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TWD STACE REACTOR FOR CCNTINUCUS THREE PHASE SLURRY HYDROGENATI ONVYANDOevv)
METHOD OF OPERATI ON 5 BACKGROUND OF THE | NVENTI ON The present invention
pertainsi to continouous reactor processes and in 1Q particular to the use
of continuous stirred tank reactors and/or bubble col urms ta effect such
processes. Hydrogenation processes wher &f n three distinct phases, i.e. &
material to be hydrogenated, hydrogen gas, and a catal yst are brought
together in either a continuous stirred tank reactor (CSTR) or a bubble
colum are well known in the 15 industry. In view of the fact that nopst
hydr ogenati on processes take place at el evated pressure, bubble col um
reactors are generally less costly than continuous stirred tank reactors.
Bubbl e col ums can be constructed taller and narrower than CSTR reactors
and therefore require thinner reactor walls, thus |essening the anmount 20
of material of construction and the cost. Also, a bubble colum requires no

mechani cal agit re Pti d further

reduci ng nmai nt ﬁ&&é@&%ﬁﬁﬂ&@&&ﬁﬁ@gs ﬁ"%ﬁgfﬂgﬁg IWXydrogen
gas is introduced IE[DRQQENA%@I%U’&MWWM OPERAHONIst be

di spersed to create a high gas-liquid contact area for mass transfer and to
provide liquid mxing in the colum to effect proper reaction and heat
transfer. To effect mxing by controlling the flow rates of hydrogen gas, a
much greater quantity of hydrogen gas is used than is dictated by 5
stoichionetric conditions for the particular reaction. Thus, excess

hydr ogen nust be used in the process or a hydrogen recovery and recycle
apparatus, usually enploying a conpressor to recycle the hydrogen exiting
the colufm, is used. Dependi ng upon the throughput of a continuous process,
very often a

BACKGROUND OF THE INVENTION

The present invention pertains to continouous reactor processes and in
10  particular to the use of continuous stirred tank reactors and/or bubble columns to
effect such processes.

Hydrogenation processes wherein three distinct phases, i.e. a material to
be hydrogenated, hydrogen gas, and a catalyst are brought together in either a
continuous stirred tank reactor (CSTR) or a bubble column are well known in the
15  industry.

In view of the fact that most hydrogenation processes take place at
elevated pressure, bubble column reactors are generally less costly than continuous
stirred tank reactors. Bubble columns can be constructed taller and narrower than
CSTR reactors and therefore require thinner reactor walls, thus lessening the amount

20  of material of construction and the cost. Also, 2 bubble column requires no
mechanical agitation, thus further reducing initial cost and further reducing
maintenance costs for such reactors. In a bubble column, hydrogen gas is introduced
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single reactor is not sufficient to provide adequate residence tine to
generate high 10 conversion in a single reactor and thus two or nore
reactors.dn series are required. Carrying out gas-liquid reactions in two
or nore columms is quite common, however, where three phase slurry
hydrogenation is desired using a soli-@-catal yst, use of single reactors
becones a challenge with problens that are not easily overcone. In genera
hydrogenati on catal ysts have sufficient activity and life and can remain in
a process inty the bettera p€ thecolyran aad myst bedispeysedtorcaentela high gasdismidf a process
whi ch M glonta@fiates orGhdsy tidhsfiet &8d @ provide Siqui tnikih @id8e dblubB Rt N
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cat al yst dwdeogeniges asquélpgneater gnantity ef hipdrbgenygasds needythireistdietated byl yst . 20
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colum may n ave sufficjent r eﬁ&llmeto mal nt al onver si on
equi ri ng SRR DEBFARESS BFA RYEORSIEECPYRRY AN TecyFicappareis, Wbally SmelANg A i n
cont i nuouscosipressedtotracycle thadtydrogemexitinigahs eplamat isdisathd ret urned to each

I ndi vidual reactor. Thus nultiple reactors in series each require 25

I ndi vi dual catal yst __separ.ation | pment sych as cross flow filters,

Mul tipl e bubble col Pr?ﬁg"‘a‘i“ﬁggg‘?l}@g%ﬁg@tﬁgéﬁoP%n‘f%Pé%és’BWr qn a

conver si orsitgle reaetpriis sotisytficiero pravide atequatg residdnge timecto geaeratefhighe

St Of CHYPMELJnlyErst it lal sE{BEE Feakfor %@HR%QWQ%} %&U?@a‘cfdr?ﬁf seffies hﬁgeﬁﬂpef' gh
conversion.in the reactor =3 - so It 1s well known that a single
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t hese & obfoedays, compared to the liquid residence times of a process which might require only
minutes or hours. This large difference in residence times means that the catalyst
must be maintained in a uniform distribution when multiple reactors are used. Each
reactor may require catalyst separation equipment and the ability to recycle the
catalyst.

20 Thus, the use of a single continuous stirred tank reactor or a bubble
column may not have sufficient residence time to maintain high conversion requiring
two reactors of the same type in series.

The slurry catalyst in continuous stirred tank reactors must be separated
and returned to each individual reactor. Thus multiple reactors in series each require
25  individual catalyst separation equipment such as cross flow filters,

Multiple bubble columns in series can be used to increase overall
conversion but require hydrogen flow rates greatly in excess of the stoichiometric
requirement to achieve both sufficient mixing and high conversion in the reactor.



