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ABSTRACT

The present -work deals with the study of the proceés_
parameters such as alkali concentration for steeping, reaction
time, maturing time and reaction temperature for fhe preparation
of sodium carboxymethyl cellulose (SCHC) for obtaining the

optimum conditions for commercial application.

Experiments were carried out both in agueous and ethanolic
media. On'the basis of the experiments carried out ‘using glass
wares, a-stainless steel stirred cylindrical resctor was used to

study the process using a cellulose mass of 50 gm in each batch.

Alkalization or steeping was carried out at different alkali
concentrations and the suitable concentration = to obtain
stoichiometric amount of consumption of alkali was found to be
18%. Temperature in the range 25-30<C aﬁd reaction time for 2
hours were found to be optimum for steeping operation. Haturing
time after steeping was established at 12-16 hours. The ﬁost
suitable  conditions for carboﬁymethylation . were : reaction
temperature = 40 to 45eC; reaction time = 8 hours; and maturing

time = 18 to 20 hours.

Optimization of the use of resctants was obtained by
recycling the reactants and alcohol. The use of make-up reactants
decreased with the increase of the number of batches in s cycle.
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Alcohol recovery was alsc improved to 87%.

Not =11 SCHCs produced were soluble in water. Degree of
Substitution (DS5) wvaried in the rénge of 0.69-0.99. Viscosities
of 1% and 2% solutions were in the ranges of 7.16-262 centipoise
and 35.0 - 2110 centipoise respectively. Water solubility, DS
values and solution viscosities of the products indicate that the

SCMCs obtained were of commercial guality.
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CHAPTER — ONE

INTRODUCTION

Production of commerclal grade Sodium Carboxymethyl
Cellulose (SCMC) is important for its wide range of applications
in Bangl&deéh épecially'in textile and pharmaceuticai sectors.
The properties and effectiveness of SCMC depend on the production
" processes and the process parameters. The parameters_ include:
alkali concentration 'for preparing alkali-cellulose,
carboxymethylation residence time, maturing time and temperature.
Economics of SCMC production depends on the recovery of excess
resctants and the recovery of‘reaction medisa when .it is other

than water.

This experimehtal work examined the following for the
preparation of SCHC in the context of commercial production on

small scale

i} conditions for s&alkali-cellulose and carboxymethylation

resctions;

i1 recycling of resctants for achieving their consumption to

stoichiometric levels; and
iii) recovery of resction medis, i.e. slcohol.

Expe}iments were carried out vusing batch process as well as
recycle schemes. Bsatch processes provided information related to
alkali concentration for salkalization, Na-MCA concentration for

1



carboxymethylation, reaction temperature, reaction time, and

maturing time for recycle experiments.

Recycling of reactants indicate that consumption of

reactants approaches stoichiometric level.

SCHC products showed values of DS in the range 0.692-0.99,
while 1% solution viscosities were' ih the range 7.16-262 cp.

Thesermeet the requirements of commercial grade SCMC.



CHAFPTER — TWO
LITERATURE REVIEW
Z.1 HISTORICAIL, BACKGROUND

Sodium carboxymethyl cellulose (SCMC) or cellulose dunm,
formerly called sodium cellulose glycolate, is an anionic
cellulose ether. It may be manufactured by the reaction of alkali

cellulose with sodium monochloroacetate.

Production of sodium carboxymethy1 cellulose (SCMC) was
originally developed by Jansen [41] in Germany during World Hér
I. Its widespread use as a detergent promoter started only during
World War II. Commercial production of SCMC in the United States
began in 1843. A wide range of applications aﬁd uses has resulted
in a spgcfacular growth in production from the year 1847 onward.
A sudden increase in any one of its ﬁotential areas of
aﬁplicgtion such 8s laundry starch replacement, sbil_conditioner,
textile sizing, paper coating, latex painf stabilizer or
pharmaceutical would certainly stretch the production capacity to
its limits. Relative costs of SCMC and equivalent products appear
to be the reason for its selective use. The greater effectiveness
‘of SCMC is still not attractive enough fo cause 1its widespread

use because of its higher price.



= .2 PROPERTIES OF SCMC

Sodium carboxymethyl cellulose is a white powder when dry.
It browns upon heating to 1800-225°C and chars upon heating to
210e - 250°C. The polyelectrolyte structure of SCHC influences
visoosity and stability in solution. Maximum viscosity and best
stability occur in the pH range 7-9, Figure 2.2.1. At pH = 4,
formation of the less soluble free acid form results 1in
significant increases in viscosity and eventually insdlubility at
pH £ 2. At pH > 10, a slight decrease in viscosity occurs. Thé
viscosity ot SCMC =solutions 1is dependent on tempersature,
decreasing as the tempe;ature increases. UYnder normal conditions,
the effect is reversible. The viscosity can also be controlled

by choice of equipment, solvent or polymer composition. Bulk

WG o O Lowr Viscosity
~+  Med. Viscosity

i o s w 1 High Viscosity
. \

Viscosity (cps)

Figure 221 Carboxymethyl cellulose: variation of solution viscosity .wit"n pH
(Brown & Houghton). Viscosities in 1% solution in water at 25 degrees Celsius.
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densities of SCHC ranges from 0.4-0.8 g/ml. It is odorless and

tasteless. It is soluble in hot and cold water.

Various degrees of etherification for SCHMC hLave been
commercialized. SCMC is available in purified, technical and
semirefinéd grades as well as the free scid form. Celluloée
ethers éontain substituent groups that differ greatly in
molecular weight. The Dégree of Substitution (DS) defines the
numbgr of substifuted ring sites. It is a very useful property of
SCHC. There are three hydroxyl groups on eacﬁ anhydroglucose ring
of the cellulose polymer that are available for reaction. 5o, the
maximum value of DS may be 3.0. The commercisl products have a
Degreg of Substitution (DS) ranging from 0.38 to 1.4, the most
widely available products have a DS in the range 0.85 to 0.85,
Solubility of SCHMC in  water is greatly dependent on -its DS.
Cellulose retains its fiber‘ structure and does not go into
solution when the DS is below 0.4. Solubility incréasés wifh the

increase in DS value.

SCMC is highly moisture absorbent and may gain its own
weight of water at high humidity. The rheological properties of
5CHC solutions depend upon concentration, rate of shear and
uniformity of substitution. At very low shear rates, solutions
approach Newtonian flow. Solutions of medium and high viscosity
types with a DS of 0.8-1.2 and other séecial substitutions show
time-independent, shear thinning pseudoplasticity. The medium and

‘high viscosity types with a DS of 0.4-0.7 generally exhibit time-
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dependent shear thinning thixotropy. Figure 2.2.2 shows the’
relation of solution viscosity to concentration for SCHC. SCMC is
& weak acid (Kioniestion = 3 x 10-5). It can react with metal

ions such as the alkaline esarth elements and heavy metsal ions to

m: f/’ ////f.
Ty

102 / - High (20000 cp}
/ ~+ Meadium (400 cp)
r“ /‘

ty, centipoises (25 deg, Celsius)

= Low(20¢cp)

G 2 4 6 8 10
Concentration, weight percent

. .
=

v

Figure 2.2.2: Sodium carboxymethyl cellulose: viscosity-concentration
chart (Hercules Powder Co.). Viscosities in 2% solution in
water at 25°C are shown in parentheses on the curves.

=



form precipitates. This characte;istic can be modified by
hydfoxyethyl substitution on the BS3CHC structure. This mixed
cellulose ether retains some of the useful properties such as the
solubility while gaining lower sensitivity to precipitation by
salt solutions and acids. $Since SCMC is a8 polyelectrolyte,
metathesis reactions with other cations can occur. Monovalent
cations form soluble salts, divalent cations are borderline
depending upon the grade of SCHC and the mixing technique used

and the trivalent cations form insoluble precipitates.

Tabl; 2.2.1 lists the properties and characteristics of SCMC

_commonly encoﬁntered r33].

Table 2.2.1 : Typical Properties of Sodiunm Carboxymethyl
Cellulose '

Property ~Value

Polymer as shipped

Sodium carboxymethyl cellulose, dry basis, ¥% 99.50

Moisture content, maximum % : 8.00
Browning temperature, ©C 227.00
Charring temperature, ©=C 252.00
Bulk density, g/mL _ g.75
Biological oxygen demand
0.7 DS, high viscosity, ppm 11,000

0.7 D5, low viscosity, ppm _ 17,300

Solutions

Sp gr, 2% soln, 25<C 1.0068
Refractive index, 2% soln, 25C 1.3355
pH, 2% soln : : , - 7.00
Surface tension, 1% soln. mN/m (=dyn/cm) at 25°C 71,00
Bulking value in soln, cm2/gm 0.544
Films
Sp gr, g/mL 1.59
1

Refractive index . 915




2.3 USES OF SCHMC

Sodium carboxymeth§1 cellulose (SCHC) has a wvariety Qf
industrial uses. Being a partially carboxylated derivative it is
used mainly for surface treatment of papers because.of good film
forming and other wuseful properties. Apparently, the lower DS
products are preferred for the wet end. The factors determining
the efficiency of SCMC and the deflocculating activity . may be
reversed in the presence of alum, particularly at low pH. The use
of SCHC at the wet end is valuable for the purpose of
accelerating the beating process. It was found that the addition
of 3 percént SCHC showed a reduction of beating time by 40 to 50

percent.

SCHC is used in toweling and other high wet—strength-grades
where it makes the system negatively charged, resulting in
improved resin retention and fhus leading to increased dry and
wét strength. For this purpose, a 2 percent of SCMC solution with

a viscosity of 100 cp or more is satisfactory.

SCHMC is physiologically inert and is employed as é
protectiﬁé coating for textilés and paper. It is also used as a
- sizing material. It 1is used as a stabilizer for icecream and
other emulsions and as an additive to impart strength to sausage
casingé and other films. SCMC functions as an antiredeposition
‘agent to inhibit resoiling of fabrics by the soil reﬁoved during
laundering. -SCHC of low DS is used in washiﬁg thereby giving them
a nedative charge "and preventing soil particles from
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redeEositing. It is very effective in washing of cotton clothing;

The textile industry uses it for thickening dyestuff
printing pastes and for warp-sizing formulations to improve
weaving efficiency. Material of higher DS values is used as a

water soluble thickener and dispersant.

The purified SCMC products are used in many types of food
and pharmaceutical products -where thickening, rheology control,
emulsion stabilization and wate:—loss control are desired. SCMC

is not metabolized &nd can be used in low-caloric food products;

Control of watér 'loss to soil formation is important in
drilling fluids. They are used in the drilling industry to
prevent reduction in o0il flow from the formetion and to inhibit
swelling of certain types of cléy which redu&es the diameter of

the drill hole:

Other potential uses include cosmetics, in adhesives such as
wallpaper paste and as a suspendihg-agent and binder ‘in ceramics

and enamels.



2.4 CHEMICAI, REACTIONS FOR THE

PREPARATION OF SCMC

-5CHC may be prepared by treating alkali cellulose directly
with sodium chloroacetate. The actual production may involve a
number of separate steps consisting of preparation of alkali
cellulose and sodium chloroacetate followed by thélfinal reaction

-step.

