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1. Scape

1.1 These test methods cover the analysis of furnace grade
phospharic acid.

1.2 The analytical procedures appear in the following
order:

Sections
Assay by Specifie Gravity ... ... L 81016
LB L e e 17 to 26

1.3 The values stated in SI units are to be regarded as the
standard. The values given in parentheses are for informa-
tion only,

1.4 This standard does not purport to address all of the
safety concerns, i any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior {o use. Specific hazards
statements are given in Section 3,

2. Referenced Documents

2.1 ASTM Standards:

D 1193 Specification for Reagent Water?

E 1 Specification for ASTM Thermometers®

E 60 Practice for Photometric and Spectropholometric
Methods for Chemical Analysis of Metals?

E 100 Specification for ASTM Hydrometers®

E 180 Practice for Determining the Precision of ASTM
Methods for Analysis and Testing of Industrial
Chemicals®

E 200 Practice for Preparation, Standardization, and
Storage of Standard and Reagent Solutions for Chemical
Analysis®

3. Significance and Use

3.1 These test methods provide for the classification of
various grades of phosphoric acid and for the determination
of trace amounts of iron. The acid strength and iron level are
important factors in many uses of phospheric acid.

1 These test methods are under the jurisdiction of ASTM Comminge E-15 on
Industrial Chemicals and are the direct responsibility of Subcommittee EL5.51 on
Mineral Acids.

Current ¢dition approved Sept. 10, 1995. Published November 1995, Originally
published as E 338 - 8. Last previous gdition E 358 - 94,

* Annual Book of ASTM Standards, Vol 11.01,

Y Armual Book af ASTM Standards, Vol 14.03.

* Annual Book of ASTM Standards, Vol 03.05,

5 Annual Boak of ASTM Stendards, Val 15,05,

4. Reagents

4.1 Purity of Reagenis—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended
that all reagents shall conform to the specifications of the
Committee on Analytical Reagents of the American Chem-
ical Society, where such specifications are available ¢ Qther
grades may be used, provided it is first ascertained that the
reagent is of sufficiently high purity to permit its use without
lessening the accuracy of the determination.

4.2 Purity of Water—Unless otherwise indicated, refer-
ences to water shall be understood to mean Type [T or Type
111 reagent water conforming to Specification D 1193,

5. Hazards

5.1 Safety Precautions:

5.1.1 Phosphoric acid is a corrosive acid and is dangerous
if improperly handled. Avoid anv skin contact.

5.1.2 Clean up all spills immediatety by covering the spill
with vermiculite or some other inert absorbent materiat and
sweeping into a pan. Dispose of the absorbent by flooding
with water and discarding 1o a suitzble container. Flush the
arza with water.

6. Photometers and Photometric Practice

6.1 Photometers and photometric practice prescribed in
these test methods shall conform to Practice E 60.

7. Sampling

7.1 Sampling of phosphoric acid is not within the scope of
these test methods.

7.2 The sample to be analyzed shall he considered to be
that sample in a single bottle submitted to the analytical
laboratory.

7.3 The size of the sample shall be sufficient to perform all
analyses without the reuse of any portion of the sample.

ASSAY BY SPECIFIC GRAVITY

8. Scope

.1 This test method covers the determination of H;PO,
in furnace-grade phosphoric acid only, by sp gr at 25°C/
13.5°C,

& Reagent Chemicals, American Chemical Society Specificarions, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, see Analar Standards for Laboratory
Chenticals, BDH Ltd., Poale, Dorset, UK., and the United States Pharmacopein
and  National Formuylary, U5, Pharmaceutical Convention, Inc. (USPC),
Rockville, MD.
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9. Summary of Test Method

9.1 The sample of phosphoric acid is placed in a hydrom-
eter ¢ylinder, and the specific gravity is read from a glass
hydrometer placed in the jar. The temperature of the acid is
noled and proper corrections applied to the reading.

