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Carvao ativo: estrutura
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Carvao ativo: estrutura




Carvao ativo - aplicacoes cotidianas

...na geladeira? Usos - amostras gas./liq.

CARVAO EM CAPSULAS
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® Recuperacao de
espécies quimicas

® Remocao: comp.
organicos, metais e
contaminantes em

i geral.
W https:/www.cliguefarma.com.br/ o Purificacdo

® Suporte sélido para
catalisadores

- https://lifestraw.com/

Desvantagens?

Ineficaz para espécies
como anions
alcalinos, nitratos,
metais pesados, etc.
Vida curta, precisa ser
trocado com
frequéncia

Tempo de filtragem
pode ser um
problema

Algumas bactérias
conseguem se
desenvolver nos
poros


https://www.cliquefarma.com.br/
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” pré-filtracao carbono ativado 32 Etapa: Segundo
(elemento filtrante) com prata coloidal elemento filtrante
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Algodao

Cano PVC

k Torneira
Tampa Inferior

http://www.abg.org.br/cba/2019/trabalho
s/12/606-12804.html
CBQ-2019 - Pinheiro et. al (IFPA)

SAIDA DE AGUA

Raramente empregado com unico sistema de filtragem
e/ou precisa de tratamentos especificos


http://www.abq.org.br/cbq/2019/trabalhos/12/606-12804.html

Aplicagcoes diversas — Carvao ativo
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Aplicagoes diversas — Carvao ativo

ACT I V AT E D Global Activated Carbon Market Size, 2018-2026 (USD Billion)
CARBON Sainn  Billo

Billion Billion

MARKET

Global Activated Carbon Market Share, By Application, 2018

Air & Gas Purification 31.2%

Water Treatment | Food & Beverage | Others

North America Activated Carbon Market Size, 2018

$709.7 Million

#= Copyrights © Fortune Business Insights | www.fortunebusinessinsights.com

https://www.prnewswire.com/news-releases/activated-carbon-market-size-to-reach-usd-4-09-billion-by-2026-rising-
urgency-to-curb-emissions-from-industries-worldwide-to-favor-market-growth-fortune-business-insights-
301005902.html
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Aplicagcoes diversas — Carvao ativo

17N A AR

eeeiw epirion:  Pyrificacao de compostos quimicos

| RSN |

RECRYSTALLISATION
Techniques
The most commonly used procedure for the purification of a solid material by recrystallisation from a solution

OF LABORATORY involves the following steps:

(a) The impure material is dissolved in a suitable solvent, by shaking or vigorous stirring, at or near the
boiling point, to form a near-saturated solution.

(b) The hot solution is filtered to remove any insoluble particles. To prevent crystallisation during this
filtration, a heated filter funnel can be used or the solution can be diluted with more of the solvent.

(c) The solution is then allowed to cool so that the dissolved substance crystallises out.

(d) The crystals are separated from the mother liquor, either by centrifuging or by filtering, under suction,
through a sintered glass, a Hirsch or a Biichner, funnel. Usually, centrifugation is preferred because of
the greater ease and efficiency of separating crystals and mother liquor, and also because of the saving of
time and effort, particularly when very small crystals are formed or when there is entrainment of
solvent.

(e) The crystals are washed free from mother liquor with a little fresh cold solvent, then dried.

If the solution contains extraneous coloured material likely to contaminate the crystals, this can often be removed
by adding some activated charcoal (decolorising carbon) to the hot, but not boiling, solution which is then shaken
frequently for several minutes before being filtered. (The large active surface of the carbon makes it a good

. - - adsorbent for this purpose.) In general, the cooling and crystallisation steps should be rapid so as to give small
Wilired L.E Arm&grtgo Lhris : crystals which occlude less of the mother liquor. This is usually satisfactory with inorganic material, so that
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Estrutura — Carvao ativo
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(a) Graphitizable carbon (b) Non-graphitizable carbon

Rosalind Franklin (1920 — 1958)

Photo 51
Watson e Crick, Nobel 1962 - Dupla hélice

https://en.wikipedia.org/w/index.php?curid=38068629
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Adsorcao vs. absorcao

Surface

Interface

Fenomeno de superficie vs. Fendmeno do “bulk”

sciencenotes.org

https://www.carbotecnia.info/learning-center/activated-carbon-theory/what-is-activated-carbon/?lang=en



Tipos de adsorcao:Fisissor¢cao vs. Quimissorcao

Propriedade Fisissorcao Quimissorcao

: : ~ van der Waals A
Tipo de Ligagao (disperséo de London, dipolo-dipolo, etc.) covalente ou ionica

