
REMOVAL OF CALCIUM SULFATE DEPOSITS FROM
1‘ ‘

WASTE ACID TREATENT FACILITIES

by
A ThomasHarlanThesis

submitted to the Graduate Faculty of the

Virginia Polytechnic Institute

in candidacy for the degree
of.

' MASTER OF SCIENCE V

in

· Sanitary Engineering

APPROVED: APPROVED:

D ~ tor of Graduate Studies
geg; of Department!

‘ , \
‘,

« • • •

,1;,:. ,4 4l4=an
of Engineering

‘ or Professor

June, 1953 V

Blacksburg, Virginia



.,2, /éf/37/I

TABLEOFCONTENTS
Page

I.INTRODUCi*ION..................... 9
II.REVIEvIOFLITERATURE................. 12

Sulfatiou.................... 12

Standard Gravimetric Method for

Sulfaté Detemination . . . . . . . . . . . . . . 1;, ·

Volumetric Method for Sulfate

D•ter·x¤ination.................. 15

Turbidimetrio Method for Sulfate

Detemi¤atio¤.................. 15

III. OBJECTOFIHVESTIGATIOH ............... 13

IV. INVESTIGATIOH OF ANALYTICAL METHODS . . . . . . . . . 19
General..................... 19

Standard Gravimetric Method for

Sulfate Determination . . . . . . . . . . . . . . 20
Apparatus................. 2Q
Reagenta.................. 21

Preparation of Samples . . . . . . . . . . . 21
Procedur•................. 22

0 DataandResulta.............. 21

1



...3-

Page

Volumtric Method for Sulfate
Detex·mination••••........„„„„„• 33I

Apparatus•••••••„•„••„.•„A• 3;,

Reagents . „ . . .............A• 3;,

Preparatiou of Samples „ . „ . . . . . . .
\•

3},
Procedure•.••„„.„„.„„..... 35
Dataandkesultst „ . . ...... . •

.V•
36

Turbidimetric Method for Sulfate ·

Detcrminationl••.•...•.......„•• 39
Apparatus....„„.........„• 39
Reagents•„„;•.•..„.„..„...A. AO

Praparation of Standards • „
E.

„ . . . . „ • L,}

Procedure..„•„„•„..•„„..„• A2
DataandResulta•.„•„„„„„.....

MU

Discussionof Hesult¤• • „ • • . . • „ . . • „ „ [,6
Conclusions•....„·.......••.„.„ A8

V• IHVESTIGATION OF THE REHOVAL OF CALCIUM

S0
Ge11eral•„•.•„•.•„.•..„„.„„.. 50

a Analysis of the Deposited Material „ „ . . . . . 50
l Results•.••••„•••„„„.•..„ S1



. "“‘

A y Page

Media Employed in the Primary Investigation . . • . 52 F

„ Developuent of theeßuccessful Medina • „ • • . • • 53

DatasndResulte•„„•.„....„•••.55

Analysis of the Producteot Reaction • . „ „ • ». • 6L,

Analysis of the Supernatant . . . . . . • • • 65

„ Analysis o£.the»Preeipitate „ ......., 65

Final Investigation of the Medium „ . . . . . . . • 67
6

DataandResults•._..„.....•„..•68

I General Proposaleforeßrpyzilication of the e
6 IV

Method•„•'.•„•„•.•.„6••„.•••••70vI•"c%Cw$IÜHSg••••••••••••••••••••••7L

VIIV•SUl·94ARY••••••••••••••••••••••••76

_ Appendix A. Preparetion eo! Reagenta for A ·
I

the Gravinetrie Method „ • „— „a . .; .»» . 83 ‘·

Appendix B. Preparation of Reagente tor ~

the Volumetric Method . . . . . „ „= . 85

} A .



Appendix C• Preparation of Reagents for A A
I the Turbidimetric Method • . . • • • 86

e

8 Appendix D. Calculation of Sulfete ee SOA A
l (Gravimetric Method) . . . . . . , . 88

A
l

Appendix E. Calculation of Sulfate ae SOA
” ‘ (Vblumetric Method) • ••.. . . . 89

—
4

Appeudix F. Equation for the Curve of Beet

Fit by the Method of Least A A
·

. Squaree ......6 ......9. „ 90

Appendix G• Calculetien of the Cerrelation

Coefficient for the Data ef

Table 2 • „ „ „ „ „ • „ • • „ • • „ 92

Appendix H. Celculation ot Confideuce Limita

Q for the Curve of Beet Fit „ . . . . 9h

„



LIST OF TABLES AND FIGURE8

.
’ Page

Table 1. Results of Gravimetric Method for Four

Series of Analyses . . . . . . . . . . . . . . . 27

Table 2. Results of Gravimetric and Turbidimetric

(Hellige) Analyses of Waste Acid . . . . . . . I 31

( Table 3. Results of Voluetric Method for Six, 7
( Series of Analysen . . . . . . . . . . . . . . . 37

_ Table A. Data for Ubtaining a Standard Curve

for the Lumetron Photometer . . . . . . . . . . AL

Table 5. Results of Primary Investigation of

theEffectof Various Cocentrations of the

Sodium Hydroxide·Water·Aleoho1 Solution

Upon Pit Samples . . . . ... . . . .
.”. .

.(.
. 58

Table 6. Results of Primary Investigation of the

Effect of Various Gonoentratione of the
° Sodium Rydroxide—Water-Alcohol Solution

Upon Pit Samples . . . . . . . . . . .
.(.

. . . 59
‘Table 7. llnvestigation of the Effective Concen- .

tration Range as Indicated by Results
‘

of Primary Investigation . . . . . . . . . . .. . bg

9 _ Table 8. Investigation of the Effective Coneen·
(

l

* trstion Range as Indieated by Results A

of Primary Investigation . . . . . . . . . . . . 61



-7-

Page

Table 9. Investigation of Concentrations —

· Determined by Titration in Mixing . . . . . . 62

Table 10. Investigation of Effect of the
7

Solution Upon Duplicate Pit and

Pipe Samples . . . . . . . . . . . . . . . . . 63
A Table ll. Investigation of Effect of the Solution

Upon Large Bulk Samples . ......... . 69

Figure 1. Relation of Error of SOA Recovery

to SOA Concentration for the
’ Gravimetric Method . . . . . . . . . . . . . . 28

E
Figure 2. Relation of Error of SCA Recovery

E
to SOA Concentration Showing Curves

E

_ of Maximum, Minimum, and Average %
V6

Error for Four Series of Gravimetric

_ Analysee . . . . . . . . . . . . 4 . . . . .
.6

29

’Figure 3. Deviation in Error of SOA Recovery

from Theoretical Error of Recovery

(Solubility Losees) for the Gravimetric
E

Methd . . . . . . . . . . . . . . . . . . . .6 30

Figure A. Comparison of Turbidimetric (Hellige)

Results with Gravimetric Results for

Waste Acid Analysis . . . . . . . . . . . . . 32

A

I



-3-

Page

. Figure 5. The Relation of Error of SOL Recovery to

SOL Concentration Showing Curves of

Maximum, Minimum, and Average Z Error

for Six Series of Volumetric Analyse: . . . . . 38

Figure 6• Relation of Lumetron Dial Readinge

(Z Transmittanee) to SOL Concentration

for Four Series of Turbidimetrie

(Photometric) Analyse: . . . . . . . . . . • . • L5



-9-

I. INTRODUCTION _

Sulfate ions in water and industrial waetes pose an impor-

tant and often expensive problem with which to cope. In munic-

ipal water supply, the sulfate concentrstion is dependent upon

the sorce of the water utilized in meeting the demnd of the
I comunity. The sulfate concentrations of ground watere are gen-

eraly higher than those of surface waters, owing to the fact

that water, in percolating through earth ad rock formations,
I

I dissolves minerale with which it comes into contact. Sulfate I
ions constitute a large part of the hardness which finds its way I

into water in this manner.
I I

Waters high in sulfate concentrations have many undesirable

qualities. Hard water is of poor quality for domestic use be- I
cause of the nuisance effect. Hard water is also unsuited to ‘

the operations of many industrial processes. Consequently, water

must often be treated to remove sulfate ions in order to render Ithe water suitable for use. I
The problem of sulfate concentrstions in wastes is of con- II siderable importance to some industries, since treatment to re- I

duce sulfate concentrations in the wastee must be emplcyed before @

the wastes ars discharged into a public watercourse upon which I

communities downstream depend for their normal water requirements.

