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Trace Boron Concentrations In Geologic Standard Materlals
Determined by Fluoride-Volatillization Arc Spectrography

D.W. Golightly, A.F. Dorrzapf, Jr., and Sol Berman

Abstract

Trace boron concentrations recently measured In |aboratories
of the U.S. Geological Survey are reported for diverse geologic
standards, including U.S. Geological Survey rock standards and
National Bureau of Standards standard reference materials.
Determination of boron in the concentration range from 0.2 to 600
micrograms per gram 1is accomplished by emission spectrography
that is based on the vola+iljzafion of fluorides info a direct-

current arc.
Introduction

Boron is a lithophilic element that is wldely dispersed in
geologlc materials as borates and borosilicates. Unaltered rocks
generally exhibit a small range of boron concenfrations, whereas
high secondary accumulations of. boron, which is a very mobile
element, can occur in postmagmatic processes (Wedepohl, 1974).
Typically, boron occurs at trace concentrations that range from
3 pg/g In ultramafic rocks to more than 300 ug/g In clays from
deep-sea sediments (Wedepohl, 1974). Correlations of trace boron
concentrations In sedimentary rocks with the salinity of contact
waters have been reported (Turekian, 1963). Boron may be used as
an indicator of the genesis of phosphorites because It is always
present In marine phosphorites and frequently Is absent from

continental phosphorites, especially non-argillaceous varieties



(Wedepoh!t, 1974). Implications for the boron cycle in oceans are
suggested by studies of the serpentinization of peridotite rocks
in the oceanic crust that may be made possible by trace
concentrations of boron In juvenile boron-containing solutions
(Thompson and Melson, 1970). Increasing Interest In the roles of
boron In geochemlcal and blogeochemical processes requires that
appropriate standards, now scarce, be readily available to the
analyst to assure the accuracy of analyses by chemical or
instrumental methods. Concentrations of boron in 37 reference
materials have been determined by a modified emission
spectrographic method. The method provides a lower determination
limit that is better by approximately a factor of 50 over
conventional direct-current arc methods (Bastron and others,
1960; Meyers and others, 1961).

Detectabil ity and sensitivity In determinations of boron by
conventional direct-current (d.c.) arc spectrographic methods are
adversely affected by the formation of highly refractory boron
carbide (melting point = 2623 K) in the walls of graphite
electroges. Limits of determination seldom are below 10 to 20
ug/g (Bastron and others, 1960), and thus, these methods are
inadequate for determinations of boron in many basalts, granites,
and carbonate rocks. The formation of boron carbide can be
Inhibited through use of a volatilization buffer, such as copper
hydroxyfluoride (CuOHF, supplied by Spex Industries*). This
compound, which possibly Is an Intimate mixture of two or more
copper compounds, is thoroughly mixed with a pulverized sample to
provide reactive fluorine in the molten sample that exists in the

*¥ The use of trade names is for identification only and does not
imply endorsement by the U.S. Geological Survey.



anode during operation of the arc. The resulting boron
trifluoride (boiling point = 173 K) readily volatilizes into the
high-temperature arc column, thus transporting a larger portion
of the boron into the arc column and consequently improving the

determination | imit for boron;
Equipment and Materials
Instrumentation

The spectrograph, excitation source, arcing conditions, and
microphotometer used 1in +this [Investigation are described in

Table 1.
Materials

1) Copper hydroxyfluoride, 99.999% pure (Spex Industries¥*);

2) Graphite electrodes, U=-2, ultra "F" purity (Ultra Carbon
Corporation¥*);

3) "Specpure" ferric oxide, Johnson-Matthey Company¥;

4) Natural quartz and microcline from Shelby, North
Carol ina; and

5) Standards from the U.S. éeological Survey, the Geological

Survey of Japan, and the National Bureau of Standards.
Experimental

Preparation of Samples

Thoroughly mix and grind 10 mg of each sample with 40 mg of
copper hydroxyfluoride (CuOHF) in an agate mortar. The CuOHF
should be handled only In a well-ventilated area of the

laboratory, and contact of the compound with the skin should be

avol ded.



