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1. ABSTRACT

For the purpose of this investigation, free acid is defined as the
excess of acid over the stoichiometric amount required by the cation or
cations present in the solution. The free acid is determined by titrating
the“sample solution with a standard base and recording the change in temper-
ature, as detected by a thermistor, that takes place during the titration.
The plot of temperature versus volume of titrant added is made automatically
by use of a recording potentiometer. The end point of the titration is
obtained by extrapolation of the straight-line portions of the curve.

The systems that have been studied are zirconium in hydrofluoric acid,
uranyl ion in sulfuric acid, thorium in nitric acid, and uranyl ion in nitric
acid. Application of the method is limited to those systems in which the
heat of hydrolysis of the cation is sufficiently different from the heat of
neutralization of the free acid that an end-point indication can be obtained.
Free acid has not been successfully titrated by the thermometric (enthalpy-
metric) method in the presence of cértain ions; iron(II) and (III) ,
aluminum(III), and uranium(IV) are examples of these ions.

The method is epplicable to the determination of small amounts of free
acid. Test solutions that contain of the order of 0.1 meq of free acid can
be titrated with & relative standard error of 1 to 2% at the 95% confidence

level. The relative standard error increases to about 5% in the range of

0.01 megq.



2. _INTRODUCTION

The term "free acid" is defined as the excess of acid over and above the
stoichiometric amount required by the cation or cations present in a test
solution. This is the definition commonly accepted at ORNL. Booman et al.(l)
define it differently as "that amount of acid which would remain if the
hydrolyzable ions were removed from solution."

The determination of free acid has not been a matter of great concern
to many authors. There is a paucity of information on the subject in most
textbooks. It is probable that many authors consider the topic to have been
covered in discussions of pH.

Free acid has been determined in one of three ways; these are as follows:
(a) The most general way is by the addition of a complexing agent(g)
to the test solution and subsequent titration of the free acid. The complexing
agent either keeps the hydrolyzable ion in solution by formation of a
nonhydrolyzable species or precipitates the hydrolyzeble ion leaving in its
stead in solution a neutral, nonhydrolyzable species. The oxalate ion has
been the most widely used of the complexing agents, although potassium
fluoride and other. complexing agents havé also been used.

The fitration that is made after the addition of the complexing agent
has been followed in various ways, for example, visually by use of indicators,
by pH measurements, and by conductometric measurements.

Difficulties are inherent in the use of complexing agents. Some of

(1)

these have been discussed in detail by Booman et al. The complexing agent




itself must be so selected and neutralized that no excess acidic or basic
compounds are introduced into the solution. The end point of a pH titration
must be chosen so that a minimum bias is introduced. The choice of the end
point requires considerable knowledge of the equilibria involved; this
knowledge is not always available.

(b) A pH titration may be made, without the use of a complexing
agent, to a selected pH value. This is the method delineated by Jones et al.(S)
A titration curve of the acid alone is made, and then the acid plus the hydrolyzable
cation are titrated. It is possible by preparing a number of such curves in
which the concentrations of the acid and the hydrolyzable cation are varied
to preselect a pH value that will serve as an end point for the determination
of free acid.

(c) The conductometric method has been proposed by Pepkowitz et al.(lo)

and has been studied further by Propst.(ll)

This method is reported to be
extremely sensitive and adaptable for use with smell samples of radioactive
materials. The method is in routine use at the Savannah River Laboratory.
Rather complicated equipment is required, and the titration time is considerable.
(1)

Boomen et al. comment that "the conductometric titration of acid solutions
gives results of questionsble accuracy when precipitetes are formed."
All the methods described above have peculiar advantages and disadvantages.
The investigation of the thermometric (enthalpymetric) determination of free
acid that is reported herein was made relative to the analysis of solutions
. that contained zirconium dissolved in an excess of hydrofluoric acid because

no standard method seemed adaptable to the determinstion of free acid in this

system.