Alkali cellulose is obtained at first by reacting cellulose

with sodium hydroxide. The reaction involved is

[CaﬁvOz(OH}a}x + xNaOH = [CeH70=2(0H)20Nal},x + xH=20

Cellulose Alkali ecellulose

This alkali cellulose is then treated with sedium chloroscetate
to cbtain sodium carboxymethyl cellulose (SCMC). Reaction

involved is :

[CeH702(0H)20Nalx + xC1CH=COONa - [CeH702(0H)=2C00Nalx + xNaCl
Alkali Cellulose Sodium chlorcacetate Sodium carboxymethyl
cellulose

The sodium chloroacetate 1is added either as an aqueous solution
or as free monochloroacetic acid. When the free acid is used,
sufficient additional NaOH must beladded to neutralize it. Here
sodium monochloroacetate is formed by the reaction of
monochloroacetic acid with sodium hydroxide and it is given

bélow:
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NaOH + CICH=2CO0H -~ C1lCH=zCOONa + H=0

Monochloro Sodium
acetetic acid HMonochloro-
) acetate

During these resctions, & side reaction occurs simultaneously.
Sodium chloroacetate 1s converted to sodium glycolate by reacting

with sodium hydroxide.

NaOH + CI1CH2COONa -~ HOCH=2COONa + HNaCl

Sodium Sodium

chloroacetate glycolate
Like the preparation of other cellulose ethers, at‘ higher
concentration of sodium hydroxide the DS is increased and the
‘extent of side reactions is decreased. The cellulose retains its
fiber structure unless the dS gxceeds 0.4 when a dough 1is
obtaiﬁedd Viscosity reductioﬁ'can be achieved by oxidation with
sir and by use of chemical oxidants. Sufficient liquid media must
be present to ensure édequate swellinglso that the etherification
is wuniform. Water or an inert organic .liquid may be wused as a

media as regquired.

If an alcohol is used &as a medium, a side reaction takes
place between salcohol and sodium hydroxide produoing sodium
alcoholate. The reaction is written as
NgOH + R -~ OH -+ R. - ONa + H=0.
Formation of sodium alcoholate leads to consumption of alkali and
alcohol resulting in the 1increase of praduction cost and decresase
in the purity of commercial grade products.

11



Z2.5 STANDARDS AND SPECIFICATIONS

Specifications for SCHC/CMC are listed in Food Chemicals
- Codex II, the USP XIX and in publications of the‘FAO/WHQ [33].
The European Economic Commuﬁity (EEC) product number of SCMC is E
461 and the specification reference is FAS/IV/19. SCHC 1is also
classified with substances that are ”generaily recognized as
safe” (GRAS) under title 21, part 182.1745 of the codeHof Federal

Regulations [33].

Technical grade product contains . NaCl and sodium glycolate and
purity ranges from 36.5 to 62 percent by weight. Purified
(cellulose gum)product has a purity of 99%. Commercial grades
~have DS in the range of 0.3 to 1.2.(theoretica11y a completely
sgbsfituted product would have a DS of 3.0). Commonly available
products have a DS of 0.7 (actually 0.65-0.85). Typical

viscosities for these grsades are

' cp_at 25¢C
Low viscosity 2 25 - 50
Medium viscosity 2 300 - 600

High viscosity 1 . ‘ 1,300-2,200

SCHC is soluble 1in hot and cold water producing a viscous
solutions at 1 to BY% concentfations. Its solubility increases
with the increase of DS. It is odorless and tasteless. It is

available in fibrous or granular powder form.
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=Z2.6 TEST METHODS

Procedures for the analysis of .SCHC are described in ASTM
Monograph D1439-65 [5]. Further information is available from the
publications of its manufacturers, e¢.8. Hercules, Inc. which
includes assays in formulations [33]. Additional tests are listed
in USP XIX and in the US Food Chemicals Codex II. The test

procedures appear in the following order

a. Moisture

b. Degree of Etherification/Degree of Substitution
- Method A-Acid Wash
- . Method B-Nonaqueous Titration

c. Viscosity

d. Parity
e. Sodium Glycolate
f. Sodium Chloride

g. Density.

13



2.7 REACTION PARAMETERS

SCHC may be prepared either in alcoholic media or in_aqueous
media. Alcoholic media‘ requires the recovery of alcohol with
minimum losé.‘ Enough solvent/medium (water or alcohol) .must be
present to ensure first wetting followed by adequate swelling so
that the etherification is uniform. The sodium chloroacetate or
free monochloroacetic acid is then added. If the acid 1is used,
sufficient additional sodium hydroxide must be present in the
alkali cellulose to neutralize it. While adding - sodium
chloroacetate or free monochloroacetic acid, the medium may be
water or an alcohol consistent with the preparation of alkali
cellulose. At higher sodium hydroxide concentrations as: in'the
preparation of other cellulose ethers, the degree of substitution
(DS) is increased and the exteﬁt of side reactions 1is minimized.
The DS and the extent of reaction dépend also on the residence
time, maturing time and the reaction temperature. The reaction
temperature may be kept at room temperature or it may be
conducted at higher temperature such as 40-502C or_highér.. So,
the reaction parﬁmeters include : alkali concentration for
preparing alkali cellulose, residence time, maturing time and

reaction temperature.

Following the report of Majid ahd Ismat ([41], it appears
that DS of SCHC slowly rises from 0.54 +to & maximum of 0.7 for
the change of alkali concentration from 15% to 20%. ‘After this,

the DS decresases with the incresse in ‘alkali concentration,

14



Figure 2.7.1.

0.7 P,

Degree of Substitution of Na-CMC

0.6 -
05+ - : : : . 7
0 20 30 40

Percent of Alkali Solution

Figure 271 Variation of degree of substitution of Na-CMC with strength of alkali
solution.

The reaction conditions for this observation were as follows

- Steeping of rayon waste 1in aqueous ethanolic solution

- (1:1, v/v) for 2 hours at 28-30e,

- treatment with 80% MCA for 5 hours at 50=C.

!
The same author treated rayon waste with 20% aqueous alcoholic

NaOH {(1:1) for 2 hours. Then the alkali cellulose was
carboxymethylated with 80% MCA for 5 hours. The reaction

15



temperature was varied to show the effect on the DS of SCHC,

Figurq 2.7.2.

0.9 .
05 . o /‘EJ
- -

06 /j

ol

OA; {

03 T T T T T T T 1
30 40 S0 60 70
Temperature (degrees Celsius)

Degree of Substitufion of Na-CMC
~.

Figure 272 Variation of degree of substitution of Na-CMC with the temperature of
reaction '

It was observed that initially the DS increased sharply with

the increase in temperature. After 55oC, the slope of the curve

‘declined wifh upward trend.

To show the reaction time effect on GSCMC, the . alkali
concentration, steeping time, reaction temperature were kept
constant and the carboxymethylation time was varied [41]. The

16



effect was shown graphically. The observation was that it was not

worthwhile to continue the resction beyond 5 hours, Figure 2.7.37

0.6 dﬁ

0.2 ‘ . . : : ]

0 10 20 30
Time of Carboxymethylation (hrs.)

DbgmeoiSdhﬂﬂuﬁmnc&bﬁr(lﬂz

Figure 273. Variation of degree of substitution of Na-CMC with the time of reaction.

There is anofher .factor which affects the gquality and has
influence on the production process. This involves the nature of
the starting material.‘ Different types of cellulose can be used
for the prodﬁction of SCMC. The =same process parameters or the
same process treatment cannot be used for all the celluloses. The
| product quality is also raw material dependentr Water content of
various 1initial materials is to be controlled. Generaily; the

allowsble moisture content of cellulose is about 5% by weight.

17



Z2.8 PRODUCTION METHODS

The’ basic principle for the preparation of sodium
carboxymethyl cellulose (SCMC) is to treat slkali cellulose with
sodium chloroscetate. Alkali cellulose is first prepared by
reacting cellulose with a caustic soda solution. Then this alksli
celluloée is +treated with either free monochloroacetic ' acid or

sodium chloroacetate.

Enough water ©r an inert organic liquid:- such as ethsnol or
propanol may be used to ensure first wetting followed by adequate

swelling which is necessary for uniform etherification.

The slkali cellulose may be prepared batchwise by methods
such as steeping and shredder mixing. Processes for continuous

production of alkali cellulose are alsc used.

If free monochloroscetic acid is used, enough adaitional
sodium hydroxide must be added to neutralize the acid. This
sodium hydroxide neutralizes the ffee acid by producing sodium
‘chloroacetate. Reaétionslhaﬁe been carried out in sigma-bladed
shredders. An alternative method of prepafation is the slurry.
process in which the product isl obtained as a slurry. It is
neutralized at the end and by-product salts are removed by
washing with 70-80% metﬁanol if a higher purity product is

desired.

In one process it is prepared by spraying powdered cellulose
first with a caustic soda solution and then with chloroacetic

18



_ i
acid. MHanufacturers often' produce SCHMC by a batch prdcess in
wh%ch alkali cellulose "crumbs" are reacted with dry sodium
chforoacetate in a kneader. Another manufacturing: method
employing a continuous process uses cotton linters in coﬂtinuous

sheet form which is trested with the necessary reactants. The

final SCHC sheet is ground to have a powdered product,

Most :0of the equipment used in CMC production use Type 3186
stainless steel as materials of construction [19]. The dilution

tank for chloroacetic acid is made of Hastelloy C.

Z.9 DIFFICULTIES IN THE COMMERCIAL
PRODUCTION OF SCMC |

Severai factors are td be coﬁsidered. The production bf SCMC
has to be cost effective. At the éame time; the product has to
meet the purposes for which it is to be used. All the gualities
and grades of product are nqt reguired for all the appli?ations

and uses.

SCHC can be produced either in aqueous media or an inert
organic solvent such as ethanol or propanol is used as a diluent.
When alcohol is used aé the reaction mediﬁ, the cost of the SCMC
is 1argely dependent on ﬁhé recovery of alcohol. In thi$ case,
the loss of the alcohol has. to be minimum.ESince solubiiity of

SCMC in water is very high, in order to a?oid' the loss of

1



product, it is washed with additionsal slcohol. This alcohol is to
be recovered with the least possible loss. Use of propanol or

higher alcohols lead to higher substitution [41].

" Another factor that affects the quality as well sas phe cost
of SCHC 1is the concentration of alkali soiﬁtion in the reaction
media. It was shown that as the alkali concentration incresses,
DS  of SCMC increases 1eaaing to the increase in the water
solubility of the product [41]. It has been proved by different
workers that if the stoichiometrically required amount of alkali
is used, the effectiveness of the reaction is not good. So,
excess alkali concentration is used. This excess alkali would
require excess amount of monochloroacetié acid and the
neutralization reguirement would increase the cost of production.
That is whf in the production process, the excess alkali is to be
discarded or removed at the end of ~the alkalization of the
cellulose. This can be done by; simple decantation. or by
centrifugation and it makes the process more complicated. But the
~ recovery of the excess alkali makes the process more cost

effective.

The 80lubility of SCMC is a major factor to'oharacteriée ﬁhe
commercial product. The solubility is depehdeﬁt on the DS of the
.product. it depends on the reaction temperature. The DS of
commercial SCHC wvaries in the range of 0.68—0.85. To select and

maintain appropriate reaction tempersture is sometimes difficult.
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The reaction temperature range may be 25-100=C. The temperature
at which the reaction is to be carried out is chosen on the basis

of the end uses of SCHC.