SUMVARY OF THE | NVENTI ON The present invention is uniquely suited to

conti nuous three phase slurry hydrogenation processes requiring two
hydr.ogenati on reactors used in series to 10 enhance conversion. According
to the present invention a continuous stirred tank reactor with a
specialized inpeller systemis conbi idd with a conventional bubbl e col uhm,
t hus avoi di ng probl ens commonly encountered with bubbl e colunns For

exanpl e, the present,inventipon re es to a rnactor t woul d be
i deal |y suited for Hﬁ@ lﬁ]ﬁWﬁV OGRS S&F%ﬁ&%fgg QBF‘HFtt ol. 15
Thus in or’oe sagpﬁcanttwﬂa'gplr amgmeraﬂven@nempermw thhmtwcysmgtﬂhr@gahnmqtmn system
conpri sing Qﬁ{mlet 05% qﬂgeﬁaesqg%ﬁlgwgﬁ sﬁﬁxbroﬂr@%lltc%ﬁt‘?exﬁ gctor adapted to

contain a qui rogenat e a catal yst W|t head- space for
hydr ogen gas the reactor having a single agitation system having first

ms*ansI to draw head- Thasit chrybe sgparthgiasmulti fagestudry hydx?gmhﬁoa p&clmbsmdsiﬂgans to
Comuni*cat B tﬁﬁﬁ&%p@3%%%9%ﬁ%@%&?ﬂﬁ@@ﬂ?&%ﬂéﬁ%‘l& HErce with

t he react dweatinga pagdie solye these PFBISTAY neans to |ntroduce gaseous hydr ogen
adj acent to a bottoml ocatlon of the bubble colum, the bubble colum

connected to the reactor rmt gas to flow froma
head- space in the columm to mmﬁﬁcﬁtor, the col unm al so
fitted wwth 25 fluid transfer neans-to permt fluid to flow froma bottom
portion of the col urmet:ﬁesmﬂaﬁvemnmﬁ@umqqatyqﬁnédl&) ¢ondiatious st phassrlamyupper

por {10 M diEediBAE Block AR NRRGT AN OBl NSGR) Wity Woid) roans Lo

wi t hdr aw ogenat e anot her aspect
t he pr]é)serﬂﬂhaﬁ%‘mﬁvéﬁlqns é&qom;ns tcatj@ nseﬁwt mmtmae@mtmﬂoe&)ﬁwqutmg

conbi nat i ofacter Gathtal s@a&uﬁzeﬂtmfpen& §y§tékn fs%ﬁib‘i’r[edaﬁ'ﬁilph @OneAtioNAlitibbled I i qui d
to be treat d, ar‘tlaag Raobqgs W_t h d ad %88 ?s‘{/ Eﬁuﬁbr tant as t he
stirred tank'Pe t&’%??‘} 6 %‘Fﬁ&t"@“é‘ &\ av Tmeans to
dr aw head- &{aple, the present invention relates to a reactor system that would be 1dea11y sulted

for the continuous hydrogenation of glucose to sorbitol.

15 Thus in one aspect the present invention is a slurry hydrogenation
system comprising in combination; a continuous stirred tank reactor adapted to
contain a liquid to be hydrogenated and a catalyst with head-space for hydrogen gas,
the reactor having a single agitation system having first means to draw head-space
hydrogen gas into the liquid and a second means to pump liquid from a bottom portion

20 of a bubble column in fluid communication with the reactor, a bubble column
arranged in sequence with the reactor, the bubble column having means to introduce
gaseous hydrogen adjacent to a bottom location of the bubble column, the bubble
column connected to the reactor by gas transfer means to permit gas to flow from a
head-space in the column to a head-space in the reactor, the column also fitted with

25  fluid transfer means to permit fluid to flow from a bottom portion of the column to a
bottom portion of the reactor and from an upper portion of the reactor to an upper
portion of the column, with means to withdraw a hydrogenated product from the
system.



5 reactant gas into the liquid and a second neans to punp liquid froma
bottom portion of bubble colum in fluid conmunication with the stirred
tank reactor, a bubble colum arranged in sequence with the stirred tank
reactor, the bubble colum having nmeans to introduce gaseous reactant’

adj acent to a bottom | ocation of the bdbble colum, the bubble col um
connected to the stirred tank reactor by gas transfer neans 10 to permt
gas to flow froma head-space in the colum to a head-space in the stirred
tank reactor, the cdnanothat sspeét, thequiestnt mvehtiomista tausdtzge omansousaeworrit

fluid to f%@ﬁgﬁiﬂg‘l@c&%ﬁl %rctohﬂﬂu&fs sttx?x%d‘iﬁh%c%??&lpgé& yion of

the stirre ctaor an rom an .ypper, portion o stlrredt nk

reactor tolgn B;?Er“eﬁ@tdthycﬂfeﬁ?talﬂ%’é‘sw dosipese fas dbssrepcian gasdibgwisred r eat ed
product fr cmﬂctfesctewlsdvﬁ[g a ibgle agitation system hideing fizstaneant té brawhexdespace

St rredt a*‘%‘%r af B B ﬁgtl{qﬂ@%ﬁ%%%bfe‘f@ e @3“3‘# fnig s LORBR YT
i nventi on 19§ eﬁ@’é‘@‘\"@r W comamugiGagion V%lﬁ’c'féille)s jrred Fﬂlﬂ(rrSth@'naé’}‘bblém in order
to naintai motdnm Sfdrded 3 séquendeewiill de stRpwiitank feasioe the Blbble column having The

t i d
ot 1 si ho HAES 2@@?@%?%%@1 Attt Dol Raeart gbﬁb%%ﬁ“: nto a
two stage rceimanihabubbles Bmaﬁognmedwtbsﬁwﬁ%ian&ﬁe@t@chmqﬁ sfex meaped

tank raact as aﬂmpgmotﬂbwmma hea-$paqelimithe@ohéni teeahead-spatdirthe sagtdnt gas

d a head-
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r eact ant gﬁomﬁtwﬂpﬁlepqma@;pﬁﬂlaﬁe wing t-d heftors egtianofibe girrgdieakreactasdngd fr om
a bottom p(ffémqn f)exﬁpdm&bbﬁth@@htﬁ@tarﬂt r%hamdtm nippet pertion o el dolidig stirred

t ank reactor ar k. seguence with the stirred
tank react ov?’ g"%? lﬂé&g‘g E}Fﬁ%@ H‘S&ﬁ% sa/g{%gxl ntroduce a reactant gas
adj acent to a bottom | ocation of the bubbl e col um, the bubble colum
connectigd to the stlfrhs s%}nofﬁiﬂ‘pré@%@hﬁfenﬁdn%ﬁxdeéaﬂ%faﬁ‘éndlfﬁﬂaﬁﬂ Rpig M t

t he reactan 0 froma space in the colum to a head-space
in the sti r‘#eé(gc :tltke? ‘6 s“ﬂ?&%’ﬂ%’iﬁa‘étp&ol um _

Another feature of the system of the present invention is the need for
onIy a single catalyst filtration system in order to maintain the catalyst in the dual
reactor system.

