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Spiral wound elements contain permeate and retentate spacers
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Various attempts have been made to improve the spacer

Thus, USP 4,861,487 describes a low preésure drop spac'er

composed of generally parallel elongated filaments positioned general-
'1y parallel to the flow direction of the feed stream and wherein the
elongated filaments are connected by shorter bridge filaments which
are placed at an angle to the flow of the feed stream to provide for a
low pressure drop. European Patent Application 89305966.7 (publica-
tion number 347174) describes a spiral wound membrane cartridge

wherein the feed spacer material having a plurality of parallel ribs
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US 5,069,793 describes a spiral wound element for use in
pervaporation designed to produce maximum permeate flow throughput per
element volume. This is achieved by use of a permeate spacer selected
to take advantage of the fact that the total permeate flow throughput
from a module passes through a maximum as the resistance to vapor
transport of the permeate spacer material is progressively decreased.
The capibility of the permeate spacer material to transport permeating
vapor from the membrane_surface_'to the permeate collection pipe is

~ expressed as a normalized conductivity, or permeate vapor flow, per
unit pressure drop in the permeate channel, per unit transmembrane
flux. The permeate channel is defined to use a spacer material such
that permeate flow throughput is 60-90% of the maximum possible value.
The permeate épacer can be a sheet of material having a cross-section-
al thickener which varies, giving from relatively thin at the far edge
to thick at the edge adjacent the central mandrel. Alternatively the
spacer can be made of multiple layers of the same or different spacer
material. |

Description of the Invention |

~In a spiral wound membrane separation element comprising a
hollow central mandrel (which may be closed at one end) around which
are wound multiple' layers of membrane, feed spacers and permeate
spacers wherein layers of membrane surround a permeate spacer, said
membrane layers being fluid tight sealed along 3 edges producing a
permeate envelope leaf, wherein multiple permeate envelope leaves are
attached along their fourth unsealed edge in fluid communication with
the interior of the hollow central mandrel, and a layer of feed/-
retentate spacer material extends along the outer surfaces of each
permeate envelope 1leaf, the spiral winding of multiple permeate
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plurality qhePffigrovement komprising using as the feed/retentate spacer material
at least one layer of a material having an open cross-sectional area
of at least about 30 to 70%, preferably 30 to 50%, preferably using
two layers of material placed between adjacent permeate envelope
leaves, which feed/retentate spacer material can be of either the same
or different material and of the same or different cross-sectional
area, preferably such feed/retentate spacer material being insulated
from the membrane surface by an interposed layer of chemically and
thermally inert woven or non-woven fabric about 1 to 15 mils thick
having a weight of about 0.5 to 10 oz/sq. yard and a Frazier air
-permeability in the range 0.5 to 1000 cfm/sq. foot at 1/2 inch water
pressure, (example of a non-woven material being Nomex), such that
upon winding the multiple permeate envelope leaves and interposed
multiple feed/retentate spacer layer one obtains two layer of feed/-
retentate spacer material between adjacent permeate envelope leaves in
the winding, and using as the permeate spacer three or more layers of
material, the outer layers which are in contact with the membrape
(i.e. with the membrane surface per se or with the integral backing of
the membrane if the membrane is cast on a backing, this backing not
being counted as one of the spacer layers) being a fine material
having an open cross-sectional area of at least about 10 to 50%,
preferably at least about 10 to 30% and interposed between the fine
outer layers will be coarse layers having an open cross-sectional area
of at least about 50 to 90%, preferably about 60 to 90%. The multi-
layer permeate spacer comprises at least 3 layers but may comprise 3
to up to 7 layers alternating fine and coarse provided that the outer
layers in contact with the membrane are fine material layers. It is
preferred that an odd number of layers be used to minimize intermesh-
ing but an even number of layers can also be employed in which case it
is preferred that the layers be of materials of different mesh size so
s to prevent or minimize intermeshing of the layers. The limit on
the number_of layers used in fabricating the permeate spacer layer in
- each permeate envelope leaf, the thickness of each leaf, the length of

fle outer layers are in interface contact with the nen}Thmbﬁ
encl osi ng the perneate spacer. - DESCRI PTI ON OF THE H ep' thm
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spacer flanked on two sides with | ow density porous

each leaf, the number of leaves attached to the central mandrel and
the number and thickness of the feed/retentate spacer between adjacent
permeate envelope leaves will be set as a compromise among competing

| factors inc1udihg the ability to ultimately wind the assembly around

the central mandrel, the pressure drop along the length of each
permeate envelope leaf as well as across the feed spacer and the
membrane surface area obtainable in each spiral wound module.

If too many layers are used or if the layers used are too
thick it will become difficult to wind the spiral wound element.
Also, obviously too thick a permeate envelope will negatively impact
on the total membrane surface area available in the final spiral wound
element of a given diameter.

The preferred number of permeate spacer layers is 3 to 5.

The multi-layer permeate spacer may be sized slightly
smal]er in its dimensions than the membrane layer surrounding it so

" that the spacer does not intrude into the area between the membranes

at the three edges along which the membrane layers are fluid tight
sealed. Intrusion of permeate spacer into this area interferes with'
the ability to effectively seal the membrane edges to create the
permeate envelope.

The preferred number of feed/retentate spacer layers is 2.
In preparing the element it has been found that interposing a layer of
chemically and thermally stable woven or non-woven material about 1 to
15 mils thick weighing about 0.5 to 10 o0z/sq. yard and haiing a
Frazier air permeability in the range 0.5 to 1000 cfm/sq. ft at 1/2
inch water pressure interposed between the feed/retentate spacer '
material and the surface of the membrane and the permeate spacer
material and the surface of the membrane improves membrane element
long term performance and improves the vacuum tightness of the
resulting spiral wound package. This interposing layer acts as a
shield between the membrane surface and the feed/retentate spacer
layer and/or permeate spacer. For Tow temperature applications
polyethylene, polypfopylene, nylon, etc. felt can be used as the
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permeate spacer layer oI feed/retentate spacer layers. When used on

the feed side the shield layer protects the membrane from being
punctured by the ‘feed spacer; when used on the permeate side it

protects the membrane from the support mesh/permeate spacer layers.

The layer of feed/retentate material extended on the surface

of at least one face of the permeate envelope is substantially equiva-

lent in its dimensions in term of length and width to the permeate

‘envelope.

Adhesives are used in preparing the spiral wound element.
Different adhesives for different typs of applications and environ-
ments have been identified and are described in USP 4,464,494 and USP

4,582,726 incorporated herein by reference. Various other adhesives

such as high temperature epoxy (e.g. Tra-bond 2125 from Tra-Con or

Duralco 4400, 4525, 4700, 4703 from Cortronics Corp.) Or non-epoxy -

~adhesives (e.g. alumina/zirconia/ceramic adhesives such as Resbond 903

Hg, 904 Zirconia, 904 Quartz and 906 Magnesia from Cortronics Corp.)

may also be used.

The spiral wound module wrapped 1n its outer wrap and fitted
thh the anti-telescoping device can be 1nserted into a pressure
vessel having an internal d;ameter equal to the exterior diameter of
the module, and long enough to hold from one to any number of modules
in series, said pressure vessel being fitted with feed entrance/-
retentate exit means and separate manifold means for recovering
permeate from the open end of the hollow central mandrel. Alterna-
tively, multiple modules can be installed in parallel within a single
containment vessel as descfibed in U.s. Patent 4,083,780 or in

copending application (Attorney Docket Number OP -367S, USSN 921 875)
filed even date herewith.
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The feed/retentate spacer can be a woven mesh material or a
non-woven mesh material, e.g., a first layer of parallel spaced apart
filaments covered by a second layer of parallel spaced apart filaments
laying perpendicular or diagonally to the first layer wherein the
filaments of the first and second layer are attached to each other at
their points of contact, such a material hereinafter referred to as
non-interwoven filament material.

When using such mesh materials as the feed/retentate spacer
-the spacer will comprise a single layer or multiple layers of material
. at least one of which is 16 to 80 mesh, preferably 16 to 60 mesh, more
preferably 20 to 60 mesh and between 10 to 30 mils thick preferably
17-25 mils thick. For ease of fabrication it is preferred that 2
layers of material be used as the feed/retentate spacer both 1layers
being preferably made of the same material. Use can be made of
different mesh sizes to prevent intermeshing. If more than 3 Tlayers
are used, the layer in contact with the faces of the membranes would
be a finer material and the layer between these face contacting layers
would be a coarser material within the aforesaid 1limits, e.g., the
. fine layers could have a_50 to 80 mesh while the coarser layer could
have a 20 to 50 mesh. The material(s) used will be such as to provide
a feed spacer having an open cross-sectional area of at least 30 to
70%, preferably about 30 to 50%. As previously stated, it is pre-
ferred that the membrane and the feed/retentate spacer be ‘separated
from direct contact by an insulating layer of chemically and thermally
inert woven or non-woven fabric such as Nomex. |

A problem encountered when using multiple elements in series
is that the feed/retentate flow rate through the end elements is low
since a significant portion of the feed would have permeated across
the membrane in the first few elements. This results in low feed
velocity through the end elements and the performance of these
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feed/retentate spacer material extends along the outer surfaces of each
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elements is compromised. The Tow velocity through the end e]ements is
aggravated when a relatively high open area aluminum (30 mesh-0.01"
wire diameter - 49% open area) screen is used as the feed spacer in
the spiral wound' element design. This screen gives 1low feed-to-
retentate pressure drop, which is an important consideration with six
elemenfs in series. With this element design, the overall pressure

drop across the elements and with two intermediate heat exchangers
used to reheat the feed is expgcted to be less than 15 psi.

The feed velocity through the elements can be increased by
using a lower open area screen as the feed spacer. An example of such
a material would be 50 mesh - 0.0090" wire diameter stainless steel
screen which has an open area of 30%. When two layers of this screen
are used as the feed spacer, the feed-to-retentate pressure drop is

. 4.6 psi at 10 kg/min feed rate. This represents a significant

increase in pressure drop versus the previously identified design with
a single layer of 30 mesh aluminum feed spacer. Although the 2 x 50
mesh screen design is excellent for increasing the feed velocity thus
creating turbulence, a disadvantage is that the overall pressure dfop
when using multiple elements, e.g., with six elements in series and
two intermediate heat exchangers, is well over 40 psi if this element
design were used. Since it is necessary to maintain at least 10 psi
pressure on the retentate, it would then be necessary to operate " the
lead element at over 50 psi inlet pressure. This is not acceptable
since this would exceed the maximum tolerable pressure of pervapora-
tion spiral wound elements which is around 40 psi. '

In a preferred pervaporation process the elements are staged
by using increasingly higher pressure drop feed spacers in order to
get high feed velocity through the end elements. With this staged
pervaporation process, a relatively high open area feed spacer such as
30 mesh aluminum would be used for the first four elements while a
relatively low open area feed ‘spacer such as 2 x 50 mesh stainless
steel would be used for the last two elements. With this combination,
the overall pressure drop for the system is expected to be less than
25 psi, which would be acceptable. More importantly it can also be
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the second two elements, and 2 x 50 mesh stainless steel feed spacer
for the last two elements. Needless to say, there are numerous other
ways to stage the elements with increasingly higher pressure drop feed
spacers in order to achieve the desired high velocity through the end
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elements.

This use of increasing pressure drop feed/retentate spacers
in the down stream elements of multiple spiral wound elements in
series should also be useful for reverse osmosis and ultrafiltration
wherein the performance is especially sensitive to feed velocity.

The permeate spacer material used can also be selected from
the aforesaid woven or non-interwoven filament materials. As previ-
ously stated the spacer comprises an assembly of three or more layers,
a1ternating' fine and coarse material. The fine material which
supports the membrane and prevents ‘intrusion into the permeate spacer
can be a woven or non-interwoven filament material having at least a
50 mesh or finer, preferably 60 to 300 mesh, more preferably 60 to 150
mesh, still more preferably 80 to 120 mesh, most preferably 100 to 120
mesh and about 3 to 15 mils thick. The coarse material can also be a
woven or non-interwoven filament material having less than a 80 mesh,
preferably less than 50 mesh, more preferably less than 35 mesh, most
preferably less than 20 mesh, and from 10 to 30 mils thick preferably
from 17-25 mils thick, it being' understood that in practice the fine
material used will have a finer mesh than the coarse material used.
Likewise when using fine mesh material in the 200-300 mesh range it is
preferred that the coarse layer be in the 30 to 80 mesh range when the
element is to be used at elevated temperature and pressure.

The permeate spacer can comprise 3 or more layers. When 3
layers are employed two layers of fine material (support Iayers) are
used in contact with the membrane layer and a coarse layer is
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jnsure that the two coarse layers which are in contact with each other
either have different cross-sectional profiles or of the same cross-
sectional profile are out of register one with the other to insure
that the coarse materials do not intermesh with each other which if
that happened would result 1in a substantial reduction in the open
cross-sectional area of the materials available of permeate flow. In
such an intermesh situation flow would be inhibited and an undesired _
pressure drop across -the_permeate spacer resulting in reduced flux
would be encountered. If five 1layers are employed they would be
.arranged in a fine/coarse/fine/coarse/fine sequence wherein the three
fine layers could be the same or different materials of the same or
different fine cross-sectional area, within the previous definition of
‘fine material; likewise the two coarse layers could be the same or
different materials of the same or different coarse cross-sectional
area, again within the previous definition of coarse material.

The spacer materials can be made from any plastic or metal,
e.g., polyester, polysulfbné,-ponester, nylon, teflon, etc., or fiber
glass, or stainless steel, aluminum or brass etc. In general any
material which will be phemica]]y inert and thermally stable in the
intended environment of use of the final element can'be employed as a
material of construction. It is preferred however that the spacer
material be made of metal, e.g. aluminum or stainless steel and more
preferably that it be steel especially in the case of the fine mesh
material. In order to insure optimum operability of the final element
the spacer should be capable of preventing membrane intrusion into the
permeate space under the pressures employed. This ability to prevent
membrane intrusion has been correlated to spacer stiffness. An
available measure of stiffness is the tensile modulus of elasticity.

The stiffness of a number of common spacer materials is presented
below: '
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preferred that an odd nunber of |ayers be used to m i i hi ng
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Stainless steel 28 Xx 106 1bs/sq. inch

Thus, in the present invention the fine permeate spacer
support material, in addition to having the recited open cross
sectional area, has a stiffness of at least about 2-3 x 105 1bs/sq.
inch, preferably at least about 10 x 106 1bs/sq. inch, most preferably
at least about 28 x 106 1bs/sq. inch and higher, the fine permeate
spacer support material being most preferably stainless steel.

The stiffer material provides better support which elimi-
nates or minimizes intrusion which in turn minimizes permeate pressure
drop. This is especially true at operating conditions (i'e'. in
permeate at 140°+C). This is to be compared to the performance of a
“Jess stiff material such as polyester. Because of the low stiffness
factor of polyester, both the membrane and the polyester support are
pushed into the permeate spacer channels, especially at higher'temper—
atures and/or pressures. Thus if one considers material stiffness
with mesh size, a finer material of greater stiffness can be used with

' a more coarse layer thén can a similar fine mesh material of 1esser
stiffness.

For example while a 200 mesh aluminum support may work
satisfactorily with an 80 mesh coarse layer, the 200 mesh aluminum
support would not be satisfactory with a 17-50 mesh coarse Tlayer.
However, a 200 mesh stainless steel support would be satisfactory with
a 30-80 mesh layer because of its greater stiffness. Specific selec-
tions of materials within the aforesaid recitations are left to the
practitioner to make with consideration being paid to the temperature

- and pressure of element application and the design or target permeate
pressure drop across the elemént.

When the element is to be used for pervaporation it is
preferred that the fine material used as permeate spacer support be in
the 60 to 150 mesh, preferably 80 to 120 mesh range 5 to 15 mils thick
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thick a perneate envel ope will negatively inpact on the total nenbrane

surface area availanle i (e { Nhe S onPHEH- FtSFROVen fFiafbnt filke-
rials previously described, the spacer materials having the necessary
cross-sectional areas can be materials which exhibit no mesh but
rather are spaced apart ribs running 1in parallel on a thin solid
support sheet. Such sheets can be fabricated by casting or extruding
with the aforesaid ribs cast or extruded as integral parts of the
sheet. Alternatively individual filaments can be deposited on a
pre-existing sheet. The channels defined by the spaces between the
parallel ribs or filaments and the height of the ribs or filaments
would provide the cross-sectional areas falling within the aforesaid
definitions. Use of such materials would require that the sheets be
oriented in the permeate envelope such that the channels would be
aligned in the direction of permeate flow in the envelope into the

hollow central mandrel.

By the practice of the present invention performance of the
spiral wound element in terms of both flux and selectivity is nearly
identical to that of the membrane when used by itself, uninfluenced by

- any hydrodynamic effects introduced by spacer materials.

The present invention is especially useful in the separation
of aromatics from non-aromatics, such as in heavy cat naphtha separa-

- tion, intermediate cat naphtha separation, 1ight cat naphtha separa-
tion etc.

Membranes which are useful 1in such separations include
Polyurea urethane disclosed and claimed in U.S. Patent 4,914,064,
Polyurethane imides disclosed and claimed in U.S. Patent 4,929,358,
Polyester imides disclosed and claimed in U.S. Patent 4,944,880,
isocyanurate crossiinked polyurethane membranes, disclosed and claimed
| :r U.S. Patent 4,983,338 and - U.S. Patent 4,929,357, polyester mem-
- Oranes disclosed and claimed in U.S. Patent 4,976,868, preferably the
:::ye:ter imides of U.S. Patent 4,944,880 and U.S. Patent. 4,990,275,
OF which are incorporated herein by reference. Polyacrylate
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al ong which the nmenbrane |ayers are fluid tight seal ed. I ntrusion of -
pernmeate spacer into this area interferes with the ability to effectively

th mb d he! gstde deREice esterc hoRsp
;fg%errgd”ﬁunﬂ}%ﬁs %gidﬂge gg{ ate s g%czwril | ayer ¢ i s 2. Inﬂy:'grg?_gut,ﬂer
el ement it hagpdigmers with eacht °t'\ﬂ'e85d‘§ithg %F'Wi}ﬁra E%m'%sa ‘P‘?"egndi"“
t hermal y st abl en _ nomef| urfitsUéanl be0 ol |

y Wﬁw\ég%/b Iﬁéo%aw%ﬁdm u a A Fridel scidifekm or

wei ghi ng abo

: rd,a having a Fra-, zier, ai
per meabi | i typartlyher Mgb’l.\o.nsutaﬁé% "& s'ﬁe.taﬁt or ATKkylamman iym; g“spr esH\® e
interposed belycenal Nan be covalently or ionically crosslinked.

