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(57) Heavy metals such as lead, copper, zinc and
cadmium can be effectively extracted from mixtures
such as sludge by treatment of the mixtures with
carboxyl derivatives of fructans. The fructans, such as
inulin, preferably have a degree of substitution of 0.2 -
3.0. In particular a carboxymethylinulin or a
dicarboxyinulin containing 0.5 - 2.0 carboxyl groups per
monosaccharide unit 1s used.
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Heavy metals such as lead, copper, zinc and cadmium can be effectively extracted from mixtures such as sludge by treatment of
the mixtures with carboxyl derivatives of fructans. The fructans, such as inulin, preferably have a degree of substitution of 0.2 — 3.0. In
particular a carboxymethylinulin or a dicarboxyinulin containing 0.5 — 2.0 carboxyl groups per monosaccharide unit is used.
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Biodegradable complexing agents for heavy metals

The invention relates to a process for the removal of heavy metals by means of
environmentally acceptable complexing agents based on carbohydrates.

Heavy metals are a major environmental problem. Many heavy metals, such as
copper, zinc, cadmium and the like, occur in particular in sludge and manure (pigs). The
concentration of heavy metal ions in these waste streams frequently exceeds the legal
standard that applies for re—use as fertiliser or building land. As a consequence of this,
thesc materials must be treated as (chemical) waste and they must be incinerated or
dumped under controlled conditions in special dumps. There is therefore a need for
methods which result in removal of heavy metals from these waste streams and which
allow re-use thereof.

One way of removing heavy metals is treatment with compounds which are
capable of complexing heavy metal ions out of aqueous solutions. Far and away the most
important complexing agent is EDTA (cthylenediaminctetraacetic acid). The sequestering
capacity (SC), which is expressed as the number of mmol metal bound per gram of
complexing agent, is a measure of the complexing capacity. The SC value of EDTA for
cadmium 1s 4.1. EDTA displays a broad preference for (heavy) metal ions.

One disadvantage of EDTA is that this compound is not biodegradable, as a
result of which accumulation of EDTA takes place in water treatment installations. This
accumulation has adverse consequences for the effectiveness of the water treatment. A
second disadvantage of EDTA is that a flocculating agent is always needed to precipitate

the complex of EDTA with the metal ion so that the contamination can be effectively

separated off from the liquid phase. There is thus a need for new complexing agents

which do not have these disadvantages.

It has now been found that carboxyl derivatives of fructans, including inulin,

have a high complexing power for heavy metals. .

The invention therefore relates to the use of carboxyfructans having 0.2 to 3.0
carboxyl group per monosaccharide unit of the fructan for complexing or extracting
heavy metals. The derivatives preferably have a degree of substitution (that is to say a

content of carboxyl groups per monosaccharide unit) (DS) of 0.25 - 2.5, in particular of
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0.5 - 2.0.

WO 91/17189 describes the use of dicarboxyinulin as calcium and magncsium'.
binding agents, WO 95/15984 and WO 96/34017 mention the usc of carboxymcthylinulin

and carboxycthylinulin, respectively, as inhibitor of crystallisation of calcium carbonate.

Here fructans arc understood to be all ohgo- and polysaccharides which have

a majority of anhydrofructosc units. The fructans can have a polydispcrse chain lengtl

distribution and can be straight-chain or branched. Prcferably, the fructan contains

mainly [3-2,1 bonds, as in inulin. The fructans comprisc both products obtained dircctly

from a vegetable or other source and products in which the average chain length has

been modified (increased or reduced) by fractionation, cnzymatic synthesis or hydrolysis.

The fructans have an avcrage chain length (= degree of polymerisation, DP) of at icast

3, rising to about 1,000. Prefcrably, the avcrage chain length is 3 - 6()

10

, 1IN particular
5 - 30 mon();accharidc units. In particular, the fructan is inulin ((3-

2,1-fructan) or a
modified inulin.

15 Modificd fructans which according to the invention

Can be converted into

complexing derivatives are, for cxamplc, fructans in which the chain length has been

Increascd enzymatically and fructan hydrolysis products, that is to say fructan derivatives

having a modificd chain lenglth.
Fractionation of fructans such as inulin can be achicved by,

2() crystallisation (scc WO

having shortened chains, and fractionated products

for example, low temperature

26/01849), column chromatography (scc WO 94/ 12541),

mcmbranc filtration (scc EP-A 440074 and EP-A 627490) or sclective precipitation with

alcohol. Previous hydrolysis to give shorter fructans can be carried oul, for cxamplc,

cnzymatically (endo-inulinasc), chcmically (water and acid) or by hecterogencous

catalysis (acid column). Reduced, oxidised, hydroxyalkylated and/or cross

—hnked fructans
25 can also be uscd.

In the main there arc two types of carboxylated derivatives of fructans that

can
be used. Dcrivatives of the first lypc

arc carboxyalkylfructans, in particular carboxy -
mcthyl and carboxycthyl derivatives. Carboxymecthylinulin and other carboxymcthyl

fructans can be prepared by rcaction of the fructan with chloroacetic
30 in WO 95/15984. Carboxycthyl fruct

Dcgrces of substitution of up to 3.0

acid as described
ans can be prepared as described in WO 96734 17

can be achicved by the carboxyalkylation.
Dcrivatives of the second lypc arc dicarboxy derivatives ob

In this casc anhydrofructose units arc converted,

(hydroxyclhoxy)cthylcncoxy units.

amced by oxidation,

with ring opcning, into dicarboxy -

The oxidation can proceed in one step with hypo-

35 halite, as described in WO N/T7189, or in two steps w

ith periodite and chlorite, as

AMIUNDED Stz
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described in WO 95/12619. Preferably, degrees of oxidation (DO) of 10 - 100 %, in
particular 40 — 100 %, are obtained by these oxidations, the degree of oxidation being
understood to be the percentage of monosaccharide units converted to dicarboxy

analogues.

