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(57) Abrege/Abstract:
A method of processing landfill leachate by use of a membrane separation process Is disclosed. Specifically, the following steps are
taken to process landfill leachate: collecting landfill leachate In a receptacle suitable to hold said l[andfill leachate; treating said landfill
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(57) Abrege(suite)/Abstract(continued):

leachate with one or more water soluble polymers, wherein said water soluble polymers are selected from the group consisting of:
amphoteric polymers; cationic polymers; zwitterionic polymers; and a combination thereof; optionally mixing said water soluble
polymers with said landfill leachate; passing said treated landfill leachate through a membrane, wherein saild membrane IS an

ultrafiltration membrane or a microfiltration membrane; and optionally back-flushing sald membrane to remove solids from the
membrane surface.
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(57) Abstract: A method of processing landfill leachate by use of a membrane separation process is disclosed. Specifically, the
= following steps are taken to process landfill leachate: collecting landfill leachate in a receptacle suitable to hold said landfill leachate;
& (reating said landfill leachate with one or more water soluble polymers, wherein said water soluble polymers are selected from the
& group consisting of: amphoteric polymers; cationic polymers; zwitterionic polymers; and a combination thereof; optionally mixing
said water soluble polymers with said landfill leachate; passing said treated landfill leachate through a membrane, wherein said
membrane is an ultrafiltration membrane or a microfiltration membrane; and optionally back-flushing said membrane to remove

solids from the membrane surface.
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METHOD OF IMPROVING PERFORMANCE OF ULTRAFILTRATION OR
MICROFILTRATION MEMBRANE PROCESS IN LANDFILL LEACHATE
TREATMENT

FIELD OF THE INVENTION

This invention pertains to a method of processing landfill leachate via the use of a

membrane system including a microfiltration membrane or an ultrafiltration membrane.

BACKGROUND

Landfill leachate 1s a wastewater stream generated after rainwater percolates through the
landfill of industrial or municipal solid waste. This stream contains high levels of contaminants
such as suspended solids, colloidal material, bacteria, heavy metals and other soluble organics.
Theretore, due to environmental concerns and regulations, the landfill leachate cannot be
discharged in a river or other water bodies without treatment. Various membrane separation
processes are utilized to combat this problem. Ultrafiltration (UF) and Microfiltration (MF),
optionally followed by Nanofiltration (NF) or Reverse Osmosis (RO) membrane processes, are
increasingly being used for removing the above-mentioned contaminants. The water treated by
this method 1s very pure and can be discharged into bodies of water, or be reused, for example, as
boiler feed water or for 1rrigation.

Although water quality obtained with these membrane processes 1s very high compared to
the use of clarifiers or media filters, fouling of UF or MF membranes by landfill leachate
contaminants results in reduced flux in membranes and an increase in frequency of membrane
cleaning. As a result of the reduced flux rate, the number and / or size of UF/MF membranes
needs to be Increased, especially in the case where large amounts of wastewater are being
processed. The requirement that membranes need to be larger and / or 1n greater number 1s
problematic in that it increases capital costs. The requirement of frequent membrane cleaning 1s
also problematic n that 1t increases operating cost. All of these problems make the process of
using UF or MF membranes uneconomical to operate.

Theretore, 1t 1s of interest to minimize membrane fouling so that membranes: operate for
a longer period between cleanings: operate at a rate of flux 1in accord with the chosen membrane;
operate at higher than currently achievable fluxes; or a combination thereof. In addition, it of
interest to lower the number and /or size of the membranes so that capital costs of new systems

containing UE/MF membranes are lowered, especially when processing a large amount of

wasiewaltcr.
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SUMMARY OF THE INVENTION
The present invention provides a method of processing landfill leachate by use of one or

more membrane separation processes comprising the following steps: collecting landfill leachate

~ in a receptacle suitable to hold said landfill leachate; treating said landfill leachate with one or

more water soluble polymers; optionally mixing said water soluble polymers with said landfill
leachate; passing said treated landfill leachate through a membrane, wherein said membrane is an
ultrafiltration membrane or a microfiltration membrane; and optionally back-tlushing said

membrane to remove solids from the membrane surface.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a general process scheme for processing landfill leachate, which

~includes a microfiltration membrane/ultrafiltration membrane, wherein the membrane is

submerged in a tank, as well as an additional membrane for further processing of the permeate
from said microfiltration membrane/ultrafiltration membrane.