The effectiveness of the reaction and the product guality
are often dependent on the stérting cellulosic material. The
water content of the starting material is also to be maintained
at a certain level. Correct selection of the raw material is a
preregquisite for producing the desired guality product :to meet

specific end uses at a minimum cost.

Time is another 1important criterison which &affects the
quality of the product. Residence time for reaction and maturing
time (aging) are to be carefully determined. Otherwiée, the
produqt quality such as DS, DP, viscosity, sclubility may vary

widely from the desired specification.

Z.10 RECENT DEVELOPMENTS IN THE

PRODUCTION OF SCHMC

Askahi [31 prepared SCHMC with excellent ligquid absorbability
by controlled carboxymethylation of cellulose. This SCHC [9004-

- 32-4] absorbed 20 times its weight of H=z0 at 37<C.

Pavlov and Petkov [51] produced SCMC with beechwood
cellulose as cellulose source. The cellulose was first treated
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with chloroacetic acid for 30 minutes. The acid—treated:material
was then treated for 90 minutes with aqueocus NaOH which led to
Simultaneous swelling and carboxymethylation. The maximum DS of
the GSCHC was attained at 30-40% moisture in the :initial

cellulose.

SCHC was prepared by Isserils and Gorodnov [25] by
mercerization of cellulose with aqueocus NaOH. After removing
excess alﬁali, O—élkylated cellulose was treated with Na-MCA in
the presence of a modifying additive. Consumption of MCA was
reduced and water solubility of SCMC was increased by using

Naz50a.

Toshihiko and Haruo [69] prebared SCMC by acid hydroiysis of
wood pulp. The product h;d D5 1in the range 0.2 to 1.0 and
apparent density 400-800 g/1. It was found to be a soluble
additive for tablets. Preparation of’this CHC involved these

steps

- 2200 ml water was absorbed by 1650g wood pulp, the pulp was

degraded.

- 1% HCl solution was added to it snd the slurry was' heated
for 30 minutes at 90-95° and then the HCl solution was

removed .

- To this pulp 10 litre of water was added following by HaQOH.



- The material wss then dehydrated.

- The hydrolyzed pulp was then treated with 300g Na?HCA and
140g NaOH. The reaction product wss treated with dilute

Hz2z504, washed, dried and puiverized.
One method of CHMC production consists of these steps [26]

- Mercerization of cellulose
- Carboxymethylation

- ripening

- drying

- grinding.

Purity of CMC and its particle size diétribution are improved by
carrying out carboxymethylation in the presence of an aqueocus
sclution of 0.1-0.5% Na-alkylbenzene sulfonate and §.001-0.005%

squeous scolution of Co-salt.

Isgerils et al [271'statistica11y evgluated the tempersture,
aqueous N=aOH concentration aﬁd pressing ratio in 2Z2-step
mercerization of cellulose. The analysis gave’ regression
equations for optimization of the dp and DS of SCHC. A,ﬁaximum DS
obtained " was 0.868. The temperstures in both steps were 4000{
agueous NgOH concentration in'the‘lst and 2nd step 281.1 and 135
g/l respeétively. The pressing ratio was 3.5 in the 1st step. A
maximum dp of 684 was attained at following conditions:

temperature 50.32C at 13t step and 22.72C at 2nd step, HNaOH
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concentration 350 g/1 and 18980 g/1 respectively and pressing

ratib in the 1st step 2.5.

Chen $15] prepared CMC from cellulose, NaOH and chloroacetic
acid. The Na content in CMC was controlled by adjusting the

amounts of NsOH and MCA. The reaction time was 2—4 hours.

Pelzer [52] prepared cellulose ether with loﬁ, uniform
viscosity and good storage stability by preparing alkali
cellulose in the presence of aqueous NaCl0z and etherifying it.
In this method, 37% NaOH was ﬁsed and etherification temperature
was < 100eC. A 1.8% agqueous sclution of the formed product had

viscosity of 25 mpa-s.

SCHC with good distribution of DS and transmittance was
prepared by Sasaki et al [62]). In this method, linter pulp'has
kheaded with a propaﬁol—water mixture and NaOH at 25oC for 80
minutes. This material was heated with a propanol-water mixture
and MCA neutralized with 50% NaOH solution at 30-70°C was used.'
The reaction product (SCHMC) exhibited DS 0.67, viscqsit§ 8800

" pa-s and transparency at 470 nn for 1% agueous solution.

One method of SCMC preparation involved [2] the caustisizing.
of cellulose with agueous NaOH in the presence of ethancol. MCA.
was added to this to complete. the carboxﬁmethylation. The

temperature was kept first at < 352C and then it has raised to
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70eC. The purified product showed clear 1% solution which had a -

viscosity of 4000-10,000 mps-s.

Pribadi and Tulus [54] showed that the use of ethanocl in
alkalization prior to carboxymethylation rendered the <cellulose
less active. Ethancl causes a decrease of DS'and purity in spite
of the improved homogeneity of the Na-cellulose. The temperature
of both alkalization and carboxymethylation as.well as the aging
time affected +the propertiez of the product. High purity SCHb
could be cobtained by wéshing and socaking in ethancl.

Rahman and Shakila [57] produced BSCMC under various
conditions by using agricultural waste as the raw material.
Cellulose was isclated from straws of rice and wheat. The
products were easily purified and soluble  in water.-The DS was
increased by multistage carboxymethylation. 80% ethanol was good
enough for OSCMC with low DS. 95% ethancl was the most suitable

for highly substituted SCHC.

SCHC with DS 0.45—0.%5‘ and good salt-water dispersibility
was prepared by Omiya [49]. Cellulose was treated with alkali
anhydroglucose units . in _aqueous - " iso-Propancl and
carboxymethylating agent. Thé alkali content, of the alkali
cellulose was lowered with'ClCHzCOOPr—iso~Propaﬁol and iso-Propyl
esters. Alkali cellulose was preparedﬁ by  mixing powdered

ﬂcellulose with iso-Prdpanol, 98% NaQOH, and water at 15-20eC for 1
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hour. ClCH=2CO00Pr-iso-Propancl, isopropyl acetate and iso—Propanol
were added at 20-30°C over 30 minutes and mixed &t 70°C for 1
hour to produce SCHC. The product had s DS 0.56, transparency 600

mm and viscosity of 1% aqueous solution 8,456 Pa-s,

Yoshimura [75] produced transparent SCMC. Pulverized pulp
was stirred in a mixture of water, 70-84% iso-Propanol and
aqueous NaOH at 15-30eC for 60 minutes. Then 55% solution of MCA

in iso-Propanol and 1iso-Propanol were added and the mixture was

stirred at 70eC to give transparent SCHC.

SCHC used in drilling fluids, toothpastes etc. waé prepsared
[49] by stirring powdered linter pulp (5% water, dp 2300) with a
mixture of iso-Propanol, NaOH (98% pure) and water at 12-20°C for
120 minutes. The produced HNa-cellulose was mixed'with ﬁater,
treated with MCA (98.5% pure) in isco-Propanol and he;ted at 70eC

for 120 minutes.

Klose et al [35] produced quality SCMC without expensive
pulp alkalization. Cellulose having 20—35% water was sprayed with
38% NaOH and mixed for 5 minutes. It was-thereafter spraved with
MCA, NaOH. and water and mixed for 5 minutes. The mass Qas heated
at 50eC for 6 hours. This process gave SCHC with DS 0.6 sand

solubility 87.7 percent.

SCHC was produced by Yang Qingli [74] by alkalization of
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pretreated fibers with.17.5—22% aqueous NaOH solutioﬁ for-50—60:
minutes ap < 40eC. The Na-cellulose was then ethefified’ with 10-

13% chloroaoetic'aoid for 45-50 minutes at 74-78¢C,

Klose [36] produced SCHC with good quality and high spaée
time yield. Alkali cellulose and carboxymethylating agents were
added at a constant ratio to a contiﬁuous high shear kneader
operating at low temperature with short residence timén(resulting
in low conversions). Alkali cellulose was mixed with MCA at 28oC
for 86 seconds and the mixture was hested at 50°C for 5 hours.
The resulting SCHMC had water content of 10%, DS 0.97, viscosity

of s 3% solution 92 mpa-s and solubility 100 percent.

Commercial SCMC was manufactured by Halsburda [20] b&
treatment of cellulose .with MCA and NazCOa. The MCA-Na=zCOa
mixture -was used in a ratio of 2:0.5-0.9 and reaction was
conducted at 20-60eC for 1-6 hours. The product wass saged at 20-
50eC for 6-18 hours.

Spottke:éf al [68] mixed beechwood sulfite pulp with 39%
NaOH and 90% MCA in mole ratio of 1:3, 5:1.7. 2.1% NaOCl was
added as a 12% solution to the NaOH just before the mixing.
Conventional procedure was follawed to produce SCHMC of DS 0.92,
viscosity of a 3% sﬁlution_ 28.6° mpa-s and solubility 98.7%

percent.



Printing éastes containing carboxymethylated starch-
cellulose were prepared by Kako [31]. Sweet potato starch-
cellulose was sfirfed in methanol cdntaining NaOH. Reaction time
was 60 minutes and temperafure 30oC. This cellulose was treated
with MHCA at 40-B5<C to_give the product with DS 1.53 and NaCl

content 0.35%.

Rashman and Shakila [58] produced SCHC from alphé cellulose
and rice hulls. Reaction was carried out both in _aqueous|and
aqueous ethanolic media. Single stage product had 1low DS, but
nultistage SCHMC gave high DS. After S5th stage of

carboxymethylation, SCMC was obtained with DS 2.8.

Majid and Ismat [41] studied carboxymethylation of
regenerated cellulose (rayon) waste under various reaction
conditions. The D53 and dp of the prbducts were determined. The
optimum conditions for the preparation of SCHC were steeping the
rayon in sabout 7 times its wt. in 20% aqueous alcohélic NaOH for
2 hours. Then heating the mixture with 2.75 times its weight of
80% MCA at 50°C for 5 hours. The D5 and dp of the product were

0.7 and 235 respectively.

Cai Yipeng - [10] _ reported that alkalization and
etherification were two major factors for the preparation of
cellulose ethers 1like SCHC. Suitable alkalization conditions

were: NaOH-water-ethanol ratio 2:3:5 and temperature 35°C. Proper
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regulation of the feactants ratio and the etherification
temperaturé was essential for obtaining products withu desirable

DS.

Sasaki Mesao [64] improved the production of SCHC by
increasing the DS and lowering the decomposition of agent and
cellulose., These were achieved by: (a) mixing a cellulose
material with an aqueous organic solution of the
stoichiometrically equivalent salt of MCA with NaOH and (b)
adding gradually 2-5.55 mol NaOH ﬁer glucose unit to activate the

etherification reaction.

Ragheb [56] investigated the dependenice of the properties of
‘SCMC on the purity of the starting material énd “on the
concentration of etherifying agents. SCHMC was prepared from jute
waste fibers. The DS of the SCHC increased with the increase 'in
the degree of purity of the starting:cellulbse and also with the
increase in the concentration of the gtherifying agents (MCA and’
NaCH). The solubility of the SCMC was governed nbt only by DS and
purity of the starting material but also by the concentrﬁtiﬁn of
the etherifying agents used. The presence of lignin and rosin are
undesirable in cellulose. The product showeq non-Newtonian
pseudoplastic behaviour, although few samples exhibited
thixotropic behaviour. The apparent viscosity was dependent on
the degree of purity of the cellulosic samples, DS and duration

of storing before measurement.



