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All standard methods for the quantitative determi

nation of phosphorus in ores and metallurgical materials 

are based upon a preliminary conversion to orthophosphate 

anion P04~ 3 ; nitric acid is generally employed as the 

reagent to ensure the necessary oxidizing attack on the 

sample* The analysis is usually continued by employing 

appropriate reagents to precipitate either magnesium 

ammonium phosphate, M g N % P 04 *6% Q f or ammonium phospho- 

molybdate, (NII4 )3PO4* 12Mo03*SI^O, Vihen magnesium ammonium 

phosphate is precipitated, the determination is a gravi

metric one involving final ignition to magnesium pyro

phosphate, Mg2i>2°7 * ** ammonium phosphomolybdate is pre

cipitated, the analysis may be completed graviraetrically, 

titr imetr ically, or color imetrically. Of the numerous 

procedures proposed for the subsequent treatment of the 

phosphomolybdate, the following have received considerable 

attention: the precipitate may be filtered, dried, and 

weighed as <NH4)3K>4 *12Mo03 ; it may be ignited and 

weighed as P20 5*24M°03 | it may be dissolved in standard 

alkali, and the excess base titrated with standard acid; 

it may be reduced with acid and zinc to yield jMo+3 f which 
is then titrated with standard permanganate; it may be 

dissolved in ammonia, then treated with magnesia mixture 

to yield the magnesium ammonium phosphate precipitate; it



m a y  be reduced to an intensely colored substance called 

"molybdenum blue," and the solution used for a color!* 

metric measurement. (Despite the fact that this hetero

poly blue is stoichiometrically such a poorly defined 

compound that the nature of the material has not been

unequivocally established, it is found to yield compar

atively rapid and reproducible results for the quantities 

of phosphorus encountered in metal analyses, and is more 

sensitive than the previously favored "molybdenum yellow" 

product* ) 1 At the present time, the preferred methods 

are the gravimetric (magnesium ammonium phosphate ignited 

to magnesium pyrophosphate) - which is considered to be 

the most accurate (and most tedious) method, the titri- 

metric (ammonium phosphomolybdate + alkali + acid), and 

the photometric (molybdenum blue).

The determination of phosphorus in cast iron or steel 

seems to offer another analytical approach. Whereas this 

element exists in an oxidized form in most other materials, 

it occurs in cast iron and steel as metallic phosphides , 2 
such as Pe3p. Is it not probable, therefore, that the use

(New York:

2V*iiiiwB Rieman, Jacob D. Neuss, and Barnet Hainan, 
J g a & S i f .  edition. New York: McOraw-

Itili Book v.k»,ipany, Inc., 1951), p* 343.
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of aqueous acid to dissolve the sample would result in 

the formation of gaseous phosphine, PHg, the escape of 

Which would introduce error into the analysis? Further

more, might it be possible to cause complete conversion 

of the phosphides to phosphine, and subsequently deter

mine quantitatively the gas evolved? Hie first question 

has been answered in the literature only qualitatively, 

most authors stating merely that there is little likeli

hood of phosphine loss by adhering to the standard pro

cedures. No record of an affirmative answer to the 

second question was found in the literature. The state

ment of liipke that the iron phosphide he prepared by 

direct union of the elements was only "slightly attacked 

even on boiling"3 with dilute hydrochloric acid suggests 
that the conversion was not believed feasible at that 

time, but it is considered worthwhile to conduct further 

experimentation now.

The production of phosphine necessitates the taking 

of certain precautions. Of the one hundred and fourteen 

substances listed by Jacobs in his compilation of toxic 

materials, phosphine heads the table, the "safe” concen-
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tration for daily eight-hour exposures being 0*05 ppm . 4 
Although phosphine has a disagreeable odor (variously 

described as resembling garlic* decaying fish, or a 

sewer). Sax asserts5 * that humans cannot detect the smell 
until the level exceeds twenty times the "safe” concen

tration? it is assumed that the effects of its toxicity 

could by that time have reached the grievous limit 

mentioned in the Merck Index? "Pain in region of the 

diaphragm ami a feeling of coldness. Weakness, vertigo, 

dyspnea, bronchitis, edema, lung damage, convulsions,
A

coma, and death." Wo antidote is known. In addition, 

phosphine is spontaneously flammable in air if the 

pressure is suddenly decreased, although this ignition 

is suppressed by the presence of small quantities of 

NCI, % $ ,  N % ,  alcohol, or diethyl ether . 7
This "Will-o *-the-wisp1 * substance is not the only

4Morris B, Jacobs 
Industrial P 
eciiiion, New 
p. 756*

% .  Irving Sax, Handbook of Dangerous Materials,
(New York: Reinhold Publïshing'^^rporat'ion,’"T$^iy,"'p. 3q 6

The Merck Index of Chemicals and Drugs, (seventh 
edit ioET^ilahway, N. j J t W x c í .  , ¿960) » P* 80S.

7 Francis Barillet, "Safety in laboratories and 
Factories for Inorganic Chemicals," Industrie Chimi«
27, 123-6, (1940), in"
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toxic gas produced by acid dissolution of cast iron. 

Arsine also forms from the arsenic compounds present, 

and this colorless gas with its garlic odor is reported

to be “injurious in 1 :20,000 dilution? a few inhalations 

may be fatal , “8
Finally, the evolution of hydrogen sulfide is 

expected. To this gas with the odor of rotten eggs, 

there is assigned a maximum allowable concentration of

20 ppm.
' To determine phosphine quantitatively, Beyer9 used 

an idea suggested by his teacher, a Professor von Bruch» 

hausen, and adapted a procedure employed by previous 

investigators for arsine analysis. The phosphine is 

absorbed in mercuric chloride solution to form a compound 

of the formula P(HgCl)3 , which is oxidised to phosphoric 

acid by standard iodine solution, the excess iodine being 

titrated with standard thiosulfate. Beyer reported his 

method applicable to determination of as small a quantity

of phosphine as 1*29 mg, the error of analysis being 0%#

The error for larger samples varied from +0.1% to -0.9%. 

This method was used by Dworak in analysis of the phosphine

%!erck, op* cit., p. 103,

9Karl
staff,“ Zeitsc..---- —  —
Chemie. , ~ T Î 9 T O

Beyer j “Ober die Analyse von Phosphorv/asser- 
& & C M Â J A  fur anorganische und allgemeine
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he obtained by reacting phosphorus trichloride with 

lithium aluminum hydride in ether . 10 The technique 

appears suitable for the analysis of phosphine evolved 

from cast iron, since cast iron seldom contains as much 

as 1%  phosphorus and often contains as little as 0 .1%  
phosphorus.

The purpose of this research is, therefore, the 

quantitative determination of the amount of phosphine 

lost during phosphorus analysis of cast iron by a method 

involving acid treatment. The feasibility of determining 

the phosphorus content of cast iron by a method utilizing 

evolved phosphine is also investigated.

James £. Oworak, Master of Science thesis, "The 
Preparation of Phosphine by the Reduction of Phosphorus 
Halide by Metal Hydrides," (Omaha: The Creighton 
University, 1962),
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Dissolution of cast iron in dilute nitric acid 

proceeds by a redox reaction:

5Fe + 18H* ♦ 3N03* — > 5Pe+3 + 3 ^  + 3NO + ôllgü

The phosphide present is expected to be converted to 

phosphate : 11
3Fe3P * 32H* + 14N03~ — » 9Fe+3 + 14NO + 3 K >4* 3 + 16I%0 
Is nitric acid a sufficiently strong oxidizing agent to 

prevent phosphine formation?

