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INTROTUCTION

Many useful applications of atomlc absorption spectrophotometry
(AA} ve been developed aince its introduction in 1955 by A. Walsh
(1)L During 1968 to 1970, the author took psrt in and helped
coordinate twe series of cooperstive tests on the use of AA for
portland cement snalysis, condsrted in collaboration with the Sub-
committes on Materials -~ .. american Association of State Highway
Officials (AASHO). That study was under the jurisdiction of Technical
Section 3.1 on cement, which had established a Task Force on Rapld
Methods of Chemical Analysis. A report describhing the results obtained
by the cooperating lsboratories that took pert in these tests has bheen
published {(2).

One of the methods descrived in that report, utilizes standerd
cements from the Naticnal Bureau of Standards (NES) for preparing
calibration curves (3}, That method, with only slight modifications,
has been adopted by AASHO as an optional method for analysis of
cement. In the other two methods studied, standard solutions for
celibration were prapared from reagent chemicels. In one of these
methods all the silica was put into sclution along with the othex
constituents. In another method, a determination of silica on a
sepnrate sample was described. In both of these caeses, the silica was
present in an acldified solution as siliclc acld. Sueh solutions
cannot be stored over any extended pericd because of the eventusl
separation of gelatinous silicic acid.

From experience gained in those cooperative tests, it became
apparent to the author that it would be desirable to have s more
refined mathod for analysis of cement by AA that would:

(1) be cmlibrated with standard soluticna that can remain
stable for months, or even indefinitvely;

(2) contain silics in solution and permit its determination
elong with the other major constituents of cement; end

(3) be besed vn standard calibration solutions which could be
prepared elther from chemical resgents or from NBS standerd cements,
whichever wes more convenient to s laboratory.

From an examination of the litersture, thers appeared to be two
possible routes by which these three objectives might be achieved:

&/ The underlinad pumbers in pacrentheses indicate
the references listed on pages <7 &nd 20.
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(1) A fusion of cement samples with & suitable chemical Flux followed
by acidifiecation. (2) Treatment of cement samples with hydrofluoric
acid plus edther hydrochloric or nitric acid or both, followed by
addition of a reagent to complex the excess hydreflucric acid.

Use of Fluxes for Decomposition

Lithiun metaborate (LiBO5), lithiwn tetraborate (LisBko ) end &
mixture of the two, have been recommended as fluxes for decompozing
rocks, minerals, and silicates (4), (5), prior to anmlysis. Brown,
MacKay, and Turek {6), made fusions at 1200°C using lithium tetraborate
as a flux and reported inat after treatment with hydrochloric aciad,

the resultent sotutions bad @ shelf 1ife of 3 to 4 months.

Use of Hydrofluoric Acid as Decomposing Agent

languyhr and Graff (7) were probably the first to use hydrofluoric
arid to decompose silicate rocks followed by a determination of
silicon on the resttltant solution. They demonsvrated that the de-
composition process at room temperature resulis in only a negligible
logy of ellicon. The excess HF must e elther removed or complexed.
These euthors confirmed work by Tarutani (8) that aluminum salts
sre more effective for complexing HF than boric acid. In an earlier
paper (9) they pointed out that after they had complexed excess HF
using & solution of boric acid, their solutions of o - silicomolybdic
acid in volumetric flasks exhibited an dnereage in silice concentration
upon stending, due £o attack on the glass. This increased concentration
did not occur when they changed to the use of Alul? the complexing
agent.

vilson (10) @ecomposed silicate minerals with hydrofluoric acid
prior to determining ferrous iron. He pointed out that there is a
tendency for insoluble fluorides to form uniess the solutions are
kept quite acid. He recommended at least 4 H sulfuric acid. He
found that sddition of boric acid merved the double purpose of
bringing insoluble fluorides back into solution and protecting
glassware against attack.

Roos and Price (1l) reported that 2 g of boric acid to 1 ml of
Lo percent kwdrofluoric scid was found to prevent precipitation of
Janthanur Y. ~ride wvhen 20 ml of 5 percent lanthanum soluticn was
added. aen this author attempted to tollow this procedure, it was
found that a coplous white precipitate resulted., In personal
correspondence with the senior author, (Roos), it was learned that
5 ml of 30 percent hydrochloric acid was also required in the solution
of HF + H B0, + 1LaCl, to prevent precipitation. This auther confinsed
the latter f?nding, “Roos and Price used plastic beaksrs for decompogition
of the sample, but sprarently made dilutions o volume in glags. They
used reagent chemicals as standards.
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Bernas (12) described & method for decomposition of silicates of
tektite type for AA amalyais. He developed a decomposition vegsel in
vhich the sample was in contact with a Teflon crucible, the latter
being supported by a corrosion resistant steel outer container. The
sample was trested in the sealed conitainer with a mixture of aqua
regia and hydvofiuoric acid for 30 to 40 minutes at 110°C. 1In as
much &g plastic ol .2tric flasks were not yet available, Bernag
added borie acid, diluted to volume in a glass volumetric flask, and
transTerred the golution to a polyethylene container. He cautioned
that the solutions should not remain in a glass container for longer
then two hours. He used reagent chemicals as gtandards.

Tencutasse, DeDonder, and Smitz (lﬁ): described a method for
analyzing cement by A4 in which they decomposed the sample 8t room
temperature with & mixture of HCl and HF, then added HNOy and H.BO
solution. The solutlon was then dlluted in a glass v&lumetric §la§h
and transferred immedintely to a polyvinyl container, They used
resgent chemicals as standards. In the work reported in that paper,
they used rather concentrated solutions in which ealoium was measured
(about 160 ppm Cad), and recommended turning the burner 90 degrees to
shorten the path of the radiation through the flame.

