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FuturZement C.1  |  FuturBeton C.1 

nanostructured cement/concrete 

super reactive and three times stronger than ordinary concrete at superior durability 
and substantial CO2-emission saving 

Introduction 

Zoz for about 15 years and along with partners from research, education and industry is working on 
the improvement of Portland cement materials mainly by grain refinement and nanoscale activation by 
High Kinetic Processing (HKP). Within this, reproducible strength values > 1 GPa (25 times stronger 
than with ordinary cement!) at substantial increase of early strength as well as the potential of 
quantitative phase transformation were detected [1]-[5]. In addition, from 2009 the possibility of 
substantial CO2 emission saving through the utilization of HKP-activated "ground granulated blast 
furnace slag" has been explored within a BMBF project (German Federal Ministry of Education and 
Research) that has been completed 100 % successfully with a public bridge made by FuturBeton C.1 
(Fig. 1) as a demonstrator in 2013 [6]. Zoz has been the coordinator of this project. An audit of the 
project by the district council of Arnsberg in April 2016 confirms the successful project. 

   

Fig. 1a-c: Concrete prefabrication at Runkel (05.11.2012), set-up of the bridge Rosenthal on 14.11.2012, Olpe/Germany 

Cement/concrete at an annual global production of today about 8 Gt concrete represents one of the 
most important products of mankind and is regarded as the quintessential building material. The 
Portland cement utmost used is known already since the 19th Century where cement itself can even be 
traced back to the Roman period (in this case 100 AD approx.), e. g. to the dome of the Pantheon in 
Rome. Taking into account such long history and vast amounts of production, both, cement 
manufacturing as well as cement/concrete as the material itself appears rather less innovative. The 
major technical characteristic is the compressive strength which is demonstrated for conventional 
materials in the range of 30-55 MPa. Pointed problems are the high energy consumption at high CO2 
emission (particularly during mechanical processing and calcination). In fact the manufacturing of 
each ton of conventional cement causes the gigantic amount of 575 kg of CO2 emissions in average. 

And this is expensive and certainly will become more and more expensive in the future ! 

Available slag cements that can be manufactured comparatively CO2-low exhibit low reaction kinetic 
and also lower ultimate strength. But in particular high early strength allows building faster and more 
flexible. 
Technical and insofar further economic potential can be pointed for virtually any building material and 
so also here, in higher strength and in increasing a consistent durability - last in particular due to the 
absorption of water in case of concrete. 

Innovation & performance 

HKP systems (Simoloyer®, in this case semi-continuous configuration) for the transformation of OPC 
(Ordinary Portland Cement) into HPC (High Performance Cement) are supplied for many years, 
particularly to Mexico and India - however without any significant market breakthrough. 
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Virtually, as the first in-house cement product (together with all BMBF project partners),  
FuturBeton C.1 represents an innovative building material which is produced with FuturZement C.1. 
For making this advanced cement, ground granulated blast furnace slag (GGBS) as a starting material 
is activated and refined in a continuous Simoloyer® system (Fig. 2) at very short processing time with 
the designed result of a bimodal particle size distribution (Fig. 3) and at the same time a substantial 
pore refinement almost completely into the gel-pores-level (Fig. 4). 

 
1) turbine Zoz SKZ300a 3) screw-feeder Zoz SFV63-20-s1 5) cyclone Zoz ZK100-L 

2) agitated powder container Zoz CS030a 4) HKP-device (Simoloyer® CM20) 6) product container 

material-flowchart: (2)-(3)-(4)-(5)-(6), the turbine (1) supplies the closed carrier-gas circuit. 

Fig. 2: 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 ZCS" has been produced. 

The activation of GGBS takes place at nanoscale where the reactivity does not increase linear 
according to the surface area but nearly exponential. Insofar the physical increase of reactivity by 
surface area enlargement is not the only factor. Additionally GGBS is activated by tribochemical 
processes. Untreated GGBS shows little to zero reactivity towards water where on the contrary the 
processed material (HKP-GGBS) reacts towards both, NaOH (Fig. 5) and water (Fig. 6) at comparable 
speed like cements. 

In the next processing step, by weight 30% HKP-GGBS (activated) are simply mixed with 70% OPC 
to FuturZement C.1. In result, the weight-ratio of the HKP-material in the final concrete  
FuturBeton C.1 is only about 5% but provides significant improvement of concrete properties. There 
have also been tests concerning a mixing ratio of 50/50 that also showed improvements compared to 
non-activated GGBS but application of HKP-GGB in Portland slag cement instead if blastfurnace 
cement has been preferred in the further course. 
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The new compound is characterized by a more than doubled strength at extremely high early strength 
(Fig. 7) and superior durability and does additionally provide enormous CO2 savings (Fig. 8) in the 
production run. 

   
Fig. 3a-b: Bimodal particle size distribution GGBS, model (l) und 
SEM-micrograph (r) [6] 

Fig. 4: Mercury Intrusion Porosimetry (MIP): GGBS untreated and 
HKP-GGBS [7] 

 

gel pores capillary pores air pores 

< 0.03 µm 0.03 – 10 µm > 10 µm 

Tab. 1: Pore definition with reference to Smolczyk [8] 

 

  
Fig. 5: Reaction process of GGBS untreated and HKP-GGBS with 
NaOH (Differential Calorimetric Analysis, DCA) [7]  

Fig. 6: Reaction process of GGBS untreated and HKP-GGBS with 
water (DCA) [7] 

 

  
Fig. 7: Strength profile of FuturBeton C.1 [6] [2013], compare Fig. 
30 [2016] 

Fig. 8: CO2-emission caused by the manufacturing of HKP-GGBS, 
FuturBeton C.1 and OPC [6] 

Young’s modulus of FuturBeton C.1 is higher compared to equal composed concrete containing 
premium Portland slag cement after one week hardening (Fig. 9). This shows that an early and faster 
phase development during hydration is possible. At the end values equal each other but due to the 
higher early Young’s modulus an earlier load of construction parts from FuturBeton C.1 is possible. 
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Furthermore it is assigned that hardened FuturZement C.1 provides a significantly denser structure 
than comparable Portland slag cements (Fig. 10). 