It has been found that membranes, such as the polyester
imide membranes which when used in aromatics/non-aromatics separation
'processes such as heavy cat naphtha separation lose performance
overtime due to the build up of a corrosion deposit layer (e.g. iron
sulfide) on the membrane can be restored to their original performance
levels by soaking the membrane in a gasoline dispersant/detergent,
which is a surface active material having a molecular weight in the
range from 500 to 3000. The dispersant/detergent has a backbone which
.can be polybutene or polypropylene, bearing with functional groups
_comprising ether amines, hydrocarbonyl amines, hydrocarbonyl amides or
mixtures thereof. As example of a useable membrane regeneration
detergent/dispersant is CS-3 Kerofluid available from BASF.

It is also important in membrane separation processes

especially pervaporation processes that the membranes be defect free.

" The presence of holes in membrénes can significantly decrease membrane
selectivity performance. It has been found that micro defects in
pervaporation membranes can be identified before module or element
assembly by brushing the surface of the membrane with a liquid such as
heptane and pulling a vacuum or Jjust brushing the surface of the
memprane with a water, isopropyl alcohol (IPA) mixture (e.g. 50/50 by
weight). Heptane or IPA péssing through the defects wet the backing

- of the membrane upon which the membrane is cast resulting in transiu-

cent spots thus identifying the defect which can be patched by apply-
ing glue over the defect area.

The present invention is {illustrated in the following
non-limiting Examples. '

// '
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feed/retentate spacer material and the surface of the nenbrane and the
perneate spacer material and the surface of the nenbrane inproves nenbrane
el enent |ong term perfornmance and i nproves the vacuun1t|ght- ness of the
resul ting spiral wound package. This interyy .posing | aydhhis csfl d
bet ween the nenbrane surface and the feed/retentate spac Elﬂ miu ﬁ
per- neate spacer. For |ow tenperature applications poly

pol ypropyl ene, nylon, etc. felt can be used as the shield. For high
tenperature applications the choice is nore linmted, with polyande (e.g.

Nonmex whi ch.i end of high tenperatuie nylon and polyester) teflon,
fi berglass of m xtures thereof belng sui t abl e candi dat es.

An element wherein the feed/retentate and permeate spacers
consisted of 14 mesh polyester (the permeate spacer being separated
from the membrane by layers of Tricot 8846 polyester serving as
membrane support) was compared with an improved element within the
scbpe of the present invention wherein the 14 mesh polyester permeate
spacer was sandwiched between layers of 80 mesh stainless steel as
support, (no Tricot 8846 polyester support layer being employed) and
wherein the feed/retentate spacer was a 33 mesh Teflon. Tricot 8846
is available from Hornwood Inc. of Maryland. It is a woven fabric 4
mils thick having wales of 48 strands per inch and courses of 58
stands per inch.  This fabric 1is coated with epoxy having a resin

-pick-up of 16%.

The two elements were evaluated for the separation of heavy
cat naphtha at 100°C and 10 mbars permeate pressure using a polyurea/-
urethane membrqne.

The membrane was prepared as followé:

A solution containing a polyurea-urethane polymer is pre-
pared. Four point five six (4.56) grams (0.00228 moles) of polyethyl-
ene adipate (MW - 2000), 2.66 grams (0.00532 moles) of 500 MW polyeth-
ylene adipate and 3.81 grams (0.0152 moles) of 4,4’diphenyimethane
diisocyanate are added to a 250 ml flask equipped with a stirrer and

'drying tube. The temperature is raised to 90°C and held for 2 hours
with stirring to produce an isocyanate-end capped prepolymer. Twenty

grams of dimethylformamide is added to this prepolymer and the mixture

_1s stirred unti1 clear. One point five grams (0.0076 moles) of
: w4 diamino-diphenylmethane is dissolved in ten grams of dimethyl-

t:::ﬂligziand then added as a chain extender to the prepolymer solu-

(Ipp;ox z:.cni:ture was then allowed to react at room temperature

Such that the) :r 20 minutes. This solution was diluted to 5 wt%

mide/acus solution contained a 60/40 wt% blend of dimethylforma-

one. The solution was allowed to stand for one week. The
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Thi.s/these shield | ayers are not included in the count of perneate
spacer |ayer or feed/retentate spacer |ay- ers. \Wen used on the feed
side the shield |ayer protects t he nenbrane from bei ng punctured by the
feed spacer; when used on the perneatg side it protects the mem

brane fromthe support nesh/perneate spacer |ayers. The | ayer of
feed/retentate material extended on the surface of at |east one face of

torm of - lvisgasteurof e octh 3P E¥on dets SOURYEIaRRIY 38’ b5s. " Weder OFhas”
period of time one wt% Zonyl FSN (Dupont) fﬂuorosurfa;tant was added
to the aged solution. A microporous teflon membrane (K-150 from Gore)

" with nominal 0.1 micron pores, 75% porosity cast on a non-woven
Nomex/polyethylene terephthalate backing, the combination being 4 mils
thick was coated with the polymer solution in a continuous operation.
The coating was dried in an oven heated to 60°C. This technique
produced a composite membrane with a polyurea/urethane layer between 3

to 4 microns in thickness.

The results of the evaluation are presented in Table 1.

Jable 1 .
PERFORMANCE DIFFERENCE BETWEEN
PERVAPORATJON ELEMENT DES]GNS
Spiral Wound Element Design —_— —_—
Permeate Spacer support/ Yes/Tricot 8846 -Yes/80 mesh
Mesh Size Stainless Steel
Permeate Spacer Mesh Size 14 14
Feed Spacer Mesh Size | , 14 33
Selectivity, Delta RON 8.1 102
Flux, Kg/M2-Day : _ 31 - 48

(1) At 100°C and 10 mbars permeate pressure.

As can be seen the table, with the spiral wound design using
polyester tricot spacer support, a selectivity of 8.1 was achieved.
In contrast, with the spiral wound design using stainless steel spacer
support, a selectivity of 10.2 was achieved. In aromatics/saturates
separation, selectivity is measured by the octane difference between
the permeate and the feed. The flux also improved significantly.' It
can be expected that the performance difference between the packages

will be even greater at higher temperatures since flux would be
significantly higher. : .

This Sheet Has Been Replaced ! -

AT




Adhesi ves are used in preparing the spiral wound
adhesi ves for different types of appl i - cations and, eQvir ggegtkgpm@d/e
been identified and are described in U S. Pat

Pat . No. 4,582,726 incorporated hereip ref erencjaumiﬁi@

adhesi ves such as hi gh tenperature epoxy Tra-b Tra Con
or Dural co 4400, 4525, 4700, 4703 from Cortrom cs Corp.) or non epoxy

503 1P, 304 7y con kPt e, 4a) B4 THnCRE WVefhef e SHfartdCls fig hedl 0831, |
may al so be \M%?Eﬂ{ was cORp1eted,aktudiesddhieeatly mea,sppénu ithei ftowucharaqtep-

d f d - t el d
oressur ¢ vessticsati Hip garneats, ARICers WRE Raddy for, SreselShidies; Bhe ghter, .,

of the modulsapafyyel civdundnthegie] emerntowas fmved]@ndotbmwenm envehmeuoﬁs

In series, o?.Z‘FFea‘F £58 Yabe¥ eIy bpdiidd Yo tHe Gtmo¥pheré SA10ng thé Sealed edge
furthest removed from and paraliel with the hollow central mandrel.
Various vacuum levels were then drawn on the hollow central mandrel
and the resulting air flow rates through the permeate spacer were .

measured. The data are presented in Table 1B.

Jable 1B

Comparison of Flow Characteristics of

. .vacuum level in measured flow rate, 1/min (air at STP)
) central mandrel emmemsccsccsceecseresossaccocaneeeaaaa
’ (i.e. pressure element element
drop in permeate with polyester with stainless
spacer), mm Hg tricot support layer steel support layer
4.0 4.0
7.6 6.8
14.7 11.3
16.2 25.1
27.9 11.9 _
32.1 36.8
46.0 46.4
50.8 30.3
54.0 _ 19.3
127. 53.5
140. 62.3

The data show that for a given pressure drop, the air flow through the
~element with the stainless steel support layer is significantly
greater than for the element with the polyester Tricot 8846 support
layer. A spacer flow resistance parameter can be calculated from a
linear regression of the data. For the element, employing the
polyester Tricot layer the parameter is 2.30 mm Hg/(1/min of STP air)
while for the element employing the - stainless steel layer it is 0.96
- ®m Hg/(1/min of STP air). A low value of the flow resistance parame-
ter is desirable since it indicates reduced permeate pressure drop and
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ce/retentate exit neans and separate mani-fold neans for recovering
pernmeate fromthe open end of the hollow central mandrel. Alternatively,
mul ti ple nodules can be installed in parallel within a single containnent
vessel as described in U S. Pat. No. 4,8&3,780. I n producing the spiral
wr apped nodul es of the pres- ent inventi having feed/retentate and
perneate spac- ers as described various materials of construction can be

used to neet the required spacer characteristics The feed/retentat
spacer can pkusa that eowesh aygrage rP%T"'ﬁ#ea %RSMeﬁwerra?’éﬁtél', P a
first layer iloal Tdme armeate fabsatety spressurediy associated |witty of
paral | el spgéggagég?fﬁfi anen?%glﬁéiqg erpen- dicular or diagonally to the
first |ayer highereselechivity and fig FdftUfne first and second | ayer are
attached to each other at their points of contact, such a materi al

herei naf- ter refeEred to as non-interwoven filanment material .

A separate example was performed to determine the effect of
feed/retentate spacer open cross-sectional area and thickness on

permeator pe(forpance.
S

Four elements were fabricated. Each element used the same
polyester-imide membrane material, which was made by first endcapping
one part of 2000 molecular weight polyethylene adipate (PEA) with two
parts of pyrometallic dianhydride (PMDA) and then reacting one part of
.the endcapped polymer with methylene dianiline (MDA)- to form a
polyamic acid. The polyamic acid was then coated onto a 0.1 micron
teflon sheet as previously described in Example 1. The viscosity of
the polyamic acid was in the range of 90-150 cps at room temperature.
After the polyamic acid was deposited onto the teflon sheet, the
polyamic acid was cured at 260°C for 7.25 minutes. The permeate
spacer used consisted of five layers of screens, 120 mesh stainless
stee1/17 mesh aluminum/120 mesh stainless steel/17 mesh aluminum/120
mesh stainless steel.

The four elements were evaluated on-heavy cat naphtha af
140°C and 10 mbar permeate pressure. '

Feéd-spacer of various open cross-sectional area (mesh) and
thickness were used. The results are presented in Table 2.

-
heet Has Been Replaced
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6 When using such nesh materials as the feed/retentate—spacer—the —
‘spacer will conprise a single layer or nulti- ple |layers oftﬁﬁgg‘k@gmﬁ@t
I

| east one of which is 16 to 80 nmesh, preferably 16 t o THES )
c gmpugl“]jl 25
al

preferably 20 to 60 nmesh and between 10.to 30 mls thi
mls thick. For ease of fabrication it‘iyp‘referred th
materi al be used as the feed/retentate :

Jable 2
EFFECT OF FEED SPACER ON
V, T P
Screen Size, Mesh 67 33 18 14
Thickness, Mils 10 21 17 33
t
Delta RON - - (8.9 10.2 1.8 8.1

It is seen that with thick/coarse spacer (33 mils/14 mesh)
the element performance is low because feed velocity is relatively Tow
at a given flow rate. Conversely with a thin/fine spacer (10 mils/67
mesh)'element because of high pressure drop the performance, while
.improved over that achieved with the thick/coarse spacer is not as
high as obtained with a spacer of more moderate thickness/and a
coarseness between fine and coarse.

The feed spicer in permeation elements, therefore, advanta-
geously ranges from 16 to 80 mesh, preferably 16 to 60 mesh, more
preferably 20 to 60 mesh and from 10 to 30 mils thick, preferably
17-25 mils thick.

Example 3

To further illustrate the effectiveness ‘of the improved
element design, several elements were fabricated and tested for the
pervaporative separation of heavy cat naphtha. A1l test elements
employed the same membrane material, the polyester imide of Example 2
cast on the same teflon membrane backing as previously described.

Four sample elements were fabricated, A, B, C and D.

Element A employed single layers of 14 mesh polyester as
._::::.:h:tf::d s:acer and permeate spacer. When used as thg permeate
polyester fe:t solated from the membrane surfaces by two layers of
Spacer support (Tricot 8846), one layer on each side of



spacer both | ayers being preferably nade of the same materi al . Use cadn be
made of different mesh sizes to prevent internmeshi ngThit$he

| ayers are.used, .the layer in contact with the faces ”m ‘ﬁes
woul d be a finer material and the | ayer between these

| ayers woul d be a coarser material wi thléthe aforesald Imts, e.g.. the
fine layers could have a 50 to 80 nesh while the coarser Iayer could have

a 20 to 50 mesh. The material (s) used will be such as to provide a feed
spacer haVIQg, permite spacer; stc prevent - damage oto fhe wemhrane layersoby the
' 0

preferably 30 to, 50% it FaBPR&tibha. | S preferred that the
menbr ane acoarsp Peragate SPALR '2?8%?; Eﬁ%e separ at ed fromdirect contact

by an insulating |ayer of chemically and ther- mally inert woven or

B el o ey SRR et GuRbg AT Jgies of phhats pacr
material which were isol ted:}rom fie rane suﬁ?ﬁces by 1n@ervening
layers of Nomex, and either single or multiple layers of feed spacer
material between adjacent permeate envelope leaves, in all cases the

feed spacer material being a finer material having a mesh greater than

20.

Table 3 presents the details of the feed and permeate
spacers used in each of the four membrane elements and indicated the
selectivity of each element in terms of delta MON (motor octane

number) of the resulting permeate.

- The elements were all tested in a recirculating pilot plant
with heavy cat naphtha at 140°C, 15 psi feed pressure and 10 mbars
permeate pressure. The effectiveness of each element was assessed by
measuring the difference in the motor octane number (delta MON)
between the permeate and the feed. Flux was not compared because the
HCN used in the tests had been exposed to oxygen which negatively
effects the flux performance of the membranes.

When used by itself in a flat circular test cell without any
feed or p_ermeate spacers the membrane supported by a fine sintered
porous metal support, under the same conditions exhibited a selecti-
vity in terms of AMON of about 12.9.

~ As can be seen from Table 3, Element A exhibited a selecti-

vity in terms of AMON of 9.9, which is 3.0 MON lower than the membrane
by itself.

In comparison preferred elements B, C and D of the present
invention using stiffer spacer materfal and finer/stiffer feed/-
retentate spacer material exhibited selectivity in terms of AMON

;::?109 from 11.7 to 12.4, 1n a1l cases an element efficiency of over



through the end elenents is low since a significant por- tion of the feed
woul d have perneated across the mem brane in the first few elenents. This
~results in |ow feed velocity through the end el enents and the perfornae of
these elenents is conprom sed. The |low velocity through the end elenments is
aggravated when a rela- tively high openl@rea al uni num (30 nesh-0.01" wire
di anet er-49% open area) screen is used as the feed spacer in the spiral
wound el enent design. This screen gives |ow feed-to-retentate pressure :
drop, which is an iqpofs @xpectedsithat difi otheimembrine wasplacedidireetlpsonWth

hi I desi | _ | d,with
two' i nt or notherd st PEAREEL 2 erfdls® dpscdt WTsRA0 gny. i€ WEEC Suibers e
| ess than 1jtepveningThayerecbetweencithe membnage tand ctherd4t smesn pelyester
creased by Using 3pbO\lmbPRRE WoGTd Fu PF" eibel"n't5°the permeate spacer,

pace
resulting in severely degr(ded)performance, or be punctured by the

spacer, resulting in inoperability.

