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0. Abstract

The indicated methods for determining the following constituents

of Diban, which is an aqueous solution of dibasic aluminum nitrate,

Al(0H)2N03, were evaluated statistically:

1. aluminum by gravimetric, volumetric, and spectrophotometric

procedures,

2. basicity (hydroxyl value) by formation of an aluminum complex

and titration of the free acid with standard alkali solution,

3. total nitrogen by the Kjeldahl method,

4. ammonia by the Kjeldahl method, and

5. nitrates by means of a cation-exchange resin and titration of

the liberated acid with standard alkali solution.

Recommendations are made regarding the preferred methods of

determining the constituents in dibasic aluminum nitrate and regarding

means of minimizing errors in these analyses.
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1. Foreword

Dibasic aluminum nitrate, Al(0H)2N03, is a noncrystalline compound

in which the nitrate ions do not satisfy the sum of all the charges of the

aluminum ions. Its solutions (Diban) have been called "acid deficient",

even though they have pH values of approximately 2 to 3. When in the

Thorex process, Diban is added to a solution of thorium nitrate, the

thorium nitrate can be extracted into tributyl phosphate (TBP) and thus

be highly decontaminated from fission products*

Because Diban is to be purchased from various chemical supply

houses, the following were considered necessary: (l) a statistical

evaluation of methods for determining the constituents of Diban, (2) a

study of possible causes of errors in the methods of analysis, and (3)

recommendations regarding methods preferred and ways of eliminating

errors in the methods. The statistical evaluation and terminology are

in accord with those recommended by McCutchen.*3'

Two samples of Diban, supplied by two different chemical houses,

were used in this study. In this report, these samples are identified

as Diban 48-1 and Diban 13-RD-66.
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2. Summary

The gravimetric determination of aluminum by the hydrolytic precipi

tation of its hydroxide gives satisfactory results for pure salts of the

element. Since the amounts of trace impurities in Diban are of the

order of 1 wt %, the relatively simple method of gravimetric determination

of aluminum by direct ignition can be used. The precision of the

method, expressed as relative standard deviation, is 1 %for a 0.50-ml

sample ([All =100 mg/ml).

The volumetric method for the determination of aluminum by complexlng

with potassium fluoride depends upon the reaction of aluminum hydroxide,

formed by the neutralization of an aluminum salt, with potassium fluoride

to form the neutral salt A1F3«3KF and to liberate three moles of

potassium hydroxide per mole of aluminum present. However, the /ai(0H)2J

complex is stable, and prior digestion with nitric acid is required to

convert it to Al3+ and to make it possible to precipitate the aluminum

as Al(0H)3 by the neutralization reaction.

The basicity (hydroxyl value) of Diban is determined by complexing

the aluminum in it with potassium oxalate. The formation of the stable,

soluble complex between aluminum and oxalate releases the coordinated

hydroxyl groups from the coordination sphere of aluminum. These

released hydroxyl groups are neutralized by HC1, added in excess, the

excess being back-titrated with sodium hydroxide solution. The precision

of the method, expressed as relative standard deviation, is 1%for a

100-ul sample of Diban.
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The probable causes of errors in nitrate determinations (total

nitrogen and ammoniacal nitrogen) are discussed, and recommendations

for minimizing these errors are made. A relative standard deviation

of about 2 %and a relative standard error of - 3 to 4 %for a

probability level of 95 %can be obtained.

Conclusions and recommendations based on the statistical evaluation

of the data obtained are presented in Section 9*



3. Determination of Aluminum

3.1 Introduction

Aluminum is generally determined by gravimetric methods, but

other metals present may also be precipitated, which would make it

necessary to calculate the amount of aluminum by difference. The few

known methods for the volumetric determination of aluminum usually have

very limited applications. The purpose of this investigation was to

evaluate statistically various methods for the determination of aluminum

and to indicate their applicability to the analysis of Diban.

3.2 Qualitative Spectrographic Method

The results of spectrographic analyses of both samples of

Diban (48-1 and 13-RD-66) for trace amounts of impurities met the

qualitative spectrographic analytical specifications listed in Table 1.

