LI QUI D AND GAS PURI FI CATI ON AND FI LTRATI ON The present

I nvention relates to the renoval of 5 organi ¢ and ot her pollutants
fromliquids and gases, and in particular, but not exclusively, to
t he renoval of such pol | ut N system A

number of stratQP¥I0Bave been deveTHIBESHEER HARe BEEN
i ndustry for dealing with probl ens} such REGLACED’ as oi

pet r o IVGCRIGN1319
spi |l | age and | eakage,

particularly at sea. Sone rethods; 107 exanpl e the use of
detergents, sinply aim to disperse the oil spillage as quickly as
possi bl e before too much danage has been done. It is, however,
preferable to renove the qil fronlthe mater mﬁthout 15 allomﬁng |t to
di sperse, since there are L2 URIFICALIONAND ; PILTRATION which nay
cause harmto the environment. It is known to provide a granul ar

material based on cel | u'ﬂ?@;ptlx@b}.leﬁg bﬁéang:il.orﬁl}%q_ra.lg'e%gto the re%o%'ir fg'fes the

material being in a formsu
spillage. Onée theCHFInipangether Poll%ﬁrsoéé‘f’mt Fséqwa@%rarai 93§egat her ed
up and may be and N ErAfiettlar, but not exQlusipkhliaces wHee reabvhie

only environmental of such pollutants by a filtration system.
A number of strategies have been developed in the
petrochemical industry for dealing with problems such
10 as oil spillage and leakage, particularly at sea. Some
methods, for example the use of detergents, simply aim
to disperse the oil spillage as quickly as possible
before too much damage has been done. It is, however,
preferable to remove the oil from the water without

15 allowing it to disperse, since there are many toxic
components in the oil which may cause harm to the
environment. It is known to provide a granular
material based on cellulose, which has oil-absorbing
properties, the material being in a form suitable for

20 sprinkling onto an oil spillage. Once the oil has been
absorbed, the material is gathered up and may be
incinerated. .

0il spillages are not the only environmental

problem faced by the petrochemical industry. There are

25 many situations where it is desirable to remove
components including organic pollutants (such as
hydrocarbons) and heavy metal contaminants Erom
produced water and water run-off before this water is
released as effluent.

30 It is also desirable to remove such pollutants
from liquids other than water and also from gases (e.g.
air) .

According to a first aspect of the present

invention, there is provided a material comprising a

35 base formed gubstantially of cellulose fibres onto
which is adsorbed a composition comprising one or more

This Sheet Has Been Reﬂlaced
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probl em faced by the petrochemi cal industry. There are 25 many

situations where it is desirable to renove conponent s i ncl udi ng
organi ¢ pollutants (such as hydr ocar bons) and heavy net al

contam nants from produced wat er and water run-off before this water
i's r el waswdsos ef f| uent . & | so desi papicBoiisfecnOVE
such pollutants fromliqui ?ﬂis HEET Bgﬁ\l r and al so from gases
(e.qg. air). A aspect of the present

i nvention, there is provided a filter matertal 35 conprising a matrix

in whlchls di sper ranu rmul.ation_ of a nmateri al
conprising a bage f%#hé;ﬁ% car oxyllc ac1Js having hydrocarbon chains
REPLACENENT SHEEﬂ¢on51st1ng of 8 to 20 carbon atoms. 20

JUL 1998 referred embodiments, the h a@a j
substantially of cgll.ul os?e fibres onto which'is =W calg)on Chgms

conposi tion conpr?kithf STE OF MEFe SRFEMSIC acids coRgiHoaf 10 4ei 48
havi ng hydr®car boraxta rtomsnsi Partficularly efdkec8ive Cdrismtildr akqds.

have been found to include stearic acid CH,(CH,),,COOH
and palmitic acid CH,(CH,),,COOH.

According to a second aspect of the present
invention, there is provided a method of producing a

10 material comprising a base formed substantially of
cellulose fibres onto which is adsorbed a composition
comprising one or wmore aliphatic carboxylic acids
having hydrocarbon chains consisting of 8 to 20 carbon
atoms, wherein one or more cellulosic materials are

15 mixed together with a powdered formulation of the one
or more carboxylic acids.

The material of the first aspect of the present
invention may be formed by mixing together one or more
cellulosic materials, for example virgin pulp and wood

20 chips, together with the one or more carboxylic acids
in powder form and, optionally, latex. The mixing is
preferably undertaken in a hammer mill,.in which heat
and friction assist the process whereby the carboxylic
acid becomes adsorbed onto the cellulose fibres. It is

25 thought that the carboxylic acids are adsorbed onto the
surface of the cellulose fibres by way of the
carboxyl -CQOH functional group, either through
hydrogen bonding or through the formation of cellulose
esters containing an -0-CO-R group formed with the

30 hydroxyl -OH groups on the cellulose rings. However
the carboxylic acids are bonded to the cellulose
fibres, the result is that the material of the first
aspect of the present invention comprises cellulose
fibres from which project hydrophobic hydrocarbon

35 chains. When the material is applied to a mixture of
water and hydrocarbon pollutants, the hydrophobic

. This Sheet Has Been Rep laced
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5 In preferred enbodi nents, the hydrocarbon chains of the

one or nore carboxylic acids consist of 10 to 18 carbon at ons.
Particularly effective carboxylic acids have been found to include
stearic acid CHerr](CHerr])[ err] COOH and palmtic acid

CH err] (CH err WO 2¥4392800H. 10 THIS SHEE'P‘ rgegNg) t 0 a second mEspempMie t he
pr esent i nvention, 'there a nefhod of producing a
material conprising a base for Df cellul ose fibres
onto which is adsorbed a conposition ‘c?b'rrpri sing one or nore

Al phat | pearboxy gy Btldanby ca11 DAY N ACREA0 P00 £0A) R BESLLNg, Of - 8

to 20 carbon one or ul 0s
m xed together witH®& aﬁé\mélteﬂh?olﬁ}ﬁﬁ%ﬂé}@?nopoﬂ-ﬂétéﬁ‘és to the matmnel

carboxylic acids. and to repelThﬂtQEﬁ”ﬂﬂéﬂéb@abebialﬂﬁ the ddqustreaspect of

the 20 present inven pget her” one or
nore cel | ul osic mat eﬁ'ﬁa&ﬁ%loflop’aﬁ% n%?teeliﬁ di ﬁnﬁﬁrBogatlg rzl}}?d wood chi ps,
toget her withsthe dnsingcaybes pollutants.beeyp tbeacbesgarhemderp Radm and,

optionally, latex. yged ag ZheuBiX¢d&k | S preferably undertaken in a hanmer

mll, 25 in which heat and friction assist the process whereby
the carboxylic acid bec&?é’?raag%r'b%oa otﬁ'ti(fdt REPEEF| 8?0%%3 presenttihres. |t
i s thought that theimertdonli chexe dss pmvided a fdtvebeshmstialt he surface

of the cellul ose fi catb f
group, either 30 grfpﬁ'ﬂr %?Jinﬁ 3 matm f wiencss 8ﬁ¥%er t he g#r;?lrrat I on of

}gbn bondi ng or t
cel lul ose ebt®rs cdftmutak °&n° d? WRGEG FEFREFLNG %o the tireke
hydr oxyl -OH groupsaspedthefcehéuppssent ngsrention. However the carboxylic

acids are bonded to themq,. trg,gllf q5e fhRs ggte?hgr&g 'ﬁu | S th@t t he
material of 35 the firsto aspect . of the presen |nven I"on conprlses
materials, lncludlng non- woven fibrous materials, open-

cell foam materials or a cotton or viscose gauze. The

15 unloaded matrix advantageously has a density not
greater than 0.25gcm™, and preferably from 0.01 to
0.18gcm™. A particularly preferred matrix has a
thickness of around 3mm and a density in the region of
0.1lgem™. The granular formulation of the material of

20 the first aspect of the present invention may be
incorporated into the matrix by bombardment across a
pressure gradient as described in EP 0 504 214, the
disclosure of which is hereby incorporated by reference
into the present application. By incorporating the

25 material of the first aspect of the present invention
into a matrix to form a filter material, the available
active surface area is increased so as to aid
efficiency. Furthermore, dispersion of the material in
the contaminated fluid is reduced because it is held

30 within the matrix. In some embodiments, webs of the
filter matrix are loaded to a density of around 1lkgm?;
a density of .925kgm? has been found to be particularly
effective in certain circumstances. In other
embodiments, a density of around 0.S5kgm™ has been found

35 to be effective, particularly where the web of filter

matrix has a thickness in the region of 3 or 4mm. Once
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cellul ose fibres fromwhich project hydrophobic
REPLACEMEI\ | T SHEET

20 JUL 199 - 3 -

hydr ocar bon chains. Wen the material is applied to a m xt ure of

wat er and hydwWee#egs pol | utants, the hydr ophobi ¢ hyﬂ&g@gﬁgﬂﬂgtalls
of the carboxylic acid resi dues serve to attract the hydrocar
pollutants to 5 the material and to repel water, thereby providing the
required separation The material, incorpor ting the hydr ocar bon

pol l utants, can t t hered.u used as el st ock.

