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CHAPTER |

xHTRoDCCX1 0K

The necessity of a precise methoci for the deter-
mination of zinc is evident after reading the report of
the Sub-Committee on ¢Inc Ore Analyses(3), which shows
the wide discrepancies encountered in the determination
of zinc hy methods in ordinary use* Their report showed
results from forty-two chemists ranging from 12,20 per
cent to 39.22 per cent on a ©ample of zinc ore containing
18.16 per cent of zinc.

The difficulties to be met by various methods
used to determine zinc are twofold; the quantitative pre-
cipitation of zinc sulfide in a form suitable for rapid
filtration and washing, and the subsequent conversion of
this precipitate to a definite compound(5). There has
been considerable work done or; these two main difficul-
ties .

Zinc may be precipitated as the sulfide from a
solution in which the pH is maintained between 2 and 3.
Zinc sulfide is not precipitated completely from more
acid solutions and is gelatinous and difficult to filter
when precipitated from leas acid solutions. The proper
hydrogen ion concentration can be obtained by a formate-

formic acid buffer(5), a sulfate-sulfuric acid buffer(6),
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a chloracetate-chlorucetic acid buffer(7), or a citrate-
citric acid buffer(2), The use of any of these buffera
allows a maximum precipitation of zinc sulfide, and the
first difficulty encountered has been reduced to the ex-
tent where it is now regarded as a minor difficulty.

Various methods are now being used for determin-
ing zinc once it is obtained in the form of zinc sulfide.
It can be determined:

1. by converting zinc sulfide to zinc sulfate or
zinc oxide;

zna +hn2304 m5Qdb» znso4 + HYS
ZnS + airtOg) > + 30.,

2. by converting zinc sulfide to zinc ammonium phos-
phate monohydrate, converting the monohydrate to
the anhydrous form by drying at 105°C;

Zn++ + ant4* + HPO4— + HgO—* £aSK4K>4*HgO +
M+ + H+

cenlindpP04 -1~y znkHdPo4 +HgO

3. by converting the zinc ammonium phosphate to zinc
pyrophosphate;

220k4,04 100> zZn~0O, + HaO * 2HHBt

4. volumetrically, by precipitating the zinc sulfide
as zinc potassium ferrocyanide.

Ho particularly good, direct volumetric method
iIs known for determining zinc, ¢'he method now being used

involved the precipitation of the ferrocyanide,



KoZn” [Pe (CK)q] g»
3ZnCls + 2K4Pe (QU )b > KgzZnd £pe(CN}J 2J + 6KCL

The end point can be determined by usin.u uranyl nitrate
as an external indicator! portions of the ur&nyl nitrate
are placed in the depressions of a spot plate and from
time to time during the titration a drop of the solution
iIs removed and added to the uranyl nitrate. At the
equivalence-point, the excess of ferrocyanide gives a
chocolate-colored precipitate of uranyl ferrocyanide,
(UO)gFe(CN)6, This procedure is slow, inconvenient, and
introduces positive and negative errors above those that
mwuld be expected in a precise volumetric determination.
The positive error occurs at the end point, amounting to
0,5-0,7 ml. Tyler(10) showed that the precision average
per cent deviation from mean, using uranyl nitrate as ex-
ternal indicator or diphenylbenzidine as internal indica-
tor, is wholly unsatisfactory for a precise determination
of zinc.

It is the object of this thesis to propose an in-
direct volumetric method of determining zinc which is
simpler and more accurate than the standard method used
today, namely, the ferrocyanide method. The method pro-
posed in this paper is somewhat similar in principle to

that used by Trykov(9), where the zinc ammonium phosphate



la dissolved in excess 01 I nitric acid and the excess

acid ia titrated with 01 H sodium hydroxide.



CHAPTER I
XHBOREIICAL DI3CU33I0K

Zinc raay be precipitated as a double salt by add«
ing to its nearly neutral solution an excess of dianmo-
nium hydrogen phosphate. The acid formed during the pre-
cipitation reacts with excess of the precipitating agent
to form ammonium dihydrogen phosphate, theme two phos-
phates, which are present as a buffer, keep the solution
at the proper pH,
2n++ + 2.Cl- + 2(NH4)gHi<04 1- HgO --—-» ¢nHH4» 4°H20 +

X shdr2f0d + 3 edc

Table 1 shows the effect of pH on the quantitative
precipitation of zinc ammonium phosphate, From this it
has been found that the precipitation of zinc is accurate
within £ 0,4 mg. of zinc if the solution has a pH between
5.1 and 7.6 after the precipitation. The optimum «it is
66 A two-hour heating period in a covered beaker auto-
matically adjusts the acidity to the proper ranged).