(4)

Thermometric methods have been known to analytical chemists since

(3) (9)

the pioneer work of Dutoit and Grobet. More recently Miller

suggested
the use of a thermistor as a heat-sensitive device to replace the Beckman
thermometer, which is still being used by some workers.‘ Linde et al.(7)
adapted the use of a thermistor to automatic thermometric titrations. Jordan
and Alleman(6) followed up the work of Linde et al.(7) by determining heats
of chelation by thermometric titration. Jordan and Alleman(6) have preferred
to call the technique "enthalpymetric" titration, a term which has greater
relation to the fundamental, thermodynamic quantities upon which the

technique is based. This relationship is described by the equation

N = AF - TAS (1)
in which
M = enthalpy change, cal/mole,
ANF = free energy change, cal/mole,
T = temperature, OK, and
A4S = entropy change, cal/mole.

The equation indicates that a thermometric titration is sensitive not only
to a reaction in which there is a change in free energy but also to one in
which the entropy change is significantly large although the free-energy
change is small. By consideration of thermodynamic data, if it is available,
the feasibility of a thermometric titration can often be determined without

experimentation.




The thermometric titration method for the determination of free acid

has been evaluated experimentally for free acid in aqueous solutions in the
presence of the following hydrolyzeble ions: zirconium(IV), uranyl, thorium(IV),
and thorium(IV) and uranyl together. A method has been prepared for issue

to the ORNL Master Analytical Manual (Method Nos. 1 220005 and 9 00720005,

"Free Acid in Aqueous Solutions of Hydrofluoric Acid and Zirconyl Fluoride,

Thermometric Titration Method.')



. SUMMARY

Free acid cen be determined in systems that contain uranium(VI),
thorium(IV), zirconium(IV), hydrofluoric acid, sulfuric aclid, and nitric
acid by an automatic thermometric titration with a standard solution of
sodium hydroxide. Test portions that contain of the order of 0.1 meq of
free acid can be titrated with a relative standard error of 1 to 2%.

Titrant is added at a constant rate by a motor-driven, Greiner microburet
to the test solution that is contained in a besker inside a Dewar flask.
Stirring is accomplished by means of a spiral glass stirrer that is turned
at a rate of 300 rpm by a water-cooled motor. The change in temperature of
the solution is transmitted by a thermistor—d-c bridge arrangement to a
Brown recording potentiometer, which plots a graph of volume of titrant added
versus change in temperature. The end point is located by extrapolating
the straight-line portions of the plotted curve to their intersection point.

The advantages offered by the thermometric technique for the determination
of free acid are the elimination of the use of complexing agents, the
elimination of pH titrations with their concomitant dependence upon colored
indicators or pH electrodes, and the more positive advantage of supplying a
simple, rugged apparatus that can yield good results with little effort

by the operator.




4. FXPERIMENTAL EVALUATION OF THE THERMOMETRIC TITRATION OF FREE ACID

4.1 Apparatus

The equipment used in the series of thermometric titrations described
in this report is specified in detail in Apx. I. It consists of a motor-
driven microburet and associated equipment. In the initial phases of the
investigation, a Micro-Metric, syringe type buret that was driven at a
constant rate by the drive unit of an ORNL model Q-945 automatic titratoer
was used. In the later series of titrations, a Greiner microburet that
had been converted by the addition of a Bodine electric motor and appropriate
gears to provide a constant rate of addition was used. The Greiner microburet
was mounted on & Cenco Iab=-Jack that provided a means of raising or lowering
the buret into or out of the solution. The use of the Isb-Jack prevented
any possibility of diffusion of titrant from the buret tip during the period
of temperature equilibration of the test solution.

A 300-rpm stirring motor was used to turn a spiral glass stirrer at a
constant speed during the titration. It was found necessary to wind a
cooling coil of 1/8-in. dia copper tubing around the stirring motor. A slow
trickle of water was allowed to run through the coil while the stirring motor
was in use. The cooling coll prevented the rise in temperature of the stirring
motor from disturbing the titration.

The titration was carried out inside a 250-ml Dewar flask that was closed
with a cork stopper. The stopper wag bored with threé holes that provided
access for the stirrer, the thermistor, and the buret tip. A small, polyethylene
beaker, which was supported by a Styrofoam block, was used as the titration

vessel.



