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NANOFILTRATION PROCESS WITH PRE - TREATMENT TO ENHANCE
SOLUTE FLUX

Field of the invention

The invention relates to a process of treating polymeric nanof iltra

tion membranes, especially membranes selected from polyamide membranes.

The process of the invention is based on treating the membranes with treat

ment liquids, which contain compounds selected from organic acids and alco

hols, organic sulfonic acids and sulfonates, surfactants and weak bases, even

at very low concentrations and at high temperatures for a prolonged time be

fore their use in nanofiltration. It has been surprisingly found that the treatment

process of the invention provides an improved throughput capacity, which re

mains at a high level in long term in successive nanofiltration cycles, while im

proving or essentially retaining the separation efficiency of the nanofiltration.

Background of the invention

It is generally known in the art that various post-treatment methods

are used by the manufacturers of nanofiltration membranes to increase the

performance of asymmetric composite membranes and to stabilize the mem

branes in the longer term, see Nanofiltration - Principles and Applications, ed

ited by A.I. Schafer, A.G. Fane & T.D. Waite, 2005, pages 4 1-42 (3.2.7 Post

treatment). The post-treatment may comprise annealing in water or under dry

conditions, exposure to concentrated mineral acids, drying with solvent ex

change techniques and treatment with conditioning agents. As useful solvent

systems for asymmetric polyimide membranes in the solvent exchange tech

niques, a combination of isopropanol or methylketone with hexane as well as

mixtures of lube oil, methylketone and toluene are specifically mentioned. It is

also recited that conservation in conditioning agents, like lube oil, enhances

the performance of asymmetric polyimide membranes. The post-treatment for

the polyimide membranes in accordance with the cited reference is performed

to improve the hydrophilic properties of the membranes.

Furthermore, the same textbook as mentioned above describes

fouling prevention and cleaning of nanofiltration membranes on page 2 9 etc.

Chemical cleaning agents and processes, including alkaline cleaning and acid

cleaning, are described on pages 220-221 . Nitric acid, citric acid, phosphonic

acid and phosphoric acid are mentioned as examples of acidic cleaning

agents.



Various conditioning and cleaning methods for nanofiltration mem

branes (Desal-5 DK, Desal-5 DL and NF270 membranes) in the recovery of

xylose by nanofiltration have been disclosed by E. Sjoman et al. in "Xylose re

covery by nanofiltration from different hemicellulose hydrolyzate feeds", Jour-

nal of Membrane Science 3 10 (2008), pages 268-277. In accordance with this

document, the virgin membranes are conditioned with an alkaline cleaning

agent (0.5% P3-Ultrasil-1 10) at 2 bar and 45°C for 30 minutes and rinsed with

ion free water, followed by nanofiltration of a first batch and a second batch of

the hemicellulose hydrolyzate, from which xylose is to be separated. After each

batch, the membranes are cleaned with an acidic and alkaline cleaning agent.

The acidic cleaning is done with 5% acetic acid for 30 minutes at 50°C at 2

bar. The alkaline cleaning is done with 1% P3-Ultrasil-1 10 for 10 minutes at

50°C at 2 bar, followed by further 2 minutes after a stop of 30 minutes. Fur

thermore, the cleaning comprises rinsing with ion free water. It is recited that

the cleaning is done to stabilize the membranes to long-term filtration-cleaning

cycles. The cleaning methods described in this document have been carried

out under relatively mild conditions, for example for relatively short periods of

time and their purpose has been mostly to remove the fouling layer collected

on the membrane during the nanofiltration of xylose solutions.

WO 02/053781 A 1 and WO 02/053783 A 1 mention the treatment of

nanofiltration membranes with alkaline detergents and/or ethanol in the recov

ery of different chemical compounds, for example monosaccharides, such as

xylose, by nanofiltration from a biomass hydrolysate. Furthermore, WO

2007/048879 A 1 mentions the washing of nanofiltration membranes with an

acidic washing agent in the recovery of xylose by nanofiltration from plant-

based biomass hydrolysates.

Weng et al. discuss the retention of xylose and acetic acid at vari

ous initial acetic acid concentrations in "Separation of acetic acid from xylose

by nanofiltration", Separation and Purification Technology 67 (2009) 95-1 02. A

negative retention of acetic acid was observed in the presence of xylose.

US Patent 5 279 739 discloses a polymeric composition useful in

membrane technology such as nanofiltration. Suitable polymers for the com

position include polyether sulfone, polysulfone and polyarylether sulfone. A c

cording to the examples, a suitable pore former may be added to the polymer

composition prior to casting and hardening of the membranes. As suitable pore

formers are mentioned low molecular weight organic compounds, inorganic



salts and organic polymers. Furthermore, it is recited that other suitable pore

formers include for example low molecular weight organic acids, such as acetic

acid and propionic acid.

WO 2005/1 231 57 A 1 discloses a method of activating membranes

useful in separation processes, such as nanofiltration and reverse osmosis

methods, especially waste water treatment methods. In this method, the mem

brane is contacted for at least one day with a liquid activating agent comprising

at least one acid and at least one surfactant. The acids may be selected from

inorganic acids, organic acids and mixtures thereof. The organic acids may be

selected from citric acid, adipic acid, succinic acid, glutaric acid, lactic acid,

and maleic acid, for example. The surfactant may be selected from anionic sur

factants, cationic surfactants, non-ionic surfactants, amphoteric surfactants

and mixtures thereof. A treatment temperature of 25°C is disclosed. It is recited

that the method results in an improved permeate flux. It is also recited that the

method results in decreased fouling of the membrane. This means better long

term capacity, but not higher initial capacity. Furthermore, improvement of the

flux of low molecular weight compounds (such as sugars) into the permeate is

not disclosed or suggested.

Verissimo, S. et al disclose that the performance of reverse osmosis

membranes, specifically composite hollow fiber membranes, can be improved

by formic acid treatment in "Thin film composite hollow fiber membranes: An

Optimized manufacturing method", J . Membr. Sci. 264, (2005), 48-55. It a p

pears from the document that the improved performance of the membranes re

fers to improved water permeability with NaCI rejections higher than 95%. In

the same way as above, improvement of the flux of low molecular weight co m

pounds other than water into the permeate is not disclosed or suggested.

US 5 755 964 discloses a method of increasing the flux of a compo

site membrane having a polyamide layer by contacting the polyamide layer

with an amine, such as ammonia. It is recited that the method makes it possi-

ble to control both the rejection rate and the flux of the membrane. The rejec

tion rate is defined as the percentage of a particular dissolved material which

does not flow through the membrane with solvent. The flux is defined as the

flow rate at which solutions pass through the membrane. Consequently, the

document does not disclose or suggest improvement of the flow (flux) of any

particular dissolved material into the permeate.



One of the problems associated with known nanofiltration processes

comprising post-treatment, conditioning and cleaning methods under relatively

mild conditions as described above is that the initial throughput capacity of the

membranes has not been sufficient and/or has not remained stabile in the long

run, but decreases too quickly in successive nanofiltration runs. Consequently,

there is a need for more efficient treatment methods to achieve increased

membrane throughput capacity, without having a negative effect on the mem

brane structure and on the separation efficiency.

Definitions relating to the invention

"Membrane throughput capacity" is expressed as the flux of the

compound to be separated, e.g. as xylose flux for the case where xylose is the

target compound to be separated by the nanofiltration process.

"Flux" or "permeate flux" refers to the amount (liters or kg) of the so

lution that permeates through the nanofiltration membrane during one hour

calculated per one square meter of the membrane surface, l/(m2h) or kg/(m2h).

"Water flux" refers to the amount (liters or kg) of water that perme

ates through the nanofiltration membrane during one hour calculated per one

square meter of the membrane surface, l/(m2h) or kg/(m2h).

"Xylose flux" refers to the amount of xylose (g) that permeates

through the nanofiltration membrane during one hour calculated per one

square meter of the membrane surface, g/(m2h). Xylose flux may be deter

mined by measuring the liquid flux and the content of dry substance and xylose

in the permeate. The same definition applies to other target compounds to be

separated. Consequently, for example "glucose flux" and "NaCI flux" are de-

fined in the same way.

