PRODUCI NG HI GHLY PURE ARQVATI C CA BACKGROUND OF | THE NTI ON
"5 The present invention rel ates t process for pro uémng i ghly
pure aromatic carboxylic acid from an*crompa:lre solid acid product, and, nore
parti cul ar| ywo doa2s8 pr ocess i nprovenent whereby the solid mhmqmsaduct can
be efficiently dissolved in a to suitable solvent at relatively | ow

t enper at ures despite the presence of SRR | unps. In typical conmercial
processes for pridRROVEY RRQOESS ORe PRODUGING HISGHDUXFUIRE rROMATICand
particularly isophthalic and tergphididhire getss a rather insoluble, 15
inpure acid is first produced "mduﬁscgve‘ from an _oxidation process. In

t he oxi dation process, whi RRERROIR O T YA+E 2PN oxi dati on of par axyl ene
in acetic &id sol venfThenptésertasaveht texn ermitaharsl toazn dimpidegednpur e aci d,

usual l'y in thepédzre@soff&oﬂ;wh\fc%@t 8l Sh1 ¥ Gure 998942&/&(1 da@ang1deyer to a
hol ding sil o bef separ. ate purification

(0] further proces
stage to rem\& ﬁ‘{rgﬂﬂpf“t PRSI S ﬁ@ibﬁr?(flidcé’trf’a}icgt Y& 0f"°ZHch a process,
crude, i.e., ippureculaciy, ctyst procase Winnovieadnt rwhertedry, thecycl ed not her
l'iquor or othego1d3 Sehbableasal want be @ﬁ;%l%n&??uéiéé&v%lduﬁhyw s punped

through a series. o preh aters to slurr rature and t her eby
di ssol ve te sT tl‘%’ Elge ‘é‘Fréts at. r?ﬁ'l ’r‘é%]mﬁ- Hgt§‘8¥ g% %s SRR S ubj ect ed
t o hydrogenat iQre @reskavated sodigetatpse typically in the 30 range of 280-

283C under |iquid phase E?ﬁﬁéél mmeacim(?}r Re8BES Hir qn@dqumnyl Il noble
aci. isr COV

nmetal hydroge atl qn cat al% gu% ¥1
crystallizing XCPH From "faﬁ‘éxc FaR n Jtcr 85188 SHIUPRS lC‘Pﬁa p‘?l nci pal
impurities, mwhéhélpqmciu@rsshamuq mcig, agpathery GHBQ?BE}ederl ved from
t he corrpoursd A&n@;@&bowb@nﬂalﬂi&@ydprééu@)anewe@ov&@ﬁ,frbmpansubl i mes) and

uni dentified g ong r onents, such
as benzoic aci EJ% tgg%lsép eas| % QH%EEE %p%;& gé?gignd somne
resi dual terepftVRarEE ﬁ%@%ﬂlY%Cnaﬁﬁew@a%é:l@n 1 r%‘Pﬁ’W&IeP@ 4Bid) remain
di ssol ved in tdetsal séidrsolNependhncheoaske o onetdpalindeeidhi ch the

crude acid is tc,i{l qg] Hk%d? f#ﬁggf)gnlfr?@he @ggmtcn@ gﬂg@pg??%@lg\hl ch the

acid is held in “t he ore entering t i cat'ion stage,
si gni fi cafl | dfpFREVeYed h%r%“blal grpeodit? E2hIBRL FL1oTRESBTRunps can be as
| arge as 10 criurthavepageesHiagetiora @nchlliynsépargtd ey icanabiowery

difficult to prQEesSEs F&LW qq?apﬁcfélsen GAMRYE M@ ME% 260 COMNRY ! NY
equi pnent , and Lan Be ver icult to efficiently dissolve jhn vvat_er and

other sol vent £ E¥F8cT TSRS r EFRET vel I oW PRT T 4 aﬁc"éeﬁﬁg?'é? i.e.,
bel ow about 1@rﬁoe®1rfo¢d figy waber progessiedgmotier prisrient ornmakmn on provi des