A third type of derivative is 6-carboxyinulin, that can be obtained by oxidation
with TEMPO, as described in WO 95/07303.

For the purposes of the invention it is also possible to use fructan derivatives

which contain oxidised anhydrofructose units in addition to carboxyalkyl groups and
which can be obtained by successive oxidation and carboxyalkylation.

The process for the removal of heavy metals from a mixture using the carboxy
derivatives according to the invention in general involves treatment of the mixture with
the complexing derivative. The mixture can be, in particular, a solution, slurry or
suspension in water, a sediment or other type of deposit on the bed of a body of water,
peat bed or marsh bed, a type of soil such as clay and sand or a mixture of two or more
of the abovementioned materials. The mixture can also be spent oil or another hydro-
carbon residue, on its own or in combination with water, from which heavy metals such
as chromium have to be extracted. According to this process the mixture is brought into
contact with an adequate amount of the complexing derivative, for example in dissolved
form, in order to capture the heavy metals completely or virtually completely, after
which the complexed derivative is separated off from the mixture and processed in a
manner known per se. The process according to the invention is in particular suitable for

the extraction of zinc, cadmium, mercury, tin, lead, copper, silver, nickel, chromium,

arsenic and the like.

EXAMPLES
Example 1

Cadmium-complexing measurements

The cadmium-binding capacity (CdBC) is determined by measuring the
concentration of non-bound Cd%* using an ion-seclective electrode and a 363-S7/120
reference electrode (Ingold), the following procedure being followed. A known amount
of the product to be tested is added to S0 ml of a stirred solution of 0.1M NaClO, and
107 M Cd(NO;), in demineralised water. The pH is adjusted to 6 with acetic acid. The
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amount of product needed to reduce the concentration of non-bound Cd4* to 10™> M is
determined from the titration curve by interpolation. The ion-selective electrode is
calibrated with the aid of 1074, 1073, 10, 10™5 and 10°® M Cd(NO;), and 0.1M
NaClO, solutions. The SC value is defined as the amount of Cd** in mmol which is
bound by 1 gram product obtained. The results are given in Table 1.

Copper -complexing measurements .

To measure the copper(II)-binding capacity (CuBC) use is made of a Cu®* ion-
selective electrode (Orion model 9429) and a reference electrode (Orion model 9001),
the following procedure being followed. The ion-selective electrode is calibrated with
10™3 and 10 M Cu(II) nitrate in 5.10™3 M NaNO,. Product is added to 150 ml 10> M
Cu(Il) in 5.107 M NaNQO;, which solution is kept at pH 6 with 0.1M NaOH, in an
amount such that the copper concentration falls to 10> M. The Cu(Il) binding capacity

can be calculated from this, expressed as SC value (amount of Cu(II) which can be

bound by 1 g product). The results are given in Table 1.

Table 1

Complexing of copper, lead and cadmium by dicarboxyinulin (DCI)

and carboxymethylinulin (CMI) at pH 6
Complexing
| agent

DCI 10 40
. 10 60
10 80
10 100
CMI 7 1.5
10 1.0
10 1.5
10 2.0
10 .
30 .

Lead—complexing measurements

CuBC PbBC CdBC
(mmol/g) (mmol/g) (mmol/g)

To measure the lead(II)-binding capacity (PbBC) use is made of a lead ion-
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selective electrode (Orion model 9482) and a reference electrode (Orion model 9001).
The ion-selective electrode is calibrated with 10~ and 10™°M Pb(II) perchlorate in

5.107°M NaClO,. In other respects the method is analogous to that for copper (see
above). The results are given in Table 1.

5 Example 2
One g of dried sludge from the bed of a body of water (solids content 80 %)

was suspended in a solution of 0.4 g complexing agent (carboxymethyl inulin, DP10, DS
1.5) in 100 ml water and the pH of the suspension was adjusted to 7 with 2M HCI or
2M NaOH. The suspension was shaken for 24 hours on a roller bench and then filtered
10 off through a 0.45 um Millipore filter. 2 ml 2M HCl was added to the filtrate, after
which the cadmium, copper, lead and zinc contents were determined via the ICP/AES
technique. The percentage extraction was calculated from the quotient of the metal
content in the filtrate and the metal content in the original sludge. The original contents

and the percentage extractions are given in Table 2 and Table 3 respectively.

15 Table 2

Heavy metal contents (mg/kg solids)

Cd Zn

H

Harbour sludge, Kampen, NL 5.2 120 165 800

I. I|

Canal sludge, Elburg, NL 3.3 120 470 1200

Table 3

Percentage extraction of heavy metals (%)

l

Zn

Harbour sludge, Kampen, NL 37

20 Canal siudge, Elburg, NL 30
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6
Claims
1. A process for the removal of heavy metals from a mixture by treatment of the

mixture with an organic complexing agent, characterised in that the complexing agent

comprises a carboxyfructan containing 0.2 to 3.0 carboxyl group per monosaccharide unit
in the fructan.

2. A process according to Claim 1, wherein the fructan contains mainly p-2,1

bonds, such as inulin.

3. A process according to Claim 1 or 2, wherein the degree of substitution by

carboxyl groups is 0.5 - 2.5.

4. A process according to one of the preceding claims, wherein the fructan has an

average degree of polymerisation of 3 - 60.

S. A process according to one of the preceding claims, wherein the fructan contains

0.5 - 2.5 carboxymethyl groups per monosaccharide unit.

6. A process according to one of Claims 1-5, wherein 10 - 100 % of the mono-

saccharide units of the fructan have been converted to dicarboxy(hydroxyethoxy)-

ethyleneoxy units.
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