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Ulaganje u znanost
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MNote: when definitions differ, see hitp://fec.europa.eu/eurostat/cache/metadata’enird_esms.htm.

(") 2018: provisional.
(*) 2008: estimate

MNote: when definitions differ, see http:i/ec.europa.eufeurostaticache/metadata/en/rd_esms.him

(") Provisional.

) 2016: estimate
(*) Breakin series.

(%) Definition differs

(*) 2015 instead of 2018,

(*) Private non-profit sector: not available

(*) Estimates.
(%) 2015

7) 2006: not available

(%) 2014 instead of 2016,

2014

(%) 2006: definition differs

Source: Eurostat (online data code: rd_e_gerdtot)

Source: Eurostat (online data code: rd_e_gerdtot)

HKIG — Opatija 2019. g >

Marijana Serdar



Lideri u
Inovacijama

Global Leaders

1 SWITZERLAND

2  NETHERLANDS
3  SWEDEN

4 UNITED KINGDOM
5

SINGAPORE

Soumitra Dutta, Bruno Lanvin, and
Sacha Wunsch-Vincent GLOBAL
INNOVATION INDEX 2018 Energizing
the World with Innovation

Marijana Serdar

Top Innovation regions by Gll score
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Ulaganje u znanost
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Istrazivaci — patenti - publikacije

Researchers, 2015 or latest year Patents by origin Scientific and technical publications,
available 2017

Number of researchers, millions L. -
Number of applications, millions Mumber of publications, thousands
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Istrazivacka infrastruktura . | .
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Radio Microwave Light Bulbs Radioactive
Tube Elements
Synchrotron Light Source
.
ALS Beamlines
Quantum Materials (MAESTRO) 7.0.2 7.3.1 High-Pressure In Situ Soft X-Ray Spectroscopy
Coherent Scattering and Microscopy (COSMIC) 7.0.1 7.3.3 SAXS/WAXS/GISAXS

8.0.1 Surface and Materials Science (RIXS)

8.2.1 Macromolecular Crystallography (BCSB/HHMI)
8.2.2 Macromolecular Crystallography (BCSB/HHMI)
8.3.1 Macromolecular Crystallography (TomAlberTron)

Calibration, Optics Testing, Spectroscopy 6.3.2
Magnetic Spectroscopy / Materials Science 6.3.1
Full-Field Transmission Soft X-Ray Microscopy 6.1.2
Energy, Catalytic, and Chemical Science (AMBER) 6.0.1
Double-Dispersion RIXS (QERLIN) 6.0.2

Polymer STXM 5.3.2.2

STXM 5.3.2.1

8.3.2 Tomography (micro-CT)
9.0 Chemical Transformations

9.3.1 Tender X-Ray Spectroscopy

9.3.2 Ambient-Pressure Soft X-Ray Spectroscopy
10.0.1 ARPES, SpinARPES

10.3.1 X-Ray Fluorescence Microprobe (XFM)
10.3.2 X-Ray Fluorescence Microprobe (XFM)
11.0.1 PEEMS3/Resonant Soft X-Ray Scattering

11.0.2 Molecular Environmental Science

Research and Development 5.3.1 Ve,
Booster
Macromolecular Crystallography (BCSB) 5.0.3 Ring
Macromolecular Crystallography (BCSB) 5.0.2
Macromolecular Crystallography (BCSB) 5.0.1
Macromolecular Crystallography (MBC) 4.2.2

High-Resolution Spectroscopy (MERLIN) 4.0.3

Magnetic Spectroscopy and Scattering 4.0.2 5 - s > 11.3.2 EUV Lithography Photomask Imaging (SHARP)
torage Ring & y
General X-Ray Testing Station 3.3.2 \\ V7 / 12.0.1 EUV Lithography Nanopatterning (MET/METS5)
rd-Ha, W5 e y
X-Ray Footprinting 3.2.1 )fer’.\‘pﬁ/‘ p 12.0.2 Coherent X-Ray Scattering