ﬁ rrﬁlt hod fer handhbng é&mb tl,UBRa ERe ;J&uqemhgxilﬁryalar l@fiﬁﬁé?dfor produci ng
ighly pure aronmatic carbo acid fraoma crude cr ine starting
mat eri al . I\/I\?&ﬁ? ?ﬁ Jl%Eﬂ%l Wbﬁat rseggn 2 nv(ei:n | 02 sy an i mprovenent
in a pr ocess f&ﬂmppréémm Ryt thsrhbgm:;swwe shenstursyc apBbig}e%- acid from
an inpure sol imheagkdul ti@f MRAAEBn is then subjected to

N hydrogenation at elevated temperature typically in the

W(eSeI FL(t26hTO6 WO 00l 32548 PCT/ US99/ 275@%“ TLE | MPROVED PROCESS FOR

D

30 range of 280°- 283°C under liquid phase conditions in
the presence of a Group VIII noble metal hydrogenation
catalyst. The purified acid is recovered by
crystallizing the acid from the hydrogen treated
solution. The principal impurities, which are p-toluic

35 acid (m.p. 180°C; b.p. 275°C) derived from the compound
4-carboxybenzaldehyde (4-CBA) (m.p. 258°C; b.p.
sublimes) and unidentified color bodies, along with

some other organic components, such as benzoic acid
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product which includes the steps of: (a) hydrogenating a solution of the
i npure product at elevated tenperature and pressure in the p]r/g&ﬁ%& of a
" hydrogenation catalyst; (b) optionally separating the solution fromthe
catalyst; and 20 (c) cooling the solution to precipitate pure aronmatic
carboxylic acid crystals. The inprovenent conprises netering the inpure
solid acid internediate product fromits storage silo through an

appropriate exit le i hol di ng tank co i.ning the solvent in

response {0 @ 1-d2ABeEKb %ﬁ?gp.?alpf SqUie ggigp B?CBQ@%?% 1 g cage

i ntermedi at Qer%thé]Yc é?ﬁd)irERanedi%%i\QdQﬁ YtRlutiogt a relatively |low tenmperature
90C to 2 11 i

25 in the range of from Apri 12003 WO 00/ 32548 PCT/ US99/ 27?559
- 100C and at a dmperdinganitmcdnditzons ande wdiich theren&B%cd iwdupd.ti 30% W w

whi | ti | itating the sl. .as. it .is f . T N is th
Foroved. i GOSressaibot oy ik 1S ABit ilihec i b B PGS Gr e 5 "
| unps  of syetpefReissnhy i Jﬁ:@i'ﬁicﬁlticm QB ignificBnt lPpligl FHRSsIlAr&fhicRParPV €T age

size greater than from24 mmto 28 mm are retained in the holding tank.
The densi ty ogéurt Héess lumps chr be anlargarsuld g meavstagsdliameter, ped an fwsn, downst r eam
fromthe holding tank. and that peasurenent is;then converted into a
f eedback si éﬁéa}/l \I/\]hqecvﬁr)f @?ﬁ%u%rﬂr%cae &e(galgg%gﬁg&%% “e‘%ﬁ"h"g%edé 28" o control the

rate at whi eBnedfingeduifbién, AddH Ge veRddisflunan efffientiytissoleGRdvatetafdt he
hol di ng tank. Sinultaneousl %,eaas the slurry is being punped fromthe hol ding
tank or 15 toHersalvers, sspecighieataelatyely dow drtigl tempespivesi be- cbadewghoutt he sl urry
i s heat t r . Ni r [.0Q: t.u bout 283C and
the pr eqgur d OGTCaRERERGE B Besind, SbeR-RERERN ARG TIRALA hEVE o7 *Whi

subst anti al Ihandlirk thésetlbmpadi the Ranekcdfesprbeess forprodh il higidly paieor to
hydr ogenati on and purifi.cation. Thgﬁi%r ocess of the present invention can be
oper at ed on 2ECTBYH GaRRYYC Beidifrong p chide crystallive starting materialor ef er r ed

