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ANNUAL REPORT OF THE ANALYTICAL CHEMISTRY BRANCH FOR 1966 

SUMMARY- J. M. Crawford 

This report presents a general survey of significant work performed by 
the Analytical Chemistry Branch during 1966. Special service work and 
research to develop and improve methods and equipment used in the various 
fields of analytical chemistry are described. All new and revised methods 
that have been established for regular use during the year are reported in 
detail in appropriate appendixes. Special analytical WQrk in support of 
specific AEC-sponsored projects and the continuing development work in 
maintaining E:tandards and quality control are reported. 

This summary is grouped according to the various analytical disciplines 
represented and may be considered as brief abstracts of the ye.ar' s accomplish
ments. 

Analytical Development 

.A colorimetric method, applicable to a wide variety of inorganic and 
organic samples, has been developed for the determination of mercury. This 
method includes one basic double-extraction procedure and one single-extrae
tion procedure. 

Sixteen ·unirradiated aluminum-uranium fuel plates were very accurately 
analyzed for total uranium and isotopic distribution of uranium. 

Analytical development service for Westinghouse included: (a) a revised 
procedure for the colorimetric determination of nickel; and (b) two methods 
for the determination of citrate and Versenol in an ammonium dihydrogen 
citrate-Versenol descalent sol~tion. 

The dangers of Hengar Granule boiling chips to micro analyses when 
used in evaporations or acid digestions are described. 

Physic Section personnel were given assistance in the separation of 
short half-life, neutron-deficient radionuclides for decay scheme studies. 

A method, designed for glove box operation and applicable to a wide 
variety of irradiated fuels, has been developed for the separation of 
plutonium for analysis by isotope dilution mass spectrometry. 

The results of a study using the uranium(V) disproportionation reaction 
in a perchloric acid media vl:!re published in Analytical Chemistry. 

Instrumentation for electrochemical measurements includes the following: 
(a) a basic digital system to perform many necessary control and measurement 
functions, (b) a hybrid analog-digital system with three operational ampli
fier integrators to improve measurement of electrochemical transients, (c) 
a new system of all solid-state, operational amplifiers and power boosters 
to improve by a factor of 10 or more the short time range (10 ~sec) over 
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which electrochemical reactions can be observed, and (d) a high speed, 
paper tape punch to improve electrochemical measurements. 

To facilitate the .Large volume of data obt!:l.lnecl wl'Lh Lhe J:l!:l.J:ler LC:l.J:le 
punch readout system, a data reduction computer program has been written 
in Fortran language to reduce the electrochemical data by use of a high
speed digital computer. 

An in-line plant monitor system is being developed to detect fission
able material in the process equipment waste (PEW) stream in the Chemical 
Processing Plant. The monitor is to warn of potential nuclear criticality 
in the noncritically-safe PEW storage tanks. 

Because of the instrumentation requirements of the Analytical Branch 
over the next 5 yrs, a Branch digital computer facility has been proposed, 
and the specifications and equipment requirements now are being developed. 

Attempts to operate the TDD-1 mass spectrometer magnet at currents 
greater than 200 mA resulted in complete loss of control of' the magnet 
current with the current running to a maximum. After modifying the system, 
regulation of current in excess of 500 mA was obtained. 

In support of the Loss-of-Fluid Test (LOFT) program, development was 
performed for analytical methods, for fission product inventories in 
irradiated fuel; for atmosphere analysis, for gas-particulate capsule 
sampler~ and for materials for packaging samples. 

A high-level counting system with a Nai(Tl) detector was installed 
to count radioactive samples up to ~ 5 R/hr. The spectra were resolved 
by a computer, spectrum stripping program. A procedure is described for 
the separations of iodine fission product isotopes to obtain their 
individual gamma-ray spectra. A 10-cc Ge(Li) detector and a 1024-channel 
memory, 4096-channel ADC analyzer system was installed to reduce the 
number of chemical separations required :t'or complex mixtUl'es when Nai(Tl) 
detectors are used. Aluminum1 l/16-in. thick, proved satisfactory for 
plateout coupon material. 

\ . 
Prior to the[in.,stallation of the Ge(Li) detector, a dissolution 

and sequential separation procedure was developed to produce fracLious uf 
fission products reso"lvable by Nai(Tl) gamma-ray spectrometry. The major 
steps in the procedur.e are described. Disadvantages, however, were found 
in the procedure; thus two analytical schemes are being evaluated. One 
is based on complete analysis by gamma-ray spectrometry with both Nai(Tl) 
and Ge(Li) detectors. The other involves minimum chemical separations 
combined with gamma-ray spectrometry. 

An inventory of the fission products at meltdown time in the Con
tamination-Decontamination-Experiment (CDE) has been established based 
on pre- and post-irradiation uranium isotopic levels. 

l 

Analysis of the gases in the reactor vessel can furnish data on. 
metal-water reactions, presence of reducing or oxidizing atmosphere, 
amount of air entering the vessel, and am6tint of helium release by 
ruptured fuel pins. L • 

.. 
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Hydrocarbon measurements were made of the containment atmosphere , 
before and after the meltdown of an unirradiated fuel element to deter
mine which organic material could contribute to the formation of penetra
ting iodine. 

One of the major sampling devices for LOFT will be the gas-particulate 
capsule. Laboratory experiments are being performed to test its capability 
to distinguish between different chemical species of iodine as well as 
testing the overall perfo:r"II!.ance of the capsule in the CDE Facility. 

The sorption of molecular iodine was measured for various particulate 
filters, charcoal papers, silver-coated copper screens, silver membranes, 
and assembled f'ilter cartridges. 

A procedure was developed and the apparatus designed for the pre
paration of milligram quantities ot' I-131 tagged methyl iodide. Various 
particulate filters, iodine adsorbers, and assembled filter cartridges 
were tested for sorption of methyl iodide. 

The sorption rate of water on charcoal was measured. The complete 
capsule and assembled cartridges are being evaluated for mec~anical and 
functional operability. 

Materials are being tested for packaging analytical samples from 
LOFT. The leakage rate of molecular iodine and methyl iodide from various 
materials is described. 

Additions and .proposed additions to the remotely operated facilities 
includes the following: (a) a 40 by 40 by 36-in. storage facility for 
radioactive samples in Cell X, (b) resumption of construction work on 
the additional alpha handling facility, (c) design of the Remote Analytical 
Facility Cave, and (d) future RAF installations will consider the use of 
master-slave manipulators rather than Castle manipulators. 

In the continuing program to develop methods for the accurate deter
mination of the burnup of nuclear fuels, details were reported in the 
quarterly reports, Burnup Determination of Nuclear Fuels. 

·Spectroscopy 

Potassium in scrub solutions and product from the Waste Calcination 
Facility (WCF) was determined by atomic absorption. The calibration range 
covers from 0.1 to 1.5 ppm. 

An x-ray diffraction study was initiated to determine:the change in 
the lattice parameter of beryllium used as neutron reflectors in nuclear 
re.actors. 

An irradiated stainless steel sample was analyzed by emission spectro
graphy for. changes in elemental composition. Major decreases were noted 
in B, Nb, Pb, Si, and Ti concentrations. Major increases were noted in 
Cu, Mn, Sn, and V concentrations. 
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A Jarrell-Ash flame spectrometer was converted to a dual atomic 
absorption flame emission instrument by the addition of atomic absorption 
accessories. 

The stability of UA13 at 1000°C was determined by x-ray powder camera 
techniques, and no changes were detected after 250 hr. 

A new, demountable, hollow cathode tube was constructed to be used 
as a sample excitation source for both emission and absorption, or it can 
be used as a variable light source for atomic absorption by changing 
cathodes. The hollow cathode tube was used in studies to develop a 
spectrographic method for fluorine and other nonmetal analyses. 

Microwave excitation ·~ .. ""'s used for the spectrographic detection of 
submicrogram quantities of' mercury. A 3 meter Baird spectrograph gives 

0 

a m.erc\1.ry line at 2537A from 0.01 IJ.g of mercury. 

Relative fission gas retention properties of irradiated uranium 
aluminide and uranium dioxide fuel plates were determined using a CEC mass 
spectrometer • 

. Acquisition and improvement of equipment are as follows: (a) A CEC 
21-620 mass spectrometer from surplus was placed. into ope1·a'Liug t.:oudi tion, 
(b) the vacuum-lock drive mechanism on the TDD-1 mass spectrometer was 
modified, (c) the vacuum-extraction, hydrogen analysis apparatus was 
modified for remote operation, (d) the mass spectrometer filament bakeout 
chamber was altered to bake out filaments before installation in the 
hats which position the filaments in the spectrometer source, and (e) 
new ,iigs for forming the filaments have been designed and fabricated. 

Chemical Analysis 

'l'he methods used by the ClH::!udcC:Ll AuC:Lly::;i::; 3ec:tion and time per 
analysis are listed in Table V~l. 

A white powder was analyzed to determine whether it was Millons 
base or the nitrate salt of Millons base. The powder was either a mixture 
of Millons base and the nitrate salt or a polymeric species of the nitrate 
salt. 

Silica particles were dissolved in a mixture of hydrofluoric and 
sulfuric acid. The dissolution was analyzed spectrophotometrically for 
the aboorbance of neptuni~w in the silica, and 5.4% was found. 

Aluminum alloy powder compacts were analyzed for ruthenium, palladium, 
and osmium. Palladium was analyzed by x-ray fluorescence, and ruthenium 
and osmium were analyzed calorimetrically. 

Fuel from the Snap-2 reactor contains 10% uranium and 90% zirconium, 
and the dissolution of the fuel is described. 
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An Inconel sample was analyzed for Al, Cr, Fe, Ni, P, S, and Ti. 
Routine laboratory methods were used except for aluminum and titanium. 

The identity of a brass fitting was determined by dissolving it in 
nitric acid and analyzing for Cu, Fe, Pb, Ni, P, Sn, and Zn. 

The stability of stored input measurement samples from the processing 
of enriched uranium fuels is being evaluated. The dissolver samples which 
were flame sealed in glass vials at the time of processing are being re
analyzed. The data will be analyzed statistically to determine if any 
significant changes in composition of the samples occurred during storage. 

A method for the determination of total and undissolved solids was 
developed. 

A rapid ion exchange method is being studied for the separation of 
radiocesium. The exchanger is an insoluble potassium salt. Recovery by 
this method is 98 to 100%. 

Two lead barricades were modified for improved gamma-ray analysis of 
high activity samples. A 3-in. diameter hole was cut in the lids covering 
the detectors. The detector systems are calibrated for gamma-scanning of 
samples at distances up to 230 em. 

A fraction separator for chromatographic actinide and lanthanide 
separations has been assembled for use by the Special Analysis Group. 

Standards and Quality Control 

The program for the qualification of Umpire Laboratories, which 
began in 1965, was continued, Several phases were implemented for the 
program and served as guides for qualification. Table VI-1 summarizes 
the various phases and the laboratories participating in the Program. 
Table VI-2 summarizes th~ status of the uranium and plutonium standards 
preparation. 

The Analytical Chemistry Branch quality control program relating to 
routine and special methods was continued, and the main features of the 
program are described. 

vii 
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ANNUAL REPORT OF THE ANALYTICAL CHEMISTRY BRANCH FOR 1966 

I. INTRODUCTION 

This is the seventh (1,2,3,4,5,6) annual report of the Analytical 
Chemistry Branch. Previous to 1960, analytical progress was reported 
in the ICPP operations weekly and monthly reports and also was reported 
in the ICPP technical quarterly reports. 

This annual report presents the year's work on projects of interest 
to analytical chemists. Work that has been or will be published is only 
abstracted here, thus allowing space for detailed information that will 
not be published elsewhere. New and improved methods are included in 
tlit: 8.1J.I:.H:!ml1xes . 

. To provide satisfactory and efficient service, the Analytical 
Chemistry Branch hopes this report ~ill be of value to management; to 
those who submit samples, and to all analytical chemists. A summary of 
this annual report is provided for the benefit of the management. 

This report has been.organized according to analytical disciplines 
except for the Loss-of-Fluid Test (LOFT) Project and the Burnup Deter
mination of Nuclear Fuel Project. 

(l) R. C. Shank and Staff, Annual Report of ICPP Analytical Section fo1 
1960, ID0-14547 (April 14, 1961). 

( 2) R. C. Shank and Staff, Annual Report o1' ICPP Analytical Section for 
1961, ID0-14588 (May 31, 1962). 

(3) R. C. Shank and Staff, Annual Report of Division Analytical Branch 
for 1962, ID0-14605 (April 25, 1963). 

(4) n. C. Shank and Staff, Annual Report of Division Analytical Branch 
for 1963, ID0-14636 (June 1964). 

(5) R. C. Shank and Staff, Annual Report of Division Analytical Branch 
for 1964, ID0-14655 (April 1965). 

(6) R. C. Shank and Staff, Annual Report of Division Analytical Branch 
for· 19G5, ID0-14679 (June 1966). 
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II. GENERAL INFORMATION 

The organization o:t' the Analytical Chemistry Branch is 
Figure II-l and 78 people were employed at the end-of 1966. 
shows the distribution of manpower in 1966, but the time of 
manager, the administrative assistant, the two secretaries, 
section supervisors are not included in the table. 

shown in 
Table II-l 

the Branch 
and the three 

The number of determinations made by the Analytical Branch, and the 
sample sources are listed in Table II-2. 

2 
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T.A3LE II-1 

IISilliBUTIO~i OF MANPOWER IN 1966 

CPP CPP ?lant Analytical Otter Outside 
Section Operations Chern Te~h Assi:3tance Developnent Il'lC -INc( a) Analytical (b) Total 

Spectroscopy 2754.5 . 1;::80.5 3559.0 7591.5 620C.O 2430.5 9401.5 33217.5 

Chemical Analysis 

· Remote and Servi::!e 8861.5 2L96 '-·.. . ·) 57-+8.0 602.0 411E.o 3211.0 15190.5 40225.5 
Analysis 

Radio and Special . . . 4323.5 66.:) . 12~6.5 668.0 18955.0 879.5 7033.5 33176.0 
+='" Analysis .. 

Analytical DevelopmEnt 194.5 3650.'-J 8-J-3 .o 13561.0 . 892; ·5 289.0 9086.5 36549.5 

Analytical· Branch· --16134.0 7L93.J lljj6 ·5 22422.5 3820(•.5 6810.0 . 40712.0 . 143168.5 

Analytical Percent_ 11.3 5.:2 8.0 15.7 26.7 4.7 28.4 100.0 

.. 

(a) AEc· ·contractO:rs: ·other than Idaho Nuclsar Corp:::>ration. 

(b) Includes overhead items such as hous~keepingj vacations, training, anC. other i terns not directly •:!harged 
to analytical service or existing research pr:::>je~tso 

•.:. 
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TABLE II-2 

DETERMnJATIONS MADE BY THE Alil"ALYTICAL CHEMI:STRY BRANCH Il'f 1966 

CPP CPP Plant Analytical Other Outsi~e 
Section Operatiom Chem Tech Assistance Development INC INc(a Analytical Total 

S::;ectroscopy 1898 683 1585 230 3068 2100 489 10053 

C~Emical Analye is 

Remote and eervke 10921 2941 6466 212 2969 24·37 7624 33620 
Analysis. 

Radio and S:pecial 4143 99 ·998 41 18398 538 339 24556 
\.Jl Analysis 

A~ytical Development 81 0 0 0 215· 5 0 301 

Quality Cont.rol(b) 6565 . 6565 

A.lSlytical Brar_ch 17043 3723 9049." 463 24650 5130 8452 68530 

.fu"1.9.lytical Percent 24.9 5.1.,. 13.2 0.7 36.0 7.5 12.3 100.0 

(a) AEC Contractors other than Idaho Nuclear CorpQration. 

(D·) Reagents and controls prepared by this laboratory are not included in the total. 



"III. · ANALYTICAL DEVELOPMENT 

l. CLASSICAL METHODS 

l.l Colorimetric Determination of Mercury (R. Fullerton, s. S. Yamamura) 

A sensitive, highly versatile colorimetric method has been developed 
for the determination of mercury. The new method, an adaptation of a 
British method(7) for the determination of mercury in organic materials, 
includes one basic double-extraction procedure and one single-extraction 
procedure, either of which may be coupled to one of three pretreatment 
procedures specifically adapted to particular sample .types. The single
extraction procedure is provided for samples of known compos~tion. The 
resulting overall method is aP,plicable to a wide variety of inorganic and 
organic ::Jamplco. 

The basic procedure· ~esorts to a double dithizone extraction to obtain 
increased specificity. The mercury is extracted initially into chloroform 
with dithizone. It is then stripped from the chloroform with an acidic 
nitrite solution, and after destruction of the excess nitrite with hydro
xylamine and aniline, is reextracted for measurement. 

Aqueous inorganic solutions, inorganic solids, and·organic-containing 
materials are the types of samples commonly encountered. Three pretreat
ment procedures have been developed: (a) aqueous inorganic samples are 
heated with nitric acid to insure oxidation of mercury to the (II) valence 
state, (b) inorganic solids (excluding metals readily dissolvable in 
mineral acids) are fused with potassium pyrosulfate and ~hen boiled under 
reflux with nitric acid, and (c) organic-containing samples are digested 
with nitriq and sulfuric acids. 

Details of the method are_presented in Appendix~· 

1.2 Analytical Development Service For Operations Analysis 

1.2.1 Analysis of ETR-Type.Fuel Plates for Total. Urani:Um and Isotopic 
Distribution (s. S. Yamamura, D. M. Lund, R. Fullerton, M. E. Kussy, 
J. H. Sikes). To calibrate the fuel element .scanner, the Operations Analysis 
Group submitted a total of 16 unirradiated aluminum-uranium fuel plates for 
the determination of 'total uranium and isotopic distribution of' uranium. 
The 16 plates, four each of four different types containing between l2 and 
30 g of uranium, were dissolved in nitric acid with mercury catalysis; 
the resulting solutions were weighed; and weighed aliquots were analyzed. 

The isotopic distribution of uranium was determined by surface 
ionization mass spectrometry. Total uranium was determined by redox 

(7) Analytical Methods Committee, Analyst 90, (1965) p 515. 
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titrimetry(8), spectrophotometry(9), and isotope dilution mass spectrometry. 
NBS U30a (standard sampl~ 950a) was the primary reference material for the 
ti trimetric and colorimetric methods, and high-puri·ty tJ-235 metal was the 
primary standard for the isotopic dilution method. 

The precision (standard deviation) of the principal titrimetric method 
and the supporting colorimetric method, computed from the results of 
duplicate analyses, was 0.076 g of uranium per plate for a single deter
mination·. Based on a "t"-test at the 95% level, there was no signif·icant 
difference between the titrimetric and colorimetric r~sults. The results 
of the isotope dilution method with an estimated precision of 0.5 
relative percent also agreed with the titrimetric and colorimetric results 
within statistical lilllil:.s. 

Standards, prepared from llOOS aluminum and NBS U305 to stmulate the 
composition of the samples, were analyzed concurrently with the. srunples 
by the titrimetric method to establish bias. The results for these 
standards indicated no bias and a precision comparable to that calculated 
from the results of the samples. 

1.3 Analytical Development Service For Westinghouse 

1.3.1 Colorimetric Determination of Nickel in Westinghouse ECF Sam les 
(S. S. Yamamura, R. Fullerton . The colorimetric method previously developed 
for the determination of nickel in Westinghouse.ECF descalant solutions has 
occasionally given erratic results. This method therefore was replac~d by 
a new one patterned after a National Bureau of Standards procedure(lOJ based 
on the development of the red nickel(III)-dimethylglyoxime complex at pH 13 
in citrate medium. Details of the revised procedure are described in 
Appendix ~· 

1. 3. 2 Anal sis of Citrate-Versenol Descaling Solution for Both Com onents 
(s. S. Yamamura . Two methods for the determination of citrate and Versenol 
[(N-hydroxyethyl)ethylenediaminetriacetic acid] were developed for the analysis 
of an ammonlum dihydrogen citrate-Versenol descalant from the Expended Core 
Facilities of Westinghouse. Versenol is determined by a direct titration 
with copper(II) in an aqueous acetate medium at pH 5 to a photometric end 
point. Citrate is determined by titration with sodiUm hyd:J;'OX~de after 
prior removal of Versenol on an acid form cation exchanger~llJ. The cation 
exchange resin retains Versenol as the +2 Versenol·2H+ ion and converts the 
ammonium dihydrogen citrate to citric acid with three titratable hydrogens, 

Details of the procedure are described in Supplement A to Method ECF-1, 
Mod-1, Appendix B. 

(8) R. J. Jones, ed., Selected Measurement Methods for 'Plutoniu.m and Uranium 
in the Nuclear Fuel Cycle, USAEC Report TID-7029 (1963) pp 96-107. 

(9) R. C. Shank 
1965, USAEC 

Re art of ·Division ·Anal · 
Appendix B, pp 109-123 

f'or 

(10)0. Menis, National Bureau of Standards, Private Communication (February,l966). 

(ll}Suggested by J. S. Fritz, Iowa State University and Ames Laboratory, 
Private Communication, (October, 1966). 
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1.4 Analytical Development Studies----General Information 

1.4.1 Dangers in the Use of Hengar Granule Boiling Chips in Micro 
Analyses (S. S. Yamamura). Hengar Granule boiling chips are frequently 
used in evaporations or acid digestions for their excellent ability to 
prevent bumping. Bumping can cause losses, particularly with analyses 
done at micro levels. 

Hengar Granule boiling chips appear to be an impure alumina with 
minor concentrations of iron, sodium, and silicon, and trace levels of 
silver, copper, magnesium, manganese, molybdenum, and vanadium. They 
are reasonably stable under neutral conditions but release significant 
amounts of' aluminum and other aforementioned impurities when digested 
with strong acids or bases. 

2. MDIOCHEMICAL METHODS 

2.1 Separations of Short-Lived Neutron Deficient Isotopes (S. F. Marsh) 

Assistance was given Physics Section personnel in the separation of 
short half-life, neutron-deficient radionuclides ±'or decay scheme studies. 
Various Calutron-enriched isotopes were bombarded with high-energy 
photons from the General Atomic LINAC at LaJolla, California, to yield 
the (y,~) and (y,p) products. Separations of higher than usual purity 
were required because gamma spectra were taken on a high resolution 
germanium (lithium) detector, in addition to the sodium iodide (thallium) 
crystal. These spectra eventually will be published as supplements to 
the Gamma-Ray Spectrum Catalog of R. L. Heath (Physics Section, Materials 
Testing Reactor). . · 

The experiments are summarized in the following table. 

Target 
Material 

sc45 

Nuclear 
Reaction 

(Y .• p) 

(y,p) 

TABLE III-1 

SUMMARY OF SEPARATION PROCEDURES 

Isotope 
Separated 

2.'1-d.ay 
S r,.J.,.m c .. 

3.4-day 
sc47 

10-;.ro.in 
cub3 
3·3-hr 
Cub2 

Summary of 
Separation Procedures 

Sequential fluoride, oxalate, and 
hydroxide precipitations. 

Sequential fluoride, oxalate, and 
hydroxide precipitations. 

Retain Fe on Dowex-1 from 6M HCl 
while Mn elutes. 

Plate Cu on iron powder from dilute 
HCl. 
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Target 
Material 

Br79 

Mo97 

Nuclear 
Reaction 

(y ,p) 

(y ,p) 

(y,p) 

(y ,p) 

TABLE III-1 (continued) 

Isotope 
Separated 

58-hr 
Br77 

25-hr 
Nb96 

· 3-min 
Nb99 

3-7-hr 
Agll2 
5-hr 
Agll3 

Sunnnary of 
Separation Procedures 

Extract Br2 into CC14 • Strip with 
E2S03 and precipitate AgBr. 

Scavenge with Fe(OH) 3 , then pre
cipitate Sr(C204). 

Dissolve in hot concentrated H2S04. 
Dilute to precipitate Nb. Repeat. 

Precipitate AgCl. Dissolve in ~OH. 
Fume off ~OH and repeat. 

2.2 Separation of Plutonium for Mass Spectrometric Analysis (S. F. Marsh) 

A method has been developed for the separation of plutonium for 
analysis by isotope dilution mass spectrometry. It is applicable to 
a wide variety of irradiated fuels. The method, designed for glove 
box operation, uses simple and inexpensive apparatus which can be dis-. 
carded to minimize cross contamination. 

Sample and spike plutonium, in a hydrochloric acid medium, are reduced 
to Pu(III) with iodide to obtain chemical species identity. After 
evaporation to dryness, the residue is dissolved in a nitric acid-sodium 
nitrite mixture. The resulting Pu(IV) is adsorbed on a column of strongly 
basic anion exchanger from 8M HN03 . The column is washed with sequential 
washes of 8M and 2M HN03 • The nitric acid washes the column free of the 
less strongly adsorbed elements which include fission products, uranium, 
neptunium and higher ar.t.irlir'les, A.nd fuel element components. The 
plutonium then is eluted with 0.2~ HN03 • 

The method has been added to the Analytical Manual as Method Pu-Sep-1, 
and. the details are presented in Appendix B. 

3. ELECTROANATJYTICAL STUDIES 
-

3.1 UL·aniLU!l(V) Disproportionation Reaction in Perchloric Acid (D. T. Pence) 

Work has continued on the investigation of the uranium(V) dispropor
tionation reaction. Results of a st~dy in perchloric acid media were 
published in Analytical Chemistry(l2Jand are summarized by the following abstract. 

(1?) D. 'l'. Penr.e, G. T,. linnman, AnA.l. r.hPm. )f\ (1966) p lJl?.. 
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"The correct interpretation of kinetic current measurements that 
are obtained by the use of controlled-potential polarography at short 
times requires a thorough understanding of the electrical characteristics 
of the cell and of the potentiostat. This paper demonstrates the 
practical application of transfer function measurement of kinetic 
currents at short times, and methods proposed for their correction are 
discussed. The uranium(V) disproportionation reaction was studied over 
the time region of l msec to 10 sec using the controlled-potential 
method. The determined value of the rate constant is 192 liter2 mole-2 
sec-1 for ~ HCl04 medium." 

3.2 Instrumentation for Electrochemical Measurements 

3.2.1 Digital Control and Data Collection System (G. L. Booman). 
A basic digital system has been constructed to perform many of the 
necessary control and measurement functions required in an electrochemical 
study. The fQllowing is an abstract of the paper published in Analy·tical · 
Chemistry. ( 13J 

"A digital instrument has been constructed to perform efficiently 
the interrelated operations of accurate timing, precise waveform genera
tion, and automated data collection in one integrated unit. Functions 
such as pulse, square-wave, linear scan, ~inear-scan-and-hold, stair
step, and bidirectional linear-scan waveforms are obtained easily by 
changing prewired patchboards. With the flexibility given by patchboard 
control of the digital logic governing both the waveform generation and 
the measurement timing, the particular advantages of numerous electro
chemical techniques are provided, and the instrument is readily adapted 
to new techniques. The full information capabilities of electrochemical 
measurements are closely approached with the measurement time constant 
of l ~sec, resolution of O.Ol%,and crystal-controlled, logarithmic, 
multidecade, timing. Relationships between high-speed data processing 
and rapid data collection are discussed in terms of overall objectives." 

3.2 .2 Hybrid Integrator for Measurement of Electrochemical 'l'ransi
ents (G. L. Booman, D. T. Pence, J. P. Morgan). A hybrid analog-digital 
system with three operational amplifier integrators has been designed and 
experimentally verified to give improved measurements for electroanalytical 
studies. 

The time range of a single transient measurement has been extended 
to seven decades from the previous four decades. During the time· period 
±'rom the initiation of the step input (to the electrochemical cell) to 
1 msec, the first integretor accumulates all chare;e transferred between 
the electrode and the electroactive species in the electrolyte. At 
1 msec, the charge in the first integrator transfers to the second 
integrator which then accumulates the charge transferred from the cell 
until 100 msec at which time the charge transfers to the third integrator, 
and the charge accumulation continues to the completion of the measure
ment period. 

( 13) G. L. Booman, Anal. Chern. 38, (1966) p 1141. 
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High measurement precision is maintained by having each integrating 
capacitor larger by-a factor of 10 than that of the preceding integrator. 
Also, noise is minimized because noise components of longer period than 
the output sampling interval are averaged out, and the effective band
width of the measuring system follows the logarithmically increasing 
readout periods. Further, the integral measurement gives the full history 
of the transient, even though a limited number of output measurements 
is recorded by the_digital data logger. 

A special diode network was designed to permit linear discharge
charge cycles of the capacitors, thus allowing closer spacing of the 
data points than is possible with simple ex~onential charge transfer. 

The integrating capacitors have been calibrated, and transfer 
ratios have been obtained under dynamic test conditions. Initial tests 
on uranium solutions indicate satisfactory operation. 

3.2.3 Fast Response Potential Control (G. L. Booman, D.T. Pence, 
J. P. Morgan). A new system of all solid state, operational amplifiers 
and powerboosters has been placed in operation to improve, by a factor 
of 10 or more, the time range over which electrochemical reactions can 
be observed. This is compared to the solid state controllers previously 
used. With the 10-V, 0.5-A capacity of the new control system, the 
approximate 5- to 10-~sec time constant of the electrochemical·cell will 
be the limiting factor on the measurements. At times less than about 
10 ~sec, special techniques are required for resistance compensation and 
for generation of fast-rise, large-current charging pulses. A separate 
system will be used for these very short time measurements. 

3.2.4 Paper Tape Readout for Electrochemical Data Collection System 
(J. P. Morgan, G. L. Booman). A high-speed, paper-tape punch has been 
added to improve the electrochemical measurement capabilities. With 
this equipment, the manual transcription of data for computer reduction 
has been eliminated, and the increased data output rate will permit many 
more data points to be collected on each experimental transient; hence, 
improving the reliability of the data and of its interpretation. The 
control logic for the paper tape punch has been wired to produce output 
tapes in the standardized format for radiochemical data, permitting some 
data processing (signal averaging, background substraction, ?nd data 
plotting) to be accomplished during slack time periods of' the multichannel 
analyzer equipment. Data and identification numbers are punched at the 
beginning of each paper tape record. Detailed logic and timing diagrams 
are being prepared. 