20 The present invention also pertains to a method of hydrogenating a
liquid comprising the steps of ; introducing the liquid to be hydrogenated into a two
stage reactor system comprising in combination a continuous stirred tank reactor
adapted to contain a liquid to be treated with a reactant gas and a head-space for the
reactant gas, the stirred tank reactor having a single agitation system having first

25 means to draw the head-space reactant gas into the liquid and a second means to purge -
(draw) liquid from a bottom portion of a bubble column in fluid communication with
the stirred tank reactor, and a bubble column arranged in sequence with the stirred
tank reactor, the bubble column having means to to introduce a reactant gas adjacent
to a bottom location of the bubble column, the bubble column connected to the stirred

30 tank reactor by gas transfer means to permit the reactant gas to flow from a head-
space in the column to a head-space in the stirred tank reactor, the bubble column



-5 - fitted with fluid transfer neans to permt fluid to flow froma bottom
portion of the bubble colum to a bottom portion of the stirred tank
reagt or and from an upper portion of the stirred tank reactor to the upper
portion of the colum, introducing hydrogen into the two stage reactor as

t he reactant gas, and withdrawing a 55-ydrogenated product fromthe to
stage reactor system BRI EF DESCRI PTI ON OF THE DRAW NG The single figure of
the drawing is a schematic representati on of the systemaccording to the
present i ditedtwithnfluidETansfeEmddESERYeMICRLidR fldl frdvENNItom portion of the

Ref err i ng guBble! Giurdn td J‘Boﬁdiﬁgﬁmohoof tHE SidEPtafk $édctdrad FRIMK ah ‘ﬁ?féro r 12 and a

bubbl e colum 14, The stirred tank reactor 12 h an upper paortJion

cont ai ni n@9%4°1 o tbe Sted @Pf(esﬁcmryettﬁe YRAST peRipndt thy colp fodusipgie

i nt r oducedydrigentiitte thetwd stagd 2aetor antheiradctant gasidnidtwitRirdwingfaeedi ng t he
liquidg r d?"?t%% ggpa/du@{ﬁgl\ﬂ&gmbg&ge}&%t&ggﬁﬁgﬁr 12. The top or head-space

28 of the reactor I'S connected vid a con .20 to the top or 15

head- space 42 of the bubble colum 14 as shown. A conduit 24 in the bottom
of reactor 12 permts fIBRIER DESERIPEIONIOF THEBRASKINGr 12 as wil |

herei nafter be nore fully explained. As showmn in the drawi ng the reactor 12
Is such that a level_of, liquid t? be hydrogenated is maintained_in the
reactor with a headTgsa@@bzfgg%P thedratying is aschematiqrepesspriatian of Ssove t he

| i qui d 30.sy8@m according to the pEesemidiaeehtivint hi n t he reactor 12 is an agitator
shaft 32 which is adapted for rotation about a |ongitudinal axis of the
reactor 12 by a notor _34. Munted on the shaft is an _upper agitator 36 of

the type that will in BA&EIAD(E&QIE@T%%OE&&%EW N ned in the

head- space 28 of reactor 12 into the liquid phase.30 to create sufficient -
Phe 2501 qui o, s CRRE Pt 1R FREE (PnchBBrs kiRedBheRER 02 8% PTC
shaft 33 dhulipdseciumnddndherstirmgd itank sacten 2 hassan ypper portion pogthiniog gn anlet
A TG O A Sy A T e o i
3e\6/1 ice is Wg‘?]i &Pﬁ@"ﬁ{;ﬁjﬂeg"’%‘%&i@%ﬁ‘& 1&"“&%@*%@3& %':f?"g rjibblf“?‘hgﬁsrgif:%} Jer sey.

The top or head-space 28 of the reactor 12 is connected via a conduit.20 to the top or

15 head-space 42 of the bubble column 14 as shown. A conduit 24 in the bottom of

reactor 12 permits fluid to be drawn into the reactor 12 as will hereinafter be more

fully explained. As shown in the drawing the reactor 12 is such that a level of liquid

to be hydrogenated is maintained in the reactor with a head-space 28 for gaseous

reactant to be present above the liquid 30.

20 Disposed within the reactor 12 is an agitator shaft 32 which is adapted
- for rotation about a longitudinal axis of the reactor 12 by a motor 34. Mounted on the -
shaft is an upper agitator 36 of the type that will induce or draw the head-space gas
contained in the head-space 28 of reactor 12 into the liquid phase 30 to create
sufficient gas-liquid contacting to effect the chemical reaction between the gas and the
25 liquid. Asshown in the drawing, the agitator 36 includes a hollow shaft 33 disposed
around the agitator shaft 32 which is used to draw head-space gas downwardly
between the hollow shaft 33 and the agitator shaft 32 and outwardly of the blade of
the upper agitator 36. One such device is manufactured and sold by EKATO
Corporation of Ramsey, New Jersey.