10. Significance and Use

10,1 The specific gravity can be used to determine the
strength of phosphoric acid made from furnace-grade phos-
phorus,

11. Apparatus

11.1 Hydromeier, sireamline or torpedo design, precision
grade for liquids heavier than water in ranges suitable to the
acid strength tested. For specifications, refer to Specification
E 100.

ASTM
Hydrometer
No. Range For
136H-62 1.550 to 1.600 75 % acd
{37TH-52 1,600 1o |.650 80 % acid
t38H-62 1.650 to |.700 85 % acid

Each unit is equivalent to 0.001 sp gr. The distance between
cach unit 1s approximately 1.5 mm; overall length is approx-
imately 280 mm (11 in.). The correction factor for each
hydrometer should be determined by testing in acid of
known specific gravity at 25°C/15.5°C as determined in
Section 12 and applied to the hydrometer readings.

11.2 Thermometer—ASTM  Gravity  Thermometer,
having a range from ~20 to +102°C, and conforming to the
requirements of Thermometer 12C as prescribed in Specifi-
cation E |,

11.3 Hydrometer Cylinder, glass, with or without lip,
diameter 38 to 40 mm, height 325 to 375 mm,

11,4 Pyenometer,” either 25 or 50-mL capacity of a type
either with or without a built-in thermometer. The latter type
is superior for precise work.

12. Procedure with Pycnometer

12.1 Procedure:

12.1.1 Thoroughly clean the pycnometer, rinse with a
volatile solvent such as acetone or methanol, and sparge with
drv air.

[2.1.2 Weight the clean, dry, assembled pycnometer on
an analytical balance and record the weight.

12.1.3 Fill the pycnometer to just above the ground-glass
joint with freshly boiled reagent water that has been cooled
to 2 temperature below 25°C,

12,1.4 Carefully insert the top of the pyenometer so that
no air remains entrapped. If using a .vertical capillary
pycnometer, the water will rise in the capillary and overflow.
If using a sidearm capillary, the excess water will overflow
from the small side arm capillary.

12.1,5 Place the pycnometer in a water bath set at 25°C.
In the case of the vertical capillary pycnometer, allow to
remaln Y2 h. If using a sidearm capillary pycnomcter, allow

T Either a vertical capillary pycnometer (such as Sargent-Welch Mo, 5-9205) or
a adearmn capallacy pyeoometer {such as Sargent-Welch No 5-3195) has been
found satisfactory for this purpose,

to remain until the termnperature in the pycnometer is 25°C.

12.1.6 Remove the pycnometer from the water bath, cool
to below 25°C, and wipe off the excess water using a chamois
or a soft paper towel 2nd lens tissue. Be careful, when wiping,
not to wipe directly over the capillary opening because of the
capillary action of the paper toweling,

12.1.7 Carefully place the pycnometer on the balance pan
and weigh. Avoid getting any moisture from the fingers on
the glass. Record the weight.

12,1.8 Calculate the volume of the pycnometer at 25°C,

12.1.9 Repeat 12.1.1 through 12.1.8. The calculated vol-
umges should agree within £0.002 mL,

12.1.10 Using phosphoric acid of proper strength instead
of reageni water, repeat 12.1.1 through 12.1.7 twice. The
weights of phosphoric acid obtained should agree within
+0,002 g.

12.1.11 Determine two specific gravity readings on the
acid using the hydrometer to be standardized. These values
should agree within £0,0002 units. Correct for temperature
to 25°C/15.5°C.

12.1.12 If the entire range of the hydrometer is to be used,
the hydrometer calibration should be made at two or more
points.

12.2 Calculation:

12.2.1 Caleulate the volume of the pycnometer as follows:

Volume of pycnometer = { W, — W)/ D

where;

W, = weight of pyonometer plus water,
W, = weight of empty pyenometer, and
D = density of water at 25°C = 0.99707.

12.2.2 Calculate the density of acid at 25°C as follows:
Density of acid at 25°C = (W, - W)}V

where:

W, = weight of pyenometer plus acid,
W, = weight of empty pycnometer, and
V= volume of pycnometer at 25°C.

