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Rec:"i§Phos InduCarb “thin film” reactor

H3 POy Input: Sewage Sludge Ash
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optional:
Gas Distribution
(e.g. 0, H,0)

Output 1: destilled
Phosphorous + CO

l ns Pyré to Afterburning Chamber

Output 2:
Molten Slag, Metal Melt, Iron Phpsphorous Alloy
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RecSPhos Phosphorus thermodynamics

] To understand the RecoPhos
Kapeldreef 60

3001 Leuver process, we need to know the
Tel + 32 16 298 49 behaviour of P in all phases:

i reayslss o Gas
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- P4 (g), bUT O|SO P2 (g), P4O]O’ P02

stoichiometry e.g. Ca;(PO,),

o Metal
— Fe-P-Si-... liquid, Fe;P upon
lnsPyré cooling
o Slag , ¥
— A network former like SiO, i}ﬁ LT
— Strong interactions in phosphate mﬁ
(0]

\
o

The formed equilibrium is a result of C
activities of P compounds in all 3 -0o-R~o | |ca*
phases.



RecSPhos Model for phosphorus in slag
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R — Most gas components available

— Liguid metal phase and infermetallics OK

— Slag with high P not available
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lnSPy I"é o System P,O.-CaO-SiO,-Al,O5-FeO-Fe,O4 as basic

scope

o Need for full model of systems with P,O.
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Rec&SPhos Ternary solution interactions
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RecSPhos Equilibrium experiments

meyony. o Goal: provide model validation points in
o0 Leover controlled equilibrium stat __Jis
oGPy be o Conditions: Ar, 1400-1600°C, 4h
R > Fluxing with SiO, and CaO
o Carbon saturation
lnsPy l"é Excess pet
coke \_/ \_/
Slag T
Metal C-crucible
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Rec&SPhos Process modelling overview

o Macroscopic process model
o Different equilibrium steps
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o Fuming model predicts phases and
compositions as a function of reduction
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Open system model
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RecoPhos ash - effect of gas release - 1600°C

/_______

/;

-

~

\---"“

N

- 2 4 6 8 10 12 14 16 18 20

Carbon additions [kg]

= P slag (open)

== =P inthe slag
e P gas (open, cltd.)
== =P inthe gas
e P Fe-P alloy (open)

== =P inthe Fe-P alloy




RecS Phos P yield and distribution

o The effect of reduction degree, basicity

and temperature on the behaviour of
phosphorus be can precisely studied
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Rec&SPhos Model-experiment comparison

o Temperature effect:
ersdoori — Good agreement at high T (extrapolation)
::f;mw — Lower temperature lowers P yield
e — Quicker decrease in experiments, probably
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RecS Phos Model agreement with demo

o Demo reactor: number of experiments

limited
o Clearinfluence of basicity:
AR — Natural slag is low C/S and highly viscous

— Reduction and flow can be optimized by
fluxing with CaO

— With better flowability, good agreement
with modelled equilibrium
o Even with short residence time,
thermodynamic model provides a good
fraomework

— Composition of all phases in good
agreement

15 — Mass balance and overall yield
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RecSPhos Gas precipitation model

Commiorent o Predict precipitation upon cooling

Eg?@]‘bi“wen — Precipitation temperatures allowing thermal
osmoobe design and separation

Alights reserved — Impurities as phosphates or sulphates

— Form of P as a function of condifions

o Assume equilibrium or Scheil cooling

lnsPyré ~ Enable or disable further reaction of
precipitated solids
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RecS Phos Slag model

SR o Predict high temperature behaviour:
Soe??}‘bi“wen — Viscosity
Twifszéfzgm — Melting point
Hioneenes — Solid phases present
— Starting ash and final slag have different
properties!
lnsPyré > Predict solidification and low

temperature mineralogy
— Link fo cementitious properties
— Slag as largest volume product
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RecESPhos Slag model

o Evolution of melting point during reduction
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RecSPhos Conclusions

- Recovering P from sewage sludge is

Tel.: + 32 16 298 491
info@inspyro.be

www.inspyro.be pOSSi b I e

o o Understanding the chemistry is an
essential need for a succesful high
temperature process

— P yield and quality

— Slag behaviour and quality

— Expected alloy formation

o The models have shown good
agreement with experimental results

I nsPyré
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