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ADVANCED MEMBRANE SEPARATION

AMS pH-stable Nanofiltration Membranes
iIn U & R.E.M. Processes

v" AMS Technologies is a commercial membrane manufacturer that specializes in the treatment of
in—process and wastewater streams

v" Following a decade of cutting edge research, our team of scientist developed a unigue line of

highly durable nanofiltration and ultrafiltration membrane products enabling the treatment of
aggressive industrial streams with great benefits to clients

Visit us on:
www.amsmembrane.com




. Specialty NF Basics

Nanofiltration (NF) membranes have rejection selectivity:
allowing components based on size and charge
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Source: AMS Technologies



. Specialty NF Basics

AMS membranes uniquely designed for uranium complex
separation under aggressive conditions

Spiral-wound structure
NF used to recover acid and concentrate metals maximizes membrane area per module

NF Separation for selected components Design of a spiral-wound element

Concentrate [10 L]
>

H*, CN-, OH-
U, R.E.M.
Fe, Mg, Mn, Organics

Feed [100 L] Permeate [90 L]

H*, CN-, OH-
U, R.E.M.
Fe, Mg, Mn, Organics

H*, CN-, OH-

Source: AMS Technologies



Specialty NF Basics

AMS membranes adhere to high stability requirements

Imposed by U & R.E.M. industry

Superior pH stability is mandatory —
streams often have high acid, alkali, solvents ...

Stability = Membrane  MWCO?!, Min.MgSO, pHrange Example
daltons Rejection? Streams
A-3011 100 99% 0—12
A-3012 180 96% 0—12
o)
A-3014 400 92% 0—12 28(;0 Eéslo“
Acid A-3017 700 80% 0—12 300/0 H.PO
A-3020 1'000 65% 0—12 o/ (I)-|N303 4
A-U301 2'500 not appl. 0—12
A-1801 10’000 not appl. 0—12
B-4021 100 99% 3—14
0]
Base B-4022 180 96% 3—14 280//“ ESOHH

B—4027 700 80% 3—14 ¢ 10, NaCN
B—4030 1000 65% 3—14 =
S-3011 100 99% 2—12
S-3012 180 96% 2—12 MeOH,

Solvent S-3014 400 92% 2—12 Acetone,
S-U301 2'500 not appl. 2—12 DMF, etc.
S-1801 10’000 not appl. 2—12

... as well as
thermal and pressure stability

Thermal durability up to 80 °C:
v" No need for cooling;

v Higher flux and recovery.
Pressure durability up to 70 bar:

v Better recovery at high osmotic
pressure conditions;
v Higher flux and recovery.

Differential pressure up to 1 bar:

v Can treat viscous streams;
v Higher flexibility in system design.

1. MWCO = Molecular Weight Cut-Off, the lowest molecular weight solute (in daltons, 1 dalton = 1 g/mol) in which 95% of the solute is retained by the membrane; 2. Conditions: 0.2%
MgSO, solution, 40 bar, 30°C
Source: AMS Technologies



Specialty NF Basics

Project approach consists of several stages for better
assessment and project risk mitigation

Feasibility Study

Demo Plant

1 week 1 month 6 months

Commercial
Operations

Pre-feasibility Proof of

Assessment Concept

A
v
A
v
A

» Confirm theoretical » Confirm process * Demonstrate + Conduct detailed * Deploy full-scale
feasibility by analyzing stages by completing treatment process analysis of economic system on site (at
" application data, aims, studying raw material with demo plant and investment once or in several
k) constraints and samples in HPS or connected to characteristics of the scale-up phases)
§ potential solutions client laboratory production cycle on project
= site
(&)
< * Develop flow sheets » Select optimal flow * Prepare complete « Start operations, train
= of potential solutions, sheet, finalize * Optimize individual technical package for personnel, prepare
X complete preliminary structure of feasibility stages and complete manufacturing and operating instructions
benefit vs cost study and design of flow, collect long-term integration of full- and maintenance
analysis demo plant data for feasibility scale system procedures
study

