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Preparation of Activated Carbon from Carbonaceous Industrial Wastes
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Abstract Activated carbon (AC) was obtained by A mixture of the carbon source with elemental
carbonizing the following low value sources and in- sulfur in a 1:1 ratio was first carbonized under at-
dustrial wastes: mospheric conditions at 250°C followed by a sec-
ond stage carbonization at 500°C under nitrogen at-
— 500%°C vaccum residue (VR) mosphere in an electrically heated tubular furnace,
— Asphaltenes separated from crude oil sludge Carbon was finally thermally activated at 900°C un-
deposits (SA) der Na gas atmosphere in the same heater.

—  Waste rubber from used tires (WR) Evaluation of the activity of the prepared carbon
— A blend of asphaltenes and waste rubber (AWR) types was achieved by measurements on adsorption
of acetic acid, iodine, and methylene blue dye from

*Petroleum Research Centre, P.O. Box 6431, Tripoli, Libya. their aqueous solutions.
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INTRODUCTION

The importance and world wide recognition of
activated carbon as an essential material was through
its use in poisonous gas masks during World War 1.
Nowadays activated carbon finds an ever expanding
uses in the fields of purification of materials, control
of environmental pollution and catalysis.

Activated carbon (AC) represents a form of non-
crystalline, amorphous material. Its basic unit resem-
bles that of pure crystalline graphite, except that the
layers (sheets) of the fused hexagonal carbon rings
are not stacked uniformly in a parallel manner on
each other:
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(a) Graphite {b)Graphitizing AC  (c) Non-graphitizing AC

X-ray examination of graphite (a) and activated
carbon shows two types of the latter [1]. One type (b)
is a semi-crystalline (graphitized structure), having
parallel layers of hexagonal rings but not stacked on
each other in a complete uniformity. The other type
{c) has no parallel layer connections with a complete
randomness in the net formation, thus having pores
of vast size and distribution. Thermal activation in-
creases the formation of carbon type (c) resulting
in an increased surface area and a diversity of pore
formation. The size, shape, and surface area of pores
depend on carbonizing and activating temperatures,
as well as on the nature of carbonaceous material
(CM) [2].

Activated carbon is usually prepared from high
carbon content CM such as wood coal, bones, co-
conut shells, organic waste, petroleum residues, etc.
Several methods are available in the literature for the
preparation of AC[3, 4, 5,6, 7].

In this paper, accounts on the preparation, acti-
vation and assessment of activated carbon obtained
by reacting petroleum carbonaceous materials and
waste rubber, with elemental sulfur, will be given.

EXPERIMENTAL

1. Separation of Asphaltenes from Sludge Bitu-
men (SA)

3g of bituminous material; which was previ-
ously extracted from Hamada crude oil sludge with
toluene; was mixed with 100 ml of normal hep-
lane (n-C7) in a 200 ml conical flask. The mixture
was shaken 2 h at room temperature, followed by
filtration and separation of asphaltenes using a suit-
able Buchner funnel under water pump suction.
Asphaltenes were dried 1 h at 105°C.

The extraction of organics (bituminous like ma-
terial) from inorganics and water was performed in a
modified soxhlet system using toluene as the reflux-
ing solvent which effected the separation of water by
azeotropic distillation (see Fig. 1).
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Fig. 1. Real shape of extractor.
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2. Preparation of Waste Rubber (WR) as a Feed
for Carbonization

Pieces of waste rubber from a used tire were fur-
ther granulated either by using an electric blender, or
by immersing into liquid nitrogen followed by quick
hammering in a mortar. WR granules of particle size
of 1-3 mm diameter were screened by a suitable
sieve.

3. Vacuum Residue (VR), 500" °C As a Feed for
Carbonization

VR was directly obtained as such from crude oil
evaluation laboratory at Petroleum Research Centre.

