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INTRODUCTICN

It is desireble to know the amount of sulfur present in ores
before a study ean be satisfectorially made on the ores. In the
ocase of ores of a very high sulfur content, this is especially
important., The ores found im soms old iron nmines in Virginia are
of this type. They contain approximately 255 sulfur,

In previcus atteapts to determine the percentage sulfur in
these ores, results obtained were always high., No previous in-
vestigation has been made regarding the reason for the errors in
this method,

Therefore, the object of the present work is to investigate
the present method of gravimetric detemmination of the percentage
sulfur in ircn ores in order to find what variables in technigue

and treatment will cause variations i{n resalts,






HISTORICAL

Several methods have bsen used for the determination of the
amount of sulfur in iron ores. Kolthoff and Sandelll suggest
the use of the following methodas

1, Evolution and measurecent of H8,

2. Benzedine sulfete precipitation,

3. Volumetric methods usually involving a backe
titration of excess BaCl, with sulfate sol-
utions of known strength,

4e FPrecipitation of barium chromate,

5. Presipitation of barium sulfate,

0Of these methods, the precipitation methods are the simpler
and easier, As bariunm sulfate is somewhat less soluble than
barium chromate, the peroentage sulfur in a semple is usually
determined by oxidation of the sulfur to the S0," 1on and then

precipitation using excess Ba ions,

However, even this method of sulfur detemination is subjeot
t> many errors. The author found references in the lidbrery re-
garding these errors as follows:

1. Willard end Furman? found that an oxidizing agent
nust be vuud that will oxidize the sulfur completely to the 804.1011.

This oxidation nuat not involve strong acids that could cause a loss




of sulfur as H,S gas. Potassium permanganate or bromine solutions

with later addition of HNOg are often used for this oxidation. A
typical equation for this type of reaction is

PoS « 3HNOg + 3 HCL = FeClg + HpS0, = 3M0 # 26,0

2, Although Marjenovic’ stated that Na, X, g, Fe, Ou, Al,
and M, ions 40 not affeot the acouracy of gravimetriec determinations,
work done by Kolthoff anmd Vogelgang® indicated that almost all anions
and cations are coprecipitated to some extent with the darium sulfate,
They also showsd that the coprecipitated ions are chenically ocombined
with the barium sulfate, Ferric ions coprecipitate very readily and
mist either be removed or reduced to the ferrous state, Xither
powdered aluminum or powdered zine may be used to eccuaplish this
reduction according to Willard and Furman?, Work done by Germuthé
indicated that the amount of coprecipitation was reduced sharply
if the solution from which the barium sulfate wes precipitated was
ocold,

3. Owtsrjn5 showed that an exoess of acid in the precipie
tating solution causes error because the barium sulfate is more
soluble in acid than in water., The wolume of HCl should be kept
dowm to less than 0,1% of the solution,

4e Willard and Dioh16 found that if the barium sulfate
orystals were not allowed to grow for at least 24 hours, some of the
erystals might be so smuall as to pass through ordinary filtering
mediuns,



5. Research by Kolthoff and Vogelgang® showed that ignition

might reduce the barium sulfate, Schleicher! showed that if the J
barium sulfate is collected on filter paper, the rfilter paper might |
absord ions, especially barium and chloride ions, and cause results |
to be high.







PROCEDURE

The following procedure was used to determine the percentage

sulfur in an iron ore samplel

1. A weighed sample of 0,5495 gm., of the ore is place in a
600ce beaker and treated with 10ce of Br-KBr solution®, This
solution is allowed to stand for 15 minutes with occasional
shaking.

2, To this solution 10cc of concentrated HiC, is now added
and the solution is again allowed to stand for fifteen minutes
with occasional shaking. (A large portion of the excess bromine
is expelled here.)

3+« Keeping the temperature dbelow 100°C the mixture is
svaporated to dryness.

4Le NRext 10Occ of HOLl is added and the s lution is again tekem
to dryness. The residus is then heated at 10000 for thirty aminutes
and 6ooled,

5. The residus is moistened with 5¢c of HCl and allowed to

stand rfor five minutes, Then 50cc of hot water is added., Low heat
is applied until all the ferric salts are digsolved, (This leaves
a white powder of silica or its compounds undissolved.)Gool,

¥ihe BreiBr solution is composed of 320gm KBr plus 200cc liquid
bromine in 200ce of aquesus solution.

o



6, Ferrio salts are reduced by the additicn of O,lgn of
powdered aluminum.

7+ As soon as the ferric salts are reduced (indicated by a
colorless solution) and there is no further misting, the solution
is filtered into a 1000cc beaker, The recidus is washed free of
chlorides, This requires 7 to 10 washings.