A thermistor, either a Western Electric Co's. type 14B or a Victory
Engineering Corp's. type 32Al, was used as a sensitive thermometer. A thermistor
is a resistor that has a large, negative temperature coefficient of resistance,
that is to say, the resistance across a thermistor decreases with a rise in
temperature. Consequently, if a thermistor is connected as a leg in a d-c
Wheatstone bridge and the potential is read across the bridge, an indication
of a change in temperature can be obtained. The compactness and simplicity
of the spparatus is illustrated in FPhotographs 1 and 2 of Apx. I.

For experimental work, a Brown Electronik recording potentiometer that
has a variable span and variable zero suppression has been used. In routine
titrations, a standard Brown recording potentiometer that is equipped with
a 5-~mv scale is sufficient.

4.2 Procedure

The procedure used in the evaluation of the thermometric method for the
titration of free acid in hydrofluoric acid solutionsof zirconium is given
in detail in Apx. II. The procedures used for the other systems studied
were essentially the same as that given in Apx. II.

4.3 Results and Discussion

4.3.1 Free Acid in Hydrofluoric Acid Solutions of Zirconjum

The heat of neutralization of hydrofluoric acid is given as -16.27
kcal/mole, which is higher than the heat of neutralization of strong acids,
generally given as -12 to -13 kcal/mole. The anomalous heat of neutralization

of hydrofluoric acid, a weak acid, as compared with the heat of neutralization
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of strong acids was pointed out by Linde et al.(7) The anomely is perhaps
explained by the breaking of the hydrogen bonds that exist in hydrofluoric
acid and the subsequent hydration of the fluoride ion. The breaking of the
hydrogen bonds would, of course, require an energy input; therefore the heat
evolved would be the energy supplied by the hydration of the fluoride ion

less the energy required for the breaking of the hydrogen bond. The value

for the heat of neutralization is taken from the Landolt-Bornstein tables.(l5)
From values given in Circular 500, Netional Bureau of Standards,(lg) the heat
of hydrolysis of ZrOF. can be calculated to be -4.86 kcal/mole. The pertinent
equations follow:

NaOH + HF — NaF + HOH (-16.27 kcal/mole) (1)

ZrOFs + 2 NaOH — ZrO(OH)» + 2 NaF (-4.86 kcal/mole) (2)

In view of the large difference in enthalpy, a thermometric titration of the
free acid in the zirconyl fluoride—hydrofluoric acid system seemed definitely
feasible.

Much of the difficulty in checking free acid in solutions of
various hydrolyzable ions arises in the preparation of standards. Zirconium
proved to be no exception. First it was attempted to use an aqueous solution
of Zr0Cl, as a standard. Various quantities of hydrofluoric acid were
added to test portions of the ZrOCl,; solution, and titrations of the free
acid were made. The results were unsatisfactory. From the work of Connick
and McVey,(z) it is known that perchloric acid does not complex the zirconium

ion. It was therefore decided to prepare a standard solution of zirconium
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by taking a known amount of ZrOCls, fuming it with perchloric acid to remove
the chloride jon, and then making up & solution of it to a known volume with

a perchloric acid solution of strength sufficient to ensure that the zirconium
present would be in an ionic form. Such a solution was prepared. The
zirconium content was found by analysis to be 10.05 mg/ml° A l/lOO dilution
of the 'stock solution was then prepared, and 5-ml aliquots were taken for
titration with a standard solution of base (NaOH). The results of these
titrations are presented in Table I; one of the titration curves is shown

in Fig. 1. From the results of this series of titrations, it can be seen

that a reasonably precise titration of the ZrO(ClO4)- solution can be made.

TABLE I

Precision of the Results of the Titration of Free Acid in
a_Solution of Zirconyl Perchlorate

Test solution:

Zr concentration, 0.1005 mg/ml
Volume of test aliquot, 5.00 ml
Titrant, ~ 0.1 N NaOH

Titer Value,

Aliquot inches of chart Deviation (Deviation)?

