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INTRODUCTION

A rapid aceurate method for the determination of

jo)

sulfetes in the spin acid bath solution, used in the

Viscos

o]

nrocess of the menufacture of rayon has become

,"‘

narticularly immortant in view of certalin date wvwhich

Q

indicate the necegsity of meintaining a definite sulfate

w
Cu

content to act &g a neutralizing bath., The action of the

viscose Into a filament, vhich 1s drawn out of the solution
=nc wound on the hobbins,

It is cdesired to have a reletive simple and accurate
rrethod for the determination of sulfatcs in this solution,
since the solution must be checked cuite often to keevn the
sulfate content ahout constant. Because of this, it is
nececsary to use volumetric methods as much ag posgible,
Gravimetric mcthods recuire greater time, together vwith
the services of o laboratory taleance, which is very

delicate =ni subject to inscecuracies in the ordinary plant

. I i, = - - = A e - - s v -

orlt. Thie methor 1g the nost 2ccurate and 1s bascd on
.
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the precipitation of thc suvlfate lon by kerium chlorilfe,
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The purpose of this investigatlion was to compare the

accuracy of the recently published tetrahydroxyguinone
1
J - . A - .

riethod, the benzidine hydrochloride™  and the turbidimetric

\ 3 . . . . 11 . . .
method” with the gravimetric method for the determination

of sulrfates in the spin acid bath in the Viscose process

o~ Y e 3
i

the monufecture of rayon. The solutions on which thils

wvorlt vas done, were spln bath solutions, made up by three

[

In preparation for this invest-

a

udlied by itsell, anc¢ the technique

mination of sulfates shows that there are many ncthodls,

but most of these have the disadventage of beiln

[6e)

time

consuning or are too comnlicated for routine analysis.

H

The methceds vhich are suitable for a rapld determination

.

o 4 Lo . R - T S o o1 2 g et
of sulfates are counsldercd in the present investigation,.
The suitable ranid metholfe may be clageificed according

e o 2 RN S RN P Y
agsification: flltration methols,
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titration methods and turbidimetric methods.
The  benzidine hydrochloride metho%ois the best known

example of a filtration method. Benzidine (CIZHB(NHZ)E)
is a weak organic base. In presence of strong mineral
aclds it forms stable salts, of wﬁich the sulfate 1s only
slightly soluble in water. Agueous solutions of the salts of
this weak base undergo hydrolysis. An agueous solution of
~benzidine hydrochloride behaves like a mixture of hydrochloriec
acid and benzidine, and the acid may be titrabed with an
alkali, using phenolphthalein as indicator, The imsoluble
benzidine sulfate formed in this method 1s filtered off,
washed, suspended in water and the sulfuric acid is titrated
with sodium hydroxide, There are several sources of error
in the precipitation of sulfates by this method, The
precipitate is slightly soluble and also absorbs some
benzidine hydrochloride, These errors tend to counter
balance cach other, since they are in opposite directions,
It has been found that this method gives excellent results,
in the analysis of all sulfates provided no substances
are present which attack benzidine and provided the other
salts an7 aclids present are not too great,

Chromate saltg'may be used in the determination of

sulfates, The sulfate solution is treated with an eXcess

of a hydrochloric acid solution of barium chromate in



which ballum‘sulfate is precipitated and chromic acid is
set free. The solution is ﬁeutraliZed with ammonia or
~calcium carbonate and the exéess of barium chromate is
pfecipitated and can be filtered off with the barium
sulfate, The free chromic acid is determined volumetrically
by acidifying with hydrochlotic acid, adding potassium
iodide amd titrating the liberated iodine with sodium
thiosulfate solution. Ihe barium chromate must be free
from soluble chromate, soiﬁble barium salts ana soluble
‘bariﬁm~carbonate‘

varbonate saltsé,‘phosphate salts and oxalate salts
may be used In a similar menner to the chromate salts,
but the methods are coﬁplicated. These procedures are
all long and require filtéfing, which gives evidence of
ths odvantage of titration methods.