Entalpia 20 a 40 kJ/mol 80 a 240 kJ/mol
Tipo de cobertura 1 ou mais camadas 1 camada
Reversivel? sim ndo (geralmente)
c-0
c-0 E
Sogik P SE  BCcHRlo)
Molecule Physical Associative  Dissociative  Reaction and
approaches adsorption chemisorption chemisorption absorption
surface
=

Increasing interaction with metal surface
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Fisissor¢cao vs. Quimissor¢ao
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Physisorption

Chemisorption

McQuarrie and Simon



Exemplos — Adsor¢ao de O, em carvao ativo
e N, em silica

200
200

3
cm?/g 100 O, on charcoal at 90 K cm”/g

N, on silica gel
at 77 K




Como determinar esses diagramas?

ZP MP1 MP2
Sitios ocupados || === UL T A D20 g Analytical balance
Sitios totais I = il = rh =

Electromagnet

q, = Madsorbato
S
madsorvente -r

X
qe=a

Permanent magnet

| :
.
r

Position sensor

Lifting rod
Sinker 2
Sinker support
Sinker 1

Measuring cell

https://doi.org/10.1007/s10450-020-00236-1
http://creativecommons.org/licenses/by/4.0/
DOI; 10.1177/0263617418779459
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O que pode influenciar a adsor¢ao?

Area superficial do adsorvente

Grupos funcionais na superficie do adsorvente
Temperatura

Solubilidade do adsorbato

Natureza quimica do adsorbato.

Tempo suficiente para ser estabelecido um equilibrio entre o
adsorbato em solucao e adsorvido.

No equilibrio, o estudo quantitativo das relacoes
entre as quantidades no meio e adsorvidas, a dada
temperatura, podem ser definidas por uma isoterma



Tipos de adsorcao classificados pela IUPAC
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Kumar, K. V. et al. Journal of Materials Chemistry A;17 (7), pp. 10079-10818



-+ Adsorption =+=Desorption

800 MCM-41
700
o3
600
*fSOO
S ~-BJH -=DFT
54(‘0
2 4
o 300
E 4 ﬁ
Qo
100 o 3
£
0 mC 3
0.0 0.1 0.2 03 04 g
o 2
5
3 2
>
<)
51
(o W
1
O HeeeeessssodbBBeenec ka s s s R K . -
0.0 1.0 2.0 3.0 4.0 5.0

Pore Diameter/ nm

https://www.3p-instruments.com/measurement-methods/gas-adsorption/
https://en.wikipedia.org/wiki/File:Mesoporous_carbon_TEM.jpg
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Isotermas de adsorc¢ao

Diferentes modelos

" . . Outras isotermas:
for his discoveries

{ . e « BET*

4 and investigations in e Temkin

| surface chemistry." e Dubinin-
Radushkevich

I. Langmuir H. Freundlich

Experimento de adsor¢ao de acido acético em carvao ativado
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Modelos de adsorcao

Langmuir:
K,P
1+K.P

Surface coverage

O =

07 .o 96 fracdo de recobrimento
05 N ® substrato homogéneo
s 03 C ® monocamada
o4
. ® Pode-se usar © ou g, para
03 .

ambos modelos

o 100 200 300 <00 500 S0 OO 5O

P{mTorr)
https://commons.wikimedia.org/w/index.php?curid

=51208299

Freundlich:

1
qde = Kp (Ce)n

d. € a massalde material
adsorbido pgr massa de
adsorbente.
® substrato heferogéneo

® multicamads
O Freundlich's data for acetic acid
— calculated for K=2.7 and n=3

0 1 2 3 4 5 6

concentration ¢,
https://commons.wikimedia.org/w/index.php?c

urid=59075650
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1
qde = Kp (Ce)n

O Freundlich's data for acetic acid
— calculated for K=2.7 and n=3

2 3

concentration c,,

C, = conc. inicial

|/
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N—

C. = conc. equil.

e
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Agitacao e tempo
para equilibrio

—

[

/
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Construcdo da isoterma

T

e =

d. = X/m = massa adsorbato/massa do adsorbente
(mg/g)

C, = conc. inicial de adsorbato (mg/L)
C. = conc. equilibrio (mg/L); massa adsorbida = q,
V = volume da solucao (L)

m = massa do adsorbente (g)



Isoterma de Langmuir (1918)

I 5

m Superficie: S (s)