In e loter paper (14), Tenoutasse and DeDonder refined their
procedures somevhat., They emphasized the use of "brack@t&ng and
uged greater dilutions in which 1o measure the elemenis. Sa brecket-
ing, three solutions are used: a standard solution contelning & liltle
leze of the comstituent then the sample, one contaidning a little more
of the constiftuent, and the sample solution on which the constituent
is being determined. In thig study they used only the nitrows oxide
burner for all ele¢ments regerdless of whether 8ir or nitrous oxide
was being used as the oxidant asund kept the vwrner in the paralliel
position for all measurements. Thay determined tea elements and quated
excellent precision values. It is not clear on wha' basils these siandard
deviations were obteined: whether on separate samplas weighed out on
different days, or on vepeasted determirstions using vhe same sclutions.
The number of determinations is slso not sinted.

Choice of Decomposition Method

When using & fusion technigus to dazcompose the sample, oo rlux to
semple ratic between 10 and 20 is genarally reccomsended. After poutial-
izatlon wiltac acid, the resultant solution contains a rather high cone
cantration of sglts. When the author investigated fuslon teahniques,
there wag o tendency for the burner fo become clogged. This reducsd
the precision of messurements being wade. Also, the fime required to
disgolve the fused material seemed excessive.

Vhen a mixture of hydrofludric, hmydroshlorie, and nliele acida
is used to decompose the sample, followed by the addition of borie
acld as o complexing agent, the ratio of borde acld to sample welght
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ig generslly about 7, .AlClB could not be wsed as the complexing
agent because it vwms necesnsiyy to determine alumimaun.

For there ressong, moat of the work ineluded in the study reported
here utilized & mixiure of hydrechloric, hydroflucric, and nitric
aclds to decumpose the sample. Borde acid was added to complex excess
hydrofivoric mcid and help protect glaossware where glass was used.

For the purpose of fhig study, it wag decided to concentrate om
the deverminmtions of sszven of the conatituents of cement by AA: 510,
Alp0q, Fap0,, Cal, Mgl, Nusl and K-0. In the first part of tihe study,
reagént chefitcals wers usad to prepare standard solutions for esli-
‘bration purposes. From calewlations, 1t was declded to base the con-
cantrations of the stock reapgent stasdard sclutions {concentrated
solutives containing mixtures of the primsry resgent standards) on a
0.3000 g sample of cement in 100 ml of solutlon. This would make it
pegsitle, by apnropciate aliquoting procedures, to obtain diluted
solutions for AA mensurements which would kesp the response of absorbance
te conpentration in o linear vange for all the constituents to bHe meas-
ured. These condibions put limitetions on the concentrations of primary
reagent standards 4o he used. HBS sitandard cements, Nos. 1011, 1013,
1015, and 1006 weve selected o be used ag wnknowns, and It vas plamned
to determine by AL Bhe neven cunsbituents listed.

In the second pavt of the study, W& standard cements, Hos. 1011,
10135, 101k, aad 1005 were used as standards and wers dissolved (the
concentrobeld solutions referred to es stock coment standard solubicns) in
in exactly the same menner as the cement sowples Lo be analyzed. In thls
phase, determinations were made on NBS standard csments, Nos. 177 ond 1016,

SPECIAL INSTRUMENTATION CONSIDERATIONS

The & -aratus used s listed in Appendix A. The ~ooiila-Blmer
(P-E) Model 303 Atomic Absorption Specirophotometer {Model 3033, (15),
wihiel was uged for the work reported in this study, had been modified
By replacing the oripginal burner and meunt with an dmproved Iurner and
nount, Part Ho, 305-0410, and the opipinel stainless stesl nebulizer
wita an dmproved ecorposion  resistant nebulizer; 303-000,  An attoch-
ment callod o Medel DURL Digltel Concentration Readout, Part No. 303
07T, (DORLICLGY, which provided a four-digit veadout on e illuminated
vountery was wWosed i conjunction with the Model 305,

The DOEL comvenienbly enables the absorbance to be resd directly,
without £irat faking en abeorpbion reading and then finding the
absorbance equiviédent by roference to o teble, The reletionsivy
Tretween mpsorbande tnd absorpbion dst

Absorbance = log ¢ e y Concentracion is
16 V100 - & absorption S
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generally propertional to ebsorbance, not to absorption. It is
also possible to obtain readings that are multiples {or suwbmultiples)
of the absorbance, by using the CONCENTRATION mode.

Qne cbservation on the use of the DCRL should be made at this
point, In the author's experience with this readout device there is
no advaritage to using a zero suppregssion technique as far as acouracy
and variability are concerned, For exsmple, when determining Cal in
cewent, 1t might seem advantageous, if such '"zero suppression”
adjustments are aveilatble, to set the instrument to read near zerc
when a solution derived from & low-lime cement that contains &0% (a0
is being nebulized, and to read a high nwnber when a solutien from a
high-lime cement that contains 67% Ca( is being nebulized. In other
words, this would expand the readings over the range of expected
composition. This technique has been recommended by some investigabors
and it would seem to be desirable f'or sensitivity in the case of a
mgjor constituent. There probably ars readout devices which provide
useful zero suppressicn. In this study, nowever, when zero was
suppressed (Using the AES ZERO SET knob}, the varlatility was not
effacted. In Teble i, it can be seen that expanding scile expands
the standard devietion, alsc that sfter zero has been suppressed, the
stendard deviation remains essentially the seme as bpefors. There maey
be some adventege to using scale expanslorn, slthough probably not much.
For s cement containing 67.0% Cal it would seem mdvismble to be able to
obtain sbsorbance or concentration readings significant fo 1 part in
€70, It mey be sasier to do this if the readout is 1.62% rather than
01309‘ '