"Xylose purity" refers to the percentage (%) content of xylose in the

dry substance of the permeate. The same definition applies to other target

compounds to be separated. Consequently, for example "glucose purity" is d e

fined in the same way.

"Separation efficiency" refers to the ability of the membranes in a

nanofiltration process to separate the target compound(s) from the other com

pound in nanofiltration feed, expressed as the purity of the compound (% on

DS) in the nanofiltration permeate compared to purity of the compound in the

feed. The separation efficiency may also be expressed as the relation of two

compounds to be separated from each other (their relation in the permeate

compared to that in the feed).



"DS" refers to the dry substance content measured by Karl Fischer

titration or by refractometry (Rl), expressed as % by weight.

"MgSO retention" refers to the observed retention of MgSO , which

is a measure of the membrane selectivity toward MgSO as shown below:

Mgso4 = 1 - Cp(MgSO 4 /Cf(MgSO 4)

where Rivigso4 is the observed retention of MgSO

Cp(MgSO ) is the concentration of MgSO in the permeate (g/1 00 g solution)

Cf(MgSO ) is the concentration of MgSO in the feed (g/1 00 g solution).

"NaCI retention" refers to the observed retention of NaCI, defined in

the same way as MgSO retention above.

"Membrane treatment" refers to modifying a nanofiltration mem

brane with chemicals to increase the membrane throughput capacity. The

membrane treatment in accordance with the invention may be performed by

membrane manufacturers as post-treatment in the finishing stage of mem

brane manufacturing. The membrane treatment in accordance with the present

invention may also be made as pretreatment in the nanofiltration operation.

"Membrane cleaning" and "membrane washing" refer to removing

membrane preserving compounds from virgin membranes or removing fou-

lants/contaminants/ impurities which have been accumulated on the nanof iltra

tion membranes (surfaces and pores thereof) during the nanofiltration opera

tion or during storage of the nanofiltration membranes.

Description of the invention

An object of the present invention is thus to provide a process of

treating nanofiltration membranes so as to alleviate the above-mentioned d is

advantages relating non-sufficient or reduced membrane throughput capacity

in known nanofiltration methods.

The invention relates to a process of treating polymeric nanofiltra-

tion membranes before separation of low molecular weight compounds from a

solution containing the same by nanofiltration, wherein the treatment of the

nanofiltration membranes is performed with a treatment liquid under conditions

which enhance the flux of the low molecular weight compounds to the nanof il

tration permeate while improving or essentially retaining the separation effi-

ciency of the low molecular weight compounds.



In an embodiment of the invention, the treatment liquid is a solution

comprising one or more compounds selected from organic acids and alcohols,

organic sulfonic acids or sulfonates, and surfactants.

In an embodiment of the invention, the treatment liquid contains one

or more of organic acids, one or more of acidic organic sulfonic acids or su l

fonates and one or more of anionic tensides.

The organic acids may be selected from formic acid, acetic acid,

propionic acid, lactic acid, oxalic acid, citric acid, itaconic acid, glycolic acid

and aldonic acids. The aldonic acids may be selected from xylonic acid and

gluconic acid, for example.

The alcohol may be selected from methanol, ethanol, n-propanol,

isopropanol and glycerol, for example.

The organic sulfonic acids may be selected from alkyl aryl sulfonic

acids and sulfonates, taurine, perfluorooctane sulfonic acid and Nafion (a sul-

fonated tetrafluoroethylene based fluoropolymer-copolymer).

The alkyl aryl sulfonic acids and sulfonates may be selected from

toluene sulfonic acid and sodium dodecylbenzenesulfonate, for example.

The surfactants may be selected from anionic tensides and cationic

tensides, for example.

In a typical embodiment of the invention, the treatment liquids are

aqueous solutions containing one or more compounds recited above.

The concentration of the organic acids and alcohols in the treatment

liquid may be 0.5% to 60% by weight, preferably 0.5% to 20% by weight, more

preferably 0.5% to 10% by weight. The concentration of the sulfonic acids and

sulfonates in the treatment liquid may be in the range of 0.1 to 10%, preferably

0.1 to 5% and more preferably 0.1 to 2% by weight. The concentration of the

surfactants in the treatment liquid may be in the range of 0.01 to 10%, prefera

bly 0.01 to 5% and more preferably 0.01 to 2% by weight.

In an embodiment of the invention, the treatment liquid is an aque-

ous liquid containing one or more organic acids, one or more of organic su l

fonic acids and one or more of anionic tensides. In one specific embodiment of

the invention, the organic acids are selected from a combination of citric acid

and lactic acid, and the organic sulfonic acid is selected from alkyl aryl sulfonic

acids.

In a further embodiment of the invention, the treatment liquid co n

tains one or more of weak bases, preferably weak inorganic bases. The weak



inorganic bases may be selected from weakly basic hydroxides, such as am

monium hydroxide, calcium hydroxide and magnesium hydroxide; weakly basic

carbonates, such as sodium carbonate; and weakly basic oxides, such as ca l

cium oxide and magnesium oxide.

The weak bases useful in the present invention may also selected

from weak organic bases. The weak organic bases may be selected from ace

tone, pyridine, imidazole, benzimidazole; organic amines, such as alkyl

amines, for example methyl amine; amino acids, such as histidine and alanine;

phosphazene bases; and hydroxides of organic cations.

The weak bases useful in the present invention may also be select

ed from Lewis-bases, such as triethylamine, quinuclidine, acetonitrile, diethy-

lether, THF, acetone, ethyl acetate, diethylacetamide, dimethylsulfoxide, tetra-

hydrothiophene, and trimethyl phosphate.

The concentration of the weak bases in the treatment liquid may be

0.5% to 60% by weight, preferably 0.5% to 20% by weight, more preferably

0.5% to 0% by weight.

The weak bases recited above may be used alone or in combination

with any of the organic acids and alcohols, organic sulfonic acids and su l

fonates and surfactants recited above.

Furthermore, the treatment liquids may also be for example indus

trial process streams, which contain one or more of the recited compounds in

concentrations mentioned above. The industrial process streams may be se

lected from various side streams from industrial plants, for example. Examples

of useful industrial process streams are for instance side streams from wood

processing industry and biorefineries, which may typically contain recited com

pounds in appropriate ranges. If appropriate, the industrial process streams

may be diluted or concentrated to the desired concentration.

In specific embodiments of the invention, for example the following

products may be used to provide the required treatment liquid: P3-Ultrasil 73,

P3-Ultrasil 78, P3-Ultrasil 67 and P3-Ultrasil 53 (manufacturer Ecolab),

Divosan Uniforce VS44, DIVOS 80-2 VM1 , DIVOSAN PLUS VT53, Divos 80-6

VM35 and Divosan OSA-N VS37 (manufacturer Johnson Diversey), TriClean

2 11 and TriClean 2 17 (manufacturer Trisep), KLEEN MCT 103, KLEEN

MCT403 and KLEEN MCT442 (manufacturer GE Water and Processes). The

products may be used for example in dosages of 0.5 to 1% by volume as

aqueous solutions.



As an example, P3-Ultrasil 73 contains following components (ex-

pessed in % by weight):

citric acid in an amount of 10 to 20%,

lactic acid in an amount of 5 to 0%,

an alkyl aryl sulfonic acid in an amount of 2 to 5%,

anionic tensides in an amount of less than 5%.

The treatment conditions (temperature and time) may vary within a

wide range depending on the selected treatment liquid and the concentration

thereof and the selected membrane, for example.

The treatment in accordance with the present invention may be pe r

formed at a temperature of 20° to 00°C, preferably 20°C to 90°C, more pref

erably 30°C to 85°C, still more preferably 45°C to 80°C and especially 55 to

80°C. In one embodiment of the invention, the treatment with weak bases is

performed at a temperature of 20 to 40°C.

The treatment time may be 0.5 to 50 hours, preferably 1 to 100

hours, more preferably 1 to 70 hours.

