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S
density and the amount of phosphorus present over a wide
range, and (3) relative freedom from interference by such
substances as ammonium and ferric iroa salte, nitrates,
gilicates and chlorides.

Yoe gives four colorimetric metheds suitable for the
determination of pheosphorus in steel. In one of these,
Riegler's method (24), the usual gravimetrie procedure is
followed up to and including the precipitation as ammonium
phosphomolybdate-after washing, the precipitate is dissolved
end the blue color developed using hydrazine sulfate as
reducing agent. In this procedure all the molybdenum present
is reduced and not just that in combination with the
phosphorus. Consequently very thorough washing of the
precipitate is essentliale In the other three methods given
the colors are developed in the presence of the dissolved iron
but the colors produced by these methode are yellows op
yellowish reds which do not lend themselves to asccurate
comparison bua_n-u relatively large changes in the portion of
the spectra absorbed are necessary to appreciably affect either
vigsual or photoelectric colorimeteRs.

INFLUENCE OF FOREIGH SUDSTANCES ON COLOR DEVELOPMENT
Hany subslances have been found to interfere with proper
color development in the various methods proposed. The
maximum tolerable limits of such substances varies with the
acidity of the scolution, the amount of phosphorus present,
the amount of molybdate present, ihe reducing agent used and
probably with the type of acid used. Table 1 shows Allens®

(1) values of permissable concentrations for several com-



TABLE 1
Allen's values of Permissable Concentrationa of Scme Inter-
fering Substancez "hem Using Amidol as Reducing Agent in
Ferchlorie ieid Solutions

FeClg 0.0013 0.0013
CelgOH 1.8 1.8
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when boiled in concentrated (70 to 782%) perciloric acid for

a short period of time. Thus, silica may be completely
eliwinated and does not interfere with color dJdevelopment.

slso 1% is not necessary to evaporate the solatiocn to dryness
to eliminate the silica as 1z necesaary when using hydrochlorie
acid. King (15) firat proposed the use of this acid in place
of sulfuric acid in the Fiske and Subbarrow method. Volk and
Jones (32) have recommended it for the determination of
phosphorus in scils. Hillebrand and Lundell (14) report that
phosphoric acid was lozi when digested with sulfuric acid at
temperatures ranging from 2000C to £280°C in an opea dish,

The author has confirmed Glesekings (1) statement that no loss
ocours on digesting a mixture of perchleric and phosphorie
aclds.

For the analysls of forage, grain and soll, none of the
five types of substances llsled above are likely to cauae
interferences Jost of the methods that nave been proposed
place a liwit on the amount of ferriec iron that may be in the
solutions at the time of color development. The data of
Table 2 shows that ferric iron has very little influence on
the recovery of phosphorus Ly the recommended procedure. In
rare casss envugh arsenic might be present tc seriouzly ine-
fluence results when analyzlog phosphate rocks =and lertiligers
although this would Le unusual.

In the analysis of steel Lhe only ihree slements likely
ko interfere are arsenic, vanadium and chromium, and the latter
bwe only in the case of chyome or vanadium stesls. Table 9
ehows ihe percent phosphorus ia several steel saumples as found
by the rocommended procedure compared to that of other methods.
The first nine samples are Bursau of Standards
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TABRE 3

A Partial List of feducing agents that have been proposed

or trisd for uwhe reduction of phoaphomolybdic aecid

feducing Agent color produced nefcrgnce

Amidol Blue (1)

1, 8, 4 .=inonaphilholsulionic acid Blue (10)
Bengidine Biue

#Formaldehyde Blue

#Hydrazine ulfate Dlus (24,28)
Hydriodic Acid ? (34)
#Hydrogen Sulfide Yellowish~red (13)
#Hydroguincne a&ig"ws (2, &)
sHydroquinone in Bisulfite Blue (6)
#pemethylaminophenol sulfate(Elon) Blue