Bome difficuliles were expeiienced when using the nitrous oxide
burner head provided by the menuwlecturer for the Model 303. When
using & nitrous oxide-acetylene flame to determine refractory elements
such as silicon and aluminum, carbon deposits formed on the burner siot
and interfered with the flame, These deposits could be scraped off with
& carbon rod but tended to reform and interfere again during the aspiré‘
ation of a gsanple. A Techtron nitrous oxide burner head {Model AB-50)~/
which had been recommended by hailns (}l), vas found to ve effective din
minimizing the formation of thess carbon deposits. This burner head ig
constructed with grooves on hoth oides of the slit. The grovves sre
about 10 mm wide, 5 mm gweep, and have sloping sides. The slit is sbout
8 mm longer than that of the burner head formerly used, a feature which
inareases sensitivity somewhat. A stalinless steel adapber was constructed
ta enable the Techtron burner head to be used with the P-E burner and
mount, Part No. 303-0410,

Two obther Gurner hends manufectured by P-E were used. One vas o
swesiot Boling Burner head for air-acetylene mixtures. The other was o

27 (htained Trom Aerograph Division of Vardian Asseciates,
) 1500 King's Highway, Cherry Hill, New Jersey O8O3
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Table 1. Illustratdons of Use of Hcale Expansion and Zero
Suppression with DCRL %

Rezding Mode
Resding
Number Absorbapce Concentration Concentration
(no scale {scele expanded (same scale
expansicn) 5,25 times, no expansion, with
zer'v suppression zero suppression)
u.sed) :
1 .309 1.626 0.320
2 <308 1.622 307
3 308 1.624 .303
b - 309 1.689 2g9g
5 2310 1.628 v302
6 V311 1.636 .306
7 310 1.625 309
8 .307 1.611 L 302
G .308 1.613 296
10 _.310 1.62 .291
Aversge 5. 3093, 00x10"1 168 E 0,3812=3.04x1o‘1
g@ 1.550x10-6 5.308x2072 6.206%102
5 1.25x20"3 7.3x1073 7.9x1073

E/ Readings obtained from 12.86 prw Ca0 solution.
P-B NEO burner used; Flov: air-5, CoHs-5.7.
" Waveleng*h = B2ST A, Blib i, Neise suppression 2.
Each rrading was <bLained vith the AVERAGE
knob in the 16 x poslidon.



burner beod designed fur uee wibh oitrous oxtde. It had o single,

G2 slot and was used with alr-acetylene for the determination of
colotun, Lo thie deterninntion uwse of the sinple glot burner vprovided
Less senglbivity dbub betber precision than the Boling wrner. The
flnme produced by the nltrous oxlde burner head was steadlenr.

arly investigators have inferyed that 1, BG, complexpgs exeess HF
and thug protecta gless containers and permlté their use without
chuging errorg heeonse of the decomposition of lass by HF,  Attemphs
in this gtudy Lo use plass volunetnde flasks with solutions containing
HE plus 33BQ¢ guve very ‘isappointing results. This corroberstos the
findings 9f Langayhr w Graff as well as Tarutani and others that
Bonshe scla does not complotaly cunplex TP and therefore docs nol onbtleely
protect glass from bedng attacked by such solutions. Polypropylene
volunetric flasks as well as 10~ and 2%-ml burets made of the some
mobterial, became available during the course of this study. Theresftor,
polypropylene volumetrle egulipnent wos used wherever fensible.

RESULTS

Detalls of the method developed nnd used in this study are given
in Appendix A, Table 2 dneludes the results obtainad for the NI
Standard Samples of cement, Nos. 1011, 1013, 1015, and L0L6, using the
procedire and ctook reagent standord solutdions. Each determination
represents o sepnrate welghed vortion of the cement somple, Bix
detarminations were made of each constituent on the four smmples. Also
given in Table 2 are the averages, the NS cerdificate values, the
Gifferences (AA percent-certificate porcent), the stonderd devistions,
and the pooled standard deviations, Two sets of stock respgent standard
solutions were used, each conbtaining 100 wl.

pals

Table 3 includes the resulls obtained when analyzing NB& Standarg
Sumples 1016 and 177, using as standards WHS Standard Samples 1010,
1013, 101k, and 1015. In this case the cemernts selected ns stondards
were put into solution in the same manner as the two cements seclected
as unknowns. Two sebs (100 ml esch) of stock cemenl standard solutilons
ware used. The cements used as standards did not contain enough RapO.
Therefore L.200 and 0.480 nd of 1,000 ppn Na,0 salution were added to
the solutions containing the samples of NRS %013 and 1014 reopectively,
caugslng these solutions, to contain the equivalents of .60 and 040
percent Hap0. Individual samples of cements NBS Nos. 1016 and 177 were
weighed out on differcat days so esch debermination given in Table 3
represents & separeate bample, Six determinations of each conslituent
wera made for sach cement. Alsc given in Teble 3 are the averages,
the NBS certificate values, the differences (AA percent - certificate
percent), the standord deviations and the pooled standard deviations
for the two samples, for sach constituent.
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AA Analysis of NBS Standard Cements Using Other WBS Cements as Standards
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Digcussion of Results

An exemination of the resultis given in Teble £ shows that the
average difference beitween AA results and the certificate value (na
percent - certificate pereent) wag =0.1% percent for 8iG,, -0.17 per-
cent for Al,0,, and -0.13 percent for Cal. The average difference
for all constituents was -0.08 percent.