Table 1

Qualitative Spectrographic Specifications for Diban(a)

Intensity Element(*>)

VS Al
S None

M None

W None

VW None

T Fe, Si (ppm)
FT Ca, Cr, Mg

VFT B

(a) Proposed by the Chemical Technology Division.
(b) Sought but not found were: Ag, As, Au, Ba, Cu,

Hg, Mn, Mo, Na, Ni, Pb, Sn, Ta, Ti, V, and Zn.
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3.3 Gravimetric Methods

The usual gravimetric method for the determination of aluminum

depends upon the hydrolysis of a soluble salt of aluminum by neutralizatkn

of the free and combined acids with ammonia. In the direct determination

of aluminum by this procedure, cations of the following metals must be

excluded because they will co-precipitate with the aluminum under similar

conditions: Fe, Cr, Nb, Be, In, Ga, Ge, Zr, rare earths, Ta, Ti, Si, V,

and B. The precipitation of Al(0H)3 is complete between pH 7.0 and 7.5«

At pH greater than 10, the hydroxide is appreciably soluble.

3.3.1 Hydrolysis of Diban 48-1 with Ammonium Hydroxide

The equipment, reagents, procedure, and precautions used in the

hydrolysis of Diban 48-1 with ammonium hydroxide were those specified by

Scott.^' Samples of Diban 48-1 of 500-ul size were used. The pipet was

rinsed three times with 1 N HNO3 after the Diban was delivered. The

results of these analyses are given in Table 2. The aluminum content of

Diban 48-1 by this gravimetric method was found to be 102.04 mg/ml - 1 %.

For a 500-jil sample of Diban 48-1, the precision of the method, expressed

as relative standard deviation, is 1 %. The detailed calculations of

the statistical evaluation of the data are given in Apx. 11.lj these

calculations are typical of the other similar statistical evaluations

reported herein.

W: :•$



- 7 -

Table 2

Aluminum in Diban 48-1:
Comparison of Gravimetric Methods bv Statistical Evaluation of the Data.

A« Data

N

D.F.

*2S^

*- (a)
R(b)

S.E.

C.I.

Jlluminum, ms/rcO^

Hydrolvtic Method(&) Direct-Ignition Method

Without With
cone M0

3 cone. HNO3

101.27 103.28 103.92
102.12 104.20 102.43
100.42 102.75 102.65
102.96 103.70 103.39
103.49 103.81 103.49
103.43 104.34 104.18
101.59 101.88 103.49

B. Statistical Evaluation of Data

7 H
4 13

102.04 mg/ml 103. 39 mg/ml
1.088 0.603

1.02 % 0. 75 %
1% 0. 5 %

102.0 mg/ml * 1 % 103.4 mg/ml - 0.5

C. Statistical Evaluation of the Methods

1. Analysis of Variance ("F" test)

Fe = itSSS = 1.80 Ft = 2'92 (95 %Probability Level)
0.603

Ft = 4»62 (99 %Probability Level)

(D.F.-l = 6 and D.F.g = 13)

2i Homogeneity of Averages1°) (Student's "t" test)

te = 3.18 tt = 2.09 (95 %Probability Level)

tt = 2.86 (99 %Probability Level)

(D.F. = 19)

(a) 95 %probability level.
(b) C.I. = confidence interval.
(c) See Apx. II for calculations involved in testing the homogeneity

of averages. %&<^««
•SS&SVl':'.
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3.3.2 Direct-Ignition Method

In the direct-ignition method, the Diban 48-1 is oxidized to

A1203 by ignition to constant weight in a muffle furnace at a temperature

of 1000° C. Volumes of 0.50 ml of Diban 48-1 were measured by means of

a microburet into tared crucibles that had been ignited previously to

constant weight. The measured samples were carefully evaporated to dryness

on a hot plate or by means of an infrared lamp in order to prevent any

losses by spattering. The dehydrated Diban 48-1 samples were then ignited

to constant weight in the muffle furnace at 1000° C. Concentrated nitric

acid was added to some of the samples before the drying and ignition.

The results are given in Tables 2-A.

The results of the statistical evaluation of the data are

given in Table 2-B. No significant difference in the precision of the

results was observed whether or not the Diban samples were treated with

nitric acid. The aluminum concentration of Diban 48-1, determined by

the direct-ignition gravimetric method, was found to be 103.39 mg/ml - 1 %

at the 95-% probability level. For a 0.50-ml sample, measured from a

microburet, the precision of the method, expressed as relative standard

deviation, was ~ 1 %• The average of the results obtained by the direct-

ignition method was about 1 %higher than the average of the results

obtained by the gravimetric method involving the hydrolysis of an

aluminum salt with ammonium hydroxide.
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3.3.3 Statistical Evaluation of Gravimetric Methods

Since the qualitative spectrographic analysis of Diban 48-1

showed that the only metal present in large quantity is aluminum and that

the other metals present are found in trace quantities only, it was

decided to determine statistically whether there is any significant

difference between the precision of the two gravimetric methods for the

determination of aluminum in Diban. The detailed calculations for the

statistical evaluation are given in Apx. 11*2 and summarized in Table 2-C.