   
Fig. 9: Young's modulus of FuturBeton C.1 compared to 
concrete containing premium Portland slag cement [6] 

Fig. 10a-b: FuturZement C.1 paste (left) vs. premium Portland slag 
cement paste (right) , 2500 x magnified , 28d hardening [7] 

Since this is a new building material, reliable aging measurements "on site" are yet to be determined in 
subsequent years by the BMBF partner University of Siegen observing the bridge "Rosenthal". 
However, the very dense packing of FuturBeton C.1 due to the bimodal distribution, as well as the 
substantial pore refinement as well as the reduction of the total pore volume (porosity) of the HKP-
GGBS-phase in the two-digit range (Fig. 4) are clear indicators of significant progress and 
improvement. 

   

Fig. 11: Surface of a cracked specimen FuturBeton C.1, clearly 
observable: all aggregates broken > high strength of matrix & 
interface (higher than the aggregates!) 

Fig. 12a-b: Samples of a finest mortar made of FuturZement C.1 
(forms shining) compared to standard mortar (no shining effects) 

This positive expectation is also supported by carried out laboratory tests and measurements. 
Numerous specimens have been prepared where two phenomena are observable. Samples of 
FuturBeton C.1 that were aged for 1 year under water and then cracked show primary cracking of the 
aggregates (stones) in advance to the hardened binder matrix (Fig. 11) which shows impressively that 
the binder is better than the to be bound material. Given mortar samples from FuturZement C.1 show 
an excellent surface finish according to their preparation (Fig. 12). 

 
 

 

Fig. 13: Measurement of weathering in 
relation to freeze-thaw-cycles, FuturBeton 
C.1 is ranged far below the limit value for 
concrete [6] 

Fig. 14: Average weathering values of 
different concrete types according to their 
performance [9] 

Fig. 15: Length change of FuturBeton C.1 
specimen and concrete containing untreated 
GGBS in defined testing solutions 
(sulphate resistance) [6] 

Measurements of durability by means of freeze-thaw-resistance (Fig. 13) and the sulphate resistance 
(Fig. 15) show that FuturBeton C.1 provides high durability, better than ordinary concrete and better 
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than concrete with the same composition containing untreated GGBS respectively. According to these 
values FuturBeton C.1 can be categorized as ultra high performance concrete concerning the durability 
(Fig. 14). 

Due to the relatively small proportion of the HKP-material in the final product, large amounts can be 
technically demonstrated easily and this at the same time at economically convincing conditions. 
Insofar a single Simoloyer® CM900-system provides sufficient capacity for an annual production of 
about 43,000 t FuturBeton C.1 then at the same time saving approximately 850 tonnes of CO2 
emissions (Tab. 4) ! 

FuturBeton C.1 at its only moderate increase in strength represents just the beginning of a 
development that at general building materials acceptance may lead to multiple times higher strength. 
In the future either way one can build lighter and faster and in result e. g. can build higher, one can 
save gigantic amounts of building materials as well as CO2 emissions which in fact next to cost also 
helps saving space and ground. 

Classification of cements, comparability 

In order to highlight the importance and to categorize FuturZement C.1 res. FuturBeton C.1, at first the 
divisions, classifications and parameters of cements and concretes in Germany must be defined. There 
are so far five main cement types determined, Portland cement (CEM I), Portland composite (CEM II), 
blast furnace slag cement (CEM III), pozzolan cement (CEM IV) and composite cement (CEM V) 
[10]. 

Cements according to DIN EN 197-1 are characterized by specifying the main type and the standard 
designation, the token's type of cement, strength class 32.5 or 42.5 or 52.5 and the initial strength: N 
(normal initial strength), R (high initial strength) or L (low initial strength, applies only to CEM III 
cements). Ordinary cements with low hydration-heat additionally carry the marking LH, ordinary 
cements with high sulphate resistance the marking SR. For CEM I with high sulphate resistance, 
additionally the C3A-content in the clinker is determined: 

 
The strength class is defined by the initial strength and the standard strength (Tab. 2). 

strength class 

compressive strength [MPa] 

initial strength standard strength 

2 days 7 days 28 days 

32.5 L - ≥12.0 

≥32.5 ≤ 52.5 32.5 N - ≥16.0 

32.5 R ≥10.0 - 

42.5 L - ≥16.0 

≥42.5 ≤ 62.5 42.5 N ≥10.0 - 

42.5 R ≥20.0 - 

52.5 L ≥10.0 - 

≥52.5 - 52.5 N ≥20.0 - 

52.5 R ≥30.0 - 

Tab. 2: Strength class and initial strength of standard cements [10] 

Cements that are used for high performance concretes and ultra-high performance concretes are 
preferably fast hardening cements with high strength, thus 52.5 R-cements. FuturZement C.1, 
according to this classification represents a CEM II/B-S 52.5 R. 
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Concretes are classified based on their compressive strength (Tab. 3). 