4. Carbonization and Activation Operations

10 g samples of CM (VR, WR or SA) were mixed
with 10 g of elemental sulfur (i.e. 1:1; wt/wt ra-
tio), in a 250 ml round bottom (RB) flask connected
to a condenser. The condenser was connected to a
cold trap of salt and ice mixture and the latter was
connected to solution traps containing 10% aqueous
NaOH for the purpose of trapping H>S gas produced
from the carbonization operation (Fig. 2).

The partially carbonized material in the RB flask
was crushed and placed in porcelain boats and was
further carbonized 1 h at 500°C, under N,-gas at-
mosphere in an electrically heated tubular furnace.

Activation was achieved in the same tubular fur-
nace by raising the temperature to 900°C and main-

taining a 30 cc/min. flow of N;-gas for a period of
[ h

H,S gas evolved in the second stage carboniza-
tion at 500°C and during activation was trapped in
10% aq. NaOH solution in a series of traps con-
nected to the heater (Fig. 3). Final yield of activated
carbon is about 60% based on CM.

5. Activated Carbon from a Blend of SA and WR

To 5 g of fully carbonized WR (at 500°C/N,-
atmosphere), 5 g SA was added to form a new
carbonization feed AWR. 5 g of elemental sulfur was
added to the latter feed and was thoroughly mixed.
The mixture was carbonized and activated in exactly
the same manner as described in 4 above to yield a
new activated carbon denoted AWR-AC.

6. Assessment of Carbon Activity by Acetic Acid
Adsorption

To 50 ml samples of 0.1 M acetic acid solution,
was added 0.1 and 0.3 g of each activated carbon
prepared in the course of this work and to a com-
mercial powdered activated carbon obtained from
Merk. The mixture was shaken 30 min., filtered and
the first 5 ml discarded. 20 ml of the filtrate was
titrated against 0.1 N NaOH using phenolphthalein
as indicator. The titration was repeated twice

WATER OUT
2-NECK ROUND \  CONDENSER
BOTTOM FLASK \ Z \
> —1
&
WATER IN
REACTANTS
<> TO VENT
HEATING MANTLE COLD TRAP

e

TEMPERATURE CONTROL

Fig. 2. First stage atmospheric carbonization.

AQUEOQUS NaOH TRAPS
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Fig. 3. Second stage carbonization and activation system.

7. Assessment of Carbon Activity by lodine Ad-
sorption from Aqueous Solution

0.1 g of dry AC was weighed into a stoppered
250 ml flask. 5 ml of 5% HC1 was added and
the mixture was gently heated up to boiling point
and was kept at this temperature for 30 min. Car-
bon was cooled to room temperature and 50 ml of
0.01 M I; aq. scl. was added. The mixture was well
shaken, filtered and the first 5 ml. discarded. 20 ml
of the filtrate was transferred to 100 ml conical flask
and was titrated against 0.01 N sodium thio-sulfate
(Na;5,03) aq. solution until the disappearance of
the yellow color. At this point 1 ml starch solution
was added and the titration was continued until blue
colour disappeared.

8. Assessment of Carbon Activity by Remov-
ing Methylene Blue (MB) Dye from Aqueous
Solution

Typically 0.1 g of powdered AC was added to
100 ml of MB (aqg. sol.) containing 5 ppm of the
dye. The solution was stirred, let settled and 5 mi
quickly pipetted out, centrifuged 3 min at 2000 rpm
and absorbance at 660 nm was measured. Stirring
and repeating the measurements was continued at
suitable intervals until colour is nearly completely
removed.

The concentration of un-adsorbed MB was de-
termined from a calibration curve of a series of aq.
sol. of MB of known concentrations and measured
absorbancies as given in the following table.

TUBULAR PORCELAIN

TO VENT

COLD TRAP

AQUEQUS NaOH TRAPS

Solution No  MB conc. (ppm)  Absorbance (A = 660 mm)

1 ! 0.189
2 2 0.386
3 4 0.724
4 5 0.898
5 7 1.376
6 10 1.865
7 12 2.254

15 2473

RESULTS

1. Materials

The reaction 1s based on carbonizing a suit-
able organic material with elemental sulfur from
an accessible source. The produced carbon can be
activated by a variety of methods. The reaction
also yields hydrogen sulfide (H,S) as a by-product,
which is converted to elemental sulfur and reused.
The whole operation is generally presented as shown
below.