The variance ratio or "F" test is used to compare two sets of

data to determine whether the difference between the precisions of the

two sets of data is significant (see Table 2-Cl). For the data obtained

by the two gravimetric methods, comparison of the experimental and

theoretical "F" values shows that the experimental "F" value is less than

the theoretical "F" value at both the 95- and 99- - probability levels,

thus indicating that there is no significant difference between the

precisions of the two sets of data; therefore, they can be considered to

be essentially the same.

For this reason, Student's "t" test was applied to determine

whether the difference between the averages of these two sets of data is

significant. The results are given in Table 2-C2. Since the experimental

"t" value, "te", is greater than the theoretical "t" value, "tt", at both

the 95- and 99-% probability levels, the difference between the two

averages is significant and is not due to chance variation.
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Impurities in Diban, determined by spectrographic analysis,

are of the order of 1 wt %• Some of these trace impurities can be re

moved by the reprecipitations required by Scott's method-^ ' However,

the direct-ignition gravimetric method for the determination of aluminum

in Diban is recommended in preference to Scott's hydrolytic method and

to the various volumetric methods because of its comparative simplicity,

rapidity, and precision. A correction factor can be applied to take

into account the trace impurities in Diban.

A comparison of the aluminum content of Diban 13-RD-66 and

of Diban 48-1 as determined by the direct-ignition gravimetric method

was made. The 0.50-ml sample was measured by means of a microburet.

The aluminum concentrations were 117.2 and 103.4 mg/ml - 1 %, respectively.

The results for the gravimetric determination of aluminum in Diban

13-RD-66 and 48-1 by the direct-ignition method are given in Table 3.
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Table 3

Aluminum in Diban 13-RD-66 and in Diban 48-1

by the Direct-Ignition Method:

Determination of the Standard Error of the Average

A. Data

Aluminum, mg/ml

Diban 13-RD-66 Diban 48-1

118.20 103.28

116.08 104.20
118.31 102.75

116.51 103.70

117.88 103.81

115*98 104.34
101,88

B. Statistical Evaluation of the Data

N

D.F.

X

s2

%

S.E.

C.I.

(a)
R

(a) 95 %probability level.

Sfcs

6

5

117.2 mg/ml

1.181

0.9 %

i 1 %

117.2 mg/ml ± 1 %

7

6

103.4 mg/ml

0.905

0.9 %

±1%

103.4 mg/ml i 1 %
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3.4 Potassium Fluoride—Acid Titration Volumetric Method

The potassium fluoride—acid titration method for the volumetric

determination of aluminum depends upon the reaction of aluminum hydroxide

with potassium fluoride to form the neutral salt A1F3*3KF; the aluminum

hydroxide is formed by the neutralization to the phenolphthalein end

point of an aluminum salt with barium hydroxide. Three moles of

potassium hydroxide are liberated per mole of aluminum present. The

potassium hydroxide that is formed is neutralized with an excess of

standard acid, and the excess acid is back-titrated with a standard

base.

3.4.1 Effect of Digestion of Diban 13-RD-66 with Nitric Acid

In the determination of aluminum in Diban 13-RD-66, the

potassium fluoride—acid titration method written by Walker'" was

followed without modification. Because the pH of the Diban 13-RD-66 was

2.5, no nitric acid was added; this procedure was in accord witl. Note a,

of the method.^" A 200-«l sample was taken. The pipet was rinsed three

times with 1 N nitric acid after the Diban was delivered. The data are

listed in Table 4-A. The average of the results of the determination

of aluminum in Diban 13-RD-66 by this method was approximately 55 %

low as compared with the average of the results obtained by the direct-

ignition gravimetric method (see Table 3-B). It became apparent that

the results were low because /Al(0H)2j is a very stable complex and

because the potassium fluoride—acid titration method is intended for

the determination of ionic aluminum in aqueous solution.

|
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In view of their experience, the Laboratory and Semi-Works

Control Unit suggested that the Diban be digested with concentrated nitric

acid in order to convert the complexed aluminum to Al3+. A 200-jal aliquot

of Diban was heated to boiling in 5 ml of cone HN03 until the volume of

the solution was reduced to approximately 1 ml, the solution was then

cooled and analyzed by the potassium fluoride—acid titration method.

The results are also listed in Table 4-A.

Table 4

Aluminum in Diban 13-RD-66 by Potassium Fluoride—Acid Titration:

Effect of Digestion with Cone HNOg upon Diban

As Data .