{itration methods are of two kinds: one in which

cators are used and the other in whieh internal

Fe

oubtside ind
indicators are used., The outstanding outside inéicatorss
used to determine the end point are starch potassium iodide
paper, congo red and ammonium.dichromate, and benzidine
paper. The methoa in use at present at most rayon plants
is the chromate méthod in which starch potassium iodide
paper is used as outside indicator. 1In general the use

of outslde indicators is too slow and inaccurate for rapid

routine analysis,
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The most recent method, which promises to be accurate
and rapid, was worked out in Germany., This method was furthered
invesgtigated by W.C.Schroeder6 and is known as the tetrahydroxy-
guinone method for determimation of sulfates; This method makes
it possible to %itrate the sulfate present in a sample directly
With a standard barium chloride solution using tetrahydroxy-
quinone as indicator., The end point is indicated by the
change in color from yellow to the appearance of a red barium
salt of tetrahydroxyguinone. Tetrahydroxyquinone is not
stable in water solutions, so it cannot be prepared and kept
to be used later, It is ground up and mixed with a large
amount of potassium chloride (ratio of 1-400) and a few tenths
of a gram of the mixture 1s used as the indicator. In this
form it 1s stable for over a year.

Re Strebinger and L.Von Zomborygdetermined sulfates by
titrating barium chloride with ,25N sulfuric acid by using
"-8 drops of a freshly prepared ,2% solution of sodium
rhodizonate as indicator, The color changes at the end point
from red to yellow in a neutral solution and from red to color-
legs in acids, Direct titration Of sulfate with barium
chloride in presemnce of this indicator is not possible, but
an excess of a known volume of barium chloridec moy be added
and the excess titrated,

In general, there are throc types of  turbidimetric



methodézin use'for‘the determination of sulfstes, Tle
first compares the turbicity of the sulfate solution with
the turbidity in o knovn solution. The second measures the
time recuired for a solution to become turbid after the

'

precipitating agecunt has Teen added, The third messurcs the

bl

{

depth of turbid liruld required to make a light disappear
when owserv.¢ through the suspenéion. Various methods of
this type depend upon the disappearance of a light filament
when observed through the solution,in which sulfates have
been precipitated by barium chloride. The disadvantages
of this method are: the range of concentration is quite
limited, the method is influenced by other salts, requires
a calibration curve and special equlipment and the accuracy
is doubtful, |

The DBetz-Hellige methog for the determination of
sulfates is recommended where 1t is desirable to determine
sulfates in concentrations below 100 p.p.m. The turbidimeter
used in this determination compares a beam of light with
the Tyndall effect produced from a leteral illumination of
the solutlon by the same light, This method does away with
the use of standard suspensions and their tedlous preparation,

thus simplifying the work and increasing the speed,
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THEORETICAL

Since the gravimetric method 1s very accurate and
free from serious interferenée, it 1s considered as being
correct in this investigation and the other methods under
consideration are compared with it as to accuracy. It
was decided to select the three most promising methods
for the determination of sulfates in concentrated solutions
for this comparison. The three methods selected are repre~
sentative of each of the three types of sulfate methods.
They are benzidine hydrochloride (filtration method),
tetrahydroxyguinone (titration‘méthod), and turbidimetric
method using the Parr Turbidimeter,

The method in use at the present time is the chromate
methoéiwith starch potassium iodide paper as outside in~
dicator, In this method the sample is diluted, neutralized
with dilute sodium hydroxide and heated to bolling. A
small excess of standard barium chloride is added from a
burette and the solution is heated to boiling., The excess
of barium chlori&é is back titrated with standard potassium
chromate using starch potassium iodide paper as outside
indicator, The end point is determined by_allowing a drop

of the solution to fall on the test paper so that the

barium chromate remains concentrated in one spot while the



eclear soiution spreads arounﬁ it. Adxép~ef‘veﬁ??ﬁiiufé”_
hydrochloric acid is then spettsd on to the paper so i f““
that the acid runs into the clear rim of the first s@@t,

A blue color aevelaps when an excess of ssluble aﬁramate
is present due to liberatlan of ie&ine and ths aatien ex
this on starch, '

The reactions involved in this method are gsffélleﬁzz

HoS0, +2NaOH = n32504 + 2H,0

Na 2Ba612 = ZBaSG + ZHaGl
gho, 4 *+ * 7 Tuee1,

BaClp + K,Cr0, = BaCrog +21i§31
K20r0, + 6HOL + 4KI = CrClg + 6K01 +4H26 * :axz |