3. 3 Data Red.nction Computer Program (D. T. Peuee) 

A dA.tA, red1.1ction program hao been written in Fu.r Lr<:i.u la.ngua.ge to 
reduce electrochemical data by use of a high-speed digital computer. The 
program was developed to facilitate the handling of the large volume of 
data obtained with the paper tape readout, electrochemical collection 
system described above. The program was written to accomplish the 
following functions: (a) test all input data and retain only on-scale 
data, (b) calculate an average valu,e of the blank :for the voltl:\ge mea
surements at each time, (c) subtract the blank from each voltage 
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measurement, (d) test the corrected data for outliers and reject them 
if the specified confidence level is exceeded, (e) average the corrected 
and tested data, (f) calculate the variance and standard deviation of 
the corrected and tested data, and (g) calculate correlation coefficients 
to establish freedom of bias due to slo~ introduction of contaminants, 
oxygen, or adsorbants. 

The data reduction program is expected to reduce by ~O% the time 
normally required for data reduction of the experimental electroche~cal 
data. The program also provides additional tests of data reliability 
~hich are too time-consuming for desk calculations. 

3.4 Fissionable Material Monitor in the PEW System (G. L. Booman, 
J. P. Morgan, W. J. Maeck, F. L. Lisman) 

An in-line plant monitor system is being developed to detect U-235 
in .the Chemical Processing Plant process equipment "Waste (PEW) stream. 
Measurement of delayed neutrons has been selected based on a preliminary 
investigation of t~o promising methods. The other method that had been 
investigated ~as x-ray fluorescence. The purpose of the monitor system 
is to warn of potential nuclear criticality in the noncritically-safe 
PEW storage tanks. 

Briefly, the neutron monitor is to operate as follows: a bypass of 
the PEW stream flo~s into a chamber in which is located a Pu-238 
beryllium neutron qource with a flux level of approximately 4xlo8 n/sec. 
The stream then flows to a second chamber in which is located a series 
of BF3 neutron detectors. The neutrons detected are the energetic, 
delayed neutrons from certain of the :t'ission products. The number of 
delayed neutrons is proportional to the number oi' I'lSSiona't>le aLum::;. 

A small digital computer will be the central data processor element 
of the pulse-counting system. The pulse-count data from the detector
tube, preamplifier system will be entered directly into the computer 
input through buffer registers. The computer will then convert this 
digital input. 1hf'ormation Lu a typewri !;ten form which can bo interprlilted 
easily by a plant operator ~ithout complex calculations or reference to 
extensive tabulations of sensitivity correction factors. Optimized 
counting periods ~ill be selected under processor control; trend pre
dictions ~ill be established based on data stored in the.processor 
memory; variable term data integration will reduce effect of random 
noise; statistical evaluation will be presented on the output type
~riter of fissionable material level; and the detection limit of the 
measurement will be available as a function of the time-dependent level 
of neutron absorbing material in the stream. Sensitivity and calibration 
checks ~ill be possible under computer programmed control at periodic 
intervals and off-normal conditions could be checked as thei arise. The 
recent availability of low cost, digital computers has made this approach 
less costly as well as more informative in terms of fissionable material 
level in the plant process stream as compared to special wired-logic 
systems. 

l2 



3.5 Proposed Analytical Branch Digital Computer Facility (G. L. Booman, 
J. P. Morgan, D. T. Pence) 

The need for on-line data collection facilities at CPP has been 
made evident from a study of instrtimentation requirements of the Analytical 
Branch over the next 5-yr period. The proposed data acquisition system 
facilities would accept analog and digital signals through multiplexers, 
perform necessary normalizations and conversions of these signals, and 
would produce digital information in the form of typewritten reports 
immediately after receiving the measurements from the mass spectrometers, 
~ray diffraction, radiochemical, spectrographic, and other sources. 
Functions to be performed include: (a) conversion of raw measurements 
to concentrations, composition, peak heights, or peak ratios, (b) 
improvement of signals by programmed data averaging, (c) statistical 
calculations, radioactive decay, geometry, and dilution corrections, 
and (d) formating of data for transmission to the centralized computer 
facilities. A very large amount of data handling is evident in the 
preparation of over 5,000 analysis reports each month at the current 
work load. Supplying analytical results quickly and retaining high 
reliability, indicates the need :for digital data processing techniques. 
Detailed specifications and equipment requirements are·now being dev
eloped to meet the needs of the Analytical Chemistry Branch. 

3.6 Improvement in Equipment 

3.6.1 Improvement of TDD-1 Magnet Regulator Electronics (G. L. Booman, 
J. P. Morgan). Attempts to operate the TDD-1 mass spectrometer magnet 
at currents greater than 200 mA resulted in complete loss of control 
of the magnet current with the magnet current running to a maximum. In 
troubleshooting the system, the contrOl amplifier was.found to be marginally 
stable and parasitic oscillations at frequencies near 100 Me existed in 
the Eimac-series passing tube. 

A frequency-gain analysis of the c·omplete control system showed the · 
principal method used to obtain stability was to shunt the Eimac plate to 
ground with a 4-~ capacitor. This method is not entirely satisfactory 
and can be detrimental to tube life. 

To eliminate the 4-~ capacitor and to obtain a wider margin of 
stability, it was necessary to reshape the gain-frequency characteristics 
of' the control amplifier and to insert an operational type feedback around 
the entire system. The parasitic osdllations were eliminated by proper 
bypassing of the Eimac tube. 

With the above modifications, regulation of current in excess of 
500 mA has been obtained. 
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4. DEVELOPMENT IN SUPPORT OF LOFT PROGRAM 

4.1 Analytical Methods 

4.1.1 Gamma-Ray Spectrometry (w. J. Maeck, J. G. Scott, s. F. Marsh, 
H. R. Beard, W. A. Emel) 

4.1.1.1 Generation of Iodine Isotope Spectra. To resolve a 
multicomponent spectra by spectrum stripping, the spectrum of each nuclide 
must be available. In cooperation with the Physics Section, individual 
nuclides are being separated and their spectra are being recorded. Iodine 
isotopes, 8-day I-131, 2.3-hr I-132, 21-hr I-133, 53-min I-134, and 
6.7-hr I-135 were isolated and their spectra were recorded for Nai(Tl) 
and Ge(Li) detectors. The I-134 and I-135 isotopes were separated from 
l me; of irradiated uranyl nitrate soon a!"ter ~ischarge f1·uw LlH= rea.c.tol". 
Iodine was chemically separated ) min after r·ectc Lu.r· ui::;(;harge. After 
6 hr, to.allow I-134 to decay, the iodine fraction was essentially pure 
6.7-hr I-135. Ten minutes after the initial separation, the separation 
was repeated and the iodine fraction containing the remainder of the I-135 
and I-133 grown in from the 2-min 'l'e-133 isomer was discarded. A third 
separation was perforn~d 30 min later. The iodine fraction was >95% 
I-134 activity with I-133 as the remainder. After 21 hr, the pure spectrum 
of I-133 remained. The spectrum of 8-day I-131 was obtained on a ORNL 
I -131 sample. The spectra of I -132, Te -132, and I -133 were obtained by 
separating the iodine from 10 mg of U-235 which ho.d been irradiated for 
0.5 hr and cooled for two days. After the decay of I-132, the spectrum 
was mainly I-133 with ~20% I-131. The I-131 spectrum was subtracted by 
a computer program. The Te-132 also was separated from the U-235, passed 
through a silver chloride column to remove iodine contamination, and the 
Te-132 spectrum was recorded immediately. After grow-in of I-132, its 
spectrum was obtained. 

4.1.1.2 High-Level Gamma-Ray Facility. A Nai(Tl) detector 
was installed for the counting of samples with activities up to ~5 R/hr. 
The facility, Figure III-1, consists of a standard shielded cave ·with(l4) 
a 3- by 3-in. detector mounted on its side. A smaller shielded pig that 
contai.ns the SallW;Le travels on tracks outside the detector cave to a 
maximum distance ll m from the detector. Roles in the samp.ie pig and 
detector cave are aligned over the entire distance of travel. A hole 
also is placed in the backside of the sample pig to minimize backscatter. 
The detector was connected to a 512-channel analyzer located 600 ft away, 
and a self-powered preamplifier drove the signal. 

The facility was calibrated for distance at gamma-ray energies of 
O.ll and 0.21 MeV (Lu-177), o.4l and 0.68 MeV (Au-198), and 0.9 and 1.1 
MeV (Sc-46). Standard spectra were obtained on punch tape for six 
nuclides for use by a computer (Shifty III) spectrum stripping program. 
The nuclides were Mo-99, Tc-99, I-131, Te-132 (I-132), I-133 and Xe-133. 
These isotopes are volatile and therefore predominate in gas and plateout 
samples from fission product releases. 

(14) R. L. Heath, ID0-16880, 1964. 
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The facility and spectrmn strtpping program gave highly acceptable 
results on a series of 250 plateout coupons, particulate filters, and gas 
samples collected from a fission product release of' a U-235 sample melted 
in a steam atmosphere 6 hr after discharge f'rom the MTR. 

4.1.1.3 Effect o"f Substrate Material and Thickness on Gamma-Ra 
Spectrometry. The early design_of LOFT plateout coupons specified 3 1 -in. 
thick steel. The absorpt1on crf "the lower energy gamma-rays was too great 
to permit measurement of such isotopes as Mo-99 (Tc-99) and Xe-133. The 
backscatter also severely distorted the low energy portion of the spectrum. 
Decreasing the thickness to l/16-in. gave little improvement in the 
absorption effect. Aluminum, 1/16-in. thick, proved satisfactory and was 
specified as the coupon material. 

4.1.1.4 Germanium(Li) De_~~~~?!.-'. Sys.~~!Il· An Ortec 10-cc Ge(Li) 
detector and a 1024-channel memory, 4096-channel ADC analyzer system was 
placed into operation. The ~esolution for the entire system using a special 
4 FET preamplifier is 3 keV at 661 keV. Based on experience with this system, 
essentially the whole analytical program for samples f'rom LOFT can be 
performed without chemical separations by combining a high-level Nai(Tl) 
counting facility for early measurement of the volatile fission products 
and a Ge(Li) detector system for subse~uent measurement of the longer-lived, 
less-volatile fission products. These later measurements are proposed 
after decay periods of 5 days to about 3 months. This proposal is 
discussed in greater detail in Section 4.1.3. 

4.1.2 Fission Product Separation Procedures (L. A. Weinrich, S. F. Marsh, 
M. E. Kussy, W. J. Maeck) 

Prior to receiving the Ge(Li) detector, the !'iooion prM.uct analyses 
were based on chemical separations followed by Nai(Tl) gamma-ray spectro
metry. The majority of the samples were plateout coupons which consisted 
of 3/4- by 1 1/2-in. iron or aluminum plates coated with corrosion-resistant 
paints with bases of vinyl, epoxy, and rubber. 

A dissolution and se~uential separation procedure was developed. The 
procedure was designed to produce fractions of fission products resolvable 
by Nai(Tl) gamma-ray spectrometry. Some cross-contamination of fission 
products between fractions was expected, especially of iodine (and tellurium) 
into the other fractions. The activity ratio of iodine to other fission 
products on samples was extremely high because its release from melted fuel 
is great and because it preferentially plates on organic surfaces. For 
this reason, the procedure includes an early separation of iodine and a 
second later separation to remove that additional iodine grown in from 
tellurium parents. 

At the time the samples were analyzed, the fission products were 
1- to 2-week cooled. The fission products normally determined were 
Zr-Nb-95, Mo-99(Tc-99), Ru-103, -106, I-131, Te-132 (I-132), Cs-137, 
Ba-140 (La-140), and Ce-141, -144. 
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The major steps in the procedure were: 

(l) Addition of carriers; Zr, Mo, Ru, I (as iodate), Te, Cs, 
and La. -

(2) Digestion of the sample and carriers in a specially designed, 
all-glass, reflux apparatus with a mixture of nitric, 
perchloric, and sulfuric acids. 

(3) Distillation of iodine, technetium, and ruthenium into 
sodium hydroxide while the digestion is in progress. 

(4) Separation of the ruthenium from the sodium hydroxide 
fraction by precipitation as the hydrous oxide with 
ethanol followed by gamma-scanning of the filtered residue 
for Ru-103, -106, and the filtrate for· I-131 and Tc-99. 

(5) Addition of hydrochloric acid to tne undistilled fraction 
and extraction of tellurium and molybdenum into amyl 
acetate, stripping both into dilute hydrochloric acid, 
addition of sodium bromate to oxidize molybdenum to +6, 
extraction of Mo(VI) into 0:-benzoinoxime-amyl acetate, .. and 
gamma scanning the organic phase for Mo-99 and the aqueous 
phase for Te-132 (I-132). 

(6) Addition of sodium bisulfite to the aqueous phase from 
the first extraction in (5) to reduce iodine to -1 and 
passage through a column of silver chloride to remove the 
last traces of iodine activity. 

(7) Precipitation of barium as the sulfate followed by gamma 
scanning for Ba-140. 

( 8) Addition oi' iron(III) t'o the supernatant solution from the 
barium sulfate precipitation, addition of sodium hydroxide, 
gamma scanning the filtered precipitate for.La-140, Ce-141, 
-144, and Zr-Nb-95, and gamma-scanning the filtrate for Cs-137. 

4.1.3 Proposed Procedures for Determination of Fission Products in 
Plateout Samples (w. J. Maeck, L.A. Weinrich) 

The longest step in the procedure described in the previous section 
(4.1.2) is sample dissolution. Another disadvantage is the need for custom
fabricated glass apparatus. Leaching experiments have shown that greater 
than 90% of the fission products, other than iodine, can be removed from 
organic-material coated coupons with a 4M HCl-2M HN03 mixture. Only about 
15% of the iodine leaches. The coupon and 30 mi ofth= acid mixture are 
placed in a small beaker which is placed in an ultrasonic bath for 20 min. 

Two analytical schemes are being evaluated for the determination of 
fission products on plateout coupons. with high, as much as 5 R/hr, activity 
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levels. One is based on a complete analysis by gamma-ray spectrometry 
with both Nai(Tl) and Ge(Li) detectors. The other involves minimum chemical 
separations combined with gamma-ray spectrometry. 

For both schemes, the first step is Nai(Tl) gamma-ray spectrometry 
in the high-level facility (see Section 4.1.1.2) for the major activities 
of I-131, Te-132 (I-132), I-133, and Mo-99 (Tc-99). 

In the all gamma-ray spectrometry scheme, the samples are rescanned 
on a r~(Li) detector after decay periods up to 3 months for the low
activities of Zr-Nb-95, Ru-103, -106, Cs-137, Ba-140 (La-140), and· Ce-141, 
-144. 

In the scheme using chemical separations, after the high-level Nai(Tl) 
gamma scan, the coupons are leached with 4M HC1-2M HN0 3 in the ultrasonic 
bath. The resulting solution is analyzed for the-low-level activities 
by simple separations followed by Nai(Tl) or Ge(Li) scans. 

4.2 Fission Product Inventories in Irradiated Fuel (F. L. Lisman, W. J. Maeck) 

Based on .pre- and postirradiation uranium isotopic levels, the numbers 
of fissions were computed for the fuel samples melted in the Contamination
Decontamination-Experiment (CDE) facility. This information was fed into 
a computer program to establish the inventory of the fission products at 
meltdown time. Both U-235 and Pu-239 fissioning were taken into account. 

The overall material balance of fission products in CDE tests has 
generally been low. The melted fuel, low enrichment U02 clad with Zircaloy, 
has been dissolved with nitric and hydrofluoric acids. For most fission 
products, especially those with high boiling points and hence remain in 
the melted fuel, the material balance is controlled by the dissolution and 
analysis of the melted fuel. The dissolved fuel solution from one test 
was filtered through 0.45-JJ. filters to establish whether fission products 
might exist as insoluble particulate matter. A residue was iso~a~ed that 
cont~in~d about 50% of the total strontium activity, no zirconium-niobium 
activity, 12% of the ruthenium activity, and 81% of the cerium activity. 

4.3 Atmosphere Analysis (L. L. Dickerson, G. W. Webb, R. M. Abernathey, 
G. V. WheelerT -- ·· 

4.3.1 Reactor Vessel 

Analysis of the gases in the reactor vessel can help explain events 
taking place during the LOFT experiment by furnishing data on: (a) extent 
of metal-water reactions, (b) presence of reducing or oxidizing atmosphere 
at any given time to effect release of fission product~ from the fuel, and 
(c) time and Amount of air entering the vessel. 

Since the atmosphere in the vessel immediately after blowdown will be 
mostly steam, experiments are under way to study analysis of hydrogen, 
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oxygenJand nitrogen in steam. Mass spectrometer analysis was selected 
since early investigation indicated that it offered the most feasible means 
of analysis of steam atmosphere. 

Samples of atmosphere were taken from CDE Runs 2 and 3. Setups are 
being prepared to install the mass spectrometer in CDE for future runs to 
obtain continuous analysisDf CDE conditions and gain operating experience 
for LOFT. 

4.3.2 Hydrocarbon Detection 

Hydrocarbon measurements were made of the containment atmosphere 
before and after the meltdown of an unirradiated fuel element prior to 
CDE Run 3 in a search for the release of organic material from the fuel 
which could contribute to the format.:i_on of "penetrating" iodine. · Data 
for the atmosphere, as taken with the flame ionization hydrocarbon 
detector, are as follows: (a) containment vessel, blank run (with heat, 
but no fuel) 4.7-ppm methane equivalent, (b) containment vessel, after 
"cold" meltdown 7.0-ppm methane equivalent, (c) outside containment vessel 
3.1-ppm methane equivalent. The steam condensate from the CDE containment 
vessel showed less than 2-mg extractable aliphatic hydrocarbon from either 
the blank run or the cold element meltdown run. The condensate was 
contacted with car-bon tetrachloride and then the carbon tetrachloride 
extract was analyzed by infrared absorption. 

4.4 Gas-Particulate CapsUle·Studies (F. 0. Cartan) 

A major sampling device in LOFT is the gas -particulate capsule. It 
samples the containment atmosphere to obtain fission product concentrations 
classified according to particulate matter, iodine activities differentiated 
by chemical species, and krypton-xenon. A total of 219 capsules is scheduled 
to be installed which will sample the atmosphere on a preset time sequence 
from 30 minutes aft-er blowdown through the fifth day. 

The capsule basically is a hollow aluminum sphere which contains a 
cartridge consisting of particulate filters, silver membranes, and 
activated charcoal. At the preset time, vacuum is applied to pull the 
atmosphere samp~e at a flow rate of 0.1 cfm through the cartridge and the 
hollow space. Kry-pton and xenon are the only fission products that should 
pass through the cartridge into the hollow space. · 

Laboratory experiments are underway to evaluate cartridge components 
for their sorption properties for various iodine specie~. The overall 
performance of the capsule is being tested in the Contamination-Decontamination
Experiment (CDE) Facility. 
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4.4.1 Sorption of Iodine Species on Particulate Filter.s and Various 
Adsorbers, (J. H. Keller, F. ~. Duce, R. Fullerton, F. W. Dykes, 

P. A. Anderson) 

4.4.1.1 Molecular Iodine. The sorption of molecular iodine 
was measured for various particulate filters, charcoal papers, silver
coated copper screens, silver membranes, and for assembled filter cartridges. 
The test conditions were a flow rate of 0.1 cfm for 20 min, temperature 
from room to 94°C, and flow gas of water-saturated air containing molecular 
iodine with I-131 tracer. The results are summarized in Table III-2 for 
all components except the assembled cartridge. 

Ideal characteristics of the particulate filters for the cartridge 
are complete retention of particulate matter (hence small pore size), 
zero sorption of gaseous (especially iodine) species, high bursting 
strength cinder a steam environment, and low pressure drop. Bursting 
strengths and pressure drops were measured for those filters with low 
iodine sorption. 'l'he filter that best meet the four criteria stated 
above is the Flanders F-700.· The next best is the Flanders F-600. 
Both these filters are sufficiently strong to be used without supporting 
screens. Supporting screens have been shown to adsorb iodine and their 
removal is desirable. Of concern is the fact that the characteristics of 
the filters can change between lots. 'l'his probably is due to CJ. l!lu:mge in 
binder material or to a change in the manufacturing process. A striking 
example of this is that a previous lot of the Hollingsworth-Vase filters 
adsorbed less than 2% of the incident molecular iodine (15) whereas in this 
test, another lot adsorbed· essentially all the iodine (Table III-2). 

Ideal characteristics of iodine adsorbers (charcoal papers, silver
coated copper screens, and silver membranes) for the cartridge are complete 
retentions of' incident gaseous iodine, low pressure drop::;, and. high bursting 
strength. ~sed on these criteria, the best one is the Flotronics 3-~ 
silver membrane. The Gelman AC-1 charcoal paper is next best. 

4.4.1.2 Methyl Iodide. A procedure was developed and apparatus 
was designed for the preparatiOn' cit' mill1.gram quan'E1 ties ot I-ljl tagged 
methyl iodide. Methyl sulfate and I-131 tagged potassium iodide are mixed 
in an aqueous medium. The methyl iodide which forms is swept from the 
reaction vessel with helium and is collected in a liquid nitrogen trap. 
The product is pure and the yield is essentially complete. 

'Various particulate filters and iodine adsorbers, as well as assembled 
filter cartridges, were tested for sorption of methyl iodide. The test 
conditions were a flow rate of 0.1 cfm for 25 min, temperature of 35°C 
except for one assembled cartridge at 90°C, and flow gas of water-saturated 
air containing I-131 tagged methyl iodide. 

(15) R. C. Shank and staff, ID0-14679, (1965) p 36. 
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TABLE III-2 

( 

SORPI'ION OF MOLECULAR IODINE ON VARIOUS FILTERS AND AJSORBERS 

Percent Sorbed on Filters[a,b] 

< 2% 
Feeve Angel 934 AE; 
911 temp. 

Flanders ?-6oO; 
:;l+oc. 

2 to 5% 
Reeve Angel 984 H; 
94°C. 

Flanders F-600; 
36°C. 

Flanders F-700; 
94°C. 

5 to 20% 
Flanders F-700; 
36°C. 

Reeve Angel 984 H; 
36°C. 

Gelman A; 
all temp. 

20 to 90% 
Ge J..ma.n vF-6; 
ell temp •. 

lYiillipore WHWP; 
all temp. 

> 90% 
Gelman Versapor; 
all temp. 

Hollingsworth-Vase (HV-70); 
all temp. 

Percent SorbeC. on Charcoal Papers and Silver Adsorbers[b] 

5J to 98% 

Ag-plated Cu screens, 
total sorbed on series 
of 4 s~reens; all temp. 

98 to 99.5% 

Whatman ACG/B 
Charcoal paper; 
94°C. 

Essentially 100% 

Whatman ACG/B 
charcoal paper; 36°C. 

Gelman AC-1 charcoal 
paper; all temp. 
Flotronics 3-IJ. 
silver membrane; all temp. 

[e] Usually three filters were tested in series. When the sorption was low, each of the three filters 
sorbed about equal amounts of iodine. When the sorption was high, the first filter sorbed almost all 
the iodine. 

[b] The filters and adsorbers were exposed to a level of 20 t9 600 IJ.g of iodine in these tests. Very 
recent studies show that the percentage of.iod.iiie sorbed.on some :flltere and silver adsorbers 
increases with decreasing incident iodine. 



The sorption was less than 1% for all the tested particulate filters: 
Flanders F-600, Flanders F-700, Reeve Angel 934 AH, Hollingsworth-Vase 70, 
and Gelman Versapor. The sorption also was less than 1% on the tested 
iodine adsorbers Flotronics 3-~ silver membrane, Gelman AC-1 charcoal 
paper, and silver-plated copper screens. Of interest is that the Gelman 
AC-1 charcoal paper sorbed 16% of the incident methyl iodide from a slowly 
flowing helium stream. This demonstrates that tests of this nature, to 
be valid for the LOFT program, must be performed with LOFT-simulated 
conditions. 

Also tested were glass wool, Teflon wool, and a short column of 
Dowex-1 ion exchange resin in ·the iodide form. The sorption was less 
than 1% on the glass wool and Teflon wool, and was 5% on the Dowex-1 
column. 

r.oc:onut charcoal .• 12/.~0 PCB, loaded with two different impregnants, 
5% triethylenediamine and 1% I 2 - 1% KF, was tested. A 3/4-in. dia by 
l-in. long (4.) g) cylinder of the 5% triethylenediamine-impregnated 
charcoal retained 93% of the incident methyl iodide. The I 2 -Ia impregnated 
cylinder, 3/4-in. dia by 2/3-in. long (3 g), retained 97% of the incident 
methyl iodide. 

Two assembled.cartridges were tested, one at 35°C and the other at 
90°C. The cartridges contained an aluminum dummy inlet, three Flanders 
F-700 filters, five silver-coated copper s~creens, five Gelman AC-1 . 
charcoal papers, two 1% I 2 - 1% KI impregnated 12/30 PCB charcoal beds, 
and one Flanders F-700 cleanup filter. Essentially no methyl iodide 
sorbed on the dummy inlet, the particulate (Flanders F-700) filters, 
silver-coated screens, nor any of the nonactive parts at both temperatures. 
The pack of five charcoal papers sorbed 14% of' the methyl iodide at 3)°C 
and 8% at 90°C. The charcoal beds sorbe<l aii the methyl iodide incident 
on them at both temperatures. 

4.4.2 Sorptlun Rate of Water on Cho.rcoa.l (F. W. Dykes) 

Activated charcoals have a large ca:pacity for water, 8.S 1nuch a:!! 
50% by weight, which changes their sorption characteristics. Of impor
tance to LOFT is that the retention time for krypton and. xenon is reduced 
and methyl iodide is less efficiently trapped. 

Welghed cartridges of 12/30 PCB charcoals impregnated with 1% I 2 -

1% KI were tested for water sorption with flows of 0.1 c~ of water
saturated air at tempera·tures of 30", 50°, 70°, and 90°G. The results, 
Figure III-2, show that saturation was not reached for 20-min flows 
even at 90°C. 
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Fig. III-2 Water Sorption by Impregnated Charcoal 

4.4.3 Testing of' Complete Capsules (F. 0. Cartan) 

Complete capsules and assembled cartridges are being evaluated for 
mechru1ical operability and for functional operability in the Contamination
Decontamination-Experiment (CDE) Facility in which fission products are 
released under LOFT-simUlated conditions. · 

Prior to this, the time required for complete replacement of' the 
air in the hollow space of' the capsule was determined to be less than 
2. 5 min with a f'low rate of' 0.05 cf'm. Thus at the LOFT f'low rate of' 
0.1 cfm and a sampling time of' 20 min, the gas originally present in 
the hollow space should be completely replaced with a sample of' the 
LOFT atmosphere that passed through the filter cartridge. 

At the time of' this writing, little CDE data were available. 
Important findings have been that all incident iodine activity has 
been trapped in the capsule and that all particulate activity was 
collected on the particulate filter. · 

4.5 Testing o~ Materials for Packaging Analytical Samples (R. Fullerton) 

In LOFT, the various samples will be dismantled in a remotely 
operated facility and the components will be sent to the analytical 



laboratories. The components must be packaged in containers which are 
impermeable to fission products including iodine. This is necessary for 
health physics reasons and to prevent contamination of gamma-ray counting 
apparatus. Various materials were tested for permeability to molecular 
iodine and methyl iodide. The results are summarized in Table III-3. 

Polyethylene-coated polyester films are apparen~ly impermeable to 
molecular iodine but measureably permeable to methyl iodide. Strong, 
transparent packages can be made from this type of film by heat sealing. 
Such packages should be satisfactory· for all samples, except thooe expected 
to release significant amounts of free methyl iodide during storage. Of 
the other materials tested, Aluminum and Aclar 33C seem satisfactorily 
impermeable to molecular iodine. Aluminum sample packages, if obtainable 
with wall thicknesses thin enough to minimize distortion of lo'! energy 
gamma spectra, are probably satisfactory. 

5.1 Cell X Storage Facility (F. W. Dykes) 

A storage facility for radioactive samples was installed in Cell X. 
The facility. (40 by 40 by 36 in.) prov:Ldes space for 48, 500-ml volumetric 
flasks and 4 in. of lead shielding. A "lazy-susan" arrangement permits· 
individual access to samples through a single 4-by 8-in. opening. . . . . 

5.2 CPP Additional Alpha Handling Facility (F. W. Dykes) 

Construction began on this project in March 1966. 
strike by construction workers has <lelayed completion. 
November 1966. Delivery of the shielded cave continues 
mining factor for the completion date. Delivery is now 
February 1967. 

5•3- RAF Cave (F. W. Dykes) 

However, a 6-month 
Work resumed in 
to be the deter
scheduled for 

This project (referred to in last year's report as the "RAF Hot 
Cell") 'was approved·by the AEC in March 1966. The F. C. Torkelson Co. 
is tne· archi tect-.engineer ~ The Title II design review was completed in 
November 1966.. It is anticipated that final approval of drawings and 
specifications ·,will soon be forthcoming, and that construction will 
begin early in 1967. The construction area, which was highly contaminated, 
has been decontaminated satisfactorily. 

5.4 Master-Slave Manipulators for HAF' Boxes (F. W. Dykes) 

The "cact·le" manipulators used in the Rl\F boxes are inefficient 
devices requiring both skilled operators and complex apparatus for many 
operations. The versatility of master-slave manipulators could reduce 
costs through increased operator efficiency and simplified apparatus. 
A study was made to determine whether master-slave manipulators could 
be installed in an RAF box. · The conclusion was that the installation 
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TABLE III-3 

LEAKAGE OF MOLECULAR IODmE .AND 
METHYL IODIDE TERU VARIOUS MATERIALS 

Material Thickness Test duration Leakage 
(mls) (days) (%) 

Polyethylene-coated 5 30 o.o (I2) 
polyester film 15 1.8 (CH3I) 

Polyethylene-coated 4 14 o.o (12) 
:polyester film 15 2.8 (CH3I) 

Polyethylene-coated 2 14 o.o (I2) 
polyester film 15 6.4 (CHsi) 

Aluminized polyethylene 2 14 o.o (I2) 
coated polyester film 13 0.42 (CHsi) 

Polyethylene 2 2 11.0 (I2). 

