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(57) Abrege/Abstract:
A process for recovering a solid product from a solid/liguid mixture. The process Includes filtering a solid/liquid mixture to form a
filter cake In a first solid-liquid separation zone. The filter cake comprises the solid product. The first solid-liquid separation zone
comprises a rotary pressure filter apparatus configured to apply a pressure differential across at least one filter member, and the

filter cake Is for
cake, The wet f
the slurry Is trar

Iter cake Is then transferred to a reslurrying zone.

med on the filter member. The filter cake Is then washed with fluid in the rotary filter apparatus to form a wet filter

he wet filter Is mixed with a reslurrying fluid to form a slurry, and

sferred to a second solid/liquid separation zone, where the solid product is separated from the slurry.
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(57) Abstract: A process for recovering a solid product from a solid/liquid mixture. The process mcludes filtering a solid/liquid
mixture to form a filter cake m a first solid-liquid separation zone. The filter cake comprises the solid product. The first solid-liquid
separation zone comprises a rotary pressure filter apparatus configured to apply a pressure differential across at least one filter mem -
ber, and the filter cake 1s formed on the filter member. The filter cake 1s then washed with fluid in the rotary filter apparatus to form
a wet filter cake, The wet filter cake 1s then transterred to a reslurrying zone. The wet filter 1s mixed with a reslurrying fluid to form a
slurry, and the slurry is transferred to a second solid/liquid separation zone, where the solid product is separated from the slurry.
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SOLID-LIGQUID SEFARATIONS WITH A
NO-DRY ROTARY PRESSURE FILTER

CROSE-REFERENCE TO RELATED APPLICATIONS
F0001] This application claims prionly, under 35 US.0C. §118{e), of
Provisional Application No. 61/822.247, filed December 31, <2013,
incorporaied herein by his reference,

TECHMOAL FIRLD

10008] The prasent teachings relate generally o solid-iguid separation
processas, and in particular, {o a solid-liquid separation process ulilizing a
rotary pressure filter.

BACKGROUND

T0003] Mulliple-stage separation techniques may resull in higher
purities of solid products, but may require substantially more investment in
squipmeant. One method {0 reduce capital expendilures in a muiti-stage
saparation is through the use of a rotary pressure filter. Rotary pressure filter
have been designed (o perform more than one of the steps of a mullipie-stags
separation technigue in 8 single piece of equipment. For example, Known
rotary pressure filters perform a filtration to form a filter cake, followed by a
washing of the filler cake. The washed filter cake is then dried before leaving
the rotary pressurs filter,

{0004} Despite these advancements, there conlinues 10 be a need 10
nroduce  highly effective solid-liguid separations while reducing capital
gxpenditures and variable costs Tor such processes.

SUMMARY

005 According fo one aspect of the inwenlion, a process for
recovering a solid product from a solidfdiquid mixture is provided in
accordance with the present invention.  According ©© another aspect of the
invention, the process includes filtering a solid/liguid mixture to form a filter
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cake in a first solid-liguid separation zone.  The filler cake comprises the
solid product.  The first solid-iguid separation zone comprises a rotary
pressure filter apparatus configured (o apply & pressure differential across at
ieast one filler member, and the filter cake is formed on the filler member. The
filter cake is then washed with fluid in the rotary filler apparaius o form a wel
filter cake, The wet filter cake is transferred to a reslurrying zone and mixed
with a reslurrying fluid to form a slurry. The slurry is transferred {0 & s8cona
solidfiguid separation zone where the solid product is separated from the
slurry,

TO008] Other aspects of the present invention will be apparent in view
of the description that foliows.

BRIEF DESCRIPTION OF THE DRAWINGS

10087 FIG. 1 shows a process flow diagram for a soliddiguid in
accordance with one embodiment of the present invantion.

IO008] FiG. 2 shows a cross-section of a rolary pressure dilter
apparatus that is suitable for use in one embodiment of the process according
o the present mvention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Ta008] By way of general introduction, the present invention is direcled
an highly effective multi-stage process for recovering a solid proguct rom a
soliddiquid mixture.  The process is configured 1o reduce the capital
expenditure for equipment and variable cosis when compared with
conventional procaesses.