Too low a pH value prevents the existence of a sufficient
guantity of tertiary phosphate ion, pod =+ On the other
hand, it is readily soluble in a solution of too high &
pll value, In such solutions, the ammonium ion is con-
verted partially to ite conjugate base, NH3, which forms

a complex cation with zinc, Zn(MH3)4++. After the



TABLE 1

EFFECT OF pH OK THE PRECIPITATION OF ZINC
AMMONIUM PHOSPHATE {1 )

Zinc Difier- Relative Mean
Number zinc Had, Found, ence Error Ba.ts
» S* mg. per l

& 0.0881 0.0798

0.0877 0.0874
5 0.0880 0.0876
4 0.0877 0.0876
8 0.0882 0.0879

0

=+ 1
QPO
P R 0 W

-80
%

|

0.0888 0.0888
0.0889 0.0890

0.0887 00884 -0.3 ]

0.0548 0.0548 .

0.0726  0.0726 .

00363  Q.0303 .

00717 0.0716  -U. ;
13 0.0817 00818 +0. +
14 0.0888 0.0891 +8? + ?
15 0.0885 0.0887 +U. +
16 0.0892 0.0896 +86 + 6,
17 0.0883 0.0863 -Z. -2
18 0.0887 0.0844 -4.3 -50
19 0.0884 0.0793 -9.1 99

-
I
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container. On adding a strong solution of sodium hy-
droxide» it ms believed that complete reaction would
take place and the liberated ammonia would diffuse into
the solution of hydrochloric acid. The results obtained
were very low and inconsistent* This was due, in large
part, to incomplete reaction brought about by the Ilow-
ness of the temperature.

The second method involved distillation of am
monia. The precipitate of sine ammonium phosphate is
placed in a flask and a sufficient amount of water and
alkali are added, Upon heating this mixture, complete
reaction occurs and the ammonia is distilled and absorbed
in a large quantity of boric acid, which does not need to
be measured accurately(l].).
znHHPA 4 BNaOK-——-* zZn(0H}4~~ + P04 4 EH3T 4 SSa* 4 H20

A borate ion is liberated for each molecule of
ammonia absorbed.

HB3 + HE02 - HHa* 4 Bog”
This solution is then titrated with standard hydro-
chloric acid.
H+ + B02- 4 H+ 4 Cl-mev »HH4+ 4 CI1" 4 HBOg
and the wight of nitrogen calculated. This gives the
weight of sine because there is an atom of sine to every

atom of nitrogen and by multiplying the weight of nitrogen



by the conversion factor, apl (4.67), the weight of zinc
can be obtained.

A possible theoretical error encountered, other
than the precipitation of sine ammonium phosphate, would
be in the titration stag®. The titration of ammonia in
borio acid solution, with the aid of methyl red indicator,
iIs baaed on the fact that In presence of boric acid the
indicator develops its acid color in an intermediate in-
tensity, corresponding to the acidity of the boric acid
solution, and that this color is markedly changed in in-
tensity by anull amounts of alkali or acid(ll). During
the titration of .ammonia, the yellow solution develop® a
reddish color as the equivalence point is approached and
upon continued addition of acid the red color becomes
progressively clearer and deeper, finally reaching a max-
imum well beyond the equivalence point. There is at no
time a sharp color change, but at the equivalence point,
the intensity of the red color is identical with that of
the boric acid-methyl red solution similarly diluted.

As a matter of convenience, and to be sure of the
presence of the same quantity of methyl red in both com-
parison solution and titrated solution, the »ethyl red
should be added to the whole supply of boric acid solu-
tion.

-The comparison solution haa the same concentration
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of ooric acid as the titrated solution at the equivalence
point but lacks the ammonium chloride, ¢heretore, the
ionization constant of the boric acid and the hydrogen
ion concentration of the titrated solution are greater
than that for the comparison solution* the maximum dif-
ference in pH between the comparison solution and the
titrated solution due to this cause is no more than 0*1
of a pH unit, which is equivalent to 0.01 ml. of a 0.1 B
hydrochloric acid solution”}, for most purposes, this
error may be neglected. It is possible, however, to
eliminate the difference in pH of the two solutions by
adding an amount of ammonium chloride to the comparison
solution which would contain the cam®© concentration an
that of the ammonium chloride present in the titrated solu-
tion after titration* Hence, the ionic strength of the
two solutions would be equal, and consequently, there
would be no difference in the pH values, i'he calculated
amount of ammonium chloride that would be in the compari-
son solution could be determined from the theoretical

weight of ammonium in zinc ammonium phosphate.



