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8t11ndard Method for 

COLORIMETRIC DETERMINATION OF 
TECHNETIUM IN. AQUEOUS SOLUTIONS1 

nil Slalldard le !Ma'!CI undm; tbe med ~on B417; tho 1111111ber lmmedlatlly follawlJll tile dlliaati09 iadic:atel t1ie 
Y8I!' of oftalml lldoptioa or, lD the CllC or nmaon, tho JCl1 of 1ul rm.Ion. A •mber ID puentbam lmllcatel tho ,ei.r of 
1ul reapproval. 
1AU PIMtliod, wAltll liu ~~by E J11, fl Hf"6 ball0tnlpwt1Wrawol by IM~t:a"'rrrtltee. 

INTl.ODUCTION 

This method• wu developed for the determination of technetium in 1olution1 of nu
dcar fuel tl!at contain radioactive nuclidcl. The ncod for thil method aroae in laborato
ries of the nuclear m,ergy industry where a 'wide variety of nuclear-fuel 1olution1 con
taining technetium are encountered .. The tctrapropylimmoniu!D4thioc:yanate method ia 
described for the determination of technetium in aqueous aolutions. 

1. Scape 
1.1 Thi1 method coven quantitative deter

mination of technetium in known volumes of 
aquooUI •olu~on1 of nuclear fuel that contain 
radioactive nuclidca. T- aolution1 are from 
the proccaafng of irradiated nuclear fuel and 
from the laboratory 1tudie1 on irradiated nu
clear fuel. 

l.2 The method 11 described. ia applicable 
to 1olutioo1 that contain a minimum of S 1'11 
of technetium per 1amplo, but it will detect a1 
little u 0.4 µg. At concentrations above 200 
µg/ml, dilutions mu1t be made. The absorb
ance ia li~r from 1 to 20 1'11 of technetium in 
the final aolu~ion. The method as delcritied is 
limited to sample volumea of 2 ml or lea, but 
reagent volumes can be scaled to accommo
date lar11er aample aliquot•. 

1.3. Pbotometcn 11.nd photometric practice 
prescribed in this method shall conform to 
ASTM Recommended Practice .B 60, for Pho
tometric Methods for ChemiCat Analy1i1 of 
Metala.' 

NOT! I-The valvea 1tatcd in U.S. cvatomary 
unit••~ to be "'1ardcd a1 the standard. The metric 
!'Quivalent1 of U.S. cultoma,Y uniti may be approx-
imate. . 

2. Sammuy of Metllod 
2.1 Thia method ii bued upon the meuurc

mcnt of the absorbance of the technetium~ 

thiocyanate complex in chloroform. AD the 
technetium in tho mea1ured volume of 1am~ 
ia flnt oidcli7.ed to tccbnctiuin (VII) by ba:lic 
hydrQg~n peroxide. Tho alkilinity of the eolu
tion must be between 2.6 and 3.S M for quan
titative extraction of the tecl\netium-tetra
propyl ammonium ion-a11ociation complex 
into the chloroform solvent. To usure com
pkte extraction and recovery of the techne
tium, two extraction• are nece11ary with 
careful waahin11 of the aqueous phase with 
chlorofo~. Color development ii niade in tho 
chlo~form. pbue with the addition of 1trong 
~nc acid, tetrapropylammoniwn hyd.rox-
1de, and potl!.l~um thiocyanate. The colored 
chlo~form pba1e ii tranaferrcd to a voiu
~ctric fluk. After diluting to volume, a por
tion of the solution i1 placed in a clean .1-cm 
absorption cell and it1 ab1orbanc:o measured 
agalnat a ~gent blank. The colored complex 
absorbl at ·s13 nm, baa a molar extinction 
coefficient of 46,000, and i1 stable fdr aevcral 
houn. The concentration of technetium in the 

'Tbla ...Uod i9 1111cler the juriidictioa of ASTM 
Committee B-10 OD Nucl.ar AppllcatioD1 lllcl Meuurtmmt 
of Radi1tloa Bfl'lc:U. 