National Center for X-Ray Tomography 2.1 12.2.1 Small-Molecule Crystallography
Macromolecular Crystallography (GEMINI) 2.0.1 A 4 12.2.2 Diffraction Under Non-Ambient Conditions
IR Imaging and Tomography 2.4 12.3.1 SIBYLS—MXand SAXS

12.3.2 Microdiffraction

IR Spectromicroscopy 1.4 KEY

InsertionDevice  Bend Magnet Superbend
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https://www.nsrrc.org.tw/english/lightsource.aspx
https://als.lbl.gov/beamlines/
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Vaznost znanstvene infrastrukture u
istrazivanju gradevinskih materijala

y d
AccV Spot Magn  Ded WD
200kV20 15000x GOF 105 09 Tor B cohhi

»Samoizljecivi” betoni Prozirni / LED osvjetljeni betoni
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Vaznost znanstvene infrastrukture u
istrazivanju gradevinskih materijala

Godisnja proizvodnja betona
— preko 750 milijuna m?3

6
4 tone betona po stanovniku -
godidnje s
2l

; ., OECD

H other industrial nations
I T Ll 1 I 1 1

1990 2000 2010 2020 2030 2040 2050

Source: Karen Scrivener, Future Cements and Performance Testing, RILEM PSC 2014
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ProucCavanje procesa hidratacije

Formation of individual hydration products (Locher et all 1976.)

f T ] T

hydratation steps
Proces hidratacije cementne cestice i vode

Emisijska
spektroskopija, EDS

Date :18Apr2011  Time :20:28:00

o] EHT=1500kY  [Probe= 614 pA Signal A= CZBSD
H o . WD=135mm Mag= 500 KX

Sample ID=

C-S-H gel

Pretrazni elektronski
mikroskop, SEM

EHT= 500Ky IProbe= 8pA  Signal

Monosulfati

1 EHT=1500KV  |Probe= 844pA SgalA=CZBSD  Date-16un2011  Time :20:48:44
Sample ID= WD=125mm Mag= 1.00 K X

Portlandit

EHT=1500KkV  |Probe= 12nA Signal A=CZBSD  Date 16
Sample 0= WD = 11.5 e

Etringit



Proucavanje svojstava produkata hidratacije

700 1 , , 745
L | moo L. - . ..
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0 5 10 15 20 25 30 35 40 45

th
Oslobodena toplina tijekom hidratacije

Suradnici: lvan Gabrijel, Marija Jel&i¢ Rukavina HKIG — Opatija 2019. g
yr



ProucCavanje suceljka cementne matrice |
otpadnih materijala

Pretrazni elektronski
mikroskop, SEM

i EREES : Infracrvena spektroskopija,
158 1881m P g ATR'IR

—— Grubi-debeli_at_01.spc i
Grubi debeli—at-02.spe poslije tretnmana
Grubi-debeli_at_03.spc
0.64 | — Grubi-debeli_bt_01.spc
Grubi-debeli_bt_02.spc
~—— Grubi-debeli_bt_03.spc

g -
SEM MAG: 53 x DET: SE Detector SEM MAG: 34x DET: BSE Detector —_ — ]
HV: 200kV DATE: 0224112 1 ram Vega @Tescan HV: 200kV DATE: 0223112 2rmm Vega @Tescan
Nae: 19-5 Digital Microscopy Imaging Nae: 19-1 Digital Microscopy Imaging
Faculty of Mechanical Engineering, Zagreb Faculty of Mechanical Engineering, Zagreb
19 19 0.1
1‘;00 |S‘OU |5‘00 |4‘0IJ 13‘00 12'\]0 l1|00 |U|DO
Wavenumbers [1/cm)
Utjecaj obrade gume na svojstva betona s dodatkom reciklirane gume

Suradnici: Ivanka Netinger, Ana Barigevié HKIG — Opatija 2019. g
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Proucavanje nanometarskih slojeva