CHAPTER 111
IXHZRHmmAL PROCEDURE

The procedure followed for the precipitation of
zinc was essentially that found in Reiman, Keuss, and
laim&n, %uantitativc Analysis.” A known amount of zinc
sulfide was dissolved in 25*30 ml* of warm concentrated
hydrochloric acid. The solution was gently toiled to ex*
pel the hydrogen sulfide and then cooled. One drop of
methyl orange was added, and the solution neutralized
with 6 H ammonium hydroxide * Carefully, 1 S hydrochloric
acid was added-until the Indicator turned pink. The »old
tion was then diluted to 200 ml., heated to 90°C, and
added, with constant stirring, an excess of a solution of
di-ammonium hydrogen phosphate, 1»®,» about ten times the
theoretical amount necessary to combine with the zinc.
Generally, 25 ml. of freshly prepared 2 M solution of the
precipitant was sufficient, A flocculent precipitate of
zinc phosphate first formed, kept the solution hot, but
below boiling, until this substance changed to the crys-
talline zinc ammonium phosphate, which settled rapidly to
the bottom of the beaker. Usually ten to twenty minutes
was required for this change. The solution wag allowed
to digest on a water bath for thirty minutes. Unless the

solution was nearly neutral before adding the diamraonium
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hydrogen phosphate, the pH would not he correct for a
quantitative preeipitation. A check of the pH at this
point was made 'by adding a few drops of bromothymol-blue.
The pH was within the acceptable limits if the indicator
assumed any shade of green# The precipitate was then fil-
tered through a filtering crucible, washed once with
freshly prepared 01 M secondary ammonium phosphate solu-
tion, and then twice with 50 per cent alcohol.

While the precipitate dried, an apparatus similar
to that used in the Kjeidahl determination was set up. A
steam trap was connected to the lijel&ahl flask. Its pur-
pose was to prevent any of the alkaline solution from be-
ing carried as a spray into the condenser. The receiving
flask should be a 400 ml. beaker, marked to indicate the
level to which it should be filled to hold 200 ml, Fifty
ml. of 06 Il boric acid, containing methyl red, was put
into the flask. The lower end of the condenser was fitted
with a rubber stopper to which was attached a bent adapter
which extended nearly to the bottom of the flask#

The precipitate of zinc ammonium phosphate was
then placed into the Kjeldahl flask and 150 ml. of water
added, some of which was used to wash out the crucible
containing the precipitate# To this mixture, 100 ml. of
10 B sodium hydroxide was introduced by means of a funnel,

a few marble chip® added and distillation begun. Steam
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distillation was recommended for the separation of am
monia because this method avoids the tendency of the al-
kaline eoiutton to bump. The process must be constantly
watched in order to prevent temperature changes which
night cause the mixture from the .receiver to he drawn
back into the Kjeld&hl flask. When the volume in the
receiving flask reached 200 ml., the adapter wee discon-
nected, flame removed, and the condenser and adapter
rinoed out with distilled water, allowing the washings
to run into the receiver# The contents of the receiv-
ing flask wore titrated with 01 U hydrochloric acid and
the weijftt of nitrogen calculated. This calculation was
baaed on the theoretical per cent of nitrogen present in

zinc ammonium phosphate.



CHAPTER 1V
35I3CU33ION OF RESULTS

Since thie problem was not directly concerned
with the eeparation of zinc from interfering metals* all
of the samplea used «ere zinc sulfide of high grade pu-
rity. The writer was well aware of the possible errors
that would be involved in the separation of zinc, and be-
lie ved that, by improved technique, the results obtained
in thie paper would have differed very little from those
that would have been obtained if separation of zinc by
the standard methods had been encountered. The results
shown on Table 2 were obtained from the same sample of
zinc sulfide as the results shown on Tables 3 and 4.