The DS of B5SCMC prepared [70] from bagasée?cotton linter
mixture pulp was greatly dependent on the chemical composition
and microstructure of cellulose and alkalization conditions. SCMC
‘had DS 0.78-0.75 and viscosity 900-1000 mpa~s under the following
conditions: bagasse-cotton linter ratio (30-40):(60-70),
cellulose-NaOH ratio 1:(0.58-0.63), cellulose-MCA ratio L:(O;65~

0.68) and cellulose-ethanol ratio 1:(2-2.2).

Bonder (7] streamlined the manufacture of SCHC by mixing
cellulose with aqueous NaOH and MCA or NaMCA in the presence of
Cz-4 aliphatic alcohol at -10e-50oC for 30-180 seconds followed

by ripening at 70-80°C for 30-120 minutes.

Isserils [29] improved friability, solubility and
antiresorbability of SCHC by mercerization of cellulose followed
by alkalization in the presence of Na2504. He prepared SCMC by
carbo#ymethylation of élkali cellulose in the presence or absence
of organic solvents such as ethanol. The amount of water in the
reaction 'system affected significantly both the effectiveness of
the reaction and the uniformity of.the preoduct. The course of the
-etherification reaction was also affected gy the structure of the

alkali cellulose.

SCMC  with average DS 2 0.8 and enzyme resistance (ER} = 10%
was preéared {23] from - regenerated cellulose in water containing

organic solvents. 200 g Rayon was added to a mixture of 108.5 g
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MCA, iso-Propanol and water at 25°C over 10 minutes. The solution
was stirred for 90 minutes at 25¢C and 60 minutes at 70°oC. It was
then neutralized with acetic acid to give 5CMC with DS ¢.75, ER

32% and good printability on polyester fabric.

Baishuan [67] prepared SCMC by etherification of paper pulp
with aqueous HNaOH ethanolic solution. The viscosity of the
product was dependent on reaction temperature, reaction time and

" NaOH concentration.

Hebeish [21]} used agricultural wastes to prepare SCMC. DS
and rheological properties of SCMC were dependent on the purity
of cellgiose and 1its source. Higher degree of purity was
. accompanigd by higher DS and lower s@pparent viscosity.
Thixotropic behaviour of the product solution was observed. Raw
cotton stalk was treated with MCA and NaDH. The yield and DS were
increased and apparent viscosity was decresased with the incresse
in the concentration of etherifying agents;-HConditions
appropriate for agqueous carboxymethylation were developed. In
this process, 250 g celiulose, 250 g NaQOH were mixed in 300 ml
water and shredded for 90 minutes. 250 g MCA was added to it and

the material was shredded for another 90 minutes. The product was

aged for 3 days to attain the desired SCMC.

Duran [17] manufactured SCMC from pineapple peels, rice

tiusks and sawdust by alkali extraction. The substratesl‘were
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extracted with 2% NaOH s&aguecus solution. The cellulosic material
was then bleached with 2.5% NaClO solution for 4 hours. The
material was soasked in aqueous NaOH solution énd then trested
with MCA in ethanol at 40-45°C for 8 hours under cdnstant
stirring. The yield was > B1% having DS 0.91-1.25 and purity >.

94%. The SCMC had =& water absorbidity proportional to the DS.

Olzbu [48] derived empirical equations for the DS of CMC and
carboxymethylation effiéiency. These could be used to find the
optimal composition of the system for obtaining the desired DS

and efficiency.

=Z .11 WORKS ON THE PRODUCTION OF SCMC

N BANGLADESH

SCHC has =a range of industrisl spplications 1in Bangladesh
including textile and pharmaceuntical sectors. A number of works
on the productioﬁ of SCHMC using 1locally available cellulose
materials have been carried out [39, 40, 41, 57]. Hain emphasis
was to produce SCMC and to improve its quality in terms of DS,
dp, solubility ete. by congidering media, alkali concentration,
reaétiong time and temperature, maturing time etec. But the

economlces of production process received hardly any attention.

Mahmud [39] enhanced the D5  of SCHC by repetitive

carboxymethylation of cellulose. He used fibrous cotton and wood
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pulp as cellulose source. Detailed production procedure was not .
disclosed. He showed that the enhancement of DS was dependent on

the source of cellulose.

Rahman, Shakila and Ismat [57] oarboxyméthylated
agricultural wastes such &as straws of rice and-wheat to prepare
SCHC. Steeping_ of cellulose was carried out both in aqueous and
aguecus-alcoholic media. They found that the DS of SCHC‘inoreased
with the 1increase in the number of stages of carboxymethylation.

Preparation details followed by them are outlined
1. Agueous medium

Cellulése f 2 g
Conditions of steeping:

NaOH taken = 10 ml of 70% aqueous solution,
Temperature = 28 - 30eC.

Time : 2 hoursf
Conditions of carboxymethylation

MCA = 4 ml of 80% solution,
Temperature = 30-45<C

Time : 6 hours.

The DS of the product was in the range O.SB—O.BBT



2. Agueous ethanolic medium :
Cellulose = 2 g
Condition of steeping

NaDH solution taken = 14 ml of aquecus ethanolic solution,
Temperature = 28-30¢eC

Time : 2 hours.
Condition of carboxymethylation

MCA = 14 ml of 80% ethanolic solution,
Temperature = 30-450C

Time : B hours.

@

The product was scluble in water, but "insocluble in 80% ethanol.

" The DS of the product was in the range of 1.02-1.18.

Rahman, Shakila and Neger [58] prepared SCHMC from rice husk.
They showed that multistage carboxymethylation increased the DS
valuoe of the produoced SCHC. The reaction conditions were similar
to those used esrlier [57]. After tﬁe Fifth stage of

carboxymethylation, DS values of 5CHMC was greater than 2.

Mahtébuddiﬁ, Rahiﬁa et =8l [40] carboxymethylsated water
hyacinth celluiosé to produce SCHC. Reaptions were carried out in
absolute alcohol-water, rectified spirit—water and water only
media. Experiments were also carried out with different

concentrations of NaQOH. Variation of time and temperature for
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carboxymethylation was also studied. They showed that the SCMC
could be used as a good deteréent aid. The optimum conditions for
the reaction were :  use of locally available rectified spirit
adjusted to 10% water content, temperature of 40°C aﬁd reaction

time of 2 hours.

ngid, Ismat et al [41] carboxymethylated regenerated
cellulose waste (Rayon waste) under various reaction conditions.
Thef studied the effects of the reasction conditions on the DS and
dp of the produced SCHC. To study the effect of alkali

concentration, the reaction conditions followed were

- Steeping fhe rayon waste for 2 hours in 30 wml of agueous
ethanolic solution (1:1  v/v) with varying  NaOH
cﬁhcentration, Temperature 28-30°C.

- Treating it with 7.5 ml of 80% MCA
Time = 5 hours.

Temperature = 50oC

The resuits shéwed that the DS of the product increased with
the increase in alkali concentration upto 20%. The maximum DS of
'SCHMC was found to bs 0.7. Tﬁe DS decreased with further increase
in the =alkali concentration. The dp decreased with the increase

in the alkali concentration.

L3

" Reeping the alkali concentration at '20% and performing
.carboxymethylation at the previous conditions with the variations:

in the molar ratio of cellulose to alkali, the result obtained
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was : the DS initially rose to 0.7 till cellulose-alkali ratio of

1:5 and then dropped for further rise in the molar ratio.

Keeping other conditions same, the reactibn temperature was
varied to.study the effect. The result showed that the D5 of S5CHC
_initisally increased sharply with the increase in the temperature.
But after 60°C the slope of the curve declined. The explanation
presented was 1 the permanent loss of viscosity at higher
temperature. Variation of DS of SCMC with the reaction time was
also stuaied 'by them. In this case, the carboxymethylation
reaction time was varied by Keeping the other conditiohé
unchanged. The reaction femberaturé was 50eC. It .was obsérved
that the DS continued to rise steadily with the paésage of time.
But the slope of the DS curve seemed to decline affer 5 hours. It
was concluded that continuation of carboxymethylation beyond 5
hours 1is not worthwhile. So, the optimum conditions proposed

were:

alkali concentration - Z0X%
cellulose-alkall ratio - 1:5
Cellulose-MCA ratio = 1:1.70
reaction temperature - 50°C
reaction timer* 5 hours

alkali-ethanol ratio = 1:5.
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Z.12 COMMERCTIAL, PRODUCTION OF SCMC

Published 1literature provides limited details concerning
commercial production to appreciate the technological problems

and solutions therefor.

Commercial products have Degree of Substitution (DS) in the
range 0.65-0.85 with purity of sabout 88%. For such & product

consumption of raw materials expected are [19, 55]:
Basis: 1 mole of cellulose

HaOH : 1.680-1.887 moles

MCA : 0.803-0.904 moles.

But how these consumption ‘rates of alkali and acid are
achieved are not mentioned. For alcoholic media, if used, the

loss of alcohol_is expected to be not over 5%.

Thé available laboratory works indicate that excess
. reactants (over the stoichiometric requirement) are necessary to
cause required swelling during salkali cellulose preparation and
carboxymethylation reaction. For commercial production, the
recovery of the excess reactants:with little. loss is desirable.
If possible, recycling of the excess reactants would achieve the
same result. But how much of these undesirable reaction products
suoh'as sodium glycolate, sodium chloride, sodium alcoholéte etc.

could be tolerated in the process and product are not stated in
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the literature. Howevér, by washing the product, the presence of
byproducts such as sodium chloride and sodium glycolafe may be
reduced at the expense of solvent to improve the product quality

and purity.



CHAPTER — THREE

STATEMENT OF THE OBJECTIVES

Literature reveals that different workers produced sodium
carboxymethyl cellulose (SCHC) by following different procedures.
Limited information is avaiiable on the industrial production of
5CHC. Laboratory works at home and abroad clearly éﬁdw that the
use of stoichiometric amount of the reactants could not yield the
desired grades of GSCMC and sometimes no product at all; while
industrial productions consume the stoichiometric quantity of
reactants for a product having the degree of substitution (DS) in
the range of 0.65-0.8. But how-this is achieved is not discussed.
Minimization of the-consumption of reactants could be achieved by
recovering the excess amount of reactants and recycling these.
Parameters other than the quantity of reactants to be used for
the production of ©SCHC such as the concentration of alkali,
temperature at which the reactions take place; reaction t;me_ and
maturing time are of considerable importance for determining the

most desired processing conditions.

This work. has made an effort to investigate the production
process of SCMC for its commerciél aﬁpiicatfon. The following
were the objectives to develpp a process for the 1industrial

production of SCHC on small scale

i) to minimize the consumption of the'reactants;'

ii) to optimize the temperature of the reaction, specially the
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carboxymethylstion temperature;

iii) to maximize the recovery of the solvent i.e. the media of

the reaction and use it time and again;

iv) to ascertain the resction time to obtain the desired quality

i

product; and

o

vy to find the maturing time of the product.-to improve the
qualdty.
In order to achieve these objeqtives, a number of

experiments were carried out using glass wares using small
samples to appraise the production process. This was followed by

experimentation using a stirred stainless steel reactor.

Sources of cellulose ﬁere : cotton linter and

microcrystalline cellulose obtained from jute fibre,

Product quality was tested by following ASTM D1439~65[5]
method by observing its solubility in water, viscosity of 1-2%

solution (by weight) and by measurement of DS.