Aclar 22C 1.5 16' 5-5 (I2) 

Aclar 33C 2.0 16 o.o (I2 )-

Aluminum can with 18 0·.0 (I2) 
aluminum plug 

Surlyn A 4 33.0 (I2) 
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was feasible, provided a larger box was used. The conversion cost was 
estimated at less than $10,000 with over two-thirds of this amount being 
the cost of.the manipulators. 

Future RAF installations will consider the use of master-slave 
manipulators for lower total cost (installation and operation). 

6. BURNUP DETERMINATION OF NUCLEAR FUELS 

In this continuing program to develop methods for the accurate 
determination of the burnup~of nuclear fuels, absolute thermal fission 
yields were determined for many stable and long-lived fission products 
for U-233, U-235, and Pu-239. These values, summarized .in Table III-4J 
are tentative. Additional measurements are in progress to produce re
fined values. 

Alpha, capture-to-fission ratio, values corrected to 2200 m/sec also 
were determined. These are 0:0 U-233 =· 0.0984, 0:0 U-235 = 0.1728, and 
0:0 Pu-239 = 0.356. These values also are tentative. 

Details of the above are reported in a series of three quarterly 
reports (16,17,18) and in a fourth report which now is being prepared. 

Methods were developed for a highly specific, extraction-spectro
photometric determination of microgram amounts of technetium and for the 
separation of individual lanthanides which are applicable to irradiated 
nuclear fuels. These are detailed in one of the quarterly reports(l7). 

( 16) W. J. Maeck, F. L. Lisman, J. E. Rein, ( eds), "Burnup Determination 
·of Nuclear Fuels", ProJect Report for the Quarter January l
March 31, 1966, ID0-14678. 

( 17) W. J. Maeck, J. E. Rein, (eds), "Burnup Determination of Nuclear 
Fuels", Project Report for the Quarter April l - June 30, 1966, 
ID0-14681. 

( 18) F. L. Lisman, W. J. Maeck, R. E. Foster, Jr., J. E. Rein, (eds), 
"Durnup Determination of Nuclear Fuels", Project Report for the 
Quarter July l - September 30, 1966, IN-1064. 

26 



TABLE III-4 

ABSOLUTE THERMAL FISSION YIELDS OF STABLE AND 
LONG-LIVED FISSION PRODUCTS FOR U-233, U-235, AND Pu-239 

Mass Fission Yield 
Number Element U-233 U-235 Pu-239 

83 Kr 1.07 
84 Kr l. 79 
85 Kr (10.76 y) 0.534 
86 Kr 3.01 
99 Tc 5.18 6.21 

101 Ru 3-36 
102 Ru 2.59 
104 Ru 1.10 
106 Ru 0.269 

131 Xe 3-55 
132 Xe 5.bo 
134 Xe 6.28 

137 Cs (30.3. y) 6.98 6.28 6.56 
140 Ce 6.62 6.32 
142 Ce 6.82 5.89 

143 Nd 5-95 5-90 
144 Nd+Ce 4.79 5.43 
145 Nd 3.44 3-85 2.84 .. 146 Nd 2.59 2.9) 2.34 
147 Sm 1.97 2.15 
148 Nd 1.)4 1.69 1.58 
149 Sm o.8o6 1.02 

. 150 Nd 0.509 0.64 0.91 
151 Sm 0.376 0.456 
152 Sm 0.201 0.2~1 
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IV. SPECTROSCOPY 

1. SPECTROCHEMICAL ANALYSIS 

1.1 Potassium Determination in WCF Samples by Atomic Absorption (F. P. 
Spessard, W. A. Ryder) 

Atomic absorption was used to determine potassium in scrub solutions 
and product from the Waste Calcination Facility. Initial·studies using 
emission spectrographic and x-ray fluorescence techniques showed that 
these methods did not have the required sensitivity. The greater sensi
tivity of the atomic absorption technique permitted dilution of the 
samples thereby reducing their radiation level. Product samples are 
leached in 6M HN03 and diluted so that the potassium content is about 
1 ppm. The scrub solutions are diluted similarly. The calibration range 
covers from 0.1 to 1.5 ppm. 

1.2 
. (19) Beryllium Lattice Parameter (R. E. W~nchell) 

An x-ray diffraction study was initiated to determine the change in 
the lattice parameter of beryl~um used as neutron reflectors in nuclear 
reactors. ·Precision of ±o~ooo2A is required. The pro.blem is complicated 
by the comparatively broad. lines in the diffraction pattern and the high 
film background caused by radioactivity from the sample. 

Specimens are powdered after cooling with liquid nitrogen and then 
are mixed with spectrographic pure silicon metal powder used as an 
internal standard. Exposures of about 16 hr are required. In order to 
achieve the required degree of precision, it is necessary to read each 
film at least 10 times. 

1.3 Irradiated Stainless Steel Analysis (T. R. Lyon) 

An irradiated .stainless steel sample submitted by Battelle Memorial 
Institute was examined by emission spectrographic analysis for changes in 
its elemental composition. The total thermal and fast flUx accumulated 
by the sample was approximately 4xlo22 nvt and 2.1x1022 nvt respectively. 
The sample was excited in the emission spectrograph hot cell and the 
spectrum compared with that from an unirradiated control sample. Major 
decreases were noted in the boron, niobium, lead, silicon, and titanium 
concentrations. Major increases were noted in copper, manganese, tin, 
and vanadium concentrations. 

1.4 X-Ray Absorption Edge Determination of Uranium (T. R. Lyon) 

A study was made to determine the feasibility of using x-ray absorp
tion edge techniques for the on-stream monitoring of uranium in variable 
composition, radioactive waste streams in the Chemical Processing Plant. 
Secondary radiation from pelleted Mo-Nb metal powders was used because 

(19) Sununer employee. 
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their characteristic emission energies bracket the uranium absorption 
edge. In aqueous solutions the detection limit was found to be 30 ppm 
for a 4-cm cell and 60 ppm for a 3-cm cell. The 4-cm cell, ho~ever, had. 
a lower tolerance for other ions. 

1.5 Installation of Atomic Absorption Unit (F. P. Spessard, T. R. Lyon, 
W. A. Ryder) 

The Jarrell-Ash flame spectrometer was converted to the dual atomic 
absorption/flame emission instrument by the addition of atomic absorption 
accessories. Mercury, selenium, boron, sodium-potassium, calcium-magnesium
aluminum, iron, nickel, chromium, cobalt, and manganeoe hollow cathode 
Lamps were obtained for various studies. Because some of the solutions 
to be analyzed are radioactive, the instrument was installed in a hood and 
a chimney attached from the burner enclosure to the top of the hood. 
During operation, hood windows are closed to the point that 125 cfm of 
air is flowing through the opening. 

1.6 High Temperature Study of UA13 (w. A. Ryder, E. S. Bell) 

A study to determine the stability of UA13 at l000°C was undertaken 
at the request of the Metallurgical Development Section. Initial tests 
were made using vacuum and inert gas atmospheres in conjunction with an ...... 
MRC high temperature x-ray diffractometer attachment. These were un
successful in that some oxidation of uranium to UO and U02 always occurred 
resulting in the formation UA1:2 and aluminum. The aluminum alloyed with 
the platinium and tantalum heating stages causing them to fail. 

Subsequent tests were made using small conglomerates of UA13 powder 
placed on alundum plates in a small tube furnace. The samples were sur
rounded by Zr-Ti getter and dry argon gas was passed slowly through the 
tube. Using x-ray powder camera techniques no changes could be detected 
in samples after 250 hr at 1000°C. 

1.7 Spectrographic Excitation Source (R. A. Woodriff)(~ 

1.7.1 New Hollow Cathode Tube. Studies of excitation sources useful 
in spectrographic analysis were started. Initially, a new demountable 
hollow cathode tube was designed and constructed in collaboration with 
H. C. Brinkley (Analytical Branch glassblower). It has windows at both 
ends, and the cathode itself is open at both ends. The cathodes can be 
changed by merely sliding them into the tube after removing one of the 
end windows. Electrical connections with the cathode are made by spring 
contacts. Inlet gas sweeps across the windows before entering the tube 
proper, thus preventing the windows from darkening. The tube is constructed 
of vycor glass, and the cathode is surrounded by a water jacket for cooling. 
It can be used as a sample excitation source for both emission and 
absorption or can be used as a variable light source for atomic absorption 
by changing the cathodes. 

(2:>) Summer ARMU employee. 
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1.8 Emission Spectrographic Analysis for Fluorine (R. A. Woodriff) 

A promising spectrographic method for the analysis of fluorine and 
other non-metals was briefly investigated using the hollow cathode tube 
(section 1.7.1) and a 3 meter Baird spectrograph. Samples of sodium 
fluoride were introduced into the cathode and the spectra recorded on 
type N photographic plates. It was found that the type N plates gave 
better intensities and furthermore, gave other more intense lines than 
had previously been reported. The chemical combination of the fluoride 
seriously affects the intensities and needs to be studied further. 

1.9 Microwave Excitation of Mercury for Spectrographic Analysis 
(R. A. Woodriff) 

Microwave excitation was used for the spectrographic detection of 
submicrogram quantities of mercury. The sample is introduced into a 
6-mm tube about 10-cm long. This tube is slipped into an 0-ring con
nection on a tee tube so that helium can be circulated through it. The 
tube is evacuated and filled with helium several times to pump of'i' any 
water or other gases. The microwave generator is turned on after the 
helium pressure is adjusted to 3 or 4 mm and both the entrance and exit 
slits closed. If the discharge does not start spontaneously, it is 
started with a Tesla coil. Exposures of 4 or 5 min using a 3 meter 
Baird Spectrograph gives a good mercury line at 2537A from 0.01 ~g of 
mercury. 

2. MASS SPECTROMETRY 

2.1 Fission Gas Retention of Test Reactor Fuels (L. L. Dickerson) 

In a joint effort by the Analytical Chemistry and Chemical Technology 
Branches, a study was undertaken to determine the relative !'lssloh gas 
retention ~ro~erties of irradiated uranium aluminide and uranium dioxide 
fuel plates. 

The irradiated fuel plates were heated to various temperatures 
approaching the melting point of the aluminum cladding material for 
various times. The volume of the gases evolved were determined by 
collecting them in a known volume and determining their pressure by means . 
of a McLeod gauge. The CEC mass spectrometer was used·to determine their 
composition. Forty-three samples were collected ±'rom the six fuel plates 
and analyzed. Components other than f1cr::1on products krypton and xenon· 
which were identified and determined were hydrogen, helium, water, 
nitrogen, oxygen, carbon monoxide, nitric oxide, argon, carbon dioxide, 
and miscellaneous hydrocarbons • . 
2.2 Improvement in Equipment 

2.2.1 Gas Mass Spectrometer Acquisition (A. H. Toepfer, L. L. Dickerson, 
G. W. Webb). A CEC 21-620 mass spectrometer has been acquired from surplus. 
Accompanying accessories include a strip chart recorder, peak selector, 
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micromanometer, liquid sample introduction system, and a heatable, con
tinuous-stream, sampling system. 

Because the equipment had been idle for several years, it was 
thoroughly inspected and serviced before startup was attempted. The 
recording system, which required servicing, was placed into operating 
condition with a signal simulator. Several vacuum leaks were located 
and corrected. The instrument now appears to be operable, and satis
factory spectra have been recorded. Its first applications will be to 
CDE, LOFT semiscale blowdown tests, and methods development for LOFT. 

2.2.2 Tandem Mass Spectrometer Vacuum Lock(A. H. Toepfer). The 
vacuum-lock drive mechanism on the TDD-l mass spectrometer was modified 
for improved operation. The main drive screw, of brass, was replaced 
with a carefully fitted bronze screw, fabricated by Special Maintenance. 
The drive motor was mounted on rubber to reduce the vibration trans
ferred to the vacuum system. The original micro switches, which stop 
the lock at the pumping stations during introduction, have failed 
frequently due to breakage of the small plastic actuators. These were 
replaced by heavier switches equipped with roller actuators for more 
dependable operation. 

2.2.3 Modification of Hydrogen Analysis Apparatus (L. L. Dickerson, 
G. D. Workman). The vacuum-extraction, hydrogen analysis apparatus was 
modified for remote operation. A square plastic handle with a "lock-on" 
mechanism was installed on the induction heater switch, and the glassware 
was modified to permit manipulator handling. The induction heater was 
located in the MTR hot cell, and the transfer pump, calibrated reservoir, 
and McLeod gauge were located outside the cell. 

Seven samples from a zircaloy in-pile tube and five zircaloy tensile 
specimens were analyzed for hydrogen. The activity of the samples was 
as high as 5R/hr through the glassware. 

2.2.4 Mass Spectrometer Filament Bakeout Apparatus (A. H. Toepfer). 
The filament vacuum bakeout chamber has been altered so the filaments 
can be baked out before they are installed in the hats which position the 
filaments in the mass spectrometer source. Previously, the filaments had 
been installed in the hats which were mounted on a support fixture in the 
bakeout chamber. During bakeout, material evaporated from the filaments, 
deposited on the hats, and was thus introduced into the source. The 
improvements with the new equipment are: (a) filaments can be handled 
more conveniently, (b) present limited supply of hats is adequate since 
they are no longer required for the bakeout operation, (c) hats placed 
in the source are clean, and (d) several types of filaments can be kept 
ready for use. 

Fixture and filament support bars were made up for the vacuum bakeout 
chamber. Each bar can hold nine filaments which have been formed and 
welded to the Kovar seals. Four bars can be placed in the chamber at one 
time. Four additional bars have been made up to permit either the making 
of new filaments in advance or for storage in a heated vacuum oven. 
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Fixtures have been made to support the bars rigidly while mounting 
newly made filaments and to support the filaments safe·ly in the vacuum 
oven while awaiting use. 

2.2.5 Mass Spectrometer Filament Forming Fixture (A. H. Toepfer). 
New jigs for forming mass spectrometer filaments have been designed and 
built. About 5000 fiLaments per year are used in the triple-filament 
TDD-l mass spectrometer. The jig supplied with the instrument was made 
of aluminum and brass and has worn out. The new jigs are made of stain
less steel in all forming parts. Provisions are made for adjusting 
alignment. The jaws are replaceable when necessary because of wear, 
damage, or when V-grooved filaments are required. The vises can be 
opened and closed without the use of tools. With these jigs, filaments 
are prepared more rapidly arid accurately, and the lifetime should be 
much greater than that of''the original jig. 



V. CHEIYITCAL ANALYSIS 

1. MANPOWER REQUIREMENTS FOR DIFFERENT ANALYSES 

Table V-1 shows some of the general methods and average time required 
for analysis. These methods are used in the Chemical Analysis Section, 
and t:i.me per analysis was obtained from total analyses and total hotirs 
accumulated from 1966 daily time records. The time per analysis applies 
only if three or more samples are analyzed for the same constituent at 
the same time. Time per single determination would be higher. 

TABLE V-1 

1966 ANALYTICAL METHODS AND TJME REQUIRED FOR ANALYSIS 

Method 

Acid, oxalate, pH titrimetric 

Acid, oxalate, pH titrimetric[a] 

Acid, phenOlphthalein, volumetric 

Activity, gross a, ~' y 

Aluminum, fluoride complexing, titrimetric 

Ammonia, titrimetric 

Bar:i;mn, radiochemical 

Biochemical oxygen demand 

Boron, mannitol, titrimetric 

Boron, flame photometric 

Cadmium, radiochemical 

Carbon 

Carbonate, titrimetric 

Cerium, radiochemical 

Cesium, radiochemical 

33 

Hrs/Det 

0.3 

0.3 

0.3 

0.5 

0.4 

1.1 

0.2 

0.6 

0.2 

2.2 

1.4 



TABLE V-1 (continued) 

Chloride, volumetric 

Chromium, diphenylcarbazide, colorimetric 

Chromium, titrimetric 

Chromium, redox, titrimetric 

Cobalt, colorimetric 

r.C>bA.lt, radiochemical 

Conductivity 

Fluoride, macro, cerium trifluoride, titrimetric 

Fluoride, micro, distillation, colorimetric 

Gamma, nullification 

Iodine, radiochemical 

I.L·uu, ~.:olul"imetric 

Iron, radiochemical 

Iron, volumetric 

Manganese, colorimetric 

Ma,nganese ·' radiochemical 

Mercury, dithizone, colorimetric 

Mercury, thiocyanate, titrimetric 

Moisture analysis 

MolybdenUlll, radiochemical 

Neptunium, radiochemical 

Nickel, coiorimetric 

Nickel, volumetric 

Nitrate, Devarda alloy reduction, distillation, titrimetric 

0.4 

0.6 

0~4 

0.6 

0.7 

0.9 

0.1 

1.0 

0.7 

0.9 

0.8 

0.3 

1.8 

0.7 

0.5 

1.0 

0.7 

0.4 

l.T 

3.5 

3.2 

0.6 

0.7 

0.4 



TABLE V-1 (continued) 

Nitrate, phenoldisulphonic, colorimetric 

Particle density 

Plutonium, radiochemical 

pH 

Rare earth, actinide and lanthanide, radiochemical 

Reducing normality 

Ruthenium, colorimetric 

·· Ruthenium, radiochemical 

Sample particle size 

Sample-particle size[a] 

Solids, density absolute 

Solids, density bulk 

Solids, density bulk[a] 

Solids, total 

Solids, undissolved 

Specific gravity, falling drop[a] 

Specific gravity, Westphal balance 

Strontium, radiochemical 

Thorium, radiochemical 

Tributylphosphate, acid saturation, titrimetric 

Uranium, extraction, fluorophotometric 

uranium, extraction, fluorophotometric [a] 

Uranium, extraction, spectrophotometri-c 

Uranium, mass, isotopic distribution[b] 

Uranium, mass, isotopic distribution [a,b] 

Uran 1 1.1Jl1, e;rav:tmet.ri c 

Uranium; radiochemical 

Viscosity 

Zirconium,cupferron, amperometric 
Zirconium, radiochemical 

Taj Method performed in Remote Analytical Facilities. 
[b] Separation of uranium by solvent extraction before mass assay. 

35 

0.6 
0.6 
3.2 

0.3 

5-9 

0.3 

0.8 
2.5 

0.3 

1.0 

0.3 

0.7 
0.7 

0.6 
0.7 
o.4 
0.2 

1.6 
7.4 
0.4 
0.4 
0.4 
0.5 
0.4 
0.5 
0.8 
2.6 
0.7 
0.8 
1.3 



2. ANALYTICAL SERVICES 

2.1 Chemical and Process Development Branch 

2.1.1 Identification of Millons Base (M. A. Wade, W. A. Ryder) 

A white powder, synthesized by 
ammonium nitrate, and assumed to be 
salt of Millons base, was submitted 
is represented by formula I and the 

I 

the reaction of mercuric oxide with 
either Millons base or the nitrate 
for identification. Millons base 
nitrate salt by formula II. 

/Hg" . 
U' l\JH NO ·H 0 "'/232 

Hg 
II 

Millons base is reported to be yellow, but x-ray analysis of the white 
powder gave a patter identical to the pattern listed for Millons base. 
The white powder was insoluble in water, nitric acid, and caustic. 
However, it reacted with sodium hydroxide to form a yellow compound. 
The -reaction consumed l nnnole of hydroxyl ion per gram of compound and 
was not reversed by subsequent treatment with nitric acid. 

Analysis of the white compound ohawed a mercury to ammonia ratio 
of two to one, a mercury to nitrate ratio of four to one, and an 
ammonia to nitrate raio of two to one. The data indicates that the 
white compound is either a mixtu;r(;;! o:f Millons l::>ase and its nitrate saJ. t 
or a polymeric species of the nitrate salt. 

2.2 Chemical Processing Plant Operations Branch 

2.2.1 Neptunium Retention by Silica (B. A. Staples, J. G. Scott) 

Samples from the neptunium recovery process contained solid silica 
particles, and it was necessary to determine the amount of neptunium 
absorbed by these particles. The silica was filtered from the lM HN03 
sample solution, then dissolved in a mixture of hydrofluoric and 
sUlftll'ic acids. 1I'he neptunium was determined by a spectrophotometric 
measurement of the 1.23-1-L neptunium(VI) peak. The original sample 
contained 1.3 mg of solids per milliliter of sample solution, and the 
neptunium concentration in the solids was 5.4% by weight. 

2.3 Nuclear Technology Branch 

2.3.1 Analysis of Powder Compacts (I. L. Doggett) 
Powder compacts, received from the Reactor Physics Section, were 

analyzed for ruthenium, palladium, and osmium. These compacts were 
aluminum alloys containing from 0.5 to 6.o% palladium, ruthenium, or osmium. 



.The aluminum-palladium compacts ~ere dissolved in aqua regia and 
analyzed for palladium by x-ray fluorescence. 

The aluminum-ruthenium samples ~ere treated ~ith concentrated 
hydrochloric acid to remove the aluminum. The resulting ruthenium 
residue ~as filtered, then fused ~ith sodium hydroxide and potassium 
nitrate. The fused melt ~as. dissolved ~ith sodium hypochlorite and 
~ater, and the solution ~as analyzed calorimetrically for ruthenium." 

The aluminum-osmium samples also ~ere treated ~ith concentrated 
hydrochloric acid to dissolve the aluminum. The residue, ~hich contained 
the osmium, ~as dissolved ~ith a mixture of concentrated sulfuric-nitric 
acids. The osmium ~as distilled into 10M NaO:ij ~nd the distillate ~as 
analyzed using a thiourea colorimetric method(~lJ. The values obtained 
for the osmium concentration ~ere significantly lo~er than the estimated 
concentration. To verify the results, a second set of samples was 
analyzed. ··The aluminum ~as -removed; and the osmium residues ~ere fused 
~ith a mixture of sodium hydroxide and potassium nitrate. The meits 
~ere dissolved in ~ater, and these solutions ~ere analyzed using the 
thiourea method. The results checked ~ith those from the distillation· 
procedure and confirmed the difference bet~een estimated and analyzed 
osrui Wil concentrations. 

Standards ~ere made by using pure metals of.both osmium and 
aluminum. Osmium recovery ~as complete by both methods. 

'2.4. Phillips Petroleum Company Engineering and Test Branch 

2.4.1 Dissolution of Snap-2 Fuels (I. L. Doggett, B. A. Staples, 
,J. G. Scott) 

Fuel from the Snap-2 reactor contains 10% uranium and 90% zirconium. 
Fuel samples from the reactor ~ere dissolved by heating ~ith concentrated 
hydrofluoric acid 1mtil the reaction ceased. The uranium tetrafluoride 
and fluorozirconates formed during dissolution ~ere put into solution by 
adding 300 ml of concentrated nitric acid containing 1 g of chromium 
trioxide and 3 g of boric acid. The chromium trioxide oxidizes the 
uranium(IV) to the (VI) valence state, and the boric acid dissolves 
the fluorozirconates. After heating for 15 min, an equai volume of ~ater 
~as added and the sample again heated until a clear solution ~as obtained. 

2.5 Westinghouse 

2.5.1 Analysis of Inconel (D. R. Trammell, W. A. Mickelson, M. A. Wade) 

An Inconel sample ~as analyzed for aluminum, chromium, iron, nickel, 
phosphorus, sulfur, and titanium. Existing laboratory procedures ~ere 
used for all analyses except aluminum and titanium. 

(21) G. H. Ayers, W. N. Wells, Anal. Chem., 22 (1950) 1' :.Jl7. 
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Aluminum and titanium were separated from the other metallic constit
uents by mercury cathode reduction. The dissolved sample was treated with 
peroxide to reduce chromium, then fumed with sulfuric acid to remove nitrate. 
The· sample was adjusted to approximately o.4M sulfate, then electrolyzed 
in a mercury cathode cell for 30 min using a-9-V dry cell power source. 
Aliquots of the electrolyzed solution were analyzed for aluminum and 
titanium. 

Aluminum was determined calorimetrically as the 8-hydroxyquinolate 
at 395 m~ after first extracting the complex into chloroform from an 
ammonium chloride-ammonium hydroxide (pH 10) buffered solution containing 
both cyaniae and triethylenetetramine as complexing agents. Titanium 
at twice the level found in the sample did not interfere in the aluminum 
procedure. Titanium was determined calorimetrically with Tiron (disodium 
1,2-dihydroxy-benzene-3,5-disulfonate) at 380 m~ in a sodium acetate 
acetic acid bui'f'ered medium (pH :3.8) containing thioglycolic acid as a 
complexing agent. One hour is required for color aeve1opment, and the 
color is stable for several hours. 

2.5.2 Analysis of Brass Fitting (D. R. Tra.nnnell) 

A brass fitting was analyzed for copper, iron, lead, nickel, 
phosphorous, tin, and zinc. These analyses were requested to identify 
the brass. 

During the dissolutio~ of the sample in nitric acid, tin hydrolyzed 
and· precipitated as metastannic acid. The precipitate was filtered and 
tin was determined gravimetrically after ignition to the oxide. Copper 
and lead in the filtrate were determined by electrolysis after adjusting 
the solution to about 0 .2M in sulfate and 1M in acid with sulfuric and 
nitric acids. The electrolysis took approximately 6 hr at 0.9 A •. 
Co~~er was weighed as the metal on the cathode, and lead was weighed as 
lead dioxide on the anode. An aliquot of the electrolyzed solution was 
adjusted to O.OlM in acid and the zinc was precipitated as the sulfide. 
Following dissolution of the sulfide, zinc was determined volumetrically 
with EDTA. Nickel, iron; and. phosphorous were determined on the electro
lyzed solution by standard laboratory color~tric procedures. 

2.6 Development For Chemical Analysis 

2.6.1 Stability Evaluation of Stored Input Measurement S les 
From Dissolved Irradiated U-235 Fuel Elements D. R. 

M. A. Wade~ G. A. Huff) 

A program to evaluate the stability of stored input measurement 
samples resulting from the processing of enriched uranium fuels was 
initiated. Dissolved samples from the Materials Testing Reactor, the 
Engineering Test Reactor, the Vallecitos Boiling Water'Reactor, the 
Pressurized Water Reactor, the General Electric Test Reactor, and 
Swedish and National Aeronautics Space Authority fuels were sealed in 
glass vials at the time of processing and are being USed for this study. 



These samples were analyzed for uranium, acid, and specific gravity. 
The zirconium type fuels also were analyzed for aluminum and zirconium. 
Following the analytical work, aliquots of the samples were sealed in 
glass vials by either of two methods. The neck of the vials were heated 
with an oxygen-propane flame, and the heated area was sealed by either 
pinching with metal forceps or by pulling the neck out to a fine tip, 
then flame sealing the tip. The samples contain.ed fission products and 
read up to 30 R/hr at 3 in. The sealing was done as rapidly as possible 
to cut down the expos·ure to. ·personnel. 

These samples are being analyzed for the same constitutents determined 
initia~ly as well as gas and solids content. Approximately 20% of the 
seals were poor, probably due to the haste with which the samples were 
sealed. These were discarded. Many of the other samples contained small 
amounts of residue. X-r.ay diffraction and emission spectrographic analyses 
identified the residues as being characteristic of the fuel processed. 
In no case was any detectable uranium found in the residue. 

Analyses of the gas from a representative number of samples revealed 
that combustion products from the sealing flame were trapped in the vials 
at·the time of sealing. The carbon dioxide content, however, was greater 
than could be attributed to the sealing process. The source of the excess 
carbon dioxide is unknown. Nitrogen and oxygen also were introduced prior 
to sampling because the tanks were sparged·with either nitrogen or an air
oxygen mixture before the samples were t~ken. These unexpected variables 
make an analysis of the gas for radiolysis products impractical. 

At the completion of the study, the data will be analyzed statistically 
to determine i~ any significant changes in sample composition took place 
during storage. 

3 . IMPROVEMENTS IN METHODS AND EQUIPMENT 

3,1 Determination of Solids (F. A. Duce, M. A. Wade) 

A procedure for the determination of total solids and undissolved 
solids (Calciner Solids-1) was added to the Analytical Methods Manual. 
Total solids are determined gravimetrically by evaporating a known 
volume of solution to dryness in a tared beaker. Undissolved solids 
are determined gravimetrically by filtering a known volume of solution 
through a tared filter. If the undissolved·solids are determined at 
elevated temperatures, the filter is transferred to a tared quartz beaker 
and heated. Details of the method are presented in Appendix B. 

3. ~ CesiUm. Separation by Ion Exchange (J. R .. Fischer, .J. G. Scott) 

A rapid ion exchange method is being studied for the separation of 
.radiocesium. The exchanger is an insoluble potassium salt, dipotassium 
cobalt (II )hexacyanoferrate (II) , K2 Co Fe ( CN) 6 ( 22) . The exchanger, 

(22) W. E. Prout et al, J. Inorganic Chemistryp grp (196~) ~~ 47~-479. 
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abbreviated KCFC, exchanges potassium for cesium, and also exchanges 
potassium for rubidium by the same means but less completely. 

Previous work with KCFC has been in the fbrm of columns. Though 
effective, the column technique(23) is time consuming to prepare columns 
and for the separation. Cond:}ti<(ns are being studied to adapt KCFC to a 
rapid separation using a disc~24J which then is gamma-counted directly 
above a sodium iodide thallium [Nai(Tl)] crystal. 

A sample, pipetted into a 50-ml plastic vial, is adjusted with hydro
fluoric and hydrochloric acids to O.lM 1IF-4.0M HCl. Three hundred 
milligrams of 50-100 mesh KCFC is added, and the tube is capped and 
vigorously agitated with a vortex mixer for 10 min. The KCFC then is 
filtered on an acid resistant Metricel filter in a modified Millipore 
filtering apparatus, and the resulting disc is counted with a multichannel 
gamma. anal.y:aer. 

Experim~ntal data indicates cesium recovery by this technique is 
between 98 arid lOa%. Rubidium recovery is approximately 95%. Other acid 
and caustic media were investigated, but the hydrofluoric-hydrochloric 
mixture gave better decontamination from niobium, ruthenium, and zirconium. 

;Large amounts of sodium or potassium do not interfere. Interfering 
nuclides are those of cobalt, technetium, and zinc. 

Sample analysis time can be reduced from 2 hr for the present 
perchlorate method(25) to about 20 min. 