PERFORMANCE OF PERVAPORATION ELEMENT

ELEME FEED SPACER PERMEATE SPACER SELECTIVITY,
NO. ARRANGEMENT ARRANGEMENT | DELTA MON

A " 14 MESH PE PE FELT(Tricot 8846) 9.9
| 14 MESH PE -
PE FELT

. Nomex
B . 33 MESH AL 120 MESH SS 11.7
. ' 33 MESH AL 17 MESH AL
17 MESH AL
120 MESH SS
Nomex

: Nomex
C 33 MESH AL 100 MESH SS 11.7
_ 17 MESH AL .
100 MESH SS
17 MESH AL
100 MESH SS
Nomex

. : - Nomex )
D 50 MESH SS 100 MESH SS 12.4
50 MESH SS 17 MESH AL . :
' 100 MESH SS
- 17 MESH AL
100 MESH SS
Nomex :

(1) Delta MON Selectivity of PET |
(2) PE: Polyester ty of PEI Membrane alone is 12.9

e

[
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spacer . An exanple of such a material would be 50 nesh-0Q 0090to" wire
di'ameter stidless steel screen which has an open area of 30% Wen two
| ayers of this screen are used as the feed spacer, the feed-to-retentate

pressure drop is 4.6 psi at 10 kg/mn fged rate. This represents a
significant increase in pressure drop™ Sus
7 - the previously identified design with a single |ayer of 30

Example 4
A number of spiral wound element packages were prepared to

evaluate the effect of putt{hg_i non-woven shield layer between the
Each element used the

membrane and the feed/retentate spacer layers.
same membrane as described in Example 2.

below:
Elenent ! 1
| | h so“ome: sS
ement 50 mesh SS mes
Feed Spacer Arrang 50 mesh SS 50 mesh SS
' Nomex
Permeate Spacer Nomex Nomex
) nt 100 mesh SS 100 mesh SS
Arrangene 17 mesh AL 17 mesh AL
100 mesh SS 100 mesh SS
17 mesh AL 17 mesh AL
100 mesh SS 100 mesh SS
Nomex Nomex
Vacuum Drop Time (min) 4 21

The results are presented

The vacuum drop time is a measure of the tightness of the
spiral wound element package. In this test a 29" Hg vacuum is pulled
on the element. The vacuum pump 1is then turned off. The pressure
inside the element rises. The vacuum drdp time is the time which it
took the element to go from 29" to 22" Hg vacuum.” The longer the .
vacuum drop time, the tighter is the element. ' '

Elements II and III were evaluated for vacuum drop time and also for
the pervaporative separation of heavy cat naphtha. The pervaporation
test was conducted on heavy cat naphtha initially at 140°C for 2 to 10
days and then at 150°C for 20 to 21 days and 10 mm Hg vacuum pressure

at a flow rate of 1300 1bs/hour. The results from the 150°C runs are
reported in detail below. :

is Sheet Has Been Replaced -
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mesh ;um' num f eed spacer. Al though the 2X50 nesh screen design is

excel I'ent for increasing the feed vel oc- ity thus creating turbul ence,
a di sadvantage is that the overal | pressure drop whe elétsrilag cdirkiihcd €
el eneng s, eg.. wWith six elenents in series and twd’y I |-
heat ekchangers, is well over 40 psi i§ 21his el enent de‘ ‘ aﬂl e-
used. bince it is necessary to maintain at |east 10 ‘on the -
retentqate, it would then be neces- sary to operate the |l ead el enent at
over 5@ psi inlet pressure. This is not acceptable since this would
exceed the maxi numtol erabl e pressure of pervaporation spiral wound
el enmentis which is around 40 psi. - In a preferred pervaporation process
the el gnents afdement st aged by using iHdreasingly hi dBer pressure drop. feed
spacerg in order to get high feed velocity through the end el enent s.
Wth thHis staged pervaporation process, a r el atNomeXy hi gh open area
f eed spaceﬁem§ﬂaw Aprangement 30 mesh AL 50 mesh SS
: o 50 mesh SS
Nomex
permeate Spacer Nomex Nomex
Arrangement 100 mesh SS 100 mesh SS
' 17 mesh AL 17 mesh AL
100 mesh SS 100 mesh SS
‘ _ 17 mesh AL 17 mesh AL
100 mesh SS 100 mesh SS
Nomex Nomex
Vacuum Drop Time (min.) 4 21
Days on 0il at 150°C 20 21
. Initial Flux (kg/m2/day) 288 229
i flux drop per day (%) -0.27* 0.24*
Initial Permeate RONC 100.5 ' 100.4
permeate RONC Drop '

per day (%) -0.087 -0.018*

* Not Statistically Significant :
(RONC - Research Octane Number Clear)

As can be seen from the table above, at 150°C high tempera-
ture operation element III with no Nomex showed higher initial perfor-
mance, higher flux at constant selectivity as compared to element II
which has Nomex on the feed side. However, element III showed signif-
fcant loss in selectivity with days on oil whereas element II showed
fo statistically significant loss in selectivity with days on oil.
The flux stabilities of both elements were satisfactory.

In the above elements the 50 mesh SS is 11 mils thick, the

100 mesh S 1s 9 mils thick, the 17 mesh AL is 23 mils thick, the 30
Msh AL is 24 mils thick. The Nomex layer is a non woven fabric from
:!::tek Inc. The Nomex is identified as Nomex 1019 and is composed of
‘-ig::lll"e of polyamide and polyester. It is 4.6 mils thick, has a
Mg of 3 0z/sq. yard and a Frazier air permeability of 2.5 cfm/ft2
. inch water pressure. The. elements were assembled using
bond 2125 adhesive using 9 parts resin to 1 part catalyst as per
- _f":tﬂre recommendations. A diluent was added to make it Tess




al um num
open are
t he | ast
for the s
acceptab
of the en
woul d be
feed spac
t he secon
| ast two
'st-age t he
order to

uld be used for the first four elenents while a relatively | ow

feed spacer such as 2XSOresh st anl ess steel. would be used for
Wo el enents. Wth this conbination, the overall pressure drop

stemis expected to be |l ess than 25 psi, whi ch woul d be

More inmportantly it can al s e -expected that the perfornoce
el e-. ments to. be greatly inproved since the feed velocity
i gh. - Anot her exanple would be to use 30 nesh al um num as the

r f oiddomst i r she t diluehenesd sSant@ciiah 168! plasuieifee dfromavensdmo _
wo_ el egen d h stainle teel feed, spacer t he
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any grease or dirt.

As used herein, the term "mesh" is used in its generic sense
as the number of openings per linear inch, and not as a reference to

any specific designated standard mesh size.
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I ncreasing pressure drop feed/retentate spacers in the down

| ements of multiple spiral wound elenents in ' so be
re- verse osnosis and ulrafiltration mherfﬂﬂ @EL |Ea H |nnce
lally sensitive to feed velocity. The pernea ser ka

al so be se- lected fromthe atoa;gaid woven or non-interwoven
maerials. As previously stated the

nore |layers, alternating . fine and coarse material. The fine

whi ghayMgp- ports the nmenbrane and prevents intrusion into the
spacer can be a woven or non-interwoven

i. A épiral wound membrane element comp:ising layers of
membrane material fluid-tight sealed along its edge or edges except
for an unsealed edge portion and enclosing a permeate spacer creating
at least one permeate envelope which is contacted along at least one
membrane face with a feed/retentate spacer, the entire multi-layer
arrangement being wound around a hollow central mandrel and with
which, in use, the permeate envelope is in fluici communication through
its unsealed edge portion, 't:hereby creating a spiral wound element;
wherein the feed/retentate spacer comprises at least oné layer having
an open cross-sectional area of at least 30 to 70%; and wherein the
permeate spacer comprises at least three layers, the outer layers of
which being of fihe mat:e_:r.'ial having an open c¢ross-sectional area of
about 10 to 50% and a stiffness of at least 13.8 x 105 kPa (2 x 105
lbs/sq. inch) and a coarse layer having an open cross-sectional area
of about 50 to 90% interposed between the aforesaid fine outer layers,
said fine outer layers beihg in interface contact with the membrane

layers enclosing the permeate spacer.

2. A membrane element as claimed in claim 1, wherein the

feed/retentate spacer comprises at least two layérs .of material placed -

between adjacent permeate envelope leaves.

3. A membrane element as claimed in claim 2, wherein the
feed/retentate. spacer materials used are the same or different

material and are of the same or different cross-sectional area.
4. A membrane element as claimed in any preceding cilaim,
wherein the feed/retentate spacer is a material of 10 to 80 mesh and

381 to 762 micrometers (15 to 30 mils) thick.

5. A membrane element as claimed in any preceding claim,

' Wherein the permeate 'spacer comprises an odd number of layers of up. to

Seven layers of material alternating fine and coarse layers, with the
fine layers being the outer layers in contact with the membrane.

" This Sheet Has Been Replaced
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8 filament material having at least a 50 mesh. or fi ner, preferabl
60 to 300 mesh, nore preferably 60 to 150 mesh, stlu“u]ﬂ H‘“llﬁﬂﬂ ﬁ“‘y 80
to 120 nmesh, nost prefer- ably 100 to 120 nesh and

t hi ck. The coarse material can also be a woven or noh-intéerwdved
filament material having |l ess than a 80 rresh preferably | ess than 50
mesh, nmore preferably |less than 35 mesh,?% - nost preferably less than 20
nesh, and from 10 to 30 -mls thick preferably from17-25 mls thick, it
bei ng understood that in practice the fine material used wll have a

"finer nmesh than the coarse material used. Like- w se when using fine.
nmesh material in the&.208- 8&ibnase helement as claimed in any preceding claim,

wherein the fine layer of material of the permeate spacer has at least

a 50 mesh and is about 127 to 381 micrometers (5 to 15 mils) thick.

7. A membrane element as claimed in any preceding élaim,
wherein the coarse layer of material of the permeate spacer is less

than S0 mesh and is about 381 to 762 micrometers (15 to 30 mils)

thick.

8. A membrane e‘]_.ement as claimed in c¢laim 1, wherein the
feed/retentate spacer material and the permeate spacer material is

steel.

9. A membrane element as claimed in any preceding claim,
wherein a layer of chemically and thermally stable material about 25
to 381 micrometers (1 to 15 mils) thick weighing between about 0.02 to
0.3 kg/m? (0.5 to 10 oz/sq. yard)_ and having a Frazier air permea-
bility in the range 2.5 to 5.1 x 103 1l/sec/m? (0.5 to 1000 cfm/sq.
ft.) at' 0.12 kPa (1/2 inch water pressure) is interposed between the
feed/retentate spacer and the membrane and/or between the membrane and

the fine layer of the permeate sﬁacer layer.

,___'_,_,_,,_._———-———
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range it is preferred that the coarse layer be in the 30 to 80 nesh
range. when the elenent is to be used at ele- vat ed tenperature and
pressure. The perneate spacer can conprise 3 or nore | ayers. When 3
| ayers are enployed two | ayers of fine materi al (support | ayers) are
used in contact with the nenbrane | aygy —.and a coarse |ayer is interpos
bet ween t he two. fine layers. If 4 layers of spacer material are used,
t he two outer layers in contact with the nenbrane are still the fine

mat eri al support | ayer and coarse material con- stitute the two inner

| ayers interposed between the two fine outer |ayers. Care should be taken
when using this 4 layer enbodi nent t 8B358&Fe that the two coarse Iayers
‘which are in contact with each other ei t her have differ- ent
cross-sectional profiles QL. Qf Lhe SANE. Cr0sSS: S€ profile are out
of register one with the at erial s do not
i ntermesh with

A spiral wound element for a separation process comprises a
feed/retentate spacer of one or more layers of a.material having an
open cross-sectional area in the range 30 to 70% and a permeate spacer
material of at least three layers of material, two of which are fine
layers and have an open cross-sectional area of about 10 to 50% and
surround a coarse layer having an open cross-sectional area of about
50 to 90%. '

Such elements are useful in reverse osmosis, ultrafiltra-
tion, pervaporation and other separation processes in which a pressure

gradient is maintained across the membrane into a permeate zone.
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again wthin the previ om&' ' o) j The spacer
materials can bK nmade fr 3@@&2 éwgﬂ%ﬁ?ﬁ%ol yester

pol ysul fone, polyester, nylon, $ghhiity ofithe InvenfibRer gl ass, or stainless
steel, alum nm or

each other whic

An improved spiral wound membrane element com-
prising layers of membrane material fluid tight sealed
along 3 edges enclosing a permeate spacer creating at
least one permeate envelope upon which a feed/reten-
tate spacer layer is laid, along at least one membrane
face, the entire multi layer arrangement being wound
around a hollow central mandrel (which may be closed
at one end) and to which the permeate envelope is in
fluid communication through the fourth unsealed edge,
creating a spiral wound module clement is disclosed
which is useful in separation processes wherein a pres-
sure gradient is maintained across the membrane from a
feed side to 2 permeate side, the improvement compris-
ing using as the feed/retentate spacer at least one layer
of a material having an open cross-sectional area of at
Jesst 30-70% and using as the permeate spacer at least
three layers of material characterized in that the outer
Iayers are & fine material having an open cross-sectional
area.of about 10 to 50% and a coarse layer having an
open cross-sectional area of about 50 to 90% interposed
‘between the aforesaid fine outer layers and wherein the
fine outer layers are in interface contact with the mem-
‘brane layers enclosing the permeate spacer.

. DESCRIPTION .OF THE RELATED ART

Spiral wound elements contain permeate and reten-
tate spacers as a routine matter of standard element
design, see, e.g. U.S. Pat. No. 3,417,870. "Various at-
tempts have been made to improve the spacer materials.
Thus. U.S. Pat. No. 4,861,487 describes a low pressure
drop spacer composed of generally paraliel elongated
filaments positioned generally parallel to the flow direc-
tion of the feed stream and wherein the clongated fila-
ments are connected by shorter bridge filaments which
are placed at an angle to the flow of the feed stream to
provide for a low pressure drop. European Patent Ap-
plication §9305966.7 (publication number 347174) de-
scribes a spiral wound membrane cartridge wherein the
feed spacer material having a plurality of parallel ribs
exiending in an axial direction, interconnected by 2 :
matrix of smaller filaments generally perpendicular t0 s Sheet Has Been'Replac
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9 brass etc. In general any matnrial whi

inert and thermally stable in the intended envijron- nent {ol use of the
final elenment can be enployed as a mat er ilal diS(ﬁEGthtlo It is
preferred however that t he spacer materi gl {be nade of alf, e.g.

al um num or stainless steel and nore prefferabdfy that it bejsteel espe-

cially in the case of the fine nesh material.} I n order to

the parallel ribs which results in a reduction to the flow
resistance. W091/11249 describes a spiral wound ele-
ment which utilizes a divided central mandrel and a
permeate region which employs a high density porous
spacer flanked on two sides with low density porous
Spacers.
" U.S. Pat. No. 5,069,793 describes a spiral wound
element for use in pervaporation designed to produce
maximum permeate flow throughput per clement vol-
ume. This is achieved by use of a permeate spacer se-
lected to take advantage of the fact that the total perme-
ate flow throughput from a module passes through a
maximum as the resistance to vapor transport of the
permeate spacer material is progressively decreased.
_‘The capability of the permeate spacer material to trans-
port permeating vapor from the membrane surface to
the permeate collection pipe is expressed as a normal-
ized conductivity, or permeate vapor flow, per unit
pressure drop in the permeate channel, per unit trans-
membrane flux. The permeate channel is defined to use
a spacer material such that permeate flow throughput is
60-90% of the maximura possible valye. The permeate
spacer can be a sheet of material having a cross-sec-
tional thickener which varies, giving from relatively
thin at the far edge to thick at the edge adjacent the
central mandrel. Alternatively the spacer can be made
of multiple layers of the same or different spacer mate-
rial. "

DESCRIPTION OF THE INVENTION

In a spiral wound membrane separation element com-
prising a hollow central mandrel (which may be closed
at one end) around which are wound multiple layers of
membrane, feed spacers and permeate spacers wherein
layers of membrane surround a permeate spacer, said
membrane layers being fluid tight sealed along 3 edges
producing a permeate envelope leaf, wherein multiple
permeate envelope leaves are attached along their
fourth unsealed edge in fluid communication with the
interior of the hollow central mandrel, and a layer of

feed/retentate spacer material extends along the outer
surfaces of each permeate envelope leaf, the spiral
winding of multiple permeate envelope leaves/feed-
retentate spacers being wrapped with an outer wrap
layer to prevent unwinding and the end of the winding
being capped by an anti-telescoping device attached at

‘This Sheet Has Been Replaced
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car shoul d be

capabl e of preventing nenbrane intru- ijon into the perr”eate space
under the pressures em pl oyed. This apijitys peCp98¥ent {menbrane

i ntrusi on has

Pol yeser
10 X 106 | bs/ sq.

2-3 x 10t | bs/sg. inch - Ahizm

_ been correlated to spacef ptiffness. An lavail abl e nea-
sure of stiftess is the tensile nodul us of}elrastrcity. The
a nunber of common spacer materials is Present ed _bel ow

stiffness of

i nc the downstreamenidrir| prevest/pelescopic displagement | bs/ sq. inch

Thus, in the present ofmlwespxraimom Iayees duringasse, thespyprevemembort materi al ,

in addltlon to havi ngo

istr usingidsafiedieed/mtastates spddeomiterakba, has a

stiffness of at |eashtleagtii lagarsf didatemal/hling B lbpeRicedssisadl y at | east

about

tional area of at least about 30 to 70%, preferably 30 to
50%, preferably using two layers of material placed
between adjacent permeate envelope leaves, which
feed/retentate spacer material can be of either the same
or different material and of the same or different cross-
sectional area, preferably such feed/retentate spacer
material being insulated from the membrane surface by
an interposed layer of chemically and thermally inert
woven or non-woven fabric about 1 to 15 mils thick
having a weight of about 0.5 to 10 0z/sq. yard and a
Frazier air permeability in the range 0.5 to 1000 cfn/sq.
foot at % inch water pressure, (example of a non-woven
material being Nomex), such that upon winding the
multiple permeate envelope leaves and interposed mul-
tiple feed/retentate spacer layer one obtains two layer
of feed/retentate spacer material between adjacent per-
meate envelope leaves in the winding, and using as the
permeate spacer three or more layers of material, the
outer layers which are in contact with the membrane
@.e. with the membrane surface per se or with the inte-
gral backing of the membrane if the membrane is cast on
a backing, this backing not being counted as one of the
spacer layers) being a fine material having an open
cross-sectional area of at least about 10 to 50%, prefera-
bly at least about 10 to 30% and interposed between the
fine outer layers will be coarse layers having an open
cross-sectional area of at least about 50 to $0%, prefera-
bly about 60 to 90%. The multilayer permeate spacer
comprises at least 3 layers but may comprise 3 to up to
7 layers alternating fine and coarse provided that the
outer layers in contact with the membrane are fine
material layers. It is preferred that an odd number of
layers be used to minimize intermeshing but an even
pumber of layers can also be employed in which case it
is preferred that the layers be of materials of different
mesh size so as to prevent or minimize intermeshing of
the layers. The limit on the number of layers used in
fabricating the permeate spacer layer in each permeate
envelope leaf, the thickness of each leaf, the length of
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and higher, the fine perneate spacer suppor M eljnd nost

ebt,ﬁb 1;d s fbetter support
whi ch mnates or mnimzes intrusion whic ﬁ'rml- | zes perneate

pressure drop. This is especially true at operating—eerdrtibns (i.e. in
pernmeate at 140*+ C.). This is to be conpar d to the performapce of a |ess
stiff material such as polyester. Because oft-the—towSTTTTness factor of

pol yester, both the messhdgaf, shel nuﬂ@Cp&fﬂe%cht@iaws thegeatmalished into
t he per meat e spacer chmaadmedlasd themumbxdr gmhthmkgbasroﬁ thepfeedrar es and/ or
pressures. Thus if oneesmnsispacer roetweenl adihcédtn pesmeatehenveddopsi ze, a finer
material of greater sfedveRedsl] GRNscRGsUs eEmprothise ARIGhgCOGmpaiAg@Yer than can
a simlar fine mesh MggeideinQhdingSaf’ abifity t&'%PSmately wind the as-

sembly around the central mandrel, the pressure drop

along the length of each permeate envelope leaf as well

. as across the feed spacer and the membrane surface area

obtainable in each spiral wound module.

If too many layers are used or if the layers used are
too thick it will become difficult to wind the spiral
wound element. Also, obviously too thick a permeate
envelope will negatively impact on the total membrane
surface area available in the final spiral wound element
of a given diameter.

The preferred number of permeate spacer layers is 3
to 5.

