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@ Process for the preparation of a solid carbon-containing material having a sorption capacity for metafions.

@ Process for the preparation of a solid carbon-containing
material having a sorption capacity for metal ions. )
The invention concerns a process of preparing solid
metal sorbents from cheap carbonaceous material, like rub-
ber waste, peat, coal or petroleum coke. The material is first
mixed with sulphur and heated at 120-500°C and then sub-
jected to a treatment with an aqueous alkali solution.
Optionally and prior to the latter treatment a moderate
oxidizing step is included. The resuiting solid product is an
excelient metal sorbent for effluent treatment and the like.
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Akzo N.V., Arnhem

Process for the preparation of a solid carbon-containing material

‘having a sorption capacity for metal ions.

The invention relates to a process for the preparation of a solid
carbon-containing material having a sorption capacity for metal
ions. The preparation of a solid carbon-containing material having a
sorption capacity for metal ions is known in itself. In the Nether-
lands Patent Application & 805 305, for instance, a process is des-—
cribed in which polymers of vinyl aromatic hydrocarbons are reacted
with a compound made up of sulphur and chlorine in the presence of
a catalyst and the reéulting polymer sulphides or polymer polysul-
phides are oxidized or reduced. Reduction results in the formation
of thiol resins which have a high affinity for ions of heavy metals.
A disadvantage to the known metal adsorbing material is its high
price. This is due both to the high price of the starting materials
and the relatively complex process to be used for the praparation
of the desired thiol resins.

Particularly, when a maﬁerial is considered which does not qualify
for regeneration-once it is spent, the known process must be regar-
ded as costly.

Surprisingly, is has now been found that a solid carbon-containirg
material having a sorption capacity for metal ions can ne 2htiined
in an inexpensive and simple manner by mixing the carbon-containing
starting material with sulphur, heating the mixture for some time
to a temperature of about 1200—500O C, and subseausntly trectina

it with an aqueous solution of alkali metal uvaroxie ar= 3 _erns-

. . o y
rature not exceeding abcut 200~ C. It shoul” *-
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treatment with sulphur of a carkon-containing starting material,

viz. a synthetic rubber and/or natural rubber, in order to obtain

an active carbon is known in itself from the Netherlands Patent
Applicaticn 7 210 632. Besides sulphur, however, a great many in-
organic and organic compounds are mentioned, the use of which is
apparently preferred since no example is given in which sulphur

is employed. After pyrolysis the resulting active éarbon can be
further activated by burning the carbon. Both from the way in which fur-
ther activation takes place and Ifrom the applications mentioned, such
as the treatment of water, sugar juices, etc., it further.appeaxs

that for the active carbon described in the last-mentioned patent appli-
cation a mainly vhysical adsorption is envisaged.

For the process according to the invention various carbon-containing
starting materials may be used. as examples of suitable materials may
be mentioned waste materials such as waste rubber, but also peat,
lignite, coal, asphalt or petroleum coke. They are preferably used

in a finely divided state, in the form of for instance chips or grains
having a diameter of not more than a few millimetexrs. The rubber to

be used may be of synthetic or natural origin. It will generally occur
in the form of worn tyres of autcmcbiles or other motor vehicles or
means of transport, and in the form of worn objects that are partly or
entirely made of rubber, such as conveyor belts. The rubber objects
may be cut up or ground in any ccnvenient manner, possibly after remo-
val of metal parts, for instance from the beads of automobile tyres.
The process according to the invention is usually so carried out that
before, during or after the carben-containing starting material is cut
up, it is mixed with 0.1 to 5 parts by weight of sulphur and subsequent-
ly heated for a number of hours in an oven at a temperature in the
range of abocut 120O to 500O C. Preference, however, is given to a
treatment with 0.5 to 1.5 parts by weight of sulphur per part by

weight of siért%ng material at a temperature between about 200O and
300° c. ;

The subseguent treatment of the sulphurized material with an aqueous
solution ¢f an alkali metal hydroxide can suitably be carried out

at a temperature not exceeding akout 200° C; above 100° c.the treatment
v dene in an autoclave. It is preferred that use should be
made of & sodium hydroxide soluticn, for instance a 10% NaOH solution,

by which with proper stirring ths <reatment can be completed within a

¥



10

15

20

25

30

35

w
O
<D
()
P

™o
N

few hours at a temperature of 80° c. oz higher.

It has further been found that in the treatment with an aqueous

sodium hydroxide solution the formation of thiol groups can still

be considerably furthered when in the sodium hydroxide solution there
is also dissolved an alkali metal sulphide. Depending on the amount

of sulphur previously added to the starting material such a sulphide
solution may already be sufficiently formed in situ, so that the sodium
hydroxide solution used also may with advantage be employed for treating
a fresh batch. In many cases, however, it is advisable, that the sul-
phide should be dissolved in the aqueous'sodiuﬁ hydroxide solution
beforehand, for instance 10% NaZS in a 10% NaOH solution.

