64 per cent purity
whereas the products of experiment number 2, 3, and 11 give

very'close values to 98.64 per cent purity.



1.5.

46

Table 5. Per cent Purity éf SAS in the sampl.es
Run No. inN:%lizg]?an;si:st inN:‘t%:zp(::sope‘::sigst Weight of sample SA:a:lglte:h‘e
) (ml) &) )
Original . :
sample 51.3 . 37.6 0.1000 98.64
obtained . -
1 51.3 44.5 0.1000 48;96_
2 51.3 36.3 0.1168 92.46
3 51.3 37.1' 0.1104 92.61
4 51.3 39.8 0.1000 82.80
5 51.3 40.5 0.1000 77.76
6 51.3 39.5 0.1034 82.17
7 77.1 65 0.1003 86.86
8 77.1 1 67.3 0.1000 70.56
9 77.1 66.2 0.1002 78.32
10 77.1 64.9 0.1006 87.32
11 77.1 63.2 0.1017 98.41
12 77.1 65.4 0.1042 80.84




Table 5.1.6. Experimental Results cdrreléted to

parameters

reaction
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Run No. React%gg)Temp. React%;znferiod Per g;n;Agield ;::;é;fiﬁ bgAgf
SAS

1 44 240 10.66 48.96 | 6.20
2 44 240 19.27 92.46 | 6.23
3 44 240 49 .39 92.61 7.72
4 35. 240 63.79+4 82.80 | 7.65
5 60 105 - 10.08 77.76 | 6.43
6 50 155 61.83%5 82.17 | 7.70
7. 60 105 '63.1513 86.86 8.63
8 60 75 ' 71.3845 70.56 | 7.93
9 70 60 82,2543 78.32 | 8.06
10 35 360 66.23t2 | 87.32 | 8.05
11 44 180 95.55+2 98.41 | 8.03
12 44 120 93.67+4 80.84 | 8.00
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VI, DISCUSSION OF THEYEXPERAIMENTAL RESULTS

The aim of this research was to study and ébsefve the
effects of processing conditions omn the.sodiﬁﬁallylsulfonate
yield and quality using laboratory scale testingiof,the
commonly used industriai method. Then the aim was to choose
the optimum reaction parameters aﬁ the same time minimizing
thé economical costs. The procedure carried out dufing the
experiments was based on the German Patent of sodiumallylsulfonate
Manufacture (1). Bésically the experiments explained in the
result section were qualitative study and the‘ main aim was
to froduce sddiumallylsulfonate that is suitable for

commercial use.

6.1. DISCUSSION OF THE WET ANALYSIS

According to 1iterature; various methods were
recommended fof the industrial scale manufacturing.prdceSS,
but all of them used allylchloride as the startlng reagent.

We wanted to obtaln sodiumallylsulfonate w1th allylbromide as
the starting material because it is never tried in literature.

Allylchlofide and allylbromide have similar physical properties
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except for their molecular weight and allyl bromide being a
‘more reactive compound. The use of allyl bromide brings the
advantage of performing experiments up to 70°C without the o
need of inert gas pressure because this limit is 44°C when
allylchloride is used. 70°C is the attained azeotrope of allyl-
bromide and wéter and above this temperature, nitfogen gas
pressure is used in ordef'to prevent'the escape of reaction
mixtureﬂ Using allylbromide as the starting reagent, we wanted
to observe the variation in SAS per cent yield and to see how
this yield varies by changing the reaction paraﬁeters. |
Depending on the parameters and results obtained £from each
experiment, a general trend was found. This trend was cprfelated

to reaction temperature and reaction time to obtain the most '

suitable conditions for the manufacture of sodiumallylsulfonate. .

The results obtained at the end of this work were discussed
by correlating time and temperature to per cent yield, per

cent purity and pH of the samplés obtained.