._ Aluminum, mg/ml
Diban Digested

Diban not Digested With cone HNO3

59-1 94-5
50.1 95-5
48.1 94«9
46.9 95-1
54-8 97.1

B. Statistical Evaluation of Data

N 5 5
D.F. 4 4

x 51.8 mg/ml 95*4 mg/ml
S 5 mg/ml 1.01 mg/ml
Sr 10 % 1 %



The average of the results obtained when Diban 13-RD-66 was

digested with concentrated HNO3 was in closer agreement with the average

of the results obtained by the direct^ignition determination (see Table

3-B) than when no acid digestion was used. Nevertheless, it was

approximately 15 %low. The relatively wide range of the results

obtained by nitric acid digestion indicated that the optimum conditions

required for the conversion of /ai(0H)2J+ to Al3 need to be

established if results of the potassium fluoride—acid titration

volumetric method for ionic aluminum in aqueous solution are to be

reliable•

3.4.2 Effect of Sodium Potassium Tartrate as Catalyst

The method of Snyder,^'' who used sodium potassium tartrate

to catalyze the reaction between aluminum hydroxide and potassium

fluoride, was considered. Since it had been established that digestion

of Diban with concentrated HNO3 for several minutes was essential for

the conversion of the [ai(0H)2J +complex to Al3+ for volumetric

determination, all samples of Diban 48-I were given this initial treat

ment. Samples of 200-ul volume were used, and analyses were made with

and without the catalyst. The results are listed in Table 5-A.
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Table 5

Aluminum in Diban 48-1 bv Potassium Fluoride—Acid Titration:

Effect of Catalyst on the Precision of the Method

A. Data

Aluminum, mg/ml
:'(a)

Without Catalyst With Catalyst

93.6 90.4
92.7 87.7
92.7 90.4
91-8 89.0
93.2 89.5
92.7 88.6
91-4 89-9

B. Statistical Evaluation of the Data

N " 7 7

D.F. 6 6
X 92.6 mg/ml 89«3 mg/ml
S2 0.5882 1.0006
So , x 0.8 % 1 %
S.E.Jb) 1% , . 1%
C.I. 92.6 mg/ml - 1% 89-3 mg/ml ± 1%

C. Statistical Evaluation of the Procedures

1. Analysis of Variance ("F" test)

Fe = 1.70 Ft =4*28 (95 %Probability Level)
Ft = 8.47 (99 %Probability Le^e l)

(D.F^ = 6, D.F.2 = 6)

2. Homogeneity of Averages (Student's "t" test)

te =6.30 tt =2.18 (95 %Probability Level)
tt = 3.06 (99 %Probability Level)

(D.F. = 12)

(a) Sodium potassium tartrate
(b) 95-% probability level teg.^-^



A statistical evaluation was made to determine whether there

was any significant difference between the precisions of the two sets of

data and between the means of the results. The analysis of variance,

"F" test, and the Student's "t" test were applied. The statistical

evaluations are summarized in Table 5-B and -C.

A comparison of the experimental "F" value with the theoretical

"F" value shows that the experimental value is much lower than the

theoretical value for both the 95- and 99-% probability levels; this

indicates no significant difference between the precisions of the two

sets of data—they can be considered to be essentially the same.

Student's "t" test was applied to determine whether the

difference between the averages of the results obtained by the two

procedures was significant. Because the experimental "t" value is much

greater than the theoretical "t" value at both the 95- and 99-% probability

levels, the difference between the two averages is considered to be

significant and is not due to chance variations. The result obtained in

the absence of sodium potassium tartrate was slightly better.

The use of sodium potassium tartrate, as specified by the

method of Snyder,tw has no particular advantage because it neither

decreased significantly the reaction time nor improved the results

(see Table 5). In fact, a serious error was possible if the sodium

potassium tartrate was added to a strongly acidic solution of the

aluminum. Tht tartrate formed the highly insoluble potassium acid

tartrate, which precipitated immediately. The precipitate, which is

W '•';%•
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acidic in nature, redissolves slowly and results in a poor end point

with phenolphthalein. The precision of the data of the procedures,

expressed as relative standard deviation, was approximately 1 % in both

cases. The average of the results obtained for Diban 48-1 by the

volumetric methods (both with and without catalyst) was approximately

10 % lower than the results obtained by the direct-ignition method (see

Table 3-B). This discrepancy may be due to (a) incomplete conversion of

|ai(0H)2 + to Al in the nitric acid digestion step, (b) an uncertain

end point in the back-titration since titrant is added until a faint-

pink color is reached and remains for 30 seconds^), or to (c) the

addition of an excess of barium hydroxide when the Diban is neutralized,

which would give low aluminum results. These sources of error must be

eliminated if the results of the potassium fluoride—acid titration

volumetric method for the determination of aluminum in Diban are to be

reliable.

