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I. INTROUUCTION

Sulfate ions in water and industrial wastes pose an impor-
tant and often expensive problem with which to cope. In munie-~
ipal water supply, the sulfate concentration is dependent upon
the source of the water utilized in meeting the demand of the
community. The sulfate concentrations of ground waters are gen-
erally higher than those of surface waters, owing to the fact
that water, in percolating through earth and rock formations,
dissolves minerals with which it comes into contact. Sulfate
ions constitute a large part of the hardness which finds its way
into water in this manner.

Waters high in sulfate concentrations have many undesirable
qualities. Hard water is of poor quality for domestic use be-
cause of the nuisance effect. Hard water is also unsuited to
the operations of many industrial processes. Conéequently, water
must often be treated to remove sulfate ions in order to render
the water suitable for use.

The problem of sulfate concentratione in wastes is of con-
siderable importance to some industries, since treatment to re-
duce sulfate concentrations in the wastes must be employed before
the wastes are discharged into a public watercourse upon which
communities downstream depend for their normal water requirements.

Such a watercourse will often contain high concentrations of



sulfate ions, and the problem of water hardness must be dealt

with by the downstream consumers.

High sulfate concentrations are present in wastes from such
industries as pulp mills, textile mills, munitions manufacture,
and from metal pickling processes. These industries must nec-
essarily treat their wastes before discharging them into water-
courses, |

The problem of sulfation (the deposition of calcium sulfate)
is of extreme importance to industries having large volumes of
sulfuric acid wastes. Economic considerations usually call for
the neutralization of sulfuric acid wastes with lime, the result
being the formstion of calcium sulfate. The calcium sulfate is
deposited in treatment facilities, thereby reducing their operating
efficiency. Such deposition, if allowed to continue, eventually
requires extensive cleaning operations and possibly the replace~
ment of certain units of the treatment facilities. This is
especially true in the case of pipe lines which become so con-
gested that the required flow no longer can be aecommodated.

Valid analytical methods for the determination of sulfate
concentrations in water and wastes are essential to an intelli-
gent approsch to the sulfation problem. Consequently, three
methods of analysis were investigatod‘preliminary to the study

of the removal of calcium sulfate deposits from treatment



is regarded as the standard for sulfate determination, was in-
vestigated first. The volumetric and turbidimetric methode of
analysis were then investigated in an attempt‘to establish a

|
|
facilities. The standard gravimetric method of analysis, which
comparison or correlation with the standard gravimetrie methed.
|




I1I. REVIEW OF LITRRATURE

Calcium sulfate, in the form of gypsum, is present in most
waters, causing non-carbonate (permanent) hardnesa(s). If the
hardness is determined excessive, treatment is required in order
to render the water suitable for general use. The hardness
caused by the presence of sulfate, however, is not the only
objection to its presence. Udors and tastes are accompanied by
high concentrations of sulfate(3).

By necessity, industries which produce as a result of manu-
facturing proceésea wastes of high sulfate concentrations must
employ treatment for the removal of sulfate before discharging
the wastes into a public watercourse. If no such treatment were

required, use of the water downstream as a potable water supply

would be uneconomical(a).

Sulfation

industries discharging wastes with high concentrations of
sulfuric acid must employ complete neutralization facilities.
This ie necessary to reduce the detrimental effect upon the
receiving stream. Several patented processes are currently

employed for neutralization(h). It is in such treatment



facilities that sulfation occurs. If lime is employed as the

neutralizing agent, calcium sulfate is the product of reaction
during the mixing process. Deposition of the calcium sulfate
results unless there is sufficient agitation to maintain the
caleium sulfate in suspension until subsequent settlement is
allowed in a lagoon or other type settling basin. Even under
the most favorable conditions, a moderate amount of deposition
occurs.

Sulfation is a common occurrence where lime is employed in
waste acid neutralization, but, to the author's knowledge, there
has been little success in its prevention and no success in the
development of a method for the removal of the deposited material..
An intensive literature survey in the Virginia Polytechnic Institute
libraries revealed no information pertaining to research involving
removal of sulfate deposits. A fifteen year index to Industrial
and Engineering Chemistry makes no reference to the general
problenm,

The sbsence of information relative to the problem of sul-
fation necessitated the investigation and evaluation of analyt-
4cal methods for the determination of sulfate concentration.

Such evaluations may be used as indications of valid applica-
tions of the methods under consideration, and the proper analyt-
ical procedure can then be selected for analysis of the problem

at hand.



Standard Gravimetric Method for Sulfate Determination

The gravimetric method for sulfate determination is & direct

method and is employeq in analytical work in which a high degree

of accuracy is desired. "The gravimetric method is recognized as
(1) -

the primary procedure" « There are in current use many varia-

tions of the standard gravimetric method, but the method most

widely sccepted is that outlined in Standard Methods for the
(1)

Examination of Water and Sewage
11)

« Theroux, Eldridge, and
Hallm;n( list a procedure which varies considarabiy from the
éenerally accepted method. Hoover(s) presents a methed which
varies from the "Standard Methods" procedure only in the ree-
ommended volume of sample. Even where variations and alteraticns
of the methoa are exercised, reasonably consistent results can be
expefted.

Although the grawinetric method is considered the most re-
liable analytical procedure available, it is not infallible.
Sulfites must not be present in the sample analyzed gravi-
metrically. Silica and iron in high concentrations must, like-

wise, be abaent(l).




Volumetric Method for Sulfate Determination

The volumetric method of analysis employs the principle of
titration of an acid with a base. The principle involved is
simple, but the time and manipulations entailed are disadvan-
tages. Ordinarily, fairly good results are obtained, but care
mist be taken in the preparation of the sample to eliminate ferric
iron, the cause of low rosults(ll). If ferric iron is present in
the sample, a reagent must be added to reduce the iron to the

ferrous state, which does not interfere with results.

Turbidimetric Method for Sulfate Determination

The turbidimetric procedure for determination of sulfate con-
centration is similar, in effect, to the gravimetric method. The
chief difference in the methods is that the barium sulfate is pre-
cipitated and weighed in the gravimetric procedure, whereas' a
barium sulfate suspension is produce& in the turbidimetric method,
and the intensity of the suspension is proportional to the sulfate
concentration.

Various types of photometric inatrumeﬁts are used in the
turbidimetric method of analysis. Photometers are employed not

only in the determmination of sulfate concentration, but in nitrate

and phosphdte concentration analysis as well.
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The employment of the photometer in turbidimetric analysis
involves the preparation of a curve based on readings made on
standard solutions. Once established, the curve is referred to
for the concentration of the unknown. This provides a rapid and
convenient determination method in routine analysis.

Difficulty is encountered in establishing the curve from
standard solutions because of the nature of the prepared suspen-
sion. For this reason, many precautions must be observed if |
reliable results are to be expected. Snell and Snell<lo) recom-
mend the use of 2 suspension stabilizing agent for more consistent
results. Peptone, gum ghatti, gelatine, or glycerine may be used
for such a purpose.

The turbidimetric method is very sensitive tc the presencs,
in solution, of many elements. Standardization work is performed
with the use of distilled water to which only the desired sulfate
concentrations are added. It is, therefore, imperative that care
be exercised in the exclusion of such detrimental elements from
the unknown analyzed. Also, the sulfate concentration should be
low if the analysis is to be conducted turbidimetrically. Snell

(10)

and Snell state that the sulfate concentration should be be~

tweeA 0.8 and 8.0 parts per million and that sodium, zinc, cadmium,

mercury, and aluminum should not be present in the sample, since
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they lead to high results. NMagnesium and nitrogen compounds in
solution cause low results. A uniform salt concentration (NaCl)
is essential along with a uniform &cid concentration (HCl). A
pH of 3 to 4 is recommanded(lo).

