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Motivation Why Struvite?

Convenient and transportable (solid)

In order to replace 10% of liquid fuels with algae based fuels (roughly i T

30 BGY), the required amount of phosphorous required for algae . v o . ,
production would be 2.6-6 Mt/yr. In 2006, worldwide production of B o e g Precipitates at accessible concentrations and

v
phosphorous was around 4.1 Mt/yrl. Further, the algae production pH ranges g
would also require more nitrogen than was produced in 2006. Recent B . Involves Mg readily available in seawater -
life cycle analyses have also pointed out the high costs of nutrients. Experience in wastewater treatment industry
Further, to be feasible, nutrient use for algae production should not
compete with food production. If algae based biofuels are to be . ._ ,_ s ¢
economically competitive, an efficient, effective method of nutrient ,, ' % 21 Y Remineralize
recycling must be developed. ‘ R S 2

Recovers 1:1 N:P Cultivation

Here, we present our work examining struvite (MgNH,PO,) as a
potential nutrient source for algae cultures and propose a process by
which phosphate and nitrogen can be remineralized and precipitated
as struvite to be returned to the algae culture. Conditions affecting —_— @

Nannochloropsis salina

the precipitation behavior of struvite as well as the resulting particle | comp 1776 senii) | Culture Growth with Struvite

size distributions are measured. Efforts at modeling precipitation ./2<| For Nannochloropsis salina,
behavior are also presented. 7 replacing the nutrients in the L1
medium with struvite results in as
good as or better growth than that
achieved with the L1 medium
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Struvite Precipitation Precipitation Modeling Approach

Precipitation Measurement 1.00E-01 ¢ Evolve the distribution moments
Key to image: Precipitation measurements made in situ using laser : fotal ¥ AN . B
ser . . . . - - _ L nuc
- — diffraction (Malvern Mastersizer 2000) & Number of particles (0t moment) e N = knye€Xp (— o7 )
Leasremen e f/%- Gives size distributions (volumetric), distribution moments, & 1.ooe-02 | T
B, > particle statistics £ (Moles)n for n =1,2,3 (1% to 3@ moments) ' ;_/ Tl Nmg + ksaasign(o) [o|” M 2
Sample handler allows mixing speeds of 1000 — 3000 rpm 8 Total P I
T AVLD '
Struvite most likely to precipitate when solubility of P inand & 9% ¢ 4 Parameters At = Nmo® + ksaasign(o W U
excess of N is at a minimum 3 ; ) d
Interme iate moments obtained via A2 L.
F - - > M2 = N3M3 Ms = M3 M
e Sy S ) e et ot Tk
D — J. 1.00E-04 —— S
6 7 8 9 10 11 12
Minimize constituent solubility = maximize precipitation pH M Ode' Resu Its

Solubility diagram for P and N Symbols = Experimental Data Lines = Prediction

45 - 0.0045
Particle Growth Qualitative agreement between measured ! somM  Jooos
Induction time — time 400 ¢ o Mass of struvite precipitated U —— s obscuration and predicted mass precipitated a5k 400035
. . . . [ pPR= T . .. I = £ 18 ¢ . ; 4.0 mM E
rbeqt.ured filr p;eglpltatlon to 350 [ deper.wds strongly on th.e initial 3 : :Wmmm S Some discrepancies in the “calibration | Jows _
egin at pH > 8. ; constituent concentrations - 2B g2 . ” : = 1000250
o ¢ z [ o Wm gl factor” between obscuration and mass g |7
Induction time decreases o - \ Strongest dependence T 20 | g i L * concentration g 20f 0002
i I I I :; 2Sr ; “ I = I " g o2 e ®, . 5 . W 15: —: {].00‘15E
exponentlaIIY with increasing £ : 14 observed at hlghest £ 8 oo ! — 5 Larger adjustment needed for intermediate g ]
B \ [ * alt Concentrations (m . . . H {11 - 0.001
?upersatura.tlo;\ § 290 ¢ Sl e ARt % 15t salt Concentrations (mM) concentrations while a smaller correction a:iy -
concentration © - \ . . o] 3.0 mM . s8R [ —0.0005
= i \ Higher supersaturation _ M . needed for low concentrations :
. 2 150 : \ 8 P o g 10 [* 4 vostd ’.,,.00000000000000002 5 mM R 1,
Below supersaturation . \ produces more precipitate s S e
conditions, precipitation does : N T L 2 ¢ o s00404444 2.1 mM
, Precip : . Precipitation rate (initial slope) & o5 [ + « o sossoroseses?
_ = T - also strongly dependent on AR
. . . i - . *® . . . .
At sufficiently high 0 D supersaturation 0.0 Improvement needed in distribution models
supersaturation, precipitation ’ ' : ° ) > ° ’ ’ > N N 0 *
Pe e di f[pl > Ll Sl (o gRnaen (), High supersaturation produces t-t, (minutes) Predicted size distributions are too narrow —
occurs immediate initi - ipitati . Precipitat trati function of time f : .. L : : -
Y Etfectsiafinitialiconcentrationioniprecipitation faster precipitation rates fEEPLELE ERIE el B G SRR B Ul s little variation in final predicted diameters g
induction time several initial constituent concentrations . =
(too much nucleation?) <
Equilibrium Distributions Related more to model form than
parameters chosen ,
Shear rate has a significant effect on the equilibrium particle size Supersaturation also effects the equilibrium particle size distribution ,
High shear rates produce smaller, more broadly distributed particles Low supersaturation results in broadly distributed particles sizes
Shear stress in these flows causes larger particles to break up Particle growth is more favorable than nucleation
[ J
Low shear rates results in larger (order of magnitude) particles that are High supersaturation produces more narrowly distributed particles COnCI UsSIONS
more uniformly distributed Particle growth and nucleation of new particles is more balanced Processes for recycling algae nutrients in the form of struvite are being developed
Lower shear stress enables larger particles to hold together under these conditions Algae have been successfully cultivated using struvite as nutrient source
e . Struvite precipitation kinetcs in a well controlled conditions have been studied
_ _ comiial Sat * Size distributions, induction time, kinetics all strongly depend on
14 | 8 I supersaturation conditions
[ —2.1mM .
: . Generally reasonable modeling results
12 i —2.25 mM
: 2.5mM * Thermodynamics must be addressed for improvement
6
c 10 c —3.0mM * Mixing effects may need to be included
.§ ,,3 . | —3.5mM
h ©
£ . s Future Work
S §4 ‘ 5.0 mM 5000
S 6 S / Based on work by Kofina et al.?, added organic '
3 4 materials likely to be found in the algae 3
4 , / extract are likely to negatively impact struvite ;
/ precipitation -
/ Quantifying and developing models capable of £
0 ; . . | predicting these effects is ongoing
0.1 1 10 100 1000 0.1 1 10 100 1000 superaturation, 0
Particle Diameter (um) Particle Diameter (um)

Figurel Stability diagram for struvite in syntheuc wastewater: In the

Equilibrium particle size distributions for various supersaturations 2Kofina et al., Crystal Growth and Design, 7(2007)2705-2712 e L P PREsricc 05 A a8 A

Effects of shear rate on the equilibrium particle size distributions
presence of | UM phosphocitrate
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