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ABSTRACT 

A method for the determination of sulfur in 

uranium and plutonium oxides and nitrates was 

developed using a sulfide specific ion electrode. 

Following the destruction of nitrates with formic 

acids samples were dissolved in oonoentrated hydro

chloric acid. Plutonium(IV) was reduced to 

plutonium(III) with hydroxylamine hydrochloride, 

Sulfur in the samples was then reduced to hydrogen 

sulfide with a mixture of hydriodie and hypo-

phosphorus acids. The hydrogen sulfide was dis

tilled for 30 to 45 minutes depending on sample 

size and trapped in a sulfide anti-oxidant buffer. 

Sulfide was then measured directly in the buffer 

using a sulfide specific ion electrode. The 

method is capable of measuring 10 micrograms of 

sulfide per gram of sample with a precision of ±15 

percent. Lower detection limits are possible with 

poorer precision and are limited by the amount of 

sulfur in the reagent blank. A method for puri

fying the hydriodie and hypophosphorus acids 

mixture is described and the sulfur contamination 

in other reagents examined. The method has been 

successfully used to analyze nuclear fuel materials 

for the Fast Flux Test Reactor Facility. 
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DETERMINATION OF SULFUR BY SPECIFIC ION ELECTRODE 

AFTER SEPARATION FROM PLUTONIUM AND URANIUM OXIDES 

BY DISTILLATION 

INTRODUCTION 

Before nuclear materials can be used for the Fast Flux 

Test Facility (FFTF) fuel elements, they must be analyzed 

by a laboratory which has qualified by analyzing standards 

and unknowns issued by Los Alamos Scientific Laboratory.t^"^] 

The laboratory must also follow the assurance programs 

described in the applicable Reactor Development Technology 

(ROT) Standards. iL'*~̂  J Specifications for uranium and plu

tonium oxides used to manufacture nuclear fuel elements for 

the FFTF facility require a total sulfur analysis for these 

materials. 

Sulfur has been determined routinely by leaching sulfate 

from the oxides with acid and measuring the sulfate using 

a turbidimetric method based on the formation of BaSOi^. 

However this method was not acceptable for qualification 

since other oxidation states of sulfur are not included and 

the sample is not totally analyzed. Another possible method 

would be one similar to that used in the steel industry where 

the sample is heated in an oxidizing atmosphere and the sul

fur released and measiired as SOo. Even though this method 

would be the easiest to use for routine process analysis, 

it requires a special high-temperature furnace, a glove box, 

and some untested detection equipment such as gas chromatog

raphy or microcoulometry. Since it was highly unlikely that 

this method could be adopted in the time required for the 

laboratory to qualify, it was decided to adapt the method 

recommended by the Los Alamos Scientific Laboratory.'• •̂  •' 
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This procedure is based on the distillation of hydrogen 

sulfide, H2S, following reduction with hypophosphorus acid, 

H3P02^ and hydriodie acid. The H2S is then trapped in zinc 

acetate and the sulfur measured spectrophotometrically as 

Lauth's violet. The disadvantages of this procedure are 

that it is long and complicated. However, since it was an 

acceptable procedure and did not require any special instal

lations or equipment, it was decided to attempt to modify 

this procedure to routine use. If the method could be 

modified for process analysis, it would be possible to use 

it to qualify the laboratory, to substantiate the shorter 

leaching method, and at a later date to characterize mate

rials for testing the more desirable furnace method. 

SUMMARY AND CONCLUSIONS 

A sulfide specific ion electrode has been applied to the 

determination of sulfur in plutonium and uranium oxides fol

lowing the separation of sulfur by distillation. Sulfur is 

reduced to hydrogen sulfide using a mixture of hypophos

phorus acid and hydriodie acid. The H2S is distilled and 

trapped in a caustic sulfide anti-oxidant buffer (SAOB). 

The concentration of the sulfide is then determined in the 

SAOB using a sulfide specific ion electrode. The distilla

tion apparatus described in LA-4622'-̂ J was modified in 

order to simplify its routine use. Sensitivity and precision 

tests were carried out on potassium sulfate, uranium nitrate, 

uranium trioxide, and plutonium oxide. When dissolutions 

were made with nitric acid the nitrate ion was destroyed 

with formic acid prior to reducing the sulfur. Plutonium(IV) 

was reduced to Pu(III) with hydroxylamine hydrochloride be

fore reducing the sulfur. The sensitivity and precision of 

the method were a function of the amount of sulfur in the 
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reagents and the sample size used. 

Data indicate that by using 0.5-gram sample sizes with 

typical reagent blanks of 4 to 5 yg sulfur, 10 parts sulfur 

per million parts sample could be measured with a precision 

of about ±15%. This corresponds to a sulfur sample-to-blank 

ratio of 1:1. When the sample-to-blank ratio of sulfur is 

li5, the precision is approximately ±100%. When greater 

than 0.25 gram of uranium was used, a precipitate of U(III) 

phosphate t ̂ ] formed which required increasing the distilla

tion time from 35 to 45 minutes to achieve complete recovery. 

By applying the sulfide electrode to the determination of 

sulfur it was possible to reduce the time required for the 

analysis of sulfur, improve the required sensitivity, and 

still meet the precision and accuracy demanded for FFTF 

material analyses. 

EXPERIMENTAL 

REAGENTS 

Argon Gas 

Formic Acid, 88%, reagent grade 

Los Alamos Scientific Laboratory recommends redistilla

tion; however this was omitted for these studies. 

Hydriodic-Hypophosphorus Acid Reducing Mixture 

Mix 400 ml of 7.6M (57%) HI with 125 ml of 50% H3PO2 and 

boil the mixture for 30 minutes in the pressurized apparatus 

(Figure 1). See Appendix 2 for detailed operating procedure. 

Test for sulfur content by analyzing a 15-ml aliquot as 

described in Appendices 4 and 5. If the sulfur content is 

greater than 1.0 yg/15 ml of reagent, reboil until desired 

purity is obtained. 
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Hydrochloric Acid, 12M 

Check the 12M HCl for sulfur content by adding 10 ml of 

HCl to the distillation flask with 15 ml of pure reducing 

acids and follow Appendices 4 and 5. Los Alamos Scientific 

Laboratory recommends not using a reagent with greater than 

1.0 lig S/10 ml of HCl; however the best HCl the authors 

could find was Baker Ultrex with 1.3 yg S/10 ml HCl. Several 

bottles of reagent grade HCl were tested and were found to 

contain 2 to 3 pg of sulfur per 10 ml HCl. This grade of HCl 

was used for the tests described in this document. Lower 

molarity HCl from this stock is prepared by diluting in 

deionized H2O, 

Hydrofluoric Acid, 28M 48% 

Hydroxylamine Hydrochloride, 20% Aqueous Solution. 

Nitric Acid, 15.7M 

Check purity by carrying 5 ml of the reagent through 

Appendices 3, 4, and 5~omitting sample—and NHaOH'HCl. 

Sulfur content should be less than 0.2 yg/ml. 