Figure 2 illustrates a general process scheme for processing landfill leachate, which
includes a mixing tank, clarifier/filter and a microfiltration membrane/ultrafiltration membrane,
wherein the membrane is submerged in a tank, as well as an additional membrane for further
processing of the permeate from said microfiltration membrane/ultrafiltration membrane.

Figure 3 illustrates a general process scheme for processing landfill leachate, which
includes a mixing tank, clarifier/filter and a microfiltration membrane/ultrafiltration membrane,
wherein the membrane is external to a feed tank that contains the landfill leachate, as well as an

additional membrane for further processing of the permeate from said microfiltration

membrane/ultrafiltration membrane.

DETAILED DESCRIPTION OF THE INVENTION

Definitions of Terms:

“UF” means ultratiltration.
“MF” means microfiltration.
“Amphoteric polymer” means a polymer derived irom both cationic monomers and

anionic monomers, and, possibly, other non-ionic monomer(s). Amphoteric polymers can have a
net positive or negative charge. The amphoteric polymer may also be derived from zwitterionic
monomers and cationic or anionic monomers and possibly nonionic monomers. The amphoteric

polymer is water soluble.
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“Cationic polymer” means a polymer having an overall positive charge. The cationic
polymers of this invention are prepared by polymerizing one or more cationic monomers, by
copolymerizing one or more nonionic monomers and one or more cationic monomers, by
condensing epichlorohydrin and a diamine or polyamine or condensing ethylenedichloride and
ammonia or formaldehyde and an amine salt. The cationic polymer is water soluble.

“Zwitterionic polymer” means a polymer composed {from zwitterionic monomers and,
possibly, other non-ionic monomer(s). In zwitterionic polymer's, all the polymer chains and
segments within those chains are rigorously electrically neutral. Therefore, zwitterionic
polymers represent a subset of amphoteric polymers, necessarily maintaining charge neutrality
across all polymer chains and segments because both anionic charge and cationic charge are

introduced within the same zwitterionic monomer. The zwitterionic polymer is water soluble.

As stated above, the invention provides for a method of processing landfill leachate by
use of a microfiliration membrane or an ultrafiltration membrane.

After the landf{ill leachate is collected and treated with one or more water-soluble
polymers, the landfill leachate is passed through a membrane. In one embodiment, the
membrane may be submerged in a tank. In another embodiment, the membrane is external to a
feed tank that contains said landfill leachate.

In another embodiment, the landfill leachate that passes through the microfiltration
membrane or ultrafiltration membrane may be further processed through one or more
membranes. In yet a further embodiment, the additional membrane is either a reverse osmosis
membrane or a nanofiltration membrane.

Various landfill leachate processing schemes would be apparent to one of ordinary skill in
the art. In one embodiment, the collected landfill leachate may be passed through one or more
filters or clarifiers prior to its passage through an ultrafiltration membrane or a microfiltration
membrane. In a further embodiment, the filter is selected from the group consisting of: a sand
filter; a multimedia filter; a cloth filter; a cartridge filter; and a bag filter.

The membranes utilized to process landfill leachate may have various types of physical
and chemical parameters.

With respect to physical parameters, in one embodiment, the ultrafiltration membrane has
a pore size 1n the range o1 0.003 to 0.1 um. In another embodiment, the microfiltration
membrane has a pore size in the range of 0.1 to 0.4 um. In another embodiment, the membrane

has a hollow fiber configuration with outside-in or inside-out filtration mode. In another
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embodiment, the membrane has a flat sheet configuration. In another embodiment, the
membrane has a tubular configuration. In another embodiment, the membrane has a multi-bore
structure. -'

With respect to chemical parameters, in one embodiment, the membrane is polymeric. In
ancther embodiment, the membrane 1s inorganic. In yvet another embodiment, the membrane is
stainless steel.

There are other physical and chemical membrane parameters that may be implemented
for the claimed invention.