enbodi ment of the inventi onguNNIARY OFCTHEYWVENTfoONTPUr € product fromits
I‘U'r‘ry—ﬁ'g‘drng—ra'@ﬂ‘mmml [

storage silo into the 25 s i shed using a notor
actuated rotary vidlepeedeavinnentsonae a imoprodéuenten aipradass for peslpoingiave to t he
f eedback_signgl.. BRI EF DES IPTi.O\I. THE DRAWNCﬁ Fi.g» lis.a sinplified
schemat it diigiLRgaremaly caraoxylic aF%F‘HQéﬂé’HP“TSéE J arid gptergnediate i nvent i on.

DETAI LED DESEHLEIWENL thaQuisageitpd svention is particularly applicable to a
process for producing highly pure aromatic carboxylic acid crystals froma

crude solid 35 adidhydrogknating Fiselutipw nfithe gmpuretpoadiict at eevatts! tampetatuae e  of

nost conmercial interest are isophthali ci.d and. terephthalic acid)
al though the proces&™] Besls dBg PEssiie of a Ratiosgnaioy rialiibe sol i d aci d

product which 3 (b)ldpthiaill s€ReRind@h® V132 Hom the catalyst; and
20 (c) cooling the solution to precipitate pure aromatic carboxylic acid
crystals. The improvement comprises metering the impure solid acid intermediate
product from its storage silo through an appropriate exit nozzle into a holding tank
containing the solvent in response to a feedback signal. It is thereby possible to
form an intermediate slurry of impure acid crystals at a relatively low temperature

25  in the range of from 90°C to



PCTNS99r Z7559 - undergoes a similar hydrogenation purification in solution.

A typical purification process to which the ' invention appli g5 i;;HF%O'dges

" the steps of: 5 (a} dissolving the inpure solid product in a sof\

el evated tenperature to forma solution; (b) hydrogenating the solution in

t he presenc¥O9BP%4hydr ogenation catalyst; (c) optionally g@’ﬂﬁ?’&?’fsﬁg t he

solution, from 0] t S oql.i ng | ecipitate
E'BS é‘ d’51 aeg X% gbn %gtfl(ﬁcplo%] Qh % rélﬂ{ 09:' %Esop%%ﬁ ‘\F/I;v

pure aromatic carbo\>,<\%q| c acid cr e of ic acid and
t erepht hal i ¢ a&Pdtoweltew/wahéhe @@mwoaaéw%yaté@gaamm%uw her -li quor,
is the 15 pref asred solfeamied. anthe tsMirdy he tréerdferbved,i D.¢he di scussion

uhi ch £01110%6 Lnbld UStIGH EnbNEol ANENU00 wEDFe | TRIANGEE ding to the

i nventi on conpli di'sso ure solrd uct i € solvent
e.g., water> }umpszaf &t h‘@?é??‘?ﬂd"%%éoilﬁrﬁulaéo%‘ﬁﬁ dlpFoduE"l‘r‘Hﬂ §5a hol di ng
tank contai ni npasing @vlavertgess e yrvater ehinalreth et enitg 2bevice in

response o a hgedpack anah Lo CHETENW: AT FA. S| kY ool dpuge acl d

crystal s at are atlve enperature | 90C to
100C and havi n§ha %H-h"c’é’ntllsaFPBﬁl’?‘%P‘-tW Psagered 4 @rr#gs%wrw to 30% w w
whi | e conti nuodswystafpdnatfirog the lsdlding aank{ arsd fthapredeagdyemtemrovi ng t he

slurry frogythe h@llxéjrk Q%n%%%%e&h r?&%ghd %e@ gkl g%n%‘ir whilc eby those

particles of ' 30 yet undi sso sql | g_}rﬁo whi ch have a particle

si ze greater tﬁaﬂm‘t‘rﬁeca&ﬁé]n tRgEhe ri“ettt‘?él?@r@ 1ok &9 ECBFRRY §HF FREShol di ng
tank; (g) neasatiwgidthecdédsityud prieduskuang stdwesitrazen from t he hol di ng

tank and fonVeghtﬁdeJéglegi %ﬁitgeéﬁé t%tlr@;ﬁ Esment 41 chREGRAGK at%i 9”?' ;. (h) g
comuni cating the feedbacg al to evi ce step (e); an
si mul t aneous| y " PReF BN 6 g?ﬂ'&? r°m @‘%3%151%0%5%%/ 32548