In one embodiment of the invention, the treatment may comprise

two or more successive steps with different treatment liquids, for example at

least one step with a treatment liquid containing one or more alcohols, such as

isopropanol, and at least one step with a treatment liquid containing one or

more organic acids, such as acetic acid, in any desired sequence.

In a further embodiment of the invention, the treatment may com

prise at least one step with a treatment liquid containing one or more weak in

organic bases and at least one step with a treatment liquid containing one or

more organic acids, in any desired sequence. The weak inorganic base may

be ammonium hydroxide and the organic acid may be lactic acid, for example.

In practice, the treatment may be performed by immersing, soaking

or incubating the membrane elements in the treatment liquid. Mixing may be

applied, if desired. The treatment may also be performed by recycling the pre-

treatment liquid in a nanofiltration apparatus provided with the membrane e le

ments to be treated.

The treatment process of the present invention is followed by the

actual nanofiltration for separating target compounds from various nanof iltra

tion feeds.

Consequently, in a further embodiment of the invention, the process

further comprises nanofiltration of a nanofiltration feed comprising low molecu-



lar weight compounds to obtain a nanofiltration retentate and a nanofiltration

permeate, whereby said low molecular weight compound(s) are separated into

the nanofiltration permeate with improved flux of the compound(s), while es

sentially retaining the separation efficiency. The nanofiltration is performed

with nanofiltration membranes treated as described above.The flux improve

ment of the compound(s) is more than 20%, preferably more than 50%, more

preferably more than 100% compared to the flux with untreated membranes.

The treatment of the present invention may be applied for example

to the nanofiltration processes disclosed in WO 02/053781 A 1 and 02/053783

A 1 and WO 2007/048879 A 1, which are incorporated herein by reference.

The compounds to be separated by the nanofiltration are typically

low molecular weight compounds which have a molar mass of up to 360 g/mol.

The low molecular weight compounds to be separated may be se

lected from sugars, sugar alcohols, inositols, betaine, glycerol, amino acids,

uronic acids, carboxylic acids, aldonic acids and inorganic and organic salts.

In one embodiment of the invention, the sugars are monosaccha

rides. The monosaccharides may be selected from pentoses and hexoses. The

pentoses may be selected from xylose and arabinose. In one embodiment of

the invention, the pentose is xylose.

The hexoses may be selected from glucose, galactose, rhamnose,

mannose, fructose and tagatose. In one embodiment of the invention, the hex-

ose is glucose.

The sugar alcohols may be selected from xylitol, sorbitol and erythri-

tol, for example.

The carboxylic acids may be selected from citric acid, lactic acid,

gluconic acid, xylonic acid and glucuronic acid.

The inorganic salts to be separated may be selected from monova

lent salts, such as NaCI, NaHSO and NaH2PO (monovalent anions, such as

C I , HSO4 and H2PO4 ) , for example.

In a preferred embodiment of the invention, the compounds to be

separated into the nanofiltration permeate may be product compounds, such

as xylose, glucose and betaine.

In a further embodiment of the invention, the compounds to be sep

arated into the nanofiltration permeate may be impurities, such as inorganic

salts, especially monovalent salts like NaCI, NaHSO and NaH2PO . The com

pounds to be separated (from the impurities) into the nanofiltration retentate



(concentrate) may comprise lactose, xylobiose and maltotriose, for example.

The starting material used as the nanofiltration feed in accordance

with the present invention may be selected from plant-based biomass hydroly-

sates and biomass extracts and fermentation products thereof.

In one embodiment of the invention, the plant-based biomass hy-

drolysates may be derived from wood material from various wood species,

such as hardwood, various parts of grain, bagasse, cocoanut shells, cotton

seed skins etc. In one embodiment of the invention, the starting material may

be a spent liquor obtained from a pulping process, for example a spent sulphite

pulping liquor obtained from hardwood sulphite pulping. In a further embod i

ment of the invention, the starting material is a sugar beet based solution a or

sugar cane based solution, such as molasses or vinasse.

In a further embodiment of the invention, the nanofiltration feed is

selected from starch hydrolysates, oligosaccharide-containing sumps, glucose

syrups, fructose syrups, maltose syrups and corn syrups.

In a further embodiment of the invention, the nanofiltration feed may

be a lactose-containing dairy product, such as whey.

In one embodiment of the invention, the nanofiltration comprises the

separation of xylose from a spent liquor obtained from a pulping process, for

example a spent sulphite pulping liquor obtained from hardwood sulphite pulp

ing. Xylose is recovered as a product from the nanofiltration permeate.

In a further embodiment of the invention, the nanofiltration compris

es the separation of betaine from a sugar beet based solution, such as molas

ses or vinasse. Betaine may be recovered as a product from the nanofiltration

permeate.

In a still further embodiment of the invention, the nanofiltration com

prises the separation of glucose from a glucose syrup, such as dextrose corn

syrup. Glucose is recovered as a product from the nanofiltration permeate.

In a still further embodiment of the invention, the nanofiltration com-

prises the separation of inorganic salts, especially monovalent salts, from a

lactose-containing dairy product, for example whey. The salts are separated as

impurities into the nanofiltration permeate.

The polymeric nanofiltration membranes useful in the present inven

tion include, for example, aromatic polyamide membranes such as polypipera-

zineamide membranes, aromatic polyamine membranes, polyether sulfone

membranes, sulfonated polyether sulfone membranes, polyester membranes,



polysulfone membranes, polyvinyl alcohol membranes and combinations

thereof. Composite membranes composed of layers of one or more of the

above-mentioned polymeric materials and/or other materials are also useful in

the present invention.

Preferred nanofiltration membranes are selected from polyamide

membranes, especially polypiperazineamide membranes. As examples of use

ful membranes can be mentioned Desal-5 DL, Desal-5 DK and Desal HL by

General Electrics Osmonics Inc., NF 270, NF 245 and NF 90 by Dow Chemi

cals Co., NE40 and NE70 by Woongjin Chemicals Co, Alfa-Laval NF, Alfa-

Laval NF 10 and Alfa-Laval NF 20 by Alfa-Laval Inc and TriSep TS40 by Tri-

Sep Co and Hydranautics 84200 ESNA 3J by Nitto Denko Co.

The nanofiltration membranes useful for the treatment of the inven

tion typically have a cut-off size of 150 to 1 000 g/mol, preferably 150 to 250

g/mol.

The nanofiltration membranes which are useful in the present inven

tion may have a negative or positive charge. The membranes may be ionic

membranes, i.e. they may contain cationic or anionic groups, but even neutral

membranes are useful. The nanofiltration membranes may be selected from

hydrophobic and hydrophilic membranes.

Typical forms of the membranes are spiral wound membranes and

flat sheet membranes assembled in plate and frame modules. The membrane

configuration may be also selected e.g. from tubes, and hollow fibers.

In one embodiment of the invention, the treatment is done on non-

used virgin membranes, before the membranes are taken into use. In another

embodiment of the invention, the treatment may be done on used membranes

before a new nanofiltration. The treatment may be regularly repeated for ex

ample within intervals of 3 to 6 months during the nanofiltration use.

The nanofiltration conditions (such as the temperature and pres

sure, the dry substance content of the nanofiltration feed and the content of the

low molecular weight compound in the nanofiltration feed) may vary depending

on the selected starting material (nanofiltration feed), the compound to be sep

arated and the selected membrane. The nanofiltration conditions may be se

lected for example from those described in in WO 02/053781 A 1 and

02/053783 A 1 and WO 2007/048879 A 1, which are incorporated herein by ref-

erence.

The nanofiltration temperature may be in the range of 5 to 95°C,



preferably 30 to 80°C. The nanofiltration pressure may be in the range of 10 to

50 bar, typically 15 to 35 bar.

The dry substance content of the nanofiltration feed may be in the

range of 5% to 60% by weight, preferably 10% to 40% by weight, more prefer-

ably 20% to 35% by weight.