ISuch a watercourse will often contain high concentrations of °

II

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

with by the downstream consumers. }

Q High sulfate concentrations are present in wastes from auch (
industries as pulp milla, textile milla, munitiona manufacture,

Iand from metal pickling processes. These industries must

nec-essarilytreat their wastes before discharging them into water- I

courses.·

The problem of sulfation (the deposition of calcium sulfate)

is of extras importance to induatries having large vclumes of

aulfuric acid wastes. Economic ccnaiderations usually call for

the neutralization of sulfuric acid wastes with luna, the result

being the formation 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 posaibly 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 accommodated.

Valid analytical methods for the determination of sulfate

concentraticns in water and waetes are essential to an intelli-

_ géht approach to the sulfation problem. Consequently, three
E methods of analysis were investigatedlpreliminary to the study

of the reoval of calciu sulfate deposits from treatment
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facilities. The standard gravimetric methcd of analysis, which

is regarded as the standard for sulfate determination, was in·•

vestigated first. The volumetric and turbidinetric methods cf
x 1

analysis were then investigated in an attemptlto establish a -

csmparison or correlation with the standard gravimetric methed.
_

.

1
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II. REVIEW OF LITERATURE

Calcium sulfete, in the form of gypsum, is present in most

watere, causing non~carbonate (permanent) hardness(8). If the

hardness is determind 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. Ouors and tastes are eccempanied by

high concentrations of sulfate(3).

By necessity, industries which produce as a result of manu-

facturing processes wastea of high sulfate concentrations mustß
employ treatent for the removal ef 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(h).

Sulfation

Industries discharging wastee with high concentrations of

sulfuric acid must employ complete neutralization facilities.

This is necessary to reduce the detrimental effect upon the

reeeiving stream. Several patented processes are currently

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

>
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facilities that sulfation occurs. If lime is employed as the

neutralising agent, ealcium sulfate is the product of reaction

during the mixing process. Deposition of the calcium sulfate

results unless there is sufficient agitation to maintsin the

calcium 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.
Ü

Sulfetion is a common occurrence where lime is emplqyed in

waste acid neutralization, but, to the author's knowledge, there

has been little success in its prevention and no success in the

·
I

development of a method for the remvel of the deposited materialr

An intensive literature survey in the Virginia Polytechnic Institute

libraries revealed no infonnation pertaining to research involying

removal of sulfate deosits. A fifteen year index to Industrial

and Engineerigg Chemistgy makes no reference to the general

g problem.

The absence of information relative to the problem of sul-

fation neeessiteted the investigation and evaluation of analyt-
d

„ical methods for the determination of sulfate concentration.

auch 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
I

at hand.
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Standard Gravimetric Method for Sulfate Determination

The gravimetric metho for sulfate determination is a direct

method and is emplqyed in analytical work in which a high degree
n

of accuracy is desired. “The gravimetric method is recognizd as

the primary procedure“(l)•\ There are in current use many varia-

tione of the standard gravimetric method, but the method most ‘

° widely accepted is that outlined in Standard Methods for the

ßgggination of Water and Sewege(1). Theroux, Eldridge, and _
Mallman(ll) list a procedure which varies oonsiderably fra the

generally accepted method. Hoover(8) presents a method which

varies from the "Standard Methode" procedure only in the rec-

ommended volume of sample. Even where variations and alterationsd

{ of the method are exercised, reasonably consistent results can be

expemted.
Although the gravimetric method is considered the most re-

liable analytical procedure available, it is not infallible.

Sulfites must not be present in the sample analysed gravi-
‘ metrically. Silica and iron in high concentratione must, like- U

wise, be absent(l).
U

p r
S . l_ n

l



GVolumetric 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·

g tages. Ordinarily, fairly good results are obtained, but care

y must be taken in the preparation of the sample to eliminate ferric
iron, the cause of low results(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 G ‘
_ The turbidimetric procedure for determination of sulfate con- G

centration is similar, in effect, to the grewimetrie 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 suapension is produced in the turbidimetric method,

and the intensity of the suspension is proportional to the sulfate

coneentration.
4 f

Various types of photemetric xaszrusesze are used in the

turbidimetric method of aalysis. Photometers are employd

notonlyin the determination of sulfate concentration, but in nitrate
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I

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 I

for the concentration of the unknown. This provides a rapid

andconvenientdetenmination method in routine

analysis.Difficultyie encountered in establishing the curve from
V

standard solutions because of the nature of the prepared suspen-

sion. For this reason, many precautions must be observed if
l ‘

reliable results are to be expected. Snell and Snell(lO) recom-

mend the use of a suspension stabilizing agent for moreconsistentresults.

Peptone, gun ghatti, gelatine, or glycerine may be used

for auch a purpose.

The turbidimetric method is very sensitive to the preaence,

in solution, of many elements. Standardization work in performed
U

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 frem

y the unknown analyzed. Also, the aulfate concentration should be

low if the analysis is to be conducted turbidimetrically. Snell

and Snell(l0) state that the sulfate concentration should be be-

tween 0.8 and 8.0 parts per million and that sodium, sine, cadmium,

meroury, and aluminum should not be present in the sample, since
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solution cause low results. A uniform salt concentration (NaCl)A

is essential along with a unifom acid coucentration (HC1). A

pH of 3 to A is recomsendedüo) .

Because of the extreme limitations of the turbidimetric

analysis, the most common application of the methcd is in the

detemination of sulfate in water, where the concentration is

generally low(m) .
v

1
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III. OBJECT OF INVESTIGATION

The investigation had two objectives. The first objective

was to inveatigate and evaluate methods for the determination of

sulfate concentration in order to select an appropristely occu-

rate method which could be used in a complete analysis of the

calciu sulfate deosite. The second objective was to develop

a chemical medium through which the removal of caleium sulfate

deposits could be effected. It was thought that if a feaeible

removal method could be developed, a general proposal for field

application of the procedure could be preeented. Such a pro-

posal would be of value to industries haraseed by the problem

ot sulfation.

ä
l
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IV, INVESTIGATION OF ANALYTICAL METHODS

l
General

ldmitations of the various analytical methods of analysis

are the prima factors leading to inconsistent results in routine

laboratory work, All too often, the indiscreet analyst selecta

a particular procedure for his work without investigating auch

limitations ae may exist for the method, For work of impor-
1

tance, an investigation and evaluation of the analytical pro·

cedure selected should be conducted in advance of any routine

analytical work.
f

Factors pertinent to the applicability of a particular

analytical method may be considered as followe: (a) time 9

involved in prsperation of saples, (b) time consumed in

actual manipulations of the procedure and the number of auch

menipulations, (c) the concentration range over which the

method is applicable, and (d) the consistsncy and accuracy

which can be achieved, Because of these factors, the three

methode of analysis were thoroughly investigated and evaluated
_

aa a guide to the selection of an accurate procedure to be 9

used in analysing the sulfationproblem,'
‘II
I
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Standard Gravimetric Method for Sulfate Determination(l) A

”In an acid solution barium chloride precipitates only

sulfates as barium sulfate."(l) The reaction which occurs is
I

as follows:

Casüa + Baclz •
Eeägä + CaCl2 (

The barium sulfate is precipitated and is filtered out. The pre-

cipitate is ignited at 800*0 to constant weight, allowed to cool

in an desiccator, and weighed• The equivalent weights of bariu

sulfate and sulfate are used to calculate the sulfate concentra·

_ tion as S0L• A sample calculation is presented in appendix D.

Appggatus:The
apparatus for the investigation consisted of standard

laberatory equipment. This included pipettes, graduated cylin—.

ders, Erlenmeyer flasks (500 ml. volume), a vacuum flask for fil-
tering, and other incidental glaesware. Gooch crucibles

(appendix A) were used for filtering the samples. A furnac•·

~capable of producing heat at 800°0 was required for igniting

Vprecipitates. Actually, a 1000*0 capacity furnace was employed.