“Phenylliydrazine Blue

Quinol Blue (6)
#3odium Thiosulfate Blue (19)
#3tannous Chloride Blue (3,8,16,17,22,30,36)
#Titascus CPloride slue

Unstable lolyodenum Glue Biue (36)

#Indicates reagente tried during this investigation.
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TABLE 4
The Effect of idding Varying Quantities of Different Aclds on
the Color Density of Nolybdenum 3lue Produced by the Reduction
of Phosphomolybdate with iHydrazine Sulfate in ths Presence of
O« mge of Phosphorus and 5 ml. of 27 NaghoQf-~"inal Volume 200 mls

Tl vaiue  Lieotrophoto- pH value of  Eleobro~  pH value Eleotro-
of HgSO4 wmeter readiag HC1 Solutions photometer of HClOg4 photo-

solution reading Selutions meter
fesding
1.29 37.6 1.34 37.6 1.30 38.7
1.17 37.6 1.20 36.5 1.15 3d.4
1.07 37.6 1.08 35.5 1.08 35.5
1.00 37.6 1.00 33.5 Ca96 5545
.98 36.5 0.982 35.5 C.20 35.8
<87 27.7 C.86 35.5 Q.84 3545
<84 16.5 .82 3d.4 0.80 36.5
«75 % 0.74 22.9 C.72 32,1
«69 #* 0.68 11.0 0.66 23.9

# No Llue Coler Developed in these Solutions
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TABLE 8

The Effect of pH Value on the Reduction of Molybdic icid
(6§ ml. of 28{ NaglioO4 added) in the absence of Phosphorus
at 150 ml, Volume--«Final Dilution 200 ml.

pi value 340  1e8l  JLdB 098 0,90 Q.88 0,60

Elsctro~
photometer 100+ 78.1 2l.2 11.0 3.0 2.9 3.0
Reading




Ml. of 70-72% HC104 in 150 ml. Total Volume

o pEmd s ana

=i

[iESE

v

S

..Lt‘é:a'

i oy

44

ateoc 3o071) Sugpeey Jeqswoqoudoryoeld

i B oL T L

(123174 usasap

e

ST
- B I |

Normality of Solution




17

Iy

RN A2
A
L Lok

ST 3 O - RN
acidity

of 7 ﬂ,}"?gﬁf

v bho

43




18

o
9

»

wsd

®

S

uh




19

it Lhe

Sty

ubdnna

point re

& Gonant of




TABLE 6

i e A am e LI, . Ny )
24 godiuvm Volyb

of 7TO0=T27 Perchloric Atidee

Final Yolume 200 al.

, ﬁlactr@?thametar Teadings

icd rilter  Green fidter  Diue . iiter

.025
050
100

+15C
«B00
» B850
300G

« B30
- «‘; J’{)
450
#5002

« 550

1.0

5.6
17.1
3342

49.9
66,0
B2.8
S99 .0

£.9
7.0
11.0
18.1

28,0
35.7
£3..4

Gl.2

59.7
67.6

75.6

92,0
100

10.G
11.9
16.1

21«1
26,0
30.5
34.8

38 .4
432

47.3
51.3

95.4
59.9
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TABLE 7
The Relation between the Filters Used and ihe wave length of
Light Transmitted. (From a Manuel of Colorimetric analysis
supplied with the Fisher AC Model Electrophotometer)

]
Filter . : Color of Solutions to
$ : Approximate : be used with filter
Number : Color : Spectiral Band H
: =m ; (in general)
3 : - roms ;
: ieroms 2
4258 : Blue : 425 4850 : Red, pink, orange, yellow
3 3 :
52858 : Green : 525 5250 : Vielet, rurple
6504 : med : 650 6500  : Blue, Violet, purple, green
3 3 3
3 i 3
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in the following manner; Dilute the sample to about 100
to 126 ml., add § drops of Beta dinitrophenol indicator
and titrate to the yellow of the indicater with 254
anmonium hydroxide. 7Then add Lhe molyboiale reagenis and
proceed as outlimed previously.