The last reaction takes place on the test paper;’
The use of outside 1ndlcators makes the mﬁthoﬂ slew anﬂ
1naccurate, espeCIally in concentrated solutions, It is
also;necessary to prepare and keep on hand a fresh sugply/
of standard‘ﬁotaséiug chromate solution and stanﬁaré |
barium chloride, For these reasons the method wés not
included in this investigation, ‘ 7 -

In the gravimetric me’chodlf vhich is the standard
méthod, the solution is heated to boiling and the sulfate

is precipitated by adding a few c,c, of a 10% solution
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of barium chloride., The solution is filtered and the

:

precipitate is washed free of chlorides. The precipitate
~1s placed in a welghed porcelain crucible and heated

to 800 degrees gentigrade for omne hour and then the
cruclible 1s cooled and weighed, The percent sulfate

is calculated from the barium sulfate present, The

reactions involved in this method are:

HoS0, ; 2BaCl, = 2ZBa3S0. + 2H Cl ‘
Mg30, “ MegCl.,

In the bemzidiné hydrochloride method the benzidine
hydrochloride is preparecd by triturating 6.7 grams of
the base in a mortar with water, This is added to a
liter flask containing 20 c.c. of concentrated hydro~
chloric acid and the solution is diluted %o the mark.
The solutlion may be filtered and kept for further use,
Benzidine hydrochloride will undergo hydrolysis and
is decomposed as follows:

[

Clgﬁg(MHg)?,2H01 + EHZO - ZHC1 4+ Clgﬂg(NHz)g(HOH)g
The benzldine hydroxide bresks down into benzidine

and water as follows:

G, H-(NH,) (HOH), = Cy Hg(ll Hz), + 2H,0

IR AU ISR &
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From these equations it is evident that benzidine
hydrochloride behaves like a mixture of hyﬁrbchloric
acid and beﬁzidine and the acid may be‘titrated wiih
sodium.hydroxidé.

In the sulfate determination the following reaction
takes place: / |

C12Hg(MHp)5.2HCL + Na,SO4 = 2 NaClls CjgHg(NHz), HyS0,

Tﬁe insoluble precipitate is filtered off, washed
with a small quantity of eold’water, suspended in,yater
énd,the sulfuric acid produced is titrabed with a ,1
normal sodlum,hydrox1de solutlon,

In the tetrahydroxyquinone method for the determin-
ation of sulfates the tetrahy@roxyqulnone is made by
treating glyoxal sodium bisulfite, prepared‘by treatmgnt
of acetaldehyde with nitric acid amd sodium bisulfite,
with a solution of sodium carbonate, It is mot stable
and must be mixed with a large amount of potassium
chloride in the ratio of about 1~-400, and used as a
powder when needed, |

In this method the sulfate solution is néutralized
Just to the acid side of phemnolphthalein with potassium

hydroxide, Amn excess of acid will destroy the imdicator
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and an excess of base will give an interfering pink
coclor with phenolphthalein, The temperature of the
sample must be kept below 30 degrees centigrade to
-cause the barium sulfate to precipitate out raster

and to prevent the destructlion of the indicator,
Alcohol is added to the neutral solution to meke the
barium sulfate more insoluble, so as to speed up the
precipitation., In concentrated sulfate solutions
sodium chloride is added to make the end point more
defirite. The end point is determined by a color
change from yellow to rose, This change is slow and
gradual but is définite and accurate if performed by
carefully following the procedure, The indicator forms
a rose colored salt With.barium.ohloride and this marks
the end point.

The turbidimetric method was performed by use of a
Parr”™ Turbidimeter 1n which the sulfate is precipitated
with barium chloride crystals, The solution is placed
in a tube and the disappearance of a light filament
marks the end point. A scale on the apparatus enables
the operator to read the depth of the solution that is
required to meke the light disappear, This reading may
be converted to p.p.m, Of sulfates by referring the

-
to a standard curve for sulfates, The whole

2. -

orocedure is based on vhe fact that a concentrated
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colution will require a small depth to make the light
obscure, while a dilute sulfate solutlion will require

a greater depth., The reactions imvolved are:

2BaCle + HosSCs = 2BaSOz + 2HCL
' IgS0, gCle

v

EXPCRIMEINTAL.

