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Phosphorus is economically important for the manufacture of fertilizers,
chemicals, animal feed and matches. The conventional method of analysis for
phosphorus is the ANSI/ASTM standard test method B278-71. The large amount
of time involved in the analysis causes concern for a comparatively accurate
analytical method with shorter analytical time. Work has been carried out to
establish quantitative detectability of phosphorus in flotation concentrate using
Neutron Activation Analysis (NAA). It takes about five minutes to complete a
quantitative determination of phosphorus using NAA while the wet chemical
methods require many hours. Results from this investigation were discussed and
compared with X-ray and standard (wet chemical) methods.
considerations foranon-lincanalytical instrument were also discussed.

Design

INTRODUCTION

About two million tons of phosphorus is produced annually of which 70% iz
used for production of various chemicals and 595 is used in the production of

animal Yecd. The nced to accurately determine the concentration of phosphorus
in these products for quality assurance and control cannot be overcmphasized.
Conventional methods of analysis are too slow and incompatible with the
requir-ments for on-line applications. T =nsure homogeneity of mix and the
attainment of product specification, a technique with short analytical time and

independenc'of sample preparation is required. It is to this problem t'hdtg our
studiecs have been directed.

X-ray fluorescence analysis kas the potential of meeting the analytical speed
requirement but suffers from strong dependence on sample type, minecralogy,
particle sizc and samplec preparation. The usc of ncutron activation analysis
(NAA) offers both speed and accuracy without the attendant problcms associét_:ed
with -X-ray fluorescence and wet chemical analyses. In the use of NAA,
recognition iz given to possible interference from Silicon and Aluminum. This
problem is reduced by appropriate choice of radiation source and application of
correction factor (Turner, 1956). It is hoped that the successful determination of
phosphorus by this method will be useful in process control in the fertilizer,
animal feed,and related phosphorus based manufacturingindustries. -
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. Difficultyin the analysxs of phosphorus was blamed for the cxti'cmc variability
vin soil'organic phosphorus (Barrow, 1961; Larson, 1967). Mcthods in common use

includeignition, fuston, acid dlgestxon and a combination of these techniques.

IGNITION METHOD Beckwith and Little in 1963 (Matda, 1973) ignited the
soil at 5503C for one hour and then extracted the soil for four hours with dilute
hydrochloric acid at 100$C. Saunders and Williams (1955) ignited the soil for one

B hour at 550$C and extracted the total phosphoru< by shaking the ignited soil for

—

LA i'r.xmiw,z(‘;z LAl
Lt AN

2
-

.
g

Wi

------

3 techmquc, fusxon has used as an altcrnatxvc method of analysxs Sk e
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= FUSION MBTHOD This method is camcd out by mcltmg‘ the soil in

“NazCO3 and’ dissolving the melt in water (Pearson et al, 1940; Maida,
. 1973).H2804 was used in dissolving the melt (Jackson, 1958). The fusion method

depends on the type of soil (Siliceous soils are hlghly favoured) and also involve
significantanalytical time.

ACID DIGESTION METHOD: Highly aggressive acids arc nceded to
solubilize the soil sample. Hence, perchloricand hydrofluoric acids are commonly
used. The fumes from the digestion process arc very dangerous, therefore limiting
the use of this method. It should be noted that in spite of the dangers mentioned

2bove, parchloric acid is favoured due to its simplicity gnd adaptability to most
sonl samples (Hesse, 1971) o

Agbéde (1984) has ‘given a summary of the various mcthods commonly
employed in the determination of total phosphorus in soil sample and is displayed
in Table '1l. These methods have inherent deficiencies due to volatilization

Table 1: Some methods used for e.xtmctxng soil organic phosphorus, (Agbede,
1.984) :

nt Performance

Mechta et: 1. I;iot Conu. HCL 1 he . Increased accuracy and recoveryover

oy (1954) 2.0, SMNaOH? 1hr prewous extraction methods. No
'3 Hot 0.SMNaOH, 8'hr comparison gncu w1th lgnltlon
methods. :