-6- Disposed on the bottomof the agitator shaft 32 is a flat bl aded
turbine 38 fitted with a top disc 37 which inhibits punping liquid from
within the continuous stirred tank reactor 12 and a bottomdisc 39 with a
central aperture which permts punping of the liquid through the |ine 24
entering the bottom of the continuous s§irred 5 tank reactor 12. Such a’
flat bladed turbine is available fromLightnin Corporation of Rochester,
New York. It is also within the scope of the present invention to replace
the top 36 and bottoﬂbxé}ﬂ)sédrpnlthaebcmmhbﬁthaag1talgtshﬁpﬂslsalﬂlatbﬂmiédtﬁnhmd | er

|to Bﬁfo i ﬁ3n| pgﬁélg g% 'alsefsmﬁ\% :g nﬁﬁﬁg%qaﬁﬁfrbrﬂt@fmgﬁga@yg u°>sO and
axi al punpi ﬂgrqdr%ﬁ%‘f ¥eé‘Ft°Bf S ﬁﬁg aﬁp S Y Wi a geatrak apsTiHER WBJLCBrPeE'B“%md the

agi tat or 38pwaping of ieeiquididwough thetline 24sentaringtthe baomlof theguntiguags stixtedr 40
| s optiofal ;3Rd.d C1§r tS%'cﬂ ari?:a‘% ﬂrbﬂl% i$ g%ﬁ%?%&?e@&%?gﬂﬂx&%&‘gﬁ%ﬁ@w&ed A

conduit 26 exte n con I nuQus [ y e "bubbl e
colum 14 a OshqsweNeWﬁfar i &5 alsp withintherseape of thg peessrt inMentiangaireplase bot h

the 15 conthertup06 asd botterd 3186impbﬂérs Vatteasingleapbeibily made impalict 4hat Babbl e

colum 14 | [

attached toB &Tﬁ Blge Ivery C%ea{iﬁéﬁ%ce\'%k?1?&@%%@&1??8%&%@.&%%}#f1§ﬁd4_]‘§6

r epr esent edimi9 fFWPﬁl‘?lnto t he bubble colum 14 to effect the reaction of
the liquid 31 with the hydrogen in the colum 14. Colum 14 al so includes a

liquid ndui t 48 whi | nect ed
through?g contr ol Val&l?eré%w?e%'a&%ggé& ‘Iﬂ é/?rpﬁ?l?e&%%a%&#@ﬁﬁ&ﬁd%ﬁﬁg&
connect ed t thetggitatos 36 and themagigtgsSerastis shawn. cdpwevergthemse ptthe axial pumping)ui d
31 from t heafitdbl 40 BptOHal bhdiif bertdih Gy E:RBEhANAYSactohs Wl nbERSeqhird®-
Conduit 54 permts filtered product, represent ed by arrow 55, to be
wi thdrawn fromthe system Arrow 57 represents product containing catal yst
whi ch can be wi t hdr awh casduif 26 extends bepweenmthe sontirawue stitred paactpe 12 land $hest em

of spent or buﬂlﬂ%é&ﬁuflﬁl @c'ayl%{'el thR1S Rt be1BlMRe SfACE Jf IR HA I Sbhhe the

recircu ll &t | gcr)]ntfir{u%\{lvs S e R Actor ?2 and the bubble column 14.

Bubble column 14 is of the conventional type which includes a sparge
ring 46 attached to a gas delivery conduit 44 for introducing hydrogen gas represented
by arrow 45 into the bubble column 14 to effect the reaction of the liquid 31 with the
hydrogen in the column 14. Column 14 also includes a liquid conduit 48 which is

20  connected to conduit 56 which is connected through a control valve 50 to a cross flow
filter 52 which in turn is connected to the conduit 24 to permit recirculating movement
of the liquid 31 from the bubble column 14 into the continuous stirred reactor 12.
Conduit 54 permits filtered product, represented by arrow 55, to be withdrawn from
the system. Arrow 57 represents product containing catalyst which can be withdrawn -
25 from the system as needed to purge the system of spent or unneeded catalyst.

Control valve 50 is used to regulate the recirculation flow between the
continuous stirred reactor 12 and the bubble column 14. Cross flow filter 52 is also in
the recirculation line to permit removal of the product 55 while permitting the catalyst
to stay in the reactor system 10. Filters of this type are well known and can be

30 installed either vertically or horizontally, depending upon the type of filter selected.



continuous stirred reactor 12 and the bubble colum 14. Cross flow filter
52 is also in the recirculation line to permt renoval of the product 55
while permtting the catalyst to stay in'the reactor system10. Filters of
this type are well known and can be 30 - installed either vertically or
hori zontal | y, dependi ng upon the type-@f filter sel ected. -7-1n ’
operation a feed e.g. glucose 19 is irtroduced t hr ough co?dgltllﬁ :nto t he
continuous stirred reactor, 12. A catalyst, e.g.,. a supported nickel
catalyst, 17 is int l3dperdoniadeebnguglucas 19qs intraduceditroughoondsit il B rinto
r eact or 12ﬂmtcmﬁﬁu@ﬁrmrr%ﬂmcizzdh 1|ZIGQ?Jﬁ§taly§t|{@!g.,'aSs4l@ Bﬁ&% hi\%aaé'bﬁtdtls{sg,gtﬁr}%pggen
conti nuous. st i £ 0 a col unn .
cont  uous LA R SBRARL 14 S RGO BTl A e B AL 00
col um. Moligpiddavelds establighedbin botll therdontinwousatiried reaxtart I@chniddhe egfumn 14
recircujat ammh;ﬁﬁ%&m&%&ﬂﬁﬁ%&&&c%&w e E%irge HEE% iﬂ%‘lﬂ%ﬁg@ﬁ' urm 14
t hrough the conti n-ug)%s Lrr reactor 12 gn a% t(3) { % u e colum.
Hydr ogen g5QMamstl in the ¢o e s b1l PS4 a9 3gHtagr ? &5 ofsbWRSEIN i nto the
bubbl e col teeircalstion af e ligd andtheicatalysb fiom the babblerdolinin ¢4 daoagiofhe
st oi chi OMetphEnAY it PRACRP 92 BAE BEA BShe Biiﬁng cfilw qlfy&rgger{ ! d3lin . h e
colum 14. I%dro&g |nbg ad-a{)a&e 42 of, 80 um . dls conduc ]2%/ a.condui
20 into thEHEXH: BJX(,IE" s dp e fraying, isjntreducsadnte, ¢ hrlgRoluma Hevipon of
t he agil®at spargéring#6iis anl amennt intexcedseof] stoichidmric é‘éndiﬂimlsaaﬁmgehh%ed i qui d
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present 4 'rhrouglELJ H;ne cross flow %Yter 52 as is well known in the art.