The matrix of the" égié%ﬁxﬁﬁFqﬁﬁa h a?rR&ﬁﬁW?n?afﬁratEdnﬁﬁt e fabricated

froma nunber of mglkutanﬂﬁ. iltcligdiragatively snmp&wouenrém$Wén5mmater|als

open-cel | foam i £fidl Sanq replabl 8t CRILPM Hewlbigose gauze The unl oaded
mat ri x advant aggous %G as a_dens %%ﬁlq greater than 0.25gcm 3,
t

and preferably fromO. e¥sjehesial 3IVaPVGTr1EWice isefosry ed
matri x has a-thic&eight(ﬁnahydnmdaSBunanﬂmﬂ.1s theredepai tyeful tdie amegi on of

O.lgenferr]. The &Hé?&&égbufce in, for example, cement kilns. In some
situations, used filter material may be macerated into
a form which can be fluidised and injected into
furnaces as a fuelstock.

10 The filter material may be cut into shapes, such
as discs, suitable for installation in filtration
apparatus. Particularly preferred is a filter column
comprising a hollow core upon which is mounted an
alternating stack of filter plates and discs of the

15 filter material of the third aspect of the present
invention, wherein the filter plates are adapted to
allow passage of fluid from a circumferential region of
the filter column to the hollow core by way of the
discs of filter material.

20 Alternatively, filter cartridges may be
constructed by wrapping layers of the filter material
around a central core. For example, a cylindrical
cartridge may be made by taking a perforated tubular
core, wrapping this with layers of filter material,

25 providing a protective outer layer which allows passage
of fluid into or out of the cartridge, and securing the
whole with a pair of end caps. Fluid may be passed
through the filter material in the cartridge either
from the central core to the ocutside or from the

3aQ outside to the central core.

One or more such filter cartridges may be
advantageously installed in a filter pod comprising a
casing internally divided into two chambers by a
carrier which supports at least one filter cartridge,

35 the carrier and the at least one cartridge being
arranged so that fluid can only pass from one chamber



formul ation of the material of the first aspect of the pr esent

I nvention may be incorporated into the matrix by bonbardnent across
a pressure gradient as described 20 in EP 0 504 214, the disclosure of
which is hereQ% i ncorporated by reference into the present

appl i cation. 097143088 | ncorporating the material of the fir@CTespras190f
the present invention into a matrix to forma filter material, the
avail abl e active surface area is 25 i ncreased so as to aid efficiency.
Furt her nor e, di spersion of the material in the contamnated fluid is

reduced because itté stheelathsirt biynpaheingttlivougn beohethe hollanirmtbuient s,
wehs of the filter gpd rdng 3L eQaded &étéklal tﬂgnattyegth%ﬂynd 1kgn12

a density of 925kg err] has been 30 oun to be particularly
effective in certa??Ftrl 9€. circumstances. In other enbodinents, a density
of ' around 0. 5kgrifterird alas® peeailbbeingb tfdllle tiakf eﬁbi-ea!rﬁaent:.oned
fggfgﬁugfrgyomherefi{??ﬁ“ﬂ%éﬁkihb&&ealPEEEiﬁ‘JE%% e materidd YFG3R ' N the
REPLACEMENT SHEET first aspect of the present invention, without 20
JUL 198 employing a filter matrix.

According to a fourth aspect of the present

invention, there is provided a method of cleaning a

10 fluid by contacting the fluid with a material
comprising a base formed substantially of cellulose
fibres onto which is adsorbed a composition comprising
one or more aliphatic carboxylic acids having
hydrocarbon chains consisting of 8 to 20 carbon atoms,

15 wherein one or more cellulosic materials are mixed
together with a powdered formulation of the one or more
carboxylic acids.

Fluids which may be cleaned by this method include
gases such ag air, and liquids such as water. The

20 material may be in loose form, such as a material
according to the first aspect of the present invention,
or the material may be bound in a matrix according to
the third aspect of the present invention.

For a better understanding of the present

25 invention and to show how it may be carried into
effect, reference shall now be made, by way of example,
to the accompanying drawings, in which:

FIGURE 1 shows a section through a yard-scale
filter rig incorporating the material of the first

30 aspect of the present invention;

FIGURE 2 is an exploded view of a filter column
incorporating the filter material of the third aspect
of the present invention;

FIGURE 3 shows a detail of a filter plate from

35 Figure 2;

FIGURE 4 shows a test circuit including a filter



WD 97/ 43028

-4-

pol | ut ants,
it with a new one. The filter material can carry over twice its
wewgihg7/4028 hydr ocar bons and is therefore useful a®caGRIT01319
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Igures
FIGURE 9 shows a filter skid incorporating eight
of the pods of Figures 6 and 7; and

FIGURE 10 is a graph showing the trends of
flow/contamination data plotted against intervention
periods for an eight-pocd filter skid.

Initial small-scale trials:

There will firstly be described the results of
small-scale laboratory analysis of a material according
to the first aspect of the present invention. The
differential pressure across columns of the material
made from different types of cellulose was measured to
gauge permeability and pérosity characteristics of
various substrates. The chosen grade showed no
increase in differential pressure after 40 days flow.

A particularly suitable grade of wood chip was found to
be chips of a soft wood with a 30mm mean particle size.
Laboratory scale hydrocarbon filtration tests
confirmed the oil-removing properties of the material.

Two examples of the tests used follow:

Example 1: Dissolved hydrocarbons removed via column

packed with 12g of material
575ml of Inde K condensate was added to 10 litres

of artificial formation water (Brent recipe) and
vigorously stirred using a homogeniser. Separate litre
samples were then drained off, 100ml of each being

%gds Ofplg,owdln %ngrggectlve outer |ayer which all ows



of fluid into or out of the cartridge, and securing the whole with a

pair of end caps. Fluid may be passed through the filter material in
the cartridge either fromthe central core to the outside or from

t he 30 outside to the central core. One or nore such filter
cartridges maywde43028 advant ageously installed in a filtepcPHEesdroisie
conprising a casing internally divided into two chanbers by a
carrier which supports at least one filter cartridge, 35 the carrier
and the at |east one cartridge being -“Arranged so that fluid can only

gg;?GEB??EEQEQChanE§¥ained for trigggggéé§nggglysis ;05m§asure the to the

other_by passi ng tdissglvesbthiydribeahboh overtienyl defore filtumtadcandanHe filter
material of the at%ljéga mdi Hder beiggcgﬁ&éd d9€a litre sepa aetli éx' $uhs®

possible to fill t orenenti one filter cartri directly with
the material of thBounted alqvesthgsgetympy (TrdPdfcBBAK ?#éi%ﬁﬁsoﬁﬁsmﬁthout
enploying a §iltercaftidX.out on the filtered water to provide before and

after figures. Results are shown in table 1:

Table 1
I — —
Sample Litre % Dissolved
Hydrocarbons
Removed
10 lst 86
2nd 72
3rd 83
4th 67
5th 82
is eth 59
7th 75
8th 75 J_l
20 Example 2: Treatment of 4 salt contaminated with

hydrocarbons from a desalination plant
Batches of salt were rehydrated by adding 0.3kg of

salt to 1 litre of pure water and passed through 12g of
material at the rate of 1 litre/minute. The results

25 are shown in tables 2 and 3.
Table 2
Hydrocarbons/ppm
Before After
30
Sample 1 2826 2
Sample 2 4481




According to a fourth aspect of the present I nvention, there is

provi ded a nethod of cleaning a 10 fluid by contacting the fluid with a
mat eri al conprising a base forned substantially of cellul ose

fibres onto which is adsorbed a conposition conprising one or nore
al i phatic cagpbsdes aci ds havi ng hydr ocar bon chai ngce/psmbsiond of 8
to 20 carbon atons, 15 wherein one or nore cellulosic materials are

m xed together with a powdered fornul ation of the one or nore
carboxylic acids. Fl ui ds whi ch8may be cl eaned by this nethod

I ncl ude gasei such as air, and liquids such as water. The 20
material may be i e form such as a materi al according to the
first aspect of the-pras ot i pventlob o b ho-natar al—npv-ha bound

in a mtrix acco}

ding to t heHytirochxspectppaf t he present invention.
For a better undf

TsStranding jof the | 25 TvVent | d to snaw how
STan TS T g Ay o
of exanples to the dcconpaslyi ng dr ddissgs,] i n Baeph: Diss.