3.5 Oxine Spectrophotometric Method

A direct spectrophotometric determination of microgram amounts

of aluminum is based on the formation of the internal salt of aluminum

hydroxyquinolate, extraction of this complex into chloroform and measure

ment of the transmittancy of the yellow extract- The aluminum—oxine

complex is slightly soluble in water and can be extracted quantitatively

into chloroform from an acetate-buffered (pH 4.5 to 6.5) aqueous solution.

The complex absorbs strongly at a wavelength of 395 mji and follows Beer's

law in the concentration range of 0 to 6 ug of aluminum per ml of

chloroform.
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The oxine spectrophotometric method for aluminum, written by

Miller,W was followed without modification in the analysis of

Diban 13-RD-66. A calibration curve (Fig. l) was obtained by measuring

the transmittancy for a series of solutions that contained various known

amounts of aluminum from 10 to 50 jig. The calibration data are

given in Table 6.

Table 6

Spectrophotometric DeterwHna^1 n-n of Aluminum With Oxinev"/:

Typical Calibration Data

Transmittancy, %

Tests

Aluminum, ug 1 2 3 Average

10

20

30

40

55-1
32.0

19.6

56.4
31.1

18.6

11.4

60.0
35.0

20.2

11.6

57.2
32.7

19-5

11-5

A 100-ml volume of Diban 13-RD-66 in a volumetric flask was

diluted to 500 ml with 1 N nitric acid. For the aluminum determination,

aliquots were taken of such size that each contained approximately 15 to

30 ug of aluminum. The procedure was the same as that used in the prep

aration of the calibration curve.'*J The aluminum in the extract was

determined from the transmittancy and calibration curve. The total

pm
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aluminum content of the sample w|| Ahen^omputed. The results are

presented in Table 7.

Table 7

Aluminum in Diban 13-RD-66 bv the Oxine Spectrophotometric Method

A. Data B. Evaluation of the Data

Aluminum, mg/ml N = 7

135 X = 126 mg/ml
123

128 S = 6 mg/ml
125
118 % = 5 %
128
120 S.E.R =i 5% (95 % probability level)

C.I. = 126 mg/ml - 5 %

The aluminum content of Diban 13-RD-66, determined by the

spectrophotometric oxine method,^ was found to be 126 mg/ml ±4%at
the 95-% probability level. In the transmittancy range of 40 to 80 %,

the precision of the data taken by this method and expressed as relative

standard deviation was approximately 5 %• This spectrophotometric method

is especially practical for the determination of micro quantities of

aluminum and for the analysis of radioactive samples. The Diban purchased

from commercial sources will be nonradioactive and will have an aluminum

content of approximately 4.0 M; therefore, there is no advantage in using

the spectrophotometric oxine method for the aluminum determination.



4« Determination of Basicity

Diban is a solution of a compound in which the nitrate ions

do not satisfy the charges of the aluminum ions. Solutions of this type

are sometimes called "acid deficient" even though the pH may be low.

Although it is possible to calculate the hydroxyl molarity of Diban by

taking the difference between the aluminum molarity and the nitrate

molarity, assuming that any residual nitrate is associated with the

ammonia that is present as an impurity, nevertheless, an analytical

procedure for the determination of the hydroxyl value is recommended.

An hydroxyl value obtained by calculation is affected by an accumulation

of errors in the determinations of the constituents of Diban. Also,

the determination of hydroxyl will serve as an additional check oh

whether the results of the other procedures account for 100 % of the

constituents of Diban.

The procedure written by Wilson^11': was followed. To 100 pi

of Diban 48-1, a 500-ul volume of standard hydrochloric acid solution,'

approximately 3 N was added. The aluminum in Al^H^NOg was complexed

with potassium oxalate; this reaction released the coordinated hydroxyl

groups from the coordination sphere of the aluminum. The released

hydroxyl groups neutralized some of the hydrochloric acid that was

added in excess, and the excess acid was then back-titrated with standard

sodium hydroxide solution, approximately 0.1 N, to a pH of 7.0. The

Beckman automatic titrator was used. Data from these analyses are given

in Table 8.