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

·filtering. Hot plates were utilized in heating the samples to I
boiling.

4
I

( I

I

I
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Reggents:

The reagents required for the procedure consisted
of:)

(a) a 10% barium chloride solution, (b) hydrochloric acid

(1:1 solution), and (c) a silver nitrate·nitric acid wash A

solution. A11 reagents were prepared according to “Standard

Methods“(l) (appendix A).

Pgparation ofSamples:Duplicate

samples* were prepared covering a concentration ·

range varying from LO p.p.m„ through 360 p.p.m. SOA in order

that an evaluation of accuracy could be made. Since 200 p.p.m.
(

SOA (approximately) was the concentration recommended for best

results(l), it was thought that such an investigation would

bring about a more thorough understanding of the limitationa
—

of te gravimetric procedure. No precautions were necessary

relative to the removal of sulfites, silica, and iron, since _ (

only standard concentrations were utilised in_the preliminary

phase of the investigation, and only distilled water and a ·

standard aulfate solution were used. _ _

The concentrations inveatigated were A0, 160, 200, ZLO, and

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

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



accuracy of the method could be investigated in both high and c
n

low concentrations and a comparison could be made with the
‘ eccuracy at the 200 p.p.m. SOA concentration recmmended for

the procedure.

Procedure: ‘ ~

P The standard gravimetric procedure, as prescribed in h
6

Qtandard Methods for the Examination of Water and Sewgge(1),

is as followsz · ’

1. Adjust a 250 ml. clear sample, by dilution er concen·

tration, to approxhmately 200 p.p.m. sulfate ae SOA. e .
2.' Add 2 ml. lzl hydrochloric acid to the sample. -

A 6

3.. Heat the solution to boiling. V _

A. Add 10 ml. hot 10% barium chloride solution slowly,
_ while stirring.

i
.

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

6. Filter in a tared crucible and wash the precipitate

with warm,distilled water until free of chlorides as

determined by use of the silver nitrate-nitric acid

wash solution.
07.

Ignite the precipitate at 800°C to constant weight.

Place the crucible in a desiccator to cool.

8. Weigh the crucible and precipitate and calculate the

sulfate concentration. ' —
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U
.

Four series of analyses were conducted according to the

preecribed procedure. The concentrations investigated, as g

previously stated, varied from A0 to 360 p.p.m. SOA, inclusive.
I U

The data were recorded, and an analysis of accuracy was con-

ducted, taking into consideration the theoretical soluhility

losses for each eoncentration investigated(S).

Upon completion of the preliminary phase of investigation

of the gravimetric method, an investigation was made relative

to the applicability of the metho to the analysis of actual

waste samples. The wastes were normally of high sulfats concene

tration, ranging as high ae approximately 3,000 p.p.m„ SOA.

Because of the high sulfete concentration ot the waste, it was

necessary·to employ dilution in order to obtain a sample ot

approximatsly 200 p.p.m., as recommended for the procedure. ‘

The hellige turbidimeter, which measures the turbidity of

a solution, was emplqyed to determine primarily the sulfate

concentration of the undiluted waste. A barium sulfste sus-

pension was produced in a portion of the full strength waste

by use of barium chloride crystals and s salt acid olution.L
6

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

determdned in this nummer provided a guide for use in dilution
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of the sample to appreximately 200 p.p.m. for analysis by the -
gravhnetric method.

The samples prepared by dilution for gravimetric analysis
were not filtered because the prevailing z¤rb1d1ty of the sam-U
ples resulted almost entirely frm suspended partielee of cal-
ciun sulfate. Hemoval of silioa was not neeesary since its
eoncentration in the samples was less than the critical value
of 1%. Sulfites and iron were not present in the samples.

U
Sixteen analyses of waste samples were conducted gravi~

metrically with preliminary turbidimetrie snalyses as guides
to dilutions of the samples. The data were recorded and a
ststisticel analysis conducted in the comparison of the tur-
bidimetric results with gravimetric results.

Beta and Results: l
U,. _

The data and results obtained in the investigation of the
travimetric method have been tabulsted and are presented in
Tables l and 2. The relationship of sultate 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 A.



‘ -25-
Figure l shows curves for the four series of analyses which

iwere conducted using standard sulfate concentrations varying frm

A0 p•p.m• to 360 p.p.m., inclusive. Sulfate conoentration ia
V compared with total Z error in results. Presented along with

the four curves, for comparison of theoretical error with total

· error, is a curve showing the theoretical error resulting from

solubility losses at each concentration inveetigated.

.Figure 2 is a graphical presentation of the average, maxi-

mum, and minimum Z error in results at each of the five sulfate
(

ooncentrations. The general Variation range (spread) of error

ia clearly indieated by the comparison of the maximum and mini-

mu Z error curves. ·
Figure 3 shows the deviation of actual Z error from the-

oretical Z error resulting from aolubility losses at each of ‘

the sulfate conoentrations investigated for the four series of

analyses•

Figure L presents a graphical comparison of turbidimetric

and gravimetric results from the analyses of sixteen actual

waste samples. The curve of “beet fit“, dstermined by the

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

parison of results. Variance of data (appendix G) and 9OZ
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confidence limits (appendix H) are also shown for the purpose

of evaluating the reliability of the data obtained from the

sixteen analysesü
~

( t

ll
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TABLE 1 9

Results gg Gravimetric läethod _g9__g·_ Four Series gg Angyses

u Actual SOA Concentrations ot
gg 'Prepared Samples (p.p.m.S0&}

.·-1gz 66 160 21.0 360
A 1 37.80 158.35 199.05 238.20 362.75

O H

ä jf 2 5.1.0 1.03 0.1.8 0.75 0.76

ä 3 3.1.5 0.86 0.69 0.57 0.38 1
€ u • 07 ‘

iiäégä 1. 56.50 1-9-00 30.1.0 31.50 99.90
°. °'ää

1
xé, jääea 6. N l 37-60 157-1.3 198-80 237.97 361.1.3

E :1
Fg

7: 2 6.00 1.60 0.60 0.85 0.1.0
e -.-1 .,1 0··+ g, 3 3.1.5 0.86 0.69 0.57 0.38

o 6 cu
iä E §;.«•"-{gg nä 1. 73.90 85.80 12.80 1.9.10 5.50
B • 0 le "

.
.3 Egg E 1- 37--36 162.75 199.20 21.2.1.0 360.1.7
2 gz 2 *2,.3 2 0 .
I2 3..-*33 -3 ,, 2 6.60 1.75 0.1.0 1.00 0.13
¤. Eng.; ,*11]_gä

éä ..2 3 3.1.52 0.86 0.69 0.57 0,33
1. 91.30 100.00 1.2.00 33.60 65.80

’*°· E1hk ~.•·-.¤

:1
E'-?.

Ü 3 Ü 1 38.70 157.80 200.1.0 239.30 359.10
3 ""

*’ S ‘” I'. 9.*."“'__;g 3.3 2 3.30 1.1.0 0.20 0.30 0.25
o eggäääg E 3 3.1.5 0.86 0.69 0.57 0.38

·?'•<‘°1ä?=?·‘0—$ 1. 1..30 63.00 71.00 1.7.00 31..00
ä ä 5.31. 1.1.1. 0.1.2 0.73 0.39§§E222 3.30 0.69 0.1.0 0.70 0.63

* Samples were filtered at. spproximately s0·c
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·

6
°

3 Conditions:
NO:. Analysis Series Number A.

°

2 Samples: Prepared SCA
Concentrations

l
5

E N °“
Q)¢>
O
OOLt'.
er Z: ·
OU')
¢•-•
O

*3 °
E

s.• 3O‘c
A ·

F-rl
«-4cu——* \E2

2Curve of \ Qtheoretical \ ¢\
° error (Ä) from Ü

solubility losses __§\ ‘1 ar, 50%: „
Gß ‘

°\U — a
Ü

O
’ Ü‘ A0 160 200 2Z+O 30
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'
TABLE 2

_R_g_s__u_1_g„g gg Grsvimetric g__ng Turbidimetrie
§He1lige*} Angus gg _vjg.__s_tg gggg

6
Analysis Turbidimetrie Gravimetris

Number Results Results
(p.p.m.S0g‘) (p.p.m•S0h)

1 1800 2098

2 500 680
3 1300 ‘ 1563
1+ 11+50 1713

5 1000 1126

6 1350 1636
7 21+50 2790
8 ll,00 165l.