The content of the low molecular weight compounds, e.g. xylose or

betaine, in nanofiltration feeds selected from plant-based biomass hydroly-

sates and extracts may be in the range of 10 to 65% on DS, preferably 30 to

65% on DS. The content of the low molecular weight compounds, e.g. glucose,

in nanofiltration feeds selected from starch hydrolysates, oligosaccharide-

containing sumps, glucose syrups, fructose syrups, maltose syrups and corn

syrups may be in the range of 90 to 99%, preferably 94 to 99%.

It was found that the preteatment process of the present invention

provides a considerable increase in the membrane throughput capacity for the

low molecular weight compounds which are separated into the nanofiltration

permeate, while also improving the permeate flux. For example in the separa

tion of xylose, the increase in the capacity may be even up to 300% or higher,

measured for xylose separation as the increased xylose flux through the mem

brane, while retaining the separation efficiency. It was also found that the

achieved capacity increase was stabile during repeated nanofiltration cycles.

At the same time, the separation efficiency measured for example as the purity

of xylose or as the separation of xylose from glucose remained the same or

even improved along with the higher capacities.

In one embodiment of the invention, the flux of the low molecular weight

compounds to the nanofiltration permeate is in the range of 10 to 20 000 g/m2h .

In the separation of sugars, the flux of the sugars to the nanof iltra

tion permeate may be in the range of 20 to 15 000 g/m2h, preferably 100 to

8 000 g/m2h, most preferably 100 to 4 000 g/m2h .

In the separation of xylose, the flux of xylose to the nanofiltration

permeate may be in the range of 100 to 15 000 g/m2h, preferably 300 to

15 000 g/m2h, most preferably 1 000 to 15 000 g/m2h .

In the separation of glucose, the flux of glucose to the nanofiltration

permeate may be in the range of 200 to 15 000 g/m2h, preferably 200 to

10 000 g/m2h, most preferably 200 to 8 000 g/m2h .



In the separation of inorganic salts, the flux of the salts to the nano

filtration permeate may be in the range of 20 to 2000 g/m2/h, preferably 40 to

1500 g/m 2/h and more preferably 80 to 1000 g/m 2/h.

In one specific embodiment of the invention, the invention relates to

a process of separating and recovering xylose from a xylose-containing solu

tion by nanofiltration with a polymeric nanofiltration membrane, comprising

treating the membrane with an organic liquid comprising citric acid,

lactic acid, an alkyl aryl sulfonic acid and anionic tensides in the following co n

ditions:

- concentration of citric acid 0.5 to 20% by weight,

- concentration of lactic acid 0.5 to 20% by weight

- concentration of the alkyl aryl sulfonic acid 0.1 to 10% by weight,

- concentration of the the anionic tensides 0.1 to 10% by weight,

- treatment temperature 50 to 70°C, and

- treatment time 2 to 70 hours,

to obtain a treated nanofiltration membrane, followed by

nanofiltering the xylose-containing solution with the treated nanof il

tration membrane with a xylose flux of 100 to 15 000 g xylose/m 2h to the nano

filtration permeate, and

recovering xylose from the nanofiltration permeate.

In a further specific embodiment of the invention, the invention re

lates to a process for separating and recovering xylose from a xylose-

containing solution by nanofiltration with a polymeric nanofiltration membrane,

comprising in any desired sequence

a step of treating the membrane with a treatment liquid containing

lactic acid in the following conditions:

- concentration of lactic acid 20 to 60% by weight,

- treatment temperature 50 to 70°C, and

- treatment time 2 to 80 hours, and

a step of treating the membrane with a treatment liquid containing

ammonium hydroxide in the following conditions:

- concentration of ammonium hydroxide 0.1 to 10 % by weight,

- treatment temperature 20 to 40°C,

- treatment time 2 to 80 hours,

to obtain a treated nanofiltration membrane, followed by



nanofiltering the xylose-containing solution with the treated nanof il

tration membrane with a xylose flux of 100 to 15 000 g xylose/m 2h to the nano

filtration permeate, and

recovering xylose from the nanofiltration permeate.

EXAMPLES

The invention will now be described in greater detail with following

examples, which are not construed as limiting the scope of the invention.

The following membrane was used in the examples:

-Desal-5 DK (manufacturer General Electrics (GE) Osmonics Inc.),

- Desal-5 DL (manufacturer GE Osmonics Inc.),

- NF 245 (manufacturer Dow Chemicals Co.),

- Alfa-Laval NF, Alfa-Laval NF 10 and Alfa-Laval NF 20 (manufac

turer Alfa-Laval Inc.),

-Trisep TS40 (manufacturer TriSep Co.), and

- Hydranautics 84200 ESNA 3J (manufacturer Nitto Denko Co).

HPLC (for the determination of xylose and glucose) refers to liquid

chromatography. Rl detection was used.

The tests with pure water represent reference tests (no pretreat-

ment).

Example 1 (Xylose flux test after treatment of GE Osmonics Desal 5 DK

membrane with various compounds/compositions)

A membrane treatment test was carried out with flat sheets cut from

spiral wound elements. The nanofiltration membrane tested was GE Osmonics

Desal 5 DK membrane. The filtration unit used in the test was Alfa Laval Lab-

Stak M20.

All the tested membrane sheets were pre-washed with ion free water

for 48 hours at 25°C to remove all membrane preserving compounds. Then the

membranes were washed with an alkaline washing agent for 30 minutes by soa k

ing in 0.1 % alkaline solution (Ecolab Ultrasil 112) at 30°C. The membranes were

flushed with ion free water. The next step was to soak the membranes for 2

minutes in 0.1 % acetic acid at 30°C followed by flushing with IEX (ion exchanged)

water.

After the pre-washing steps, the membrane sheets were treated by

incubation in various test liquids at 70°C for 24 to 72 hours. The test liquids were

pure water, sodium dodecyl sulfate, metabisulphite, N-N-dimethylacetamide,



formic acid, acetic acid, acidic washing agent (Ecolab P3-Ultrasil 73) with vary

ing concentrations. After the soaking treatment, the membrane sheets were

flushed well with ion free water before assembling them to the nanofiltration

test unit.

A xylose flux test with the treated membranes was carried out with a

23% DS industrial xylose solution, obtained from chromatographically separat

ed xylose fraction of Mg-based acid spent sulphite pulping liquor, obtained ac

cording to WO 021 053 783 A 1 . The xylose flux test was done at 30 bar/70°C

using 3 m/s cross flow velocity. The filtrations were done with a reflux mode,

e.g. all permeates were introduced back into the feed tank. The filtration time

before the measurements and sample taking was 30 minutes.

The permeate flux values were registered and the permeate sam

ples were analysed with HPLC to measure the xylose content for the calcula

tion of xylose flux. The membrane treatment methods, xylose fluxes, permeate

fluxes, permeate DS and xylose purities in the permeate are presented in Ta

ble 1.



Table 1

Example 2 (A further xylose flux test after treatment of GE Osmonics Desal 5

DK membrane with various compounds/compositions)

A membrane treatment test was carried out with flat sheets cut from

spiral wound elements. The nanofiltration membrane tested was GE Osmonics

Desal 5 DK membrane. The filtration unit used in the test was Alfa Laval Lab-

Stak M20.

After the pre-washing steps in accordance with Example 1, the

membrane sheets were treated by incubation in various test liquids at 70°C for

24 to 72 hours. The test liquids in this example were pure water, sodium do-

decyl sulfate, Fennopol K3450 (cationic surfactant, manufactured by Kemira)

hexane, chitosan, gluconic acid formic acid, acetic acid, acidic washing agent

(Ecolab P3-Ultrasil 73) with varying concentrations. After the soaking treat-

ment, the membrane sheets were flushed well with ion free water before as

sembling them to the nanofiltration test unit.

A xylose flux test with the treated membranes was carried out with a

23% DS industrial xylose solution in accordance with Example 1.

The permeate flux values were registered and the permeate sam-

pies were analysed with HPLC to measure the xylose content for the calcula

tion of xylose flux. The membrane treatment methods, xylose fluxes, permeate

fluxes, permeate DS and xylose purities in the permeate are presented in Ta

ble 2 .