12.2.3 Calculate the specific gravity of acid, 25°C/15.5°C,
as follows:

Sp gr of acid, 25°C/15.5°C = 4/ W

where:
A = density of acid at 25°C, and
W = density of water at 15.5°C.

12.2.4 Hydrometer correction is the number of specific
gravity units that must be added to or subtracted from the
hydrometer reading to make il equal to the specific gravity
obtained by the pycnometer,

12.2.5 Always handle the pycnometer carefully. Any
moisture from the fingers will cause an incorrect weight. As
an aid in handling, fold a small piece of paper toweling into
a narrow strip, place around the neck of the pycnometer, and
handle by the extended paper tabs.

13. Procedure with Hydrometer

13.1 Adjust the temperature of the sample (o be lesled Lo
20 to 30°C, thoroughly mix the sample, and rinse a clean
hydrometer cylinder with the sample.

13.2 Add the sample, and place the cylinder in a verlical
position in a location free of air currents.
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13.3 Grasp the top of the stem of a clean, dry hydrometcr
between thumb and forefinger and slowly lower it into the
center of the cylinder containing the sample. By sense of feel,
gently release it just before it comes to test. The free fall
should be no more than 6 mm. No portion of the hydrom-
eter should touch the cylinder.

13.4 The reading should not be taken until the liquid is
free of any air bubbles and the hydrometer is at rest. In
taking the reading, the eye should be placed slightly below
the plane of the surface of the liguid and then raised slowly
until this surface, seen as an ellipse, becomes a straight line.
The point at which this line cuts the hydrometer scale should
be taken as the reading.

NoTe 1—Record the temperature of the sample ta the nearest 0.1°C
at the time of reading.

{I) If the hydrometer is released at too high a point after insertion
into the liquid, it will drop too far past the correct reading, bob up. and
the excess liquid on the stem will cause a false, low reading.

{2y If any portion ol the hydrometer touches the cylinder while
immersed it will not sink far enough and a false high reading will result,

14, Calculation

14.1 Determine furnace-grade acid strength opposiie the
appropriate specific gravity at 25°C/15.5°C in Table | using
the appropriate temperature coefficient factor in Table 2.

(spgrat T} + [(T — 25) (temperature coefficient factor)] = sp gr
at 23*C/15.5°C

If the temperature of the determination is higher than 25°C,
a plus correction will result, If lower than 25°C, a minus
carrection will result.

14,1.1 Examples:

i4.1.1.1

Approximale compasition of acid = 75 %

Temperature of acid = 24°C

Spgrat 24°C = 1.3818

Sp gr temperature coeflicient {Table 2) = 0.00073

L5818 + [(24 — 25)(0.0075)) =

1.5818 + {(— 1)0.00075)} =

1.5818 ~ 000075 = 15810 sp pgr at 23°C/15.5°C, which is

equivalent to 73.6 % H,PO,

14.1.1.2

Approximaile composition of acid = 85 %

Temperature of acid = 27.6°C

sp grat 27.6 = 1.6902

sp gr temperature coefficient (Table 2) = 0.00078

1.6902 + [(27.6 = 25.0)(0.00078)] =

1.6902 + [(2.6)(0.00078)] =

1.6902 + 0.0020 = 1.6922 sp pr at 25°C/15.5°C, which is

equivalent to 85.5 % H,PO,

15. Report
15.1 Report the specific gravity to the nearest 0.0001 unit.

16. Precision and Bias

16.1 Precision—The following criteria shoudd be used for
judging the acceptability of results (Note 2);

16.1.1 Repeatability (Single Analyst}—The standard de-
vialion for & single determination has been estimated to be
0.0002 unit at 16 df. The average 95 % limit for the
difference between two such runs is 0.0006 unit.

16.1.2 Laboratory Precision (Within-Laboratory, Be-
tween-Days Variability, Formerly Called Repeatability)—

The standard deviation of results {(each the average of
duplicates), ohtained by the same analyst on different days,
has been estimated to be 0.0004 unit at 9 df. The 95 % limit
for the difference between two such averages is 0.0011 unit.