Silver Nitrate, 1% Aqueous Solution 

Sulfate Standard 

Dissolve 1.81383 grams of dry potassium sulfate (KzSOit) 

in deionized H2O and dilute to 1.0 liter in a volumetric 

flask. This is a 1000 pg/ml sulfate stock solution. 

Sulfide Anti-Oxidant Buffer,t^] SAOB, Stock Solution 

Add 80 g of NaOH, 320 g of sodium salicylate, and 72 g 

of ascorbic acid to approximately 500 ml of deionized H2O in 

a one-liter volumetric flask. Swirl mixture to dissolve and 

cool rapidly to room temperature; dilute to make one liter 

with deionized H2O. Store in tightly stoppered plastic 

bottle. Discard solution when it turns dark-brown. Add 
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reagents in order given. 

NOTE: Add 173 g of NaOH if salicylic acid is used in 
lieu of the sodium salt. 

Fifty Percent SAOB for Sample and Standard Preparations 

Dilute the stock solution of SAOB 1:1 with deionized H2O 

as required on a shift-to-shift basis. 

Lead Perchlorate, O.IM Standard Solution 

Orion Standard 94-8 2-06, Orion Research, Incorporated, 

Cambridge, Massachusetts. 

Sodium Sulfide Standard,^^^ ^1000 ug S/ml 

Dissolve 1.88 g of reagent grade Na2S*9H20 in approxi

mately 50 ml of deionized H2O in a 250-ml volumetric flask. 

Add 25 g of NaOH (31 g of NaOH if salicylic acid is used), 

20 g of sodium salicylate or salicylic acid, and 4.50 g of 

ascorbic acid. Swirl mixture to dissolve, cool to room 

temperature, and dilute to volume with deionized H2O. Store 

in sealed Teflon bottles. 

Standardization of Sodium Sulfide 

Pipet 25 ml of the NaaS solution into a 100-ml plastic 

beaker containing 25 ml of H2O and titrate with standard 

O.IM Pb (ClOi,) 2 using a 10-ml buret and a sulfide electrode 

and double junction reference electrode to detect the end 

points. See Appendix 7 for details on the titration. 

^3^ = [128.2] [ml of O.IM Pb(C10ij2 to reach end point] ml — 

APPARATUS 

Pressurized Boiling Flask for purification of HI and H3PO2 

(Figure 1). 

Distillation Apparatus (Figure 2). 
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Flow Meter for argon gas (100 cc/min). 

Heating Mantle, 1 liter, 100-ml size. 

Sulfide Ion Activity Electrode, Orion Model 94-16. 

Double Junction Reference Electrode, Orion Model 90-02. 

pH Meter, capable of measuring millivolts to ±0.1 mV. 

Corning Model 101 Digital Electrometer was used for these 

studies. 

Magnetic Stirrer and Stir Bars. 

Plastic Beakers, 100-ml and 30-ml sizes. 

Plastic Graduate Cylinders, 10-ml size. 

SAFETY CONSIDERATIONS 

Concentrated acids (HI, HaPOz? HCl, HNOa? HF, and formic) 

should be handled with caution. Rubber gloves must be worn 

while handling acids, and hoods used for pouring and mixing 

operations. All distillations are to be carried out in well-

ventilated hoods. 

A face mask should be worn^^J when operating the pres

surized boiling apparatus. Hood shields should be used when 

apparatus is unattended. 

Mercury should be used only in hoods and handled with 

caution. Spills should be cleaned up immediately. Hands 

must be washed after handling mercury. 

Formic acid, H3PO2? and HI react violently with nitrates. 

When destroying HNO3 with formic acid, it must be added 

slowly. 

Since H3PO2 and HI may react violently with nitrates, 

formic acid destruction steps should be carefully followed 
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to prevent a later incident. Formic acid and HI must not be 

disposed of in waste bottles containing nitrate. Wastes 

should be flushed down hood sinks, washing sink first with 

large amounts of H20~then washing again after disposal of 

acids. 

Proper care must be exercised in handling contaminated 

glassware; leather gloves should be worn if stress is 

applied. 

Flask and mantles are thermally hot and should be handled 

carefully to avoid burns. 

RESULTS AND DISCUSSION 

GENERAL DISCUSSION 

The procedure described in this report is essentially 

the same as that in LA-4622. However the colorimetric deter

mination of sulfide has been replaced with an electrochemical 

determination using a sulfide specific ion electrode. This 

modification offers the following advantages: 

« The sulfide electrode analysis is more sensitive than 

the colorimetric method and may be performed much 

faster. 

» If the sulfur contents of the reagent blank are 

closely controlled, it should be possible to analyze 

samples at the 50 ppm sulfur level using only 0.1 g 

of sample. 

• Smaller sample sizes result in faster dissolution and 

NOa" destruction times, less precipitation formation, 

and faster distillation and cleaning times. 

Several dissolution techniques for plutonium and uranium 

oxides were explained in LA-4622. An HCl-HF dissolution 
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method for dissolving PUO2 is used in the Atlantic Richfield 

Hanford Company's Plutonium Finishing Laboratory. This 

technique has the advantage that no nitrate must be destroyed 

before distilling, therefore shortening the procedure and 

reducing the sulfur blank. For samples that will not dis

solve in this medium, the HNO3-HF procedure described by 

LASL is used. Before samples that have been dissolved in 

HNO3-HF can be reduced with H3PO2 and HI, it is necessary 

to destroy the nitrate ion which will oxidize the reducing 

acids causing a violent reaction and reducing the effective

ness of the acids. Nitrates are destroyed by drying the 

sample down in the presence of formic acid. 

After all the nitrate has been destroyed, the solution 

is transferred to the distillation flask, the reducing acids 

added, and the flask brought to a boil for 35 minutes. The 

hydrogen sulfide is swept from the flask with argon gas and 

finally trapped in 10 ml of a 50% solution of SAOB buffer. 

The sulfide ion concentration in the collecting solution may 

then be measured using the specific ion electrode by com

paring with two known sulfide standards. The concentration 

of the sulfide ion may be measured directly with an activity 

meter, determined graphically, or calculated using least 

squares. The latter technique was used for all measurements 

discussed in this report. Final calculations are made after 

correcting sample results by subtracting a reagent blank. 

SAMPLE PREPARATION 

A sulfur separation from PUO2 and UO2 based on the evolu

tion of SO2 from the oxides using a high-temperature furnace 

would provide the simplest, most direct method of sample 

preparation since lengthy dissolution and denitration steps 

could be omitted. In addition, more valid total sulfur 

analysis would be possible since any low oxidation steps of 
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sulfur such as free sulfur or sulfides would be included in 

the final results. In a method using a dissolution tech

nique, such as this one, these ions would probably not be 

quantitatively recovered. However the presence of these 

oxidation states in the Pu and U oxides seems highly un

likely. 