Table 2

Example 3 (A further xylose flux test after treatment of GE Osmonics Desal 5

DK membrane with various compounds/compositions)

A membrane treatment test was carried out with flat sheets cut from

spiral wound elements. The nanofiltration membrane tested was GE Osmonics

Desal 5 DK membrane. The filtration unit used in the test was Alfa Laval Lab-

Stak M20.

After the pre-washing steps in accordance with Example 1, the

membrane sheets were treated by incubation in various test liquids at 70°C for

24 to 72 hours. The test liquids in this example were pure water, sodium do-

decyl sulfate (SDS), acetic acid, acidic washing agent (Ecolab P3-Ultrasil 73)

with varying concentrations, incubation times and temperatures. After the

soaking treatment, the membrane sheets were flushed well with ion free water

before assembling them to the nanofiltration test unit.

A xylose flux test with the treated membranes was carried out with a

23% DS industrial xylose solution in accordance with Example 1.

The permeate flux values were registered and the permeate sam

ples were analysed with HPLC to measure the xylose content for the calcula

tion of xylose flux. The membrane treatment methods, xylose fluxes, permeate

fluxes and xylose purities in the permeate are presented in Table 3 .



Table 3

Example 4 (Xylose flux test after treatment of GE Osmonics Desal 5 DL mem

brane with P3-Ultrasil in various concentrations and conditions)

A membrane treatment test was carried out with flat sheets cut from

spiral wound elements. The nanofiltration membrane tested was GE Osmonics

Desal 5 DL membrane. The filtration unit used in the test was Alfa Laval Lab-

Stak M20.

After the pre-washing steps in accordance with Example 1, the

membrane sheets were treated by incubation in various test liquids at 60 to

70°C for 3 to 110 hours. The test liquids in this example were pure water and

acidic washing agent (Ecolab P3-Ultrasil 73) with varying concentrations, incu

bation times and incubation temperatures. After the soaking treatment, the

membrane sheets were flushed well with ion free water before assembling

them to the nanofiltration test unit.

The first test with the pre-treated membranes was a MgSO reten

tion test. The MgSO retention test was carried out with a 2000 ppm MgSO

solution at 8.3bar/25°C, with a reflux mode, e.g. all permeates were introduced

back into the feed tank. The filtration time before the measurements and sam

ple taking and was 60 minutes.

A xylose flux test with the treated membranes was carried out with a

23% DS industrial xylose solution in accordance with Example 1.

The permeate flux values were registered and the permeate sam

ples were analysed with HPLC to measure the xylose content for the calcula

tion of xylose flux. The membrane treatment methods, xylose fluxes, MgSO

retentions and xylose purities in the permeate are presented in Table 4 .



Table 4

Example 5 (Xylose and glucose flux test after treatment of various membranes

with various compounds/compositions)

A membrane treatment test was carried out with flat sheets cut from

spiral wound elements. The nanofiltration membrane tested was GE Osmonics

Desal 5 DK) membrane, and Dow NF245 membrane. The filtration unit used

in the test was Alfa Laval LabStak M20.

After the pre-washing steps in accordance with Example 1, the

membrane sheets were treated by incubation in various test liquids at 70°C for

3 to 7 hours. The test liquids in this example were pure water, formic acid and

acidic washing agent (Ecolab P3-Ultrasil 73) with varying concentrations. After

the soaking treatment, the membrane sheets were flushed well with ion free

water before assembling them to the nanofiltration test unit.



A xylose flux test with the treated membranes was carried out with a

23% DS industrial xylose solution in accordance with Example 1. Furthermore,

a glucose flux test was performed in an equivalent way.

The permeate flux values were registered and the permeate sam-

pies were analysed with HPLC to measure the xylose and glucose content for

the calculation of xylose and glucose flux. The membrane treatment methods,

xylose fluxes and xylose purities in the permeate as well as glucose fluxes and

glucose purities in the permeate measured with respective membranes are

presented in Table 5 .

Table 5

Example 6 (Xylose flux test after treatment of Dow NF245 membrane with P3-

Ultrasil 73)

A membrane treatment test was carried out with flat sheets. The

nanofiltration membrane tested was Dow NF 245 membrane. The filtration unit

used in the test was Alfa Laval LabStak M20.

After the pre-washing steps in accordance with Example 1 (the ace

tic acid soaking at 25°C instead of 30°C), the membrane sheets were treated

by incubation in various test liquids at 68°C for 24 to 72 hours. The test liquids

were pure water and acidic washing agent (Ecolab P3-Ultrasil 73) with varying

concentrations. After the soaking treatment, the membrane sheets were

flushed well with ion free water before assembling them to the nanofiltration

test unit.



A xylose flux test with the treated membranes was carried out with a

23% DS industrial xylose solution in accordance with Example 1.

The permeate flux values were registered and the permeate sam

ples were analysed with a conductivity meter and HPLC to measure the salt

content and the xylose content for the calculation of salt retention and xylose

flux. The membrane treatment methods, xylose fluxes and salt retentions are

presented in Table 6 .

Table 6

Example 7 (Xylose flux test after treatment of alfa-Laval NF membranes with

lactic acid)

A membrane treatment test was carried out with flat sheets. The

nanofiltration membrane tested were three Alfa-Laval NF membranes named

NF, NF 10 and NF 20. The filtration unit used in the test was Alfa Laval Lab-

Stak M20.

After the pre-washing steps in accordance with Example 1 (acetic

acid soaking at 25°C instead of 30°C), the membrane sheets were treated by

incubation in various test liquids at 68°C for 7 to 72 hours. The test liquids

were pure water and lactic acid with varying concentrations. After the soaking

treatment, the membrane sheets were flushed well with ion free water before

assembling them to the nanofiltration test unit.

A xylose flux test with the treated membranes was carried out with a

23% DS industrial xylose solution in accordance with Example .

The permeate flux values were registered and the permeate sam

ples were analysed with a conductivity meter and HPLC to measure the salt

content and the xylose content for the calculation of salt retention and xylose

flux. The membrane treatment methods, xylose fluxes, xylose purities in the

permeate as well as the salt retentions measured with respective membranes

are presented in Table 7 .



Table 7

Example 8 (Xylose flux test after treatment of TriSep TS40 and Osmonics De-

sal 5 DL membranes with lactic acid)

A membrane treatment test was carried out with flat sheets. The

nanofiltration membranes tested were TriSep TS40 and GE Osmonics Desal 5

DL. The filtration unit used in the test was Alfa Laval LabStak M20.

After the pre-washing steps in accordance with Example 1 (acetic

acid soaking at 25°C instead of 30°C), the membrane sheets were treated by

incubation in various test liquids at 68°C for 7 to 72 hours. The test liquids

were pure water and lactic acid with varying concentrations. After the soaking

treatment, the membrane sheets were flushed well with ion free water before

assembling them to the nanofiltration test unit.

The first test with the pre-treated membranes was a MgSO reten

tion test. The test was carried out with a 2000 ppm MgSO solution at

8.3bar/25°C, with a reflux mode, e.g. all permeates were introduced back into

the feed tank. The filtration time before the measurements and sample taking

and was 60 minutes.

The second test with the pre-treated membranes was a NaCI reten

tion flux test. The test was carried out with a 5000 ppm NaCI solution at

8.3bar/25°C, with a reflux mode, e.g. all permeates were introduced back into

the feed tank. The filtration time before the measurements and sample taking

and was 60 minutes.

A xylose flux test with the treated membranes was carried out with a

23% DS industrial xylose in accordance with Example 1.



The permeate flux values were registered and the permeate sam

ples were analysed with HPLC to measure the xylose content for the calcula

tion of xylose flux. The membrane treatment methods and the results of

MgSO4, NaCI and xylose tests with respective membranes are presented in

Table 8 .

Table 8

Example 9 (Xylose flux test after treating Hydranautics 84200 ESNA 3J NF

membrane with lactic acid)

A membrane treatment test was carried out with flat sheets. The

nanofiltration membrane tested was Hydranautics 84200 ESNA 3J. The f iltra

tion unit used in the test was Alfa Laval LabStak M20.