P
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fc -m

Basicity (Hydroxyl Value) of Diban 48-1 Determined by The

Potassium Oxalate—Acid Titration Method(H)

B. Statistical Evaluation of the Data

N = 12

X = 7.24 N

S = 0.04 I

% = 0.5 %

S.E.R =- 0;5 % (95-% probability level)

CI. = 7i24 N i 0,5 %

The precision of the data taken by this method.and expressed

as relative standard deviation is 0.5 %• Possible deviations from the

true hydroxyl value are discussed in Section 9 of this report.

A. Data

Basicity. N

7.25 7.20

7.30 7.25

7.25 7.30

7.20 7.20

7.20 7.20

7.25 7.30

* %



5. Determination of Nitrate

The nitrates in Diban are those associated with the aluminum

as Al(0H)2N03 and those associated with the ammonium ion, an impurity

which is formed in the process of manufacturing Diban. The nitrates are

determined indirectly by passing a volume of Diban through a cation-

exchange resin (acid-form), and titrating the total liberated nitric acid

to the methyl red indicator end point-

In the analysis of Diban 48-1, the procedure written by Walker'-1-0'

was followed. A 0.5-ml sample of Diban 48-I was pipeted onto the Dowex 50

(12 % cross-linked, 200 to 400 mesh) resin column. The total liberated

nitric acid was titrated with standard sodium hydroxide solution, approxi

mately 0.1 N, to a methyl red indicator end point or to pH 5*0 as

indicated by the Beckman automatic titrator. See Table 9 for the

experimental results.

In the preparation of the hydrogen form of the Dowex-50 cation-

exchange resin, it is imperative that the resin be washed free from

anions and that the washings be neutral to methyl red indicator.

Conditions that reduce column efficiency, such as channeling and entrap

ment of air, must be prevented. This procedure permits the rapid deter

mination of nitrates in Diban; the precision of the data taken by this

method and expressed as relative standard deviation is about 2 %.
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Nitrate, Ammonia, and Total Nitrogen in Diban 48-1

A. Da-fra

Nitrogen, N

Nitrate .
(Ion Exchange)(10;

Ammonia , .

(K.leldahl)t2)
Total .

(K.ieldahl)^2^

4*03

3.89
3.95

3.91
4.03
4.04

3.93

4.05

0.121

0.121

0.131

0.121

0.131

0.121

0.121

4.20

4-16
4.22
4.00

4-15
4.24
4.26
4.14

B. Evaluation of the Data

N 8 7 8

f 3.98 N 0.123 N 4.17 I

S 0.07 N 0.005 N 0.08 N

% 2 % 4 % 2 %

S.E.p»a; 2 % 5% 2 %

C.I. 3.98 N - 2 % 0.123 N i 5 % 4.17 N i 2 %

(a) 95-% probability level
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gS?8

6. Determination of Total Nitrogen

Total nitrogen in Diban 48-1 was determined by reducing the

inorganic nitrates to ammonia in an alkaline solution by means of Devarda's

alloy.(2) The ammonia evolved was distilled into 4%boric acid solution

and titrated with standard acid. The procedure and apparatus used were

adapted from the method written by Surak.'^) Devarda's alloy was used

to reduce the inorganic nitrates and nitrites present, and the ammonia

evolved us.s steam-distilled into 4 %boric acid solution that contained

brom eresol green—methyl red mixed indicator. The pH of the boric acid

solution was previously adjusted to 5 by use of a pH meter. Initially,

the indicator was pink in color but during the distillation the color

changed to green when the distillate became buffered at a pH 8. The

distillate was titrated to a pH of 5 with standard hydrochloric acid

solution, approximately 0.1 N, by means of a Beckman automatic titrator

(sse Table 9).

If the precautions presented in Section 8 of this report are

observed, the precision of the data taken by this method and expressed

as relative standard deviation is 2 %.
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7. Determination of Ammonia

Free ammonia in Diban 48-1 was determined by distilling a

sample of Diban directly with alkali. This procedure is identical with

the procedure for the nitrate determination except that the reduction

with Devarda's alloy was omitted.

If the suggestions presented in Section 6 are followed, a

relative standard deviation of about 4 % can be realized (see Table 9)«



8. Causes of, Errors i,n Determinations of Total
Nitrogen and Ammoniacal Nitrogen

Errors that may occur in the Kjeldahl method for the deter

mination of nitrogen, together with suggestions for minimizing these

errors, are discussed in the following paragraphs.

1. In Devarda's method,^2' a fine mist of alkali is entrained

by the liberated hydrogen. A simple Hopkins bulb does not adequately

prevent the fine mist from contaminating the distillate. A scrubber

designed by the authors^"' reduces the carry-over of spray.