In the results described in this document, nitric acid 

was used to dissolve UO 3, and the HCl-HF procedure "̂  ̂  J from 

the Plutonium Finishing Laboratory was used for PUO2. The 

uranium samples were dissolved in 15-ml glass vials and 

dried down using heating blocks. The PUO2 was dissolved in 

small Erlenmeyer flasks. Since nitrates react violently 

with the reducing acids and decrease their effectiveness, 

they must be destroyed before the sulfur is reduced to sul

fide. This is accomplished by boiling the solution down to 

dryness and adding formic acid. After the NO3" is destroyed 

the sample is brought into solution with 3M HCl and Pu(IV) 

is reduced to Pu(III) with hydroxylamine hydrochloride in 

order to preserve the reducing power of the reducing acids. 

The UO3 analyzed in this document readily dissolved in 2 ml 

of concentrated HNO3 and was finally brought into solution 

with 2 ml of 3M HCl before transferring to the distillation 

flask with 5 ml of deionized H2O. 

All of the reagents used for dissolution are potentially 

contaminated with sulfur. The HCl is checked by a blank 

distillation and should be less than 0.3 yg S/ml. Los Alamos 

Scientific Laboratory recommends redistillation of the 

formic acid; however, this operation was omitted for this 

work. In order to minimize the blank and improve the lower 

detection limits, it will be necessary to minimize the 

sulfur contributions due to these reagents. The reagents 

used in this procedure were analyzed for sulfur in order 

to determine how the sulfur in the reagent blank could be 
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minimized. The results of these studies are shown in 

Table I. 

TABLE I 

SULFUR CONCENTRATION OF REAGENTS 
CONTRIBUTING TO THE REAGENT BLANK 

Reagent 

H3PO2-HI 
12M HCl 
NH2OH-HCI (20%) 
Formic acid 
HNO3 (15.6M) 
Ultrex HCl 

yg S/ml 

0.005 
0.21 
0. 15 
0.58 
0.17 
0. 13 

Total yg S/ml 

0.09 yg/15 
2,10 yg/10 
0.15 yg/1 
0.58 yg/1 
0.34 yg/2 
1.30 yg/10 

L Used 

ml 
ml 
ml 
ml 
ml 
ml 

These values represent the results for only one batch 

of reagents but were found to be typical when other batches 

were analyzed. The sum of the individual sulfur contents 

for these reagents agreed to within 10% of the measured 

reagent blank. For our desired sensitivity we found these 

reagents to be acceptable for use. However if lower limits 

of detection are required, then ways to purify the HCl, HNO3, 

and formic acids will be necessary for reliable results. 

DISTILLATION APPARATUS 

Pressurized Boiling Apparatus; Figure 1 

Initially a standard tapered Teflon joint was used on 

the one-liter boiling flask. However when the argon gas was 

turned on and the system pressurized, the joint came apart. 

It was then replaced by a ball joint and clamped securely 

in place. Attempts to use a capped water trap, as in the 

Hg trap, failed to hold a seal when the system was pres

surized. The one-piece construction used by LASL was then 

used and the system was operable. On the original design 

the neck of the one-liter flask and the length of the argon 

connection section were too short, resulting in the reducing 
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acid being carried over into the water tap. Tne length was 

increased to 6" to permit more adequate condensation of the 

reducing acid. Another inconvenience resulted when the 

argon bubbled through the mercury, causing small Hg droplets 

to be scattered above the joint of the apparatus. An inch 

of silicone oil was placed on the Hg to prevent this scat

tering and to allow the Hg trap to be cleaned without 

spilling Hg over the hood floor. 

Reduction and H2S Distillation Apparatus (Figure 2) 

The distillation apparatus is basically the same as that 

described in LA-4622. An additional reducing acid holding 

cylinder was added so that the glassware would not have to 

be disassembled for cleaning and to add the reducing acids. 

The water in the trap was changed about once a week; however 

it is suggested that it be changed once a shift until its 

effect on the analysis is studied. The water condenser was 

initially only 10 cm long, but was increased to 20 cm when it 

appeared that some of the reducing acid was being carried over 

into the water trap. 

When greater than 0.25 mg of uranium is placed in the 

still a phosphate precipitate of U(III) L H ig formed which 

makes cleaning difficult. Calibration materials containing 

uranium are required to ensure that no sulfur is occluded by 

the precipitate. L̂ J The spike recoveries for the results of 

the UO3 analyses indicate that if occlusion is occurring, it 

is not significant at the levels measured. At very low 

levels of sulfur the occlusion may be more significant. If 

sample sizes for uranium are kept at approximately 0.1 g, no 

precipitate should form and occlusion should not be a prob

lem. 

In both apparatuses silicone grease was used to prevent 

losses of H2S or reducing acid. This grease is a potential 
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source of sulfur contamination. However when used sparingly 

and only on joints which, if not sealed, could lead to loss 

of reducing acid or H2S, there appears to be no significant 

problem. However, Teflon-coated ball joints could eliminate 

any possibility of contamination and also provide surfaces 

which would be easier to decontaminate from plutonium. The 

Teflon ball joints for one pressurized system and one dis

tillation system will cost ~$100. 

SULFIDE SPECIFIC ION ELECTRODE MEASUREMENTS 

The theory, limitations, and operation of the sulfide 

electrode are described in the Orion Instruction Manual. 

There have been numerous papers [ ®~^ ** ] describing various 

methods for making specific ion measurements. These include 

titration methods and methods of known addition. For our 

purpose a direct measurement method using only two calibra

tion points was used since it offered the fastest results 

and met the needed precision requirements. The method used 

is essentially that described by Orion in the Application 

Bulletin No. 12. L J In this procedure a sulfide anti-oxidant 

buffer (SAOB) is used in the sulfide measurements to prevent 

oxidation of the sulfide ion or formation of hydrogen sulfide. 

The buffer also provides a constant ionic strength medium 

necessary for reproducible results. Orion suggests making 

measurements in 25% SAOB; however in this procedure 50% 

SAOB was used. Two millivolt readings were taken for each 

standard in order to improve reliability. 

Figure 3 shows a typical calibration curve for sulfide in 

the same SAOB medium. The points deviate from the least 

squares lines by about ±9.2%. This is adequate precision 

for the analyses of U and Pu materials. With further refine

ments, this precision will probably improve. Silicone oil 

was used to coat the membrane of the electrode for better 
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response. However, because of the NaOH in the SAOB buffer, 

the silicone oil was immediately stripped off the electrode; 

therefore the advantages or disadvantages of this operation 

are questionable. 

Data from the specific ion electrode measurement were 

analyzed by calculating a two-point least squares line for 

the log of the concentration versus millivolts. This opera

tion allows one to calculate results rather than interpret 

the results from a graphic plot. 

DETECTION LIMITS AND PRECISION 

Even though the sulfide electrode has a sensitivity of 

better than 0.01 yg S/ml the detection limits are primarily 

limited by the sulfur in the reagent blank. The comparison 

of the ratio of sulfur in the sample to the sulfur in the 

blank with precision as shown in Table II illustrates the 

effect of the sulfur in the blank on detection limits and 

precision. 

