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Determination of Free Sulfur and Thiosulfate Sulfur
in Substance Containing Sulfur of Various State

Takahisa KOSHIDA, Takeshi OGASAWARA, and Toshihiko HaTA

Synopsis:

The paper describes determination of free sulfur and thiosulfate sulfur in substance containing sulfur
of various state using two methods—the extraction-combustion method and vaporization-combustion

method.
The outline of procedure is as follows:
(1) Determination of free sulfur

Sample is treated with 100 ml of carbon tetrachl
condition, free sulfur in sample is dissolved in s
under 100°C in alumina boat and free sulfur is educed.

with conventional combustion method.

oride for 6 hours in Soxhlet’s extractor.
olvent.

In this
Extracted liquid is evaporated by heating at
Free sulfur in material educed is analysed

(2) Determination of the sum of free sulfur and thiosulfate sulfur
Sample is analysed by the apparatus of Fig. 1, and then free sulfur and the free sulfur produced

from thiosulfate in sample is vaporized and oxidized by oxygen.

sorbed with hydrogen peroxide solution.
method.
(3) Determination of thiosulfate sulfur

Gas including sulfur oxides is ab-

Sulfur in absorbent is determined by arsenazo III titration

Thiosulfate sulfur can be obtained as two times of the value of difference between the analytical
values of the vaporization-combustion method and extraction-combustion method.
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Table 1. Sample used in the experiment.

Content of sulfur(2s)
Sample
Total sulfur | Sulfide sulfur| Sulfate sulfur
A 1.15 0.76 ‘ 0.11
B 0.98 0.90 0.02
C 1.04 0.94 | 0.03

Bafbm ooy & SEAMLEE CaS (RifE 99.99%)
B,

R H vy & AR CaSO,s-1/2 HO (f
) I
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2.Drying agent 3. Thermocouple
5. Electric furnace

7. Premixing chamber

9.Recorder

11. Manometer

1.Flow meter
4. Alumina boat(sample)
6.Vaporization chamber
8.Combustion chamber
10. SO, meter(infrared 9as analyzer) ¢
12.Absorption bottles containing H202(3%) solution
14.Three way cock

13. Pump

Fig. 1. Analytical apparatus of sulfur by
vaporization-combustion method.
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Table 2. Analytical results of free sulfur in ex-
perimental samples by various extrac—
tion method.

0 1 1 .
350 400 450 500 Free sulfur(9;)
Wavelength(nm) Sample | Extraction— |Extraction— Extraction—
El ta " gravimetric  |spectrophoto- | combustion
_________ s:::r:erisu o method metric method | method
—*—-—Sample B % (0.37 « (0.21 —_—
0.41 0.18 _—
Fig. 2. Absorption curve of extracted solution - <O.36 — ok <0.28
with carbon disulfide. A 0.32 — 0.25
X=0.36 X=0.19 X=0.26
03r
% (0.17 « (0.06 —_—
0.10 0.12 —_
~ 0.16 — 0.09
*k *k :
- B (0.24 — <0.12
502
< X=0.16 X=0.09 X=0.10
153
E % (0.00 + (0.00 —
2 0.1 0.02 —

b Wavelength:390am 0'06 6?2
2 Cell:10mm C *k (0:10 — sk (0:00
0 . : 1 X=0.05 =0.00 X=

0 100 200 300 X X X=0.01
Amounts of free sultur(mg/50miCS,) * Carbon disulfide extraction.
. . **  Carbon tetrachloride extraction.
Fig. 3. CQalibration curve for free sulfur. X Average.
Table 3. Effect of thiosulfate sulfur on the extraction—combustion method.
Elementary sulfur Thiosulfate sulfur Elementary sulfur Difference (mg) Recovery (%)
taken (mg) @ added (mg) found (mg) @ — _®/®x100
0 4.2 0 0 —
0 5.7 0 0 —
1.8 2.6 1.7 —0.1 94
5.2 5.7 5.1 —0.1 98
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0 100 200 300 400 500 600 700 8OO 900 1000 1100
Temperature (°C)

TGAtThermogravimetric analysis.
DT A :Differe ntial thermal analysis

Fig. 4. Results of thermal analysis of elementary
sulfur (Ar atmosphere).
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c.c :combustion chamber.

p.c :premixing chamber.

v.c !vaporization chamber
——Sample A, -~---SampleB. —-—SampieC,

Fig. 5. The relation between temperature of re-
action chamber and sulfur dioxide con-
centration generated on the vaporization-
combustion method.