compressive 
strength class 

fck,cyl 
1) 

[MPa] 
fck,cube 

2) 
[MPa] 

compressive 
strength class 

fck,cyl 
1) 

[MPa] 
fck,cube 

2) 
[MPa] 

C8/10 8 10 C45/55 45 55 

C12/15 12 15 C50/60 50 60 

C16/20 16 20 C55/67 3) 55 67 

C20/25 20 25 C60/75 60 75 

C25/30 25 30 C70/85 70 85 

C30/37 30 37 C80/95 80 95 

C35/45 35 45 C90/105 4) 90 105 

C40/50 40 50 C100/115 4) 100 115 

Tab. 3: Compressive strength class for ordinary and heavy concrete [10], 1) characteristic minimum compressive strength of cylinders (Ø 
150 mm, L = 300 mm, 28 d, in-water storage), 2) characteristic minimum compressive strength cubes (L = 150 mm, 28 d, in-water storage, 
3) from compressive strength class C55/67: high performance concrete, 4) compressive strength class C90/105 and C100/115: general 
technical approval (abZ) or individual approval (ZiE) required 

FuturBeton C.1 is a high strength high performance concrete. In order to produce high-performance 
concrete, superplasticizers are required. These are utilized to reduce the water/cement ratio (w/c ratio). 
The w/c ratio determines the strength and porosity of the cured cements caused by the grade of 
hydration and dispersion. Depending on the surface to be wetted, concretes usually need a w/c ratio of 
0.4-0.45. Then a complete hydration would be given. If this value would be increased to 0.6-0.7 the 
samples would "bleed" which means that water is floating resulting in decreased strength, the 
formation of many pores in the sample at increased frost sensitivity and shrinkage behavior (Fig. 16). 

   

Fig. 16a-c: Influence of the water/cement ratio on the hydration-products and porosity of the cement [11], porosity scheme of different 
concrete classes [12] 

For high performance concretes such as FuturBeton C.1, the w/c ratio is reduced since unreacted 
clinker provides higher strength than its reaction products. As at lower w/c ratios processability and in 
result castability is no longer given, superplasticizers are ultimately required. Without 
superplasticizers, high performance concrete could not be processed. Without superplasticizers the 
amount of mixing water has to be increased which would lead to a decrease in strength as explained 
above. Therefore, the order of mixing and the mixing energy also plays a significant role, as it has 
been demonstrated in the workshops 2015 at India vs. 2016 at China as well (see in following). 

Cost/benefit, hard facts 

Activity based cost (Tab. 4) based on a Simoloyer® CM900-plant including investment, maintenance, 
labor costs, energy and water as per October 2012 in Germany (in this case energy costs 0.10 €/k→h) 
at an operating time of 6,000 hours p. a. (20h/day, 300 days) and a depreciation period of 20 years 
results in processing costs of about 140.00 €/t HKP-GGBS. These cost only for 5 % contribute as 
additional cost to each tonne of FuturBeton C.1 which refers to just € 7.00 per tonne only. 

Comparatively OPC concrete at an average raw density of 2.4 kg/dm³ costs about 42.00 €/t. 
FuturBeton C.1 would then cost € 49.00/t and thus only 14% more, assuming that the raw material 
GGBS would be at the same cost level as OPC-raw material. 

One tonne FuturZement C.1 would become € 42.00 more expensive and thus the price would far less 
than double. Comparisons with commercially available and by classification produced superfine 
cements at similar strength but at zero CO2 emission saving and comparatively at no potential for 
further strength increase, already at this stage (virtually at laboratory level) provide economic 
superiority. If then taking into account the production numbers CM100-CM400-CM900 (Tab. 4) and 
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at the same time consider a possibly potential for further equipment scaling-up, then one might 
speculate what will happen. 

CO2-savings in figures and non-cash benefits 
With a single CM900-system one could over the time of 20 years produce about 43,000 tonnes of 
HKP-GGBS and with its further utilization in cement/concrete (860,000 tons of FuturBeton C.1) and 
compared to conventional OPC could save 17,000 tonnes of CO2-emission. This does not even take 
into account, that due to the higher strength less material would be needed and that due to the superior 
durability we would need to build less (Tab. 4). 

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 tonne [kWh/t] n. a. 347 320 300 

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

processing costs (GBBS) [€/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 

Tab. 4: 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 €/k→h), resulting additional cost for FuturZement and FuturBeton. 

The processing costs of 140.00 €/t HKP-GGBS also pays for an emission saving of about 395 kg CO2 
per each tonne of replaced OPC-fraction in FuturZement C.1. Should in the worst and nonsensical 
case, this technology be only introduced for saving CO2 and in case all materials benefits and in this 
case also the manufacturing cost of the replaced OPC would be completely erroneously ignored, then 
theoretically every single tonne of saved CO2-emission would be paid at 354.00 € (Tab. 5). 

primary target CO2-emission saving, 

additional cost [16] 

automobile 

fuel 

CM900 

GGBS 

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) [g/km] 130 

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

CO2-saving per replaced ton OPC-
fraction in FuturZement CO2 saving (-CE-) [g/km] 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 

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. 