No. travel x 102 x 104
1 3.60 9 81
2 3.68 1 1
) 3.65 L 16
b 3.75 6 36

5 3.78 9 81
18.46 29 215

Average 3.69 0.058
N=5 X = 3.69 S = 0.072 S.E. at 95% level, %

N-1=k S = 0.0052 S, % = 1.95 = 2.h2
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UNCLASSIFIED
ORNL-LR-DWG. 29103

TEST SOLUTION

Zr CONCENTRATION,
0.1005 mg/ml

VOLUME OF TEST
SOLUTION, 0.500 ml

TITRANT, ~ 0.4 N NaOH
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DELIVERED
START OF
TITRATION
_____________ -
Fig. 1. Typical Curve Obtained in the Titration of Free Acid in a Solution of

Zircony!| Perchlorate.




It was then decided to add different, known amounts: of a standard
solution of hydrofluoric acid, 0.108 N, to separate aliquots, all of the
same size, of the ZrO(ClO4), solution for which the titer value had been
obtained and to determine the free-acid content of each by thermometric
titration. From a plot of the values for free acid, the recovery and bia;
attainable by means of the method could be estimated. The data from this
experiment are given in Table II and Fig. 2; they show that the recovery of
hydrofluoric acid was satisfactory and that no significant bias existed.

The results of a number of titrations of hydrofluoric acid in
Zr0(Cl04) 5 solution are given in Table III and Fig. 3. These titrations
were made at smaller zirconium-to-HF ratios and with & smaller buret syringe
than those reported in Table II. The results indicate a definite bias
toward the low side for aliquots of less than 0.5 ml; for aliquots of 2.5 ml
and greater, a lesser deviation toward the high side is indicated. The
poorer resﬁlts of Table III as compared with those of Tablé JI are believed
to have been caused by the use of the smaller buret syringe.

The results of & study of the effect of varying the amount of
Zr0(Cl04 ) present on the recovery of a constant amount of HF are summarized

in Teble IV and Fig. 4. It can be seen from these data that the titer value

for the constant amount of HF present is independent of zirconium concentration
over a fairly wide range.

Uranium(IV), iron(II) and (III), and aluminum(III), when present
in a test solution, act as direct interferences. No discermlble infleéction

in the titration curve occurs between the neutralization of the free acid

and the hydrolysis of these ions.
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TABLE IT

Results of the Recovery of Various Amounts of Hydrofluoric Acid

from the Same-Sized Volumes of a Solution of Zirconyl Perchlorate

Test solution:
5.00 m1 of 0.001 M Zr0(Cl04)2 solution
Indicated volume of 0.108 N HF
Titrant, 1.0115 N NaOH
Volume of buret syringe, 1.0 ml

Volume of Titer Value,
HF Solution, inches of milliequivalents Milliequivalents of HF
ml chart travel of NaOH Experimental Theoretical
0 3.69 L T === me=== =eces
0.100 k.05 0.013 0.013 0.011
0.500 5.19 0.055 0.055 0.054
1.000 6.70 0.110 0.110 0.108

l [ | I I
Fig. 2 Plot of the Data of Table II.
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TABLE ITI

Effect of Varying the Concentration of Hydrofluoric Acid on
the Titration of Free Acid in the Presence of a Constant

Amount of Zr0(C10, )2

Test solution,
0.100 ml of 0.001 M ZrO(C1lO4)2
Indicated volume of 0.109 N HF solution
Titrant, 1.0115 N NaOH
Volume of buret syringe, 0.5 ml

Titer Value,
Aliquot Volume of HF inches of milliequivalents Milliequivalents

No. Solution, ml1 chart travel of NaQOH of HF
1 0.100 8.08 0.0211 0.0109
2 0.200 8.25 0.0273 0.0218
3 0.250 8.50 0.035k 0.027%
L. 0.500 8.95 0.0528 0.0546
5 0.750 9.65 0.0783% 0.0819
6 0.800 10.02 0.087k4 0.0874
7 1.000 10.25 0.1001 0.1092
S 7.50 = ==eme=e esece-