Elektrokemijska impedancijska Ciklicka
spektroskopija voltametrija
3107 150

—@—— 30min
o - 1h
3x107 A ———~—— 6h 100 |
/ — —A— 12h
/s — % — 24h
2x107 |+ - < — —m—— 48h 50 [
———— 72h
’ o~
/ 10000 g ok e
\_gu”oleo’ - / m f//;z,, < o
N / . 8000 / = /
’.// 6000 %/
wl 7 o) e -50 -
‘ / E 4000 4 \
-100 1 0.1M
0 0 2000 4000 6000 8000 10000 0.6M
Zreal | Q
N T _150 FURER AN A TN SN SO S NN T TN S [N S T S T [N ST S ST S NN ST T ST S NN S T N T NN S ST ST S N S T ST S [T SO S S
107 107 107 107 14 -12 -10 -08 06 -04 -02 00 02 04 06
zZ o IXe) E, Vvs. SCE
Fe3p + experimental Oxide composition @ 500 eV Rendgenska
hv=490 eV "'\‘. llic-tg‘n—oxmc fotoelektronska
[ 4 Y —_—re 100% -
R tal o — IR - spektroskopija
i 80% - : Ip— XPS
% | —background
.0_ 70% 1 ‘ | [ B Cromium oxide
60% 1 i

lron oxide

50% J ] I
40% B Cromium metal
30%
¥ ron metal
20%
10%
0% T T

carbon steel  Microcomposite 2101 steel

HKIG — Opatija 2019. g
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Suradnici: Pierre-Adrien Itty, Mauricio Mancio, Funda Aksoy, Naila Jabeen, Zhi Liu, Paulo J.M. Monteiro

Intensity (a.u.)

62 60 58 56 54 52 50
Binding energy (eV)



Proucavanje nanometarskih kristalnih struktura

(b) 1

Rendgenska mikrodifrakcijai
fluoroscencija
M-XRD i XRF

0
E|A
E
£
3
< p T ¥ 0 Y u F u f T
>
2 A 4
] A A
= A
= G A A
A A X ] Wm
Al
u T + u u u u u f T
— Akaganeite B-FeOOH
| U | AR R
T T T T T T T T t T
B -FeOOH X
L 4 —— Goethite a-FeOOH
0
20
40 ] ‘ | W e ‘\ o
e e / | T T T T T ! T T T
. 50 | Y 10 15 20 25 30 35 40 45 50 55 60

2theta,®

Serdar, Marijana; Meral, Cagla; Kunz, Martin; Bjegovié, Dubravka;

Wenk, Hans-Rudolf; Monteiro, Paulo J.M. Spatial distribution of Em e e e e e
crystalline corrosion products formed during corrosion of
stainless steel in concrete. // Cement and concrete research. 71 HKIG — Opatija 2019. g

(2015) ; 93-105



ProucCavanje mehanizama degradacije

Galvanostatsko
ispitivanje

M-tomografija
M-CT

Itty, Pierre-Adrien; Serdar, Marijana; Meral, Cagla; Parkinson, Dula;
MacDowell, Alastair A; Bjegovic, Dubravka; Monteiro, Paulo J.M. In-situ 3D
monitoring of corrosion on carbon steel and ferritic stainless steel embedded
in cement paste. // Corrosion science. 83 (2014) ; 409-418

HKIG — Opatija 2019.
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Uspostavni istrazivacki projekt
Alternativna veziva za beton: razumijevanje
mikrostrukture za predvidanje trajnosti - ABC

* oshivanje centra izvrsnosti za
istrazivanja, razumijevanje i
korelaciju mikrostrukture i

XPS & CT
Prof Monteiro,
SAD

. . . . . PL\\\N\/\REiUAKTU

trajnosti alternativnih veziva za SO
g 4 ’\Q“;\> ) :. T > S
repes javanj s " ) ol LS borrere
e osposobljavanje za samostalno 0K

S ' | iticki o Y - CT and MIP

koriStenje naprednih analitickih @ o
Profslzf)tz ZAG

instrumentalnih metoda, koje

Hrvatska Nanoindentation

Prof Ye,

osigurava regionalna mreza 200 con oo Nizozemska
istrazivacke infrastrukture ke -
Prof Jakovljevi¢, Nanoindentation
Hrvatska Prof Zelenika,