A 9 1250 1617
10 1600 1708

11 2100 2l+03
12 1350 1692

1-3 900 1-1-75
‘

11+ 2250 2687 1

. 15 750 900

16 2100 2251+

* The Hellige turbidimeter was used for preliminary
determinations prior to adjustment ef coneentra-
tion 01* samples for gravimstris 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 hydroehloride„ Ferrous
I

iron does not, however, react in this manner. Hydroxylamine 3

hydroehloride ie, therefore, added to reduce the ferric iron

to the ferrous state.

In a hydrochloric acid solution, a reaction occurs invelving

the sulfate and benzidine hydroehloride to form a slightly sol·

uble compound of benzidine and sulfuric acid as followe:

CBSÜÄ + C12H8(NH2)2
• 2HCl

I
All Hl 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. Only the HZSOA cmbined with

the compound ie to be titrated, if aocurate results are to be

obtained.

sass - NBZSÜÄ H20

The volme of NaOH used in the titrstion ie employed for
1

cslculation of the conoentration of sulfuric acid as sulfste

I (SQg)„ A sample calculstion is shown in appendix E•

¢ ‘ . .
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Apgaratus:
The apparatus required tor the procedure consisted of

standard laboratory apparatus._ The glassware required in—

cluded pipettes, an automatic 10 ml. burette graduated in
6

tive~hundredths milliliters, several ADO ml. beakers, 6 small
funnels, and a 25 ml. graduated cyliner. A tunnel rack ot 6

tunnel capacity was used for filtering operations. Hot plates

were used tor heating the samples prior to titration.
6

ßegggnts:
The reagents required for the velumetric method were:

l
(a) a 1% solution of hydroxylamine hydrochloride, (b) a

bensidine hydrochloride solution, (c) a 0.05 normal aodiun p

hydroxide solution, and (d) standard phenolphthalein in·

_ dicator solution. All reagents were prepared according to the

. ~ taboratogg Manual tor Chemical and Baeterial Anglgeis ot water
and Sewage(ll). See appendix B tor preparation ot reagents.Preparation ot Samples: 6 ‘

The samples were prepared varying over a sulfate coneen·

tration range of 5 p.p.m. to 160 p.p.m. 50g, inclusive. This

range was investigated tor the purpose of overlapping the lower

range of the gravimetric investigation. It was thought that it
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the volumetric method proved reliable for the greater portion
A of the range investigated, an enalytical 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.

F Procedure:
_ The laboratogy Manual for Cheieal and Becterial Analysis
of water and Sewgge(ll) outlines the volumetrio procedure es

O
follewsz

1. Measure exactly 250 ml. of the sample into a ADO ml.

beaker.

2. Add 10 ml. of a 1% solution of hydroxylaminc hydro·

chloride. (If the iron content ie less than 0.5
p.p.m., this step may be omitted.

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

A. Stir the sample vigorouely end allow the precipitete —

to settle.
l D

l
5. Filter the solution through filter paper and wash the r

beaker and·the paper with sell portions of diatilled A

water. (Whetman #A2 filter paper is very eatiefaetory).

{
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V 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.

V 7. Add 3 drope of phenolphthalein indicator und titrate
I

with 0.05 normal sodium hydroxide solution until the

first permanent pink color is obtained.
‘ ” 8. Place the filter paper in the solution and continue

I 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 concentrations of the prepared

— solutions varied from SIp.p.m. to l60·p.p.m., inclusive. The

data were recordd, ad sn accuracy analysis was conducted.

Data and Results:
I I

The data and results obtained from the investigation of

the volumetric method have been tabulated and are presented in

Table 3. A study of accuracy is shown grsphically in Figure 5,

in which the maximum, average, and minimum S error in results

for each of the six sulfate concentrations investigated can be

found. The variation range (spread) of error is indicated hy

a comparison of the maximum an minimum S error curves.
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TABLE3 °

Results gg Volmetrie Method ggg §_g__x Series gg Angus
Y 6

A 2, Actual SOA Concentrations ot
aä Preparsd Samples (p..p.m..S0A)

. 9.-•‘o6* K M HKM 16
Ä:

1 5..12 11.23 19..U• Blv.79 73.68 11.8.39

·

„.

2_ 2.l.0 12.30 2.8) 13.00 7.90 7.30
sg ‘ 9

• A ä 1 5..12 10..23 18.1.1 32.75 76.80. 151..70
• fäßq Ö

2 2.1.0 2.-30 8.00 18.10 1..00 3.50
c5°¥$s-.6 90fgägm

O

°
TQ 1 5.12 10.-23 21.1.9 66.52 77.78 155.55

gg ' -0 0
ä 2 2.-1.0 2.30 7.50 13.26 2..78 2.78 _ ‘

6 äagäg ‘Y °°
6 Y.'ä.§..Y3

äggggg E A 1 1..-91 9.98 19.90 36..33 75.22 157.60
es 0§ 8 Q 2 1..80 0.20 0.50 9..18 5.98 0.15 A

E
Y: 1 5.12 9..72 19..96 31...79 76.75 11.7.66

9 0ääää 2 2.I.O 2.&> 0.20 13.03 1..06 7.58

~ Ü 1 5..12 10.23 19.1.3 35..80 71..20 M3.75
LQ 2 2.1.0 2..30 0.29 10...50 7.25 10.15

3 2.30 3..70 3.22 12..85 5.33 5.21.
A

Q 1. O.60 12 7 .80 8..92 5 .12 10.00
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Turbidimetric Method for Sulfate Determination

The investigation of the turbidimetric method was prsued

in an attempt to obtsin a standard eurve which could be used

rapidly and conveniently in determining sulfate concentration
T

photometrically, The Lumetron, e very sensitive photometer

which measures light transmittance through a given prepared

sample, was utilized in the investigation of the method,

The principle involved in the turbidimetric method of

analysis ie similar to the gravimetric pocedure in chemical

reaction, In the grawimetric procedure, a barium sulfate pre·

eipitate is formed, filtered out of solution, and weighed; in

the turbidimetric method, it is desired to produce a barium

sulfate suspension and measure, photometrically, the light

tranemittance through the sample, The transmittanee variee _
4

logarithmically es the sulfate concentration variee arith·
M metieally (i,e,, the transmittanee increaeee with s eorrespond-

ing decrease in sulfate concentration),

Aggaratua:

The apparatus required tor use with the Lumetron photometer

were a selection of monechromstic light filters and a selection

of cuvettes and cylindrical celle for holding the samples,

e h



Fourteen short form Nessler tubes, calibrated at 50 ml. and
100 ml. volumes, were used for preparing the stadards. Nessler

ltube rachs were required for supporting the tubes. Pipettes

and scher incidental glassware were used in the preparation of

the standards.

ßeagentsz 4

The reagents required tor prducing the barium sulfate

suspension were a 10% barium chloride solution, and Hellige
l

salt acid solution.
”A

standard sulfate solution was prepared

in auch a manner that 1 ml. of the solution contained 0.1 mg.

of sulfate as SOL. This standard solution was emplqyed in the ä
preparation of solutions ot various concentrations for standardcurve work.

In an attempt to produce a.more stable bariu suliate aus-

pension, the Hellige salt acid solution was altered by the

addition of £u1lers* earth and hydrochloric acid. The altered

salt acid solution was filtered to remove the exoess turbidity

resulting frm the addition of £ullers• earth. Glycerine was

mixed with the filtrate for additional stability promotion.nIt

was anticipated that the addition of fullers* earth wuld h
provide, in a sense, nuclei to which the particles ot barium.

l

d
sulfate could adhere. The hydrochloric acid was added to



prevent the precipitation of barium phosphate in the analysis

of actual waste saples(1o). The proceaures for preparation

of all reagents usd in this analytical method are presented
in appendix C .