Because c¢f the extreme limitations of the turbidimetric
analysis, the most common application of the method is in the
determination of sulfate in watgr, where the concentration is

generally low(lo).




III. OQBJECT OF INVESTIGATION

The investigation had two objectives. The first objective
was to investigate and evaluate methods for the determination of
sulfate concentration in order to select an appropriately accu-
rate method which could be used in a complete analysis of the
calcium sulfate deposits. The second objective was to develop
& chemical medium through which the removal of calcium sulfate
deposits could be effected. It was thought that if a feasible
removal method could be developed, a general proposal for field
application of the procedure could be presented. Such a pro-

posal would be of value to industries harassed by the problem

of sulfation.




IV. INVESTIGATICN OF ANALYTICAL METHOLS

General

Limitations of the various analytical methods of analysis
are the prime factors leading to inconsistent results in routine
laboratory work. All too often, the indiscreet analyst selects
a particuler procedure for his work without investigating such
limitations as may exist for the me@hod. For work of impor-
| tance, an investigation and evaluation of the analytical pro-
cedure selected should be conducted in advance of any routine
analytical work. |

Factors pertinent to the applicability of a particular
analytical method may be considered as follows: (a) time
involved in preparation of samples, (b) time consumed in
actual manipulations of the procedure and the number of such
manipulazions, (c) the concentration range over which the
method is applicable, and (d) the consistency and accuracy
which can be achieved. Because of these factors, the three
methods of analysis were thoroughly investigated and evaluated
as a guide to the selection of an accurate procedure to be

used in analyzing the sulfation problem.




Standard Gravimetric Method for Sulfate Determination(l)

"In an acid solution barium chloride precipitates only
sulfates as barium sulfate."(l) The reaction which occurs is

as follows:
CaSC?h + BaC12 = 3880!’ + CaCly

The barium sulfate is precipitated and is filtered out. The pre-
cipitate is ignited at 800°C to constant weight, allowed to cool
in an desiccator, and weighed. The equivalent welghts of barium
sulfate and sulfate are used to calculate the sulfate concentra-

tion as SQi. A sample calculation is presented in appendix D.

Apparatuss
The apparatus for the investigation consisted of stundard

laboratory equipment. This included pipettes, graduated cylin-

ders, Lrlenmeyer flasks (500 ml. volume), a vacuum flask for fil-

tering, snd other incidental glassware. Gooch crucibles

(appendix A) were used for filtering the samples. A furnace

capable of producing heat at 800°C was required for igniting

.precipitatés. Actually, & 1000°C capacity furnace was employed.

A standard steam bath was used for digestion of the samples before

fiitering. Hot plates were utilized in heating the samples to

boiling. | |




Reagents:

The reagents required for the procedure consisted of:'

(a) a 10% barium chloride solution, (b) hydrochlorie acid
(1:1 solution), and (c) a silver nitrate-nitric acid wash
golution. All reagents were prepared according to "Standard

Methoda“(l) (appendix A).

Preparation of Samples:

Duplicate aamples* were prepared covering a concentration
range varying from 4O p.p.m. through 360 p.p.m. S0 in order
that an evaluation of accuracy could be made. Since 200 p.p.m.
SO, (approximately) was the concentration recommended for best
resulta(l), it was thought that such an investigation would
bring about a more thorough understanding of the limitations
of the gravimetric procedure. No precautions were necessary
relative to the removal of sulfites, silica, and iron, since
only standard concentrations were utilized in the preliminary
phase of the investigation, and only distilled water and a
standard sulfate solution were used.

The concentrations investigated were 40, 160, 200, 240, and

360 p.p.m.'SOh. These values were selected in order that the

* Duplicate samples were not specifically recommended, but the
anthor felt that more relisble results would be obtained
through such a practice.




accuracy of the method could be investigated in both high and

" low concentrations and a comparison could be made with the
accuracy at the 200 p.p.m. SOj concentration recommended for

the procedure.

Procedure:

The standard gravimetriec procedure, as prescribed in

Steandard Methods for the Examination of Water and sewage' ),

is as follows: .

1. Adjust a 250 ml. clear sample, by dilution or concen-
tration, to approximétely 200 p.p.m. sulfate as soh.

2. Add 2 ml. 1:1 hydrochloric acid to the sanple.,

3.. Heat the solution to boiling.

4. Add 10 ml, hot 10% bariun chloride solution slowly,
while stirring.

5. Digest the precipitate on a steam bath for 2 hours.

6, Filter in a tared cruéible and wash the precipitate
with warm distilied water untii free of chlorides as
determined by use of the éilvcr nitrate-nitric acid
wash solution.

7. Ignite the precipitate at 800°C to constant weight.
Place the crucible in a desiccator to cool.

8. Weigh the crucible and preciéitate and calculate phe

sulfate concentration.



Four series of analyses were conducted according to the
prescribed procedure. The concentrations investigated, as
previously stated, varied from 40 to 360 p.p.m. 580,,» inclusive.
The data were recorded, and an analysis of accuracy was con-
ducted, taking into consideration the theoretical solubility
losses for each concentration investigated(s ).

Upon completion of the preliminary phase’ of invostigation
of the gravimetrié method, &n investigation was made relativé
to the applicability of the method to the analysis of actual
wacste samples. The wastes were normally of high sulfate concen-
tration, ranging as high ae apprdximately 3,000 p.p.m. sok.
Becsuse of the high sulfate concentration of the waste, it was
necessary to employ diluti;an in order to obtain & sample of
spproximately 200 p.p.m., as recommended for the procedure.

The hellige turbidimeter, which measures the turbidity of
a solution, was employed to determine primarily the sulfate
concentration of the undiluted waste. A barium sulfate sus-
pension was produced in a portion of the full strength waste
by use of barium chloride crystals and a salt acid solution.
The turbidity of the barium sulfate suspension was determined,
from curves prepared for use with the Hellige instrument, in

terms of sulfate concentration. The sulfate concentration

determined in this manner provided a guide for use in dilution




of the sample to approximately 200 p.p.m. for analysis by the
gravimetric method.

The samples prepared by dilution for gravimetric analysis
were not filtered because the prevailing turbidity of the sam-
ples resulted almost entirely from suspended particles of cale
cium sulfate. Removal of éilica was not necessary since its
concentration in the samples was less than the eritical value
of 1£. Sulfites and iron were not present in the samples,

Sixteen analyses of waste samples were conducted gravi-
metrically with preliminary turbidimetric analyses as guides
to dilutions of the samples. The data were recorded and a
statistical analysis conducted in the comparison of the bur-
bidimetric results with gravimetriec results.

Data and Results: .
The data and results obtained in the investigqtion of the
travimetric method have been tabulated and are presented in
Tables 1 and 2. The relationship of sulfate concentration to
error in results obtained has been shown graphically in
Figures 1, 2, and 3. A comparison of turbidimetric results

with gravimetric results has been presented in Figure .




Figure 1 shows curves for the four series of analyses which
were conducted using standard sulfate concentrations varying from
4O p.pem. to 360 p.p.m., inclusive. Sulfate concentration is
compared with total % error in results. Presented along with
the four curves, for comparison of theoretical error with total
error, is a curve showing the theoretical error resuiting from
solubility losses at each concentration investigated.

