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The project idea

Diffusion
Recovering valuable resources, @ Dialysis

such as acids and metals, from (DD)
wastewater using an integrated

system of two highly innovative Merrlbra.me
membrane technologies Distillation
(MD)

The té rget

* Reducing water use

* Reducing wastewater production
* Reducing energy use

* Reducing chemicals consumption

ReWaCEM

The technology

Diffusion Dialysis (DD)
and
Membrane Distillation (MD)
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Diffusion Dialysis (DD)

Clean Acid
baf:k to pickling

Draw Solution (Water)

>

Waste Acid Solution'
HCI + FeCl,

Waste Water (di;Iysate)
FeCl,

Main advantages:

e High efficiency in wastewater treatment
e Low energetic consumption

e Low installation and executive costs

e Environment friendly

Membrane Distillation (MD)

i ‘ Temperature and Vapor pressure
Condensation | profile across the membrane
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. == S e V= Fresh water
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Main advantages: ORI
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e Low working temperature and pressure ST 4
e Low energy cost o)
e Low stringent mechanical properties » SRR 3
e Operational simplicit S CRHIS

P e channel channel

e Simple up-scaling
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Coupling of DD and MD

ReWaCEM basic scheme
| of coupling the two
cutting edge membrane

technologies, Diffusion
Dialysis (DD) and
Membrane Distillation
v _ (MD), as a closed
i material cycles approach
separation of Acid

waste aci : and recovery concept in
\ from Draw solution § \ ry p

Metal surface %
treatment process = i

metal processing industry

Fresh water back
to process

Separation of
Acid from Acid Waste metals and

stream

Separated metals

Coupling of DD and MD

Recovery of acid in pickling solutions used in the plating hot-
dip galvanizing and stainless steel industry

The innovation in ReWaCEM is to combine both technologies
which allows:

- the separation of metallic ions from the acid molecules (DD)
AND

- the recovery of acid solution to be reused after a
concentration step (MD)
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University of Stuttgart, Chair of Building Physics

Stainless steel industry in
GERMANY

Galvanizing plant in
ITALY
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Hot-dip galvanizing

under development

Tecnozinco sl A TecnoZinco
@ reumjae
and

Universita degli Studi di Palermo — UNIPA
DIID

are involved for hot-dip galvanizing;

AIZ supports the adaptation of the
technology to the sector as well as the
data mining and will take care of the
dissemination of the final results

Hot-dip galvanizing

operational conditions

PICKLING BATH COMPOSITION*

3

S— len{gl) =
tank Sanelgh) - 1-20
’ Pickling Process
Steel to be
galvanised
: Fresh acid
to disposal 3:;2 aci Rinsing tank

&

ﬁ
Cleaned steel to
galvanising bath
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Hot-dip galvanizing

driving force to recovery

Sector data*

>

HCI_?fa"cid minimum average maximum
fresh acid 33% (Kgyc/tongyysteer) 10,53 20,52 28,66
spent liquor (Kg/tong,qe) 13,53 28,78 43,75

*data from a benchmarking study among AlIZ members (2008)

data analysis:
acid consumption per plant depends on the steel items surface conditions

mix of steel carpentry with average oxidation

~ HClacid range ~ upto*
fresh acid 33% (Kgua/tongyysteel) 22 26
spent liquor (Kg/tongy,see) 25 35 =45

*realistic worst conditions

UNIPA activity

design of overall process

ﬂ

Objectives:

< Process modeling

% Treating the waste pickling solution in order to restore the original optimal conditions
in terms of Fe and HCl concentrations

% Analysis of sensitivity of the process parameters

Assumptions in the model:

Optimal condition in the pickling bath derived from the pickling curve
Corrosion inhibition in the pickling bath

Pickling tank considered as CSTR: steady state condition
Fixed Recovery Ratio in DD at 70%

Iron and zinc ions do not pass through the membrane in DD
No osmotic flux in DD

Waste acid solution flow rate = Draw solution flow rate in DD
HCI does not pass through the membrane in MD

Specific Energy = 400 kWh/m3in MD

% Once through Conversion Ratio assumed: 5% in MD

K/ K/ 0, K/ 7 7/ 9, R/ 7
L X4 0.0 L X4 0’0 0’0 0’0 0.0 0‘0 0’0
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Regenerated

T=ambient — i i
Materials to Spéclﬂllgi
rinsing tank
Waste acid P —
. ircula
solution Thermal Power
Recovered

acid solution

Process Water

" . >
e Metals rich brine
Anionic exchange

membrane

Diffusion Dialysis Design

UNIPA activity objectives:
% Developing a model for a design of the DD system

% Testing and experimental investigations aiming at the validation of the model

ARG

-
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Diffusion Dialysis Design

Plate and Frame configuration
Stack geometry

Feed channels and output channels
Peristaltic pumps

Dimensioning membrane area

Demo at Tecnozinco
design of overall process

Steel to be
galvanised

o
S

b

Process
water IN

D

Cleaned steel to
gal\lanlsing bath

“less effective”

pickling solution
(80-120 gr/It active HC)

DISTILLATION

“more effective”
pickling solution
(200-220 gr/It active HCI)

1 or 2 stages MEMBRANE

Waste h‘lt from

:W/'.Jl}‘nlslng steps
| D@

“low conc.” acid
(50-80 gr/lt active HCI)

Vaste acid

sqlution 1 or 2 stages

& DIFFUSION
prp— T

Recovered acid solution

Anionic exchange
membrane

Metals rich
brine

-—— =
Recycled metals
rich solution

Process
water OUT

Waste heat from

drying/galvanising steps

solution
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Further information

http://www.rewacem.eu

For any questions concerning the ReWaCEM
Project, please contact
info@rewacem.eu

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 723729.
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