The multi-layer permeate spacer may be sized
slightly smaller in its dimensions than the membrane
layer surrounding it so that the spacer does not intrude
into the area between the membranes at the three edges
along which the membrane layers are fluid tight sealed.
Intrusion of permeate spacer into this area interferes
with the ability to effectively seal the membrane edges

. to create the permeate eavelope.
The preferred number of feed/retentate spacer layers
is 2. In preparing the element it has been found that
. interposing a layer of chemically and thermally stable
woven or non-woven material about 1 to 15 mils thick
' wexghmg abont 0.5 to 10 0z/sq. yard and having a Fra-
zier air permeability in the range 0.5 to 1000 cfm/sq. ft
‘at ¢ inch water pressure interposed between the
feed/retentate spacer material and the surface of the
membrane and the permeate spacer material and the
surface of the membrane improves membrane element
long term performance and improves the vacuum tight-
ness of the resulting spiral wound package. This inter-
posing layer acts as a shield between the membrane
surface and the feed/retentate spacer layer and/or per-
meate spacer. For low temperature applications poly-
ethylene, polypropylene, nylon, etc. felt can be used as
the shield. For high temperature applications the choice
is more limited, with polyamide (e.g. Nomex which is a
blend of high temperature nylon and polyester), teflon,
fiberglass or mixtures thereof being suitable candidates.

preferably stainless st ee. The stiffer

10X 106 I:bs/sq. I nch, nost preferably at j sﬁgpam;ﬁmENT SHEET146 | bs/ sq. inch
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10 For exanpl e while a 200 nesh al uﬁﬁ#%ﬂ ~-may wor k
satisfactorily with an 80 nesh coarse | ayey r' t he 200 mesh ial um num

support woul d not be satisfac- tory with}al 1550E0e¥ coarise | ayer. :
However, a 200 mesh stainless steel supp rng&gbe/gau sfactory with a
30-80 nesh | ayer because of its greater stif T ope- citic selections
of materials within the aforesaid recita

This/these shield layers are not included in the count
of permeate spacer layer or feed/retentate spacer lay-
ers. When used on the feed side the shield layer protects
the membrane from being punctured by the feed spacer;
when used on the permeate side it protects the mem-
brane from the support mesh/permeate spacer layers.

The layer of feed/retentate material extended on the
surface of at least one face of the permeate envelope is
substantially equivalent in its dimensions in term of
length and width to the permeate envelope.

Adhesives are used in preparing the spiral wound
element. Different adhesives for different types of appli-
cations and environments have been identified and are
described in U.S. Pat. No. 4,464,494 and U.S. Pat. No.
4,582,726 incorporated herein by reference. Various
other adhesives such as high temperature epoxy (e.g.
Tra-bond 2125 from Tra-Con or Duralco 4400, 4525,
4700, 4703 from Cortronics Corp.) or non-epoxy adhe-
sives (e.g. alumina/zirconia/ceramic adhesives such as
Resbond 903 HP, 904 Zirconia, 904 Quartz and 906
Magnesia from Cortronics Corp.) may also be used.

The spiral wound module wrapped in its outer wrap
and fitted with the anti-telescoping device can be in-

serted into a pressure vessel having an internal diameter
equal to the exterior diameter of the module, and long
enocugh to hold from one to any number of modules in
series, said pressure vessel being fitted with feed entran-
ce/retentate exit means and separate manifold means for
recovering permeate from the open end of the hollow
central mandrel. Alternatively, multiple modules can be
installed in paralle] within a single containment vessel as
described in U.S. Pat. No. 4,083,780.

In producing the spiral wrapped modules of the pres-
ent invention having feed/retentate and permeate spac-
ers as described various materials of construction can be
used to meet the required spacer characteristics.

The feed/retentate spacer can be 2 woven mesh mate-
rial or a non-woven mesh material, e.g., 2 first layer of
parallel spaced apart filaments covered by a second
layer of paralle]l spaced apart filaments laying perpen-
dicular or diagonally to the first layer wherein the fila-
ments of the first and second layer are attached to each
other at their points of contact, such a material hereinaf-
ter referred to as non-interwoven filament material.
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tions are left to the practitioner to make 'tﬁi.?-t%’hii\i’:‘.ifigr_‘sﬁﬁgat‘i on being
paid to the tenperature and pressure of el lengnt™appl i Catran iand the

design or target perneate pressure drop acfoss | nt. i When t he
elenent is to be used for pervaporation it i Brggpg;erggvt h‘at'%é the fine
materi al used as perneate spacer suppot b ’50;; mesh,
preferably 80 to 120 mesh range 5 to 15 mls thick and be off stainless
st eel while the coarsg material has a nesh“sifze 07 _ess than 50 mesh

and is 15 to 30 nils t hVeken using sughymcsh Haterials gs the feed/ BREHIS- | nt er woven
filament materials pSpacesubespaeescwvilbeamprise ayiaglerlayen of malts having the
necessary cross-secti phmlayereof materidlefatieast one aif whichdl 16¢0i86i t no nesh
but rather are spacednessh] preferdidy riérooi 60)ymeshpaiozk Ipzefepsbla 20ton sol i d
support sheet. Such gheglesh aad bervwedr G abesd bgﬁ}g:m‘bkqg-cgrmayt ruding wth
the aforesaid ribs cagy 28 mixthitde Fo?Seasd GFTABYc R f is preferred
that 2 layers of material be used as the feed/retentate
spacer both layers being preferably made of the same
material. Use can be made of different mesh sizes to
prevent intermeshing. If more than 3 layers are used,
the layer in contact with the faces of the membranes
would be a finer material and the layer between these
face contacting layers would be a coarser material
within. the aforesaid limits, e.g.. the fine layers could
have a 50 to 80 mesh while the coarser layer could have
a 20 to 50 mesh. The material(s) used will be such as to
provide a feed spacer having an open cross-sectional
area of at least 30 to 70%, preferably about 30 to 50%.
"As previously stated, it is preferred that the membrane
and the feed/retentate spacer be separated from direct
contact by an insulating layer of chemically and ther-
mally inert woven or non-woven fabric such as Nomex.
A problem encountered when using multiple ele-
ments in series is that the feed/retentate flow rate
through the end elements is low since a significant por-
tion of the feed would have permeated across the mem-
brane in the first few elements. This results in low feed
velocity through the end elements and the performance
of these elements is compromised. The low velocity
through the end elements is aggravated when a rela-
tively high open area aluminum (30 mesh—0.01" wire
diameter—49% open area) screen is used as the feed
spacer in the spiral wound element design. This screen
gives low feed-to-retentate pressure drop, which is an
important consideration with six elements in series.
With this element design, the overall pressure drop
across the elements and with two intermediate heat
exchangers used to reheat the feed is expected to be less
than 15 psi. : ,
The feed velocity through the elements can be in-
creased by using a lower open area screen as the feed
spacer. An example of such a material would be 50

_ mesh—0.0090” wire diameter stainless stecl screen
This Sheet Has Been Replaced  which has an open area of 30%. When two layers of this
HIIII lIII" ”ll II ' screen are used as the feed spacer, the feed-to-retentate

- pressure drop is 4.6 psi at 10 kg/min feed rate. This
represents a significant increase in pressure drop versus
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of the sheet. Alternativel y individual fi I‘;arrems can Be 'gepom ted on a

pre-exi sting sheet. The channels defined [y tp%t ﬁge 7bqt veen the
parallel ribs or filaments aniL. the heig r filaments woul d

provi de the cross-sectional area falllgg \__hm_we‘a#—ef d defim -

tions. Use of such materials would requirejthat the sheets e oriented in
t he perneate envel ope such that the chann s 'v"vuulu pe~al i gned in the

di rection of perne- entral man-

drel . By the practi %@ E&\% Lns% gmﬁ@ll nvegﬂxo g’{@%gg? f the spiral
dentical to

that of the menbrane \/\H%‘FCE#B‘EB}}S F%?ﬁgf“ Q}HF’HF?’&E’(& }ﬁydrodynm c

wound el enent in ternsTHE

effects introduced by Stﬁ creating tirsulenceed éym@scmehﬁtu Ais

especi al |y useful in tRwesdbaressunei dmmwlmmmmgcmﬁlnplu mlemeatsmat i cs, such

as in e.g.. with six elements in series and two intermediate

' heat exchangers, is well over 40 psi if this element de-

sign were used. Since it is necessary to maintain at least
10 psi pressure on the retentate, it would then be neces-
sary to operate the lead element at over 50 psi inlet
pressure. This is not acceptable since this would exceed
the maximum tolerable pressure of pervaporation spiral
wound elements which is around 40 psi.

In a preferred pervaporation process the elements are
staged by using increasingly higher pressure drop feed
spacers in order to get high feed velocity through the
end elements. With this staged pervaporation process, a
relatively high open area feed spacer such as 30 mesh
aluminum would be used for the first four elements
while a relatively low open area feed spacer such as
2 50 mesh stainless steel would be used for the last two
elements. With this combination, the overall pressure
drop for the system is expected to be less than 25 psi,
which would be acceptable. More importantly it can
also be expected that the pcrformznce of the end ele-
ments to. be greatly unproved since the feed velocity
would be high.

Another example would be to nse 30 mesh aluminum .
as the feed spacer for the first two elements, 40 mesh
aluminum feed spacer for the second two elements, and
2¢ 50 mesh stainless stzel feed spacer for the last two
elements. Needless to say, there are numerous other
ways to stage the elements with increasingly higher
pressure drop feed spacers in order to achieve the de-
sired high velocity through the end elements.

This use of increasing pressure drop feed/retentate
spacers in the down stream elements of mnltiple spiral
wound elements in series should also be useful for re-
verse osmosis and ultrafiltration wherein the perfor-
mance is especially sensitive to feed velocity.

The permeate spacer material used can also be se-
lected from the aforesaid woven or non-interwoven
filament materials. As previously stated the spacer com-
prises an assembly of three or more layers, alternating
fine and coarse material. The fine material which sup-
ports the membrane and prevents intrusion into the
permeate spacer can be a woven or non-interwoven

L
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heavy cat naphtha separation, internediate|c ation, |ight

cat naphtha separation etc. Menbr anes whic r In buch
cioi}eﬁ D:!%leai E’ed in US. Pat.

separations in- clude polyurea urethane di

No. 4,914,064, polyurethane i m des disclgosé¢diand clainmed in

U S. Pat No. 4,929.358, polyester imdes di scl osed and clainmed in U S.

PaL No. 4,944,880, isocy-
filament material having at least a 50 mesh or finer,
preferably 60 to 300 mesh, more preferably 60 to 150
mesh, still more preferably 80 to 120 mesh, most prefer-
ably 100 to 120 mesh and about 3 to 15 mils thick. The
‘coarse material can also be a woven or non-interwoven
filament material having less than a 80 mesh, preferably
less than 50 mesh, more preferably less than 35 mesh,
most preferably less than 20 mesh, and from 10 to 30
mils thick preferably from 17-25 mils thick, it being
understood that in practice the fine material used will
have a finer mesh than the coarse material used. Like-
wise when using fine mesh material in the 200-300 mesh
range it is preferred that the coarse layer be in the 30 t6
80 mesh range when the element is to be used at ele-
vated temperature and pressure.

The permeate spacer can comprise 3 or mor¢ layers.
When 3 layers are employed two layers of fine material
(support layers) are used in contact with the membrane
layer and a coarse layer is interposed between the two
fine layers. If 4 layers of ‘spacer material are used, the
two outer layers in contact with the membrane are still
the fine material support layer and coarse material con-
stitute the two inner layers interposed between the two
fine outer layers. Care should be taken when using this
4 layer embodiment to insure that the two coarse layers
which are in contact with each other either have differ-
ent cross-sectional profiles or of the same cross-sec-
tional profile are out of register one with the other to
insure that the coarse materials do not intermesh with
cach other which if that happened would result in a
substantial reduction in the open cross-sectional area of
the materials available of permeate flow. In such an
intermesh situation flow would be inhibited and an
undesired pressure drop across the permeate spacer
resulting in reduced flux would be encountered. If five
layers are employed they would be arranged in a fine/-
coarse/fine/coarse/fine sequence wherein the three fine
layers could be the same or different materials of the
same or different fine cross-sectional area, within the
previous definition of fine material; likewise the two
coarse layers could be the same or different materials of
the same or different coarse cross-sectional area, again

~ within the previous definition of coarse material.

The spacer materials can be made from any plastic or
metal, e.g., polyester, polysulfone, polyester, nylon,
teflon, etc., or fiber glass, or stainless steel, aluminum or

-
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anurat e crosslinked pol yuret hane nmenbr anesj, REPLACEAY SHEE'a d clainmed in
U S Pat. No. 4,983,338 and U. S. Pat. Nof— 4, 929, 357, poliyester

menbr anes di scl osed and claimed in U S Pag,-.s C 19976, 868, preferably
t he pol y- ester imdes of U S Pat. No , 944,880 and U.|S. Pat. No.
4,990, 275, all of which are incorporate8 h¢ré&a=by—refer: enc.

Pol yacryl ate nenbranes may al so be used. Acrylic acid er

honopol ynmers or their copol yners with eath other or with acrylic acid

can be forned into brassretdhingenerillaayanateiriat witdcH wilhberehemizi t s can be in
free-acid formor pacdllyinert dmd cHermallg$tabit iid el iitéfded envirsml or
al kyl ammoni um i ons ﬂ&ﬂt G?%Eé@f&ﬁeﬁ:@l BRmert04 B pl8yed g8acal | y

crosslinked. a he ol yes-
~ter imde rrerrbranes ‘Bﬂgﬂ? éﬁ hy’%n arorratlgs Y
. separation pr ocesses E@@ Jpa ° V’éﬁ“ﬁ Fose
~ performance overtine more preferably at “ stee
cially in thc case of the fine mcsh material. In ordcr to

insure optimum operability of the final element the

spacer should be capable of preventing membrane intru-

sion into the permeate space under the pressures em-

ployed. This ability to prevent membrane intrusion has

been correlated to spacer stiffness. An available mea-

sure of stiffness is the tensile modulus of elasticity. The

stiffness of a number of common spacer materials is

presented below:

Polyester 2-3 X 109 Ibs/sq. inch
Aluminum 10 X 106 Ibs/sq. inch
Stainless steel 28 X 108 Ibs/sq. inch

Thus, in the present invention the fine permeate
spacer support material, in addition to having the re-
cited open cross sectional area, has a stiffness of at least
about 2-3x 105 Ibs/sq. inch, preferably at lesst about
10X 106 lbs/sq. inch, most preferably at least about
28X 106 Ibs/sq. inch and higher, the fine permeate
spacer support material being most preferably stainless
steel.

The stiffer material provides better support which
eliminates or minimizes intrusion which in turn mini-:
mizes permeate pressure drop. This is especially true at
operating conditions (i.e. in permeate at 140°+C.). This
is to be compared to the performance of a less stiff
material such as polyester. Because of the low stiffness
factor of polyester, both the membrane and the polyes-
ter support are pushed into the permeate spacer chan-
nels, especially at higher temperatures and/or pressures.
Thus if one considers material stiffness with mesh size,
a finer material of greater stiffness can be used with &
more coarse layer than can a similar fine mesh material
of lesser stiffness.
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cific selections of materials within the aforesaid recita-

tions are left to the practitioner to make with consider-
ation being paid to the temperature and pressure of
element application and the design or targct permeate
pressure drop across the element.

When the element is to be used for pervaporation it is
preferred that the fine material used as permeate spacer
support be in the 60 to 150 mesh, preferably 80 to 120
mesh range 5 to 15 mils thick and be of stainless steel
while the coarse material has a mesh size of less than 50
mesh and is 15 to 30 mils thick.

In sddition to the woven or non-interwoven filament
materials previously described, the spacer materials
having the necessary cross-sectional areas can be mate-
rials which exhibit no mesh but rather are spaced apart
ribs running in parallel on a thin solid support sheet.
Such sheets can be fabricated by casting or extruding
with the aforesaid ribs cast or extruded as integral parts
of the sheet. Alternatively individual filaments can be
deposited on a pre-existing sheet. The channels defined- -
by the spaces between the parallel ribs or filaments and.
the height of the ribs or filaments would provide the
cross-sectional areas falling within the aforesaid defini- -
tions. Use of such materials would require that the
sheets be oriented in the permeate envelope such that -
the channels would be aligned in the direction of perme-
ate flow in the envelope into the hollow central man-
drel.

By the practice of the present invention performance
of the spiral wound element in terms of both flux and
selectivity is nearly identical to that of the membrane
when used by itself, uninfluenced by any hydrodynamic
effects introduced by spacer materials.

The present invention is especially nseful in the sepa-
ration of aromatics from non-aromatics, such as in
heavy cat naphtha separation, intermediate cat naphtha
separation, light cat naphtha scparatxon etc.

Membranes which are useful in such separations in-
clude polyurea urethane disclosed and claimed in U.S.
Pat. No. 4,914,064, polyurethane imides disclosed and
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anurate crosslinked polyurethane membranes, disclosed

and claimed in U.S. Pat. No. 4,983,338 and U.S. Pat.

No. 4,929,357, polyester membranes disclosed and

claimed in U.S. Pat. No. 4,976,868, preferably the poly-

ester imides of U.S. Pat. No. 4,944,880 and U.S. Pat. No.

4,990,275, all of which are incorporated herein by refer-

ence. Polyacrylate membranes may also be used.

Acrylic acid ester homopolymers or their copolymcxs

with each other or with acrylic acid can be formed into

membranes. The acrylic acid monomer units can be in

free-acid form or partly or totally neutralized with

metal or alkylammonium ions. The membranes can be

covalently or ionically crossiinked.

It has been found that membranes, such as the polyes-
ter imide membranes which when used in aromatics/-
non-aromatics separation processes such as heavy cat
naphtha separation lose performance overtime due to
the build up of a corrosion deposit layer (e.g. iron sul-
fide) on the membrane can be restored to their original
performance levels by soaking the membrane in a gaso-
line dispersant/detergent, which is a surface active ma- .
terial having a molecular weight in the range from 500 -
to 3000. The dispersant/detergent has a backbone
which can be polybutene or polypropylene, bearing
with functional groups comprising ether amines, hy-
drocarbony] amines, hydrocarbonyl amides or mixtures
thereof. As example of a useable membrane regenera-

‘tion detergent/dispersant is CS-3 Kerofluid available
from BASF.