TABLE II 

PERCENT DEVIATION FROM THE AVERAGE AS A FUNCTION OF 
THE RATIO OF SULFUR IN THE SAMPLE TO THE BLANK 

R a t i o I i3-S ( s a m p l e ) 
yg S ( b l a n k ) % D e v i a t i o n f rom x 

1:4 89 
1:2 30 
1 : 1 14 
2 : 1 2 . 3 
7 : 1 1 .6 

For these data the background was between 4 and 5 yg 

sulfur except for the 7;1 ratio where the background was 

1.4 yg of sulfur. The tests described in the following 

Section provide further information concerning the precision 

and sensitivity in different matrices. 
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SULFATE SPIKE ANALYSES RESULTS 

Since no sulfur in uranium or plutonium standards were 

available, it was necessary to evaluate the performance of 

the distillation on a sulfate standard. In this test the 

dissolution steps were omitted and sulfate added directly 

to the distillation flask. The sulfate was spiked in at 

1, 10, and 100 yg sulfur levels. The results of this test 

are given in Table III. 

TABLE III 

SULFATE RECOVERY RESULTS 
1.4 yg Sulfur Background 

Average % Recovery 
yg S Average Recovery Standard and 

Added of 3 Tests, yg Deviation, yg Standard Deviation 

100 89.1 and 89.8 (Only 2 89.5 

results) 

10 8.31 ±0.13 83.1 ±1.3 

1 0.95 +0.12 95.3 ±12 

These data indicate that 1 yg of sulfur can be measured 

in the presence of a 1.4 0 yg S blank with a standard devia

tion of ±12%. However when these data are compared with 

Table IV where a sulfate spike was carried through the entire 

dissolution procedure as if it were a Pu or U sample, we see 

the effect of the sample blank increasing to 4.0 yg S. 

In Table IV the poor accuracy on the 10 yg sample was due 

to an incorrect background analysis. The poor recovery on 

the 1 yg sample shows what may result when the error in 

measuring the blank is significant when compared with the yg 

of sulfur in the sample. 

A 4 yg S blank that is actually 10% high would result 

in only a 60% recovery for a 1 yg S sample. The standard 

deviation for a 4 yg blank is ±12%. Therefore the standard 
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deviation for a 1 yg sample is 

Standard Deviation = /a^^. ' T~ ^ + â " 
Blank (4 yg) Sample+Blank (5 yg) 

= /(10.48 yg)2 + (±0.60 yg) 

= ±0.77 yg 

TABLE IV 
SULFATE RECOVERY RESULTS 
4.0 yg Sulfur Background 

Average % Recovery 
and 

Standard Deviation 

88.3 ±2.0 
98.3 ±13.9 
66 ±69 

yg S 
Added 

10 
5 
1 

Average 
Recovery, yg 

8.83 
4.82 
0.66 

URANYL NITRATE RESULTS 

Standard 
Deviation, yg 

±0. 20 
±0.70 
±0. 59 

In this experiment the sample was a 393 g/liter uranium 

nitrate sample with 0.5M free HNO3. An aliquot of the sample 

was pipeted into a vial, dried, and the nitrate destroyed 

with 1 ml of formic acid. The residue was dissolved in 

2 ml of 3M HCl and transferred to the distillation flask. 

A series of three aliquots were analyzed to characterize the 

material. Aliquots of the sample were then analyzed with a 

known amount of sulfate spike. The results of the uranyl 

nitrate characterization are given in Table V. 

The average value for the sulfur content in the uranyl 

nitrate was 146.1 yg/ml. The standard deviation for the 

four pieces of data was ±15.6 yg/ml or about 11.0%. This 

average value was then used to determine the percent 

recovery of sulfate spikes into the uranyl nitrate. The 

results of the sulfate spike recoveries are shown in Table VI, 
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TABLE V 

URANYL NITRATE CHARACTERIZATION FOR SULFUR 

yl Sample 

100 
200 
300 
300 

..ia^ 
39. 3 
78.6 

117.9 
117.9 

yg S/ml 

164.6 
153.1 
135.7 
131.0 

X = 146.1 ^ ±15.6 ^ or ±11% of X. 
ml ml 

TABLE VI 

SULFATE SPIKE RECOVERIES FOR URANYL NITRATE 

yl yg SOi* yg SOif % 
Uranyl Nitrate Spike Added Spike Recovered Recovered 

100 ( 39.3 mg U) 8.4 9.27 110.3 
2 0 0 ( 7 8 . 6 m g U ) 16.7 17.35 104.8 
300 (117.9 mg U) 33.4 29.1 87.1 

% Recovery X = 100.7 ±12.1%. 

URANIUM OXIDE ANALYSES 

In order to evaluate the method using a dissolution pro

cedure, a UO3 powder sample was analyzed for sulfur to 

characterize the material. The material was then spiked with 

known amounts of sulfate and the spike recoveries deter

mined based on the sulfur characterization value. The results 

of the sulfur characterization are given in Table VII. 

The UO3 was dissolved in 2 ml of concentrated nitric 

acid. A precipitate which was probably caused by a U(III) 

phosphate formed on the distillation of the 0.25 g sample. 

The total heating time for the distillation was increased 

to 45 minutes for the 0.25 and 0.5 samples to ensure that a 

complete distillation of H2S was obtained. 
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TABLE VII 

CHARACTERIZATION OF UO3 POWDER 
FOR SULFUR CONTENT 

g of UO3 

0.10 
0. 10 
0.10 
0.10 
0. 10 
0.25 
0.25 
0.25 
0.25 
0.50 

yg S/g UO3 

167.1 
142.4 
155.2 
162.7 
167.9 
159.7 
158.9 
166.8 
161. 5 
155.9 

X = 159.8 ±7.6 yg S/g UO3 at 1 a confidence level. 

TABLE VIII 

SULFATE SPIKE RECOVERIES ON UO3 

g UO 3 yg SOit Added yg SOî  Recovered % Recovery 

0.1 16.67 15.46 93.5 
0.25 41.68 38.39 92.1 
0.50 83.35 71.50 85.8 

X = 90.7 ±3.8%. 

A 45-minute distillation time was used for all analyses 

of spiked material. Since the formation of a precipitate 

may cause low recoveries and also complicates cleaning of 

the apparatus, it is highly desirable to keep the sample 

sizes near the 0.1-g level. If the sulfur content of the 

sample is about 10 yg/g it may be necessary to increase the 

sample size to 0.5 g or find ways to lower the amount of 

sulfur in the reagent blank. 
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PLUTONIUM OXIDE ANALYSES 

A Plutonium oxide sample was analyzed for sulfur using 

this method in order to characterize the material so that 

sulfate spikes could be evaluated^ The analyses of the 

PUO2 and the spike results are given in Tables IX and X» 

PU02 

g PUO2 

0.1 
0.1 
0.1 
0.1 
0.1 

TABLE 
SULFUR 

iia 

IX 

ANALYSES 

S/g PUO2 

30.6 
20.2 
24.4 
12.7 
26.4 

X = 22.9 ±6.8 yg S/g PUO2. 

