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DETERMINATION OF TELLURIUM 

by 

W. L. Anderson 1 and H. E. Peterson 1 

ABSTRACT 

Standard tellurium analytical pro~edures were modified to 0btain the 
greater sensitivity needed to support a survey of tellurium resources by the 
Bureau of Mines. Resulting vo::'umetric and spectrophotometric methods for 
determining tellurium in all types of tellurium-containing materials are 
described. Sample decomposition and preliminary separations of interfering 
selenium, gold, and silver are the same in both procedures. 

The volumetric method is a.pplicable to samples containing a minimum of 
10 parts per million of tellurium, In this method the tellurium is reduced 
to elemental form, and the colloida~ suspension is titrated with 0.01 normal 
iodine solution. The weight of sample for analysis, from 0.25 to 10 grams, 
should be selected so that the sample contains 0 . 1 to 5 milligrams of tellu
r~~. To insure accuracy, duplicate samples should be run and the results 
averaged, part~cularly on samples of 101" tellurium content , The limit of 
determination is 0 .. 001 percent tellurium, which is equivalent to 0 . 1 mi.lli·· 
gram of tellurium when using a la-gram sample. 

The spectrophotometric method is particularly applicable t~ low-tenor 
materials containing from 0,5 to 50 parts per mi llion of tellurium . Up to 10 
gram samples are required for making accura~e determinations i.n the low" 
concentration range. The sample usee shou~d contain between 5 and 100 micro' 
grams of tellurium. The turbidity of a colloidal suspension of tellurium 
prepared fr.JTIl such a sample is determined in a spec trophotometer at a. wave-· 
length of 440 millimicrons , and this value is compared l.li.th those of standard 
samples cortaining known amounts of tellurium . 

INTRODUCT ION 

Owing to new interest in tellurium for use in thermoelectric devices, the 
Bureau of Mines has been engaged in a survey of tel l ur i um resources . Samples 

l Supervisory chemist (analytical) , Sa lt Lake City Me ta l lur gy Research Center, 
Bureau of Mines) Salt Lake City, Utah . 

Work on manuscript completed September 196 2 . 
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submitted for t ellurium analyses r anged from anode slimes and smelter fumes 
c onta i ning 1 per cen t or more t elluri um to ores, s lags, and rocKs containing a 
few parts per million or l ess of te llurium . Rou t i ne tellurium analytical pro
cedures lacked t he precision and sensitivity needed, particularly in the par t 
per- million range . Hence, modif i ca tions were devised to obtain the desired 
improvement s . 

Routine methods for determining tel l urium are (1 ) gravimetric , weighing 
as the meta l or the oxide (1,1, 10);2 (2) volume tric , ti t rating with iodine 
or po t ass i um dichromate Cd, ~, 11); and (3) spectrophotometric (4- 7, 12). 
Large amounts of tel lurium us ua lly are dete rmined by gravimetri c or vo l umetric 
methods ; t race amoun t s, by turbidity methods, using a spectrophotometer to 
measure the absorbance. 

To a ttain the des i red precis i on and sensitiv i ty, the volumetric method of 
Evans (2) and the s pec t rophotometric method of Hanson ~) were modified (1) by 
app lication of se l eni um, gold, and silver separation procedhres, and (2 ) by 
adopting techni ques fo r hand l ing samples as large as 10 grams. Sample decom
position and separation of i nterfering elements were the same for both the 
volumetric and spectrophotometric methods . The preferred procedures currenL_y 
used at this Bureau of Mines Cen t er are detai led in this r eport . 

ACCURACY OF THE METHODS 

The de terminat i on of the accuracy of the methods subsequently to be 
described proved to be a problem, as anaLyzed standard samp l es were unavail
able . However, th i s prob l em was surmounted by preparing synthetic standard 
samples . These samp l es we r e made by adding known a~ounts of tel l urium to 
te l lurium-free gangue mater i a l s i mi l ar to samples sent in for analysis. ~he 

synthetic standard samp les then were ana l yzed as indicated. 

The accur acy of the volumetric method us ed in the higher conceptratio'1 
r anges is good . Typica l result s ob tained i n replicate determinations are 
gi ven in tab le 1. 

The s pect r ophotometric method, usab l e in the low concentration range of 
0 . 5 to ab out 50 part s per mi llion te llurium, also yielded accurate results . 
Determinat i ons made on synthetic samples , prepared as noted, yie l ded the data 
given in tab l e 2 . 