Consideration of the resulis given in Table 3 shows that the
average diffevence between AA results and the certifiicate value {(AA
percent - certificate percent) was -0.04 percent for 840., -0.15 per-
cent for AloD., and -0.08 percent for Cal. The average difference for
81l congsbituefits was -0.04 percent.

There was & tendency for a smell negative bias between AA results
and the certificate value with this bias being less when using cewent
standards than vhen using reagent standards. The reasons for thig are
not cienrly understood.

It is of interest to compare the precision of the results gilven
in Tables 2 and % with that of the hest results obtained in a previous
ptudy, RBef. (g)(Round 2), This will be referred 4o in this paragvaph as
Methed I. In the labter, pooled within laboratory standard devistions
are glven for two cements. The following conclusion ig based on com-
pariscns of the variances from which the standard deviations in Method I
were obtained with the varisnces on which the pooled stendard deviatlons
in the presern® Tebles 2 and 3 were obtalned, using the F statisiic (_2).
Use of the methnd described In this study gave precision better than or
equivalent to Method I for all constituents determined except Cal.
Method 1 is toe method which has been edopted as an optlonal method by
the Subcommitiee on Materials of AASHO.

The AA results reported for AlQO in NBS 1016 indicated an
appreciable negelbive bias from the ceftificate value of ¥.97 percaent.
The reasson foir this is not clear. Addition of lLa so that standard and
sample solutions contained 1 percent La, helped very little. Addition
of 2,000 ppm Cs or 1,000 ppm K 4id not improve the situntion. Evidently
the presence of about 350 ppu of Ca eliminates ionimatlon effecis co
that sddition of Cs or K serves no useful function.

It was noted that NBS 1016 has the lowest Mgl and highest Tilp
vonbent of any of the NBS Standard cements, Standard Mg sclution and
standard Ti1 solution were added to separate samples of NBS 1016, No
appreciable zffect on Al results vas noted. Unfortunately, neither
Roo) and Price (11), nor Tenmoutasse and Debonder (14}, published

esults for NBS 1016, only results for 10L3, 101k and 1015.

A deuterium arc compensation system hag been described (20} and
is commercially available., It is sald to correct for background
absorption whers the method of stendsrd addition, which was olso tried
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in this study, does not compensate completely for this type of
interference. It is possible that use of such an attachment would be
beneficial for the determination of Al 03 in cement. The instrument
used for this study was not so equippeﬁ» This possiblliity may be
explored later.

CONCLUSIONS

In this study, a method was developed for the determination of
the seven constituents of portland cement by AA analysis. Both
reagent chemlcals and NBE Standard ceiments were used to prepare calie
bration curves with satisfactory resulis. The stock {concentrated)
stendard and sample golutions remedned stable at least six months and
may vewain so indefinitely. Use of a mixture of UCl, HF, nmua, and

32, decompogsed the cement andd Kept the siliesa in solution. The
§§£03 complexed most of the excess HF. All solutions containing
’ v&re, however, stored in containers made of some typs of plastic,
For messurement of such solutions, rigld polyproprylene voliumetric
flesks and burets were used. Special precautions were refulred when
using these flagks and burets.

The time reauired for nebullzation of a tent solution to obtain
a proper readlng was sbout 15 seconds. The values reported in Tables
5 and 6 were averages of three such readings. Preparation of stock
standard and sample sclutions, aliquoting, as well as the dishwashing
associated with the entive procedure require careful organization of
the work. The dishwashing and preperation of most of the solutions
could be dene by a techniclan. In this study, the main empbasis was
on the accuracy and precision of results. Use of this AL method can
do mich to speed up the onalysis of portland cement. When laxge
numbers of samples of cement need to be analyzed use of this metiod
should reduce the costs of testing. There are awtomatic aliquoting
machines on the market which should prove useful in such situations.
With such aliguoting machines and proper orgenization of the work it
shiculd be possible to analyze portland cement for all the seven
conptituents in approximately three hours.

The procedure wiaich was described in this repaort, gave results
for sl constituents, except Cal, which were elther better than or
esun’ to the recults obiained in two studies oreviously reported (g).
Accorddng to the AA procedure which gave the best results in that
repoit and has been accephed by the Subcommitiee on Materials of
AABHO, 510, nust be determined on a separate sample. In the procedure
developed in this study, 3i0y can be determined from the same stock
solutions whrich contain the other constituents. This fact should
reduce further the time required for AA analysis of cement.



APPENDIX A
Mathod of Analysis of Cement by
Atomic Absorption Spectrophotometiy

Scope

This method describtes the determination of silicomn dioxide,
aluminum oxide, ferric cxide, calclum oxide, magnesium oxide, sodium
oxide, and potasusium oxide in portland cement by atomlc sbsorption
spectrophotometry. For calibratlon purposes elther solutions prepared
from resgent chemicals or solutions prepared from NBS standard cements
are utilized.

Apparatus

A Perkin-Elmer Model 303 Atomic Absorption Spectrophotometer
equipped with a P-E Model DCRL Digitsl Concentration Readout. A
three~slct alr-acetylens burner heed, a 52 mw short path alr-
ecetylene burner head; and a Techtron nitrous oxide burner he=ad,

If other equivalent instruments are uced, these directions may need
to be modified in accordence with the directions provided by the
manufacturer of the instrument being used. Other equipment includes
8 500 VA constent voliage transformer, o vent for removing the fumes
from the burner, a supply of clean, dry, oil-free compressed air at
60 ped, and cylinders of acetylene and nitrous oxide.