6.1.1. Disqussibn of the Per cent Yield

Per cent.Yield was correlated to reaction temperature
and time. But it was decided that to discuss each or a group
of experiments together will give more detailed information

about SAS manufacture in this work.
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1~ Experiments 1-2

As reported»in literature, reaction period is dependent

On reaction temperature. If reaétion_temperaﬁuré'is increased,
reaction time should be decreased accérdingiy. At high
temperatures, shorter reaction periods are.used which seems
quite effective, however; high temperatures at the same ﬁime
require the use of inert gas pressure. Therefore; thé first
experiment was carried out at 44°¢C With a reaction period of
240 minutes. Accofding to the procedure defined in Section

4.4 .2, the experiment was performed and sodiumallylsulfonate was
obtained. The first and thelsecond experiments were carried out under
the identical cohditions and the results obtained weren't very
satigfactory Adﬁe to low SAS yield. This is because qf some
trial and error methods performed during these two rums. In
the first experiment, a nonhomogeneous mixturerwas obtained
since methanol was not édaed to the reaction mixtgre. Starting
with the second experiment, because of methapol.addition

- homogeneous solutions were obtained. Also vafiops purification
methods were tried oh the produgts of these two. experiments.
Recrystallization both in dgep—freezeAand by evaporation.were
tésted and then at the end it was decided to.washvSAS
obtained with ﬁethanol more than once. As a result of these
tries, ‘a ﬁajor amount of_the'products were lost during this
wasﬁing process and thérefore low values for'the per cent
yield of the reactions were obtalned After the completlon of
the first two experiments, a general trend for the manufacturlng
érocess was decided and this procedﬁre was accepted throughout

the rest of the experlments. The molar ratio of the startlng
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’reagents, pH of the reaction mixture and the amount of
Ame;hanol added to the solution Qere kept constant throughout
the expgriments._Reaction temperature anﬁ*réactionlperiod were
;hosen as‘procgss variables and the effect of changes in these

variables on the yields and purity of SAS produced were

examined.

2- Experiments 1-5-7

The 1owest SAS yields were obtained in the first and

the fifth expefiments which were carried out at 44°C and 60°¢C
respectivelyr(10.66 ?ef cent and 10.08 per cent). The maiﬁ
reason for the low value of the first~experimen£ is related to
trial and error methodé explained_in the‘firs. scction. Feor

the fifth exberiment,vthe'inefficient yield canvbe related to
lexperimenﬁal errors. As it's seen in Tables 5.1.1 and 5.1.2
the amount of sodiumsulfite unreacted in this_experiment is
thenlargest when compared with the rest of the experiments.

The amount of sédiumbromide obtained as by—product»is~quite
high (0;1218 moles) but the amount of product obtained

(0.0101 moles) does not correspond to the 1/1 molar ratio of
the reaction stoichiémétry; This 1s due to incomplete separaﬁion
of NaBr and SAS. Also it is due to the loss of Sample'remﬂxihg
from the purifiéation step.‘Therefore;bthéafifth experiment
‘was repeatéd in the seventh run keeping the reaction conditions

'constant-(60°C and 105 minutes). At the end of this experiment,

an improved result was obtained (63.15 per cent yield).



52

3- Experiment 2

In the second experiment againla low yield of SAS was
obtained (19.27 per cent). The main reason behind this low
value 1is basically the same discussion valid for the first

.egperiment, in order to achieve a general trend for the

manufacturing process.

4~ Experiment 3

In this run, the reaction parameterskwerél44oc and 240
~minutes. The same conditions as the first t&o experiments
were used. The amount of crude sample‘obtained was quité
satisfactory but the loss of Sémph§dufing the filtration and.
purification steps madé the overall yield of the reaction-
49.39 fer cent. This value is considered low since.with the.

used parameters a higher result should have been obtained.