Various types and amounts of chemistries maybe utilized to treat the landfill leachate. In
one embodiment, the landfill leachate collected from a landfill site 1s treated with one or more
water-soluble polymers. Optionally, mixing of the landfill leachate with the added polymer is
assisted by a mixing apparatus. There are many different types of mixing apparatuses that are
known to those of ordinary skill in the art.

In another embodiment, these water-soluble polymers typically have a molecular weight
of about 2,000 to about 10,000,000 daltons.

In another embodiment, the water-soluble polymers are selected from the group
consisting of: amphoteric polymers; cationic polymers; and zwitterionic polymers.

* In another embodiment, the amphoteric polymers are selected from the group consisting
of: dimethylaminoethyl acrylate methyl chloride quaternary salt (DMAEA.MCQ) /acrylic acid
copolymer, diallyldimethylammonium chloride/acrylic acid copolymer, dimethylaminoethyl
acrylate methyl chloride salt/N,N-dimethyl-N-methacrylamidopropyl-N-(3-sulfopropyl)- |
ammonium betaine copolymer, acrylic acid/N,N-dimethyl-N-methacrylamidopropyl-N-(3-
sulfopropyl)}-ammonium betaine copolymer and DMAEA . MCQ/Acrylic acid/N,N-dimethyl-N-
methacrylamidopropyl-N-(3-sulfopropyl)-ammonium betaine terpolymer.

In another embodiment the water soluble polymers have a molecular weight of about
2,000 to about 10,000,000 daltons. In yet a further embodiment, the water soluble polymers have
a molecular weight from about 100,000 to about 2,000,000 daltons.

In another embodiment, the dosage of the amphoteric polymers is from about 1ppm to
about 300 ppm of active solids

In another embodiment, the amphoteric polymers have a molecular weight of about 5,000
to about 2,000,000 daltons.

In another embodiment, the amphoteric polymers have a cationic charge equivalent to

anionic charge equivalent ratio of about 4.0:6.0 to about 9.8:0.2.
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In another embodiment, the cationic polymers are selected from the group consisting of:
polydiallyldimethylammonium chloride (“poly DADMAC™); polyethyleneimine; polyepiamine;
polyepiamine crosslinked with ammonia or ethylenediamine; condensation polymer of
ethylenedichloride and ammonia; condensation polymer of triethanolamine and tall oil fatty acid;
poly(dimethylaminoethylmethacrylate sulfuric acid salt); and poly(dimethylaminoethylacrylate
methyl chloride quaternary salt).

In another embodiment, the cationic polymers are copolymers of acrylamide (“AcAm™)
and one or more cationic monomers selected from the group consisting of:
diallyldimethylammonium chloride; dimethylaminoethylacrylate methyl chloride quaternary salt;
dimethylaminoethylmethacrylate methyl chloride quaternary salt; and
dimethylaminoethylacrylate benzyl chloride (“DMAEA.BCQ™) quaternary salt.

In another embodiment, the dosage of cationic polymers is from about .05 ppm to about
400 ppm active solids.

In another embodiment, the cationic polymers have a cationic charge of at least about 5
mole percent.

In another embodiment, the cationic polymers have a cationic charge of 100 mole
percent.

In another embodiment, the cationic polymers have a molecular weight of about 100,000
to about 10,000,000 daltons,

In another embodiment, the zwitterionic polymers are composed of about 1 to about 99
mole percent of N,N-dimethyl-N-methacrylamidopropyl-N-(3-sulfopropyl)-ammonium betaine
and about 99 1o about 1 mole percent of one or more nonionic monomers.