Nomenclature for Solutions Used
1. When a definitp weight of a solid reagent chemical hes been

put into o fixed volume of solutlon, the latter is referred to as a
primarvy reagent standard. For example, a 2,000 ppm MgO solution.

2. VWhen a definite volume, for example 100-ml, of a concentrated
solution, representing & definite weight of cement is prepared, this
will be referred to as a stock sclution. The sclutions to be measured
by AA are dilutions of stock solutions. The stock sclution mpy be
prepared from primary reagent standards, in which case it will be
referred to ag a stock reagent standard solution. It may dbe prepared
from an NBS standard cement, in which case it will be referred to as
a stock cement standard solution. Or, it may be prepared from a
sample of cement to be analyzed, in which case it will be referred
to as a stock sample solution.

3. After stock solutions have been diluted according to the flow
chort shovn in Figure 1, they will be referred to as calibration reagent
solutions, calibration cement solutions, or test sample solutlons.
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/ 19 nl HCL
20 or 25-ml aliguot b/ 8-m) aliguot
e _,.M.\\‘ .
100 ml ! 100 mi
81, Al ' .»,_Ii‘iz,ﬂ.%,z.ﬁ%
8 ml HOL

10 w1 1 1 glycerol
L-ml aliquot
5 ml 0.01% La

Ny
M50 ml
...{;E.Jﬂa.....

Analytical flow chart for prevering cslibration and
tect sample solutions from stock solutdion:.

Figure 1.

Mulitiples of 100 ml of stock solutions amay, of cuurse g

be prepared for stock reagent or stock cement standards.
100 ml is adequste for stock sample solutions.

By using twe 25-mi aliquots snd one 20-mk aliquot at
this point, three sets of calibration resgent or
calibration cement solutions can be prepared from
100 ml of stock solution, it Ary plpets are used.
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L, Solutions of boric scid, lenthewum, and glycercl are referred
to as special solutilens.

Primary Reagepri Standurds

840, wolution, spproximately 2,000 pmu: Dry silicon dioxide,
(99.9999%)_@ay be obtained from SPEY indlustries, Inc., Metuchen, N. J.)
at 150-170°C. Weigh by difference and transfer sbout 2.1 g of this

8104 inte a l-liter wlde wmouth, screw cap, polypropylene bottle. Add
40.8B ml of L9% HF using a polypropylene graduvated cylinder. Herew

thie cap tightly on the bottle. Swirl the contents ¢f the bottle
several times, place 1t gently on its side and xoll it 50 that almost
all the inside surface of the bottle is wet. Do not shake the bottle.
Allow it to stand upright overnight. Then unscrew the cap and add

525 mi of filtered 5% boric acid solution. Let it stand 1 hour with
occasional swirling. Transfer to a 1l-liter polypropylene volumetric
flask by pouring through s polypropylene funnel. Wash the bottle snd
funnel thoroughly, adding the washings to the flask. After ccoling

to room temperature, dlute the solution to the merk and mix thoroughly.
As an example, if a portion of Si0, weighing 2.0629 g is treated as
described, it will give a golution containing 2,062.9 ppm 5102. Store
the solution in & 1-liter polyethylene bottle.

AL,0, solution, 4,000 ppm: Weigh exactly 2.1191 g of sluminum wire,
(if 95.89°A1), transTer fo & 0OO-ml beaker, tveat with 200 ml of water,
21.2 ml of HCl(sp gr 1.19) ~nd b drops of saturated Hgllp. Cover the
besker with e watch glaas, heat about an hour and allov To stand over-
night. Heat on a hot plate again until ail actiorn is completed.
Cool, filter into & 1l-liter volumetric flask and wash the besker and
il ter thoroughly. A small drop of Heg will remain on the filter. Use
of HgCl, speeds up sclution of the AL in HCL. After the solutdon has
cooled, dilute to the mark, mix thoroughly, snd store in a Ll-liter
polyethylene bottle.

Fe, 03 solution, 4,000 ppm:  Welgh exactly 2.8032 g of iron wire
(1r 99.%% Fe). Treat in a beaker with water and 22.2 ml «f HNO

(sp gr 1.k2). . Cover the bemker with a watch glass and heat untél all
the iron has Jdissolved. Cool,, filter into & l-liter volumetric flask
and wash the »enker and filter thoroughly. Dilute to the mark snd
transfer to a l-liter polyethylene bottle.

0s0 solution, 16,000 ppm: Weigh exactly 57.5734g of low slkali
celeium carbonate, (1f 99.2% CaC0,), snd transfer to a 3-liter beaker,
Treat with sbout 600 ml of watew énd 98 ml of h.Jl. Stir the contents
of the beaker carefully until sll resction appears fo cesse. Cool
the solution, and filter into a 2-1iter volumetric flask. Wash the
beaker and Tilter thoroughly. Dilute the soclution to the mark, mix
and yransfer to a 2-liter polyethylene botile.
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MgO solution 2,000 ppm: Welgh exactly 1.2086 g of magnesium
powder (99.64)(mey be obtained from Alfe Inorganics, Besverly, Mass.)
and trensfer to & 600-ml teasker. Treat with 150 ml of water and then
9.9 ml of HCL, When action has subsided, ¢00l the solution and
filter intoc a 1l-liter volumetric flask. Wash the beaker and filter
thoroughly. Dilute the solution to the mark and transfer to & l-liter
pol*rethylene bottle.

