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henning zoz

Zoz Group, D-57482 Wenden, Germany

make more with less
HKP nanomaterials / nanostructures in non-religious clean- green- & hightech

for transportation, energy & economy, from super-concrete to nuclear.

How to make, how to manufacture and how to bring it to the market.

Why & how Albania should become a major player.

July 14, 2021
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FuturBeton ASTM-sample processing

44-49 Mpa after 22 hours !!

Workshop at Tirana # 02.08.2021

NanoAlb & Construction Industry

FuturZement | FuturBeton
Sustainable construction materials containing Highly Reactive Ground 

Granulated Blastfurnace Slag activated by High Kinetic Processing
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ZTC Olpe
R/D Division@Zoz



D 57482 Wenden    Germany



D 57482 Wenden    Germany

Simoloyer®, high kinetic processing device: 1-900 litres

high kinetic processing & nanostructured materials
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zoz group
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Power to Gas at Zoz Technology Center (ZTC) + Zoz ZEV-fleet = Power to Gas to Fuel (P2H®, P2G2F®)

IronBird/power-box remains on vehicle, H2Tank2Go® are replaced at the next tank vending machine or home depot

Zoz ZEV fleet, OE-OZ-21 through OE-OZ-30 ZTC with 0,2 MW solar power 40 kW Electrolyser at ZTC

Power to Gas to Fuel

P2G2F® is a registered trademark of  Zoz Group 
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ref. Dr. Chien-Yung Ma, OZ10, Germany, proc. V4-S02
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today & tomorrow

NANOSTRUCTURE

making more with less
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what a Simoloyer® is and does
HighKineticProcessing-device
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 mechanical alloying

(MA)

 high energy milling 

(HEM) and

 reactive milling 

(RM)

→ HKP

24 Ti + Al11Nb  → Ti24Al11Nb

Ag3Sn + 2 Ag2O → 7 Ag + SnO2

rapid flake formation

rapid particle size reduction

HKP (MA, RM, HEM)…technique and applications
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auto-batch-operation
no limit in size, CM01-CM900

CM100-100lm-s2

HKP (MA, RM, HEM)…technique and applications

CM100-100lm-s2x
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lighter than aluminium and as strong as 

steel [Al-CNT composite]
cooperative development Zoz & Bayer

Zentallium®

grain-size control by nanostructure

What is available

Zentallium® consolidated by Hot Extrusion, semi-

finished products, fasteners and transmission shafts;

What is new

Pressing and Sintering of Zentallium®

project-no. EP120573, BMWi

Development of Zentallium® powder material for

conventional Pressing & Sintering consolidation process

for high strength and hardness.

PUNALKO

project-no. 03FH054PX2, BMBF

Powder Metallurgical Fabrication of nanostructured Al-

based high-performance materials for structural elements

under high thermal stress.

HIP and Hot-Extrusion of Zentallium®

project-no. EP121019, BMWi

Development of Zentallium® at high strength and high

elongation by modified grain-size control agents for

HIP & Hot-Extrusion consolidation.

Simoloyer® | present applications & products

Zentallium ® | Simoloyer ® | are registered trademarks of 

Zoz Group
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Power to Gas to Fuel
Zoz Hydrogen Technology

Nanostructures for Zero Emission Future Transportation & Energy

nanostructured H2-

storage Hydrolium®

- environmentally 

friendly and cost 

effective

solid-state absorber 

tanks H2Tank2Go®

- virtually pressure-

less, safe, clean and 

lasting

click'n'go system 

H2Tank2Go®

- replacing tanks within 

seconds

exchange at a tank 

vending machine 

- refueling e. g. at any 

home depot

automotive future 

names Hydrogen 

- with 20 tanks you can 

drive your car

Power to Gas to Fuel & 

Zero Emission Mobility

- only makes sense if 

energy is provided 

fossil-free

isigo®H2.0

Hydrogen-Storage-Tank H2Tank2Go®

Reasonable energy storage for mobile & stationary use, superior safety level, existing infrastructure, brilliantly simple, 

flexible multi-tank-operation, MOT-approval pending, no one has come so far.

Zoz Hydrogen Technology – Power to Gas to Fuel - P2G2F®

Make hydrogen mobility available, create an infrastructure, win new customers, generate energy emission-free, produce 

& store hydrogen, drive with hydrogen & supply electricity.

P2G2F®

Simoloyer® | present applications & products

P2H® | P2G2F® | Hydrolium® | H2Tank2Go® | isigo ®

| are registered trademarks of Zoz Group
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Electric Aircraft with Hydrogen Range Extender
project-no. EG 906, EUROGIA+/EUREKA

H2-OnAir+

nanostructure in Zoz-Tanks 
[Hydrolium®, H2Tank2Go®] and PEMFC’s (Zentallium®)

What is new

advanced and environmentally friendly aircraft

propulsion by a combination of solar cells, battery

and hydrogen fuel cell;

solid state hydrogen storage as well as the physical

combination with pressurized hydrogen for aviation;

fuel cell system provides electrical power for all

flight phases (not only for cruise);

cost-effective, lightweight fuel cell system;

standardized connectors for all kinds of hydrogen

tanks;

same tanks for aviation and ground transportation;

quick replacement of tanks rather than refueling on

board (new infrastructure strategy at revolutionary

logistics and operative way of refueling);

platform for later High Altitude Pseudo Satellites

(HAPS) at combined Battery-Solar-FC-technology

for very long term flight missions;

P2H® | P2G2F® | Hydrolium® | H2Tank2Go® | Zentallium ®

| Simoloyer ® | are registered trademarks of Zoz Group

Simoloyer® | present applications & products
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EADS-Bulletin “UP”, No. 6 – November 2012 Up To Planet EADS Nr. 6 [11-2012] pp 30-31
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H2Tank2Go® - shelling test by German armed forces (Bundeswehr)

• Shelling tests of H2Tank2Go®, done by the German armed

forces (Bundeswehr) early November 2012 at the

„Wehrtechnische Dienststelle für Waffen und Munition 91 

(WTD 91 or „Schießplatz Meppen“)“ in the city of Meppen 

• Tests were done with 12,7 mm charge and with 44 mm 

hollow charge

• …“Bei einer Hochdruck-Tankbatterie hat es die komplette 

Anlage zerlegt. Mit so einer gewaltigen Explosion hatten wir 

nicht gerechnet. Sogar Sicherheitsglas wurde durchbrochen 

und einige Leute erlitten Schnittverletzungen.“….