Fe3P + 1211* — > 6Fe+2 + 2PII3 + 3Ii2 
If so, could hydrochloric acid be substituted to cause 

quantitative phosphine formation, or would oxidation 

again occur?12
Fe3P ♦ 12H* + 8 % 0  — » 6Fe+2 ♦ JLlttj + 2H3P04 

If oxidation takes place even with hydrochloric acid, 

could subsequent use of a powerful reducing agent reverse 

the reaction?

PO4“ 3 + tiAUfy — > PH3 (not balanced)

Cast iron also contains copper and nickel; the 

chlorides of both are reported to react with phosphine. 

This is anticipated from the fact that phosphine is 

somewhat analogous to ammonia, and thus is expected to

13-Rieman, et. al., op. cit.t p. 343*
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form coordination compounds, although phosphine is a 

much weaker base, having a larger central atom and a 

smaller dipole moment, and so does not coordinate as 

strongly as ammonia* Would the use of hydrochloric 

acid frustrate evolution of the phosphine formed?14
2PK3 + 3Cu 2C12 — > 2CU3P 4- 6HC1 
2Pil2 + CU2-C12 — > CU2Cl2*2i>H 3 

The present research seeks answers to the above

questions*

\ If air is excluded from a closed apparatus, the 

concomitant evolution of hydrogen gas toy acid treatment 

of a cast iron sample is expected to maintain the 

desired reducing atmosphere. If suction is applied, the 

evolved gases should then toe transported into appropriate 

absorbents*

Both hydrogen sulfide and arsine would interfere in 

phosphine absorption into mercuric chloride solution: 

m 3 -t- 3 % C i 2 — * P(Hgei) 3 4- 3BS1

A s %  + 3HgCl2 ---As (HgCl) 3 4- 3UC1
H2S + HgCl2 — > HgS 4* 2HC1

13

Compounds
Ty 06)," p. 127

14
J. Riban, Cotaptes rendus hebdomadaires des seances

ssl jjaggiigàa c ^ g c r ^ c e i r w :  m r w m T m̂ & S ^ r
op. ext., volume 8, pTdiTj.
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Copper sulfate and lead acetate are standard 

reagents for removal of hydrogen sulfide, but the first 

is also an excellent absorbent for phosphines 

i^S  + CuS04 — > CuS + n2so4 

PI13 + 8CUSO4  ♦ 4H20 — > H3PO4  + 41^S04 + 4Cu2S04
FH3 + 4C u 2S04 + 4 % 0  ---> H 3PO4 4H2S04 + SCu

2PH3 ♦ 3Cu 2S04 ---> 2C u 3P + 3 ^ S 0 4
The second reacts with phosphine slowlys

H2S + Fb(C2H302 )2 — > PbS + 2HC2II302 
2PH3 ♦ 3Pb(C2H302)2 — > Pb3P2 + 6HC2H302 

v/ilraeti'> reported that zinc acetate absorbs 

hydrogen sulfide readily and has no effect on phosphine 

or arsines

«2s ♦ ^ < < W > 2>2 . — > 2n$ + 21^11302 
Wilmet further found that cadmium acetate completely 

absorbs arsine and leaves phosphine intacts

2AsH3 + 3Cd(C2H302)2 — »  Cd3As2 + ôHCgï^Qs 

Hence, the gases evolved from a reaction vessel can be

bubbled through zinc acetate and cadmium acetate solutions 

before contact with mercuric chloride solution.

The phosphine can next be absorbed according to 15

15M. Wilmet» "Sur le dosage des constituants d*un 
mélangé gazeux comprenant de 1»acide sulfhydrique, du 
gaz carbonique, de l*arseniure, et du phosphure ¿»hydrogéné, 
et de l’acetylene," Comptes rendus hebdomadaires des 
séances de 1 » academie cíes sciences,~T&5r~ll36-8. TÏÏÏ27).
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Beyer’s method. Agitation of a 5% mercuric chloride 

solution avoids local excess? Beyer states that mercuric 

chloride can be reduced by phosphine to free mercury if 

this precaution is not observed.

The precipitated P O l g C D j  is unstable to drying? 

the analysis is continued titrimetrically. The compound 

is oxidised by a measured excess of standard iodine 

solution to yield phosphoric acid, after which the 

excess iodine is titrated with standard thiosulfate to 

the usual starch endpoint. But mercuric ion also 

oxidises thiosulfate, and so must be neutralised first. 

This is accomplished by adding excess solid potassium 

iodide to the vessel containing the P C B g C D g  and un

reacted H g & 2 ?

HgCl2 + 2 KI — » Iigl2 ♦ 2KC1 
Hgl2 ♦ 2 0  — > K 2HgI4

This addition effectively eliminates the risk of reaction 

between mercuric ion and thiosulfate ion, the dissocia

tion constant for the soluble % I 4~2 being 10-27 
according to Malyugina’s work . 16 At the same time, the 

following conversion occurs :

16Malyugina, Shchemukova, and Korshunov, J. Gen. 
Chem. U.B.S.R.. 16, 1573, (1946), [in Ballar, op.“cTt * *
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P(HgCl) 3 + 3KI — » P(HgI) 3 + 3KC1 
The subsequent iodine addition causes the following 

reaction;

6KI * P(IIgI) 3 ♦ 4I2 * 4 % 0  — ?■ H 3PO4 + S K g H g ^  + 5HI 
Titration immediately with standard sodium thiosulfate 

solution completes this section of the analysis. The 

equivalent weight of phosphorus here is obviously 1/8 
of its atomic weight*

The remaining contents of the vessel in which the 

cast iron was dissolved are analyzed for phosphorus by 

the standard aIleal i-molybdate method. (The cast irons 

available for the present research are National Bureau 

of Standards samples? the certificates accompanying each 

sample indicate this method to be their most frequently 

used procedure for phosphorus analysis.)

To convert all forms of phosphorus to orthophos

phate, nitric acid is added, followed by potassium per

manganate solution (having removed silica and graphite 

by filtration before adding the permanganate);

3P03"*3 + 2H+ + 2Mn04- — > 3P04“ 3 + 2MnO?i  + I^O 
If hydrochloric acid was used to dissolve the cast iron, 

the amount of permanganate added must be sufficient to 

allow for oxidation of the chloride ion;

6C 1- + 2Mn04~ ♦ 8«* — > 3C12 + 2Mn024- ♦ 41^0
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The manganese dioxide is dissolved by addition of a 

sulfite solutions

Mn02 + HgSOg — »  Mn *2 ♦ 304"2 * % Q  

The next step- is addition of excess- anmoniura molybdate 

solution to obtain the desired yellow precipitate of 

ammonium phosphoraolybdate, (KH4 )3P04 *12^io03 *̂31120. 

Filtration and washing of the precipitate are followed 

by dissolving it in a measured excess of standard alkali: 

(NH4 ) 3PO4 * 12Mo03* 31I2° ♦ 23 oir — >

3NH4 + + ia?04- 2 + I2M0O4*“2 4- 14II20 
Finally, titration of the excess base with standard acid 

to the phenolphthalein endpoint completes this part of 

the analysis.

The total phosphorus content of the cast iron is 

regarded as having been hereby established.

The remainder of the present research is concerned 

with an attempt to form and evolve phosphine from any 

higher oxidation states of phosphorus which may have 

resulted from acid treatment of the cast iron. The 

residue left after dissolution of the sample in aqueous 

IIC1 is utilised, Evaporation of this residue is 

followed by addition of excess lithium aluminum hydride, 

employing dry tetrahydrofuran as the solvent. It is 

desired to determine if the hydride is able to cause
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reduction of phosphorus present as phosphite or phosphate 

to yield phosphine.