PC F/ US99/ 27556hérdafiteat ivig the ot mmayseVarpl agttiegmedhate caireper ci al scal e,

a./crude i sopht Bgélsglgrryt ggeg@;dg@d ItQ) ag gpb,gd;gﬁ%\éqg,egléﬁom an oxidation
process as a cr¥sta ine stora%e silo to await

further procesRTAGSSHAE §F8P3@%t‘§q § aﬁ‘é \Xrel?a% (ﬁ: 6P8c'é§%| F S&8qaFpnent ,
tanks, etc. anefpilpg rduary| igechiised fe purafpramrieheptecestwhi ch fol | ows
are typi cal | y GRddn catbedaht 00 By hal BEesRe Sd@R] pRrt@Ees iveoy that can

resi st Corf&3|5qgég¥$ed prior to hydrogenation and purification.
The process of the present invention can be
operated on a continuous basis or batch-wise, and, in a
preferred embodiment of the invention, metering of the
solid impure product from its storage silo into the
25 slurry holding tank is accomplished using a motor-
actuated rotary valve having a control device which is
responsive to the feedback signal.
BRIEF DESCRIPTION OF THE DRAWINGS
) Fig. 1 is a simplified schematic diagram of a

30 process improvement according to the invention.
DETAILED DESCRIPTION
The present invention is particularly

applicable to a process for producing highly pure
aromatic carboxylic acid crystals from a crude solid

35 acid product. The aromatic carboxylic acids which are
of most commercial interest are isophthalic acid and
terephthalic acid, although the process is applicable
for handling any impure solid acid product which



10 avoid contam nation of the reactants. The solid crystalline powder, in
addition to chemical inpurities formed during the oxidation jeaghizo nay
al so contain residual solvent fromearlier processing and washing, and it
may have sonme concentration of noisture, all of 15 which can contribute to
a tendency wapt0o3244® crystal particles to cling together ReAUSHATFHassi ve,
hard | unps over .tine. Purifying the crude, i.e.), inpure, acid product
requires fi rsPnﬂ?E%%?%/ianﬁlf“ﬁéagr%réﬁei“ﬁélﬁ?oﬂtﬁftf‘icﬁté"?Ol%ol vent, such as,
for exanple, debhunioralized or recycled water (i.e., nother liquor), or a

m xture of the two. Tﬁ%g};ﬁ%%l%u%f&tﬁ% BEblesd WY ndchaghdi ssol ve can be:
i nfl uenced by _ nunerous tor

a S, _such as, particle (lunp) size,

concentr at i on,mY%%’e%tal?Pg,l%S”b‘?]é‘b%ﬁr EPSnET SR ¢4t on. For ease of
processing5it has beefglf cimgolwsng ddrevémpune $olid pdfior Miark aqueous
slurry of thesgiye: atl d1abaded & @igerBh¥rs O¥6 -fdrMREBBLYE £or ;N t he range of
from90C - 100C in an, internedi ate "sl rrﬁ Pol di nqﬂ:? k" which is equipped
30 with an agitator 8P CEAFPRERISIRP Miki AGLEHETS| gea T§9%5r s and
t her eby enhanefng hydrocenetddén diatsdlysti:on. Referring now to Fig. 1, crude
acid crystals are metgnedpthioRusiPragarsthfg 1thd HAushbh Frdilgeng tank 11
t hr ough a pne of two pos§| bl e di scharge nozzles 35 or lines. Illustrated in
Fig. 1 is'a pfrharXPftdi &8Rarge Iine 12 which comes directly off the coni cal
base of the storage sfidlocandisecomimoiulicehze grecipataba miiech comes of f
tP ?;?NZLSFZ% 55 Bﬁo@m'dc_ca.ﬁaﬁseﬁyif@ afskoysrals. ITh ﬁ.\ﬁéi ta2dQE WO 00/ 32548