Table 2 gives the result© of a number of analyses
made as described in the experimental proceduree The re-
suits of analyses that failed »because of improper control
of conditions are not included. It is believed that the
data in Table 2 are representative. The average error
was £2.4 parts in a thousand. The results in Tables 3
and 4 are those of two standard gravimetric methods: cong,
version to zinc ammonium phosphate, and conversion to
zinc oxide, with an average error of + 2 andt 1 parts in
a thousand, respectively.

There are positive and negative errors involved



TABLE 2

VOLUMETRIC DETERMINAT ION OF ZINC INVOLVING

Number

S A W

~

o

10

A QUANTITATIVE PRECIPITATION OF ZING

Arnomm phosphate

weight of
Nitrogen

g*
0.oepi
0.0650
0,0754
0,0673
0.0947
0.0609
0,0614
0.0785
0.0705
0.0725

Zinc
Found
*

0,3738
0.3036
0,3522
0.3143
0.4423
0.2845
0.2867
0.3665
0.3294
0.3384

Zinc

Had

g*
0.3740
0.3042
0.3526
0.3149
0.4433
0.2852
0.2873
0.3683
0.3305
0.3376

Differ-

ence
mg.

-0%2
0.6
»0.4
0.6
-1.0
0.7
0.7
1.8
Do
0.8

R.M.i:.

"1bo0”"
0.6



TaBLB 3

3BIDRMINAXION OF ZINC BY Aft&CXPIMXOH AS
ZINC AUtONXUII PMDSHIAYB

Ieigl_lzlt 2f Zinc Zinc D iffer- Relative Mean
2nNH4PO Found Had ence Krror Bﬁdts
g. g. g* mg. per 1
1.3308 0*4907  0.4916 0.9 -2
0.9643 0.3534  0.3526 +0.8 +2
1.1963 0.4384  0.4392 0.8 -2
0.8611 0.3156  0.3149 +0.7 +2

1.0047 0.3682  0.3691 0.9 -2
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DETERMINATION OP ZINC BY CONVERSION TO

Weight
ZnO

g.
0.6538
0.7982
0.3559
0.4194
0.3978

Zinc
Found
g.
0.5253
0.6413
0.2859
0.3369

0.3196

TABLE 4
ZING OXIDE
Zine D iffer-
Had ence
g* mg*
0.5245 t0*9
0.6407 H) *7
0.2861 0.2
0,3370 01

0.3198

0.2

Relative Mean Error
Parta per 1000

41
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in this method, as stated above, the various determina-
tions were started with samples of zinc sulfide, elimi-
nating a possible positive* error, which could be an ab-
normal composition of the precipitate, due to the pres-
ence of excessive amounts of ammonium salts in the solu-
tion, or excessive amounts of sodium or potassium
ions(12), negative errors, some of which are unavoid-
able but may be held to a minimum, ares

1. Failing to expel hydrogen sulfide from original
sample causes a precipitation of zinc sulfide
when the solution is adjusted to the proper pH
value. This error can be avoided by gently
boiling the solution ten to fifteen minutes, or
until the odor of hydrochloric acid fumes are

\ predominant.

2. Incomplete precipitation of zinc ammonium phos-
phate. By carefully adjusting the pH of thi
solution to the point where a half-drop of H
hydrochloric acid is sufficient to turn the in-
dicator from yellow to red, this error can also
be avoided,

3. Solubility loss during'the washing process.
Unavoidable if water ia used, but this error
may be taken into account since the solubility
of zinc ammonium phosphate in water is known.

4. Transferring of precipitate.

5. Volatization of some ammonia before the Kjel-
dahl flask is attached to the distillation ap-
paratus .

6. Failure to match the color of titrating solu-
tion with that of the boric acid-methyl red so-
lution similarly diluted. This error can be
minimized by proper lighting, white background,
and by using the same stock solution for the
adsorption flask and comparison buffer.



CHAPTER V

summary

1» An indirect, volumetric method, making use
of the vol&tization of ammonia brought about by the par-
tial decomposition of zinc ammonium phosphate, was pro-
posed for determining the percentage of zinc in an ore.

2» A comparison was mad®© in the titrating stage
between the standard method used today and the method
proposed in this paper#

3. The results obtained by the writer’s method
were compared to the results of two standard gravimet-
ric methods.

4. Although this paper was concerned with the
deterrnination of zinc, it is well to note that this
method is applicable to any element forming the ammonium
phosphate salt. Magnesium, manganese, cobalt, berriliium,
cadmium, and uranium could therefore be determined by the

method proposed in this paper.
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