Other H2-tanks were shelled as well during these tests – one

of which (high-pressured H2-tank-array) caused an explosion

so severe, that even safety glass was pierced by debris and

people got injured.

(details of this incident remain confidential)

• No safety issues with the H2Tank2Go® (as expected)
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Zoz-xxx FuelCells

• Economic FuelCells (PEM) for 

tomorrow:

Target Cost: 1.000 USD / kW

electrical power (small scale, air-cooled up to 2 kW)

• Goals & Requirements

– precious metal saving

– prefabricated C-layer

– high performance CCM  (1W/cm²)

– cost effective most simplified BPS

– automatic manufacturing

– strategic market impact 

• …this is formed at Wenden ! ref.: SGL Group, „Gas Diffusion Layers“, SGL Shanghai, September 2011

21
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LOCOPEM
German Federal Ministry of Education and Research 

project no.: NW-1-1006  //  01.01.2016  //  3 years //   total cost: 1.318.977,00 €

Development of low cost gas-diffusion-electrodes on the basis of CNTs/CNFs 

for application in PEM fuel cells

Entwicklung von Low Cost Gasdiffusionselektroden auf Basis von CNTs/CNFs 

für den Einsatz in PEM-Brennstoffzellen

Development of low cost gas-diffusion-electrodes on the basis of CNTs/CNFs for application in PEM fuel cells
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2019-12, LOCOPEM membrane forming & assembly device

D 57482 Wenden    Germany

2019-12, LOCOPEM membrane forming & assembly device

D 57482 Wenden    Germany

2019-12, LOCOPEM membrane forming & assembly device

Hydraulic hot press for the 

production of 

LOw COst Proton 

Exchange Membranes

(PEM)

Funded by the European Union

Hot pressing

 semi-automatic

 easy handling (25cm space)

 pressure control

 temperature control

 easy cleaning and maintenance

 pressure range

• 2-25 bar

 temperature range 

• 20-150°C

2019-12, LOCOPEM membrane forming & assembly device
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H2-tank system B4S-SM/MM
nanostructured reactive complex metal hydride

single/multi module ● solid-state > 8 wt.%

high potential energy storage for the future

2LiBH4 + MgH2  2LiH + MgB2 + 4H2

H2-storage: > 8 wt.%, > 80 kg H2/m
3 storage material

H2-loading completely reversible, H2-release thermally activated only !

H2 single-module tank B4S-SM H2 multi-module tank B4S-MMconsortium: www.bor4store.eu, EU-project FCH JU 303428 [2012-2015]

complex metal hydride processing unit Simoloyer® CM100-s2; H2-tank system B4S-SM outside ZTC; and inside at HZG - Hydrogen Technology Centre

Simoloyer® | present applications & products

P2H® | P2G2F® | Hydrolium® | H2Tank2Go® | Zentallium ®

| Simoloyer ® | are registered trademarks of Zoz Group

http://www.bor4store.eu/
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Zoz Zero Emission Vehicle Fleet

phase I (11-2013 through 02-2014)

• Zoz has acquired 10 vehicles (ZEV-Battery) from own funds

• generation of 10 local charge terminals (Zoz & Partner > list)

• distribution of 10 vehicles (list)

• setting up of 2 E-charging stations by Zoz (Siegen)

• 4setting up of 10 E-charging stations (Sauer-/Siegerland >

list)

phase II (2014-2015)

• Fleet- and infrastructure data > project 5REMONET/City of

Siegen/BMBF

• upgrading of the 10 Zoz-ZEV's with H2-drive (Iron Bird from

H2-OnAir)

• setting up of 10-15 tank vending

machines H2Tank2Go®

3-4, 6-7 RWE, Kirche and Stadtverwaltung Olpe, to date only declaration of intent, no commitment yet
5 REMONET = Regional E-Mobility Network (01.11.2013 - 30.04.2018)
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H2Fuel2Go
01.01.2017  //  3,8 years  //   total cost: 3 M€

vollständige Demonstration einer Wasserstoffkreislaufwirtschaft mit neuartigem, 

wartungsfreiem und energieeffizientem Feststoffspeicherkompressor

complete demonstration of a hydrogen circulation economy with a novel, maintenance-

free and energy-efficient solid-state storage compressor

H2Fuel2Go # Zoz-HZG-CEP-NOW-NRW - Hydrogen Fueling Station @ ZTC
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H2-BLK
Wasserstoffregion Burgenlandkreis

Power-to-Gas-to-Fuel P2G2F®, H2-Circular-Energy-Economy H2C2E, P2H®

H2Truck2Go & H2-Turbine coming up

Naumburg (Saale)

Sachsen-Anhalt, Germany

brown-coal region, wine & beauty

22 MWp PV + 40 WEAs ea. 250-500 KW to the right,

total installed power ~ 40 MW.

LEUNA-Werke in the back.