In other samp les , a l so analyzed spectrophotometrica lly, known amounts of 
te llurium were added to samp l es that previous l y had been ana l yzed and w=re 
known to contain the e l ement. Sever al samp les of di fferent types of compos· 
isition were used~ The tota l te llur i um contents determi ned were summations 
of the naturally conta i ned tellurium plus the added tellur ium . The resu1ts 
obtained a r e gi ven in table 3 . 

2Underl ined numbers in parentheses refer to i tems in refe r ences a t ~he end of 
t h is r eport. 



TABLE 1 . Volumetric analysis of s ynthe t ic samples 

Sample We ight, Ti t ration, Te, 
grams mi llili ters percent 

1 • . · .. . . . · ... .... 1.0 19. 48 0. 6 75 
1 • • · .. . . . · .. ..... 1.0 19. 78 .685 

2 • •• • · .. · ... . · . · . 10 . e 8 . 53 . 029 
2 • • • • · . · ... .. · ... 10. 0 8 . 65 .029 

3 • • · .... · .. · .. . · . 2.0 17 . 78 .289 
3 •• · .. . · · .. · .. . · . 2 . 0 U . 75 . 289 

4 •. · . · ... · ... · ... .25 26 .90 3.52 
4 •• · . · .. · . . . . · . · . .10 10 . 91 3 . 53 

5 • • · . · ... · ... · .. . 2.0 60,78 1.00 
5 •• • •• · . · . . . . · . · . ,5 15.62 1.02 

6 ••••• · . · .. · . · ... 1.0 35.00 1.15 
6 ••• •• • . . · . · .. . .. .25 9.11 1.17 

7 • • •• · ... .... · ... 1.0 29 . 70 1.03 
7 • • •• · ....... · .. . . 5 15 . 30 1.03 

8 ••• · .... . .. · .... 1.0 59.90 2.05 
8 • •• · · . · . · .. . .25 14 . 80 2.00 

TABLE 2. Spectrophotometric analysis of s ynthetic samples 

Sample Te parts per million 
Added Found Average 

1 •.•• ••. · .. .. · .. · .. . . ... .. .... 5 4 .5 } 4 . 65 
1 • .• •• ". 4 . 8 . . · .. .. · . · .. · .. · ... ... .. .J 

2 • ••• · . · .. · . . . . · . · .. . ..... · . . . 10 9.5 } 9 . 75 
2 • •• • · . · .. · . . · . · .. · .. · .... · . . . 10 10 . 0 

3 . ••• · .. .. · .. · . · . · . · . · .. .. · ... 15 14.0 } 15,0 
3 • •• • · .... · .. · .. · . · .. · .... · ... 15 16 . 0 

4 •• • • · . · . · .. . · . · . · . · . · .... · ... 20 19 .5 } 20,75 
4 •••• · . · . · .... . · .. · .. · .... . . .. 20 21.0 

5. . . · ... . . . . . . · .. · . · .. . . . . · ... 30 28 .0 } 29.50 
5 •• . . . . · ... .... · ... · .. . .... . . . 30 31.0 

6 ••• · .. · . · .. · .. · .. .. .... . . · ... 50 49 .0 } 49 . 50 
6 ••• · . . . . · .. · .. · .... · ... . . · ... 50 50 . 0 
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TABLE 3 . - Spect rophotomet r ic ana l ys i s of te llur ium 
i n samples of different types 

Samp l e Te , parts per million 
Conten t Added Found 

1 ....... . . . •..... . ... . 10 10 19 
1 •••••• • •••• • .• • •••••• 10 zO :n 

2 •••••••••••••••• • •••• 1 10 11 
2 • •••••• • •• ••• • •••••• • 1 zO ZO.5 

3 •••••• • •••• • •• e ___ • .. _. .5 10 10 5 

SAMPlE DECOMPOS I TION AND SEPARATION OF INTERFERING ElEME NTS 

Decompos ition 

Weigh an appropriate- size sample (0 . 25 to 10 gr ams ) in t o a 400- mil lili ter 
~eaker. Add 5 to 20 mi ll i liters of n i tric acid and di gest on a hotplate. Add 
10 to 20 mil li liters of sul furic acid and evaporate to b.eavy fumes . This 
treatment wil l suffice for most samp l es . If the samp l e has been sub j ected 
previously to h igh temperatures, part of the te l lurium may have been converted 
to a form not readily decomposed by nitric and sulfuric acids. On such samp l es 
complete decompos it ion can be effected by further addi tion of 5 to ZO milli
l i ters of hydrofluoric ac id and 10 to 20 mil l iliters of su l furic ac id, and 
evapor ation to heavy fumes . The beaker then should be removed from the ho t 
plate, cooled, the s i des was hed down wi th di s til l ed water, and the so lution 
again evaporated to heavy fumes to remove f l uorine . 