Tab. 5: Comparison of CO2 emission saving cost automobile vs. total processing cost HKP-GGBS 

In contrast, the most current study for the automobile sector (RWTH Aachen) estimates the additional 
costs upfront the consumer to achieve the CO2-fleet-target of 95g/km of up to 3,600.00 €/vehicle, 
starting from a base of 130 g/km (target 2015; today about 136 g/km). At an average mileage of 
12,500 km per year during 12 years lifetime, this saves about 5,3 t CO2 in total per vehicle over the 
lifespan of 12 years. This would result in € 3,600.00 / 5.3 t CO2 equals to 678.00 €/t [16]. Thus, for 
the same CO2-saving, 2 times more would need to be invested in automotive-world where in this case, 
there would also be no quasi-free high-performance cement virtually as a side product on the credit 
side. 

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 ! 
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National and global importance 

Starting from an approximate value of the current global concrete consumption of about 8 Gt with a 
national share in Germany of about 250 Mt - or 3%, at a presumed simplifying autonomous concrete 
production in Germany as well as further simplifying assumption of exclusive OPC-use, the 
technology change to FuturBeton C.1 would result in a saving of nationally about 5 Mt and globally 
about 160 Mt of CO2-emission (Fehler! Verweisquelle konnte nicht gefunden werden.). 

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

CO2-emission total [13]-GER, [14]-World 
[Mt] 

850 30,000 2.9 % 

concrete consumption 250 8,000 3.1 % 

 absolute relative 

 

FuturZement C.1, CO2-saving / tonne of cement 
[kg] 

118.6 
20 % 

FuturBeton C.1, CO2-saving / tonne of concrete 19.8 

 GER World 

CO2-savings-potential (by FuturZement/Beton C.1) [Mt] 4.95 158.4 

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

Tab. 6: comparison concrete consumption and CO2-savings-potential in Germany and in the world 

Taking into account the reference value of the entire human-caused CO2 emission of about 850 Mt 
nationally [9] and about 30 Gt globally [10], the resulting savings would be 0.6% nationally and 0.5% 
globally ! 

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 C.1 
are only about 7,00 EURO per ton ! 

Market & Ready to Market 
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 C.1 as a 
modern binder system and c) the construction industry, that with FuturBeton C.1 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. 

Therefore, it is now essential to convince the market of this market-readiness. Therefore demonstrators 
need to be brought to the world thus access to the market can be achieved. 

A few are done and more striking and publicity effective demonstration buildings are wanted ! 

Realization, Strategy & Planning 

In 2012, already a bridge as a demonstrator of the before mentioned BMBF project [6], in cooperation 
with the county town of Olpe/Germany and Straßen.NRW (street-authorities of the State 
NRW/Germany) has been realized (Fig. 1). It should be clearly pointed out, that the component 
thickness does not reflect the capabilities of the material but the responsibility of a public authority 
and that means in this case, that the execution had to be made geometrically precisely-as if it would 
have been conventional concrete at conventional strength. Insofar innovation here is limited to the 
replacement of the binder without optimization of the building construction. After all, the advances 
remaining are "Durability and CO2-saving" and the beginning is made. 
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Fig. 17a-c: Nanotech Europe 2013 Award made of Zentallium®-rods embedded in FuturBeton C.1 - both are Zoz materials 

In 2013, without real demonstration character but with excellent public effect, the "Nanotech Europe 
2013 Award" has been made from a set of 17 rods of Zentallium® (Zoz super-light-weight material) 
which are embedded in FuturBeton C.1 (Fig. 17). The price sculpture, designed, made and donated by 
Zoz was awarded on 19.06.2013 in Dublin. 

    
1900 2010 2010-2013 2015 

Fig. 18a-d: Villa ZCS at Siegen around 1900, at 2010 in the purchasing state: turrets, tower, balcony and roof balustrade were missing. 
Also with the help of FuturBeton (balustrade, balcony) & Zentallium® (golden roof-crown), the building in 2015 is coming back to 
glamour from the old days. In the basement, a fuel cell for generating electricity and heat is in operation. 

Two days later, on 21.06.2013, a 6 x 6 meters wide and about 12 tons heavy concrete component / 
roof balustrade from FuturBeton C.1 was installed at the facade of "Villa ZCS" (Fig. 18) located at the 
Zoz site at Siegen right on main street in the very center of the county city. For this in April 2013, 
further 950 kg HKP-GGBS were produced at Zoz virtually under laboratory conditions again, which 
in May were processed at Dyckerhoff to about 3 tons FuturZement C.1. FuturBeton C.1 thus produced 
then forms the roof façade that widely visible provides best public effect (Fig. 19). This insofar 
represents the 2nd demonstrator however now manufactured and installed under self-direction (Zoz and 
Dyckerhoff). 

Also in the very center of Siegen, during 2013 and 2014/15, 3 bridges were to be renewed. These are 
the Station Road Bridge, Upper Town Bridge and the Apollo Bridge (Fig. 20: front, center res. 
background). At the beginning, Zoz and Dyckerhoff jointly were trying to ensure that also for these 
bridges, FuturBeton C.1 would have been used. In the end, Zoz managed to get all necessary approvals 
from the authorities of Siegen City for the Apollo Bridge to be made by FuturBeton C.1 and also had 
convinced the corresponding civil engineering company - but then - and in this very moment, 
Dyckerhoff practically run away ! Today most of the former Dyckerhoff project staff including the 
Director of the Wiesbaden Research Center are not any longer with this former traditional German 
company that earlier was acquired by the Italian Buzzi Cement Group. 