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

The standard solution, 1 md„ of which was equivalent to 0.1 mg.
~ Sök, was sded to the Nessler tubes in auch volumes as to rep• ‘

resent sulfate concentrations, as SOA, varying from O p.p.m„ to
w 52 p.p.m„, inclusive, when the samples were made up to 50 ml.,

including the reagents. The coneentrations were pared in in·

tervals of L p.p.m.

8Qk.Afterthe correct volume of standard solution was added to 0
each Nessler tube, 10 ml. of altered salt scid solution ad „

5 ml. of 10% barium chloride solution were added. The samples

k were made up to a volume of 50 ml. with distilled water and

allowed to stand for 10 minutes. Next, the samples were

shahen thoroughly and allowed to stand an additional 5 minutes.

The samples were then ready for analysis. ‘ _,

l



Procedure:

In a preliminary investigation of the use of the Lmstron

photometer, it was learned that the L20 m. monochromatic filter

was eatiefactory for sulfate determination. The inveegitation "

revealed, also, that the use of a 50 m.m. cylindrical cell pro-

vided a greater ordinate variation on a curve and was, there-
1

fore, more appropriate than other available celle and cuvettes

for sulfate determination. — ·
1

The photometer was allowed to ”warm-up“ for 10 minutes

before the analysis of the standards was begun. The L20 m.

filter was then cleaned and placed into its retainer. The °

galvanometer was adjusted to the zero position, and the in-
' atrument was in readiness for use.

The procedure for reading the transmittance of light
U

through the barium sulfate suspensions was ae follows:

1. The O p.p.m. SGL standard (blank) was poured into

the 50 m„m. cylindrical cell and the cell placed

into the instrument.

2. The sensitivity defleetion of the galvanometer was

adjusted to 10 units.
1

3. The transmittance was djusted to 100%.
(

”
L. Each standard was then shaken gently, poured into the ~

cell, and the transmittances read.

i,____T_j
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~·l+3··Fourseries of analyses of standard·sulfate oocentrations
varying from 0 p.p.m. to 52 p.p.m„ Süh, inclusive, were con-

ducted and the results recorded for compariso.

Data ad Resultsxé
The data and results obtained in the investigation of theh b

turbidimetrie (photometric) method for sulfate determination

have been tabulated and presented in Table A. A graphical
· presentation of the results has been umde in Figure 6.

Table A presents the data obtained frm the four series of
analyses along with a list of instrument particulars which were

maintained throughout the investigation. A

_ Figure 6 shows graphieally the relationship between light
'

transnittanee, and sulfate eoncentration. The sulfate cone•n·
tration is plotted arithnetieally while the 5 transmittsnee
is plotted logarithmically. The curve is of best fit "by eye";

· é a statistical analysis would be of little significanee because

it is desirable that the analyst re~eheck the data oceasionally
a with standards when using such a curve in analytical work. A

curve which cannot be reproduced constantly and reasonably is

of questionable value in photoetric analysis. s
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Discussion of Results

The results obtained in the investigation of the three
methods were, in general, eatisfactory and gratifying. The
graphical analyees were of particular significanee in that
certain facts relative to reliability, applicability, and

. limitations of the methods were indicsted.

From the investigation of the gravimetric method it was
s revealed that e general trend toward lower Z errors prevailed

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

interpretd by the author es fine support to the recommendation
D that samples be adjusted to approximately 200 p.p.m. sulfate

eoncentration for analysis by the gravimetric msthod(l). Also

of significance were the graphical analysee which revealed_

less variation in total Z error at the 200 p.p.m. sulfate con-
centretion (Figure 2) and lower deviatione of actual total Z

— ~ error from theoretical Z error at sulfate concentrationa ot
D200

p.p.m. and 2A0 p.p.m. (Figure 3). F

From the investigation of the use of the Hellige turhidi—
metric method as a guide in adjustment of actual waste samples

l
to the recommened 200 p.p.m. sulfate concentration, it was

learned, from a statistical analysis ot the data obtsined, that

there exists a high correlation of turbidimetric results with

gravimetric results (Figure L).
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_ Results arising from the investigation of the volumetric

method indicated that the epplicability of the method to anal-

ysis of water and wastes of very low sulfate ooncentrstions
Q

would be most appropriate. The trend in total % error with

inreased sulfate concentrstion was not definite. The lowest ‘

% errors, however, were obtained, generally, at very low sul-

fste concentrations (Figure 5). The date obtained indicate

that the volumetric method could be used where the time con-

suming concentration of a sample by evsporation in preparation

tor gravimetric analysis is not permitted. y
Q

The results obtained in the investigation of theQturbidi-
Q Q

mwu(mMmuudmwmdum,mg®uü,mmudmmq{
Q Much difficulty was experienced in efforts to produce a stable

_ barium sultate suspension.Q Considerable time was spent in exe
perimentation with reagents in an effort to develop the de- — ·

sirable stability of suspenslon• The attempt was unsuccessful,

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

of the four sets ot dataQpresented in Table L would be unre-

. 11ab1•; the data are inconsistent and without definite trend

in their inconsisteney.



Conclusions

The object of the investigation of the three methods for l
(

sulfate determination was to evaluate the results obtained by

each method frd the standpoints of acouracy and applicability. 5
It was enticipated that the results of auch an evaluationcouldbe

utiliaed in the selection of an aocurate method for a c¤m• Q
plete analysis of the problem of removal of calcium sultate

deposits from treatmentfacilities.'

Fre the accuracy analysis of the gravimetric method re-
ä

sults, it was determined that a total error of less than 1%

prevailed at the recommended sulfate concsntration of 200 p.p.m.,
(and

that the variation in error (spread) was a minimum at that
I

concentration. Likewise, the deviation in total Z error from

theoretical % error was relatively small at the recomended con·

centration. It was, therefore, coneluded that the recommendation

e that the sample be adjusted to approximately 200 p.p.m. was of

sound basis and probably represented extensive experimentstio.

The statistical analysis of data collected in the investi·

gation of the use of the Hellige turbidimetrio method as a guide

in adjustment of waste emplee to the recommended sulfate eon• 5

centration for gravimetric analysis indioated a high correlation

of the two methods. It was seen that the turbidimetrio results

5 55

5
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could be used, with a high degree of confidence, in seleoting

the corresponding gravimetrio concentrations from the curve

(Figure 1,) . .
The investigation of the volumetric procedure indicated

that the method could more appropriately be applied in analysis

of saplee of very low sulfate concentrations„ Such an applica-

tion of the procedure would eliminate the necessity of concen-

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

metric

method•Investigation of the turbidimetric (photometric) method of

analysis revealed that inconsistencies were much too prevalent•

The curves could not be conetantly reproduced, and, therefore,

were not reliable„
l

Since wastes which result in the deposition of calcium

sulfate in treatment facilities are very high in sulfete con-

centration, it was concluded that the gravimetric method of

analysis would be the most appropriate method for the analysis

of the deposited sulfate•
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U V. INVESTIGATICN OF THE HEMOVAL OF CALCIUM

SULFATE DEPOSITS

General U '

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

‘ Utralization of waste sulfuric acid with lime Ca(OH)2, is de-

poeited upon the walls and bottoms of reaction chambers and U
‘

upon the internal survacee of pipe lines. The deposits are a U
G

hard, resistent material reeembling well·strati£ied sandstoneU

5 _ or limestone. Such deposition, if allowed to continue its course,

U ieventually reduces the efficiency of the treatment facility to a

point that rmedial measures must be enployed. The remedy, in

the case of a pipe line, may pessibly involve replacement of the

entire line. Therefore, it is readily seen that a method for

the removal of the deposited material is desirable.