Feed is introduced into the continuous stirred reactor 12 as partially

20 converted to product. The recirculation flow of the liquid from the continuous stirred
reactor 12 to the bubble column 14, via conduit 26, permits a completion of the
reaction in the bubble column 14. A key to the operation of the system of the present
invention is to take the necessary steps to have approximately greater than 50% of the
reaction between the hydrogen and the liquid taking place in the continuous stirred

25  reactor 12. This permits hydrogen flow through the bubble column 14 which is
greatly in excess of the stoichiometric requirement to complete the reaction in the
bubble colummn 14. As is typical in most hydrogenation reactors the hydrogen feed
rate is automatically regulated to maintain the reactor at a fixed pressure and is equal
to the total hydrogen consumption via reaction in both reactors which are at the same

30 pressure. The excess hydrogen exiting the top of the bubble column is then conducted
to the continuous stirred reactor 12 via conduit 20.



invention is to take the necessary steps to have approxi mately greater than
50% of the reaction between the hydrogen and the |iquid taking place in the
contjnuous stirred 25 reactor 12. This permts hydrogen flow through the
bubbl e colum 14 which is greatly in excess of the stoichionetric

requi renent to conplete the reaction inghe bubble colum 14. As is typical
in nost hydrogenation reactors the hydrogen feed rate is automatically
regulated to naintain the reactor at a fixed pressure and is equal to the
total hydrogen consunfhe ose of hydeagdn fow irate ptktceseofthe spisttiombtrier e at t he

same 30 r ot : ol umm
I's then cgngﬁﬁﬁﬁi{w i 1%%?’(}’1@%%'&29{29} %ggbir}%a?tgpg?ﬁ Tg 1s8:§e§te%§ﬂgféﬁ:{%§88
-8 - The usdmgn gfe?P ‘Ftrlsaﬂr the catalysy isaunifosmly sispendsiddn thagantingous
requi renent stieredsank rebetot 12 viadhe tieohariitl apitatisroddein el buibbld dolummnrieicdasar y
to provi ge "Qxé'ﬁég%gjdﬂ)q%nwl e colum 14. The catalyst is uniformy

i e contd nuous

suspended in t stirred tank reactor 12 via the nechani cal
agitation and in the bubble colum 14 via 5 excess hydrogen fl ow.

]IcDeri ?\di cal : y catal yst Pedodibally eatalyadah be eeigved bybéoridRitS6/ib agrrsd steam agd _
resn cataly, O 3 I cLor Vi a
condui t 16. |ﬁs:é%gecrgﬁ'ﬁl?{sg E£a1{)§:jérjo(r]illt"::‘rg g*‘“f‘%ldm g)%e &ﬁ%@#\g e{/rétﬁ {'égf g’c é?g’?ayésq(}‘dtu(%)t be
mai nt ai ned i ¥ bbiip PRIty aepntiolied and yaifome leygbef catalpstiohe mpintpiagd in betby al
Ean be. acC(r)]nmé iredoeat .mrandatlrmbﬁable eslaginoyd, L;séamh Perh6¥d] Ras] peaccﬁm;ﬂ{shed ) aut%hl
nown | : - ' ogepati on of glucose to
110 rieRbbr otfE Bl BN DRGSR KBow R T

sorbitol furt rate ‘utilizing the present
i nvention. A continuous stirred tank. reactor, CSTR, 1.2 min dianeter, is

fT Ih tted with four O. 1f %Wfd@q%éfek@@p%ﬂﬂygfdgénhﬁ&dbPglﬁ%&éeQ(f)l_ s%llbﬁorl ﬁ%@xl%?r A
e £SO MRS U B SR Pl s A BB, A
the reactor taek 1@@?@{ EPER, Than xdigmeterf istfitted with foua . lamyi wide befflop svlioh
consi sting ofuntthé Ragth dF the captde! The réMAIrRIEmes € viddusiahé hRHeSéribeddn
agitatoryg ha’féblé b b%lor\]&.l .lk%\;’avlr\é\f ﬁer:]at exchanger in the reactor is used for heat removal and
maintains the reactor at 140°C. The CSTR is fitted with an agitator system consisting
of three 0.4 m diameter impellers, the top portion of the agitator shaft is a hollow with
an opening to the gas head-space of the reactor which allows gas to flow into and
through the gas induction impeller. A gas induction impeller consisting of four 0.03
20 m diameter tubes extending perpendicular to the agitator shaft is located 0.4 m below
the liquid surface and the tubes are connected via the hollow portion of the agitator |
shaft. The middle impeller consists of four flat blades at a 45° pitch. The bottom
impeller is a flat bladed turbine with six blades and is shrouded on the top with a solid
disc while the bottom disc has a 0.1 m hole in the center. A 0.025 diameter pipe
25  extends from the bottom recycle line through the bottom of the CSTR to the inlet of
the bottom impeller. The agitator is operated at 300 rpm. '

The bubble column in runs 2 and 5 consists of a 6 m tall shell and is 0.5
m in diameter. Fresh, make-up hydrogen is dispersed in the bottom of the bubble
column from a porous metal disc with 100 micron holes. The bubble column is
30 connected to the CSTR with two 0.025 m diameter pipes, one for the bottom recycle
line and one for the overflow line. The headspace of the CSTR and bubble column



an opening to the gas head-space of the reactor which allows gas to flow
into and through the gas induction inpeller. A gas induction inpeller

consi sting of four 0.03 20 mdianeter tubes extendi ng perpendicular to the
agitator shaft is |located 0.4 mbelow the Iiquid surface and the tubes are
connected via the hollow portion of the agitator shaft. The niddle inpeller
consists of four flat blades at a 45[err] pitch. The bottominpeller is a
flat bladed turbine with six blades and is shrouded on the top with a solid