5—vExperiments 4-140

In the fourth experimént,“the reaction temperature was
decreased to 35°C keeping the reaction-period at 240 minutes.
At the end of this gxperiment,ba yield of 63.79 per cent
was obtained. In this run, the only variéble was the
temperature., It was decreased from 44°¢ to_35°C,'but the
reacfion period remained constaﬁt. Therefore; to observe the
effect of change in reaction period, the tenth experiment was

performedi In the tenth experiment, following the recommendations
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in literature, the reaction period was increased to 360

4m1nutes. At the end, 66.23 per cent product yield was obtained.
There were no great differences between the results of the
two experiments. Therefore; it was decided that performlng

the experiment at 35°C both at long and shorter reactlon

periods does not give the desired results..

6~ Experiment 6

In the sixth experiment, 50°C and 155 minutes were
chosen as the reaction temperature and time respectivel&.v
Ihe SAS.per cent yield result showed that 61.83 per cent is
not very satisfactory when compafed with reactions of higher
vield., The maiﬁ reason behind this intermedi te yisld can be
explained as not enough time is allowed for the reaction to

eomplete at this temperature.

7- Experiments 8-7

To observe the effects of reaction time variation on
the results, run numbers 7 and 8 were performed. In’ the eighth
o _ | o
‘experiment, the temperature was kept constant at 60 C and

time was decreased from 105 to 75 minutes. The result :-obtained

at the end of this run was 71.38 per cent, but the difference

was not very significant when compared Withvthe previous run.
Therefore; it was decided that increasing the reaction
temperature from 44°C to 60°C and decreasing the reaction.
peried to various values does not exhibit significant changes

in per cent SAS yield.
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- 8- Experiment 9

In this ekperiment, the temperature was further
increased to 70°C and the reaction perlod was decreased to 60
minutes. At the end a yield of 82.25 per cent was obtalned
This result was very satisfactory in industrial scale. To
decide on the 6ptimum conditions, this experiment seemed very
suitable with shorf reaction period. Low temperatures and
longer reaction periods'wére not very efficient because it
was difficult to keep the reaction temperature and tﬁe other
'reaction.paramgters cqnstént. In industry, rums at high
temperatures were performed using an inert gas pressure. In
labOratory, we avoid using pressure due t6 incontrollable
reaction parameters.‘But it will be“worthwhiie to try higher
temperatures and lower reaction periods with pressure. Since
high temperatures and short reaction periods have the
diéadvantége'of dependency on preséure, it was dgcidéd to

repeat the experiment at 44°C to obtain the optimum conditions.

9- Experiments 11-12

In the eleventh experimeﬁt, theléeactionltemperature
was 44°C and bthe reaction period,was_deéreased from 240
minutes to 180 minutes. At the end, the highest yvield of all
the experiments was obtained (95.55 per cent). In order to
check the reproducibility of the results obtained from this

run the twelvth experiment was performed. In this runm,

keepihg,the temperature at 44°C, the reaction period was
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further decreased to 120 minutes. When this run is compared

with the first three experiments, it's seen that the reaction

period is decreased 50 per cent and again a very good result

of 93 ,67 per cent yield was obtalned

From the results obtained, it was shown that the most
suitable temperature for this reaction is chosen as 44°c. The
reaction period is to be decided after the interpretation of

the data obtained from per cent purity tests and infrared

measurements.,

6.1.2, Discussion of the Per cent purity of SAS samples

When the per cent purit& of the.samples obtained from
each experiment ie compared with the ofiginal saﬁple (98.64
ﬁer_cent purity), it was observed that the results of
experiments 2, 3»and 11 have the closestvvelues (92.46, 92.61
and 98.41 per cent, respectively). The lowest value is ;he
result of first experimentv(48.96 per cent). This result is
due tobinefficient purification,end the presence of
impurities in the sample. The results of the remaining
experimenté.vary in the range of 70.56 per cent and 87.32
per cent dependingvon the reaction temperature and reaction

period.