Dr. Young-Lib Kim (KAMI CEO), 

Dr.-Ing. InSung Chang Hyundai VP, 

Prof. Zoz, 21.01.2019

??
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H2-Truck2Go
Wasserstoffregion Burgenlandkreis

H2Truck2Go & H2-Turbine coming up

Power-to-Gas-to-Fuel P2G2F®

H2-Circular-Energy-Economy

H2C2E, P2H®



D 57482 Wenden    Germany

Korea Hydrogen, 2020-01

charging unit CM100-DN100m (mono) Simoloyer® CM100-s2, Carrier-gas discharging unit TGD100a (on right)



D 57482 Wenden    Germany

3rd gen. Li-Ion Bat. Cathodes
LFP & LMP, ZoLiBat®

Simoloyer® | present applications & products

new Li-Mn-phosphate | Li-Fe-phosphate materials
high performance by nanostructure

cooperative development HPL/DOW & Zoz | processing supply Zoz  Prayon

F. Renard, Prayon, OZ-10, 3rd German-Japanese Symposium on 

Nanostructures (2010), Wenden, Germany, proc. S03 p-no. V07

Dr. Ivan Exner, Dr. Thierry Drezen, HPL, OZ-10, 3rd German-Japanese 

Symposium on Nanostructures (2010), Wenden, Germany, proc. S06 p-no. V21

ZoLiBat® | longo® | isigo® | Simoloyer®

are registered trademarks of Zoz Group

isigo®1.0-ZLB

(needs 1 ZoLiBat®-battery pack)

longo®1.0-ZLB

(needs 4 ZoLiBat®-battery packs)

Sophie Mailley, CEA, Advanced Materials for Li-Ion Batteries EuroNanoForum 

ENF2017, European Commission, Valletta, Malta, 21.06.2017
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ductile metal flakes
[Al], [Ni], [Cu], [Pd], [Ag], [Au], [Pb]  [Ti], [Fe], [Co], [Zn], [Mo]

and insitu composites of all

MA ductile metal flakes

DE 10 2008 053 891.4

DMF by HKP
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cost-effective high performance stirr-in

zinc flake pigments (ZFP) 

by high kinetic processing (HKP)
PRO INNO II-project-no. 0078402WZ7 and ZIM-project-no 2435404SU2

Zinc Flake Paint – ZN-CP301
2K-EP ZF anti-corrosion coating

high corrosion resistance   ☼ CO2-low   ☼ long shelf-life

ZN-CP301 provides excellent protection.

ZFP paint ZN-CP301 is conform to standards:

• DIN EN ISO 9227:2006 (salt spray test, deg. 

1 after 10 weeks)

• DIN EN ISO 6270-2 (condensation climate 

test, deg. 0 after 10 weeks)

• DIN EN ISO 2812-2 (water storage, deg. 1 

after 9 weeks)

technical data

base
epoxy-resin

2K-system

colour silver grey (dull)

ratio of components
10:1 

(primer:hardener)

tap densitiy 1.52 g/cm³

theoretical coverage >70m2/l

flash point 40°C

zinc content [w%] 75 %

drying time 
0.5 h

touch

2 h

handling

thinner 

(recommended)
Xylene, acetone

product comparison: salt spray test

ZFP ZN-CP301 commercial ZFP

coating after test coating after test

coming up next:

water-based corrosion protection 

systems with zinc flake pigments 

good flake formation

solvent-free manufacturing > less CO2
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Simoloyer® | present applications & products
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ODS/NFA
Nanostructured Ferritic Alloys

Oxide-Dispersion-Strengthened

• high temperature stability & strength (PM2000, partic. fine grain/HIP)

• resistance to irradiation damage (PM2018)

• available for additive manufacturing (PM2017)

 NFA // ODS oxide characteristics and location

Metall and Mat Trans A (2014), pp5409-5418

Simoloyer® | present applications & products

brand time composition name origin

PM2000 2017-09 Fe-19Cr-5.5Al-0.5Ti-0.5Y2O3 19YAT ODS-PM

PM2017 2017-12 Fe-20Cr-5.5Al-0.5Y2O3 20YAl ODS-RR

PM2018 2018-?? Fe-14Cr-3W-0.4Ti-0.25Y2O3 14YWT NFA-GE
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ODS vs. NFA

D. T. Hoelzer, Oak Ridge National Laboratory: On the Development of Nanostructured Ferritic Alloys for Advanced Fuel Clad Applications in Nuclear Reactors, OZ-16,

9th International | 9th German-Japanese Symposium on Nanostructures (2016), Wenden, Germany, proceedings vol. 9 p-no. V02, S02

PM2000 –

Porsche M-GT4

YAT, turbine

Zoz-ARCI Center

Hyderabad

V727-05c-2h-vac-SPS

2019-09-27

forging pr. 3 x 5 = 15mm

2s for ea. 5mm def.- step

heating temp. 1.100°C 

air.
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PM2000 – update May 2019
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European Commission: Horizon 2020 

project no.: 685952  //  01.01.2016  //  3.5 years //   total cost: 2.936.656,00 €

Development of the complete workflow for production and using novel nanomodified Ti-based alloy for 

additive manufacturing in special applications

Development of the complete workflow for production and using nanomodified Ti-based alloy for ALM

Ti-6Al-4V-0,5dps:
Y2O3, SiC & core-shell SiC@TiO2
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Ti-6Al-4V-0.5SiC : HKP-HIP-EIGA-SLM
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Results mechanical behaviour

All processed material presented better behaviour than the

standard AM Ti6Al4V, and additionally they were also 

better than a previous EU project (RepAir)

The mechanical behaviour shown for three process parameters 

combination(1, 5 and 9) was better with respect to the ASTM 

F2924-14 reference.
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2020-10-02 ALM early stage in manufacturing

Spannbuchsen für Laser Zieleinrichtung,

Impulskanone IPM.