.Ea i.schar i IS i pped. wit t qr-.act uat e
met eri ng devi (l:se?&‘]\rfbnl}acs‘c?: ?ﬁgg ar}é;ﬁéerrre gggﬁggcdi%ncélr?t' ggtg%'eq‘{hnl\%gnti on, is a
not or - act uat eBRY oty alrvengecbfaquewﬁtm@milaﬂv%r,l%.fdl.e not |ess than
albout 28 THN | ﬁréfé:ﬁﬂﬂ.‘ll'fsaﬂ.veffﬂﬁ spead f;liu aarmereatrva 43 iss thentrol led by a,
slurry density. . ng_r v jnvertor to
control the s%leée;cgmo%l% glf,lfrlSgaf?ﬁ\%a{svgodflhy‘gslgno@gr klﬁﬁ %%’eeq.{r}alr?gé of fromO to
22 rpm Storage silo Thg RSProypeeeny poceEated i rtde Fpventiove slurry
hol di ng tank ddmmsisfzoMsgobainy thenphphiteddlid peoctugtiriy tawed sl urry.

hol di ng tank 11;is,.eaqyi gped wdh .agitator 14 for continuously agitating
the slurry as ‘l}t ?Sns f %r’gréd. %é%/e'r %?éal |y gosi tioned single inpeller axial

downf | ow &i tator 14 §&2 DREGAIAS Sif AAPEYDI I PEREPGE e 2about 68 rpm
However, any boldiald eamBansniodirdigict abidnsodwerie ugsed & hmdtagan be install ed

for continuoug-Opard h@@erh@é%éﬁ%g%eﬂeé Y twahVesedrhdkn | ines 12 and
12A are arranged t.0 nmet e acid

r _ipu roduct .from 20 stora ilo 10 into
Siurry hol di ng %Mk TP1 BB THTh@ PARES LA HUORESSOrEY UeThg 4
comerci al | y avad |xddlag ipebrekov |tewprraburefin kdet yapgeaie rommul t aneousl y
][rfasurets mglsbwcaa% melo@ca%a/h e tn%;hﬁnc&%lé&ﬂ:rlrfa%ifoheﬁﬁ A SdhgeENt StL 0 mass

ow rate. ugr re i.S.then contro ont.ral ling the

powder nass f?%wéll?oé‘f gﬁat wzgf??(e r é"? ?"ow?%gpt e n?tép §?Q§%§vae%ﬁt%% F%ﬂ/ rate into
sl urry hol di nghe aierry. agnit his &@¥®@Rment shown in Fig. 1 an alternative
control schene is illust ramedingithg siurfy finasichy HeRdinerank. ' 30 A

feedback s onpl, dpi08NSERLEM 14 ADAE e BN (RbsdeBatdeitRAR 1 NG devi ces |

15 which are Tocated as downstream of “slurry ing_tank 11. Slurry-
density i3t yyeeamdissailvedi srldchPraguct ok kgrRsa EMEIERsity

neasur enent haszea qlicater thdmtilensbepihgs tire the screen are

retained in the holding tank;

(g) measuring the density of the slurry
downstream from the holding tank and converting the

35 density measurement to a feedback signal;

(h) communicating the feedback signal to the
metering device in step (e); and simultaneously
therewith or thereafter



35 slurry strength, i.e., density, and is used to adjust the crude acid

. flowrate into slurry holding tank 11 according to pre-sel ectqﬂ sgf%ﬁgi nts.
The density neasurenent is converted to a feedback signal whic

