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Estudo de materiasanoestruturados
de a; Grafeno(e alem!)

:
Andre Geim

(right) and Konstantin Novoselov (left) in their laboratory at the University of Manchester, 2010.
Copyright © Nobel Media 2010
Photo: Yana Audas

a Nobelem Fisicade 2010!!!
*Jorig A., et alRaman Spectroscopy@rapheneRelated Systemsohn Wiley & Sons, 2010.
** Wikimedia Commons



Ul

NIVERSIDADE FEDERAL DE LAVRAS

Universidade Federal de Lavras (UFLA

L w C2NUS 7202
Lo tSaldAail SYSN
- de materiais




Departamentode Fisicag DFI/UFLA (2014atual)

i sy 24 T < €T — i

£

Tom de Limj

......
$¢ 1208



Su

A Perfil de formac&o e background:;

A Breve introducdo a Espectroscopia Raman;

A Pesquisas recentes de impacto tecnologico e social

A MateriaisCarbonaceosm solosAntropogénico® nanofertilizantes

A Instrumentacéo para Microscopia de Forca Atdmica e Raman Intensificado por ponta;
A Nanomateriai2D alémgrafeno(minerais estratégicos).

A Colaboracdes diversas

A Outras atividades de pesquisadora/professora
A Atividades de Ensino e extens&o

A Captacéo de recursos

A Premiactes relevantes

A Grupo de pesquisa

A Conclusbes, perspectivas e perguntas



Espectr

Rayleigh
Scattering
Anti-Stokes ; Stokes

-~
3




Espectroscopia

Rayleigh
Scatterng
Stokes

Anti-Stokes

Intensity

anti-Stokes g s Stokes
A [U I
0 T — .
was w; W y
* S
A4 A4 v v
1V

* L. G.Cancado



Esquematico
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Espectroscopia Raman

U Modos vibracionais especificos de cada
configuracao atomica;

. e e A K" %
U Sensitividade: camadas de espessura atom&iass

(grafenoe outros materiais 2D);

U Efeitos do meio ou customizacao das
amostras: dopagem, oxidacao, aplicacao de
tensao,etc;

*Joriq Ado, et alRaman Spectroscopy@rapheneRelated Systemdohn Wiley & Sons, 2010.
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Terras Pretas de Indios da Amazonia
CtL Q3

Ui Solosextremamenteférteis;

il Alta estabilidadee resisténcia

U Ocupacagor populac;(’iesind|’gena$,1

U Ate 70 vezesmaiscarbonoestave]

U Esforcosproduzirl & ¢PEetdN? O |

U Praticasagricolasustentaveis

1ILehmannJohannesed.Amazoniardark earths origin, properties managementSpringer2003.
2B. Glaser et aNaturwissenschafteB8(1) 37-41 (2001).



Espectro Raman de materiais de

carbono

U Posicao e formas das bandas D e G e a desordem estrutural;

Gband

+@ >

. .Q. .
- - - -
- - - .
- .

sp’ o

E

R L

Bond disorder -, Chains 5
- ;.- ".. - E
o

! =3

clustering o

I(DWI{G)

S D G

o
————

! M . ! . ]
1300 1400 1500 1800 1700 1800

Raman Shift {cm™)

N 1 .
1000 1100 1200

Adaptado de A. C. FerramdJ.RobertsonPhys Rev. B51 (20) (2000)

1a-C | [ ta-C|

-
n
=
|

=k
£h
ka o]
=

<

sp?  100%

[nc-graphite |
1,560 \ / 1
! L stage 2 stage 3

stage 1

N

'—-___‘_‘_
_-_.

A
| I I 1
X

100% 100-90% 0%

o

15



16

1500

Raman shift in cm™
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1L.G. Cancadet al. Appl. Phys. Let88(16):1631062006)

Nanografite

2Tuinstra, F., and J. L. Koenrildne Journal of Chemical Phy&8§3) (1970): 1128130.