CHAPTER —  FOUR

EXPERIMENTAL'SET—UP AND
. PROCEDURE

< . EXFERIMENTAL EQUIPMENT

The present work on the production of sodium carboxymethyl
cellulose (SCHMC) was carried out 1in two stages. In order to
appraise -the production of SCHC, preliminary.experiﬁents were
carried out using glass wares. Conical flasks, beakers, round-
 bottom flasks, etc. of difﬁerent capacities ranging from 50 ml to
500 ml were used as per requirements. A motorized stirrer of

propeller type was used to stir the resctants.

On the basis of experience gained, &a stainless steel
cylindrical reactor of 1850 ml capacity (Inside diameter 10.18
cm, Length 20.32 c¢m) with & motorized anchgr type stirrer wsas
used. The reactor was kept inside a water bath for maintaininé
the desired operatingltemperature. The arrangement is shown in
Figures 4.1.1 to 4.1.4. During the reéycling of alkali-alcohol
solution, dissolution of méke-up alkali was carried out either in
a 500 ml conical glass flask or in a stainless steel cylindrical
vessel (inside diameter 7.82 cm, length 17.78 cm) with constant

stirring and cooling.



e

h _w . —

tll ‘E A

_f Y/

Jlrrlal

T, =g
!

...:m. J,_‘ ;ﬂ i

_._u E_E._ ..4 &

PHOTOGRAPH OF EXPERIMENTAL SET-UP-A

FIGURE 4.1.1



FIGURE 4 . 1.2"
h | r'! H
o, s

PHOTOGRAPH OF EXPERIMENTAL SET-UP-B

&

"
1
s
1 I
3
*
L
4

»
ol
i
L]
B
N
I



P - ™ A - ~ . failr
- . .
- ~
wt H
.
B
- .
% I -
' =3
S
i v

+ )y

# ' ,PHOTOGRAPH OF. THE AGITATOR

Lt
vk e LX) » . o

v v L 1 L

v 3 . 4
! ! : 1 - r
' . ‘
t % 8 |
l‘ H . ) 1
i t " |
w, i
" L]
o ' 4 4 4
' L
| \ '
b - +
"
P ¥ @ . ; .
. " .
e, B



Electric Motor
{
Shaft
— — 1.27
o : / Sampling Hole
2 —‘—‘;'_54—584 . — T - 0.635cm.
[ — .
Reactor
[ 8.89
20.32 5 " Anchor Type
l _______ & Agitator
1.5
—— Constant Temperature
7.5 Bath
2.5
0.5

yt

10.16

Figure 4.1.4. Diagram of the Reactor. (All dimensions in cm. Not upto scale)



4 .2 EXPERIMENTATL, PROCEDURE

The following steps were involved in the preparation of SCMC

throughout the work

i) cleaning, washing and drying of cotton linters
11) determination of moisture content

iii} preparation of alkali solution

iv) steeping of cellulose in alkalil solution
v) carboxymethylation
vi) maturing

vii) neutralization

vill) washing of the product
ix) recovery of alcohol

X) drying of product

xi) grinding.

Xii} testing the product

The procedures for the above mentioned steps are described

below:

4_2.1 CLEANING, WASHING AND DPRYING OF COTTON LINTERS

Cotton linters obtsained from the mills were first cleaned,
washed with water and dried first in the air and then oven dried
at 105¢C. The fresh cotton 1linters werel then cut into small
pieces with  scissors to be used in the exXperiments.
Microcrystalline cellulose being already =a powdered material was
only drieg at 1052C before use.
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4.2.2 DETERMINATION OF MOISTURE CONTENT

Literature indicates that product quality and purity of SCHMC
are somewhat dependent on the moisture content of the starting
cellulose. So, the moisture cnntent of the cellulose used to

produce SCHMC in the present work was - determined for both cotton

linters and microcrystalline celluloge obtained from jute fibre.

A given amount of the cellulose was dried at 105eC. Drying
was stopped when two successive welghts of the sample became

constant.

4,2.3 FREFARATION OF ALKALI SOLUTION

To use an &alkali solution of desired concentration, it was
required to dissolve =0lid scodium hydroxide (NaOH) in ethanpl.
NaOH pellets were stirred continuously in alcohol until no more
solid NaOH was observed. Since the dissolution evolves heat, an
ice-water system surrounding the reactor or 'dissolving unit was

used to cool the system and fo avoid the evaporation of alcohol.

4.2.4 STEEFING OF CELLULOSE

Froduction of S5CHMC from cellulose. consists of mainly two
stages. The 1lst stage is steeping 1i.e. alkalization of cellulose
which was conducted by stirring cotton:linter or microcrystaliine
cellulose in alcoholic_ sodium hydroxide solution at room

temperature (25-35¢C) for a&approximately two hours. Na-cellulose
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was formed in this reaction.

-Welght 1increment of cellulose due to alkalization was
determined by two methods. One of them was by washing, drying and
weighing the cellulose after alkalization. The difference betweern
the weights before and .after steeping gave. the increment of

weight.

The second mefhod was by titrating the remaininé ethanolic
sodium hydroxide solution after one hour and two hou;s of
steeping. Thereby the amount of sodium hydroxide donsumed'could
be determined from the normalities ofl the solution before and
after the reaction from which the increment of weight of
cellulose could be determined. Sodium hydroxide solution was
"titrated with potassium hydrogen phthalate using phenolphthalein:

as an indicator.

4.2.5 CARBOXYMETHYLATION OF Na-CELLULOSE

Carboxymethylation is‘ the second stage to prepare SCMC in
which sodium-cellulose produced in the steeping stage was reacted
with monochloroscetic acid {MCA) in presence of sufficient-amount
of sodium hydroxide to neutralize the acid. The reaction was
carried out by stirring Na-cellulose with MCA and NaOH at 25-B0=C
for Z—iD hours. Sometimes steeping and carboxymethylation were
carried out simultaneously. Here the required amoﬁnts of
.cellulose, NaOH and MCA were mixed and stirred continuously for a
certain period of time at room temperature. Carboxymethylation
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was always carried out in alkaline condition.

4.2.56 MATURING

Literature reveals and experience has shown that complete
.reaction of the reactants fo form SCHC does not occur only
through the reazction period; rbut improved gquality product is
cbtained by aging or maturiné the product after both alkalization
and carboxymethylation. Maturing of the product was done by
keeping it in the solution without stirring. It was done at room

temperature for 14-30 hours.

4.2.7 NEUTRALIZATIGN

Carboxymethylation is carried out using excess alkali (more
than that required to neutralize monochlorocacetic acid). This
excess alkali is neutralized with sacetic acid after maturing the

product.

4.2.8 WASHING

After neutralizing the product, it was washed with
sufficient amount of ethancol and sometimes with water to remove

impurities and side products. of reaction.

4.2.9 RECOVERY 0OF ALCOHOL

When alcohol was used as the reaction media and washing
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agent, it was required to recover the alcohol with least loss and
reuse 1t to make the ﬁroduction process cost-effective. The
alcohol was recovered in different steps such as from the alkalil
solution decanted from sodium-cellulose after steeping, from
sodium-MCA solution discarded from the final produect after
carboxymethylsation, from the filtrate obéained after washing and
filtering'the product and from the :final product itself where
alcohol was absorbed by the product énd could not be decanted as

such.

During the recycling experiments; .alcohols from alkali
solution and from sodium-MCA solution were recovered after the

last batch of the cyele.

Alcohol recovery -throughout the work ‘was done by

distillation of the solution at 76-739<C.

4.2.10 DRYING OF PRODUCT

After the recovery of slecohol from the product, it was dried

first on water bath and then ovendried at 105<C.

4.2.11 GRINDING OF FRODUCT

Product obtained after drying remains unaltered apparently
in the shape of starting cellulose. But it is convenient to use

SCMC in powder form. A grinder was used. for this purpose.

S0



4.2.12 TESTING THE FPRODUCT

QGuality of product was determined by messuring: some
properties. Tests were conducted to determine solubility,

viscosity and degree of substifution (DS) of the product.

Solubility was measured by preparing 1 percent and 2 percent
solutions in water and determining thé percent preduct went to

solution.

Yiscosity at particular temperature was determined by
preparing 1 percent and 2 percent solutions of the product and

determining the viscosities by Saybolt Viscometer.

Degree of substitution of the product was determined by
following the procedures described in ASTH Monograph [51. The

acid wash method was followed in this work.

4.2.13 ‘RECYCLING O0F REACTANTS

When recycling and reuse of the reactants were done, the
above menticned steps of procedure were also followed. In this
case, reactions were carried out in four-batch cycles. Alkali
solution and Na-MCA solution decanted from one batch were used in
the next batch of the cycle. HMake-up alkali and MCA were added
for the later batch and this procedure was continued until the

cycle was completed. The process is shown in Figure 4.2.13-1.
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CHAPTER —
EXPERIMENTAL RESULTS

5.1 EXPERTMENTAI. RAW MATERIAILS,
REACTANTS AND REACTION MEDIA

Sources of cellulose used 1in

FIVE

this work included

linter and microcrystalline cellulose. Moisture

celluloses are shown in Table 5.1.1.

out using freshly ovendried celluloses.

at 105<C.

content of

cotton

the

The experiments were carried

TABLE 5.1.1 : HOISTURE‘CONTENT OF CELLULOSE

Cellulose Type

Moisture Content

A

Microcrystalline 10
Cellulose
Cotton linter 8

Resctants used for the experiments were

Monochlorcacetic acid. Reagent grade reactants were used.

acid used- for neuvutralization: after

réagent grade.

Both water and ethanol were used as reaction

Technically pure ethanol having 95% alcohol content was used.

NaOH

carboxymethylation was

The materials were dried

and

Acetic

of

media.



5.2 APPRATSATLL, OF PRODUIICTION PROCESS

Experiments ﬁere first carried out to study that the
alkallization reaction 1i.e. the reaction between alkali and
cellulose actuallyl occurred. This was determined from the
consumption of alkali and weight increment of cellulose.
Experiments were carried out both in glass wares and stainless

steel cylindrical reactor.

Experiments were done using two methods such sas direct
washing, drying and weighing; and titration. Experimental data
sare presented in Tables 4.2.4-1 and 4.2.4~2 and rpsults are shown

in Table 5.2.1,

TABLE 5.2.1: WEIGHT INCREMENT OF CELLULOSE DUE TO ALRKALIZATION

Cellulose Type Method used #Z Increment of weight
Microcrystalline | Weight measurement 12.4
Cellulose
Titration 13.38
Cofzton linter Weight messurement T ob-11 ]
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5.3 EXPERIMENTS FOR ESTIMATING

PARAMETERS

Process parameters such as alkali concentré£{on -during
steeping, reaction time, maturing time and temperature for both
steeping and carboxymethylation were selected through a number of
experiments. These experimental data are presented in Tables
4.2-A, 4.2-B, 4.2-C.1 and 4.2-C.2 and results are shown in Table

5.3.1.