di sc Wh"%ré e&avméigqqnfafa?nae eml‘ﬁé’leﬂtbf‘thE'BﬁbB ﬁfm%gnen%ﬁed' anet er

pi pe 25 tends from mr@ |nethroug tom of the
CSTR to t wFRP%"lateéﬁt?' Wt i) Ier The agitator is operated at 300
rpm The bubble colum in runs 2 and 5 consists of a 6 mtall shell and is
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headspace 9- are connected via a 0.1 m
di anet er ptlHé ftltp#‘h e‘%s?a?lgfl?t%g&%&%%be COWSILYrm prior to the filter operates
at a flowrate of 2.0 nferr]/hr. The filter located at the bottom of the
bubbl e col urm consi Ragey® nivkiel ¢aralgstpoitloars averhgd pdriitie eizetaf 20 snietdds im t ot al
0.4 n2 of a&é{dﬁé 'ﬂ&H"re?{tSPat fédrfcéﬁ&ét%fo’hgqgﬁ{‘ Sgﬂé‘ﬁée'a%orﬂ% de a% he porous

nmet al tubes rat:i on bes and
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ggr L | /Cl|\(/[B S gated atszﬁd:c Filteted sorbholgedudt ds ¢ditinneasty esmatedahmugh e r at i 03 of
g er ucose and is

fed to th con |nuo gﬁﬁ%ﬁh@age@r@g |§8Jfgééeﬁga$ast§ at

140[err] C. cqutinpevsiritosBe bbb cslmﬁqume deneceRf ggh the

porous filESTRifor Rahd1,3B, 3 dnldes, mldtmsﬁllﬂl@tdtﬁ\peéss@x@%%%r Hydrogen gas is

fed continuously to t he bubbl e colum for Runs 2 and 5, and into the -

headspace of the . . ) ) .
Results for different process configurations are illustrated in Table 1.

15 Tablel:
Run Feed Rate, CSTR Volume, Bubble Conversion of
m’/hr m’ Column Glucose To
Volume, m> Sorbitol
1 1.00 2.0 95.7%
2 1.00 2.0 1.0 99.1%
3 1.00 10.0 99.1%
4 2.00 2.0 91.7%
5 2.00 2.0 1.0 98.0%
6 2.00 8.0 98.0%

Runs 1 and 4 illustrate the glucose conversion from a 2 m*> CSTR alone
without the bubble column for 1 m*/hr and 2 m*/hr feed rates, respectively. Inruns I,
3, 4 and 6 the bubble column is replaced by a 0.025.m diameter pipe and the hydrogen
20  is fed to the headspace of the CSTR. When the bubble column is added in runs 2 and
5, sufficient mixing and reaction occur to increase the conversion when compared to



CSTR for Runs 1, 3, 4 and 6, to maintain the total pressure at 30 bar.

Results for different process configurations are illustrated in Table 1. 15
Tabl e 1: Run Feed Rat e, CSTR Vol une, Bubbl e

Conversion of In[err]/hr nerr] Col um «. .G ucose
To Vol une, nB Sorbitol 1 -10- 1.00 2.0. '

95. 7% 2 1.00 2.0 1.0 99.1% 3
1.00 : 10.0 99.1% 4 2. 00

2.0 the single CSTR. Runs 3 and ®#lluéta the excessive size-dQingle CSTR volune O

1.0 98. 0%.6 . 2.0 . .G 3
58, 0% RERRSSHALI 1A OB M gams goRVFESIgR rom the smbined G CSTR 201 Merr] CSTR
al one wibubbletcalimanbubbl e colum for 1 nB/hr and 2 nB8/ hr feed rates,
respectively. In runs 1, 3, 4 and 6 the bubble colum is replaced by a
0. 025 m di anet er Eibpe and the hydrogen 20 is fed to the headspace of the
CSTR Wen the bufhbeasepparatusscaending tothe present imvention providesisafficiantci ng
and seackdi@ehahHE 6 HQEEe9be h?ﬁﬁ)g“eﬁﬂeéﬁﬁﬁ HRNsyshen C ARRAARhigley - 10- the
single CSTR. Runs. 3 d'6 illusfrate.the &gcesswe si ze of si nglle CSTR
vol une (FOR¥ESIgNIales. Hng A SYHiemacharding (niNgipErsent BYPRHRN EXGWIERH EBIY2 nf er r]
CSTR ad singl¢ eata]ysbsdpatationsystem sudhuas the cegspdlost fikemccor ding to the present
invention provides sufficient 5 residence tine for a liquid to be
hydr ogenated in tE?gi syst.emt g nai nt gi n hi gh conversion rates. Usi‘gjg a
system accor di ng téimipating sudtiple;bupble salumps graatlyyeduey the total gmeounif| yst
separ at igxeessipidesaenueluized.t he cross flow filter. Elimnating miltiple
bubbl e colums greatly reduces the total ampbunt of excess hydrogen
required. '

_q 10 Lastly, the combined reactor permits use of a smaller continuous stirred

tank reactor to achieve same overall conversion that can be achieved in a single
significantly larger and generally more expensive continuous tank reactor.

Having thus described my invention what is desired to be secured by
letters patent of the United States is set forth without limitations in the appended
15 claims.