Ramardo contelddocarbonace@m solos

U EspectroscopiaRamando conteudo de carbono encontrado em solos antropogénicos
(IndianDarkEarthsou dTerrasPretasde Indio< :0

AJoriq A;’ et alSoil and TiIIagp Researth2 (2012): 6566. L,/ nm
Aw A 6 S A NRIndt &lJouxidal f Raman Spectroscely(2) (2013): 28289. e 65 4 . )
APaganoM., et al.Soil and Tillage Researdlb5 (2016): 29807. Sl LA B ' 8

=
@ 8
L 5
= % 0
[
m [&]
o 10 b 27 +
E @] I TPlgg Charcoal
o 24 |
8 . T L
_ == bulk 21
6 == mapping 181
y I 15 |
1 1 1 1 1 \ ; 4 B 129 :
1000 1200 1400 1600 1800 2000 -
L i 6
Wavenumber / cm™? 2 _ H sl
. VLIV {1 I
60 90 120 150 180 210 240 60 90 120 150 180 210 240
g/ cm™
17

*B. Glaser et aNaturwissenschaften 881-41 (2001)



Ramardo contelddocarbonace@m solos

U EspectroscopieRamando conteudo de carbono encontrado em solos antropogénicos
(IndianDarkEarthsou dTerrasPretasde Indio< :0

AJorig A., et alSoil and Tillage Researt®2 (2012): 656.
Aw A 6 S A NRIndt &lJouxdal f Raman Spectroscely(?2) (2013): 28289.
APagangM., et al.Soil and Tillage Researds5 (2016): 29807.
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Sintese, caracterizacao, e engenharia
debiocarvoes

U "Preparationof mesoporousactivatedcarbonfrom defectivecoffee beansfor adsorptionof freshwhey proteinsd €

Poultry litter o
: Co, 2

t t
Chemical
oxidation

Lowcr yicld.
C-Retention and
C-Sequestralion

Regular Biochar

Thermally stable P compounds
0

H,PO,

il
or ' HO - —0
H,PO, +MgO | Pyrolysis vl

CO, Co, CO

Chemical
oxidation

Mineral Enriched Biochar or BBF

Carneiro, J. S. ®t,al. ACSSustainableChemistry& Engineerings.11 (2018): 142034212.

B P Coffcc husk amorphous C

Qf v . g % Higher surface area Co, CO:
f FVnter _1c_d‘iat . ’ Lower cr)‘sta]]ite size trtt
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Sintese, caracterizacao, e engenharia
debiocarvoes

U "Carbon Stability of Engineer@&locharBased Phosphate Fertilizérs
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Sintese, caracterizacao, e engenharia
debiocarvoes

U "Biocharandgrapheneoxide composite as a matrix to produce micronutrient fertilizers
U Epoxi, hidroxilas;arbonilg carboxilicos

z 3 Sab -
(a) P 5@ (b) 9 \ ry

21

Franca, J. Rt al. In preparation
Carneiro, J. S. ®tal. In preparation



Sintese, caracterizacao, e engenharia
debiocarvoes

U " Biochargrapheneoxidecompositeis efficientto adsorbanddelivercopperandzincin tropicalsoik

—a 2 [ .
- °,, - ‘\7 Increased adsorption
Oxygen -
'y t‘on 2 20+
Pégoiil‘:)i 10-" = ztgso
O s 0 10 20 20 30

Equillibrium Cu concentration (mg L")

4\_5? PLB-GO:
9 Pliction

Srtilizer Grain production

‘ Nutrient uptake
Nutrient use efficiency
i Soil nutrient availability

Common bean

. Graphene oxide (GO) . Poultry litter biochar (PLB) plants
Carneiro, J. Set al. Journalof CleaneProduction(2022): 132170..




Sintese, caracterizaca

biocarvoes

U "Biochargrapheneoxidecompositeis efficientto adsorbanddelivercopperandzincin tropicalsoik
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Estudo déiocarvoesie casca de café

paraproducao de fertilizantes avancados

CASCAS DE CAFE
. Secagem
E . Moagem
[ Peneiragdo

: Temperatura: 300, 550, 650 e 800°C :
Taxa de aquecimento: 2, 4, 6 e 8°C/min | Tratamento Quimico
Tempo de residéncia: 40 min

*Brito, A.,et al. In preparation

y

» Caracterizagao +—

BIOCARVAD +
ACIDO+ZN

PR BIOMASSA — PIROLISE Impregnagao com Zn

BIOCARVAO + ACIDO

Antonia Brito

Nan t



Sintese, caracterizacao, e engenharia
debiocarvoes

U "Preparationof mesoporousactivatedcarbonfrom defectivecoffeebeansfor adsorptionof freshwhey proteingp &
U dnfluence of methyl groups imiphenylmethanedyes on their adsorption ohiocharsfrom coffee husks F*
U oEffect ofpyrolysistemperature in the adsorption behavior of phenolbiocharsfrom Cofeehusks and Banana lea¥ds”

'\ G band

Intensity (a.u.)
Intensity (a.u.)