Na.0 solution 1,000 ppm: Welgl exactly 1.8897 g of sodium chloride
(assumifig 100%) which har been dried overnight at 10‘-‘-°C diseolve in
water, quantitatively transfer to a l=liter volumetric flask, and diiute
to the mark. Transfer the solution Lo e l-liter polyethylene botile.

To prepare an Na,0 solutlon, 100 ppm, <ilute this 1,000 ppm NexO
golutinn 1:10 {f6r example, dilute 100 ml of 000 ppm Nany0 sclution
to 1 liter).

0 solution 1,000 prm: Weigh exmctly 1.5861 g of potassium
chloride {assuming 100%) which bas been dried overnight at 105¢C,
dissolve in water, qmuamtltatively transfer to a 1-liter volumetric
flask, and dilute to {he mark. Transfer the solution tc a 1-liter
polyethylens bottle. To prepare a K,0 solution, 100 ppm, dilute this
1,000 ppm solution 1:10 (for ex&mple, d_lu e 100 ml of 1,000 pom
Kgca_ solution to 2. liter).

Special Solutions

Boric Acid, 5% solutdon: Treat 100 g of boric scid crystal, in a
2-liter besxer with about 1,600 ml of water. Heat the mixture and atir
until all <s in solution. Allow to cool somewhat and transfer
gquantitatively into a 2-liter volumetric flask using a funnel. Dilute
almost o ths mark, cool to room temperature, dilute to the mark, mix

and transfer to 8 2-1iter polyethylene bottle.

Lenthanum, 0.01% La solution: Weigh exactly 0.11738 of
{assuming 95.99%), place in o 150-ml beaker and treat with 2 ml” of3
L:1 HCl. Cover the beaker with a watch glass and heat cautlicusly
uatbil almost everything appears to be in solution. Wash the beaker
and watch glass with water until the volume is about 25 ml, Heat
the solution further for sbout 8 mimate, then allow to cool. Filter
into a l-liter volumetric flask and wash the beaker and filter
thoroughlsy . Cool the golution, dilute to the mark, mix and transfer
to a Y-iiter polyethylene bottle. Use of this dilube solution of
lesnchanum In conjunction with glycercl is recommended by Radns {21
for releaging the alkaline earth metals in the presence of aluminum
{removing the aluminum interference). When the higher concentrations
of lanthanum alone, usually recommended for thls purpose, are used,
urner clogeging is likely to oceur.
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Glycerol solution, 1:1. Mix reagent grade glycerol with an
equal volune of water.

Preparatlion of Stock Reagent Stendard Solutions

The relative compositicns of 4 synthetic portland cements are
given in Table 4. The compositions of these cements are to be
produced by using appropriate amounts of the primary reagent
standards whose preperation has been described above.

The number of ml of each reagent standard to be used o produce
106 ml of each cf the 4 standards are given in Table %. C(bviously,
miltiples of 100 ml of the standards may be prepared, if desired.
Tt will be noted that HC1l, HNO;, and H:BO, are added to¢ each standard
stock solution in appropriate Amounts 8o That the concentrabions with
respect to these scids will be the same a3 in the samuple solutions.

If 4t is desired to include the determination of 5r0, Mn,0
and Ti0s in the analyses, suitable ¥volumes of reagent standards”of
these constltuents should be added to the volumes of reagent standards
given in Table 5, taking care that a total volume of 100 ml not be
exceaded., If such an eventuality does sppear likely, some of the
reegent concentrations would have to be increased above those in
Table 9, 80 that the total volume can be kept helow 100 ml. Prepare
all the stock reagent standard solutions in polyethylene volumetric
flesks and either store them that way or transfer to bottles made of
the same material. Use & plastic buret to measure the Sioa solutions.
Glass burets or pipets may e uged to measure the other primary re-
agent standerd solutions.

Preparation of Stock Cement Standard Solutions

Select at least four NBS standard cemsnts that will cover the
range of the eslemerits to be determined in the samples to be analyzed.
Weligh a 0.3000 g cemple of each standard portland cement to within
G.1 ml, and trausfer to a 250-m% Teflon beaker. Treat with 10 ml of
water and 13.25 ml of HCl and stir with a Teflon coated stirring rod
until the cement is deconposed. Then, in # hood, add 1.50 ml of 49%
HF %y means of s 10-ml plastic buret. Stir the sclution and then let
stand with occasional stirring for about 15 minutes. Add 40 ml of
4 0 BOq and 1.0 mi of HNO,. Stir the sample occasionally for
anotger'l5 minutes, and thén transfer through a plastic funnel to &
10CG-md plastic volumetric flask, Cool the contents of the flask
and dilute to the merk. The contents of this flask are here referred
to ag 8 stock cement standard solution.
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If the values for = given element (expressed as the @xﬂ‘ﬂ) in
the NBS stendard cements; do not extend over a sufficient rauge for
the purpose of the samples to he analyzed, Lefore dilution add
sufficient primary reagent stendard sclution of the element ip
guestion to one or two of the stock cement standard solutisns to bring
the total content of the element to, the desirel velue(s). For example,
addition of 1.200 and O.480 ml of 1,000 prm Ney,0 eolution to the
solutions containing the stock cement stendards for NBS 1013 and 101k
respectively, in 100 ml of solution, will canse these solutions to
contain the equivalents of 0.60 and C.%0 mercent Ne,,0.

Preparation of Stock Sample Solutions

Prepare stock sample solutions in exactly the some manner as
described ir tha mnreceding paragraph for the preparastion of 3tock
Ceuent Standard Sclutions.