Reductive cleavage of organic phosphates is known 

to yield soiae phosphine : 17

RHzP°4 a; ¡ ^u ’4 >  8011 ♦  «3104 * «¡3 

However, an investigation of the literature failed to 

yield information about the possibility or impossibility 

of the following reactions*

H3PO4 + U A 1H 4 — > VH3 ♦ LiOH * A1(0H) 3 
(or H3P04 * NaBI(4 — > PII3 + WaOH + H3BO3)

B 83P ♦ LiAlH4 — > PII3 (not balanced)

GU3P ♦ LiAlI^ — >  PH3 (not balanced)

Dworak’s work18 indicated that reduction of the
higher oxidation states of phosphorus might not be 

feasible by employing metal hydride. In attempting to 

obtain phosphine quantitatively by the reaction of 

phosphorus trichloride with excess sodium borohydride in 

diethylene glycol monomethyl ether, he suggested that 

the low yield might have been due to hydrolysis of the 

chloride in wet diglymet

17Norman G. Gaylord, Reduction With Complex Metal
(Nr" ~ --- --- ------------
71.

»orman 0. ^ayrorc*, R e o u c t i o n  Wrta c o m p l e x  M  
H ^ r i d e s ,  (New York: Inter science ^ufellshers, IncT,

18
Dvorak, og, cit., p. 36.
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P013 + 3 % 0  — » H3IO3 + 3IJC1 
This may show that phosphite is not reducible to 

phosphine by the use of metal hydride. However, his 

experiments were conducted near 0°C., so the solubility 

of phosphine in the solvent may have lowered the yield. 

No such temperature restriction is proposed for the 

present research.



MATERIALS AND APPARATUS
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The cast irons used are National Bureau of Standards 

samples; the certificates supplied with each sample are 

reproduced as Tables 1, 2, and 3* Bach sample consists 

of 100 grams of turnings contained in a clear glass 
bottle fitted with a plastic screw cap. Other than 

keeping the bottles tightly closed when not in use, no 

particular precautions were taken in handling the 

material.

All chemicals used are reagent grade or KBS 

standards, except the lithium aluminum hydride (Metal 

Hydrides Inc. lot number 101, purity 93+%),

Cadmium acetate and sine acetate were prepared as 

saturated solutions and stored in amber-glass bottles.

Mercuric chloride was prepared as a 3% solution by 

adding 950 grams of distilled water to a beaker 

containing 30 grams of HgCla and heating to about 60°C. 

to complete the dissolving. The cooled solution was 

stored in an amber-glass bottle.

Acids were diluted merely by pouring into the 

requisite volumes of distilled water, then stored in 

clear-glass bottles.

The directions of Hillebrand and Lundell* 9 were 19

19W. P. Hillebrand and G. B. P. Lundell, Applied 
Inorganic Analysis, (second edition, New York: John 
Ifiiey &  ¿ons, lac., 1953), pp. 194 and 197.
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used to prepare sodium thiosulfate solution and iodine 

solution* Hie iodine solution was standardized according 

to the procedure of Rieraan, Neuss, and Naimaa , 20 using 
National Bureau of Standards sample 83b arsenic trioxide 

Ag2Q 3* thiosulfate solution was immediately titrated

with a measured volume of the iodine solution to the 

usual starch endpoint* Starch indicator was prepared by 

the procedure of Rieman, Neuss* and Hainan , 21 using 
soluble starch.

Sodium hydroxide solution was standardized with 

National Bureau of Standards sample S4f acid potassium 

phthalate HKC8% 0 4 according to the ASTM method . 22
Tetrahydrofuran was dried by adding pieces of 

freshly cut sodium to a quart of the ether, fitting the 

bottle with a calcium chloride drying tube, allowing to 

stand overnight*

Lithium aluminum hydride lumps were stored in their 

original container. Gaylord’s instructions23 for 
handling were followed.

^ R i e m a n ,  et. al., o£. c i t *. p. 216.

21Ibid., p. 217.
, t A .S ,T.M,_ Methods of Chemical Analysis of Metals. 
(Phi ladeiphxa : Amer a can Society for rxéaìxng'ì SferTaXsT 
1943), p. 42.

Gaylord, o&. cit.. pp. 1007-12.
23



20

Burettes used are 50 ml, class A, Kiraax glass, 

Teflon stopcock, TO 20°C., Kimble numbers 1024, 1407, 

2302, and 7006.

Samples were weighed with a Mettler single-pan 

balance, type 113.

Filter paper used in the alkali-molybdate phosphorus 

determinations is 11 era. S & S No. 589 black ribbon, and 

No. 589 white ribbon.



Figure 1
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Figures I and 2 picture the apparatus used. All 

parts 0 through H  consist of Pyrex glass with ground 

Joints fitted with springs or clamps, the necessary fab

rication having been done at the Creighton University 

Glass Department. C is a 500 ml flask with an "inverse” 

neck. The stopcock is Teflon. After attempts to 

introduce lithium aluminum hydride slurry were frustrated 

by the capillary tip, section DB was amputated. (The 

use of suction made the capillary tip unnecessary.) 

Cylinders F and G  are ca. 3 cm in diameter and ca. 24 cm 

high. Flask H  is a 250 ml Erlenmeyer (modified by 

fusing onto it a ground-glass neck). Flask I is a 

125 ml Erlenmeyer closed by a rubber stopper. Flasks H  

and I are connected by Tygon tubing? absorption of 

phosphine was found to be complete in flask H  in all 

cases. Tygon also leads from flask I to a water 

aspirator (via the usual trap to prevent back-up). For 

trials in Which suction was not applied, the tubing 

extended out a nearby window? the lab is not equipped 

with a hood. Vessel A  is a large test tube (with a 5% 

mercuric chloride solution added when needed) attachable 

to cup B by rubber stoppers via Tygon tubing when it is 

desired to introduce air without allowing phosphine 

(traces in the air) to enter. Flask II is equipped with
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a variable-speed magnetic stirrer (Teflon-coated bar) 

separated by an asbestos board J  to reduce beat transfer« 

(As most electric magnetic stirrers do, this model was 

found to heat appreciably with prolonged usage.)

Figure 1 also indicates the standard taper of the various 

ground-glass joints which are secured by springs; those 

secured by clamps are of the ball-and-socket type.
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All glass joints were lubricated lightly with Dow- 

Corning high-vacuum silicone grease, 90 ml of saturated 

sine acetate solution was poured from a graduated 

cylinder into cylinder F for the early trials; for later 

experiments the amount was decreased to 70 ml to allow 

for condensation of water which volatilised when the 

reaction flask C  was heated; 1 gram of solid zinc acetate 

was also added to the cylinder for these later trials to 

ensure that the absorptive power of the reagent would 

not be lost because of dilution by the condensing water.

90 ml of saturated cadmium acetate solution was poured 

Into cylinder G. 100 ml of 5% mercuric chloride was 

poured into flask H, and 50 ml of 5% mercuric chloride 

into flask I. The weighed sample of cast iron was then 

added to reaction flask C f rinsing with distilled water, 

after which the apparatus was immediately assembled and 

suction applied. (Two preliminary trials demonstrated 

the difficulty of adding portions of acid without suction; 

after reaction had commenced in these two trials, gas 

evolution tended to prevent introduction of more liquid 

unless pressure was exerted.) When bubbling ceased, the 

magnetic stirrer was started, and the desired volume of 

acid was poured into cup B, after which the stopcock was 

opened to allow the acid to run into the reaction flask.
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To prevent introduction of air, the stopcock was closed 

when there was still a small amount (less than 1 ml) of 
acid in the tube above the stopcock.