16.1.3 Reproducibility (Multilaboratory}—The standard
deviation of results (each the average of duplicates), obtained
by analysts in different laboratories, has been estimated to be
0.00046 umit at 4 dF. The 95 % limit for the difference
between two such averages is 0.0013 unit.

NoTE 2—The precision estimates in 16_1.1 to 16.1.3 are based on an
interlaboratory study on two samples containing approximately 75 and
85 % H,PO,. One analyst in each of five laboratories performed
duplicate determinations and repeated at least one day later for a total of
490 determinations. Practice E 180 was used in developing these preci-
sion estimates.

16.2 Bigs—The bias of this test method has not been
determined because of the unavailability of suitable reference
marterials.

TRON

17. Scope

17.1 This test method is a colorimetric estimation of iron
in furnace-grade phosphoric acid, covenng a range from 0 to
40 ppm, based on 5-g sample.

18, Summary of Tesr Method

L&.1 The iran is reduced and determined colorimetricaily
with 1,10-phenanthroline, which forms an orange-red com-
piex with ferrous iron. The intensity of color so formed is
measured in a photometer calibrated with standard iron
solutions

19. Interferences

19.1 Anions—There is discussion in the literature of the
interference of orthophosphate. However, this test method
compensates for this by using standards and samples with
equivalent amounts of P,O5. Generally, colored ions, strong
oxidizing agents, ions that will precipitate at the pH of the
test, and jons that will complex the iron must be absent.
Suggested limits for some of these are:

CN- 10 ppm
o o

4 ppm
S0y~ 100 ppm
F- 500 ppm

19.2 Cations—Ions that will precipitate as either the
phosphate or the hydroxide at the pH of the tcst must be
absent. Ions that complex with 1,10-phenanthroline must
alsoc be absent, Copper, nickel, chromium, and cobalt all
interfere to some degree, Suggested maximum concentra-
tions of some of the melal ions are as follows:

Cadmium 30 ppm
Mercury i ppm
Zinc 10 ppm
Copper 10 ppm
Wickel 1 ppm
Cobalt 10 ppm
Tin 20 ppm
Chromium 10 ppm
Antimony 30 ppm

20. Apparatus
20.1 Photometer—Any photoelectric spectrophotometer
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TABLE 1 o-Phosphoric Acid Solutions—Specific Gravity at 25°C/15.5°C Versus Concentration®

0 (-]
PO, % Ps0s % sp or 25°C/15.5°C HaFO,, % PaOy. % soar 21562215.5 c
#1.0 58.66 .

a 5359 1.563 &
758 53.96 1.568 811 s874 1 .24;
e T T gllg 55.68 1844
748 gt 572 81.4 53.85 1645
s i b 59.03 1648
3 5428 173 31 TE 58,10 1.647

' 1.

75.0 54.32 1.574 17 se.17 1648
75 54.39 1.575 g8 88.24 1849
5.2 54,46 1.576 819 }
753 54.54 1.577 50,98 s

1.578 820 .
L g:'g; 1.580 82.1 59.46 1.853
L 54.75 1.581 g2.2 5953 1,854
iy . 1.582 823 59.60 1.855
A 54'% 1,563 82,4 55.68 1,686
;5'3 21'97 1,584 82.6 59.75 1.22;