3.3 Modification of Barricades and Calibration of Detector Systems for 
High Activ~ty Level Samples (A. C. Hill, C. M. Wilcox, J. G. Scott) 

Two lead barricades in the Analytical Branch counting room were 
modii'ied by cutting a :::1-in. d i am h6.Le l.h the lids covering the 
detectors. Each hole was cut so it would align directly with the 3- by 3-in. 
Nai (Tl) detector inside the barricade and the sample holder which moves 
along a track to a height of 230 em above the detector. Each hole is lined 
with cadmium and copper to reduce backscatter effects of gamma rays and 
x-rays. This modification eliminates the backscatter peaks from the walls 
of the barricade and also reduces the background by a factor greater than 
10 from that obtained with open barricades. The barricades are still 
suitable for counting low level samples shielded within the barricade 
by inserting a 3-in. removable lead plug in the hole·. 

The detector systems in the modified barricades are calibrated for 
gamma scanning of samples at distances up to 230 em from the detectors. 
Standard sources of Ce-144, I-131, Cs-137, and Sc-46 were used to obtain 
the calibration factors. Gamma-ray photop~ak areas from various distances 

(23) A. L. Boni, Anal. Chem., 28 No. 1 (January 1966) pp 89-92 

(24) W. J. Maeck, Idaho Nuclear Corporation, Private Communication (Sept 1966). 

(25) D. G. Olson, ID0-14613, Manual of Radiochemical Methods (January 1964). 
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can be corrected to a standard 10-cm distance. Samples with activity 
levels of 2- to 6-R/hr, depending on the energy of the major isotopes, 
can be counted. There is no appreciable change in spectrum shapes from 
samples counted at the 10-cm distance. 

3.4 New Fraction Separator (B. A. Staples, J. P. Morgan, S. F. Marsh) 

A fraction separator for chromatographic actinide and lanthanide 
separations has been assembled for use by the Special Analysis Group. 

The effluent from a chromatographic column is separated into collecting 
tubes by an automatic fraction collector. Gamma activity in the effluent 
is detected by a flow-through scintillation detector coupled with a 
logarithmic count rate meter. A strip chart recorder connected to the 
rate meter gives a continuous recording.of activity detected from the 
column. Thus, chemical species separated and eluted from a'chromatographic 
column can be collected in separated fractions. From a knowledge of the 
elution order of the elements and the strip chart activity record, chemical 
species in each collected fraction can be determined. 
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VI . STANDARDS AND QUALITY CONTROL 

1. QUALIFICATION OF UMPIRE LABORATORIES 
(S. S. Yamamura, D. M. Lund, J. E. Rein) 

The Umpire Qualification Program was.started in April 1965 at the 
request of the Division of Nuclear Materials ·Management of .. the AEC. 
During 1966, this Program was continued through June under Phillips 
Petroleum Company, then thereafter under Idaho Nuclear.Corporatiop. 
This repor.t descri oes the status of the Program as of December 31, 1966. 

1.1 Participation of AEC. U. S. Commercial, and Foreign Laboratories 

Eight AEC and AEC-contractor laboratorie::;, nlne corume1'cial U. 8. 
l.aboratories' arid six. foreign laboratories' are participating in various 
segments .of_ the Program. This information is sununa:dzed in Table VI-1. 

1.2 Preparation of Standards 

Laboratories that wish to qualify as an umpire laboratory for the . 
. ·analysis of a given material .wi·l1 be t"ested on their technical ability 
to analyze a standard of that material. Eight types of standard 
materials will be used for the tests ... Table VI-2 summarizes the pre
paratory work that must be done, the AEC and AEC-contractor laboratories 
that are helping the preparatory work, and the present status of the 
project. 

1.3 Distribution of Standards to U. S. Commercial and Foreign Labora
tories 

As shown in 'l'a"ble VI-1, a total of 15 0. 8. commercial ancl foreign 
labQratories have expressed definite interest in the uranium segment of 
tpe Program. Appropriate standards of the uranium nitrate and uranium 
hexafluoride materials have beeh sent to them. Some of these laboratories, 
primarily those participating only in the isotopic determination of 
uranium, have completed the analysis. 'rhe statistical evaluation of thE'! 
results is scheduled for early 1967. 

1.4 Future Plans 

With reference to the foregoing, the following activities are planned 
for the next one-year period: (a) preparation and di"stribution of uranium 
oxide standards, (b) distribution of the three plutonium standards, (c) 
preparation and distribution o:t: the U-233-enriched uranyl nitrate standa.rd, 
and (d) assignment of the preparation of the uranium metal standard. 
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TABLE VI-1 

AEC, U. S. CmlMERCIAL, AND FDREIGN LABORA'IDRY PARTICIPATION[a) 

U-233 
UFie UN uo UN PuN PuC• Pu 

Laboratory[b) 
Std Std Std Std Std Std Std 
Prep Anal P::'ep Anal Prep Anal ?rep Anal Prep Anal Prep J!.nal Prep Anal 

AEC 

ORGDP (K-25) X X X X X 

NBL X X X X X X X 

GAT X x. X X 

PAD[ c) ·x X 

INC (CPP) X X X X X X 
.j::' 

RF X X X X X \.>1 

Isochem X X X X 

LASL X X X 

u.s. Ccmmercial 

Avec X X X X X X X 

Eberlin; X X X 

GE-Val X X X X X X X 

Isotope3, Inc, X X X X 

Nat'l Lead X X 

NFS X X X 

Numec X X X X X 



Labc·ratory[b J 

Tracerlab 

Westinghouse 

Foreign 

CBNN 

CEA 

CEN-BN 

MH-IN 

NUKEM 

ALKEM 

UFe 
Std Std 
Prep Ana!. Prep Anal 

X 

X 

X X 

X 

X X 

X X 

X X 

X 

TABLE V:-1 (continued) 

U-233 
uo UN 

S~d Std 
Pr-ep Ar.al Prep Anal 

.... - X 

1: X 

I: 

"'" .... ' 

X 

.... 

.e. 

.... ... 

PuN 

Std 
Prep Anal 

X 

X 

X 

X 

PuO 
Std 
Prep Anal 

X 

X 

X 

X 

Pu 
Std 
Prep Anal 

X 

X 

X 

X 

[a] Uranium metal is being aC.ded tc the Program. Its preparation .md standardization has not been 
assigned, and the ::'.ntereE.t of t:. S. com:ner·:::i.a;:_ and foreign la'b:>ratories ha·re not been established. 

[b] Laboratories: ORGDP = OE..k. Ridge Gaseous D:li'flllsion Plant 
NBL = New Brur.swick Laborato:-y 
GAT = •:k·odyear Atomic ·Jorp:>ration 
PP..D = PE..ducah Gasem;.s Diffus.:.on Plant 
INC = IC.aho NLclear Corporat::.on at 

( CPP I O::hemicaJ. Processing Plant 
RF = Dc·w Chemical Company., !Rocky Flats 
LAS~ = Los Alamos Scientific ~aboratory 
GE.J.hl = General Electric Con:.pa<y at 

Vallecitos, CE.l.i:f. 
NFS = Nuclear Fuels Service 
CBNJil = :Bureau Central de MEstt::"es, Nucleaires 

( Geel, :Selgitnn) 

C3A Comm.isariat a L'Energie Atomique 
( Gre:wble, Fr. ) 

•::3N -BN Cent:oal de Nucleaires -Belgonucleaire 
(Mol, Belgium · 

)1:1:-IN · = t<letallurgie Hoboken (Associated witllt) 
L 'Ind.ustrie Nucleaire (Hoboken, 
Antwerp, Belgium) 

~JKEM = NliY~~, Nuklear-Chemie und-Metallurgie 
(Re-.nau (Main), West Germany) 

_tCJ(EM = .AlkeJJ, .Alpha-Chemie und-Metallurgie 
(lfest Germany) 

[c] PAD is bei::J.g consilered ::'or the prepara.tiort e-lf the uranium metaJ.. stand9.I'd..... PAD, ORGDP, GAT, and 
CPP for th= standardization. 



TABLE VI-2 

STATUS OF URANIUM AND PLUTONIUM STANDARDS PREPARATION 

Description of Work 

Uranyl Nitrate 
Preparation 
Standardization 

Uranium Hexafluoride 
· Preparation 
Standardization 

Uranium Oxide (U30s) 
Preparation 

Standardization 

Laboratory 
Assigned 

CPP 
CPP 

GAT 

K-25 
NBL 

PAD 

K-25 
GAT 

K-25 
NBL 

PAD 

CPP 

CPP 
GAT 

K-25 
NBL 

Uranyl Nit:rate (U-233 en:r.j.e}led) 
Preparation CPP 

Standardization 

Uranium Metal[a]· 

CPP 
GAT 

K-25 
NBL 

Unassigned 

Remarks 

Completed. 
Incomplete; estimated 
completion date, 2-1-67· 
Incomplete; estimated 
completion date,2-l-67. 
Completed. 
Incomplete; estimated 
completion date, 2-l-67. 
Completed. 

Completed. 
Incomplete; estimated 
completion date, 2-1-67. 
Completed. 
Incomplete; estimated 
completion date, 2-l-67: 
Incomplete; estimated 
completion date, 2-1-67. 

The preparation -will be 
started in February 1967. 
Estimated completion date, 
G"'l-G7. 

To be undertakeni~ first 
quarter of FY 1968. 

To be undertaken in FY 1968. 



Description of Work 

Plutonium Nitrate 
;!?reparation 
' 

Stand.:u•di:w.t.iun 

Plutonium Oxide 
P~eparation 

Standardization 

Plutonium Metal 
Preparation . 

Standardization 

TABLE VI-2 (continued) 

Laboratory 
Assigned 

RF 

I::iuehtilll 
LASL-

NBL 
RF 

Isochem 
LASL 

NBL 
RF 

Iooohom 

Isochem 
LASL 

NBL 
RF' 

Remarks 

Incompletej the instability 
of the nitrate solution is 
preventing the use of 
sealed-glass-ampoule con
tainment.. RF is considering 
the use of thick-~alled 
ampoules and conducting 
studies to improve stability. 
Nu'L Bt~!·l:ed. 

Incomplete_; estimated 
:completion date, 4-l-67. 
Not started. 

Incomplete_; eotimo.ted · 
completion date, 6-l-67. 

[a] PAD is being considerf:d for the preparation of the uranium metal 
standard, PAD, K-25, GAT, and CPP for the standardization. 
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2. QUALITY CONTROL 
(G. J. Curtis, F. A. Duce, J. E. Rein) 

The comprehensive quality control program relating to both routine 
and special methods was continued. The main features of' this program 
are: (a) the preparation of' all reagents and standards f'or the methods, 
(b) the submission of' standard samples (of' unknown content to the 
analysts) and statistical treatment of' the results to compute bias 
corrections and error limits, (c) the submission of' standard samples 
and statistical treatment of' the results to establish whether new 
analysts are qualified to use the various methods, (d) the maintenance 
of' ''bench11 standards and control charts, and (e) the continuous sur
veillance of' all control data to e:nfnu·e that methods remain reliable. 
11Bench11 standards of' known values are processed prior to samples to 
prevent the use of' faulty apparatus or reagents. 

2.1 Bias and Precision Data 

Tables of' current bias and of' precision f'or routine methods, based 
on computer-calculated regression equations computed from standard sample 
results, are provided at 3-month intervals by Operations Analysis personnel. 
These tables provide a rapid means to correct results f'or bias and to. 
associate a precision uncertainty over the entire range of' the methods. 
They are applied by laboratory personnel to all analysis results. 
Additional information available from these tables is a comparison of' 
the current bias and precision to similar data from the previous period 
and the range of' the method f'or best precision. The latter guides the 
analyst to select aliquot sizes to obtain minimum errors. 

Table VI~3 is a summary of' the current precision f'or routine methods. 

2.2 T1·aining and Testing ProgTam 

New analysts in the Chemical Analysis Section are tested f'or their 
ability on each method b~ ~alyzing a series of nine standard samples. 
A rapid statistical test~6J both for accuracy and precision establishes 
qualification. If they fail, they are retrained and retested. 

2.3 Standards and Reagents 

The numbers of' standard solutions, reagents, and quality control 
samples prepared this year are summarized in Table II-2. 

2.3.1 Storage of Standard Solutions 

Standard solutions are now stored in flame-sealed glass 
ampoules. This prevents concentration changes due to evaporation 
and hence provides stability over long time periods. 

R. c. Shank. and Staff, Annual Report of Division Analytical Branch 
for 1965, I00-14679, Section VI-2.2:2--(J"une 1y66). 
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TABLE VI-3 

PRECISION OF ROUTINE ANALYTICAL METHODS 
' ' 

Methods 

Acid, visual indicator 
titrimetric 

Acid, oxalate, pH 
titrimetric 

Acid, oxalate, pH 
titrimetri9, remote 

Alwuluwa, fluurlue 
complexing, titrimctric 

Beta activity, gross 

Boron, mannitol com
plexing, titritnetric, 
high level · 

Boron, mannitol com
plexing, titrimetric, 
lo-w level· 

· C.s-137 

Chromium, redox 
titrimetric 

Chromium, diphe~yl

carbazide colorimetric 

Fluoride,- pyrolysis, 
Ce(III) titrimetric 

Iron, column extraction, 
EDTA titrimetric 

Iron, orthophenan
throline colorimetric 

Iron, column extraction, 
orthophenanthroline 
colorimetric 

Mercury, titrimetric, 
Hg(II) -with KSCN 

Range and Units[a] 

0.5 to 4.5 meq 

0.5 meq base to 
1.2 meq acid 

0. 5 meq base to 
1.2 meq acid 

' to 11 mg 

45 to 355 d/m 

0.1 to 1.5 mg 

5:x:1o4 to <).<)xlo'5 d/m 

· l. 6 to 15 • 6 mg 

0.001 to o.o~ mg 

6 to 4o mg 

2 to 25 mg 

2 to 98 1-lg 

4 to 100 J..Lg 

96 to 300 mg 

48 

Precision[b] 

0.01 to 0.09 meq 

0.01 meq, constant 

0.02 to 0.03 meq 

0.16 to U . .LSJ mg 

7 to 44 d/m 

0.01 to 0.20 mg 

0.03 mg, constant 

1.2xlo4 to l.3xlo5 d/m 

0.07 to 0.25 mg 

o.ooo~ t.0 n.n0~n me; 

1.3 to 2.4 mg 

b.i2.to 0.59 mg 

l. 0 t.o 4 • 4 J..Lg 

1.4 to 3.9 ~g 

2.4 to 4.5 mg 



•. 

Methods 

Mercury, dithizone 
colorimetric 

Nickel, dimethyl
glyoxime colorimetric 

Nickel, dimethyl
glyoxime precipitation, 
EDTA titrimetric 

Nitrate, Devarda 
reduction, distillation, 
titrimetric 

Phosphate,.extraction, 
colorimetric 

Reducing normality, 
dichromate titrimetric 

Specific gravity 
Westphal 

Specific gravity 
falling drop, remote 

Tin, pyrocatechol 
violet colorimetric 

Tributylphosphate, 
bromthymol blue 
titrimetric 

Uranium, extraction, 
tetrapropylammonium 
uranyl trinitrate 
spectrophotometric 

Uranium, extraction, 
tetrapropylammonit~ 
uranyl trinitrate 
spectrophotometr1.c 

Uranium, mass isotopic 
distribution, hand · 
pi petted 

TABLE VI-3 (continued) 

Range and Units[~J 

50 to 300 J..Lg 

0.01 to 0.1 mg 

2 to 28 mg 

0.2 to 4.5 mmole 

1 to 100 1-1g 

0.1 to 0.9 meq Fe(II) 

0. 79 to 1. 59 specific 
graVl.ty units 

·1.05 to 1.32 specific 
gravity units 

15 to 150 J..Lg 

1.5 to 12% TBP 

1 to 30 mg 

0.5 to 35 mg 

1. 008% U-234 
93.129% U-235 
0.180% U-236 
5.683% U-238 

Precision[b] 

12 to 21 J..Lis 

0.001 to 0.003 mg 

0.3 to 1.1 mg 

0.03 to 0.15 mm.ole 

1.4 to 4 ~6 ug 

0.01 meq, constant 

0.001 to 0.003 specific 
gravity units 

0.001 to 0.005 specific 
gravity units 

0.1 to 0.2% TBP 

0.17 to 0.91 mg 

0.12 to 0.53 mg 

0.007% 
0.053% 
o.oo8% 
0.002% 



MeLhuU.::; 

Uranium, isotopic
dilUtion mass
spectrometric, hand 
pi petted 

Uranium, mass isotopic 
distribution, remote 
pi petted 

Uranium~ isotopic
d1lut.1on mF.i s s- spP.r:+..:r'o
metric, remote pipetted 

Uranium, mass isotopic
dist~ibution, high 
precision 

UraniUffi, isotopic
dilution; mass-spectro
metric, high precision 

Uranium, extraction; 
dibenzoylmethane 
colorimetric 

Uranium, ignition to 
U3 0e, i:;_bie~..: LJ.·ugJ.'a.J:!hlL: 
impurity correction 

Uranitim, extraction, 
pellet ~ltibrophotometric 

zirconium; cupferrbn 
amperometric 

TABLE VI-3 (continued) 

1.00 mg 

l.blO%. U-234 
93.120% U-235 

0.182% U-236 
5.690% U-238 

1.00 mp; 

1.0157% U-'234 
93.1457% U-235 
0 .],814% U-236 
5.6565%' U-238 

1.00 mg 

0.005 to 0.075 mg 

220.0 to 230.0 mg 

5xlo-5 to 0.1 mg/ml 

o.ol to o.1 mmoi~ 

0.008 mg 

0.007% 
0.062% 
0.008% 
0.041% 

0.014 mp; 

0.0096% 
0.0445% 
o.o019% 
o.o24:J% 

0.0039 mg 

0.001 to 0.003 mg 

0.17 mg 

l.5xlo-5 to 3xlo-2 mg/ml 

o.bbl to 6.062 miDdle 

[a] Amount in ali~uot o~ control taken ~or analysis. 

[b] In terms o~ standard deviation ~or a singie determination over range 
o~ method. 
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2.3.2 Comparison of Uranium Materi&ls for the Standardization of 
U-233 

_Three uranium materi~ls were used to standardize a U-233 
solution to be used as the added isotope for the isotope-dilution, 
mass-spectrometric method for the determination of uranium. The 
materials were natural uranium U3 08 (NBS sample 950a), fUlly enriched 
uranium metal (obtained from the Oak Ridge National Laboratory), 
and natural uranium metal (obtained from the Argonne .National 
Laboratory). · 

Solutions at the 2 mg/ml level were prepared for each Uranium 
material by dissolution of a weighed sample in nitric acid and 
dilution to volume in NBS-calibrated volumetric flasks. Six 
mixtures of each solution with a U-233 solution were prepared using 
the same dry~filmed pipet for all deliveries. These 18 mixtures 
then were analyzed for the U-233 concentration on a surface ioniza
ti.on mass spectrometer. The U -233 concentration was computed on 
the basis of the made-up concentrations of the three uranium 
material solutions. 

The results are summarized in Table VI-4. 

TABLE VI-:-4 

.STANDARDIZATION OF U -233 SOLUTION 

Standardizing 
Solution 

0~ U-235 Metal 

ANL Natural U Metal 

Results, 
mg U-233/ml 

0.9916 
0.9971 
0.9932 
0.9929 
0.9947 
0.9907 

0.994o' 
0.9926 
0.9956 
0.9922 
0.9938 

0.9952 
0.9947 
0.9930 
0.9951 
0.9932 
0.9931 . 
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Average Result 
Standard 
Deviation 

0.0025 

o.oo12 

0.0008 



The averages, based on statistical "t" tests, are not 
si~nificantly different indica,ting that all tbrefl 1Jrani11m mat.Pri ~J.s 
are stoichiometric and of the purity claimed for them. 

The weighted average value for the U-233 concentration is 
0.9938 with a standard deviation of 0.0005. The four uranium 
solutions have been flame sealed in glass ampoules for long-term 
storage. 
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PUBLICATIONS AND PAPERS FOR 1966 

l. U. S. ATOMIC ENERGY COMMISSION REPORTS 

ID0-14678 

I00-14679 

I00-14681 

IN-1064 

2. JOURNAL ARTICLES 

W. J. Maeck 
F. L. Lisman 
J. E. Rein 

R. C. Shank 
and Staff 

W. J. Maeck 
J. E. Rein 

F. L. Lisman 
W. J. Maeck 
R. E. Foster 
J. E. Rein 

Burnup Determination of Nuclear 
Fuels Project Report for the 
Quarter January l - March 31, 1966. 

Annual Report of Division Analytical 
Branch·for 1965. 

Burnup Determination of Nuclear 
Fuels Project Report for the 
Quarter April l - June 30, 1966. 

Burnup Determination of Nuclear 
Fuels Project Report for the 
Quarter July l - September 30, 1966. 

D. T. Pence, G. L. Booman, "Kinetic Current Measurements·with Controlled 
Potential," Anal. Chem. 38 (August 1966) pp 1112-1119. 

G. L. Booman, "A Digital Data Collection, Waveform Generation, and 
Timing Instruction for Electrochemical Measurements," Anal. Chem. 38 
(August 1966) pp 1141-1148. 

3. PAPERS 

G. L. Booman, K. D. Smith, "Kinetic Current Measurements at Short Times 
Using Controlled Potential Polarography," l50th National American Chemical 
Society Meeting, Phoenix, January 1966. 

R. E. Foster, Jr., "Separation and Determination of Krypton and Xenon in 
Irradiated Nuclear Fuel Samples," 17th Pittsburgh Conference on Analytical 
Chemistry and Applied Spectroscopy, Pittsburgh, February 1966. 

F. L. Lisman, W. J. Maeck, J. E. Rein, "Accurate Measurement of the 
Cap·'~:.•·re to Fission Ratio for U-235 and U-233," l5lst National American 
Chemical Society Meeting, Pittsburgh, March 19 

F. W. Dykes, "A High Level Cave Designed to H.eplace Shielded Boxes," 
lOth Conference on ~nalytical Chemistry in Nuclear Technology, Gatlinburg, 
Oeptember 1966. 

G. A. Huff, "Improvements in Remote Analytical Chemistry Apparatus Used 
at the National Reactor Testing Station," lOth Conference on Analytical 
Chemistry in Nuclear Technology, Gatlinburg, September 1966. 

55 



B. C. Laney, L. L. Dickerson, "Remote Fission-Gas Sampling," lOth 
Conference on Analytical Chemistry in Nuclear Technology, Gatlinburg, 
::;epternber l9bb. 
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ID0-14316 · 
Supplement A to 
ECF-1:1, Mod-1 

DETERMINATION OF PRINCIPAL COMPONENTS OF ECF DESCALING 
SOLUTIONS: ANALYSIS OF CITRATE-VERSENOL 

SOLUTION FOR BOTH COMPONENTS 

I • Introduction· 

Section G-1 (ECF-1, Mod-1, p 37) describes the seven solutions that 
ECF-Westinghouse has been investigating for descaling STR fuel elements. 

I . 
They have now added an eighth deccalent, .o. 1: l ammonium dihydrogen ci-
trate-Versenol [(N-hydroxyethyl)ethylenediaiDine triacetic acid] mixture 
which will be submitted for verification of makeup. 

Although ammonium dihydrogen citrate and Versenol are chemically 
similar to. diammonium citrate and EDTA, respectively, the citrate and 
EDTA methods described in sections G:4, and G:5 (ECF-1, Mod-1, pp 41-46) 
are not applicable for citrate-Versenol mixtures. Each component inter
feres in the determination of the other. 

This supplement describes two new methods for the determination of 
citrate and Versenol (also EDTA) in mixtures of the two. Citrate is con
verted to citric acid and separated from Versenol by passing the sample 
through a cation exchange column in the hydrogen form. Versenol is re
tained by the resin. The citric acid in the column effluent is titrated 
with standard. base to a phenolphthalein end point. Versenol is deter
mined on a separate sample aliquot by titration with copper to a photo
metric end point. Under the conditions, pH 5.0, acetic acid-acetate 
buffering, citrate doec not interfere. 

II. Determination of Ammonium Dihydrogen Citrate 

II:A. Discussion 

The determination of ammonium dihydrogen citrate is based on 
the reactions: 

NH4H2Cit + R-H (Cation resin column)~R-NH4 + H3 Cit 

H3 Ci t + 3HaOH __., Na3 Ci t + 3:H20 

Versenol is retained by the cation exchange resin as a dipositive 
Versenol·2H+ cation. 

The ammonium dihydrogen citrate is prepared at Westinghouse
ECF by combining citric acid and diammonium hydrogen citrate in a 
1:1 molar ratio. If necessary, the stoichiometry of the ammonium 
dihydrogen citrate can be confirmed by a total citrate determina
tion (per this procedure) and a labile-ammonia determination (dis
tillation of ammonia from basic medium and titration with standard 
acid). 
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ID0-14)16 
Supplement A to 
ECF-1:2, Mod-1 · 

Expected interferences are acidic substances, salts that are 
converted to acidic substances by the cation resin, and metal ions 
that are complexed by Versenol. Acidic substances such as mineral 
acids and acetic acid are not retained by the resin and produce 
high results. Nitrilotriacetic acid, a common minor contaminant 
of Versenol and EDTA, bleeds through the column and likewise pro
duces high results. Metal ions, by complexation, promote the 
downward displacement and elution of Versenol, a tribasic acid. 

II:B. Apparatus and Reagents 

l. Ap:pQ.rEJ.tlJs 

a. Ion exchange column, J2-mm o.d. x 6-in. column with a 
l-nm1 Teflo~-plugged. stopcock (with a l-in. stem) and a 
38-mm o.d. x 3-in. reservoir. Use a e;lass wool plug to 
support the resin. This column is identical to that de
scribed and used in Method Fe-4 of the Analytical Manual. 

b. Pipet, volumetric, assorted sizes. 

c. Buret, 10-ml, with 0.05-ml or smaller graduations. 

d. Beakers, assorted sizes. 

e. Graduated cylinder, 10-ml. 

f. Ma~etic stirrer and stirring bars. 

g. Ringstand with Fisher burette holder. 

2. Reagents 

a. Citrate-Versenol bench standard. Dissolve 7.539±0.001 g 
of diammonium oitrata and 9.267±0.001 ~ of Versenol in 
water and dilute to 1 liter. This solution is 0.0333M 
in citrate (6.973 g/liter as ammonium dihydrogen citrate) 
and 0.0333!:'! (9.267 g/liter) in Versenol. 

b. Sodium hydroxide; 0 .lOOON. A 0 .lOOON solution standardized 
against potassium acid phthalate will be supplied by the 
Quality Control Laboratory. · 

c. Phenolphthalein, 0.5%, in ethanol-water medittm • 

. II: C. Bench Standard 

Process a 5-ml aliquot of the citrate-Versenol bench standard 
per II-D. L:lrul LB ·wlll be Bpec.:ified by the Quality Control La.borag, 
tory-.-
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II:D. Procedure 

Steps 

l. Transfer sufficient Do-we:x: 
50W X 8, 50-100 mesh, hy
drogen-form resin to the 
ion exchange column to 
form a bed 5.5 in. high. 

2. Wash thP. rAsin -with die
tilled -water until 25 ml 
of the coltliil!l effluent re
quires not more than 0.01 ml 
of O.lOON NaOH to reach a 
phenolphthalein end point. 
Drain the -water until its 
surface is at the top of 
the resin column. 

3. Place a clean 150-ml beaker 
beneath the column and 
pipet 5.00 ml of the cit
rate-Versenol descaling 
solution into the column 
reservoir. 

4. Pass the sample through the 
coltliil!l (as fast as it -will 
go) and -wash the citric 
acid through 'With four 
5-ml portions of distilled 
"Water. Collect the sam~le 
and -washings in the beaker. 

5. Add 1 to 2 drops of 0.5% 
phenolphthalein indicator 
solution and titrate 'With 
O.lOOON NaOH to the appear-

·ance of a pink color that 
persists for at least 30 sec. 

6. Calculate the results as 
described in II:E. 

7. Transfer the used resin to 
a large -wide-mouth jar for 
subsequent regeneration. 
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Remarks 

The column should be free 
of channeling. 

The citrate-Versenol solution 
is prepared to be approximately 
0.033M in citrate and in 
Versenol. 

The interstitial volume of 
the column is 5 ml. 
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II:E. Calculations 
0.1000 (ml NaOH) 

Citric Acid Molarity = 3 (Samp Vol in ml) 

Result, grams ADC per liter = 209.2 (Citric Acid Molarity) 
~here ADC = ammonium dihydrogen citrate and 

·209.2 is its molecular ~eight. 

II~ Determination of Versenol [(N-Hydroxyethyl)ethylenediamine Triacctic 
Acid] 
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III:A. Diocuooion 
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'I1h1s pl'Ocedu:r.·e fu1· bh~ dc.tcrmination of Vf:>rf\~nnl :i.s S);lec;i,f
ically designed for citrate-Versenol d.escalent. Actually, 
because of the che:riri.cal similarity of Versenol and EDTA (Versene), 
it is also applicable to the determination of EDTA in citrate
EDTA and hydrazine-Versene (HV) mixtures. For the latter HV-type 
sampleR, however_, the cerium titration procedure, G: 5 (ECF-1, 
Mod-1, pp 43-45), should be used. -

Versenol is determined directly in the presence of citrate 
by titration ~ith a standard copper(II) solution to a photometric 
end point (Fi& 1). In an acetic acid-acetate medium at pH 5. 0 
~0.5 citrate up to a 2 to 1 citrate to Versenol molar ratio does 
not interfere. Citrate, ho~ever, does l~ve sufficient adverse 
effect on "~?he titration to prev'ent the u::;~: u.r a. vi2ua.l indiaatqr, 
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ML COPPER(II) TITRANT 

Fig. 1. Photometric Titration of Versenol with 
Copper(II) in Acetate Medium 
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A study of interferences has not been made. Expected inter
ferences are metal ions that form stable Versenol complexes and 
complexons that form stable complexes with copper(II). 

III:B. Apparatus and Reagents 

1. Apparatus 

a. Recording spectrophotometer such as Beckman DK-2 and 
Cary Model 14. 

b. Absorption cell, 5-cm, Pyrex. 

c. Beaker, 150-ml. 

d. Magnetic stirrer and stirring bars. 

e. Ringstand and Fisher buret clamp. 

f. Buret, 10-ml, with 0.05-ml or smaller graduations. 