Table 4. Investigation of analytical condition of vaporization-combustion
method used elementary sulfur.

Temp. of reaction chamber (°C) Elementary sulfur (mg) Recovery
Vaporization Premixin Combustion (%)
cr})lamber chamberg chamber Taken Found
r. t.~400 450 850 1.5 1.5 100
r. t.~500 4 4 2.4 2.3 96
r. t.~600 300 400 9.2 3.6 39
7 350 850 10.1 9.8 97
4 450 500 4.2 3.2 77
% ” 600 5.3 1.4 83
v ” 700 8.3 7.5 0
v v 800 3.9 3.8 98
% ” 850 1.7 1.7 100
2 550 ” 15.2 15.1 99

r.t. : room temperature
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RN N

Weight loss

Endothermic <—»Exothermic
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Fig. 6. Results of thermal analysis of sodium
thiosulfate (Ar atmosphere).
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Fig. 7. Results of thermal analysis of calcium
sulfide and calcium sulfite (Ar atmos-
phere).
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Table 5. Determination of the sum of free sulfur and thiosulfate sulfur.

Sample taken (mg) Sulfur found Difference E:ﬁ(;:etlcal Recovery
Elementary Thiosulfate Sum of sulfur (mg) (mg) (mg) (%)
sulfur @® | sulfur ®| =0+ @ B=0—-0 |®@=0+1/2X®)| @/®x100

0 5.1 5.1 2.4 —2.7 2.6 92
0 5.0 5.0 2.3 —-2.7 2.5 92
1.2 5.1 6.3 3.6 —2.7 3.8 95
3.4 5.0 8.4 5.5 —-2.9 5.9 93
7.6 5.0 12.6 9.8 —2.8 10.1 97
9.8 4.8 14.6 12.1 —-2.5 12.2 99
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Table 6. Results of separation analysis of free sulfur and thiosulfate sulfur.

Sample taken (mg) Found (mg) Difference (mg) Recovery (%)
Elemen'téfy Thiosulfate g re%iulcf;ur EumVOf %llfur Thiosulfate | Free Thiosulfate | Free Thiosulfute
sulfur sulfur Y y = sulfur sulfur sulfur sulfur sulfur

method method
@ @ ® @ ©=2@-®)®=0-0 @®=0-@ |[@/DOx100 ®/® x100
1.8 5.1 1.7 4.1 4.8 —0.1 -0.3 94 94
2.0 5.0 2.0 4.4 4.8 0 —0.2 100 96
5.2 5.0 5.1 7.5 4.8 —0.1 —0.2 98 96
10.4 4.8 10.2 12.5 4.6 —0.2 —0.2 98 96

E—C method : extraction—combustion method.
V~—C method : vaporization—combustion method.

Table 7. Analytical results of free sulfur and thiosulfate sulfur in practical samples.

Eree sulfur Sum of sulfur Thiosulfate Reference values (%)
y E—C by V—C
Sample method (%) method (%) sulfur (%) Total sulfur® | Sulfide sulfur? | Sulfate sulfur®
@ ® 2(0—®@)
1 0.019 0.044 0.050 0.87 0.54 0.18
2 0.075 0.182 0.214 0.88 0.48 0.14
3 0.061 0.126 0.130 0.86 0.59 0.09
4 0.029 0.076 0.094 0.73 0.47 0.10
5 0.033 0.047 0.028 0.91 0.82 0.07
6 0.067 0.083 0.032 1.01 0.90 0.06
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