10018} in some embodiments of the invention, the process comprises
filtering a solidfiquid mixture to form a filter cake comprising the solid product
on & filter member in a rotary pressure filler apparatus configured © apply 8
prassure differential across the filler member, the rolary pressure filler
apparatus defining a first soliddiguid separation zone, washing the filter cake

with a wash fluid in the rotary filter apparatus o form a wetl filler cake;
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transferring the wet filler cake 10 a reslurrying zone and mixing the wet filter
cake with a reslurrying fluid to form a slumry; transtemng the siury 0 a
solidfiquid separation zone and separating the solid product from the slurry.
in some embodiments, the wet filter cake is {transferred from the rolary
nressure filter apparatus fo the resiurrying zone without drying. in some
embodiments, the rotary pressure filler apparatus is configured to operate
without a drving zone.

LU in some embodiments, the solid product is a pharmaceutical or
a food component product  In other embodiments, the solid product 18 a
chemical, or in particular, a pefrochemical. In some embodiments, {he
product is an aromalic hydrocarbon such as paraxyiene. in other
smbodiments, the product is an aromatic carboxvyiic acid, such as terephthalic
acid.

(00147 The process may be incorporaied inlo new manufaciuning
olants, or may be refrofitted into existing manufacturing planits by replacing
existing equipment, such as centrifuges, washers, and dryers, with a rotary
pressure filter apparatus configured 1o operate with a fillering zone and 3
washing zone, but not wilh a drying zone.

100133 The process in accordance with the present inveniion eliminales
the nead to install a centrifuge and incur the associated eleclricity cosis. The
process also enables filtering and washing on a single piece of equipment.
00141 Referring now to FIG. 1, a mulli-stage process for separating a
solid product from a solid-liquid mixture in accordance with one embodiment
of the invention is shown generglly at 100,

0015] As shown in FIG. 1, a solid-liguid mixiure is fed via 110 into 3
first solidfiquid separation zone comprising a pump 104 and a rotary
pressure filter apparatus 112, The solid-iguid midture i iine 110 may
comprise effluent from upstream equipment (not shown) that discharges the
solid-liquid mixture, for example, from a crystallizer, a reshunrying vessel, &
chemical reactor, or 3 mixer. The solid may be present in any concentration
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in the solid-iguid mixiure. in one embodiment, the solid component
comprises 40 {o 50 wi% of the solid-liquid mixiure,

LY The rotary pressure filter apparatus 112 operates under a
posifive pressure to filler and remove the liquid from the solid and collect the
solid for further processing.  Rotary pressure filter apparatus are generally
Known in the art and are disciosed, for example, in Us Pat Nos. 2,741,389,
7,807,060 and US Pat. App. 20050051473,

0017 Fi(s. 2 itlustrates one embodiment of a rotary pressure filler
apparatus 112 in accordance with the present invention. As shown in Fi(, 2,
the rotary pressure filler apparatus 112 comprises a rotafing filler drum 114
which rotates as indicated by arrow 116, A plurality of compariments 118
are arranged around the circumference of the filler drum 114 and rotale with
the filter drum 114. The compariments 118 each include a filter member (not
shown) adjiacent the filter drum. In some embodiments the filler member
comprises woven fabric. Each compartment 118 also has associated with it 8
corresponding outlet pipe 120 which also rofates with the filler drum 114 and
the compartments 118, The outlel pipes 120 are configured such that filtrate
from each compartment 116 passes through ifs comresponding filter member
adiacent the filter drum 114 and into its corresponding outiet pipe.

100183 The rotary pressure filter apparatus 112 also include a number
of stationary components. The rotary pressure filler apparatus 112 is divided
into a plurality of zones, including a filtering zone generally shown at 124, &
wash zone generally shown at 126, a discharge zone generally shown at 148.
The filtering zone 124 defines the first stage of & multi-stage process for
separating and recovering a solid product from solid-liguid mixtures. Each of
the zones are separated from the adjacent zones by seaing membpers 1308,
130b, and 130c¢.