2. Reagents 
a. Citrate-Versenol bench standard. Dissolve 7.539±0.001 g 

of diammonium citrate and 9.267±0.001 g of Versenol in 
water and dilute to 1 liter. This solution is 0.0333M 
in citrate (6.973 g/liter as ammonium dihydrogen citrate) 
and 0.0333~ (9.267 g/liter) in Versenol. 

b. Copper(II) nitrate solution, 0.05M. Dissolve 60.4 g of 
cupric nitrate trihydrate in water and dilute to 1 liter. 
Standardize the solution against 5 ml of standard 0.05M 
EDTA per III:D substituting the standard EDTA solution~ 
for the sample·. Then: 

= 5.00 (EDTA Molarity) 
Cu(II) Molarity ml of Cu(II) sol'n 

c. Standard E:rtrA solution, 0.05M. A standard 0.05M EDTA 
solution (18.62 g disodium EDTA dihydrate per liter) 
standardized against pure zinc oxide will be provided by 
the Quality Control Laboratory. 

d. Acetic acid-sodium acetate buffer, pH 5.0. Dissolve 174 g 
of sodium acetate trihydrate in water, add 41.4 ml of 
glacial acetic acid, and dilute to 1 liter with water. 

III: C. Bench Stauda:r:U. 

Process a 5-ml aliquot of the citrate-Versenol bench· stan
dard per III-D. Limits will be·specified by the Quality Control 
Laboratory. 
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III:D. Procedure 

steps 

1. Pipet 5. 00 rol of the 
citrate-Versenol descalent 
into a 150-ml beaker. 

·2. Add 5 ml o~ the acetate 
buffer and dilute the 
sample -with-distilled -water 
tu 135!5 ml. 

3. Without spilling, fill a 
5-cro aboorption cell -with 
the diluted_ sample. Place. 
the cell in the light path 
of the recording spectro
photometer and set the 
absorbance at zero. 

4. Ret1.1ril the solution t.Q t.he 
beaker, deliver 0.50 ml of 
the copper titrant to the 
sample, and mix -well._ Fill 
the cell -with the sample 
solution ~d dete~~pe its 
absorbance •. 

5. Repeat step ·4 until about 
6 ml of titrant has been 
introduced and the photo
metric end point has been 
established. 

6. Extend the straight line 
portions of 'the volume
abosrbance plot to the 
intersection of the t-wo. 
The volume reading at the 
intersection represents the 
end point of the titration. 
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Remarks 

If made up properly 5 ml of 
sample -will contain 0.15 mmole 
of Versenol. 

A 135-IDl dilution is used to 
keep the absorbance less than 
one throughout the titration 
a.uU. tu lliinim.i:z;e the ab~orbo.ncc 
changes due to dilution of the 
sample by the copper titrant. 

Use a -wavelength setting of 
750 ro~. In steps 3 through 5, 
select an appropriate scale 
for the horizontal axis (for 
example, 1 division = 0.1 rol) 
and plot the absorbance data 
directly on to the chart (see 
Fig. 1 under III-A). 

fu :not. use -water rinses. Use 
the sample solution itself 
to rinse the cells; ho-wever, 
be sure to return all :d.nses 
to the beaker. 



TII:E. Calculations 

Versenol Molarity 
= (ml cu)(Cu Molarity) 

Sample volume in ml 

ID0-14316 
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Result, Grams Versenol per liter = 278.3 (Versenol Molarity) 

IV. References 

1. Yamamura, s. s., IDO Notebook U-1150, pp 125ff. 

S • S. Ya.ma.mura 

November, 1966 
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ABSTRACT 

DETERMINATION OF THE DISSOLVED OXYGEN AND 
THE BIOCHEMICAL OXYGEN DEMANp OF SEWAGE 

ID0-14316 
H20-DO-BOD-l·: 1 
Mod-1 

The biochemical oxygen demand (BOD) of se-wage is the quantity of 
dissolved oxygen (DO) that is consumed during the oxidation of decom
posable organic matter by aer·obic.: organisms. Duplicate samples are 
received for analysis. On one sample, DO is determined immediately. 
T-wo aliquots of the other sample are added to oxygen-saturated -water 
and incubated at 20°C for 5 days. Blanks of the oxygen-saturated 
-water are incubated simultaneously. The decrease in DO bet-ween the 
samples and blanks is computed as the BOD. 

The DO is determined by the Alsterberg modification of the Winkler 
titrimetric redox method. In this procedure, Mn(II) is added to an 
alkaline solution of the -water sample. The DO_oxidizes Mn(II) to 
Mn(III) -which then is reacted -with·iodide in an acidic medium to form 
elemental iodine. The elemental iodine, equivalent to the DO, is 
titrated -with standard sodium thiosulfate. 

APPLICABILITY 

The method is applicable to ra-w and treated se-wage·' industrial, 
-wastes, and river -waters. The method also can be used to determine 
DO in aqueous samples free of reducing and oxidizing components. 

DISCUSSION 

Samples for DO and BOD analysi~ usually are received from the MTR, 
CFA, CPP, and EBR-II areas once each month. A ra-w input sample to the 
se-wage processing plant and a treated effluent sample from it are 
received in duplicate. The DO content of the ra-w input sample is small 
(the BOD ic high); the opposite holds· for the treated effluent sample. 

One of the duplicate samples is analyzed immediately for DO as 
described in Procedure D. T-wo aliquots (differing by a factor of 2 in 
volume) of the other duplicate sample are firs.t diluted -with aerated 
-water and incubated for 5 days as described in Procedure C and then 
analyzed for DO as described in Procedure D. The aliquot volume selected 
for incubation depends upon the type and the source of the srunple. Table 
I lists the samples usually analyzed and the recommended aliquot volume. 
If the operating conditions of the se-wage plants change, these recommenda
tions may no longer apply. 
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TABLE I 

DILUTION FRACTIONS AND REOOMMENDED ALIQUOT VOLUMES 
FOR S.AJYIPLES USUALLY ANALYZED 

Source o:r Type of' Aliquot Aliquot Dilution Water 
Sample Sample Volume, mla Fractionb Fraction 

CFA Raw 15.0 0.0496 0.9504 

7.5 0.0248 0.9752 

T.t't!!::!. Ll:.!u ·· 100.0 O.]Jll 0.6689 

50.0 0.1():;() 0.8]44 

CPP Raw 15.0 0.0496 0.9504 

7-5 o.o:::48 U.)/'()2 

Treated 100.0 0.33ll 0.6689 

50.0 0.1656 o.831.,.1.,. 

MTR Raw 15.0 0.0496 0.9504 

7 .;; 0.0248 0.0752 

Treated 100.0 O.:i3ll o.6689 

50.0 0.1656 0.8344 

EBR Raw 2.0 o.oo66 0.9934 

1.0 o.oo33 0.9967 

Treated 4.0 0.0132 0.9868 

2.0 o.oo66 0.9934 

a Two dilutions with aliquot volumes differing by a factor of' 2, as 
shown, are recommended for each sample. 

b Based on a final volume of' 302 ml. For alig_uot volumes different 
than shown, divide the aliquot volumes by 302. 
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L ill glassware must be extremely clean. When cleaning glassware 
with chromic acid cleaning solution; wear rubber gloves. 

2. Precaution must be taken throughout the procedure to prevent 
contamirtatton of samples with air. 

A. Apparatus 

1. BoD bottles, 300-ml capacity with ground glass stoppers. Determine 
the volume of each bottle and discard those outside the range of 
303±6 ml. Before u.se, clean the bottles with chromic acid cleaning 
solution; corrlJ?letely rinse with distilled water, and drain dry. 

2. Incubator, thermostat:f.cally controlled at 206 ±l°C. Light mu:.st 
be excluded to prevent the growth of algae. 

3• Buret, 10-ml. 

4. Glass-covered magnetic stirring bars, uniform size with a displace
ment volume of 0.8 ml. Clean. with chromic acid ciean·ing soiution 
and completely rinse with distilled water. 

5.· Pipets, volumetric; assorted sizes. 

6. Iodine titration flask, 500-mi capacity with groiind glass stoppers. 

7. Special 204-ml vol'illnetrid flask. Cut off the heck 6f a 200-inl. 
volumetr:Lc flask at a volume of 204 m1 and flame seai. 

NOTE: Use Analytical Reagent Grade reagents and distilled water • 

1. Phosphate buffer. :b:l.ssoive 8.5 g df KH2P04 , 33.4 g df Na2HP04i and 
1.7 g· of NH4Gl in distilled water and dilute to 1 :u ter. 

2. Magnes:l.tiril: sulfate solution, 0.091M. Dissolve 2·2 .-5 g of MgS04 •7H20, 
in distilled water and dilute to 1 lHer. 

3• Calcium chloride solution, 0 .,126M. Dissolve 27.5 g of CaC12 in 
distilled water and dilute to 1 liter. 

4. Ji'erric chloride solution, O.OOlM. Dissolve 0.25 g of FeCl0 •hH2 0 
in diotilled water and d.i..luLe t.o 1 liter. 
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5. Dilution water. To a 20-liter bottle previously cleaned with 
chromic acid cleaning solution, add 15 ml each of the following 
reagents: phosphate buffer, magnesium sulfate solution, calcium 
chloride solution, and ferric chloride solution. Dilute to 15 
liters with distilled water. Bubble air through this solution 
for 30 min. Stopper and let set for 3 days before using. 

6. Manganous sulfate solution, 1.73M. Dissolve 480 g of Mri804 •4H20 · 
in distilled water andclilute to l liter. Filter, if necessary. 

7. Aklaline iodide-azide solution. Dissolve 4'75 g of NaOH and l28 g 
of Nai in distilled water and dilute to about 900 ml. Add lO g 
of NoN::~ diooolvcd in ''o ml of diEtilled ioTat.;;,r ano. rl·n nt.P t.n 1 
liter. 

8. Starch indicator. Add a water slurry of 5 g of starch to l liter 
of boiling water and continue boiling for a few minutes. Cool, 
transfer to a glass stopped bottle, add a few drops of toluene 
as a preservative, and store in a ref~igerator. 

9. Potassium iodate primary standard solution, 0.20N (0.0333M). 
Dissolve exactly 7.1333 g of KE03 in distilled water and dilute 
to l liter. 

10. Sodium thiosulfate solution 0.025N. Dissolve 6.2 g of Na2S203 ·5H2 0 
i.n. n.istilled water and dilute to l liter. Standardize this solution --·-......... weekly as described in Procedure A. 

11. Potassium iodide crystals. 

12. Sulfuric acid, l.8M. Carefully add, with cooling, lOO ml of 
concentrated sulfuric acid to water and dilute to 1 ll~er. 

PROCEDURE 

A. Standardization of Sodium Thiosulfate 

Note: Standardize the thiosulfate· solution each week in duplicate. 

Analysis Step 

l. Add lOO ml of water to an 
iodine titration flask. 

2. Add about l g of potassium 
iodide and swirl to dissolve. 
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Analysis Step 

4. Add exactly 1.0 ml of the 0.20N 
standard iodate solution. Stop
per and swirl the flask to com
pletely mix the solutions. Let 
stand for 1 min. 

5. Remove the stopper and immedi
ately titrate with the standard 
sr:ulhun thiooulf'a.te solution 
until a pale straw color is 
reached. 

6. Add about 1 ml of the starch 
indicator solution. 

7. Stopper the flask and shake the 
contents for 15 sec. 

8. Rinse the sides of the flask 
with water and continue the 
ti trati.on until the blue color 
disappears and the solution 
reuietlus colorless f'or 15 sec. 

9. Determine the normality of the 
thiosulfate solution as described 
under CALCULATIONS. 

B. Test for Stability of Dilution Water. 

ID0-14316 
H20 -DO -BOD-1: 5 
Mod-1 

Results 

The solution turns brown due 
to the formation of elemental 
iodine. 

The change in color from 
brown to a pale straw indicates 
that the end point is near. 

The starch forms an intense 
blue color with the remaining 
elemental iodine. 

This dissolves iodine vapor 
above the surface of the 
solution. 

On standing, the blue starch
iodine color -reappears due to 
air oxidation. 

Two samples of dilution water are analyzed for DO with each series of 
original samples as describe<'l. j_n Procedure D. Two other samples o:t' dilution 
water are incubated with each series of samples a~cording to Procedure C 
and then analyzed for DO. The DO in the original dilution water and in 
the incubated dilution water should be the same. This comparison is not 
made to apply a blank correction, but rather to test for the stability 
of the dilution water, The ro ~nnt.ent of the original and lm:ubated samples 
should not differ by more tnan O.l g/1. If this difference. is exceeded, 
use the average for calculations. The probable cause for a difference is 
organic contamination of the glassware. 
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Preparation of Samples for Incubation. 

Note: Each sample is received in duplicate. Analyze one bottle 
immediately for pH and then for dissolved oxygen as described in Procedure 
D. Make two dilutions from the other bottle and incubate for 5 days 
as described below. Also incubate two samples of the aerated dilution 
water with each batch of samples. 

1. To each of two clean BOD 
bottles, add a clean glass 
stirring bar. (With the 
~t.irr·i ne; liFt:r in place .• 
these bottle~;; hold 302±6 
mJ.. of HOl'Ution. ) 

2. Carefully siphon the bottles 
half full of dilution water. 

3. Using volumetric pipets, 
transfer aliquots of the 
sewage sample to the BOD 
bottles. Add the sample 
below the surface of the 
water. 

4. Continue siphoning Lilt! u.ilu
tion water into the samples 
until the bottles are full. 
Otopper tightly and ai.l.il. 
water around the stopper to 
:fUl'lll a. seal. 

5. Mix the samples on a magnetic 
stirrAr. for 5 min, 

·6. Invert a 50-ml beaker over the 
top of each bottle to retard 
evaporation of the water seal. 
Place them in an incubator at 
20±l°C for 5 days. 

7. After 5 days, determine the 
dissolved oxygen as described 
in Procedure D. 
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All glassware must be cleaned 
with chromic acid. cleaning 
solution to remove any trace 
of organic matter. 

Do not allow bubbles to form 
in the water. 

Refer to Table I for the 
recommended sample size. 
Two dilutions are prepared, 
one at half the concentration 
of the other~ 

Twu l.n:d·.tJ_e~ conta.ining only 
dilution water are to be 
processed with each 'batch of 
samples. 

Do not tra.p R:Dy Hir when the 
stopper is inserted. 

Check on the fourth day to 
ensure that the seals are 
suff'iciently wet. Add water 
as necessary. 



D. Determination of Dissolved Oxygen 
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Note: Analyze one duplicate of the sample on the day it is received. 
Analyze the two dilutions of the other duplicate and the two stability 
check samples of the dilution water after the 5-day incubation period. 

1. Remove the water from the 
stopper trap. 

2. Remove tbe stopper and care
fully add a clean glass 
stirr:Lng bar. (With the 
stirring bar in place, these 
bottles hold 302±6 m1 of · 
solution.) 

3. Add 2 m1 of manganous sulfate 
and 2 m1 of alkaline iodide
azide reagent at least 1 in. 
below the surface of the 
liquid. 

4. Carefully insert the stopper 
and remove tbe sample displaced 

· by the stirring bar and the 
4 m1 of reagents. 

5. Mix on a magnetic stirrer for 
5 min. 

6. Allow the precipitate to settle 
and carefully remove the stopper. 
Then carefully add 2 m1 of con
centrated sulfuric acid below 
the surface of the liquid. 

7. Carefully stopper the bottle 
and remove the sample displaced 
by the sulfUric acid. 

8. Mix on a magnetic stirrer for 
5 min. 
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This conveniently can be done 
by suction. 

The incubated samples already 
contain a stirring bar. 

Use suction to remove the 
liquid. 

A precipitate of Mn(II) 
hydroxide forms which the 
dissolved oxygen oxidizes 
to Mn(III) hydroxide. 

The volume of sample used in 
the analysis is decreased to 
296 m1 because 6 m1 of 
reagents displace 6 m1 of 
sample. 

The Mn(III) hydroxide dissolves 
and oxidizes iodide to elemental 
iodine. 
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Transfer a 200-ml aliquot 
of the sample tp an iodine 
titration .flask. : Sto;ppe~ the-

. ·· . 204 ml of t~is solution is. 
equal to 200 ml of sample 
before the reagents were 

. added .• flask to.prevent loss of . 
iodine •. Use the ·spe.ciai. 204~ml 
volumetric flask for the transfer. 

10. Titrate with. the ;:;tandard sodium 
thiosulfate soluti'oh as described 
in. Procedure &· steps 5 through, 
~. ! :0 I 

ll. Determine the IXY and .BOD as des
cribed in CALCULATIONS. 

O.ALCULA.TIONS 

A. Calculations for Standardizing the Sodium Thiosulfate Solution for 
Determining ro. Record the data on the worksheet and calculate the 
results as follows: 

.. COLUMN 

A 

B 

c 

D 

E 

F 

G ... 

UNIT W RECORD . 

Sample code and bottle nul1l.ber. 

Volume of potassium iodate solution,ml. 
.. 

Normality of potassium_iodate solution. 

Volume of thiosulfate required to 
titrate the potassium iodate solution, 
ml •. 

. . . 
~orrr)a]_i ty _.of. thiosulfate solution. 

Volume of thtosUlfate.required to 
titrate the. sample; · I.Ul· · ·· 

Result, l1lg of oxygen/liter. 

G . = ("""'E .... ) ___..(F;.....<)~(...;;...8 ~) _(lo::;l~OO;:,.;.Q2 
200 

Note: Report JX) results to the nearest 0.01 mg/1. 
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B. Calculations for BOD. Record the data on the worksheet and calculate 
the results as follows: 

COLUMN 

A 

B 

c 

D 

E 

F 

G 

H 

UNIT TO RECORD 

Sample code and bottle number. 

Dissolved oxygen of original dilution 
water, mg/1. 

Dissolved oxygen of original sample, 
mg/1. 

Dissolved oxygen of incubated sample, 
mg/1. 

Decimal fraction of dilution water used. 

Decimal fraction of sample used. 

Dissolved oxigen available in dilution 
at zero time. 

G = (B X E) + (C x F) 
Result, BOD, mg/1. 

H = G - D 
F 

Note: Report BOD results to the nearest 0.1 mg/1. 

REFEREN"CES 

(1) Standard Methods for the Examination of Water, Sewage, and 
Inaustrial Wastes··;-· ·Toth ed., Waverly Press, Inc., Baltimore, 
1~55, pp 252-266. 

M. A. WADE 

September, 1966 
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COLORI:METRIC DETERMINATION OF :MERCURY WITH DITHIZONE 

ABSTRACT 

A sensitive, versatile, colorimetric method based on a dithizone extraction 
is described for the determination of mercury in inorganic and organic 
samples. Four procedures are included --- two for inorganic solutions, 
one for inorganic solids, and one for organic materials and aqueous 
solutions containing dissolved organic matter. The effects of diverse 
iono on the method arc diocuoocd. 

APPLICABILITY 

This method is applicable to a wide variety of samples including fuel 
dissolver product, calciner feeds, and calciner off-gas scrub solutions. 
Also, with appropriate pretreatment, the method is applicable to such 
samples as calciner feeds containing sucrose, alumina-zirconia calciner 
solids, and organic materials such as vegetation, cardboard, polyethyl
ene, inks, and paints. 

Four procedures, C, D, E, and F, are recommended for the analysis of the 
many different types of samples mentioned in the preceding paragra~h 
Procedures C, D, and E, patterned after a method recently reported\1~, 
are identical except for differences in the initial steps (Figure 1). 
Procedure C; the principal procedure, is intended for aqueous samples, 
especially those with unknown compositions where maximum selectivity is 
desirable. Procedure D is designed for solid inorganic samples (especi
ally waste calciner solids) and Procedure E for organic samples and 
inorganic samples containing organic matter. In all three procedures, 
C, D, and E, the mercury is initially extracted into dithizone
chloroform, stripped out of the chloroform with sodium nitrite, then 
reextracted into dithizone-chloroform after destruction of the excess 
nitrite with hydroxylamine and aniline. Procedure F is simpler.and 
faster than Procedure C and differs from the latter in that only a 
single extraction is made using twice as much complexer-buffer solution. 
It is specifically designed for aqueous inorganic samples of known com
position, such as the aluminum nitrate calciner feed samples from the 
Chemical Engineering Section that are free of interferences, or that con
tain only noninterfering concentrations of potential interferences such 
as copper. Procedure F should not be used for uncharacterized samples. 

The effect of diverse ions for Procedure F are summarized in Table I 
which lists the known tolerance levels of numerous ions present individu
ally and in groups that simulate the composition of samples actually en
countered. Silver(I) at greater than 0.1 to l silver-to-mercury molar 
ratios and copper(II) at greater than 150 to l ratios are the only known 
cationic interferences. Iodide inhibits the extraction of mercury. 
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Procedure C is similar to Procedure F except for the use of two dithizone
chloroform extractions in C. The tolerance levels of diverse ions for 
Procedure C are therefore expected to be higher than those for Procedure 
F. For example, the tolerance level of copper(II) is 150 to l for Pro
cedure F and 750 to l for Procedure C. 

In all four procedures, strong oxidants that oxidize dithizone interfere 
when present in high enough concentration. Oxides of nitrogen formed 
during the digestion of samples and the oxidation of mercury are the most 
common interferences. These are removed effectively hy hydroxylamine 
hydrochloride and aniline hydrochloride. After the digestion or oxida
tion step, brown nitrogen oxide :t'umes are o!"Eel:l OMerved. above the solu
tion. These should be removed by gentle suction prior to the addition 
of' the hydroxylamine and aniline. 

By the use of both 1- and 5-cm absorption cells, the range of the method 
is l to 35 ~g of mercury. The maximum sample size for aqueous solutions 
is 5 ml; for inorganic solids, 0.1 e;; and for organic samples, 2 g. 
Accordingly, the lower limit of determinability is about 0.2 ppm, 10 ppm, 
and 0.5 ppm, respectively. 

DISCUSSION 

Potential sources of error include: (a) use of mercury-contaminated glass
ware, (b) loss of mercury by volatilization during sample preparation and 
analysis, (c) use of too large a sample aliquot, and (d) incomplete 
destruction of nitrate prior to the final extraction. 

Use of mercury-contaminated glassware is a fre~uent and serious source 
of error. All glassware, including new glassware, shoUldbe boiled in 
4M nitric acid and rinsed thoroughly with distilled water before use. 
DO not rely upon the purity of demineralized water. Always use distilled 
water for all reagents and throughout the method. 

Mercury and mercury compounds are quite volatile and can be lost under 
many conditions. It is volatilized slo'Wly· but in significant amounts 
from boiling acid solutions. It is volatilized quantitatively @r nearly 
so in acidic and basic fusions. Use a reflux condenser for all fusions 
and lengthy boiling steps. 

In this method, the chloroform extract contains blue-green unreacted 
dithizone and yellow-orange mercury d.ithizonate, so the observed color 
varies from blue-green at low levels of mercury to yellow-green when 
25 to 35 ~g of mercury are present. If the final extract lacks the 
greenish cast, the capacity of the dithizone could have been exceeded 
and another, smaller sample should be processed. 



Solid Inorganic Samples 
(Procedure D-l) 

Fuse with I~G~07. 

1 
Reflux with HN03 • 

! 
Dilute to appropriate 
volume with water. 

J 
Pipet aliquot containing 
l-35 llg Hg. 

l 
Continue per Procedure 
c, starting at *· 

Aqueous Inorganic Samples 
(Procedure C) 

Pipet.aliquot containing 
l-35 llg Hg. 

Heat with HN03 to oxidize 
all Hg to Hg(II). 

} 
*Extract Hg(II) into CHCl3 

from EDTA-citrate medium 
at pH 2.85±0.35. 

Solid Inorganic Samples **Strip Hg(II) from CHC13 
(Procedure D-2) with NaN02. 

Fuse sample with 
K2S207 and reflux with 
HN00 . 

Dilute with water
until Na ~ 0.75. 

J 
Add Nlf.20I-I·HCl and 
aniline·HCl and extract 
Hg(II) with Dz-CHCl3 • 

~ 
Continue per Procedure 
c, starting at **· 

Destroy excess NaN02 with 
J)l"lk0H·HC1 and o.nilinc.HOL 

~ 
Extract Hg(II) into CHC13 
from EDTA-citrate-mono
chloroacetate medium at 
pH 2.85±0.35. 

~ 
Measure absorbance at 
495 mi-L. 
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Organic Samples and 
Inorganic Samples 

Containing Organics 
(Procedu;r:e E) 

Digest sample with 
HN03 - -H2S04. 

t" 
Dilute with fL20._until 
~ ~ o. 75-

J, 
Destroy N-oxides with 
NH20H•HCl and aniline.HCl. 

-t 
Extract Hg(II) with 
Dz-CHCl3 • 

J, 
Continue per Procedure 
C, starting at **· 

Aqueous Inorganic Samples 
(Procedure F) -

Pipet aliquot containing 
1-35 jlg Hg. 

J, 
Digest with HN0 8 to 
oxidize all Hg to Hg(II). 

- .J, 

Extract Hg(II) as the 
dithizonate into CHCl3 
from EDTA.,citrate med
ium at pB 2.8)±0.35. 

~ 
Measure-absorbance at 
495 mjl. 

Fig. l. Outline of Proc:eU:ures c, D, E, and F' 
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Table I. EFFECT OF INDIVIDUAL IONS AND ION COMBINATIONS 
ON PROCEDURE F (AND C) 

Ion or Mixture Investigated 

Be(II), Bi(III),·ca(II), Cd(II), Ce(III)~ 
Co(II), Cr(III), Cs(I), Fe(III), Ge(II), 
Ho(III), In(III), La(III), Mg(II), Mn(II), 
Mo(VI), Ni(II), Pb(II), Sn(II,IV), Sr(II), 
~h(IV), Ti(IV), U(VI), V(Y), Y(III), ~(11), 
Zr(IV). 

Ag(I) 

A~(III), Pd(II), Ft(IV) 

Cu(II) 

Borate 

Bromide 

Chloride 

Iodide 1 thiosulfate 

Phosphate 

3ul.ra:l:.e 

Simulated aluminum fuel dissolver product 

Al(III), Zr(IV) 

Cr(VI), U(VI) 
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Tolerance Level, 
Ion to Hg Molar Ratioa,b 

Each ion individually at 
1000 

Each ion individually at 50 

2000 

1000 

7 .5xlo5 

___ d 

3.0x1o4 

Each at 2000 

Each at 50 



TABLE I (continued) 

Simulated aluminum fuel dissolver product 

Al(III) 

Cu(II) 

Cr(III), U(VI) 

Fe(III) 

Mn(II) 1 Ni (II) 

Nos-1 

Simulated calciner product fused ~ith 
potassium pyrosulfate 

Al(III), Zr(IV) 

Cr(VI) 

K(I) 

.,•. ,. 

4xl04 

150c 

Each at 

200 

Each .. at 

l2xl04 
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50 

100 

Each;at 2000 

50 

2 •. 4xlo5 

l.3xlo5 

(a) Mercury· level maintained at 20 flS (lxlo-4 mmole), 

(b) Except where noted otherwise, the tolerance level listed· is the 
highest level studied .and does not represent the maximum permissible 
level. 

(c) Maximum tolerance level. 

(d) Iodide and thiosulfate interfere at 1000:1. Both inhibit the extraction 
of mercury. Iodine coextracts as free iodine. The tolerance levels of 
iodide and thiosulfate have not been established. 
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Nitrite and nitrogen oxides (N02 and NO) that yield nitrite in the pre
s~nce of water and air, oxidize dithizone rapidly and cause erratic, 
low results. The presence of nitrite is indicated by a gradual 
"bleaching" of the blue-green dithizone to a golden-yellow oxidation 
product. The frmction of the hydroxylamine and aniline U.m·ing the 
initial and final extractions is to destroy the nitrite. 

SAFETY PRECAUTIONS 

l~ Carry out the digestion of' organic samples in a hood behind a safety 
shield to guard against possible explosion and to con:t'ine ·the iii trogen 
oxide fumes evolved during the digestion. Wear safety glasses. 

2. After each extraction, remove the separa.tory funnel stoppers carefully 
to avoid spattering of chloroform or the acidic aqueous solution. 
This precaution applies to the extractions carried out with the 
large separatory funnels in Procedures D and E. 

3. Wear latex gloves when handling concentrated acids. 

APPARATUS AND REAGENTS 

A. Apparatus 

1. Spectrophotometer, Beckman Model DU, DK, o~ B, or Cary Model 14. 

2. Absorption cells, matched pairs, 1-cm and 5-em, w!Lh t=u\re1·s. 

:). Separatory funnels, jOO-ml, vdth gL·u·und gl_ass sto!)pers UJl<l 
~eflon stop~ocks. 

4. Separatory funnels, 60-ml, with Teflon stopcocks. 

5. Pipets 1 micro, . accortad sizes 7 with control Ryri.nge. 

6. Pipets, macro, volumetric, assorted sizes. 

7. Graduated cylinders, 10-ml. 

0. Pipets, Mohr, 5~ and 10-ml. 

9. Centrifuge tube, 50-ml. 

10. pH Meter, Leeds and Northrup with capillary glass-calomel elec
LL·u<les or Beckman with o. oingle-proba glass-calomel elect.rnde. 

11. Digestion apparatus for organic samples (Figure 2). 

12. Volumetric flasks, assorted sizes. 
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4-nnn 
Teflon 

250 ml 

~Condensate lrap 
"' 100 ml, 3l-nnn 
dia x 13-cm long 

I condenser 

1s-nnn dia 
ltubing 4 
"" 7 turns 
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Vapor Trap 

24/40 male 

~ joint packed 
with coarse 
quartz pieces 

I:n<lentations to 
support quartz 
fragments 

22 em 

Construction: Pyrex or Kimax 24/40 ~ joints throughout 

Fig. 2 Digestion Apparatus for Organic Samples 
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13. Quartz fusion apparatus for inorganic solids. Use a 100-ml 
~ound bottom quartz flask or a 35-mm dia x 6-in. quartz test 
tube with a 24/40 outer joint in conjunction with the condenser 
illustrated in Figure 2. 

B. Reagents 

NOTE: Use Analytical Reagent Grade chemicals and distilled water 
for the preparation of all reagents and throughout the pro
cedure. 