Sistema modelo ideal (gas perfeito)
Distribuicao dos poros de maneira homogénea
Distribuicao homogéna dos adsorbatos
Mesma energia envolvida em todas adsor¢oes
Particulas nao-interagentes

Monocamada de adsorbatos



Ledge
Adatom

Surface
Atom

DOI: 10.13140/RG.2.1.4518.3204
https://my.eng.utah.edu/~lzang/images/Lecture_7_ STM_surface_structure.pdf




Isoterma de Langmuir (1918)

Equilibrio: Ua,ds — Udes

A(9)+S(S) (A S)s)

ke, % A — 5] 4 oy = [sitios|m > h
T = — 0 = fracao sitios ocupados
kd } [A] [S] 0og = conc. sitios ocuZados
oy — 0oy = conc. sitios vazios
Vjes X OO = O -
e d| Udes = kabloo
Vads X 00 — t/og > Vads = /{a(l — Q)JQPA

Yads [A] ou Py




Isoterma de Langmuir (1918)

ko(1 — 0)og Py = k0o = Tods = Tdes
ko(1 — 0)ogPy = kqbog

2—3(1—9)34:9 0 K (1—0)Py =0
-6 1
0  PuKy

K1 Py
1—|—KLPA

1 1 B
5_1IKLPA:> 0 =




Isoterma de Langmuir (1918)

Transformar em unidades de massa (q)

h— 1
dmax

g  KpPy
dmax 1+ K1 Py

e Substituindo na expressao anterior:

® \amos linearizar a expressao:

1 B 1 + KLPA PA 1 | Py
¢ GmazB 1 PA ¢ Kpgmar  Gmaa

A= 1A
K; P’ = K (sem unidade) Al = ksT




Exemplos — Adsor¢ao de O, em carvao ativo

e N, em silica
Py B 1 Py

s I
________________________ — |
0 q KiQmar 9maz
v
cm’/g 100 O, on charcoal at 90 K [ 1 ) 1 |
KLQman Amax
P—A Coef. Coef.
i l | q linear angular
0 200 400 600
P/torr




Entalpia de adsorcao
Aar,alsG — Aar,ds[{ _ TACLdSS
AadSS < () AadsH < ()

A, q:G <0  (espontaneo)
AG’ = —RTInK K = KL(pO)

Construir isotermas com varias T, usando a equacao de Gibbs-Helmoltz

In(K;P% A, H din(K P Ay H°

dI’ RT? = d(1/T) R




Entalpia de adsorcao
dIn(K P A, HC

A(1/T) R

K, é diretamente relacionado a P, o que facilita a construg¢ao do grafico
de In P por 1/T. Com O fixo, podemos escrever:

(557 -




Isoterma de Freundlich

Modelo empirico para superficie heterogénea e com entalpia
de adsorcao nao uniforme 1/n
e — KF( )

K¢ = const. Freundlich (mg/g) - capacidade de adsorgao

n = parametro que reflete a heterogeneidade e intensidade
de adsorcao

K: e n dependem da T (h aumenta com T, e K¢ diminui)
Menor n, maior heterogeneidade.

1<n<10 leva a adsorcao favoravel.

Para linearizar, apliquemos o logaritmo

1
log ge = log K p + n log(Ce)



Isoterma de Freundlich
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Experimento

3

HACc

Medir a temperatura no inicio e fim do experimento

Preparar 5 solugdes de HAc 40 min no shaker

4,0 mL, 8,0 mL, 12,0
mL, 16,0 mLe 20 mL
de HAc, completando
com agua destilada /

;100 mL} -

D




Experimento

Volume médio de NaOH
Volume de HAc na Massa de carvao ativado

Volume da aliquota / mL (0,09825 M) na
solugdo / mL /8
titulometria / mL

5.00 9.35 1.04
5.00 7.60 1.04
25.00 28.50 1.03
25.00 9.30 1.07
25.00 9.65 1.02

® Apresentar os graficos de g, x C, e comparar os pontos experimentais com

Co — Ce os graficos segundo os modelos linearizados (Langmuir e Freundlich)

m ® Apresentar uma tabela comparativa com os parametros de ajuste obtidos

(Amaxe KL N, K¢ R?) com as respectivas unidades



Modelos de adsorcao

Langmuir:

5 _ K,P
- 1+4+K,P

C 1 1
— = [ ]+ Ce
de K, QmanJ Qmax

Coef.
linear

Coef.
angular

Freundlich:

1
qde = Kp (Ce)n

1
logq, =[logKF]+ ElogCe
Coef.
. Coef.
linear
angular
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