Dilution of Stock Sclutions

After the stock reagent or cement standard solutions and staock
sample solutions have been prepered, dilutlona o each for AR measure.
meut should be mede according to the analytical ficsr chart shown in
Figure 1. This provides concentrations of the elewsnts within the
working ranges recommended es being linear by the mmufscturer of the
instrument. The absorption measurements should be mace as soon as
possible after the aliquoting procedure. After veing s glaes pipet
with any solution containing HF plus H3BOK, the pipet slLould be rinsed
immedistely with tap water bc minimize-the time of contact hetween
the glass and the solution. Allowing the diluted sclution: to stand
overnight, dces not appear to csuse any detectabis error. In the
aliguots used for calcium and magnssium, some changes in coocentration
may occur in two to three dmys. All the other dliuted solutions should
be stable for several days. The stock solutions appesr tc reusin
stuble indefinitely, if kept tightly stoppered.

The solutions which have been diluted according tc Flgure [ ; smy
be identified mg calibration reegent soluticns, calibration cemest
solutions, or test sanmple soluticns, depending on the concentrated
stock solution from which they were derived.

Instrumental Paraneters

The instrumental parameters to be used in making the AL measure-
ments ave given in Tabla 6.

rer the constiiuents other than caleium, the optimum burner
height 18 generslly; ~hout 2 rm helow the point st vhich the burner
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blocks ocut the rediation, WYor calefum, thte helght for maxfws absorp-
tion is generally svout 10 mm below this point. The burmer heigit
setting is mich more critical foif calcium than for the othar alements.

AA Meas\irsments

The procedures recommended by the manufactui'ery of the instrument
should be followsad in regamd 16 use of the instrument. All solutinns
to be nebulized should first be poure’ into 50-ml ‘polysthylena beakers,
In setting the zero reosding of the instrument, disiilled water shculd
be nebulized andl the absorbance set to read s amnll positive number,
genarslly 0,002 absorbance.

Tvo praliminary tost solutions of the nlement to be maasured
shiould be used. One solution should contain m concentration of the
element sbout midway in the recommandad lirear concentration rango.
This solution g used when adjusting ihe 'udrner position as well
a3 the acetylens and oxidant flow rates. The other test scolution
should contain a lower concentration of the elemeant, and is vied
to determine the sensitivity, From the absorbance reading obitalted
for this dilute solution and the parts per million of the elewent
present (not as the oxide), the sensitivity can be calculnted by the
formula;

Senwitivity (for 1 percent sbsorption) = O‘OOhkii _of element
@ (o} ]
where 0.00U4 = absorbance equivelent to 1 parcent abserption, A

Astermiantion of the sensitivity before each ru:, givenr an indication
of the condition of the hollow cathode lamp wa well as the general
condition of operation of the instrament,

Praoy Lo taking the first reading on the first atandard or
samplae solution, distilled water should be nebulized sand the DCRL
roadjusted if pecsssary, 4o resd about 0.0¢2 absorbance. Then
repeated readings on the first standerd (or eample) are taken until
conglstent resulte are cbiained. For all the elements, excent
calcium, shaorhance readings are taken of the four standards, snd
then the gamples, in succession. This procedurs s carried out
three times. The nveruges of the tliree absorbance readings obtained
for each are then calouwlated., The value for Qlatilled water is
not substreacted, For the standards, points are plotted on graph paper
with pbsorbance on the ordinmate versus percentage {[expressed as the
oxide percent) on the abecissa. The value for percentage 1s that
giver in Table 4 for each constituent in a resgent standard soluGion, A
ourve (generslly almost o straight line) is drawn through the points.
The percentage of tlie elemant in rach sample is then read from the
resgective calibration curve, If cement standard aclutions are being
used, the value for percentage of each constituent is, of course, the
NB8 certificate value.

22



For e¢alelum, s bracketing tochnique ir used. Pirst, singit
absorbance readings of standarde and samples are taken. This gives
an indication of the ralative comcentrations of csleium present.

Then tha SET CONCINTRATION dim's are adjusted to reald 9700 and the
MODE 1s dat to CONCENTRATION. This gives a scAle expansion of % to
6. 'Then two standivrd aolutions are chosen which have given the
neavest absorbance resadings jowver and higher than the semple.
Concentration readiings are then taken ssquentizlly in the order;

low standard, sample, and bigh standard, until three values liava been
obtained for each solution. The aversges of each of the three valuas
are criculated and those for the two standards are ploitted against
the percentages of (a0 krown to be prusent from Teble k. A straight
line is Arawn through the two points and the percentage of Ca0 in the
sample determined from the line. This procedure ia repeatad for the
determination of Cal0 4in each sample of cement which is being anslyzed.

Vhenever cement standard solutions are being wmed, NP8 ceriificate
valum for Cad® (corrected for 810) should be used.
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APPENDIX B

Notes on the Use of Plastic Volumetric Equipment

In the use of plastic voliumetrlc apparatus, some unexpected
problems were encountered,

1, ¥hen using volumetric flasks there was difficuliy with
stoppering. The flasks, ag purchased, came equipped with snap-oun
polysthylene cuaps. There, vhen new, stoppared the flasks tightly.
After Lelng ussd a few times, the caps cracked and then leoked.
Extra snep-0n caps to fit these flasks eeem not to be listed in
the cataloga. An inquiry to the manufacturar abcut the purnhase of
replacement anap-on caps wap pet with a shipment of a dozen free
new flasks complele with spap-on caps, but no quotation on replace-
ment oepd. Hollow siandard taper stcppers made of polyethyiene are
pold Ly the meoaufacturer of the flasks. Use of thene glso nresented
problems, When uged with SO0-ml volumetric flagks, these hollow
gtoppers entrapped solutien inside the ¢aps. This entrapped liquid
was axtromely difflcult o dislodge when atiempting to mix the aolation.
With L00-ml and larger flesks, cotrapment woas not so crdtleal, but
st1l1l something Oof a problem.