   

Fig. 19a-b: 12 tonnes FuturBeton C.1 including the Zoz-Logo on the way up, Friday, 
21.06.2013 at Siegen/Germany 

Fig. 20: Bridges to be renewed in 
Siegen 



T +49-2762-9756-0 Zoz-P033-2019-02 E 
F +49-2762-9756-7  February 2019 

 

Page 10 / 17 www.zoz.de 

In February 2014, testing specimen of FuturBeton (see also Fig. 11) along with sample-bars of 
Zentallium® (Zoz-super light weight, Al-CNT) and a Zoz H2Tank2Go® (solid-state Hydrogen tank) 
have been installed in the BMBF-nanoTruck (Fig. 21). The inclusion in this "exhibition on wheels" of 
the Federal Ministry of Education and Research (BMBF) does neither have any economic impact nor 
real demonstration-character but does show the public respect towards those three innovations from 
Zoz. 

   
Fig. 21a-c: The BMBF nanoTruck during OZ-14 at Wenden/Germany, details of the FuturBeton C.1 exhibits inside 

In November 2014, the first Zoz-FuturBeton-Eagle (Fig. 22) has been manufactured. After Dyckerhoff 
unexpectedly left the scenery, Zoz had to start learning all the former Dyckerhoff-expertise as well. 
This is how to properly mix super-activated GGBS plus OPC to FuturZement C.1 at high intensity and 
this is also how to utilize FuturZement C.1 in order to properly prepare FuturBeton C.1 using the 
proper aggregates. Next to these technical issues that also include the entire cement/concrete 
chemistry, the biggest and insofar most difficult challenge was/is to achieving general materials 
approvals. 

     
Fig. 22a-c: Zoz-FuturBeton-Eagle, natural, dimensions, golden Fig. 23a-b: Sculptures on heritage I at Zoz ZCS 

The FuturBeton-Eagle is now manufactured weekly in order to continuously maintain and improve in-
house concrete-related knowledge and experience. These sculpture-type demonstrators have been 
chosen since Zoz had internal requirement for those for some owned heritages (Fig. 23). Also the 
market of such kind of "garden-sculptures" does not require materials approvals but is sensitive to 
surface quality and durability against climate change and surface-cleaning capability. And finally, 
among "nanostructure products", a non-supported net selling price of EUR 4.30/kg (natural) res. EUR 
6.60/kg (gold) is hardly to be found elsewhere. 

The latter is represented by the total of EUR 650 and EUR 1.000 respectively for the sculptures at the 
main dimensions of L/W/H at 990 x 1.135 x 1.030 mm and a total weight of 152 kg each. At a curing 
time of < 15 h, encasing is done after 16 h at the high early strength of > 25 MPa and a CO2-saving of 
3 kg compared to OPCC (OPC-based concrete). The so far manual manufacturing process takes 30 
min for mixing / preparation, 20 min casting and 10 min vibrating, thus about 1 h in total. 
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paving stone "Gecko" with 

FuturZement C.1 
laid paving stones, pigmented and 

non-pigmented 
different stones and logo from  

exposed aggregate concrete 

Fig. 24a-c: Paving stones, laying patterns and Logo made from FuturZement C.1 

FuturZement C.1 can be applied in many other fields; one is the manufacturing of paving stones. 
Those can be cast with different compositions and demoulded right on the next day. The choice of 
additives and e. g. coloring by addition of pigments is virtually unlimited. So early 2016, paving 
stones at very high forming accuracy have been cast with commercially available moulds (Fig. 24). As 
of this forming accuracy, filigree casting works (logos etc.) are possible, which becomes particularly 
apparent at the surface structuring (Fig. 25) of the chosen Gecko-form. 

  
Fig. 25a-b: Paving stone "Gecko" and enlarged section view, filigree surface by FuturZement C.1 

Already in April 2014, Zoz became a member of the innovation arena of the German Federal Office 
for Street-Building Affairs (Bundesanstalt für Straßenwesen - BASt). Frankly spoken, here the lesson 
had to be taken, that the single innovation circuit in "German street building" must be expected to take 
10-15 years ! Taking into account the simple innovation law that the environment likewise the given 
market determines the innovation barriers at its levels, this is not even surprising. The more modern 
and developed the society is, the higher such barriers are which is represented by regulations and 
standards but also by "availability close to satisfaction". 

Insofar also the question needs to be addressed, if in the end the cement- or possibly the steel industry 
will be the drivers for such innovation. The cement industry would see a much better material 
resulting into less materials consumption/business by volume where on the contrary the steel industry 
may see the conversion of a today's waste or near to waste considered material (GGBS) into a 
comparably high level market product in a new business field which with respect to value adding 
appears much more attractive. 

Also it must be questioned, if construction industry is naturally interested in multiplying the durability 
of concrete or not. 

Insofar also here, military consumables (airfields, protection) may play an important role due to the 
extraordinary best property dependency (here: strength and time - high early strength) and politics 
must also be of importance because most streets, bridges and dams and numerous buildings are public 
undertaken and both, investment and maintenance are a heavy load on the fiscal budgets. 
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2014 2014 2015 2015 

Fig. 26a-d: Federal Minister Prof. Dr. Johanna Wanka (BMBF) presenting the FuturBeton ProgressReport, Parliamentary State Secretary 
Katherina Reiche (BMVI), Minister Garrelt Duin, Minister Johannes Remmel, each with Prof. Zoz 

At all this, the understanding is very important, that in Germany it has been proven that under the very 
given regulations it is possible / allowed to build a public bridge. However for such undertaking or at 
present any other construction site plan, inside the construction authorities office, some deviation from 
daily mainstream within the legal range of regulation-interpretation is necessary which in fact is not 
only necessary but obviously also allowed and possible (see bridge Rosenthal). And for this and 
insofar for at present each project/product/demonstrator, huge lobby-work with a lot of knocking doors 
is necessary until a major breakthrough maybe in the other country is achieved. 