“g ’\&

600 800 1000 1200 1400 1600 1800 2000 1000 1200 1400 1600 1800

N 4 g Wavenumber / cm™ Wavenumber / cm™
EHT = 20.00 kV Signef A= SE1 Date 9 Feb 2013
WD = 11.5mm Photo No. = 18545 Time :8:48:12
L.~ 9,3nm

* Batista, G. Aet al. ActaScientiarumTechnology2 (2020): e4591445914.

**Castro, A. E.et al. Submitted 25
*** | opez, M. A. R.et al. Submitted



Sintese, caracterizac¢ao, e engenharia
debiocarvoes

U "Production of engineeretdiocharunder differentpyrolysisconditions for phosphorus removal from agueous
solutiore

Muffle furnace (M)

low oxygen
—

Maximum
. . ; Biochar  adsorption

o Electrostatic attraction . Max'm‘.'m 1

Biochar  adsorption mgg

PMB-M-Al 33.33

o Surface complexes mg g! PMB-N.-Al 27.16

. PMB-M-Mg  231.27 AT .
o Protonation processes PMB-N,-Mg  167.21

Q

q O Engineer biochar

@ Phosphate

o Physical adsorption in the pores

oty @

o Precipitation

’

Nardis B. O.gt al. Scienc®f the Total Environment (2021): 15155X




c) BCO-Mn-A

Journal of Environmental Chemical Engineering 11 (2023) 110761

Contents lists available at ScienceDirect

Journal of Environmental Chemical Engineering

joumal homepage: www.elsevier.com/locate/jece

ELSEVIER
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®
QE {’5 Bb 1

g) BCOH-Mn-A i) BCOH-Mn-B j) BCOH-Mn-C

ﬁ%s zg" Hb

Biochars from modified sugarcane bagasse for manganese removal from
mining effluents

A E . - . a,2 . . 2.3
Amanda Eugenio de Castro™ ', Evanise Silva Penido ®~, Thamiris Ferreira Souza ™~

Jilia Borges Camargos “*, Raphael Longuinhos Monteiro Lobato *°, Jenaina Ribeiro-Soares
Gabriel Max Dias Ferreira“”, Guilherme Max Dias Ferreira® *°

* Department of Chemistry, Federal University of Lavras, Campus Universitario, PO Box 3037, Lavras, MG, Braxzil

® Department of Physics, Federal University of Lavras, Gampus Universitario, PO Box 3037, Lavras, MG, Brazil
© Department of Chemistry, Federal University of Ouro Preto, Campus Morro do Crugeiro, 35400-000 Ouro Preto, MG, Brazil

b) BC-Mn-B

e) BCO-Mn-D f) BCO-Mn-E

de Castro, A. et al. Journalof EnvironmentaChemicaEngineerindgl1.5 (2023): 110761.
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a)

Journal of Environmental Chemical Engineering 12 (2024) 113499

Contents lists available at ScienceDirect

Journal of Environmental Chemical Engineering

S

IER journal homepage: www.elsevier.com/locate/jece

ELSEV

b

ENVIRONMENTAL
CHEMICAL
EMGIMEERING

Influence of Mn precursor on pre-pyrolysis modification of sugarcane
bagasse biochar for enhanced removal of 2,4-dichlorophenoxyacetic acid
from aqueous solutions: Experimental and theoretical insights

Thamiris Ferreira Souza °, Raphael Longuinhos Monteiro Lobato ™ *', Jiilia Borges Camargos°,
Gabriel Max Dias Ferreira ©, Jenaina Ribeiro-Soares ”, Guilherme Max Dias Ferreira™ >

2 Group of Materials, Interfaces, and Solutions (MatlS), Department of Chemistry, Federal University of Lavras, Campus Universitario, PO Box 3037, Lavras, MG, Brazil
b Lab v of Ad 1 Materials and Strategic Minerals (LMM), Department of Physics, Federal University of Lavras, Campus Universitario, PO Box 3037, Lavras,
MG, Brazil

© Department of Chemistry, Federal University of Ouro Preto, Campus Morro do Cruzeiro, Ouro Preto, MG 35400-000, Brazil

a) (2,4-D)Ph-(BC,54) b) (2,4-D)O5SH19-(BC,5)