Anglysis cf the Depgsited Material

‘ A sample of the material was analyzed prior to the investi-

gation of a method for the deposit removal. The material con-

aieted largely of calcium sulfate, the result of the neutralisa- U

tion of waste sulfuric acid:

HZSQÄ + Ca(OH)2 • CGSOA + ZHZO



_ 4 The gravimetric method for sulfate determination was used N
N

in the primary analysis. In preparation for the sulfate anal· N
ysis of the material; 3.8lAb grams of the dry sample were die-

· solved in distilled water; with the aid of hydrochloric acid,

4 and diluted to one liter. This yielded a 3;8lL.6_p.p.m. con—
centration of the material in solution. The gravimetric sulfate ~analysis was then conducted. ·· ‘· NResults: ·

6
2

° Coneentration of the material in solution = 38lL.6 p.p.m.

Sulfate eoncentration of the solution
(gravhmetric) • 2109.L p.p.m. SOA I

Equivalent weight of SOA = h8.03

‘Equivalent weight of CaSOA • 2H20 ¤ 86.09
NSulfate coneentration of solution as

cssoh 37:20.0 p.p.m. N

Z CaSOA • 2H2O • • 99.2

The results of the analysis of the deposit sample revealed '

that the material consisted almost entirely of sulfate, express—

ed as gypsum (CaSOA ° ZHZO).
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Media Emglgyed in the Primagg Investigation

Small portions of the deposit were immersed in various

solutions in an effort to determine which chsmical.agents, if

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

preltminany investigation were of various concentrations and

consisted of the following:

(1) Ferrous ammonium sulfate I
l

(2) Ferris mmonium aulfate

L (3) Stsnnous chloride L L L L °

(R) Calgon (a comereial metsphosphste)
(

.

(5) Hydrochloric acid _
l

L —

(6) Glycerine and alcohol .

(7) Amonium chloride

(8) Ammonium.moLybdate

(9) Sdium hydroxide and alcohol I f

The sodium hydroxide and alcohol solution was the only

one among those listed that indicated any significant tendency

toward disintegration of the sample. -The results vers encour·

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

of the sodium hydroxide·alcohol solution upon samples of the

material.

I
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Develogggnt of the Successful Medium

Twelve solutions containing various concentrations of

sodium hydroxide, alcohol, and water were prepared. Material

samples were imersed in these solutions in order to determine

the most effective concentration. vTime of immersion and con-

ditions of the immersed samples at the different time intervals

were rscorded. The results of the primary investigation were

interpreted and used es a guide to further investigation of a

concentration which apparently was most effective in the disin•

tegration of the sample. The concentretion of sodium hydroxide
T

was held constant and the water and alcohol concentrations were

varied in the second series of five solutions prepared. The

results of the second investigation were of no consequence in,

that the results of the previous investigation were not re·

producd. In a third series of four solutions, the water and

alcohol concentrations were varied while the·sodium hydroxida

conoentration was held constant but at a greater value than

that employed in the second series of five solutions. The
‘

results of the third investigation were completely satisfactory

in that one sample completely collapsed overnight.



F
Throughout the three primary investigations, the solu~

F
tions were mixed by weight percentages, For this reason, it F

r was thought, difficulty was experienced in reproducing the re- F

sults of each preceding investigation, It was decided that in- FF
consistencies in mixing could be eliminated by using titration F
as a guide in adjusting the solutions to the desired sodium

hydroxids concentrations, F

The sodium hydroxide cncentration of the most effective F
solution used in the primary investigation was checked
bytitration,The actual concentration wes found to be 5% great- F

er than was indicated by the weight percentage mixture, This
F

information was used in selecting the proper concentrations F” for·mixture as adjusted by titration, F
A series of four solutions were then mixed and adjusted,

F
as determined by titration,.to the desired concentrations, F
Alcohol was added next, in various concentrstions, by per cent

· of total initial volume of the sodium hydroxide~water solution,
A _ The material samples were imersed in the prepared solutions,

and the progress of the investigation wes recorded at various

time intervsls, The results obtained were eatisfactory,
A second investigation of tue effective concentration,

adjusted as determined by titration, was conducted in an effort
to detenmine the effect of the solution upon different types of
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‘ T
samples (i•e•, samples taken from pipe lines and-from reaction

w chambers). 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-

I

ferent alcohol concentrstions on the reaction. huplicate ma-
.”

terisl samples were immersd in the prepared solutions, and the
T

observations were recorded at different time intervals„ Results
pof the previous investigation were reproduced.

Data and Results: ‘ —
I

The data and results obtained in the developent of the

successful medium (sodium ydrexideewater-alcoholTsolution)
I

have been recorded and presented in Tables 5 to 10, inclusive,
T

Tables 5 and 6 show the results of the primary investiga· I

tlon in the development of the sodium hdroxide-water-alcohol I

solution• The results obtained indicated that the effective
T

conentrations were 10, 20, and 30 sodium hydroxide solutionswith 5% alcohol concetration„ T T
Table 7 presents the data obtained in further investiga-

tion of the 10% sodium hydrexide solution with varying consen-

trstions of alcohol. The results of Tables S and 6 were not
reprodueed„
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Table 8 shows the results of the investigation of a 15%

solution of sodium hydroxide with the alcohol concsntration

· varying. Good results were obtained, but they were not con- —

sistent with results of the previous investigations. r

The results shown in Tables 6, 7, and 8 indicated that

the preparations of the solutions were inconsistent ad that

titrstion should be used as a guide in adjustment of the

y solutions to the desired eodium hydroxide coeentrations. r

All subsequent mixing was performd in this manner and the

alcohol was aded as % of the initial total volume of the

sodium hydroxide-water solution.

Table 9 presents the data obtained in the investigationof15%

and 25% sodiu hydrozide solutions with alcohol concentra· p

tions of 0% and 3%. The results indicated a 15% sodiumhydrox•"ide

solution with 3% alcohol as the effective solution. For _ 1

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 samples were immersed, in duplicate, in

the prepared solutions. All previous investigations were con-

’ductsd with pit samples only. It was desired, therefore, to

determine the effect of the solution upon pipe samples, which

were apparently slightly different in that they contained
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foreign matter not present in the pit samples. It was seen

that the 15% sodium hydroxide solution was 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 Table 10 were conclusive, since the results

_ shown in Table 9 were reproduced.
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Analysis of the Products of Reaction

For the purpose of determining the nature ot the chemical

reactions which occurred when material samples were imersed

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£ul(S), it was desired to determine, by anelyses of the

products of reactions, whether the reactions were analogous

to the ehemical equations, P

CsS0L + 2NaOH ¤ Na2SOk + Ca(¤H)2

CaC03 + 2NaOH · Ha2CQ3 + Ca(OH)2

where:
d d ”

I
CaSOh ie the main constituent of the deposited
material and CaCO3 represente 1mpurities.in the
lime used in ueutralization of acid waste:. Such
impurities naturslly would be deposited along
with the calcium sulfate, the normal product of
neutralization.



-65-

From inspection of the two equations, it could be seen that

if the reactions followed the two equations, sodium sulfste and

sodiun carbonate, both of which are highly soluble, would be

present in the supernstant solution. According to the two equa-

tions, calciun hydroxide would be present in the precipitate.