FI GURE 1 shows afSgction -t nrou af d- scale rTtenq ri
éﬁ%ﬁ%ﬁ 3o ggéf§¥r~ qoqa Ii. 00

I ncor porating thTs = Jar= .
i nventi on; 1#§ampleFPe RE 2 636 anjexpl d@ed vjew of a fijl ter Tolu
i ncorporating th 1z a0 aspect 0 € present
i nventi on; Fl GUR shqws _.a_detail of a. filter plate from 35
Fgure 2: TH{T PRI SE 2UPbLr 8 PR (SiaarRs T T er

10 physical nature of the substrate that retained

permeability over long periods, absorbed high levels of
hydrocarbons and was 100% incinerable. Accordingly,

larger, yard scale trials could now commence:

15 Filtering trials through a vard scale filter:
Figure 1 shows a yard scale rig that is used in

the following analysis. The rig comprises a pump (1)
which pumps contaminated water via a flowmeter (2) to a
diffuser (3) mounted over a filtration bed (4) provided
20 with an amount of the material (5) according to the
first aspect of the present invention. The filter bed
{4} is located within a receptaclé (6), from which the
filtered water is passed via a sample valve (7) to a
discharge (8).
25
Example 3:

Real produced water from Sean Papa platform was
supplied and batches of 1000 litres were filtered
through 0.5kg of material at 10 litres/minute. Samples

30 were taken before each batch and samples of filtered
water taken every 10 minutes. Typical results are set
out in tables 4 and 5.
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- 6- colum simlar to that of Figure 2; FI GURE 5 shows
a filter cartridge incorporating the filter material of the third
aspect of the present i nvention; 5 FI GURE 6 shows a pod
I ncor por at i ngwn9748e28y of t he filter cartridges of FimpwenIsmisie
FIGURE 7 is a section through the pod of Figure 6; FI GURE 8
shows a filter skid incorporating two of t he pods of Figures 6 and
7;-10 FI GURE 9 shows a filter skid3ncor porating ei ght of
t he pods of Fi gurelsabg and 7; and FIGURE 10 is a graph show ng
the trends of contam nation data plotted against intervention
periods for an ei 1d skid. 1o H}ggroéé{ygd /Egﬁal [-scale trjals:
There will firstl R8BSt —-scale—
| aboratory anal ysills of a materijal Dasgoiviedg Totad t he| f4 Redugspeunt }j of
the present inventipo. £{fi€er B 1870 26723
' 5 Filtrate Bl 20 338 98
Filtrate B2 15 453 98
[Filtrate B3 11 432 99
[Filtrate B4 10 381 99
[Filtrate B5 7 367 99
10 IFiltrate B6 8 374 99
Filtrate B7 6 354 99
Filtrate B8 2 341 99 “
Filtrate B9 6 432 s8 I
Filtrate B10 1 314 99 |
15
Table 5
20
e _
Sample Hydrocarbons/ppm
' Dissolved Total % !
Reduction
Pre filter D 211 1409
Filtrate D1 9 28 98
25 Filtrate D2 5 27 98
Filtrate D3 4 25 99
Filtrare D4 3 28 99 “
Filtrate D5 4 27 99 I
Filtrate D6 4 28 99 |
30 Filtrate D7 2 27 99
Filtrate D8 2 28 99
Filtrate D9 2 27 98
Filtrate D10 1 26 99

35



20 differential pressure across colums of the materi al made
fromdifferent types of cellul ose was neasured to gauge perneability
and porosity characteristics of vari ous substrates. The chosen grade
showed no increase in differential pressure after 40 days flow 25
A parti cul ar o suisezabl e grade of wood chip was found to PCT/GREn0Edib PS of
a soft wood with a 30mm nean particle size. Laboratory scal e
hydrocarbon filtration tests confirpned the oil-renoving properties
of the material . Two exanpl es of the tests used follow 30

Exanpl e 1: Di ssol ved EMdBQEﬁf€HEE§’E¥¥Ei§d gg@ A g n not 8g?ﬁked wth 129
ed T0

of .materi al 5m_of Ind condensat e was a 10 litres
of artificial foPﬁﬁFF@ntQﬁ?%ﬂh ?ﬁﬁﬂﬂ?eﬁé&FBE)c srers ory cgBEBLERge®t i rred
usi ng a honogeni sad. th&epford echd ttetal hydrosarippresievene t(hemzdrai ned of f,

égg?Englgigggbeﬁgg9ppm) were hﬁggé%YQﬁggzgxpected. _ﬂ?yever, in a
S single pass through the filter, total hydrocarbon
levels were reduced by an average >90%.
Specifically the dissolved fraction was reduced by
an average 92%.
Typical suspended solids were 245ppm.

10
¥Yormation of filter sheets:

There will now be discussed the use of the filter
material of the third aspect of the present invention.
A granular formulation of a material according to

15 a first aspect of the present invention is passed
through a system that kinds the loose product to, for
example, a viscose or cotton gauze producing a 3mm
thick mat that can be cut into shapes (typically discs)
to fit existing filtexr hardware.

20 The process of forming such sheets increases the
available surface area of the material thereby
improving performance.

A prolonged programme of trials was undertaken to
measure the performance of production grade discs in a

25 commercially viable filtering system. The discs were
installed in a filter column of the type shown in
Figure 2, which comprises an alternating stack of
filter plates (9) and discs (10) of filter material
mounted on a hollow central core {12), the whole being

30 compressed by an end plate (11) and placed in a
suitable container (not shown). Figure 3 shows a
filter plate (9) in more detail. Contaminated f£luid is
applied to the filter column such that it passes into
the outside rim of each filter plate (9) and thence

35 through an adjacent filter disc (10) before passing
into the hollow central core (12) for extraction.



retained for triple peak analysis to nmeasure the di ssol ved

hydr ocarbon content before filtration, and the remai nder bei ng added
to alitre separation funnel nount ed above the columm. Triple peak
anal ysis was 5 carried out on the filtered water to provide before and
after figures.wBewdo2&s are shown in table 1: Tabl e PCT/GB97/01319
Sanple Litre % Di ssol ved ' Hydr ocar bons
Renoved 10 1st 86 -.11- 2nd 72
3rd 83 4t h 67 5t h

82 15 Pkdmple 4: 59 7th 75

8th 75 2 | ec2. ... kreat t .of dr .cQn l.pat ed
with hydr ocar bogzsoq‘or (}m@éa eggl’? A ll{%ﬁﬁgﬁggceg %aéé.l i a?gﬁég of

salt were rehydrat 8aspgndaftiseg ids3kgedian size 255 + 48un) |wag £idtepade

water and passed tgheih @ik filter AN Jf &hel Egpéaél%vﬁ'f ik

litre/m nut e'S The Fr‘fgst.ltjr!'é S2 2.l50ade.d %righsipg)v@islcr}s t(%.%l)egf fflaft(:jer?"material,
samples being taken before and after filtering. Two
tests were run using two different flow rates, series I
at 48 litres/minute and series II at 10 litres/minute,

the results being presented in tables 6 and 7, with

10 table 8 showing the analysis of the condensate
supplied.
Table 6
Series I Hydrocarbon removal
15
48 litres/minute
ppm
Dissolved |[Dispersed |Total [Reduct
-ion
%
20 Pre filter 27 489 516
Minutes 10 6 10 16 97
Minutes 15 5 17 22 %6
Minutes 20 8 19 27 95
25 Minutes 25 8 34 42 92