Activation — Active Carbon

Hydrogen strippin
CuHy + yy25 ——BV STPPNE | 0 1 312, S

NS

Recycled < S < Converted
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It is proper to give short accounts on the carbon ber was sieved and suitable particle size was

providing materials (Carbonaceous materials—CM) isolated.

lsgd 16 Bur wark. Weisnployed the tollowing ChCs; Activated carbon was also prepared from a blend
(i) Vacuum residue (VR) 500™°C supplied by of WR with SA in order to improve properties,

the crude oil assessment department at
P.R.C. It contained 8.5% hydrogen.

(ii) Asphaltenes separated from bituminous
matter isolated from crude oil sludges (SA).

2. Measurement of Carbon Activity

ToluEne.s used t.o STt hyc?rocarboins arid 2.1. Adsorption of Acetic Acid (AA) from Aqueous
azeotrope water in one operation. A diagram Solution

of thie operation is given in Fig, L. The results on the adsorption of 0.3 g AA dis-
Asphaltenes were separated from sludge solved in 50 ml water by different weights of granu-
hydrocarbons (SHC) by precipitation with lated and powdered prepared activated carbons, are
n-heptane (n-C7: SHC 33:1). Asphaltenes given in Table 1.

constituted about 30% of SHC.
(ii1) Waste rubber from used tyres (WR). Rub-

ber from used tyres was crushed either by 2.2, Adsorption of lodine from Aqueous Solution
freezing in liquid - N,, then crushing, or The term Iodine Number is defined as the number
by an electrical blender. The crushed rub- of milligrams of iodine adsorbed by 1g of activated

Table 1. Assessment of activity by adsorption of acetic acid from aqueous solution.

| Granulated Carbon | Powdered Carbon '
Carbon carbon Actual  Weight of  %Acid Carbon Wi, of %Acid  Remarks on
Sample Experimental Weight acid removed  expl. acid removed  process of
Abbreviation weight (g)  of acid removed by w.t.  removed preparation
x 103 1 g! (g) bylg
VR-AC 0.1005 6.0 0.060 20.0 VR:S5%; 1:1
0.1996 12.0 (250C° — 900C°)3
0.3052 14.0
VR-AC> 0.1010 12.0 VR:S; 1:1
0.1989 14.0 0.071 23.7 (250 — 500 — 900C®)
0.3016 18.0
VR-ACH 0.3000 7.7 0.039 13.0  0.1076 0.028 9.3 VR:S; I:1.5
(250 — 350 — 500 — 900 C®)
VR-AC3, 0.1015 2.4 VR:S; 1:1.5
0.2037 6.0 Washed with CSo
0.3099 24.0 0.077 25.8 (250 — 500C°)
WR-AC 0.1037 6.0 0.058 194 01012  0.049 16.3 WR:S; 1:1
0.2023 12.0 250 — 500 — 900C°
0.3045 27.0
SA-AC 0.1016 12.0 0.118 394 01044 0.115 38.3 SA:S; 1:1
0.2074 24.0 (250 — 500 — 900C")
0.3060 30.0
AWR-AC 0.1018 0.088 293 AWR:S; 1:1
Refer to Exp. IL.5
Commercial-AC 0.1054 0.086 28.7 obtained from MERK

I Calculated from corresponding experimental weights.

2 :

~Elemental sulfur.