0019 The solid-liquid mixiure stream enters the filtering 2zone 124 of
the rofary pressure filter apparatus 112 through inlet 132, The inlet 132 is in
fluid communication with plenum 134 which distributes the solid-liguid mixture

into compartments 118,  In some embodiments, the pressure in the fillenng
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zone is maintained at aboul 3 bar(g) to about 7 bar{g), and in some
smbodiments, S bar(g) 10 § bar{g). As a resuit of the pressure differential that
is maintained between the compartments 118 and the outiet pipes 120 and
across the filtler member in the compartments, liquid of the solid-liguid mixture
is forced through the filler member in the compartments 118 and into outlet
pipes 120, The outiet pipes are in fuld communication with filtrate discharge
pipes (not shown) for collecting filtrate.  The solid components of the solid-
iquid mixture remain on the filler member in the form a fiiter cake.

0207 The compartments 118 now having filter cake confinue their
rotation inlo wash zone 128, A wash fluid stream 140 is infroduced inio the
wash zone 126 through inlel 142, In some embodiments, wash fluid in
introduced at a rate of about 0.5 kg o about 1.5 kg of wash fluid per 1 kg of
filter cake. The inlet 142 is in fluid communication with plenum 144 which
distributes the wash fluid into compartments 118, In some embodiments, the
pressure in the wash zone is maintained at about 3 bar{qg) to about 7 bar{g), in
some embodiments, 5 bar{g) o & bar{g). As a resull of the pressure
differential that is maintained between the compartiments 118 and the outiet
sipes 120 and across the filter member in the comparniments, the wash fluid is
forced into the filter cake that resides on the filter member In the
compartiments 118 to form a wet filler cake. A portion of the wash fuid is
reamoved through the filtler member and into the outlet 120, taking with it
impurities and residual Hauids from the sglid-liguid mixture that may have
adhered {0 the filler cake or residing in voids of the filter cake. Angther
portion of the wash fluid remains with the now wet filler cake. In some
embodiments, the wst filter cake comprises about 25wi% {0 about S0wit%
residual wash fluid. The wash fluid is selected 1o remove impurities from the
filter cake while not interfering with further processing of the fiter cake (o
recover the final solid product. in one embaodiment, the wash fluid comprises
water. In anocther embodiment, the wash fluid comprises condensate from
another portion of an integrated process.
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10021} The compartments 118 now having wel filter cake continue their
rotation into discharge zone 128, The wet filter cake may be discharged by
gravity. in some embodiments, the discharge zone 128 includes a filter cake
disengaging device {not shown), such as a blower or scraper {0 assist with the
discharge of the wet filter cake. After wet filler cake is removed from the
discharge outlet 152, a rinse solution may be injected into inlet 162 in order to
clean the filter members of the compartments 118 before they conlinue into
the next cycle through the rofary pressure filler apparatus 112,

D022 Those skilled in the art will appreciate that other configurations
of the rotary pressure filter apparatus 112 may be used in accordance with the
nresent invention.  For example, the rotary pressure filter apparatus may
include muitiple filtering zones and mulliple wash zones. However, in contrast
to & conventional processes, the rotary pressure filter apparalus does not
include a drving zone. As a result, the wet fiiter cake discharged in the
discharge zone 126 comprises at least a portion of the wash fluid 140 that is
infroduced into the washing zone 124,

10023} Referring again to FiG. 1, the wet filter cake exiting the rotary
pressure filter apparatus 112 is transferred via ling 210 t© a reslurying zone
comprising one or more reslurrying vessels 220, 230, In the embodiment
shown in FIG. 1, the wet filter cake is transferred {0 the reslurrying zong
without dryving the wet filler cake.

100247 Reslurrving fluid is introduced via line 222 into resiurrying vessel
220, The reslurrying vessel 220 is equipped with an agitalor 224, and the wet
filter cake and the reslurrving fluid is made into a siurry.  In the embodiment
shown in FIG 1, the reslurrying zone includes a second reslurrying vessel
230, also equipped with an agitator 234, which receives effiuent from the first
reslurrying vessel 220 via line 228, The second resiumying vesse! 230
optionally alse has an inlet 232 for additional reslurrying fluid. A level-
detecting control valve 240 allows passage of slurry befween the vessels
when the slurry reaches a predetermined level in the first reslurrying vessel,

The control valve 240 allows each of the reslurrying vessels 1o operate at a
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pressure independent of the other. In this manner, the first reslurry vessel
220 may operate at an elevaled pressure equal {o the pressure in the rolary
oressure filter apparatus 112 as well as equipment upstream of the rofary
pressure filler apparatus 112, and the second reslurrying vessel 230 may
operaie al pressure equal to downsiream equipment.  In some embodiments,
the first reslurry vessel 220 operates at a pressure of about 3 bar{g) o about
7 bar{g), and in some embodiments, about & bar{g) to about & bar(g).