Three potentiai landfill leachate processing schemes are shown in Figure 1 through Figure

Referring to Figure 1, landfill Ieachate is collected in a landfill leachate receptacle (1).
The landfill leacheate then flows through a conduit, wherein said in-line addition (3) of one or
more polymers occurs. The treated landfill leachate then flows inte a membrane unit (6) that is
submerged in a tank (11). Also, polymer (10) may be added to the tank (11) containing the
submerged membrane. The submerged membrane may be an ultrafiltration membrane or a
microfiltration membrane. Optionally, the subsequent permeate (8) then flows through an
additional membrane (9) that may be either a reverse 0smosis membrane or a nanofiltration
membrane.  Retferring to Figure 2, landfill leachate is collected in a landfill ieachate receptacle
(1). The landtill leacheate then flows through a conduit, wherein said in-line addition (3) of one

or more polymers occurs. The treated land{ill leachate subsequently flows into a mixing tank (2),
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wherein it is mixed with a mixing apparatus (7), optionally additional polymer (4) i1s added to the
mixing tank (2). The treated landfill leachate then fravels through a pre-filter (5) or clarifier (5).
The treated landfill leachate then flows through a conduit into 2 membrane unit (6) that is
submerged 1n a tank (11). Optionally polymer (l 0) may be added to the tank (11) containing the
submerged membrane. The submerged membrane may be an ultrafiltration membrane or a
microfiltration membrane. Optionally, the subsequent permeate (8) then flows through an
additional membrane (9) that maybe either a reverse osmosis membrane or a nanofiltration
membrane.

Referring to Figure 3, landfill leachate 1s collected in a landfill leachate receptacle (1).
The landfill leacheate then flows through a conduit, wherein said in-line addition (3) of one or
more polymers occurs. The treated landfill leachate subsequently tlows mto a mixing tank (2),
wherein 1t 1s mixed with a mixing apparatus (7), optionally additional polymer (4) is added to the
mixing tank (2). The treated landfill leachate travels through a pre-filter (5) or clarifier (5). The
treated landfili leachate then flows through a conduit into a membrane unit (6), either containing
a microfiltration membrane or an ultrafiltration membrane. Optionally the subsequent permeate
(8) then flows through an additional membrane (9) that may be either a reverse osmosis
membrane or a nanofiltration membrane. The resulting permeate is collected for various
purposes known to those of ordinary skill in the art.

In another embodiment, the membrane separation process is selected from the group
consisting of: a cross-flow membrane separation process; a semi-dead-end flow membrane
separation process; and a dead-end flow membrane separation process.

The following examples are not mtended to limit the scope of the claimed invention.



10

13

2()

25

30

CA 02660610 2008-11-28
WO 2007/140393 PCT/US2007/069947

EXAMPLES

Membrane flux was studied by performing water turbidity studies. Based on the well-
established literature on water treatment using membranes, the significant decrease in water
turbidity is expected to minimize the membrane fouling and allow the UF/MF operation at the
same flux but for much longer run times between cleanings or even at higher flux. Turbidity was
measured by a Hach Turbidimeter (Hach, Ames, 1A), that 1s sensitive to 0.06 NTU
(Nephelometric Turbidimetric Unit).

Example 1

Landfill leachate obtained from the eastern United States and contained in a 500 ml jar

was treated by mixing with various dosages of Product A (Core shell copolymer of

DMAEA.MCQ, and AcAm, cationic with 50% mole charge) and Product B (Copolymer of
DMAEA .MCQ and AcAm, cationic with 50% mole charge), for about 2 minutes. The treated
leachate was then settled for 10 minutes, and the turbidity of supernatant was measured. The

colloidal material, which 1s the main cause of higher turbidity in leachate, was coagulated and

flocculated by this method.

Table 1: Turbidity (NTU) of treated and settled
- landfill leachate from eastern US

Polymer Dosage Product A Product B
(ppm) based upon

actives

0 (Untreated) ' 359

100 176 296

150 99 207
200 638 159

250 61 118

500 26.4

As shown in Table 1, there 1s over 83% and 90% reduction in turbidity after treatment
with 250 ppm Product A and 500 ppm Product B, respectively. Therefore, if leachate is treated
by, e.g. 200 ppm Product-B {concentration lower than that required for maximum turbidity
removal, so that free polymer does not exist to come in contact with membrane surface), a

dramatic improvement in membrane performance 1s expected.



CA 02660610 2008-11-28
WO 2007/140393 PCT/US2007/069947

Example 2
A leachate sample obtained from south-eastern US was studied in the same manner as in

Example 1. The leachate sample was treated with Polymer A (same as in Example 1), Polymer C
(Copolymer of DMAEA.MCQ, DMAEA.BCQ and AcAm, cationic with 35% mole charge), and
5  Polymer D (Polydiallyldimethylammoniumchloride, cationic with 100% mole charge). Turbidity

removal results are shown in Tabie 2.