Pigure 2 is a graphical presentation of the average, maxi-
mum, and minimum # error in results at each of the five sulfate
concentrations. The general variation range (spread) of error
is clearly indicated by the compariscn of the maximum and mini-
mun § error curves.

Pigure 3 shows the deviation of actual # error from the-
oretical ¥ error resulting from solubilit& losses at each of
the sulfate concentrations investigated for the four series of
analyses.

Figure 4 presents a graphical comparison of turbidimetric
and gravimetric results from the analyses of sixteen actual
weste samples. The curve of "best fit", determined by the

method of lease squares (appendix F), is employed for the com-

parison of results. Variance of data (eppendix G) and 90%




confidence limits (appendix H) are also shown for the purpose

of evaluating the reliasbility of the data obtalned from the

sixteen analyses.”




Description of Table 1.

Hesulte of Gravimetric Method for Four Series of Analyses

TABLE 1

)

Theoretical Error.
ries of Analyses.
4 Error - Min. % Error

lubility lLosses

) - Average of Duplicate Samples.
(%) (Max.

&

of Recovery.
4) for Four Se

al Error from

(%) Due to So

Deviation (%) of Tot
Average total error

(
al Error

Recovered (p.p.m.S0

al Error (%)

¢

Theoretical Error

S0
To
Variation in Tot

Column 13
Column 2:
Column 4:
Column 53
Column 6:

a Actual SOL Concentrations of
g'g ‘Prepared Samples (p.p.m.SOh)
o]
82 | 40 | 10 | 200 | 20 | 360
1 37.80| 158.35| 199.05 | 238.20| 362.75
r4
> 2 5.0 1.03| o.8| 0.75| 0.76
° .
g 3 3.45| 0.86| 0.69| 0.57| 0.38
0 ) '
L 56,50| 19.80| 30.40| 31.50| 99.90
?.;' 2 6.00] 1.60| 0.60] 0.85| 0.40
e o
,*5 g 3 3.45| 0.86| 0.69| 0.57| 0.38
[}
2 L 73.90| 85.80| 12.80| 49.10{ 5.50
%
g 1 37.36| 162.75| 199.20 | 242.40| 360.47
8 .
8l ol 2 6.601 1.75| o0.40| 1.00{ 0.13
@ ,
g 3 3.45| 0.86| 0.69| 0.57| 0.38
L 91.30| 100.00| 42.00| 33.60| 65.80
. 1 38.70| 157.80| 200.40| 239.30| 359.10
%
al 2 3.30| 1.40| 0.20| 0.30| 0.25
‘§ 3 3.45| 0.86] 0.69| o0.57| o0.38
L 4.30| 63.00] 71.00| 47.00| 34.00
5.34 .44 0.42 0.73 0.39
6 3.30| 0.69| o0.40| 0.70| 0.63

* Samples were filtered at approximately 50°C
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TABLE 2

Results of Gravimetric and Turbidimetric

(Hellige*) Analyses of Waste Acid

Analysis Turbidimetric Gravimetrie
Number Results Results
(p.p.m.SOk) (p.p.m.soh)
1 1800 2098
2 500 680
3 1300 1563
L 1,50 1713
5 1000 1126
6 1350 1636
7 2450 2790
8 1400 1654
9 1250 1617
10 1600 1708
8 1 2100 2403
12 1350 1692
13 900 1175
1, 2250 2687
15 750 900
16 2100 2254

* The Hellige turbidimeter was used for preliminary
determinations prior to adjustment of concentra-
tion of samples for gravimetrlic analysis.
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Volumetric Method for Sulfate Determination

If ferric iron is present in the sample analyzed volu-

metrically, low results will be obtained because of the re-
action of ferric iron with benzidine hydrochloride. Ferrous

iron does not, however, react in this manner. Hydroxylamine

to the ferrous state.
In a hydrochloric acid sclution, a reaction occurs involving
the sulfate and benzidine hydrochloride to form a slightly sol-

uble compound of benzidine and sulfuric acid as follows:

\
hydrochloride is, therefore, added to reduce the ferric iron
Cas0, + Clzﬂs(Nﬂz)z * 2HC1 = C12H8(NH2)2 « HyS50, + CaCly

All HCl must be washed from the precipitate before boiling
or high results will be obtained, since the method involves
titration of an acid with a base. C(nly the stch combined with
the compound is to be titrated, if accurate results are to be

obtained.
CioHg(NHy), * HpSO, ¢ NaOH = Nap50;, + CypHg(NHp)p « Hp0

The volume of NaCH used in the titration is employed for
calculation of the concentration of sulfuric acid as sulfate
(80,). A sample calculation is shown in appendix E.




Aggaratua:

The apparatus required for the procedure consisted of

standard laboratory spparatus. The glassware required in-
cluded pipettes, an autcmatic 10 ml. burette éraduatod in |
five-hundredths milliliters, several 400 ml. beakers, 6 emall
funnels, and a 25 ml. graduated cylinder. A funnel rack of 6
funnel capacity was used for fiitering operations. Hot plates

were used for heating the samples prior to titration.

eagent s
The reagents required for the volumetric method weres
(a) a 1f solution of hydroxylamine hydrochloride, (b) a
bengidine hydrochloride solution, (c¢) a 0.05 normal sodium
hydroxide solution, and (d) standard phenolphthalein in-
dicator~solution. All reagents were prepared aécording'to the

Laboratory Manual for Chemical and Bacterial Analyeis of Water

and Sewage(ll). See appendix B for preparation of reagents.

Preparation of Samples:

The samples were prepared varying over a sulfate concen-
tration range of 5 p.p.m. to 160 p.p.m. 80,, inclusive. This

range was investigated for the purpose of overlapping the lower

range of the gravimetric investigation. It was thought that if




the volumetric method proved reliable for the greater portion

of the range investigated, an analytical method would then be
available which would eliminate the process of concentrating

samples for analysis by the gravimetric method, and the volu- .
metric method could be used instead of the gravimetric pro-

cedure for samples of low sulfate concentrations.

Procedure:

The Laboratory Menusl for Chemical and Besterial Analysis
(11)

of Water and fewage outlines the volumetric procedure as

follows:

1., Heasure exactly 250 ml. of the sample into & 400 ml.
beaker.

2, Add 10 ml. of a 1% eolution of hydroxylamine hydro-
chloride. (If the iron content is less than 0.5
PsPslie, this step may be omitted.

3. Add to the sample 20 ml. of benzidine hydrochloride.

Le Stir the sample vigorously and allow the precipitate
to settle. |

5. Filter the solution through filter paper and wash the
beaker and the paper with esmall portions of distilled

water. (Whatman #42 filter paper is very satisfactory).



6. Pierce the'filter paper in the funnel and wash the
precipitate from the paper into the original beaker
with approximately 200 ml. of distilled water. Heat
to boiling to dissolve the precipitate.

Add 3 drops of phenolphthalein indicator and titrate
with 0.05 normal sodium hydroxide solution until the
first permanent pink color is obtalned.

Place the filter paper in the solution and continue
the titration to the first permanent pink color.
Record the ml. of sodium hydroxide solution used.

Six series of analyses were conducted according to the pro-
cedure outlined. The sulfate coucontrafions of the prepared
solutions varied from 5 p.ﬁ.m. to 160 p.p.m., inclusive. The

data were recorded, and an accuracy analysis was conducted.