C.mat edltloe •JllllO"li ·Ju. 24. 1975. Publilllied 
March 1!175 .. Orisinll!y plabHllbad u B417 - 70 T Lan 
previou1editionB417 -'10 T. · 
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sample i1 determined from two comparison 
1tandard1 bracketing the unknown and proc
euod coQcurrcntly, or from a 1tandard curve. 

3. JJarren11ee1 
3.1 Thi1 method ia highly 1pecific for tech

netium. No metal ion interference has been 
found from aluminum, vanadium, cfiromium 
(lll), mii.nsane• (11), iron (111), cobalt, nickel, 
copper, strontiom, zin:onium, niobium (allo 
known a1 colwnbium), molybdenum, ruthe
·nium, rhodium, palladium, lilver, cadmium, 
tin, antimony, larithanum, tantalum, tung1ton, 
rhenium, platinum, gold, mercury, bi1muth, 
thorium, and uranium. Technetium can ~ 
succeu(ully determined in solution• of alumi
m.~m-clad uranium fuel, aluminum-uranium al
loy fuel, Zircaloy-clad uranium fuel, 1tainle11 
1tccl clad uranium fuel, and fissium fuel. The 
to1crance. limit (no interference at the 95 per
cent confidence limit), cxprcacd u the weight 
ratio of metal ion to technetium, ii arcater 
than 4;5 x 1()11 for aluminum and aroater than 
S.3 x 1()11 for uz:imium. The tolerance limit is 
greater than 3.S x 101 for iron (Ill) and zirco
nium, when dietbylenetriaminepcntaacetic acid 
(DTPA) is used as a complexins apnt during 
the solvent extraction of tcchnetlum. The toler
ance limit exprcalcd u.the mole ratio of anion 
to technetium is greater than 1.2 x JO' for 
chloride, 2.7 x 10' for fludride, 2.2 x 10' for 
bromidC, 8.8 x 10' for sulfate, 7.2 x 10' for 
phoepbate, 2.4_ x 10' for cit~tc. 1.0 x 10' for 
oitalate, 1.0 x 10' for ethylcnediaminetetra
acetic acid (EDTA), and 2.4 x to• for DTPA. 
Perchlorate interferca above l x 108 and nitrate 
interferes above 3.1 x 10'. With greater than 
3 millimolcs of nitrate in the original sample 
aliquot, ablorbance mcuurementl are low, 
and the stability of the colored technetium-thi
ocyanate complex i1 decrealcd. The toleranec 
limit for free acid i1 16 meq in the 1ample llli- · 
q11ot . 

.. ·~--4.1 Sllt.ltled Facility for sampling, diluting 
the solution of irradiated fuel, and for extrac
tion of technetium from other fission prod
ucta. 
. 4.2 Sp«troplwtome~.' . 

4.3 Ablorpito11 C1lla, 1-cm path Jcngth.1 

4.4· BUclaMr Funn•/, 1intei'ed gla11, IS-ml 
cap&city, coar'- porosity. 
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4.S Tubl Fumoe1, 1-in. (2S-mm) diameter 
capa~ of reaching a temperature of 1112 F 
(600 C). The furnace should be fitted with a 
quartz tube which extends 3 in. (7S mm) be
yond both end1 of the fumace. 

4.6 Quartz Botit.r, 2 in. (SO mm) long by IA 
in. (13 mm) wide. 

4.7 Erl111m111r Flmk, l2S ml, fitted with a 
'%. atandard-taper joint. 

4.8 R•fla Co"'1.,,8tr, 1traight-tube, frtted 
with a '%1 standard taper joint-. 

s. a ........ •• Materlall. 
S.1 Purity of R10pnt.r-Reap:nt grade 

chemical• lltall be UICd in all teats. Unleu 
otherwise indicated, it i1 intended that all ~ 
agents .shall conform to the 1pecification1 of 
the Committee on Analytical Reagents of the 
American Chemical Society, where such spec
ifications are available.• Other grllde• may be 
\lied, provided it is first 111cert1tincd that the 
reagent is of suff'JCiently high purity .to permit 
itl Ule without lcsaening the accuracy of the 
determination. 

