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São Paulo State University (UNESP) 

UNESP	is	located	in	24	cities	in	the	state	of	São	Paulo	in	Brazil	

I	work	here	



São Paulo State University (UNESP) 

q  Influence	area	of	each	unit	in	
100	 kilometer	 of	 distance	
almost	 cover	 all	 the	 state	 of	
São	Paulo.	

UNESP	by	the	numbers		 The	 economy	 of	 São	 Paulo	 State	 is	
the	 most	 developed	 in	 Brazil,	
reaching	 33,9%	 of	 Brazilian	 total	
GDP.	 There	 are	 645	 municipalities,	
distr ibuted	 over	 almost	 250	
thousand	 square	 kilometers	 where	
41	million	people	live.	



Ø  There	are	34	Schools	and	Institutes	and	7	complementary	units	

Ø  The	constructed	area	924,019	m2.	It	is	the	size	of	227	football	pitches.	

Ø  Its	admission	test	of	2016	has	got	103,677	applicants	for	7,355	vacancies	in	183	degree	
options	and	in	69	careers.	

Ø  UNESP	has	51,586	students:	
Ø  37,388	doing	undergraduate	degree	
Ø  13,206	doing	master’s	degree	and	PhD	programs	
Ø  992	in	the	UNIVESP	(Virtual	University)	

Ø  UNESP	has	3,880	professors	and	7,071	technical-administrative	collaborators.	

Ø  UNESP	is	the	second	biggest	PhD	releaser	in	Brazil.	There	are	2,969	a	year.	

Ø  The	UNESP	is	40	years	old	and	the	4th	best	university	in	Brazil,	according	to	in	the	Brazil	QS	
university	ranking,	the	8th	in	Latin	America	and	27th	among	BRICS.	

São Paulo State University (UNESP) 
UNESP	by	the	numbers		
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§  Undergraduation:	 Mechanical	 Engineering,	 Civil	 Engineering,	 Electrical	 Engineering,	
Mechanical	 Production	 Engineering,	 Materials	 Engineering,	 Physics	 (Licentiate	 and	
Bachelor’s	degree),	and	Mathematics	(Licentiate	degree).	

	
§  Graduation:	 Mechanical	 Engineering	 (master’s	 degree	 and	 doctorate),	 Physics	

(master’s	 degree	 and	 doctorate),	 Production	 Engineering	 (professional	 master’s	
degree),	Production	Engineering	(academic	master’s	degree)	

	
▪	Physical	space:	205,307.41	m²	
▪	Constructed	area:	37,962.16	m²	
▪	2,003	undergraduate	students	
▪	373	graduate	students	
▪	140	professors		
▪	201	technical-administrative	collaborators	

São Paulo State University (UNESP) 
School	of	Engineering		-	Campus	de	Guaratinguetá	



Lines	of	Research	(MSc	and	PhD)	
	

A)  POLYMERIC	MATERIALS	AND	ADVANCED	COMPOSITES	
	
B)  CORROSION	AND	ELECTROCHEMICAL	CHARACTERIZATION	OF	THIN	FILMS	AND	

NANOSTRUCTURED	MATERIALS	

C)  LIGNOCELLULOSIC	COMPOSITE	MATERIALS	

D)  PROCESSING	AND	CHARACTERIZATION	OF	ADVANCED	MATERIALS	

E)  CERAMIC	MATERIALS		

F)  METALLIC	MATERIALS	

São Paulo State University (UNESP) 
Department	of	Materials	and	Technology		-	Campus	de	Guaratinguetá	
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Figure 2. Schematic diagram showing a concept process consisting of different approaches to  improve the sustainability of the  fiber cement 
industry. 
   
In order to offer durability and resilience of the fiber cement 
reinforced  with  vegetal  fiber,  contribute  to  infrastructure 
sustainability, extended service life and expand the range of 
functional uses of vegetal fibers in construction applications, 
it is necessary to adopt  systemic research using the concept 
of integrated structures and materials design as represented 
in Fig. 3 [32,47]. Thus, material properties serve as a natural 
interface  between  structural  engineering  and  materials 
engineering. 

 
 
Figure 3. Schematic diagram of  Integrated Structures and Materials 
Design (Based on [47]). 