April 2003 WD 001 32548 PGI/ US99/ 27559 transmitted via dotted line 16 to

ei ther one WP%B#r control devices 17, which, in turn, ¥FHPYE% he rate

at which the respectiy u rresponding rotary valve 13. In
practice, only one of ﬁ %é%mg Hqé1é2£1§m:§,oused at a time in operating the

process. Recycl ed wat &f PEGHCLoBTcRFIMESCERlr P52 01 @i f§uEank 11 via |ine
18 and controliseghvkalfs @ndefepsthatiiceactanideradiedetiofsbmiray hol d tank

L viatine 20xk:aditiaees0l ey dxbh cal | o Sl R aRIAld o0 vat o

10 can be introduced |nto sl.urr 11 via a ter spray
t hrough the sItr Pysﬁ%’r%ﬁ%g“HSnRO\/%"fﬁlq |fHét PEBIPEITGRSEPIThe it al f1 ow of
solvent into storagehsld rgdt ankatldd ipgrocensing |exgiilppeat ¢comaritsci al | y

avai | abl e hi 0lixcaNgnd Yt iekelie s 0L PlsTRADSy Aﬁlﬂamwhm{ég on stage is

based on an ov?lll h Ji rocess e3|%7c1 wher e e aqueo urry formed in
slurry hol di ngPEGRKEQHIGWS AZPeFYPIGA IdanEABFTERFSD PRI E P RIS s
strength in tscerdnge QﬁheZBMﬁay&O%wv/cmbaseﬁstomoa:rosmde aei d design flow
rate of 5§t e%gﬁdzgom:@aigbﬂ &T t(fx%S'rg of 4 ratl‘?xeogo%g@ 3 tes/hr. Slurry

concentration can vg:[ her or | ower, ut usuyal such a variation wll
produce a cor FE¥Sbh ‘>r/fge EOYABH c”bé’ﬁ’éillﬁo’i"nt‘b\ﬁé‘re&lllca pr SERIES WSS ci ency. The
t enper at ur e i fogined rquihigiadithg ¢twidatlibni seaet idrai mag ahso heomtaige of 25 from

95C to 100G, abbhaah ddiiventanbs | chrlQkr Chidddling?afla fEailRoUr e | o
at nospheric. To.,achi eve the desired el eva | evel” .of tenper re and

pressure for RYdrbydit¥ ifgwye FRRS a‘iﬁ’&&ﬂ?@ﬂﬁ%}’q TOAERPEY tHo®5h a
pr.edet er nthedwhéfh esamfcopraiBothieat ar sendency flogathexctsigdrs. As shown

greatly sinpl bhiedeids ref enen§ecdfechied. add £d¥en HladkiVel Shaxgped fromslurry

hol di ng tank 11 via Iln% 21 around a pressure contr ol Ioop via a | ow
ver im

pressure di ssol ver Teed purrp 22. The | ow pressure dissolver feed punp is a
35 horizontal centri fRupdfypoaptled aswideabl ee capdpury . apdidiinxssmcge pressure.
Pressure in tbeqeDrdd Glirk@0QisSolwipigC 8hé yoRivalaliAedpadaditoul 30 bar (1000

kPa) . Two,pro - il r ioned in 7 11 April
2003 VIO 03] 32896 B8y tﬁ%gb/ T% 2 :ﬁ"éﬁ@% %%e?f 122 %ﬁ%% side of |ow
pressur e d| ssOFTESI §h&@tFENpt 22 ¢ G‘OFBﬁﬁvjelW)deBFl 3 WfcHen®y have found
its way into the sglcstermemhg/ecmemﬁchltmeraszlaSArgcadaﬂéiB:ars in use at any

time. Siurry 8;£L0i LAROHGN: A GARIBASAY GidllBGL PRCHSAL Clariiol shown) on

its way to the suction_sid |g pr essure |sso purrp 24 and
then on to a Pfr R2YIEAEaL \““12)5 e hCPRFLET At eny eFr?f%l?ea”catfPéeof the slurry
to an i nt2% negraessuncland pgitdeiarang@oofeddsx0OCf pmocessing it has

been found most convenient to first form an aqueous
slurry of the crude acid at a relatively low
temperature in the range of from 90°C - 100°C in an
) intermediate “slurry holding tank” which is equipped
’ 30 with an agitator for continuously mixing the slurry as
it forms and thereby enhancing the rate of dissolution.
Referring now to Fig. 1, crude acid crystals
are metered from storage silo 10 into slurry holding
tank 11 through a one of two possible discharge nozzles
35 or lines. Illustrated in Fig. 1 is a primary discharge
line 12 which comes directly off the conical base of
the storage silo and secondary discharge line 12A which
comes off the side of the conical section as shown.



