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A m<iithod !.s prelillilnted fo1· thl!l simW.tanliloM flame photometric !Wtel'­

ml.natioo of. sodinm, pot!l.l'ls!um, lnll!!,Millliliwn and !.:ron oldd!!a m portl.mld 

oi!Jill!llDi!il. Tho iMt.fll!riE~!lt 'Wil<~d is a, I!@clun~m. DU l'lpectrophotometer with 

flame and photomultiplier ttttl!.cllmt!nts l!llli laboratory constructed :l.'eco:rd.ar. 

No cll.aml.ool tJepa:raU®Ili are neoclilll!IU'Y and rAI.l d<!ltermtnetiou are oooo oo 

lhe tilame ~>ample solution. Good conoordance of l'et!!ulte W!l.l'l obll!.J.ned for 

1 'I lilmnpl~&i!l analy!!i<!ld by J;)hotomi!Jhic and g:ravimei:dc melhods, 'l'his study 

ii!thowed that the d.atermmation of sodium, poll!.!i!lilium, m!ilgi:Mililium and iron 

oldd01.1 by flame photometry is feMible and :realillll!. m a conai.der!l.ble saving 

of time and aBort. 
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TA-Hi: FLAME PHOTOMETRIC OE'!'ll:R!l,fiNA'l'lON OF 
SODIUM, POTiiB.'S!UM, MAGNEf!UUM AND U{ON OXIDES 

IN PO!tTLAl\lD CEl\i.Ui:NT 



this ®stabllshed D.<ethod could oo ~.~~tended to ;Include these alen1enti! wU:hollt 

ofuel:'Wlsa <!lterlmg the lli!llthod. At thlil sa:me tm~e, i.t waa felt th~tt the standardm, 

smee tbl.ly womd :more aww:at<~1Y r®prlilllent a oement 1/llnnple, womd give dille 

to ev0n lll!SS i.nre:rference than may be eneo1mte:red in the ones eontaintng lmlY 

sodium, potassium and l:laloinm. 

lil:!mg!rlmenta\ 

Thl.111 !lltud)' wu mede with a Bf.lclm;an DU, with a l:nodelll200 flamE~ 

attacllment eqUipped with an mr.yhy<h·ogen aspirato1• bu:m~~r and a :model 4300 

photomui.tlpUer attacllment. The flame photo:n•ete:r was modified for use as 

a ret>otd!ng imtruml.lnt by followimg th«~ bstruottOl'la of King and Pl'iestly (4}, 

This made l.t possibl~ to obtain a c®ttnOOUlil record of the photonletrlc re$pOOSe 

with time, tb.lll!;'(lby ell.ml.utlng the hum~~n error m ave:mg!ng a fluctuettng n:aewr. 

li l.a, of c®.rlile, not I'MilC$1llJSa:ry to adjut th(l) abaorpttoo dial, th(l)A•eby sa '\ling 

ttm~;~ m indi.v1dual readings. Another advantage 1nber~<nt 1u this m111th.od of 

:recotdi.ng !s that any (lbange in ope:ra.Ul\1 conditions affeeti.ng the f!an;e is 

immediately appa1'0llt 1m the coattnnous record. A photogrl&Ph of the comploew 

awmatus is shO\Yn in Figuro 1. 

All water m~ed wu distilled and dlowed to r<>mai.n over a d1!lmlnsraUzi~Ji 

res:ln 1mtil Uliled. All gltMiiS11{lU"ill was "Pyrw~~:" or Kimbal "Normu" bl'and, and 

iilll storage containsrs were of polyethyl~. Allrlllag.mta mei Amerlcu Chemi• 

ea!Soclety liilpll!Cificatlms. 

1Mtl'Ullll'mt settings ar~> illhown in Table 1. In l!lacll cue, the oxyg0n 

pmaaUN waa ll p01mdm, and hydrogen 4 polmd$1, 
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TABLE 1 
ENI'il'I'l!U1MENT Sl!~T'J'IIiiG!ii 

-·---.:-- --.:":"~------------Wavl;;l L!iit~.gth, l:"hotomult!pUe:i' Slit Wl..;lfu 

Element . ~ --·--.J::<g!®""!lii!-J,.t:lv.,...l ... ty'---· ·-·· -----~Ael!!l . '"--

l'i!t,Oi l:tll:l 
Potualuro. 
.Magnesium 
!ron 

Standard 
,.,lS[o;k •.. 
... 'I" ,.._ 

' .. 
2 
3 
4 
5 
6 

1)61) 

768 
38ll 
386 

2 
Full 
Full 
FUll 

TABLE 2 

\),Q:ll 

0,10 
Q,ll 
0.11 

C01\<1POSITION OF CAUBRA'r!ON STANDA:IIDS 

--Px:o2!iJrtklne 1 J21ll.'ts £!!l!l' million 
"'~--.. --Na2o K::~O ~gO Fe2oa Ca.O 