The matexrial successively treated with sulphur and an aqueous solution
of NaOH is finally filtered and/or washed with (acidified) water, aftex
which it is ready for use.

The physical appearance of the novel adsorbing materials according to
the invention may vary from gel form to porous solid matter.

For example thg material obtained by treating cut up automobile tyres
at a temperature between 180° ana 280° C.has a gel like structure.
Treatment of the same starting material at a temperature above 400° c.
results in obtaining a material having a porous structure.

The material produced with the process according to the invention not
only shows the property of a cation exchanger, but is also capable of

binding metals that occur in the form of anionic complexes.

Moreover, the material according to the invention appears to have a
high reducing capacity, which is particularly manifect <r t-2> sorphion
of ions of nokie metals, such as gold and silver, and of mete's of

the platinum group. It is also found pessible For ipstanc:

i

- to radura
Cr042— to Cr3+. This means that the novel material according to the
invention can also be looked upon-as an inexpensive reducing agent.
Another useful application of the material according to the invention
consists in the removal of mercury from concentrated sulphuric acid,
as obtained by roastino zinc sulphide.

A passage through a bed of such material of ©~% su!onharic 7 on
taining, say, 5 ppm mercury mav cause the mercacy coat:nt ra be ra-
duced to below (0.1 povm.

The adsorbed mercuivyr rauninico an tha anrbhont AFFar “he aj¥oruyic ~ o o

has been displared v r  tala ardid ang tiapt il roo rmma o e se Tt s
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material prepared by the process according te the invention can still
be considerakly improved upon.

ey 4

RS

hat end the invention also nyovides a process in which prior or

npsequent to thermal treatwnent the starting material is jected to
a treatment witih sulphur or cieum, or stil} Leated in the presence of

T otnis additional treatment th

Lora or less polar groups

sroups, wnich promote the swelling ¢

oractice the treatment with sulphuric acid will as a rule be carried
out by bringing 1 part by weight of the material to be treated into
contact for some time with 1 to 4 parts by weight of 96% by weight
12504
and washed with water. It is preferred that the treatment with aixr

c

pon completion of the reaction the material is centrifuged

should cake place in a £luid bed. The present inventicn will ke
further described in the following examplss. These examrles are, of

covrse, only meant to illustrate and net toc 1imit the invention.

Zxamnle I
Py cutting up old autombile tyres rubber chips measuring i to 2 mm

were obtained. Of these chips 100 parts by weight were mixed with
suiphuy, The resulting nixture was
subseguently heated in a rctating steel oven For =21ight hours at a
temperature of 230° c. Next, the temperaturs was ilncreasad to 280° c.
over a period of 8 hours. There were ottained 130 naris by weight

cf nard yrains.

dalf of the resulting matcerial, «hile in the f£lvidized state, was

subsequently heated in aiv at 3307 C.over a period of $ hours and there~

After the material had been acidifizd with o scliution of 5% by

was heated

bv weilght

ight) sul-
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phuric acid. After the acid had been washed out with watexr, the same
treatment was carried out as described above for the first batch of
chips. The ion exchanging properties of this product IB are given Iin

Example VII and Example IX. L

Exampie 1T

Brown coal briquettes were crushed and ground into grains measuring

1 to 2 mm.

After drying in an oven at 105° c. 100 parts by wéight of the grains
made up of brown coal and pitch were mixed with 50 parts by weight of
sulphur and introduced into a rotating steel oven whose temperature
was raised to 350° C. over a period of 4 hours. There were obtained

90 parts by weight of hard grains which were heated for 2 hours at
90O C in an aqueous solution containing 10% by weight of NaOH.

The grains, which had strongly swollen in the aqueous NaOH solution,
were successively washed with water and acidified with dilute sul-
phuric acid (5% by weight of HZSO4). After they had again been washed

with water, their properties were determined. The results are given

in Example VIII and Example IX.

Example IIT

100 parts by weight of coal grains (containing 24% volatile material)
measuring 1 to 2 mm were mixed with 100 parts by weight of suiphur

and subsequently heated for 8'hours in a rotating s:2el oven, vw..th

the temperature being gradually raised from 120° C.te 7030 .

After cooling it was found that the yield of sulfawcecca

grains was 115 parts by weight. The grains were then tiealtcld .. 2 aulo
clave for 4 hours at 180° C.with an &QUeoUs SCavtac.. Lialla ally ... Dadil
and 10% Nazs. The resulting material was acidified, washed and sieved

to retain a particle size of 0.5 to 1.5 mm. The results are given in

Example IX.

Example IV

iOO parts by weight of the same 1-2 mm coal e B A
ITTI were, while in the fluidized state, heated .. i.. oo .. 2.
a? a temperature of about 302° c.

