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The thesis is divided in seven CHAPTERS. Chapter 1 and 7 correspond to the
introduction and conclusions, respectively. The structure of the research, the

achievements and the conclusions are divided in three major sections:
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Abstract

The main objective of this research was the recovery of natural carbon-containing
wastes into environmentally friendly secondary products, and their re-use as
selective adsorbents for heavy metals removal from wastewater streams. The
natural carbon containing wastes were: Sunflower husks, D-grade coal, AKKhZ sludge
and Spent petroleum product waste.

To achieve this purpose, the research was focused on three different types of studies:

1. Study the thermolysis process of the single carbon-containing wastes
components and their blends aimed at: (i) determination of the reference
onset of the thermal stages, assigning the reference structural fragments
of the parent Sunflower husks, D-grade coal, AKKhZ sludge and Spent
petroleum product waste; and (ii) evaluation of the synergetic effects

observed during their co-thermolysis.

2. Development of a recovery concept to the waste recycling via co-
activation of the co-mingled carbon-containing waste materials, in order
to obtain a porous activated carbon.

3. Optimization of the experimental conditions for the adsorption of heavy
metals from contaminated waste waters.

In order to gain some insight into the reactions which may occur between the
components of the co-mingled wastes during the activation process, in the first part
of the work the pyrolysis behavior of the single components and their blends were
investigated by thermogravimetric analysis. On this stage, the data obtained
suggested a new approach to the problem of assessing the selectivity of the co-
processing concept. Based on the direct monitoring of the reference structural
fragments during co-thermolysis, the synergetic effects were evaluated for the co-
mingled systems.

The data obtained were used in the second part of the work, for the development of
the co-activation concept to the co-mingled solid and liquid recovery into secondary
solid porous products. The development of the design parameters for the activated
carbons syntheses was done considering the re-polymerization, re-association and

the polycondensation reactions between the reference structural fragments of the
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components in the ternary composite systems «Spent Petroleum Product Waste -
Biomass - D-grade D» and «AKKhZ sludge - Biomass — D-grade coal». The factors
influencing the char formation and the properties of the resulting activated carbons

were evaluated at laboratory scale.

The co-activation approach developed to the solid and liquid co-mingled waste
recycling, was implemented at pilot scale. Novel powder and granular activated
carbons have been obtained with surface area of 400-1050 m2/g, total pore volume of
0.32-0.47 m3/g and yield of 21-27%.

A comprehensive adsorption study using the novel activated carbons, was performed
in the third part of the work. The influence of various textural and surface
characteristics of carbon materials (porosity, surface area, oxygen functional groups)
and the conditions of the adsorption process (initial solution acidity, contact time,
components ratio) were investigated in batch mode for single- and multi-component
model solutions containing Fe (II), Co (II), Cu (II), Cr (III), Ni (II), Mn (II).

Under optimized conditions, a total chromium uptake of 1.09 mmol/g was achieved
using as adsorbent the novel activated carbon from co-mingled wastes. The uptake is
slightly higher than the one obtained for the commercial GAC Norit 1240 Plus (A-
10128) activated carbon oxidised by HNO:s.

Moreover, in the course of this work, it became clear, that the usage of the activated
carbon from co-mingled waste for the 3d transitional metals adsorption offered an
attractive approach to simultaneous metal removal from multi-component solutions.
The total metal removal combined the process of metal hydroxide precipitation (up to
50-55 % by total removal) with the metal cation adsorption on negatively charged
carbon surface (up to 15-20 % by total removal) in a single operation unit. Finally,
the mechanism of the 3d transition metals adsorption on the activated carbon from
co-mingled waste was considered.

Within this context, the natural organic waste recovery into porous solid
environmentally friendly products offered a technological alternative to their

disposal.



Resumo

O objectivo deste trabalho de investigacao foi a recuperacao de residuos naturais de
carbono, transformando-os em produtos secundarios amigos do ambiente com valor
acrescentado. Estes produtos foram usados como adsorventes na remoc¢ao de metais
pesados de aguas contaminadas.

Para se conseguir este objectivo, o estudo foi dividido em 3 sec¢des principais:

1. Estudo do processo de co-termolise de residuos sdélidos e liquidos ricos
em carbono:
2. Estudo da recuperacdo e reciclagem de residuos mistos para obter,

como produtos secundarios, sélidos porosos amigos do ambiente;
3. Estudos de adsor¢do de metais de transicdo em carvoes activados
obtidos do tratamento dos residuos mistos.