After the pre-washing steps in accordance with Example 1 (acetic

acid soaking at 25°C instead of 30°C), the membrane sheets were treated by

incubation in various test liquids at 68°C for 7 to 72 hours. The test liquids

were pure water and 40% lactic acid. After the soaking treatment, the mem

brane sheets were flushed well with ion free water before assembling them to

the nanofiltration test unit. A xylose flux test with the treated membranes was

carried out with a 23% DS industrial xylose solution in accordance with Exam-

pie 1.

The permeate flux values were registered and the permeate sam

ples were analysed with a conductivity meter and HPLC to measure the salt

content and the xylose content for the calculation of salt retention and xylose

flux. The membrane treatment methods, xylose fluxes and xylose purities in

the permeate as well as salt retentions are presented in Table 9 .



Table 9

Example 10 (Xylose flux test after treatment of GE Osmonics Desal 5 DL

membrane with various compounds/compositions)

A membrane treatment test was carried out with flat sheets. The

nanofiltration membrane tested was GE Osmonics Desal 5 DL membrane. The

filtration unit used in the test was Alfa Laval LabStak M20.

After the pre-washing steps in accordance with Example 1 (acetic

acid soaking at 25°C instead of 30°C), the membrane sheets were treated by

incubation in various test liquids at 68°C for 24 to 72 hours. The test liquids

were pure water, acidic washing agent (Ecolab P3-Ultrasil 73) and sodium do-

decylbenzenesulfonate with varying concentrations. After the soaking treat

ment, the membrane sheets were flushed well with ion free water before as

sembling them to the nanofiltration test unit.

A xylose flux test with the treated membranes was carried out with a

23% DS industrial xylose solution in accordance with Example 1.

The permeate flux values were registered and the permeate sam

ples were analysed with a conductivity meter and with HPLC to measure salt

and the xylose content for the calculation of salt retention and the xylose flux.

The membrane treatments, the xylose fluxes and salt retentions are presented

in Table 10 .



Table 10

Example 11 (Xylose flux test after treatment of GE Osmonics Desal 5 DL

membrane with ammonium hydroxide)

A membrane treatment test was carried out with flat sheets. The

nanofiltration membrane tested was GE Osmonics Desal 5 DL membrane. The

filtration unit used in the test was Alfa Laval LabStak M2.

After the pre-washing steps in accordance with Example 1 (acetic

acid soaking at 25°C instead of 30°C), the membrane sheets were treated by

incubation in various test liquids at 25°C for 24 to 72 hours. The test liquids

were pure water and ammonium hydroxide with varying concentrations. After

the soaking treatment, the membrane sheets were flushed well with ion free

water before assembling them to the nanofiltration test unit.

A xylose flux test with the treated membranes was carried out in a

similar manner as in Example 1.

The permeate flux values were registered and the permeate sam

ples were analysed with a conductivity meter and with HPLC to measure the

salt content and the xylose content for the calculation of salt retention and the

xylose flux. The membrane treatments, xylose fluxes and salt retentions

measured with respective membranes are presented in Table 11.

Table 11

Time, Xylose flux, Salt retention,

Membrane Treatment liquid Con , h g/m2/h % of feed
weight-% conductivity

Desal 5 DL IEX water 0 72 4 19 73

Desal 5 DL Ammonium hydroxide 1 72 686 67

Desal 5 DL Ammonium hydroxide 5 24 503 72

Desal 5 DL Ammonium hydroxide 5 72 750 63



Example 12 (Xylose flux test after treatment of GE Osmonics Desal 5 DL

membrane with ammonium hydroxide and lactic acid in two steps)

A membrane treatment test was carried out with flat sheets. The

nanofiltration membrane tested was GE Osmonics Desal 5 DL membrane. The

filtration unit used in the test was Alfa Laval LabStak M20.

After the pre-washing steps in accordance with Example 1 (acetic

acid soaking at 25°C instead of 30°C), the membrane sheets were treated by

incubation in various test liquids at 25°C or 68° for 24 or 72 hours, followed by

an optional second incubation according to Table 12. The test liquids were

pure water, 40% lactic acid and 5% ammonium hydroxide. After the soaking

treatment, the membrane sheets were flushed well with ion free water before

assembling them to the nanofiltration test unit.

A xylose flux test with the treated membranes was carried out in a

similar manner as in Example 1.

The permeate flux values were registered and the permeate sam

ples were analysed with a conductivity meter and with HPLC to measure the

salt content and the xylose content for the calculation of salt retention and the

xylose flux. The membrane treatment methods, xylose fluxes and salt reten

tions measured with respective membranes are presented in Table 12.

Table 12

Xylose flux, Salt retention .
Membrane treatment meth¬ Membrane treatment meth¬ g/m2/h % of feed

od 1 od 2 conductivity
IEX water ( 1) - 582 60

5% Ammonium hydroxide, - 531 7 1

25°C, 72 h
40% Lactic acid , 68°C, 24h - 1033 77

40% Lactic acid, 68°C, 40 h 5% Ammonium hydroxide 1324 76
25°C, 24 h

40% Lactic acid, 68°C, 48 h 5% Ammonium hydroxide, 1198 64
25°C, 24 h

40% Lactic acid, 68°C, 72 h 5% Ammonium hydroxide, 1340 76
25°C, 24 h

5% Ammonium hydroxide, 40% Lactic acid, 68°C, 24 h 1077 7 1

25°C, 24 h
5% Ammonium hydroxide, 40% Lactic acid, 68°C, 24 h 1039 75

25°C, 48 h
5% Ammonium hydroxide, 40% Lactic acid, 68°C, 24 h 1235 75

25°C, 72 h



Example 13 (Xylose flux test after treatment of TriSep TS40 NF membrane,

with ammonium hydroxide)

A membrane treatment test was carried out with flat sheets. The

nanofiltration membrane tested was TriSep TS40 membrane. The filtration unit

used in the test was Alfa Laval LabStak M20.

After the pre-washing steps in accordance with example 1 (acetic

acid soaking at 25°C instead of 30°C), the membrane sheets were treated by

incubation in various test liquids at 25°C for 24 to 72 hours. The test liquids

were pure water and ammonium hydroxide with varying concentrations. After

the soaking treatment, the membrane sheets were flushed well with ion free

water before assembling them to the nanofiltration test unit.

A xylose flux test with the treated membranes was carried out in a

similar manner as in Example 1.

The permeate flux values were registered and the permeate sam-

pies were analysed with a conductivity meter and with HPLC to measure the

salt content and the xylose content for the calculation of salt retention and the

xylose flux. The membrane treatment methods, the xylose fluxes and salt re

tentions measured with respective membranes are presented in Table 13 .

Table 13

Example 14 (Salt flux test after treatment of GE Osmonics Desal 5 DL mem

brane with ammonium hydroxide and lactic acid in two steps)

A membrane treatment test was carried out with flat sheets. The

nanofiltration membrane tested was GE Osmonics Desal 5 DL membrane. The

filtration unit used in the test was Alfa Laval LabStak M20.

After the pre-washing steps in accordance with Example 1 (acetic

acid soaking at 25°C instead of 30°C), the membrane sheets were treated by

incubation in various test liquids at 25°C , 40°C or 68° for 24 or 72 hours, fo l

lowed by an optional second incubation according to Table 4 . The test liquids

were pure water, 40% lactic acid and 5% ammonium hydroxide, 5% Na2CO3

and 10% Na2CO3. After the soaking treatment, the membrane sheets were



flushed well with ion free water before assembling them to the nanofiltration

test unit.

A salt flux test with the treated membranes was carried by preparing

40 g/l lactose solution by dissolving lactose to ion free water. The lactose solu-

tion was also supplemented with 3 g/l NaCI and 0,4 g/l Na2HPO .The pH of so

lution was adjusted with lactic acid to pH 5.5 The temperature of solution was

adjusted to 25°C and nanofiltration was started in reflux mode where the per

meate is continuously fed back to the feed tank. The feed pressure was gradu

ally raised to 15 bar and permeate flux was measured from each of the mem-

brane. After the flux was stabilised (within about 30 minutes) samples were

taken from the concentrate and permeate. The permeate flux values were reg

istered and the permeate samples were analysed with a conductivity meter

and with HPLC to measure the salt content and the lactose content to calcu

late the salt flux and the lactose flux. The membrane treatment methods, lac-

tose and salt fluxes and salt retentions measured with respective membranes

are presented in Table 14 .