It is also important in membrane separation processes
especially pervaporation processes that the membranes
be defect free. The presence of holes in membranes can
significantly decrease membrane selectivity perfor-
marnce. It has been found that micro defects in pervapo-
ration membranes can be identified before module or
element assembly by brushing the surface of the mem-
brane with a liquid such as heptane and pulling a vac-
uum or just brushing the surface of the membrane with
a water, isopropyl alcohol (IPA) mixture (e.g. 50/50 by

—— weight). Heptane or IPA passing through the defects
heet Has Been Replaced  wet the backing of the membrane upon which the mem-
H“““ “““ \“‘ m m‘ brane is cast resulting in translucent spots thus identify-
ing the defect which can be patched by applying glue
over the defect area,
The present invention is illustrated in the following

non-limiting examples.
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%LZ y EXAMPLE | An el e 1
eed/retentate and perneate spacers consi ste yester (the
per neat e spacer being separated fromthe nentr lrgtl :ﬁmnﬂgf : (
Tricot 8846 pol yester serving as membrane support I

i nproved el enent within the scope of the present 0fvBEC W87 wherein the
14 nmesh pol yester perneate spacer W& sandw chefl bet ween __jl dyers of
80 nesh stainless steel as support (no Tricot 8 POl yest er support

| ayer bei ng enpl oyed) and wher e ANPY Betl/ re

ent at e_spacer was: a 33

mesh” Tef -

lon. Ticot 8846 is available from Hor nwood | nc.
An element wherein the feed/retentate and permeate

spacers consisted of 14 mesh polyester (the permeate
spacer being separated from the membrane by layers of
Tricot 8846 polyester serving as membrane support)
was compared with an improved element within the
scope of the present invention wherein the 14 mesh
polyester permeate spacer was sandwiched between
layers of 80 mesh stainless steel as support, (no Tricot
8846 polyester support layer being employed) and
wherein the feed/retentate spacer was a 33 mesh Tef-
lIon. Tricot 8846 is available from Hornwood Inc. of
Maryland. It is a woven fabric 4 mils thick having wales
of 48 strands per inch and courses of 58 stands per inch.
This fabric is coated with epoxy having a resin pick-up
of 16%.

The two elements were evaluated for the separation
of heavy cat naphtha at 100° C. and 10 mbars permeate
pressure using a polyurea/urethane membrane.

The membrane was prepared as follows:

A solution containing a polyurea-urethane polymer is
prepared. Four point five six (4.56) grams (0.00228
moles) of polyethylene adipate (MW—2000), 2.66
grams (0.00532 moles) of 500 MW polyethylene adipate
and 3.81 grams (0.0152 moles) of 4,4'diphenylmethane
diisocyanate are added to a 250 ml flask equipped with
a stirrer and drying tube. The temperature is raised to
90° C. and held for 2 hours with stirring to produce an
isocyanate-end capped prepolymer. Twenty grams of
dimethylformamide is added to this prepolymer and the
mixture is stirred until clear. One point five grams
(0.0076 moles) of 4,4'diamino-diphenylmethane is dis-
solved in ten grams of dimethylformamide and then
added as a chain extender to the prepolymer solution.
This mixture was then allowed to react at room temper-
ature (approx. 22° C.) for 20 minutes. This solution was
diluted to § wt % such that the solution contained a
60/40 wt % blend of dimethylformamide/acetone. The
solution was allowed to stand for one week. The viscos-
ity of the aged solution was approximately 35 cps. After
this period of time one wt % Zonyl FSN (Dupont)

of
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Maryland. It is a woven fabric 4 mls thick ha mgwa,{'a?s,:--—af 48 strands
per inch and courses of 58 stands per inch. ?I'h'_i s fabric is coated with
epoxy having a resin pick-up of 16% Tl el t wo b ©E I el e eval uat ed
for the separation of heavy cat naphtha at 1?0& C and 10 s perneate
pressure using a polyureal/urethane nmenbrane. Wenbr ane was prepared

as follows: A sol ution containing ali?)ol yurc%r_gm_an.e_pe-lry-m?r’ S
prepared. Four point five six (4.56) grans (0.0 8 nol es) of

pol yet hyl ene adi pat eq(MN20A0 et 2446 addelats the- HARB3olRIoas)A0f 500 MV
pol yet hyl ene adi pat e i B

m Eng,lﬁg_ml Sth {xé,‘gﬂhphenyl met hane
di i socyanate are add % ngh %§ 7%& Vi n athan.! rrer and
drying tube. The teng%?gl e FEch g]e yl’to % y?@iﬁh?gr 2 hours with
stirring to produce 'Iu%{g%ﬁﬁ?gimim g b enty grans of

combina . : the
polymer solution in a continuous operation. The coating

was dried in an oven heated to 60° C. This technique
produced a composite membrane with a polyurea/ure-
thane layer between 3 to 4 microns in thickness.

The results of the evaluation are presented in Table 1.

TABLE 1

PERFORMANCE DIFFERENCE BETWEEN
PERVAPORATION ELEMENT DESIGNS

Spiral Wound Element Design

: Yes/Tricot 8846  Yes/80 mesh
Pmegeu Specer support/ on o
Permeste Spacer Mesh Size 14 14
Feed Spacer Mesh Size 14 33
Element Performance (1)
Selectivity, Delta RON 8.1 102
Flux, Kg/M2-Day : 31 48

€1) At 100° C. and 10 mbars permeate pressure.

As can be seen the table, with the spiral wound design
using polyester tricot spacer support, a selectivity of _8.1
was achieved. In contrast, with the spiral wound design
using stainless steel spacer support, a selectivity of 10.2
was achieved. In aromatics/saturates separation, selec-
tivity is measured by the octane difference between t.I‘x_e
permeate and the feed. The flux also improved signiii-
cantly. It can be expected that the performance differ-
ence between the packages will be even greater at

_ higher temperatures since flux would be significantly
higher. _

After the evaluation of element performance using
heavy cat naphtha was completed, studies directly mea-
suring the flow characteristics of the permeate spacers
were made. For these studies the outer wrap layer
around the element.was removed and the permeate
eavelope of one leaf was carefully opened to the atmo-
sphere along the sealed edge furthest removed from and
parallel with the hollow central mandrel. Various vac-
vum levels were then drawn on the hollow central
mandrel and the resulting air flow rates through the
permeate spacer were measured. The data are presented
in Table 1B.
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Permeate Spacer Designs .

vacuum level in

central mandrel messured flow rate, 1/min (air at STP)

(i.e. pressure clement clement

drop in permeate with polyester with staimless
spacer), mm Hg tricot support layer steel support Iayer
40 4.0
7.6 6.3
14.7 . 11.3 )
16.2 25.1
279 11.9
Kr 34.8
46.0 46.4
50.3 30.3
4.0 193
762 385
122, 53.5
. 140, 62.3

The data show that for a given pressure drop, the air
flow through element with the stainless steel support
Iayer is significantly greater than for the element with
the polyester Tricot 8846 support layer. A spacer flow
resistance parameter can be calculated from a linear
regression of the data. For the element, employing the
polyester Tricot layer the parameter is 2.30 mm
Hg/(1/min of STP air) while for the element employing

the stainless steel layer it is 0.96 mm Hg/(1/min of STP

air). A low value of the flow resistance parameter is

-desirable since it indicates reduced permeate pressure

drop and thus that lower average permeate absolute
pressure exists. For pervaporation, lower permeate
absolute pressure is associated with higher selectivity
and higher flux.

EXAMPLE 2
A separate example was performed to determine the

 effect of feed/retentate spacer open cross-sectional area

and thickness on permeator performance.
Four elements were fabricated. Each element used

the same polyester-imide membrane material, which

————"" was made by first endcapping one part of 2000 molecu-
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lar weight polyethylerie adipate (PEA) with two parts
of pyrometallic dianhydride (PMDA) and then reacting
one part of the endcapped polymer with methylene
dianiline (MDA) to form a polyamic acid. The po-
lyamic acid was then coated onto a 0.1 micron teflon

-one week.
After this
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rocom tempcraturc. After the polyazmc acid was de-
posited onto the teflon sheet, the polyamic acid was
cured at 260° C. for 7.25 minutes. The permeate spacer
used consisted of five layers of screens, 120 mesh stain-
less steel/17 mesh aluminum/120 mesh stainless steel/17
mesh aluminum/120 mesh stainless steel.

The four elements were evaluated on heavy cat naph-
tha at 140° C. and 10 mbar permeate pressure.

Feed spacer of various open cross-sectional area
(mesh) and thickness were, used. The results are pres-
ented in Table 2.

TABLE 2
EFFECT OF FEED SPACER ON
PERVAPORATION ELEMENT PERFORMANCE
' Feed Spacer '
Screen Size, Mesh 67 33 18 14
Thickness, Mils 10 21 17 kX ]
Element Selectivity

Delta RON 8.9 10.2 11.8 8.1

It is seen that with thick/coarse spacer (33 mils/14
mesh) the element performance is low because feed
velocity is relatively low at a given flow rate. Con-
versely with a thin/fine spacer (10 mils/67 mesh) ele-
ment because of high pressure drop the performance,
while improved over that achieved with the thick-
/coarse spacer is not as high as obtained with a spacer of
more moderate thickness/and a coarseness between fine
and coarse. o

The feed spacer in permeation elements, therefore,
advantageously ranges from 16 to 80 mesh, preferably
16 to 60 mesh, more preferably 20 to 60 mesh and from
10 to 30 mils thick, preferably 17-25 mils thick.

EXAMPLE 3

To further illustrate the effectiveness of the improved
element design, several elements were fabricated and
tested for the pervaporative scparation of heavy cat

_naphtha. All test elements employed the same mem-

brane material, the polyester imide of Example 2 cast on
the same teflon membrane backing as previously de-
scribed.

Four sample elements were fabricated, A, B, C and
D.
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TABLE 1 PERFORMANCE DI FFERENCE BETWEEN PER\/&:P?%-\

YJI -
ELEMENT DESI GNS Spiral Wund El enent Dedi Pnge Spar support/ ev *‘\fBEMT SHEET
8346 Yes)'S mesh WMh Saze St di n St ed
P} seate Spacer Mash Size 14 Feod Spar Mesh Sze v ]
33 ~BEwt Performance (1) Sdfcsivity, Dlltjsg LI 18. gEC g
*FUx, KS/ M Day 31 48 (1) Al ICC an 10~abmpm
pma. As can be seerElehrnt Abk@ployedsitgie lapersaf 1qanesh piigesyn _ usi ng

- pol yester tricot spacaf asHeR4ike f&cﬂ?a@éﬁ adf tperffeath ,:lpac\g@%gﬁl eved. In
at

contrast, with the spidegl ;v g.ﬁg

@ selectivity of 10.3pembrane surfaccs by two layers of polyester felt
spacer support (Tricot 8846), one layer on each side of

. the permeate spacer, to prevent damage to the mem-
brane layers by the coarse permeate spacer during ele-
ment fabrication.

Elements B, C and D used multiple layers of perme-
ate spacer material which were isolated from the mem-
brane surfaces by intervening layers of Nomex, and
either single or multiple layers of feed spacer material
between adjacent permeate envelope leaves, in all cases
the feed spacer material being a finer material having a
mesh greater than 20.

Table 3 presents the details of the feed and permeate
spacers used in each of the four membrane elements and
indicated the selectivity of each element in terms of
delta MON (motor octane number) of the resulting
permeate.

The elements were all tested in a recirculating pilot
plant with heavy cat naphtha at 140° C,, 15 psi feed
pressure and 10 mbars permeate pressure. The effective-
ness of each element was assessed by measuring the
difference in the motor octane number (delta MON)
between the permeate and the feed. Flux was not com-
pared because the HCN used in the tests had been ex-
posed to oxygen which negatively effects the flux per-
formance of the membranes.

When used by itself in a flat circular test cell without
any feed or permeate spacers the membrane supported
by a fine sintered porous metal support, under the same
conditions exhibited a selectivity in terms of AMON of
about 12.9. .

As can be seen from Table 3, Element A exhibited a
selectivity in terms of AMON of 9.9, which is 3.0 MON
lower than the membrane by itself.

In comparison preferred elements B, C and D of the

present invention using stiffer spacer material and fi-
ner/stiffer feed/retentate spacer material exhibited se-
This Sheet Has Been Replaced lcctivity in terms of AMON ranging from 11.7 to 12.4.
in all cases an element efficiency of over 90%.
““m |“|“ "ll |I “ It is expected that if the membrane was placed di-
_rectly on the 14 mesh polyester permeate spacer with-
- out any fine mesh support intervening layer between
the membrane and the 14 mesh polyester spacer, the
membrane would fully embed into the permeate spacer,

palllf 1§R@dsni58ﬁﬁe§tff‘&ﬁ thgacer support,
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ELEMENT
NO.

FEED
SPACER
ARRANGE.-
MENT

PERMEATE
SPACER
ARRANGE-
MENT

SELEC-
TIVITY,
DELTA MON

A

14 MESH PE

33 MESH AL
33 MESH AL

33 MESH AL

50 MESH SS
50 MESH §S

PE FELT

 (Tricot 8346)

14 MESH PE
PE FELT
Nomex
120 MESH SS

17 MESH AL

17 MESH AL
120 MESH SS

Nomex

Nomex

100 MESH SS
17 MESH AL

106 MESH SS
17 MESH AL

106 MESH SS

Nomex

Nomex

100 MESH SS
17 MESH AL

100 MESH SS
17 MESH AL

100 MESH SS

Nomex

9.9

117

1.7

124

(!)DduMONSelmmyofPEIMmbme tlone is 12.9
(2} PE: Folyester )

EXAMPLE 4

A number of spiral wound element packages were
prepared to evaluate the effect of putting a non-woven
shield layer between the membrane and the feed/reten-
tate spacer layers. Each element used the same mem-
brane as described in Example 2. The results are pres-
ented below:

© - This Sheet Has Been Replaced .




pernmeat e spacer were neasured The data are presented in Table | B

TABLE | B Conpson ptg )
Cacterjtics of Penmat e Sp Desiin : Rﬂf’[\ﬂgk&m SHEET
Ma andr el neaUred flow rate I/mW¥ (air at STPb
18 5 DEC 197
Element I )13
Feed Spacer Arrangement Nomex
50 mesh SS - 50 mesh §S
S0 mesh SS 50 mesh SS
Nomex
Permeate Spacer Nomex Nomex
Arrangement 100 mesh SS 100 mesh SS
17 mesh AL 17 mesh AL
100 mesh SS 10C mesh SS
17 mesh AL 17 mesh AL
100 mesh SS 100 mesh §S
Nomex Nomex
Vacuum Drop Time (min) 4 21

The vacuum drop time is 2 measure of the tightness of

the spiral wound element package. In this test a 29" Hg
vacuum.is pulled on the element. The vacuum pump is
then turned off. The pressure inside the element rises.
The vacuum drop time is the time which it took the
clement to go from 29" to 22" Hg vacuum. The longer
the vacuum drop time, the tighter is the element.
Elements I and IIl were evaluated for vacuum drop
time and also for the pervaporative separation of heavy
cat naphtha. The pervaporation test was conducted on
heavy cat naphtha initially at 140° C. for 2 to 10 days
and then at 150° C. for 20 to 21 days and 10 mm Hg
vacuum pressure at & flow rate of 1300 Ibs/hour. The
results from the 150° C. runs are reported in detail be-

low.
Element m 11
Feed Spacer Arrangement Nomex
- 30 mesh AL 50 mesk SS
50 mesh SS
Nomex
Permeate Spacer Nomex Nomex
Arrangement 100 mesh SS 100 mesh SS
17 mesh AL 17 mesh AL
100 mesh SS 100 mesh SS
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112 16. 2 11 27.9 21.9
25.1 32.1 19 36 3 5 DEC 199746
44 so 8 30.3 s4.0 19.3 |
76. 2 38.5 127. . 53.5 . :
623 The data show that for a given pressure drop) the air
-continued
Element m ) H
17 mesh AL 17 mesh AL
100 mesh SS 100 mesh SS
Nomex Nomex
Vacuum Drop Time (min.) 4 21
. Days on Qil at 150° C. 20 21
Initial Flux (kg/m?/day) 288 229
Flux drop per day (%) —0.271* 0.24°
Initial Permeate RONC 100.5 100.4
Permeate RONC Drop —0.087 -0.018*
per day (%)
*Not Surtistically Significant

(RONC - Resesrch Octane Nomber Clear)

-As can be seen from the table above, at 150° C. high
temperature operation element HI with no Nomex
showed higher initial performance, higher flux at con-
stant selectivity as compared to element II which has
Nomex on the feed side. However, element III showed
significant loss in selectivity with days on oil whereas
element I showed no statistically significant loss in-
selectivity with days on oil. The flux stabilities of both
elements were satisfactory.

In the above elements the 50 mesh SS is 11 mils thick,
the 100 mesh SS is 9 mils thick, the 17 mesh AL is 23
- mils thick, the 30 mesh AL is 24 mils thick. The Nomex
layer is a non woven fabric from Veratek Inc. The
Nomex is identified as Nomex 1019 and is composed of
a mixture of polyamide and polyester. It is 4.6 mils
thick, has a weight of 3 oz/sq. yard and a Frazier air
permeability of 2.5 cfm/ft2at § inch water pressure. The
elements were assembled using Tra-bond 2125 adhesive
using 9 parts réesin to 1 part catalyst as per mannfacture
‘recommendations. A diluent was added to make it less
viscous. The diluent was Santicizer 160 plasticizer from
Monsanto which is butyl benzyl phthalate used at 10%
diluent 90% Tra-bond 2125. No surface treatment was
needed for the permeate spacers although the central
tube was wiped with B.F. Goodrich A-934-BY primer
to remove any grease or dirt.