Data and Results:

The data and results obtained from the investigation of

the volumétric method have been tabulated and are presented in
Table 3. A study of sccuracy is shown graphically in Figure 5,
in which the maximum, everage, and minimum ¥ error in results
for each of the six sulfate concentrations investigated can be
found. The variation range (spread) of error is indicated by
a comparison of the maximum and minimum % error curves.




TABLE 3

Results of Volumetric Method for Six Series of Analyses

Actual SQ, Concentrations of
Prepared Samples (p.p.msSOy)

: Colﬁinﬁ
Kumberg

. % Error)

al Error (%)

S0, Recovered {p.p.m. SOA).
To%al Error (%) of Recovery.
Average Error (%) of Recovery.
Variation in Tot

(Max. ¥ Error - Min

Description of Table 3

Column 1:
Column 2
Column 3:
Column 4:

5 10 20 L0 80 160
-~
by | 5.12 |11.23 [19.44 | 34.79 |73.68 |148.39
® ]
g 2 | 2.012.30| 2.8 [13.00 | 7.90 | 7.30
0 ‘ .
“:f‘ 5:12 |10.23 |18.41 {32.75 |76.80 |154.70
O
B 2.40 | 2.30 | 8,00 {18.10 | 4.00 | 3.50
4]
DA
+ ®
3% 2,40 | 2.30 | 7.50 |13.26 | 2.78 | 2.78
g (73]
L BE
E 491 | 9.98 [19.90 |36.33 |75.22 [157.60
o [/}
8 "g 1.80 | 0.20 | 0.50 | 9.18 | 5.98 | 0.15
(]
=
. 5.12 | 9.72 [19.96 |34.79 |76.75 |147.88
[ %]
‘§ 2.40 | 2.80 | 0.20 |13.03 | 4.06 | 7.58
i’ 5.12 |10.23 [19.43 [35.80 |74.20 |L43.75
:% 2:40 | 2.30 | 0.29 |10.50 | 7.25 | 10.15
2630 | 3.70 | 3.:22 |12.85 | 5.33 | 5.2
0.60 112:10 7.80 8.92 5.12 10.00




-38-

sesfyeUy OTJI8UMTOA JO S$OTJI95 XIS JOJ J0JJ ¢ 9deJaAy pue ‘umwiuly ‘umuixXey
Jo saAan)y BuTMOUS UOT3eJIJUIDUOY) qow 09 £xsnooey Mog Jo Joaaq Jo UOTIBTSY 9YL
G eandry

ol

09T 08 o 0z 0T §

AJOJ *wed+d) uoryeIqUaIUOY

SUOT3BJIZUSOUOY com padsdeay :saTdueg
Jouaxy ¢ ©98J8Ay JO 9AIN) - €
JOJJY ¢ UMWTUTH JO ®AIN) - T
J0JJI] ¢ UNWIXEW JO @AIN) - T 0N

$SUOT3TPUO)
] ] | | ] L1

ot

cT

1

91

8T

0T

£1aA003Yy Vog Jo (§) J0aay TEA0L




Turbidimetric Method for Sulfate Determination

The investigation of the turbidimetric method was pursued
in an attempt to obtain a standard curve which could be ua;d
rapidly and conveniently in determining sulfate concentration
photometrically. The Lumetron, & very sensitive photameter

ich measures light transmittance through a given prepared
sample, was utilized in the investigation of the method.

The principle involved in the turbidimetric method of
snalysis is similar to the gravimetric procedure in chemical
reaction. In the gravimetric procedure, a barium sulfate pre-
cipitate is formed, filtered out of solution, and weighed; in
the turbidimetric method, it is desired to produce a barium
sulfate suspenﬁion and messure, photometrically, the light
transmittance through thé sample. The transmittance varies

logarithmically as the sulfate concentration varies arith-

metically (i.e., the tranemittance increases with a correspond-

ing decrease in sulfate concentration).

Apparatus:

The appsratus required for use with the Lumetron photometer

were a selection of monochromatic light filters and a selection

of cuvettes and cylindrical cells for holding the samples.




Fourteen short form Nessler tubes, calibrated at 50 ml. and

100 ml. volumes, were used for preparing the standards. Nessgler
tube racks were required for supporting the tubes. Pipettes
and other incidental glassware were used in the preparation of
the standards.

Reagents:
The reagents required for producing the barium sulfate

suspension were a 10% barium chloride solution, and Hellige
zalt.acid solution. A standard sulfate solution was prepared
in such a manner thgt 1 ml. of the solution contained 0.1 mg.
of sulfate as SO,. This standard solution was employed in the
preparation of solutions of various concentrations for standard
curve work.

In an attempt to produce a more stable barium sulfate sus-
pension, the Hellige salt acid solution was altered by the
addition of fullers! earth and hydrochloric acid. The altered
salt acid solution was filtered to remove the excess turbidity
resulting from the addition of fullers! sarth. Glycerine was
mixed with the filtrate for additional stability promotion.

It was anticipated that the addition of fullers' earth would
provide, in a sense, nuclel to which the particles of barium

sulfate could adhere. The hydrochloric acid was added to




prevent the precipitation of barium phosphate in the analysis
of actual waste samploa(m) « The proceuures for preparation
of all reagents used in this analytical method are presented

in appendix C.

Preparation of Standards:
The standards were prepared in short form Nessler tubes.

The standard solution, 1 ml. of which was equivalent to 0.l mg.
80y, was added to the Nessler tubes in such volumes as to rep-
resent sulfate concentrations, as sok, varying from O p.p.m. to
52 pe.p.m., inclusive, when the samples were made up to 50 ml.,
including the reagents. The concentrations were pared in in-
tervals of 4 p.p.m. 50y, .

After the correct volume of standard solution was added to
each Nessler tube, 10 ml. of altered salt acid solution and
5 ml. of 10% barium chloride solution were added. The samples
were made up to a volume of 50 ml., with distilled water and
allowed to stand for 10 minutes. Next, the samples were
shaken thoroughly and allowed to stand an additional 5 minutes,

The samples were then ready for analyeis.



Procedure:

In a preliminary investigation of the use of the lametron
photometer, it was learned that the 420 m. monochromatic filter
was satisfactory for sulfafe determination. The invesgitation
revealed, also, that the use of & 50 m.m. cylindrical cell pro-
vided a greater ordinate variation on a curve and was, there-
fore, more appropriate than other available cells and cuvettes
for sulfate determination.

The photometer was allowed to "warm-up" for 10 minutes
before the analysis of the standards was begun. The 420 m.
filter was then cleaned and placed into ite retainer. The
galvanometer was adjusted to the zero position, and the in-
strument was in readiness for use.

The procedure for reading the transmittance of light
through the barium sulfate suspensions was as follows:

1. The O p.p.me. soh standard (blank) was poured inte

the 50 m.m. cylindrical cell and the cell placed
intc the instrument.

2. The sensitivity deflection of the galvanometer was

adjusted to 10 units.

3. The transmittance was adjusted to 100%.

L. Eeach standard was then shaken gently, poured into the

cell, and the transmittances read.



Four series of analyses of standard sulfate concentrations

varying from O p.p.m. to 52 PsPel, Soh, inclusive, were con-

ducted and the results recorded for comparison.

Data _and Results:

The data and results obtained in the investigation of the
turbidimetric (photometric) method for sulfate determination
have been tabulated and presented in Table 4. A’graphical
presentation of the results has been made in Figure 6.

Table 4 presents the data obtained from the four series of
analyses along with a list of instrument particulars which were
maintained throughout the investigation.