Table 2: Turbidity (NTU) of treated and settled
landfill leachate from south-eastern US

10
Polymer Dosage | Product-A Product—C T
(ppm) :
0 (Untreated) | 21
10 2.58
26 3.5
100 | 3.3 I

As shown 1n Table 2, over 83% of turbidity was removed by treatment with Product A, C
or D, although at different dosages.

15
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CLUALY S

I A method of processing landfill leachate that contains cotloidal material by use of
a membrane separation process comprising:

a. collecting land{ill leachate that contains coiloidal material in a receptacie
suitabie o hold said landiill leachate:

b, treating said landfill leachate with one or more water solubie cationic
polymers sclected from the group consisting of: a core shell copolymer of
dimethylaminoethyl acrylate methy! chloride quaternary salt and acrylamidie; a
copolymer of dimethylaminoethyl acryiate methyl chloride quaternary salt and
acrylamide; a copolymer of dimethyvlaminoethyl acrylate methyl chloride quaternary
salt, dimethylaminoethyl acrvlate benzyl chloride quaternary sall, and acrylamide;
and combinations thereof, having a molecular weight range of from 1,000,000 to
10,000,000 daltons;

C. mixing said treated landfill leachate, thereby facilitating binding of the one
or more water soluble cationic polymers with the collotdal material;

d. allowing said treated landfill leachate to seftle thereby forming a settied,
treated landfill leachaie: and

J passing said settled, treated landfiil leachate through a membrane having a
membrane surface, wherein sasd membrane 1s an ultratiltration membrane or a
microflitration memborane,

wherein the amount of the one or more water soluble cationic polymers used o
reat the landfill leachatc i step b, ranges from 10 ppm to 400 ppm and 1s further limited
so that free one or more water soluble cationic polymers do not contact the memorane

surtace,

2. The method of claim 1, wherein said membrane s an ulirafiltration membrane

having a pore size of from about 0.003 to about 0.1,
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3. The method of claim 1, wherein sald membrane 18 2 microfiliration membrane

having a pore size of from about 0.1 t0 about §.4 p.m.

4 The method of claim 1, wherein said membrane is submerged in a tank.
5. The method of claim 1, wheremn said membrane 18 external to a feed tank that

contains said tandnill leachate,

G, The method of claim 1, wherein said membrane 1s of stainicss steel construction.
7. The method of ¢claim 1, wherein the cationic polymer present in the treated

landfill leachate has a cationic charge of about 5 mole percent or more.

8. The method of ¢claim 1, wherein the cationic polvmer present 1n the treated
land{ill leachate has a cationic charge of about 100 mole percent, with the proviso that the

cationic charge 1s not greater than 100 mole percent.

Y. The method of ¢laim 1, further comprising passing said treated landiil icachate

through a filter prior to passing said treated landiill icachate through said memorane.

{0, The method of claim 9, wherein said ilter 15 selected from the group consisting

oft a sand filter, a multimedia filter, a cloth hilter, o cartridge hilter, a bag filter, ana

combinations thercof.

11 The method of claim | further comprising: passing a2 Hltrate from saxd membrane
A oo o

through an additional membrane.

12 The method of clatm 17, wherein said additional mombrane 18 2 reverse osmos:s

v 1 o
INICITIOTALe.
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13, The method of claim 11, wherein said additional membrane 15 a nanofiltration

memaorane.

14, The method of claim 1, wherein said membrane 18 a hollow {iber membrane,
15. The method of ¢claim 1, wherein said membrane i1s a flat sheet membrane.

[ 0. The method of claim |, wherein_ said membrane comprises a polymer.

17. The method of claim 1, wherein said membrane comprises an inorganic
compound,

I8, The method of ¢laim 1, wherein said membrane 18 a tuoular membrane.

19, The method of claim 1, wherein said membrane 1s a mulii-bore membrane.

20, The method of claim 1, further comprising back-flushing said membrane o

remove solids from the membrane surface,

Srveminat
s
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