Separat i on of Se lenium 

Cool the samp:i.e and transfer to a standard 500- millili ter distillation 
f l ask by flushing out the beake r wi t h app r oximately ZO mil lili ters of water . 
Add 40 mi llili ters of hydrob r omic ac i d; connect the disti llation appa:.:atus ; 
and ad j ust the tip of t he condenser so t hat i t wi ll dip be l ow the surface of 
a 400- mil l iliter beaker, containi ng 20 mill i liter s of wate r and 5 milliliter s 
o f hydrobromic acid . Disti l l t he seleni um at an even boil , adding boi ling 
chips i f necessar y . Cont i n ue the dist i l lation unt i l the samp le is j ust shor t 
of f umi ng . The disti llate may be di scarded or reserved for selenium 
determinat i on . 

Transfer t he residual s olution con tain ing t h e te llur i um from t he disti l 
l a tion f l ask to t he ori gi nal 400- milli liter beaker , rinse out the f l ask with 
10 mil li l i ters of hydrobromic ac i d , an exce l lent so l vent fo r tel l urium, and 
then wi t h dis ti l l ed water. Filter off the insoluble residue through a medium 
filter paper, pr ecoat ed with paper pu l p, i nto a 400-milliliter beaker , and 
wash three or f our t i mes wi t h hot distilled wa ter. To the fi l trate add 50 
mil li l i ters of concentrated hydr och l or i c ac i d and 2 mi l l igrams of arsenic i n 
the form of a r senious acid solution. The arsenic serves as a carr ier for the 
tellurium should the conten t be extremely l ow . Br ing the so l ut i on to a boi l 
on a hotplate at medium hea t , and cautious l y add 10 mi lli l i t e rs of 30-percent 



hypophosphorus acid (H3 P02 ) solution . All o f the te llur i um in the solution i s 
reduced to elemental tel l urium (TeO) by Hsp~) a st r ong reducing agent . The 
added arsenic) as we l l as any mercury) si l ver , gold, p l a tinum) and pal ladium 
that may be present, also is reduced t o elemental form . Boil the sample for 
about 5 minutes, then fi l ter through a Baker and Adams)3 grade " 0" or equal) 
fi l ter paper pr2coated with paper pulp . Wash three times with hot 1:1 hydro
ch l oric acid and then three times wi t h hot d i stille d water . 

Transfer the fi lter paper contai.ning the t e llurium) a r senic ) gold) and 
other metals to the ori ginal beaker ; add 20 mi llil iters of nitric acid and 10 
mi l liliters of sulfuric acid . Cover t he beaker with a wa t chglass) and heat t o 
fumes Add more nitri c acid if needed to complet e the decomposition of the 
f ilter paper . Wash down the sides of th e beaker and the watchglass and aga i n 
heat to fumes . Cool the samp l e and di l ute i t to a pproximately 80 mil li l ite r s 
Place the beaker on a ho t plate and bring the solut i on to a near bo il. 

Separat ion of Go l d and Silver From Tellur ium 

To the hot solution add hydrogen perox ide b y drops to prec i p itate t h e 
go l d as elemental or meta llic gold . Hydrogen per o xi de will reduce aurous or 
aur ic sulfate to metal lic go l d ) as shown i n equations 1 and 2 . 

(1) 

( 2) 

hydr ogen peroxi de acts as a strong r educing agent t oward gol d ) bu t it 
does not affect the t el lurium b e cause of the widesp read di ff erence between the 
oxidat i on-reduc t ion po tentia l s of go ld a n d t el lurium . These di fferences can 
be seen c learly in the following e qua t i ons as g i ven by La timer (2): 

2H2 O + Te Te~ + 4H+ + 4e EO -0. 529 volts (3) 

H2 ~ ~ + 2H+ + 2e EO - 0 .68 v olt s (4 ) 

Au Au+3 + 3e EO -1. 50 vo l t s ( 5) 

Au Au+ + e EO -1.6 8 vol ts (6 ) 

heat the solution to boi ling ) and boil for several minutes t o c oagula t e 
t he gold . Add a f ew d r ops of hydrochloric a cid to pre c ipitate a ny silver as 
si l ver chloride and cont inue boiling fo r a f ew more minutes . Fi lter off t he 
gold and silver by means of a f i ne-porosit y f ilter pape r precoated wi th paper 
pu l p and wash four t imes with ho t vla t er . 