The first spin acid bath solution prepared was

1 Courtoulas and Nepper formula, consisting

made by the
of sulfuric acid 10%, sodium sulfate 12%, zinc sulfate
% ucose 109 and water 67%. The second acid solutiom
1%, gl 10% and wat 7%, Th 3 d solut

consisted of sulfuric acid 12%, sodium sulfate 20%,

-

magnesium sulfate 35% and water 33%, The third acid
solution comsisted of sodium sulfate 16%, sulfuric acid
10%, magnesium sulfete 32%, and water 42%. The fourth
aclid solution usel wes of the same solution as number
three, but it had been used in precilpitating about

200 yards of rayon in the rayom leboratory., This
golution was used to see 1f the methods under investi-

'3

cation were affected by the Impuritiecs collected by

m

tho ecld beth in the precipitation of the rayom.

£



Since the investigation was carried out with
strong sulfate solutiomns, it was necessary to first
dilute the solutions. Ten c,c. of the origimal solution
. were diluted to 1000 cc, amnd this was used in all of
the determinations for that solution. The gravimetric
method was used on each solution first and them the
-other methods were employed amd the results compared,

In the gravimetric method 50 cc, of the dilute
solution (10cc. diluted to 1000cc,) were dilutbed to
550cc, and mneutralized with ammonium hydroxide with
methyl orange as indicator. One cc. of hydrochloric
acid was added and the solution was heated to boiling
on a hot plate, Fifteen cc, of a 10% solution of barium
chloride - was added slowly with comstant stirring. The
solution was allowed to stand on the hot plate over-~
night and filtered while still hot. The precipitate
was washed with hot water until free of chlorides.

The filter paper was allowed to dry in the funnel for
ten minutes and then placed im an ignited, cooled, and
wveighed porcelain crucible, The precipitate was dried
and ignited in a muffle furnace at a temperature of

800 degreee censigrade for one hour. The crucible was
cooled and welghed as barium sulfetes, The percent of
sulfate was calculated from the weight of barium sulfate

rresent,



In the benzidine hydrochloride method Zcc, of the
riginal solution were diluted with water to 250 cc. of
solution and o5 cce. of the benzidine hydrochloride
’solution were added with comnstant stirring. After ten
mimutes the precipltate was filtered off through a Uitt

crforated porcelain filter plate, The precipitate was

*rj

washed with several vportioms of water., The precipitate

1 filter papcr were tramsferred to a beaker with 100 cc,
of water and heated to 50 degrees centigrade., A few
Grops of phenolphtheleln were added and the sdlution

was titrated with ,1 normal sodium hydroxide., When the
end polnt was nearly reached the solution was boiled

and the titration completed. The color change 1s from
colorless to pink.

In the tetrahydroxyquinone method for the determination
of sulfateslﬁs cec, of the diluted solution was carefully
neutralized to the acic side of phenolphthalein with
potaseium hydroxicde, Twenty-five cc, of ethyl alcochol
were added and the temperature vas kept below 20 degrees
centigrace, About tvo grams of sodium chloride were
added to make the end point more definite. About ,4
crem (1-2 déippers) of the tetraliydroxysuinone indicator

vhich peve the solution o Fellow oo? ¥

o L

lerd dillute solution of



perium chloride, to a rose color, The solutiom required
nuch shaking and a low temperature.‘ The number of cc.
of barium chloride required for the titration and the
normality of the barium chlorlde multiplied by the
milli-equivelent of sulfate glves the weight of sulfate
in the sampic taken. This may be comverted into p.p.ie

. .
1 -1 P

by morking off six places to the right.

N -

In the turbidimetric method © cc. of Tthe dilute

S

sulfebte solution vere taken and 25 cc. of the Reagent A

wvere added., (Heagent A 1s prepared by dissolving 24
grems of soCiun chloride in water, adding 20 cc, OF

concentrated hydrochloric acid and diluting to one liter,
It is used to regulate the acldity of the solution and
sup?ly an excess of sodlum ioms,) The solution was
diluted to £00 cc. and one dipper of bariu~ chloride
crystels adced, Tﬁe solution was shaken for ome minute
and themn placed in the tube of the turbidimeter. The
depth of the turbid liquid required to make a light
filament disappear was regulated by means of a hand screw
and the reading was recorded, The P.D-me of sulfate were
determined by referring to the standard sulfate chart on
page 18, prepared from standard solution of sodium sulfate,
The following tables give a comparison of the results
obtained from the various methods and the percent of