Erstes Serienbauteil in Additiver Fertigung bei Zoz

Clamping bushes for laser scope device,

Impulse-Collision-Twin-Gun IPM.

first series component in additive manufacturing at Zoz
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MechanoChemistry
interface between chemistry and chemical engineering 

[RM to perform chemical syntheses]

 mechanical alloying (MA)

 24 Ti + Al11Nb  → Ti24Al11Nb

 high energy milling (HEM)

 rapid flake formation

 rapid particle size reduction

 reactive milling (RM)

 Ag3Sn + 2 Ag2O → 7 Ag + SnO2

Worldwide PROCESS, Germany, M5-923-28-002.qxd, 

pp. 24-27 [04-2003]

Simoloyer® | present applications & products

Knoevenagel

condensation by HKP

5-(4-hydroxy-3m ethoxy-

benzylidene)-barbituric acid

(5-vannillydene barbituric acid)

2,4,6-trihydroxy 

pyrimidine

(barbituric acid)

4-hydroxy-4-m ethoxy

benzal dehyde

(vanillin)

€ 203,00/kg     + € 244,00/kg        € 488,00/g !?!

vanillin 99%

• bright yellow, sweet aroma

• M: 152.15 g·mol-1

• mp:  81 - 83°C

barbituric acid 99%

• colorless, odourless

• M: 128.09 g·mol-1

• mp: 248-252 °C

5-(4-Hydroxy-3-methoxy-

benzyliden)-barbituric acid

• dark yellow, sweet aroma

• M: 262.22 g·mol-1 ; mp: n. b.

https://www.sigmaaldrich.com/catalog/search?term=Vanillin&interface=All&N=0&mode=match partialmax&lang=de&region=DE&focus=product
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nanostructured target material
MDS/ODS – magnetic/optical  data storage

Simoloyer® | present applications & products

synthesis of metal & ceramic composite targets

S. J. Hou, Solartech, OZ-11, 4th German-Japanese Symposium on 

Nanostructures (2011), Kusatsu/Japan, proc. S03-V10

Simoloyer® is a registered 

trademark of Zoz Group

Pt-Oxide Thin Film, TEM
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“green“ tires made by 100% natural raw materials
- rubber substitution by use of dandelion roots -

cooperative development Continental, Fraunhofer & Zoz

Taraxa Gum
from dandelion roots to high performance tires 

Simoloyer® | present applications & products
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“green“ tires made by 100% natural raw materials
- rubber substitution by use of dandelion roots -

cooperative development Continental, Fraunhofer & Zoz

Taraxa Gum
from dandelion roots to high performance tires 

Simoloyer® | present applications & products

27.11.2017, ZTC
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2019-08-01@TDC https://chan-bike.com/continental-launches-bike-tyre-made-dandelions
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Alternative Natural Rubber

patents claimed 12.12.2019

Alternative Natural Rubber
dandelion☼ successful, next comes banana☼☼

Zoz/Fraunhofer IME joint technology initiative

- sustainable biorefinery route for banana peels processing -

green+ rubber from dandelion, green++ from waste-peels

(a) Natural Rubber (NR) from Hevea Brasiliensis, background
NR is obtained from rubber trees (Hevea brasiliensis) providing latex, growing within the “green belt” of the planet

can technically not for 100% be replaced by synthetic rubber;

 market cost strongly fluctuating at increasing demand;

 from alternative resources known and challenging since WW-II.

(b) Alternative NR (ANR) from dandelion roots
Russian dandelion, resource for Continental Taraxagum™

agrarian robust and undemanding, grows practically everywhere;

results in high quality natural rubber in one step;

 no latex coagulation required – environmentally friendly (green) rubber !

 FHG-IME increased the rubber yield crop massively, comparable to rubber tree.

2015 Fraunhofer IME Dandelion Rubber Extraction Facility was set up at the Zoz Technology Center (ZTC) at Olpe/Germany [4].

2017 Continental took over the dandelion unit at ZTC and

2018 opens the Taraxagum™ Lab at Anklam, Germany [5].

2018, Zoz designed a continuous processing unit in pilot scale for the above

 In 5-10 years, Continental wants to be able to produce tires with ANR commercially. The goal is a more sustainable tyre 

production more independent from traditional NR sources.

(c1) next step - continuous processing
Zoz designed, manufactured and in first years also operated the batch processing plant for rubber-extraction from dandelion roots in pre-

industrial scale successfully. Converting such process into continuous operation for commercial industrial product volumes is the next step.

(c2) next resources - banana peels (BP)
 availability of (c1) can open a new world in green++ biorefinery offering a wide range of industrial utilization of quickly renewable natural

resources;

 first flora candidate at high rubber content + available in large scale are banana peels;

 worldwide, about 135mio tons of bananas are cultivated, DE imports 1mio tons p.a.

 BP-waste at high volumes even in DE, as much as 30-40%wt (crop dry) of fresh fruit;

 BP degrades very slowly in composting, contains numerous pollutants from pesticides;

 including BP into product processing, prior or post transport, offers protection of the environment and value adding.

