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An automated twin-calorimeter has been developed for the analysis of relatively small sample 
series which is suitable for the simple and fast analysis of fertilizers. The apparatus was given the 
name AGROTHERM 

Direct injection enthalpimetry (DIE) is a technique [1] in which the reagent of 
strictly the same heat capacity (CR) is added in excess and in one portion to the 
dilute sample solution of large volume with constant heat capacity (Cs) contained 
in the calorimeter vessel. The volume of the reagent is about one order of magnitude 
smaller, its concentration one or two orders of magnitude higher than that of the 
sample solution. Measurements are separate. 

In the inverse-DIE tcx:hnique [2] a large volume of the concentrated reagent 
solution (heat capacity CR) is contained in the calorimeter vessel, and small volume 
samples (heat capacity Cs) are introduced into the reagent solution in series until 
the course of reaction and the sum of the heat capacity Cs + CR remain unchanged. 
Constant volume is ensured by a syphon [3]. After the reaction has completed with 
the previous sample, a solution portion equal in volume to sample is removed by the 
syphon before the next sample is introduced. 
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Description of the twin-calorimeter AGROTHERM 

The above technique has been further developed using the so-called twin- 
principle: there are two measuring cells of similar shape, both containing reagent 
solution of equal volume and concentration. Both vessels contain a thermistor and 
the two thermistors are counter-connected. The sample solution is introduced into 
one of calorimeters, and simultaneously a reference solution prepared according to 
the standard method into the other one from two small holders of equal volume. 
The signal observed after the reaction has proceeded is proportional to the 
temperature difference of the two calorimeters, and to the difference of the 
concentration of the sample from that of the reference solution. 

Sample Reference 
1 2 3 ~ ~ 1' 2' 3' ~ ] ~  v Thermist~ " ~ ~ ] ~  

Fig. 1 Scheme of the measuring space of the twin calorimeter 1, I' solutions in the syringe; 
2, 2' solutions introduced into the reagent; 3, 3' reaction mixture sucked back into the syringe 

After the reaction has taken place, a portion of the solution in both calorimeters 
is sucked back into the samlSle holders in order to keep the volume and the heat 
capacity of the solutions in the calorimeters constant (the liquid level rises only 
slightly, a few hundredth of a millimeter after sample addition, which returns to the 
original level after the back-suction). 

As a sample holder a so-called "insulin" syringe available commercially can be 
used. It can be closed by the cap of the plastic protecting sleeve of the needle. Thus 
any mixing is avoided and isothermal conditions are ensured. 

If the concentration of the sample solution is equal to that of the reference 
solution, there is no signal on the recorder trace. If the sample is more concentrated 
than the reference solution of prescribed concentration and the reaction is 
exothermic, the signal is as shown by curve 2, 2'. 
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If the sample concentration is lower than the reference concentration, the recorder 
trace is like curve 3, 3'. 

Usual reagent volume: 100-200 ml; sample volume: 1-2 ml. 6 syringes are 
accommodated in the measuring head. 
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Fig. 2 Recorder trace of AGROTHERM 

The measurement may be programmed. The results can be recorded and/or 
printed. The twin-calorimeter can be operated in the difference mode as described, 
but the two calorimeters may be used separately. After a calibration in a 
programmed mode 3 parallel measurements can be made on 4 samples, or 1 
measurement on 12 samples, according to the precision required. 

The two calorimeters are situated in a single bed, and as many pairs of 
calorimeter can be used as in the number of components to be determined. A 
specific pair of calorimeters containing the reagents during the analysis time of the 
other components may be set aside and then used again. 

The application of AGROTHERM is demonstrated by the analysis of 
multicomponent suspension fertilizers which have been used in increasing amounts 
in Hungary during the past ten years. At present 400 thousand tons are produced 
yearly by thirty regional mixing stations. The production is expected to increase to 
five-fold to the end of the century. The production is discontinuous. A maximum of 
6 charges are produced in a shift, and each charge has to be analysed. The reagents 
used in the determinations by AGROTHERM are prepared so that one portion of 
reagent in the calorimeter is enough for 3 parallel determination per charge per shift 
and with a good utilization of the reagent. 

Thus the requirements are in accordance with the performance of the apparatus. 
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Zusammeafassug - -  Es wurde ein f'dr quantitative thermometrische Messungen gccignctes Zwitter- 
kalodmeter entwickelt. In zwei Kalorimetcrn gleicher Bauweisc wird gleichermassen prfipariertes 
Reagenz placiert, yon welchen in das eine die Probcnl6sung, in das andere die in cinem 
Standardverfahren pr/iparierte Bezugsl6sung dosiert wird. Zwei in einer Wheatstonschen Brficke 
gegenfibergeschaltene Thermistoren liefern e inder  Konzentrationsdifferenz bolder L6sungen pro- 
portionales Signal. In bcide Kalorimeter tauchen jeweils 6 Probenbeh/ilter gleichen Volumcns. In 
Abhfingigkeit yon der Reaktionsgeschwindigkeit kann deren Inhalt nacheinander in gleichen 
Zeitabst/inden in das Reagenz dosiert werden, wodurch die Messung kleiner Serien m6glich wird. 

Pe3mMe - -  Pa3pa6oTaHa ~Byx[ca~opHMeTp]4qecras CHCTeMa npHroIlHaa H a  TepMOMeTp~IqeCXHX 
(ra.aOpnMeTpnqecgHx) KO2IHtleCTBeHHbIX OIlpC~e.~cnHfi. B ana conepmeHno O2IHHagOBbIX ra_aopuMeTpa 
HOMeIHa2IH pearenT, IlpHFOTOB21eHHblfi OjIHHM H TOM XC cnoco6OM. B O21HH H3 gadlOpHMeTpOB 
npH6a~Jl~Itl paCTBOp rdccyle~yeMoro o6pa3~a, a no BTOpOfi - -  paCTBOp r npHrOTOB~CHHlafi 
r CHOCO6OM. ,~Ba TepMHCTOpa, coe,HklHeHHble RpyF npOTHB apyra B MOC;THKC ~Y'HHCTOHa, 
BI~aIOT CHFHaJI, nponoplmHa_asmafi pa3HHUr t<onUCHTpatttifi /Inyx paCTBOpOB. B o6a ga.aopuMcTpa 
norpyxalOT 6-6 ,o,~zlHagon~x no O61~My o6Pa311OB , coaepacaHHe gOTOpldX B OjIHHagoBI~e UnTepBaYlbl 
BDeMeHH, B 3aBHCHMOCTH OT cKopOCTH peaxttaa, nocJlellonaTeJibHO HpH6aBYilgIOT 1r peareHTy. TagaM 
0~pa3oM, Ilpe~CTaBJl~eTCJl BO3MO~KHOL~fb H3Mep~ITb HC6OJlhmHe cepgH o6pa3RoB. 
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