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Commercial f-r-s were analyzed via DTA Characteristic endotherm 
patterns were noted for virtuahy all samples. The endotherms were identified, and 
characterized by comparison with known compounds. This relatively simple and fast 
method yields qualitative and semiquantitative data amenable to identification or 
quality controI- 

INTRODUCTiON 

Commercial fertilizers are analyzed for nitrogen (% N), phosphorous (% P,O,) 
and potassium (% KzO). Minor constituents such as sulfur, iron and trace minerals 
may or mzy not be reported. The variety of chemical species which may be used to 
prepare a fertilizr is large, Common constituents of the NPK analysis include urea, 
substituted ureas*, NH,H,PO,, (NHJ,HPO,, (NH&SO,, NH4NOs, KN03, 
KCl and many others. As a result, a listing of the NPK analysis may tell ve_ry little 
about the fertilizer. For example, ammonium salts provide nitrogen rapidly to plants 
afGcting a rapid greening- This effect is short-lived since ammonium ions ar= quickly 
used or leached from the soil. Urea provides a longer lasting effect since nitrogen is 
released slowly as a result of hydrolysis. Urea is highly soluble and, therefore, it may 
be Ieached rather rapidly also. Substituted ureas which are insoluble provide long- 
term sources of nitrogen. A single value for nitrogen content does not discriminate 
between these possibilities. Since analysis for each type of nitrogen may involve 
lengthy procedures, the use of DTA as a rapid qualitative and semiquantitative tool 
was investigated. This report concerns the observation and identification of DTA 

endotherms for a wide variety of fertiirs. The quantitative use of these data will be 
dxxusxd e&where. 

-Insohbk tireas” or mcthykne uzas are a complex aid prcsattIy amcharacterized mixture of 
compounds formed by reacting urea with formaltiydc. Two possiile but soluble byproducts of 
thisproussareshow7k2lsaxvc!5 DandEinFig. 1. 
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DTA curves were obtained on a Stone Thermoanalyzer (Cohunbia Scientific 
Industries Carp, Ausrin, Texas) with a-LB-202 controller unit and JB-202 furnace 
p~o~AII~gtateswerelO”Cperminwitharecorderchartspecdof5mm 
perin,- 1 “onswereruninair,andtheddtctionsystemwasofthering-disc 
type using P&-Rh thermocouples. Melting points of pure compounds generally agnx 
towithin +5”Coftheli~vahx~ 

Samples of fertiS&r were obtained from commercial sources and Tom 0. M. 
Scot& and Sons (Marysville, Ohio). Ammonium phosphate (monobasic), ammonium 
sulfate, urea, ammonium nitrate, potassium nitrates, potassium chloride and potassium 
phosphate were reagent grade mate&& used without further purification_ Methyl 
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urea, biiydroxy me%hyI)urea and hydroxy urea were run as is although they may 
not have been pure. 

SampIes were treated three ways_ Fii a ground portion was run without 
fkther treatment. Sample sizes ranged from 3 to 9 mg. Second, a weighed portion of 
the fertiiizer (usuaUy 1 or 2g) was added to 10.0 mI of distilIed water, shaken for 
3Omi1~ A&r the partiadates settle 20-d a&uants of the clear solution were 
pIaced on the sample pIates, and dried in a de&&or at room temperature overnight_ 
The third treatment involved taking the above solutions and adding a large amount of 
urease (Sigma Chem. Co., St, Louis) and aowing the reaction to proceed for a day. 
Then 20-d aIiquants were taken and dried as above. The sampks obtained from 
evaporated solutions gave uniform deposits on the pIates. 

RFSUJXS 

Figure 1 is a set of the rekvant DTA curves of compounds found in the 
fertilizer samples studied_ Although many compounds were tried, only those found in 