B l | |
| g ]
O

I I I l
Fig. 3 Plot of the Data of Table III.
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TABLE IV

Effect of Variation in the Amount of Zirconyl Perchlorate
on_the Recovery of a Fixed Amount of Hydrofluoric Acid

Test solution,
1.00 ml of 0.1092 N HF solution
Indicated volume of 0.001 M Zr0(Cl04)s
Water to make a final volume of 5.00 ml

Titrant, 1.0115 N NaOH

Volume of buret syringe, 0.5 ml

Milliequivalents
Volume of Titer Value, of NaOH Required
Zr0(C104) 2 inches of milliequivalents by the Zr0(Cl04), Milliequivalents
Solution, ml chart travel of NaOH Solution of HF*
----- 2.91 0.1059 ————— 0.1059
0.500 3.65 0.1329 0.1329  emeee—-
1.000 9.88 0.3596 0.2658 0.0938
0.500 6.4k 0.234k4 0.1329 0.1015
0.250 4 .66 0.1696 0.066M4 0.1031
0.200 4. 47 0.1627 0.0531 0.1095
0.100 3.90 0.1k20 0.0265 0.1154
* Theoretical value = 0.1092 meq.
| I T ] T
l | l | |

Fig. 4 Plot of the Data of Table IV.
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4.3.2 Free Acid in Sulfuric Acid Solutions of Uranyl Ion

The uranyl sulfate~=sulfuric acid system is another system in which
the thermometric determination of free acid is feasible. The change in slope
of the titration curve is remarkably sharp at the end of the free acid
titration. Copper(II) may be added to the U0o804—Ho50,4 system without
precluding a successful titration, although the shape of the titration curve
is altered. The hydrolysis of the copper(II) ion follows the neutralization
of the free acid and precedes the hydrolysis of the U02++. The change in
the slope of the copper(II) hydrolysis curve is not as pronounced. as that
of the U02++ hydrolysis curve; this less pronounced change therefore presént;
some difficulty in the location of the end point. The results of some
titrations in a system that contains U05S04, CuSO4, and H,S0, are given in
Table V. The precision is shown to be reasonably good.

4.3.3 Free Acid in Nitric Acid Solutions of Thorium(IV) and of

Ihorium(IV) and Uranyl Ion

Free acid can also be determined in the Th(NOs)~HNO5; system by

thermometric titration. This system was investigated; the results are sum-
marized in Tables VI and VII and Figs. 5 and 6, respectively.

The data of Table VI and Fig. 5 indicate that the recovery of free
acid is essentially independent of the thorium(IV) content of the solution;
" the data of Table VII and Fig. 6 indicate that very little bias exists in
the recovery of nitric acid.

An additional study was made of a solution that contained Th(NOg)4,

UO2(NOg)z, and HNOg. In this study the concentrations of free acid and of
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TABLE V

Precision of the Results of the Determination of Free Acid in
a_Solution of Sulfuric Acid, Uranyl Ion, and Copper(II) Ion

Composition of test solution:
H>S04 concentration, 0.05 N

U05'2 concentration (as U(v1)), 5 mg/ml

Cu(II) concentration, 1 mg/ml
Volume of test aliquot, 0.50 ml
Titrant, 1.0115 N NaOH

Aliquot Titer Value, Deviation (Deviation)®

No. inches of chart travel x 107 x_10%
1 1.20 2 4
2 1.20 2 4
3 1.18 0 0
L 1.15 3 9
5 1.25 T 49
6 1.15 3 9

7 1.10 8 6k
8.23 25 130
Average 1.18 3

Standard Error = 0.0168
S.E. at 95% confidence level, % = 3.51

thorium were held constant, and the uranyl ion content was varied in order

to determine its effect, if any, on the recovery of free acid.
of the investigation are summarized in Table VIII and Fig. 7.

effect was observed.

