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ABBTRACT

A method is prepented for the sltmulianecus flame photometrio fﬁa‘im%
mination of sodivm, potsssiun, megnesium and iron oxides in povtland
cements. The imsbrument veed iz 5 Becltvan DU specirophotometer with
flame and photomultiplier attachments and laboratory constructed recorder.
Mo chomical separations are necepsary and sll determinations are dove on
the same sample solutlon, Good concordance of reaulis was obisined for
17 samples analysed by photometric and gravimeiric methods, This study
showed that the determingtion of sodium, potsssium, magnesivm and irop
ogldes by flame photometry 18 fessible and resulis in a considerable saving

of tme and ofort,



THE Fﬁﬁﬁ‘ﬁ”ﬁ» PHOTOMETRIC DETERMINATION OF
SOUIUN, POTASSIUM, MAGHNENMUM AND IBON OXIDES
IN POWRTLAND QEMBNT

For muny vears the Michigan Staie Highway Dopaviment has required
# chamical avalysls of portland coment used in slute highway constrastion,
the determination of sodlym, potassius, magnesivm angd iron oxldes belng
made by the atandard chemieal meibods of the Axmerican Hoplety for Tegiing
¥atoriala, These methods ave laborious, time conpuning, snd the peveonnel
must be well trafned to perform the meticulous operatlons, Therslore, flame
photometyric methods iér determining these constituents were lavestigated In
an offort to spve tlme and conserve the work of trained analyats,

Hubank and Bogue (1) worked oul o method of wlilizing flame photometry
in the altkall metal dolerwinations in portland vements, and Dlemond and
Beoan {2) later modifled the work, nmkiag it applicable o o different type of
{lame photomstar,

Pritchard, Bogus and Bean were placed on the working comwmiites on
methods of cherical analysis of portland cement of the ABTM, 2nd prepared
tentative gpscifications for the delermination of sodium and potapsium oxides
by flare photometry, Thelr proposed method wag aﬁ@ﬁmﬁi by i&mv_ Boolety as
0~228-49'7, and later combined with tentative method C~134-51T, of Part 3,
1965 ABTH Blandards, Pritchard (3) in conjunotion with this commities has
sinee been working in tentative specifivations for megnesium oxide determin-
atlon in portland coment,

It was thoughi that, by using the standand solutions worked out by

Eubank and Bogue (1) and aimply adding knowe amounts of magoesivim and Ixoy,



this establaled method could be extended to inotude these elements withont
otherwise aliering the wethed, Al the same tlme, i was folt that the standards,
sinee they would mere agourately represent a ceoment sarple, would give rise
to even less interforence (han way be encountered in the ones conlaining only

soediwn, potassivm and eslefum,

This study was wade with o Beckmean DU, with a model 3200 flame
attachment oquipped with an exyhyirogen aspivator burner and a modsl 4300
photomultiplisr #ttaﬂhmm. The flame photometer was modifled for use as
a recording instrument by following the lmstructions of King sod Priestly (4).
'This made it pogaible to oblain » conltlouous record of the photometre response
with time, thereby elininating the human @émr in averaging & fluciuating meter,
it ig, of course, nol necessary o adjust the sheorption dial, thereby saving
time in ipdividusl readings, Ancther sdvantage jnherent in this wethod of
recording iz that any change in operating amﬂi&i@m affecting the Hame is
immediately apparent on the continuous record. A photograph of the conplete
apparatus is shown in Figure 1, |

All water used wag distilled and allowed to remain over o deminsralizing
regin wnill used, All glussware was "Pyreg' a.z» Kimbal "Normax™ brand, and
all storege containers were of polyethylene, All reagenis met American Chemi-
oal Sooloty specifications.