Zoz-TRM at Anklam (left)

Taraxagum™ tyre at OZ-16 + OZ-18
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the world's first public bridge made of

Futur High Performance Cement/Concrete

project-no. 03X0068A, BMBF

FuturBeton C.1
nanostructured cement/concrete

high strength  ☼ CO2-low  ☼ super durability

cost advantage FuturBeton vs. OPCC cost relevance CO2 savings relev.

higher strength > less material  

higher strength > replace steel 

higher early strength > build faster  

higher durability > less material  

higher durability > build less often  

better surface  

CO2-savings in manufacturing  20 %

is FuturBeton more expensive ? *€ 7,00/ton *2012-10, DE

Federal Minister Prof. Dr. Wanka & Prof. Dr. Zoz

• 3-4x stronger (140 MPa)

• superior durability  (95% GP)

• 20% CO2-emission saving

 all advantages for € 7,00 / ton

14.11.2012 21.06.2013

Matthias Wissmann

President VDA

FuturBeton can build more

faster | sleeker | higher | cost-effective | durable | environmentally friendly 

100 % ready to market

a technologically >!! public bridge in Germany

b economically >!! +7 € / ton as of 43.000 tons p. a.

c ecologically >!! 20 % CO2 savings

Automotive FuturBeton

cost of additionally saved CO2 678 €/ton-CO2 354 €/ton-CO2

Simoloyer® | present applications & products

GER World

CO2-savings-potential (by FuturZement/Beton) [Mt] 4.95 158.4
CO2-savings-potential (ditto relative) [-] 0.6 % 0.5 %
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FuturZement|FuturBeton
environmental impact, new economic challenges

high strength  ☼ CO2-low  ☼ super durability

Simoloyer® | new applications & products

numerous beaches 

already disappeared 

since sand taken away

utilization/enabling

of desert-sand is not a 

question, it is a challenge 

and an economical MUST

DesertSand + HKP and/or

DS + MicroPlastics + HKP

= advanced construction sand 

FuturBeton contains 32% sand

1x CM900, sand for 32kt/a FB

at 1:1 DesertSand + MicroPlastic

 10kt/a microplastic re-used

200 mio. m³ sand & stones

Palm Jumeirah

• 40 bio.t/a exploited, more than nature can deliver;

• 95% of global sand not applicable for construction,

river/beach sand yes, desert sand no !

• global trading volume for sand as construction

material or for its minerals: 70 bio. USD/a

sources:

http://www.ploetzlichwissen.de/

http://www.welt.de
sand < 4mm

dry, φ = 1,3-1,4 kg/dm3



HKP



world's largest exporter of sand
USA, Netherlands, Germany, 484–134 mio€ (2018)

cost from 6-60€/t (Natursand vs. Brechsand)

world's largest importer of sand
S’pore, from Indonesia, mid90`s 3€/t, 2000`s 190€/t

CM100-s1

CM20-s2

http://www.ploetzlichwissen.de/
http://www.welt.de/


D 57482 Wenden    Germany

CO2 saving potential of cement industry

Where does CO2 come from ?

What is the CO2 saving potential regarding to cement industry ?

diagram: global CO2 production 

[The Cement Sustainability Initiative Progress Report, 2005]
CO2 – atmospheric lifetime: 50 – 200 years !
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CO2 saving potential of cement industry

CO2 emission during cement production ?

processing temperature: 1400˚C ! (based on fossil and secondary 

fuels )

CO2 emission during calcination
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nanostructured GGBS
- super-activation by 

High Kinetic Processing -
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Ground granulated blastfurnace slag (GGBS) - high potential waste material

2013: 

Production

7.55 Mio t slag from steel manufacturing

6.61 Mio t. GGBS

Application

 6.12 Mio. t GGBS for cement manufacture

Influence of GGBS content on 

concrete properties
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t slower hardening

lower intial strength

higher later hardening

denser structure

higher resistance against 

chemical attack

source: www.fehs.de
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Low Kinetic Processing - low reactivity

shear and friction interaction in

low kinetic processing

maximum relative velocity (MRV) < 5 m/s

Low Kinetic 

Processing

- shear and friction -
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High Kinetic Processing - high reactivity

collision effects in

high kinetic processing

maximum relative velocity (MRV) > 9 m/s

High Kinetic 

Processing

- collision -

• reactivity with water has been achieved

 no alkali activation necessary
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GGBS - particle properties

• large specific surface area

• nano scale acitvation

 Increase of reactivity exponential to the increase of surface area

 HKP-GGBS can act as filler as well as reactive material

GGBS HKP-GGBS

HKP-GGBS: particles on nano scale

increase of fine particles

particle diameter d50 

(µm)

BET surface area 

(m²/g)

GGBS 10,221 1,7

HKP-GGBS 4,572 2,7
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Compressive strength - GGBS-pastes

• significant higher compressive 

strength within HKP-GGBS

 initial strength of HKP-GGBS 

higher than final strength of 

GGBS

paste samples: GGBS + 2M NaOH, W/B=0,4
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GGBS vs. HKP-GGBS

GGBS HKP-GGBS

particle size distribution

GGBS vs. HKP-GGBS,

model, SEM-micrograph

special PSD of HKP-GGBS

generates a new binder

system which is highly

effective by providing an

interface coupling in strictly

two different dimensions.

normal packing density optimized packing density
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pore distinction according to Smolczyk

gel pores capillary pores air pores

< 0,03 µm 10 - 0,03 µm > 10 µm

Porosity - GGBS-pastes

• general porosity of HKP-GGBS paste samples lower 

than GGBS

• percentage of capillary pores and gel pores of 

HKP-GGBS significantly lower than GGBS

increasing structure density

 denser structure is important for increased 

durability

GGBS HKP-GGBS

source: BMBF-Project: 03X0068A, final report, 2013 
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1) turbine Zoz SKZ300a

2) agitated powder container Zoz CS030a

3) screw-feeder Zoz SFV63-20-s1

4) HKP-device (Simoloyer® CM20)

5) cyclone Zoz ZK100-L

6) product container

material-flowchart: (2)-(3)-(4)-(5)-(6),

The turbine (1) supplies the closed 

carrier-gas circuit.