I 
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Fis 2 MA- curves of fetihxs containing only NEX&PO~ and (NH&SOa wbicb rc& in the 
ttrnperaturt range studied. Chic A rcsidnc ftom sohbk portion of ferti!izcr (CL 4mg). axvc B 
same sample after urease hydrolysis. Two sampIe!& NPK= It-84 and 12-6-6 ghc virmally idcmical 
-. 
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aetd fertifizer sampks are shown_ By comparison of these curves with the fm 
sampks the compounds responsiile for the peaks were deduced. To be sure that the 
peaks did not interact, mktures of the pure compounds were studied but are not 
shown here_ Figure 2 shows DTA curves for the simplest fertikexs studied_ They are 
appaxx&ly mixtures of NH,H,pO, and (NH&SO, as evidenced by the peak at about 
l!WC and the two peaks at 275 and 36O”C, reqxctkeIy. Addition of m-ease does not 
a&r the curyes to any sijgG&ant extent. Figure 3 ilh~strates two fertilizers contaiuing 
mea.Thtfirst~nreaasthemzinnitrogensource,whilethesecondwntainsan 

Fig9 3. rYrA am-es of fertiiizns amtaining mixtmcs of urea and appresiabIe amo~ts of ammonium 
phas&zkmesAandA-.beforcandafk m-ease hydroIysis (xmte small tiduaI peak on A’ 

auzxuoniumphosphat+-BandB’bcfonandafkcrurcasc hydroIysis (note 
_+&r pa& for ammoniumphosphateirtB’~andastrongmggrstionofitinB).SampleA,NPK= 
2044;bmpkB,NPlC~23-19-17- 
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observable amount of N&H,PO, along with the urea. After the addition of urease to 
both, peak corresponding to the position of NH,H,po, show up cIe=xrIy~ In Fig. 4, 

. . 
f- which contain appreciable amounts of insoluble urea derivatives are shown. 
Urea is apparent from the first two curves where it is observed that m-ease just about 

completely eliminates the first peak_ Note that the peaks at 250°C show very similar 
structure to that of I ,3-bis(hydroxymethy1) (cf., Fig_ I)_ The insoluble ureas show 
up in the curve run on the solid fertilizer sample as a large peak at 2SO”cf_ There is 

apparently IittIe ammonium phosphate present since a peak for this species does not 
appear (at 190°C) even after treatment with urease- Of the Gfteen fertiIizrs studied, 

they aII feII generally hito the above categories (i-e., Figs. 24), yet the curves were 
distinctIy difkrent. 

DISCUSSION 

From the results shown here, it is evident that a reIativeIy large amount of 
information may be deduced about a fertilizer from DTA curves. OnIy very simpie 

Fis 4.. DTA cnrvcs of fertZzer containing sokxble and insoluble ureas. Curve A, residue from 
fatilizer solution (ca- 4 mg)- Carve B. same as A except treati with ureas. Cm-ve C, solid Sample 
(note appezance of the large peak corresponding to insoluble ureas). NPK of &is fertiiiter is 26-S-3. 

*AIthougb not shown, it has been obscnral that the size of the peak at 27O’C is roughly proportional 
to the amount of nitrom content not accounted for by ureas 
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p.mccdm are used to separae cmstituenG whose peaks majr overlap. Qualitative 
anaIy& of fgtiIiztrs with xespezt to the-nitrogenuMaining species is relatively 
straightforward. In addition, the phosphate is also apparently determinable since 

virt.@Iy all of the phosphate comes from ammonium phosphates. 
Two obvious applications for DTA in this area are (a) qualitative analysis and 

identifkation of fertilizers, and (b) the possl%Ie use of this method as a rapid quality 
control check on fkished products. In the first case; it was found that after analyzing 
fifteen fertilizers, only two gave the same DTA cmve (i.e.; Fig. 2). All others were 
different in terms of the peak size or pIa.cemat due to the diKering timpositions. The 
second possiiiiity is more attra&ve. Since ferti&xs are blends of several constituents, 
a DTA curve can quickly be used to spot irregukritks in the kished product. 
Omission or any change in the amount of a partitiar constituent will quickly and 

. 
spedid& show up on the DTA curve. In contradktkction, a NPK anaIysis may 
shoti that something is wrong, but not reveal where the error ocumzd. 

DTA curves of f&en fertilizrs were anaIy&. via DTA. The cndotherms 
observed up to 350°C are aIl due to nitrogencontaining species, and they are readily 
id.ent%abk Viiy aU samples studied gave dillbent pattems with DTA sn-g 
the fcas3lbility of qualitative identikation. In addition, it seems reasonable that DTA 

amId be used to advantage in quality control. 

We thank 0. M. Scutts and Sons for fertibx samples and technical advice. 
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