Inatrument seitings are shown In Taeble 1. In each case, the oxygen
presues wag 11 pounds, and hydrogen 4 pounds,
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TADLE 1

IHATRUNMENT BETTINGS
Wave Longth, Photorsultipller | Bt Wiath
Hlowewt @ Sensl W
Sediam 588 2 0,08
Potsssium 743 Full 8, 10
Magoeslum 383 Full 8, i1
fron ang Full g, 1L

For vonveplenee sake, a blup tube was used in the clreult exclusively.
In the pcase of polsssiam, this sccounts for the high sensidvity setling. I is
noted that jo the case of magnesivm and fron, with e sensitvily set at full,
narrow slit widths of gpproximately . 1 xmw are possible, thereby lending o
readings with 2 minbmumw of Interforence. Slooe msgnesivm éﬁﬁ@ﬁ“fﬁﬁrﬁﬁ with
iron (beocause of lig close provimity), the 288 mu seiting for iven should be at
the long wavelength end., The sodinm is here detected Dy the 688 wmy Uoe
{emitted by the neutral sodium atom), potessiuw by the 768 wma ling, magne~
givie by the 388 mu molseular band (emitied by the molecular magsesiun
oside) and ivon by the 388 mw Hae.

Calibration standavds weﬁaﬁ& prepaved to contaln oach catlon in different

amounig, chosan to sover the oxpected concontration ronge, as in Table 3,

TABLE 3
COMPOSITION OF CALIBRATION S8TANDARDS
Standard |
o T B 0y G
4] o B ¢ B 5304
10 i6 150 1590 63066
25 25 200 209 (ENTHE
B0 ég 250 250 8300
1% G 300 30U Gaoh

160 168 450 380 B30y




The preparation of the standards was as follows:
A stock solution contalning the equivalent of 1000 ppw of sodivm oxide was
prepared by dssolving 1. 8888 g of sodfwn chlopide In water and dluting to
1 itter in o volumeirio flask, 1.5830 g of poizssiwn chleride was dissoived
te make 4 Hier of soluilon contaislng the equivalent of 1800 pon of potassium |

ordds, A 3500 ppm solutlon of magneslun oxide was prepared by dissolving

3. 80040 g of mageesivre oxlde In 50 ml of 6 HOL, and dilutleg to llter. A
siock solution contalning the squivalent of 3500 ppm of iven oxide was pre-
parad by deasolving 2. 4480 g of fron wire in 35 ml of 81 HCI and dilutiayg to
1 litexr. A lime aclde solution containing 63, 000 ppm of eaiaigm oudde and
300 ml of HCI per Hter was prapaved by comblaing 300 ml of watey and 112,58 g
of calolum carbonate o a beaker, adding 500 ml of HOL, and diluting 1o 1 Hier,
The caleivm oxide was necessary in the standards 1o sompensaie for Intevference
from the lavge peromuiage of thie oxide found in portland coment,

‘The standard solutlons were yrﬁmﬁ@ﬁ uadng the volums of stock solutions
listed in Table % |

TABLE 8 |
MAKEUP OF STANDARD SOLUTIONS

Mo, i) gl ml i1t S :
i 8 0 0 0 160 1990
2 14 10 42,86 42, 86 168 1860
3 25 26 87. 14 81,14 160 1800
4 8¢ e Th4s  TL.43 100 1900
& 5 i 86,71 85. 71 190 100D
6 160 160 100 100 100 1000
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if dosived, these volumes could all be cut to one tenth, and the flaal
golution Siluted o a volwnetrie flusk to 100 ml. The siock solutlons wore
stovad in dghily stoppered polysthyliene bottles for fuiure ugs.,

‘The cement samples weveprepaved by depersing 1. 0000 g of cement
in 28 wl of water, adding 8 wl 6N HECL, and diluting with 50 wl of watew,
&1} umps were bﬁ'@ﬁ%@m wo with 2 glass vod, and the sample was dgesied for
18 minutes on » stezim balh or hot plate. The saruple wae then fllored inde
& 100 ml volwnetric flagk, the besker and paper washed with water, the
solation cooled, dlluted to 160 ml, aed pixed thoroughly.