Table 2 Hydr ocar bons/ ppm

Bef ore After 30 Sample 1 2826 2
Sampl e 2 4481 3 WO 97/ 43028
PCT/ GB97/ 01319 - 8- Table 3
Hydr ocar bonswpnsezs Before pericrorifiet €7 5
D sp. D ss. D sp. D ss. Sanmpl e 3 1116
18 . 10 Sanmpl e 4 636 -19- 13 1 0
Table 7
Series II Hydrocarbon removal
5
10 litres/minute
Ppm
Dissolved |Dispersed |Total [Reduct
~ion
10 Pre filter 52 792 844
Minutes 10 6 11 17 28
Minutes 15 13 15 28 97
Minutes 20 6 16 22 97
15 Minutes 25 6 15 21 98
Table 8:
Condensate Composition
—
20 Component ¥Yage Weight
ci1 . <0.01
cz2 0.04
C3 0.16
i-ca 0.17 I
25 n-C4 0.33
neo-Cs 0.04
i-C5 0.37
n-C5 0.45
cyclo-Ce .08
30 Cé 1.99
Benzene 1.62




This small-scale analysis served to identify the 10 physi cal nature of

the substrate that retained permnmeability over |ong periods, absorbed
hi gh | evel s of hydr ocar bons and was 100% i nci nerabl e. Accordingly,
| arger, yard scale trials could now commence: 15 Filtering trials
t hrough a yar WQ¥P®8f i | ter: Figure 1 shows a yarch/sesaioesiei g
that is used in the followi ng analysis. The rig conprises a punp (1)
whi ch punps contanm nated water via a flomne%%[ (2) to a di ffuser (3)
nounted over a filtration bed (4) prOV|ded wi th an anmount of the
material (5) acco 8_9rlg to-the 7 L5 aspect the present invention.
The filter bed (4) is located wi PP a recept acl e (6), from which
t he filter ' | ve (7) to a
di scharge (8). 25|~°*4%®"€ Exanpl e 3: produced water from
Sean Papa pl atfor f 1000 litres were
filtered t ugh 0. 5kg of materi es/ mnute. Sanples 30
wer e taken before ?ﬁﬁ tﬁg ana sanple wat er taken
every 10 mnutes. | h?%a Feeul ts are sk in tables 4 and 5.
5 Xylenes 3.42 “ '
cs 3.75 “
Isopropylbenzene 0.98 “
1,2,4 Trimethylbenzene|l.90
c10 6.65 “
10 c11 5.74 "
c12 8.90 1
C13 9.52
Ci4 8.96
C15 8.10
15 C16 5.23 |
c17 4.80 {
cis 3.54 h
c19 2.48 "
c20 1.78 ”
20 c21 1.32 i
c22 0.98
c23 0.69 ”
C24 0.60
Cc25 0.37
25 Cc26 0.34




WD 97/ 43028

PCT/ GR97/ 01319

-9- Tabl e 4 Sanmpl e Hydr ocar bons/ ppm
D ssol ved Tot al % Reducti on Pre filter B 1870
26723 5 Filtrate Bl 20 338 - 98
Filtrate B2 wo9m43028 15 453 98 . | e B3
11 432 99 Filtrate B4 PCT'%BLMI%

38l 99 Filtrate B5 7 367

99- 10 Filtrate B6 8 -14- 374 99

Filtrate B7 6 354 99 Filtrate B8
2 3427 99 oFsttrate B 6

432 EFiltrate BIl( 1 314

99 15
Hydr ocar bons/ pp

10

15

20

25

30

nqm e 5 20 Sarfpl 26
c29 0.19

C30 ; 0.07

In the following examples, the object was to

establish the time taken for a given quantity of filter
material discs to become saturated with hydrocarbons
and to monitor continuously the hydrocarbon removal
performance. These trials used fluorescing on-line
hydrocarbon monitoring instruments.

Example 5: .

A 16 disc filter using a prototype grade of
material according to the first aspect of the present
invention was used to treat 500ppm condensate in water.
This was made up by homogenising the oil into a static
water volume of 25 litres.

A laboratory fluorometer recorded:

Run 1 93.5% removal at 5 litres/minute
Run 2 96% removal at 5 litres/minute
Run 3 >87% removal at 5 litres/minute

Changes were made to the means of dispersing the
oil in water as shown in the circuit of Figure 4, which
comprises a contaminant dosing pump (13), a seven-stage
homogenising pump (14), a filter column (15) and a
sampling reservoir (16), wherein the sampling reservoir
(16) generates an overflow stream and a monitored
stream, the latter stream passing through an on-line
monitor (17) adapted to detect the presence of
hydrocarbons by fluorescence.

Production grade filter discs were manufactured
for future tests to a repeatable commercial production
formulation with a weight of 1000gm2.



Di ssol ved Tot al

Reducti on Pre filter D 211 1409 Filtrate
D1 9 28 98 25 Filtrate D2 5
27 98 Filtrate D3 4 25

99 Fi WO 974302811 ' 3 28 PCIRBI7/01319
Filtrate D5 4 27 99 ' Filtrate D6
4 28 99 30 Filtrate D7 2

27- 99 Filtrate D8 "13-o 28

99 Filtra @ . 2 27 98

Piltrate Do | Ekamble 6 26 35 o)
97/ 43028 In this example, the flltqmjgpéggq/@qglgpscs used

- 10- 1h NER4 et h;eaxéﬁer rahsSed ! hernsatier dhaé P9l cdeafhs

passed through an¥o£5§gée on- %%Leaggﬁsacgréégggrhgn tof calibrated to

5 the exact condensate type. The hydrocarbon-polluted
stream wasipumped through the 16 disc filter after
dynamic mixing.

Contaminants were injected into the influent water
at a constant rate through a positive displacement pump

10 directly into the throat of the homogenising pump. The
outlet pressure was controlled to 98psi. Samples for
on-line analysis were taken directly through the
falling stream cell; samples for laboratory analyses
were taken before and after filtratiomn.

15 For the first continuous test the metering of
condensate was calibrated to 500ppm in water with a
mean droplet size of <10pum. Over the next two hours
the filter continued to remove >90% of the condensate
in water supplied at a rate of 8 litres/minute. The .

20 test circuit shown in Figure 4 proved to be a
satisfactory system for future trials to test
éfficiency and filter capacity. ‘

Production grade filter discs were used in the
following tests:

25
Example 7:

A nominal 300ppm condensate in water was passed at
4 litres/minute through a fresh filter column, the
results being presented in table 9.
30



and therefore the total hydrocarbon |evels {26723 - 1409ppm were

hi gher than expected. However, in a b5 singl e pass through the filter,
total hydrocarbon | evel s were reduced by an average >90%
Specifically the dissolved fraction was reduced by an average 92%
Typi cal suspwolensseel i ds were 245ppm 10 For mat i on ofcrigpor@izipheet s:
There will now be discussed the use of the filter material of the
third aspect of the present invention. A granul ar formnul ation
of -a material according to 15 a first d¥pect of the present invention

I s passed rou a systemthat binds the | oose product to, for
a viscoé%g%ﬁigg

exanpl e, tton gauze producing a 3mm thick mat that
Phidtigy 6%5% red [Meatdred' (£ ilter
P%ﬂ? S Pinlled M NG iplfRlepheet s the
¢t ©

can be cut into
har dware. 20 i |
dcHc t/BBhE Done . /ppm | MPT OVi NG
\"prol ongpd progranme of tFialls was un

avai |l abl e surfac
per f or mance.

rtaken to

nmeasure the perf pretuettomrrade—drses—+r—ai25 egmercially
viable filtering [pySt8h ITh&-8Fscs werd? i k&t al lied %% a fjIter
columm of tge tyge i whi chg conpri seg an fal t ernati ng
st ack of i 1) f—frfter—rater al

nount ed on a hol | a L He wh bei ng 130 cdnpressed by
an end plate (11) and placed in a sui tabl e contai ner (not shown).

Figure 3 shows a gxampie fd:lter plate (9) in nore detail. Contam nated fluid
S appliedto tﬁe filter colum such that it passes into
This was a repeat of the 300ppm test at 4
10 litres/minute but using new filter discs. This test
ran for seven hours before showing signs of reaching

saturation, the results being presented in table 10.