TABLE 5.3.1 : PROCESS PARAMETERS FOR THE PRODUCTION OF SCHC

Alkali concen- Tiae, hours Temperature, °C
tration during
steeping, ¥ Reaction hging ' Reaction - fging
Atkaliz ] Carboxy | Alkaliz | Carboiy | Alkaliza | Carboxym } Alkaliza { [arboay
ation pethyla | ation pethyla | tion ethylati | tion oethyla
tion tion : on : tion
18 2 B 12-1b Y 1t 25-30 40-45 | Room Roos
. Temp. Teap,




5.4 CYCLIC EXPERIMENTS

Optimum use of reactants and reaction media was determined
by maximizing the recovery of these materisls ﬁnd recycling the
same through two cyclic experiments. Experimental data are listed
in Tables 4.2.13-1 and 4.2.13-2 and results are presented in

Table 5.4.1%.

TABLE 5.4.1 : OPTIMIZATION OF THE USE OF REACTANTS AND MEDIA
CELLULOSE : COTTON LINTER, 50 gm

MEDIA : ETHANOL
Eycle
i ?
Batch § | Batch 2 | Batch 3 ] Batch 4 | Batch i} Batch 2 | Batch 3 Batch 4
Make-up RER-YS! Jb.4 33.45 35.37 62.1 36.93 35.72 35,35
HaDH used, g
Make-up il 43.26 39.36 34.56 al . 40 40 39.41
NCA used, gm
Alcoho! Per &l 514 863 710 10a0 geZ 1003 1035 1603
Reco- batch :
vered % 7.0 87.9 4.2 75.4 B0, 81.7 2.1 73.0
Throug
hout % - Bt . 80
the
cycle
Acetic Acid required,al 1.3 1.3 1.0 1.0 - i.5 9.9 0.0 0.0
Alkaliza i} Time, hour 2 2
tion
Temg. °C 25-30 23-30
Carboxy- [ Time, hour . B i
wethyla-
tion Temp.°lC 40-435 40-43
Aging Tise, hour > 16 | : v 16
Teap. °C ~ Roos Temperature ____ Room Tesperature
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5.5 MEASUREMENT OF PROPERTIES

Properties such as solubility in water, DS and viscosity;
percent recovery of alcohol from some processes; and gquantity of
final products obtéined are shown 1in Table 5.5.1. Solubility of
SCMC in water ﬁas estimated by observing the -swelling and
suspension-sedimentation of the solution. Since determination of
DS is a wvery lengthy and laboriocus process, Appendix - 5.5, the
D5 of only three soluble products were determined. Viscosities
for 1% and 2% solutions of seven pfoduéts were determined with.
Saybolt Viscometer. Saybolt universal viscosities were converted
to centistokesf Yiscosities were . determined at room temperature

(21-249°C).

TABLE 5.5.1 : ALCOHOL RECOVERY AND PROPERTIES OF SCMC

Expt No. Celluiose aCxe Recovery | Properties of SCHC product
: - Froduct of
Type Buan- 1§ gbtained alcohol, | Solubility D.5. Sotution

tity {gn) ¥ in water Viscosity {tp)

used

(qn) ' 1% Py
5 Microcr 0 36,5 - Soiuble - 19.5 34,6
Tabie 4.Z-C.1 ystal, .

‘1 Cell,
3 94,5 Bf.5 Soluvble 4.592 93,0 | 1417.6
Table 4,7-C.7
4 ) 9.4 75.4 Spichble 0.692 262.0 FARLHR
Table 4.2,13-1 '
1 Cotton - 71.5 80.9 Fartially - 7.16 -
Table 4.2.13-2 linter 50 Spluble .
2 84.5 81.7 Partially - 550 77.40
H Table 4,2.13-2 Soluble

3 N 82.84 g2.t Soluble - 36.0 69.4
Table 4.2.13-2 ‘ 1 .
4 ' 91.56 75,0 Soluble | .77 59.9 282.4
Table 4.2.13-2




CHAPTER — SIX

DISCUSSIONS

This work deals with the study of process parameters for the
production of sodium carboxymethyl cellulose (SCHC), for
establishing optimum conditions for commercial application on
small scale. Experiments were carried out using two types of
cellulose sources,rnamely; cotton linters and microcryétalliné
cellulose. Cotton linters aré waste product of hosiery industries
and microcrystalline cellulose is a purified cellulose obtained

from jute fibre.

The moisture contents of the cotton linter and
microcrystalline cellulose were found to lie in- the rande of 9-
10% by weight Tsble 5.1.1. The values are consistent with those

reported in the literature.

One of thé important steps in SCMC preparation 1is the
completion of alkalization of cellulose which is indicated by the
weight increment of cellulose after the alkalization step. The
results obtsined from the difect washing, drying and weighing of
alkali-cellulose after alkalization showed the weight increments
were 1in the range of 5-12.4%, Table 4.2.4-1. These are close to
the stoichiometric value (13.5%). Here the alkali absorption was.
maximum when microcrystalline cellulose was treated in alcoholic
medis at temperatures 30-38eC for 3 hours. Results obtained by

following titration method showed +that. after two hours of

S8



alkalization, the weight increment was 13.38% which was c¢lose to
the stoichiometric wvalue Tables 5.2.1 and 4.2.4-2. Weight
increment in this dase after one hour and two hours showed that

the reaction actuallyAcontinued with time.

The products obtained by reacting cotton linter in aqueous

media at room temperature (30-35°C) for 2-4 hours were insoluble

in water, Table 4.2-A. Since solubility in water is one of the

main properties of SCHC, this was used as a criterion to

determine whether the desired product has been obtained or not.

Simultaneous alkalization and -carboxymethylation of the
cellulose vielded products which were also insoluble in water,
Table 4.2-B., These experiments were carried —“out with
stoichiometric amount of sodium hydroxide and monochloroacetic
acid at roomnm teﬁperature; reaction time varied from 5 to 8 hours

and the products were matured for 18-30 hours.

Swelling =and solubility eof SCMC in water were found to

improve when

i) alkalization was carried out st room temperature (25-30°C),

ii) aged after alkalization for at lest 12 hours,

iii) carboxymethylation was carried out at elevated temperature
in the range 40-45°C; and

iv) the product sged for 14-30 hours.

Some products swelled partially and were partially soluble
in water. Some product swelled but did not go - into solution

S5S9



completely while some products swelled immedistely depending on
the process conditions mentioned =&above. Alcohol could be
recovered partially and recovery was in the range 78-87% of .the

alecohol used.

After studying the process conditions such as temperature,
reaction time and sging or maturing time, optimization of the usé
of reactants and media were done by recycling the reactants and
alcohol from different steps of reaction, Figure 4.2.13-1.
Results from two four-batch cycles indicate that recovered
reactants such as NaOH and Na-MCA snd alcohol from one batch
could be wused in the next batch of the c¢ycle, Table 5.4.1. The
consumption of reactants inr each successive batch thereby
decreased gradually. The recovery of reacfants and alcohol were
possibie more efficiently for cycle 2 than for cyéle 1. From the
product properties from these cycleé, it was observed that
product quality such as solubility and viscosity improved from
the beginning to the end of the c¢ycle and reguirement of
reactants decreased gradually,Tablés 5.5.1 and 5.4.1. The reason
behind the 1improved qualities of product may be the increase of
alcoholic media leading to unifqrmity of reasctions. Another
reason may be that recycling of reacténts led to the availability
of ekcess reactants fdr both alkalization and carboxymethylation
which are essentia} for ﬁbtaining a quality BCHC. Use of
stoichiometric quantity of reactants does not produdé the desired

SCMC.



Extent of recycling and purge from individual stage have not
been, however, established. This would require‘ the knowledge of
the amount of. by-products such as sodium glycolate, sodium
chloride, and sodium alcoholate would be tolerated in the récycle
streams. In sctual production process, alcohol will be recovered
in two stages. All recycle streams containing alcohol will be
treated together, while drying stage 1 would recover alcohol from

the final product.

One of the soluble SCMC's was washed with alcohol  of.
different concentrations, Table 4.2.12-1. The result reveals that
the SCHMC lost weight upon washing and the maximum weight loss
occurred with 50% alcohol. Washing was conducted wi£h alcohol and
not with water alone, beczuse SCMC dissolves in water and thereby
the product loss would occur. The weight loss of SCHC indicates
that the product contains side products which were washed out

with the alcoholic solution.

A nomber of experiments including two involving of recycling
of reactants failed. The reason was probably the formation of
sodium =alcoholate when the alkaline alcoholic solutions were
being prepared or kept for some hours after the dissolution of
sodium hydroxide in alcohol. The media became slimy, thick and
dark vellowish instead of wusual clear and thin soiution. The
products obtaingd were superficially slim§ upon sosking in water

and did not go into solutiqn at all.

Properties such as solubility, solution vigcosity and degree

1



of substition {D3) were determined for a number of scluble SCMC
products, Table 5.5.1. DS varied in the range of 0.69-0.98 and it
was determined using ASTM method D1439-65[5]. Viscosities of 2%
and 1% solutions were determined at room teﬁperature (21;24°C)
which were 1in tﬁe T range of‘?.18 cs to 2110 ep. It was observed
that product from microcrystalline cellulose was more soiuble
having th.least viscosities. Dufing the preparation of 24 and 1%
solutions of SCHC, 1% solution sﬁowed sediment at a rate quicker
than tha® of 2% solution. Yiscosity was measured using the
Saybolt Viscometer. The soiutions were filtered througﬁ a net to
remove any dissolved/fibre materials remaining 1in the solution

before measuring viscosity.

Comparison of the optimum parameters of present work with
those obtained by Majid [41], listed below, show that they are

close and in some cases identical.

alkali concentration 20% 18%

cellulose-alkali ratio 1:5 1:5
~cellulose-MCA ratio . 1:1.75 , 1:1.74

reaction temperature : 50eC 40-45°C

reaction time 5 hours 8 hours

alkali-ethanol ratio 1:5 1:6

DS ‘ 0.7 0.69-0.98

However, the net consumption of reactants in cyclic schemes
of the present. work was found -to decrease &8s the number of

batches in & cycle increased.



CHAPTER — SEVEN
CONCLUSIONS

The following conclusions are drawn from this work dealing
with the optimization of the process parameters Ffor the

commercial preparation of SCHMC on smsll scale

i3 Steeping of cellulose 1s to be carried out at room
temperature 1in a solution containing sabout 18% NaQOH by

weight and two hours of steeping time would be sufficient,

ii) Aging after alkalization/steeping would bhe regquired for at

least 12 hours,

iii1) Carboxymethylation temperature would be in the range of 40~

45oC for 8 hours,

1v) Aging after carboxymethylation is required for at least 16-

30 hours to complete the reaction,

v) Quality product cannot be produced by using stoichiometrie

amount of reactants such as NaOH snd MCA,

vi) Minimization of the use of reactants and alcohol would be

- obtained by recycling and reusing the reactants and alcochol.

vii) Quantity. of make-up reactants and alcohol_ decreages and
quality of produo; improves with-the increage 1n the number
of bateh in a cycle ﬁhioh approaches the use of reactants to
the.stoichiometric levels.

oS3



CHAPTER — EIGHT

RECOMMENDATIONS FOR FUTURE WORK

Wwith

i)

ii)

111)

The following works may be carried out in future dealing

the production process of SCMC

Recycling of the reactants to achieve stoichiometric level

of consumpticn of reasctants.
Recovery of alcohol to be achieved upto 95%.