1. Mercuric nitrate solution, 500 ~g/ml. Dissolve 0.5000 g of 
redistilled mercury metal in ~U ml. o:t· '( .5Ivi HN03 with be~:~:Llug. 
Boil e;P!lt.ly f'nr 10 min, cool, then d;i.lute-to 1 liter with 
water. Store as 40-ml units in sealeu glass ampoules. 

2. Mercury calibration standard solutions. 

4. 

5. 

a. Standard I, 30.00 ~g Hg per ml. Dilute 15.00 ml of the 
mercury stock solution to 250 ml with 0.25~ HN03 • 

b. Standard II, 20.00 ~g Hg per ml. Dilute 10.00 ml of the 
mercury stock solution to 250 ml with 0.25~ HN03 • 

c. Standard III, 8.00 ~g Hg per ml. Dilute 4.00 ml of the 
mercury ~toek aolution to 250 ml with 0.25!'i HN03 . 

d. Standard IV, 6.00 ~g Hg per ml. Dilute 3.00 ml of the 
mercury stock solution to 250 ml with 0.25~ HN03 • 

Sodium nitt-itQ •olution, 0.7~M. Di.ssol.ve 51.76 g of sod:iUJil 
nitrite in 500 ml of water and dilute to 1 liter with water. 
Prepare a flresh solution every month. Store in the dark. 

Hydroxylamine hydrochloride, 2.5M. Dissolve 174 g of hydro
xylamine hyirochloride in 800 ml-of distilled water. Filter 
the solution through a 0.45-~ membrane filter and dilute to 
1 liter with water. 

Aniline hydrochlorid.e solution, 0.5M. Auu 4::; ml of' cot1ce11trated 
hydrochloric acid to 500 ml of water. Add 46 ml of freshly
distilled aniline SLOWLY with efficient stirring~ Transfer 
to a 1-liter volumetric flask and dilute to volume with water. 
The final solution should be colorless or have only a faint 
pink or yellow tinge. Store in the dark and prepare a fresh 
solution every month. 

NOTE: The aniline must be added slowly to dilute hydrochloric 
acid solution to avoid excessive coloration of the solution. 
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6. Buffer-complexer reagent. Dissolve 37.22 g of disodium et•hyl
enediamine tetraacetate dihydrate (EDTA), 94.50 g of-mono
chloroacetic acid, and 90.48 g of ammonium citrate in a 2-liter 
beaker with 1500 ml of distilled water. Use sufficient con
centrated ammonium hydroxide to adjust the solution to 
pH 4.0. Dilute to 2 liters with water. 

7. Dithizone stock solution, 0.0105 (w/v )% (4xio-5M). Dissolve 
0.0525 g of uithizone in chloroform and dilute t9 500 ml with 
chloroform. Store in a refrigerator when not in use. 

8. Dithizone solution, 0.00105 (w/v)% (4xlo-6M)~ Pipet 50.00 ml 
of the 0.0105% stock solution into a 500-mi volumetric flask 
and dilute to 500 ml with chlo+oform. Store in a refrigerator 
when not in use. 

9. Hydrochloric acid, l.OM. Dilute 86 ml of concentrated hydro
chloric acid to 1 liter with water. 

10. Nitric acid-sulfuric acid digestion mixture. Mix, as needed, 
concentrated sulfuric acid and concentrated nitric acid in the 
ratio 1:5. 

11. Potassium pyrosulfate. 

12. Sodium hydroxide, .85M. Dissolve 34.0 g of sodium hydroxide 
in water and dilute to 1 liter with water. 

1,=1. Ammrn:li 11m hydroxide, oonccntro:bed. 

14. Nitric acid, concentrated and lM. 

PROCEDURES 

NOTE: Use distilled water throughout the procedure. 

A. Blank 

Process a reagent blank with each set of samples per the procedure 
selected for the analysis of samples. For aqueous samples, use 3 ml 
of distilled water in place of the sample. With inorganic solids 
and organic samples, omit the addition of a sample substitute, but 
introduce all reagents used for the samples in amounts equal to 
those used for the samples. 

B. Calibration and Bench Standard 
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Four standards are recommended for this method --- two for the high 
range (to be measured in 1-cm cells) and two for the low range 
(to be measured in 5-cm cells). If only one type of sample is to 
be analyzed, two appropriate standards will suffice. However, if 
the mercury concentrations of the samples vary over a wide r·ange, 
the use of all four cali'bration standards will minimize repeat 
analyses. 

Process calibration standards with each run by the same procedure 
as that used to analyze the samples. Use 1.00-ml aliquots of the 
appropriate standards. Divide the observed absorbance by the micro
grams nf ·rnPlY~ln'Y i.n the stando,;rd to obtain the conversion factor. 
li'or each of the- two groups of standardo the difference between the 
two factors should not exceed establiohed limits and the average of 
the two factors should agree with the established conversion factor 
within specified limits. If either of these requirements is not 
met, reprocess the pair or pairs of calibration standards. Con
tact your supervisor if difficulties are still experienced. 

C. Analysis of Aqueous Inorganic Samples 

Steps 

1. Pipet an aliquot, 5 ml or 
less, containing 1 to 35 
1-lg of mercury into a )0-ml 
centrifuge t1.1be. 

2. Add 1 mi oi' concentrated 
nitric acid and immerse 
the centrifuge tube in a 
boiling water bath for 
5 min. 

3. Cool, add a small stirring 
bar, dilute to about 15 ml 
with water, add 2 ml of 
2.5M hydroxylamine hydro
chloride, then let st.:::mn. 
for 5 min with inter
mittent stirring with a 
magnetic stirrer. 

4. Add 1 ml of 0.5M aniline 
hydrochloride. -
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Remarks 

The use of a wide-mouth test tube 
sucll as a )0-w.l. t.:entrifuge tube 
i'ac1..Li tates :pH aU.J Lu:; LuJI-:!flt in 
ste::p 6. Refer to the APPLICABILITY 
section for information on toler
ance levels for diverse ions. 

NlL.c:i.c ~cid oxidi!:!:.co Hg(O,I) t.Q 
Hg(II). Prolonged digestion will 
lead to loss of mercury by volatili-
7.::~.t. i on. If brown nitrogen dioxide 
fumes arc observed, aspirate the 
fumes vri th mi 1 n RlH~tion before 
adding the hydroxylamine hydro
chloride. 



5. Add 5 ml of the buffer
complexer solution. 

6. With the aid of a pH meter 
adjust the pH to 2.85± 
0.35 with concentrated 
ammonium hydroxide. 
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7. Transfer the sample quanti- Use polyethylene stoppers. 
tatively to a 60-ml 
separatory funnel with 
water rinses. 

8. Add approximately 15 ml of 
0.00105% dithizone-chloro
form solution and extract 
for 30 sec. Let the two 
layers separate, then 
swirl the separatory fun
nel to settle the floating 
droplets of chloroform. 

9. Drain the lower chloro
form layer into a new 60-
ml separatory funnel. 
Do not transfer any of the 
aqueous phase. 

10. Extract the residual 
aqueous phase in the 
original separatory fun
nel with 5 ml of chloro
form and drain the chloro
form into the new sep
aratory funnel. 
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Shake vigorously. 

.-

Observe the color of the chloro
form solution. If it is golden
yellow or nearly so with very little 
blue-green color of free dithizone, 
extract the residual aqueous phase 
in the original separatory funnel 
with 10 ml of the 0.00105% chloro
form-dithizone solution and drain 
the chloroform extract into the 
new separatory funnel. If the 
second extract still lacks the 
blue-green color of free dithizone, 
discard the sample and process a 
new, smaller aliquot.· 

Discard the aqueous phase. The two 
organic phases (steps 9 and 10) 
are combined. - --
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11. To the dithizone-chloroform The nitrite destroys the dithizone 
extract, add exactly 10 ml and returns the mercury to the 
of l.OM HCl and 1 ml of aqueous phase. 
0.75M sodium nitrite solu-
tion: Stopper and shake 
for 30 sec. 

12. Let the two phases separate, Take care that none of tre aqueous 
then drain and discard the layer is lost in the separation. 
lower chlorofor~ layer. 

13, rrn tl1P. :rP.Ridual aQueo'\,l,;;; 
phase, add 2 ml of 2 • 5!i 
hy<l;~;·o.x..y-la.mine. React for 
5 min with intermittent 
swirling. 

14. Rinse the separatory funnel 
with a little water, then 
add 1 ml of 0.5M aniline 
hydrochloride solution. 
Swirl to mix. 

15. Add 5 m1 of the 'bu1'±'er
complexer solution, swirl 
to mix,. t.hen aa.n 1 n ml. of 

"o.85M NaOH t.o ail.jm:;t thP. pH 
to the range 2.85±0.35. 

lo. ~lpe~ ~recisely 1~.00 uu 
of 0.00105% dithizone
r.hJ.oroform sol\ltion, 
otoppcr, and extract for 
15 sec. 

Complete the destruct:ton of nitrite 
is necessary. In steps 13 and 14, 
rinoe the neck of the separatm.:y
funnel with water, then add the 
hydroxylamine hydrochloride and the 
aniline hydrochloride. 

Wi tll tlle buffer -t.: uru11lex8r c;ol ut ion 
at pH lJ .• 0 and ·t..l!e HCl <:~.llu N8.0II 
additions as specified, the final 
pH will be in the required range 
2.85±0.35· 

The ~xtraction time muot bo kept 
short to minimize the extraction 
of copper. 

17. Let the phases separate, When in doubt, measure the aboorbance 
then drain the lower chloro- with 5-cm cells first. This will 
form phase into a 25-ml permit subsequent measurements with 
screw-cap culture tube. 1-cm cells. 
Measure the absorbance of 
the chloroform phase at 
495 m~ against the rea
gent blank in 1-cm ( 5 to 
35 ~g of mercury) or 5-cm 
(1 to 10 ~g of mercury) 
cells. 
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'l'he color of the chloroform-di thizone 
extract should show the presence of 
excess nm:-P.acted di thizone .• i.e.·' a 
bluish-green cast. If not, discard 
the sample and process a new smaller 
aliquot. 

•, 



18. Record the data on the 
~ork sheet and calcu.J,.ate 
the results as described 
under CALCULATIONS. 

D. Analysis of Inorganic Solids 
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The ~alls of the tube adsorb ~ater 
droplets ~hich othe~ise interfere. 
If necessary, centrifuge the tube. 

Under proper conditions, the color 
of the chloroform extract is stable 
for at least 2 hr. If slo~ but 
noticeable "bleaching" is observed, 
the nitrite probably ~as not des
troyed adequately in steps 13 and 
14. Discard the sample and-process -a ne~ one. 

1. Procedure for samples ~ith greater than 100 ppm levels of 
mercury. 

Steps 

a. Transfer a 0.1-g sample 
containing greater than 
10 ~g of mercury to the 
quartz fusion apparatus. 

,/ 

b. Add 3.0 g of potassium 
pyrosuli'ate. 

c. Assemble the fusion appar
atus. Tilt it to about a 
45° angle. 

d. With a Meker burner, fuse 
the sample repeatedly until 
the melt clears. 

e. Turn off the cooling ~ater 
and return the apparatus 
to the upright position. 
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Remarks 

This procedure is intended pri
marily f'or inorganic solids such 
as alumina and alumina-zirconia 
calcined materials that·are dif
ficult to dissolve. Dissolve 
metals and alloys under reflux 
in appropriate mineral acids and 
analyze them per Procedure C. 
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f. Add 6 ml of concentrated 
nitric acid through the 
condenser and heat the 
mixture with a micro 
burner until the point 
of condensation ,just 
reaches the top of the 
condenser or until the 
start of bumping. 

c;. Coo~ slie;htly1 turn on 
the cooline; "\m.tor and . 
. du::;e t.h~ C.011de113er 'With 
20 to 25 ml of ~ HN03 • 

h. Remove the fusion flask 
or tube and place it in 
a boiling water bath 
until the liquid clears 
and most of the solids 
are dissolved. 

i. Cool the solution and 
filter it through a 
0.45-lt membrane filter 
directly into a 250-ml 
volumetric flask. Use 
at least three 10-ml por
tions of 1M HN03 for the 
transfer and washing and 
a Fisher filtrator-Milli
pore setup for the filtra
tion. 

j. Dilute to volume with 
water and mix well. 

k. Pipet an aliquot, 25 ml 
or less, containing 1 to 
35 ~g of mercury into a 
50-ml beaker. 

1. Continue per Procedure C 
beginning at step ~· 
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Dur~ng fusion, mercury is volatil
ized into the condenser possibly 
as metallic mercury. The purpose 
of the nitric acid reflux is to 
recover the volatilized mercury. 

It is not necessary to dissolve. 
the solids completely. 

If the observed net absorbance of 
the sample corresponds to less 
than 1 ~g of mercury, select a 
larger aliquot (if this is per
missible) in step k. With a 
25-ml aliquot of the diluted sample, 
the lower limit of determinability 
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is 100 ppm of mercury in the 
original solid sample. If 
greater sensitivity is required, 
reanalyze the original solid · 
sample per Procedure D-2. 

2. Procedure for samples with less than 100 ppm levels of mercury. 

Steps 

a. Dissolve a 0.1-g sample 
per steps a through h 
of Procedure D-1. -

b. Cool the solution then 
filter the solution 
through a Whatman 41 
filter pape:c into a 
500-ml separatory funnel. 
Use three 10-ml portions 
of 1M HN03 to rinse the 
fusion flask and the 
filter paper. 

c. Dilute to 250 ml with 
distilled. wat.P.r. 

d. Add 5 ml of 2.5M hydro
Jr'.tla.mine hydl· .. :n::hluJ."lu~::: 
and let stand for 5 min 
with intermittent 
swirling. 

e. Rinse the separatory 
funnel with water, then 
add 2 ml of 0.5M aniline 
hydrochloride solution. 

f. Extract for 30 sec with 
10 ml of 0.00105% dithi
zone-chloroform solution. 
Drain tlH:: lower chloro
form phase into a 60-ml 
separatory funnel. 

g. Repeat step !· 
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Remarks 

The acidity must be reduced to 
0.75! or lass. 

Considerable pressure J.S often 
built up within the separatory 
funnel. Cover the stopper with 
a tissue paper and remove the 
stopper carefully. 
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h. Repeat step f using 10 
ml of chloroform in 
place of the dithizone
chloroform solution. 
Discard the aqueous 
phase. 

i. Continue per Procedure 
~ beginning at step 11. 

E. Analysis of Organic samples and Inorganic Samples Containing Organic 
·MAtter. 

Steps 

l. Weigh or pipet a sample 
containing 1 to 35 ~g of 
mercury into the flask of' 
the digestion apparatus 
(Figure 2). · 

2. Add 15 ml of freshly-pre
pared nitric acid-sulfuric 
acid digestion mixture. 

3- Assemble the digestion appara
tus per Figure 2 and heat the 
sample ~itp a heating mantle 
controlled by a Variae. Bull 
vigorously and collect the 
distillate in the condensate 
trap. Continue the digestion 
.until only 2 to 3 ml of acid 
remains and sulfuric acid 
:fumes and charring j.s obser
ved. 

Nut.;s 

This procedure has been found to 
be satisfactory for 2-g samples 
of' organic matter such as vegeta
tion. If larger samples must be 
processed to.reach the desired 
sensitivity, process separate 
2-g samples per steps E-1 through 
E-15, combine the dithizone
chloroform and chloroform extracts 
of steps E-13 through E-15, then 
complete t'he'd.eterruination per 
step 16. 

A Variac setting of 105-llO is 
recommended. 

4. CAUTIOUSLY return the condensate 
to the digestion flask through 
the stopcock. If necessary, 
s~irl the flask to loosen solids 
adhering to the ~alls of the flask. 
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5. Continue the digestion to 
the reappearance of sulfuric 
acid fumes and charring. 

6. Repeat steps 4 and 5 until 
'charring is no longer 
obcerved. 

7. Return the condensate to the 
digestion flask, cool 
slightly then admit about 
50 ml of ~ater through the 
top of the digestion 
apparatus. 

8. ReflQx for 5 min, or loneer 
if necessary, to dissolve 
precipitated sulfate salts. 

9. Disassemble the digestion 
apparatus. Rinse each com
ponent ~ith ~ater and collect 
the rinses in the flask. 

10. Transfer the contents of the 
flask quantitatively to a 
500-ml separatory fUnnel ~ith 
~ater rinses and dilute to 
about 4oo ml ~ith ~ater. 

11. Add 10 ml of 2. 5M hydro
xylamine hydrochloride solu
tion, mix ~ell, then let 
stand for 5 min. S~irl inter
mittently during tbc 5-min 
period. 

12. Add 2 ml of 0.5M aniline 
hydrochloride solution and 
mix ~ell. 

13. Extract the mercury ~ith a 
10-ml portion of 0.00105% 
dithizone-chloroform solution 
for 30 sec. Drain the lo~er 
chloroform layer into a 60-
ml separatory funnel. 
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The entire digestion normally 
requires about 1.5 hr. 

Admit the ~ater slo~ly. 

Rinse the side arm of the condensate 
trap also. 

For quantitative extraction of 
the mercury, the acidity must be 
0. 75,!:! or less. 

Considerable pressure is often 
built up during the extraction. 
Cover the stopper ~ith a tissue 
paper and remove the stopper 
carefully. 
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14. Repeat step 13. 

15. Repeat step 13 using 10 ml 
of chloroforrr.lin place of 
the dithizone-chlorofrom 
solution. Discard the 
ag_ueous phase. 

Combine this organic phase with 
the two previous organic phases 
in the 60-ml separatory funnel. 

F. Analysis of Ag_ueous Inorganic Samples of Known Composition (Single 
Extraction Procedure). 

Steps 

1. Pipet an alig_uot, 5 ml or 
less, that contains l to 35 
~g of mercury into a 50-ml 
centrifuge tube. 

2. 

3· 

Add 1 ml of concentrated 
nitric acid and immerse the 
centrifuge tube in a boiling 
water bath for 5 min. 

Cool, add a small stirring 
bar, dilute to about 15 ml 
with water, add 2 ml of 
2,5M hydroxylamine hydro
chloride; then let otund 
for 5 min with intermittent 
stirring with a magnetic 
stirrer. 

4. Add 1 ml of 0.5M aniline 
hydrochloride. -

Remarks 

'rhe sample must not contain more 
than 4 mmoles oi' aluminum nor 
more than 0.03 mmole of Cu(II). 
See Table I for the tolerance 
lAVAlR nf nthAr innR. 

Nitric acid oxidizes Hg(O,I) to 
Hg(II). Prolonged digestion will 
lead to loss of mercury by volatili
zation. 

If much brown nitrogen dioxide 
fumes is observed, aspirate the 
fumes with mild suction before 
adding the hydro)cylamine hydro
chloride. 

5. Add 10 ml of the complexer
buffer solution and adjust the 
pH to 2.85-0.35 with concen
trated ammonium hydroxide. 

6. Transfer the sample g_uantita
tively to a 60-ml separatory 
funnel with water rinses. 

7. Add exactly 15.0 ml of The extraction time must be kept 
0.00105% dithizone-chloroform short to minimize the extraction 
solution and extract for of copper. 
exactly 15 sec. 



8. 

9. 

Drain the lower chloroform 
layer into a 50-ml culture 
tube. 

Measure the absorbance of 
the chloroform extract against 
the reagent blank at 495 m~ 
in 1-cm (5 to 35 ~g of mer
cury) or 5-cm (1 to 10 ~g of 
mercury) cells. 
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The walls of the culture tube 
adsorb water droplets which 
otherwise interfere. If necessary, 
centrifuge the tube. 

When in doubt, measure the 
absor~ance ~ith.5-cm cells first. 
This will permit subsequent 
measurements with 1-cm cells. 

The color of the chloroform
dithizone extract should show 
the presence of excess unreacted 
dithizone, i.e., a bluish-green 
cast. If not, discard the sample 
and process a new smaller aliquot. 

Under proper conditions, the color 
of the chloroform extract is stable 
for at least 2 hr. If slow but 
noticeable "bleaching" is observed, 
the nitrite probably was not des
troyed adequately in steps L and ~· 

CALCULATIONS 

Record the data on the worksheet and calculate the results as follows: 

Column 

A 

B 

c 

D 

E 

Unit to Record 

Micrograms of mercury in calibration stand
ards. 

Absorbance of standards. 

Calibration factor. 

B c =A C' B' 
=7fT 

Average calibration factor. 

D = 0.5 (C + C') 

Sample volume in ml or sample weight in g. 

Dilution factor. 
' 
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G 

H 

Sample absorbance. 

Result, micrograms of mercury per ml or 
per g. 

FG 
H = DE 

Report three significant figures for values greater than 1 and to the 
nP-ar.est second, decimal place for values less than l. Example: 199 
l~tg/rnl, 1 .99 p.g/ml1 and o.2o i..J.p;/ml. 

REFERENCES 

1. Analytical Methods Committee, Analyst 90, 515 (1965). 

R. Fullerton 
S. S. Yamamura 

.November 1966 
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F. Determination of Nickel (Replacement-Insertion to Section F, 
ECF, Mod-1) 

F:l. Discussion 

Th~s procedure, an adaptation of a National Bureau of Standards 
method~l;, is specifically designed for the determination of nickel in 
'descalent solutions. The nickel is determined by developing the red 
nickel-dimethylglyoxime complex in a highly alkaline, citrate medium 
containing persulfate and measuring its intensity at 465 ~· All 
samples are initially digested with acids and concentrated by evaporation 
prior to color development. 

The range of the colorimetric procedure is 2 to 15 ~g of nickel. 
The maximum sample sizes that may be taken for analysis are 25 ml for 
ammonium citrate (AC) and hydrazine-Versene (HV) samples and 100 ml 
for oxalic-nitric (ON) and water (W) samples. The lower limit of deter
minability is, therefore, 0.08 ppm nickel for the AC and HV samples 
and 0.02 ppm for the ON and W samples. 

Manganese which is often present in ECF samples 'precipitates as 
~nganese dioxide in alkaline persulfate medium and interferes se
riously. Its interference is avoided by filtering the manganese dioxide 
just prior to measurement. The precipitation of manganese dioxide is 
not complete in the 30- to 60 {Ijlin color development period and continues 
slowly after the filtration. Filtered samples shalldtherefore be read 
within 5 min after filtration. 

F:2. Apparatus and Reagents 

F:2.l Apparatus 

1. Spectrophotometer, Beckman DU or DK-2, Cary Model 14. 
2. Absorption cells, 5- and 10-cm Pyrex. · 
3. Pipets, macro and micro, assorted sizes. 
4. "Redy-Dispensers", 5-ml size. 
5. Volumetric flasks, 25- and 50-ml sizes. 
6. Erlenmeyer flasks, 125- and 250-ml sizes. 
7. Reflux heads for 125- and 250-ml Erlenmeyer flasks. 
8. Oscillating hot plate. 
9. Chromalox hot plate with Transite board. 

10. Ice bath. 
ll. Millipore filtration apparatus, l-in. dia. with Gelman 

VM-6, 0.45-~ membrane filters. 
12. Fisher fi lt:rator. 

F:2.2 Reagents 

NOTE: Use distilled water to prepare.all reagents. 

l. 
2. 
:5-

Ammonium citrate, 2.5M aqueous solution. 
Dimethyle;lyoxime solution, 1% · (y.) ~thanolic oolu~iot;· 
Potassium persuu·ate solution, 'J% t~) aqueous solut10n. 
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4. NaOH solution, 50% (~) aqueous solution. 
5. Standard nickel stock solution, ~.uuu mg ~i/ml. Dis

solve l.Ooo±o.OOl g of pure nickel metal in 10 ml of 
concentrated nitric acid and dilute to l liter with 
water. 

· 6. Nickel calibration standard I, 8 ~g Ni per ml. Dilute 
2.00 ml of the stock solution to 250 ml with water. 

7. Nickel CR.libration standard II, 12 ~g Ni per ml. Dilute 
3.00 ml of the stock solution to 250 ml with water. 

8. H2 S04 - HCl04 - HN03 digestion mixture. Add one volume 
of concentrated H2 S04 to a mixture of 2 volumes of HCl04 
and 5 volumes of HN03 • 

9. Miacellaneous acids, H2 S04 , HCl, and H3P04 , concentrate\)., 
lH u.t·uy.~:JiJ.J.g bottle5. 

F: 3. Procedure 

NOTE: Use distilled water throughout the procedure. 

F:3.l Blanks 

1. For calibration standards and samples~~d 10 ml of the 
triacid digestion mixture to a 125-ml Erlenmeyer flask and 
process it per Procedure F:3.4 beginning at step 1· 

2. For bias controls. An appropriate ECF,matri:x blank must 
be processed with the bias controls to correct for the nickel 
luLruuul!t:!U vla Ll1e utatri:x:. The niclr.cl bino control ic nor
liiAlly pn•.:pared with 15 ml of a. t;i ven matri:;,:;. Therefore) pros 
cess 15 ml of the appropriate matrix solution per Procedure 
F:3.4. 

F:3.2 Calibration 

Pipet 1.00 ml of the 8.00 ~g per ml nickel standard 
into one 125-ml Erlenmeyer flask and 1.00 ml of the 12.0 ~g 
per ml nickel standard into another flask. Add 10 ml of 
the triacid digestion mixture to each and process the two 
standards per Procedure F:3.4 beginning at step 1· 

F:3.3 Cleansing of glassware 

All glassware should be cleaned thoroughly before and 
after each use. Clean new glassware by fuming perchloric 
acid in them, then rinsing them with water. Rinse used volu
metric flasks with water, a 2% (~) mixture of 30% hydrogen 
peroxide and 1M nitric acid, andvwater in that order. Treat 
all glassware used for the digestion and color development 
as follows: (a) rinse the glassware with water, then with 
a 2% (~) solution of 30% hydrogen peroxide and 1!:! nitric 
acid; \b) treat the rinsed glassware for 3 to 4 min with 
2 to 3~ hydrofluoric acid, then rinse thoroughly with water. 



F:3.4 Analysis of samples 

Steps· 

1. Pipet a sample containing 
2 to 15 ~g of nickel, less 
than 300 ~g of iron, and 
less than 2.5 mg of manga
nese into an Erlenmeyer 
flask. 

2. Add 0.5 ml of concentra
ted sulfuric acid, then 
add 2 ml of the 1:2:5 
H2S04-HCl04-HN03 mixture 
for each 5 ml of sample. 
Place a reflux head on 
the flask to minimize 
sample losses. 

3. Evaporate the sample on 
an oscillating hot plate 
to thP. appP.I'l.rHnc:'e of per
chloric acid fumes •. 

4. Continue the evaporation 
on a Chromalox hot plate 

(set on high with a Tran~ 
site board on it) until 
evolutiuu uf HC104 fumes 
ceases. 

5. Cool. Rinse and remove 
the reflux head, then 
continue the evaporation 
over a small flame · 

(Meker btrrner) to a vol
nmP of ::tbo1.1t 0. 5 ml. 
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Remarks 

For HV and AC Samples, use 
a 125-ml Erlenmeyer flask 
and up to 25 ml of sample. 
For W and ON samples, use a 
250-ml flask and up to 100 
ml of S8J!!ple. 

Water (W) samples should 
be evaporated to about l 
ml without the triacid 
digestion mixture, then 
processed per steps 8 
through 17. 

For samples less than 5 
ml, use 0.5 ml of concen- · 
;~ed sulfuric acid and 2 
ml of the triacid mixture. 

Perform, all digestion 
steps behind a safety 
shield. 

If necessary, transfer the 
sample to a Chromalox hot 
plate set on high with a 
sheet of asbestos on the 
hot p.l.Ate -to completely 
volatilize the HC104 • Use 
the asbestos sheet..:. covered 
hot plate only toward the 
end·of this step after most 
of the ·organic has been 
decomposed. Too rapid 
evolut~on of perchloric acid 
may lead to explosions. 

Incline the flask at about 
45° to minimize loss of 
sample. .Swirl constantly 
to prevent local baking. 
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6. Cool. Rinse down the walls 
nf thP. flask with 2 to ~ 
ml of water, then add l ml 

(one medicine dropper full) 
of concentrated hydrochloric 
acid and 3 drops of concen
trated phosphoric acid. 

7. Evaporate the sample over 
a Meker burner to the 
appearance of S03 fumes, 
then maintain the sample 

(with intermittent heating) 
at this "just beginning to 
fllme" Rta~P. for about :"10 
St;'!C, 

8. Cool, then rinse down the 
walls of the flask with 
5 ml of water. 

9. Add 5 ml of 2 • 5M a.mmoni urn 
citrate. 

10. Add 5 ml of 5% potassium 
persulfate. Mix by 
swirling. 

11. Chill in an ice bath. 

12. Add 5 ml of 50% (~) so
dtum hydro:ride. Swirl 
to mix. 

13. Chill.to 250°C or less, 
then remove the flask 
from the ice bath. 

14. Add l ml of 1% (~) di
methylglyo:xime. Swirl. 

15. Let the color develop for 
30 min. Swirl the contents 
of the flask now and then 
to wet the walls of the 
flask with the reagent. 
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The purpose of steps 7 and 
8 is to solubilize the 
metal sulfates that pre
cipitate in the digestion. 
The HCl digestion coupled 
with the H2S04-H3 P04 diges
tion does this effectively. 
Swirl the fl~sl~ con;3ta;ntly 
during tlris entire step to 
prevent localized overheating. 
Strong heating results in 
the formation of insoluble 
phosphoric acid polymers. 

Use a wash bottle. 

The sample is chilled to 
prevent the reaction of 
persulfate on citrate which 
produces a yellow inter
fering coloration. 

The color development per
iod can be extended to 1.5 
hr with no adverse effect. 



16. Filter the sample quan
titatively with water 
rinses through a 0.45-~ 
membrane filter directly 
into a 25-ml volumetric 
flask. 

17. Dilute to volume with 
water and mix well. Mea
sure the absorbance of 
the solution against 
water within 5 min. Use 
a 5-cm cell. 

F:4. Calculations 
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The main purpose of the 
filtration is to remove 
manganese dioxide which 
interferes; however, all 
samples should be filtered 
regardless of their appear
ance. 

Filtered solutions should 
be read within ) min because 
precipitation of the mangan
ese dioxide is. not complete 
in the 0.5- to l.5....,hr color 
development period and con
tinues slowly after filtra
tion.· 

Record the data and calculate the results as shown in the following 
example work sheet. 