Manufacturing of nanostructured GGBS at ton-range by High Kinetic Processing plant Simoloyer® CM20-20lm-s1 (Zoz builds such plants

up to 45x larger) with continuous material handling system for cement. It is precisely this "laboratory" system that has been used to

process the material for the bridge Rosenthal within a 2-weeks / 2-shift operation and with this also the GGBS for the demonstrator "front-

balustrade Villa Marie" has been produced.

continuous operation mode of CM20-s1 for manufacturing of nanoscale activated GGBS
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Up-Scaling: Activation of GGBS by continuous processing

Up-Scaling: HKP-GGBS clearly more 

reactive than GGBS

GGBS HKP-GGBS conti

10,2 µm 7,4 µm
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FuturZement - cement properties

FuturZement Portland slag cement

density [g/cm³] 3.03 3.09

Blaine surface [cm²/g] 5,670 5,160

specific surface area [m²/g] 2.1 1.5

average particle diameter d50 [µm] 7.3 8.9

FuturZement Portland slag cement

high surface quality and good 

casting accuracy
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compressive strength according to standard DIN EN 196 and DIN EN 15137-1

HKP-GGBS - Upgrading cement instead of just comparable substitution

34
37

54
52

60 61
58

61 59 59
56

0

10

20

30

40

50

60

70

percental ratio HKP-GGBS/CEM I 42,5 R

Results show that HKP-GGBS 

in a ratio of 50/50 improves 

CEM I 42,5 R up to the values

of a CEM III 52,5 R 

(blastfurnace cement)

standard prisms 40x40x160 mm³
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High Performance Concrete: Cements

Strength 

class

Compressive strength [MPa]

Initial strength Final strength

2 days 7 days 28 days

32,5 L - ≥12,0

≥32,5 ≤ 52,532,5 N - ≥16,0

32,5 R ≥10,0 -

45,5 L - ≥16,0

≥42,5 ≤ 62,545,5 N ≥10,0 -

45,5 R ≥20,0 -

52,5 L ≥10,0 -

≥52,5 -52,5 N ≥20,0 -

52,5 R ≥30,0 -

Cements in Germany (main cement types): 

• CEM I : Portland cement

• CEM II: Portland composite cement

• CEM III: Blastfurnace cement

• CEM IV: Pozzolan cement

• CEM V: Composite cement

Labeling cements by DIN EN 197-1:

• main cement type and standard label

• abbreviation of the cement type

• strength class 32.5, 42.5, 52.5 and

• initial strength: N (standard), R (high, rapid), L (low, just 

for CEM III cements)

Standard cements with low hydration heat are also labelled 

with LH, cements with high sulphate resistance SR. With 

respect to CEM I with high sulphate resistance the amount of 

C3A has to be named

Cements für high performance concrete and ultra high performance concretes are recommended to be

fast hardened and high strength, e.g.  52.5 R cements

Strength class and initial strength:

EN 197-1 – CEM II/A – S 32,5 R

standard main cement type compressive strength

initial strength

Share of 

admixture

type of admixture:

slag: S

fly ash: V

lime stone: L

combination: M
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FuturZement | FuturBeton
- innovation and performance -
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FuturZement, FuturBeton

advantages at a glance:

nanoscale activation of ground granulated blast furnace slag (GGBS) is generating new binder systems which

highly improve properties and reduce clinker content in cements

high strength     CO2-low     super durability

 higher strength means less material

 less weight and insofar one can build lighter and e. g. also higher

 dense packing & pore refinement results into a substantially improved durability

 faster setting times for acceleration of construction project

 adjustable handling times for controllability

 fine fraction particle size distribution also suitable for fiber-reinforcements

 GGBS is a steel mill waste which is produced during blast furnace processes

 CO2-saving is enormous and next to the care for our environment can be converted into cash !

- FuturZement C.1  l FuturBeton C.1 -
nanostructured cement/concrete

super reactive and more than twice as strong as ordinary concrete at superior 

durability and substantial CO2-emission saving
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FuturBeton - enormous CO2 saving potential by Simoloyer® technology 

OPC HKP-GGBS

CO2 emission by manufacturing per ton 575 kg 179.7* kg

CO2 saving potential

total CO2 per ton HP slag cement 456.4 kg

CO2 saving per ton slag cement 118.6 kg  (- 20.6%)

CO2 saving per ton HKP-GGBS 395.3 kg  (- 68.7%)

Energy consumption of processing GGBS 347 kWh/ton

CO2 emission per MWh energy generated 518 kg (Germany, 2002)

_____________________________________________________________________

CO2 emission per ton GGBS processed 179.7 kg

* =

395

119
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manufacturing and set-up of the bridge „Rosenthal“ at Olpe/Germany

concrete prefabrication at factory (Runkel) on 05.11.2012 and set-up of the bridge Rosenthal, 14.11.2012, Olpe/Germany
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FuturBeton - Matrix with higher compressive strength than aggregates

• final strength of FuturBeton reached after ~20d 

• high initial strength of concrete
 fast hardening time

 range of High Performance Concrete (HPC)

• lower porosity

compressive strength 45/55 N/mm²

bending tensile strength 7,6 N/mm²

tensile strength ~3,8 N/mm²

source: Beton der Druckfestigkeitsklasse C 45/55

InformationsZentrum Beton GmbH

comparison: concrete C 45/55
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Futurbeton C.1 – structure higher strength than aggregates

• bridge construction part casting: 5.11.2012

• standardized samples cast additionally to the bridge construction part

 bendig tensile strength tests after 1 1/3 year: aggregates are broken instead of cement matrix

 blue colour due to metal sulfides, typical in slag cements hydrated in absence of air, oxidation to 

colourless sulfates and sulfites under atmospherical conditions
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FuturBeton - lower porosity leads to higher durability

Low weathering after 28 cycles

FuturBeton: higher durability

 low chloride migration

 higher resistance against freezing 

and thawing

 high resistance against sulphate 

attack

less elongation in different testing solutions than 

reference (testing temperature 20°C)

resistance against freezing and thawing 

(CDF-method)

resistance against sulphate attack chloride migration coefficient (CMC-method)

FuturBeton

CMC, 35 d [m²/s] 1.3·10-12

CMC, 97 d [m²/s] 1.4·10-12

marginal chloride diffusion

e
lo

n
g

a
ti

o
n

 i
n

 m
m

/m

testing age in d
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standstill is forbidden
-we cannot do tomorrow, what we already are doing today-

12th May 2016
-Ljubljana-

15th - 17th May 2016
-Changzhou-

CMEA V-President Xie, Changzhou Mayor Shi, Construction Minister Song, Prof.