The fi lt rate f rom the gold a n d si lver separat ion step ) which shoul d have 
a vo l ume o f about 100 mi llil iters ) contains t el lurium and any p la t i num a n d 
pa l ladium that may be present . Thes e e l ements do not inter f ere wi t h t he 

3 Reference to make of equipment i s mad e to fac ilitate understanding and does 
not imply e ndors ement by t he Bureau of Mines . 



subsequent tellurium de termi nation. To the filt ra te add 50 millili ters of 
concentra ted hydrochloric acid and approxima tely 1 milligram of arsenic as 
arsen i ous acid. Place the beaker on a hotplate, add a boi ling chip, and bring 
the so l u tion to a boil. Add 10 milliliters of hypophosphorus ac i d to precip i
tate the tellurium as elemental tel lurium, and continue boiling fo r 5 mi nutes . 
Coo l the s olu tion to about 60° C, and f i l ter thr ough a fine- grained filter 
paper precoated with pape r pu l p . Wash three times wi th 1:1 hydroch l oric ac i d 
and three times wi th water. I f a b l a ck pr ecipitate can be seen on the f il ter 
pape r , enough te llurium i s pres ent to be de termined vo l umetrical ly . If only 
a small amount of brown preci pitate can be seen, on ly a trace amount of te llu
rium i s present, and the tellurium should be determined spectrophotometrically . 

VOLUMETRIC METHOD 

The volumetric method i s based on the r eduction ~f tellurium to a colloi
da l s us pension of e lemen tal t e llurium. The e lementa l te llur ium (TeO ) once 
isolated is oxidized to te travalen t (Te+4

) tellurium by titrating with stand
ard 0.01 normal i odine solution (1) i n accordance wi th ~quation 7 . 

(7) 

1.0 mi l liliter of 0. 01 normal i odine = 0.000319 gram of tellurium 

Pl ace the fi l ter paper conta i ning the t e llurium, as desc ribed in the 
preceeding sect ion , i n a 125- millili ter Erlenmeyer flas k, and add 20 milli
liters of ni tric ac i d and 5 milliliters of perchloric ac i d . Cover with a 
sma ll wat ch gl ass , place on a hotp l a t e, and digest at a medium hea t t o decom
pos e the f ilte r paper. The i ni tia l decompos ition of tn :O! f ilter pape r may be 
qui te vio len t , and care shoul d be taken to prevent boil i ng over . Wh en the 
initial action has subs ided, r ap idly evapora te the samp l e to soft dryness 
over a burner. 

Allow the sample to coo l , and then was h down t he cover , sides, and lip 
of the f lask with water . Add 1 drop of phenol phthalein, and neutra l ize the 
so lut ion with a few dr ops of a 50-percent sodium hydroxide solution . Add 5 
mi l liliters of phosphoric acid and 5 mi lliliters of I-percent acacia (gum 
a r abi c), and dilute to 50 milli liters with wat er. Add 2 to 3 grams of sodium 
hypophosphite , and heat just to the boiling po int . As the boiling po i nt is 
approached, the solution will darken suddenly, owing to the formation of a 
f ine co lloidal s uspension of elementa l te llurium . The suspension is so fine 
that the s olution appears homogeneous and will be l ight brown to black, 
depending upon the amount of te llurium pr esent . If less than 1 milligram of 
t e llurium is present , the solution will be light brown; if there is more than 
3 milli grams of te llurium, it wil l be black . Place the beaker in a cooling 
tray, and cool to about 15° C. Dilute to 100 milliliters with cold water . 
The sample now is ready for t itration (1). 

Ti t rate the samp l e with a standard 0 .0 1 normal iodi ne solution . Add the 
iodine solution slowl y with vigorous shaking between each addition until the 
so l u t ion i s almost colorless . Add 15 mi l liliters of carbon tetrachloride, and 
cont inue the t i tration a drop or two at a time with vigorous shaking . The 
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carbon tetrachloride layer will become lighter as the endpoint is apprvached 
and will be colorless when all of the tellurium is')xid:i.zed" A drop 0':" two 
of ioriine in excess will impart a pink tint to the carl:lon tetrachlo~ide layer . 
This is the endpoint indication of the titration 

Subtract 0 . 1 milli l iter for a titration blank, and calcu~ate tte amount 
of tellurium present. A reading of 0.3 millilite:c is equivalent to 0 . 1 milli
gram tellurium or 10 parts per million (0 .001 percent) in a 10- gram sample . 
This amount of te llurium is considered to be the minimum concentration that 
can be determined reliably by the volumetric method. 

SPECTROPHOTOMETRIC ME THOD 

The spectrophotometric method is based on the reduction 0 f tellurium to 
colloidal form by stannous chloride ~). The quantity of tellurium present is 
determined by measur ing the light absorption of the solution in comparison willi 
t ha t of solutions containing known amOUGts of tellurium . 