TABLE X 

SULFATE SPIKE RECOVERIES FOR PuOa 

g PUO2 ug S Added ]ig S Recovered % Recovery 

0.1 2.5 2.1 84.0 
0.1 3.5 2.5 71.4 
0,1 2.5 2.4 96.0 

X = 83.8 ±12.3%. 
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APPENDIX 1 

SUGGESTED SCHEDULE FOR CARRYING OUT 

THE ANALYSES OF SULFUR 

Perform a boil-out of the distillation apparatus at the 

beginning of each shift by following Appendix 4 and 

omitting the addition of sample. 

Check to see that there are adequate quantities of SAOB 

buffer and NaaS standard less than one week old avail

able for the entire shift's work. Prepare fresh reagents 

if necessary. 

Make up enough 50% SAOB once a shift to analyze samples 

to be distilled on that shift. Do this while apparatus 

is boiling out. 

Prepare dilutions of Na2S standard so that the blank 

and sample concentration ranges are covered on each side 

by a standard. For calculation purposes make standard 

dilutions so that they are exactly a factor of 10 dif

ferent in magnitude. Normally =̂ 0.1, 1.0, and 10.0 yg 

S/ml standards are adequate. Do this while apparatus is 

boiling out. Fresh dilutions should be made at the 

beginning of each shift. 

Following the boil-out, run the first reagent blank 

through the distillation procedure. Five minutes before 

the distillation is completed prepare electrodes and 

make specific ion measurement on the two bracketing 

standards. Read the blanki if greater than 5.0 yg S per 

10 ml of collecting SAOB, check the purity of the reduc

ing and dissolution reagents. 
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Continue to analyze samples and standards according to 

Appendices 4 and 5. 

The last analysis of the day should be the second 

reagent blank. Average the results of the two reagent 

blanks and calculate according to Appendix 6. 

Begin boil-out of apparatus for the next shift. If time 

permits, prepare the required standard dilutions and 50% 

SAOB for the next shift. 
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APPENDIX 2 

PROCEDURE FOR OPERATION OF PRESSURIZED BOILING 

APPARATUS AND PURIFICATION OF H3PO2-HI MIXTURE 

Procedure Comments 

Fill the H2O trap with 
15 to 20 cm deionized 
H2O. 

Fill the Hg trap with 
15 to 20 cm of mercury. 

Add 400 ml of 7.6M (57% 
HI) and 125 ml of 50% 
hypophosphorus acid to 
the 1-liter boiling 
flask. 

Place boiling flask in 
heating mantle and assem
ble to traps. Secure 
ball joints with clamps. 
Secure Hg trap cover with 
rubber band. 

Adjust flow of argon gas 
so that bubbles are just 
gradually evolving from 
the water trap entry tube. 
Bubbles should be passing 
through the Hg trap in 1 
to 2 min after argon gas 
is turned on. Argon gas 
bottle pressure is regu
lated at 20 psi. 

Handle mercury with care. 
Clean any spills immediately. 
Store excess in stoppered 
shipping bottles. 

Handle acids with gloves and 
in a hood. 

If ball joints are not 
securely fastened, leaks 
will occur causing acid 
losses and ineffective 
purification. 

Apply a light coat of 
silicone grease to flask 
ball joint and Hg trap 
cap unless Teflon joints 
are used. 

If bubbles are not evol
ving from Hg trap, then a 
leak has developed around 
the ball joint on the dis
tillation flask. Check 
clamp and reseal using 
silicone grease if neces
sary. 

Face mask and a hood 
shield should be used dur
ing the pressurization 
of the flask and for all 
operations until after the 
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Procedure Comments 

6. Turn on the heating 
mantle and boil the re
ducing acid mixture for 
30 min. 

7. After the solution has 
boiled 30 min, lower 
the heating mantle and 
allow the flask to cool. 

8. With the argon flowing, 
release the pressure on 
the apparatus by re
moving the clamp on the 
ball joint between the 
Hg and H2O traps. Twist 
the joint to cause a 
small, slow leak. 

9. While purging with argon, 
allow acids to cool to 
room temperature. Trans
fer the purified acids to 
a clean glass bottle and 
seal. 

10. Clean the apparatus 
with deionized H2O. 

11. The H3PO2 + HI is now 
ready for testing to 
check its purity by 
following the distil
lation procedure, 
Appendix 4. 

flask is depressurized. 

During boiling, observe the 
H2O trap to ensure that acid 
is not distilling from the 
flask into the trap at a rate 
to cause an overflow into the 
Hg. 

Caution should be exercised in 
this step to ensure that the 
H2O in the trap does not flow 
into the Hg or back into the 
boiling flask. 

If acids contain greater than 
1 pg S per 15 ml, repeat the 
procedure. 
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APPENDIX 3a 

SAMPLE PREPARATION PROCEDURE FOR SULFUR ANALYSIS 

OF PuCNOg)^, Pu02s AND UO2 USING HNO3 AND HF 

NOTE: Prepare two reagent blanks for each series of samples 
to be analyzed by following the sample preparation 
procedure, but omitting Steps 1 and 2. 

Procedure Comments 

Pulverize U and Pu mixed 
oxide pellets in a mixer 
mill with a tungsten 
carbide ball. 

Weigh 0.1 g ±2 mg of a 
sample and transfer to a 
20-ml beaker or a 30-ml 
Pt dish. For samples 
containing less than 60 
pS/mP U or Pu, the sample 
size should be increased 
to 0.25 g. If sample is 
a nitrate, pipet an exact 
amount into beaker, rinse 
once and go to Step 5. 

Add 2 ml of 15.6M HNO3 
and 1 or 2 drops of 28M 
HF and heat the solution 
to just below the boil
ing point. 

If necessary, add addi
tional amounts of 15. 6M 
HNO3 and 28M HF and con
tinue heating until sam
ple completely dissolves, 

This is the basic procedure 
used by LASL. Procedure may 
vary depending on laboratory. 

a. For analysis of uranyl 
nitrate and UO3, 15-ml 
vials were used. 

b. Platinum dishes are recom
mended for ceramic PUO2 
which requires HF and long 
dissolution times. 

c. If glassware or Pt are 
cleaned in dichromate, 
they should be rinsed 
thoroughly to avoid con
tamination from HaSOif. 

d. Sample sizes greater than 
0.1 g in U may result in 
precipitate formation in 
the distillation flask, 
making cleaning difficult. 

Avoid splattering and loss of 
sample by covering sample 
with watchglass or platinum 
lid. 

a. Add HNO3 in known incre
ments so that proper 
blank corrections may be 
made if necessary. 
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Procedure Comments 

10. 

Evaporate the solution 
to dryness. Do not fume 
intensely to dryness be
cause sulfur may vola
tilize. 

Dropwise add 0.5 ml of 
88% formic acid, heat 
the solution at moderate 
heat until the vigorous 
reaction subsides and 
gases are no longer 
evolved. Swirl gently 
to ensure contact with 
all the sample. 