2. A cold-water bath should be used to control the temperature

of the reaction between the Devarda's alloy and the alkali. The evolution

of hydrogen should be controlled to prevent the carry-over of a fine

spray of alkali into the distillate. When the reaction has subsided or

when most of the hydrogen has been evolved, steam distillation can be

started. The rate of steam distillation should be controlled. Initial

steam distillation at too rapid a rate will cause the ammonia to escape

through the boric acid solution without being absorbed.

3. Cleanliness is of utmost importance. Detergents and soap

films must be removed from receivers that contain the boric acid solution.

The assembled Kjeldahl apparatus should be cleaned out by steaming prior

to its use in order to wash out any adhering alkaline spray.

4. The volume of distillate that is collected for the blank

should be the same as that for the determinations.
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5« Although the solution can be titrated manually to the end

point of a brom cresol green—methyl red mixed indicator, it is recommended

that the Beckman automatic titrator be used and that the titration be

made to the pH of the blank (pH 5«0).

6. Since boric acid becomes buffered at a pH of 8, sufficient

boric acid must be used to ensure that all the ammonia evolved is

absorbed.

7. The pH of the 4 % boric acid solution should be adjusted

initially to 5 (pink color of the mixed indicator), and the back titration

should be made to this same pH value (refer to notes in Surak's method^ ')•

8. If the solid NaOH used for making the 40- to 50-% NaOH

solution is not of reagent grade, it is recommended that Devarda's alloy

be added to the NaOH solution to reduce any nitrate impurities to

ammonia, which can then be removed by boiling the NaOH solution. The

pretreated NaOH solution should be filtered through glass wool to remove

excess alloy.

9« It is necessary to analyze separate samples of Diban for

the determination of free ammonia and for total nitrogen by the Kjeldahl

method.



9. Conclusions and Recommendations

On the basis of the data obtained by the various methods used

for the analysis of dibasic aluminum nitrate (Diban) and of the statistical

evaluation of the data, the following recommendations are submitted:

1. The direct-ignition gravimetric method is recommended for

the determination of aluminum in Diban. A correction factor for the

trace quantities of metallic impurities may be necessary.

2. In any of the volumetric methods for the determination of

aluminum in Diban, it is necessary to convert the aluminum that is

complexed as [Al(0H)2~]+to Al3+ in order for the results of volumetric

methods^7) for aluminum to be reliable. It will be necessary to determine

the optimum conditions for the complete conversion. It is also

recommended that pH rather than a phenolphthalein end point, detected

visually, be the criterion for the end point of the titration.

3. In the determination of nitrates and ammoniacal nitrogen

in Diban by the modified Devarda method, the suggestions and precautions

listed in Section 8 should be observed.

4. Basicity (hydroxyl value) of Diban should be determined

directly rather than by difference. It will then serve as an additional

check on whether the results of the other procedures account for 100 %

of the components of Diban. An hydroxyl value obtained by calculation

is affected by an accumulation of errors in the determinations of the

various constituents of Diban.
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5« Impurities, such as ammonium nitrate and sometimes the

nitrite, will be formed during the preparation of Diban. The aluminum

amalgam that is used in the preparation of Diban can reduce some of the

nitrates and nitrites present to ammonia- Another source of ammonia is

the reaction of the aluminum amalgam v/ith any adhering film of oil or

grease that may adhere to the aluminum metal. Appreciable amounts of

these impurities would give erroneous hydroxyl values in the determination

of basicity. Consider ammonium nitrate, which is subject to hydrolysis

according to the equation

M4N03 +H2° < * M40H +HN03'
Since the NH^OH is a weak base and incompletely dissociated, part of the

standard acid would be used to repress the hydrolysis of the KH/KO3.

Consequently, the volume of standard base used in back titration would

be smaller than that required if NH/NO3 were absent, and therefore the

hydroxyl value (basicity) calculated for such a solution would be high.

A similar error would occur if nitrites were present in Diban.' In both

cases, the greater the quantity present, the higher will be the resulting

hydroxyl number. It is recomraended that any reducing substances that are

formed in Diban during its preparation be destroyed and also that the

quantity of ammonium and nitrite ions, introduced as impurities during

the preparation of Diban, be kept to a minimum.

6. Dibah'solutions should be clear. A turbidity indicates

that the Diban contains a suspension of aluminum hydroxide. The Chemical

Development Section of the Chemical Technology Division has demonstrated



that Diban of the composition 4 M Al3+, 6 to 8 g OH-, and 4 to 6 N NO3,

is stable for several months if it is not.exposed to air.