> ) 828 50.82 1.858

o s : o
) 55.11 . ¥ .
162 55.19 1887 829 50.04 1.862
76.3 55.26 1,58 |
s 2 : 2 o
iy ggﬁ 1,581 83.2 60.26 1.665
[ . 1,593 83.3 60,33 1.666
767 55.55 . 80.33 1.068
76.8 55.62 1,594 83.4 8040 1.868
e 550 199 8.5 80.55 1.670
596 837 50,62 1,671
7o 55,77 1. s oro
77 55.84 1597 838 s 1872
77.2 55,91 1508 810 )
Ly e 1,800 84.0 60.84 1674
774 56.08 801 Ler4
77.5 56.13 VBT 841 60.91 1876
77.6 56.20 1602 8az 8038 1617
77,7 56.27 1603 4.3 o1.08 178
7.8 56.35 1.605 a:.-t oL.13 1679
e %04 608 gd'g 61.27 1.881
. 1.663
1.807 84.7 61,34
Lot s 1608 848 61.42 1.664
ke e §1.49 1.685
78.2 56,6 1.809 249 .
78. 6.7 16 .
73.3 56.78 1611 5.0 21 gg ! g:_c;
785 56.85 1612 85.1 61,62 \ge7
78.6 56.93 1613 852 0171 1.688
78.7 §7.00 1815 853 61.78 L8
78.8 57.07 1618 85.4 61.65 Lot
78.9 57.14 1617 855 01.92 1892
- 1,694
1618 85.7 62,07 .
?rg$ 233; 1.619 85.8 62.14 :ggg
) ' 1.620 859 £2.21 .
by o is £2.08 1.698
79.3 57.43 1621 86.0 8228 1628
79.4 5750 1622 86.5 6265 t.704
795 57.58 1623 87.0 g2t 710
70,6 £7.65 1 .gg 87.5 .
797 772 . cors .
88.0 .
79.8 57.79 1.627 ] i
799 67.87 1,628 885 €4,10
€446 1733
57.94 1.629 89.0 .
ggﬁ? 58.01 1.6% 8.5 64.52 5739
80.2 58.08 . . 7
803 56.16 1692 90.0 65.18
80.4 58.23 1634
0.5 56.30 1635
80.6 58,37 1636
80.7 58.45 1637
E0.B 58.52 1638
ED.9 58.59 1639

A Christensen and Reed, Industrial and Enginearing Chemistry, IECHA, Vol 47, 1955, p. 1277.
Examples of Specific Gravity Convarsion: . .
{1} {density at 25°C)f(dansity of water at 25°C) = sp gr at 25°C/25°C . °C18.5°C
(2} 5p gr Bt 25°C/25°C x (density of water at 25°C)/(density of water at 15.5°C) = s;: gr et zfc /15,
(3) 5p gr at 26°C{15.5°C + [(25°C~15.5°C) (temperatwre coefficient]] = sp gr at 15.5°C/16.5
{4) To convert 1o Baurné, use the fokowing equation: Baumné = 145 — 145/sp gr
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TABLE 2 Spacific Gravity Temperature Coefficient”

Solution Tamperatura, °C

HaPCy. %

e 15 25 40
75 0.00074 0.00075 0.00075
80 0.00076 0.00077 0.00078
85 0.00078 0.00078 0.00080

A Egan, E. P., and Luff, B. B., "Density of Aqueous Sclutions of Phaspharic
Acid, Measurements at 15 to 80 C." industria! and Engineering Chemistry, IECHA,
Vol 47, 1955, p. 1280,

or filter photometer that will measure the absorbance of the
solutions in the range from 500 to 5235 nm.

20.2 Absorption Cells, 2-cm light path.

20.3 pH Meter,

NoTE 3—This procedure has been written for a cell having a 2-em
light path. Cells having other dimensions may be used, provided suitable
adjustments can be made in the amounts of sample and reagents used,

21. Reagents

21.1 Ammonium Acetate Solution—See Practice E 200,

21.2 Ammoniwm Hydroxide Sofution (1+1)—See Practice
E 200.

21.3 Disodium Phosphate—Recrystallize disodium phos-
phate from water to reduce the iron content below | ppm as
follows:

21.3.1 Make a 50 % solution of disodium phosphate at
100°C.

21.3.2 Cool to 25°C. The crystals that separate will be a
mixture of Na,HPQ,-12H,0 and Na HPQO,-TH,0. The
solubility of disodium phosphate is about 10 % at 25°C,

21.3.3 Filter the crystals and wash with cold (10°C) water.

21.3.4 Aw-dry the crystals and determine the water loss at
110°C t0 obtain the percent anhydrous disodium phosphate
in the crystals.