Table 10
15 Elapsed Through Monitored |Measured % Removal ]
Time (h) Filter Inlet Outlet
{1/min) Conc./ppm |Conc./ppm
0.00 4.02 310
1.00 4.02 307 6 9B “
1.50 4,00 295 6 " 9B
20 2.25 3.97 312 8 97
3.25 4.00 312 10 97
4.25 4.00 - 308 12 96
5.25 4.05 310 13 96
7.00 3.98 312 18 94
25 — -
Example 9:
A nominal 500ppm condensate was passed through the
above filter stack at the same volumetric flow rate so
30 as to accelerate saturation, the results being

presented in table 11. The filter column is showing
signs of failure.



the outside rimof each filter plate (9) and thence 35 t hrough an

adj acent filter disc (10) before passing into the holl ow central
core (12) for extraction. WO 97/ 43028
PCT/ GB97/ 01319 -11- Exampl e 4:
2000 litres ofW@9HMBt i c produced water with 22ppm s URGR/GBIHIRD| | dS
(nmedian size 2.5 - 19[err]m was filtered through a disc filter
colum of the type shown in 5 Figure 2,Joaded with 16 discs (10) of
fitter material, sanpl es being taken before and after filtering. Two
tests were run usipggibkWwpidifferent flow rates, series r at 48
Ii;res/ninute and series 11 at 10 litres/m i ng
presented in tabl ¢g1LHand 7, 'Twirbﬁgﬂo Moﬂi&h:lx%dS Maawhpddt hf‘%aiaﬁd«fals f
the condensate Time S(HIp! ijgdlcer Inllebl € 6 [outlet Seri
Hydr ocar bon renovgl (1/min) Conc./ppm |Conc./ppm
7.00 4.05 498 18 96
5 . 7.28 . 4.05 498 18 96
8.00 4.03 496 35 93 “
8.25 4.03 498 88 82 |
10 Example 10:

A nominal 500ppm condensate at 6 litres/minute was
passed through the filter stack, the results being
presented in table 12.

15 Table 12
e ——
Elapsed Through Monitored |Measured % Removal q
Time (h} |[Filter Inlet Outlet
{1/min) Conc./ppm |Conc./ppm
0.00 6.51 515
0.50 6.32 515 11 28
20 1.00 6.42 515 14 97
2.00 6.35 513 14 97
3.00 6.42 516 22 g6
3.50 6.46 514 26 95
4.50 6.42 514 46 81
25 5.67 6.42 513 62 87
Example 11: Glvcol removal
_ A larger filter housing using 18" filcer discs was
30 connected to the test rig shown in Figure 2. Glycol

contaminated with hydrocarbons was supplied, this
mixture was injected to the total stream of 14
litres/minute.

This level of contamination is beyond the



15 48 litres/ mnute

ppm Di ssol ved Di spersed Total Reduct

- ion 20 Pre filter 27 489 516

M nut es 10 6 10 16 97 M nut es

15 WO 97/43028 17 22 96 M nut es

19 27 95 25 M nut es 25 8 m,%%zvmaw 42
92 WD 97/ 43028

PCT/ GB97/ 01319 -18- - 12- Table 7

calibration range of the standard on-line monitor, but

it was possible to use the 4-20mA output to monitor
changes in the inlet flow to the filter.

Hand samples were taken for analysis before and

5 after filtering. The results are shown in table 13.
Throughout the test the filters were operating at
17psi. The filter elements were on-line for 150
minutes.
10 Table 13
ppm %
Prefilter Post filter Reduction
Glycol MEG 4520 797 82
Glycol MEG 4566 831 82
15 Dispersed 95 0 100
hydrocarbons
Dissolved 7 0 100
hydrocarbons
20 Example 12: Metals removal _
In this example, water with the following levels
of metals was used:
Nickel 1.75ppm
Copper 0.50ppm
25 Zinc 0.40ppm
Lead 0.30ppm
and the following was added to the water:
Condensate 0.5ppm
Leman silt 50ppm
30 Samples were taken before and after filtering, the

35

results being shown in table 14. The increase in the
metal content of the prefiltered water is ascribed to

metals in the condensate and silt.



Series I Hydr ocar bon renoval 10 litres/ mnute
[err] Di ssol ved Di spersed Total Reduct
-ion 10 Pre filter 52 ' 792 844 M nut es
10 6 11 17 98 M nut es 15 13
15 28  WQY7/43028 M nut es 20 6 18cT/GBYTRA31S 97
15 M nut es 25 6 15 21 Tabl e 8
Condensat e Conposition 20 Conmponent %ge Wi ght
a- <0.01 c2 13- 0. 04
Table 14
PPmM %
Prefilter Post filter Reduction
Nickel 1.77 0.52 71
5 Copper 0.62 0.14 71
Zinc 2.9 0.25 57
Lliead 0.42 <0.05 88
Formation of filter cartridges:
10 As an alternative to the disc filter column

described above, a pod including one or more filter

cartridges may be employed. As shown in Figure 5, a
cartridge (18) is formed by wrapping filter material
(19) around a tubular core (20) and applying a

15 protective outer layer (21) and end caps (22). The
protective outer layer (21) and the core (20) are
provided with perforations (23,24} so as to allow
passage of filtrate, either from the outside of the
cartridge (18) through the filter material (19) to the

20 inside of the core (20) or vice versa.

A typical cartridge (18) has a diameter of 215mm,

a length of 1300mm and an internal diameter of 50mm,
and is provided with 10.98kg of tightly-wrapped sheet
filter material with a density of 0.925kgm™.

25
Example 13:

Figures 6 and 7 show a pod (25) in which an array

of filter cartridges (18) is mounted on a carrier (26).
The carrier (26) is adapted to allow filtrate

30 ingressing from the bottom (27) of the pod (25) to pass
only into the hollow cores (20) of the cartridges (18).
The filtrate then passes through the filter material
(19) and into the top (28) of the pod (25) (which is
separated from the bottom (27) of the pod (25) by the

35 carrier (26)), from where it exits the pod (25) by way
of egress (29). '



3 0. 16 i-C4 0.17 25 n- C4
0. 33 neo- C5 0. 04 i-C5 0. 37
n- C5 0. 45 cycl o-C6 0.08 30 Co6
1.99 Benzene 1.62 WO 97/ 43028
PCT/ GB97/ 013w 97143028 -13- PCT/GRY /61519
3.55 '
-20-
Example 14:

10

15

20

25

30

Figure 8 shows a filter skid (30) comprising two
filter pods (25) and Figure 9 shows a filter skid (31)
comprising eight filter pods (25). Figures 8 and 9 are
not to scale. The pods (25) may be connected in series
or in parallel in a number of configurations by way of
alternative manifolding of the connecting pipework
(32). A typical eight-pod skid (31) can accommodate
flow rates of up to 120m’/hour at working pressures of
up to 4 bar.

Table 15 shows the results achieved for an eight-
pod skid (31), each pod (25) comprising ten filter
cartridges (18) and operated according to the following
specifications:

Weight of filter material per cartridge: 10.98kg

Weight of filter material per vessel: 109.8kg

Weight of filter material in skip: 878.4kg

0il contamination: 500mg/litre

Oil adsorption: 90%

MEG contamination: 500mg/litre

MEG adsorption: 80%

Flow: 1656 litres/hour

Table 15:

Flow Discharge Retained Interv-
licres/hour contaminants |ention
Through ng/llkg/daylkg/annumimg/1 lkg/day |Days
filter

1656 150 [5.96 2176 850 33.79 1{52.00

Figure 10 shows a plot of the trends of flow rate
against contamination and intervention periods for a
typical eight-pod filter skid employing the filter
material of the third aspect of the present invention.
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C9 3.75 | sopr opyl benzene
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CLAIMS:

1. A material comprising a base formed

10

15

20

25

30

35

substantially of cellulose fibres onto which is
adsorbed a composition comprising one or more aliphatic
carboxylic acids having hydrocarbon chains consisting
of 8 to 20:carbon atoms.

2. A material as claimed in claim 1, wherein the
one or more aliphatic carboxylic acids have hydrocarbon
chains consisting of 10 to 18 carbon atoms.

3. A material as claimed in claim 1 or 2,
wherein the one or more carboxylic acids are selected
from the group comprising stearic acid and palmitic
acid.