Wash down watchglass and 
beaker with a small 
amount of H2O. Add 0.5 
ml of 88% formic acid 
and slowly evaporate to 
dryness. 

Dissolve the residue in 
a minimum volume of 3M 
HCl and dilute with H2O 
to a volume of approxi
mately 5 ml. Try to dis
solve residue in 2 ml of 
HCl? then add 3 ml H2O. 
Keep an accurate account 
of the amount of HCl if 
2 ml is exceeded. 

Heat the solution to 
just below the boiling 
point and add 1 ml of 
20% hydroxylamine hydro
chloride to reduce the 
Pu to the blue (III) 
oxidation state. 

The sample is now ready 
to be transferred to the 
distillation flask. 

b. Record the total amount of 
HNO3-HF added on analyti
cal card. 

Keep vial or beaker covered 
to prevent loss from spatter
ing. 

a. The reaction of nitric 
and formic acids is vigor
ous and can be violent if 
formic is added too fast. 

b. To prevent the loss of 
sample, cover the beaker 
with a watchglass between 
additions of formic acid. 

a. Nitrate must be completely 
removed because it reacts 
explosively with the re
ducing acid. 

b. Do not bake residue since 
sulfur may be lost. 

This step is included so 
that the reducing acid is 
not used up reducing Pu(IV) 
to Pu(III). 

Additional NH2OH.HCl may 
be necessary if the blue 
Pu(III) is not readily 
formed. 
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APPENDIX 3b 

SAMPLE PREPARATION PROCEDURE FOR SULFUR ANALYSIS 

OF PUO2 AND MIXTURES OF PuOa AND UO2 USING HCl and HF 

NOTE: Prepare two reagent blanks for each series of samples 
to be analyzed by following the sample preparation 
procedure, but omitting Step 1. 

Procedure Comment 

1. Weigh 200 ±5 mg of sam
ple and transfer to a 
25-ml glass-stoppered 
Erlenmeyer flask. 

2. Add 5 ml of concentrated 
HCl and heat to boiling. 

3. Add 2 drops of 28M HF. 

4. Boil until the sample 
completely dissolves. 

Let the solution cool 
to just below the boil
ing point and add 1 ml 
of 20% NHaOH^HCl. 

Let the flasks cool for 
30 minutes before 
stoppering. 

a. Clean glassware with 
concentrated HNO3 and rinse 
thoroughly with deionized 
water. 

b. Use approved safety methods 
for handling radioactive 
compounds. 

Try to use the same amount of 
each reagent for all samples 
and blanks. 

a. 

b. 

Additional amounts of con
centrated HCl and 28M HF 
should be added only if 
needed. 

Swirl every 5 minutes 
This step is included so that 
the reducing acid is not de
pleted reducing Pu(IV) to 
Pu(III) . 

Solution is now ready to be 
transferred to the distilla
tion flask. 
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APPENDIX 4 

HaS DISTILLATION PROCEDURE FOR SULFUR ANALYSIS 

NOTE: The distillation procedure for analyzing samples for 
each Shift is outlined as follows: 

1. Boil out distillation apparatus. 
2. Run first reagent blank. 
3. Run samples and standards. 
4. Run second reagent blank. 
5. Start boilout of apparatus for the next shift. 

Procedure Comments 

Fill the H2O trap of 
the distillation appara
tus with deionized H2O. 
Other traps should be 
filled according to 
Figure 2. 

Quantitatively transfer 
the sample from the last 
step of the dissolution 
procedure (Appendix 3) 
to the 100-ml distilla
tion flask. Rinse the 
beaker or dish with a 
minimum amount of H2O and 
transfer to the flask. 

Assemble apparatus care
fully. Apply silicone 
grease to the following 
parts once a week or as 
needed: 

a. Ball joint connecting 
H2S de ivery tube to 
H2O trap. 

b. Cap to H2O trap. 
c. Ball joints on con

denser. 

Secure all ball joints 
with clamps. Twist Tef
lon tapered joints to 

Clean and fill the H2O trap 
before the beginning of each 
shift. 

a. Deionized H2O is used at 
all times. 

b. Omit this step for the 
boil-out of the apparatus. 

c. Typical technique is to 
transfer the 5 ml of sam
ple and then rinse the 
beaker with two 2.5-ml H2O 
washes. 

Application of silicone grease 
is a possible source of con
tamination. Use only silicone 
grease. Use sparingly, wipe 
off excess with Kimwipes. 
Apply with clean, lint-free 
applicator, not with powdered 
gloves. Omit if Teflon-coated 
ball joints are used. 
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Procedure Comments 

ensure good sealing. 
Position heating mantle 
under 100-ml flask. 

Close the stopcock on 
the reducing acid de
livery cylinder. Trans
fer 15 ml of purified 
reducing acid and 10 ml 
of concentrated HCl by 
graduate cylinder to the 
reducing acid cylinder. 

Pour about 8 ml of 50% 
SAOB into a 10-ml plas
tic graduate cylinder. 
Position the graduate 
under the H2S delivery 
tube so that the tip of 
the tube is just above 
the bottom of the gradu
ate. Clamp the graduate 
in place and wrap the 
top of the graduate and 
delivery tube together 
using parafilm. 

Turn the valves on the 
ascarite tube so that 
argon can pass through. 
Slowly open the stopcock 
on the reducing acid de
livery cylinder and allow 
the acid to flow into the 
reducing acid delivery 
tube. Open the stopcock 
on the acid delivery tube 
and close the stopcock on 
the cylinder so the acid 
is forced into the dis
tillation flask. 

Turn on the heating man
tle and boil the solu
tion for 35 minutes. 

After the boiling step, 
turn off the mantle and 
lower it to allow the 
flask to cool. Continue 

Handle reducing acids with cau
tion. Clean up all spills im
mediately. 

This step may be omitted 
for the boil-out operation. 
However if included, the 
results may be used to 
check the sulfur content 
of the reducing acid and 
HCl. 

Parafilm should not be so 
tight as to prevent gas 
flow. 

Adjust argon gas flow to 
100 cc/min. 

When the cylinder stopcock 
is first opened, the argon 
will cause acid to splash 
up on cylinder walls. 
Open slowly to prevent 
spills. 

Boiling times should be in
creased to 45 min for 0.5-g 
samples. 
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Procedure Comment 

to purge with argon. 

9. Remove the 10-ml gradu
ate cylinder from the 
H2S delivery tube touch
ing the delivery tube to 
the inside of the cylin
der to remove any collec
ting solution (SAOB). 

10. Bring the 10-ml graduate 
to mark with 50% SAOB 
and transfer to a 30-ml 
plastic beaker for speci
fic ion measurement, as 
directed in Appendix 5. 

Suggested Cleaning Procedure 

a. Omit this step for the 
boil-out procedure. 

b. The collected sulfide 
solution should be ana
lyzed immediately, accord
ing to Appendix 5. Any 
time delays could result 
in low recoveries due to 
oxidation of sulfide or 
H2S loss. 