Investigation on how the side products of reactions affect
the production parameters and how mueh of these side
products can be tolerated in recyclic process for maximizing

the use of reactants for obtaining s commercial grade SCMC.
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cs

dp

DS

MCA
Na-Cellulose
NaMCA

NaOH

SCMC

NOMENCLATURE

Centistoke

Degree of Polymerization
Degree of substitution
Monochloroacetic Acid
Sodium Cellulose

Sodium MWonochloro Acetate
Sodium Hydroxidé

Sodium Carboxymethyl Cellulose.
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APPENDIX

APPENDIX — 4.0 EXPERIMENTAL DATA

TABLE 4.2.2-1: MOISTURE CONTENT OF THE CELLULOSE

Cetlulose Drying Height of dry Moisture, gm % Hoisture
; Temperature, cellulose, g content
Type Amount, of
ge.
Cotton linter 3.45 105 3.00 0.45 g
. 25.94
Microcrystal 28.50 105 ‘ 2.5 10

TABLE 4.2.4-1: WEIGHT INCREMENT OF CELLULOSE DUE TO ALKALIZATION ~ I
METHOD  : DIRECT WASHING, DRYING AND WEIGHING

MEDIA : ARQUEOUS
. faount of | Concentra , Brying | Height of | % Weight
Cellulose Alkali tion of Reaction Teap. Na- Increase
Hedia Sofuvtion, | Alkali _ : of Cellulose
Type Aaount | sl Solution, | Tise, | Teap.
ge ' b hour °g
£ 200 |30 2 25-30 | 100 1.1 1
Cotton
Agquepus linter 0 200 3 2 25-30 e 10,5 5]
10 150 30 2% 13035 | 105 10,74 7.4
Hicroc . :
filcoho- rystal ' !
lic fine 50 33 18 30| 35-38 105 56.2 12.4
cellu- ’ )
inse

A=



TABLE 4.2.4-2:

WEIGHT INCREMENT OF CELLULOSE DUE TO ALKALIZATION - II

METHOD
MEDIA

: TITRATION
+ ALCOHOLIC

CELLULOSE MICROCRYSTALLINE CELLULOSE
INDICATOR: PHENOLFPHTHALENE
REAGENT : POTASSIUM HYDROGEN PTHALATE.

faount of Strength of | Asount of Consusption ¥ weight
Reaction Na(H resaining Remaining of HaOH, go.. | incregent
Cellulgse, [~ Soiution, NalH NaOH in
Qo = | Time Tenp. , &l Selution, Solution, ga
hour ¢ °C (N}
0 oA 38 233 3.12 2%.4 - -
30 i 3-8 239 2.3 21,42 7.78 g.94
50 2 35-38 239 1.828 17.1832 12,2168 13.36
TABLE 4.2- A PRODUCI'ION OF SCMC IN AQUROUS HEDIA
: CELLULOSE : COTTON LINTER
a. ALKALIZATION
Amount of cellulose, | NalH, qu Water, nl Tire, hour Tewperature, Na-cellulose,
ga af Produced, g
e 68 260 2 23-30 10.5
10 22.5 150 2% 30-35 10.74
b. CARBOXYMETHYLATION
Na- NalH, HCA, g8 Water, al | Tiae, Temperature, | Aging, Solubility of
cellylose, gn °f hours product in
a8 ‘ water
5.2 15 10 50 ; 30 L Insoluble
5.00 L2 3 60 4 30-32 16 Insoluble
5.00 2.0 3 60 2 30-3 16 . Intoluble




TABLE 4.2-B: SIMULTANEOUS ALKALIZATION AND CARBOXYMETHYLATION OF CELLULOSE
HMEDIA : ETHANOL
CELLULOSE : MICROCRYSTALLINE CELLULOSE

€eliulosegr 10 3¢ 9l

NaOH, g 7 7 I |
Awount of

Alcohol,ml 50 25 190

MCR, ga 7 25 25

Yimé, hour 5 8 8
Reaction

feap., °C 35-38 3538 40
Aging, hour ' 1 36 30
Arount of Product, ge 4.4 4.0 87.5
Atcohol Recovered, al - &0 10
Solubility inewater Insotuble Insoluble Incoluble

A=



TABLE 4.2.-C.1: PREPARATION OF S5CHMC IN ALCOHOLIC MEDIA - I
CELLULOSE: HICROCRYSTALLINE CELLULOSE

Experiment No, 1 Z 3 4 -3
. Anount of Celiulose,gm 50 50 30 50 20
NzbH,ga 23 323 35 St 18
Alcohol,ml 170 180 195 195 100
Reaction Fime, hour - a ] 4 3 2
o Temp., °C 35-40 30 30-35 2530 25930
fikalization ; :
Aging, hours 16 18 14 - 15
Atkali solution decanted, = 40 - - a0
21
Alcohol added, ol - 50 - 50 58
. Amount of RCA, om 23 30 43 43 3
Carboxysethylation Reaction Time, hour 3 2 B 3 8
Tenp., °F 35-38 30-33 30-35 75-30 40-45
Aging, hour 18 2 20 20 K]
Meutralization Acetic Acid, ol - - 3 2 .0
Afcohol Recovered, ai 30 - - - -
Product obtained, gqm 82.0 196.0 99,2 - 3ba3
Product condition Farti- Parti- Insoju- Insoiu-  Soluble
ally  atlly bie ble
solu-  salu- :
. ble bie




TABLE 4.2-C.

2: PREPARATION OF SCMC IN ALCOHOLIC MEDIA - II
CELLULOSE: COTTON LINTER

Experiment No, 1 2 3 4 5
Lello-
lose, L I 1 Blij 50 -
g8
Amount NalH, 3339 35 &2 b2
of- ge '
fAlca-
Alkaliza- hol,ml 295 295 295 345 349
tion
Tiee, 3 3 3 3 3
hour
Reaction '
Teap., {| 25-30 23-30 25-28 23-28 25-28
o
Aging, hoors - 18 14 , i8 18
Alkali solution
decanted, &l - - - - 145 15¢
Alcohel added, al % 5 50 145 200
Amount of HCA, qa 45 45 45 45 45
Carboxy- Tiee, .{l 3 2 I 7 7 2 11 1 3
gethyla- hour
Lion Reaction
Tesp., 25-30 25-30 40-45 50-55 25-28 40-43% 50-53 &0 23-28 40-45 50-35 25-28 40-43 50-53
oL
figing, hours 18 18 16 16 16
Meutrali- Acetic Acid, ] 2.5 2.4 [.25 2.2 2.0
zation
Alcohol added for washing, al - - 400 o 600 500
Alcohel 1 Product - - 146 175 145
"Recoverad
; Bl | Filtrate - - 419 600 560
-froa
Product obtained, ga - 7.1 94 104 115
Solubility in water Insoluble Soluble Insoluble Soluble.  Soluble

sSa




TABLE 4.2.12-1: WEIGHT LOSS OF SCMC DUE TO WASHING WITH ALCOHOL

Amount of SCHC, ga 3 ] td 3 ] 3
Concentration of Aicohol, % 93 90 éO LT &0 30
Amount of Alcohol, X 140 19¢ 100 100 10 1
Hashing Time, hour i { H t 1 1

. brying femperature, °C . 104 149 103 103 Sk .‘ 103
Amount of dry SCHC, ga §.75 4.54 385 3.67 3,31 3;83
Weight loss 02 G A5 L3 LeF LU |
% weight loss ' | 3.00 7.20 3 I 79.8 3.4




TABLE 4.2.13-1:

PREPARATION OF SCMC BY RECYCLING OF

REACTANTS

AND MEDIA
CYCLE - 1
Operation Parapeters Batch L Batch 2 Batch 3 Batch 4§
Make-up Alcohol, al 345 145 110 140
Recycled Atkali-Alcohol, i - 180 235 205
Steeping NaOH, ga 62.1 36.48 33.45 35.37
Time, hour 2 ) 2 2
Tesp, °C 25.28 25-28 23-28 25-28
Aging Tiee, hour 18 8 14 14
Teep,, °C rooe tesp. { room temp. | room teap. room temp.
Washing filcohol used,al 170 150 100 -
Alcoholic solution recerd, al | 184 235 210 125
HCA, gn 5 43,26 39.38 34,56
Carboxy- Hake up Alcohol,nl 60 - - -
aethylation Recycled alcohol-NaMCh, al, - 13¥ 06 540
Time, hour 7 a8 ] 7
Teap. °L 40-45 40-45 §0-45 40-43 |
Aging Tize, hour 14 18 16 14
Temp., °C rooa tesp. | room teep. | roos temp. . | room teap.
Atcohold used, al 150 300 150 500
Hashing Atcoholic soiution Recovered, | 130 406 560 -
ni
Neutraii-zation Acetic Acid, el 1.5 1.3 1.0 1.0
Hashing ficohold used, ml - - - -
) Alcohel.Recovered, sl - - - -
Drying I Teeperature, °f 76-77 76-79 76-79 T6-79
Alcoke! Recovered,aml 75 203 140 185
Brying 11 Tesperature, °L 105 , 103 103 105
Product Buantity of product, ga. 97.5 g4.9 86.35 99.4
Coliection ‘

*



TABLE 4.2.13-2: PREPARATION OF SCMC BY RECYCLING OF REACTANTS

AND MEDIA
CYCLE - 2
Operation Faraseters Batch |1 Batch 2 Batch 3 Batch 4
Nake-up Alcohel,el 343 157 1 %3
Recycied Alkali-Alcohol,al - 208 250 252
Steeping NaOH, ga 62.1 36.93 35.72 35,5
Time, haur 2 2 2 2
: Teap. °C 25-28 25-28 1 23-28 25-28
Akging Tiee, hour 12 t2 i3 i4
Teaperature, °C roon tesmp. roos temp. roon temp. roos temp,
Bashing Alcohal used,el ‘ 70 130 £30 150
Alcoholic selution Record, al | 212 250 280 245
HCA, ge N3 40 40 | 3941
Hake up Alcohol,sl 160 - - -
Carboxy- Recycled Alcohol-NalCA,ml - 305 380 393
rethyiation Tiee, hour : g - 8 8 - g
Teap. °C 40-43 40-43 §0-45 40-45
fging Time, hour 14 14 16 15
Teaperature, oC rooe teap, rooa temp. roon temp. roon temp.
Washing Alcohold used, af 230 | 200 150 200
Alcobolic Solution Recovered, | 310 380 400 -
i
Neutrali-zation | Acetic Acid, ml 1.3 0.5 0.0 0.0
Mashing | Alcohold used, al 250 250 250 250
Alcohel Recovered,sl 175 200 209 640
Orying I Tegperature, °C 76-79 76-19 76-7% 76-79
hlrohel Recovered,al 143 R £70 fog
Brying II Teaperature 2C 105 105 105 105
Product Buantity of praduct, ga. 95,5 {845 82.84 91,56
Collection : T
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APPENDIX - 5.5

ASTM MONOGRAPH

AMERICAN NATIONAL - 72 7
qﬂlh mANSI/ASTM D 1439 - 72 (Reapproved 1978)

Standard Methods of Testing

SODIUM CARBOXYMETHYLCELLULOSE®

This Standard is issucd under the fixed designation D 1439; the number immedialely following the designation indicates

the year of origina! adoption or, in the case of revision, the

year of last reapprovai,

I. Scope

1.1 These methods cover the testing of so
dium carboxymethylcellulose.

1.2 The test procedures appear in the fol-
lowing order:

Sections
Moisture . ............ ... L Jtoh
Degree of Etherification:
Method A—Acid Wash ......... . .. 8,9t0 14
Method B—Nanaqueous Titration .. 8, 15 to 20
Viscosity ......... .. ... . ... .. .. ... 2l 1026
Purily ... ... 27 1013
Sodium Giycolate . ................. 34 1041
Sodium Chloride ............ ... .. 42 to 48
Density ... ... . ... 4% 10 53

2. Reagents

2.1 Purity of Réagenis—Reagent grade
chemicals shall be used in all tests. Unless
otherwise indicated, it is intended that all re-
agents shall conform to the specifications of
the Committee on Analytical Reagents of the
American Chemical Society, where such speci-
fications are available.? Other grades may be
used, provided it is [irst ascertained that the
reagent is of sufficiently high purity 1o permit
its use without lessening the-accuracy of the
determination.