* obucavanje od strane
medunarodnih centara izvrsnosti
u istrazivaCkom podrucju

Hrvatska

FEDERALL DE LAUSANKE, Prof SCrlvener,
Svicarska

Marijana Serdar HKIG — Opatija 2019. g 16
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Uspostavni istrazivacki projekt
ABC

 Hipoteze na kojima se temelji ABC projekt su:
1. uregiji postoje u dovoljnim koli¢inama otpadni ili neiskoristeni
nusproizvodi koji imaju potencijal za koristenje pri pripremi
alternativnih veziva za beton,

Pronalazenjem mogucih primjena industrijskih otpadnih materijala
moguce je izbjeci ekoloske probleme (koji bi mogli dovesti do ekoloskih
katastrofa) i velike troskove odlaganja (koji bi mogli dovesti do povecanja
troskova energije ili materijala).

Marijana Serdar HKIG — Opatija 2019. g 17
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Uspostavni istrazivacki projekt
ABC

* Hipoteze na kojima se temelji ABC projekt su:

2. uz pomoc¢ analitickih metoda i fundamentalnijeg pristupa istrazivanju
moguce je potpuno iskoristiti potencijal takvih materijala i pretvoriti
ih iz otpada u vrijedne sirovine za razvoj alternativnih veziva

0,0

EPC
—— Calcined kaolinite EPC

K —— Kaolinite

-05

21,0 +

Intensity

dTG (mg/min)

415 |

-20

S O —— TG7days —— TG 15 17
P — dTG 7days — — dTG 15

R R R R R R R R R 70
0 100 200 300 400 500 600 700 800 900 1000
Temperature (°C)

25

Vrrlo je vazno koristiti temeljnije pristupe istrazivanju alternativnih veziva,
kako bi mogli potpuno razumjeti njihova svojstva od nano do makro
razine i postici veliku ili ukupnu zamjenu cementa.

Marijana Serdar HKIG — Opatija 2019. g 18
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Uspostavni istrazivacki projekt
ABC

* Hipoteze na kojima se temelji ABC projekt su:

3. moguce je povezati promjene alternativnih veziva na
mikrostrukturnoj razini s promjenama svojstava na makro-razini, sve
kako bi se predvidio uporabni vijek alternativnih veziva u agresivhom
okruzenju

T,°C
0 100 200 300 400 500 600 700 800 900 1000
T = T —r

0 S S e e T e

L ~ ’
L —_— AN ’
L AN N
02 [ \ D)
[ =
F N
L AN

[ 8weeks exposure - carbonated
CEM | - carbonated

dTG (gl°C)

CEM |II - carbonated
08 [ CEM I+FA+SF - carbonated

it 0 i
104 10° 102 10% 10° 10* 102 10° 10 10° F = = - aggregate
Frequency / Hz

Napredne analiticke metode i pouzdani modeli uporabnog vijeka mogu
pruziti uvid u dugorocnu trajnost alternativnih veziva, sve u svrhu
predvidanja njihovog uporabnog vijeka u agresivnom okolisu.

Marijana Serdar HKIG — Opatija 2019. g 19
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Suradnja Svicarska — Hrvatska
ADVANCED LOW CO, CEMENTITIOUS MATERIALS ACT

* Cilj projekta: razvoj odrzivih i trajnih betona baziranih na
dostupnim regionalnim otpadnim i nekoristenim materijalima

) REGIONAL WASTE STREAMS AND
BY-PRODUCTS

aNF)

Swiss NATIONAL SCIENCE FOUNDATION

Fundamental knowledge in
activation, hydration and
microstructure of
cementitious materials

Unlocking potential

Applicative knowledge in
performance design,
durability and degradation

Gl

Tailoring for use —

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

T

ﬁ&?’ﬂﬁ

of cementitious materials

Low CO, "standard" concrete
v’ Basic all purpose construction material
v' Low strength
v" Mostly unreinforced

Low CO, high performance concrete
v’ Special purposes construction material
v Higher strength
v Reinforced (high durability)

!