The reaction flask was heated with a Bunsen burner 

to accelerate dissolution of the sample; when this was 

done the first time, a large Plexiglas shield was placed 

between the apparatus and the author; the absence of an 

explosion was taken to mean that the apparatus is truly 

gas-tight.

v As reaction proceeded, the liquid in flask C 

remained nearly transparent but assumed a greenish color 

when hydrochloric acid was used; when nitric acid was 

used, the liquid turned yellow-brown, and red-brown fumes 

(nitrogen oxides) eventually became visible above the 

liquid* Black particles precipitated or tumbled through 

the liquid; most of these particles retained the shape 

of the original cast iron turnings; they appear to consist 

largely of carbon. The mercuric chloride solution in 

flask H  gradually became turbid (white), as anticipated 

for P(IIgCl)3 formation. A  slight coating of sine sulfide 

was noted at the end of the bubble tube in cylinder F.

Ho change was observed in cylinder <3 until the apparatus 

was dismantled, at which time a garlic odor was noted 

before the contents were disposed of quickly.
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When bubbling ceased (usually by the end of two 

hours when hydrochloric acid was used, or forty minutes 

when nitric acid was employed)t the column leading from 

flask C was wrapped with asbestos fabric and the flask 

heated with a Bunsen burner. The heating was continued 

until the liquid had boiled five minutes or longer« in 

order to volatilise any dissolved phosphine. (According 

to Lange , 24 phosphine is insoluble in boiling water.) 

During the heating, the turbidity in flask H  increased 

visibly when hydrochloric acid was used to dissolve the 

cast iron. The mercuric chloride solution in flask I 

rattained clear and colorless for all trials, and gave 

negative results when treated with potassium iodide, 

iodine, and sodium thiosulfate.

Bor two trials in which the cast iron was dissolved 

in nitric acid, no turbidity was observed in flask H, 

even when the liquid in flask C was heated to boiling,

Bor the trials in which the cast iron was treated 

with hydrochloric acid, the boiling was continued to 

total evaporation of the liquid in flask C if the residue 

was to be subsequently treated with lithium aluminum 

hydride; in this event, the apparatus had to be quickly

— u --------------------------------------:-------------—
Herbert Adolph Lange, Handbook of Chemistry.

(ninth edition, Sandusky, O b i o s l G E o o E  Publishers,
Inc., 1956), p. 285.
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dismantled to prevent back-up.

If, instead» the residue was to be analysed for 

phosphorus by the alkali-molybdate method, boiling was 

allowed to proceed ten minutes, then tube A  (containing 

5% mercuric chloride solution) was connected to cup B 

and the stopcock opened enough to allow incoming air to 

prevent back-up from F, G, II, and I as C cooledj the 

specified volume (65 ml) of nitric acid was next added 

through cup B  and heat applied until the liquid changed 

from green (ferrous) to red-brown (ferric); the apparatus 

was then disassembled and the contents of flask C were 

treated according to the A.3.T.M. method for phosphorus 

determination by the alkali-molybdate procedure*

In two trials hydrochloric acid was used to dissolve 

the cast iron, then air was introduced through 5% 
mercuric chloride solution as before, but when flask G 

had cooled, flask E  was changed before nitric acid added; 

no turbidity appeared in this fresh solution in flask H.

When hydrochloric acid was used to dissolve the cast 

iron, flask H  was analyzed for phosphorus as follows; 

solid potassium iodide was added in excess; the white 

P(HgCl)3 precipitate turned to red-brown P(HgI)3 , and 
mercuric chloride reacted to precipitate red-orange HgXa*

A.S.T.M., op. cit., p. 44.
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which dissolved (foaming to yield a yellow-brown

solution; standard iodine solution was added from a 

burette until the precipitate had dissolved and the 

solution turned to the iodine color; standard sodium 

thiosulfate solution was added from another burette 

until the color lightened to pale yellow; 3 ml of starch 
indicator was then added, and the titration was continued 

to the usual endpoint.

Samples of each of the three cast irons used in 

this research were treated according to the A.S.T.M. 

aUcali-iaolybdate method to serve as controls; precipita

tion was started at 40°C., rather than at 45°. The 

results given in Table 4  show good agreement with the 

values listed in the NBS certificates (Tables I, 2, 3).

J8or those trials in which hydrochloric acid had 
been used and the flask C  contents had been evaporated 

to dryness, the flask was placed in a desiccator 

containing calcium chloride and left there overnight.

The apparatus was cleaned and dried (using compressed 

air), m m  it was assembled, cylinder P was left empty 

in case back-up should occur. Attempts to drip lithium 

aluminum hydride slurry onto this flask C residue through 

cup B were unsuccessful, due to clogging of the stopcock 

hole by lithium aluminum hydride particles. For the
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first trial* excess lithium aluminum hydride was decom»» 

posed with ethanol. After the fire was extinguished* 

it was decided to add a little water to tetrahydrofuran 

and use this wet ether to decompose excess hydride.

An experiment was performed at room temperature in 

which %  gram of dry lithium aluminum hydride Clumps) was 

put onto the residue obtained by treating 1 gram of cast 
iron with 10 ml of concentrated hydrochloric acid and 
evaporating to dryness; 50 ml of dry tetrahydrofuran was 

added through cup B. The residue gradually dissolved, 

forming a red-brown liquid which eventually yielded a 

dark precipitate. When all bubbling had ceased, wet 

tetrahydrofuran was added slowly through cup B; vigorous 

bubbling indicated decomposition of the remaining pieces 

of lithium aluminum hydride. The flask was next heated 

with a Bunsen burner until approximately 10 ml of the 

distilling tetrahydrofuran had condensed in the empty 

cylinder P. Because the turbidity in flask H  was not 

increasing visibly* Mid because it is. dangerous to distill 

tetrahydrofuran to dryness, heating was discontinued and 

the contents of flask H  were analysed for phosphorus by 

Beyer’s method, (Whenever lithium aluminum hydride and 

tetrahydrofuran were used, the Plexiglas shield was 

placed between the apparatus and the author,)
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Various chemicals were added in different trials to 

cast iron sampless

1m Dioocane was saturated with HC1 gas (generated by 

the action of sulfuric acid on sodium chloride). A  

sample of cast iron was added; no evidence of reaction 

was observed.

2. Bxcess potassium iodide was added to a sample of 
cast iron before hydrochloric acid was added; the usual 

white turbidity appeared in flask H  by the time reaction 

had-ceased. After the sample had dissolved* excess 50% 

potassium hydroxide solution was added through cup B and 

heat was applied, causing copious precipitation (grey, 

green, brown, black), but there was no visible increase 

in turbidity in flask H? the contents of flask II were 

analyzed for phosphorus by the Beyer method.

3. access stannous chloride was added to a sample 

of cast iron before hydrochloric acid was added. After 

the sample had dissolved (causing the usual turbidity in 

flask H ) , excess saturated sodium hydroxide solution was 

added through cup 1 and heat was applied, causing 

copious precipitation as. in the preceding experiment, 

but again there was no visible increase in turbidity in 

flask II, Tin formed in flask C.

4. access 5% mercuric chloride solution was added
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through cup B to a cast iron sample, yielding a grey- 

white precipitate* Hydrochloric acid was next added. 