Figure 6 shows graphically the relationship between light
transmittance, and sulfate eonccniration. The sulfate concen-
tration is plotted arithmetically while the £ transmittance
is plotted logarithmically. The curve is of best fit "by eye";
] statistical analysis would be of little significance because
it is desirable that the analyst re-check the data occasionally
with standards when using such a curve in analytical work. A
curve which cannot be reproduced constantly and reasonably is

of questionable value in photometric analysis.
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Discussion of Hesults

The results obtained in the investigation of the three

methods were, in general, satisfactory and gratifying. The

graphical analyses were of particular significance in that

certain facts relative to reliability, applicability, and

limitations of the methods were indicated.

From the investigation of the gravimetric method it was

revealed that a general trend toward lower % errore prevailed

at the 200 p.p.m. sulfate concentration (Figure 1). This was

interpreted by the author as fimm support to the recommendation

that samples be adjusted to approximately 200 p.p.m. sulfate

concentration for analysis by the gravimetric method(l). Also

of significance were the graphical analyses which rnvoaleg,
less variation in total % error at the 200 p.p.m. sulfate con-
centration (Figure 2) and lower deviations of actual total ¥
error from theoretical £ error at sulfate concentrations of
200 p.p.m. and 240 p.p.m. (Figure 3).

From the investigation of the use of the Hellige turbidi-
metric method as a guide in adjustment of actual waste samples
to the recommended 200 p.p.m. sulfate concentration, it was
learned, from a statistical analysis of the data obtained, that
there exists a high correlation of turbidimetric results with

gravimetric results (Figure 4).




Results arising from the investigation of the wvolumetric
method indicated that the applicability of the method to anal-
ysis of water and wastes of very low sulfate concentrations
would be most sppropriate. The trend in total % error with
increased sulféxe concentration was not definite. The lowest
% errors, however, were cbtained, generally, at very low sul-
fate concentrations (Figure 5). The data obtained indicate
that the voluﬁetric_method could be uéed where the time con-
suning concentration of a sample by evaporation in preparation
for gravimetric analysis is not permitted. j

The results obtainéd in the 1nveatigation of theAturbidi-
metric (photometric) ;ztethod were, in gé’neral, unsatisfactory.
Much difficulty was experienced in efforts to produce a stable
barium sulfate suspension. Considerable time was spent in ex~
perimentation with reagenis in an effort to develop the de-
sirable stability of suspension. The attempt was unsuccessful,

however, in that such a curve as could be constructed from any

of thé four sets of data presented in Table 4 would be unre-

. 1iable; the data are inconsistent and without definite trend

in their inconsistency.




Conclusions

The object of the investigation of the three methods for
sulfate determination was to evaluate the results cbtained by
each method from the standpoints of accuracy and applicability.
It was snticipated that the results of such an evaluation could
be utilized in the selection of an accurate methed for a com-
plete analysis of the problem of removal of calcium sulfate
deposita'trom treatment facilitles.

From £he accuracy analysis of the gravimetric method re-
aults, 1t was determined that a total error of less than 1%
prevailed at the recommended sulfate concentration of 200 p.p.nm.,
and that the variation in error (spread) was & minimum at that
concentration. Likewise, the deviation in total § error from
theoretical £ error was relatively small at the recommended con-
centration., It was, therefore, concluded that the recommendation
that the saﬁplo be adjuatod to approximately 200 p.p.m. was of
sound basis and probably represented extensive experimentation.

The statis£ical analysis of data collected in the investi-
gation of the use of the Hellige turbidimetric method as a guide
in adjustment of waste samples to the recommended sulfate con-
centration for gravimetric analysis indicated a high correlation
of the two methods. It was seen that the turbidimetric results



could be used, with a high degree of confidence, in selecting
the corresponding gravimetric concentrations from the cur§a
(Figure 4).

The investigation of the volumetriec procedure indicated
that the method could more appfopriately be applied in anelysis
of samples of very low sulfate concentrations. Such an applica-

tion of the procedure would eliminate the necessity of concen-

trating, by evaporation, a sample for analysis by the gravi-

metric methoed.

Investigation of the turbidimetric (photometric) method of
analysis revealed that inconsistencies were much too prevalent.
The curves could not belconetantly reproduced, and, therefore,
were not reliable.

Since wastes which result in the deposition of caleium
sulfate in treatment facilities are very high in sulfate con-
centration, it was concluded that the gravimetric method of
analysis would be the most appropriate method for the analysis

of the deposited sulfate.




V. INVESTIGATICN CF THE REMOVAL OF CALCIUM

SULFATE DEPOSITS

General

Calecium sulfate, a product of chemical reaction in the neu-

_tralization of waste sulfuric acid with lime Ca(OH)z, is de-
posited upon the walls and bottoms of reaction chambers and

upon the internal survaces of pipe lines. The deposits are a
hard, resistant material resembling well-stratified sandstone

or limestone. Such deposition, if allowed to continue its course,
‘cventually reduces the efficiency of the treatment facility tec a
point that remedial moaéuros must be employed. The remedy, in
the case of a pipe line, may possibly involve replacement of the
entire line. Therefore, it is readily seen that a mgthod for

the removal of the deposited material is desirable.

Analysis of the Deposited Material

A sample of the material was analyzed prior to the investi-
gation of a method for the deposit removal, The material con~
sisted largely of calcium sulfate, the result of the neutraiiza-

tion of waste sulfuric acid:

H,S0, + Ca(CH)p = Cas0, + 2H;0



The gravimetric method for sulfate determination was used
in the primary analysis. In preparation for the sulfate anal-
ysis of the material, 3.8146 grams of the dry sample were dis-
solved in distilled water, with the aid of hydrochleric acid,
and diluted to one’liter. This yielded a 3,814.6 p.p.m. con=
centration of the material in solution. The gravimetric sulfate -

analysis was then conducted.

Results:
Concentration of the material in solution = 3814.6 p.p.m.'
Sulfaté concentration of the solution
(gravimetric) = 2109.4 pepelie 80,
Iquivalent weight of soh = 48,03
Equivalent weight of CasQ, * 2Hy0 = 86.09
Sulfate concentration of solution as

Cas0y, * 2H0 = (2109.4)(£:09) = 3780.0 p.p.m.

% Casoy, - 21,0 = 218:9 = 99,2

The results of the analysis of the deposit sample revealed
that the material consisted almost entirely of sulfate, express-

ed as gypsun (CaSOh v ZHZO).




Media Fmployed in the Primary Investigation

Emall portione of the deposit were immersed in various

solutions in an effort to determine which chemical agents, if

any, would react with the material. The solutions used in the

preliminary investigation were of various concentrations and

consisted of the following:

(1)
(2)
(3)
(&)
(5)
(6)
(7
(e)
(9

The

Ferrous ammonium sulfate

Ferric ammonium sulfate

Stannous chloride

Calgon (a commercial metaphosphate)
Hydrochloric acid

Glycerine and alcchol

Ammonium chloride

Ammonium molybdate

Sodium hydroxide and alcohol

sodium hydroxide and alcohol solution was the only

one among those listed that indicated any significant tendency

toward disintegration of the sample. The results were encour-

aging, however, and led to further investigation of the effect

of the sodium hydroxide-alecohol solution upon samples of the

material.



