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Working Principle

« Gravity pressure vessel (GPV) step by step
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GPV 1

A: Incoming material

B: DownComer tube
Pressure increases
Pre-heating medium




GPV 2

H A: Incoming material

i B: DownComer tube

C C: Gas injection

Exothermic reaction -> Energy production




c GPV 3
l A: Incoming material

B: Downcomer tube

C: Gas injection

D: Upcomer tube:

Releases energy to downcomer
Pressure decreases
Leaves the reactor




GPV 4

Top view

A: Incoming material
B: Downcomer tube
C: Gas injection
D: Upcomer tube:
E: Surrounding tube
Start-up heating (ignition).

Steady-state (autothermic) cooling
and energy harvesting.
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Advantages

o built-in heat exchanger: heat conservation,
utilization and recovery.

o hydrostatic pressurization: low energy demand.
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Advantages

o turbulent three phase flow: promotes heat and
mass transfer, autogeneous milling and
passivating layer erosion.

Passivating layer
Unreacted core
Gas bubble

-

X

Normal Intense mixing

Particle interactions




Advantages

o plug flow configuration: continuous process, no
moving parts.

o underground installation: safe/inexpensive
reactor design.
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» Patent 4,272,383, McGrew (1981) ]

“Method and apparatus for effecting subsurface, R
controlled, accelerated chemical reactions”

MATERIALS MANAGEMENT H i St O ry

» Sewage Sludge Wet Oxidation:
— Longmont, Colorado (USA)
* Moved to Apeldoorn

— Apeldoorn (The Netherlands)
 VerTech process 29
e 1992-2004 US 4,272,383




History
 VerTech Process

Throughput 120 m3/hr
Energy production | 9.5 MW(th)
Recovery 50% @ 260 °C
Energy density 340 J/kg
Gas injection O,: 2.4 tonne/hr
Max. temp 270 °C
Depth 1200 m

Innovatior
Concepts




nnovatior

Concepts

|
SUSTAINABLE INORGANIC
MATERIALS MANAGEMENT I

 Conventional drilling:
Straight, 30"
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B Opportunities

« Identification:
— Accelerate reaction kinetics.
— Integrate and recover exothermic reaction heat.
— Valorize low value residues into products.

» Approach:
— Focus towards full scale installation.
— Build on existing R&D.
— Harvest past experience.
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- Mineral carbon sequestration:
— Natural minerals: olivine, wollastonite, serpentine.
— Industrial residues: slags, ashes, tailings.

« Waste remediation:

— Asbestos containing-materials (mining tailings
and construction materials).

— Oil sand tailings.



Mineral Carbon Sequestration

e Olivine:
(Mg,Fe),Si0, + 2CO, => 2(Mg,Fe)CO; + SiO,
[AH = -89 kJ/mol CO,]
 Wollastonite:
CaSiO; + CO, => CaCO; + SiO,
[AH = -87 kJ/mol CO,]
- Serpentine:

[AH = -64 kJ/mol CO,]
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Mineral Carbon Sequestration
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 Reaction profile

Carbonation conversion profile Temperature profile
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R.M. Santos et al. 2012. 11th International Conference on Greenhouse Gas Control Technologies, Kyoto, Japan.
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 Autothermic map

Outlet carbonation conversion (%)

solids loading (kg,solids/kg,liquid)
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« Carbonation products

Fresh milled olivine Fully carbonated olivine
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Asbestos Remediation
 Chrysotile (white asbestos): Mg;(5i,0c)(OH),
 Fibre cement (historical): 90% cement, 10% chrysotile

Acc.V Magn }—— 20um
30.0kV 1200x Janice Haney Carr

http://en.wikipedia.org/wiki/File:
Chrysotile_SEM_photo.jpg

http://en.wikipedia.org/wiki/File:
Wellasbestdach-233-3354_IMG.JPG
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Asbestos Remediation

Original material

RPS: isolation material,
30-60%

XRD: 90% chrysotile, 4%
chlorite

1 hour treated

RPS: carbonate, upper side
30-60%-interval

XRD: 80% chrysotiel,
16% carbonate, 1% pyroxene

5 hour treated

RPS: carbonate, lower side
30-60%-interval

XRD: 54% chrysotile,
25% carbonate, 13% pyroxene



Oil sand tailings Treatment

 Qil sand tailings: sand, clay, water and residual
bitumen (‘tar’).

« MFT (Mature Fine Tailings) + O, =>
TTT (Thermally Treaded Tailings)

 Aim: v

— reduce settling time;

— oil and metals oxidation;

— reduce contaminants leaching;

— free water for re-use;

— autothermic process.
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Syncrude_mildred_lake_plant.jpg

http://en.wikipedia.org/wiki/File:



Oil sand tailings Treatment
« COD reduction test
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Temperature (°C) 350 300 250
Time (min) 60 30 60 30 60 30
%0 COD reduction 86.3% | 85.3% | 82.9% | 81.2% | 70.6% | 69.6%
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P. Knops. 2011. RemTech 2011, Banff, Canada.