When reaction had ceased, the mercuric chloride solution 

in flash H  was still clear and colorless* ibccess 50% 

potassium hydroxide solution was added through cup B and 

heat was applied! copious precipitation resulted in 

flask C, hut there was no visible change in the mercuric 

chloride solution in flask H. When the apparatus was 

dismantled, large globules of mercury were found in C, 

x 5# Bxcess hydroquinane was added to a cast iron 

sample before hydrochloric acid was added. The usual 

turbidity appeared in flask II by the time reaction had 

ceased.

6 . Sodium diethyldithipcarbamate was added to a 

cast iron sample before hydrochloric acid was added.

Ihe usual turbidity appeared in flask H  by the time 

reaction had ceased.

7. A  cast iron sample was treated with equal volumes 

of water and concentrated acetic acid. After 20 hours, 

the sample was observed to be still bubbling at the same 

feeble rate? the liquid was transparent orange-brown.

Sven with boiling of the contents of flask C, the 5% 

mercuric chloride solution in flask H  remained clear and 

colorless.
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S. Cast iron was treated with hydrochloric acid as 

usual, hut the stopcock was left open to allow air to 

Itow through during the reaction* (Tube A had been 

filled with 555 mercuric chloride solution and attached 

to cup 8 to avoid possible introduction of phosphine 
from the air*) Turbidity appeared in flask H  by the 

time reaction had ceased*

9* Hsccess cuprous chloride was added to a sample 

of cast iron before hydrochloric acid was added* When 

reaction had ceased, the mercuric chloride solution in 

flask H  was still clear and colorless* Copper had 

formed in flask C*

For some trials in which hydrochloric acid was used, 

the residue in flask C was net analysed by the .alkali-' 

molybdate procedure* Bor a few of these cases, ammonium 

molybdate solution was added to a portion of this liquid 

residue* (If the residue had been evaporated to dryness, 

distilled water was first added to dissolve the solid.)

A  deep blue color resulted. To another portion was .added 

magnesia mixture prepared according to lliema#sf Neuss, and 

Kalman . 26 A  mixed brown and white precipitate formed.

26
Rieman, et. al., gg,. £i£-t P* 482.
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4 2 .6 9 ,2. 58 ».613 .8 0 4 .0 6 2 .0 6 0 » ‘ 2 .4 2 . 126 . 114 . 045 ». 012 .0 4 1

5 ................. 2 .6 9 2 .5 9 ». 62 .7 9 6 .7 8 4 .061 .061 .061 '• ‘ 2 .3 5 . 123 . 123 .0 4 9 ». 010 .013 .0 4 8 ».016 ». 007

6 *2.71 . 594 .7 7 7 ».062 2 .4 3 ». 135 . 116 .051 » 0 0 9 *'.011 ». 003

A verage... 2 .6 9 2. 59 0 .612 0. 797 0 .793 0 .061 0 .0 6 0 0 .0 6 0 2 .41 0 .1 2 8 0.120 0 .0 4 8 0.010 0.012 0 .0 4 4 0 .0 1 4 0 .0 0 4

General
average. 2 .6 9 2 .5 9 0 .612 0. 794 0 .0 6 0 2 .4 1 0 .1 2 8 0.120 0 .0 4 8 0.010 0.012 0 .0 4 4 0 .0 1 4 0 .0 0 4

• Precipitated at 40°C, washed with a 1-percent solution 
of KNO» and titrated with alkali standardized by the use 
of «cid potassium phthalate and the ratio 23 NaQH:lP.

b Sample annealed by covering with u layer of graphite 
and heating for 20 min at C85°C.

0 Value obtained by standardizing the titrating solution 
by means of sodium oxalate through KMnO* and NajSsOi, 
and use of the ratio 21:1S.

Potentiometrie titration.
•Molybdenum-blue photometric method. See J. Re

search NBS 20, 405 (1941) RP1386.
* 1-g sample burned in oxygen at 1,425°C, and sulfur 

dioxide absorbed in starch-iodide solution. Iodine liber
ated from iodide by titration, during the combustion, with 
standard K10» solution. Titer based on 93 percent of the 
theoretical factor.

e Double dehydration with intervening filtration.

h Diethyldithiocarbamate photometric method. Sec J. 
Research NBS 47, 380 (1951) RP2265.

1 Chromium separated from the bulk of the iron in a 10-g 
sample by hydrolytic precipitation with NaHCOj, oxidized 
with persulfate, and titrated potcntioinctrically with ferrous 
ammonium sulfate.

i Vanadium separated as in (i), oxidized with HNOj and 
titrated potentiometrically with ferrous ammonium sulfate.

k Cupicrron separation after solution of sample in dilute 
IIC! (l-f-2). Vanadium separated by treatment with 
NaOH.

* Molybdenum-blue photometric method. See J. Re
search NBS 24, 7 (1940) RP1267.

m Sulfuric acid digestion for 4 hr 6f 0.5-g sample. See J. 
Research NBS 43, 201 (1949) RP2021.

n Combustion gases absorbed in NaOH-HjOj, and excess 
NaOH titrated with HzSO*.

hydrolysis-perchloric acid oxidation, 
hydrolysis - F'eSO* - (NH*)*S:Oi - KMnO*

o Bicarbonate
p Bicarbonate 

method.
q Vanadium separated by NajCOj fusion.
r Pistillation-FijS-AsjSj.
• Titrating solution standardized by the use of a  standard 

iron or steel.
* Copper precipitated with Na?SîO» and finished by elec

trolysis.
u Distillation-titration.
T Sulfuric acid dehydration.
"  Finished photometrically with Nessler’s reagent.
* Volumetric method.
y Combustion gases absorbed in AgNOj solution, and 

liberated HNOj titrated with NaOH.
• KI-NajSjOi titration.
■' a —benzoinoxime method.

Lists of Analysts
1. Ferrous Laboratory, National Bureau of Standards.

J. 1. Shultz,in charge. Analysis by E. June Maienthal,
T. W. Freeman, E. J. Meros and E. R. DeardorfT.

2. R. H. Elder and R. E. Dcas, American Cast Iron Pipe
Co., Birmingham, Ala.

3. A. E. Schuh and C. P. Gaskill, United States Pipe and
Foundry Co., Burlington, N.J.

4. Max Powell, R. M. Wood and W. T. Smith, Republic
Steel Corp., Birmingham, Ala.

5. E. W. Policy, The Youngstown Sheet and Tube Co.,
Youngstown, Ohio.

6. W. K. Bock and S. llles, National Malleable and Steel
Casting Co., Cleveland, Ohio.

The iron for the preparation of this standard was furnished by the American Cast Iron Pipe Company, Birmingham, Ala. 