10 operation, a series of high pressure dissolves feed punps 24 boost the
slurry pressure from about 10 bar (1000 kPa) to 110 bar (11, Q9Qp kP#2oo3zand
deliver the slurry to the purification reaction stage through a traln of
preheaters. These additional preheaters, 15 arranged in series (not shown:,
rai se the weompezsag ure of the slurry to the requi red operratriusgrussoper at ure
for the purification reaction, which is in the range of 283C. High pressure °
di ssol ves f edtrGuIRi§chrEge \Ihineal Py eqnirpes sisged vBPEITATYaRedint ed

hi gh- speed 20mexentingf dgal cumms chl i ry pre fetrtbdr envodimemesbfir ry hol di ng

tank 11 through nozeheish |0a! fdebh-ddigiat ﬁerzéeéﬁqiame 1905 gli ng tank.

Nozzle 26 is siz to _accommbdat e process desi ow rates, Wth this

confi gur at i orSYFRbiFJELrPIRTY PaBgenPunMfSsof 9Bta13f?’rtﬁ 20orPet sol i d
particl es sof diaweeezci dTle espeetiabfietotaryt kalkel U nip tcamik rbylgedr f or at ed

screen 27 posif iy qugg%@{sﬂt EBH@H;]YI&S Sl?ﬁléﬂcc%tz%&tl%r nghiyuover the

openi ng for nozzl ereby solid particles aVIChf? an average 30 particle
size greater %srlé’ﬁaZ&“r’rhﬁ“’?r‘é’r PRI HE BRES tHr Sti§h TPHR™Dpeni ngs i n
t he screen) araveectainednotorsliur tije hodrdyet afik f2dm amcdtprevepned from enteri ng

the downstream porti ggc,p%] d @ellgr P6€S$S |aal§peyog@/éei keepcsyfficiently

di ssolved to pass thro screen 35 openi ngs. Although the description

refers td%s 5" SS9 rﬂP]éidF’?aB‘F%k ret zi‘lsnFH@wﬂE%’PFsa 1¥or “exanpl e, expanded
netal, drill edmplifdedhid thet figshectand el uplacermshingovenkthe imozzl e

openi ng 1o t eERALALh! s iPlah BoBeatdd APTFk. 80981 nud1Q0RGREAS T T USn-s59

undesirably ge.solid particles in the slurr tank. can be used in
practi ci ng tﬁg‘q ﬁ\}gﬁﬂ'o??p lfhéssgﬂ"r"?‘if‘i st ?‘eﬁﬁfﬁl%/?ﬁ%é)oFgea o9 t he preheaters
det er mi nes t lrdngdeephpdbla axtall/ deogiovapgitsterild derehgeth in the

hydr ogenasi omhrleac:t;%lcam% Spbrht o s @Bdthgs tAK ef @Lbﬁevéls Grytical to \
successf ul oper

reactor, and control . qf. feed urry strength is
very inportant. %3§9%%?FW &&i 99h??‘?’e°r"eﬂ'€"’e§%o‘ﬁ‘?%ﬁih§ of @ ?tsﬁes 10 i nvention
may be made Jinstiedledelrn tdongibveows tdperapient and scope thereof, it is to
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simultaneously measures density and velocity and then
converts these measurements to mass flow rate. Slurry

25 strength is then controllable by controlling the powder
mass flow rate at a fixed ratio to the total solvent
flow rate into slurry holding tank 11. In the
embodiment shown in Fig. 1 an alternative control
scheme is illustrated using slurry density measurement.