21.3.5 Calculate the amount of recrystallized disodium
phosphate necessary to equal 8.0 g of Na,HPO, - 7H,0 and
use for the standard curve.

21.4 Hydrochloric Acid (1+1)—Mix 1 volume of concen-
trated hydrochloric acid (1ICL, sp gr 1.19) with 1 volume of
water.

21.5 Hydroxylamine Hydrochloride Sofution (100 g/L)—
See Practice E 200.

21.6 1.20-Phenanthroline Monohydrate (3 g/L)—See
Practice E 200.

21.7 Iron, Standard Solution (1 mL = 0.01 mg Fe}—See
Practice E 200.

22. Preparation of Standard Curve

22.1 Into a series of 150-mL beakers pipet 0, 2, 3, 10, 13,
and 20 mL of the standard iron solution.

22.2 Add the amount of recrystallized disodium phos-
phate equivalent to 8.0 g of Na,HPO,-7H,Q (calcuiated in
21.3.5) to each beaker.

22.3 Dilute to about 40 mL, add 6 mL of hydroxylamine
hydrochloride solution, and stir until solution is effected. Let
stand 5 min.

22.4 Add 4 mL of 1,10-phenanthroline solution, 10 mL of
ammonium acetate solution, and adjust the pH to 6.0 £ 0.1
if necessary, with NH,OH (1+1) or HCI {1+1) using a pH
meter.

22.5 Transfer the solutions to 100-ml volumetric flasks,

cool, dilute to the mark, mix well, and allow coler to develop
for 30 min.

22.6 Within 30 to 45 min, transfer the solutions to a 2-cm
inside diameter cell, and measure their absorbances using a
photometer with a wavelength setting of 510 nm or in & filter
photometer equipped with a filter in the range from 500 10
525 nm, adjusting the photometer to read 0 absorbance for
the reagent blank.

22.7 Plot on coordinate paper the absorbances of the
calibration solutions against milligrams of iron present.

23. Procedure

23.1 Accurately weigh about 5 g of phosphoric acid and
continue the analysis beginning with 22.3.

23.2 Prepare z blank solution using all the reagents, but
omitting the sample, and carry through the same procedure
beginning with 22,3,

23.3 Determine the absorbance of the sample after ad-
justing the photometer to read 0 absorbance with the blank,

23.4 Determine the milligrams of iron present in the
sample {Tom the standard curve.

24. Calculation
24.1 Calculate the amount of iron present as foliows:
Fe, ppm = (M % 1000)/ W
where:
M = Fe found from calibration curve, mg, and
W = sample, g.
25, Report
25.1 Report the values of iron to the nearest 0.1 ppm.

26. Precision and Bias

26.1 Precision--The following criteria should be used for
Judging the acceptability of results (Note 4):

26.1.1 Repeatability (Single Analyst)—The standard de-
viation for a single determination has been estimated 1o be
(.14 ppm absolute at 20 df. The average 95 % limit for the
difference between two such runs is 0.4 ppm..

26.1.2 Laboratory Precision (Within-Laboratory, Be-
tween-Days Variability, Formerly Called Repeatability)—
The standard deviation of results (each the average of
duplicates), obtained by the same analyst on different days,
has been estimated to be 0.4 ppm at 10 df. The 95 % limit
for the difference between two such averages is 1.1 npnit,

26.1.3 Reproducibility (Multilaboratory)—The standard
deviation of results (each the average of duplicates), obtained
by analysts in different laboratories, has been estimated to be
(.6 ppm at 4 df, The 95 % limit for the difference between
two such averages is 1.7 ppm.

NoTE 4—The precision estimates in 26.1.1 to 26.1.3 are based on an
interlaboratery study on two samples containing approximately 5 and
10 ppm iron, One analyst in ecach of five laboratories performed
duplicate determinations and repeated at least ong day later for a total of
40 determinations. Practice E 180 was used in developing these preci-
sion estimates.

26.2 Bigs--The bias of this test method has nol been
determined because of the unavailability of suitable reference
materials,

27. Keywords
27.1 assay; iron; phosphoric acid, specific gravity
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