Development of the Successful Medium

Twelve solutions containing variocus concentrations of
sodium hydroxide, alcohol, and water were prepared. Material
samples were immersed in these solutions in order to determine
the most effective concentration. Time of immersion and con-
ditions of the imrersed samuples at the different time intervals
were recorded. The results of the primary investigation were
interpreted and used as a guide to further investigation of a
concentration which apparently was most effective in the Aiain~
tegration of the sample. The concentration of sodium hydroxide
was held constant and the water and alcohol concentraticne were

varied in the second series of five solutions preéared. The

that the results of the previous investigation were not re-
produced. In a third series of four solutions, the water and
alcohol concentrations were varied while the sodium hydroxide
concentration waes held constant but at a greater value than
that employed in the second éerica of five solutions. The

results of the third investigation were completely satisfactory

in that one sample completely collapsed overnight.

results of the second investigation were of no consequence in,




Throughout the three primary investigations, the solu-~

tions were mixed by weight percentages. For this reason, it
was thought, difficulty was experienced in reproducing the re-

sults of each preceding investigation. It was decided that in-

consistencies in mixing could be eliminated by using titration
as a guide in adjusting the solutions to the desired scdium
hydroxide concentrations.

The sodium hydroxide concentration of the most effective
solution used in the primary investigation was checked by
titration. The actual concentration was found to be 5% great-
er than was indicated by the weight percentage mixture. This
1ntonnqtion was used in selecting the proper concentrations
for mixture as adjusted by titration.

A series of four solutions were then mixed and adjusted,
as determined by titration, to the desired concentrations.
Alcohol was added next, in various concentrations, by per cent
of total initial volume of the sodium hydroxide-water solution.
The material samples were immersed in the prepared solutions,
and the progress of the invcatigation was recorded at various
time interv#ls. The results obtained were satisfactory.

A second investigation of the effective concentration,

adjusted as determined by titration, was conducted in an effort

to determine the effect of the solution upon different types of




samples (i.e., samples tsken from pipe lines and from reaction

chambefs). The sodium hydroxide concentration was held con-
stant in a series of six solutions, and the alcohol concentra-
tions were varied in an' effort to determine the effect of dif-
ferent aicohol concentrations on the reaction. Duplicate ma-
terial samples were immersed in the prepared solutions, and the
observations were recorded at different time intervals. Results

of the previous investigation were reproduced.

Data and Results:

The data and ;esults obtained in the development of the
successful medium (sodium hydroxide-water-alcohocl solution)
have been recorded and presented in Tables 5 to 10, 1hcluaive;

Tables 5 and 6 show the results of the primary investiga-
tion in the development of the sodium hydroxi&e-water-alcohol
solution. The resulte obtained indicated that the effective
concentrations were 10, 20, and 30% sodium hydroxide solutions
with 5% alcohol concentration.

Table 7 presents the data obtained in further investiga-
tion of the 10% sodium hydroxide solution with varying concen-
trations of alcohol. The results of Tables 5 and 6 were not

reproduced.




Table 8 shows the results of the investigation of a 15%

solution of sodium hydroxide with the alcohol concentration
- varying. Good results were obtained, but they were not con-
sistent with results of the previous investigations.

The results shown in Tables 6, 7, and 8 indicated that
the preparations of the solutions were inconsistent and that
titration should be used as a guide in adjustment of the
solutions to the desired scdium hydroxide concentrations.
All subsequent mixing was performed in this manner and the
alecohol was added as £ of the initial total volume of the
sodium hydroxide-water sblution.

Table 9 presents the data obtained in the investigation of
154 and 25% sodium hydroxide solutions with alcohol concentra-
tions of 0% and 3%. The results indicated a 15% sodium hydrox-
ide solution with 3% alcohol as the effective solution. For
the other solutions, the results were relatively insignificant.

Table 10 shows the results of further investigation of the
effective solution (15%) with varying alcohol concentrations.
Pipe samples and pit sanples were immersed, in duplicate, in
the prepared solutions. All previous investigations were con-
ducted with pit semples only. It was desired, therefore, to

determine the effect of the solution upon pipe samples, which

were apparently slightly different in that they contained




foreign matter not present in the pit samples. It was seen
that the 15% sodium hydroxide eolution wes the most effective
solution but that the effective alcohol concentration was
higher for pit samples (3%) than for pipe samples (1£). The
results shown in Teble 10 were conclusive, since the results

showmn in Table 9 were reproduced.
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Analvsis of the Products of Reaction

For the purpose of determining the nature of the chemical
reactions which occurred when material samples were immersed
in the sodium hydroxide-alcohol-water solutions, complete
analyses of the products of the reactions (precipitate and
supernatant) were conducted.

Because the relative activities of Ca'* and Na' are
doubt£u1{5), it was desired to determine, by snalyses of the
products of reactions, whether the reactions were analogous

to the chemical equations,

CaSO, + 2NaOH = Na,50, + Ca(CH),

CaCOj + 2NaOH = Na,COy + Ca(OH)

CasQ, is the main constituent of the deposited
material and CaCOB represents impurities in the
lime used in neutralization of acid wastes. Such
impurities naturally would be deposited along
with the calcium sulfate, the normal product of
neutralization.




From inspection of the two equations, it could be seen that
if the reactions followed the two equations, sodium sulfate and
sodium carbonate, both of which are highly soluble, would be
present in the supernatant solution. According to the two equa-
tions, calcium hydroxide would be present in the precipitate.

Analysis of Supernatant:
A sulfate analysis (gravimetric) of the supernatant was

conducted, Following the sulfate analysis, the hydroxide (OH)
and carbonate (603) concentrations were determined by titra-

tion, The results were as follows:

50, as Ca(OH), = 23.07 %
O as Ca(OH), = 21.87 &
CO3 as Ca(OH)p = _1.86 %

Total 46.80 £

The remainder of the supernatant was assumed to consist of water.

Analysis of Precipitate:
The analysis of the precipitate was conducted by the same

methods used in the analysis of the supernatant. It was nec-
essary, however, to prepare a solution by dissolving a quantity
of dry precipitate, by boiling, in distilled water. Since



boiling was required to dissolve a small portion of the pre-

cipitate, it was anticipated that the precipitate contained
calcium sulfate, which is moderately insoluble at low tem-
peratures. The presence of calcium sulfate in the precipitate

could be explained by incompleteness of the chemical reactions

of the sodium hydroxide-alcohol-water solution with the caleium -

sulfate. The results of the analysis were as follows:

S0, as Ca(OH); = 17.83 %

O# as Ca(OH), = 75.43 %

CO3 as Ca(OH); = _10.44 £
Total 103.70 £

Errér in analysis = 3,70 %

From the results of the analyses of the supernatant and
precipitate, it was concluded that the chemical reactions which

occurred in disintegration of the materia; were of the nature

indicated by the two chemical equations presented.
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Final Investigation of the Medium

In preparation for a final test of the effect of the devel-~
oped sodium hydroxide-alcohol-water solution upon calcium sule
fate deposits, large bulk samples were imuersed in the prepared
solution. The material selected for the inveetigatién was dife-
ferént, in the manner of deposition, from the two types of sam-
ples previously employed. The chemical composition was similar,
howsver, for all of the material samples employed in the entire
investigation. The selected sample had been formed on a test
plate and its supporting member, over a period of time, while
the plate was submerged in a reaction chamber during the procese
of neutralization of waste acid, The deposited material was
hard and very dense,

Prior to the final test, a preliminary test was conducted
in order to determine the most effective solution concentration
for the type material selected for the final test. Small por-
tions of the material were lmmersed in variocus concentrationa of
the solution, and it was seen that the mgpt effective concentra-
tion was a 30% sodium hydroxide solution. Good results were ob-
tained where alcohol concentrations varied from 1% to 3%, but
the rates and degrees of reactions were different for the solu-

tions of different alcohol concentrations.
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The final test was begun by preparing two 30% sodium
hydroxide solutions, one of 1% alcohol concentration and the
other of 3%. One bulk sample of the sclected material (approxi-
mately 50 cubic inches) was immersed in each of the prepared so-
lutions. The conditions of the samples at various time intervals

were recorded. The test was successful and conclusive.