Preparation of Calibration Standards

First, combine the following finely pulverized materials In
the welght proportions indicated: 60 parts quartz, 40 parts
microcline, and one part ferric oxide. Mix énd grind together
these components to provide a homogeneous matrix similar to that
of the sample. Dilute the NBS standard reference material No. 92,
which Is a low-boron glass (B,05 concentration = 0.70 percent),
to 1000 ug/g with the above mixture. Then, using the reciprocal
of the cube root of 10 (0.4642) as the dilution factor (Bastron,
and others, 1960), make nine sequential dilutions of the mixture
containing 1000 ug B /g to provide homogeneous mixtures with
boron concentrations that range down to 1 pg/g . One part of each
of these calibration standards then is mixed with four parts of

copper hydroxyfluoride in an agate mortar.
Exposure of Photoplates

Duplicate 75-s exposures of arc spectra in the region 240 to
310 nm are recorded on a |l1-0 photographic emulsion for both

standards and samples.
Processing of Emulsion

Each exposed photographic emulsion iIs first developed for 3
minutes in Kodak* D-19 developer solution at 20° C. Then, the
emulsion is Immersed in Indicator stop bath for 30 seconds, and
subsequently placed in Kodak* fixer solution for 10 minutes.
Afterwards, the emulsion is washed In circulating water for 15
minutes, and finally, dried for 4 minutes on a plate dryer by a

gentie flow of warm air.



Microphotometry

The transmissions of 20 iron |ines in 2 exposures made
through a two-step neutral density filter (100 and 50 percent
transmission) are determined by microphotometry for calibration
of the photographic emulsion iIn fhe,250-nm region. The Iron
spectra were produced by a 5-A arc between a graphite cathode and
a small quantity of Iron in a cup-shaped graphite anode.

The transmissions of the boron |ine at 249.68 nm and the
adjacent background are measured for spectrograms of both +the
standards and the samples:

All calculations for quantitative spectrographic analysis
and plots of the emulsion callbration and analytical curves are
accompl ished on a Hewlett-Packard* 9830A table-top computer

equipped with a model 9862A xy-plotter (Golightly, 1978).

Discussion

An evaluation of the accuracy of the method necessarily
includes the possible heterogeneity of the various materials
anatyzed. Sample homogeneity on the 2- to 10-mg scale Is required
for the method. Tests of the ho&ogeneify of boron, based on the
analysis 6f two 10-mg samples from each of three bottles of
standard (Flanagan, 1976), indicate that no significant
heterogeneity exists for any of the standards Included in the
study. None of the NBS standard reference materials (SRMs) was
part of this study because a certificate of analysis issued for
each SRM provides a statement describing the homogeneity of the
SRM. Both accuracy and precision of measurements follow
characteristic dependencies on concentration (Table 2). For boron

concentrations above 20 ung/g, the accuracy of measurements



generally appears to be within + 10 percent of the accepted
value; whereas, for concentrations below 20 ug/g, typical
accuracy Is within + 20 percent of the accepted value (Flanagan;
1976; Gladney, 1976; Gordon, and others, 1979; Hall and others,
1986). Conspicuous exceptions to this generalization are provided
by the boron concentrations determined for G-2, AGV-1, SGR-1, and
NBS-1633., The NBS-1633 coal ash is certified to be homogeneous
only on a 100-mg scale; but, currentiy, there are no obvious
reasons for the disparities between measured and accepted boron
concentrations for the other three materials. Trends in the
precision of measurements also generally follow the concentration
level. Thus, for boron concentrations greater than 100 ug/g, the
relative standard deviation (RSD) is 7 to 8 percent. The
precision of the method deteriorates to 10 to 15 percent RSD for
boron concentrations that range from 10 to 100 mg/g, and further
degrades to 25 to 50 percent RSD for concentrations that fall
between 0.2 and 10 ug/g. The lower determination [imit for the
method is approximately 0.2 microgram of boron per gram of
sampleQ which corresponds to an absolute determination limit of
2 ng of boron.

The new data presented in Table 2 on boron concentrations in
diverse, readily-available geologic standards are expected +to
contribute to future geochemical Iinvestigations that focus on
trace concentrations of boron, Also, the copper hydroxyfluoride
vaporization buffer provides a practical approach to the
sensitive determination of boron that should be useful In such

studies.



References

Bastron, Harry, Barnett, P. R., and Murata, K. J., 1960, Method
for the quantitative spectrochemical analysis of rocks, minerals,
ores, and other materials by a powder d.c. arc technique: U.S.
Geol. Surv. Bull. 1084-G. p. 165 - 182.

Flanagan, F. J., 1976, Descriptions and analyses of eight new
USGS rock standards: U.S. Geol. Surv. Prof. Paper 840, U.S.
Government Printing Office, Washington, D.C. 192 p.

Gladney, E. S, 1980, Compilation of elemental concentration data
for NBS biological and environmental standard reference
materials: Report number LA-8438-MS, University of California,
Los Alamos Scientific Laboratory, Los Alamos, New Mexico 87545.

