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     Introduction: Phosphorous is a vital element for 

life on Earth, found in DNA, RNA, and ATP [1, 2, 3].  

Therefore, if life has ever existed on Mars, it may have 

required phosphate. Unlike other nutrients such as C, 

S, O, H, and N, P does not have a gaseous phase [4], 

and phosphate availability is therefore directly related 

to mineral dissolution.  

Due to its importance, multiple studies have exam-

ined phosphate on Mars.  Phosphate-containing prima-

ry minerals including fluorapatite [5], chlorapatite [6], 

and merrillite [7] are present in Mars meteorites.  Pre-

vious work [8], has indicated that P in Paso Robles 

soils on Mars may occur in Ca- and Fe-phosphates 

based on Alpha Particle X-ray Spectrometer (APXS) 

and Mössbauer Spectrometer results.   Mössbauer re-

sults indicate the Fe-phosphate minerals ferristrunzite 

or strengite may be present in Paso Robles soils [9]. 

Acidic Mars-analogue experiments [10] indicate the 

formation of an Fe-phosphate phase.  Enrichments in 

phosphates were identified by the Martian rover Op-

portunity within outcrops at Eagle Crater on Mars [11] 

and Mini-TES measurements indicate the possible 

identification of the secondary phosphate phase wa-

vellitte in Wishstone and Watchtower rocks [12].                   

Laboratory syntheses of Al- and Fe-phosphates [13]   

indicate that 90% of what is first precipated from super 

saturated phosphate solutions is amorphous.  Amor-

phous Al- and Fe-phosphates can persist at room tem-

perature for greater than four years indicated by [14].  

The persistence of amorphous Al- and Fe- phosphates 

may therefore be important in soils on Mars. Few dis-

solution rates, however,  have been measured for 

amorphous Al- and Fe- phosphates.  Measuring the 

dissolution rates of amorphous Al- and Fe-phosphates 

may therefore help to constrain the availability of 

phosphorus in weathering environments on Mars. 

Materials and Methods: 

Material synthesis and characterization: 

Amorphous Al- and Fe-phosphates were synthe-

sized in batch reactors after [13], except that syntheses 

were performed at 50
◦
C for 24 to 48 hours, continuous-

ly shaken at 100 strokes per minute and larger volumes 

used to yield sufficient mass for dissolution experi-

ments.  In all cases, solutions were made with 18.2 M 

Ω deionized water and high purity Al(NO3)3, Fe(NO3)3, 

KH2PO4 and KOH. 

After 24-48 hour agitation in the 50
◦
C water bath, 

reactors were cooled to 25
◦
 C, and the slurry centri-

fuged at 9860 rpm for 2-10 minutes until supernatants 

were clear to separate synthesized phosphates.  Super-

natants were decanted, and then the solid phases 

washed 3 times with 18.2 M Ω deionized water and air 

dried. 

Dissolution Experiments: 

Batch reactors were used to measure dissolution 

rates of amorphous Al- and Fe-phosphates to calculate 

a preliminary rate law. Acid washed 250 ml polypro-

pylene reactors contained 0.3000  0.0005g of amor-

phous Al- or Fe-phosphate combined with 180 ml of 

0.01M KNO3 solution adjusted to the pH of interest 

(pH= 3 and 5). Changes in solution chemistry with time 

were normalized to the BET surface area to calculate a 

dissolution rate, and the rate law calculated from the 

dissolution rates as a function of pH.  The interpreta-

tion of batch reactors is complicated by the fact that 

solution chemistry changes with time.  Therefore, in 

order to maintain constant solution chemistry during 

reaction, we are currently performing dissolution ex-

periments using flow-through reactors based on those 

used by [15].  Flow-through reactors, although more 

difficult to run than batch dissolution reactors, are easi-

er to interpret.   

In our flow-through reactors (Figure 1), solution is 

pumped from a feed solution tank, using a peristaltic 

pump, into the reactor where the solution interacts with 

the mass (0.3-1.5g) of Al- or Fe-phosphate.  Solution 

flows out of the reactor into a collection vessel, from 

which output solutions are collected at predetermined 

intervals.  Solution samples are filtered through 

0.45µm filters, acidified to 1% v/v, and stored at 4
◦
C 

until chemical analysis.    Aluminum concentrations are 

measured by the catechol violet colorimetric method 

[16], and phosphate concentrations are determined by 

the molybdate blue colorimetric method [17] on a 

Thermo Scientific Genesys 10S UV-VIS Spectropho-

tometer.  Flame atomic absorption spectroscopy (AAS) 

is used to measure Fe concentrations on a Thermo Sci-

entific iCE 3000 series AA spectrometer.   
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Figure 1- Schematic image of our flow-through reac-

tor.  

 

    Dissolution Rate Calculation: 

    Dissolution rates are calculated from steady state Al, 

Fe and PO4 concentrations, and flow rates normalized 

to BET surface area (equation 1):  
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where Cout is the measured steady state output concen-

tration, Cin is the input concentration, Q is the flow rate, 

A is the specific surface area, and m is the mass. Pre-

liminary rates calculated in this manner suggest that the 

amorphous Fe-phosphate phase dissolves faster than its 

crystalline counterpart. 

Conclusion:  Amorphous Fe- and Al-phosphates 

have been synthesized and dissolved in batch and flow-

through reactors, and a preliminary rate law measured.  

Rates will be used to constrain possible P concentra-

tions in Martian environments. 
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