Source: AMS Technologies



. NF Applications and Case-Studies

Several applications developed for extraction plant to recover

acid and concentrate uranium

Potential applications on

extraction stage

Exemplary applications in sorbtion-desorbtion uranium recovery

PLS treatment for acid
recovery and uranium
concentration

Raffinate treatment for acid
cleaning and recovery of
uranium

Eluate treatment for uranium
concentration

Mine drainage water
treatment for uranium
recovery and decreasing
eco-impact

Raffinate

Source: AMS Technologies experience in uranium industry
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NF Applications and Case-Studies

PLS Upgrade process was developed for top U miner

Pilot project confirmed high value of AMS
Component Concentration | Mass Fraction, t h | . t . | h
g/L % ecnnology In reatlng eacning stream

Uranium 0.09 100%

Lo — 100% .«  Productive Leach Stream of top uranium miner was

Calcium 0.52 100% studied for uranium concentration

Sulfuric Acid 0.70 100%

L + Tests confirmed ability to achieve high rejection:

SIS v' 99% of uranium by mass was concentrated in
Ay — ey 0 concentrate. Its concentration increased 4 times.
Iron 0.01 4%

v" Around 65% by mass of sulfuric acid were

Ci _ 9 . . . ..
Caleium 0.03 é recovered from feed to filtrate with low impurities
64%

Sulfuric Acid 0.60

g/L

and insignificant concentration decrease;

Mass Fraction,
%

Uranium 0.37

Iron 0.46 96%
Calcium 2.00 96%
Sulfuric Acid 0.99 36%

Source: AMS Technologies



NF Applications and Case-Studies

AMS membranes allow for efficient treatment of raffinate
solution of African miner

Pilot project confirmed high value of AMS
Component Concentration | Mass Fraction t h | . . | h
g/L echnology In treating leaching stream
Uranium 0.0046 100%
Iron 17.2 100% «  Pilot project started at leaching site of African uranium
Aluminium 16.8 100% producer
Sulfuric Acid 8.79 100%
L ( _y) : « Tests confirmed ability to provide high savings and
Component Concentration | Mass Fraction .
Uranium 0.0008 16%
ron 0.49 2 v" Around 94% by mass of sulfuric acid was
- 0 - . . .
recovered from feed to filtrate with low impurities;
Aluminium <0.01 <1%
SIS Gl £ § 94% ) v 84% of uranium by mass was concentrated in

B concentrate. Its concentration increased 16 times.

g/L

Mass Fraction

Uranium 0.08

Iron 333 97%
Aluminium 337 ~100%
Sulfuric Acid 11 6%

Source: AMS Technologies



NF Applications and Case-Studies

.Together with Chimerical, S.A. engineering firm, NF process
In implementation to upgrade eluate and recover reagents

Feed solution (10

gl/L

Uranium 39.6 100%
H* 44.9 100%
NO4~ 30.4 100%
SO,% 93.9 100%

L Permeate (5.5 m3/day)

Component Mass Fraction
g/L

Uranium 2%
H* 325 40%
NO4~ 35.6 64%
SO,%- 35.8 21%

g/L

Mass Fraction

Uranium 85.5

H* 58.0 60%
NO4- 24.3 36%
SO,%- 16.3 79%

Source: AMS Technologies, Chimerical Technology

Commercial eluate upgrade system
scheduled for commissioning in Nov 2019

Developed process brings multiple benefits to the mine:

v" Upgrade the eluate from 39.6 g/L to 85.5 g/L with
98% mass recovery, decreasing the cost of
transportation and NaOH for neutralization;

v" Around 50% of reagents (sulfuric acid and
ammonium nitrate) are recovered for re-use at
IEX stripping phase.
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. NF Applications and Case-Studies

Chimerical Technology is fabricating a 10 m3/h containerized
plant for eluate upgrade with AMS membranes
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Source: Chimerical Technology



. NF Applications and Case-Studies

... the commissioning is scheduled for November 2019

o
o) @CHIMERICAL
TECHNOLOGY

10

Source: Chimerical Technology