_ This Sheet Has Been Replaced -

AR RE




sigaificantly gre
8846 support

froma linear
pol yester Tricot

Dl ow through el enent w t@ﬂﬂmﬂ Iess steel support | Iayq:{EpLchMENT SHEET

I

el ement with t he pol ygstet—Frt+cot

resi stance paraneter can|b ed
regreSS| on of the data For the el enent, epp &ﬁ@é\cﬁ@
| ayer the pararreter S 330nm Hg/(l/m f SIP air)

while for the elenent enploying 'the stainless steel layer}it is O. 96 mm

Hg/ (1/min of STP air). Whavis\ciipedds: t he flow resistance

o

ol

-desirable since it indi gatﬁ W%&%Mk@r&éﬁﬁﬁﬁmﬁfﬁﬁ@d thus t hat
| oner average perneate Excnﬁ:rrgﬁéliﬁftcﬁﬁsﬂ d ion, | ower

perneate absolute pre cdg&s@ﬁa @ 5%&?2% c\é#eywaznd

hi gher f1 ux.

performed to determ ne OPf

Jpermeate enve ope W ch 1s contac g Fi3
one membrane face with a feed-retentate spacer, the
entire muiti-layer arrangement being wound around a
hollow central mandrel and with which the permeate
envelope is in fluid communication through its fourth
unsealed edge thereby creating a spiral wound element,
wherein the feed-retentate spacer comprises at least one
Isyer having an open cross-sectional arez of at least 30
to 70% and wherein the permeate spacer comprises at
least thres layers characterized in that the outer layers
of the three layers are a fine material having an open
cross-sectional area of about 10 to 50% and a stiffness of
at least 2-3< 105 Ibs/sq. inch and a coarse layer having
an open cross-sectional area of about 50 to 90% is inter-
‘posed between the aforesaid fine outer layers and
wherein the fine outer layers are in interface contact
with the membrane layers enclosing the permeate

spacer.

2. The spiral wound membrane element of claim 1
wherein the feed/retentate spacer comprises at least
two layers of material placed between adjacent perme-
ate envelope leaves. ’

3. The spiral wound membrane element of claim 2
wherein the feed retentate spacer material used are the
same or different material and are of the same or differ-
ent cross-sectional area.

4. The spiral wound membrane element of claim 3
wherein the feed/retentate spacer material has an open
cross-sectional area of at least about 30 to 50%.

5. The spiral wound membrane element of claim 1
wherein the fine permeate spacer material has an open
cross-sectional area of at least about 10 to 30%.

6. The spiral wound membrane element of claim 1
‘wherein the coarse permeate spacer material has an
open cross-sectional area of at least 60 to 909%.

7. The spiral wound element of claim 1 wherein the
feed/retentate spacer is a material of 10 to 80 mesh and
15 to 30 mils thick.

8. The spiral wound membrane e]ement of claim 1
wherein the permeate spacer comprises up to 7 layers of
material alternating fine and coarse layers, with the fine
layers being the outer layers in contact with the mem-
brane.

This Sheet Has Been Replaced
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effect of feed/ méwn cross-secdoa ar and thickness—ea——"1c
per nmeat or perfo our elements were fabricated. Fach: ekemﬁ.‘ﬂl\ﬁ%osHE

t he sane pol yester; terial, which was nmade by': f|r1=|=t appg
one part of 2000 ml ﬂ“ pol ygﬁyeze adi pat e (PEA) vvlt Egr'ggg‘y
- pyronetal lic dian rie eL PNDA@ dnd the“reacting one part of Q\r?gappd

polymer with nmethyleze dianiline (MDA) to forma polyamc aci

'vanic acid was then goped 0t Gt a6 LEMRF of claim 8

wherein the permeate spacer comprises an odd number
of layers.

10. The spiral wound membrane element of claim 1
wherein the fine layer of material of the permeate
spacer has at least a 50 mesh and is about 5 to 15 mils
thick.

11. The spiral woond membrane element of claim 1
wherein the coarse layer of material of the permeate
spacer is less than 50 mesh and is about 15 to 30 mils
thick.

12. The spiral wound membrane element of claim 1
wherein the feed/retentate spacer material and the per-
meate spacer material are woven or non-interwoven
filament material.

13. The spiral wound membrane element of claim 1
wherein the fine permeate spacer material has a stiffness
of at least about 10 X106 Ibs/sq. inch.

14, The spiral wound membrane element of claim 12
wherein the feed/retentate spacer material and the per-
meate spacer material is steel.

15. The spiral wound membrane element of any one
ofclaims 1,2, 3, 4,5,6,7,8 9,10,11, 12, 13 or 14
wherein a layer of chemically and thermally stable ma-
terial about 1 to 15 mils thick weighing between about
0.5 to 10 0z/sq. yard and having a Frazier air permeabil-
ity in the range 0.5 to 1000 cfm/sq. ft. at } inch water
pressure is interposed between the feed/retentate spacer
and the membrane.

16. The spiral wound membrane element of any one
of claims 1,2. 3,4, 5,6,7,8, 9,10, 11,12, 13 or 14
wherein a layer of chemically and thermally stable ma-
terial about 1 to 15 mils thick weighing between about
0.5 to 10 0z/sq. yard and having a Frazier air permeabil-
ity in the range 0.5 to 1000 cfm/sq. ft. at § inch water
pressure is interposed between the membrane and the
fine support-permeate spacer layer.

This Sheet Has Been Replaced.
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15 sheet as previously described in Exanple 1. The viscos- ity ofuthe
pol yanmi ¢ acid was in the range of 90-150 cps at roomtenperature. Afker
the polyam c acid was de- posited onto the teflon sheet, the polyamc acid
was cured at 260" C. for 7.25 mnutes. The perneate spacer used consisted

of five layers of screens, 120 mesh stain- |ess steel/7 mesh alum nunf 120
mesh stainless steel/17 nmesh alum num 120 nesh stainless steel. The
four elenents were evaluated on heavy cat naph- tha at 140" C. and 10 nbar
per neat e pressure. Feed spacer of various open cross-sectional area
(mesh) and thickness were, used. The results are pres- ented in Table 2.
TABLE 2 =22~

SPIRAL WOUND ELEMENT FOR SEPARATION
ABSTRACT

An improved spiral wound element for separations is disclosed
wherein the improvement comprises using as the.feed/retentate
space one or more layers of a material having an open cross-

\ ' :sectional.area-in the range 30 to 70% and as the permeate
spacer material at least three  layers of material two of
which are fine and have an open cross-sectional area of about
10 to 50% surrounding a coarse layer having an open cross-
sectional area of about 50 to 90%.

Fig 1.
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EFFEET OF FEED SPACER ON ' PERVAPORATI ON ELEMENT PERFORMANCE

screen Ske, Mesh 67 33. 18 14 Thi ckness. MIs 10 21
17 33 El ement Sel ectivity Delta RON 8.9 1 Q 2
11.8 1l It is seen that wi h thick/coarse spacer (33 m|ls/14 nmesh)

t he el ement performance is | ow because feed velocity is relatively low at a
given flowrate. Con- versely with a thtn/fine spacer (10 mls/67 mesh)
el e- nment because of high pressure drop the performance, while inproved
“over that achieved with the thick- /coarse spaceris not as high as obtained
W th a apacerof nore noderate thiclnmess/and a coarseness between fine and

goar se. SPIRAL WOUND ELEMENT FOR SEPARATION

BACKGROUND OF THE INVENTION
Summary of the Invention |

An improved spiral wound membrane element com-
prising layers of membrane material fluid tight sealed
along 3 edges enclosing a permeate spacer creating at
least one permeate envelope upon which a feed/reten-
tate spacer layer is laid, along at least one membrane
face, the entire multi layer arrangement being wound
around s hollow central mandrel (which may be closed
at one end) and to which the permeate envelope is in
fluid communication through the fourth unsealed edge,
creating a spiral wound module clement is disclosed
which is useful in separation processes wherein a pres-
sure gradient is maintained across the membrane from a
feed side to a permeate side, the improvement compris-
ing using as the feed/retentate spacer at least one layer
of a material having an open cross-sectional area of at
Jeast 30-70% and using as the permeate spacer at least
three layers of material characterized in that the outer
Iayers are & fine material having an open cross-sectional
area.of about 10 to 50% and a coarse layer having an
open cross-sectional area of about 50 to 30% interposed
between the aforesaid fine outer layers and wherein the
fine outer layers are in interface contact with the mem-

~ 'brane layers enclosing the permeate spacer.

DESCRIPTION OF THE RELATED ART

Spiral wound elements contain permeate and reten-
tate spacers as a routine matter of standard element
design, see, e.g. U.S. Pat. No. 3,417,870. Various at-
tempts have been made to improve the spacer materials.
Thus. U.S. Pat. No. 4,861,487 describes a low pressure
drop spacer composed of generally parallel elongated
filaments positioned generally parallel to the flow direc-
tion of the feed stream and wherein the clongated fila-
ments are connected by shorter bridge filaments which
are placed at an angle to the flow of the feed stream to

side for s Jow pressure drop. European Patent Ap-
plicstion 89305966.7 (publication number 347174) de-
scribes a spiral wound membrane cartridge wherein the
feed spacer material having a plurality of parallel ribs
extending in an axial direction, interconnected by a
matrix of smaller filaments generally perpendicular to



The feed spacer in perneation elenents, therefore, advantageously ranges
from16 to 80 nmesh, preferably 16 to 60 mesh, nore preferably 20 to 60 nesh
and from10 to 30 ms thick, preferably 17-25 mls thick '

EXAVPLE 3 To further illustrate the effectiveness of the inproved el enent
design, several elenents were fabricated and tested for the pervaporative
separation of heavy cat naphtha. All tedt el ements enpl oyed the sane nem
brane material, the polyester imde of Exanple 2 cast on the sanme teflon

menbr ane backi ng astherparalielsilys whichsresulsein a reduntionstargbedlaw enent s wer e

fabricated, A B, Gesischnde. W091/11249 describes a spiral wound ecle-
ment which utilizes a divided central mandrel and a
permeate region which employs a high density porous
spacer flanked on two sides with low density porous
spacers.
"~ U.S. Pat. No. 5,069,793 describes a spiral wound
element for use in pervaporation designed to produce
maximum permeate flow throughput per clement vol-
ume. This is achieved by use of a permeate spacer se-
lected to take advantage of the fact that the total perme-
ate flow throughput from a module passes through a
maximum as the resistance to vapor transport of the
permeate spacer material is progressively decreased.
The capability of the permeate spacer material to trans-
port permeating vapor from the membrane surface to
the permeate collection pipe is expressed as a normal-
ized conductivity, or permeate vapor flow, per unit
pressure drop in the permeate channel, per unit trans-
membrane flux. The permeate channel is defined to use
a spacer material such that permeate flow throughput is
60-90% of the maximum possible value. The permeate
spacer can be a sheet of material having a cross-sec-
tiopal thickener which varies, giving from relatively
thin at the far edge to thick at the edge adjacent the
central mandrel. Alternatively the spacer can be made
of multiple layers of the same or different spacer mate-
rial.

DESCRIPTION OF THE INVENTION

In a spiral wound meibrane separation element com-
prising a hollow central mandrel (which may be closed
at one end) around which are wound multiple layers of
membrane, feed spacers and permeate spacers wherein
layers of membrane surround a permeate spacer, said
membrane layers being fluid tight sealed along 3 edges
‘producing a permeate envelope leaf, wherein multiple
5 cate envelope leaves are attached along their

. : fourth unsealed edge in fluid communication with the
interior of the hollow central mandrel, and a layer of

' feed/retentate spacer material extends along the outer

surfaces of each permeate envelope leaf, the spiral

winding of multiple permeate envelope leaves/feed-

retentate spacers being wrapped with an outer wrap

layer to prevent unwinding and the end of the winding

being capped by an anti-telescoping device attached at



.

16 -, El emrent A enpl oyed singl e layers of 14 nesh pol yes- ter as
both the feed spacer and perneate spacer. \Wen used as the perneate
spacer it was isolated fromthe - nmenbrane surfaces by two | ayers of
pol yester felt spacer support (Tricot 8846), one |ayer on each side of
t he perneate spacer, to prevent damage to the mem brane | ayers by the
coarse perneate spacer during ele- snment fabrication. El enents B,
C and D used multiple |ayers of perme-

the downstream end to prevent telescopic displacement

of the spiral wound layers during use, the improvement

comprising using as the feed/retentate spacer material

at least one layer of a material having an open cross-sec-

tional area of at least about 30 to 709%, preferably 30 to

50%, preferably using two layers of material placed

between adjacent permeate envelope leaves, which

feed/retentate spacer material can be of either the same

or different material and of the same or different cross-

sectional area, preferably such feed/retentate spacer

material being insulated from the membrane surface by

an interposed layer of chemically and thermally inert

woven or non-woven fabric about I to 15 mils thick

having a weight of about 0.5 to 10 02/sq. yard and a

Frazier air permeability in the range 0.5 to 1000 cfm/sg.

foot at # inch water pressure, (example of a non-woven

material being Nomex), such that upon winding the

multiple permeate envelope leaves and interposed mul-

tiple feed/retentate spacer layer one obtains two layer

of feed/retentate spacer material between adjacent per-

meate envelope leaves in the winding, and using as the

permeate spacer three or more layers of material, the

outer layers which are in contact with the membrane

(i.e. with the membrane surface per se or with the inte-

gral backing of the membrane if the membrane is cast on

a backing, this backing not being counted as one of the

spacer layers) being a fine material baving an open

cross-sectional area of at least about 10 to 50%, prefera-

bly at least about 10 to 30% and interposed between the

fine outer layers will be coarse layers having an open

cross-sectional area of at least about 50 to 90%, prefera-

bly about 60 to 90%. The multilayer permeate spacer

comprises at least 3 layers but may comprise 3 to up to

7 layers alternating fine and coarse provided that the

outer layers in contact with the membrane are fine

material layers. It is preferred that an odd number of

layers be nsed to minimize intermeshing but an even

number of layers can also be employed in which case it

is preferred that the layers be of materials of different

mesh size 50 as to prevent or minimize intermeshing of

the layers. The limit on the number of layers used in

- fabricating the permeate spacer layer in each permeate
envelope leaf, the thickness of each leaf, the length of



ate spacer material which were isolated fromthe nem

kntervening | ayers of None, and either single or nmultiple
bet ween adj acent perneate envel ope | eaves, in all

f'eed spacer materi al

cases the feed spacer material being a finer material havi
Tabl e 3 presents the details of the feed and perneate

greater than 20.

spacers used in each of the four nenbrarie el enents and i nd
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factors including the ability to ultimately wind the as-
sembly around the central mandrel, the pressure drop
along the length of each permeate envelope leaf as well

. as across the feed spacer and the membrane surface arez

obtainable in each spiral wound module.

If too many layers are used or if the layers used are
too thick it will become difficult to wind the spiral
wound element. Also, obviously too thick a permeate
envelope will negatively impact on the total membrane
surface area available in the final spiral wound element
of a given diameter.

The preferred number of permeate spacer layers is 3
to 5. -

The multi-layer permeate spacer may be sized
slightly smaller in its dimensions than the membrane
layer surrounding it so that the spacer does not intrude
into the area between the membranes at the three edges
along which the membrane layers are fluid tight sealed.
Intrusion of permeate spacer into this area interferes
with the ability to effectively seal the membrane edges

. to create the permeate envelope.

The preferred number of feed/retentate spacer layers
is 2. In preparing the element it has been found that

. interposing a layer of chemically and thermally stable

woven or non-woven material about 1 to 15 mils thick

‘weighing about 0.5 to 10 0z/sq. yard and having a Fra-

zier air permeability in the range 0.5 to 1000 cfm/sq. ft

‘at § inch water pressure interposed between the

feed/retentate spacer material and the surface of the
membrane and the permeate spacer material and the
surface of the membrane improves membrane element
long term performance and improves the vacuum tight-
ness of the resulting spiral wound package. This inter-
posing layer acts as a shield between the membrane
surface and the feed/retentate spacer layer and/or per-
meate spacer. For low temperature applications poly-
ethylene, polypropylene, nylon, etc. felt can be used as
the shield. For high temperature applications the choice
is more limited, with polyamide (¢.g. Nomex whichis a
blend of high temperature nylon and polyester), teflon,
fiberglass or mixtures thereof being suitable candidates.



pared. because the HCN used in the tests had been ex- posed to oxygen
whi ch negatively effects the flux per- formance of the nenbranes.

When used by itself in a flat circular test cell without any feed or
per neat e spacers the nenbrane supported by a fine sintered porous netal.
support, under the sane conditions exhibited a selectivity in terns of

AMON of about 12.09. As can be seen from Table 3, Elenent A exhibited a
selectivity in ternms of AMON of 9.9, which is 3.0 MON |ower than the
menbrane by itself. In conparison preferred el ements BA C and D of the

present invention usi Nohis{theseshialddepersmme aoit ikcladed fin theweoumt i f f er
feed/retentate spaceof petmeadtelspacdri layércdr TeedSrecdritiie spacer tay-ns of AVON
rangi ng from11.7 tcert Wheniysedlon the &l s8e thesiiald River gratae of over 90%
I't is expected that gl hOGbMEITSNDTS pRhSG2Ed By the feed spacer;

when used on the permeate side it protects the mem-

brane from the support mesh/permeate spacer layers.

The layer of feed/retentate material extended on the
surface of at least one face of the permeate eavelope is
substantially equivalent in its dimensions in term of
length and width to the permeate envelope.

Adhesives are used in preparing the spiral wound
element. Different adhesives for different types of appli-
cations and environments have been identified and are
described in U.S. Pat. No. 4,464,494 and U.S. Pat. No.
4,582,726 incorporated herein by reference. Various
other adhesives such as high temperature epoxy (e.g.
Tra-bond 2125 from Tra-Con or Duralco 4400, 4525,

4700, 4703 from Cortronics Corp.) or non-epoxy adhe-
sives (e.g. alumina/zirconia/ceramic adhesives such as
Resbond 903 HP, 904 Zirconia, 904 Quartz and 906
Magnesia from Cortronics Corp.) may also be used.

The spiral wound module wrapped in its outer wrap
and fitted with the anti-telescoping device can be in-

serted into a pressure vessel having an internal diameter
equal to the exterior diameter of the module, and long
enough to hold from one to any number of modules in
series, said pressure vessel being fitted with feed entran-
ce/retentate exit means and separate manifold means for
recovering permeate from the open end of the hollow
central mandrel. Alternatively, multiple modules can be
installed in parallel within a single containment vesse] as
described in U.S. Pat. No. 4,083,780.

In producing the spiral wrapped modules of the pres-
ent invention having feed/retentate and permeate spac-

~ ers as described various materials of construction can be
used to meet the required spacer characteristics.

The feed/retentate spacer can be a2 woven mesh mate-
rial or a non-woven mesh material, e.g., 2 first layer of
parallel spaced apart filaments covered by a second
layer of parallel spaced apart filaments laying perpen-
dicular or diagonally to the first layer wherein the fila-
ments of the first and second layer are attached to each
other at their points of contact, such a material hereinaf-
ter referred to as non-interwoven filament material.



rectl’y on the 14 nmesh poyester perneate spacer with- out any fine nesh

support
spacer, the nenbrane would fully enbed into the perneate spacer
17 resulting in severely degraded performance, or be punc-

the spacer, resulting in inoperability.