W a s h i n g t o n , D.C., October 5, 1959 A. V. A s t i n ,  Director.
U.S OOVCNNMKNT MINTINS OfFICS 628036
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2

3.27

1-3.311
1 3.28)

‘ 3.27

3.27 

3.32 

3.30 

3.23

2>50

2.48

d0.499

.507

0.282 "0.280

.277

0.094

.093

'0.093

-.094

0.096 “0.621

«.63

»*0.055

“.052

0.031

.025

<0.032

P.034

CNj 
■r-t

© 
o

O 
ef

0.004

.004

‘ 0.008

'.009

'0.018

«.023

<0.003

.005

3 .50 .278 “.090 .616 ‘ .060 .027 .031 “ .007 ".007

4 2.52

2.50

2.48

2.48

*.506

*1.504

‘ .510

‘ .50

f .2851 
l  ».287/ 

.277

.091 ‘ .091 .619 ‘ .054 .036 .030 “ .011 .004 ‘ .008

s .086 «.611 *3.054 .028 '3.034 .011 .004 .007 “ .004

6 .278

.278

.093 ‘5.089 “ •=.63 “.050 .027 .033 “.013 .005 .006

7 .091 *5>«.64 ‘ .054 .031 .033 “.009 .003 .005 '.021 .004
»

A verage... 3 28 2.49 0.504 0.282 0.280 0.092 0.091 0.092 0.624 0.054 0.029 0.032 0.011 0.004 0.007 0.021 0.004

General
average. 3.28 2.49 0.S04 0.280 0.092 0.624 0.054 0.029 0.032 0.011 0.004 0.007 0.021 0.004

• Precipitated at 40°C, washed with a 1-nercent solution 
of KNOi arid titrated with alkali standardized by the use 
of acid potassium phthalate and the ratio 23 NaOl+.lP.

b Sample annealed by covering with graphite and 
heating for 20 min at 685°C.

« Value obtained by standardizing the titrating solution 
by means of sodium oxalate through KMuO* ana NajSiO», 
and the ratio 21:1 S.

d Potentiometric titration.
• Molybdenum-blue photometric method.
f 1-g sample burned in oxygen at 1,425°C, and sulfur 

dioxide absorbed in 6tarch-iodide solution. _ The iodine 
was liberated from iodide by titration, during the com
bustion. with standard KlOi solution based on 93 percent 
of the theoretical factor.

« Double dehydration with intervening filtration.
b Diethyldithiocarbainate photometric method. See 

J. Research MBS 47, 380 (1950) RP 2265.

1 Chromium separated from the bulk of the iron by 
hydrolytic precipitation with NaHCOs, oxidized with 
persulfate, and titrated potentiometrically with ferrous 
ammonium 6ulfate.

i Vanadium separated as in (i), oxidized with HNOi, and 
titrated potentiometrically with ferrous ammonium sulfate.

k Cupferrori separation after solution of the sample in 
diluted HC1 (1+2). Vanadium separated by treatment 
with NaOH.

1 Sulfuric acid digestion for 4 hr of a 1-g sample. See J. 
Research NBS 43. 201 (1949) RP2021.

m Gaseometric method.
a Combustion gases absorbed in NaOH-HsO?, and 

excess NaOH titrated with HjSO*.
o HiS-CuS-CuO.
p  Bicarbonate hydrolysis-perchloric add oxidation.
•j I eS0 i-(NH«)iS2 0 |-K.Mn0 < method.
* Vanadium separated by NajCOi fusion.

List of Analysts

• Distillation—I+S-AsjS».
• Combustion-titration method.
u Combustion gases absorbed in AgNOi solution, and 

excess IiNOj titrated with NaOH. 
v H2S—KI-NaiSjOj titration. 
w Alpha-beuzoinoxiine method.
»Titrating solution standardized with a standard cast 

iron or steel.
y Finished by electrolysis.
• Spcctrographic determination.

Bismuthate—FeSOi-KMnOi.
** Neocuproine photometric method.
*3 Diphenylcarbazidc photometric method.
** Finished photometrically with Ncsslcr’s reagent. 

Solution in diluted HC1 (1+1) and HaS absorbed in 
ammoniacal cadmium chloride.

“9 Sulfuric acid dehydration.

1. Ferrous Laboratory, National Bureau of Standards,
J. 1. Shultz in charge. Analysis by E. June Maien- 
tliul, J. R. Spann, and A. Skapars.

2. R. H. Elder and R. E. Deas, American Cast Iron Pipe
Co., Birmingham, Ala.

3. G. M. Guiler, National Malleable and Steel Castings
Co., Cleveland, Ohio.

W a s h in g t o n , D. C., November 29, 1957.

J. E. Spittle, Ford Motor Co., Dearborn, Mich.
W. G. Rader, Republic Steel Corp., Buffalo District, 

Buffalo, N. Y.
M. Powell and R. M. Wood, Republic Steel Corp., 

Birmingham, Ala.
S. R. Dean, Tennessee Coal and Iron Division, United 

States Steel Corp., Fairfield, Ala.

A. V. Astin, Director,
y. ». bOvmNMun nomina ornea 461100
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1 .............. 3.25 2.62 1 0.790 0.131 ” 0.133 0.054 '0 .052 0.056 « 1.45 “ 0.257 0.065 1 0.107 1 0.012 0.002 » 0.026 • 0.018 1 0.007

1-3.251  
1 3.281 2.65 .797 .126 .038 ■>.059 * 1.48 .250 .063 *>.103 ».013 .003 *>.029 ”.020 .007

3 3.28

3.27

2 67 »789 128 .059 ‘.057 »•«1.47 .255 .065 ” .100 ».012 .003 .026

4 ______ 2 .6$ ■787 .135 .133 .052 .052 .053 » 1.46 ».256 .060 ”.103 *.012 .002 .022 *.016 .005

- 3.27

p" 3.291 
l  3 .27J

3.23

2.66 .779

»797

.124 .130 .054 .051 “ 1.44 *.251 .063 ».103 ».014 .004 .027

A .132 .053 « 1.44 ”>.25 .061 *>.106 .013 .004 ».017 .008

7 2.63 1 .7971 
1 ”2.7951 .127 .128 .051 I ”3.0501 

1 .052 i « 1.43 ».25 .058 .100 .005 .007

s 3.25 2.63 -.804 .133 .133 .054 .054 1.44 •>.256 .057 .107 .015 .002 .025 .005

A verage.. 3.26 2.64 0 7 9 3 0.130 0.130 0.054 0.053 0.054 1.45 0.253 0.062 0.104 0.013 0.003 0.026 0.018 0.006

General
average.. 3.26 2.64 0 7 9 3 0.130 0.054 1.45 0.253 0.062 0.104 0.013 0.003 0.026 001.8 0.006

» Precipitated at 40° C, washed with a 1-percent solution 
of KNOs and titrated with alkali standardized by the use 
of acid potassium phthalate and the ratio 23 NaOH:lP.

b Sample annealed by covering with a layer of graphite, 
and heating for 20 min. at 685° C.

0 Value obtained by standardizing the titrating solution 
by means of sodium oxalate through KMnOi and NasSjOj, 
and use of the ratio 21:1S.

d Potentiometrie titration.
• Molybdenum-blue photometric method.
1 1-g sample burned in oxygen at 1,425° C and 6uliur 

dioxide absorbed in starch-iodide solution. Iodine liberated 
from iodide by titration, during the combustion, with 
standard KIOj solution. Titer based on 93 percent of the 
theoretical factor.

• Double dehydration with intervening filtration.

b Diethvldithiocarbamate photometric method. See J. 
Research NBS 47, 380 (1951) RP2265.

« Chromium separated from the bulk of the iron by 
hydrolytic precipitation with NaHCO», oxidized with 
persulfate, and titrated potentiometrically with ferrous 
ammonium sulfate.

J Vanadium separated as in (i), oxidized with HNO*. and 
titrated potentiometrically with ferrous ammonium sulfate.

k Cuplerron separation after solution of the sample in 
diluted HC1 (1+2). Vanadium separated by treatment 
with NaOH.

1 Sulfuric acid digestion for 3 hr of a 1-g sample. Sec 
J. Research NBS 43. 201 (1949) RP2021.

(Jaseomctric method.
u Combustion gases absorbed in NaOH-HsO*, and excess 

NaOH titrated with H2SO4 .
0 Perchloric acid oxidation.