Table 14



25°C, 24 h
5% Ammo 40% Lactic 73 1,3 78 191 10
nium hyd acid, 68°C, 24
roxide , h
25°C, 48 h
5% Ammo 40% Lactic 80 1,2 80 224 3
nium hyd acid, 68°C, 24
roxide , h
25°C, 72 h

5% NaCO 3, - 53 1,4 53 125 19
40°C, 24 h
10% Na- 52 1,2 47 122 19
CO3, 40°C,
24 h
5% NaCO 3, - 57 1, 1 45 136 17
40°C, 72 h
10% Na- 58 0,5 20 136 19
CO3, 40°C,
72 h



Claims

1. A process of treating polymeric nanofiltration membranes before

separation of low molecular weight compounds from a solution containing the

same by nanofiltration, wherein the treatment of the nanofiltration membranes

is performed with a treatment liquid under conditions which enhance the flux of

the low molecular weight compounds to the nanofiltration permeate, wherein

the treatment liquid contains one or more compounds selected from organic

acids and alcohols, organic sulfonic acids and sulfonates, and surfactants.

2 . The process as claimed in claim 1, wherein the treatment liquid

contains one or more of organic acids, one or more of organic sulfonic acids

and sulfonates, and one or more of surfactants.

3 . The process as claimed in claim 1 or 2, wherein the organic acids

are selected from formic acid, acetic acid, propionic acid, lactic acid, oxalic ac

id, citric acid, glycolic acid and aldonic acids.

4 . The process as claimed in claim 3, wherein the alcohols are se

lected from methanol, ethanol, n-propanol, isopropanol and glycerol.

5 . The process as claimed in any one of the preceding claims,

wherein the organic sulfonic acids and sulfonates are selected from alkyl aryl

sulfonic acids and sulfonates, taurine, perfluorooctane sulfonic acid and Nafi-

on.

6 . The process as claimed in claim 5, wherein the alkyl aryl sulfonic

acids and sulfonates are selected from toluene sulfonic acid and sodium do-

decylbenzenesulfonate.

7 . The process as claimed in any one of the preceding claims,

wherein the surfactants are selected from anionic tensides.

8 . The process as claimed in any one of the preceding claims,

wherein the surfactants are selected from cationic tensides.

9 . The process as claimed in any one of the preceding claims,

wherein the concentration of the compounds selected from organic acids and

alcohols in the treatment liquid is in the range of 0.5% to 60%, preferably 0.5 to

20% and more preferably 0.5 to 10% by weight.

10. The process as claimed in any one of the preceding claims,

wherein the concentration of the compounds selected from organic sulfonic a c

ids and sulfonates in the treatment liquid is in the range of 0.1 to 10%, prefera

bly 0.1 to 5% and more preferably 0.1 to 2% weight.



11. The process as claimed in any one of the preceding claims,

wherein the concentration of the surfactants in the treatment liquid is in the

range of 0.01 to 10%, preferably 0.01 to 5% and more preferably 0.01 to 2% by

weight.

12. The process as claimed in claim 1, wherein the treatment liquid

contains one or more of organic acids, one or more of organic sulfonic acids

and one or more of anionic tensides.

13. The process as claimed in claim 12, wherein the organic acids

comprise citric acid and lactic acid and the organic sulfonic acid is an alkyl aryl

sulfonic acid.

14. A process of treating polymeric nanofiltration membranes before

separation of low molecular weight compounds from a solution containing the

same by nanofiltration, wherein the treatment of the nanofiltration membranes

is performed with a treatment liquid under conditions which enhance the flux of

the low molecular weight compounds to the nanofiltration permeate, wherein

the treatment liquid contains one or more compounds selected from weak ba

ses.

15. The process as claimed in claim 14, wherein the weak bases

are selected from weak inorganic bases.

16 . The process as claimed in claim 15, wherein the weak inorganic

bases are selected from ammonium hydroxide, calcium hydroxide, magnesium

hydroxide, sodium carbonate, calcium oxide and magnesium oxide.

17. The process as claimed in any one of claims 14 to 16, wherein

the concentration of the weak bases in the treatment liquid is in the range of

0.5% to 60%, preferably 0.5 to 20% and more preferably 0.5 to 10% by weight.

18. The process as claimed in any one of the preceding claims,

wherein the treatment is performed at a temperature of 20 to 100°C, preferably

20°C to 90°C, more preferably 30°C to 85°C, still more preferably 45 to 80°C

and especially 55 to 80°C.

19. The process as claimed in any one of claims 14 to 17, wherein

the treatment is performed at a temperature of 20 to 40°C.

20. The process as claimed in any one of the preceding claims,

wherein the treatment time is 0.5 to 150 hours, preferably 1 to 100 hours and

more preferably 1 to 70 hours.



2 1 . The process as claimed in any one of the preceding claims,

wherein the treatment comprises two or more successive steps with different

treatment liquids.

22. The process as claimed in claims 1, 14 and 2 1 , wherein the

treatment comprises at least one step with a treatment liquid containing one or

more of weak inorganic bases and at least one step with a treatment liquid

containing one or more of organic acids, in any desired sequence.

23. The process as claimed in claim 22, wherein the inorganic base

is ammonium hydroxide and the organic acid is lactic acid.

24. The process as claimed in any one of the preceding claims,

wherein the low molecular weight compounds have a molar mass of up to 360

g/mol.

25. The process as claimed in any one of the preceding claims,

wherein the low molecular weight compounds are selected from sugars, sugar

alcohols, inositols, betaine, glycerol, amino acids, uronic acids, carboxylic ac

ids, aldonic acids and inorganic and organic salts.

26. The process as claimed in claims 25, wherein the sugars are

monosaccharides.

27. The process as claimed in claim 26, wherein the monosaccha

rides are selected from pentoses and hexoses.

28. The process as claimed in claim 27, wherein the pentoses are

selected from xylose and arabinose.

29. The process as claimed in claim 27, wherein the hexoses are

selected from glucose, galactose, rhamnose, mannose, fructose, isomaltose

and tagatose.

30. The process as claimed in claim 25, wherein the inorganic salts

are selected from monovalent salts, preferably NaCI, NaHSO and NaH2PO .

3 1 . The process as claimed in any one of the preceding claims,

wherein the solution comprising low molecular weight compounds is selected

from plant-based biomass hydrolysates and biomass extracts, starch hydroly-

sates, oligosaccharide-containing sumps, glucose syryps, fructose syrups,

maltose syrups, corn syrups and lactose-containing dairy products.

32. The process as claimed in any one of the preceding claims,

wherein the polymeric nanofiltration membranes are polyamide membranes.

33. The process as claimed in claim 32, wherein the polyamide

membranes are polypiperazineamide membranes.



34. The process as claimed in any one of the preceding claims,

wherein the flux of the low molecular weight compounds to the nanofiltration

permeate is in the range of 10 to 20 000 g/m 2h .

35. The process as claimed in claim 34, wherein the flux of the sug

ars to the nanofiltration permeate is in the range of 20 to 15 000 g/m2h, prefer

ably 100 to 8 000 g/m 2h and more preferably 100 to 4 000 g/m 2h .

36. The process as claimed in claim 34, wherein the flux of xylose to

the nanofiltration permeate is in the range of 100 to 15 000 g/m 2h, preferably

300 to 15 000 g/m 2h and more preferably 1 000 to 15 000 g/m2h .

37. The process as claimed in claim 34, wherein the flux of glucose

to the nanofiltration permeate is in the range of 200 to 15 000 g/m2h, preferably

200 to 10 000 g/m2h and more preferably 200 to 8 000 g/m2h .