Data and Results:

The data and results obtained from the final investigation
of the medium have been recorded and presented in Table 11.

The records of progress of the test show that the solution
containing 1% alcohol was very effective in the first immersion
period, whereas the solution containing 3% alcohol seemed only
mildly effective. The results of the second immersion period,
however, revealed that the activity in the solution containing
3% albohcl had accelerated. At the end of the second immersion
period, the disintegration of the sample in the solution con-
taining 3% alcohol was more complete than in the solution con-

taining 1%. The results, however, were very satisfactory in

both instances.
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General Proposal for Application of the Method

From the results obtained in the investigation of the re-
moval of calcium sulfate deposits from treatment taciliﬁiea, the
author feels that a general proposal for field application of the
method can be presented. It is earnestly sugggsted, however,
that an intensive investigation of the prevailing conditions be
made and & complete analysis of the deposited material be con-
ducted prior to any attempt to apply this method in the field,
The entire investigation was conducted in the laboratory and is ‘
intended to be used only as a guide in the snalysis of any exist-
ing problem,

The general proposal for application of the method is out~
lined as follows:

(1) Conduct & complete laboratory analysis of the deposit-

|
I
|
ed material in an effort to determine its chemical
composition.
{2) Conduct a series of lsboratory tests, under controlled
conditions in order to determine the most effective
solution for use.
(3) Determine the required volume of solution for treat-

ment, and prepare the solution.

(4) Remove fram service the treatment facility.




Completely fill the treatment facility with the pre-
pared solution, and allow the solution to remain,
undisturbed, for 72 hours. The facility must, of
course, be by-passed during application of the solu-
tion.

(6) Withdraw and retain the supernatant solution, flush
out the facility with water or any other suitable
liquid, and inépect the facility.

(7) If the desired removal of deposits has not been
achieved, allow the facility to "air dry" for 48
hours.

(8) Refill the facility with the supernatant solution,

previously withdrawn, and allow the solution to re-~

main, undisturbed, for an additional 72 hours.

Withdrew the supernatant solution, as before, and

flush the facility.

Inspect the facility. If the desired removal has
not yet been achlieved, repeat the "air drying" and
refilling procedures of (7) and (8). Complete re-
moval should, however, be realized within eight days

of treatment.




Cost Studies

In general, the economic consideratiéns in the application
of the proposed method for the removal of calcium sulfate de-
posits should compare favorably with the costs involved in re-
placement of any unit of a treatment facility.

The latest prices of the required materials are as follows:

(1) Sodium hydroxide flakes (76%) - - - $§ 80.00/ton

(2) Alcohol (commercial) - == § 0.40/gal.

Assuming a 39% sodium hydroxide solution with 3% aleohol
added is regu‘ired s then the required sodium hydroxide is ap-
proximstely 2.35 pounds added to one gallon of water (determined
by laboratory experiment). The total volume, 30% sodium hydroxide
solution with 3% alecohol added, yielded by 2.35 pounds of sodium
hydroxide flakes is calculated as follows:
| Xx = initial volume of sodium hydroxide~-water solution

+03x = volume of alcohol added

1.03x = total volume

then:

Total Volume (gal.) = 1.03 (ngég +1) = 1,03 (1.1325) = 1.168 gal.




Volume alcohol (gal.) = (+C3)(1.1325) = .034 gal.

(.04)(2.35) + (,034)(.40)

Coet of the solution (per gal.) = T

= § .075/gal.
Cost of the solution (per cu. ft.) = (.075)(7.5)
= % 05625/cu¢ ft.

S8ince 1 sq. ft. cross-section area with al ft. depth equals

1 eu. ft., it follows that the cost of the required solution is
$0.5625 per sq. ft. of effective cross-section area per ft.
depth of the treatment faeility. |

From the data presented, it can be seen that the cost of

application of the method would, in the case of pipe lines, be
generally 5%, or less, of the expense of replacement of the

facility.



VI. CCNCLUSIONS

The investigation and evaluation of the methods for deter-
mination of sulfate revealed that the gravimetric procedure is .
tﬁo most accurate and valid of the methods examined. The volu-
metric method proved reliable for very low concentraiiona of
sulfate but is of questionable value in the analysis of samples
containing large sulfate concentrations. The study revealed
that the turbidimetric (photometric) method of analysis is very
inconsistent, since the barium sulfate suspension produced is
relatively unstable. Efforts to develop reagents for stabiliza-
tion of the suspension were fruitless.

The study of the removal of calcium sulfate d&poaits was
successful and conclusive in that a sodium hydroxide-alcohol-
water solution was developed which will remove the deposited
material from treatment facilities. The chemical reaction end
the rate and degree of reaction were found to be dependent
upon such factors as (a) the physical and chemical composi-
tions of the material, (b) the sodium hydroxide concentra~-
tion of the solution, (e¢) the alecchol concentration of the
solution, and (d) the time of immersion of the material in

the solution.




The author has stressed the importance of a complete pre-

liminary study of prevailing conditions prior te any attempt
at application of the proposed method of removing calcium sul-
fate deposits. It is believed, however, that the general pro-
posal presented in this work can be used as & guide in field

iapplication of the method.
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VII. SUMMARY

The object of this research was tc investigate and evaluate
three methode for determination of sulfate and to use the ob-
tained information as a guide in selecting an accurate analyt-
ical method with which to conduct a complete analysis of calcium
sulfate deposits.,

The investigation of the analytical methods revealed that
the gra&imetric method is most accurate for high sulfate con~
centrations. This method was selected for all analytical work
conducted in the study of the deposited material end in the de-
velopment of a sodium hydroxide-alcohol-water solution for the
removal of the calcium sulfate deposits.

The initial phases of the development of the sodium-

hydroxide~alcohol~water solution were discouraging in that
the results were inconsistent and could not be reproduced.
It was believed that such inconsistencies resulted, primarily,
from the method of mixing the solutions, since all mixing was
done by weight percentgges. 'The method of mixing was revised,
and all subsequent mixing was governed by titration of the so~
lution in order to determine the sodium hydroxide concentra-

tion. The alcohol was added after the solution was adjusted

to the desired sodium hydroxide concentration.




The investigation revealed that, following the immersion

period, "air drying" the material had en effect upon the be-
havior of the sample during the second immersion period. It
was seen that the disintegration of more resistent materials
could be facilitated by employing such & period for drying the
material before a second immersion period.

A cost study revealed that application of the proposed
method for removal of calcium sulfate deposits from treatment
facilities is economically sound and that the cost of applica-
tion of the method is very small compared to the cost of re-

placement of facilities.
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APPENDIX A

Preparation of Reagents for the Gravimetrie Method(l)

(1) Barium Chloride Solution:
A 10% (by weight) solution was obtained by dis-
solving 100 grams of BaCly * 2H,0 crystals (20-30 mesh)
in 900 milliliters of distilled water.

Hydrochloric Acid Solution:

A 111 solution was prepared by mixing equal parts (by

volume) of concentrated HCl and distilled water.

Silver Nitrate-Nitric Acid wWash Solutiont

To 500 milliliters of distilled water were added 8.5
grams of AgNO3 and 0.5 milliliter of concentrated HNOj.