6

When using such mesh materials as the feed/retentate
spacer the spacer will comprise a single layer or multi-
ple layers of material fat least one of which is 16 to 80
mesh, preferably 16 to 60 mesh, more preferably 20 to
60 mesh and between 10 to 30 mils thick preferably
17.25 mils thick. For ease of fabrication it is preferred
that 2 layers of material be used as the feed/retentate
spacer both layers being preferably made of the same
material. Use can be made of different mesh sizes to
prevent intermeshing. If more than 3 layers are used,
the layer in contact with the faces of the membranes
would be a finer material and the layer between these
face contacting layers would be a coarser material
within. the aforesaid limits, e.g.. the fine layers could
have a 50 to 80 mesh while the coarser layer could have
a 20 to 50 mesh. The material(s) used will be such as to
provide a feéed spacer having an open cross-sectional
area of at least 30 to 70%, preferably about 30 to 50%.

"As previously stated, it is preferred that the membrane

and the feed/retentate spacer be separated from direct
contact by an insulating layer of chemically and ther-
mally inert woves or non-woven fabric such as Nomex.
- A problem encountered when using multiple ele-
mesnts in series is that the feed/retentate flow rate
through the end elements is low since a significant por-
tion of the feed would have permeated across the mem-
brane in the first few elements. This results in low feed

velocity through the end elements and the performance

of these elements is compromised. The low velocity
through the end elements is aggravated when 1 rela-
tively high open area aluminum (30 mesh—0.01"” wire
diameter—49% open area) screen is used as the feed
spacer in the spiral wound element design. This screen
gives low feed-to-retentate pressure drop, which is an
important consideration with six elements in series.
With this element design, the overall pressure drop
across the elements and with two intermediate heat
exchangers used to reheat the feed is expected to be less
than 15 psi. .

The feed velocity through the elements can be in-
creased by using a lower open area screen as the feed
spacer. An example of such a material would be 50
mesh—0.0090” wire diameter stainless steel screen
which has an open area of 30%. When two layers of this
screen are used as the feed spacer, the feed-to-retentate
pressure drop is 4.6 psi at 10 kg/min feed rate. This

represents a significant increase in pressure drop versus

I ntervening | ayer between the nenbrane and the 14 nmesh pol yester

tured by



TABLE 3 PERFORMANCE OF PERVAPCORATON ELEMENT | FEED

PERVEATE ' SPACER SPACER SELEC ELEMENT

ARRANGE. ARRANGE. : TI VMY NO. MENT MENT

DELTA MON A 14 MESH PE PEFELT 9.9

(Trtcot 8846) -14 MESH FE

PE FELT Nc mex B 33 MESH AL 120 MESH SS

11.7 33 MESH AL 11 MESH AL ' 17 MESH

ﬁl\:;rrex the previo&ﬁg i&@%eﬁ%csign with a single layer of 30 Norrex
mesh aluminum feed spacer. Although the 2XX50 mesh

screen design is excellent for increasing the feed veloc-
ity thus creating turbulence, a disadvantage is that the
overall pressure drop when using multiple elements,
e.g.. with six elements in series and two intermediate
heat exchangers, is well over 40 psi if this element de-
sign were used. Since it is necessary to maintain at least
10 psi pressure on the retentate, it would then be neces-
sary to operate the lead element at over 50 psi inlet
pressure. This is not acceptable since this would exceed
the maximum tolerable pressure of pervaporation spiral
wound elements which is around 40 psi.

In a preferred pervaporation process the elements are
staged by using increasingly higher pressure drop feed
spacers in order to get high feed velocity through the
end eiements. With this staged pervaporation process, a2
relatively high open area feed spacer such as 30 mesh
aluminum would be used for the first four elements
while a relatively low open area feed spacer such as

+ 2X 50 mesh stainless steel would be used for the last two
elements. With this combination, the overall pressure
drop for the system is expected to be less than 25 psi,
which would be acceptable. More importantly it can
also be expected that the performance of the end ele-
ments to. be greatly improved since the feed velocity
would be high. _ .

Another example would be to use 30 mesh aluminem .
as the feed spacer for the first two elements, 40 mesh
aluminum feed spacer for the second two elements, and
2X 50 mesh stainless steel feed spacer for the last two
elements. Needless to say, there are numerous other
ways to stage the elements with increasingly higher
pressure drop feed spacers in order to achieve the de-
sired high velocity through the end elements.

This use of increasing pressure drop feed/retentate
spacers in the down stream elements of multiple spiral
wound elements in series should also be useful for ra-
verse osmosis and ultrafiltration wherein the perfor-
mance is especially sensitive to feed velocity.

The permeate spacer material used can also be se-
lected from the aforesaid woven or mon-interwoven
filament materials. As previously stated the spacer com-
prises an assembly of three or more layers, alternating

" fine and coarse material. The fine material which sup-
ports the membrane and prevents intrusion into the
permeate spacer can be a woven or non-interwoven



C * 33MESHAL 100MESHSS 11.7

AL 100 MESH SS
AL 100 MESH SS

.D 50 MIESHSS 100 MESH SS 12. 4 SO MES SS
100 MESH SS 17gMESH AL

100 MESH SS

l\/abae ul oae is 129 (2) PIVt FA yaue

17 MESH
17 MESH
Nonmex

.17 MESH AL

Norrex (1) Diw MON Sdecdvity of PE!

filament material having at least a 50 mesh or finer,
preferably 60 to 300 mesh, more preferably 60 to 150
mesh, still more preferably 80 to 120 mesh, most prefer-
ably 100 to 120 mesh and about 3 to 15 mils thick. The
coarse material can also be a woven or non-interwoven
filament material having less than a 80 mesh, preferably
less than 50 mesh, more preferably less than 35 mesh,

most preferably less than 20 mesh, and from 10 to 30
mils thick prcfcrably from 17-25 mils thick, it being
understood that in practice the fine material used will
have a finer mesh than the coarse material used. Like-
wise when using fine mesh material in the 200-300 mesh
range it is preferred that the coarse layer be in the 30 to
80 mesh range when the element is to be used at ele-
vated temperature and pressure.

The permeate spacer can comprise 3 or more layers.
When 3 layers are cmploycd two layers of fine material
(support layers) are used in contact with the membrane
layer and a coarse layer is interposed between the two
fine layers. If 4 layers of ‘spacer material are used, the
two outer layers in contact with the membrane are still
the fine material support layer and coarse material con-
stitute the two inner layers interposed between the two
fine outer layers. Care should be taken when using this
4 layer embadiment to insure that the two coarse layers
which are in contact with sach other either have differ-
ent cross-sectional profiles or of the same cross-sec-
tional profile are out of register one with the other to
insure that the coarse materials do not intermesh with
each other which if that happened would result in a
substantial reduction in the open cross-sectional area of
the materials available of permeate flow. In such an
intermesh situation flow would be inhibited and an
undesired pressure drop across the permeate spacer
resulting in reduced flux would be encountered. If five
layers are employed they would be arranged in a fine/-
coarse/fine/coarse/fine sequence wherein the three fine
layers could be the same or different materials of the
same or different fine cross-sectional area, within the
previous definition of fine material; likewise the two
coarse layers could be the same or different materials of
the same or different coarse cross-sectional area, again
within the previous definition of coarse material.

The spacer materials can be made from any plastic or
metal, e.g., polyester, polysulfone, polyester, nylon,
teflon, etc., or fiber glass, or stainless steel, aluminum or

EXAMPLE 4



A nunber of spiral wound el enent packages were prepared to eval uate the
effect of putting a non-woven shield | ayer between the nenbrane and the
‘feed/reten- tate spacer |ayers Eah el enent used the same nmem brane as
described in Exanple 2. The results are pres- ented bel ow

9

brass etc. In general any material which will be chemi-
cally inert and thermally stable in the intended environ-
ment of use of the final element can be employed as a
material of construction. It is preferred however that
the spacer material be made of metal, e.g. aluminum or
stainless steel and more preferably that it be steel espe-
cially in the case of the fine mesh material. In order to.
insure optimum operability of the final element the
spacer should be capable of preventing membrane intru-
sion into the permeate space under the pressures em-
ployed. This ability to prevent membrane intrusion has
been correlated to spacer stiffness. An available mea-
sure of stiffness is the tensile modulus of elasticity. The
stiffness of 2 number of common spacer materials is

presented below:
Polyester _ 2-3 X 10 Ibs/sq. inch
Aluminum 10 X 109 Ibs/sq. inch
Stainless steel 28 X 10%1bs/sq. inch

Thus, in the present invention the fine permeate
spacer support material, in addition to having the re-
cited open cross sectional area, has a stiffness of at least
about 2-3X 105 Ibs/sq. inch, preferably at least about -
10X 106 Ibs/sq. inch, most preferably at least about
28106 Ibs/sq. inch and higher, the fine permeate
spacer support material being most preferably stainless
steel.

The stiffer material provides better support which
eliminates or minimizes intrusion which in turn mini-
mizes permeate pressure drop. This is especially true at
operating conditions (i.e. in permeate at 140°+C.). This
is to be compared to the performance of a less stiff
material such as polyester. Because of the low stiffness
factor of polyester, both the membrane and the polyes-
ter support are pushed into the permeate spacer chan-
nels, especially at higher temperatures and/or pressures.
Thaus if one considers material stiffness with mesh size,
a finer material of greater stiffness can be used with a
more coarse layer than can a sumlar fine mesh material
of lesser stiffness.
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the 200 mesh aluminum support would not be satisfac-
tory with a 17.50 mesh coarse layer. However, a 200
mesh stainless steel support would be satisfactory with a
30-80 mesh layer because of its greater stiffness. Spe-
cific selections of materials within the aforesaid recita-
tions are [eft to the practitioner to make with consider-
ation being paid to the temperature and pressure of
clement application and the design or target permeate
pressure drop across the element.

When the element is to be used for pervaporation it is
preferred that the fine material used as permeate spacer
support be in the 60 to 150 mesh, preferably 80 to 120
mesh range 5 to 15 mils thick and be of stainiess steel
while the coarse material has a mesh size of less than 50
mesh and is 15 to 30 mils thick.

In addition to the woven or non-interwoven filament
materials previously described, the spacer materials
having the necessary cross-sectional areas can be mate-
rials which exhibit no mesh but rather are spaced apart
ribs running in parallel on a thin solid support sheet.
Such sheets can be fabricated by casting or extruding
with the aforesaid ribs cast or extruded as integral parts
of the sheet. Alternatively individual filaments can be
deposited on a pre-existing sheet. The channels defined- -
by the spaces between the parallel ribs or filaments and..
the height of the ribs or filaments would provide the
cross-sectional areas falling within the aforesaid defini-
tions. Use of such materials would require that the
sheets be oriented in the permeate envelope such that
the channels would be aligned in the direction of perme-
ate flow in the envelope into the hollow central man-
drel.

By the practice of the present invention performance
of the spiral wound element in terms of both flux and
selectivity is nearly identical to that of the membrane
when used by itself, uninfluenced by any hydrodynamic
effects introduced by spacer materials.

The present invention is especially useful in the sepa-
ration of aromatics from non-aromatics, such as in
heavy cat naphtha separation, intermediate cat naphtha
scparation, light cat naphtha scparation etc.

Membranes which are useful in such separat:ons in-
clude polyurea urethane disclosed and claimed in U.S.
Pat. No. 4,914,064, polyurcthane imides disclosed and



the spiral wound el enent package In this test a 29" Hg vacuumis pulled on
t-he el ement. The vacuum punp is then turned off. The pressure inside the
el enent rise The vacuumdrop tinme is the tinme which it took the elenent to
go from2W to 22" Hg vacuum The | onger the vacuumdrop tine the tighter is
the el enment. El ements 1 and m were eval yated for vacuumdrop tinme and
al so for the pervaporative separation of lH'eavy .cat naphtha. The pe oon test
was conducted on heavy cat naphtha initially at 140" C for 2 to 10 days
and thenat 150 C. for cleimed P WSy PanniNal 04,929.588, vpolydsteprigtidasr e at a flow
rate of 1300 |shour. Hisclosshirdsclhined meUlHPat ONot 4934880, K&parted in -
detail be- |ow El emnurate crosslinked polyurethan®membranes, disclased

and claimed in U.S. Pat. No. 4,983,338 and U.S. Pat.

No. 4,929,357, polyester membranes disclosed and

claimed in U.S. Pat. No. 4,976,868, preferably the poly-

ester imides of U.S. Pat. No. 4,944,880 and U.S. Pat. No.

4,990,275, all of which are incorporated herein by refer-

ence. Polyacrylate membranes may also be used.

Acrylic acid ester bomopolymers or their copolymers

with each other or with acrylic acid can be formed into

membranes. The acrylic acid monomer units can be in

free-acid form or partly or totally neutralized with

metal or alkylammonium ions. The membranes can be

covalently or ionically crosslinked.

. It has been found that membranes, such as the polyes-

ter imide membranes which when used in aromatics/-

non-aromatics separation processes such as heavy cat

naphtha separation lose performance overtime due to

the build up of a corrosion deposit layer (e.g. iron sul-

fide) on the membrane can be restored to their original

performance levels by soaking the membrane in a gaso-

line dispersant/detergent, which is a surface active ma- .

terial having a molecular weight in the range from 500 -

to 3000. The dispersant/detergent has a backbone

which can be polybutene or polypropylene, bearing

with functional groups comprising ether amines, hy-

drocarbony! amines, hydrocarbonyl amides or mixtures
- thereof. As example of a useable membrane regenera-

tion detergent/dispersant is CS-3 Kerofluid available

from BASF.

It is also important in membrane separation processes

especially pervaporation processes that the membranes

be defect free. The presence of holes in membranes can

significantly decrease membrane selectivity perfor-

mance. It has been found that micro defects in pervapo-

ration membranes can be identified before module or

element assembly by brushing the surface of the mem-

brane with a liquid such as heptane and pulling a vac-

uum or just brushing the surface of the membrane with

a water, isopropyl alcohol (IPA) mixture (e.g. 50/50 by

weight). Heptane or IPA passing through the defects

wet the backing of the membrane upon which the mem-

brane is cast resulting in translucent spots thus identify-

ing the defect which can be patched by applying glue

over the defect area.

The present invention is illustrated in the following

non-limiting examples.
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EXAMPLE 1
An element wherein the feed/retentate and permeate

spacers coansisted of 14 mesh polyester (the permeate

spacer being separated from the membrane by layers of
Tricot 8846 polyester serving as membrane support)
was compared with an improved element within the
scope of the present invention wherein the 14 mesh
polyester permeate spacer was sandwiched between
layers of 80 mesh stainless steel as support, (no Tricot
8846 polyester support layer being employed) and
wherein the feed/retentate spacer was a 33 mesh Tef-
lon. Tricot 8846 is available from Hornwood Inc. of
Maryland. It is a woven fabric 4 mils thick having wales
of 48 strands per inch and courses of 58 stands per inch.
This fabric is coated with epoxy having a resin pick-up
of 16%.

The two elements were evaluated for the separation

of heavy cat naphtha at 100° C. and 10 mbars permeate |

pressure using a polyurea/urethane membrane.

The membrane was prepared as follows:

A solution containing a polyurea-urethane polymer is
prepared. Four point five six (4.56) grams (0.00228
moles) of polyethylene adipate (MW-—2000), 2.66
grams (0.00532 moles) of 500 MW polyethylene adipate
and 3.81 grams (0.0152 moles) of 4,4'diphenylmethane
diisocyanate are added to a 250 ml flask equipped with
a stirrer and drying tube. The temperature is raised to
90° C. and held for 2 hours with stirring to produce an
isocyanate-end capped prepolymer. Twenty grams of
dimethylformamide is added to this prepolymer and the
mixture is stirred until clear. One point five grams
(0.0076 moles) of 4,4'diamino-diphenylmethane is dis-
solved in ten grams of dimethylformamide and then
added as a chain extender to the prepolymer solution.
This mixture was then allowed to react at room temper-
ature (approx. 22° C.) for 20 minutes. This solution was
diluted to 5 wt % such that the solution contained a
60/40 wt % blend of dimethylformamide/acetone. The
solution was allowed to stand for one week. The viscos-
ity of the aged solution was approximately 35 cps. After
this period of time one wt % Zonyl FSN (Dupont)

17 nesh AL

30
SO neshSs

17 resh
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fluorosurfactant was added to the aged solution. A
microporous teflon membrane (K-150 from Gore) with
nominal 0.1 micron pores, 75% porosity cast on a non-
woven Nomex/polyethylene terephthalate backing, the
combination being 4 mils thick was coated with the
polymer solution in a continuous operation. The coating
was dried in an oven heated to 60° C. This technique
produced a composite membrane with a polyurea/ure-
thane layer between 3 to 4 microns in thickness.

The results of the evaluation are presented in Table 1.

TABLE 1

PERFORMANCE DIFFERENCE BETWEEN
PERVAPORATION ELEMENT DESIGNS

Spiral Wound Element Design

Permeste Spacer support/ Yes/Tricot 8846  Yes/80 mesh
Mesh Size - Stainless Steel
Permeste Spacer Mesh Size 14 14

Feed Spacer Mesh Size 14 .33
Element Performance (1)

Selectivity, Delta RON 8.1 102
-Flux, Kg/M2-Day . 31 43

€1) At 100° C. and 10 mbers permeste pressure.

As can be seen the table, with the spiral wound design
using polyester tricot spacer support, a selectivity of 8.1
was achieved. In contrast, with the spiral wound design
using stainless steel spacer support, a selectivity of 10.2
was achieved. In aromatics/saturates separation, selec-
tivity is measured by the octane difference between the
permeate and the feed. The flux also improved signiii-
cantly. It can be expected that the performance differ-
ence between the packages will be even greater at

_ higher temperatures since flux would be significantly

higher.

After the evaluation of element performance using
beavy cat naphtha was completed, studies directly mea-
suring the flow characteristics of the permeate spacers
were made. For these studies the outer wrap layer
around the element .was removed and the permeate
envelope of one leaf was carefully opened to the atmo-
sphere along the sealed edge furthest removed from and
parallel with the hollow central mandrel. Varicus vac-
uvum levels were then drawn on the hollow central
mandrel and the resulting air flow rates through the
permeate spacer were measured. The data are presented

in Table 1B.