Values in brackets represent stages of treatment temperature,
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Table 2. Volumetric determination of adsorbed iodine from aqueous solution

mit! I6) gh mglz
Nay§$203  Eguivalence  Adsorbed by Adsorbed by
Carbon type (0.01 N) (g) 0.1 g carbon 1 g carbon
WR-AC 32 0.0406 0.0112 112
SA-AC 24 0.0305 0.0213 213
AWR-AC 28.6 0.0363 0.0155 155
VR-AC3 36.7 0.0466 0.0052 52
Commercial-AC 16.6 0.0217 0.0301 301
"1 ml IN Nap$,03 = 0.12691 g I.
2May also be termed: Iodine Number.
carbon. The measurement is usually done by con- DISCUSSION

tacting a specified weight of AC with a standard
solution of I, under specified conditions of time,
temperature and shaking. The amount of adsorbed
iodine is calculated by back titration of unadsorbed
1, with sodium thiosulfate (Na;S,03) using starch
as indicator. The results are given in Table 2.

2.3. Removal of Methylene-Blue (MB) Dye from
Aqueous Solution

The results of removing MB from aqueous so-
lution as a function of time, using different types
of prepared activated carbon are given in Table 3.
The same table gives also the natural logarithms of
the concentrations of unadsorbed MB remained in
solution after each treatment time.

Figure 4 gives a plot of InC Vs adsorption time
(in seconds) of some of the activated carbons. The
slopes of lines at certain adsorption time reflect the
relative activity of carbon samples.

Carbonaceous materials can be converted to car-
bon by a variety of methods capable of strip-
ping hydrogen. These methods are usually thermal
processes, therefore many unwanted constituents are
also removed by the action of heat which effects
a chain degradation of the carbonaceous mater-
ial to carbon. Some of the carbon is lost during
degradation and one usually looks for methods and
conditions that minimize carbon loss.

For carbonaceous materials of petroleum origin,
and the like, the use of elemental sulfur as a car-
bonizing agent has proved very effective [1, 2, 8,
9]. It is well established that elemental sulfur at-
tacks hydrocarbons at a temperature as low as 100°C
producing hydrogen sulfide [10].

CnHZn-i-Z + S _A" C.'tH?_n + HZS (1)
(Paraffin) (Olefin)

However production of H>S on a large scale as a by-
product in any industrial operation is a big problem
from the environmental point of view. This problem
has been overcomed by the development of methods
of conversion of H,S to other useful materials such
as elemental sulfur or to H»SQ4. It is of interest
here to mention that nearly 50% of total world-
wide needs for sulfur is supplied by recovery from
tail gases [11]. One of the most developed methods
is the Claus Process or some of its modifications.
Reactions involved in this process are:

Sy + 301 — SOog + Hy Oy

AH =-5188KJ (2)
' " " " A:l‘; tion ’:'e Sec::ds " " " " (Fer03)
™ SOZ(R] 4+ 2HS(g) 35(1) + H, O(g)
Fig. 4. Comparison of relative activity of prepared carbon, AH=1428 KJ 3
prep
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Table 3. Removal of methylene—blue dye from aqueous solution containing 5 ppm with activated carbon.

Carbon Wt.(g) Time A M.B. M.B. % InC normalized
sample (sec) (660 nm) remained removed removed slope value
(ppm) {ppm)
VR-AC 0.1022 1800 0.639 3.40 1.60 32* - -
5100 0.584 3.15 1.85 37 - -
VR-ACy, 0.1053 800 0.664 3.55 1.45 20* - -
5100 0.629 3.35 1.65 33 - -
WR-AC 0.1020 30 0.318 1.70 3.30 66 53.1
90 0.254 1.40 3.60 72 337
180 0.193 1.00 4.00 80 0.00
240 0.171 (.85 4.15 83 —16.3 0.40
360 0.120 0.65 4.40 88 —51.1
600 0.078 0.40 4.60 92 —01.6
900 0.057 0.30 4.70 94 —1204
SA-AC 0.1018 60 0.227 1.20 3.80 76 18.2
120 0.174 0.90 4.10 82 —10.5
240 0.088 0.45 4.55 91 —-79.9 0.68
360 0.064 0.35 4.65 93 —105.0
600 0.035 0.20 4,80 96 —160.9
AWR-AC 0.1012 30 0.126 0.65 4,35 87 —43.1
60 0.090 045 4,55 91 —-79.9 1.00
120 0.075 0.35 4.65 93 —105.0
180 0.043 0.20 4.80 96 —160.9

(*) Carbon sample did not mix, with the solution and stayed floating even with vigorous stirring.