Kailaand 1.4M H2504,18 hr 97%% of "Kjcldahl digested” orgatuc P

Virtanen  2.0.2M17aOH, 18 hr 937 o of Igntuon method' organic P

s =0y Hafd%MN«OH- F 5 BT & g Ve

Saundcrs- 1. Hot 0.1MHC], 16 hr 83 To of Ignxnon mcthod" organjc P

and ' " 2.Doubleextraction with' ¥

V\v'ill-atiis 0. IMNaOH 16 hr <% Fer F - =£3

(1955): 3 3 : -

Andcrson 1. 0. "MNaOI—I overni Oht . 90% recovery of RNA glucose-,

(1560) subsequently analysed on inositol- and glycerol- phosphate

s samedayas Mchtactlal,  added to the soil

Dormaar 1.1:1 acetone, 4 hr 86% recovery of RNA, DNA, locndun,

and 2. 0.3M NaOH, 4 hrs Phytin, glucose-1-phosphate
Webster 2" : . s
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+ . The samplg;js, cpnsc»uquly cxtra;:t;qd WJth dlffcrcnt qxtractants auncd at
z;cmovxng the. phasphorus . from . -a, spegified, mmcral.. Fhis  proccdure, was
chcloped by Changand Jackson. (1957) and was modified by | Petcrsen aggd, Coycy

(1966) Thc cxtract:xon rcqu:rcs about 21 hours cxcludtnganalytlcal tunc. -
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The standard test mcthod ANS]/ASTM 13278-71 (Sncll and Lcslic‘ ASTM

1978) has been wxdcly used for phosphorus analysxs. The basic analyucal stcps
mcludc-' s T S e . . wa, S o .

b 4 Dlssolutxon of samplc u_; HCL and HN03

NN TR 5

;-"'.-p 525 Ad.dltlon.ofpcrchlonc acxd Y - L i T _' .lf . b R Heen
* 3.Bvaporation to h)dratc silica =~ -~ o o ; oo S el T
4. Ignxt:on oftnsolublc resxduc ' : .

| 5 Additlon of ammomum molybdate

’ RS 2 ¥ P

BELR X Dx:&so!ntxon dfpreupxtate in excess NaOH e Baigg= .3 ¥ Eeu gm0
7. Tltratxon thh HNOa3z
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Dcpcndxng on tho typc of <amplc to be analyzed thc abovc pro»cdurc :fould
- take scvcral hours and up to 48 hours.

Productlon,of lcrt;lizcrs .animal feed mxxxng, and other chemxcals contamxng
phosphozgqs ~Fequire; m;curatc and fast analysis of thna phosphoms.m their
productionplants to ensure good quality control. The existing methods outlined

~ abovc arc—trme'tvnsumrng dnd: thercforc can not mect the cffective on-linc
analyms reqqxrcments. Instrumental and non- dcsttuctxve method of analysis
would eliminate tedious sample prcpamtlon, lengthy extraction prooedures and
Ioss/mtcrruptxon of flow, streams due to sampling, The t:cchmques whth are
capable of meeting these requirements include: quantxtat:ve X—ray methods,and
radiation methods. . Foa o e D BT

The attractiveness of x-rayand radiation methods..of analysis rest,in their
speed, adaptability to most sample source, ‘absence of elaborate sample
preparation, and reliability of results. X-ray methods are seldom used in on-line
analysis due to the bulky nature of the generating and analytical equipment.
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Radnanon Techmques Varicus techniques of u-radlatlng samples with radio
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_.neuelides (e, B, y, ctc.) to produce radio-active particles are commonly
~encountered in physics, nuclear engineermg and analytical chemistry. The
induced activity in the sample is a measure ‘of the concentration of itz radioactive

14528 4 onl_ 138578 4 M1 L ... ) S
and, ' - "
13A17 + 0" 2 1340%% + 4 ....... S PO

component. More details on this subject can be obtained from common text
- books on Atomic Physics including Wehr and Richards (1967). For thie purpose of
this paper, Neutron Activity (NAA) is furtherreviewed. fiece, o

Quantitative detectability of Phosphorus by NAA is based on the reaction:

This reaction has a y-energy of 1.78MeV and a half-life of 2.3 minutes
(Tumer, 1956; Lenihan et al.,. -1969; RHH, 1970). The- possxble xnterfevence for

ﬁn‘s réaction arises. from MO related reaetxons =

ﬁeéetxons repreﬁented by equations (1) and (2) occur. in .a. fast—neutron

bom‘bardment or whén the electrons have 1MeV or more energy. On the
eox':traq(, reaction (3) is a slow-neutron reaction and therefore will not oeeur if
fast neutrons are used. This means that interference from silicon, equatxon )
will affect phosphorus analysis using fast neutron source. After irradiation of the
sample it is analyzed for phosphorus and appropriate correction for silicon
: }fn.tetferelxnoe can be made. " e

Soergige,
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" The generaldecayequation isused for analysis.ofirradia_ted samples.
g = loe"h .................. €)] Bt

3

~ wherel = mtenuty of radio active particles of the element

Jo=induced mtens;ty at the end of irradiation ;.
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A= 0.693/r = decav oonstant
== half-life of radlo actxve pamcle
t = decay time ¢

Y The abiove equation gives activity at specific, txme ™ after 1rradlatlon and can
be uscd to meazure the releared activity after a given hme xnterval’(ti t2).

Nr='a(e 1 (‘.JZ) -o..n"coo‘ nnnnn (5) 3
N, = activity released at mterval t, to tz = Areca of photopeak




roofthe sample.
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t] = time at start of measurcmcnt f % ; 2o 1 =5 "'7“5‘ 255 -.-‘.:'r-g;,_.,'l:,:""'_:
- .. oFoeo Sl s
2 = time at end of mcasuremcnt (all txmcs mcasure&;&;om. cnd of u‘radmtxon)
SUD oy

Since lois a characteristic tunctxon of material and u;ﬁtrument pammetcrs (as
given below), its accurate determina tlon is crucial to the accuracy of the analysis

= (& )Nafa’r(lfé"hl) WEp— (6)

where W = weight ot' clcmcnt in samplc
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From cquanon (5) and (6), 15 can be conudcpcd as a conswnt for a gwcn .
instrument sctting and sample. selection. If two values of Ny ‘arc mcasured and
their ratio determined, Ic can be elxmlnated and the value of can be cal\.ulabcd
With imown value of A, the valu¢ of lo for the clement can be calculated. stng
known standards and comparing the measured released aLcl;JV}W with that of the
sample, the concentration of the element in the sample can be detetmined.

Ttees
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Correction for Si lﬁt;erﬁ;reiie:: )

Correction for silicon is achieve by di'éiding the measured weight of the
¢lzment by the summation of the Rclatwe Spcufic« Activity of the clement and

potential interference elcments TR
o ny . P ‘ .
W o amince BLLY, ®. ‘
sy T ey pGh &Q_Q .
ol o .u(P) #(p) , #(p) :
VthL‘C, A & Yoy Fae g . j ' R -‘_.i_r).;’ fagf }

'

_— ,WT— Truc weight of element (P) in samplc % e

Wm= measured weight of clcmcnt in samplc o .
1.88x 10'1 , o B
't(A&orruo Weight)

ft(p)= Specific activity of elcmcnt (P) =

pe(sid)
#@)

s Rclativ; specific activity of silicon (si) to phosphorus (P) for z minutes

From equation ('7)"!—‘-(-(;[)2 = O for fast ncutzon.

1
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By mscrting appropriate values ot'y in equation (8) above, the true welght of
phosphorus is given by therela txons}up
3 I8 \‘ iv_- ’ Wm . - 5
WT S rra it (9) . J
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Thc abovc analyses imply that an mdcpcndcnt means of determlnmg the
presence of the interference clements in the sam_?lc must be used. Radxoaé:tnv;ty

is casy to detect and small amounts can be’ traced through successive chcmxca]
processes.
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Phosphoms ﬂotatxon concentrates were obtained. t'rom thc lntcrnatlonal-'
Mxncral Company, Florida. Known weight of cach sample was 1rmdlaté<¥ Tor'e0
seconds at the nuclear reactor facility of the Michigan Techn: ologlcal Umversxty
The sample was then allowed to cool off for 120 scconds. Short lxved products
would completely within this interval. The sample is counted for 200 seconds. The
area under ecach photopeak was instrumentally measured and the batkground