The instrument recorder is balanced at zero, with the shutier of the
BPU off, which compensales for any dark curvent., Standard No, 5 is placed
in the flame and the correct wave lengih I8 located by rolating the waveleogih
dial and obhserving the point on this dial 21 which the larpest swount of energy
is recordad, To keep the record from golng over the Hmits of the chart papser,
the combloation of sensilivity conirol on the recorder elveuls, and allt width
arn adlwied so that stendard Mo, § is recorded on the high %ﬁfﬁ. of the recorder
chart, The rest of the standards, giv;ag progreesively less emiaaim ERRTEY,
will then be recorded stepwise toward the lower end of the @&a&r&. To cheek
for flame fluctustions, one or two standards should be repeatedly yun slong
with the coment samples over any long operaling Hlme, and ths recovder
gensitivity control adiuwsited to correct for any drift in the recovdsr roeading,

Using the readinge obtained from the gix standard sclutions, 2 ealibration

gurve 18 made with recorder resdings {(relative emisglon values) as erdlnete,
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snd ppm (o percentags) as absoissa. By superimposing the relative smission
valus of sach oxide of the coment sample onto this calibration curve, the ppm,
o pareontags, may be read dlrestly.

Zeventoon portland cement samples, of dfferent types, and thelr somplets
chemical analyses were obtatned from the Testing Leboratory st A Arbon,
An additions] cement, Standard Wo. 177, was obfained fvom the ?ﬂ?ammi Burean
of Btandards. 'The resulte of the chemical analysis and flame snalysis of the
oxides are shown and compared in Table %. and the congordance of values for
dupticate samplen in Table 5. Those results show fhat satisfactory concordance
was obiained, both between wethods and batwesn Juplicaten .i;:gf ihe same method,

A5 can be seen from the resulis, thers is no regular variation botween the
two types of anslyses, byt further work in this or other luboyaioviss will no
doubt resull in refivements o procedure and equipment, ansd so ln reproducibility
and aceuracy. |

A great saving in time 18 realized by this method over that of standard
chemical methods, the sightesn reporied m&ysas, along with st;&n;ﬁazfﬁ solution

preparation, being done in 24 working map-hours 48 opposed to approximately

100 man-hours required for tha chemioal method,



TABLE 4

REBULTS OF GRAVIMETHIC V8. FLAME PHOTOMETRIC ANALYSES
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GRAVIMETRIC AND FLAME PHOTOMETRIC ANALYSES,

TABLE 5

CONCORDANCE OF

DUPLICATE SAMPLES

D El‘oevi‘atién,' Percont

Sample ___ Nag0 20 o MEO . e
No, Grav, Flame  Grov, Flame Grav, Flame Grav, ,_Flame
1 - 0,006 - 0.010  0.056 0,035 0.040 0,015
2 - 0.010 == 0.005 0,036 0,080 0,020 0,005
3 - 0,020 -« 0,010 0,075 0,005 0 0,010
4 - 0,065 - - 0.020 0,025 0,125 0.020 0,095
5 .. 0,005 == .00 0 0 0 0,035
6 w= 0,010 ~- 0,020 0,080 0,035 0 0.040
7 - 0 - 0,006 0 0. 065 0 0,110
8 w- 0,020 .- 0,010 0 0, 050 0 0
9 - 0,005 = - 0 0.01¢ 0,030 0,005 0,048
10 - 0.085 -~ 0.006 0,025 0,020 8.010 0,079
11 - 0,010  ~ = 0 0,066 0,020 0,020  ©,030
12 - 0.010 -~ 0,010 0,010 0,958 0 0,015
13 .- 0,005 - - 0.005 0,016 0,086 0 0.025
14 - 0,005 =~ 0,010 0,010 0,085 0 0,015
15 .- 0 - 0,005 0,010 0,085 0 ¢, 040
16 - 0,010 - - 9.006 0,010 0,040 0 0
17 - 0 - 0 0.010 0,030 0,015 0,080

S, 17T -~ 0 oo o005 - 0. 080 - 0020
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