10 Lastly, the conbined reactor permts use of a smaller
continuous stirred tank reactor to achieve sane overall conversion that can
be achieved in a single significantly |arger and generally nore expensive
continuous tank reactor. Having thus described ny invention what is-desired
to be secured by letters patent of thg:United States is set forth w thout
limtations in the appended 15 cl ai ns. CLAIMS 1 1. A
slurry hydrogenati on system conprising in conbination: 2 a
continuous stirred tank reactor adapted to contain a liquid to be 3
hydrogenated and a catal yst with head-space for hydrogen gas, said reactor
having a 4 single agitation system having first nmeans to draw said

head- space hydrogen gas into 5 said¢djgm@ and a second neans to purge
liquid froma bottomportion of a bubble 6 colum in fluid conmunication
with said reactor; 7 a bubbl e colum arranged in sequence with
sai d neactor, said hubblg sfirry kpdrogandtion $gtérR 20MmprBingin @iisitaiotaseous
hydr ogen adj acent to a bottom |l ocation 9 of said bubble colum, said
bubbl e col um connected to said reactor by gas transfer 10 neans to permt
said @as to flow fraocortilnwad stipred ¢anlorenatat adeptediio contime didushecke i n 11
sai d reag | ' | l.Ui A | ui d
o 11w riniegeied oY diBtabist vifh Hdd el 0 by 0B LF ead RBErchIor Balils ¢

sai d rleactiBglegitation systemuiyéng fist meansitedrai sl keadespece hydiogsn gap gio
porti an 0ai§ Fqdidhd/iBecomddneds to purge liclluid froReABSttéA plrfibsl bAWbAbble
hydro%enat eld pr.oduct, fromsaid qué,s&JSsm. . 2. A system
accor & ngtelgmn iy g commymication yathsaid reactRive 2 catal yst from said
system 1 3. A system according to claim1l wherein said
means 40 w thdraw 2 i Js AC. cal
filtr zﬁ i on system ibuﬁ@le%omrgfx %ﬁ%ﬁg&? %hgé@’gﬁgénv}é@c%ﬁg?%ﬁ?qrb?&cﬁgl}iﬁlglf
wher eith acelnmmhaning smeans ininieasiuge a gaseaus hydrpgenyadinceniita altiogtemilagation
catal ypt gfighil HIbBREDISRR, $aid bAEbIAS A cHRhECtE8 3G S4H reactor by gas transfer
10 means to permit said gas to flow from a head-space in said column to a head-space in
11  said reactor, said column filled with fluid transfer means to permit fluid to flow from a
12  bottom portion of said column to a bottom portion of said reactor and from an upper

13 portion of said reactor to an upper portion of said column; and,

14 means to withdraw a hydrogenated product from said system.

1 2. A system according to claim 1 including means to remove
2  catalyst from said system. -

1 -3, A system according to claim 1 wherein said means to withdraw
said hydrogenated product includes a catalyst filtration system.

N

" 4, A system according to claim 1 wherein a third means to induce
axial pumping of said liquid with catalyst and hydrogen gas is included in said reactor
between said means to draw head-space hydrogen gas into said liquid and said second
means to draw liquid from said bottom portion of said column.
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3 between said neans to draw head-space hydrogen gas into said liquid and
said second 4 neans to draw liquid fromsaid bottom portion of said

col um. - -12- 1 5. A system according to claim1l wherein
said first means to draw 2 sai d head-space hydrogen gas is an inpeller of
the type to draw said hydrogen into 3 said liquid containing said
catalyst. 1 6. A system according to claim1l wherein said
second nmeans to 2 purge said liquid fromsaid bubble colum is a generally
flat bladed turbine fitted with 3 a tgp.disc to inhibit punping of Ii.quid
fromwi thin said reactor and a bottomdisc with 4 a central aperture to
punp liquid fromsaid bubble colum to said reactor. 1 7. A

system according to gl ai mlsyetm @do@rdiﬁ € cRn3 vmréxﬁtsaﬂcﬁt@temaansh&s@&men

3" or "o o P i el Iy aéwg e g 10 SN Ipforfeh Bn gas.

3 said liguid containing saidgatalisht i nuous react or conprising in

corrbl nation: 2 a contl nuous stirred tank reactor adapted to
contain liquid to at e & g @ ian}_r\| 8‘(‘ ead- space for
sai d reattant gas, ™ &nfl%ﬁ?ﬁ PER FFH 4 WA g Seg? P& %1t at i on

syst em havi pgrgfelsalsithqm&gnt widibuhble avlumndad-gepereBy flebiblader tugbine fited iwitho

sai d 11 qsi dageildide ESmATNG: fig 0P 11Et1'ifd§l?orh'vﬂtﬁ1ﬁ’ sila%ac@or%ata%tﬂaa{ gisowigf a 6
bubbl e cl?l umin fluid ¢ mmnlcat n Wltc;:: @g} él irred tank reactor; 7

a bubbl e COP&W%@M&OPHWQM am,521¢,beohle; calpmn g §2iddf P eact or, said 8
bubbl e col um havi ng neans to |ntroduce a gaseous reactant adjacent to a

bot t om 9, | ocati on ofy sa' hﬁag%ofc&%q Bt asokiv: ©RREAIRI {0

sai d stlrre ank 10 re S nmeans as to
flow frofa é‘é’& H’é@éﬂl g}é{l‘ed:ohlgm H%’iﬁ aSparge Iﬁ’é‘gd} @Sgi‘{emlqﬂ %t’éﬂnélpg’qunr ed
t ank reast oof sadicdlunmi, said spadgeethgwionhedtédiioda doirte afftsfdeogemegrss t o pernmit
fluid to flow froma bottom portion of said colum to a 13 bottom portion
of said stirred tank reactor and from an upper portion Qf said stirred 14
tank reaétor to an upper pobf¥P SRERFOREIUPLE FRAGHE COMPEISING in combination:

a continuous stirred tank reactor adapted to contain a liquid to be treated
with a reactant gas and a head-space for said reactant gas, said stirred tank reactor
having a single agitation system having first means to draw said head-space reactant
gas into said liquid and a second means to purge liquid from a bottom portion of a
bubble column in fluid communication with said stirred tank reactor;

N b A WR

a bubble column arranged in sequence with said stirred tank reactor, said
bubble column having means to introduce a gaseous reactant adjacent to a bottom

9 location of said bubble column, said bubble column connected to said stirred tank
10  reactor by gas transfer means to permit said gas to flow from a head-space in said
11  column to a head-space in said stirred tank reactor, said column filled with fluid
12 transfer means to permit fluid to flow from a bottom portion of said column to 2
13 bottom portion of said stirred tank reactor and from an upper portion of said stirred
14  tank reactor o an upper portion of said column; and,

15 means to withdraw a product from said system.