__.subtractcd This corrected area (count) fxave the valuc of the:consumed acthty'_..
‘withifi theZOOscconds and theintegra tcd '\reas instrumentally determined. B

Asecond batch of samples were sent to thc University of Michigan for analysis -'

at their nuclcar reactor facility. Only thrcc samples were sncccs;afully analyzcd m .
this facility. '

To compare theradiation tcchmquc, a sct of samples was analyzcd usmg ‘(-rav
flu orescence equipment [AXS - Phxlxps, VRG 3100 X-ray generator with
Tektronix 4005 1 computex: and Diable Pnnter] Boric acid wd¥ used to dxlutc the..y
samplcs and to asxmulatcthc pt‘cdéncc of water in the process stréarm.

%3 .-.'.'-\\":
s ~‘;.‘ <1 ( _\'.; -_\x . 2
Flnally,a set of samplés was an‘alyzcd using the standard Wct chemncal method ™
(E278-71).- Standard¢tdsed in each method of analysis ‘was prepared from
Certified Standard Phosphorus Sample, Tennessée Brown 56a Phosphate Rock.

Rcsults from each techmque are analyzed and compared w:th one another.

: .

The ﬁrﬂt batuh of mmple; analyzed by NAA tcchmqucs were standard
(Reagent grade S6a Phosphate Rock) and two industrial samplcs designated Al
and A2 The arcas of photopeaks: measured at 1.778 MeV, 1. 273 MeV, and 1.268 .
MeV for the Standard and A2, Al, and A2 mspcctwely were dctcrtmned for

scrxcs of counting intervals;: /The results appear in Figure 1. F}*ogn the figure, the
values'of Io for the various ssimples were graphically dctermxneql by extrapolating
thw alat‘ta ane minute on the time axis. Also calculated from the graph were
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values of lambda and tau for the thrce samples ‘j‘able 2 dxsplays the results
" obtained. L s

Tubie 2: Characteristic parameters for P >1(n, ) A]z,k 3

."f‘,

y TR 2 ‘c‘, =E M‘\’
Sample 1a L 8, ; ___#(min)
Standard . 234x10 0293 # ._2.36
Al T T 0297 i s QLAY
A2 3.04x10° 0,294 236

h can bBe se<n Lhat the value of A and T are basically thc samc for the thtcc-.
samplcs and independent of the pcalt’”encrgy value (sce Flgure 1). Thn indicates
that the paramcters A and T arec matenal s characteristics and depnct a spcclﬁc
mechanism. Also using thc ‘instrumental® ‘integration of’ the arcas under the
photopeaks and e€quation (5), the valuec of 1 was dctergntned for the standard
sample to be 0.298. The value of r was obtained from conhnudus appro:umation
analysis. Corresponding value of tau was found to be 2.33 minutes. 'I'hxs confirms
the value’ obtasned from graphical solutions. The valitd-of 7 for the reaction
P"I(n a)Al is given as 2 31 minutes in the literature. Copsxdenng the fact that
the samples were not chcmxcally pure, it is evidencead from the above annlysx» that
the pre\uhng reactionwas P31(n o.).ﬂlzsas given in equation (1)

The smnddrd sunple was xrraduted five consecutwe times and the value of
pho:.phorus was measured after each irradiation as 9% P20s. Values obtained
were: 3? 63, 33. 0, 33. 01 33 01 and 33 06. The mean value of 32.94 and a standard
deviation of 0.175 were calculated. The results show good repeatability and the
rclatxvc accuracy,was found to bc 99,829% with an Avcrage Precision of O. 309%.

.