In the fourth and tenth experiments, the reaction
temperature 1is 35°C but the reaction period is increased

from 240 minutes to 360 minutes. The per cent purity of the
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samples also increase from 82.17 per cent to 87.32 per cent

but the difference is not very significant,

In the fifth experiment, the purlty is 77. 76 per cent,
whereas keeping the reaction temperature and perlod constant
at the seventh experlment the result increases to 86.86 per

cent. As discussed before, this is due to experimental errors

performed in the fifth experiment.

In the sixth experiment, the purity of the obtained
sample is 82.17 per cent. When the reaction temperature and

reaction period are observed, the results seemed satisfactory.

In the eighth-experiment, the per cent ﬁurity decreases
to 70.56 per cent. If we compare this result with the result
ef the seventh experiment (86.86 per cent), it's seen that
keeping the temperature constant at 60°C, but decreasing the
reaction period from 105 minutes to 75 minutes affects the
result in the negative direction. This is mainly due to the

incompleteness of the reaction,

In the ninth experiment, the result obtained is 78.32
' : . . o
per cent. Here, increasing the reaction temperature to 70 C
and decreasing the reaction time to 60 minutes, decreases

the purity of the sample obtained.

When the results of the last two experiments are
compared, it's observed that the purity of the samples

decrease from 98.41 per cent to 80.84 per cent with decreasing
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reaction time at constant temperature. The highest per cent
pprity is obtained as a result of the eleventh gxperiment

With a value of 98.41. At the end of the‘discuésionsfof the
product yields, it was decided that the optimﬁm temperature
was 44°C. This result is confirmed with the discussion of

'prodpct purity and at the same time optimum reaction period
is decided as 180 minutes. The validity of this result will

be -also confirmed by the interpretation of the obtained

" infrared data in Section 6.2.

6.1.3. Discussion of the pH Valués

After each experiment, pH of the solution was obtained
by adding miligrams of sample to about'20 ml of water
gréduaily until the solution is completely saturated aﬁd‘the
- pH value stays constant over a period of five minutes. The
-Qalues obtained in this way are compared with the wvalues

from the literature(2). It shows that the pH values range

between 6.20 and 8.06 throughout the experiments. The 1lowest

values obtained are 6.20 and 6.23, respectively and they are
the result of samples obtained at the éhdkof the first two
'expériments.‘Therefore; they are not considered seriously
depénding on the explanations made'previously. The ranée
stated in_litérature is between 8.5 and 9.2; Generally the
experimental values are lower than the reported values.

This result is related to differences between the recommended
and the performed experimental procedures. In 1iteréture all

pH values are given as the values of SAS obtained from
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allylghloride.'During the hydrolyéis of allylchloride in the
?eaction mixture, formed HC1l and allylalcohol are neutraiized
by adding NaOH. In the performed experiments, allylbromide

was used asrthe reagent and HBr and allyl alcahol‘were formed
during h‘y'drolysis;. The amount of NaOH used for neutralization

of the acids formed, can be less in the experimental'proceduré.
Copsequently; the samples generally have»loﬁ pH valuenghen
compared with the ones stated in 1iteraturé. The amount of
allyl alcohol produced iﬁ the reaction'mixtuférshéuld be

checked in order to confirm the validity of this discussion.

p .

As a result, low pH values will result when compared

with the values of the literature, from;

(a) The differences in the production method of SAS
(b) The amount of NaOH used to neutralize HBr and allyl

alcohol formed.

6.2, DISCUSSION OF THE INFRARED RESULTS

Infrared spectroscopy was chosen for the identification
of our products obtained and comparisons were made according
to the identified peaks. When we have a look at the original

sample_(Figs;G.Z.l, 6.2.2) and compare it .with the SAS

1 1

characteristic peaks, firstly at 1600~1690 cm ~, 920-998 cm
and 3000-3100 cm_l, we saw C=C stretch and deformation

motions associated with allylic double bond formation. These

peaks exist in our samples in different sharpnesses. But
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these were clearly seen in our samples obtained. Our ideal
sample obtained from run 11 shows extremely similar behaviour

as the original. But in general, the appearance of C=C peaks

vary from sample to. sample consistent. with the percent yield

and purity.