*> FeSOi-iNHiJîSsOs-KMnOi method, 
y Vanadium separated by NajCO» fusion. 
r Distillation-H^S-AsrSj.
* Titrating solution standardized by use of a standard 

iron or steel.
» Solution in diluted HC1 (1+1), and sulfide absorbed in 

ammoniacal cadmium chloride, 
u Sulfuric acid dehydration.
* As in (i), except FeSOi-lCMnO* titration 
w Finished by electrolysis.
* Photometric method. 
y Distillation-titration.
■ Diphenylcarbazide photometric method.

ICS precipiuition-Rl-NajSaOi titration.
*3 Bismuthate-FeSOi-KM'nO«.
*3 Sulfur gases absorbed in acid HjOi and titrated with 

sodium borate.

List of Analysts
1. Ferrous Laboratory, National Bureau of Standards.

J. I. Shultz in charge. Analysis by R. E. McIntyre, 
J. R. Spann, E. June Maienthal, and Lorna J. 
Tregoning.

2. R. H. Elder and R. E. Deas, American Cast Iron Pipe
Co., Birmingham, Ala.

3. Max Powell and R. M. Wood, Republic Steel Corp.,
Birmingham, Ala.

4. H. V. Reddinger, Bethlehem Steel Co., Johnstown
Plant, Johnstown, Pa.

5. W. D. Nordling, Grinnell Co., Providence, R. I.
6. R. H. Colin, United States Steel Corp., Duquesne

Works, Duquesne, Pa.
7. H. J. Wolthorn, United States Steel Corp., Fairless

Works, Fairless Hills, Pa.
8. P. L. Amsehler, Allegheny Ludlum Steel Corp.,

Brackcnridge, Pa.

The iron for thr preparation of this standard was furnished by the American Cast Iron Pipe Co.

W a s h i n g t o n , 1). C., November 29, 1957. A. V Astin, Director.
U. I .  «OV1HMIUNT PNINTINO OFFICI 451107



Tab le 4 38

Cast
Iron
NBS#

Sample
Height
..m z ...

Volume
KaOH
ml

Normality
NaOH

Volume
UNO,
. ml

Normality
h n o 3

%  P 
Pound

7G 850.4 50.00 0.1186 6.15 0.1498 0.793

7 G 865.2 50.00 0.1186 5.95 0.1498 0.785

122D 1009.5 25.00 0.1186 5.55 0.1498 0.285

122D 1009*3 25.00 0.1186 6.05 0.1498 0.275

4i 1143.6 20.00 0.1186 8.45 0.1498 0.130

4i 1090.4 20.00 0.1186 9.00 0.1498 0.126

Reaction Conditions (see Tables 5 and 6)
1. 20 ml 111 HClj heat? alkali-molybdate method on residue

2. 20 ml 111 HClt heat
3. 50 ml lsl IIC1; heat

4. 10 ml cone. HOI; heat to dryness when reaction complete 

5* 20 ml cone. 1IC1| heat to dryness when reaction complete

6. 65 ml 1*3 HN03 ; heat
7. 8 g KI| 50 ml 1*1 HC1; heat; 40 ml 50% KOH? heat

8. 12 g  SnCl2 ; 50 ml 1*1 IIC1; heat? 20 ml satd. NaOll; heat

9. 100 ml 5% HgClg* 50 ml 1:1 IIC1; heat; 30 ml 50% KQH; heat

10. 10 g hydroquinone; 50 ml 1:1 HC1; heat

11. ■§* g sodium diethyld ithiocarbamatej 35 ml 1*1 HC1; heat

12. SO ml IlgO ♦ 50 ml cone. HCgtlgOgf heat

13. 20 ml 1 :1  HCly heatj air through tube A  during reaction

14. 2 g CuClj 20 ml 1*1 IlCl; heat

15. 10 ml cone. IlCl; heat to dryness when reaction complete; 
titrate flask By •§• g LiAlIl* to flask C  residue; 50 ml
tetrahydrofuran; heat; titrate flask H
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Table 5

Cast
Iron
HBStf

Sample
Weight

~ B & ...

Rctn.
Cond.

Volume

*2
. A . .

Normality

*2
Volume

ami2° 3
Normality

Ka2s 2°3

7G 855.3 JL# 10.00 0.1002 9.00 0.1001
7G ©52.0 i. 10.00 0.1002 8.80 0.1001
122D 1003.5 1. 5.00 0.1002 4.50 0.1001
122D 1009.0 1. 5.00 0.1002 4.40 0.1001
122D 1013.7 JL • 5.00 0.1002 4.50 0.1001
4i 1005.0 1. 5.00 0.1002 4.50 0.1001
4i 1019.5 1. 5.00 0.1002 4.53 0.1001
4i 1010.0 3L* 6.00 0.1002 5.44 0,1001

%  P Volume Normality Volume Normality %  p  Total
Flask NaOH NaOH IH03 m o 3 Flask %  P
- .U   m l   ..... .... ml G Found

0,046 45.00 0.118© 3.85 0.1498 0.745 0.791

0.055 45.00 0.1186 4.40 0.1498 0.734 0.789

0.020 25.00 0.118© 6.90 0 • 1498 0.259 0.279

0.023 25.00 0.1186 6*80 0.1498 0.260 0.283

0.019 25.00 0.118© 6.75 0.1498 0.260 0.279

0.020 15.00 0.1186 6.50 0.1498 0.108 0.128

0.018 15.00 0.1186 6.40 0.1498 0.108 0 * 126
0.022 15.00 0.1186 6.40 0,1498 0.109 0.131
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Table 6
Cast
Iron
NBS#

Sample
Weight

.

Retn.
Corn!.

Volume

i2ml

Normality
%

Volume
Na2s2°3

mtl

Normality

Ha2S2°3

% p 
Flask 

H

7G 1251.5 2. 10.00 0.1002 8.40 0.1001 0.050

7G 3003.8 3. 10.00 0.1002 6.10 0.1001 0.050

7G 3004.7 3. 15.00 0.1002 10.98 0.1001 0.052

7G 1010.0 4 • 6.00 0.1002 4.80 0.1001 0.046

7G 2006.6 5, 10.00 0.1002 7.08 0.1001 0.057

7G 1004.8 6. 10.00 0.1002 10.01 0.1001 0
7 G 1125.1 6. 10.00 0.1002 10.01 0.1001 0
7G 3005.9 7. 10.00 0.1002 6.25 0.1001 0.048

7 G 3012.0 8. 10.00 0.1002 5.50 0.1001 0.058

7G 3001.0 9* 10.00 0.1002 10.01 0.1001 0
7G 3011.6 10. 10.00 0.3002 5.95 0.1001 0.052

7G 2010.3 11. 10.00 0.1002 7.70 0.1001 0.044

7G 2009.5 12. 10.00 0.1002 10.01 0.1001 0
7G 1013,2 13. 10.00 0.1002 9.75 0.1001 0.010
7G 1000.0 13. 10.00 0.1002 9.74 0.1001 0.010
7G 1002.0 14. 10.00 0.1002 10.01 0.1001 0
7G 1020.0 15. 6.00 0.1002 4.45 0.1001 0.059

<*• •f
5.00 4.95 0.002
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No loss of phosphorus as phosphine was detected 

when nitric acid was employed as the reagent to dissolve 

a cast iron containing as high as 0 .8%  phosphorus, so 
that oxidation (ultimately to PÔ j**3) appears to be 

quantitative.