The results

No appreciable
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TABLE VI

Effect of Variation in the Amount of Thorium(IV) on the
Recovery of a Fixed Amount of Nitric Acid

Test solution:
0.250 ml of 1.0890 N HNOg
Indicated weight of thorium(IV) (added as Th(NOg),)
9.75 ml of water

Titrant, 1.000 N NaOH

Thorium ' Titer Value
Content, g inches of chart travel meq of NaOH¥,*¥
------ 8.40 0.272
0.0056 8.21 0.266
0.0056 8.49 0.275
0.0552 7.95 0.257
0.0552 7.85 0.254
0.5522 8.00 0.259
0.5522 8.25 0.267
5.5220 8.52 0.276
5.5220 8.50 0.277

* Same as the milliequivalents of HNOgz.
*¥¥ Theoretical value = 0.272.
1 I | |

Fig. 5 Plot of the Data of Table VI
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TABLE VII

Results of the Recovery of Various Amounts of Nitric Acid
from the Seme-Sized Volumes of a Solution of Thorium Nitrate

Test solution,
0.5522 g of Th(IV) (added as Th(NOz)4)
Indicated volume of HNOg
Total volume, 10 ml (made up with H,0)
Titrant, 1.000 N NaOH

Test Portion

Normality of HNOg Milliequivalents of HNOg
_of HNOsq Sclution, ml Experimental Calculated Difference
0.01089 10.000 0.1190 - 0.1089 +0.0101
0.1089 2.000 0.24k2 0.2178 +0.026k
1.0890 0.250 0.2592 0.2722 ~-0.0130
10.8900 0.050 0.5346 0.5445 =0.0099
I I
p— O —nl
I |

Fig. 6 Plot of the Data of Table VII.




- 20 -

TABLE VITT

Effect of Variation of Uranyl Ion Content on Recovery of a
Known Amount of Nitric Acid in the Presence of a Known
Amount of Thorium(IV)

Test solution,

0.5522 g of Th(IV) (added as Th(NOg),)

0.250 ml of 1.0890 N HNOa

9.75 ml of water

Indicated amount of U(VI) (added as UOo(NOs)so)
Titrant, 1.000 N NaOH

Amount of Titer Value, ’ Milliequivalents
Uranium(VI), g inches of chart travel of NaQH* ,**
0.0093 8.42 0.273
0.0187 8.41 0.272
0.093k4 8.L6 0.27k
0.1869 8.55 0.277
0.1869 8.25 0.267

* Seme as meq of HNOa.
*¥% Theoretical Value = 0.272 meq.

Fig. 7 Plot of the Data of Table VIII.
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6. APPENDICES

6.1 Appendix I: Specifications for the Apparatus

The apparatus is shown in Fhotographs 1 and 2.

1. Stirring Motor. A. S. laPine and Co., No. 38286, type S. P.,
speed 1600 rpm on one shaft with a 5=to=1 reduction on thé slow=-speed shaft,
110-v, a-c, type 736h4l. The slow-speed shaft is used. The stirring motor
should have a cooling coil of 1/8 in. copper tubing wound around it. Water
is allowed to drip through the copper tubing in order to prevent excessive
temperature rise in the motor during operation.

2. Glass Stirrer. A flat piece of glass, 1/2 in. wide, twisted
into a spiral approximately 1 1/2 to 2 in. long, is attached to a 1/b=in.
dia glass rod for use as a stirrer.

3. Thermistor. A suitable thermistor for use in measuring
temperature rise is the Western Electric Co.'s type 14 B. This is no longer
available from the Western Electric Co. but can be purchased from the
Victory Engineering Corp., Springfield Road, Union, N. J., as their type
32=-A-1. This thermistor has the following characteristics:

sensitivity in the range of 2500 temperature, 0.04 ohm/ohm/OC

approximate resistance at 2500, 2,000 ohms

thermal time lag, < 1 second
A thermistor is defined as a resistance element, made of a semiconducting

material, that exhibits a high negative temperature coefficient of resistivity.
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For the measurement of temperature, the thermistor is incorporated as a branch

in a d-c bridge circuit as shown:

s |
/ giA Thermistor bridge circuit
E 4 P Cc E., 1l.5=volt source
ag Ry R Py. 1000-ohm potenticmeter
T {s F1 Pa. 50-ohm potenticmeter

— T Thermistor
Ry, Rze 2000~-ohm resistors
Ro. 1500~ohm resistor
5. ©Singie-pole single-throw switch
Z. Zero adjuster (k4)

m

B

TO
RECORDER

L. Recorder. A Brown Electronik recorder is used to measure the
potential across the bridge. The recor&er is listed as Model No.
Y153x17(VA)-X-30A3C2G, range 1: span O to 1, O to 50 mv; range: suppress
-50 to 50 mv; made by the Minneapolis-Honeywell Regulator Co., Brown
Instruments Division, Philadelphia, Pa.