Forx sulphbnate groups, we observe different peaks with
;he following wave numbers: 1100-1250 — (sharp), iOOO—lOSO
cm_l (medium) and 600-700 cm—lﬂ(medium). All of these peaks
existed and again at different proportions. Léwer yield

samples showed broader and not very definable peaks.

An absorption peak in 3300-3500 cm_l.region is ordinarily
dué to various O—Hvstretching viBratidns. These peaks are
often broad and appear in dilute and nonpolar solvents.
Hydrogen bonding tends to broaden the peaké and move them
tdward lovwer wévenumbers.,The broad peaks in dur samples may
be due to the absprbed water in our samples'although the
samples were kept in dessicators after drying and due to

some methanol left overs after evaporation steps.

In order to check the improvement achieved during the
washing of the SAS samples with methanol, several IR
spectra were taken‘;nd they can be seen in Figs.6.2.3;
‘through 6.2.16. As éeen from these figures, peaks Qill gét
more definable, sharper and some new ones appear in the

Vregioﬁs characterized abovef In expefiments 3, 9 and 11

further cleaning process will result in sharper and new peak
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formation and can be seen in Figs. 6.2.7.1, 6.2.7.2, 6.2.13.1,

6.2.13.2, 6.2,15.1, and 6.2.15,2, respectively.

‘When we compare the IR results obtalned with literature
(30) and original sample and also with percent yield and pH -
results, we see that they confirm the compound manufactured

at a laboratory scale is Sodiumallylsulfonate.
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VII. CONCLUSION

The results obtained show that, the aims of this
research were achieved. It's now ﬁroven that the reaction of
allyl bromide instead of allyichloride with sodiﬁm sulfite
using methanol as the solvent can‘be'carried out ét a

constant temperature bath to obtain sodiumallylsulfonate.

The effects of changes in reaction parameters such as
reaction period and temperafure on sédiﬁmallylsulfonate yvield
and Quality were examined. As a result of twelve experiments
pe;formed at various conditions, it's concluded that the
optimum téﬁperatdrg for this manufactu:ing.process is 44%c.
Alsb using a reaction period of 180 minutes which is lower
than the ﬁneferred time in literature, is idegl for
minimizing the economy since using allylbrpmide instead of
allylchloride does not affect the total product cost
significantly. Performing the experiment at 44°C and 180

minutes, gives the best yield and quality of sodiumallyl-

sulfonate.
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VIII. RECOMMENDATIONS FOR FUTURE WORK

In order to improve the quality and the per cent yield
of sodiumallylsulﬁonate,'the following points will be
suggested for future work on this field regarding SAS

manufacture.

1- The expgrimentai system that will be used should be
improved. Improvement should inc<lude a better and effective
stirring rate, temperature control, the addition of NaOH and

continuous monitoring system of pH control.

2- Materials used can be varied. Both allylchloride
and allylbromide can be used as starting reagents and the

effect of these materials on the results can be examined.

3- The manufacturing process can be improved on a pilot

plant scale.

L- The experimental procedure followed in this work
can be modified. In the experiments carried out at high_

temperatures, inert gas pressure can be tried.
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5- Drying of the obtained product should be improved.

Spray drying technique is recommended.

6- The sodiumallylsulfonate obtained from laboratory
éxperiment should be tried for the brightening effects in

nickel electroplating solutions.

7- The feasibility study can be made for the
production of SAS both from allylchloride and allylbromide

as the starting material.

8~ Different solvents such as DMF and DMSO should be

tried.

9- The reaction mechanism can be studied. SN?

displacement reaction seems more suitable to this procedure

than SN; displacement reaction.
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