11. 

12. 

13, 

14, 

Disconnect H2S delivery 
tube while flask is 
cooling and rinse inside 
and out with H2O. 

Disconnect H2O trap, 
raise condenser off of 
distillation flask and 
rinse condenser with H2O. 

With argon flowing, 
slurp out sample using 
a long glass slurp tip. 
Transfer to a waste 
bottle containing no 
nitrates. 

Close the stopcock on 
reducing acid delivery 
cylinder and add 25 ml 
of 6M HCl. Open stop
cock and allow HCl to 

a. Replace H2O in trap at 
least once per shift or 
more often if its volume 
has increased due to acid 
distillation 

b. Avoid spreading Pu con
tamination by careful 
handling, and use of towels. 

Any nitrates in the waste 
could react violently with 
reducing acids; therefore 
this step is very important. 

A separate waste bottle free 
of nitrates may be used for 
HCl and H2O washes. If Pu in 
these washes was low,, the 
waste would not require special 
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Procedure Comments 

drain into the flask. processing. 
Repeat with a second 25 
ml of HCl. Wash down 
sides of flask with H2O 
from condenser opening. 
Slurp the HCl wash solu
tion from the flask as 
in Step 13. 

15. Repeat Steps 13 and 14 
with 50 ml of H2O. 

16. With both stopcocks lead
ing to the flask open, 
wash down the reducing 
acid cylinder and the 
flask with H2O, and 
slurp. 

17. After transferring the 
collecting solution to 
a plastic beaker, the 
10-ml graduate cylinder 
is thoroughly rinsed 
with deionized H2O and 
the next distillation 
started. 
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APPENDIX 5 

SULFIDE SPECIFIC ION ELECTRODE MEASUREMENT PROCEDURE 

NOTES: Order of operations 

1. Prepare electrodes. 
2. Read two standards. 
3. Read samples. 
4. Reread standards and samples. 
5. Store electrodes. 

Procedure Comments 

1. Five minutes before a 
distillation is com
pleted, prepare elec
trodes and analyze two 
appropriate standards. 

2. Prepare reference elec
trode by filling inner 
chamber with Orion 
90-00-02 filling solu
tion and the outer cham
ber with Orion 90-00-03 
(10% KNOs) filling solu
tion.^ 

3. Prepare sulfide elec
trode by placing 2 to 
3 drops of silicone oil 
on the membrane before 
each series of standards 
and samples are analyzed. 
Using a cotton swab, 
gently remove the excess 
oil and spread the oil 
over the lower 1/2" of 

a. Store the electrode in 
deionized H2O when not in 
use. 

b. The inner chamber level 
should be at least 1" 
above outer filling solu
tion. 

c. During electrode prepara
tion, millivolt meter 
should be in the standby 
position. 

a. Be careful not to scratch 
the membrane of the elec
trode. 

b. Store the sulfide elec
trode dry with its pro
tective cap on when not in 
use. 

Orion Instruction Manual, 
Electrode Model 90-02." 

"Double Junction Reference 
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Procedure Comments 

the electrode. 

4. Flip the electrode like 
a thermometer to remove 
any bubbles in inner 
filling solution be
fore placing in elec
trode holder. 

5. Rinse the two elec
trodes with deionized 
H2O and gently blot dry 
with a Kimwipe. 

6. Place the electrodes in 
the 30-ml plastic beaker 
containing the sample or 
standards, and begin 
slowly stirring. 

Set the meter to the 
millivolt mode of opera
tion and allow the mil
livolt reading to sta
bilize (±0.2 mV). 

Record the stable milli
volt reading and the 
sample identification. 

Place the meter to the 
standby mode and remove 
the electrodes. Rinse 

a. Do not place electrodes 
so near the bottom that 
the stir bar strikes the 
electrode. 

b. Do not stir extremely fast 
since the vortex can cause 
air pockets and bubbles 
around the membrane, giv
ing erratic results. 

Millivolt readings at the 0.1 
yg/ml S~^ level should stabi
lize in 5 min or less. Higher 
concentrations should stabilize 
in 1 to 2 min. Failure to sta
bilize may be caused by air 
pockets on the membrane or con
taminated, dirty membrane sur
face. Clean electrodes accord
ing to the Instruction Manual 
or replace with a new electrode 
until instability can be evalu
ated. 

Failure to go to the standby 
position may result in elec
trode polarization. This may 

^Orion Instruction Manual for the Sulfide Electrode, Model 
94-16, Orion Research, Incorporated, 11 Blackstone Street, 
Cambridge, Massachusetts. 
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Procedure 

the electrodes thoroughly 
with deionized H2O and 
gently blot dry with 
Kimwipes, The electrodes 
are now ready for the 
next measurement. 

10. Proceed to measure the 
sulfide concentration of 
the standards and sam
ples so that two read
ings are made and re
corded for each stan
dard and sample. After 
the two readings are 
recorded and averaged, 
the results may be cal
culated according to 
Appendix 6. 

11. Wash the electrodes 
thoroughly before sto
ring. Coat the sulfide 
electrode with silicone 
oil and store dry. 
Store the reference 
electrode in deionized 
H2O. 

ARH-2624 

Comments 

cause temporary unstable 
readings. 

If the samples cover a large 
range of concentrations, 
attempt to read the low stan
dards, samples, and blanks 
before reading the higher con
centration samples. Sample 
sizes should be chosen so that 
most readings can be made 
using a range of 0.1 to 10.0 
yg/ml sulfide. 
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APPENDIX 6 

CALIBRATION AND CALCULATION OF SULFIDE CONCENTRATION 

USING THE SPECIFIC ION ELECTRODE 

CASE I: If calculators are not available which allow rapid 
least squares calculations^ then the calibration 
and results must be determined by plotting the 
results on semi-log graph paper. 

1. Using single cycle semi
log paper, plot the log 
of the concentration 
versus the average mil
livolt reading for the 
two appropriate stan
dards. 

If exact factors of 10 are 
used for standard dilutions, 
the maximum scale expansion 
can be obtained. 

2. Determine the sample 
concentration based on 
this plot of the stan
dards by interpretation. 

NOTE: If an exact range of 10 is plotted on single cycle 
semi-log paper^ each major division is an exact 
multiple of the low concentration standard. Then 
the concentration of the sample can be calculated as 
fol1ows: 

Major Division 
Concentration + 

Reading 

Concentration of 
Low Standard 
No. of Minor 
Divisions 

Major Divisions 

No. of Minor 
X Divisions of 

Sample Reading 

See Example 1. 



CASE 1 - EXAMPLE 1 
CALI BRATION AND CALCULATION OF SULFI DE CONCENTRATION 

USING SPECIFIC ION ELECTRODE MEASUREMENTS 

CALCULATION-
^ J O R DIVISION 
CONC. READING 
LOWER THAN 
SAMPLE READING 

/ No. Ml NOR \ 
iDIViSIONS/ 

/CONC.OF\ 
\ LOW STD / 

No.OF MINOR ^ 
DIVISIONS 
MAJOR 
DIVISION 
„,^g. j a o g i (115)= OJ© + 0.0© 

- =0^156pg SULFIDE 
ml 

j32mj 

13.5 
MINOR 
DIVISIONS 

SPL 

0.« 
HIGH STD. 