10025] The reslurrying fluid is selected to remove impurities from the
filter cake while not interfering with further processing of the filler cake 1o
recover the final solid product, and {o not interact defrimentally with the wasn
fluid still remaining in the wet filter cake. The reslurrying fluid may be the
same or different that the wash fluid.  In one embodiment, the resiurmying
fluid comprises waler in another embodiment, the reslurrying fluid
comprises steam condensate from another part of an integrated process.
10028) The second reslurrving vessel 230 discharges slurry into an
outlet line 238. The line 238 transfers the slurry to a second, final solid-liquids
separation zone 300. in the embodiment shown in FIG. 1, the solid-liquia
separation zone 300 comprises a rotary vacuum filter 310, which receives the
siurry and removes a majority of the liquid in the slurry through vacuum
fitration. The resulting filter cake exits the rofary vacuum filterand is fed 0 a
sorew conveyor 340, which in turn transfers the filter cake to a gas fired rotary
dryer 350. Final solid product is removed from the dryer via line 380. Those
skiled in the art will appreciate that other equipment may be used in the
second solid-liguid separation zone 300, for example, other filtering devices,
centrifuges, and dryvers may be used.

0027 in some embodiments, the final solid product comprises a
substantially pure product with little or no impurities remaining.  For example,
is somé embodiments, the solid product is at least 98% pure on a weight
hasis. In another embodiment, the solid product is at least 88.7% pure on &
weight basis. In another embodiment, the solid product is at least 89.9% pure
on a8 weight basis.
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EXAMPLE

0028 Iin one embodiment of the invention, the seolid-iguid mixiures In
ing 110 is effluent from a crystalliizer as part of an integrated process for
manufacturing purified terephthalic acid from paraxylene. in this embodiment,
the solid-liquid mixture comprises about 40 wi% of solid terephthalic acig,
water, and about 1000 ppm impurities such as paraioluic acid,
hydroxymethylbenzoic acid, and 4-carboxvbenzaldehyde. The solig-liquid
mixture is fed {o rotary pressure filter apparatus 112 which operatss in the
filtering zone at about 8 bar(g). After filtration, waler is added as a wash fluid
and the resulling stream including the wet filter cake exiling the rotary
pressure filier apparatus comprises about 30 wi% water. The wet liiler cake
stream enters the resiurrying vessel 220, which operates at 4 bar{(g), and
water is introduced as a reslurrving fluid.,  The resulting slurry is fransfemrred
through control valve 240 info a reslurrying vessel 230 operated at ambient
pressure, where additional water is infroduced as a reslurrying liquid.  The
slurry exiting the second reslurrving vessel 230 comprises about 50 wi% solid
terephthalic acid, about 200 ppm paratoluic acid, about S pppm 4-
carboxybenzaldehyde, and the remainder water. After removing the filtrate in
the rotary vacuum filler 310 and drying the filler cake in dryer 350, the Tinal
terephthalic acid product contains less than 150 ppm paratoluic acid, and less
than 5 ppm 4-carboxybenzaidehyde.

100281 The foregoing detailed description and the accompanying
drawings have been provided by way of explanation and ilustration, ang are
not intended to limit the scope of the appended claims. Many variations in the
presently preferred embodiments illustrated herein will be apparent {o one of
ordinary skill in the art, and remain within the scope of the appended claims
and their eqguivalents.