Searching market breakthrough outside Germany and the EU: India and China 

Looking for any market entry, it has to be realized, that the so-called innovation barriers are then 
particularly high, if the society/the market of the corresponding hemisphere is particularly 
sophisticated. In particular, authorization and approval of new materials in the Federal Republic of 
Germany as well as in Europe after years of efforts arise to be extremely difficult, time-consuming and 
/ or expensive. 

 
 

Therefore, in December 2015 in India and in May 2016 in China, a workshop was organized where 
virtually under the eyes of the participants of Indian res. Chinese cement and construction industry as 
well as representatives of relevant authorities, FuturZement C.1 | FuturBeton C.1 has been demon-
strated online/onsite. On day 1, FuturBeton was prepared and poured into ASTM test cubes which 
were then encased and samples "destroyed" on day 2 by standard compressive strength tests. 

   

Fig. 27a-c: Completely wrong: manual mixing does not and cannot lead to representative results nor to enhanced properties of FuturBeton 
concrete 

The results in India were technically a fiasco since an appropriate blending of FuturZement C.1 and 
aggregates to FuturBeton C.1 could not have been guaranteed. In fact and unfortunately in India it was 
tried to manually, that means by hand-mixing and without any mechanical mixing unit, to produce 
FuturBeton (Fig. 27). This leads to inhomogeneities within the cement matrix and to an increased 
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water demand in order to obtain the workability of the fresh concrete. However, as explained above, 
an increased water demand increases porosity while decreasing the strength (Fig. 28). 

   

Fig. 28a-c: Concrete poured in test-moulds, manually manufactured test cubes and compressive strength testing device, desolate strengths 
due to inhomogeneities and the lack of plasticizer effect after hand-mixing of the concrete 

After the disaster in India in December 2015, early 2016, the manual hand-mixing process from India 
was exactly reproduced in Germany and the influence of the required high degree of mixing has been 
comparatively analyzed. The result of course confirmed the confident expectation that FuturZement 
C.1 only can provide high performance, if homogeneously dispersed in the concrete. 

State of the art 2016-05 redefined in China 
The "learning's" from India taken up in China under strict accordance to the processing instructions, 
the results were outstanding (Fig. 29): 

early strength 45-49 MPa after 20h, final strength 140-145 MPa 

and have redefined the state of the art. The ultimate strength was thereby determined based on 
simultaneous tests in China and Germany. Zoz for this brought over to China two standard test cubes 
from FuturBeton that were previously made in Germany and then tested in China. Simultaneously (to 
the Workshop in Changzhou), other cubes from exactly the same manufacturing series were tested in 
Germany at company Runkel at Siegen and results transmitted virtually online (09:00 am at Siegen = 
15:00 pm in Changzhou). In result, identical final strength values of 140-145 MPa were obtained ! 

 

    
Fig. 29a-c: Standard test cubes before and after encasing (left image), the test apparatus at Changzhou (mid), video documentation of the 
experiments (right picture). 

Thus FuturBeton, now not only in its early strength, but also in the final strength, that started in 2013 
with 110-120 MPa and now achieving a value of about 140 MPa, is leveled significantly above all 
commercially available high-strength concrete - and that at today unbeatable economics since there 
has been no change in the manufacturing strategy and insofar no change to the processing cost. 
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Fig. 30: Strength profile of FuturBeton C.1 (2016) 

Fig. 30 to that shows the strength profile of FuturBeton by 2016-05 compared to the final strength of 
commercial concretes. 

Air cleaning by coating 
By support of the Czech company Advanced Materials-JTJ, s.r.o. and the Czech Republic's Institute of 
Physical Chemistry (IPC) tests according to proposed CEN standards with the Protectam FN2® 
coatings for air cleaning purposes in combination with FuturZement C.1 paste samples have been 
performed. Therefore the process of removing NOX from ambient air has been examined (Tab. 7 and 
Fig. 32). 

   
Fig. 31a-b: Coated FuturZement C.1 paste samples, coated by different techniques; D: 
coated by white silicate paint, 2 days drying, 3 layers by spraying; E: deposited 3 layers of 
using spray gun 

Fig. 32: NO, NO2, NOX concentrations 
(the beginning of curves are the moment 
of exposure to ultraviolet light radiation) 

NOX is a generic term for nitric oxide and nitrogen dioxide (NO and NO2). They are produced for 
example, during combustion processes, especially at high temperatures. NO and NO2 oxidation is not 
instantaneous under normal conditions but all NO molecules present in the air eventually oxidize into 
NO2 in few hours. In areas of high motor vehicle traffic, such as in large cities (Munich, Stuttgart), the 
amount of NOX pollution emitted into the atmosphere can be significant. NO2 gas forms smog and 
acid rain, as well as it is a central factor to the formation of tropospheric ozone. It is classified as an 
extremely hazardous substance, which can be harmful to asthma sufferers, and its high concentrations 
increase the risk of a heart attack.  