STABILITY CF THE NMOLYDDENUR GLUE COLCR

¥olybdenum blue colors which are obtalned Ly the
sction ¢f hydraszine sulfale on phosphomolybdic acid are
very stable. If the seclulions are kept stoppercd the
electropholometor readings will remaln spproximatesly
consdant indefinatelys In routinme aralysis it is
convenient to develep the colors aad sllow the solutions
to cool overnight before making the comparisons. A
comparison of slecirephotometler readings obtalned at
intervals of £ aad 16 hours after coler development on
two samples of soil is given in Table 8, These analyses
wer?d made in quadruplicate to show the variations that
mey be expected Letweem individual enalyses. The greatect
variation between readiage for each analysie was about
one =cale division which is equivalent Lo 0.006 imge of
phosphorus., A comparison of readings and the corresponding
percent phosphoras found after 4, 24, and 200 hours on nine
Burean of Standardes ateel sauples is given in Table 8A.
It will De obLserved thal no great chaage in the sclutions
occured even aller standing for wore Lhan s week, and the

maximum variation with tise 1s egquivalent to about 0.008%
phosphorus in the sam;les.
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TABLE 8
The Lffect of Iime interval Between Color Jevelopment and Llectro-

photometer Readings on the Stablility of Molybdenum Blue produced
wsing the method outlined for soil. 2Also the variation between

Quadruplicate Determinations is shown for two samples ol soll.

; L O I
official Soll;: & : T Color
Sample No.  :  Developmenb i Development
3 :
4193 A 38.6 3 3%.0
B: "o‘ : ﬂ.’
e 3 ”00 H “"
D: 37.9 : 38.0
5174 A3 £3.9 H 23.9
B 3 24.4 3 24 .4
C: 24.8 : 24.8
D:s 24.4 3 24.4
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TABLE 8A

The ffect of Time Interval Between Color Development and Eleciro=-

photometer Neadings on the Stability of Molybdenum Blue Color

produced and the corresponding amounit of Phosphorus found using

the method outlined for steel.

Electrophotometer Readligs and
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TABLE 9
Recovery of rhosphorus in Steel Samples by the Recommended Procedure as ccmpared to

Values Given by the Sample Source--Also shows known Velues other Llements present

in the Samples.

1Source: £ F : &% PiDAff.:

Ho.'Samplo.round,sivcn : : THER VALL
: Noe ¢ { : by ¢ w | | . : : T 1ype of
3 ; «i80urce 3 : : | $ i : 3 s : : Steel
e e e e T
3 H H H : ureau of ostandards Samples : : H 1 AC egiric
. e 4 % oL U

9! an :.ou i.m;.rm L.ovsi.un..m:.oxa..om-.o«..oov:.oos T.003: 00T - e

ce
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TABLE 10

Recovery of Fhosphorus in Soil Samples by the fecommended Procedure

as Compared %0 Values Found by Volumetirie Frocedures.

OFFICIAL PaFaelia PeFola DIFFERENCE
SANPLE NO sOLO L L BETR] V IUZETRIC _COL. = VOL.
1 227 238 -8
2 2351 2z4 7
3 138 150 ~-12
4 153 170 -17
5 190 -14
6 112 -38
7 218 -18
8 118 -22
9 100 10
10 -18
11
i2
13 S
14
15
16
17
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present in vanadium and high chrome steels interferes

and conseguently the method is not applicable to such steels
without previous removal of the interfering elements.
Obtaining consistent color values by the proposed method

is greatly influenced by Lhe pH value of the scolutiocn and
the concentration of the molybdate. It was found that the
color density depended on ihe acidemolybdate ratio rather
than on their isdependent concentrations. Large gquantities
oif ferric iron, that adversely influence ithe ceolor developw
ment in many of the meihods ;reviously recommendsd, has
1ittle influence on the celors obtalnsd by the proposed

me Lhod.
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