Analgsis of Saggrnatant:
A sultate analysis (grsvimetric) of the supernatant was

conducted. Following the sulfste analysis, the hydroxide (OH)

and csrbonete (co,) concsntrations were determined by titra—

tion. The results were ss Iollowsz

seh as 0a(0H)2 · 23.07 S A

OH as Cs(0H)2 • 21.87 Z
e co; as cs(ou)2 ·· .1.226 1

P wenn 1.6.so 1

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

Analysis ot Precigitatez „

The analysis of the precipitate was conducted by the same
F methods used in the analysis of the supernatant. It was nee-

eesary, however, to prepare a solution by dissolving a quantity
’

of dry precipitste, by boiling, in distilled water. Since
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boiling was required to dissolve a small portion of the pre-

cipitate, it was anticipated that the precipitate contained

oalcium sulfate, which is moderately insoluble at low tm-

peratures. The presence of calcium sulfate in the precipitate Z
could be explained by incompleteness of the chemical reactions

of the sodium hydroxide—a1cohol·water solution with the calcium
·sulfate.The results of the analysis were as follows: h

seh as c•(o1~1)2 - 17.83 1 S
OH es ¤¤(¤H)2 - 75-16 S . Z
C03 es Ca(0H)2 ··

{Z Z
ZTotal 1o3.7o

1Errorin analysis ¤ 3.70 {

Z
From the results of the analyses of the superuatant and

precipitate, it was eonelnded that the chemical reeetiens which

occurred in disintegration of the material were of the nature

indieated by the two chemicel equations presented. Z



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 sul-

fate deposits, large bulk samples were immersed in the prepared

solution. The material selected for the investigation was dif-

ferent, in the manner of deposition, from the two types of sam-
' ples previously emplqyed. The chsmical composition was similar,

however, for all of the material samples*emp1oyed in the entire

investigation. The selected sample had been fonmed on a test

plate and its supporting member, over a period of time, while

_ the plate was submerged in a reaction chamber during the process
’ y of neutralization of waste acid. The deposited material was

hard and very dense.

Prior to the final test, a preliminary test wasconductedin

order to determine the-most effective solution concentration g
for the type material selected for the final test. mall por•

tions of the material were immersed in various concentrations of
the solution, and it was seen that the most effective concentra-
tion was a 30% sodium hydroxide solution. Good results were ob-

tained where alcohol coneentrations varied fro 1% to 3%, but
the rates and degrees of reactions were different for the solu- ltions of different alcohol concentratione.

¥
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The final test was begun by preparing two 30% sodium
4

hydroxide solutions, one of 1% alcohol concentration and the
other of 3%. One bulk sample of the selected material (approxi·
matsly 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. y

Data and Results:

The data and results obtained from the final investigation
of the medium have been recorded and presented in Tdblt ll. ·

The records of progress of the test show that the solution
l

containing 1% alcohol was very effective in the first immersion
period, whereas the solution containing 3% alcohol seemed only
nildly effective. The results of the second imersion period, i

however, reveeled that the activity in the solution containing
3% alcohol had accelerated• At the en of the second imeraion
period, the disintegration of the sample in the solution con·
taihißß 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 Fropgsal for Application of the Method

From the results obtained in the investigation of the re-
moval of calcium sulfate deposits from treatment facilities, the
author feels that a general proposal for field application of the

method can be presented. lt is earnestly suggested, however,

that an intensive investigation of the prevailing conditions be
(

made ad a complete analysis of the deposited material be con-

ducted prior to any attmpt to apply this method in the field.
ä( The entire investigatio was conductd in the laboratory and is

\

intended to be used only as a guide in the analysis of an•xist·'

ing problm. ·

The general proposal for application of the method is
out-linedas followe: j( {1) Conduct a complete laboratory analysis of the deposit·{

ed material in an effort to determine its chmicalcomposition. A
(2) Conduct a series of laboratory tests, under controlled°

conditions in order to determine the most effective

solution for use.
(3) Detenmine the required volume of solution for treat• ‘

ment, and prepare the solution.
(A) Remove from service the treatment facility.

¥
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(5) Completely fill the treatment facility with the pre·
‘ l

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·

y tion.
(6), withdraw and retain the supernatant solution, flush

out the facility with water or any other suitable‘
liquid, and inspect the facility.

l
(7) If the desired removal of deposits has not been

{
achieved, allow the facility to “air dry“ for L8

°. hours.(8)
Refill the facility with the supernatant solution,

previously withdrawn, and allow the solution to re-
° main, undisturbed, for an additional 72 hours.

(9) withdraw the supernatant solution, es before, und

flush the facility.
7

_

(10) Inspect the facility. If the desired reoyal has ,

not yet been achieved, repeat the “air drying•• and

y refilling procedures of (7) and (8). Complete re-

moval should, however, be realized within sight days
( of treatment.

~
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Cost Studies

In general, the economic consideratione in the application
_ of the proposed method for the removal of calcium sulfate de-

posits should compare tavorably with the costs involved in re-
plaeement of any unit of a treatment facility.

The latest prices of the required materials are as follows:
( (l) Sodium hydroxide flakes (76%) - · — 8 80.00/ton

. (2) Alcohol (comereial) ~ · ~ 8 0.LO/gal.

g Assuming a 30% sodium hydroxide solution with 3% alcohol
l

Ä
added is required, then the required sodium hydroxide ie a-

6
proximately 2.35 Pounds added to one gallon of water (determined6
by laboratory experiment). The total volume, 30% eodium hydroxide

solution with 3% alcohol aded, yielded by 2.35 pounds of sodium
hydroxide flakes is calculated as followszx

x - initial volume of sodium hydroxide-water solution
° .03; - volume of alcohol added

“

1.03:
- total volume

6

then:

Total Volume (gal.) ¤ 1.03 (iéiég + 1)
- 1.03 (1.1325) ¤ 1.168 gal.
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Volume alcohol (gal,) = (,C3}(l,l325) ¤ ,03L gal.

Cost of the solution (per gal,) ·

= ä ~O75/g&l•

cast, er the wiutaen (per eu.rv,.)l

Since 1 eq, ft, cross—section area with a].ft, depth equals

1 cu, ft,, it follows that the cost of the required solution ie

$0,5625 per eq, ft, of effective crces—section area per ft, ,

depth of the treatment facility,
‘~

_ t
Ä Ä

Ä

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

application of the methd would, in the case of pipe lines, be

generally 5%, or lese, of the expense of replacement of the «

facility,



v
-7k-

VI. CONCLUSIONS

The investigation and evaluation of the methods for deter-

mination of sulfate revealed that the gravimetric procedure is . _

the most accurate and valid of the methods examined. The volu-

metric method proved reliable for very low concentrations of

• sulfate but ie of questionable value in the analysis of samples

containing large sulfate concentrations.‘ The study revealed
l

that the turbidinetric (photometrio) method of analysis is very

inconsistent, since the barium sulfate suspension produced is
4

· relatively unstable. Efforts to develop reagents for stabiliza-

tion of the suspension were fruitless. e ‘

The study of the removal of calcium sulfate deposits 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 and

the rate and degree of reaction were found to be dependent

upon auch factors as (a) the physical and chemical composi-
l'

tions of the material, (b) the sodium hydroxide concentra—

tion of the solution, (c) the alcohol concentration of the

solution, and (d) the time of immersion of the material in

the solution.
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The author has stressed the importance of a complete pre-

liminary study of prevailing conditions prior to any attept

at application of the proposed method of removing calcium sul-

7 fate deposits. It ie believed, however, that the general pro-

7 psal presented in this work can be used as a guide in field
· iapplication of the method.

¤d

I



-75-

VII. SUMMARI

The object of this research was tc investigate and evaluate

three methods for determination of sulfate and to use the ob-

. tained information as a guide in selecting an aecurate analyt-

ical method with which to conduct a complete analysis of calcium

sulfate deposits. „

The investigation of the analytical methods revealed that

the grasimetric 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 and in the de-

_ velopment of a sodium hydroxide—alcohol·water solution for the

rmoval of the calcium sulfate deposite. 7 .

7 The initial phases of the development of the eodiu~

hydroxide-alcohol-water solution were discouraging in that —

the results were inconsistent and could not be reproduced. 7
It was believed that such incosistenciee reeulted, primarily,

I from the method of mixing the solutions, since all mixing was ·

done by weight percentages. [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.
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The investigation reveeled that, following the immersion

period, “air drying" the material had an 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 a period for drying the

material before a second immersion period. 4
A cost study revealed that application of the proposed °

method for removal ef calcium sulfate deposits fro treatment

_ facilities is economically sound and that the cost of applica-
tion of the method is very small compared to the cost of re-

placment of facilities.
P

1

1
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APPENDIX A

’
Pregggation of Reegents for the Gravimetric Method(l)

(1) Barium Chloride Solution: A

4 A 10% (UY ueight) solution was obtained by die-

solving 100 gramm of BaC12 • ZHZO crystale (20•30 mech)

in 900 milliliters of distilled water.