The reducing of NO2 concentration can be achieved by photocatalysis, on a photocatalytically active 
surface. When using the photocatalytic process, nitrogen dioxide is adsorbed on the surface (NO2)ads 
and then gradually oxidized into nitric acid HNO3, which is eventually neutralized in the presence of 
alkali metal ions or alkali soil into various nitrates NO3

- with subsequent washing or dissolving:  

3 NO2 (ads) + H2O s 2 HNO3 (aq) + NOr (g) 

The experimental study showed that the photocatalytic oxidation on the FuturZement surface, coated 
by Protectam FN2®, is an effective method for the removal of NOX from contaminated air. The 
experiments demonstrated that in a steady (equilibrium) state, and under conditions simulating a real 
environment, the FN2® photocatalytic surfaces are able to decrease the concentration of nitrogen 
dioxides (NOX) in the air by 20-50% from the original value. The highest efficiency was exhibited on 
the sample E which was first washed by water and then coated by a HLVP spray gun (3 layered film 
of Protectam FN2®

~25-30μm of thickness) (Tab. 7). 
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Initial concentration NO2/air 0.1 ppm which corresponds to 190 µg/m³ 

standard proposed CEN 

sample A D E 

Initial removal of NO2 [%] 18 25 40 

Steady state removal of NO2 [%] 12 20 30 

Tab. 7: NO removal with different samples  

This leads to the conclusion that the combination of FuturZement C.1 based construction parts with 
suitable photocatalytic coatings Protectam FN2® can excellently be applied for reduction of the 
amount of nitrogen oxides as well as for other volatile organic compounds (VOC) and is highly 
recommended if it used properly. 

Integration of FuturZement into a cement plant 

During discussions and negotiations with the cement industry, always it comes back to the question, 
whether the FuturZement process can be integrated into the conventional cement production process. 
In fact, such integration is quite simple, since the super-activated GGBS can virtually be injected by an 
adapted Simoloyer® unit into the commercial manufacturing processing chain of a cement plant to 
then at the end provide Futur-high-performance-cement, utilizing the entire existing technology of the 
cement manufacturing process. 

 

 

Fig. 33a-b: Diagram & flowchart for integrating the Simoloyer® process into the conventional cement processing chain 

Fig. 33 illustrates the extension of a cement plant to produce FuturZement C.1. 

What we offer 

Zoz is neither cement nor concrete manufacturer and shall, can and will also not become so. All the 
above activities are aimed explicitly to the goal to be able to provide the appropriate technology. On 
the way to there it is certainly possible to offer - and so already practiced - small amounts of 
FuturZement C.1 e. g. up to 10 tonnes. 

After losing the cooperating cement partner, Zoz since 2015 is fully able to manufacture itself 
FuturZement C.1 where constructions requiring e. g. 50 t FuturBeton C.1 can be served within 14 
days. This refers to FuturZement based on HKP-activated blast furnace slag as well as superfine 
activated OPC (definition then HPPC) as blending/mixture components. 

  

OPC HPPC OPC vs. HPPC 

Fig. 34a-c: Optical microscopy of OPC-powder, HPPC-powder, sculpture with complex structure by OPC and HPPC res. [2] 
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Benefits for the construction industry, FuturZement vs. HPPC 

The new building material FuturZement/Beton offers greater strength which in most cases results in 
less material to be required for the same result and thus less material cost (cost advantage CA1). Less 
material means less weight and thus one can build lighter and e. g. also higher and sleeker. 
Skyscrapers that today have to be build on a steel framework in the future could be realized in a much 
less expensive concrete base structure. In some cases steel maybe replaced, in some less steel is 
needed (cost advantage CA2). 

cost advantage 
CO2 emission 

reduction relevant 

product relevance 

FuturBeton C.1 

product relevance 

HPPC 

CA1 higher strength > less material    

CA2 higher strength > replace steel    

CA3 higher early strength > build faster -indirect-   

CA4 higher durability > less material    

CA5 higher durability > build less often    

CA6 better surface -little-   

CA7 CO2-savings in manufacturing  huge  

Tab. 8: Advantages FuturBeton C.1 and HPPC, CO2-emission relevance 

The new building material FuturZement/Beton C.1 offers an extremely high early strength that already 
on the first day equals or exceeds the ultimate strength of conventional concrete (after 28 days). So 
one can build much faster in the future. Saved construction time means construction cost savings (cash 
bond before use) and therefore one can build again more cost effective (CA3). 

The new building material FuturZement/Beton provides a significantly denser packing which means 
that water / moisture virtually cannot penetrate any longer or at least far less resulting in a significant 
improvement of the durability. At concrete constructions that are subject to structural engineering, by 
this once again material can be saved and thus one can not only build more sustainable but also once 
again lighter, higher and now for the fourth time more cost-effective (CA4). More sustainable in this 
case means that over the time one has to build less at the same benefit which insofar for the fourth 
time means more cost-effective (CA5). FuturBeton achieves a significantly better surface which 
depending on application contributes to cost advantages from little to huge (CA6). 

The new building material FuturZement/Beton offers in its manufacturing route in total a gigantic 
number of CO2-emission savings compared to conventional concrete where next to the concern and 
for the care of our environment, such savings can already today be calculated into Cents and Euros. 
Thus one can therefore build responsible and for the fifth time more economically (CA7). 

And all this at an additional cost of currently 7.00 € approx. per tonne FuturBeton C.1. 

Particularly utilizing HPPC that is usually also mixed as a fraction with OPC, more complex and finer 
high-strength structures can be realized (Fig. 34, also Fig. 23 and Fig. 24). By this, one can e. g. 
manufacture concrete facades at better quality with lighter components and even lighter lightweight 
concrete blocks with even better thermal insulation values. 

country 
CO2 emission 

is expensive 

large steel industry, 

GGBS waste product available 
proper answer 

A   FuturBeton C.1 

B   HPPC 

C   HPPC/FuturBeton C.1 

D   HPPC 

Tab. 9: FuturBeton and/or HPPC, where to go and what to do 

In countries where CO2 emission is expensive and where steel industry and therefore GGBS as a 
waste product is available in mega masses, FuturBeton is the right answer. In countries where at least 
one of the two conditions is not given, HPPC will be given priority. Also in HPPC-case still huge 
CO2-emission savings would be generated because the cost advantages CA1-CA5 mentioned above 
apply equally to HPPC and CA1-2 and CA4-5 are directly CO2-relevant. 