17 mesh AL 100 mhSS 10 nmesh SS
NoneOx Vacua Drop Tne (miii) 4 21 Days oa
20 21. Initl Flux Ovk2zjday) 288
-0.2.1 0.24* Taftll Permeate RONC
100. 4 Pente RONC Drop 13 -0.087 -0.018. per



As €an be seen fromthe tab above, at 150 C hi gh tnperatre operation
.element m with no Nomex showed higher initial performance higher flux at
eon- stant selectivity as conpred to elenment 1 which has Nonmex on the feed

sid. However, elenment Il showed signifnt loss in seltivity with days onl
oil whereas elemt 11 showed no isty _sinificant ss in selectivity with.
days on oiL The flux stabilities of both el emrents w satisfactory. I n

t heabove el enents the SO mesh SSis 11 mls thick, the 10D nesh SSis 9

smls thick, the 17 mesh AL is 23 m"ISAB?_EliBthe 30 mesh AL is 24 mis tk.
The Nonex | ayer is &= s X is

identified as Nonex 1019 and_q" _i'.'.!}'g- of polyaid nd

‘pol yester. It is 4.6 mls ——frerS VT e=Asg. yard And a
Frazier air vacuum : - L
central mandrel measured flow 1/min (air at
(i.e pressure element clement
drop in permeate with polyester ‘with stainless
spacer), mm Hg tricot support layer steel support layer
4.0 4.0
7.6 6.3
14.7 1.3 '
162 25.1
279 119
k7R | 368
46.0 464
$0.3 30.3
540 19.3
76.2 as.s
122, 53.5
. 140, - 623

The data show that for a given pressure drop, the air
flow through element with the stainless steel support
layer is significantly greater than for the element with
the polyester Tricot 8346 support layer. A spacer flow
resistance parameter can be calculated from a linear
regression of the data. For the element, employing the
polyester Tricot layer the parameter is 2.30 mm
Hg/(1/min of STP air) while for the element employing
" the stainless steel layer it is 0.96 mm Hg/(1/min of STP
air). A low value of the flow resistance parameter is
.desirable since it indicates reduced permeate pressure
drop and thus that lower average permeate absolute
pressure exists. For pervaporation, lower permeate
sbsolute pressure is associated with higher selectivity
and higher flux.

EXAMPLE 2

A separate example was performed to determine the
effect of feed/retentate spacer open Cross-sectionsl area
and thickness on permeator performance.

Four elements were fabricated. Each element unsed
the same polyester-imide membrane material, which
was made by first endcapping one part of 2000 moleco-
lar weight polyethylesie adipate (PEA) with two parts
of pyrometallic dianhydride (PMDA) and then reacting
one part of the endcapped polymer with methylene
dianitine (MDA) to form a polyamic acid. The po-
lyamic acid was then coated onto a 0.1 micron teflon



perneability of 2.5 cfi/ft2a | inch water pressure. The el enents were
mbl ed usigg Tm bond 2125 adhesive usig 9 pars resin to 1 part catalyst as
per manucture reconeni dations. A ditent was added to nake it |ess viscous.
The diluent was Santicizer 160 plasticizer from Monsanto which is butyl
benzyl phthalate used at 10% diluent 90¢gTrand 2125. No surfice treatnent
was needed for the penmeate spcers ailthough the central tube was wiped wth
RRF. Goodrich A-934-dR¢ephi PRIvibasly AEBifodd 'th BRIMpPRY 1.0k viscos-
ity of the polyamic acid was in the range of 90-150 cps
at room temperature. After the polyamic acid was de-
posited onto the teflon sheet, the polyamic acid was
cured at 260° C. for 7.25 minutes. The permeate spacer
psed consisted of five layers of screens, 120 mesh stain-
less steel/17 mesh aluminum/120 mesh stainless steel/17
mesh aluminum/120 mesh stainless steel.
The four elements were evaluated on heavy cat naph-
tha at 140° C. and 10 mbar permeate pressure.
Feed spacer of various open cross-sectional arez
(mesh) and thickness were, used. The results are pres-
ented in Table 2.

TABLE 2

EFFECT OF FEED SPACER ON :
PERVAPORATION ELEMENT PERFORMANCE

' Feed Spacer
Screen Size, Mesh 67 33 18 14
Thickness, Mils 10 21 17 33
Element Selectivity
Delta RON 8.9 10.2 11.8 8.1

It is seen that with thick/coarse spacer (33 mils/14
mesh) the element performance is low because feed
velocity is relatively low at & given flow rate. Con-
versely with a thin/fine spacer (10 mils/67 mesh) ele-
ment because of high pressure drop the performance,
while improved over that achieved with the thick-
/coarse spacer is not as high as obtained with a spacer of
more moderate thickness/and a coarseness between fine
and coarse. o

The feed spacer in permeation elements, therefore,
advantageously ranges from 16 to 80 mesh, preferably
16 to 60 mesh, more preferably 20 to 60 mesh and from
10 to 30 mils thick, preferably 17-25 mils thick.

EXAMPLE 3

To further illustrate the effectiveness of the improved
element design, several elements were fabricated and
tested for the pervaporative separation of heavy cat

_naphtha. All test elements employed the same mem-
brane material, the polyester imide of Example 2 cast on
the same teflon membrane backing as previously de-

Four sample elements were fabricated, A, B, C and
D. '



20 - [ 1 112 Jill 1111 11 1D What is clainmed is:

1. A'spiral wound nmenbrane el enent conpri sing | ayers of menbrane materi al
f1uid tight seal ed al ong t hree edges encl osing a perneate spacer creating
at | east one perneate envel ope which is contacted al ong at | east one

menbrane face with a feed-retentate spaggr, the entire multi-layer
arrangenent bei ng wound around a hol | ow central nmandrel and with which
t he perneate envelope is in fluid conmunication through its fourth
‘unseal ed edge t hereby Elemenng emplpyedkingbetayess offtémesh polyssei n t he
feed-retentate spacetercasipothsthr fetd lspacer amb &itespadar. Whem open
¢cross-sectional areauséd ab thedsdmilte spacefOftoWiasl iVd18fed frokd ehper neat e
spacer conprises at mdgne! Wirffods 2§ wb"HyREL f pofydstert fidi ¢ he outer
layers spacer support (Tricot 8846), one layer on each side of
. the permeate spacer, to prevent damage to the mem-

brane layers by the coarse permeate spacer during ele-

ment fabrication.

Elements B, C and D used multiple layers of perme-
ate spacer material which were isolated from the mem-
brane surfaces by intervening layers of Nomex, and
either single or multiple layers of feed spacer material
between adjacent permeate envelope leaves, in all cases
the feed spacer material being a finer material having a
mesh greater than 20.

Table 3 presents the details of the feed and permeate
spacers used in each of the four membrane elements and
indicated the selectivity of each element in terms of
delta MON (motor octane number) of the resulting
permeate.

The elements were all tested in a recirculating pilot
plant with heavy cat naphtha at 140° C., 15 psi feed
pressure and 10 mbars permeate pressure. The effective-
ness of each element was assessed by measuring the
difference in the motor octane number (delta MON)
between the permeate and the feed. Flux was not com-
pared because the HCN used in the tests had been ex-
posed to oxygen which negatively effects the flux per-
formance of the membranes.

When used by itself in a flat circular test cell without

- any feed or permeate spacers the membrane supported
by 2 fine sintered porous metal support, under the same
conditions exhibited a selectivity in terms of AMON of
about 12.9.

As can be seen from Table 3, Element A exhibited a
selectivity in terms of AMON of 9.9, which is 3.0 MON
lower than the membrane by itself.

In comparison preferred elements B, C and D of the
present invention using stiffer spacer material and fi-
ner/stiffer feed/retentate spacer material exhibited se-
lectivity in terms of AMON ranging from 11.7 to 12.4.
in all cases an element efficiency of over 90%.

It is expected that if the membrane was placed di-

. rectly on the 14 mesh polyester permeate spacer with-
out any fine mesh support intervening layer between
the membrane and the 14 mesh polyester spacer, the
membrane would fully embed into the permeate spacer,
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PERFORMANCE OF PERVAPORATION ELEMENT

ELEMENT
NO.

FEED
SPACER
ARRANGE-
MENT

PERMEATE

- SPACER

ARRANGE-
MENT

SELEC-
TIVITY,
DELTA MON

A

14 MESH PE

33 MESH AL
33 MESH AL

33 MESHAL

50 MESH SS
50 MESH SS

PE FELT

_CTdans&uﬂ

14« MESH PE
PE FELT
Nomex
120 MESH §S
17 MESH AL
17 MESH AL
120 MESH SS

Nomex
Nomex
100 MESH SS
17 MESH AL
100 MESH SS
17 MESH AL
100 MESH SS
Nomex
Nomex
100 MESH SS
17 MESRH AL
100 MESH SS
17 MESH AL
100 MESH SS
Nomex

99

11.7

[L.7

124

(1) Delta MON Selectivity of PEI Membrane alone is 1.9
(2) PE: Polyester )

EXAMPLE 4

A pumber of spiral wound element packages were
prepared to evaluate the effect of putting a non-woven
shield layer between the membrane and the feed/reten-
tate spacer layers. Each element used the same mem-
brane as described in Example 2. The results are pres-

) ented below:



wherei.n the feed/retentate spacer material has an open
area of at |east about 30 to 50%

cl'aim 1 wherein the

cross-sectional area of at |east about 10 to 30%

fine perneate spacer naterial has an open

6. The spiral

Cross-sectional
5. The spiral wound nenbrane el enent of

wound

menbr ane el enent of claim1l wherein the 1g0arse perneate spacer mat eri al has

an open cross-sectional area of at |east 60 to 90%

el ement of claim1 wherein the feed/retentate spacer is a naterial

8. The spiral wound nenbrane el enent of
: of naterial

80 nesh and 15 to 3
claim1l wherein the

O mls thick

7. The spiral

wound
of 10 to

alternating fine anElkmsatse |avers, with the fi ne | avefs being the outer

layers in contact Wi $pasr ABfhgeesNE. Nomex
50 mesh SS 50 mesh §S
$0 mesk SS 50 mesh S§S

Nomezx

Permeate Spacer Nomex Nomex
Asrangement 100 meshk SS 100 mesh S§S
17 mesk AL 17 mesh AL
100 mesh SS 100 mesh §S
17 mesh AL 17 mesh AL
100 mesh SS 100 mesh §S

Nomex Nomex

Vacusm Drop Time (min) _ 4 21

The vacuum drop time is a measure of the tightness of
the spiral wound element package. In this test a 29" Hg
vacuum-is pulled on the element. The vacuum pump is
then tumed off. The pressure inside the element rises.
The vacuum drop time is the time which it took the
clement to go from 29" to 22" Hg vacuum. The longer
the vacuum drop time, the tighter is the element.

Elements II and III were evaluated for vacuum drop
time and also for the pervaporative separation of heavy
cat naphtha. The pervaporation test was conducted on
heavy cat naphtha initially at 140° C. for 2 to 10 days
and then at 150° C. for 20 to 21 days and 10 mm Hg
vacuum pressure at & flow rate of 1300 Ibs/hour. The
results from the 150° C. runs are reported in detail be-
low.

Element m- I

Feed Spacer Arrangement Nomex
- 30 mesh AL 50 mesh SS
50 mesh SS

Nomex

Permeate Spacer Nomex Nomex
Arrangement 100 mesh SS 100 mesh SS
17 mesh AL 17 mesk AL

100 mesh SS

100 mesh SS



21 * 9. The spiral wound nenbrane elenent of claim8 wherein the
permeat e spacer conprises an odd nunber of |ayers. 10. The spiral
wound nenbrane el enent of claim1l wherein the fine |ayer of materi al
spacer has at least a 50 nesh and is about 5 to 15 mls

t he perneate

t hi ck. 11. The spiral wound nenbrane, gl ement of claim1
: -continued
Element m | H
17 mesh AL 17 mesh AL
100 mesh S§ 100 mesh SS
Nomex Nomex
Vacuum Drop Time (min.) - 4 21
. Days ca Ofl at 150° C. 20 21
Initial Flux (kg/m?/day) 288 229
Flux drop per day (%) -Q.27* 0.24*
Initial Permeate RONC 100.5 100.4
Permeate RONC Drop —0.087 —0.018*
per day (%) :

*Not Stanistically Significant
(RONC - Research Octane Number Clesr)

-As can be seen from the table above, at 150° C. high
temperature operation element II with no Nomex
showed higher initial performance, higher flux at con-
stant selectivity as compared to element II which has
Nomex on the feed side. However, element III showed
significant loss in selectivity with days on oil whereas
element II showed no statistically significant loss in
selectivity with days on oil. The flux stabilities of both
elements were satisfactory.

In the sbove elements the 50 mesh SS is 11 mils thick,
the 100 mesh SS is 9 mils thick, the 17 mesh AL is 23

- mils thick, theSOmshAL:sZtl»milsthxck.TheNomex

layer is a non woven fabric from Veratek Inc. The
Nomex is identified as Nomex 1019 and is composed of
a mixture of polyamide and polyester. It is 4.6 mils
thick, has 2 weight of 3 oz/sq. yard and a Frazier air
permeasbility of 2.5 cfm/fi2at § inch water pressure. The
elements were assembled using Tra-bond 2125 adhesive
using 9 parts resin to 1 parteatalystaspermanufacmre

-‘vrecommendations. A diluent was added to make it less

viscous. The diluent was Santicizer 160 plasticizer from

Monsanto which is butyl benzyl phthalate used at 10%
diluent 90% Tra-bond 2125. No surface treatment was

needed for the permeate spacers although the central
tube was wiped with B.F. Goodrich A-934-BY primer

to remove xnygmeaseord:rt.

of .



wherein the coarse |ayer of material of the perneate spacer is |less than

50 nmesh and i s about

15 to 30 mls thick. 12. The spira

el enent of claim1l wherein the feed/retentate spa

are woven or non-interwoven ﬂmlmm!‘m[ﬁﬂim .he Per
e sl

neat e spacer nmateri al
13. The spiral wound

menbrane elenent of, claim1l whereint

nbr ane

per neat e

spacer material has a stiffness of at T'east about 10 Xl10[err] |bs/sq.
al wound nenbrane el enent of claim 12 wherein the

i nch. 14. The spir

- *feed/retentate spacer

mewWdat & clalifled I8¢ per- neate spacer materi al

i s steel.

15. The spiral wound nenfrAngpieale@itndomehitranecelemenit acamptising, 3, 4, 5,

6, 7, 8, 9, 10, 11, 1
hermal |y stable ma-

§RUHchidPa peribate s R
one permeate envelope which is contacted along at least
one membrane face with a feed-retentate spacer, the
entire multi-layer arrangement being wound around a
hollow central mandrel and with which the permeate
envelope is in fluid communication through its fourth
unsealed edge thereby creating a spiral wound element,
wherein the feed-retentate spacer comprises at least one
Iayer having an open cross-sectional arez of at least 30
to 70% and wherein the permeate spacer comprises at
least three layers characterized in that the outer layers
of the three layers are a fine material having an open

f eCimAteidlofifid fight R@cdaklogand
%ﬁb@ Bf olémtiia tid . flegailaiig

cross-sectional area of about 10 to 50% and a stiffness of

at least 2-3X 105 Ibs/sq. inch and a coarse layer having
an open cross-sectional area of about 50to 90% is inter-
: between the aforesaid fine outer layers and
wherein the fine outer layers are in interface contact
with the membrane layers enclosing the permeate

spacer.

2. The spiral wound membrane element of claim 1
wherein the feed/retentate spacer comprises at least
two layers of material placed between adjacent perme-
ate envelope leaves. '

3. The spiral wound membrane element of claim 2

wherein the feed retentate spacer material used are the
same or different material and are of the same or differ-
ent cross-sectional area.

4. The spiral wound membrane element of claim 3
wherein the feed/retentate spacer material has an open
cross-sectional area of at least about 30 to 50%.

5. The spiral wound membrane element of claim 1
wherein the fine permeate spacer material has an open
cross-sectional area of at least about 10 to 30%.

6. The spiral wound membrane element of claim 1
‘wherein the coarse permeate spacer material has an
open cross-sectional area of at least 60 to 90%.

7. The spiral wound element of claim 1 wherein the
feed/retentate spacer is a material of 10 to 80 mesh and
15 to 30 mils thick.

8. The spiral wound membrane element of claim 1
wherein the permeate spacer comprises up to 7 layers of
material alternating fine and coarse layers, with the fine
layers being the outer layers in contact with the mem-
brane.
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10. The spiral wound membrane element of claim 1
wherein the fine layer of material of the permeate
spacer has at least a 50 mesh and is about § to 15 mils

thick.

11. The spiral wound membrane elcment of claim 1
wherein the coarse layer of material of the permeate
spacer is less than 50 mesh and is about 15 to 30 mils

thick.

12. The spiral wound membrane element of claim 1
wherein the feed/retentate spacer material and the per-
meate spacer material are woven or non-mterwoven

filament material.

13. The spiral wound membrane element of claim 1
wherein the fine permeate spacer material has a stiffness
of at least about 10 X 106 Ibs/sq. inch.

14, The spiral wound membrane element of claim 12
wherein the feed/retentate spacer material and the per-

meate spacer material is steel.

18. The spiral wound membrane element of any one
of claims 1,2, 3,4, 5,6,7, 8,9, 10, 11, 12, 13 or 14
wherein a layer of chemically and thermally stable ma-
terial about 1 to 15 mils thick weighing between sbout
0.5 to 10 0z/sq. yard and having a Frazier air permeabil-
ity in the range 0.5 to 1000 cfm/sq. ft. at 4 inch water
pressure is interposed between the feed/retentate spacer

" and the membrane.

16. The spiral wound membrane element of any one

of claims 1,2. 3,4, 5,6,7,8,9,10, 11,12, 13 or 14

- wherein a layer of chemically and thermally stable ma-
- terial about 1 to 15 mils thick weighing between about
0.5 to 10 0z/sq. yard and having a Frazier air permeabil-
ity in the range 0.5 to 1000 cfm/sq. ft. at § inch water
pressure is interposed between the membrane and the

fine support-permeate spacer layer.
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SPIRAL WOUND ELEMENT FOR SEPARATION
ABSTRACT

An improved spiral wound element for separations is disclosed
wherein the improvement.comprises using as the feed/retentate
space one or more layers of a material having an open cross-
sectional area in the range 30 to.70% and as the permeate
spacer material at least three layers of material two of
which are fine and have an open cross-sectional area of about
10 to 50% éurrounding a coarse layer having an open cross-
sectional area of about 50 to 90%.