(2) yggggghloric Acid Solution:
0 ”

A 1:1 solution was prepared by mixing equal parts (by

volume) of concentrated HC1 and distilledwater.(3)

Silver Nitrate-Nitric Acid Wash Solution:

To 500 millilitere of distilled water were added 8.5

grame of AgN03 and 0.5 milliliter ot concentrated HNO}.

(Ä) Pregaration of Gooch Cruciblee:

Fine, acid washed asbeetoe was used for-preparing the
(

eruciblee. A.quentity of the asbestoe was immereed in die-
A

tilled water and allowed to stand overnight before use.

Each crucible was then prepared, with the eid ot the vasuum

apparatus for tiltering, by pouring pertione ot the thorough—

ly agitated asbestos~water·mixture into the crucible and
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allowing the auction, produced by the vacuum, tc draw the

aabeetoa to the bottom of the erucible, thue forming a

firm.£ilter mat. Care was taken to produce a tightly·
i

packed mat of from one•eighth to three·eixteenthe inch

‘thickneee to prevent loes of the barium eulfate precipi-

tate. “Fiberglaa“ was net used ae e primary layer in the

filter mat, the reaeon being that the cruciblee were ·
ignited at 8OO °C, which ie a higher temperature than ·

‘ the melting point ot “Fiberg1ae.“ gAfter ignition at

800 ’C, the cruciblea were allowed to cool and were

placed in a deaiccator until which time they were tared

prior to uae in filtering the saplee•



-35-

e APPENDIX B

· lPreggration of Reggents for the Voluetric Msthod( )

(1) Qgggggglamine gggrochloride Solution:
Ten grams of hydroxylamine hydrochloride (NH20 • HC1)

were dissolved in one liter of distilled water.
v(2)

Bensidine Qggrochloride Solution:

Eight graue of bensidine (NHéC6H&C6H&NH2) were placed
in an agate mcrtar and ground to a paste with addition of

distillsd water. The paste was washed into a liter vo1·

umstric flask. Ten milliliters of concetrated
hydro·ohloricacid were then added, and the contents of the flask

were made up to one liter with distilled water.

(3) Sodium Hzgroxide Solution:

A standard 0.05 Honmal solution was prepared from a

stock sodium hydroxide solution and checked by titration

with 0.02 Normal sulfuric acid.

(L) Phenolpgthalein Indicator Solution:
( The phenolphthalein solution normally used in the

laboratory is suitable for this purpose and was used in

* the investigation.
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A APPENDIX C 6
Prepgration of Reggents for the Turbidtmetric Method

(1) seems cn1¤1·16e Solution:
A 10% solution was used. See appendix A for the prep·

aration procedure.
(2) Altered Salt Acid Solution:

To 500 milliliters of Hellige ealt seid solution, 25

milliliters of conoentrated HC1 were slowly added. The
solution was mixed well, and 0.5000 gram of pulverized »

fullere* earth was added. The solution was egitated end
g allowed to settle for 20 minutes. The solution was then

filtered through whatman #Al filter paper. To the filtrate,

V 100 millilitere of 0.P. grade glycerine were added while the _solution wasstirred.(3)standard suusze s¤1uz1¤m A
In preparing standard eulfate concentratione, it was

desired to prepare a solution auch that 1 milliliter of

the solution was equivalent to 0.1 milligram of sulfate
aa SOL. ·Sulfurio acid of specific gravity 1.8A and purity1
96.6% was used for preparing the standard solution. Five

and seventy—four one hundredths millilitere of the
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ooncentrsted H2SOh were diluted to one liter with distilled
water. This provided a solution such that l milliliter of
the solution was equivalent to 10.0 milligras of sulfste

es SQA. Ten milliliters of the first prepared solution
were diluted to one liter with distilled water to obtain
the desired solution (l ml. • 0.1 mg son).
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APPENDIX D

Calculaticn of Sulfate as SGH (Gravimetric Method)

The berium sulfate precipitate was weighed and the weight

(grams) used in calculating results in sulfate concentretion

es SQ“• The equivalent weighta of BaSGk and SGL were used to
convert the weight of the BaSGg to weight of SGA. The method

Vof ealeulation was as follows: V
Equivaleut weight of BaSGh · ll6•71

VEuivalent weight of SGL • k8•G3
V

(gramn grams SGA
V

1 ooo ooo _

V
Them V

_ h8.G llG0GIOG0 „ _ _ _(graue sample ) P P m 80g
V

lell ,
V

(gruß p•p•M• SÜÄ V
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APPENDIX E

Calculstion of Sulfate as SOB (Volumetric Hethod)

The calculation of sulfate was based upn results of titrs—

tion. The sulfuric acid, which existd in a compound with

benzidine as a result of chemicel reaction, was titrated with

0.05 Normal sodium hydroxide. The results were calculated es

followsz

Equivalent weight (E.w.} SOA ¤ &8.03

(mi. :·za.0u)(u¤ma11zy ¤wH)(..-.-.ét)(-4-.-.•-.-.) - p.p.m. 60,,
1,000 ul. sample

lu. o.a-'+.¢?.=S>.3..l°@°°°° -.S..( N8OH)( ü5)( P P E Süß

(ml!
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APPENDIX F
6 guation for the Curve of Best Fit bg the Method of Least §_g‘uaresw)

y ¤ p,p,m, SU}, by Hellige turbidimetric method
6

J: ¤ p,p,m, SO}, by gravimetric method

n ·· number of malyeee

m ¤ elope
l

b ¤ the “y“ intercept

First normalequation,(1)éy-•H2x+nb r
Second normal equation,

(2):ZXy*M€X2+b2X ( F L
For the data presented Table 2,

l

·A zur ·· 23,550 L6 2: - 27,696
zzy • ¢+5,71J,,050
2:2 · 62,666,666 ,n • 16 ,

Substituting values in the normal equatione,(1) 23,550 • 27,696 m + 16 b( (2) !+5,7l!+,¤50 - 53,365,866 m * 27,696 b
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Solving simmltaneously,

(1) 652,2h0,80O • 767,068,hlö m + (l6)(27,696) b

(2) m b
‘ 79,l8L,0O0 ¤ 86,785,hhO m + 0

· 18 000
·

äfvääim ‘ E “ °·°“·2
Sdbstituting m = 0.912 in normal aquation (1)

‘ 23,500 =· (27,696)(0•9l2) + 16. b

2 Curra of bést fit

Y • m X + b

y ¤ 0.912 x -107.509
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APPENBIX G

Calculatieu of the Correlatien Coefficient for the Data of Table 2
y • p.p.m. SOA by Hellige turbidimetric method

I x ·· p.p„m• S0& by gravimetric method

n
·

number of analysen

I 2 6 vr •• the eorrelatlon coefficient ‘
T rz =·= variance 6

I
° For the date aualyzed,

2 y ·· 23,500 1
gg-wß%,
éw - :6,711,050
2} - 53,265,6666

n • 16
I The equation for the correlation coefficient,

I 2; _ Qésqnjégl
x- ··\/F5I1

II ·
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Substituting values in the equetion

1,5,7].1,,050

—1*•

53,365,866 ·- (27i696)2 [39,267,000 - (23,550)2

x' • ,9903 (indicates strong, dominant relationship)

rz •• • ,9&7 ,°, 98,07 S of data are related,

I
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APPENDIX H

Calculation of Qonfidence Limits for the Curve of Beet Fit

y ¤ p,p,m, SGA by Hellige turbidimetric methd

x • p,p,m, SOA by grawimetric method

n - number of analysen
— rl-

coefficient of eorrelation
rz • variance

(sfr) • standard deviation of data {rem curve of best fit

For the data analyzed,

2 Y ·· 23,550
Zyz

··· 39,267,000
h u - 16 l

Y2
*The

equation for standard deviation

<1 — rh_ n n · 2

Substituting values in the equation

2 550 1(c(r)2
- (1 — ,9807)39,267,000_

(C{r)2 · 63hk ·

For 90% ¢OHf1G8H0¢ and lb aegreea of freeddm (2), t • 1,76

confidence limits • (1 79,65)(1,76) - I.lbO,2,