Proceciur'e 

Place the filter paper conta i ning the tellurium, prepared as described in 
the sect i on on sample decomposition and separation of inter fering elements, in 
a 2S0-milliliter beaker . Add 20 mi lliliters of nitric acid and 5 milliliters 
of perchloric acid, decompose on a hotplate, and fume to soft dryness . Cool 
and add 3 mil l iliters of hydrochloric acid . If the solution is clear, trans
f er to a 10-miEili t er volumetric flask and dilute to 9 mi lliliters ; if it is 
not clear, f il ter i nto a 10-milli l iter flask and adj ust the volume to 9 milli
liters . Add 1 milli l i t er of 10-percent stannous chloride so l ut i on and shake . 
The tellur ium is r educed to a f i ne colloidal precipitate of e lemen:~al tellu
r ium . Transfer a por t i on of the solution to a I-centimeter ab8orpt~on cel l 
and r ead the t urbidity on a spec trophotometer at a wavelength of 440 milli
mi c r ons and a slit width of 0 . 02 millimeter . To adjust the machine prepara
tory to measuring the l ight transmittance of sample solut i ons , us ·?- a solution 
o f water, hydr och l oric acid , and stannous chioride similar to the sample in 
the reference ce l l. A reading corr esponding to 5 micrograms tellurium i s 
equivalen t to 0. 5 part per million tellurium (0 . 00005 percent ) if a la- gram 
test samp l e is used . This is the minimum concentration that can be determined 
relia bly by the s pectrophotometric procedure . 

Standar d Curve fo r Spectrophotometric Dete rminat i ons 

Prepare a t ellurium so l ution by disso l ving 1 gram 0: pure tellurium metal 
in 15 milli l iters of nitric acid, a dd 10 mi lliliters of perchloric acid, and 
take to soft dryness . Add 10 mi llili ters of hydrochloric a.cid, and dilute to 
1 lite r . One millili ter of this solut ion contains I milligram of tel l ur ium . 
From t his standard so l ut ion prepare two dilute standard solutions by pipetting 
5 and 20 mil l i liters ) respec t i vely, i nto two I-lite r volumetr ic fiasks and 
dilut e to the mark wi th water . These solutions contain 5 and 20 microg~ams of 
t ellurium per mi lli li t er, respectively . 



Prepare a series of s t andards containi ng 5 to 100 microgr ams of te llurium 
by pipetting appropriate a liquots of t he dilute s t andard solut i ons into 10-
mi l li liter vo l umet r ic f l asks. Add 3 mil lili ters of hydroch l oric ac id and I 
milliliter of 10- percent stannous ch l oride so lution; dilute to the mark, and 
shake. Transfer to I-centimete r absorption cells} a nd read t he abso r bance a s 
in the regul ar method. Pl o t a curve showing micrograms of tellurium versus 
abs orbanc e . 

REAGENTS 

Reagent·grade chemica l s of the highest quality availab le should be used 
in t he ana l yses . Chemicals required are listed as fo llows : 

1. Acids : 

Hydrobromic (HBr) 
Hydroch lori c (HC I) 
Hydrofluoric (HF) 
Hypophosphorus (H~P~) 
Nitric (HN03 ) 

Perch loric (HC I04 ) 

Phosphoric (H3 P04 ) 

Sulfuric (Ha S04) 

2. Sa lts and chemical so lutions: 

Percent 
48 

37-38 
48 
30 
70 
70 
85 
98 

Arsen i ous a cid so lution (H3As O~). Disso l ve 26 5 millLgyams As2 0s in 3 
mi lliliters of 50-percent sodium hydroxide solution, make just acid 
with ~S04' a dd 5 milliliters exces s acid, and dilute to 500 milli
liters (5 milliliters contains 2 mi lligrams As ). 

Sodium hypophosph ite (NaH2P~) 
Sodium hydroxi de solut ion (NaOH) 50 percent 
Hydrogen peroxide solution (~ o.a) 30 pe rcen t 
Stannous ch l oride solut i on (10 percent). Dissolve ~JO grams SnCla in 150 

millili ters hydroch loric acid, and dilute to 1 li ter . 
I odine solution (0.01 n ormal). Dilute 100 mi lliliters of standardized 

0.1 normal i odine so lution to 1 liter. 
Phenolphtha l e in. Disso lve 1 gram i n 50 mi ll i li ters of a lcohol and 50 

mil lili t ers water . 
Gum arabic so l ution, 1 percent in water . 
Carbon te trachloride (CCl.) 
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