error 1ln cach case,



Results of solutiom §
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*Grav1metrlc'Tetraaydroxyﬂ'Ben21dlne'Turbld- 'Percentage Error '
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T k4 =~y L ETOT
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Results of sclutiom 7+ 11
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; ; - :
:Grav1metrlo:TetiiﬁgiggxynfBeg?%ulne:?zi?ig; : Percentage Error E
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Results of solution # IV
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It will be notiéed from £he‘abovelcomparisons that
fairly gzood agreemeht was obtained with the gravimetric
tetrahydroxvquinone and the benzidine hydrochloride methods,
The percentage efror in the tetrahydroxycuinone method E
vas not mnore than 8.3%,'ﬁhile that of the benZidiné |
hydrochloride was not more'than’2,4%. The @epcentége
error in the turbidimetric mefh@djwas mth'gfeater, be -
ing 7.15% in concentrated solutions. It appears evident
that the tufbidimetriq,méfhod is’not ap@licable in the |
concentfated solutiong, if an accurate check ié necessary.

It was foundbfrom‘fhe abo&e comparison, that the
impurities collected by the acid bath in precipiﬁating ;4‘
the rayon,do not éppreciably affect the methods. of sui;

fate determination. <ven the presence of zine and mag-
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The o1 was keodt around»é.ﬁ in the tetrahydroxy-
cvinons method,since an excess of acid(destroys the
indicator and an excess of base givesg an interfering

oink color with shenolphthalsin.,The tem?erature was Kepl
below %0 dogrecs Centigrade, since a higher temperature
destroys the indicator. It was found best to add one extra
Ginner o1 inaicator just beiore the end point was ex~-
nected .PHie indicator is unstable end casily destroyed

ana thus & ¢inder at this point will assure & sutticient

sus0ly. Sodium chloride vill cause & rapid color change



and increase the precision in concentrated sulfate

- solutions.

N
comsws;:em

& comparlson of the gravimetric, teﬁrahydraxyqainﬁna

and benzidlne hy&rochlorlde msthods for the detarminatﬂ;n
of sulfates 1n,the aeid bath solutlon in the Vlsnasa
process of the manﬁfacture of rayon shGWs accept&ble

results in all eoncentratlons. The turhlﬁimﬁtric mﬁthsﬁ

ShOWS a greater error in these concentrateé solutlonsg

 The tetrahydroxyqulnone method is accurate to;wi i

2.3%. The method is not materlally affecte& by the ions ?
commonly found in- the acid baths for the Vlscase precess
“of the manufacture of rayon. This method is not eﬂly '
faccurate but ié,quite short and involves no spee;al~,
equipment, It is a<titratioﬂ method‘with an“iﬁsi&e- 
indiéator. The only stan&ard‘sclutions necessary for

the method is barlum chloride and this is stable. vOﬁca 
the technlque is mastered and the precautions noted ’
the method may be applied With‘ample accuracy for the
acid bath, d o

The bénzi@ine hydrochloride method, while not



quite as simple, may be applie& té‘the:éetgrmin&ti@hiéf
the sulfatesvgf"fhe‘aéid bath With & fair degree of
precision.'!Tﬁa method isfmmre;iﬂvolved4an@_rgqﬁig§§ ;
filtering, Which is time consu,ming_,,and"r"equi'r.ea s;a;eié:iai
equipmént, i o )
The turbi&ime%ric mefhc@iis notgﬁreciéé f&i_éﬁé@ﬂ
a ébncentxated spluti@g°an&‘thﬁs‘mﬁst £e alimi&atéé,;f
It is acourate,é£d verﬁlrapidtforvery,dilute §Ql§§iQn§ ;

of sulfafes,



fnote

After completing this investigation, a letter
was received from the Betz Laboratories of Philadelphils,

-

ndicator.

[y

announcing an improved teitrahydroxycuinone
This luproved indicator 1s used in exactly the same
manner as the original material, but gives a very sharp

andé improved end point in Tthe titration of sulfates.
This lmpoovement was made by changiéng the dispersion
medium to a special organic compound instead of potassium
chloride as was originally used,

They sent a five gram sample to be tried in our
sulfate determinations. This new indicator was tried
on the above. sulfate sclutions, and although no comparison
as to accuracy was attempted, it showed a sharper end
point, The change in color Is from a yellov-oranse to

deep red and is permanent, This new indicator should

®

shorten the Timc of titration and meke the end point

more definate.
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