1 9. A two stage continuous reactor according to claim 8 including
2 means to remove catalyst used as part of the reaction from said system.

' g



15 means to withdraw a product fromsaid system 1

9. A two stage continuous reactor according to claim8 including 2 neans
to renove catal yst used as part of the reaction fromsaid system - 13 -
1 10. A two stage continuous reactor according to. claim?9
wherein said 2 means to w thdraw said product includes a catal yst
filtration system 1 11. A two stage continuous reactor

according to claim9 wherein a 2 third nmeans to induce axial punping of
said liquid with said reactant gas is ncluded in 3 said stirred tank
reactor between said means to draw héd -“space reactant gas into said 4
liquid and said second neansto draw liquid from said bottom portion of said
col um

g1 1 | UoUS. I eac ccordin
claim 5 wherein sai gl Kft}”ro)s%%at%%ﬂég &%)%Sdgaoﬁt}‘? T AR H£g<at8 ciaé E‘ %f"g?l gas
i's an iPnpeRfER t%f"“m&a"( ﬁéﬁ@“&?mﬁh@ﬁdc@talwbﬁb{a&nﬂ sgMemi nt o said liquid
containing said catal yst. 13 A tvvo st age conti nuous

reactory according tgq,clai nd nmeans to.,purge said

li qui d krom sai d bug%l e é%@%%s%gp %%FSW‘ t&cfz‘ﬂms‘é ngﬁbﬂgﬁe fitted
with a2 ophiigecans to imndpes exiphnysnping of said dpqunﬂ Wl’dm aaldmdwtant gas id isdludedsia t ank
4 et lcﬁ'alca-ﬁtﬂ'réﬂ fank kAR lbéﬁvdéhtsﬂxdflrﬁé&t{s% GRIP Hebl-Spdcf rOALHHRL lgh it s£1§0 m

sai sai irr
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i ntroduce reactant gas into said bubble colum includes a sparge ring 3

di sposed in a bottomppor A s@ige&fb'nﬁnﬁ&ls%&t&aé&ofd@@% ng wheRAF Gl dto a

f
1 aui d orfi EoAY C1is=8 SR ieag-spaoe reactant 55 X an el lsEAthn YRAP ok i Lo

be hydrigereaetant gastintosaiddoquid sopsainimrdait caalystsyst em conprising in
conbi nation a continuous stirred tank reactor adapted to contain 4 a

liquid to be treated,w act ant, gas and a head-space for said reactant
gas, said5 st rrga t gkt“?’esg?ﬁeo‘?‘m ‘%?9‘3%"@11 #sPelmg o daippd wherin sidavi ng
first raeansecpmd theans togiudge said liquid from said bubble column is a generally ﬂat bladed

3  turbine fitted with a top disc to inhibit pumping of liquid from within said stirred tank
4  reactor and a bottom disc with central aperture to pump liquid from said bubble
5  column to said stirred tank reactor.

14.  Atwo stage continuous reactor according to claim 9 wherein said
means to introduce reactant gas into said bubble column includes a sparge ring
disposed in a bottom portion of said column said sparge ring connected to a source of
reactant gas. | |

W N

1 15. A method of hydrogenating a liquid comprising the steps of:

introducing said liquid to be hydrogenated into a two stage reactor
system comprising in combination a continuous stirred tank reactor adapted to contain
a liquid to be treated with a reactant gas and a head-space for said reactant gas, said
stitred tank reactor having a single agitation system having first means to draw said
head-space reactant gas into said liquid and a second means to purge liquid from a
bottom portion of a bubble column in fluid communication with said stirred tank
reactor, and a bubble column arranged in sequence with said stirred tank reactor, said
bubble column having means to introduce a gaseous reactant adjacent to a bottom
location of said bubble column, said bubble column connected to said stirred tank

I

O 00 3 O U A W N

—
o



6 head-space reactant gas into said liquid and a second neans to purge
liquid froma 7 bottom portion of a bubble colum in fluid comunication
with said stirred tank 8 reactor, and a bubble colum arranged in sequence
with said stirred tank reactor, said 9 bubble colum having nmeans to

i ntroduce a gaseous reactant adjacent_ﬂp_a bottom 10 || ocation of said
bubbl e col um, said bubble colum connected to said stirred tank - 14-
11 reactor by gas transfer means to permt said gas to flow froma

Feactil - feablbr B dos Mopsfef pfils 18 o UUIAASS flc BOuf 2 Bead PR M |
‘to f |b‘AN fmim o headrspace insaid stizgd dandoteagtor:. saxécqwnubﬁilsdmxﬁbﬂmd)n of
sai d gf i 1 gpegkfePeans éaﬁmaﬂ&dftb%va&rr AYotiord bbﬁfbrpéfs%?d Eolabrid 108l 15

t ank reac or to arJ up pqrtlon

i nt r ofuici REPRPRPBY é%@%@nﬁﬁ&m@p uppes porfiqneafcsaidhstiged

and 1f5 tankreactortomﬁﬂsm@arﬂmafwdmm ed product from said reactor
system 1 A nethod according to claim 15 inc¢l uding
introducing a 2 hydrogenatl on catal yst into said reactor along with said
liquito be hydroginteadsgingl hydrogen into said 4wo stage meacterpscieibragciagt gasicl ai m
16 i ngyudi,pg periodically 2 w thdrawing a stream of hydrogenated product '
along with said catalyst fromsaid 3 system and addi ng fresh catal yst to
said system 1 18. A nethod according to claim 16 wherein a

suppot8ed ni ckel 2 wdthirywing shydrogeshted groduco fivoa shit weactdrgystengact or .

1 16. A method according to claim 15 including introducing a

2  hydrogenation catalyst into said reactor along with said liquid to be hydrogenated.
1 17. A method according to claim 16 including periodically

2  withdrawing a stream of hydrogenated product along with said catalyst from said

3 system and adding fresh catalyst to said system.
1 18. A method according to claim 16 wherein a supported nickel
2  catalyst is introduced into said two stage reactor.
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