S.2 Purity of Wat1r-Unle11 otherwiac in
dicated, n:fereDCICI to water mall be under
stood to mean reagent water conforming to 
ASTM Specification D 1193, for Reagent 
Water', Type IV. 

S.3 Citloroform (Dln.rlty 1.471 to 1.474 at. 
77 'F (25 C))-Distill the chloroform using a 
simple flask and condcnaer. Discard the fint 
one sixth and the last one lixth of the distil
late. 

S.4 Dl1tllyl1n1trlamin1pentaocetic A.ctd 
(DTP.A.) 0 . .5 M-U1ing water that has been 
made slightly alkaline with dilute 1odium hy
droxide, pH 9 to 10, dissolve 19.7 s of DTPA 
and dilute to 100 ml. Should the DTPA fail to 
dissolve, add l ·M sodium hydroxide solution 
dropwiae and shake until 1Qlution is complete. 
The final pH of .thi1 solution should be 8 to 

• A Beelanaa Model DU~ oblaillab&. 
from Beckman ln11t111m111ta, Inc:., FuUcrton, Calif., hu 
bocn found 1&ti1factory for tlli1 p11rp111e. 

• Ab1011ltion celll from Americ:an ln1tl'llmcmt Co., SilYlfr 
Spriq, Mil., have !Jeon found 11tiafac:tory. 

• "R .... nt Chamic:a\1, Amcrimn Chanical Sacilit_y 
Spedftcatron1," Am. Cllemlcal Soc., W11llhlaton, D.C. 
Por ~ on tbc t.lthll ot ~ti llcM utt.d lly the 
Amet!CU Cbc°mical Sodlty, 1111 "Rcqnt Cllamlcalt ud 
su.clardl." by JClllpli Roal11, D. Vu NClltrand Co., 1111:., 
New York. N.Y., alid tll1 "United !ltatet PharmlCOplia." 

'ArUni.J 8ook o/ .. STM Stq,,.,_, Part1 20, 21, 22, 
2!1, 31, 37, and40. 
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10. lfthi1 solution i1 cloudy, filter using a soft, 
open, rapid-filtering paper. . 

s.s Hydrochlork Acid (Ip ,, 1 JPr-coo
ccntratcd hydrochloric acid (HCl). 

5.6 Hyd10gen PerOJtlde (H10J (JO Volume 
percent). 

5.7 Nitric Acid (1p v 1.42)-Concenttatcd 
nitric acid (HN01). 

S.8 Plre"llO/plttlltlleln Sol11tlon-Diasolve 1 g 
of phenolphthalein in SO ml of ethanol and 
dilute to 100 ml with water. 

S.9 Potoul11m TIUoc)IOlltlte Sohltton (2 JI) 
-Di11olvc 19.42 g of potassium thiocyanate 
(KSCN) in water and dilute to 100 ml with 
water. 

5.10 Sodium Hydroxide Solution (10 M)
Di11olvc 4QO g of sodium hydroxide (NaOJ{) 
pellctl in water and dilute to I liter ~ 
water. 

5.11 Slll/lfrlc Acid (1p 1r l .84)-C911ccm-
t~ sulfuric acid (H~,). 
· 5.12 Sll(fflrlc Acid (9 N)-Add 250 ml of 

concentrated sulfuric acid (H~O,) (1p gr 1.84) 
carefully with stirring to water to make l li~r. 

5.13 Tank Hyd101en. 
5.14 Teclt~tllllfl M1tal.' 
5.15 Tetrapropyl .Ammonium Hydroxide 

(10 percent In water) (0.47 M). 