0 l.l 0 0 6301} 
10 10 150 !50 6$00 
21.1 :as 200 200 6300 
50 1.10 250 21.10 630() 
'15 76 300 300 i'l31H.l 

100 100 350 350 !l:\100 - -a-



A stook solution cOlltaimng tile equivldant of 1000 ppm of soolunt oxide w~ 

pl!\ii!pared by dtmsolving 1. 8855 g of soditml cbloriclt~ 1n water lllld dilutm~ to 

to make a liter of $llllutloo aontail:iln&~ til!i! equ1vldoot of 1000 ppm of po~iiiWll 

oldde, A 31)00 ppm l'$olution of u~Wll oxide wa~J prep-aro4 by dissolv!n&~ 

llioor. A Ume aQide 11olutioo oootaimq Gil, 000 pp:n1 of (lalaluni <»doo and 

500 ml of HCl per liter wall! prepared by aombln1n&! !100 n1l of wate:r and U2, f> g 

The <~aleitml ~mide wall! m~Celllll!aey !J1 tile ll~da:rd!il to QO~uate for lnterfereooe 

from tile ~~e pe:rcl'ilntage of thim oxl.oo follild 1n portilllld cement. 

TABLE 3 
MAKEUP OF STt!I.NDARD SOLUTIONS 

v(~!!mle 2r S&!!l:l!i ~lill!tA!l!As DUutllld to 
Bta.n~;l&:rtl N~;o ~0 MgO Fe2o3 :U:me~Acid Fl.ul VohmM!l, 

No, :m1 rnl t:lll nll ~ .. FJ ··-
1 0 !) 0 0 100 1000 
2 :1.0 10 42.86 42,86 100 UlllO 
3 21:! lll'l l:i'l'. :1.4 i'l'. 14 100 1000 
4 50 >110 '11.48 '1'1.43 100 1000 
5 '1'5 75 85.'11 85.'11 100 1000 
6 100 10i'l 100 lOG lOll :woo 
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If de!i!ired, these voiun!ISi! cowd all be cut to one tenlll, and the final 

sol:utio~l dilutecl m a volumetric fia&l~ to 100 ml. :t'he atoc!• solutiolll!il were 

stored m tightly stoppered polyethylene bottles for futw;e Ollie. 

'I'he cement samples wereprepar@d by diapersiug 1, OOOOg of cement 

in 25 ml of water, addmg 5 rnl ON HCl, and dUuti~ with M ml of watel'. 

AH lump!!~ wers broken up with a glalill!l rod, and the samplcwll.!!l digested for 

15 ml.nutelil 01!1 a steam bath or bet plate. 'lt'he sample Wll!!l then f:lltered into 

a 100 rnl vcbnn®t.ric flask, the beaker llJld papel' wMhed \\'ith water, the 

solution cooled, diluted to 100 ml, allld miud tboto!Jihly. 

The in11t:rmnent recorder il!l b~alllced li!.t zero, with tbi\Jl illhlrtter of the 

:OU off, which cornp;rnsaws for any dark ctl.l.'rent. Stiiudard No. 5 i!l placed 

il!l the flame llJld the co&•roct wave le~ is located by :retail.~ the wavele~ 

clwJ and obi!le!Ni~~g the point on this dial at which the laqtest &nlO!mi of enel!'SY 

ill! recorded. To keep the record from go~ over the limiiJll of Ill® chart paper, 

the oornbl.l!lll.tion of l!lenli!itivity oontrol on the recorder circuit, and ~Slit width 

al'l\l adjueted so that liltandard No. 5 is recorded on the high end of the ••ecorde:r 

obart. The 1'1\lst of the standards, giv~ progreuively less en'lission energy, 

will then be :recorded !Mpwise toward the lower end of the cllll.rt. To cheek 

for. fian1e fluetuatioos, one or two standa:rdl!l ahoul.d be :repeateclly nm alo~ 

with the cement lilan1ples ovel' ll;!lJ'lo~ operatiug time, and the record®l' 

ilenaitl.vity control adjueted to oor:reot for any drift in tbllt reoorder teading, 

Using the 1'1\l!li.d~s obt&iued from tlle sl.x standard t~~oluti.oue, a calibmtioo 

Ctl.l.'Ve is :nu~de with teoorder x·eadi:nge (:relative emietllioo valuee) as ordil!lll.te, 
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p:repu:ation, ba!.ni dOM in 24 wo:rkini m!ill'l-hou.rl!l as ~~d to approx!matoly 

100 man-hou:re required for tile ooamiesl method, 



TABLE 4 

IU!:SULTS OF G:RAVIBTRJ!C VS. FLAI\0.: PBOTOllilli.'TRIC ANALYSES 

Sampl~ Na2o, Percent 1::.20, Perc~t MgO, .l?erem Fe2o3• Pereent 
No. Grav. F:b.me Diff. Grdov. l''lame Iliff. Gmv. Fh'lme Dflf. Graw. Fll!lme Diff. 