Thus,  to  design  cementitious  composites  reinforced  with 
vegetal  fibers to meet the concept of  integrated structures 
and materials can be considered a complex and systematic 
task.  For  example,  the  project  design  must  consider  the 
interrelationship between  interfacial  transition zone,  fibers, 
matrix and processing method as depicted in the schematic 
illustration showed in Fig. 4. 
These  approaches  may  result  in  efficient  gains,  cost 
reduction and contribution to sustainable development with 
regard  to  environmental  aspects.  Therefore,  vegetal  fibers 
have  attracted  great  interest  because  of  their  regional 
availability and high  specific  tensile  strength  (associated  to 

their  low density). However, their effective consolidation as 
raw  material  in  the  civil  construction  industry  involves  a 
great technical and scientific effort. 

 Study on  the potential of  two  lignocellulosic 3
material 

 Cellulosic pulp 3.1

In  addition  to  the  macrofibers,  the  microfibers  obtained 
through chemical and mechanical pulping are also used as 
reinforcement  of  cementitious  materials.  In  such 
composites,  the  cellulosic  pulps  are  used  to  promote 
packaging with the particles of the matrix.  In  the  industrial 
production of fiber cement (Hatschek process), the cellulosic 
pulp is used to form a network for retention of the cement 
particles during the water drainage stage [7,15]. 
The  advantage  of  the  use  of  pulp  as  reinforcement  in 
comparison to macrofibers is the greater surface roughness 
of the fiber, which increases the adhesion capacity between 
the fiber and the matrix. Another advantage is that the short 
length  of  these  fibers  facilitates  their  distribution  and 
homogenization  in  the matrix,  improving  the  fiber‐matrix 
bond and, consequently, the reinforcing efficiency [48‐50]. In 
addition,  the  pulp  can  originate  from  wood  (pine  and 
eucalyptus, e.g.) and other non‐wood lignocellulosic fibers. 
Wood pulps (pine and eucalyptus) were used in the range of 
4‐10% by mass, as  reinforcement of cementitious matrices 
[35‐37,46,51,52]. Non‐wood fibers are also commonly used 
as  reinforcement of cementitious composites, such as  sisal 
[39,53‐56],  banana  [23,53‐55],  bamboo  [22,33,34],  fique 
[35], cotton [57] and agricultural waste fibers [30]. 
 
 
 
 

Research Area 

Research	Area	

Schematic	diagram	of	Integrated	Structures	and	Materials	Design:	Systemic	approach	
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Schematic	 diagram	 showing	 a	 concept	 process	 consisting	 of	 different	 approaches	 to	 improve	 the	
sustainability	of	the	fiber	cement	industry.	
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Figure 4. The tetrahedral interrelation of the main constituents of the cement based composite design. Adapted from [8]. 
 
 
Khorami  and  Ganjian  [30]  compared  the  flexural 
performance  of  cementitious  composites  reinforced  with 
contents of 2% and 4% by mass of  the sugarcane bagasse, 
wheat wastes and eucalyptus pulp. In that study, the content 
of 2% of  fibers promotes no  significant changes  in  flexural 
performance of the composites in comparison to composites 
without fibers; however, the content of 4% of pulp improved 
significantly the flexural strength of the composites. Khorami 
and Ganjian  [58]  evaluated  the  effect of different  residual 
Kraft  pulp  contents  (1‐14%)  on  the  flexural  strength  of 
cementitious  composites.  The  authors  concluded  that  the 
optimum reinforcement content was 8% by mass, where the 
modulus of rupture value was 250% higher than composites 
with 1% fiber. 
Correia  et  al.  [22]  used  bamboo  pulp,  produced  by  the 
organosolv pulping process,  in different  contents  (6%,  8%, 
10%  and  12%  by mass)  as  reinforcement  of  cementitious 
composites,  with  matrix  composed  by  Ordinary  Portland 
cement  type  CP  V‐ARI  (75%  by  mass)  correspondent  to 
ASTM‐C150 Type  I, and metakaolin (25% by mass), and the 
mechanical results from bending test are presented in Fig. 5. 
The  fiber  cement  is a  component of  the  civil  construction, 
which is submitted usually to the flexural effort. The content 
of 8% of bamboo pulp was sufficient to ensure the capacity 
of  reinforcement  before  and  after  the  crack  propagation. 
The mechanical strength of the composites reinforced with 
10% and 12% of pulp was lower due to the greater porosity 
caused by the higher pulp content. However, the toughness 
in the post‐fissured condition was significantly higher for the 
higher amounts of pulp. 
 