Golightliy, D. W., 1978, unpubliished algorithm.

Gordon, G. E., Walters, W. B., Zoller, W. H., Anderson, D. L.,
and Failey, M. P., 1979, Non-destructive determination of trace
element concentrations: Technical Report OR0O-5173-008, Department
of Chemistry, University of Maryland, College Park, Maryland.
318 p.

Hall, 6. E. M., and Pelchat, J. C., 1986, Inductively coupled
plasma emission spectrometric determination of boron and other
oxo-anjon forming elements in geological materials, Analyst, Vol.
111, p. 1255 - 1260.

Helz, A.W., 1964, A gas jet for d.c. arc spectroscopy: U. S.
Geol. Surv. Prof. Pap. 475-D, p. D176-D178.

Meyers, A. T., Havens, R. G., and Dunton, P. J., 1961, A
spectrochemical method for the semiquantitative analysis of
rocks, minerals, and ores: U.S. Geol. Surv. Bull, 1084-|. p. 207-
229.

National Bureau of Standards, Certificate of analysis;

Thompson, Geoffrey, and Melson, W. G., 1970, Boron contents of
serpentines and metabasalts in the oceanic crust: Implications
for the boron cycle In the oceans, Earth and Planetary Science
Letters, Vol. 8, p. 61 - 65.

Turekian, K. K., 1963, The use of trace-element geochemistry in
solving geologic problems: in D. M. Shaw, Ed., Studies 1in
Analytical Geochemistry, University of Toronto Press, Toronto. p.
3 - 24,

Wedeponht, K. H., Ed., 1974, Handbook of geochemistry, vol. I1-1,
Chapter 5, Springer-Verliag, New York.



Table 1. Instrumentation and Operating Conditions.

Spectrograph

Slit

Dispersion

Wavelength reglion
Excitation source

Arcing of material

Analytical gap
Upper electrode

Lower electrode

Atmosphere

Photopl ates

Emulsion calibration

Microphotometer

- T e R R - . R SR R R e . . S e R S S S S e e Gm

Eagle-mount, 3-m focal length. Grating
has 590 grooves per mm, and is blazed for
the 2nd order ultraviolet region. A 1.3-
mm high central portion of the arc 1is
focused on the grating by a «cylindrical
quartz lens that has a focal length of 35
cm. Both +this I|ens and the two-step
neutral density filters used for emulsion
cal ibration are |ocated at +the Sirks
secondary focus of the spectrograph. The
height of a mask at the grating is 11 mm.,

0.025 mm wide; 2.5 mm high.

0.28 nm/mm reciprocal linear dispersion,
2nd order,

237.5 to 375.0 nm, 2nd order.
25-A direct-current arc in Ar.

10 mg ( 2 mg of sample or standard plus
8 mg of copper hydroxyfluoride) arced for
75 s.

4 mm, maintained constant throughout
arcing process,

Cathode, Ultra Carbon* No. 5001, 3.2-mm
diameter x 3.8-cm long graphite rod.

Anode, Ultra Carbon* No. 101-L-6, 6.15-mm
di ameter x 44.5-mm long graphite, under-
cut crater electrode.

Argon flow of 6.6 L/min directed by a
ceramic jet concentric to the anode
(Helz, 1964).

Kodak* 111-0 emulsion, 102 x 254 mm.

A 60-s exposure through a 2-step neutral
density filter (50 - 100 percent
transmission) is made for a 5-A lron arc.
The sl it height is adjusted to 5 mm, and
further attenuation of radiation entering
the sl it Is produced by a neutral density
filter having 30 percent transmission.

Jarrel {-Ash*, model! 2100. Slit+: 0.007 mm
width, 0.7 mm height.



.
LD -

*pJepuess [edjweyooeb ‘Auedwo)d ple|Jyd |y djyue(4y

*pJepuess eduedejed c‘ueder jo AeAuns |ed)bojoe9

‘le|Jejew eduedejad pJepuess ‘splepuesS JO neeilng [euo[jeN °

*(9/61 ‘uebeue|d) Aydedsboujoeds oue °*o°p wouj en|eA eAs|jepjjuenbjwes °b

*(9.61 ‘Aeupe|9) enjea ebeueay *}

(9161 *‘uebeue(|d) enjea ebedeay -e

(9861 ‘4eYydojed pue |[eH) Ausjewoisjdoeds ewse|d pe|dnod Ajea|sonpuT :40( °P

*(6L61 *Sd48Yyj0 pue uopuo9) s|SA(eu® uo|jeA|}OF uosineu Aeds-ewweB jdwoud eunided uosgneN 1yyod °O