24.94k 1 (2,4-D)Fh-(R3) -23.32 kcal/mol
o Xoo/mo -24.46 keal/mol 0

d) (2,4-D)0O5-H(BC,5,0H)

-27.13 kcal/mol

Souza, Tet al." Journalof EnvironmentaChemicaEngineerindl2.5 (2024): 11349

(2,4-D)H19-0(BCqysOH) -26.33 kcal/mol (2,4-D)0O5-H(BCysOH)
. -25.02 kcal/mol

(2,4-D)-(p-Mn304)

(2,4-D)O5-Mnl(p-Mn;0,;)  b) (2,4-D)O5H19-Mn10OH2(p-Mn:0,)  ¢) (2,4-D)0O5-OH2(p-Mn;0,)
-13.71 kcal/mol -16.22 kcal/mol -7.76 kcal/mol

05

2178
Mnl

2,4-D)H19-OH3(p-Mn,0,) e) (2,4-D)05-Mnd(p-Mn,0,) ) (2,4-D)0O5-OH7(p-Mn,04)
-18.43 kc?mnol -12.52 kcal/mol -8.37 kecal/mol

1404°

‘& ,-’0-‘. P
OH7 1.94 A

(d-2,4-D)-(p-Mn304)

d-2,4-D)0O5-Mn1 (p-Mn30,) h) (d-2,4-D)O5-OH2(p-Mn304) 1) (d-2,4-D)O5-Mn5(p-Mn,0y)
-104.00 kcal/mol -107.65 kcal/mol -103.96 kcal/mol

1) (d-2,4-D)04-OH3(p-Mn,0,) K) (d-2,4-D)0405-Mn5Mnd(p-Mn;0,)
-101.83 kcal/mol -94.95 keal/mol
aOH3 1,91 A

Mn4 Mn5
2144 2134
05 Y ™4
(d-2,4-D)-(Mn304)
D) (d-2,4-D)O5-Mn1(Mn,0O,) m) (d-2,4-D)0O405-Mn1 (Mn,0,) n) (d-2,4-D)0O4-Mn1(Mn,0,)
-20.44 kcal/mol -38.35 kcal/mol -28.26 kcal/mol

05 | 04405
Mnig 2.04 A 205AK %04 A
Mn

0) (d-2,4-D)05-Mn5(Mn;0,) p) (d-2,4-D)0405-Mn5Mnd (Mn,0,) q) (d-2,4-D)04-Mnd (Mn;0,)
-34.28 kcal/mol -41.87 kcal/mol -23.18 keal/mol

Mn4
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Fonte de biomassa: Cascaodb

i = ETEES . T
Casca de cafanodutores ja utilizam biocarvao em larga escala;

Brasil:50 milhOes de sacas por ano;

Brasil:2,1 milhdes de hectares produzem cafe (no Chile, esse ¢é o total de tod
culturas);

1 saca de 60 kgjera outra saca de 60 kg de residuos;
3 milhoes de toneladas de biomassa por ano;

Exemplo:NetZero(LajinhaMG):

4000 toneladas por ano de biocarvao, operacéao continua (24/7), automatizad
pessoas operando a planta.
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Instrumentacéo para Microscopia de Forca
Atdmica e Raman intensificado por ponta
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Medidas ermanomaterla|$2D (NbSeZ)
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Medidas etmanomateriai2D (NbSe2)

IN BVl 212 20.0 nm

3: Amplitude

U Focodo laser. diminui o tamanhodasbolhase geraestragono material

35



Medidas ermanomateriaiD (NbSe2)
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Montagem da cabeca de AFst@arhead




Montagem da cabeca de AF8¢dnhead
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Eletronica dacanrhead




Eletronica dacanrhead




Eletronica dacanrhead




Material gerado na parte experimental




Teste comnanotubosde carbono

* L. G. Cancado

| IFM =
J' T I\ J G
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(um) Raman shift (cm™)
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Instrumentacéo para Microscopia de Forca
Atémica e Raman intensificado por ponta
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Producao de novas sondas

A Realizac&o de testes de intensificacdo de sinal Raman com pirAmide
aYl OKF R2aé¢ RS 2dzNP

* Textodo pedidode depésitoda patented 5 A & LIMackacdm@@remidadeunidimensionaparamicroscopiae espectroscopi@dpticade campoLING E kom@iépasitoem
28/12/11 e depbsitode prioridadeinternaem 26/ 12/ 12. Instituto Nacionalda Propriedaddndustrial- INPI(2012) 45