 
Figure 5. Typical stress  ‐ strain curves of the composites containing 
6, 8, 10 and 12% bamboo organosolv pulp during flexural tests after 
8 days of thermal curing. Adapted from [22]. 

 Nanofibers  as  reinforcement  of  cement‐3.2
based composites  

Nanofibrillated  cellulose  consists  of  a  bundle  of  stretched 
cellulose chain molecules with  long,  flexible and entangled 
cellulose nanofibers with dimensions of approximately 1‐100 
nm  and  they  are  composed  of  alternating  crystalline  and 
amorphous  regions  [59‐61].  They  are  produced  from  the 
isolation  of  cell  wall  of  the  lignocellulosic materials  using 
shear forces without chemicals. Fig. 6a and Fig. 6b, provided 
by  Correia  et  al.  [21],  presents  a  visual  result  of  the 
transformation of the cellulose pulp prior to nanofibrillated 
cellulose  after  5  cycles  of  nanofibrillation  by  the  grinding 
process. 
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Research Area 

Challenge:	to	control	

The	tetrahedral	interrelation	of	the	main	constituents	of	the		complex	cement	based	composite	design	



POTENTIAL	USE	OF	COLLOIDAL	SILICA	IN	CEMENT	BASED	
COMPOSITES:	EVALUATION.		

Research Area: Example 



There	 is	 strong	 interest	 to	 include	 functionalities	 in	
materials	 for	 building	 construction	 to	make	 them	 smarter	
and	more	sustainable.	

Research Area: Example 



Colloidal	silica	suspension	

Cement	particles	

Capillary		porosity	

Hydration	products	

Colloidal	silica	seeds	

Colloidal Silica as a nanostructured modifier 

Cellulosic	fiber	

Colloidal	silica	

Research Area: Example 



Objectives 

Ø To	 verify	 the	 effects	 of	 the	 colloidal	 silica	 on	 the	
mechanical	and	physical	behavior	of	the	fiber-cement.	



Table 4 – Specific surface area and specific density of the raw materials. 
Raw material BET(single-point) 

(m2/g) 
Specific density 

(g/cm3) 
Ordinary Portland cement - CPV-ARI 1.0 3.1 

Limestone filler 1.1 2.8 
	

Materials 
	

Size range 
(nm) 

Specific 
surface area 

(m2/g) 

Density (20 °C) 
(kg/m3) 

Stability  
(20 °C) 

pH 

Content of 
Na2O 
(%) 

8.5 – 9.7 300 1210-1219 9 – 11 0.5 - 0.6 
	



Materials 

Table 6 - Unrefined unbleached Eucalyptus pulp morphological propertiesa. 

Pulp 
CSF 
(mL) 

Length b 
(mm) 

Average 
width (µm) 

Aspect 
ratio 

Fibrous 
material (106 

fibers/g) 

Fines c content 
(%) 

664 0.83 ± 0.05 16.4 ± 0.2 51 18 ± 1 25.7 ±0.6 
a  Fibers were analyzed by a PulptecTM MFA-500 Morphology Fiber and Shive Analyser – 
MorFiTrac.  
b Length weight in length. 
c A fine element was considered as any detected object present in the pulp with dimensions 
lower than those of fibers, i.e., length under 200 µm or width under 5 µm. 



Results 
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This	result	means	more	
porosity	and,	consequently,	
more	thermal	insulation	



Methodology 
Modulus	of	rupture	

ü Modulus of rupture: 5 mm/min 
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Methodology 
Fracture	toughness	and	Energy	of	fracture	

SENB	(single-edge	notch	bending)	 Three-point	bending	configuration	

ü Fracture toughness: 15 mm/min Catastrophic crack propagation 

ü Energy	of	fracture	:	10	µm/min	 Stable crack propagation 
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Methodology 
Fracture	toughness	



Methodology 

Energy of fracture 
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Results 
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Fracture surface Notch

Direction of 
crack 

propagation

b

Results 
	

Fracture surface Notch

Direction of 
crack 

propagation

a ü 10%	 -	 Toughening	 mechanisms	 in	
the	fracture	process	:	pull-out.	

ü 0%	 -	 W i t h o u t	 t o u g h e n i n g	
mechanisms	



Thank you for your attention 

						sergio.francisco-santos@unesp.br	