l -- 0.30 -- 0.&9 0.§9 II 2.'111 2.71> () 2.513 2.1>2 +0.00 
2 -- G.29 -- 0.51 G. liS +11.01 3.25 3.44 +0.1(:1 2.5!) 2.92 +0.42 
3 -- 0.29 -- 0.~8 41.1!16 -1).1:12 2.34 2.2~ -'1'1.12 3,1H :i!.'n' -0.24 
4 -- 1).16 -- o.ss O,!il'f -(;.ill 2.62 2.46 -0.16 2.29 2.36 +0.0'1 
5 -- 0.30 -- 403 l.tl2 -0 .. 411 3.10 2.97 4>.13 2.69 2.61& +6.51 

6 1}.25 0.26 +G.Ol <i.6'i o.&.> -o.oo 2.32 2.18 -iil.l4 2.$5 2.U -iil.M 
'i O.M O.M 0 1.04 1.02 -9.02 .2,lH 2.94 +e.G$ .2(141 2.44 Hl.63 
8 0.24 o.as +ll.M i.'i!i 0.8{1 +0,01 2.51 2.31 +0.111 2.'13 -2.~ -o.l$ 
9 0.21 0.22 +1).01 o.oo 0.6'1 +O.lU 2.3$ 2.43 +0.10 2.9$ 2 .. 56 -0.40 

lii 0.32 0.28 -4.1.04 (1. 5'1 0.62 +(}. 115 2.28 2.30 +<i.02 2.16. 3.111 +G.26 

11 0.12 0.11 -0.01 0.12 0.13 +1}.01 2.l>fl 2.i8 -G.l2 1.81 1.93 +0.12 
12 o.~ 0.31 -0.1)2 0,$8 0.53 -o. o:a 3.,.25 2.1<8 -o. 21 2.56 2.5i -o.oo 
13 11.28 0.28 0 0.61 l:I.M +0.03 2.€\{l 2.66 +0.1$ 2.30 2.'14 -o.oo 
14 0.15 O.llil +0.03 0.~8 0.67 -0.01 2.&6 2.86 -6.10 2.32 2.50 +0.18 
15 0.2'1 0.30 +!). &3. 11.00 0.53 -O,IU. 2.43 2.50 +0.0'1 2.88 2.64 -1).24 

u; l.l.lS 0.17 -<1.&1 1.).1'1 0.'18 HI. 01 1.87 2o22 +!).26 3.1'1 2.i8 -iil.4!1 
11 0.18 0.18 0 0.·44 0.44 0 3o43 3.78 +6.33 3.lJ.2 <1.08 +0.00 

Std. 
l'l'l 0.14 l.l.liii +0.01 0.53 0.5€1 () 2.42 20'81 -l.l.lO 2.38 2o.3fl -li.ii8 



TABLE 5 

CONCORDANCE OF 
GftA VlMETRIC AND FLAME PHOTOMETRIC ANALYSES, 

DUPLICATE SAMPLES 

Deviation, P<rrcent 
Sample Na20 KO MgQ Feaoa g ~ 

No, Grav~ Grav. Flame Grav. • Flame Grav. Flame ---
1 ,.. - o. 005 ~~ 0,{)10 0.055 o. 035 0,040 0, Oll.i 

2 0. 010 "f'i>""" 0.005 0.035 o. 060 0,020 0.005 

3 o. 020 -- o. 010 0.075 0,005 0 0.010 

4 ,.. - 0.005 -- 0.020 0,025 0,125 0.020 0.025 

5 - ~ 0,005 -- 0,010 0 0 0 0.035 

6 ~- o. 010 ~- 0.020 0.080 o. 035 0 0.040 

'1 ....... 0 -- 0,005 0 0.065 0 0.110 

8 -~ o. 04!0 -- 0.010 0 0,0!)0 0 0 

9 -- 0.005 ,, 0 0,010 0.030 0,005 0.045 

10 -- 0,01,15 0,005 0,025 o. 020 o. 010 0.070 

11 -- o. 010 ~- 0 0.055 o. 020 0.020 0,030 

12 -... o. 010 o. 010 0.010 0.055 0 0.015 

13 0.005 -- 0,005 o. 015 0.065 0 0.025 

14 -- o. 005 -- 0,010 0.010 0.035 0 0.015 

15 ~- 0 -- 0.005 o. 010 0,065 0 0.040 

16 -- 0.010 o. 005 0,010 0.040 0 0 

17 ... - 0 0 o. 010 0,020 o. 015 0.080 

Std. 177 ....; oOio 0 -- 0.005 0.030 0.020 
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