Oil sand tailings Treatment
« Settleability test
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P. Knops. 2011. RemTech 2011, Banff, Canada.



SUSTAINABLE INORGANIC

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

0O T 0 OO 00
(10) International Publication Number

WO 2011/155830 Al

(19) World Intellectual Property Organization

 Split into various stages: | ==

15 December 2011 (15.12.2011)

[] []
e n C n (51) International Patent Classification NL-4201 BH Gorinchem (NL). KNOPS, Paulus Carolus
a a I a I O COIB 17/42 (2006.01) COIB 337187 (2006.01) Mari [NL/NL]; Rijksstraarweg 128, NL-7391 MG Twello
COIB 31/24 (2006.01) COIB 33/193 (2006.01) (NL).

COIB 33/12 (2006.01) COIF 5/24 (2006.01)
COIB 337142 (2006.01)

(74) Agent: ROELANDS, Olaf Siegfried; Sweelinckplein 1,

NL-2517 GK The Hague (NL).
(21) International Application Number:

O CTNL 201 105 . (81) Designated States junless otherwise indicated, for every
“ B a tC I l a u tO( I av‘ PETINL2011030408 kine of national protection available): AE, AG, AL, AM,
(22) International Filing Date: A, AT, AU, . BA. BB, BG, BH, BR, BW, BY, BZ,

8 June 2011 (08.06.2011) CA. CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
. DZ, EC, FE, FG, BS, F1 GB, GD, ) ,

. (25) Filing Language Dutch 1N, TR, HU, 1D, IL, IN, 18, JP, KE, KG, KM, KN, KP,

(26) Publication Language: English KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

ME, MG, MK, MN, MW, MX, MY, MZ, N L NI

(30) Priority Data: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, 8D,

2004851 8 June 2010 (08.06.2010) NL SF, 8Gi, SK. SL, SM., ST, SV. SY. TH. TJ. TM. TN, TR,

TT.TZ UA UG, US, UZ VO, VN, ZA, ZM, ZW.

(71) Applicants (for all designated States except US): RIINS-

BURGER HOLDING B.V. [NLNL). Lombardstraat 12, (g4) Designated States (unless otherwise indicated, for every

L] . | ’ n
NL-4201 BIl Gorinchem (NL). PLAN B CO2 [NL/NL] kind of regional protection available): ARIPO (BW, GH,
I V Rijksstraatweg 128, NL-7391 MG Twello (NL). GM, KE, LR, LS, MW, M2, NA, SD, 5L, 82, TZ, UG,
I I l ,I l ,I 1) Inventors: and EM. ZW), Eurisian (AM. AZ, BY, KG, KZ, MD. RU. TJ,
(75) Inventors/Applicants (for US onlij: RUNSBURGER, ™), European (AL, AT, BE, BG, CH. CY, CZ, DE, DK,

Kees-Jan  Leendert  [NL/NL], Lombardstraat 12, EE, ES, FI, FR, (B3, GR, HR, HU, IE, IS, IT, LT, LU
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, 51, SK,

ilot reactor

(54) Title: METHOD FOR CONVERTING METAL COMPRISING SILICATE MINERALS INTO SILICON COMPOUNDS
AND METAL COMPOUNDS

pued on next page]

(57) Abstract: Method for converting metallic silicate minerals 1o sili-

con compounds and metal compounds via a conversion r 1, charac-
P 9 terized in that the conversion reaction is performed in 1y pressure
o r vessel (GPV), wherein: the GPV comprises two channels having sepa-

—f 4 rate entrics on the upper side of the GPV and which channel

) ally connected on the bottom of the GPV,

solid les of the sili i
7 a descending flow, one or more
added 10 the dispersion, and the
pounds formed during the con

trati the heat produced can be u
form a concentrated gas flow of carbon dioxide prior 1o sequestration,

Vi

e WY




Developments

 Batch rocking autoclave (now under testing)

Simulate GPV characteristics:
= Tubular hydrodynamics.
* Transient T and P.

Generate fundamental understanding:
= Reaction rates.

= Particle exfoliation.
= Passivating layers.
= Product mineralogy.
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Developments

« Consortium agreement:

- Sibelco (olivine producer) < SIBELCO

OBAL RESOURGES * LOCAL SOLUTIONS

- Steel company (CO, producer)
- Institute for Sustainable Process Technology (ISPT) O

ISPT
- KU Leuven R

- Dutch University

- Innovation Concepts (technology holder)
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What else can a GPV intensify?

/ Learn more about us:
set.kuleuven.be/mrc/sim2
WWWwW.ihnovationconce pc&ad

Thank you for your attention!
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