4, A filter wmaterial comprising a matrix in
which is dispersed a granular formulation of the
material claimed in claim 1, 2 or 3.

5. A filter material as claimed in claim 4,
wherein the matrix comprises a non-woven fibrous
material.

6. A filter material as claimed in claim 4,
wherein the matrix comprises an open-cell foam
materials.

7. A filter material as claimed in claim 4,
wherein the matrix comprises a cotton or viscose gauze.

8. A filter column comprising a hollow core upon
which is mounted an alternating stack of filter plates
and discs of the filter material as claimed in any of
claims 4 to 7, wherein the filter plates are adapted to
allow passage of fluid from a circumferential region of
the filter column to the hollow core by way of the
discs of filter material.

9. A filter cartridge comprising a hollow core
around which is wrapped one or more layers of a filter
material as claimed in any one of claims 4 to 7.

10. A filter pod comprising a casing internally
divided into two chambers by a carrier which supports

This Sheet Has Been RTlaced
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at least one filter cartridge as claimed in claim 9,
the carrier and the at least one cartridge being
arranged so that fluid can only pass from one chamber
to the other by passing through both the hollow tubular
core and the filter material of the at least one
cartridge. .

11. A method of producing a material comprising
a base formed substantially of cellulose fibres onto
which is adsorbed a composition comprising one or more
aliphatic carboxylic acids having hydrocarbon chains
consisting of 8 to 20 carbon atoms, wherein one or more
cellulosic materials are mixed together with a powdered
formulation of the one or more carboxylic acids.

12. A method according to claim 11, wherein the
one or more cellulosic materials are selected from the
group comprising wood chips and virgin pulp.

13. A method according to claim 11 or 12, wherein
latex is added to the one or more cellulosic materials
and the one or more carboxylic acids.

14. A method according to any one of claims 11 to
13, wherein mixing takes place in a hammer mill.

15. A method of cleaning a fluid by contacting
the fluid with a material comprising a base formed
substantially of cellulose fibres onto which is
adsorbed a composition comprising one or more aliphatic
carboxylic acids having hydrocarbon chains consisting
of 8 to 20 carbon atoms, wherein one or more cellulosic
materials are mixed together with a powdered
formulation of the one or more carboxylic acids.

16. A method according to claim 15, whexrein the
fluid is air.

17. A method according to c¢laim 15, wherein the
fluid is water.

18. A filter cartridge comprising a container
having a fluid input and a fluid output and including
therebetween a quantcity of the material of claim 1, 2
or 3.

This Sheet Has Been RTlaced

R




C27 0.32 C28 0. 26 C29
0.19 C30 0. 07 5 In the foll ow ng
exanpl es, the object was to establish the tinme taken for a given
quantity of filter material discs to becone saturated with
hydrocarbons WOS/438d to nonitor continuously the hydrocar ror/cemoisay 10
performance. These trials used fluorescing on-1line hydr ocar bon
nonitoring instrunents. Exanpl e 7 A 16 disc filter
using a prototype grade of 15 materi a accordlng to the first aspect of
t he present i nvention was used to treat 500ppm condensate in water.
This was made up by honobgenising the oil into a static wat er vol une
of 25 litres. A | aboratory fluoroneter recorded: 20

Run 1 93.5% renoval at 5 litres/mnute Run 2 96%
renoval at 5 litres/mnute Run 3 >87% renoval at 5
litres/mnute Changes were nade to the neans of dispersing the
oil in water as shown in the circuit of Figure 4 ich-25 conprises a
contam nant dosing punp (13), a seven-stage onogeni si ng punp (14),
a filter colum (15) anflF=
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Fig. 1
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sanpling reservoir (16), wherein the sanpling reservoir (16)
generates an overflow stream and a nonitored stream the latter
stream passi ng through an on-Iine 30 nonitor (17) adapted to detect the
presence of hydr ocar bons by fl uorescence. Pr oducti on
grade filter dwaxesvi4amse manufact ured for future tests ROT/GBI701319
repeat abl e comerci al production formulation with a wei ght of

1000gm 2. WD 97/ 43028 2/9
PCT/ GB97/ 01319 : -15- Exanpl e 6:
In this exanple, the filter colum and discs used in Exanple 5 were
reused. The 16 disc filter was connected on-line with a process
nonitor calibrated to 5 t he exact condensate type. The

hydr ocar bon- pol | ut ed stream was punped through the 16 disc filter
after dynam ¢ m xi ng. Contam nants were injected into
the influent water at a congtemrt—r-ete—tr-ough a positive

di spl acenent punp
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10 . directly into the throat of the honpbgenising punp. The

outlet pressure was controlled to 98psi. Sanples for on-1ine

anal ysis were taken directly through the falling stream cell
sanpl es for | aboratory anal yses were taken before and after
filtration. 15wW09743028 For the first continuous test the netrrmcE701i3ie
condensate was calibrated to 500ppmin water with a mean dropl et
size of <1 err]m Over the next two qﬁ”&g the filter continued to
remove >90% of the condensate i ter supplied at a rate of 8
litres/mnute. The 20 test circuit showmn in Figure 4 proved to be a
satisfactory systemfor future trials to test efficiency and filter
capacity. Production grade filter discs were used in the
follow ng tests: 25 Exampl e 7: A nom nal 300ppm
condensate in water was passed at 4 litres/mnute through a fresh
filter columm, the results being presented in table 9. 30

WD 97/ 43028 . PCT/ GB97/ 01319

Sampling
Water Supply

Fig. 4
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-16- Table 9 El apsed Through Mnitored Measured % Renova

Time (h) Filter I nl et Qut | et (1/mn) Conc./ppm
Conc. / ppm 0. 00 4.02 312 16 95 5
2.50 4. 05 305 18 94 3.75 4. 05
310 20WO0 9714302894 Exanpl e 8: Thi PCREBIHOIBEEeat
of the 300ppmtest at 4 10 ~litres/mnute but using new filter discs.
This test ran for seven hoursluﬁéwﬁashowﬁng signs of reaching
saturation, the results being presented i abl e 10. Table 10 15
El apsed Thr ough Monitored Measured % Renoval Time (h)
Filter I nl et Qut | et {(1/ mn) Conc./ppm Conc./ppm
| - 0. 00 4.02 310 1.00 4.02
307 6 98 1.50 4. 00 295 6
98 20 2.25 3.97 312 8 97

20

19
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Fig. 5
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3.25 4.00 312 10 97 4. 25 4.00

308 12 96 5.25 4. 05 310 13
96 7. 00 3.98 312 18 94 25
Exanpl e 9: A nom nal 500ppm condensat e was passed through the
above filter woomisom® the sane volunetric flowrate so 30 PCT/GBY%03319
accel erate saturation, the results being presented in table 11. The
filter colum is show ng si gns 01579' | ure. WO 97/ 43028
PCT/ GB97/ 01319 -17 - Table 11
El apsed Thr ough Moni tored Measured % Renoval Time (h)
Filter I nl et Qut | et
T
[ — g —p——
~——1~ \-28

29
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‘pasermecanng, lrecccmncnaad;

27
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(1/ mn) Conc./ ppm Conc./ppm 7.00 4. 05 498

18 96 5 .7.25 4. 05 498 18 96
8. 00 4 03 496 35 93 8 25 4.03
498 82 10 Exanpl e 10: Q

500ppm conde ég%gma% litres/ m nute was passed thrBﬁH ?ﬂ%géllter
stack, the & ei ng pr esent in table 12. 15 Tabl e 12

El apsed Thr ough Monitored Measu 29 % Renoval Time (h)

Filter I nl et Qut | et (1/ mn) Conc./ppm Conc./ppm
0:-00 6.51 515 0. 50 6. 32 515 11
98 20 1.00 6. 42 515 14 97

2.00 6. 35 513 14 97 3.00 6. 42
516 22 96 3.50 6. 46 514 26
95 4.50 , 6. 42 514 46 91 25

5. 67 6. 42 513 62 87 Exanpl e 11

G ycol renoval

Fig. 7
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A larger filter housing using 18" filter discs was 30 connected to the

test rig shown in Figure 2. dycol contam nated with hydrocarbons
was supplied, this m xture was injected to the total streamof 14
litres/ mnute. This | evel of contami nation is beyond the