!

PhD 1

PhD 2

HKIG — Opatija 2019. g 20
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Suradnja Svicarska — Hrvatska
ADVANCED LOW CO, CEMENTITIOUS MATERIALS ACT

* Faza 1: Nabava regionalnih materijala i karakterizacija

* Faza 2: Projektiranje mjesavina s niskim udjelom CO2 na bazi
regionalnih materijala:
A) ,obican” betona (uobicajena primjena)
B) beton velikih uporabnih svojstava (posebne primjene)

* Faza 3: Evaluacija rezultata
* Faza 4: Priprema disertacija

Marijana Serdar HKIG — Opatija 2019. g 21
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Medunarodna suradnja
International Training Network on Alkali-
Activated Materials DURSAAM

e Collaborative international and
multidisciplinary training founded by MARIE
SKEODOWSKA-CURIE ACTIONS Innovative
Training Network of EU HORIZON 2020
Programme.

* International network of 13 Ph.D. students in
7 different European University.

The Mission of DuRSAAM

—

15 Non-academic
partners
7 Accademic parteners g

University of Gent
(Belgium)

Il Technique University of
Delft (Netherlands)

Karlsruher Institute for
Technology (Germany)

Il University of Sheffield
(UK)

University of Patras
(Greece)

To strengthen the European research area on eco-efficient construction

materials and the increased competitiveness of Europe's construction sector,
in applying concrete technoology based on alkali-activated materials (AAM) for
a more sustainable build environment.

HKIG — Opatija

ETH Zurich (Switzerland)

2019.
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Marijana Serdar

Medunarodna suradnja
International Training Network on Alkali-
Activated Materials DURSAAM

Traditional mix 245kg CO, emission st S B AAM-based mix
s oSZSkg primary raw materials No primarv raw materials ©

Fin E
Coal'se v gg/‘e i

gé’reg tefse

e/
1504
1m? AAM concrete: e Targeting 20% concrete market share in EU:
¥' Saves 525 kg raw materials to produce cement v' Saves 266 Mt/y primary raw materials
v Saves 245 kg CO, emission v Saves 10,2 Mt/y CO, emission
v Uses 680 kg of by-products & recycled aggregates (*) ‘ v’ Uses 69 Mt/y by-products & recycled aggregates
v" Avoids 70 kg waste disposal (2! v Avoids 7 Mt/y landfill disposal
v' Replaces ~ 30€ cement cost (~ 50% of concrete cost) v' Cost-effectiveness combined with environmental
by more cost-effective solution benefit, targeting a SB€/y market volume )

(1) Assuming 20% replacement by recycled aggregates; (2) Assuming 20% of by-products is currently waste;
(3) 4 tonne concrete per year per capita (EU-28: 512 million habitants in 2017) times 20% share times 30€/m’ and considering 2,4 tonne per m? concrete
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Medunarodna suradnja
International Training Network on Alkali-
Activated Materials DURSAAM

e R (. A
AIM: simulation of the degradation process in AAMs under
AIM: development of understanding of chloride combined effect of at least two environmental or mechanical
ingress and resulting chloride-induced corrosion of actions. The simulations and experiments will consider the effect
| steel in AAMs and propose methodology of their of shrinkage, freeze-thaw, carbonation and chloride transport
mitigation. separately and in a coupled manner, together with mechanical

loading.
\ ) \. J

*Prof. J. Provis (University of Sheffield) Prof. Guang Ye (Technique
*Prof. F. Dehn (Karlsruher Institute for Technology) University of Delft)
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Zakljucak

e Ulaganje u znanost, istrazivacka infrastruktura i
inovacije medusobno su povezani

e Jedino sustavnim ulaganjem u znanost i strateskim
razvojem istrazivacke infrastrukture moze se
provoditi izvrsna znanost
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Hvala na pazniji!

Marijana Serdar
mserdar@grad.hr
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