Recent modifications of the Thorex process utilize a more

dilute solution of Diban. These modifications are based upon using

a 0.2 M "acid deficient" aluminum nitrate solution as the scrub solution

in place of the 0.75 M solution, as is specified in the original flow

sheet. Both specifications are listed in Table 10. In addition, the

specifications proposed by the Chemical Development Section of the

Chemical Technology Division (see Tables 10 and 11) should be the

criteria for purchasing dibasic aluminum nitrate for Thorex process use

from chemical supply houses.

£



Al3+

0H-

N, total by Kjeldahl

N03~, by Ion-Exchange

NH3 by Distillation
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Table 10

Proposed Specifications for Diban(a)

Old

(1953)

3.74 m(&)

7.50 M

5.80 M

5.04 M

0.55 M

Cations, total normality (3 Al3+ + NH3) 11.77 N

Anions, total normality (OH- + NO3-) 12.54 I

OH/AI Ratio 2.01

NH3/OH Ratio 0.073

Specific Gravity ~ 1.35

(c)

New

(1955)

3.5 M maximum

3.2 M minimum

2.4 M minimum
2.8 M maximum

8.65 M maximum

6.8 M minimum

0.25 M maximum

(Omit)

(Omit)

0.75 (typical)

(Omit)

~ 1.35

(a) Proposed by Chemical Development Section, Chemical Technology
Division.

(b) An aluminum concentration of 4-0 M was preferred-

(c) An 0H/A1 ratio of 1.95 to 2.00 was preferred.
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Table 11

Acceptable Limits of Concentrations of Contaminantsva/

Maximum Parts of Contaminants

Contaminants per Million Parts of Al^'k)

B 50
Be 2

Li 200

Ca 20

Mg 100
P 5000
Si 2000

Fe, Cr, Ni 5000
Cu 20

Ga 300

Hg 2000
Mn 1500
Ti 60
V 600

(a) The Chemical Technology Division recommends that a maximum
tolerance also be applied to the total amount of halides,
alkali and alkaline earth metals (Na, K, etc.), and spurious
anions (SO^2, po 3, etc.).

(b) Old and new specifications identical.
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11. Appendices

11.1 Detailed Calculations, for...the Statistical Evaluation of.. Data
Presented in Table 2-B

Statistical evaluation of results obtained for the determination
of aluminum in Diban 48-1 and the calculations used in the evaluation
are given for the following data :

Alimvinum in Diban 48-1

Hydrolvtic Gravimetric Method of Scott(!)

Aluminum
=>2

mg/ml (x) (t - X) (x- X)

101.27 0.77 0.5929

102.12 0.08 0.0064
100.42 1.62 2.6244
102.96 0.92 0.8464
103.49 1*45 2.1025
102.43 0.39 0.1521
101.59 0.45 _ _ 0.2025

£x = 714-28 £(x-X)2 =6.5272

Number of determinations (N) = 7

Degrees of Freedom (D.F.) = 6

Variance (S2) = 6.5272/6 = 1.0879

Standard Deviation (S) = jf 1.0879 = 1.04 mg/ml

Average (X) = 714*28/7 = 102.04 mg/ml
• v 1.04 x 100 .

Relative Standard Deviation \S^) = 102.04 = -1-*02 *

Standard Error of the Average (S.E.) » - S t/ J/I~= 1.04 x 0.92 = - O.96 mg/ml
(S.E.R) = 1 St/ f!T= 1.02 x 0.92 = ± 1 %
t/ p = 0.92 (95% probability level, at

6 degrees of freedom)

Confidence Interval (C.I.) =X ± S.E.R = 102.04 mg/ml ± 1 %.
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11.2 Detailed Calculations for the Statistical Evaluation of Methods
Compared in Table 2-C

Calculations for testing the homogeneity of averages for the
data given in Table 2-C are as follows :

"e

Homogeneity of Averages (Students "t" Test)

(*! - *2) •/ (N-LN2)(N1 + N2 - 2)
ifNjS;^ +N2S^2 X V %+ N2

te = (103.39 - 102.04) 1/ (14) (7) (14 ^T?) . 3.l8
e y8.439 - 7.615 y 14 +7

%s2l = (14) (0.603) =8.439
N2S22 = (7)(1.088) = 7.615

D.F. = Nx + N2 - 2

D.F. = (14 + 7) - 2 = 19

Theoretical Values for "t" at D.F. = 19

tt = (95 % probability level) = 2.09

tt = (99 % probability level) =2.86
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