WD 97/ 43028  WO9743028 PCT/ GB97/ 013%Sr/GB97/01319
-18- calibration range of the standard on-line nonitor, but

it was possible to use the 4-20mA out put qf nitor changes in the
inlet flowto the filter. Hand sanpl es were taken for anal ysis
before and 5 after filtering. The results are shown in table 13.
Throughout the test the filters were operating at 17psi. The filter
el ements were on-line for 150 m nut es. 10 Tabl e 13

25)
/7

)

Fig. 8
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ppm Prefilter Post filter Reducti on

d ycol MEG 4520 797 82 d ycol MEG

4566 831 82 15 Di spersed 95 0
100 hydr ocar bons Di ssol ved 7 0

100 hy dwosassnasns 20 Exanpl e 12: Metals renoval PCI/GB97/01319 | n
this exanple, water with the follow ng | evels of netals was used:

Ni ckel 1. 75ppm Copper 0. %gg] 25 Zi nc 0. 40ppm
Lead 0. 30ppm and the follow ng added to the water:
Condensate 0. 5ppm - Leman silt 50ppm 30 Sampl es were
taken before and after filtering, the results being shown in table
14 The increase in the nmetal content of the prefiltered water is
ascribed to metals in the condensate and silt. 35
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WD 97/ 43028 PCT/ GB97/ 01319

-19- Tabl e 14 ppm
Prefilter Post filter Reduct i on Ni ckel 1.77
0.52 71 5 Copper 0.62 0.14
71 ZWr97/43028 2.9 0.25 ECHE/GR97/01319 Lead
0.42 <0. 05 - 88 Formation of filter cartridges:
10 As an alternativetotheg filter colum descri bed
above, a pod including one or nore fi cartridges may be
enpl oyed. As shown in Figure 5, a cartridge (18) is forned by
wrapping filter materi al (19) around a tubular core (20) and
applying a 15 protective outer layer (21) and end caps (22). QThe
protective outer layer (21) and the core (20) args providegwi t h
perforations (23,24) so as to allow passaf] off filtrate,] efther from
t he outside of the cartridge (18) through?ne filter matlerial (%)
to the oy o ~—
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20 4 inside of the core (20) or vice vers
cartridge (18) has a dianeter of 215mm

i nternal dianmeter of 50mMm and is pr
tightly-wapped sheet filter materia
O 925kgnferr]. 25 Exanpl e 13:

(25) in which an B(I'E/ WQKLDﬂNTBItthI;Umu
carrier (26 carrier

i ngr essi ng M1 “fﬂ@Nﬁbf‘?MﬁW

a.
a length of 1300mMm

ovided with 10.98kg of

| with a density of
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(57) Abstract
There is disclosed a material comprising a base formed substa

comprising a matrix in which is dispersed a granular formulation of

comprising one or more aliphatic carboxylic acids having hydrocarbon chains consisting of 8 to 20 carbon atoms, and a filter material

pollutants, such as oil spills, and the filter material can be used to adsorb such pollutants from a fluid stream.

ntially of cellulose fibres onto which is adsorbed a composition

this materiat. The material can be used to adsorb hydrocarbon




Exanpl e 14: Figure 8 shows a filter skid (30) conprising two
filter pods (25) and Figure 9 shows a filter skid (31) conpri si ng
ei*ght filter pods (25). Figures 8 and 9 are 5 not to scale. The pods
(25) may be connected in series or iyn parallel in a nunber of
configurations by way . of alternative manifol ding of the connecting
pi pewor k (32). Atypical eight-pod skid (31) can accomodat e

flow rates of up to 120pf t ' Pressures of 10 up to 4 bar.
Tabl e 15 shows the re 10 A YR QN _AND RATIONG (31),
each pod (25) conprising ten f||ter - cartridges (18) and operated
according to the foI ificatio

filter material per cart??%@%ntlbnﬁgﬂglon £Lig Qes %QéFBﬁtrSWOVvﬁth

mat eri al Sper vemsEnid(n@kgther pollutantéi fhomolifulidler andt gakak,i n skip:
878. 4kg 0 at 0

adsor ption: 90071550 1r9ﬂ:a19 P&%E%P ﬁ?gn?(ggtfg%éiué{)‘gelﬁ FO the rgmoval MEG
adsorption: 80®f such pollufdmys BH5H filté@th@@rSYStem Table 15: 25-

- 51

Flow Di schargeyumber of sfRigbHeds have'ﬂé@ﬁvdevelo ed bh t&ﬁ s/ hour
-contam nants ention Thr ough. ng/] kg/d kg/ an un1ng/ kg/ day
Days f ingtgyochemical industry for dealing w1 h problems such

10 as oil spillage and leakage, particularly at sea. Some

methods, for example the use of detergents, simply aim
to disperse the oil spillage as quickly as'possible
before too much damage has been done. It is, however,
preferable to remove the oil from the water without

15 allowing it to disperse, since there are ‘many toxic
components in the oil which may cause harm to the
environment. It is known to provide a granular
material based on cellulose, which has oil-absorbing
properties, the material being in a form suitable for

20 sprinkling onto an oil spillage. Once the oil has been
absorbed, the material is gathered up and may be
incinerated.

0il spilléges are not the only environmental

problem faced by the petrochemical industry. There are

25 many situations where it is desirable to remove
componenﬁs including organic pollutants (such as
hydrocarbons) and heavy metal contaminants from
produced water and water run-off before this water is
released as effluent.

30 1t is also desirable to remove such pollutants
from liquids-other than'weter and also from gases (e.qg.
air) . .

According to a first aspect of the present

invention, there is provided a filter material

35 comprising a matrix in which is dispérsed a granular
formulation of a material comprising a base formed
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1656 150 5.96 2176 850  33.79 52.00 30 - - Figure

10 shews a plot of the trends of flow rate agai nst cont ami nation and
i ifervention periods for a typical . eight-pod filter skid enploying
the filter material of the thlrd asgfct of the present invention.
-21- - CLAI ME: . A fil material conprising a matrix
I n whi chgii§ ggﬁ g 3L for atd Qi f materia

conprising a ba%e orng %s?gngggﬁk F Cé FUIO%@I%SW% rr%fll‘ﬁ;res ont o

which is adsorb@@sﬁrb@ﬁpésppmﬁﬁSééﬁpnl§pmgrls1ng O@@eoarnnueeadmmwaﬁud:

car boxylic acid h r (5 I [
carboﬁya{ons éaPEMk?glc %Cldﬁ ﬁgggﬁgah9§§8ga§?§€d%?% ?I %%n% 3ﬁ&g% in the

one or nore allﬁﬁaﬁlEocéprQVPPB aEPBS - have hydrocarbon 10 chai ns

consi sti rgy of 10 to 18 paébéﬂréaoéﬁbodlments, the3h déo%%&%bhabhéing ai med
inclaim1l1 or rein the o nor e lic acids are

sel ected. éff?%ﬁ1?ﬂ§ BromﬁrﬁoﬁﬁFSQFX lgtéﬁFaé &Epﬁléﬁdoﬁaﬂﬁlﬁﬂsls

carbon atoms. Particularly effective carboxylic acids
have been found to include stearic acid CH,(CH,),,COOH
and palmitic acid CH,(CH,),,COOH.

10 - According to a second aspect of the present
invention, there is provided a method of producing a
material comprising a base formed substantially of
celiulose fibres onto which is adsorbed a composition
comprising one or more aliphatic Carboxyiic acids

15 having hydrocarbon chains consisting of -8 to 20 carbon
atoms, wherein one or more cellulosic materials are
mixed together with a powdered formulation of the one
or more carboxylic acids.

The granular material of the first aspect of the

20 present invention may be formed by mixing together one
or more cellulosic materials, for.example virgin pulp
and wood chips, together with the one or more _ |
carboxylic acids in powder form'and, optionally, latex.
The mixing is preferably undertaken in a hammer mill,

25 in which heat and friction assist the process whereby
the carboxylic acid becomes adsorbed onto the cellulose
fibres. It is thought that the carboxylic acids are
adsorbed onto the surface of the cellulose fibres by
way of the carboxyl -COOH functional group, either

30 through hydrogen bonding or through the formation of
cellulose esters containing an -0-CO-R group formed
with the hydroxyl -OH groups on the cellulose rings.
However the carboxylic acids are bonded to the
cellulose fibres, the result is that the material of

35 the first aspect of the present invention ¢omprises

cellulose fibres from which project hydrophobic
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acid. 15 -4, Afilter material as clained in claiml, 2 or

3, wherein the matri x conprises a non-woven fi brous materi al .