*seseyjueded U] UMOYS SUOjjeUjwie}Ep JO JBQWNU €Y} JOJ UO]JBJABP pURPURLS SUO S| enjeA ueew oY)l u| Ajupepasedun °*°q
*(g9l6l ‘uebeueyq) es|mieyjo pejou ssejun ‘o[dwes pezAjeue AeAunS (ed)bojoey °s°n ‘e

407 ¥ 08¢ (s) v F sy () 08¢ yse A1y [eod ,cc9l-SeN

6002 ) 06t ©J0 uoJt] 7, ,¥gZ-SEN

6SE L () ol eJo eseuebuew  BGZ-SEN

5021 (L) ogt Aeia a14seid  vg6-SaN

40¢1 vy ¢% zgl (1) Z ¥ 8zl (z1y oL ¥ ogt pnw eujJew 1-9YH

goL!Y (9) Lt * 0Zl! ejeys o}4yo uejuoae( 1-00S

oV V9 (F) 6°1L F 6" 1L (L) 60 7F L°2¢L (Z1) o1 ¥ LL ejeys Apod 1-00S§

olt (1) viL Aego quyry L6-SeN

e8¢ (L tL Ae|d djy4se(d 86-S@N

069 () 69 Aeio jquiiy  (Vi6-SEN

(L) (°h suojssul | v1i-SaN

(1) vE o040 eseuebuew 4 GZ-SanN

6LE (v) 8°0 F Z2°2¢ (Z) 6°0 F ¢°¢¢ (9) ¢ F 143 eflie| zjpuenb 1~010

58° 62 (¥) ¥°1 ¥ €°06 (Z) ¢°0 F v 06 (zZLy L * 14 e[eys JeA|Y ueeun 1-498

€€ (¥) 6°0 ¥ 8°¢2 (Z) %0 7% 6°92 (9) v ¥ o¢ 841 |0Ayl 1-W9Y

(9) 9°0 % ¥4 edjund 341 |0AYd L-WrY

(Z2) Z°0 % ¢ 11 (9) t ¥ ¢! eseqe|p Z-M

el (9) (I Zl eseqe|p 1-M

g01> (9) 1 F 1t +leseq ojushyde jZOHT

(v) L°0 F 1°01 (1y Z°0F zZ711 (9) £ 7 ol +S1Yyds edju 1-0as

601> : (1) 4 Jedsp|e4 epos | 66-SEN

() 9y @4 ]J0jpouedb t-gr

JLT0F67C ‘gl ‘6 (¥) ¥°0 F 1°9 (1) 1"0F 6°¢ (9) 9°0F ¢'¢¥ el)|sepue ~A9Y

01> (v) ¥°0 % 0°¢ (9) 1 ¥ 6°¢ ej)jueds eu}jeydeu 1=WLS

8§ (¥) v°0 F 2°2 (9) Z°1 ¥ 82 +leseq 1-408

(v) 1> (z) z°0% ¢°¢ (9) Z°0F 0°2Z +leseq ue|([eaey 1-0AHE

501> (1) 81 Jedspley | V66-SEN

gO1L> ) L +leseq £ |-0JHYY

o9 (Z) 1°0%F t°1 (9) L°0F 6°I e4i4op|aed 1-00d

§01> (1) g€t Jedspjey 0L-SEN

(L) ZT°00F 01 (9) 9°¢+F z°t eseqe|p eujjosed °N 1-ONQ

ol !l (1) AN o4juedsb -9

JL°0 F 6°¢ ‘o2 (L)Y 1°0F 9°2 (9) €2°0 F €6°0 e}juelb . Z-9

g01> (L) LLeo Jedsp o} wnissejod | yoL-SEN

490°0%80°0 ‘p< > (1Y Z°0% L0 (9) 12°0 ¥ 86°0 eitJojpouedb 1-dS9

(1) 80°0 % vZ'0 (9) Z1°0 ¥ 9€°0 +ieseq o|pue(ed| 1-d18

s0L> (9) ¥1°0 ¥ 62°0 e4junp 1~510
e i o L

6/6n <uojjeajueduo) uodog |ejd04el ePlEpPURLS

‘4eZ) || 4e|OA opl2on | jAxoupAY 48ddO) B Yi|A
>=amum0g+umnmog<.o.m>nvm:_ELm+oovamu:m+m_mu_smcuoowcm>mm|+g_zh:_couom*Om:o_+mL+:00coo .No_nmh