6. CellM~ 

6.1 Ab1orption ccl)I should be matched or 
have correction facton determined within 
0.001 aboarbance unita at the working wave
length of 513 nm. · · 

6.2 Fill two clean cell• with a solution pre
pared by proccuin.g a technetium atandard as 
described in Section 7, and place in the spec. 
troph9tometcr. · 

6.3 Delignate the con with the lowest ab
IOr~ancc reading as the reference cell. 

6.4 Adjust the instrument to 0.000 abeorb
ancc reading with the reference cell in posi· 
tion. 
. 6.S Determine the absorbance value for the 

other cell. Thia ablorb8ncc value i1 the cell 
correction. Subtract thia from the sample ab
sorbancc readings to give corrected readings. 

6.6 Determine these correcµon1 each time 
1ample1 are analyz.ed. 

7. c.ulntloll ... Stallii ... batloll 
7. l Preparation of T1cltnetium Stan!f/ard 

Solution-The technetium ii prepared by the 

E 11117 

reduction of chemically pure ammonium per
technetatc: (le11 than 0.1 percent other metal 
impUrltie1) to the metal with hydrogen {tee 
Note 2). During ltQrage it oxidizci 1lowty and 
that material which i11oid a1 metal may con
tain u mUch u 5 percent oxygen. For thil 
reason, it muat be reduced to the metal with 
b~rogen prior to it.I U1C al! an analytical 
standanl. . 

NOTB 2: Caatl-P•rticularly ltrinpnt precau
tion• should be uen:ilild wbcn bandliD1 the tccb110-
thun metal. The radi<*ltiYe nature of die material 
(1.5 x 10" diaintcpstiom/min • 1), the diffiClltin 
of deteetion (ordilluy 1urvcyiq equipment doe1 not 
respood to ita 0.29-MeV beta emiuiou), and !ti 
paWdery form combine to make tbe tnatmal partic> 
ularly diftic:ult to handle. The material lhould be 
handled OlllY. in a well-ventilated hood and when 
beiq hal,Ulleil a propam of clOle IUMlillance with a 
thin-windowed beta counter lhould be carried out to 
pnvent tbe lpl'Ud of activity into the" laboratory. 

7 .1.1 lntcrt the quartz boat into a closable 
ICCOJldary vial and weigh to the ncarett 0.1 mg 
on an analytical balance. . 

7.1.2 In the hpod (lee Note 2) remove the 
boat. from th~ 1CCOndary vial and tran1fer 
about 100 1111 of tc:chnetium metal to the boat. 

7 .1.3 Insert the boat into the quartz furnace 
tube. De ........... die flll'ucel 

7.1.4 Pau hydrasea thro~ the furnace 
tube at the rate of 25 to SO ml/min. Be: sure 
that the hydrogen i1 vented to the hood ex
haust. 

.1.1.S After ~ hydrop!J hu been pwed 
throiagh the furnace for about 15 min, bring 
the furnace temperature to about 1112 F (600 
C). 

7.1.6 After 6 h, tum off the furnace and 
allow the furnace to cool to room tempera
ture. 

7. I. 7 After the furnace ha1 cooled, termi
nate the hydrogen Row. Remove the boat 
from the furnace tube, inlcrt the boat into the 
secondary vial, clote the vial, and weigh it to 
the nearest 0.1 mg on the analytical balance. 

7.1.8 Transfer the boat and its contcntl to 
the Erlenmeyer tla1k and attach the reflux 
conden1er. · 

7.1.9 With cold water circulatiJia through 
the rcftux condenser, add 1ucceuively 40 ml of 
concentrated HCl and 10 ml of concentrated 
HNO .. Let stand for 24 h. 

1 Available from hot111JC s.i. .Depertmmit, OU Jlidp 
National Laboratory, OU RJcqe, Tt1111. 37830. 
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