38. The process as claimed in claim 34, wherein the flux of inorgan

ic salts to the nanofiltration permeate is in the range of 20 to 2000 g/m2/h,

preferably 40 to 1500 g/m2/h and more preferably 80 to 1000 g/m 2/h.

39. The process as claimed in any one of the preceding claims,

wherein the process further comprises nanofiltration of the solution comprising

low molecular weight compounds to obtain a nanofiltration retentate and a

nanofiltration permeate, whereby said low molecular weight compounds are

separated into the nanofiltration permeate.

40. A process as claimed in claim 1 for separating and recovering

xylose from a xylose-containing solution by nanofiltration with a polymeric nan

ofiltration membrane, comprising

treating the membrane with an treatment liquid comprising citric ac

id, lactic acid, an alkyl aryl sulfonic acid and anionic tensides in the following

conditions:

concentration of citric acid 0.5 to 20% by weight,

- concentration of lactic acid 0.5 to 20% by weight,

- concentration of the alkyl aryl sulfonic acid 0.1 to 10% by weight,

- concentration of the anionic tensides 0.1 to 10% by weight,

- treatment temperature 50 to 70°C, and

- treatment time 2 to 70 hours,

to obtain a treated nanofiltration membrane, followed by

nanofiltering the xylose-containing solution with the treated nanof il

tration membrane with a xylose flux of 100 to 15 000 g xylose/m 2h to the nano

filtration permeate, and



recovering xylose from the nanofiltration permeate.

4 1 . A process as claimed in claim 1 for separating and recovering

xylose from a xylose-containing solution by nanofiltration with a polymeric nan

ofiltration membrane, comprising, in any desired sequence

a step of treating the membrane with a treatment liquid containing

lactic acid in the following conditions:

- concentration of lactic acid 20 to 60% by weight,

- treatment temperature 50 to 70°C, and

- treatment time 2 to 80 hours, and

a step of treating the membrane with a treatment liquid containing

ammonium hydroxide in the following conditions:

- concentration of ammonium hydroxide 0.1 to 10% by weight,

- treatment temperature 20 to 40°C,

- treatment time 2 to 80 hours,

to obtain a treated nanofiltration membrane, followed by

nanofiltering the xylose-containing solution with the treated nanof il

tration membrane with a xylose flux of 100 to 15 000 g xylose/m 2h to the nano

filtration permeate, and

recovering xylose from the nanofiltration permeate.



A . CLASSIFICATION O F SUBJECT MATTER

INV. B01D67/00 B01D61/02 C13K13/00 C13B20/16
ADD.

According to International Patent Classification (IPC) o r to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B01D C13K C13B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal , WPI Data, COMPENDEX

C . DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2002/153317 Al (HEI KKI LA HEI KKI [FI] ET 1,4,7 ,8,
AL HEI KKI LAE HEI KKI [FI] ET AL) 14,
24 October 2002 (2002-10-24) 24-28,

31-33 ,39
paragraph [0087] paragraph [0089] ;
exampl e I I I

0 2011/154604 Al (DANISC0 [DK] ; MATTI LA 1-4,9 ,
JARI [FI] ; K0IVI KK0 HANNU [FI] ) 14-41
15 December 2011 (2011-12-15)
c l aims ; exampl es

-/-

X| Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date o r priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle o r theory underlying the invention

to be of particular relevance

"E" earlier application o r patent but published o n o r after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel o r cannot b e considered to involve a n inventive

"L" documentwhich may throw doubts o n priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation o r other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve a n inventive step when the document is

"O" document referring to a n oral disclosure, use, exhibition o r other combined with one o r more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

20 March 2013 27/03/2013

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
N L - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Goers , Bernd



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 97/27935 Al (DOW CHEMICAL CO [US] ) 14,
7 August 1997 (1997-08-07) 18-20,

24,25 ,
30,32 ,
33 ,39

page 6 , l i ne 3 - page 7 , l i ne 29 ; c l aims
1-8; f i gure 2 ; exampl e 5

X SJOMAN ET AL: "Xyl ose recovery by 1-3 , 9 ,
nanofi l trati on from d i fferent 14-17 ,
hemi cel l u l ose hydrolyzate feeds" , 21-39 ,41
JOURNAL OF MEMBRANE SCI ENCE, ELSEVI ER

SCI ENTI FIC PUBL. COMPANY. AMSTERDAM, NL,
vol . 310, no. 1-2 ,
3 1 January 2008 (2008-01-31) , pages
268-277 , XP022440383 ,
ISSN : 0376-7388, D0I :
10. 1016/J .MEMSCI .2007 . 11 .001
the whol e document

X W0 02/43842 A2 (HYDRANAUTICS [US] ; 1 , 2 , 5 ,6,
T0MASCHKE JOHN EDWARD [US] ) 10,
6 June 2002 (2002-06-06) 24-30,

32 ,33 ,39
paragraphs [0011] , [0018] ; c l aim 1

X EP 2 371 973 Al (TORAY INDUSTRI ES [JP] ) 1
5 October 2011 (2011-10-05)
c l aims 1-4

A W0 2007/048879 Al (DANISCO SWEETENERS 0Y 1 , 14
[FI] ; HEI KKI LAE HEI KKI [FI] ; K0IVI KK0
HANNU [FI] ) 3 May 2007 (2007-05-03)
c i ted i n the appl i cati on
the whol e document



Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2002153317 Al 24-10-2002 AT 338145 T 15-09-2006
CA 2432408 Al 11-07-2002
CN 1483086 A 17-03-2004
DE 60122777 T2 30-08-2007
EP 1354068 Al 22-10-2003
ES 2271113 T3 16-04-2007
FI 20002865 A 29-06-2002

P 4374562 B2 02-12-2009
P 2004517118 A 10-06-2004

US 2002153317 Al 24-10-2002
WO 02053783 Al 11-07-2002
ZA 200200014 A 23-07-2002

WO 2011154604 Al 15-12-2011 AU 2011263614 Al 08-11-2012
CA 2796973 Al 15-12-2011
EP 2576023 Al 10-04-2013
WO 2011154604 Al 15-12-2011

WO 9727935 Al 07-08-1997 AU 708211 B2 29-07-1999
AU 1580097 A 22-08-1997
CA 2243558 Al 07-08-1997
DE 69702747 Dl 14-09-2000
DE 69702747 T2 29-03-2001
DK 880401 T3 30-10-2000
EP 0880401 Al 02-12-1998
ES 2149568 T3 01-11-2000

P 3954651 B2 08-08-2007
P 2000504270 A 11-04-2000

T W 396186 B 01-07-2000
US 5755964 A 26-05-1998
WO 9727935 Al 07-08-1997

WO 0243842 A2 06-06-2002 AT 409075 T 15-10-2008
AU 1990402 A 11-06-2002
CA 2430036 Al 06-06-2002
EP 1345673 A2 24-09-2003
US 7001518 Bl 21-02-2006
WO 0243842 A2 06-06-2002

EP 2371973 Al 05-10-2011 AU 2009325467 Al 07-07-2011
CA 2746504 Al 17-06-2010
CN 102639722 A 15-08-2012
EP 2371973 Al 05-10-2011
J P 4770987 B2 14-09-2011
KR 20110094005 A 19-08-2011
SG 172038 Al 28-07-2011
US 2011250637 Al 13-10-2011
WO 2010067785 Al 17-06-2010

W0 2007048879 Al 03-05-2007 CA 2626275 Al 03-05-2007
CA 2627405 Al 03-05-2007
EP 1941063 Al 09-07-2008
EP 1941064 Al 09-07-2008
FI 20055581 A 29-04-2007
US 2009014386 Al 15-01-2009
US 2009173339 Al 09-07-2009
WO 2007048879 Al 03-05-2007
WO 2007048880 Al 03-05-2007

page 1 of 2



Patent document Publication Patent family Publication
cited in search report date member(s) date

ZA 200803317 A 25-02-2009
ZA 200803318 A 25-02-2009

page 2 of 2


	abstract
	description
	claims
	wo-search-report