Versions of Claus units of variable capacities are
available in the market of Chemical Process Indus-
tries.

The general equation for the carbonization reac-
tion is:

CyHy + y/28 222008 0C 4 y/2H, S (4)

C, H, = Carbonaceous material.

The value of y and thus the amount of elemen-
tal sulfur needed for the carbonization reaction is
determined by the percentage of hydrogen in the
feed.

Most of the petroleum heavy ends (and the like),
when used as feeds for active carbon preparation,
contain around 7-9% H.

If simple calculation is made taking into consid-
eration the approximate average molecular weight of
the feed material and that 2 g of H is needed to pro-
duce 34 g of H,S, this will give a reasonable weight
ratio of 1:1 of elemental sulfur to feed to effect a
proper carbonization reaction.

Activation of C from reaction (4) by a suitable
method to give AC (activated carbon) follows. The
recovery of the carbonization agent (elemental sul-
fur) should be performed which is motivated by
economical and environmental considerations when
applying the process on an industrial scale.

Using vacuum residue (VR) from the distillation
of crude oil, namely Sarir 500%°C which contained
about 8.5% H did produce a type of AC (VR-
AC|,3 and 3,) which showed moderate activity
toward acetic acid adsorption from aqueous solu-
tion (Table 1). The conditions of carbonization are
mentioned in the same table which indicated that
increasing the ratio of sulfur to feed to 1.5:1 dete-
riorated the quality (VR-AC3). Some improvement
did occur when washing the prepared carbon with
CS» prior to activation at 900°C. Deterioration of
quality in VR-AC; was also obvious when pow-
dered carbon was assessed in terms of acetic acid
adsorption (Table 1). It is worth mentioning here that
activated carbon prepared from vac.resid (VR-AC,
and VR-AC;y,) repelled an organic matter dissolved
in water like methylene blue (MB) and these AC
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stayed floating on the surface, thus effecting very
little removal of MB (Table 3). On the other hand
similar type of AC (VR—AC;3), mixed with solution
with no problem when an inorganic matter, like I,
was dissolved in water and some removal of I; from
solution did occur (Table 2). This observation needs
further investigation.

Asphaltenes are regarded as the heaviest con-
stituents of crude oils, having molecular weights
of 2000-5000 and unit layer sheets stacked on
top of each other in a similar manner to graphite.
Asphaltenes are therefore ready to form activated
carbon with small needed modifications which are
attained by proper carbonization conditions.

The main goal of our work is to employ refuse
materials in obtaining valuable substances. Sludges
from storage tanks on land or from carrier ships is
a heavy burden on the oil industry and consequently
on the environment. Sludges are expected to contain
a high percentage of asphaltic materials. We have
carried out some detailed investigations on the po-
tentials of hydrocarbons in sludges (SHC) and at this
stage we focused on separating this portion from wa-
ter and inorganic fines. After we achieved that, using
a laboratory scale system (Fig. 1), we proceeded fur-
ther to separate the asphaltenes from SHC. The yield
of n-C; asphaltenes from Hamada crude oil sludge
was about 30%.

On the same theme of using refuse materials
we proceeded to employ waste rubber (WR) in the
preparation of active carbon. Even though the incor-
poration of WR in an industry like AC preparation
will have a very minor contribution to solving the en-
vironmental problem from piling of e.g. rubber from
used tires, nevertheless, from the economic point of
view we have a free raw material to use.

Waste rubber from tires contains about 12% car-
bon black as a hardening agent, and about 1%
elemental sulfur as a volcanization agent, in addi-
tion to natural and synthetic and reclaimed rubbers
and other additives such as plasticisers, accelerators,
antioxidants etc. Thus WR is a good feed for AC
production, especially in terms of its contents of
carbon black and sulfur.