0.651 0.465 0.279 SPL 
CONC. 

0J93 
LOW STD. 

m 
ml 

SULFIDE 

I 
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CASE II: If least squares can be easily calculated, the 
results may be calculated numerically, therefore 
eliminating plotting and interpreting. 

Determine the log of the 
concentration for the 
standards. This value 
is then used for the X 
in the normal least 
square calculation. 

a. This may be done on the 
Wang calculator in 1 step. 

b. Carry all numbers through 
the calculation with their 
sign. Do not drop the 
negative from a number. 
The negative sign on the 
millivolt reading may be 
dropped. 

Enter the value of X as 
determined in Step 1 
with its average milli
volt reading according 
to the calculator used. 

The results of the least squares may be described below: 

Ln(S cone) = (mV ,-intercept) —:; 
spl ^ slope 

Taking the anti-log of this 
value, the 

Do not apply dilution factor 
until the anti-log is obtained. 

cone m (DF) 
ml 

where: intercept = millivolts 

Slope - millivolts 
In S~ cone 

In S cone 
Slope millivolts 
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An example of the least squares output from an Olivetti 
calculator is given belows 

V 

2S no. of points 

Xi -2.37516 S In of 0.093 ^ S std 
ml 

Yi 726.1 S ave. millivolt reading 

Xz - 0.07257 S In of 0.93 ^ S std 

ml 

Y2 755,9 S ave. millivolt reading 

-2.447730 C 

5.646651 A 

- 1 7 7 9 . 4 5 9 3 3 9 D 

1482.000000 e 

098606-020000 f 

12.941949 A Slope 

756.839198 A Intercept 
Ln C = (732.7 - 756.8)(.077268) = -1.862207 

spl 

taking the anti-log s" ^ = 0.156 = 1.56 r-—-'̂ ^ - ' -^ ^ ml 10 ml SAOB 

Once the yg S~ per ml SAOB collecting medium is determined^ 
the parts of S per million parts of sample may be determined 
as followss 

A = —^—^^7-r- sample x 10 ml SAOB = total S in sample plus blank mi SAOB 

yg ave. cone x 10 ml SAOB . , , 
B = —z—rTTrr- ^ j. -UT i i_ ^ = yg S m reagent blank 

ml SAOB of reagent blank based ^ 

on 2 values 

A - B = yg S in sample analyzed 

A - B 
Spl size in grams = parts S in million parts of sample 

NOTE: If HaS is collected in a larger volume than 10 ml 
SAOBj correct the results of A and B accordingly. 
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APPENDIX 7 

STANDARDIZATION OF SODIUM SULFIDE 

NOTE: Standard Value should be determined from an average 
of two titrations. 

1. Prepare reference and 
sulfide specific ion 
electrode as described 
in Appendix 5. 

2. Rinse a 10-ml buret 
several times with stan
dard O.IM Pb (CIO.J 2 
and then fill the buret 
above the zero mark. 
Open the stopcock and 
stop the flow when the 
buret level reaches 
exactly zero. 

3. Pipet exactly 25 ml of 
the sodium sulfide into 
a 100-ml plastic beaker 
containing a large stir 
bar and a.2 5 ml of de
ionized H2O. 

4. Place the electrodes in 
the sulfide solution 
and begin to stir vigor
ously. 

5. Place the buret tip in 
a position so that it 
is just above the solu
tion. 

6. Set the meter to the 
millivolt mode and begin 
adding exactly 0.5-ml 
increments of Pb (ClOit) 2 . 
Record the ml added and 
the stable mV reading 
after each addition. 
When the end point is 

Buret should be stored 
clean and filled with de
ionized H2O. 

Be sure no air bubbles are 
in the buret after it is 
filled. 

Do not stir so fast that the 
vortex prevents the electrodes 
from making good contact with 
the solution. 

Do not let the tip touch the 
solution since the stirring 
may cause Pb(C10if)2 to be 
lost slowly and cause unstable 
mV readings. 

a. Wash drops of Pb(Cl0.j)2 
off the tip of the buret 
into the sample with de
ionized H2O after each 
addition. 

b. The Pb will form a black 
PbS precipitate which may 
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approached^ exact 0.1-ml 
increments should be 
added until the end 
point has been passed by 
at least 0.5 ml. 

After the titration is 
completed, place the 
meter on standby and 
remove the buret and 
electrodes. Wash the 
electrodes thoroughly 
with H2 0^ wiping any 
remaining PbS off with 
Kimwipes. Place the 
electrodes in a beaker 
of 50% SAOB and stir 
vigorously for several 
minutes. Rewash elec
trodes with H2O and 
store as described in 
Appendix 5. 

Calculate the end point 
by the delta millivolt 

require faster stirring. 

Stable millivolt readings 
should be obtained in 1 
to 2 min until the end 
point is approached, then 
up to 15 min may be re
quired. The millivolt 
reading will drift to 
larger negative values 
until a reading which is 
stable to within ±0.5 mV 
is obtained for several 
minutes. The stability 
appears to be a function 
of stirring speed since 
the electrodes are be
coming coated with the 
PbS precipitate. 

If the sulfide solution 
is prepared exactly as 
described, the end point 
will occur at '\.7.1 ±0.2 
ml. The sample may be 
titrated by adding the 
first 6.50 ml without in
crementing and then add
ing exact 0.1-ml incre
ments until the end point 
is passed. 
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method as shown in the 
following examples 

ml 
Pb (ClOij) 2 

Added 

6.90 

7, 00 

7. 10 

7.20 

7. 30 

7.40 

1. 50 

mV 
Reading 

> Means Difference 

780. 3 

744.1 

707.7 

604.4 

592.2 

566.2 

566.7 

>36.2 

>36.4 

>103.1 

>25.2 

>13.0 

>66.9 

>78.1 

Calculation of End Point and Sulfide Concentration 

7.1 ml + i.^™l-3iiil£.:Jl = 7,146 ml Pb(C10j,)2 at end point 

Pb + S" -̂  PbS-l-

[ml Pb(C10it)2(M Pb(C10i4)2] = millimoles of Pb added 
(7.146) (O.IM) = 0.7146 mm 

+ + _o 
millimoles of Pb = millimoles of S " = 0.7146 

, •,-,• -, ^ „ 2 « / ' 3 2 m g S ] 
(millxmoles of S ) I— 2 — i = mg S 

V mm / 
22.91 mq S . _T uq 

7̂7-=- : ., ̂ — : = 0.916 g/liter S - x 1000 = 916 ^ S 
25 ml spl size ml 

9. Store the solution in two 
100-ml Teflon plastic 
bottles and seal with 
tape. Standard should be 
stable for one week. 
Tests indicate that stan
dard value will decrease 
about 1.5% the first week. 
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