(4) Preparation of Gooch Crucibles:

Fine, acid washed asbestos was used for preparing the
crucibles. A quantity of the asbestos was immersed in dis-
tilled water and allowed to stand overnight before use.

Each crucible was then prepared, with the aid of the vacuum
apparatus for filtering, by pouring portione of the thorough-

ly apitated asbestos-water mixture into the crucible and




allowing the suction, preduced by the vacuum, to draw the
asbestos to the bottom of the crucible, thus forming a
firm filter mat. Care was taken to produce a tightly-
packed mat of from one~eighth to three-sixteenths inch

" thickness to prevent loss of the barium sulfate precipi-

tate. "Fiberglas"” was not used as a primary layer in the

filter mat, the reason being that the crucibles were
ignited at 800 °C, which is a higher temperature than
the melting point of "Fiberglas.® After ignition at
800 °C, the crucibles were allowed to cool and were
placed in a desiccator until which time they were tared

prior to use in filtering the samples.
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APPENDIX B

: 1
Preparation of Reagents for the Volumetric ﬁethod( )

(1) Hydroxylamine Hydrochloride Solution:
Ten grams of hydroxylamine hydrochloride (NH,OH ° HCl)

were dissolved in one liter of distilled water,

(2) Bensidine Hydrochloride Solutions

Eight grams of benzidine (N“écsﬁacbﬁaNﬂz) were placed
in an agate mortar and ground to a paste with addition of
distilled water. The paste was washed into a liter vole
umetric flask. Ten milliliters of concentrgted hydro-
chloric acid were then added, and the contents of the flaek

were made up to one liter with distilled water.

(3) Sodium Hydroxide Solutions

A standard 0.05 Normal solution was prepared from &
stock sodium hydroxide solution and checked by titration

with 0,02 Normal sulfuric acid.

(4) Phenolphthalein Indicator Solution:
The phenolphthalein solution normally used in the
laboratory is suitable for this purpcose and was used in

the investigation.




APPENDIX €

Preparation of Reagents for the Turbidimetric Method

(1) Barium Chloride Solution:

(3)

A 10% solution was used. See appendix A for the prep~
aration procedure.

Altered Salt Acid Solutiont

To 500 milliliters of Hellige salt acid solution, 25

milliliters of concentrated HCl were slowly addéd. The

solution was mixed well, and 0.5000 gram of pulverized
fullers! earth was added. The solution was agitated and
allowed to settle for 20 minutes. The solution was then
filtered through Whatman #41 filter paper. To the filtrate,
100 milliliters of C.P. grade glycerine were added while the
solution was stirred.

Standard Sulfate Solution:

In preparing standard sulfate concentrations, it was
desired to prepare a solution such that 1 milliliter of
the solution was equivalent to 0.1 milligram of sulfate
as th. -Sulfuric acid of specific gravity 1.8, and purity
96.6% was used for preparing the standard soluticn. Five

and seventy~four one hundredths milliliters of the




concentrated stoh were diluted to one liter with distilled
water. This provided a solution such that 1 milliliter of
the solution was equivalent to 10.0 milligrams of sulfate
as soh. Ten milliliters of the first prepared solution

were dilu;ed to one liter with distilled water to obtain

the desired solution (1 ml. = 0.1 mg SOh).




APPENDIX D

Calculation of Sulfate as SO, (Gravimetric kethod)

The barium sulfate precipitate was weighed and the weight
(grams) used in calculating results in sulfate concentration
as SOy« The equivalent weights of BaSC), and SC;, were used to
convert the weight of the BaS(O) to weight of SO,‘. The method

of calculation was as follows:

Equivalent weight of BaSO, = 116.71

Equivalent weight of 80, = 48.03 L
(grams BasO, )( 203 ) = grams S0,

(grams) (22 399,000

. sample ) = p.pem.

Thens

1
(grems Basoz,)(-m—,ﬁ—)( il?og;ggg‘ ) = p.pem. 80, }

(grams Bas0,)(—2e8r) = pupum. 50,




APPENDIX E

Calculation of Sulfate as SOy (Volumetric Method)

The calculation of sulfate was based upon results of titra-
tion. The sulfuric acid, which existed in & compound with
benzidine as a result of chemical reaction, was titrated with
0.05 Normal sodium hydroxide. The results were calculated as

follows:

Equivalent weight (E.W.) S0, 48.03

E.W.S0
ml. NaOH)(Normality NaOH) k) (1,000,000 y . p,p.m. SO
( ( v ¢ 1,000 O epis " P b

, .03 171,000,000 \ .
(ml- NaOH)(90606) - p.p.m.} SOh




APPENDIX F

Equation for the Curve of Best Fit by the Metlod of least Squares

¥ = pepsm. SU, by Hellige turbidimetric method

x = p.p.m. 5O) by gravimetric method

n = number of analyses

m = glope

b = the "y" intercept
First normal equation,
(1) ZSy=KZEZx+nbd
Second normal equation,
(2) =xy = MEx® + b=x
For the data presented in Table 2,

Zy = 23,550

<x = 27,696

Zxy = 45,714,050

£x* = 53,365,866

ne=16

Substituting values in the normal equations,
(1) 23,550 = 27,696 m+  16Db
(2) 45,714,050 = 53,365,866 m + 27,696 b

(9)



Solving simultaneously,
(1) 652,240,800 = 767,068,416 m + (16)(27,696) b
(2) 731,424,800 = 853,853,856 m + (16)(27,696) b

' 79918#)000 = 86,785,[41}0 m+ 0

184,000
a0 T B = 092

Substituting m = 0.912 in normmal equation (1)
23,500 = (27,696)(0.912) + 16 b
23:500 "'v (iz’696)(0°912) =bh = _107.509

Curve of bést it
y=mx+Db

y = 0.912 X "1070509
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APFENDIX G

Calculation of the Correlation Coefficient for the Data of Table 2

¥ * PeDelo soh by Hellige turbidimetric method
X = p.pems SO, by gravimetric method
n = number of snalyses
’r = the correlation coefficient
r2 = variance
" For the data analyzed,
Sy = 23,500
£x = 27,69
Zxy = 45,714,050
=x® = 53,365,866
n =16

The equation for the correlation coefficient,

= _ (ZE2x)(£
Sx -

n n

22 - (zx)z] [éyz - (£3)?
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Subetituting values in the equation

45,714,050 - ££2;229%é32;§2é2

Ir =
53,365,866 - (27,696)% | (39,267,000 - (23,550)2
[

r = ,9903 (inuicates strong, dorinant relationship)

,
I el «9807 «*e 98.07 £ of data sre related.
+9903



APPENDIX H

Calculation of Confidence Limits for the Curve of Best Fit

Y = pPepel. SCA by Hellige turbidimetric method
X ® DePol, SOA by gravimetric method

number of analyses

=
L}

coefficient of correlation

r

r2 = variance
(dr)

For the data analyzed,
=y = 23,550
=y2 = 39,267,000
n =16

standard deviation of data from curve of best fit

1'2 - .9&)7

The equation for standard deviation

(dr)? = (1 - r?) [zyz - (ﬂ)zJ (—1)
. n n-2

Substituting values in the equation

(dr)? = (1 - .9807) [39,267.000 - (i?ié?i)zJ ()
(dr)? = 6344
(dr) =2 79.65

For 90% conficence and 14 cegrees of freedom (2), t = 1.76

confidence limits = (X 79.65)(1.76) = X 140.2.