F0030] it is t0 be understood that the elements and features recited in
the appended claims may be combined in different ways o produce new
claims that likewise fall within the scope of the present invention.  Thus,

whereas the dependent claims appended below depend from only a singie
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independent or dependent claim, it s {0 be undersiood that these dependant
claims can, aliernatively, be made {0 depend in the sllemalive from any
praceding claim—whether indepandent or dependent—and that such new
compinations are v be undersicod as forming & part of the present
aspecification.
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CLAIMS

1. A process for recovering a solid product from a solid/liguid mixiure,
COMPLsInG:

filtering 8 solidfiquid mixture in a first soiid/liquid separation zone ©
form a filter cake, the filler cake comprising a solid product, the first soiid-
Houid separation zone comprising a rotary pressure filter apparatus configured
{o apply a pressure differential across at least one filler member, the filter
cake forming on said at ieast one filler member;

washing the filler cake with a wash fluid in the rotary filter apparatus 1o
form a wet filler cake;

transferring the wet filler cake {o a3 reslurrying zone and mixing the wet
filter cake with a resiurrying fluid {o form a siuy;

transferring the slurry (0 a2 soliddiquid separation zone and separaling
the solid product from the siurry.

2. The process of claim 1, wherein the wet filter cake is transferred from
the rotary pressure filter apparatus to the reslurrying zone without drying.

3. The process of claim 1, wherein the rotary pressure filler apparatus is
configured (o operate without a drying zone.

4. The process of claim 1, wherein the second solid /liquid separation
Zone comprises a rotary vacuum filter.

2. The process of claim 1, wherein the second solid/liguid separation
zone further comprises a dryer,

6. The process of claim 1, wherein the wash fluid comprises waler,

7. The process of claim 1, whersin the reslurry fllid comprises water.

10
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8. The process of ¢laim 1, wherain the wash fluid makes up of at 30wt
of the {otal mass of the stream entering the reslurrving zons.

9, The process of claim 1, wherein solid product comprises an aromatic
COMPOUNG.

10. The process of claim 1, wherein the solid product comprises an
aromatic carboxylic acid.

11, The progess of claim 1, wherein the solid product comprises
terephthalic acid.

2. The process of claim 1, wherein the solidfdiquid mixture is transferred 1o
the first soliddiguid separation zons from a orystallizalion zone where the solid

s crystallized.

11



CA 029342°79 2016-06-16

WO 2015/103172

RS \o\'
.-

24
C e

\‘."\*-.\\\.\"‘
\\ \‘ 9\% - \..
‘?’! -\‘\\ \. .

N
Hi
N
i-:

vy v & e

e

P
'.‘j‘--‘“”
g

LU IO L

\' an sv\'*

A B E . -.N
\\sxza . EL o
\\-\\ \‘\5555555M&MLLLI LQ\

\“w AAAAAALAAAAANZAR R RN AN \'Q'Q'Q'-'v'v'V'*'v -\\'\\\'\"\\\\\“‘\-\‘\"\-\'-‘i\’-‘i‘l\‘l\\\\‘-‘-\‘ LELLRARRRESS

144

-—_n
1

3

N rrrS

T B B S = . oo

kT

M

W et s.«..x* ANy ','\‘\.‘- " Athar wuwa

\\\\.

i

:

E e ,.,.,._._._._._é_._,_,_,',m““
g H

1-vv~- .

(N “-. et \

N
'
\
s
b
{
1
q
4
L)

t

nnnnnnnnnn

TR dtdadadiddeded .ﬂ.\\\\\'\\x\\\\\\\\\\\\\\*M--x‘z -
Z.ifs \ N
S A

. = g W *\\\\\%\\\N\\\\H‘;\‘ ‘;“ TRRRRW ' '! -
g“’ -;‘-. ‘e 'w'*'v‘w-ﬁ-v‘-‘-‘\' \‘b’;\\\\\\\\\'\\\\\ e .‘- ‘-". .
R )
L
Y.
) . *\.\. o
tx . \\\\ et e ﬁ‘-k}‘»‘
- % ' » - I :
.‘.:.: ) KN
1 b
(- L I
.‘i\ttlt\t\t\\\\\!!!' - -o-*vvvvv-»v—\% \‘-\“\s
it SRR i A A
*
.
‘
L

7’
N
"y
s
“r

\
\
)1 - I ERELEEER S ‘\\-v\\\\\\

N
¥
LI

A
\.