2.2 Purity of Water—Unless otherwise in-
dicated, referénces to water shali be under-
stood to mean distilled water.

MOISTURE
3. Scope

3.} This method covers the determination
of the volatile content of sodium carboxymeth-
ylcellulose. ] '

3.2 The results of this test are used for cal-
culating the total solids in the sample; and, by
common usage, all materials valatile at this
test temperature are designated as moisture.

4. Apparatus o
4.1 Oven—Gravity convection oven, ca-

sS4

year of fast revision, A number in parentheses indicales the

) .
pable of maintaining a temperature of 105 =
iC. ) .

4.2 Weighing Bottles, low-form, 50-mm

tnside diameter by 30-mm height, or equiva- i

lent,
4:3 Analytical Balance.

5. Procedure

5.1 Weigh 3 to S g of the sample to the
nearest 0.001 g in a tared and covered
weighing bottle.

5.2 Place the bottle in an oven at 105 C.for
2 h with the cover removed. Cool the bottle in
"a desiccator, replace the cover, and weigh.

3.3 Replace the sample in the oven for 30
min, cool, and reweigh.

5.4 Continue this procedure to a mass loss
of not more than 5 mg for 30 min drying
time.

6. Calculation

6.1 Calculate the pereentage of moisture as
follows;

Moisture, percent = (4/B) x 100

where:
A = mass loss on heating, and
B = grams of sample used.

7. Precision

7.1 Statistical analysis of intertabaratory
test results on sampies containing 2 1o 10 per-
cent moisture indicates a precision of +0.2

'These methods are under the jurisdiction of ASTM
Commitiee D-23 an Cellulose and Cellulose Derivatives.

Current edition uppraved Feh, 9, 1972, Published Murch
1972, Originally published as D 1439 - 56 T. Lust previous
edition D 1439 - 63, N

““Reagent  Chermicals, American Chemical  Society
Specifications,” Am. Chemical Soc., Washinglon, D.C.
For suggestions on the westing of reagents not Lsted by the
American Chemicai Society, see “Reugent Chemicals and
Stunduards,” by Joseph Rosin, D. Yan Nostrand Ce., Inc.,
New York, N.Y., und the “United States Phurmacopeia.”



CHlly

percent absolute at the 95 percent confidence
- level.

DEGREE OF ETHERIFICATION

8. Scope

8.1 These methods cover the determination
of the degree of etherification (D.E.} of 50
dium carboxymethylcellulose.

8.2 Two methods are included as follows:

8.2.1 Method A (Acid Wash), for crude
and purified grades of sodjum carboxymeth-
ylcellulose with degrees of etherification up
to 0.85. Above 0.85 degree of etherification,
slightly low results may be obtained.

8.2.2 Method B {Nonagueous Titration).
for purificd grades of sodium carboxymeth-
ylcellulose of all degrees of etherification. It
is not applicable to the crude grades.

"Method A—Acid Wash

9. Summary of Method

9.1 The water-soluble sodium carboxymeth-
ylcellulose is converted to the insoluble acid
form, purified by washing, dried, and then a
weighed sample is reconverted to the sodium
salt with a measured excess of sodium hy-
droxide.

10. Apparatus

10.1 Srirrer, air-driven.

10.2 Buchner Funnel, 75-mm. fitted with a
70-mm fine-texture, heavy-duty lilter paper.
A 60-mm medium-porosity, fritted glass
funnel may also be used.

10.3 Deying Oven, maintained at 105 C.

11. Reagents

11.1 Diphenylamine Reageni—Dissolve 0.5
g of diphenylamine in 120 m! of sulfuric acid
(H,S0,, 9+2). The reagent should be essen-
tially water-whitc. 1t will give a deep bluc col-
oration with traces of nitrate or other oxi-
dizing agents,

11.2 Ethyl Alcohol (95 volume percent)—
Denatured ethyl aleoho! confarming to either
Formula 2B, 3A, or 30 of the U. S. Bureau of
Intérnal Revenue.

V1.3 Ethyl Alcohol (80 percent by volume)
—Dilute 840 ml of Formula 2B, 3A, or 30
denatured aicohol to | liter with water.

11.4 Hydrochloric Acid, Standard (HCI,
0.3 10035 N

85

D 1439

1.5 Methano!, anhydrous.

11.6 Nitric Acid (sp gr 142)—Concen-
trated nitric acid (HNQOj).

11.7 Sodium Hydroxide, Standard Solution
(0.3 to 0.5 N)y—Prepare and standardize 2 0.3
to 0.5 N solution of sodium hydroxide
(NaOH).

11.8 Sulfuric Acid (942 )=Carefully mix 9
volumes H, S0, with 2 volumes of water.

12 Procedure

12.1 Weigh approximately 4 g of the
sample into a'250-ml beaker and add 75 ml of
cthyl aleoho! (95 percent). Stir the mixture
with an air-driven stirrer until a good slurry is
obtained. Add 5 ml of HNO,, while agitating,
and continue agitation for | to 2 min. Heat
the sturry and boil for § min. {Caution; Note
1.) Remove the heat and continue agitation
for 1O to LS min,

NOTE |: Caution—Cuare should be exercised to

- avoid lire,

12.2 Decant the supernatant liquid through
the filter and transfer. the precipitaic to the
filter with 50 to 100 mi of ethyl alcohol (95
percent). Wash the precipitate with ethyl al-
cchol (B0 percent) that has been hcated to 60
C, until all of the acid has becn removed.

12.3 Test for the removal of acid and salts
(ash) by mixing a drop of the acid carboxy-
methyleellulose slurry from the filter with a
drop of diphenylamine rcagent on a white
spat plate. A blue coler indicates the presence
of nitrate and the necessity lor further
washing. if the first drop of reagent does not
produce a blue color, further drops should be
added until an excess of reagent is known to
be present, noting the color after each drop.
Four to six washings will usually suffice to
give a negative test for nitrate.

2.4 Finally, wash the precipitate with a
small amount of anhydrous methanol and -
Graw air through it until the alcohol is com-
pletely removed. Transfer the precipitate to a
glass or aluminum weighing dish provided
with a cover. Heal the uncovered dish on a
stcam bath untif the odor of alcohol can no-
longer be detected (in order to avoid fires due
to methanol fumes in the oven), then dry the
dish and contents, uncoversd for 3 h at 105 C.
Place the cover on the dish and cool to room
lemperature in a desiccator,

12.5 The sulfate ash content of the sample
at this point should be less than 0.5 percent



when determined on 0.5 g of the sample by
the procedure given in Section 6 of ASTM
Methods D 1347, Testing Methylcellulose ® [T
the ash content is greater than 0.5 percent, the
sample should be rewashed with'ethyl aicohol
(80 percent). If necessary, the procedure de-
scribed in 12.1 to 12.4 should be repeated. -
12.6 Weigh, to the nearest 0.01 g, about |
to 1.5 g of the dried acid carboxymeth-
vicellulose - {depending on the normality of
the acid and base to be used) into a 500-ml
Erlenmeyer flusk. Add 100 ml of wuter and
©25.00 mi of 0.3 to 0.5 N NuOH solution,
while stirring. Heat the solution to boiling,
and boil for 15 to 30 min.
12.7 Titrate the excess NaOH, while the
solution is hot, with the 0.3 to 0.5 N HCitoa
phenotphthalein cnd point,

13. Calculation

13.1 Calculate, the degru of etherification
as [ollows:

A = (BC - DEYV Y
Degree of etherification = 01624 /() - 0.058.4)

where:

A = milliequivalents of acid consumed per
gram of sample,

B = milliliters of NaOH solution added,

¢ = normality of the NaOH sclution,

D = milliliters of HCI required for titra-
tion of the excess NuaOH,

E = normality of the HCI,

F =2 grams of ucid curboxymclhylccllulosc
used,

162 = pram molecular muss of the anhydro-
glucose unit of cellulose, and

58 = “det increase in moleculaf mass of

anhydrogiucose unit for each carboxy-
methyl group substituted.

14. Precision
14.1 The precision of this method is esti-
mated to be £0.03 D.E. units.

Method B—Nonaqueous Titrarion

15. Summary of Method

15.1 This measurement is based upon u
nonaqueous acid-base titration. The sumple is
refluxed with glaciut acetic acid, and the re-
sulting sodium acetate is titrated with a

D 1439

standard. solution of perchloric acid in diox-
ane, to & potenticmetric end point. impurities
containing alkaline sodium will also be ti-
trated ‘under these condllu}n% Sodium chlo-
ride does not interfere.

16. Apparatus

16.1 pH Meter, equipped with a standard
glass electrode and a calomel electrode modi-
fied as follows:

16.1.1 Discard the aqueous potassium chlo-
ride solution, then rinse and {ill with the cal-
omel electrode sotution as described in 17.2.

16.1.2 'Add a few crystals of potassium
chloride and siiver chloride or silver oxide to
the electrode.

16.2 Buret, micro, 10-ml capacity.

17. Reagents

17.1 Acetic Acid, glacial.

17:2 Calomel Elecirode Solution—Add 2 g
of potassium chloride (KCl) and 2 g of silver
chloride (AgCl or silver oxide (Ag,0) to 100
mi of methanol and shake thoroughly 1o :,alu-
rate. Use the supernatant liquid.

17.3 1,4-Dioxane.?

17.4 Perch!ortc Acid (0.1 N}ﬁAdd 9 mlef
concentrated perchioric acid (HCIO,, 70 per-
cent) to 1 liter of dioxune, with stirring
(Cautien, Note 2). Store in an amber glass
botile. Any slight discoloration thal appears
on standing may be disregarded,

NotE 2: Caution—The solution of_ perchloric
acid in dioxane should never be heated or ailowed
Lo evaporate.

17.4.1 Stundardize the solution as follows:
Dry potassium acid phthatate for 2 h at 120
C. Weigh 2.5 g to-the nearest 0.0001 g into a
250-ml" volumetric flask. Add glacial acelic
acid, shake to dissolve, and then make up to
volume and mix thorcughly. Pipet 10 ml into
a 100-ml beaker and add 30 ml of ucetic acid.
Pluce on"a magnetic stirrer and insert the
ciectrodes of the pH meter. Add nearly the
required amount of HCIO, from a buret, then
decrease the increments to 0.05 ml as the end .
neint is approached. Record the millilizers of

3 Annual Hook of ASTM Srandards. Parts 21 and 28.
*1,4-Dioxane available as Eustman Koduk Catalog
2144 or Mateson, Celemun, and Bell Catalog No,
has beer found satisfuctory fer this purpose.
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