Zoz, Jiangsu Technology Authority Chairman Ruan, A. Zoz & GIC-CEO Dr. Zhou

Prof. Zoz, PCG-Chairman Zhang, 

Prof. Shen, A. Zoz, Wei Peng

Prof. Zoz & President Prof. Unger

PANGU CEMENT
12 Mt p. a.
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OZ-Workshop 2016 at GIC & FuturBeton demonstration # 17.05.2016

center opening 
17.05.2016

FuturBeton ASTM-sample processing # 15.05.2016

44-49 MPa after 20 hours !! # 16.05.2016

Final strength DE+C 140-145 MPa !!! # 16.05.2016
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how to make
processing step by step

- FuturZement C.1  l FuturBeton C.1 -
nanostructured cement/concrete
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FuturBeton C.1 – from slag to high performance concrete

slag GGBS

01 drying & pre-milling of slag to Ground Granulated Blastfurnace Slag (GGBS)

• drying of slag by conventional drying techniques (oven etc.), remaining humidity should

be < 1%

• pre-milling in a common drum ball mill (e. g. Zoz), processing time about 4 h (low-cost

process)

HKP-GGBS

02 super-activation of GGBS to HKP-GGBS

• High Kinetic Processing (HKP) utilizing a continuously operating Simoloyer® (Zoz, -s1

series + cement appl.)

• closed carrier-gas circuit (air) at zero emission with automatic charging & discharging

03 mixing FuturZement from OPC and HKP-GGBS

• mixing HKP-GGBS with Ordinary Portland Cement CEM I 52.5 R in a 30:70 ratio

• mixing approx. 3-5 min utilizing a ploughshare-mixer (e. g. Loedige)

04 composition of FuturBeton

• FuturZement, grit, gravel, sand, water and super-plasticizer (Glenium® SKY, PCE-

based, BASF Co.)

• water should preferably not contain accelerating ions, common concrete reinforcement

possible
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08 the product FuturBeton

• after setting, the concrete binder matrix becomes stronger than the aggregates !

• light blue colored matrix due to GGBS will turn grayish-white at air

07 encasing of FuturBeton

• at a curing time of < 15 h, encasing can be done after 16 h at the high early strength of >

25 MPa !

• post-processing of the virtually shiny surface and transportation after 1 day !

06 casting of FuturBeton

• form prepared with mould talcum powder, preferably at ambient temperature, casting by

buckets or other

• densification & mould-degassing on a vibratory plate or inject mobile vibrating unit into

slurry (5-10 min)

05 mixing FuturBeton
in a common plate concrete mixer:

• add aggregates (grit, gravel, sand) and FuturZement, mix dry until the mixture is

homogeneous (5-10 min)

• add water and mix shortly to disperse (ca. 5-10 min)

• add super-plasticizer and mix until slurry is homogeneous and smooth (5- 10 min)

FuturBeton C.1 – from slag to high performance concrete
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FuturBeton C.1 – from slag to high performance concrete
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FuturZement | FuturBeton
- costs/benefits -

hard facts
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Simoloyer® unit-size CM20 CM100 CM400 CM900

production performance [kg/h] 8 40 160 360

capability daily (20h) [t] 0.16 0.8 3.2 7.2

capability annual (300 D) [t] 48 240 960 2,160

capability total (20 Y) [t] 960 4,800 19,200 43,200

energy per ton [kWh/t] n. a. 347 320 300

CO2-saving [t] 380 1,900 7,590 17,080

processing cost (GGBS) [€/t] n. d. 432 200 140

process additional cost 

FuturZement (GB30:70)
[€/t] n. d. 130 60 42

process additional cost 

FuturBeton (FZ1:6)
[€/t] n. d. 22 10 7*

FuturZement/Beton - calculating performance, cost  & CO2-emission saving

HKP-GGBS, processing cost and CO2-saving including investment,

maintenance, labor cost, energy and water as per October 2012 in

Germany (in this case energy costs 0,10 €/kWh), resulting additional

cost for FuturZement and FuturBeton.

*Ordinary Concrete cost DE: € 40-45/t;

*CO2-Emission Certificate cost: € 6/t
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Up-Scaling of production process: FuturZement at comparable costs like 

CEM I 52.5 R, and FuturBeton like standard concrete

Costs – FuturZement | FuturBeton 

FuturBeton

Simoloyer Up-Scaling

costs calculated by data of internet recherche

processing cost including investment, maintenance, labor cost, 

energy and water as per 2015 in Germany (0,15 €/kWh)
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CO2-savings in figures
and non-cash benefits

The processing costs of about 140.00 €/t HKP-GGBS also pays for an emission saving of 

about 395 kg CO2 per each ton of replaced OPC-fraction in FuturZement C.1. 

Under complete ignorance of product and product

benefit, CO2-saving virtually costs 354,00 €/t.
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CO2 emission saving cost automobile vs. total processing cost HKP-GGBS

14.03.2013

Matthias Wissmann

President VDA

Since any society can only invest a certain share of their capability in this case for CO2

emission savings, in the very logic conclusion we should for now better waive any further

CO2 savings in the automotive sector and should first replace the OPC in this world by

FuturZement C.1. Economic compensation could be done e. g. via emission trading!