Report results to three significant figures for values greater than 
l ~g per ml and to the nearest 0.001 ~g for values less than l ~g per 
ml. Ex: 10.6, 1.06, and 0.011 ~g Ni per ml. 

F:5. Reference 

l. Menis, 0., National Bureau of Standards, Personal Communication, 
February, 1966. 

S. s. YCLIIlamura 

December, 1966 

101 



ID0-14)16 
ECF-1, Mod-1:)6 

A 

Sample 
Identification 

Rgt Blank 
Standard I, 

8 1-1g Ni 
Standard II, 

12 1-112: Ni 

1\C-'J.h.li 

Control-Elk 
AC Bias 

Control-1 

Calculations: 

B 

Sample 
Vol., ml 

--

10 

~ = D 0.376 0.0470 'A- R = 

E' 
D' 
A' 0.0474 

c 
Absorb 

VS 
Water 

0.060 
0.4)6 

0.629 

o.~.J.J.o 

0.07:5 

0.4)6 

Determination Nickel ------
D E F G H 

Calib Average ~g. Ni Result 
I'. 

Net Factor Calib. in. Test 1-1g Ni 
Absorb. For Stds Factor. Sample per ml 

0.)76 0.0470 0.0472 

0.)69 0.04'{4 

0.)80 8.05 0.805 

0.)61 7.65 

D for Sample 0.)80 
G "" F "" ~ "" 8.05 11g Ni in 

· test sample 

G 8.05 I 
H "" B "" --ro- "" 0.805 11g Ni ml 

F 0.5 (E + E') 0.) (0.0470 + 0.0474) 

- 0 .0~~ 72 
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ABSTRACT 

TITRIMETRIC DETERMINATION OF ~ITRIDE NITROGEN 
IN ALLOYS HIGH IN NICKEL AND CHROMIUM 

A modified Kjehldahl procedure is described for the determination of micro 
amounts of nitride nitrogen, N-3, in nickel-chromium alloys. The sample 
is dissolved with a mixture of perchloric and phosphoric acids. The 
nitrogen, converted to ammonium in the di.ssolution process, is then 
distilled as ammonia into bor~c ac~d and titrated with standard acid to 
a visual indicator end point ll, 2). 

APPLICABILITY 

This method is applicable to samples dissolvable by a perchloric acid
phosphoric acid mixture. These samples include Hastelloy X (22% Cr, 24% 
Fe, 9% Mo, and 45% Ni) for which the method was developed and NBS Sample 
161, a nickel-chromium casting alloy. 

The lower limit of the titration procedure is 100 J..Lg of nitrogen. The 
maximum sample size that can be processed in the distillation is about 
l. 5 g. Consequently, the lower limit of this method is 0.0065. wt% 
nitrogen in the original alloy. 

At the 0.025 wt% level, the observed precision is v-10 relative %. 

DISCUSSION 

For accurate results, the sample must be dissolved without any loss of 
nitrogen. In the perchloric acid-phosphoric acid dissolution procedure, 
nitride nitrogen, N-3, will be oxidized to volatile, non-determinable, 
elemental nitrogen unless proper precautions are taken to prevent this. 
The relevant reactions are: 

_HCl04 Heat Cl2 (1) ... 

Cl2 + H20 HOCl + HCl (2) 

HOCl + NH4+ (N-3) ... N.2 + Cl - + H+ (3), 

Perchloric acid and its decomposition product chlorine do not oxidize 
N- 3 to nitrogen but hypochlo:r.ou:s ac.id, · one .of the products of the 
reaction of chlorine with water (reaction 2), does. Reaction 2 is 
acid-dependent •••• low acidity (water dilution) favors_the formation 
of hypochlorous acid; high acidity favors the reverse of this. 

The formation of hypochlorous acid and the accompanying oxidation of N-3 
to nitrogen can be prevented by reducing the chlorine with sulfite 
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before the highly acidic dissolved sample is diluted ~ith ~ater. The 
excess sulfite is destroyed ~ith peroxide. 

SPECIAL SAFETY PRECAUTIONS 

The mixed perchloric acid-phosphoric acid dissolver solution, the 30% 
hydrogen peroxide, and the 9.4~ NaOH can cause severe burns. Use rubber 
gloves to avoid contact ~ith the skin, and if these chemicals do come in 
contact ~ith the skin, ~ash immediately ~ith copious amounts of ~ater. 
The dissolver solution can react explosively ~ith organic matter. Store 
it in a glass bottle a~ay from combustible organic matter. 

APPARATUS AND REAGENTS 

A. Apparatus 

1. Kjeldahl distillation apparatus, Fig. 1 •. 

2. Buret, 10-ml, -~ith at least 0.05-ml graduations. 

3. Magnetic stirrer and Teflon-coated stirring bars. 

4. Heating mantle and variac. 

5. Erlenmeyer flask, 500- and 125-ml. 

6. Round bottom flask, 500-ml. 

7. Hot plate. 

8. Pipets, volumetric, macro and micro, assorted sizes • 

. 9. Graduated cylinders, assorted sizes. 

10. Medicine droppers. 

11. Volumetric flask, assorted sizes. 

B. Reagents 

NOTE: Use Analytical Reagent Grade chemicals and doubly-_distilled 
~ater for the preparation of all reagents. 

1. Bench standard, NBS sample 161 containing 0.027 ~t% nitrogen. 

2. Perchloric acid-phosphoric acid solution. Mix 80 volumes of 
70% perchloric acid ~ith 20 volumes of 85% phosphoric acid. 
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). Sodium sulfite solution, 10% (w/v). Dissolve 10 g of sodium 
sulfite in water and dilute to 100 ml. 

4. Doubly-distilled ammonia-free water. Add 10 ml of sulfuric 
acid to one liter of distilled water in a quartz flask, and dis
till. 

5. Hydrogen peroxide, 30%. 

6. Sodium hydroxide, 9.4M, ammonia-free. Dissolve 680 g of sodium 
hydroxide in 2 liters-of water. .1\dd 0.5 g Devard.a alloy and 
reduce the volume to 1.8 liters by boiling. 

'(. Boric acid-mixed indicator. Dissolve 2!) g of boric acid in huL 
water. Adu 7.5 ml of alcoholic 0.1% bromcr~sol gr·een and 4 ml 
of alcoholic 0.1% methyl red and dil.ute to l liter. 

8. Hydrochloric acid, 0.005N. Standardize against 0.400-ml aliquots 
oi' 0 .lOOOH NaOH. Pipet the sodium hydroxide ::tn-1-.n a 125-ml 
Erlenmeyer flask containing 25 ml of the boric acid-mixed indicator 
solution plus 75 ml of water. Titrate with the acid solution to 
a change from blue to" reddish brown. 

Normality of HCl = Vo~·~;o~Cl 

PROCEDURE 

A~ Blank 

The bl8n.k i.R extremely important and should be processed in duplicate 
with each set of samples. Process the blank per C using the same 
quantities of all reagents (perchloric acid-phosphoric acid mixture, 
sodium sulfite, hydrogen peroxide, sodium hydroxide, etc.) as that 
used. for the sample. 

B. Bench Standard 

Process the NBS sample 161 bench standard per C before analyzing 
sampl.es. Result::; ohould be within the l.imi ts s:pAci fied by the 
Quality Control Laboratory·. 

C. Analysis of Samples 

1. Accurately weigh a 1.5 g or 
less sample and place it in 
a 500-ml Erlenmeyer or round 
bottom flask. 
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The sample , ohould conta.i.n 100 
to .1200 ~g of nitrogen. 

It is also possible to dissolve 



2. Dissolve the sample with a 
minimum of perchloric acid
phosphoric acid dissolver 
solution. Add the dissolver 
solution in 10-ml increments 
and heat to dissolve the 
sample. Note the volume of 
dissolver solution used. 

3. Cool, then quantitatively 
transfer the dissolved 
sample to the Kjeldahl dis
tillation flask. Use 5-ml 
portions of the 10% sodium 
sulfite solution for the 
transfer. Mix well. 

4. Heat the solution to boiling 
and boil for 2 min. Allow 
to cool. 

5. Cautiously add l ml of 30% 
hydrogen peroxide for 
each 25 ml of sodium 
sulfite admitted in Step L" 
Boil gently until the 
hydrogen peroxide is 
completely decomposed. 

6. Assemble the distillation 
apparatus. Immerse the 
condenser tip in 25 ml 
of the boric acid-mixed 
indicator solution 
contained in a 125-ml 
Erlenmeyer flask. 
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a sample larger than one gram, 
then carry a portion of it 
through the distillation and 
titration. If this approach 
is used, always add the sodium 
sulfite solution to th~ acidic 
dissolved sample before it is 
diluted with water. 

Use doubly-distilled water through
out t:t:e procedure. _ 

Some samples tend to_becomc 
passive and nonreacfive. Decant 
the supernatant acid solution to 
the Kjeldahl distillation flask, 
then continue the dissolution 
with fresh 10-ml portions of the 
dissolver mixture. 

Use 5 ml of the sulfite solution 
for each 10 ml of perchloric 
acid-phosphoric acid dissolver 
solution. 

The complete decomposition of 
hydrogen peroxide is indicated 
by a change in the boiling 
characteristics of the solution. 
Small bubbles indicate the -
presence of peroxide. 
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7. Calculate the milliequiv
alents of acid introduced in 
step 2 and add an equal amount 
of sodium hydroxide (use the 9.4M 
NaOH solution). 

8. Add 30 ml more 9.4!'i NaOH. 

9. ~dd exactly 100 ml of water. 

10. Distill and collect 75 ml of 
distillate. Control the heat
ing to minimize bumving. 

ll. Titrate the distillate with 
. the 0. 005rq !:rLe:mll~::~.nl HCl sol"" 

ution to a color change of blue 
to reddish brown. 

CALCULATIONS 

The total volume of the distillate 
plus absorber solution is 100 ml. 

Titrate to the same reddish brown 
color no that obtained during 
the standardization of the 
hydrochloric acid. 

Record the data on the work sheet and calculate the results as follows: 

Column 

A 

B 

r. 

D 

E 

F 

Unit to Record 

Sample wt, g. 

Dilution factor. 

Sample t5. ter, ml. 

Blank. titer, ml. 

Acid normality. 

Result, wt% nitrogen. 

F = 1.4 BE(C-D) 
A 

Report results to three significant figures but never more than the 
nearest O.OOOl,for example: 0.0709, 0.0071 wt% N. 

REFERENCES 

l. H. J. Anderson, and J. C. Langford, Anal Chem 35 1093 (1963). 

2. F. B. Mbore, and H. Diehl, Anal Chem 34, 1638 (1962). 

D. K. Oestreich 

June, 1966 
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A procedure is described for the separation of plutonium for analysis 
by isotope dilution mass spectrometry. Sample and spike plutonium, in 
hydrochloric acid, are first reduced with iodide to ensure chemical 
identity. After evaporation to dryness, the residue is dissolved in 
nitric acid containing nitrite. The resulting plutonium(IV) is re
tained on a column of strongly basic anion exc_hange resin from 8M 
nitric acid. After washing the column free of impurities, the purified 
plutonium is eluted with dilute nitric acid. 

APPLICABILITY 

The procedure is designed to separate plutonium from other actinide . 
elements, fission products, and fuel cladding materials. To facilitate 
glove box operation, the procedure requires only simple and inexpensive 
equipment which should be discarded after a single use. Sample aliquotp 
are chosen to contain 0.1 to l ~g of plutonium. 

DISCUSSION 

The specificity of this procedure is achieved through the high distri
bution of tetravalent metal-nitrate complexes on strongly basic anion 
exchange resin. The repo4ted distribution coefficient for plutonium(IV) 
in 8!:! nitric acid. is "' 10 , while values for uranium(VI), nept~ium(V), 
americium(III), and all aged fission products are much lower.\ 1 J 

\ 

As .is true with all i~otope dilution measurements, quantitative recovery 
is unnecessary~ This procedure is neither intended nor should be used 
wheneveL· complete recovery of plutonium is essential. 

SAFETY PRECAUTIONS 

Because of the presence of alpha-emitting actinides in the samples, work 
will ordinarily be performed in a glove box. Follow Health Physics 
procedures for the particular type and intensity of radiological hazard. 

APPARATUS AND REAGENTS 

A. Apparatus 
;1.,, Pipets.: microlitP-r, aRRnrt.P.r'l Ri 7.PR. 
2. .r'ipets; transi'er (throwaway type). 
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3. Test tubes; 5-ml conical. 
4. Heat lamp. 
5. Medicine droppers; small size. 
6. Anion exchange resin; Dowex }K4, 200-400 mesh, nitrate form. 
7. Stoppers; polyethylene, size 0. 

B. Reagents 
l. Nitric acid; 8M, 2M, 0.2M. 
2. Hydrochloric acid;-6M. 
). Hydroiodic acid; concentrat~d. 
4. Sodium nitrite; lM. 
5. Pu spike solutions. Standardized Pu-239 and Pu-242 solutions, 

·se~:tleu lu gli::l.::ib &ipuule-5, o.1·c o.vo.ila.blo from the Q,\.tality 
Control laboratory. The concentrations are about l iJ.g/ml. 

PROCEDURE 

Pretreatment. The first step in the procedure requires a hydrochloric 
acid system for the iodide reduction of plutonium; therefore: 

A. If a large dilution of the original sample is necessary, dilute with 
6M HCl. 

B. If little or no dilution is necessary, add an excess of hydrochloric 
a.ci.d and. heat 1 under a heat lamp, to reduce the nitrate present. 

L Add a pretreated known aliquot 
o±' the sample to an e:x-cLct 
·amount o±' the appropriate 
plutonium spike. 

2. Add 2 or 3 drops of hydro
iodic acid ~:tnd mix thoroughly. 

3· Heat carefully under a heat 
lamp to near dryness. 

4. When t.:ool, add 1 ml of' 8M HN0:3 
and 2 drops of 1M sodiUm
nitrite. Mix well. 

5. Transfer the nitric acid sol
ution to a small (medicine 
dropper), 5-X 25-mm column 
of Dowex l-X4, 200-400 mesh 
anion exchange resin (nitrate 
form) which has been equil
ibrated with 8~ HN03. 
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The sample and spike plutoni·wn 
runounts ~Should be approximately 
equ.al, ·total:u.1g 0.~ to 2 iJ.g• 

Iodide reduces all plutonium to 
(III), thuo ensuing chemical 
identiLy. 

Plutonium(III) is reoxidtzed. to 
(IV). 

The plutonium(IV) nitrate com
plex is strongly reLalned on 
the column from 8~ HN03 • 



6. Wash the column with 2 ml of 
8~ HN03 • Discard the effluent. 

7. Wash the column with 2 ml 
of 2M HN03 • Discard the 
effluent. 

8. Elute plutonium with 2 ml of 
0.2M HN03 • Collect the effluent 
in a 5-ml conj.cal tube. 

9. Evaporate the solution to near 
dryness, stopper the tube, and 
transfer it to the mass lab
oratory for analysis. 

ID0-14316 
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Fuel cladding impurities, 
fission products, and americium 
are eluted. 

Other actinides are eluted. 

If there is any chance of exter
nal contamination on the tube, 
place it in another container, 
such as a plastic bag or ice 
cream carton, to protect per
sonnel. 

(1) J. P. Faris, R. F. Buchanan, Anal. Chern. 36, 1157 (1964). 
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DETERMINATION OF UNDISSOLVED AND TOTAL SOLIDS 

ABSTRACT 

Gravimetric methods are described for the determination ef undissolved 
solids and of total solids in aqueous solutions. Undissolved solids are 
separated from a sample aliquot on a tared filter, then washed and dried 
to constant weight at selected temperatures. Total solids are deteTmined 
by evaporating a sample to dryness and heating the residue to constant 
weight. 

APPLICABILITY 

These methodG are generally applicable to aqueous sampies, but are written 
to be specifically applicable to samples from the waste calcination process, 
both from pilot plant studies and from the CPP Waste Calcination Facility 
(WCF). 

DISCUSSION 

A serious error in the method for undissolved solids can result from in
complete washing of dissolved salts from the periphery of the filter. 
The sample diffuses to the periphery of the filter which is sandwiched 
between the top and bottom sections of the Millipore filtration apparatus_ •. 
The dissolved salts can only be effectively removed by thorough rinsing 
of the filter after the top section of the Millipore apparatus has been 
removed. Water is added dr·opwise from a medicine dropper around the 
periphery of the filter while suction is applied. 

Two errors often encountered in weighing the solids are the use of improper 
marking inks to identify the drying containers and failure to desiccate 
the heated samples. Any material used to mark a container must not change 
weight when the container is heated. Most laboratory marking ink.s loose 
weight or even completely disappear when heated.in a furnace. The only 
acceptable methods of marking are to permanently etch the container with 
hydrofluoric acid or to use an engraving vibratory tool. The amount of 
moisture in the atmosphere affects the weight of an object. For this 
reason, heated samples must be placed in a desiccator. The heated samples 
should be allowed to cool to about 60°C before being placed in the desiccator 
and remain in the desiccator for 1 hr before being weighP.r'! .. 

The solids will be dried to constant weight at specified temperatures 
ranging from room·temperature to 900°C. The temperature determines the 
types of filter and the type of container. At room temperature, either 
Millipore or glass fiber filters can be used. Above room temperature to 
l+00°C, glass fibe:r- filters should be used. At these temperatures, the 
filtere d,o m.d, lose we1.ght. However, the gla:5~ fiber· filter·s must be 
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tared at the temperature used for the sample. Above 400°C, the Millipore 
which will completely disintegrate, should be used. Quartz beakers must 
be used above 400°C; borosilicate glass beakers can be used at lower 
temperatures. Their tare weight must be determined at the temperature 
to be used for the samples. 

SPECIAL PRECAUTIONS 

l. Wear asbestos gloves when handling high temperature items. 

2. Plant (WCF) samples will contain fiss!ua J:IL"uduct a.cti vi tic::~. Handle 
them in conformance with health physics regulations. 

3. Use only the filtration apparatus located in the hot (No. l) hood. 

4. Decontaminate the filtration apparatus at regular intervals. The 
recommended decontamination reagents are Turco 4502 and Turco 4521. 

5. The balance is located in the open laboratory. Take necessary pre
cautions, such as placement of masking tape on the controls, to pre
vent its contamination. 

APPARATUS AND ~GENTS 

Use distilled water throughout the prucedures. 

l. 

2. 

3· 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Deakers, quartz, 100-ml, etched with 8. pt=;>rmR.'I'lFmt number (see Discussion 
Section). 

Beakers, borosiliGate glass, 100-ml, etched. w!Lh ~::~. J:leL·uianetlt 11.umbcr 
(see Discussion Section). 

Millipore filters, 4.7-cm, 0.45-~, Type HA. 

GlaRs fiber filters 5-cm, Reeve-Angel. 

Millipore filtration apparatus. 

Centrifuge tubes, plastic, 50-ml. 

Graduated cylinders, 100-ml. 

Heat l!:I.IIlpl:l. 

Muffle furnace. 

Desiccators, glass with air release valve. The recommended desiccant 
is Indicating Dryrite. As it becomes exhausted, the color changes 
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from blue to red. Regenerate it by heating at 100°C for 24 hr in a 
large Petri dish with the depth of the Dryrite not exceeding 1 in. 

11. Balance, analytical, sensitivity of 0.1 mg. 

12. Watch glasses, Speedyvap type. 

13. Aluminum weighing dishes, 2-in. diam. 

14. Vacuum pump. 

PROCEDURE 

A. Selection of Proper Filter and Beaker 

The type of filter to be used for determining undissolved solids depends 
upon the temperature selected for the drying as follows: 

Drying Temperature, °C .Filter 

Room Millipore or glass fiber 

Room to 4oo Glass fiber 

4oo Millipore 

Use quartz beakers above 400°C. Borosilicate beakers can be used 
below 400°C. 

B. Determination of Constant Weight 

The quantity of undissolved solids will range from a few milligrams 
to several grams. The time required to obtain constant weight depends 
on the nature of the sample, the size of the sample and the heating 
temperature. A wei~1t is defined as constant when a repeated heating 
cycle produces a weight that agrees with the previous weight by 0.5 mg 
or less or within 1% of the sample weight for samples weighing more 
than 50 mg. 

C. Determination Undissolved Oolids 

1. Select the proper filter. 

2. Tare either the filter if the 
solids are determined below 
400°C .or a quartz beaker if the 
solids are determined above 
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Select the filter according to 
Procedure A. 

Desiccate the f~lters or beakers 
before weighing. Place the Milli
pore filters directly in the 
desiccator using marked aluminum 



ID0-14316 
Calciner Solids-1:4 

400°C. Obtain a constant tare 
weight as described in Procedure 
B. 

3. Mark the sample bottle at the 
liquid level. 

4. Filter with a dry Millipore 
apparatus into a clean, dry 
f:ilte1· flask. 

5. Transfer the filtrate (before 
washing the solids with water) 
to a clean, dry bottle. 

6. Lcl.bel the l.Jo L Lle wl Ll1 Lhe lug 
number and sample code and 
identify it as filtrate. Set 
it aside for additiona~ analyses. 

7. Replace the collection flask. 
'l'ransi'er the remB.inder of the 
sample from its bottle to the 
filter paper with water rinses. 

8. Wash the solids thoroughly with 
water. 

9. Remove the chimney from the 
filtration apparatus and, with 
the vacuum still applied, wash 
the periphery of the filter with 
15 ml of water applied dropwise 
from a medicine dropper. Allow 
each drop to fall half on the 
paper and half on the filtering 
base. 
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dishes to identify the filter. 
Heat the glass fiber filters or 
the quartz beakers to the tem
perature of the analysis for 1 
hr and cool,to about 60°C 
before disiccation. 

Make a fine mark at the bottom 
of the meniscus of the liquid. 

The filtrate is to be used for 
additional analyses. Dry 
apparatuo muot be uood oo that 
the concentration of the filtrate 
is not changed. The filtration 
may be speeded by first centri
fuging the sample. 

When the filtration is slow, 
collect only enough filtrate 
for the requested analyses. If 
the sample is subjected to the 
negative pressure of the filter
j.ng pr.ncess for long periods of 
time,, the liqi1id evaporates to 
ch~nge the concentration of the 
filtrate. 

Dissolved salts are trapped on 
the periphery of the filter 
between the two halves of the 
filtration apparatus. These 
must be removed by thorough 
washing with water. 



10. Remove the filter and dry at the 
specified temperature to constant 
-weight. 

11. 

12. 

a. If the solids are to be dried 
at room temperature, put the 
filter in a marked aluminum 
dish and set in a desiccator 
for 3 hr. 

b. If the solids are to be 
determined from room temper
ature to 400°C, put the glass 
fiber filter in a borosilicate 
or quartz beaker and heat at 
the specified temperature for 
2 hr. 

c. If the solids are to be 
determined at temperatures 
above 400°C, put the filter 
in a quartz beaker and char 
under a heat lamp. Transfer 
the sample to a furnace and 
heat at the specifi~d temper
ature for 3 hr. 

Determine the volume of the sample 
by measuring the volume of -water 
required to fill the original 
sample bottle to the mark made in 
step 3. 

Calculate and report undissolved 
solids as g/1. 

D. Determination of Total Solids 

1. Tare a 100-ml borosilicate beaker 
if the solids are to be dried at 
400°C or lcoo. ~arc a lOO&ml 
quartz beaker if the solids are 
to be dried at temperatures above 
400°C. 

2. Mark the sample bottle at the 
liquid level. 
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See Procedure B for an explan
ation of constant -weight. 

The drying time can be reduced 
if vacuum is applied to the 
desiccator. Put a Speedyvap 
-watch glass·on the dish to 
protect the sample from direct 
air f'lo-w -when the vacuum is 
released. 

The beaker must be tared at the 
specified temperature. See step 
2. 

Add -water slo-wly until the 
bottom of the meniscus is at 
the mark made in step 3. 

See Calculations Section. 

Heat the beakers to the temper
ature of the analysis for 1 hr, 
~uul Lo Q~out 60°C, and then 
desiccate them. Obtain a con
stant tare -weight as described 
in Procedure B. 

Make a fine mark at the bottom 
nf t.hP mPnisr.us of the liquid. 
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3. Quantitatively transfer the 
sample to the tared beaker 
with the aid of water rinsings. 

4. 

5-

6. 

Cover the beaker with a Speedy
vap watch glass, heat under a 
heat lamp until dry, and then 
heat to a constant weight at 
the specified temperature. 

Determine the volume of the 
sample by measuring the amount 
of water required to fill the 
original sample bottle to the 
mark made in step 2. 

Calculate and report total 
solids as g/1. 

If the analysis is to be made at 
room temperature, evaporate the 
sample to near dryness and then 
set aside to dry at room temper
ature. When the orunple appears to 
be completely dry, place it in a 
desiccator until constant weight 
is obtained as defined in Procedure 
.8. 

Add water slowly until tl1e bottom 
of the meniscus is at the mark 
made in step 2. 

See Calculations Section. 

CALCULATIONS 

Record the data on the worksheet and calculate the results as follows. 

Column 

A 

B 

D 

E 

G 

Unit to Record 

Vol of sample, ml. 

Time of tare weight.a 

TC:lTe weight, g. 

a 'l'imt:! or gross ·welgl!L. 

Gross weight, g. 

Sample welghL, g. 

F = F.-C 

Result .• g/1 

1000 F 
= 

A 
G 

Report results to three decimal places 0.001 g/1. 
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aThe time at which consecutive weights are taken is recorded so that the 
length of time a sample is heated between weights can be caictilated. 
This will aid in changing the validity of the constant weight. It ~ill 
also give an indication of how long a specific type of sample must be 
timed in order to obtain a constant weight. 
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DETERMINATION OF SULFUR BY COMBUSTION 

ABSTRACT 

ID0-14316 
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A method is described for the determination of sulfur in metal alloys 
using the Leco Model 532 induction furnace and the Model ET-20 automatic 
photometric titrator. The sample is ignited in a stream of oxygen and the 
resulting sulfur dioxide is passed into a titration vessel where it bleaches 
a starch-iodine complex. This solution then is titrated automatically with 
potassium iodate back to the original photometric intensity of the starch
iodine complex. 

APPLICABILITY 

This method is designed primarily for the determination of sulfur in 
ferrous alloys. With modifications, however, various materials, such as 
coal, coke, oil, rubber, limestone, slag; and iron ore, can be analyzed. 
With the usual 1-g sample of ferrous alloys, the range of the method is 
0.001- to 0.200-% sulfur. The precision is on the order of ±0.002% sulfur. 

DISCUSSION 

In establishing a method for materials other than iron and steel, 
standard samples of the substance under test should be used. Materials 
must be magnetic to be heated by the induction furnace. For samples that 
are nonmagnetic, iron chip accelerator is mixed with the sample to allow 
ignition to take place. If organic substances such as coal or rubber tend 
to explode, cover them with a layer of powdered alumina to slow the rate 
at which volatiles are released. Halogens interfere by darkening the 
starch-iodine complex. 

SAFETY PRECAUTIONS 

The Leco furnace is a high voltage unit and should not be disassem
bled while plugged in. Metal should not be brought into close proximity 
with the induction coil when the unit is in operation. 

TROUBLESHOOTING GUIDE FOR INDUCTION FURNACE 

Low Sulfur Results 

1. Oxygen flow not sufficiently long. 
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2. Sample temperature too low. Sufficient sample must be used to obtain 
the induction heating. If the sample does not heat properly, add 
iron chip accelerator. Always use the Leco IH-l0-550S tube and the 
Leco crucibles and covers. 

3. Furnace failure. See Electronic Service Manual for Leco High Frequency 
Induction Furnaces. 

4. Titration vessel not aligned. 

5. Initial color of starch-iodine complex not st~ficiently intense. Do 
not allow the color 'to 1'a.de completely during the evolution of the 
sult'ur dioxide as some will escape. If color completely fades, start 
over either with less sample or with initial color set more intensely 
using the endpoint control. 

6. Apparatus leaks. Inspect all joints and ring seal. 

7. Insufficient accelerator. 

8. Potassium iodate solution too strong. The concentration must be 
exactly 0.444 mg/ml. 

9. Sample contains halogens. 

10. Rubber tubing connections may absorb sulfur. Use a minimum amount of 
Tygon tubing for all connections. 

11. Potassium iodate solution leaked into titration vessel. 

High Sulfur Results 

1. Sulfur contamination from crucible or aover. 

2. Potassium iodate solution too weak. 'l'he concentration must be exactly 
0 • 444 mg/ ml. 

Erratic Sulfur Results 

l. St~rch solution ·!Joo old. 

2. Line voltage fluctuation. 

APPARATUS AND REAGENTS 

A. Apparatus 

l. Leco Model 532 induction furnace and Model ET-20 electronic titrator. 
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2. Leco IH-10-850 crucible and Leco IH-10-950 crucible cov~rs are 
recommended but any crucibles and covers made by Leco are sulfur 
free and may be·used. 

3·· Microspatula and tweezers. 

4. Oxygen cylinder. 

B. Reagents 

All reagents used should be C. P. or Analytical Reagent· grade. Use 
distill~d water for the preparation of all reagents and-throughout 
the procedure. 

1. Potassium iodate solution, 0.00207M. Dissolve 0.444 g of potassium 
iodate in distilled water and dilute to l liter. 

2. Starch-iodine solution. Mix 9 g of starch into a paste with 10 ml 
of distilled water. Pour slowly into l liter of boiling water and 
boil for l min. Add 15 g of potassiuni. iodide. Prepare a fresh 
solution once each week. 

3. Hydrochloric acid, 0.2M. 

4. Leco tron chip accelerator No. i6o. 

5. Leco No. 155 tin metal accelerator (20 mesh). 

PROCEDURE 

A. Bench Standard 

Using Procedure c, process NBS samples which approximate the sample 
composition. Acceptable limits are ± 0.002 wt% sulfur of the stated 
value. 

B. Blank 

Using Procedure c, process l g of the iron·accelerator. 

C. Samples 

1. Turn on the furnace power and 
filament switches. 

2. Set the oxygen flow at 1 liter/ 
min. 
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Allow at least 45 sec for 
warmup. 
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3. Weigh l to 3 g of sample into 
the crucible and add three 
microspatulas of tin acceler
ator. 