8, The solution is treated with 50c¢ of l1l-1 HOl,

9« A precipitating solution of 500cc of water and 50cc of
6% BaCly is sdded and the mixture is allowed to stand overnight,

10, The solution is filtered through a weighed goosh erueible
and the preciyitate is washed free of chlorides, %This usually
requires 7 %o 10 washings,

11, The crucible is dried for two hours at 105°C and weighed,
The weight of the recipitate times 25 equals percent sulfur,







EXPERIMENTAL

The suthor made two runs of 2 samples each using the stendard
procedure to familiarize himself with the technigue required, Then
fourteen sanples (five runs) were run and an averege %S was calculated.
The £S according to this procedure was 20,02, The results of the
individual semples are found on page 10 in Table I,

The author then rean a series of samples in which the amount of
Br-EBr solution was varied. The remainder of the procedure was not
oclanged., ihen no BreKBr solution wes used, the sulfur content
appeared to be 26,59%. As previously stated, standard procedure
using 10co of Br-KBr solution indicates & sulfur content of 29,02%.
When 150¢ of BrekBr was used, the sulfur content appeared to be 29,728,
When 20c¢c of BrekBr solution wes used, the sulfur content appeared
to be 29,704, A tabulation of the results obtained for each sample
in this series may be found on page 10 in Tadble II,

To obtain some indication of the effect of the KBr on the
results, five samples were treated with lOcc of a solution of lOce
of bromine in encugh CCl to make 100cc of solution. The tabulated
results from those sam;les may be found on page 11 in Table III,.
The average 45 was 28,34,

A series of 5 samples was run in which ths amount of HOl added

in step 5 was varied. The results of the various samples checked
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fairly olosely although there was some indication thot ean exoess of ' \
HCl would cause lower results, A tabulation of the reasults for these
samples may be found om page 1l in Table IV,

In order that the effect of excess acid during precipitation ‘
might be checked, another run was made in which ths amound of lel |

HCl added in step 8 was varied., IFrom the results of this runm, it
appears that excess acid will cause low results, A tadbulation of

the results of this run may be found on page 11 in Table V,

Several moshanical difficulties were encountered in the proe
codure used. It was necessary to do all evaporation at & temperature
below 100°C as higher temperatures csused sputiering. The reduction
of ferric ions was often very time consuming. The precipitate of
barium gulfate forms a film on the sides of the beaker that may de

removed only by careful poliocing.







DATA AND RESULTS

Tadble I
Sample %8 Sample %8
1 2943 8 28.94
2 28.57 9 29,02
3 28,91 10 29,14
A 28,47 11 29.11
5 28,71 12 29.38
6 28,83 13 29,40
7 29.00 14 29.35
Average %5 in a gtandard run 29,02
Table I1

Results obtained when tae amound of Br-kBr was varied,

Sample 6o BreKBr Preoipitate 48
, Velght
1 o L0052 25413
2 0 1,0697 26,74
3 0 1.0181 28445
A 0 1,0260 25.65
Average 48 26.59
s 5 1,0936 27434
6 5 1.074) 26,85
7 5 2.0430 26,08
8 5 1.0564 26,41
9 5 1.0710 26459

According to standard procedure using 10 cc, %#S#29,02,
See Table I,

Averegs 45 26,69
10 15 1.1855 29,6/,
1 15 1.1891 29,76
12 15 1.1907 29.80
Averege %S 29,72
13 20 1.1853 29,63
1 20 1,1904 29,76
15 20 1.1898 2974

Average %S 2971
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Table IIX

Hesults obtained using Br-CCl, instead of Br-NBr solution,

Precipitate

Sample a0 BMCI,' Helght

b § 10 1.1291gm

2 10 1.1582

3 10 1,1286

4 10 1.,1179

5 10 1.1360

Average %S
Table IV

Results obtained using various smounts of HUl in the reduction

of ferric ions.

Senple oc HOL Pryeibiate
1 3 1.1699gn
2 3 1.1733
Average
3 5 1.1662
' 5 1.1616
Average
5 10 1.1510
Table V

Results obtained varying HCl in the precipitating sclution,

Sample eo= l-1 HC1 Preoipitate %8
Welizht
1 0 1.1776em 29 o4dy
Average 29.64
Standard procedurs uses 56c¢c of l=l HOL gives $5829,02,
3 10 1.1217 2,06
4 10 1.1199 27.95
Average .99
5 20 1.0835 27,09
6 20 31,0786 26,96
Average 27,03

%5

8,23
28,82
28,22
28,00
28,40

8.3,

%s

29425
29.33
29,28
29,16
29,04

29.10
28,78



DISCUSSION




DISCUSSICH

It was very 4iffiocult to get results that checked within the
desired desree of accuracy, Therefore, a large mumber of samples
were run and an average tasen to get the actual coneentration of
sulfur in the sample, The sample used was found to ecntain 29,0248,

¥hen leas than the standard amount of BrekBr solution was
used, results were always low, «n excess of Br-KBr solution caused
the reasults to be siightly high althouch an exsess of l0cc extra
hed only the same effect as an excess of 5¢o, The use of a solution
oontaining no Kir showed that the KBr has a marked effect on the
final results obtained,

The samples tested using various amounts of HOL to dissolve the
salts before redusing the ferric salts to ferrous indicated that an
excess of HOl at this point oould ocause lower results, However, the
differences between samples using 3cc and lOcc of HOCl was small,
This was probably due to the faot that any large excess of HOlL would
react with the powdered aluminum added in the next step.

Results obtained when the amount of HOl added to the precipitating
solution was varied were to te expected as VWillard end Furmanl had
already stated that the barium sulfate is soluble in acid solutions,

It was found that an inorease of the amount of HCl added caused

results to be low,






SUSEARY

The work done by the guthor indicates that when 45 is
detemined b, oravimetric methods ss indicated the wolume and
concantration of reagents used is very important,

It appears that an excess of XBr solution will csuse results
to be high, 4n exeess of acid in the precipitating solution will

oause results to be low,
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