5. Buret. A syringe buret, equipped with either a 1-ml or 0.5-ml
syringe is used to supply the titrant. A similar buret mey be obtained
from the Micro-Metric Instrument Co., Cleveland, Ohio, under their catalog

No. SB-1. In the present set-up, the buret is coupled to the drive unit
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of an ORNL model Q-945 automatic titrator that is set to drive at a constant
rate. Thus a flow of titrant is provided that is constant with time. It is
planned to change from this buret arrangement to a Greiner buret that is
driven at a constant rate by a Bodine, constant-speed motor through a
coupling gear. This arrangement has been built but not yet tested.

6. Dewar Flask. A 250-ml, wide-mouth, Dewar flask that is fitted
with a three-hole cork stopper is used to contain the beaker in which the
titration is performed. The buret tip, the stirrer, and the thermistor
pass through the holes in the stopper and enter the beaker. A cork stopper
having a hole cut in the center is used to position the beaker properly
inside the Dewar flask.

7. Beakers. Small, polyethylene beakers of from 10- to 20-ml
capacity are used to contain the acid-fluoride solution during the titretion.
If beakers are not available, they can be made by cutting 2-oz, polyethylene

bottles to size.










6.2  Appendix II: Detailed Procedure for the Determination of Free
Acid in Hydrofluoric Acid Solutions of Zirconium

1. Calibrate the chart travel of the recorder by marking the chart

and thep simultaneously driving the buret and the chart until 0.1 in. is
recorded on the dial of the buret. Mark the chart at this point. The
measured distance on the chart is then equivalent to 0.1 in. x 1 ml/in. or
a 0.1-ml volume of titrant as long as a 1-ml syringe is used on the buret.
If a 0.5-ml syringe is used.the distance is equal to 0.1l in. x 0.5 ml/in.
or 0.05 ml of titrant.

2. By means of a micropipet, take a test portion of the sample
such that is contains no more than 0.5 meq of acid.

3. Place the test portion in a 10- to 20-ml plastic beaker.

4. Dilute the test portion to a volume of 10 ml with water.

5. Place the beaker in the Dewar flask.

6. Fill the buret with titrant and zero the buret. Rinse the buret
tip thoroughly and wipe it dry.

T. Raise the Dewar flask into position under the stopper; make
certain that the buret tip, thermistor, and stirrer blade are immersed in
the solution and are not touching each other.

8. Start the stirring motor.

9. Start the recorder and chart drive.

10. Close the battery switch on the bridge. The recorder pen
should immediately move from the zero mark. Bring the pen back near the

zero mark by adjusting the balancing potentiometer on the bridge.
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11. Allow sufficient time for the pen to cease drifting sharply up
or down scale.

12. Simultaneously mark the chart and turn on the buret drive. The
pen should move upscale linearly with the addition of titrant and then
level off. Continue the titration until the upper branch of the curve has
leveled out so that it becomes a straight line; then stop the titration.

13. Remove the chart paper from the recorder. Draw a straight line
along the initial portion of the curve and a second straight line along
the second branch of the curve. Extrapolate these lines until they intersect.
Measure the vertical distance along the chart from the starting point of the

titration_to the point of intersection of the two straight lines. Calculate

as follows:
Iet A = measured distance on chart, in.,
B = calibration factor for converting inches of chart travel to inches
of syringe plunger travel, and thus to milliliters of titrant,
C = normality of titrant, and
D = dilution factor.

Then Free Acid in Sample, meq/ml =Ax BxCzxD.
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