4. Place a cover on the crucible. 
Place the crucible on the ceramic 
column and raise them into the 
quartz combustion tube. Turn the 
crucible lift control to the left, 
but not so-far left that the 
firing button io dcprcoocd. 

5. Turn on the titrator power switch. 

6. Turn the double throw switch to 
"neutral" and the end point con
trol knob to the extreme left. 

7. Rinse the titration vessel with 
0.2M HCl. 

8. Add 5 ml of the starch-iodine 
solution to the titrator vessel 
and fill to the line with 0.2M 
HCl. 

9. Fill the buret with 0.00207M 
KI03 solution. 

10. Turn the double throw switch to 
"titrate" and slowly rotate the 
endpoint control clockwise until 
the light begins to flash and a 
medium blue color is obtained. 

11. Refill the buret with 0.00207M 
KI03 solution. 

12. 'l'urn the crucible li:t't control on 
the furnace to the extreme left 
to depress the firing button. 

13. Read the buret after the light 
stops flashing. 
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For high nickel-chromium 
alloy samples, add l -g of 
iron accelerator. 

Make sure the crucible is 
centered to avoid breaking 
the quartz tube. 

Allow l min for warmup. 

Close the stopcock after 
this step. 

The light flashes when the 
potassium iodate solution 
flows from the buret. 

11· the 1·urnace circUit brco.ker 
clicks while the sample is 
burning, press the "reset" 
button. The circuit breaker 
opens when the plate current 
on the furnace exceeds )UU mA. 
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14. Inspect the melted sample in the 
crucible for homogeneity. 

If the melt is not homo
geneous, the sample did not 
burn properly and the results 
will be low. In this case, 
start again adding 1 g of 
iron accelerator. 

CALCULATIONS 

Record. the cl.ata on the worksheet as follows: 

Column Unit to Record 

A Tare weight of crucible, g. 

B Weight of sample plus crucible, g. 

c Weight of sample, g. 

C = B - A 

D Titer of sample, percentage units. 

E Titer of blank for 1 g of accelerator, ml. 

F Result, wt% sulf'ur. 

D - E 
F :::: -·· .. ·---

C 

Report results to three decimal places 0.001%. 

Note that if exactly 1 g of sample is used, the blank-corrected buret 
reading is the percent.sulfur content of the sample. 

REFERENCE 

l. Laboratory Equipment Corporation, Instruction Manual for Oper&tion of 
Leco .Sulfur Determination No. 400-I and ET-20, Saint Joseph, Michigan 

·(1953). 
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Fluorescein-i:l 
December 1966 

COLORIMETRIC DETERMINATION OF FLUORESCEIN. 

ABSTRACT 

A method is described for the determination of microgram quantities of 
fluorescein in solid and aqueous sample$. The absorbance .of an aqueous 
solution of the sodium oalt of fluorescein is measll:r.ed at 490 mtJ,. 

APPLICABILITY 

This method is designed for the determination of pure fluorescein in 
distilled water solutions or particulate fluorescein trapped on fiber 
glass filters. The lower limit of detection is 0.5 tJ,g of fluorescein 
and the linear range is 0.5 to 80 tJ,g. 

DISCUSSION 

The method is based on the absorbance measurement of the sodium salt of 
fluorescein which has an intense color in an aqueous medium. The color 
is most intense at a pH greater than 9.0. The maximum absorbance is at 
490 mtJ,. The color is stable for at least-24 hr. 

APPARATUS AND REAGENTS 

A • Apparatus 

1. Assorted pipets. 

2. Volumetric flasks, 25-ml. 

3·. Griffin beakers, 50-ml. 

4. Fiber glass filters, l-in.·; Reeve Angei', or equi~~lent. · 

5. Filter holders for above filters. 

6. Beckman Model DU spectrophotometer, or equivalent. 

7. Absorption cells, 1-: and 5-cm, Corex. 

8. Magnetic stirrer and Teflon-coated magnets. 

B. Reagents 

1. Fluorescein, powder, Eastman Organic Chemicals. 
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2. Calibration and bench standards. 

a. Standard I, 80 JJ.g of fluorescein per ml. Dissolve 80.0 mg 
of fluorescein in ethanol, dilute to l liter with ethanol, 
and mix until homogeneous. 

b. Standard II, 40 JJ.g of fluorescein per ml. Dissolve 40.0 mg 
of fluorescein in ethanol, dilute to l liter.with ethanol, 
and mix until homogeneous. 

3. Sodium hydroxide, 6M and O.OlM. 

4. Ammonium chloride buffer, lM, pH 9.35. Mix two volumes of 
~ .N140H and one v6lume of IM HCl. 

PROCEDURE 

A. Blank 

Process a reagent blank. Begin with step D-1 substituting water for 
the sample. 

B. Calibration 

l. If using 1-cm absorption cells, ;proceRR a 500~Jtl l'l,liquot from 
each of standard I and Standard TT hP.ginning with step D-l. 

2. If using 5-cm absorption cells, process a 100-J.J.l aliquot from 
each of Cto.ndard I and StaritlH.l'll II beginning 'With step D-1. 

3. Divide the micrograms of fluorescein in each aliq~ot by its 
respective absorbance to determine the conversion factor. Before 
samples are analyzed, the difference between the two conversion 
factors and the average conversion factor must agree within 
limits set by the Quality Control Laboratory. Also, the average 
of the two conversion factors must agree with the established 
Conversion ±'actor wj_thin specified limits. 

C. Analysis of Filter Samples 

Steps 

l. Leach the sample filter with 
10 to 15 ml of O.OlM NaOH in 
a 50-rnl ueaker with-Vigorous 
magnetic stirring for at 
least 5 min. 
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Remarks 

The sodium salt of fluorescein 
is more soluble than fluorescein. 



2. Transfer the leach solution 
to a 25-ml volumetric flask. 

3. Add 2 ml of 1M Nl4Cl buffer 
to the beaker-and transfer 
with small water rinses to 
the 25-ml volumetric flask. 
Dilute to 25 ml with water, 
and mix until homogeneous. 

4. Filter the leach solution 
through a l-in. fiber glass 
filter. 

5. Measure the absorbance of the 
filtrate at 490 m~ with 
either 1-cm or 5-cm Corex 
cells. 

D. Colorimetric Analysis 

1. Pipet up to 20 ml of a water 
sample into a 25-ml volu
metric flask; · 

. 2. .Adn. 2 ml of the ·1M NJ4Cl 
buffer, dilute to~25 ml 
with distilled water, arid 
ndx m1til hQmogeneouo. 

3. Measure the absorbance at 
490 m~-t :w1 th ei t·her 1-cm or 
5-cm Corex cells. 

CALCULATIONS 

Fluorescein-1:3 

The recommended mixing procedure 
is to transfer the solution 
between the volumetric flask and 
a larger bottle as described in 
the Remote and Service Analysis 
Group Operating Manual (PTR-729, 
p 121, November, 1964). 

.Suspended solids cause high 
absorbance readings. 

If the absorbance in 1-cm cells 
is greater than 0.75, take an 
aliquot and process by section D. 

The leached filter sample_is in 
a 25-ml volumetric flask from ·· · 

. step C-3 • 

The recommended mixing procedure 
is to transfer the solution 
between the volumetric flask and 

.a larger bottle as .described in 
the Remote and Service Analysis 
Group Operating Manual (PTR-729, 
p.l21, November, 1964). 

If the fluorescein content is 
unknown, first measure in 1-cm 
cells. If absorbance values are 
below 0 .1, discard the results 
and use 5-cm.ce~ls. 

Record the data and calculate the results as shown in the following 
example worksheet. 

Report results to two significant figures. 
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CHEMICAL ANALYSIS WORK SHEET 

Sample Name Log Number 

Activity (mR/hr) Determination Flu.oce s c.ein 
Charge Number Procedure 

--~~---------------

Special Instructions: 

A c D E G 

Sampling and 
!Ab~ort.u.cc Ne+- C..011~a~o• ,.,. i, 

Sample Dilution .Data: '($ Absor .. aiiCA l=a.c. .. o-r AliJ.u•T Rt:!sult 
Description ao/d1/al/d2/a2 "JA'tr/46'5. ~~"/A ted £. .<2 J~ ...... Je... H;a.O 

R ... + 8Jq~K o.oos 
Vf I' CJ{ -

"~ ~1, - (), 4/D O.A/-011 qg, ~ 
S·h! ;lD~_ IC.~/5 o. ;J./0 6J7. ~ 

u 
--- ~- .9.8i.~ 

s4 ..... ol-e.' T,;~ I so. .... ble_ o . .3~--~ (),_~0 l.g<J.-4 13 'f.~/ MQ. ls.,.."/4 
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CALCULATIONS: 
Analyzed by :L. ).... Dotf'j; e. f+- Date ])e.ce.mker /~6.{, 

-Approved by ---------
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COLORIMETRIC DEI'ERMINATION OF OSMIUM 

ABSTRACT 

Os-1:1 
December 1966 

This method, designed primarily for powder metallurgy samples of aluminum 
containing osmium metal or oxide, involves an initial separation of the 
osmium metal or oxide from the aluminum by dissolution of the· aluminum 
in hydrochloric acid and filtration of the insoluble osmium fraction. 
The osmium fraction is dissolved by a sodium hydroxide-potassium nitrate 
fusion and colorimetrically determined or is dissolved by a nitric
sulfuric acid mixture, distilled as the tetroxide, and colorimetrically 
determined. The colorimetric method is based on the red, water-soluble 
complex formed with thiourea.(l,2) 

APPLICABILITY 

This method was developed specifically for the analysis of relatively 
pure aluminum-osmium alloys in which osmium is either the metal or the 
oxide. In one of the two procedures, osmium is separated by distillation 
as the tetroxide before color development. This increases the specificity 
of the method. Other elements that distill, such as ruthenium, are 
potential interferences. The range of the colorimetric procedure is 
0.5 to 5 mg of osmium. The lower limit of the overall method for aluminum 
matrix samples is 0.5 mg of osmium. 

DISCUSSION 

The aluminum in the sample is dissolved in hydrochloric acid and the 
insoluble osmium-containing residue is removed by filtration. The 
hydrochloric acid dissolution foams considerab.ly; thus heat must be 
applied with caution to avoid loss of solution. Aluminum that contains 
more than 4% osmium, by weight1 will dissolve without applied heat. The 
membrane filter containing the osmium residue can be dissolved by two 
procedures. The controlling factor is the presence of metals precipitated 
by caustic. In the first procedure the residue may be fused in a caustic
potassium nitrate mixture. Fusion is complete when the me·lt turns brown. 
The brown color is the result of the oxidation of osmium by the nitrate 
to the tetroxide. Do not heat after the melt turns brown because insoluble 
silicates will form from the glass tube. The melt is dissolved in water 
after fusion. In the second procedure the residue is dissolved in a 
concentrated nitric acid-suli'uric acid mixture and then is. separated by 
distillation. The distillate is trapped in 10M NaOH. Distillation is 
complete wheri the brown color, formed by the oXIDium tetroxide, disappears 
from the dissolver solution. Heating an additional 5 min will assure 
complete distillation. 

131 



Os-1:2 

'l'he colorimetric determinations are based on the absorbance measurement 
of the red complex ion, Os(NH2·CS·NH2)s+++, formed by the reaction of 
osmium tetroxide and thiourea in approximately lM H2 S04 .(1,2) Substances 
that oxidize thiourea must be absent. The complex has a maximum absorbance 
at 540 m~. The color is stable for at least 8 days. 

SAFETY PRECAUTIONS 

Wear rubber gloves when handling concentrated acids. Rapid addition of 
sulfuric acid to an aqueous solution will cause spattering. Follow 
procedures for addition of concentrated acids. 

APPARATUS AND REAGENTS 

A. Apparatus 

1. Assorted pipets and oyringe controls. 

2. Volumetric flasks, 100-ml. 

3. Beckman Model DU spectrophotometer, or equivalent. 

4. Absorption cells, Corex, 1-cm, calibrated to ±0.002 absorbance 
units with a ;prnr.ARRFH'I Rt.A.nilFLril in t-.hp r:F:'lls Ft.t 540 mj.L. 

5. Millipore filters, 0.45-~, 25-mm, type HA, or equivalent. 

6~ Filter holders for above filters. 

7. Ruthenium diptillat~on ~pp~r~tus • 

. 8 .. Centrifuge tubes, 50-ml. 

B. Reagents 

Use distilled water and reagent grade chemicals. 

l. Sulfuric acid, cone and 6M. 

2. Nitric acid, cpnc. 

3· Sodium hydroxide, pellets. 

4. Sodium hydroxide, 10M. 

5. Potassium nitrate, crystals. 
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Os-1:3 

6. Thiourea, 10% (w/v). Dissolve 10 g of thiourea in water and 
dilute to 100 ml. This reagent is stable for at least 2 months. 

7. Calibration and Bench Standards 

a. Standard I, 1.000 mg Os/ml. Dissolve .100.0 mg of osmium 
metal per section D starting at step 2, dilute to volume in 
a 100-ml volumetric flask, and mix until homogeneous. 

b. Standard II, 2.000 mg Os/ml. Dissolve 200.0 mg of osmium 
metal per section D starting at step 2, dilute to volume in 
a 100-ml volumetric flask, and mix until homogeneous. 

PROCEDURE 

A. Blank 

Process a reagent blank with each. series of samples, starting at 
section.D, substituting ~ater for the sample. 

B. Calibration and Bench Standard 

A calibration is required each day samples are analyzed. 

1. Process a 2-ml aliquot of Standard I and a 2-ml aliquot of 
Standard II. Evaporate to dryness and continue per Procedure D 
beginning at step g_. 

2. Divide the milligrams of osmium in each aliquot by its respective 
absorbance to determine the conversion factor. Before samples are 
analyzed, the two conversion factors must agree within·limits 
set by the Quality Control Laboratory. Also, the average of 
the ·two conversion factors must agree with the estab.lished con
version factor within specified limits. 

C. Dissolution of Almni num 

t>teps 

l. Weigh and transfer a sample 
that contains 0.5 to 100 mg 
of osmium to a 50-ml centri
i'uge tube. 

2. Add 10 ml of cone HCl and 
gently heat to dissolve.the 
aluminum. 
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Remarks 

The chemical form of the osmium 
must be metal or oxide. 

Add the acid in 2- to 3-ml in
crements and heat gently to 
initiate the reaction. The 
reaction proceeds with consider
able foaming. 



Os-1:4 

3. Filter the sample on a 25-mm, 
0.45-~ membrane filter. Wash 
the filter three times with 
5-ml portions of distilled 
water. Discard filtrate and 
washes. 

4. Treat the filter and residue 
by procedure D or E. 

D.· Caustic F'usion oi' Residue 

1. Transfer the filter and 
.L't!::>lllut! ~u ct 50-rul eentrifuge 
tube. 

2. Add six (- 2g) N~OH pellets 
and 0.1 g of N~U3 crystals. 

3. Heat gently over a flame 
until the melt turns brown. 

4. Cool, then add 15 to 20 ml of 
distilled water and heat 
gently over a flame until 
the melt dissolves. 

5. Transfer th9 solution to a 
100-ml volumetric flask, 
dilute to volume with dis
tilled water, and mix until 
·homogeneous. 

6. Proceed to Procedure F. 

E. Acid Dissolution of Residue and 
Separation of Osmium by 
Distillation 

1. Transfer the filter and 
residue to a ruthenium dis
tillation apparatus. 

2. Add 5 ml of cone HN03 and 
10 ml of' cone H.2S04 • 

Procedure D is faster but cannot 
be used for samples that contain 
diverse metals tlta.t precipitate 
with NaOH. 

The osmium oxidizes to the brown
colored tetroxide. 

To avoid bumping.. geptly hea.t 
while continuously swirling the 
tube. 

The recommended mixing procedure 
is to transfer the solution be
tween the volumetric flask and a 
larger bottle as described in the 
Remote and Service Analysis Group 
Opera.t.jng MannA.]. (PTR-729, p 121) 
November, 1964) • 

Add the cone H.2S04 slowly to 
prevent spattering. 



3. Heat with a flame and trap 
the distillate in 50 ml of 
10M NaOH. Continue heating 
for 5 min after the brown 
color disappears. 

4. Transfer the solution to a 
100-ml volumetric flask, 
dilute to volume with dis
tilled water, and mix until 
homogeneous. 

5. Proceed to Procedure F. 

F. Colorimetric Analysis, 

1. Pipet an aliquot containing 

2. 

3· 

from 0.5 to 5 mg of osmium 
from the solutions obtained 
in sections D or E into a 
100-ml volumetric flask and 
dilute with distilled water 
to ---50 ml. 

Add the calculated amount of 
6M or stronger H2S04 to 
neutralize the NaOH. 

Add 1 ml of 10% thiourea solu
tion, dilute to 100 ml with 
distilled water, stopper, and 
mix until homogeneous. 

4. Let the solution stand for 
at least 10 min for full 
color development. 
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Osmium oxidizes to the brown
colored, volatile tetroxide. 
Disappearance of the brown color 
from the dissolver solution 
indicates completion of the 
distillation. 

The recommended mixing procedure 
is to transfer the solution 
between the volumetric flask and 
a larger bottle as described in 
the Remote and Service Analysis 
Group Operating Manual (PTR-729, 
p 121, November, 1964). 

For the calibration standards,~ 
use a 50-ml aliquot. 

Assume no neutralization of the 
caustic during distill~tion. Add 
the acid slowly with mixing while 
cooling the flask in an fee bath. 
Osmium tetroxide may volatilize 
from a hot acid solution. The 
final acidity after dilution to 
volume (step 1) must be 1±0.5~. 

The solution should be at room 
temperature before dilution. The 
recommended mixing procedure is to 
transfer the solution between the 
volumetric flask and a larger 
bottle as described in the Remote 
and Service Analysis Group Operating 
Manual (PTR-729, p 121, November, 
1964). 

The color is stable for at least 
8 days. 



os 1:6 

5. Measure the absorbance at 
540 m~ in a 1-cm Corex 
absorption cell. 

CALCULATIONS 

Record the data and calculate the results as sho~n in the follo~ing 
example ~orksheet. 

Report results to three significant figures. 

1. G. H. Ayers, W. N. Wells, Anal. Chern., 22 (1950) p 317. 

2. R. Sauerbrunn, E. B. Sandell, J. Am. Soc., 75 (1953) p 3554. 
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CHEMICAL ANALYSIS WORK SHEET 

Sample Name ----------------------- Log Number --------------------

Activity (mR/hr) Determination (} S m j q m 

Charge Number Procedure 

Special Instructions: 

A c D E F 

Sampling and 
Al.sorbGftc ~:oonve.rsion ,..3o~ ;" 

., e. "t 
Sample Dilution Data: Vs F""'c.+o.,. Alit""ot Result 

Description ao/d1/a1/d2(a2 Hl-0 1\korbana =* l!~·'c!~eJ _rna Jg.. 
l?'l.t Rt...., K (). {)/ 0 

Ut U 

s~ l.oo..,A 0 .. lo.1 s6 (J, J7b 5.(,8 

<+A J, oo~ Oc.. lo.:H.J. I'>,_"!S;l 5.61 
u 

x=s·"~ 
Sa......,., ,e:_ _ OJ/71. ttJonol to,.,J ~.A 't ~.<.f,j,.,,. ~$/a. 

• 0( 0 I() 

CALCULATIONS: 
Analyzed by 7:. /... P.:l'ir~ e f+ Date "De.cemb~r /91..(:, 

Approved b.v ...;.... __ .....,........, ______ _ 
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APPENDIX C 

METHODS ADDED TO THE ANALYTICAL 
RADIOCHEMICAL MANUAL IN . 

1966 
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ABSTRACT 

DETERMINATION OF Fe-55 BY 
LIQUID SCINTILLATION COUNTING 

Fe-55---1: 1 
Tentative Procedure 
December 1966 

After preliminary treatments to separate diverse activities,- the· iton is 
precipitated as ammonium ferriphosphate which is suspended as a gel with 
powdered silica directly in the liquid scintillation solution. The 
yield is determined on an aliquot of the treated sample prior to the 
ammonium ferriphosphate precipitation by a colorimetric procedure. 

APPLICABILITY 

This method was developed primarily for the determination of.Fe-55 in 
reactor loop decontamination solutions such as alkaline citrate, alkaline 
permanganate, and hydrazine-Versene. 

DISCUSSION 

Iron first is precipitated as the hydrous oxide which then is ·dissolved 
in 10M HCl. Residual cations are effectively separated by putting the 
solution through an anion exchange column that has been equilibrated with 
12M HCl. The iron is selectively eluted with O.OlM HCl after eluting the 
other cations with 6M HCl. Iron-59 can be detecteK readily by its 1.10-
and 1.29-MeV gamma rays or by beta emission with Emax of 0.27 and 0.46 
MeV. Iron-55 decays by electron capture emitting characteristic x-rays 
of 5.9 keV with a low fluorescence yield of 25%· A liquid scintillation 
system therefore is required for its measurement. 

When aqueous solutions are added to liquid scintillation solutions, 
considerable quenching qf low energy beta emitters.occur. To overcome 
this, the iron is held in suspension as an ailllllonium·ferriphosphate pre
cipitate with a thixotropic silica gel in the scintillation solution. 
Little color quenching occurs with.this white precipitate. However, 
trapped air and impurities in the reagents will cause quenching. 

The ailllJlonium ferriphosphate is precipitated from concentrated H3 P04 by 
adding a solution of O.lM ~Cl in etha~ol. The suggested formula for 
the precipitate is N~E2TFe(P04 )2 ]·2E20. With aqueous samples, q~enching 
decreases the counting efficiency to about 8%. With the precipitate, 
the efficiency is about 20%. 

The yield is determined by analyzing an aliquot of the sample for total 
iron concentration just prior to the ailllJlonium ferriphosphate precipitation. 
The procedure used is an orthophenanthroline colorimetric one described as 
procedure A of Method Fe-3, Mod-2 in the INC Analytical Manual. 
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Fe-55--1:2 
Tentative Procedure 

SAFETY PRECAUTIONS 

Prepare scintillation solutions and samples in a hood as p-dioxane vapors 
are flammable and toxic. Handle the finely powdered silica in a hood 
and take the utmost precautions to avoid its inhalation. 

APPARATUS AND REAGENTS 

A. Apparatus. 

l. Centrifuge tubc3, e;ro.duo.tcd, '' 0-ml. 

0 
'--• Small ion-exchange columns made from 5-ml conical test tubes with 

the tips removed. (See Reagents, item 1.0 for preparation.) 

3· Special, thin-walled, glass, counting vials, "'20-ml volume, 
Beckman Instruments. 

4. Ultrasonic vibrator bath. 

5-

6. 

Micropipets, assorted sizes and syringe controls. 

Liquid scintillation counting system. 

'{. Beakers, various sizes. 

8. Vortex mixers. 

B. Reagents 

l. Phosphoric aeid; 857L 

2~ Hydrochloric acid, cone, 10~, 6~, and O.OlM. 

3. .Annnonium hydroxide, cone and 6M. 

4. · Sodium hydroxide, 6~. 

5. Ethanol, 95 or 100%. 

6. .Annnonium chloride, 0.0~, in 95 or 100% ethanol. 

7. Hydrogen peroxide, 30%. 

8. Iron carrier solution, 2.5 mg Fe/ml. 

9· Iron-55 standardized solution. 
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Fe-55--1:3 
Tentative Procedure 

10. Anion exchange resin column. Place a pad of fiber glass in a 
5-ml conical test tube without its tip (see Apparatus, item 2) 
and two-thirds full with AG-1, x 8, 100 to 200 mesh, .resin. 
Flow 5 ml of concentrated HCl through the column. 

11. Scintillation solution. Dissolve 10 g of PP0[2, 5-diphenyloxazole], 
150 mg of POPOP[bis(2-(4-phenyloxazolyl))benzene], and 120 g of 
naphthalene in p-dioxan (scintillation grade) and dilute to l 
liter with p-dioxan (scintillation grade~ .Mix ·until homogeneous. 

PROCEDURE 

A. Blank 

1. Pipet 2 ml of the iron carrier 
solution and process by the 
same procedure that is used 
for samples. 

It is not necessary to determine 
the yield in the blank because 
it usually is negligible. 

B. Calibration Standards and Calculation of Counting Efficiency 

l. Place two aliquots of an Fe-55 
standard solution directly into 
15 ml of the scintillation 
solution (with added silica 
powder) in a counting vial. 

2. Calculate the efficiency as 
the ratio of the observed 
cpm to the known dpm for each 
standard aliquot. 

C. Analysis of Samples 

l. Transfer an aliquot of the 
sample .. into a 40-ml 
centrifuge tube. 

2. Add 2 ml of the iron carrier 
solution and mix. 

3. Acidify alkaline permanganate 
samples with cone HCl with 
the aid of pH paper, add 4 
drops of 30% H.2~, and heat 
to just below boiling. For 
hydrazine-Versene samples, 
add 6 drops of' cone N !4,01-l. 
per 5 ml of sample. 

Choose the aliquots to bracket 
the estimated activity level 
of the sample. 

The difference between the ratios 
and the average ratio value must 
agree within limits set by 
the Quality Control Laboratory. 

The volume of .pample to be used 
depends on the activity level. 
If unknown, a 5- to 10-ml 
volume is recommended. 

These treatments increase the 
chemical yields. No. special 
treatment is required for 
alkaline citrate samples. Do 
not heat the hydrazine-Versene 
Sa.Jllille l1 • 



Fe-55--1:4 
Tentative Procedure 

4. Add 6M NaOH with continuous 
swirling to precipitate the 
hydrous oxide of iron •. 

5. Centrifuge and decant the 
supernatant solution. 

6. Dissolve the precipitate in 
10M HCl and transfer the 
solution with 10M HCl washes 
to an anion exchangf, :!OlUilUl. 

7. vlo.ah "With t-wo colUilUl volumec 
of 6M HCl followed by two 
coluiiin volumes of ~M HCL 
Discard the effluents. 

8. Elute the iron wit.h three 
colUilUl volumes of O.OlM HCl 
into a graduated, 40-mi
centrifuge tube. 

9. Heat to near boiling and 
drop-wise add cone NH40H 
while swirling the contents 
to ·precipit~te the hydrous 
oxide of iron. 

10. Di:-:;::;ulv-e the precipi to.tc with 
a minimum volume of cone 
H3 P04 with the aid of heat. 

11. Dilute to 5.0 ml with water 
and mix until homogeneous. 

12. Pipet 100 ~l of the diluted, 
dissolved precipitate into a 
25-ml volumetric flask, 
dilute to volume with O.OlM 
HCl; o.nd mix until homogeneous. 

13. Add 25 ml of the O.OlM NH4Cl
ethanol solution to the 4.9 
ml of solution remaining in 
the 4U-ml centrifuge tube 
with continuous swirling, 
then add an excess of 3 to 
4 ml. 
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The colUilUl has an open tip. 
Place a 250-ml beaker beneath 
the colUilUl to collect the effluent 
before the transfer. 

.A r:-olnrr1n vnlnmP. iR ahout ~ ml. 

The recommended voltune of ~n'r'l~ 

H3P04 is 0.5 ml. 

The recommended mixing procedure 
is to use a vortex mixer. 

Analyze an aliquot for iron 
by the colorillletric procedure 
-(see the Discussion section). 

The white precipitl:l,te is ammonium 
ferriphosphate. 



14. Centrifuge and decant the 
supernatant solution. 

15. Wash the precipitate with 
10 ml of ethanol. 

16. Centrifuge and decant the 
superantant solution. 

17. Add 5 ml of the scintillation 
solution and slurry the 
precipitate in an ultrasonic 
bath for 3 min. 

18. Transfer the slurry to a 
counting vial which pre
viously has been packed full 
of silica powder. 

19. Rinse the centrifuge tube 
with three 2-ml fresh portions 
of the scintillation solution, 
adding the rinses to the 
counting vial. 

20. Fill the counting vial with 
scintillation solution and 
ca:p lt. 

21. Vigorously shake the vial to 
mix the solution and the 
silica then place the vial 
in w1 ultrasonic bath for 
1 min. 

22. Count in a liquid scintilla
tion counter using two 
channels. 

CALCULATIONS 

Fe-55--1:5 
Tentative Procedure 

Direct a stream of the ethanol 
to break up the precipitate and 
mix in an ultrasonic bath. 

The ultrasonic bath purges 
trapped air and gives effective 
mixing. 

Record the data and calculate the rcoultc ac chown in the following 
example worksheet. 

Report results to three significant figures. 



CH.EJIJIICAL ANALYSIS WORK SHEET 

Sample Name Log Number 

Activity (mR/hr) Determination Fe· SS 

Charge Number Procedure 

Special Instructions: 

A B c D E 

Sampling and 
""3 oF- :Iro,.~tut C~rre,Ttora <!.oC4nll~a ~/tn 

Sample Co. .. ...-leW" F'ro, Co/•r- l=o-•tor Dilution Data: (:o.,.. FroVr"\ Description. ao/d1 /a1 /d2/a2 Ad.led '::i:jrt I Yield 
E~liclen•) 

S4.WIOI e._ 

A P- 3 3 Is I If. 9 
%rorJ 

C tt.F'rler 

CALCULATIONS: 

C= 6 de b 
tooo ~ A 

WheY"e: 

UJ3 0.75. D.:l.J.f II./ 0 

5 

Analyzed by 

. (3) (s) (.;>s) = 
~c>oo) (_o.t)(.S) 

- ··-··- -·-·· 

\),A. Q/~ h 'f... 

~ 
(). 7 5 

F G 

C/m C/m 

~ rv "' 
c.arrtcteJ 

A/4nK IA,f~K 
-40 J/)0' 

Date 

d, = 
b = 

/000:: 

uo(~...,c. o!= S<>..""'f'.t.. bel=ore. t..lit.._oi- re""'o\lecl. ror ~o/or 
1Jo>l11..""'e. oC: d;l .. +-con -hKen f:or aolor def~rn?inA+coYIJ 
C.ono.>e.rso'o,... Fq_'c.ft>r Fro,., l"!t j-t> m,;tJ Q.h d · 
CLii1"'"t of' cJ.1 rer-uved. ~o't- a.oloi' o.na/7sls ~ = 
_ (Ina) ( s=) = 
- (0.75)(o.'l'fH3)(Af.9) I 8'&'. 7 

H 

Result 

d/m/m/ 
';g-q 

Approved· by ----------
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