30 A feedback signal is generated from one or both of
density measuring devices 15 which are located as shown
downstream of slurry holding tank 11. Slurry density
is typically maintained at about 1085 kg/m’. The
density measurement has a direct relationship to the

35 slurry strength, i.e., density, and is used to adjust
the crude acid flow rate into slurry holding tank 11
according to pre-selected set points. The density
measurement is converted to a feedback signal which is
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15 The purification stage is based on an overall
/\ process design whereby the aqueous slurry formed in
slurry holding tank 11 is carefully controlled to
maintain a solids strength in the range of 28% to 30%
w/w based on a crude acid design flow rate of 55 tes/hr
20 and a solvent design flow rate of 128.3 tes/hr. Slurry
concentration can vary higher or lower, but usually
such a variation will produce a corresponding economic
penalty in overall procéss efficiency. The temperature
in slurry holding tank 11 is maintained in the range of
25 from 95°C to 100°C, although this range is not
critical, an@ the pressure is atmospheric.
To achieve the desired elevated level of
temperature and pressure for hydrogenation, the aqueous
N slurry is pumped through a predetermined series of pre-
30 heaters, i.e., heat exchangers. As shown greatly
simplified in reference to Fig. 1, the slurry is pumped
from slurry holding tank 11 via line 21 around a
pressure control loop via a low pressure dissolver feed
pump 22. The low pressure dissolver feed pump is a
35 horizontal centrifugal pump of suitable capacity and
discharge pressure. Pressure in the control loop is
typically maintained at about 10 bar (1000 kPa). Two
process-operable filters 23A & 23B are positioned in
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1ntermed1ate value in the range of 150°C. In

10 operation, a series of high pressure dissolver feed
pumps 24 boost the slurry pressure from about 10 bar
(1000 kPa) to 110 bar (11,000 kPa) and deliver the
slurry to the purification reaction stage through a
train of preheaters. These additional preheaters,

15 arranged in series (not shown}, raise the temperature
of the slurry to the required operating temperature for
the purification reaction, which is in the range of
283°C. High pressure dissolver feed pumps are
typically single-stage vertically wounted high-speed

20 centrifugal pumps.

Slurry is withdrawn from slurry holding tank 11
through nozzle 26 located in the side wall of the
holding tank. Nozzle 26 is sized to accommodate
process design flow rates. With this configuration,

25 undesirably large lumps of yet undissolved solid
particles of crude acid are retained in the holding
tank by perforated screen 27 positioned either
internally as shown or externally over the opening for
nozzle 26 whereby solid particles having an average

30 particle size greater than 24 mm, i.e., too large to
pass through the openings in the screen, are retained
in slurry hold tank 11 and prevented from entering the
downstream portion of the process until they have been
sufficiently dissolved to pass through the screen

35 openings. Although the description refers to “screen”
27, any suitable retaining means, for example, expanded
metal, drilled or punched metal sheet, for placement
over the nozzle opening to temporarily retain
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all changes which come within the meaning and range of

15 equivalents are intended to be embraced therein.
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10 (d) metering the impure solid acid intermediate product into a holding
tank containing said solvent in response to a feedback signal thereby
forming a slurry of impure acid crystals at a temperature in the range
of 95°C 10 100° C and having a concentration in the range of 28% to
30% w/w while continuously agitating the slurry as it is formed;

15 (e) removing the slurry from the holding tank through a retaining screen
whereby solid particles of undissolved impure product which are too
large to pass through said screen are retained in said holding tank;

® measuring the density of the slurry downstream of the holding tank
and converting the measurement to a feedback signal;

20 (g) communicating the feedback signal to step (d); and simultaneously
therewith or thereafter

(h) heating the slurry to thereby further dissolve the slurry particles.
2. The process of claim 1 in which the impure solid product is metered
into the holding tank by a motor actuated rotary valve.

25 3. The process of claim 2 in which slurry is removed from the holding

tank through a nozzle located in the sidewall of the holding tank, said nozzle having

a screen mounted thereover for retaining in the holding

10
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