It was found that the Kimble Glass Company makes golid
polyethylens standard taper stoppers that oan Le used with poiypropylene
volumetric flasks. Such stoppers were purchased in the sizes for 50-,
100-, 500-, and 1000-ml volumetrie flasks. When the solid No. 9 Kimble
gtoppers were used with 50-nl polypropylene volumebtric flasks, oll
Jenksge and entrapment problems disappeared. When the No. 173 Kimble
stoppers were used with 100-ml flasks, there was leakage from most of
the flasks. The Nalgane polyethylene hollow standard taper stoppers
ceunld be uwsed with the L00-ml {lasks with almost no leaksge, and 4f
core Wes taken to tan the neck of the stoppered flask against the edge
of the bench; entreppsd 1igudd could be dislodeged. The only way
found to keep cne 100-ml flazk from leaking woms to stopper it with a
snap-on cap or & size 00 rubber stopper. TFor 50G-ml flasks, the
Nalgene hollow standerd laper stoppers seemed to £it best, For
1000-ml flasks, the Kimble solid polyethylene stoppers seemed to
mrie® e the begh closure.  Apparently, the user of such flasks must

‘aine for himself the best stopper-flask combination to use.

2,y Tt is ddfficult tu aveld leoving alr bubbles at the flask-

" llguid interface when using polyprépylens volumetric flasks. The
Tormation of bubble. can be minimized by cleaning with o good, worm
detergent solution followed by rinsing. Then, just before adjusting
the level of the solution to the mark, 1f one tips the stopnpered fleask,
the air space above the liduid can be rolled around the body of the
flask to scavenge small bubblies adhering to the inside.
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3. Dome dreope of the golution always seem to adhere to the
inaide of the neck of the flask sbove the mark. No way was found
in thiyg study to avoid thie source of error, except, perhaps, to
hope that it would be compensated to soma extent, by air bubbles
at the flask-linquid interface. This 1s, sdmittedly, a source of
dncertainty when using polyprovylene volumetric flasks.

k. When using polypropylene burets, the same problems psreist
ot having air bubbles at the buret-liquid interface and of having
dropas of lituid adhering to the inside of the buret above the point
mt which the buret rending is tnken. The problem of bubbles can be
alimost eliminated by use of two technigues. The buret stand holding
the buret can be bounced against the top of the lrb bench to cause
the bubbles to float upward to the surfrce. In addition, & ¢lean
plastic rod, about the length of the buret, cnn be moved up and down
inside the buret to help Adslodpe bubbles before letting the solution
down to the Zero or iniiuial point. After the required volume has been
allowed to run out of tha buret, it does not seem ndvisable to uege the
bouncing or rod techndques. To do no might csuse more error than 1s
eliminated. Some imcertainity is certeinly assoclated with using
polypropylene burets.

5. Wien filling a polypropylens buret it is difficulit to remove
& large alr bubble in the buret tlp because of the way the buret is
constructed. This air bubble can be avoided by placing the empty
buret tip, with the stopcock open, in & beaker containing soue of
the solution, and applying suction from the buret top with a rubber
tube which ip attached to A water aspirator. After several wmilli-
liters of golution have been drawn up into the buret turough the tip,
the suction & removed, the buret lifted ocut of the beaker, and the
stopeock closed, Then the buret can be £1lled from the top in the
8uUAl manner.

6. Use of polypropyleie pipets for aliquoting purposes,
app2ars Yo be lipracticel. Few sizes of such pipets are aveilable.
Becatiaw of dreinage and bubble~formation problems encountered in
compenion plastic ware, there was no attempt in this study to use
even * gizes which are availlable. Instead, regular glasd transfer
pipel. were used to prepare dilute solutions in this study. To
minimize waste of solutions, cleon, dry pipets were used unlesc
repested anliquote of the same solution were to be taken. After a
wipet was cleaned and rinced with dietilled water, it was drlied by
using suction to draw air through 1t until visuel ingspection
indicated it was dry. The problem of emptying the pipets was
congiddared, Glasg transfer pipets are calibrated ordinarily to
deliver a specified volume while in contact with & glass surface,
not with a polypropylene surface. Some experiments were conducted
to see If this presented any problem. Pipets of 1, 4, and 8-ml
capacity were calibrated using distilled water end emotying (&)
against the neck of s polypropylene flask, and (b) against a glass
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stirring rod vwhich had been weighed with {He empty fimsk with which
4t wag used. A summary of triplicate resulte iidicated that an
average of 0.0112g more water wap delivered by s l-ml pipet, 0.0035g
more was delivered by a h-ml pipet, and 0.0006g more was dalivered
by tn B-ml pipet when touching the SlasR rod as compared to touching
the polyproupylens flask. The standard deviations in g, using tech-
niques {a) snd (b} wers 0,0079 and C.003 for a 1-ml pipst, 0.0023
and 0.0035 for a b-ml pipet and 0.0023 and 0.0029 for an 8-ml pipet.

This avidence ig not overvinlming, but 4t wan dacided to
siuty plpets agafnst a glass rod for the work which is reported
here, When tmking an aliguot of am solution, after tha pipet vaa
removed from contact with the rod, the letter was thon rinsed with
distilled water intc the rlask with which 1t had been used. Rinsing
was not done during the experiments on calibrating the pipets. In
that cape, the rod was dropped into the flask which was then stoppered
sud welghed.
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