\'\\% ss--

"' A AR A A A e ’1:

.{\ufu\\\\\xsa&&hhas;s\;
. v . !
'

q - . . ey i
AVEI VYRR VR AR R

(% % S =" -

PCT/US2014/072629

,.;,.mj.-;gf;cs.,

WARE ALAYT ARR LAMW GRRE AREY haht wmw AWt s S NS }}‘.\' TR RS ANy W)

3

3

e e e g
. : - . . - . 1 . : . :".

R

LA N ‘J'J‘;‘,

&.%&&.\\\.\\\.\\ -

PR P PEEprArar AR R, BB

N ":‘..‘A - kKL

R Y TR eyt kel ARy R

Wah AAm VAR Lty :x-'t.



CA 029342°79 2016-06-16

WO 2015/103172 PCT/US2014/072629

e

E

E

1308
. ¥

y
)
2
£
s
's
wnnlts
otn
-

- R Y L
3

[
:




..x?..w..mm.ﬂn..m
LR

. lf.rr eI,

Vol
1! ..’.f‘

G TN
i N \
m..m W A ”
Xy

Ny

I.l-..!.‘)’wl N i

A4
.
U

Ny

"

vy v e o

LI TN,

Tty .
“ne

b AAAAAALALAALAALERRR RN AN J.x.n.n.c.l....{.i....{....JJI.IIJ.I!IIJII!l!l!)l).).!.!.!.r.!lr.f.r.r'..#..ﬁ.u.#.#.#.a TSN

......

-

% S
WARAE ARAY ARR L AMm L RR% ARy hawt o wmw Wt st 1).).;. II.L.”. ”.flll.(.:??. v ﬁdﬂ

5

) k3

¥ o

R
' .....riu.”.. - p...u.M

rrrr

.n. RCC TR TR
.Mfcmrdiiddaiwflififpivw
: Y, .
e X N

B i e e e e e, e e v e bl
o
-yt

L e gl

Lan s - KLk Cows wwws www Spivie' AR SRR

.LlnichlnllJ.l..'.J«llllllll"""‘.ﬁ‘.

gz

BB I S = . o bbbt

bt M ;T EW

‘-'."1'" 'rm' 2 o J = ] "vﬁﬁ" it - -l-l’-llv’_ " --. cl-l-ﬂ_ ! :'.’{J’.

- m.ll B S S S v S S

A m O

m
:
m

W ..c.ram WA ANy PRRT YRR AT Raa ARm AR wwgyy “!h.

W',

e

L L RN N NN

pyz 238

' q
L3 1

t

® .- . . « ol .
-1.0”‘.1.”l”l.dr‘-lndl".fJQJ’J,JvJ’.ff’l’f'.’f&l?u”.’.’iﬁ/

e’ Lwwe

N
[
\
m
L
«
h
|
.. . ...1.. .

. . ’ .-
- - .. '
- .’;. . - .T aw'. .

r~ . .~ . ¥

...l.-dwl.l.v'r!otr B w : . e e mw e m . - m A S

..., ..ﬁl.l.r.r tl-.r.rl.lo...-r..r)-”'r!!!-w-w!?..wf..r.ﬁ.#..rﬁ#ld.d.u g

3

.
- e Ry
LI LA A L A

£33

.‘Ar.
Jn-..

.Is(.(.)fth.l)-.(.f;!l..(.!’ll""r'y t.-'.'. .'.j..d).
” N.f ca

-~ -
o

Al
.f.
u

."
1
B T

...-.a..-.l.a.u.u.u.uf(.pW.l!lIl/....

Weed

w/.....'.()..!. O lont.lw...-o.r..n”... TP
. .ﬂ.h. .
”.. » - -
.‘ - .
Mooy
'

. “e o e o 8 0 8 8 e 0 0 8 81 ) - i ) i ) ) ) i . -‘!- .’ . .’
: .fﬂm R T S N )-.r.fpo‘/rr# o

------ 'F . .
.'M
¥
-
N N

y

v‘ e e e o‘;‘.(w‘)-of.(.(llv

;

AAAALELRE LAY




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - abstract drawing