55« Afilter material as claimed in claiml1, 2 or : 3, wherein the
matri'x conprises an open-cell foam 20 _Saterials. 6. A
filter material as clained in claiml, 2 or" 3, wherein the matrix

conpri ses a cot L SCO . z .. s fi,lter _colum
conpr.i si ng a’hgﬁf%ﬂﬁ%%ﬁgaﬁpﬁﬁaﬁgg' W@%#cﬁh?smﬁ%ﬁﬁ 8a an 3PP§?ﬁgtFﬁgastack
of filter plategixture ofhrdetiescandfhydeotatrben paléntantas thained in any
of cl ai B, drdon&oi MY &Hcd PSod | pL At a :

al | ow passage g?{fjdgé f%on1a circunf%r%%?*%l$?eg§%négf3g§93§g %ﬁédfilter
colum to theIﬁﬂﬁkﬁV%ﬁn%ﬁ%ﬁ?w@? JFLret phe hydreearbenf ppiéntanter kal

8. 'Afilster calfd imlee S0ADrdid N ardid]l WAESF & therebydp YR RECRRES

wr apped one or nDre.I%¥ers of afilter majerial”as clainmed | n any
one of claims F{BPed separationg TQ@fT??%Fl%Ld tRAPFPFALBI cBBeNng
internally 35 hydrbodsiash igdDLutentedhandet stiivn ebeagat Rerslli @p sH@port s-
at ‘| east one fi] ted{ acsargr]%&i st?ésclgl ainmed in claimS8,

REPLACEMENT SHEEPfS @S 20
JUL 1998 - The matrix of the first aspect of the invention
10 -may be fabricated from a number of materials, including

non-woven fibrous materials, open-cell foam materials
- or a cotton or viscose gauze. The unloaded matrix
advantageously has a density not greater than 0.25gcm™3,
and preferably from 0.01 to 0.18gcm™. A particularly
15 . preferred matrix has a thickness of around 3mm and a
density in the region of 0.1lgem™.  The granular
formﬁlation of the material of the first aspect of the
present invention may be incorporated into the matrix
by bombardment across a pressure gradient as described
20 _in EP 0 504 214, the disclosure of which is hereby
| incorporated by reference into the present application.
By incdrporating the material of the first aspect of
the present invention into a matrix to form a filter
material, the available active surface area is
25 increased so as to aid efficiency. Furthermore,
dispersion of the material in the contaminated fluid is
reduced because it is held within the matrix. 1In some
embodiments, webs of the filter matrix are loaded to a
. density of around lkgm?; a density of .925kgm™? has been
30 found to be particularly effective in certain
| circumstancés:” In other embodiments, a density of
arounci'-o.s}cc_:ym‘2 has been found to be effective, |
particularly where the web of filter matrix has a
thickness in the region of 3 or 4mm. Once:
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I[ggi;]t 6ne cartri dge bei ng arranggtzag- so that fltnfdcgg:]i g:ﬂlmﬂl{ Iuﬂlmruﬂl “ IIII
u

one chamber - to the other by passing through both the hol [sowect

core and the filter material of the at |east one 5 cartridge.

10. A nethod of producing a material conpftsing a base forned-
substantially of cellulose fibres onto whi ch is adsorbed a
conposition coﬁ%&¢§¥§g one or nore - al i phatic carboxylic acids having

hydr ocar bon chai ns 10. Acﬂﬂxtéilmgt@flﬁlt@o@@r@ﬁibgnaahaﬂﬁlx“@ﬁre'n one
S are xed together wt owder. e

or nore ul osi ¢. mat er
formul ati on of &#ﬁF%ﬂkﬁ § %%?Esﬁgr%d§§??% %flﬁgr LHUERS algateﬁl t hod
according to cledmpisindies ebase hformed subseantiably ofl telbslesanterials

| d f d
i;e Zéng?%gd agcg%%g%d$?% 6Y%i§¥?b§qg@%ﬁf$€%e¥28%m§gégél ﬁafééﬁg éﬁged to
the one or nor©nRldWINRre hiphiblie carboxyhhd atidsnbavingor e car boxyl i c
aci ds. b dra&r&mmécwﬂ@@lﬂg 9 8hYe Of 26 E4PbSR 2088, 29

12, wherein mxi'ng takes place in hamer
of cleaning a fluid%y c t@&ﬁ??&?l as Cl%*@?@lhmdc%ﬁ%m b, repe¥edn the

conprising a basf fox Mske aliphsthStaatbakyyiofa&rds Uhose hyBr6SaLBLA
which is adsorbed a, co oﬁaélon co risi one or nore aliphatic 25

car boxyl%c aci &gl"’ﬁ‘é%ﬁ P Thara %o‘?%"r‘ PR ryEoms .

A material as claimed in claim 1 or 2,

t hod

wherein the one or more carboxylic acids are selected.
from the group comprising stearic acid and palmitic
acid.

15 . 4, A filter material as claimed in claim 1, 2 or
3, wherein the matrix comprises a non-woven fibrous
material.

5. A filter material as claimed in claim 1, 2 or
3, wherein the matrix comprises an open-cell foam

20 materials.

6. A filter material as claimed in claim 1, 2 or
3, wherein the matrix comprises a cotton or viscose
gauze. ' .

7. A filter column comprising a hollow core upon

25 which is mounted an alternating stack of filter plates
and discs of the filter material as claimed in any of
claims 1 to 6, wherein the filter plates are adapted to
allow passage of fluid from a circumferential region of
the filter column to the hollow core by way of the

30 discs of filter material.

8. A Filter cartridge comprising a hollow core
around which is wrapped one or more layers of a filter
material as claimed in any one of claims 1 to 6.

9. A filter pod c¢comprising a casing internally

35 divided into two chambers by a carrier which supports-
at least one filter cartridge as claimed in claim 8,
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)
of 8 to 20 carbon'atons, wherein one or nore cellulosic

are ni xed together with a powdered formul ati on of the ommmrmlmn" "III" IIII
, whererm s '«

car boxylic acids. o 15. A nmethod according to claim
t he 30 fluid is air. 16._£§pethod according to claim15

wherein the fluid is water. 17. A fi
conprising a cqntainer_. havi ng,_ a 1 d_1np

i ncludi ng 35 (¥L?rﬁﬁ%ﬁ%ﬁﬁe%%daEE%a%%i%%A%#.o?%egéﬁﬁg??
clains 1 to 6. arranged so that fluid can only pass fro

SHEET to the other by passing through both the

core and the filter material of the at 1
5 cartridge.
10. A method of producing a mater

a base formed substantially of cellulose

lter cartridge

fluid output -and
g? %?l%%y one of
m one ch&KKEPEACEMENT

néP1dW )l dBa8ar

east one

ial comprising

fibres onto

which is adsorbed a composition comprising one or more

aliphatic carboxylic acids having hydrocarbon chains

10 consisting of 8 to 20 carbon atoms, wherein one or more

cellulosic materials are mixed together with a powdered

formulation of the one or more carboxyli
11. A method according ‘to claim 12

c acids.

, wherein the

one or more cellulosic materials are selected from the

15 group comprising wood chips and virgin pulp.

12. A method according to claim 10

or 11, wherein

latex is added to the one or more cellulosic materials

and the one or more carboxylic acids.

13. A method according to any one of claims 10 to

20 12, wherein mixing takes place in a hammer mill.
14. A method of cleaning a fluid by contacting
the fluid with a material comprising a base formed
substantially of cellulose fibres onto which is

adsorbed a composition comprising one or

more aliphatic

25 carboxylic acids having hydrocarbon chains consisting
of 8 to 20 carbon atoms, wherein one or more cellulosic

materials are mixed together with a powd
formulation of the one or more carboxyli
'15. A method according to claim 14

30 fluid is air. _
16. XA method according to claim 15

fluid is water.

17. A filter cartridge comprising
- having a fluid input and a fluid output
35 therebetween a quantity of the material

claims 1 to 6.

ered
c acids. _
, wherein the

, wWherein the
a container

and including -
of any one of
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