Activated carbon prepared from carbonizing WR
produced carbon of a medium activity compared to
SA-AC. This is clear from Tables 1 and 2 in terms
of acetic acid and iodine adsorption.

It was mentioned by Japanese workers in the
field of carbonization that waste rubber; in a mix-
ture with wood coal and a carboneceous binder [12],
or in a mixture with high boiling (220-380°C) aro-
matic oils [8]; that the activated carbon produced

possessed weak mechanical characteristics and ad-
sorption properties tend to be weak. This in a way
fits our findings. In an attempt to improve the physi-
cal properties and adsorption capability of WR-AC,
it was coated with a petroleum binder prior to activa-
tion. Thus the carbonized matter at the 500°C stage
obtained from WR was mixed with a 1:1 weight ra-
tio of asphaltenes separated from Hamada Crude Oil
sludge (SA) dissolved in benezene. After the evap-
oration of solvent, the SA-WR-AC mixture was
further mixed with elemental sulfur in a 1:1 wt. ratio
with respect to added asphaltene. The whole blend
was carbonized in the usual two stages (250°C at-
mospheric followed by 500°C under N, atmosphere
then activation at 900°C) was carried out to give
the composite AWR-AC. The latter activated car-
bon showed a much improved mechanical properties
as a first impression measurement when crushed by
hands. Adsorption characteristics were very good
with respect to acetic acid and iodine and excellent
in terms of rate of removal of methylene blue from
aqueous solution (Tables 1, 2 and 3 and Fig. 4).

The activity of carbon is not measured only by
the amount of material adsorbed, but also by rate of
adsorption (e.g. removal from solution) of the ma-
terial. This rate is usually measured by the time in
seconds needed to remove a certain concentration of
methylene blue dye from aqueous solution. This de-
termination required the construction of a calibration
curve of MB in water, where measurements were
carried out at A660 nm.

The relative rates of removal of MB from aque-
ous solution by some types of AC prepared by us,
are given in Table 3. Activated carbon prepared
from vacuum residue. (VR-AC and VR-AC3,) were
excluded, since they resisted mixing with the MB
solution.

A comparison is made between the slopes
of the straight lines obtained for readings below
240 second (4 min.) of adsorption time and InC
where C is the concentration of the remaining (un-
adsorbed) MB in solution. The results of this com-
parison study are given in Table 3 and plotted in Fig.
4. Calculated slopes normalized with respect to the
slope of AWR-AC are given in the same table. It is
obvious that regarding AWR-AC as a standard, the
relative activities of SA-AC and WR-AC are 0.68
and 0.40 that of AWR-AC respectively.

Tentative explanation of the inflection point of
the two straight lines in the plot of InC against ad-
sorption times in WR-AC and SA-AC, is that: at
this point monolayer adsorption is completed, and
a slower multi-layer adsorption commenced. Higher
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activity AWR-AC - i.e. greater surface area — does
not show inflection point with the range of MB —
concentration employed (5 ppm) thus a clear straight
line is obtained.

CONCLUSIONS

The following conclusions may be drawn at the
present stage of this study:

1. the study successfully yielded several types of ac-
tivated carbons prepared from low value, or refuse
materials.

2. Even though the activating medium was quite
mild, represented by N;-gas, the quality of some
of the prepared activated carbon, especially AWR-
AC and SA-AC was quite acceptable and these
carbons possessed considerable adsorptive charac-
teristics as measured by conventionally accepted
standard methods.

3. A new method was proposed for expressing rel-
ative carbon activity. This is accomplished by nor-
malizing the relative values of the slopes from InC
against time plot of adsorption — where C is the
concentration of unadsorbed coloured material in
aqueous solution expressed in part per million and
time in seconds.

4. The just mentioned plot in 3 above (i.e InC Vs
time) may provide a way for estimating the point at
which a mono-layer adsorption is completed. This
is obtained at the inflection point of the two straight

lines representing the rate of adsorption (Fig. 4). The
amount of material adsorbed when a mono-layer is
completed may help deriving a method for surface
area determination of activated carbon.
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