When cast irons were treated with hydrochloric 

acid alone, phosphine did form; the amount of this gas 

evolved was essentially constant for a given cast iron, 

but the percentage loss depended upon the composition 

of the particular cast iron. Samples containing 0.13% P 

and 0.28% P (NBS certificates of analyses) each lost 

0.02% P by phosphine evolution, the respective percentage 

losses being 15.4 and 7.1? cast iron containing 0.79% P 

(NBS certificate) lost 0.05% P by phosphine evolution, a 

percentage loss of 6.3. In these trials, air was 

excluded from the reaction vessel.

By utilizing the alkali-molybdate procedure, it was 

found that the remainder of the certified amount of 

phosphorus for each of the three cast irons tested 

stayed in the reaction flask.

No report was found in the literature regarding any 

previous attempt to determine this phosphine loss quan

titatively. The method for wrought iron (which - because 

of slag inclusions - contains both phosphides and
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phosphates) presented in the A.S.T.M. booh27 directs 
that one sample be analyzed by the alkali-molybdate 

procedure (using nitric acid) to determine total phos

phorus content* A  second sample is then boiled with 

hydrochloric acid to convert phosphides to phosphine? 

the amount of this phosphine loss is not determined in 

the A*S,T*M, method? instead, the residue after boiling 

is treated by the alkali-molybdate procedure, supposedly 

now indicating the phosphorus which was present as 

phosphate. The mathematical difference between "total” 

phosphorus and "phosphate” phosphorus is calculated to 

give the "phosphide” phosphorus.

Results of the present research suggest the A.S.T,M, 

method to be a poor one for differentiating phosphides 

from phosphates, Cast iron is reported to contain 

phosphides, not phosphates , 28 yet it was shown that 

phosphine evolution was not quantitative with the use of 

hydrochloric acid even when air was excluded from the 

reaction vessel? the percentage of evolved phosphine was 

appreciably decreased by allowing air to enter the 

reaction vessel? hence» higher oxidation states of 

phosphorus seem to have been produced, so that the true

27
A,S,1,M,, op. Cat,« p,44,

2ft
°Mellor, o£. cit.. volume 8 , pp. 853-8,
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phosphide content does not appear to he obtained by the 

A.S.T.M. procedure.

The production of a  blue color when ammonium molyb

date solution was added to HC1-treated cast iron residue 

indicates the presence of phosphorus in a reduced form, 

according to Winter, The use of magnesia mixture 

yielded inconclusive results for cast iron. (In analysis 

of simple substances, a white precipitate indicates the 

presence of phosphorus as phosphate.)

N Ilydroquinone has been used as a reductant in deter

mination of phosphorus by the molybdenum blue method ** 30 
An attempt to utilize it for the maintenance of a 

reducing environment (and a desired increase in phosphine 

evolution) was unsuccessful.

Sodium diethyldithiocarbamate did not increase the 

phosphine yield? its use had been suggested as a method 

for complexing copper and hence eliminating the possible 

interference of this element postulated on pp. 9 and 10 

of this work. The results from addition of cuprous 

chloride to a cast iron suggest the possibility of such 

interference, the above-mentioned blue color obtained

* Ibid., p. 818.

30Robert B. Fischer, Quantitative Chemical Analysis, 
(second edition, Philadelphia: ¥, ii. Saunders tompany, 
1961), p.402.
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by ammonium molybdate addition to fICl-treated cast iron 

residue intimating that a coordination compound (such as 

Gu2Cl2 *2I>Il3) may have formed.
The attempted substitution of acetic acid for hydro

chloric acid (in order to avoid introducing chloride into 

the reaction vessel) resulted in a reaction which pro

ceeded at so slow a rate as to be considered a failure. 

Mercuric chloride solution did prevent the initial 

evolution of phosphorus» but the subsequent attempt at 

alkaline hydrolysis - which had been suggested as a 

possible means of obtaining phosphine - resulted merely 

in precipitation of metal hydro«ides,

Addition of stannous chloride proved to be harmless 

and useless? the same was true of potassium iodide.

The use of HC1 in dioxane had been suggested to 

avoid water and thus eliminate the possibility of the 

reaction:

Pe3P «* 12HC1 ♦ 8II20  — > 6FeCl2 + H H g  + 2H3P04 
The failure of the cast iron to dissolve necessitated 

the rejection of further trials with dioxane.

The use of lithium aluminum hydride in attempting 

to cause reduction of any higher oxidation states of 

phosphorus to the phosphine state was complicated by the 

unsuitability of the apparatus for introduction of
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slurries. Even so, the recovery of only 0 .002%  P after 
action of lithium aluminum hydride on the residue 

obtained by treatment of a cast iron with hydrochloric 

acid indicated its further use to be not particularly 

advantageous* Ether is reported31 to dissolve twice its 
volume of phosphine} although the solubility in tetra- 

hydrofuran was not found in the literature, it is 

assumed to be a factor in any attempt at quantitative 

recovery of phosphine. Although lithium aluminum hydride 

remained when visible evidence indicated the reaction 

had ceased, the presence of this excess does not exclude 

the possibility of incomplete reaction of any phosphorus 

compounds present, especially since the reactant© were 

not agitated or stirred. A  search of the literature for 

reports on the action of lithium aluminum hydride on 

inorganic substances in a non«aqueous medium failed to 

yield applicable information.

The formation of phosphonium chloride, PH4CI, as an 

explanation for the failure to obtain a quantitative 

phosphine yield from cast irons treated with hydrochloric 

acid is considered improbable, because PH4CI is reported 
to dissociate into PH3 and HC1 at ordinary temperatures

3 W i l f r e d  W. Scott, Standard Methods of Chemical 
Analysis, (fifth edition, New’'VbrkT'6 . ’Van »ostrand 
(Swpany7 Inc., 1939), volume 2, p. 2367.



47

and pressures, existing only below 14°C# or under more

lithium aluminum hydride on the residue obtained from 

IlCl-treated cast iron may result in the formation of 

Pï^îAlClg (since PII3 is a Levris base and AICI3 a &ewi®

’’phosphor etic irons” inhibits phosphine formation. lie 

postulated that phosphide is "concentrated” into the 

portion of iron not ’’dominated” by carbide, and that 

’’concentrated phosphide” is "less capable” of yielding 

phosphine. His "acid treatment” of iron containing 

0.03 to 0.10% phosphorus and 1.2% carbon caused 15% of 

the phosphorus to be lost as phosphine.

the results of the present research suggest that 

Stead*s argument may also be applicable to the cast 

irons used here.

(sixt
1921)

than 20 atmospheres pressure . 33 However, the use of

acid), and this substance may be non-volatile . 33
Stead34 reported that the presence of carbon in

tmri a
op. P* 35).
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Phosphine does not evolve from cast iron treated 

with dilute nitric acid.

When hydrochloric acid is employed to dissolve cast 

iron, the quantity of phosphine evolved is a small and 

essentially constant percentage of the total phosphorus 

present, but varies with cast irons containing different 

amounts of phosphorus. This variation is apparently due 

in part to the composition of the particular cast iron 

insofar as the presence of other metals * such as 

copper ~ are capable of reacting with the phosphine that 

forms. Another factor - not investigated in this 

research « is the probable inhibiting effect of the 

carbon present. Finally, the conditions (aqueous acid) 

needed to dissolve the samples may result in oxidation 

of the phosphorus species present in the cast iron.

The use of lithium aluminum hydride in tetrahydro- 

furan to reduce any higher oxidation states of phosphorus 

does not yield an appreciable quantity of phosphine by 

the method employed here.

Hie quantitative determination of phosphorus in 

cast iron by utilizing evolved phosphine does not appear 

feasible by the techniques employed in this research.
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