[7] Communication with Dr. Ulrich Eichhorn, Managing Director VDA (Association of the German Automotive Industry,

Berlin [05-2013]

• total value share of FuturZement simply ignored (side effect) !

• automotive from million-fold production compared to a single Simoloyer® CM900 from

individual manufacturing !

• additional indirect CO2 savings due to less material (higher strength and durability of

FuturBeton) also ignored !

primary target CO2-emission saving,

additional cost [7]
Auto CM900

total processing cost HKP-GGBS,

CO2-saving as a side-effect

CO2-emission today

[g/km]

136
140 [€/t] total processing cost

CO2-emission base (target 2015) 130

CO2-fleet-goal 95
395 [kg/t]

CO2-saving per replaced ton

OPC-fraction in FuturZementCO2 saving (-CE-) 35

CE at 12.500 km p. a. / 12 years [t/vhc] 5,3
0 !! [€/t]

product value share of 

FuturZement
additional cost / vehicle (-vhc-) [€] 3.600

additional cost for CO2-saving [€/t] 678 354 [€/t] total cost for CO2-saving
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[10] The Cement Sustainability Initiative Progress Report, 2005]

Reminder:

the CO2-emission-savings-potential would be further

potentiated by enormous savings in material e. g. also

resulting into energy savings (currently up to 50% !!) - and

the additional costs FuturBeton are only about 7 € per

ton !

Nanostructures – achieving more with less !

[9]  publication Federal Environment Agency of Germany (UBA) [26.02.2013]

-very much simplified calculation indicates approximate values at a presumed further simplifying autonomous concrete production in Germany-

volumes and potentials, Germany and globally p. a. GER World share GER

CO2-emission total [9]-DE, [10]-World
[Mt]

850 30,000 2.9 %

concrete consumption 250 8,000 3.1 %

absolute relative

FuturZement, CO2-saving / ton of cement
[kg]

118.6
20 %

FuturBeton, CO2-saving / ton of concrete 19.8

GER World

CO2-savings-potential (by FuturZement/Beton) [Mt] 4.95 158.4

CO2-savings-potential (ditto relative) [-] 0.6 % 0.5 %

Concrete consumption and CO2-savings-potential in Germany and in the World
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market & ready to market
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market & ready to market

- FuturZement C.1  l FuturBeton C.1 -
nanostructured cement/concrete

Potential customers for the new building materials / for the innovation are:

a) cement manufacturers for the technological change

b) concrete manufacturers that at a) procure FuturZement as a modern binder system

c) the construction industry, that with FuturBeton can build eminently faster, sleeker, higher, more cost-

effective, more durable and also significantly environmentally friendlier.

FuturZement/Beton is 100 % ready to market:

• technologically, otherwise the public bridge could not have been built as the BMBF demonstrator.

• economically, already the laboratory scale (a CM900 system does represent such small scale for the

conditions of the construction industry) demonstrates economy and

• ecologically there is probably no better way to save such huge numbers of CO2-emission economically.

could be made

in concrete !!



D 57482 Wenden    Germany

history and outlook
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in the very Center of Siegen City…

Zoz Group is building on approx. 3,000

square meters…

2010

1900

&

2015

missing balcony     & Balustrade

FuturBeton C1 - High Performance Portland Cement by HEM
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2nd demonstrator, 6 x 6 m roof balustrade at  “Villa ZCS”, very center of Siegen, set-up 21.06.2013

roof balustrade at  “Villa ZCS”: 6 x 6 meter, 12 tons FuturBeton
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Zoz Center Siegen, # 23.06.2015
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Zoz-FuturBeton-Eagle
green nanotechnology for foyer/garden/park and/or your building

high strength  ☼ CO2-low  ☼ super durability  ☼ super surface

Simoloyer® | recent applications & products

FuturBeton golden color dimensions

the bridge "Rosenthal" at Olpe / 

Germany established on 14.11.2012

12 ton balustrade, Villa ZCS at Siegen / 

Germany established on June 21, 2013

EuroNano Award 2013, 

Zentallium® & FuturBeton

FuturBeton in the BMBF 

nanoTruck (2014)

FuturBeton natural 152 kg of “nanostructure”

After the set-up of the public bridge Rosenthal and the establishment of the balustrade, the Zoz-

Eagle represents the first on-shelf available product and clearly demonstrates the possibilities of

FuturBeton in complex structures at high requirements on surface quality.

Sales and Options

FuturBeton golden color EUR 999,00 + VAT

FuturBeton natural EUR 649,00 + VAT

sales and distribution via Frank Lessmann Co.

Technical Data, Dimensions

L x B x H 990 x 1135 x 1030 mm

net weight 152 kg

material FuturBeton C.1 (> 100 MPa)

curing time < 15 h

CO2-saving* 3 kg(*compared to OPCC)
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FuturBeton  - advanced surface: small-complex-superfine
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continuous operation mode of CM100-s1 for manufacturing of nanoscale activated GGBS

CM20-s1 (front) & CM100-s1 (back)



D 57482 Wenden    Germany

ohne Kinder – keine Zukunft !

without children – no future !

near Siegen, Germany at Vlora, Albania
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OZ-22 | 13th German-International  Symposium on Nanostructures
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FuturZement|FuturBeton

in Zacatecas/Mexico

Zoz Nanostructure for Christian 

monumental buildings in Mexico
Mexican delegation already 2018 (OZ-18) at 

Wenden townhall, construction starts 2021/22.

Breakthrough for Zoz FuturZement|FuturBeton. 

10 years "after" the Rosenthal Bridge !