Subsequently, 100 parts by veight of sublim=d . .. >0 = L. 245G
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the mixture ciius obtained was heated for 4 hours at 300 C. Finally,

5 o .
the resulting grains were still heated for S hours at 90 C.with an

agquecus scoluticn of 10% by weight NaOH and 10% by weight Nazs. Next,
a3 in Sxample III, the grains ware successively washed with water,
2xcess acid and water.

The resulitz are given in Example IX.

193 rarts Lv waicnt of asphalt were leated, with stirring, with 100
At a vemperature of 2007 CLH s zscaped.
Jpon continuad neating te IE507 T the viscosity of the mass increased.
Zfter 4 hours the mass was lelt to cocl dewn, followed by crushing
it into grains measuring 0.5 to 1.5 mm. Subsequently, 100 parts by
weight of the stlphurized naterial were treated for 16 hours at 100° C.
. After the material

with 200 parts by weight of $6% by weight H_ SO

had been ccole

NalH/Ma S soluticn in the way indicated in Example IV.

Uron analysis it was found that this material contained strongly acid
groups in an amocunt of as littie as 50 meg/Ll. When 25 ml of grains

~zd been intreduced into a 20 cm column, they were found capable of
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Ag per litre.

Lxample VI
To tllustrate the strong metal adsorbing capacity of the material
preparved by the process according te the invention the product prepared

-

in Exampls I 2 was tested for its capacity of retaining mercury from a

Through a column % the product prepared in Example I A 20 cm in bed

weight and having a bed volume of 25 ml there was passed an agueous
2+
solution contaising 100 mg Hy and 190 orammes of NaCl per litre.
Gver a perict ©f 30 hours 10 litres sed volumes of this solution

were passed chrough the oclumn. N=xt, it was found upon analysis by flame

1 contained only as little as about

b

snactrometry that the efflusnt stil

1 opk (part per lLillion) of meroury, Comparative experiments in which

A e P LY ey P 3 § cer s o e = Doy o AN | ~q - § = 4 g

i3 owas made of Loown ocal bricisttes (carticle size 0.5 te 1.5 mm)
- S LR ~ e N . P B T st aNL -~y 3 -

~raated wich an aquecus solution of NalH and of ccal grains also

suln & soluticn ang fFrliilized in air ("Oxycocoal®) vielded
LnTitt swrmanros: L. reanpaallloy eweohalaoe zapacity.
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These materials, however, were not capable o

a Hg Cl ions-containing sclution.

4
This capacity is not cbtained until the nate

Example VIT

The product prepared in Example I B was intr

L re

rial ]

oda

as used in Example VI. Through the cclumn there

acid solution (pH = 1) containing chromium in the form

in an amount of 35 mg,/l. After the vassage o

volumes the yellow soluition was still Zound

Example VIIX

25 ml of granular material

4

)

Il were introduced into a 20 cm column, as us

ol
W
(o]
)
o
rt
4

Through the colunrnn there was passed

(oM

in 25% by weight sulphuric acid. Aftexr a pas
over a period of 8 hours no copper could he

the column.

Toun

The solution was subsecusntly rerxlaced by 2 32 s
containing about 100 mg aAg per litre.
Here too, after a passage of 1 litre ovar a peri

silver could be detected in the efflusnt of

the silver solution was replaced by a sulphu
{about 100 mg Au per litre). After 1 litr
been passed through over a period of 8 hours,
found to be completely adsorbed. The sorptic

reduction of the metal ions.

Example IX

The products prepared in the ExamplesI 2, 1

were tested for their pacity of sorbing Hg
per litre contained I grammes of mercurv in

agheous soluticon of I0 grammes of NaCl per litre. "he percznrsos

ric

e of

n

0

the

repared in the way described

13 in tha

CoLumn.

=iy

Form of

content mentioned in the table below were determiirsd in

The capacities were determined by passing the

a 20 cm column packed with 25 ml cf adsorbing

Loading was not terminated until the mexoury

50%

i =t
O RS A W NN

Vo ..

loakare i

3

acid goii
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Table

Materials used
in the examples

Mercury ads.
capacity in g/1

Dry content (%)
in H form

Ia
IB
IT
III
v

50
45
90
15
65
40

60
64
56
85
69
70

0000214
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CLAIMS

5

2.
10

3.
15

A process for the preparation of a solid carbon-cont

having a sorption capacity for metal ions,

carbon-containing starting material is mixed with sultiux, = o

resulting mixture is heated for somz time to a tempe

4 A nO o . -
range of about 120 to 500 °C. and subseguently
aqueous solution of an alkali metal hydroxide

not higher than about 200°C.

A process according to claim 1, characktasrized

aqueous solution used there is alsoc dissclv

((
®
Q4

sulphide.

A process accorxding to claim 1, characterized in that zaf

after the thermal

to a treatment with sulphuric acid or oleum ox

presence of ailr or some other oxygen—-containing

in tha

an alk

PR oS
ali maczl

"\;: =3 (3/\ I i

haal

gas
>
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