O ponto de partida para este trabalho de investigacao foi a identificagdo das varias
etapas térmicas que ocorrem durante a termolise dos materiais de origem. Estes
materiais sdo cascas de sementes de girassol, residuos de carvao (hulha), lamas do
processamento de carvdo (AKKZ) e residuos de produtos petroliferos. Avaliaram-se
os fendmenos sinergéticos que ocorrem durante a co-termdlise da mistura destes
residuos (co-termolise de residuos mistos) quer na presengca ou auséncia de
catalisador. Usou-se como catalisador uma mistura eutéctica de carbonato de
potassio e sodio.
Para melhor compreender e avaliar as reacgdes que podem ocorrer entre os
componentes dos residuos mistos durante o processo de activagao, foram efectuados
estudos de andlise termogravimeétrica (TG/DTG) da pir6lise dos componentes
simples e das misturas.
Com os resultados obtidos usou-se uma nova abordagem para determinar a
selectividade do co-processamento. Esta nova perspectiva considera ndao sé a
avaliagcdo cumulativa dos produtos gasosos primario e secundarios gerados durante a
co-termolise, mas também avalia as interac¢oes quimicas (fendmenos sinergéticos)
entre os fragmentos estruturais da fase solida durante a co-termolise destes
complexos componentes ricos em carbono.
Os resultados obtidos, tendo em conta o efeito os sinergéticos observados e a
influéncia do catalisador, permitiram desenvolver um processo de co-activacao

destas misturas tendo como objectivo a produgdo dum carvao activado .

X



Para a optimizacdo dos parametros experimentais da preparacdo dos carvoes
activados, consideraram-se as possiveis reac¢des de re-polimerizacao, re- associacao
e de policondensacao entre os fragmentos estruturais de referéncia dos componentes
dos sistemas compositos ternarios “Residuos de Petrdleo - Biomassa- D-grade D
Carvdo” e “Lamas AKKhZ - Biomassa - D-grade Carvdo”. A optimizacao das condicoes
de co-activacao foi realizada a escala laboratorial.

ApOs esta optimizagao, a co-activagdo dos residuos mistos foi implementada a escala
piloto. Os protdtipos de carvao activado produzidos foram obtidos usando diferentes
misturas de residuos, biomassa, residuos petroliferos e carvao de baixa qualidade. O
material obtido por co-activagio apresenta boas propriedades: Area superficial de
400-1050 m?/g, volume total de poros 0.32- 0.47 m3/g e um rendimento de 21-27%.
Para optimizar as condi¢des de adsor¢do para a remoc¢do de metais pesados
utilizando os novos carvoes activados, estudou-se a influéncia das varias
caracteristicas texturais e da superficie dos materiais (porosidade, area superficial,
grupos funcionais) e a influéncia das condi¢des do processo de adsor¢do (acidez da
solucdo, tempo de contacto, razao entre os componentes).Os ensaios foram realizados
em condi¢des batch usando solugdes contendo multi ou mono componentes. As
solugdes aquosas continham Fe (II), Co (II), Cu (II), Cr (III), Ni (1I), Mn (II).

Os resultados mostram que em condi¢des optimizadas, a capacidade de remocgdo de
crémio usando os novos carvoes activados sintetizados a partir dos residuos mistos, é
de 1.09 mmol/g, que é um valor ligeiramente superior a 1.01 mmol/g obtido para o
carvdo comercial GAC NORIT 1240 Plus (A-10128) oxidado com HNOs.

A utilizacdo do carvao activado sintetizado a partir dos residuos mistos na remogao
de metais de transicao 3d de solu¢des com multi-componentes apresenta-se como
uma técnica muito atractiva. A remoc¢ao do metal é realizada numa unica etapa,
combinando o processo de precipitacio do hidroxido do metal (50 a 55%) com a
adsorcao do catido do metal na superficie do carvao carregada negativamente (15-
20%). Embora os precipitados de hidroxido de metal raramente sejam processados
para a recuperacdo do metal, a adsor¢do e/ou a troca idnica com a superficie do
carvao pode permitir a recuperacdo dos metais.

Neste contexto, a recuperacdo de residuos organicos e a sua transformacdo em
s6lidos porosos, apresenta-se como uma boa alternativa tecnolégica no

processamento de residuos.
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