The analysts of 10 sample:. are displayed in Table 3. These samples cover a
wide range of concentrations with some variation in sample size. The equivalent
wexght of P20s shown in Table 3 as well as the actual weight were calculated
uung equntnons 4) and (0) in the text

Comparz»on of this result with the other mcthods of analysis is displayed in
T4b1c4 R A

Itcan bc seen theat the result for each sample was effectwely the same from the

three techmques. Only A22 phown:d lower value for wet chemical analysis. It
howcver showed xdentxcdl valuesin X-ray and NAA.

3 ‘,‘

It wac decxded to smnstncally compare t.he resl'xits'irom NAA with that of wet
chemical methods. The paired difference statistics %as'used for the analysis. The
main difference (d) was calculated to be 0.261 with a standard deviation(s) of

1.64. The calcula@cd students’ t valoe was 0.477 for tén samples. The caleuiaited
values of € at v -—- 9 (degree of frcedom) and « (confidence Icvel) = 0.20 and
(whcne M. —,'é;pulatxon mean and o = t'xxed v.gluc usually taken as zero) could
be sutjected atex = 0.20 or @ =.0.010 since measured t-value was less than tass,
! from t.he tablcs 'I‘lus means that thcrc is no, diffefence between NAA and wet

-
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=l analysis. Similat Fssults ware-obtained from comparis

on of the x-ray
i 5 T e e T
t Results of nnalysis of 10 samples = T»i
. ~3, .
—zof Measured Equivalent Actnal weight 25 P2Os
(2 activity (counts weightof P2Os5s of P2Os(g)
E /sec) - (g)

=.7210 3.83x10° 0.7210 0.7210 ' 100.00

1250 4.95x10° 0.9318 0.4236 33.89

1250 4.97x10° - 09356 - 0.4253- -~ 34.02 Scp
1250 490x10° . 09224 - 04193 ' 33545070
1250 5.06x10° 0.9525 0.4330 34.64

1.250 ~ 4.83x10> 0.9092  _ 0.4133 33.06
.1.250 9.01x10° 0.1696 - 0.0771 6.16
-1.250 4.62x10° 0.0870 0.0395 3.16

1.250 1.64x10° 0.3087 0.1403 11.22
-1.250 3.04x10° 0.0572 0.0260 2.08

1.100 4.82x10° . 0.9074 0.4124 33.00

ra

:Analysis of P in industrial samples using different analytical techniques

¢ Sample 1D % sDescription Concentration of P as 22 P2Os
X-Ray Wet - NAA - :
i chemical ] e

Al PlotConc Bin 9 33.48 34.69 . 33.89
2 PlotConcBin8 = - 33.65 34.72 34.02
3 PlotConc Bin7 33.18 34.55 33.54

<24 PlotConcBin 11 34.29 34.33 34.64

= 313 Btandard Tennessee 33.01 33.00 =~ 33.06
" Brown’ _
18 Noralyn GF-198 6.10 6.40 6.16
20 - Kingsford GG-46 3.13 3.06 3.16
22 Clear Springs - - - 1.13 6.47 | 11.22
23 Kingsford GG-45, .2.05 1.94 = 208
25 Standard + Boric Acid 32.63  33.00 ‘! ° 33.00
S OF NAA DEVICE
% S~

design of an effective radiation device rest in obtaining the appropriate
£ radiation and-a good counter. These sources are readily available upon:,,
z and include Co’, Am2:41~,».78b1..24,_ Ra%2%, and Tih2?® for fast meutron
om. Geiger counter is commonly used and sampling could be done
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intetmittently or continuously dépending on need. Calibration can be done using
knownstandards orcommercially avaﬂab!e cahbratxon sta ndards.- - W

CONCUIUSIONS

1. The analysis of phosphorus by conventional wet chemical methods is time
consuming and cannotbe applied for on-line analysis.

2. The use of Neutron Activation (NAA) is much faster than thc chcmncal
methods and produce good accuracy and prccxsnon ' s

oo it | anie PR
.t { RS

‘3. Nentron sources are nvmlable and can be acquired t.hrough hcensxng.

4. The speed, -adaptability and ease of analysis usmg NAA make it more
_appropriate for on-line apphcanons.and shodld bé nsed in femhzer, and

s A w £

other phosphorus prowessm g plants. ~ o | g MR D
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