CO2-emission-reduction will always win ! 



T +49-2762-9756-0 Zoz-P033-2019-02 E 
F +49-2762-9756-7  February 2019 

 

Page 17 / 17 www.zoz.de 

Acknowledgements 

We very much appreciate the financial support of the Federal Ministry of Education and Research and 
we thank all the project partners "FuturZement" and also all cooperation partners from previous and 
ongoing joint work. Without their contribution this work could not have been done and in particular 
and in names these are: 

Dr. Carsten Geisenhanslüke, Mr. Wilhelm Nolte, Mrs. Miriam Ringwald and Dr. Josef Strunge 
(Dyckerhoff AG), Mrs. Katrin Schumacher, Prof. Dr. Reinhard Trettin and Ms. Birgit Weitzel 
(University of Siegen), Mr. Frank Siedenstein (Runkel Fertigteilbau GmbH), Dr. Albert Herrmann, 
Mr. Thomas Hoeppner and Mrs. Birgit Mohrhardt (Fuchs Lubritech GmbH), Dr. Sebastian Diaz de la 
Torre and Dr. David Jaramillo Vigueras (CIITEC-IPN), Mr. Bernd Knaebel, Mr. Josef Zeppenfeld and 
Mr. Hans Venc (Civil Engineering Department of the City of Olpe), Mr. Ralf Rombach und Mr. 
Manfred Funk (Straßen.NRW), Dr. Michael Peters, Mr. Georg Don-Preisendanz and Mr. Ludger Stahl 
(ThyssenKrupp AG). Dr. Ravula Vijay, Dr. Tata Narasinga Rao, Dr. Gade Padmanabham, Dr. 
Govindan Sundararajan (ARCI), Dr. Pasala Sarah, Dr. Hari Shankar Jain (Vardhaman), Hr. Thorsten 
Lind, Hr. Homer Chu, Dr. Xiang-Qian Zhou (GIC), Hr. Xiaofan Xie (CMEA). 

References 

[1] H. Zoz, H. U. Benz, G. Schäfer, M. Dannehl, J. Krüll, F. Kaup, H. Ren, and D. Jaramillo V.: 
High Kinetic Processing of Enamel, p. I-a/b, INTERCERAM International Ceramic Review, 
Vol. 50 (2001) [5] pp 388-395 & [6] pp 470-477 

[2] H. Zoz, D. Jaramillo V., Z. Tian, B. Trindade, H. Ren, O. Chimal-V. and S. Diaz de la Torre: 
High Performance Cements and Advanced Ordinary Portland Cement Manufacturing by HEM-
Refinement and Activation, ZKG International vol. 57 (2004) no.1, pp. 60-70 

[3] W. Nolte, Dyckerhoff AG: High Performance Cement and application, OZ-10, 3rd German-
Japanese Symposium on Nanostructures (2010), Wenden, Germany, proceedings vol. 3 p-no. 
V05 

[4] J. C. Arteaga-Arcos, O. A. Chimal-Valencia, D. J. Delgado Hernández H. T. Yee-Madeira and 
S. Diaz de la Torre: High Energy Ball Mill Parameters used to obtain Ultra-Fine Portland 
Cement at laboratory level, ACI Materials Journal, 108-M39, pp. 371-377 [July/August 2011] 

[5] Ma. T. Fuentes-Romero, Doctor Thesis, 2013. CIITEC-IPN, Mexico 

[6] Project of the German Federal Ministry for Education and Research (BMBF): FuturZement, 
project-no. 03X0068A [2009-2012] 

[7] Project of the German Federal Ministry for Education and Research (BMBF): FuturZement, 
project-no. 03X0068A final report [2013, part University of Siegen] 

[8] Smolczyk, H.G.: Slag structure and Identification of slag; Proceedings of the 7th ICCC, Paris, 
Vol. 1 (1980) pp 1-17 

[9] www.uni-kassel.de/fb14/baustoffkunde/gaertnerplatzbruecke/images/UHPC/frost_tau_zyk_ 
diagr.gif 

[10] Betontechnische Daten, Heidelbergcement, 2014 

[11] Zement-Taschenbuch, Verein Deutscher Zementwerke e.V. (Hrsg.), Düsseldorf, Verlag 
Bau+Technik, 2002, ISBN 3-7640-427 

[12] Ultra-Hochfester Beton - Planung und Bau der ersten Brücke mit UHPC in Europa; Michael, 
Schmidt (Hrsg.); Fehling, Ekkehard (Hrsg.), Kassel University Press, 2003, ISBN: 3-89958-
518-6 

[13] Publication Federal Environment Agency of Germany (UBA) [26.02.2013] 

[14] The Cement Sustainability Initiative Progress Report [2005] 

[15] www.cemex.de; Preisliste 2016 (Mittelwert aus verschiedenen Betonklassen  
für allgemeinen Hoch- und Tiefbau) 

[16] Communication with Dr. Ulrich Eichhorn, Managing Director VDA (Association of the German 
Automotive Industry, Berlin [05-2013] 

 


